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DETAILED RESULTS 
OF 

BOILER TRIALS 
BY 

R. J. DURLEY. 

INTRODUCTORY. 

In the autumn of 1906, the Canadian Government, through Dr. A. P. 
Low, Director of the Geological Survey, decided to undertake a study of 
the fuels of the Dominion, somewhat on the lines of the fuel tests 'vhich 
had already been commenced by the United States Geological Survey. 
But inasmuch as the Government had not, at Ottawa, any suitable mechani
cal laboratories, and as research work had already been done by the Mining 
Department of McGill University on a number of western coals, Dr. Low 
invited Dr. Porter, the head of that department, to undertake the larger 
investigation. This proposai was approved by the University governors, 
and Dr. Porter was authorized to carry out the tests in the University 
laboratories, without charge; on the understanding that the Government 
would pay for such apparatus as might be required to supplement the 
existing equipment, and to make good all additions to the salaries, wages, 
and supplies accounts, rendered necessary by the investigation. At the 
request of Dr. Low, also, the Intercolonial, and Canadian Pacifie railways, 
very generously agreed to haul the material-amounting to many hundreds 
of tons-free of charge. 

Shortly after the commencement of the investigation the Dominion 
Department of Mines was created, under the Hon. William Templeman, 
as Minister of Mines, and Dr. A. P. Low, as Deputy Minister; and the 
investigation, together with all matters relating to economic minerals, was 
transferred from the Geological Survey to the Mines Branch, under the 
Directorship of Dr. Eugene Haanel. The original arrangement was, 
however, in all other respects, continued without change. 

From the beginning it was intended to confine the investigation to the 
coals and lignites of the Dominion; and the following points were covered 
by the scheme :-

Sec. I.-General organization and administration. 
II.-Preparation of a general summary report on Canada's 

coal fields and coal mines. 
III.-Sampling in the field. 
IV.-Crushing the samples and preparing them for treatment. 
V.-Washing, and mechanical purification. 

VI.-Coking trials. 
VII.-Steam boiler trials. 

VIII.-Producer, and gas engine trials . 
IX.-Chemical laboratory work, and miscellaneous invest iga

tions. 
9 
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TECHNICAL STAFF. 

The technical staff engaged in the investigation comprised:-

(1). J. B. Porter, E.M., Ph. D.,D.Sc., Professor of Mining Engineer
ing, McGill University-Responsible for the organization and general 
direction of the investigation, and directly in charge of Sections I, IV, 
and V, and VI (in part). 

(2) . R. J. Durley, B.Sc., Ma.E., Professor of Mechanical Engineering, 
McGill University-In charge of Sections VII and VIII. 

(3). Théo. C. D enis, B.Sc., Mines Branch, Department of Mines, 
Ottawa-In charge of Sections II and III (in part). 

(4). Edgar Stansfield, M.Sc., Chief Chemist-In charge of ection IX, 
and Sections III and VI (in part). 

(5). H. F. Strangways, M.Sc., Dawson Fellow in Mining, McGill 
University-Assistant in Sections IV and V, 1907. 

(6) . H. G. Carmichael, M.Sc., Dawson Fellow in Mining, McGill 
University-Assistant in Sections IV and V, 1908. 

(7). E. B. Rider, B.Sc., Demonstrator in Mining, McGill University 
-Assistant in Sections IV and V, 1909- 10. 

(8). Chas. Landry, Chief Mechanic of Mining D epartment, McGill 
University-Foreman in Sections IV and V. 

(9) . J. W. H ayward, M.Sc., Assistant Professor of Mechanical 
Engineering, McGill University-Assistant in charge of Section VII, 1907, 
and preliminary work in Section VIII. 

(10). J. Blizard, B.Sc., Lecturer on Mechanical Engineering, l\'IcGill 
University-Assistant in charge of Section VII, 1908, and Assistant in 
Section VIII. 

(11). D. W. l\1unn, M.A., B.Sc., D emonstrator in 'Iecbanical Engin
eering, McGill University-Assistant in Sections YU and VIII. 

(12) . G. L. Guillet, M.Sc., Demonstrator in Mechanical Engineering, 
McGill University-As istant in Section VII. 

(13). G. Killam, M.A., B.Sc. , Demon trator in Mechanical Engineer
ing, McGill University-Assi tant in Section VIII. 

(14). J. S. Cameron, B.Sc., D emonstrator in Mechanical Engineering, 
::\IcGill University-A ·istant in Section VIII. 

(15) . A. Balmfirth, Superintendent of McGill Uniwrsity Power 
Housc-Foreman in Section VII. 

(16). J. Gardner, Foreman in , ect ion VIII. 
(17). J. Hoult , Firem:rn in ail t ests of Section VII. 
(18) . J. H. H. Xicoll , B. c., Assistant Chcmist-As istnnt in ection 

IX, 1908, 1909. 
(19). R. T. ::\Iohan , B.8c., Assistant Chemi. t-Assif;tant in Section 

IX, 1908. 
(20). P. H. Elliott, ::\I.:-:lc., Assistant Chemist-Assi tant in i"ection 

lX, HlO . 
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(21). E. J. Conway, B .Sc., Assistant Chemist-Assistant in Section 
IX, 1908. 

(22). W. B . Campbell, Assistant Chemist-Assistant in Section IX, 

1909. 
(23). R. S. Boehner, M.Sc., Demonstrator in Chemistry, McGill 

University-Assistant in Section IX, 1908, 1909. 
(24). H. Hartley, B.Sc., Assistant Chemist-Assistant in Section IX, 

1909. 
(25). W. B. Meldrum, B.Sc., of the Department of Chemistry, 

McGill University-Assistant in Section VI, 1909. 
(26). H. H. Gray, B.Sc., Demonstrator in Metallurgy, McGill Uni

versity-Assistant in Section VI, 1909. 
(27). H. G. Morrison, B.Sc., Assistant Chemist-Assistant in Section 

IX, 1909, 1910. 
There were also a number of machinists, mechanics, and labourers 

engaged more or less continuously in the several sections. 
In addition to the persans above named, the following members of 

the University Staff very materially aided in the progress of the work by 
giving occasional assistance and advice:-

Alfred Stansfield, D .Sc., Professer of Metallurgy. 
H . T. Barnes, D .Sc., Professer of Physics. 
Acknowledgment is also due to the Governors of McGill University, 

and to W . Peterson, C.M.G., Principal; F. D. Adams, F.R.S., D ean; 
W. Vaughan, Esq., Secretary; S. R. Burrell, Esq., Chief Accountant, and 
many others. 

LABORATORIES. 

The laboratories of the Mining and Mechanical D epartments of McGill 
University, in which the tests were made, were built and equipped some 
few years ago on a scale unequalled at the time in North America, the 
buildings and apparatus for the Ore Dressing D epartment alone casting 
over 150,000, and the Stcam Laboratory an almost equal sum. This 
equipment needed very little augmentation in respect of sampling, crushing, 
coal washing, steam boiler tests, and chemical analysis; although a numbcr 
of minor pieces of apparatus hacl to be purchased, such as extra calorimeters, 
pyrometers, thermometers, etc., etc. 

In the matter of producer and gas enginc tests, larger expcnditure 
was necessary, as the University equipment was on too small a scale for 
the exten ive te ts contemplated. An addition 25 X70 'ms, therefore, 
built to the Ore Dressing Laboratory, and equipped with a complete plant 
of the most modern type, the cost for building and plant being approxi
mately ·12,000. A detailed description of this plant, with cuts of the 
apparatus, etc., will be founcl in Vol. II , in Part VIII of the report, and 
similar de criptions of the apparatu used in the other parts of the investi
gation will be found in the other parts. 
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THE I JVESTIGATION 

Sampling in the Field. 
Sixty-three separate mines or seams were specially sampled for the 

investigation. The work of sampling was always done by a responsible 
member of the technical staff, and every precaution was taken to ensure 
reliability. The general rules governing this sampling and the detailed 
descriptions of the work of sampling at the several mines are fully stated 
in Vol. I , Part III. 

A list of the ·samples arranged in geographical order is given in the 
table of contents of each volume of the appendices III, IV, V, and VI, and 
is also printed in the text of the Report proper, Vol. I , pp. 8 to 11, and 
Vol. II, pp. 181 to 184. 

Crushing and Sampling in the Laboratory. 
The main samples on their arrival at the testing plant at McGill 

University were all crushed to go through a 2" screen, mixed thoroughly 
on a large granolithic sampling fl.oor, sampled for the chemist, etc., and 
finally resacked, sealed, and sent to a dry room for storage while awaiting 
test. 

The methods of sampling are stated in detail in Vol. I, Part IV. 
The smaller subsidiary samples were sent directly to the chemical 

laboratory, where they were stored in sealed vessels until required . 

M echanical Purification. 
Each main sample was experimentally treated in the laboratory with 

heavy solutions, and the fractions analysed with a view to determining 
the probable results of washing. In all cases where these preliminary 
tests gave favourable results, a large lot was treated in the coal washing 
plant of the University, and this work was checked by a further series of 
tests with heavy solutions. 

It ''"ould, of course, be possible in a laboratory to do extremely thorough 
''"ashing at an expense disproportionate to the value of the coal; but this 
was not attempted, the aim being to reproduce commercial conditions. 
From comparative tests made between the laboratory work and coal 
washing in standard plants, it is evident that this end has been attained, 
and the tests as carried on may be taken in a broad way to represent 
average commercial work. 

The wholc subject of coal washing, as well as testing, is dealt with in 
a general way in Vol. I, Part V, and the results of ail of the trials are 
prcsented in a series of summary tables. The detailed results of each test 
are givcn in Yol. III, Appendix I. 

Coking Trials. 
Coke, as ordinarily manufactured in bcchive ovens, can only be pro

d uced from bituminous coals po sessing particular qualities, but when 
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retort ovens are employed a larger range of coals are available, although 
even at best there are many coals from which good coke cannot be produced. 

A series of trials were made to test the coking qualities of the various 
coals in both types of ovens, and also to determine upon a reliable method 
of producing coke from small quantities of coal and a method of comparing 
different cokes in respect of their strength, porosity, etc. 

These experiments are described in detail and their results summarized 
in Vol. I, Part VI, but additional matter relating to special methods of 
testing, etc., will be found in Vol. VI, Appendix IV. 

Boiler Trials. 

The boiler trials were conducted in the boiler testing room of the 
Mechanical Engineering Department of McGill University, and the method 
used was as far as possible in accordance with standard testing practice. 
The equipment employed in these tests included a Babcock and Wilcox 
boiler, having 639 square feet of heating surface, and 16 · 79 square feet of 
grate area; an independent feed pump; weighing tanks, and standard scales 
for water and coal; together with the necessary apparatus for determining 
moisture in steam, analysing flue gases, and observing pressures and tem
peratures. Provision was made for supplying steam under the grate, also 
for working under forced draft, if required. Except in one or two cases 
where the character of the coal necessitated a change, the same pattern 
of fixed grate bars was used throughout the tests. These bars have air 
spaces, the area of which is 30 per cent of the total grate area. If different 
grate bars had been used for different grades of fuel, better economy in 
some instances would probably have been obtained; but it was felt that 
by using the same grate throughout, the tests would be more completely 
comparable with one another. 

Before commencing the t ests, the boiler was thoroughly scaled, cleaned, 
and tested, and all brick-work around the furnace was rebuilt. Pre
liminary trials were then made with a standard coal (Georges Creek), to 
make certain that the whole equipment was in good order. The series of 
regular tests was then begun, the same fireman being employed throughout. 
It was not found possible to make more than one boiler trial with most of 
the samples of coal, and it was decided that in every case the same evapora
tion of 2,000 pounds of water per hour should be aimed at; this being a 
rate at which the boiler was known to give nearly its best efficiency. The 
results of the t ests show, therefore, the rate at which each sample of coal 
had to be burnt in order to furnish a certain supply of steam. As a check, 
the heat losses in every case were determined as far as possible. All the 
tests were at least of ten hours' duration, and the boiler tubes were, of 
course, cleaned before each run. 

Since the practical working of a coal in the fire has a great bearing on 
its industrial value as a fuel, continuous notes were made of such points 
as the condition and thickness of the fire; the nature and amount of ash 
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and clinker formed; the frequency of slicing and cleaning the fire, and the 
method of firing found most suitable for each particular fuel. 

The methods employed in conducting the trials are fully detailed in 
Vol. II, Part VII, and this part also contains a general discussion of the 
use of coal for steam raising, and a tabular summary of the whole series of 
trials. 

Full notes of each of these trials are published in the present volume, 
followed by the summary record above referred to reprinted from Vol. II . 

Producer Trials. 

The producer trials were made in a special laboratory erected and 
equipped for the purpose at McGill University. Several producers were 
tested, but the standard trials were carried out in a special down-draught 
producer rated at 40 H.P. 

The trials lasted at least 24 hours, and were checked by longer runs
one of 10 days. 

The methods employed in conducting the trials are fully set forth in 
Vol. II, Part VIII, and the results of the trials are presented in tabular 
form. This Part also contains a discussion of general questions of the use 
of producers and gas engines for the generation of power. The detailed 
results of the trials are contained in Vol. V, Appendix III. 

Chemical W ork. 

The chemical laboratory of the Mining Department at McGill Univer
sity was given over exclusively to the work of the tests for more than 
three years. Standard methods of analysis were used as far as possible, 
and these, together with a number of important special methods, are fully 
described in Vol. II, Part IX. A summary statement of the analyses of 
ail of the regular samples appears at the end of the same Part. Details 
of the less important analytic work, and accounts and records of a large 
nmount of secondary work, are given in Vol. VI, Appendix V. 

The Report. 

It will be seen from the above description of the investigation, that 
an attempt has been made to cover a large field, and yet to do the work 
in great detail. As a result of this, a very large amount of information 
has been gathered; but much of it is so highly technical as to be only of 
intcrest to specialists, hence it has been thought best to <livide the Report
which comprises six volumes-into two main sections of two and four 
volumes respectively. 

In the first section there are separate chapters, or parts, dealing with 
each of the seven divisions of the investigation outlined in the last few 
pages. Each of thcse parts begins with an introduction in which the 
subject of the division is dealt with in a general way, followed by a more 
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or less extended description and discussion of the experimental work 
attempted; and concluding with a carefully tabulated summary of ail of 
the tests in that division. 

Preceding the technical reports referred to above, there are two im
portant chapters, the first being an int.roduction dealing with the investiga
tion as a whole, and the second being a very full descriptive paper on the 
history, geology, and present commercial development of the coal fields 
and coal mines of Canada, from the pen of Mr. Théo. C. Denis-a member 
of the permanent staff of the Mines Branch of the Department of Mines. 
This part of the Report, which is profusely illustrated with maps and 
photographs, differs from the remainder in that its mat.ter is largely drawn 
from previous publications of the Geological Survey and other sources, 
but it possesses great value as an int.roduction to the somewhat technical 
reports which follow, and is of importance, on its own account, as the 
most complete work yet written on the coal fields of the Dominion. 

The first two volumes of the Report, comprising Parts I to IX inclusive, 
may, therefore, be considered as complete in themselves, and it is hoped 
that they will prove of value, not only as contributions to the technological 
literature on coal, but also as a source of useful and timely information to 
the general public, on the coal resources of the Dominion and on the best 
methods of utilizing these resources. 

The remaining four volumes, III, IV, V, and VI, are given up exclu
sively to tabulated records and details of the tests summarized in Volumes 
I and II, to which they thus become highly technical_ appendices. 





SYDNEY COAL FIELD. 

CAPE BRETON CO., NOVA SCOTIA. 

17 
3-2 





19 

TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 36. 

Date--July 31, 1908. Trial Number-G.C.T. 58. 

OBSERVATIONS OF GE ERAL CO DITIONS 

Notes. 

No. 1 B. and W. working. Weather close and warm. Coal of medium size, not much small stuff. 
Fair amount of ela.te·like substance. 

Time. 
7. 30 Fire cleaned; and made up with No. 36 coal. Pressure, 85 lbs. per sq. in. 
7. 50 Tubes blown . 

. 40 Started trial. Fire 2• well burnt through; fiame at back. Keeping thin lire (3"). 
This coal burns with much fiame and smoke. 

9. 30 Grill half open. Does not coke at ail. 
10. 05 Grill wide open. 
10. 30 Grill full open. 
12 . 10 Slicer put in, found some hard clinker on bars. Did not remove. So far rake 

has not been put into fire. Fire not coking at ail. 
2. 27 Sliced lire. 
3. 27 Sliced fire. Removed 40 lbs. clinker. Clinker when hot seems to be in plastic 

cakes spread over grate . 
. 5. 30 Fire cleaned. Removed 70 lbs . clinker in large slabs and hardened on cooling. 

Bluish in colour. ot very clifficult to remove; but coal could not be used 
on shaking grate. 

6. 40 Trial finished, fire as at start. 52 lbs. ash raked from ash-pit. 
Blow-off examined and found Light. 

Asn AND CLINKER. 

Tare. Gross. Net. 
3.27 40 Fire sliccd. 
5.30 75 145 70 Firc cleaned. 

110 lbs. clinker. 

6.00 75 127 52 lbs. ash-raked from bencnth bars . 

162 lbs. ash and clinker. 
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' 
RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 58 

Time. 

Start 8.40 a.m. 1 
8.45 . . . . .... .......... 
9.15 .................. 
9.45 . .. .. . . ....... . ... 
9.55 ......... . ... . .... 

10.25 .... ... ...... . .... 
10.55 ....... .. ......... 
11.15 ..... . ........... . 
11. 45 ... ... .... . . .. . . .. 
12.15 ... . . .. .... . . . . . . . 
12 .17 ... . . . . . . . . . . . . . . . 
12.45. . . . . . ............ 
1.15 ..... . .. .. . .... ... 
1. 30 ......... . .. . . . . . 
2.00 ......... .... .. . . . 
2.30 .... .... . . . . . . . . . . 
3.00 .. . . . . . . .... . .. .. 
3.10 .... . . ... . . . . . . . . . 
3.40 ....... . . . . . . . . . . . 
4.15 ... .. . . ...... • • • • • 1 

4.45. ....... . .. . . . . 
5 .15 .... . .... .. . . .... . 
5.30 . . ... . ....... .. . . . 
5.45 .......... .. . . 
6.15 ...... . .. ... . 
6.40. 

Weight of coal 
fired. 

During 
• interval. 

50 
221 
133 
63 

146 
152 
122 
122 
155 
42 

163 
173 
64 

105 
150 
101 
53 

134 
195 
150 
104 

22 
158 
143 
33 

1 
Total. 

50 
271 
404 
467 
613 
765 
887 

1009 
1164 
1206 
1369 
1542 
1606 
1711 
1861 
1962 
2015 
2149 
2344 
2494 
2598 
2620 
2778 
2921 
2954 

Time Composition of flue gases 
of by volume, pcr cent. 

sampling 
flu e 

1 
gases. co. o. CO 

8.40 10·8 5·8 l · 
9.10 10·1 7·2 1·7 
9.40 10·2 8·8 0·4 

10.10 12·0 6·& 0·2 
10.40 9·2 10 ·3 0·2 
11.10 9·5 8·8 '\ . 1 
11.40 8·9 10·1 0·9 
12.10 11·2 5·4 2·7 
12.40 10·9 5.4 2·9 
1.10 11·6 5·5 1·5 
1.40 9·2 8·9 1·6 
2.10 9·0 6·0 4.5 
2.40 9·0 10·0 0 ·2 
3.10 7·8 12·1 O·O 
3.40 12·5 5·3 l ·4 
4.10 8·6 10· l 0·6 
4.40 10·5 8 ·0 0·5 
5.10 8·1 11·4 0-2 
5.40 1 8·4 9.5 O·P 
6.10 9·0 8· 1·2 

9·8 ·2 1 1 . 2 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 58 

9 
9 
9 
9 

10 
10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
12 

1 
1 
1 
1 
2 
2 
2 
2 
3 
3 

Ti me. 

.40 ........ .. .. 

.55 .. . ... ... .. . 

. 10 ....... . .... 

.25 . ........ .. . 

. 40 ..... . . .. . .. 

.55 ........... . 

.10 . .. ...... ... 

.25 .... . . . . ... . 

.40 ........... . 

.55 ........ . ... 

.10 .... . .. . . . .. 

.25 .... . .. ..... 

.40 . . ...... .... 

.55 ... ... .... .. 

.10 . . ... ....... 

.25 ..... . ... . .. 

.40 ............ 

.55 ............ 

.10 ..... . ... . .. 

. 25 ......... ... 

.40 .... ... .. ... 

.55 . ........... 

. 10 ..... ....... 

.25 .. ........ . . 

.40 . ........ . .. 

. 10 ..... . .... . . 

.25 .. ......... 

.55 ..... .. ..... 1 

3.40 . ... . .... . . . 
3 .55 . .. ...... .. . 
4.10 . ... . .. . . . .. 
4.25 ...... . ..... 
4.40 .. .. . . . . . . . . 
4.55 . . .......... 
.5.10 ... ... . ..... 
5. 25 . . .... . ..... 
.5.40 ..... . .... . . 
.5 .5.5 .. ...... . ... 
6. 10 .. .. ...... .. 
6. 25 ... . ..... . . . 
6.40 .... .. . ... . . 

Steam 
pressure 

gauge. 

1 

lbs. 
per 

sq. in . 
1 

116 
112 
122 
113 
122 
118 
122 
123 
120 
121 
118 
122 
122 
120 
117 
122 
123 
121 
123 
119 
123 
121 
123 
120 
114 
115 
lll 
ll5 
123 
116 
118 
122 
123 
123 
121 
118 
93 
98 

117 
123 
123 

118·4 

Draft pressures, 
Temperatures inches of Water 

o F . water. apparently 
evap?rated 

m 
Flue At interval. 

Boiler gases at Feed In entrance lbs. 
room. entrance Water. ash-pit. to flue. 

to flue. 

89 570 72 -·02 - ·24 . . .......... 
89 560 72 -·02 - ·24 520 
89 575 72·5 - ·02 -·26 378 
89 570 72·5 -·02 - ·27 537 
90 620 72-5 -·02 -·26 454 
90 580 72·5 -·02 -·26 438 
90 620 73 -·02 -·26 529 ·5 
90 630 73 - ·02 -·27 494 

. 90 640 73 -·02 -·27 572·5 
91 625 73 -·02 -·28 431·5 
90 610 73 - ·02 - · 28 472·5 
91 580 73 -·02 -·28 480·5 
91 590 73 -·02 - ·28 413 
91 585 73 -·02 -·28 413 
91 635 73 -·02 - ·28 469·5 
90 600 73 - ·02 -·28 523 
90 640 73 -·02 -·28 491· 5 
90 600 73 -·02 -·28 421 
91 700 73·5 - ·02 - ·28 472 
90 620 73 -·02 -·28 483 
90 610 73 -·02 -·28 410·5 
90 620 73 -·02 -·28 521 
91 560 73 - ·02 -·26 385 
95 570 73 ·5 - ·02 -·26 439·5 
91 660 73·5 - ·02 - ·26 449 
91 630 73·5 -·02 - ·26 449 ·5 
91 600 74 - ·02 -·26 380 
91 630 74 -·02 -·26 371 
92 780 74·5 -·02 - ·30 299 
91 720 74·5 - ·02 - ·30 530 
91 710 74·5 - ·02 -·30 491·5 
91 650 74·5 - ·02 -·30 460 
93 640 74·5 - ·02 -· 28 511 
91 640 74·5 - ·02 -· 28 412 
89 610 74·5 - ·02 -·28 432· 5 
89 580 74 ·5 - ·02 - ·28 381 
97 540 74·5 - ·02 -·28 331 
89 520 74·5 -·02 -· 26 349·5 
88 530 74 ·5 -· 02 -·26 279 
89 600 74·5 -·02 -·28 388 
88 710 74 ·5 - ·02 -·30 428 

90·5 616 73.5 -·02 --28 17,6!H ·.5 net 
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SUMMARY OF OBSERVATIONS 

Date-July 31, 1908. 
Commenced-8.40 a .m . 

Boiler-B. and W. No. 2. 
Ended-6.40 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking . . . . . . . . . . . . . . . ... . . ... ... Hand-spreading on alternate sides 
2. Kind of draft .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . atural 
3. Condit ion of boiler and date of last cleaning . ....... . . Thoroughly cleaned May, 1908 
4. Tubes cleaned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 7. 50 a .m . 
5. Fire cleaned .......... . ..... .. .. ... ... . ..... .... .. .... .... 7.30 a.m ., 5.30 p.m . 

FUEL. 

6. Kind of coal. ........ . . . . . ..... .. .. No. 36-Dominion Coal Co., Sydney, No. 7 mine 
7. Analysis of dry coal by weight (%).C =76·7,H =5,S =2·4,Ni= 1·6,02=8·4,Ash =5· 9 
8. Calorific value of dry coal B .T .U . per lb ............ .. ........ ..... ..... 13860 
9. Moistureincoal as fired (%) . .. . . . . .. . .... . ... .. ... .. .... . ................ 2·7 

10. Weight of coal fired (lbs.) ........... . ...... . .. .. . . . .. . . . . ..... . ....... . . . 2954 
11. Combustible matter in ash and clinker (%) . . . . .. . .... . .... . ............... 14· 9 
12. Weight of clinker (lbs.) .... . . . ........ . ..................... . ............ . 110 
13. Weight of ash (lbs.).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............. . ... . .... . 52 

Arn AND FLUE G AS . 

14. Air pressure under fire (inches of water) .. . .................. . . .. . . ....... . - · 02 
15. Air " above fue " " ...................... ... .......... - ·l 
16. Air " at <lamper " " .. .................. . .... . . . ....... - · 2 
17. Amount of <lamper opening .. .......... .. ... Full- i open, 5.55 p.m. to 6.10 p .m . 
18. T emperat ure of air in boiler house (°F .) ................. . .... . ....... . .. . 90·5 
19. Flue t emperature (°F. ) ....... . .. . ............. . . . ...... .. .... . . . ......... 616 
20. Analysis of dry flue ga,s by volume(%) . .. C0 2 =9·8 , 0 2=8 · 2, CO= 1· 2, N =80 ·8 

W A T E R AND S TEAM . 

21. T emperat ure of feecl water (°F ) ............ . . . ..... .. .... . ............... 73 · 5 
22. Total weight of feed water (lbs.), correctecl for difference of level. .......... . 17691 
23. Water level in gauge at start (inches) .. .. . . . . .... . .......................... 3i 
24. " " finish (inches) ....... . ....... . ................. .... . 3! 
25. Correction for differencc of level included above (lbs.) .. . ........ . ........... -20 
26. Steam pressure by gauge (lbs. per sq. in) ........... . . . .......... .... ...... 118 · 4 
27. Barometer reading (inches) ......................... . .. .. . . .... . ..... . ... 29 · 59 
28. P ressure in steam calorimeter by gauge (lbs. per sq . in.) ................. . .... 15 · 6 
29. Temperature in steam calorimeter (°F.) ............ . . .. .... . .... ....... . .. 292 · 3 

Notes. 

Coal burns with much Bame nnd smoke. Grill open over lire. Not coking at ail. Clinker bluish and 
plastic when hot; casily removed but could not be used on a sbaking grate. C!enned out once, sliced tbree 
times. Weather close and warm. 

{ 
Fixed carbon .......... 57· 6 

Proximate annlysis x~~ati~c ma~'.e.r.':: .' .' .' .' .' ag.· g 
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SUMMARY OF RESULTS 

11ade on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 36. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16'79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29·64. At finish-29'54. Mean-29'59. 

_ ToTAL QuANTITIES. 
1. Date of trial. ...... .. ... . ........ . ..... ... ...... . .......... ..... .... 31/ 7 / 08 
2. Duration of trial (hours) . ... .. ... . ......... .... . . . .. . . .......... . .... . . 10. 0 
3. Weight of coal as fired (lbs.) ............................................. 2954 
4. Percentage of moisture in coal as fired (%) ................................. 2 · 7 
5. Total weight of dry coal fired (lbs.) .. . ........ . .. . ............ . ........ ... . 2874 
6. Total ash and refuse (lbs. ) .... . . . .................... . ................... 162 
7. Percentageofashandrefuseindrycoal(%) (a) fromanalyses 6·9; (b)weighed .. 5·64 
8. Total weight of combustible consumed, from analyses (lbs.) . . .. ............ 2676 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .... 17691 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ..... . ...... .. .. . ....... . ... 17620 

11. Equivalent water evaporated into dry steam from and at 212° F . (lbs.) .. .... 20920 

HOURLY QUANTITIES . 

12. Dry coal fired per hour (lbs.) ...... ... ... . ....... .. ........... . ........ 287 · 4 
13. Dry coal per square foot of grate surface per hour (lbs.) .......... . .. . ....... 17 · l 
14. Water evaporated per hour corrected for quality of steam (lbs. ) . . ...... . .... . 1762 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ......... ... .. . . 2092 
16. Equivalent evaporation per hour from and at 212° F . per square foot of water 

heating surface (lbs.) .. .. . ..... .. ... ......... . .............. . ... . .. 3 · 27 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. St.eam pressure by gauge (lbs. / sq. in. ) .. ........ .................. .... 118 ·4 
18. Temperature of feed water entering boiler (deg. F .) ........................ . 73 · 5 
19. Temperature of escaping gases from boiler (deg. F.) . . ......... ..... .... .. .... 616 
20. Pressure of draft between damper and ash-pit (ins. of water) ... . .. ........... . . 26 
21. Percentage of moisture in steam ......... . ....... .. .......... . ............. · 6 

HORSE-POWER. 

22. Horse-power developed (Item 15-;-34!) . . . ........................ . . .. . . . 60·5 
23. Builders' rated h:orse-_power ....... . ..................... . ....... ........ . 60. O 
24. Percentage of builders rated horse-power developed ......... . ........ . ....... 101 

EcoNOMic RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9-;-ltem 3) .. . ................................... . ....... .'. 5.99 

26. Equivalent evaporation from and at 212° F. perlb. coal as fired (Item 11-;-ltem 3)7. 08 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item U -;-Item 5)7. 27 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11-;-Item 8) . . ........ ..... . .............. . ................ 7·83 

EFFICIENCY. 

29. Calorific value of dry coal per lb . (B.T.U.) ....... .. ....... ..... .. ..... .. 13860 
30. Calorific value of !.he combustible per lb . (B.T.U.) ............ . ... . . . .... 14740 
31. Efficiency of boiler (based on combustible consumed) (%) ....... . . ..... . . . . 51 ·4 
32. Efficiency of boiler, including grate (basecl on dry ceal) (%) ............ ... . 50· 6 

FLUE ÜASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) . . . ...... .. ............. 22. 6 
34. " " of combustible consumecl (from gas analyses) (lbs.) .. . ..... 18. 6 
35. " " dry coal (from gas analyses) (lbs.). . . . . . . . . . . . . . .. li. 3 
36. Proport.ion of heat of fuel in escaping dry flue gases (%) ... . ..... . ........... 15 . ï 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 236. 

Date-Aug. 3, 1908. Trial umber-G.C.T. 59. 

OBSERVATIO S OF GENERAL CO DITIO S. 

Notes. 
Day brigbt and clear. No. 1 B. and W. working. Coal very small. 

Tùne. 
7 . 50 Fire cleaned. Pressure, 105 lbs. 
8. OO Cleaned tubes. 
9. OO Trial started. Fire 2• well burnt through. Cokes a little, probably due to 

moisture in coal. 
9. 30 Burning in a 2!" :lire. Much fiame. 

10.00 Coal cok.ing badly. Grill opened. 
11. OO Fire kept about 3". 
11.45 Still coking badly. 
2.35 Steam on. A thin hard clinker on bar. 
3. 15 Sliced fire. 
3. 35 Sliced fire. Cannot get under clinker very well. 
3. 35 Grill closed. 
4 . 15 Grill opened to half way. 
5. 50 Fire cleaned, thin layer of very hard clinker over bars; did not adhere so badly as 

at 3 . 35, due to steam having been put on. 
7 . 03 Finished trial. Fire as at start. This coal is very bad in heating and pitting 

the bars. 

5.50 
7.00 

Tare. 
75 
75 

Gros. 
116" 5 
138 

CLINKER AND AsH. 
Net. 
41·5 lbs. clinker. 
63 · 0 lbs ash. 

104·5 lbs. ash and clinker. 
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RECORD OF COAL CO SUMED DURING BOILER TRIAL No. 59 

Wcight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Ti me. sampling 

1 

flue 

1 
1 CO Dw·ing Total. gases. co. o. 

interval. 

Start 9. OO a.m. 
9. 30 ... . . . ....... . ... . 185 185 9. 00 8·3 9 ·8 0·5 

10.00 ..... . .... ... .. . . 156 341 9 .30 7 ·2 11·4 0 ·8 
10.03 ........ .. . . .. .. .. 38 379 10 .00 9.9 9·2 0·1 
10 .30 . . . ...... . ........ 156 535 10.30 12 ·4 6·6 0·6 
11.00 . ............. .... 137 672 11 .00 9· 2 9.4 0·9 
11 .15 ... .. . . .. . ... . . ... 93 765 11 .30 10 · l 8·8 0 ·6 
11 .45 ... .. .......... . . . 139 904 12 .00 11· 2 7.3 1 ·0 
12. 15 ......... . ........ 175 1079 12 .30 8· 3 11 · 1 0·2 
12. 35 . . .... . . . . . . . .. . . . 90 1169 1. OO 9·6 7.4 2·9 
1.05 ... . ...... . . . ..... 137 1306 1.30 10 .0 7 ·0 2· 8 
1.35 .. . . .... . ......... 133 1439 2.00 10·2 8 ·9 0·7 
2.05 . . .. .. ... . ... . .... 158 1597 2.30 6·7 12 ·8 0·5 
2. 25 . ......... . ... .... 91 1688 3 .00 10 · 1 8 ·4 0· 8 
3 .05 .. ... . . . ...... .. .. 137 1825 3.30 10 ·4 7 .4 1·7 
3. 35 ........ . ...... . .. 106 1931 4.00 14 ·2 3·1 

1 

1·3 
3.40 . ........... .. .. . . 55 1986 4.30 7·8 11 ·5 0 ·5 
4.10 ......... .. . .. . . . . 211 2197 5 .00 11 ·0 5.4 3·2 
4.40 . . . ...... . . . ... . . . 114 2311 5.30 9 ·1 10 ·4 0·4 
4.50 . .. .... . .. . .. . .... 77 2388 6.00 7.7 11 · 6 0· 6 
5. 20 . .... . ......... . . . 124 2512 6 .30 6·3 12·7 0 ·7 
5.50 ....... . .......... 58 2570 

1 6. 20 ........ . ... ... . .. 166 2736 9·5 9 ·0 l·O 
6. 25 ...... . . . ......... 40 2776 
7 .03 . . .... . .... . . . .... 131 2907 

I 

- --
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OBSERVATIOr S MADE DURING BOILER TRIAL o. 59 
. -

Steam Draft pressures, 
pressure Temperaturer inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. . 1 
in 

lbs. 

1 

Flue At interval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. -

9.00 ............ 112 81 570 70·5 -·02 - ·26 ........ . .. 
9. 15 ...... . ..... 107 83 550 71 -·02 - ·30 490 
9 . 30 . . .... . . . .. . 110 83 560 71 . 5 -·02 -·30 325 
9.45 ........ .. .. 119 84 560 72 -·02 -·30 323 

10.00 ........ .. .. 113 84 610 72 -·02 -·32 486·5 
10. 15 ........... . 121 84 625 72·5 -·02 - ·32 481·5 
10 . 30 ............ 114 84 660 72.5 - · 02 - ·36 503·5 
10 .45 . . ... .... . .. 123 84 650 72 ·5 -·02 - ·32 513 
11 .00 ..... .. . . . .. 123 85 640 72 · 5 -·02 -·32 392·5 
11 . 15 . ... . ... . . . . 110 85 580 72· 5 -·02 -·32 550 
11 . 30 . . .. ... . .... 113 85 600 72·5 - ·02 -·32 519 
11. 45 ...... ... ... 113 85 640 72.5 -·02 - · 36 404·5 
12.00 .. · . .. . ...... 118 87 650 72·5 -·02 -·34 529 
12.15 ... . . . ... . .. 110 87 605 72·5 - ·02 -·32 562 
12.30 ... . . . ... . .. 113 85 590 72 · 5 -·02 - ·32 415 
12 .45 ... .. .. .. .. . 121 84 590 72·5 -·02 - ·32 363 
1.00 ..... . . . .... 122 84 570 72·5 - · 02 -·32 391 
1.15 . . .... . .. . .. 121 83 590 72·5 - · 02 - · 32 502 
1.30 ... .. . ...... 115 82 575 72 ·5 - ·02 - · 32 501 
1 .45 ... . . .. .... . 118 83 550 72·5 - ·02 - ·30 370 
2.00 . . . . . . . . . . . 118 84 550 72·5 -·02 - ·30 427·5 
2.15 .. . ..... .... 123 84 550 72·5 -·02 - ·30 433 
2.30 . . . . ........ 120 86 560 72 . 5 -·02 -·30 360·5 
2.45 ... . ... .. ... 113 ·84 580 72·5 - ·02 -·32 440 
3.00 .... ... . .... 102 84 600 73 - · 02 -·32 472·5 
3.15 ..... ....... 108 84 580 73 -·02 - · 34 380 
3. 30 ..... ... .... 112 83 650 73 -·02 - · 34 342 
3 .45 ...... .. . . . . 118 83 860 72·5 -·02 -·34 469 
4 . 00 .... .. ... . . . 123 84 760 72·5 

1 
-·02 -·34 582 

-! . 15 .... .. ... .. . 102 84 610 72 ·5 -·02 - · 32 591·5 
4 . 30 . . . . . . .... . . 123 84 620 72·5 -·02 - · 32 383 
4 .45 ......... . . . 110 84 730 72·5 -·02 -·34 471 
5 .00 . ........... 102 84 700 72 · 5 -·02 - ·32 632 
5. 15 .. . . . . . . . . . . 113 84 660 72·5 - ·02 - ·32 462 
530 .. ... . .... .. 119 84 650 72·5 -·02 -·30 485 ·5 
5 45 . ... ........ 121 83 640 72·5 -·02 -·30 472 
6.00 ... .. ....... 98 83 570 72·5 - · 02 -·30 419·5 
6.15 . . .......... 108 82 620 72·5 -·02 -·30 3 1 
6.30. . . . . . . . . . 111 82 585 72·5 -·02 -·30 328 
6 .45 .... . .. .... . 118 2 5 0 72 · 5 -·02 -·30 401 
7 . OO ... . . . . . . . . . 123 2 660 72·5 - · 02 -·32 464 

114 .7 83·8 617 72 · 4 - ·02 - ·32 1 ,019 net 
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SUMMARY OF OBSERVATIONS. 

Date-Aug. 1908. 
Commenced-9.00 a.m. 

Boiler-B. and W. No. 2. 
Ended-7.03 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking .... . ....................... Hand-spreading on alternate sides 
2. Kind of draft ......................... . ........... .. ....... .. .. .. ..... Natural 
3. Condition of boiler and date of last cleaning .... . ... Thoroughly cleaned May, 1908 
4. Tubes cleaned ..... . . . . . ...... . ............................. ... .. : .. S.00 a.m. 
5. Fire cleaned ........... . .............. .. ...... . .. . ....... 7 .50 a.m., 5.50 p.m. 

FUEL. 

6. Kind of coal. .......... ... . .. . . No. 236-Dominion Coal Co., Sydney, No. 7 mine 
7. Analysis of dry coal by weight (%). C=80, H=5 ·2, S2=2·0, N,=1·7, 02=8·4, 

Ash=2·7. 
8. Calorific value of dry coal B.T.U. per lb .. .. . . ........................... . 14310 
9. Moisture in coal as fired (%) ......... . .. . .. . ........ .... .... . ... . ..... . . .4 · 5 

10. Weight of coal fired (lbs.) .... . ............. .. ......... . . ....... ... . . . ... 2907 
11. Combustible mat ter in ash and clinker (%) .... . ..... ......... ............ . . 27 · 4 
12. Weight of clinker (lbs.) ... . .......... .. ..... .. ..... . .............. . .. . ... 41 · 5 
13. Weight of ash (lbs.) ....... ........ ... ... ............... ..... . ... .. . . . . .. 63 

14. 
15. 
16. 
17. 
18. 
19. 
20. 

Arn AND FLUE ÜAS. 

Air pressure under fire (inches of water) ..... . ............................. - · 02 
" above fire " " ... ... .. ........ . .. . . . ... .. .... . ... - ·21 

at damper . . .... .......... ..... . ..... . . . .... - · 32 
Amount of damper opening, ...... . .......... . ..... ....... . ...... .. . . . .. . Full 
Temperature of air in boiler house (°F.) . . . .. ... . ... .. . . ................... 83 · 8 
Flue temperature (°F.) ........ ... ................ . .... . .... . .. . ... . ...... 617 
Analysis of dry flue gas by volume(%) C02=9·5, 0 2=9 ·0, CO=l·O, N=80·5 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ...... . ........... . ..... . . . ..... ... . .. . . . 12. 4 
22. Total weight of feed water, corrected for difference of level (lbs.) ...... . . . ..... 18019 
23. Water level in gauge at start (inches) ............ ... .............. . ... . . . . 3 H 
24. Water level in gauge at finish (inches) ....... . .. . ...... . . . .................. 3 H 
25. Correction for difference of level (lbs.) ............................. . . .... . ... O 
26. Steam pressure by gauge (lbs. per sq. in.) ............ . ............... . . .. 114. 7 
27. Barometer reading (inches) ........... . ... . ..... ..... ... . ........ . ....... 29 · 83 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) . . .. . .. . ........... . . 14. 9 
29. Temperature in steam calorimeter (°F.) ...... . ...... . ........... . .. . . . .. 290 · 2 

Notes. 

This clinker was very bard and stuck to bars until steam was put on. Forms in a bard, tbin layer. 
Bars were found to be pitted afterwards. 
and cl~~:.l cokes badly. Could not be used on a sbaking grate. Grill over lire open a littlc. Weatber fine 

{

Fixedcarbon ........... 59 · 1 
Proxima.te analysis Volatile mntter. ....... 38' 2 

Asb. . . . . . . . . . . . . . . . 2 · 7 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34 
35. 
36. 
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SUMMARY OF RESULTS 

Made on B. and W. r o. 2 Boiler at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 236. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft .)-639. 

Superheating Surface (sq. ft.)- il . 
Barometer at start-29·86. At finish-29·80. Mean-29·83 . 

TOTAL QuANTITIES. 

Date of triai ...... .. . ..................................... . ........... 3/8/08 
Duration of triai (hours) .................... . .......... . .. . ...... . ...... 10 · 05 
Weight of coal as fired (lbs.) ... ................. . ....... . ................. 2907 
Percentage of moisture in coal as fired (%) ........ .. .... ..... . .. .... ..... .4·5 
Total weight of dry coal fired (lbs.) .... . ... ..... ..... .. ... ................. 2776 
Total ash and refuse (lbs.) . . ....... . ................................... 104 · 5 
Percentage of ash and refuse in dry coal (%)(a) from analyses 3 · 72; (b) weighed .. . 3·77 
Total weight of combustible consumed, from analyses (lbs.) .................. 2672 
Total weight of water fed to the boiler, corrected for difference of level (lbs.), .. 18019 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ................................ 17940 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21320 

Ho RLY QuANTITIES. 

Dry coal fired per hour (lbs.) ..... . ......................... ... ............ 276 
Dry coal per square foot of grate surface per hour (lbs.) ........... . . .... .. .. 16·4 
Water evaporated per hour, corrected for quality of steam (lbs.) ............. 1785 
Equivalent evaporation per hour from ·and at 212° F. (lbs.) ....... ........... 2122 

Eq~:!\i~~ ~~d~::~\bs.f'.r ho~.dro~ .~nd .at. ~~ ~~ .~·. ~e~ .sq·u·ar~. f·o·o·t· ~~ ~a~ .. 3 . 33 

AVERAGE PRESSURES, TEMPERATUl!ES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) .............. . ................ . .. 114 · 7 
Temperature of feed water entering boiler (deg. F.) ......................... 72· 4 
Temperature of escaping gases from boiler (deg. F.) . .......................... 617 
Pressure of cl.raft between clamper and ash-pit (ins. of water) ......... . ........ 0 · 30 
Percentage of moisture in steam .. .. ... ................................ . .. 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15+34!) .................................... 61·5 
Btùlders' rated horse-power ........... . .. . ...... . ......... . .. . ............. 60 
Percentage of builders' rated horse-power developecl .......................... 103 

EcoNOMIC REsULTs. 

Water apparently evaporated under actual conditions per lh. coai as firecl 
(Item9+Item3) ........................................ . ........... 6·2 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 33 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 6 
Equivalent evaporat.ion from and at 212° F . per lb. of combustible consumed 

(Item 11 +Item 8) .... . . .. . . .......... .. .................... .... ..... 7 · 98 

EFFICIENCY . 

Calorific value of dry coal per lb. (B.T.U.) . ........... ... .... . ............ 14310 
Calorific value of the combustible per lb. (B.T.U.) ........................ . . 14700 
Efficiency of boiler (based on combustible consumed) (%) ............ . ...... 52·4 
Efficiency of boiler, including grate (based on dry coal) (%) ......... .. ....... 51 · 

Fr.uE GASEii. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) ....................... 23 · 7 
" " of combustible consumed (from gas analyses) (lbs.) ....... 19 · 6 
" ' ' dry coal (from gns analyses) (lbs.) ........ .... ........... 18 · 95 

Proportion of hcat of fuel in escaping dry flue gases (%) ... . . .. ............ 16 ·95 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 35. 

Date--July 29, 1908. Trial Number G.C.T. 57. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Da.y fine and clear, rain and thunder later. No. 2 B. and W. working. Coal in fairly large lumps. 

Time. 
7 . 34 Fire cleaned and made up with ro. 35 coal. Pressure, 105 lbs. 
7. 45 Tubes blown. 
8.45 Trial started. Fire 1!" well burnt through. 
9. OO Coal burns with much fl.ame and large volumes of dense smoke. 
9. 15 Fire kept about 4K thick. 

10 .00 Fire built up to about 6' to 7'. 
1U. 30 Ran slicing bar through. Thin clinker adhering to grate, put steam on under 

bars. 
11.00 Opened grill. Much Jess smokE'. 
12.00 Keeping fire much thinner, 2" to 3". 
1. 30 Sliced fire, clinker came off easily; very bard. 
2. 45 Sliced fire. 32 lbs. clinker removed . This clinker was bard and in cakes covering 

bars. The steam bad cooled bars considerably so that it was comparatively 
easy to remove. This coal would not do with a shaking grate. It is practi
cally essential to use steam, otherwise clinker runs between the bars. 

5. 34 Cleaned out. Hard thin layer of clinker over fire, easily removed, however-83 lbs. 
6.45 Finished trial ; fire as at start. ot coking at all . 

NOTE-Essential. To have air admitted above grate; and steam under. 

CLINKER AND AsH. 
Tare. Gross. Net. 

2.45 75 107 32 
5.34 75 158 83 

115 lbs. clinker. 

6.45 75 150 75 lbs. ash. 

100 lbs. ash and refuse. 
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RECORD OF COAL CONSUMED DUR! G BOILER TRIAL No. 57 

Time. 

Weight of coal 
fired. 

Time 
of 

Composition of flue gaaes 
by volume, per cent. 

1 
________ 

1 
sampling , ________ _ 

Durinf( 1 Total. g~e~. ~o, o, 1 CO 
interval. 

---------·---~'. ------'-- ---' 
Start 8.45 a.m. 

8.46 .......... ....... . 
9.15 ... .. ... . ..... ... . 
9.30 .. .. . ... . .. .... .. . 

10 .00 . ... . . . . ........ . . 
10 .30 ................. . 
11 .00 ............ .. ... . 
11 .30 ............ .. . .. . 
12 .00 ........ . ........ . 
12 .30 .. . .......... . ... . 
1.00 ....... . ......... . 
1.15 . . .... . .. . ... .. . . . 
1. 45 ....... . . . ... .... . 
2. 15 ... ...... .. .... .. . 
2.45 ........... ...... . 
3.15 ... ... . ...... .... . 
3.40 ................. . 
4 .10 .... .. ... . .... ... . 
4.35 ................. . 
5 .05 .... . ............ . 
5.30 ................. . 
5.50 . ... . . . ....... ... . 
6. 20 . ... . ............ . 
6.45 ................. . 

56 
253 
52·5 

190 
173·5 
190 
82 

103 
109 
82 
59 

153 
20 

134 
166 
134 
173 
106 
122 
87 

128 
98 
91 

56 
309 
361·5 
551·5 
725 
915 
997 

1100 
1209 
1291 
1350 
1503 
1703 
1837 
2003 
2137 
2310 
2416 
2538 
2625 
2753 
2851 
2942 

8.45 
9.15 
9.45 

10 .15 
10.45 
11.15 
11 .45 
12 . 15 
12.45 
1.15 
1.45 
2.15 
2.45 
3. 15 
3.45 
4.15 
4.45 
5. 15 
5.45 
6.15 

10·1 
7.5 

11 ·8 
8·3 

12·3 
13·1 
14·0 
13·8 
9·1 
9·2 

11·5 
9.7 
9·5 
9.5 

10·7 
9.5 

11·5 
11·0 
10 ·5 
10 ·1 

10·6 

6·9 
10·1 
6·2 
7·6 
1·9 
3.4 
4·0 
4·8 

10·2 
8·1 
6·7 
6·8 
9·6 
7·1 
5·8 
9·2 
7·6 
6·4 
6·4 
6·2 

6· 

1·0 
O·O 
O·O 
4·0 
6·2 
1·6 
0·9 
0·7 
0·6 
2·2 
1·0 
2·8 
0 ·7 
2·3 
2·6 
O· 
0·5 
2·5 
3·1 
2·5 

1·8 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 57 
-- -

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. • F. water. apparently 
evaporated 

Tùne. in 
lbs. Flue At interval. 
pe! Boiler gases at Feed In entrance lbs. 

sq. m. room. entrance Water. ash-pit . to flue. 
to flue. 

8.45 ....... . . .. . 117 85 580 71 - ·02 - ·24 .. . . . . . . . . . 
9.00 ... .... . .... 110 85 520 71 -· 02 -·25 500 
9.15 ..... . . . .. . . 111 87 500 71 .5 -·02 - · 25 351 
9.30 ............ 114 87 480 71 .5 -·02 -·26 394 
9 .45 ...... .. .... 122 87 580 71 ·5 -·02 -·26 390·5 

10 .00 . . . .... .. . . . 120 88 660 71. 5 -·02 - · 26 527·5 
10 . 15 ....... .. . . . 113 89 520 71 .5 - ·02 -· 30 430 
10 .30 ...... . ..... 113 89 590 72 - ·02 - ·30 297·5 
10 . 45 ..... .. . .. . . 116 89 810 72 - ·02 - · 28 420 
11.00 ........ . ... 109 88 560 72 -·02 -· 26 479 .5 -
11 . 15 . . .. . ....... 117 89 625 72 - ·02 -·23 341 
11 . 30 ... . ....... . 118 89 830 72 - ·02 - · 26 470 
11 .45 ....... .... . 111 88 730 72 -·02 - ·24 505·5 
12.00 .......... .. 110 89 715 72 -·02 -·24 448·5 
12 . 15 ..... . ...... 119 88 710 72 - ·02 - · 24 461 
12 .30 .. .. . . . ... .. 120 91 690 72 ·5 - ·02 - ·22 429 
12 .45 . . . ... .. . ... 120 88 670 72 · 5 -·02 - ·24 475 

1. OO ..... • ..•.. . 119 88 600 72·5 -·02 -·24 400 
1. 15 .. . . .. .... .. 118 89 600 72·5 - · 02 - ·24 491·5 
1. 30 . .. .... .... . 116 89 590 72 ·5 - ·02 -·24 377 
1.45 . ..... . .. . . . 123 89 700 72 ·5 -·02 -·25 380 
2. 00 ... . . . .... . . 123 89 700 72 ·5 -·02 -·25 510 ·5 
2. 15 . . . ......... 117 89 655 72·5 - ·02 -·25 486 
2.30 .. .. : .. . . . . 113 89 660 72 · 5 -·02 - ·25 448·5 
2 .45. .. . .. .. .. .. 112 89 655 73 -·02 - ·25 501 
3 .00 . . ... ..... .. 118 89 670 73 - ·02 - · 25 381 
3 .15 ....... . . .. . 118 89 650 73 -·02 - ·25 485 ·5 
3 . 30 .. . . .. ...... 120 88 725 73 - ·02 - ·26 479 
3 .45 . . . . . . ... .. . 120 88 725 73 - ·02 -·28 484·5 
4 . 00 .. .. . . .. . . . . 118 88 680 73 -·02 - ·28 544.·5 
4 . 15 . . . ......... 118 88 700 73 - ·02 - ·28 458 
4 . 30 ...... . . . . . . 120 88 870 73 - ·02 - ·28 478 
4 .45 .. . ... .. .. .. 123 87 810 73 - ·02 -·28 502 
5 .00 . . .. . .. .... . 123 87 730 73 - ·02 - ·28 490·5 
5 . 15 . .. . .. . . ' . '. 123 87 710 73 -·02 - ·28 502·.5 
5 .30 ... . .. . .... . 123 86 640 72·5 -·02 - ·28 421·5 
5 .45 .. . ..... . .. . 120 87 600 72· 5 - ·02 - ·26 329 
G 00 . . ..... .. . .. 113 87 650 73 - ·02 - ·20 565 
6 . 15 . .... . . . ... . 123 88 650 73 - ·02 - ·20 346 ·5 
6 . 30 ..... .. ..... 123 86 660 73 - ·02 - ·22 473 
6 45 .. . . . . . . . ... 123 86 660 73 -·02 - ·20 1 476 

117·7 88·0 660 72·4 
1 

- ·02 - ·25 17,931 uct 
-
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SUMMARY OF OBSERVATIONS. 

Date-July 29, 1908. 
Commenced-8.45 a.m. 

Boiler-B. and W . No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
D uration-600 mins. 

1. Method of stoking ..... . ........... .. .. . ..... . Hand-spreading on alternate sides 
2. Kind of draft ......... .. .... . ....................................... " Natural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned ............................ ... ............. .... ...... 7 .45 a.m. 
5. Fire cleaned . ................ ... ......................... 7.34 a.m., 5.34 p.m. 

FuEL. 

6. Kind of coal. . ...... ......... .... No. 35-Dominion Coal Co., Sydney, No. 9 mine 
7. Analysisof dry coalby weight(%).C =77 ·O,H = 5 · 2,S =3·7,N, = 1·5,0,=ô ·7,Ash = 5· 9 
8. Calorific value of dry coal B .T.U. per lb ................................... 14000 
9. Moisture in coal as fired (%) ........ ..... .................. . ...... ... . .... l · 8 

10. Weight of coal fired (lbs.) . .............. . ............................... 2942 
11. Combustible matter in ash and clinker (%) .... . ......................... . .. 18 · 9 
12. Weight of clinker (lbs.) ......... ... ... . . . . ... .. ....... . . ... . . .. ......... . . 115 
13. Weight of ash (lbs.) ......... . .......... . .... .... ....... .. ................. 75 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) .... .... ........................... - · 02 
15. " above fire " " . . ..... . .. .... . .... .... .... . ... ..... - · 17 
16. at <lamper .... . .......... . ................... - ·25 
17. Amount of <lamper opening ... .......... . ............................ Various 
18. Temperat.ure of air in boiler bouse (°F.) ........ . ............................. 88 
19. Flue temperature (°F.) .... . .............................................. 660 
20. Analysis of dry flue gas by volume (%) .. CO,= 10 · 6, 0 2 = 6 · 8, CO= l · 8, N = 0 · 8 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) ......................................... 72· 4 
Total weight of feed water, corrected for difference of level (lbs.) .............. 17931 
Water level in gauge at start (inches) ...................................... 4 fr; 
Water level in gauge at finish (inches) ..................................... .4n 
Correction for difference of level include<l above (lbs.) . . ....... . ............ - · 20 
Steam pre sure by 11;auge (lbs. per sq. in.) .......... . ............. .. ...... 117 · 7 
BaromeLer read ing (inches) ..................... . ........................ 29 · 8 
Pressure in ;;tPam calorimetPr by gauge (lbs. per sq. in.) . . . ..... . ....... 15 · 7 
Tcmperature in steam calorimeter (°F.) ..... ... .................. . ...... 291·6 

Notes. 
This con! burnt witb a great den! of Bame and smoke. Air should be admitted above grnte. To avoid 

clinker ndherin~ to bar• stenru should be admitted underneatb. Fire sliced-10. 3C, 1. 30, 2. 45. Best thiok· 
ness seemcd to he 3" to 4". 'Ycntber fine and clcar, turning to rain and thunder. 

(Fix cd cnrbon. . . . . . . . . 55 · 5 
Proximute analysis~ Volatile malter ........ 38·6 

l Ash . . . . . . . . . . . . . . 5·U 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 35. !Gnd of Furnace-Fixed bars, 30% arr space. 
Method'of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 90. At finish-29 · 86. Mean-29 · 88. 

TOTAL QUANTITIES. 
1. Date of trial ...................... . . . ........ . .... . .... . . ............ 29/ 7 / 08 
2. Duration of trial (bours) ............. . . . ......... ... . . ......... .. .... . .. 10 ·OO 
3. Weight of coal as fired (lbs.) .. . ... .... ... . .. . .... .. .. .. .. . ... . .... . ...... . 2942 
4. Percentage of moisture in coal as fired ( %) ......... . ........ . .............. 1·8 
5. Total wcight of dry coal fired (lbs.) ......... . ........ . .... . ..... . .......... 2889 
6. Total asb and refuse (lbs.) ........ . .................... : ... . ... ... .... . ... 190 
7. Percentage of asb and refuse in dry coal (%)(a) from analyses 7 ·28; (b) weighed .6·58 
8. Total weigbt of combustible consumed, from analyses (lbs.) ....... . .......... 2678 
9. Total weigbt of water fed to the boiler, oorrected for difference of level (lbs.) . .. 17931 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ......................... .... ... 17850 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ..... . 21220 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ....... . ........ . ................ . .... .. ...... 289 
Dry coal per squ1tre foot of grate surface per hour (lbs.) . .............. . .. . ... 17 · 2 
Water evaporated per hour corrected for quality of steam (lbs.) .... . . . ....... 1785 
Equivalent evaporation per hour from and at 212° F. (lbs.) ...... ... . . ....... 2122 

Eq'i:l~~ ~~:f~:ea~lb~.f.~~ ~~~·r· ~r~~ -~~d .~t. ~~~~ ~'. ~~~ s:~.a.r~.f~·o·t· ~~ ~~t.e~ .. 3 . 32 

AVERAGE PRESSURES, TEMPEHATURES, ETC. 

Steam pressure by gauge (lbs. / .sq. in.) . .. .. ... .. .. .... . ............... . . . 117 · 7 
Temper.1ture of feed water entenng bmler (deg. F.) . ..... . ..... . . . ..... . ..... 72 · 4 
Temperature of escaping gases from boiler (deg. F.) .. ... ............. . .. ... . . . 660 
Pressure of draft between clamper and ash-pit (ins. of water) . . ................ 0 · 23 
Percentage of moisture in steam . . . . ..... ..... .. .......................... 0 · 6 

Ho.RsE-POWER. 
Horse-power developed (Item 15 +34!) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 ·6 
Builders' rated horse-power . ............................ .. . .. .... : ..... .... 60 
Percentage of builders' rated horse-power developed ............ . ....... . . .... 102 

EcoNOMIC REsuLTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) . . .. .. .... . ............... .. ... . ..... . .. ............ 6 ·09 

Equivalent evaporation from and at 212° F. perlb . coal as fired (Item 11 +Item 3) 7 . 21 
Equivalent evaporation from and at 212° F. perlb. of d.!·y coal (Item 11 +Item 5) 7 · 34 
Equivalent evaporation from and at 212° F. per lb . of combustible consumed 

(Item 11 +Item 8) ... .. . ............................ .. ......... . ..... 7 · 93 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.) . . .. ... . . ... . ....... .... . ... ... 14,000 
Calorific value of the combustible per lb . (B.T.U.) . ....... .. ..... .. . . . . .. . . 14,880 
Efficiency of boiler (based on combustible consumed) (%) . . . . . . . . . . . ... 51·4 
Efficiency of boiler, including grate (based on dry coal) (%) . . ....... . ........ 50 · 6 

FLUE ÜASES. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) ..... . ... . ............. 20. 2 
" " of combustible consumed (from gas analyses) (lbs.) ..... 16· 77 
" " dry coal (from gas analyses) (lbs.). . . . . . . . . . ... 15 · 55 

Proportion of heat of fuel in escaping dry flue gases (% ). . . . . . . . . .. . . 15. 24 
83-3 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 38. 

Date-Aug. 5, 1908. Trial Number-60. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
No. 1 B. and W. and Robb, both working. Day dull and rainy. Coal in fairly large lumps with small stufi• 

Time. 
7. 25 Cleaned out fire and made up witb No. 38 coal-120 lbs. 
7 . 35 Tubes blown. 
8.45 Started trial. Fire 1!' to 2• thick well burnt througb. 
9. 45 Fire 2!" to 3'. Coal burns witb medium amount of fiame and mucb smoke. Coal 

cokes at first. · 
11. OO Coal does not coke so mucb. 
1. OO Sliced fire. Thin bard clinker easily raised. 
2. OO Opened grill i full open. 
2. 15 Sliced :fire. Removed some slabs of, clinker (32 lbs.) about!" thick. Could not 

use this coal on a sbaking grate. 
3 . 50 Seems to coke ratber worse since slicing. 
4.15 Sliced :fire and put on steam under bars. 
5 . 25 Cleaned :fire. Clinker in thin bard layer, difficult to remove. Steam shut off. 
6.48 Finisbed trial. 49 lbs. asb raked from asb-pit. 

CLINKER AND AsB. 
Tare. Gross. Net. 

2 .15 32 lbs. clinker. 
5.25 75 139 64 lbs. clinker. 

Total 96 lbs. clinker. 
6.48 75 124 49 lbs. asb. 

145 lbs. asb and clinker. 
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RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 60 

Weight of coal Timc Composition of flue gases 
fired. of · by volume, pcr cent. 

Time. sampling 

1 

flue 

1 
During Total. gases. co. o. CO 

interval. 

Start 8.45 a.ru. 
9.15 ............. ... .. 190 190 8.45 6·0 13·5 0·4 
9.45 ............ . .. . .. 176 336 9.15 10·0 9.7 0·5 
9.55 ... .. . . ... .. ...... 65 431 9.45 9.9 7·8 1·6 

10 .25 ..... . . .... . ...... 159 590 10 .15 7.3 12·7 O·O 
10 .55 .................. 156 746 10·45 8·2 11· 1 O·l 
11.25 . .... . ............ 92 838 11.15 7.9 12·1 0·3 
11.55 ... .... . ... ..... .. 166 1004 11.45 10·3 7·1 2·6 
12 .25 .. .. . .... . ...... .. 192 1196 12 .15 9·8 5.7 5·1 
12.30 ... . ... .. . . ....... 39 1235 12 .45 9·1 6·6 4·6 
1.00 . ........ . ........ 169 1404 1.15 12·1 5.5 1·8 
1.30 ........... . ..... . 169 1573 1.45 9.5 7.3 3·2 
2.00 .................. 120 1693 2. 15 8·0 10·8 1·0 
2.30 . . . .. ........... . . 110 1803 2.45 9·1 9·8 0·8 
3.00 . .. . . . .. . ......... 130 1933 3.15 11·8 6·8 1· 2 
3.20 ... . ....... . ...... 84 2017 3.45 8·5 9·2 1·7 
3.50 .. . .... . ...... .... 99 2116 4 .15 9·6 9·0 0·9 
4.30 .................. 203 2319 4.45 8·0 10·8 0·8 
5.00 ........ .. .... . . . . 121 2440 5.15 8 ·5 10·4 0·9 
5.30 .... . .. ... .. . .... . 40 2480 5.45 9.3 6·8 2·9 
6.00 ....... . . . . . ...... 215 2695 6.15 10·0 7.3 1·7 
6.20 ..... .. .. .. . . . .... 78 2773 
6.48 ... . . . ........ . ... 91 2864 9·1 9·0 1·6 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 60 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

. Ti.me. in 
lbs. Flue At interval. 
per Boiler gases at Fèed In entranc€ lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 .......... . . 118 85 590 72·5 -·02 -·28 ........... . 
9.00 ............ 121 86 580 72·5 -·02 -·28 321·5 
9.15 . ........... 106 85 610 72·5 - ·02 -·28 604 
9.30 ............ 110 87 580 72·5 -·02 -·28 453 
9.45 .......... .. 121 86 600 72·5 -·02 -·28 432·5 

10.00 .. . ... .... .. 116 86 S.75 73 -·02 -·28 511·5 
10.15 .... ........ 120 86 590 73 -·02 -·28 472 
10.30 .. . ......... 113 85 590 72·5 - ·02 -·28 504 
10.45 ... .... . .... 122 86 575 72·5 -·02 -·28 446 
11.00 ............ 119 86 580 72·5 -·02 -·28 462 
11.15 ... . ........ 119 86 580 73 -·02 -·28 511·5 
11.30 ............ 122 86 560 73 -·02 -·28 385 
11.45 . .. . ........ 118 86 560 72·5 -·02 -·28 490 
12.00 . .... ....... 123 88 540 72.5 -·02 -·28 385·5 
12.15 ......... ... 123 87 590 73 -·02 -·28 479 
12.30 ............ 121 86 580 73 - · 02 - · 30 443.5 
12.45 .. . .. .. ..... 123 85 580 73 - ·02 -·30 441 
1.00 ........ .. .. 122 85 570 73 -·02 -·30 400 
1.15 .. . .... .. ... 123 85 600 73 -·02 -·30 527·5 
1.30 ........ ... . 113 85 560 73 - ·02 -·30 570·5 
1.45 ........... . 123 85 580 73 -·02 -·30 410 
2.00 ............ 123 85 530 73 -·02 -·28 421 
2.15 ........... . 116 86 540 73 -·02 -·30 368 
2.30. . . . . . . . . . . . 121 88 675 73 -·02 -·30 288·5 
2.45 .. . . . . . . . . . . 118 85 640 72·5 -·02 -·30 523 
3 .00 ...... . ..... 122 85 670 72.5 -·02 - ·30 411·5 
3.15 ... ..... .... 117 85 680 72·5 -·02 -·30 451 
3.30 ........ ... . 108 83 570 72·5 - ·02 -·28 433 
3.45 . ... ........ 110 84 590 72·5 -·02 -·28 429·5 
4.00 ..... ...... . 110 84 660 72·5 -·02 -·28 452·5 
4.15 .. . . . ....... 119 85 590 72·5 -·02 -·28 420 
4.30 ............ 118 85 620 72 ·5 -·02 -·30 389·5 
4.45 .. . .. . ...... 113 85 565 72·5 -·02 -·28 452·5 
.5.00 .......... .. 119 85 660 72·5 -·02 -·30 462 
5.15 ... ....... . . 113 83 610 72.5 -·02 -·28 432 
5.30 .. .. . ....... 98 86 490 72·5 -·02 -·24 379 
5.45 ....... ... .. 123 84 610 72 ·5 -·02 -·30 280·5 
6.00 ...... .... . . 121 83 660 72·5 -·02 -·30 491 
6 . 15 ...... ...... 121 84 680 72·5 -·02 -·30 549 
6.30 . . .... ... ... 123 84 650 72·5 - ·02 -·30 494 
6.48 ............ 123 84 740 72·5 -·02 - ·30 642·5 

117·9 85·~ 600 72.7 -·02 -·29 17,920 net 
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SUMMARY OF OBSERVATIONS. 

Date-Aug. 5, 1908. 
Co=enced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.48 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking .. . . ... . .. ..... . ..... ... .... Hand-spreading on alterna te si des 
2. Kind of draft ...... ... . . ...... .. ..... ... .......... ... ... . .. . .. ....... . NaturaI 
3. Condition of boiler and date of last cleaning . . . . ... .. May 1908, thoroughly cleaned 
4. Tubes cleaned ............................................... . . .. . .. 7 . 35 a.m. 
5. Fire cleaned ........... . .. . ... . .... ..... ...... . .. . ... ... . 7.25 a.m ., 5 .25 p.m-

FlJEL. 

6. Kind of coal. .......... ... . ...... No. 38-Dominion Coal Co., Sydney, No. 1 mine 
7. Analysisof drycoal byweight (%) .C = 78 · 6,H =5· 1,S = 1·9,N, = 1 ·5,0, =7 ·O,Ash = 5· 9 
8. Calorific value of dry coal B.T.U. per lb .......... . .. .. ................... 14010 
9. Moisture in coal as fired (%) ............... .... . ........ . . . . .. .. .. .... . ... 2 · 8 

10. Weight of coal fired (lbs.) ......... . . . ................... . .. . . . ........ .. 2864 
11. Combustible matter in ash and clinker (%) ................................. 19·5 
12. Weight of clinker (lbs.) ... . .... ..... . ..... .. .. ... . . .. . . ... .. . .. .... . ....... 96 
13. Weight of ash (lbs.) ..... . . . . .. ... .. . . . ... ..... . . .. ...... .... . .. . .. ........ 49 

A.m AND FLUE GAS. 

14. Air pressure under fire (inches of water) .. .................. . . .. . .. . ..... .. - ·OZ 
15. " above fire " " .... . . .. .... . . .. . . .... .. ...... - ·22 
16. at damper . .. . .... . ... . ...... . ... .. ......... - · 29 
17. Amount of <lamper opening .... ...... .... .... .. .... . . .. . . .... . . ....... . .. . . 
18. Temperature of air in boiler house (°F.) .......... . .... . ......... .. ......... 85 · 2 
19. Flue temperature (°F.)... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 600 
20. Analysis of dry flue gas by volume(%) .. . C02 = 9· 1, 02=9·0, C0= 1·6, N=80·3 

WATER AND STEAllL 

21. Temperature of feed water (°F.). . . . . . . . . . . . . . . . . . .. . ............. 72. 7 
22. Total weight of feed water, corrected for difference of level (lbs.) ............. 17920 
23. Water level in gauge at start (inches) . ............................... 3i /1 310 
24. Water level in gauge at finish (inches). . ... ..... .. . ............... . 3ft" 32 0 
25. Correction for difference of level (lbs.) . . . . ..... . . ... . . ....... . .. . .. -10 
26. Steam pressure by gauge (lbs. per sq. in. ). . . . . ... . .......... . ..... 117. 9 
27 . Barometer reading (inches) ......................... .. . . .... .. ........ ... 29 . 48 
28. Pressure in stcam calorimetcr by gauge (lbs. per sq. in.) ... .......... . . . .... . 15. 9 
29. Temperature in steam calorimetcr (°F.) .. . ... . . . .. . ..... . .. .. .. . .. .. .... 291·8 

Notes. 
This coa\ forms a bard clinker which adheres to the bars; should have a steam jet underneath. It 

also tends to coke. It could not be used on a shaking grnte. M uch smoke is emi ttecl. Slicecl l.0 0, 2. 15 , 
4 . 15. Weather dull and rainy . 

{ 
Fixecl car bon. . . . 59·8 

Proximate analysis x~~atilc.mat~r". ". ..... an 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

38 

SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To D etermine quality of Coal. 
Kind of Fuel-No. 38. Kind of Furna.ce-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
.Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil . 
.Barometer at start-29·52. At finish-29·44. Mean-29 ·48. 

TOTAL QUANTITIES. 

Date of trial. ....... . . . . ....... . .........................•. . ......... . 5/8/08 
Duration of trial (hours) .......... . .. . ........................ .. ........ 10 · 05 
Weight of coal as fired (lbs.) ...... . ............. .. ........... ... .... . . . ... 2864 
Percentage of moisture in coal as fired ( %) .... . ... ..... ............... ... . 2 · 8 
Total weight of dry coal fired (lbs.) ........ . ......... . . . .......... . . .. ..... 2784 
Total ash and refuse (lbs.) .......... ... ... . . . ............... . . . ........... 145 
Percentage of ash and refuse in dry coal (%)(a) from analyses 7 ·3; (b) weighed ... 5·2 
Total weight of combustible consumed, from analyses (lbs.) ... . .............. 2580 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 17920 
Equivalent water evaporated into dry steam .from actual feed water 

temperature and boiler pressure (lbs.) . ...... ....... .......... . ....... 17840 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21200 

HOURLY QUANTITIES. 

Dry coal fired per hour (lbs.) ........ . . . ... ....... . . ... ... ......... ... ..... 277 
Dry coal per square foot of grate surface per hour (lbs.) ...................... 16 · 5 
Wat.er evaporated per hour corrected for quality of steam (lbs.) .. . ........... 1775 
Equivalent evaporation per hour from and at 212° F. (lbs.) ..... .... ........ . 2109 

Equ~~:~i~~ ~:fa°:ea~ili~.f.~1: ~~~·. ~ro~ .~~~ .~t. ~~~~ ~·. ~~~ ~'.1~.a~~ .f.o~·t· ~f. ~~~~ .. . 3 . 3 

AVERAGE PRESSURES, TEMPERATURES, ETc. 
Steam pressure by gauge (lbs. / sq. in .) .................................. 117 · 9 
Temperature of feed water entering boiler (deg. F.) ...... . .......... . ... . . .. 72 · 7 
Temperature of escaping gases from boiler (deg. F.) ..... .. .................... 600 
Pressure of draft between damper and ash-pit (ins. of water) .................. 0 · 27 
Percentage of moisture in steam ............... . ............... . .......... 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .... . ............... . ....... . . .... . . 61 · 1 
Builders' rated horse-power ............................... . .......... . ... 60 · 0 
Percentage of builders' rated horse-power developed .. . ... . ...... ....... . .. ... 102 

EcoNOMIC REsULTs. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(I tem 9 +Item 3) ... ............ . ...... .. ........ .. ................. . 6· 26 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11+Item3) 7 ·40 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 61 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ................. . ........ .. . . .. . . ...... ... ........ 8 · 22 

EFFICIENCY. 

29. Calorific value crf dry coal pcr lb. (B.T .U.) ... . . .. ......................... 14010 
30. Calorific value of the combustible per lb . (B .T.U.) ............... . ..... . .... 14900 
31. Efficiency of boiler (based on combustible consumed) (%) ..... . ............. 53 · 3 
32. Efficienry of boiler, inclu<ling grate (based on dry coal) (%) ...... .. .......... 52·4 

FLUE CASES. 

33. Dry Bue gas per lb. carbon (from gas analyses) (lbs.) .... . . . ............. . ... 23 · 2 
34. Dry Bue gas per lb. of combustible ronsumed (from gas analyses) (lbs. ) ........ 19 · 7 
35. Dry Buc gas per lb. dry coal (from gas analyses) (lbs.) .... . ................... 1 · 2 

. 36. Proportion of heat of fuel in escaping dry Bue gases (%) ..................... 16 · l 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 37. 

Date-Aug. 6, 1908. Trial rumber-G.C.T. 61. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Coalindulllooking bard lumps, with much dust. No. 1 B. and W. and Robb working. Day fine and clear. 

Time. 
7 .15 Fire cleaned and made up with No. 37 coal. 
7. 30 Tubes blown. 
8. 30 Trial started. Fire 2!" half burnt through, fair amount of flame. 
8.45 This coal burning in 3" fire, mediumamountofflame. Densesmoke. Notcoking. 

materially. 
10.15 Open grill t. 
11. OO Fire kept about 4" .thick. Firing every 5 minutes. 
12. 20 Fire cleaned. Clinker in small hard pieces, easily removed. Very sui table for 

shaking grate . 
5.17 Fire cleaned. Clinker broken up and easily removed. 
6. 30 Trial finished. 85 lbs. ash raked from pit. 

CLINKER AND Asa. 
Tare. Gross. Net. 

12.20 75 173 98 lbs. clinker. 
5.20 75 189 114 lbs. clinker. 

Total 212 lbs. clinker. 

.(l.30 75 160 85 lbs. ash. 

297 lbs. ash and clinker. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 61 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 
Durinr; Total. gases. co. o. CO 

interval. 

Start 8.30 a.m. 
8.35 .......... . . ..... . 72 72 8.30 8·6 9.4 1·0 
9.10 .................. 189 261 9 .00 9·6 7.5 2·1 
9.40 . ................. 178 439 9.30 8·4 11·2 0·2 

10 .10 .................. 212 651 10 .00 10 ·3 6·4 2·1 
10.35 .................. 137 788 10.30 8·1 11·4 0·4 
11. 05 ................ . . 145 933 11.00 9.5 8·6 1·4 
11 .45 ............. . .... 210 1143 11 .30 9·0 9·2 1·2 
12 .20 ...... . ........... 112 1255 12 .00 8·4 9.4 1·7 
12 .26 . ..... .. .. ........ 47 1302 12.30 7·0 12 ·5 0·2 

1.00 ... . . . ... .. . .... .. 225 1527 1. OO 9 ·8 7.5 1·6 
1.30 .................. 137 1664 1. 30 6·2 12 ·7 0·5 
2.05 . ........ . .. . . . ... 153 1817 2.00 7.7 12· 1 0·1 
2.30 ...... . . . . . . . . . . . . 143 1960 2.30 10·6 7·8 0·4 
3.00 .................. 148 2108 3.00 9·6 9 .4 0·4 
3.15 ................ . . 74 2182 3.30 9·1 7.7 2·0 
3 .45 .. ...... . . . . . . . . . . 206 2388 4.00 8·7 10·2 l·O 
4.15 .. . . . . . . . .... . . . .. 151 2539 4.30 9·2 9·0 1·5 
4.20 . ...... ..... . . .. .. 49 2588 5·00 10·8 7·0 1·9 
4.50 . . ....... . . . . . . . . . 118 2706 5.30 10·0 7.5 1·9 
5.20 ... ... .. ... ..... .. 106 2812 6.00 7·0 11 ·7 0·4 
5.50 ...... ....... . . . . . 119 2931 
6.30 ......... .... . .... 194 3125 8·9 9 . 4 l·l 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 61 

Time. 

8.30 .... ..... ... 
8.45 .... . .. . ... . 
9.00 .... ... . . . . . 
9.15 ............ 
!l.30 .. . .. .... . .. 
9.45 ...... ... . .. 

10 .00 ....... . .... 
10 .15. .. . . . . ..... 
1 
1 
0.30. ........... 
0.45 . . ... .. . . ... 

11 .00 ..... ... . . .. 
11 .15 ............ 
11.30 ... ........ . 
11.45 ....... .... . 
12.00 . .... . . ... .. 
12 . 15 .. . . . . . . . . . . 
12 .30 ......... . .. 
12 .45 .. . . .. ..... . 
1.00 ... .. . ...... 
1.15 ..... . . ... .. 
1.30 ............ 
1.45 .... . .... ... 
2.00 .. ...... . ... 
2.15 .... ... . ... . 
2.30 .. . . . . . .. . . . 
2.45 ... . . . ...... 
3.00. . . . . . . . . . . . 
3.15 ............ 
3.30 .... ........ 
3.45 .. .... . . . . . . 
4.00. . . . ...... . . 
4.15 .... . . . . . .. . 
4.30 .......... 
4.45 .... . ....... 
5.00 ... . .. . . . ... 
5.15 ..... . . . . . . . 
5.30 ......... .. . 
5.45 ........ .. .. 
6.00 ....... ..... 
6.15 ... . ... ... 
6.30 ....... .. . . 

Steam 
pressure 

gauge. 

lbs. 
per 

sq. in. 

123 
118 
120 
123 
115 
108 
123 
115 
120 
120 
113 
115 
121 
122 
108 
123 
120 
118 
123 
116 
118 
118 
121 
121 
121 
110 
123 
113 
113 
123 
121 
122 
123 
120 
118 
115 
118 
113 
121 
120 
118 

118·4 

Temperatures 
Draft pressures, 

inches of Water 
o F. water. apparently 

evap?rated 
lil 

Flue At interval. 
Boiler gases at Feed In entrance lbs. 
room. entrance Water. ash-pit . to flue. 

to flue. 

85 570 72 -·02 -·26 . .......... ~ 
85 575 72 -·02 - ·26 380 
86 580 72 -·02 -·28 474.5 
86 630 72·5 -·02 -·28 528·5 
87 630 72·5 -·02 -·28 521·5 
87 570 72·5 -·02 -·28 597 
87 585 72·5 -·02 -·28 331 
87 615 72·5 -·02 - ·28 558·5 
87 625 72·5 -·02 -·26 500 
87 580 72 ·5 -·02 -·26 423 
87 600 72·5 -·02 -·26 611 
87 575 72·5 -·02 -·26 509·5 
87 570 72 ·5 - ·02 -·26 335.5 
87 590 72·5 -·02 -·26 394 
87 580 72·5 -·02 -·26 425 
86 630 72·5 -·02 -·26 362 
86 600 72·5 - ·02 -·26 331 
85 600 72·5 -·02 -·26 419 
86 660 73 -·02 -·26 440·5 
86 600 73 -·02 - ·26 429·5 
87 600 73 -·02 -·28 470·5 
88 670 73 - ·02 -·28 481·5 
87 650 73 -·02 -·28 472·5 
86 630 73 -·02 -·28 423 
88 610 73 -·02 -·28 423 
88 650 73 - .02· -·28 542 
87 620 73 -·02 -·28 492 
87 600 73 -·02 - ·28 510·5 
87 610 72·5 -·02 - ·28 460 
86 610 72·5 -·02 -·28 440 
87 610 72·5 -·02 -·28 471 
87 600 72·5 -·02 - ·28 411 
87 600 72·5 -·02 -·28 570 
87 595 72·5 -·02 -·28 460 
88 630 72·5 -·02 -·30 470·5 
87 585 72·5 -·02 -·30 489 
87 620 72·5 - ·02 - ·30 300 
85 610 72· 5 -·02 -·30 432 
85 610 72·5 - ·02 - ·30 411 
85 640 72·5 -·02 -·32 466 
85 630 72·5 -·02 -·32 452 

86·G 608 72·6 -·02 -·28 18,218·5 net 
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SUMMARY OF OBSERVATIONS. 

Date-Aug. 6, 1908. 
Commenced-8.30 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.30 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Metbod of stoking ............................ Hand-spreading on alternate si des 
2. Kind of draft ... ... . ....... .. ... ... ...... . . .... . .. .. .................. Natural 
3. Condition of boiler and date of last cleaning ....... . Tborougbly cleaned May, 1908 
4. Tubes cleaned ........... .... ........................... .. .......... 7.30 a.m. 
5. Fire cleaned . . .. .. ......... . · ~ ....... . ........ 7 .15 a.m., 12. 20 p.m., 5.17 p.m. 

FUEL. 

6. Kind of coal. .. . .. No. 37-Dorninion, No. 10 Colliery, Dominion Coal Co., Glace 
Bay, N.S.-Emery seam. 

7. Analysis of dry coal by weigbt (%) . .. C=73·3, H=4·9, S=2·5, N.=1·2, 02=7·0, 
Ash=ll·l 

8. Calorific value of dry coal B.T.U. per lb .................................. 13120 
9. Moisture in coal as fired (%) .... . ...... . . ... ..... . . ...... . .. ......... . .. . . 2·8 

10. Weigbt of coal fired (lbs.) ................................. . ... . .. . ....... 3125 
11. Combustible matter in asb and clinker (%) ........... . .. . ..... . . ......... .. 15 · 4 
12. Weigbt of clinker (lbs.) ................ . ....... . .. ..... ............ .... .. . 212 
13. Weigbt of asb (lbs.) .............. ... ........................ . .......... ... 85 

Arn AND FLUE GAs. 

14. Air pressure under fire (incbes of water) .. . . . . ................. .. .... .. . . .. - · 02 
15. " above fire " " .................. . ....... ......... - · 20 
16. at <lamper ............... . . . .... .. ....... . .. - · 28 
17. Amount of <lamper opening . ................... . ... .. .............. . .. Various 
18. Temperature of air in boiler bouse (°F.) . ..... · ... ......... . .. ... .... . ...... 86 . 6 
19. Flue temperature (°F.).... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 608 
20. Analysis of dry flue gas by volume(%) .. C02=8·9,0,=9·4,_C0=1·1, 2=80·6 

WATER AND STEAM. 

21. Tempcrature of feed water (°F.). . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72. 6 
22. Total weight of feed water, corrected for difference of level (lbs.) ............. 18218 
23. Water level in gauge at start (inches) .. .. . ......... .... ................... 3 fî" 
24. Water level in gauge at finish (inches)... . . . . . . . . . . . . ..................... 4" 
25. Correction for difîerence of level (lbs.). . . . . . . . . . . . . . . ................... -10 
26. Steam pressure by gauge (lbs. per sq. in.) ..... ....... .................... 118 . 4 
27. Barometer reading (incbes) ...................... .. ...................... 29. 57 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in .) . .. ... . . ..... .. ..... . 15 . 8 
29. Temperature in steam calorimcter (°F.) ............. . .................. . 291·6 

Notes. 

This coal could be burnt to great advantage on a sbaking grate. The clinker was in small, bard p ieees 
~~ga~h:~~~!~~~;e~l~arlt cokes but little. Dense smoke was emittecl. The fire was kept about 4• tbick. 

{ 
Fixed carbon. . . . . . . . . 53 · 8 

Prox.imate analysis X~/i"til~ mutter. . . : : : ~r l 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determ.ine quality of Coal. 

, 

Kind of Fuel-No. 37. Kind of Furnace-Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft. )-Nil. 
Barometer at start-29·58. At fi.nish-29·56. Mean-29·57. 

TOTAL QUANTITIES. 
Date of trial .............................. . . . ......... ..... ..... . ..... 6/8/08 
Duration of trial (hours) ....... . ........... . .. .... ......... ....... ...... 10. OO 
Weight of coal as fired (lbs.) .... ....... . ... ... ......... . ... ...... .. . ...... 3125 
Percentage of moisture in coal as fired ( %) ............................... . . 2. 8 
Total weight of dry coal fired (lbs.) ... . . ...... •. ........ .... ............... 3038 
Total ash and refuse (lbs.) ..................... . .......................... 297 
Percentage of a.sh and refuse in dry coal (%) (a)from analyses 13·12; (b) weighed . . 9. 8 
Total weight of combustible consumed, from analyses (lbs.) ................. . 2639 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 18218 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ....................... ........ . 18140 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .. ... . 21560 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) .......... .......... .. . . .................. .. .. 304 
Dry coal per square foot of grate surface per hour (lbs.) . .. . . . ......... ... .... 18·1 
Water evaporated per hour corrected for quality of steam (lbs.) .............. 1814 
Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2156 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ............. .. ................... ........ ....... 3 · 36 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs./sq. in.) ...... ... . . ......................... 118 · 4 
Temperature of feed water entering boiler (deg. F.) .......................... 72· 6 
Temperature of escaping gases from boiler (deg. F.) .. .... ...... ... .. ... ....... 608 
Pressure of draft between <lamper and ash-pit (ins. of water) .................. 0 · 26 
Percen tage of moisture in steam .................. . ............. . ......... 0 · 6 

HoRsE-PovrnR. 

22. Horse-power developed (Item 15 + 34!) ............. . .... .. ........... ..... 62 · 5 
23. Builders' rated horse-power .. . ............................................. 60 
24. P ercentage of builders' rated horse-power developed ... . ................. .. . .. 104 

ECONOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+ Item 3) ..... . . ... ... . .. .... .. . .......... . .................. 5 ·83 

26. Equivalent cvaporation from and at 212° F. per lb. coal as fired (Item 11 + ltem 3) 6 · 90 
27. Equivalent evaporation from and at 212° F. per lb. of dq coal (Item 11 +Item 5) 7·10 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) . .... .............. .. ......... . .. . ................. 8· 17 

EFFICIENCY. 

29. Calorific value of dry .coal per lb. (B.T.U.) ..... .. ...... . . . .. . ..... . ....... 13120 
30. Calorific value of the combustible per lb. (B.T.U.) .. .. ... . ................. . 14770 
31. Efficiency of boiler (based on combustible consumcd) (%) . ..... . .. . ....... . . 53 ·4 
32. Efficiency of boiler, including grate (ba.sed on dry coal) (% ) .. . ............... 52 · 2 

FLUE GASES. 
33. Dry flue ga.5 per lb. carbon (from gas nnnlyses) (lbs.) ... . . ............ . . . . . . . 24 · 8 
34. " " of combustible consumed (from gas analyses) (lbs.) .. . .. . .. 20 · 9 
35. dry coal (from gas analyses) (lbs .) .. .. . ..... . ..... . ....... 18· 2 
36. Proportion of heat of fuel in escaping dry flue gases (%) . ................. . .. 17·3 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 237. 

Date-Aug. 7, 1908. Trial Number-G.C.T . 62. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 

Weatber dull and inclined to rain. No. 1 B. and W, and Robb working. 

Tirne. 
a.m. 
7.20 
7.35 
8.35 

9 .05 

9.23 
9 .35 

9.50 
11.20 

12 .00 
12.30 
1.55 
3.25 
4 .35 
5 .20 
6 .35 

Cleaned fire and made up with coal No. 237. Pressure, 115 lbs. 
Tubes blown. 
Trial started. Fire 1!" thick half burnt through with fiame along one side and 

the back. 
Burning in a 3' fire. Gives off much smoke. Burns with medium flame. Cokes 

but little. 
Grill t open. 
Coal so small that fire is now only 2" thick to enable draught to get through. 

Consequently firing very frequently . 
Grill t open. 
Sliced fire, large slabs of clinker removed. Not sticking to bars but in larger slabs 

than in unwashed. Could not be used on a shaking grate. 24 lbs. clinker 
removed. 

Fire kept a bit thicker again; about 3". Grill t open. 
Coal seems to burn best in 2!" fire. 
Sliced fire. Clinker in bard cakes, removed 16 lbs. 
Sliced fire. Clinker in bard cakes, removed 9 lbs. 
Sliced fire. 
Cleaned fire; removed 44 lbs of clinker. 
Finished trial. Fire as at start. 73 lbs. ashes raked from ash-pit. 

CLINKER AND AsH. 

11 . 20 Slicing .. ........ . . 24 lbs. 
16 lbs. 
9 lbs. 

44 lbs 

1. 55 Slicing . . . ... ..... . 
3. 25 Slicing .......... . . 
5 . 20 Cleaned . .. . .. ... . 

6.35 75 148 
93 lbs. clinker. 
73 lbs. ash . 

166 lbs. ash and clinker. 

. N_oTE-The frequen~ slicing was due to the fusing together of the cl inl'"er which spread over the bars, 
1 mpcdmg the supply of air from beneath. 
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RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 62 

Weight of coal Time Composition of flue gases 
fired . of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 
During Total. gases. co. o, CO 

interval. 

Start 8.35 a.m. 
9.05 ........... . ...... 185 185 8.40 8·3 9·8 1·3 
9.30 .................. 167 352 9.10 7.5 11·4 .. 0·6 

10.05 .................. 134 486 9.40 8·5 8·0 3.7 
10 .35 ... · · ·· · · ......... 141 627 10.10 9·1 8·1 2·4 
11. 05 .................. 157 784 10.40 8·9 10·9 O·O 
11. 35 .................. 164 948 11.10 10·7 6·7 1·7 
12.05 . .. ...... . . ... .. . . 155 1103 11.40 6·5 13·2 0·3 
12. 30 ......... .. . ...... 160 1263 12.10 9·2 7.5 3.4 
1.05 ........... ....... 137 1400 12.40 9·5 9·2 0·8 
1.40 ..... . ...... ... . .. 167 1567 1.10 7.4 11·7 0·6 
2.15 . .... . . ........... 174 1741 1.40 8·6 8·4 2·6 
2.45 ...... . . . . . . . . . . . . 133 1874 2.10 7.7 10·0 1·9 
3.15 . . ................ 128 2002 2.40 8·5 11·5 O·O 
3.25 ........... .. .... . 86 2088 3.10 8·2 8·4 2·5 
3.55 ..... . . . . . . . . . . . . . 114 2202 3.40 7.4 12·7 O·l 
4.25 .................. 160 2362 4.10 8 ·2 10·6 0·9 
4.40 ......... ... ...... 67 2429 4.40 10·5 8· 1 0·6 
5.20 ..... . . . . . . . . .. . . . 202 2631 5.10 9.4 9.4 0·8 
5.45 .................. 119 2750 5 .40 10·5 7.3 2·1 
6.15 .................. 114 2864 6.10 8·7 8·5 2·4 
6.35 ... .. ............. 56 2()20 

8 ·7 9·6 1·4 
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OBSERVATIONS MADE DURING BOIL~R TRIAL No. 62 . 

. 
Steam Draft pressures, 

pressure Temperatures i.nches of Water 
gauge. o F. water. apparently 

evaporated 
Time. in 

lbs. Flue . At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to fl.ue. 
to flue. 

8.35 . ... ........ 115 83 600 73 -·02 - ·30 . . . . . . . . ... . 
8.50 . . ... .. . .. .. 113 85 570 73 -·02 -·30 420 
9 .05 . .... .. ..... 118 85 600 73 - ·02 - · 30 402 
9.20 .. . ...... . .. 118 86 630 73 -·02 -·30 382 
9 .35 ... .. ... . . . . 118 85 610 73 -·02 -·30 503 
9.50 ..... ... .... 119 85 610 73 -·02 -·30 430 

10.05 .. .. .. ...... 118 85 620 73 -·02 -·30 449 
10 . 20 .. . ........ . 108 86 490 73 . 5 -·02 -·30 481 
10 . 35 . .... .. .... . 119 85 540 73.5 -·02 -·30 450 
10 .50 . . ..... . . . .. 114 85 480 73·5 -·02 -·28 442·5 
11 .05 . ....... . . . . 119 85 475 73 .5 -·02 -·28 382 
11. 20 .... . . . ... . . 116 87 500 73.5 -·02 -·28 520 
11 . 35 ... .... ..... 121 87 530 73·5 -·02 -·30 313 
11.50 . ... .... . ... 113 87 500 73.5 -·02 -·30 481·5 
12 .05 . . . . . . . . .. . . 113 87 540 73.5 - ·02 -·30 428 
12.20 . .. .. . .... .. 120 86 570 73.5 -·02 -·30 492·5 
12.35 . .. ..... . . . . 113 86 540 73 -·02 -·30 516 
12.50 ... . .... . ... 118 86 550 73 -·02 -·30 449 
1.05 .. . .. ... .... 121 85 580 73 -·02 -·30 461 
1.20 . . .. ... ..... 111 86 500 73 -·02 - ·30 508 · 5 
1.35 .......... . . 120 86 475 73 -·02 - ·28 296 
1.50 . ... . . . . .. . . 120 87 475 73 -·02 -·28 450 
2.05 .. . ....... . . 118 87 500 73 -·02 -·28 402 
2.20 . . . .. . ... . . . 113 87 475 73 -·02 - ·28 441 
2 . 35 . . . .. ...... . 118 86 580 73.5 -·02 -·28 391 ·5 
2.50 . .. ..... . ... 113 86 490 73 -·02 -·28 580·5 
3.05 . .... . . . .. . . 113 86 510 73 -·02 -·28 419 ·5 
3.20 . . . . . ....... 120 87 450 72·5 -·02 - ·26 412 
3 .35 ........ . .. . 115 87 630 72·5 -·02 - ·26 430 
3 .50 . .. . . . ... .. . 118 85 500 72·5 -·02 -·28 400 
4.05 ... . . . .. . . . . 104 85 530 72·5 -·02 -·28 502 ·5 
4.20 . . . . ...... . . 112 85 515 72·5 -·02 -·28 422 
4 .35 . .. ....... . . 120 87 500 72·5 -·02 - ·28 382 ·5 
4 .50 .. . .... . .. . . 123 87 900 72·5 -·02 -·34 502 
5 .05 . . .... ...... 118 87 520 72·5 -·02 -·30 531 
5 . 20 ...... . .... . 112 85 530 72 · 5 - ·02 - ·25 507·5 
5.35 ...... . .... . 123 85 525 72.5 -·02 -·30 322·5 
5.50 . .... . .... .. 123 85 500 72·5 -·02 - ·30 546 ·5 
6 .05 . . . . . . . . . . . . 118 85 500 72·5 -·02 - ·30 420 
6.20 . . . . . . . . . . . . 118 84 520 72·5 -·02 - ·30 377 
6 .35 . . . . . . . . . . . . 118 83 530 72·5 -·02 -·30 475 

116·6 85·7 541 73 -·02 - ·29 17,722 net 
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SUMMARY OF OBSERVATIONS. 

Date-Aug. 7, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ... . .... . .... .. ... ... ....... Hand-spreading on alternate sides 
2. Kind of draft . .. . . . ..... . , . ... ... .... ..... .... . ... .. . ....... ..... ..... Natural 
3. Condition of boiler and date of last cleaning ... . . . .. Thoroughly cleaned May, 1908 
4. Tubes cleaned .. ... ... .. . .............. ... .... . ..... . .... . .......... 7. 35 a.m. 
5. Fire cleaned . . . . ...................... . ........ . . . ..... .. 7 .20 a.m., 5 . 20 p.m. 

FUEL. 

6. Kind of coal. . . ..... .. . No. 237-Dominion Coal Co., Sydney, No. 10 mine 
7. Analysis of dry coal by weight (%) ... C=78·5, H =5·2, S.=2·1, 1=1·3, 0.=7·1, 

Ash=5·8 
8. Calorific value of dry coal B.T.U. per lb ............ . ... ... . ... . .......... 13880 
9. Moisture in coal as fired (%) .. ...... ... . ... ......... . ....... . ....... . ... .. 4·5 

10. Weight of coal fired (lbs.) ........ . ..... ... .. . .. . ................ .. ....... 2920 
11. Combustible matter in ash and clinker (%) ................. . .... . .......... l ( · 5 
12. Weight of clinker (lbs.) .. .. .. . . . .... . ..... .. . . . . ... ... . ................ .... 93 
13. Weight of ash (lbs.) . . ....... . .... .. ... ... .. .... " ... .. ..................... 73 

Arn AND FLuE GAs. 

14. Air ~~essure under fire (inRhes of "':~ter) ...... . ............... . . . .... .' ..... - · 02 
15. above fire ..... . ...... . ................ . .... . - · 22 
16. at <lamper " .. . ..... .. ......... ......... ...... - · 29 
17. Amount of <lamper opening . . ... .. .................. . ........... ......... Full 
18. Temperature of air in boiler house (°F.) ................. . . .. . . . . ..... . ..... 85 · 7 
19. Flue temperature (°F.) . .... . . . ... .. ................ . ... . ..... . .. . ... . .... 541 
20. Analysis of dry flue gas by volume (%) .. C02=8·7, 0 2=9·6, C0=1·4, N=80·3 

w ATER AND STE.AM. 

21. Temperature of feed water (°F.) ......... . ... ... ............. . .............. 73 
22. Total weight of feed water, corrected for difference of level (lbs.) ..... ..... .. 17,722 
23. Water level in gauge at start (inches) .. ............. .... .. .. ........ .. . . . ... 3t 
24. Water level in gauge at finish (inches) ................................ .. ..... 3i 
25. Correction for difference of level, included above (lbs) ......... . ..... . ...... - · 20 
26. Steam pressure by gauge (lbs. per sq. in.) ...................... . . . ....... 116 ·6 
27. Barometer reading (inches) .................... .. ... . ...... . ......... . .. . 29 · 57 
28. Pressure in stcam calorimeter by gauge (lbs. per sq . in.) .......... .. ...... . .. 15 · 4 
29. Temperature in steam calorimeter (°F.) .............. . .............. . ... 290 · 5 

Notes. 

This ooal was on the small side, necessitating a lire about 21" tbick only. Trouble was given by for
mation of clinker whicb formed over bars in a bard cake, necessitating frequent slicings to permit the ai r to 
get tbrough. It could not be worked on a shaking grate. The coal did not coke. Mucb smoke was emitted. 
Air was admitted above the grate. Fire sliced 11. 20, 1.55, 3.25, 4.35. Weatber dull and inclined to rain. 

( Fixed carbon. . . . . . . . . 5 7 · 3 
Prorimate analysisi Volatile rnatter ...... . 36 ' 9 

lAsb .... ... ...... .... s·s 

.. 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 237. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (aq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29·57. At finish-29·57. Mean-29·57. 

TOTAL QuANTITIES. 

1. Date of trial ........ . . . ... .... . ......... ..... . .. .... .. .. ........ ...... 7 / 8/ 08 
2. Duration of trial (hours) . ... .... . .. . . ... .. ... . ...... .. ........ . .... . .. . . 10 ·OO 
3. Weight of coal as fired (lbs.) . .................. . .................. . ..... .. 2920 
4. Percentage of moisture in coal as fired ( %) .. ...... . .... .... . .... ... . . ..... 4 · 5 
5. Total weight of dry coal fired (lbs.) .... ... . . ... ... . .... . .. . ................ 2789 
6. Total ash and refuse (lbs.) ........ .. .. .... . . ... ... ........................ 166 
7. Percenta~e of ash and refuse in dry coal (%) (a) from analyses 7 ·03; (b) weighed 5 ·95 
8. Total weight of combustible consumed, from analyses (lbs.) . . . . .. ...... ... ... 2593 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) 17,722 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ....... . ... . . .. ........ ... ..... 17,640 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .... . . 20,950 

HOURLY QUANTITIES . 

12. Dry coal fired per hour (lbs.) ....... . .. . . ... . .. . . .. . . . .......... .. ......... 279 
13. Dry coal per square foot of grate surface per hour (lbs. ) . .. . ... ..... .. ....... 16 · 54 
14. Water evaporated per hour corrected for quality of steam (lbs.) ............. . 1764 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ... .... ........... 2095 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

heating surface (lbs.).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... 3 · 2 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) . . . .. .. . .......................... 116 · 6 
Temperature of feed water entering boiler (deg. F .) ............ . . ..... ....... . . 73 
Temperature of escaping gases from boiler (deg. F.) ................. . .. . ...... 541 
Pressure of draft between clamper and ash-pi t (ins. of water) . . ........... . .... O · 27 
Percentage of moisture in steam ................... . ..... . . .... ....... ... . 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15 + 341) . .... .. . . . ...... . ........ . .. .. . . .. .. 60 · 7 
Builders' rated horse-power ........ ......... . .. . ...... . .... ... .. . .. ... ... 60 · 0 
Percentage of builders rated horse-power developed ... . .... . . . ... .. .......... 101 

EcoNOMI C REsuLTS . 

25. Water apparently evaporated under actual conditions per lb. coal as fire<l 
(Item 9+ltem 3) .. .. ....................... ........................ . 6·07 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 + Item 3) 7·17 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 51 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(I tem 11 + I tem 8) .. . ......... . ........... . ........................... 8 · 08 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ................... .. .... .. ... 13,880 
30. Calorific value of the combustible per lh. (B .T .U.) .......... . . ... ......... 14,735 
31. Efficiency of boiler (based on combustible consumed) (%) . . . .. ......... ... .. 52·9 
32. Efficiency of boih~r, including grate (based on dry coal) (%) . .. . .. .. ... . . . . . .. 52 · 2 

FLUE GASES. 

33. Dry flue gas per lb . carbon (from gas analyses) (lbs.) .... . ......... . .. . ...... 24 · 6 
34. " " of combustible consumed (from gas analyses) (lbs.) ... . .. .. 20 · 8 
35. " " dry coal (from gas analyses) (lbs.) .......... .. ........... 19 · 3 
36. Proportion of heat of fuel in escaping dry flue gases (%) . .. ...... . . .. . . .. . . .. 15 · 2 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 13. 

Date-Aug. 15, 1907. Trial Number-G.C.T. 24. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine still. No. 1 B. and W. boiler working, Robb boiler ~hut down. 

Ti.me. 
7. 25 Fire cleaned and made up with No. 13 coal. Pressure, 65 lbs. 
7. 45 Tubes cleaned. 
8.50 Trial started. Fire 1!" thick, a little flame. Grill in fire door full open. 

12. 25 to 12 . 38. Fire cleaned. 60 lbs. of cinders and a thin hard clinker removed with 
some difficulty. 

3 . 10 Fire sliced, clinker too thin to move. 
3 . 20 Comrnenced to blow steam under bars. 
3 . 30 Fire sliced, clinker still holding. 
3 . 40 Fan started, grill closed. 
4 . 39 Fan stopped. Fire sliced. 
4 . 48 Grill opened. 
5 . 25 to 5. 37. Fire cleaned, 49 lbs. of clinker and c.inders removed. Steam under bars 

stopped. 
6 . 53 Trial stopped. 

74 lbs. of ashes raked !rompit. 

CLINKER AND AsH. 
Net. 
109 lbs. clinker. 
74 lbs. ash. 

Blow-off examined and found tight. Front row of grate bars buckled sideways, 
leaving gap on L.H side: hence a quantity of cinders in ash . 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 24 

W eight of coal Ti.me Composition of flue g~s 
fired. of by volume, pcr cent. 

Ti.me. sampling 

1 

flue 
During Total. gases. co. o. CO 

interval. 

Start 8 . 50 
8 . 57 . . ....... . . . .... . . 145 145 9.15 9 ·2 9·0 O·O 
9 . 20 . . . .. ... . .... . . . .. 177 322 9.55 10·9 6·5 0 ·3 
9.41. .. . .... . ..... ... . 165 487 10 . 25 10 7.4 1·0 

10 . 10 ...... .. . . ..... ... 166 653 11.00 8 ·5 10·7 0·3 
10 .41 .... . . .. ...... . . . . 164 817 11 . 30 9·0 9·0 0·4 
11 .08 .. . . .. ... . . . . .. . . . 160 977 12.03 6·8 10·4 0·8 
11 . 39 . . . . ... . . ..... . ... 159 1136 12.45 11·4 3.4 3.7 
12.22 .... . ... . . ..... . .. 144 1280 1.15 10·2 5·8 2·0 
12 .49 . . . . ..... .. . .. .. .. 152 1432 1.45 9·0 9.5 0 ·5 
1.05 . ... . . .. . . .. . ... . . 157 1589 2.15 9·0 10·2 0·4 
1.36 . ..... .... ..... . .. 163 1752 2.45 8·4 9.4 0 ·8 
2 . 12 ... ... ..... . .. . ... 154 1906 3.17 6 · 1 14 0 · 3 
2 .45 .. . ..... .... . . .. . . 179 2085 3.45 9.3 11· 1 O·O 
3.48 ..... . .. . ........ . 155 2240 4.17 8·5 9 .9 0·7 
4 . 06 ............... . . . 168 2408 4.50 6·5 10 1·5 
4 . 22 ................. . 155 2563 5.15 17·4 1·2 0 · 1 
5.00 ...... . ........ . . . 175 2738 5 .50 8·4 9·0 0 ·8 
5.40 .... . .. . ...... .. .. 190 2928 6 . 15 9.7 8 · 6 0·7 
6 . 15 . .... .. ...... .. ... 176 3104 
6 .53 ... .. . . .... . ...... 58 3162 9.4 8 · 6 0 ·8 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 24 
-~ --- = - ..=-----=:..;:,__--== 

Stcam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In cntrancel lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.50 ............ 119 77 550 70·5 O·O -·30 . ... . . . ..... 
9.05 . ... -·· .. ... 103 76 615 70·5 O·O -·30 420 
9 .20 ... .. . ... .. . 118 80 630 70·5 O·O -·30 662 
9.35 ... .. ....... 108 79 570 69 O·O -·30 649 
9 .50 .......... . . 108 82 545 69·5 O·O -·30 592 
0.05 ...... ... ... 107 82 500 70 O·O -·30 571 
0 .20 .... .. ...... 108 82 500 70·5 O·O -·30 562 
0.35 .. . ........ . 102 85 465 71 O·O -·30 520 
0.50 . ...... ..... 98 84 460 70·5 O·O -·20 481 
1.05 ...... ...... 107 86 435 70·5 O·O -·20 393.5 
1.20 . . ........ .. 103 85 430 70·5 O·O - ·28 375 
1. 35 ..... ... . . .. 95 85 415 70·5 O·O -·30 572 
1.50 ...... . . . ... 104 86 400 70·5 O·O -·30 290·5 
2.05 .. .. . · .. . .... 96 86 390 70 ·5 O·O -·30 469 
2.20 ............ 122 85 400 71 O·O - ·30 188 
2.35 ..... ...... . 120 90 475 71 O·O - ·30 290·5 
2. 50 . .... . ...... 112 85 610 71 O·O -·30 540·5 
1.05 .. . ......... 104 84 470 71 O·O -·30 559.5 
1. 20 ............ 99 87 465 71 O·O -·30 535.5 
1. 35 .......... .. 99 86 450 71.5 O·O -·30 498 
1. 50 . ........... 122 86 450 71·5 O·O - ·30 353.5 
2.05 .... .. . . .... 116 87 450 71 .5 0-0 - ·30 445.5 
2.20 .... . . . ..... 109 86 440 71 ·5 O·O - ·30 379.5 
2.35 ... .. ....... 110 83 425 71 ·5 O·O -·30 565 
2. 50 ..... . ...... 108 84 450 71 ·5 O·O -·30 346 
3.05 ...... . . .. .. 113 84 425 71 .5 0 -0 __: ·30 437.5 
3.20 . . .......... 115 85 400 71·5 O·O - ·30 110 
3.35 ........... . 96 85 410 71 .5 O·O - ·30 317 
3.50 ... . ... . .... 106 85 500 71.5 +·4 -· 50 308 ·5 
4.05 .. . ..... .. .. 100 86 480 71·5 +·15 -·45 523 
4.20 ........ .... 118 86 550 71.5 +·15 -·45 325 
4.35 . .. .... ... .. 118 86 575 71.5 +·15 - ·45 502·5 
4.50 •........ .. .. 114 86 700 71·5 -·07 -·30 522·5 
5.05 ......... . .. 118 85 660 71.5 -·07 -·30 831·5 
5.20 ... - ..... . .. 112 82 600 71·5 -·02 -·40 469 
5.35 . .. ,.._ . .. . . . . 107 88 480 71 .5 -·02 -·40 405 
5.50 ...... .. .... 117 86 460 71·5 -· 02 -·40 440 ·5 
6.05 .. ....... ... 117 85 475 71·5 -·02 -·40 41 2 
6.20 . .. .. ....... 114 85 475 71.5 - ·02 -·40 510 
6.35 .. ... . . ... .. 118 85 460 71·5 -·02 -·40 374 
6.53 . ........... 111 84 465 71 .5 - ·02 - · 40 476 

109 ·5 84·4 490·0 71 ·0 +·Ol 
1 

- ·32 18,134·5 net 

b3-~ 
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SUMMARY OF OBSERVATIO S. 

Date-Aug. 15, 1907. 
Commenced-8.50 a.m. 

Boiler-B. and W. No. 2. At McGill University. 
Ended-6.53 p.m. Duration-603 mins. 

GEKERAL. 

1. Method of stoking ... .. . . . ............. ... .... Hand-spreading on alternate sides 
2. Kind of draft ....... ........ .... ... ........................ . Natural and forced 
3. Condition of boiler and date of last cleaning. Thorougbly cleaned June, 1()07. 

Fresh water, August 10. 
4. Tubes cleaned ........ ...................................... . ....... 7. 45 a.m. 
5. Fire cleaned ......... ... ... ... .................. 7.25 a.m., 12.25 and 5.25 p.m. 

FUF.L. 

6. Kincl of coal.. _ o. 13, No. 1 Colliery, Sydney Mines, Nova Scotia Steel & Coal Co. 
Over t 11 bars and picking belt. 

7. Analysis of dry coal by weight (%), C=75·4, H=5·1, 8=2·9, N=l·3, 0=8·1, 
Ash=7·2. 

8. Calorific value of dry coal B.T.U. per lh ................... .. ... .. ... .. ... 13770 
1 9. Moisture in coal as fired (%) . .............. . . ..... .. . ................ . .. .. 2 · 3 
10. Weight of coal fired (lbs.) .... .... ... . ................... ....... ..... .... . 3162 
11. Combustible mat.ter in ash and clinkcr (%) ..... . . ... .. ... . ................. 30 · 4 
12. Weight of clinker (lbs) ....... .. .......................................... 109 
13. Weight of ash (lbs.). . . . . . . . ... ....... . ........ ... ... ...... . .... 74 

Arn AND Fu:E GAs. 

14. Air ~~essme under tire (inc.~es of w~ter). .. . . . . ......... . .............. + · 01 
15. above fire . . ... . . . ....................... . .. . - · 19 
16. at damper .. .. ................... ... ...... . .. - · 32 
17. A.mount of damper opening ....... . ... . ... .. .................... .. .. .. Various 
18. Tempcrature of air in boiler ho use (°F.) ................................... 84 · 4 
19. Flue temperature (°F.) ................................................. . . 490 
20. Analysis of dry flue gas by volume (%) . . . C0,=9·4, 0,=8·6, CO =0·8, N1=81 · 2 

WATER AND STEAM. 

21. Temperature of feed water (°F.) . . . . . . . . . ........................ 71·0 
22. Total weight of feed water, corrected for difference of level (lbs.) ... .... ....... 18134 
23. Water level in gauge at start (inches) ...... .... ........................ .. . .. 3t 
24. Water level in gauge at finish (inches) ............ .. ........................ . 3t 
25. Correction for di.fferencc of level (lbs. ) ....... ..... . .. .... . . .... ............. Nil 
26. Steam pressure by gauge (lbs. per sq. in.) ................................ 109 · 5 
27. Baromcter reading (inches) ..................... ...... .... ... ......... . .. 30 · 05 
28. Pressure in steam calorimcter by gauge (lbs. per sq. in. ) ..................... 19 · 9 
29. Tcmperature in steam calorimeter (°F.) . ........................... . ..... .. 284 

Notes. 

Fire slicctl 3.10 nud 3.30 p.m. Air adrn.itted over lire from start to 3.40 p.m. and from 4.48 to close. 
Stenm blown under grate from 3 20 p .m. until 5.30 p.m. Draft forced from 3.40 to 4.39 p.m. Clinker thin and 
hnrcl , removed with some difficulty. Front row of grate bars buckled during trial. Weather fine and still. 

( Fixed carbon ......... 55·4 
Proximate analysis of dry coal by weight <%> l Volatile matter ... .... 37·4 

l Ash .. ...... .... . .... 7·2 
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SUMMARY OF RESULTS 

Made on B. and ,V. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 13. Kind of Furnace-Fixed bai·s, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft .)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-30 · 10. At finish-30 ·OO. Mean-30 · 05. 

TOTAL QUANTJTIES. 

1. Date of trial. . . ... ... ............................ .. ........ . .. . ...... 15/8/07 
2. Duration of trial (hours) ....... ............. . ............. . ...... ..... .. 10 · 05 
3. Weight of coal as fired (lbs.) .......... ... .............. . .. . ... . ........... 3162 
4. Percentage of moisture in coal as fired (%) ....... .. .............. . ........ 2· 3 
5. Total weight of dry coal fired (lbs.) .... . .... . . .. ........ ................... 3089 
6. Total ash and refuse (lbs.) ............................ ... ....... .. .. . . .. .. 183 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 10· 3; (b) weighed.5 · 9 
8. Total weight of combustible consumed, from analyses (lbs.) ....... ........... 2769 
9. Total weight of water fed t.o the boiler, corrected for difference of level (lbs.) .. 18134 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .............................. .. 17970 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . .. ... 21345 

HoURLY QuANTITIES. 

12. Dry coal fired per bour (lbs.) . ... . . . ... .. . . . .. .. .... .. . ...... .. ..... . . . .... 308 
13. Dry coal per square foot of grate surface per hour (lbs.) . ........... ... ...... 18 · 3 
14. Water evaporated per hour corrected for quality of steam (lbs.) .. ...... . ... . . 1788 
15. Equivalent evaporation per bour from and at 212° F. (lbs.) .................. 2124 
16. Equ ivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.).. . . . . . . . . . . . ... . . . . . .. .. . ............... .... 3 · 33 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs./sq. in.) ...... .. . . . . . . ...................... 109 ·5 
18. Temperature of feed water entering boiler (deg. F.) ... . .............. ... .... 71·0 
19. Temperaturn of escaping gases from boiler (deg. F.) .. ............. . ... . ....... 490 
20. Pressure of draft between <lamper and ash-pit (ins. of water). . . . . . . . .... 0 · 33 
21. Percentage of moisture in steam .... . ... . ........... .. ................... . l ·O 

HORSE-POWER. 

22. Horse-power devcloped (Item 15 + 34!) . . . . . . . . . . . . . . . . . . . . .... 61 · 7 
23. Builders' rated horse-power ........ . ................................... .... 60 
24. Percentagc of builders' rated horse-power dcveloped .... .. .... .... ..... . .. .. 102 · 8 

EcoNomc RESULTS . 

25. Water apparently evaporated under actual conditions per lb. coal as füed 
(Item 9+1tem 3) . ..... . ....... .. ..................... ... . . . . .... . ... 5·74 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 · 74 
27. Equivalent cvaporation from and at 212° F. per lb. of dry coal (Item 11+Item5) 6·91 
28. Equivalent evaporaiion from and at 212° F. per lb. of combustible consumed 

(Item 11+Item8) ..... . ....... . . . ........... . . . . . . . . . . . . . .... . . 7 ·71 

EFFICIENCY. 

29 . Calorific value of dry coal per lb . (B.T.U.). . . . . . . . 13770 
30. Calorific value o.f the combustible per lb. (B.T.U. ). . . . . . . . . . . . . . . . . . . . . . .. 14820 
31. Efficiency of b01ler (based on combustible consumed) (%) . . . . .......... .. ... 50 · 2 
32. Efficiency of boiler. including grate (based on dry coal) (%). . . . . . . . . . . . . . 48 · 5 

Ft.UE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs. ). . . . . . . . . . . . . . . . . . .. 24 · 4 
34. ' '. " of combustible consamed (from gas analyses) (lbs.). . .. 20 · 5 
35. .. " dry coal (from gas analyses) (lbs.). . . . . . . . . . . . . . . . . . . 18 · 4 
36. Proportion of h<'i:lt of fuel in escaping dry flue gases (%). . ............. 13 · O 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 213. 

Date-Aug. 16, 1907. Trial Number-G.C.T. 25. 

OBSERVATIO S OF GENERAL COKDITIO rs. 

Notes. 
36 new grate bars in front. Weather fine. 

Tilne. 
8.45 Fire made up with some wood, a little 13 unwashed, and with 213 washed coal. 

Pressure, 0. 
9. 20 Tubes cleaned. Pressure, 120 lbs. 
9.50 Trial started. Fire 2• thick, a little fl.ame. Grill in fire

0

cloor open. 
9. 53 Commenced to blow steam into ash-pit. 
5. 37 Fire sliced. 
6. 43 to 6 . 49 . Fire cleanecl. 37 lbs. of thin clinker removed without difficulty. team 

under bars stopped. 
7. 50 Trial stoppecl. Firc very similar to start. 116 lbs. of as11es raked from pit. 

CLINKER AND AsH 

37 lb . clinker. 
116 lbs. ash 

Blow-off examinecl and found tight. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL Xo. 25 

Wcight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 
During Total. gases. co. o. CO 

interval. 

Start 9 . 50 a.m. 

1 

10 . 14 ......... . . .. . .. . . 216 216 10.05 8· 7 ·8 O·O 
10 .33 . . ... .... .. . ..... . 160 376 10 .40 8·5 10·5 O·O 
11 . 06 ....... . ' . ..... 164 540 11.13 10·5 7·1 0·9 
11 . 30 ..... : .... . . . . .... 172 712 11.45 ï·O 10· 6 

1 

0 ·6 
12 . 10 ... . . . . ... ... . .. .. 173 885 12 .17 2 · 16·4 0 ·2 
12.47 . .... .. .. .. . ... . . . 185 1070 12.58 8·3 10·9 0·4 

1. 23 ... . .......... .. .. 188 1258 1. 27 10·4 7.4 0·5 
l. 55 .... .. ........ .... 189 1447 2.03 12·4 4.4 1·2 
2.18. . . . . .. . . . . . . ..... 141 1588 2.2 8· 6 9 ·0 l ·O 
3.04 .. . . . ... . . . . . . . . . . 184 1772 3.02 9·6 8·3 0·6 
3.35 . .. . . . . . . . .. . .. . . . 158 1930 3.30 9·8 10·2 0·6 
4.10 ..... ..... . .... . .. 167 2097 4.00 6·5 12·0 0·5 
4.36 . ... . .. . . . . .. . ... . 162 2259 4 .30 Ï· 8 10·2 0·4 
5.12 .... . . . . . . . . ...... 185 2444 5 . 11 9. 4 8·4 0·5 
5.51 ....... ... . .. . . . . . 159 2603 5.42 13 ·8 4.4 O· ï 
6.22 . . . . . . . . . . . . . . . . . 170 2773 6.05 14·6 4·8 0·2 
6.56 . . . . . . . ...... . ... . 169 2942 6.30 9.4 10 ·4 (!·:! 

7. 24 . . . . ... ...... . . . . . 166 3108 ï.00 ·O 10 O·:! 
7 .50 . . . . . ... . . . . . . . . . . 85 3193 7. 17 8·2 11 

1 
O·O 

9·2 9·2 
1 

0·5 



53 

OBSERVATIONS MADE DURING BOILER TRIAL No. 25 

Time. 

9 . 50 ..... . .. .. . . 
10 .05 . .. ........ . 
10 .20 ....... .. .. . 
10 .35 .... . ..... . . 
10 . 50 . . ... .... .. . 
11.05 ........... . 
11.20 ....... .... . 
11 . 35 .......... . . 
11. 50 .. ......... . 
12 .05 ...... . ... . . 
12.20 ......... .. . 
12 . 35 . ......... . . 
12 . 50 ......... .. . 
1.05 ........... . 
1.20 .. . . . ...... . 
1 . 35 . . . ... .. . . . . 
1.50 ........ .. . . 
2.05 . ... .. . . . . . . 
2 . 20 .. . . . ..... . . 
2.35 ..... ... ... . 
2 .50 . . ......... . 
3.05 ........... . 
3 .20 .. . ....... . . 
3 .35 .......... . . 
3.50 .. . ........ . 
4 .05 ...... . . . .. . 
4 .20 ... . . . ..... . 
4.35 . .. ... .. .. . . 
4.50 . . . . ....... . 
5 .05 ... . ....... . 
5.20 ........... . 
5. 35 ....... . . . . . 
5.50 ..... .. .... . 
6 .05 ..... . ..... . 
6 . 20 ........... . 
6.35 ... . . ...... . 
6 .50 .......... . 
7 .05 ..... .. .... . 
7.20 ...... . .... . 
7 .35 .. . . ..... .. . 
7 .50 ..... . ..... . 

Stcam 
pressure 

gauge. 
Temperatures 

o F. 

Draft pressures, 
inches of 

water. 
Water 

apparently 
1----!---~----,----l-----.---I cvaporated 

in 
lbs. 
per 

sq. in. 

122 
117 
115 
113 
122 
122 
120 
122 
104 
120 
104 
120 
122 
117 
121 
117 
122 
122 
107 
114 
110 
112 
99 

116 
115 
114 
117 
115 
116 
105 
106 
120 
117 
120 
120 
119 
107 
107 
122 
102 
104 

114·8 

Flue At 
Boiler gases at Feed ln entrance 
room. entrance Water. ash-pit. to flue. 

t.o flue. 

84 
87 
86 
87 
88 
88 
91 
90 
89 
92 
92 
90 
91 
92 
92 
93 
92 
92 
93 
94 
94 
96 
92 
91 
92 
92 
92 
93 
92 
92 
93 
91 
92 
92 
92 
91 
95 
90 
91 
91 
91 

480 
590 
590 
620 
635 
580 
580 
570 
560 
555 
610 
575 
540 
585 
550 
570 
550 
540 
590 
500 
500 
505 
620 
560 
540 
560 
580 
550 
560 
540 
540 
490 
580 
720 
670 
735 
525 
590 
520 
590 
625 

72 
72·5 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72 
72·5 
72 ·5 
72·5 
73 
73 
73 
72 
72 
72 
72 
72 
72 · 5 
72 · 5 
73 
73 
72·5 
72 
72 
72 
72 
72 

-·05 
- · 05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·05 
-·02 
-·05 
-·05 
-·05 
-·05 
-·05 
- · 05 
- ·05 
-·05 
-·05 
-·05 
-·02 
-·02 
-·02 
- · 05 
- ·05 
-·05 
- ·05 
-·05 
- · 05 
-·05 
- ·05 
-·05 
-·05 
-·05 
- ·05 
-·05 
-·05 
-·02 
-·05 
- ·05 
- ·05 

-·20 
-·30 
-·30 
-·30 
-·35 
-·25 
-·20 
-·20 
-·20 
- · 20 
- ·20 
-·20 
-·20 
-·20 
-·20 
-·25 
- · 20 
-·20 
- ·20 
- · 20 
- · 20 
-·25 
-·20 
- · 20 
-·20 
- ·20 
-·30 
-·25 
- ·30 
-·30 
- ·30 
-·30 
-·25 
-·35 
- ·35 
- .35 
-·30 
-·30 
- · 25 
-·25 
-·30 

interval. 
lbs. 

467·5 
429·5 
451·5 
607·5 
460·5 
632·5 
673 
416 
419 
503 
415 
498·5 
389·5 
523·5 
545.5 
422 
346 
654·5 
346 
571.5 
308 
579.5 
412 
426·5 
464·5 
488·5 
451 
475.5 
483·5 
393 
381 
399.5 
562·5 
563·5 
434.5 
562·5 
435 
356 
529 
503·5 

91·2 572 72·2 - · 05 - · 25 18931·5 net 



Date-Aug. 16, 1907. 
Commenced-9.50 a.m. 
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SUMMARY OF OBSERVATIO S. 

Boiler-B. and W . No. 2. 
Ended-7.50 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking .................. . . ........ Hand-spreading on alternate sides 
2. Kind of draft .. ...... . ................... .. .... . .. . .... . .. . . ....... .. . Natural 
3. Condition of boiler and date of last cleaning-Thoroughly cleaned June, 1907. 

Fresh water , August 10. 
4. Tubes cleaned . . ........... . ...... .. .. .. . . ....................... . .. 9. 20 a .m. 
5. Fire cleaned ......... . . . .. ............ .. ................. 8.45 a.m., 6.45 p.m. 

F'uEL. 

6. Kind of coal-No. 213, No. 1 Colliery, Sydney Mines, Nova Scotia Steel & Coal 
Co., over ~· bars and picking belt. 

7. Analysis of dry coalbyweight (%) .C =79·3,H=5·4,S = l ·9,N =0·9,0 =9· O,Ash=3·5 
8. Calorific value of dry coal B.T.U. per lb ... ........ . . . . ................. . 14,490 
9. Moisture in coal as fired (%) ......... . . ......... . . . . . . ....... .. ........... 3 ·3 

10. Weight of coal fired (lbs. ) ..... . .. . .... . . . . . .... .. . .......... . .. ..... .... . 3193 
11. Combustible matter in ash and clinker (%) ..... . ............. . . ............ 41·2 
12. Weight of clinker (lbs.) ........................ . ... . . . . . . . . ... ..... . ....... 37 
13. Weight of ash (lbs.) . . . ... . . . . . .. . ........... . .... .. .. .. . . . ... ............ 116 

Arn AND FLUE GAs. 

