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.i.': .. study of the Kethods of Controlling 

Boiler Operation and Their J.pplica tion in the 

Virginia Polytechnic Institute 

lieat and Power Plant 

A detail study of three different methods of boiler 

control was made as basis for this thesis. These methods 

are namely, Eechanical I.:ethod, Synthetic Eethod, and .Analy-

tical lcZethod. The objects in view were to determine which 

method was the nost applicable to the v.p.r. plant, to locate 

all controllable heat loss and make recommendation for their 

reduction, and to devise some method of determining boiler 

efficiency ~ith the minimum. delay. 

In order that a detail study be made it rras necessary 

to perform two very careful boiler tests. The first test 

extended over a J:leriod of twenty-four hours, all readings 

being taken by actual observation. The second test ex-

tended over a period of ten days. .till data was obtained 

in such a manner that the plant engineer coulcl duplicate 

the test without encountering any considerable difficulties. 

In this test recording instrunents were used as much as 

possible. 

The results obtained from the study of the three differ-

ent methods of determining bailer efficiency leads the author 

to believe that the .Analytical r:ethod. is far sul)erior to either 

the Lechanical or Synthetic I.Iethods. Since the operating en-

gineer is concerned primarily with the controllable heat losses 
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and since the .Analytical t:iethod of determining boiler 

efficiency is based on the controllable heat losses, it 

is obvious that this method is of greatest importance. 

·:ri th the accompanying curves all heat loss calculations 

necessary to deternine boiler efficiency have been elimi-

nated making the operation very simple for the engineer. 

For the determination of overall boiler efficiency 

a curve has been drawn whereby the desired results may 

be obtained instantaneously with an accuracy of within 

one per cent. The only two factors necessary for this 

determination are flue gas temperature and per cent car-

bon dioxide in the flue gas. 
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Preparation For Boiler Test 

Before beginning the boiler test all recording gages 

and recording therraometers and pressure gages had to be 

calibrated and corrected for errors. The boiler gages 

were tested with an Ashton Special Gage Testing set. The 

Ashton test gage was checked at the mechanical laboratory 

by means of a hydraulic gage test set and found to be 

correct. Having checked the test gage each pressure gage 

in the power plant was checked and the average error in 

each gage was found to be approximately five pounds in 

excess. Adjustments were :ma.de on each gage to compensate 

for the error. The recording pressure gages were then 

checked v1i th the steam header pressure gage and proper 

adjustments made to insure correct recordings. This test 

was the first performed on all the pressure gages in the 

plant since its construction. Due to the continual use of 

the gages they had become weaker and, consequently were 

recording higher pressures than were actually being main-

tained. For the same reason the safety valve springs had 

weakened and were responding to pressures lower than they 

normally should. Undoubtedly this error has had some ef-

fect on lowering the operating efficiency of the turbine 

unit. 

It was also necessary to check the feedwater temperature 

recorder and the •steam temperature recorder for possible 

errors. 
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The steam. temperature recorder was checked by plac-

ing a suitable thermometer in the thermometer well in the 

superheater outlet main and checking the readings of this 

thermometer with the recording thermometer. The recording 

thermometer was found to be correct. 

The recording thermometer for the feedwater was checked 

by two different methods. 

In the first method, the regular feedvm ter line to 

the boiler in which the feed is controlled by means of a 

Copes Regulator was closed and the auxiliary line opened. 

This was necessary because the feedwater line in which the 

Copes regulating valve was located did not contain a ther-

mometer well. The boiler rating was held constant as nearly 

as possible and the feed through the auxiliary line was 

maintained neo.rly constant. ) .. thermometer was placed in 

the thermometer well in the auxiliary line and readings of 

the test thern:ometer and the recording thermoReter were 

taken every five minutes. By changing the steam flow to 

the feedwater heater the tem.:perature of the water was 

gradually raised and lowered, and in this manner the re-

cording thermometer was checked over a wider ranee of 

temperatures. 
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E~ GI NEERING LIBRAR~ 

V• Pli '• 

Reading 3ecordg. Test . Reading Recorde- Test 
Ho. Thermo. Thermo. Di.ff· Ho. Thermo. Ther1:10. Diff • 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

OF OF OF OF OF OF 

212 

212 

. 20'7 

206 

20'7 

205 

208 

210 

210 

211 

211.5 

211 

216 

216 

214 

210 

210 

208 

211 

212 

214 

216 

216 

216 

4 

4 

? 

4 

3 

3 

: 

. . . . 

. . 

13 

14 

15 

16 

17 

18 

3 : 19 . . 
2 : 20 

4 . . 
: 

21 

4 : 22 

5 
. . . . 24 

211 

211 

212 

213 

214 

216 

216 

216 

216.5 

218 

214.5 218 

215 

215 

215 

213 

212 

218 

219.5 

219.5 

218.5 

218.5 

211.5 21'7 

0 Average Difference= 4.25 

5 

5 

4 

4 

3 

4.5 

5.5 

Tlle averac.;e difference in the readings of the two ther-

mometers was found to be 4.25°F. J;. small :percentage of this 

gain in heat was contributed to the feedwater pump, however 

the greatest error was due to the incorrect recording of the 

thermometer. 

As a further check on this instru:nent the recording 

thermometer bulb was removed from the well and placed in a 

can of oil and the oil gradually heated by means of a blow 

torch and the readings of the recording and test thermometers 
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were tuken sirnultaneously on heating and cooling of the 

oil. By this method the thermometer was checked over a 

vrider range of temperatures than by the :preceding method. 

Readings were as follows: 

Temperature Oil Increasing 
. 

Reading Recordg. ~est Diff.ReadingTiecordg. Test Diff. 
No. Therno. 'rhermo. °F.: Ho. Thermo. Thermo. °F 

OF OF OF OF 

1 

2 

3 

4 

5 

6 

? 

8 

202 

204 

206 

208 

210 

212 

214 

216 

19'7 

198 

200 

202 

204 

5 

6 

6 

6 

. . 9 

10 

: 11 
: 
. . 12 

6 : 13 

207.5 4.5: 14 

208 

214 

6 : 15 . . 
2 : 16 . . 

Average Difference= 5.59 °F. 

216 

218 

220 

222 

224 

226 

228 

230 

Tern~erature Oil Decreasing 
Reading Recordg. Test Diff.Readings Recordg. 

211 

212.5 

214 

216 

21?.5 

220 

222 

223 

Test 

5 

6 

6 

6.5 

6 

6 

? 

Diff. 
ITO Thermo.Thermo. OF No. Thermo. Thermo. OF 

OF OF . . 
1 228 223 5 . 8 214 210 4 . . . 
2 226 222 4 . 9 212 208 4 . . . 
3 224 220 4 . 10 210 207 3 . . . 
4 222 218 4 . 11 208 205 3 . 
5 220 216 4 . 12 206 203 3 . . . 
6 218 214 4 . 13 204 202 2 . . . 
7 216 212.5 3.5: Average Difference = 3.65 
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Detepnination ot Settipg Yor Boiler Ueters 

Due to the tact that the atr-tlow setting tor the 
Bailey Boil.er Meter had been ohQged trom tlme to time 

and there were no speo11'1oations on tile to give the 
original setting ot this meter, it was necessary to 
carry on a test to determine as near as possible, the 
present setting ot the meter tor the amount ot excess 
air. It was very necessary that the oorreot setting ot 
the meter be determined 1n order to calculate the total 

excess air going through the boil.er tor an7 given period 
ot time. Knowing the total exoess air and tl.ue gas and 
entrance air temperatures, calculations could be made 
tor the per cent heat loss due to excess air. 

The above requirements o·oul.d only be acoom.pl.ished 

by meane ot flue gas anal.J"8•• taken when both the ateam-
tlow and air-tlow pens were coinciding tor under ~ese 
conditions the turn.ace is receiving the proper amount ot 
excess air tor maximum ettioiency. Approximately- 75 flue 
gas anaiysea were made tor this test; however, only a 
small part ot these were used because ot too large a 

variation in the steam and air-tlow readings. :lroJll the 

flue gas ana+Yses, the per cent excess air was oompute4 
tor each analysis. and the average ot these calculations 

taken as the setting ot the meter or as the per oent excess 
air going through the turnace when th~ two pens are in 



oo1nc1denoe. 'fhe result amounted to 49 per cent excess 
a.1r. Knowing the setting ot the meter, oune sheet No. 1 
was plotted giving the total. exoeaa air passing through 
the turn.ace tor 41tterent per cent ratings ot the steam 
and air-flow pens.· 

Results ot tlue gas anal.y-aes are ahown as tollows: 
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5G Excess .;,ir 02 
= .264N2-0a 

Steam . .:-~ir .264lT2 Excess 
Flow Flow CO2 02 co Total Ha -0 idr 
1 . d c~ % er. s; 2 % . 5'J . v l'j ,a ' I I 

lll llO ll.l 7.4 o.o 18.5 81.5 14.lO 52.4 

101 lOl 13.2 5.0 .2 18.4 81.6 17.6 28.4 

113 ll5 11.6 7.3 .o 18.9 81.l 14.09 51.8 

lOO 100 l2.5 6.0 .1 18.6 81.4 15.48 38.8 

116 11'7 12.6 6.l .1 18.8 81.2 15.35 39.7 

123 122 l0.9 7.9 .1 18.9 81.l 13.49 58.6 

120 123 ll.8 6.6 .o 18.4 81.6 15.6 42.3 

llO llO 9.6 9.0 .8 19.4 80.6 12.3 73.2 

135 135 11.0 6.8 1.0 18.8 81.2 14.65 46.4 

170 l?O 12.6 6.0 1.0 19.6 80.4 15.25 39.4 

180 180 11.'7 '7.3 0.6 19.6 80.4 13.95 52.3 

100 100 10.4 8.6 .4 19.4 80.6 12.? 67.7 

95 95 12.0 7.4 .6 20.0 80.Q 13.7 54.0 

llO llO 10.5 8.4 .2 19.l 80.9 12.95 64.8 

llO llO 11.2 8.3 • 'l 20.2 79.8 12. '75 65.1 

110 110 10.8 8.0 .8 19.6 80.4 13.25 60.3 

140 140 11.2 '7.5 .o 18.7 81.3 13.95 53.7 

155 160 11.0 7.3 .o J.8.3 81..7 14.25 51-3 

120 12.0 lJ..4 7.0 .o 18.4 81.6 14.53 48.2 

105 105 12.6 5.8 .2 18.6 81-4 15.68 37.0 

137 135 13.0 5.7 .1 18.8 81.2. 15.75 36.2 

115 115 10.2 6.8 1.1 18.2 81..8 14.8 46.0 

112 128 10.4 8.4 .• o 18.8 81.2 13.05 64.4 

115 120 10.4 8.6 .o 19.0 81.0 12.80 67.2 



-12-

Steam Air .264H2 Excess 
Flow Flow co Oa co Total r,r -0 ~lir •2 2 cl c1 %2 % 5b 1 .% ot jO . -· ,~ J ,o 

114 116 11.6 7.0 .o 18.6 81.4 14.5 48.3 

111 110 11.1 11.4 .o 18.5 81.5 14.12 52.4 

113 115 11.6 11.3 .o 18.9 81.1 14.l 51.8 

119 114 11.2 7.5 .o 18.7 81-3 13.95 53.8 

115 123 9.5 9.0 .1 18.6 81.4 12.5 72.0 

Average Excess Air . . . . . . . . . . . . 49% 
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E~GINEERl~G LIBRARi' 
V• P,; 11 

T'wen!7-tour Hour Boiler Test 

!he main object in performing this 24-hour boiler 
test was to calculate a heat balance tor the 350 hp. 

boiler and tram thia heat bal.ance determine a tair tigure 
which would represent the radiation and unaccounted tor 
losses tor the boiler. It as necessary to determine 
this item in order to make a tair allowance tor this loss 

in the calculation ot the heat balances b7 the three d1t-
terent methods used in this report. 

The 24-hour boiler test ns pertomed according to 
apecii'icationa ot the A.s.K.E. Power Test Codes ot 1923 
and all data nre obtained as accurately aa ns possible. 
Readings were taken eveey titteen minutes and at the end 

ot the 24-hour period all readings were averaged and re-
corded. Flue gas analyses were made oont1nuoual.y during 
the test. All averaged data are recorded on the aooom.-
pan7ing sheet. 

Some d11't1oulty was experienced with the operation 
ot the Oraat appa.ratua during the teat due to poor absorb-
ing solutions and detective val.ves on the apparatus and as 

a consequence aom.e little time was lost in the oorreotions 

ot these detects. However, it 1• believed that the error 

due to this miatortune was negligible and that the average 

ot the tlue gas analyaea that were made were substantiaJ.l.y' 
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correct in the calculation of the heat bal.anoe. 

