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Wood-Burning Hot ¥ater Boiler.

. Introducfi&n '.l : ' , ;

During rééent years increasing attén£ion haé been peid
to the use of wood for fuel in demestic heating apglia;ces. This interest,
no doubt, has resulted, to a considerable degree; from the necessity of
curtailing expenditures for fuel on the part cf thé small consumer in both
the rural and urban centres of Canada. In adaltlon growing interest has
been manifested by those operating faram wcodlots as well as among lumber
‘and pulp companies in making use of timber which is useless for lumber or
pulp purposes and is often at the present time wasted.

‘Similar conditions are reported to exist in European
countries, especially those with inadequate supplies of coal. These
reports indicate that the situation in certain Egropean countires has been

so acute as to stimulate the proc uct¢on of wood-burning appliances designed
on new principles for which high efficiencics are claimed. Neglecting

stoves and small space heaters which have been previcusly reported uponX

x "Summary of Tests ilade on Seven ¥ood-Burning Stoves" - mimeograpghed
brochure available from Forest Products Laboratories, Departmenu of liines
and Resources, Ottawal;Cana4a. Free on reguest.

the greatest interest in wood-using *u“n“cos c¢f thz domestic hotl water type
has been developed in Sweden vhore it is ssid that many ministerial and other
public buildings arc centrally heated with wood fuel.

As a further contriﬁution to the study of the use of wood
for fuel initiated by the Forest Products Laboratories, the Fuel Rescarch
Laboratories, Bureau of iines, at Ottawa tested'two Swedish wood-burning
hot water boilers in comparison with a thirc boiler of Canadian manufacture.
The primary objeétive of this cooperative investigation was to dctérmine
whether the Swedish boilers vere more efficient wood bucners for domestic
heating purposcs than the Capadien boiler when used with the same fuel for

the same pursosc. A secondary cbjective vas to become familar with the new

-'combustion features s2il to be incofporated in the Swedisb-built equipment.



Description of Boilers

Table I iists the ratings and pfincipal.sPecifiéations of
the three boileré tested; plaﬁes I, II, and III show exterior views of the
respective boilers as set up-for test; while figures 1, 2, and-B give sect-
ional views showing the gas passages, etc., for the same boilers. |

Boii;r No. 1, Canadian-made, is of an ordinary hot water type.
AIt was designed as a coal burner but good results have been obtained with it

when using wood. The test results given here for this boiler have been taken

from a previous publication® and are used as a basis against which to compare

x "Wood Fuel Burning Tests" - Mines Branch Publication No. 76l, available
from Bureau of Mines, Department of Mines ond Resources, Ottawa, Canada.
Price 10 cents.

the performance of the two Swedish boilers. The reader is referred to this
publication® for detailed information regarding the set-up, methods of pro-
cedure, etc., used for tests made with this boiler.

Boiiers No. 2 and 3, were made in Sweder:. Both have bégn de-
signed for use with wood and were particularly selected for testing because
cach embodied the latest combustion methods reported to be so successful in
Europe. They were also comparable in size to boiler No. 1 - (See item 1,
manufacturers'-rating, Table 1) - an important consideration when mzking com-
parative tests of this nature. The chief feature of these boilers was the use -
of so-called "slow combustion". To éccomplish this the boiler is made as air-
tight as possible and fitted with closely controlled dampers. A long travel
for the products of combustion is provided within the furnace itself, thus
ensuring that, as nearly as possibie, complete combustion takes place before
tﬁe gases escape into the chimney. These boilers have large magazines which
require replenishing only two or three times a day. The burning of the solid
wood is confined to a small area near the base of the magazine, but the .com-
bustion of the gases which are formed takes place in separate chambers located

at the rear or sides of the fuel magazine-as can be seen in the sectional views,

figures 2 and 3.




