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PREFACE

The Division of Fuels and Fuel Testing, since the organization of the
Mines Branch, Department of Mines, in 1907, has been engaged in conduct-
ing investigations which have had as their objective the development of the
fuel resources of the Dominion.

Owing to the long haul from the coalfields in the extreme east and west
of the Dominion, the immense intervening territory—which is highly indus-
trialized, but devoid of any coal deposits of economic value—is practically
isolated from our great national assets of coal. This unfortunate isolation
has made it imperative (1) that the most efficient methods be employed for
converting the coal imported from the United States into heat and power
for industrial purposes; and (2) that effective methods be devised to make
it possible to utilize the extensive areas of low-grade fuels found in the
intermediate provinces—such as peat and lignite—for domestic and other
purposes. ’

With this end in view, investigations involving a large amount of
research work have been conducted, from time to time, to show how peat
fuel can be utilized for the generation of power through the media of the
gas producer and gas engine, and also through the steam boiler and steam
engine. Tests on a commercial scale have been carried out with western
coals, both bituminous and lignite, for the purpose of determining their
special value for steam raising, and the production of a power gas when
burned in a gas producer. Research work of a very important character has
also been under way for several years, in the carbonization and briquetting
of the Saskatchewan lignites. The investigation on which the following
report is based, logically follows the practical work already done.

The utilization of powdered fuels for steam raising is not mew. . A
steam boiler designed for burning powdered coal was operated some years
ago in eastern Uanada; and experiments were conducted at the Baldwin
Locomotive Works, Philadelphia, U.S.A., with regard to the burning of
powdered coal in locomotives. Moreover, peat powder has, for some time,
been successfully burned in place of coal on certain of the Swedish State
Railways. During the last few years, however, very important develop-
ments have taken place in the methods and apparatus for burning powdered
coal—not only for the generation of steam, but also for metallurgical and
other purposes. The advancing price of coal, due to increased cost of
labour, and, to some extent, to increased difficulty in mining and preparing
the coal for the market, has made it possible in certain instances to
economically generate power from the lower grades of coal, by burning them

in the powdered form; but the economy of any process for burning coal
26698—1%
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in the powdered form for the generation of power depends om the cost
at which a good grade of coal can-be obtained suitable for steam raising,
when burned under a boiler in the usual manner. . Higher effioieneies, it
is true, can be realized with powdered coal systems properly installed and
designed; but unless the saving in coal bills due to these higher efficien-
cies, coupled with the resulting. reduction in labour costs, more than off-
sets the cost of bummg the higher grade coals in the or dmary manner for
the generation of power, it ‘would not pay to re-design old power plants
for burning powdered coal. It is quite possible, however, that the lower
grade lignites of western ‘Canada, which rapidly disintegrate when exposed
to the weather, may be efficiently burned in the powdered state for the
generation of power and other purposes. .The accompanying report will
‘show hoiv the lower grade fuels can be advantageously employed for metal-
Iurgioal and steam raising purposes, when burned in the powdered form.

" The field studies on which the report is based, were undertaken during
.Aug‘ust and September in 1919. Mr. Blizard resigned from the Mines
Branch in March, 1920, to accept the position of fuel engineer to the
United States Bureau of Mines at Pittsburgh; and although the compila
tion of the report was not completed until after he had left Ottawa to
assume his new duties, the information submitted has been brought well
up-to-date.

' Mr. E. S. Malloch, of the Division of Fuels and Fuel Testing, devoted
a la10e amount of time to 1eadmg, correcting, and rewrrangmn' the report,
and in general, putting 1t in shape for the press,

(:S‘Lgned) B. F. Haanel,
- Ohief. Engineer,
- .Dwmwn of Fuels and Fuel Testing.
July 6, 1921. L :
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THE PREPARATION, TRANSPORTATION, AND
COMBUSTION OF POWDERED COAL

INTRODUCTORY -

In the following pages, the writer has endeavoured to give an account
of the many methods, advantages, and- disadvantages of preparing and
burning powdered coal. IFor much of the ‘information imparted, the
writer is indebted to various firms in the United States and Canada,
whose plants he visited, also to the technical press.

- Manufacturers, and operators of coal fired furnaces cannot aﬂ'ord to
disregard the possible advantages of pulverizing their coal before burning
it. Hence the purpose of this bulletin will be fulfilled if it leads them,
after making careful -estimates, either to abandon their present method
of burning coal on grates or stokers, and install the pulverizers, convey-
ing system, powdered coal feeder and burner, best suited for burning
powdered coal in their plant; or, to reject, as uneconomical, the replace-
ment, of their present system of burning eoal by a system for pulverizing
and burning it.

No research work on the combustion of powdered Canadian fuels has
been carried out by the Mines Branch; Department of Mines; but if this
research work were carried out scientifically by competent engineers,
‘chemists, and physicists, it would show how powdered coal furnaces and
burners should be designed to give an efficiency h1ghe1 than they give at
present.
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CHAPTER 1

POWDERED COAL
COAL AND ITS GENERAL USES

Coal is the world’s principal source of energy, which energy may be
released by burning the coal.

There are many ways of burning coal. It may be burned directly on
a grate, or it may be entirely gasified by combustion in a gas producer,
and the gas carried off to be burned where required, or again, it may be
carbonized in retorts or gas ovens, and the gas and coke may be burned
separately where required, And there remains another, and somewhat more
recent system of burning coal, that of burning it, after grinding it to a
powder, in suspension in air.

DEFINITION OF POWDERED COAL

By the term powdered vcoal,’ as used in this report, is meant coal sub-
divided so that it may be conveyed easily by means of a.screw conveyer,
by compressed air, or suspended in a stream of low pressure air to the
furnace in which it may be burned in suspension when mixed with the
necessary supply of air.

WHERE USED

~ The above mentioned properties of powdered coal have led to its
almost universal adoption for burning cement in rotary kilns; and in
many metallurgical furnaces it has taken the place of coal fired on grates,
of gas, and of oil, and, to a more limited extent, it has heen used for
steam raising in stationary and locomotive boilers.

KIND OF COAL USED: SIZE; COMPOSITION

Size.—Since the coal has to be pulverized, it is usually better to pur-
chase slack coal sinee it is usually cheaper and costs less to pulverize.

. Composition.—The requisite composition of the eoal depends upon
many factors. Practically all coals from lignite to anthracite, and even
coke breeze have been pulverized and burned. But anthracite and coke
breeze require more energy to pulverize them, than softer coals, and low
volatile coals are difficult to ignite and must be burned in specially designed
furnaces. _ ' '

One of the principal difficulties in burning powdered coal lies in the
disposition of the ash; and for this reason it is desirable also to use a
coal which containg little ash which melts at a comparatively high tem-
perature. B .

The power used to pulverize and &onvey similar coals to the burner
is approximately proportional to the weight of the coal pulverized, and it

-is clear that the pulverizing and conveying costs will, therefore, be greater
per heat unit delivered the lower the calorific value of the coal.
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Mr. C. I. Gadd, in the Journal of the Franklin Institute (Vol, 182
No. 8) states that coal used in heating and puddling furnaces should fulfil
approximately the following requirements :—

Volatile matter, not under.. .. .. .. .. .. .. 30-00 per cent.
Fixed carbon, not under.. .. .. .. .. .. .. 50:00 “
Moigture, not OVer.. .. .. v vt vrer 1o ae w 1-25 ’
Ash, not over.. .. .. . . v vh v vh e e 9-50 “
Sulphur, mot OVer.. .. .. .. v vo oo ou 0o 100 ¢

and he states tﬁat, for open-hearth furnaces, a still better grade of coal as
follows should be used:—

Volatile matter, not under.. .. .. .. «v ¢y o 36-00 per cent.
Fixed carbon, not under.. .. .. .. .. .. .. 52-00 “
Moisture, DOt OVEI'. . .o v'v vt v ve s o0 o o 1-25 .
Ash, not over.. .. .. .. .. e v e e e e 6:00 o
Sulphur, NOt OVer'ee w4 vo v cv ve 4u o0 os o 1-00 "

Frequently, it has been necessary at various plants to use coal with a
greater ash content than 10 per cent; which means, that extra labour is
required to remove the ash from the flues and com'bustion chamber, .

CANADIAN COALS SUITABLE FOR POWDERED COAL

Practically all the Canadian coals can be burned in powdered form,
in boiler furnaces, though some coals, as outlined above, are to be pre-
feired to others. The only serious obstacle likely to be enmcountered, is
that due to the low melting point of the ash, and as an example of this
may be cited the rejection of Joggins coal for a ‘Bettington boiler at
Moncton, N.B. On the other hand, coals with a high ash content may
be burned, as is shown also by the experiences at Moncton, where a coal
containing 20 per cent of ash is burned, and at Vancouver, where Nanaimo
slack is burned.

Even the obstacle due to low fusing point ash in large quantities
in the coal will in time be removed, by providing means for cooling the
ash below its fusing point, before it settles and adheres to other particles,
forming a solid mass difficult to remove.

For furnaces other than boiler furnaces, where it ig impossible to
construct a furnace suitable for any coal, and where coals composed as
those stated as being desirable by Mr. Gadd in heating and puddling
furnaces are required, many Canadian coals are suitable, as may be seen
by referring to the analyses of the coals of Canada (Mines Branch bulleting
28 to 26).

The approximate analyses and sulphur content of some of these
coals, on the dry basis, are quoted below. The moisture content referred

- to by My. Gadd refers to the powdered coal; the moisture content of the
raw coal may be reduced by drying.
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Some Canadian coals suitable for practically all purposes, when
burned in powdered form

Nova Scotia Albeita British Columbin
Stellar- | Spring- {Mountain | Yellow- | Crow’s- | Nanaimo
ton hill Park |head Pass] ' nest
Ash, percent............. 9.2 3-4 4.4 8:5 9.0 8.6
Volatile matter, per eent.. 337 333 315 414 26.3* 40-4
Fixed earbon, per cent. . 571 63:3 64-1 50-1 647 510
Sulphur, per cent.......... 0-6 0-9 0.4 0.2 0-5 0-5

*Rather low volatile content.
FUNCTIONS OF POWDERED COAL PLANT

A powdered coal plant consists of apparatus which converts raw coal
into powder, and conveys it ‘to the furnace, into which it is delivered as
required and burned in suspension. The systems used to accomplish this
may be divided into two classes: (1) the unit system in which one machine
prepares. and, delivers the coal to the furnace, with the necessary air for
combustion to burn it; and (2) the multiple system in which the coal
18 prepared in one building and transported to another building wherein
is sitnated the furnace in which the coal is to be purned.

- By far the more common of the two systéms is the multiple system,
whicli consists of many different pieces of machinery and apparatus, which
differ considerably in design in different plants; but the small unit systems
are all very similar in design. The unit system will be first deseribed,
theu the general features only of the multiple system; leaving the separate
principal parts of the multiple system to be described in latér chapters.

SYSTEMS: (1) UNIT SYSTEM; (2) MULTIPLE SYSTEM

Unit System described.—The best known unit systems are, the
Aero system, which is used for various purposes, anid the Bettington system
—which was developed for firing a boiler spécially designed for burning

. powdered coal. Both systems are similar; each consisting of a single
machine, which pulverizes the coal and mixes the powdered coal with a
blast of air, propélled by a fan mounted on the same shaft as the pul-
verizing paddles, and delivers the mixture to the furnace, situated close
to the blower pulverizer unit. The Aero pulverizer unit is shown in Fig.
1; the paddles for pulveuzm and the fan for propelhnrr the air are shown
in Fig. 2. ' V

Tig. 1 shows the elevator dehvermg the coal to a hopper, from which
the coal is fed by a rotary feed to the pulverlzer .

The air and coal leave the pulverizer by the pipe shown leading from
the bobtom of the pulverizer. .

Tig. 2 shows the feedlng mechanism at the extreme right; the four
pulverizing paddles; the air chamber between the pulverizing and fan
chambers into which air passes through an opening at the top; and the

" fan blades in the left-hand chamber. ‘

These small, compact unit systems have proved very useful where
there is sufficient room to install them mnear the furnaces, and where the
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quantity of coal used would not warrant expenditure upon a separate
pulverizing house, coal dust conveyers, coal dust storage bins, and coal
dust feeders. A further advantage lies in the ability of this system to
use raw coal for many purposes without preliminary drying in a separate
dryer, unless the coal contains & very great amount of moisture. That
it is unnecessary to dry the coal in a drier with this system is due to the
absence of bins and feed serews which clog with moist coal, and because
the air passing through the pulverizer partly dries it. But it is unlikely
that this system could be used successfully for many metallurgical opera-
tions with coal contsining a moderate amount of moisture, unless the
coal were previously diied. Some doubt exists also as to the ability of
the pulverizer to deliver coal sufficiently pulverized for many operations.
The pulverizing blower has the obvious advantage of thoroughly mixing
the coal and air before delivering it to the furnace; and in one plant
visited by the writer it svas possible to reduce or to increase the excess air
supply in the products of combustion to. any desired degree, by simply
controlling the flow of air into the pulverizer. With this unit system, no
powdered coal is stored in bins, which, while obviating difficulties some-
times encountered in feeding coal regularly from the bins, and occasional
combustion in the bins, makes the continuous operation of the furnace .
depend entirely on the continuous operation of the pulverizer. The special
field for this system lies in those plants where there are a few furnaces
which do not require very dry and highly pulverized coal.

Below, is a list which gives the standard sizes, capacity, and power
consumption of the Aero pulverizers.

Standard sizes, capacity and power of Aero pulvenzer'

Normal
Floor . “load Normal Horse-
Weight Height space soft : power power
Size (in inches) | (in inches) coal (Ib. R.P.M. | consumnp- | of motor
in lb. per hour) tion . recom-
H.P. mended
A 2250.... 28% ° 613 x 273 600 2050 10 15
B 4000.... 45 775 x 29 1000 1750 14 25
D 5400.... 463 853 x 20 2000 1550 30 40
E | 5900.... 50 89 x33 . 3000 1450 40 50
G 12000.... 59 116 x 40 5000 1450 65 90

The load may be increased 25 per cent or decreased 50 per cent with-
out material loss of economy.
From the above it will be seen that the estimated power consumpmon
per ton per hour for the above machines is:—
Lb.coalperhour....c.ovovieviinirennenns 600 1,000 2,000 3,000 5,000

Horse-power hours per ton (2000 [ pul- )
verized... ..o e 33 28 30 27 26

Multiple System Outlined.—With this system the coal is crushed,
dried, and pulverized, in a separate building, and from the pulverizer
house the coal is- conveyed either by screw conveyers or compressed air
to bins near the furnace, or in suspension in a current of low pressure air
directly o the furnace. *As an example of the multiple system, the

* See Engineering and Mining Journal for February 12, 1916,
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following flow sheet of the coal pulverizing plant at Anaconda is g1ven.
This plant has a capacity of 1,000 tons of coal per day.

Coal in railway cars.
80-ton receiving coal bin.
Two 307 x 307 Jeffrey single roll crushers,
Two vertical chain elevators.
36”rubber belt conveyer.
1,000~ton crushed coal storage bin.
2-24” belt conveyers at right angles.
24”7 x 26”7 “Ding” magnetic pulley.
16” chain elevator.
Chﬁte to No. 1 dryer and 14” screw conveyers to No. 2 and No, 3 dryers.
3-40 ft. by 80” Ruggles Coles dryers (dust fired).
'3-3¢4” by 20” Jeffrey coal disintegrators.
14” serew conveyer.
Chain elcl,va,tor (18” bucket).
14” serew conveyer system.
10, Raymond. b—roller mills (647):
10. No. 11 Raymond special exhausters.
R 10, 7 ft. cyclone dust collectors,
10, 4 ft. auxiliary cyclone dust collectors.,
14”7 serew conveyer system (also 6” conveyer to dryer fireboxes).
9-50-ton pulverized coal bins, one at each reverberatory furnace.
‘Warford 4” screw coal burners.
Supply oilf air from 16 oz, blowers,

9 reverberatory furnaces.

The above flow sheet is typical of many multiple systems of powdered
coal installations. A: good diagrammatic illustration of a similar system
is shown in Fig. 8. The American Industrial Engineering Company of
Chicago prepared this diagram. TFrom the flow sheet and the diagram
(Fig. 8) it will be observed that the coal is first crushed. The general
size to which it is reduced is from #-inch to l-inch lumps. Tt is next
passed over a magnetic separator to remove tramp irom, which .consists
of bolts, nuts, rivets, mails, railroad spikes, ete., for if this iron were not
removed it would damage, and possibly cause an explosion in the pulverizer.
After leaving the magnetic separator it passes to the dryer, thence to the
pulverizer mills, and thence to the distributing system which delivers it
to the furnaces. The various methods of drying, pulverizing, distributing,
and burning the coal, will be dealt with in separate chapters,

26698—23
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CHAPTER II

PREPARATION OF POWDERED COAL
DRYING

Reasons for Drying.—When the multiple powdered coal systems are
used, bituminous and anthracite coal are dried, so that they contain only
about one or two per cent of moisture; while lignite is dried so that it
contains only about 5 per cent of moisture. There are three principal
reasons for drying the coal: (1) because wet pulverized coal packs and
arches in storage bins, more than dry coal does; (2) that it tends more
readily to clog in the serews conveying it to the burner; and (8) that more
power is required to grind it.

Description of Dryers.—In the usual dryer employed, coal is fed into
the upper end of an inclined cylindrical shell, fitted with rollers, on which
it is rotated slowly by an electric motor. The speed at which the coal
moves through the dryer may be varied by changing the.inclination of
the shell and the speed of rotation. The dryer shell usunally rotates at a
constant speed, but occasionally, & variable speed motor is used, to enable
the coal to be fed at yariable rates,

The coal is dried by burning eoal in a furnace which is a part of the
dryer, and passing the hot gases from the furnace either immediately
over the coal to be dried, or first over the shell of the dryer; and, after
being cooled, -through the inside of the shell in contact with the coal.
The thest and safest dryers are those of the latter, or indirect type; so
constructed that the flames and burning gases do not touch the coal until
they have been cooled by losing heat to the coal to be dried, indirectly
through the shell. The gases of combustion and the steam evaporated
from the coal leave the dryer together. They are exhausted sometimes
by a fan and sometimes by the natural draft of a chimney. When a fan
is used, it is common to deliver the gas from the fan into a conically
shaped dust colleetor. In this dust collector small particles of coal separ-
ate from the gases, fall to the bottom, and are taken into the pulverizer;
the gases then pass to the stack.

Feed Inlet
~ ~—
- 7 = i
M /
A i - )
/ —
= |
DOO0Oooooo / L/
S “W-Discharge Outlet
iﬂi ., @ @ il 1 :«

Fi1c. 4. Indirectly fired rotary dryer. Fuller Lehigh Company.

Fig. 4 illustrates an indirectly fired rotary dryer made by the Fuller-
Lehigh Company, which shows how the gases pass from the ports in the




22 o

hand-fired furnace over the outside of the shell through the interior of
the shell to the stack, and how the coal passes down from the feed inlet
through the rotating cylinder to the lower discharge outlet.

Size of Dryers.—A dryer is somewhat cumbersome, and the large,
hot, uninsulated cylinder gives out a considerable quantity of heat which
may render the drying room uneomfortably hot.

The following table shows the sizes of Fuller-Lehigh dryers for drying
bituminous coal containing less than 10 per cént moisture:—

'Tons coal - . .
per hour Size
OO L | KO - 11 1O 4
O AN 37 6”7 x 30" 07
. S i e e e b de te e e v e e e 47 67 x 30" 07
A 0., 0 L e il e i e e e e e e 47 6”7 x 42’ 07
\ L 57 67 x 427 §“
N 2 T S M (LA 9 1 1 14
N\, 2.» C6 6"x42’0”

s,

Fuel \1sed for ]ermg —The quantity of fuel used per 100 pounds
of goal 1eavmg the dryer, will vary with the calorific value of the coal
burned the initial and final moisture content of the coal; the rise in
temperature of thia coal in passing through the dryer; the temperature
of the gases leaving® the dryer; and the thermal efficiency of the dryer.

_ The moisture to be reincved from coal containing x per cent of
moisture, _to give 100 pounds of cozl containing y per cent of moisture is
equal to 100 -

100—x (X-—y)

‘The heat used to evarpomte 1 pound of water from the coal is equal to
1082-+048T ~+: where t is the temperature of coal entering the dryer,
and T is the temperature of the gases leaving the dryer.

The heat used to heat 1 pouud of coal is equal to the specific heat of
the ooal multiplied by the rise in temperature of the coal in the dryer.

© Th-the following table will be found the quautities of undried coal
~ to be burned to dry coal containing from 4 to 14 per cent of moasture, down

to 100 pounds of coal containing 2 per cent of moisture.
The following assumptions are made:—

Calorific valuo of coal, dry busxs........ N BN 14,000 B.Th.U. per 1b.
Temperature of coal enteung dryer. . e 70° T,

, Temperature of coal leaving dryer.................. 240° 1.
Temperature of gases leaving dryer...........o.oe . 200° T,

Specific heat of coal,...........v. e 0-24

The thermal efficiency is taken as the ratio of the heat wsed to drive -
off the steam and heat the coal, to the calovific value of the coal burned.’
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Heat required, and coal burned per 100 pounds of coal containing
2 per cent moisture on leaving dryer

Moisture in coal entering dryer......... 4 6 S 10 | 12 14 |per cent.

Moisture evaporated from coal.......... 2.1y 431 6-5{ 89/ 11.4] 13-9 [Ib.

Heat to evaporate moisture from coal. .| 2300 | 4700 | 7200 | 9900 {12600 |15500 {B,Th,U.

Heat given to 100 Ib. ecoal.............. 4100 | 4100 | 4100 { 4100 { 4100 | 4100 [B.Th.U.
Total heat used............ 6400 | 8800 {11300 | 1400 {16700 {19600 {B.Th .U,

Coal burned 70 per cent efficiency.......| 0-68 | 0-95 | 1.25] 1-58 | 1-93 | 2-32 [Ib.

Coal burned 60 per cent efficiency....... 079 1 1-11 | 146 | 1-84{ 2-26 | 2-71 [lb.

Coal burned 50 per cent efficiency....... 0-95|1-34 | 1-76 | 2-21 | 2-71 | 3-25 [Ib.

It is usual to fire the coal used in dryers by hand, but in some plants
it is fired in the form of powder. Very little coal is saved by firing it in
powdered form, since it is mnecessary to feed to the furnace far more air
than is required to burn the coal, in order to keep down the temperature
of the products of combustion, and so avoid raisihg the coal in the dryer
to too high a temperature.

Power used for Drying.—Very little power is used to rotate the
shell of a dryer. The following table gives the estimate of the power used
to rotate the shell of a Fuller-Lehigh dryer:—

Capacity in tons per hour Horsepower to rotate shell
2

4
6
8
10
14
20
25

ORIV W N

vy

Precautions to be taken im drying the coal.—In selecting a dryer
it is better to choose a dryer too large rather than too small. When a
dryer is too small it dries coal at too high & rate, and the dried coal becomes
50 hot that it is apt to ignite either before or after pulverizing, and may
lose some of its volatile combustible constituents in the dryer. TFurther,
the higher the temperature at which the coal leaves the dryer the greater
the quantity of steam in the atmosphere surrounding it, and this steam, on
reaching the bins, conveyers, and feeders, condenses on the walls, forming
water which mixes with the coal in a pasty mass, and makes the coal
difficult to feed.

The elevator or conveyer which removes the dried coal on leaving the
dryer should, if possible, be interlocked electrically with the dryer, so
that there may be no danger of coal-remaining too long in the dryer
becoming very hot, and giving off combustible gases which may mix
with air, ignite, and explode. All elevators and bins which elevate and
store hot coal should be well ventilated to permit any gases given off to
eseape.



24
PULVERIZING

After the coal is dried, it passes dueetly to the grinding mills. In
cement plants the coal is often ground in the well known ball and tube
mills, but generally the coal is ground in high speed pulverizing mills.
The four high speed mills most commonly used are the Raymond, Bonnot,
Fuller, and Aero pulverizers. Iiach of the first three will be deseribed
later. The Aero pulverizer has been described already as a part of the
unit system of pulverizing.

Size of Pulverized Product.—Therc is no definite size to which coal
must be ground, although it is recommended, generally, that 95 per cent
of the pulverized coal should pass through a sieve with 100 meshes to the
inch, and 80 to 84 per cent through a sieve with 200 imeshes to the inch.
It has been found possible to operate some furnaces with coarser coal
than tlns, and found necessary for firing open-hearth furnaces to grind
the. coal more finely. The more finely the coal is ground the more rapidly
will it burn, and the more readily will the smaller ash pm'tlcles pass off
with the gas; but the power required to pulvemze coal inereases as the
coal is pulverized more finely. :

Power to Pulverize Coal.—A table is liere reproduced from the
transactions of the American Society of Mechanical Engineers (Vol. 86),
which shows the horse-power required to drive Raymond pulverizers, to
pulverize coal at various rates. These figures show that considerably more
energy per ton is required to pulverize to 99 per cent through 100 mesh,
than to pulverize to 95 per cent through 100 mesh. The energy used
.per ton of coal varies with the moisture content, hardness, and toughness
of the coal, and therefore, more energy is required to pulverize anthracite
than to pulverize bituminous coal.

Power for Pwliferizing Coal

Capacity of grinding room, Percentage | Percentage Total H.P.
tons per hour through through H.P. hours
’ 100 mesh | 200 mesh | required per ton

99 95 45 45.0

95 82 45 22.5

99 95 60 300

95 82 60 20-0

99 95 85 280

95 82 75 19-0

95 82 85 17-0

99 95 170 28-0

95 82 170 17.0

99 95 255 28-0

95 92 425 17:0

99 95 680 28-0
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The Fuller-Lehigh Company publish the following particulars of their
pulverizing mills, for pulverizing to 95 per cent through 100 mesh:—

Size ) Size of feed |Output per hour {Horsepower
2 Through $" ring|1000 to 1200 1bs. 10
B8 ..|Through %"’ rmg 2to 2itons| 30 to35
N ,.{Through 1 ringl 4to 6 tons| 45 to50
BT e s Through ll”rmgl 8to 10 tons 100

Heating of Coal in Pulverizers.—It is often thought that coal is
raised to a considerably higher temperature while being pulverized. The
actual energy used to pulverize the coal is.about £ horse-power hours, or
about the equivalent of 1900 B.Th.U. for every 100 pounds of coal pulver-
jzed. Assuming no heat losses from the machine, and that all this heat
is taken up in heating the coal, then the temperature of the coal would be
raised about 70°F. An actual test with a Raymond pulverizer, when pul-
verizing undried coal showed that the temperature of the coal rose from
75°F, on entering the pulverizer, to 105°F. on leaving it. Another test
with a Raymond pulverizer when pulverizing dried coal showed that the
temperature of the coal fell from %38°F. on entering the pulverizer, tc
170°F. on leaving it. During the latter test, the coal lost more heat
through the shell of the pulverizer than it gamed in the pulveuzmg pro-
cess,

Description of Pulverizing Mills.

) Roaymond Mill—The Raymond system of pulverizing coals is shown in
_ Fig. 8, The coal passes from the dry coal bin into the base of the pul-
verizer, ig’ llfted when sufficiently pulverized, by a current of air, passes
through a separator, where the coarser parbicles fall back to be further
pulverized, and from the separator it passes through a fan to the collector
where the air and coal separate. From the collector the coal falls down
to the serew conveyer and the air returns from the collector to the base
of the pulverizer. Any surplus air drawn in passes to the atmosphere
through an opening shown at the top of the bend of the pipe which
delivers the air from the top of the collestor. In some indtallations this
air relief opening is not connected directly with the atmosphere, but to a
second collector, from which the air passes to the atmosphere, and any
coal dust separated from it passes into the powdered coal system. With
this system, the coal is delivered to any convemient height by the fan,
which takes the place of elevators in other systems mot equipped with air
separator. The interior of the pulverizer is at a pressure below the
atmospheric pressure, and so reduces the coal dust leakage from the pul-
verizer; though on the pressure side of the fan the coal and air will
tend to pass through any openings in the piping to the collector.
Fig. 5 shows a cross-section of a Raymond four roller mill. The coal
passes through the spout S, and automatic feeder F, to the grinding
chamber G. TIn this chamber the manganese steel ploughs (P) throw
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up the coal between the rollers (R) and the pulverizing ring (B). Tach
roller is keyed to a vertical shaft which is free to rotate on its own axis
in a lubricated bearing. The roller shaft and the sleeve surrounding it
are supported by a horizontal shaft resting in bearings in s frame keyed
to the central vertical shaft. This central shaft is rotated by the bevel
gears beneath the pulverizer and carries the vollers round with it. This
rotary motion forces the rollers radially outwards against the pulverizing
ring, and provides the force for crushing the coal.