As a resul.t of the heat bal.anoe tor the test it was 
tound that the l.oss due to radiation and the unacoounted-

tor l.oases amounted to approximatel.y- tour per oent. !his 
l.oss, as listed in the heat balance accounts tor the loss 
due to unconsumed hydrogen and hydrocarbons, radiation and 
unaccounted-tor losses, so it was assumed th&t the radia-
tion l.oss would amount to approximately three per oen~. 
This amount was used in other cal.culations ot heat bal.ances 
in this report. 



-15-

Log :ror Dratta and Temperature 
• . • • • . 

:rurnace Uptake ROOJll ~t Boiler Sup. Back oe 'J.'emp. l!'urnace Dratt Drat't Temp. T~- Press. 
In. H8 0 In.Hao OF °F Lb. steam Temp. oz o;t 

.;..oas .;.. 10 80 2225 1'10 420 28'0 

.;..085 -.07 80 8190 1'10 480 

-.085 -.10 83 2150 1'10 410 
.;..082 --10 82 MOO l.'10 4S8 

.;..085 ... 12 80 2280 1'10 442 

.;..085 .;..oa 84 81'15 1'10 438 

.;..090 .;..12 80 24'15 1'10 440 

.;..oeo .;..3.3 80 2350 l'I0 "4 

.;..082 .;..10 80 !680 l.'10 442 

.;..085 -.oa 81 2'25 1'10 438 

.;..090 -.20 80 2500 170 "2 

.;..090 -.22 80 26'15 l'I0 444 

.;..085 -.2:5 '19 uoo 170 456 

.;..085 -.12 83 23'15 l'I0 448 

.;..085 -.10 82 2225 170 442 

.;..085 -.10 84 2450 1'10 438 

.;..085 .;..10 8' 22'15 1'10 440 

.;..085 -.10 85 2250 1'13 43' 

.;..oea --10 85 2300 l.'10 432 

.;..005 .;..09 85 2'25 1'10 434 

-.085 -.10 86 82'15 1'10 432 

-.085 -.10 88 2325 1'10 440 
-.085 --15 86 21."15 170 4" 
--085 -.14 8'1 2275 l.'10 444 



El'-1GINC:ERING LIBRARY 
.:.1&- V• P11 Is 

Log Yor Dre.tts and Temperature (Cont'd.) 
Furnace Uptake ROOll lPront Boiler Sup. Baok 

Dratt Dratt . 'lamp. ll'urnaoe Press. Steam J'urnace 
In. HaO In. HaO OJ' Temp. Lb. 'lem.p. Temp. 

OJ: 2l OF 
.;..090 -.12 87 2315 1'10 440 2240 

.;..090 -~-11 88 2150 l.'10 442 2240 

.:..090 .;..10 8'1 2325 l.'10 43'1 2210 

-.no -.12 92 2375 l.'10 438 2425 

-.100 -.12 91 2150 l.'10 "2 2310 
.;..090 -.J.O 92 22'15 l.'10 440 2200 

.:..010 -.09 8'1 2385 l.'10 4$6 2860 
,_ 

... 090 -,10·/ 90 2275 1'10 420 2410 
-.090 •• 10 89 2855 l.'12 426 2450 

-.090 -.10 88 2225 l.'12 488 2'80 
.;..090 -.10 85 224:0 l.'13 428 2230 
-.090 -,l.O 85 2260 1'13 450 2370 
-.095 -.10 85 2830 l.'10 432 2450 
.;..090 -.1.0 86 2130 l.'13 430 24.'15 
-.090 --10 86 2190 l.'10 488 !280 

-.090 -.10 88 2130 1'10 -136 2285 
-,090 -.10 8"I 2200 l.'12 -134 2100 
-.090 -.oa 8'1 2520 170 432 2410 
-.090 -,l.O 86 2220 l.'12 436 2380 
-,090 -.10 en 2350 l.'12 440 2490 
--090 -.10 86 2300 172 ,38 2500 
-,090 -.10 B'l 2325 l.'12 43'1 2550 
.;..090 -.10 92 2135 l.'10 432 2440 
-.090 -.12 92 2225 1'10 442 2250 
-,090 -,10 91 2175 l.'10 434 24'15 
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Log For Draf"ts and Temperature (Cont'd.) 
Yum.ace Uptake Room Front Boiler Sup. Ba.Ok 

Dn:t"t Draft ~prp. J-urnace Preas. Ste&m. J'urnace 
Inl HaO In.H•O OJ- 'f~. Lb 1!~- Tpp. !?.I • !!l 

.;..090 -.10 94 221.0 1'10 432 2450 

.;..090 -.10 93 21.00 1'10 434 2400 

-.090 -.10 9, 2375 175 ,38 2350 
-.090 --10 88 2250 l.'18 432 2500 
.:..090 -.10 9' 8225 1'18 430 2425 
.:..090 -.10 91:, 2225 173 430 2400 
.:..090 -.10 88 2300 174 430 2350 
-.090 ... 10 85 2325 174 426 2350 
-.100 -.10 86 23'15 1'15 430 2575 
-.100 -.10 83 2300 1'15 430 2300 
-.100 -.10 as 2225 l.75 430 2525 
-.090 -.1.0 80 2050 l.'12 438 2350 
-.090 ... 10 82 HOO 173 435 2400 
.;..090 -.10 82 2415 l.'13 438 2425 

-.095 -.20 80 2300 1?3 "° 2450 
-.095 -.10 8J. 2210 175 439 2450 
-.095 ... 10 83 2300 1'13 434 2420 
-.095 -.10 85 2380 l.'13 434 2450 
-.095 -.10 86 2S90 1'15 438 8480 
.:..095 -.13 86 2450 174 440 2480 
-.095 -.20 85 2'00 173 438 2480 
-.095 -.13 85 2880 170 442 2450 
-.095 --13 85 2265 173 4.45 2250 
--095 -.10 89 2295 1'15 448 2-&95 



FLUE GAS ANALYSIS 

'6C02 ?602 
a.a a.a 

10.2 7.9 
10.5 7.5 
11.2 6.0 
11.2 6.6 
l!.2 5.0 
11.8 6.2 
12.8 4.8 
11.2 7.0 
11.0 a.o 
10.4 7.1 
10.4 7.6 
10.8 6.8 
10.s 7.4 
10.4 8.0 
10.4 9.2 

8.3 10.0 
12.0 7.0 
ll.6 6.6 
10.4 7.4 
11.0 7.0 
11.6 7.2 
10.4 8.6 
13.8 4.4 
11.4 3.2 
10.6 7.8· 
11.4 6.1 
10.0 7.2 
12.4 6.6 
12.4 6.2 
12.2 6.0 
12.8 5.2 
12.2 6.4 
ll.4 6.4 
12.0 5.0 
11.6 6.6 
11.s 6.4 
11.2 6.4 
11.6 6.2 
ll.8 6.0 
11.2 6.8 
12.0 5.8 
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"co 
o.4 
0.4 
0.4 
0.5 
o.a 
0.4 
0.6 
0.2 
0.6 
1.0 
0.6 
0.4 
o.o 
0.4 
0.6 
o.8 
0.6 
0.4 
0.2 
o.s 
0.4 
o.s 
0.4 
0.6 
0.4 
o.a 
0.4 
0.8 
0.6 
0.6 
0.4 
1.0 
o.s 
0.6 
o.a 
0.6 
0.6 
o.8 
o.9 
1.0 
0.4 
o.s 

EN GI NEERl~G UBRAR{ l 
. V• P. 11 

March 2, 1932 

,C,B.R. ,C,.A..F • 

90 80 
88 , 75 

100 105 
110 95 
110 105 
111 100 
112 95 
120 . 115 
100 82 
110 110 
120 118 
120 120 
110 110 
110 100 
100 85 
100 90 
100 70 
110 85 
118 90 
100 90 
100 95 
115 110 
108 98 
115 110 
100 90 
100 90 
110 95 
108 98 
100 90 
100 73 
105 80 
102 80 
105 100 
105 85 
105 80 
110 100 
108 100 
100 95 

95 85 
90 86 
85 72 
90 70 

B.R. - Boiler Rating 
.A.F. - Air Flow 
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FLUB GAS ANALYSIS March 2, 1932 

'6C02 ,r,02 '6CO ~B.R. ~A.F. 
10.6 7.0 0.9 88 65 
11.3 6.5 1.0 100 80 

THROTTLING CALORIMETER DATA March 2, 1932 

B. P. Ex.Press. Ex.Ste~ B. P. Ex.Press. Ex.Steam 
Lbs. In. hg. Temp. F lb. In. hg. Temp. °F 
172 6.4 264 170 5.9 288 
171 5.6 296 170 5.6 294 
1'70 5.8 294 170 5. '7 294 
170 5 • 7 294 169 5.9 294 
170 5.9 294 1'70 6.1 292 
1'10 6.1 294 1'12 6.3 294 
170 6.2 295 170 6.2 292 
173 6.1 294 170 6.4 294 
170 6.6 292 172 6.5 292 
169 6.4 292 172 6.8 290 
172 6.7 294 169 6.5 295 
173 6.9 294 172 6.7 294 
169 7.1 296 168 7.2 296 
168 7.4 292 1'12 7.7 295 
173 7.,, 296 171 7.6 297 
173 7.6 297 172 7.6 295 
173 7.6 296 173 7.5 296 
173 7.3 296 1'12 7.2 296 
172 '1.2 296 170 7.0 296 
170 '1.1 296 172 7.3 297 
172 7.2 296 170 7.1 296 
171 7.0 295 172 7.2 296 
171 7.2 295 170 7.1 295 
170 7.1 295 173 7.0 296 
172 9.4 294 172 7.5 296 
173 7.5 296 173 7.5 295 
173 7.1 295 173 7.2 296 
173 8.6 296 173 a.o 296 
172 7.8 294 174 a.o 296 
174 7.8 296 174 '7 .6 296 
173 'l .2 296 174 7.4 296 
173 7 .2 296 172 7.0 295 
1'13 7 .2 295 173 7.2 295 
171 7.4 295 172 7.3 295 
174 7.5 296 174 7.5 296 
172 7.2 294 174 7.7 296 

B.P.-Boiler Pressure 



THROTTLING C.ALORI:METER DATA - (con 1 t) 

B.:P. E:x:.:ereas. Ex.Steam B.:P • Ex. Press. Ex.Steam 
lbs. In. hg. Tem:p·. OF lbs. In· •. hg. Temp. °F 

174 7.6 295 172 7 .4 295 
174 7.4 296 173 7.3 295 
174 a.1 296 174 8.1 296 
171 7.7 296 171 7.6 296 
173 7.6 296 175 7.9 297 
175 7.4 296 176 7.7 296 
175 7.4 296 175 7.4 296 
175 7.5 296 172 7.5 296 
177 7.5 296 177 7.5 296 
176 7.1 296 170 6.7 295 
170 6.7 294 

MOISTURE LOG - HOURLY READINGS - AIR ENTERING BOILER 
Wet Bulb 
Temp. °F 

67 
78 
80 
80 
81 
80 
78 
79 
82 
82 
83 
84 
78 

Dry Bulb 
Temp. °F 

96 
162 
122 
121 
123 
123 
116 
118 
123 
124 
123 
124 
114 

Wet Bulb 
Temp. °F 

82 
82 
80 
78 
78 
80 
82 
80 
82 
78 
82 
80 

Bry Bulb 
Temp. °F 
122 
120 
118 
116 
116 
124 
120 
120 
122 
110 
122 
122 
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ATeraged Data - Twenty-tour Hollr Boiler Test 

Oal.orimeter: 
Boiler Pressure - Gage •••••••••••••••••• 172 lb/aq. 1n. 

Exhaust steam Temperature ••••••••••••••• 294.7 OJ' 

Exhaust Pressure····•·••••·••••••··••·•· ,.09 Iii. Hg. 

Air: 
Wet Bul.b Temperature ••••••••••••••••••• 79.? °i' 
Dry • •....••..••...•••.• na., °F 

Temperatures: 

Boiler Room ••••••••••••••••••••••••••• 85.9 Cy 

:rum.ace ••••••••••••••••••••••••••••••• 2338 Oy 

Total Temperature Steam •••••••••••••• 458 °Jt 
Flue Gases••••·•••••••••••••••••••••• 458 °F 
Feednter ··•···•··········••····•·••• 218.5 OJ' 

~ue1 ··········••·•••···•••···••·····• 61 °F 

Total Coal.••••••••••••••••••••••••••••• 26850 lb. 