14. Air pressure under fire (inches of water) .... . ... . ............... . ......... -0 · 05 
15. " abovefire " " .. .. . .... . . . ...... . ... .... . . .. .... -0 · 16 
16. atdamper .. . ..... . ........................ -0·25 
17. Amount of clamper opening .... . ... .. . ......... . .... . ........ . .. . .... Various 
18. T emperature of air in boiler bouse (°F.) ... . . . .............. . .............. 91 ·2 
19. Flue temperature (°F. ) . . .................................... . .. . ......... 572 
20. Analysis of dry flue gas by volume (%) .. C0,=9·2, 0 2=9·2, C0=0·5, N2=8l ·l 

WATER AND STEAM. 

21. Temperature of feed water (°F.) . ............................... ..... .... 72 · 2 
22. Total weight of feed water, corrected for difference of level (lbs.) ..... . ....... 18,931 
23. Water level in gauge at start (inches) .................... .. ... . ..... . ....... 3! 
24. Water level in gauge at finish (incbes) . . ............................ ....... . . 3i 
25. Correction for difference of level, included above (lbs.) .... . .................... 19 
26. Steam pressure by gauge (lbs. per sq. in.) ......... . ... ............. .. .... 114 · 8 
27. Barometer reading (inches) ............. . ....................... . ........ 29·85 
28. Pressw·e in steam calorimeter by gauge (lbs. per sq. in .) .......... . . . .. ....... 21·2 
29. Temperature in steam calorimeter (°F.) . . ......... .. ............. ...... . 294· 6 

Notes. 
Fire sliced 5.37 p.m. Air admitted over lire througbout trial. Steam blown under grate throughout 

trial. Clinkcr thin and rcmoved witbout difficulty. Grate bars in front row renewed. Weath.er fine. 

{ 

Fixed carbon. . . . . . . . . 56 · 3 
Proxima te annlysis of dry coal by weight % X~~~t'.l~ .~~tt~r.::::::: 4~: ~ 
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SUMMARY OF RESULTS 

l\Iade on I o. 2 B . and W. Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 213. Kind of Furnace-Fixed bars, 30% air sp:.we. 
Method of Starting and Stopping Test-Alterna.te (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft. )-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 94. At finish-29 · 77. Mean-29 · 85 . 

TOTAL QuANTITIES. 

1. Date of trial. . ..... . .............. .. . . .................. . .. ........ . . 16/ 8/ 07 
2. Duration of trial (hours) ................... . ............ .. .. ............ 10 ·OO 
3. Weight of coal as fired (lbs.) .......... . ..................... . ............. 3193 
4. Percentage of moisture in coal RS fired (%) ... . . .. .. .................. .. .. . 3 · 3 
5. Total weight of dry coal fired (lbs.) ................ . ... . ..... .. ............ 3088 
6. Total ash and refuse (lbs.) . ..... . . ....... ......... ........................ 153 
7. Percenta~e of ash and refuse in dry coal (%) (a) from analyses 6 · O; (b) weighed ... 5·0 
8. Total we1ght of combustible consumed, from analyses (lbs.) .......... ... ... .. 2904 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 18931 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .......... .... .. .. .. .. .......... 18834 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs. ) ..... . 22376 

liOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) ... . ..... .. ..... ... . .... ...... ....... . ... • .... 309 
13. Dry coal per square foot of grate surface per hour (lbs.) ...... .... .... .. . .. ... 18 · 4 
14. Water evaporated per hour correctcd for quality of steam (lbs.) .......... .... 1883 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2238 
16. Equivalent evaporation pei; hour from and at 212° F. per square foot of water 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

heating surface (lbs.) .............. ....... ............. .. . ............. 3· 5 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ....... . .................. . ... ... . 114 · 8 
Temprrature of Ieed water entering boiler (deg. F.) ....... . ... .. .... . ....... 72 · 2 
Temperature of escaping gases from boiler (deg. F.) ... . ............... ........ 572 
Pressure of draft between <lamper and ash-pit (ins. of water) ... . .. ... ......... 0 · 20 
Percentage of moisture in steam .................... .... ... '. ...... .. ...... l · 0 

li ORSE-POWER. 

Horse-power developed (Item 15 + 34!) .................................... 64 · 9 
Builders' rated horse-power ........... ....... . ...... . ..... . .. . .. . .. ... ..... 60 
Percentage of builders' rated horse-power devcloped ... . .... ...... ... ... .... 108 · 2 

EcoNmnc REsULTS. 

Water apparcnlly evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) ........... .. . ...... ......... . ... ......... .. .. ...... 5 · 93 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7. 01 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7. 24 
Equivalent evaporation from and at 212° F. per lb. of combustible consumcd 

(Item 11 +Item 8) ... . . .. ..... . ........ .. .......................... . . 7. 70 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14490 
Calorific value of the combustible per lb. (B.T.U.).......... . .. 15000 
Efficiency of boiler (based on combustible consumed) (%). . . .... 49. 6 
Efficiency of boiler, includ ing gratc (based on dry coal) ( %) . . . .. . ........ . ... 48 · 4 

FL'CE GASES . 

Dry flue gas pcr lb. carbon (from gas :10alyses) (lbs.). . . . . . . . . . . . . . . . . . . . . 25. 7 
" " of combustible consumecl (from gas analyse ) (lbs.) . . . . 21·7 
" " dry coal (from gas analyses) (lbs.) . . . . . . . . . . . . 20. 4 

Proportion of beat of fuel in escaping dry flue gases (%). . . . . . . . . . . . . . . . . . . . l (i. :~ 
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TRIALS OF B. AND W. No. 2 BOILER WITH COAL No. 12. 

Date-Aug. 9, 1907. Trial Number-G.C.T. 21. 

OB ERVATIONS OF GENERAL CONDITIO S. 

Notes. 
Weather fine and warm. B. and W. boiler No. 1 working. 

Tiine. 
7. 35 Tubes cleaned. 
7.45 Fire cleaned and made up with No. 12 coal. 
8.55 Trial started. Fire 1!' thick, well burnt. 

Grill in fire door half open. 
10 . 20 Grill full open. 

Fire about 4" thick during morning. 
12.44 to 12.51. Fire cleaned. 67 lbs. of cinders and thin clinkcr removed without 

diffic,ùty. 
4. 27 Fire sliced. 
5 . 43 to 5. 54. Fire cleaned. 80 lbs. of thin clinker removed from bars with great difficnlty. 
6. 55 Trial stopped. Fire vcry similar to start. 69 lbs. of ashes raked from pit. 

C LINKER AND AsH. 
147 lbs. clinker. 

69 lbs. ash. 

Blow-off examined and found to be tight. Fire about 4• thick throughout . 

• 
H.ECORD OF COAL CONSUMED DURING BOILER TRIAL No. 21 

Weight of coal Tiine Composition of flue gaaes 
fired. of by volume, pcr cent. 

Ti me. sampling 

1 

flu e 

1 J Durinµ: Tola!. gases. co. o. CO 
i r'tPrvnl - - - - --

Start 8.55 a.m. 
9 . 00 5·8 11·6 0·6 

9.11 . . . . . . . . . . . . . . . . . . 189 189 9.40 9·6 8·4 0·6 
9 . 35 ........ . . .. . . . ... 144 333 10 . 10 9 ·8 7·8 0 ·8 

10.00 .. .... . ... . . ... ... 171 504 10.35 8·4 9·1 l·l 
10.25 . ...... . . . . .. . . . . . 167 671 11 .05 8·0 10·6 0·8 
10.49 . . . . ............. . 145 816 11 .35 11 ·4 7· 2 0·4 
11 . 18 ...... . ..... .. .. . . 170 986 12 . 07 8 ·4 10·3 0·1 
11. 51. ....... . . . . .... . . 156 1142 12 . 35 7 · 6 11·4 0·2 
12 . 38 ........ ......... . 165 1307 1.05 14·3 3.3 1 ·0 

1. 04 .............. .. .. 159 1466 1. 30 13·6 4.7 0·4 
1 . 33 . . . . . . . . . . . . . . . . . . 176 1642 2.05 11 · 4 7·2 0·4 
1.48 .. ... ............. 156 1798 2 . 38 8·2 10·6 0·4 
2. 30 . . . . . . . . . . . . . . . . . . 167 1965 3 .00 10·3 8·4 0·3 
2. 55 .... . . . . . . . . . . . . . . 142 2107 3 . 37 7 ·8 11·4 0·4 
3. 33 ...... . . . . ' . . . . 156 2263 4 .15 8·0 11· 0· 1 
4 .07 .......... . . . . . . . . 151 2414 4 .37 10·6 8·0 0 · 3 
4.43 .. .. .............. 192 2606 5 .07 9. 9·0 0 ·3 
5.12 ...... . .... . ... . . . 147 2753 5.35 8 ·6 10· O·O 
5.56 . . . . . . . . . .... . .... 147 2900 6.00 7 ·2 12·2 0·2 
6 . 25 ............ . . . . . . 183 3083 6.30 7·6 12·2 O· l 
6 . 55 ................ .. 78 3161 

9 .3 9.3 0·4 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 21 

- ._-=.::_...= 

Steam Draft pressures, 
pressure Temperatures incbes of Water 

gauge. o F. water. apparently 
evaporated 

'Iüne. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance 
to flue. 

Water. asb-pit. to flue. 

1 

8.55 ............ 105 92 460 71 -·07 -·25 . . . . . . . . . . . . 
9.10 .......... .. 111 90 520 71 -·07 -·25 105 
9 .25 ..... . .. . ... 105 89 610 71 - ·07 -·25 393 
9 .40 ..... ..... .. 107 91 610 71 -·07 -·25 541 
9.55 ...... . ... .. 103 92 610 71 -·07 -·25 557.5 

10 . 10 ............ 101 92 550 71 - ·07 -· 25 513 
10 . 25 .......... . . 112 92 520 71 -·07 -·25 466·5 
10.40 ............ 110 94 550 71 - ·07 -·25 453 
10 . 55 ....... . . . .. 108 93 510 71 -·07 -·25 536 
11 .10 .. .. . ... . ... 103 93 515 71 ·5 -·07 -·25 399 
11.25 . ..... . ..... 108 93 555 71.5 -·07 - ·25 402 
11 . 40 .... .. ...... 99 93 580 71 .5 -·07 - ·25 498 
11.55 ............ 95 93 525 71·5 - ·07 - · 25 376·5 
12 . 10 ... ......... 108 96 500 71 ·5 -·07 - ·25 398 
12 . 25 . ... ... .. . .. 117 97 515 71.5 -·07 -·28 374 .5 
12 .40 ... . . . ..... . 113 97 485 71.5 - ·07 - ·28 400 
12.55 ....... .... . 108 103 520 71.5 -·07 - ·28 276 
1.10 .. . .. .. . .. .. 118 99 800 71.5 - ·07 - ·28 420·5 
1. 25 ......... . . . 104 97 720 71·5 - ·07 - ·28 675·5 
1.40 .. . . .. . ..... 118 97 725 72 -·07 -·28 382 
1 . 55 .. . ......... 98 96 700 72 - ·07 -·28 709·5 
2.10 .... . ..... . . 102 99 590 71.5 -·07 -·28 451 
2 .25 .... . ....... 102 102 550 72 -·07 - · 28 491 
2.40 .. . ...... . . . 103 97 575 72 - ·07 - ·25 497 
2 .55 .. ..... . .... 102 98 610 71.5 -·07 - ·25 424·5 
3.10 ... ......... 108 97 580 71.5 -·07 - ·25 564 
3 .25 ............ 105 97 525 71·5 - ·07 - ·25 388 
3 .40 ........ . ... 100 97 510 72 - ·07 -·25 426·5 
3 . 55 ........... . 107 96 515 72 -·07 -·25 387·5 
4 . 10 ....... . .... 98 95 515 71.5 - ·07 - ·25 413 
4.25 . .. . ... . . ... 96 96 555 71 .5 - ·07 -·25 419·5 4 .40 ...... . ... . . 99 96 720 71.5 - ·07 - ·25 391 ·5 4.55 .... . . . ..... 103 96 645 71.5 - ·07 -·25 561 5.10 . ........... 121 95 565 72 - ·05 - .35 482 
.5. 25 .... .. ...... 114 94 525 71.5 -·05 - .35 445 5.40 . . .......... 112 93 480 71 .5 -·05 - .35 387·5 .5 . 55 ............ 104 102 500 71 .5 -·05 -·35 229 
(j .10 ...... ...... 118 95 700 71.5 - ·05 - .35 505·5 '6 . 25 .... . ....... 115 94 715 71·5 -·05 -·35 574.5 6.40 . . ...... .. . . 117 93 615 71·5 -·05 -·35 547 6.55 . ' .. '. ' . ' ' . . 104 93 610 72 -·05 -·35 479.5 

106 · 9 95·0 577 71·5 - ·07 - ·27 18, 179 net 



58 

SUMMARY OF OBSERVATIONS 

Date-Aug. 9, 1907. 
Cornmenced-8.55 a.m. 

Boiler-B. and W . No. 2. 
Ended-6.55 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ........ . .. . ... . . ..... . ..... Hand-spreading on alternate sides 
2. Kind of draft .......................... . . . ................. .. . . ... . . .. N atural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1907. 

Fresh water, August 2. 
4. Tubes cleaned ..................... ...... ........................... 7.35 a.m . 
5. Fire cleaned ................................... 7 . 45a.m.,12.45 and 5.45 p.m. 

FUEL. 

6. Kind of coal, No. 12-N"o. 3 Colliery, Sydney Mines, ova Scotia, Steel & Coal Co. 
Over !" screen and picking belt. 

7. Analysis of dry coal by weight (%) .... C =74·9, H =5 · l, S =2·5, N = l ·4, 0 =9·4, 
Ash =6 ·7 

8. Calorific value of dry coal B.T.U. per lb ...... .. . .......... . ............ .. 13680 
9. Moisture in coal as fired (%) ... . .... . . . . . .. . .. ................. . .. .... . . . . 4·2 

10. Weight of coal fired (lbs.) .............. ......... . . . .. . .. ... . . ... ......... 3161 
11. Combustible matter in ash and clinker (%) ............... . ... . .. ... ........ 24· 0 
12. Weight of clinker (lbs.) ...................... . ............. ..... . .... . .... 147 
m. Weight of ash (lbs.) ..... . ..... . . . . . ..... . ....... . ........ .. .... . . .... ..... 69 

Arn AND FLUE 0As. 

14. Air pressure under fire (inches of water) ... . ... ....................... .. . . -0 · 07, 
15. " above fu·e " " .... . . . ........ . ... . . ... .......... - 0 · 20 
16. atdamper . . .............. . ........ . · .. .. ... -0·27 
17 . Amount of <lamper opening .............. .. . ..... .... . . .. .... . . .. .... Various 
18. Temperature of air in boiler bouse (°F.) .... . ....... ... ............ . ... . ...... 95 
19 Flue temperatme (°F.) .... . . .. . ..........•... .... ........... . . .. .. ....... 577 
20 Analysis of dry flue gas by volume(%).... ..... ... .... ..C0.=9·3, Ot= 9·3, 

CO =0·4, N.=81·0 

WATER A.i"ID STEAM. 

21. Temperature of feed water (°F.) ............................ .. ........ ... 71·5 
22. Total weight of feed water, conected for cli.fference of level (lbs.) ..... . ....... 18179 
23. Water level in gauge at start (inches) ............ .. ................. . ..... .4H 
24. Water level in gauge at finish (inches) ............................ . ........ . 5f& 
25. Correction for difference of level included above (lbs.) ........... . ............. 38 
26. Steam pressure by gauge (lbs. per sq. in. ). . . . . . . . .................. 106 · 9 
27. Barometer reading (inches) .......................... ........ ......... ... 29 · 84 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) ....... . . . ........... 21 · l 
29. Temperature in steam calorimeter (°F.) . . ....................... . ....... 286 · l 

Notes. 

Fire sliced 4.27 p .m. Air adm itted over fire througbout trial. Clinker th:in and bard. Weather fine 
and warm. 

Proximate analysis of dry coal by weight % Volatile matter ....... 39· 0 { 

Fixecl carbon. . . . . . . . . 54 · 3 

Ash ................. 5·7 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 12. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Swface (sq. ft .)-Nil. 
Barometer aL start-29·91. At finish-29·78. Mean-29·84. 

TOTAL QUANTITIES. 

1. Date of trial. .......... . .... ...... .. ................. ... ....... . ... . .. 9/80/ 7 
2. DW'ation of trial (hours) ................... ... .. ..... .... ........... .. .. 10 ·OO 
3. Weight of coal as fired (lbs.) ..... . ........... . .......... .. ... ..... .... ... . 3161 
4. Percentage of moistW'e in coal as fired ( %) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 · 2 
5. Total weight of dry coal fired (lbs.) .................... .. . . .. .. ............ 3028 
6. Total ash and refuse (lbs.) .. . .... ..... ..... . .............................. 216 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 8 ·8; (b) weighed ... 7·1 
8. Total weight of combustible consumed, from analyses (lbs.) .... . . .. .......... 2761 
9. Total weight of water fed to the boiler, corrected for difference in level (lbs) ... . 18179 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) . . .. .. .. ......... . .. . . . ......... 18010 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . ..... 21395 

HouRLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .............................. .. ............. 303 
13. Dry coal per square foot of grate surface per hour (lbs.) ...... . .............. 18· l 
14. Water evaporated per hoW' corrected for quality of steam (lbs.) ... . . ........ 1801 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ............. . . 2139 · 5 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .... ......... .... ... .. ..... ..... ........ .. .... ... 3 · 35 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ...... ... .................. . . . .... 106·9 
18. Temperature of feed water entering boiler (deg. F.) ......................... 71·5 
19. Temperature of escaping gases from boiler (deg. F.) ...... . ...... ...... .. . . .... 577 
20. Pressure of draft between damper and ash-pit (ins. of water) ...... .... . . ... ... O · 20 
21. Percentage of moisture in steam .............. .. . . ...... . ................. 1. O 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) ................ . ................... 62. 1 
23 . Builders' rated horse-power ..... . . ..... ................. . ................ 60. O 
24. Percentage of builders' rated horse-power developed ........................ 103. 5 

ECONOMlC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .. . .................... . ........ .. .. .. ..... . ........ 5·74 

26. Equivalent evaporation from and at 212° F. per lb . coal as fired (Item 11 +Item 3) G. 77 
27. Equivalent evaporation from and at 212° F . per lb. of dry coal (Item 11 +Item 5) 7 . 06 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11+Item8) . .... ........ .. . .... ........ ... . . .... . . .. .......... 7. 75 

29. 
30. 
31. 
32. 

EFFICIENCY. 

Calorific value of dry coal per lb . (B.T.U.) .. . ...... . 
Calorific value of the combustible per lb. (B.T.U.) . ... .... . . 
Efficiency of boiler (based on combustible consumed) (%) .. 
Efficiency of boiler, including grate (based on dry coal) (%). 

Fr.uE GASBS. 

. . ..... . . . . . .. . 13680 

. ......... . .... 14670 

.... ... .... . .... 51 ·0 
. .... 50·0 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.). . . . . . . . . . . . . . . . . . . 25. 6 
34. .. ·• " of combustible consumed (from gas analvses) (lbs. ). . 21 · O 
35. •· ." " dry coal (from gas analyses) (lbs.). . . . - ................. 19. 2 
36. Proportion of h<'at of fuel in escaping dry flu e gascs (%). . . . . . . . . . . . 1G · :2 





, 

INVERNESS COAL FIELD. 

INVERNESS CO., NOVA SCOTIA. 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 14. 

Date-Aug. 20, 1907. Trial Number G.C.T. 27. 

OBSERV ATIO S OF GENERAL CONDITIONS. 

Notes. 
Weather fine, still. No. 1 B. and W. boiler working. Robb boiler shut down. 

Ti me. 
7 . 15 Fire cleaned and made up with No. 14 coal. Pressure, 40 lbs. 
7. 39 Tubes cleaned . 

. 45 Trial started. Fire !!" thick, considerable f!ame. Grill in fire door open. 
Pressure, 110 lbs. 

10 . 27 Fi re sliced. 
11 . 0 Fire sliced. 
11.48 Fire sliced. 
11. 55 Started to blow stcam into ash-pit. 2" of clinker hanging from bars. 
12 .13 to 12. 22 Fire cleaned. 73 lbs. of cinder and thin hard clinker r(lmoved with 

difficulty. 
5 .13 to 5 .18 Fire cleaned. 110 lbs. of clinker and cinders removed without difficulty. 
6 . 45 Trial stopped. Fire very similar to start . 144 lbs . of ashes raked from pit. 

Blow-off cock examined and found tight. 

CLINKER AND AsH. 
183 lbs. clinker. 
144 lbs. ash. 

RECORD OF COAL CO SUMED D RING BOILER TRIAL NO. 27 

Weight of coal Ti me Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 
Durinp; Total. gases. co. o. CO 

interval. 
--

Start 8.45 a.m. 
8 .54 . . .. . . . . . . . . . . . 140 140 9.10 8·6 7·8 O·O 
9. 11 ... .. . ....... .. : :: 170 310 9.42 9.3 6 ·5 l·O 
9 .33 . . ...... . ... . .. .. . 185 495 10.20 7·6 11·2 O·O 

10.00 .. . .. ............. 174 669 10.50 8·1 8·9 0·3 
10 .38 . . . . .. . .. . .... .. .. 169 838 11. 25 8·2 8·8 0·6 
11. 03 . . . .... . .. . . ...... 176 1014 11.55 10·6 9·0 O·O 
11 .31 . .... . ... .. .. . . . . . 186 1200 12.28 12·6 4·1 0·7 
12 .26 .. .... . .. . . . . . . . . . 162 1362 12.50 D·6 7.7 O· l 
12 .42 . . ...... . . . . . . 177 1539 1.17 15·8 0·2 1·2 
12 .57 . .. .. ..... . ....... 15 1697 1.46 12·0 4.4 1·2 
l. 16 . .. . .... . . . .. . .. . . 167 1864 2. 15 8·4 7·6 0·6 
1. 33 .. . . ..... . . .. .. . .. 183 2047 2.45 10· l 6·7 O·î 
1. 55 .. . .. . .. . . . . . . . . 176 2223 3.17 9·8 7·8 0·4 
'2 . '26 . ... . .. . .. . .. . . . . . 175 2398 3.45 10·8 7.4 0·2 
2 .56 . . .. ... . . . . . . . . . . . 179 2577 4..24 12·2 5.3 0·4 
3 .23 . . . . ..... . ..... . . 181 2758 4.46 lO · G 7·0 0·4 
3 .5 . . . . . . . . . .. ... .. . 174 2932 5.22 7.5 11 · l 0·2 
4 . 22 ... ' .. . .. . . . . . . . . . 173 3105 5.45 10·6 6·2 0·6 
4 .40 ... . . . . . . . . . . . . 161 3266 6.15 12·2 3.4 0·9 
5. 23 .... .. . . . . . . . . . .. 169 3435 
. 5. 34 .. ... . . . . . . . . . . . 1 4 3619 10· 2 6·9 0·5 
5 .50 . .... . ....... . . . . 156 3ï75 
6.11. . . . . .. . . . . . . . . . . . 1 2 3957 
6 .30 . .. . . . . . . . . . . . . .. . 156 4113 
6.45 . ... . . . . . . . . . . ... . 12 4125 
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OBSERVATIO S MADE DURI JG BOILER TRIAL No. 27 

Time. 

8.45 ........... . 
9.00 . . ......... . 
9.15 ........... . 
9.30 ........... . 
9.45 ........... . 

10.00 ........... . 
10.15 ........... . 
10.30 . .......... . 
10.45 .. .. ....... . 
11.00 ........... . 
11.15 .......... . . 
11. 30 ... ....... . . 
11. 45 ........... . 
12.00 ... . . ...... . 
12.15 ... .. .. .... . 
12.30 . ... . .... . . . 
12.45 ....... . ... . 

1 OO ... ..... ... . 
1.15 ........... . 
1.30 ..... ...... . 
1.45 .. . .. ...... . 
2.00 .. . .... .... . 
2.15 ........... . 
2.30 .... . ...... . 
2.45 ..... .... . . . 
3.00 ........... . 
3.15 ...... ..... . 
3.30 .. ..... . ... . 
3.45 . . .. .. ..... . 
4.00 . .. .. ..... . . 
4.15 ........... . 
4.30 . ..... . . ... . 
4.45 ........... . 
5.00 ........... . 
5.15, .......... . 
5.30 . ....... . .. . 
5.45 . . ........ . . 
6.00 ....... ... . . 
6.15 ........ .. . . 
6.30 .... . ...... . 
6.45 . ...... .. .. . 

Steam 
pressure 

gauge. 
Temperatures 

o F. 

Draft pressures, 
inches of 

water. 
Water 

apparently 
1----+------~---1-------i evaporated 

in 
lbs. 
per 

sq. in. 

110 
121 
102 
118 
116 
104 
108 
105 
102 
118 
122 
99 
98 

118 
99 

121 
112 
118 
122 
118 
108 
118 
102 
120 
116 
118 
116 
118 
119 
113 
119 
120 
113 
104 
105 
123 
118 
123 
123 
114 
117 

Flue At 
Boiler gases at Feed In entrance 
room. entrance Water. ash-pit. to flue. 

to flue. 

84 
86 
86 
86 
89 
89 
90 
89 
89 
91 
92 
92 
92 
92 
92 
90 
90 
88 
88 
88 
87 
86 
85 
85 
85 
84 
85 
85 
85 
85 
86 
85 
85 
85 
85 
85 
85 
84 
8.5 
85 

4 

530 
535 
525 
535 
490 
450 
425 
460 
500 
450 
525 
465 
410 
450 
425 
700 
735 
700 
750 
615 
575 
600 
550 
535 
525 
500 
485 
525 
510 
500 
525 
635 
540 
515 
475 
735 
725 
600 
625 
615 
600 

70 
70 
70 
70 
70 
70 
71 
71 
71·5 
71·5 
71 .5 
71.5 
72 
72 
72 
72 
71.5 
71·5 
71.5 
72 
72 
72 
71.5 
71.5 
71.5 
71.5 
71·5 
71·5 
71.5 
71·5 
71·5 
71·5 
71 
71 
71 
71 
71 
71 
71 
71 
71 

-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
- ·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
-·07 
- ·07 
-·07 
- ·07 
-·07 
-·07 
-·07 
-·07 
-·07 
- · 07 
-·07 
- ·07 
-·07 

-·30 
-·30 
- · 30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·35 
-·35 
-·35 
- · 35 
-·35 
-·35 
-·35 
-·35 
-·35 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·30 
-·35 
- .35 
-·35 
-·35 
-·35 
-·35 
-·35 
-·35 
-·35 
-·35 
- .35 

interval. 
lbs. 

341·5 
576·5 
418·5 
482 
425·5 
376·5 
323 
563·5 
272 
470·5 
511 ·5 
343.5 
278 
404 
357.5 
537 
680 
547.5 
655·5 
574.5 
524·5 
618·5 
334.5 
611 
420·5 
415·5 
424 
461·5 
554·5 
365 
480 
548 
426·5 
490 
221 
709·5 
.'565 
600 
694·.~ 
541·5 

113·8 87·0 549 71·2 - ·07 - ·32 19,0û4 net 
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SUMMARY OF OBSERV ATIO S 

Date-Aug. 20, 1907. 
Commenced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking . . .................... . . . ... Hand-spreading on alternate sides 
2. Kind of draft ......... ..... .. ............................. . . ......... . Natural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1907. Fresh 

water, August 17 
4. Tubes cleaned .......... . ....... . . ......... ..... .. .................. 7. 39 a .m. 
5. Fire cleaned . ...... . . ....................... . . . 7.15 a.m., 12.15 and 5.15 p.m. 

FUEL. 

. {No. 14 Inverness Coal & Ry. Co., Inverness Colliery. 
6. Kind of coal. · · · · · · · · · · · · · · · · Over i'' shaking screen and picking belt. 
7. Analysisof dry coal by weight (%). C=67·2, H=4·8, S=6·0,N=0·9, 0=10·7, 

Ash=10·4. 
8. Calorific value of dry coal B.T.U. per lb ... . .. . ... . .. ... ........ ... . ..... 12150 
9. Moisture in coal as fired (%) ....... . ..... . ... ........................ . . ... 7 · 3 

10. Weight of coal fired (lbs.) ....... ... .. . . .... . . .............. .. ............ 4125 
11. Combustible matter in ash and clinker (%) ... . .... ... ...................... 13·1 
12. Weight of clinker (lbs.) ..... ... ............... . . ... ... ... .... . ... . . ... . .. . 183 
13. Weight of ash (lbs.) . ..... . ..... . ......... . ........................ . . ..... 144 

Am AND FLUE GAS. 

14. Air ~~ess7rre under fire (in~~es of ":'~ter) . . ... .. . ... ... . ........... . . ... ... -0·07 
15. abovefire ...... . ..... . . .. .................. -0 · 26 
16. at damper ....... ....... .. ........ ..... . ... -0·32 
17. Amount of damper opening ..................... . ...... .......... . ..... Various 
18. Temperature of air in boiler house (°F.) .................................... 87 · 0 
19. Flue temperature (°F.) ..... . . . . . . ...................... ........... .. . . ... 549 
20. Analysis of dry flue gas by volume(%) .. C0,= 10·2, 0 2=6·9, C0= 0·5, N,=82·4 

21. 
22. 
23. 
24. 
25 . 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) . . . ..... . ............... . ................. 71·2 
Total weight of feed water, corrected for difference of level (lbs.) .............. 19064 
Water level in gauge at start (inches) ...................................... 3 
Water level in gauge at finish (inch es) .............................. . ........ 3i 
Correction for difference of level included above (lbs.) ......................... 19 
Steam pressure by gauge (lbs. per sq. in. ) .. ............................ ... ll3 · 8 
Barometer reading (inch es) .................. . . . . ... ... . ........... . ..... 29. 73 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ..................... 22. 05 
Temperaturc in steam calorimeter (°F.) . ............. .................... 293. 7 

Notes. 

Fire sliced 10.27, 11.08_. 11.48 a..m. Air admitted over lire throughout trial. 
from 11.55 a..m. Clinker thm, hard, and adherent. Weather fi.ne and still. 

Steam hlown under grate 

{ 
Fixed carbon . ...... . . 

Proxima te analysis of dry coal hy weight (%) x~~~t'.l~ .".'~~tc.r.' .". '. '. '. : : 

83-5 

4g · 6 
40' 0 
10 · 4 
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SUMMARY OF RESULTS 

Made on No. 2 B. and W. Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 14. Kind of Furnace-Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 73. At finish-29 · 73. Mean-29 · 73. 

ToTAL QuANTITIES. 

1. Date of trial. ........................................................ 20-8-07 
2. Duration of trial (hours) ....................................... .. ....... 10 ·OO 
3. Weight of coal as fired (lbs.) .. ....... ..... ........ ........... ... ........ .. 4125 
4. Percentage of moisture in coal as fired ( 3) ................................. 7 · 3 
5. Total weight of dry coal fired (lbs.) ........................................ 3820 
6. Total ash and refuse (lbs.) ....................... . ... . .. .. ................ 327 
7. Perc.entage of ash and refuse in dry coal (3) (a) from analyses 12·0; (b) weighed ... 8·6 
8. Total weight of combustible consumed, from analyses (lbs) ................... 3360 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .... 19064 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.) ........................................ 18940 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ....... 22514 

12. 
13. 
14. 
15. 
16. 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) . ... . . .. ........................ ..... ... . .... . 382 
Dry coal per square foot of grate surface per hour (lbs.) . ... ...... . .. ......... 22 · 8 
Wat~r evaporated p~r hour corrected for quality ~f steam (lbs.) ... .. . . ..... .. 1894 
Eqwvalent evaporat1on per hour from and at 212 F. (lbs.) ......... .. ....... 2251 

Eq~~~ii~! :~fa~rea~ib~.f.er. h~~. ~r~~ .=.d .at. ~~~~ .F'. ~e~ .s~~.~~.f~·o·t· ~~ ~~~ ... 352 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Stel!:m pressure by gauge (lbs./sg. in.): ........ . ......................... 113·8 
18. Temperature of feed water entermg b01ler (deg. F .) ... . ..................... 71·2 
19. Temperature of escaping gases from boiler (deg. F.) ...................... .. 549 
20. Pressure of draft between <lamper and ash-pit (ins. of water) ....... ... ........ 0 · 25 
21. Percentage of moisture in steam ................................. . ........ l · 0 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34î) .. .... .... ..... .. .... ............ .. 65 · 3 
23. Builders' rated horse-power .................................... . ...... .. 60 
24. Percentage of builders' rated horse-power developed ....................... 108 · 7 

EcoNoMJc REsuLTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9 +Item 3) .... ........... ..... ............. . ................. .4 · 62 

26. Equivalent evaporation from and at 212° F. perlb. coal as fired (Item 11 +Item 3) 5 · 46 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (I~em 11 +Item 5) 5 · 89 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ...................... . ........................ .... 6 · 70 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ............. ... ................ 12150 
30. Calorific value of the combustible per lb. (B.T.U.) ............... . ......... 13570 
31. Efficiency of boiler (based on combustible consumed) (3) ... . ... . .. .... .... 47 · 7 
32. Efficiency of boiler, including grate (based on dry coal)" (3) .. .. . . ........... 46· 9 

FLUE GABES. 

33. Dry flue gas per lb . carbon (from gas analyses) (lbs.) .. .. ................. .. 23 · 3 
34. " " " of combustible consumed (from gas analyses) (lbs.) .... . .• 17 · 7 
35. " " " dry co:i.l (from gas analyses) (lbs.) ....................... 15 · 6 
36. Proportion of heat of fuel in escaping dry flue gases (3) .. .............. . . .. 14 · 2 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 214. 

Date-Aug. 21, 1907. Trial Number-G.C.T. 28. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine, cool. B. and W. No. 1 boiler working. Robb boiler shut down. 

Time. 
7. 30 Fire cleaned and made up with No. 214 waahed coal. Pressure, 100 lbs. Damper 

open 12". 
7. 45 Tubes cleaned. 
8. 45 Trial started. Fire H" thick well burnt. Grill in fire door open. Steam blown 

under fire. 
12.45 Fire sliced. 
3 . 05 Fire sliced. 
5. 29 to 5. 33 Fire cleaned. 7 4 lbs of cinders and clinker removed without difficulty. 
6.45 Trial stopped. Fire similar to start. 141 lbs. of ashes raked from pit. 

Blow-off examined and found to be tight. 

CLINKER AND AsH. 
Net. 

74 lbs. clinker. 
141 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 28 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

Durin~ Total. gases. co, o. CO 
interval. 

Start 8. 4S a.m. 
8.51. ........... .. ... . . 77 77 8.53 10·2 5·1 0·5 
9.10 .... .. ..... . .... . . 195 272 9.30 10 7.7 0·3 
9.24 .................. 200 472 10.02 10 ·9 4.4 1·5 
9.50 ........ . . . ..... .. 184 656 10.30 10·6 6·0 0·7 

10.10 . ..... .. .... ...... 162 818 11.00 9·0 9·1 O·O 
10.38 .................. 166 984 11 .30 7.9 11·3 O·O 
11.10 ...... .. ..... . .... 174 1158 12.02 7·0 12·4 O·O 
11.47 .................. 186 1344 12.32 6·8 11·4 O·O 
12.20 . . .. . ........... .. 176 1520 1.00 14 ·8 1·2 1 ·0 
12.55 ......... .. ....... 177 1697 1. 35 11·7 5.3 0·2 
1.16 . ............ . .. . . 181 1878 2 .. 05 10·4 5.4 1·0 
1.43 ........ ... .. . .... 184 2062 2.30 10·4 9.9 O·O 
2·02 .... .... . . . ....... 160 2222 2.55 13·7 3.3 0·6 
2.30 .... . .. ... ........ 178 2400 3.24 11·0 7·0 0 ·4 
3.06 ........... . . ..... 165 2565 3.54 12·2 4·6 0·7 
3.30 .................. 179 2744 4.24 13·0 2·4 1·4 
3.53 ........ . .. . . . .. .. 178 2922 4.55 11·2 5·8 0·6 
4.22 ........ . ... ... ... 193 3115 5 .25 11·4 8·1 O·O 
4.55 . .. ....... .... ... . 181 3296 5.51 10·3 6·7 O·O 
5.26 .......... . ...... . 153 3449 6 .20 11·7 3·8 0·3 
5.43 .................. 167 3616 
6.05 ..... . . .... . .... . . 189 3805 10 ·7 6·5 0·5 
6.45 ... .. ... .. . .... ... 129 3934 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 28 
--

, Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At intervnl. 
per Boiler gases at Feed In entrance. lbs. 

sq. in. room. entrance Water. ash-pit. to flue. I 
to flue. 

8.45 ............ 121 77 530 70 -·05 -·25 . ........... 
9.00 ......... . .. 107 77 600 70 -·05 - ·30 382 
9.15 ............ 123 79 610 70 -·05 -·30 573 
9.30 ............ 117 79 590 70 - ·05 -·20 543.5 
9.45 ............ 119 79 560 70 -·05 - ·20 632·5 

10.00 .... . ....... 120 79 585 70 -·05 -·20 504 
10.15 ............ 115 79 575 70 -·05 -·20 543 
10 .30 ............ 115 82 520 70 -·05 -·20 544 
10.45 .... . .. . . . . . 117 80 500 70 -·05 -·20 428·5 
11 .00 ............ 105 81 525 70 -·05 -·20 540 
11.15 . ......... . . 116 82 505 70 -·05 -·20 403·5 
11 .30 ........ . ... 106 82 525 70 -·05 -·25 392·5 
11 .45 ... . ........ 112 82 510 70 -·05 - ·20 404 
12.00 ............ 104 81 490 70 -·05 -·25 423·5 
12.15 ... . ...... . . 119 82 500 70 -·05 -·20 450 
12.30 ............ 111 81 490 70 - ·05 -·30 291 
12.45 ... ......... 102 80 490 70 -·05 -·20 370 
1.00 ... . ... .. ... 122 82 705 70 -·05 -·30 532·5 
1 .15 ............ 105 81 785 70 -·05 -·25 772·5 
1.30 ............ 105 82 630 70 -·05 -·25 382 
1 .45 ... . ..... . .. 112 81 640 70 -·05 -·25 561 
2.00 .......... . . 104 82 620 70 -·05 -·20 525·5 
2 . 15 ............ 115 81 550 70 -·05 -·20 561·5 
2.30 ............ 112 80 600 70 -·05 -·20 444 
2.45 ....... . .... 105 81 540 70 -·05 -·20 580 ·5 
3 .00 ........... . 119 81 530 70 -·05 -·20 349.5 
3.15 ..... .. ..... 117 81 550 70 -·05 -·20 460 5 
3.30 ........ ... . 122 80 540 70 - ·05 -·20 408·5 
3.45 ............ 122 81 630 70 -·05 -·20 437.5 
4.00 ............ 122 81 590 70·5 - ·05 -·20 530·5 
4.15 ........ . ... 110 82 580 70 - ·05 -·20 505·5 
4.30 . ..... . . . ... 122 82 590 70 -·05 -·20 415·5 
4.45 ........ . ... 117 82 590 70 -·05 - ·25 474 
5.00 . ........... 120 81 580 70 -·05 - · 25 410·5 
5.15 ..... . ...... 122 80 550 70·5 -·05 - ·25 444.5 
5.30 ............ 95 81 530 70·5 -·05 -·20 505·5 
5.45 ... " ... " 122 80 530 71 -·05 - ·20 256 
6.00 ............ 121 82 550 70·5 - ·05 -·20 438·5 
6.15 . . ......... . 119 81 550 70·5 -·05 -·20 427·5 
6.30 ....... . .. . . 122 80 580 70·5 -·05 - ·20 532 
6.45 ........... . 116 80 530 70·5 -·05 - ·20 541·5 

114·8 80·7 565 70· l -·05 - ·22 18818 net 
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SUMMARY OF OBSERVATIONS 

Date-Aug. 21, 1907. 
Commenced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ..... .. ..... . .............. . Hand-spreading on alternate aides 
2. Kind of draft ... . ..... . ..... . . . ... . ...... . ...... . ... : ........ ......... N atural 
3. Condition of boiler and date of last cleaning . ..... .. Thoroughly cleaned June, 1907, 

Fresh water, August 17. 
4. Tubes cleaned . .. ... ..... .. ............ . .. . .. . .............. .. ...... 7 . 45 a.m. 
5. Fire cleaned . ........... . .......... .. .......... . ......... 7 . 30 a.m., 5. 30 p.m. 

FUEL. 

. {No. 214, Inverness Colliery, Inverness Coal 
6. l{md of coal. · · · · · · · · · · · · · · .. · & Ry. Co. Over t" shak.ing screen and pick.ing belt. 

{
C =70·3 H=4·8 S=5·0 7. 

8. 
9. 

10. 
11. 
12. 
13. 

Analysis of dry coal by weight (%) .... . .. · · . . · · .. · · · N =o. 6 'o = 12 . 8 Ash = 6. 5 
Calorific value of dry coal B.T.U. per lb ...... .. . . .... . .... .. '. . . . ..... '. ... 12800 
Moisture in coal as fired (%) ........ ..... . . . .......................... . ... 9 · 2 
Weight of coal fired (lbs.) .......... . .... . . . . . .. . . . . ... ... . . . . .. .. . ..... . . 3934 
Combustible mat ter in ash and clinker ( %) ...... . ............. ....... . ..... 35 · 2 
Weight of clinker (lbs.) ................ .... ............ ... . .... ... ... .. ... . 74 
Weight of ash (lbs.) ....... .............. .... . ..... ..... ..... . ... . ........ 141 

Arn AND FLUE GAs. 

14. Ail· pressure under fire (inches of water) ............ . ......... ... ... ...... -0 · 05 
15. " above fire " " .... ... ............. . ..... . ....... -0· 16 
16. atdamper .......... . ... . .... . .... ... . . .... -0- 22 
17. Amount of <lamper opening ............ ... .................. . ..... ... Various. 
18. Temperature of air in boiler ho use (°F.) .......... .... ...................... 80 · 7 
19. F lue temperature (°F.).. . . . . . . . . . . . . . . . . . . .......... . . ................. 565 
20. Analysis of dry flue gas by volume(%) .. C0,=10 ·7, 02=6·5, C0=0·5, N,=82 ·3 

vV ATER AND STEAM. 

21. Temperature of feed water (°F.) .............. ...... ..... . . ....... . ... .. .. 70·1 
22. Total weight of feed water, corrected for difference of level (lbs.) ..... ...... . .. 18818 
23. Water level in gauge at start (inches) . . ....... . .... . ... . ................... 2-fi 
24. Water level in gauge at finish (inches) ................. . . . . ...... . . . .... . .. .. 2i 
25. Correction for difforence of level included above (lbs.) ... .... . .. ... . . . ........ 9 · 5 
26. team pressure by gauge (lbs. per sq. in. ) ............ . . . . . . ... ... .. ....... 114 · 8 
27. Barometer reading (inches) .. . ... . ..... ............... . .. ... ........ .... . 29 . 86 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in. ) ........ . ... . .. ... .... 22 · 6 
29. Temperaturc in stearo calorimeter (°F.) . . ...... . ... ..... .. . .... .. .. ...... 294. 2 

Notes. 
Fire sliced 12.45 nnd 3.05 p.m. Clinker removed without difficulty. Air adrrùtted over fire throughout 

trial. Steam blown under grate throughout trial. Wcather fine and cool. 

{

Fi xed carbon . .. ..... . 51·0 
Proxima te analysis of dry coal by weight (%} Volatile matter .. . .... 42 · 5 

Ash....... . ...... . .. 6' 5 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel- o. 214. Kind of Furnace--Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft. )-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft .)-Nil. 
Barometer at start-29 · 89. At :finish-29 · 84. Mean-29 · 86. 

ToTAL QuANTITIES. 

1. Date of trial .. .... .... ..... .. .. ..... . .................... .. ........... 21/8/07 
2. Duration of trial (hours) .. . . ... . ... .. ............ . .. ... . .. . . . . .. . ....... 10·00 
3. Weight of coal as fired (lbs.) ..... ... .. . ... .. .... .. .. .... ...... ... ........ . 3934 
4. Percentage of moisture in coal as fired (%) ... . . .. . . ........... . ... .. ...... 9 · 2 
5. Total weight of dry coal fired (lbs.) ........ .. ................ . ... ... ....... 3573 
6. Total ash and refuse (lbs.) ... . ....................................... ..... 215 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 10·0; (b) weighed.6· 0 
8. Total weight of combustible consumed, from analyses (lbs:) . .......... ....... 3216 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 18818 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ..... . ... . . .. ................... 18710 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 22260 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ..... . ......... . ....... ... ..... ..... .. . ....... 357 
Dry coal per square foot of grate surface per hour (lbs.) ... ... .. . ............ 21·3 
Water evaporated per hour corrected for quality of steam (lbs.) .......... .... 1871 
Equivalent evaporation per hour from and at 212° F. (lbs.) ..... .. ........... 2226 

Eqt~!l~~ ~~d;::~~b~.rr. ~~~·r·r~~ .~~ .~t. ~~~~ ~'. ~~~ ~'.1~.~~ .f.o~·t · ~~ ~~t~~ .. 3 . 48 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs./ sq . in.) .... . ..... . .. ..... ..... . . .. ....... 114·8 
Temperature of feed water entering boiler (deg. F.) .... . .... . . ... ........... 70· 1 
Temperature of escaping gases from boiler (deg. F.) ... . .. ................... .. 565 
Pressure of draft between damper and ash-pit (ins. of water) .. ................ 0 · 17 
Percentage of moisture in steam ........ . .. . ..... .. . . ... . ... . .. .... ........ 1 · 0 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .................................... 64 · 5 
Builders' rated ~orse-power .............. . ... . ..... . ..... . ... . .... . ........ 60 
Percentage of builders rated horse-power developed . . . . ..... .. . ... ........... 108 

EcoNoMic RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) ......... . ........ ......... . . ...... . ... . ............ 4·79 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 5 · 67 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (I tem 11 +Item 5) 6 · 24 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ........... . .. . ................................... . 6 · 93 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ....... . .. . ..................... 12800 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... 13700 
31. Efficiency of boiler (based on combustible consumed) (%) ...... .. . . . . ....... 48 · 9 
32. Efiiciency of boiler, including grate (based on dry coal) (%) . .. .... .. ......... 47 · 0 

FLUE ÜASES. 

33. Dry flue gas per lb . carbon (from gas analyses) (lbs.) .... . .................. . 22 · 3 
34. " " of combustible consu.med (from ga.s analyses) (lbs.) ..... . .. 17 · 4 
35. " " dry coal (from gas analyses) (lbs.) ........................ 15 · 7 
36. Proportion of heat of fuel in escaping dry flue gases (%) ............. . ....... 14 · 2 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 15. 

Date-Aug. 22, 1907. Trial Number G.C.T. 29. 

OBSERVATIONS OF GENERAL CO DITIONS. 

Notes. 
Weatber fine, still. No. 1 B. and W. boiler working. Robb boiler shut down. 

Time. 
7. 30 Fire cleaned and made up with No. 15 coal. Pressure, 100 lbs. 
7.40 Tubes cleaned. 
8 . 45 Trial started. Fire 2" thick, some flame. Pressure, 102 lbs. Grill in fire 

door open. 
8. 50 Co=enced to blow steam into ash-pit. 

11.33 Fire sliced. 
12.29 to 12 .35 Fire cleaned. 145 lbs. of compact blue clinker and cinders removed. 

Cords of fused clinker hanging from bars. 
3 . 21 Fire sliced. 18 lbs of clinker removed. 
5. 10 Fire sliced. 
5 . 30 Fire cleaned. 145 lbs of clinker and cinders removed. 
6 . 45 Trial stopped. Fire very similar to start. 124 lbs. of ashes raked from pit . 

Blow-off examined and found tight. 

CLINKER AND AsH. 

308 lbs. clinker. 
124 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 29 

Wcigbt of coal Timc Composition of flue gases 
fired. of by volume, pcr cent. 

Ti me. sampling 

1 

flu e 

1 1 
During Total. gases. co. o. CO 

interval. --

Start 8. 45 a..m. 
8.48 . ... . . .. . .... .. .. . 165 165 8.53 8·8 7 · 2 1·1 
9.04 ... . . .... . . ...... . 183 348 9 . 26 10·4 6·4 1·0 
9. 21 . . .. . .. .... ... . .. . 188 536 9 .52 10·8 4 .5 1·1 
9.40 .... . . . . .... ..... . 175 711 10 . 24 7·0 12·7 0·3 

10 . 21 . . ...... .. .. . . . .. . 183 894 10.55 8·9 8 · 9 0·4 
11 .10 .. . . ... . . ... . . . ... 189 1083 11.25 8·6 9.9 0·5 
11.51. . . ........... . ... 201 1284 11 .55 10·3 7·6 O·O 
12 . 38 . . ...... . ......... 192 1476 12 . 25 7·8 11 ·4 0 · 2 
12.50 . ... . . . . ... .. . . .. . 187 1663 12 .55 9.5 7 · 0 1 · 0 

1.08 . ..... . ..... ... . .. 205 1868 1. 25 10·2 7·8 0·3 
1.38 .... .... ..... . . .. . 173 2041 1.56 12 · 2 6·4 0·2 
2.19 .... . . . . ........ . . 171 2212 2.26 8 · 3 11 ·8 O·O 
2.56 .. . ... . . . .. . . .. . .. 180 2392 2.55 10· 1 8 ·1 0 · 1 
3 .32 ...... . .. .. .... . . . 183 2575 3.25 6·8 12·1 0 · 1 
3 .55 .... . ..... . .. : . . . . 187 2762 3 .55 8·5 8·6 0 · 2 
4 . 33 . .............. .. . 193 2955 4 . 25 7.5 11 · 0 0·3 
5 . 11 ....... . ....... ... 166 3121 4 .55 6·7 12·9 0·2 
5.45 . .. ... .. .. . . .. . ... 183 3304 5.25 7·0 11·7 0·1 
6.04 .. . ... . . . .... . ... . 189 3493 5 .55 9 . 4 8 ·4 0 · 2 
6.45 . .. . .. .. . . . .... ... 182 

. 
3675 6 .25 9·0 8 ·8 0 · 1 

8·9 9 · 2 0·4 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 29 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 ............ 102 77 505 69·5 -·05 -·38 .... ........ 
9.00 ............ 122 78 490 69·5 -·05 -·35 195 
9.15 ............ 109 80 530 69·5 -·05 - ·30 624 
9.30 ........... . 121 81 480 69·5 -·05 -·30 614·5 
9.45 ... ......... 104 81 480 70 -·05 -·25 572·5 

10.00 ............ 117 82 470 70 -·05 -·25 437 
10. 15 ............ 107 82 450 69·5 -·05 -·25 498 
10.30 .......... .. 107 82 425 70 -·05 -·25 630·5 
10.45. .......... . 123 83 415 70 -·05 - ·25 197·5 
11.00. ......... 122 82 400 70 -·05 -·25 287 
11.15 .. . . . . .. . .. . 123 82 425 70 -·05 - ·30 429.5 
)l.30. . . . . . ' . . . . 112 83 440 70 -·05 -·25 344.5 
11.45. .. .. ....... 109 84 480 70 -·05 -·30 437.5 
12.00 . . . ......... 115 83 490 70 -·05 -·30 409 
12. 15 ... . ....... . 116 85 460 70 -·05 -·35 479.5 
12 .30 ............ 96 85 460 70 -·05 -·20 504·5 
12.45 ............ 115 85 500 70 - ·05 -·30 131·5 
1.00 ............ 110 85 480 70 -·05 -·35 554 
1.15 . . ......... . 110 85 450 70 - ·05 -·25 366·5 
1. 30 .......... . . 112 83 510 70 -·05 -·25 433 
1, 45 .......... .. 112 84 580 70·5 -·05 -·30 635 
2.00 .. . ......... 116 85 540 70 -·05 -·25 493 
2.15 . ... .... . ... 98 85 500 70 -·05 -·20 585 
2.30 . .. .. .. . .... 115 85 450 70 -·05 -·20 420·5 
2.45 ...... . . .... 113 85 420 70 -·05 -·20 373 
3.00 ....... ... . . 104 84 470 70 -·05 -·20 426·5 
3.15 ..... . .. . .. . 110 85 445 70 -·05 -·30 360 
3.30 . . . . . . . . . . . . 110 85 510 70 -·05 -·30 345 .5 
3.45 . . . . . . ..... 115 85 515 70 -·05 -·35 553·5 
4.00 . ......... .. 109 85 510 70 -·05 - .3;r 478·5 
4.15. .... ..... .. 114 85 505 70 -·05 -·35 418·5 
4.30. . ......... . 106 85 485 70·5 -·05 -·35 517·5 
4 .45 . ... ... .... 112 85 485 70·5 -·05 -·35 368 ·5 
5.00. .. ... ...... 97 85 450 . 70·5 -·05 -·35 412 
5.15 .. ' ......... 110 85 540 70 ·5 -·05 -·35 328·5 
5.30 ........ . ... 96 85 530 70·5 -·05 -·30 471 
5.45 ... . . . . . . . . . 110 85 580 70·5 -·05 -·30 371 
6.00 ....... . ... 115 83 545 70·5 -·05 -·30 464 
6.15. ........... 112 83 510 70·5 -·05 - ·30 529·5 
6.30. . . . . . . . . ... 109 82 530 70·5 - ·05 -·30 488 
6.45 ....... .... 100 82 510 70 -·05 - ·25 523·5 

110·6 83·4 486·3 70 ·0 -·05 -·29 17604·5 net 



73 

SUMMARY OF OBSERVATIONS 

Date-August 22, 1907. 
Commenced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ........ ... ........... .. .... Hand-spreading on alternate aides 
2. IGnd of draft ........................................................ . Natural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1907. 

Fresh water, August 17. 
4. Tubes cleaned . . ..... .... . ................................... . . ..... 7 . 40 a.m. 
5. Fire cleaned ....... ... . ... . ..... ... . ........... 7.30 a.m., 12.30 and 5 .30 p.m. 

FUEL. 

6. Kind of coal-No. 15. Port Hood Colliery, Richmond Ry. Coal Co. (Over i " 
shaking screen and picking belt). 

7. Analysis of dry coal by weight (%) . C=63·7, H=4·2, S=7·9, N=0·8, 0=8·8, 
Ash=14·6. 

Calorific value of dry coal B.T.U. per lb . ... .. . ... . ... .... ...... .. .... . . . . 11770 
9. Moisture in coal as fired ( %) ............ .. . . .. . .. . . . .. . . . ................. 3 · 3 

10. Weight of coal fired (lbs.) ....... : .... .... .. ..... .. . . . .. .................. 3675 
11. Combustible matter in ash and clinker ( %) .. .. . . .... . . ... .. .. . . .... . ........ 8 · 9 
12. Weight of clinker (lbs.) .................... ... .... .. ... . .......... . . . ..... 308 
13. Weight of ash (lbs.) ...... . . ... .. . ...... . .... . .. . ..... . . . ......... . ... . .. . 124 

Arn AND FLUE GAS. 

14. Air pressure under fire (inches of water) .. ... . .. . ........ . . ...... . . .. ..... -0 · 05 
15. " above fire " •· ............. .. . . .... .. .... .. ..... -0 · 22 
16. atdamper . ..... ... .. . ..... ................ -0·29 
17. Amount of damper opening ......... . . ................ . ..... . . . .. . ... Various. 
18. Temperature of air in boiler house (°F.) ..... . . . . ... .. ...... . . .. . ........... 83·4 
19. Flue temperature (°F.) ... ... ...... . . . .. . . . .... . .. . .... .... ...... .. . . ..... 486 
20. Analysis of dry flue gas by volume (%) .. C02=8·9, 0 2= 9·2, C0=0·4, N2=81·5 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) ................ . . ................ .. .. . ... 70. O 
Total weight of feed water, corrected for difference of level (lbs.) .. . . .. . . ... . . . 17604 
Water level in gauge at start (inches) . . .... . ... . .......... . . .. ... . . . ....... 3 ~ 
Water level in gauge at finish (inches) .... . ................................... 3j 
Correction for difference of level included above (lbs.) ........ . ... .. . ......... 9. 5 
Steam pressure by gaugc (lbs. per sq. in. ) . . .... . . ...... .... . . ........ . .... 110. 6 
Barometer reading (inches) ... .... . .... ..... ........ ... ... . .... . ...... .. . 29. 91 
Pressure in steam calorimeter by gauge (lbs. pcr sq. in.) ....... . .. .. . .. . . . .. . . 21·1 
Temperature in steam calorimeter (°F. ) .. .. ........ . ...... . ..... . . .. ..... 291·5 

Notes. 
Fi re sl iced, 11 ,33 a.m., 3.2 1 a nd 5.10 p .m. Air admitted over fire througbout trial. Steam blown under 

grate throughout trial. Clmker compact and blue, hanging from bars . Weather fine and stil l. 

P 
. . { Fixed carbon. . . . . . . . . 48 · 3 

rox1matc analys1s of dry coal by weight (%) Volatile matter . ...... 37· I 
Ash ................. H ·6 
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SUMMARY OF RESULTS 

Made on B . and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 15. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft .)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 94. At finish-29 ·89. Mean-29 · 91. 

ToTAL QuANTITIES. 
1. Date of trial . .. ....... . ................................. .. ........... . 22/8/07 
2. Duration of trial (hours) . . . . ... . ... . . . . . ...... . ........ .. . .. . ...... ..... 10. OO 
3. Weight of coal as fired (lbs.) .. . ......... . ................................. 3675 
4. Percentage of moisture in coal as fired ( %) ......... . ....................... 3 · 3 
5. Total weight of dry coal fired (lbs.) ..... .. . .. . . .. .... . ........ . .. . ......... 3554 
6. Total ash and refuse (lbs.j ..... .. .. . .... .. ...... . .... . ..... .. ............. 432 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 16·0; (b) weighed 12·2 
8. Total weight of combustible consumed from analyses (lbs.), . . ...... .. ... .. ... 2985 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17604 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ............ . .......... . . . .. . ... 17500 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20810 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

HOURLY QUANTITIES. 

Dry coal fired per hour (lbs.) . .................. .. ........ .. ............... 355 
Dry coal per square foot of grate surface per hour (lbs.) .. .. ............. .. ... 21·2 
Water evaporated per hour corrected for quality of steam (lbs.) ... ........... 1750 
Equivalent evaporation per hour from and at 212° F. (lbs.) .. . ..... . ......... 2081 

Eq1i~:l~~ ~~~f~;:~\b~. f.~~ ~~~. ~~~ .~~~ .~t. ~~~~ .~'. '.~~ .s~·u·~~- .f~~~ . ~~ . ~~~e-r3 . 26 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / ~q. in.) .... . .............................. 110 · 6 
Temperature of feed water entermg boiler (deg. F .) ........ ............... ... 70 · 0 
Temperature of escaping gases from boiler (deg. F .) . . ......................... 486 
Pressure of draft between damper and ash-pit (ins. of water) . .... . ............ 0 · 24 
Percentage of moisture in steam . ................. ... .. .................... 1·0 

HORSE-POWER. 

Horse-power developed (Item 15+34!) . . .................................. 60·4 
Builders' rated ~orse-power ................................................ 60 
Percentage of bmlders rated horse-power developed ................ .. ........ 101 

EcoNoMic REsULTs. 
25. Water apparently evaporated under actual conditions per lb. coal as fired 

(Item 9+Item 3) ......... . .......................... . ............... 4·80 
26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 5 · 67 
27. Equivalent evaporation from and at 212° F. per lb . of dry coal (Item 11 +Item 5) 5 · 86 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ..................................... . ............. 6 · 98 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ................................ 11770 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... 13790 
31. Efficiency of boiler (based on combustible consumed) (%) .... .. ............ .48 · 9 
32. Efficiency of boiler, including grate (based on dry coal) (%) ............... . .. 48 · 2 

33. 
34. 
35. 
36. 

FLUE GASES. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) ... . .... .. .... . ......... 26 · 7 
" " of combustible consumed (from gas analyses) (lbs.) ........ 20 · 2 
" " dry coal (from gas analyses) (lbs.) ........................ 17 · 0 

Proportion of beat of fuel in escaping dry flue gases (%) . . ................... 14 · 0 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 216. 

Date-Aug. 23, 1907. Trial Number-G.C.T. 30. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine, still. No. 1 B. and W. boiler work:ing. Robb boiler shut down. 

Tline. 
7. 30 Fire cleaned and made up with No. 215 coal. Pressure, 110 lbs. 
7 . 45 Tubes cleaned. 
8.45 Trial started. Fire 2" thick, clear red. Pressure, 102 lbs. Grill in fire 

door open. Steam blown into ash-pit. 
12.29 to 12 .36 Fire cleaned. 89 lbs. of friable clinker and cinders removed without 

difficulty. 
5. 29 to 5. 36. Fire cleaned. 85 lbs. of clinker, etc., removed without difficulty. 
6.45 Trial stopped. Fire very similar to start. 147 lbs. of ashes raked from pit. 

Blow-off examined and found to be tight. 

CLINKER AND AsH. 

174 lbs. clinker. 
147 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 30 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

Durinp: Total. gases. co. o. CO 
intervnl. 

Start 8.45 a.m. 
9.00 .................. 166 166 8.55 1·9 15·9 O·O 
9.26 .. ...... . ......... 169 335 9.25 6·0 11·8 O·O 
9.58 .... . . ........ .... 192 527 9.55 7·1 11 ·6 O·O 

10.37 . ................. 196 723 10 .25 8·8 8·2 0·2 
11.00 .................. 162 885 10.55 8·8 8·6 0·2 
11. 35 .... ... ... . . ... . .. 173 1058 11.25 12·9 7·1 0·4 
12.15 ........... .. ..... 183 1241 11.55 8·8 9.7 0·7 
12.44 ................ . . 187 1428 12.25 5·6 13·8 0·2 
1.16 . . . ....... .. . . ..... 174 1602 12.55 6·9 11·9 0·4 
1.37 .. ........ ....... . 177 1779 1.28 6·2 13·4 O·O 
2.07 ............... ... 154 1933 1.57 6·6 13·3 0 ·2 
2.17 .. . ... ... .. . ...... 62 1995 2.25 14·6 5·2 0·2 
2.45 . ..... .. .......... 153 2148 2.55 10·3 8·5 0·8 
3 .. 15 .................. 181 2329 3.25 10·2 7.5 l·l 
3.48 . .. .......... . . .. . 180 2509 3.55 8·2 9·2 0·1 
4.13 .................. 170 2679 4.30 11 ·2 6·6 O·O 
4.42 ... . .. . ........ . .. 164 2843 4.55 7.5 11· l 0·8 
5 .20 .................. 194 3037 5.25 11·0 8·2 O·O 
5.43 . .. ...... . ........ 167 3204 6.05 10·4 8·2 O·O 
6.06 ....... . ...... .. .. 156 3360 6.25 10·3 ........ . . .. 
6.45 ..... ... .......... 148 3508 

8·7 10·0 0 ·3 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 30 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8 .45 .......... . . 102 80 490 69 - ·05 -·35 ............ 
9.00 ............ 120 80 480 69 -·10 -·30 70·5 
9.15 ....... . . ... 93 82 490 69·5 - ·10 - ·30 607 
9.30 .... . ....... 117 82 540 69·5 -·10 - ·25 322 
9.45 ........... . 104 84 575 69·5 -·10 -·30 626 
0.00 .. . .... .. ... . 119 84 480 70 - · 10 -·25 307·5 
0.15 .... . .... . . . 107 85 500 70 - ·10 -·30 538 
0.30 ...... .. .... 115 85 550 70 - ·10 -·30 340·5 
0.45 .. . .... . . ... 114 85 480 70 -·10 - ·35 452 
1.00 .......... . . 115 85 455 70·5 -·10 -·30 463 
1.15 ..... . ...... 102 86 485 70 ·5 - ·10 -·30 424 
1.30 ....... ... . . 117 87 550 70·5 -·10 -·30 418 
1.45 ........... . 106 87 540 70·5 -·10 -·30 508·5 
2.00 ....... . .... 110 87 510 70·5 -·10 -·30 428 ·5 
2.15 .. . .. ....... 113 88 475 70·5 -·10 -·35 464 
2.30 ............ 94 87 440 70·5 -·10 -·25 365 
2.45 .... ...... .. 110 87 530 70·5 -·10 -·30 380 ·5 
1.00 .... .. ...... 115 87 530 70 ·5 - ·10 -·30 275·5 
1.15 ............ 117 88 570 70·5 -·10 -·30 475 
1.30 ............ 118 88 550 71 -·10 -·30 543 
1. 45 ..... . ...... 116 88 480 71 - ·10 -·30 431·5 
2.00 .. . ........ . 120 88 510 71 - ·10 -·25 366 
2.15 .... . ....... 112 88 550 71 -·10 -·35 512 
2.30 .... . . . ..... 120 88 685 71 -·10 -·35 510 
2.45 . . . . ....... . 123 88 730 71 -·10 -·35 528 
3.00 ...... . ..... 115 88 580 71 -·10 -·30 530·5 
3.15 ............ 116 88 600 71 -·10 -·30 440·5 
3.30 ............ 100 88 510 71 - ·10 -·25 494.5 
3.45 .......... .. 116 89 510 71 -·10 - ·25 389 
4.00 ......... ... 122 90 480 71 -·10 -·30 411 
4.15 ............ 122 88 585 70·5 -·10 -·35 429·5 
4.30 .. .. ........ 121 88 580 71 -·10 - ·35 507 
4.45 . . ... ... . ... 102 88 540 71 -·10 -·30 515·5 
5.00 . ........... 122 88 525 71 -·10 - ·30 437.5 
5.15 ........... . 107 88 600 71.5 -·10 - ·25 439·5 
5.30 ....... . ... . 92 89 490 71 -·10 -·25 357.5 
5.45 .... ........ 117 88 535 71·5 -·10 - -30 315 
6.00 ............ 123 88 635 71·5 - ·10 -·25 564·5 
6.15 ....... ... ... 112 87 580 71 -·10 -·25 460·5 
6.30 . .... ....... 122 87 620 70 ·5 -·10 -·30 526·5 
6.45 ............ 105 87 650 70 -·10 - ·20 429 

112-5 86·7 541 70·6 -·10 -·30 17,405·5 net 



Date-Aug. 23, 1907. 
Commenced-8.45 a.m. 
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SUMMARY OF OBSERVATIO IS 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill Univer.·ity. 
Duration-600 mins. 

1. Method of stoking ... ............... . ........ . Hand-spreading on alternate sicles 
2. Kind of draft . .. .... . . . ..... . . .. .... . .... . ......................... . .. Natural 
3. Condition of boiler and date of last cleaning . ..... ..... ... . .......... . ... . 

. . . . . . . . . . . . . . . . . . Thoroughly cleaned June, 1907. Fresh water, August 17. 
4. Tubes cleaned ..... . .......................... . ........... . ......... 7 .45 a.m. 
5. Fire cleaned .................. . . . ....... . ...... 7.30 a.rn., 12.30 and 5.30 p.m. 

FuEL. 

. {No. 215 Port Hood Colliery, Richmond Ry. 
6. Kind of coal. · · · · · · · · · · · · · · · · · · Coal Co. Over i " shaking screen and picking belt 
7. Analysis of dry coal by weight (%) C=68·7, H=4·4, S =6·7, N =0·6, 0 =8· 7, 

............. . ................ . ............. .. .. . .... . . "' .... Ash=l0·9 
8. Calorific value of dry coal B.T.U. per lb .. . . . ...................... ...... . 12550 
9. Moisture in coal as fired (%) .......................... . .... . ........... . .. 5 · 5 

10. Weight of coal fired (lbs.) ................ . ....... . .. . .................... 3508 
11. Combustible matter in ash and clinker (%) ................................. 13 · 2 
12. Weight of clinker (lbs.) ....... . ................. . ....... ... ...... .. ....... 174 
13. Weight of ash (lbs.) ........... . .......... . ............ . .. .. .............. 147 

Arn AND FLUE GAs. 

14. Air pressure under fire (inches of water) ........................ . .......... - · 01 
15. " above lire " . . . ... . . . .. ... . .... ..... . .. . .. ..... - · 23 
16. " _ at <lamper " ......... . ....... ... .. . ........... - · 30 
17. Amount of damper opening .... . ... .... ........ ... .. ...... ..... ..... .. Varions 
18. Temperature of air in boiler house (°F.) ... . ... . ..... . .................. .. . 86·7 
19. Flue temperature (°F.) ................. ... . .... ... ...... . .............. . 541 
20. Analysis of dry flue gas by volume (%) .. C0,=8·7, 02=10·0,C0=0·3,N,=81·0 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ....... ... . . . . . . . . . ... .. ....... .... .. .... 70. 6 
22. Total weight of feed water, corrected for difference of level (lbs.) ..... . . ....... 17405 
23. Water level in gauge at start (inches) . .. .... ............................... 3 ·A 
24. Water level in gauge at finish (inches) ......... ........ . .............. . .... 3 tt 
25. Correction for difference of level included above (lbs.). . . . . . . . . . . . . . . . . . . . . . 76 
26. Steam pressure by gauge (lbs. per sq. in.) . . ...... ......... .. ............. 112 · 5 
27. Barometer reading (inches) ................... . ........ . . . ... . .......... . 29 · 87 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in .) ............... . ..... 20. 4 
29. Temperature in steam calorimeter (°F.) . .... . ... . ...... . ................ 291·9 

Notes. 
Air a?mitted over fire througbout trial. St.enm blown under grate tbrougbout trial. Clinker friable 

removed w1tbout d1fficulty. Weatber fine and sti ll. · 
. { Fixed carbon . . . . . . . . . 51 · 2 

Pro:omate annlysis of dry coal by weigbt % x~~~til:.~a~te:.·.·.·.·.: . r~ : ~ 
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SUMMARY OF RESULTS 

Made on No. 2 B. and W. Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 215. Kind of Furnace-Fixed bars, 30% air space. 
Method of Start!ng and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29·96. At finish-29·78. Mean-29·87. 

ToTAL QuANTITIES. 

1. Date of trial. ......................................................... 23/8/07 
2. Duration of trial (hours) ........ ................ . .......... . ............. 10 ·OO 
3. Weight of coal as fired (lbs.) ....... . .... . .... . ............................ 3508 
4. Percentage of moisture in coal as fired ( %) ............... . ......... ..... ... 5 · 5 
5. Total weight of dry coal fired (lbs.) ........................................ 3315 
6. Total ash and refuse (lbs.) ................... . ..... . ...................... 321 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 12·6; (b) weighed ... 9·7 
8. Total weight of combustible consumed, from analyses (lbs.). • .. .. .. ...... .... 2898 
9. Total weight of water fed to the boiler, corrected for di.fference of level (lbs.) ... 17405 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) . .................. . ............ 17215 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20575 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) ........ . ........... . ............... . ~ ........ 331 
13. Dry coal per square foot of grate surface per hour (lbs.) ...................... 19 · 7 
14. Water evaporated per hour corrected for quality of steam (lbs.) . ........... 1721·5 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ................ 2057 · 5 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . ..... .. ... .... .................. . ... . ........ . .. 3 · 22 

A VERA GE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs./sq. in.) ..................................... 112·5 
18. Temperature of feed water entering boiler (deg. F.) ................... . ...... 70 · 6 
19. Temperature of escaping gases from boiler (deg. F.) .... . .................... . . 541 
20. Pressure of draft between damper and ash-pit (ins. of water) . . ................ 0·20 
21. Percentage of moisture in steam ........................................... 1·0 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) .................................... 59 · 5 
23. Builders' rated horse-power .... . . . ............. ..... ....................... 60 
24. Percentage of builders' rated horse-power developed . ...... .... ........... . .. .. 99 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as .fired 
(Item 9 +Item 3) .................................................... 4·97 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11+Item3) 5·85 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 · 20 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) . . ............. . . .. ..... .. ......... ... .. . . . ..... . .. 7 · 10 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) . .. ................. . . . ......... 12550 
30. Calorific value of the combustible per lb. (B.T.U.) ........... . ...... . ....... 14100 
31. Efficiency of boiler (based on combustible consumed) (%) ................ . . .48 · 6 
32. Efficiency of boiler, including grate (based on dry coal) (%) ................. . 47 · 7 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ........... . ............ 27 · 6 
34. " " of combustible consumed (from gas analyses) (lbs.) ........ 21·7 
35. " " dry coal (from gas analyses) (lbs.) ........................ 19·0 
36. Proportion of heat of fuel in escaping dry flue gases (%) ................... . . 16·5 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 4. 

Date--July 10, 1907. Trial Number-G.C.T. 10 . 

OBSERVATIONS OF GENERAL CO DITIO S. 

Notes. 
Weather fine and still. Grill in fire door full open. Coal in lumps from 6' downward. 

TiJne. 
a.m . 

7. 30 Fire deaned and started firing with No. 4 coal. Pressure, 65 lbs. 
8 . 15 Tubes cleaned. 
8. 35 Trial started. Fire 2• thick well burnt through. 
9. 50 Fire 8" thick. 

12 . 25 Fire cleaned. 197 lbs. of clinker and cinclers removed with man y pieces of burnt 
stone. Clinker thick, viscous, porous, friable. 

5. 30 Fire cleanecl. 220 lbs. of clinker, cinders removecl. 
6. 38 Trial stopped. Fire very sllnilar to start. 75 lbs. of ashes rakecl from pit. 

Blow-off cock examined and found tight. 

CLINKER AND AsH. 

417 lbs. clinker. 
75 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 10. 

Time. 

St art 8 . 35 a.m. 
8 .38 . .. .. . . ........ . . . 
9.04 ...... ....... .... . 
9.27 ................. . 

10 .04 ........ ' ....... . 
10 .35 ........... .. .... . 
11.10 . ..... . ... . . . .. . . . 
11.50 .. . ... . .. ... .. . .. . 
12.12 . ........ . ... . .. . 
12 .38 ....... . ... . . .... . 
12 .50 . . ....... '' ... . ' .. 

1 . 26 .... ' . .... . .. . . .. . 
1 . 53 ... ... ........... . 
2.20 ......... .. .... . .. 
2.50 ........ . .. . . . . . 
3. 20 . ' ........ . .. . ... . 
3 .47 ...... . ..... . ... . 
4 . 10 .... . ........... . 
4.36 . . .............. .. 
5.40 . . . .............. . 
5.50 .... . . . ....... . 
6 . 38 ................. . 

83-6 

Weight of coal 
fired. 

Time Composition of flue gases 
of by volume, pcr cent. 

---~----I sampling _ ----.---~---

During 1 Total. g~e~. CO. \ O, \ 
in terval. 

95 
176 
172 
188 
212 
157 
158 
160 
145 
174 
175 
173 
186 
180 
180 
177 
154 
174 
174 
165 
184 

95 
27 1 
443 
631 
843 

1000 
1158 
1318 
1463 
1637 
1812 
1985 
2171 
2351 
2531 
2708 
2862 
3036 
3210 
3375 
3559 

8.45 
9 .15 
9.45 

10.15 
10.45 
11 . 15 
11.45 
12 . 15 
12 .45 

1.15 
1. 45 
2.15 
2.45 
3.15 
3.45 
4.15 
4 .45 
5 . 15 
5 .45 
6.15 

8·2 
9·0 
9·2 
8·2 
8·6 
9·6 
9.4 

11·8 
10.3 
10·0 
8·7 

10·8 
11·4 
12·3 
11·2 
10·6 
10 ·4 
10·5 
9 ·1 

11.0 

10 

5·8 
10·7 
10· 2 
11·6 
11 ·3 
9.7 

10·4 
7·6 
5.9 
9 .4 
9 .5 
4.4 
7.9 
4.9 
7·0 
8·2 
8·9 
9 ·0 
8·5 
8·4 

8·5 

CO 

3.5 
O·O 
O·O 
O·O 
O·O 
O·O 
O·O 
O·O 
2·7 
O·O 
0·9 
3·6 
O·O 
1·5 
0·5 
O·O 
O·O 
O·O 
0·7 
O·O 

0·7 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 10. 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F . water. apparently 
evaporated 

Time. in 
lbs. Flue At intcrvnl. 
per Boiler gases at Feed In entrance Ibo . 

sq. in. room. entrance Water. ash-pit. to flue. 
to flnP. 

8 .35 ............ 110 83 440 67·5 -·02 -·30 . .... ....... 
8.50 .. . ......... 114 83 435 67·5 -·02 - ·25 259 
9.05 ... .. ..... .. 111 84 455 68 -·02 -·25 552 
9.20 ....... ..... 107 85 460 68 - ·02 -·30 540·5 
9.35 ............ 111 86 440 68 -·02 -·25 449 
9.50 ......... ... 114 88 430 68 .5 - ·02 -·25 472 

10.05 . ....... . . .. 113 88 440 68·5 -·02 -·25 442 
10.20 . .. . . . ...... 109 88 440 69 -·02 -·25 455·5 
10 .35 .... . .. . .... 112 89 435 69 -·02 -·30 444.5 
10.50 ........ .. .. 110 90 435 69 - ·02 -·25 411 
11.05 ........... . 112 90 455 69 - ·02 -·25 407 
11.20 . .. . .... .. .. 110 90 460 69 -·02 - · 20 438 
11 . 35 . ... .. ... . .. 105 90 480 69 -·02 -·25 453 
11.50 ............ 108 88 445 69 -·02 -·25 386 
12 . 05 . . ......... . 118 88 430 69 -·02 -·20 356 · 5 
12 . 20 .......... . . 115 86 510 69·5 -·02 -·30 376 ·5 
12 . 35 ............ 119 92 500 69·5 - ·02 -·30 372·5 
12 .50 ...... . . .. . . 118 87 495 69·5 -·02 -·30 457 
1.05 . ... . .. ..... 120 86 490 70 -·02 -·30 591 
1.20 ... ... ... .. . 116 85 515 70 -·02 - · 30 522 
1.35 ... . .. . ..... 114 86 430 70 -·02 -·30 578 
1.50 ............ 116 86 460 70·5 -·02 -·20 296 ·5 
2 . 05 .... . . . ... . . 116 86 490 70 - · 02 - · 25 548 
2.20 .... . . . .... . 107 87 505 70 - · OO -·20 431·5 
2 . 35 ... . ...... . . 117 87 575 70 · 5 -·OO -·25 523 
2 .50 ........ .... 110 86 530 71 -·02 -·20 508 
3 .05 .... ... . .... 117 87 535 71 - · O - · 20 419 
3.20 ....... .... . 110 88 500 71 -·O -·25 565·5 
3.35 ........ .... 116 86 490 71 -·02 - ·25 352·5 
3 .50 .. . . . ..... . . 117 88 545 71 - · 02 - · 25 495·5 
4.05 ....... . . . .. 108 88 505 71 -·O --25 580 
4 .20 .. . ......... 114 88 510 71 -·O -·25 428 
4 .35 .. .. ........ 110 88 500 71 - · O -·25 509·5 
4 .50 ............ 114 88 495 71 - · O -·25 403 
5 .05 ...... .. . ... 115 88 525 71 -·02 -·25 466 · 5 
5 . 20 .... .. ... . .. 120 88 490 71 - ·O -·25 376 
5 . 35 . ........... 110 94 520 71 -·O -·20 499 
5 . 50 . . .... . . . .. . 113 87 445 71·5 -·O - ·25 161·5 
6.05 ...... ...... 120 86 550 71·5 -·O - · 30 479.5 
6.20 ... .... ~ .... 114 86 575 70 ·5 -·O -·30 597 
6.38 . .. ........ . 107 86 550 71 -·O -·30 720 

113 · 1 87·3 486 69 ·9 -·01 -·25 18,271·5 
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SUMMARY OF OBSERVATIONS 

Date-July 10, 1907. 
Co=enced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.38 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking ... .... . ....... . ...... . . · ... . Hand-spreading on alternate sides 
2. Kind of draft .. .. . ..................................... ... .. . . .. . . ... . Natural 
3. Condition of boiler and date of last cleaning ....... Thoroughly cleaned June, 1907. 

Fresh water, July 4. 
4. Tubes clearied .... .. ...... . . . ...... . .. .. ............................ 8.15 a.m. 
5. Fire cleaned .... . ................ ... .. .. ........ 7 .30 a.m., 12.25 and 5. 30 p.m. 

FUEL. 

. {No. 4, Six foot seam, Vale Colliery, Acadia 
6. Kind of coal. · · · · · · · · · · · · · · · · · · · · · · · · Coal Co., Over i" screen and picking belt. 

· · h (01) {C=68· 0, H=4·2, S=l·O, 7. 

8. 
9. 

10. 
11. 
12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 

Analys1s of dry coal by weig t 10 •. .... ...... • • . · · · N = 1 . 8 o = 7 . 7 Ash = 17. 3 
Calorific value of dry coal B.T.U. per lb .. .. .... . ............ ' ... . ... '. ..... 12020 
Moisture in coal as fired (%) ............. .. ............ . ...... . ........... 2 · 8 
Weight of coal fired (lbs.) . . ... . ............. . . ... ......................... 3559 
Combustible matter in ash and clinker (%) ........... .. ........ ....... ..... 16 · 4 
Wcight of clinker (lbs.) ............... . ... .. .......... ..... ..... . ..... . ... 417 
Weight of ash (lbs.) ....... . . ... . . . ..... . .... . . ... . . . .. ... .. . . .... . . ....... 75 

Arn AND FLUE GAs. 

Air pressure under fire (inches of water) ............... . ............ ... .. . -0 · 01 
•· abovefire" " .. .. ...... ... . ....... . ....... . .... -0·19 

at <lamper .. . . . ...... . .. . ... . .... . ... .. .... -0 · 25 
Amount of dam per opening . . ........... . .... . . . ..... . ... . . .... . . . .... V arious 
Temperature of air in boiler house (°F.) .. ..... .... . . . . ........ .. . .... ...... 87 · 3 
Flue temperature (°F.) .. ... ... . ... ...... . . . ................ ...... ........ 486 
Analysis of dry flue gas by volume (%) .. C0,=10·0, 02=8·5, C0=0·7, N,=80·8 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ... ............................ ... .... .... 69·9 
22. Total weight of feed water, corrected for difference in level (lbs.) ... . ......... . 18271 
23. Water level in gauge at start (inches) .......... . ........................... 4-il; 
24. Water level in gauge at finish (inches) ........................... . .. . . . ....... 4 
25. Correction for difference of levcl included above (lbs.) . ... . . . . ................ 9 · 5 
26. Steam pressure by gauge (lbs. per sq. in.) ....... ..... .......... ... . ....... 113·1 
27. Barometer reading (inches) ................. ........... . . . . . ..... .. . . .... 29 · 625 
28. Pressure in steam calorimeter by gaugc (lbs. per sq. in.). . .. . ....... 13 ·9 
29. Temperature in steam calorimeter (°F.) . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 276 

Notes. 
. Air a.dmitted over fire throughout trial. Clinker thick , viscous, porous, and friable, containcd many 

p1eces of burnt stone. Weather fine and still. 

f Fixed carbon . . . . . . . . . 50 · 6 
Prox.imate annlysis of dry coal by weight (%) Volatile matter ....... 32 · 1 

lAsb .. ... ............ 17 ·3 



84 

SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill niversity. 
To Determine quality of Coal. 
Kind of Fuel-No. 4. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Smface (sq. ft.)-639 . 

Superheating Smface (sq. ft.)-Nil. 
Barometer at start-29·60. At finish-29·65. Mean-29· 625. 

TOTAL QUANTITIES. 

1. Date of trial. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... . ... . ... ... .. 10; 7 / 07 
2. Duration of trial (ho ms) .... . . ... ..... . .. . ... ........................... 10 · 05 
3. Weight of coal as fired (lbs.) ... .. .... .. . . . .......... . ..................... 3559 
4. Percentage of moisture in coal as fued (%) .... ... ... . . . . ... .... .. ........ . 2· 
5. Total weight of dry coal fired (lbs.) . . . . . ... .. .. . . ...... ....... ..... ...... 3,458 
6. Total ash and refuse (lbs.) . ..... . .. . . .. . ....... . ............ . ............. 492 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 20 · 7; (b) weighed . 14· 3 
8. Total weight of combustible consumed, from analyses (lbs. ) . . ................ 2744 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. .. 182il 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ......................... ..... ... 180ï0 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ... . .. . 21500 

HoURLY QuANTITIES. 

12. Dry coal fired per hom (lbs.) .. .... ... . .. .... ... ....... . . .. . ... . . ... .. . .... 296 
13. Dry coal per square foot of grate smface per bour (lbs.) . .. ... . .. ... .......... 17 · 6 
14. Water evaporatcd per hour corrected for quality of steam (lbs.) .... . ........ .. 1798 
15. Equivalent evaporation per bour from and at 212° F. (lbs.) . . .......... . . . .. .. 2140 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ..................................... . ... . ....... 3 · 35 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressme by gaugc (lbs. / sq . in.) . . ....... .. ............ . .... 113·1 
18. Temperature of feed water entcring boiler (deg. F.) .. ..... . ..... ... ... ....... 69 · 9 
19. Temperature of escaping gases from boiler (deg. F.) ..... .. . ... .... ... ... . . . ... 486 
20. Pressure of draft between <lamper and ash-pit (ins. of water) ... . .............. 0 · 24 
21. Pcrcentage of moisture in steam .................................... ..... . . 1 ·0 

HORSE-POWER. 

22. Horse-power cleveloped (Item 15+34!) ............. . ....... .. . ............ 62· 0 
23. Buildcrs' rated horse-power. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 · 0 
24. P<'rcentage of builders' ra ted horse-power developed. . . . . . . . . . . . . 103 

EcoNOMIC RESULTS . 

25. Water apparently evaporntccl w1der actual conditions pcr lb. coal ati fired 
(Item 9 +Item 3) ............................................... . . ... 5 · 1;$ 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 · 04 
27. Equivalent evaporation from and at 212° F. pcr lb. of dry coal (Item 11 +Item 5) 6 · 23 
28. Equivalent cvaporation from and at 212° F. per lb. of combustible consuP1ed 

(Item 11 +Item 8). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ï · d 

EFF1crnxC"Y . 

29. Calorific value of dry coal pcr lb. (B.T. U.) ......... .. ....... .... ... . . .. ... 12020 
30. Calorific value of the combustible per lb. (B.T.U.)................... 14550 
31. Efficiency of boiler (based on combustible consumed) (%) . . . . . . . . . . . . . . 52·0 
32. Efficiency of boiler, including grate (based on dry coal) (o/c) ...... . ...... .... 50·0 

FLi::E CASES. 

33. Dry flue ga es per lb . carbon (from gas analyses) (lbs.) . . . . . . . . . . . . . . . . . . . . . :.?:J • 4 
34. " " of combust ible consumcd (from gas analyses) (lbs.) . 20· I 
35. •; ·• dry coal (from gati analyses) (lbs.). . . . . . . . . . . . . . . . . . . 15 · 9 
36. Proportion of heat of fuel in rscaping dry flue ga.es (%) ............... .. ... 12· 1 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 204. 

Date-July 8, 1907. Trial No. G.C.T. 9. 

Time. 
a.m. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
B. and W. No. 1 boiler working. Weather warm and still, turning to wet at noon. 

7. 30 Fire thoroughly cleaned and remade with No. 204 coal. Pressure, 50 lbs. 
7. 53 Tubes cleaned. Pressure, 120 lb . 

. 37 Trial started. Fire 2" thick well burnt through. 
9 .12 Fire 5" thick. Coal docs not appear to cake, but burns with much flame. 
9 . 45 Air admitted above fire. 

12. 25 Fire cleaned. 147 lbs. of ashes, cinders, and clinker removed. The latter formed 
about 50% of whole and was porous, viscous, and whitish in colour. 

5. 30 Fire oleaned. 115 lbs. of ashes, cinders, and olinker removed. 
6 . 37 Trial stopped. Fire very . imilar to start. 7 4 lbs. ashes raked out of pit. 

CLINKER AND AsH. 

262 lbs. clinker. 
74 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 9 

W eight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

l 1 

Du ring Total. gases. co. o. CO 
interval. --

tart 8 . 37 a.m . 
. 53 .. . . . . . . . . . . .... 177 177 8 .45 10·8 5·6 1·7 

9. 12 . . . . . . . . .. .... .. . . 173 350 9 .15 8·6 6·4 3·6 
9 .37 . .......... .. ... .. 192 542 9.45 10 .6 7 .7 0·2 

10 .25 ........... . . ... .. 202 744 10 .15 12 ·3 7·2 O·O 
11 .03 .. .. .. . .. ...... . .. 184 928 1045 12·4 5·8 1·0 
11 .25 . .... . . . ... . .... .. 141 1069 11 .15 12·5 6·8 0·1 
12 .03 . . ........ .. ... . . . 183 1252 11.45 12·6 6·6 O·O 
12.40 ..... . . . . ...... . . . 195 1447 12 · 15 7.3 13·2 O·O 
12.55 .. ... .. .... . .... . . 176 1623 12·45 8·6 9.3 0·2 
1.29 . . . . . . . . . ........ . 160 1783 1.15 10·0 9.3 0·1 
1.55 .. " ... . . . . ... . . . . 182 1965 1. 45 11·4 8·4 O·O 
2. 40 . ..... . . . . . . . . . . . . 171 2136 2. 15 10·6 9·1 O·O 
3. 14 . . . . . ... . .... . .. . . 180 2316 2.45 11 ·0 8·7 O·O 
3 .38 ..... " .. . ... .. .. . 152 2468 3.15 14·6 4·2 0·6 
4 .20 . . . . ... .. . ... . ... 186 2654 3 .45 11·9 4·1 3·0 
4 .55 ....... ..... . . . . . . 165 2819 4 . 15 12·7 6-6 O·O 
5 .20 . . . . . . . . . ........ 160 2979 4.45 11·2 8·4 O·O 
543 . . . . . . . .......... 155 3134 5. 15 15·6 2·6 0·4 
G.03 . .. . . ...... ' .... . . 174 3308 5 .45 10·9 8·1 O·O 
6.37 . . . ......... . . 83 3391 6.15 11 ·8 7·6 0 -0 

11 ·4 
1 

7.3 
1 

0 ·5 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 9 
.. -·~--~ --

Steam Draft pressures, 
pressure T emperatures inches of Water 

gauge. • F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. -per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.37 ............ 103 88 480 67·5 -·02 -·30 ......... ... 
8.51 ............ 115 90 463 68 -·02 -·30 432 
9.05 .......... . . 115 90 455 68 -·02 -·30 507·5 
9.20 .......... .. 107 91 440 68·5 - ·02 -·30 520 
9.35 ....... ..... 102 91 470 69 -·02 -·30 589 
9.50 ............ 97 92 445 69 -·02 -·15 509 
0.05 . .. ....... .. 102 93 440 69 -·02 -·20 537 
0.20 . .. ...... ... 115 94 465 68·5 -·02 -·15 421 
0.35 ... .. . . ..... 110 95 440 68·5 -·02 -·20 455 
0 . 50 .... .. ...... 110 95 470 67·5 -·02 -·15 399 
1. 05 ............ 107 94 485 68·5 -·02 -·20 434.5 
1.20 . . .......... 111 94 490 69 -·02 - · 15 460 
1.35 . . . .. .... ... 112 93 485 69 -·02 -·20 348 
1.50 ... . ....... . 110 95 575 69 -·02 -·35 444 
2 .05 ............ 111 93 575 69 - ·02 -·30 551·5 
2 . 20 ......... ... 105 92 500 68·5 -·02 -·30 578 
2.35 ............ 115 94 445 69 -·02 -·20 172 
2.50 . . .......... 116 91 420 68·5 -·02 -·20 367 
1.05 ............ 110 91 445 69 -·02 -·22 547 
1.20 ........... . 120 90 495 70 -·02 -· 25 306·5 
1 . 35 . ... .. ... . .. 112 90 500 70 -·02 -·20 542·5 
1 .50 . .. .. ... .... 113 90 500 71·5 -·02 -·20 493.5 
2 .05 ............ 114 88 475 71.5 -·02 -·20 439.5 
2.20 . . . ... . . .. . . 114 88 510 70 -·02 - · 20 449.5 
2.35 ............ 116 85 515 70·5 -·02 -·20 507 
2 . 50 . ........... 110 84 490 70·5 -·02 -·25 585·5 
3.05 .... . ...... . 112 85 525 71· -·02 -·20 425·5 
3 .20 . . ... . ...... 116 86 540 71·5 -·02 - ·20 622 
3.35 ............ 112 86 530 71.5 -·02 - ·20 517 
3.50 ...... . ... . . 116 85 545 71.5 -·OO -·20 401·5 
4.05 .. . ......... 107 84 520 71.5 -·OO -·20 550·5 
4 .20 ............ 116 84 505 71. -·02 -·20 354.5 
4.35 .... . ... .. . . 109 84 480 70·5 -·02 -·20 476·5 
4 . 50 .. . ......... 110 86 480 71 -·02 -·20 440 · 5 
5 .05 ........ . .. . 115 88 515 71 -·02 -·20 349 
5 .20 .... . ....... 114 85 655 71·5 -·02 - .35 551 
5.35 . .......... . 88 91 510 71 . 5 -·OO - ·25 193 ·5 
5.50 ............ 115 82 565 71·5 - ·OO -·30 344 
6.05 .......... . . 111 83 530 71 -·OO -·30 557 
6.20 ............ 110 82 580 71 -·OO - ·25 425· 5 
6.37 ........ .... 111 82 485 71 . 5 -·OO - · 20 542·5 

110 ·6 89· 49!) 69·9 - ·02 -·23 18,257 net 
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SUMMARY OF OBSERVATIONS 

Date-July 8, 1907. 
Commenced-8.37 a.m . 

Boiler-B. and W. 
Ended-6.37 p.m. 

o. 2. At McGill University. 
Duration-600 mins. 

GENERAL. 

1. Method of stoking .............. . .. .. ......... Hand-spreading on al terna te sides 
2. Kind of draft ......................... . . . ....... . ...... ... ........ . ... Natural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1907. 

Fresh water, J uly 4. 
4. 'l'ubes cleaned ........... . . . . . . . ...... . . . ........... . ............. . . 7 . 53 a.m. 
5. Fire cleaned ...... . ...... .. .......... .. ... . ..... 7. 30 a.m., 12.25 and 5 . 30 p.m. 

FlJEL. 

6 Ki d f 1 f No. 204. Six foot · seam, Vale Colliery, Acadia Coal Co. 
· n ° coa · · · \(Over t • screen and picking belt). 

7. Analysis of dry coal by weight (%), C=71·7, H=4·2, S= l ·O, N=l·7, 0=8·8, 

8. 
9. 

10. 
11. 
12. 
13. 

Ash=l2·6. 
Calorific value of dry coal B.T.U. per lb . .... ...... . ........ . ... . ......... 12760 
Moisture in coal as fired (%) . ................... . . . .......... . .......... . 3·9 
Weight o! coal fired _(lbs.) ....................... . . .. . . .. ... . ... .... . : . ... 3391 
Combustible matter in ash and clinker (%) . .. . . . .... . . ........ . ............ 14·3 
Weight of clinker (lbs. ) ................................................ . .. 262 
Weight of ash (lbs.) ..... . .... . ...... . . . . . .... .. .. . ... .. ..... . . . ...... . ... . 74 

AlR AND FLUE GAS. 

14. Air pressure under fire (inches of water) . ....... .... ..... . . ... ............ -0 · 02 
15. " above fire •· " .......... . ..... . ................. -0· 17 
16. atdamper ... . . . ..... . ........ ... .. .... . ... -0·23 
17. Amount of damp~r opening ................ . ............... .. .......... Various 
18. Temperature of air in boiler house (°F.) . . ... ... ...... . . ... . .. ....... .. .. .. ... 89 
19. Flue temperature (°F.) . . ....... .. .................. . ..... . ......... . ..... 499 
20. Analysis of dry flue ga,s by volume ( %) , CO,= 11·4, 02 = 7 · 3, CO = 0 · 5, N, = 80 · 8 

WATER AND STEAM. 

21. Temperature of feed water (°F.) .......... .... ... . .... . . .. ...... . ......... 69·9 
22. Total weight of feed water, corrected for difference of level (lbs.) .............. 18257 
23. Water level in gauge at start (inches) ....... . ............... . .. . ............ 41-
24. Water level in gauge at finish (inches) ..... .......... ...... . ....... . . . ..... . 5 i\ 
25. Correction for difference of level included above (lbs.) ...... .. . .. ... ... ...... 66. 5 
26. Steam pressure by gauge (lbs. per sq . in. ) ................................. 110· 6 
27. Barometer reading (inches) . . ........... .. ...... . .... . ............ . ...... 29. 58 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) . . . . . . . . . . . . . . . . . . .. 8. 3 
29. Temperature in steam calorimetcr (°F.) ......... . ..... . .................... 238 

Notes. 
. Air admitted over fir.e from 9.45 a.m. to close. Clinker porous, viscous, and friable when cold, whilish 
in colour. Coal burned ~rith much fiame. Weather warm and still, turning to rain at noon. 

{
Fixed carbon ... . ..... 54·2 

Proximate analysis of dry coal by weight % Volatile matter ....... 33·2 
Asb ....... . ......... 12·6 



88 

SUMMARY OF RESULTS 

Made on B. and W. o. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 204. !Gnd of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 64. At finish-29 · 51. Mean-29 · 5 . 

TOTAL QuANTJTJEs. 

1. Date of trial. ................. . .. .. .................................... 8/7 /07 
2. Duration of trial (hours) ......... . . . ......... . . . ... .... . . ............... 10 ·OO 
3. Weight of coal as fired (lbs.) .... ........ ... . . . .... . .. .... .. .... . ..... .... . 3391 
4. Percentage of moisture in coal as fired (%) ........... . ............. . . . ..... 3 · 9 
5. Total weight of dry coal fired (lbs.) . .. . .. ... .... .......... ....... .. ........ 325 
6. Total ash and refuse (lbs.) .... ... ............................ ... ... . ...... 336 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 14 · 7; (b) weighed 10 ·3 
8. Total weight of combustible consumed, from analyses (lbs.) . ... . .. ........... 2780 
9. Total weight of water fed to the boiler, corrected for clifference of level (lbs.) ... 18257 

10. Equivalent water evaporated into dry steam from actual feed water tem-
perature and boiler pressure (lbs. ) .... . ....... . .... .. ..... .... . . ..... 17760 

11. Equivalent watt>r evaporated into dry steam from and at 212°F. (lbs.) ....... 21140 

flOURLY QUA ' TITIES . 

12. Dry coal fired per hour (lbs.) . ..... ....... ... .... .. . . .................... 325 · 8 
13. Dry coal per square foot of grate surface per hour (lbs.) .. . . . ....... .. .. . . .... 19 · 4 
14. \Vater evaporated per hoW" correctecl for quality of steam (lbs.) ...... ... ..... 1776 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2114 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .................................... -. ............ 3 · 31 

A VERA GE PRESSURES, TEMPERATURES, ETC. 

17. Steam presslli'c by gauge (lbs. / sq. in.) . .. . ................ ..... .... ...... 110·6 
18. Temperature of feed water entering boiler (deg. F.) .. . ................ ....... 69 · 9 
19. Temperaturn of escaping gases from boiler (deg. F.) .. ................ . ........ 499 
20. Pressure of draft between clamper and ash-pit (ins. of water) ..... ..... . ....... 0 · 21 
21. PC'rcentage of moisture in steam. . . . . . . . . . . . . . . . . . . . . ................ 4 · 0 

HonsE-POWER. 

22. Horse-power developcd (Item 15 + 34~) . . . . . . . .................. ... 61·3 
23. Builders' rated horse-power ... . ....................... . . ... ................ 60 
24. Percentage of builders' rated horse-power devcloped .......................... 102 

EcoNOMIC REsULTS. 

25. Water apparently evaporated uuder actual conditions per lb. coal as fired 
(Item 9 +Item 3) ... . .. .... ................. ...... ................... 5 · 38 

2t1. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 · 24 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6· 49 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumcd 

(Item 11 +Item 8) .. . ................................................ 7 · 60 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T. .) . . ....................... 12760 
30. Calorific value of the combustible per lb . (B.T.U.) .......................... 14600 
31. Efficiency of boiler (based on combustible consumed) (%) ................... 50 · 2 
32. Efficicncy of boiler. including grale (based on ùry coal) (%) . . . ....... .. 49 · 2 

FLUE GASE';. 

33. Drv flue ga.~ 1wr lb. carbon (from gas analysC's) (lbs.). . . . . . . . ...... 21 · l 
34. · " " of combustible consumed (from gas analyses) (lbs. ) ..... 17 · 7 
35. " " dry coal (from gn.s analy·ses) (lb .) . . . . .. . . 15 · 2 
:m. Proportion of lH'at of fut>l in esc:1pin12: dry Au!' 11'.ases (%)..... . ........... ll·ï 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 16. 

Date-Aug. 19, 1907. Trial Number-G .C.T. 26. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Fine, still weather. No 1 B. and W. boiler working. Robb boiler shnt down. Fresh water Aug. 17. 

Fire 4' to 6' thick throughout. 

Time. 
7. 20 Fire cleaned and made up with No. 16 coal. Pressure, 40 lbs. 
7 .45 Tubes cleaned. 
8. 45 Trial started. Fire 3" thick bw·ning brightly. Pressw·e, 110 lbs. Grill in fire 

door open. 
12 . 20 to 12.28 Ffre deaned. 86 lb . of clinker with some cinders removed. Clinker 

thick and viscous. 
5 . 19 to 5.28 Fire cleaned. 117 lbs. of clinker, ashes, and cinders removed. 
6. 45 Trial stopped. Fire very sim,ilar to start. 83 lbs. of ashes raked from pit. 

Blow-off examined and found tigbt. 

CLINKER AND A sH . 

203 lbs. clinkcr. 
83 lbs. ash. 

RECORD OF COAL CONSUMED DURIKG BOILER TRIAL No. 26 

Time. 

Start 8 .45 a .m. 
9 .15 . . ............. . 
9.35 ........ .. . . ..... . 

10 .01 ....... .... ...... . 
10.45 ................ . 
11. 35 .. .. ........ . .... . 
12 .3 .... .. ..... .. ... . 

1.00 ............... .. 
1.22 ........... ...... . 
2.05 .............. . . . . 
2 . 46 ....... .. ..... .. 
3 .28 .... . ....... . . . .. . 
4 . 21 ...... . .. .. . . .. . . . 
5 . 17 . . .. . .... . .... .. 
5.45 .............. .. . 
6.14 ............... .. . 
6.45 ............... . . . 

Wcight of coal 
fired. 

Timc 
of 

\-~~~~~~~-\ sampling 

1 

flue 
Durinp; Total. gases. 

in1 erval. 

263 263 
178 441 
183 624 
183 807 
205 1012 
185 1197 
178 1375 
173 1548 
158 1706 
197 1903 
206 2109 
183 2292 
171 2463 
187 2650 
184 2834 
109 2943 

9.10 
9.43 

10.10 
10.36 
11 . 07 
11.40 
12.05 
12 .37 

1. 08 
1.40 
2.10 
2 40 
3 06 
3 .36 
4 . 10 
4.36 
5 . 10 
5 .40 
6.05 
G.30 

Composition of flue gases 
by volume, pcr cent. 

co,J~ 1 co 

11 · l 
11· 8 
10·0 
9.3 

10 ·8 
9.5 
8·0 

10·9 
7.4 
9 ·6 
6·7 

11 · l 
9. 
9.7 
6·8 
9·0 
5.4 

10·9 
·'2 

6 · 

7 .7 
7·0 
8·5 
8·9 
7 ·2 
8·3 

11·0 
6·9 

11 ·4 
8·3 

12· 1 
7·6 
8 ·2 
8·8 

13·2 
10·4 
14· 8 
6·9 

11 ·0 
11 ·4 

!) · l 1 9.5 

O·O 
O· l 
O·O 
O·O 
0·2 
0·2 
O·O 
0·2 
O·O 
0· 1 
O·O 
O·O 
O·O 
O·O 
O·O 
O·O 
O·O 
O·O 
O·O 
O·O 

0·0. 



90 

OBSERVATIONS MADE DURING BOILER TRIAL No. 26 

- .. . 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water . apparently 
evaporated 

Time. in 
lbs. Flue At 1 interval. 
pcr Boiler gases at Feed In entrancel lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 .......... . . 110 74 465 70·5 -·05 -·35 . . ..... . ...... 
9 . 00 . .. ..... . . .. 113 74 510 70·5 -·05 -·35 429·5 
9.15 .. . ...... . .. 110 76 610 70 ·5 -·05 -·35 434.5 
9 . 30 ..... . . ..... 107 77 585 70·5 -·05 -·35 609 ·5 
9.45 . . . .. . .... . . 112 79 560 70·5 -·05 -·35 531 

10.00 .. . ......... 119 81 520 70 · 5 - · 05 - · 35 446 
10 . 15 ....... .. ... 114 79 517 70·5 - · 05 - · 35 577.5 
10.30 .. . .... . .. . . 119 79 500 70·5 -·05 -·35 451 
10 .45 ........ . ... 120 80 500 70·5 -·05 - · 35 490 
11 . 00 ... . . . ...... 114 82 500 70·5 -·05 -·35 566 
11 . 15 ............ 118 82 460 70·5 -·05 -·35 402·5 
11.30 ....... . .... 117 83 490 70·5 -·05 -·35 531 
11 .45 .... . .... ... 105 84 465 70 · 5 - ·05 -·35 390 
12 .00 ... . ..... ... 103 83 465 70·5 -·05 - · 35 438·5 
12 . 15 ............ 98 83 435 70 ·5 -·05 -·35 450 
12.30 .......... . . 89 87 425 70 · 5 -·05 - · 35 241 · 
12 . 45 ............ 118 83 475 70·5 - ·05 - .35} 673·5 
1.00 .. . .... . .... 111 83 460 70·5 - · 05 - · 35 
1 . 15 ...... . ..... 110 83 500 70·5 -·05 - ·35 356·5 
1 .30 . ...... ..... 122 83 525 70·5 -·05 -·35 454 
1.45 . .. ....... . . 113 84 500 70·5 -·05 -·35 437 
2.00 . . ...... . ... 119 84 500 71 - · 05 -·35 607·5 
2.15 ..... .... .. . 120 85 500 71 - ·05 -·35 462·5 
2 . 30 ........... . 112 85 500 71 -·05 -·35 520 ·5 
2.45 ............ 105 88 550 71 -·05 -·35 525·5 
3 .00 ...... . ... .. 99 8 550 71 - ·05 - ·35 589·5 
3.15 ............ 108 88 550 71 -·05 -·35 322·5 
3.30 ............ 108 87 550 71 -·05 -·28 565 
3 .45 ......... . .. 118 87 525 71 -·05 -·28 443 
4 .00 .... ... . . . .. 104 87 500 71 -·05 -·28 471·5 
4 . 15 .. . .... . . . .. 109 87 525 71 -·05 -·28 365 
4.30 ............ 119 87 525 71 -·05 -· 28 413·5 
4 .45 ...... . ..... 103 87 525 71 -·05 - ·28 621 
5.00 ... . . . . . . . . . 105 87 475 71 -· 05 -· 28 323·5 
5.15 ....... ..... 110 86 450 71 -·05 -· 28 311·5 
5.30 ... . . . ... . . . 103 89 440 71 - ·05 -· 28 226·5 
5 .45 . .. . . .. .. . .. 119 86 635 71 -·05 -·28 451 
6 . 00 ... .. ..... . . 122 85 550 71 -·05 -·28 463·5 
6.15 ............ 122 87 650 71 -·05 -· 28 533·5 
6 . 30 . ........... 121 86 575 71 -·05 -· 28 477.5 

6.45 . .. . . ....... 123 85 550 71 - ·05 -·28 505·5 

111 ·9 83·7 514 70·7 -·05 -·33 18,091·5 net 
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SUMMARY OF OBSERVATIONS 

Datc--Aug. 19, 1907. 
Commenced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

At McGill University. 
Duration-600 mins. 

GENERAL. 

1. Mcthod of stoking .. . . . .. ... ... ....... ..... ... Hand-spreading on alternate sides 
2. Kind of draft ......... . .. . ................. .. ............ .. ...... . .... Natural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1907 . 

Fresh water, August 17. 
4. Tubes cleaned ............. . ........... .. .. ......................... 7. 45 a .m. 
5. Fire cleaned . . ...... . . . .. .. . . . ................. 7.20 a.m., 12 .20 and 5 . 20 p.m. 

FmJL. 

. {No. 16-Foord seam, Allan Shaft Colliery, 
6. Kind of coal. .......... .. · .. .. ·· .. · · .. Acadia Coal Co. Over picking belt only. 
7. Analysis of dry coal·by weight (%) . .... C =74· 1, H=4·6, S =0· 6, N2= 1 · 9, 0=7 ·5, 

Ash=11·3 
8. Calorific value of dry coal B.T.U. per lb ..... . . . . .............. ....... . . . . 13230 
9. Moisture in coal as fired ( %) .... .. . . . .. ...... . .......... . ... ..... ....... .. 1·8 

10. Weight of coal fired (lbs.) .. .. .. . .. .... . .............................. . . . . 2943 
11. Combustible matter in ash and clinker (%) ..... ... .. .... ........... ........ 12 · 4 
12. Weight of clinker (lbs.) .......... .. ...... ... .......................... . ... 203 
13. Weight of ash (lbs.) .. . . ....... .. . ... .... .. . .. . ..... ... . .. . . .. . .. ....... . . . 83 

Arn AND FLUE GAs. 

14. Air pressure under fire (inches of water) . . ... ........ . . . ... . .... ... . . ... .. -0· 05 
15. " above fire " " ................... .. ............. -0· 26 
16. at damper . .. . ....... .. ... ... ... ... ....... . . -0·33 
17. Amount of <lamper opening ................ . . .. . . . ... . . . ........ . ..... Various 
18. Temperature of air in boiler house (°F.) . .... . .............................. 83 · 7 
19. Flue temperature (°F.).. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 514 
20. Analysis of dry flue gas by volume (%) . .. C02=9· 1, 0 2=9·5, CO =0·0, .N'2=81 ·4 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) . .... .. ..... .... ... . ............... . ...... 70. 7 
Total weight of feed water, conected for difference of level (lbs.) , . . . ... ...... . 18091 
Water level in gauge at start (inches) ... . .. ... .. ....... .... .. . . . . .......... 3 H-
Water level in gauge at finish (inches) ......... . . .. ...... . ......... ....... . . 3 li; 
Correction for di.fference of level, included above (lbs.) ..... .. .............. . . O · 38 
Steam pressure by gauge (lbs. per sq. in. ) ......... . . ........ ..... ..... . .. . 111 ·9 
Barometer reading (inches) ....... . .......... . ................ .. .......... 30. O 
Pressure in steam calorimeter by gauge (lbs. per sq. in .) . . .......... . . . .. . . . . . 20 . 5 
Temperature in steam calorimeter (°F.) ....... . . . .......... . . . .. . . ...... . 290. 7 

Notes. 
Air admitted over lire throughout t rial. Clinker tbick and viscous. Weatber fine and still . 

f Fixed car bon ......... 55 · 4 
Proximate analysis of dry coal by weigbt % i Volatile matter .... . . . 33 · 3 

\Asb ..... ............ 11 ·3 
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SUMMARY OF RESULTS 

Made on No. 2 B. and W. Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 16. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating urface (sq. ft.)-639. 

Superheating Surface (sq. ft .)-Nil. 
Barometer at start-30 · 08. At finish-29 · 72. Mean-29. 90. 

TOTAL QuANTITIES. 

1. Date of trial. .......... . . . ............................. .... ........... lfJ /8/07 
2. Duration of trial (hours) ............... . ......... ... ... . ................ 10. OO 
3. Weight of coal as fi.red (lbs.) .................. . .... . ...................... 2943 
4. Percentage of moisture in coal as fired ( %) ...........•.... . ................ 1·8 
5. Total weight of dry eoal fired (lbs.) ........................................ 2890 
6. Total ash and refuse (lbs. ) ........................ ... ..................... 286 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 12·9; (b) weighed . .. 9·9 
8. Total weight of combustible eonsumed, from analyses (lbs.) . ............ . . . .. 2517 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 18091 

10. Equivalent water evaporated into dry steam from actual feed water tem-
perature and boiler pressure (lbs.) ........................... . ........ 17978 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs. ) . . . ... 21370 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

HounLY QuANTITIES. 

Dry coal fired per hour (lbs.) ................ . . ......... .... . .............. 289 
Dry coal per square foot of grate swface per hour (lbs.) ..................... . 17 · 2 
Water evaporated per hour corrected for quality of steam (lbs.) ............ 1797 · 
Equivalent evaporation per hour from and at 212° F. (lbs.) ...... ..... ....... 2137 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .................. .. ....... . .................... . 3 · 34 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pres~ure by gauge (lbs. l_.sq. in.) . : ..... ... ....... . ................. 111·9 
Temperatme of feed water entenng bm1e1 (deg. F.) .......................... 70·7 
Temperature of escaping gases from boiler (deg. F.) .. . . . ...................... 514 
Pressure of draft between damper and ash-pit (ins. of water) ........... ' ... .. . 0 · 2 
Pereentage of moisture in steam ........................................ .. . 1 · 0 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) ................................... . 61·9 
Builders' rated horse-power .. . . . ... . ..................................... 60 · 0 
Percentage of builders' rated horse-power developed ....... . .. .. ... .... ..... 103 · 2 

EcoNOMIC RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9 +Item 3) .................................................... 6· 14 

Equivalent evaporation from and at 212° F. per lb. coal as fi.red (Item 11 +Item 3) 7 · 24 
Equivalent evaporation from and at 212° F. perlb. of dry coal (Item 11 +Item 5) 7 · 39 
Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item ll+Item 8) .................... .. ............................. 8·49 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.) ............... . ................ 13230 
Calorific value of the combustible per lb. (B.T.U.) .......................... 14920 
Efficiency of boiler (based on combustible consumed) (%) .................... 55 · 0 
Efficiency of boiler, including grate (based on dry coal) (%) ......... .... ..... 53 · 9 

FLUE GABES. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) ........ . . . ............. 27 · 3 
" " of corn bu tible consumed (from gas analyses) (lbs.) ... ... .. 23 · 2 
" . " dry coii:l (from ~as analyses) (lbs.) ... . ............. .. ..... 20 · 2 

Proport10n of heat of fuel m cscapmg dry flue gases (%) ..................... 15·7 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 1 

Date-July 29, 1907. Trial Number-G.C.T. 17 

OBSERVATIONS OF GENERAL CONDITIO S. 

Notes. 
B. and W. boiler No. 1 working . Weather fine and warm 

Time. 
7 . 45 Tubes deaned. 
8.00 Fire cleaned and made up with ro. 1 coal. Pressure, 75 lbs. 
9.10 Trial started. Fire 2!" thick well burnt through. Grill in fire door half open. 

10. 38 Grill closed. 
2. 25 Fire sliced. 
4 . OO Fire sliced. 18 lbs of thick, porous, friable clinker removed. 
5 . 15 Fire sliced. 39 lbs. of clinker removed. 
5.58 to 6 .05 Fire cleaned. 153 lbs. of clinker removed without difficulty. 
7 .13 Trial stopped. Fire similar to start. 79 lbs. of ashes raked from pit. 

Blow-off examined and found tight. 

CwNKER AND AsH. 

210 lbs. clinker. 
79 lbs ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL o. 17 

Wcight of coal 
fire<l. 

Time 
of 

Composition of flue gases 
by volume, pcr ccn t. 

Time. l-----.------I sampling l---.----,---
flue 

Start 9 .10 
9.25 ....... .. ....... . 
9.47 ... .. ....... . .. .. . 

10 . 18 ...... . . .... . .. . . . 
10.47 ... . ........ . .... . 
11.10 ...... .. .... .. .. . . 
12. 05 . . ... . .... . ...... . 

1.00 .. . .. .. ....... ... . 
1 .25. 
2 .09. . ... . .. . 
2 .45 .... . ..... . 
3 . 18. 
4.07 ... 
4 .35 .. 
5.33....... . .... 1 

6.07 .. . . .. ..... . .. . ... 1 

6.50..... . . 1 

7 .13 ... 

Du ring 
int cn·nl. 

182 
170 
181 
162 
155 
152 
163 
159 
185 
154 
169 
1.58 
176 
159 
1 6 
157 
53 

Total. 

182 
352 
533 
695 
850 

1002 
1165 
1324 
1509 
1663 
1832 
HHlO 

·2166 
2325 
2511 
2668 
2721 

gases. co, o, CO 

ISampling doublful 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 17 

-- --~- =--=---== 
Steam Draft pressures, 

pressure Temperatures inchcs of Water 
gauge. o F. water. apparently 

evaporated 
Time. in 

lbs. Flue At intcrval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. aah-pit. to flue. 
to flue. 

9.10 . . . . . . . .. . . . 100 89 450 71.5 - ·O -·25 ..... . .. . . . . 
9.25 ......... . . . 114 90 415 71 -·01 -·25 148·5 
9 .40 . .... . . .... . 118 91 435 70 -·01 -·25 448·5 
9 .55 .. . .... . ... . 110 91 435 70 - ·01 -·25 468 

10 . 10 .. . .... .... . 103 93 450 70 - ·01 -·25 494.5 
10.25 ........ . . . . 116 93 475 70·5 -·01 -·25 487 
10 .40 .. . ......... 115 93 475 71.5 - ·01 -·25 513 
10 . 55 .. . ..... ... . 113 94 465 70·5 - ·01 -·25 532·5 
11 . 10 . . . . .... . . . . 109 94 450 70 -·01 -·25 352·5 
11 . 25 ....... .. . . . 113 95 435 71·5 - ·01 -·25 449.5 
11.40 . . ... ... .... 113 96 430 71 -·01 - · 25 662·5 
11 . 55 . . . . ...... . . 103 95 425 70·5 -·01 -·25 531 
12 . 10 ......... . .. 99 95 410 70 - ·01 -·25 506·5 
12 . 25 . ... . . ... . .. 108 97 425 71 - ·01 - ·25 290 
12.40 ..... . ... . . . 108 98 415 70·5 - ·01 - · 25 382 ·5 
12.55 .. ... . ...... 109 97 425 71 - ·01 -· 25 496·5 

1.10 ......... . .. 104 97 410 70 -·01 - · 25 426·5 
1 . 25 ..... .. . . ... 104 98 415 71 -·01 -·25 481 
1.40 . . . . . ....... 104 99 425 71.5 -· 01 -·25 353.5 
l · 55 .. . . . .. . .. . . 104 98 410 72.5 -·01 -·25 445 
2 . 10 .. . ..... . .. . 98 98 410 72·5 - ·01 -·25 443 
2 . 25 . ..... .. . . . . 118 97 425 71 -·01 -·25 380 
2.40 . . ......... . 122 96 400 71 -·01 -·25 354 
2.55 . . . . .... . ... 114 97 435 71 - ·01 -·25 423 
3 . 10 ........ .. .. 122 97 450 70 · 5 -·01 - · 25 421·5 
3.25 ......... .. . 114 97 440 70·5 - ·01 -·25 480·5 
3 .40 . .. . .. ...... 108 95 454 70·5 - · 01 -·25 407 · 5 
3. 55 .......... . . 118 94 415 70 · 5 - ·01 -·25 403 
4 . 10 .......... . . 109 95 435 70·5 - ·01 -·25 413 
4.25 . . . .... . ... . 108 95 435 70·5 - ·01 -·25 524 · 5 
4.40 .... . ..... . . 112 92 440 70 ·5 - · 01 - ·25 267 
4.55 ....... . . . .. 108 92 420 71 - · 01 -·25 515 
5 . 10 .... .... . ... 112 93 410 71 -·01 - ·25 221·5 
5 . 25 ...... . .... . 104 94 425 70·5 -·01 - · 25 343 
5 .40 . ...... . .... 113 91 410 71 - · 01 - · 25 325 
5 . 55 . .... . ...... 108 92 400 ° 71 - · 01 -·25 333 
6 . 10 ............ 100 98 420 71 -·01 - · 25 226 ·5 
6 . 25 . . . . ........ 107 93 480 71 - ·01 -·25 411 ·5 
6.40 ............ 117 92 516 71 - ·01 - ·25 570 
6. 55 ... . .. . ... .. 117 91 560 71 - ·01 -·25 516 · 5 
7 . 13 ............ 100 91 595 71 - · 01 -·25 616 

109 ·7 94.5 440 70·8 - ·01 - · 25 17,034 net 
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SUMMARY OF OBSERVATIONS 

Date-July 29, 1907. 
Commenced-9.10 a.m. 

Boiler-B. and W. No. 2. 
Ended-7.13 p.m. 

At McGill University. 
Duration-603 mins. 

GENERAL. 

1. Method of stoking .. . . ... . ................ . ... Hand-spreading on alternate sides 
2. Kind of draft .... ........... . ... ... . . ..... ... ................ . ...... . . Natural 
3. Condit ion of boiler and daie of last cleaning. Thoroughly cleaned June, 1907. Fresh 

water, July 18. 
4. Tubes clcaned .. ..... ... ........ .... . . ..... ... ... ................... 7 . 45 a.m · 
5. Fire cleaned .. ... .. .... . .......... . ... .. ...... .. . . ...... 8.00 a.m. and 6 p.m. 

FuEL. 

"· . {No. 1-Third seam . Albion Colliery, Acadia Coal 
v Kmd of coal. · · · · · · · · · · · · · · · · Co ., Stellarton, Pictou Co., N.S.-R.0.M. Coal 

. . {C =71·4, H=4·5, S=1·4, 
7. Analys1sofdrycoalbywe1ght (%) .............. . . . .. N=1 ·7,0=6 ·3,Ash=14·7 

Calorific value of dry coal B .T.U. per lb ......... . ..... .... ...... .. ....... 12580 
9. Moisture in coal as fired (%) ....... . . .... . ......... ... . ... . . . ...... . .... . . 2 · 0 

10. Weight of coal fired (lbs.) .. .. . .............. .. . . ... . ..... .. . . .. . . . .. . . .. . 2721 
11. Combustible matter in ash and clinker (%) ......... . ............ . . .. ....... 14 · 6 
12. Weight of clinker (lbs.) .... . . . .............. . . . . . ............ . . . ..... . .. .. 210 
13. Weight of ash (lbs.) ...... . ...... . .......... .. .... . ..... . .. . ...... . ..... .. . 79 

14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

Arn AND FLUE GAS . 

Air pressure under fire (inches of water) ............... . . .... .... ....... . . -0 · 01 
" above fire " " ...... .. ... ..... ... . ....... ... .... -0·20 

at clamper . . . . .... . .... . ..... .. ......... . .. -0 · 25 
Amount of <lamper opening . ............... . . . . .. .......... . . . ........ Various 
Temperature of air in boiler house (°F.) ...................... . ....... . ..... 94 · 5 
F lue temperature (°F.) ..... . ... . . . ........ .. .................. . .. .. . . .... 440 
Analysis of dry flue gas by volume (3)-sampling doubtful. 

WATER AND STEAM. 

Temperature of feed water (°F.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70 · 8 
Total weigbt of feed water, corrected for difference of level (lbs.). . . . . . . .. 17034 
Water level in gauge at start (inches).. . . . . . . . . . . . . . . . ...... . . . ..... .4 H 
Water level in gauge at finish (inches) ........................... . . .......... 4! 
Correction for difference of level, included above (lbs.) . . . .. . . . ...... . ........ 9 · 5 
Steam pressure by gauge (lbs. per sq. in. ). . . . . . . . . . . . . . . . . . . . . . 109 · 7 
Barometer reading (inches). . . . . . . . . . . . . . . . . . . . . . . ........... .... .. . . . . 29 · 50 
Pressure in steam calorimetcr by gauge (lbs. per sq. in. ) . 19 · 45 
Temperature in steam calorimeter (°F .). . . . . . . . . . . . . . . . . 286 

Notes. 
Fire sliced 2.25. 4.00. and 5.15 p.m. Air admitted over tire from 9.10 to 10.38 a.m. Clinker thfok, 

porous, friable, and removed without difliculty. Coal cokes and burns witb much Oame and smoke. Weather 
fine and warm. 

{ 

Fixed carbon . . . . . . . . . 55 · 5 
Proximntc analysis of dry coal by weight (%) Volatile mat ter ....... 29 · 8 

Ash ................. 14 · 7 
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SUMMARY OF RESULTS 

Made on B . and W. o. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 1. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 52. At finish-29 · 49. Mean-2!) · 50. 

TOTAL QuANTITIES. 

1. Date of trial. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................. 29/7 /07 
2. Duration of trial (hours) . ..... .. .. .... .... . ............................. 10 · 05 
3. Weight of coal as fired (lbs.) .............................. . .......... . .... 2721 
4. Percentage of moisture in coal as fired (%) ..... . . .......................... 2 · O 
5. Total weight of dry coal fired (lbs.) ....... ..... ... .............. . .......... 2667 
6. Total ash and refuse (lbs.) ................................................ 289 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 17 · 2; (b) weighed .10 · 8 
8. Total weight of combustible consumed, from analyses (lbs.) .................. 2208 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17034 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .. .......... . ................... 16900 

11. Equivalent water evaporated into dry steam from aBd at 212° F. (lbs.) ...... 20080 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) .................................... . ......... 266 
13. Dry coal per square foot of grate surface per hour (lbs.) ...................... 15 · 8 
14. Water evaporated per hour corrected for quality of steam (lbs.) ..... . ... . . . .. 1682 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 199 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

17. 
18. 
19. 
20. 
21. 

beating surface (lbs.) ............... . ................................. 3·12 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / ~q. in.) ... . ....... .. ............ . .. . ... . . . 109 · 7 
Temperature of feed water entcrmg boiler (deg. F.) .................... . . . ... 70· 8 
Temperature of escaping gases from boiler (deg. F.) ........................... 440 
Pressure of draft between <lamper and asb-pit (ins. of water) .............. . ... 0 · 24 
Percentage of moisture in steam. . . . . . . . . . . ... . . . .......... . ....... l · 0 

HORSE-POWER. 

22. Horse-power developed (Item 15-;-3H). . . . . . . . . ....... . ...... . .. .. ....... 57 · 9 
23. Builders' ratecl horse-power. . . . . . . . . . . . . . . . . . ........ .. ............. . ..... 60 
24. Percc>n tage of builclers' ratecl horse-power developed .. . ...................... 96 · 5 

ECONOMIC RESULTS. 

25. V.'ater apparently evaporated under actual conditions per lb. coal as fired 
(Item 9-;-Jtem 3) . . ..... . ... . .. . ..................................... 6· 26 

26. Equivalent evaporation from and at 212° F. per lb. eoal as fired (Item 11-;- Item 3) 7 · 3 
27. Equivalent evaporation from and at 212° F. perlb. dry eoal (Item 11-;- Item 5) . . 7 · 54 
28. Equivalent evaporation from and at 212° F. per lb. of combustible eonsumed 

(Item ll-;- Item 8). . ........ . ... . ..... . ................... . .... 9 · 10 

EFFICIENCY. 

29. Calorific value of dry coal per lb . (B.T.U.) ........... ... .. . ..... . ......... 125 0 
30. Calorific value of the combustible per lb. (B.T.U.) ........... . .. . ...... . . . .. 14750 
31. Efficiency of boilt>r (based on combustible eonsumed) (%) ..... . .... . ........ 59 · 5 
32. Efficirnry of boiler, including grate (based on dry coal) (%) .. . ...... . ..... . . . 57 · 9 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 1001. 

Date-May 29, 1908. Trial Number-G.C.T. 31. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Robb boiler worlcing. B. and W. No. 1 not worlcing. Weatber fine and clear, later dull and cloudy. 