O

= -
DOSSS
NN

A 2,

s R
Mg, 6. Cross section of Raymond Bros.’ four roller pulverizing mill.

This mill differs from most other mills beeause all the moving parts are
lubricated. To keep the mill in working order the interior working parts
should be lubricated once a day. It takes about 20 minutes to open the
mill, pack the rings and journsls. with grease, and close the mill again.

The air, which lifts the coal, enters the mill through a series of
tangential openings surrounding the base of the grinding chamber, passes
upward round the roller (R) and pulverizer »ing. (B).

This mill will pulverize coal varying in s$ize fromi % inch to 1% inch,
to a fineness of about 95 per cent through 100 mesh. When it is necessary
to grind coal moxe finely than this, Messrs. Raymond Brothers recommend
a mill with a similar pulverizing system, but a more elaborate separating
system.
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Bonnot Pulverizer—I'ig. 6 shows the Bonnot pulverizer. The coal is
pulverized between four rollers, which are free to move radially in slots
in a driver mounted on a horizontal shaft, and an enclosing ring. When
the driver rotates, the rolls are forced by centrifugal force against the
ring. The pulverized coal is then thrown upward from the pulverizing
chamber into a distributing compartment, where a stream of air meets
it and carries it up through flues where it meets adjustable deflectors,
which return the heavier particles of coal to the center of the.geparator
and pulverizing compartment.

’m

F1a¢. 6. Cross section of Bonnot coal pulverizer, Capacity 4 to 5 tons per hour,

The fineness of the coal may be controlled by varying the flow of air
through the separator. There is.considerable wear and tear between the
rollers and drivers with this machine, and in some plants both drivers and
pulverizers have been yenewed frequently, The coal and air pass through
an opening in the top of the Bonnot pulverizer to a fan which delivers
the mixture to a collector. The coal leaves through an opening in the
base of the collector and the air through an opening in the top, from
which it returns through a pipe to the pulverizer.

Fuller-Lehigh Pulverizer—Plate 1 shows the Fuller-Lehigh pul-
verizer mill. The coal is fed to this mill by means of the feeder shown
on top of the mill. Tt is pulverized by four unattached steel balls rotating
in a horizontal plane, which are forced by gentrifugal force, many times
their own weight, and by their own weight, againgt a concave shaped
driving ring, - Four pushers propel the balls. These mills have two fans:
one in the separating chamber above the balls, and the other in the
chamber below the balls. The upper fan lifts the fine particles of coal
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from the grinder into the chamber above it, and there holds them in
suspension. The lower fan draws the finer coal, through the protecting
and finishing screens on the outside of the separating chamber, and dis-
charges it through the spout shown at the side of the mill. From the
spout the pulverized coal passes to a conveyer, which should be ventilated,
s0 as to permit the air leaving with the coal to pass to a separator where
any coal dust suspended in it is separated. These mills are operated
entirely through the single vertical shaft, and require no additional fan
mounted on a separate shaft like the Bonnot and Raymond mills require.
When. the sercens clog with wet coal, or when in time they are pierced
by pieces of foreign maitter, they should be removed, and replaced with
others at regular intervals. The balls with usage wear and assume an
ellipsoidal shape, then the mills become very noisy. The balls wear more
rapidly when the coal is fed irregularly. The Fuller-Lehigh Company
manufacture another mill which differs from the one described, in that the
fine coal is selected by an upward current of air instead of by screens.

Vertical shaft motors usually drive Fuller mills by means of a belt,
‘but they are also driven by horizontal shaft motors, either through gears
or a twisted belt. ’
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CHAPTER III

DISTRIBUTION OF THE POWDERED COAL
INDIRECT AND DIRECT SYSTEMS

There are two main systems of distributing powdered coal from the
powdered coal bins in the grinding room to the furnaces; namely, the
indirect, and the direct system. The coal may be distributed indirectly
to the furnaces by screw conveyers, or compressed air, to bins situated
near the furnaces, whence the coal is fed by a screw or other means to the
fwrnaces, or it may be blown directly to the furnaces, from the grinding
room, in a eurrent of low pressure air. With the indirect system, separate
bins and feeders are required for each furnace; but the exfra expense
involved is offset by less danger from explosion, due to the greater con-
trol over the rate of feeding the coal to the furnace, and by the greater
reliability, since with the direct system the whole plant will be shut down
gshould the central distributing fan break down. Xach system will be
described in detail.

INDIRECT DISTRIBUTION SYSTEMS
Serew Conveyers,

The oldest system of distributing the coal from the eentral storage
bin to bins near the furnaces consists of sorew conveyers for moving the
coal horlzontally, and bucket and chain conveyers for raising it vertwa’lly.
In Fig. 8 (see general arrangement, p. 20), a gserew conveyer is shown
immediately below the collector, which receives the coal from the Riaymond
mill. Below this screw conveyer is shown a pipe through which the coal
may be allowed to pass to the bin near the flurnace by opening a slide,
Care should be taken to see that it is impossible to cause this bin near
the furnace to overflow, since the falling powder may touch a hot body
and ignite. The troughs for the screw conveyers should have a well fitting
cover to prevent the leakage of dust. A section of a frough for a screw
conveyer is shown in Fig. 7. Packing is placed between the cover and
the trough to make it dust proof. Screw convéyers are a very reliable
means of conveying coal, seldom need to be repaired, and are largely used.
But they are comparatively heavy, require rigid supports, and often a
walkway for inspection, and while they are very suitable dor conveying
large quantities of coal horizontally, comparatively short distances in one
gtraight line, they are gradually being superseded by less ctimbersome
transportation systems, whereby the coal is transported in a pipe, which
takes up little room, requires little support, and contains no mechanism,

About one horse-power is required to rotate the screw to propel a ton
of powdered coal per hour 300 feet.

Helical Pump (Fuller-Kinyon System).

The Fuller-Lehigh Company have developed a system whereby coal,
after being aerated slightly, is forced through pipes by a small helieal
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pump. This pump consists of a. worm mounted on a heavy horizontal
shaft which is rotated in a cylinder, coaxial with it, by an electric motoz.
The coal falls from a storage bin through a pipe on to the worm in the
pump casing, is forced axially through the pump by the rotating worm,
and leaves the pump through an opening concentrie with the worm shaft.
In passing through the pump the powdered coal is compressed slightly, and
as it leaves the pump it meets a small jet of compressed air, which mixes
with it, aerates it, and renders it so fluid that it may be propelled through
the distribution pipes.

The quantity of air mixed with the coal is 8o small that neither cyclone
separators nor dust collestors are required at the end of the delivery line.

A 6-inch pump (that is a pump with a worm 6 inches in diameter)
will propel 9 tons of powdered coal per hour a distance of 350 feet, and
4 tons per hour a distance of 1,250 feet. About one horse-power is required
to propel one ton at the rate of 9 tons per hour 350 feet, and 5 horse-power

. to propel one ton at the rate of 4 tons per hour 1,250 feet. The pressure of

the aerating air is 45 pounds per square inch for transporting the coal 1,250
feet, and 15 pounds per square inch for transporting the coal 350 feet,
From 4 to 8 cubic feet of air at atmospheric pressure are mixed with one
cubic foot of pulverized coal.

The Fuller-Lehigh Company state this system has been used success-
fully both to convey coal horizontally and to lift it vertically as high as
65 feet. This company states also, that the initial cost of the system
is no greater than the initial cost of chain bucket elevators and screw
conveyers.

Compressed Air Conveying

Quigley Installations.—Another method of conveying coal in bulk is
by means of compressed air. With this system, which has been installed
in several plants by the Quigley Furnace Specialties Company, the coal
is blown along a comparatively small pipe from a bin in the pulverizer
house to the bins near the furnace. Mr. W. O. Renkin of the Quigley
Company states in the Blast Furnace and Steel Plant for February, 1919:

“In installations using the compressed air transport system, the
pulverized coal is fed into a cylindrically shaped blowing tank from which

it is driven, not as a mixture but as pistons of coal alternating with pistons
of compressed air,

“This is a novel feature which greatly reduces the amount of air
needed to transport the powdered coal. The average is, in properly
designed apparatus, about 1% to 2 pounds of coal to 1 cubic foot of free
air, when compressed to 30 pounds.” Also, he states: “ With this system
2,800 pounds of powdered coal has been transported 600 feet through a
4-inch pipe, in one minute, with an air pressure averaging 15 pounds per
square inch gauge.”

The writer saw this system of air transport working successfully at
the plant of Messrs, Dilworth Porter & Company, Inc., Pittsburgh. At this
plant, the powdered coal is blown from the Raymond pulverizers to a
oyclone separator, from thence, after separation from the air, it falls into
powdered. coal bins of 8 tons capacity each. From the powdered coal bins
the coa} iz permitted to pass as required through a gate and flexible pipe
to each of the blowing tanks, which are placed on weighing scales. Fach
tank is 6 feet diameter x 18 feet high, and can hold 5 tons of coal. From

the tank the eoal leaves through two 4-inch pipes. -
26598—3
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. The system of operation is as follows. The operator has before him a
blackboard on which the contents of every bin in the mill near the furnaces
is indicated. When required by signal to send coal to a particular bin, he’
reads the scale showing the weight of the blowing tank and its contents,
then. delivers coal to that bin.until the new scale reading shows him that
he has delivered the desired amount of coal, :

Fig. 8 shows this system. The powdered coal transport . tank is shown
on the extreme right. The three furnace hoppers, and the switching valves
for the first two hoppers are shown to the left of the tank. Above each
furnace hopper is shown the cyclone dust and air separator. The air
used to propel the fuel through the pipe escapes through the vent on the
top of the separator. Alongside the 4-inch supply pipe is another pipe
(not shown in Fig. 8) which is connected to it at suitable intervals. When
the coal clogs in the supply pipe, compressed air from the pipe alongside
is admitted, to move it. The compressed air for delivering the coal is
compressed in a 2 stage motor driven compressor, which delivers the air
into two air receivers. Before the air is stored, it is cooled, and in cooling
it loses.some of its moisture. The method of admitting coal to the supply
pipe leaving the tank is as follows:—

The 4-inch supply pipe extends from within about 1 foot of the bottom
of the tank, vertically up through the roof of the tank, and has a valve
placed in it just above the tank top. Inside the tramsport tank, an 8-inch
pipe surrounds the 4-inch pipe for about three-fourths of its length. This
8-inch pipe rests on a lead ring when it is not desired to blow coal. When
it is desired to blow coal it is raised from its seat on the ring by means
of levers controlled on the outside of the ‘tank.

The combination of the air transport system, the control and weighing
of the coal delivered has been designed by the Quigley (Company, so that
not only is the system simple to operate, but it enables a valuable record
of the coal used in different parts of a plant to be easily kept.

Heyl and Patterson Installation.—Messrs. Heyl and Patterson also
install' a compressed air transport system. Mr, E. G, Covert, contracting
engineer for Messrs. Heyl and Patterson, has designed and installed an
air transport system at the Oliver Iron and Steel Company, which installa-
tion was seen by the writer.

At this installation, 60 tons a day are conveyed through a 3-inch dia-
~ méter truunk line, to eight stations: the farthest station being 1,670 feet

from the pulverizing plant. Mr. Covert states that it takes about 5 or 6
minutes to deliver a ton of coal in this plant, and about 2 cubic feet free
air per pound of coal is used to transport it. The air pressure is 80 pounds
per square inch.

Installation of the International Nickel Company.—The International
Nickel Company have constructed an air transport system for powdered
coal, at Copper Cliff, Ont. Messrs. E. P. Mathewson and W. T. Wother-
spoon refer to this system in a paper on the application of pulverized coal
© to blast furnaces (Canadlan 'Mining Institute Bulletin, July, 1919), and
state with compressed air transport, 23 tons of coal could be trafisported
in five minutes through a 3-1nch standard wrought iron pipe, 1,100 feet
on the houzontal and with an elevation of 50 feet.
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36

Bonnot Compressed Air Transport (combined with Direct Delivery
System).—The Bonnot Company have installed a plant for transporting
powdered coal in bulk by compressed air at the Pressed Steel Car Works,
at McKees Rocks, Pa. At this plant the coal is delivered to sub-stations
from ejector tanks in the pulverizing house.  Each ejector tank holds 5
tons of powdered coal. Ii has been possible to fill a tank and deliver the
coal to a sub-station in 8 minutes, with compressed air pressure of 385
pounds per square inch. Figure 9 illustrates the Bonnot installation at
McKees Rocks, and shows the path of the coal from the track hopper
through the pulverizing house to the sub-station, and the method of dis-
tributing coal in suspension in air from the sub-station bin. The details
of the flow of coal to the furnaces are indicated below:—
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Fic. 9, General arrangement of a powdered coal system with sub-station,
Installation in plant of Pressed Steel Car Co,, by Bonnot Co,
1—Traek hopper.
2—Reciprocating feeder to feed coal from the track hopper to coal erusher.
3—Coal crusher to receive coal from the reciproeating feeder.
4——Belt conveyer to deliver coal from the coal crusher to the bucket elevator.
b—Stationary magnetic separator over the belt,
t—Centrifugal discharge bucket elevator.
7—Distributing screw conveyer with casing and flights, to receive coal from
the elevator and distribute it in the coal bunker.
8—3-ton coal bunker divided into two parts, so as to store two lkinds of coal.
9—Belt conveyer to deliver coal to the automatic scale.
10—Automatic scale.
11—Secrew conveyers, to receive coal flom automatic scale, and deliver same
to coal dryer.
12—Rotary dryer.
13—Centrifugal dlscharge bucket elevator to deliver coal from dryer to dried
coal storage bin.
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14—5-ton dried coal storage bin.

15—Bonnot coal pulverizers, complete with vacuum separator,

16—Mill exhauster lo exhaust pulverized coal from the separator and deliver
same to the collector.

17-—Pulverized coal collector above 25-ton bin,

18—Auxiliary pulverized coal collectors.

19—Pulverized coal storage bin.

20—=Special outlet castings with valves to let pulverized coal into ejector tanks.

21—Compressed air line,

22—Vent line.

23—Hjector, which delivers pulverized coal to the various sub-stations through
a 3-inch pipe line by means of compressed air.

. 24—Pulverized coal collector, at sub-station, which receives mpulverized coal

from the ejector,

25—Auxiliary collector.

26-—2b6~ton capacity pulverized coal storage bin,

27—Special outlet casting to-support feed screw.

28—=8pecial feed screw, for feeding coal to the distributing system.

29—Automatic regulator which automatically controls the speed of the variable
speed motor that drives the feed screw, thus to feed the pulverized
coail: in proportion to the amount of air flowing through the distributing
system.

30—Vent pipe with top bent down to prevent its acting as a flue and thus
producing suction on the system which might draw flame into the
pulverized coal main if blower should be stopped for any reason.

31—High pressure .distributing blower, to furnish the necessary air for
distributing the pulverized coal to the furnaces. ’

82—Pulverized coal main to furnaces with branch lines to burners.

33—Valve for regulating the flow of pulverized coal to the burner,

34—8Special burner for open-hearth furnaces.

35—ICast iron water cooled burner.

36—Air blast line to deliver secondary air to form the proper mixture for
burning pulverized coal. .

37—Return main to talte surplus pulverized coal and air mixture to pulverized
ccoal collector which deposits the unused coal into 25-ton pulverized
coal storage bin,

38—At McKees Rocks plant there are flve sub-stations, which are substantially
the same as shown, one for annealing furnaces at foundry and one
for open-hearth furnaces at foundry, one for forge plant, spring and
rivet shops, one for miscellaneous order department and one for plate
‘heating furnaces in pressing department. The mixture of air and
pulverized coal in coal distributing main is 1 pound of pulverized
coal to 63 cubic feet of air. The mixture of air and pulverized coal
when burning in furnaces is 1 pound of pulverized coal to about 230
cubic feet of air.

(From the Iron Age, Vol, 102, No. 12,)

DireEcT DISTRIBUTION TO THE FURNACES OF COAL IN SUSPENSION IN AIR

Bonnot Installation, Holbeck System.—The distribution of powdered
coal in a current of air differs radically from the system of distributing
it in bulk by compressed air to bins. This system is shown in Fig. 9, and
is used to distribute the powdered coal directly from the sub-station biny
(26), directly to the burners at the various furnaces. That is to say, only
one powdered coal bin is required to supply many furnaces which may be
widely scattered, and the air that carries the coal in suspension delivers
it to a valve near the burner. The opening and closing of this valve is
all that is necessary to regulate the flow of coal from the distributing main
to the furnace.

This scheme of distribution is carried out as follows. The coal falls
from the storage bin (26), into the feeder box, which is fitted with a gate,
and is extracted by means of a double flight feed screw (28), driven by
a variable speed motor, whose rate of rotation is controlled automaticalls
by a regulator (29). This feed screw delivers the coal into-a current of air;
both coal and air drawn through & high pressure blower (81) pass through

i
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the circulating main (82), from which it may be allowed to pass by open-
ing valves (88), through branch pipes to the burners, and the residue of
coal and air, which does not pass to the burners, returns through the main
(87), to the cyclone separator in the sub-station, whence the coal passes
back to the storage bin, and the air to the atmosphere.

When a valve admitting coal and air from the trunk line to a furnace
is opened, the momentarily reduced pressure in the truuk line causes an
automatic valve in the Holbeck air indicator to open; and in opening,
it operates a mechanism which increases the speed of the feed screw
which delivers coal from the bin. On the air indicator is a scale which
shows the rate of flow of the air to the system. The air indicator thus
supplies, automatically, a quantity of air and coal, mixed in constant
proportions, commensurate with the demand of the furnaces. Should all
the furnaces be shut down for a short time a sufficient quantity of coal
and air is kept in circulation by the regulator to insure an immediate flow
of air and coal from the distributing main on reopening a valve between
the main and a furnace burner. At the Mansfield Sheet and Tin Plate
Company’s plant, an additional blower was installed at about the farthest
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Fia. 10. Coal and alr controi, Holbeek systein, Borix}ot Company.
point from the pulverizer house, having about one-half the capacity of
the main blower in the pulverizer house, to assist in maintaining the
required velocity of coal and air in the delivery pipe. The Bonnot method
of controlling the dlow of air and coal from the distributing line and
mixing, it with a supply of secondary air delivered by a blower through
the secondary air line, is shown in Fig. 10. A portion of the coal and air
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mixture passes i:h'rough a gate, butterfly valve, and vertical pipe, to a Y,
where it meets the secondary air and the combustible mixture passes on
to the burner. Tig. 11 shows details of an adjustable bafile, for deflecting
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I'a. 11. 57 Butterfly control wth adjustable baffle, Holbeck system, Bonnot Company

the coal and air from the trunk to the branch line, and of the gate and
butterfly valve in the branch line,
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Fig. 12 illustrates a type of water cooled burner commonly used with
the Holbeck system. The primary air and coal enter the feed section at B,
the secondary air at A and the combustible mixture enters the furnace at
C from the water cooled section. A blank flinge is placed at D, usually
this blank flange is left hanging on one bolt so that it may easily be turned
to view the burning coal.

f—— 9" Dia.—r—] o 8Diz——]

| — 60— | | j—5&"Diai— ¥
I r A —1 ! 1 '-"—- *i I &
—— l | —
X |
- i
T H 1 o
& ¥ I §
Q [ v
h N | ! X
o 1 11 T
—D-} > e e ._.} _r.-—-_:“;-.-:-.:._, . 1e
. [ pssgEssEs— e
! ! PRSP =% § 32y l
L X SR
' [ . |
1. h il ! 1
- S
) E
! 1% Pjpé tap— T
=

bre e i e e 29" i

FIa. 12, Longitudinal section of §” 'Standard water cooled burner. Holbeck system,

Bonnot Company.

The Bonnot Engineering :Company appear to use the coal in sus-
pension system entirely, and usually distribute the coal by this system
directly from the powdered coal bin in the pulverizer house. With it,
no bins are required near the furnace, nor separate motor driven feeding
devices for each burner. But the whole system is entirely dependent
upon the air and coal circulating fan and distributing main. Should the
fan stop, or the coal plug the circulating main, the whole plant must
shut down, since there are no bins near the furnace containing a reserve
supply of powdered coal with separate inechanism for feeding it to the
furnace. - :

The fan has to keep air and coal in continuous motion; and while the -

larger portion of the air is used to burn the coal, it has travelled an un-
nécessarily long distance before reaching the furnace, The coal and air
mixture erode the fan impeller and casing, and in several plants the
impeller has had to be renewed or repaired frequently. .

At the plant of the Bethlehem Steel Company, Steelton, Pa., the
following results were obtained from a test on a Holbeck system supplied
by the Bonnot Company, which delivered air and coal from the pulverizing
house -through- a 12-inch-pipe-to a 14-inch by 16-inch mill comntinuous
heating furnace. .
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Horse-power used to drive conveying fan.. .. .. .. 26:55

Ajr discharge per minute.. .. Ve 3,826 cu, ft.
Quantity of coal dehvered w1th alr per mmute < 29-68 1b.

Ajir discharged into furnace per minute.. .., .. .. 3,082 cu. ft.

Coal discharged into furnace per minute. “ es 16 s 23-91 1b.

Cubic feet of air used per pound of coal.., .. .. .. 129

Mean velocity of air in 12” pipe.. .. e as 4,900 ft. per min,
Velocity head for mixture of coa,l and au' Ve e 1-4 in. water.
Pressure of mixture leavmg fan.. .. .. .. .. . . 102 ¢ ¢

In the above test the power consumptlon to dehver 2,000 pounds of
coal per hour and most of the air required to burn it was 87 horse-power;
a greater expenditure of energy than would be required to convey the coal
by screw conveyers or air traunsport to bins, and to feed the coal from the
bins. The ratio of power used to distribute the coal and air mixture,
per ton of coal used, will increase with the distance the mixture is trans-
ported, and decrease with the load factor on the plant. This system is,
therefore, better adapted for supplying a plant which requires a fairly
constant supply for furnaces not too widely scattered. )

At many plants the transport of coal in suspension in air has been
found to give mixtures of coal and air which differ from time to time and
furnace to furnace. At one small forge furnace, a heater told the writex
that he had had less trouble in getting correct heats with hand firing
than with the air and powdered coal transport system, since with the
powdered coal system he needed constantly to open and close his valves a
little. But at this plant the management were well satisfied, and the
substitution of powered coal for hand firing had reduced the coal con-
sumption considerably, and enabled them to use a cheaper coal than they
had used with hand firing, At another plant, using coal in air transport,
some small furnaces were changed at the request of the heaters from
powdered coal to hand firing, only to be changed back to powdered coal
again at the request of the heaters,

A good desecription of a Bonnot powdered coal installation appears in
“ Mining and Metallurgy,” February, 1920. In this article, Mr. R. E. H.
Pomeroy describes the coal pulverizing plant at the Nevada consolidated
copper smelter, and states that after 14 months continuous operation the
plant proved entirely satisfactory. At this plant & mixture of about 50
cubic feet of air to 1 pound of coal is blown through the distributing main.
The returning air from the circulating system at this plant, after being
relieved of most of its burden of coal dust, passes from the auxiliary return
line dust collector, through a header pipe to the main suction pipe.

In one portion of this plant no return line is used, but the air and
coal are fed directly through a pipe, tapered to maintain the velocity
required to carry the coal to the furnaces. This non-return system, while
working less smoothly than the return line closed system, gives little
trouble if enough burners are used to keep the line from choking with
coal dust. The power consumption for the entire operation at this plant
has amounted to about 80 kw. hr. per ton of raw coal pulverized.

Mr. Longuenecker, of the Bonnot Engineering Company, stateg in
the Coal Trade Journal, that with the Holbeck distribution system a pres-
sure of about 20 inches of water is used in the circulating line at the fan,
and about 60 cubic feet of air are used in the circulating line per pound
of coal. .
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Heyl and Patterson Installations—Mr. E, O. Covert, of Messrs, Heyl
and Patterson, has developed an automatic air and coal circulating sys-
tem. With this system the coal is stored in a hopper near to the furnace -
building, from which it is delivered by a pressure blower, through an.
endless pipe circuit. The unused coal and air mixture, after passing round
the circuit, returns to the suotion side of the fan, where it is augmented
with an additional supply of air and coal as required. Plate IT shows
the bin, blower, retwrn and delivery pipes on one of Messrs. Heyl -and
Patterson’s installations. .

Ezxplosibility of Coal. Air Transport Miztures (Direct System)—
- It is important to note that the mixtures of coal dust and low pressure
air used for transporting the coal directly to the burners may explode, and
that with this system, bad e:cploswns have occurred in the fan, cyclone
separators, and the circulating main. Great care must be taken with this
system t0 prevent the ignition of the mrculatmg mixture of coal and air,
-either from coal which has been left in the pipe after shutting down and
ignited by spontaneous combustlon, or by sparks carried back from -the
buiners by tlie secondary air supply which inadvertently may be allowed
to continue to flow after the mam coal clrculatmg fans have stopped
running. : .
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CHAPTER IV

FEEDERS, MIXERS, AND BURNEDS (BIN AT FURNACE-
SYSTEM)

Irregular Flow of Coal from Bins,

When the powdered coal is not delivered directly to the furnace in
a current of air it is delivered to a bin near the furnace, from which it is
fed to the furnace by a screw conveyer and air, or by high pressure or
low pressure air. To feed coal from a bin at a ‘definite rate is not as
simple as it may appear. Powdered coal, even under a constant head,
will flow at rates which vary considerably with its dryness, aeration, and
fineness. It will frequently adhere to the sides of the bin, arch, fall down
and enclose air which renders it very fluid and causes it to rush from the
bin past the controllers into the furnace.

Methods to obtain Constant Flow from Bin.

To minimize ‘this irregular flow of powdered coal, the blns from
which it ig fed have steep sides, and many ingenious mechanical devices
have been tried both for feeding the coal and for preventing the formation
of an arch in the bin. Among the devices tried, to prevent the powdered
coal from resting on the walls of the bin, are electrical vibrators, mechani-
ically rotated paddles, and compressed air. While the vibrator and
rotating paddles have been somewhat successful, blowing compressed air
into the bin failed to regulate the feed, because the compressed air cooled
the steam laden air in the bin so that the steam condensed on the walls
of the bin, and caused the coal to adhere to the walls. The most practical
remedy for preventing the coal from hanging on to the bin sides, and
almost the sole remedy used, lies in drying the coal sufficiently, and cooling
it in such a way as to remove the steam laden atmosphere which surrounds
it when at a high temperature. The walls of the bin should also be kept
at a temperature higher than the dewpoint of the atmosphere inside the
bin, to prevent condensation on the walls,

Bin and Feeder, Anaconda Copper Company.

Fig. 13 shows a general assembly of the powdered coal bin, feeder, and
air main used for supplying powdered coal and air to five burners for a
reverberatory furnace in the dust treating plant at Anaconda. The coal
is brought to the plant on rails in the specially constructed coal dust car.
From the car it falls through flexible, detachable pipes, into two 14-inch
serew conveyers, A 10 ILP. motor rotates these screws through reduction
gears, belt, and bevel gears, and the coal falls through four openings in
the trough of each conveyer into the storage bin.