" Steam······················•····· 272,000 lb. 
ft Retuae ••••••••••••••••••••••••••• 3050 lb • 

Flue Gas Anal;ysis: OOa • • • • • • • • l.0.9 

O• •••••••• &.84 'I> 
co •••••••• .60'1 

Ha •••••••• 81..66 '{a 



Data and Results ot Stationary Steam Boiler Test 

A.S.JI.E. Power Test Codes ot 1923 

As Fired Basis 

General Intormat1on: 
Date ot Test~ March 2, 1923 
Duration ot Test - 24 hours 

Location - Virginia Polytechnic Institute Power Plant 

Maker & Type ot Boiler - 35' Hp. Casey-Hedges, Cross 

Drum, Wa.ter Tube 

Maker & '?ype ot Superheater - Foster-lheeler 
Type ot Fuel. Burning Equipment - Detroit Underfeed 

Stoker 
Object ot Test - To determine the ettioiency and 

calculate heat balance~ 

Description, Dimensions, etc: 

Boiler heating aurtace - 3540 sq. tt. 
Superheater aurtaoe - 540 sq. ft. 
Grate aurtaoe 49 sq. tt. 
Fuel Burning Equipment - Stokers 

:ore.rt - Induced 
Fuel - Bituminous - Hut and Slack 
Volume ot Oambuation Space - 441 cu. tt. 
Furnace, - center ot grate to nearest heating surtaoe 

9 :tt. 
J'urnaoe volume per sq. :tt. ot Boiler Heating Surface -

• 1246 cu. :tt. 



Fuel and Gas Analysis and Data 

Fuel ProXimate Analy-aia: 

Volatile matter····•••···•••• 32.461, 

Fixed C&rbon •••••••••••••·••• 60.60 i 
Ash- • • • • • • • • • • • • • • • • • • • • • • • • • • 5.~ 

Moisture··········•·•···••••• 1.09 

Heating value per pound {as timd) l.4,000 B.t.u. 

Fusion temperature of ash•·••· 2464 OJ' 
Size ot Coal as tired • • • • • • • • • 

Fuel Ul.timate J.naiy-sis: 
Carbon •••••••••••••••••••••••• Sl.'11 i 
Hyllrogen • • • • • • • • • • • • • • • • • • • • • • 4.95 

OX7gen • • • • • • • • • • • • • • • • • • • • • • • • 5.55 

Nitrogen ••••••••••••••••••••• 1.,15 

Sulphur •••••••••••••••••••••• .52 

Ash . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.'19 

Gas Analy-sis - Boiler Outl.et: 

co • •••••••••••••••••••••••••• 
Oa •••••••••••••••••••••••••• 

00- ••••••••••••••••••••••••••• 

H •••••••••••••••••••••••·•••• 81.66 • 
Dry- gas per lb. fuel, boiler outlet 

Dey gas per lb. tuel (them-etioal} 

'{o 

'fa 

'fa 

1, 

l.'l.57 lb. 

11.51. l.b. 
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Pressure and Drafts: 

Moisture in air··•···••••···••·• .012 lb.per lb. air 
Steam pressure by gage, boiler •• 172 lb. per sq. in. 

Superheater outlet•······•••••• 172. lb. per sq. in. 

Dratt in furnace···•·•·••·•··•· .0911n. water 
Draft at boiler outlet·•·•••••• .ll76 in. water 

Temperatures: 

steam temperature 

Moisture in steam 
• • • • • • • • • • • • • • 
•••••••••••••• 

Superheat·•·•····•·•·••••••·••• 68.7 °F 
Temperature ot air surrounding 

boiler (T1 ) ··········•••••· 85.9 °F 
Temperature of air tor combustion 

. (T4} ••··•••••••••••• 118.'l' °F 
Temperature or furnace (T5 ) • •• 2338 °F 
Temperature of gases leaving 

boiler (T6) ••••••••••••••• 458°1' 

Temperature of :teedn.ter entering 
boiler (Tg) ··••·•·•••••••• 212..1 OE' 

Temperature of water in boiler 
at point where gases leave 
boiler (Tu) •••·••·••••••••• 

Temperature of fuel (T12) •••• 
Hourly quantities: 

Fuel as tired per hour •••••••• lll.8.7 lb. 

Fuel as tired per sq. tt. ot 
grate per hour••••••••••••• 22..8 lb. 

Combustion space per lb. coal/hr- .39 cu. tt. 

Refuse per hour·····••··•·•••·• 127 lb. 
Actual water per hour·····••••· 11,333.3 lb. 
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Hourly ~uantities, (Cont'd) 
]laotor ot evaporation ••••••••••••• • • 1..09 :. • 

Equivalent evaporation per hour•·••• 12353.3 lb. 

Units or evaporation ••••••••••• u.E. 11,985.2 

(a) Boiler horsepower, average ••· 

\ Re:tuse: 

Refuse, per cent of tuel ·••······••• 
Percentage of combustible in refuse •. 

Carbon burned per lb. fuel·••··•···••• 

Evaporation: 
Actual evaporation per lb. tuel •••••• 

Equivalent evaporation per lb. fuel ••• 

Equivalent evaporation per sq. tt. heat-
ing surtaoe per hour•·••••••••••••• 

Units ot evaporation absorbed per sq. ft. 
ot boiler heating surface·••••••••••• 
(a) Percentage rating 

Efficiency: 
• • • • • • • • • • • • • • • • 

347.4 

11.36 % 
5. 51 '{o 

.81 lb. 

10.13 lb. 

U.04 lb. 

34.89 lb. 

33.86 U.E. 

98.13 'f, 

Efficiency of boiler, su.perheater, turnaoe 
and grate••····••••··•·••·••·••••··•• 76.5 i 



EN GlNEERl~G LIBRARY 

Heat Balanoe of Steam - GeneratiN~ Pa 11 

Com.prising Boiler and Superheater 

Heat Values 
Heat per pound ot coal 
Heat absorbed by water and steam 

in boiler and superheater 

B.t.u. Per Cent 
14000 

10711 '16.5 

Heat absorbed by steam in sµperheater 418.27 2.99 

Unavoidable Losses 
Heat loss due to moisture in coal., 
moisture accompanying theoretical 
air and water trom combustion of 
hydrogen up to T11 ··•••·······••• 57'1.4 4.1.2 

Heat loss due to theoretical. dry 
gases, T4 to T11 •·•••••••·••••·· 683.76 4.89 

Total unavoidable losses•••··•••• 1261.16 9.01 

Other Losses. 

Heat loss due to combustible in refuse 804 5.'14 

Heat loss due to unburned gaseous 
oombustibles •·•·••·•·•••••••••••• 429 3.06 

Heat loss due to theoretical dry 
gases, moisture in coal, moisture 
acoom.pany-ing theoretical air, and 
moisture trom combustion of hydro-
gen, T11 to Ts••••••••••••••••••• 275.2 1.97 

Heat l.oss due to unconsumed hydrogen 
and hydrocarbons, radiation, and 
unaccounted for·········••·•·••• 519.64 3.91 



~en Day Boiler Test 

General. Deaoription 

ill data tor th1a test was colleoted 1n a way 

similar to that whioh would be used by the plant per-

sonnel should an attempt be made to duplicate this 

test. Aa much data as possible was taken troll auto-

matic reco:rding instruments and daily logs. Suoh 

data as temperatures and pressures were taken trom 

recorder char~s by- means ot a radial planimeter; tram 
the planimeter reading oalculat1ona were made which 
gave the average tor the twenty-tour hours which it 
covered. 

In secu:ring such data as amount ot blowdown, oam-
bustible in retuae and moisture content ot coal as tired, 
it was necessary to pertorm daily tests which are de-
scribed in detail on the tollowing pe.gu. 

:tn order that the error 1n computing heat losses be 
reduced to a m1n1mmn and a tair average tor the plant ob-
tained, complete calculations were made tor an average 

ot aJ.l observed data in addition to the complete daily 
ocmputationa. 
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Determination of Grate Loss 

During the time ot the ten day boiler test it was 

necessary to determine the po~ential heat loss thrOugh 

the grate. Because the ashes are cooled by water in 

the pits before being dropped into the cars, they oon-

~in a large percentage of moisture at the time ot 
weighing. In order to determine the average amount ot 
water in the ashes at the time of weighing, SU1ples ot 
considerable size were taken trom ashes whioh had been 

cooled with the usuai amount or water. 'rhese samples 

were taken at the time the aah was weighed. In every 
case the sample was weighed immediately and then spread 

on the tloor in the tan room where the temperature ranges 

between lOO°r and llO°F. As will be seen trom the follow-

ing tables the tirst sample was allowed to remain on the 

tan room floor for a period of twenty-tour hours at the 

end of the time it was oaretu.117 collected in the original 
containers and again weighed. From the original net weight 

and the loss 1n weight the per cent moisture l.ost by drying 

1n this manner was calculated. 

Attar weighing the first sample of ash the second time 

and finding the loss in weight on air drying at the tempera-

tures mentioned the sample was crushed and quartered until 

a hal.r gallon remained. Thia was seal.ed in a truit jar and 

taken to the laboratory where it was ground to pass a twenty 



mesh sieve and thoroughly- mixed. Upon placing a portion 
ot this aam.ple in an oven maintained at a temperature ot 
J.04° C, it was tound that the percentage ot moisture was 
less than two tenths ot one per cent and thus negligible. 

:rrom these results it was decided that it was unneoeasar;r 
to oarry- the teat terr moisture turther than air ctr;ring 111 

the tan room ot the plant. The period ot drying, however, 
•• increased to some extent. 

~!8t No. I - Sample taken 3 p ••• , April 8 

'rime ot air drying - 2.4 hours 
Average temperature - 1.00 °!-
Weight ot wet ash and container= 87.5 lbs. 

" • air dry- ash and • = 68 

Loss in weight due to moisture= 19.5 lbs. 

Weight ot container=? l.bs. 

e7.5 - , - eo.5 
19.5 
80.5 

= 24.~ • moisture 
loss on air dry-ing 

Yinal. Test tor Moisture 

Wt. ot watch glass and aah ••••• = 36.2774 gr. 

• attar drying in oven ••••••• a 36.244() 
Loss in weight due to moisture 

Wt. at watch glass·•••··••·•••= ao.'1845 gr. 



-30-

Original net wt. ot ash= 36.277, - 20.?845 = 15.4929 gr. 

o.0334 • 0.21.'{,, • Moisture on air dry basis 
15.4930 
100 - 24..2 • ?5.8 

21 x 75.8 = o.16 % • Moisture in aah atter 

air drying taken on original wet basis. 

24.2 + o.16 = 24-16 ~•total moisture taken 

on original wet basis. 

Test No. II - Semple taken 10:00 P.M. April 11, 1932. 

Time ot air drying ••••••••• 36 hours 

Average temperature··•••••• 100 °Jt 
Wt. ot wet ash and container 95.7 lbs. 

" " air dry ash and• 7&.7 • 

Loss ot wt. on air drying 21.0 lbs. 

Wt. ot container= 6.0 lbs. 

Net wt. ot wet ash= 95.? - 6 = 89.7 lbs. 

21.0 = 23.4 Moisture ao., 
Test No. III - Sample taken 8:00 p.J[. April 13, 1932 

Time ot air drying••••·•••·•·•• &8 hours 

Average temp. ··••·•···••••••·•· l.00 °F 
Wt. ot wet ash & container • • • • 91 lbs. 

" • air dry ash and container 68.2 

Loss ot wt. on air drying••·••• 22.a 
Wt. ot container·•••••·•••••••• 6.0 

Net wt. ot wet ash••••••••••••• 85 lbs. 
22.a • 26.9 '{,, Moisture es 



Average Results: 24.2 + 23.4' + 26.9 • 25.2 
3 

In collecting samples to be used in the determination 
ot combustibles 1n the ret'use, uerage samples were taken 

at various times throughout each day and deposited in a 

barrel. When the boiler test was t1n18hed the retuse con-
tained in the barrel was spread on the tloor and prepared 
acoording to instructions tor preparing coal sample by 

u. s. Bureau ot Mines. 

Results ot Laboratory Test on Grate Refuse: 

Analysis 
Watch gl.ass +coal.. •••••••• 15.1370 g 
Watch glass •••••••••••••• 12.2305 

wt. coal ••••• 2.9065 g 

Per cent ot Moisture - .32 

Wt. Cruo. 8 +coal ••••••• 14.lllO 
tt tt 8 • • • • • • • • • 11.08'10 

wt. Coal. • • • • • • • • • • 
Wt. Cruo. 8 +Coal·••••· 14.1110 
(Wt. Cruc.a +Coal}= Vol. Mat.+ Moisture= 14.0580 

Wt. Vol. Mat.+ Moisture = .0530 

i Vol. Mat.= l.'15 - .32 a 1.43 "/, 

Wt. Cruc. 8 +ash •••••••••••• 13.1437 

• • 8 

Wt. ash 
•••••••••••••••• 11..0870 

• • • • • • • • • • • • • • • • • 2.056'1 

% Ash•••••••••• 67.8 % 
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Oven Dry Basis 

wt. Cruc. 12 + Coal - (Oven dry} ••••••• 14.3220 
tt tt • ·························--~~o_._5_7_7_5_ 

wt. coal • • • • • • • • • • • • • • • • • 3.'1445 

wt. Cruo. l2 1 Coal • • • • • • • • • • • • • • • • • • 14-5220 

14.2'110 

.0510 

tt n 12 tt " - Vol.. Mat. • • • • • 

wt. cruc. l2 

" 

Vol. Matter 

Wt. Vol. Matter • • • • 
Per cent ot Vol. Mat.= l.3~ 

+Ash•••••••••••••·••• 

• • • • • • • • • • • • • • • • • • • • • • 

Wt. Ash•••••••••••• 
Per cent ot Ash= 66.8 

Average Analysis 

••••••••••••••••••••••••• 

13.0808 

10.5'175 

2.5033 

Ash ••• • •••• • •. • • •••••• • • • •. • • • • • • • • • 

1.39% 

6'1.41% 

31.2~ 
100.o~ 

Fixed Carbon•·•••••••·•·••·•··•·•·•• 
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Determination of Moisture in Coal 

In order that the moisture content of the coal. fired 

during the test might be known with some degree ot accuracy 

the tollowi:og method ot procedure was followed, 

Ee.oh day a sample ot approximately two pounds ot coal 

was collected tram the stoker bin and sealed immediately 1n 

a fruit jar to prevent the possible loss of moisture until 
the test was run. '.rhese samples were tested at the end ot 
the fifth and tenth days. 