Time. 
7. 35 Fire cleaned and made up with No. 1001 coal. 
7. 45 Tubes blown. 
8. 55 Started trial. Fire 2", fairly well burnt through. Burning with smoky flame. 
9 . 16 Fire 4". 
9. 35 Opened grill half way. 

10. 10 Opened grill full. 
11. 55 Opened grill balf way. 
12 . 35 Fire cleaned. Clinker easily broken. Does not cling to bars; removed 95 lbs. 

1. 55 Grill closed. 
5 . 10 Sliced fire, as it was rather clinkered up, giving off CO. 
5. 20 After slicing clinker appeared to fuse, running through bars. 
5. 35 Fire cleaned. 152 lbs. clinker easily removed and broken up. 
6. 55 Removed 105 lbs. ash from under grate. 
6. 57 Trial fi.nished. Fire as at start. 

Coal gives off much smoke, cokes but little, easily broken up with rake. Would be 
suitable for shaking grate. 

RECORD OF COAL CONSUMED DURI G BOILER TRIAL No. 31 

Wcight of coal Timo Composition of flue gases 
fired . of by volume, pcr cent. 

Time. sarnpling 

1 

flu e 

1 1 

Durinp; Total. gases. cc, c. CO 
int<'rval. 

Start 8 .55 a.rn. 
9.16 ....... . . . . . ...... 147 147 9.10 5·5 10· 2 2·9 
9.53 ............ . .. . . . 198 345 9.33 7.7 !J-2 2·3 

10.34 .................. 208 553 10.00 7·8 9.3 1·9 
11.15 .... ... ...... ..... 1 7 740 10·30 7·8 10·3 1·3 
11 . 55 ..... ......... .... 190 930 10.53 8·8 9·2 1· 8 
12.35 ......... . . .. ..... 194 1124 11 .35 5·4 13·1 1·4 

1. 22 ................. . 19 1322 12.01 8 · 6 11 ·4 0·2 
1.57 ...... . . .. . ... .... 204 1526 12.35 7 ·0 12 ·8 0·3 
2.37 ........ .......... 184 1710 12 .52 8·3 10·9 O·O 
3. 20 ............... ... 180 1890 1. 21 7·8 12·2 0·3 
4 .02 .................. 194 2084 1..52 9·8 9·0 0· 1 
4.45 . .... . . .... . ...... 203 2287 2 . 16 9.5 9·0 0·7 
6.13 ..... .. ........ . .. 435 2722 2.41 7.5 12·5 O·O 
6.57 .................. 110 2832 3.11 6·9 12·3 O·O 

3.35 7·1 12·7 0·3 
4 . 12 !J·O 9·5 1·0 
4.39 8 ·1 9 .7 1·7 
5.07 7.5 12·5 O·O 
6.00 8·9 10·0 0·7 
6.30 8·6 10·3 0 ·3 

8 ·0 10·4 l·O 

83-7 
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OBSERVATIONS MADE DURING BOILER TRIAL o. 31 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparenUy 
cvaporated 

Tiine. in 
lbs. Flue At intervnl. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrancc Water. ash-pit. to flue. 
to flue. 

8.55 ............ 120 84 415 59 O·O -·20 ............ 
9.10 .. ... ....... 120 84 465 58·5 -·05 -·20 207·5 
9.25 . ........... 121 86 480 58·3 -·025 -·20 449 
9.40 ............ 122 87 470 58·3 -·025 -·20 443.5 
9.55 ............ 121 87 510 58 -·025 -·20 474.5 

10 .10 . ........... 121 87 505 57 -·025 -·20 439 
10 .25 ............ 123 87 460 56·5 O·O -·20 501 
10.40 ............ 123 87 475 56·5 -·25 -·20 424·5 
10 .55 .......... . . 122 87 505 56·5 O·O -·20 503·5 
11.10 ......... .. . 121 87 490 57 O·O -·20 496·5 
11. 25 ......... .. . 123 87 475 56·5 O·O -·20 438 
11.40 ............ 122 87 465 57 O·O -·20 365·5 
11.55 ............ 122 89 465 "57 -·01 -·20 390 
12 .10 ............ 118 90 470 56·5 -·01 -·20 439 
12.25 ....... .. . .. 110 90 455 56·5 -·01 -·20 448·5 
12.40 ............ 98 93 440 56·5 O·O -·20 381 
12.55 ....... . .... 115 89 515 56·5 -·02 -·20 397.5 
1.10 ............ 120 89 525 56·5 -·01 -·20 409·5 
1.25 ............ 123 89 525 56·5 -·01 -·20 513 
1.40 ... : . ....... 123 89 545 56·5 -·01 -·20 555·5 
1.55 ..... . ...... 106 89 530 57 -·01 -·20 564 
2.10 ... . . . ... .. . 118 91 485 56·5 -·01 -·20 461 
2.25 ........... . 121 92 495 57 -·01 -·20 468 
2.40 .. ... ... .... 120 93 495 57 -·01 -·20 544 
2.55 . ........... 118 93 475 58 -·01 -·20 335·5 
3.10 ....... ..... 123 93 470 58·5 O·O -·20 368 
3.25 ............ 122 93 480 58·5 0-0 -·20 408·5 
3 .40 ............ 123 92 480 59 O·O -·20 385·5 
3 .55 ............ 120 92 510 59·5 -·01 -·20 422·5 
4.10 ........ .... 118 92 495 59.5 -·01 -·20 417 
4.25 ............ 118 93 500 59 ·5 - ·01 - · 22 440·5 
4.40 ... ......... 121 93 510 59·5 --01 -·22 489 
4.55 ........ .. . . 120 89 500 60 -·01 -·22 437 
5 .10 ............ 122 92 490 60 -·01 -·22 403·5 
5 .25 ........... . 123 89 495 60 -·01 -·22 489 
5.40 ... . ...... .. 73 94 435 60 -·01 -·22 415·5 
5. 55 . . ...... . ... 116 89 495 60 ·5 - ·01 -·22 171 ·5 
6.10 .... . .. ..... 103 89 550 60·5 -·01 -·24 478·5 
6.25 . . . ......... 93 89 545 60·5 -·01 -·23 563·5 
6.40 . ......... . . 118 89 550 60·5 - ·01 - ·22 362·5 
6.57 ............ 120 89 570 60·5 -·01 -·23 554·5 

117 89·5 493 58·0 -·01 -·21 17,455 ·5 net 
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SUMMARY OF OBSERVATIONS 

Date-May 29, 1908. 
Commenced-8.55 a .m. 

Boiler-B. and W. No. 2. 
Ended-6.58 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking ..... . ... ... .......... ...... Hand-spreading on alternate si des 
2. Kind of draft .. . .... ........... . . ... ...... . ......... . .. .. ........ ..... Natural 
3. Condition of boiler and date of last cleaning ..... .. . Thoroughly cleaned May, 1908 
4. Tubes cleaned . . ............... . ............... ......... . ........... 7. 45 a.m. 
5. Fire cleaned ...... . . . ...................... 7 . 35 a.m., 12 .35 p .m. and 5.35 p .m. 

FUEL. 

6. Kind of coal. . ........ No. 1001, Albion Colliery, Acadia Coal Co., Stellarton, N.S. 
. . . {C =72·7 H=4·4 S=l·l 

7. AnalysIB of dry coal by we1ght ( %) .... .. .......... · · 2 = 1 ·6;0, =6. 4,Àsh = 13. g 
8. Calorific value of dry coal B.T.U. per lb . . ............ . ..... . .... . ....... . 12460 
9. Moisture in coal as fired (%) ... .. ........... . ... . .... .. ........ . .... . .... . 2· 0 

10. Weight of coal fired (lbs.) .. .. ................. . ..... ........... . ......... 2832 
11. Combustible matter in ash and clinker (%) ........... . ...... .. .... .... . .... 15 · 5 
12. Weight of clinker (lbs.) ...... . ....... . . . ..... .. ...... .. . ..... ............. 247 
13. Weight of ash (lbs.) ............. . ..... . ... . .................... . . . .. .. . .. 105 

Arn AND FLuE GAs. 

14. Air pressure under fire (inches of water) ...... . ........ ... ......... . .. . . .. -0 · 01 
15. " above fire " " ...... .... .. . . . .. . ..... . ... .. .... -0· 17 
16. atdamper . ....... .. . ......... . ............ -0 ·21 
17. Amount of damper opening ............. .............. .. ... . . . ..... . Various 
18. Temperature of air in boiler house (°F.) .... . ............. .. ... . . . . . .... . ... 89 · 5 
19. Flue temperature (°F .) .. ............ . ....... . .. .. ....................... .493 
20. Analysis of dry flue gas by volume(%) ... C02=8·0, 0 2=10·4, CO= l·O, N =80 · 6 

WATER AND STEAM. 

21. Temperature of feed water (°F .) ......... .... ... . ... . .. . . . ..... . . .. . .. . ..... 58 
22. Total weight of feed water corrected for difference of level (lbs.) ...... .. ....... 17455 
23. Water Level in gauge at start (inches) .. . .. ... .. . .... ..... .. . ............... 4 tt 
24. Water levcl in gauge at finish (inches) .................. ... ........ ... . ..... 4 fr; 
25. Correction for difference of Level included above (lbs.) .............. .. .... .... 114 
26. Steam pressure by gauge (lbs. per sq. in.) . . .. . . . ............... .... . . . . ..... 117 
27. Barometer reading (inches) . ..................... . .... .... . .............. 29. 63 
28. Pressure in calorimeter by gauge (lbs. per sq. in.) ........ .... ...... .. ... .. .. 15. 2 
29. Temperature in calorimeter (°F.) ... . . . . . .. .......... ....... . ............. 293 

Notes. 
This coal clinkers but is easi ly broken up. Would be sui table for a shaking grate. Gives off much smoke. 

Air ndmitted above bars 9.15 a .m. to 1. 55 p .m. 
Weather: fine at first, dull later. 

{ 
Fixed carbon. . . . . . . . . 5 7 · 7 

Pro:rimate analysis of dry coal by "'eight 3 VolatUe matter .... . .. 28 · 5 
Ash ................. 13 '8 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-Coal No. 1001. Kind of Furnace--Fixed bars, 30% air space . 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 63. At finish-29 · 64. Mean-29 · 63. 

TOTAL QuANTITIES. 

1. Date of trial. .................... . ................. ... ................ 29/5/08 
2. Duration of trial (hours) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... 10 · 05 
3. Weight of coal as fired (lbs.) . ................ .. . .............. . .. ..... .... 2832 
4. Percentage of moisture in coal as fired (%) ............... . ............... .. 2·0 
5. Total weight of ch-y coal fired (lbs.) ..... . . .. ........ .. .. . .................. 2775 
6. Total ash and refuse (lbs.) ................................... ... ...... . ... 352 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 16 · 32; (b) weighedl2· 7 
8. Total weight of combustible consumed from analyses (lbs.) ................... 2320 
9. Total weight of water fed to the boiler corrected for difference of level (lbs.) .... 17455 

10. Equivalent water evaporated into dry steam from actual feed water . 
temperatme and boiler pressme (lbs.) .... ......... ..... . ... ......... . 17380 

11. Equivalent water evaporated into dry steam from and at 212° F . (lbs.) .. .... 20900 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

HouRLY QuANTITIES. 

Dry coal fired per hour (lbs.) . ............................ ... .............. 276 
Dry coal per square foot of grate surface per hom (lbs.) ...................... 16 · 5 
Water evaporated per hom corrected for quality of steam (lbs.) . . ........ .. .. 1730 
Equivalent evaporation per hom from and at 212° F. (lbs.) .................. 2080 

Equ~:~~~~ ~~f:~:wb~.f.~r. ~~~.fr~~-~~~ ·a·t· ~~~~ ~-. ~~~ s:~~~~ .f~o~. ~f. ~v~t~~ .. 3 . 25 

A VERA GE PRESSURES, TEMPERATURES, ETc. 

Steam pressure by gauge (lbs. / sq. in.) ... . . .. .............. ....... . ." . .... 117 · 0 
Temperature of feed water entering boiler (rleg. F.) ................ . ........... 58 
Temperature of escaping gases from boiler (deg. F.) ........................... 493 
Pressure of draft between clamper and ash-pi t (ins. of water) . . ............. ... 0 · 20 
Percentage of moisture in steam ......... .... ......... . ........ . ........... 0 · 5 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) ..... ............ ..... ........... ... 60 · 3 
Builders' rated horse-power ........... . ... .. . .. .... ............... . ...... .. 60 
Percentage of builders' rated horse-power developed ......... . .............. 100 · 5 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .......... ... ........... . ................. . ......... 6·18 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 38 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 53 
28. Equivalent evaporation from and at 212° F. per lb. of combustible eonsumed 

(Item 11 +Item 8) ... . . . . . ........... . ........................... . ... 9 · OO 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) . . ........................ . ..... 12460 
30. Calorific value of the combustible per lb. (B.T.U.) ............ .... .. . . .. .... 14460 
31. Efficiency of boiler (based on combustible consumed) (%) ................... 60· 1 
32. Efficiency of boiler, including grate (based on dry coal) (%) . . ................ 58·4 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyse ) (lbs.) .... . .............. . .. .. 27 · 5 
34. " " of combustible consumed (from gas analyses) (lbs.) . ....... 23 · 9 
35. " " dry coal (from gas analyses) (lbs.) ... . ................ . . .. 20 · 0 
36. Proportion of heat of fuel in escaping dry flue ga.5es (%) . ..... ....... ........ 15 ·5 
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TRIAL OF B. AND W. No 2 BOILER WITH COAL No. 2. 

Date-July 5, 1907. Trial Number-G.C.T. 8. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine, light breeze. B. and W. No. 1 boiler working. H sacks burnt before trial. Coal does 

not appear to coke. 

Tiroe. 
a.m. 
7. 45 Fire raked clean and started fi.ring with No. 2 coal. Pressure, 110 lbs. 
8. OO Tubes cleaned. 
8 . 42 Fire raked over. 
8.45 Trial started. Fire 2• thick at front, 3" at back, nearly burnt through. 
9. 45 Fire 8' thick. 

12.45 Fire cleaned. 115 lbs of clinker and cinders removed ; clinker porous, very friable 
and easily removed. 

5 .46 Fire cleaned. 114 lbs. of clinker, cinder, and ash removed. (Little clinker). 
6 . 45 Trial stopped. Fire very similar to start. 

90 lbs. of ashes raked out of pit. Blow-off cock examined and found tight. 

CLINKER AND AsH. 

Clinker and cinders . .... 229 lbs. 
Ash . . . .. ... . .. . ..... . . 90 lbs. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 8 

, 
W cight of coal Time Composition of flue gaseil 

fired. of by Yolume, pcr cent. 
Time. sampling 

1 

flu e 

1 1 

Durinp; Total. gases. co. o, CO 
interval. -

Start 8.45 a. m . 
8. 48 ......... . . . ...... 80 80 9 .00 6·4 13·4 O·O 
9 .13 .... . ........ .... . 153 233 9.30 10·4 7.4 0·2 
9 .36 .... . ...... .. .... . 170 403 10 .00 15 · 1 3.5 O·O 
9 .48 . .. . .... ........ . . 124 527 10 .30 14 ·7 4 .3 O·O 

10 .24 .... . ....... . ..... 173 700 11 .00 15·4 4·8 0-0 
11. 05 . . ...... . ........ . 191 891 11 ·30 11 ·0 8 ·0 O·O 
11 .52 ...... .. . .... . . ... 192 1083 12 .00 7 ·8 12·5 O·O 
12. 40 .... . . . ..... . ..... 152 1235 12 .30 7.3 12· 8 

1 

O·O 
1. 10 . ... . .. . .. . ....... 178 1413 1.00 7 ·0 12·3 O·O 
1.33 .. . .. . ..... . ...... 184 1597 1. 30 8·2 12·4 O·O 
2. 16 . . . . . . . ......... . . 162 1759 2.00 6·0 12 ·3 O·O 
2. 48 . . . .. . .... . ..... .. 162 1921 2 .30 9·2 10·7 

1 
O·O 

3.22 .. .. . .. .. . ... . .. .. 179 2100 3 .00 10 ·3 8· 9 O·O 
4.09 ... . . . .......... . . 158 2258 3.30 12·4 7.3 O·O 
4 .50 . . . . . .. . . ... . .. ... 165 2423 4 .00 12·0 8· l O·O 
5.53 ... . ... . . ........ . 190 2613 4.30 13· 3 5.9 O·O 
6. 17 ............ . .. . .. 174 2787 5 .00 8 ·9 11 ·4 O·O 
6.45 . . . . ... . . . .. . .... . 39 2826 5.30 8·8 11·4 O·O 

6 .00 9·0 9·6 0· 2 
6 .30 13 ·4 5·8 O·O 

1 
10 ·3 9· 1 O·O 
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OBSERVATIONS MADE DURIN"G BOILER TRIAL No. 8 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
evaporated 

Time. 1 in 
lbs. Flue At interval. 
per Bqiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 ......... ... 123 84 450 67 ·5 O·O 0·25 ............ 
9.00 . .. .. ....... 121 86 482 69·5 O·O 0·25 351·5 
9.15 . . ... ... .... 119 85 475 67·5 O·O 0·25 410 
9·30 .......... .. 122 85·5 562 67·5 O·O 0·25 534.5 
9.45 ............ 121 89 640 67·5 O·O 0·25} 1080 10.00 ............ 110 88 560 68·5 O·O 0·25 

10.15 ....... .. ... 113 88 535 68·5 O·O 0·25 494 .5 
10.30 ... .. .... . .. 114 90 543 68 O·O 0·25 96 
10.45 ... .. . .... . . 108 90 532 68 O·O 0·25 372·5 
Il .OO ........ . ... 118 90 555 67·5 O·O 0·20 3 1 
11·15 . . ...... . ... 108 90 540 67 O·O 0· 25 461 
11 .30 ............ 112 90 530 67 O·O 0·25 530 
11.45 . ... . ..... . . 109 90 515 67·5 O·O 0·25 472 
12 .00 ............ 111 91 500 68 O·O 0 ·25 454·5 
12.15 .... . ... . ... 113 92 480 68 O·O 0·25 665·5 
12 .30 ... .... .. ... 108 92 460 68·5 O·O 0·28} 506.5 
12.45 .. . .. ..... .. 107 94 465 68·5 O·O 0·20 
1.00 . . ....... ... 114 92 490 70 O·O 0·25 333.5 
1.15 ... ... ... ... 112 91 570 69·5 O·O 0·25 468 
1.30 ............ 106 91 575 70 O·O 0·25 463·5 
1. 45 . ........... 108 91 540 70 O·O 0·25 578 
2.00 .... . . . ..... 107 89 525 70·5 O·O 0·20 469 
2.15 ... .. ....... 100 90 520 70·5 O·O 0·20 405 
2.30 ........... . 118 92 570 70·5 O·O 0·25 436·5 
2.45 ... . . . ...... 106 92 570 70 O·O 0·20 474 
3 .00 ... .. ....... 108 92 580 70 O·O 0·20 523 
3.15 ...... . ..... 107 92 610 70 O·O 0·20 486 
3.30 ........ ... . 117 91 560 70 O·O 0·20 443.5 
3.45 .... ........ 109 92 580 70·5 O·O 0·25 507 
4.00 ......... .. . 114 88 568 70 O·O 0·20 385·5 
4. 15 ............ 113 88 570 70 O·O 0·20 559·5 
4.30 ........... . 108 89 585 70 O·O 0·20 36 ·5 
4.45 ... . . .. . .... 111 90 560 70·5 O·O 0·20 495 
5 .00 ............ 117 88 545 70 O·O 0·25} 821 ·5 
5.15 .. ...... .. . . 106 88 540 70·5 O·O 0·20 
5.30 ... .. .. . .... 108 88 505 70 ·5 O·O 0·20 526·5 
5 .45 . .. .. ... . . .. 114 86 496 70·5 O·O 0·20 395.5 
6.00 .. .. .. . . . ... 104 87 485 70·5 O·O 0·20 250 
6. 15 ... . ... . . ... 116 86 540 70·5 O·O 0-20 325 
6.30 . .. ...... . .. 9 86 600 70·5 O·O 0·20 572 
6.45 . . .. ... . .... 111 86 515 70·5 O·O 0·20 464 

111 ·4 89·3 537 69·3 O·O 0-23 18,290 · 5 net 
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SUMMARY OF OBSERVATIONS 

Date-July 5, 1907. 
Co=enced-8.45 a.m. 

Boiler-B. !'lnd W. No. 2. 
Ended-6.45 p.m. 

At McGill University. 
Duration-600 mins. 

GENERAL. 

1. Method of stoking ........ . .......... ......... Hand-spreading on alternate sides 
2. Kind of draft ........................................................ . Natural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1907. 

Fresh water July 4. 
4. Tubes cleaned .. ............... . ................. ........... ........ 8.00 a.m. 
5. Fire cleaned ................... . ................ 7 .45 a.m., 12.45 and 5.46 p.m. 

FUEL. 

· d f {No. 2 Cage-pit seam, Albion Colliery, Acadia Coal 
6. Kin ° coal. · · · · · · · · · · · · · · Co., Stellarton, Pictou Co., N.S.-R.O.M. Coal. 
7. Analysis of dry coal by weight (%). C=74 · 2, H=4·5, S=0·9, N=2· 1, 0=7·9, 

Ash=10·5. 
8. Calorific value of dry coal B.T.U. per lb .................................. 13180 
9. Moisture in coal as fued (%) . .......... ... .... .. . .. ..... ... . . . . . . . .. ...... 2 · 3 

10. Weight of coal fued (lbs.) . ... .... . . . .... .. .... ... .. . . . ................... 2826 
11. Combustible matter in ash and clinker (%) .............. . ..•... . ........... 16· 6 
12. Weight of clinker (lbs.) ................. . ................................. 229 
13. Weight of ash (lbs.) .. . ....... .. .... . ... . ... .... ..................... . ..... 90 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) ... . ........ . . . ............. . . ... . -0 ·0 
15. " above fue " " .. . ........ . .............. ... .. . .. -0· 16 
16. atdamper .. ... . ..... . . .. ....... .. . . ....... -0· 23 
17. Amount of <lamper opening ...... ...... ..... ......... . .... . .. . ........ Various. 
18. Temperature of air in boiler bouse (°F.) . . . . . . ........... . ....... . ... .. ..... 89. 3 
19. Flue temperature (°F.) ............................. . ............ ... . . . . .. 537 
20. Analysis of dry flue gas byvolume (% ) .. C02=10·3, 0 2=9 ·1, CO=O·O, N,=80·5 

21. 
22. 
23 . 
24. 
25. 
26. 
27. 
28. 
29. 

W ATER AND STE.V.'L 

Temperature of feed water (°F.) ...... . ...... . . .. . . .......... . .. . ... . . .... 69. 3 
Total weight of feed water, corrected for difference in level (lbs.) ....... ... ... . 18290 
Water level in gauge at start (inches) . . . .... .. ................. ... ... . . ..... 31 
Water level in gauge at finish (inches) ............. . . . ....... . ............... 2t 
Correction for difference of level included above (lbs.) . .. . .. .. ................. 76 

team pressure by gauge (lbs. per sq. in. ) ..... . ........................... 111. 4 
Barometer reading (inch es) ... ............ .. . . ............... . ........... 29. 70 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ..... . ........... . ..... 8 . J 
Temperature in steam calorimeter (°F.) ...... . ... . .... . . . ...... . ......... 239. 2 

Notes. 
brcezZlinker porous, friable, and easily removed. Coal does not appenr to coke. Weatber fine, witb light 

P . { Fixe<l cnrbon . ... .. . .. 58· ! 
roximate annlysis of dry con! by weigbt 3 x~~at'.I~ .~~tter .. '. '. '. : : : . ~~:~ 
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SUMMARY OF RESULTS 

Made-On B. and W . No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 2. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping T est-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 72. At finish-29 · 68. Mean-29 · 70. 

TOTAL QUANTITIES. 

1. Date of trial. . ..................... . .......... . ...... . .......... . . ... .. 5/7 /07 
2. Duration of trial (how·s) .......... .. . ........... ..... ........... ...... . . 10 · OO 
3. Weight of coal as fired (lbs.) ....... '. .. . ......... . ... . .................... . 2826 
4. Percentage of moisture in coal as fired (%) ............ . .. .. ... . .. . ......... 2· 3 
5. Total weight of dry coal fired (lbs.) ....... . .... . .................. . ...... . . 2760 
6. Total ash and refuse (lbs.) .......................... ... .. . ............... . 319 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 12 · 6; (b) weighed . 11·6 
8. Total weight of combustible consumed, from analyses (lbs.) .. ......... . .. .. .. 2412 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. . 18290 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .. .. . . .. ....... . ... . .... . ....... 17800 

11. Equi~alent water evaporated into dry steam from and at 212° F . (lbs.) ... . .. 21190 

HouRLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .. . . . .. . ....... . ... .... .................. .. ... 276 
13. Dry coal per square foot of grate surface per hour (lbs.) ...................... 16 · 4 
14. Water evaporated per hour corrected for quality of steam (lbs. ) ....... .... ... 1780 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) . . ..... . . .. . . .... . 2119 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ........... . ... . ............. ..... .. ............ . 3 · 31 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in. ) ... . ... . ....... . .. . .... .. ..... ... .. 111 ·4 
18. Temperature of feed water entering boiler (deg. F.) .. . ......... . .......... . .. 69· 3 
19. Temperature of escaping gases from boiler (deg. F.) .. .. ...... . .... .. .. . ....... 537 
20. Pressure of draft between damper and ash-pit (ins. of water) ... . ...... . . . .... . 0 · 23 
21. Percentage of moisture in steam .... . .. . ................... . .. . ....... ... . . 3 · 0 

HORSE-POWER. 

22 . Horse-power developed (Item 15+ 34!) ... ........... . .. ..... ... .... .. . . . . . 61·4 
23. Builders' rated horse-power ...... ... ....... ..... .... . .............. .. ...... 60 
24. Pcrcentage of builders' rated horse-power developed . .. . .. . . . .. . ............ 102 · 4 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item !)-;. Item 3) ..... . ... . .. ... ........ . . . . .................. ... .... 6 · 47 

26. Equivalent evaporation from and at 212° F . pcr lb . coal as fired (Item 11 +Item 3) 7 · 49 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (I tem 11 +Item 5) 7 · 67 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ......... . . . ....... . ........ . .................. . ... 8 · 80 

EFFICIEKCY. 

29. Calorific value of dry coal per lb. (B.T.U.) .................... .. .......... 13180 
30. Calorific value of lhe combustible per lb. (B.T.U.) ..... ....... ........... . .. 14710 
31. Efficiency of boiler (bascd on combustible consumed) (%) . .... ... . . ......... 57 · 7 
32. Efficiency of boill'r, including grate (based on dry coal) (%) . . ................ 56·3 

FLUE GASES. 

33. Dry flue gas per lb. carbon (frorn gas analyses) (lbs.) ................. .. . . ... 24 · 2 
34. " " of combustible consumed (from gas analyses) (lbs.) . .. ..... 20 · 4 
35. " " dry coal (from gas analyses) (lbs.) .. . . . . . ................ 17 · 9 
36. Proportion of hcat of fuel in escaping dry flue gases (%) . . . ........ . ......... 1-1-· 6 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 8. 

Date-July 12, 1907. Trial Number-G.C.T. 11 

OBSERVATIONS OF GENERAL CONDITIONS. 

-Notes. 
Weather wet , no wind. B. and W . No. 1 boiler work:ing. 

Ti me. 
a.m. 
7 . 15 Tubes cleaned. 
7. 38 Fire cleaned and made up with No . 8 coal. Pressure , 50 lbs. 
8 .50 Trial started. Fire 3! " thick, bright with considerable flame. 
9. 22 Grill in fire door one-fourth open . 
9 .44 Grill closed. Fire 9• thick. 

11. 32 Grill in fire door one-fourth open. Fire 12• t hick. 
12 . 55 Grill in fire door half open. 
5 . 26 Grill closed. 
5 . 35 Fire cleaned. 154 lbs. of clinker etc., removed. Clinker thick, whitish , and 

rather difficult to break up. 
5 . 45 Fire remade. Grill opened half way. 
6 . 18 Grill closed. 
6 . 51 Trial ended . Fire very similar to start . 53 lbs. of ashes raked from pit . 

Blow-off cock examined and found to be tight . 

CLTNKER AN D AsH 
154 lbs. clinker . 

53 lbs. ash . 

RECORD OF COAL CONSUMED DURING BOILE R TRIAL No. 11 

W eight of coal Time Composition of flue gnses 
fired. 'of by volume, pcr cent. 

Time. sampling 

1 

flu e 

1 1 

Durinp; TotnL gases. co. o. CO 
intervnl. 

Start 8 . 50 a.m. 
9.09 . . ....... . . . .. . . . . 183 183 9 .00 10 ·2 6·3 l · l 
9 .38 .............. .. .. 169 352 9 .30 8 ·8 10· 8 O·O 

10 .08 . . ....... . ..... . .. 140 492 10 .00 10 · l 9· 1 O·O 
10 .36 . . .... . . . . .. . . .. . . 178 670 10 . 30 12·3 6·2 O·O 
11 . 13 . . ... .. . . . .. . . .. . . 171 841 11 .00 11 ·6 6·2 0·9 
12. 07 . . ...... . .. . .. . . . . 161 1002 11 . 30 13 ·7 5 · 1 O·O 
12 .42 . . ..... ... . . .. . . .. 167 1169 12 .00 13 · 5 5.9 0·2 
1 .15 . ..... .. .... . ... . . 177 1346 12 . 30 9· 6 8 · 9 0 ·5 
1. 54 .... . ..... ...... .. 154 1500 1. OO 11 ·4 7.4 0 · 2 
2. 24 .. . .. . . . .. . . ..... . 126 1626 1. 30 12· 6 6·0 0·2 
3.06 .... . .... . ....... . 143 1769 2 OO 12· 2 7·0 O·O 
3 .48 .... . ... . . ..... . .. 159 1928 2 .30 11 · 4 7 · 6 O·O 
4 . 13 .. . . ..... . .... . .. . 137 2065 3 . 00 10·8 9·0 O·O 
5 .01 . ...... . ....... . .. 167 2232 3 .30 10·0 8·8 0·2 
5.47 . . .. ......... . . . . . 139 2371 4 .00 10·4 8 ·8 O·O 
6.23 . . . .. ... . . . ... . .. . 140 2511 4 .30 9 . 7 9 ·8 O·O 
6 .51. ....... .. . . ...... 58 2569 5.00 9.4 10 ·5 O·O 

5 .30 8 ·3 12 ·4 O·O 
6 .00 7·0 12·0 O·O 
6 . 30 11 ·0 8 ·4 O·O 

10·7 8 ·3 0· 2 
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OBSERVATIONS MADE DUR! G BOILER TRIAL o. 11 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. 

füo ~ At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entranc Water. ash-pit. to flue. 
to flue. 

8 .50 ........... . 119 78 385 74 - ·05 - ·30 . .... ..... . . 
9.05 .... . . .. .... 114 78 425 72·5 -·05 -·30 444.5 
9.20 . ........... 122 81 420 71.5 -·02 -·30 436 
9.35 .. .......... 120 80 435 71 - ·05 -·25 571.5 
9.50 . . . . . . .... . . 115 81 435 70 - ·02 -·30 475.5 

10 .05 .. . ......... 115 84 435 69·5 -·02 -·30 432 
10 .20 ............ 118 83 420 70 -·02 -·30 551·5 
10.35 ............ 123 83 480 69 - ·02 -·30 625·5 
10.50 .. . ... .. ... . 113 82 425 69 -·02 -·25 604·5 
11.05 ...... .. .... 116 84 415 69 -·O - ·25 442·5 
11 .20 . ... . . ...... 120 81 420 69 -·02 -·20 444 
11 .35 ........ . ... 119 83 420 69 -·02 -·20 570 
11 .50 . . ...... . ... 114 82 445 69 -·02 -·20 487 
12.05 ............ 109 81 450 69 -·02 -·20 440 
12 . 20 . ........... 106 80 445 69·5 -·02 -·20 512 
12 .35 . . .... . ..... 120 80 450 69 -·02 -·25 352 
12 .50 ... .... ..... 112 80 485 69 -·02 -·30 651·5 
1.05 .......... .. 118 80 425 70 -·02 -·30 362 
1. 20 ..... . ...... 107 78 480 70 -·O -·30 527·5 
1.35 ............ 122 78 470 70 -·02 -·20 389 ·5 
1·50 .. .... . ..... 120 77 495 70 -·05 -· 25 504·5 
2.05 .... . . . . .... 120 78 485 70 -·O - ·25 441·5 
2.20 ............ 114 78 485 69·5 -·02 - ·25 494 
2.35 ......... ... 113 79 480 70 -·02 -·20 448·5 
2.50 ... .... .... . 120 80 480 70 -·02 - ·20 461·5 
3.05 .. ... . . . . ... 117 79 480 70 -·O -·20 472 
3.20 ......... . . . 108 78 460 70 -·O -· 20 410 
3 .35 ............ 111 78 455 70·5 -·02 -·20 370·5 
3.50 ............ 112 78 525 70 - ·O -·30 401 
4.05 . . . . . ...... . 109 80 550 70 -·O -·35 523·5 
4.20 . . . .. .. . . . . . 122 78 535 70 -·O -·35 421 
4.35 ....... .. ... 121 80 515 70 -·02 -·35 573 
4.50 ......... .. . 111 78 490 70 - · O - ·30 527·5 
5. 05 .. . .. ..... . . 111 78 460 70 -·O -·30 466·5 
5.20 ....... . . . . . 114 78 480 69·5 -·O -·30 325 
5 .35 .......... . . 108 79 420 69·5 -·O -·20 547 
5 .50 ............ !)2 80 425 69·5 - ·02 -·25 241·5 
6.05 .. . ... ... . . . 101 78 440 69·5 -·O -·25 250·5 
6 .20 ... . .. .. . . . . 120 0 520 70 -·O - ·20 440·5 
6.35 . ......... . . 100 7 520 69·5 -·O -·25 673 
6 . 51. ........... 121 78 490 69·5 -·02 - ·20 39 

114·3 79.7 462 70·0 
1 

- ·015 -·26 1 ,590·5 net 



Date-July 12, 1907. 
Commenced-8.50 a.m. 
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SUMMARY OF OBSERVATIONS. 

Boiler-B. and W. No. 2. 
Ended-6.51 p.m. 

GENERAL. 

At McGill University. 
Duration-601 mins. 

1. Method of stoking . ... . . ...... ............. ... Hand-spreading on alternate sides 
2. Kind of draft ........ -...................... .... ...... .. .. ........... . . N atural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned June, 1907 

Fresh water, July 4. 
4. Tubes cleaned .......... .... ............ . ... .. ................ . ..... 7. 15 a.m. 
5. Fire cleaned ............................................. 7 .38 a.m., 5.35 p.m. 

FUEL. 

6 Ki d f 1 {~o. 8, ~ain seam, Acadia Colliery, Acadia Coa~ C~i.,West-
. n ° coa · · · · · · · · · · ville, P1ctou Co., N.S. Over 1" screen and p1cking belt. 

7. Analysis of dry coal byweight(%) .C=77 · 6,H=4·7,S =0· 9,N = 1·6,0 =6·0,Ash=9· 2 
8. Calorific value of dry coal B.T.U. per lb .. ........ .... .. .. . . ... .... .. ... .. 13,R60 
9. Moisture in coal as fired ( %) . .. ......... . ..... ....... ... ..... ....... .. . .. . 1 · 6 

10. Weight of coal fired (lbs. ) ........................ . ....... . ............... 2,569 
11. Combustible matter in ash and clinker (%) ....... ... ... ..... ............... 10 · 5 
12. Weight of clinker (lbs.) .... ....... . . . ...... .. .. . .......................... 154 
13. Weight of ash (lbs.) ... ...... .... ............... . ... . .... .. ........ . ....... 53 

Arn AND FLUE GAs. 

14. Air p~~ssure under fire (in ch.~s of ~;i-ter) . . .... ... .... ... .... ... ........... -0 · 01 
15. above fire .................... .... .. . ... .... -0 · 20 
16. at clamper ............... .. .. , ...... .. .. ... -0 · 26 
17. Amount of clamper opening ..... ... . .. ....... . . ......... ............ . Various 
18. Temperature of air in boiler house (°F.) . ..... ............ . . ................ î9 ·7 
19. Flue temperature (°F. ) . . ................. .... ....... . ................. .. . 462 
20. Analysis of dry flue gas by volume (%) .. C0,=10·7, 02=8·3, C0=0·2, N2=80·8 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

" TATER AND STEAM. 

Temperature of feed water (°F.) .......................................... 70 · 0 
Total weight of feed water, corrected for difference of level (lbs.) .............. 18,590 
Water level in gauge at start (inches) ............ .... ..... . . . . ...... . ... ... 2 ti 
Water level in gauge at finish (inche ) ... ......... . ... .. ....... . .. ... . ..... . 2 fi 
Correction for difference of Jevel included above (lbs.) ......................... 19 
Steam pressure by gauge (lbs. per sq. in.) .... .... .... . ........... . ... . . . . 114 · 3 
Barometer reading (inches) . . . ..... .............. . .. . . ...... . . ........... 29. 49 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ....... . ............. 15 · 04 
Temperature in steam calorimeter (°F.) ....... . ...... . ... .. ........ . ... . ... 285 

Ne tes. 

. Air adm.itted .over lire from 9.22 to 9.44 and from 11.32 a.m. to 5.26 p.m. and from 5.45 to 6.18 p.m. 
Chnker tluck, wh1t1sh, and difficult to break up. " reather wet, no wind. 

. . r Fixecl Carbon . . . . . . . . . 64. 8 
Proximate analys1s of dry coal by weight% j Volatile malter. ...... 26"0 

lAsb ................. 9'2 
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SUMMARY OF RESULTS 

Made on No. 2 B . and W. Boiler, at McGill University. 
To Deterrnine quality of Coal. 
Kind of Fuel-No. 8. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heat.ing Surface (sq. ft.)-639 

Superheating Surface (sq. ft. )-Nil. 
Barometer at start-29 · 48. At finish-29 · 51. Mean-29 · 49. 

TOTAL QUANTITIES. 

1. Date of trial. .. . .. . ... . .. ....... .. ..... . .. .. ...... .. ..... ....... . .. .. 12/ 7 /07 
2. Duration of trial (hours) ..... ........ .. ....... .. .......... ... ........... 10 · 02 
3. Weight of coal as fired (lbs.) ................. .... . .. ............. . ........ 2569 
4. Percentage of moisture in coal as fired (%) ... ..... ... . .................... . l · 6 
5. Total weight of dry coal fired (lbs.) ..... . . . ..... . ........... . . .. .... .... .. . 2,527 
6. Total ash and refuse (lbs.) . .. . ..... . ......... ... ... . ...... . ...... .... ..... 207 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 10 ·3; (b) weighed ... 8·2 
8. Total weight of combustible consumed, from analyses (lbs.) ...... . .... .. ..... 2,267 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) . . 18,590 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ............... .... .......... ... 18,460 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .. .... 21,970 

HouRLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) . ..... . .. . .. ................... . .. . . . .. . .. .... 252 
13. Dry coal pcr square foot of grate surface per hour (lbs.) .. . ........... .. . . .... 14·8 
14. Water evaporated per hour corrected for quality of steam (lbs.) ....... .. ..... 1,843 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2,193 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . . ............. . ... ...... ... . . . ................. . 3 · 43 

A VE RAGE PRESSURES, TEMPERATURES 1 ETC. 

17. Steam pressure by gauge (lbs. / sq. in. ) ................. . ................ 114·3 
18. Temperature of feed water entering boiler (deg. F. ) ............ . ... . ........ 70· 0 
19. T emperature of escaping gases from boiler (deg. F .) ......... . ... .. ...... . . . ... 462 
20. Pressure of draft between clamper and ash-pit (ins. of water) .............. . . . . 0 · 25 
21. Percentage of moisture in steam ...... .. ... .. .. .. .............. .... ....... 1·0 

HORSE-POWER. 

22. Horse-power cleveloped (Item 15 + 34!) . . . . . . ........ . .. ... . . .............. 63 · 5 
23. Builders' rated horse-power .. . ... . ................... . ..................... 60 
24. Percentage of builders' rated horse-power cleveloped ................. .. . . ..... 106 

EcoNoMrc REsULTS. 

25. Water apparently evaporated uncler actual conditions per lb. coal as fired 
(I tem 9 +Item 3) . ... . .............. . ......................... . . . . .. . 7 · 68 

26. Equivalent evaporation from and at 212° F. per lb . coal as fired (Item 11 +Item 3) · 55 
27. Equivalent evaporation from and at 212° F. per lb . of dry coal (Item 11 +Item 5) 8 · 69 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 + Item 8) . . . ............ ... ..... ....... ...... ....... . ....... 9 · 68 

EFFI CIE:\CY. 

29. Calorific value of dry coal per lb . (B.T.U. ) ... .. ............ . . . ....... . ..... 13860 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... . 15280 
31. Efficiency of boiler (based on combust ible consumed) (%) ................... 61·3 
32. Efficiency of boiler, including grate (based on dry coal) (%) .... ........ ..... . 60· 6 

FLUE GASES. 

33. Dry flue gas per lb . carbon (from gas analyses) (lbs.) ... ... .... . .... . . . ...... 23 · 0 
34. " " of combustible consumed (from gas analyses) (lbs.) ........ 19 · 9 
35. " " dry coal (from gas analyses) (lbs.) ... . .. . .......... . ...... 17 · 8 
36. Proportion of heat of fuel in cscaping dry flue gases (%) .... . ........... .... . 11 ·8 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 8. 

Date-June 1, 1908. Trial Number-G.C.T. 32. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weatber cold and dull at first, clearing during morning, tben fine . Coal in lumps up to 4' or 5', 

witb considerable dust. Con! burns easily, witb considerable !lame, and ";tbout caking. Smoke for tbe most 
part ligbt. 

Ti me. 
a.ru. 
6. 45 Fire started with screcnings. 
7 . 30 Fire cleaned and made up with No. 8 coal. Pressure, 25 lbs. 
7 . 45 Tubes cleaned. Pressure, 75 lbs. 
8.45 Start. Ffre 2" thick, well burnt through . Ffre kept fafrly heavy, 8" to 12" thick. 
5. 30 to 5.37 Fire cleaned. Clinker and ash removed = 108+49=157 lbs. Clinker light, 

friable, and very slight.ly adherent. Coal very suitable for shaking grate. 
6 .45 Trial ended. Fire similar to start.. Ash weighed out 60 lbs. 

Water at back of ash-pit before start, due to coming through floor of boiler room. 
Ash when raked out at end very slightly damp due to this. 

CLINKER AND AsH. 

217 lbs. 

RECORD OF COAL CO SUMED DURING BOILER TRIAL No. 32 

'\'l eigh t of coal Tiœe Composition of flue gases 
fircd. of by volume, pcr cent. 

Time. ' sampling 

1 

flu e 

1 1 

Durin~ Total. gases. co. o. CO 
intPrval. 

Start 8.45 a.m. 
9.15 ...... .. .... .. .... 251 251 8.50 6·9 10·1 2·3 
9.28 .... . ...... . ...... 72 323 9.17 7·6 10·8 l ·4 
9.45 ...... . . ... ... . . . . lll 434 9.40 9·0 10·3 0·2 

10· 15 .. .... . .... ..... .. 215 649 10.20 7 · 9 10·7 0·6 
10 .45 ................ . . 133 782 10 .47 7·6 10·7 0·8 
ll . 15 .................. 106 888 11.16 7.3 12·0 O·O 
11. 30 ......... .... ..... 88 976 11.46 9.9 9.5 0·4 
11.45 ... . ..... .. ....... 47 1023 12.20 9·0 10 ·5 O·l 
12.15 .......... . ....... 106 1129 12 .50 9.4 8·5 0·7 
12 .45 . . . ........ . ...... 184 1313 1.18 8·5 10·4 0·8 

1 . 15 .................. 134 1447 1. 49 8·4 10·6 0·3 
1.45 ..... . ..... ... . . .. 106 ' 1553 2.20 7·8 11·3 0·6 
2.0 81 1634 2.48 9·2 9·6 0·7 
2.15:::::::::::::::::: 39 1673 3.18 8·0 11 ·9 O· l 
2.45 .. .... . ...... .. . .. 110 1783 3.49 7.4 12·0 0·9 
3.15 ............. .. .. . 92 1 75 4.21 7.7 11 · l 0·6 
3.30 .... . ........ .. ... 84 1959 4.48 8·9 10·8 O·O 
3.45 .......... . . .. .. .. 34 1993 5.17 8·5 11·3 O·l 
4.15 ....... . ....... . .. 141 2134 5.57 7.9 10·9 0· 1 
4.45 ....... . .... .. .. . . 92 2226 6.33 10·6 8·3 0 · 5 
5.13 . .. .. . . . .. .... . ... 56 2282 
5.45 .............. . .. . 150 2432 8·4 10·6 0 ·5 
6.15 . ... . . ......... ... 141 2573 
6.45 ......... .... ... . . 56 2629 
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OBSERVATIO rs MADE DURI G BOILER TRIAL ro. 32 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. 

Floo ~ At interval. 
per Boiler gases at Feed In entrancE lbs. 

sq. in. room. entranc Water. ash-pit. to flue. 
to flue. 

8 . 45 .. ...... .. .. 105 69 415 56 O·O -·20 .. .. ...... .. 
9 . 00 .. . ....... . . 120 67 470 56 O·O - ·20 390 
9.15 .. ....... . . . 105 69 515 55.5 O·O - ·22 374.5 
9 . 30 . ... . .. ... .. 116 69 530 56 O·O -·22 656 
9.45 .. .......... 120 71 535 55.5 -·01 - ·22 497 

10 .00 ............ 112 72 550 55.5 - ·01 -·25 610 · 5 
10 .15 . ......... . . 112 70 490 55 -·01 - · 23 534 
10 .30 .. . ......... 111 73 525 55 -·01 -·23 580·5 
10.45 .. . ......... 118 77 485 55 -·01 -·20 510 
11. 00 ............ 110 72 445 55 -·01 -·20 515 
11 . 15 .......... . . 101 71 445 55 -·01 -· 20 535.5 
11. 30 ...... . ... .. 111 74 450 55 -·01 -·20 314 
11. 45 . ......... .. 123 73 485 55 -·01 - ·20 455.5 
12 .00 ... . ........ 103 73 465 55 - ·01 -·20 544·5 
12 . 15 ... .. ...... . 113 73 455 55 -·01 -·20 525·5 
12 . 30 .. . .... .. . .. 113 71 460 55 - · 01 -· 20 367 · 5 
12 .45 ....... .. ... 113 72 500 55·5 - ·01 - ·20 466 ·5 

1. 00 ............ 120 73 485 55·5 - ·01 -·20 385 
1.15 .. . ......... 118 73 485 55.5 -·01 -·20 427 
1.30 .. ... ..... . . 121 73 480 55 · 5 - · 01 - ·20 469·5 
1.45 .... . .. . .... 118 72 490 56 - · 01 -·20 372 
2 . 00 ............ 111 73 525 56 · 5 - ·01 - · 23 401 ·5 
2 . 15 ...... . ..... 116 71 515 56·5 -·01 - ·23 488 
2 .30 ............ 121 71 500 56·5 -·01 -·23 474 
2 .45 .......... . . 104 73 480 56·5 - ·01 -·23 550 
3 . 00 ............ 119 74 505 57 -·01 -·22 404 
3 . 15 ..... . . ... .. 120 73 490 57.5 -·01 -· 22 374 
3 .30 ....... .. ... 118 73 500 57.5 - ·01 -·23 439 
3.45 .. .. ... . . . .. 114 73 485 57.5 -·01 - ·23 463·5 
4 .00 .. ...... .... 119 73 500 57.5 -·01 -·23 352 
4.15 ...... .. . .. . 113 73 585 57.5 - ·01 - ·23 462·5 
4 .30 ........ . . .. 120 77 495 5 - ·01 - ·23 411 
4 .45 ............ 122 77 500 58 - · 01 -·23 464 
5.00 ..... . . . . ... 108 77 490 58 -·01 -· 23 430 
5 . 15 ......... ... 122 75 495 5 - ·01 -·23 363·5 
5.30 ............ 108 75 470 58 - ·01 -·22 413 
5.45 .. . ......... 112 75 505 58·5 - ·01 - ·22 264 
6.00 .... . .. . . . .. 122 75 565 58.5 - ·01 -·23 336 
6.15 .... . . .. .... 112 75 580 58 ·5 - ·01 -·23 520 
6.30 .... . . .. ... . 108 75 585 58·5 - ·01 - · 23 495 
6 .45 ......... . .. 116 74 600 58·5 -·01 -·23 505·5 

114 · 4 72·9 500·6 56·5 -·01 -·22 1 ,040·5 net 
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SUMMARY OF OBSERVATIONS 

Date-June 1, 1908. 
Commenced-8.45 a .m. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ......... . ... . . ... . .... . . . . . Hand-spreading on alternate sides 
2. Kind of draft .. . .. ... . . . . . ... .. . . ... . .. . ... .. ... .... .. .. . . ..... . . ... . . Natural 
3. Condition of boiler and date of last cleaning .... ... . Thoroughly cleaned May, 1908 
4. Tubes cleaned ... . . . ..... . . . . . .. . . .. ... . . . .. .. . .. . .... .. .. . .. ... . . . . 7 . 45 a .m. 
5. Fire cleaned . . .. . ... . ... . .. .. ... . . . .. .. .... . ........ . . .. . 7 . 30 a.m. , 5 .30 p.m. 

FUEL. 

6. Kind of coal. . . . . . No. 8-Acadia Colliery, Acadia Coal Co., Westville, Pictou, N.S. 
7. Analysis of dry coal by weight (%) , C=77 · 6, H=4·7, S=0·9, N=1·6, 0=6 · 0, 

Ash=9·2. 
8. Calorific value of dry coal B.T.U. per lb ... ... . . ... . .... . .. . . . .... . . . . .. .. 13860 
9. Moisture in coal as fired (%) .. . . . .. .. . .. ... .. ..... . .. . . ... .... ... . .. . .. . .. l · 5 

10. Weight of coal fired (lbs.) . . .. .... . . .. ..... . ... . . . .......... . . . . .. . . .. . .. . 2629 
11. Combustible matter in ash and clinkcr (%) ... . . .. . . . ... .. ... . . . .. .... . . . .. . 11·1 
12. Weight of clinker (lbs.) . . .. . .. ... . .... ... .. . . . . .. ... ... . . .. . .. . .. . .. . .. . .. 157 
13. Weight of ash (lbs.) ..... .. . ...... . . . . . . .. . . . .. • . . . . . . .. .... . ... . ... . ..... . . 60 

Am AND FLUE GAs . 

14. Air pressure under fire (inches of water) .. . ... ....... . . . ... . . . . . . . . .. .... . -0 · 01 
15. " above fire " " .. . . . ...... ... ... . . .. .. .. .. . .. .. .. -0·15 
16. at <lamper . . ... .. . . ... . ..... .. . . .. . .. . . . . . . - 0 ·22 
17. Amount of <lamper opening .. . . ...... . ... .... . . ... .. ... . . . ...... . . ... . Various 
18. T emperature of air in boiler house (°F .) . . . .. . ... .. . .... . .. . . . .... . .. . ...... 72 · 9 
19. Flue temperatw·e (°F. ) .. .. . ... ... .. . ..... .. ....... . ..... . . .. .. . .... . ..... 501 
20. Analysis of dry flue gas by volume ( %) .. . CO, = 8 · 4, O, = 10 · 6, CO= C · 6, N = 80 · 4 

WATER AND STEA.M. 

21. Temperature of feed water (°F .) . . . . . ... . . . ... . . .. ... . . . . . ..... . . . . . ...... 56 · 5 
22. Total weight of feed. water, corrected for difference of level (lbs.) . . . . . . . ...... 18040 
23. Water level in gauge at start (inches) ...... . ..... . . . .. ...... .. . . . ........... .. 5 
24. Water level in gauge at finish (inches) ........... .. ....... . .............. . . . .. 5 
25. Correction for difference of level included above (lbs.) .... ..... .. . .. . ..... . . . . .. O 
26. Steam pressure by gauge (lbs. per sq. in.) .. ............ . . . ......... . . .. . . . 114 . 4 
27. Barometer reading (inches) ..... .. ........ . ....... . .. .. ... . .. . .. . ........ 29. 68 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in. ) .. . . . . . .. . . .. . ....... . 14. 7 
29. T emperature in steam calorimeter (°F. ) . . . . .. ... . ... . . . ..... . .. .. .. . ..... 290 . 7 

Notes. 
. This coal white clinkering sligbtly gave but li ttle t rouble and would be vcry suital>lc for a sbaking grate. 

Little smoke . Does not cake. Weather ratber cold . 
l Fixed carbon . .. . .. . . . 64· 8 

Proximate analysis of d ry coal by weigb t 3 l ~~lalile .matt~r.' .' .' .' .' .' .' .' . 2;:g 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-Coal No. 8. Kind of Furnace-Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)- il. 
Barometer at start-29·73. At finish-29· 63. Mean-29· 68. 

TOTAL QUANTITIES. 
1. Date of trial ... ..... ........ ... ..... .. ... ......... ....... . ............. 1/6/08 
2. Duration of trial (hours) .. .. ................... .. ......... ... ....... .. .. 10 · OO 
3. Weight of coal as fired (lbs.) ..................................... .. ....... 2629 
4. Percentage of moisture in coal as fired (%) ................. .. . . ..... .. ... . l ·5 
5. Total weight of dry coal fired (lbs.) ...... . ................................. 2590 
6. Total ash and refuse (lbs.) .... . ... ..... ..... ....... . ...................... 217 
7. Percenta~e of ash and refuse in dry coal (%) (a) from analyses 10 · 35; (b) weighed 8 · 37 
8. Total we1ght of combustible consumed, from analyses (lbs.) .................. 2322 
9. Total weight of water fed to the boiler, corrected for differcnce in level (lbs.) .. 1 040 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.). . . . . . . . .................... ..... ..... 17900 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ..... . 21640 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) . . ........ . . . ....... .... ...................... 232 
13. Dry coal per square foot of grate surface per hour (lbs.) ........ . ............ 13 · 82 
14. Water evaporated per hour corrected for quality of steam (lbs.) .............. 1790 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ........... . .. . ... 2164 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.} .................... . ..... ... .................... 3 · 38 

AYERAGE PRESSURES, TEMPERATURES, ETC. 
17. Steam pressure by gauge (lbR. / sq. in.) ................................... 114 · 4 
18. Temperature of feed water entering boiler (deg. F.) ......... . .. .... .......... 56 · 5 
19. Temperature of escaping gases from boiler (deg. F.) .... . ...... . ..... ... .. ..... 501 
20. Pressure of draft between damper and ash-pit (ins. of water) .................. 0 · 21 
21. Pcrccntage of moisture in steam ..... . . . ............................. . .... 0 · 7 

HORSE-POWER. 

22. Horse-power developcd (Item 15+34!) ... . . ..... . ......................... 62·7 
23. Builder ' ratcd horse-power .............................. . ...... ........... 60 
24. Percentage of builders' rated horse-power developed .. ........ .... .. . ..... . ... 104 

EcoNoMrc REsULTs. 
25. \Vater apparently evaporated under actual conditions per lb. coal as fired 

(Item 9 +Item 3) ........ ............... .. .. .. ............... . ....... 6 · 86 
26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) · 25 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8 · 36 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consurced 

(Item 11 +Item 8) .............. . . . ............ . ..................... 9 · 32 

EFFICIENCY. 
29. Calorific value of dry coal per lb. (B.T.U.) ... .. ...... .... .... .. ....... ... . 13860 
30. Calorific value of the combustible per lb. (B.T.U.) ................... .. ..... 152 0 
31. Efficiency of boiler (based on combu tible consumed) (%) ..... . .. ... .. ... ... 59·0 
32. Efficiency of boiler, including grate (based on dry coal) (%) .................. 58·3 

FLUE GASES. 
33. Dry flue gas per lb. carbon (from ga.s ruialyses) (lbs.) ... .. ........ .. ........ 27 · 6 
34. " " of combustible consumed (from gas analyses) (lbs.) .... . .. 23 · 9 
35. " " dry coal (from gas analyses) (lbs.) .. ..................... 21·4 
36. Prooort ion of hPat of fuel in escaping dry flue gnses (%) . ... .... . ........... 16·57 



GRAPHIE RECORD PF §oiLER TRIAL. 

i-:. r r f iil ·- COAL /'tle S 
( ,B 0 I L E 7( -p R E .s s u R E. 1 

\t ~ ': ~ j 

?~ ~ l ~ / \. ' ) 
,,.- '" V ' / \ V ... , 

:..-' 
,,.,,, 

\ / .......... 
,, ["'., ,,,, \. / I'\ 1 ~ / " ./ ,. r -, '(' 1\ / '/ '' 1 V \) '9 ~ 

"\ 1 V ~~ .. ..; 
"' q ") 1 '/ ..... ~~~ 
c;) • i Ill: 1 / 

~~~· .,,è'J V' 
" " / 1 ~ ~ .. ...... ~J 

L u G /f .s V 1 ::j i c o .. I /V F E. ... . \ ~ ~ .. V --- ...... / ·- 1 / " 
0 ... t ~' 

..._ - ~ - - n ... 

~~ 
_.,... - ~ 1 

u ::i. ' cr- ,, ~ 
~ ' ' A ~ 1 _. 

------- ...-

' . ~ 
...,i V 1 / 

~ .. 
~ ~ Il f V ~ ,/ ~ 

~~ ~ ~~ V )\ / ...... Ill ~ ~ --"'~ ~.t lt:\°" >---" .....- .......... R" ,: L~ /u E. a. /'I /s \ ~ 
~ / ~~t q .,.... e m p E. R ,, T u ~ E. 0 ~ 

~ .J...-
.... - Q ,__ 

' ~ ) / 'I" / ......... V ,.......~ -..,,... ,,,,,.. ........ ,( 
~" ~ ~ ~Il 

/ .. 
IJ,j ~ ;~ 

~ i V 1 ~ /' ./.,,. l.ij 
~~~ 

1 

f 1~ ,) ........- .... ~ ~! " ........ 

' .. V ,~ ~ / " ~ I"' 
~ 

~ lt: ~ 
~ V 1/ .~ 

~ ~ . 
~ .. ">~ ,,/ ',,/ lij ..... ~ c,. 

