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bRsC&IPTIou OF 1tLTE,

Thece tests were made at the Fower Flant at the 'ichigan
Agricultural College, 7Tiie firct and tnird tests were r:ade on the
Springfield Horizontal Tubular, Internally Fired 3cller No. 3,
manufactured by the Springfield Zoiler & ifg. Co., Springfield,
111, The second test was made on the !orizontal Returm Tubular
Boiler, mamufactured by the lLansing Boiler & 'ngine torks, Lansing,
1"4eh. The first two trials were of 74 hours and the third of 6 1/2
hours duration.

CJICT CF TnLlTC,
Under the st:ted conditions in each case:-
To deternine the horse power developed.
To find the amount of evaporation per pound of coal.
To determine the thermal efficiency of boilers.

To determine the cost of evaporation,

TQUIPNTET.

The apparatés enployed in the first and li.st tests was ac
follows:- A testern Tocl Co. steam gage wzo uccd for obtaining
the steam pressure. A Carpoﬁtor'e tlirottling calorimeter was used
for deternining the quality of the steam and waos atiached by means
of a perfoi&ted nippvle to tho eteirm main just above the boiler.
The’water was fed intp the boller by a ~enborthy injectcr, which
operated by cteam direct fro- the boiler. This water was talen
directly from the water nains. Forced dreu-ht was ermployed,

which was rroduced by an .merican Blcwer Co. 110 inch thrce
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quarter housed bottom horizontel discharge fan, which is driven
direct, connected by a type A.B.C. vertical engine, Tne air 1is
forced through two 9 inch pipes, one entering each side of the
furnace. The engine also drives, belt connected, a Cole auto
regualting a Jones underfeed stoler, which was used. For taking
temperatures, Farhenheit thermometers were used with the exocep-
tion of the flue gas where a Centegrade thermometer was used.

U tube draught gages were used to obtain the force and flue gas
draughts. For the analysis of the flue gases an Orsat gas appar-
atus was used. Platform scales were used for weighing both the
water and the coal.

All the aparatus was carefully tested before starting tests
as shown in the figure. The aparatus used in the aocond‘toat was
| the same as that used in the first and third with the exception
that the furnice was hand fired and no foroce draught was used.

KEETHOD.

The first test started at 7:00 A.l, on Feb, 23 and lasted
until 7:00 A.M. on Feb. 24, 1907. It was carried on under actual
working conditions as nearly as possible. All commections not in
use were disconnected before starting the test. The boiler was
fired several hours before starting and the fires were cleaned an
hour an hour before starting and stopping the test. The hight of
the water in the boiler was marked on the water glass at the be-
ginning and kept very near at the same hight during the whole
test. The coal was weighed in varialbe quantities as needed
every half hour. The water was weighed in a barrel and emptied
into a tank, the amount being recorded every fifteen minutes.



The scales being ballanced before each weighing. Readings were
taken every fifteen minutes of the steam gage, draught gage in
blower pipe, draught gage in uptake, also temperatures of feed
water, flue pases, boiler room, external air and temperature and
pressure in calorimeter. ‘

The second test started at 7:00 A.M. on Mar, 2nd and lasted until
7:00 A.¥, on Mar. 3rd 1907. Thie test was carried on under a load
& little above that rated by the builders. The coal was weighed
in veriedble quantities as required every half hour and deposited
on the boiler floor and hand fired as required. The method was
the same as in th§ first case except taat there were no forced
draught readings to be taken. |
The third teat was started at 8:30 A.!'. on lMar. 18, 1907 and
ended at 3:00 P.M. of the same day. The test was identical with
the first one only the load was a great deal heavier as the boiler
furnished steam to run a 125'K W engine and generator which was
rmm with an over load. Small samples of coal were taken out at
each weighing in all the tests, and the amount acounulated re-
.duced by the method of quartering and crushing as recommended

in the A.S.¥.,E. code, and these resulting samples were tested

by the Chemical Department. All these teSts were started and stops
ped by the alternate method. The results of the tests were recorded
in acoordance with the standard short form advised by the Boiler

" Testing Committee of the A,S.M.E.
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BO/LER NO S

LOG OF RERDINGS

MAR. 2 AND 3, 1907.