Table I_

Boiler Ratings and Principal Specifications

Boiler Ro.l
. ¥ade in Canada

Boiler No.2

Boiler no.3

Made in Sweden

Item - Conventional |Special, Zown draught, |Special, under-burning,
Round Cast- |Square, welded steel |[Square, cast, sectional
Iron Type plate, wood boiler wood boiler
- Hanufacturers! rated
capacity BTU/hr { 132,000 138,880 124,990 -
- Average rating feet of : '
vater radiaticn sq.ft 830 226 833
- dominal grate area sq.ft 3.4 L5 2.9
- Area of heating 7
surface sq.ft 32.4 53.8 48.4
- Volume of fuel '
ragazine cu.ft 5.4%1 12.0 8.1
- Gross shipping weight 1b 1630 - 1740 2343
- Fetail cost at Ottawa $160.00 $305.00%2 £265.00%2
xl. - Volume, grate to top of firepot.
x2. - Price based on Swedish Krcna at 25.77 cents.
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Method of Test

'The same general test procedure was used for these tests ae
that described in Mines Branch Publication No. 761 to which the reader has been
previously referred. Some hours before the trials were commenced the boilers
were fired-up and Legt in operation at a medium rate of burnlng until water
temperature conﬁitlons were stabilized. When this point was reached the Whole
contents of the firepot were quickly removed, quenched, and discarded. A new
fire was immediately kindled at which time the trial was officially started.
Draughts were regulated in accordance with the combustlon rate desired =hich
vas at an output of a2pproximately 80 to 85 thousand B.T.U. per hour. This
roughly corresponde to a constant combustion rate of 65 per cent of the boiler

capacity,'or in other terms a consumption of approximately 4 "standard"cords®

x The "standard" cord is a pile of wood 4 feet wide by 4 feet deep by 8 feet
long - (128 piled cubic feei). - It is a standard which may vary in respect
to net weight of substance even for wood of the same species and condition,
and as such is dependent as to both weight and solid volume on the local
oractice emoloyed in niling and measuring as well as ‘on shape and size of
oJieces, etc. The term Ycord" as used herein is taken to mean 90 solid cubic
feet of wood substance which has been found by experience to closely approx-
imate 128 oiled cubic feet of maple firewood.

of average maple firewood in a 30 day aerlod which is about the maximum con-
sumption to be expected for any house which these particular boilers would hent
during the coldest month of the year.

Fuel wes fed to the furnace magazines in pre-determined weighed
quantities. A sample of the ﬁood used for each fire-charge was taken and at
the end of test was referred to the Chemical Annlysis Section of the Bureau
for determination as to moisture, ash, and heat content, etc. During the trizls
observations were made of water quantities and temperatures, draughts, flue
gas temperatures, and gener=l burning characteristics, etc., each 15 minutes
and flue gas anelyses were made each half-hour.

At the end of the test, water temperatures, etc., were brought
to approximately the same conlitions as prevailed at the start; the fire wus
then dumped, drawn, and quenched with dry carbon dioxide gas. The heat value

of the quenched residuzl fire was then determined and substracted from that

of the fuel fired cduring the test.
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Fuel Used

properties of the wood used.

Table II

Average Chemical and Physical Properties
of Wood Fuel Used for Tests

Average maple firewood, com&onl} termed “cordwood"; cut in
lengths suited to the firebox of the respective boilers was the fuel used
throughout these tests. Although the wood was bought in three separate lots
from wood dealers in Ottawa, careful check-up and numerous analyses established
the fact that the wood for all practical purposes was uniform and of average

quality throughout. Table II gives data regarding the chemical and physical

Item

Value

1. - Moisture content on original weight basis, range as

Fuel ratio, flxed carbon/volatile matter
- uarbon - hydrogen ratio

O P~
© & s
l

7. - Bulk denSLtyX, melght per solld cubic foot, as recelved 1b
8. - Solid: cubic feet per cord, as received cu.ft
9. - Weight per cord of 90 solid cubic feet, as received 1b

10. - Size of wood fired, (a) to boiler No. 1. inches
average length (b) to boiler No. 2 ] inches
(c) to boilerNo. 3 - -~ -~ inches

fired during tests %

2. - Proximate analysis (a) ash %
dry basis (b) volatile matter %

(c) fixed carbon - (by difference) %

3. - Ultimate analysis (a) carbon %
dry basis ~ (b) hydrogen %
bewm ool v (e) ash 4

(d) sulphur 9

v« - (e) nitrogen ~ ° . 4

(f) oxygen - (by dlfference) %

- Calorlflc value d"y, gross value BTU/1b

15.0 to 18.7
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10 to 12
20 to 22
18 to 20

thoroughly 1nvest1gaucu. See Mlnns Branch Publlcatlon Jo 7€1.