"'~' ~~ ' / 
...... V f( ~'ih ~ !:\ v_...J 

~ ~ t. ' " V 1;:1 '11 ./ ~....- ' "'~ i ~ 
~ 

'-~~ ./ ~ e /VI 'P E. ;;( FI '· jd' 7f E OF 7J 0 I '- E. }î R 9.-- ., .. , "-
~~~ "': () l ~ ~V 'Ir--., / [/ 

/ - 1 __.. .......... -
~ ' ........ ~ V ... v " "'"1 1 'l to ~,/' 

,.,.., • 
~ : V e M p E. 'R fl ï " "R e 0 p p s E. X> w FI ,T E. 7' 

Ili~\ V / ..., 
.... !ii "' ~~ l V / 1 \-; - .. 

~~ 'tq -
'Il~ l ~ .. 0 I 1 
t I ~' .v » ,q M p E R () p E IV I N 

~ 

..... ~ )rr l - .L - 1 ~ ~ ~~ .1. t "> ~ ~ (.) ·~ 1 "'" ~' ~ . 
// 1 

• 
'4i .. ~~ ~~ ~ fl I "'Fi p 1f 6 .s s u R E I IV fl .s H p I T 
~~ .. ~ ' 

() 

... ~ l,i').. // 1 
~ ~· j fl I "F{ p 1'f ~ s .s u '1:t E. 

,, 
T :P fl ,.,., ~ E. 'R 1 ~te ~,, 

~ ~. 
'~ ', ./ -
\, 1 v 

'\. Ir 
""·""·8.'t.$ .. .,~- /6 .• b- Il·.,.." 1;1 . +0- /. ~~- ;: .• "" ~. .."- + . .,~- t>.<10 " ·4:,- P. 

/WU&..L 

A PPENDI X II , Vo L. I\' 



1 ;l t ' l • lÎ 1 • 
l ~; ".,, 

t· - Î .:- J~ . 
~ 1 '. ÇT f .. 

i 

' I 
' 9 , ~ . ~ ~ 

... 

r ' ~ i 
) 



113 

TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 3. 

Date-June 24,1907. Trial Number G.C.T. 3. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Fine and warm, light breeze. Fire ban.ked over Sunday. Coal mostly in lumps of a• to 4', a few 

large pieces, and some small stuff. 

Time. 
a.m. 
8.00 Fire cleaned and made up with No. 3 coal. 
8. 20 Pressure, 50 lbs. Tubes cleaned. 
9.30 Trial started. Fire-about 4• thick, burning clear with some flame. 

H sacks of coal burnt before trial 
10.05 Small fire lighted in No. 1 B. & W. boiler furnace. 
10. 43 Fire sliced. (Fire about 12" thick at this time). 
11.43 Fire sliced. 
p.m. 
12.30 Fire sliced. 14 lbs of clinker removed. Clinker viscous, lumpy, and friable when 

cold. 
1. 57 to 2. 03 Fire thoroughly cleaned. 68 lbs. of clinker removed. 
3. 30 Fire sliced. 
4 . OO Fire sliced }32 lb f link d 4. 48 Fire sliced s. o c er remove 
6. OO Fire sliced. 21 lbs. of clinker removed. 
6. 28 Fire cleaned thoroughly. 101 lbs. of clinker removed. 
7 . 35 Trial stopped. Fire similar to start. 

CLINKER AND AsH. 
236 lbs. clinker. 

81 lbs. ash . 

RECORD OF COAL CO SUMED DURING BOILER TRIAL No. 3 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

During Total. gases. co. o. CO 
interval. 

Start 
9.30 .................. . . . . . . . . . . . . . . . . . . . . 
9.40 . . .... .. ...... . . .. 89 89 

10 .14 ............. . . ... 184 273 
10 .57 .................. 187 460 
11.47 .................. 189 649 
12.41 . ............ .. . .. 187 836 

1 .37 ......... . . ..... . . 207 1043 
2.18 .................. 190 1233 Cancelled Sampling doubtful 
2.56 . ... . . . .. ..... .... 184 1417 
3.38 . . . . . . . ........ .. . 164 1581 
4 .10 .. . .............. . 162 1743 
4 .55 .... .... . . ..... . .. 203 1946 
5.40 ...... ..... ....... 196 2142 
6.45 .................. 187 2329 
7 . 10 ....... .. . . ....... 197 2526 
7 .35 ... . . . .. . .... . . . . . 67 2593 

83-8 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 3 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. 

Floo ~ At interval. 
PCF Boiler gases at Feed In entrance lbs. 

sq. m. room. entranc Water. ash-pit . to flue. 
to fine. 

9 .30 .... . .. . .. .. 119 90 380·0 65·0 -·09 0·25 ............ 
9.45 ............ 107 91 375 66·0 -·09 0·25 495 

10 .00 ............ 106 92 370 65·0 -·09 0·25 613 
10. 15 ............ 110·5 94 375 65·0 -·09 0·25 373 
10 .30 ..... ....... 100 94 365 64 ·5 - ·09 0·29 358 
10 .45 ............ 100 96 500 64·5 -·09 0·29 288 
11.00 ............ 100 96 445 64·5 -·09 0·27 394.5 
11 .15 .... ..... . .. 105·0 95 445 64·5 -·09 0·26 484 
11.30 ............ 123 96 420 64·5 -·09 0·22 373.5 
11.45 ......... . . . 118 97 465 64·0 -·09 0·19 496·5 
12.00 ..... .... ... 116 97 445 64·0 -·09 0·20 473 
12.15 ............ 106 96 467 65·0 --08 0-20 321 
12 .30 .... . ...... . 114 98 470 65·5 -·08 0·20 358·5 
12.45 ......... . .. 119 97 445 66·0 -·08 0·20 396 
1.00 ............ 109 97 425 66·5 -·OS 0·20 537.5 
1.15 ............ 118 97 420 66·0 -·08 0·20 459.5 
1 .30 ............ 108 97 420 66·0 - ·08 0 ·20 395·5 
1.45 ............ 105 97 415 66·0 -·08 0·20 448 
2.00 ............ 111 97 405 66·5 -·08 0-20 445.5 
2.15 ..... . ...... 111 97 360 66·5 -·08 0·20 121·5 
2.30 ............ 114 97 415 67 ·5 -·08 0·20 345 
2.45 ... . . ....... 104 97 415 66·5 -·08 0·20 492 
3 .00 ............ 113 97 415 66·5 --08 0·20 2 0 
3 .15 . ...... ... .. llO 98 425 67·5 -·08 0·20 427·5 
3.30 ............ 110 98 475 67-5 -·08 0 ·20 368 
3.45 . . .... ...... 103 98 480 67 ·5 -·08 0·20 463 
4.00 . ......... .. 116 96 505 67·5 -·08 0·20 444 
4.15 ............ 113 97 500 67·5 -·08 0·20 526 
4.30 ..... ... . .. . 114 101 465 67·5 -·08 0·20 538·5 
4.45 ...... ... . . . 113 100 510 67·5 -·08 0·20 502·5 
5.00 ......... ... 117 96 505 6 ·O -·08 0·20 412 ·5 
5.15 ............ 113 96 440 67·5 -·08 0·20 \ 987·5 
5.30 ......... . .. 123 97 430 67·5 -·08 0·20f 
5.45 ......... . . . 110 97 420 67·5 - ·08 0·20 472·5 
6.00 ... • ....... . 119 96 465 67·5 -·08 0-20 422·5 
6.15 ... ...... . . . 110 98 475 67·5 -·08 0·20 410 
6 .30 ...... ... ... 99 96 465 67·5 - ·08 0·20 483·5 
6.45 . ........... 93 98 440 67·5 -·08 0·21 336 
7 .00 . ........... 118 94 415 67·5 - ·08 0·21 332·5 
7 .15 ............ 119 94 430 68·0 -·08 0·21 509·5 
7.35 .......... .. 119 94 425 6 ·O -·08 0·21 4 4 

111·1 1 96·2 437 
1 

66 ·2 
1 

-·08 0·21 17,044·5 net 
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SUMMARY OF OBSERVATIO S 

Date-June 24, 1907. 
Commenced-9.30 a.m. 

Boiler-B. and W . No. 2. 
Ended-7.35 p.m. 

At McGill University. 
Duration-605 mins. 

GENERAL. 

1. Method of stoking ............................ Hand-spreading on alternate sides 
2. Kind of draft . ......................... . ..... .. ....... . . . ..... ...... .. N atural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1907. Fresh 

water, June 20 
4. Tubes cleaned ............... ..... .................................. 8. 20 a.m. 
5. Fire cleaned ......................... ... .. ...... 8.00 a.m., 1.57 and 6.28 p.m. 

FuEL. 

. {No. 3-Main seam, Drummond Colliery, Intercolonial Coal Co., 
6. Kmd of coal. · · · · Westville, Pictou Co. N.S. Over 1" screen and picking belt. 
7. Analysis of dry coal by weight (%) ..... 6 =72·6, H =4·3, 8=2·5, N =2· 1, 0 =4·0, 

Ash=14·5 
8. Calorific value of dry coal B.T.U. per lb ............. . . ... ..... .. ....... .. 12960 
9. Moisture in coal as fired (%) .... .... ... ... . ... . ........................... l · 1 

10. Weight of coal fired (lbs.) .................. . .... . ....... . . . ......... .. . .. 2593 
11. Combustible matter in ash and clinker ( %) ... . . ..... . . .................. . ... 9 · 6 
12. Weight of clinker (lbs.) .. .. ...... . ... .. ... . ....... .. . . .... .. ............. . 236 
13. Weight of ash (lbs.) ........... .. ........ ... .... . . . ........................ 81 

Am AND FLUE GAs. 

14. Air ~~essure under fire (in~~es of "'.~ter) ........... ... .................. .. - 0 · 08 
15. above fire ............. . .................... -0 · 19 
16. at <lamper ... . ... ... . . ................... . . -0·21 
17. Amount of <lamper opening . ........... .. . . ................... .. . .. . .. .. . Full 
18. Temperature of air in boiler bouse (°F.) ...................... . . . .. . ........ 96 · 2 
19. Flue temperature (°F.) ................................................ . .. 437 
20. Analysis of dry flue gas by volume (%)-sampling doubtful. 

WATER AND STEAM. 

21. Temperature of feed water (°F.). . . . . . . . . . . . . . . . . . . . . . . . .......... 66. 2 
22. Total weight of feed water corrected for difference of level (lbs.) ...... .. ....... 17044 
23. Water level in gauge at start (inches) ............... . ................... . ... 3! 
24. Water level in gauge at finish (inches) ............. . ......................... 31 
25. Correction for di!Ierence of level included above (lbs.) ... .... ... .. . ... .. ....... 57 
26. Steam pressure by gauge (lbs. per sq. in.) ................. .. . . ....... ... . 111·1 
27. Barometer reacling (inches) .................... . . . .................... . .. 29. 72 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) .................. . ... 2. 25 
29. Temperature in steam calorimeter (°F.) . . . ................ . . . ... . ... ... . 243. 4 

Notes. 
Fire sliced 10 . 43, 1 l.43 a.m., 12.30, 3,30, 4.00, 4.48, and 6.00 p.m. Clinker thick and viscous, friable 

l\'hen cold. Coal in lumps averaging 4' "~thout much small stuff. 
Weather fine and warm. B. and W. No. 1 boiler cold. 

{ 

Fixed carbon ....... . 
Proximate analysis of dry coal by weight % X~/:.til~ .".'~tter.'. '. '. '. '. : 

60' 8 
24'7 
14 · 5 
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SUMMARY OF RESULTS 

Made on B . and W. No. 2 Boiler at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 3. Kind of Furnace--Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.) - 639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 75. At finish-29 · 70. Mean-29 · 725. 

TOTAL QUAL'ITITIES. 
1. Date of trial. ................................ ... ............ . ........ 24/ 6/ 07 
2. Duration of trial (hours) ....... ... . . .. . ...... . .......................... 10 · 08 
3. Weight of coal as fired (lbs.) .. . ..... . ... ........ ... .. ....... . .......... . .. 2593 
4. Percentage of moisture in coal as fired (%) .... . .... .... ... ........ .... .... . l · 1 
5. Total weight of dry coal fired (lbs.) .......... : ............................. 2564 
6. Total ash and refuse (lbs.) ................... . ......... . ... ..... ........ ... 317 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 16· O; (b) weighed . 12·4 
8. Total weight of combustible consumed, from analyses (lbs.) ......... . ... ... .. 2152 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17044 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.) ....... .. ......... ... .... .......... .... 16730 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ... . .. 19950 

HOURLY QuANTITIEs. 
12. Dry coal fired per hour (lbs.) . ... .......... ................ ... ...... ..... 254 · 4 
13. Dry coal per square foot of grate surface per hour (lbs.) ..................... . 15 · 2 
14. Water evaporated per hour corrected for quality of steam (lbs.) .............. 1660 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 1980 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ................... . ..... .. ...... ......... ........ 3 · 1 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ....................... . . ......... 111·1 
18. Temperature of feed water entering boiler (deg. F.) .. . ..... ... ....... . ...... 66 · 2 
19. Temperature of escaping gases from boiler (deg. F.) ................... ....... .437 
20. Pressure of draft between <lamper and ash-pit (ins. of water) ... . .............. 0 · 13 
21. Percentage of moisture in steam . ........ .... .. .. .............. ... . ..... .. 3 · 0 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) . ...... .. . . ........ . ........ ... ..... 57 · 4 
23. Builders' rated horse-power ... .... ... ....... .. ...... .. .. . ..... . . ...... .... . 60 
24. Percentage of builders' rated horse-power developed .... . .................... 95 · 6 

EcoNoMic RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) ................................ .... ................ 6·57 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 69 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 78 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item ll+Item8) ............................................. . ..... 9·28 

EFFICIENCY. 
29. Calorific value of dry coal per lb. (B.T.U.) ... . .......... .. ........ . ....... 12960 
30. Calorific value of the combustible pcr lb. (B.T.U.) ............... .... ... .... 15150 
31. Eflicienry of boiler (based on corn bu tible consumcd) (%) ....... . . . ..... . ... 59 · 2 
32. Efficiency of boiler, including grate (based on dry coal) (%) .................. 58·0 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 3. 

Date-July 3, 1907. Trial Number-G.C.T. 7 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Grate of fixed bars. 30% air space. 2 sacks burnt before trial. Weather fine, temperature moderate. 

No. 1 B . and W. boiler working. 

Tirne. 
a.m. 
7. OO Fire raked out. Pressure, 100 lbs. Small quantity of screenings put on. 
7. 20 Tubes cleaned. 
7. 30 Raked tire clean and started fi.ring with No. 3 coal. 
8 . 10 Fire started in No. 1 B. and W. furnace with fan. 

10 .00 Pressure in No. 1 boiler 20 lbs. 
10. 20 Fire cleaned. 
10 . 30 Trial started. Fire 2• thick, well burnt through. Pressure No. 1 boiler 75 lbs. 
12. OO Fire 4" thick. 
2. 28 Fire sliced. 
3. 05 Fire sliced. 
3 . 26 to 3. 35 Fire well cleaned. 144 lbs. of thick friable clinker and cinders removed. 
7. 30 Fire about 4" thick. 
7 . 35 Fire sliced. 
8 . 20 Fire cleaned. 121 lbs. of clinker and cinders removed. 
8 .30 Trial stopped. Fire 1!' thick, well burnt through. 
8. 30 100 lbs. of a.shes raked from pit. Blow-off cock exainined and found tight. 

CLINKER AND Asn. 
265 lbs. clinker. 
100 lbs. â.sh. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 7 

Weight of coal Tirne Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 
Dürinv; Total. gases. co, o. CO 

interval. 

Start 10 . 30 a.m. 
10 .45 .. .. ........... ... 213 213 10.45 10·1 7.9 0·2 
11.15 ............ . . . . .. 181 394 11.15 6·7 13·2 O·O 
11.54 ...... ..... . .. ... . 158 552 11.45 10·7 7 .9 0 ·2 
11 .35 ..... .. .... . ...... 199 751 12.15 8·5 9·6 0·8 

1. 22 .................. 172 923 12.45 5·5 15 ·3 O·O 
2.00 . ...... . .. ... . .. .. 171 1094 1·15 3.5 17·1 O·O 
2.40 .. . .. .... ... .. ... . 169 1263 1.45 6·0 14 ·5 O·O 
3.30 ............... . .. 199 1462 2. 15 6·0 13·5 O·O 
3.50 .................. 183 1645 2.45 5.9 13· 8 O·O 
4.25 . . . . .... ....... .. . 183 1828 3.15 5, 8 14·3 O·O 
5 .04 . .. ............. . . 182 2010 3.45 3.9 16·0 O·O 
5.29 ......... .. ....... 186 2196 4.15 3·8 16·2 O·O 
6.18 ..... . ..... .. .... . 186 2382 4.45 3·6 16·4 O·O 
6.53 . ... . .... .. . ... . .. 188 2570 5. 15 4·8 15·3 O·O 
7.37. ...... .... .... . . . 169 2739 5.45 6·1 14· 2 O·O 
8.30 .. . .......... . .. .. 102 2841 6.15 5·8 14· 3 O·O 

6.45 4·6 15 ·7 O·O 
7.15 4.4 16·2 O·O 
7.45 5 ·0 15 ·3 O·O 
8 .10 6·1 14·7 O·O 

5·8 
1 

14· l 0· 1 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 7 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
pe! Boiler gases at Feed In entrance lbs. 

sq. ID. room. entrance Water. ash-pit. to flue. 
to flue. 

10.30 ... . ........ 102 94 540 65 -·02 -·25 .. .. ........ 
10.45 ............ 107 89 500 65 -·04 - ·30 292 
11.00 ............ 123 92 475 65 -·04 -·30 462 
11 .15 .. .. ...... . . 120 91 520 65·2 -·03 -·29} 108·4 11 .30 ...... . ..... 122 91 505 66 -·03 -·30 
11 .45 ...... . ..... 122 91 540 66 -·03 -·31 477 
12.00 ............ 108 91 470 66 -·03 -·25 466 
12 .15 ...... . ..... 123 92 480 66·5 - ·03 -·25 472 
12.30 ............ 123 94 465 67·5 -·03 -·25 523 
12.45 ... ......... 115 94 445 67·5 - ·03 -·20 526·5 
1.00 ............ 122 92 485 68 - ·03 - ·23 342·5 
1.15 ............ 117 92 445 68 -·02 -·25 414·5 
1.30 . ........... 123 90 445 68 -·02 -·25 395.5 
1.45 ... . ........ 123 90 455 68 -·02 -·25 403 
2.00 ............ 123 89 455 68·5 -·01 - ·27 487·5 
2.15 ....... . . .. . 122 90 460 68.5 -·02 - ·25 396 
2.30 . ........... 123 91 465 69 - ·02 -·22 413 
2.45 ....... . . . . . 120 92 475 69 -·01 -·25 471 
3.00 ... . ........ 114 96 490 68·5 -·01 - ·25 446 
3.15 ............ 110 91 505 68·5 -·02 -·25 641·5 
3.30 .. . ..... . .. . 119 96 470 69 -·02 -·25 422 
3.45 . . ..... ..... 113 92 510 69 -·02 -·23 313·5 
4.00 ........ ... . 117 94 505 69 - ·01 -·23 387·5 
4.15 ......... .. . 109 88 550 69 - ·01 -·25 473.5 
4.30 ............ 117 89 520 69·2 -·03 -·26 512·5 
4.45 ............ 119 89 560 69·2 -·03 -·30 590 
5.00 .... . ....... 107 89 530 69·2 -·04 - ·28 546·5 
5 . 15 . .. . ........ 123 89 505 69 -·02 - ·26 550 
5.30 .. . ......... 117 86·5 495 69 -·01 -·30 445.5 
5.45 . ........... 119 86 510 69 -·03 -·29 529 
6.00 ............ 117 87 505 68 - ·01 -·30 533 
6.15 ... . . . ...... 117 87 520 66·5 -·03 -·30 481 
6.30 ......... . .. 98 86 480 66 -·01 -·30 576·5 
6.45 ..... . ...... 118 86 480 66 -·01 -·29 335 
7.00 ..... .. ..... 117 86 500 66 -·02 -·28 471 
7 .15 ...... ...... 102 85 470 67 -·02 -·28 509 
7.30 .... ..... ... 123 82 465 66 -·02 -·30 363 
7.45 ... ......... 123 82 515 67·5 -·02 - ·30 418·5 
8.00 . . .......... 115 82 460 67 ·5 - ·03 - ·29 464 
8.15 ...... . . ... . 112 81 510 67·5 -·02 -·28 417·5 
8.30 . .... .. ..... 102 83 480 67·5 -·O -·20 429·5 

116·2 89·0 494 67·5 - ·02 -·27 18,463 net 
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SUMMARY OF OBSERVATIONS 

Date--July 3, 1907. 
Commenced-10.30 a.m. 

Boiler-B. and W. No. 2. 
Ended-8.30 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ..... . ....... . .... . .... . . . .. Hand-spreading on alterna te sides 
2. Kind of draft ......... . ................................ , ...... .. ...... Natural 
3. Condition of boiler and date of last cleaning ..... ... Thoroughly cleaned June, 1907. 

Fresh water, June 20. 
4. Tubes cleaned ......... .. .. ..... ........... . . ............ ........... 7. 20 a.m. 
5. Fire cleaned ........ ......... ...... . ... 7 .30 and 10 .20 a.m., 3.26 and 8.20 p.m. 

FUEL. 

. {No. 3, Main seam, Drummond Colliery, Intercolonial Coal Co., 
6. Kind of coal ...... · · Westville, Pictou Co., N.S. Over 1" screen and picking belt. 

. . ) {C =72·6, H=4·3, S=2·5, 
7. AnalysISofdrycoalbywe1ght (% ...... ........ · · ··· · N=2·1,0=4·0,Ash=l4·5 
8. Calorific value of dry coal B.T.U. per lb .. ... ..... ....... . ................. 12960 
9. Moisture in coal as fired (%) ................ . .... . ......... .... ........... l · 2 

10. Weight of coal fi.red (lbs.) ........................... . ..................... 2841 
11. Combustible matter in ash and clinker (%) ........ . ......... . .. . ..... . . .... 17 · 7 
12. Weight of clinker (lbs.) ... ..... . . ........ ..... ....... .. ................... 265 
13. Weight of ash (lbs.) ....... . ... . .. .. ................ .. ... ................. 100 

Am AND FLUE GAS. 

14. Air pressure under fire (inch es of water) .. . ... ...... .... . .......... . ...... -0 · 02 
15. " above fi.re " ... .... .. ..... .. . ....... . .... . .... -0·24 
16. " atdamper ....................... .......... -0·27 
17. Amount of damper opening ........ . ... .. .. . .. .. . ..... .. .... ....... ... Various 
18. Temperature of air in boiler house (°F.) .. . ... . . . ... ..... . ............ ... ..... 89 
19. Flue temperature (°F.)... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 494 
20. Analysis of dry flue gas by volume (%) .. C02=5·8, 0 2= 14·1, CO=O·l, N=80· 0 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ........ . ....... . ..... . .. . .. .. . . .... . .. . .. 67. 5 
22. Total weight of feed water corrected for clifference of level (lbs.) ...... .. . .. . ... 18463 
23. Water level in gauge at start (inch es) ......................... ... . ........ .4 tî 
24. Water level in gauge at finish (inches) .. ........................ . ........... .4i 
25. Correction for difference of level included above (lbs.) .. . ... . .......... .... ... 9 · 5 
26. Steam pressure by gauge (lbs. per sq. in.) ................ .. .. . . . .... . ..... 116. 2 
27. Barometer reading (inches) . ...... ........ . ....................... .. .... 29. 825 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.). . . . . . . . . . . . .. 7 · 5 
29. T emperature in steam calorimeter (°F.) ..... ............... . .. .. . . ... ... ... 237 

Notes. 
Firc sliced 2.28, 3.05, and 7.35 p .m . Clinker thick and friable. Weather fine . B. and W. No. 1 boiler working . 

. { Fixed car bon . . . . . . . . . 60 · 8 
ProJUmate analysis of dry coal by weight % Volatile matter. . . . . . . 24 · 7 

Ash ................. 14 '5 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal, and effect of working No .1 Boiler. C./ f.trial G.C.T.3 . 
Kind of Fuel-No. 3 Coal. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 825. At fi.nish-29 · 825. Mean-29 · 825. 

TOTAL QUANTITIES. 

Date of trial .......................................................... 3/7 / 07 
Duration of trial (hours) ........ ............ ... ... . ..... . ..... . . . ....... 10 ·OO 
Weight of coal as fired (lbs.) ...... . . .. . . ........ . .......... . .............. 2,841 
Percentage of moisture in coal as fired (%) .. . ..... . ........................ l · 2 
Total weight of dry coal fired (lbs.) ............. . ........................... 2807 
Total ash and refuse (lbs.) ................................................ 365 
Percentage of ash and refuse in dry coal (%)(a) from analyses 17·6; (b) weighed.13·0 
Total weight of combustible consumed from analyses (lbs.) ........ .. ..... ..... 2313 
Total weight of water fed to the boiler corrected for difference of level (lbs.) ..... 18463 
Equivalent water evaporated into dry steam from actual "feed water 

temperature and boiler pressure (lbs.) ...... . ......... . .. ... ........... 17910 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ....... 21400 

HouRLY QuANTITIEs. 

Dry coal fired per hour (lbs.) .................. . ..... . ....... . ..... ...... 280 · 7 
Dry coal per square foot of grate surface per hour (lbs.) ............ . ......... 16 · 7 
Water evaporated per hour corrected for q uality of steam (lbs.) .. ............ . 1791 
Equivalent evaporaticn per hour from and at 212° F . (lbs.) ... .. ............ . . 2140 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ... ........ . . . . . .... . ... . ...... .. ...... . . .... .. .. 3·35 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ................................... 116 · 2 
Temperature of feed water entering boiler (deg. F.) ...... ... ................. 67 -5 
Temperature of escaping gases from boiler (deg. F.) .......................... .494 
Pressure of draft between <lamper and ash-pit (ins. of water) ...... ..... ...... . O· 25 
Percentage of moisture in steam ....... . ......... .. . ..... ... ..... . .. . ...... 4 · 0 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .... . . . . ..... . ... . ...... . .... .. .. ... 62 · 0 
Builders' rated horse-power ............................................. . 60 · 0 
Percentage of builders' rated horse-power developed ...... . ... ... .... ... .... . . 103 

EcoNomc RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .................. . .................... . ........... .. 6·5 

Equivalent evaporation from and at 212° F. per lh. coal as fired (Item 11 +Item 3) 7 · 53 
Equivalent evaporation from and at 212° F . per lb. of dry coal (It.em 11 +Item 5) 7 · 63 
Equivalent evaporation from and at 212° F . pcr lb. of combustible consumed 

(Item 11 +Item 8) ........................... .. ...... .. ........ ... ... 9 · 26 

EFFICIENCY. 

Calorific value of dry coal per lb . (B.T.U. ) . .. ......... . ................ .... 12960 
Calorific value of the combustible per lb. (B.T.U.) ..... ... . . .......... ... .... 15150 
Efficiency of boiler (based on combustible consumed) (%) ........... .. ...... 59·0 
Efficiency of boiler, including grate (based on dry coal ) (%) .................. 56 · 8 

FLUE GASES. 

Dry flue 9;18 per lb. carbon (fro_m gas analyses) (lbs.) . . .. . ................... 41·6 
of combustible consumed (from gas analyses) (lbs.) . .. ..... 35 · 6 

" dry coal (from gas analyses) (lbs.) . . ................. .. .. . 30 · 2 
Proportion of beat of fuel in escaping dry flue gases (%) ....... . ......... . ... 22 · 7 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 203. 

Date-June 26, 1907. Trial Number-G.C.T. 4. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather moist and dull at first, clearing 9.30 a.m. Afr thermometer moved and placed directly in draught 

b et"•een door nnd boiler. 2 sncks of coal burned before trial. Small tire in No. 1 B. and W . boiler furnace. 

Tirne. 
a.m. 
7. 25 Fire raked out and new lire made mth No. 203 coal. Pressure, 35 lbs. 
7. 45 Tubes cleaned. Pressure, 65 lbs. 
8. 45 Trial started. Fire 2" at front, 8" at back, burning bright, but little fl.ame. Ash

pit raked out. 
9 . 25 Fire 8" tbick ail over. Coal forms large cakes of coke. 

10. 35 Fire 10" thick. 
11.45 Heavy rain. 

1. 30 Fire 12" tbick. 
2 . 20 Fire sliced. 11 lbs. of clinker removed. Clinker wbitish, spongy, and very friable. 
3. 20 Fire 8 • tbick. 
3. 35 Fire sliced. 30 lbs. of clinker removed. 
4. 28 Fire 7' tbick. 
4.55 to 4 . 58 Fire sliced and partly cleaned. 39 lbs. of clinker removed. 
5. 30 Fire cleaned. 71 lbs. clinker removed. 
6. 10 64 lbs. of ashes raked from pit. 
6. 45 Trial stopped. Fire similar to start. 15 lbs. of ashes raked out of pit. Blow-off 

cock examined and found to be tight. 

CLINKER AND AsH. 

151 lbs. clinker. 
79 lbs. ash . 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 4 

Wcigbt of coal Ti me Composition of flue gase.;i 
fired. of by volume, pcr cent. 

Time. sampling 
flue 

1 1 

Dw·in~ Total. gases. co. o, CO 
interval. 

Start 
8 .45 . ... . .. ... . .. . . .. . .. .. . . . . .. . . . . . . . . . . 8.45 5·0 12·7 O·O 
9 . 18 . .... . . .. . . ..... .. 163 163 9.50 7·6 
9.39 .. ... .... . . ... . . . . 154 317 10 . 20 5·0 

10 . 19 . . .... .. . .. ... . . .. 168 485 10.47 9.4 
11.00 . . ... .. . .. .... .. .. 164 649 11 . 14 6·4 
11 .21 .. .. . .... .. ..... . . 154 803 11.50 7.3 
11 .49 ... . . . .. . . . . .... . . 187 990 12.22 6·2 
11 . 21. .. .. ... . ..... .. .. 169 1159 12 .44 5 · 2 14·7 0·1 

1. 18 . ...... . .. . . .... .. 172 1331 1.08 5·6 14 ·4 O·O 
2 .36 ..... . . . . .. .. . . . .. 189 1520 1. 35 5.3 14·9 O·O 
3 . 18 . . .... . . . . . .. .. . . . 165 1685 2.09 6·8 13· 4 O·O 
3 .57 . ....... . . . ... . ... 169 1854 2.37 5·1 13·3 0 · 2 
4 .33 .. . ...... . ..... ... 150 2004 3.16 5·8 13·6 O·O 
5 . 07 ........ ... .... . .. 165 2169 3 .40 6·8 12· 8 0·1 
5 .48 .. . . . ... . . . . . .. . . . 165 2334 4.04 6 · 0 13 · 6 0 · 1 
6.18 .. ... .... . . . .. . .. . 166 2500 4 .31 6 · 2 14·0 O·O 
6.40 .... . . . ....... . . .. 91 2591 5 . 04 5·8 13 ·9 O·O 

5.42 5 · 0 14.·4 0·1 
6. 16 5.7 14 ·0 0 ·3 
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OBSERVATIONS MADE DURING BOILER TRIAL o. 4 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F . water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 .... .. ...... 103 87·0 425 69 ·5 -· 08 -·20 ......... . .. 
9.00 ....... . . . .. 100 90 425 70·0 -· 08 -·20 392 
9.15 ....... . . . .. 118 90 510 68·0 -·08 -·20 371 
9.30 .. . . . .. . .... 101 93·0 450 67·5 -·08 - ·25 603·5 
9 .45 .... .. ... .. . 103 94·0 465 67·5 -·08 -·25 448 

10.00 ............ 103 93·0 435 67·0 - ·08 -·25 468 
10 .15 .. . . . ..... . . 117 95·0 450 67 ·0 -·08 -·25 487·5 
10 .30 . . ....... . .. 119 95·0 435 66·0 -·08 -·25 399 
10 .45 ............ 118 98 465 65·5 - ·08 -·25 334 
11.00 ............ 117 97 495 65·0 - ·08 - · 25 594.5 
11.15 . .......... . 108 96 485 65·0 - ·08 -·25 524·5 
11 . 30 ... ....... . . 118 96 485 65·0 -·08 - ·25 513 
11 .45 .... . ....... 103 92 450 64·5 -·08 -·25 591·5 
12 .00 ........... . 121 89 450 64·5 -·08 -·25 325·5 
12 .15 ......... . . . 104 84 445 64·5 - ·08 - ·25 391·5 
12 .30 ......... . . . 119 91 460 64·5 - ·08 -·25 455·5 
12.45 ............ 114 90 435 64·5 -·08 -·25 461 
1.00 . . . ... . . . ... 114 90 450 65 ·5 -·08 -·25 324.5 
1. 15 .... ....... . 115 92 475 66 ·0 - ·08 -·25 378 
1.30 ........... . 120 90 475 66 ·0 -·08 -·25 409·5 
1.45 . . . .... . . . .. 114 92 485 66·0 -·08 - ·25 427·5 
2.00 . . . ........ . 119 91 490 67·0 -·08 - ·25 380 
2.15 . . .......... 121 90 490 68 ·0 -·08 -·25 397 
2.30 ..... . . . .... 114 93 445 67·5 - ·08 -·25 417 
2.45 ............ 112 94 455 67·5 -·08 -·25 362 
3.00 . . .......... 119 92 ·5 500 67·5 -·08 -·25 373 
3.15 ..... . . . ... . 108 94 503 68·5 - ·08 - ·25 469 
3.30 . ........... 115 95 510 68 ·5 - ·08 - ·25 395 
3.45 ............ 117 96 510 68·5 - ·08 -·25 396 ·5 
4.00 ... ... ...... 114 94 510 68·5 - ·08 - ·25 410·5 
4.15 ............ 118 93 510 69·0 - ·08 - ·25 451·5 
4.30 ............ 116 95 550 69·0 -·08 -·25 445 
4.45 ............ 119 93 550 69·0 -·08 -·25 418·5 
5.00 . ... ........ 121 98 535 69·0 -·08 -·25 442·5 
5.15 ............ 108 93 460 69·0 -·08 -·25 493·5 
5.30 .. . . . .. ..... 121 91 470 69·0 - ·08 - ·25 513·5 
5.45 ...... ...... 106 94 540 69·0 - ·08 -·25 359.5 
6.00 ..... . ..... . 122 89 525 68·5 - ·08 -·25 524 
6.15 ..... ...... . S39 89 485 68·0 - ·08 - ·25 471·5 
6. 30 ... . . . . . . . . . 113 87 475 68 ·0 -· 08 - ·25 359 
6.45 .. . . . . . . . . . . 88 86 490 68·5 -·08 - ·25 483 

112·5 1 92·2 479 67·0 - ·08 -·25 17,534 
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SUMMARY OF OBSERVATIONS 

Date-June 26, 1907. 
Commenced-8.45 a.m. 

Boiler-B. and W . I o. 2. 
Ended-6.45 p.m. 

At McGill University. 
Duration-600 mins. 

GENERAL. 

1. Method of stoking . .... .. ... . .. ............. ~ .Hand-spreading on alternate si des 
2. Kind of draft ............. . .... . ............................... . ...... Natural 
3. Condition of boiler and date of last cleaning. Thoroughly cleaned June, 1908. 

Fresh water, June 20. 
4. Tubes cleaned ... ..... . .. ............. . .. ..... ....... . . .. . ......... . 7 . 45 a.m. 
5. Fire cleaned . .. .... .. ... . .......................... . ... .. 7. 25 a.m., 5. 30 p.m. 

FuEL. 

6 K d f 1 {No. 203, main seam, Drummond Colliery, I.ntercolonial Coal Co., 
· m 0 coa · · · · Westville, Pictou Co., N .S.-Over 1" screen and picking belt. 

. . {C =76·0 H=4·5 S=1·3 
7. Analys1s of dry coal by we1ght (%) . .. . .. .. ... .. . · · · · N =2·0 'o =4·9 Ash=11·3 
8. Calorifi.c value of dry coal B.T.U. per lb ............... . . ... .' . . ..... '. ..... 13550 
9. Moisture in coal as fi.red (%) ... ..... ........ .. ............................ l · 7 

10. Weight of coal fi.red (lbs.) . . ...... . .... .. .... . ... . ............. .. ........ . 2591 
11. Combustible mat ter in ash and clinker ( %) .... . ........ ... ...... ... .. . ... .. 13 · 0 
12. Weight of clinker (lbs.) ... ........................ . . . .. . .... ... ........... 151 
13. Weight of ash (lbs.) . .. . .. . ... .. ..... . . .. ..... . . .............. . .. .... ... ... 79 

A:m AND FLUE GAS. 

14. Air p;;ssure under fi.re (inc~,es of "'.'~ter) . ......... ... ... . .. ..... .. ....... -0·08 
15. above fi.re ......... . . .. .... . .......... . ..... -0·22 
16. atdamper .. . ......... .. .. . ......... . ...... -0·25 
17. Amoun t of <lamper opening ......... . . . ..... . ...... ..... .. . ......... .. Various 
18. Temperature of air in boiler ho use (°F.) ...... . . . . . .................... . . ... 92 · 2 
19. Flue temperature (°F.) .............. .. ....................... . .. . .. .. .... 479 
20. Analysis of dry flue gasby volume (%).C02=6· l (CO from 12.44 to 5.16 p.m . =O·l) 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

W ATEil AND STEAM. 

Tem perature of f eed water (°F.) .......... .... . . . . . .. ............... .. .... 67 · O 
Total weight of fced water, correctcd for difference of level (lbs.) ............. 17534 
Water level in gauge at start (inches) ........ . .............. . .. . . ... . .. ..... 31 
Water level in J1auge at finish (inches) .... ............... . ... . .... . . .. ...... .4! 
Correction for ifference of level included above (lbs.) .. . .. . ........ ... .... ... 171 
Steam pressure by gauge (lbs. per sq. in.) ........ . . . ................. . ... 112· 5 
Barometer reading (inches) . ... . ........... . .......... . ... .. . .. .......... 29 · 42 
Pressure in steam calorimeter by gauge (lbs. per sq. in. ) ... ... ... . ............ 2 · 7 
Temperature in steam calorimeter (°F.) . . ... . ... ....... .... . ......... . . . 249. 8 

Notes. 
Fire sliced 2.20, 3.35, and 4.55 p .m. Clioker whitisb, spongy, and very friable. Coal formed large cakes 

of coke. Coal crushed ta maximum of !'. Weather moist a nd dull at first, clearing at 9.30 a .m. 

{ 
Fixed carbon . . . . . . . . . 63 · 4 

Proxima te analysis of dry coal by weight % Volatile matter....... 25 · 3 
Ash . ..... ... .... . . .. 11 · 3 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 203. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 50. At finish-29 · 34. Mean-29 ·42. 

TOTAL QuANTITIES. 

1. Date of trial . . .. . .......................... ... ...... ... . .......... . .. 26/6/07 
2. Duration of trial (hours) ....... .... ...... . . . ... . .... . ...... . ............ 10. OO 
3. Weight of coal as fired (lbs.) . . ....... . ... . ... . . ..... .................... .. 2591 
4. Percentage of moisture in coal as fired ( %) ..... . ......... . .. .. ... .... ...... 1 · 7 
5. Total weight of dry coal fired (lbs.) . ... ....... .. . ..... . ... . ................ 2547 
6. Total ash and refuse (lbs.) . ............... .... ...................... .. .. . . 230 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses, 13 ·O; (b) weighed. 9·03 
8. Total weight of combustible consumed from analyses (lbs.) ... .. . . ........... 2216 
9. Total weight of water fed to the boiler corrected for difference of level (lbs.) .. . 17534 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.) ........... . ....... . .. ... . .... .. .... ... 17230 

11. Equivalent water evaporated into dry steam from and at 212° F . (lbs.) .. .... 20910 

HouRLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .................... . . . .. ... .............. . . 254· 7 
13. Dry coal per square foot of grate surface per hour (lbs.) ...... . ..... . . ........ 15 · 2 
14. Water evaporated per hour corrected for quality of steam (lbs.) ........... . .. 1723 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .......... .. .. . ... 2091 

16. Equ~~:l:~ ~:f~;ea~ih~ . f.~r. ~~-~-~r~~ -~~ -~t. ~~~~ -~·. :~~ _s:~~~-~o·o·t· ~~ ~~~~- . 3 . 27 

17. 
18. 
19. 
20. 
21. 

A VERA GE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / ~q. in) ....... . .......... .. .... .. ......... 112·5 
Temperature of feed water entermg boiler (deg. F.) . ......... . ............. . . 67 · 0 
Temperature of escaping gases from boiler (deg. F.) ........... . ... .. . ........ . 479 
Pressure of draft between damper and ash·pit (ins. of water) .................. 0 · 17 
Percentage of moisture in steam ... ....... ............. . ..... .......... ... 2 · 0 

HORSE-POWER. 

22. Horse-power developed (Item 15-;-34!) ................. ..... .. .. . . ...... . . 60·6 
23. Builders' rated ~orse-power . .. ..... .... .. ...... ..... . . ...... ... .. ..... ... .. 60 
24. Percent age of builders rated horse-power developed .......................... 101 

EcoNOMIC R.EsULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9-;-ltem 3) ...... . ...... . ...... .. ....... .. ................. . ... 6 ·77 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11-;-ltem 3) 8 · 07 
27. Equivalent evaporation from and at 212° F. per lb. of dry co11l (Item 11-;-Item 5) 8· 20 
28. Equivalent evaporation from and at 212° F. per lb . of combustible consumed 

(Item 11-;-Item 8) ............................. . ..................... 9 · 45 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) .... .... .... .. . . ................ 13550 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... 15300 
31. Efficiency of boiler (based on combustible consumed) (%) .. . ..... . .......... 59·7 
32. Efficiency of boiler, including grate (based on dry coal) (%) .................. 58 · 6 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 5. 

Dn,te-July 22, 1907. Trial Number-G.C.T. 14. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather warm. 1. OO p.m. rain. B. and W. No. 1 boiler working. Boiler blown down completely 

and refi lled July 18. 

NoTE-About 8.15 on J uly 19 mud drum door began to leak and no trial could be 
made. Joint was remade on July 20 and boiler tested under steam. No further leak 
was noticed and there was no loss of water between July 20 and 22. 

a.m. 
7.43 Fire thoroughly cleaned and remade with No. 5 coal. Pressure, 50 lbs. 
7. 50 Tubes cleaned. 
8. 55 Trial started. Fire 2" thick, a little flame and smoke. 

10 . 05 Grill in fire door half open. 
11. 05 Grill full open. 
12. 26 Fire sliced. 

2. 02 Fire sliced. 30 lbs. thick lumps of clinker removed. 
3 .15 Fire sliced. 37 lbs. of clinker removed . 
4. 30 Grill half open. Fire sliced. 
5 . 11 Fire sliced . 
5. 34 Grill closed. 
5. 43 to 5. 55 Fire well cleaned. 133 lbs. of viscous adhesive clinker removed. 
6. 55 Trial stopped. Fire similar to start. 50 lbs. of ashes raked from pit. Blow-off 

examined and found to be tight. 

CLINKER AND AsH. 
200 lbs. clinker. 

50 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 14 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

During Total. gases. co. o. CO 
interval. 

Stnrt .55 a.m. 

1 

9.08 .................. 172 172 9 .10 10·4 7.4 O·O 
9.26 .. .... . ..... . . . . . 144 316 9.40 10 ·3 4.7 2·0 
9.55 ...... . .... . . . .... 164 480 10.08 10·6 

1 

6·9 0·5 
10.19 . . .... . .... . ...... 131 611 10.42 10·5 4.5 3 · 6 
10.43 . . ........... . .. . . 149 760 11 . 10 13·0 4·8 0·4 
11.03 .. ......... ... . . . . 158 918 11.40 10·9 5.7 1·8 
11.20 ... ....... . . . . ' ... 135 1053 12 . 15 10 6·4 2 · 2 
11. 36 ... ... .. . . . .. 132 1185 12.48 11 ·8 6·2 0·9 
12 .03 ......... . ........ 150 1335 1.10 9·6 9·1 0·1 
12 .22 ....... ... .... . . . . 150 1485 1. 40 9·0 10·6 O·O 
12. 52 .................. 131 1616 2.17 9·5 

1 

8·3 0 ·2 
1. 23. . . . . . . . . . . .. . . 154 1770 2.40 9 ·0 11·0 O·O 
2.0 . .. ... ... .. ....... 163 1933 3.13 8·6 10· 8 O·O 
2.45 .. ......... .. . . . . . 162 2095 3.41 6·2 13 ·2 O·O 
3.26 ... ............... 163 2258 4.12 6·1 13·1 O·O 
3.46 ... . .... . . . . . ... . . 160 2418 4.40 7·2 12·5 0·9 
4.24 . . . ..... . . .... . . .. 166 2584 5.09 5·0 13· 8 O·O 
4.48 ... . ........ . . . . . . 147 2731 5.39 7·6 12 · 2 O·O 
5.1 . ........... . . . . . . 1.50 2881 6.10 4·0 15·8 O·O 
6.08 ........ .. ........ 165 3046 6.35 5·0 15· 4 O·O 
6.55 . .. .. . . . . ......... 173 3219 

·8 9 ·6 1 0·5 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 14 

Steam Draft pressures, 
pressure Temperatures incbea of Water 

gauge. o F. water. apparently 
evap?rated 

Tiine. !Il 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. asb-pit. to flue. 
to flue. 

8.55 . ........... 107 96 425 76 -·02 -·20 ............ 
9.10 ............ 122 93 400 75.5 - ·02 -·20 239.5 
9.25 ............ 114 95 440 74.5 -·02 -·28 561 
9.40 ...... .. .... 120 97 390 73.5 0 -0 -·20 443 
9.55 ... ..... .... 112 98 390 73 -·02 -·20 518 

10.10 ... . ....... . 107 97 395 73 O·O -·20 465·5 
10 .25 .... ........ 112 97 400 73 -·02 -·25 450 
10.40 ............ 112 99 400 73 -·02 -·20 432 
10.55 ............ 116 99 435 72 -·02 -·30 411 
11.10 . ... . . ...... 122 . 98 520 72 -·02 -·30 520-5 
11 .25 .......... . . 122 98 495 72.5 0-0 -·30 575 
11 .40 ..... ... .... 122 98 450 73 o.o -·20 569 
11 .55 ............ 120 98 460 73.5 O·O -·25 510·5 
12 . 10 ... ......... 122 97 450 73 O·O - ·25 495·5 
12 .25 .. .. .. . . . ... 120 94 475 73.5 o.o - ·25 524·5 
12.40 ......... ... 123 93 535 73.5 -·05 -·25 476·5 
12 .55 ............ 120 91 490 73 o.o -·25 528 
1.10 ........ . .. . 121 92 485 73 o.o -·25 473 
1. 25 ..... ... .... 122 90 465 73 o.o -·25 498 
1.40 ............ 110 92 455 73 .5 - ·05 -·20 438 
1.55 .. . ....... . . 120 92 460 74 o.o -·20 336·5 
2.10 .. . . ..... .. . 124 92 435 74 o.o - ·20 453 
2.25 ........... . 122 92 495 74 -·02 -·25 412 
2.40 ..... . ...... 120 92 490 74 -·05 -·25 477 
2.55 .......... . . 116 92 475 74 o.o -·20 504 
3.10 ..... . ...... 116 93 485 74 o.o -·25 343 .5 
3. 25 ............ 117 93 515 74 --02 -·20 345.5 
3.40 .... . ....... 120 92 460 74 -·02 -·20 447.5 
3.55 .. . .. . ...... 118 90 465 74 -·02 -·20 459 
4. 10 ......... .. . 114 92 440 74 --02 -·25 453.5 
4.25 . ...... . .... 112 90 455 74 - ·02 -·25 350 
4.40 ....... . .... 120 92 500 74 --02 -·20 463·5 
4.55 ...... . ..... 111 90 440 74 o.o -·25 508 
5 .10 . . .......... 110 92 475 74 o.o -·25 416·5 
5. 25 . .. ......... 111 91 470 73.5 O·O -·25 432·5 
5.40 ..... . ...... 122 90 440 74 -·02 -·20 395 
5.55 .. .... . . .... 100 99 450 74 O·O -·25 465 
6.10 ...... . ..... 116 91 470 74 O·O - ·25} 735 
6.25 .......... 118 91 540 74 0-0 - ·25 
6 .40 ...... ... . . . 120 91 535 75 0-0 -·25 . 566·5 
6.55 ........ .. . . 110 90 490 74 O·O -·20 556 

116·6 93-6 462 73.7 -·01 -·23 18,194·5 net 
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SUMMARY OF OBSERVATIONS 

Date-July 22, 1907. 
Commenced-8.55 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking . .. ......................... Hand-spreading on alternate sicles 
2. Kind of draft . ... .... . .. . .... . ......... . . . ......... . ..... . . . .......... Natural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned June, 1907 

Fresh water, July 18. 
4. Tubes cleaned .... ... . . ... ................... ..... .. . ....... . ....... 7. 50 a.m. 
5. Fire cleaned . ...... .. .. . . . .. . .... . .......... . ... . .. ... . . . 7.43 a.m., 5 . 43 p.m. 

FUEL. 

. {No. 5-Spr inghill No. 2 Colliery, Cumberland Rai!way & Coal 
6. Kmd of coal . · · · · · · · Co., Cumberland Co., N.S. Over !" screen and picking belt. 
7. Analy. is of drycoal by weight( %) .C = 75 · 1,H=4· 9,S = l · 6,N = 1·2,0 =8·0,Ash=9· 2 
8. Calorific value of dry coal B.T .U. per lb ... ........... . .. .. . . . . . . ........ . 13860 
~ - Moisture in coal as fired (%) . ......... .. ... ..... .. . ....... . . .. ........... . 1·9 

10. Weight of coal fired (lbs.) ... . . ..... . .. ... . . .... ... . . .. ........ .. ......... 3219 
11. Combustible matter in ash and clinker (%) ............. ... ......... . ... ... . 20· 8 
12. Weight of clinker (lbs.) ............ . ..... . ... ... ................. . ........ 200 
13. Weight of ash (lbs.) .. .... . .............. . . . .... .... . .. ... .. .... . . . ........ 50 

AIR AND FLUE GAS. 

14. Air pressure under fire (inches of water) ........ . . . ..... . ... .. .. .. .... .. . . -0· 01 
15. " above tire " ............... ... ........ ..... .. -0 · 18 
16. " at damper ......... .. ... .. .. . . . ......... . . . -0· 23 
17. Amount of <lamper opening . . .. . .. ... . ...... . .. . .. ..... . . ....... . ..... Various 
18. Temperature of air in boiler house (°F .) ................ ... .. . ... , . . . . ...... 93 · 6 
19. Flue temperature (°F.) ...... .. . ...... ....... . .... . . ... . .... . . . .... .. ..... 462 
20. Analysis of dry flue gas by volume (%) .. C0 2=8·8, 02=9·6, C0=0 · 5, N,=81·1 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) . . ............ . . .. ................ .. ...... 73·7 
Total weight of feed water, correctcd for difference of level (lbs. ) . .. . .. . . ... .... 18194 
Water lev el in gauge at start (inch es) ..... .. .......... . ... . .. . ... .. ... . .... 4 ,\ 
W a.ter level in gauge at finish (inch es) ...... . . . ............ . .... . ...... . .. . . 4 fi 
Correction for difference of level included above (lbs.) ....... . . .... . .... . .... .. 38 
Steam pressure by gauge (lbs. per sq. in. ) ... . . . ............ . . . .... . .... . .. 116 · 6 
Barometer reading (inches) ........ . ....... . .... . . . . ...... . . . . . .. ..... .. . 29 · 58 
Pressure in steam calorimeter by gauge (lbs. per sq. in. ) . . . . ... . .... . . ........ 13 · l 
Temperature in steam calorimeter (°F.) ....... . . . ...... . .... . . ... ..... . .... 278 

Notes . 
. Fire_sliced 12 .26, 2.02, 3. 15, 4.30, and 5.11 p .m. Air adm.itted over lire from 10.05 a.m. to close. 

Clinkor v1seous and adhcrent. Weather warm, rain in afternoon. 

{
Fixed carbon. . . . . . . . 58 "'5 

Proximate nnalysis of dry coal by weight 3 x~~~tHe.m:üter .. 3r~ 

83-9 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 5. Kind of Furnace-Fixed bars, 303 air spacc. 
Method of Starting and Stopping Test-Alternate (A.S.l\I.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Xil. 
Barometer at start-29 · 61. At finish-29 · 55. Mean-29. 58. 

TOTAL QuANTITIES. 

Date of trial .......................... . . . . ....... .......... ..... . . . .. 22/ 7 / 07 
Duration of trial Ch.ours) ............. .. ............. .... . .. .. ... ........ 10 ·OO 
Weight of coal as fircd (lbs.) ......................... ... .... .. ............ 3219 
Percentage of moisture in coal as fired (%) ......... ..... ............... .... l · 9 
Total weight of dry coal fired (lbs.) ... .......................... .. ...... . .. 3157 
Total ash and refuse (lbs.) .... ................ · ............... ... .......... 250 
Percentage of a.sh and refuse in dry coal (%) (a) from analyses 11·6; (b) weighed ... 7 · 9 
Total weight of combustible consumed from analyses (lbs.) .... . . ... ........ .. 2791 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 18194 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pres.sure .. .................. .... . ............. 1 010 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ..... . 21370 

HOURLY QUANTITIES. • 

Dry coal fired per hour (lbs.) . .. .. .. ...... .... ... .. . . . .. .... .... ........ . 315 · 7 
Dry coal per square foot of grate surface per hour (lbs.) ...................... 18 · 8 
Water evaporated. p~r bour correct~d for quality ~f steam (lbs.) .............. 1801 
Eqwvalent evap01 ation per hour from and at 212 F. (lbs.) ................ .. 2137 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .......................... . . . . ... ..... . . .. ....... 3·34 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in. ) ................................... 116· 6 
Tcmperature of feed water entering boiler (° F.) ....... ... ... . . . ..... . . . ..... 73 · 7 
T emperature of escaping gases from boiler (° F.) ..... . ........ ... .. : . ........ . 462 
Pressure of drnft between damper and ash-pit (ins. of water) ... .. ... . ......... 0 · 22 
Percentage of moisture in steam ... . . ... . . ..... . . . ......................... l · 0 

HORSE-POWER. 

Horse-power developed (Item 15+34!) .. ....... . ....... . ....... ... . . .. .. . . 61·9 
Builders' rated horse-power ................................................ 60 
Percentage of builders' rated horse-power developed ..... . ...... . ........ . .... 103 

EcoNOMIC REsULTS. 

Water apparently evaporated under actual conditions per lb. co::ù as fired 
(Item 9+ltem 3) . . . .. ............ .. .............. .. .............. .. . 5· 65 

Equivnlcnt evaporation from and at 212° F. per lb. coal as fired (Item 11+Item3) 6 · 63 
Equivalent evnporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6· 77 
Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........... 7 · 65 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.) .............. . ....... . . . .. . .... 13370 
Galorific value of the combustible per lb. (B.T.U.) ........... .. ....... .. .... 14720 
Efficiency of boiler (based on comhustible consumed) (%) ............ .. . .... 50 · l 
Efficicncy of boilPr, inclu<ling grate (based on dry coal) (%) ......... . ...... . . 49 ·0 

FLUE GA<;ES. 

33:. Dry flue iras per lb. !'arbon (from gas anal y es) (lbs.) ..... . ....... . ..... . .... 26 · 7 
34. .. of combustible con~umcd (from gas analyses) (lbs.) ........ 22 · 7 
35. " dry coal (from gns analyses) (lbs.) .................... . ... 20 · 4 
:-Ill. Proportion of heat of fue l in e-ca,ping dry flue ga es (%). . . . . . . . . . . .... . ... 13 · 2 
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TRIAL OF B. AND W. No 2 BOILER WITH COAL No. 205. 

Date-July 26, 1907. Trial Number-G.C.T. 16. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather damp and raining. B. and \V. boiler No. 1 working. 

Time. 
a.m. 
7. 30 Fire cleaned out and made up with No. 205 Pressure, 30 lbs. 
7. 55 Tubes cleaned. 
8.50 Trial started. Fire !!" thick, well burnt through. 
9. 53 Grill in fire door half open. 

10 .15 Grill full open. 
1. 45 Grill closed . 
2 . OO Grill one-fourth open. 
2.45 Fire sliced. 27 lbs. of thick, viscous clinker removed. 
4. 20 Fire sliced. 
5. 30 to 5. 35 Fire cleaned. 85 lbs. of clinker removed in large slabs. 
6 . 55 Trial stopped. Fire very similar to start. 47 lbs. of ashes raked from pit. 

Blow-off examined and found tight. Flue gas analysis results doubtful owing 
to defect in apparatus. 

CLINKER AND AsH. 

112 lbs. clinker. 
47 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 16 

Time. 

Start 8. 50 a.m. 
9.04 . ................ . 
9.30 . .. .. ........ .... . 
9.48 .... ...... . .. . . .. . 

10.33. , ......... ...... . 
11 .02 ......... .. ... . . . . 
11 .30 ... . ............. . 
11. 53 .... .... .. .... . .. . 
12. 38 ... . . ..... ... .. .. . 

1 . 30 ... . .......... . .. . 
2 .00 .... . ............ . 
2.32 ..... . .......... . . 
3.16 ................ .. 
3.44 ........ ... . .. .. . . 
4.27 ....... . . ..... ... . 
4 .56 .. .. . ..... . ... . 
5.45 ... 
6 .03. 
6 55. 

Weigbt of coal 
fired. 

Time 
of 

Composition of flue gases 
by volume, pcr cent. 

________ 
1 

sampling i-~--.-----~-
flue 

gases. Du ring 
intcrval. 

166 
156 
168 
181 
158 
180 
162 
150 
180 
170 
157 
200 
180 
184 
159 
162 
153 
90 

Total. 

166 
322 
490 
671 
829 

1009 
1171 
1321 
1501 
1671 
1828 
2028 
2208 
2392 
2551 
2713 
2866 
2956 

co. o. CO 

Sampling incorrect 

I 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 16 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.50 ............ 99 85 440 72 O·O -·25 ............ 
9.05 ............ 119 89 420 72·5 O·O -·30 302 
9.20 ............ 115 86 480 72 ·5 O·O -·35 462 
9.35 ........... . 119 87 445 73 O·O - ·30 529 
9.50 . ... .. ...... 117 87 440 73 O·O -·35 466·5 

10.05 ... ... .... .. 115 88 430 73 O·O - ·30 549.5 
10 .20 ... .. ..... .. 120 88 470 73.5 O·O -·35 404 
10 .35 ............ 121 88 500 74 O·O -·30 485·5 
10 .50 ............ 116 87 530 73.5 O·O -·25 484·5 
11 .05 .. . . ....... . 122 90 510 74 O·O -·35 553 
11.20 ............ 121 90 495 73 O·O -·35 571·5 
11.35 ...... . ..... 114 91 465 73 O·O -·30 - 604 
11 .50 ...... . ..... 121 90 450 7Q· 5 O·O -·ôO 494·5 
12 .05 ............ 117 89 465 7,a: 5 O·O -·25 602·5 
12 .20 . . .......... 122 91 440 74 O·O -·25 382 
12.35 . ... ... . .... 120 91 455 74- O·O -·15 489·5 
12 .50 ........... . 114 90 425 'fG.5 O·O -·20 490 
1.05 .... ........ 120 91 450 73.5 O·O -·20 347 
1.20 ....... ..... 120 92 430 74 O·O -·20 425·5 
1.35 ... ......... 120 92 465 74 O·O -·25 370 
1.50 ... . . ....... 120 93 455 74 O·O -·25 440·5 
2.05 .......... . . 115 92 460 74 O·O -· 25 479 
2.20 .......... .. 117 93 465 73 ·5 O·O -·25 466·5 
2.35 ........... . l .20 92 435 73 .5 O·O -·25 ,3a2 
2.50 ............ 116 91 470 73.5 O·O -·25 472.5 
3.05 ............ 116 92 430 73·5 O·O -·30 426 ·5 
3.20 . . .......... 116 92 480 73 O·O -·30 403 
3.35 ............ 116 90 480 73 O·O -·20 463·5 
3.50 ............ 117 90 450 73 O·O -·30 400·5 
4.05 ... .. ....... 117 90 485 73 O·O -·30 392·5 
4.20 ... .. .. . . . . . 110 89 515 72.5 O·O -·30 347 
4.35 . ..... . ... . . 117 89 575 73 O·O -·30 604 
4.50 ............ 120 90 540 73 O·O -·30 525·5 
5.05 ..... . . .. . .. 110 89 510 73 O·O -·30 508 
5.20 ............ 115 89 520 73 O·O -·30 441 
5.35 .. .. . . ..... . 115 93 490 72·5 O·O -·30 327·5 
5.50 . .. ....... .. 120 89 525 72·5 O·O -·35 377 
6.05 . .. ......... 117 88 490 72·5 O·O -·35 553·5 
6. 20 ............ 110 88 490 72·5 O·O -·25 503 
6.35 .. . . . . . . . . . . 103 87 500 72 O·O -·20 472 
6.55 ............ 98 86 530 72 O·O -·25 497 

116·0 89·6 476 73·2 O·O -·28 18.447 · 5 net 
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SUMMARY OF OBSERVATIONS 

Datc-July 26, 1907. 

Commenced-8.50 a.m. 

Boiler-B. and W. No. 2. 

Ended-6.50 p.ro. 

At McGil} University. 

Duration-600 mins . 

GENERAL. 

1. Method of stoking ....................... ... .. Hand-spread.ing on alternate sides 
2. Kind of draft ............ ..... .. . .. ... .. . ............... . ....... . ..... Natural 
3. Condition of boiler and date of last cleaning .. Thoroughly cleaned June, 1907. 

Fresh water, July 18. 
4. Tubes cleaned ............. .. ....... . ............... . ............... 7. 55 a.m. 
5. Fire cleaned ............................................. 7 .30 a.m., 5.30 p.m. 

FcEL. 

. JNo . 205 Springh:ill No. 2 Collicry, Cumberland Ry. & Coal 
6. Kind of coal.. · · \Co., Cumberland Co., N.S.-Over l" screen and picking belt 

· h (o/c) {0=76·9 H=5·0 8=1·4 7. Analysisofdrycoalbywe1g t o ........ · ········· N=l·O '0=8·6 'Ash=7· 1 
8. Calorific value of dry coal B.T.U. per lb ..................... ' ........ ' . .... 13860 
9. Moisture in coal as fired (%) . . ..... . .. . ................. . .... . .... . ....... 3 · 8 

10. Weight of coal fired (lbs.) ........ .. .. . ... . . . ...... . ...................... '..l!l56 
11. Combustible matter in ash and clinker (%) ........... ....... .. . .... . ....... 10·4 
12. Weight of clinker (lbs.) ........ . . . ..................... . .................. 112 
13. Weight of ash (lbs.) ................. . ..... ..... ... .. ..... . .... . .. . ... . . . .. 47 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) .... . . . . . ........ . ............. .. . .. 0 · 0 
15. " above fire " " .. . ... . ........ ................... -0·18 
16. atdamper ........... ...... ........... ..... -0·28 
17. Amount of <lamper opening . .......... .. .. . ... . . . ........... . . ....... . Various 
18. Temperature of air in boiler house (°F.) ......... . ................. .... .... 89 · 6 
19. Analysis of dry flue gas by volume (%)-Errors in sampling. 
20. Flue temperature (°F.) . . ........ ... . .. .. . ........... . ......... . ....... ... 476 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAl\L 

Temperature of feed water (°F.) . .. . ............ .. .......... . ...... . . . ... 73. 2 
Total weigbt of feed water, corrected for differencc of level (lbs.) ....... . . . . .. . 18447 
Water level in gauge at start (inches) ............................. . ....... 3 j\ 
Wa.ter l.evel in g;auge at finish (il:tches) ....... . ....... . ............... .... .... 3t 
Correct10n for difference of level mcluded above (lbs.) .... .. .. . . ....... .. .... 9. 5 
Steam pressure by gauge per sq. in. (lbs.) ........ . ........... . ........... 116. O 
Barometer reading (inches) . . . . . . .... .......... ... ..... . . . ....... . . . . . ... 29. 23 
Pressure in steam calorimeter by gauge (lbs. per SCJ. in.) . ................ .... 15· 2 
Temperature in steam calorimcter (°F.) ................... ... ........... ... 280 

Notes. 
Fire sliced 2.45 and 4.20 p .m. Air admitted over lire frorn 9.53 to close. Clinker thick and viscou• 

and remo,·cd in large slabs. Coal cokcd readily. WeaU1cr damp and raining. 

{
F ixe<l carbon. . . . . . . . . 59 · 8 

Prorimate analysis of dry coal by weight % Volatile matter ... . .. .. 33 · 1 
Ash ..... . ............ 7'1 
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SUMMARY OF RESULTS 

Made on B. and W. ro. 2 Boiler, at McGill University. 
To D etermine quality of Coal. 
Kind of Fuel-No. 205. Kind of Furnace-Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil . 
Barometer at start-29 · 24. At finish-29 · 22. Mean-29 · 23. 

ToTAL QuANTITIES. 

1. Date of trial ..... . ................................................... 26/ 7 / 07 
2. Duration of trial (hours) ..................... . . .. .. .. ......... . ... ...... 10 ·OO 
3. Weight of coal as fired (lbs.) ................................ ... ........... 2956 
4. Percentage of moisture in coal as fired (%) .............. .... . . .... .. .... . .. 3·8 
5. Total weight of dry coal fired (lbs.) ......... . ................ ...... .... .... 2843 
6. Total ash and refuse (lbs.) .. . ................. ..... . ... ....... : .. . .. . .. ... 159 
7. Percenta~eof ash and refuse in dry coal (%)(a) from analyses 7·9; (b) weighed .... 5·6 
8. Total we1ght of combustible consumed (lbs.), from analyses ....... . ...... ... . 2617 
9. Total weight of water fed to the boiler (lbs.), corrected for clifference of level .. 18447 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure ............................................ 18260 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21680 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) . .. .......... . ...... ... .. ..... ..... ....... .. 284 · 3 
Dry coal per square foot of grate surface per hour (lbs.) .. .. .................. 17 · 0 
Water evaporated per hour corrected for quality of steam (lbs.) .............. 1826 
Equivalent evaporation per hour from and at 212° F. (lbs.) ........ .. ........ 2168 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ....................................... . .......... 3 · 4 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gaugc (lbs. / sq. in. ) ....... . . . .. ...... ... ..... . . ... ... 116· 0 
Temperature of feed water entering boiler (°F.) ............................. 73 · 2 
Temperature of escaping gases from boiler (°F.) ........................ . ..... .476 
Pressure of draft between <lamper and ash-pit (ins. of water) .......... . .... . .. 0·28 
Percentage of moisture in steam . . .. ............. .... ... ... . .............. 1·0 

HORSE-POWER. 

Horse-power developed (Item 15-;-3H) . . ... .... .................. . ... . .... 62 · 9 
Builders' rated horse-power .. . ............ . ..... . ... .. .. ................... 60 
Percentage of builders' rated hor e-power developed ........... ... ............ 105 

EcoNOMIC RESULTS. 

25. Water apparently evaporn.ted under actua1 conditions per lb. coal as fired 
(Item 9-;- Item 3) . . . . . . . . . . . . . . . . . . . . . . ...... . ................... 6 · 26 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11-;-ltem 3) 7 · 36 
27. Equivalent eYaporation from and at 212° F. per lb. of dry coal (Item 11-;-Item 5) 7 · 63 
2 . Equivalent evaporation from and at 212° F. per lb. of combustible consumcd 

(Item 11 -;- Item ) ....... . ... . ............ ...... . ..... . .... .. ........ 8 · 30 

EFFICIEXCY. 

zq. Calorific value of dry coal per lb. (B.T.U. ) ....................... . ........ 13 60 
30. Calorific \•aluc of the combustible pcr lb . (B .T.U. ) .. . ............ . . ....... . . 14910 
31. Efficiency of boiler (ba~ed on combustiblC' cousumecl) (%) ................... 53 · 7 
32. Efliriency of boiler, including grate (based on dry coa1) (%) ... . ............. . 53 · l 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 6. 

Dale-Aug. 5, 1907. Trial Number -G.C.T. 19. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes . 
Weatber fine; ligbt breeze. 

Tirne. 
7. 25 Fire cleaned and remade with No. 6 coal. Pressure, 25 lbs. 
7 . 30 Tubes cleaned. 
9 .00 Trial started. Fire 2• tL'ck about hall burnt through. Much fla.me and smoke. 

Grill in fire door half open. 
11. 18 Grill full open . 

1 . 58 Fire sliced. 28 lbs. of thick, viscous clinker removed . 
2. 30 Grill hall open. 
2 .49 Fire sliced. 
3. 08 to 3 . 16 Fire deaned. 106 lbs. of clinker and cinders removed. 
5 . 25 Fire cleaned. 117 lbs. of clinker and cinders removed. 
6. 55 Grill closed. 
7. 09 Trial stopped. Fire very similar to start. 49 lbs. of ashes raked from pit. 

Rlow-off examined and found tight. 

CLtNKER AND AsH. 

251 lbs . clinker. 
49 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No . 19 

Time. 

Weight of coal 
fired. 

Time 
of 

Composition of flue gases 
by volume, per cent. 

sampling l---~------

-
_ _______ _j_....:.::.D~u~r~in~g~'-T-o_t_a_L_J __ g~-u-!_._L__c_o_._ I o, 1 CO interval. 

Start 9 .00 a.rn . 
9 . 16 .... . ...... . . . . .. . 
9 . 32 ..... . .... . ..... . . 
9 . 51. ... .. ........... . 

10 . 21 .......... . ..... . . 
10 . 55 . . ............. . . . 
11.14 .. .......... .. ... . 
11 .47 .......... . ..... .. 
12 . 14 ..... . .. . . . ...... . 
12 .49 .. . ...... . . . ..... . 

1. 25 . . .... . ..... . .... . 
2. 02 ... . ............. . 
2.35 . ........ . ... . ... . 
3.20 . . ........ . ...... . 
3 .40 ............. . . . . . 
4.04 ............... . . . 
4 .30 ................. . 
4.58 ............ .. .. . . 
5.46 ................ . 
6 04. .. ..... ..... .. 
6.30 .... . . 
7 .09 ................ . . 

198 
157 
158 
172 
177 
135 
152 
170 
163 
175 
180 
181 
183 
152 
152 
156 
174 
164 
177 
155 

6!) 

198 
355 
513 
685 
862 
997 

1149 
1319 
1482 
1657 
1837 
2018 
2201 
2353 
2505 
2661 
2 35 
2999 
3176 
3331 
3100 

9.20 
9.55 

10.50 
11.20 
11. 50 
12 . 20 
12 .50 
1.20 
2·20 
2 . 55 
2 .36 
3 . 55 
4 .22 
4 .53 
5 .25 
5. 53 
6. 15 
6 .45 

8 ·4 
8·4 
7.4 
8·0 
6 · 5 
7 . 3 
5· 2 
4 ·5 
6 ·0 
6 · 5 
6 · 1 
4·2 
5·0 
5·0 
4 .7 

14·4 
12·5 
11 ·0 

7.3 

9 ·0 
7 ·8 
9·6 

11 ·2 
11·9 
11 · l 
13 ·5 
13· 7 
13·6 
12 ·9 
12·2 
10 ·8 
14·0 
14·3 
1.5 . 5 
4 · 1 
5.3 
6·4 

10 · !) 1 

0·6 
1·2 
0·8 
0·2 
0 ·3 
0 ·8 
0·7 
O·O 
0·4 
0 · 2 
0·2 
0 ·2 
0·5 
O· l 
O·O 
0·3 
0·2 
0 · 6 

0 ·4 



1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

136 

OBSERVATIONS MADE DURING BOILER TRIAL No. 19 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Tiine. 1 in 
lbs. Flue At interval. 
per Boiler gases at Feed 1 In cntrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 1 

9 .00 . ... . .. .. ... 98 86 445 69·5 -·07 -·25 . .... ...... 
9.15 ... . ........ 117 86 475 69 -·07 -·25 250·5 
9.30 ............ 108 84 540 69 -·07 - · 25 626 
9.45 . ........... 114 86 500 69 - ·07 ·-·25 489 
0 .00 ........ . . . . 117 87 475 69 -· 07 -·25 545 
0 . 15 . ........... 110 89 ·5 455 70 -·07 -·25 533.5 
0 .30 .. . .... .. ... 113 90 475 70·5 - ·07 -·25 464·5 
0.45 ............ 111 91 485 69 - ·07 -·25 474.5 
1.00 ... .... .. ... 11(} 90 450 69 -· 07 -·25 546 
1.15 ..... ... .... 115 88 435 69·5 -· 07 -·25 353 
1.30 ............ 113 85 460 69·5 -· 07 -·25 453.5 
1 . 45 ............ 115 89 475 69·5 -·07 -·25 501·5 
2 . 00 ............ 110 89 475 69·5 -· 07 -·25 315 
2.15 ..... . ...... 104 89 460 70 - -07 -·25 524 ·5 
2.30 . . ....... . .. 113 86 490 70 - ·07 -·25 423' 
2.45 ............ 106 88 510 70 -· 07 -·25 411 · 5 
1.00 ...... . ..... 108 88 485 70 -· 07 -·25 472·5 
1.15 . ........... 118 88 460 70 - ·07 -·25 398 ·5 
1 .30 ..... . ...... 113 89 475 70 -·07 -·25 455 
1.45 ............ 104 90 510 70 -·07 -·25 415 
2.00 ............ 108 93 540 70 - ·07 -·25 419 
2.15 ............ 111 91 525 70 -·07 -·25 425·5 
2.30 ............ 114 89 480 70 - ·07 -·25 395.5 
2.45 ....... .... . 114 90 460 70 -·07 -· 25 311 
3.00 ......... . .. 116 88 480 70 -·07 -·25 342.5 
3.15 .......... . . 109 94 515 71 -·07 -·25 444 
3.30 ....... . .... 119 93 595 70 -· 07 -·25 294 
3.45 ............ 115 93 530 70 -·07 -·25 511·5 
4 . 00 ....... ..... 111 89 515 70 -·07 -.25 436 
4 . 15 .......... . . 108 91 450 70 -·07 -·25 429 
4.30 ............ 113 89 516 70 -·07 -·25 362·5 
4.45 ........ . . . . 105 90 540 70 -·07 -·25 525 
5.00 ........ ... . 108 89 520 70 - ·07 -.25 462·5 
5.15 . ..... . . . ... 118 90 515 70 - ·07 -·25 409 
5 .30 ......... . .. 108 90 515 70 -·07 -·25 418·5 
5 .45 ... ......... 123 90 805 70 -·07 -·25 399·5 
6 .00 ............ 123 91 610 71 - ·07 -·25 616 
6.15 ............ 115 90 595 71 -·07 -·25 663 
6.30 . ... . ...... . 117 90 525 71.5 -·07 -·25 464 
6.45 ............ 118 89 500 71.5 - · 07 -·25 572 
7 .09 .. ..... ... . . 107 89 470 71 -·07 - ·25 491·5 

112 89 · 2 505 70 -·07 -·25 17,846· 5 net 



Date-Aug. 5, 1907. 
Commenced-9.00 a.ru. 
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SUMMARY OF OBSERVATIONS 

Boiler-B. and W. No. 2. 
Ended-7.09 p.m. 

GENERAL. 

At McGill University. 
Duration-609 mins. 

1. Method of stoking ... ......................... Hand-spreading on alterna te sides 
2. Kind of draf t .. . ...... . .............. . .......... . . ... .............. . .. N atural 
3. Condition of boiler and date of last cleaning .... Thoroughly cleaned, June 1907. 

Fresh water, August 2. 
4. Tubes cleaned . ....... ... ............. .. ... .. .... . ... . .............. 7. 30 a .m. 
5. Fire cleaned . .. ...... .. ........... . ..... . ....... 7 .25 a.m., 3.08 and 5.25 p.m. 

FUEL. 

6 Kind f 1 {No. 6-Springhill No. 3 Colliery, Cumberland Ry. & Coal Co., 
· 0 coa · · · · · · · Cumberland Co., N.S.-Over i" screen and picking belt 

· · fC=73·1, H=4·6, S=l·8 
7. Analys1s of dry coal by weight (%) · ..... . · · · · · · · · · · · \N = l ·8, o =7·2,'Ash=11 ·5 
8. Calorific value of dry coal B.T.U. per lb ................................. . 13000 
9. Moisture in coal as fired (%) ...... .... ............... .. ..... .. ............ 2·2 

10. Weight of coal fired (lbs.) ... ........ .. ....... ... .... .. ................... 3400 
11. Combustible matter in ash and olinker (%) ............. ............ ........ 31 · l 
12. Weight of clinker (lbs.) ..... . .......... . .................... ....... ....... 251 
13. Weight of ash (lbs.) ..... ... ... . . . ...... .. ..... . .................... . . . .... 49 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) .................. . .. . ....... . . . .. -0 · 07 
15. " above fi.re " . ........ . ........................ -0· 18 
16. at <lamper ............ .. .................... -0 · 25 
17. Amount of <lamper opening ... ........ .. .... .. . ............. . ......... Various 
18. Temperature of air in boiler house (°F.) ..... . ... ....... ................... 89 · 2 
19. Flue temperature (°F.) .. . ........................... ... .. .... ..... . ...... 505 
20. Analysis of dry flue gas by volume(%) .. C02= 7· 3, 02=10·9, C0=0·4, N.=81·4 

w ATER A.J.'ID STEAM. 

21. Temperature of feed water (°F.) ........ ...... . . . ... . . .. . .... ............ 70 · O 
22. Total weight of feed water, corrected for difference of level (lbs.) . . ............ 17846 
23. Water level in gauge at start (inches) . .. .. ......................... ......... 4i 
24. Water level in gauge at finish (inches) ... . ...... . ... .. .................... . . .4i 
25. Correction for difference of level, included above (lbs.) .. . ....... . ... .... . ... ... 38 
26. Steam pressure by gauge (lbs. per sq. in.). . . . . . . . . . . . . . . . . . . . . . . ...... 112 · O 
27. Barometer reading (inches) . ........ . ... . ... .. .......................... . 29. 85 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) ........ .... ......... 19·15 
29. Temperature in steam calorimeter (°F.) ....... . .. ...... ....... . ......... 281·6 

Notes. 
Fi?e sliced 1.58 an,d 2.49 p.m. Air admitted over fire throughout trial. Clinker thick and viscous. 

Coal coked and burnt Wllh much flame and smoke. Weatber fine with light breeze. 

{
Fixed carbon .... . . .... 55 · 0 

Proximate analysis of dry coal by weight % x~~~t.i~~ '.".~tter: : : : : : : : ~~ : ~ 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill Univereity. 
To Determine quality of Coal. 
Kind of Fuel- o. 6. Kind of Furnace-Fixed bare, 30% air p11ce. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 ·79. Water Heating Surface (sq. ft.)-639 . 

Superheating Surface (sq. ft. )-Nil. 
Barometer at start-29 · 87. At finish-29·82. Mean-29·85. 

TOTAL QuANTITIES. 
Date of trial. ....... . ..... . .. .. . . .. ... . ... .................. .... . .... . 5/ 8/ 07 
Duration of trial (hours) . . . ....... ...... ... ......... . .......... . . .. ... . . 10 · 15 
Weight of coal as fired (lbs.) ..................... ... .. ....... .. ... ... ..... 3400 
Percentage of moisture in coal as fired ( %) . .............. .. .. . . ........ .... 2 · 2 
Total weight of dry coal fired (lbs.) ................ ..... ................. . . 3325 
Total ash and refuse (lbs.) .................. . . ... . ................. .. .. ... 300 
Percentage of ash and refuse in dry coal (%) (a) from analyses 16·7; (b) weighed. 9· 03 
Total weight of combustible consumed, from analyses (lbs.) .. . . . . ..... ..... .. 2770 
Total weight of water fed to the hoil<>r, corrected for difference of level (lbs.) ... 17846 
Equivalent water evaporated into rlry steam from actual feed water 

temperature and boiler pressure (lbs.) ............... ... ... ... . . .. .. .. 17660 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . ..... 21005 

liOURLY QUANTITIES. 

Dry coal fired per hour (lbs.) .......... . ... .. .... . . . . ..... .. .. . . ... . ...... . 328 
Dry coal per square foot of grate surface per hour (lbs.) ............ .. ... .. . .. 19·5 
Water evaporated per hour corrected for quality of steam (lbs.) ......... ..... 1739 
Equivalent evaporation per hour from and at 212° F . (lbs.) . . ...... . . . ..... . . 2070 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .. .... . .................... .. ..... . . .. . .. .. .... .. 3 · 24 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs./ sq. in.) . ... .. . .. .. .. .... . . . ..... . ........ 112 · 0 
T emperature of feed water entering boiler (deg. F.) ............ .. ........... 70· 0 
Temperature of escaping gases from boiler (deg. F.) ...... ... ... ..... .. ... ..... 505 
Pressure of di·aft between <lamper and ash-pit (ins. of water) .................. 0 · 18 
Percentage of moisture in steam .............. .. ... .. ... . .. . . .... . ...... .. l · 0 

HORSE-POWER. 

Horse-power developed (Item 15-;. 34!) .... .. . . . .. ... ... ... . . . . . . ... . . .... . . . 60 
Builders' rated horse-power ..... . ............. . . .. . .... ..... .... .. . ... .. ... 60 
P ercentage of huilders' rated horse-power developed ............. ... .... .. · . ... 100 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9-;. Item 3) ...... . .. . . . ... . ....................... . ............ 5 · 25 

26. Equivalent evaporation from and at 212° F . pcr lb. coal as fircd (Item 11-;. I tem 3) 6 · 18 
27. Equivalent evaporation Irom and at 212° F . perlb. of dry coal (I tem 11-;. Item 5) 6 · 31 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11-;. ltem 8) ........ . ... . ... .... .. . ............ . .... .. ........ . 7 · 59 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ............... . ................ 13000 
30. Calorific va.lue of the combustible pcr lb. (B.T.U.) ..... .. .... . .. .. .......... 14700 
31. Efficiency of boiler (b11sed on combu tible consumed) (%) .. . ... . .... . . . ..... 49 · 9 
32. Efficiency of boiler, including gratc (based on dry coal) (%) ..... . ..... . .. . ... 46 · 9 

FLUE GABES. 

33. Dry flue gas per lb . carbon (from gas analyses) (lbs.) .................. . ..... 32 · l 
:3.i. " of combustible contit1mcd (from gas analyse~) (lbs.) ........ 2 · 2 
:35 . " dry coal (frorn gas analyscti) (lbs.) .... . . ................ 23·5 
3ü. Proportion of heat of fuel in escaping dry flue gases (%) .... . ................ 1 · 9 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 206. 

Date-Aug. 7, 1907. Trial Number-G.C.T. 20. 

OBSERVATIO S OF GENERAL CONDITIONS. 

Notes. 
Weatber cool, overcast, clearing at noon; 3.30 raining. B. and W. No. 1 boiler working. 

Ti me. 
7. 35 Fire cleaned and made up with No. 206 coal. 
7. 40 Tubes cleaned. 
8.45 Trial started. Fire 2" thick, well burnt and bright. 

10. 50 Grill in fire door one-fow·th open. . 
12. 33 to 12 .43 Fire cleaned. 69 lbs. of cinders and viscous clinker removed. 

Fire kept 4" thick up to this time. 
5 . 34 to 5. 40 Fire cleaned. 65 lbs. of cinders and clinker removed. 
6 .45 Trial stopped. Fire very similar to start. 98 lbs. of ashes raked from pit. Blow

off examined and found tight. 

CLINKER AND AsH. 
134 lbs. clinker. 
98 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL' No. 20 

Wcight of coal Timc Composition of flue gasea 
fired . of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

Durin~ Total. gases. co. c, CO 
intcrval. 

Start 8 . 45 a.m. 
8.58 ........ . ... . . ... . 37 37 9 . 03 11·4 7·1 0·1 
9. 21 . . . . ..... . . . .. .. . . 167 204 9.32 10.0 6·0 1·8 
9.38 ... .. ... . ... . . . . . . 151 355 10.00 9·8 7·2 0 ·8 

10 .05 . . . . ... . .. . . . ..... 146 501 10.30 10 · 4 6·0 1·6 
10 . 38 . . . . .... .. ........ 158 659 11.00 9·0 8·5 1·3 
11 . 15 . .. . .. . .. . .. . .. ... 147 806 11.45 10·0 8·0 1·2 
11 .50 .... . . . .. . .... . . .. 152 958 12 . 15 8·6 11 · 2 0·2 
12. 30 ...... . ..... . ..... 144 1102 12.45 9.3 8 · 2 1·3 
12 .58 .... . ..... .. . . . . .. 146 1248 1.13 6· 2 12·0 0·6 

1.16 .... .. . . . . . . . . . . . . 149 1397 1. 45 7 · 0 12 · 2 0·5 
1. 48 ... . .... . .. . ...... 142 1539 2 . 18 8 ·5 10· l 0·6 
2. 18 .. . . . .. . . .. ... . ... 183 1722 2 .47 7·0 11 · l 0·7 
2.45 .................. 151 1873 3.15 8 · 0 11 ·2 0·7 
3.24 ...... . .. . ..... .. . 158 2031 3.45 9·0 10· 9 0· 1 
3.57 . .......... . ... . . . 173 2204 4 . 17 7.0 12·2 0·5 
4.30 .. . . . . . ... . ..... . . 147 2351 4 .45 7.5 11· 8 0·2 
4.5 .... .... .. ... ..... 157 2508 5. 15 4·6 14·6 O· O 
5.32. . . . ........... 148 2656 5 . 50 7· 0 11 ·8 0 :4 
6.06. .. . . . . . . . . ' . . . . 164 2820 6.20 8 · 2 11 ·2 0 ·3 
6.45. .............. ... 153 29ï 3 

1 8 · 3 10·2 0·6 
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OBSERVATIO S MADE DURING BOILER TRIAL No. 20 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 .......... . . 111 87 485 70·5 -·05 -·25 . . . . . . . . . . . 
9.00 ............ 110 88 440 70·5 -·05 -·25 380-5 
9.15 . . .. ..... .. . 109 86 440 70·5 -·05 - ·25 449 
9.30 .. . ...... . .. 108 87 440 70·5 -·05 - ·25 488 
9.45 .... . ...... . 108 89 420 70·5 --05 -· 25 494 

10.00 . .. ......... 109 91 415 71·0 -·05 --25 376·5 
10-15 ...... ... ... 119 91 475 71·0 -·05 -·25 460·5 
10.30 ...... . ..... 117 92 475 71·0 -· 05 -·25 557.5 
10 .45 ..... .. . .... 117 92 490 71·0 --05 -·25 529 
11.00 ...... 108 92 470 71·0 -·05 --25 478·5 
11.15 . ........ ... 103 92 470 71·0 - ·05 - ·25 434 
11. 30 . ... . . .. .... 107 93 470 71·0 -·05 -·25 402 
11.45 ..... . . ..... 117 92 540 71·0 -· 05 -·25 376·5 
12 .00 . . .. . . ...... 113 93 525 71·0 -· 05 - ·25 514 
12.15 . . .. . .. . . . . . 114 92 460 71·0 - ·05 -·25 408 
12 .30 . . ....... . .. 114 92 480 71·0 -· 05 - ·25 388 
12.45 .. .. .. ... . . . 120 96 500 71·0 -·05 - ·25 229 
1.00 ...... . .... . 113 92 580 71.5 -·05 -·25 640 
1.15 ....... .. . . . 119 92 550 71·5 -·05 -· 25 394 
1.30 ..... . ..... 119 92 510 71·5 -· 05 -·25 470 ·5 
1.45 . . ... .. ..... 117 93 530 71.5 -·05 -·25 451·5 
2.00 .. ..... .. .. . 119 92 530 71·5 -·05 -· 25 503·5 
2.15 ............ 123 92 510 71·5 -·05 -· 25 556·5 
2.30 ... ........ 102 93 520 71.5 -·05 -·25 577 
2.45 ..... .. . ... . 122 93 515 71·5 - -05 -· 25 423·5 
3.00 ........ . . .. 119 92 520 71·0 -·05 -· 25 529·5 
3 .15 .. . ..... . . . . 113 92 525 71·0 -·05 - ·25 474.5 
3.30 ..... ...... . 120 91 510 71·0 --05 -·25 394.5 
3.45 ...... ...... 111 90 570 71·0 -· 05 -· 25 474 
4 .00 ... ....... . . 118 89 525 71·0 -· 05 -· 25 431 
4.15 ....... .. . . . 122 89 560 71·0 -·05 -·25 419 
4.30 . ........... 117 89 580 71.5 -· 05 - ·3 515 
4.45 . ........... 121 88 525 71·5 -· 05 - ·3 458·5 
5.00 ...... . . . . . . 120 88 515 71·0 - ·05 -·3 495 
5.15 ..... .. ... .. 117 88 510 71·0 - ·07 - .35 456 ·5 
5.30 ..... ....... 119 88 500 71 · 0 -· 07 -·35 415·5 
5.45 ........... 119 92 515 71·0 - ·07 - .35 286·5 
6.00 ..... .... . 112 88 540 71·0 - ·07 -·35 445.5 
6.15 ... . ....... . 119 87 625 71·0 - ·07 -· 35 564 
6.30 . .... . .. .... 119 88 575 71·0 -·07 - .35 475 
6.45 ........ . ... 119 87 610 71·0 -·07 - ·35 489·5 

B5.2 90·5 511 71 -·05 - ·27 18,207 net 
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SUMMARY OF OBSERVATIONS 

Date--Aug. 7, 1907. 
Commcnced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ............................ Hand-spreading on alternate sides 
2. Kind of cb:aft .................... . ................. . ............ . ... . . N atural 
3. Condition of boiler and date of last cleaning ....... Thoroughly cleaned June, 1907. 

Fresh water August 2. 
4. Tubes cleaned . . .......... ... ............. . .......... .. ..... ........ 7 . 40 a.m. 
5. Fire cleaned ........... ... .. :" .... ..... . . ...... . .. 7 .35 a.m., 12.33 and 5.34 p.m. 

6. 

7. 
8. 
9. 

10. 
11. 
12. 
13. 

FlJEL. 

Kind f 1 {No. 206-Springhill No. 3 Colliery, Cumberland Railway & 
0 coa · · · · Coal Co., Cumberland Co., N.S. Over i' screen and picking belt 

Analysis of dry coal by weight( %).C =75·4,H=4·9,S=l ·5,N = 1·4,0 =8·5,Ash =8·3 
Calorific value of dry coal B.T.U. per lb .. .... . ....... . ................. .. 13570 
Moisture in coal as fired (%) ..... ......................... ... ............. 3·4 
Weight of coal fired (lbs.) ..... . .... . ..................... . ............. . 2973 
Combustible mat ter in ash and clinker ( %) . ............... . ............... . 19 · 6 
Weight of clinker (lbs.) ...... . . ......... . .. . .... ... .. .... . . . ... . .... . . .... 134 
Weight of ash (lbs.) ....................................................... 98 

Am AND FLUE GAs. 

14. Air pressure under fire (inches of water) ...................... . ....... .. .. -0 · 05 
15. " above fire " " .................................. -0·21 
16. ' " at <lamper ........ .. .. ..................... -0·27 
17. Amount of <lamper opening ... ... ... ......... ........................ . Various 
18. Temperature of air in boiler house (°F.) ..................... . ............. 90 · 5 
19. Flue temperature (°F.) ...................... . . ..... . .. ... . .. .. ... . ....... 511 
20. Analysis of dry flue gas by volume (%) .. C0=8·3, 02=10·:!, C0=0·6, N,=80·9 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) ............................ · .............. 71. O 
Total weight of feed water corrected for difference of level (lbs.) .............. 18207 
Water level in gauge at start (inch es) . ....... . . . .................... ... . ... 4 tl 
Water level in gauge at finish (incbes) ... .... . ... ..... . . . ...... . .... ... .... .4,-t 
Correction for difference of level (included above) (lbs.) ........................ nil 
Steam pressure by gauge (lbs. per sq. in.) . ......... .. . . .......... .. ....... 115 . 2 
Barometer reading (inches) ..... .. . .. ......... . ............ ... ... ...... .. 29. 68 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ...................... 19. 4 
Temperature in steam calorimeter (°F.) .................................. 283. 8 

Notes. 
Air admitted over fire !rom 10.50 a.m. to close. Clinker viscous. Weather cool and showery. 

P 
. . {Fixed carbon .. . . .. . : .. 57·0 

roximate analys1s of dry coal by weight 3 X~}:'til~ lll~t~~: : : : : : : : 3n 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
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SUJ\1MARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 206. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft. )-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29· 69. At finish-29 · 68. Mean-29 · 68. 

1 
TOTAL QuANTITIES. 

Date of trial. . .. .......... . ................ .. .... . .................... 7 /8/07 
Duration of trial (hours) ................... ..... ..... . .................. 10 ·OO 
Weight of coal as fired (lbs.) .. .. ... .. .. . .... . ..... . ....................... 2973 
Percentage of moisture in coal as fired (%) ............................. . ... 3·4 
Total weight of dry coal fired (lbs.) .............. . . . ........... ... .. . ...... 2 72 
Total ash and refuse (lbs.) . .... .. .... .. . ....... . . . ........................ 232 
rercenta~e of ash and ref_use in dry coal (%) (a) from analyses 10· 2; (b) weigbed ... 8·1 
Total we1ght of combustible consumed from analyses (lb .) ...... ...... ...... 2567 
Total weight of water fed to the boiler corrected for difference of level (lbs.) ... 18207 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ... . ... . ... . . ... ................ 18040 
Equivalent water evaporated into dry steam from and at. 212° F. (lbs.) ...... 21450 

HounLY QuANTITIES. 

Dry coal fired per hour (lbs.) ...... ... . .... . ..................... . ......... 287 
Dry coal per square foot of grate surface per hour (lbs.) .... .. ................ 17·1 
Water evaporated per hour corrected for quality of steam (lbs.) ..... ......... 1804 
Equivalent evaporation per hour from and at 212° F. (lbs.) ............... . .. 2145 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ..... .. . ................................... .. . ... 3 · 36 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs./ sq . in.) ......... ... ........... ...... ...... 115·2 
Temperature of feed water entering boiler (deg. F.) ............ . . ......... ~ .... 71 
Temperature of escaping gases from boiler (deg. F.) ... . ....................... 511 
Pressure of draft between damper and ash-pit (ins. of water) .................. 0 · 22 
Percentage of moisture in steam ...... . ................................... 1·0 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .................................... 62 · 2 
Builders' ratcd horse-power ............................... . ...... .......... 60 
Percentage of builders' rated horse-power developed ............ . ....... ...... 103 

EcoNoM1c RESULTS. 

25. Water apparcntly evaporated under actual conditions per lb. coal as fired 
(Item 9 +Item 3) ..... . . . . . ...................................... . .... 6 · 1 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) . 7 · 2 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Hem 5) 7 ·49 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ...... . .. . ......................................... 8 · 35 

EFFJCIENCY. 

29. Calorific value of dry coal per lb. (B.T.U. ) ................................ 13570 
30. Calorific value of the combustible per lb. (B.T.U.) .......... ...... ..... .. ... 14800 
31. Efficicncy of boiler (based on combustible consumed) (%) ................... 54 · 5 
32. Efficiency of boilPr, including gratc (based on dry coal) (%) .................. 53·4 

FLUE GASES. 

33. Dry flue gas pcr lb. carbon (from gas analyRcs) (lbs.) .................... . ... 27 · 8 
34. " " of combustible consumcd (from gas analyses) (lbs.) .... .. .. 23 · 4 
35. " " dry coal (from gati anal~·$es) (lbs.) ........................ 21·0 
3G. Proportion of heat of fuel in cscaping dry flue gases (o/c) .. . . .. ....•.....•.... 15 · 6 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 7. 

Datfr-June 21, 1907. Trial Nurubcr-G.C.T. 2 . 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Wea.ther still and foggy, cieared a.bout 10 a..m. Very small lire on No. 1 B . and W . boiler grate. 

Tirue. 
a.ru. 
8.00 Fire raked out and reruade with No. 7 coal, 3 bags used . 
9. 20 Fire well cleaned. 
9. 25 Fire about 3• thick all over. 

10. 50 Fire sliced. 
Commenced to blow a little steam into ash-pit. 

11.13 to 11.30 Fire cleaned. Clinker adhering closely to bars, difficult to reruove. 
20 lbs. clinker removed. 

1.15 to 1. 20 Fire cleaned. 48 lbs of clinker removed. 
3. 29 Fire sliced. 
3 . 48 Fire sliced. 

From 1. 20 on fire was kept thin (4" to 6" thick); this gave better results than 
previous thick fire. 

4 . 10 Fire slieed. 
4.26 to 4.32 Fire cleaned. 54 lbs. of clinker removed . 
7. 05 to 7. 12 Fire cleaned. 70 lbs. of clinker reruoved 
7 . 25 Trial stopped. 205 lbs. of ash weighed. 

CLINKER AND Asn. 
192 lbs. clinker 
205 lbs. ash 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 2 

Weight of coal Time Composition of flue gaaes 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 
During Total. gases. co. o, CO 

interval. - -- ---
Start 9. 25 a.ru. 

9 .25 . . .......... . . . ... . . . . . . . . . . . . .. . . . . . . 10 .30 3.9 11. 7 0·6 
9.28 .... . .......... . .. 134 134 11. OO 3·1 11 · l 1·6 
9.42 ..... . . . . ..... ... . 164 298 11 .42 6 ·1 12·2 l ·O 
9 .59 .... .. ... .. ..... .. 183 481 12 .25 4.5 13 ·6 0·7 

10. 25 . .... . ..... . . .... . 173 654 12 .57 5.5 13·5 0·9 
11 .33 .. . .. .. ......... .. 172 826 1. 32 6·8 11 ·7 0 ·6 
12 .00 . . ... .. ....... . . . . 187 1013 1. 55 5 -5 13 -9 O· l 
12. 20 .................. 157 1170 2 .23 7 -1 11 ·7 0·6 
1.20 . .......... . .. ... . 171 1341 2.57 6·1 12-7 0·6 
1.24 . ... .... . .. . ... . .. 172 1513 3.26 7.4 11·0 0·6 
2.00 .. .... . ...... .. ... 176 lû89 3 .55 7· 1 11·7 0·5 
2.33 . . . .. .. ...... .. ... 166 1855 4 .23 4·0 15· 6 O·l 
3.05 ... ... ...... . .. . .. 135 1990 5.00 8-0 10·4 0 ·6 
3 . 29 ... . .... . .. . ...... 186 2176 5.27 6·0 13·0 O·l 
3.50 ... . .... . . . .. . .... 146 2322 6.00 5-2 12-9 0·2 
4.10 ......... . ... . . . .. 151 2473 6.30 5 -4 13-4 0-6 
4.45 ....... .. . . . ...... 185 2658 6 .55 6·2 11· 8 1-0 
4 .58 ... . . . ............ 134 2792 
5. 25 ..... . . . . . . . . . . . . . 174 2966 5-7 12·5 0·6 
5 .55 .............. . ... 177 3143 

1 
6.18 ... ... ........... . 17-1 3317 
6.48 . . ...... . . .. ...... 183 3500 
7 .25 .. ......... . . ..... 148 3648 

1 

83-10 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 2 

Steam Draft pressures, 
pressure Temperatures inches of Wat1::r 

gauge. o F. water. appa.rently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In cntrancel lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flnP. 

9.25 . .. .. ....... 93·8 80·4 352·5 64 -·1 -·20 . .......... . 
!l.40 . . .. ........ 94·0 82·0 330 62·5 -·08 - ·21 268·5 
9.55 ............ 94·0 82 345 62·5 -·08 -·23 398·5 

10.10 .. .... . .... . 95 84 327·5 62·5 - ·08 -·22 372 
10.25 ............ 98 86 327·5 62·0 -·08 -·25 416·5 
10 .40 ......... . .. 93 87 360 62·0 -·08 -·22 342·5 
10 . 55 .. .... ...... 99 90 425 61·5 -·08 -·39 327 
11.10 ............ 103·0 92 460 61·7 -·08 - ·30 346 
11 .25 ............ 103 95 475 62·5 -·08 -·2 512 
11.40 ... . ...... .. 92 89 435 63·0 -·08 - ·30 377 
11 .55 .......... . . 123 90 355 63·5 -·08 -·30 562 
12 .10 ...... . ..... 109 90 360 64·0 -·08 - ·30 488·5 
12. 25 . . ......... . 88 91 352 64·0 -·08 -·30 433.5 
12 .40 . .. ......... 105 90 348 64·0 -·08 -·30 501 
12.55 . . ...... . .. . 118 91 365 64·5 -·08 -·30 382 
1.10 ... . .. ... . .. 123 92 390 64·5 -·0 -·20 340 
1. 25 ...... . ..... 103 91 415 64·5 -·08 - ·25 333.5 
1.40 .... . ..... . . 119 91 410 64 ·7 -·08 - ·20 402·5 
1.55 . ... . . . ..... 114 91·5 440 64·7 -·O -· 25 507·5 
2.10 . . . ... . .. . . . 114 93 435 64·5 -·08 - ·29 534 
2.25 .. . . . .. ..... 115·5 93 435 64·5 -·08 - ·30 682 
2.40 ....... . . ... 113 93 410 64·5 -·08 -·28 367 
2.55 ....... . . .. . 118 92 420 64·5 -·08 - ·28 418·5 
3.10 ..... . ...... 122 93 415 ·65·0 -·08 -·25 521·5 
3.25 ...... ... ... 115·5 93 490 64·5 -·08 -·25 407 
3.40 ....... . .... 115·5 93 445 65·0 -·08 -·25 598 
3.55 ..... . . .. . . . 114 93 445 66 ·0 -·08 -·28 4 6 
4 .10 . .. ... ... ... 105 94 450 66·5 -·08 - ·27 566 ·5 
4.25 . . . . ... ... .. 114·0 94 435 65·5 -· 08 - ·27 491 
4.40 .... .. . . . . . . 113 94 475 66·0 -·09 -·2 381 
4.55 ............ 122 94 500 66·0 - ·09 - ·30 5 2 
5. 10 . .. ..... . . .. 119 94 4 5 66·5 -·09 - ·30 618 
5 .25 ... . ........ 123 94 520 66·0 -·09 -·29 521 
5.40 . ..... .... . . 121·5 93 515 66·5 -·OO -·29 529 
5.55 .. .. .. ...... 119·0 92 552 66 ·5 -·09 -·29 576 
6.10 . ........... 110·5 92 560 65·5 -·09 -· 28 521 
6.25 . . . . ... . . . .. 100 91 435 65·5 - ·09 - ·29 404·5 
6 .40 ..... .... . .. 105·5 90 535 65·5 -·O!l - ·29 4 9.5 
6.55 ... . . . . ..... 120 90 440 66·5 - ·09 -· 29 549·5 
7 .10 .. - .. . ...... 108 90 525 66·0 -·09 - ·29 470·5 
7 .25 .. . . . . . ..... 109 9 535 65·5 -·09 - ,29 364 

109·5 OO· 7 420·7 64 ·52 -·O - ·27 1 ,260·5 net 

---
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SU.MMARY OF OBSERVATIONS 

Date-June 21, 1907. 
Commenced-9.25 a.m. 

Boiler-B. and W. No. 2. 
Ended-7.25 p.m. 

GENERAL. 

At .McGill University. 
Duration-600 mins. 

1. Method of stoking ..... . . . .. . ............. .... Hand-spreading on alternate sides 
2. Kind of draft . .. .. . . .. ... . .... ... ........ ... .............. .. ........ .. Natural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned June, 1907 

Fresh water, June 20. . 
4. Tubes cleaned . . . ........ .. ...... ..... ... . .............. . ......... Before trial 
5. Fi.re cleaned .. ....... . ... . .. 8. OO, 9 . 20, and 11 . 13 a.m. 1. 15, 4 . 26, and 7 . 5 p.m. 

FUEL. 

,. {No. 7-Chignecto Colliery, Maritime Ry., Coal, and 
6. Iund of coal. · · · · · · · · · · · · · · Power Co., Cumberland Co., N.S. , Hand picked sample 
7. Analysisof dry coal by weight(%)C =66·2,H=4·8,S=6·4,N =1 ·3,0=8·0,Ash=13 ·3 
8. Calorific value of dry coal B.T.U. per lb .... .. ............................ 12150 
9. Moisture in coal as fired (%) .... . . .. .. . .............. . . .. .... . ... . . . . . ... . 3·0 

10. Weight of coal fired (lbs.) ... . . ....... . ... . ... . ................ . .......... 3648 
11. Combustible matter in ash and clinker (%) .. ...... . .. ..... . ....... . ... .... . 22 · 4 
12. Weight of clinker (lbs.) ............. . .......... . ........... . .......... .. .. 192 
13. Weight of ash (lbs. ) ..... .. . . .. .. .............. . .......................... 205 

AIR AND FLUE GAS. 

14. Air pr,i;ssure under fire (inc~.es of ~~ter) . ........ . ......... . ... .. ........ . -0 · 08 
15. above fire ................. . ................ -0 · 24 
16. at damper . . ......... . .... .... . . . ......... . -0 · 27 
17. Amount of dampct opening ..... . . . . .. . ...... .. ... . ... ..... .. . . ... . ..... . . Full 
18. Tem perature of air in boiler ho use (°F.) ........... . ... . . . . . ...... . ........ 90 · 7 
19. Flue tem perature (°F .) ....... ..... .. .... . .... . . . ............ . ........ .429 · 7 
20. Analysis of dry flue gas by volume (%) . . C02=5 ·7, 02=12·5,C0=0·6, N2=81·2 

WATER AND STEAM. 

21. Temperaturc of feed water (°F.) ............. .. .......... ... . . ........... 64. 5 
22. Total weight of feed water, corrected for ditîerence of level (lbs.) ........... 18260. 5 
23. Water levcl in gauge at start (inches) .... .. .. . . . .... . ... ... ....... . ......... 4t 
24. Water level in gauge at finish (inches) . . . . . ........ .. ... . ........... . ........ 4t 
25. Correction for differenee of level ineluded above (lbs.) ....................... O · 38 
26. Steam pressure by gauge per sq. in. (lbs.) ... ..... ................ . .. . ... . 109. 5 
27. Barometer reading (inehes) ... ... ............ ... ... .. ......... .... ... . .. . 29. 85 
28. Pressure in steam ealorimeter by gaugc (lbs. per sq. in.) ...... . .. ............. 6. 7 
29. Temperature in steam calorimeter (°F.) ... ...... .. ............... ........ . . 237 

Notes. 
. Fire .sliced 10.50 a.m., 3.29, 3.48, and 4.10 p.m. St.eam blown under grnte from 10.50 a.m. to close. 

Chnkcr tb.10, V1treous, and "db.erent. Wcatb.er ati ll and !oggy, clearing during morning. 
·p . . (Fixed carbon.. . . . . . . . . 45 · 7 

ro:omatc nnaly31S of dry coal by weight % {Volatile mat ter .. . . . . . . 41 · O 
[Ash ....... . .......... 13 · 3 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 7. Kind of Furnace-Fixed bars, 30% air spacc. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water H eating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft. )-Nil. 
Barometer at start-29 · 90. At finish-29 · 87. Mean-29 · 885. 

TOTAL QuANTITIES. 

1. Date of trial. . . . .. ....................................... .. .......... 21 / 6/ 07 
2. Duration of trial (hours) ........ . ....................................... 10 ·OO 
3. Weight of coal as fired (lbs.) .............................................. 3648 
4. Percentage of moisture in coal as fired (%) ................................ 3 · 0 
5. Total weight of dry coal füed (lbs.) ................ ..... .. ........ .. ....... 3538 
6. Total ash and refuse (lbs.) . . .. .... ... .... . . . ...... .. ... ........ ...... .. ... 397 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 17·1; (b) weighedll · 2 
8. Total weigbt of combustible consumed, from analyses (lbs.) .................. 2933 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) 18260 · 5 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .. ... ..... . ..................... 17710 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .... . . 21240 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

HouRLY QuANTITIES. 

Dry coal fired per hour (lbs.) ............................. . .... . .. .... .. 353 · 8 
Dry coal per square foot of grate surface per hour (lbs.) . ........ . ....... ... . 21·1 
Water evaporated per hour corrected for quality of steam (lbs.) ....... . ...... 1771 

•Equivalent evaporation per hour from and at 212° F. (lbs.) ............ . . .. .. 2124 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ............................ . .................... 3·33 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) .. ... ............................. 109 ·5 
Temperature of feed water entering boiler (deg. F.) .......... . . ............. 64· 5 
Tempcrature of escaping gases from boiler (deg. F.) ....................... . 429 · 7 
Pressure of draft between damper and ash-pit (ins. of water) .................. 0·19 
Percentage of moisture in steam ......................... . ............ ... .4 · 0 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) .................. . .......... . . . . . .. 61·7 
23. Builders' rated horse-power ................................ . ......... . ..... 60 
24. Percentage of builders' rated horse-power developed ..................... . .... 103 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as füed 
(Item 9+Item 3) ... . .... .. ..... . .......................... . ... . ..... 5-01 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 5 ·82 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 ·OO 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... , ... 7 · 26 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) .............. . ....... .... ...... 12150 
30. \'alorific value of the combustible pcr lb. (B.T.U.) .................... . ..... 14000 
31. Efficiency of boiler (based on combustible consumed) (%) ................... 50 · 1 
32. Efficiency of boiler, including grate (based on dry coal) (%) ..... ...... ..... . . 47 · 9 

FLUE GABES. 

33. Dry flue gn~ per lb. carbon (from ga analy es) (lb$.) . . ............ ... . . ..... 38·9 
34. .. " of combustible consumed (from gas analyses) (lbs.) ........ 31·1 
35. " " dry coal (from gas analyses) (lbs.) ........................ 25 · 
36. Proportion of heat of fuel in eticaping dry flue gascs (%) . . ................... lï · ~ 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 207. 

Date-July 24, 1907. Trial Number-G.C.T. 15. 

OBSERVATIONS OF GEJ\'ERAL CONDITIO 1S 

Notes. 
Weather warm and still. 1.00 p.m. thunderstorm. B. and W. boiler No. 1 working. 

Time. 
a.m. 
7. 30 Fire cleaned and remade with No. 207 coal. 
7. 40 Tubes cleaned. 
8. 55 Trial started. Fire 1 ! " thick, a little flame and smoke. 

10. 10 Grill in fire door half open. 
11. 03 Grill closed. 
11. 34 Fire sliced. 
11. 45 Fan started. 
12. 29 to 12.39 Fan stopped. Fire cleaned, a thin, hard sheet of clinker formed over 

bars. 44 lbs. clinker and cinders removed. 
1 . 18 Grill in fire door half open. 
2. 33 Grill closed. Fan started. Commenced to blow steam under bars. 
5. 30 Fan stopped. Steam under bars stopped. Fire cleaned. 69 lbs. of clinker and 

ashes removed. Clinker more friable than previously. Back fire bar dropped 
out. 

6. 55 Trial stopped. Fire similar to start. 117 lbs. of ashes raked from pit. 
Blow-off examined and found tight. 

CLINKER AND AsH. 
113 lbs. clinker. 
117 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 15 

Wcight of coal Tirne Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 

DurÎD!!: Total. gases. co. o. CO 
interval. 

Start 8.55 a.m. 
9.12 . . ....... . ........ 199 199 9.45 9.9 6 · 5 2·2 
9 . 36 . . ................ 174 373 10 . 16 9·2 10·0 O·O 

10.12 .................. 207 580 10.50 7·0 10·6 0 · 6 
10.31. .. . ... . . . . ....... 174 754 11.15 10·3 7·6 0·8 
11 .05 . .. .... ......... . . 178 932 11.50 9.5 6·7 3·0 
11.49 . .. . ... .. .... ... . . 160 1092 12 . 15 6·6 12·7 O·O 
12 .43 .. . . .... . ... . .... . 165 1257 12.50 9·0 8·4 1·6 

1.03 ... .. ........ ..... 113 1370 1.18 7.4 12·0 O·O 
1.33 . ... . ...... .... ... 189 1559 1·48 8·2 9.4 0·8 
2.03 ......... . . . .. .. . . 185 1744 2. 20 8·0 10·2 0·3 
2.36 . .. .. . . ... ..... ... 203 1947 2.47 8·6 9·8 0·4 
3 .09 ...... .. .. . ....... 190 2137 3 . 15 9·6 7.7 1·1 
3 .40 ..... .. ... ....... . 193 2330 3.45 6.6 13·3 O·O 
4 . 17 ... ......... .. .... 168 2498 4.17 11·1 3.9 3·8 
4 .36 ... ... ...... .. .... 179 2677 4.50 11 ·0 7·1 O·O 
5 .05 . .. ... ... . ... ..... 183 2860 5 . 17 6·0 14·0 O·O 
5.58. ...... . . . .. ...... 182 3042 5 .49 7·2 12·6 O·O 
6 .25. ...... . .. ... ... .. 201 3243 6.17 7.5 10·9 0·2 
6.55 .... . . . . . . . . . . . . . 101 3344 6.52 6·1 14· 3 O·O 

8·4 1 9 .9 0·8 



150 

OBSERVATIOr S MADE DUR! G BOILER TRIAL No. 15 
-

Stearn Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In cntrancej lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
1 to fin<'. 

8 .. 55 ............ 104 89 455 75.5 O·O -·25 ........... 
9.10 ......... . .. 120 90 450 75 -·05 -·30 389 
9.25 ............ 115 92 440 74.5 -·05 -·30 454 
9.40 ............ 117 91 475 74 -·05 -·25 425 
9.55 ........... . 116 93 425 74 -·05 -·30 505 

10 .10 . ........... 122 91 470 73.5 -·05 -·30 577 
10.25 .... .. ...... 106 94 465 73.5 -·05 - ·25 501 
10.40 ............ 118 94 430 73.5 -·05 -·30 440 
10 .55 ......... ... 116 95 445 73.5 -·05 -·30 369·5 
11.10 ............ 117 95 425 74.5 -·05 -·30 417·5 
11 .25 ............ 110 95 410 74.5 -·02 - ·30 494 
11 .40 ...... . ..... 116 95 430 74.5 -·02 -·30 329 
11.55 ............ 116 95 510 74.5 +·40 -·30 414 
12.10 ....... . .... 110 95 380 74.5 +·30 -·30 521·5 
12 .25 ............ 120 94 380 75 + · IO -·30 167 
12.40 ............ 120 94 420 75 O·O -·30 211 
12. 55 ............ 118 96 465 74.5 O·O -·30 365 
1.10 ............ 120 92 465 74.5 O·O -·30 425·5 
1. 25 ............ 120 93 470 75 O·O -·30 462 
1.40 ... . ........ 114 91 470 74 O·O -·30 4 5.5 
1.55 . . . .. . .... . . 123 90 450 74.5 O·O -·30 373 
2.10 .. . ......... 120 93 430 74 -·02 -·30 437 
2.25 ............ 107 95 425 74 O·O -·30 448·5 
2.40 . .... ... .. .. 118 95 475 74 +·15 -·30 304 
2.55 . ........... 116 95 475 74 +·l -·30 474 
3.10 .......... . . 120 97 490 74 +·2 -·30 477.5 
3.25 ............ 122 96 540 74 +·2 --30 581 
3.40 ... . ........ 106 94 430 73.5 +4 - ·30 513 
3.55 ......... . . . 107 96 500 73 O·O -·30 536·5 
4.10 ............ 110 94 455 73 O·O - ·30 472·5 
4.25 .... . .... ... 117 91 475 73.5 +·25 - ·30 392 
4 .40 .... . .... ... 114 92 530 73.5 +·45 --30 583·5 
4.55 ............ 122 95 620 73.5 +·35 --30 458·5 
5.10 .... . . . . . . . . 117 101 515 74 +·30 -·35 650·5 
5.25 ............ 114 95 540 73 0-0 -·30 393.5 
5.40 .... . ....... 116 97 490 73 O·O - .35 3 4.5 
5.55 ............ 120 94 560 73 O·O -·30 510 
6.10 ............ 107 94 545 72·5 O·O - ·30 57 .5 
6.25 . . . . . . . . . . . . 114 92 . 525 73 O·O - .35 474·5 
6.40 ........... 120 93 575 72·5 O·O -·30 53 ·5 
6.55 ......... . . . 86 90 495 73 O·O - .35 521·5 

114·9 93·7 4ï4·0 73 .9 +·09 -·30 17,950 net 
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SUMl'.11ARY OF OBSERVATIONS 

Dale-July 24, 1907. 
Commenced-8.55 a.ru. 

Boiler-B. and W. Ko. 2. 
Ended-6.55 p.m. 

GENERAL. 

At McGill University . 
Duration-600 mins. 

1. Method of stoking ..... .. ..... . .... .. .... . .. . . H:md-spreading on alternate sides 
2. IGnd of cl.raft . .. ..... . ... . .......... .. ........... .. .... ..... Natural and forced 
3. Condition of boiler and date of last cleaning ..... .. Thoroughly cleaned June, 1907 . 

Fresh water, July 18. 
4. Tubes cleaned ..... . . ......... ... ................. . .. ............. . . 7. 40 a.m. 
5. Fire cleaned... . ....... . ......... . .7.30 a .ru., 12.29 and ~.30 p.m. 

FUEL. 

. ~No . 207-Chignecto Colliery, Maritime Ry., Coal & 
6. Kmd 0~ coal. · · · · · · · · · · ·.· Power Co., Cumberland Co., N.S. Hand picked sample. 
7. Analys1s of dry coal by we1g t(%).C =70 ·0,H =5·0,S= 6 · 2,N = 1 ·0,0 =8·7,Ash =9· l 
8. Calorific value of dry coal B.T.U. per lb . . . .... . . . .... . ..... . ....... . ..... 12890 
9. Moisture in coal as fired (%) .............. . .... . ......... . .............. . . 5 · 3 

10. Weight of coal fired (lbs.) . ... . ...... ... .... . ..... . ....................... 3344 
11. Combustible matter in ash and clinker (%) ........... . . : .... . .............. 17·1 
12. Weight of clinker (lbs.) . ... ... . .. .. ........... . ....... . ............ ... .... 113 
13. Weight of ash (lbs.) ............... . ....... .. .... .. ....................... 117 

AIR AND FLUE GAS. 

14. Air pressure under fire (inches of water) .. . ... ... ...... . ....... . ...... . ... +O· 09 
15. •· abovefire " " . . ........... ........ .... . . . ...... -0·21 
16. at damper . . .. .. .. . ............ . ...... . .... . -0·30 
17. Amount of clamper opening . .... . ........... . .................. .. .. . .. . .. Full 
18. Temperature of air in boiler housc (°F.) . . .................. . .............. 93 · 7 
19. Flue temperature (°F.) . ............ .. ... . . . ......... . .. . .......... . .... .4· 74 
20. Analysis of dry flue gas by volume (%) .. C0,=8·4, 02=9·9, C0=0··8, N,=80 ·9 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ..... . ............ . . . .. ... ...... ... ..... . . 73 · 9 
22. Total weight of feed water, corrected for difference of level (lbs .) ........ . ..... 17950 
23. Water level in gauge at star!, (inches) ................. . ............ . ... . ... 4-h 
24. Water level in gauge at finish (incbes) ... . . ................ . ............. . .. 4 tt 
25. Correction for difference of level included abovc (lbs. ) .... .. .. . .... ... ....... 0· 19 
26. Steam pressure by gauge per sq. in. (lbs.) . ... .... ... . . ... .... ..... . . . ..... 114 · 9 
27. Barometer reading (incbes) . . .... ... ........................ .. . . ......... 29 · 56 
28. Pressw·e in steam calorimeter by gauge (lbs . per sq. in. ) .... . ...... . .. . ....... 17·5 
29 . Temperature in steam calorimcter (°F .) .................... ... ...... .. ... 284· 5 

Notes. 
Fire sliced 11.34 a.m. Air admitted over firc from 10.1 0 to 11.3 a.m. and !rom 1.1 8 to 2.33 p.m. Draft 

forced fr'!m 11.45 a .m. to 12.29 p.m. and from 2.33 to 5.30 p.m. Steam blown under grate from 2.33 to 5.30 
p.m. Clinkcr formed a thin hard sheet over bars, conditions improved by use of steam. Fire bar from back 
row knocked out during cleaning at 5.30 p.m. Wenthcr wa.rm and still , thunderstorm in afternoon. 

{

Fixcd car bon. . . . . . . . . . 4 9 · 6 
Proximate analysis of dry coal by wcight % x~~at.ile rn~tte~:::: : .. .. .. 4 ~: ~ 
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SUMMARY OF RESULTS 

Made on B . and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
IGnd of Fuel-No. 207 washed. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 63. At finish-29 · 49. Mean-29. 56. 

TOTAL QuANTITIES. 
1. Date ?f trial . ._ .. ............. . ... . ................. . . ... . ........... . 24/ 7 / 07 
2. Duration of trial (hours) .. . ........... ........ ............. ... ........ . . 10 ·OO 
3. Weight of coal as fired (lbs.) ........ . ........................... . .... ... .. 3344 
4. Percentage of moisture in coal as fired· ( %) ................................ 5. 3 
5. Total weight of dry coal fired (lbs.) ......... .......... .... ... . . ....... . .... 3166 
6. Total ash and refuse (lbs.) ................... . ............. . ..... .. . ..... . 230 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 11 ·0; (b) weighed . 7 · 3 
8. Total weight of combustible consumed from analyses (lbs.) ................... 2818 
9. Total weight of water fed to the boiler corrected for difference of level (lbs.) ... 17950 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ................................ 17790 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . . ... . 21110 

HoURLY QuANTITIES. 

12. Drycoalfiredper hour (lbs.) .... . ................... ........ ........... 316·6 
13. Dry coal per square foot of grate surface per hour (lbs.) . ............. . .. .... 18 · 9 
14. Water evaporated per hour corrected for quality of steam (lbs.) ... . . . .... . .. . 1779 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ..... . ........ . ... 2111 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ................................................. 3 · 30 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ... .......................... . . .. . 114·9 
18 . . Temperature of feed water entering boiler (deg. F .) .... . ............ . ....... 73 · 9 
19. Temperature of escaping gases from boiler (deg. F.) ........... . ............... 474 
20. Pressure of draft between damper and ash-pi t (ins. of water) ......... . ...... . . 0 · 39 
21. Percentage of moisture in steam ...... ...... ..... . . ........ ......... ..... .. l · 0 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34î) ...................... .. ....... . .... 61·1 
23. Builders' rated horse-power ... ... .. ..... ... ............... . ........... .. ... 60 
24. Percentage of builders' rated horse-power developed .... .. .................... 102 

EcoNOMIC R.EsULTs. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+ltem 3) .... . ... . .... ... ......... . .......................... 5 ·37 

26. Equivalent evaporation from and at 212° F. per lb. dry coal as fired (Item 
ll+Item 3) ....... .. ........................................ .. ...... 6·31 

27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 · 67 
28. Equivalent cvaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ............................. ... .............. .. ... 7 · 50 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ........ ... ..................... 12890 
30. Calorific value of the combustible per lb. (B.T.U.) ......................... . 14190 
31. Efficiency of boiler (based on combustible consumed) (%) ................... 51 · l 
32. Efficiency of boiler, including grate (based on dry coal) (%) .......... . ...... 50·0 

FLUE GABES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ........................ 26 · 9 
34. Dry flue gas per lb. of combustible consumed (from gas analyses) (lbs.) ..... ... 21·2 
35. Dry flue gas per lb. dry coal (from gas analyses) (lbs.) ........................ 18 · 9 
36. Proportion of heat of fuel in cscaping dry flue gases (%) .............. ... .... 13 · 4 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 9. 

Date-July 16, 1907. Trial Number-G.C.T. 13. 

OBSERVATIONS OF GENERAL CONDITIONS 

Notes. 
Weather wnrm, light breeze. No. 1 B. and W. boiler working. 

Timo. 
7. 50 Fire cleaned and made up with No. 9 coal. Pressure, 55 lbs. Flue temp.400°. 
7 . 57 Tubes cleaned. Pressure, 85 lb.s. 
8 . 50 Trial started. F ire 2" thick, some flame and smoke. 
9 . 53 Fire sliced. 

10 . OO Grill in fire door half open. 
10. 23 Fan started, grill closed. 
10.41 Fi.re sliced. Commenced to blow steam into ash-pit. 
12 . 49 to 1. OO Fan stopped. Steam in ash-pit stopped. Fire cleaned. 138 lbs. of clinker 

and cinders removed. Clinker fairly thick, and adhering to bars. 
1. 38 Fan started. 
2.14 Steam turned on under bars. 
2. 37 Fire sliced. 
2.45 F ire sliced. 
3. 50 Fan stopped owing to fuse blowing out in motor circuit. 
3. 55 Fi.re sliced. 33 lbs. of clinker removed. 
4. 04 Fan restarted. 
4 . 58 Fire sliced. 
5. 50 Fan stopped. Steam to ash-pit stopped. Fire cleaned. 169 lbs. clinker and 

cinders removed. 
6. 20 Fan started. 
6. 56 Trial stopped. Fire 2!" thick, fairly well burnt through . 98 lbs of ashes raked 

from pit. 
Blow-off examined and found quite tight. 

CLrNKER AND AsH. 

340 lbs. clinker. 
98 lbs. ash. 
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RECORD OF COAL CONSUMED DURIKG BOILER TRIAL Ko. 13 

\Yeight of coal Tùne Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 
During Total. gases. co. o. CO 

interval. 

Start 8. 50 a.m. 
9.03 8·2 9·1 ù·7 

8.55 . . .. ...... . .. .. ... 80 80 9.35 11 ·6 5 .7 1·0 
9.14 .......... ........ 164 244 10 .00 10·8 8·9 o·O 
9. 37 ... ... . . ... . ...... 180 424 10.28 7.7 11· 1 O·O 

10 .05. ................. 137 561 11.00 13·6 2·4 1·0 
10 .37 ... . . . ....... . . . .. 154 715 11.30 10·4 8·8 O·O 
11 . 03 .. ... . .. ..... .... . 177 892 11 .58 10·8 6·8 0·9 
11.12 .... . ... . .......... 154 1046 12.30 11 ·2 6·8 0·4 
1 1.42 .................. 178 1224 1. 26 7.3 12·5 O·O 
12 .10 ................. . 151 1375 2.00 9.3 8·3 0·2 
12 .36 . ... . ... ... ....... 161 1536 2.33 10·6 6·8 1·2 
1.09 .............. ... . 160 1696 3.06 18·1 1·5 O·O 
1.44 . . ................ 208 1904 3.30 10·8 5·8 1 ·4 
2.04 . . .. .... . ... ..... . 195 2099 4.03 12·1 7.3 O·O 
2. 21. . ... . . . . . . ....... 155 2254 4.30 9·2 ·6 0 ·2 
3.08 ......... . ....... . 184 2438 4.58 12·3 5·1 0·6 
3. 25 .... . . .. ...... ... . 148 2586 5 30 9·6 9.4 O·O 
4.05 . .... . .. ... .... .. . 175 2761 6.18 9·2 9·8 O·O 
4. 21. ... . ....... ...... 150 2911 6.38 8·4 11 ·2 O·l 
4.45 ... .... . . . .... . .. . 157 3068 
5 .00 ... .... . .. . . .. . .. . 164 3232 10·6 7.7 0·3 
540 . . . .. . . ..... . .. ... 159 33!)1 
6 . 13 . ........... . ..... 146 3537 
6.56 ......... .... ..... 158 3695 

-
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OBSERVATIONS MADE DURING BOILER TRIAL No. 13 

Steam Draft pressures, 
pressure Tcmperatures inches of " 'ater 
gauge. o F. water. apparently 

cvaporated 
Time. in 

lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.50 ............ 107 97 500 72 O·O -·25 ..... . ...... 
9.05 ............ 106 95 470 70·5 O·O -·30 413 
9.20 .... . . . ..... 109 95 450 70·5 O·O -·30 499 
9.35 ... .. .. . .... 112 95 460 71 O·O -·30 360 
9.50 ............ 117 94 420 71 ~·02 -·30 387·5 

10.05 ............ 110 96 470 71 -·02 -·30 401·5 
10.20 ............ 99 96 400 71 -·02 -·30 385 
10.35 ........... . 105 96 425 71 +·20 -·30 281 
10 . 50 ........... . 116 96 840 71·5 + · 20 -·25 263·5 
11 .05 .... .. ...... 110 96 735 71.5 +·50 -·30 584-5 
11 .20 . . .......... 117 96 620 . 71.5 +·20 -·30 565·5 
11.35 ............ 110 96 525 72 +·15 -·30 520 
11.50 .... . . ...... 110 96 525 72 +·20 -·30 494.5 
12.05 ... .. . ...... 107 95 525 70·5 +·15 -·25 455 
12.20 ........ .... 115 95 560 70·5 +·20 -·25 372 
12.35 ...... . ..... 104 94 675 71 +·40 -· 25 451·5 
12.50 ............ 112 93 520 71 +·05 - · 20 490·5 

1. 05 ...... .. .... 110 97 530 71·5 +·05 - ·25 316·5 
1.20 ............ 106 96 460 72 +·02 -· 30 442 
1.35 ... . .. . ..... 112 97 415 72 +·02 - ·30 292·5 
1. 50 ...... .. .... 112 97 435 72.5 +·15 -·25 369·5 
2.05 ............ 114 98 460 72·5 +·30 -·30 366 
2.20 ... ......... 114 99 525 72·5 +·80 -·30 356-5 
2.35 ..... . ..... . 119 100 595 73.5 +·50 - ·25 449 
2.50 ....... . .... 108 100 615 73.5 +·10 - ·30 483·5 
3.05 ............ 112 98 735 73.5 +·20 -·25 465·5 
3 .20 .... . ....... 115 98 625 73.5 +·30 - ·25 592 · 5 
3.35 .......... . . 117 96 560 73.5 +·30 -·30 625·5 
3.50 ............ 100 96 490 73 O·O -·30 559 
4.05 ... . ....... . 110 97 670 72.5 +·30 -·30 239·5 
4.20 ... . . . . .... . 101 97 530 72.5 +·20 - ·25 639·5 
4.35 .... . .... .. . 105 97 485 73 +·20 -·30 315·5 
4.50 ..... . ...... 111 98 600 73 +·30 -·25 422 
5.05 ............ 104 97 680 74-5 +·20 --25 529 
5 .20 ...... .. .. .. 102 98 590 73 +·20 -·30 556·5 
5 .35 ......... .. . 107 96 565 72·5 +·15 -·30 476 
5 .50 ...... ...... 111 96 535 72·5 +·40 --25 462·5 
6.05 .... ........ 112 102 540 72·5 +·05 -·30 219 
6.20 ............ 116 98 510 73 +·30 - ·30 422 
6 . 35 ... .. ....... 112 98 435 73 +·25 -·30 540 
6.56 ............ 101 96 415 74 +·05 - ·30 5:21·5 

109·7 97-0 539-5 72-2 +·18 - ·28 17,6:25 net 
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SUMMARY OF OBSERVATIO S 

Date--July 16, 1907. Boiler-R. and W. No. 2. At McGill University. 
Duration-606 mins. Commenced-8.50 a.m. Ended-6.56 p.m. 

GENERAL. 

1. Method of stoking . .... ..... .. ... . . ...... . .... Hand-spreading on alternate sides 
2. IGnd of draft . .. . ... . ... ..... ......... . ........ .. . . . .... . .. . Forced and natural 
3. Condition of boiler and date of last cleaning .... Thoroughly cleaned June, 1907. 

Fresh water, July 4. 
4. Tubes cleaned .. . ..... ...... . . . . . ...... . . .. ...... .... ........ . . . ... . 7 . 57 a.m. 
5. Fire cleaned ......... . .. ........ .. ... . . .. . .. . . . 7 . 50 a.m., ~2 . 50 and 5.50 p.m. 

FUEL. 

6 Knd of co l f No. 9- Minudie Colliery, Minudie Coal Co., River Hebert, 
· 1 a ·· ·· · · ·· ··· lCumberland Co., N.S. Over i' screen and picking belt 

7. 

8. 
9. 

10. 
11. 
12. 
13. 

An l · f -'· lb · h (01) {C=64·8 H=4·4 8=6·7 ays1so uqcoa ywe1g t 10 ...... .. ..... .. · .. N=l·l '0=7·5 Âsh=15·5 
Calorific value of dry coal B.T.U. per lb .... . . . . .... -. . .. . .... '. . . ... . . '. .... 11830 
Moisture in coal as fired (%) . . .... . .... .. . . . .... .... ...... ....... . . . . . . . . . 2·8 
Weight of coal fired (lbs.) ......... .. .. .. . . . ..... . . . .. . . . . ..... . ...... . . .. 3695 
Combustible matter in ash and clinker ( %) . . .. .. .. . . .. . . .. . .. . . . .. . .. .. . . . . 10 · 7 
Weight of clinker (lbs. ) . .. .. .. . .............. . . . .. .. .. .. . . .......... . .. . . . 340 
Weight of ash (lbs. ) .... . . . . . . ....... . .. .. .. . ...... . ... . ........... . ... . .. . 98 

Am AND FLUE G AS. 

14. Air pressure under fire (inches of water) . . .. . .. . . . . ... ... . .... . . . .. . .. .. . . +o · 18 
15. " abovefire " " . ...... : .... ......... .. . ...... . ... -0 · 19 
16. atdamper " . .. . . .. . ... ..... .... .. . .......... -0· 28 
17. Amount of damper opening .. . . ........ .. . . .. .... ... .. ... ... . .. .. ... . ..... Full 
18. Temperature of air in boiler house (°F.) . ... ... . . . . . . . . . . . . . . . .. ... .. ........ . 97 
19. Flue t emperature (°F .) ........ .. .. . . ... .... . . . ........ ... ..... .. .. .. .. 539 · 5 
20. Analysis of dry flue gas by volume (%) .. C0 2=10·6,0, =7·7, C0=0 · 3, N2=81·4 

W ATER A= 8 TEAM. 

21. Temperature of feed water (°F .) . . ...... . ... . ................ . ... . .. . ... . 72 · 2 
22. Total weight of feed water, corrected for diffe rence of level (lbs.) .. . ...... . .... 17625 
23 . Water level in gauge at start (inches) ............... . . . ........ . ..... .. . . .. 3 H 
24. Water level in gauge at finish (incbes) .. .... . ......... . . .. . ... . . .. . .......... 3i 
25. Correction for difference of lcvel included above (lbs.) . . . . ........... . ...... 28 · 5 
26 . Steam pressure by gauge (lbs. pcr sq. in .) .... . .. . ... . .. . .. . .............. 109 · 7 
27. Barometer reading (incbes) ... .. ................ . ............. . ......... . 29·75 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in .) ...... . ...... . ....... 13 · 3 
29. Temperature in steam calori mct.cr (°F. ) .... . .. . . .. . . . . ...... .. .......... 277 · l 

Notes. 
Fire sliced 9.53, 10.40 a.m., 2.37 , 2.45, 3.55, and 4. 58 p.m. Forcecl clraft from 10.23 n.m. to 12. 49 p .m . 

a nd from 1. 38 p .m. to 3.50 p .m . and from 4.04 p.m . to 5.50 p.m. and fro m 6.20 p.m. to close. Steam b lown 
undcr grate bars from 10.4 1 n.m. to 12.49 p.m., and from 2. 14 p.m. to 5.50 p.m. Clinkcr fnirly t hick and 
adhering to bars. Weather warm, light breeze. 

[Fixed cnrbon ..... . .... 48 · 8 
Proximate analysis of d ry con! by weight % ~ Volatile matter .. . ..... 35 · 7 

(Ash . .. .......... .. ... 15'5 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel- o. 9. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water H eating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft. )-Nil. 
Barometer at start-29·75. At finish-.... Mean-29·75. 

TOTAL QUANTITIES. 
Date of trial. .................. .... . ..... . ......... .. ...... .. ...... . . 16/ 7 / 07 
Duration of trial (hours) .. ... . ..... . ... . . . .... . .. .. .. ............ ..... .. 10 · 10 
Weight of coal as fired (lbs.) ............. ..... . .......... . .......... . . . ... 3695 
P ercentage of moisture in coal as fired (%) ............ . . . .. ...... .... ..... 2· 8 
Total weight of dry coal fired (lbs.) ................. . ... . ........... .. . . ... 3591 
Total ash and refuse (lbs.) ................ . ... . ....................... ... .438 
P ercentage of ash and refuse in dry coal (%) (a) from analyses 17 · 4; (b) weighed 12· 2 
Total weight of combustible consumed, from analyses (lbs.) ............ .. .... 2968 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17625 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ....... ..... .. ........... . .. . ... 17450 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20720 

HOURLY QUANTITIES. 

Dry coal fired per hour (lbs.) ...... . ... . . ........... . .................. . ... 356 
Dry coal per square foot of grate surface per hour (lbs. ) .. .. . ............... .. 21·2 
Wat~r evaporated p~r hour corrected for quality ~f steam (lbs.) .. ..... ..... . . 1728 
Equivalent evaporat1on per hour from and at 212 F. (lbs.) ...... ............ 2052 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ............. .. ......... . ........... .... .. .. .... . 3 · 21 

AVERAGE PRESSURES, T EMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) .... . ............... . .... . ........ 109 · 7 
Temperature of feed water entering boiler (deg. F.) ... . ... . ...... ....... . . .. 72· 2 
Temperature of escaping gases from boiler (deg. F.) .. . ... . .... . ......... . .. 539 · 5 
Pressure of draft be.tween damper and ash-pit (ins. of water) .................. 0 · 46 
Percentage of moisture in steam ... ... .. ... .. .................... .. ....... 1·0 

HoRsE-PowEn. 
Horse-power developed (Item 15-:-3H) ......... . .......... . .. .... . . . .. . ... 59 · 4 
Builders' rated horse-power . ................... . . . ......... .... ........... . 60 
Percentage of builders' rated horse-power developcd . . ......... ... . . . .. ... ... .. 99 

EcoNOMIC RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9-:- Item 3) ........... ... .. ... ..... .... ...... .... .............. 4. 78 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11-:-Item 3) 5. 61 
Equ!valent evaporat~on frorn and at 212° F. per lb. of dry coal (Item 11-:-Item 5) 5 · 78 
Equivalent evaporat10n Crom and at 212° F. per lb. of combustible consumed 

(Item ll-:- Item 8) ...... . .. ..... . . . . ....... .. ............ . ... .. .... . . G. 98 

EFFICIE;-.ICY. 

Calor~fic value of dry coal per lb. (B.T.U.) ........ ... . . ................... 11830 
Calo;1fic value o.f the combustible pcr lb. (B. T.U. ) ............. . ... . .... .. .. 14010 
Effic1ency of boiler (based on combustible consumed) (%). . . . .... 48 · l 
Efficicncy of boiler, including gratc (ba cd on dry coal) (%). . . . . . . . . . . . . .. 47 · 1 

FLUE GASES. 
33. Dry flue ga.s pcr lb. carbon (from gas analyses) (lbs.). . . . . . . . . . . . . . . . . . . . . . . 22 · !) 
34. " " of combustible consumed (from gas analyse ') (Ili.- .) ........ 18 · 0 
35. " . " dry coal (from gas analyses) (lbs.)...... . . . .. 14·8 
36. Prnport1on of heat of fuel in escaping dry flue gases (°'(;) . ... . . . .. ..... .. . . . . . l'.l · 2 
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. 
TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 209. 

Date-July 15, 1907 Trial Number-G.C.T. 12. 

OBSERVATIONS OF GENERAL CONDITIO JS. 

Weather fine, still warm. 

Time. 
a .m. 
7 .10 Tubes cleaned. 

Notes. 

7. 30 Fire cleaned out and made up with o. 209 coal. Pressure, 25 lbs. 
9 .15 Fire H" thick, well burnt through. Trial started. 
9. 20 Grill in fire door half open. 

10. 25 Grill closed. 
10. 55 Fan started. 
11. 09 Fire sliced. 
11 . 10 Commenced to blow steam under bars. 
11. 25 Fire sliced. 
11. 35 6 lbs. thin, hard, blue vitreous clinker removed in above slicings. 
12 .31 Fanstopped. 
12.32 to 12.40 Fire thoroughly cleaned. 88 lbs. of thin, hard clinker removed with 

difficulty from bars. 
12.43 Fan started. 

1 . 46 Fan stopped owing to hot bearing. 
2. 20 Fire sliced. 
2 .50 Fanstarted. 
4 . 19 Fire sliced. Fan stopped. 
5. 30 to 5 .40 Fire cleaned. 105 lbs. of clinker removed. Fan re tarted. 
6. 35 Fan stopped. 
7 .15 Trial stopped. Fire similar to start. 116 lbs. of ash weighed as raked from pit. 

Blow-off cxamined and found to be tight. 

CLINKER AND AsH. 

105 lbs. clinker. 
116 lbs. ash . 
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RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 12 

Wcight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Tiine. sampling 
flu e 

co. 1 
1 

Durin~ 1 Total. gases. o. CO 
interval. 

Start 9. 15 a.m. 
9 .22 . ..... . ...... . . . .. 98 98 9.30 5·8 14·0 
9.42 ..... . ............ 151 249 10.00 7·2 11·9 O·O 

10 .09 ... . ... . ...... . . . . 134 383 10.35 8 ·1 10 ·9 O·O 
10.30 ........ . .... .... . 177 560 11. OO 8·8 8 ·6 0 ·6 
11 .24 ... .. ............. 155 715 11 .30 .. . ..... . . . . . . . . . . . . . . 
11. 45 .. . . .... . .... . .... 170 885 11.45 10·6 6·5 - O·O 
12.08 .... . . .. ... ... .... 162 1047 12.20 7.4 13·2 O·O 
12 .45 ... ... ... ......... 165 . 1212 1.00 12·2 4·8 l·O 
12 . 57 ....... .. ........ . 162 1374 1. 27 7 .4 12·5 O·O 
1.15 .... . . . . . . . .... . . . 155 1529 2.03 12· 1 7.7 O·O 
1.43 ..... ... .......... 166 1695 2.30 12·0 7.4 O·O 
2.25 ....... . . . ... . .... 161 1856 3.03 10·9 6·9 0·3 
2.53 ........ . ......... 160 2016 3.33 10·4 6 ·6 1·3 
3.24 ............... . .. 166 2182 4.03 11 ·2 7·0 O·O 
3.44 .................. 165 2347 4.35 14 ·6 3·2 O·O 
4 .10 ................ .. 144 2491 5.00 10·4 6·8 0·9 
4.4 ............... ... 180 2671 5.30 4· 1 16·5 O·O 
5 . 16 ....... ........... 181 2852 6.00 13·4 1·4 2·2 
5.46 . ..... ... ... . ..... 152 3004 6.30 12·5 7.3 O·O 
6.08 . ... ....... .. ..... 151 3155 6 58 8·6 10 ·2 0·4 
6.46 .......... ...... .. 154 3309 
ï . 15 .................. 8 3397 9.9 8·6 0·4 
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OBSERVATIO S MADE DUR! G BOILER TRIAL o. 12 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At intervnl. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash·pit. to flue. 
to fine. 

9 . 15 .......... . . 109 88 415 68 -·05 -·25 . . . . . .. . ... . 
9.30 .... .. ..... . 113 90 440 68 - ·05 - ·20 304 
9.45 .. . ......... 108 90 435 68·5 -·05 -·25 38 

10.00 . .. ......... 106 92 445 69 -·05 -·30 362 · 5 
10.15 ..... .... .. . 113 93 425 70 -·05 -·20 261·5 
10 . 30 .. . . . .. ... . . 116 93 425 70 -·02 -·30 302·5 
10.45 ......... . .. 114 94 385 70·5 - · 05 -·25 460 
11 . 00 ... . ..... . .. 100 94 395 71 +·25 -·30 181·5 
11 . 15 .. . ... . ..... 116 103 745 71 +·25 - ·30 241·5 
11 . 30 ... ......... 118 104 710 71 +·45 -·25 706 
11 .45 ............ 118 102 620 71.5 +·55 -·25 599 
12 .00 . . .... . . . ... 106 102 485 71 +·30 -·25 753.5 
12.15 ... ... . ..... 113 99 450 70·5 +·30 -·25 211·5 
12.30 ... .. ... . ... 114 98 520 71 +·20 -·25 448 
12.45 ..... .... .. . 121 103 660 71 +·30 -·25 238 
1.00 .... ... . .... 110 103 580 72·5 +·25 -·30 673 
1 . 15 ... . ........ 119 100 540 72·5 +·10 -·25 631 · 5 
1.30 ... . ........ 109 101 585 72·5 +·20 -·25 401 
1.45 ... ... ...... 121 102 585 72·5 +·05 -·20 431 · 5 
2.00 . ........... 116 105 540 72 +·05 -·25 426 
2.15 . ..... ...... 116 103 505 71·5 +·05 -·25 431·5 
2.30 . . . . ...... .. 108 104 535 72 +·02 -· 25 695 
2.45 ............ 116 102 480 72·5 + · 02 -·25 284 
3.00 .. . . . . . . . ... 107 102 515 73.5 +·20 - ·25 444 
3 . 15 ....... ... . . 121 104 505 72 +·20 -·25 353 .5 
3 .30 ............ 116 102 510 72 +·30 -·25 48 
3.45 . . . . .. . . . ... 114 104 510 72 + · 20 -·25 433 .5 
4 . 00 ... . . . . . .... 94 104 480 72·5 +·30 -·25 534.5 
4 . 15 . . .. ........ 110 104 480 72·5 +·25 -·25 260 
4.30 .... .. ... .. . 117 104 680 72·5 + · 45 -·25 497.5 
4.45 .... .. ..... . 108 102 580 72·5 +·45 -·30 573.5 
5.00 ..... . ...... 116 103 520 72·5 +·25 -·30 521·5 
5.15 . . . .... ..... 106 101 470 72 . 5 +·30 -· 30 420·5 
5.30 .. . . . . . . .. .. 103 102 420 72.5 +·02 -·20 397 
5.45. . . . . . . . . . . . 106 105 585 73 +·10 - ·30 88·5 
6.00 .. ..... ..... 119 101 650 72·5 +·15 - ·25 494·5 
6.15 ....... . .... 107 100 530 72.5 +10 -·30 510 
G.30 ..... . . . . . .. 121 100 530 73 +· 02 -·30 682 
G.4.5. .. .. .... . .. 102 98 555 72 ·5 O·O -·30 551 
7.00 ... . . ....... 108 9 500 71 ·5 O·O -·30 449 
ï . l;j ............ 116 95 465 72 O·O -·30 3 

112 
1 

99·8 522 71·6 + ·15 -·26 , 17,5 1· 5 net 
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SUMMARY OF OBSERVATIONS 

Date--July 15, 1907. 
Commenced-9.15 a.m 

Boiler-B. and W. No. 2. 
Ended-7.15 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking . . . ....... ...... ..... ....... Hand-spreading on alternate sides 
2. Kind of draft ..... . .... ..... ... . ... .. ... . . .. ... . .. . .. ....... N atural and forced 
3. Condition of boiler and date of last cleaning ....... Thoroughly cleaned June, 1907 . 

Fresh water, July 4. 
4. Tubes cleaned .. . ...... .. . . . .... .... .. ... . .......... . .. .. ........... 7 . 10 a.m. 
5. Fire cleaned . . ... .. .. .... .. ... ...... .. ....... ... 7 .30 a.m., 12 .32 and 5. 30 p.m. 

FUEL. 

. {No. 209-Minudie Colliery Minudie Coal Co., River Hebert, 
6. Kind of coal. · · · Cumberland Co.,N.S. Over l" screen and picking belt. 

· d al b · h (01) {C=68 ·2, H=4·6, S=6·3 7. Analys1sof ryco ywe1g t 10 •.. . ....... · • · · · .. · N=0 ·80=9·1 Ash=ll· O 
8. Calorific value of dry coal B.T.U. per lb ........ . .. .......... '. ...... '. . .... 12600 
9. Moisture in coal as fired (%) ..... . ............ . ...... . ..... ... ..... . ..... 3 · 5 

10. Weight of coal füed (lbs.) . ......... ............ .... . ........... .. ........ 3397 
11. Combustible matter in ash and clinker (%) ... . ............. .. . . .... . .... . .. 14· 2 
12. Weight of clinker (lbs.) ................ . ....... . . . .. . ..... . . . . .. . . .. ...... 299 
13. Weight of ash (lbs.) ....... . .. . ...... . ... .... ............... . .. . . .. ....... 116 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) . .......... ............... . . .. .. . . +0· 15 
15. " above fire " " .... ... .................... ....... -0·20 
16. atdamper " .. . . .... ................ .. . . ..... -0· 26 
17. Amount of <lamper opening .. . ........ .. .. . .. .. .. ........................ Full 
18. Temperature of air in boiler house (°F.) ......... .. .. .. . . . ................. 99 · 8 
19. Flue temperature (°F.) .... . ... . . .. . . ............... ... ........ ...... ..... 522 
20. Analysis of dry flue gas by volume (%) .. C02=9·9, 02=8·6, C0=0·4, N,=81 ·1 

WATER AND STEAM. 

21. Temperature of feed water (°F.). . . . . . . . . . . . . . . ..... . . . . ...... 71 ·6 
22. Total weight of feed water corrected for difference of level (lbs.) ......... . .. . . 17581 
23. Water level in gauge at start (inches) . ......... . . . ........ . . . .... .. .... . .... 5ï 
24. · Water level in gauge at finish (inches) ................. . .. . .......... ... .... 6 fr; 
25. Correction for difference of level includecl above (lbs.). . . . . . . . . . . . . . . . ..... 47 · 5 
26. Steam pressure by gauge (lbs. per sq . in.) .. . ........................... . . 112· O 
27. Barometer reading (inches) ..... . ......................... .... . ... .. ..... 29 . 82 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.). . . . . . . . . . . . . . . . . .14 · 2 
29. Temperature in steam calorirneter (°F.). . . . . . . . . . . . . . . . . . ... 278 

Notes. 
Fire sliced 11.09 and 11. 25 a.m., 2.20 and 4.19 p.m. Air admitted over fire !rom 9.20 to 10.25 a.m. Draft 

fo rced !rom 10.55 a.m. to 1.46 p.m. and !rom 2.50 p.m. to 6.35 p.m. Steam blown uuder grate !rom 11.1 O a.m. 
to close. Chnker thin, hard, and adherent. Weather fine, still , and warm. 

{
Fixcd carbon .......... 51 ·7 

Proxim'lte anulysis of dry coal by weight % Volatile mattcr . ....... 37·3 
Ash .................. Jl ·O 

83-1 1 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 209. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft .)-16·79. Water Heating Surface (sq. ft.) - 639. 

Superheating Surface (sq . ft.)- il. 
Barometer at start--29 · 88. At finish-29 · 76. Mean- 29 · 82 . 

TOTAL QUANTITIES. 

1. Date of trial. ... ........ . .......... .. ... . .. .. .. ... .. . .............. .. 15/ 7 / 07 
2. Duration of trial (hours) . .... . . ........ . ............... . ................ 10 ·OO 
3. Weight of coal as fired (lbs.) ..... . . . ...................................... 3397 
4. Percentage of moisture in coal as fired (%) ..................... . ....... . .. 3 · 5 
5. Total weight of dry coal fired (lbs.) .... . .................... . ......... .. ... 3277 
6. Total ash and refuse (lbs.) . ...... ........ ... . .. ....... . . .... ..... ........ . 415 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 12·8; (b) weighed 12·7 
8. Total weight of combustible consumed, from analyses (lbs.) .................. 2857 
9. Total weight of water fed ta the boiler~ corrected for difference of level (lbs.) ... 17581 

10. Equivalent water evaporated into ary steam from actual feed water 
temperature and boiler pressure (lbs.) .... .. . ......................... 17410 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .... . . 20680 

HoURLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .......... ......... .. ....... .. ......... .... 327 · 7 
13. Dry coal per square foot of grate surface per hour (lbs.) ..................... 19 · 5 
14. Water evaporated per hour corrected for quality of steam (lbs.) ............. . 1741 
15. Equivalent evaporation per hour from and at 212° F . (lbs.) ............ . ..... 2068 
16. Equivalent, evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . ..................... .. ..... ... ......... .. ...... 3 · 24 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) .............. . .. ............... .. 112·0 
18. Temperature of feed water entering boiler (deg. F.) ......................... 71·6 