MERN BAROMETER READING

& s o [ S TRTRER TEMPERATURES (Tar)
NSRS T NRINEE
R HEEIE %«smmash 2
| 7ov| 392 | 306 |l0/| % | .35 2865 | 557|276
715|377 | 307 | 96| X | £ 74 27 ja#2| 50 |278
730 131 | 223 | 102| R |.# |73 | 27 |252| 53 [275
775|745 | 018 |2 N | £ |76 |27 |267| 52|272
\804 1828 ze4 [so0| 3 | 5 |77 |27 [p22] 52 ]27%
(a5 | 1969 | 290 | 1o | R |57 | 70 |265|252] 62 [ 275
‘sa0| 1914 | 312 | os| ¥ | .5 |69 | 26 298] 52 274
|ass5| 1015 /02 185 | 71 | 26 |259| 62 |269
jaw s /00| X | .5 |68 | 26 218| 5/ |268
lous| 1963 | 3+ |97 | ¥ | 45|68 | 26 |259| 57 | 267
| 930| 1464 /0| N | 8 | 67|26 |25 | 52 (265
’§4f 1108 | 284 | 97| ¥ | .5 |68 |25%|258] 52 [266
m | 1478 100 | X | 45| 67 |26 |252|52.|268
laus| 1970 | 312 | 96| =7 |5 67 | 26 245 | 52 |269
L1030 1131 | 377 |98 8 67 |25 22/ 52 (270
(1045 1291 | vo8 |98 | =~ | .6 |67 |25 |22t | 52 | 268
\11:00| 1964 | 275 |28 5 |68 | 25 (229|822 (267
(1246 o091 o8 48|67 |25 253 52 | 268
1/.:30| | 470 | 208 | 94~ 5| 62 | 26 278 | 52 (265
(45| 1096 | 297 |86 5|68 |26 pas|sz (26t
1200 1832 /o0 .+ |68 |26 |259| 52 |266
’/z"/f 726 97 |7/ |28 le#5 |62 | 270
/23:7 /33 | 296 | s00 S| 70 |25 |264| 52 |268
/z4o’ 1431 29 S |68 |25 (235| 52 (266
/M 1817 | 309 | 00 8|62 |26 |257]| 42 |266] -
= L2o42"







LOG OF READINGS
BO/LER Vo & MAR. 2 ANG S, 1807,

[ TEMFERATURES (7ar)

g §\§ e §N§E'~‘ NRIHEE

SRR NN R
1.75| (4257 2392 | 98 s5|6# |29 255 | 52| 266
130\ 2127 | 302 | 150 65 | 6% | 25 |268| 52 |265
/95| 1834 | 297 | 102 S0°| 62 | 25 |2g5 | 52 (278
2.00| 1943 97 SV 65 | 25 |255 | 52 |265
25| 183%| 317 |98 6 |62 | 26 (269 |52 |264
230 | | 484 29 8|96 | 255|247 | 52 |266
\245 | 1442 | 370 | los .6 |65 | 26 |26/ | 62 |26%

|3:02| 1447 106 S| 65 |26 2885 | 52 |26 4/5
3.6 | 1423 87 6 |79 |26 [264| 52 | 265
392 | /775 | 288|998 6 |66 |26 264 | 52 |263
|35 | 1945 | 305 |97 6 | 67 (265|263 | o2 |250
|20 | 1446 97 6 |78 |27 |243| 52 262
|77 | 1468 | 3 1/ | 96 .65 |97 | 27 l266" | 52 | 256
F30 | J#6F | 15 | 98 .6 |57 |27 |286|s2 |267
445 | 1107 28 S5 |66 | 27 eS| s2 (270
FH| 728 28 .6 | 67 | 27 |2R3| 52 | 266
CEa /080 CYs .6 |70 | 27 |233| s2 |2657
&30 | /083 C¥4 S| 69 | 27 l2as | 52 | 267
Fﬁf 109/ 85 45 |70 | 22 (245 | 52 | 265
60| 790 29 | 72 | 27 (224| s2 | 265
6115|1418 | I+ |93 A5\ 7/ | 28 220 | 2 | 266
4 | 69 |22 |2z06| 52 |266
S |7/ |27 (224| 62 |26
& | 69| 28 |292| 52 | 265
5 |60 |28 |282| 52 | 262