At the bottom of the bin are 5 openings, through each of which the
coal falls into a specially constructed screw conveyer, which propels the
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coal forward until it falls through an opening into the mixer, where it
meets a current of air delivered by two blowers, each driven by 75 horse-
power motors. A 10 horsepower motor drives the five screw conveyer
feeders, throngh a “Reeves” variable speed transmission of pulleys and
bevel gears. TFig.14 shows the coal feeding screw, and the air and coal
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F1g. 14. Warford coal feeder and coal and air mixer.

mixer in a chamber beneath it. The feed screw has a single thread
beneath the coal bin, and a double thread above the opening in the trough,
through ‘which opening the coal falls into the mixer. The air is blown
mnder a pressure of from 14 inches to 28 inches of water through a convey-
ing pipe in the centre of the mixer and leaves this pipe at so high a velocity
that it draws air from the atmosphere into the annular space between the
air pipe and walls of the mixer.  This induced air draft carries with it
the coal falling into this annular chamber; and the mixture of air from
the blower, induced air and coal, passes from the mixer into a blast pipe,
where more air is drawn in, and from which the air and coal enter the
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- a pipe into 4 mixer, where it meets a current of low pressure air. Fig. 16
shows a design of coal and air mixzer, and burner designed by the Fuller-
Lehigh Company. The coal falls in from the top 5-inch opening, meets
the air coming from the right hand opening, and this mixture, after
receiving, a- secondary supply of air, leaves through the left hand 14-inch
opening. Adjustable ports on the outer wall of the mixer are provided,
through which the secondary supply of air is drawn.
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F1g. 16, Longitudinal section, mixer and burner.
Fuller Engineering Company.

American Industrial Engineering Company Feeder, Mixer, and Burner,

The American Industrial Engineering Company install powdered
coal bins, with screw feed. They recommend a serew not less than 3 feet
long, and specially design the casting at the bottom of the bin, so that the
mean velocity of the coal decreases as it reaches the serew. They also
recommend that the serew should revolve completely not less than 20 times
per minute, to keep the coal from stricking between the flights. The screw
conveyer casting at the end of the screw, remote from the bin, has a hole
on the top connecting the interior with the atmosphere. This hole pro-
vides an outlet for the coal when the feed pipe or burner becomes clogged;
and an outlet for any air which might otherwise pass from the air and
coal mixer through the coal pipe against the coal current and into the
bin, A variable speed motor turns the serew. The secrew is made in
lengths up to 25 feet, which makes it possible to place the bin -at a reason-
able distance from the furnace. IFor the same reason, the coal pipe
between the screw conveyer casting and the burner, is frequently made
fairly long. Tig. 17 shows a general assembly of the American Industrial
Engineering Company’s mixer and burner. The air supply is delivered

26598—4 -
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entirely by a fan through the bottom 10-ineh opening, and so auxiliary
air is mixed with it on its passage to the furnmace. A pressure of about
one inch of water is sufficient to force the air and the coal into the furnace.
In passing through the mixer, the air divides into two streams, separated
by the wall of a slightly converging pipe inside, and concentric with the
outer wall of the mixer. The powdered coal falls through the top opening

Fie. 17. Longitudinal section of powdered coal burner, type A.
AAmerican Industrial Engineering Company.

into -the annular space between the ‘outside of the pipe and wall of the
burner. A deflector in the vertical coal pipe can be- adjusted to change
the direction of flow of the coal; and so, to some extent, adjust the pro-
portion of coal and air in-the plane perpendicular to its flow. The coal
and air mixture leaves the burner surrounding the-inner core.of air
through the left hand opening, ’
Quigley Feeder, Mixer, and Burner. o
The Quigley Furnace Specialties Company feed the coal from the
bin through a specially constructed gate by means of a screw rotating at
o constant speed., The rate of feed is regulated by means of swinging two
shutters or gates, which close round the screw shaft for s short distance
" where the thread is removed. The coal, after leaving the feeder, enters a
_screen agitated by a cam, and passes to a pipe where it meets a jet of air.
This air blast is supplied under about 10 inches of water pressure; but at
the point where it meets-the ‘coal, its pressure is so low as to render it
impossible for air to flow back into the bin, where, owing to its lower
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temperature, it would eool the atmosphere surrounding the coal, condense
the steam, and cause the coal to clog. The mixture of coal and primary
air, which is about one-eighth of the total air required to burn: the coal,
passes into the burner, through either the side or back. Here, it meets
the secondary air supply, under a pressure of about ome inch of water,
and the combustible mixture passes to the furnace. This system of
regulating the fuel and air, is illustrated in Fig. 18.

Blast gate~,

BLack wall
_of furnace
Secornda,
air line
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Fra. 18. Diagram of apparatus for regulating fuel into burner. Quigley system.

“ Lopulco ” Feeders.

The Pulverized TFuel Equipment Company, (“Lopuleo” Equipment
Manufacturers) have designed the feeder ghown in Fig. 19, The screw
discharges the powdered coal into a blast of air, discharged under a pres-
gure of about 10 inches of water through an annular orifice. -A paddle
revolving on the serew shaft mixes the air and coal, and the mixture passes
on to the burner. Only about 1 pound of air per pound of coal is mixed
with the coal at the feeder. The serew rotates from 40 to 110 times per
minute, depending on the load, and delivers about three-tenths of a pound
of coal per revolution. ‘

“Lopulco ” Horizontal Mixer and Burner,

Fig. 20 shows a horizontal burner designed by the Pulverized TFuel
Equipment Company, for burning coal in a continuous ingot heating fur-
nace. The coal and aif mixture from the feeder enters through the top
of the burner, meets a current of low pressure air from the left hand open-
ing, and,is carried by it into the furnace. On emerging from the burner,
it meets a further supply of air from a rectangular orifice beneath it,
moving in a slightly upward direction, which helps the two streams of
primary air and coal, and secondary air to mix in the furnace. The
relative velocities of the two streams of low pressure air can be adjusted
by opening or closing two dampers, placed in the branch circuits.

26598—43 :
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% Lopulco” Vertical Burner.

Fig. 91 shows a wertical triplex burner, designed by the Pulverlzed
Fuel Equipment Company, for burning cosal in a boiler furnace. The coal
and air from the feeder enter the burner through a vertieal pipe. A por-
tion of the secondary air is drawn into the burner through four openings,
each controlled by a damper. One stream of air entirely surrounds the
air coal mixture, and mixes with it before meetingthe remaining three
streams which join it on three sidés as the whole mixture moves into the
boiler furnace. The burner is designed so that the outside streams of air
lie between the central ‘core of air and coal, and the front and sides of
the furnace, and separate the streams of air and coal from adjoining
burners. A further supply of secondary air enters the furnace through
air ports in the front wall (See Fig. 31 and Fig. 32).

?

Heyl and Patterson Feeder.

Plate III shows a screw feeder developed by Mr. E. C. Oovert of
Messrs., Heyl and Patterson, Pittsburgh, Pa.. The principal feature lies
in the interlocking of two screws, which prevents the coal flowing in a
spiral path between the threads past the screw into the furnace.

ELABORATE MIXING DEVICES

The mixers and burners, so far deseribed, have no complicated device
for mixing the coal and air before entering the furmace. They rely on
the turbulent flow of the currents of coal and air to enable the coal to be
burned completely. They have all been used commercially, for some time,
and for the most part successfully, for many varied purposes.

There are, however, on the market other burmers and mixers in which
very special precautions are taken to insure a very intimate and constant
mixture of the coal and air. It may be that for a few very speecial -
. purposes these burners are to be preferred, but there is- no reason’ to
. suppose that for ordinary metallurgical and boiler furnaces they will
supplant the simpler mixers and burners.

Powdered Coal Engineering and Equipment Company’s Mixer.

The Powdered Coal Engineering and Eguipment Company, Chicago,
manufactures one of these spdeial devices for mixing and feeding the
coal and air. They term their process the “Carburization process”; and
to quote from their pampllet No. 6, their

¢ Carbureter contains two chambers, mto one of which an auxiliary
supply of air is admitted, and £rom which it is dlscharged into the second
chamber, and there mlxed with the coal—laden air, in such a manner that
the mtermmghng of the coal and air is carried to completeness. Where
serew feed is used, the-screw and air valves are so synchronlzed that,
‘when it is desirable to change the feed of coal, the air is automatlcally
.changed at the same time, the coal and air belng maintained at the same
" .ratio at all feeds.”

" The writer visited a plant where this burner was used with screw feed

sfor burning coal in annealing furnaces, and found it to be an improve-
aent on the burner it displaced. But the discarded burner was not one
of the modern burners, previously described.
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Screws also are dispensed with in some plants when compressed air
is used to give the coal a high velocity.

Compressed Air Coal Injector,

Fig. 23 shows the compressed air system of firing and feeding coal
to an open-hearth furnace, used until recently at the Homestead works
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IMia. 238. Coal feeder and burner for open-hearth furnace.

of the Carnegie Steel Company. The compressed air enters an injector
under a pressure of 90 pounds per square inch, and leaves the inner pipe -
with so high a velocity that it sucks the coal from the.coal bin into the
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injector, from which it projects it with considerable momentum into the
furnace. A high velocity burner is used only for open-hearth melting
and similar processes where it is desired o cause the flame to impinge on
the substance to'be heated. In open-hearth work it is essential to provide
means for changing the direction of the jet. Thus, after charging, the

path of the jet is more mearly horizontal than later, when it is directed.
downwaxrd.

Compressed Air 'In;iector, Combined with Screw Feed.

At the open-hearth plant of the National Malleable Castings Com
pany, Melrose Park, Ill., the powdered coal is fed by means of a screw,
driven by a variable speed motor from the bin into a T, where it meets
a current of compressed air under a pressure of 50 ‘pounds per square inch,
the mixture leaves the T, and passes through a short length of pipe into
2 larger surrounding pipe, where it joins a stream of air supplied under

2 pregsure of 12 inches of water, and the total mixture passes into the
furnace from a nozzle.
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CHAPTER V

‘ . USES O POWDERED COAL
. USE COMPARED WITH GRATES AND STOKERS

From the foregoing description of the process of preparing and burn-
" ing powdered coal, it may be seen that the process has very many qualities
to recommend its use. Iis principal advantages over hand and stoker
firing lie in the comparative ease of conveying it o furnaces and in its
practically complete combustion with little excess air in close contact with
the material to be heated, thus avoiding the convection, radiation, and
excess air losses which accompany hand or stoker fired furnaces placed
outside reverberatory and many other furnaces. For this reason its most
successful field of use has been for those purposes where it has replaced
 externally fived furnaces. Tor purposes such as steam raising where the
burning coal can give up heat directly by radiation to the boiler heating
surface, there is therefore less opportunity for reducing the fuel consump-
tion by burning powdered coal instead of burning coal on a grate, since
.the losses which may be reduced by substituting powdered coal firing for
~ hand firing or stoker firing are those only which are due to incomplete
combustion and using excess air. These losses, however, are not incon-

siderable. ’
DRAWBACKS TO ITS USE

Cost—Before powdered coal firing may compete successfully with
grate firing it is obvious that the gain due to the smaller consumption of
powdered coal must offset the cost of preparing, conveying, and burning.
it. These costs will be examined in a later chapter.

Disposal of the Ash—There is a further disadvantage with powdered
coal. With grate firing ‘the ash is left on the grates and in the ash pit. But
with powdered coal, ash is blown into the furnace, out through the stack,
and with some badly designed furnaces out through openings in the fur-
naces. It may also form a-troublesome slag, and fill up the flues so as to
impede the draft.

Powdered Coal Plants dirty—Nor, on the whole, can powdered coal
plants be said to be clean. There arve fairly clean powdered coal plamts;
but generally, though nof .universally, a plant using powdered coal is
- dirtier than a grate fired plant.* At one plant using it, and visited by
the writer, the quantity of coal blown out from furnaces was so objection-
able in rivet heating furnaces, with the air suspension transport system,

* A ndta.ble exception to this is at the Oneida Street station of the Milwaukee
Blectric Railway and Light Company., The powered coal fired boiler room is far
cleaner than the stoker fired ﬂJmlex room beside it.
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that it has been replaced by oil firing, in spite of the fact that powdered -
coal was a cheaper fuel than oil. ‘At another plant where powdered coal
delivered by the air suspension transport system was used for forge fur-
naces, it was found that the increased cost in repairs to presses, cranes,
ete,, near the furnace, due to powdered coal firing, amounted to 23 cents
per ton, and the additional cost for repairing furnaces to 15 cents per ton.

Heat at one Plant Better with Stolkers—Nor has powdered coal always
given as satisfactory a heat as stoker firing. At one plant visited, they
had abandoned powdered coal for firing forge furnaces, because either the
gases passed through the furnaces at so high a velocity that it was
impossible to obtain a soaking heat, or, if retarded by cloging the damper,
ash was blown into the mill .

POWDERED COAL PLANTS GENERALLY SU-CCESSFUL

It must not be understood from the foregoing, that powdered coal
installations have proved unsuccessful. On the contrary, they have gener-
ally proved most successful. Of all the plants visited by the writer the
only plants where the use of powdered coal was discontinued, besides those.
mentioned, were:—

(1) An open-hearth plant using the coal suspended in air method of
distribution, where it was displaced by oil fuel,
(2) An open- hearth plant whiere no means were used to preheat the
air,
(8) An open-hearth plant where it was replaced with coke oven gas,
(4) A plant where it was replaced by natural gas, and
(8) A plant where it was replaced with oil
At another plant using the air suspension method of distribution for
supplying sheet and pair and .annealing furnaces, it was about to be
replaced by the air transport and bin at furnace system.

USE COMPARED WITH GAS AND OIL

Powdered coal, for the most part, has been used for those purposes
which would be served by high calorific value gas, oil, or tar; and, gener-
ally, where the costs of using natural gas or oil are about the same as for
powdered coal, the natural gas, oil, or tar are preferred. The reasons for
this preference lie in the absence of dirt and ash, the greater ease with
which natural gas, oil, or tar can be conveyed and fed to the burner, and
the avoidance of the equivalent of a powdered coal preparation plant.

The actual flames of burning gas, oil, tar, and powdered coal differ -
both chemically and physically. For some purposes the rapid rate of
heat radiation from the burning particles of coal account for its preference
to other fuels, while for other purposes it is less desirable, As the art of
burning powdered coal becomes better understood, furnaces and burners
will be designed to enable it to take the place of oil, gas, or tar for most
purposes. ILven today there are few purposes for which it has not com-
peted with those fuels successfully, and whereas in some plants it has been
digearded because of inherent defects of the system, in other plants these
defects have been overcome and it has been successfully applied for the same
purpose.
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USE COMPARED WITH PRODUCER GAS

Powdered coal in many plants has been used for purposes for which
producer gas might have been used. Producer gas has much to recommend
it. In modern producers it can be manufactured cheaply, and with a
fairly constant calorific value from a low grade coal. It can be fed to the
furnace without difficulty, and there is no trouble from the deposit of ash
in the furnace, flues, regenerators, or waste heat boilers. On the other
hand, in the process of making producer gas much of the sensible heat
of the gas, genelated by the incomplete combustion of the coal in the .
current of air and steam ‘in the producer, is lost.. This loss of heat, not
less than 20 per cent of the calorific value of the coal, not only 1educes
the thermal efficiency of the process, but it mvolves the necessity of
returning the heat lost in the producer to the mixture of producer gas
and air entering the furnace, if a flame temperature as high as that ob-.
tained with powdered coal is desired. To preheat the air and producer
gas it is necessary to install heat vegenerators or recuperators, whereas
air preheaters are unnecessary where powdered coal, high calorific value
gas, or oil are burned, except for open-hearth meltmg or other fmnacea
where a very high temperature is required.

DESIGN OF FURNACES FOR BURNING POWDERED COAL

Furnaces in which powdered coal is to burn must be large enough,
and correctly shaped, so that the coal may burn completely, without i nnpmg-
ing on the brickwork, and must be provided with facilities for removing the
ash. If the furnace is correctly designed about 8 B.Th.U. per second may -
be liberated per cubic foot of combustion space. This rate of combustion
is sometimes exceeded, but if very materially exceeded the coal will not be
fburned completely.

In many furnaces the tempemtule is so high that the ash fuses, and
on setthng in the furnace collects in a continuous mass. It has become
expedient in some furnaces to cool the ash before setthng, and so prevent
it collecting in a continuous mass; though genelally this is not done, and
it collects either on the hearth, whence it is removed when the furnace
shuts down, or it is removed as a liquid slag. The ash which does not
- ‘settle in the furnace goes off with the gases, and care must be taken to

see that it may not be deposited in the flues and so impede the draft.

When a furnace previously heated by coal burned on a grate, gas, or
oil is to be transformed into a powdered coal fired furnace, the furnace
may or may not have to be modified in design to suit powdered coal.
_Except for boiler furnaces, no very radical alteration in ‘design is usual.
- At most, the change consists usually in an enlargement of the furnace.
But no furnace should be fired with powdered coal without consulting
experienced engineers, who will ‘either approve of the application of
powdered coal to the furnace as it éxists or carefully 1edesign it so that
it may be economically operated with powdered coal, using the best means
of dlsposmg of the ash.

Prof. Trinks and Mr, Barnhurst on Furnace De51gn

Prof. W. Trinks in the “Blast Furnace and Steel Plant” (Jan. 1919),
in ‘discussing the design of heating and annealing furnaces, points out
that the cost of a furnace is nearly proportional to its volume, and that
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°
it is essential to determine the rate of combustion per unit volume of com-
bustion space. Bince flames of burning gas, oil, or powdered coal may bhe
oxidizing or reducing, long or short, the rate of combustion per unit fur-
nace volume varies. Prof. Trinks states that as a rough average

“'With oil or gas fire 3 B.Th.U. per second can be liberated in each
cubic foot of furnace space. If powdered coal is used, a difference arises
between those furnaces in which the coal is burned over and near the
material to be heated, and those furnaces in which a separate ecombustion
chamber is used for the purpose of depositing the ash before it reaches the

‘heating chamber proper. (In the former case 83 B.Th.U. per second can

be developed per ceubic foot of furnace). Under these cirecumstances only
1% B.Th.U, per second are developed for each cubic foot of furnace and
combustion space. These figures give total volume of the empty furnace.
If a separate combustion chamber is used, the figures may be doubled.
And if the adjustment of the combustion is perfect, they may be trebled,
or even gquadrupled,” ’ .

My, H, G. Barnhurst, chief engineer, Fuller Engineering Company,
Allentown, in the course of a.discussion of his paper on the General
TUtilization of Pulverized Coal before the Cleveland Engineering Society
(Journal of Cleveland Engineering Society, No. 1917, page 160) states that
the ratio of furnace volume to the rate of combustion varies, that he
thinks it will be necessary to increase the ratio if the ash has a low melting
point, that the ratio depends to some extent on the shape of the furnace,
and that-the general practice is to allow 40 cubic feet in a furnace per
pound of combustible burned per minute, though in boilers at Parsons,
Kansas, running at 125 per cent rating, there were nearly 50 cubic feet of
furnace space per pound of combustible burned per minute.

If the combustible has a calorific value of 15,000 B.Th.U, per pound,
then 40 cubic feet of furnace space per pound burned per minute -is
equivalent to the liberation of about 6 B.Th.U. per cubic foot of space per
gecond, or, if the calorific value of the combustible is only 12,000 B.Th.U.
per pound, to the liberation of 5 B.Th.U. per cubic feet of space per
gecond.

Mr. Longuenecker on Drop Forge Furnaces

Mr. Charles Longuenecker of the Bonnot Engineering Company, in
an article in the American Drop Forger, on the use of powdered coal as
a forge shop fuel, points out the necessity in designing drop forge fur-
naces of co-ordinating

“ the different variables, such as design of furnace, location of burners,
and size of opening ”

if the best efficiency is to he obtained. He also recommends the installa-

tion of an exhaust fan system for exhausting the flue gases from these

furnaces. '
Unless powdered coal furnaces are designed with an amply large and

_eorrectly shaped ecombustion space, the burning coal will soon wear away

the brickwork. Modern furnaces are designed to reduce this wear, which
is also reduced by introducing the coal into the furnace at a low velocity,
and causing the flame to spread over a large area.
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PURPOSES FOR WHICH POWDERED COAL HAVE BEEN USED

Powdered coal has been successfully applied, and is commonly used,
for the following purposes: Open-hearth furnaces; bushelling and pudd-
ling furnaces; continuous heating furnaces for blooms and billets; fur-
naces for heating, reheating, and forging; annealing furnaces for malleable
jron and steel castings and plates, sheet and pair and annealing furnaces
and tin pots; galvanizing pots; soaking pits; ore roasting and volatilizing;
copper ore roasting and smelting; zine industry; gold and silver industry;
calcining kilns; lime burning; refractory materials; and also in the fer-
tilizer industry. It is used more than any other fuel in the cement industry,

 and has been successfully applied for steam raising. Whenever powdered
coal has displaced hand firing, the coal consumption has been reduced con-
siderably.: ‘ N ‘ )

“Some of the applications of powdered coal will now be referred to

separately. ,

Forge Furnace—TFig. 24 shows a powdered coal fired furnace, used
for heating blanks for drop forging. It is reproduced from an illustration
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Fra. 24. Furnace for heating blanks, converted from oil firing to powdered coal firing.

. in the Journal of the American Society of Mechanical Engineers ‘(Oct.~
1914), from an article by Mr. W. 8. Quigley, of New York. It is a
rebuilt oil fired furnace. ) . . o

Puddling. 2 : :

Fig. 25 shows a puddling furnace adapted to powdered coal firing. It
will be observed that the grate bars in the combustion chamber are covered
with a bed of ashes on to which much of the ash from the coal drops, and
from which it may be raked out through the doors. An arrangement is
also provided for preheating the supply of air to the burners. The dia-
gram on the right of this illustration shows the carbon dioxide content of
‘the flue gas when powdered coal was burned and when coal was.fired by
hand. A test run on this furnace for making special muck bar for stay.
bolts, showed the powdered coal consumption per gross ton with preheated
air to be 11,025 pounds, and with cold air 4o be 1,146 pounds.  * i

Mz, G. J. Gadd (Journal Franklin Institute, September, 1916) states
that tlie saving over hand firing by using powdered coal for puddling is

" about 30 to 36 per cent. S




¢—86592

i __ '// FLUE GAS ANALYSIS
) ) _ POWDERED COAL VERSUS HAND STOKED
g —_—— 322 /2000 and
/5000 /6.
it putverized Melt [Smother | Drop {1t Turn |279Turn|3™ Turn| Ball
q I - coal hopper /8
/6
o
§ /4 A
3 \ \ 3
S 2 \
> 0 ) -
/Y \
*'Q 8 A \e_ ——
I AN \
WM!///////%///M ¢ ° =LY
”,,,,,,,/ & 4 e
=dl R
] \/¢~ 2
,]=t. J=L o
) " H .
38 o) -v‘b ¢ .y - — !‘.“: Powdered coal
- .“'v 5 .'; : -v‘.; 5 3, o “‘f‘rb. "' > s —-——— MHand stoked

TF1g. 25. Puddling furnace fired with pulverized coal, and diagram showing carbon dioxide
content of flue gas with powdered coal firing (continuous) and hand firing (interrupted line.)



66

Mr. W, Simons, (autumn meeting Iron and Steel Institute, 1919)

« states also that the saving over hand firing by burning powdered coal for

puddling is about 30 to 36 per cent, and that a greater output can be
obtained.

Annealing Furnaces.

One of the commonest and most successful applications of powdered
coal is for annealing malleable castings. For these furnaces very little
change in furnace design from hand firing is required, the ash does mnot
appear to be very troublesome through clogzing the flues, nor do the
repairs to brickwork in the furnace with well designed burners appear
to be high.

Air Furnaces.

While malleable iron firms have used powdered coal for many years
in malleable iron annealing furnaces, they have not so readily adopted it
for air furnaces for melting the iron. But it appears that the difficulties
encountered in applying it to air furnaces are now being overcome.

Sheet and Tin Mills.

Powdered coal is also being used in sheet and tin mills, both for the
pair-furnaces and annealing furnaces. Omne sheet mill firm visited by the
writer, stated that after changing to powdered coal from hand firing they
were using for their whole operation only as much coal as they used
originally for the annealing furnace alone.

On the other hand, Mr. G. I. Hagan, in the course of a paper and
discussion thereon, in the proceedings of the Engineers’ Society of Western
Pennsylvania, states that he has equipped 80 per cent of all the sheet and
tin mills of the U.S.A. with automatic stokers for coal burning, and

“There are, no doubt, a few things in favour of powdered coal rather
than the stoker—but very few. One, which we must admit, is that the
work can be done on less fuel. I find it takes 300 to 325 pounds of powdered
coal per ton of finished product of the tin mill. In stoker practice we
do the same work with from 350 to 375 pounds. Comparing the saving
between the amounts of coal required with powdered fuel and with stokers,
and adding your cost of pulverizing (and I have never yet found a cost
of 40 cents in pulverizing coal, and I know of a plant where the cost is
$1.10) you will find the saving in dollars and cents in favour of the
stoker.”

In spite of this, in an article in the Iron Age (Dec. 11, 1919) describ-
ing the powdered coal equipment of the Newport Rolling Mill Company,
Newport, Ky., installed by the Quigley Furnace Specialties Company of
New York, there appears the following:—

“ Pulverizing coal equipment is now superseding all former firing
methods as rapidly as the necessary changes can be made, new equipment
installed and the furnaces rebuilt.

. “There are 15 sheet mills now in operation rolling sheets from 16
gauge to 34 gauge. The furnace equipment of three mills consists of 10
combination sheet and pair furnaces, three continuous pair furnaces with
adjacent sheet furnaces, and two slab furnaces for heavier sheets, all
of these operating on powdered coal.
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“ There are five.additional sheet mills under construction, together

- with necessary powdered coal fired furnaces, which, it is expected, will be

in operation this fall, The first furnace using powdered coal was fired
in November, 1918, and since that time the others have been added as fast
as the furnace could be remodelled for the powdered coal equipment.

“ Present plans call for a total of 20 mills served by 23 furnaces.
The original plans called for eight double-box, double chamber, pulverized
coal fired annealing furnaces, to take the place of an equal number of hand
and stoker fired furnaces. This number has been reduced to six as a result
of the performance of the two ‘which have been operating with powdered
coal, the output of the sheets treated having greatly exceeded expectations.
Two have been in operation for nearly one year. Two more are about

‘completed, and two aré under 'construction.’

“Based on investigation and compilation of data on output of hand
fired, stoker fired and powdered coal fired annealing furnaces in _this
plant it is stated that the six furnaces of the type adopted using powdered
coal will handle a tonnage which would have required eight stoker fired
furnaces of the same size.” . N

Open-Hearth Furnaces.

Powdered coal has now been used as a fuel for makmg basic steel in
open-hearth furnaces for several years. But it has not proved a sucecessful
fuel for making acid steel in the open—hearth, probably due to too high

_a sulphur content in the coal.

Powdered coal for open-hearth work should be very finely pulverized
(85 per cent through 200 mesh) and contain very little sulphur and ash.
It is ‘carried into the furnace in a stream of primary air which comes
either entirely from a jet of compressed air, or both from a jet of com-
pressed air and a jet of low pressure air. - One of these burners has been

described and illustrated (Fig. 23) in Chapter IV.

- The secondzuy air comes into the furnace from the heat regenerators,
and is about six times the volume of the primary air.

‘Where powdered coal is used for open-hearth work, the cost of repair-
ing the furnace and chequer work has been found to be higher than with
other fuels. But these costs are gradually being reduced as furnaces and
chequer work are being redesigned in. the light of previous experience.
Another difficulty encountered in powdered coal fired open-hearth practice,
Hlies in the disposal of the ash. At one plant visited by the writer, it was
estimated that 10 per cent of the ash passed mp the stack; 25 per cent was
caught in the regenerators; and the remainder was deposited in the slag

-pockets and bath. The deposit of ash in the chequers has proved a serious

drawback to the use of powdered coal in open-hearth work., It necessitates
frequent cleaning and seraping of the chequers, obv1ous1y, a greater
drawback when furnaces are operated continuously than when they are
operated intermittently. It has been reduced somewhat by grinding the
coal more finely, and by enlarging the openings in the chequer work.
But if the chequer openings are enlarged the gases give up less heat, and
so the efficiency of the process is reduced. Mr. W. H., Titch, manager

" of the metallurgical department of the Fuller Engmeermg Companv

presented to the writer a design of open-hearth wherein it is hoped the

trouble due to the deposit of ash in the chequers may be con51derab1y

reduced. A view of this furnace is shown in Flg 26, This view shows

the slag chamber, at"the base of which i is a car’in which the heavy oxides .
2'6598——51 .
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are precipitated; a dust chamber between the slag chamber and regener-
ative chamber in which the dust is intended to collect, and permit gases
free from dust to rise through the chequer work of the regenerative cham-
ber. At the time of writing, this design of furnace has not been used,
but if successful would obviate the expense of time and labour in cleaning
the chequers, and make it possible to put in sufficient chequer work to
efficiently store up heat from the waste gases. There is a disadvantage
in this design of furnace, in that, additional space is required for the dust
chamber, and that the hot gases pass up through the chequer work, which
would be more likely to cause an uneven distribution of temperature in
the chequer work than if they passed downward as in the ordinary design.