In the test for moisture content the sample ns accu-

rately weighed and then spread on a board over steam pipes 

in the steam pi~ tunnel at the heating plant. The tempera-
ture ot the air around the sample averaged about 110°:r. The 
sample in eaoh case was a1lowed to dry for the time indicated 

in the chart. Upon a final laboratory test tor moisture in 

the coal after drying in the steam pipe tunnel it was found 

that it contained less than one tenth ot one per cent. It 

was decided that this would compensate tor the am.all amount 

of coal lost in the form or dust while handling. 

Results trom :Moisture Tests on Coal as Fired 

Test No. I - samples taken during first five day-s. 

Time of drying - 4'1 hours 

Wt. ot coal and container before drying - 9.44 lbs. 
It It " " " atter It 

Loss in Wt. on drying •••••••• 
Wt. ot container ••••••••• 3.469 lbs. 

9.203 lbs. 

.237 lbs. 

Original net Wt. ot sample - 9.44 - 3.469 • 5.971 lb. 
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Moisture content• •237 • 3.96 
5.9'1J. 

Test No. II - Samples taken during second tive days. 

Time ot drying - 72 hours 

wt. ot coal. and container before dr7ing - J.0.08 lbs. 
It • 11 It It after It 

Loss 1n Wt. on drying 4··•···· 
Wt. ot container - 3.86 J.bs. 

9.89 lbs. 

.19 lbs. 

Original. net wt. ot aam.pl.e = J.o.oa - 3.86 = 6.22 1bs. 

Moisture content• 67:2 = 5.05 

Average -

Coal used - 3/8• Stoker - Nut and Slack -

From - Dante, Virginia 

Clinchtiel.d Fuel. Company 
Laboratory Test -

Proximate Analysis: 

Moisture - .'10 'lo 
Volatile Matter - 5'.97 

J'ixed Carbon -
Ash 

53.95 

10.38 

100.00 
Moisture in ooal as tired 3.5 % 

B.t.u. per lb. ·••·••• 13,800 dry baaia 

B.t.u. " • •••••••• 13,320 as tired. 
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Ultimate Analysis: 

E: ClNEERl~G LIBRARt· 
V• P~ lt 

(As found in Coal Buyers Catalog} 

Carbon --- 81.'ll i 
Hydrogen 4.95 

Oxy-gen 5.55 

Nitrogen 1.45 

Sulphur .:;.a 

Ash 5.'19 

AnaJ.ysia of' Retuae: 
Volatile :uatter - .1.39 2' 
Fixed C&rbon 
Ash - 6'1.4J. 



Observed Da'ta tor Ten Day Boiler Test - Boiler No. " Date Averages -April . 4 5 6 '1 8 9 . 10 . ll . 12 . l.3 • &.: Totals 
Coal. 
(l.000-lbs} 26.67 20.22 2'1.63 26-18 30.32 31.83 30.18 31~6' 35.92 36.50 310.09 
Steam 
{l.000-Lbs) 258 262 273 258 300 305 308 535 366 362 3,087 
Pressure 
(Lbs.Abs.) l.79.0 l.79.4 178.0 l.81..0 178.4: 177.4 1'18-3 l.77.9 182-8 1a..9 1'19.7 
Sat.steam 
Temp. (OF) 372.6 372.8 372.2 373.5 372.3 3'11.8 3'/2.3 3'12.l 374u4 375.3 372.9 
sup.steam 
'femp. (OJ') 436.3 442.0 444.'1 438.0 446.5 440.5 4:55.0 462.9 465.3 470.0 450.1 
Feedwater 
Tamp. IOJ') 213.0 213.5 214.9 211.6 212.0 211.& 212.7 211., 214.7 214.8 2].3.0 I 

CR 
Tep. In1et er 
Air (OJ') . 113.9 114.6 114.5 11,.3 112.2 110.5 uo.o 109.6 110.4 ll4.0 .ll3.3 
Exit Gas 
'femp. (OJ') 441.5 441..0 4,52.0 442.0 4'16.0 4:75.0 475.0 494.0 490.5 502.0 468.9 
Blowdown 
100-Lbs. 30 30 38 70 50 ill. 100 99 99 100 637 
'fraoytiBr 
Loss (Lbs.) 400 400 600 360 160 680 -&00 400 360 520 4,280 
Boiler 
Be.ting(~) 97.17 98.6 102.a 96.7 112.6 ll3.9 ll5.2 125.9 137.0 136.5 113.63 
Air -
Flo,r Ci) 113 112 121 ll'I 148 148 145 l.58 158 168 138.3 

CQa <i> 10.40 l.0.50 10.12 10.00 10.24: 10.50 10.60 10.20 10.28 10.58 10.35 

co (~) .016 .Ol.8 .010 .ooa .012 .018 .on .014 .014 .020 .Q].5 



The Mechanical Method 

In this method the basic control ractors are de-

termined by weighing the tuel consumed and the steam 
produced over a given period or time. By dividing the 
weight of the steam by the weight of the coal the actual 
evaporation is obtained. 'fhis calculation may be made 
meohanioall7 by any r1reman with the circular chart 
designed by the writers and shown on page 38. This chart 
is a special simpliried radial slide rule so divided that 

the average t"ireman should have no trouble operating it. 

The writers have also constructed a number or loga-

rithmic charts for determining actual evaporation. These 

charts are simple to operate and may be made 1n ranges ac-
cording to the need. 

The actual. evaporation is used to determine equivalent 

evaporation and boiler errio1ency by means or the Mechanical 

Method. ilone it is ot little value except in malting com-
parisons ot the ettorta ot ditterent firemen and ot dirterent 

coals. Even tor these uses there are many- ractors which 1JJB.Y 

vary, causing taJ.se impressions and oonoluaiona. 
Variations in evaporations due to changes in the 

temperatures ot the steam and the teedwater may- be corrected 

by calculating the equivalent evaporation. By equivalent 

evaporation is meant the amount ot water that would have been 

evaporated had the temperature or both the reedwater and the 



Dear Patron, 

The following two scans show minimum and maximum positions on 
the chart. For further information please request to view the physical 
item in Special Collections by placing a request through the catalog 
interface. 
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steam produced been 212 °Jr. The tallowing tormula may-

be used to get equi'ftl.ent evaporation: 

Equ. Evap. = Act. Eff.p. x :raotor of Evap. 

Factor ot Evap. • H1 - ht 
970.2 

Where Hi= Total heat 1n 1 lb. ot steam produced. 

ht= Heat of liquid at teedwater temperature. 

970.2 = Latent heat ot evaporation at a pressure 
of 14.7 lb. per sq. in. 

Equ1val.ent evaporation is used in determining the 

boiler etticiency by the Mechanical. Method and to make 

oompariaona between the operating etticienoies ot difterent 

plants. This oau.parison, however, would not be correct it 

the heating value ot the coals used varied. This error may 

at least be partially corrected by stating the amount ot coal 

consumed in •pound carbon" units instead or pounds and thus 

getting both actual and equivalent evaporation per p. c. unit 

ot fuel. This 1s true because the heating value ot the p. c. 
unit is practically constant tor each class ot coal. 

Equiv. Evap. = Act. Evap. x Factor of Evap. 

Attar having calculated the equivalent evaporation it 

is necessary- to know only the heating value ot the coal and 

the blowdown losses in order to be able to calculate the 

operating boiler efficiency. 



ENGINEERING LIBRAR'. 
V• P. I g 

Operating Boiler Ett • • (E.E.) x 970.2 + (HB x A.E.) 
(B.t.u. Heating Val.ue ot I lb.Coal) 

~=BdxHi 
Bd • Blowdown (lbs. ) 

Water Evaporated (ibs.) 
Where E.E. • Equiva1ent Evaporation 

A..E. • Actual Evaporation 
= Heat lost in blowdown per lb. steam 

generated {B.t.u.) 
= Blowdown (per cent) 
= Heat loss in I lb. of blowdown, 

above the teedwater temp. {B.t.u. J 
= Latent heat ot evaporation at 

atmospheric pressure and 212 °F 

Semple Calculation: Coal Fired (lbs.) - 26,&,o 
Water Evaporated (lbs.)= 258,000 

Pressure {l.bs./ sq. in.Abs.) = 

Temperature ot Steam (Deg.Jr)= 
179 

Temp. ot Feedwater (Deg.Jr) = 213 
fotal Blowdollll (lbs.) = 3,400 
Heating value or ooal 

(B.t.u. per lb.) 

Actual Evap • Wt. ot steam • Wt. of coil 
=- 258,000 

26,6'10 

• 13,320 

= 9.67 (l.bs. water per lb. ooal) 
,actor of Enp. = H1 - hL 

970.2 
= 1235.- j8l. §to. 



Equivalent Evap. • Act. Evap. x Factor ot Evap. 
= 9.6'1 x l.0864 

• 10.50 (lbs. water per lb. coal) 

Bd • HOO 
256,000 

• l..32 'I, 

lt_s • Bd X l!i 
• e0l32 X 164.'1 

• 2.l.? (B. t.u.) 

Opr. Boiler Ett • • (E.E. x 970.2} + (RB x A.E.) 
B.t.u. heating value ot I lb. coal 

• (10.50 X 970.2) + (2.J.f X 9.6f} 
13,320 

• 10,18'1 + 2l. 
13,3!6 

• 76.53 'I, 
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Discussion of the Mechanical Method 

of Determining Boiler Et't1o1ency 

The direotness and simplioity of the Mechanical. 

Method of determining boiler efficiency appeals first 

to the management b•oause it tu.rnishes the principal 

data required to keep track of the cost of power and 
make comparisons between the efforts put forth by dif-

ferent firemen and second to the operating engineer 

because of its simplicity. The calculations are simple 
and involve no factors with which he is not familiar. 

rn spite of these advantages there are a number of 

disadvantages. First, the lag is too great. By the time 

the ettioienoy has been correctly determined by this 

method it is too late for the boiler operator to make 

any improvements or even to remember the conditions which 

produced the results. The roughest calculations are seldom 

completed in less than a day. Under no:rmal operating 

conditions in the Virginia Polytechnic Institute Heat and 

Power Plant there is a lag in these oaloulations of two 

days. However, in any case if results ot a high degree ot 

aocunlcy are to be obtained the lag is greatly increased. 

Under the most favorable conditions at least a week is re-

quired tor the engineer to get results from a coal anal.ysis. 

Sinoe the heating vUue of coal may vary as much as ten per 

cent, due to variations in moisture and ash content, it is 

impossible to get reasonable accurate results in less than 

a week. Since it is very necessary that rrequent analysis ot 



the tuel be made the expense encountered will be considerable. 
second: The accuracy ot the method decreases as the interval 

ot time for which the efficiency is determined decreases. 
'rhis is due to the tact that the weight ot coal tired is not 
the same as the weight consumed during the same period. The 

fuel bed may be thicker or thinner at the end of the period 
than it was at the beginning or it may be fresh at the start 
and pretty well burned out at the fini,sh or vice versa. Ot 

course the degree of accuracy may be increased by an attempt 

to bring the tire to the same condition at the end ot the 

period as it was at the beginning. For the same reason care 
should be taken that the water level at the end ot the period 

is the same as that at the beginning. 

Third: Without el.a.borate or expensive instruments this 
method is not suitable for calculating the efficiency ot the 

individual boilers. In cases where this system ot determining 

efficiency is employed, the results obtained from a battery 

of boilers may be satisfactory even though one or more boilers 
in the battery operates wastefully. Should some system be 

employed whereby the efficiency ot each boiler was determined 
the ones operating at a low efficiency would be known to the 

engineer and in suoh case an e:f'tort made by him to improve the 

operating conditions ot that or those particular boilers. 