BO0/LER V2 §

LOG oF RERDINGS

MAR 2ANES 1909,

b 5 Ry kﬁ 2 rzmmrgmr:é"ﬂl
SRR R B GEHERR
Q RN ICY | S
730 320 | 94 66 | 27 |263| 52 | 266
744 3/3 | 95 66 | 27 |258| $2 | z68
| 800 3/3 | 97 6% |25 (257 |62 |z67
8:/5 94 ¢ 70 |25 z228| 62 |267
830 307 | s # |70 | 245 |26/ |52 |268
846 297 | 98 #8570 |24 286 | 62 |z67
o0 S8 4 | 70 | 24 [2#¢ | 5Z | 268
916 3/2 | 96 4| 7/ |29 |265| 52 |z68
934 368 | 93 4|68 |23 |248| 52 (267
945 37/ | r00 A |67 |23 (222 62 |268
222 307 | 100 # |66 | 22|208| 52 |zar
|o5] 29 #5682/ 285 | 92 |z6>
[10:90 56 4 |66 22 (257 | 52 | 26>
| 70451 304 | 97 -4 |68 |22 z¢9| 52 |267
h'ﬂ 94 4 |67 |23 |190| 52 | z66
| w15 5% # |66 |23 |/8¢| 52 |266
[ :30 93 4 |67 | 23|240| 72 | 267
145 oz + |68 |23 |z24| 52 | 267
12:00| 1966 | 316 | o7 7 |69 23 |60| 52 | 26>
/26| 1100 | 3/6 | 94 # |68 |22 |z75| 52 |26/
(20| |#7F 27 4 |69 | 22 |259| 52 | 266]
1295 1172 oz 5 |8. |22 |265| 52 |26%
[1.00] 295 (02 4|69 |22 |255| 52 | 267]
lr15] 1235 56 .5 |eg |2/ |26r] 62 |2657
[:30] 1297 3 4|7 |20 [236] 52 | 265]




LOG OF READINGS
BOILER NO S MAR.1G, 1907~

k- ) ml - [ pRAFT TEMPERA TURES

I AE B L ‘:“,z*‘ £ |8 (Bl |u,fal] 1|z

T (g°3|asg 9 |55 = & [33/ke|32|uE |22 @
E |2 9% Smle & ior[REIS RuRRalld s>
6:30, 540°| . O | 95 &*] 5"| /4 "] 84F 4 7H 2cik 52F| 27
845 | . 1515 | 70| » | .7 |4 | 22]48][307 265
[o00] 6952285 (69| « | 5 |4 | 90| 48] 284] 52 [272
o5 1905 (97| « [ &5 |4 [91 285 278
9.’:0L4 1r (1900 |85 | » |s5| & |91 |48 287 52 273
45| 1900 | 92| « |45 | 54| 90 282 277

00 | 432 |I5R25 |85 | v | & 2 | 90| 49| a83| 52 |276
10015 1900 |84 | ¥ 8y |92 287 273123
30| 564 [1900 [ 95| « |5 | & | 94| 51 |zee| 62 |a76]355
o5 | 2280 |98 | v |45 | 4L | 95 287 278

oo | 515 ({520 g0 L 7 b N 9/ | 562|279 52 |77
s /900 | 90| » |.6 | 5 |82 283 277
3o 551 (1900 (88 | v |65 | 5% | 94 | 64| 283 52 [27%

I1: 45 14900 |94 | " |65 | 25|94 278 R77
2:00| &44 1820 | 70 X e S |94 | 56|28/ 52 | 272
12:185 (520 |GOo | *» . 4% | 95 283 265
I.?:To a00 |I880 \'64| " |65 | 4 05| 657|286 52 (263
12:45)| /520 | 75| v |6 [4% |98 282 270
00| 641 [1620 76| v |65 | 35101 | 5927852270
FF 152084 | » |.7 | & |9x za3 271
To0| 285 |1620| 90| » |G | 3L |o7]| 589|277 52 |278
[7: Lﬁ 19200 |9/ | v [65 |44 |99 285 277
[z2:00] 267 1900 | 96| v |65 | @ |94|589|r77 52270
,,"JS;F 1900 | 94| " |65 | # [ o5 279 278
2:20| 261 [1900| 90| " |6 | 4 | 94| s9|zs0| 52275
2a5| 1520[90] » |6 | 4 [oe 28/( 275
3:00 LS A01°8. ] n .69 4 |Jjo1 | 59|R76| 52 | 277|840
AvG- | 859| 5 .58 |4.11 | o4 | 54012824 52 | 2744
ToraL| €096 |as56i0 /018,

AVERAGE BAROMETER READING = 29.53"




ELUEN B ASHTE NAEYSTS

BO/LER NO.3 MAR.- 16, 1907~

B 5 S T SRR R VR R I i T e )
TIME | 7of CQ.| BofCO\%of O |FofN | REMARKS |, 1.
830| 997 | 85]| oJ | 8le]