The relative efficiency of powdered coal and other fuels, and the cost
of repairs for open-hearth practice, are difficult to obtain. But at one
plant visited it was found that a furnace gave only 120 heats with
powdered coal as against 800 heats with natural gas. At another plant
visited, where powdered coal had replaced producer gas, it was found
that 500 pounds of powdered coal gave the heat equivalent of 600 pounds of
coal charged into gas producers. ‘

My, N. C. Harrison (general superintendent, Atlantic Steel Company,
Atlanta), in a paper published in the Journal of the A.S.M.E. (August,
1919) makes the following comments on the use of coal for open-hearth
furnaces:— -

“ All open-hearth furnaces using pulverized coal as a fuel are of the
reversing type. There has been only one exception in this country to this,
as far as the writer knows, and that exception was at the plant of the
American Iron and Steel Manufacturing Company, Lebanon, Pa., where
they fired their open-hearth furnaces from one end only. At the other
end they installed waste heat boilers and economizers. As an open-hearth
proposition, this turned out to be a failure; but as a waste heat hoiler
proposition it was a wonderful success. During 1918 they remodeled these
furnaces and fired them from both ends.

“In the open-hearth furnaces the pulverized coal is delivered into
storage bins located at each end of the furnace, On the bottom of these
bins are serew feeders, driven by variable speed motors for supplying
the amount of coal desired. This carries the coal by gravity into the
burner pipe. These burners are usually a combination of compressed air
at from 60 to 80 pounds pressure, and fan air at about 8 ounces pressure.
In some cases compressed air alone is used as the medium for conveying
this coal into the furnace. The hearth of a pulverized coal open-hearth
furnace is practically the same as the hearth of any other open-hearth
furnace, but the upstakes, slag pockets, and checker chambers are entirely
different. The uptakes are made as small as possible, so as to hold the
gases in the furnace as long as possible without blowing, and the slag
pockets are made large, so that the gases will have a slow velocity going
through them, thereby depositing a large percentage of the heavy particles
that are in the outgoing gases. On account of this heavy deposit, remov-
able slag pockets, or very deep stationary pockets, should be used, so as o
collect this accumulation over the run of the furnace. Where removable
slag pockets are used, they are taken out and cleaned and replaced about
every two weeks.

“ Only one checker chamber is needed on each end of the furnace. If
the checker chamber is large enough, these chambers should be built up
with large tiles and laid in such a manner as to form vertical flues, having
openings of at least 57 by 97, or better 9/ to 11”. In some cases no checkers
at all arve used, but the chambers are filled with baffle walls with openings
from the outside, so that the accumulation between these baffle walls can
be raked out. All passages from slag pockets to stack must be as straight
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as possible, and wherever any bends must be made, some agitating device
should be installed at these points. The reversing valves are usually of
the mushroom and damper-slide type.

“ The best coal for use in pulverized form in open-hearth practice is
bituminous coal as high in volatile matter as possible, and preferably low
in ash, It should never contain 'below 82 per cent of volatile, nor more
than 8 per cent of ash. For open-hearth furnace use it is necessary that
the coal be as finely ground as possible, and it should be so fine that about
97 per cent will pass through the 100 imesh sieve, preferably 90 to 93
per cent, and not less than 85 per cent through the 200 mesh sieve.

“This very fine pulverization is necessary- for quick combustion, ‘and
for the removal of sulphur in the coal; and in order to obtain this complete
combustion before the flame strikes the bath, some 6 or 8 feet are necessary
from the end of the burners to the hath.

% Open-hearth furnaces using powdered fuel operate on a very low
fuel combustion equal to the best producer gas prachice, and much better
than the average of the older plants in this country; at the writer's plant
(The Atlantic Steel Company, Atlanta, Ga.) about 50 per cent less.

“In the writer’s plant the pulverized coal open-hearth furnace has
been shut down more often than the producer gas furnace of the same
size. This has been due to checkers and slag pockets filling up with cinders
and slag after about 80 heats; these troubles, however, are being gradually
overcome by decreasing the size of the uptakes and enlarging the slag
pockets, thereby holding the gases in the furnace longer and passing them
slowly through the large slag pockets, so that the heavy particles can
. settle, and now only the fine particles are going to the checkers, which

particles are being blown off daily by compressed air. By these means
it is expected to get a much longer life out of the checkers, and don-
sequently longer runs out of the furnace, since the filling up of the
checkers has always been the deciding factor in the length of run of the
furnace.

¢ Sulphur does not give any trouble as long as there is a good draft,
and the furnace is working hot, as this plant is now usingt over 1 .per
cent sulphur in its coal and gettlng good results, albhough when checkers
get clogged up and the furnace begins to blow, due to lack of draft, there
is trouble with the bath taking up sulphur, this takes place during the
last week’s run of the furnace, just before it goes down for repairs.

“ The pulverized coal open-hearth furnace is under complete control
of ithe first helper as to the amount of coal being used at all times, air
blast, and temperature

“ The flame, using the same coal as on gas producers, is hotter, which
allows the use of a greater percéentage of scrap per. ton of steel, thus
reducing the consumption of high priced pig iron.

“ The finished steel is quieter in the moulds, due to not being over-
oxidized, as the coal coming directly in contact with the bath has a greater
reducing action. All gashouse trouble is eliminated (cleaning fires, burn-
ing out flues, etc.), although bhe pulverizing plant must be given atten-
tion as to dryness and fineness of coal. .

“Up to date, the refractory costs have been very much greater on
the furnace using pulverized coal than on thé gas producer furnaces, and
was almost twice as great a year or so ago, although the writer. believes
that, on account of the steadily increasing development of the use of thls
fuel, these refractory costs will be steadily decreased.

© “The following table shows a comparison of fuel costs for all fuels
now used on open-hearth furnaces, and it will be seen that natural gas is
not only the ideal fuel butis the cheapest.
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Reverberatory Copper Smelting.

Largely due to pioneer work at Copper Cliff in Canada, powdered coal
has been used very successfully for smelting copper ores. This is shown
from the following extract from Mr. Bender’s paper:—

Mz, L. V. Bender, in a paper describing the coal dust fired reverber-
atory furnaces at Washces Reduction Works, Amnaconda, before the
American Institute of Mining Engineers (Vol. 51, 1915) states that since
installing powdered coal firing in place. of hand firing, the tonnage has
increased. The eficiency is much higher, due to burning the coal inside
instead of burning it in the furnace outside in a fire box with hand firing,
and to more even temperatures. The excess air is only 25 per cent with
powdered coal, and was 100 per cent with hand firing,

The following tables and information are also taken from Mr, Ben-
der’s paper:—

. COAL USED AT ANACONDA

. * Volatile . B.Th.U.
Moisture , Ash per 1b.
matter dry
Lochray.....cooviieiiiivninn i, 8:0% 20-3% 20-9% 10,350
Bearcereek....ooovoii i 9-0%, 35-5% . 12:79% 11,500
Diamondville......ooovvviiinniin e 5:6% 41.49, 8:19% 12,960

The coal is dried to 1 per cent or less moisture, and pulverized, so
that 93 to 97 per cént will pass through 100 mesh, and 79 to 82 through
200 mesh.

- Comparison of w01k of No. 7 and No. 8 reverberatory furnaces, Sep-
tember, 1914, No. 7 furnace using Diamondville coal grate fired, No, 8
using Diamondville coal, dust fired.

Tons smelted per
Tons . ' ton coal
smelted Total
. per tons | Tons coal Ixel. Incl. .
furnace ‘smelted -{ . - | - dryer dryer.
day coal coal
No. 7—(grate)... 259 7,260 - 1,871 3:88 '
No. 8—(dust)....ccovvnnen. 475 . 14 272 1,985 7-19 7-08

~ The ash from the powdered coal burned in these furnaces gave very
little trouble. The flue between the furnace and waste heat boiler is
cleaned once a day by two men in 4 to 6 hours. The ash deposited from
different coals varies; from one coal (22 per cent ash) it was light, flufly;
and esasier to remove than from another coal (9 per cent ash) when it
tended to sinter. About one-half of the ash of the coal floats on top of, or
is absorbed by, the slag, and does not noticeably interfere with -the work
of the Turnace. Very little ash goes into the boiler settings, and the boiler
tubes are cleaned no more frequently than with grate fired furnaces.
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Samples of gas taken at about the centre of the furnace had the
following composition :i—

Sample 1 2 3
Carbon dioxide.. .. .. .. .. .. .. 16-0 13-0%* 15-0
OXYBeN.. vv vv vv vt vr e ve 0 s 2:0 3:5 35
Carbon monoxide.. .. .. .. .. .. 0:0 0-0 0-0

The temperature 40 feet from the back end of the furnace varied from
2,250°F, to 2,353°F.; and in the flue from 1,595°F. to 1,700°F, In the
same volume (Vol. 51) of the transactions of the American Institute of
Mining Engineers, Mr. D. I, Browne describes an earlier installation of
coal fired reverberatory furnaces at the Canadian Copper Company’s smelter
at Copper Cliff, On't. The powdered coal system at Copper Cliff is simikar
to that at Anaconda, where the system was designed largely in the light
of experience already gained at Copper ClLf.

* Nore.—The sum of the carbon dioxide and oxygen content here is so low asg
to lead to gquestioning the accuracy of the gas analyses.
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CHAPTER VI

POWDERED COAL FOR STEAM RAISING
GENERAL PRINCIPLES TO BE OBSERVED IN DESIGN

That a boiler may operate economically when fired with powdered
coal, it is necessary that the coal be burned completely with little excess
air. This involves feeding air and coal sufficiently dry and pulverized to
the furnace as required, in the correct proportions, and providing a furnace
sufficiently large and of the correet shape so that the coal may be readily
ignited, may not impinge on the brickwork, and may follow a path suffi-
ciently long to enable it to be ahmnost completely burned before reaching

~the tubes.

Troubles with Ash and Slag.

The temperature in the flame is so high thflt the ash fuses, and in
settling on the hearth of the furnace will, unless cooled and kept below
the fusing point, fuse into a continuous mass, Whlch, on cooling, is difficult
to remove.
This slag may be removed as a liquid, though with some difficulty,
'or the ash may be cooled as it settles and kept cool after settling, so that
the small particles of ash do not stick together on or after settlmg, and are
therefore easily removed as small, separate, particles.
) The ash may be cooled by permitting it to fall through water-cooled

coils connected with the boiler. This is an efficient method of preventing
the ash from fusing together on settling, and the coils protect the ash
on settling from the heat rays of the furnace. But these coils lower the
temperature of the flame, and therefore, the velocity of eombustlon which
may permit some coal to leave the furnace unburned.

Attempts are also made to pass the air used to burn the coal over
the furnace walls and so cool them, but this scheme has so far failed to
maintain the ash at a temperature below its fusing point, when the coal
is burned with very little excess air.

Not more than about one-third of the ash settles in the furnace, the
remainder settles during its passage through the boiler or passes off with
the gases, Care must be taken to see that the ash ‘may settle on no part
of the heating surface, and that it may settle in parts whence it. may be
easily removed.

TYPES OF BOILERS TO WHICH IT IS ADAPTABLE

Powdered coal is better adapted for firing stationary water tube boilers
than other boilers. With these boilers, furnaces of sufficient size and
the correct shape may be constructed, and the gases pass through no tubes
wherein ash may settle, obstruct the draft, and shield the heating surface.
It has been found difficult to burn powdered coal in locomotive and cylin-
drical marine ‘boilers because the combustion space is.too small to permit
the coal to be burned completely.

Here will follow deseriptions of various boilers which have been fired
with powdered coal.
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Bettington Boiler.

One of the earliest successful powdered coal fired boilers was the
Bettington boiler. This boiler differs from other installations in that the
pulverizer, blower, and boiler, are all designed.as a unit for steam raising
with powdered coal, and requires no dryer installations. The combined
pulverizer and blower are similar in construction to the Aero pulverizer
and blower already described. The mixture of coal and air passes into
the combustion chamber of the boiler through a vertical water-cooled
burner. It burns in the centre of the combustion chamber, the hot
products of combustion rise in the central flame, then fall on the outside
of the flame, and leave the combustion chamber near the bottom. The
combustion chamber is cylindrical, with its axis vertical. On the top is
the steam drum exposed to the flame, and its sides are enclosed with fire-
brick, on the outside of which are the vertical water tubes of the boiler.

The Bettington boiler was intended to be used with low grade fuels,
to operate with a high efficiency, and to give no trouble with a high ash
clinkering coal. The Canadian National Railways installed a Bettington
boiler in the boiler room for supplying steam to their workshops at
Moncton, N.B. It was their intention to burn a low grade coal. But it
was found impracticable to generate steam with this coal, because the
ash fused, and formed a ring on the wall of the combustion chamber
round the burner. This slag deposit restricted the area through which
the products of combustion pass, and occasionally pieces of slag fell into
the burner whence it was difficult to remove it. After encountering many
difficulties ‘due to the slag formation, cracking of the water-cooled burner,
and failure of the combustion chamber lining, a somewhat better grade of
fuel was used. A sample of the coal now used was forwarded to the Fuel
Testing Division and gave the following proximate analysis:—

Moisture. ., .. .. .. v. vh vh ih e e e e e 1-1 per cent.
N S 20-3 “
Volatile matter.. .. .. .. . . o0 0 o0 . 26-7 “
Fixed caArbon. . .. o4 vo vt ve ve be e e e e 51-9 “

The mechanical analysis of the pulverized coal was as follows:—

Per cent by weight passing through 8-mesh screen.. .. 98-2
6" “ ‘e 14 ““ e e 94.8
“ ¢ “ 28 “ PR 87-2
“ “« @ 48 “ o 79:9
“ “ “ 100 “ e 40-4
v “ . “ 150 “ e e 34:0
“ ¢ “ 200 ‘“ PR 13-5

The proximate analysis shows the coal now used to contain a high
percentage of ash, and the mechanical analysis shows that the coal is not
well pulverized, since only about 40 per cent of the coal passes through the
100 mesh screen, whereas in ordinary pulverizing plants about 95 per cent
passes through. This boiler is still generating steam and at the time of
the writer’s visit full steam pressure was generated from cold water 20
minutes after starting up the boiler, Nevertheless, the Bettington boiler
has not proved entirely satisfactory at this plant and it is intended soon
to remove it.




76

Franklin Boiler.,

Fig. 28 shows a 300-horsepower Franklin boiler, equipped for burning
powdered coal in 1913. This design of furnace was found unsatisfactory,
and was changed to the design shown in Fig. 82. There are three burners.
The coal is introduced into the main supply of air, which is under a
pressure of about three-tenths inches of water, by means of a jet of com-
pressed air under a pressure of about 20 pounds per square inch. This
plant was visited by the writer, who was told that it had been running’
gince 1915 with practically no maintenance costs. Mr. W. G. Freer, who
is in charge of the boiler room, attributes the success of this boiler not
ouly to the construction of the furnace, design of burner, and rearrange-
ment of the bafle walls, but to the proper control of the flame. That is
to say, it is essential to have meither too hot a flame due to too little
dilution of air, nor too cool a flame with excess air. With too much air
the velocity of combustion decreases, some of the coal burns in the bottom
of the furnace causing the ash to slag, and it passes to tlie tnbes causing
a honeycomnb formation of ash. Mr. Freer’s experience has been practically
identical with that in other plants. At this boiler plant practically all
the ash is blown up the stack, and very little removed from the furnace.
The tiles beueath the first row of tubes which form the roof of the furnace
were proportioned as shown in Fig. 29 only after various trials, At first
these tiles were entirely removed, thig gave too low a temperature. With
the present arrangement the furnace temperature is maintained and very
little ash deposited on the baffles. In spite of the success of this boiler
with powdered eoal, and nearly horizontal baffles, at subsequent water tube
boiler installations using powdered coal vertical baffles have been sub-
stituted for horizontal baflles. Mr. Charles L. Heisler, of Schenectady,
in an interesting letter to the Journal of the American Society of Mech-
anical Ingineers (December, 1916) states that the CO, content of the flue
gas rarely falls below 16 per cent and that the:— '

“ Several evaporative tests made by W. G. Freer, Mem. Am... Soc.
M. E., show that this extremely simple furnace, (illustrated in Fig. 29),
gave a materially higher evaporative efficiency than could be obtained from
a duplicate Franklin boiler fired by mechanical stokers and supplied with
feed water at the same temperature, and that it responded much more
promptly to a sudden increased demand for steam than the adjoining
‘stoker fived boilers. An ordinary fireroom helper was readily taught to
give the furnace all the attention ever require(f .

“ Previous to the installation of this furnace, between November, 1914,
and March, 1915, several constructive revisions were made in a powdered
fuel furnace experimentally ‘installed under the same boiler. . Unfortun-
ately, the brick arches and vertical walls completely failed to withstand
-the high temperature flame, and there were excessive accumulations of
hard slag at the bottom of the furnace and deposits of unburned products
around the tubes and in the gas passes.

“ Several years ago the writer concluded that the only way to prevent
the destruction of vertical walls and arches in powdered coal furnaces was
not to have them, and to substitute incandescent ignition surfaces formed
by simple outwardly inclined walls which would be automatically main-
.- tained by a coating of protecting slag. After the failure of the vertical
walls and arches referred to, permission was granted by J. R. Magarvey,
manager of the Schenectady works of the American Locomotive Company,
to install the furnace shown in Fig. 29, which suggested itself, and is
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Wickes Boiler Pulverized Fuel Equipment Installation.

One of the most successful dust fired boilers seen by the writer was
that shown in Fig. 31. The boiler is a 883-horsepower Wickes boiler, and
was equipped for powdered firing by the Locomotive Pulverized Fuel
Equipment Company. The burner delivers the coal vertically downward,
the flame is U shaped, and the coal pursues a path sufficiently long to
burn completely. The furnace is very deep (about 18 feet), to avoid heat-
ing the bottom of the furnace and fusing the ash there. In addition to
the supply of air which is blown and drawn in with the coal at the burner,
an auxiliary supply of air is drawn in through auxiliary inlefs on the
front and sides of the furnace. With this boiler, it has been found possible
to obtain practically any percentage of CO, in the flue gas; but to avoid
too high a temperature it has been found best to obtain about 12 per cent

- CO,. The boiler flues are blown twice a day, there is no great deposit
of ash to be blown out, and what there is is easily removed. At the
time of the writer's visit the furnace had not been cleaned out for
4 days, and on the bottom of the furnace were lumps of fused clinker.
This clinker is removed once a week and the removal takes about half
a day. When the boiler was first installed the ash fused into a solid
mass and was extremely difficult to remove. But this difficulty was
overcome by lowering the floor of the furnace, which gives the molten
particles of ash in the flame time fo cool below a temperature where they
would coalesee on reaching the floor of the furnace.

It is interesting to note that at this plant the coal is not dried, it
contains from two to three per cent of moisture and about twelve per cent
of ash,

Pulverized Fuel Equipment Company s Installation with Edgemoor
Boilers.

At the Oneida street power station of the Milwaukee Electric Rail-
way and Light Company a battery of five boilers have been equipped by
the Pulverized Tuel Tquipment Company for firing with powdered coal.
The boilers are Edgemoor water tube boilers, with vertical baffles; the
furnaces and air ports are similar o those shown in Fig. 81. As originally
designed, the furnace was too small and the air supply insufficient, so
that the temperature in the furnace became very high, and the ash fused
and collected between -the tubes, on the furnace walls and in the ash pit.
But on enlarging the combustion chamber and adding auxiliary air open-
ings there has been little trouble, when the flame was properly controlled.
- If the flame in its path through the combustion chamber too closely
approaches the ash pit, the ash quickly slags iand becomes difficult o
remove. With a flame properly adjusted, there appears to be little trouble
with ash at this plant, since most of it goes up the stack and does not
appear to cause any inconvenience to the nearby citizens. Bituminous
screenings are burned at the Oneida street station, and from 12 to 15 per
cent ‘CO, obtained in the flue gases.

A cross section through the Oneida street boiler plant is shown in
Fig. 32, which is reproduced from a paper presented before the Technical
League of the Employees Mutual Benefit Association, Milwaukee, Febru-
ary 19, 1920.

26598—6
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The working of the Oneida street boiler plant with pulverized coal
at Milwaukee has been described in a paper on the “Use of Pul-
verized Coal under central station boilers,” by Mr. John Anderson, chief
engineer of power plants at Milwaukee. The following information has
been abstracted from this valuable paper.

Stress ig laid upon the necessity of cha.ngmg the operation of the
plant by the operators to suit the change in the quality of the coal. The
driers must be regulated to suit the varying moisture content and size
of the coal, since if not properly regulated ‘the coal may be so moist as to
plug the feeders. At this station the coal is delivered from the feed
screws to the furnace by a blast of air, and should the air supply be cut
off the coal would not be removed from the feeders, and the coal feed
plugged. To avoid this arrangements are made to automatically cut off
the power to the feeder motors should the air cease to flow to the mixing
chambers and burners.

Mz. Anderson points out that 16 to 17 per cent of carbon dioxide in the
flue gas is easily obtained, but cannot be maintained in actual operation
without destroying the brickwork of the furnace. The flame temperature
gshould not exceed 3,000°F., and the brickwork temperature should not
exceed 2,400°F. to 2,500°F. Higher temperatures than these fuse the agh
partlcles and form a molten slag which destroys lthe brickwork with which

it comes into contact.

e refers also to the adaptability of the pulverized fuel furnace to the
use.of widely varying grades of coal without decreasing the boiler efficiency.
The boiler capacity is in no way affected when an inferior coal is burned.
The following quotation from Mr. Anderson’s paper containg some very
valuable information on the working of the Oneida street powdered coal
boiler plant:—

“QOperation of a pulverized fuel fired boiler equipped with proper
instruments can be varied to take big fluctuations in load over very brief
period of time. A heavy overload can be quickly taken on or dropped off
by adjustment of the coal and air feeds, and without any waste of fuel
as always occurs under like conditions in stoker practice. No losses occur
due to clinkering of coal or cleaning of fires, this condition of operation
being entirely eliminated. Irregularities caused by change in quality
and variation in size of coal, such as the fireman cannot successfully cope
with on stokers, are also ellmlnated Furnace conditions necessary to most
economical combustion are more perfectly obtained, and hence a horizontal
combined efficiency curve is possible of approx1mate attainment.

“Due to its easily regulated coal and air supply and its perfectly
controlled rate of combustion, the pulverized fuel furnace practically
eliminates losses of combustible in ash. Owdinarily, this loss is relatively
large and varies according to the nature of the ‘coal, type of stoker, and
the boiler load carried. In pulverized fuel practice the loss is very small
and these variations do not occur.

- “The ease with which the fuel feed and draft is controlled, the ability
to take on and drop off heavy overloads in brief time, the thorough com-~
bustion of the coal, and the uniformly high efficiency obtainable under
normal operation const]tute the chief advantages of pulverized fuel over
other methods of coal burning.

“ An additional economy is effected during banked boiler hours. Bank-
ing conditions when operating with pulverized fuel are somewhat different
from those obtained in. stoker practice. By stopping the fuel supply and
closing up all dampers and auxiliary air inlets, a boiler fitted for use of

T 26598—6%




84

pulverized fuel can be held up to pressure for several hours. The furnace
brickwork, having been heated to incandescence during operation, gives
off a radiant heat which is almost all absorbed by the holler rather than
escaping up the stack intermixed with an excess of cooling air. Only
radiation losses occur, as against radiation plus stack and grate losses
in .the case of the stoker.

“ Commenting for a moment on the maintenance features of such a
plant as has been described, it is the writer’s belief, based on two years’
operation experience, that the furnace brick work in a pulverized fuel
furnace will stand up equally as well as a stoker installation, with a very
great advantage in favour of the former, due to the elimination of ali
ironwork in the furnace or anywhere near the high temperature zones of
the boiler furnace. Regarding the maintenance of the pulverizing plant
equipment it has not been found that any great amount of maintenance
is likely to be necessary, as all the equipment is of the slow moving type
and many opportunities are afforded of applying the same concentration
of effort that has been typical of the stationary engineer’s work in
improving equipment when defects or fast wearing parts are uncovered.
The pulverized machinery manufacturers have done a great deal along
this line, but there are still matters that can be improved upon by the
engineer looking for the least troublesome as well as the most economical

_ plant from a maintenance standpoint.

“ Powdered fuel installations are not feasible in every location. There
is one limitation, and that is the size of boiler plant to be served. A plant
of less than 2,500 developed boiler horse-power on a 24-hour operating
basis should not consider using powdered fuél., The amount of coal
pulverized per day, the cost of installation, and the labour for operating
the preparation plant, when properly studied, will bring before those
interested the reasons therefor.

“In general, we have found the powdered fuel method applied to our
furnaces a distinetly advantageous one. Our firemen prefer to operate
such equipment rather than the stokers when it becomes a matter of
choice. It has proved more economical, as evidenced by the monthly coal
bill. It seems to make the formation of scale in the boiler less than in
stoker fired boilers. There is absolutely mo trouble from smoke, con-
sequently no reduction in abiliby of the boiler to absorb heat due to soot
on the tubes.

“ The use of high sulphur coal, whlch is so destructive to boﬂer tubes,
breechings, smokestack, and all other steel equipment found in a boiler
plant, is much. more satlsfacbory, as the low moisture content of the coal
as fired reduces the opportunity for attack from sulphuric acid.

“ Although frequently cautioned against explosions, we have had no
evidence that such caution is necessary. The reason for our freedom
from such unpleasant occurrences is due almost entirely to :a proper care
in preventing coal from being dried too much and pulverized to a fineness
beyond what is' necessary, Matters of a kind similar to ‘the foregoing
are in the hands of the operating engineers, and do not benefit by the
highbrow application of theories. The engineer who is careful of his
everyday equipment, and keeps his plant free from accidents of every
nature—from fly wheel explosions to burned out motors—can operate a
pulverized fuel plant successfully without other assistance than his own
experience.”

TESTS
The following is an extract of the tests carried out on the Oneida
street station l)oﬂers, and reported in the paper before the techmcal
league:—
Coal

“ With the exception of the first day, when 100 per cent Youghiogheny
was used, the coal for'the test was a mixture 50 per cent each Eastern
Kentucky and Youghiogheny screenings, running approximately 25 per cent
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nut, 45 per cent pea, and 30 per cent slack. This coal is the same as is
used in daily operation. 'The coal as supplied to the dryer after passing
through disintegrator was approximately 50 per cent slack and 50 per
gen}ti small pea and nut, not any of the pieces being larger than one-half
inch. '
“ During the progress of the test the coal was regularly sampled at
five points along the line of fuel travel. Samples taken at the coal scale
were for moisture, proximate and ultimate analyses, while those taken
at the dryer inlet and outlet, and burner outlets, were for moisture deter-
minations only. Those at pulverizer outlet, and burner outlets, were for
moisture determinations only. All samples were taken and made up accord-
ing to the A.S.M.E standards.

“ ANl determinations and analyses were made at the laboratories of
the TM.E.R. and L. Company according to approved practices of the
Bureau of Mines. An Emerson bomb was used for obtaining calorific
values of the coal. .