Fourth: UnJ.ess tests are checked by scientitio instruments 

factors may enter over which the operating personnel have no 
control and thus cause them to be unduly praised or censored 

tor results obtained. 
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"In general it may be said or the Mechanical Method 

or control that it is, by itself, or no help to the operat-

ing engineer, except as an incentive to improve the operation 

ot his boilers. However, it is ot great value to the manager 
as a direct control over cost ot his power, and, in a way, 

also over his operating personnel. Fu.el is by tar the 
largest single item in the cost ot power and the Mechanioal 
Method ot boiler control furnishes the data required tor 
keeping close watch over its consumption. Its importance 
to the management is,· theref'ore, evident." 

(~uoted f'rom: Uehling's, Heat Loss Analysis} 



De.ta tor Deter:mination ot Boiler Ett1o1eno7 - Jlaohanioal Ke'liho4 - Boiler Ro. 4 
Date Averages 

April . -4 5 6 7 • 8 9 . l.O ll 18 lS . &. 'foal• 
Coal. 
(1000-lbs) 26.67 28.22 27.&s 26.18 30.32 31.as 31.l.8 33.6' sa.,a 36.50 310.09 

Steam 
(1000-lba) 258 263 2?3 258 800 305 SS5 366 362 3,087 
Pressure 
(lbs • .A.ba.) 179.0 179-4 l.'18.0 1,1.0 1,a., 1,,., 1'18.3 l.?'1.9 188.8 184.9 1,,., 

Sup. Steant 
,-x,.(OJ') '36.3 4Q.O ""·' 439.0 446.5 4'().5 4:55.0 4g.9 465.3 ,,o.o 450.1 
l'ee4watar 
'hlllp.(OJ') au.o 113.5 214.9 au.a 21a.o 211., 112., au., 21,., 21,.e au.o 
~otal. 
t6o'lfdcnm 00-lba) H .,, 118 100 99 103 105 680 (,JI ' 

I 

Per oent 
Blowdown 1.318 1.298 1.102 2.aeo 1.,is 3.860 s.aso a.150 a.a10 2.110 a.540 
-Heat Loaa 
per lb. Bl.OIi'-
4011D. (B.~.u.)164 164 162 l'IO 165 165 165 1&5 l.65 l.&6 165 
Heat Losa 
in :Blowclown 
par lb. steam 
generate4CB1u) 1.16 a.u a.s, ,.m a.as &.a, 5.S'l ,.ez s.as 4.81 ,.1, 

Actual 
Evaporation 9.67 9.28 9.88 9.85 9.89 9.58 10.20 9.96 9.40 9.92 9.77 

'Eft1o1ency 
Per:oent '16.53 '13. '18 ,a.&1 '18.53 '19.05 76.5'1 sa.o, 80.4() ,, • .,a '79.'8 '18.10 
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Synthetio Method 

There are t"ive major heat :losses taken into account 

in the calculation of boiler efficiency by the Synthetic 

Method; namely, heat loss in unburned eoal., heat :loss 1n 

unburned gas, heat loss in products of combustion, heat 

loss in excess air, and heat loss in water vapor. the 

above five items inol.ude the controllable and tixed losses 

in the power plant. M.ost of the controllable heat losses 

cannot be entirely eliminated and to greatly reduce some 

of them may tend to increase others. The important object 

in the power plant is to keep the sum total of the control-

lable losses at a minimum if high boiler efficiency is 

expected. 
The Synthetic M.ethod of controlling boiler operation 

is based on the assumption that it is just as logical to 

assume that air is burned by fuel as it is that fuel 1s 
burned by air, and that a det"inite amount ot air has a 
practically constant heating value when burned with a given 

class of fuel. One pound of carbon will completely burn 

ll.6 lbs. ot air and liberate 14,600 B.t.u •. Theretore one 

lb. of air will liberate l.,2.60 B.t.u. To insure practically 
complete combustion of the fuel in any turnaoe, the air must 

be supplied in excess of that theoretically required. Con-

sequently, the air is in no case completely burned by the fuel, 

and the more excess air the greater the effect on the heating 

value of the air for the given class o~ fuel; 1.e., the actual 
heating value of the air decreases as the percentage exoesa 

air increases. 
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This method of boiler control depends on the air and 

steam-flow ratio to guide the fireman in his attempt to 

secure the proper air-fuel supply to the boiler tor maxim.um 

efficiency. The steam flow is measured directly while the 

rate of air flow is measured indirectly. Both are graphi-

cally recorded on the same chart. For economic boiler 

operation the air-steam flow pens should be made to coincide 

at all times because under this condition the proper amount 

of air and fuel is being supplied to the furnace for the in-

dicated steam output and the conditions inside of the turnace 

are normal for the particular operating condition. In order 

to make the proper adjustment to the air-flow pen to make it 

coincide with the steam flow pen tor best operating conditions, 

a series ot flue gas analyses must be made and the percentage 

of excess air determined for complete combustion of the tu.el 

supplied to the furnace. As long as the two pens are kept to-

gether the air-flow, steam-flow ratio will remain constant 

regardless of the rate ot driving of the boilers. When the 

air-flow pen readsabove the steam tlow, there is an excess 

of air passing through the furnace tor the indicated steam 

output with a consequent loss of heat in the hot flue gases; 

and when the air-tlow pen reads less than the steam-flow 

pen there 1s a deficiency ot air with a oonsequent loss ot 
heat in unburned gases and tu.el. 

The proper regulation of excess air in a furnace 1s an 
1mp~rtant item in the combustion ot fuels and the importance 
of maintaining a low percentage of excess air is recognized 

by most power plant engineers of today. If the air tor 
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combustion is reduced to a point too close to the theo-
retica1 requirements tor a particular class ot tuel, a 
poorer efficiency and likewise a higher operating oost 

is a1kel.y to be encountered than if a higher percentage 
of excess air had been used. The three toremoat taotors 

related to excess air are: turnace temperature, unburned 
fuel and unburned gases in ohimne7 or heat loss in the 

chimney and the relationship of these three factors is an 

important one it high boiler efficiency is u:pected. The 

reduction in excess air means higher furnace temperatures, 

which is good tor combustion efficiency; however, considera-
tion must be given to the cost of furnace maintenance (stoker 
parts, retractories, clinker trouble, etc.). And further 

reduction in excess air too close to that theoretically re-
quired will result in incomplete combustion of the fuel and 
the result will greatly' increase the heat loss in the flue 
gas and ashpit. 

Too many engineers have mistaken ideas concerning-CO2 
as an indication to the boiler losses. nat co2 really shows 

is ~e amount of excess air going up the stack. Many engi-
neers believe that the highest percentage of co2 should be 

striven tor as this is an indication of complete combustion• 

fhia is an erroneous idea, as the percentage of CO2 desired 

depends upon the chemical cam.position ot the tu.el being used 

in the furnace. The percentage ot co2 in the escaping flue 
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gases does not tell whether combustion is complete or 

incomplete. 'fhere is a certain minimum amount ot air that 

must be used to obtain complete combustion with a given 

class of fuel and turnace and anything beTOnd this repre-

sents avoidable waste. When burning a certain weight ot 

a given fuel per hour, the total. weight of CO2 produced 

per hour is constant, but the percentage of CO2 in the f·lue 
gases will depend on the total weight of the tlue gases or 

the dilution ot the tlue gases with excess air. It the 

weight ot the flue gases is doubled, then the same weight 

of co2 will on1y be halt the former percentage ot the total. 

Tb.us, very high percentages of CO2 in the tlue gases could 
indicate that the percentage ot excess air had been so de-

creased thereby, decreasing the total weight of the flue 
gases to such an extent that the percentage ot co2 to the 

total weight of the tlue gases will appear to be very high. 

It can clearly be seen that more than likely under such con-
ditions, combustion 1n the furnace is not complete ·and further 
analysis of the tlue gas would probably show high loss ot 
combustible gases. Theretore it can be easily seen that the 
highest percentage of co2 is not al.ways the more eoonomioal 

percentage trom a standpoin~ ot boiler etf1c1enoy. Yor a given 

class ot fuel to be used in a power plant a series ot tlue gas 

analysis should be made to determine the proper percentage ot 

CO2 with regards to excess air, that will give the best operat-
ing results, that is, with minimum heat loss in the flue gases • 

• 
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From these flue gas anal.yses the boiler meter can be set 

tor the proper amount ot excess air that will give the 

maxtm1UI1 co2 with oomplete combustion and the recording 

pen on the boiler meter so set such that its coincidence 

with the steam flow pen will always give the above result 

regardless ot the rating ot the boiler. or course the 

tuel bed must be maintained in the proper condition tor the 
above adjustment to the boiler meter and thereafter any 

irregularities in the tuel bed will show up on the boiler 
chart. 

In boilers operating at tairly constant ratings, the 

flue gas temperature is a further check on the exoess air 
passing through the boilers. Any increase in excess air 

in the furnace will rellU.l.t in a higher exit 'temperature 

due to the tact that the time tor the burning ot the com-
bustible gases is greatly decreased and the gases are rushed 

past the boiler tubes at suoh a high rate the boiler does not 

absorb all the heat in the gases. Excess air in the t'urnace 

increases the volume and weight of gases passing through it, 

thereby increasing the velocity ot the gases and decreasing 

the time the gases can remain in contact with the heating 

surface, and necessarily resulting in high flue gas tempera-

ture. The use ot tlue gas temperatures as an indirect check 

on excess air ia baaed upon the assumption that the boiler 

tubea are kept clean and all battles are tight. Unless these 
conditions are known to exist, it is a poor policy to use the 
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tlue gas temperature as an indication ot excess air. 

Explanation ot Reat Losses For 

Boiler Heat Balanoe 

1. Reat Loss 1n Unburned Coal. 
ln carrying out the ten-day boiler test it was 

impractical. to take a test sample ot the retuse tor 
each day and run a complete analysis on the sample. 
To simplify this and still obtain tiirly accurate results, 

a sample ot the refuse was taken-daily and at the end 

ot the boiler test the total test refuse tor the ten 

days was prepared tor the laboratory as prescribed by 

the u. s. Bureau ot Mines. A proximate analysis ot the 
test sample was made on the dry basis and rrom this 

ana1ysis the per cent loss in the refuse was calculated. 

The loss in retuse was assumed to be constant throughout 
the ten-day test. 

In calculating the per cent loss due to unburned coal, 
the result Will be close enough it we assume the B.t.u. 
per pound or combustible in the retuse the same as that ot 
the combustible 1n the coal and calculate the loss trom the 

tollowing formula: 
X • 100 ___ a __ c ___ _ 

( 100-a) ( 100-c) 
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Where "a" = per cent ash in coal by analysis 

"c" = per cent combustible in retuse 

X • per cent loss 

X ... 31.2 X l.0.38 X l.00 • 5.25% 
{l.00-3l..2){100-l0.38) 

2. Heat Loss in Unburned Gasses. 
Tb.is l.oss constitutes the loss due to CO in t~e 

tlue gases due to incomplete combustion of the ooal' 

in the furnace and serious loss will be the result it 
the tlue gases are not checked. To determimthis loss 

tor the boiler test it was not practical to continually 

run complete flue gas analyses each 24 hours of the 

boiler test and so, to supply this, some two hundred 

flue gas analyses were made, covering a wide range of' 
operating conditions, with the idea in view ot plotting 

a curve showing the average relationship of' COa to Co for 
the particular boiler averaging the COa readings for each 

24 hours as recorded by the Hays COa recorder and assuming 
the COa - CO relationship to be substantially correct 
the per cent loss was cal.culated as tollows: 

co Loss = l.0160 C 

B 
CO•+ CO 

Where C •percent carbon in tuel 

B • B.t.u. ot fuel 

10,160 = Heat ot combustion of one lb. of carbon from 
CO to COa 



Sample: 
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10160 X 53.95 .016 
10.4 + .016 = .061 

13320 

3. Heat Loss in Froduots of Combustion. 
'l'he calculation of the heat loss in the products or 

combustion involve the ultimate analTsis ot tuel, weight 

ot air required tor combustion, weight of individual gases 

produced and their ditterent and variable speoitio heats. 

The formula below is a somewhat shorter method of calculat-

ing these losses and is accurate to within 1/4 of 1i. 
Heat Loss in Products of Combustion= .02(T-t) 

Where: T = Temp. ot gases in degrees F just as theT leave 

the heating surface 

t = temp. of entering air 

.02 = a factor that applies to most commercial fuels. 

Sample: .02(475 - 110) = 7.'!f/> Loss· 

4. Heat Loss in Excess Air. 

It is not necessary to know the air flow in either 
pounds or oubio feet to determine the per cent or excess 

air for this oan be obtained trom the boiler chart, know-

ing the setting of the meter when the steam and air flow 

pens read the same. The meter 1s set for a !mown percentage 

or excess air when conditions in the turnaoe are best, 1.e., 
when the two pens read the same and for any deviation from 
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this condition, the per cent excess air oan be oaloul&ted. 