19. Temperature of escaping gases from boiler (deg. F.) ........................... 522 
20. Pressure of draft between <lamper and ash-pit (ins. of water) ... .. ...... . ...... 0 · 41 
21. Percentage of moisture in steam . . ........................................ l · 0 

HORSE-POWER. 

22. Horse-power developed (Item 15+34!) . . ........... . ...... . ........ . ...... 59·9 
23. Builders' rated horse-power ..... ... . .......... . ...... . ............ .. ..... . . 60 
24. Percentage of builders' rated horse-power developed ......................... 99 · 8 

EcoNOMic RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) . . ..... .. .......... . .... .... .......... . ............. 5·18 

26. Equivalent evaporation from and at. 212° F. perlb. coal as fired (Item 11 +Item 3) 6 · 09 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 · 32 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(I tem 11 +Item 8) .. . . ...... . ......... . .................. . ........... 7 · 26 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ............ . ............ . .... .. 12600 
30. Calorific value of the combustible per lb. (B.T.U.) .... . ... . ......... . ....... 14170 
31. Efficiency of boiler (based on combustible consumed) (%) ... .. ....... . . .. ... 49·5 
32. Efficiency of boiler, including grate (based on dry coal) (%) ... ... .... . .. ..... 4 · 5 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ..................... . .. 24 · 2 
34. " of combustible con umed (from gas analyse ) (lbs.) . . ...... 18·9 
35. " dry coal (from gas analyses) (lbs.) . . .. .. . ................. 16 · 5 
36. Proportion of heat of fuel in escaping dry flue gases (%) . .. .. ...... . .. . ... ... 13 · 3 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 10. 

Date-Aug. 12, 1907. Trial Nurnber-G.C.T. 22. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather warm and wet, clearing 9.30 a.m. B. and \V. No. 1 boiler working. Robb boiler shut down. 

Boiler emptied 10/8/07. 

Time. 
a.m. 
7 .30 Fire cleaned and remade with No. 10 coal. Pressure, 10 lbs. 
8. OO Tubes cleaned. 
9. OO Trial started. Fire 2• thick, some green coal, much flame and smoke. 

Grill in fire door half open. 
10. 33 Commenced to blow steam under bars. 
10. 53 Fire slicecl. 23 lbs. of thin, bard clinker removed. 
11.34 Fire sliced. Fire about 6' thick. 
12.28 to 12.35 Fire cleaned. Steam jet stopped. 152 lbs. of hard, porous clinker and 

cinders removed. 
12. 46 Steam blown under bars. 

1. 45 Grill closed. 
2. 03 Grill half open. 
5. 32 Fire cleaned. A thin bed of fuel on top of 4• to 5" of clinker. 232 lbs. of clinker 

and asb removed. 
7. OO Trial stopped. Fire similar to start. 137 lbs. of ashes raked from pit. 

Blow-off examined and found tight. 

CLINKER AND AsH. 
407 lbs. clinker. 
137 lbs ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 22 

Weight of coal Ti me Composition of flue gases 
fired . of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

During Total. gases. co. o, CO 
interva\. 

Start 9. OO a .m. 
9.20 ..... ... . .... ... .. 234 234 9.25 6·0 11·6 0 ·4 
9.40 ..... . ... ...... . . . 200 434 10 .00 8·0 10·2 O·O 

10 .05 .... ...... . ....... 161 595 10.32 7·8 10·4 O·O 
10 .45 .. . ... . .. ....... .. 201 796 11 .02 15·4 3.4 O·O 
11. 25 .......... . ...... . 201 997 11 . 28 9·0 10·3 O·O 
1J .47 ............. . . . . . 170 1167 11 .52 8 ·6 11 ·3 0 ·1 
12.24 ........... . . . .... 152 1319 12 .27 6·6 12·6 0·2 
12.46 .. . .. . . .. ...... .. . 174 1493 12 .55 5·6 14·4 O·O 
1.03 . . ............... . 169 1662 1. 25 8·8 9.3 0·7 
1.23 ................. . 182 1844 1. 55 11 ·0 8·8 0·2 
2.00 . . ...... . ......... 171 2015 2.25 6·8 12·7 0· 1 
2.24 ....... .. . ........ 164 2179 2.58 6·9 12·7 0 · 1 
2 .50 .... . ... . ......... 166 2345 3.30 5·2 15·2 O·O 
3 . 25 .. ..... . .......... 187 2532 4·00 14·6 4·6 0 · 1 
3. 51. ........ ..... . .. . 187 2719 4.25 13·7 14·7 0·4 
4.16 .................. 171 2890 5.04 11·4 6·9 O·O 
4.48 .................. 176 3066 5.25 9.4 10·3 0·4 
5. 21.. ................ lï3 3239 5.53 6·4 13 ·6 O·O 
5.55 . ... . . . . . ..... . . .. 168 3407 6.25 10·2 10· 4 0·3 
6.10 ... .... . . ......... 190 3597 
6.31. . ..... .... .. ..... 168 3765 9·0 

1 

10·7 0·2 
7.00. .. . .. .. .. . .. ..... 16 3781 

-- -- - - -- -
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OBSERVATIO S MADE DURI G BOILER TRIAL No. 22 

Steam Draft pressures, 
pressure Temperatures inches of '\rater 

gauge. o F. water. apparcntly 
cvaporated 

Time. in 
lbs. Flue At intcrval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to tlue. 

9.00 ............ 88 89 478 75.5 -·05 -·30 . ........... 
9.15 .... .. ...... 102 88 500 75.5 - ·05 -·30 438·5 
9.30 ............ 108 91 525 75 - ·05 -·30 346·5 
9.45 ............ 108 92 540 75 -·05 -·30 456 

10·00 ............ 97 92 580 74.5 - ·05 -·30 625·5 
10.15 ............ 110 94 520 75 -·05 -·30 359.5 
10.30 .... . ... . ... 109 94 460 75 -·05 -·30 54 
10 .45 .... . . . . . . .. 99 94 460 74 .5 -·05 -·30 303 
11 .00 ....... . . ... 90 96 600 74 .5 - ·05 -·30 253 
11.15 ..... ...... . 103 96 740 74.5 - ·05 -·30 628 
11. 30 ............ 104 95 620 74 -·05 - ·30 495 
11 .45 .. ........ . . 113 97 650 73 .5 - ·05 -·30 590 
12.00 ....... .... . 102 97 580 74 -·05 - ·30 466 
12 .15 ... . ........ 113 97 550 73.5 -·05 -·30 407 
12 .30 ............ 101 97 520 73.5 - ·05 -·30 598·5 
12.45 ... . ........ 111 98·5 575 74.5 -·05 -· 30 173·5 
1.00 ............ 123 98 675 74.5 -·05 -·30 362 
1.15 ... . .. . ..... 121 98 650 74.5 -·05 -·30 649 
1.30 ............ 109 97 625 74.5 - ·05 -·30 567·5 
1.45 ............ 119 98 590 74.5 -·05 -·30 502·5 
2.00 ............ 103 100 570 74.5 -·05 -·30 586·5 
2.15 .... . ....... 117 100 580 74.5 -·05 -·30 457 
2.30 ..... .. ..... 88 100 525 74.5 -·05 -·30 570·5 
2.45 ............ 110 100 535 74.5 -· 05 -·30 388 
3.00 ............ 103 100 510 74.5 -·05 -·30 571.5 
3.15 ............ 110 100 500 74 .5 -·05 -·30 284 
3.30 ....... . . .. . 98 99 4 0 74.5 -·05 -·30 473.5 
3.45 . .... ....... 110 99 550 74.5 -·05 -·30 306·5 
4.00 . . . .... . . . .. 122 98 700 74.5 -·05 -·30 425 
4.15 . . .......... 120 98 675 74 -·05 - ·30 4fl6 
4.30 ............ 113 98 650 74 -·05 -·30 549.5 
4.45 . ........... 113 98 610 74 -·05 -·30 521 
5.00 ..... ...... . 122 99 650 74 -·05 -·30 466·5 
5.15 . .... . . .. ' .. 98 97 530 74 -·05 - ·30 601·5 
5.30 ...... . . . . . . 103 97 500 74 -·05 -·30 498·5 
5.45 ..... . . . . . . . 107 97 560 74 -·05 -·30 131·5 
6.00 . . . . .. ...... 123 97 550 74 -·05 -·30 329 
6.15 ..... . . ..... 122 98 570 74 -·05 -·30 446 
6.30 ......... .. . 122 97 650 74 -·05 - ·30 531 
6.45 . ........ . . . 102 96 615 74 -·05 -·30 494 
7.00 .... . . . . . . . . 120 96 650 74 -·05 - ·30 425 

108·8 96·0 
1 

575 
1 

74.4 -·05 -·30 18,233 net 
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SUMMARY OF OBSERVATIONS 

Dnle-Aug. 12, 1907. 
Commenccd-9.00 a.m. 

Boiler-B. and W. No . 2. 
Ended-7.00 p.m. 

At McGill University. 
Duration-600 mins. 

GENERAL. 

1. l\IeLhod of stoking ............................ Hand-spreading on alternate sides 
2. Kind of draft ......................................................... Natural 
3. Condition of boiler and date of last cleaning . . .. Thoroughly cleaned June, 1907. 

Fresh water, August 10. . 
4. Tubes cleaned . . .... . .............................................. . 8.00 a .m. 
5. Fire cleaned ............. . ...... . ........... . ... 7.30 a.m., 12 .30 and 5 .30 p .m. 

FuEL. 

. {No. 10-Joggins Colliery, Canada Coal & Ry. Co., Cum-
6· Kind of coal · · · · · · · · · · · · berbnd Co., N.S. Over i" screen and picking belt 

. . ) {C=63 ·5, H=4·1, S=5·4 7. 

8. 
9. 

10. 
11. 
12. 
13. 

Analys1sofdrycoalbywe1ght (% .................. · N=l·3 0=7·1 Ash=l8 ·6 
Calorific value of dry coal B.T.U. pcr lb ...... ... ............ ' . .. . ... '. .... 11590 
Moisture in coal as fired (%) .......................................... . .. 2·0 
Weight of coal fired (lbs.) ......... , . . .... ...... . ......................... 3781 
Combustible matter in ash and clinker (%) ................................. 13 · 4 
Weight of clinker (lbs.) .. . . .. .... .... . ........... . ...................... . .407 
Weight of ash (lbs .) ...................... . ............................... 137 

Arn AND FLUE GAS. 

14. Air pressure under fire (inches of water) .. . .... . .............. . . . . ....... . -0 · 05 
15. " above fire " " .................................. -0·25 
16. atdamper " ........... . . . .. . ............... . -0 · 30 
17. Amount of damper opening ... .. .. . , ........... . ..................... . ... Full 
18. Temperature of air in boiler bouse (°F.). . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 96 
l!l. Flue temperature (°F.) ......... ..... ........ ..... ...... . ...... . .. . . . ..... 575 
20. Analysis of dry flue gas by volume (%) .. C02 =9·0, 02=10·7, C0=0·2, N,=80· 1 

WATER AND STEAM. 

21. Tempcrature of feed water (°F.) .......................... . ........... ... . 74·4 
22. Total weight of feed water corrected for diffcrence of level (lbs.) ...... . ........ 18233 
23. Water level in gauge at start (inches).. . . . . . . . . . . . . . . . . . . . . .... .. ..... 3-h 
24. Water level in gauge at finish (inches).. . . . . . . . . . . . . . . . . . . . . . . . .... . .... . 3~ 
25. Correction for difference of level included above (lbs.). . .. . ... . . . ..... 9 · 5 
2û. Steam pre sure by gauge (lbs. pcr sq. in.). . . . . . . . . . . . . . . . . . . . . . . .. 108 . 8 
27. Baromctcr rcading (inches). . . . . . . . . . . . . . . . . . . . . . ...... . ...... 29 . 48 
28. Pressure in steam calorimcter by gauge (lbs. per sq. in.). . . . . .. 23 . 2 
29. Temperatw·e in steam calorimeter (°F.) .................... . . .. . . ... . .... 290. 5 

Notes. 
Fire sLiccd 10.53 and 11.34 a .m . Air admitted over lire throughout trial. Steam hlown under grate 

from 10.33 to close. Chnker bard and porous. Weather 'l:arm and wet, clearing during morning. 
fFixed carbon .......... 44·8 

Proximale analysis of dry coal by weight 3 ~\'olatile malter .... .. .. 36·6 
lAsh... .. .... 18·6 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To D etermine quality of C-Oal. 
Kind of Fuel- o. 10. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft .)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start- 29·53 . At finish-29·44. Mean-29·48. 

ToTAL QuANTITIEs. 
1. Date of trial ... . ......... .. . . .... .................. .......... ... . .. .. l'J/8/07 
2. Duration of trial (hours) ................... . .. . ................. . ....... 10. OO 
3. Weight of coal as fired (lbs.) ............... . .............................. 3781 
4. Percentage of moisture in coal as fired ( %) ................... . . . .. . ........ 2 . 9 
5. Total weight of dry coal fired (lbs.) ............................ . .. ...... . .. 3671 
6. Total ash and refuse (lbs.) .......................... . . . ...... . .......... . . 544 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 21 ·5; (b) weighed . 14· 8 
8. Total weight of combustible consumed from analyses (lbs.) . . .... . ........... 2882 
9. Total weight of water fed to the boiler corrected for difference of level (lbs.) . . 18233 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.) . ... . ... .. . . . ............ .. ....... ... .. 18113 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ... ... 21410 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25 . 

26. 
27. 
28. 

HouRLY QuANTITIES. 

Dry coal fired per hour (lbs.) ...... . ....... ... ........... . ................ . 367 
Dry coal per square foot of grate surface per hour (lbs.) .... .. ..... . .... . .. . .. 21·8 
Water evaporated per hour corrected for quality of steam (lbs.) ..... ......... 1811 
Equivalent evaporation per hour from and at 212° F. (lbs.) .. .. .............. 2141 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ......... .. ... . ..... ......... .. .. ......... ....... 3 ·35 

A VERA GE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ... . .. ... ..... .. ........ ......... .. 108. 8 
Temperature of feed water entering boiler (deg. F.) . ....... ... ............... 74· 4 
Temperature of escaping gases from boiler (deg. F.) ... ... .. .. .... . .... ........ 575 
Pressure of draft between <lamper and ash-pit (ins. of water) . . ..... . .. . . .. .... O · 25 
Percentage of moi t ure in steam ... . .. . . ...... . . . . . . .. .................... l · 0 

HORSE-POWER. 

Horse-power developed (Item 15-;-3H) .... . ......... ....... .. : .... . ....... 62 · l 
Builders' rated horse-power . . .. .............. . ..... ..... .. ..... ... .. . ...... 60 
Percentage of builders' rated horse-power dcveloped . . .. . ................ . .. 103 · 6 

EcoNOMIC REsULTs. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9-;-Item 3) . ...... . . ... ..... . ... . . . . .. ........ .. .. ............ .4·82 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11-;- Item 3) 5 · 66 
Equivalent evaporation from and at. 212° F. per lb. of dry coal (Item 11-;- Item 5) 5 · 84 
Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 -;.. Item 8) ...... . ................ . ............ . ......... ..... 7 · 44 

EFFICIENCY. 

29. Calorific value of dry coal pcr lb. (B.T.U.) ........ . ......... . ............. 11590 
30. Calorific value of the combustible per lb. (B.T.U.) ......... .. ... . . . .. ....... 14220 
31. Efficiency of boiler (bru ed on combustible consumed) (%) ........ . . .. ....... 50· 6 
32. Efficiency of boiler, inclucling grute (based on dry coal) (%) ..... ... .......... 48·Ï 

FLUE GABES. 

33. Dry flue gas per lb. car bon (fro_m gas analyses) (lb .) ....... .... .... .. ....... 27 · 0 
34. " " of combustible consumed (from gas analyses) (lbs.) .. .. . .. . 21·8 
35. dry coal (from gas analyses) (lbs.) ....... . . .. ......... ... . 17 · 1 
36. Proportion of beat of fu el in cscaping dry flue gases (%) ... . .... .. .. ...... ... 17 · 0 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 210. 

Date-Aug. 13, 1907. Trial Number-G.C.T. 23. 

OBSERVATIONS OF GENERAL CONDITIONS 

Notes. 
Weather fine, breezy. B. and \V. No. 1 boiler working. Robb boiler shut down. Coal cokes when fired 

A good deal of flame. Fire kept 3"-4" thick. 

Time 
7. 35 Fire cleaned and remade with No. 210 coal. Pressure, 100 lbs. 
7. 57 Tubes cleaned. 
8.55 Trial started. Fire 1~" thick, well burnt. Grill in fire door half open. 
9. 55 Grill shut. 

11. 03 Grill half open. 
12 .31 to 12 .40 Fire cleaned. 80 lbs of cinders and thin, hard clinker removed without 

difficul ty. 
4. 30 Fire sliced. 
5. 33 to 5. 41 Fire cleaned. 86 lbs. of cinders and clinker removed. 
6. 58 Trial stopped. Fire very similar to start. 97 lbs. of ashes raked from pit. Blow

off examined and found tight. 

CLINKER AND AsH. 

166 lbs. clinker. 
97 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 23 

Wcight of coal Timo Composition of flu e gases, 
fired . of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

Dw·ing Total. gases. co. o. CO 
interval. 

Start 8 .55 a.m . 
9.18 .............. . ... 208 208 9.20 4.4 14·5 O·O 
9. 43 . .. ..... .. ... . ... . 156 364 9 50 8 ·4 10·8 O·O 

10 .12 ........ ... .. ..... 176 540 10 .25 9 .4 9·1 0·7 
10 .34 . . . ... . . ..... ..... 162 702 10 .50 8·6 9·8 0·6 
10.57 . .. .. . ............ 164 866 11. 22 9·0 11·0 0·8 
11 .34 .................. 194 1060 11 .54 7·8 11·2 0·6 
12 .10 ................. . 179 1239 12 .22 6 ·1 13·8 0·4 
12 .56 . . .. ...... . .. . ... . 201 1440 12.52 10·2 7·8 0·6 
1. 27 ..... ..... . . ..... . 162 1602 1. 22 8·4 10·8 0·4 
1.56 ... .. ..... . .. . .. .. 195 1797 1. 54 9.3 9.3 0·7 2 22 ... . .............. 172 1969 2.35 8 -2 10·8 0·6 
2.56 ...... . ... . .. . .... 180 2149 3.08 9·0 8·4 1·2 
3.24 ..... . .. . .. . . . . .. . 161 2310 3.35 6·8 13 ·0 0·2 
4.04 ....... .... .. • . .... 180 2490 4.05 8·4 10-0 0·8 
4.40 .... . .. . . . . . ... . .. 195 2685 4.35 16·2 4·0 0·2 
5.13 ... .. .. . . .. . .. .. . . 154 2839 5.06 8·6 8·4 1·3 
5.47. . . . . . . . . . . . . . . . . . 185 3024 5.35 5 .4 13·8 0·2 
6.20 ... . ... . .. . . ..... . 172 3196 6.03 13· 2 4-8 0·8 
6.58 ... . .... . ......... 153 3349 6.28 10 ·7 8 ·5 0-2 

8·8 
1 

10·0 
1 

0-5 
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OBSERVATIO S MADE DURING BOILER TRIAL No. 23 
-

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
cvaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In cntrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8. 55 .. . ......... 106 86 527 73 -·07 -·35 . . . . . . . . . . . . 
9.10 .... . ....... 118 86 500 73.5 -·07 -·35 341·5 
9.25 ............ 101 87 550 73-5 -·07 -·35 556·5 
9.40 .. . . . ....... 105 88 540 73 -·07 -·35 458 ·5 
9.55 . . . . ........ 122 89 540 73 -·07 -·35 496·5 

10.10 ....... . .... 122 89 500 73 - ·07 -·35 496·5 
10 .25 . . ....... . . . 119 90 515 73.5 - ·07 -· 35 515·5 
10.40 ............ 101 89 495 73.5 -·07 -·35 666·5 
10.55 .. .. ........ 113 90 480 74 -·07 -·35 414·5 
11.10 ............ 106 90 465 74 -·07 - ·35 449 .5 
11.25 . . .... . ..... 108 90 450 74 -·07 - .35 495.5 
11.40 . . . .. . . . . ... 110 90 465 74.5 -·07 - .35 471 
11. 55 .. .. ... ... . . 113 91 440 74 -·07 - ·35 359 
12.10 ............ 119 92 450 73.5 -·07 - ·35 288 
12.25 ....... . .... 119 89 435 73.5 -·07 -·35 338 
12.40 .......... . . 119 95 450 73.5 -·07 - .35 267·5 
12.55 ... . ....... . 120 90 510 73.5 -·07 -·35 355.5 
1.10 ... . ...... . . 122 91 580 74 - ·07 - .35 528 
1.25 ..... .... ... 114 91 555 74 -·07 -·35 521 
1.40 ...... .. .... 119 91 510 74 -·07 - ·35 512 
1.55 ... . ....... . 114 92 550 74 - ·07 - ·35 473 
2.10 ............ 119 91 600 74 -·07 -·35 535·5 
2. 25 ..... . . : . .. . 122 90 580 74·5 -·07 -·35 577.5 
2.40 . . . .. . . .... . 120 90 500 74.5 -·07 -·35 469 ·5 
2.55 ............ 119 89 480 74 -·07 -·35 454 
3.10 ......... . .. 113 88 460 74 -·07 -·35 447 
3.25 ............ 118 89 450 74 - ·07 -·35 437 
3.40 ....... . .... 113 89 450 74 -·07 -·35 335 
3.55 ......... . .. 122 89 460 74 -·07 -·40 407 
4.10 .. . ......... 103 88 475 74 -·07 -·40 489·5 
4. 25 . . ..... . .... 108 87 450 74.5 - ·07 -· 40 338 
4.40 .... ...... 123 87 620 74.5 -·07 -·40 403 
4.55 ............ 108 87 465 74·5 -·07 -·40 534 
5.10 ............ 98 87 435 74·5 -·07 -·40 388·5 
5. 25 ............ 118 85 440 74 -·07 -·40 249·5 
5.40 ... . ........ 107 91 465 74 -·07 -·40 391·5 
5.55 ........ . ... 122 87 520 74.5 -·07 -·40 326 
6.10 .. .......... 121 87 525 74.5 - ·07 -·40 550 
6.25 ............ 122 86 560 74 .5 - ·07 -·40 450·5 
6.40 . . . . . . . . . .. . 120 87 490 74.5 -·07 -· 40 442·5 
6.58 ............ 111 84 530 74·5 -·07 -·40 552 

114·û 88·8 499· 74 -·07 - ·37 17,691·5 net 
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SUMMARY OF OBSERVATIONS 

Date-Aug. 13, 1908. 
Commenced-8.55 a .m. 

Boiler-B. and W. No. 2. 
Ended-6.58 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking ... ..... . .. . ... ... ....... .. . Hand-spreading on alternate sides 
2. Kind of draft . . . .. . .......... . ..... . ......... . . ....... . .... . .......... N atural 
3. Condition of boiler and date of last cleaning ...... . Thoroughly cleaned June, 1907. 

Fresh water , Aug. 10. 
4. Tubes cleaned .... .. ... . ... . . . . ................. ... . .. ... '. . . .... . . .. 7 57 a.m. 
5. F ire cleaned .... . .. .. ..... . .. . ................ . . . 7.35 a.m., 12 .35 and 5 35 p.m. 

FUEL. 

. {No. 210, Joggins Colliery, Canada Coal & Railway 
6. Kmd of coal. · · · · · · · · Co., Cumberland Co ., N.S Over !" screen and picking belt. 

. . {C=70·3, H=4·9, S=4·8, 
7. Analys1s of dry coal by we1ght (%) ...... ... . . · · · · .. · · N =0· 9 o =8·8 Ash=l0·3 
8. Calorific value of dry coal B.T.U. per lb ......... .. ......... . . ' .. . . ... ' ..... 12740 
9. Moisture in coal a-s fired (%) .............. . ...... . . . ..... .. ... . . .......... 3 · 8 

10. Weight of coal fired (lbs.) ............ . . . ................. . . . . . . .. . ... .. .. 3349 
11. Combustible matter in a-sh and clinker (%) .. . . .... . . .. . .. . . . ............... 14· 6 
12. Weight of clinker (lbs.) ........ . .. . ....... . . ..... .. . .. . . . . . . . ..... .. . ..... 166 
13. Weight of ash (lbs.) . .. ..... . . . ...... .. .. . ........................ . ... . . ... 97 

Am AND FLUE GAS. 

14. Air ~~·essure under fire ( in?~es of "':~ter) .......... . . . . ........... .. . . . .... -0· 07 
15. above fire . .. . ......... . . . ............ ...... -0·29 
16. at <lamper . .. . . . .... . ........... . .. . ....... -0 · 37 
17. Amount of <lamper opening . .................. . . ........ .... .. . . . . . . . . Various 
18. Temperature of air in boiler house (°F .) . ..... . ........ ... .... . . . .... ... .. .. 88 · 8 
19. F lue temperature (°F.) . . . ... . . . .. . ... . ...... . .. . ..... . . . ................. 499 
20. Analysis of dry flue gas by volume (%) .. C0, = 8·8, 02=10·0, C0= 0 ·5, N2=80·7 

WATER AND STEAM. 

21. Temperature of feed water (°F .) . .................................. . ........ 74 
22. Total weight of feecl water, corrected for difference of level (lbs.) ........ . . . ... 17691 
23. Water level in gauge at start (inches) . . . . ....... . . . ... . .......... . .......... 4·l 
24. Water level in gauge at finish (inches) ...... . ... ... . ... . . ... .. ............... 4i 
25. Correction for difference of level included above (lbs.) ..... . . . .. .. ... ........ O· 38 
26. Steam pressure by gauge (lbs. per sq. in. ). . . . . . . . . . . . . . . . . . . .... 114 · 6 
27. Barometer reading (inches). . . . . . . . . . . . . . . . . . . . . . . .......... . .. . . 29 · 58 
28. Pre sure in stcam calorimeter by gauge (lbs. per sq . in.) ..... . .... . ..... . . . . . 20 · 3 
29. Ternpcrature in steam calorimeter (°F.). . . . . . . . . . . . . . . . ... ... .. . .... . . 289 

Notes. 
. Fire sliced 4.30 p.m. _Air admitted over lire throughout tr ial. Clinker thin and hard, removecl without 

cl1fficulty. Con! cokes readt!y and burns with much !lame. Weather fine and breczy. 

{
F ixed carbon. . . . . . . . . . 51 · 6 

Proxim~te annlysis of dry coal by weight % x~~atile ~latt.er:: : : : : : : ~~: ~ 
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SUMMARY OF RESULTS 

Made on B . and W. No. 2 Boiler, at McGill University. 
Ta Determine quality of Coal. 
Kind of Fuel-No. 210. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 56. At finish-29 · 60. Mean-29 · 58. 

TOTAL QUANTITIES. 

1. Date of trial . ........................................................ 13/8/07 
2. Duration of trial (hours) ................................................ 10 · 05 
3. Weight of coal as fired (lbs.) ....... ... ........................ . ........... 3349 
4. Percentage of moisture in coal as fired ( %) ........................... .... . 3 · 8 
5. Total weight of dry coal fired (lbs.) . .... ........ . .................... .. .... 3222 
6. Total ash and refuse (lbs.) ...................... ....... ................... 263 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 12· 1; (b) weighed.8·2 
8. Total weight of combustible consumed, from analyses (lbs.) ............ .. . ... 2832 
9. Total weight of water fed ta the boiler, corrected for difference of level (lbs.) ... 17691 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.) ....................................... 17 558 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20820 

HouRLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) ... ... ...... . ........ ... ................. . .... 282 
13. Dry coal per square foot of grate sUlface per hour (lbs.) .. .... ................ 16·8 
14. Water evaporated per hour corrected for quality of steam (lbs.) .............. 1747 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2072 
16. Equivalent evaporution per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . ........ . .... . .......... . .. ... ...... . ............ 324 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs./ sq. in.) .... .. .... . ..................... .. . 114·6 
18. Temperature of feed water entering boiler (deg. F.) ....................... .. . 74 · 0 
19. Temperature of escaping gases from boiler (deg. F.) . ............. . .... .. . ..... 499 
20. Pressure of draft between <lamper and ash-pit (ins. of water) .... ... ... . .. . ..... 0 · 3 
21. Percentage of moisture in steam .................... . ...... . ............... 1·0 

HORSE-POWER. 

22. Horse-power developed (Item 15+34j) ........................ . ............. 60 
23. Builders' rated ~orse-power ........... ... .................... . ............. 60 
24. Percentage of builders rated horse-power developed ..... .. .... . . .. . . ......... 100 

EcoNoMic R.EsULTS. 

25. Water apparently evaporated under actual conclitions per lb. coal as fired 
(Item 9 -;-Item 3) .... . .. ............ ....... .......... ............. ... 5 · 28 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 · 22 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 · 47 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ............. . ................... . ................. 7 · 37 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) .......... .. .. . ... . ...... . ...... 12740 
30. Calorific value of the combustible per lb. (B.T.U.) .......... . ............... 14210 
31. Efficiency of boiler (based on combustible consumed) (%) . .... ..... ....... .. 50· 1 
32. Efficiency of boiler, including grate (based on dry coal) (%) .. ... ........ ..... 48·9 

FLUE GASES. 

33. Dry flue gas per lb. car bon (from gas analyses) (lbs.) .......... .. ............ 26 · 7 
34. " " of combustible consumed (from gas analyses) (lbs.) . . . . . . . 21·4 
35. '' '' dry coal (from gas anal y es) (lbs. ) ... . .. . .. . ....... .. ... . 1 · 8 
36. Proportion of heat of fuel in escaping dry flue gases (%) .... . ........ ... ... .. 14·5 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 11. 

Date-June 28, 1907. Trial Nurnber-G.C.T. 5. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Small fir~ in B. and W. No. 1 boiler. Weather ciear and still. Two sacks of coal burnt before trial. 

Timc. 
a.m. 
7. 30 Fi.re raked out and remade with No. 11 coal. Pressure, 50 lbs. 
7. 53 Tubes cleaned. 
8.10 Small lire lighted in B. and W. No. 1 boiler furnacc. 
8. 55 Fire raked over and a little clinker removed. 
9. OO Trial started. Fire 3" to 4" thick, considerable flame. 

10. 32 Fire sliced. 
10.48 Fire 10' thick. 4 lbs. of blue, vitreous clinker removed. 
10. 50 Fire sliced. 
11.42 Fire slice<l. 8 lbs. of clinker removed. 
11 . 54 Comrnence<l to blow steam into ash-pit . 
12.04 to 12.13 Fi.re cleaned. Clinker adhering closely to bars. 65 lbs. of clinker re-

moved. 
1. 41 Fan started. 
2.30 Fire 13° thick. 
3.40 Fire 14' thick. 
4.00 Fire 11" thick. 
4.45 Fi.re 9" thick. 
5.25 to 5.31 Fan stopped and fire cleaned, 119+60 lbs. of clinker and cinders removed. 
5. 35 Fan started . 
7. OO Fan stopped. 
7 . 05 Trial stopped. Fire 4~" thick, but very little flame. 

93 lbs. of ashes raked out of pit. 
Blow-off examined and found tight. 

CLINKER AND Asa. 

256 lbs. cinlœr. 
93 lbs. ash. 
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RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 5 

Weight of coal Ti me Composition of flue gase3 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 
Durin~ Total. gases. co. o, CO 

interval. 

Start 9.00. 
9.18 .. . ............. .. 169 169 9.15 6·2 11·8 0·6 
9.46 .. ... ...... ....... 167 336 9.45 6·2 12·0 0·5 

10.27 .................. 172 508 10.15 7.9 11· 1 0·4 
11.18 ... . ... ... ........ 170 678 10.45 10·2 8 ·0 1·1 
12 .24 .. .. ........... . .. 188 866 11.15 6·9 12·6 0·2 
1.00 .................. 183 1049 11.46 7·0 12·9 O·O 
1.38 ........... . ..... . 175 1224 12.30 11·3 7.7 0·4 
1. 53 .................. 183 1407 1.05 9·6 9·0 0·6 
2.08 ......... . .... .. .. 177 1584 1. 33 8·7 9.9 0·6 
2.27 . ....... . . ..... ... 194 1778 1.59 9.7 7.4 1·3 
3.04 ........... .... ... 17-7 1955 2.30 10·7 7.7 0·4 
4.08 ..... . .. .... .... . . 180 2135 2.58 10· 1 7.3 0·2 
4.57 ...... . ........... 180 2315 3.30 8·4 10·7 O·O 
5.37 ......... .. . ..... " 160 2475 4.02 10·4 9·0 0·2 
5.50 ........ . .. . . . . . . . 203 2678 4.30 11·1 8·1 0·6 
6. 15 ........ ... .... ... 188 2866 5.00 9.3 7.7 1·9 
6.34 ........... ... .... 179 3045 5.45 9·0 9·0 0·6 
7.05 . .. ... .. .. ...... .. 59 3104 6.18 8·8 10·2 0·1 

6.47 12·2 6·0 0·8 
9·1 9.4 0·5 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 5 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Tllne. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entranc~ lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

9 .00 ............ 109 91·5 410 68·5 -·05 - ·20 . . . . . . . . . . . . 
9.15 ..... . ... . . . 110 91·5 400 66·0 -·05 -·18 243·5 
9.30 . .... ....... 110 92·0 380 65·0 -·05 - ·20 395.5 
9.45 ........ .. .. 112 92·5 370 65·0 -·04 - ·20 427·5 

10 .00 .... . . .. .. .. 113 93·0 370 65 ·0 -·04 -·20 289 
10 .15 ......... . . . 107 95·0 357 65·0 -·04 -·18 275 
10.30 ............ 98 95.5 365 65·5 - ·03 -·20 335 
10.45 ... . ........ 123 96 425 66·0 -·02 -·20 240·5 
11.00 ...... ...... 102 96 415 66·0 -·02 -·20 427 
11 .15 .. . . .. .. .... 94 96·5 370 65·0 -·03 -·20 411 
11.30 ............ 99 98 407 65·0 -·04 -·20 141·0 
11.45 ............ 107 97 380 65·2 -·04 -·20 344·5 
12 .00 ... . .... .... 122 97 365 65·6 -·05 -·20 192·0 
12 .15 .. . . . . ... ... 117 104 465 66·0 -·05 - ·20} 366·5 12 .30 ... ...... . .. 123 100 490 66·0 -·05 -·20 
12.45 ............ 115 98 490 66·0 -·04 -·20 471 
1·00 ...... .. . . .. 120 97 485 66·5 -·05 -·20 423 
1.15 .... . .... . . . 113 96 450 66 ·5 -·04 -·20 368 
1.30 ... ... ...... 123 95 445 67·0 -·02 -· 20 312 
1.45 ............ 122 95 575 67·0 +·20 -·20 506 
2.00 . .... .... ... 123 97 575 66·5 +·25 -·20 449 
2.15 . . . .. . . ..... 119 96 550 67·0 +·26 -·20 503·5 
2.30 . . . . .... . ... 120 95 510 67·0 +·20 -·20 524·5 
2.45 ...... . . ... . 110 97 490 67·0 +·10 -· 20 523·5 
3.00 ........... . 113 96 480 67 ·0 +·10 -·20 381·5 
3.15 .. . ... . ..... 114 97 475 67 ·0 +·07 - ·20 456 
3.30 ... . ........ 107 95 465 67·0 +·07 -·20 388·5 
3.45 .. ... ....... 122 95 545 67·5 +·16 - ·20\ 1068 ·5 4.00 ...... ... ... 107 96 540 67 ·0 +·15 - ·20f 
4.15 ......... .. . 114 94 535 67·2 + · Hl -· 20 461·5 
4.30 ............ 117 96 572 67·5 +·17 -·20 482·5 
4.45 ...... ...... 119 96 585 67·5 +·18 -· 20 406 
5.00 .......... . . 122 95 580 67·5 +·16 - ·20 476 
5.15 . ..... ..... . . 119 96 620 67·5 + ·1 6 -·20 499 
5.30 .... ... .. ... 102 100 485 68·0 +·12 -· 20 481 
5.45 ... ...... ... 103 95 5 5 68·0 +·li -·18 329·5 
6.00 ........ .. .. 99 92 502 68·5 +·16 -· 20 505·5 
6. 15 .... .... .. .. 122 91 510 67·0 +·10 -· 20 465·5 
6.30 ........... . 122 93 505 67·0 +·10 - ·18} 1097 6.45 ............ 114 92 510 67·2 +·10 - ·20 
7 .05 ..... . ...... 122 92 575 67·0 O·O - · 18 419·5 

113·4 95 478 66·0 +·06 - ·20 16,070 net 
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SUMMARY OF OBSERVATIONS 

Date-June 28, 1907. 
Commenced-9.00 a.m. 

Boiler-B. and W. No. 2. 
Ended-7.05 p.m. 

GENERAL. 

At McGill University. 
Duration-605 mins. 

1. Method of stoking ... . ...... . ..... . ......... . . Hand-spreading on alternale sides 
2. Kind of draft ................ .. ...... . ...................... N atural and forced 
3. Condition of boiler and date of last cleaning .... Thoroughly cleaned June, 1907. 

Fresh water, June 20. 
4. Tubes cleaned . . .......... . .. . . . ... . . . ....... .. ..... .. . ... . .. ..... .. 7 . 53 a.m. 
5. Fire cleaned ........................... . ........ 7 .30 a.m., 12.4 and 5 . 25 p.m. 

FUEL. 

6 y · d f al {No. 11, King's Mine, G. H . King, Esq. , Minto, 
· \.lil 0 co · · · · · · · · · · · · · · · · · · · · · · · N. B. Over i' screen. ' o picking belt 

7 A 1 · fd l b · h (at) {C=70·3 H=4·6 8=5·8 . nays1so rycoa y we1g t 10 . . . . .... .......... N=0·6 '0=4 ·3 .Àsh=14·4 
8. Calorific value of dry coal B .T.U. pcr lb ........ ..... ... . .... ' ....... ' ..... 12 90 
9. Moisture in coal as fircd (%) .. .. ..... ... . ..... ... . . ................. ...... 0·7 

10. Weight of coal fired (lbs.) . . . ...... .. ........ .. ..................... . ..... 3104 
11. Combustible mat ter in ash and clinker (%) .. . .. . . ... ..... . . ..... ........... 16 · 8 
12. Weight of clinker (lbs.) .......................... . ..... . ... . ..... . ........ 256 
13. Weight of ash (lbs. ) ................... . . . . . . . . .......... . . . ............ ... 93 

Arn AND FLUE GAs. 

14. Air pressure under fire (inches of water) ............. . .................... +o · 06 
15. " abovefire •· " .... . .. ..... . ... . . . . ...... . ....... -0·18 
16. atdamper ..... . .... ....... . . .............. -0 · 20 
17. Amount of <lamper opening . ...... . . .. ....... . .... . . . . . .................. Full 
18. Temperature of air in boiler house (°F.) ....... . .... . . . . . . . ....... ..... ....... 95 
19. Flue tempcrature (°F.) ....... . . .. . ............... ..... ................... 478 
20. Analysis of dry flue gas by volume (%) ... C02 =9 ·1, 02=9·4, 0=0·5 .• ·2=80·9 

WATER AND STEAM. 

21. Temperature of feed water (°F.) .. .... .... . ... .. .. . . . ... ................. . .. 66 
22. Total weight of feed water corrected for dilîerence of level (lbs.) .............. 16070 
23. Water lcvel in gauge at :>tart (inchcs) ... ... . . ....... ... ...... . . .. . . ....... ... 5 
24. \Y atcr level in gauge at fin i:oh (inches) .... ............ ..... .. . .............. 4tt 
25. Correction for differcnce of level included above (lbs.) . .. . .. . .... .. .......... 47 · 5 
26. Steam pressw·e by gaugc (lbs. per sq. in.) .. . .......... . ..... . . . ........... 113 · 4 
27. Barometer reading (inchcs) ......... ............... . . ............ ... .. • .. 29-715 
28. Prcosure in steam calorimctcr by gauge (lbs. per sq. in.) . . . ............ . . ..... 11·3 
29. Tcrnµeratu rc in steam c:ùorimeter (°F.) . . ... . ............... . ....... . .. .. .. 247 

Notes. 
Fire sliced 10.32 , 10.50, 11.42 n.m. Draft forcod !rom 1.41 p.m. to close. Clinker blue. YÎtreous, and 

adberent. Steam blowu under grnte from 11.54 a.m. to close. Weatber clenr and still. 

{

Fixed carbon .......... 53 · 4 
Proximtitc analysis of dry con! by weigbt % X~l:'üle '."att_c_r:: : : : : : : n:: 



;;.
 ::; ,,. 7.

 ~
 

7.
 

~
 

~
 

.... - ~ 

A
l"

"
1

 
,-

,,
.E

.S
S

V
lf

E
 

7
E

h
7

P
E

H
A

T
V

R
E

 
"'°

 T
E

/1
'1

P
lf

!!
"R

A
7

V
R

I!
" 

"
'
 
1 

C
O

e
 

I
N

 
IJ

tJ
IL

L
l'
I 

t;
A

V
6

E
 

' 
//

'I
l 

H
ft

H
P

/r
 
f
u
V
T
P
,
.
M
,
,
.
r
H
l
'
e
E
~
 

W
A

1
7

E
R

 
..

 
4

t1
N

.r
A

 
H

O
-

''
-
V

I
C

 
•H
.S
-~
.S
 

,l
rL

V
ll
 

.,.
,,.

$ 
,
.
~
,
4
"
&
v
l
f
r
 

/.
Nt
:'
H~
S 

"
"
"
 
W

A
'r

E
'!

,,
 

'°
"
'"

*
'"

S
 

,,,.
;r,

.,,,
..,,

,,,r
 

D
l
#

#
l
l
S

 
,,

.,
,,

,.
~"

'"
'"

"r
 

'i
l'
"'
~~
' 
~
r
 
·-

""
'"
~'
!"
S 

,,
. .

. ,
,,

 
1

'1
. 

'"
'·

 
• 

-·
.J

 
-.

.i
 -
~
 

~
 

•I
 

-e 
· 

S
"S

'.
 

ll
.r

 
..

 ,,,
. 

• 
I'

 
•
r
 

• .
...,

 
,,

4'
0 

,.
..

~o
 

"'
tr

~ 
• 

/.
 

·
-
-

·
-
-

~ 
w

 
A

 
r 

E
 

R
 

~
 

y 
A

 
p 

" 
R

 
,
,
 

r 
e 

D
 

I 
N

...
...

. 
~-

-~
 

$
. 

( 
..

 .,
, O

O
 

...
...

. -
-

il
lf

..
A

..
 

.
,
,
.
.
.
 

,.,
,,.

A
ft 

.
#

•
A

.
-
.
.
 

~
 

L
6

1
A

A
•
 

• 

~ 
C

 
()

 
~
 ~ 

L 
C

 
0 

H
 

.S
 

V
 

h
l 

.~
 

D
 

...
., 

,.,
, 

' 
~
 ,,..

.. 
L

. 
~
 

S
. 

.,
.A

. 
C)

 
-

A
 

,,
,~
 

A
.A

 
, 

•
A

 
..

..
. 

t.
A

 
tJ

 
~
 

~
~
 

/ 
r 

~
 ~
 

j 
I'

 

I'\
 "

\ 

' 
. 

' 
\ 

, ....
 

\ 
l 

~
 ) 

~
 

' 
-

~ 
~
 

..
j 

.... 
''\ 

\ 
_I

/" 
\ 

,..._
 

' 
r""

"o
. ~
 

' 
~ 

~ 
b

\ 
' 

'I
 

'i
 

/...
, 

/ 
~
 ~
~
-

~ 

'\
 \ 

~
 

./
; 

; 
~
 

Cb
 

) 
' 

~
 

"' 
~
 

I~ 
.1

 
~
 ' 

l 
l~
 

' A
. 

IC' 

' 
C

) 

'\
 \ 

~
 

) 
jh

 
~'

 
\._

 
' 

. 
\~
" 

"' 
" 

• 
~
 

' 
~
 " 

:-
-._

 I•
"'

 -
_,_

 ~ p
. -

-à
..

F
 

I 
R

 
E

 
.....

 ~
 

.....
 ~
 c

 
L

 
E

 
A

 
H

 
E

 
D

 l.
l. 
- -

- -
-i-

- "
"" 
~
 

'b 
, 

~
 
~
 

\ 
A

 
,, 

\:
 

~
 

~
 

~
 

~ 
~
·
 ~
 

'f 
.H

f 
rt 

~
 

J
r
 

"' 
~ 

~
~
 

~
 

~
 

, 

' 
\..

._
 

~
 

' • 
"' 

rio
 

~
~
 
~ 

~
 

/.,,
, 

I 
(l

i 
t 

-1 
~
 

lit
 

Ill
 

" 
~
 

~
 

ï
"
"
'
~
 

. "
~
 t

\ 
r-

. """
" 

1• 
r-

-
' 

~
 

,
~
 

'\
 r-..

 t 
J<:

 
... 

' 

"' 
[ 

~
 

r\
 

'
"
Q
~
 

r(
) 

'"' 
!'\\

\ 
\ 

r
' 

~
 

.... 

' 
'\

 
~
 

l 
_

/ 
=b 

[/
( 

~
 

' 
... 

/ 
"' 

\ 
~ 

~
 

~
f
i
;
"
 

, ,. 
0 

Ci
t 

"" 
"' 

. 
' 

~
 
~
 

, 
I> 

,, 
J 
~ 

l 
~
 

J 
()

. 
v~

 
.. 

~
 

'f
 ~
 

\ 
~
 

• 
~
 

~
 

"' 
' 

~
 

\ 
....

.. ~
 

1, 
' ~

 
-~

 

b 
~
 

~
 

t-
=~
, 

~ 
/ 

hi 
~ i 

~
 

1:.i
: 

"' 
Jf

l 
, 

"'
li 

. 
.. 

.J 
'-

~ 
• 

1 
, ~

 
J 

"' ~
 

l 
\ 

1-
~
 ....

 ..,
 1

 
... 

1 
'b 

" 
J 

"' 
,;

 
I~

 
, 

,, 
t 

!!>
. 

\,
. 

' 
~
 

.... 
~
 

' "\
,. 

1 

~
 

_.,,
. ~
 

~
 

~
 ,,,. 

_
1

 
- -

--
-

--
--

- -
·-

Ç
' 

/ 
R

 
F

 
r 

1 
i
-

V
: 

--
'•

Io
. 
-

-
--

--
-

' 
/a

 
.....

. 
b 

"' 
l 

"""
"-

-
\.

 
Â

 
.....

. 
~
 ~
 

r 
11 

' 
.
/
 

~ 
r 

~
 

.....
... .....

.. 
.. 

, 
1 

..
. 

' 
1 

' 
. 

r 
\.

 ~
 

~
 

.. 
~ 

V
 

' ""
' 

Il
 

' 

" 
'~-

~ 
' 

• 
-

-
'1

 
.. 

h ~ 





177 

SUMMARY OF RESULTS 

Made on B. and W. Boiler No. 2, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 11. Kind of Furnace--Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft .)-Nil. 
Barometer at start-29 · 68. At finish-29 · 75. Mean-29 · 715. 

ToTAL QuANTITIEs. 
1. Date of trial. .. . .................. . . . ....... .. .. ... .... . .. ... . . ...... 28/6/07 
2. Duration of trial (hours) ......... .. .................. .. ... .... .... ... ... 10·08 
3. Weight of coal as fired (lbs.) .... .. ... . . . .. . . . ............ . . .. .......... . .. 3104 
4. Percentage of moisture in coal as fired (%) ..... ... . .. . . ........... . . .... .. 0·7 
5. Total weight of dry coal fired (lbs.) ...... . ..... . .. . .......... . . .... ........ 3082 
6. Total ash and refuse (lbs.) ................. ... ............................ 349 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 17 ·3; (b) weighed 11 ·3 
8. Total weight of combustible consumed, from analyses (lbs.) ... . .. . .. .... . . . .. 2548 
9. Total weight of water fed to the boiler

1 
corrected for difference of level (lbs.) .. . 16070 

10. Equivalent water evaporated into ary steam from actual feed water 
temperature and boiler pressure (lbs.) ......... .... .... .. ........ ... .. 15680 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . ... .. 18700 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

HOURLY QUANTITIES. 

Dry coal fired per hour (lbs.) ................ . . ....... ...... ... . .... . .. . 305 · 8 
Dry coal per square foot of grate surface per hour (lbs.) ...... .. ... . . .... ... . 18 · 2 
Water evaporated per hour corrected for quality of steam (lbs.) .... . ... ...... 1555 
Equivalent evaporation per hour from and at 212° F. (lbs.) ......... . . . ... .. . 1860 

Eqii:~ti~~ ~:Î~~:~fü~J~r. ~~~ .f~~~ .a.~~ ~~. ~~~~ ~- . ~~~ ~'.1~~~ .f~~~ . ~f. ~~t~~ .. 2. 91 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) .................................. 113 · 4 
Temperature of feed water entering boiler (deg. F.) .. ....... . ........... ....... 66 
Temperature of escaping gases from boiler (deg. F.) ..... . . ........... .. .. . ..... 478 
Pressure of draft between <lamper and ash-pit (ins. of water) ... .. ... ... . .... .. 0 · 26 
Perccntage of moisture in steam . ... , .. . ...... . . .... . . .. . ......... . .. ... .. 3 · 0 

HORSE-POWER. 

Horse-power developed (I tem 15 + 34!) .. . .............. ...... ....... . .. . . . .. 54 
Builders' rated horse-power .... . .................. .. ......... . . .. . . .... . . .. 60 
Percentage of builders' rated horse-power developed . .. ... . ............... . .... 90 

EcoNoMic REsULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) ...... .. ............................................ 5·18 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 ·03 
27. Equ!valent evaporat~on from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 · 07 
28. Eqwvalent evaporation from and at 212° F. per lb. of combustible consumed 

. (Item 11+Item8) ... . .... . ......... . ............. .. ............. . . . . 7 . 34 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

EFFICIENCY. 

Calor!fic value of dry coal per lb. (B.T.U.) ............ . . . ......... . ....... 12890 
Calorific value of the combustible per lb. (B.T.U.) . . .... . ................... 15050 
Efficiency of boiler (based on combustible consumed) (%) . ..... . . . .... .. .. .. 47 · l 
Efficiency of boiler, including grate (based on dry coal) (%) ...... ... .... . .... 45 · 5 

FLUE GA.SES. 

Dry flue .gas per lb. carbon (from gas analyses) (lbs.) ........ . ............... 25 · 9 
" " of combustible consumed (from gas analyses) (lbs.). . . 22 · 0 
" . " dry coal (from gas analyses) (lbs.) ........................ 18 · 2 

Proportion of heat of fuel in escaping dry flue gases (%) ........... . ....... . . 13 · O 

83-12 
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TRIAL OF B. AND W. No 2 BOILER WITH COAL No. 211. 

Date-July 2, 1907. Trial Number-G.C.T. 6. 

OBSERVATIONS OF GE ERAL CONDITIONS. 

Notes. 
Weather damp and still, overcast. Coal appears to coke readily. Small lire lighted in No. 1 B. and W. 

boiler furnace. 

Ti me. 
a.m. 
6. 15 Grate raked clean and new fire lighted with screenings. · 
7. 30 Pressure, 65 lbs. Flue temperature 550°. Started fi.ring with o. 211 washed coal. 
7 . 55 Tubes cleaned. 
8. 25 Fire raked over. No clinker found. 
8. 50 Trial started. Fire 3• thick, a good deal of flame. 

lO. OO Fan started. 
Il . 30 Fire 12" thick. 
l. OO Fire 15' thick. 
2 . 35 Fire9'thick. 
3 .17 Fire sliced. A few pounds of hard blue clinker removed (included below) . 
3 . 49 Fire cleaned. 107 lbs. clinker and cinders removed. 
5. 26 to 5. 36 Fire cleaned. 89 lbs. of clinker and cinders removed. 
6 .40 Fan stopped. 
6 .53 Trial stopped. 74 lbs. of ashes raked out of pit. Fire very similar to start. 

Blow-off cock examined and found to be tight. 

CLINKER AND AsH. 

196 lbs. clinker. 
74 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAJ~ o. 6 

Weight of coal Time Composition of fl ue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

\ 1 
D uring Total. gases. co. o. CO 

interval. 

Start 8 .50 
8.50 .......... . .... . . . . . . . . . . . . . . . . . . . . . . . 9.00 9·8 9·6 O·O 
9.13 .......... . ... .... 170 170 9.30 3.5 16·1 O·O 
9.39 .. ... ............. 172 342 10 .00 4·0 15·4 O·O 

10 . 13 .. ................ 189 531 10.30 5·2 13·7 0·5 
10 .37 ....... . . ... ... . . . 195 726 11.00 5·8 13·6 O·O 
10 ·58 ..... . ............ 161 887 11.30 5.7 14·2 O·O 
11. 38 .................. 165 1052 12 . 02 6·6 12·3 O·l 
12 ·05 . ................. 157 1209 12.34 6·7 12·8 O·l 
12·51 ... .... .... . .. . ... 174 1383 1.01 8·6 10·4 0·5 

1 .33 ..•......... ...... 173 1156 1. 30 7.7 10·7 . ....... 
2 . 21. ...... ........... 197 1753 2.00 7·6 11·8 0·3 
3.04 .... . ............. 177 1930 2 . 32 7·1 12·0 0 ·3 
3 . 41. ...... .. ......... 154 2084 3.00 6·8 12·9 O·O 
4.30 . ................. 163 2247 3 .30 9·8 9.5 O· l 
5 .05 . ....... . .. .. ..... 194 2441 4.19 7·0 12·6 O·O 
5 .50 .. . . . . .. . . . . . . . . . . 167 2608 4 .47 6·8 12·7 0·2 
6 .07 ... .. .... . . . .. . . . 174 2782 5.16 6·6 12 ·2 0·3 
6 .53 .... ... .... .. ..... 156 293 6.00 11·4 6·5 0 ·4 

6.33 7·0 12 ·8 0·2 

7 ·0 12·3 0·2 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 6 

Steam Draft pressures, 
pressure Temperature.o inches of ·water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. 

1 

Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.50 ............ 108 86·5 435 68 -·01 -·20 . ..... . ..... 
9.05 ............ 109 88 435 67 -·02 -·14 584 
9.20 ............ 113 88 .5 405 67 -·02 -·20 404·5 
9.35 ............ 107 90 390 67 -·01 -·20 407 
9 .50 ............ 111 90 360 66·5 -·02 -·22 285·5 

10 .05 ............ 113 90 445 66 +·20 -·21 323·5 -
10 .20 ... . ........ 117 90 450 66 +·32 -·20 520 ·5 
10 .35 ............ 104 91 465 66·5 +·20 -·22 720 
10.50 ... ... ... . .. 117 91 410 66·2 +·15 -·21 340 
11. 05 . ........... 110 91 425 65·5 +·09 -·20 571 
11 .20 ............ 119 92 405 65·2 +·05 -·21 363·5 
11.35 ......... . . . 113 91 407 65·5 +·10 - · 22 523·5 
11.50 ............ 114 93 420 65·5 +·18 -·22 398·5 
12 .05 . ... ........ 112 95 415 66·0 +·11 -·22 513 
12.20 ... . ........ 110 95 395 66·5 +·15 -·15 455 
12.35 ..... . ...... 109 94 390 67·0 +·09 -·21 490 
12.50 ...... ... .. . 112 92 400 67·0 +·10 -·22 433·5 
1.05 ....... . .... 123 97 425 67·5 +·18 -·20 331·5 
1.20 ............ 122 92 420 68·0 +·19 -·20 472·5 
1.35 . .. . . ....... 122 88 425 68·0 +·12 -·20 444.5 
1.50 ... ......... 120 88 415 68·0 +·18 -·20 463 
2.05 ....... . .... 117 88 415 68·0 +·20 - ·21 456·5 
2.20 . . .... . ..... 114 89 425 67·7 +·30 -·21 401·5 
2.35 .. .. ....... . 114 89 420 68·0 +·27 -·22 443.5 
2.50 ...... ... ... 117 88 395 68·0 +·22 -·21 506 
3.05 . .. . .... . ... 111 89 410 68·0 +·22 -·22 383 
3.20 ............ 114 92 500 68·5 +·30 -·22 192·5 
3.35 ............ 123 91 455 69·5 +·60 - ·21 308·5 
3.50 ............ 112 95 425 69·0 0·00 -·18 497.5 
4.05 ...... ...... 110 90 480 69·0 +·20 -·22 136 
4.20 ............ 113 89 450 69·5 +·40 -·20 376 
4.35 ............ 112 90 415 69·5 +·30 - · 19 358·5 
4.50 .... . ....... 118 92 390 69·0 +·40 -·22 300 
5 .05 .... .. .. . .. . 123 92 470 69·5 +·70 -·20 340·5 
5.20 .. .. .. . . .... 123 89 480 69·5 +1·10 -·23 536·5 
5.35 ............ 110 100 440 69·5 O·O - · 15 198·5 
5 .50 ............ 123 89 825 69·5 +·30 - · 18 381·5 
6 .05 ....... ... .. 123 88 580 69·0 +·18 -·20 1014 
6.20 .. . . . . . ..... 121 88 610 69·0 +· 20 -·22 444 
6.35 ... . ........ 103 87 520 68·5 +·18 - ·22 285·5 
6.53 ............ 112 86 470 68·0 O·O -·20 627·5 

114·6 90·5 447 67·7 +·21 -·20 17,205·5 net 
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SUMMARY OF OBSERVATIONS 

Date-July 2, 1908. 
Commenced-8.50 a.m. 

Boiler-B. and W. No. 2. 
Ended-8.53 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking ............................ Hand-spreading on alternate sides 
2. Kind of draft ............................................... N atural and forced 
3. Condition of boiler and date of last cleaning ....... Thoroughly cleaned June, 1907. 

Fresh water, June 20. 
4. Tubes cleaned ...................................................... 7. 55 a.m. 
5. Fire cleaned ........... .. ..... . ... ... ......... ... 6.15 a.m., 3.49 and 5.26 p.m . 

FuEL. 

6. Kind of coal. ...................... {NM?· to211NwaBshedO-~~'s Mine, G.H.!fuki .. g, Ebsqlt.' 
m , . . ver • screen

6
no pic ng e . 

7. Analysisof dry coal byweight(%) .C=75·4,H=5·0,S =4·9,N =0·5, =4·8,Ash =9·4 
8. Calorific value of dry coal B.T.U. per lb .................................. 13820 
9. Moisture in coal as fired (%) . .................... . .......................• 1·7 

10. Weight of coal fired (lbs.) ................................................ 2938 
11. Combustible matter in ash and clinker (%) . ... ...... . ............. ... ... . .. 20 · 5 
12. Weight of clinker (lbs.) .... . . ..... . . .. ....... ....................... ...... 196 
13. Weight of ash (lbs.) ....................................................... 74 

Am AND FLUE GAS. 

14. Air ~;essure under fire Cin,~hes of w.~ter) ......... .. ... . .... .. ............. +0·21 
15. above fire .................................. - 0 · 18 
16. at <lamper " ................................. -0·20 
17. Amount of <lamper opening .. . ................. .. ........... .. ..... . .. . .. Full 
18. Temperature of air in boiler house (°F.) ....... .... ......... . . .. . .. ......... 90 · 5 
19. Flue temperature (°F.) . ....................................... . .......... 447 
20. Analysis of dry flue gas by volume(%) .. C02=7 ·0, Ot=12·3, C0=0·2, 1=80·5 

WATER AND STEAM. 

21. Temperatureoffeedwater (°F.) ........ . .... . .................. . ......... 67·7 
22. Total weight of feed water corrected for difference of level (lbs.) .............. 17205 
23. Water level in gauge at start (inches) .... ......... . ........................ 4-i\-
24. Water level in gauge at finish (inches) ....................................... 4t 
25. Correction for difference of level included above (lbs.) ....................... 47 · 5 
26. Steam pressure by gauge (lbs. per sq. in.) ................. . ............... 114 · 5 
27. Barometer reading (inches) .............................................. 29 · 55 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) ............... . ....... 8·8 
29. Temperature in steam calorimeter (°F.) ........ . ... .... . .. ................. 238 

Notes. 
Fire sliced 3.17 p.m. Draft forced from 10.00 a.m. to 6.40 p.m. Clinker bard and blue. Coal appears 

to coke readily. Weather damp, still, and overcast. 

{
Fixed car bon . . . . . . . . . . 5 6 · 6 

Proximate analysis of dry coal by weight 3 X~}:.~~~ ll}~~te.':::::::: ai:~ 

• 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 211. Kind of Furnace-Fixed bars, 30% air space· 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft .)-639. 

Superheating Surface (sq . ft.)-Nil. 
Barometer at start-29 · 48. At finish-29 · 62. Mean-29 · 55. 

TOTAL QuANTITIES. 

1. Date of trial. ............ . ......... . .................................. 2/7 /07 
2. Duration of trial (hours) .. ... . ..................... . ......... . .......... 10 ·05 
3. Weight of coal as fired (lbs.) ..... . ............... . ... ................... . . 2938 
4. Percentage of moisture in coal as fired (%) ... . ........ .... . . ..... .. .... . .. l · 7 
5. Total weight of dry coal fired (lbs.) .... ..... . . . . ........................... 2888 
6. Total ash and refuse (lbs.) . . .. ............ . .. ......... ........... . ........ 270 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 11·8; (b) weighed. 9 ·4 
8. Total weight of combustible consumed, from analyses (lbs.) .................. 2546 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) . .. 17205 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ................ . ............. . . 16720 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 19930 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
J9. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ... .............................. . ... .. ....... 287 
Dry coal per square foot of grate surface per hour (lbs.) ...................... 17 · l 
Water evaporated per hour corrected for quality of steam (lbs.) . ..... ..... ... 1664 
Equivalent evaporation per hour from and at 212° F. (lbs.) ............. . .... 1983 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ... .. ...................... . ....... . ....... . ...... 3 · 1 

AVERAGE PRESSURES, TEMPERATURES, ETc. 

Steam pressure by gauge (lbs. / sq. in .) ............. . . .. ................. 114· 6 
Temperature of feed water entering boiler (deg. F.) ... . ..................... 67 · 7 
Temperature of escaping gases from boiler (deg. F .) .......... . ............... . 447 
Pressure of draft between clamper and ash-pit (ins. of water) . .. .. .... . .... . . .. 0·41 
P ercentage of moisture in steam ... .. . .......... . ................ .. ...... .4· 0 

HORSE-POWER. 

Horse-power developed (Item 15+3H) .......... . ....... .... . ..... .. ...... 57·5 
Builders' rated horse-power ............. . . . .............. . . .. ..... .. . ... ... 60 
Percentage of builders' rated horse-power dcveloped . .......... .. ..... . .... . . . . 96 

EcoNOMIC REsULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9 +Item 3) . . ... ..... . . . . . . . ..... . .. . ................... .. ..... 5· 87 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11+Item3) 6·80 
Equ~valent evaporati_on from and at 212° F. pcr lb. of dry coal (Item 11 +Item 5) 6. 90 
EqUivalent evaporat1on from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ............ . .......... . .. . .......... . . .... ........ 7. 84 

EFFICIENCY. 

Calorific value of dry coal per lb. (B .T.U.) ..................... . ... ...... . 13820 
Calorific value of the combustible per lb. (B .T.U.) .......................... 15270 
Efficiency of boiler (based on combustible consumed) (%) .......... . ........ 49. 5 
Efficiency of boiler, including grate (based on dry coal) (%) ............... . .. 48. 3 

FLUE ÛASES. 

Dry flue gas pcr lb. carbon (from gas analyses) (lbs.). . . . . . . . . . . . . . . . . . ... 34. 3 
" " of combustible consumed (from gas analyses) (lbs.). . ..... 29. 3 
·· " dry coal (from gas analvscs) (lb .) . . . . . . . . . . . .. . .. 25. 8 

Proportion of heat of fuel in escaping dry flue gases (%). . . . . . . ... 16· O 
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TRIAL OF B. AND W. No. 2 BOILER WITH LIGNITE No. 40. 

Date-Aug. 12, 1908. Trial Number-G.C.T. 63. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Day fine and clear. Boilers on both Bides work:ing. Lignite in fairly large lumps with some small stuff. 

Lumps are cracked and brownish on outside. 

Time. 
7 . 25 Fire cleaned and made 11p with No. 40 coal. Fire so thin that it seemed at first 

as if it rnight become extinguished. Boiler pressure, 90 lbs. 
Tubes blown. 7.45 

8.25 Trial started. Fire 2" thick, half burnt through. Lignite burns with a long 
flame and not much smoke. On fi.ring the fire becomes very rnuch deadened. 

9.00 
9.25 
9.40 

10 .00 
10.43 
11.00 
11.05 
11.15 
11.20 

Fire about 3" thick. Find it difficult to build up fire. 
Grill half open. 
Forced draught on. Fire 5" thick. 
Coal not coking at ail. 
Fire sliced, finding a thin hard cake of clinker over bars. 
Fire about 6" thick. 
Stopped fan owing to hot bearing. 

1.25 
2 . 35 
4.00 

Fire sliced. 26 lbs. thin hard clinker removed. Not sticking to bars. 
Fan on again. Coal burns at front and along the sides. 
Sliced fire . 11 lbs. hard clinker removed. Could be used with a shaking grate. 
Sliced fire. 
Cleaned fire. Lignite burning with very bright yellow flame and in places a green 

4.40 
5.00 
5.7 

flarne. Clinker hard and easily rernoved. 
Joint in feed pump has failed. 
Shut off fan. On again until 5. 07. 
Finished trial. Fire as at start. 

CLINKER AND AsÎI:. 
152 lbs. clinker. 
113 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 63 

W eight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sarnpling 

1 

flue 

1 

During Total. gases. co. o. CO 
interval. 

Start 8. 25 a .rn. 
8.30 .... .... . .. . ..... . 70 70 8.30 10·6 8·5 0·4 
9 .00 . ... ...... .. . ... .. 281 351 9.00 13·3 4.3 2·1 
9 . 17 ....... . .. . . ...... 282 633 9 .30 10·3 8·2 1·3 
9.45 .. . . . . . . ... . ... . .. 256 889 10.00 11·2 6·1 1·9 

10.15 . ... .. .. . . . .... . . . 390 1279 10.30 13·6 5 · 2 0·2 
11 .00 . .. .. .. ...... . .... 324 1603 11.00 11·0 7.4 1·2 
11 .35 .. .. . . . . .... . ..... 268 1871 11.30 9.4 10·3 O·O 
11 .50 . . . . .. .. ...... . . . . 266 2137 12.00 11·7 5.4 3·2 
12.15 . . .. .. .. . . . . . ..... 312 2449 12.30 12·5 5 ·8 1· 3 
12.40 .. .. .... . . . ....... 297 2746 1.00 11· l 7.7 l·l 
1.15 .. . .. . . ..... . . .. .. 309 3055 1.30 7·2 12·6 O·O 
2. 17 . ... .. . . .. . ... . . .. 386 3441 2.00 9.5 10 ·5 O·O 
3 . 10 . . .. . . . .. .... . . .. . 321 3762 2.30 11·0 8· 4 O·O 
3 . . 58 .. . ...... ..... . . . . 267 4029 3.00 9.3 10·7 O·O 
4.20 ..... . . .. .......... 291 4320 3.30 13·4 5.9 O·O 
5.07 .. .. . ... . . . . .. . . . . 260 4580 4.00 13·3 5 ·8 0·4 

4 .30 13.7 3 .9 3· 0 

11·3 7 .4 1· 0 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 63 
--

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In cntrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.25 . .... ...... . 108 83 505 72 -·01 -·23 • •• • •' • •' •e' 

8.40 .... . ....... 107 83 510 72 -·01 -·25 470 
8.55 ............ 111 83 510 72 -·01 -·25 331 
9.10 ... ... .... .. 106 84 490 72·5 - ·01 -·28 382 
9.25 . ... .. . ... .. 111 85 625 72·5 -·01 -·30 360 
9 .40 ... . . . ...... 111 85 505 72·5 - · 01 -·28 341·5 
9 . 55 .. . ......... 111 85 725 72·5 +·25 - ·30 261 

10.10 ........... . 113 85 760 72·5 +·25 - ·30 433 
10 .25 .... . ....... 115 85 650 73 +·25 - ·28 430·5 
10.40 ... .. ... . . .. 112 85 590 73 +·30 -·28 379 
10 . 55 . . .......... 108 85 900 73 +·50 -·28 400 
11 . 10 ... . . . ... ... 113 85 490 73 -·01 -·26 632 
11 .25 ... . .... .. .. 118 87 560 73 + ·40 -·28 133 
11 .40 . . ... . .... . . 123 87 650 73 +1·00 -·28 352 
11 .55 ... . . . .... . . 123 87 680 73 +1·10 -· 28 562 
12 . 10 . .. . . . .. . . .. 116 85 630 73 +·80 -·28 512·5 
12. 25 ............ 123 87 660 73 +1·10 -·28 512 
12 .40 ...... . ..... 123 87 560 73 +·90 -·26 501·5 
12 . 55 .... . ... .... 123 86 560 73 +·85 - ·26 492 ·5 
1.10 ......... . .. 118 87 540 73 +·90 - ·26 525·5 
1. 25 ......... . . . 122 86 465 73 +·75 -·26 433·5 
1.40 . ........... 123 89 530 73 +1 ·20 -·26 410 
1 .55 .... .... . ... 120 87 550 73 +1 ·00 -·26 414·5 
2. 10 ............ 118 87 490 73 +·90 -·26 431 
2.25 ...... . .... . 116 87 550 73 +1·20 -·26 451·5 
2.40 . ..... . ..... 120 87 560 73·5 +·90 -·26 492·5 
2.55 ...... . ..... 123 87 510 73·5 +·90 -·26 449 
3.10 ...... . .. . .. 117 87 545 73 ·5 +·90 - · 26 493·5 
3.25 ............ 123 85 530 73·5 +·90 -·26 422·5 
3. 40 ............ 121 85 520 73-5 +1·00 - ·26 561·5 
3.55 .. . .. . . . . . .. 119 85 440 73·5 +1·00 - ·26 463·5 
4.10 ....... . .... 121 93 560 73.5 +·70 - ·26 152·5 
4 .25 ........ . ... 123 88 630 73 .5 +·70 - ·26 540 
4 .40 ............ 119 88 700 73·5 + ·80 -· 28 583 
5.07 ............ 122 87 560 73·5 +·60 -·26 475 

117·1 85 578 73·0 +·63 - ·27 15,164 net 



187 

SUMMARY OF OBSERVATIONS 

Da.te-Aug. 8, 1908. 
Co=enced-8.25 a..m. 

Boiler B. and W. No. 2. 
Ended-5.07 p.m. 

GENERAL. 

At McGill University. 
Duration-522 mins. 

1. Method of stoking .... . . . ...... .. . . ........ ... Hand-spreading on. alt~rnate sid~s 
2. Kind of draft ........................... . ......... Forced, fan feeding mto ash-p1t 
~ 
ù. 

4. 
5. 

Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
Tubes cleaned ............ ................ ...... .. .... .... ... ... . ... 7 . 45 a.ru· 
Fire cleaned . .. ... ....... ....................... ... .... .. 7 . 25 a.ru., 4 .00 p.m. 

FUEL. 

6. Kind of coal. .. . .... No. 40 coal-Western Dominion Collieries Co., Taylorton, Sask. 

7. 

8. 
9. 

10. 
11. 
12. 
13. 

{
C=59·8 H=4·8 S=0·6 

Analysis of dry coal by weight (%) · · · · · · · · · · · · · · · · · N.= 1·0; Os=25·7,' Ash=8· 1 
Calorific value of dry coal B.T.U. per lb .......... ... .. .. ...... ........ . . . 10690 
Moisture in coal as fired (%) ................................. . ..... . ..... 29 · 7 
Weight of coal fired (lbs.) .............. . .... . ........... ...... ......... .4580 
Weight of unburnt coal left (lbs.) ............. . ..................... ........ . . 
Weight of clinker (lbs.) ... . . ........ . . ... .................... . ........ .. .. 152 
Weight of aah (lbs.) ....................... . ....... . ...................... 113 

AIR AND FLUE GAS. 

14. Air pressure under fire (inches of water) .................................. +0·63 
15. " above fire " " .. ... .. ........................... -0· 22 
16. " at <lamper " " .. ............................... -0 · 27 
17. Arnount of <lamper opening ............ . .. . .... .. ............ . .... ... .. . . Full 
18. Temperature of air in boiler house (°F.) ............ . ........... . ............. 85 
19. Flue temperature (°F.) .. ...................... . . . ... . ................... . 578 
20. Analysis of dry flue gas by volume (%) ... C02=11·3, 0=7·4, CO=l·O, N=80·3 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) . . .......... . ....................... . ....... 73 
Total weight of feed water corrected for difference of level (lbs.) .......... . ... 15164 
W a.ter level in gauge a.t start (inches) . . . . ................... . .... . . . ...... . 6n 
Water level in gauge at finish (inches) .. .. . ...................... . .... . ..... lH; 
Correction for difference of level, included above (lbs.) .... .... ............ . . . . 740 
Steam pressure by gauge (lbs. per sq. in.) .. . ... . .................... . ..... 117 · 1 
Barometer reading (inches) ................................. . .. . ...... . .. 29 · 79 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ..... . ............. . .. 16· 1 
Temperature in steam calorimeter (°F.) . . ..................... . ........ . . 292· 1 

Notes. 
. This. lignite burnt with a. fairly long fiame and very little smoke. It was not very difficult to work, the 

clinker bemg ha.rd but ea.sy to remove. It did not coke at all. It seemed to burn near the dend plate and 
sides, which seemed to indicate that the air did not penetrate the coal in the centre in spite of the good air 
pressure. 

It could probably be burnt to advantage on a shaking grate. Air admitted over fire. Little amoke. 
Fire sliced 10.43, 11.15, 1.25, 2.35. Weather fine and clear. 

{
Fixed cnrbon.. . . . .. . 42·9 

Proximate analysia of dry coal by weight 3 x~~.t~'.~ .~a~~r .. .' .': : : . . 4~:~ 



188 

SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 40. Kind of Furnace--Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft .)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start--29 · 85. At finish-29 · 73. Mean-29 · 79. 

TOTAL QuANTITlES. 

1. Date of trial. ....... .. .................... .... . ..... ................. 12/8/ 08 
2. Duration of trial (hours) .. ..... . .................................... ..... . 8 · 7 
3. Weight of coal as fired (lbs.) ............................................. .4580 
4. Percentage of moisture in coal as fired ( %) ................................ 29 · 7 
5. Total weight of dry coal fired (lbs.) . .. . . .. ......... . . . ..................... 3219 
6. Total ash and refuse (lbs.) .. ................. ... ......... .. .. . ........ .... 265 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 12· 03; (b) weighed 8·24 
8. Total weight of combustible consumed (lbs.) ...... ....... . . ................. 2832 
9. Total weight of water fed to the boiler corrected for clifference of level (lbs.): •.. 15164 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.) ................ . . ...... .... .. ... .. ... .. 15100 

11. Equivalent water evaporated into dry stearn from and at 212° F. (lbs.) ...... 17930 

HoURLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .. . ........... . ................. . ............. 370 
13. Dry coal per square foot of grate surface per hour (lbs.) . . ............ . ...... 22· l 
14. Water evaporated per hour corrected for quality of stearn (lbs.) .............. 1736 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ......... . ........ 2061 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . .. . ....... . ......................... . ........... 3 · 23 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ..... . . ... ............ ... .......... 117 · 1 
18. Temperature of feed water entering boiler (deg. F.) . .. ........ ... ............ 73 · 0 
19. Temperature of escaping gases from boiler (deg. F.) . . .... . .................... 578 
20. Pressure of draft between clamper and ash-pit (ins. of water) ... . .............. 0·90 
21. Percentage of moisture in stearn ..... ... ... ....... .......... .. ............. 0 · 6 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) .......... .. .......... . . . .... ... .... 59 · 7 
23. Builders' rated horse-power ... . .. . .............. ..... .................... 60 
24. Percentage of builders' rated horse-power developed ......................... 99 

EcoNoMic RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .......... . .............. ... ...................... . . 3·31 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 3 · 91 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 5 · 57 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ................. ... ........ . . ................. . ... 6 · 33 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ................................ 10690 
30. Calorific value of the combustible per lb. (B.T.U.) . .... ........ . ............ 11640 
31. Efficiency of boiler (based on combustible con umed) (%) ................... 52 · 5 
32. Efficiency of boiler, including grate (based on dry coal) (%) . ............ .. . . . 50· 3 

FLUE GASES. 

33. Dry flue gas pcr lb. car bon (from gas analyses) (lbs.) .......... . ............ 20 · 4 
34. " •· of combustible consurned (from gas analyses) (lbs.) ... .. .. 13 · 87 
35. dry coal (from gas analyses) (lbs.) ........ . . ... . ... ...... 12· 2 
3G . Proportion of heat of fuel in escaping dry flue gases (%) .................... 13 · 5 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 42. 

Date-Sept. 10, 1908. Trial-No. G.C.T. 65. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Day fine but cloudy. Coal black, fairly small, not very much dust. Burns "~th a medium fiame. 

Time. 
7.30 
7.40 
8.30 
9.00 
9.40 

Cleaned fire . Pressure, 125 lbs. 
Cleaned tubes. 
1!" fire, some flame, half burnt through. 
Fire 3• thick. 
Grill one-fourth open. 

10.20 
10 .55 
11. 25 

Grill closed. As with other lignites not coking at all. 
Sliced fire. Clinker fairly hard and adhering together. 
Sliced fire again. Clinker could not have been removed by shaking grate, very 

troublesome, forming quickly and keeping air back. 
11.50 
12.30 
12.40 

Sliced, nothing removed. 
Cleaned fire. Clinker in hard slabs, not sticking to bars. 
Steam on under grate. 
Grill one-fourth open. 2.10 

2 .30 
5 .30 

Sliced fire. Nothing removed. 
Cleaned fire. Steam having been put on rendered much better fire, the clinker 

not having caked together so much. With steam under bars shaking grate 
might be uscd. 

Finished trial. Fire as at start. No smoke was visible. 6.30 

CLINKER AND AsH. 

265 lbs. clinker. 
115 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 65 

Weight of coal Timc Cor:iposit ion of flue gases 
fire<l. of by volume, pcr cent. 

Time. sampling 

1 

flu e 

1 1 

Durinp: Total. gases. co, o, CO 
interval. ---

Start 8 .30 a.m. 
8.45 .. . .... .. .. .... . .. 236 236 8 .35 12·2 6 · 2 1·0 
9 . 35 ..... . .. . ... . .. .. . 394 630 9 .05 13·0 5.3 1·3 

10 . 05 .... . . . ........... 236 866 9.35 9·6 f0·2 O·O 
10 . 30 ......... . . .... . .. 197 1063 10 . 05 11·3 6·9 1·4 
11 .00 . . ... . .. ........ .. 245 1308 10 .35 9.7 9.3 1· 1 
11 .30 ....... .. . .. . ... . . 167 1475 11 .05 9.7 9.5 0·7 
12.00 ....... .. . .. .. .. . . 167 1642 11.35 10 · 6 8·5 0·7 
12.30 .. . .. .. . . .. . ... . . . 138 1780 12.05 8·9 10·4 0·6 
12 .45 . .. .. . .. . .. . .. . ... 129 1909 12 . 30 7.7 12 · 3 O·O 

1 .15 .... . ... . .. . .... . . 178 2087 1.00 10·8 5 .9 3·8 
1.45 ... .. .. .... .... . . . 284 2371 1. 30 11·0 7.7 0·9 
2.15 ....... .. ... ... ... 216 2587 2 .00 10·4 7·6 2·2 
2.40 . . . ...... . ...... .. 209 2796 2 .30 11 ·7 6·4 1·2 
3 . 20 .. . ....... ... ... . . 291 3087 3 .00 12·7 5·8 0·5 
4 . 15 . . .... .. . . .... . .. . 315 3400 3 . 30 9·0 11 · 1 O·O 
4 .45 . . . . ... .. ... . ..... 173 3573 4 .00 12·5 6·1 0·4 
5 . 10 .. .. ...... ... ... . . 142 3715 4 .30 9 · 1 10· 1 0·1 
5 . 30 .. . . ......... . . . . . 84 3799 5 .00 8·0 12·2 O·O 
6 .05 . . .............. . . 257 4056 5.30 7.5 12·1 O· l 
6 .30. . . . . . . . . . . . . . . . . . 98 4154 6 . 00 9.4 11 ·0 O·O 

10 · 3 8 ·7 0·8 
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OBSERVATIONS MADE DURING BOILER TRIAL o. 65 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8 .30 . . ... .. ..... 116 83 480 67·5 - ·01 -·25 .. . ....... .. 
• 8.45 . . .......... 105 85 560 67 -·01 -·2S 430 

9.00 ............ 116 87 570 67·5 -·01 -·28 491·5 
9 . 15 .. . .. ... .. . . 120 86 540 67·5 -·01 - ·28 599 
9 . 30 ... . ........ 115 86 570 67·5 -·01 -·28 405·5 
9.45 ............ 103 89 540 67·5 -·01 -·28 570·5 

10 .00 ...... ... ... 113 87 570 67·5 -·01 -·28 361·5 
10 . 15 . .. ......... 105 88 480 67·5 - ·01 -·28 572 
10.30 ............ 113 87 460 67·5 - ·01 -·28 401 
10 .45 ...... ... ... 108 87 510 67·5 -·01 -·28 338 
11.00 ..... .. ..... 106 91 450 67·5 - ·01 -·28 483 
11 . 15 . .... . .... .. 108 90 450 68 - ·01 -·28 323 
11 . 30 ............ 108 90 450 68 - ·01 - ·28 303 
11 .45 ... . .... . . .. 107 88 490 68·5 - · 01 -·28 313 
12.00 ...... . ..... 111 88 450 68 ·5 - ·01 -·28 399 
12 .15 ............ 115 91 440 68·5 -·01 -·28 404 
12 .30 ............ 102 87 400 68·5 -·01 -·26 342 
12.45 . .. .... .. . .. 112 89 410 68·5 - ·01 -·26 223 
1.00 ............ 119 87 490 68·5 -·01 -·26 270·5 
1.15 ........... . 120 87 590 68·5 -·01 -·26 462 
1. 30 ... ..... ... . 113 87 570 68-5 -·01 -·26 532·5 
1.45 ... ......... 120 87 540 68·5 -·01 -·26 410 
2 . 00 ............ 108 87 500 68·5 -·01 -·26 465 
2.15 ........ . ... 102 88 610 68·5 -·01 --26 478 · 5 
2.30 ............ 113 89 630 68·5 -·01 -·26 411 
2.45 .......... .. 118 89 690 68·5 -·01 -·26 483 
3.00 .. .. . .... ... 116 89 690 68·5 -·01 -·26 480·5 
3.15 ....... . • .... 108 89 650 68·5 -·01 - ·26 568-5 
3.30 ..... . ..... . 110 89 560 68·5 -·01 -·26 550·5 
3.45 ............ 118 89 580 68·5 -·01 -·26 455 
4.00 .... ... ..... 122 89 600 68 -·01 -·26 412-5 
4.15 . . . ......... 118 89 530 68 -·01 -·26 493 
4.30 ..... . .... .. 122 90 550 68 -·01 -·26 445 
4 . 45 ... .. . ...... 114 90 540 68·5 --01 --26 532 
5.00 . .... . ..... . 121 91 530 68·5 -·01 - ·26 410 
5.15 ............ 115 89 480 6 . 5 -·01 -·26 512 
5. 30 .... . . ...... 116 89 470 68·5 -·01 --26 394 
5.45 ... . .... . ... 118 89 540 68·5 -·01 --26 242-5 
6.00 ............ 123 89 590 68-5 -·01 -·26 532·5 
6.15 ... ......... 117 88 560 68 -5 -·01 --26 472 
6 .30 . . .......... 116 88 490 6 ·5 -·01 -·26 450·5 

113·4 88 532 û8·1 -·01 - ·27 17,431 net 
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SUMMARY OF OBSERVATIONS 

Date-Sept. 10, 1908. 
Commenced-8.30 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.30 p.rn. 

GENERAL. 

At McGill Univer~ity. 
Duration-600 rnins. 

1. Method of stoking .. .. ......... .. . . . . . . . . ..... H and-spreading on alternate sicles 
2. Kind of draft ................... . .... .. ............. .. ......... . ... ... Natural 
3. Condition of boiler and date of last clcaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned ... .. .......... : . ........... .... . ..................... 7 . 40 a.rn. 
5. Fire cleaned . .. ............ .. ... . .. . . . . . ..... . . . 7 . 30 a.m., 12 . 30 and 5. 30 p.m. 

FUEL. 

6. Kind of coal. ... ....... . ..... .... No. 42-Parkdale Coal Co., Edmonton, Albert~. 
• . 01 ) {C=65·3, H=4·6, 8=0·4 

7. Analys1sofdrycoalbywe1ght ( /o ··· ..... · · · · · .. · N~=1·2, 0 2= 17·6, Ash=10·9 
8. Calorific value of dry coal B.T.U. per lb .... . . ..... . .. .......... ....... ... 10910 
9. Moisture in coal as fued (%) ......... . . . ... .. .... . .. . .. .. .. . .. . .. . ....... 19·7 

10. Weight of coal fired (lbs.) .. .. ........ ... . . . .. ... . ....... .... . ... ....... . . 4154 
11. Combustible mat ter in ash and clinker (%) .... . .................. . ...... . .. 44 · 7 
12. Weight of clinker (lbs.) . . ... ... ......... . . . ........ . .. . . . ..... . .......... . 115 
13. Weight of ash (lbs.) ...... . .. ..... ............. . ... . . .. .... .. . ........ . ... 265 

Arn AND FLUE GAs. 

14. Air pressure under fire (inches of water) . ........... ............ . .. . .... . .. - · 01 
15. " above fire " " ............... .. .................. - · 23 
16. at <lamper ............ . ... . . . . . . .. . ........ . - · 27 
17. Amount of <lamper opening ....... .. ........ .......... . .... ..... . .. . .... Full 
18. Temperature of air in boiler bouse (°F.) . ....... . . . ....... . . ............ . ... 88 · 0 
19. Flue temperature (°F.) ............ . . . .... .... .. ..... . ...... ...... . .. . . . 532·0 
20. Analysis of dry flue gas by volume (% ) .. C02= 10· 3, 02=8·7, C0=0·8, N=80·2 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

vVATER AND STEAM. 

Temperature of feed water (°F.) ..... . ..... . .......... . . . .... .... . .. .. .... 68·1 
Total weight of feed water corrected for difference of level (lbs.) . .. .. .. . . . .. .. 17431 
Water level in gauge at start (inches) .. . .......................... . . . ...... 2~ 
Water level in gauge at finish (inches) ..... . .......... ........ . . . ............ 2i 
Correction for difference of level included above (lbs.) . ... . ... . ... .... . . . .... -10 
Steam pressure by gauge (lbs. per sq. in.) .. ............ . . . . . .............. 113 · 4 
Barometer reading (inches) . .. . ... ... . ...... . .. ... ............... ..... . .. 29. 86 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) .............. . . ...... 15 · :.l 
Ternperature in stearn calorimeter (°F.) ... . .......... . . ..... .. . .......... 290·1 

Notes. 
The clinke r proved very troublesome, caking together and necessitating freq uent slicing. Upon putting 

steam on the li re, ~as much more easily worked; the coal could be used with a shalcing grate if steam wer e 
used . The coal d1d not coke. No smoke. Grill was kept open a little. Fire kept about 3' thick. 
Sliced 10.55, 11.50, 12.30, 2.30. Weathcr, fine but cloudy. 

{
Fixed carbon .......... 51 ·3 

Proximale aoalysis of dry coal by wei ght % x~~at.ile matt~~ .... .' .·::: ~n 

83-13 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Deterrnine quality of Coal. 
Kind of Fuel-No. 42. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)- il. 
Barometer at start-29·92. At finish-29·81. Mean-29· 6. 

TOTAL QuANTITIES. 
1. Date of trial. ........ ... .. . .. ..... . .................................. 10/ 9/ 08 
2. Duration of trial (hours) . . ....... . ........... ............ . ... .... ....... 10 · 0 
3. Weight of coal as fired (lbs.) ................. ... . .......... .. . ............ 4154 
4. Percentage of moisture in coal as fired (%) ..... ... ....................... 19 · 7 
5. Total weight of dry coal fired (lbs.) ... .... . . .. ............................. 3336 
6. Total ash and refuse (lbs.) .......................................... . ..... 3 0 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 19·72; (b) weighed .11 ·4 
8. Total weight of combustible consumed from analyses (lbs.) ....... . . .......... 2677 
9. Total weight of water fed to the boiler corrected for difference of level (lbs.) ... 17431 

10. Equivalent water evaporated into dry steam from actual fecd water tempera-
ture and boiler pressure (lbs.) ........................ . ... . .. ....... . 17350 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20690 

HouRLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) ............ . .. ... .. . ................. . ....... 335 
13. Dry coal per square foot of grate surface per hour (lbs. ) ..... ... .... ......... 19 · 95 
14. Water evaporated per hour corrected for quality of steam (lbs.) ..... ....... .. 1735 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2069 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . ... . ........................... . .. . ............. 3 · 39 

AVERAGE PRESSURES, TEMPERATURES, ETC. 
17. Steam pressure by gauge (lbs. / sq. in.) ..... .. .. ......... .. . ...... . ... ... . 113 · 4 
18. Temperature of feed water entering boiler (deg. F.) .......................... 68·1 
19. Temperature of escaping gases from boiler (deg. F.) ..... .. . .. ... .............. 532 
20. Pressure of draft between <lamper and ash-pit (ins. of water) .... . ............. O· 26 
21. Percentage of moisture in steam . ......................................... 0 · 60 

HORSE-POWER. 

22. Horse-power developed (Item 15+3H) ...................... . ..... . ....... 60·0 
23. Builders' rated ~orse-power .................. . ........... . .. .... ......... 60 · 0 
24. Percentage of builders rated horse-power developed .................... · . ... 100 · 0 

EcoNoMic RESULTS. 

25. Water apparently evaporated under aetual conditions per lb. coal as fired 
(Item 9+Item 3) ..................................................... 4·2 

26. Equivalent evaporation from and at 212° F. per lb. coal as fued (Item 11 +Item 3) 4 · 9 
27. Equivalent evaporation from and at 212° F. per lb. of dry eoal (lt.em 11 +Item 5) 6· 1 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) .. .................... .... ..... . ................... 7 · 73 

EFFICIENCY. 

29. Calorific value of dry coal pcr lb. (B.T.U.) ............................ .... 10910 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... 12240 
31. Efficiency of boiler (based on combustible consumed) (%) . .......... . .. . .... 60 · 8 
32. Efficiency of boiler, including grate (based on dry coal) (%) .... .... .......... 54·7 

FLUE GASES. 

33. Dry flue gas per lb. car bon (from gas analyses) (lbs.) ....................... 22 · 5 
34. " " of combustible consumed (from gas analyses) (lbs.) ....... 18 · 3 
35. " " dry coal (from gas anal.vses) (lb~ . ) . ....................... 14· 69 
36. Proportion of hcat of fuel in escaping dry flue gases (%) ... .. ............... 14 ·4 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 43 . 

Date-Sept. 8, 1908. Trial Number-G.C.T. 64. 

OBSERVATIONS OF GE ERAL CO DITIONS. 

Notes. 
Coal in bright lumps with fair amount of dust. Burns with considerable flame. 
Very little smoke. 

Ti me. 
7. OO Steam on boiler. 
8.10 Cleaned fi.re . Pressure, 105 lbs. Made up with No. 43 lignite. 
8. 25 Tubes blown. 
9. 05 Started trial. Fire 1 !" thick, well burnt through. 
9. 55 6' fi.re, including dirt-about 3t" actual. 

IL 25 Sliced fi.re. 46 lbs. soft viscous clinker removed, clinker sticks together but not 
to bars. 

12.00 Fire still rather dead, sliced again. Removed 52 lbs. 
12.30 Steam on. 
12.45 Cleaned out fi.re. 131 lbs. clinker removed easily. Would do well on a shaking 

grate, with steam under bars. 
1.15 Fire still dull. Put fan on. 
1. 50 Grill opened. 
3 . 45 Raked a great deal of dirt out as fi.re had a large amount at the bottom, forming 

thick bed. 
4. 25 As before, raked much dirt from front of fire. 
5. 55 Shut down fan. 
6.10 Cleaned fi.re. Easily removed 116 lbs. of clinker. Very soft dirt in small piecEs. 
7 . 05 Finished trial. Fire as at start. 119 lbs. of ash were removed from below the grate. 

CLINKER Alrn AsH. 

556 lbs. clinker. 
119 lbs. asb. 
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RECORD OF COAL CO SUMED DURING BOILER TRIAL 1 o. 64 

Weight of coal Tirne Composition of flue gaaes 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 

Dur in~ Total. gases. co. o, CO 
interval. 

Start 9. 05 a.m. 
9 .07 ................. . 179 179 9.00 8·0 11·8 0·4 
9.55 .................. 448 627 9.30 10·9 5.7 4·0 

10 .25 ...... .. .... ... ... 270 897 10.00 9.5 9.5 0·3 
10 .55 .......... ... ... .. 175 1072 10 .30 10 · 1 8·4 1·2 
11 . 25 ........ .... ...... 223 1295 11.00 8 ·8 9·0 2·2 
12 .10 . .. . .... .... ... ... 239 1534 11 .30 7.3 12·0 0·3 
12. 4.j .... .. ....... .... . 194 1728 12.00 7.7 11·7 0·6 
1.15 ............. ..... 49 1977 12.30 7·2 11·3 1·3 
1.45 .......... . . ..... . 299 2276 1. OO 5.7 14·8 0·2 
2.00 ... '. ......... . . ... 167 2443 1.30 11·8 2·8 6·6 
2.30 .......... ..... . . . 112 2555 2.00 14 ·4 4.3 O·O 
3 .00 ........... . . . . . . . 246 2801 2.30 10·7 8·8 O·O 
3.30 ......... . . . . . . . . . 200 3001 3.00 9.4 10·4 O·O 
4.00 . ... . . . .. . . . . .. ... 231 3232 3.30 10·6 8·7 O·O 
4.30 ................. . 147 3379 4.00 10·4 8 ·6 0·2 
5.05 .. . . . ............. 272 3651 4.30 15·0 4.3 O·O 
5.35 . . ..... . .... .. .. .. 241 3892 5.00 11·6 7·8 O·O 
6.10 ...... ............ 160 4052 5.30 12·1 5·8 1·5 
6.15 .... ........... ... 77 4129 6.00 8·8 10·9 0·6 
7 .05 ..... . .. . ... ... ... 274 4403 6.30 14·0 2·7 2·7 

10·2 8·5 1·1 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 64 

-
Steam Draft pressures, 

pressure Tempemtures inches of Water 
gauge. o F. water. apparently 

evaporated 
Time. in 

lbs. Flue At interval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

9.05 ............ 104 77 490 65 -·02 -·32 . ........... 
9.20 ... . ....... . 115 78 590 65 -·02 -·32 430 
9.35 ............ 110 77 550 65·5 -·02 -·28 505 
9.50 . . .......... 108 77 510 66 -·02 -·30 513·5 

10.05 . . .... .. .... 106 79 500 66·5 -·02 -·30 452 
10.20 ............ 108 78 550 66·5 -·02 -·30 322 
10 .35 ... . ....... . 118 79 480 66·5 -·02 ;-- ·30 419·5 
10.50 ..... ..... .. 108 79 450 66·5 -·02 - ·30 453 
11.05 .. : ...... ... 108 79 450 66·5 -·02 -·30 445 
11 .20 .......... . . 107 79 420 66·5 -·02 -·30 341:-5 
11.35 ............ 103 79 440 66·5 - ·02 -·30 404 
11.50 ............ 108 77 440 66·5 -·02 -·30 260 
12 .05 .. ..... ... .. 110 83 450 66·5 -·02 -·30 375 
12. 20 . .. ... ...... 109 77 410 67 -·02 - ·26 194 
12.35 ............ 116 77 430 67 -·02 -·28 321 
12 .50 .. . . . .. . .... 107 83 430 67 -·02 -·22 330 
1.05 . . ... . .... . . 103 79 400 67 -·02 -·24 98 
1.20 ....... .. .. . 119 79 860 67 +·30 -·36 285 
1. 35 ...... .... .. 123 79 900 67 +·10 -·34 530 
1.50 .......... .. 113 77 850 67 +·10 -·34 650 
2.05 ............ 123 78 820 66·5 O·O -·34 495 
2.20 ...... .. .... 110 78 750 66·5 O·O - ·34 553.5 
2.35 ............ 123 79 780 66·5 O·O -·34 407·5 
2.50 ... .... . . ... 119 78 730 66 ·5 O·O -·34 451 
3.05 .. ... . ...... 106 78 750 66 ·5 O·O - ·34 601 
3.20 ............ 123 78 880 66·5 O·O -·36 450 
3.35 ............ 118 78 760 66·5 O·O -·34 530·5 
3 .50 ............ 108 80 600 66·5 O·O -·34 488 
4.05 . .. ....... . . 115 78 700 66·5 O·O -·34 370·5 
4.20 . .... . . . .. . . 121 78 890 66·5 O·O -·34 513 
4.35 ............ 118 78 750 66·.5 +·05 - ·36 720·5 
4.50 ............ U6 78 930 66·5 +·05 -·36 573 
5.05 ..... . ...... 123 78 720 66·5 +·05 -·32 685·5 
5 .20 ........ . ... 111 77 590 66·5 +·05 -·32 532 
5.35 . . ...... . ... 118 78 850 66·5 O·O - ·36 472 
5.50 ... ..... . . . . 108 78 560 66·5 O·O - ·34 671·5 
6.05 . . .. ... ... .. 123 77 630 66·5 -·02 -·34 415·5 
6.20 ..... . ..... . 114 80 660 66·5 -·02 -·34 371 
6.35 ........... . 118 77 700 66·5 - ·02 - ·34 633 
6.50 ...... ... ... 120 77 600 66·5 -·02 -·34 513 
7.05 ...... . .. ... 119 77 450 66·5 -·02 -·34 424 

ll3 ·6 78·3 627 66·5 + ·Dl - ·32 18, 199 · 5 net 
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SUMMARY OF OBSERVATIO rs 

Dat~pt. 81 1908. Boiler-'B . and W. No. 2. At McGill University. 
Duration-600 mins. Commenced-9.05 a.m. Ended-7.05 p.m. 

GENERAL. 

1. M.et hod of stoking .................... .. .. .... Hand-spreading on alternate sides 
2. ICind of draft ... . .. . ... . .... . ........ Natural and forced-fan feeding into ash-pit 
3. Condition of boiler and date of l:i.st cleaning . .. . . ... Thoroughly cleaned May, 1908 
4. Tubes cleaned ............... . . . ......... . . . . . . . . .... ... . . .. ... . .... 8 . 25 a.m . 
.5. Fire cleaned .. . ........... ... ........... . .. . ... 8. 10 a.m., 12.45 and 6 . 10 p.m. 

6. 
7. 

'8. 
9. 

10. 
11. 
12. 
13. 

FUEL. 

Kind of coal. ......... No . 43 coal-Canada West Coal and Coke Co., Taber, Alta. 

An 1 · fdr lb · h (01) {C=64 ·5 H=4·7 8=1·4 a ys1s o ycoa ywe1g t 10 .... .......... .. N.=1·5' o , =13·8 Ash=14·1 
Calorific value of dry coal B.T .U. per lb . ......... .. .. .. ... '. . . .. .. .. '. . ... . 11040 
Moisture in coal as fired ( %) . . .......... . ....... . ~ ... . . .. .... . ........... 11 · 3 
Weight of coal fired (lbs.) ............ . . . .... . . .. . ............ . . ... . . . . ... 4403 
Weight of unburnt coal left (lbs.) ........... . . .. ... . ....... .. .. ... . .. . .. .. 53·6 
Weight of clinker (lbs.) ...................... .. . . .. . ... ... . . ...... . . ... . . . 556 
Weight of ash (lbs.) ......... . . . . . ..... . .... . ... . ..... . . . . . ... . ..... . .. . . . 119 

Arn AND FLuE GAs. 

14. Air pressure under fue (inch es of water) . . . ..... . .......... . .. ... .. ... . ... +o · 01 
15. " above fire " " .................................. -0·28 
16. at damper ..... .. . .. .. ........ . : . . ..... .. .. -0· 32 
17. Amount of damper opening ... . . . . . ...................... . ...... . ........ Full 
18. T emperature of air in boiler house (°F .) ..... . . .. ....... . . . ............ . .... 78· 3 
19. Flue temperature (°F .) ............ . ......... . ....... .. ................... 627 
20. Analysis of dry flue gas by volume (%) ... C02=10 ·2, 0=8 · 5, CO=l · l, N=80 · 2 

21. 
22. 
23 . 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

T empera ture of feed water (°F.) ........ . ....... . .. . .. . . . . . ... .. ........ .. 66 · 5 
Total weight of feed water , corrected for difference of level (lbs.) . . ... . .. . ... . 18200 
Water level in gauge at start (inches5 ...................... . ... .. ........ . . 3ti 
Water level in gauge at finish (inches) ......... . .. . ... . .................. . . . . .4 
Correction for difference of level (lbs.) ......... . ............. . ....... .. .... -10 
Steam pressure by gauge (lbs. per sq. in. ) ........ . ..... . .. . . . .. . .......... 113 · 6 
Barometer reading (inches) ... . ......... . .. . . . .. . ...... . '. . . . . .. . ........ . 30 · 03 
Pressure in steam calorimeter by gauge (lbs. per sq. in. ) ................. . . . .. 16 · 2 
T empera ture in steam calorimeter (°F .) .. ............ . ............. . ..... 290 · 2 

Notes. 
T his lignite looked very much like a coal , heing in fairly bright lumps with d ust. lt burns with a long 

!lame and bu t a little light white smoke. T he clinker at first was viscous and ad bered togetber but not to the 
be.ra. The rapid formation of dirt and clinker was a source of somewhat irregular evaporation. Steam under 
the bars rendered the clinker suitnble for use with a sbnlcing grate. It is necessary to admit air above the bars. 
Fire sliced 11. 25. Very little smoke. Wentber, fine. 

[ 
Fixed carbon. . . . . . . . . . 4 9 · 9 

P roximate annlysis of dry coal by weight % Volatile matter ... . .. . . 36 ' 0 
(Ash ........ ...... .. .. 14 ' 1 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 43. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-30 · 06. At finish-30 · OO. Mean-30 · 03. 

TOTAL QuANTITIES. 

1. Date of trial. .... .. . . . .. ..... ........... ... ........ .. . ............ . ... 8/9 / 08 
2. Duration of tria.l (hours) ..................... .. ........ ... ...... . ....... 10 ·OO 
3. Weight of coal as fi.red (lbs.) ........ ... ............ . . . .. ..... . ......... .. . 4403 
4. Percentage of moisture in coal as fired ( %) ....... ... ................ . ..... 11 · 3 
5. Total weight of dry coal fired (lbs.) ... ... . ....................... . ......... 3905 
6. Total ash and refuse (lbs.) ............. . .... .. ... .. .... .. ............ . .... 675 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 30·4; (b) weighed.17·3 
8. Total weight of combustible consumed, from analyses (lbs.) .... . ............. 2717 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) . .. 18200 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .................... . fi .......... 18120 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .. . ... 21630 

liOURLY QUANTITIES. 

, 12. Dry coal fired per hour (lbs.) . ... ............. . . . ........... .... . .... .. . . 390 · 5 
13. Dry coal per square foot of grate surface per bour (lbs.) ...... . ........ .... .. . 23 · 3 
14. Water evaporated per hour corrected for quality of steam (lbs.) ....... . ...... 1812 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2163 
16. Equivalent evaporation per bour from and at 212° F. per square foot of water 

heating surface (lbs.) .... .. ........... . ........... . .. . . .. ............. 3 · 38 

t A VERA GE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) .......... .. ........ . .. .. . .. . .. . .. . 113. 6 
18. Temperature of feed water entering boiler (deg. F.) ......... . ............... . 66· 5 
19. Temperature of escaping gases from boiler (deg. F.) .................... . .. ... . 627 
20. Pressw·e of cl.raft between <lamper and ash-pit (ins. of water) ..... . ... . ........ O. 33 
21. Percentage of moisture in steam .......... . ........... : ... .. .... . .. . ...... . O. 6 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) ........... . . 
23. Builde.rs' rated horse-power ..... . ............... . 

. . . . . ... .. . . . . . . . . . . . 62·7 

24. Percenl,a.ge of builders' rated horse-power dcveloped. 
. .. . . 60 · 0 

. . ...... 100·4 

EcoNoMrc REsULTs . 

25. Water apparenUy evaporated under actual conditions per lb . coal as fired 
(Item 9 +Item 3) .. . . . ............. . ........... .... .......... .. ...... 4·15 

26. Equivalent evaporation from and at 212° F. perlb. coal as fired (Item 11 +Item 3) 4. 91 
27. Equivalent evaporation from and at 212° F . per lb. of dry coal (I tem 11 +Item 5) 5. 54 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... 7. 97 

29. 
30. 
31. 
32. 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.). . . . . . . . . . . .. 11040 
Calorific value of the combustible per lb. (B.T.U.). . . . . . . . . . . . . . . . . . . . . . 12850 
Efficiency of boiler (based on combustible consumed) ( %) . . . . ...... 59. 9 
Efficiency of boiler, including grate (based on dry coal) (%). . . . . . . . . . . . . . . . 48. 4 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.). . . ........ . .. ...... ... 22 · 1 
34. " •· of combustible consumed (from ga analyses) (lbs. ). . ... . 20. 5 
35. " " dry coal (from gas analyses) (lbs.). . . . . . 14. 25 
36. Proportion of heat of fuel in escaping dry flue gases (%). . .... .. . ...... .. 17. O 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 44. 

Date-Sept. 11, 1908. Trial Number-G.C.T. 66. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Day fine but cloudy. Blow-off examined and found tigbt. Lignite of black and fairly brigbt appear

ance, medium sized lumps and fair amount of dust. 

Tùne. 
7 .30 
7.40 
8.35 
8.40 
9.05 
9 . 15 
9.50 

Cleaned fue and made up with No. 44 coal-105 lbs. 
Tubes cleaned. 
Started trial. Fire 1 • well burnt through. 
Burns with a fairly long flame. 
Keeping 3• fue. 
Grill half open. 
Sliced. Viscous clinker over bars, none removed. 

10.20 Sliced. Removed 28 lbs. viscous clinker, which was very hard on cooling, could not 
use on shaking grate. 

Steam on under bars. 10.35 
2.10 Fire cleaned. Clinker had been rendered more porous by steam and very little 

difliculty was experienced after turning the steam on. Clinker was in hard 
lumps, would not be suitable for shaking grate. o smoke. 

3.05 Finished trial. Fire as at start. 
Trial concluded, all available coal having been burnt. 

CLINKER AND AsH. 

187 lbs. clinker. 
46 lbs. ash. • 

RECORD OF COAL CONSUMED DURlNG BOILER TRIAL o. 66 

W eight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Tùne. sampling 

1 

flue 

1 1 
Dur in~ Total. gases. co. o. CO 

interval. 

Rtart 8.35 a.m. 
8.40 .................. 227 227 8.40 10· l 4.4 5·8 
9.25 ............ . ..... 317 544 9 . 10 10·1 4·8 6·1 
9 .50 .. . ........... .. .. 186 730 9.40 8·0 11 ·6 0·3 

10.25 ................ . . 215 945 10.10 10·0 8·4 l ·O 
10 .55 . . ...... ..... ..... 145 1090 10 . 40 11·0 6·8 1·2 
11 . 25 . .. . .. . . ..... .. ... 205 1295 11 . 10 12·9 5.7 0·5 
11. 55 . . ...... .. ........ 148 1443 11.40 . 11 · l 7 .4 0·7 
12.30 ................. . 188 1631 12.10 9.4 10·4 O·O 
1.00 ... . .............. 2 2 1913 12 . 40 10·4 7.7 1 · 7 
1.35 .................. 7 2000 1.10 12·0 5 · 1 2·5 
1.57 ... ...... ... ..... . 145 2145 1. 40 10·7 .9 0 ·2 
3.05 .......... . . .. .... 297 2442 2 . 10 .4 11·4 O·O 

2.40 12·3 5.3 2·3 

10 ·5 7.5 1·7 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 66 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. OF. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.35 ............ 102 85 480 68 -·01 -·26 . ... .... . ... 
8.50 ............ 115 84 500 68 -·01 -·26 330 
9.05 ............ 108 87 520 68 -·01 - ·28 590·5 
9.20 ............ 102 87 470 68 -·01 -·28 573 
9.35 .... . ... .. .. 107 87 480 68 -·01 - ·28 353 
9.50 ....... .... . 113 87 480 68 -·01 -·30 371 · 5 

10.05 .. ....... . .. 108 87 580 68 -·01 - ·30 421 
10 .20 . ........... 118 89 500 68 -·01 -·30 430·5 
10.35 ............ 121 89 640 68·5 - ·01 -·28 350 
10.50 ............ 121 87 690 68·5 - ·01 -·28 493 
11 .05 . ........... 122 89 690 68·5 - ·01 -·28 503 
11 .20 . .... ....... 111 90 650 68·5 -·01 -·30 630 
11 .35 ............ 118 89 610 68·5 -·01 -·28 414·5 
11 .50 ... . ........ 113 89 690 68·5 - ·01 -·28 534 
12.05 ..... .... .. . 121 88 620 68·5 - ·01 -·28 500 
12. 20 ... . . ..... . . 123 87 590 68·5 -·01 -·28 450 
12.35 ... .. ...... . 123 87 560 68·5 - ·01 -·24 524 
12.50 ............ 123 87 560 68·5 -·01 -·24 455.5 
1.05 .......... . . 123 87 590 68·5 - ·01 -·24 492 
1.20 ......... ... 123 87 620 68·5 - ·01 - ·26 521 
1. 35 ... .. . . ..... 123 87 610 68·5 -·01 -·26 400 
1. 50 ............ 123 88 590 68·5 -·01 -·24 449 
2.05 ............ 119 90 540 68·5 - ·01 - ·26 463 
2.20 ............ 116 93 540 68·5 -·01 -·26 338 
2.35 ........... . 123 90 600 68·5 - ·01 - ·25 500 
2.50 .... ... ..... ·123 90 570 68·5 -·01 - ·25 612 
3.05 ....... .. ... 118 90 460 68·5 - ·01 -·25 471 

117 88 571 68·3 F -·27 12,169·5 net 
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SUMMARY OF OBSERVATIONS 

Date-Sept. 11, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-3.05 p.m. 

GÈNERAL. 

At McGill University. 
Duration-390 mins. 

1. Method of stoking ............................ Hand-spreading on alternate sides 
2. Kind of draft ................................... . Forced fan-feeding into ash-pit. 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned .................. . .. ......... ................ ........ 7.40 a.m. 
5. Fire cleaned .......... . ... . .............................. 7 . 30 a.m., 2.10 p.m. 

FUEL. 

6. Kind of coal, No. 44, . ......... ..... ... ........ ·{ IrGa!-t Coti. llier_y, AlLebetrhtab~d. waAlyta& · 
riga on Co., ri ge, . 

An l · f dr al b · h (01) {C=66·5 H=4·9 S=0·8 7. aysISo yco yweig t 10 · · · · · ...... . · .. • N2=1·7 1 0=15·1 1Ash=ll·O 
8. Calorific value of dry coal B.T.U. per lb . . . ............. . . . '. .. .. .... ' ...... 11710 
9. Moisture in coal as fired (%) ............. .......... .... ............. .. .... 8·3 

10. Weight of coal fired (lbs.) ............ ............ ...................... . . 2442 
11. Weight of unburnt coal left (lbs.) .... .. .......... ... . .......... .. .. ....... 26·6 
12. Weight of clinker (lbs.) ................................................... 187 
13. Weight of ash (lbs.) ............ . .................. : ....................... 46 

14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

Arn AND FLUE GAS. 

Air pressure under fire (inches of water) ....... ............... ............ -0 · 01 
" above fire " " ....................... ........ ... -0·23 

at damper ................................. -0·27 
Amount of damper opening ........................... ..... ............. Full 
Ternperature of air in boiler house (°F.) ................................... . .. 88 
Flue temperature (°F.) .................................... .. ......... .... 571 
Analysis of dry flue gas by volume (%) .. C02=10·5, 0=7·5, C0=1·7, N=80·3 

WATER AND STEAM. 

Temperature of feed water (°F.) ............. ... . .. . .... ............... ... 6 · 3 
Total weight of feed water corrected for difference of level (lbs.) ......... ..... 12170 
Water level in gauge at start (inches) .... . .. . . .. .. . ................... . ..... 31 
Water level in gauge at finish (inches) ............. ......... ....... .... . .... . 3i 
Correction for difference of level included above (lbs. ) ....................... . +20 
Stearn pressure by g~uge (lbs. per sq. in. ) ........................... . ....... 117 
Barometer readmg (mches) ............... ... .................... ........ 29 · 83 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ...................... 15 · 8 
Temperature in steam calorimeter (°F.) .... .......... .... .... . ............. 292 

Notes. 
Short trial due to insufficiency or fuel. To work lire easily steam should be used. Previous to using 

steam clinker was viscous and difficult to remove. Could not use on a shaking grate. No smoke. Sliced 
il.50, 10.20. Weather fine but cloudy. 

{ 

Fixed carbon.. . . . . . . . . 51 ·5 
Proximate analysis of dry coal by weight % Volatile matter ........ 37·5 

Ash .................. 11 ·0 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 44. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29·84. At finish-29·82. Mean-29·83. 

TOTAL QUANTITIES. 

1. Date of trial. .. ... . ........ . ............ . ........ . ...... .. . .. . ....... 11/ 9/ 08 
2. Duration of trial (hours) ................................ . ................. 6 · 5 
3. Weight of coal as fired (lbs.) ............ .. ............... ......... ..... ... 2442 
4. Percentage of moisture in coal as fired (%) ............... . .... . ..... . ...... 8· 3 
5. Total weight of dry coal fired (lbs.) ....... . . . ............... .. ......... . ... 2240 
6. Total ash and refuse (lbs.) ....................... .. ...... . ........ .... .... 233 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 15 ·O; (b) weighed .10·4 
8. Total weight of combustible consumed from analyses (lbs.) .............. .... 1904 
9. Total weight of water fed to the boiler corrected for difference of level (lbs.) .. .. 12170 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
ture and boiler pressure (lbs.) . .......................... ... ......... 12110 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ... . .. 14450 

HouRLY QuANTITIEs. 

12. Dry coal fired per hour (lbs.) ........ . .. .. ......... . . . ........... . . . .. . .... 345 
13. Dry coal per square foot of grate surface per hour (lbs.) ... .. . ......... . ...... 20 · 5 
14. Water evaporated per hour corrected for quality of steam (lbs.) . ............ . 1863 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) . ... .......... .... 2220 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

heating surface (lbs.) ................................................ .. 3·5 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / .sq. in.) . .. . .... . . . .. .. . .. .... . ... . . . ... . .... 117 
Temperature of feed water entermg boiler (deg. F.) . . ....................... 68·3 
Temperature of escaping gases from boiler (deg. F .) .......... . ..... . .. . . . ..... 571 
Pressure of draft between damper and ash-pit (ins. of water) ... ... . . . .. . ... . .. O· 26 
Percentage of moisture in steam .............. . .............. ............. 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) . . ................................. . 64 · 4 
Builders' rated horse-power .. . ... . ........ . ......... . ......... . .. . . .... .. 60 · O 
Percentage of builders rated horse-power developed ...................... . . . . 107 

ECONOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) . .......... . .. .. ...... . ............................. 4·98 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 5. 92 
27. Eq~valent evaporati_on from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6. 45 
28. Eqwvalent evaporat1on from and at 212° F . per lb . of combustible consumed 

(Item 11 +Item 8) ..... .. .................................... .. . . .... 7. 58 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ....... . .......... . .... . .. . ..... 11710 
30. Caloiific value of the combustible per lb. (B.T .U.) . ....................... . . 13160 
31. Efficiency of boiler (based on combustible consumed) ( %) ....... ............ 55. 7 
32. Efficiency of boiler, including grate (based on dry coal) (%) ..... 53·0 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ..... . . . .. ............. 20. 5 
34. " " of combustible consumed (from gas analyses) (lbs.) .. · 16. O 
35. " " dry coal (from gas analyses) (lbs.). . . . . . . . . . . . . . . . . . . .. 13. 6 
36. Proportion of heat of fuel in escaping dry flue gases (%). . . . . . . . . . . . . . . . .. 13. 46 





EASTERN CROWSNEST PASS. 

FRANK-BLAIRMORE COAL FIELD. 

ALBERTA. 

20ï 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. ·4s, 

Date-Sept. 14, 1908. Trial Number-G.C.T. 67. 

OBSERVATIONS OF GE ERAL CONDITIONS. 

Notes. 
Bara bave been cbanged from t• to t•, air space to suit coal; fines from t• screerr. Day fine and clenr. 

Timc. 
a.m. 
7.30 
7.45 
8.45 

Cleaned out. Pressure, 80 lbs. 
Tubes blown. (Pressure, 105 lbs.) 
Trial started. Fire 2• thick, well burnt through. Burns with a fairly short flamc. 

The coal cokes considerably. 
.Fire 3" thick . 
Forced draught in ash-pit. 

9.10 
9.45 

10.00 
12.30 

Fire 4t" thick. Still coking very badly. 
Fire cleaned. No clinker, only a fine soft white ash, all of which would pass 

through a shaking grate. Fan off. 
12.45 

1. 30 
2.10 
3.40 
5.30 
5.50 
6.35 
7 .00 

Fan on. 
Grill one-fourth open. Smoke-not very heavy and brown. 
Fire about 6" thick. 
Grill closed. 
Fan off. Cleaned fire-all soft ash as before. 
Fan on again. 
Fan stopped. 
Fire as start. Stopped test. 

CLINKER AND AsH. 
412 lbs. clinker. 

95 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 67 

Weight of coal Timc Composition of flue gase~ 
fired . of by volume, pcr rent. 

Time. sampling 

1 

flue 

1 1 

Durin~ Total. gases. cc. o, CO 
interval. 

Start 8.45 a.m . 
9 . 00 .................. 124 124 8.45 7·6 10 · 0 1·0 
9 . 30 .. .. . .. .. . . ...... . 160 284 9 . 15 7·8 10·5 1·2 

10.00 ................. . 187 471 9.45 7.4 10·7 l·l 
10.25 .... .. ............ 142 613 10 .15 11 · 1 7.3 1·1 
10.55 ..... . . ... . ....... 153 766 10.45 8·3 10·3 1·1 
11.35 ................. . 161 ()27 11.15 12·7 6·5 0 · 3 
12.05 ... ........ ....... 164 1091 11.45 6·7 13·0 0·5 
12 . 30 ................. . 101 1192 12 .15 8·1 11·5 0·8 
12.50 . .. ....... .. . ... .. 75 1267 12.45 5.9 13 ·8 O·O 
1 .30 .... ...... ........ 325 1592 1.15 4·8 15·5 O·O 
2 .00 ... . . ....... .. .... 217 1809 1. 45 10·3 9·2 0·3 
2.25 .................. 87 1896 2.15 8·0 12·6 O·O 
2 . 55 ... .. ......... ... . 140 2036 2.45 6·6 13·1 0·4 
3 . 35 ... . .... . ....... .. 179 2215 3 . 15 11·7 6·8 0·6 
4 .05 . ... ... . ......... . 140 2355 3.45 8·3 11 · 4 0·2 
4.45 ......... . ... .. ... 204 2559 4.15 8·3 10·7 0·5 
5 .30 .... ......... . .... 173 2732 4 .45 7·2 13·0 O·O 
5.50 . .. . . . ... ... . . . ... 135 2867 5.15 4·8 15· 8 O·O 
6.20 . ......... ...... . . 100 2967 5 .4.5 5·0 14· 6 O·O 
7 .OO . ...... . .... . ..... 37 3004 6.15 6·8 13·1 O·O 

7 .9 11 ·5 0·4 

83-14 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 67 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Tiine. in 
lbs. Flue At interva.l. 
pe! Boiler gases at Feed In entrancE lbs. 

sq. m. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 ............ 116 76 450 66 -·01 -· 28 ............ 
9.00 ............ 113 75 450 66 -·01 -·28 430 
9.15 ............ 114 77 370 66·5 -·01 -·28 374 
9.30 ............ 113 77 410 66·5 -·01 - ·2 320 
9.45 ............ 123 79 410 66·5 +·05 -·30 363 

10.00 . . .......... 119 80 450 67 +·15 - ·30 355 
10 .15 ...... . ..... 120 82 520 67 +·10 - ·30 450·5 
10.30 ............ 123 82 460 67 +·05 -·30 543 
10 .45 . . . . .. ..... . 116 80 510 67 ·5 +·10 -·28 414·5 
11·00 ............ 123 80 460 67·5 +·10 - ·28 494.5 
11.15 .... ... ..... 117 80 460 67·5 +·05 - ·28 370 
11 .30 ............ 109 79 530 67·5 +·10 - ·28 493.5 
11 .45 ............ 123 80 540 67·5 + ·30 -·28 513·5 
12.00 ............ 123 81 590 67·5 +·40 -·28 444 
12. 15 .. .. ........ 123 81 540 67 ·5 +·45 -·24 554 
12.30 ............ 113 77 490 67·5 +·40 -·22 452 
12 .45 ......... ... 115 79 390 67·5 -·01 - ·25 200·5 
1.00 ...... . .. ... 123 82 650 67·5 +·60 -·25 221·5 
1.15 ...... . . ... . 123 82 550 67·5 +·35 -·25 587 
1.30 .......... .. 123 81 540 67·5 +·35 -·25 371 
1.45 ....... ... .. 123 81 600 67·5 +·45 -·26 363·5 
2.00 ............ 123 84 610 67 ·5 +·45 -·28 543 
2.15 ........ . ... 123 83 650 67·5 +·45 -·28 613 
2.30 .. .......... 123 85 550 67·5 +·30 -·26 49 ·5 
2.45 .......... .. 118 83 520 67·5 +·25 -· 26 579 
3.00 ..... . ... ... 118 83 525 67·5 +·20 -· 26 331 
3. 15 .... .. ...... 122 85 500 67 ·5 +·40 - ·26 433 
3 .30 . .... .. ..... 110 83 500 67·5 +·45 -· 26 563·5 
3.45 .. .. .... . . . . 116 85 530 67·5 +·40 - ·2G 378·5 
4.00 ........ .... 123 85 510 67·5 +·40 -· 26 482·5 
4.15 ... .... ..... 123 85 500 67·5 +·40 -·26 503 
4.30 . ........... 122 85 490 67·5 +·40 - ·26 422 
4.45 ... . ... .. ... 115 83 520 67·5 +·50 -·26 361 
5.00 ......... . .. 110 82 450 67·5 +·55 -·26 442 
5.15 . ....... ... . 113 82 460 67·5 +·40 - ·26 39 
5.30 ..... ....... 108 81 450 67·5 +·40 -·26 372·5 
5 .45 ...... .. .... 96 81 380 68 -·01 -· 25 224 
6.00 ............ 98 79 450 6 +·80 -· 2 221 
6.15 . ........... 113 79 500 67·5 +·35 - ·28 300 
6.30 ............ 108 77 460 67·5 +·30 -· 2 322·5 
7 .00 ............ 90 77 370 67·5 - ·01 -·26 480·5 

116 ·2 80·9 
1 

495 67·3 +·2 -·27 16, 783 · 5 net 
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SUMMARY OF OBSERVATIONS 

Date-Sept. 14, 1908. 
Commenced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-7.00 p.m. 

GENERAL. 

At McGill University. 
Duration-615 mins. 

1. Method of stoking ............................ Hand-spreading on alter~ate sid~s 
2. Kind of draft ................ . .......... .... . .... Forced-fan feedmg m ash-p1t 
3. Condition of boiler and date of last cleaning ....... . Thoroughly cleaned May, 1908 
4. Tubes cleaned .................. . ....... ............................ 7. 45 a.m. 
5. Fire cleaned ................................ . .. 7.30 a.m., 12 .30 and 5.30 p.m. 

FUEL. 

6. E:ind of coal. .. .. .... No. 48-Leitch Colliery, Leitch Collieries Ltd., Passburg, Alta. 
. . {C=70·0, H=4·4, S=0·6 

7. Analys1s of dry coal by we1ght (%). · · · · · · · · · · · · · · · · N,=l·O, 0 2 =6· l, Ash= 17 .9 
8. Calorific value of dry c:oal B.T.U. per lb ............................. ..... 12240 
9. Moisture in coal as fired (%) ..... . ............... ... ....... . ..... .. ...... 0 · 9 

10. Weight of coal fired (lbs.) ................. .. .... ... .. . . .... ........... . . 3004 
11. Combustible matter in ash and clinker (%) ........... .............. ... ... .. 16 · 2 
12. Weight of clinker (lbs.) ................. .. ................................ 412 
13. Weight of a-sh (lbs.) ........ ..... ........ .. . .......... ........ ........ .. . 95·0 

Arn AND FLUE GAS. 

14. Air pressure under fire (inches of water) ..................... ... .......... +o · 28 
15. " above fire " " . ..... ... .. ....................... -0 · 21 
16. " atdamper ................................. -0·28 
17. Amount of <lamper opening ..... . ........................................ Full 
18. Temperature of air in boiler bouse (°F.) .. . ................................ 80 · 9 
19. Flue temperature (°F .) ......... ... ...................... ... ........ ..... . 495 
20 Analysis of dry flue gas by volume (%) .. C02=7·9, 0=11·5, C0=0·4, =80·2 

WATER AND STEAM. 

21. Temperature of feed water (°F.) . . . .. .. . .. . ....... ..... . .. ... . ............ 67 · 3 
22. Total weight of feed water, corrected for difference of level (lbs.) .......... . . .. 16783 
23. Water level in gauge at start (inchcs) .. . .... .. ....... . . .. ................... 6i 
24. Water level in gauge at finish (inches) ...... . ..... . . ....... . ..... .. .... . ..... 6! 
25. Correction for difference of level included above (lbs.) .... .. ................... 20 
26. Steam pre sure by gauge (lbs. per sq. in.) ... .. ............................ 116·2 
27. Barometer reading (inches) ................. .... ... .. . ...... .. ...... . .... 30·01 
2 . Pressure in steam calorimeter by gauge (lbs. per sq. in.) . . .................... 15· 6 
29. Temperature in steam calorimeter (°F.) ................. .... .. ..... . ..... 291·2 

Notes. 
Very fine coa!, necessitating rcduction of air space from i' to t'; burnt witb but little trouble 

Asb only formed wh1ch could be passed tbrough a shaking grate. Fire kept 4' to 6' thick. Fan on 
for a short period. Air over !ire. Coal cokes considerably. Not very heavy smoke. Weatber fine and clear. 

{ 
Fixed carbon...... . . . . 55 · 1 

Proxima te analysis of coal by weight % Volatile matter ....... . 27 · O 
Ash ........ ........ .. 17 ·9 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 48. Kind of Furnace--Fixed bars, 15% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft .)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29·98. At finish-30·04. Mean-30·01. 

TOTAL QuANTITIES. 

1. Date of trial. ........................................................ 14/ 9/ 08 
2. Duration of trial (hours) ................. . ... . .. . .. . .................... 10. 25 
3. Weight of coal a.~ fired (lbs.) ................... . .. ................. ...... . 3004 
4. Percentage of moisture in coal as fired (%) ................................. 0·9 
5. Total weight of dry coal fired (lbs.) ............................ . ........... 2977 
6. Total ash and refuse (lbs.) ....... ... ............................ ....... ... 507 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 21·35: (b) weighed 17 · 0 
8. Total weight of combustible consumed, from analyses (lbs.) ... ... : ........... 2340 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) . . . 16783 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .. ........ .... ........ ...... .... 16710 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 19850 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) .............................................. 290 
13. Dry coal per square foot of grate surface per hour (lbs.) ...................... 17 · 3 
14. Water evaporated per hour corrected for quality of steam (lbs.) .............. 16W 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) . .. ...... .. ... .. .. 1936 
16. Equivalent evaporation per hour from and at 212° F. pcr square foot of water 

heating surface (lbs.) .................................. . ... ... . .... ... 3 · 03 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) .................................. . 116·Z 
18. T emperature of feed water entering boiler (deg. F.) .. . .. . ................... . 6ï • 3 
19. Temperature of escaping gases from boiler (deg. F.) ......... .. ... . .......... .. 495 
20. Pressure of draft between <lamper and ash-pit (ins. of water) .... ... . . ......... 0·55 
21. Percentage of moisture in steam ............................ .. . ............ 0 · 6 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34t) ............................ ... .. ... 56 · 1 
23. Builders' rated horse-power .. . ............ . .............................. 60 · 0 
24. Percentage of builders' rated horse-power developed ...... . .................... 94 

EcoNoMic RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9 +Item 3) ... . ....... .. ....................................... 5 ·59 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 · 61 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item Il+ Item 5) 6 · 67 
2'l. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) .............. ... .................................. 8 · 48 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U. ) ........ . ....................... 12240 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... 14900 
31. Efficiency of boiler (based on combustible consumed) (%) .. . .. .............. 55 · 0 
32. Efficiency of boiler, including grate (based on dry coal) (%) ... . . . ... ...... ... 52 · 6 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ...................... .. 29 · 9 
34. Dry flue gas per lb . of combustible con umed (from gas analyses) (lbs.) ... ..... 26 · 6 
35. Dry flue gas per lb. dry coal (from gas analyses) (lbs.) . .... ..... ... ........... 20 · 9 
36. Proportion of heat of fuel in escaping dry flue gases (%) .......... .. . .. ..... 16 · 97 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 32. 

Date-July 13, 1908. Trial Number-G.C.T. 50. 

OBSERVATIONS OF GE JERAL CONDITIONS. 

Notes. 
Fine but cloudy. B. and W. No. 1 working. Coal-lumps mixed with rather a lot of dust. 

Time. 
7.50 
7.55 
8.50 
9.10 

Fire cleaned and made up with No. 32 coal. 
Tubes blown. 
2!" well burnt through. Started trial. Coal giving off a rather dense smoke. 
Burns with a good fl.ame. Fire 4" thick. 
Fire has to be broken up every half hour to prevent coking. 
Fire seems to bmn better. Keeping fire 4" thick. 

10.00 
11. 30 
12.50 Fire cleaned. Clinker does not stick at ail, in small hard pieces, easily removed. 

3 .00 

5 .50 
6.50 
'6 .51 

Would burn well on shaking grate. 
This coal does not seem to be well mixed, the evapomtion apparently changing 

from bag to bag. 
Cleaned fires. Clinker hard but does not stick, easily removed. 159 lbs. 
Fire as at start. 
Trial stopped. 

CLINKER AND AsH. 
282! lbs. clinker. 
128! lbs. ash. 

RECORD OF COAL CO SUMED DURING BOILER TRIAL No. 50 

Weight of coal Ti me Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 
flue 

1 1 
Durinp: Total. gases. co. o. CO 

interval. 

Start 8. 50 a.m. 
9.20 ........ . . .... ... . 98 98 8.50 7-1 10·2 2·2 
9.55 .................. 197 295 9.2) 8 ·1 11 ·3 0·4 

10 .25 .. .. ..... ... .. . . .. 151 446 9.50 10·4 8 ·1 0·9 
11 .00 .............. . .. . 171 617 10.20 11·3 7- 8 0·3 
11 .30 ..... . ... ......... 129 746 10 .50 11·8 7.5 0 ·7 
12 .00 . ........•........ 136 82 11 .20 8·5 10·5 0 ·4 
12.10 ....... . ......... . 61 943 11. 50 9.7 9·6 0·4 
12 .50 .......... . . .. .. . . 84 1027 12.20 9·6 10·3 0·2 

1.05 ........ . ..... .. . . 102 1129 12.40 6·0 14·2 0·1 
1.35 .. ........ . ....... 130 1259 1.10 7.3 12·7 0· 1 
2.05 .. .. ...... .. ..... . 128 1387 1.40 9 .7 8·9 1· 0 
2.35 . . ... . ......... .. . 132 1519 2.1.0 7 ·8 12·2 0·2 
2.55 .. . . ........... .. . GO 1579 2.40 11·0 8 ·7 0·2 
3.25 . ...... ..... .... .. 200 1779 3 .10 11· 4 6-4 2·2 
3.50 ........ ... . . . .. . . 137 1916 3.40 11·0 8-2 0·4 
4.20 ....... .. ........ . 135 2051 4.10 12·3 7·1 0·3 
4.55 . ... ...... ....... . 159 2210 4.40 8 ·8 8-9 2·5 
5. 25 ........... .. ..... 106 2316 5.10 8·9 10·3 0·5 
5.50 ... . ... . . . . .. ..... 31 2347 5.40 7.5 12·6 0·2 
6.20 .................. 1 5 2532 6 .10 5.9 13 ·9 0·2 
t}. 50 . .... . ... . . ..... . . 133 2665 6.25 7· 8 11·8 0 ·2 

9 ·1 
1 

10 · l 
1 

0·6 
-
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OBSERVATIONS MADE DUR! G BOILER TRIAL No. 50 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.50 ...... . ..... 111 86 510 71 - · 02 -·26 ..... . ...... 
9 .05 .. .. . ...... . 110 85 510 71 -·02 - ·26 480 
9.20 . .. .. . .... . . 102 5 475 71 - ·02 -·26 464 
9 . 35 ....... . .... 111 87 500 71 -·02 -· 26 383 
9 . 50 . . ... . ..... . 106 87 520 71 -·02 -· 27 442 

10.05 ........... . 104 87 550 71 - ·02 - ·28 455 
10 .20 ......... ... 109 87 565 71 - ·02 -· 28 431·5 
10 .35 .. . ... . ..... 108 87 570 71 -·02 - ·28 465 
10.50 ... . .... . ... 114 88 590 71 -·02 - ·30 425·5 
11. 05 ............ 118 88 560 71 -·02 -·30 473.5 
11. 20 ... .... ..... 113 88 520 71 - ·02 - ·30 522·5 
11 . 35 ... . .... .... 106 87 560 71 - ·02 -·30 438·5 
11 .50 ....... ..... 115 86 530 71 -·02 -· 26 425·5 
12.05 .... . . . ..... 116 85 525 71 - ·02 - ·28 374 
12.20 .... . . . .. .. . 115 85 520 71 -·02 - ·28 445 
12 .35 ........... . 123 85 520 71 - ·02 - ·26 391 
12 .50 ...... . ..... 118 85 490 71 - ·02 - ·26 373.5 

1. 05 ...... . ..... 122 86 470 71·5 -·02 - · 24 101·5 
1 .20 ............ 118 87 500 71·5 -· 02 -·24 3 0 
1 .35 .. . ......... 123 87 510 71 ·5 -·02 -·25 370 
1 .50 ... ... ... . .. 123 87 520 71·5 -·02 - ·24 412·5 
2.05 ............ 122 _ 87 510 71·5 -·02 -·24 462 
2.20 ........ . . . . 123 87 530 71 .5 -·02 -·25 364 
2 .35 ...... .. . . .. 120 88 550 71.5 -· 02 -·30 35 ·5 
2.50 .. .. .. ..... . 120 9 600 72 - ·02 -·30 510 
3.05 ............ 122 89 650 72 -·02 -·32 513·5 
3.20 .... ... ..... 118 88 630 72 -·02 -·32 553 
3.35 ........ . .. . 121 89 620 72 -·02 - ·30 433.5 
3 .50 ............ 123 88 600 72 ·5 -·02 - ·30 542 
4.05 .... . ....... 119 8 610 72·5 -·02 - ·30 523 
4.20 .... . ....... 123 87 630 72 ·5 -·02 - ·30 5 0·5 
4 . 35 .. . . . ... .. . . 118 89 575 72 ·5 -·02 - ·2 4 3 
4.50 ............ 123 87 595 72·5 -·02 -·30 4 4 
5.05 ...... ... ... 123 87 570 72·5 -·02 -·30 514 
5.20 .. ... . . .. ... 119 87 550 72.5 - ·02 -·28 445 
5.35 ... ........ . ll(j 87 575 72·5 -·02 -·30 3 5 
5.50 ............ 111 88 510 73 -·02 - ·30 402 
6.05 .. .. . .. . . ... 90 88 560 73 -·02 -·30 331·5 
6 .20 ............ 107 87 600 73 -·02 -·30 225·5 
6 .35 ............ 123 85 550 73 -·02 - ·30 394 
6.51. .... . .. . ... 120 5 590 73 -·02 -·30 413·5 

115·7 7·0 552 71·7 -·02 - · 28 17,171 net 
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SUMMARY OF OBSERVATIONS 

Date-July 13, 1908. 
Commenced-8.50 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.51 p.m. 

GENERAL. 

At McGill University. 
Duration-601 mins. 

1. Method of stoking . . . . . ..... . ...... . ... . .. .... Hand-spreading on alternate sides 
2. Kind of <:lraf t .. . .. . ... ... . .. .. . .. . . . . . .. ...... ... .. ........ .. .. ..... . . N atural 
3. Condition of boiler and date of last cleaning .. ...... Thoroughly cleaned May, 1908 
4. Tubes cleaned . . . . .. .. . .. . ... .. . . . .. .. . . ... . ....... ... . . . .. ... .. .. .. 7. 55 a.m. 
5. Fire cleaned .... . . .. . .. ...... . . . . . . . ...... . .... 7 .50 a.m., 12.50 and 5 .50 p.m. 

FUEL. 

6. llind of coal.. . ... . No. 32-Hillcrest Colliery, Alberta, Hillcrest Coal and Coke Co. 
. {C=70·4 H=4·2 S=0·6 

7. Analysis of dry coal by we1ght (%) .. . . . ... .. ..... . No=l·0;0, =8 ·5, Ash=15·3 
8. Calorific value of dry coal B.T.U. per lb .. . .... . .... . ..... . .... . ........ . . 12460 
9. Moisture in coal as fired (%) .. . . .......... . . . .. . .. . . .. .. .. . .. .... . ........ 0·8 

10. Weight of coal fi.red (lbs.) . . .... . . ........... . ..... . . .. .. . ..... .. ......... 2665 
11. Combustible matter in ash and clinker (%) .. . ... . . .. ..... . .. . .. .. . .. .. . ... . 13 · 9 
12. Weight of clinker (lbs.) . . ..... . ........ . ..... . . . . . . .. .. . . . . . ... ..... .. .... 282 
13. Weight of ash (lbs.) . . . . . ..... . . . . . ... . ... . . . . . ... .. ... ... ....... . ........ 128 

Am AND FLUE GAs . 

14. Air pressure under fi.re (inches of water) ... . ..... .. . . .. . ........... . .. .. .. -0 · 02 
15. " above fire " " .. ....... .. . ... . ... . .............. -0 ·21 
16. atdamper . .. . . .... . ... . . .. .. . ... . ......... -0 · 28 
17. Amount of <lamper opening .......... . . . ........ . ........... . ..... .. ..... Full 
18. Temperature of air in boiler house (°F. ) ... . .. . .. . . .. . . .................... . . 87 · 
19. Flue temperature (°F .) ..... . ...... . . .. ... . ... . ... . . .. .................... 552 
20. Analysis of dry flue gas by volume (%) . .. C0, =9 · 1, 0 , =10·1, C0=0·6, N= 80 · 2 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

W ATE R AND ST EAM . 

Temperature of feed water (°F .) ......... ... ....... . .. . .... . . . .. .. ........ 71 . 7 
Total weight offeed water (lbs.), corrected for difference of level. ......... . ... 17171 
Water level in gauge at start (inches) .............. .... .. . .. . .... . ..... . ... 4i " 
Water l.evel ~ g;au~e at fi nish Cii;iches) ... .. . . ....... . .. . . .. ... . ...... . .... .4lu-" 
Correction for diffe1ence of level mcluded above (lbs.) .. . ..... . ....... . ..... - 10 
Steam pressure by gauge (lbs. per sq. in.) . . .......... . ........... . .. . . . ... 115 . 7 
Barometer reading (inches) ....... . ... . .......... . ..... . ........ .. ....... 29 . 59 
Pres ure in steam calorimeter by gauge (lbs. per sq. in. ) ....... . . . . . ........ . . 15 · 8 
Temperature in steam calori meter (°F .) .............. . ........ . .......... 291· 8 

Notes. 
. This con! c~ntains mu.ch dust. It burns with rather a heavy smoke. A 4 • fire seemed to be the most 

smtablc. The chnk~r cons1sted of small and very bard lumps. I t did not cHng to the bars. Could be uscd to 
advantage on a shaking grate. The coal cokes a goo<l deal necessitating it bcing broken up with a rnke abou t 
every ha!I hour. Weather fine but cloudy . 

{ 
Fixed corhon. . . . . . . . . . 55 · 4 

P roximate analysis of coal by weight 3 Volati)e matter ... . ... . 29 · 3 
Ash . ...... . .......... 15·3 

• 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Deterrnine quality of Coal. 
IGnd of Fuel- o. 32. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639 

Superheating Surface (sq. ft .)-Nil. 
Barometer at start-29 · 63. At finish-29 · 55. Mean-29. 59. 

TOTAL QUANTITIES. 
Date C?f trial. ........ . ................... . ............................ 13/ 7 /08 
Durat10n of tnal (hours) ................................. . ............. . 10. 02 
Weight of coal as fired (lbs.) ......... · ..................................... 2665 
Percentage of moisture in coal as fired ( %) ..................... .... . . ...... O. 
Total wcight of dry coal fired (lbs.) ........................................ 2644 
Total ash and refuse (lbs.) ................................................ 411 
Percentai>e of ash and refuse in dry coal (%) (a) from analyses 17 · 77; (b) weighed.15· 5 
Total we1ght of combustible consumed, from analyses (lbs.) . .. ...... . .. ... ... 2173 
Total weight of water fed to the boiler, corrected for difference of level (lbs. ) ... 17171 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) .. . .. ...... . ...... ... ..... . .... . 17100 
Equivalent water evaporated into dry steam from and at 212° F . (lbs.) ...... 20330 

HounLY QuANTrTrEs. 

Dry coal fired per hour (lbs.) ............... .. .. ....... . ...... .. .. . ........ 264 
Dry coal per square foot of grate swface per hour (lbs.) .................. . ... 15. 7 
Water evaporated per hour eorrected for quality of steam (lbs.) .............. 1705 
Equivalent evaporation per hour from and at 212° F. (lbs.) ... .... ..... .. .... 2029 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .................................. .. ............. 3 -18 

A VERA.GE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. 1."?q. in.) . . . . . ............................. . 115 · 7 
Temperature of feed water enteung bmler (deg. F.) . . .. . ..................... 71·7 
Temperature of escaping gases from boiler (deg. F.) .......................... . 552 
Pressure of draft between <lamper and ash-pit (ins. of water) .... . .. ........... O· 26 
Percentage of moisture ih steam .............................. ....... . ..... 0 · 5 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .................................... 58 · 
Builders' rated horse-power . .. .......................... .. ............... 60 · 0 
Percentage of builders' rated horse-power developed . ............. . .. .. ...... 9 · 2 

ECONOMIC RESULTS. 

·25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item!) +Item 3) ....... . ......................... . .......... . . .. .... 6 · 43 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 63 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 69 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11+Item8) ................................................... !)-36 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) .. . ..... ...... .................. 12460 
30. Calorific value of the combustible per lb. (B.T.U.) ...................... ... . 14720 
31. Efficiency of boiler (based on combustible consumed) (%) ... .. ........ ...... 61 ·4 
3 2. Efficiency of boiler, including grate (based on dry coal) (%) ......... ......... 59 · 6 

FLUE CASES. 

33. Dry flue gas per lb. carbon (from gn.s analyses) (lbs.) ............ . ........... 25 · 6 
34. " " of combustible consumed (from ga analyrns) (lbs.) ........ 21·9 
35. " " dry coal (from gas analyses) (lbs.) ............. . .......... 18 · 0 
36. Proportion of heat of fuel in escaping dry flue gases (%) ..... ... .. ......... .. 16·6 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 232. 

Date-July 15, 1908. Trial Number-G.C.T. 51. 

OBSERVATIOKS OF GENERAL CONDITIONS. 

Notes. 
No. 1 B. and W. boiler working. Day fine but cloudy. Coal seems very moist. 

Ti me. 
7.30 
7.45 
8.35 

Fire cleaned and made up with No. 232 coal. Pressure, 90 lbs. 
Tubes blown. 
Trial started. Fire 2" thick, not very much burnt through. 

Coal very small, necessitating a somewhat thinner fire than for unwashed. 
Flame of medium length. Fair amount of brown smoke. 

Fi.re kept about 3" thick, cakes slightly, though notas muchas unwashed coal. 
Fire cleaned. Clinker very hard, but does not stick to bars and easily broken up. 
Fire cleaned. Clinker hard but easily removed. This coal would do well on a 

10.00 
12.30 
5.30 

6.35 
shaking grate. 

Fire as at start. 97 lbs. ash taken from under bars. Whitish looking ash. Trial 
ended. Fire as at begining. 

CLIN1IBR AND AsH. 

156 lbs. clinker. 
97 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 51 

Time. 

Start 8. 35 a.m. 
9 .00 .. .. ... .... ... . . .. 
9 .33 .. ......... .... . .. 
9 .55 ..... ..... ........ 

10 .25 . . . .... .. ......... 
11 .00 .. . ...... . . . .... .. 
11 .30 ........... . . ..... 
12 .00 . ..... . . . ... .... . . 
12.20 . .. ... . .. . ........ 
12 . 30 . ... . .. . .. . .. .. .. . 
1.00 .......... . . ... ... 
1. 30 .......... . ....... 
2.00 . .... . . . ..... .... . 
2.30 ...... . . . . . .. .. ... 
3.00 .......... . .. . .... 
3.30 . .. . .. . ...... . .. . . 
3 .40 . . .. . . .... ..... .. . 
4. l lJ ...... . . ..... .. ... 
4.40 . . . . ...... .. . . .. . . 
5.10 .................. 
5.20 ............... ... 
5.50 ............... .. . 
6.20 ........... . . ..... 
6.25 . . ..... . . . ........ 
6.35 ..... .. . ..... . .. . . 

Weight of coal 
fired. 

Ti me 
of 

Composition of flue gase.:i 
by volume, pcr cent. 

-------,----I sampling l---~--~---

1 

flue 
Du ring Total. gases. 

interval. 
co. o. CO 

171 171 8 .35 8·8 10·0 1·2 
145 316 9.05 9·0 9.5 0·8 
144 460 9 .35 10 ·0 9.7 0·3 
148 608 10 .05 10·4 7·6 1·5 
170 778 10 .35 9.9 9·6 0·2 

!)8 876 11.05 11·9 7·1 l·O 
147 1023 11 .35 11 ·0 8 ·4 0·2 
56 1079 12.05 10·4 7· 8 1·4 
10 1089 12.35 7.4 11 ·4 0·8 

144 1233 1. 05 7.5 10· l 0·8 
165 1398 1. 35 8·4 11 ·0 0·3 
130 1528 2.05 10·1 7.5 2 ·3 
145 1673 2.35 8 ·2 11·4 0·5 
11 1791 3. 05 9 ·8 9·8 0·5 
141 1932 3.35 7 .5 12· 8 O·O 
39 1971 4.05 11 ·4 ·O 0 ·3 

158 2129 4.35 10 ·2 9.3 0 ·5 
150 2279 5 .05 8 ·7 10·7 0·5 

\)() 23ï5 5.35 6· 4 14·1 O·O 
34 2409 6.00 8 ·0 11·7 0 ·4 

11 6 2525 6. 15 8 ·2 \l·5 1·7 
145 2670 

1 

36 2706 9.2 9.9 0·7 
16 27'22 
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OBSERVATIONS MADE DURI G BOILER TRIAL No. 51 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At intervaJ. 
per Boiler gases at Feed In cntrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.35 ............ 123 81 490 70 - ·02 -·30 ............ 
8 .50 ............ 113 80 480 70 -·02 -·30 425 
9.05 ............ 121 80 500 70 -·02 -·30 485 
9.20 ........ . ... 122 81 560 70·5 -·02 -·32 386·5 
!l.35 ....... ... .. 123 80 600 70·5 -·02 -·32 462 
9.50 ..... ... . .. . 123 81 600 70·5 - ·02 -·32 521·5 

10 .05 ... . .... . ... 120 81 590 70·5 -·02 -·32 464·5 
10.20 ...... ... ... 115 83 560 71 -·02 -·32 453 
10.35 ............ 120 85 585 71 -·02 -·32 480·5 
10.50 ..... .. . ... ·. 118 82 550 71 -·02 -·30 406·5 
11 . 05 ...... . ..... 105 83 620 71 -·02 -·30 490 
11.20 . . .......... 115 83 620 70·5 -·02 -·32 490 
11.35 ............ 122 84 580 70·5 -·02 -·32 453 
11.50 ......... . .. 122 83 620 70·5 -·02 -·32 469·5 
12.05 ....... . .... 110 83 595 71 -·02 -·30 544 
12.20 ............ 115 81 575 71 -·02 -·30 475.5 
12.35 ............ 121 85 475 70·5 -·02 -·28 256 
12.50 ............ 123 81 530 70·5 -·02 -·30 186 
1.05 ...... . .. ... 123 81 550 71 -·02 -·30 490 
1.20 . . . ... . ..... 123 81 590 71 -·02 -·30 412 
1. 35 . ........... 123 82 560 71 -·02 -·30 573 
1.50 ............ 120 84 555 71·5 -·02 -·30 420 
2.05 ............ 122 85 600 71·5 -·02 -·32 531 
2.20 ............ 121 84 600 71.5 -·02 -·30 511 
2.35 ... .. ...... . 120 87 600 71.5 -·02 -·30 521·5 
2.50 .. ......... . 116 84 610 71.5 -·02 -·30 413 
3.05 . .... . ...... 114 83 595 71·5 -·02 -·30 446 
3.20 . . .......... 122 3 580 71·5 -·02 -·30 451·5 
3.35 ............ 115 83 555 71·5 -·02 -·30 492·5 
3 . 50 ...... ...... 110 4 555 72 -·02 -·32 402·5 
4.05 ..... .. ..... 107 84 610 72 -·02 -·32 444.5 
4.20 ...... .. ... . 123 83 570 72 -·02 -·32 346 
4.35 .. ..... . .... 123 82 620 72 -·02 -·32 494.5 
4.50 ..... .. ..... 123 82 650 71·5 -·02 - ·36 422 
5.05 ......... . . . 123 80 630 71 ·5 -·02 -·32 560 
5.20 ...... .. .... 122 79 650 71·5 - ·02 - ·32 456 
5.35 .... ... ..... 110 83 490 71·5 -·02 -·25 441 
5.50 .. .... ...... 122 0 590 71·5 -·02 -·32 353 
6.05 ..... . ...... 123 79 585 71·5 - ·02 -·30 393.5 
G.20 .. . ......... 10 79 600 71.5 - · 02 -·30 514 
6.35 ........... . 123 79 640 71·5 -·02 -·32 323·5 

118· 7 82 578 
1 

71·1 -·02 -·31 17, 60·5 net 
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SUMMARY OF OBSERVATIONS 

Date-July 15, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

I. Method of stoking ................... . ......... Hand-spreading on alternate sides 
2. Kind of draft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . atural 
3. Condition of boiler and date of last cleaning . . ... . .. Thoroughly cleaned May, 1908 
4. Tubes cleaned .............. . .... ... . .. ..... . ...... ... ........ ..... . 7 . 45 a.m. 