Starting, Checking, and Stopping

“Tn pulverized fuel test practice, standard methods cannot be followed.
The levels of lpulverized fuel in the storage bins is the determining factor
in starting, checking, and stopping,

“ Previous to the starting signal for the final test the green coal
system was run clear of fuel and the pulverized fuel system filled to
capacity. The conditions of the respective systelms twere identical for each
check (after the burning of forty and one-half tons of coal), and at the
close of the test. The amount of coal to be burned hetween checks was
determined by the capacity of the green coal storage bunkers. Three

_bunkers of forty and one-half tons capacity each were available 'during
the test, all of which were filled once in twenty-four hours.

Operating Conditions

Pulverizing Room.—* Operation in the pulverizing room was changed
somewhat 'during the test in order to fulfill conditions required in making
the periodic checks of boiler operation. It was essential that the levels
of the fuel in the pulverized bins should be controllable at certain hours
of the day (at the time of wcheck) and therefore .operation of pulverizer
equipment was extended over twenty-four hours, although, without these
considerations, sufficient coal could have been pulverized during the
eighteen hour run. As a yesult, irregular operabion of the equipment—
frequent starts and short runs—increased power consumption, and
decreased hourly eapacities. -

“ No interruptions, due to failure of equipment, occurred during the
test. The pulverized fuel conveyer choked up on two occasions when the
storage bins were allowed to overfill at a check hour.

“Uniform and satisfactory removal of moisture was affected by the
dryer without any unusual regulation,

“ The firing of the furnace was varied, as it is ordinarily, depending
upon the moisture content of the green coal. :

“ The pullverizers operated uninterruptedly iand provided fuel of the
desired fineness with little variation, . i

Pulverized Fuel Storage Bins.—* During the first twenty-four hours
of the test, it appeared that moisture, with. its attendant difficulties, was
collecting in the storage bins, Cold air draughts through windows along
the side of the bins caused this condition by rapidly condensing the vapour
1111‘ the tel:itraine,d air. When the windows were tightly closed, it was
eliminated. .

. Boiler Room.—* Choking and plugging of the screw feeders and feeder
pipes were the chief causes of interruption in the fire woom. It was on
the second day that the tendency of the feeder lines to choke was most
noticeable, mand this must be attributed to ‘the moisture conditions
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encountered the night previous. In one instance, however, one of the lines
to & burner stoppéed feeding when a piece of tarred paper lodged in it
above the burner. No doubt this had been .dropped into the pulverized
fuel system accidentally. Operation 'of the furnace on which this occurred
had been noticeably affected during the twenty-four hours previous to
the- removal ‘'of the pipe and the discovery of the source of trouble. A
total of four feeder hours were lost during the test. .

' “ A high percentage of 'CO2 was easily obtainable, but. could not be
maintained for longer than an hour at a time, due to excessive slagging
on the hearth. This slagging on the hearth and furnace bottoms may be
attributed to flame characteristics resulting from certain draft conditions
and can only be avoided by air regulation. On the newer type of Lopulco
furnaces, as are in use at the Oneida street plant, the method of air
regulation is such that while admitting air for slag prevention, a large
volume not needed for combustion, enters, by-passes the flame zone, and
is carried with the products of combustion in the form of excess air. The
high percentage of excess air, together with a corlespondmgly low percent-
age of COq2, as indicated by the flue gas analysis, was not determined by
combustion con51derat10ns, but rather by furnace lnmbatlons

No slagging. occurred on the boiler tubes. |

Flues were plown once every eight hours.

Slag was withdrawn from the furnaces twice in twenty-four hours.-

Back chamber ash was removed once every two -days.

Due to the use of a single stack for the entire boiler plant, which
includes six underfeed stoker boilers, mo smoke observations were made.
Smoke from the pulverized coal furnaces, however, has_proved on all
occasions when pulverized fuel alone is used, to he a negligible quantity
and appears in the form of a light yellow haze, which disappears within
25 'yards of the stack. The ash particles iare so fine thiat no estimate can .
be-made of the distance they were carried before being dropped from the
air. No noticeable deposit has accumulated on or about the plant, although
continuous operation has been carried on for more than a year.

T.M.E.R. and L. Co. Test of Five 468-11.13. Boilers—No. 1 fto 5 inclusive
ONEIDA STREET POWER PLANT ‘
November 11-15, 1919

Dimensions
1. Number and kind of boilers...Five Edgemoor water tube boilers
2. Kind of furnaces.. .. .. .. ..Pulyerized fuel burning furnaceés
3. Volume of combustion space, per boiler cubic feet.. .. .. .. 1,678
4, Water heating surface, sq. ft.,, per boiler.. .. .. PN 4,680
5. ‘Superheating suriace, sq. ft.,, per boiler. (apmoxmmte) . 594
(a) Type of superheater.. .. e Foster
6. Total heating surface, sq. feet per boiler e . 5,274
(a) R'Ltio of water heating surface to volume of combustxon
ace 1'to, 0:359
(%) Ratxo of total hea.tlng surface to volume of combustlon
SPACEB. . o4 ss oo oo oo an se 4r 40 1 we te aa e oew 1 to 0-318
[ . Date Duration, ete. . -
7. Date...-. TN Nov 1115 1919 '
8. Dura.txon,houls e e e e e e o . . 99 |
(a)Boiler hours. e 495
-9, Kmd and size of coml—Mixture———&O per cent Youghmgheny
' screenings, 50 per cent Hastern Kentucly screenings. . )
10, Steam pressure by gauge, ib, Per SQ. IN.. v. v oo vn on ae o 1678 "
‘(@) Barometric. pressure,. inches of melculy D 1 I $
11. Steam pressure, absolute, Ib. per sq. in:. . e ad .. 182:3
12. Temperature of steam le'wmg superheatexs, Deg F e e e o 4419

(a) Normal temperature sa.turated steam at above pressure, S :
L 27T A - 1 2 2 J



13
14,

15,
16
11,

18

19,

20.

22,
23
24,
25.

34

35,

36.
317,
38.
39,
40,
41,

. Total weight of water fed to box]ers fpounds e we e
. Factor of evaporation.. ., .. .. e ee we e
. Total equivalent evaporation from and at 212~° I‘ pounds ..
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Temperature of feed water enterlng boiler, Deg. F.. .. .. ..

Temperature of escaping gases, Deg. oo . v vv vo vv 00 vv
(a) Temperature of flame above hearth, Deg. F.. .. .. .. ..
(b) Temperature of furnace botioms, Deg. F.. .. .. .. ..

Draft under damper, inches of wWater.. .. «. «v vo e o0 o o

Draft in furnaces, inches of water.. .. .. .. . .. o0 oo ..

Alir preggure at blower, inches of wate\r ‘e

(@) Pressure of air mixing with coal at screw feeder, mches

of water.. .. .. .. ov vh o e e
(b) Pressure of air and <coal mixture above burner outlet,

inches of water.. .. «. vv v v 1 e we e e ee e

State of weather—

(a) Temperature outgide, Deg. F.. .. .. v v o0 ov o0 4
(b) Relative humidity, per cent.. .. .. .. .. .. .. .. ..
(c) Room temperature, Deg. F'uv v v vh v ve ve wy ve us

Qualily of Steam
Number of degrees of superheat.. .. .. +. o vv or ve o o4 wo

Total Quantities
Total weight of coal, ag received, pounds.. .. .. .. «v .. +o o

.Percentaveofmmsture.. e e b ie e e e e e e e

Total weight of coal, ag fired, pounds. C e e e s e e
Percentage of moisture.. .. .. . vv o0 ve vu vh ae e ey
Total weight of dry coal, pounds.. .. . . i e e s
Slag, ash and refuse (dry, laboratory basls) per cent e e e
(4) Withdrawn from furnace bottom, pounds, tota.l PO
(a) Withdrawn from furnace bottom, pounds per hour,

per boiler.. .. . . .. i e e el
(B) Withdrawn from tubes, flues and combustion chamber,
pounds, total.. .. .. .. i .. ..

(b) Withdrawn from tubes, ﬂues and combustion
chamber, pounds per hour, per boiler.., ., ..
(C) Blown away with gases, pounds (difference bet\veen

laboratory and actval weighed).. .., . PR

(¢) Biown away with gases, pounds per houv, per

boiler.. .. ..

(D) Percentage of total iost with gases e e e e e e

(B) Percentage of combustible in slag and ash recovered
per cent (combined analygis).. .. .. .. .. ..

Total combustible burned, pounds.. .. .. .. .. .. .. ..

Hourly Quantities and Raies

Dry coal per hour, pounds.. .. . . e e e ee e ae
(a) Dry coal per hour, per boﬂer, pounds.. Ve e e e as
‘Water evaporated per hour, pounds, actual.. ., .. .. .
(a) Water evaporated per hour, per boiler, pounds, actua.l
Equivalent evaporation per hour from and at 212° F,, pounds. .
(a) unxvalent evaporation per hour, per boiler, from dand at

212° F, pounds.. .. .. .. i. .. Coer e

. Bquivalent evaporation per hour from and at 212° F., per sq.

ft. of water heating surface, pounds.. .. .. .. .. .. .. .. ..
Capacity

Dvaporatlon per hour, from and at 212° F,, per boiler, pounds. .,
() Boller horse-power developed.. ..

Rated capacity per hour, from and at 212° I‘ per bm]er, pounds .

(a) Rated boiler horge-power.. .. .. ., .. ..
Percentage of rated capacity developed.. .. .. ¢ o0 vy b .,
Water fed per pound of coa’, as received, pounds.. .. .. .. ..
‘Water fed per pound of coal, as fired, pounds.. .. .. .
Water evaporated per pound of coal dry pounds .. .. .. .
‘Water evaporated per pound of combustible, pounds.. .. .
Hquivalent evaporation from a..d at 212° F., per pound of coal

ag received, pounds.. .. .. .. .4 .4 0. ..

se e ve se e

958,074
7-23
894,800
0-67
888,806
11-90
9,770

87,649

176-8
82-8

6-9
781,622
8,249,536
11473
9,464,693 *

8,978
1,796
83,328
16,666
95,603

19,121
4-09

19,121
564
16,146 -
468
1184
8611
9-219
9-282
10554

9879



42,
43.
44,

45.
46.
47,

48.

49,
51,

62

63,

o
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Equivalent evaporation from and at 212° If,, per pound of coal,

(7) Total'per cent... .. .. .. .. .. .. .. ..

as fired, pounds., .. .. 10-577
Equivalent evapomtion fmm and "l.t 212° P per pound of coal,
dry, pounds.. .. .. e e e 10-649
Equivalent evaporation flom :md at 212" P per pound of com-
bustible, pounds.. . . o vv vl b bl vl e v e e el e 12-109
Gross Bfficiencies
Calorific value of 1 pound of dry coal by calorimeter B.Th.U... 12,810
Gross efficiency of boiler and furnace, per cent.. .. .. .. .. .. 80-67
Efficiency of furnace, per CeNi.. .. v vv v vv v v es e ae e 39.79
Smoke Data
See notes.
Analyses of I'lue Gases
Carbon dioxide, PEr GOt . «v vt vr v b ve eh au e we eu e 1226
. Oxygen, Percent.. .. o L. v v e e eh e e e e e e 6-82
‘Carbon monoxide, per cent.. .. .. . v i o el v e s e 0-00
Analyses of Coal
Progimate— - © Asreceived As fired Dry
(a) Moisture.. .. .. .. v . . s 7-23 0-67
(V) Volatile.. .. .. .. .. . oo 32:13 34-40 34:63
(@) Fixed carbon.. .." .. .. .. .. 49-60 53-11 53-47
(@) Ash.. .. .. oo o0 ve v v 11.04 11-82 11.90
100-00 100-00 100-00
(e¢) Sulphur separately determined referred to dry coal,. 1:-62
Ultimate analyses—
(@) Carbom. . «. v vh vh b e e e e v e e e e e 53-57
(D) HYATOBCI. . v vt vh vt vr ve vn or ar ea oe 4s as on 4-35
() OXYEEN.. vv vv v vh bn te vh ve ae e e e e e e 7-22
(A) NItroOZeN. . vt vt vh v v bt vt v e e e e e e 1.34°
(e) Sulphiur.. .. (. v i i e v e e e e e e e e 1.62
(F) ASHuy cv v vl te e e v e e e e e s e e 11-90
100-00
Analyses of— . . Slag Ash retained Ash lost
(a) Moisture.. .. +. vo +vv vu w0 oo 0-00 13-00
(b) Combustible., .. .. .. .. .. .. 0-569 13-76 Unknown
(¢) BEarthy matter.. .. .. .. .. .. 99-41 86-24 e
Heat Balance .
B.Th.U. Per cent
(a¢) Heat absorbed by the boiler.. .. .. .. 10,334 80-67
(b) Loss due to evaporation of moisture in coal 8 0-06
(¢) Loss due to heat carried away by steam
formed by the burning of hydrogen.. .. 486 379
(d) Loss due to heat carried away in dry flue L.
gases.. .. . e e e e e e e - 1,627 11-98
(e) Loss due to ca.rhon mono\ldc s e e e 0 0-00
(f) Loss due to combustible in ash e e e 23 0-18
(¢g) Loss due to heating moisture in air.. .. .. 39 0-30
(h) T.oss due to combustible carried away with .
flue gases, unconsumed hydrogen, hydro-
. carbons, radiation and unaccounted for.. 393 307
(i) Total caioriflic value of-1 pound of dry coal. 12,810 ceen
100-00
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ANALYSES OF LOSSES AS SHOWN BY HEAT BALANCE

Losses Due to Evaporation of Moisture in Coal

“ These losses when expresged in a heat balance are dependent upon
the quantity of moisture in the coal as fired, and ordinarily are independent
of installation. Since in this case, the coal was dried to .67 of one per
cent of moisture, only a small loss, .06 of one per cent, due to the presence
of moisture, occurred in combustion. The actual loss resulting from this
factor is set forth in the table showing net boiler efficiency. It exceeds
the minimum theoretical loss, dependent upon quantity of moisture that
is always assumed in a ‘heat balance, and which in this case would be
(if coal had mot been dried) equal to .6 per cent. The efficiency of the
dryer referred to on this basis is only 40 per cent.

Losses Due to Hy(irogen in Coal

These losses are independent of the installation.

Losses Due to Heat Carried Away in the Dry Flue Gases

In view of the fact that the boilers were operated at ‘the most eco-
nomical rating, these losses were higher than expected. To account for
them, it must be considered that up to the time of the test three of the
five boilers had been operated about 8300 hours since receiving -a partial
wash, and that each of the five had been in service 600 hours since the
last full cleaning. This condition, together with the fact that 90 per cent
of the feed water was untreated, reduced the heat absorption of the boilers
appreciably. One of the boilers examined subsequent to the test showed
scale deposits sufficient to affect efficiency.

“ Further losses under this heading may be attributed to an excess
of air, not needed for proper combustion, but essential to the .control of
furnace temperatures and the prevention of excessive slagging on the
hearth and furnace bottom—as is explained under “ Boiler Room Oper-
ating Conditions.”

Losses Due to Carbon Monoxide

“These were not measurable since few gas analyses showed CO
present, and then only in traces.

! Losses Due- to Combustible in Ash

“ This loss is very small and denotes the completeness of combustion.
Since only 17.2 per cent of the total ash (laboratory basis) was recovered,
and half of that—the slag—contained no combustible, it might be assumed
that, with the 82.8 per cent of ashithat escaped with the flue gases, a large
amount of combustible was carried away. On the other hand, it is more
likely that since the unaccounted for losses are less than in the average
boiler test, most of the unburned combustible lodged in the combustion
chamber, and were without doubt the heavier particles.

Losses Due to Combustible Carried Away with Flue Gases,
Unconsumed Hydrogen, Hydro Carbons, Radiation
and Unaccounted for
“ These losses are not great comparatively, and are not wholly

preventable. Radiation was reduced to a minimum by properly covering
and lagging boilers,
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- Analysis of ‘Coal Received during Test

Proximate ilmilysis ' ‘ o Uit_imélto analysis of (h:y coal
Dry coal g o
- B.Th. { B.Th.
. U. |. U, .
Number { Moist- | Fixed |Volatilo Ash | per tb. | per 1b. H |- 0 N S | Ash
uro | ocarbon | matter| #8357 ldrycoal! as :
- rec'd. .
8.3 | 5571 | 33.47 | 10.82 | 13008 | 11024 .
421 55.80 | 32.10 [ 712,01 | 12074 | 12389 | 76.88] 3.04| 5.73) 1.30] 1.38| 11.61
4.9 5_5.72 33.28 | 12.00 | 12088 | 12352
6.6 56.14 | 33.48 | 10.40 13530 | 12876 . .
4.9 5463 | 31.74 1 13.63 | 12720 | 11880 | 72.42| 4.73| 7.35) 1.45] 1.63] 12,42
9.7 51.37 | 85.41 13,22 | 12515 | 11301 | °
Tocviienn 10.0 | &2.11( 35.50 | 12,30 | 12551 | 11206
8.8 | 62.74 | 34.74 | 12,52 | 12589 | 11481 | 72.16{ 4.63| 8.07f 1.21] 1.72{ 12.31
9.1 5243 35.54| 12.08 | 12573 | 11429
7.3 63.02 | 35.93 11.05, 12083 | 12035 ] .. i . .
5.0 | 51.49 | 87.17| 11.34] 120601°) 11858 | 72.85| 5.10f 7.71] 1.35] 1.74] 11.25
7.0 51.44 4 37.21 11.35 | 12673 | 11786
7.23] 53.47 1 34.68 { 11.00 |. 12810 | 11884 | 73.57| 4.35{ 7.22] 1.34] 1.62! 11.90
Test on. Fuel Pulverizing' Equipment
- ONEIDA STREET POWER PLANT
~December 11-15, 1919
General’ C’ondmtwns—Average Tempe) aturcs, eto.
1. Temperature of air entering dryer furn'lce, Deg. F'uu' vvivv v 98-8
2. Temperature of gases leaving dryer, Deg. F'.. .. .. .. .. .. .. 181:8
3. Humidity of outside air, percent.. .. «v v o0 v vt ev vh ve by 72.0
4. Draft through dryer, inches of water... .. ..... ... oo v .. 0-77
No. 1 No. 2
5. Va,cuqm in pulverizers, inches of: water.. .. .. . 50 516 aveg. 508
Coal Temperatures, Moistures and Fineness ’
6. Temperature of coal entering dryer, Deg. I'.. .. "\, .. vc .0 .. 88.2
7. Temperature of coal leaving dryer, Deg. T'.. .. .. “. .. .¢ . 237.9
8. Temperature of coal leaving pulverizers, Deg. F*.. .. .. .. 169-7
9. Moisture of coal entering.dryer, per cent.r .. .. .. i, .. 559
10. Moisture of coal leaving dryer per cent.. .. «v v o4 o0 v wn - 1:61
11. Moisture of coal leaving pulverizers, per cent.. .. .. .. .. .. 1-038
12, Fineness of pulveriZed.coal, 200-mesh, per cent.. .. .. .., .. .. 81.30
13. Fineness of pulverized coal, 90-mesh, per. cent. ey e e e 97.40
14, Fineness of pulverized coal, 80-mesh, per cent.. .. .. .. .. .. 99-30
15. Fineness of pulveljlzed coal, 60-mesh; per cent S e 100:00 . -
Total and Hourly Quantltles
. . ,.O'msher . ~ :
16. Total coal crushed, as received: at crusher, toms.: .. .. .. .. 479-0
17. Coal crushed per hour, as received, tons L 175
c L U brger L -
18. Total coal dried, as received at dryer, tonS.. .. .. .. .. .. 5. a1
19. Total coal dried, per hour of dryer operation, as received, tons.. 6-7




25.
26.
217,
. Greage consumed per pulverizer per hour of opera,tion, pounds
29,

30.

31,
32,

38.
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40.
41,
42,
43.
44,

45.
46.

41,
48.
49.

50,
51,

52,
53,
64,
55.
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R Pulverizer

. Total coal pulverized, coal from dryer, tons., .. .. .. .. .. ..
. Capacity of pulverizer per hour, tons.. .. . ‘e

. Coal pulverized per hour, dry, tons, total .

. Coal pulverized per hour, dry, tons, per mill.. .

. Coal pulverized per hour, per mill, ag receWed at pIa.nt, tons

Conswumption for Lubiricants

Total grease consumed by elevators and conveyers, pounds.. .,
GGreage per ton of coal, as recelved, pounds.. e e
Total grease consumed by pulverizers, pounds .. .

Grease consumed per pulverizer per ton of coal pulverized,
pounds.. .. e e . .

Grease consumed on all equupment per ton of coal as recewed
pounds.. .. ..

Total oil consumed on all equipment quarts ee st es e e e

Oil consumed per ton of coal as received, quarts..

Hleotric Emergy and Coal Conswmption

, Total energy consumed by crusher and green coal elevator.. ..
. Energy per ton of coal, ag received, KW.H.. .., .. .. .. ..
. Total energy consumed by dryer, KW.H., ..

. Energy per ton of coal, as received, consumed by dryer P

. Total energy consumed by pulverizers, K.'W.H. (fan arnd dr1ve

MOLOY) 0 vv vi e ve e ee el e
lM;ll No 1 Mill No 2
Motor input per hour, H.P.. .. e e 93-8 90-2
Dnergy consumed by pulverizer per ton of coal, as received,

Dnergy consumed by pulverizer per ton of coal, as puLverlzed

Total energy consumed by pulverized coal conveyers, feeder
blowers and feeders.. .. . .

Total energy consumed by pulvenzed coal conveyers, feeder
blowers and feeders per ton of coal, ag received..

Total energy consumed by pulverized coal conveyers, feeder
blowers and feeders per ton of coal, as fired.. .,

Total energy censumed by ali equipment on prepara,tion and :

firing of pulverized fuel, K'W.H,, ..
Energy per ton of coal, as received, KWH Grand 'total
Coal equivaient for this energy at 1-5 pounds coal per KWH
pounds. .
Total coal used in dryer furnace e v e
‘Coal per ton of fuel dried, pounds (based on coal as recelved)
Total coal and equivalent consumed in preparation and firing of
one ton of pulverized fuel, pounds.. .. .. .. .. .. .. .

Cost of Preparation—Operation and Maintenance

Cost of labour per ton of coal—operation.., .. .

Cost of fuel for dryjng, plus fuel for electric energy—lCoal at $4
per ton.. .. .

Cost of lubricants per ton of coal—-Grea.se at 9 cents per pound

Cost of labour per ton of coal-—malintenance. . . .

iCost of materlal—maintenance. e e

Total cost per ton of coal.. .. .. .. .. ..

220-0
0-47

735
153

8,010

16-72

17-90
1,789

3.73

10,754
2245

33.68
12,291
2566 -

59-34

$ 0148

0-119
0-007
0-036
0-020
0-326
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Moisture in Coal at Various Points along Line of Fuel Travel

Fineness of Coal at Pulverizer Outlets

Moisture | Moisture | Moisture | Moisture | Moisture
in goal | in coal | in coal in coal in
Number received at at at conl 200 100 80 60
at drfrer dryer |pulverizer! at mesh | mesh | mesh | mesh
plant, outlet outlet | burners
) 8.3 4.9 0.8 0.5 0.5| 82.8 08.9 09.8' 100
i 4.2 4.2 1.2 0.6 1.01 84.0 07.56 99,9 100-0
R 4.9 4.2 0.9 0.5 0.6 82.5 08.1 99.6 100.0
S 6.6 6.3 1.2 0.5 0.4 80.5 98.0 99.5 100.0
Biiviiinninas 4.9 4.0 1.1 0.4 0.4 79.6 96.0 98.8 100.0
Govenvnnnnns 9.7 8.1 1.2 0.8 0.5 80.0 98.0 09,2 1000
Teveiiinennns 10.0 8.2 3.2 23 141 80.0 96.0 99.1 1000
N 8.8 G.6 2.5 1.6 0.0 8.2 97.6 99,2 10070
9iiviiniennas 9.1 6.1 2.0 1.5 0.6 79.3 96.3 099.1 100°0
10....... 7.3 4.0 1.3 1.2 0.6 81.2 97.4 99,1 100..
L 5.9 4.0 1.0 1.0 0.41 80.1 97.4 99.1 100.0
1200000000000, 7.0 6.5 2.9 1.5 0.7 82.0 97.5 99.4 1¢0..
Average.... 7.23 5,59 1,61 1.03 0.67; 81.3 07.4 99.3 100

Note: Item 50 is based on the labour required to pulverize coal

sufficient for five boilers through a twenty-four hour run per day.

Summary Sheet

Eleciric Buergy and Fuel Consumption per Ton of Coal Pulverized

1. Energy conswmed by convuyels crushers; elevators, dryer,
blowers and feeders, K'W.H.. .. c he es se be wv e v 673
2. Energy consumed by pulverizer, KWH e ta er ev e e e 16-72
3. Total energy, KW.E.. .. .. . . . e v e e e 22-45
4, Coal equivalent at 1-5 pounds pev KW' H., pounds. e e . 3363 .
5. ‘Coal consumed in dryer furnace, pounds per ton of fuel dried. . 2666
6. Total coal and equivalent, pounds.. .. . 59:34
7. Gross afﬁx:iency less deductions for total coal and equivalent,
L -3 78-36
Cost of Fuel Preparation, Firing and Ash Disposal
8. Labour—Coal preparation. . .. «v «v v cv vh v vh v e en e 0-143
9, Labour-—Firing.. vv vv vt th vh he v e e v e e e e 0-112
10. Labour—Ash removal.. .. v vv vv vh ve e b e en e e . 0-026
11. Dryer fuel—Coal at $4 per ton.. . T S RN 051
12. Electric energy—Coal per‘KWH at 1. 5 lb .. 0-068
13. Maintenance (labour at 3.6 cents—mateual at 2 0 cemts) H . .
manufacturer's estimate—lubricants at 0-7cent.. .. .. .. .. 0-063
14. Total cost of fuel preparation, firing, ash disposal, ‘and maln-
EONANCEL. vv vh v v e bt e b he e et e te e e e s 0-462
15, iPrice of coal as purchased, per ton e te e e e e e e 4.000
16, TOEAl COStr tv v vn vv ve 4 be be e e ek e e e re v e 4-462
Eficiencies
17. Actual gross efficiency, per cent.. .. P . 80-67

18. Net.efficiency, after all incidental costs have been accounted for,

PEr e, . ti il he ot i it et e v e e e ee ee e 72.32
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‘CONCLUSIONS

The conclusions can be best drawn from a comparison between pulver-
ized fuel burning equipment and mechanical stokers.

Comparison of Costs and Net Efficiencies.

Electric Energy and Fuel Consumption per ton of Coal Burned.

Pulv.
Fuel Modern Stoker
System

Energy consumed by conveyers, crusher, elevators, dryers,
fans and feeders, K.W. H..........ocliiiiiiiinnnanns 5.73 |Stokers and Blow-
. ers, K.W.H.10-94
Energy consumed by pulverizer, K W.H.................... 1672 | ...
Total energy, K.W. H.. 22.45 10-94
Coal equivalent at 1-5 1b. pe1 KWH, b 33-68 16-41
Coal consumed in dryer furnace, 1b.. ... 25.66 | ...l
Total coal and equivalent, 1b..........0ovevviiniinneinon... 5934 16-41

Cost of Fuel Preparation, Firing and Ash Disposal,
Labour—Coal preparation............oooevunn. P $ -143 $ -000
Labour—Tiing. ... cvovt e v e 112 -140
Labour—Ash removal (in plant) ............................. - 025 064
Dryer fuel—Coal at $4 per ton..........vcvvviiiercnrrainsins -051 -000
Electric energy—Coal per K.W.H.at 1-51b................. -068 -033
Maintenance—
Labour at $0-36—(Material at $-020 manufacturer’s esti- Labour at $.046
mate—Lubricants at $:007................... AP $ -063|Material at $-049

Lubricants at
’ $ 002 _-007

Total cost of fuel preparation, firing, ash disposal and main-

BBIATICR . o v veeveesss e st e e e b e areas <462 334
Price of coal as purchased, per ton ........................... 4-000 4.000
Total cost, per toN. .. ... vt it iiee e 4462 4334
Cost per ton of coal in P.F. System over modern stoker...... 1280 Ll

EFFICIENCY
Actual gross efficiency, percent.......covvvveiirireereririen.. 80-67 76-80
Net efficiency after all incidental costs have been accounted .

fOr, PeT CeNb. . vvvs. vt et 72:32 70-88

Difference in favour of pulverized fuel system, per cent. . .... 144 L.