To illustrate this: 
Air tlow • 158$ 
steam • • l.3'1S 

and the meter set for 4~ excess air or a total of l.49 

times the theoretical, the excess air• l.58 x 1.49 = 1.,2 . ffl' 

This means that the total air is 1.,a times the theoretical 

or ?2'{o excess. Then the loss due to excess air: 

~oss • .019 x Ex (T-t) 

= .Ol.9 X .'12 x (490 - U0.4} = 5.~ 
Where E • Excess Air expressed as a deoimal 

0 
T = Temperature ot :tlue gases F 

• " entering furnace air O]!t 

• Ol9 = a constant including specitio heat. 

5. Heat Loss in Water Vapor Resulting from the Combustion ot 
Hydrogen in the Fuel terming HaO• 

This vapor not only carries away the heat required to 

raise it trom the temperature ot the air and tuel to 212.°F, 
but al.so the 970 B.t.u. required to evaporate each pound ot 
water vapor as well as the heat used to superheat this steam ~-
to the temperature ot the exit gases. 

The tormula previously stated tor calculating the loss 

in Products of Combustion includes all water vapor losses 

except the latent heat, because they varr with the tempera-
ture ot the escaping gases. fhe latent heat loss tor any one 

fuel is ti.xed and cannot be affected in anr way by the fireman. 
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When hydrogen burns to tom H8 0; for eaoh pound of 

hydrogen burned, 9 pounds ot H•O are fomed. The latent 
heat per pound of steam at 13.6 pounds per sq. in. pressure 

' (atmospheric pressure at V.J?.I~), is 9'12.8 B.t.u. Theretore 

9 x 972.8 x H =%Latent heat loss 
Btu of Coal x 100 

9 x 972.8 = 87.55 = A constant tor this locality too 
The ~roduot 1s divided by 100 so the 

H can be used in percentage·. 
Therefore% Latent heat loss• 87.55H 

B.t.u. 

sample: 87.55 x 4.89 = 3.21 i Loss 
l.3320 



Teat Data - Synthetic Method 

Am:11 . • . 4 • 5 .6 '1 a. 9 . 10 . ll . 12 13 
.. .. 

Steam (1000-lbs.) 258 262 2'13 258 300 305 308 335 366 362 

Inlet Air Temp.fF) 113.9 114.6 114.5 11-1.3 112.2 ll0.5 uo.o 109.6 uo.4 11,.1 

lrlue Gas Temp.(°7") 442 44l. 452 442 4'16 4'15 4'15 494 491 502 

Boiler Rating(~) 9'1-17 98.60 102.eo 96.'10 112.58 ll.3.90 115.20 125.90 13'1.00 136.50 

Air Flow (~) 113 112 121 ll'I 148 128 145 158 ~- 163 

co. ci> 10.40 10.50 10.12 10.00 10.24 10.50 10.60 10.20 10.20 10.58 I 
(Jl 

Co (~) .Ol.6 .01e .010 .ooe .o:i,a -018 .021 .OJ.4 • 014 .020 O> . 

' 



Synthetic Method - Calculated Data 

Chart No. 300D26 

Fuel - Coal 

Stoker - Detroit u. F. 
Date - AJ2r11 .4 5 

'I> Boiler Rating 9'1.l'l 98.60 

Steam (1000 lbs.) 258 262 

Average Air Flow 113 ll2 Equival.ent Rating 

Ratio - Air to 1.163 1.137 Steam J'low 
Aotual to ~eore tioal 
Air For Meter Setting 1.49 1.49 

Actual to ~eoretioal 
Air - Chart J..732 1.695 

Average Flue Gas 
Temperature (OF) 441.!5 441.0 

6 7 

102.so 96.'IO 

2'13 258 

121 117 

1.179 1.210 

1.49 1.49 

J..755 1.so2 

452.0 442.0 

8 9 10 11 12 13 

na.58 113.90 115.20 125.90 137.00 136.50 

300 305 308 335 366 362 

148 1"8 145 158 158 163 

1.314 1.300 1.260 J..256 1.153 1.194 

1.49 1.49 1.49 1.49 1.49 1.49 

1.959 1.939 1.896 J..869 1.,20 l.'180 

476.0 475.0 475.0 494.0 490.5 502.0 

,. 
(.JI , 
..,:, ' . 

r, 
-~ , 
-:z 
(11 

< [TJ . 
"ti -"· .z C) -• r: 

l'O 
::IJ > 
::IJ 
"'( 



Losses in Per Cent 

. 
Losses in Products 6.550 6.505 7.750 6.550 ,.220 '1.290 '1.290 '1.580 7.510 '1.'140 

ot Combustion 

Loss in unburned 
Gases .06 .0'1 .04 .03 .04 .O'l .oe .06 .06 .00 

Loss Due to Ex-
cess :Air 4.50 4.2'1 4.85 4.91 6.54 6.48 6.20 6.35 5.17 5.82 

Losa in Latent Heat ' of Water Vapor 3.21 3.21 1.21 3.21 3.21. 3.21. 3.21. 3.21. 3.21. 3.21 8: 
I 

Loss Due to Un-
burned Coal. 5.25 5.25 5.25 5.25 5.25 5.25 5.25 5.25 5.25 5.25 

Loss Due to Ra-
diation 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

Total Losses 22.67 22.30 24-10 23.95 25.26 25.33 25.03 25.44 24.20 25.10 

Ett1o1ency 77.33 77.70 75.90 76.05 74.74 '14.67 74.97 '14.56 75.80 74.90 

Average Ettioienoy = 75.66% 
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'fb.e synthetic method ot boiler control has maDT 
practical advantages over other methods and is well adapted 
to the v.p.r. Power Plant. The power plant is well equipped 
with Bailey Boiler Meters, COa Recorders and Draft Gages and 
it particular attention is paid to these instruments by the 
firemen, improved boiler etticienoy may be expected. A tew 
ot the advan'tages or this method ot boiler control over the 
mechanical method are as follows: 

1. It gives immediate information ot changes in the operat-

ing condition. 
2. It is applicable to the individual boilers. 
3. It reoords all intorniation on the same chart, thereby 

enabling the fireman to see how his boilers are operating. 

4. The control factors are graphically recorded and there-
tore tree from personal error. 

s. The engineer can see whether each ot his boilers are 

operating with normal efficiency without making trouble-

some calculations. 

&. Being based on air as a tu.el this method is independent 
ot the variation in the heating value ot the tuei. 

Aside trom the advantages, this method has some detects 

which should be mentioned: 

1. The a1r-tlow meter is appreciably atteoted by dirty tlues 

and detective batti1ng, also abnormal air and feedwater 
temperatures. 



2. The record does not give directly the information 
necessary to ca1culate and analyze the heat losses. 

3. The ratio of the rates of steam flow to air flow that 

will give maximum boiler efficiency must be determined 

by actual tests and these tests and the recorder adjust-

ments must be made by an expert. 

The determination of the various losses for this 

method of boiler control has been simplified to a great 
extent by the use of the curves made by the authors. For 

a given coal the latent heat lost in the water vapor will 
be a fixed loss and can be calculated and assumed to be 

constant as long as that particular. coal is being used by 

the plant. Likewise the radiation loss is assumed to be 

constant at three per cent and the loss in the ashpit will 

run fairly constant and if a fair sample is made eaoh week 

as a check, there will be little error in calculating the 

boiler efficiency if this assumption is made. The above 

mentioned losses can be calculated and used as constants in 

the tabulation of the heat losses. The heat loss in products 

of combustion, heat loss in excess air, and heat loss in un-

burned gases are variable and with the exception of the latter 
oan be obtained from the curve sheets. 

For instance, from the inspection of the boiler chart 

a rough estimate of the average steam flow, air flow and exit 

temperature can be made. Kn.owing the average exit temperature 
the per cent heat loss in products of combustion can be obtained 

from curve No. 3 and tabulated. The loss due to excess air can 



be obtained from curves No. 1 and No. 2 and tabulated. 

By the use of curve Ho. 4 the per cent CO is found f'or 

the average per cent CO 2 and by means of' a simple formula 

as described previously, the heat loss due to CO can be 

calculated and tabulated. The sum ot the variable losses 

and the fixed losses subtracted from 100 will give the 

boiler efficiency. Of course this determination will 

only give an approximate efficiency and if more accurate 

results are desired the averages for the steam flow, air 

flow, exit temperature and co. should be obtained by means 

of' a radial planimeter and the losses calculated from the 

curves and the efficiency determined as described above. 
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The Analy"tioal Method of Boiler Control 

The analytical method of boiler control is based 

entirely on the controllable heat losses. Since the 

uncontrollable heat losses are unavailable to the boiler 
and are practically constant for any given fuel and operat-

ing condition, they are ignored as tar as heat loss reduc-

tion is concerned. The controllable heat losses depend on 

three factors: excess air, of which co. is an index; in-

complete combustion, of which CO is an index, and excess 
temperature, of which T - 'rw is an index. These indexes 

give all the necess~ inf'ormation for attaining maximum. 

boiler etticienoy. 

In this method ot boiler control all calculations are 

based on the heat wasted instead of the heat utilized by 

the boiler and therefore, it is immaterial whether the heat 

comes from the tuel, the air, or the teedwater. The boiler 

will always absorb the difference between the heat supplied 

and the heat lost. (It is hoped that the necessary efficiency 

calculations oan be reduced to a minim.um tor this method so 

that the determination of the boiler eftioiency can be made 

in short yet accurate manner.) By ignoring the uncontrolla-

ble heat losses, the heat loss calculations are greatly 

simplified without appreciably affecting their accuracy. 

All oal.culations and tom.ulas used in the anal.ytioal me-

thod of boiler control are based on the p. c. fuel unit or 

the pound-carbon unit as this unit is practically constant 
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in heating value. The p.c. unit is defined as the amount 

or weight of coal containing one pound of carbon. This tact 

makes the control of boiler operation independent of the 

variation in the heating value of the ooal being used. The 
standard heating value of b1tU11linous coal or the p. c. heat-

ing value is practically constant at 1,,900 B.t.u. and this 

figure has been used throughout all heat loss oaloul.ations. 
The p.c. unit heating value or the standard heating value 

does away with the difficulties ot the variable heating value 
of the coal as tired, thereby eliminating the sampling and 

analyzing ot ooal which is very troublesome and by no means 

accurate. Other methods of boiler control require that the 

heating value of the coal be known in the determination of 

the boiler ettic1ency. The heating value of the coal as 
fired can only be :round by sampling and analyzing and in 
plants using large amounts ot coal. it is practically im-

possible to get a true sample of the coal tor anal.Tsis. From 
the analyses ot all the important coal seams in the United 

States it has been found that the average heating value of 

the P. c. unit runs fairly- constant at 17,900 B.t.u • .Utho' 

this figure is not exact, it ia practically correct and more 

nearly the correct heating value of the class of coal being 

used than can be determined by coal analyses. The tact that 

all calculations are based on the p. c. fuel unit tends to 

make the analytical method of boiler control a more exact 

method than either of the other two methods. 

The uncontrollable heat losses in the boiler are listed 

as follows: (1) B.t.u. uncontrollable heat in dry gas, (2) 



• 
B.t.u. ot latent heat in water vapor, (3) B.t.u. un.control-
lable sensible heat in water vapor, (4) B.t.u. loss due to 
radiation. These losses will be nearly constant in any 

given plant and tor a given cl.a.as ot ooal.. The engineer 
1s .not conoerned at al.l in the uncontrollable heat losses 
in the boiler because there is nothing he can do to reduce 
these losses. 'l'heretore tor 8.J17 one plant the above losses 
may be calculated and the total uncontrollable heat loss held 
constant tor all heat bal.ance determinations. 'l'he heat loss 
through the grate al.though not exactly constant may be assumed 

to be constant without atteoting the ettioieno7 a great deal. 

In most all plants the refuse 1s inspected at regul.ar inter-
vals by the engineer to see that the combustible loss in the 
refuse is not above normal.. So it may be sate to say, that 
the average loss through the grate is very nearly constant 
and can be added to tour losses described above. 