5. Fire cleaned ... ... .. . .. ....... . ... . ......... .. .. 7.30 a.m., 12.30 and 5.30 p.m. 

FuEL. 

. fNo. 232 washed-Hillcrest Colliery, 
6. Kind of coal. · · · · · · · · · · · · · · · .... · · · · · · · · · · · · · tAlberta, Hillcrest Coal & Coke Co. 

· d lb · h (01) {C=77·0, H=4·7, S=0·5, 7. Analys1sof rycoa ywe1g t 10 . . · ·· · · ·· ·•·· · ·•• · N, =l·l,0.=6·9,Ash=9·8 
8. Calorific value of dry coal B.T.U. per lb ..... ... .............. . . ... ... . ... 13410 
9. Moisture in coal as fi.red ( %) .............................................. 3 · 8 

10. Weight of coal fi.red (lbs.) ... .. .. . . . .. .... ..... . ..... . .......... ... ....... 2722 
B. Combustible matter in ash and clinker (%) ................................ . 19 · 9 
12. Weight of clinker (lbs.) .. ...... ... .. .. .. ......... . ........................ 156 
13. Weight of ash (lbs.) ................... .. ... . ..... . . .. . . .. ................. 97 

Arn AND FLUE GAs. 

14. Air pressure under fi.re (inches of water) . ............. . . . ... ........ . . . . . . -0 · 02 
15. " abovefire " " ...... .. .. ........ ......... . ...... -0·21 
16. at <lamper " " .. .. . . .. . .... . .... ... ... . ... . . . .. -0 · 31 
17. A.mount of <lamper opening ....................... . .... ..... . . ... . ..... . . Full 
18. Temperature of air in boiler house (°F.) ... . .... .... ............. ... . . ........ 82 
19. Flue temperature (°F.) ................ . . .. .. ... . ......... .. ............. . 578 
20. Analysis of dry flue gas by volume(%) .... C0 2=!l ·2, 0,=9·9, C0=0·7, N=80·2 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ............... . ................. . ....... . 71·1 
22. Total weight of feed water, corrected for difference of level (lbs.) . . . .. .. .. . .... 17860 
23. Water level in gauge at start (inches) ............... . . .. ........ .. . . . . ..... 4 fi 
24. Water level in gauge at finish (inches) ... ... . . ...... .... . .................. .4 ll 
25. Correction for difference of level included above (lbs.) ..... . . ... .... ......... +20 
26. Steam pressure by gauge (lbs. per sq. in.) ...................... . ....... . .. 118. 7 
27. Barometer reading (inch es) . . ..... . .... . .... . . .. ..................... . ... 29. 60 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in .) ..... ...... ... .. .. .... 15. 9 
29. Temperature in steam calorimeter (°F.) ........ .. . .. ... . ... . ............. 292. 5 

Notes. 
This coal givcs off a fair amount of smoke. D oes not coke so mucb as unwashed coal. Clinker very 

bard and does not stick to bars. Would be good coal fo r a sbaking grate. Weatber fine but clou<ly. 
( Fixed carbon . . ... . .... 60 · 4 

Proicimate analysis of dry coal by weigbt % l Volatile matter ... ... .. 29 · 8 
lAsh .................. 9 · 8 
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SUMMARY OF RESULTS 

Made on B. and W. ro. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
K.ind of Fuel-No. 232. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft .)-16·79. Water H eating Surface (sq. ft.)-639 . 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 60. At finish-29 · 60. Mean-29. 60. 

TOTAL QUANTITIES. 

Date of trial .... .. .......... . ........... ......... .... ...... .......... 15/ 7 /08 
Duration of trial (hours) ......... . .......... .. . . ...... ... ........ ... .... 10. OO 
Weight of coal as fired (lbs.) ............. ... .............................. 2722 
Percentage of moisture in coal as fired ..................................... 3. 8 
Total weight of dry coal fired (lb .) ....... . ................ ... ............. 261 
Total ash and refuse (lbs.) ............................. . ................... 253 
Percentage of ash and refuse in dry coal (%) (a) from analyses 12· 2; (b) weighed 9 · 6± 
Total weight of combustible consumed, from analyses (lbs.) .......... .. _ ..... 2299 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 17 60 
Water actually evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ................. .. ............. 17780 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . .. . . . 21140 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ... ................................... ...... .. 262 
Dry coal per square foot of grate surface per hour (lbs.) ...................... 15·6 
Water evaporated per hour corrected for quality of steam (lbs.) .............. 1778 
Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2ll4 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs. ) ...... ...... ..... ...... . . ...................... . . 3•31 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / .sq. in.) ................................... 118 · 7 
Temperature of feed water entermg boiler (deg. F.) ... .. . .. . ... ... ........... 71 · l 
Temperature of escaping gases from boiler (deg. F.) ........................... 57 
Pressure of draft between <lamper and ash-pit (ins. of water) ........... .. ..... O· ,9 
Percentage of moisture in steam ....................................... . .. 0 · 60 

HORSE-POWER. 

Horse-power developed (Item 15+34!) ............. . ....... .. ............. 61·3 
Builders' rated horse-power . ....... . ......................... . . ......... . . . 60 
Percentage of builders' rated horse-power developed .......................... 102 

EcoNOMIC REsULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item9+Item3) ........................... . ................ . ....... 6·56 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 ·77 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8 · 06 
2S. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item ll+Item 8) ......................................... . .... . . . .. 9·18 

EFFICIENCY. 

23. Calorific value of dry coal per lb. (B.T.U.) ........... .. ...... . .... . ... . .. . 13410 
30. Calorific value of the combustible per lb. (B.T.U.) ... .. . . ................ . .. 14 0 
31. Efficiencv of boiler (based on combustible con umed ) (% ) .... .. ............. 59·6 
32. Efficiency of boiler, including grate (based on dry coal) (%) ....... . . . . . . . . . . . 58·0 

FLUE G . .\S. 

33. Dry flue gas per lb. carbon (from gas analy es) (lbs.) . ........... .. ... . .. . .. 25 · 1 
34. " " of combustible con~umed (from ga analyse ) (lbs.) . ... ... 22 · 0 
35. " " dry coal (from ga analyses) (lbs. ) ... ................ .. .. 19 · 3 
3'i. Proportion of heat of fuel in escaping dry flue gases (%) . . ... .. ............. 17·13 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 33. 

Date-July 20, 1908. Trial Number-G.C.T. 53. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
B. and W. No. 1 boiler working. Weather clear and fairly warm. 

Time. 
8.04 Fire cleaned and made up with coal No. 33. Pressure, 85 lbs. 
8. 20 Tubes blown. 
9 .10 Trial started. Fire 2", well burnt through 
9 .40 Coal cokes a good deal. Building lire up to 4" to 511

• 

] 0. 25 Forccd draught used under grate bars. 
JO .45 Fire built up to 7" to 8'. Coal does not cake so much when lire is forced. Smoke 

rather dense and black. 
1. 10 Fire cleaned. 140 lbs. of clinker removed in shape of small soft pieces, which were 

not sticking to bars and had not fused together. A shaking grate would be 
very suitable for this coal. 

2. OO Fire kept 8' to 9' thick. Forced draught on as before. 
6.10 Fire cleaned. Mostly "dirt" taken out, nothing sticking to bars. Smoke much less 

since forced draught has been used. 
7. 10 Finished trial. Fire as at start. 

CLINKER AND AsH. 

305 lbs. clinker. 
89 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 53 

Wcight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 

Durinit Total. gases. cc, o. CO 
intPrvol. 

Start 9. 10 a.m. 
9.20 ... . . .. . .......... 91 91 9.10 7·6 10·3 1·3 
9.50 .................. 172 263 9.40 7.4 12·1 0·1 

10 .20 . .. . . .... ........ . 130 393 10.10 8·1 9·0 2·0 
10 .35 ........... . .. .... 113 506 10.40 10·4 8·9 O·O 
11.05 ....... .. ......... 200 706 11 .10 10·4 7·2 1 · 7 
11 .35 ............... . .. 167 873 11 .40 9 . 3 10·4 0· 1 
12 .05 ... .. ...... .. . .... 49 922 12.10 7·1 13·0 0·2 
12 . 35 . ... .. ........... . 134 1056 12 .40 9·6 8·8 0·6 
12.45 .. .. . ... .. . . ...... 59 1115 1.00 7·2 12·8 0·5 

1. 20 . . ... ...... ....... 80 1195 1.30 6·3 13·5 0·3 
1.45 ....... .... ....... ·112 1307 2.00 5·8 13·1 0·4 
2 . 10 ..... . ...... .. .... 203 1.510 2 .30 12·8 5.3 0·8 
2 .40 .. . .. .. ..... . ..... 225 1735 3.00 9 ·0 10· 2 0 · 3 
3 . 10 ............. ..... 75 1810 3 .30 12 ·0 7.5 0·3 
3.40 ... . .... . ... . .. ... 94 1004 4 .00 8·9 9.4 l · 2 
4.10 ............. . .... 238 2142 4.30 9.3 10·7 0·3 
4.40 .............. .... 52 2194 5 .00 12 ·4 5.7 1·7 
5 .00 ........ . ..... . . . . 84 2278 5 .30 5.,5 14·7 0·2 
5.30 ........ .......... 69 2347 6.00 8·6 10·8 0 ·4 
6.00 . . .......... . ... . . 110 2457 6.20 8· 1 10·2 0 · 2 
6.30 ....... . .... ...... 189 2646 6.40 10·0 9 · 0 0·3 
7 . 10 . .... . ....... ..... 165 2 11 

8·9 10·1 0·6 
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OBSERVATIONS MADE DUR ING BOILER TRIAL No. 53 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F . water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

9.10 ... . ... ..... 123 82 500 70·5 -· 02 - ·30 ............ 
9 .25 ........... . 120 82 525 70·5 -·02 -·30 3 0 
9.40 ... . ........ 117 82 510 70·5 - ·02 -·30 393 
9.55 ............ 122 82 520 70 - ·02 -·30 385 

10.10 . ........... 122 81 560 70 -·02 - ·30 381 
10 . 25 ..... . . .... . 120 82 600 70 -·02 -·28 320 
10 .40 ... ......... 117 83 640 70 O·O -·2 483 
10 . 55 .. . ......... 120 83 620 70 +·10 -·25 492 
11.10 ............ 114 83 600 70 +·10 -·25 429 
11.25 ............ 120 83 610 70 +·10 -·25 484·5 
11.40 ..... .. ..... 115 83 570 70 +·02 - · 24 470 
11.55 ........... . 122 86 625 70 +·15 - ·25 502·5 
12 . 10 .... .. . ..... 121 86 5 5 70 +·05 - ·24 476 
12. 25 . . ....... -·. 121 85 650 70 + ·08 -·22 431 
12 .40 . .. . .. . ... .. 113 83 625 70 +·15 -·20 570 
12.55 ....... . ... . 113 83 640 70 +·12 -·20 541 
1 . 10 . ...... ..... 118 83 500 70 +·10 -·20 441·5 
1. 25 ..... ...... . 118 85 500 70 -·02 -·20 154 
1.40 ...... .... . . 119 83 540 70 + · 15 -·20 253·5 
1 . 55 . . . .. . .. . .. . 123 82 530 70 +·05 - · 20 389·5 
2 . 10 ..... ... .... 118 82 475 70 +·02 -·20 352·5 
2 . 25 . .. ..... . . .. 107 82 500 70 +·02 -·20 330 
2 . 40 . . . . .. .. . .. . 123 83 650 70 + · 50 -·20 470 
2.55 ... . ........ 123 85 630 69·5 +·30 -·20 512·5 
3 . 10 .... .... .... 113 85 625 69·5 + · 25 -·22 500·5 
3 .25 . .... .... ... 108 83 730 69·5 +·25 -·22 482 
3.40 .. . ......... 123 83 6 0 69·5 +·20 - ·22 589·5 
3 .55 ..... ... . ... 123 83 630 69·5 +·30 - '- 22 632·5 
4.10 ............ 113 83 600 69·5 +·22 -·22 550 
4.25 ....... . . . .. 114 3 680 69·5 +·12 -·22 441 
4.40 ..... . ..... . 106 83 610 69 ·5 +·12 -·22 521·5 
4.55 ............ 106 82 5 0 69·5 +·12 -·22 421 
5.10 . ...... ..... 123 83 710 69·5 +·22 -·22 434 
5.25 ............ 121 3 630 69·5 +·24 -·22 521 ·5 
5.40 .... . ..... .. 122 3 620 69·5 +·30 -·22 412 
5.55 . . . .. .... ... 113 82 5 0 69·5 +-35 -·22 441 
6.10 ... ....... .. 102 85 460 69·5 O·O -·20 391·5 
6.25 ..... . .... . . 105 80 610 69 ·5 +·25 - ·22 262 
6.40 . . . ......... 123 81 700 69 ·5 +-15 -·22 358·5 
6 . 55 .... . .. . . .. . 123 80 670 69·5 +·15 -·22 518 
7 . 10 ............ 112 80 600 69·5 O·O -·22 438 

117 ·0 82·8 596 69·8 +·12 -·23 17,556 net 
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SUMMARY OF OBSERVATIONS 

Date--July 20, 1908. 
Commenced-9.10 a.m. 

Boiler-B. and W. No. 2. 
Ended-7.10 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ............ . ... ...... .. . ... Hand-spreading on alterna te si des 
2. Kind of draft .. . .............. .. . . ...... ......... . ..................... Forced 
3. Condition of boiler and date of last cleaning ...... .. Thoroughly cleaned May, 1908 
4. Tubes cleaned . .. ............... . ........... .. ..... . ................ 8 . 20 a .m. 
5. Fire cleaned .............. . .. ..... . . . ........... 8. 04 a.m., 1 . 10 and 6 .10 p.m. 

FuEL. 
. {No. 33-No. 1 Seam, Bellevue Colliery, 

6. Kmd of coal · · · · · · · · · · · · · · · · · · · · · · · · · · · · West Canadian Collieries, Blairmore. 

{
C =71·5 H=4·3 S=0·8 

7. Analysis of dry coal byweight (%) ..... · · · · · · · · · · · · N.=1·0; 0 2 =6·9, Àsh=15·5 
8. Calorific value of dry coal B.T.U. per lb ... . ...... . ....................... 12380 
9. Moisture in coal as fired (%) .......... . .... . . . . . ......... . . ... ........ .... 0·8 

10. Weight of coal fired (lbs.) ............. . ....... ........................... 2811 
11. Combustible matter in ash and clinker (%) ... ........ .... .. ... .. ........... 17 · 7 
12. Weight of clinker (lbs.) ..... . ..... . ... . ...... ..... . ... . ................... 805 
13. Weight of ash (lbs.) .... .. .... . . . ... .................. .... '. . . . ..... ........ 89 

Arn AND FLUE GAS. 

14. Air pressure under fire (inches of water) .......... . . .. .... . ... . ...... .. .... + · 12 
15. " above fire " " ........... .. .. .- ... . .. ... ... ....... - · 19 
16. at <lamper " ....... ........... ......... ... .. .. - · 23 
17. Amount of <lamper opening ... . ................ . ......................... Full 
18. Temperature of air in boiler house (°F.) . ........ . .......................... 82 · 8 
19. Flue temperature (°F.) . ..... . . . .... ... ............ .. .. .. . . ..... ....... ... 596 
20. Analysis of dry flue gas by volume (%) .. C02=8·9, 0,=10·1, C0=0·6, N=80·4 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ....... ... .................... ....... ... . . 69 · 8 
22. Total weight of feed water corrected for difference of level (lbs.) ........ . ..... 17556 
23. Water level in gauge at start (inches) ...................................... 4U 
24. Water lcvel in gauge at finish (inch es) ............. . ............ . . . .. . . . .... 4n 
25. Correction for difference of level included above (lbs.) ..... . . .... ....... ..... +60 
26. Steam pressure by gaugc (lbs. per sq. in. ) ................................. 117 · 0 
27. Barometer reading (inches) .. . . . ................ . . ... . . ...... .......... . . 29 · 90 
2 . Pre sure in steam calorimeter by gauge (lbs. per sq. in.) ... . . ...... ..... . ..... 15 · 5 
29. Temperature in steam calorimeter (°F.) ................................ . . 291·7 

Notes. 
Coal very variable, having much refuse and smalt stuff in it. Smoke at first dense and black, la ter, 

however, with forced dra~ht not so bad . Coal coked considerably at first. Clinker was composed of small 
soft p1eces, wh1ch were eas1ly removed. This coal would be suitable for a shaking grate. Weather clear and 
fairly warm. 

{
Fixed carbon ...... . ... 56' 9 

Proxima te annlysis of dry coal by weight % x~~atil~ "'.~~t.e~:::::::: ~~: ~ 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
2 . 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

224 

SUMMARY OF RESULTS 

Made on B . and W . No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 33. IGnd of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping T est-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft. )-639. 

Superheating Surface (sq. ft. )- il. 
Barometer at start-29 · 89. At finish-29 · 90. Mean-29. 90. 

TOTAL QUANTITIES. 

Date of trial. ..... . ..... . ............................. . .... . . . . . ..... 20 / 7 / 0 
Duration of trial (hours) ... . .. ....... . ................................... 10. O 
Weight of coal as fired (lbs.) .. . .. .. ........ . ...... ... ............... . ..... 2 11 
P ercentage of moisture in coal as fired ( %) .. . ..... . ........ . .. . .. . ... . ... .. O. 8 
T otal weight of dry coal fired (lbs.) . .. ... .............. .. .............. . ... 27 9 
Total ash and refuse (lbs.) .... .. ... . ....... . .................... . ......... 394 
Percentage of ash and refuse in dry coal (%) (a) from analyses 18 ·83; (b) weighEd .14· 1 
T otal weight of combustible consumcd, from analyses (lbs.) . ... .............. 2264 
T otal weight of water fed to the boiler corrected for difference of level (lbs.) ... 17556 
Equivalent water evaporated into dry steam from actual feed water 

t emperature and boiler pressure (lbs.) .. . . . ...... ........... .......... 17480 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ... .. .. 2C820 

H oURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ......... ....... ...... ........ . ... .. ....... ... 279 
Dry coal per square foot of grate surface per hour (lbs.) ........ . ............. 16 · 6 
Water evaporated per hour corrected for quality of steam (lbs.) ..... ......... 1748 
Equivalent evaporation per hour from and at 212° F. (lbs.) ....... . .. . . .. .... 2083 
Equivalent evaporation per hour from and at 212° F. per square foot of water . 

heating surface (lbs.) .... . ......... . .... '. ........................... .. 2 • 26 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. 1/ sq. in.) .................................. 117 · 0 
Tempe.rature of feed water entering boiler (deg. F.) ... . ...... . ........... . ... 6!) · 8 
T emperatw·e of escaping gases from boiler (deg. F.) ................... . ....... 596 
Pressure of draft between damper and ash-pit (ins. of water) .... . . . .... . ...... 0·35 
Percentage of moisture in steam ........ ... . . ... . .......................... 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15 + 34~) . . ........ ......... . .......... .. .... 60 · 3 
Builders' rated horse-power ......... . ....... .. . . .......... . .. ... .. . ...... . . 60 
Percentage of builders' rated horse-power developed ........................ 100 · 5 

EcoNOMIC RESULTS. 

Water apparently evaporated under actual conditions per lb . coal as fired 
(Item 9 +Item 3) ........... . . . . . ............ . ............... . ....... 6 · 25 

Equivalent evaporation from and at 212° F. per lb . coal as fired (Item 11 +Item 3) 7 · 41 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 48 
Equivalent evaporation from and at 212° F. per lb. of combustible con umed 

(Item 11 +Item 8) . . ........... . .................. .. ........... . . . ... 9 · 20 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.) ................................ 123 0 
Calorific value of the combustible per lb. (B.T.U.) ....................... . .. 14660 
Efficiency of boiler (based on combu tible consumed) ( %) ....... . .......... . 60 · 6 
Efficicncy of boiler, including grate (based on dry coal) (%) .... . . . .......... . 5 · 3 

FLUE GASES. 

Dry flue gas per lb. carbon (from gas analyse ) (lbs.) ........................ 26 · 2 
" " of combustible consumed (from gas analyses) (lbs.) ... . .... 23 · 1 
" " dry coal (from gas analyses) (lbs.) . ...... . ............... 18 · 7 3 

Proportion of heat of fuel in escaping dry flue gases (%) .................... 18· 76 
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TRIAL OF B. AND W. No 2 BOILER WITH COAL No. 233. 

Date-Jtùy 22, 1908. Trial Number-G.C.T. 54. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine but cloudy. No. 1 B. and W. boiler working. 

Time. 
7.30 Fire cleaned and made up with No. 233 washed. Tubes blown. 
8.35 Trial started. Fire 1!" thick, well burnt through. 
9. OO Fire cannot be made more than 3"thick with natural draft on, owing to the coal 

being of small size. Coal cakes somewhat. 
9. 35 Forced draught. Fire built up to about 6". 

10.10 Fireabout6". 
11 . OO Coal seems to coke more than unwashed, probably due to moisture. 

1. OO Did not clean out at mid-day. 
1. 20 R.ather a lot of brown smoke. 
5. OO Fire about 7", burning down from this to clean. 
5. 30 Fire cleaned. Very soft a,sh removed, no clinker. Ail would go through shaking 

grate easily. 
6. 37 Finished trial. Fire as at start. Fan shut off 6.25. Ash removed was very 

fine and light. 

CLINKER AND MH. 

199 lbs. clinker. 
87 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL NO. 54 

Weight of coal Timo Composition of flue gaae3 
fired. of by volume, pcr cent. 

Tline. sampling 

1 

flue 

1 1 

Durinp: Total. gases. co. o. CO 
int<.>rval 

Start 8. 35 a .m. 
8.53 . .... ............. 116 116 8.40 9.3 8·4 1·6 
9.20 .................. 123 239 9.10 12·5 6·9 0·3 

10.00 ............. .. ... 248 487 9.40 10·8 4·6 3·6 
10.30 . .... ...... . . ... .. 200 687 10.10 11 · 0 8·0 0· 1 
11 .00 .................. 93 780 10.40 12·4 7 · 2 0·2 
11 .10 .. .. .... . ..... .. .. 38 818 11.10 9·1 10 ·7 O·O 
11.40 ............ 209 1027 11.40 11·2 7·2 1·0 
12.20 . .. .. .. ........... 153 1180 12.10 11 ·3 7.3 0·3 
12 . 50 ...... . . .......... 152 1332 12.40 8·2 11·6 0·2 
1.20 ... .. .... . . . ...... 87 1419 1.10 10·0 9 ·0 O·O 
1.35 .... .... . .. .. .. . .. 68 1487 1.40 10·3 8·8 0·4 
2.10 .......... .. . . . . . . 173 1660 2.10 8·3 11· l 0· 1 
2 .40 ........ . . . ....... 160 1820 2.40 10·6 7 .4 1·1 
3.10 .... . . ......... . .. 128 1948 3.10 7.4 12·5 0·3 
3 .30 ..... . . . ...... . ... 60 2008 3.40 11·1 7.3 0·3 
4 .00 ..... .. ... .... .... 144 2152 4.10 8·5 10·5 0·7 
4.30 .... . ........ .. .. . 137 2289 4.40 12·1 6·1 l·l 
4.50 .................. 80 2379 5.10 7.7 11·2 0·3 
5 .20 .. . ......... . .. . .. 94 2473 5.40 3.5 16·4 0·2 
5.40 . . . ........ ... .... 66 2539 6.10 8 ·5 11 ·2 0 · 3 
6.10 ..... . . .. . ... ..... 203 2742 
7.37 .. . .. ..... ...... .. 95 2837 9 . 7 9·2 

1 
0 · 6 

83-15 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 54 

Steam Draft pressures, 
pressure Tempcrature.0 inches of Water 

gauge. o F. water. apparently 
evaporated 

Tiine. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. . sq. in. room . entrance Water. ash-pit. to flue. 

to flue. 

8.35 ............ 105 82 460 71 - ·02 -·20 . . . . . . . . . . . . 
8.50 . . . ... . ... . . 107 82 495 71 -·02 -·20 220 
9.05 ............ 110 82 480 70·5 -·02 -·20 324 
9.20 ............ 98 83 520 70·5 - ·02 -·20 459 
9.35 . . .... . ..... 104 84 530 70·5 -·02 -- 20 307·5 
9.50 ............ 119 84 600 70·5 + ·20 -·20 359 

10 .05 ............ 121 85 670 70·5 +·20 -·20 541·5 
10 .20 .... . ....... 113 85 690 70·5 + ·35 -·20 540·5 
10 .35 ...... . ..... 111 85 575 70·5 +·10 -·20 497.5 
10.50 ......... .. . 123 86 585 70·5 +·04 -·20 311 ·5 
11 .05 ............ 123 86 680 70·5 +·10 -·25 510·5 
11.20 ............ 123 86 590 70·5 +·05 - ·25 511·5 
11 .35 ............ 123 87 650 70·5 +·10 -·25 463·5 
11.50 ...... . ..... 120 87 630 70·5 + ·10 -·26 502 
12.05 ............ 122 87 680 70·5 +·10 -·25 449 
12.20 ..... .. ..... 122 86 690 70 ·5 +·20 -·25 507 
12.35 . ... ..... . .. 113 85 610 70·5 +·10 -·25 53 
12.50 ............ 123 85 660 70·5 +·20 -·25 438 ·5 
1.05 ............ 113 85 575 70·5 +·15 -·25 469 
1. 20 ........ . ... 114 85 570 70·5 +·15 -· 25 440 
1.35 ............ 122 85 580 70·5 +·20 - ·25 398·5 
1.50 ...... . ... . . 120 86 580 70·5 + ·20 -·24 441 
2.05 .. .. . . ...... 119 86 590 70·5 +·35 - ·24 414 
2.20 ............ 123 86 670 71 +·52 -·24 473 
2.35 ........ . ... 119 86 650 71 +·46 -·24 645 
2.50 .. . . ........ 123 88 630 71 +·30 -·24 452·5 
3.05 ..... .. ..... 118 89 555 71 +·20 -·24 442 
3.20 ...... . ..... 120 88 590 71 +·20 -·20 445 
3.35 .......... . . 120 91 620 71 +·40 -·22 460 
3.50 . ........... 105 89 675 71·5 +·44 -·24 591·5 
4.05 ...... .. .... 114 88 625 71.5 +·50 - ·23 428 
4.20 ... . . . ...... 109 88 620 71 +·50 - ·25 421 
4.35 ............ 111 88 630 71 + ·70 - ·24 455 
4.50 .......... .. 115 88 660 71 +·72 -·24 469 
5.05 .... .. ... . . . 106 88 625 71 +·75 -·23 460 
5.20 . . .......... 107 86 600 71 +·75 -·23 440 
5.35 . . . . .. ... ... 78 86 430 71 O·O -·20 384 ·5 
5.50 .. .. ....... . 68 85 590 70·5 +·20 -·22 180·5 
6.05 ............ 120 85 6 5 70·5 +·15 - ·22 186·5 
6.20 .... . ....... 103 85 800 70·5 +·10 -·23 590 
6.37 ............ 123 84 630 70·5 O·O -·23 564 

113·4 86 60!) 70·7 +·24 - ·23 17,730·5 net 
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SUMMARY OF OBSERVATIONS 

Date-July 22, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.37 p.m. 

GENERAL. 

At McGill University. 
Duration-602 mins. 

1. Method of stoking ....... . ..................... Hand-spreading on alternate sides 
2. Kind of draft ..... .. ..................................... . ..... . ....... Forcerl 
3. Condition of boiler and date of last cleaning ....... . Thoroughly cleaned May, 1908 
4. Tubes cleaned ............ . ..................... . ................... 7. 30 a.m. 
5. Fire cleaned ............................. .. .............. 7.30 a.m., 5.30 p.m. 

FUEL. 

. { ro. 233 washed-No. 1 seam, Bellevue Col-
6. Kmd of coal. · · · · · · · · · · · · · · · · · · ·· · · · · · liery, West Canadian Collieries, Blairmore. 

. {C=75·1 H=4·4 S=0·5 
7. Analysis of dry coal by we1ght (%) ........ · · · .. · · · · · r 2=1.1; o, =6· 2, Ash = 12· 7 
8. Calorific value of dry coal B.T.U. per lb ......................... . ....... . 12980 
9. Moisture in coal as fired (%) ................................. ... .......... 3 · 6 

10. Weight of coal fired (lbs.) .. .. . ... ........... . ............................ 2837 
11. Combustible matter in ash and clinker ( %) ........... ... ... .. ........... . .. 11·5 
12. Weight of clinker (lbs.) .... .... ... . . ... ....... . ...... ..... ........... . .... 199 
13. Weight of ash (lbs.) . ... ......................... . .... . .............. ...... 87 

Arn AND FLUE GAS. 

14. Air pressw·e under fire (inches of water) ............. . . . .... . .... ... .. . ... +o · 24 
15. " above fire " " .... . .............. .... .. ... . . .... -0· 19 
16. at <lamper ....... . ................ ... . ..... -0 · 23 
17. Am.ount of <lamper opening ... ... . . .... . . . .. . .... . ........................ Full 
18. Temperature of air in boiler house (°F.) .... . . . . . .. ..... ..... ....... . ........ . 86 
19. Flue temperature (°F.) ........................... . ......... .. ............ 609 
20. Analysis of dry flue gas by volume(%) ... C02=9·7, 02=9·2, C0=0·6, N=80·5 

vVATER A."ln STEAM. 

21. Temperature of feed water (°F.) ......... ... ... . .. .... ................... 70 · 7 
22. Total weight of feed water corrected for difference of level (lbs.) ............... 17730 
23. Water level in gauge at start (inches) ........................... . . . ..... ... 2~ 
24. Water level in gauge at finish (inches) .................... . .......... . ... . .. 2-i\ 
25. Correction for difference of level included above (lbs.) .... ...... . ... . . . ... .. . -20 
26. Steam pressure by gauge (lbs. per sq. in.). . . . . . . . . ................... 113 · 4 
27. Barometer reading (inch es) ..... .. ....... . .................. . ...... . .. .... 29 · 8 
28. Pre ure in steam calorimeter by gauge (lbs. per sq. in.) .. . . . . .... .. .. .... ... . 15 -1 
29. Temperature in stearn calorimeter (°F.) ... ... . ....... . .. ... ........ . ..... 290 · 7 

Notes. 
This coal .seemed to be very wet, and was very small. Forced draught had to be used. Coal cokes a 

~ood deal. Fnir amount of bro\\•n smoke. Only cleaned out once during the trial. No clinker was formed, 
but a soft ash which was easily removed. A shaking grate could be used ta advantage. Weather fine but 
cloudy. 

{
Fixed cHrbon. . . . . . . . . . 58 · 9 

Proxima te analysis of dry coal by lVeight % x~~·t·il~ "".~tte~:" "" "" "" ;~ "~ 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 233. Kind of Furnace-Fixed bars, 30% air space . 
Method of Starting and Stopping Te t-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft. )-Nil. 
Barometer at start-29 · 81. At finish-29 · 80. Mean-29 · 80. 

ToTAL QuANTITIES. 
1. Date of trial ................. . ........... . .. ......... .... .... .. ...... 22/ 7 /08 
2. Duration of trial (hours) .. . .... . . .... . . . . ..... .. ........................ 10 · 03 
3. Weight of coal as fired (lbs.) . ... ....... ....... .......... .. ..... ..... . .... . 2837 
4. Percentage of moisture in coal as fired (%) ............................... . 3 · 6 
5. Total weight of dry coal fired (lbs.) ... .. ............. ...... ................ 2734 
6. Total ash and refuse (lbs. ) ...................................... . .. .. ..... 286 
7. Percentage of ash and refuse in dry coal(%) (a) from analyses 14· 36; (b) weighed.10 ·5 
8. Total weight of combustible consumed, from analyses (lbs.) . ............ .. . . . 2341 
9. Total weight of water fed to the boiler, corrccted for difference of level (lbs.) .. 17730 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .... ... ......... . . .............. 17660 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20990 

HoURLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .... .. ..... .. .............. ................. .. 273 
13. Dry coal per square foot of grate surface per hour (lbs.) .. .. ............. .... 16·2 
14. Water evaporated per hour corrected for quality of steam (lbs.) ..... . ........ 1761 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2093 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

17. 
18. 
19. 
20. 
21. 

heating surface (lbs.) . ......................... ......... .... . ... ..... . 3 · 27 

A VERA GE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) . ... ............. .. .. .. ... .. ...... 113·4 
Temperature of feed water entering boiler (deg. F.) .. . .... . .... . ... ......... 70·7 
T emperature of escaping ga es from boiler (deg. F.) . . ... . .... . . ........... . .. . 609 
Pressure of draft between <lamper and ash-pit (ins. of water) .................. 0 · 47 
Percentage of moisture in steam ............... . ............... . .......... 0 · 50 

HORSE-POWER. 

22. Horse-power developed (Item 15+34!) ...................... . ...... .. ..... 60·6 
23. Builders' rated horse-power ....... . . .................................. . .. . . 60 
24. Percentage of builders' rated horse-power developed .. . ....................... 101 

EcoNoMic RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .................... .. ............................. . 6·25 

26. Equivalent evaporation from and at 212° F. perlb. coal as fired (Item 11 +Item 3) 7 · 40 
27 . Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 66 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ......... .. .. .. ......... ... ................. . ...... 8 · 96 

EFFICIENCY. 
29. Calorific value of dry coal per lb. (B.T.U.) ................................ 129 0 
30. Calorific value of the combustible per lb. (B.T.U.) ..... ..... ...... .. ... . .. .. 14860 
31. Efficiency of boiler (based on combustible consumed) (%) ....... . ...... .... 58·2 
32. Efficiency of boiler, including grate (based on dry coal) (%) ..... . ........... 56·9 

FLUE GABES. 
33. Dry flue gas per lb . carbon (from gas analyses) (lbs.) . ....... ..... .. . . ...... 24 · 2 
34. " " of combustible consumed (from gas analyses) (lbs.) ....... 21·3 
35. " " dry coal (from gas analyses) (lbs.) . ...................... 18 · 2 
36. Proportion of heat of fuel in escaping dry flue gases (%) ...... .. ............ 17 · 6 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 34. 

Dat~July 24, 1908. Trial Number-G.C.T. 55. 

OBSERVATIONS OF GENERAL CONDITIO rs. 

Notes. 
B. and W. No. 1 boiler work:ing. Day fine and clear. Boiler refilled July 23. Coal con tains much small 

stuff. 

'rime. 
7. 30 Fire cleaned and made up with No. 34 coal. Pressure, 90 lbs per square inch. 
7. 45 Tubes blown. 
S.40 Trial started. Fire 2" thick, half burnt through. 
!J .45 Fan on. Fire 4" thick. 

10.15 Fire built up to 7". Coal cakes a little. 
10 .30 Not much smoke. 
11.10 Seems to cake considerably. 
12. 30 Cleaned fire. Most of clinker consisted of a small ash, nothing sticking to bars. 

Would have been very suitable for shaking grate. 
2. 50 Fan stopped. 
4. OO Fan on again. 
5. 30 Fan off. Fire cleaned, little clinker, nearly all ash removed. Ali small, nothing 

sticking to grates. 
6.40 Trial finished . Fire as at start. 126 lbs. of ash raked from the ash-pit. 

CLINKER AND AsH. 
399 lbs. clinker. 
126 lbs. ash. 

RECORD OF COAL CO SUMED DURING BOILER TRIAL No. 55 . 

Time. 

Start 8. 40 a.m. 
8.50 .................. 
9.25 .................. 
9.55 ... . .. .. . . . .. ... . . 

10.15 .... . ........ .. ... 
10 .40 . ........ . .. . . ... . 
11.10 .... . ....... . ..... 
11.40 .................. 
12.10 ..... .. . .......... 
12.30 ............ . ..... 
1.00 ............ . ..... 
1 .15 ......... ... .. . ... 
1.45 ... . .. ... ..... . ... 

1 
2.15 ......... . ..... .. . 
2. 25 ............ . .. . .. 
2.55 .................. 
3.25 ... . .... . ..... . . . . 
3.55. ......... . . . ..... 
4.20 .................. 
4.50 ............ . . . .. . 

~ . 6~ . ::::.:::.: . :.:: . 1 

6.40 ... . ....... . ... . 

Weight of coal 
fired. 

During 
interval. 

85 
161 
202 
107 
149 
147 
112 
89 

102 
181 
50 

223 
154 
98 

101 
94 
86 

194 
157 

57 
105 
157 

1 

1 

Total. 

85 
246 
448 
555 
704 
851 
963 

1052 
1154 
1335 
1385 
1608 
1762 
1860 
1961 
2055 
2141 
:t335 
2492 . -2.:>·i!l 
2654 
2811 

Time Composition of flue gases 
of by volume, pcr cent. 

sampling 
flue 

1 1 
gases. co. o. CO 

8.40 6·6 12·1 0·4 
9.10 9·8 8 ·5 0·9 
9.40 8·2 10·6 0·4 

10.10 7.3 11·5 0·5 
10.40 12 ·4 6·4 0·3 
11.10 8·3 11 · l 0·2 
11.40 7.9 11·9 O·O 
12.10 6·8 13·3 0·2 
12.40 6·9 12·9 O·O 
1.10 5.7 14·2 O·l 
1.40 6·0 14·0 0·2 
2. 10 10·9 8·4 0·2 
2.40 7·1 12·5 O·l 
3.10 9.4 9.7 0·7 
3.40 7.7 12·5 O· l 
4.10 7.9 11·5 O· l 
4.40 9·0 10·5 0·2 
5.10 9.3 10·7 O·O 
5.40 7.4 12 ·3 0·2 
6 . 10 10· l 7.5 l ·4 

8·'.? 11 · l 0·3 
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OBSERVATIONS MADE DURING BOILER TRIAL o. 55 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In cntrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.40 ............ 123 87 510 70·5 -·02 -·26 ............ 
8.55 ...... . ..... 118 85 520 70-5 -·02 --26 340 
9.10 ..... . ...... 117 85 550 70·5 --02 --26 410·5 
9.25 ............ 121 86 545 70-5 --02 -·27 316 
9.40 .... ...... .. 108 87 515 70·5 -·02 -·28 440 
9.55 ... . ........ 120 89 615 70-5 +·15 -· 29 303·5 

10.10 ............ 108 89 600 71 +·15 -·29 484 ·5 
10.25 ............ 123 91 625 71 +·15 --30 400·5 
10.40 ............ 119 90 675 71 +·15 -·30 450-5 
10 .55 ....... .' . ... 120 89 620 71 +·12 --30 481-5 
11 . 10 .......... . . 116 87 605 71 +·10 --30 471.5 
11.25 . .... . .. .. .. 113 87 680 71 +·12 -·30 503·5 
11.40 ............ 116 88 600 71 +·10 -·30 443.5 
11.55 ............ 118 88 680 71 +·15 -·29 411 
12.10 .. . . ...... .. 116 90 660 71 +·30 -·29 540 
12.25 ............ 118 89 630 71 +·25 -·29 492·5 
12.40 ............ 110 93 500 71 O·O -·28 361 
12.55 .. . ......... 117 88 580 71 +·15 --28 242·5 
1.10 ............ 119 87 625 71 +·25 -·2 376-5 
1. 25 . ........ ... 122 87 700 71 +·10 --28 553 
1.40 .......... . . 123 89 650 71 + ·05 -·28 511·5 
1.55 ............ 122 89 710 71·5 +·15 -·28 500·5 
2 . 10 ............ 121 90 680 71·5 +·15 -·28 524 
2.25 .. . ... ...... 120 92 670 71.5 +·15 -·30 552·5 
2.40 ............ 115 90 605 71·5 +·02 -·30 632·5 
2.55 ........ .... 115 89 570 71.5 O·O -·2 334.5 
3 . 10 ............ 120 87 570 71·5 --02 -·2 455 
3.25 .. " "." ". 119 87 570 71·5 - ·02 -·2 394.5 
3.40 ............ 118 87 570 71.5 - ·02 -·2 44 
3.55 ............ 116 89 565 71.5 -·02 - ·28 392 
4.10 ." ..... " .. 121 9 565 72 +·05 -·2 351·5 
4 .25 ........ . . . . 112 90 615 72 +-14 -·28 423.5 
4.40 . .. . . . ...... 103 86 595 72 +·O -·28 586 
4. 55 ......... " . 98 86 590 1 72 +·O --28 414 
5.10 ....... . .... 122 87 580 72 +·O -·2 344.5 
5.25 .... .. . ..... 120 87 600 71·5 +·05 --28 405·5 
5.40 ......... .. . 93 95 475 

1 

71.5 -·02 --26 376 
5. 55 ............ 108 87 590 71·5 -·02 -·26 243 
6.10 ............ 123 88 590 71·5 -·02 - ·27 2 3 
6.25 ............ 121 5 600 71 ·5 -·02 -·2 440 
6.40 .. . ......... 120 85 610 71 ·5 -·02 -·2 384 

116·4 88·2 j6oO 71·2 +·07 -·2 17,018 net 



231 

SUMMARY OF OBSERVATIONS 

Date-July 24, 1908. 
Commenced-8.40 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.40 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking .... ... .. . ................ .. Hand-spreading on alterna te sides 
2. Kind of draft ... . ............................................... .. ..... Forced 
3. Condition of boiler and date of last cleanink ... ..... Thoroughly cleaned May, 1908 
4. Tubes cleaned . ............................................. . ....... 7. 45 a.m. 
5. Fire cleaned .................................... 7. 30 a.m., 12. 30 and 5. 30 p.m 

FUEL. 

. {No. 34-No. 2 seam, Denison Colliery, Inter-
6. Kmd of coal. · · · · · · · · · · · · · · · · · · · · · · national Coal and Coke Co., Denison, Alberta 

7. 

8. 
9. 

10. 
11. 
12. 
13. 

. {C=68·5 H=4·0 S=0·4 
Analysis of dry coal by we1ght (%) ... · ·. · · · · · · · · · · · N,= 1.0; o,=6·3, Âsh =19·8 
Calorific value of dry coal B.T.U. per lb .............. . ................... 11720 
Moisture in coal as fired (%) .................................. . .......... 0 · 80 
Weight of coal fired (lbs.) ..... . .. .......... .. ........................... 2811 
Combustible matter in ash and clinker ( %) ................................. 18 · 6 
Weight of clinker (lbs.) ........................ ........ . ........... ....... 399 
Weight of ash (lbs.) . . ....... ............ . ................................ 126 

AIR AND FLUE GAS. 

14. Air pressure under fire (inches of water) ....... ....................... .. .. +o · 07 
15. " above fire " '' .................................. -0 · 25 
16. at damper .... ............ . ......... ....... -0 · 28 
17. Amount of damper opening ... ... .. . .... . ........ ..... . . ... ... . ......... . Full 
18. Temperature of air in boiler house (°F.) .................................... 88·2 
19. Flue temperature (°F.) ... ...... . ... .. ... . ..................... .... ...... . 600 
20. Analysis of dry flue gas by volume (%) . . C0,=8·2, 02=11·1, C0=0·3, N=80·4 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) ............... . .................... . ..... 71·2 
Total weight of feed water, corrected for difierence of level (lbs.) ...... . . ...... 17018 
Water level in gauge at start (inch es) .......... .. ..... ......... . .... .. .. ... 5fg-
Water level in gauge at finish (inches) ......................... .. .......... .. 5j 
Correction for difference of level included above (lbs.) ... ... .. .. .. ........ . .. +30 
Steam pressure by gauge (lbs. per sq. in.) ... .. ..... . ... . . ... ... .... ....... 116 · 4 
Barometer reading (inches) ..... . .. .. . .. . ....... . .. .... ... .... .... .. ... .. 30 · 04 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ...................... 15 · 7 
Temperature in steam calorimeter (°F.) ...... .. ... . ..... . ..... . ...... .. . . 290· 1 

Notes. 
This coal coked a little at first with a thin fire and later with forced draught and thick bed coked con

siderably. The clinker consisted of ash chiefly and was very easily removed. not adhering to bars at ail. 
Would be very sui table for a shaking grate. Weather fi.ne and clear. 

Prox:imate analysis of dry coal by weight % Volatile matter . ... .... 25 · 1 lFixed carbon .. ... . .... 55 · 1 

Ash ... .. ... . . . .... ... 19·8 
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SUMMARY OF RESULTS 

Made on B . and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 34. Kind of Furnace-Fixed bars, 30% air space . 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)- il. 
Barometer at start-30 · 09. At finish-30 ·OO. Mean-30 · 04. 

TOTAL QUANTITIES. 

l. Date of trial ........... .. ............................................ 24/ 7 /08 
2. Duration of trial (hours) ............................. . ......... . ........ 10. OO 
3. Weight of coal as fired (lbs.) ................................ . . ...... ...... 2811 
4. Percentage of moisture in coal as fired (%) . . ........ . .......... ............ 0·8 
5. Total weight of dry coal fired (lbs.) .................. .. ............... ..... 2789 
6. Total ash and refuse (lbs.) .. .. ............................................ 525 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 24· 3; (b) weighed.18·8 
8. Total weight of combustible consumed, from analyses (lbs.) .................. 2111 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17018 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .................... . ........... 16930 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .. . ... 20140 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) ................... .. .................... .. ... 279 
13. Dry coal per square foot of grate sul'face per hour (lbs.) ...................... 16· 6 
14. Water evaporated per hour corrected for quality of steam (lbs.) ............. . 1693 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ............ . ..... 2014 

16. Equl~~ti~~ ~:r:::~\t~.f.er. ~~'.11".f.r~'.11.~d .~t. ~~~~ ~ .. ~~~ ~'.1~.~~.r~~:.~r. ~~t~ .. 3 . 15 

A VERA GE PRESSURES, TEMPERATURES, ETc. 
17. Steam pressure by gauge (lbs. / sq. in.) ......... .. . . . .... . ........ ..... .. 116 · 4 
18. Tcmperatlli'e of feed water entering boiler (deg. F.) .. . .. . . . . . ............... 71·2 
19. Temperature of escaping gases from boiler (deg. F.) ........................... 600 
20. Pressure of draft between <lamper and ash-pit (ins. of water) .................. 0 · 35 
21. Percentage of moisture in steam .................. ....................... . 0 · 7 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) . ... ........... ........ .... .. ...... . 58 · 4 
23. Builders' rated horse-power ................................................ 60 
24. Percentage of builders' rated horse-power developed ........................... 97 

EcoNoMic REsULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9 +Item 3) ........................................ . ...... .. ... 6·05 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7·17 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 22 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ... .. . . ............ . ............................... 9 · 54 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ................................ 11720 
30. Calorific value of the combustible per lb. (B.T.U. ) ... ... ................. . .. 14614 
31. Efficiency of boiler (based on combustible consumed) (%) .. ..... ........ .. .... 63 
32. Efficiency of boiler, including grate (ba.sed on dry coal). (%) .... .. ............ 59 · 5 

FLUE GABES. 

33. Drv flue gas per lb. carbon (from gas analyses) (lbs.) ...... . ................. 29·1 
34. · " " of combustible consumed (from gas analyses) (lbs.) ........ 26 · 3 
35. " " dry coal (from gas analyses) (lbs.) ........................ 19 · 9 
36. Proportion of heat of fuel in escaping dry flue gases (%) ........ .. ... . ....... 20 · 9 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 234. 

Date-July 27, 1908. Trial Number-G.C.T. 56. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
B. and W. No. 1 boiler working. Flue cleaned on the previous day (July 26) . Weather, fair. 

Time. 
7.30 
7.45 
8.40 
9.15 
9.45 

Fires cleaned and made up with No . 234 coal. Pressure, 95 lbs. 
Tubes blown. 
Trial started. Fire l!' at front, well burnt through at back 2• with a little flame. 
Fire kept thin about 2" to 2l". Coal being very small stuff. 
Thickened fire to about 3". Not much smoke, but what there is, is very black. 

Coal cokes a little. A finer grate would be better. 
Fire about 4". 10 .30 

11.15 
11.30 
12.31 

Forced draught, building füe up. 
Fire 7" to 8' thick. 
Fire cleaned. Fan off for fi.ve minutes. Clinker broken up and easily removed1 

not sticking to bars, would be suitable for a shaking grate. Clinker cakeCI 
more than No. 34. 

1.00 
4.10 
5.30 
6.43 

Fan stopped. 
Fan on again. 
Fire cleaned. Clinker easily removed. Nothing sticking to bars. 
Trial fi.nished. Fire as at start. 120 lbs. fine ash removed. 

CLINKER AND AsH. 

164 lbs. clinker. 
120 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 56 

- Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flu e 

1 1 
Durin~ Total. gases. co. o. CO 

interval. 

Start 8. 40 a.m. 
9.10 ... . ....... . .. . ... 195 195 8 .45 7 ·0 11·3 0·9 
9.35 ................ .. 111 306 9.15 9.4 9·2 0·4 

10.05 .... ... ..... . ... .. 124 430 9.45 8·6 8·4 2·6 
10.30 .. . ............... 139 569 10.15 10·9 8·3 0·3 
11·00 .................. 197 766 10.45 9.5 8·0 1·0 
11.15 ..... ..... ... . .... 109 875 11.15 10·6 8·6 O·O 
11.45 .................. 117 992 11.45 8·0 11·5 O·O 
12.15 .................. 114 1106 12.15 11·5 8·2 0 ·2 
12.50 . .... . . ..... . ..... 200 1306 12 .45 7.9 10·7 0·3 

1.20 .................. 125 1431 1.15 8·8 9·6 0·3 
1.50 .. . .... ....... .. .. 112 1543 1. 45 9·2 10·3 0·3 
2.20 ............... . .. 109 1652 2.15 13·6 5·2 0·7 
2.40 .................. 90 1742 2.45 10·0 10·5 O·O 
3.10 .................. 135 1877 3.15 11·5 6 ·2 0·8 
3.40 .................. 130 2007 3.45 8·0 10·2 1·6 
3.50 .................. 63 2070 4.15 11 ·7 4·0 2·4 
4.20 . . . .......... . .... 167 2237 4 .45 13·0 5 ·6 0 ·8 
4.50 ... ... . ....... . . .. 95 2332 5.15 12·3 5·8 0·7 
5.20 . ...... ....... .. .. 165 2498 5.45 7.7 11· 8 O·O 
6.00 .................. 221 2719 6 . 15 7.9 10·7 0·6 
6.43 .................. 63 2782 

9.9 8·7 0·7 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 56 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
P6! Boiler go.ses at Feed In entrance lbs. 

sq. m. room. entrance Water. ash-pit. to flue. 
to f!uf'. 

8.40 . ........ ... 98 81 515 70 -·02 -·27 . . . . . . . . . . . . 
8.55 ... ... ...... 110 83 545 70 -·02 -·28 350 
9 . 10 . . .. . ....... 114 83 550 70·5 -·02 - ·27 482 
9 . 25 ... . ..... ... 120 83 590 70·5 -·02 -·26 333 
9 .40 ............ 116 84 600 70·5 - ·02 - ·26 410 
9.55 ..... ...... . 115 83 600 70·5 -·02 -·28 487 

10 . 10 .... . .. .. . .. 112 84 605 70·5 -·02 -·28 471 ·5 
10 .25 .. . .. .. ..... 112 84 640 70·5 -·02 -·28 462·5 
10.40 ... ......... 110 84 620 71 -·02 - ·28 534 
10 . 55 ............ 123 85 510 71 - ·02 - ·26 375 
11.10 . ... . ....... 116 85 520 71 - ·02 -·25 375.5 
11 . 25 .. . . ... . . ... 123 87 700 71 +·40 - ·25 311·5 
11 .40 . . . . ........ 113 85 640 71 +·10 - · 25 554 
11 . 55 ..... ...... . 123 85 670 71·5 +·10 -·25 431 
12 . 10 .. .......... 114 84 760 71.5 +·10 -·26 522 
12 . 25 ... .. . ..... . 116 84 720 71 .5 O·O - ·26 544.5 
12 .40 ............ 113 85 570 71 +·30 - ·25 364 
12.55 . .. .... . .. . . 120 5 640 71 +·20 -·25 382·5 
1.10 ............ 118 84 600 71 O·O -·26 454 
1. 25 .......... . . 118 84 565 71 -·01 -·25 373·5 
1.40 ...... .. .... 119 86 630 71 -·02 -·26 451·5 
1.55 ..... .. .... . 116 85 640 71 -·02 -·27 417 
2.10 ............ 122 85 660 71·5 -·02 -·2 454 ·5 
2.25 ............ 118 85 725 71.5 -·02 - · 28 512 
2 .40 .... . . . .. . .. 119 85 720 71.5 -·02 -·28 563 
2.55 ............ 104 85 650 72 -·02 - ·28 550 
3.10 ......... .. . 113 86 605 72 -·02 -·2 404·5 
3 . 25 ......... . .. 113 87 610 72 -·02 -·2 480·5 
3.40 . ...... . .... 115 87 585 72 -·02 -·28 426·5 

3 .55 .. . .... . . . . ·1 119 7 565 72·5 -·OZ -·28 413 
4.10 ........... . 116 87 675 72 ·5 -·02 -·28 407 · 5 
4 .25 . ....... . ... 113 86 715 72 ·5 +·12 -·29 550 
4.40 . .. . . ...... . 123 86 630 72 ·5 +·06 - · 29 470·5 
4.55 ... . . . . . .... 123 87 675 72 ·5 +·10 -·2 501·5 
5 . 10 .. .......... 113 6 650 72 . 5 +·20 -·28 571·5 
5.25 ....... ... . . 118 87 690 72·5 + ·10 -·2 540 
5.40 ........ . . . . 98 85 560 72.5 -·02 - · 28 390·5 
5.55 ...... . .. . . . 117 85 630 72·5 -·02 1 - · 28 353 · 5 
6.10 ..... .. ..... 123 5 590 72·5 -·02 - ·26 428·5 
6.25 . ........ . .. 113 85 570 72·5 - ·02 - · 26 31 .5 
6 .43 ...... . ..... 123 5 620 72·5 - ·02 - ·26 436 

115·7 I 85 623 71 ·5 + ·03 1 -·27 17,85 net 
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SUMMARY OF OBSERVATIONS 

Date--J uly 27, 1908. 
Commenced-8.40 a .m. 

Boiler-B. and W. No. 2. 
Ended-6.43 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking . . ............. .. ........ . .. Hand-spreading on alternate sides 
2. Kind of draft ....... . ...... .. ............. . . . ... . .... ... . . ... .. ........ Forced 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned . .......... . ........ ..... ... . . .... . ... . . .. ... ...... . .. 7. 45 a.m. 
5. Fire cleaned .. . .... . . . ....... . . . . ...... ... .. ... . 7.30 a.m., 12.30 and 5 . 30 p.m. 

FuEL. 

. { No. 234-No . 2 seam, Denison Colliery, Inter-
6. Kmd of coal. · · · · · · · · · · · · · · · · · · national Coal & Coke Co., Coleman, Alberta. 

. . . {C=76·5, H=4·3, S=0 ·4, 
7. 

8. 
9. 

10. 
11. 
12. 
13. 

Analysis of dry coal by we1ght (%) ... . . ·. · · .. · · · · · · · No= l·O, 0,=6·2,Ash= 11 ·6 
Calorific value of dry coal B.T.U. per lb . . .. . ... ...... . .... . .... . .. .. . .. .. 13180 
Moisture in coal as fired (%) ....... . ........... . .... ... . . ................ 3 · 7 
Weight of coal fired (lbs.) . ... ... . ........ .. .... . . . ........ ... ... . ....... . 2782 
Combustible matter in ash and clinker ( %) ... . ........ ..... . ·. . . . . . . . . . . . . . 19 · 6 
Weight of clinker "(lbs.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 164 
Weight of ash (lbs.) .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 

Am AND FLUE GAs. 

14. Air pressure un der fire (inches of water) .... ..... ... . .. .. .. ........ .. ..... + 0 · 03 
15. " above fire " " . .. .. . . .. . .... ... ..... . . ........ . . -0·21 
16. at <lamper ..... .. .... ..... . . .. . . .. ... .. . ... -0·27 
17. Amount of <lamper opening. . . . . . . . . . . . . . . . . . . . . . . . . . . .. ..... .. . . . .. .... . Full 
18. T emperature of air in boiler house (°F.) ... . .............. . ................... 85 
19. Flue temperature (°F.) . ... ........ .... ...... .. .......... . .. . .......... . . , 623 
20. Analysis of dry flue gas by volume (%) .C0 2=9·9, 0,2=8 · 7, C0=0·7, N=80·7 

WATER AND STEAM. 

21. Temperature of feed water (°F .) . ................. .... .................. . 71·5 
22. Total weight of feed water, corrected for difference of level (lbs.) . ... . . . . . ... . . 17858 
23. Water level in gauge at star t (inches) .... . . . ...... . ..... . ... . . ... .. ... ..... 5 n 
24. Water level in gauge at finish (inches) ............ . ........................ .4 H 
25. Correction for difference of level, included above (lbs.) .. . .. ...... ........... +40 
26. Steam pressure by gauge (lbs. per sq. in.) . . ..... .. ...... . . ... . . . ..... .... 115 · 7 
27. Barometer reading (inches) . . ............ .. .................... .. ........ 29 · 76 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) ... . ... . . .. ....... ... 14 · 9 
29. Temperature in steam calorimeter (°F .) ................... . .. .... .. .... . 290 · 6 

Notes. 
The effect of washing seems to have occasiooed the formation of a harder clinker and larger pieces. Not 

however, too large, and could be passed through a shaking grate. Forced draught became necessary soon 
after cleaning. The coal was very small and a lot fouod its way through the grates. Cleaned out twice. 
, moke not very heavy. Weather fair. 

[Fixed carbon... . . . . . . . 62 · 0 
Proximate analysis of dry coal by weight % {Volatile matter. . . . . . . . 26 · 4 

lAsh.... 11 ·6 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind_of Fuel-No. 234. Kind of l<'urnace-Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.) - 16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 80. At finish-29 · 72. Mean-29. 76. 

TOTAL QUANTITIES. 

1. Date of trial .. . . . ........................................... . ........ 27 /7 / 08 
2. Duration of trial (hours) ................................................ 10. 05 
3. Weight of coal as fired (lbs.) ...... . ......... . .......... . .................. 27 2 
4. Percentage of moisture in coal as fired ( 3) ................................. 3. 7 
5. Total weight of dry coal fired (lbs.) ...... ... ..... ... ....................... 2679 
6. Total ash and refuse (lbs.) ...... . ......................................... 284 
7. Percentage of ash and refuse in dry coal (3) (a) from analyses 14·4; (b) weighed.10·6 
8. Total weight of combustible consumed, from analyses (lbs.) ...... . .. . ........ 2290 
9. Total weight of water fed to the boiler, conected for difference of level (lbs.) . . . 1785 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boilei: pressure (lbs.) ........ ...... .. .. ... . .......... 17780 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21150 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

HouRLY QuA.-..TITIES. 

Dry coal fired per hour (lbs.) .............................................. 266 
Dry coal per square foot of grate surface per hour (lbs.) ... ~ ................... 15 . 8 
Water evaporated per hour corrected for quality of steam (lbs.) .............. 1769 
Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2104 

Equ~~:~~i ~~:::Wt,~.e: ~~~~.r.ro~ .~~ -~t. ~~~~ ~ .. ~~ ~'.1~.~~·r·o·o·t· ~~ ~~t~r .. 3 . 28 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ........... ... ...... .... ......... .. 115. 7 
Temperature of feed water entering boiler (deg. F.) .......................... 71·5 
Temperature of escaping gases from boiler (deg. F.) . .... . ..... ..... ........... 623 
Pre~sure of draft between damper and ash-pit (ins. of water) ......... ...... .. . O· 30 
Percentage of moisturn in steam ........................................... 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .................................... 60 · 9 
Builders' rated horse-power ......................... . . . ......... .. ......... 60 
Percentage of builders' rated horse-power developed .. . ... .... ..... .. ... . .. ... 102 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) ..................... .. ....... .. .......... . ......... 6·42 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 60 
27. Equivalent evaporation from and at 212° F. perlb. of dry coal (Item 11+Item5) 7 ·89 
28. Equivalent evaporation from and at 212° F. pe1· lb. of combustible consumed 

(Item 11 +Item 8) . ..................... .. ...... . ....... .. . . ......... 9 · 22 

EFFICIENC'Y. 

29. Calorific value of dry coal per lb. (B.T.U.) .............. . ............. .... 131 0 
30. Calorific value of the combustible per lb. (B.T.U.) ........... .. ............. 14900 
31. Effi.ciency of boiler (based on combustible consumed) (3) ............ ... .... 59 · 7 
32. Effi.ciency of boiler, including grate (based on dry coal) (3) .. ..... .. ......... 57 · 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ...... . .............. .. . 23 · 4 
34. " " of combustible consumed (from gas ana.lyses) (lbs.) ........ 20 · 9 
35. " " dry coal (from gas analyses) (lbs.) ..... .. ............... .. 17 · 9 
36. Proportion of heat of fuel in escaping dry flue gases (3) .......... .. . ........ 17 · 6 
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TRIAL ·oF B. AND W. No. 2 BOILER WITH COAL No. 31. 

Date-June 5, 1908. Trial Number-G.C.T. 34. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine and moderately warm. Slight breeze. 

Time. 
a.m. 
6. 30 Fire opened out. 
7. 50 Fire cleaned. Pressure, 90 lbs., and made up with No. 31 coal. 
8. OO Tubes blown. 
8. 45 Trial started. Fire 2H thick, fiaming slightly. Pressure, 123 lbs. Coal in lumps 

up to 4" with moderate amount of dust. Burns freely with considerable fiame, 
and cokes considerably. Smoke light. 

12.40 Fire sliced . 19 lbs. of clinker removed. 
2. 05 Fire sliced. 
2. 36 Steam admitted under grate-bars. 
2.44 to 2.48 Fire sliced. 58 lbs. of hard, heavy, and fairly adherent clinker removed. 
5 .49 Steam under grate stopped. 
5. 50 to 5. 59 Fire cleaned. 152 lbs. of clinker removed. Clinker hard, heavy, friable, 

and not adherent (with steam in ash-pit). Fire kept about 4" thick up to 
1 . 30 p. m. then about 6" up to 5. OO p.m. Coal may be used on shaking grate 
with steam in ash-pit. 

6.45 Trial ended. Fire similar to start.. 78 lbs of ashes raked out of ash-pit. 
Blow-off examined and found tight. 

CLlNKER AND AsH. 

229 lbs.clinker. 
78 lbs. ash. 
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RECORD OF COAL CONSUMED DURING BOILER TRIAL NO. 34 

Weight of coal Tirnc Composition of flue g ru;El3 
fired . of by volume, pcr cent . 

Time. sampling 

1 

fl ue 

1 1 

Dur in~ Total. gases. co, o. CO 
interva l. 

Start 8.45 a.m. 
9.15 .................. 255 255 8.50 7· 1 12·3 0·1 

• 9.30 ............. . .... 57 312 9.25 7.5 12·2 O·O 
9.45 .......... . ....... 112 424 9.50 9 .7 8·9 O·O 

10.15 .................. 133 557 10.20 9· 1 9·8 O·O 
10.45 ................ . . 137 694 10.50 8·3 11 ·2 O·O 
11.15 ............. .. ... 128 822 11. 20 8·8 10·0 O· O 
11. 45 .................. 92 914 11. 50 9·8 8·2 0·4 
12.15 .. . . . ......... . ... 125 1039 12.20 9.5 8·0 0·4 
12.45 .. . ............... 144 1183 12 .50 11·7 6· 1 0 ·2 
1.15 ......... .. ....... 133 1316 1.20 9· 1 9·2 O·l 
1.35 .................. 82 139 1.50 9·1 8·8 0·4 
1.45 ............... . .. 53 1451 2.20 10·9 7.7 O·O 
2. 15 ..... .. . . ......... 168 1619 2.50 12·6 7·2 O·O 
2.50 .................. 137 1756 3.20 11· l 8·0 O·l 
3.15 .......... . ....... 160 1916 3.50 g-.3 11 ·3 O·O 
3.45 . . ................ 124 2040 4.20 11 ·5 8·7 O·l 
4.00 .. . ............... 75 2115 4.50 6·6 13·3 O·O 
4.15 ....... . ...... . ... 35 2150 5.20 8·3 11·2 O·O 
4.45 ..... . . . .......... 156 2306 5.50 9·2 11·0 0·2 
5.15 .................. 67 2373 6.10 8·1 11 ·0 0·3 
5.45 ....... . ........ .. 112 2485 6.30 8 ·0 11 ·4 O·l 
6.10 .................. 151 2636 
6.45 .................. 66 2702 9·2 9·8 0·1 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 34 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.45 ............ 121 79 535 58·5 O·O -·22 ............ 
9.00 . ........... 120 79 540 58·5 -·05 -·22 490 
9 .15 .... . ....... 121 79 520 58·5 -·05 - ·26 472 
9 .30 .. ... ....... 123 79 565 58 -·05 -· 26 617 
9.45 ............ 121 81 540 58 -· 03 - ·25 496 ·5 

10.00 .... .... .. . . 121 81 510 67·5 -·02 -·18 410 
10 . 15 ........... . 121 83 520 57.5 - ·02 - ·18 496 
10 .30 ............ 122 83 525 58 - ·02 -·18 569 
10 .45 ............ 123 85 500 57 .5 - ·02 -·18 584 
11 .00 .... ... ... . . 114 85 490 57.5 -·02 - ·15 430 
11 . 15 . .. .... . .. .. 122 85 480 57.5 - ·02 - · 15 627 
ll .30 ......... . .. 123 83 480 58 -·02 - ·15 268·5 
11. 45 .. .......... 119 85 460 58 -·02 - ·15 297 
12.00 .. . ...... .. . 121 85 450 58 -·02 - ·15 370 
12.15 ............ 121 81 480 58 -·02 - ·18 375.5 
12 .30 . . .... . ... . . 121 81 460 58 -·02 -·18 343 
12.45 ...... . ..... 123 87 540 58 -·02 -·18 391 
1.00 . ........... 123 87 550 58 -·02 -·18 500 
1.15 . . .. ... . .... 121 85 520 58 - ·02 - ·18 497·5 
1. 30 ... . .. .. .... 120 85 500 58 - ·02 -·18 449 
1.45 ...... ...... 120 85 500 58 - ·02 - · 19 399 
2.00 .. . . ...... -· 123 85 500 58·5 - ·02 - ·23 380 
2.15 .. ........ .. 123 85 570 58·5 -·02 - ·23 462 
2.30 . . .......... 123 81 510 59 -·02 -· 20 381 
2.45 .. .. ... . . .. . 112 93 580 59 -·02 -· 20 422 
3.00 ....... . .. .. 122 87 660 59 O·O -· 26 325 
3.15 .. . . . ....... 123 83 680 59.5 O· O -·27 494·5 
3.30 ............ 123 85 640 59.5 O·O - ·27 725·5 
3.45 ....... ... .. 123 85 600 60 O·O -·24 472·5 
4.00 . ......... . . 122 85 580 60 O·O - ·20 578·5 
4. 15 ......... . .. 122 87 590 60 O·O -· 21 372·5 
4.30 . ........... 121 89 560 60 O·O -· 20 604·5 
4.45 . ........... 105 87 530 60 O· O - ·20 484·5 
5.00 ......... . .. 104 87 510 60·5 O·O - ·20 431 ·5 
5.15 ......... ... 123 83 540 60·5 O·O - · 24 424 
5.30 ............ 106 81 540 60·5 O·O -·23 444.5 
5.45 ... . ........ 115 81 570 60·5 O·O -·24 419 
6.00 .... . ....... 81 93 570 60 ·5 O·O - ·24 446·5 
6.15 ........ . ... 95 81 570 60·5 O·O -·23 293 
6.30 ..... . . . . ... 123 81 660 60 ·5 O·O - ·23 382 
6.45 .. . ..... . ... 121 81 640 60·5 O·O - ·23 508 

118·0 84 541 58·7 -·02 -·21 18,233 net. 

83-16 
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SUMMARY OF OBSERVATIONS 

Date-June 5, 1908. 
Co=enced-8.45 a.m. 

Boiler-B. and W. o. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking .. . .... . ............... .. ... Hand-spreading on alternate sides 
2. Kind of draft ......................................................... Natural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned ...................................................... 8. OO a.m. 
-5. Firecleaned ............................................. 7 .50a.m., 5.50p.m. 

Fm:L. 

6. Kind of coal ................. .. ...... {erCoal No.t3Pl-NCoo. 3
1 
=c· e,FMi~helBCoClliery , 

owsnes ass a o., ern1e, . . 
7 An 1 · f dr 1 b · h (at) {C=75·5 H=4·3 S=0·5 . a ys1s o y coa, y we1g t 10 ..•.....•...•.•. Ni=l·2' Os=6·0 Ash=l2·5 
8. Calorific value of dry coal B.T.U. per lb ........ ..... ....... '. .. . .... .' ..... 13270 
9. Moisture in coal as fired (%) .... . ................ . .............. .... ...... 0·7 

10. Weight of coal fired (lbs.) ............ . ... .. .............................. 2702 
11. Combustible matter in ash and clinker ( %) ........ ......................... 13 · 6 
12. Weight of clinker (lbs.) ...•..... . ....... . .... . ... . ........... .... ....... . . 229 
13. Weight of ash (lbs.) ....................................................... 78 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) . ............. . .... . ...... . ....... -0 · 02 
15. " above fire " " .................................. -0·1 
16. at clamper ................................ . -0·20 
17. Amount of clamper opening ......... . .................... . .......... .. Variou 
18. Temperature of air in boiler bouse (°F.) ............ ... ...... . ................ 84 
19. Flue temperaturc (°F.) ........... .... ........................... ......... 541 
20. Analysis of dry flue gas by volume(%) ... C0,=9·2, 02=9·8, CO=O·l, =80·9 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ......... . .. . . ..... ....... ..............• 58·7 
22. Total weight of feed water, corrected for difference of level (lbs.) ............. . 18233 
23. Water level in gauge at start (inches) .. . ................ . ................... 3t 
24. Water level in gauge at finish (inches) ...................................... 3ti 
25. Correction for difference of level, included above (lbs.) ....................... -10 
26. Steam pre sure by gauge (lbs. per sq. in.) ....... . ........................... 118 
27. Barometer reading (inches) .............................. . .. . . ... . .. ..... 30 ·OO 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) .............. . ...... 15 · 4 
29. Temperature in steam calorimeter (°F.) .................................... 294 

Notes. 
This coal clinkers considerably, the fire requiring to be sliced from time to time. 
It is ad visable to have a steam jet turned on under the bars. With a stenm jet this coal could be worked 

on a shnking grate. Fire sliced 12.40, 2.05, 2.44. Weather, fine and moderately wnrm. Slight breeze. 

!Fixed carbon. . . . . . . . . . 62 · 7 
Proximate annlysis of dry coal by weight % Volatile mntt.or ........ 24·8 

Ash .................. 12·5 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quaJit.y of Coal. 
Kind of Fuel-No. 31. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-30· 03 At finish-29·96. Mean-30·00. 

TOTAL QUANTITIES. 

1. Date of trial. ...... ................. .. .... .... ..... ................... 5/ 6/ 08 
2. Duration of trial (hours) ............... .. ................................ 10 ·OO 
3. Weight of coal as fired (lbs.) . ..... .. .... .. ...... . ..... . ............. . ..... 2702 
4. Percentage of moisture in coal as fired ( %) ... ......• .... ........ ........... 0 · 7 
5. Total weight of dry coal fired (lbs.) . ........ .............. .. ............... 2683 
6. Total ash and refuse (lbs.) .......... . ... . ..... . ........................... 307 
7. P ercentage of ash and refuse in dry coal (%)(11) from analyses 14·48; (b) weighed .11 ·4 
8. Total weight of combustible consumed, from analyses (lbs.) .. . ............ . .. 2294 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 18233 

10. Equivalent water evaporated into dry steam from actual feed water tempera-
turn and boiler pressure (lbs.) .... . . . ............. . . . ................ 18140 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ... ... 21840 

HouRLY QuANTITIEs. 

12. Dry coal fired per hour (lbs.) .................. . ........... .. ...... . ....... 268 
13. Dry coal per square foot of grate surface per hour (lbs.) ...................... 15 · 9 
14. Water evaporated per hour corrected for quality of steam (lbs.) .. .. . ....... .. 1814 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2184 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ....... . ..... . .................. .. ... . ..... . ..... 3 · 42 

A VERA GE PRESSURES, TEMPERATURES, ETc. 

17. Steam pressure by gauge (lbs. / sq. in.) ..................................... 118 
18. Temperature of feed water entering boiler (deg. F.) .. . . . .. . . .. ............... 58· 7 
19. Temperature of escaping gases from boiler (deg. F.) ............... .. ..... ..... 541 
20. Pressure oî draft between clamper and ash-pit (ins. of water) .... . ........... .. 0 · 19 
21. Percentage of moisture in steam ........ . ...................... ... ......... 0·5 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) .. ..... . ....... . ............. .. ..... 63 · 3 
23. Builders' rated horse-power ......... . ............. ...... . . ......... . ....... 60 
24. Percentage of builders' rated horse-power developed ... . . .. ...... .. ... ...... . . 105 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

EcoNOMIC REsULTS. 

Water apparently evaporated under actual conditions pcr lb. coal as fired 
(Item 9+Item 3) . ..................... .. .. . ..................... . .. . 6·74 

Equivalent evaporation from and at 212° F. perlb. coal as fired (Item 11 +Item 3) 8 · 08 
Equivalent evaporn.tion from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8·15 
Equivalent evaftoration from and at 212° F. per lb. of combustible consumed 

(Item 11+ temS) .................... .. . ..... ................ . .. . ... 9·53 

EFFICIENCY. 

Calorif:ic value of dry coal per lb. (B.T.U.) ................................ 13270 
Calorif:ic value of the combustible per lb. (B.T.U.) . . ........................ 15170 
Efficiency of boiler (based on combustible consumed) ( %) ..... ... ... .. ...... 60 · 5 
Efficiency of boiler, including grate (based on dry coal) (%) . .... . ............ 59 · 3 

FLUE GASES. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) ............. .... ....... 26 · 4 
" " of combustible consumed (from gas analyses) (lbs.) ........ 23 · 3 
" . " dry coal (from gas analyses) (lbs.) ......... . ..... . ........ 19 · 9 

Proportion of heat of fuel in escaping dry flue gases (%). . . . . . . . . . . . . . . . . . . . 16 · 5 
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TRIAL OF B. AND W. No. 1 BOILER WITH COAL No. 231. 

Date-July 17, 1908. Trial umber-G.C.T. 52. 

OBSERVATIONS OF GENERAL CONDITIO S. 

Notes. 
Day fine but cloudy. B . and W. No. 1 boiler working. Coal consists of very small stulf. 

Time. 
7. 30 Fire cleaned and started with No. 231 coal. 
7 . 40 Tubes cleaned. 
8. 35 Trial started. 2!' fire. Rather green, much flame. 
8. 55 Coal coking considerably. Keeping thin fire of about 2!'. 

10. 20 Building up fire to about 4". ot very much smoke. 
12. 35 Fire cleaned. 35 lbs. of clinker removed. This clinker was in a hard layer. 

perforated by many small holes so that air could get through it fairly well. It 
is in too hard a layer to be used on a shaking grate. 

3 . 30 Fire still kept about 4' thick, which seems to be right thickness. 
5. 35 Cleaned fire. Removed 85 lbs. hard clinker which stuck to the bars .. It con

Eisted of large slabs-thin with small holes. 
6. 35 Finished. Fire as at start. 

CLINKER AND AsH. 

85 lbs. clinker. 
98 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 52 

Wcight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 
Durin~ Total. gascs. co. o, CO 

intr.rvn 1. 

Start 8.35 a.m. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ....... 8 . 35 7·8 11· 8 O·O 
8.50 ............. .. ... 97 97 9 .05 10 ·8 8·8 0·2 
9.20 ....... . ...... . . .. 137 234 9.35 7·8 11 ·4 0·5 
9.50 .... . ...... .... ... 170 404 10.05 8·0 9.9 0·9 

10.20 ......... . ........ 167 571 10.35 10·4 ·2 0·6 
10.50 .................. 114 6 5 11.05 9·0 11·1 O·O 
11.05 .......... . . . ..... 60 745 11 .35 10·0 10·2 O·O 
11 .35 ........... . .... .. 112 857 12.05 9·6 9·0 0·4 
12 .05 ........ . ........ . 158 1015 12.35 8·3 11·5 0 ·6 
12 . 25 .................. 62 1077 1. 05 9·1 10·5 0·4 

1. 25 ............... .. . 194 1271 1. 35 9.4 9.7 0·2 
2 . 05 ........ .. ........ 140 1411 2.05 10·4 7.4 1·4 
2.35 ................. . 121 1532 2 .35 7.9 11·7 0·2 
2 . 50 .................. 70 1602 3.05 8·9 10·5 0·3 
3. 20 .......... . ...... . 160 1762 3 .35 11·8 7.4 0·4 
3.45 ......... .... . .... 170 1932 4.05 9·0 10· 0·4 
4.15 .... . ............ . 112 2044 4.35 8·9 8·7 1·9 
4.45 .... ..... . ..... .. . 118 2162 5.05 8·5 11·5 O·O 
4 . 55 ....... . .......... 60 2222 5.35 7·0 12·4 0·4 
5.30 .................. 125 2347 6.05 9·8 10·0 O·O 
5 .40 ....... . .......... 60 2407 

1 
6.10 . . . ..... . . .. . ..... 10 2515 9·1 10 · 1 0·5 
6.35 . . . . . . . . . . . . . . . . . . 89 2604 . 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 52 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
pe! Boiler gases at Feed In entrance lbs. 

sq. m. room. entrance Water. ash-pit. to flue. 
to flue. 

8.35 .. . ... .. . ... 123 80 560 68·5 -· 02 -· 30 . ...... ... . . 
8.50 ....... ... .. 118 80 550 68·5 -·02 -·30 420 
9 .05 . ... ... .. . . . 116 81 525 69 -· 02 -·30 386 
9 .20 .. ..... .... . 116 79 580 69·5 - ·02 -· 30 446·5 
9 . 35 . . ..... .. ... 122 81 585 69·5 - ·02 -·30 365 
9 .50 .... . ...... . 119 81 600 70 -·02 -·32 430 

10 . 05 ..... . .... .. 123 83 590 70 - ·02 - ·32 521·5 
10 .20 ......... . . . 104 82 560 70·5 -·02 -·32 482 
10 . 35 . . ....... . . . 120 82 630 70 ·5 -·02 -·32 262 
10 .50 .... . .. . . ... 112 83 630 70·5 - ·02 -·32 571.5 
11.05 . .. . . . . .. ... 123 83 680 70·5 -·02 -· 32 639 
11. 20 ..... .. .. ... 121 83 740 71 -·02 -·35 337 
11 .35 .......... . . 120 83 660 71 -·02 - ·32 510 
11.50 ......... . .. 115 83 650 71 - ·02 -·32 480·5 
12.05 .... ........ 115 83 610 71 -·02 -·30 460·5 
12 .20 ......... ... 115 82 600 71 -·02 - ·30 361 
12 .35 ..... ..... . . 104 83 550 71 - ·02 - ·25 571 ·5 
12.50 ......... .. . 121 81 590 71 -·02 -·30 154 

1. 05 ..... . .. .... 114 81 650 71 - ·02 -· 30 429 ·5 
1.20 ... . . . ...... 118 80 605 71 - · 02 - · 30 426 -5 
1 . 35 . .. ..... .. . . 121 80 650 70 · 5 -·02 -· 30 482 
1 .50 ....... . . .. . 121 79 625 70 ·5 -·02 -·30 527·5 
2 .05 . .. . ...... . . 119 79 630 70·5 -·02 -·30 449.5 
2 .20 . . .. . ....... 121 80 675 70·5 - · 02 - · 30 479 
2 .35 .......... . . 122 79 630 70·5 -·02 - · 30 449.5 
2 .50 ..... .. ..... 121 79 610 70-5 -· 02 - ·30 401 ·5 
3 .05 . ........ .. . 121 79 630 70·5 -·02 - ·30 480 
.3. 20 . .. .. .... . .. 121 78 625 70·5 -·02 - ·30 539 
3.35 ....... ... .. 123 78 710 70·5 -·02 - .35 402 ·5 
3 .50 . . ........ . . 118 77 690 70·5 -·02 - ·35 505 
4 .05 .. ......... . 108 78 650 70·5 -·02 -·34 G53·5 
4 .20 ... ....... .. 118 78 690 70 -·02 -·34 413 
4.35 . ... . . . .. . .. 108 78 620 70 -·02 -·34 533 
4 . 50 . .... .. .. . . . 103 77 610 70 - ·02 -·34 457.5 
5 .05 ............ 113 77 640 70 - ·02 -·32 497 
5 .20 .. . ......... 104 77 600 70 - ·02 - ·32 461 ·5 
5 . 35 . .... .. . ... . 103 79 540 70 - ·02 - ·25 483·5 
5 .50 . . .... . . . .. . 106 77 600 70 - ·02 - · 32 189 ·5 
6.05 . ...... . .... llO 77 640 70 - ·02 -· 32 433 
!6.20 ......... . .. 104 76 600 70 -· 02 -· 32 395 
ti. 35 ........ .. .. 118 76 650 70 - ·02 -· 34 357.5 

115·7 79 -8 621 70·3 - ·02 - ·31 17,933 ·5 net 
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SUMMARY OF OBSERVATIONS 

Date--July 17, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking .. .. .. .......... . ........... Hand-spreading on alternate sides 
2. Kind of draft.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . atural 
3. Condition of boiler and date of last cleaning .. ... ... Thorougbly cleaned May, 1908 
4. Tubes cleaned ...................................................... 7. 40 a.m. 
5. Fire cleaned .................... . ............... 7.30 a.m., 12.30 and 5.30 p.m. 

FUEL. 

6. Kind of coal. ..... .. . ............... ...... {erNo. 231; t Po. 3 mCin
1
e,C 1icFhel ColliB·ery, 

owsnes ass oa o., errue, .C. 
Anal · f dr 1 b · h (01) {C =82·4 H=4·8 S=0·5 7. ys1so ycoa ywe1g t 10 . .. ....... • .. . ..... N,=1·3'0,=4·8Ash=6·Z 

8. Calori.fic value of dry coal B.T.U. per lb ...................... '. ....... ' ... . 14310 
9. Moisture in coal as fired (%) . ..... ............ ...... .. .................... 4·9 

10. Weight of coal fired (lbs.) ................................................ 2604 
11. Combustible matter in ash and clinker ( %) ................................. 39. 3 
12. Weight of clin.ker (lbs.) ........ . ... .. ...................................... 85 
13. Weight of ash (lbs.) ............ , ..................................... . . .. . 98 

Arn AND FLUE GAs. 

14. Air p~~sure under fire (inch.~s of ~.ater) .... . ........ .. .............. .. . .. -0· 02 · 
15. abovefire .............. . ... . ........ ... .. . . -0·20 
16. at <lamper ............................. . . .. -0·31 
17. Amount of damper opening ..................................... . .. . ..... . Full 
18. Temperature of air in boiler house (°F.) .......... . .............. . ......... 79 · 8 
19. Flue temperature (°F.) ....................................... ... .. ....... 621 
20. Analysis of dry flue gas by volume (%) .C0,=9·1, 0 2= 10·1, C0=0·5, =80·3 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28 . 
29. 

IVATER AND STEAM. 

Temperature of Ieed water (°F.) .......................... .. .......... . ... 70 · 3 
Total weigbt of feed water, corrected for difference of level (lbs.) .............. 17933 
Water level in gauge at start (inches) ............................ ........ .. 4 tf 
Water level in gauge at finish (inches) .............................. ...... .. .4i 
Correction for difference of level. included above (lbs.) ....................... -10 
Steam pressure by gauge (lbs. per sq in.) . . ..................... .... . . ... 115 · 7 
Barometer reading (inches) .. ............ .. .............................. 29 · 58 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ............ .. ..... .. 15 · 5 
Temperature in steam calorimeter (°F.) ...................... . .......... 291·3 

Notes. 
This coal burns with n good den! of flnme but nota great den! of smoke. The clinker formed wns very 

bard and in a thin layer perforated with holes. Could not be used on a shnking grate. Coal coked 
considerably. Clenncd out twice during trial. Wenther, fine but cloudy. 

{
Fixed car bon . . . . . . . . . . 68 · 6 

Proxima te analysis of dry coal by weigbt 3 t~~~~~ ~~~~.r:::::::: 2n 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 231. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29·70. At finish-29·47. Mean-29·58. 

TOTAL QUANTITIES. 

1. Date of trial. .... ...... . . .... ........ ... .. .. .... ....... ... .. ..... .... 17 / 6 / 08 
2. Duration of trial (hours) .... . ........................................ . .. 10 ·OO 
3. Weight of coal as fired (lbs.) . ............ . . . . ...... .. ..... ...... . .. . ... ... . 2604 
4. Percentage of moisture in coal as fired (%) .. . .............................. 4· 9 
5. Total weight of dry coal fired (lbs.) ....................... . ......... ..... .. 2476 
6. Total ash and refuse (lbs.) ....................... . ................ .. ...... 183 
7. Percentageof ash and refuse in dry c.oal (%)(a) from analyses 10 · 2; (b) weighed.7·39 
8. Total weight of combustible consumed, from analyses (lbs.) ................ . . 2223 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17933 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .. . ............................. 17850 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21250 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) ................... .. ... .... .. . ... .. .. ..... . 247 · 6 
13. Dry coal per square foot of grate surface per hour (lbs.) . . .................... 14 · 7 
14. Water evaporated per hour corrected for quality of steam (lbs.) .............. 1785 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .. . .. . ...... . ..... 2125 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . ..... ........ .. ... . .... . ........................ 3 · 32 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) . ... . .. . .. .. .. ............... . ..... 115 · 7 
18. T emperature of feed water entering boiler (deg. F.) ................... .. . . ... 70· 3 
19. Temperature of escaping gases from boiler (deg. F.) .... . ............... . ...... 621 
20. Pressure of draft between clamper and ash-pit (ins. of water) ...... . .. ...... .. . 0 · 29 
21. Percentage of moisture in steam ....... . . . ........ . . ............ .......... . 0 · 6 

• 
HORSE-POWER. 

22. Horse-power cleveloped (Item 15 + 34!) ................... . .... . . . . . ..... . . 61 · 5 
23. Builder ' rated horse-power .................. . .... . ............. ... .... . . .. 60 
24. Percentage of builclers' rated horse-power developed ...... ... ... . ............. 103 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) . . . . . . .. ..... .. ... . ... . .. . . . .................... . . . . 6· 89 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 8 -16 
27. Equivalent evaporati_on from and at 212° F. per lb . of dry coal (Item 11 +Item 5) 8. 58 
28. Equivalent evaporat10n from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ............... . ......... . . . .... . .................. 9 · 56 

EFFICIENCY. 

29. Calorific value of dry coal per lb . (B .T.U.) ......... . . . ..... ............... 14310 
30. Calorific value of the combustible per lb. (B.T.U.) ...... . . ...... . . . . ..... . . . 15260 
31. Efficiency of boiler (based on combustible consurned) (%) . .. . . ........ . . .. . . 60. 4 
32. Efficiency of boiler, including grate (based on dry coal) (%) ........ . . . .... . . . 57. 9 

FLUE GASES. 

33. Dry flue gas per lb. Carbon (from gas analyses) (lbs.) .......... . ... . . . .. . . . .. 25. 9 
34. " " of combustible consumecl (from gas analyses) (lbs.) .... . ... 23 · 8 
35. " " rlry coal (from gas analyses) (lbs.) ........................ 21·4 
36. Proportion of heat of fu el in escaping dry flue gases (%) ... . .. ......... . ..... 19. 4 
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TRIAL OF No. 2 B. AND W. BOILER WITH COAL No. 30. 

Date-June 9, 1908. Trial Nurnber-G.C.T. 35. 

OBSERVATIOr S OF GE ERAL CONDITIO S. 

Notes. 
Coal very friable, fairly brigbt in appearance, in lumps up to 4• with large amount of duat and fine 

stuff. Smoke ligbt. Weather fine and warm. 

Tirne. 
5. 30 Fire started. 
7 . 30 Fire cleaned out and made up with No. 30 coal. 
8.10 Tubes blown. Pressure, 120 lbs. 
8.45 Trial started . Fire about 1 ~" thick, flaming considerably. Pressure, 99 lbs. Fire 

kept moderately thin, 4" to 6", during morning. 
12 .30 to 12.37 Fire cleaned. 96 lbs. of clinker and cinders removed. Clinker porous, 

friable, and easily removed. Coal cokes a very little. Coal very suitable for 
fine shaking grate. Coal burns easily with considerable flame. Fire thicker 
during afternoon, 8" to 10" mostly. 

5. 30 to 5 . 37 Fire cleaned. 133 lbs. of clinker, ash, and cinders removed. Clinker small 
in quantity, friable, and easily removed. 

6. 45 Trial ended. Fire similar to start. 104 lbs . of ashes raked from ash-pit. 
Blow-off examined and found tight. 

CLrNKER AND AsH. 
229 lbs. clinker. 
104 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 35 

Time. 

Start 8. 45 a.m. 
9.15 .......... . ...... . 
9.45 . . ..... " " ... . .. . 

10. 15 ... " ... . " . " ... . 
10 .45 . . ... .. .... . ..... . 
11.15 ................. . 
11 .30 ................. . 
11.45 ... . ............. . 
12 .15 ........ . ..... ... . 
12 .45 ... . ..... . ....... . 
1.00 . ...... . ......... . 
1.15 .. .... . . ......... . 
1. 45 .......... . ...... . 
2.15 .......... . ... .. . . 
2.45 ........... . ... . . . 
2.50 ................. . 
3.15 ............ .... . . 
3.45 ... . ... . . .. ..... . . 
4.15 ................. . 
4.45 ..... .. .......... . 
5 .05 . .... .... ..... . .. . 
5 .45 ........ . ... .... . . 
6. 20 .......... .. .. .. . . 
6 45 ................. . 

\Ycight of coal 
tired. 

During / Total. 
inll'l'YRl. 

253 
165 
168 
125 
124 

49 
68 

116 
132 
115 
129 
182 
141 
8 
24 
84 
99 

123 
87 
86 

16i 
142 
92 

253 
418 
586 
711 
835 
884 
952 

1068 
1200 
1315 
1344 
1526 
1667 
1755 
lïï9 
1863 
1962 
'.2085 
2172 
225'l 
2419 
2561 
2653 

Timc 
of 

Composition of fü;c gase::i 
by wilurnc, pcr cent. 

sampling l---~------

fiu e 1 1 gascs. CO. 0: CO 

8.50 
9.20 
9.50 

10. 20 
10.50 
11 .20 
11 .50 
12 .20 
12.50 

1. 20 
1. 50 
2.20 
2.50 
3.20 
3.50 
4.20 
4.50 
5.20 
5 . 50 
6. 10 
6.35 

7·0 
10·6 
10 ·3 
8 ·8 

11·8 
11·3 
10·3 
7.9 

10· l 
6·2 
9. 7 

10·1 
8·7 

·6 
10·0 
7· 2 

·O 
7. 
6·7 
s .. 
9.5 

9·01 1 

12·4 
7·8 
7·6 

10 ·7 
7.7 
7.5 
9·0 

12·3 
8·9 

13· 5 
10·3 
8·1 
9.9 

11· 2 
8·8 

13·1 
10·5 
12·9 
11 ·8 
11 ·2 

.3 

10· 15 

O·l 
O·O 
O·O 
O·O 
O·O 
O·O 
0·2 
O·O 
O·O 
O·O 
O·O 
0·1 
O·O 
O·O 
0·1 
0 ·1 
0·1 
O·O 
O·O 
O·O 
0·1 

0·04 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 35 

-
Steam Draft pressures, 

pressure Temperatures inches of Water 
gauge. o F. water. apparently 

cvaporated 
Time. in 

lbs. Flue At interval. 
pe! Boiler gases at Fced In entrance lbs. 

sq. m. room. entrance Water. ash-pit. to flue. 
to flu e. 

8.45 ......... . .. 97 85 500 59.5 -·02 - ·23 . . . . . . . . . . . . 
9.00 .. ... .. ..... 98 85 510 60 -·02 -·23 280·5 
9.15 ........ . . .. 110 85 500 60 -·02 -· 23 419 
!l.30 ...... . ... .. 110 87 520 60·5 -·02 -·23 512 
9.45 .. . ......... 110 85 570 60·5 -·02 -·23 559.5 

10 .00 . . ....... . . . 122 87 620 60·5 - ·02 -· 23 514·5 
10 .15 . ... ........ 110 85 550 60·5 -·02 -· 23 564 
10 .30 . .. ........ . 102 87 540 60·5 -·02 -·22 494 
10.45 .. . ... .. .. . . 114 86 580 60·5 -·02 - ·22 537.5 
11. OO ............ 122 86 590 60·5 -·02 -· 22 599 
11 .15 ...... -:- . .... 106 86 540 60 ·5 -·02 -·22 570 ·5 
11 .30 ... . .. . ..... 100 85 550 60 ·5 -·02 -·20 617 
11. 45 .. . . ... ..... 123 87 540 60·5 -·02 - ·20 317·5 
12 .00 .... . . . ..... 121 87 510 60·5 - ·02 -·20 509 
12.15 . .. ......... 120 85 500 61 -·02 -·20 458·5 
12.30 . ........ . .. 123 85 490 61 -·02 -·20 353 
12 .45 . ... .. ... . . . 122 85 470 61 -·02 - ·20 163 

1.00 . .... ...... . 118 87 490 61 -·02 -·20 425 
1.15 .. ..... ... . . 122 87 500 61 -·02 -·20 340 
1. 30 .. . ......... 123 87 490 61 ·5 -·02 - ·20 343 
1.45 ............ 123 87 480 61·5 -·02 -· 20 337 
2.00 .. . ......... 113 87 500 61·5 -·02 - ·21 358 
2. 15 .. . ..... . .. . 117 87 500 61·5 -·02 -· 20 399·5 
2.30 ........... . 118 89 580 62 - ·02 - ·22 521 
2.45 .... . .... . .. 113 87 550 62 - ·02 -· 22 554 
3.00 .. ....... .. . 121 87 550 62 -·02 -· 22 492 
3. 15 . ..... ...... 116 87 550 62 - ·02 - ·22 532 
3.30 .. . .... . .. . . 116 87 570 62 -·02 -·22 507 
3. 45 .. . ........ . 123 87 580 62 -·02 -· 22 472 
4.00 .. . ... . ... .. 115 87 580 62·5 - ·02 -·22 565 
4.15 ............ 100 87 550 63·5 -·02 - ·22 649 
4.30 . . ....... . .. 120 87 530 63·5 -·02 - · 22 321 
4.45 ......... . .. 121 87 510 63 -·02 -·22 391·5 
'5 . 00 ............ 123 87 520 63 -·02 - ·22 41D·5 
5. 15 ... .. .... ... 123 87 560 63 -·02 -·22 427 .5 
5.30 ... .. .. . .... 111 87 500 63 -·02 -· 22 386·5 
5.45 . ........... 82 85 460 63 ·5 -·02 -·22 297 
Ci.OO . .. .. .. ... . • 105 85 570 63 ·5 - ·02 -·22 250·5 
6.15 . . ..... . .. .. 123 87 640 63 ·5 -·02 - ·22 540·5 
6.30 . ....... .. .. 11 87 590 63 ·5 -·02 -·20 56.5 
6. 45 . . ..... . ... . 123 87 640 63·5 -·02 -·'.:O 438·5 

114·5 86·4 53~ 1 61 ·7 1 -·0~ 1 - ·21 18,000 ·5 nef 
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SUMMARY OF OBSERVATI01 S 

Date-June 10, 1908. 
Comrnenced-8.45 a.m. 

Boiler-B. and W. ro. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking . ..... . . . . .............. . .. . Hand-spreading on alternate sides 
2. Kind of draft . ... ....... .. . .. .. . ... . ......................... . ........ Natural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10 a.m . 
5. Fire cleaned . ... ... . ...... . .. . . ... . . ... .. . ..... 7.30 a.m., 12 .30 and 5.30 p.m. 

FuEL. 

Ki d f 1 {
No. 30 coal- o. 7 mine, Michel colliery, 

6. n ° coa ·· · · · · · · · · · · · · · · · · · · · · · · · · Crowsnest Pass Coal Co., Fernie, B.C. 
7 An 1 · fdr lb · h (<YI) {C =76 ·5 H=4·5 =0·4 . ays1so ycoa yweig t 10 .• • • •• . •••.•••••• N,=1 ·2;0,=5 ·5,Ash=11·9 
8. Calorific value of dry coal B.T.U. per lb .................................. 13360 
9. Moisture in coal as fired (%) . . ... ... . ........ .. ..................... .. ... . l ·O 

10. Weight of coal fired (lbs .) ...... ...... .. . .. ... . . ....... . .. . .. .... . ... .. ... 2653 
11. Combustible mat ter in ash and clinker (%) . ...... . ........ . ...... .. .. ...... 21 ·8 
12. Weight of clinker (lbs.) .............. .... ..... .. ................... . ...... 229 
13. Weight of ash (lbs.) ..... ... . ... . . ... ... . . . . . .. ............. : .......... .. . 104 

Arn AND FLUE GAs. 

14. Air ~~essure under fire (~?hes of ~ater) . .. ............................... -0 · 02 
15. abovefire . . . . ... .... . ... ................... -0·19 
16. atdamper " .. . . ........... . . . ..... . ... . ..... -0·21 
17. Amount of <lamper opening ......... . . .. ... . ................. .. . .. .. .. Various 
18. T emperature of air in boiler house (°F.) . . ... . . . ........ ..... . . ............. 86·4 
19. Flue temperature (°F.) ......... . ................. . ...... ... . .' . . ... . ...... 538 
20. Analysis of dry flue gas by volume(%). CO,= 9 · 01, o, = 10 · 15, CO = 0 · 04, N = 0 · 8 

\V ATER AND 8TEAM:. 

21. Temperature of feed water (°F.) ..... . ...... . ...... .. ... . ...... ....... .... 61·7 
22. Total weight of feed water, corrected for difference of level (lbs.) .............. 1 000 
23. Water level in gauge at star t (inches) .................... . . .. ........... .. .. . 4 
24. Water level in gauge at finish (inch es) ............. . . . .. ..... . ............ . .. 3i 
25 . Correction for difference of level included above (lbs.) ............. . . ..... ... +20 
26. Steam pres ure by gauge (lbs. per sq. in .) . . . ... . ................... . . . . .. . 114 · 5 
27. Barometer reading (inches) ............ ... ........ . .... . . ... ......... . ... 29·44 
28. Pressure in stcam calorimeter by gauge (lbs. per sq in.) ..... . ........... . .. . . 14 · 
29. Temperature in steam calorimetcr (°F.) .............................. . ... 290·6 

Notes. 
This coal is easily worked, the clinker being friable and ensily removed. Could be worked to advantage 

on a fine shaking gmte. Smokc light. Weather fine and wnrm. 

{
Fixed carbon. . . . . . . . . . 65 · 5 

Proximate analysis of dry coal by weight 3 Volatile matter ....... 22· 6 
Ash .................. 11 ·9 
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SUMMARY OF RESULTS 

Made on B. and W . No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 30. Kind of Furnace--Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate. (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft. )-Nil. 
Barometer at start-29·47. At finish-29·42. Mean-29·44. 

TOTAL QuANTITIES. 

1. Date of trial. ......... .. ........... .... .......... . ......•.... ..... ... 10/ 6/ 08 
2. Duration of trial (hours) ...... . ...... . ................ .. ............ .... 10 ·OO 
3. Weight of coal as fired (lbs.) ........................................... . . . 2653 
4. Percentage of moisture in coal as fired (%) .................................. . 1 

- 5. Total weight of dry coal fired (lbs.) ....... . ........ ... ..................... 2627 
6. Total ash and refuse (lbs.) .... . ... . ...... .... ........... .. ....... . .... . ... 333 
7. P ercentage of ash and refuse in dry coal (%)(a) from analyses 15 ·2; (b) weighed.12·7 
8. Total weight of combustible consumed, from analyses (lbs.) .... ....... ....... 2230 
9. Total weight of water fed to the boiler, correeted for difference of level (lbs.) .. . 18000 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .................... . ......... . . 17930 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . . .... 21510 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
2 . 

HoURLY QuAN'l~rrns. 

Dry coal fired per hour (lbs.) ........ . ......................... . ........ . .. 263 
Dry coal per square foot of grate surface per hour (lbs.) ..... ... ........ ... ... 15 · 7 
Water evaporated per hour corrected for quality of steam (lbs. ) ........... ... 1793 
Equivalent evaporation per hour from and at 212° F. (lbs.) ............. . .... 2151 

Equb:~~~~ ~:~r~::Wb~. f.~r. ~~~~. f.r~~ .~~~ .~t. ~ ~ ~~ ~ .. p~~ ~q~·a·r~. f·o·o·t. ~~. ~~t.e~ .. 3 . 36 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) .. ... . ... ..... ... . ......... .. ... ... 114 · 5 
Temperature of feed water entering boiler (deg. F.) .......................... 61·7 
Temperature of escaping gases from boiler (deg. F.) ............. . . . .. . ... . .... 538 
Pressure of draft between clamper and ash-pit (ins. of water) .... . .... ... ...... 0 ·19 
Percentage of moisture in steam ... .. . .... . . ................ · . . ........... . . 0 · 5 

HORSE-POWER. 

Horse-power developed (Item 15 + 34t) ...... . ..... . .. ..... .. ....... . . .. ... 62 . 3 
Builders' rated horse-power ................ . ... . ... ....... .. ......... .. .... 60 
Percentage of builder ' rated horse-power developed .. ................ . .. . .... 104 

EcoNOMIC REsULTS . 

Wat(f te~~a:~~iii 3).a.po.ra.te~ . ~.de.r ~ctual . co~~i.t'.~n~ . p~r .lb." . coal. ·a·s· ~~~ .. 6 . 79 
Equivalent evaporation from and at 212° F. per lb . coal as fired (Item 11 +Item 3) 8·11 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8·19 
Equivalent evaporation from and at 212° F. per lb. of combustible consumecl 

(liem 11 +Item 8) . . ................... ... ............ . . . ............ 9. 65 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ................... . . ... ... ..... 13360 
30. Calorific value of the combu t ible per lb. (B.T.U.) . . . . .......... . ... . ...... . 15150 
31. Efficiency of boiler (based on combustible consumed) (%) ...... . . . ... . .. . ... 61·6 
32. Efficiency of boiler, including grate (based on dry coal) (%) .... ....... . .. .. .. 59 · 2 

FLUE ÜASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) . . . .......... . .......... 27. 5 
34. " " of combu tible con umed (from gas an::tlyses) (lbs.) ........ 24. 8 
35. " " dry coal (from gas analyse ) (lbs.) . ... . .. ...... ........... 21. O 
36. Proportion of heat of fuel in escaping dry ·flue gases (%) .. .. . . ... ... ...... . .. 17·1 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 29. 

Date-June 10, 1908. Trial Number-G.C.T. 36. 

OBSERVATIO S OF GENERAL CONDITIONS. 

Notes. 
Coal nearly ail fine stuff and dust with some lumps up to 4'. Burns readily with considerable fiame 

and some tendency to coke. Weather overcast; cloudy and moderately cool. Smoke moderate. 

Tirne. 
7. 45 Fire cleaned and made up with o. 29 coal. Pressure, 95 lbs. 
8. 05 Tubes blown. 
8.45 Trial started. Fire lV thick, flaming slightly, fairly well burnt through. 

12.45 to 12.51 Fire cleaned. 71 lbs. of clinker removed. Clinker light, friable, and 
· easily removed. 

4. 39 Fire sliced. Fire kept thin 4• to 6* during morning, somewhat thicker during after
noon, about 8'. 

5. 45 to 5. 52 Fire cleaned. 90 lbs. of clinker and cinders removed. Clinker as at noon. 
Coal suitable for shaking grate, if it bad small air spaces. Much fine coal fell 
through bars during day. 

6. 47 Trial ended. Fire sirnilar to start, somewhat thicker but flaming less. 100 lbs. 
of ash, raked from ash-pit. 

Blow-off examined and found tight. 

CLI KER AND AsH. 

161 lbs. clinker. 
100 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL o. 36 

Weight of coal Time Composition of flue gll.Se3 
fired. of by volume, pcr cent. 

Tirne. s:i.mpling 

1 

flu e 

1 1 
During Total. gases. co. o. CO 

interval. 

Start 8 . 45 a.m. 
9.15 . .. . . . . .. . .. . .. . . . 228·5 228 ·5 8 . 50 8·5 10 · 2 O·O 
9 . 45 . . .. ... .......... . 135 363 · 5 9.20 7·0 12·9 0·2 

10 . 15 .... .. .. . .. . . .. .. . 113 476·5 9 .50 7·2 12·7 O·O 
10 .30 .. . . . . ..... . . . .. . . 71·5 54 10.20 8·8 10 · 2 O·O 
10.45 . . . . . . .. . . . . .... .. 7 .5 626. 5 10·50 9 · 0 10·1 O·O 
11.15 . . . . . .. .. ... ... . .. 104 730.5 11. 20 7. 9 12·1 O·l 
11. 45 .. . .. . . . .. . . . ... . . 123 853.5 11.50 ·9 9 .9 O·O 
12.15 . .. .. . . .. . ... . . . . . 149 . 5 1003 12. 20 8· 0 10·3 O·O 
12.45 .. ... . . .. ... ... . . . 93 1096 12.50 4.7 15·1 O·O 
1.15 . . .. ... . ... .... . .. 125 122 1 1. 20 8 ·5 11 · 2 O·O 
1.45 ... . . . .. . .. . .. ... . 161 1382 1. 50 7 . 5 12·3 0·2 
2 .00 .. .. ... .. . . .. ... . . 90 H72 2 . 20 ·O 11 ·8 O·O 
2 . 15 . . . . .. . ... .. . . .. . . 49 1521 2.50 10 · 3 9·1 O·O 
2 .45 . . . .. ........ ..... 133 1654 3 . 20 D·O 9.5 O·O 
3 . 15 ... . . .. ... . .. .. . . . 104 1 ï.3 3 . 50 ·8 9 · 1 O· l 
3 .50 . . . . ... .. . . . . . ... . 171 1929 4 .20 ·5 9 · O·O 
4 . 15 .. . . . .... . . . .. .. .. 152 20, 1 4 . 50 13·0 6·4 O·O 
4 .45 ........ . . . .. . .. .. 79 2160 5 . 20 9 ·5 10·2 O·O 
5. l 'i . . .......... .. . .. . 137 '.! 297 5 .50 8· 9 10 · 9 O·l 
5. 45 . . . . .. . . . . . .. . . .. . 81 237 6 . 22 7 ·0 12 · 6 O·O 
6.20 . . .. . . .. .... . .. . . . 1 2566 6 . 35 10·3 9 . 7 O·O 
G. 4ï . . . ..... ... . ..... . 49 2615 

·53 10·77 0·03 
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OBSERVATIO S MADE DURING BOILER TRIAL No. 36 

Stcam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. ent rance Water. ash-pit. to flue. 
to flue. 

8.45 ........ .. .. 112 81 550 61·5 -·02 -·25 ........... . 
9.00 .... ........ 121 79 590 61·5 -·02 -·25 450 
9.15 ............ 120 79 600 61· 5 -·02 -·25 484 
9.30 ............ 118 81 610 61·5 -·02 - ·25 570 
9.45 ...... ...... 120 79 550 61 -· 02 - · 21 483 

10.00 .... . ....... 123 81 570 61 -·02 - · 21 438·5 
10.15 .......... . . 108 81 540 61 - ·02 -·21 540 · 5 
10 .30 . .. ...... .. . 118 81 550 61 -·02 -·21 405 
10 .45 ...... .. .... 120 81 550 61 -·02 -·21 458·5 
11. OO ............ 121 79 520 61 -·02 -·21 449 
11 . 15 ..... . . . .... 123 79 520 61 -·02 -·21 395.5 
11 .30 . .... . ...... 102 79 500 61 -·02 - ·21 550·5 
11 .45 ............ 118 79 510 61 - ·02 -·21 328 
12.00 ............ 114 77 530 61 -·02 -·22 417 
12.15 .. .... . ... . . 123" 77 520 61 - ·02 -·22 377 
12 .30 ........ . ... 116 77 560 61 -· 02 -·25 483·5 
12.45 ............ 123 77 650 61 - ·02 -·25 408 
1.00 ..... . ...... 112 77 460 61 -·02 -·25 262 
1.15 ...... .... .. 123 77 590 61 - ·02 -· 25 311 · 5 
1.30 .. .. .... .... 123 77 600 61 -·02 -·25 460 
1.45 .... . .. . .... 123 77 610 61 -·02 -·25 517·5 
2.00 ... . . .... . .. 123 77 580 61 -·02 -·20 403 
2.15 ............ 123 77 620 61 - ·02 -· 20 486 
2.30 ............ 123 77 570 61 -·02 - ·20 486·5 
2.45 . ....... . .. . 123 77 550 61 -·02 -·20 401·5 
3.00 . . .......... 123 77 570 61 · 5 - ·02 - ·20 503 
3.15 ............ 118 77 570 62 -·02 -·20 562 
3.30 . . . ... .. .... 119 77 570 63 -·02 -·20 475.5 
3.45 .....•...... 110 79 570 63 -·02 -·20 555.5 
4.00 ........... . 100 79 550 63 - ·02 -·20 476·5 
4.15 .... . ..... .. 109 79 510 63·5 -·02 - ·20 382 
4.30 ... .. .. . .... 114 77 540 63·5 -·02 -·20 333.5 
4 .45 . ........ ... 123 77 730 63·5 - ·02 -·25 297 
5.00 .. ... ....... 122 79 670 63·5 - ·02 -·25 633 
5.15 ............ 117 77 610 63·5 -·02 -·25 566 
5.30 ......... . .. 108 79 610 63·5 -·02 -·24 620·5 
5.45 ............ 123 79 630 63·5 -·02 -·24 390 
6.00 .. ........ .. 123 79 570 63·5 -·02 -·25 180 
6.15 ....... . .... 123 79 590 63·5 -·02 -·25 494·5 
6.30 .... .. .. . ... 121 77 590 63·5 -·02 -·25 398·5 
6.47 . ........... 122 77 650 63·5 -·02 -·25 555 

118 ·0 78·2 57.3 61 ·8 · -·02 - ·23 18,038· 5 net 
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SUMMARY OF OBSERVATIONS 

Date-June 10, 1908. 
Commenced-8.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.47 p.m. 

GE ERAL. 

At McGill University. 
Duration-602 mins. 

1. Method of stoking ........................ . .... Hand-spreacling on alternate sides 
2. Kind of draft.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . atural 
3. Condition of boiler and date of last cleaning ..... ... Thoroughly cleaned May, 1908 
4. Tubes cleaned ...................................................... 8. 05 a.m. 
5. Fire cleaned ......... . .......................... 7.45 a.m., 12.45 and 5.45 p.m. 

FUEL. 

6 K . d f l {Coal o. 29- o. 8 mine, Michel Colliery, 
· m 0 coa · · · · · · · · · · · · · · · · · · · · · · · · Crowsnest Pass Coal Co., Fernie, B.C. 

An l · f d al b · h (01) {C=76·1 H=4 ·5 S=0·6 7. ayslSo ryco ywe1g t 10 . ............•... N,=l·3;0,=7·3, Asb=1'0·2 
8. Calorific value of dry coal B.T.U. per lb ......... . .... . ..... .... .......... 134 0 
9. Moisture in coal as :fired (%) ........... . . . ...... .. ...... . ..... .......... .. l · 0 

10. Weigbt of coal :fired (lbs.) . . ... . .... . ... . ............... . . ... ....... . . ... 2615 
11. Combustible matter in ash and clinker (%) ................................. 23·0 
12. Weight of clinker (lbs.) .................... . .. .......... ........... ....... 161 
13. Weigbt of a h (lbs.) ................................... . .................. 100 

Arn AND FLUE GAs. 

14. Air ~~essure under :fire (~?bes of ~ater) ... ..... ................. ... ..... . -0 ·02 
15. abovefire ........................... . .. .. .. -0·19 
16. at damper " .. ... ............................ -0 · 22 
17. Amount of damper opening ........... . ............................... Various 
18. Temperature of air in boiler bouse (°F.) ............ ...... ............ . ... . 7 · 2 
19. Flue temperature (°F.) ........................ ... ........................ 573 
20. Analysis of dry flue go.s by volume ( %) ... . CO,= 8 · 5, o, = 10 · 8, CO= 0, N = 80 · 7 

WATER AND STEAM. 

21. Temperature of feed water (°F.) . . .. . .. . .. . .............................. 61·8 
22. Total weight of feed water corrected for difference of level {lbs.) ........ ... ... 1803 
23. Water level in gauge at start (inches) ........................ . ........ . . ... 4t! 
24. Water level in gauge at finish (inches) ........ . .... . .............. .. .... ... . 4 is 
25. Correction for difference of level included above (lbs.) ....................... +40 
26. Steam pressure by gauge (lbs. per sq. in.) .... . ............. . .... . .. ........ . 11 
27. Barometer reading (inch es) . ... . ....................... .. ................ 29 · 5 
28. Pressure in steam calorimeter by go.uge (lbs. pcr sq. in.) ....... .... .......... 15 · 6 
29. Temperature in steam calorimeter (°F.) ............................... .. ... 292 

Notes. 
Coal suitable for shnking grnte with small air spnces. Clinker very easily broken up. Burns readily 

with considernble fiame and some tendeney to coke. Moderat,, amount of smoke. Weather overcast. 

Prox.imate analysis of dry coal by weight % Volatile mo.tter ....... 24 · 1 {

F ixed carbon . .. ... . ... 65 · 7 

Ash .... . ........... .. 10·2 
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SUMMARY OF RESULTS 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel- o. 29. Kind of Furnace-Fixed bars, 30% air space. 
Mcthod of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 55. At finish-29 · 61. Mean-29 · 58. 

TOTAL QUANTITIES. 
Date of trial. ... . ........... .. ..... . ................. .. ..... ....... .. 10/ 6/ 08 
Duration of trial (hours) ......... . .. . . . ................... .. ........ . ... 10 · 03 
Weight of coal as fired (lbs.) . .. ... . ........................ ... .. .......... 2615 
Percentage of moisture in coal as fired (%) ............... . ................... 1 
Total weight of dry coal fired (lbs.) . .. . . . ... .. .... . .. . ..... . ......... . ... . . 2589 
Total ash and refuse (lbs.) . . . ............ . . . .. . . . . ...... ......... . ..... . .. 261 
Percentage of ash and refuse in dry coal (%)(a) from analyses 13 · 25; (11) weighed.10 · 05 
Total weight of combustible con umed, from analyses (lbs.) ..... . . . .......... 2245 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 18038 
Equivalent water evaporated into dry steam from actual feed water tem-

perature and boiler pressure (lbs.) ......................... . . . ....... 17920 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21530 

HouRLY QuANTITIES. 

Dry coal fired per hour (lbs.) .................... . ... ........ .. ............ 258 
Dry coal per square foot of grate surface per hour (lbs.) ........ . .... . ..... . .. 15 · 4 
Water evaporated per hour corrected for quality of steam (lbs.) .......... .... 1784 
Equivalent evaporation per hour from and at 212° F. (lbs.) . . . .... . .......... 2145 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .... . .. . .................... ... .............. . ... 3 · 36 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) . .. .................... . .... . . ..... 118 · 0 
Temperature of feed water entering boiler (deg. F.) . ... . ................ .. . . . 61 ·8 
Temperature of escaping gases from boiler (deg. F.) ... : ........ . .. . . . ...... . .. 573 
Pressure of draft between damper and ash-pit (ins. of water) .......... . .... . .. 0 · 21 
Percentage of moisture in steam . . .. ............. . .... ......... .... ... .... . 0 · 7 

HORSE-POWER. 
22. Horse-power developed (Item 15 + 34~) ....... . .............. . .. . , . .. . ..... 62 · 2 
23. Builders' rated horse-power ........... . ..................... .. ... . ... ...... 60 
24. Percentage of builders' rated horse-power developed . .... . .... ........... ... .. 104 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

EcoNoMic RESULTS. 

Water apparently evaporated under actual conditions per lb . coal as fired 
(Item 9+Item 3) ... ... .... .... ... ...... . . . . ....... .............. ..... 6·9 

Equivalent evaporation from and at 212° F . per lb . coal as fired (Item 11 +Item 3) 8. 24 
Equ~valent evaporati.on from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8. 32 
Eqwvalent evaporat10n from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) . . ........................ . ............... .. ....... 9. 58 

EFFICIENCY. 

C
Calor!fic value of dry coal per lb. (B.T.U.) ... . ........ . ....... . . .... .. . . .. 13480 
alo~1fic value of the combustible per lb. (B.T.U.) ....... . .......... . . .. ... . 15040 

E~c~ency of boiler (based on combustible consumed) (%) . ... . .... . . .... . . . . fil· 5 
Effic1ency of boiler, including grate (based on dry coal) (%) .................. 59 · 6 

FLUE GASES. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) ..... . .......... . . . .... . 29 · 0 
:: ;: of combustible consumed (from gas analyses) (lbs.) ... . .... 25 · 5 

P 
. dry coal (from gas anal y es) (lbs.) ... . . .. .............. .. 22 · 1 

roportion of heat of fuel in escaping dry flue gases (%) .... . .... . ... . ....... 19·5 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 51. 

Date-Sept. 22, 1909. Trial Number-G.C.T. 69. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine but overcast. Coal brittle lumps, with much dust. Robb boiler not working; B. and W. 

No. 1 work.ing. Blow-off examined and found tight. 

Fire broken out from banked fire. 
Ashes removed from combustion chamber. 

Time. 
6.40 
7.15 
7.25 Fire cleaned and made up with coal No. 51. Ail ash removed from pit. Sufficimt 

fire to cover bars left from previous coal. Steam pressure, 120 lbs. per square in. 
Tubes blown. 7.45 

8.40 
8 .40 
9 . 00 

Trial starts. Fire 2" thick and well burnt through. 18 lbs. ash removed from pit. 
Coal burns with fair flame,and fair amount of smoke. Cokes a little. 
Fire kept about 2• thick. 
Coal coking still. 11.00 

11 .20 Forced draught used. Thickness of fire increased to 5• or 6• with forced draught 
in asb-pit. 

Fire cleaned. Soft ash. Would go through shaking grate. 319 lbs removed. 
Finisbed. Fire as at start. 74 lbs. ash were removed from under bars. 

5 .25 
6.42 

CLINKER AND AsH. 

319 lbs. clinker. 
74 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL NO. 69. 

Weigbt of coal Timc Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 l Dur in~ Total. gases. co. c. CO 
interval. 

Start 8.40 a.m. 
9.17 ... .... ....... .. .. 219 219 9.05 7·1 13 O·O 
9.45 .......... . . ...... 118 337 9.33 6·6 13·2 0·2 

10.35 .......... . ..... .. 230 567 10 .00 6·7 12· 2 0·7 
11 .05 .. . ....... ... ..... 132 699 10.35 7.3 12·0 0·8 
11.40 ... ........ .. ..... 219 918 11 .00 7·6 12 ·0 0·4 
12.10 . ....... . .. ... .... 108 1026 11. 30 8 ·4 10·5 0·8 
12 . 45 .. ...... . . . . .... .. 163 1189 12.00 9·0 10·4 0·6 

1 . 15 .. .......... .. .... 164 1353 12 .30 .3 10 ·3 O· 
1.45 ...... .... ........ 117 1470 1.00 6·6 13·4 O·l 
2.25 .... .... .. ...... . . 151 1621 1. 30 8·2 10·7 1·2 
2.55 .. . .. . . ......... .. 139 1760 2.00 7.7 12·1 0·3 
3.25 . . ... . ... . . . . .... . 106 1866 2. 30 7·8 11 ·9 0·4 
3.45 ...... .. . .... . . . . . 90 1956 3.00 7·8 12·2 0·2 
4 . 30 .......... .. ...... 179 2135 3 . 30 7.3 12· 0·2 
4.55 . ................. 181 2316 4.00 6·5 13·5 0· 1 
5. 25 .......... . ....... 18 2334 4 . 30 .4 11·3 O·l 
5.50 . ... .............. 144 2478 5 .00 5·7 14-6 O·O 
6.20 . .... ............. . 50 2528 5.45 5.3 14·6 O·O 
6.42 .. ... ... .......... 65 2593 6.15 6·0 14·2 O·O 

7.3 12·4 0·4 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 69. 

Time. 

8.40 ............ 
8.55 ... . . . ...... 
9.10 ... . ........ 
9.25 ...... .. . .. . 
9.40 ..... .•.. .. . 
9.55 ............ 

10.10 ...... . . . . .. 
10 .25 .. ... . ...... 
10.40 ... . ........ 
10.55 ......... .. . 
1 
1 
1 

1.10 ......... ... 
1. 25 ..... .. ..... 
1.40 .. . . . . . ..... 

11 .55 ........... . 
12.10 .. . ... ...... 
12.25 . ........... 
lQ .40 ....... .. . .. 
12 .55 ... . .. .. .... 
1.10 . ........... 
l. 25 . . . . ... ..... 
1.40 .. .. .. . ...... 
1. 55 . .. ......... 
2.10 . . ...... . ... 
2.25 .. .. ........ 
2.40 . . .... . ..... 
2.55 ..... . ...... 
3.10 . .. ....... . . 
3.25 .... .. .... .. 
3 .40 ... .. ... . . .. 
3.55 .... . ..... : . 
4 .10 .. . . . ....... 
4.25 .. . ......... 
4.40 .. . ......... 
4.55 .. .... ... .. . 
5.10 ....... . .... 
5.25 .. ...... .. .. 
5.40 .. .. . . .... . . 
5.55 ............ 
6.10 ... .. . ... . .. 
6.25 .......... . . 
6.42 ...... .. .... 

83-17 

Steam 
pressure 

gauge. 

lbs. 
per 

sq. in. 

107 
103 
114 
117 
120 
115 
117 
112 
121 
119 
117 
115 
107 
117 
102 
119 
102 
117 
112 
117 
118 
105 
122 
113 
107 
109 
112 
114 
114 
113 
116 
122 
117 
121 
122 
112 
107 
117 
117 
117 
119 

114·2 

Temperatures 
o F. 

Flue 
Boiler gases at Feed 
room. entrance Water. 

to flue. 

73 360 64 
75 402 64 
73 400 64 
75 375 64 
74 404 64 
75 395 64 
74 405 64 
74 395 64 
75 380 65 
75 380 65 
75 420 64 
75 450 65 
76 435 65 
76 405 65 
77 4,50 65 
79 400 65 
79 400 65 
79 400 65 
80 410 65 
79 435 65 
81 430 65 
79 425 65 
78 420 65 
77 425 66 
78 445 66 
78 440 65 
80 415 65 
79 415 66 
79 405 65 
78 405 65 
78 425 66 
78 500 66 

. . . . . . . . . . . . . . . . . . . . . . . . 
77 460 65 
79 495 66 
82 325 65 
80 360 65 
80 400 66 
80 385 66 
79 405 66 
78 410 65 

77.4 412 ·3 65 

Draft pressures, 
incbes of Water 

water. apparently 
evap?rated 

!Il 
At interval. 

In cntrance lbs. 
ash-pit. to flue. 

-·05 -·15 ............ 
- ·05 -·20 460 
-·05 -·20 459 
-·05 -·20 373 
-·05 -·20 422 
-·05 -·20 405 
-·05 -·20 450 
-·10 -·25 466 
-·10 -·20 551 
-·10 -·20 232 
+·05 -·20 334 
O·O -·20 454 
O·O -·20 455 

- ·05 -·20 498 
-·05 -·20 494 
- ·05 - · 15 496 
-·05 - ·20 486 
O·O -·20 47'2 
O·O -·15 394 
O·O -·20 426 
O·O -·20 476 
O·O -·20 452 
O·O - ·20 354 

+·05 -·20 533 
O·O - ·20 477 

+·IO -·20 589 
+·10 -·20 358 
+·10 - ·20 474 
+·10 -·20 327 
+·10 -·20 498 
+·10 -·20 345 
+·25 -·20 487 

. . . ... .. . .. . ... . 453 
+·25 -·20 660 
+·25 -·20 475 

........ . . . . . . . . 457 
O·O 0·20 258 
O·O 0·20 162 
O·O 0· 15 294 
O·O 0·20 325 
O·O 0·20 352 

+· 15 - ·20 17,133 net 
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SUMMARY OF OBSERVATIONS. 

Date-Sept. 24, 1909. 
Commenced-8.40 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.42 p.m. 

GENERAL. 

At McGill University. 
Duration-602 mins. 

1. Method of stoking ............................................ Light spreading 
2. Kind of drnft ................... . . ...... ............... . ... Forced and natural 
3. Condition of boiler and date of last cleaning ...... Thoroughly cleaned August, 1909 
4. Tubes cleaned ...... ..... ......... . ...... ... ..... .. .......... .... . .. 7. 45 a.m. 
5. Fire cleaned ........................................... . ........... 5.25 p.m. 

FuEL. 

6. Kind of coal. ..... . . . .... .. . .... ................. .. . .. ................. No. 51 

An 1 · f d ! b · h (01) fC= 74 ·4 H=4·2 =0·3 7. a ys1s o ry coa y we1g t 10 •....•...••... . .. ~ N 
2 
= 1 . 0 ' o, = 4 . 8 Àsh = 15. 3 

8. Calorific value of dry coal B.T.U. per lb ............ : ....... '. ... .... '. .. . .. 12710 
9. Moisture in coal as fired (%) ........... . ... . . . . .. ....... . ................. 1·1 

10. Weight of coal fired (lbs.) .... . .... .. .. . .................................. 2593 
11. Combustible matter in ash and refuse (%) ................................... 9 · 3 
12. Weight of clinker (lbs.) ................................................... 319 
13. Weight of ash (lbs.) .. ............... . ...... . .......................... . ... 74 

Arn AND FLUE GAs. 

14. Air p~~ssure under fire (inc~~s of ~;1ter) ...... . ....... . .... . .............. +o · 15 
15. abovc fire ..... . ........ . ..... . ... . ......... -0·08 
16. atdamper ................... . ............. -0·20 
17. Amount of clamper opening . . ....... .. ...... .. . . .......... . .......... Full open 
18. Temperature of air in boiler house (°F.) ... . ........... .. . . ................. 77 · 4 
19. Flue temperature (°F.) . ........ . ... . ... . .. .... ...... ...... .. . .......... 412·3 
20. Analysis of dry flue gas by volume (%) .. C02= 7·3,02= 12·4, C0=0·4,N,=79·9 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) .............................. . ..... . ....... 65 
Total weight of feed water corrected for differcnce of level (lbs.) .. . ...... . .... 17133 
Water lcvel in gauge at start (inches) . . .... . .. . . . .............. . ...... . .... 5H 
Water level in gauge at finish (inches) .. . ........... . ......... .... .......... 8 iw 
Correction for difference of level included above (lbs.) ..... . ................ -420 
Steam pressure by gauge (lbs. per sq . in.) . . .... . ............... . .......... 114·2 
Barometer reading (inches) . ..... . .................. . ......... . .......... 29 · 72 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ...................... 5 · 96 
Tempcrature in steam calorimeter (°F.) ........ . . . .... , . . ......... . .. . ... 277 · 4 

Notes. 
Coal burnt with fair amount of flame and smoke. Gave little trouble in firing, coking a little . Burnt 

at first in a thin firc witb natural draugbt, on formation of dirt, however, forced draugbt was necessary. Would 
do better on a sbaking grate, clinker being soft and easily removed. 

Proximate analysis of dry coal by weight % Volatile matter.. . . . . . . 21·3 {

Fixedcarbon .......... 53·4 

Asb .................. 15 ·3 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Fuel. 
Kind of Fuel- o. 51. Kind of Furnace-Fixed bars, 15% air space. 
Method of Starting and Stopping Test-Alternate method. 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Sw·face (sq. ft.)-Nil. 
Barometer at start-29 · 82". At finish-29 · 62". Mean-29 · 72". 

TOTAL QUANTITIES. 

1. Date of trial. ..... . ............................ . .......... . . .. .. ..... 24/ 9/ 09 
2. Duration of trial (hours) .. ................................ .... ....... . .. 10 · 03 
3. Weight of coal as fired (lbs.) ................... ...... . . ............. . ..... 2593 
4. P crcentage of moisture in coal as fired (%) . . ............... ... ........... . . 1·1 
5. Total weight of dry coal fired (lbs.) . . .. ... . . ........... .. .. . .. ...... . . ..... 2564 
6. Total ash and refuse (lbs.) ....... . . . ............ ... ..... ....... .. ........ . 393 
7. P ercentageof ash and refuse in dry coal (%)(a) from analyses 16· 87; (b) weighed.15·34 
8. Total weight of combustible consumed, from analyses (lbs.) .................. 2133 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17133 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) . . .. . .. . .. ........... ... . . .. . ... 17020 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20340 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) ........ . ................................... 255 · 8 
13. Dry coal per square foot of grate surface per hour (lbs.) .. . . . . . . .... ......... 15 · 23 
14. Wat~r evaporated Pl'.r hour corrected for quality ~f steam (lbs.) ............ . . 1698 
15. Eqwvalent evaporat10n per how· from and at 212 F. (lbs.) . . ......... . . . . . .. 2027 
16. Equivalent evaporation per hour from and at 212° F . per square foot of water 

heating swface (lbs.) ..... .. . ......... . .. .. .. ............. . .. .. .. .. .. . 3· 18 

AVERAGE PRESSURES, T EMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq . in.) .......... ...... .. . ........... . .... 114·2 
18. Temperature of feed water entering boiler (deg. F.) . .. ... .. .. .. .. ...... . . ...... 65 
19. T emperature of escaping gases from boiler (deg. F.) . ...... ...... .. . ..... . . .. 412 · 3 
20. Pressure of draft between damper and ash-pit (ins. of water) ...... . ........... 0 · 35 
21. P ercentage of moisture in steam ...... . ................................... 0 · 70 

HORSE-PO\VER. 

22. Horse-power developed (Item 15 + 34!) .. . . . ......... . .... . .......... . .. . .. 58. 8 
23. Builders' rated horse-power .... .. ............ . ...................... . ...... 60 
24. P ercentage of builders' rated horse-power developed . . ........ . .... . . .... . . .... 98 

25. 

26. 
27. 
28. 

EcoNoMic RESULTs. 

Water apparently evaporated under actual conditions per lb . coal as fired 
(I tem 9+Item 3) ......... . ................ . . . ......... . . . ........ ... 6· 60 

Equivalent evaporation from and at 212° F . perlb. coal as fired (Item 11 +Item 3) 7 · 84 
Eq~valent evaporati_on from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 94 
Eqwvalent evaporat1on from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) .......... . . . . . .... .. ............... ..... ..... . .. . . 9 · 54 

EFFI CIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ...... . ......... .. ..... . .... . . . . 12710 
30. Calorific value of the combustible per lb. (B.T.U.) .. . ....................... 15010 
31. Efficiency of boiler (based on combustible consumed) (%) .. ................. 61·4 
32. Effic1ency of boiler, including grate (based on dry coal) (%) .... . ..... .. .. . ... 60. 3 

FLUE GASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) .. .. .. ....... . . . . . . .. .. . 32 · l 
34. " " of combustible consumed (from gas analyses) (lbs.) ..... . . . 28 · 7 
35. " . " coal (from gas analyses) (lbs.) . . .... .. . . .............. . .. 23. 9 
3ô. Proportion of heat of fuel in escaoing dry flue gases (%) ...... . . .. . . ... . ... . . 15 · l 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 62. 

Date-Sept. 24, 1909. Trial Number-G.C.T. 70. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Day overcast and raining. Blow-off examined and found tight. Coal consista mostly o! du.st. 

Tirne. 
a .m. 
6 . 45 
7.15 

7.25 
7.45 
8.35 

9.00 

10.05 
11 .30 
12.15 

12.20 
12 .35 
3.20 
5.15 

6.35 

Banked fire broken open. 
Fire cleaned and made up with No. 52 coal. Sufficient fire from banking left to 

start. Pressure, 85 lbs. 
Combustion chamber cleaned out. 
Tubes blown. 
Trial started. Fire 2' thick, well burnt through. 16 lbs. ash removed from 

combustion chamber. 
Coal burns with fair amount of fl.ame. Cokes rather badly. Considerable smoke 

is given off. Firing by light spreading. The fire is from 2' to 3' thick . 
Building fire 1.1p to about 5" to 6'. 
Forced draught started. 
Cleaned fires. A slab of hard clinker over grate easily removed. Weight removed 

121 lbs. 
Building fire up with forced draught. 
Fan stopped. Fire built up to about 5'. 
Clinker formed over bars in a slab, sliced and removed some. 
Fan stopped. Fire cleaned. Clinker in hard slabs, porous and easily removed, 

except at sides of grate. 
Trial finished. Fire as at start. 

13 lbs. of ash were removed from combust.ion chamber at the end of the trial. 

CLINKER AND AsH. 

248 lbs. clinker. 
85 lbs. ash. 

OTE-The fire was drawn at the end of the trial, leaving a very scanty fire as at 7 .15 
a.m. the weight of the fire drawn was 152 lbs. 
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RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 70. 

Weight of coal Timc Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 
During Total. gases. co. o. CO 

interval. 

Start 8. 35 a.m. 
9.05 ...... .... .. . . . . .. 188 188 8.45 8·3 12·0 O·O 
9.50 ...... . .... . ...... 204 392 9.15 6·3 13·9 0·2 

10 .20 ..... : . ... ..... . . . 184 576 9.45 6·0 14·4 O·O 
11. OO .......... . .. . . ... 164 740 10.15 5.3 14·3 0·5 
11 .30 ... . .... ... ... . . .. 124 864 10 .45 7.7 12·5 O·O 
12.05 ..... . .. .... . ..... 152 1016 11 .15 7.7 12·5 O·O 
12 .30 . . ...... . .... ... .. 186 1202 11.45 7.4 12·6 ô·O 

1.00 .. . . ........ . . ... . 132 1334 12.30 8·0 11·5 0·4 
1. 35 ...... ... ... • .. . ... 153 1487 1.00 6·5 13·7 O·O 
2.05 ... ..... . . .. ... ... 133 1620 1.30 7.3 12 ·5 0·4 
2.35 .. . . .......... . ... 124 1744 2.00 8 ·4 11·4 0·2 
2.55 .. . . .. . ........... 68 1810 2.30 5·9 14·3 0·2 
3.35 .... . ............. 172 1982 3.00 6·6 13·2 0·4 
4.05 ...... .. .. ..... . . . 158 2140 3.30 8·1 12 ·0 0·1 
4.35 ......... ..... . ... 168 2308 4.00 8·0 11 ·9 0·4 
5.05 .. . ... . . .... ... . .. 124 2432 4.30 8·0 12·0 0·3 
5.35 . .. .. .. . .. ... . .. . . 114 2546 5.00 8· 1 12·0 0·2 
5.50 . ... .. . . . ......... 81 2627 5.30 6·2 13·9 0·2 
6.20 . . . ......... ..... . 111 2738 6.30 5.9 13·2 O·O 
6.35 .... . .. . . .. ... . ... 33 2771 

7·1 12 ·8 0·2 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 70. 

Steam Dra.ft ~ressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
evap?rated 

Time. lil 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.35 ............ 117 71 415 66.5 O·O - ·20 ............ 
8.50 ............ 121 72 415 66 O·O - ·15 510 
9.05 . ..... . .. . .. 117 72 405 66 O·O -·20 4.63 
9 . 2D .. .... ... . . . 115 72 415 66 D·D -·2D 481 
9.35 ............ 113 73 . 46D 65·7 D·D -·2D 4D3 
9.5D ............ 113 73 5DD 65·5 -·D2 -·2D 5D7 

1D.D5 ........ .. .. 106 75 458 65 -·D2 -·2D 455 
10.2D ............ 115 74 413 65 -·D2 -· 2D 397 
10 .35 ............ 111 74 44D 65 -·Dl -·22 487 
1D.5D ..... ...... . 117 73 475 65 -·D2 -·2D 382 
ll.D5 ............ 116 75 475 65 -·Dl -·22 453 
ll .2D ............ 1D4 75 472 65·2 -·Dl - ·21 374 
11 .35 ............ 116 74 475 65·2 -·Dl -·21 368 
ll .5D ............ 116 75 57D 65·1 +·07 - ·21 3 7 
12 .D5 ............ 117 75 5D8 65 +·10 -·2D 636 
12 .2D ............ 103 79 4D5 65·1 +·10 -·2D 574 
12 .35 ............ 121 77 464 65 -·Dl -·2D 237 
12 .5D ............ 112 77 45D 65·2 -·Dl -·2D 494 
l.D5 ............ 113 78 43D 65 ·2 D·D .:... ·2D 413 
l.2D ..... .. ..... 103 77 46D 65·2 - ·Dl -·2D 385 
1.35 .... .. ...... 116 76 465 65·8 -·D2 -·21 439 
l.5D ............ 117 74 5D3 55.9 -·D2 - ·21 43D 
2.D5 ... . ........ 116 76 512 66 -·D2 -·21 475 
2.2D ..... . . .. . .. 109 77 525 65·8 -·D2 -·22 56D 
2.35 ............ 112 77 473 55.7 - ·Dl -·21 466 
2.5D ........... . 104 76 453 55.9 -·Dl -·22 514 
3.D5 ............ 1D3 75 472 55.7 -·Dl -·22 436 
3.2D ... . . . ...... 102 74 48D 65·9 -·Dl -·22 285 
3.35 .. .. ........ 112 75 55D 65·8 -·Dl - ·22 43D 
3.5D .. .... ... ... 1D6 76 510 65·9 - ·Dl - ·21 541 
4.D5 ........... . 117 78 51D 66 -·01 - ·21 392 
4.2D ............ 113 77 53D 66 +·D9 - ·21 576 
4.35 .... .... .... 109 76 5DD 66 +·D -·21 567 
4.5D ... . .. . .. .. . 105 76 54D 66·5 +·D9 - ·22 4 9 
5.D5 ............ 119 77 54D 66 +·D8 -·22 447 
5.2D ............ 97 77 385 66 D·D -·2D 55D 
5.35 ............ 104 75 47D 66·5 -·Dl - ·21 23 
5.5D ............ 115 74 445 66·2 -·Dl -·2D 327 
6.D5 ............ 112 75 46D 66·5 - ·Dl -·2D 325 
6.2D . . .......... 116 73 4 D 66·3 -·Dl - ·21 321 
6.35 ............ 1D8 71 445 66·5 - ·Dl - ·21 47D 

111 ·6 74.·9 472 65·8 +·Dl -·2D 17,674 net 
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SUMMARY OF OBSERVATIONS. 

Date-Sept. 24, 1909. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking .............. . ............. Hand-spreading on alterna.te sides 
2. Kind of draft ............................................... N atural and forced 
3. Condition of boiler and date of last cleaning . ..... Thoroughly cleaned August, 1909 
4. Tubes cleaned . . ....... . ..................... . ........ . ... . . ..... ... 7. 45 a.m. 
5. Fire cleaned . ...... . ............... ... ..... .... 7 . 15 a.m., 12 .15 and 5 . 15 p.m. 

FuEL. 

6. Kind of coal ........ . .......... . ............................... ... . . ... No. 52 

{
C =75·9 H=4·5 02=5·4 

7. Analysis of dry coal by weight (%) .. · · · · · · · · · · · · · · · S2=0· 6,'N2=1·2, Ash=12·4 
8. Calorific value of dry coal B.T .U. per lb ....... ... ..... ..... ....... .. . . ... 13090 
9. Moisture in coal as fired (%) ......... . .................................... l ·5 

10. Weight of coal fired (lbs.) ................. . ............ . ....... . . . . ... . .. 2771 
11. Combustible matter in ash and refuse (%) .............. . ............ .. .... 36 · 8 
12. Weight of clinker (lbs.) ............ .. ................................ . .. .. 248 
13. Weight of ash (lbs.) . ........... . .. .......... . ..... . . . .... . .. .... .... . ..... 85 

AIR AND FLUE GAS. 

14. Air pressure under fire (inches of water) . ... . ... . ...................... . . . +o · 06 
15. " above fire " " ................. . .. .. ......... . .. -0· 10 
16. " at <lamper " " ..... ... ......................... -0·20 
17. Amount of <lamper opening .. . ..... .... . ........ ........ ....... ... .. Full open 
18. Temperature of air in boiler house (°F.) . . ...... . .... . ........ .... .......... 74·9 
19. Flue temperature (°F.) ............. .. ...... . ... . .... . . . . ... . .... . .. .... .. 472 
20. Analysis of dry flue gas by volume (%) . . C02=7·1, C0=0 · 2, 02=12·8, N=79·9 

WATER AND 8TEAM. 

21. Temperature of feed water (°F.) .......................... . .... ... ... . ... . 65 · 8 
22. Total weight of feed water, corrected for difference of level (lbs .) ... .... ...... 17674 
23. Water level in gauge at start (inches) ................... . ............. . ... . 5-.fü 
24. Water level in gauge at finish (inches) .. ........... . ........................ 5-fo 
25. Correction for difference of level, included above (lbs.) . .. ... . ... .......... ... .. 40 
26. Steam pressure by gauge (lbs. per sq. in.) . ... . ................. .. .. .. ... . . 111·6 
27. Barometer reading (inch es) .......... . ........................ .. ... . ..... 29 · 83 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) . ... ......... . . . ...... 6·12 
29. Temperature in steam calorimeter (°F.) .... .... ..... ................ . . ..... 277 

Notes. 
Large amount of dust present in the coal. Burnt on bars with i' air space only. Fire kept light at 

first, and natural draught used; la ter it was found necessary to build the fire up and use forced draught. The 
coal burnt with a fair amount of 6ame, and gave off a great deal of smoke. It coked ratber baélly. The 
clioker consisted of bard slabs spread over the bars, which were fairly easy t.o remove. 

{
Fixed carboo... . . . . . . . 62 · 0 

Proximatc analysis of dry coal by weight % Volatile rnatter ...... . . 25 · 6 
Ash ...... ............ 12 ·4 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 52 Coal. Kind of Furnace-Fixed bars, 15% air space. 
Method of Starting and Stopping Test-Alternate method. 
Grate Surface (sq. ft .)-16·79. Water Heating Surface (sq. ft.)-639 . 

Superheating Surface (sq. ft.)-Nil. 
Earometer at start-29 · 83. At finish-29 · 83. Mean-29. 83. 

TOTAL QUANTITIES. 
Date of trial. .............................................. . ......... 24/9 / 09 
Duration of trial (hours) ... ... . .. . ....... . . ........... . ..... .. ............. 10 
Weight of coal as .fired (lbs.) ..... . . . ... .. ..... .............. . ... .......... 2771 
Percentage of moisture in coal as fired ( %) .. ............... ............ .... l · 5 
Total weight of chy coal fired (lbs.) . ...... .. . ..... .. . ...... ............ .... 2730 
Total ash and refuse (lbs.) ............... . ................................ 333 
Percentage of ash and refuse in dry coal (%)(a) from analyses 19· 62; (b) weighed 16· 2 
Total weight of combustible consumed, from analyses (lbs.) ........... ....... 2194 
Total weight of water fed to the boiler, correctad for difference of level (lbs.) ... 17674 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ......... . ...................... 17560 
11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20960 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 

.36. 

HoURLY QuANTI',l'IES. 

Dry coal fired per hour (lbs.) .............................................. 273 
Dry coal per square foot of grate surface per hour (lbs.) ........... .. .... ... . 16 · 26 
Water evaporated per hour corrected for quality of steam (lbs.) .............. 1756 
Equivalent evaporation per hour from and at 212° F. (lbs.) .............. .. .. 2096 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .................... . ............................ 3·28 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / .sq. in.) ............ . . ... ................ .. 114 · 6 
Temperature of feed water enterlilg boiler (deg. F.) .............. .. .......... 65 · 8 
T emperature of escaping gases from boiler (deg. F.) ...... . ................... .472 
Pressure of draft between clamper and ash-pit (ins. of water) . .. .. . . .......... 0 · 206 
Percen tage of moisture in steam .................. . .... . ........ . .......... 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) ................. . .. ..... .... ....... 60 · 8 
Builders' rated horse-power ............ . ..... ....... ........... . ......... 60 · 0 
Percentage of builders' rated horse-power developed ........................ 101·3 

EcoNOMic RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+ Item 3) ............... ..... ................ . ............... 6· 38 

Equivalent evaporation from and at 212° F. per lb. coal as fired(Item 11+Item3) 7 · 57 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 68 
Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) .. . ................................................ 9 · 56 

EFFICIENCY. 

Calorific value of dry coa.l per lb. (B.T.U.) ... .. ......... . .... . ........ .. .. 13090 
Calorific value of the combustible per lb. (B.T .U.) ...... . ................... 14950 
Efficiency of boiler (based on combustible consumed) (%) ............ . ..... . 61·7 
Efficiency of boiler, including grate (based on dry coal) (%) ..... . ............ 56 · 6 

FLUE GASES. 

Dry flue gas per lb . carbon (from gas analyses) (lbs.) ... ..................... 33 · 9 
" " of combustible consumed (from gas analyses) (lbs.) ..... . .. 32 · 0 
" " dry coal as fired (from gas analyses) (lbs.) . .. .... ...... .... 25 · 7 

Proportion of hea.t of fuel in escaping dry flue gases ( %) ................ . .... 1 · 7 



GRAPHIC RECORU Ut- ~UILC.f""( 1 rl.IM.L... 

G.C. T. 70. 

~ ./ >-..... ~ 1 
\i"' ': 
?t: ~ ~ 

.._ 
\. / \ / " ......... \ J ........., 

~ / ......... ~i. / \ IL I'-..... "' / -... ,.......... 
~ / •r 

'~ ~ ~ 
1 ~ ' ( 

::> I • / J. ~. ~ { ~ » I ~. 
.. - ::"' . ~. è' e-- ., 

~ // \)If~: -. . " )1 ., \ 
1 / 

,/ 

~~ .. Il) 1 

1 ./' ... ~ r,j 1 '" ~~ 1:1 .. ~i 1 :/ , ~ " Clll 1 ---:-- ...,~ ..i "' w ., ~ 
~ 'i ... .~I / ij 
' .. ~~ "'1 V I~ 'Ill • (I~ 

..... . \ ~~ i m. 
t. V,e I'" ~ ,. ·t.. ~ t::.. ·~~ ~ '5 /.. -~I Il ~ 

\) .. ,, 
~j "" "" ~! ............ ~ 

,..... . 
.......... ~ V -/ -

~ ~) -
CJ ~ ""' - .,,,,,' ""-n. i...-.. -0 !'--...... / 

~ 'Il ...... - t'-Q' . 'IJ ~ - V ..J jr<' -
' - 1'1l / V " ~ 

o, ~ 
1) ... , 

! ~ u: / j~ ~ 
:~ ~ 7 IM p Ei lR iA ». u ,lft e à F" r '- ~ ~ G A / 

, 
..... ~!f E ,T '5_ 
't ~ .. / \ 1 

~ r / 
""" 

~ K / ~ ~-\ q 1 ~ .... li Q ~ ~ \ 

' : :/ i'.~ \ ~ /' "" ~ ~ )(' \1 )..,,_ v ~ ~~ ~5 ~ / 
..._ i.--. "') 

.. ; "'~ / "\ v / ......... ,.... 
~~ J' J!.. V /V / 

q: ~ : r lij 
,, 

) ~ v1 
~ ~~ " \ 

't 
~! - 1/- L. / lijj i..; Cl / I I_.. 

' ' lii 

~ ~ ,1 ~' "' V _,,) V ~; 
~ 1:1 .. 

~, .,~ \1 .. \"' j ("' ~.J ~ ~' ~ ... cd -
le, 't' ~ IV) ( ~ / lt.. ~'li~ .. ~ (' 

~ ~ t- ' T E ~ p E fi' .A T "" ~ ~ CIF" v '8 0 / L E R R 0 0 M ~\ 

~~t ~ 
\) 

V 
/ 

À ~- _..c ...... 
't*~~ ' A 

"': 
t) 

) 1 V ~ >--c 