"An extract from the remarks of Mr. Paul W. Thompson, technical
engineer of power plants, Detroit Edison Company, which appeared in the
same paper, follows:—

“ The boiler room operation was indeed much simpler than is obtained
with a stoker installation. The rate of steaming of the boiler is con-
trolled by varying the speed of the feeder motor and adjusting the damper
to take care of the different quantity of flue gas. It is unnecessary to
look into the furnace at any frequent interval as is the case when firing
with stokers and where holes in the fire or heavy spots must be corrected.
In fact, when once the feeder speed is set to give a certain rate of steam-
ing of the boiler there seems to be no reason why this rating eould not be
maintained continuously as far as the furnace is concerned without it
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being necessary to make any changes whatever. Variations in the kind
and quality of fuel burned seemed to have no effect on the operation, except
that when feeding at a constant quantity the rating of the boiler varied
with the heating value of the coal. 'At one time during the test Youghio-
gheny was used, which coal had -a higher heating value, higher volatile
content, less ash and less sulphur than the mixture of Youghiogheny and
Kenuucky coal which was used throughout the remainder of the test.

“ Losses which are inherent in stoker /practice, such as breakdowns
in the stoker itself, breaking up dlinkers, loosening clinkers, continually
watching the fire to maintain correct and uniform thickness, watching the
gas passes of the boiler to see that no large sparks which indicate a carry-
ing away of combustlble, dumping, and the many other operations that
are necessary in stoker operation, ave eliminated. In other words, efficient
combustion 1s obtained at all times without continual supervision by an
experienced operator, and from the standpoint of reliability of operation

. the odds ave in favour of the pulverized fuel. This ds an item for serious
- consideration in plants designed with' 4.5 K.W. capacity or more per
installed hoiler horsepower, where the losing of a Doiler due to stoker
trouble at the time of maximum load on the station might seriously over-
load the remaining boilers or make it necessary to drop a portion of the
load on the plant.
' “ The handling of the ash resulting from combustion of the pulvenzed
fuel is a very simple matter due to the very small quantity which is
deposited in the furnace. It is in the form of a very fine impalpable
powder which during the test was removed twice each 24 hours. On
several occasmns during the first and second days of the test, slagglnd
cccurred in a furnace due 'to not admitting a sufficient quantlty of air.
-The direct cause of this was the over anxiousness on the part of the men
conducting the test to obtain a lmghel per cent of COz in the flue gas,
‘and the reduction in the excess air permitted the furnace temperature
to rise to a point where slagging occurred. The removing of this sllag
from the bottom or floor of the furnace presented more difficulty than is
usually experienced in removing the refuse from the ash hopper of a
stoker fired boiler. This slag had to be broken up and pulled out before
it fused to the brick Tining of the furnace, It appeared to the writer that
this formation of slag could have been almost entiredly eliminated by a
move frequent inspection of the floor of the furnace, and the admitting
of more air through the openings in the front of the. furnace if it was
- found that slag was beginning to form. Even at times of removing this
slag it was possible to maintain the rating on the hoiler by increasing the
coal feed, which, however, resulted in a demeased efficiency during this
time amountmg to about fmty-ﬁve minutes in 24 hours for each Doiler.
A large portion of the ash resulting from ecombustion is carried on through
the passes of the boiler and out of the stack. Owing to the_ fineness of
this ash it apparenily carried a considerable distance even in a moderate
wind before being precipitated. Throughout the test there was a moderate.
wind blowing probably between 4 and 8 miles per hour, and the writer was
unable to find any noticeable deposit of ash from blowing the boiler tubes,
which was done three times a day, requiring about 20 minutes per boiler
for each blow, no noticeable precipitation of ash could be found in the
streets. At no time during the test was thE].e any tendency for slag to
form on the tubes of the boilex.
©; “Strietly speaking there is no such thing as a ‘banked boiler when
using pulverized fuel, as all that is necessary when it is desired to eut out
a boiler is to shut off the coal feed and close all the dampers and auxiliary
air_inlets to the furnace. In this way the Milwaukee Electric Railway
and Light Company have found by test that it is possible to hold the hoiler
up to pressure Tor about ten hours.by the radiant heat stored up in the
. .furnace and boiler setting, which is gradually absorbed by the boiler.. The
Joss.which occurs. and which can be’ compared to the banking loss in a
" stoker fired boiler, is the heat which is radiated from the boiler and
. setting, and equlvalent in amount to that required to heat up the boiler
and setting again to the .temperature attained when steaming. In a
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plant where the ratio of boiler hours to Dboiler steaming hours averages
43 per cent or greater, which corresponds to an average daily plant load
factor of 67 per cent, the saving resulting from the use of pulverized fuel
is worth considering. Assuming 1.2 1b. coal consumed per B.H.P. bank-
ing hour in a plant equipped with underfeed stokers, this loss amounts to
about 1.5 per cent, which in a pulverized fuel burning plant should easily -
be reduced to one-half this figure, resulting in a net saving of 0.7 per cent
on this one item alone."

“The conveying and preparation of pulverized fuel presents a some-
what more complex probleém, akthough the present equipment in the Oneida
street station is operating satisfactorily, and, during the test, operated
without any serious interruptions. Moisture in the pulverized fuel caused
Ly sweating. on the inside of the pulverized fuel bins resulted in some
feeder troubles, but this was only a temporary condition and was overcome
by closing the windows just above the bins, stopping the cold air from
blowing directly on them. One of the feeder pipes between the bin and
the furnace became practically plugged up, due to 'a paper composition
gasket becoming lodged 'in the pipe just above the burner. The Dboiler
on which this occurred was operated for at least 24 hours at the desired
rating, by increasing the feeder speed on the other burner until the trouble
was located and removed. During this period the efficiency of combustion
was undoubtedly below the average, as the coal which did come through
the plugged feeder ‘was not fed in with the correct quantity of air, due
to the obstruction in the feeder pipe. No trouble ‘was experienced with the
dryer or pulverizing mills at any time during the test.

“The writer does mot believe that under test conditions over a period
of constant boiler rating the efficiency obtained with the use of pulverized
fuel will exceed that which has been obtained from the best sitoker practice
under similar operating conditions. However, under normal operation it
is believed that the elimination of the many variable conditions entering
into stoker operation will result in higher efficiency, for the pulverized
fuel installation. Overall efficiencies of boiler, furnace, and grate as high
as 82 or 83 per cent have been obtained on test with stoker fired boilers,
but normal operation day in and day out seldom exceed 76 per cent in
the very best practice where highly skilled help is employed in supervising
the boiler room operation, The gross overall efficiency of boiler and
furnace of 79.6 per cent as obtained from the results of this test would
unquestionably have been higher had the boiler been cleaned prior to the
test. As a matter of fact each boiler had been in wperation prior to the
test, approximately 600 hours since being entirely cleaned, including the
first four rows.

“Inasmuch as the boiler feed water consists of approximately 90 per
cent untreated water the scale formation in the tubes would tend to give
a lower efficiency than would have been obtained with clean boilers. At
the time of writing this report it has not been possible to open up the
boilers and ascertain the exact amount of scale on the tubes. This, how-
ever, will be done within a few days, and a statement made regarding
it in the final report of the test. ) )

“ Certainly the -results obtained in .the pulverized fuel burning plant
as a ‘whole, where the equipment was installed and made to fit into an
old plant originally equipped with Jones stokers, are encouraging enough
to warrant serious consideration of the use of this kind of fuel in stations
to be built in the future. There are many improvements which can be
made in the design of.a mew plant, especially. in the design of furnace,
location of drying and coal pulverizing equipment, method -of coal handling,
drying and pulverizing, method of ash handling, slag prevention, possi-
bility of using waste gases for the drying of fuel, all of which will have
an effect on the efficiency which may ultimately be obtained. The applica-
tion of pulverized fuel to central generating stations has been in use to
a very flimited extent for several years, but there still remains much
experimental work to be done before we can hope to exhaust all the possi-
bilities for increased efficiency, and bring it to as high a state of develop-
mentt as is the stoker at the present time.”
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and Company. The boiler is installed in the power plant of the Lytle
Coal Company.

M. A. Hanna and Company had, many difficulties to overcome. By
diligent research on a beiler at Lykens, they evolved a successful method
of burning powdered anthracite. Originally they used a horizontal burner
and injected the coal beneath an arch. With this arrangement the coal
burned successfully, but the ash fused, solidified and was removed only
after drilling and blasting. Later the coal was spread out into a stream
and forced against a water-cooled deflector, and ignited by the radiated
heat from the flame itself instead of igniting it from the hot brickwork.
The experiments "showed too the necessity of lengthening the path of the
flame as the rate of combustion increases, so that the coal may burn com-
pletely before reaching the tubes.

Later, the water cooled deflector was abandoned, and the design of
furnace deflector plate and feeder evolved as shown in Fig, 83. The pul-
verized coal is removed from the hopper by two variable speed screws and
flows horizontally in two streams which converge, falls through a 5-inch .
pipe into an 8-inch pipe, where it meets a blast of air From the air main.
This mixture of coal and air passes along the mixer pipe, and through
the burner nozzle into the furnace. The burner nozzle is shaped to give a
flattenied fan shaped current of air and coal. On its tip is a plate ‘which
may be adjusted, by a rod, screw and wheel, to change the direction of the
entering air and coal current. By means of two levers, operating two
butterfly valves, air may be permitted to flow into the furnace as required,

_ on the inner and outer side of the coal and primary air jet. An addi-

tional air supply is drawn in at the bottom and rear of the combustion
chamber. Peepholes in the walls of the combustion chamber are provided,
to enable the fireman to.observe the position, steadiness, and colour of the
flame. At the Lykens boiler plant, most of the ash passes up the stack, but
appears to be so widely dispersed as not to be even detected.

The following table is extracted from the results of trials <carried
out by M. 'A. Hanna and ‘Company at the pulverized fuel plant at Lylkens.
The first three tests were carried out in April, 1919, and the last in August,
1919. The boiler is a Babcock and Wilcox three pass boiler with 2,357
square feet of heating surface. The fuel used in the trial marked “ A ”
is Dover, Ohio, coke braize; that in the trial marked “B?” Nanticoke
slush; that in the trial marked “ C” Lykens seam dirt.

Trial A B C
Duration of trial, hours.. .. .. .. .. .. .. .. .. 62 592, .  4.28
Steam pressure, lb. per sq in.., .. e e e 117 111 112
Draft in flue behind boiler, in, wa,ter e 0-329 0-327 0-388
Draft in furnace at bottom, in. water., .. .. .. 0-196 0-186 0172
Draft in furnace at top, in, water.. .. .. .. .. 0-054 0044 0-043
Draft in boiler top 1st pass, in, water.. .. .. .. 0-049 0-033 - 0-036
Draft in boiler bottom 2nd pass, in. water.. .. .. 0-111 0-100 0-104
Draft in boiler top 3rd pass, in. water.. .. .. .. 0-116 0-110 0-124
Blast at rise on pipe, in. water.. .. .. .. .. .. 1-71 1.99 2-02
Flue gas temperature, °T., .. .. .. .. +. .. .. 562 574 617

Fuel, Proxxmate Analy51s

Molsture, per cent.. .. DI R R S T S 0-99 0-98 0-60
Volatile matter, per cent.. .. e e e e e e 9-89 717 8:09
TFixed cavbon, per cent.. .. .. .. .. .. .. .. 73:76 64-71 80-11
Ash, per cent.. .. e ee aw 15-36 2714 11.20
Calorific value, BTh U per lb dry coal e .. ow. 12,180 10,008 13,407

26598—7

»




" 98

Fuel, Size
Through 100-mesh, per cent.. .., .. .. .. 98-3 88-5 979
Through 200-mesh, per cent.. .. .. .. .. 926 80-8 895
Density of fuel, b, per cu. ft.., .. .. . e 675 b64-4 585
Proximate analysis of refuse from the top of the
1st pass .
Volatilo matter, per eent.. .. .. .. .. .. o0 .. 204 1-70 2:40
Trixed carbom, per cent.. .. vv vv vh el aw ae as 12-48 20:90 912
Ash, per cent.. .. 8548 77-40 $8-48
IBquivalent ev*\pomtxon ﬁom and 'Lt 212° per sq ft. . \
heating surface, 1b, per hour. .. .. 4-44 3.83 4-34
Equivalent evaporation per 1b, of dry fuel lb. . 9.49 T7-20 11-02
Carbon dioxide, per cent by volume, at top of
Ist PASS.. +v v h i vh v e e e e e 11-96 131 10-8
Combined efliciency of furmnace and boiler, per
< 21 O 75-5 69 8 797

~ The carbon dioxide content of the flue gas in these trials is not as
high as is anticipated commonly with powdered coal fired boilers, but is as
high as that obtained in practice; and My. Walker, in a letter to the
writer, says, since the last of these tests was run, the excess air has been
reduced by directing the flame against the back wall by means of the
deflector, which prevents the air entering through the air inlet at the
back of the furnace from passing up the back wall unused. Since the flame
has been directed towards the back wall the flue gas has been found to
contaln 16 per cent of carbon dioxide, coutmuous]y In addition to 6,300-
horsepower boilers at the Lytle power plant, M. A. Hanna and Company
are 111st'11hng four 500-horsepower Edgemoore boilers for the Short Moun-
tain colliery at Lykens, Pa., and for the Penusylvania colliery at Shamokin.

INSTALLATION AT PARSONS

Tig. 84 illustrates a powdered coal fived, boiler equipment, designed
by the Fuller Engineering Company, This company have designed several
pulverized fuel boiler plants.

They prefer the horizontal: burner as shown previously in Tig. 16.
One of their earliest boiler installations was at the shops of the Missouri,
Kansas and Texas railway at Parsons, Kansas.

The boilers are O’Brien water tube boilers. After replacing the hori-
zontal bafles on which ash scecumulated, with vertical baflles, and enlarging
and remodelling the furnaces, there has been little trouble in operating
these boilers successfully.

Owing to the decrease in the price of oil and the increase in.the price
of coal and of labour, these boilers are now using oil fuel. Several inter-
esting trials were made with various powdered fuels at Parsoms, and
extracts from the results are shown below. It was found unnecessary at
this plant to dry Texas lignite to a moisture content of less than 6 per cent
and lignite containing 17 per cent moisture has bLeen burned. But the
moisture content of lignite is so high that either a large size dryer must
be used, or the expedient adopted of passing the ligmite twice through the
dryer. At Parsons, the lignite was passed through the dryer twice.

" Iixtracts from results of tests on Dboilers at the Misgouri, Kansas and
Texas R. R, shops at Pareons, Kan.







Duration - s P I
o lue gas analysis rox. analysis
No. CL Rated test, %t:?,l?l dry coal B. 'el;hl'bU'
of Kind of coal boiler hours pressure P :
' by gauge, dry
Test horse- i coal
» power . CO e} cO N Vol Fized |
. 2 g 2 ol. ixe :
Hr. | Min. A %, 7 a, , car. Ash
1 |Cherokee mineral slack.. 191 1 0 126 12 8 0 80 28 49 22 11,580
2_ {Texas lignite............ 191 2 4 127-4 10 10 5 79-5] 42-3 32 9-5 11,250
3 [McAllister.......ovvvnnenneenn. R 191 2 12 127 10 9-5( 0 80.5 34-3 50-1 15-1 12,630
4 [Texaslignite........c.coeviuvinnenn. 191 1 30 118-1 10 11* 0 79 47-1 35:4 10-5 11,250
5 |Texas lignite................ 191 1 13, 130-6 12-5| 8-5* 0 79 47-1 35-4 10-5 11,250
6 [Cherokee mineral slack... 382 1 24 126 10 | 11* 0 79 28-4 48-7 21-9 11,380
7 |Cherokee mineral slack... 191 2 0 123 13-30 7-5* 0 79 28-4 47-7 ) - 21-9 11,580
8 |Cherokee mineral slack... 191 6 58 126-5 10-7¢ 931 0 30 28-4 | - 48-7 21-9 11,580
9 |Texas lignite.............. 191 4 307 137-5 14-75 5 0 8116 61-52] 24-72 13-76 10,675
10 [Cherokee mineral slack e 191 4 0 136 14-8| 3-5{ 0 81.9] 32-41| 49.57 | 18-02 12,185
11 (Semianth. Kan.................... 191 3] 30 135-5 15-8 3-5 0 81-6 22-29| 59-94 17-77 12,625

*NoTE.—~The sum of the carbon dioxide and oxygen contents in these trials is 21, which is too high unless the sole combustible
constituent is pure carbon. The flue gas must have been analysed incorrectly.—J.B.

\
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INSTALLATION AT VANCOUVER, FULLER ENGINEERING
© COMPANY

The Fuller Engineering Company have equipped the boiler plant of
the British Columbia sugar refinery at Vancouver, B.C., with an installa-
tion for powdered coal firing., Three types of boiler are equipped for
powdered coal firing, the Badenhausen water tube boiler, the Babeock and
Wilcox water tube boiler, and the horizontal return tubular fire tube
boiler,

Each boiler has one horizontal burner, and a separate bin, feeder and
fan, except that two out of the three horizontal return tubular boilers
have one fan between them.

An unwashed slack coal from Nanaimo is burned, it contains about
30 per cent ash, and has a calorific value of 9,000 to 10,000 B.Th.U. per
pound,

Practically all the ash in the coal appears to pass up the stack, settle
in the yard, and on the refinery buildings, and is so much of a nuisance
that the British Columbia Sugar Refinery Company purpose installing a
centrifugal separator to remove the ash from the flue gases. They have
already tried removing the dust by precipitating it electrically; they were
successful, but abandoned this elecirical scheme because it would be too
expensive,

This plant has been in full operation since June, 1919, and no serious
trouble has been.encountered. Very little slag forms, and the ash which
settles in the ash pit gathers in a honeycomb formation which is easily
removed.

The tubes of the water tube boilers are blown only once in 24 hours.
But considerable difficulty is experienced in removing the ash from the
interior of the tubes in the horizontal return tubular fire tube boilers.
When these tubes are blown from the back, the ash is blown out through
the front of the boiler, and when blown from the front it is difficult to
entirely blow out the ash, since the draft tends to blow the ash towards
the front.

Two ports are p10V1de(1 in the front of the Badenhausen boilers,
through which extra air may be drawn to supplement the air entering
with the coal. No speclal supplementary air openings are provided in
the other boilers, though air may be admitted through the old fire doors,
and ash pit doors. The coal is dried in a dryer by the combustion of
powdered coal. Three Fuller 42-inch pulverizer mills pulverize the coal
g0 that about 70 per cent of it will pass through a 200 mesh sieve.

The British Columbia Sugar Refinery Company find powdered coal
extremely suitable for their extremely irregular demand for steam, since
it ig possible to start up and shut down boiler units in a short time. The
boilers are equipped so that oil may be substituted for coal in a short
space of time when necessary. The British Columbia Sugar ‘Refinery
Company supplied the writer with copies of two trials carried out on the
[Badenhausen boiler. During the first trial, which lasted six hours, the
boiler evaporated water at the rate of about 20,000 pounds per hour, or
one and a quarter times the normal steaming rate, and the flue gas tempera.
ture was about 500°F.
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AMx. D. Guthrie, the engineer, comments upon this test as follows:—

“The boiler steamed steadily ‘vight through the test, being pushed
as mueh as was deemed advisable. On shutting down, conditions in the
furnace (re¢ ashes and slag) were only slightly worse than usual. The
GOz, except when cleaning fires, remained about 13 per cent. Being with-
out a determination of the calorific value of the coal the efficiency cannot
be definitely ascertained, but it is probably high.”

Ten days later, another test, of 4 hiours duration, was run on :a Baden-
hausen boiler at a higher rate of steaming. Unfortunately, no flue gas
analyses are given,

Coal used—Nanaimo bituminous slack, V'mcouver Island

Weight of coal as fired (1-61% monstule) B s 8 13,870-86
" Weight of water fed to boiler.. .. .. .. vi v vt ce b v w0 104,357-5
" Temperature of water entering |b011er O T 1N 1855

Temperature of water entering ecouomizer ..... e e e e M 93

Gauge steam pressure per square inehi.. .. .. .. v e e e .. LD 76-6

Weight coal fired per hour.. .. . Sk wa KA wn x® ss ww oxw owx 3,467

‘Woight 'water per hour fxom and 'U’, 2:12“ . $x wx xx wx wx 27,706

‘Water evaporated per Ib. of coal from and nl. ‘71‘7" e e e el 79

Rated ILP. of Doiler.. «. v. v vh vh vh s e e e e e e e 504

Horse-power developed e e e te e e e v e e e e e e 803-09

Percentage of rated capacity Ge “4 we ww %% ss x mx AR % ws un 1593

Calorific value of -coal, B.Th.U... .. .. 10,060

Combined boiler and furnace elm:wncy basod on CO'I] .\s ﬂled per cent. 76-21

"INSTALLATIONS IN SEATTLE

‘Largely through the pioneer work of Mr. W. J. Santmeyer, advisory
cngineer to the Puget Sound Traction Light and Power Company of
Seattle, of the Pacific Coast Coal Company, and of Mr. Ralph Galt, now
manager of the Fuller Engineering Company’s Seattle office, many boilers
are using powdered coal in Seattle.

The largest of the boiler plants is that of the Puget Sound Traction, .
Light and Power Company’s steam heat plant. Much of the information
about this plant is taken from the Stone and Webster Journal for August,
1919, This plant countains ten Babeock and Wilcox boilers, with aun
aggregate boiler horse-power of 4,100. They originally burned fuel oil,
but now burn culm obtained from a dwnp consisting of washings from the
Renton mine, where lignite is mined. The lignite has a calorific value of
about 9,000 B.Th.U. per pound, 18 per cent of moisture, and 16 per cent of
ash. The culm is received has a calorific. value of about 7,300 B.Th.U. per
pound, 25 per cent of moisture, 28 per cent volatile matter, 26 per cent
fixed carbon, and 20 per cent ash. Oceasionally for light loads sludge
containing 25 to 35 per cent of ash is used.’

. The coal is dried in two dryers, and pulverized in four pulverizers.
The pulverized‘ coal is delivered to the bins by a 12-inch screw conveyer
which conveys it to four 12-inch conveyers, running at right angles to
the main conveyer, and between the main conveyer and the two bins above
the boilers. Ten bing, each capable of liolding about fifteen tons of
powdered coal, are placed over the boilers. The powdered coal is removed
as required from the bottom of the bin by a variable speed screw which
discharges it into a vertical pipe where it meets a current of low pressure
air. This mixture of coal and air passes down to the burner. This
burner is known as the Santmeyer burner. Two of these burners are
shown in position in Fig. 35; taken from a blue print given to the writer
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by Mr. W, J. Santmeyer. From IFig. 35 it will be seen that the primary
fuel and ‘air supply meets an additional supply of low pressure air at the
clbow. A small supply of high pressure an also eniers the elbow to help
control the flame.

These boilers have burned powdered coal during one heating season,
but at the time of the writer’s visit they were burning oil, and the powdered

coal equipment was being ch‘luged

' At this boiler plant it is intended to fuse the ash, and remove it as
- glag, rather than blow the ash up the stack. The slag pit and dlag
conveyer are shown in Fig. 35,

SMALL BOILERS FIRED WITH POWDERED COAL

Several boiler installations in Seattle burn powdered coal bought and
delivered in powdered form. In the company of Mr. Santmeyer the
writer saw one of these powdered coal fired boilers steaming at the high
school, Tig. 36 shows- this systemw as developed in Seattle by Messrs.
Santmeyer and Galt, 'and applied to a liorizontal return tubnlar boiler in
Stockton, Cal. for Mr. R. N. Buell. i

At the Stockton plant (sce Fig. 86) oil has now displaced powdered
coal, though appareutly there was no difficulty in msing the powdered coal.
The plant was operated as follows: The powdered coal is fed from the bin
by a screw to a vertical 8-inch pipe, the top of which is open. The coal
falls down this pipe to the T, where a jet of air sucks in the coal and a
supply of air from the open-top of the vertical pipe. The air jet is
produced by a positive blower. The speed of the coal feed screw is
changed by moving a friction pulley, driven by the motor, across a dise
keyed to the screw shaft.

The mixture of air and coal passes to the furnace through a 3-inch
plpe, which on 1eftchlng the furnace projects into & larger 1)1pe An
additional air current is drawn into the furmace between these pipes, and
further, a small voluine of higher pressure air enters as shown, tlough
a small § inch pipe, which passes through the elbow and inner pipe into
the furnace. It is used to adjust the position of the flame of burning
coal in the furnace. These small systems have proved a good means of
substituting low grade coal for oil in Seattle. Apparently there is some
. difficulty with this type of installation in feeding the coal for low rates
of steaming, since at one plant at Seattle the engineer gave this reason
for using oil at the time of the writer's visit, when little steam was
required.

ERIE CITY IRON ‘WORKS B.géIAI%‘R FIRED WITH POWDERED

Fig. 37 shows a scheme for firing powdered coal to a boiler, devised by
Mr. Frederick Seymour and Mr. F. 'C. Plume. The coal is pulverized
in an Aero pulverizer which delivers it with the air for combustion directly
to the furnmace. The boiler was built by the Erie City iron works
about 15 years ago; but a special furnace as shown was designed and -
" added in 1919. This furnace was so designed that it can be added to this
or similar boilers without disturbing the original”setting.
) The coal and air are blown into a chamber lined with ordinary
refractory material, on the outside of which ‘are tubes to prevent the









107
4 .

. refractory material attaining too high a temperature. At the bottom of
this combustion chamber is a narrow longitudinal opening, through which
anolten ash may pass and fall to the ashpit. The molten ash in falling
from the slot to the ashpit chills sufficiently to permit it o collect in a
pile of friable material that may be easily removed. There is no massing
of the slag, and since the ashpit is presented to the direct radiation cf
the flame only thlough the narrow slot at the bottom of the combustion
chamber, the ash is not remelted by radiation from the flame. At the
time of the writer’s visit the United States Bureau of Mines was using
ithis installation for a research into the combustion of powdered coal.
High percentages of CO, (15 to 16 per cent) were obtained, which dropped
to 9 per cent when the coal was not fed rapidly enough for the air supply.
This defect in the coal feeding mechanism has since been remedied. No
¢rouble, at the time of the writer’s visit, had been experienced with the
slag, :

More recently Mr. F. C. Plume forwarded to the writer the results of
a trial on this boiler carried out by W. C. Heckeroth, of the Xrie City iron
works.

Extracts from this test are herewith appended.

Boiler trial at Erie City iron works, on Erie City horizontal water
tube boiler, with spec1a1 water jacketed furnace designed for use with
pulverized coal

Water heating surface.. . ce e e e e e. eesSQfL 4022

Date of test—December 23 1919

Duration of trial—8 hours.
* F'uel—Bituminous, slack, pulverized,

Steam pressure, SAUBE.. .. .. <« . 2. o0 ue o. oodbeos in, 146

Tlue gas temperature.. .. oo o0 vv vo 20 co se o0 oo ve 22" 508

Draft at GAMPer.. .. o ee o0 0 o0 te ou e S0 owe oain 0-44

Draft, at fUrNACE. . .+ 4 oo vv cv ve v we on an ws en 0 ¥ 0-03
Coal a/nalysis, as recewmb—

MOIStUr€.. .. 4o .. ¢4 +4 s4 440 +s w4 w4 .. .. ..DEr cent, 644

Ash.. .. ‘“ 10:75

BThU per lb of(lry coa.l . e e e “ 13,134

Moisture in coal after bemg pulvenzed.. . ‘ 178

Screen test of coal

Per cent through 200-mesh.. .. .. .. .. .. .., .. “ 42

Per cent through 100-mesh.. .. . “ 66

H.P. hr. used by pulverizer blower 'per ton of wet coal . 41
Flne gas analysis—

Carbon dioxide., .. .. .. «. «. .o v vt ou vu .. o.Der cent 16-4

Oxygen.. .. e e e ee e e e e e o 2-1

‘Carbon monomde e re he e e e e e ‘* 0-1
Weter Rate—

Equivalent evaporation per hour, from and at 212° F,. ..lb, 22,546

liguivalent evaporation per hour, from and at 212° I‘ per )

sq. ft. of heating surface.. .. .. .. .. v 0 e 0. L ¥ 56

Hconomic resulis—

Xquivalent evaporation from and at 212° T. per lb. of dry

coal., .. e e e e e e e 10-08
Dfﬁmency of bmler and fulna,ce ee v+ w4 es <. ..per cent, - T4-4

An outstanding feature of this test lies in the good efficiency of the
boiler when firing coal pulverized only to a moderate degree of fineness—
@about 66 per cent through 100 mesh and about 42 per cent through 200
'mesh. This comparatively coarse pulverization was deliberately chosen
after various experiments had shown that with this setting there is no
advantage in extremely fine pulverization.
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Another interesting result is the reduction in the moisture content
of the coal in passing through the pulverizer where about 5 per cent of
‘the moisture was removed. From other experiments carried out with
this experimental plant it appears that there would be no need to install
a dryer for coals containing 10 per cent or less moisture.