200 136 | 52 Sl K =

*/O(; 98,3 O S0
1:00| 1.6 | 74 8 - VA

" izool104 |90 | 0 | 806

LO0 s 4.7 O. 830 | FiresBeingCleaned
200| 94 |06 | O |&00

| s00lie |72 | o |eio

| Tetet |1 |77 | 0 [ 8l2 | T




DATA AND RESULTS OF EVAPORATIVYE TVST ARRANGED

ACCORDIKNG TO A.S.}.E. CTANDARD SHCORT FORM,

Xade by Charlton, Koehler, and Taylor on a Springfield boller,

at 1.A.C. to determine the evaporation, cost of evaporation and

thermal effiociency, when running above rated horse power,

Vater heating surface
¥ind of fuel

Kind of furnace
Grate surface
Superheating surface

TOTAL QUANTITIES,

Date of trial

Duration of trial

Veight of ocoal as fired

Moisture in coal

Total weight of dry ooal consumed
Total weight of refuse

Perocent of ash and refuee in dry coal
Total welght of water fed to boiler
Moisture in steam

Fater actually evaporated

corrected for uoisturo

Equivalent water evaporated into dry stean from

and at 212 degrees

1309 sq.ft.

Fairmount Slack

Internal

Yar.16th 1907
6 1/2 hours
6,097

2,057
5,910.2#

1,018#

16.887

45,610#

5%

45, 38c#

54,544 .64






FOURLY QUANTITIWS,

Dry coal consumed por hour

Water fed per

hour

Equivalent water evaporated per hour from and at

212 degrees, corrected for quality of steam

Equivalent water evaporated per sgq. ft. of

water heating surface per hour

AVERAGE PRESSURES, TEUPLRATURES, ETC.

Average boiler pressure

temperature of feed water

. * escaping gas
" * fire room

. * outside air
. * ocalorimeter

force of draught between damper and boiler
ol . . at furnace

barometer pressure in inches

HCRSE POTZR.

Horse power developed

Builders' rated horse powel!

Percent of buillders' rated horse power

909 .26#

7,016.9¥

8,391.5%

6 .41

86,9+
520
5100
040

£74 .40

.68"
4.11"
29.53"

£40,.73
150
160.27



ECONCI{IC RESULTE.

Vater apparently evaporated per jcund of coal
under actual conditions

Eqﬁivalent water evaporated from and at

212 degrees per pound of coal as fired
Equivalent water evaporated from and at

212 desreee per pound of dry ocoal
Equivalent.water evaporated from and at

212 degrees per pound of conbustible
EFPICIY . CY.

Calorific value of the coal
Efficency of bdoiler
(based on coal)

CCST CF EVAPORATIOR.

Cost of coal per ton of 2000+ delivered

in boiler room

Cost of coal required for evaporation 1000+
of water from and.at 212 derrees

11.104#

13,519 B,T.U.

66.07

5.680

£0.147



PRINCIPAL DIVENTIONS CF BOILERS.,

SPRINGFIELD BCILER

Inside diameter 8!
Length between heads . 14'-11 5/8"
Number of three inch tubes 94
Diam. of corrugated flue box ineide of corrugation 50"

Diam. of corrugated flue box outside of corrugation 68 3/4"

Total water heating surface 1,309 sq.ft.
Hight of chimney 127
Area of chimmey 28,27 8q.fTt.

RETURN TUBULAR BOILER

Inside diameter e’
Length between heads 17' 10"
Bumber of four inch tubes 74
Length of grate ' es"
Width of grate 68y

Total grate area

Total water heating surface 1,500 sq.ft.
Hight of chimney 127!
Area of chimmey 28,27 sq.ft.



CORCLUSION.,

In the tests on the Springfield boiler the pounds of water
evaporated from and at 212 degrees was a little low in the first
test but was fairly good in the second as compared with the
tests on other boilers of this type. In teSits on boilers of this
kind, fed with the same kind of stoker have given an equivalent
evaporation from and at 212 degrees per pound of combustible
about 11.35; while the value of our tests werel0.796 and 11.104,
making a difference of zbout .504 and ,1986. _

The evaporative results obtained from tﬁo Horizontal Return
Tubular boiler compare very favorably with the data we have been
able to obtain from tests made on other bollers of similar make
and the same horse power.

It is almost impossible to take into account the grate area
when the mechanical stoker is used, as when hand firing is em-
ployed. The stoker working intermittantly deposits the coal in a
Pile in the center so it is not spread «evenly over the grate
surface as wvhen hand firing is employed. Hence it wouid be a
wrong asumption to consider it the seme as in the hand fired
boilers.

The flue gas analysis shows about a perfect combustion; thus
giving very little smoke,

By making a comparisen of the three teste, we find that the
springfield boiler can be crowded or over loaded to better ad-
vantage than the Tubular boiler can.

They aleo show that there 1is very little loses in efficiency
when 1t 1s working under a very large overdpoad
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