~~~ i 

a..;"'"' 
: ~ r E M p E ~ {,q 71. ,é) R E c 1>....- ,e- E: E:'. D V\ • ,c; 7 e R 

O.. l te 
/ 4(1 ~ : 

Ill~\ V' / 
V 

1 

" .... ~ et~ J~. / :./' 
1 

'( ,_ J 1 

"'~ ~~ '~ ' V V : ") JI 1 

~ 1 ~~ " ~ ~ V,, V : 1 ~~~'Il 
c., ' ' () ) -r ),.. 

1 ">" ~ ... \ . 
t~ ~ / '/ A I R p ~ -.El ~ 6 u R e / w ,q :5 H :P / :r 'L ~ .. ~ 

~ ... ~ , ~ 
~ / 1 1 q_ ~ ~'Io. 

~ ~· ~ ~ V ~ / R p Jtt' E' 5 .:s u R E. A T 0 A ~ p lë R 1 ~ -~.,,. 
_,,. 

't ~ 1 'i/ ! '~ '" \' 1 ,/ ! 1 
,q. N.l ~ ~.35 o· /J'.35 1 12'.35 . . •..!J .5 ' - 6--'5. 

A P PENDIX JI , \' 11L J \' 





265 

TRIAL OF B. AND W. No 2 BOILER WITH COAL No. 27. 

Date-Jw1c 12, 1908. Trial Number-G.C.T. 37. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
B. and W. No. 1 boiler not working. Robb boiler working. We:ither fine and dry. Blow-off examined 

and found tight. Boiler blown down June 11, 1908. 

Tirne. 
7. 37 Tubes blown. 
7. 30 Fire cleaned and made up with No. 27 coal. 
8 . 35 Started trial. 2" fire, well burnt through. Fire from 4" to 6 11 thick. 

12.30 Fire about 4• thick. Clinker forming. Turned steam on. 
12. 45 Fire sliced. Clinker hard and brittle, but easily removed from bars, in thin layers. 
4 .10 Fire sliced. Clinker easily forced from bars. 32 lbs of hard clinker removed. 
5. 30 Fire cleaned. Clinker easily removed, probably due to steam jet. 117 lbs. of 

clinker removed. 
6 . 35 Trial finished . Fire as at start. 

Coal tends to cake, requiring to be broken up with rake. Fair amount of smoke. 
Coal easily broken up. Much dust in coal. 

CLINKER AND AsH. 

149 lbs. clinker 
91 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 37 

Weight of coal Time Composition of flue gases 
fircd. of by volume, pcr cent. 

Tirne. sampling 

1 

flue 

1 1 

Dur in~ Total. gases. co, o. CO 
interval. 

Start 8.35 a.m. 
8 .42 .... . ..... . .. ... .. 90 90 8.50 6·7 12·1 O·O 
9. 05 .. . . . ..... ... . .. .. 152 242 9 .20 11·4 8·0 O·O 
9 .45 . . .. . ..... . . . .. ... 200 442 9. 50 10· 8 8·6 O·O 

10 .00 .. .. . . . . . . . . . . . ... 106 548 10 .20 9·0 9 .3 O·O 
10 .30 .. ................ 130 678 10 .50 9·0 10·5 O·O 
Il.OO . ... . . . ... ... . . ... 135 813 11 .20 10 ·9 8·2 O·O 
11. 30 .. ..... . ... . ...... 107 920 11. 50 8·8 9.5 O·O 
11 .50 . . .... .... . .. ..... 81 1001 12 .20 10·0 9·0 O· l 
12 .30 .... ........ . . . . . . 150 11.51 12·50 14·6 5·2 O·O 

1.00 ... ... ... ... .. ... . 209 1360 l. 20 9·6 9·8 O·O 
1.30 .... ..... ......... 181 1441 1. 50 8 ·3 10·5 O·O 
2. 00 . . .... . . . .... . .. . . 140 1581 2. 20 9 ·0 10·5 O·O 
2.30 .. . ...... .... . . .. . 81 1662 2. 50 9·0 10·5 O·O 
3.00 ............. .... . 10 1770 3 .20 9.7 9·0 O·O 
3.35 ........ . . . . ... . . . 138 1908 3.50 8 ·6 10·2 O·O 
4.00 ........ : .. . . . . ... 93 2001 4.20 12·0 6·6 O·O 
4.30 . .. ..... . ........ . 132 2133 4.50 11· 2 7·6 O· l 
5.00 .. . ...... .. ..... .. 104 2237 5 .20 7.4 12· 5 O·O 
5.20 . ... ......... .. ... 60 2297 5.50 8-2 10 ·8 0-0 
5.50 .............. . ... 103 2400 6 .20 6-.5 13-7 O·O 
6.20 ........ .. .. .. . . .. 90 2490 6. 30 7. 3 12·5 O·O 
6.35 ........... . . . ... . 30 2520 

9. 43 9.74 0·01 
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OBSERVATIOr S MADE DURING BOILER TRIAL o. 37. 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At intervru. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.35 .......... .. 118 73 560 61·5 - ·02 -· 24 ..... ....... 
8.50 ........ .. .. 123 73 530 61·5 -·02 -·24 340 
9.05 ... . ........ 123 77 570 61·5 -·02 -·23 506 
9 .20 .. . ....... . . 123 77 610 62 -·02 -·23 573.5 
9 .35 ..... . ...... 123 77 580 62 -·02 - ·22 529 
9.50 .... . .... . .. 123 77 590 62 - ·02 - ·22 616 

10 . 05 ........ . ... ll8 75 570 62 · 5 - ·02 -· 20 653 
10 . 20 ........... . 122 75 550 62·5 - ·02 -· 20 414 
10.35 . . .... . ..... 123 75 580 62·5 -·02 -·20 455 .5 
10 .50 ..... . . . .... ll8 77 560 62·5 -·02 -·20 4 0 
11. 05 ..... . ...... 122 73 550 62 · 5 -·02 -·20 438·5 
11. 20 . .... . ... . .. 123 75 570 62·5 - ·02 -·20 437 
11 .35 . .... ...... . 118 75 560 62·5 -·02 -·20 427 
11.50 .. . . ... . . . .. 122 75 540 62·5 - ·02 -·20 424 
12 .05 ..... . . . . ... 115 75 570 62·5 -·02 - ·21 450 
12 . 20 .. . ......... 113 ï7 570 62 · 5 -·02 - ·21 369 
12 .35 ..... . . . . . .. 111 75 540 62·5 - ·02 - ·24 383·5 
12.50 .... . ....... 123 77 780 63 -·02 - ·26 3 1 ·5 
1.05 . .... . .... . . 123 79 640 63 - ·02 - ·25 570 
1.20 . .... .... ... 123 79 620 63 -·02 -·24 530·5 
1. 35 . ... .... . . .. 123 81 650 63 -·02 - ·24 540·5 
1.50 . .. . ... ... .. ll3 79 550 63 -·02 - ·21 504 
2 . 05 .. .... .. .... 113 79 540 63 - ·02 -·21 461 
2 . 20 ..... ....... 118 79 540 63·5 - ·02 -·21 442 
2.35 ..... ... . . .. 122 79 590 63·5 -·02 - ·21 454 
2.50 .. . . . . . . . ... 122 79 560 63·5 -·02 - ·21 535.5 
3.05 .. ... ....... 120 79 550 63·5 -·02 - ·21 451 
3 . 20 ... . . . . . . .. . 118 79 530 63·5 -·02 - ·22 455 · 5 
3 .35 ............ 123 81 520 63.5 - ·02 - ·22 451 
3.50 .... . ... ... . 113 81 520 63·5 -·02 - ·22 342·5 
4.05 .. ... . .... . . 112 81 560 63·5 -·02 -·22 40 ·5 
4 .20 . . . .. ...... . 115 85 600 63·5 -·02 -·22 392 
4.35 . . .... . ..... 116 79 610 63·5 -·02 -·22 522·5 
4.50 . . .......... 111 81 620 63·5 -·02 -·22 525·5 
5 .05 . . .......... 11 79 600 63 ·5 -·02 -·22 487 
5.20 ........ . ... 102 79 580 63·5 -·02 -·22 516 
5 . 35 ............ 81 79 490 63 -·02 - ·22 427·5 
5 . 50 ............ 96 79 620 63 - ·02 - ·24 266 
6.05 ............ 101 79 030 63 - ·02 -·24 367 
6 . 20 .... . . . ..... 117 79 700 63 -·02 -·24 3 0 
6 . 35 .. . . .. . .... . 123 79 6 0 63 - · 02 - ·24 - 33 

116 · 77·8 582 62·8 - ·02 - · 22 18,295 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 12, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ............................ Hand-spreading on alternate si des 
2. Kind of draft ...... . ............................................. .. ... Natural 
3. Condition of boiler and date of last cleaning ...... . . Thoroughly cleaned May, 1908 
4. Tubes cleaned .......................... . ..... .. ......... .. ......... 7 . 37 a.m. 
5. Fire cleaned .................. ... ...... · . . .... . . . . ........ 7. 30 a .m., 5. 30 p.m. 

FuEL. 

. {No. 27-No . 2 mine, Coal Creek Colliery, 
6. Kmd of coal. · · · · · · · · · · · · · · · · · · · · · · · · · Crowsnest Pass Coal Co., Fernie, Il.C. 

. . {C= 79·3 H=4·4 8=0·5 7. 

8. 
9. 

10. 
11. 
12. 
13. 

Analys1s of dry coal by we1ght (%) . ..... .. ..... . .... N,=1·2; o,=5·6, Ash=9·0 
Calorific value of dry coal B.T.U. per lb . . ........... .. .. ... ............. . 13820 
Moisture in coal as fired (%) ........................... . ... . .... . ...... . . l · 0 
Weight of coal fired (lbs.) .. ... ... . .... . .. . .. . . ... .. ...................... 2520 
Combustible matter in ash and clinker (%) . . ................ . ... .. ......... 25 · 5 
Weight of clinker (lbs.) ........ . .................. .. ......... . ............ 149 
Weight of ash (lbs.) . ...... . .. .................... . ......... . ...... . ....... 91 

Arn AND FLuE GAs. 

14. Air pressure under fire (inches of water) .................................. -0 · 02 
15. " above fire " " .... .... ..... . . . ........... . ...... -0·18 
16. at <lamper ... . . . ...... . ....... . . ....... .... -0 ·22 
17. Amount of <lamper opening ......... ........ . ....... . ...... ...... .... . Various 
18. Temperature of air in boiler house (°F.) .... .. .... . . . . . ......... .. ........ .. 77 ·8 
19. Flue temperature (°F.) .... . . . .. .. ........ .. .... . . . .... . ........ . ..... .... 582 
20. Analysis of dry flue gas by volume (%).C02=9·42,C0=0·01, 02=9·741 N=80·83 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND 8TEAM. 

Temperaturc of feed water (°F.) ....... .. ...................... . ...... . .. . 62. 8 
Total weight of feed water, corrected for difference of Jevel (lbs.) .... ... . .... . 18295 
Water level in gauge at start (inches) ............... . ... ... . . ...... . . ....... 51 
Water level in gaugc at finish (incbes) ...... . .............. . ................ 5H 
Correction for difference of level, included above (lbs.) ....... . . .. . .......... + 10 
Steam pressure by gauge (lbs. per sq. in.) .............. . . .. . . ........ . .... 116·8 
Barometer reading (inches) .............. . ............................... 29. 88 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) . ....... . . . .. . ........ 15· 2 
Temperature in steam calorimeter (°F.) .......... ... . .. . . .... . . . ....... .. 291 · O 

Notes. 
This con! tends to coke, it being necessary to break lire up with rake from time to time. The clinker 

fo rmed was h~rd and bri ttle, lire would be more easily worked with steam jet under bars, thus rendering the 
removal of clinker more easy. Under these conditions a shaking grate might be suitable. Frur amount of 
smoke. Fire sliced 12.45, 4.10. Weather fine and dry. 

. lFixed carboo . . . . . . . . . . 64 · 7 
Pro11mate analysis of dry coal by weight % x~~~~i.l~.'~.a.t~~ .... .......... 2r i 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 27. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft. )-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 90. At finish-29 · 87. Mean-29 · 88. 

TOTAL QUANTITIES. 

1. Date of trial. ....... ... .. ......... ............... .. .. ......... . . . .. .. 12/ 6/08 
2. Duration of trial (hours) ... . .. .. ........... .. .................. .. ........ 10 · O 
3. Weight of coal as fired (lbs.) .... . ....... . ................................. 2520 
4. Percentage of moisture in coal as fired (%) ..... ..... ... . .... . . . ..... . ...... l · 0 
5. Total weight of dry coal fired (lbs.) . .............................. . ... ..... 2495 
6. Total ash and refuse (lbs.) ....... . ........................................ 240 
7. Percentageof ash and refuse in dry coal (%)(a) from analyses 12·07; (b) weighed.9·6 
8. Total weight of combustible consumed, from analyses (lbs.) ....... ........ . .. 2194 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 18295 

10. Equivalent water evaporated into dry steam from actual feed water tem-
perature and boiler pressure (lbs.) . . ... . ..... .. ......... ... .. .... ..... 18200 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21820 

HouRLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) ............ . ... ... ... . ............. .. .. .... .. 249 
13. Dry coal per square foot of grate surface per hour (lbs.) . . .................. .. 14·8 
14. Water evaporated per hour corrected for quality of steam (lbs.) .............. 1 20 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2182 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .. ............... . ............................... 3 · 41 

AVERAGE PRESSURES, 'TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) .. ..................... . ... . .. . ... 116 · 8 
18. Temperature of feed water entering hoiler (deg. F.) .... . ........... . . .. .. .. . 62 · 8 
19. Temperature of escaping gases from boiler (deg. F.) ........................... 5 2 
20. Pressure of draft between damper and ash-pit (ins. of water) .................. 0 · 20 
21. Percentage of moisture in steam ... .... ................................... 0 · 6 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) .... . ........................ . ...... 63 · 2 
23. Builders' rated horse-power ............. . ....................... . .......... QO 
24. Percentage of builders' rated horse-power developed .......................... 105 

EcoNoMic REsULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+ltcm 3) ..................... . .............................. 7·26 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 8 · 66 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8 · 75 
28. Equivalent evaporation from and at 212° F . per lb. of combustible consumed 

(Item ll+ltem8) ............................. . .................. .. . 9·95 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ................................ 13 20 
30. Calorific value of the combustible per lh. (B.T.U.) .......................... 15200 
31. Efficiency of boiler (based on combustible consumed) (%) .. .. ...... . ... . .... 63 · 2 
32. Efficiency of boiler, including grate (based on dry coal) (%) .................. 61 · l 

FLUE CASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ........................ 26 · 4 
34. " " of combustible consumed (from gas analyses) (lbs.) ........ 23 · 8 
35. " " dry coal (from gas analyses) (lbs.) ............... . ...... . . 20· 9 
36. Proportion of heat of fuel in escaping dry flue gases (%) .. . .................. 18· 3 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 26. 

Date-June 26, 1908. Trial Number-G.C.T. 43. 

OBSERVATIONS OF GE ERAL CONDITIONS. 

Notes. 
Weather fine and clear. B. and W. No. 1 working. Coal in fairly hard dull black lumps, with a certain 

amount of dust. Blow-off cxamined and found tight. 

Time. 
7. 33 Cleaned fire. Boiler pressure, 120 lbs. 
7.38 Fired with No. 26 coal. 
7. 40 Tubes blown and CO, recorder started. 
8.35 Trial started. 1!" thickness, half burnt through. 
9. OO Coal burns with very much flame and is slow burning. 
9. 20 Coal cakes, necessitating its being broken up with rake from time to time. 
9. 40 Coal gives off a heavy brown smoke. 

10. OO Coal is kept from 4" to 6° on bars. 
12 . 30 Fire cleaned. 92 lbs. clink.er removed. Clink.er soft and easily removed. 
4. 30 Smoke much less than in morning, on the whole. When warmed up, comparatively 

little smoke is observed. 
5. 30 Fire cleaned. Clink.er not difficult to remove. 117 lbs. removed . 

This coal is suitable for a shaking grate. 

CLIN.KER AND AsH. 
209 lbs. clinker. 

78 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 43 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

T ime. sampling 

1 

flue 

1 1 

During Total. gases. co. o. CO 
interval. 

Start 8. 35 a.m. 
9.00 .................. 122 122 8.45 8·4 11·2 0·5 
9.30 .................. 165 287 9.15 10·0 9·6 O·O 

10 .00 .................. 133 419 9.45 9.7 9·0 0·6 
10.30 ... ·•) ............ 200 619 10.15 11 ·8 6·7 1·2 
10 .05 .................. 131 750 10.45 8·1 11 ·7 O·O 
11 .35 .................. 125 875 11.15 12·7 6·3 0·6 
12 .05 .... . ............. 119 994 11. 45 10·3 8·7 0·4 
12 .25 .................. 86 1080 12.15 11 ·5 6·7 1·2 
12 .55 .................. 103 1183 12.45 11 ·7 6 ·8 0·5 
1.00 .................. 61 1244 1.15 10·8 6·9 1 ·0 
1.30 .... .... .......... 105 1349 1.45 11·4 6·4 1·5 
2 .00 .... ... ...... . .... 147 1496 2.15 10 · 7 8·6 0·5 
2.10 .............. . ... 73 1569 2.45 8·2 11·8 O·O 
2.40 .......... . ..... .. 143 1712 3.15 13·0 4.9 1·9 
3.10 . ........... . ..... 125 1837 3.45 11·8 6 ·9 0·5 
3.25 ... ............... 48 1885 4.15 10·0 9.5 0·2 
3.55 .... . .. ........... 188 2073 4.45 11·5 7.7 0·7 
4 . 25 . .... ... .......... 124 2197 5 . 15 10·3 9 · 6 0·5 
4 .55 .............. . ... 133 2330 5.45 9 ·0 8·8 2·0 
5.25 . ................ . 77 2407 6.10 11·6 7·1 0·8 
5.55 .............. .. .. 178 2585 
6 .10 ........ . ..... .. .. 38 2623 10·6 8·3 0·7 
6.35 .................. 48 2671 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 43 . 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.35 ............ 122 81 510 65·5 -·03 -·23 ............ 
8.50 ............ 118 81 520 65-5 -·03 -·23 450 
9.05 ..... .... ... 123 82 570 65·5 -·03 -·22 430-5 
9.20 .... . ....... 118 83 5 0 65·5 -·03 - ·22 529 
9.35 ..... . ...... 113 84 540 66 -·03 -·22 443.5 
9.50 ............ 116 84 530 66 -·03 -· 22 430 

10 .05 ....... ..... 123 85 525 66 -·03 -·22 388-5 
10.20 .... . .... .. . 123 85 590 66 -·03 --24 459.5 
10 .35 .... ... ..... 123 85 590 66 -·03 --24 514 
10.50 ............ 121 86 590 66 -·03 -·24 487 
11. 05 ............ 115 86 570 66·5 -·03 - ·24 428·5 
11 .20 . ... .. ...... 123 86 590 66·5 -·03 -·24 437.5 
11. 35 ........ .. .. 116 85 540 66·5 -·03 - ·24 436·5 
11. 50 ...... ... ... 122 85 550 66·5 -·03 -·24 445.5 
12 .05 ............ 122 87 570 66·5 -·03 - -24 403 
12.20 ......... . .. 123 85 585 66·5 -·03 -· 24 431·5 
12.35 ............ 102 89 525 66 - ·03 - ·22 473.5 
12.50 ............ 123 86 660 66 -·03 -·24 2 9.5 
1.05 ............ 123 85 620 66·5 -·03 -·24 489·5 
1.20 ............ 122 85 565 66·5 -·03 -·22 474 
1.35 . .......... . 120 86 550 66·5 - ·03 -·22 447 
1. 50 ............ 123 87 600 66·5 -·03 -·22 407·5 
2.05 ............ 120 87 685 66·5 -·03 -·24 535 
2.20 ... . ........ 112 87 635 66·5 -·03 -·24 566 
2.35 ............ 123 88 600 66·5 -·03 - ·24 495 
2.50 ............ 123 87 600 67 -·03 -· 24 322 
3.05 ............ 121 87 665 67 -·03 -·26 534 
3.20 ....... .. .. . 123 87 740 67·5 -·03 -·26 597 
3.35 ... . ...... . . 107 87 645 67·5 -·03 -·26 562 
3.50 . .. . ....... . 118 86 600 67·5 -·03 - ·26 433 
4.05 . . ... . .. . ... 123 87 610 68 -·03 - ·25 525·5 
4.20 ..... . .. .... 111 86 600 68 -·03 -·25 450 
4.35 ............ 109 86 590 68 -·03 - ·25 503 
4.50 . . . ..... .... 110 86 600 68·5 - ·03 - ·25 442 
5.05 ... . ........ 118 85 640 68·5 - ·03 - · 26 504·5 
5.20 . . .... . ..... 117 85 605 68·5 -·03 -·26 504·5 
5.35 .... . ....... 96 89 510 68 - ·03 -·20 496·5 
5.50 ............ 95 87 600 68 -·03 -·26 375·5 
6.05 ............ 121 85 635 68 -·03 -·25 290 
6.20 ............ 113 85 650 68 -·03 -·25 552 
6.35 ..... . .... . . 121 85 690 68 - -03 --25 536 

117·4 85 ·0 594 66·8 --03 -·24 18,519 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 26, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-ti.35 p.m. 

GEl\'ERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ..... ............. .. .... ... ... Hand-spreading on alterna te sides 
2. Kind of draft ...... . ...... . . . . . ........................ .... ........... Natural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned .............. . ........... ... ............. . .. . ...... .. 7 .40 a.m. 
5. Fire cleaned ................................... 7.33 a.m ., 12.30 and 5.30 p.m. 

FUEL. 

. {Coal Ko. 26- To. 5 mine, Coal Creek Colliery, 
{). Kind of coal. · · · · · · · · · · · · · · · · · ·· · · · Crowsnest Pass Coal Co., Fernie, B.C. 

. . {C =77·1, H=4·4, 8=0·5 
7. AnalysIS of dry coal by we1ght (%) .. ...... . . · · · · · · · N,= 1·3, o,=5·9, Ash = 10·8 
8. Calorific value of dry coal B.T.U. per lb .................. . ......... . ..... 13480 
9. Moisture in coal as fired ( %) ...... . ...... .... .......... . ... . .............. 1· 0 

10. Weight o~ coal fired .(lbs.) .......... . , ... ... .. ............. ... ... . .. ... ... 2671 
11. Combustible matter m ash and clinker ( %) .. ....... ...................... .. 26 · 0 
12. Weight of clinker (lbs.) . ....... . ......................... . .. . .... . .. ...... 209 
13. Weight of ash (lbs.) ......................... . ...... ... ...... .... . . . ....... 78 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) . . .......... . .................... . -0 ·03 
15. " above fire " .. .... ... ... . ..................... -0·20 
16. " atdamper .. . .... .. .. . . .................... -0· 24 
17. Amount of damper opening ........................................... Various 
18. Temperature of air in boiler house (°F.) ........ ...... . ... . ......... . ......... 85 
19. Flue temperature (°F.) .. . ........ .. .................... . .............. .. . 594 
20. Analysis of dry flue gas by volume (%) .. C02=10·6, 02=8·3, C0=0·7, N=80·4 

WATER AND 8TEAM. 

21. TcJ:Qperature of feed water (°F.) . ................ . ........................ 66·8 
22. Tot&! weight of feed water corrected for difference of level (lbs.) .......... . ... 18519 
23. Water level in gauge at start (inches) .. ............... . .. .... . . ... .......... 41 
24. Water level in gauge at finish (inches) ............. . .................. .. .... 4fs-
25. Correction for difference of level included above (lbs.) . .. .......... . .... .. ... +50 
26. Steam pressure by gauge (lbs. per sq. in. ) .. . ............................. . 117 · 4 
27. Barometer reading (inches) . . . . . . . . . . . . . . .......... . , ................. 29 · 90 
28. Pressure in steam calorimeter by gauge \lbs. pcr sq. in. ) .. . .. . . ..... .. . ....... 15 · 6 
29. Temperature in steam calorimeter (°F.) ............. ... . . .. . ......... . ... 293 · 7 

Notes. 
This coal would be suitable for a shaking grate. It cokes and it is necessary !rom time to time to break 

it up with a rake. Fire cleancd twice; clinker gave very little trouble. ~ot very much smoke. Weatber 
fine and clear. 

{
Fixed cnrbon. . . . . . . . . . 65 · 2 

Proximate analysis of dry coal by weight% X~h~t.il~ "'.atter:: .......... ·. ~Ô ·. i 
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SVMMARY OF RESULTS. 

Made on B. and W. Ko. 2Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 26. Kind of Fumace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79 . Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft. )-Nil. 
Barometer at st.art-29·93. At finish-29·86. Mean-29·90. 

TOTAL QuANTITIES. 

1. Date of trial. ......................... ... ... .. . . .................. . .. 26/ 6/ 08 
2. Duration of trial (hours) .................... .. .......................... 10 . OO 
3. Weight of coal as fired (lbs .) ........ ........ ... ..... .... .. .............. . . 2671 
4. Percentage of moisture in coal as fired ( %) .... . .... ...... ....... . ..... . .... O · 1 
5. Total weight of dry coal fired (lbs. ) ..................... ..... . . . . .......... 2644 
6. Total ash and refuse (lbs.) ..... .. ..................... .. .................. 287 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 14· 6; (b) weighed .10 ·8 
8. Total weight of combustible consumed, from analyses (lbs.) ..... ....... .... . . 2260 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 18519 

10. Equivalent water evaporated into dry steam from actual fe.e.d water 
temperature and boiler pressure (lbs.) .............. .. ... . .. . ......... 18450 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 22040 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

HouRLY QuANTITIES. 

Dry coal consume.d per hour (lbs.) ....................................... 264 · 4 
Dry coal per square foot of grate surface pe_r hour (lbs.) ... . . . ................ 15 · 8 
Wat~r evaporated p~r hour coITected for quality ~f stea.m (lbs.) ....... .... . .. 1845 
Eqwvalent evaporat1on per hour from and at 212 F . (lbs.) ..... . ......... .. . 2204 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs. ) ................................................. 3·45 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ...... . .................. . ... . ..... 117 · 4 
Temperature of feed water entering boiler (deg. F.) ...... .... .. . ...... ....... 66 · 8 
Temperature of escaping gases from boiler (deg. F.) ......... .. ... ............. 594 
Pressure of draft bP.tween clamper and ash-pit (ins. of water) ... .. ... . .......... O· 21 
P ercentage of moisture in steam ... .. . .. .... ..... .. ..... . ....... . ...... . ... 0 · 5 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) ............. .. .......... .. . .... .... 63 · 8 
Builders' rated horse-power . ....... . ...... .. . . ......... .. .................. 60 
Percentage of builders' rated horse-power developed .......................... 106 

EcoNOMIC R.EsuLTS. 

Water apparently evaporated under aetual conditions per lb. coal as fire.d 
(Item 9 +Item 3) .. . ........ . .............. .. .... . ................ ... 6· 93 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 8 · 25 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8·34 
Equivalent evaporation from and at 212° F. per lb. of combustible consume.d 

(Item 11 +Item 8) ............. ... . . .. ..... .. ...... ........... ..... .. 9 · 75 

EFFIC!ENCY. 

Calorific value of dry coal per lb. (B.T.U.) ...... . . . ............ .. .. . ...... 13480 
Calorific v~lue of the combu~tible per lb . (B.T.U.) .. ........................ 15120 
Efficiency of boiler (based on combustible consumed) ( %) ... . .. . . . .......... 62 · 2 
Ef!iciency of boiler, including grate (based on dry coal) (%) ... . .............. 59 · 7 

FLUE GABES. 

Dry flue gas per lb. carbon (frorn gas analyses) (lbs.) ....... ..... ............ 22 · 3 
" " of combustible consumed (from gas analyses) (lbs. ) . . ...... 20· 1 
" " dry coal (from gas analyses) (lbs.) ... . ...... ............. 17 · 2 

Proportion of heat of fuel in escaping dry flue gases (%) ....... .... .. ........ 15 · 6 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 25. 

Date-June 30, 1908. Trial Number-G.C.T. 45. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Day dull and cloudy, some rain. B. and W. No. 1 working. Blow-off examined and found tight. 

Time. 
7. 30 Fire cleaned and made up with No. 25 coal. Pressure, 125 lbs. 
7 . 45 Tubes cleaned. 
8. 30 2• fire, nearly half burnt through, much flame. Coal in small lumps, with 

dust. 
9 . 45 6• fire. Remarkably little smoke at any time. Sliced fue, but found very little 

clinker. 
10. OO Evaporation having falleri, forced draught put on. 
10 . 30 'Steam put on to prevent fue clinkering, as clinker was coming through bars a little. 
10. 35 Fire sliced. Two fairly large bard lumps amounting to 10 lbs. of clinker removed. 
11. 45 Fire sliceçl. 14 lbs. of very hard clinker removed. 
12. 30 Fire cleaned. 116 lbs. of ash and clinker removed. Trouble in slow combustion 

due to amount of dirt present which seemed to deaden fue. The clinker is very 
hard. 

1. 20 Fan on again after cleaning. 
5.30 Fire cleaned, as before much dirt, but notas much hard clinker. Total removed 

138 lbs. 
6 . 33 Trial finished. Fire as at beginning. 153 lbs. of ash removed from ash-pit. 

CLINKER AND Asa. 
278 lbs. clinker. 
153 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 45. 

Weight of coal Time Composition of flue gaaes 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 
During Total. gases. co. o. CO 

interval. 

Start 8 . 30 a.m. 
8 .45 . ......... . . . . . . . . 137 137 8.40 9·6 10 ·4 0·2 
9 .15 . ... .. .. .. .. . .. ... 170 307 9.10 10 ·3 8·7 0·3 
9 .45 ....... . ... . ..... . 85 392 9.40 8·3 10·6 0·1 

10 .05 ..... . ............ 81 473 10.10 12·8 6·6 O·O 
10 .35 .. . ........... . ... 199 672 10.40 12·4 6·6 0·1 
11.00 . . ..... . ..... . .. .. 132 804 11 . 10 14·5 4.5 0·1 
11.30 . . ... .. . . ........ . 179 983 11 .40 9·2 10·0 0·2 
12.00 ... . . . .... . ....... 71 1054 12.10 10·3 9.7 O·O 
12.20 ... .. ........ . .... 20 1074 12.45 4.9 14 ·5 O·O 
12 .50 ....... . .. .. .. . . . . 114 1188 1.10 8·3 11·4 O·O 

1.20 .. . .. . .. . ......... 122 1310 1.40 10·5 7.4 1·0 
1.50 ..... . .. .... ...... 218 1528 2.10 9.5 10·4 O·O 
2.10 ....... . . .. . .... .. 123 1651 2.40 8·5 11 · l 0·1 
2.40 . . .... .. . . ... ... . . 107 1758 3.10 8·0 11·9 O·l 
3.10 ....... ...... . .. . . 83 1841 3 .40 12·9 6·4 0·2 
3.40 . .. . .. . ... . ....... 159 2000 4.10 8·5 11 ·4 O·O 
4. 10 ............ .. .... 197 2197 4.40 9.4 10·4 O·O 
4 .40 .. . . . .... . ..... . .. 147 2344 5.10 5·6 11·6 0-3 
5.10 ... ... . ......... .. 96 2440 5.40 3.5 15·9 O·O 
5 .50 .......... . ....... 207 2647 6 . 10 7·5 12·4 0·1 
6.30 ... ........ ...... . 135 2777 

9.3 10·1 0·1 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 4.5. 

Steam Draft ~ressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
cvaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed ln cntrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.30 .. . ... . .... . 123 81 570 66·5 -·05 -·30 .......... . . 
8.45 ....... . . ... 123 81 590 66·5 -·05 -·30 370 
9.00 ..... . ...... 108 81 570 67 - ·05 -·30 465 
9.15 . .... .• . . ... 108 81 500 67 -·05 -·30 455 
9.30 ...... ... ... 123 81 510 67 -·05 -·30 189·5 
9.45 ............ 123 82 580 67 -·05 -·30 340 

10 .00 . .... .. .... . 123 83 585 67 +·10 -·30 290 
10.15 . . ... . ...... 123 84 710 67·5 +·13 -·32 550 
10 .30 .... . .. ... .. 116 86 680 67·5 +·10 -·31 402 
10 .45 ... ... . ..... 120 85 720 67·5 +·10 -·31 472 
11.00 . . .... . . .. . . 123 85 775 67·5 +·10 -·31 509·5 
11 . 15 ......... .. . 114 85 680 67 ·5 +·05 - ·30 624·5 
11 .30 .. . . . . . . . . . . 111 85 600 67·5 +·10 -·30 494 
11 .45 ... .. .... . . . 113 85 660 67·5 +·10 -·30 281·5 
12.00 ........ .. .. 103 85 580 67·5 +·13 - ·30 488 
12. 15 ....... . . . . . 118 84 600 67·5 +·10 -·28 321 
12.30 ............ 114 83 550 67·5 +·10 -·28 352 
12.45 ... .. . ...... 100 85 500 68 -·03 -·28 263 
1.00 ... ........ . 115 84 580 68 -·03 -·28 254 
1.15 ........... . 123 84 610 68 -·02 -·28 371 
1. 30 ... .. . . . .... 123 86 630 68 +·02 -·30 388 
1.45 .. . .... .. ... 118 85 680 68 +·05 -·30 594.5 
2.00 ............ 123 85 750 68 +·10 -·30 641·5 
2. 15 ..... ... .... 123 86 825 68 +·05 -·30 606 
2.30 . ....... . .. . 123 83 670 68 + ·02 ·-·30 511·5 
2.45 . . ... . . . . . . 118 83 685 68 O·O -·30 490 
3.00 ....... .. ... 114 83 645 68·5 O·O -·30 528·5 
3.15 . .. . . . . . . . . . ll3 85 635 68·5 O·O -·30 438 
3.30 .... . .... ... 119 85 625 68·5 O·O -·30 428 
3.45 .... .. . .... . 123 85 780 68·5 +·12 -·30 453·5 
4.00 ............ 123 85 700 69 +·16 -·30 693 
4.15 .... . .. . .... 105 85 750 68·5 +·10 -·30 490 
4.30 . . . ... ...... 113 85 850 68·5 +·13 -·32 569 
4.45 . ...... .... . 120 85 800 68·5 +·13 -·32 566 
5.00 ..... . ...... 115 84 700 68·5 +·08 -·32 599.5 
5. 15 . . . .. . . . .... 93 83 630 68·5 +·10 -·30 554·5 
5.30 . . . ......... 93 83 565 68·5 +·08 -·30 395 
5.45 . . .. . . . . .... 70 84 560 68·5 +·05 -·28 278·5 
6.00 ..... . .... . . 105 83 700 68·5 O·O -·30 279 
6.15 ... ... ... . . . 98 82 640 68·5 O·O -·30 440 
6.33 . . .. . ....... 86 83 570 68·5 O·O -·28 644 

113·2 83·9 647 67·9 +·05 -·30 18,080 ·5 net 
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SUMMARY OF OBSERVATIONS. 

Date-J une 30, 1908. 
Commenced-8.30 a .m. 

Boiler-B. and W. No. 2. 
Ended-6.33 p.m. 

GENERAL. 

At McGill University. 
Duration-603 mins. 

1. Method of stoking ..... . . .. . ..... ...... . .. ... . Hand-spreading on alterna te si des 
2. Kind of draft ..... . .............. . .. ............................. .. ... . Forced 
3. Condition of boiler and date of last cleaning ... .. . .. Thoroughly cleaned May, 1908 
4. Tubes cleaned ...... ... ..... . .... .. .... .. . . ...................... ... 7. 45 a.m. 
5. Fire cleaned . . ........... . ...................... 7.30 a.m., 2 .30 and 5.30 p.m. 

FUEL. 

6. Kind of coal. ....... No. 25-No. 1 or Old mine, H. McNeil Co., Canmore, Alberta 

{
C=74·6 H=3· 8 S=0 ·8 

Analysis of dry coal by weight (% ) .... · · · · · · · · · · · · · N 2 =1 · 6; 0,=6·9, Ash=l2·3 7. 

8. 
9. 

10. 
11. 
12. 
13. 

Calorific value of dry coal B.T.U. per lb ..... . .... ...... ... ......... . ..... 13210 
Moisture in coal as fired ( %) ......... .. ............... .. ... ... ............ 0 · 8 
Weight of coal fired (lbs.) . . . .............. .... .................. .. ....... 2777 
Combustible matter in ash and clinker (%) ...... . . . ................ . . .. ... .40·4 
Weight of clinker (lbs.) ... . . . ..... .... ........ . .... . .................... . . 278 
Weight of ash (lbs.) ........................ . .................... . ........ 153 

Arn AND FLUE GAS. 

14. Air pressure under lire (inches of water) .... .... . . .. .. ... .. . .... ... ...... . +O· 05 
15. " abovefire " " ............ . .................. ... -0 ·20 
16. " at damper " " ........... ........ ..... ......... -0·30 
17. Amount of damper opening ... .. . .. . ....... ... ...... . ..... ...... . ... . .... Full 
18. Temperature of air in boiler house (°F.) .................................. .. 83 · 9 
19. Flue tempcrature (°F.) ...... . . .. . . . . . ... . ............................ ... . 647 
20. Analysis of dry flue gas by volume (%) .. C02=9·3, 02=10·1, CO=O·l, N=80·5 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ..... . ... . . . .. ........... .. . .... .. . .. ..... 67 · 9 
22. Total weight of feed water corrected for difference of level (lbs.) .............. 18080 
23. Water level in gauge at start (inch es) .... .. ............. . ................... 4! 
24. Water level in gauge at finish (inches) ....................... ..... ..... . .... 4~ 
25. Correction for difference of level, included above (lbs.) .......... . ..... ...... -30 
26. Stcam pres ure by gauge (lbs. per sq. in. ) .......... . ....... ... .. . ......... 113 · 2 
27. Barometer reading (incbes) .... .... ......................... . . ........... 29 · 7 5 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in. ) ...... ............ .. . . 1-!· 9 
29. Temperature in steam calorimeter (°F.) ....................... ...... . .. . . 291·8 

Notes. 
This coal was remarkably good from the point of view of smokeless combustion . However, it gave mucb 

trouble in attempting to keep up the normal rate of evaporation witb natural draught only; tlus was largely 
due to an amount of dirt wbicb did not find its way tbrougb the bars. At the first cleaning the clinker rernoved 
was very bard, but after putting steam on, the final clinker removed was soit. This coal could be used witb a 
sbaking grate if steam were turned under the bars. Forced draugbt was neccssary to keep up the required 
r ate of evaporation . Fire sliced 9.45, 10.35, and 11.45. Weather dull and cloudy, some rain. 

{

Fixed carbon ... . . . . . . . 70 · 5 
Proxima te analysis of dry coal by weigbt % Volatile matter. . . . . . . . 17 · 2 

Asb .................. 12·3 
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SUMMARY OF RESULTS. 

Made on Band W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 25. Kind of Furnace--Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29·69. At finish-29·82. Mean-29·75. 

TOTAL QUANTITIES. 

1. Date of trial ............ . ...... . ........................ .. ... . ....... 30/ 6/08 
2. Duration of trial (hours) ...................... . ......................... 10 · 05 
3. Weight of coal as fired (lbs.) .. . ..... ... .... . ....... .. ............ . ........ 2777 
4. Percentage of moisture in coal as fired (%) . ........ . ...................... 0 · 8 
5. Total weight of dry coal fired (lbs.) ............................. ... ........ 2755 
6. Total ash and refuse (lbs.) ...... . .. . . .. .. ................................. 431 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 20· 65; (b) weighed.15· 6 
8. Total weight of combustible consumed from analyses (lbs.) . .. . ............... 2186 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) . .. 18080 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ................................ 18020 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21480 

HounLY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .......................................... . ... 274 
13. Dry coal per square foot of grate surface per hour (lbs.) ............ .. ... .. . . 16 · 4 
14. Water evaporated per hour corrected for quality of steam (lbs.) ........... 1800·00 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) . . ............. 2137 · 0 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ................................... .. . ........... 3·34 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ... .. ........... ..... ............. 113·2 
18. Temperature of feed water entering boiler (deg. F.) ...... . .................. 67 · 9 
19. Temperature of escaping gases from boiler (deg. F.) ........................... 647 
20. Pressure of draft between <lamper and ash-pit (ins. of water) . . .. ..... . . ....... 0 · 35 
21. Percentage of moisture in steam . ... ..... .... ................ ...... ...... . 0 · 4 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) ... .... ....... ... ... ........... . .. . . 61·9 
23. Builders' rated horse-power. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
24. Percentage of buildersi rated horse-power developed ... ...... ..... . . . ........ . 103 

EcoNOMJC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .......... . .............. . .......................... 6·51 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 74 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 ·80 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ................................................... 9 · 82 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ........ ... ..................... 13210 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... 15060 
31. Efficiency of boiler (based on combustible consumed) (%) ................ . .. 63 · 0 
32. Efficiency of boiler, including grate (based on dry coal) (%) .............. . ... 57 · 0 

FLUE GASES. 

33. Dry flue gas per lb. car bon (from gas analyses) (lbs.) ..................... . .. 26 · 5 
34. " " of combustible consumed (from gas analyses) (lbs.) . ....... 24 · 9 
35. " " dry coal (from gas analyses) (lbs.) ............ . . . .. . . ..... 19 · 8 
36. ProporLion of heat of fuel in escaping dry flue gases (%) . . . ....... . .......... 20 · 5 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 226. 

Date-July 10, 1908. Trial Number-G.C.T. 49. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Day fine and clear. B. and W. No. 1 boiler working. 

Time. 
7. 30 Fi.re cleaned and made up with coal No. 225 washed. 
7 . 45 Tubes blown. 
9. OO Trial started. Fire 2" thick, well burnt through in front; and fairly well so behind. 

10 .5 Not obtaining sufficient evaporation, found thin clinker forming on slicing. Put 
steam on under the bars. 

10 . 40 Sliced again, removing some clinker. 14 lbs. in ail removed. Fire kept from 3" to 
4" thick. 

10 .50 Fan on, fire built up thicker. 
12.15 Fire about 8" at front and 10" at back. Coal smokeless and does not cake. 

2. OO Slice bar run through fire, no hard clinker, nothing removed. 
5. 30 Fire cleaned. There was practically no clinker, but a soft dirt which was easily 

removed. This was probably due to the steam under the bars. 124 lbs. 
removed. 

6. 53 Fan stopped. 
7 . OO Trial finished. Fi.re as at start. 

CLINKER AND 'AsH. 
138 lbs. clinker. 

76 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 49. 

Wcight of coal Time Composition of flue gases . firc<l. of by volume, pcr cent. 
Time. sampling 

1 

flu e 

1 1 

During Total. gases. co. o. CO 
interval. 

Start 9 . OO a.m. 
9.10 .. .... .......... .. 81 81 9.00 9·1 11·0 O·O 
9.40 ... .. .. ..... . ... . . 134 215 9.30 10·4 8·6 O·l 

10 .10 .................. 86 301 10.00 9·2 10·5 O·O 
10.50 . . . . . . .... .. ...... 141 441 10.30 8·1 12·0 O·O 
11.15 ...... .... ....... . 310 751 11.00 10 ·4 8·5 O·O 
11. 45 .... . .......... . . . 171 922 11.30 11 ·2 7.4 0·2 
12.15 .... . ............. 131 1053 12.00 10 ·6 9.3 O·l 
12. 45 . . ...... .. 1 •••••••• 124 1177 12.30 11·2 6 ·9 0·2 
1 . 15 .................. 118 1295 1.00 9 ·8 10 · l 0 · 2 
1. 45 . . ......... . . . .... 73 1368 1. 30 7.5 12·7 O·l 
2.15 ......... . ..... ... 140 1508 2.00 7 .5 12·4 O·O 
2.45 .......... . .. .. ... 136 1644 2.30 11·0 8·2 0·3 
2.55 .................. 48 1692 3 OO 9·8 10·4 O·l 
3.25 .............. . ... 100 1792 3.30 6·0 14·2 0·1 
3.55 .. ............ . .. 102 1894 4.00 10·0 10·3 O·l 
4 .30 ......... .. ... .. . . 150 2044 4.30 10·4 7·8 0·8 
5.00 ........ .. .. ...... 93 2137 5.00 8·5 11 ·5 0·2 
5.30 .. . ...... ......... 72 2209 5.30 7.3 13·4 O·O 
5.45 .................. 137 2346 6.00 8·4 10·9 0·2 
6.00 . . . . ............ . . 61 2407 6.30 6·3 13 ·9 Ü·Ü 
6.30 ......... . .. . ..... 83 2490 
7 .00 ..... . ............ 25 2515 9·1 10·5 O·l 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 49 . 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Fced In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

9.00 ............ 111 83 430 71 -·02 -·30 ............ 
9 . 15 ............ 105 84 475 71 - · 02 -·30 260 
9.30 .... .. ...... 103 84 510 70·5 -·02 -·30 383·5 
9.45 . ...... . .... 108 86 500 70·5 -·02 - · 30 373 

10.00 ........ . ... 113 85 490 70 ·5 - ·02 -·30 352 
10.15 ......... . .. 113 85 535 70·5 -·02 -·30 410 
10 .30 . ........... 122 89 500 70·5 -·02 -·30 343 
10.45 ... .. ....... 121 89 480 70·5 -·02 -·30 293 
11.00 ............ 123 89 550 70·5 +·20 -·30 364 
11 . 15 ....... . .... 114 89 670 71 + ·15 -·27 691·5 
11 . 30 .. . ....... . . 111 88 680 71 +·20 -·29 523·5 
11.45 ........ . ... 113 88 690 71 +·25 -·29 654 
12.00 ............ 115 87 590 70 ·5 +·10 -·28 517 
12.15 ..... .. ..... 108 88 575 70·5 +·10 -·26 553 
12.30 .... .. ...... 100 87 580 70·5 +·30 -·26 553 
12.45 ......... . . . 111 85 570 70·5 +·28 -·26 427 
1.00 ....... . .. . . 117 85 560 70·5 +·15 -·26 468 
1.15 .... ... ..... 118 85 540 70 ·5 +·16 -·26 510·5 
1.30 .......... .. 120 85 540 71 +·25 -·26 414 
1.45 ... .......... 113 85 510 71 +·22 -·26 562·5 
2 .00 ............ 113 85 530 71·5 +·26 -·26 333.5 
2 . 15 ............ 105 86 545 71.5 +·26 -·26 417·5 
2 .30 ... ......... 107 87 620 71·5 +·50 -·32 544 
2.45 ............ 113 87 625 71 ·5 +·42 -·30 514·5 
3 .00 ........... . 113 87 585 71.5 +·30 - ·30 702 
3 . 15 ............ 120 87 575 71.5 +·30 - ·28 423 
3 .30 . ......... . . 105 87 610 71.5 +·45 -·30 474.5 
3.45 ...... . ..... 115 87 570 71·5 +·50 - ·28 501·5 
4.00 ............ 122 87 590 71·5 +·48 -·28 474 
4 .15 ... ...... . .. 116 87 590 71·5 +·45 -·28 514·5 
4.30 ....... ... .. 122 88 635 71.5 +·55 -·28 412 
4 .45 . .... .. . . ... 117 87 560 71.5 +·30 - ·28 572 
5.00 ............ 108 87 570 71 ·5 +·40 -·28 504 
5 . 15 ........... . 121 87 570 71 ·5 +·18 - ·28 446 
5 .30 ...... . ..... 110 85 500 71·5 + ·30 -·28 443.5 
5 .45 ............ 91 87 450 71·5 +·40 -·25 226·5 
6 .00 ............ 91 85 500 71.5 +·30 -·26 276 
6.15 ........ . ... 120 87 550 71 ·5 +·30 - ·28 330 
6 .30 .... .... .... 113 85 500 71.5 +·12 - ·26 455.5 
6 . 45 .... . . . ... . . 123 85 590 71 ·5 +·40 -·26 291·5 
7 .00 . . ... .. . . . . . 108 85 465 71 ·5 +·20 -·25 413·5 

112·5 86·4 554 71 · 1 
1 

+·23 -·28 17,922 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 10, 1908. 
Commenced-9.00 a.m. 

Boiler-B. and W. No. 2. 
Ended-7.00 p.m. 

GENE'RAL . 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ..... . ...................... Hand-spreading on alternate sides 
2. Kind of draft .... ... ...... . .............. . . ..... . . ......... .. . ........ . Forced 
3. Condition of boiler and date of last cleaning .. . .. .. . Thoroughly cleaned May, 1908 
4. Tubes cleaned ....... .. ... . ........ . .... . ................ . . . ...... . . 7. 45 a.m. 
5. Fire cleaned .... . .. . .. . ........... . ............ . ... ... ... 7.30 a.m., 5.30 p .m. 

FuEL. 

6. Kind of coal. ......... No. 225.- ro. 1 or Old mine, H . McNeil Co., Canmore,Alta. 
· b · 01 {C =85·2, H=4·1, S=0·7 7. 

8. 
9. 

10. 
11. 
12. 
13. 

Analys1s of dry coal y we1ght ( 10) .. . . · · · · · · · · · · · · · · ~. = 1 ·7, o, =2 · 4, Ash = 5. 9 
Calorific value of dry coal B.T.U. per lb ....................... . ...... . . .. 14400 
Moisture in coal as tired ( %) .. . .... . ..... . .. . ............. . .......... . .. . 4 · 3 
Weight of coal tired (lbs.) ...... .... ............ ... .... . ................. 2515 
Combustible mat ter in ash and clinker ( %) ...................... . .... . ..... 50 · 2 
Weight of clinker (lbs.) ... . ................... . .......... . .......... . . . . . . 138 
Weight of ash (lbs.) ..................... .. ..... . .. . ....................... 76 

Arn AND FLUE GAs. 

14. Air p~~ssure under tire (inc~~ of ~.ater) ... . .. .. . ........... . ........... . . +o · 23 
15. above tire ........................ . ....... . . -0·21 
16. atdamper .. . . . ... . ..... . .... ... ........ . . . -0·28 
17. Amount of clamper opening .................... . . .. ............. . ........ Full 
18. Temperature of air in boiler house (°F.) ........ . ........................... 8ti·4 
19. F lue temperature (°F.) .... . ................. ... ....... .. .......... . ...... 554 
20. Analysis of dry flue gas by volume (%) .. C02=9·1, 02=10·5, CO= O·l , N=80·3 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ..... . . ...... , .... . ... .. ................ . . 71-1 
22. Total weight of feed water, corrected for difference of level (lbs. ) . .. . .. .. . . . . .. 17922 
23. Water level in gauge at start (inches) ................ . . . . . ... . . . ... . ........ 4! 
24. Water level in gauge at finish (inches) ... ... . . . . . ..... .... . . . . . ........ .... . .4! 
25. Correction for diffcrence of level (lbs.) . . . .. ...... . ........... . ....... . . . ...... 0 
26. Steam pres ure by gauge (lbs. per sq. in. ) ............. . .... . . . . . . . ........ 112 · 5 
27. Baromcter rcading (inches) ..... . ... . . . . . . . . . ......................... . .. 29 · 77 
28. Pressure in steam calorimeter by gauge (lbs. pcr sq. in. ) .............. . ....... 15·0 
29. Temperature in steam calorimeter (°F.) ......... . .................... . ... 290 · 6 

Notes. 
This coal hurnt in thick bed s• to 10• with forced draught, much dirt fo rmcd in firc, which could be 

removed in a sh.nking grate provided eteam jet were used. Coal docs not coke. Steam was found beneficial 
in rendering the clinker softer and more easily removeù . Sliced 10.05, 10.40, 2.00. Wenther fine and clear. 

lFixedcnrbon .......... 77 ·9 
Prox.imate nnalysis of dry coal by weight % x~~~til~ .m~tte·r·.:: : : : : : 1 g: ~ 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at l\'IcGill University. 
To Determine quality of Coal. 
Kind of Fuel-Coal No. 225 . Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Altemate (A.S.M.E.) 
Grate Surface (sq. ft.)-16· 79. Water Heating Surface (sq . ft.)-639. 

Superheating Surface (sq. ft.)- il. 
Barometer at start-29 · 86. At finish-29 · 68. Mean-29 . 77. 

TOTAL QUANTITIES. 

Date of trial. ................ .. . . ....................... . ... .' ........ 10/ 6/ 08 
Duration of trial (hours) .. . ....... ... ................ . .. .. .............. 10. OO 
Weight of coal as fired (lbs.) . . .......... . ... .. ......................... . .. 2515 
Pcrcentage of moisture in coal as fired (%) .... . ....... . ......... . .......... 4·3 
Total weight of dry coal fired (lbs.) ..................................... . .. 2407 
Total ash and refuse (lbs.) . .. . .. .......................................... 214 
Percenta~eof ash and refuse in dry coal (%)(a) from analyses 11·85; (b) weighed.8·9 
Total we1ght of combustible consumed, from analyses (lbs .) . . ...... . . ........ 2121 
Total weight of water fed to the boiler, corrected for diffcrence of level (lbs.) ... 17922 
Equivalent water evaporated into dry steam from actual feed water tempera-

ture and boiler pressure (lbs.) ....................... .. .............. 17 50 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ... ... 21220 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ........................... ... .............. 240 · 7 
Dry coal per square foot of grate surface per hour (lbs.) .. . _ ..... ... .... .... . .. 14 · 3 
Water evaporated per hour corrected for quality of steam (lb.) .............. 1785 
Equivalent evaporation per hour from and at 212° F. (lbs.) ....... . .......... 2122 

Eq~1~~~~~ ~:f~~:Wb~.f.~r. ~o~~'.f.r~~ .~~ .~t. ~~~~ .~'. ~~r .s~·u·a·r~. ~o.ot. ~r ~~~ ... 3 3 

A YERAGE PRESSURES, TEl!PERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ................. . ................ 112·5 
Temperature of feed water entering boiler (deg. F.) . ...... .................. 71·1 
Temperature of escaping gases from boiler (deg. F .) . ....... ..... .. .... . ..... .. 554 
Pressure of draft between clamper and ash-pit (ins. of water) .................. 0·51 
Percentage of moisture in steam . . ..... . .................................. 0 · 5 

HORSE-POWER. 

Horse-power developed (Item 15+3H) .................................... 61·5 
Builders' rated horse-power ......................................... .. . . ... 60 
Percentage of builders' rated horse-power developed ............ . ............. 103 

EcoNOMIC RESULTS. 

25. Water apparently evaporatecl under actual conditions per lb. coal as .fired 
(Item 9 +Item 3) .................................................... 7·13 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 8·44 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8·82 
28. Equivalent evaporation from and at 212° F. per lb. of combustible ronsumed 

(Item 11 +Item 8) ................................................... 10 · 0 

EFFICIENC'Y. 

29. Calorific value of dry coal pcr lb. (B.T.U.) .... ........ ... . ....... ... ...... 14400 
30. Calorific value of the combustible per lb. (B.T.U.) ......... .... . ... ......... 15310 
31. Efficiency of boiler (based on combustible consumed) (%) . .... .............. 63·1 
32. Efficiency of boiler, including gratc (bnsed on dry coal) ( %) . . .. . ............. 59 · 2 

FLl:E CASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs. ) . . ...................... 27 · 0 
34. " " of combustible consumed (from gas analyses) (lbs.) .. ... ... 26 · 1 
35. " " dry coal (from gas analyses) (lbs.) . ...................... 23 · 0 
36. Proportion of heat of fuel in escaping dry flue gases (%) .......... . ....... . .. 17 · 9 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 23 M. 

Date-July 3, 1908. Trial number-G.C.T. 46. 

OBSERVATIONS OF GE ERAL CONDITIONS. 

Notes. 
Weather cloudy and inclined to rain. B. and W. No. 1 boiler working. Blow-off examined and found 

tight. 

Time. 
7. 40 Fire cleaned and made up with No. 23 M coal. 80 lbs. pressure. 
8. 40 Started trial fire. Even 2! •, half burnt through . Coal crushed to small size

pea and buckwheat mixed. 
9. 15 Fan put on. Fire getting dirty and layer of clinker forming. 
9. 30 Fire burning slowly, kept about 3" thick. Sliced, but found little clinker. 

Fire very dirty. 
9.45 Building fire up to greater thickness. 

10.40 Fire 8" thick, much dirt in bottom of it. 
12 . 40 Cleaned fire. 114 lbs. of clinker removed, actually containing mostly dirt with 

some soft clinker, ail easily removed. Would be suitable for shaking grates. 
Fan shut off during cleaning. 

2. 55 Sliced fire. Weight of clinker removed 22 lbs. This coal seems to burn principally 
along the front and sides, in other places over the body of the fire a dark, reddish 
glow seems to prevail, underneath this layer the fuel is incandescent. 

4.10 Much ash forms at front of fire-removed 39 lbs. of this. 
5. 40 Fire cleaned, as before clinker very soft-137 lbs. removed. 
6. 40 Finished. Fire as at start. 80 lbs. ash removed from ash-pit. 

CLINKER AND AsH. 
312 lbs. clinker. 

80 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 46. 

W eight of coal Timc Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

Dur in!?: Total. gases. co. c, CO 
intPrval. 

Start 8.40 a.m. 
9.10 .. . ...... . ... .. . .. 130 130 8.50 9.3 9·6 0·5 
9.40 . . ................ 178 308 9 . 15 6·5 13·2 O·O 

10 . 10 .. . .... . .......... 352 660 9.50 13 ·5 5·1 0·3 
10 .40 .... . .. . .......... 212 872 10.20 11·8 5.4 0·5 
11.00 . . ..... . ..... . .... 114 984 10.50 8· l 11·9 O·O 
11 . 30 ......... . . .. ..... 142 1126 11.20 10·0 8·5 0·3 
12.00 .... . ...... ... .... 195 1321 11 .50 10·0 9.4 O·O 
12.30 . .. . ............. . 100 1421 12.20 7·0 13·2 O·O 

1.()0 .. ... . .. .. .. .. ... . 73 1494 12 .55 6·6 12·7 O·O 
1. 20 ...... .. ...... .... 80 1574 1. 30 11 ·3 7·2 O·O 
2 .00 .......... ........ 180 1754 2.00 9.7 9.7 O·O 
2.30 ......... . ....... . 100 1854 2.30 8·5 11 · 2 O·O 
3 .00 .. . . . . . . . . . . . . . . . . 82 1936 3.05 9.7 10·2 0·1 
3.30 . . . ... . . . ..... .. .. 93 2029 3.30 11·3 7.5 O·O 
4.00 . . . .... . ...... . ... 117 2146 4.00 9·6 10·4 O·O 
4.30 ... . . . . . . . . . . . . . 66 2212 4.25 8·5 11·9 O·O 
4.40. . . . . . . . . . ...... . . 31 2243 5.00 5.7 14·7 O·O 
5.00 ........... ....... 76 2319 5.30 4 .5 16·1 O·O 
5.40 ........... ..... . . 85 2404 6.00 4.9 15·3 0·2 
G.10 ... .. ...... ... .... 52 2456 6 .30 6·3 14·2 O·O 
G.40 ......... . . ..... .. 74 2530 

8·6 10·9 0·1 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 46. 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. • F. water. apparently 
evaporated 

Tirne. in 
lbs. Flue At interval. 
per Boiler gases at Feed In cntrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.40 ......... . .. 108 85 450 69 -·01 -·30 ...... .. .... 
8.55 ......... ' .. 112 87 500 69 -·01 -·30 350 
9.10 . . .......... 114 88 470 6!) - ·01 -·30 332·5 
9.25.'. ' ' .... ' .. 107 88 460 69·5 +·02 -·30 276 
9.40 . . .... ' ..... 118 89 530 69·5 +·14 -·30 2!)0 
9.55 ....... ' .... 118 88 860 69 · 5 +·70 -·30 442 

10 . 10 .. . ' .. ' ..... 116 88 765 69·5 +·50 - · 30 591 
10.25 .. ' ... ' ..... 112 89 740 69 ·5 + ·45 -·30 574 
10.40 ...... ' ..... 113 87 630 69·5 +·40 -·30 525 
10 ' 55 .. ' . ' .. ' .... 113 88 555 69·5 +·30 -·30 474.5 
11 .10.' .. ' .. ' .... 108 88 550 69·5 +·30 -·30 461 
11.25 ............ 114 87 530 69·5 +·30 -·30 365 
11 .40 .. '. ' .. . .... 113 87 580 69 ·5 +·50 -·30 352 
11 . 55 .. ' . '.' ..... 113 87 650 69 ·5 + ·72 -·30 492 
12 .10 .... ' ....... 107 87 630 69·5 +·65 -·30 496 
12 . 25 ...... ...... 110 85 540 69·5 +·60 -·30 391 
12.40 ............ 110 85 500 70 +·60 -·30 248 
12 .55 .... ' .. ' ... ' 110 91 440 70 +·70 -·28 122 

1.10 ...... '. ' '.' 112 87 480 70 +·60 -·38 200 
1. 25.' ...... ' .. ' 102 87 580 70 +·90 -·30 453·5 
1.40 .' . . .. '. ' . ' . 122 89 620 70·5 +1·00 - ·30 441 
1.55 .. ' ' .. ' ... ' ' 123 87 650 70·5 +1·00 -·30 583 
2.10 .. ' .. ' ... ' .. 115 89 540 70·5 +·50 -·28 410 
2.25 . .... ' . . .. . . 111 91 550 70 + ·50 -·30 456·5 
2.40.'. ' ... ' ' ... 108 88 510 70 + · 50 -·28 361·5 
2.55 .......... '' 103 88 535 70 +·52 -·28 300·5 
3.10.' ......... ' 111 89 615 70·5 +1·00 - · 28 353 
3. 25.' .......... 116 88 700 70·5 +·90 -·30 474 . 5 
3.40 .. ' . .. . ' .. . . 122 89 650 70·5 +·72 - · 30 533 
3.55 .. ' . . ' ... .. . 115 90 700 70·5 +·75 -·28 563·5 
4 . 10 ..... ' ... . ' . 108 91 550 70·5 +·52 -·28 475 

4.25.' . ' .... '. ' . 118 93 615 71 +·75 -·27 282·5 
4.40 . ' .... '.' ... 103 90 555 71 +·55 -·25 501 
4 .55 .' .......... 112 89 600 71 +·70 - ·26 373 

5.10 .' ... ' .... . . 118 87 580 71 +·90 - · 28 345 
5.25.' ........ . . 120 89 600 71 +·70 -·26 392 
5.40 ..... ' ...... 106 87 500 71 +·75 -·26 302·5 
5.55 . . ..... .. ... 88 93 450 71 +1·00 - ·24 182·5 
6.10. ' ... ' ...... 78 87 490 71 +·80 -·24 224 
6 . 25 ...... ' . . . . . 103 87 600 71 +· 0 -·25 210 
6 . 40 .... . . '. ' ' ' 

111 5 525 71 +·80 - · 25 410 

110·3 ·O 575 70 · 1 +·58 -·29 15,609 · 5 net 
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SUMMARY OF OBSERVATIONS. 

Date-July 3, 1908. 
Co=enced-8.40 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.40 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ..... ....... .. .......... .. . . Hand-spreading on alternate sides 
2. Kind of ci.raft ........ . .......... . .............. . .......... .. .. ...... ... Forced 
3. Condition of boiler and date of last cleaning . . ..... . Thoroughly cleaned May, 1908 
4. Tubes cleaned ...... . .............. . . .. ........... .... . .... ...... .. . 7 .30 a.m. 
5. Fire cleaned .............. .... ................. 7 .40 a.m., 12 .40 and 5.40 p.m. 

FnEL. 

6. Kind of coal .. .... ...... . ................. No. 23 M.-Bankhead Colliery, Alberta 
. . {C=76·6, H=3·6, S=0·6 

7. 

8. 
9. 

10. 
11. 
12. 
13. 

Analys1s of dry coal by weight (%) ....... · · · · · · · · · · N-.= 1·0, o, =4· 1, Ash = 14· 1 
Calorific value of dry coal B.T.U. per lb ................................ . . 13080 
Moisture in coal as fired (%) ......... .... ........ ... . . ........ .. .......... O· 6 
Weight of coal fired (lbs.) ....... . ............... . ............ ... .. . . ..... 2530 
Combustible matter in ash and clinker ( %) . . ................ ... ..... ... .... 42 · 1 
Weight of clinker (lbs.) . . . . ... .. .... . ........... .. ... . ..... ..... . .. . ... ... 312 
Weight of ash (lbs.) .... . ..... ... ... . .............. .... .............. .. . . .. 80 

Am AND FLUE GAs. 

14. Air pressure under fire (inches of water) ......... .. ............ .. ...... ... +o · 58 
15. " above fire " " . ........... . . . ............ .. ..... -0 · 23 
16. at <lamper ................... ...... ........ -0·29 
17. Amount of <lamper opening ... . ..... . . . .. . ....... . ........ .- ............. _.Full 
18. Temperature of air in boiler bouse (°F.) . .......... ..... .. . .... .. ............. 88 
19. Flue temperature (°F.) ........ .. ............................. ... ... ...... 575 
20. Analysis of dry flue gas by volume (%) .. C02=8·6, 0 , =10·9, CO=O·l, N=80·4 

WATER AND STEAM. 

21. Temperature of feed water (°F.) .................... . . .. ...... . ...... . ... 70 · 1 
22. Total weight of feed water, corrected for difference of level (lbs.) ........ . ..... 15609 
23. Water level in gauge at start (inches) ................ . ...... . . . .... . ........ 5i 
24. Water level in gauge at finish (inches) ...... . ....... . . . ...... . ........... . .. 5,\ 
25. Correction for difference of level, included above (lbs.) .. ... ... ... .... ... ... . +50 
26. Steam pressure by gauge (lbs. per sq. in.) ........................... . .... 110 · 3 
27. Barometer reading (inches) ........ .. .. . .................. ........ ....... 29 · 97 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) . .... .. . ............. 14· 5 
29. Temperature in steam calorimeter (°F.) ............. .. . .. . ......... . .... 291·2 

Notes. 
This coal would be very suitable for a sbaking gratc. More dirt than clinkcr seems to form, which tends 

to deaden the lire. This clirt could be very easily removed by a shaking grate. Burnt coal in a tbick bed 
with forced draught. lt appeared to hurn chiefiy at the dead plate and nlong the edges o! the grate ; the rest 
being a ùull red hue. Clinker very soit and easily removed. No smoke. Sliced lire 9.30 and 2.55. Weather 
cloudy and inclined to rain . 

{
Fixed carbon. .. .. .. .. . 73 · 3 

Proximate analysis o! dry con! by weight 3 X~~~til~ rn~t~_r_- .':::::: l!: ~ 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-Coal o. 23 M. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-30·01. At finish-29·93. Mean-29·97. 

TOTAL QUANTITIES. 
1. Date of trial. ...... ............. ...... .................. .. . . . . . ....... 3/ 7 /08 
2. Duration of trial (hours) ....................... . ........ .. .. . .... .. ..... 10 ·OO 
3. Weight of coal as fired (lbs.) .......... . ... ...... ... . ... . . ... .... .. ........ 2530 
4. Percentage of moisture in coal as fired (%) ...... . ..... . ............ . ...... 0 · 6 
5. Total weight of dry coal fired (lbs.) .................................... .... 2515 
6. Total ash and refuse (lbs.) ............ ... .................. . .............. 392 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 24·4; (b) weighed 15·6 
8. Total weight of combustible consumed, from analyses (lbs.) . . ................. 1894 
9. Total weight of water fed to the boiler, corrected for clifference of level (lbs.) ... 15609 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .................. . . .. ... ....... 15560 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 18500 

HoURLY QuANTITIEs. 

12. Dry coal fired per hour (lbs.) .......... .. ... ... ............ .... . .... .... 251 ·5 
13. Dry coal per square foot of grate surface per bour (lbs.) . . . .... ........ . .... . 15 · 0 
14. Water evaporated per hour corrected for quality of steam (lbs.) .... ......... . 1556 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ..... . ....... .. . .. 1850 

16. Eqt~!li~~ ~:ra::tb~.f~r. ~~~. ~r~~ .~~~ .~t. ~~~~ -~-- ~~~ _s:~.~~ ·f·o·o·t· of. ~~t~~ .. 2 . 90 

AVERAGE PRESSURES, TEMPERATURES, ETC. 
17. Steam pressure by gauge (lbs./ sq. in.) .. . ............................... 110·3 
18. Temperature of feed water entering boiler (deg. F.) ......................... 70· l 
19. Temperature of escaping gases from boiler (deg. F.) ........................... 575 
20. Pressure of draft between damper and asb-pit (ins. of water) .... ... ........... 0 · 87 
21. Percentage of moisture in steam . . . ... ....... . .... ............... ... . ..... 0 · 5 

HORSE-POWER. 
22. Horse-power developed (Item 15 +34!) ........ ... .... .. .... .... . .. . ...... . 53 · 6 
23. Builders' rated horse-power ......... . .. ... .. . .. .. .. ....... .. . . . ... ..... ... . 60 
24. Percentage of builders' rated horse-power developed ......................... 89 · 3 

EcoNoMic REsULTS. 
25. Water apparently evaporated under actual conditions per lb. coal as fired 

(Item 9+Item 3) ..... .. .. . . . . . .. .. .. ......... ......... ........... . .. 6· 17 
26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 30 
27. Equivalent evaporation from and at 212° F . per lb. of dry coal (It.em 11 +Item 5) 7 ·37 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11+Item8) ......... . ..... .. . ... ...... .. ..... . . . . . ..... . .. .... 9-77 

EFFICIENCY. 
29. Calorific value of dry coal per lb. (B.T.U.) . ................ .. . .... . .. ... .. 13080 
30. Calorific value of the combustible per lb. (B.T.U.) .......................... 15230 
31. Efficiency of boiler (based on combustible consumed) (%) ................... 61 ·9 
32. Efficiency of boiler, including grate (based on dry coal) (%) ............ .. .. .. 54·4 

FLUE GABES. 
33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) . ........... . ... .. ...... 28 · 6 
34. " " of combustible consumed (from gas analyses) (lbs.) .. . . .... 28 ·9 
35. " " dry coal as fired (from gas analyses) (lbs.) ......... . ... . .. 21 ·9 
36. Proportion of beat of fuel in escaping dry flue gases (%) ............... . ..... 19 ·6 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 223 M. 

Date-July 6, 1908. Trial Nurnbcr-G.C.T 47. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Day brigbt and fine. B. and W. No. 1 working; Blow-off examined and found tigbt. 

Time. 
7 .30 Tubescleaned. 
7.45 Fire cleaned and made up with coal No. 223 M. Pressure, 125 lbs. gauge. 
8.40 Started trial. Fire 2• thick, half burnt through. 
9. 05 Started fan. Draught seems to penetrate near edgcs of grate, as with the unwashed 

coal. Building up fire. 
9. 40 Fire rnuch better than for unwashed, with forced draught. Air getting through 

more evenly. Keeping tire about 6* to 8". Coal practically smokeless. 
2 . 40 A pile of dirt formed at front end of tire, rendering observation of tire diffi.cult. 

Removed 56 lbs. of dirt from the front of the tire. It was soft and easily 
removed. · 

4 . 20 Fise about 9" to 10" thick; most of coal seems to be burnt on or near to the dead 
plate. 

5. 45 Fire cleaned. Mostly soft clinker and dirt which was easily removed. Total 
clinker and dirt removed at 5 . 45, 138 lbs. 

6 . 35 Fan stopped. 
6.40 Stopped trial. Fire as at start. 42 lbs. ash removed from ash-pit. 

CLINKER AND Asa. 
194 lbs. clinker. 

42 lbs. ash. 

RECORD OF COAL CO rsuMED DURING BOILER TRIAL No. 47. 

Weight of coal Time Composition of flue gaees 
fired. of by volume, pcr cent. 

T ime. sampling 

1 

flue 

1 1 

During Total. gases. co. o. CO 
interval. 

Slart 8.40 a.m. 
9.15 .................. 116 116 8.45 7.7 11·4 O·O 
9.40 .................. 204 320 9 . 15 9.7 9.3 0 ·5 

10 .00 .................. 145 465 9.45 12·8 6·1 0·5 
10 . 30 ..... . .. .. .... .... 152 617 10 . 15 11·8 7·8 O·O 
11 .00 .... ........... . . . 161 778 10 45 10· 1 9·2 0·1 
11 .20 ..... ..... ........ 85 863 11.15 10·1 8·1 1·2 
11. 50 ....... . ..... .. . .. 249 1112 11 .45 11·1 6·4 1 ·0 
12 . 10 ....... . ..... . . ... 114 1226 12 . 15 11·0 7·6 0 · 2 
12 .40 ... . .............. 166 1392 12.45 11·0 7.5 0·3 

1 . 10 .................. 167 1559 1.15 11·5 8·0 O·O 
1. 20 ............. . .... 35 1594 1.45 9·2 10·4 O·O 
1. 50 ..... . ... . .... .. .. 114 1708 2.15 9·0 10·8 O· l 
2.20 .............. . ... 115 1823 2.45 5·8 14·4 0·1 
2 . 50 ... . . .. . .......... 83 1906 3 .1.5 10·5 8·6 O·O 
3.15 ..... . ............ 72 1978 3.45 10·5 10·0 O·O 
3 . 45 ....... . ..... ..... 106 2084 4.15 10·1 10·0 0·3 
4.15 ............. . .. . . 133 2217 4.45 6·5 13 ·9 O·O 
4.45 .... . . ... ......... 77 2294 5.15 7.9 12·5 O·O· 
5.20 .................. 57 2351 5.55 6·0 14·2 O·O 
5.50 .................. 104 2455 6.15 6·0 14 ·0 0·1 
6 .40 .................. 80 2535 

9·5 10 ·0 O·l 
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OBSE RVATIO rs MADE DURI~G BOILER TRIAL No. 47. 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.40 .......... .. 118 86 430 68 ·5 - ·01 -· 25 .......... . . 
8.55 ..... . . . . . .. 116 85 425 68·5 - ·01 -· 25 220 
9.10 .... . ....... 106 87 425 68·5 +·10 - ·25 313 
9.25 . . ... . ...... 123 88 640 68·5 +·40 - ·26 203 
9.40 . . .......... 121 88 720 69 + · 40 - · 28 580 
9. 5fi ... . ..•..... 123 89 680 69 + ·40 - · 26 480 

10 .10 ............ 123 88 640 69 + ·42 -·26 573.5 
10.25 ............ 102 88 550 69 · 5 +·30 -· 25 516 
10 .40 . ....... . ... 118 88 550 69·5 +·32 -· 25 293 
10 .55 ............ 123 89 575 69·5 +·52 - ·2.5 413·5 
11 .10 ............ 115 89 570 69·5 +·52 -·25 534 
11 .25 ......... . .. 121 89 640 69·5 + ·70 - · 26 441 
11 .40 ............ 122 89 690 70 +·75 - · 26 550·5 
11. 55 . . .......... 107 88 640 70 +·72 -·26 474 .5 
12.10 ............ 111 87 650 70 +·72 -·25 544 
12.25 ........ . ... 110 87 610 70 +·70 -·25 439.5 
12.40 . .. . ..... . .. 121 87 640 70 +·72 - ·25 450·5 
12 .55 ...... . ..... 113 87 620 70 + · 75 -·25 538·5 

1. 10 ....... . . . .. 113 88 600 69·5 + · 72 -·25 562 
1 . 25 ............ 113 87 590 69·5 + ·72 -·25 393 
1. 40 .... . ....... 113 89 610 70 +·70 -·25 462 
1 .55 ......... . .. 118 88 585 70·5 +·70 - ·24 366 
2.10 . ...... .. ... 118 88 600 70·5 +·70 -·24 459 
2 . 25 .......... . . 112 88 590 70·5 +·74 -·24 453.5 
2.40 .... . ....... 104 88 550 71 +·68 - · 24 482·5 
2.55 . .. . ........ 103 89 560 71 +·72 - ·25 352·5 
3.10 . . . ... . .. . . . 110 89 560 71·5 +·68 -·25 3~1-5 

3.25 ...... . ..... 115 89 670 71·ii +1·00 -·26 470·5 
3.40 ............ 121 89 675 71·5 +·90 - · 28 751 
3.55 ... . . . . ..... 123 89 690 71 ·5 +·82 - ·28 483 
4.10 ............ 121. 89 650 71·5 +· 0 - ·27 553 
4.25 ............ 118 89 590 71.5 +·68 - ·27 621·5 
4.40 .. . . . ..... . . 104 89 500 72 +·30 -·24 462 
4.55 ............ 103 89 540 72 +·55 - ·25 302 
5.10 . ........... 123 88 600 72 +·70 - ·25 343.5 
5. 25 ....... . .... 123 89 620 72 +·70 - ·26 433 
5.40 . . .......... 108 88 540 72 +·60 - · 26 402 
5 . 55 ............ 78 94 460 72 +1·30 -·25 264 
6.10 ............ 123 89 610 71·5 +· 0 - ·25 200 
6 . 25 . . ........ . . 110 89 590 71·5 +·75 -·25 434 
6.40 ............ 110 89 470 71·5 -·02 -·25 351 

114 8·4 589 70·4 +·60 -·25 17,497 net 
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SUMMARY OF OBSERVATIONS. 

Date-July 6, 1908. 
Commenced-8.40 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.40 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ... . .... .. ...... ......... ... Hand-spreacling on alternate sides 
2. Kind of draft .......................................................... Forced 
3. Condition of boiler and date of last cleaning . .... . .. Thoroughly cleaned May, 1908 
4. Tubes cleaned . . .................... .. .............. . ............... 7. 30 a.m. 
5. Fire cleaned ............... ... ............... ... ......... 7 .45 a.m., 5.45 p.m. 

FUEr,. 

6. Kind of coal .................... .. . . . .... No. 223 M-Bankhead Colliery, Alberta 
7. Analysisof drycoal byweight(%).C =81·8,H=3·8,S=O· 6,N2= 1·1,02=3 ·8,Ash=8·9 
8. Calorifi.c value of dry coal B.T.U. per lb . . .............. . .. ... ..... . . . .... 13970 
9. Moisture in coal as fired (%) ... . .... ............................... . ... . .. 2·7 

10. Weight of coal fired (lbs.) ......... .. ........ .. ... .... .... . ............ . .. 2535 
11. Combustible matter in ash and clinker (%) ...................... . ........ .. 39 · 3 
12. Weight of clinker (lbs.) . ...... .. ... .. . .. ....................... . .......... 194 
13. Weight of ash (lbs.) . ...... . .. ................. ... ... . ..... ..... ....... .... 42 

14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

Arn AND FLUE GAS. 

Air pressure under fire (inches of water) .. . ................ ... . ... . . ...... +o · 60 
" above fire " " ....................... .. ......... -0· 18 

at <lamper . .. ....... .... ... ~ ....... ... ...... - 0 · 25 
Amount of <lamper opening .. . .................. . ..... . . ... . .... . .. . ..... F ull 
Tcmperature of air in boiler house (°F.) ....................... .. . ...... . .... . 88 
Flue temperature (°F.) ........ . . .... . ...... . .. . .. .. . . . ................... 589 
Analysis of dry flue gas by volume(%) ... . 002=9·5, 02=10, 00=0 ·1, N=80·4 

WATER AND STEAM. 

Temperature of feed water (°F.) . ........... ... ..... ... ....... . . . ...... ... 70 · 4 
Total weight of feed water, corrected for difference of level (lbs.) . . . . .. ....... 17497 
Water level in gauge at start (inches) . ..... . ............................... 4 H 
Water level in gauge at finish (inches) ......... . . . ... ... ......... ... ........ 4 tt 
Correction for difference of level, included abovc (lbs.) ..... . . . ..... . .. ...... +40 
Steam pressure by gauge (lbs. pcr sq. in.) .............. .... . .......... . ..... 114 
Barometer reading (inches) ........ . ... . . . ..................... . . . .. .. .... 29 · 8 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) .... . .... . . ... ........ 14 · 9 
Temperature in steam calorimetcr (°F.) ... .. .............. . .......... . .. . 292 · 2 

Notes. 
!hie coal is more easily burnt than the unwashed: as before, bowever, would be eminently suitable for a 

!~~ki~.grate. Coal burns prnctically smokclessly. Clinker very soft and easily removed. Weather bright 

{

Fixed carbon .. . .... 78·6 
Prorimate analysis of dry coal by weight 3 X~~aül~ '.".~tter: : : : : . . . 1 ~: ii 

83-19 
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SUMMARY OF RESULTS 

Made on B. and W . o. 2 Boiler, at l\1cGill University. 
To Determine quality of Coal. 
Kind of Fuel-Coal No. 223 M. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639 . 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 88. At finish-29 · 72. Mean-29. 80. 

TOTAL QUANTITIES. 
Date of trial. .. . . ............. . ........ . ....... . .......... . .... . ...... 6/ 7 /08 
Duration of trial (hours) ................... .... ..... .. ............. . . ... 10. OO 
Weight of coal as fi.red (lbs. ) .. . . .. ... . . . ..... . ................... . ........ 2535 
Percentage of moisture in coal as fired ( %) ..... . .. ......................... 2 · 7 
Total weight of dry coal fired (lbs.) ............. .. ............... .. ...... . . 2467 
Total ash and refuse (lbs.) . . .. . ........................ ... ................ 236 
Percentase of asb and refuse in dry coal (%) (a) from analyses 14· 66; (b) weighed. 9 ·5 
Total weight of combustible consumed, from analyses (lbs.) .................. 2105 
Total weight of water fed to the boiler, corrected for clifference of level (lbs.) .. 17497 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ....................... .. ....... 17440 
Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 20750 

HOURLY QUANTITIES. 

Dry coal fired per bour (lbs.) ............................. ................. 247 
Dry coal per square foot of grate surface per bour (lbs.) . . .... ... ..... . .. . .... 14·7 
Water evaporated per hour corrected for quality of steam (lbs.) ..... ... .. .... 1744 
Equivalent evaporation pcr hour from and at 212° F. (lbs.) ............. . .... 2075 
Equivalent evaporation per how· from and at 212° F. per square foot of water 

heating surface (lbs.) ........................... ... . . .... . ............. 3 · 2 

AVERAGE PRESSURES, TEMPERATURES, ETc. 

Steam pressure by gauge (lbs. / sq. in.) ..................................... 114 
Temperature of feed water entering boiler (deg. F.) ................. .. .. . .... 70·4 
Temperature of escaping gases from boiler (deg. F.) ............... . ...... .. ... 589 
Pressure of draft between damper and ash-pit (ins. of water) ............... ... 0 · 85 
Percentage of moisture in steam ....................................... .. .. 0 · 4 

HORSE-POWER. 

Horse-power developed (Item 15 + 34~) ................... . .... . . . ...... . .. 60 · 2 
Builders' rated horse-power ... .. . ................ . .. .. ...... ..... .......... 60 
Percentage of builders' rated horse-power developed .................... . ... 100 · 2 

Eco::-<oMic RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) . ... ..... . ......... . ......... .. ....... ...... .. . ...... 6·9 

Equivalent evaporation from and at 212° F. perlb. coal as fired (Item 11 +Item 3) 8 · 2 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8 · 41 
Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) .... . ............ . ....... . ........ .... . .... .. .. . ... 9 · 88 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U. ) ............. . ..... . ............ 13970 
Calorific value of the combustible per lb. (B.T.U.) ................ .. .... . ... 15340 
Efficiency of boiler (based on combustible consumed) ( %) .............. .... . 62 · 1 
Efficiency of boiler, including grate (based on dry coal) (%) .................. 58· 2 

FLUE GASES. 

Dry flue ga.s per lb. carbon (from gas analyses) (lbs.) ....................... . 26 · 0 
" " of combustible consumed (from ga.s analyses) (lbs.) ...... . . 25 · 0 
" " dry coal (from gas analyses) (lbs.) .. .. ............... . ... 21·3 

Proportion of heat of fuel in escaping dry flue ga es (%) ...... . .............. 18 · 3 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 24. 

Date-July 7, 1908. Trial Number-G.C.T. 48. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weatber warm and fine. Coal consisted of briquettes, egg size. Blow-off examined and found tigbt. 

Ti me. 
7 . 35 Fire cleaned and made up with 'o. 24. Pressure, 90 lbs. 
7 . 45 Tubes blown. 
8. 35 Trial started. Fire 2!" thick, fairly well burnt through. Burns with fair amount 

of flame, little smoke. 
9.20 Fan put on. Building fire up to about 8". 

12 . OO Fire about 10" thick. Coal very easily handled, no raking required, door open 
for fi.ring only. 

2. OO Put slicing bar through fire, nothing removed but somc dust and dirt knocked 
through bars. 

3 . 20 Put slice bar through again. 
4. 25 Fire sliced. Clinker in large, soft, porous lumps, easily removed 56 lbs. All could 

have been passed through a shaking grate. 
5 . 35 Fire cleaned. Clinker and dirt very easily removed, being very soft., much dust 

with it. 245 lbs. removed. 
6 . 35 Finished trial. Fire as at start. This coal would be very much more easily 

worked on a shaking grate. 

CLINKER AND AsH. 
301 lbs. clinker. 
101 lbs. ash. 

RECORD OF COAL CONSU 1ED DURING BOILER TRIAL No. 4 . 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flue 

1 1 

During Total. gases. co, o. CO 
interval. 

Start 8. 35 a.m. 
9.05 .. ................ 179 179 8.45 6·0 13-0 0·7 
9.25 .. . . . . . . . ...... ... 58 237 9 .15 7.3 12·1 0·2 
9 .55 ......... .. .... . . . 255 492 9.45 11·5 6·1 l·l 

1 0.15 .................. 72 564 10 .15 10 ·5 8-8 0·3 
10.45 .................. 187 751 10 .45 9.9 7.7 1·2 
11 . 15 .................. 134 885 11.15 7.4 12 ·6 O·O 
11 .45 .. . .. .. .... . ...... 121 1006 11.4.5 7-6 11 ·9 O·O 
1 2.15 ............ ..... . 96 1102 12 . 15 10·1 9·2 0·2 
12 .30 ........ .. .... .... 68 1170 12.45 7·2 11·8 0·9 
1.00 ...... .. ... . ...... 97 1267 1.15 5·0 15-2 O·O 
1.30 .................. 85 1352 1.45 7-0 13-1 O·O 
2.00 .................. 90 1442 2.15 11·4 5·8 1·3 
2.10 ............ ... ... 72 1514 2.45 8·1 12·1 0-2 
2.40 .................. 178 1692 3.15 9.9 9·6 0· 1 
3.10 ... .. ............. 121 1813 4.05 5.7 14·4 O·O 
3.40 .... . .... .. ....... 129 1942 4.15 5·3 14·5 0·1 
4.10 ... . . .... .. ....... 81 2023 4.45 6·3 13-0 O·O 
4.35 ... ............ . . 105 2128 5.15 9.3 10·5 0-1 
5.05 .............. ... 154 2282 5.40 3.3 17· 2 O·O 
5 .35 . ....... . . . ....... 159 2341 6.00 8 ·0 9.5 O·G 
5.55 ...... . . . ........ . 112 2453 6.15 9.9 9-1 0·2 
6.15 ....... .... . .. . ... 157 2610 
6 .35 . .. ...... . ....... . 56 2666 7.9 11-3 

1 

0-4 



292 

OBSERVATIONS MADE DURING BOILER TRIAL No. 48. 

Steam Draft pressures, 
pressure Temperature.~ inches of Water 

gauge. o F. water. npparenUy 
evaporated 

Time. in 
lbs. 

1 

Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. a.sh-pit. to flue. 
to flue. 

8.35 ..... .... ... 116 89 470 71.5 -·01 -·26 .......... .. 
8.50 ............ 118 92 440 71.5 -·01 -·28 180 
9 . 05 ....... . . .. . 114 92 460 71.5 -·01 -·28 352 
9 .20 .......... .. 115 92 460 71.5 -·01 -·28 230 
9.35 .......... .. 112 93 540 71 +·30 -·30 344 
9.50 ... .. . . ... .. 123 92 700 71 +·30 -·30 505·5 

10 .05 ........ . ... 122 92 740 71 +·30 -·30 599.5 
10 .20 . ........... 118 93 640 71 +·25 -·30 485 
10 .35 . ........ . .. 111 93 620 71 +·25 -·30 673 
10 .50 .. ... . . ..... 123 93 580 70·5 +·10 -·30 422·5 
11 .05 ..... . ...... 95 91 585 71 +·20 - ·28 553 
11.20 . ........... 121 94 530 71 +·10 -·28 216 
11 .35 ......... ... 111 93 540 71 + ·12 -128 354 
11.50 .......... .. 123 93 585 71 +·50 -·26 234·5 
12 .05 ...... . ..... 119 92 710 71 +·50 -·28 523 
12.20 .... . . ...... 118 91 620 71 +·40 - ·22 512 
12 .35 .. . .... . . . .. 117 92 560 71 +·40 -·25 430 
12.50 ........ .... 110 92 535 71 +·30 -·22 420·5 

1. 05 . .......... . 115 92 520 71 +·30 - · 22 256 
1.20 ............ 114 92 550 71 ·5 + · 65 -·24 271 
1 .35 .... . .. . . . .. 106 92 590 71·5 +·65 -·24 340·5 
1 . 50 ........ . ... 113 92 635 71·5 + ·90 -·24 425 
2.05 ........ . .. . 121 92 650 71 · 5 +1·00 - · 24 349 . 5 
2.20 . ........... 123 92 720 71·5 +·80 -·25 631·5 
2.35 ... . .. . ... .. 121 92 630 71·5 +·65 -·22 568 
2.50 ............ 118 92 600 71 ·5 + · 60 -·23 462·5 
3.05 ... .. .... .. . 90 92 640 71·5 +·85 -·24 571·5 
3.20 ... . .. .. .... 118 91 660 71·5 +·80 -·24 434 
3 . 35 ........ . ... 120 92 670 72 +·90 - · 24 492 
3.50 . . .......... 116 93 640 72 +·85 - ·20 582 
4.05 . . ...... . ... 107 92 600 71·5 +·82 -·20 508·5 
4.20 ............ 103 92 570 72 +·85 -·20 350·5 
4.35 ............ 80 93 ôOO 72 +·95 -·20 364 
4.50 ..... . ...... 117 91 560 72·5 +·90 -·20 164 
5 .05 ............ 123 91 620 72·5 +1·05 -·20 344 
5.20 ............ 123 90 610 72·5 +1·00 -·20 453 
5.35 ............ 109 89 500 72.5 +1·00 -·20 361 
5.50 ............ 88 91 450 72·5 +·05 -·20 301 
6.05 ............ 121 85 575 72.5 +·20 -·22 130 
6.20 .. . . ..... . . . 123 87 850 72·5 +·40 -· 30 587 
6.35 ............ 121 86 540 72·5 O·O -·25 440 

114 91·5 590 71 ·5 +·49 -·25 16,421 net 
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SUMMARY OF OBSERVATIONS. 

Datc-July 7, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 m.ins. 

1. Method of stoking ... ... ...................... Hand-spreading on alterna te si des 
2. Kind of draft .......................................................... Forced 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned ...................................................... 7. 45 a.m. 
5. Fire cleaned .............. . .............................. 7.35 a.m., 5.35 p.m. 

FUEL. 

. {No. 24 coal-Bankhead Colliery, Alberta. Anthra-
6. Kmd of coal. · · · · · · · · · · · · · · · · cite coal dust briquettes made with over 9% tar 

7. 

8. 
9. 

10. 
11. 
12. 
13. 

{
C=76·3 H=3·7 S=0·6 

Analysis of dry coal by weight (%) ..... ·. · · · · · · · · · · "N,= 1 · o; o, =4· 1, Âsh = 14·'3 
Calorific value of dry coal B.T.U. per lb ......... . ... .......... . .......... 13100 
Moisture in coal as fired (%) ...... ..... . ...... ......... . ...... . ........... O· 7 
Weight of coal fired (lbs.) ....... . ............ . ........................... 2666 
Combustible matter in ash and clinker ( %) ...... ............. ... .. ......... 30 · 8 
Weight of clinker (lbs.) ..................... . .. . .......................... 301 
Weight of ash (lbs.) ...... . ............................................ . .. 101 

Arn AND FLUE GAS. 

14. Air pressure under fire (inch es of water) ... .. ................... . ......... +o · 49 
15. " above fire " " ........... . .... . .. . . . . . . .. .. .. . .. -0· 16 
16. atdamper ...... ...... ............. . .... . .. -0·25 
17. Amount of <lamper opening ...... . ..... . ............... _ ..... .... . . . ..... Full 
18. T emperature of air in boiler bouse (°F.) .. .... . ................ . ... . ........ !H · 5 
19. Flue temperature (°F.) ......... .. ... . ... . ................................ 590 
20. Analysis of dry flue gas by volume (%) ... C02=7 · 9, 02= 11 ·3, CO =0· 4, N =80·4 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
2 . 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) ......... . ................................ 71·5 
Total weight of feed water, corrected for difference of level (lbs.) ...... ........ 16421 
Water lcvel in gauge at start (inches) ................ .. .................... 4-fs 
Water level in gauge at finish (inches) ... ...... .. .... ................ .. . . .... 4i 
Correction for difference of level, included above (lbs.) .......... . .. . ... . ..... -70 
Steam pressure by gauge (lbs. per sq. in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114 
Baromcter reading (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 · 65 
Pressme in steam calorimeter by gauge (lbs. per sq. in.) ...................... 15 · 2 
Temperature in steam calorimeter (°F.) ................... . . . ... . .......... 291 

Notes. 
(Briquettes). 

Clinker is formed in la rge soft porous lumps which could be passed through a shaking grate. Burns 
with much fiame but Little smoke. Fire kept about 8' to 10' and forced draught used. Vcry ensily 
handled, firc door bcing opened for firing only and occasionally for slicing. Sliced at 2.00, 3.20, 4.25. Fire 
clenoed once only during trial. Weather warm and fine. 

{
l"ixed car bon. . . . . . . . . . 68 · 6 

Proximate analysis of dry coal by wcight % Volatile matter ........ 17 · 1 
Ash .................. 14·3 
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SUMMARY OF RESULTS. 

Made on B . and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 24. Kind of Furnace-Fixed bars, 30% air space. 
M ethod of Starting and Stopping Test-Alternate (A,.S.M .E.) 
Grate Surface (sq. ft. )-16·79. Water H eating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft. )- il. 
Barometer at start-29 · 73. At finish-29 · 58. Mean-29. 65. 

TOTAL QUANTITIES. 

1. Date of trial. . ... ..................... . .. ........ .. .... ... . .. .. ....... 7 / 7 / 08 
2. Duration of trial (hours) ....... . . .. .......... ..... ....... .... ...... . . .. . 10 ·OO 
3. W eight of coal as fired (lbs .) .... .............. ... . ........ . ............... 2666 
4. P ercentage of moisture in coal as fired ( %) ....... . .. . ... ... .... . . .. ........ O. 7 
5. Total weight of dry coal fired (lbs.) ... . . ... . . . . ........ . ........... . .. . .... 2648 
6. T otal ash and refuse (lbs.) ... . .. ... . .. . ............... . .......... . ...... .. 402 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 20· 65; (b) weighed . 15· 2 
8. T otal weight of combustible consumed, from analyses (lbs.) ... ... ........... . 2100 
9. T otal weight of water fed to the boiler, correctecl for difference of level (lbs.) .. . 16421 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ............. . ... .. ..... . . ... . .. 16360 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 19420 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

H OURLY QUANTITIES. 

Dry coal fired per hour (lbs.) ... . ........... . .. . ........... . .. .. ........... 265 
Dry coal per square foot of grate surface per hour (lbs.) ................. ..... 15 · 8 
Water evaporated per hom corrected for quality of steam (lbs.) . ....... . ..... 1636 
Equivalent evaporation pcr hour from and at 212° F. (lbs.) .......... ........ 1942 

Equ~::li~~ ~~~fao::~ib~.f.e~ ~o~ .. ~r~~ _a~cl -~t. ~ ~ ~~ -~·. ~~~ _s:~.ar~ ·f·o·o·t· ~~ ~~t-~ .. 3 . 04 

AVERAGE PRESSURES, TEMPERATURES, ETc. 
Steam pressure by gauge (lbs. / sq. in.) ............................. .... .. 114 · 0 
Temperature of feed water entering boiler (deg. F.) ........... . .. . .... . .. .... 71·5 
Temperature of escaping gases from boiler (deg. F.) ........... ... ............. 590 
Pressure of draft between <lamper and ash-pit (ins. of water) ............. ..... 0 ·74 
Percentage of moisture in steam .............................. . . . .......... 0 · i> 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) . .. .. . . . . . .. . .... . .... . ......... .... 56 · 3. 
23. Builders' rated horse-power .............. . .... . ... . ..... .. . .. .......... . ... 60 
24. Percentage of builders' rated horse-power developed ........ . ..... . ........ . . 93 · 8 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as firecl 
(Item 9+Item 3) . .. . ............................ . . ... ... ............ 6·16 

26. Equivalent evaporation from and at 212° F. per lb . coal as fired (Item 11 +Item 3) 7 · 27 
27. Equivalent evaporation from and at 212° F . per lb. of dry coal (Item 11 +Item 5) 7 ·32 
28. Equivalent evaporation from and at 212° F . per lb . of combustible consumed 

(Item 11 + Item 8) . . . ............... . ... .. .... .. .......... . .. . ....... 9 · 21> 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T .U.) ..................... .. ......... 13100 
30. Calorific value of the combustible per lb. (B.T.U.) . ......................... 15290 
31. Efficiency of boiler (based on combustible consumed) (%) ................... 5 · 4 
32. Efficiency of boiler, including grate (based on dry coal) (%) ... . . ... .... .. .... 53 · 9 

FLUE GABES. 

33. Dry flue gas pcr lb. carbon (from gas analyses) (lbs.) ........ . ............... 33 · 0 
34. " " of combustible consumecl (from gas analyses) (lbs.) .... . ... 31·7 
35. " " dry coal (from gas analyses) (lbs.) ....................... 25 · 2 
36. Proportion of hcat of fuel in cscaping dry flue gases (%) ..................... 23 · 9 
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TRIAL OF B. AND W. No 2 BOILER WITH COAL No. 22 M. 

Dale-June 19, 1908. Trial Numbcr-G.C.T. 40. 

OBSERVATIOXS OF GENERAL CONDITIONS. 

Notes. 
Day fine and clear. B. and W. No. 1 boiler not working. Robb boiler working. Coal very small. 

Flue gas tbermometer changed during trial. Blow-off examined and found tight. 

Time. 
7.10 
8.05 
8 . 30 

Fire cleaned and made up with No. 22 M coal. 
Trial started . 2~" coal, half burnt through. 
Burns very rapidly with much flame, lire kept about 2" thick. Much smoke 

observed after firing. 
Coal does not cake at ail, a thick bed of ash seems to be forming, howcver. 
Ran rake through fire, knocking much ash through bars. 

9.40 

'· " ,, " 10.22 
11.10 
12.10 Fire cleaned. 168 lbs. clinker removed, consisting largely of ash; clinker soft und 

easily removed. 
Raked fire (as much ash was on bars.) 3 . 55 

5 .20 
6.05 

Fire cleaned. 171 lbs. of clinker and ash removed . 
Finish. 115 lbs. of ash raked from ash-pit. A shaking grate would suit this coal. 

CLINKER AND A sH. 
339 lbs. clinker. 
115 lbs. asb. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 40. 

Weigbt of coal Timc Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sampling 

1 

flu e 

1 1 

During T otal. gases. co. o. CO 
intervnl 

-

Start 8 . 05 a.m. 
8.48 ..... ..... ..... ... 480 480 8.15 7.5 9 ·1 2·3 
9 .20 .. .. ...... .. .. ... . 178 658 8.45 8·2 10·3 0·6 
9 .50 ............. .. . . . 168 826 9.15 10· 8 6·7 1·2 

10.20 ... ....... ..... .. . 168 994 9 .45 9·6 9·2 0·6 
10 . 50 .. ..... - . . ..... . .. 172 1166 10 .15 9· 8 9·1 O· l 
11.20 . ... ..... . .. . ..... 139 1305 10.45 8·7 8·8 1·9 
12 . 00 .......... . ....... 200 1505 11.15 9.4 9.3 0·1 
12.30 .... . . . . . ..... . ... 120 1625 11.45 9·8 8·7 0 · 4 
1.00 .... . .... ... . .. ... 277 1902 12.15 7·2 11 ·3 0·3 
1.35 . ................. 146 2048 12 .45 10·3 6 ·2 2· 1 
2.15 .... ..... . . ...... . 243 2291 1.15 9 .5 7·1 1 ·8 
2 . 30 . . ...... . .... .. . .. 61 2352 1. 45 5 ·0 14 ·7 O·O 
3.00 . .... .. ..... . .... . 242 2594 2 . 15 8 ·7 8·1 1·7 
3.15 ...... . . .. . ...... . 78 2672 2.45 8·9 7 · 6 2·0 
4.00 ......... . . . .. ... . 200 28ï2 3.15 6·9 12· 1 O·O 
4 .35 ... . . ... ...... .... 122 2994 3 .45 7 ·8 9·9 1·0 
5 .05 ... . . . . . . . . . . . . . . . 93 3087 4 . 15 9·0 9 ·0 0·8 
5.40 . . . . ........... ... 241 3328 4.45 9.7 9·0 0· 1 
6.05. . . . . . . . . . . . . . . ... 90 3418 5 . 15 8 ·3 10 ·3 0·3 

5.45 8 ·8 7·Ï 2·4 

8·7 9·2 l ·O 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 40. 

Steam Draft pressures, 
pressure Temperatures inches of Water 

gauge. o F. water. apparently 
cvaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.05 .. . .. ... . ... 118 77 63 - ·02 -·28 ............ 
8.20 ....... . . . .. 117 79 63 -·02 - ·29 420 
8.35 .... . . . .. . . . 120 81 63·5 - ·02 -·29 534 
8.50 ............ 105 83 63·5 - -02 - ·29 543 
9.05 ............ 108 83 63·5 -· 02 - · 28 552 ·5 
9.20 . ...... . .. . . 98 85 64 -·02 -·28 733-5 
9.35 ... ... . . . ... 99 83 64 - ·01 --24 436 
9.50 .... ... . . .. . 106 84 64 -·01 - ·24 540 ·5 

10 . 05 .... . .. . .. . . 120 84 64 - ·01 - -24 424 
10.20 ... . .. . . . ... 90 85 64 - ·01 -·24 665 
10.35 ..... . ...... 111 85 64 - ·01 -·24 294 
10 .50 ....... . ... . 113 85 64 -·01 - · 25 343 
11. 05 ...... . . . .. . 122 85 64 - ·01 - ·25 441 
11 . 20 .. .. . .. ..... 105 85 64 - ·01 - · 25 413 
11 .35 .... . . . ..... 123 85 64·5 - ·01 --24 343·5 
11. 50 .... . . . ..... 121 85 64·5 - ·01 - -22 439 
12 . 05 .. . . . .. . .... 106 84 485 64·5 - ·01 - · 20 414 
12.20 .... . ... .... 95 89 550 64·5 -·01 -·22 269-5 
12 . 35 .... .... . . .. 120 84 610 64-5 -·01 -·22 343 
12.50 ... ... . ..... 122 85 695 64-5 - ·01 -·23 453.5 
1 . 05 ..... .. .. . . . 122 85 625 64·5 - -01 - · 23 529·5 
1 . 20 ............ 121 85 600 64·5 - ·01 - · 22 492 
1 . 35 ....... . .... 122 85 570 65 -·01 - ·22 494.5 
1. 50 . . . . ........ 118 85 610 65 - ·01 - ·22 447 
2 .05 .. .... . ..... 123 85 600 65 - ·01 -·22 449 
2.20 .. .. . . .. . . . . 122 85 590 65 --01 - ·22 483·5 
2 . 35 . . ....... . . . 122 87 610 65 -·01 - ·22 425·5 
2.50 .. . . ... ..... 120 87 600 65 - · 01 - ·22 4 2 ·5 
3 .05 .... ... . .. .. 120 89 600 65·5 -·01 -·22 461·5 
3 .20 ...... .. .... 111 89 ........ 65 · 5 -·01 -·22 443 
3.35 . ........ . . . 123 88 570 66 - ·01 -·22 414 
3 .50 . ........... 121 88 550 66 -·01 -·22 413 
4 .05 . . .......... 108 90 550 66 - ·01 - ·23 341·5 
4 . 20 ............ 117 86 640 66 - ·01 - ·23 361·5 
4.35 ... . .... ... . 117 87 620 66·5 -·01 -·23 3 4 
4.50 ... . .... . ... 122 87 610 66 ·5 -·01 -·23 3 7 
5 . 05 ....... .. ... 118 7 550 66 ·5 -·01 - ·23 355 · 5 
5.20 .......... .. 93 90 600 66·5 -·01 -·25 316·5 
5 .35 . ...... ... .. 122 7 740 66·5 - ·01 -·26 3 4 
5 .50 .... . ....... 122 87 700 67 - ·01 -·25 594 
6.05 ............ 11 6 7 600 67 - ·01 -·25 461 

114·6 85·4 603 64·9 -·01 -·24 17,720 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 19, 1908. 
Commenced-8.05 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.05 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ...... . ............ ....... . . Hand-spreading on alternate sides 
2. ICind of draft ........................ . ...... . . ...... ... ............ . .. Natural 
3. Condition of boiler and date of last cleaning ... .. ... Thoroughly cleaned May, 1908 
4. Tubes clcaned ............................ . .. ....................... 7. 35 a.m. 
5. Fire cleaned ............ .. ..................... 7 . 10 a.m., 12 . 10 and 5.20 p.m. 

FUEL. 

. {Coal r o. 22 M.-Mines 1 and 2, Middlesboro Colliery 
6. Kind of coal. · · · · · · · · · · · · · · · Nicola Valley Coal and Coke Co., Coutlee, B.C. 

{
C=66· 1 H=4·9 S=0·9 

7. 

8. 
9. 

10. 
11. 
12. 
13. 

Analysis of dry coal by weight (%) ... .. . · · · · · · · · · · _N
2
=1.4; 0 2= 12· 6, Ash = 14· 1 

Calorific value of dry coal B.T.U. per lb .................. . .......... . .. . . 11720 
Moisture in coal as fired (%) ........ . .......... . ..... .... . ............... .4·8 
Weight of coal fired (lbs.) ......... .. ... . ... ........ ... ............. . . . ... 3418 
Combustible matter in ash and clinker (%) ........... .. .................... 13 · 8 
Weight of clinker (lbs.) . ..... ............ .. . ... .. . . ....... . ..... .......... 339 
Weight of ash (lbs.) . ..... ............. ......... ................ ... .. ..... 115 

Arn AND FLUE GAs. 

14. Air press me un der fire (inches of water) ...... . .......... . . .. ............. - 0 · 01 
15. " above fire " .. ............................ . ... -0 · 21 
16. at <lamper ........ ... .. . .............. . . . .. -0 · 24 
17. Amount of <lamper opening .......................... . . .. . .... ........ Various 
18. Temperature of air in boiler house (°F.) .................................... 85 ·4 
19. Flue temperature (°F.) ............ ...... .... ... ................. . ...... .. 603 
20. Analysis of dry flue gas by volume (%) ... C02=8·7, 02=9·2, CO=l·O, N=81·1 

WATER AND STEAM. 

21. Temperature of feed water (°F.) ................ . ........................ 64·9 
22. Total weight of feed water, corrected for difference of level (lbs) .............. 17720 
23. Water level in gauge at start (inches) . ... . ..... . .. . . . . ...... . .............. 4-h 
uw~~in~~~(i~~ - · · ········· · · · ··· · ··················~ 
25. Correction for difference of level, included above (lbs.) ...... . ................. .. O 
26. Steam press me by gauge (lbs. per sq. in.) . ... . ... ... ....... ... . .. .... ... .. 114 · 6 
27. Barometer reading (inches) ............. . ...... . ...... . .... ....... ....... 29 . 59 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) ..... .. .............. . 15 · l 
29. Temperatme in steam calorimeter (°F.) ........... . . . .................... 291·0 

Notes. 
This coal seems to produce very little clinker, mucb ash is formecl on the bars; witb a sbaking grntc tbis 

coal sboulcl be easily worked. '.\luch smoke, however, is given off. Coal does not coke. Fire raked to 
removc asb-10.22, 11.10, 3.55. Weatber fine and clear. 

{

Fixed carbon. . . . . . . 4 6 · 8 
Proximateanalysis of dry coal by weigbt % Volatilematter. .... 39· 1 

Asb............... 14 · 1 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
'l'o Determine qualit.y of Coal. 
Kind of Fuel-Coal No. 22 M. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 75. At finish-29 · 44. Mean-29. 59. 

TOTAL QUANTITIES. 

1. Date of trial ... ... ........ .... ... . ..... . ... ..... ..... ...... ....... ... 19/ 6/08 
2. Duration of trial (hours) ................................................ 10. OO 
3. Weight of coal as fued (lbs.) ..................... ... ...................... 3418 
4. Percentage of moisture in coal as fired (%) ................................ 4. 8 
5. Total weight of dry coal fired (lbs.) ... . ... ....... . ......................... 3254 
6. Total ash and refuse (lbs.) .. ... ....... .... ... ....... . ... ... ............ .. .454 
7. Percent.age of ash and refuse in dry coal (%)(a) from analyses 16·38; (b)weighed.14· O 
8. Total weight of combustible consumed, from analyses (lbs.) .. .. ....... ... .... 2720 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17720 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) .... : ...... . ................. ... 17650 

11. Equivalent water evaporated into dry steam from and at 212° F . (lbs.) .... .. 21110 

HounLY QuANTITIES. 

12. Dry coal fued per hour (lbs.) ...... ... ......... . ... , .................... . .. 325 
13. Dry coal per square foot of grate surface per hour (lbs.) . ...... . ......... . .. . 19. 35 
14. Water cvaporated per hour corrected for quality of steam (lbs.) .... ... . .. .... 1765 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) ........ .. ........ 2111 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ......... ... ................... . ... .... . ......... 3 · 30 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ............................ . ... . . 114 · 6 
18. T emperature of feed water entering boiler (deg. F.) .. ... .................... 64· 9 
19. T emperature of escaping gases from boiler (deg. F.) ... ....... ... ............. . 603 
20. Pressure of draft between <lamper and boiler (ins. of water) ............ . ...... 0 · 23 
21. Percentage of moisture in steam .... . ....................... . ... . ... ...... 0 · 50 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34~) .................................... 61·1 
23. Builders' rated ~ors: power ... .......... ..... .................. ............ 60 
24. Percentage of builde1s rated horse-power developed .......................... 102 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) ....... ............. ......... ......... .............. 5·18 

26. Equivalent evaporation from and at 212° F. per lb. coal as fued (Item 11 +Item 3) 6·17 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 · 50 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11+Item8) .................................... . .............. 7 ·75 

EFFICŒNCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ............. . . .... . ...... .. . .. . 11720 
30. Calorific value of the combustible per lb. (B. T.U.) .............. . ......... . . 13655 
31. Efficiency of boiler (based on combustible consumed) (%) ... .... ............ 54·8 
32. Efficiency of boiler, including grate (based on dry coal) (%) ................. . 53·5 

FLUE ÜASES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ......... . ... . .......... 25 · 6 
34. " " of combustible consumed (from gas analyses) (lbs.) ........ 20 · 2 
35. " " dry coal (from gas analyses) (lbs.) . ....................... 16 · 9 
36. Proportion of heat of fuel in escaping gases ( %) ........ .................... 17 · 9 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 222 M. 

Date-June 24, 1908. Trial Number-G.C.T. 42. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weat.her dull and raining slightly at intervals. Blow-off examined and found tight. 

Ti me. 
7 . 35 Fire cleaned and made u p with 222 M . 
7. 50 Tubes blown. 
7.45 Started trial. Fire 1!" thick, fairly well burnt through. Burns with little flame. 

10 . OO This coal givcs off much smoke. 
12.35 Fire cleaned, mostly ash removed, very little clinker. 132 lbs. removed. 
3.05 B. and W . No. 1 started. 
3 . 30 Grill in fire door opened. 
5. 35 Fire cleaned. 119 lbs. of ash removed. 
6.45 Trial concluded. Ffre as at start. Much ash, very soft and easily removed, is 

formed on bars. The air has fütle difficulty in getting through. Very little 
clinker formed at all. Very suitable for shaking grate. 

CLINKER AND AsH. 

251 lbs. clinker. 
87 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 42. 

Wcight of coal Timc Composition of flue guse.> 
fired. of by volume, pcr cent. 

Tùnc. sampling 

1 

flue 

1 1 
During Total. gases. C02 o. CO 

intervnl --- --

Start 8.45 a.m. 
9.15 ... ..... ........ .. 232 232 8.50 9·8 8·1 1·4 
9.30 .......... .. .. .... 129 361 9.20 10·9 7·6 1·1 

10.00 ..... . .. .. ..... .. . 196 557 9.50 10·8 8·2 0·4 
1 0.20 ... . . ............ . 133 690 10.20 12 ·5 6 ·0 0 ·8 
10.50 .................. 173 853 10.50 .. 9.7 9.7 0·5 
11.20 .................. 136 999 11. 20 8·5 10·6 0·8 
11 . 30 ...... ............ 62 1061 11·50 8·6 10 ·4 0·8 
12.00 .. . ............... 146 1207 12. 20 9·1 9.3 1 ·3 
12 .30 ...... . ... . . . ..... 143 1350 12 .50 10·0 9·0 1·1 

1.00 ........ .. ........ 245 1595 1.20 11·0 6·4 2·2 
1 .30 .... . ....... . ... .. 171 1766 1. 50 9·8 7.4 2·8 
2.00 ...... .. ........ . . 156 1922 2.20 10·8 7.7 1 · 2 
2 .30 ..... . ... ... .... .. 147 2069 2.50 10·6 5·8 5·1 
2 .35 .. ... ... ... .. ..... 51 2120 3.20 10·2 9·0 0·5 
3 .05 ... . . .... . .. . . ... 163 2283 3.50 11·4 4 .4 3.5 
3.35 ... ... ............ 184 2467 4.20 10·9 5.4 4·1 
4.05 ............ ... . . . 159 2626 4.50 11·0 8·1 1·1 
4 . 35 ..... . ... ..... .... 132 2758 5.20 14·3 2 ·3 2·4 
4.45 .... .. .... .... . ... 58 2816 5.50 11·8 6·9 0·3 
5.15 . .. - ... .. .. ..... . . 179 2995 6 . 20 10·7 8·2 0·7 
5 . 30 ......... - ...... . . 116 3111 
5.55 ........... . .... .. 204 3315 10·6 7.5 1·6 
6.45 .................. 142 3457 
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OBSERVATIO S MADE DURING BOILER TR IAL No. 42. 

Stcam Draft pressures, 
pressure Temperatures inches of Water 
gauge. o F. water . apparently 

evaporated 
Time. in 

lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance 
to flue. 

Water. ash-pit . to flue. 

8.45 . . .......... 112 85 550 66·5 -·02 - ·24 . . .......... 
9.00 .... . ...... . 110 84 580 66·5 -·02 -·24 500 
9.15 ....... .... . 113 85 660 66 ·5 -·02 -·26 475.5 
9.30 ............ 112 85 630 66·5 -·02 -·26 502 
9.45 ............ 113 85 720 66·5 -·02 -·26 484·5 

10.00 ... . ........ 115 85 700 67 -·02 -·26 524·5 
10.15 ............ 108 85 630 67 -·02 -·26 601·5 
10.30 ....... . .. :-. 107 85 620 66·5 -·02 -·25 464 
10.45 ..... . .. .. . . 108 87 600 66·5 -·02 -·26 483 
11.00 ..... . ...... 102 86 610 66·5 -·02 -·26 434.5 
11.15 ............ 105 85 610 66·5 -·02 - ·26 364 
11.30 ..... .. ... . . 110 86 590 67 -·02 - ·26 392·5 
11.45 ..... ... .... 103 87 560 67 -·02 -·26 485 
12.00 ... . .... .... 112 87 550 67 -·02 -·26 365 
12.15 .. . .. ...... . 110 87 530 67·5 -·02 - · 26 351 
12 .30 .... .. . .. ... 118 84 550 67·5 -·02 - ·26 332 
12.45 . ....... . ... 104 87 730 67·5 -·02 - · 26 286·5 

1.00 . .. ... · ...... 123 86 660 67·5 -·02 - · 26 344 -
1 . 15 .. .......... 112 85 680 67·5 - ·02 -·26 603 
1 .30 .. . ... . . . ... 113 87 620 67·5 -·02 -·25 465 
1.45 . ......... . . 108 86 610 67 ·5 -·02 -·25 511 
2.00 . .. ... ...... 106 86 640 67·5 -·02 -·24 467·5 
2.15 ... . ........ 119 86 670 67 · 5 -·02 -·24 425·5 
2.30 .... .. . .... . 110 86 810 68 -·02 - ·25 511·5 
2.45 ......... ... 120 85 680 68 -·02 -·25 472·5 
3.00 ........ . ... 116 85 640 68 -·02 -·20 503 
3.15 .......... .. 105 89 570 68 - ·02 - ·20 397.5 
3.30 . . . ......... 113 90 640 68 -·02 -·22 444 
3.45 ........... 123 90 720 68 -·02 -·22 366 
4.00 ..... . . . . . . . 116 92 730 68·5 -·02 -·22 583 
4 . 15 .. ... .. .. ... 102 91 650 68·5 -·02 -·22 385 
4.30 . .... .... .. . 120 94 700 69 -·02 - ·22 357 
4.45 ............ 123 90 770 69 -·02 - ·25 446 
5.00 . ........... 123 90 830 69 -·02 - ·25 515 
5.15 . . ,-; ...... .. 123 89 810 68·5 -·02 -·25 452 
5 . 30 . ........ .. . 123 87 770 68·5 - · 02 - · 25 486·5 
5.45 . . ...... . . . . 111 89 795 68·5 -·02 -·25 414·5 
6.00 . ........... 123 87 1000 68·5 -·02 -·25 364 
6 . 15 ............ 122 87 720 68·5 -·02 -·22 556 
6 . 30 . ........... 121 7 700 68·5 -·02 -·22 44 
6.45 .... .. ... . . . 122 87 650 68 · 5 -·02 -·22 468 

113·6 87·0 670 67·6 -·02 -·24 18, 131 net 
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SUMMARY OF OBSERVATIONS . 

Date-June 24, 1908. 
Co=enced-8.45 a.ru. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Dw·ation-600 mins. 

1. Method of stoking .......................... .. Hand-spreading on al ternate si des 
2. Kind of draft ......................... . ... . ....... . . . .......... . ... . .. Natural 
3. Condition of boiler and date of last cleaning . . ... ... Thoroughly cleaned May, 1908 
4. Tubes cleaned ... . ................ . .......... . .................... . . 7 .50 a .m. 
5. Fire cleaned ..... . .... .... .... . ....... . ........ 7.35 a.ru., 12 .35 p.m., 5.35 p.m. 

FUEL. 

. f Mines land 2, Middlesboro Colliery, Nicola 
6. Kind of coal. · · · · · · · · · · · · · · ·No. 222 M \ Valley Coal and Coke Co, Coutlee, B.C. 

. . ) { C = 70·8, H = 5 ·3, S = 0·9, N2 = 1·5, 
7. Analys1sofclrycoalbywe1ght (% .... · Oo=l1·5, Ash=lO ·O 
8. Calorific value of dry coal B:T.U. per lb . . . .. ..................... . ..... .. 12020 
9. Moistw·eincoalasfired(%) ........... . .......... . .......... . ............ 6·2 

10. Weight of coal fired (lbs.) ............................................... . 3457 
11. Combustible matter in ash and clinkcr (%) .......... ... . ....... .. .. .. . ..... 26· 5 
12. Weight of clinker (lbs.) ....... . . .. .. . ... .. ... . .......... .. .......... . ..... 251 
13. Weight of ash (lbs.) ........................ . ... . ........... . .............. 87 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) .... . . . ....................... . ... -0 ·02 
15. " above fire " " .. . ....... . .... . ... . ......... . ... . -0 · 19 
16. at <lamper " .. . ........ . .............. ...... . -0 · 24 
17. Amount of <lamper opening .............. . .. . .. . ........ . ... . ..... . .. . Various 
18. Tcmperature of air in boiler ho use (°F.) ................ .... .. . ............... 87 
19. Flue tcmperature (°F.)... . . . . . . . . . . . . . . . . . . . . . . ..... . .... . .............. 670 
20. Analysis of dry flue gas by volume (%) .. C0,=10 · 6, 02=7·5, C0=1·6, N=80·3 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Tempcraturc of fccd water (°F.) .............. .. . . ...... . . . . . . . .......... 67 · 6 
Total weight of feed water, corrected fo r difference of lcvel (lbs.) .. . ...... . .... 18131 
Water level in gauge at start (inches) .. . ........ ... .. ......... .. . ... .. 5t" 600 
Water level in gauge at finish (inches) .......... .................. . .... 5ï" 620 
Correction for diffcrcnce of level, included above (lbs.) .......... . ........ . ... -20 
Steam pressure by gauge (lbs. per sq. in.) ........... .. .. .. ...... . .. .... .. 113 · 6 
Barometer rcading (inches) . ............... . . .... .. ....... . .. . . . ........ . 29 · 53 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) .............. .. ..... 15 · 3 
Temperature in steam calorimeter (°F.) ... .... . . . ....................... 291·8 

Notes . 
. Clinker mostly cinders. coal would be suitable for a shaking 1<rate. Air admitted above the lire for a 

portion of the test. Coal burns with little flamc and rnuch smoke. Weather dull and raining slightly at 
1ntervals. 

!Fixed carbon. . . . . . . . . . 50 · 2 
Proxirnate analysis of dry coal by weight % Volatile matter ........ 39 · 8 

Ash .................. 10·0 
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SUl\H,JARY OF RESULTS. 

Made on B. and W. Ko. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 222 M. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. 'Yater Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 60. At finish-29 · 45. Mean-29. 53. 

TOTAL QUA...'<TITIES. 

1. Date of trial. ........... ..... ....... . ......... .. ...................... 24/6/08 
2. Duration of trial (hours) ................................ . . ............ ... 10· 0 
3. Weight of coal as fired (lbs.) ................. . ....... .... . . ............... 3457 
4. Percentage of moisture in coal as fired (%) ....... .. ........................ 6. 2 
5. Total weight of dry coal fired (lbs.) ........................................ 3243 
6. Total ash and refuse (lbs.) . .... ...... ... ................ .......... .. ...... 338 
7. Percentageof ah and refuse in dry coal (%)(a) from analyses 13·6; (b) weighed.10·4 
8. Total weight of combustible consumed, from analyses (lbs.) ..... .......... ... 2804 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 18131 

10. Equivalent water evaporated into ch-y steam from actual feed water 
temperatme and boiler pressme (lbs.) ............. .. ........ ......... 18070 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21530 

HOU:f\LY QuANTITIES. 

12. Dry coal fired per hour (lbs.) .............................................. 324 
13. Dry coal per square foot of grate surface per bour (lbs.) ..................... 19·3 
14. Water evaporated per bour correctecl for quality of steam (lbs.) . .... .. . .. . .. . 1813 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) . .......... ....... 2153 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surf ace (lbs.) ................................................. 3 · 36 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ................... .. .... .. ....... . 113·6 
18. Temperature of feed water entering boiler (deg. F.) ..... .. .. . ..... ..... ..... 67 · 6 
19. Temperature of escaping gases from boiler (deg. F.) .. ...... .... ... ............ 670 
20. Pressure of draft between <lamper and ash-pit (ins. of water) ......... . ........ O· 22 
21. Percentage of moisture in steam . ...... ......................... . ......... 0 · 5 

HORSE-POWER. 

22. Horse-power developed (Item 15-;-3H) .............. .. ... ~ .. .. ............ 62·4 
23. Builders' rated hor e-power .. . . .... .... ..................... ............ ... 60 
24. Percentage of builders rated horse-power developed ......... .... ............. 104 

EcoNoMic REsULTs. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9-;-ltem 3) .......... ... .......... .. ........................... 5·24 

26. Equivalent evaporation from and at 212° F . per lb. coa1 as fired (Item 11-;-ltem 3) 6· 22 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item ll -;-Item 5) 6 · 65 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11-;- Item 8) ..... . ........... ..... ...... .. ... . ............. . ... 7 · 67 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ................ ....... .... ..... 12620 
30. Calorific value of the combustible per lb. (B.T.U.) ... ........ ..... .. ........ 14022 
31. Efficiency of boiler (based on combustible consumed) (%) ...... . . .. . .... .... 52·8 
32. Efficiency of boiler, including grate (based on dry coa1) (%) . .. ......... . ..... 50· 8 

FLUE GASE5. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ........ .. .............. 20 · 5 
34. " " of combustible consumed (frorn gas analyses) (lbs.) ... ..... 16 · 8 
35. " . " dry co11;l (frorn ~as analyses) (lbs.) ... ...... ... ............ 14 · 5 
36. Proport10n of heat of fuel m escapmg dry flue gases (%) .. .......... ..... . .. . 16 · l 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 20. 

Date-June 3, 1908. Trial Number-G.C.T. 33. 

OBSERVATIONS OF GE ERAL CONDITIONS. 

Notes. 
Weather cool; cloudy until 10.00 a.m., then fine and bright. 

TÏine. 
a.m. 
6.00 Fire made up with co=on coal. 
7. 30 Fire cleaned and made up with No. 20 coal. Pressure, 100 lbs. 
7. 45 Tubes blown. 
8. 40 Trial started. Fire 1 '" thick, well burnt through. Pressure, 102 lbs. Two bags 

of coal burnt before start. Coal in lumps up to 3" with fair amount of 
dust. Coal dull in appearance. Burns freely with considerable fiame and 
heavy smoke when fired, giving very hot fire. 

12. 15 Fire sliced. Very little clinker. 
1 . 25 CalorÏineter thermometer discoverecl to have mercury column broken. Shaken 

and reset. 
2. 14 Fire sliced. 
2.30 Small quantity of clear vitreous clinker dropped through bars. 
3 . 15 Fire sliced. 20 lbs. of hard, whitish, brittle clinker removed. Clinker somewhat 

adherent. 
3 . 30 Long thin threads of vitreous slag hanging from bars. 
4. 56 Fire sliced. 
5. 30 to 5.38 Fire cleaned. 111 lbs. of clinker and cinders removed. Clinker thin, hard, 

friable, and somewhat adherent. 
6. 43 Trial stopped. Fire similar to start. Ash weighed out 66 lbs. Blow-off examin

ed and found tight. 

CLINKER AND AsH. 