'?he operating engineer is chiefly concerned with the 

controllable heat losses in the boiler and to these he should 
endeavor to keep the :amn total as low as possible. The con-
trollable heat losses are listed a.s follows: (1) B.t.u. heat 
loss due to excess air, (2) B.t.u. loss due to excess tempera-
ture, (3) B.t.u. loss due to both excess air and excess tem-
perature, (4) B.t.u. potential heat in dry gas, (5) B.t.u. 

sensible heat in water vapor. The necessary data tor computing 

the above losses are temperature ot flue pses, CO• , and 

pressure in the boiler, all gra.phioal.17 recorded arid avail-
able to the operating engineer at all times. B7 means ot 
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a tew simple calculations, as described later, the engineer 

can quickly compute a heat bal,nce tor an individual boiler 
and determine the distribution ot the waste heat. By this 
method he can determine at a glance who is responsible tor 

any appreciable increase in heat loss which tends to lower 

the boiler etfioienoy and the individual responsible tor 

this loss oan be reprimanded. 
The analytical method ot boiler control has many ad-

vantages and is not attected by any of the factors that 
more or less attect the other two methods. First, the 
heating value ot the coal used is based on the P. c. unit 
and is constant in heating value; second, the method is 
based on the heat wasted rather than the heat used by the 
boiler; third, it enables the operating engineer to tell at 
a glance at the operating data who is responsible tor the 
excessive losses; fourth, by ignoring the uncontrollable 

heat losses, the efficiency calculations oan be made with 
minimum ettort on the part of the engineer; tifth, the au-
thors have devised a system of curves {Nos. 9, 10, 11, 12, 

and 13) based on per oent COa and flue gas temperature which 
eliminates all calculations necessary tor a boiler heat 
bal.ance and enables the engineer to determine the total. 

heat losses in the boiler trom the. two taotors, COa and 

temperature ot tlue gas. i'he curves were drawn up on the 

assumption that the average operating conditions at the 
V.P.I. plant will be practically constant. The curves 
were made to contorm with the cl.ass of coal now in use. 
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The tormulas used in computing the data tor these 
curves are :rully explained under a separate heading.· 

Average Operating Data - V.P.I. Plant 

Pressure ••••••••••••••••• 183.6 lbs.-Abs. 

Total Hydrogen Coal (H6) •· 4.9~ 

Temp. Water•••······••••·• 374.7°F 

Boiling Temp. Water••••••• 208 °~ 

Sum ot Uncontrollable Heat Losa and Those Assumed to be 
Constant for v.p.r. Plant 

(B} - B.t.u. Loss in Dry Gas 

:Im X Tw = 3.37 X 374.7 °F = 1263.0 

(I) - B.t.u. Latent Heat in Water Vapor 

Ht X 10641 = .0485 X 10641 

(K} - B.t.u. Sensible Heat in Water Vapor 

Ht X 4x (Tw - 208) = .0495 X 4 X 
(374.'l-208) ·= 33.0 

(N) Loss Due to Radiation - 3% 
(M:) Loss Through the Grate - 3.&; 

Total Uncontrollable Loss 

= 53'[.0 

= 626..&._ 

2986.0 B. t.u. 

Knowing the total uncontrollable heat loss to be 2986 

B.t.u. and with the two factors CO• and T, the engineer can 

tind the total heat loss by referring to curves Nos. 9, 10, 

ll, l2 and 13, which will give the total controllable losses. 



'fhe sum ot the total uncontrollable and controllable heat 

losses divided by the heating value ot the p. c. unit will 
give the per cent loss and this subtraoted trom 100 will 

give the operating ettioiency. 
The authors have made a combination or the curves Nos. 

9, 10, 11, 12 and 13 and together with the uncontrollable 
loss ot 2986 B.t.u. have devised a curve, No. 14, whioh 

enables the engineer to determine the operating etticiency 
or his boiler with the minimum delay. ~e only two factors 

that need to be known are CO• and temperature ot tlue gases. 
"1.though this curve gives no information as to the distribu-
tion ot the heat loss, it enables him to tell at a glance 

how ettioient his boilers are operating. This curve is accu-
rate within one per cent of the calculated ettioiency as can 
be aeen by reference to curve No. 16 which gives a comparison 
ot the etticiencies by daya as computed by the three different 

methods of boiler control. It can be seen from the curves 
that the synthetic and analytical methods ot control are very 

nearly the same thus showing the accuracy ot the two methods. 
Neither the analyticalnor synthetic method is atteoted by the 
conditions ot the tire bed and this taot renders these two 

methods ot oal.culating boiler etticienoy far better than the 

mechanical method. ~o show the eftect ot the variation 1n 

the condition ot the tuel bed on the ettioiency by the meohan~ 

ican method, reference to curve No. 16, it will be noted that 
the ettioiency tor 4, 9, 32 was considerably decreased below 
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that of the preceding day. This being caused by an increase 
in thickness in fuel bed which necessarily lowered the evapo-

ration tor that dq. The following daT {4-10-32) the effi-

ciency was increased considerably due to the tact that the 

heavy fuel bed was burned down and this increased the 

evaporation, thereby increasing the etticiency. These two 

facts more or less account for the irregularity of the me-

chanical efficiency curve. 
Another short method ot determining boiler efficiency 

has been devised based on f1ue gas temperature and heating 

value of the coal used. The relation ot excess air and high 

or low co. to flue gas temperature has been previously brought 

out so it might be said that the flue gas temperature is more 

or less a check on the operating efficiency. By multiplying 

a certain constant by the temperature of the flue gases and 

dividing by the B.t.u. ot the coal used, the per cent loss 

is obtained and this loss subtracted from 100 gives the 

operating efficiency for the particular operating condition. 

A curve has been drawn (Curve No. 15) to eliminate all compu-

tations necessary to calculate the efficiency by this method. 

The formula used in determining values tor this curve 1s 100 -

735 T B t • The accuracy of this method is within one per cent of • • u. 
the analytical method as can be seen by reference to curve 

No. 16, and can be used in the plant in determining the operat-

ing efficiency with the minimum delay. This method of determin-

ing boiler efficiency will prove to be accurate only when 

battles are tight and tubes are olean. 
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To give some idea as to the heat distribution as 

calculated by the analytical method a heat distribution 

chart based on the average losse~ tor the ten days has been 

drawn, (Curve. No. l?). It will be noticed that over one 

half of the total heat lost in the boiler is uncontrollable 

and cannot be reduced by the fireman. The total controlla-

ble losses are approximately~ and to these losses the 

firemen should strive to reduce as much as possible. 
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List of Symbols Used in Formulas for the Analytical Method. 

A = B.t.u. of sensible heat 1n dry gas per P. c. unit. 
B = B.t.u. of Uncontrollable heat in dry gas per p. c. unit. 

· c = B.t.u. of controllable heat in dry gas per P, c. unit. 

D = B.t.u. of controllable heat loss due to excess air 
per p. c. unit. 

E = B.t.u. of controllable heat loss due to excess tempera-
ture per p. c. unit. 

F • B.t.u. of controllable heat loss due to both excess air 
and excess temperature per P. c. unit. 

G = B.t.u. controllable potential. heat in dry gas per p. c. 
unit. 

H. = B.t.u. of total heat in water vapor per p. c. unit. 

I = B.t.u. of latent heat in water vapor per P. c. unit. 

J = B.t.u. of sensible heat in water vapor per p. c. unit. 

K = B.t.u. of uncontrollable sensible heat in water vapor 
per P. c. unit. 

L = B.t.u. of controllable sensible heat in water vapor 
per P. c. unit. 

M = B.t.u. of controllable potential heat in ash per P. c. unit. 

N = B.t.u. of uncontrollable heat loss due to radiation 
per p. c. unit 

a =Wt.of ash and clinker through the grate per p. c. unit. 

po= Per cent of carbon in ash and clinker. 

G1 = Uncontrollable heat losses (B.t.u. per p. c. unit.) 

G2 = Heat loss chargeable to grate (B.t.u. per p. c. unit) 

G3 = Heat loss component chargeable to furnace (B.t.u. 
per P. c . unit • } 

G4 = Heat loss component chargeable to boiler (B.t.u. per 
p. c. unit.) 
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G5 = G2 + G3 + G4 = Sum or available heat losses (B.t.u. 
per p. c. unit)• 

G5 = Gi + G5 = Sum of heat losses (B.t.u. per p. C. unit). 

co.= Per cent of carbon dioxide. 

co = Per cent carbon monoxide. 

T = Exit flue gas temperature (Degrees F.) 

t =Temp.of air supplied to toroe draft (Degrees F) 
Tw • Temp. ot water in boiler (Degrees F} 

X • B.t.u. contained in gas resulting from the combustion 
ot I lb. ot carbon per degree ot temperature. 

Xm = B.t.u. contained in gas resulting from the combustion 
or I l.b. of carbon for maximum C0 8 per degree of 
temperature. 

Y = Weight of carbon contained in the co. 
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Explanation ot Heat Losses Formul.as, and Sample Calculations 
Used in Determina t.ion of Boiler Efficiency by the Analytical 

llethod. 

The greatest single heat loss in a boiler results trom 
the sensible heat in the dry flue gas. In medium size boilers 
this loss ranges between ten and twenty per oent with even 

a greater loss in extreme oases. In general it may be said 

that excess losses due to excess flue gas temperature are 
due to either too much excess air, dirty tubes, leaking bat-

tle•, or a combination or these. Any one plays an important 

part in reducing the temperature ot the air passing thrOugh 

the boiler. 
In calculating the heat loss up the stack it is neces-

sary to know the percentage ot carbon dioxide in the tlue 

gas along with the class ot tuel being used, and the exit 

tlue gas temperature. The percentage ot carbon dioxide in 

the tlue gas is generall.J' obtained trom a recording instru-
ment except in short tests where it is practical to use an 
Orsat apparatus. The exit gas temperature may be determined 
by use ot a pyrometer or may be taken tram some type ot re-
cording instrument. 

The sensible heat {A} in the dry tlue gas is cal.culated 

trom the tormuJ.a: 

Sample Calculation: 

co• -

A • X(i' - t) 

X = (0.24 + 58.46) co. 

'f • 4500J' t • 1100]' 
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A= 4.912 {450 - 110) 
• 1670 B.t.u. per p. c. unit or ooal tired. 

The values ot X for different percentages ot carbon 
dioxide have been tabulated and a curve drawn (Curve Sheet 

No. 7} to show the relation between the two. 

Since it is impossible to lower the temperature ot the 

exit gases below the temperature of the water in the boiler 

only a portion of the heat lost in the exit gases is con-

trollable. That portion (B} of the loss which is uncontrol-

lable is calculated trom the formula: 

Sample C&l.cula~ion: 

B • 3.37 X 373 

0 
Tw • 3'13 F 

= J.a58 B.t.u. per p.c. unit ot tuel tired. 

That portion (C} of the loss which is controllable is 

the difference between the total loss and the uncontrollable 
loss or: C • A-B 
Sample Cal.oulation: 

A= 1670 

B • 1258 

C • 16'10 - 1258 

C = 4l2 B.t.u. per P. c. unit of tuel tired. 
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A portion (D) of the controllable heat loss in the 
dry gas will be due to excess air and may- be calculated 

trom the tormul.a: 
D • (X - :lm)Tw 

Sample Calculation: 
Tw • 3'13 °:Et 

D = (6.1 - 3.37) 373 

= 1020 B.t.u. per p. c. unit of tu.el fired. 

Since Tw is practically constant tor the average operating 
conditions in any single plant and since Xm 1s constant for 

a given class of ooal, the values of D for different values 

of X have been tabulated and a curve drawn (curve sheet 9) 

which will show the relation between these two taotors for 

average operating conditions in the v.p.r. plant. 

That portion (E) of the controllable heat loss which 

is due to excess temperature may be calculated from ihe 

formula: E = Xm(T - Tw) 

&ample Calculation: 

DI.= 3.37 T = 450 OJ' Tw = 3'13 OF 
E = 3.37 (450 - 3'13) 

• 260 B.t.u. per P. c. unit of tu.el fired. 

Since both Tw and :xm are practically constant in the V.P.I. 
plant a curve (Curve Sheet 10) has been drawn to show the 
relation between T and E. 
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The temperature of the exit gas depends upon the condition 
of the boiler tubes and the battles as well as the rate at 
which the gas 1a passing through the boiler. As the amount 
of excess air increases the rate at which the gas travels 
through the boiler increases and thus the time allowed tor 
the absorption ot the heat in the gas is decreased and as 
a result, the gas passes into the stack at a higher tempera-
ture. Leaking battles increase the flue gas temperature by 
allowing the gas to pass out without coming in contact 1f1th 
all the boiler tubes. Soot deposits on the outside or lime 
deposits on the inside ot the boiler tubes decreases the 

absorption ettioienoy ot the boiler and allows the gas to 

pass into the stack at a higher temperature. 

In cases where there are controllable heat losses due 
to both excess air and excess temperature there is an addi-

tional controllable heat loss (F) chargeable to either or 

both excess air and excess temperature. This loss is calcu-
lated trom the formula: 

F • (X - lin) (T - '.l!w) 

Sample Calculation: 
X = 6.1 Xm = 3.37 'f = 450 

F = (6.1 - 3.37) (450 - 373) 

Tlf • 3'13 °F 

= 210 B.t.u. per P. c. unit ot fuel tired. 

As has already been stated, the values ot Xm and Tw are prac-

tically constant for any plant. With this in view a curve has 

been drawn (Curve Sheet 11) trom which the value ot F might 
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be determined for any values of X and T (co. substituted 
for X on the curve because X depends upon the COa). 

Potential heat (G) is usually contained in the flue 

gas in the form of carbon monoxide which results from in-
oomplete combustion due either to a defioienoy ot air or 

lack of turbulence in the furnace. This heat loss is 

calculated from the formula: 
G = 10,160 Y 

Where Y = CO -o-o-+-c"""'o-.-
s 1noe all calculations are based upon the assumption that 

there is a constant relation between CO and COa a curve 

(curve sheet No. 12) was plotted to show the relation of 
COa and G. 