LOCOMOTIVE AN]j MARINE BOILERS

No investigation was made of the use of pulverized coal for raising
steam on locomotives, though o small switching locomotive in the yard
of the Fuller Lehigh Company was seen at the time of the writer’s visit to
{Allentown. It has been using powdered coal - since January, 1918,
Locomotives have used pulverized coal in the United States, but when the
United States entered the war its use was abandoned.

Mr, Muhleld in a discussion on pulverized fuel before the American
Society of Mechanical Engineers (see the Journal A.S.M.E., September,

' 1919) gives many interesting facts about its use on locomotives, and
states that the Central Railway of Brazil locomotives are using powdered
coal for operating fast passenger, mixed passenger and freight, and freight
service with excellent results. The Great Central Railway of England
is now equipping a locomotive for burning powdered coal. Powdered
coal has also been experimented with as a fuel for marine boilers on the
{U.S.S. Gem, but so far has not been used commercially for marine boilers.

POWDERED COATL FIRED VBRSUS STOKER FIRED FURNACES

The application of powdered coal for firing stationary boilers has
proved entirely practical, and should not be left out of consideration,
either in the preliminary investigation of means of firing new plants
nor ip any subsequent remodelling of. stoker fired boilers. Its chief
advantages lie in the possibility of obtaining high earbon dioxide content
of the flue gas with very little or no combustible gas, its flexibility and
almost complete combustion of coal, But to obtam the excellent flue gas
analyses, a furnace much larger than that ordinarily used with stokers
must be constructed, and the practice in many plants of disposing of
much of the ash by blowing it out swith the flue gases is apt to become
objectionable, Nor does the high carbon dioxide content witli no unburned
gombustible gas pertain entirely to powdered coal. . Equally good. results
have been reported with stokers, as notably the trials abstracted below,
made by Prof. ‘Carl Thomas of Johns Fopkins University on a Stirling
boiler fired with an underfeed stoker, and reported on p. 675 of vol. 86
(1914) of the proceedings of the '‘American Society of Mechfmlcal Dngl-
neers.

Duration of trial.. .. .. .. .. ..hours T 25 24 24 12

Heating surface.. .. c.ooesqoft. 10,134 10,134 10,134 10,134
Water evaporated flom and at 212° T .
per sq. ft, of heatmg surface. b, 5-41 3:68° 517 6:83
Coal fired per hour.. .. .. ... .~1b. 5,603 3,433 5,279 7,238
. Flue gas tempelatule [ 8 (1 600- 510 597 731
Gas analysis, carbon dioxide. per cent. 15:15 1616 1658 16-06
Oxygen.. .. e e e ~ 3-30 2:28 1.66 3.21
Carbon monoxlde e e e . 0-05- 003 0-26 0-51
Moisture in coal.. .. .. .. . .per cent. © 365 2-94 T 400 316

Ash incoal.. .. .. .. .. o L . 1161 11-65 11-87 1247
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B.Th.U. per-1b, dry coal.. .. .. .. .. 13,452 13,369 13,386 13,247
Carbon in ash and refuse.. ..per cent, 22-70 17-28 20-47 33-44
Heat balance, dry basis

Heat absorbed by boiler.. ..percent. 73-22 8108 74-93 72-30
Heat logs due to hot flue gas.. ' 11-14 9-04 10-38 14-05
Heat logs due to combustible in

ash.. .. “ 3:35 2-31 2-86 5-31
Heat loss due to momture m

coal.. . “ 0-35 0-28 0-39 0-32
Heat loss due to burnmg hy- .

drogen ... . ' 4-43 4-12 4-25 4:60
Heat loss due to cznbon m0110\c-

ide.. .. .. P ‘ 0-18 910 0-86 1-81
Heat unaccounted for e e e 733 3407 6-33 1-60
Horge-power, stoker motor e e e e 713 851 10-91
Horse-power, fan motor.. .. .. . e 25:09 28:34. 41.04
Total horse-power fan a.nd stoke1 PN 33.22 36-85 51.95
Total horge-power per 2,000 pounds

coal fired per hour., .. .. .. .. .. 19 14 14 ..

There is little room for improving on these results by substituting
pulverized coal for this stoker at this plant, if these results are main-
tained in practice. The loss due to unburned carbon monoxide is almost
negligible and the gain in efficiency due to burning completely the com-
bustible in the ash would be about 8, 2,2, and 4 per cent respectively.

The horse-power used to operate the fan and stoker is about one-half
to two-thirds of that required to pulverize and dry the coal.

But these results cannot be said to represent the average stoker prac-
tice; mor on the other hand do all powdered coal fired boilers show an
exceptionally high efficiency, and low percentage of excess ailr. However,
there is every possibility that should powdered coal firing for boilers
become more common, that the average excess air with powdered coal will
be sensibly less than the excess air with the average stoker plant.

The relative maintenance costs of powdered coal and stoker plants
are extremely variable. My, J. W. Anderson, of Milwaukee, has estimated
the cost of maintenance of the drying and pulverizing plant at the Oneida
street station at 8 cents per ton of fuel fired, as against 5 cents per ton for
stokers.

Plants under construction.

Several powdered coal boiler plants are being constructed, one notable
one is that of the Iord Motor Company blast furnace plant where the
Pulverized TFuel Equipment Company ave installing their system of fur-
nace construction, burners, and feeders, and another by the Quigley furnace
corporation in the boiler plant of the Philadelphia Rapid "Transit Com-
pany.

Remarks on Ford Motor Company’s Plant,

The following remarks on the Ford plant by Mr. W. T. Verner,
mechanical engineer, Ford Motor iICompany, Detroit, Mich., during a dis-
cussion on powdered coal fired boilers before the American Society of
Mechanical Engineers, are interesting (Journal A.S.M.E. August, 1919,
p. 661).

W. F. Verner gave estimates that had been prepared covering the
comparative costs of operating six 2,400-horsepower bhoilers at the
Ford Motor Company’s blast furnace plant with pulverized fuel and with
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stoker fuel. The estimated cost for the pulverizer equipment and build-
ings was $691,000, anud for a corvesponding stoker plant $475,000. The
cost of pulverizing per ton, including fixed charges, power, maintenance,
lubricants, ete., and labour, (at $8 per day) wwas 76 cents; for transmission
from pulverizing building to boiler voom, 25 cents; and for boiler room
$1.13; or a total of $2.14. For a corresponding stoker plant the figures
were; for transmission from breaker building, 24 cents; boiler room, $1.66;
total, $1.90. TFor a plant with twelve 2,400-horsepower boilers the total
for the pulverized coal installation was $1.63, and for the stoker equipmens
. $1.49. These figures, in connexion with the higher estimated efficiency
of the pulverized fuel plant, indicated for it a savmg of 4 per cent over
the stoker plant.

‘One important point in favour of pulvelmed fuel plants was that the
stand-by losses were reduced to a minimum as ‘compared with stoker
installations, where the fires had to be banked over the shutdown periods.
An additional reason for installing the former was that blast furnace
gas would be available for use munder the boilers and in quantity sufficient
to carry the light loads. ‘ '

Summary: Powdered Coal for Boilers.

A modern, well designed multiple unit powdered coal fired boiler
plant is operated more easily than a modern stoker plant for the follow-
ing reasous:—

(@) There is but little coal in the fumaee at any time, which makes
it possible to iucrease or decrease the rate of combustion very quickly
by changing the rate of supply of coal and air.

(b) Practically any coal may be burned completely with a small
excess of air, and without making any but the simplest changes in
feeding the coal and air.

(¢) No mechanism is exposed to the high furnace temperature, and
the costs of installation, maintenance, and operation of the boiler firing
_ machinery avill be less than in a stoker plant.

(d) Very little labour is required to operate the boilers. One man
~ can operate five large boilers, and he has fione of the arduous work involved

in caring for the fire bed of a stoker.
(e) The ash, if the furnace be pmpelly desmned, gives less tlouble
- and costs less to remove than the ash in stoker plants.

(f) The powdered coal fired furnace is quickly and simply adapted
for burning gaseous or liguid fuels should they be available at a cheap
price.

(9) In every day running the efficiency will be higher than with
stoker fired boilers, due to the smaller loss due to unbulnt fuel and the
smaller loss due to using less air fo burn the coal,

The above advantages are offset by the fixst costs, maintenance, and
operation of the preparation plant machinery for a powdered coal plant.
The operating expense of the distribution system will vary with the system
used and plan of the plant, but avith good design need not exceed the costs

" of distributing the coal in a stoker plant, and may be less.

It is seldown advisable to consider installing a multiple unit plant

for firing boilers where less than 80 tons of coal a day are to be used.
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CHAPTER VII

COSTS OF PREPARING AND DELIVERING POWDERED COAL
TO THE FURNACE

The actual total costs, including everything, of preparing and deliver-
ing and firing powdered coal vary between about 50 cents and 3 dollars
a ton. Three dollars a ton is extremely high, but nevertheless was attained
at a comparatively modern plant, while 50 cénts a ton is well below the
average cost in a modern, well designed plant, where the cost is about 80
to 90 cents a ton.

Capital Costs

The capital cost of plants vary considerably with the design of plant.
Tere follow some estimates of the capital costs of two well known engineer-
ing firms. It will be observed that the capital cost per daily output
decreases with the size of the plant.

Fuller Engineering Company’s Estimated Costs of Equipment

The Fuller Engineering ‘Company in May 1919, prepared the follow-
ing table of the size of preparation plant buildings required for the various
daily capacities shown in the table. They point out that this estimate
will always require revision for any particular plant; for instance, the
floor space might be materially reduced by placing the dryer on a floor
above the pulverizers:—

No. and size of #I'loor space,
Daily output pulverizer Size of dryer preparation plant

30to 40 tons 1-3°0"" x 42/, . .... 23'x 64’
7510 80 tons 1-36"" x 427, ..., 23’ x 647
150 to 160 tons 1-476'" x 42", ..., 24'x 96’
230 to 240 tons 1-5'0"" x 42', .. ... 34" x 90/
310 to 320 tons 1-60"" x 427,, .... 34’ x 124/
390 to 400 tons 1-670" x 42/, ... .. 34’ x 182’
470 to 480 tons 2-4'6"" x 42/, . .... 36’ x 120/
600 to 640 tons ‘256" x 42, ..., 367 x 128/
750 to 800 tons 2-6'0" x42'...,.. 40/ x 140/
900 to 960 tons 2-6'6" x42'...... 40" x 150/
1060 to 1120 tons................ 2-6'6""x42'...... 407 x 1607

In May, 1919, the Fuller Company’s estimate of the cost of various
sizes of pulverizing plants and buildings was as follows:—

Capacity tons per day Total cost Building only
100, .o $ 50,985 00 $ 10,700 00
200, e 67,980 00 12,500 00
300, .. 81,876 00 14,750 00
400, .. e 96,305 00 15,300 00
500, .. 109,901 00 16,000 00 -
B00. ... e 124,630 00 17,500 00
TO0. .t e 139,359 00 18,500 00
B00:. . i e 154,480 00 19,500 00
900, .0 e 167,684 00 20,500 00
000, ...t e 182,413 00 21,750 00
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At the time of the writer’s visit (August 5, 1919), to the Fuller Engi-
neering Company, they gave the following estimate of the costs of pul-
verized coal plants and buildings :—

Daily capacity, nat tons Total cost No. of Fuller mills
required
$ 33,716 00 1-33"" mill
33,716 00 1-33" mill.
33,716 00 1-33"" mill.
40,000 00 1-42"’ mill.
52,000 00 3-33’' mills.
55,000 00 2-42" mills.
72,280 00 3-42'/ mills.
94,173 00 4-42"" mills.
103,000 00 5-42'" mills.
106,000 00 3-57" mills.
117,000 00 4-57"" mills.
157,000 00 5-57'" mills.
180,000 00 6-57’' mills.
195,000 00 7-57"' mills.

American Industrial Engineering Company’s Estimate

In September, 1919, the American Industrial Engineering Company,
through Mr. Bergman, gave the writer the following estimated costs of
pulverizing plants:—

Capacity per day machinery running

7 hrs. out of each 8 hr. shift Pulverizers Total cost

1 Shift. 2 Shifts 3 Shifts (Single unit plant)

17 T. 34T 51 T. 1 3-roller mill $30,000 00
26 T. 52 T. 78 T. 1 4-roller mill 35,000 00
32T. 64 T. 96 T, 1 5-roller mill 40,000 00

(Double unit plant)

34 T, 68 T. 102 T. 2 3-roller mills. 53,000 00
52 T. 104 T 156 T. 2  4-roller mills. 60,000 00
64 T. 128 T. 192 T. 2 5-roller mills. 65,000 00,

Plants include all machinery from car hopper to Cyclone collector,
motor for direet current. .

Foundation and erection work under favourable conditions.

These costs include the pulverizing plant only, and it is obvious that
the investment costs of the pulverizing plant decrease both with the size
of the installation and the hours of full use.

The cost of the equipment for conveying the coal from the pulverizing
plant to the furnaces depends upon the system of conveying, the number
of furnaces, the distance between the furnaces and the pulverizing house,
and may easily amount to more than the cost of the pulverizing equip-
ment. It may be necessary too to provide for the crushing of the coal.
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Total Costs: Messrs. Scheffler and Barnhurst

Messrs. F. A. Scheffler and H. S. Barnhurst (both with the Fuller
Engineering ‘Company), in their paper read before the American Society
of Mechanical Engineers in June, 1919, give the following on the cost
of pulverizing coal for power plants:—

“ The cost of pulverizing the coal is of prime importance, as Tow costs
are essential for success and are achieved when the quantity used per day
of 24 hours exceeds 100 tons. The cost of pulverizing is made up of a
number of items as follows:— ’

Power : Interest

Repairs and maintenance Depreciation

Coal for drying Insurance and taxes
Labour

. Power-—The power required in an up-to-date pulverized coal plant
is from 12 to 13 Kw-hr. per net ton of coal erushed, dried, and pulverized.
The additional power required for transferring the coal to the point of use
and feeding it to the boilers will vary considerably, depending upon the
distance transporited, the size and number of the boilers, and the condition
under which they operate. The power required for this latter purpose
varies between 4 and 6 Kw-hr. per net ton, so that the total power for the
entire process from the track and storage delivered to the boilers is 17 or
18 Kw.hr. per net ton. In the following paragraphs the cost of power
has been assumed at § cents per Kw.hr.

Repairs.—The item of repairs, including material, labour, and general
upkeep of the plant, or maintenance, for the entire pulverizing plant and
burning equipment will vary from 7 to 10 cents per net ton of coal handled.
The figures depend upon local conditions, and the size and general arrange-
ment. of the entire installation.

Dryer Fuel.—The item of coal for drying depends directly upon the
percentage of moisture and upon the price of coal. Ordinarily only from
1 to 1% per cent of the total amount of coal used is required for drying.
Assuming coal to have an average of 7 per cent moisture as received,
and the cost lto be $2.50 per net ton, the cost per net ton of drying the
coal will be 3 cents. At $5 per net ton the cost of the dryer coal will be 6
cents. . R

Labour.—This item is the greatest variable in connexion with the
pulverizing of coal, due to the increased output that can be cbtained in
larger plants per man employed. It is also subject to local rates of wages.
For example, assuming labour at 40 cents per hour, a plant of 100 tons
daily capacity, properly designed and equipped, will require approximately
34 labour hours to prepare the fuel and deliver it to the conveyers, whereas
in a plant having a daily capacity of 1,000 tons, approximately 115 labour
hours are required. Therefore the labour cost would 'be 14 cents per net
ton in-a 100 ton plant, only 4 cents per net ton in a 1,000 ton plant, and
as low as 2% cents per net ton in a plant of 5,000 tons daily capacity.

Interest—The interest is based on 6 per cent of the entire investment,
and the cost of the pulverized coal plant and burning equipment will of
course vary considerably with the conditions under which ‘the plant is
installed. Roughly speaking, however, the actual investment will vary
from $12.80 per Kw. output in a 5,000 Kw. plant down to $4.80 per Kw.
in a 50,000 Kw. plant, and $4.12 in a 100,000 Kw. plant (assuming a
turbo-generator water rate of 16 1b. and continuous boiler and furnace
efficiency of 75 per cent).

26598—S8
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All these figures inrelation to cost are based on the present high
prices. 'The investment required for a 5,000 Kw. plant, using 100 tons
of .pulverized coal. daily, is apptommately $64,000, and for a 50,000 Kw.
plant, “using; 1,000 tons ‘of pulverized <coal daily, appmxnnately "5240 000,
so.that, on'a ba51s of 6 per cent; and allowing. for 365 days Lcon’mnuous
opemtmn, the interest .item.will vary from 10% cents per net.-ton m
a 100 ton plant down to 3.9 cents Der ton in a 1,000 ton plant

Deprecnatnon ——Depleelatlon in a. coal pulvenzlng plant is usually
calculated as follows: The life of the building is considered as ‘40 years,
of the coal dryers as 15 years, and of the balance of the equipment. as
20 years, With a 100 ton pulverized coal plant and burning e 1pment
the depreciation item will be approximately 12 cents per net ton, and
in a plant of 1,000 tons daily capacity it wxll be applommately 4 cents
per net ton.

Taxes and Insurance —Taxes and insurance are hased on 2 per cent
of the entire investment, and for a 100 ton plant this item is approximately
3% cents per ton, and for a 1,000-ton pant, 1.3 cents per ton. Summarizing,
the foregoing results show that the total cost of pulverizing and delivering
coal to boilers is apploxnnately as given in ’che :t‘oIlowmg table:—

Cost of De}ivering Pudv.erized Fuel to Boi'lers

~ 100 ton plant | 1000 ton plant
T dollars per | dollars per
net ton net ton
Power at § cents per Kw hr. and 17 Kw. hr. per net ton.. ... $0-1275 '$0-1275
‘Tabor at 40 cents per NOUL. v vvr e iir it iiiie i 014 . 004 .
Dryer coal at $5 per net ton delivered..ooovevviiiiiiiiiniinnt. 0-06 0-06
L 7§ - S 0-07 - 0-07
_Tot-al actual cost of pulvcrizix‘)g per net ton '$0-3975 - 20-2975
Interest at 6 per cent. 0-105 0:039
Depreciation......... 0:12 0-04
Taxes and insurance, . 0-035 0-013
Total cost pernet ton....v.vvvvnnes e 806575 80-3895

Total Costs: American Industrial Engineering Company

"Mr. L. II. Bergman, of the American Industrial Engineering Com-
pany, (September, 1919) prepared the following estimates of costs for a
pulverized fuel plant for preparing coal for domestic purposes. He assumes
an output of 250 tons of powdered coal in 24 hours. - Two ten ton per
hour capacity- dryers and three five ton- per hour Raymond pulverizers
were allowed for.

-He recommends the operation of the dryers so that the outgoing coal
will have a temperature not greater than 125°F., and for the storage
of dried coal for 8 hours before entering the pulverizer. This means two
storage bms of 15 tons capacity each for the dried coal.

.The three Raymond mills would deliver the powdered coal into a screw

conveyer at the rate of 15 tons per hour and thence to 4 storage bms of
50 tons capaclty
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His estimated costs are ag follows:—It will be noticed that the oper-
ating costs are 50 cents a ton-and the total costs 61-2 cents a 'ton.

Gost of Pulverizing Plant o

Building ..o veiioiieinanironroinronss tessaane .. $ 8,000 00‘
Foundation ,.... e i PN 3,000 0
Machinery: ecrusher, elevators magnetic separator,

raw -coal storage bin, feeders for dryers, two

10-ton dryers, dry coal elevator, dry coal bins,

three Raymond pulverizers, etCo.oovvvevvvaneen .. 50,000 00
Motors: One 25 H.P. motor for crusher, one 73 H.P.. - :

motor for raw coal elevator, two 25 TL.P. motors

for dryers, one 7% H.P., motor for dry coal

elevator, three 100 FLP. motorg for pulverizers,

one 15 HLP. motor for conveyers...... 10,000 00

Erection of machinery..... 8,000 00
Tlectric light and wiring. 1,000 00
Four 50 ton concrete :bins 12,000 00
Powdered coal conveyer 125 feet long 2,000 00

Total tovvvaerrvrvonnnnnanes ereeeansaaecaes.  $85,000 00

To insure continuous operation, machinery will be so arranged thai
either dryer will feed into either dry coal storage bin supplying either
one of the three pulverizers.

All elevators and bins will be ventilated and motors e1ect1'1cally inter-
Jocked to insure proper sequence in operation.

Puylverizing Cost Per 24 Hours: Output 250 Tons

Total Per ton
1 foreman per shift at $6........ . $12 00 48 cts.
2 operators in pulverizing plant per shift :
at $5 ...... T I . 20 00 8.0
1 operator on conveyer per shlft at $4. 18 00 32 ,
1 oiler and repair man per shift at $5 10 00 4.0 ¢
20 per cent overhead on labour,......... 10 00 4.0 ¢
Drying cost 16 1b. per ton at $4.......... 8 00 3.2 ¢
Power 18 Xw, hours per ton at 1 cent.... 45 00 18.0 ¢
Stores and purchased material at 4-8 cents
PEr tON 4 veivvvvrvsvovonssac: taonss 12 00 4.8
Interest and deprecmtion at 10 rper cent on
$85,000 per year of 300 days........ 28 00 11-2 «
$152 00 61-2 cts,

Cost per ton $153--250=§0-61. . ;

Operating Costs: Mr. Harrison

Mr. N. C. Harrison in his paper on pulverized coal as a fuel before
the American Society of Mechanical Engineers, in June, 1919, gives the
followmg actual operating costs per net ton at the Atlantlc Steel Com-
pany’s plant:—

Daily Output 80 Tons Per Day
’ Cost per ton

Labour.., .. .. Ve e e e e e e e e $0-22

REDAITB.. v se o4 ve v h e ae be ws o ee as ee 0-19

g I 0-134

Dryer 0ale. ov vu st v vh wu e ek ae se se 4e e . 0-0218
STotalcost.. v v el v v vl el we

$0-5658
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. Latly Output 99 Tons Per Day
LADOUr. . vv, tr o0 o ov o 4 te ae we e we es $0-195

REPAIIS. v vt v vt vh er en e e e e ee e 019
Power.. .. 0-134
D1ye1c0'tl 0-0218
L T PO $0-5408
Daily Output 100 Tons Per Day
LAabOUr.. vt vv vh v vh ah e e e ae ae e e $0-176 °
REPAINS. . vv vt e0 5o vs av 0o 1 e wa te en ee w 0-19
POWEL. . 0 v vo e vn we wn e o0 me o0 wu ve on 0-134
Dryer €0al., «v cv vv vi vh v b e e e ae e e 0-0218
Total .., . $0:-5218
Total coal pulven/,ed Jau and Teb, 1919.. .. .. b,275 tons
Power: 179 Kw. hr. per ton coal pulv. at Eic .. $0-134 per ton
Labour: 1 man 16 hr. at $0:40.. .. .. .. ..% 6 40
2 men .16 hr. at $035.. v ee w0 1120
Dalily cost.. .. e e oae G317 60
(—$0-22 for  80. tons output $0,~195 for, 90 tons,
$0.176 for 100 tons).
Dryer coal: Cost of dryer fuel 218 cents per ton,
based on 262 per cent moisture. Coal at $b
per ton, 6 Ib. evaporated per b, of. coal burned
or 8:7 1b. per ton of coal pulverized.
Repairs: Total repairs for .]'anuzuy and I‘ejbmaly $1,412 16
Credit.. .. . . N - 409 69
Charged.. «v . v vv er oe oo e vu we ae s $1,002 47

(—$0:19 per ton pulverized).

Operatmg Costs ‘Large Manufacturing Plant

The lowest operating 'md ‘repair cost figures obtained by the writer
from a manufacturing plant. were.at a large up-to-date plant using Ray-
mond mills and serew conveyers, where they were about 65 cents per
" ton, and included all operating costs between the raw coal delivered to
the crushers and the furnace feeders.  The operating costs alone were
about 50 cents per ton and the repair costs about 15 cents a ton. These
costs had been carefully kept over a peviod of ¢ months, labour was dear,
and power chieap. At the same plant, over another six months the operating
costs, exclusive of repair costs, were about ‘65 cents, and the repair costs
about 17 cents per ton. The total lIabour costs for operating and repairs
-were about 40 cents a ton, and the total power costs were about 16 cents
a ton

0pe1'at1 Costs at a Steel Plant

At a steel plant where pulverlzed coal is being used for forging and
puddling furnaces, at a normal rate of about 4,000 to 5,000 tons per month,
the following costs and particulars were obtained.

The plant ‘uses 5 pulverizers, 2-in one bulldmg and '8 in the other,
and the coal is conveyed to the furnaces by screw comreyer The total
power used for crushing,. pulverizing, drying, and conveyimg the coal to
the furnace was as follows. The power cost was taken as 1-4 cents per

Kw. hr.
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’
Tons Kw.
Month of Kw. hours Power
coal hours | per ton cost
January, 4300 70700 16-4 | 23 cenis
February 3750 72700 194} 27 «
March, 5200 86400 1661 23
April, 5200 88000 7.1 24 ¢
May, 4800 84500 7.6 25 «
September 4600 81700 17-8| 25 ¢
October, 4650 97300 209 29 «
November, “ ... ... .ccoiiiiiiiiiiiai 4000 98700 247 3 “
December, * ... ... ... i 3500 90400 25-8| 36
Tons Kw.
Month of Kw. hours Power
coal hours per ton cost
Janvary,  1910.............. TN 3419 81085 23-8 |33 cents.
February, e 3000 81700 27.2 |28 ¢
March, e 3120 61200 19.6 |27 ¢
Agpril, “ 1078 31000 98-8 |40
May, “ 498 10700 21.7 {30 ¢
June, “ 553 10800 19-5 [20 ¢
July, “ 579 10100 17-5 24

The labour employed on the day shift of 10 hours at this plant con-

sists of - —

4 men filling bing with powdered coal.
1 man on conveyer leading to dryer.

1 man unloading coal and looking after crusher.
1 man on dryers.

2 men pulverizing, 1 in each room.
2 men working continuously on repairs, principally to conveyer Screws

and feeders,

1 foreman.

The greatest distance the coal is conveyed from the pulverizers at this
plant is about 400 feet.

The operating costs per ton were as follows in 1917 and 1918 :—

Producing labor
Repairs and supplies
General expense

1917 1918
$0-34 %0.429
0-37. 05456
0-32 0-273
$1-03 $1.247

This plant could be remodeled so as to considerably reduce the operat-
ing wcosts; and the chief engineer has estimated the operating costs of
pulverizing the coal and conveying it to the furnace for a new plant at
85 cents per ton. '

Rolling Mill Operating Costs, Air Suspension Transport

At some plants the costs were much higher, for instance at a rolling

mill, where the coal was pulverized in two shafts and delivered in
26598—9
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suspension by a fan blast, and where three men were employed on each
shaft the actual operating costs, and estimated operating costs at a higher
output were:—

555 .
Tons of conl a month $ (actual) $ per ton{(estimated)
$ per ton
986 1-79 0-99
450 0.81. 0-81
250 0-45 0:45
3-05 2.25

Thesc costs show the effect of operating at different loads, no addi-
tional labour or equipment would have been required to operate at 1,000
tons per month, !