131 lbs. clinker. 
66 lbs. ash. 
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RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 33. 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

, Time. sampling 

1 

flue 

1 

Durin11: Total. gases. co. o. CO 
interval. 

Start 8.40 a.m. 
9.00 .. . ..... .. . ....... 280 280 9.00 9·2 9.5 O·O 
9.30 ............... . .. 237 517 9.30 9·2 9.3 0·1 
9.50 .. . ............... 111 628 10 .00 8· 7 6·0 1·6 

10.00 .................. 86 714 10.30 8·3 7.5 0·7 
10.30 ............. . .. .. 106 820 10.55 8·2 8·2 0·4 
11. OO .... ...... .. . . ... . 108 928 11.25 6·9 12·6 ........ 
11.10 ..... .......... ... 44 972 11 .55 8·5 8·2 0·4 
11. 30 . . .... . . ........ .. 154 1126 12.25 9.9 5.3 0·5 
12 .00 ... ... . ..... ...... 136 1262 12.55 8 ·1 8·5 l·l 
12 .15 ...... ... .. ....... 37 1299 1. 30 7.7 9.4 0·8 
12. 30 . ...... . .. .. ...... 190 1489 1.55 8·3 9·6 0·4 
1. OO ............. . .... 127 1616 2.25 10·9 6·4 0·9 
1.30 ..... . ............ 162 1778 2.55 9.7 8·4 . . .. . ... 
2.00 ... . . .... ... .. . ... 115 1893 3.25 9.9 6·7 1·4 
2.18 ..... .. . ... ....... 39 1932 3.55 8·2 9·1 1·1 
3.00 .. . . ....... . ...... 282 2214 4. 25 9·0 11·1 O·O 
3.26 ... . ...... . .. .. . . . 77 2291 4.55 8·5 11 ·0 0·3 
4.00 ............ ... . .. 221 2512 5.25 7.5 12·7 0·3 
4.30 .... ... .. ...... . .. 89 2601 5.55 9.5 7.5 0·5 
5.00 ........... . ..... 105 2706 6.25 10·1 8·9 O·O 
5.45 . .... . ............ 209 2915 
6.00 ..... ..... . . . ..... 73 2!l 8·9 8·8 1·5 
6.43 . . ........... . .... 175 31û3 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 33 . 

Steam Draft pressures, 
pressure Temperatures inches of Water 
gauge. o F. water. apparently . evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. aah-pit. to flue. 
to flue. 

8.40 ............ 100 68 515 56 -·02 - ·25 . ... .. .... . . 
8.55 .... . .. . . . . . 122 70 595 56 -· 02 - · 26 490 
9 .10 ......... . .. 121 76 610 56 -·02 - ·25 704 ·5 
9.25 ........ . ... 117 75 525 56 -·02 - · 17 611 
9.40 ......... .. . 116 76 520 56 - ·02 -·17 702 ·5 
9.55 ........ . .. 118 74 515 56·5 -· 02 - ·17 499 

10. 10 ............ 118 75 500 56·5 -·02 - ·17 585 
10.25 ..... . ..... . 123 75 460 56·5 - · 01 -·13 417 
10.40 . ... .. ...... 114 77 470 57 - ·01 - ·13 474 
10.55 ........ . . .. 96 77 455 57 -·01 - ·13 422·5 
11.10 .... . .. . . . . . 106 77 445 57 -·01 - ·13 532·5 
11.25 ......... .. . 121 77 455 57 - ·01 -·15 199·5 
11.40 .... . .... . .. 120 76 445 57 -· 01 - ·14 490 
11.55 . ........... 121 77 445 57 -·01 - ·14 262 
12.10 .. . ... . .. .. . 121 79 455 57 -·01 -·16 325 
12. 25 ............ 123 79 650 57 - ·01 - ·20 440-
12.40 ............ 121 81 605 57 -·01 -·18 448·5 
12.55 ... . .. . . ... . 121 81 570 57 - ·01 -·18 435 
1.10 . .. .... . .... 118 79 465 57 .5 - ·01 - ·17 313 
1.25 ............ 98 81 465 57.5 -·01 - · 17 589 
1.40 ............ 116 81 460 57.5 - ·01 -·17 160·5 
1.5.j .... .... . .. . 111 79 445 57.5 - ·01 - · 17 327 
2.10 ........ . . .. 118 79 460 57 .5 - ·01 - · 19 310 
2. 25 ......... . . 123 77 550 58 - ·01 -·18 360-5 
2 .4) .... .. 112 77 595 58 - ·01 -·22 510 
2.5.j _ ....... 123 77 580 58 - ·01 -·23 377 
3. Hl. ....... . ... 120 77 530 58·5 - ·01 - ·23 447 
3. 2il ..... .. .. . . . 123 77 585 58·5 - ·01 -·25 425 
3. 4·). .. 119 77 520 59 - ·01 -·24 464 
3.5~ ......... . . 93 77 485 59 - ·01 --24 548 
4. lD . . ... 116 77 495 59 - ·01 -·24 367-5 
4.2 :5 . . . . ... . 115 77 475 59 - ·01 -·21 434 
4.40. . . . . ....... 116 77 490 59 - · 01 - ·25 3ï5 
4.55 . .. .. .... .. 115 77 470 59 -·01 -·24 379 .5 
5.10 . .. . . . . . 122 79 550 59 - ·01 - ·24 448 
5.2il .... . . ..... . 107 79 470 59 - ·01 - · 22 431·5 5.4') ... . . . . . 84 87 710 59 -·01 - ·23 313·5 
5. ~':i . . .. . .. . 122 79 550 59 - ·01 - ·20 4-14.5 
6.Fl. ...... . . . 114 79 560 59 - · Dl - · 20 5,j:2-5 
6 .2S . . . . 104 79 565 59 - ·01 - ·20 571 ·5 6. 4:1 .. . . 121 79 600 59 - ·01 - -20 639 

117 ·8 77.3 518 57.7 
1 

- ·01 
1 

- ·20 17.825·5 net 
-
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SUMMARY OF OBSERVATIO S. 

Date-June 3, 1908. 
Commenced-8.40 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.43 p.m. 

GENERAL. 

At McGill University 
Duration-603 mins. 

1. Method of stoking ........ ..... ............... Hand-spreading on alternate sicles 
2. Kind of draft... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . atural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned .......... . ...... . .................................... 7. 45 a.m. 
5. Firecleaned ... ....... ...... ...... ..... ... . : ········-.····7.30a.m.,5.30p.m. 

FuEL. 

6. Kind of coal ......... No. 20-Wellington scam, Extension mine, Vancouver island 
7 Anal · f d ai b · h (at) J C=72·9 H=4·7 8=0·4 . ys1so ry co ywe1g t 10 .......... ..... ·î_N,=l ·2; 0,=10·7,'Ash =lO·l 
8. Calorific value of dry coal B.T.U. per lb ........ . ............ . ............ 13160 
9. Moisture in coal as fired (%) .............................................. 1·4 

10. Weight of coal fired (lbs.) .......... . ..................... . .............. 3163 
11. Combustible matter in ash and clinker ( 3) . ..... . .. ... ..................... 15 · 3 
12. Weigbt of clinker (lbs.) ........ . ........ .. . ......... .. .. .................. 131 
13. Weight of ash (lbs.) .................... . ......................... .... ..... 66 

Arn AND FLm: GAS. 

14. Air pressure under :fire (inch es of water) .............................. . ... -0 · 01 
15. " above fire " " ............................. . ... -0·15 
16. atdamper ...................... . .. . ....... -0·20 
17. Amount of <lamper opening .............. .... ............... ......... . Various 
18. Temperature of air in boiler bouse (°F.) .................................... 77 · 3 
19. Flue temperature (°F.) . ........... .... .. ................................. 518 
20. Analysis of dry flue gas by volume (%) ... C02=8 ·9, 0,=8·8, C0=0·5, N= 1·8 

WATER AND 8TEAM. 

21. Temperature of feed water (°F.) ............................... ........... 57 · 7 
22. Total weight of feed water, corrected for clifference of level (lbs.) ........ .... .. 17825 
23. Water level in gauge at start (inches) . ......... . ............................ 3! 
24. Water level in gauge at finish (inches) .......... . . .. . . . ..... . .. ... .. ........ 3 fe-
25. Correction for difference of lcvel, included abovc (lbs.) ...................... +30 
26. Steam pressure by gauge (lbs. per sq. in.) ...................... ........... 117·8 
27. Barometer reading (inches) . . ..... ... ....... . ............................ 29 · 76 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) ............. ......... 15·1 
29. Temperature in steam calorimeter (°F.) ............................ . ....... 292 

Notes. 
This coal clinkers and the clinker is somewhat adherent. It is doubtful if this coal wouJd be suitable 

for a shaking grate. Coal burns with considerable flame and heavy smoke. Fire sliced 12. 15 p.m., 2.14 p.m. 
3.15 p.m., 4.56 p.m. Weather cool, cloudy nt first, clearing later. 

{

Fixed car bon. . . . . . . . . . 4 9 · 8 
Pro:rimate analysis of dry coal by weight 3 Volatile matter ........ 40' l 

Ash .................. 10· 1 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Dcterrnine quality of Coal. 
Kind of Fuel-No. 20. IGnd of Furnace--Fi.xcd bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft .)-639. 

Superheating Surface (sq . ft.)-Nil. 
Baromcter at start-29 · 84. At finish-29 · 69 . Mean-29 · 76. 

TOTAL QUANTITIES. 

1. Date of trial. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........ ... ........ . .... 3/ 6/015 
2. Duration of trial (hours) .. . ........ . ........... . ......... .... . .......... 10 · 05 
3. W eigh t of coal as fired (lbs.) ... . .. . .... . .. ................ .. ..... ... .. .... 3163. 
4. Percentage of moisture in coal as fired (%) ..... ........ ........... .. .. ..... 1·4 
5. Total weight of dry coal fired (lbs.) ........................... . ............ 3119' 
6. Total ash and refuse (lbs.) .... . . . . . ... .. .. ......... .. .. ... .. ........ ...... 197 
7. Perccntage of ash and refuse in dry coal (%) (a) from analyses 11 ·9; (b) weighed ... 6· 3 

Total weight of combustible consumed, from analyses (lbs.) .... . ............. 2748 
9. Total weight of water fed t-0 the boiler, corrected for difference of level (lbs.) .. . 17825 

10. Eqtùvalent water evaporated into dry steam from actual feed water 
temperatw·e ;md boiler pressure (lbs.) .... . ......... ... .. .... ......... 17730 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ..... 21400 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20 . 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

HouRLY QuANTITIES. 

Dry coal fired per hour (lbs.) .... . ......................................... 31(} 
Dry coal per square foot of grate surface per hour (lbs.) ...................... 18 · 4 
Water evaporated per hour corrected for quality of steam (lbs.) .............. 1764 
Equivalent cvaporation per hour from arid at 212° F. (lbs.) .... . .... . ..... ... 2116 

Equ~~:~ e;:~~~!t~fü~.).~r- ~~~ _rro~ .a.~d _a_t. ~~~~ ~-. ~~ ~'.1~~~ .f~~: -~f. ~~t~ .. 3 . 33. 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in. ) ............... .... . .. ... .. . ... ... . 117 · 8 
Temperature of feed water entering boiler (deg. F.) ... ....................... 57 · 7 
Temperature of escaping gases from boiler (deg. F.) ...... . .......... . ......... 518 
Pressure of draft between <lamper and ash-pit (ins. of water) ...... ... .... . . ... 0 · 19 
Percentage of moi ture in steam .. . .... . .. . ............. ..... ............. 0 · 5 

HORSE-POWER. 

Horse-power developed (Item 15 + 34~) ...... .. .... . .. .... .... ......... . ... 61·6 
Builders' rated ~orse-power ........ . .... ..... ............ . .. . .............. 60 
Percentage of bwlders rated horse-power developed ...................... ... . 103 

EcoNOll!rc RESULTS. 

Water apparently evaporated under 11ctual conditions per lb. coal as fired 
(Item 9 +Item 3) .................................................... 5 · 6 3 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 · 76 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6 · 86 
Equivalent evaporation from and at 212° F. pPr lb. of combustible consumed 

(Item 11 +Item 8) ......... .... ... ............ .... ................... 7 · 79' 

EFFICIENCY. 

Calorific value of dry coal pcr lb . (B.T.U.) . . . . . . . . . ....... . ..... 13160 
Calorific value of the combustible per lb. (B.T.U.) . ..................... . ... 14650 
Efficiency of boiler (based on combustible consumed) (%) ............. . .. .. . 51·3 
Efficicncy of boiler, including gratc (based on dry coal) (%) ........ . ......... 50-'3 

FLUE GASES. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) . . ........ .. .. . ......... 26 · 6 
" " of combustible consurned (from gas analyses) (lbs. ) ..... .. . 22 · O· 
" " dry coal (from gas analyses) (lbs.) .......... . . . ......... .. 19·4 

Proportion of beat of fuel in escaping dry flue gases (%) ................. ... . 15 · 6· 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 18. 

Date-June 17, 1908. Trial Nurnber-G.C.T. 39. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine and clear. B. and W. No. 1 boiler not workiog. Robb boiler lvorkiog. Blow-off examined 

and found tight. 

Ti me. 
7. 35 Fire cleaned and made up with 1:ro. 18 coal. 
7. 45 Tubes cleaned. 
8. 35 Started trial. About 2~" of fuel on bars, half burnt through. 
8. 55 Coal burns briskly at start with a long smoky fiame and much smoke is given off. 

It does not cake. 
9. 05 Fuel bed about 3" to 4" thick. 
9 .15 Grill half opened, admitting air over the fire. 
9. 35 Grill fuliy opened. 
9 .45 Fire is beginning to clinker, the clinker is hard and clinging to bars. 

10. 10 Sliced lire, the clinker is th in and hard but easily forced from the bars. 
11. 30 Sliced fire, clinker bard but easily removed. 
12. 35 Fire cleaned. 87 lbs. of clinker removed with some difficulty. 

3. 10 Sliced fire. 
3. 50 Sliced fire. It was found difficult to force the clinker from the bars. 11 lbs. of 

clinker were removed. 
4. 20 Steam jet on undcr the bars, to prevent clinker sticking to them. 
4. 45 Fire sliced. Firc clinkeririg badly, mu ch clinker could not be removed from the 

bars. 
5. 35 Fire clcaned. , tcam seems to have coolcd the bars sufficiently to enable the clinker 

to be easi ly removecl. 88 lbs. of clinker rcmoved. 
6. 35 End of trial. Fire as at beginning. 92 lbs. of ash raked from ash-pit. The coal 

was in large lumps with some small coal. The coal could not be used with a 
shaking grate. 



RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 3!J. 

Weight of coal Time Composition of flue gase5 
' fired. of by volume, pcr cent. 

Ti me. sampling 

1 

flue 

1 1 

During Total. gases. co, o, CO 
interval. 

Start 8.35 a.m. 
9.10 .. ... ........ . . . . . 282 282 8.50 7.4 11·4 0·5 
9.35 .................. 108 390 9.20 9·0 9.4 l ·O 

10.15 .................. 238 628 9.50 8 ·0 8·5 1·2 
10 .45 .. . . .. .. ... . . ..... 238 866 10.20 10·2 8·6 0·2 
11. 06 ... . ... . .. . ... . ... 102 968 10.50 7·1 10·4 1·6 
11. 36 .. .. .. . ...... .. ... 119 1087 11.20 7-2 11 ·6 0·4 
12. 20 ... . . . . . . . . . . . . . . 186 1273 11 .50 7.4 10·4 1·2 
12.50 ...... . . .. .. . . .... 179 1452 12.20 6 ·0 12·7 0·7 
1.20 .................. 134 1586 12.50 !).7 6·3 4·0 
1. 50 ..... . .. . .. . . .. ... 203 1789 1. 20 8·4 10·8 0·3 
2.10 .. ... . ....... . .... 94 1883 1.50 10·6 7·2 1·6 
2.40 . . . ........ . .. .... 161 2044 2.20 11·0 7·8 1 ·4 
3.15 . .. ......... . ... .. 195 2239 . 2 .50 7·1 12·3 0· 1 . 
3.45 ... ............. .. 145 2384 3.20 12·6 6·2 0·2 
4.30 ....... . . .. ....... 200 2584 3.50 7·1 11·3 0·4 
5 .05 ....... .. ... . . ... 139 2723 4.20 9.3 8 ·8 1·9 
5.25 . . ....... . .. . ... . . 141 2864 4.50 9·1 10·1 0·4 
5.50 ........ . ..... . . . . 157 3021 5.20 13·0 4.9 2·0 
6 .35 . ... . . . . . . . ... ... . 245 3266 5 .50 15· 9 1·5 3·1 

6.20 11· 8 7·2 O·O 
6 .35 8·2 11·7 0 ·5 

--· 
9.3 !J-0 l·l 

• 
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OBSERVATIO~S MADE DURIKG BOILER TRIAL No. 39. 

Steam Draft pressures, 

1 
pressure Temperatures inches of Water 

gauge. o F . water. apparent] y 
evaporated 

Time. in 
lbs. Flue At intervnl. 
Pe: Boiler gases at Feed 1 In entrance lbs. 

sq. m. room. entrance Water. ash-pit. to flue. 
to flue. 

1 

8.35 ............ 108 75 480 61 -·04 -·19 ............ 
8.50 ............ 115 79 500 61 -·03 - ·19 530 
9 .05 ........... 

1 
103 79 450 61·5 -·02 - ·17 565 

9.20 . . ..... ... . . 116 77 440 62 -·02 - ·17 506·5 
9.35 ... . ........ 113 79 440 62 -·02 - · 17 426·5 
9.50 . .. ......... 117 79 450 62 - ·OZ. -·17 418 

10.05 . . . ....... . ·1 123 79 550 62·5 -·02 -·20 384 ·5 
10.20 ............ 121 79 640 62·5 - ·02 - ·21 544 
10. 35 .. . ......... 113 79 640 62·5 -·02 -·21 512 
10.50 ......... ... 103 77 480 62·5 -·02 - ·20 592 
ll. 05 ....... . .... 123 79 470 62·5 - ·02 -·20 244 
11.20 ...... . ..... 108 81 470 62·5 -·02 - ·20 476 
11. 35 .... . ....... 123 81 550 63 -·02 - ·20 342 
11.50 ...... . ..... 118 81 480 63 -·02 -·20 442·5 
12.05 .... . ...... 123 81 450 63 -·02 -·20 354 
12 . 20 ............ 106 81 430 63 -·02 -·20 364 
12.35 ............ 101 77 400 63 -·02 -·20 373 
12.50 ............ 123 79 630 63 - ·02 -·22 91·5 
1.05 . . . . ........ 122 77 590 63 - ·02 -·18 559 
1.20 . . .......... 123 79 550 63 -·02 -·18 505·5 
1. 35 .. . ......... 112 79 650 63·5 -·02 - ·18 525 

.i.. 50 ............ 122 79 (,)50 63 ·5 -·02 -·19 4ï1·5 
2.05 . ........... 120 79 550 63·5 - ·02 - ·19 463 
2.20 . ... ........ 120 79 630 63 ·5 - ·02 - ·19 403 
2.35. ..... ,• .. . . . 113 79 580 63·5 -·02 -·19 474 
2.50 . . .......... 104 79 590 63·5 - ·02 -·21 346 
3.05 . ....... . ... 117 1 690 63 ·5 -·02 -·21 434·5 
3.20 . 

: : : : : : : : :: :1 
118 79 690 64 -·02 -·21 494.5 

3.35. 117 79 6 0 64 -·02 -·21 453·5 
3.50. .......... . 107 79 590 64 -·02 -·21 495 
4.05. . . . . . . . . . . . 121 1 720 64 -·02 -·21 310·5 
4.20. . . . . . . . . . . . 116 1 580 64 -·02 -·21 4 5·5 
4.35 .. . . ........ 100 79 570 64 -·02 -·21 449 
4.50 ..... . ...... 103 79 530 64·5 -·02 -·20 345 
5.05 ..... . .. . . . . 123 79 650 64·5 -·02 - ·24 343 
5.20 ........ . ... 119 77 750 64 -·02 -·24 503 
5.35 . . . . . .. ..... 113 77 660 64 -· 02 -·24 503 
5.50 ............ 114 79 910 64 -·02 -·25 450 ·5 
6.05 ....... . .... 122 77 710 64 -·02 - ·20 622 ·5 
6.20 ... . . ....... 121 77 540 64 - ·02 -· 20 6 4 
6 .35 ............ 108 77 440 64 -·02 -·19 574·5 

114·9 7 .9 --·) .,, _ 63·2 -·02 -·20 18,060·5 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 17, 1908. 
Commenced-8.35 a .m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ......... . ........ . ......... Hand-spreading on alternate si des 
2. Kind of draft ..................................... . ................... N atural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned .............. . ............ . ..... .... ........ ......... 7. 45 a.m. 
5. Fire cleaned . . ........................... . ..... 7.35 a.m., 12.35 and 5.30 p.m. 

FuEL. 

6. Kind of coal. . . ..... No. 18-Upper seam, No. 1 mine, Nanaimo, Vancouver island 

7. 
8. 
9. 

10. 
11. 
12. 
13. 

{
C =72·1 H=4·8 S=0·9 

Analysis of dry coal by weight (%) ... · · · · · · · · · · · · · .l'\,= 1·2; 0 2 = 10·7, Ash= 10·3 
Calorific value of dry coal B.T. U. per lb ..................... . ......... ... 12830 
Moisture in coal as fired (%) . ........................................ . .... 2 · 3 
Weight of coal fired (lbs.) ................. ... .. . ........... . .... . ........ 3266 
Combustible matter in ash and clinker (%) ...................... . . ........ . 16 · 9 
Weight of clinker (lbs.) .................. . ................................ 186 
Weight of ash (lbs.) ........ . ................. . .... ............ ......... ... 92 

Am AND FLUE GAS. 

14. Air pressure under fire (inches of water) .............. .. .................. - 0 · 02 
15. " abovefire " " .................................. -0·18 
16. atdamper .............. . ... ........ -0·20 
17. Amount of <lamper opening ....... . .......... . ..... ...... ... ....... . .. Various 
18. Temperature of air in boiler house (°F.) ...................... . ............. 79. 4 
19. F lue temperature (°F.) .. ........................ . .. . ......... ............ 572 
20. Analysis of dry flue gas by volume (%) ... CO,= 9 · 3, 02 = 9 · 0, CO= 1·1, N = 80 · 6 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAl\I. 

Temperature of feed water (°F.) ............................... ......... .. 63. 2 
Total weight of feed water, corrected for differencc of level (lbs.) .............. 18060 
Water level in gauge at start (inches) .......... . ..... . ..... . ................ 4t 
Water level in gauge at finish (inches).. . . . . . . . . . . . . . . . ........ . .... 4i 
Correction for difference of lcvel, included abovc (lbs.) ..... . ............... . +20 
Steam pressure by gauge (lbs. per sq. in. ). . . . . . . . . . . . . . . . . . . . . . . . . . . ... 114. 9 
Barometer reading (inches).. . . . . . . . . . . . . . . . . . . . ... . .......... . . . 30. OO 
Pressure in steam calorimeter by gauge (lbs. per sq . in.) ....... ........... ... 14·7 
Temperature in stcam calorimeter (°F.). . . . . . . . . . . . . . . . . . . .... 291 ·Ci 

Notes. 
It was found advisable to burn this coal in a thin bed to avoid excessive clinker. For the first three 

hou.rs a ho.rd clinker was formed which necessitated the fire being sliced from time to timc. Later, the 
clinker adhered to the bars and was clifficult to remove; upon tu.rning steam on in the ash-pit, however, djfficulty 
of removnl was obviated somewhat. 

This coal would not be suitnble for a shak:ing grate. Smoke at first was excessive, but later the smoke 
abated. Fire sliced 10. 10 a.m., 11.30 a.m., 3 . 10 p.m., 3 . 50 p.m., 4. 45 p.m. Air admitted over bars. Weather 
fine and clear. 

{
Fixed carbon .... . .. . . 48 · 53 

Proximate analysis of dry coal by weight % Ash ... . .. ... .. ... ..... 10·3 
Volat1le matter ........ 41 ·2 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 18 Coal. Kind of Furnace--Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil . 
Barometer at start-30 · 02. At finish-29 · 98. Mean-30. OO. 

TOTAL QuANTITIES. 
Date of trial. ............ ........ .. . . ... ..... ... . ... ...... .. ...... .. 17 /6/08 
Duration of trial (hours) . ..... . .... .' ..... ... ............................ 10 ·OO 
W eight of coal as fired (lbs.) .... ........ ... ............ . .................. 3266 
Percentage of moisture in co::il as fired (%) . . ................. . ........ ... .. 2·3 
Total weight of dry coal fired (lbs.) ........................................ 3191 
Total ash and refuse (lbs.) ................................................ 278 
Percentage of ash and refuse in dry coal (%) (a) from an::ilyses 12· 4; (b) weighed .8 · 72 
Total weight of combustible consumed, from analyses (lbs.) .............. .. .. 2792 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 18060 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) .... ........ . ....... . . .......... 17990 
Equivalent water evaporated into dry steam Crom and at 212° F. (lbs.) ...... 21540 

HOURLY QUANTITIES. 

Dry coal fired per how· (lbs.) ............................. . ..... .... ....... 319 
Dry coal per square foot of grate surface per bour (lbs.) ............... . ...... 19· 0 
Water evaporated per hour corrected for quality of steam (lbs.) .............. 1799 
Equivalent evaporation per bour from and at 212° F. (lbs.) .................. 2154 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

beating surface (lbs. 5 ................ .. .. ............... .. ............ 3 · 37 

AVERAGE PRESSURES, TEMPERATURES, ETC. 
Steam pressure by gauge (lbs. / sq. in. ) ........... ......... ............... 114· 9 
Temperature of feed water entering boiler (deg. F.) ................... .. . .... 63· 2 
Temperature of eseaping gases from boiler (deg. F.) .... . ...... . . ............. . 572 
Pressure of draft between <lamper and ash-pit (ins. of water ) .......... . ..... .. 0 · 18 
Percen tage of moisture in steam .................... . ........ ............. 0 · 5 

HonsE-PowER. 

Horse-power developed (Item 15+34~) ......... . ... .. .................... . 62·4 
Builders' rated horse-power ....... . ...... . ...................... . ....... . . . 60 
Percentage of builders' rated horse-pm·;er devdoped ... .. ... ... ............... 104 

EcoNoMrc RESULTS. 

25. Water ::ipparently evaporated uncler actual conditions per lb. coal as fi.red 
(Item 9 +Item 3) ................... ............... . ... ............. . 5 · 53 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6· 59 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6· 75 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

(Item 11 +Item 8) ..... .. ................... . ............. . .......... 7 · 71 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.) ........ . ................. .... .. 12 30 
Calorific value of the combustible per lb. (B.T.U.) .......................... 14300 
Efficiency of boiler (based on combustible consumed) ( 3) ........... . ..... . . 52 · 1 
Efficiency of boiler, including grate (based on dry coal) (3) .................. 50·8 

FLUE GASES. 

Dry flue gas per lb. carbon (from g::is analyses) (lbs.) .. ... ... .......... ... ... 23 · 0 
" " of combustible consumed (from gas analyses) (lbs.) .... . ... 19 · 7 
" " dry coal (from ga analyses) (lbs.) ................... . . .. 17 · 2 

Proportion of heat of fuel in escaping dry flue gases (3) ............. ..... ... 15 · 8 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 17. 

Date-June 15, 1908. Trial Number-G.C.T. 38. 

OBSERVATIO S OF GENERAL CO DITIONS. 

Notes. 
Coal in lumps up to 4' or 5', with very little dust or small stuff. Appearanœ muoh like anthracite 

Smoke quite heavy. Coal burns with much fiame. Weather dull and rainy ail day. 

Ti me. 
7.40 Fire cleaned and made up with No. 17 coal. 
7. 50 Tubes cleaned. 
8 . 45 Trial started. Fire about 2" thick, well burnt through at back, flaming considerably. 

10 . 15 to 10.35 Trouble with pump sticking. Water level dropped to near bottom of 
glass. 

10. 58 Fire sliced. 
11 . 10 Fire sliced. 17 lbs. clinker removed. Steam admitted under grate. 
11.34 Fanstarted. 
11.49 Fan stopped. 
12 . 04 Fire sliced. 21 lbs clinker removed. 
12.40 to 12.46 Fire cleaned. 114 lbs. clinker removed. Clinker hard, heavy, and 

slightly adherent. 
Coal doeii not coke. Might be used on a shaking grate with steam under bars 
though not very suitable. 

3. 50 Fire sliced. 26 lbs. clinker removed. 
5 .40 to 5 . 48 Fire cleaned. 118 lbs. clinker removed. C!inker heavy, but more friable 

than at noon. 
6. 45 Trial ended . Fire very similar to start. 103 lbs. ashes raked from ash-pit. 

CLINKER AND ASH. 

296 lbs. clinker. 
103 lbs. aJlb. 
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RECORD OF COAL CO JSUMED DURING BOILER TRIAL No. 38. 

Wcight of coal Tilne Composition of flue gase3 
fired. of by volume, pcr cent . 

Tilne. sampling 

1 

flue 

1 

DurinR Total. gases. co. c. CO 
interval. 

Start 8 .45 a.m. 
9.00 .. . . . .... . ...... 273 273 8.50 7.3 6·7 O·O 
9.30 .. . . . ........... 275 548 9. 20 7.7 6·4 O·O 

10 .15 .................. 262 810 9.50 9·6 6·3 O·O 
10 .30 ............... . .. 40 850 10.20 8·9 8·6 O·O 
11. OO .............. . ... 104 954 10.50 13 ·6 4.9 O·O 
11. 30 .................. 174 1128 11 .20 13.3 4.4 O·O 
11.40 .................. 32 1160 11.50 11·5 5·6 O·O 
12.00 ............. . .... 191 1351 12.20 13·8 5·0 O·O 
12.30 ... . ... . .... . .. . .. 109 1460 12.50 10 ·2 6·0 O·O 
12 .50 . ................ . 190 1650 1.20 13 ·2 6·5 O·O 
1.15 ................. . 207 1857 1.50 10·4 8·1 O·O 
1.35 .. . . ........ .. ... . 113 1970 2.20 9·0 9·5 O·O 
2.15 .. . . .............. 232 2202 2.50 9·0 8·2 0·1 
2.30 ................ .. 77 2279 3.20 9.4 9.5 O·O 
3.00 .. ................ 178 2457 3.50 10·6 8·0 O·O 
3.35 ........ .. ........ 163 2620 4.20 6·5 12·4 O·O 
4.00 .................. 174 2794 4.50 9.5 9·1 O·O 
4.25 ..... . ............ 120 2914 5.20 8·0 10·2 O·O 
5.00 . ....... .. . . .. . . .. 212 3126 5.55 10·1 9.3 O·O 
5.30 . ...... ........ . . . 93 3219 6.20 9·1 10·6 O·O 
5.55 ...... . .......... 124 3343 6.35 5.5 14·5 O·O 
6.15 . . ...... . ... ...... 140 3483 
6.45 ... ... . ........... 103 3586 9·8 . 8· 1 O·O 
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ÔBSERVATIOKS MADE DURING BOILER TRIAL No. 38. 

1 
1 
1 

Time. 

S.45 ......... . .. 
9.00 ... ..... . ... 
9.15 .. ... ... . ... 
9.30 .... ... ... .. 
9.45 . .. ... ... ... 
0.00 ............ 
0.15 ..... .. ..... 
0.30 ... ... . . . ... 

10.45 ..... ... ... . 
1 
1 
1 
1 

1.00 ............ 
1.15 . . . . ..... ... 
1.30 .. . ......... 
1.45 ............ 

12.00 ........ . . . . 
12.15 ..... . . . . . . . 
12.30 ........... . 
12.45 .. ... . ... .. 
1.00 . . ... . ... ... 
1.15 ............ 
1.30 ............ 
1.45 ....... . . ... 
2.00 .... .. . .. 
2.15 ...... . ..... 
2.30 ... ..... . ... 
2.45 ....... . .... 
3.00 . . . . . . . . . . . . 
3.15 . . .. ........ 
3.30 ........ .... 
3.45 ...... ... .. . 
4.00 ... ......... 
4.15 . . . . ........ 
4.30 . . .......... 
4.45 .... .. ...... 
5.00 ............ 
5.15 . .. ..... . .. . 
5.30 .. .. .. . .. .. . 
5.45 ............ 
6.00 .......... . . 
6.15 ..... . ..... . 
6.30 ....... . .. . . 
6.45 . ... . . ... . . . 

Steam 
pressure 

gauge. 

lbs. 
per 

sq. in. 

119 
123 
120 
116 
108 
103 
123 
122 
102 
110 
98 

121 
123 
118 
121 
110 
98 

123 
123 
120 
115 

98 
118 
120 
121 
123 
123 
117 
123 
123 
117 
113 
118 
100 
102 
120 
93 

123 
122 
114 
110 

115 

Temperatures 
o F. 

Flue 
Boiler gases at Fced 
room. entrance Water. 

to flue. 

79 570 62·5 
81 690 62·5 
81 550 62·5 
81 670 63 
83 750 63 
81 570 63 
81 490 63 
79 470 63 
79 450 63·5 
81 610 63·5 
83 680 63·5 
83 770 63·5 
83 1200 63·5 
83 670 63·5 
81 770 64 
81 650 64 
93 480 64·5 
79 620 64·5 
79 800 64·5 
79 710 64·5 
79 650 64 ·5 
79 520 64·5 
79 480 64 
79 480 64 
79 470 64·5 
79 510 64·5 
79 490 64·5 
79 480 64·5 
79 480 64·5 
81 600 64·5 
79 540 64·5 
79 480 64·5 
79 460 64·5 
79 440 64·5 
79 440 64·5 
79 440 64·5 
83 410 64·5 
79 560 65 
79 550 65 
79 530 65 
79 520 65 

80·4 578 64 

Draft pressures, 
inches of " 'ater 

water. apparently 
evaporated 

in 
At interval. 

In entrance lbs. 
ush-pit. to flue. 

-·01 -·23 ............ 
- ·01 -·24 490 
- ·01 -·20 587 
- ·01 -·22 500·5 
- ·01 -·23 429·5 
- ·01 -·24 532 ·5 
-·01 -·24 253·5 
-·01 -·23 450 
- ·01 -·24 333.5 
-·01 - ·27 209 
-·01 -·27 536 
- ·01 -·30 230 
+ ·15 -·40 623·5 
- ·01 - .34 547.5 
- ·01 - ·32 473 
- ·01 - ·31 710 
-·01 -·30 475.5 
- ·01 -·34 316·5 
- ·01 - ·34 775 
- ·01 -·25 652 
- ·01 - ·24 712 
- ·01 - · 21 590 
- ·01 - ·25 421 ·5 
- ·01 - ·25 452 
- ·01 - ·25 411 
- ·01 -·25 515 
- ·01 - ·24 452·5 
- ·01 -·24 442 
- ·01 -·24 404·5 
- ·01 -·25 400·5 
- ·01 -·25 576 
-·01 - ·23 459 .5 
- ·01 - ·23 403·5 
- ·01 - ·23 486 
- ·01 -·22 362·5 
- ·01 -·23 279 
- ·01 -·20 385 
- ·01 -·22 334 
- ·01 - ·21 468 
- ·01 - ·21 542 
- ·01 -·20 414 

- ·01 - ·25 18635·0 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 15, 1908. 
Commenced-8.45 a.m. 

Boiler-B. and W. ro. 2. 
Ended-6.45 p .m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Metbod of stoking ............................ Hand-spreading on alternate si des 
2. Kind of draft ... ...... .............. . . .. ................ . ... N atural and forced 
3. Condition of boiler and date of last cleaning ........ Tboroughly cleaned May, 1908 
4. Tubes cleaned ......... . . . ................... . .. . . . ................. 7. 50 a.m. 
5. Fire cleaned ........ . ................ ... ... .... 7 . 40 a.m., 12 . 40 and 5. 40 p .m. 

FUEL. 

6. IGnd of coal {CowalteNo. Fl7-
1
LoCwer Nseam,_ No . Vl mine, N~slaimod, 

· · · · · · · · · · · · · · · · ·· · es rn ue o., aDa.1mo
1 

ancouver 1 an 

7. 

8. 
9. 

10. 
11. 
12. 
13. 

Anal · fdr alb · b (01) {C=69 H=4·6 S=l·3 ys1so yco ywe1g t io ... .............. N=l·'2 02=12·0'Asll=11·9 
Calorific value of dry coal B.T.U. per lb ... ..... . ... . . ..... .' . ... . .... '. .... 12470 
Moisturè in coal as fired (%) ............... . .. .... .. ........ . ............. 2 · l 
Weigbt of coal fired (lbs.) ........ . . ...................... .. .............. 3586 
Combustible matter in asb and clinker ( %) ............. . ................... 10 · 9 
Weigbt of clinker (lbs.) ................. . ............ . .................... 296 
Weigbt of asb (lbs.) ................... .. .............................. .. . 103 

Arn AND FLUE GAS. 

14. Air pressure under fire (incbes of water).... . . ....................... -0 · 01 
15. " abovefi.re " " ........................ -0·22 
16. at clamper ......................... ..... -0·25 
17. Amount of clamper opening ............ ... . . .... ... . . . ... . ... . .... . ... V arious 
18. Temperature of air in boiler bouse (°F.) .................................... 80· 4 
19. Flue temperature (°F.) ............ .. . . ........................ . .......... 578 
20. Analysis of dry flue gas by volume(%) ..... C02=9·8, 02=8·1, CO=O, N=82·1 

WATER Ai'ID STEA.M. 

21. Temperature of feed water (°F.) . . . .. .. ... . ............. . . ... ........... . ... 64 
22. Total weigbt of feed water, corrected for difference of level (lbs.) .. ...... . . .... 18635 
23. Water level in gauge at start (incbes) ...................................... 3 H 
24. Water level in gauge at finish (incbes) .... . ..... ... . .... .. .. ............ . ... 3 tt 
25. Correction for difference of level included above (lbs.) ... ........ ............... 0 
26. Steam pressure by gauge (lbs. per sq. in.) ....... ... ........ .... ........ . .. 115 · 0 
27. Barometer reading (incbes) ................. . .. .. . . .... .. ..... ... . . ...... 29 · 55 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) .... ..... ............. 14· 7 
29 . Temperature in steam calorimeter (°F.) .................................. '.:!91·0 

Notes. 
This coal clinkers conaiderably. It might be UBed on a shaking grate with steam under the bars. 

Heavy smoke. Burns with much flame. Weather du!! and rainy. 

{

Fixed car bon. . . . . . . . . . 4 6 · 6 
Proximate analysisof dry coal by weigbt % Volatile matter . . ...•... 41 "5 

Ash ....... . ........... 11 · 9 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at MeGill University. 
To Determine quality of Coal. 
Kind of Fuel-Coal No. 17. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Çrate Surface (sq. ft.)-16·79. Wat.er Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 48. At finish-29 · 61. Mean-29 · 55. 

TOTAL QuANTITIES. 

1. Date of trial. .................... .... .. . ... . ............ . ............ 15/6/08 
2. Duration of trial (hours) ...... ...... ............ .. ...... ... ......... . .... 10 · 0 
3. Weight of coal as fired (lbs.) .......... ... .. . ................ · ... ... .. '. . . ... 3586 
4. Percentage of moisture in coal as fired (%) .... . . . .............. .. .. .. ...... 2· 1 
5. Total weight of dry eoal fired (lbs.) ........................................ 3511 
6. Total ash and refuse (lbs.) ......... .. .......... . .... . ..................... 399 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 13· 36; (b) weighed.11·4 
8. Total weigbt of combustible consumed from analyses (lbs.) ... .. . .... . ........ 3042 
9. Total weight of water fed to the boiler corrected for difference of level (lbs.) ... 18635 

10. Equivalent water evaporated into dry steam from actual feed water tem-
perature and boiler pressure (lbs.) ........ . ...................... .... . 18560 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 22190 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) ..... ....... ...................... . ...... . .... 351 
13. Dry coal per square foot of grate surface per hour (lbs.) .................... . 20 · 9 
14. Water evaporated per hour corrected for quality of steam (lbs.) . .... ... . . .... 1856 
15. Equivalent evaporation per hout from and at 212° F. (lbs.) ................ . . 2219 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) . ............. .. ........... . .......... ... ... .. .. . 3 · 47 

ÀVERAGE PRESSU~ES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) ...... . .. . .................. . ..... 115 · 0 
18. Temperature of feed water entering boiler (deg. F.) ................. .... .. · .. 65 · 0 
19. Temperature of escaping gases from boiler (deg. F.) .......... . . .. ........... . . 578 
20. Pressure of draft between clamper and ash-pit (ins. of water) ... . ..... . ...... .. 0 · 24 
21. Percentage of moisture in steam .......................... ........... . .... .. 60 

HORSE-POWER. 

22. Horse-power developed (Item 15 +34t) ................ . ..... . ...... ..... 64·2 
23. Builders' rated horse-power. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 
24. Percentage of buildcrs' rated horse-power developed . . ... . . .. . ......... . ... ... 107 

EcoNoMic REsuLTs . 

25. Water apparenUy evaporated undcr actual conditions per lb . coal as fired 
(Item 9 + Item 3) . ... . . .. ... .. . . .. .. ................. . ............... 5· 20 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 6 · 17 
27. Equivalent evaporation from and at 212° F. perlb. of dry coal (Item 11 +Item 5) 6 · 32 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ............... ..................... .............. . 7 · 30 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T .U.) .... . .............. . . . .... ...... J 2470 
30. Calorific value of the combustible per lb. (B.T.U.) .. . .......... . ........ . ... 14160 
31. Efficiency of boiler (based on combustible consumed) (%) ... ... .. . .. . ..... . . 49 · 8 
32. Efficiency of boiler, including grate (based on dry coal) (%) ............ . ..... 49 · 0 

FLUE GABES. 

33. Dry flue gas per lb . carbon (from gas analyses) (lbs.) ... .................... 25 · 4 
34. Dry flue gas per lb. of combustible consumed (from gas analyses) (lbs.) ....... 20 · 3 
35. Dry flu~ gas per lb. dry coal (from gas analyses) (lbs.). . . . . . . . . . . . . . . . .. 17 · 5 
36. Proportion of heat of fuel in escaping dry flue gases (%) ......... . .......... 16 · 76 

83-21 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 21 M. 

Date-June 22, 1908. Trial Number-G.C.T. 41. 

OBSERVATIONS OF GE TERAL CONDITIONS. 

Notes. 
B . and W. No. 1 not working. Robb working. Weather overcast. Coal very dusty and small. Much 

smoke given off. Blow-off examined and found tight. 

Tline. 
7. 40 After cleaning, fire made up with coal 21 M. 
8 . 35 Trial started. 
8. 50 Coal cokes slightly, necessary to break up with rake from time to time. 

12 . 40 Fire cleaned. About !"of clinker formed over fire. 102 lbs. removed. 
5. 40 Fire cleaned. As before about 1" clinker formed, very porous, did not stop evapora

tion very much. 111 lbs. removed. 
6 . 35 Trial finished, 92 lbs. ash. 

Fire kept about 4' thick. Could be used to advantage on a shaking grate. This 
coal is easily worked, but it is necessary to occasionally rake the fire a little to 
prevent coking. 

CLINKER AND AsH. 
213 lbs. clinker. 

92 lbs. ash. 

RECORD OF COAL CONSUMED DUR! G BOILER TRIAL No. 41. 

Weight of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Tline. sampling 

1 

flue 

1 1 
Dur in~ Total. gases. co. o. CO 

interval. 

Start 8 .35 a.m. 
9.05 . .... .. ... . ....... 290 290 8.50 7.9 10·8 0 · 6 
9 . 35 ... . . . .. . . . ....... 144 434 9 . 20 11·2 7 · 6 0·7 

10 .05 .. . ..... . ... . ..... 170 604 9 .50 8·0 11 ·4 0·5 
10 .35 . . ........... ... . . 154 758 10.20 9 ·1 10·7 0·5 
11.05 . . ................ 107 865 10 .50 7·8 11 · 2 0·4 
11 .35 . . .... .. .......... 136 1001 11 . 20 8 · l 10 ·3 0·9 
12 .00 . . ...... . ... . ... . . 124 1125 11.50 8·6 10 · 2 l·O 
12.30 . . ........ . . . . .. . . 108 1233 12.20 8· 6 11 ·3 O·O 

1. OO ........... .. . .. . . 136 1369 12.40 9.4 9.9 0·4 
1.16 . . . .. . . . . . . . . . . . . . 109 1478 1.10 9 . 3 8 ·8 1·6 
1.45 . . ....... . . . ...... 161 1639 1.40 9·6 9 .3 0·4 
2 . 20 ......... .. .. . .... 198 1837 2 . 10 9 . 2 9 .4 1·3 
2 .50 .. . ... ... . .... . ... 125 1962 2 .40 8·3 9.7 1·6 
3.20 .. . . . . .. . . ...... .. 136 2098 3 . 10 10·0 8 · 6 0·5 
3 .55 . . . . . .. . . . . . . . . . .. 133 2231 3. 40 10· 1 8·9 0·9 
4.25 ......... . ..... . . . 180 2411 4.10 9.7 8·0 2·2 
4 .55 ... . ............. . 66 2477 4 .40 9·2 9.9 0·9 
5.25 ........ . ....... . . 134 2611 5 . 10 8 ·5 10 ·8 0·2 
5 .30 ...... . . . . . .. . . . . . 163 2774 5 .40 7.9 12 · 2 0 · 1 

6 . 10 7.3 12·4 0 · 1 

6 .35 .. .. . . ....... . .... 58 2 32 8·9 10·1 0·7 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 41. 

Steam Draft pressures, 
pressure Temperatures inch<>..s of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
PC! Boiler gases at Feed In entrance lbs. 

sq. m. room. entrance Water. ash-pit. to flue. 
to flue. 

8.35 ......... . . . 98 79 590 64·5 -·03 -· 27 .. . . ... . . . . . 
8.50 .. .. .. . .. . . . 100 78 625 64·5 - ·03 - ·27 470 
9.05 ... .. .. . .... 104 77 670 64·5 - ·03 -· 27 573 
9.20 . . ... . . . . . .. 100 77 725 64·5 - ·03 -· 27 602 
9.35 ..... . . .. ... 100 77 605 64·5 - ·03 -· 23 644·5 
9.50 .......... .. 105 79 585 64·5 -· 03 -· 23 475 

10.05 . .. .. .... . .. 98 80 575 64 ·5 -·03 -· 23 447.5 
10 .20 ....... . . ... 123 80 580 64 ·5 -·03 -· 23 372 
10 .35 .......... . . 112 80 570 64·5 -·03 -·26 474 
10 .50 .... . . . .. . . . 114 79 570 64·5 -·03 -·26 397 
11.05 .... .. . .. ... 108 77 590 64 ·5 - ·03 - ·25 486·5 
11.20 . ... ... .. . .. 106 77 590 64·5 - ·03 -· 25 474.5 
11 .35 .. _ . . ........ 122 77 600 65 -· 03 -· 25 399.5 
11 .50 . ........... 118 78 560 65 -·03 - ·25 420 
12 .05 .. . .. .. .. ... 120 75 550 65 -·03 -·27 414·5 
12 .20 ............ 115 76 535 65·5 -·03 -· 27 423 
12 .35 ... . .. . .. . .. 113 77 530 65·5 - ·03 - ·27 368· 5 
12 .50 ........ . . .. 95 81 585 65 .5 - ·03 - ·27 335 
1.05 .. .. ........ 121 77 710 65·5 -·03 - ·28 344 
1.20 . .. . ...... .. 121 77 700 65·5 -·03 - ·28 574 
1.35 .... .. . .. ... 120 78 575 65·5 - ·03 -· 24 480·5 
1.50 ........ . ... 120 79 570 65 - ·03 - ·24 521 
2.05 ........ ... . 120 79 620 65 -·03 - ·24 390·5 
2.20 .... . . . .. . .. 123 81 590 66 ·5 - ·03 - ·24 547 
2.35 ........... . 115 81 580 66·5 - ·03 - ·24 534.5 
2.50 .... . . . . . ... 122 81 630 66 ·5 - ·03 - ·24 424 
3.05 .... . ....... 120 81 590 66 ·5 - ·03 - ·24 526 
3.20 .. .... ..... . 111 81 600 66·5 -·03 -· 24 464 
3.35 .. .... . .. .. . 116 81 615 67 -·03 -· 24 463·5 
3.50 .... . ..... . . 116 81 570 67 -·03 -· 24 462 
4.05 . ........... 121 82 570 67 -·03 -· 24 484 ·5 
4.20 ... .. ....... 123 81 550 67 - ·03 - ·24 371 
4.35 .... . .. . .... 123 81 560 67 -·03 - ·24 396 
4.50 .... .. ...... 123 81 580 67 -·03 - ·26 408 
5.05 ....... . ... . 123 81 550 67· 5 - ·03 - ·26 41 2 
5.20 . .. . ........ 117 81 570 67·5 -·03 -· 26 422 
5.35 .... . ..... . . 117 79 535 67 ·5 -·03 -·25 349 
5.50 ............ 96 93 490 67 ·5 -·03 -·24 308 ·5 
6. 05 ........ . ... 120 80 560 67 ·5 - ·03 -·24 115· 5 
6.20 ......... .. . 116 80 630 67·5 - ·03 - ·26 434 
6.35 ...... . ... . . 122 80 725 67·5 - ·03 - ·27 421 

114· 0 79.5 593 65·9 - ·03 -· 25 17,629 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 22, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ...................... ...... Hand-spreading on alternate si des 
2. Kind of draft ................................ . .......... . .. .. . ... ..... N atural 
3. Condition of boiler and date of last cleaning .. . ..... Thoroughly cleaned May, 1908 
4. Tubes cleaned ..................................... . ................ 7. 30 a.m. 
5. Fire cleaned . . ........... . ..................... 7.40 a.m., 12.40 p.m., 5.40 p.m. 

FUEL. 

6 Tr:-d f al {No. 21 M-Wellington Colliery Co., Cumber
• .ll..lil 

0 co · · · · · · · · · · · · · · · · · · · · · · · land, Comox district, Vancouver island. 

7. Ainalysis of dry coal by weight (%) ................ rn~:ri~ O~=S~:/ As~:1°2.9o 
8. Calorific value of dry coal B.T.U. per lb ................... '. ........ '. ..... 13010 
9. Moisture in coal as fired (%) ........ . ....................................... 1 

10. Weight of coal fired (lbs.) ......... ... ....... .... ....... ... ........... .... 2832 
11. Combustible mat ter in ash and clinker ( %) .............. .. ................. 13 · 4 
12. Weight of clinker (lbs.) ..................................... . ............. 213 
13. Weight of ash (lbs.) ........... .. .............. . ... . ........ . .. ..... ....... 92 

14. 
15. 
16. 
17. 
18. 
19. 
20. 

Arn AND FLUE GAS. 

Air p~~ssure under fire (inc~~s of ":~ter) .................................. - 0 · 03 
above fire . . . . . . . . . . . ...................... -0 · 22 
at <lamper ................ . .............. .. -0·25 

Amount of <lamper opening ................................. . .... .. ... Various 
Temperature of air in boiler house (°F.) ...... ... ... .... ........... .. .. . .... 79 · 5 
Flue temperature (°F.) . . .. . ...... 'J •• • ••• •••• •••••••••••••••••••••••••••• 593 
Analysis of dry flue gas by volume (%).C02=8·9, 02=10·1, C0=0·7, N=80·3 

WATER AND STEAM. 

21. Temperature of feed water (°F.) .. ......... ....... .......... ..... .. ... . . . . 65 · !) 
22. Total weight of feed water, corrected for difference of level (lbs.) ............. 17629 
23. Water lcvel in gauge at start (inches) ....................................... 3t 
24. Water level in gauge at finish (inches) ............ ..... .... .. ... . .......... . 3! 
25. Correction for difference of level, included above (lbs.) .... . .. .. . ............... 0 
26. Steam pressure by gauge (lbs. per sq. in.) ................. .. . . .............. 114 
27. Barometer reading (inches) .... .. ........................................ 29 · 77 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in.) ...................... 15 · 0 
29. Temperature in steam calorimeter (°F.) ...................... ... ......... 290 · 7 

Notes. 
This con! is very easily worked, it is nece888.ry to rake tire a little from time time to prevent coking. 

Clinker porous and easily removed. Jt would be very suitable for a sbaking grate. Much smoke Î8 given off. 
Weather dull and overcast. 

{
Fixed carbon. . . . . . . . . 57 · 8 

Proximate analysis of dry ooal by weight % Volatile matter ........ 30 '2 
Asb .. ................ 12·0 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 21 M . Kind of Furnace-Fixed bars, 303 air space. 
Method of Starting and Stopping Test-Altern:i.te (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-28· 83. At finish-29 · 72. Mean-29 · 77. 

TOTAL QUANTITIES. 

1. Date of trial ......... . ................... . ............ . ...... ......... 22/ 6/ 08 
2. Duration of trial (hours) ................. . .................... . .......... 10·0 
3. Weight of coal as fired (lbs.) ........... . ............ . ..................... 2832 
4. Percentage of moisture in coal as fired (%) ......... .. .. ... ....... . ........... 1 
5. Total weight of dry coal fired (lbs.) ........ ... .. .. .............. . .......... 2804 
6. Total ash and refuse (lbs.) ........ .. .. . ....... . ... . . ... ................... 305 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 13 ·9; (b) weighed .10 · 8 
8. Total weight of combustible consumed, from analyses (lbs.) ........ . ... .. . . .. 2414 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) .. 17629 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ....... . ........... . ............ 17555 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) .. . .. . 20980 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ..... .. . . . .. .. .. .......... . .. . .... . ... . ... . ... 280 
Dry coal per square foot of grate surface per hour (lbs.) ..................... 16 · 7 
Wat~r evaporated p~r hour corrected for quality ~f steam (lbs.) .. ..... ..... . . 1755 
Eqwvalent evaporat1on per hour from and at 212 F. (lbs.) ................. . 2098 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .............................. ..... . . ...... .... . . 3 · 28 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ............... . ............. .. ...... 114 
Temperature of feed water entering boiler (deg. F.) ...... ..... .... .. ....... .. 65. 9 
Temperature of escaping gases from boiler (deg. F.) ... .................. . .... . 593 
Pressure of draft between <lamper and ash-pit (ins. of water) .. ....... . ........ 0 · 22 
Percentage of moisture in steam .................. . .... . . ... .... ....... ... O · 5 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) ..... .. ..... . . . . .... .... .... . ....... 60 · 8 
Builders' rated horse-power ................................................ 60 
Percentage of builders' rated horse-power developed ....... ... ... . . ... .. .. .... 101 

EcoNoMic RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .... . .... ... ............................. ... ........ 6 ·23 

Equivalent evaporation from and at 212° F. perlb. coal as fired (Item 11 +Item 3) 7 · 41 
Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 7 · 48 
Equivalent evaporation from and at 212° F. per lb. of combustible consumcd 

(Item 11 +Item 8) . . ....... . ...... . .................... . . .. . . ........ 8 · 68 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.) ................................ 13010 
Calorific value of the combustible per lb . (B.T.U.) ................ .. . . ...... 14800 
Efficiency of boiler (based on combustible consumed) (%) ..... .... . ......... 56·7 
Efficiency of boiler, including grate (based on dry coal) (%) ... ............... 55 · 6 

FLUE GASES. 

Dry flue gas per lb. carbon (frorn gas analyses) (lbs.) ........................ 25 · 9 
" " of combustible consumed (from gas analyses) (lbs.) ... ... .. 22 · l 
" " dry coal (from gas analyses) (lbs.) .. . ..................... 19·0 

Proportion of heat of fuel in escaping dry flue gases ( %) ......... . ....... . ... 18. O 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. 221 M. 

Date-June 29, 1908. Trial Number-G.C.T. 44. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weather fine, somwhat cl9udy. B. and W. No. 1 boiler in use. Blow-off examined and found tight. 

Fire cleaned and made up with No. 221 M . coal. Pressure, 95 lbs. 
Tubes blown. 

Time. 
7 . 30 
7.45 
9 . 20 Coal cakes considerably, it being necessary to break it up every other firing. Not 

mùch smoke visible. 
Fire kept about 4" to 6" thick. 9 . 30 

10.25 
11.00 
11.10 

Coal caking seems to cause fluctuation in evaporation. 
K eeping a thinner fire, 3" to 4' thick. 
Found necessary to slice fire on account of a hard( thin clinker, which was easily 

removed. Doubtful ü this could be used with snaking bars. 
12.30 Fire cleaned. Clinker in a thin, hard layer evenly spread over fire, fairly easily 

removed . Turned steam on under bars after cleaning. 
4 . 00 

5 . 30 

The use of steam seems to render the clinker more porous, admitting a higber rate 
of evaporation. Fire kept not more than 4• thick. 

Cleaned fire. Clinker much softer and more porous than from previous cleaning 
ü steam were used, sbaking grate should be advantageous. 

CLINKER AND AsH. 

139 lbs. clinker. 
131 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 44. 

Weigbt of coal Time Composition of flue gases 
fired. of by volume, pcr cent. 

Time. sa.mpling 

1 

flu e 

1 1 

Durinp: Total. gases. co. o. CO 
intervn l. 

Sta.rt 8 . 35 a.m. 
8.50 . . ........... ... . . 152 152 8.40 8·6 9·0 1·4 
9 . 20 . . . . .... ...... .. . . 136 288 9.10 12 ·4 6·0 1·0 

10 . 00 ..... .... . . ...... . 211 499 9.40 10 · 1 7·0 1·3 
10.30 . .... . . ... . ....... 147 646 10.10 10·0 7 .5 1·3 
11. OO . .... . ... .. . . .. .. . 94 740 10 . 40 10 · 9 7 .5 0·4 
11 . 35 . ... .............. 113 853 11.10 12 ·6 5 .5 2· 1 
12 . 05 . . .. ............. . 185 1038 11.40 . 7·1 13·4 O·O 
12 . 30 .. . . . ..... .... ... . 76 1114 12 . 10 11·8 6·4 1·2 
12 .45 ...... . . . .... . .... 90 1204 12.45 9·8 9 · 0 1·2 
1.15 ...... .. .... . ..... 130 1334 1.10 8 · 2 10·8 0·9 
1. 45 .......... . ....... 130 1464 1. 40 9 .5 10 · 1 0·6 
2 .00 .... . ..... . . . ..... 102 1566 2 . 10 12·2 5·1 1 ·5 
2 . 30 .. . .. . . . . . . . . . . . . . 151 1717 2 . 40 10·4 .4 0 ·5 
3 . 15 . . . . . .. .. .. . . . . . . . 227 1944 3 . 10 9.9 8·5 0 ·8 
3 . 45 .. . .. . ......... . .. 187 2131 3.40 9 ·0 11·1 O·O 
4 . 15 ........ . ... . .. .. . 100 2231 4 . 10 9·2 10·5 O·O 
4 .25 ......... . ........ 42 2273 4.40 10 ·5 8 · 2 0 · 6 
4.55 ..... . .. . .... . ... . 150 2423 5 . 10 11·0 8· 0 0·3 
5 .20 .. . .. . . . . .. . . . . . . . 140 2563 5.40 10 ·8 7·0 1·0 
5 .40 . ........ . .... . ... 78 2641 6 . 10 7·1 12· 5 O·O 
6 . 10 .. . . . . . . . . . . . . ... . 118 2759 6 . 15 6 ·0 13 ·8 O·O 
6 .35 ........ . ......... 68 2827 

9 ·8 8 ·8 0·8 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 44. 

1 
Steam Draft pressures, 

pressure Temperatures inches of Water 
gauge. o F. water. apparently 

cvaporated 
Time. in 

lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance 
to flue. 

Water. ash-pit. to flue. 

8.33 .... .... .... 120 85 480 67 -·03 -·26 . . . ...... ..... 
8.50 .. . ....... . . 110 85 510 67 -·03 -·28 330 
9 . 05 ....... .... . 118 85 550 67 - ·03 - ·28 435 
9.20 .... . .. .. . .. 119 85 550 67 -·03 -·30 506 
9.35 ..... ... .. . . 123 85 550 67 - ·03 - ·30 361 
9.50 ............ 121 87 580 67 -·03 -·30 482·5 

10.05 .. .. . ....... 114 87 600 67 -·03 -·30 490·5 
10.20 . . ........ . . 119 86 565 67·5 -·03 -·30 356 
10 .35 ........ . .. . 117 86 600 67·5 -·03 -·30 461·5 
10 .50 ............ 123 86 605 67·5 -·03 - ·30 382·5 
11. 05 ... . ........ 118 86 605 67·5 -·03 -·30 374.5 
11.20 ....... . .... 120 87 720 67·5 -·03 -·32 484 
11 .35 ........ .. .. 121 85 630 67 ·5 - ·03 -·30 452 
11 .50 .. ... . .... .. 123 85 630 76·5 -·03 - ·32 413 
12.05 ............ 116 85 630 67·5 -·03 -·32 519·5 
12 . 20 ..... . ...... 118 87 615 67·5 -·03 -·30 512·5 
12.35 ..... . ...... 93 88 500 67·5 -·03 - ·25 523 
12 .50 . . .......... 98 85 620 67 ·5 -·03 -·30 342 
1. 05 ... . ........ 122 85 680 67·5 -·03 -·30 291·5 
1.20 .... . . . ... . . 118 85 685 67·5 -·03 -·30 478 
1 .35 .......... .. 119 85 645 67·5 - ·03 - ·32 539 
1.50 .......... . . 111 85 705 67·5 -·03 -·32 573.5 
2 .05 ..... . ... .. . 123 85 710 67·5 - ·03 -·32 493 
2. 20 ....... .. .. . 121 85 680 68 -·03 -·32 602 
2.35 ............ 123 85 660 68 -·03 -·32 513 
2 .50 .. . ......... 115 87 710 68 -·03 - ·32 531·5 
3 .05 ..... . ..... . 108 87 615 68 -·03 -·30 537 
3.20 . . . .. .... . .. 112 87 690 68·5 -·03 -·32 483 
3.35 ............ 123 87 740 68 · 5 -·03 -·32 449 
3 .50 .. . ....... . . 118 87 670 68·5 - ·03 -·32 582·5 
4.05 ....... ... . . 118 87 630 69 -·03 -·28 413 
4.20 ... ... ...... 123 87 710 69 -·03 -·30 522 
4.35 ............ 118 85 670 69 -·03 -·30 472 
4.50 . . .... . . . .. . 103 85 625 69·5 -·03 -·28 501 
5.05 ..... . .. . . . . 118 85 600 69·5 -·03 -·28 44-05 
5.20 ..... . ... . .. 116 85 610 69 -·03 -·30 423 
5.35 ............ 92 89 580 69 -·03 -·28 390 
5.50 ........... . 110 85 650 69 -·03 -·30 371 ·5 
6.05 ... . .... ... . 114 85 650 69 - ·03 - · 30 309·5 
6.20 . .... .. ..... 115 85 690 69 -·03 -·30 452 
6 . 35 ......... .. . 112 85 650 69 -·03 - ·30 478·5 

115·7 86 ·0 629 68·0 -·03 -·30 18, 171·5 _:net 
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SUMMARY OF OBSERVATIONS. 

Date-June 29, 1908. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ............................ Hand-spreading on alternate sides 
2. Kind of draft ....... . ................................................. Natural 
3. Condition of boiler and date of last cleaning ........ Thoroughly cleaned May, 1908 
4. Tubes cleaned ...... . ........ . ...................................... 7. 45 a.m. 
-O. Fire cleaned ...... . .. . ..... ... ....... . ......... 7.30 a.m., 12.30 p.m.,5.30 p.m. 

6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

FUEL. 

Kind f 1 {Coal 221 M-Mines 4 and 7, Wellington Colliery Co., 
0 coa · · · · · · · · · · Cumberland, Comox district, Vancouver island. 

Analysis of drycoal byweight(%).C =77 · 6,H = 4· 6,S =0·8,N2=l·1,01 =7 ·O,Ash =8· 9 
Calori:fic value of dry coal B.T.U. per lb ... ... ................. . ....... . .. 13590 
Moisture in coal asfired (%) .............. . ..... . . ... ....... . .. . .... . ... .. 3·0 
Weight of coal fired (lbs.) .... . . . ....... .. ...... . .. . .......... . ........... 2827 
Combustible mat ter in ash and clinker ( %) ................................. 25 · 7 
Weight of clinker (lbs.) ................. .. .......... . ..................... 139 
Weight of ash (lbs.) ......... . ............................... . ............ 131 

Arn AND FLUE GAS. 

14". Air ~~essure under fire (in~~es of ~ater) .............. ..... .. .. .... .. ..... -0 · 03 
15. abovefire .............. .. .. . ............... -0·18 
16. at damper .................... .. . .......... -0·30 
17. A.mount of damper opening ...... Full, except when i from 3.50 p.m. to 5.10 p.m. 
18. Temperature of air in boiler house (°F.) ................... . .. . .......... . ... . 86 
19. Flue temperature (°F.) .................................................. . 629 
20. Analysis of dry flue gas by volume (%) ... C02=9·8, 02=8·8, C0=0·8, N=80·6 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

w ATER AND STEAM. 

Temperature of feed water (°F.) ...................... . .......... . .......... 6 
Total weight of feed water, corrected for difference of level (lbs.) . ..... .... .... 18171 
Water level in gauge at start (inches) . ..................................... 3 ti 
Water level in gauge at finish (inches) .............................. .. .. . ... 3 ft 
Correction for difference of level, included above (lbs.) .................... . . .. .. 0 
Steam pressure by gauge (lbs. per sq. in.) ................................. 115 · 7 
Barometer reading (inches) ... . .. . ........ . ........................ . ..... 29 · 67 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ......... . ............ 15· 1 
Temperature in steam calorimeter (°F.) .......................... . ......... 293 

Notes. 

A thin and very bard clinker formed by this coal was very troublesome; this, however, waa remedied 
eomewhat by turningsteam on under the bara. It is douhtful, however, if this clinker is suJ!iciently soft to be 
W!Cd with shaking grates. The coal cokes considerably and bas to be broken up with a rake periodically. 
Fire sliced 11. 10 a.m. Weather fine, somewhat cloudy. 

{
Fixed carbon ......... 60 "3 

Proxima te ana!ysis of dry coal by weight % X~~,.~~~ .~~~r:::: : : : : 3~: ~ 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-No. 221 M. Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639. 

Superheatiug Surface (sq. ft.)-1\il. 
Barometer at start-29 · 68. At finish-29 · 66. Mean-29 · 67. 

TOTAL QUANTITIES. 

1. Date of trial. .. . .... ......... .............. ...............•.... .. .... 29/6/08 
2. Duration of trial (how·s) . ......... .. ........ ...... ..... .. .. .... . ........ 10 ·OO 
3. Weight of coal as fired (lbs.) .............. ... ............ . . . ....... ... ... . 2827 
4. Percentage of moisture in coal as fired ( %) ................................. 3 · 0 
5. Total weight of dry coal fired (lbs.) ........................................ 2742 
6. Total ash and refuse (lbs.) ............... . ................................ 270 
7. Percentage of ash and refuse in dry coal (%)(a) from analyses 11·97; (b) weighed.9· 86 
8. Total weight of combustible consumed, from analyses (lbs.) .................. 2414 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 18171 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ...... . ............... .. ....... . 18110 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21600 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 

29. 
30. 
31. 
32. 

33. 
34. 
35. 
36. 

HOURLY QUANTITIES . 

Dry coal fi.red per hour (lbs.) ......... ........ .... ...... . ..... .. . .... ...... 274 
Dry coal per square foot of grate surface per hour (lbs.) ...................... 16 · 3 
Water evaporated per hour corrected for quality of steam (lbs. ) .............. 1811 
Equivalent evaporation per hour from and at 212° F. (lbs.) .. ........ .. ...... 2160 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ....... . .... ..... ..... .......... ....... ......... . 3·38 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) ........ .. .. .. . . . .. . . .. ..... . ...... 115 · 7 
Temperature of feed water entering boiler (deg. F.) .............. ..... ......... 68 
Temperature of escaping gases from boiler (deg. F.. ) ........................... 629 
Pressure of draft between <lamper and ash-pit (ins. of water) .. ... . ....... . .... 0 · 27 
Percentage of moisture in steam ......................... . ............ ... . 0 · 4 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .................................... 62 · 6 
Builders' ated horse-power ......................... ... ... ................. 60 
Percentage of builders' rated horse-power developed ......... .. ...... . . ... .... 104 

EcoNoMic RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) .................................................... 6·42 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 7 · 68 
Equivalent evaporation from and at 212° F . per lb. of dry coal (Item 11 +Item 5) 7 · 89 
Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) . ............................... .. .......... . ...... 8 · 95 

EFFICIENCY. 

Calorific value of dry coal per lb. (B.T.U.) ....... .. . . . ........... . . ....... 13590 
Calorific value of the combustible per lb. (B.T.U.) .. . . . ...... . ...... ........ 14920 
Effi.ciency of boiler (based on combustible consumed) (%) ......... . . . . ...... 57 · 9 
Efficiency of boiler, including grate (based on dry coal) (%) ............ .. .... 56 · l 

FLUE ÛASES. 

Dry flue gas per lb. carbon (from gas analyses) (lbs.) .... ........... ...... ... 23 · 5 
" " of combustible consumed (from gas analyses) (lbs.) .... . ... 21·4 
" " dry coal as fired (from gas analyses) (lbs.) ................ 18 · 2 

Proportion of hea.t of fuel in escaping dry flue gases ( %) ... ........... ....... 1ï·5 
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TRIAL OF B. AND W. No. 2 BOILER WITH COAL No. EX. 234. 

Date-March 1, 1910. Trial Number-G.C.T. 71. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Coal in fai rly small bard pieces, some dust and dirt. The blow-off was examined and found tight. 

Grate consisted of fixed bars with i ' air space. 

Time. 
a.m. 
6.45 A banked fire was broken out. 
7.45 Fire cleaned and made up with No. Ex. 234 coal. 

The tubes were cleaned previous day and not biown before trial, there being no 
steam hose. 

8.35 Trial started. Fire about 3" thick half burnt through, fair amount of fl ame 
B. and W. No. 1 boiler is not worbng. Coal burns with a good flame. It does 
not coke. 

8. 50 Fire about 3!" thick, black smoke emitted. 
10 .10 Fire about 5' thick, consisting of about 2" of dirt and 3" of fire. 
11.10 Fire about 8' thick, consisting of about 5" of dirt and 3• of fire. 
11. 20 Grill open a little. 
12. OO Grill closed. 
12. 15 Large amount of dirt . Forced draught used. 
12.45 to 12 .51. Fire cleaned. Clinker removed in large plastic and porous pieces. It 

adheres to the bars, making fire troublesome to clean. Could not use on 
shaking grate. 

1 . 40 Put steam on under bars. 
2.10 Sliced fire . Clinker not sticking to bars. 
2 . 35 Sliced fire. Removed 11 lbs. of clinker. 
3.45 Sliced fire. Removed 16 lbs. of clinker. 
4 .25 Putfanon. 
5. 45 Cleaned fire. Clinker removed more easily than before, owing to steam. Fan 

stopped while cleaning. 
6. 35 Finished trial. Fire as at start. 84 lbs. of ash were raked from beneath the grate. 

CLrNKER AND AsH. 

427 lbs. clinker. 
84 lbs. ash. 



RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 71. 

Weight of coal Tirne Composition of flue gases 
fired. of by volume, pcr cent. 

Tirne. sampling 

1 

flue 
Durin~ Total. gases. co. o, CO 

interval. 
t:itart 8. 35 a.m. 

8.55 .................. 180 180 8.45 8·1 9·2 3.3 
9.14 ........ .. ........ 155 335 9.15 8·1 10·2 0·8 
9.25 ..... . ............ 145 480 9.45 8·1 10·9 1·5 
9.55 . ................. 174 654 10.15 6·3 13·8 O·O 

10.25 . . . .... ..... .. ... . 146 800 10.45 8·5 10·3 0·9 
10.45 ....... . . ......... 155 955 11.15 6·2 14·0 O·O 
11.10 .... .. . .... .. .... . 172 1127 11.45 7.5 12·3 O·O 
11.40 . . ................ 168 1295 12 . 15 7.7 11·5 0·5 
12.15 ... . ...... . .. . .... 163 1458 12.45 4·8 15·8 O·O 
12.45 .. ......... . .. . .. . 93 1551 1.15 5.3 14·6 0·2 
12. 50 .. . . . . . . . . . . . . . . . . 73 1624 1.50 8·5 10·9 0·4 
1.20 ....... . .. . . . . . . . . 102 1726 2.15 8·1 11·2 0·5 
1.50 ....... . . . ........ 205 1931 2.45 7-1 12·8 0·4 
2.25 .................. 166 2097 3.15 8·3 11·5 0·2 
2.55 . . .... . ........... 172 2269 3.50 6·4 13·1 O·O 
3.20 .................. 161 2430 4.15 7.5 11·9 0·2 
3.50 ........ . ......... 165 2595 4.45 6·2 13·3 O·l 
4.10 .................. 163 2758 5.15 7.7 11·6 0·7 
4.45 . ......... ........ 170 2928 5 .40 9·2 10·8 0·3 
5.15 . ........... .... . . 164 3092 6.10 9.5 8·8 1·7 
5.45 ......... ..... .. . . 65 3157 
6.00 . .. ... .... . ....... 102 3259 7.5 11 ·9 0·6 
6.20 ....... .. ... .. . .. . 118 3377 
6.35 ..... . ........ ... . 25 3402 
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OBSERVATIOKS MADE DURING BOILER TRIAL No. 71. 

Steam Draft ~ressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At interval. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8 .35 . . ... . .. . . . . 121 66 297 40·6 -·02 -·10 . ... . ... . . . . 
8.50 . .. ..... . ... 118 63 306 40 -·02 -·11 360 
9.05 ... . . . . . . . . . 121 63 320 40·1 -·03 -·10 500 
9 .20 .. . . .. . . . . .. 122 62 349 40 -·02 -·12 469 
9.35 . . .. .. . ... . . 121 62 . . . . . . . . 40 - ·02 - ·12 433 
9 .50 .... . ... . ... 123 63 .... . . .. 40 -·02 - · 12 525 

10.05 . . . . .. ...... 123 63 348 39.9 -·02 - · 12 469 
10 .20 .. . . .. ...... 122 61 323 39·8 -·04 -·11 413 
10 .35 ..... . . . .. .. 123 62 330 39·7 -·05 - · 11 585 
10.50 ..... ...... . 117 61 365 39.4 - ·05 -·10 361 
11 . 05 " . " " .. .. . 122 60 330 39.3 - ·03 -·10 399 
11 .20 .. .. ... . . . . . 110 61 328 39·2 -·02 -·09 368 
11 .35 . . .. .... . ... 109 61 334 39·2 - ·02 -·12 448 
11.50 ......... . . . 109 69 362 39.3 - ·03 - ·12 438 
12 .05 . . ... .. ... .. 107 . 61 328 39 ·2 - ·02 -·11 359 
12 .20 ....... ... .. 122 61 363 39·2 +·03 - ·16 425 
12 .35 ..... . .... .. 103 60 335 38·8 - ·03 - · 15 414 
12 .50 . . ....... ... 84 63 305 38·9 - ·02 -·15 368 
1.05 . . . . . . . . .. .. 83 61 303 38·9 - ·02 -·10 406 
1.20 . . ... . ...... 99 60 330 38 ·0 - ·02 -·10 215 
1.35 ... .. ..... .. 107 59 320 38 ·5 -·02 - ·18 127 
1.50 ... . . . .. .... 123 60 380 38·5 - ·02 - · 18 310 
2 .05 ............ 121 60 410 38·5 - ·02 - · 13 496 
2 .20 .. . " .. . .... 116 60 410 39·0 -·02 - · 13 430 
2.35 ... .. ... . ... 122 60 460 39.5 - ·02 - · 15 467 
2.50 ....... . . . .. 119 60 390 39 - ·02 - .14 360 
3.05 . . ... . . . .... 121 60 420 39 -·01 - · 15 397 
3 .20 .......... .. 119 60 440 39 -·01 - ·15 460 
3 .35 ........ . . .. 120 60 460 39 - ·02 - · 16 509 
3 .50 ......... .. . 115 62 400 38 ·5 - ·02 - · 19 469 
4.05 . ......... . . 124 61 400 37·0 - ·02 - · 19 430 
4.20 . . . .... . .... 121 60 420 38 ·0 - ·02 - · 18 315 
4 .35 . . . . ...... .. 111 - 60 480 38 ·0 +·09 - · 15 685 
4 .50 . .. ..... . ... 115 60 420 38 ·0 +·08 - · 16 410 
5 .05 .... . . . . . . . . 106 61 450 39 +· 20 - · 15 436 
5 .20 ... . ...... . . 117 61 500 40 +· 28 - · 15 408 
5 .35 ....... . .. . . 124 61 440 39 +· 23 - · 13 556 
5.50 .... . ... .. .. 111 82 360 44 -·02 - ·11 440 
6.05 . ...... .. . .. 102 65 370 41·5 +·45 - · 11 280 
6.20 .... . . .. .. .. 122 62 370 41 ·0 +·12 - · 12 315 
6 .35 ...... . .. .. . 117 62 340 42·0 - ·01 - ·12 349 

113·7 61 ·6 374 3!J ·4 +·02 - · 13 16,604 net 
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SUMMARY OF OBSERVATIONS. 

Date-March 1, 1901. 
Commenced-8.35 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.35 p.m. 

G ENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking ... .. ...... . ... . ... . .... . . .. Hand-spreading on alternate sicles 
2. Kind of draft ... .. .................. . . . . . ....... Partly natural and partly forced 
3. Condition of boiler and date of last cleaning .. ... . Thoroughly cleaned August, 1909 
4. Tubes cleaned . . ...... . ........ ... . ....................... .. .... . Prcvious day 
5. Fire cleaned .............. . ... . ................. 7.45 a.m., 12.45 and 5.45 p.m. 

FUEL. 

6. Kind of coal . . . . .............................. . . ............. .. .... No. Ex. 234 
7. Analysis of dry coal by weight (%).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... . 
8. Calorific value of dry coal B.T.U. per lb ......... ...... ....... .......... . . 11560 
9. Moisture in coal as fired (%) ...... . . . .......... .. ........ . .......... . .. .. . 5 · 3 

10. Weight of coal fired (lbs.) .... . ............... . . . . ......... . . . . . .... . ..... 3402 
11. Combustible matter in ash and clinker (%) ................... . ............. 34· 3 
12. Weight of clinker (lbs. ) .............. . ... .. .... ... ...... . ..... . .... .. ... .. 427 
13. Weight of ash (lbs.) ........ . ....... .. ... . ... . . . . ..... ... . . . ............ ... 84 

Arn A."ID FLuE GAs. 

14. Air pressure under fire (inches of water)..... . . . . . . . .... . ............ +o · 02 
15. " above fire " " . . ......... . ..................... -0·05 
16. at <lamper ... . ................... .. . .. . .... -0· 13 
17. Arnoun t of <lamper opening. . . .... .......... . ............. . .............. Full 
18. Temperature of air in boiler house (°F.) .................................... 61 ·6 
19. Flue temperature (°F.) . ... ...... ... ..... . ............................ . ... 374 
20. Analysis of dry flue gas by volume (%) .. C02=7·5, 02=11· 9, C0=0·6, N,=80·0 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) ............ . .......... . . . ...... . ......... 39 · 4 
Total weight of feed water, corrected fo r difference of level (lbs.) ...... . .. . . . . . 16604 
Water level in gauge at start (inches) . .............. . .. . ... . .............. .4-fo 
Water l_evel in ~auge at finish (in~hes) ............ . . . .. . ...... . . : . . ........ .4ft-
Correct10n for diffcrencc of level, mcluded above (lbs.) ..... .... . ....... . ... - 20 
Steam pressure by gauge (lbs. per sq. in.) . . .. .... .... ...... . .............. 114 ·7 
Barometer reading (inches) . . ..... . ........ .. ............................ 29 · 65 
Pressure in steam calorimeter by gauge (lbs. per sq. in.) ................ . ... .. 19 · 3 
Temperature in stearn calorimcter (°F.) . ......... . ....... .. ........... ... 285 · 6 

Notes. 
This coal burns witb a good llame. It emits a rather dense smoke. It does not coke. The actual fuel 

bed was kept about 3' tbick, but a thick layer of asb and clinker was for med under tbia. The clinker con
sisted of large porous pieces wbich were ratber difficult to remove owing to their adhesion to the bars, 
however, these conditions were improved when steam was admitted underneath the grate. Weather dull and 
inclined to rain. 

{

Fixed earbon ...... ... 48 · 2 
Proxima te analysis of dry co:il by weii;ht 3 Volatile matter... . ... 36 · 7 

Ash .......... . . ... ... 15 " I 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-Ex. 234. Kind of Furnace--Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79 . Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft .)-Nil. 
Barometer at start-29·7. At finish-29 · 6. Mean-29·65. 

TOTAL QuANTITIES. 

1. Date of trial. ......................................................... 1/3/10 
2. Duration of trial (hours) ................................................ 10 ·OO 
3. Weight of coal as fued (lbs.) . ...... ..... .... . ... ... ...................... . 3402 
4. Percentage of moisture in coal as fired ( %) ................................. 5 · 3 
5. Total weight of dry coal fired (lbs.) . .. .. ..... . ............ .- ................ 3222 
6. Total ash and refuse (lbs.) ................................................ 511 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 23·0; (b) weighed.15· 86 
8. Total weight of combustible consumeâ, from analyses (lbs.) .................. 2481 
9. Total weight of water fed to the boiler, corrected for difference of level Çlbs.) ... 16604 

10. Equivalent water evaporated into dry steam from actual feed water 
temperature and boiler pressure (lbs.) ............... ... ... .. ......... 16460 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) . ..... 20110 

HoURLY QuANTITIES. 

12. Dry coal fued per hour (lbs.) .............................................. 322 
13. Dry coal per square foot of grate surface per hour (lbs.) ...................... 19 · 2 
14. Water evaporated per hour corrected for quality of steam (lbs.) .. . . . ......... 1646 -
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .... . . . . .. ..... . . . 2011 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

heating surface (lbs.) ..... ...... . . .. .. . .. ... . . ........................ 3·15 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) .............................. ...... 114 · 7 
Temperature of feed water entering boiler (deg. F.) .......................... 39 · 4 
Temperature of escaping gases from boiler (deg. F.) ......................... 374· 0 
Pressure of draft between clamper and ash-pit (ins. of water) . .. ............... 0· 15 
Percentage of moisture in steam ............ . .. .. .... .. .... . ............ ... 1 · 1 

HORSE-POWER. 

Horse-power developed (Item 15+34!) .. .. ..... .. . ...... ..... ... . . . ....... 58·3 
Builders' rated horse-power ...... ....... ........ . . . . . .... ...... .... ... ... 60 · 0 
Percentage of builders' rated horse-power developed . . ....... . ............... 97 · 2 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9 +Item 3) ... . ... .... . . . ..... ........... ... ............ . ...... 4·88 

26. Equivalent evaporation from and at 212° F. per lb. coal as fued (Item 11 +Item 3) 5 · 92 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 6· 25 
28. Equivalent evaporation from and at 212° F. per lb . of combustible consumed 

(Item 11 +Item 8) ................................................... 8 · 11 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) ......... . ............... . .. . .. . 11560 
30. Calorific value of the combustible per lb. (B.T.U.) ...... . ... . . . ............. 13620 
31. Effi.ciency of boiler (based on combustible consumed) (%) ........ . ... .. ..... 57 · 5 
32. Effi.ciency of boiler, including grate (based on dry coal) ( %) .................. 52 · 2 

FLUE GABES. 

33. Dry flue gas per lb. carbon (from gas analyses) (lbs.) ... ........... . ..... . ... 31·5 
34. " " of combustible consumed (from gas analyses) (lbs.) . . ... . ..... . 
35. " " dry coal as fired (from gas analyses) (lbs.) ...... . . .. . . . . . .... . 
36. Proportion of heat of fuel in escaping dry flue gases (%) ........................ . 

83-22 





STANDARDIZATION TRIALS 

ON GEORGES CREEK COAL. 

a:rn 
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TRIAL OF B. AND W. No. 2 BOILER WITH GEORGES CREEK 

RUN OF MINE COAL. 

Date-June 20, 1907. Trial Number-G.C.T. 1. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weatber still and overcast, clearing at noon. B. and W. No. 1 boiler cold. Tubes cleaned before trial. 

Tirne. 
18/6/07 Fire lighted and banked 2.00 p.m. 
20/6/07 Fire broken out 7 . OO a.m. 
10 .45 Start. Fire thin at front to 12' at back, flaming slightly. 
12.34 Fire sliced. 

1 . 25 Fire sliced. 
2.15 B. and W. No. 1 boiler lire lighted. 
2. 25 Fire sliced. 
3. 21 Fire sliced. 13 lbs. clinker removed. 
4 . 52 Fire sliced. 8 lbs. of clinker removed. 
5. 52 Fire cleaned. 40 lbs. of clinker removed. 
8 . 30 Fire thoroughly cleaned. 75 lbs. of clinker removed. 
8. 45 85 lbs. of ashes raked from ash-pit. 
8 . 50 Trial stopped. 

CuNKER AND AsH. 
136 lbs. clinker. 
85 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 1. 

Time. 

Start IO. 45 a .m. 
11. 21. . .. ...... . . . ......... . .. . ....... . . .... .... . ........ . 
11 .50 .... . . . ...... . ... . ................ . ......... . . . .. . .. . 
12.45 ....... .. ................ .. .... ... .. . ........ .. .... . . 
1.04 ....... . ...... . . . .... . ... . .. .. . . . .. . ...... . ........ . . 
1. 32 .............. .... .... '. . ... . .. ....... ... .. . ......... . 
1 .54 ........ . ... ... .... .... ..... .. . . .. .. ...... .. ...... . . . 
2.40 ... ... . . ...... . . ........... . ... . . . . .. .... . .......... . 
3 .02 ............. . .... .... ........ .. ..... .. ... . ....... . . . 
3.36 .... . .......... . ........ . ....... . .... . .... .. ........ . 
4.13 ......... .. .. . . . ... .. .. . .. . . ... ... . ............ ... .. . 
5.03 ................ . ...... . ........ . ................ .. . . 
5.43 . . . .. . . .... . . . ..... . ... . . . ........ . ... . .. . .. . ...... . . 
6.00 ..... . ...... .. . .. .. . ...... . . ........... ..... . .... . .. . 
6 .27 ................... ........ ...... . ... . ....... . ...... . 
7 . 12 ......... . .. . ......... . .. . .................... . ..... . 
7 .47 ....... .. .. . ... . ..... . ............ . ... . .. .. . . .... . .. . 
8.10 .......... ... ....... . .. . .... . . . ........ .. ..... . . ... . . 
8 .50 .. ............................ . .. ........ .... ..... . 
Close 

Weight of coal 
fired. 

During 
interval. 

0 
180 
158 
171 
150 
116 
116 
136 
119 
125 
172 
166 
124 
117 
116 
109 
114 
116 
102 

Total. 

0 
180 
338 
509 
659 
775 
891 

1027 
1146 
1271 
1443 
1609 
1733 
1850 
HJ66 
2075 
2189 
2305 
2407 
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OBSERVATIONS MADE DURING BOILER TRIAL -o. 1. 

Steam Temperatures Draft gressures, 
pressure oF. inc es of 

Water gauge. water. 
discharged 

Time. to feed tank 

lbs. Flue At ID 

Boiler gases at Feed In entrance interval. per room. entrance Water. ash-pit. to sq. in. to flue. flue. lbs. 

10.45 .. . ......... 108 80·5 365 61·2 O·l 0·3 ............ 
11. OO ....... . .... 103 80·5 355 61·7 O·l 0·35 324 
11.15 ........... . 105 80·5 365 61·7 O·l 0·35 386 
U.30 ............ 99 81·0 355 61·7 O·l 0·3 453 
Il. 45 .. . ......... 108 85·0 370 61·5 O·l 0·35 453.5 
12.00 .... .. ...... 102 86 ·0 315 61·4 O·l 0·3 526 
12.15 ...... . ..... 104 86·0 320 61·5 O·l 0·3 306 
12 .30 . . .......... 120 85·0 330 62·5 0·1 0·3 243 
1.45 . ...... .. ... ll9 86·0 370 63·0 0·1 0·3 504·5 
1.00 ... .. ....... 94 86·0 347 63·5 O·l 0·3 659 ·5 
1. 15 ............ 115·5 87·0 360 64·0 O·l 0·3 224 ·5 
1.30 ............ 122 89·0 420 64·5 O·l 0·3 592·5 
1.45 .... .. ... . .. 115 87·0 385 64·5 O·l 0·3 647 
2.00 ............ 114 87·0 365 65·0 O·l 0·3 561 
2.15 ............ 103 87·0 350 65·0 O·l 0·3 553 
2.30 .. ... ....... 120 88·0 375 65·0 O·l 0·3 507·5 
2.45 ... . ... . .... 122 88·0 395 65·0 O·l 0·25 400 
3.00 ............ 123 87·0 380 64·5 O·l 0·25 462 
3.15 ............ 99 87·0 385 64·2 O· l 0·25 505·5 
3 .30 ............ 107 88·0 400 64·2 O·l 0·2 433 
3.45 ............ 97 88·0 400 64·5 0·06 0·2 366 
4.00 ........ . ... 105 88·0 405 64 ·5 O·l 0·2 6 0 
4.15 ..... . ..... . 98 87·0 350 64·5 O·l 0·2 350 ·5 
4.30 . ........... 87 88·0 375 64·5 O·l 0·2 426·5 
4.45 ............ 99 87·0 360 64·5 O·l 0·2 386·5 
5.00 ... ..... . ... 118 88·0 415 64·5 O·l 0·25 315 
5. 15 ........ .. .. 119 86·0 405 64·5 O·l 0·2 495 
5 .30 . ........... 113 87·0 415 64·5 O·l 0·2 416 
5.45 ........... . 94 87·0 415 64·5 O·l 0·2 591·5 
6.00 ...... . . .. . . 110 90·0 415 64·5 0·07 0·2 496·5 
6.15 ......... .. . 103 87·0 400 64·5 O·l 0·2 266 
6.30 .. .. . ....... 113 87·0 385 65·0 0·1 0·2 443.5 
6.45 . . .......... 112 86·0 402 65·0 O·l 0·2 304 
7.00 ........... . 113 86·0 390 65·5 0·1 0·20 500 
7 .15 ............ 102 86·0 395 64·5 O·l 0·2 443 
7.30 .... . ....... 113 86·0 375 64·5 O·l 0·2 543 
7.45 ......... .. . 116 85·0 370 64·2 O·l 0·2 391·5 
8.00 ............ 118 85·0 405 64·5 O·l 0·2 326·5 
8.15 ......... . .. 107 85·0 400 64·7 O·l 0·2 452·5 
8.30 .. . ... . .... . 116 85·0 415 64·7 0·07 0·2 459·5 
8.45 ............ 102 87·0 355 64·7 0·1 0·2 29 ·5 
8.50 ... . ..... . .. . . . . . . . . . . . . . . . . ........ . . . . . . . . . ....... . . . . . . . . 19 

Mean . ..... . .. . .. 108·7 86·1 379 64·0 O·l 0·25 
Total 17,673·5 net 
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SUMMARY OF OBSERVATIONS. 

Date-June 20, 19Q7. 
Commenced-10.45 a.m. 

Boiler-B. and W. No. 2. 
Ended-8.50 p.m. 

GENERAL. 

At McGill University. 
Duration-605 mins. 

1. Method of stoking ........... . ... .. ... . .... ... Hand-spreading on alternate si des 
2. Kind of draft ... . ........................... . ..................... ... . Natural 
3. Condition of boiler and date of la t cleaning ...... . Thoroughly cleaned June, 1907 
4. Tubes cleaned .. ..... . . .......... ... . .. ......... . . ... ........ . .. .. Before trial 
5. Fire cleaned . .. .......... .. . Before trial, 3.21 p.m., 4.52 p.m., 5 . 52 p.m., 8.30 p.m. 

FuEL. 

6. Kind of fuel. . . .......................... . ..... .. .. . . Georges Creek, run of mine 
7. Analysis of dry coal by weight (%)- fixed car bon 71·2, volatile matter 19 · 6, ash 9 · 2 
8. Calorific value of dry coal B.T.U. per lb .......... . .... . . . . . ... .. . . . .... . . 14080 
9. Moisture in coal as fired (%) .. . . . . . . .............. . .... . .. . ... . .. .. .. . .... 1·9 

10. Weight of coal fired (lbs.) . .. ... .......... . ... . . ... . .. . .... ...... .... ..... 2407 
11. Combustible matter in ash and clinker ( %) ........ . ....... . ..... .... .. . . . .. 18 · 5 
12. Weight of clinker (lbs.) .... . ... ... .... . ......... ........ ........... .. .. ... 136 
13. Weight of ash (lbs.) ...... . ..... .. ... . ..................................... 85 

Arn AND FLUE GAS. 

14. Air pressure under fire (inches of water) ......... . ..... .. ...... . . . .. .. .... -0· 1 
15. " above fire " " .................................. -0·2 
16. atdamper .............. . .. . .. . . . . ... ...... -0·25 
17. Amount of <lamper opening ......... . ...... . .. . . .. . ... . . .. .. .. .. . ..... ... Full 
18. Temperature of air in boiler house (°F.) .. . .... . .. ............ .. . . . .. . .. ... ... 86 
19. Flue temperature (°F.) ...... . ................ .. . . ......... . . . . .. ....... . . 379 
20. Analysis of dry flue gas by volume (%) .. ...... . ........... . .......... ... . . 

w ATER Jil'<D STEAM. 

21. Temperature of feed water (°F.) ........ . . .. . ... .......... . ......... . ....... 64 
22. Total weight of feed water. corrected for differcnce of level (lbs.) ... .. . ....... . 17673 
23. Water level in gauge at start (inches) ....... . ... .................. . ....... 4· 25 
24. Water levE'l in gauge at finish (inchcs) .............................. . . . . . . . 4·00 
25. Correction for difference of level, included above (lbs.) .. . ............. ..... .. . . 38 
26. Steam pressure by gauge (lbs. per sq. in. ) ... . ........................... . . 108 · 7 
27. Barometer reading (inches) . . ..... . ............... ..... .. . ....... . ... . . .. . 29 · 7 
28. Pressure in steam calorimeter by gauge (lbs. per sq. in .) . ... . ...... .. ... . . . . . . . 5 · 6 
29. Temperature in steam calorimeter (°F.) . . . . . . . . ... . ...... ..... . .. 232· 2 

Notes. 
Fire broken out 7 . OO a .m., sliced 12 . 34, 1. 25, 2. 25, 3. 2 J , 4. 52 , 5. 5~ . and 8. 30 A small fire ligbted in. 

No. 1 boiler at 2 . 15 p.m. 



1. 
2. 
.3. 
4. 
.5. 
6. 
7. 
8. 
9. 

10. 

11. 

344 

SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine condition of Boiler. Kind of Fuel-Georges Creek, run of mine. 
Kind of Furnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Altetnate (A.S.M.E.) 
Grate Surface (sq. ft.)-16·79. Water Heating Surface (sq. ft.)-639 

Superheating Surface (sq. ft.)- il. 
Barometer at start-29 · 7. At finish-29 · 7. Mean-29 · 7. 

TOTAL QuANTITIES. 

Date of trial ................................ . . ....... ... ... ..... ...... 20/6/07 
Duration of trial (hours) .............. . ....... . .. .. ......... ....... ..... 10 · 08 
Weight of coal as fired (lbs.) ................ . . . .. ......................... 2407 
Percentage of moisture in coal as fired (%) ................................. l · 9 
Total weight of dry coal fired (lbs.) ........................................ 2361 
Total ash and refuse (lbs.) .... . ........................................... 221 
Percenta~e of ash and refuse in dry coal (%) (a) from analyses 11·3; (b) weighed ... 9· 3 
Total weight of combustible consumed, from analyses"(lbs.) .................. 2094 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17673 
Equivalent water evaporated into dry steam from actual feed Wl\ter • 

temperature and boiler pressure (lbs.) ........................... . ..... 17160 
Equivalent water evaporate<l into dry steam from and at 212° F. (lbs.) ...... 20500 

HOURLY QUANTITIES. 

12. Dry coal fired per hour (lbs.) ... ..... .. ... . ................................ 235 
13. Dry coal per square foot of grate surface per hour (lbs.) . ................. .. .. 14·0 
14. Water evaporated per hour corrected for quality of steam (lbs.) .... . ........ . 1701 
15. Equivalent evaporation per hour from and at 212° F. (lbs.) .................. 2035 
16. Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) ................................................. 3 · 19 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

17. Steam pressure by gauge (lbs. / sq. in.) .. .. . .. . . ........ . . . ............... 108 · 7 
18. Temperature of feed water entering boiler (deg. F.) ... . .............. ...... .. 64· 0 
19. Temperature of escaping gases from boiler (deg. F.) ....... .. .................. 379 
20. Pressure of draft between damper and ash-pit (ins. of water) .................. 0· 15 
21. Percentage of moisture in steam .................. . ....................... .4·0 

HORSE-POWER. 

22. Horse-power developed (Item 15 + 34!) ..... .. ............................. 59 · 1 
23. Builders' rated ~orse-power ................... . ..................... .. .... . 60 
24. Percentage of builders rated horse-power developed . ...... . .. . .............. 98 · 5 

EcoNOMIC REsULTS. 

25. Water apparently evaporated un der actual conditions per lb. coal as fired 
(Item 5+Item3) . ........................... . .................. ... .. 7·35 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 8 · 53 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 8 · 69 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item ll+Item 8) ...... ... .. . ........................................ 9·8 

EFfICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) .................... ............ 14080 
30. Calorific value of the combustible per lb. (B.T.U.) ... . ...................... 15500 
31. Efficiency of boiler (based on combustible consumed) (%) .......... ..... .. .. 61·0 
.32. Efficiency of boiler, including grate (based on dry coal) (%) ... . .............. 59 ·6 
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TRIAL OF B. AND W. No. 2 BOILER WITH GEORGES CREEK COAL. 

DaLe-Sept. 21, 1909. Trial Number-G.C.T. 68. 

OBSERVATIONS OF GENERAL CONDITIONS. 

Notes. 
Weatber fine e.nd clee.r. Blow-off exe.mined and found tigbt. 

Time. 
6.30 
7.15 
7.45 
8.40 
9.00 

11.40 
11.45 
12.00 

1. 35 
5.15 
6.45 

Fire broken out. 
Fire cleaned and made up with Georges Creek coal. 
Tubes blown. 
Started trial. Fire 2" thick and well burnt through. 
Fire has to be kept thin owing to small air space. 
Fire clinkering a little. 
Fire sliced and clinker removed to front of grate. 
Fire cleaned. 89 lbs. clinker removed. 
Forced draught in ash-pit until 5 .10. 
Fire cleaned and 186 lbs. hard clinker removed easily. 
Trial finished. Fire as at start. 

CLINXER AND AsH. 

275 lbs. clinker. 
77 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 68. 

Weight of coal Ti me Composition of flue gases 
fired. of by volume, pcr cenL. 

Tline. sampling 

1 

flu e 

1 1 

Dur in~ Total. gases. co. o. CO 
interval. 

Start 8.40 a.m. 
9.05 ............... .. . 169 169 10.05 8·1 12·1 O·O 
9.30 ...... . ........ ... 115 284 10.35 7.9 11·7 O·O 

10 .00 .......... .. ...... 117 401 12.15 8·8 10·3 0·9 
10 .35 ...... . ........... 170 571 12.45 10·2 9·2 0·2 
11 .05 . . ........... . .. .. 84 655 1.30 9.5 9.7 O·O 
11.40 ....... . . . . . ...... 135 791 2 .00 8·0 11·9 O·O 
12.10 ........ .. . .... ... 141 932 2.45 7.7 12·5 O·O 
12.50 .................. 221 1153 3.15 10·1 9.5 O·O 

1. 25 ......... ......... 133 1286 3.45 9·1 10·9 O·O 
1 .55 ................. . 290 1576 4.30 8·8 11·3 O·O 
2.20 .............. .... 110 1686 5.00 7·0 13·3 O·O 
2.50 ... .... . . . ........ 85 1771 5.30 4·0 15·4 0·5 
3 . 20 .... . ............ . 140 1911 
3.50 .................. 100 2011 8·3 11·5 0·1 
4.20 .. . ...... . . ... . ... 120 2131 
4.55 . . . . ......... . .... 87 2218 
5 . 15 ...... . ........... 35 2253 
5.55 ....... ... .. ... ... 125 2378 
6.25 ....... . ... .. . ... . 94 2472 
6.45 ..... . . ........ . .. 80 2552 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 68. 

Steam Draft hressures, 
pressure Temperatures inc es of Water 

gauge. o F . water. apparently 
evaporated 

Time. in 
lbs. Flue At intervnl. 
per Boiler ga.ses at Feed In entrance lbs. 

sq. in. room. entrance 
to flue. 

Water. a.sh-pit. to flue. 

8.40 ... .. . . . .. .. 115 71 320 67 -·10 - ·13 . ... . . . .. ... 
9 . 00 .. .. ... . .. .. 111 72 375 63·5 -·10 -·18 378 
9 . 15 . .. ... ... .. . 108 72 370 63·5 -·10 -·15 460 
9. 30.-...... . . . .. 114 73 365 64 - ·01 -·20 499 
9.45 . ... . .. ... . . 120 73 375 64 ·5 - ·10 -·20 486 

10.00 . .. .. ... . . . . 117 73 390 64 -·10 - ·17 429 
10.15 . .. ........ . 118 73 360 64 -·10 -·20 455 
10 . 30 .. . .. ....... 115 74 365 64 -·10 - ·17 380 
10 .45 . ......... . . 102 74 355 64 -·10 -·20 592 
11 .00 . . ..... .. .. . 102 74 355 64 -·10 - · 20 355 
11 . 15 . . . ......... 112 74 375 64 - · 10 - · 20 337 
11 . 30 .. .. .... . ... 112 74 380 64 - ·10 -·20 492 
11. 45 .... . .. . .... 112 75 375 64 - · 10 -·20 302 
12 . 00 ... ... ... .. . 112 77 375 64 ........ . . . . . . . . 427 
12 . 15 ... .. ... . ... 112 77 370 64 - ·10 - · 20 295 
12 . 30 ....... .. ... 117 77 353 64 - · 10 -·20 386 
12 . 45 ............ 107 76 360 64 - · 10 - · 20 337 
1 . 00 ....... . . . .. 112 76 400 64 -·10 -·20 430 
J . 15 . . . ....... . . 111 76 405 64 - · 10 - ·20 361 
1. 30 . ........... 119 76 475 64 +·05 -·20 504 
1.45 . .... . .. . ... 100 77 460 64 + · 10 - · 20 •412 
2 . 00 ........ .. .. 105 77 450 64 + · 10 - ·20 667 
2.15 . ... .... ... . 120 78 425 64 + ·10 - ·20 672 
2 . 30 . ........ ... 109 77 455 64 + ·05 -·20 711 
2 .45 . ... . ..... . . 93 78 420 64 O·O - · 20 571 
3 . 00 .... . . . ... . . 95 78 420 64 O·O -·20 466 
3 . 15 ....... .... . 112 78 455 64 O·O -·20 465 
3 .30 ............ 122 78 430 64 O·O -·20 486 
3 .45 ..... . ...... 102 78 455 64 O·O -·20 642 
4 .00 .......... . . 112 78 415 64 O·O -·20 442 
4 . 15 ............ 117 80 440 64 - ·05 -·20 346 
4. 30 .. .. ........ 112 79 400 64 - · 10 -·20 576 
4.45 . .. ..... . ... 112 79 405 64 -·05 - · 20 366 
5 .00 .... . .. . . ... 117 78 385 64 -·10 - · 20 458 
5 . 15 ............ 107 78 285 64 -·05 -·20 344 
5.30 . ........... 109 78 370 64 - ·05 -·20 262 
5 .45 . . ....... . .. 119 80 420 64 -·05 -·20 225 
6 .00 . ........ . .. 117 80 435 64 ·5 . . . . . . . . . ..... .. 562 
6 . 15 .... . ....... . . . . . . . . 230 
6.30 ............ 117 76 425 64 - ·05 - · 20 290 
6. 45 .. .. ... . .... 117 . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... . . . . . . . . 690 

111· 5 76· 2 396 · 
1 

64·1 - ·01 - · 20 17,778 net 
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SUMMARY OF OBSERVATIONS. 

Date-Sept. 21, 1909. 
Commenced-8.40 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.45 p.m. 

GENERAL. 

At McGill University. 
Duration-605 mins. 

1. Method of stoking .. ...... . ......... ... .. . . ... Hand-spreading on alternate sides 
2. Kind of draft ... .... ........ ... ...... . ...... . ......................... Natural 
3. Condition of boiler and date of last cleaning ..... Thoroughly cleaned August, 1909 
4. Tubes cleaned ...................................................... 7. 45 a.m. 
5. Fire cleaned .................................. 7.15 a.m., 12 .00 noon, 5.15 p.m. 

FUEL. 

6. Kind of coal ... ..... .... . , .. .... ....... . .. ... . ...... ... . ..... . .. . Georges Creek 
7. Analysis of dry coal by weight (%) .................. . ... . .... . . ...... . ... .. .. . 
8. Calorific value of dry coal B.T .U. per lb ................................. . 13450 
9. Moisture in coal as fired (%) ........... .. . . . .... ... . ............. . .... ... 2·9 

10. Weight of coal fired (lbs.) .... . .... . .............. .. .... .. ....... . .. . ... . 2552 
11. Combustible matter in ash and clinker ( %) . . ... .... ....... . .... . .... . ....... 8 · 4 
12. Weight of clinker (lbs.) ......................... . .. . .. ... . . ..... . .. . .. ... . 275 
13. Weight of ash (lbs.) ............... . ....................... . . . .. . .... . .. .. . 77 

Arn AND FLUE GAS. 

14. Air pi;~ssure under fire (inc~~s of ~.ater) ...................... .. .......... +o · 01 
15. above fire .. .. . .... .. .. ... . . . ... .. .. .... ... . - 0 · 01 
16. at <lamper .. .. .. .. . .. . .. . . ... . . . .... . ...... -0·20 
17. Amount of <lamper opening ....... . .................. . ............ .. Full open 
18. Temperature of air in boiler house (°F.) . . ............ . . . ...... ... .. ...... . . 76· 2 
19. Flue temper:tture (°F.) ..... . ...... . . . . ... . ...... ..... . ............. .... 396 · 1 
20. Analysis of dry flue gas by volume (%) ... C0,=8·3, CO=O·l, N=80·1, 0=11·5 

21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

WATER AND STEAM. 

Temperature of feed water (°F.) . .. . ... . .... .. .. . ..... . ... . . . . ....... ..... 64 · l 
Total weight of feed water, corrected for difference of level (lbs.) . .. .. .... . .... 17778 
Water level in gauge at start (inches) ..... . ........................ . ........ 5! 
Water level in gauge at finish (inches) ........... ... .. . ...... . .... . .......... 5t 
Correction for difference of level, included above (lbs.) .............. ... ..... . +40 
Steam pressure by gauge (lbs. per sq. in.) ............ . . ...... ...... .. .... . 111· 5 
Barometer reading (inches) .... . . . ................. . ........... . ......... . 30 · 0 
Pressure in steam calorimeter by gauge (lbs. per sq. in. ) ........... . ... . ....... 6 · 9 
Temperature in steam calorimeter (°F.) . .... .... . . . ...................... 279 · 3 

Notes. 
Necessary to keep tire thin owing to small air space. Cleaned tire out twice. 

fFixed carbon ......... } Undeterminecl 
Pro:rimate analysis of dry coal by weight % {Volatile matter. ....... · 

(Ash .... ... ... ... . ... . 12· 6 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 

26. 
27. 
28. 
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SUMMARY OF RESULTS. 

Made on B. and W . No. 2Boiler, at McGill University. 
To D etermine quality of Fuel. 
Kind of Fuel-Georges Creek. Kind of Furnace-Fixed bars, 15% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16 · 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-30. At finish-30. Mean-30. 

TOTAL QuANTITrEs. 

Date of trial ............... . ... ..... . ........... .... .. .. .... . ......... 21 /9/09 
Duration of trial (hours) ........ . ............................ .. .......... 10 . 5 
Weight of coal as fired (lbs.) ........ ... . . . ..... ..... ... ........ . ... .. ..... 2552 
Percentage of moisture in coal as fired ( %) ........ . . ... . ............ ....... 2 . 9 
Total weight of dry coal fired (lbs.) ............ .. ................... ... .... 2478 
Total ash and refuse (lbs.) ... .. ................. . ... ...... ... ............. 352 
Percentage of ash and refuse in dry coal (%)(a) from analyses 13·76; (b) weighed.14·2 
Total weight of combustible consumed, from analyses (lbs. ) . ................. 2137 
Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17778 
Equivalent water evaporated into dry steam from actual feed water 

temperature and boiler pressure (lbs.) ........•................. . ..... 17680 
Equivalent water evaporated into dry steam from and at 212° F . (lbs.) ...... 21140 

HoURLY QuANTITIES. 

Dry coal fired per hour (lbs.) ...... ................... ........ . .... ...... 245 · 7 
Dry coal per square foot of grate surface per hour (lbs.) ... . . . ............ ... 14 · 62 
Water evaporated per hour corrected for quality of steam (lbs.) ............ . . 1753 
Equivalent evaporation per hour from and at 212° F. (lbs. ) .......... . ....... 2096 
Equivalent evaporation per hour from and at 212° F. per square foot of water 

heating surface (lbs.) .... ....... ... ..... . .... ......... ... ............. 3 · 28 

AVERAGE PRESSURES, TEMPERATURES, ETC. 

Steam pressure by gauge (lbs. / sq. in.) .. .... . .......... . ................. 111 ·5 
Temperature of feed water entering boiler (deg. F. ) .................. .... .... 64 · 1 
Temperature of escaping gases from boiler (deg. F.) ......................... 396· l 
Pressure of draft between clamper and ash-pit (ins. of "rnter) .......... . . ..... . O· 21 
Percentage of moisture in steam or number of degrees of superheating ......... 0 · 6 

HORSE-POWER. 

Horse-power developed (Item 15 + 3H) .... .. ...... .. ...................... 60 · 
Builders' rated horse-power ....... .. . .. .................................. 60 · 0 
Percentage of builders' rated horse-power developed . . . . . . . .... .... .. ....... 101·3 

EcoNOMrc RESULTS. 

Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9 +Itém 3) ......................... . ............. . .. . ......... 6· 97 

Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) · 28 
Equivalent evaporation from and at 212° F . per lb. of dry coal (Item 11 +Item 5) · 54 
Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ..... .. .... . ........ . ............. . .... . ........... 9 · 90 

EFFICIENCY. 

29. Calorific value of dry coal per lb. (B.T.U.) .... . ........... . . ......... . .... 13450 
30. Calorific value of the combustible per lb. (B.T.U. ) . . .......... . .... . ........ 13390 
31. Efficiency of boiler (based on combustible consumed) (% ) ............. .... . 62· l 
32. Efficiency of boiler, including grate (based on dry coal) (%) .. . . . . . .... .... . .. 61·3 

FLUE GASES. 

33. Dry flue ga.s per lb . carbon (from gas analyses) (lbs.) ........................ 29 · 3 
34. " " of combustible consumed (from ga.s analyses) (lbs.) ........... . 
35. " " coal as fired (from anemometer) (lbs.) ...................... . 
36. Proportion of heat of fuel in escaping dry flue gases (%) ............... . ...... . . . 
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TRIAL OF B. AND W. No. 2 BOILER WITH GEORGES CREEK COAL. 

Date-April 14, 1910. Trial Number-G.C.T. 72. 

OBSERVATIONS OF GE ERAL CONDITIONS. 

Notes. 
B. and W. No. 1 not wor!..-ing. Blow-off examined and found tigU. Fixed bars, t• air space. 

Time. 
6.20 
7.40 
7.20 
8.33 
8.50 
9.35 

10.00 
12 .20 

5 .20 
6 . 15 
6 . 33 

Fire remade. 
Tubes cleaned. 
Fire cleaned. Boiler pressure, 100 lbs. square in. 
Started trial. Fire 3" thick, well burnt through. 
Fire 3" to 4" thick. Coking a little, broke up with rake. 
Broke up fire with rake--and at 9 .45, 10.00, and 10. 20. 
Forced draught under ash-pit. Fairly heavy brown smoke. 
Fire cleaned. Hard cinders easily removed-83 lbs. 
Fire cleaned. Hard cinders easily removed-94 lbs. 
Fan off. No draught. 
Fire as at start. 

CLINKER AND AsH. 

177 lbs. clinker. 
104 lbs. ash. 

RECORD OF COAL CONSUMED DURING BOILER TRIAL No. 72 . 

Weight of coal 
fired. 

Time 
of 

Composition of flue gases 
by volume, pcr cent. 

Time. i----~---I sampling i--- .-- --.----

Durin~ / Total. g~~!. C02 1 02 1 CO 

Start 8. 33 a.m . 
8. 56 . . . . ..... . . . ..... . 
9 . 25 . . . .. . . . . . . ... . . . . 
9.43 . . . . .. . . . . . ...... . 

10 . 15 . . . . . . . . . .. ...... . 
10 . 27 ......... . ....... . 
11 .00 . . ....... .. ..... . . 
11 .30 ............... . . . 
12 . 05 ................. . 
12 .45 .... . ..... . . . .... . 

1. 20 . .. . . ......... . .. . 
1.50 ...... .. .... . . ... . 
2 .25 .. . ............. . 
2 . 50 ..... . . .. .. . . ... . . 
3.10 .......... . . . .... . 
3 .55 ............ ... . 
4.25 .. . .......... ... . . 
4 . 45 . .. . ........ . .... . 
5.10 .. . .. . . . .. .. . . ... . 

~ : 68:::::::::::::::::: 1 
6 . 33 . . . .... . ....... . . . 

interval. 

114 
95 
72 

101 
62 

174 
103 
70 

200 
136 
163 
175 
100 
136 

61 
126 
91 
52 

147 
119 
68 

114 
209 
281 
382 
444 
618 
721 
791 
991 

1127 
1290 
1465 
1626 
1762 
1823 
1949 
2040 
2092 
2239 
2358 
2426 

8.45 
9 . 10 
9.40 

10 .00 
10.20 
10.40 
11.00 
11.30 
11.50 
12 . 15 
12.40 
1.10 
1. 30 
1. 50 
2.15 
2.40 
3 .00 
3 . 25 
3 . 50 
4.10 
4 . 35 
4.55 
5.20 
5.40 
6.00 

5·8 
8·0 
6·0 
8·0 
8·6 
8·8 
9.4 
8 ·8 
8·2 
7·2 
8·4 
8·9 
9·0 
8·1 
9.5 
9·4 
8·0 
8·8 
7 · 0 
7·0 
9 · 0 
8· l 
6·2 
7 .4 
9.4 

8 ·0 

12·0 
11·4 
12·2 
11 · 6 
10 · 6 
10· 1 
8·6 

10·2 
10 · 0 
12·8 
10· 1 
10·0 

9 .4 
9 .9 
9.3 

10·2 
11·0 
10·6 
12·4 
11 ·7 
9 ·6 

10·6 
12·2 
10·8 
9.5 

10·7 

0·3 
0·4 
0·3 
0·4 
0 · 3 
0·2 
0·2 
O·l 
0 · 2 
0 · 1 
0·3 
0·1 
0· 8 
0·5 
0 ·2 
0· 1 
0·5 
0· 2 
O·O 
0· 3 
0·6 
0·3 
0 · 4 
0·3 
0·1 

0·3 
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OBSERVATIONS MADE DURING BOILER TRIAL No. 72. 

Steam Draft ~ressures, 
pressure Temperatures inc es of Water 

gauge. o F. water. apparently 
evaporated 

Time. in 
lbs. Flue At intervaJ. 
per Boiler gases at Feed In entrance lbs. 

sq. in. room. entrance Water. ash-pit. to flue. 
to flue. 

8.33 . ......... . . 121 60 ..... . .. 54 -·01 . . . . . . . . . . . . . .. . . . .. 
8.48 . ....... .. .. 122 59 ... ..... 54 -·01 . ....... 460 
9.03 . ........... 92 59 ........ 52 -·01 . . ...... 249 
9.18 ... . ....... . 93 60 ..... . .. 50 -·01 . .. . . ... 452 
9.33 ........... . 91 60 350 48 -·01 .. . ..... 351 
9.48 . ........... 87 60 345 48 -·01 . . ...... 348 

10.03 .. .......... 105 59 420 47 -·02 . . . . . . . . 201 
10 .18 . ........... 119 61 415 47 -·02 -·12 420 
10.33 . ........... 118 62 425 46 - ·02 -·11 391 
10.48 ...... . ..... 121 62 475 46 +·06 - ·13 389 
11. 03 . . .. ... . . . . . 116 62 500 45 +·07 - ·12 571 
11 . 18 . . .......... 109 63 435 45 +·03 -·12 478 
11.33 . . .......... 103 62 405 45 +·02 -·09 402 
11.48 ....... . .... 121 64 490 44 +·03 -·11 408 
12.03 ... . ... ..... 121 64 510 44 +·04 - ·13 517 
12 .18 ............ 111 64 415 44 +·04 - ·13 448 
12.33 ... . . . . . . . . . 103 67 480 45 +·12 - ·13 399 
12.48 .. . ......... 110 66 460 45 +·05 - ·13 271 

1.03 ............ 123 66 470 45 + ·05 - ·12 490 
1. 18 . ........... 104 67 430 44 +·02 - ·12 396 
1.33 ............ 106 67 550 44 +·12 - ·12 498 
1.48 .. . . . . ...... 124 67 555 44 +·06 - ·13 530 
2.03 .. '. .... . . . .. 122 65 510 44 +·05 -·13 510 
2.18 .... . . . ..... 109 65 545 44 +·06 - ·13 558 
2.33 ............ 81 66 530 44 +·03 - ·14 599 
2.48 ............ 105 65 560 44 +·05 - ·13 601 
3.03 .. .. ........ 77 63 490 44 +·03 - · 13 562 
3. 18 ............ 94 63 455 44 +·06 - ·13 490 
3.33 ............ 121 64 550 44 + ·08 - ·13 402 
3.48 ..... .. ..... 99 64 525 44 +·10 -·12 540 
4.03 ... . . . ...... 98 64 495 44 +·03 -·12 550 
4.18 ............ 100 64 500 44 +·05 - · 12 505 
4.33 ... .... . .... 102 64 475 44 +·04 -·12 409 
4.48 ....... . ... 124 64 470 44 +·03 - ·12 378 
5.03 ...... . ..... 122 64 500 44 +·03 - · 12 505 
5.18 ........... . 121 64 475 44 +·03 - ·12 418 
5.33 ............ 81 76 420 44 +·04 - ·12 480 
5.48 ............ 122 71 465 45 +·04 - ·13 143 
6.03 .... . . . . . ... 122 67 550 44 +·03 -·13 509 
6.18 ............ 124 67 500 46 -·02 - ·13 490 
tl.33 . . .......... 123 66 483 46 -·02 - ·12 476 

109 64 430 45·5 +·03 -·12 17,794 net 
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SUMMARY OF OBSERVATIONS. 

Date-April 14, 1910. 
Commcnced-8.33 a.m. 

Boiler-B. and W. No. 2. 
Ended-6.33 p.m. 

GENERAL. 

At McGill University. 
Duration-600 mins. 

1. Method of stoking . .... . ............ . .. . . ... . . Hand-spreading on alternate sides 
2. Kind of draft ....... .. Natural, 8.33 to 10 a.m.; forced, 10 a.m. to 6.15 p .m.; natural 

6.15 p.m. to 6.33 p.m. 
3. Condition of boiler and date of last cleaning .... .. Thoroughly cleaned August, 1909 
4. Tubes cleaned ..... . ... .... . ................. . ....... .. .. . ... .... ... 7 . 40 a.m. 
5. Fire cleancd . . ....... .. ...... . ..... . ....... . .. 7 . 20 a .m., 12.20 p.m., 5 . 20 p.m. 

F'uEL. 

6. Kind of coal. ................... ...... ........ . ... . ..........•... Georges Creek 
7. Analysis of dry coal by weight ( %) . . . .... . .. . .......... .............. . ....... . 
8. Calorific value of dry coal B.T.U. per lb . . . .. ..... . . . . . . .... .. . . .... . . . . . . 13790 
9. Moisture in coal as fired ( %) ... . . ... . .... . ................ ... ............. 2 · 0 

10. Weight of coal lired (lbs.). . . . . . . . . . . . . . . . . . . .. . .. . .... . . . . .. . ... ..... ... 2426 
11. Combustible matter in ash and clinker (%) . . .. . . . ... .. . . .. . ... . . ..... .. .... 19 · l 
12. Weight of clinker (lbs.) .................. .. ..... . .. ...... ........... .. . . .. 177 
13. Weight of ash (lbs.) ...... .. ....... .. . . .. . .......... .. ....... . ........... .. 104 

Arn AND FLUE GAs. 

14. Air ~~es8ure under lire (inch:;i of ':':ater). . .. . . . . . . ....................... +O· 03 
15. above lire . .. ... .. .. . .... .. . ....... .. ....... -0 · 06 
16. at <lamper . . . . . . . . . . . . . . . . . . . . . . . . . ...... -0· 12 
17. Amount of <lamper opening. . . . . ......... . .. . ..... . .... . . ..... . .. . ... . F ull 
18. Temperature of air in boiler house (°F.) . . ...... . ............................ . 64 
19. Flue temperature (°F.) ............. ........... .... .. ............ ...... ... 382 
20. Analysis of dry flue gas byvolume (%) ... C02 = 8 ·0,0, =10·7,C0 =0 ·3, N, = 81 ·0 

WATER AND STEAM. 

21. Temperature of feed water (°F.) .... .. . .......... ..... .. ....... . ... . ...... 45 · 5 
22. Total weight of feed water, corrected for difference of levcl (lbs.) .... . . . ....... 17791 
23. Water level in gauge at start (inches) ...... . . . .. . ... .. ........ ...... . ...... . 3i 
24. Water level in gauge at finish (inches). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3i 
25. Correction for difference of level (lbs.) . . . . . . . . . . . . . . . . . . . . . . . . . . ........ 0 
26. Steam pressure by gauge (lbs. per sq. in.).. . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 
27. Barometer read.ing (inches) .............. . . . ........... . .. . . ... .. . ....... 29 · 64 
2 . Pressure in stcam calorimeter by gauge (lbs. per sq. in. ) ........... ..... . .... . 10 · 2 
29. Temperature in steam calorimeter (°F.) ... .... .............. ............... 289 

Notes. 
Fo.rced draught was used owing to natural draught being poor, on account of no other boiler being in 

uso. Fire ~ept from 3' to 4' thick. Coal caked coOBiderably necessitating the fire bcing continually 
broken up with a rake. There W'1S no difficulty in removing some hard cinders upon cleaning. The smoke 
was fairly heavy and brown. 

{
Fi.xed cnrbon ......... } d t . d 

Proximate analysis of dry coal by wcight % Volatile matter ........ un e crmme · 
Ash ... . .......... . . .. 11 ·2 
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SUMMARY OF RESULTS. 

Made on B. and W. No. 2 Boiler, at McGill University. 
To Determine quality of Coal. 
Kind of Fuel-Georges Creek. Kind of Fmnace-Fixed bars, 30% air space. 
Method of Starting and Stopping Test-Alternate (A.S.M.E.) 
Grate Surface (sq. ft.)-16· 79. Water Heating Surface (sq. ft.)-639. 

Superheating Surface (sq. ft.)-Nil. 
Barometer at start-29 · 66. At finish-29 · 62. Mean-29 · 64. 

TOTAL QuANTITIES. 

1. Date of trial .......................................................... 14/4/10 
2. Duration of trial (hours) ..... . ................ . . ........................ 10. O 
3. Weight of coal as fired (lbs.) .............................................. 2426 
4. Percentage of moisture in coal (%) ....................................... 2·0 
5. Total weight of dry coal consumed (lbs.) ........................... ........ 2378 
6. Total ash and refuse (lbs.) ....................... . ........................ 281 
7. Percentage of ash and refuse in dry coal (%) (a) from analyses 13 ·85; (b) weighed 11.82 
8. Total weight of combustible consu.med, from analyses (lbs.) .................. 2049 
9. Total weight of water fed to the boiler, corrected for difference of level (lbs.) ... 17794 

10. Equivalent water evaporated from actual feed water temperature and boiler 
pressure (lbs.) ... . .. .. . ..................... . ................. . . . ... 17767 

11. Equivalent water evaporated into dry steam from and at 212° F. (lbs.) ...... 21570 

12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

HOURLY QUANTITIES. 

Dry coal fired per hour (lbs.) . .... .......... .. ....... . .................. 237 · 8 
Dry coal per square foot of grate surface per hour (lbs.) ......... . ........... 14·15 
Wat~r evaporated p~r hour corrected for quality ~f steam (lbs.) .... ..... . .. .. 1777 
Eqwvalent evaporation per hour from and at 212 F. (lbs.) .......... .... . .. . 2157 
Equivalent evaporation per hour from mid at 212° F. per square foot of water 

heating surface (lbs.) ................................................. 3·37 

A VERA GE PRESSURES, TEMPERATURES, E~c. 

Steam pressure hy gauge (lbs. / sq. in.) ......................... .. .......... 109 
Temperature of feed water entering boiler (deg. F.) . . ......... . ........... . . 45 · 5 
Temperature of escaping gases from boiler (deg. F.) .. . ........................ 382 
Pressure of draft between damper and ash-pit (ins. of water) .............. . ... 0 · 15 
Percentage of moisture in steam or number of degrees superheating ........... 0 · 3 

HORSE-POWER. 

Horse-power developed (Item 15 + 34!) .. ................ . ................. 59 · 4 
Builders' rated ~orse-power . . .. ........................... . .............. 60 · 0 
Percentage of bwlders rated horse-power developed ......................... 99 · 0 

EcoNOMIC RESULTS. 

25. Water apparently evaporated under actual conditions per lb. coal as fired 
(Item 9+Item 3) ............................................ . .. ... .. 7 ·33 

26. Equivalent evaporation from and at 212° F. per lb. coal as fired (Item 11 +Item 3) 8 · 90 
27. Equivalent evaporation from and at 212° F. per lb. of dry coal (Item 11 +Item 5) 9 · 07 
28. Equivalent evaporation from and at 212° F. per lb. of combustible consumed 

(Item 11 +Item 8) ............................... .... ..... ... ..... .. 10 · 51 

EFFICIENCT. 

29. Calorific value of dry coal per lb. (B.T.U.) ............... .. . .............. 13790 
30. Calorific value of the combustible per lb. (B .T.U.) ................ . ......... 15500 
31. Efficiency of boiler (based on combustible) (%) ............................ 65 · 5 
32. Efficiency of boiler, including grate (based on dry coal) ( %) ... ... ............ 63 · 6 

FLUE GASES. 

33. Dry flue gas per lb. ca.rbon (from gas analyses) (lbs. ) .............. . .. .... .. . 29 · 7 
34. " " of combustible consumed (from gas analyses) (lbs.) ........ · · · · 
35. " " dry coal (from gas analyses) (lbs.) ... . ................... · · · · · 
36. Proportion of heat of fuel in escaping dry flue gases (%) .................... · · · · · 
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