Sample Calculation: 

COa • 12% CO• 0.08% 

y = .oa 
12.0 + 12.oe 

= o.oosea 
G = 10,160 X 0.00662 

= 67.2 B.t.u. per P.c. unit of fuel fired. 

Because ot water vapor in the air, moisture in the fuel, and 

hydrogen in the fuel which burna to water, the heat carried 

to waste by the wet gas must be oaloulated. This heat loss 
(H) is accounted for in the formula: 

H = Ht (10,641 + A(T - 208)) 



Where Ht• total hydrogen in the coal (per cent by Wt) 

Sample Calculation: 
Ht• 4.95% T = 450 OF 

H = 0.0495 (10,6'1. + 4(450 - 208) 

= 0.0495 (10,641 + 968) 

= 475 B.t.u. per p. c. unit or tuel tired. 

The heat loss due to water vapor in the tlue gas is divided 

into two principal losses, 1.e., latent heat (I) in the 

water vapor and sensible heat in the water vapor. '!he 

tormer is an uncontrollable loss and is calculat:ed tram. 

the tormul.a: 

I= 10,641. X lit 

Sample Calculation: 

Ht= 4.95% 

I• 10,641. x 0.0495 

I• 526 B.t.u. per P. c. unit ot tuel tired. 

~he sensible heat loss (d) due to water vapor ta divided 

into an uncontrollable loss (K) and a controllable loss (L). 

These values are calculated trom the formulas: 

Sample Calculations: 

IC • Ht X 4 X ( Tw - 208) 

L • Ht x 4 X (T - Tw) 

Ht = 4.9~ Tw • 3'13 T • 450 0,. 

X • 0.0495 X 4 X (373 - 208) 

• 32.? B.t.u. per P. c. unit ot tuel tired. 
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L • 0.0495 X 4 X (450 - 3,3) 

= 15.5 B.t.u. per p.c. unit ot tuel 
tired. 

The values of L for different tlue gas temperatures have 

been calculated and a curve drawn to show their relation-

ship tor the particular type or coal used in the v.p.r. 
plant. 

In order to determine the potential heat {M) in the 

refuse, samples were collected and analrzed for combusti-
bles and ~sh. Allot this loss is chargeable to the grates 
and considered controllable. It 1s calculated from the 
tormula: 

1Jhere a= Weight ot refuse through the grates 
per P.c. unit ot tuel tired 

Po= Per cent ot carbon in the refuse 

14,600 • Heating value ot carbon (B.t.u. per lb.) 

Semple Calculation: 

a= 132 

M = 132(~) 14,600 

= 600,B.t.u. per p.c. unit or tuel tired. 

AJ.l heat losses (N) not accounted tor 1n the preceding 

oaloulation were determined trom a heat balance made up 

trom the twenty-tour hour test made previous to the ten-day 

test. These losses consisted of potential heat through the 
srates, radiation losses, and unaccounted tor losses. 



Test Data - Boiler-No. 4 
Date Averages 
April 4 . 5 . 6 ' . 8 • 9 . 10 . ll . 12 • 13 & Total.a 

Coal 
(1000-lbs) 26.6'1 20.22 27.63 26.18 30.32 31.83 31.18 33.64 38.92 36.50 310.09 

Pressure 
(l.000-lbs) 179.0 l.'19.0 178.0 171.0 178.4 1'17 • .&, 178.3 177.9 182.8 184.9 179.'1 

sat.steam 
Temp. (OJ') 3'18.6 372.8 372.2 373.5 372.3 3'11.9 372.3 3'12.l 374.4 3'15.3 3'12.9 

Temp.In1et 
Air (OF) ll3.9 114.6 114.5 114.3 112.2 110.5 ll.O.O 109.6 110.4 114.4 112.4 

I 
Exit Gas ...::, 

co Temp. (Or) 442 441 452 4:76 475 475 .&,94 491 502 469 I 

CO• Ci) 10.40 10.50 10.12 10.00 l.0.24 10.50 10.60 10.28 10.20 l.0.58 10.39 
wet Re:tuae 

Lbs. 3,830 4,000 4,180 4,060 4,710 4,600 4,810 4,9'10 5,240 5,180 45,580 



cal.oul.ated Data 
Date Averages 
A:2ril . 4 5 . 6 . '1 . 8 9 • 10 . ll . 12 . 13 .&. Totals 

co. 
Per cent 10.40 10.50 10.12 10.00 10.24 10.50 10.60 10.28 10.28 10.58 10.35 

co 
Per cent .016 .0l.8 .010 .ooe .012 .01a .021 .014 .014 .020 .015 

Excess Air 
Per cent '16.5 75.0 81.5 83.5 '19.5 '15.0 73.5 '19.0 79.0 '14.0 '/'1.65 

X :5.90 5.82 6.00 6.10 5.97 5.82 5.78 5.93 5.93 5. '1'1 5.90 

:rm 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.37 3.3'1 3.37 

X-Xm 2.53 2.45 2.63 a.'13 2.60 2.45 2.41 2.56 2.56 2.40 2.53 

' T 441.5 441.0 452.0 442.0 476..0 475 .. 0 4'1i.O 494.0 490.5 502.0 468., 

t 113.9 114.6 ll.4.5 114.3 112.2 ll0.5 110.0 109.6 110.4 114.l l.l2.5 

T - t 32'1.6 326.4 33'1.5 327.7 363.8 364.5 365.0 304.4 380.l 387.9 356.5 

Tw 3'12.6 3'12.8 372.2 373.5 372.3 371.9 372.3 372.l 374.4 375.3 372.9 ... 
2 

T - Tw 18.9 68.2 '19.8 68.5 103.7 104.l 102.'1 ll.1.9 l.16.l 126.'I 96.0 Ci -:z 
y .0003 .0004 .0001 .0000 .0002 .0004 .oooe .0002 .oooa .0005 .0003 m m 

\\ :c 
Y :z: 10 , 160 3.0 4.1 1.0 .o 2.0 4.1 5.1 2.0 2.0 5.1 ~.5 "O -.. ' 

C') -.. r--cu 
:0 
)> 
.:1;1 



Date Oaloulated Data 

April . 4 . 5 6 . ' . 8 9 • l.O . ll . 12 . l.3 
Averages 
k '?otala 

Wet Retuse 3,830 4,000 4,1.80 -i,060 4, 'll.O 4,600 4,810 4,9'10 5,240 4,180 45,480 

Dry Retuse 2,85'1 2,984 3,118 3,029 3,514 3,432 3,588 3,lf08 3,909 3,864 34,000 

Coal Burned 
(Lbs.) 26,670 28,220 27,630 26,l.80 30,320 31.,830 30,180 33,640 38,920 36,500 310,090 

Coal BU%ned 
P.c. Units 21,600 81,900 22,400 21,200 84,600 25,800 84,050 2'1,250 31,500 29,600 251,000 

a -1320 .1305 .l.390 .1340 .1430 .1.330 .1495 ,l.360 ,1240 .1305 .1355 

600 59-i 632 650 650 605 680 618 565 594 61.6 

M • B.t.u. ot controllable potential heat per p. c. unit ot ooal burne4. 

31.~ • Carbon in retuse 

81~ • Carbon in ooal (Ultimate Analysis) 

25.4" • Koiature in Retuse 

a a Weight (1n lbs.) ot retuse through grate per P, c. Unit ot tuel 41re6. 



Caloul.ated Date. 
Averages 

April. 4 5 6 7 • 8 9 • 10 11 • 12 • 13 ct TotaJis 

A l.,932 l.,900 2,025 1,999 2,172 2,l.21 2,l.l.O 2,280 2,25' 2,238 2,103 

B 1,256 1,256 1,254 1,259 1,25!5 1,253 1,255 1,254 1,262 1,265 1,25'1 

C 67'1.2 543.3 770. 'I 740.2 917.2 868.]. 855.]. 1025.5 99'1.3 973.3 8'6.7 

D 942.7 913.4 9'18.9 l.019.6 968.0 91.l. l. 952.6 958.5 958.5 900-7 _943.4 

E 232.2 229.8 268.9 230.8 349.5 350.e 346.l 377.l 391.3 427.0 523.5 
F 1'14.3 16'1.l. 209.9 18'1.0 269.6 255.0 24'1.5 286.5 29'1.2 304.l. 2'2.9 
G 3.0 4.1 1.0 0 3.0 4.1 5.l. 2.0 2.0 5.1 3.5 &, 
H 573.0 573.0 5'15.0 5'13.l 579.8 5'19.6 5'19.6 583.4 582.7 584.9 5'18.4 

l\) 

' 
I 526.'1 526.'l 526.'1 526.'1 526. 7 526. 'l 526.'1 526.'I 526.'1 526.7 526.7 
J 46.2 46.2 48.3 46.3 53.l 52.9 52.9 56.6 55.9 58.2 51.7 
K 32.6 32.6 32.5 32.8 32.5 32.5 32.5 32.5 38.9 33.1 32.7 
L 13.6 13.5 15.8 13.6 20.5 20.& 20.3 22.2 23.0 85.]. 19.0 
J( 600 594 632 650 650 605 680 618 565 594 616 
N 53'1 537 53'1 537 537 53'1 53'1 537 53'1 537 537 



Tabulated Results 
Date 
April .• 4 . • 5 • 6 . .,, .a . 9 10 ll 

Gl 2,351 2,353 2,351 2,355 2,351. 2,350 2,351 2,350 

600 994 &32 650 650 605 680 618 

G3 1,062 1,029 1,120 1,144 1,150 1,085 1,123 1,151 

G4 304 299 355 307 460 4.56 449 495 

G5 1,966 1,922 2,10'1 2,101 2,260 2,14'1 2,851 2,264. 

G5 4,317 ,,275 4,458 4,456 4,6ll 4,496 4,602 4,615 

1, Loss 24 .12 23.88 24.91. 24.89 25.'16 25.l.2 25. '11. 25.'18 

% Etti oiemy '15. 88 76.1.2 '15.09 75.11. '14.24 '14.88 '14.29 '14.22 

G1 c B +I+ K + N = Uncontrollable heat losses. 

G2 = N = Controllable heat loss chargeable to grate. 

= D + 2/3 F + G = Controllable heat loss chargeable to furnace. 

G4 = E + 1/3 F + L • Controllable heat loss chargeable to boiler. 

G5 = + G3 + G4 = Sum of the controllable heat losses. 

G6 = G1 + G5 = Sum of all heat losses. 
% Loss= Gs 

1'7,900 
Effioienoy = 1.00% - % Loss. 

(All units are B.t.u. per P. c. Unit of fuel fired.) 

,verages 
12 11 & Total.a 

2,358 2,362 2,353 

565 594 616 

1,159 1,008 1,107 

513 553 423 

2,237 2,156 2,146 

4,595 4,518 4,498 lo 
c;:i 
I 

25.6'1 25.24 25.13 

'14-33 74-'16 '14-8'1 



Conclusion 

1. The use ot the analytical method ot boiler control 
1a recommended tor the v.p.1. Power Plant. 

From a detailed study ot the three methods ot 
boiler control considerable knowledge has been 
gathered relative to the advantages, disadvantages 

and ettioienoy ot each method. 

2. A system ot curves has been devised tor the determina-
tion ot heat balances which eliminates all calculations. 

3. These curves are applicable to the operating conditions 
at the v.p.1. Power Plant. With a detailed study, simi-

lar curves may be drawn that would be applicable to any 
power plant. 

4 .• ::rrom a combination of the curves devised, a single curve 
has been made enabling the operating engineer to determine 
the etticiency instantaneously. 

5. :rt is recommended that the analytical method ot calcu-
lating boiler etticiency be adopted at the v.P.I. Plant 
because ot its simplicity and accuracy of calculation 
and because it gives a direct index to the controllable 
heat losses 
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Recommendations 

Since the carbon content in the retuse at the 

v.p.r. Plant exceeds thirty per cent and since the 

grate loss is more than tive per cent, it is believed 

that some step should be made to reduce this loss. 
Undoubtedly the installation of pertorated dump 

plates or some type ot clinker grinder is worth con-

sidering. 
Since Bailey Boiler Meters are depended upon to 

measure or weigh the steam output from each boiler, 

it is believed that some postive method of checking 

these meters for accuracy should be employed. By over-
hauling the teedwater weigh-meter now in the plant and 

checking it for accuracy a convenient means ot checking 

the accuracy ot the Bailey Boiler Meters will be pro-

vided. 

A small powered crusher suitable for crushing ash 

and coal. samples would be ot great value 1n seaving ash 

and coal samples. Since the number ot such samples taken 

in a year in the v.p.r. Plant is comparatively large, it 

is recommended that a machine ot this type be purchased. 



E. A. Uehling 
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Haslan & Russell 

G. B. Mulloy 
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