. ulk density figures werc furnished by the Forest Products Laboratories during a
srevious investigation at which time the properties of average maple firewood were
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3esults of Tesgts

The salient results of the tests are briefly summarizéd in
Table III, close study of which will facilitate comparison of one bciler with
another. In reviewing this table it will be noted that only one test was
available for consideration with boiler No. 1, whereas the average of three
repeat tests is considered for each of boilers Fo. 2 and 3; also that the
length of all trials was 120 hours. Item 8(a) shows that the tests were made
at approximately the same output with 21l boilers developing the same per-
centage of rated capacity within the limit of six as shown by item 9.

Item 2, "the interval between firings", clearly shows the effect
of the large fuel magazines in the Swedish boilers which make possible fire-
holding periods of three times that of the Canadian-made boiler. This is an
important point as, under normal operating-conditions, the Swedish boilers
would require only two or three refuelings during the course of a 24 hour
day, thus permitting satisfactory overnight operations without attention.

. Item 3(a) gives the amount of dry fuel burned per hour and

when considered with item 8(a) definitely shows that boiler No. 1 pfoduced

the greater amount of heat with the least zmount of fuel. Boiler No. 3 came
second; with boiler No. 2 closely following. Items 3(b) and &(b) give the
amount of fuel burned per therm - (100,000 B.T.U.) - of useful heat delivered
during the heating process -nd the amount of useful heat produced by each
pound of fuel burned. These items also equate the boilers in the same order
as given above and when taken in conjunction with fuel price and calerific
value may be used to develop relative operating cost for the boilers concernec.
This factor is, of course, the most important from an economic standpoint
while overall thermal efficiency, (see item 10) equates the relative merits of
the boilers as effective heat producers. Item 10 shows that the Canadian-made
boiler was a little more efficient than either of the Swedish-made ones and
that in this regard £here was little to choose between the two Swedish-made
boilers.

Items 4, 5, 6 and 7 are indicative of the combustion perform-
ance during the tests on the various boilers and clearly show that conditions
Weré best for the Canadian-made boiler. The higher draught and excess air

and the lower CO; obtaining with the Swedish boilers were unaveidable due to




the so-called "slow combustion®.

as given in item 8(a).

made on this particular boiler.

Table III

Summarized Results of Tests

compiex design and the more restricted furnacé passages which provided for

| These conditions were the worst with boiler
No. 2 which.according to manufacturer's instructions required a draught of

from 3 to 5 millimeters - (0.120 to 0.200 inches water guage) - for satis-
faétory operation,'%his was necessary in order to carry thé desired outﬁut

As the chimney available for these tests did not pro-

vide such a high draught, mechanical induced draught was used for the tests

’ Result for .
Item Boiler No.l|Boiler No.2| Boiler %o.3
one trial average average
of 3 trialsjof 3 trialg
1.- Duration of trials hrs 120 120 120
2.- Interval between firings - (average time)  hrs 2.00 5,62 6.00
3.- Dry fuel burned (a) per hour 1b 17.6 19.6 18.8
(b) per thermX delivered to -
- cooling water 1b 20.59 23.64 22.76
L.- Temperature, flue gases at boiler outlet - OF 439 - 277 327
5.- Carbon dioxide, per cent volume in flue gases . :
at boiler outlet 12.4 6.7 . . 8.4
6.- Excess air . g 52 150 115
7.- Draught at boiler outlet in.w.g | .012 0.146 042
8.~ Heat transmitted to cobling water o : :
(a) per hour B1U/hr | 85487 83093 82434
" (b) per 1b of dry fuel burned BTU/hr 4856 4233 4393
%.- Percentage of rated boiler capacity developed % 64,.8 59.8 65.9
10.- Overall thermal efficiency, dry fuel basis % | 57.3 150.9 52.9
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"Summarized Conclusions

.

1.. The Swedish boilers were found to be not quite as efficient
in the mat?er of héat transference as the Canadinn-made boiler.

2. The Swedish boiiers ha%e better fire—hoiding ability thﬁh
the Canadilan-made boiler in the ratio of threc¢ to one, and in consequence
can be operated over longer periods without attentiqn.

3. The so-called Yslow combustion® feature embodied in the
Swedish boilers is conducive to tar formation within the boiler, esgeciaily
at the\low rates of combuétidn necessary in nild weather and for overnight
banking, even in moder:tely cold weather.

4. The Swedish boilers were more carefully built and heavier,
and consequently more costly than the Canacdian boiler.

5. The possible draught settings with the Swedish boiler are

much more numerous than for the Canadian boiler. This means that greater

skill but less a2ttenticn is required for their successful operation.
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