Other Operating Costs

Other operating costs obtained were $1.90 pex ton, $1.75 per ton and
$2.21 per ton respectively. .

Operating Costs at Milwaukee

Mz, J. W. Anderson, the chief engineer of the power plants of the
Milwaukee Electric Railway and Light Company, has forwarded to the
writer a pamphlet in which the following costs of preparation, operation,
and maintenance appear for the Onecida street power station at Mil-
waukee :—

Cost of labor per ton of coal operation........oovvvi i e, $ 143
Cost of fucl for drying plus fuel for electric energy—coal at 84 pel ton......... <119
. Cost of lubricants per ton of coal, greaseatOc.perlb..... ..ol -007
Cost of labor per ton of coal for maintenance...........oooviiii i iiinn... <036
Cost of material for maintenance. ..ol i e 020
Total cost pertonofconl ... .. $0.325

Mr. Anderson states:—

“ The cost per ton depends upon the size of the plant and the quantity
of fuel handled, but ordinarily will vary between the limits of twenty-five
and fifty cents.”

Reasons for Difference in Operating Costs

The foregoing wide ranges of operating costs must be attributed prin-
cipally to greater costs of repairs and to the use of more labour in some
plants than others.. The wide difference in labour employed may be seen
in the following table, which compares the approximate labour hours in
dlfferent plants :—
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Mean output Labour hours Labour hours
per day in tons per day per ton of coal
30 to 15 60 2to4
35 50 1.4
40 10 28
25 to 50 40 to 60 1-6to 1:2
60 70 1.2
100 to 170 120 1:2to -7
200 400 0:5

The labour costs in many of these plants could be reduced were the
plants re-designed. The third plant referred to in the above table has
extremely low labour costs, Here, screw conveying is used, the furnaces
and bins are easily accessible from the pulverizer room close at hand,
and one man attends to the drying, pulverizing, and conveying of the
coal. ’ , .

The power costs for pulverizing vary with the degree to which the
coal is pulverized, and the conveying costs with the distance to . which
coal is conveyed and the system used. The air suspension method of con-
veying requires much more power than the secrew conveying system, but
some allowance should be made for the facts that this air is used to burn
the coal, and that no bins and feeders are required.

Repair Costs

The principal repair costs are those due to parts .of the pulverizer
breaking down. Some makes of pulverizers are more reliable than others,
and care should be taken to select a pulverizer with a good reputation in
service elsewhere. The frequent repairs to some pulverizers are not always
entirely due to faulty construction but may he attributed also to neglect.
High costs of repair have also been encountered with fans used in the
air transport system. Thus at one plant it was necessary to renew the
fan impeller eleven times to deliver 2,500 tons of coal. But on the other
hand, at a neighbouring plant only two new fan impellers were required
to deliver 2,000 tons of coal. The following table gives particulars of the
total repair costs of the pulverizers and distribution system where the
coal was distributed direetly to the furnaces in a current of low pressure
air:—

Repair costs
. : eents
Repair Repair Coal to per ton
labour material pul\]rerized —_
plants Mate-
Labor Hal
December, 1915...........covnuus %01 82 872 77 118 tons... 52 -62
January, 1916...................... 143 47 68 93 178 tons... -80 -39
February, 1916.................... 138 55 279 47 203 tons... -68 1.38
March, 1916.............coeien 188 11 122 70 510 tons... .37 124
April, 1916.......oivvveiiinnt 220 00 211 68 |- 740 tons... -30 .29
Total and average......... - $751 95 8765 55 | 1749 tons... 43 +43

26598—9%
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Thus the total repair costs per ton amounted to 86 cents at this
plant for this period of tlme, which are very high compared with the
large manufacturing plant using screw conveyers, previously referred to,
where they were only about 15 cents per ton.

Operating Costs: 'Aero Pulverizer Company (Unit System)

" The Acro Pulverizer Company have estimated that the operating costs
with their unit system of pulverizing and delivering the air and undried
coal to the furnace are as follows:—

Operation Cost per ton
Unloading. ... ..ovt i i i i i e e $ 04
Pulverizing and conveying) . s ;
Air for control
Alir for combustion : : ’
Upkeep and rePairs. ..oovuve i e e e 04

Labour........cocoiiiiiiinnn, e e e e $ .07
TOtAL et IO $ .37

This estimate is based on usmg a size D-30-horsepower Aero pulverizer,
with a capacity of 2,000 pounds coal per hour, power at 1 cent per kilowatt
hour, and one man at 40 cents per hour operatmg six machines, An
Aero pulverizer unit costs about $3,500. :

From the foregoing, it is dbvious that actually installed plants show
very wide ranges of costs,' dependent upon the design and size of the
equipment. Other variables affecting the cost are the cost of power and
labour. ’

It is elear, therefore, that each plant must be considered carefully by
itgelf, and that bad design or the installation of a poor system may render
the costs exorbitantly high as cited above for plants already installed. On
the other hand, capable engineers have shown that with properly designed
equipment, plants of a reasonably large size may supply and prepare pul-
verized coal for less than $1 per ton.
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CHAPTER VIII
DANGER FROM USE OF POW‘DECRE’Ij COAL

Introductory

Although fatal accidents have occurred by explosions and fires in
powdered coal plants, their causes are known and precantions may be
taken that they may mnot recur. ' ,

Greater precattions are required with some systems than with others.
For instance, dangerous fires and explosions have ocourred more fre-
quently with the direct low pressure air system of transport than with
the indirect serew conveying or compressed air transport systems; although
the indirect transport system has not been entirely free from disasters,

The possibility of a dangerous fire or explosion in a well designed, well
cared for powdered coal plant is remote, and should not influence the
prospective user of powdered coal against installing it.

Causes of Explosions

Explosions have been caused either by igniting a mixture of inflam-
mable gas and air, or by igniting a mixture of coal dust and air.

Gas Explosions

Inflammable gas may be driven off in a dryer, if the voal is heated
too strongly; either by drying the coal at too high a temperature, or by
leaving the coal too long in the dryer, or by leaving coal in the dryer
until it slowly oxidizes and rises to a temperature where it may burst
into flame and ignite the inflammable gas.

Dust Explosions

As lean a mixture as 1 pound of cozﬂ dust per 500 cubic feet of air
has exploded. Two obvious conditions are essential for an explosion—
the formation of the dust cloud, and its ignition.

Formation and Ignition of Dust Clouds—Coal Conveying Lines—Low
Pressure Systems

Several fatal accidents have occurred due to an explosion wave travel-
ing along a low pressure air transport pipe used to convey coal.

At one plant using the low pressure air direct distribution. system
in the manufacture of bolts and rivets, a mixture of coal dust and air
exploded and killed one man and injured two others. The mixture exploded:
in the fan which propelled the mixture of powdered coal and ‘air through
the distribution line. It probably started in the distribution line by
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smoldering coal ignited by a back draft from the furnace, The distribu
tion pipe was strong enough to resist the foree of the explosion, and the
flame probably swept back through the explosive mixture of coal dust and
air, until it reached the fan, which could not resist the force of the
explosion and burst. This explosion occurred soon after starting the
system, and might have been avoided had the distributing main been
first thoroughly cleared, so that no hot coal remained in the main to ignite
the supply of coal and air. _

With the coal in suspension distribution system, it may happen that
the coal and air fan stops while the secondary fan continues to blow
secondary ‘air. Or the secondary air fan may be started before the ecoal
and air fan. When the secondary air fan alone operates the secondary
air may penetrate back into the coal air line and earry with it a spark
which may ignite the coal air mixture when the coal air fan is restarted.
The secondary air is morve likely to penetrate the coal air distribution line
when the burner opening into the furnace is clogged, as it may be unless
relieved of eaked coal dust which collects at the burner mouth. To avoid
this penetration of the secondary air into the distribution line, care should
be taken to see that the burner mouth is free, and that the secondary air
fan delivers no air unless the coal air fan is already delivering coal and
air, or the supply valve admitting it to the burner is closed,

To avoid this penetration of secondary air, at the Trumbull Steel
Company’s plant at Warren, Ohio, where the coal is distributed by the
Holbeck system, whistles blow automatically in the hot mill department
and the pulverizing room if the coal air distributing lines fail to deliver
coal and air to the furnace. On hearing the whistles the crews close
the supply valves to every furnace, which prevents the secondary air from
entering distribution lines. (See Iron Trade Review, February 19, 1920,
‘page 552.) :

Pulverizer Explosions

At a plaut using a directly fired dryer, an air separation pulverizer
and low pressure air transport system, with an output of from 50 to 100
tons per day, a violent explosion oceurred in the pulverizing house, which
damaged the building, smashed the pulverizer, killed two men and bndlv
injured two more men.

Mr. L. D. Tracy, of the United iStates Bureau of Mines, investigated
this explosion and found that many fires had oceurred previously at this
plant in the distribution line near the furnaces and in the storage bins.
The particular disastrous explosion referred to occurred at a time when
the temperature of the gases leaving the dryers had just risen from 150° .
to 850°T., and the coal delivered to the pulverizer was probably so hot
as to cause the coal and air mixture to ignite in the pulverizer. The dryer
used was a Bonnot dryer in which the coal leaving the drycr comes into
, contact with the gases leaving dryer furnace. . The makers of this dryer
intended it to be so operated that cold air passes over the fuel bed, and so
reduces the temperature of the gases leaving the furnace below a tempem-
ture where they may overheat the coal.
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Unconfined Dust Clouds

Dust clouds in a mill or boiler room are always a source of danger,
an\d they should not be allowed to form. Omne dust eloud explosion occurred
.in a pulverizing house by opening a compressed air tank which contained
a deposit of powdered coal, before being assured that the tank was . at
atmospheric pressure. The compressed air blew out coal dust, which mixed
with air and ignited at a nearby fire and exploded.
_ Another explosion oceurred through the overflow of a storage bin near
a furnace. The falling dust reached some hot slag, ignited and burned
a man to death.

Dust clouds may be formed also if dust is permitted to accumulate
on the floor or ledges in a building, for by a sudden gust of wind, or
other means, the accumulated dust may be swept from a ledge and ignite
at a naked flame, red hot metal, or sparking commutator.

Sa.fety in Powdered Coal Plants

Mzr. L. D. Tracy, of the {United States Bureau of Mines, has formu-
lated the following rules for reducing the explosion hazard to a minimum
in powdered coal plants:—

“ Absolute cleanliness and freedom from any accumulation of dust,
both in the pulverizing plant and in the buildings in iwhich the pulverized
coal is being used as fuel.

Never brush or sweep up accumulations of dust on. the floor or machin-
ery without either wetting the dust or thoroughly mixing with an excess
mixture of fine incombustible material.

Adequately ventilate and light all coal pulverizing plants, and, when
practicable, install scime method of cleaning by vacuum systems.

All open lights in and around coal pulverizing plants should be pro-
hibited, and employees should not be allowed to smoke while in the fbuild-
ing. This rule should apply to superintendents and other officials ‘who
casually visit the plant, as well as the regular attendants.

The dryer and dryer furnace should be separated by a fireproof
g_artition from the pulverizing mills, conveying machinery, and storage

ins, .
Where furnaces or boilers are equipped with individual fuel bins,
these bins, if possible, should be isolated from the boilers or furnaces.

All pulverized coal bins should ‘be tightly closed and never opened if
there is any possibility of ignition from an open flame. Bins should be
iguipped with automatic indicators to indicate the amount of coal in the

in,

Only men of known reliability should be entrusted with the direct
operation of a dryer. It may be more economical in the long run to pay
a hggher wage to a good man than a smaller wage to an unreliable man
or iboy.

HEspecial care should be used in order to not overheat the coal in the
dryer, and recording pyrometers should, be installed to enable the officials
of the plant to check the operation of the dryer.

The operation of the dryer should never be stopped while it contains
a charge of coal.

Fire in the dryer furnace should never be started with paper, shavings,
or any light combustible material. :

Fine coal at a temperature over 150° Fahrenheit should never be
stored in -a bin, because of the liability of spontaneous combustion.

For the same reason, pulverized coal storage bins should never be
placed in close proximity to furnaces, boilers, steam pipes, or flues.
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Whenever a plant is Lo be shut down for a few days, if possible, all
storage bins should be emptied of coal,

Where it is not possible to empty the bins, they should be thoroughly
inspected for hot coal, before the plant is again put in operation.

In the direct system of using pulverized coal the primary air pressure
should always be maintained at a much higher pressure than that of the
secondary air, .

If a coal transport line becomes plugged up, the furnace should be
immediately cut out and the secondary air stopped.

) After the line has been closed, it is essential that no smouldering
particles of coal be left in the line, and before starting the fan a thorough
examination of the line should be made. )

Burners should be frequently inspected and any coke burned thereon
should be removed.

Transport lines should be blown clean of coal nvhen shutting down at
the end of the day’s work.

- Never ignite the mixture of air and coal in the furnace by reaching in,
or opening the doors.

All conveyers and elevators should be tightly enclosed and should
never be opened while running. Stop the machinery and allow the dust
to settle before opening. . : .

Never open a coal line, compressed air tank or storage bin in the
vicinity of a flame or open light. .

Enclose all electric wires and cables in ‘conduits as far as possible.

“ All switches should be placed outside the pulverizing plant or else
placed in dust-proof casings. -

Non-sparking motors or motors in dust proof housings to be used in
the pulverizing plant.

Guard against sparks from static electricity in all rapidly moving
machinery by having it thoroughly grounded. i )
~ All electric light bulbs should be kept from an -accumulation of dust
and all portable lights should have the bulbs protected by heavy wire
guards, and care should be taken to prevent arcing from loose socket con-
nexions or imperfectly insulated cords.

Stop all leaks in pulverized coal transport lines or storage bins as
quickly as you would a leak in a gas line. : ,

Prohibit smoking, open lights, or torches in a coal pulverizing plant.

Educate all the men to the dangers of pulverized coal dust.”
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CHAPTER IX
CONCLUSIONS

Powdered coal has proved an economical fuel for steam raising,
cement making, metallurgical furnaces, and many other purposes. For
steam raising, with a properly constructed boiler and furnace, a con-
tinuous efficiency of over 80 per cent may be maintained, For other pur-
poses, a high temperature with no regenators may be maintained, by using
powdered coal, with less coal consumption than when using producer gas,
stokers, or hand firing.

The unit system alone is economically applicable for small installa-
tions, where less than about 10 tons a day are used.

For larger installations, the multiple system, with Raymond or Fuller
mills and with indirectly fired dryers seems to be preferable,

. To distribute the coal, screw conveyers are recommended to convey
large quantities of coal short distances; and either the Fuller Kinyon
pump or compressed air to convey it long distances.

The Quigley weighing tank is a valuable adjunct to the compressed
air distribution. . '

The direet low pressure system of distribution should be used solely
to distribute coal short distances to small furnaces, where the cost and
inconvenience of using separate bins and feeders for each furnace is
unwarranted.

APPENDIX

BOILER TESTS WITH PULVERIZED COAL

By Henry Kreisinger, Milwaukee, Wis,, and
John Blizard, Pittsburgh, Pa.

1. This paper gives the summary of the results of a series of 11 tests
made on a 468-horsepower Edgemoor boiler equipped with a Foster super-
heater and fired with pulverized coal, at the Oneida street station of the
Milwaukee Electric Railway and Light Company, Milwaukee, Wis., The
tests were made by the Fuel Section of the U.S. Bureau of Mines in
co-operation with the Research Department of the Combustion Engineer-.
ing Corporation. - The powdered coal equipment was designed and
installed by the Locomotive Pulverized Fuel ‘Company, The coal burned
in these tests came from the Illinois coal field. The object of the tests
wag to determine what overall efficiency can be obtained with pulverized
Tllinois coal under various conditions of furnace operation and different
preparation of coal as to degree of fineness and percentage of moisture,










SUMMARY OF RESULTS OF 11 STEAMING LISTS ON AN EDGEMOOR BOILER BURNING POWDERED «COAL AT
ONEIDA STREET POW’DR STATION, MILWAUKEE, ‘WIS, ’
TABLE I
Heating Surface: i Rating of boiler....cccoeveieviieinninn....
oiler...... .4680 Draft—Natural. Volume of furnace. .......cooeuniianal.. .
Superheate 594 Burner—Lopulco vertical. Greatest height of furnace....
Furnace €otleuanveeenvrnnnnn 48 Coal feed—Screw and air blast. * Greatest width of furnace. ...
' _— Greatest length of furnacs..
Total heating surface. ..... 5322 sq. Tt. .
1 oSt NUMDET. cu et ettt e et 28 29 30 31 32| - 33 34 35 36 37 38
c 2f ]d)umtion e < SR 22-90; 23-72) 18-17) 23-62) 23-60) 22-47; 25-22| 23-53) 23.43] 23-33] 1673
0al as fire ’
Per cent through 100 mesh. ..o veveienein i e 96-10| 95-80|........ 95-40, 93-20f 93-10{ 90-80| 88-60{........ 04-40|  95-40
4 Moisture content, per cent ............ . 1-4 2.92 2-75 2-55 3-79 3-07 360 347 7-69 8-23 8.23
5 Volatile matter, PET CeNt. vee v vunnvrernaneanenenannnn.. 36-62| 36-66| 37-45| 36-58| 36-57 36-29] 37-17| 36-27] 35.82] 34-42) 34.70
6 TFixed carbon, percent..........ooviuiiiiiiinenn.... 48-16] 46-63] 46-08] 48-07| 48-43( 49-01] 46-39| 48.87| 45-74| 46.30] 44.87
7 Ash,percent...ooe.oiiuiiiiiiiiiiiiiniiniiannnn.. 13°.80 13.79] 13.72 12.80] 11.217 11.63 12,84} 11.39] 10.75] 10.96 12.40
8 Sulphur, Per eent.e..c.se,eereiecieuneiiesennsanann.. 2.66 3.64 3.49 2.92 2.40 2.66 3.43 2.99 2.10 2.21 2,90
9 Calorific value, B.Th. O 11956] 11860 11875| 12085 12172| 12178 11889}  12188] 11565 11508 11245
10 Total fuel fired, 1B, .. eeieeeene et it ieeinaennaanns 40214) 30862 52746] 40613| . 43947] 45460| 47459] 41250] 43729| 41640| 36315
11 Coal fired per hour, < PSP 1756 1681 2903 1973 1862 2024, 1882 1753 1866 1785 2171
Coal fired per hour per cu. ft. of combustion space 1.10 1.05 1.81 1,23 1.16 1.26 1.18 1.09 1.16 1.12 1.36
© Ash aml Refuse
13 Carbonaceous content in furnace slag, percenb.................. 0 0 0 0 0 0 0 ] 0 0 0
14 Carbonaceous content in 2d and 3d pass refuse, per cent. ........ 4.15 3.49 5.00 5.25 9.52 7.19 7.52 7.37 4.97 4.32 4.49
15 Carbonaceous content in uptake dust, percent.................. 4.95 5.24 7.35 5.13 7.70 6.45 7.81 5.57 3.91 3.50 3.28
16 Calculated total carbon in refuse, per cent: of coal fired.......... 0.50 0.54 0.62 0.36 0.87 0.61 0.67 0.30 0.24 0.22 0.26
17 Softening temperature of coal a.sh deg.fahr......coooiieiiiii il 2050 2210 2120 2120 2110 20601........ [P PN PO
Ask Account (per cent of ask fired) ’
18 From bottom of furnace....ceivieieviiratieinriiaiiieaa., L. 29.20f 25.50f 41.50| 48.10] 10.10] 24.10f 37.80] 59.40{ .48.10] 47.10] 41.60
19 From 2d and 3d pass... 12.10 11.60 5.80{ 10.40| 10.30 7.00 .10} 10.50 8.30 7.70 8.70
20 From dust collector.. .. 31.50( 25.00f 33.20f 29.20f 27.50{ 29.00] 25.50| 30.10] 32.80{ 26.00 26.30
4 21 TUnaccountedfor................... 28.20] 37.90[ 19.50 12.30; 52.10| 39.90{ 27.60 0.00{ 10.80; 19.20] 23.40
T
22 Temperature, air atfurnace, deg. fahr. 83 90 80 76 85 71 64 74 79 72 75
23 Pressure air af feeder, inches of wate: 5.00 5.30 7.50 5.10 5.60 5.50 6.40 5.90 5.70 5.50 6.20
7 24 Excess au' in flue gas, per cent...... 30 22 18 18 19 15 20 25 19 16 20
Plue Gas

25 Carbon dioxide, per cent by volume...coevenvernanncnnnnnn.. 14.10) 14.90| 15.40] "15.50] 15.30] 15.80[ 15.10{ 14.60] 1550 15.80] 15.40
26 Oxygen, per cent by volume...... 4.80 3.80 2.90 3.30 3.20 2.40 3.60 4.10] 3.20 2.90 3.60
27 Carbon monoxide, per cent by vo 0 1] 0.26 0 0 0.10 0.10 0 0 0
28 Pounds of dry flue gas per pound of coal .......... vee 12,40 11.20/ 10.60f 11.00 11.30f 10.80 11.00| 11,70 10.70| 10. 4 10.60
29 Temperature of gases in uptake, deg. Tahr.. . 517 492 610 483 457 472 470 486 484 466 514

86T



Draft
30 At uptake, inches of water....ccoeviiiianaes etarunetinaceaanans 0.12
31 Top of furnace, inches of water...ovicvi i iiiieineeiinianeen 0.00
Steam and Water
32 Steam pressure, Ib. absolute.......... R RN 184
33 Degreessugerheat.ee...oeeeverissenicenas JOUS 60
34 Temperature of feedwater, deg. fahr.. RN 108
35 Temperature of water to coil, deg. fahr. ... .. | Nocoil
36 Temperature of water from c01l deg. fahr.coiuiiiviiiieiiiiins No coil
Rates of Heat Absorption
Per cent of builder's rating (boﬂer 1210 T, 106.6,
38 Horsepower developed éboxler only)...... 498.8
39 Horsepower developed (superheater only) 15.8,
40 Horse%ower develtzlped (iurnace coil).. No coil
41 Total horsepower developed......o.ooevianiina... e 514
B.Th.U. Absorbed per Sq. Ft. of Heating Surface per Hour
42 Bywaterdnboiler.......ooiiiiiiiiiiiiiiiiiiiieii e 3567
43 By steam insuperheater.. . 892
44 By water in furnace coil., No coil
Heat Absorbed per Pound of Coal as Fzred B.ThU.
45 By water in boiler 9500
46 By steam in superheater .. 301
47 By waterincoil.......... .| No coil
48 Total absorbed 9801 -
Hear Barance (Per cent of heat in coal fired)
Heat Absorbed
49 By waterinboiler...........ccomiiiiinn PN 79.4
50 By steam in superheater 2.5
51 By waterincoil............ ..| No coil
52 Total and thermal efficiency.....cvieuiiaieiiiiniianiieiienns 81.9
Heat Carried Away
53 By dry gaSeS.cui.sesencannsearocrconas feeresnenian PR 10.8
54 By steam from burning hydroven 4.1
55 By steam from moisture in coal.. 0.1
56 By steam entering with air........ 0.3
57 Bycarbonmonoxide.............. 0.0
58 By carbon in ash and flie dust...... . 0.6
59 By radiation......coiciiiieieiieiiaiiiieriiiaireiianatanetnenes 2.5¢
60 Heat unaccounted for........covviiiiiiniiiininiieninaiaiinnn, —.3
3 S ] 1 PN ereeeianeaes 100.0

0.10
0.02

186
59

99
No. coil
No coil

103.9
486.5

3482
861
No coil

9690
304
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9994
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RESULTS OF THE TESTS

8. The results of the tests are given in Table 1. The quantities of
heat absorbed by the boiler, superheater, and cooling coil, when the latter
was used, are itemized separately. In the heat balance the losses by radia-
tion are given by a separate item., In a series of tests on the same boiler
and setting the radiation loss per square foot of exposed surface should be
nearly constant, and should vary only slightly by the capacity developed
by the boiler. For the calculation of the radiation loss it was estimated
that 250 B.Th.U. were lost per square foot of the exposed surface per hour
when the boiler was operated at 100 per cent of rating, and 850 B.Th.U.
when operated at 200 per cent of rating. The radiation loss was caleulated
according to the percentage of rating developed. These caleulations of the
radiation- loss leave the true “ unacecounted for,” which consists largely

.of errors. In aseries of well conducted boiler tests this true * unaccounted
for” should be close to zero and should vary on both sides of the zero
line according to whether the plus or minus errors predominate.

EFFECT OF FINENESS ON RESULTS OF TESTS

9. It has been customary to state that in order.to get good results
the coal must bé pulverized to a fineness of 95 per cent through a 100-
mesh screen and 85 per cent through a 200-mesh screen. Table 2 gives
the results of complete sizing tests of the coal burned in Tests Nos. 82 to
35, inclusive. The coal was much coarser than specified by the foregoing
statement. The results of these tests seem to indicate that it is not
necessary to pulverize the coal to the extreme fineness of 85 per cent
through a 200-mesh screen in order to get good combustion and efficiency.
The eompleteness of combustion seems to be more & matter of a proper fur-
nace and burner design and the right way of supplying air, than of the
fineness of the coal. The losses due to conrseness of coal would be shown
by the greater percentage of carbon in the refuse. The average loss due
to this cause for the four tests with the coarser coal is 0.7 per cent. The
average of this loss for the previous four tests is 0.6 per cent. The aver-
ages of the efliciencies are very nearly the same,

10. The ability to burn coarser coal means increased capacity of the
pulverizing mills and decreased -cost of coal preparation.

EFFECT OF MOISTURE IN COAL ON RESULTS OF TESTS

11. Another statement that has been generally accepted is.that coal
must be dried to-about 1 per cent moisture in order to be successfully
burned in pulverized form. In order to deteymine to what extent this
statement is true, tests Nos. 36, 37, and 38 were run with undried coal.
The results of the tests show that the completeness of combustmn was as

good as with the dried coal. .
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TABLE 2
Resuits of Sizing Tests of Coal Burned in Tests Nos. 32-35

Percentage of coal passing through
gcreens

Test No. 20-mesh | 40-mesh | 100-mesh { 200-mesh
32 99-9 99-2 93+2 670
33 99-9 99-2 93-1 70-1
34 1000 98-9 90-8 655
35 99-8 980 88:6 64-0

There was no loss due to 'CO in the flue gases and the losses due
to combustible in the refuse averaged only 0.8 per cent for the three
tests, which is in fact less than the average with the dried coal.

12. The losses due to moisture in coal of course increased 0.5 to 0.6
per cent, which increase is at the rate of about 0.1 per cent for every 1
per cent of increase of moisture in the coal. The average decrease in the
boiler efficiency for the three tests is about 0.7 per cent, which checks
closely with the increase in the losses due to inereased moisture in the
coal. It seems, therefore, that it is not neeessary to dry the coal down to
1 per eent of moisture in order to get good boiler efficiency. .In fact, it
scems that most of ‘the castern coals ean be pulverized and burned with
good resulis without drying.

CAPACITY OF BOILER THAT CAN BE DEVELOPED WITH
PULVERIZED COAL

13. The capacity of boiler that can be developed with pulverized coal
depends entirely upon the size and shape of the furnace. With the present
knowledge of the art of burning powdered coal the best results are obtained
when the coal is burned at the rate of 1 to 1% pound per cubiec foot of
combustion space per hour. Good results can be obtained when the coal
is burned at rates varying from % to 2 pounds per eubic foot of combustion
space per hour, which gives a considerable working range. In Table 1
the rate of combustion is given by item 12. The range covered by this
series of tests is from 1.05 to 1.8 pounds of coal per cubic foot of com-
bustion space. If it is desired to operate the boiler at high rates of work-
ing, a large furnace must be installed and the combustion space must be
so arranged that the flames are given the longest possible path through
the furnace. The design of burners and the admission of air are very
important at high rates of combustion. It appears probable that future
developments in the design of furnaces, burners, and the air supply may
make possible higher rates of combustion than the limit given above.




