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Test of Babcock anc.. Wilcox Boiler 

Job No. 5836 - - 1906 

situuted at 

The Pasadena Municipal Light Plant 

The object of this test was to determine the 

efficiency of the boiler over a range of loads. 

{l) 

At the plant this boiler is known as Boiler No. (1). 

It is used to supply stea~ for the generating units. 

The method of procedure consisted in making and. 

recording seven tests of the boiler at loads r,:;.nging 

from fifty per cent of the builders• ratin~ to one 

hundred thirty per cent. The following data and 

conclusions were obtained from these tests. 



Built by the Babcock and Wilcox Company. 

Job No. 5836 - - 1906. 

81 water tubes, 18 ft. long by 4 in. diwn. 

l drum, 23 f't. 3.625 in. long bJr 42 in. dia.--n., 

Thickness of drum= 0.5 in. 

15 superheater tubes, 16 ft. 4 in. long by 2 in. diam. 

15 superheat er tubes , 17 ft. 6 in. long -ny 2 in. diam. 

Water heating surface - - -

Superheating surface 

-- 1?03 sq. f t. 

- - - - - - 266 sq.ft. 

The boiler is made of open-hearth steel, elastic 

limit= 580001b. per sq.in. 1 to carry 200 lb. ga.ge 

pressure with 100 deg. fahr. or more superheat. 

Builders rating - - - - - - - - - - 170 bl.h.p. 

Cost o:f boiler including erection of stack - $ 7000. 

Extra equipment includes Webster Automatic DampeT 

Regulator and Amerioa.n Gage Companyrs Thermofeed 

Regulator. 

A Leyhe Burner was used to atomize the fuel oil. 

This burner fired forward. 

Steam for atomizing the oil was furnished by a 

separate boiler but ·+ 1 .. was assumed that 2 per cent 

of the steam generated. was necessary for atomizing 

the oil. '!his assumption Wi:i.S based on Hammel Oil 

Burner t~sts and may be too low. 



Boile r, cont inued 

The original ba f U e s ha ve ·bee11 removed from t he 

boiler. 'fhe present arrang1;;ment is shown in 

accompanying dra..wing. 

The setting is built so that pa.rt 6f the air may pa s s 

between heated brick walls before it enters the 

furnace. 

The boiler was clean at the time the first six tes·te 

wera made. It had not been cleaned for a period oi' 

six weeks before test No. {;?) was made. 

Economizer 

Manufactured by the Green Fuel Economizer Co. 

128 vertical tubes, 9 ft. long by 4.5625 in. diam. 

Heating surface --- - - - - - - - - - 1536 s q .ft. 

Cost, erected - - - - - $ 2000. 

The economizer was dirty at the time test No. (l) 

was made but in good condition for the other test s . 

Fuel Oil 

The oil used in all the tests was supplied by the 

un,on Oil Co. and wae from the Whittier district. 

A sumple of oil was taken during each test. Two 

determinations of the calorific value wewe made from 

each sample by means of the Parr Calorimeter. The 

average calorific value of the oil used in the firs t 

six tests wa s used in the calculations for these te s t s , 

the avel'age of t he two det erminations made on sal?l_flle 



Fuel Oil, continued 

No. (?) was used in the calculations for tdst No. (7). 

Calorific Value ~: Parr· . Calori,n,3ter _ 

Test No. (1) Sample No. {l) - - - 19050 B.t.u. per lb. 

" No.{l) " No.{2) - - - 18940 

" 

" 

" 

" 

" 

" 

" 
ff 

" 

" 

" 
" 

No. (2) 

No. (!) 

No. (3) 

No• {31 

No. {4) 

No.{4) 

No .. (5) 

No. {5) 

No .. (6) 

No. (6) 

No. {7) 

No,. (7) 

" 
" 

" 

" 

" 

" 
., 

• 
• 
.. 
• 

No.(l) - - - 19500 

No.(2) & - - 19100 

No.(l) - - - 19560 

:No. (2) 

No.(l) 

No., {2) 

No• (1) 

No .. {2) 

No. (1) 

No .. (2) 

No. {l) 

No" (2) 

19060 

18780 

19200 

18?50 

18700 

18840 

19000 

19240 

19230 

Average for first six teats - - 19050 

Average for test No.(?) - - - 19235 

tt tt " 
tt II 

II " " 
" tt tt 

" ff " 

" " ti 

" If " 

" " " 
" " 
.. " " 

" " 

" " .. 
" " " 

" " " 
.. " " 

It was necessary to know approximately the proportions 

of carbon and hydrogen in the oil in order to calculate 

the heat leaving the boiler in the flue gas. The 

analysis of several oils of approximately the sam,3 

heating value was found and the average of these 

values used in tha calculations. 



{5 } 

Fu~l Oil, continu ed 

Chemica.l _Analyse s,_of _ California_ and. _ Similar Oils ... 

Place Carbon ~£ Hydrogen % 
Fresno 86 .24 13 .• 80 

S<:1.nta Barbra 86 .. 32 11.70 

Baku 86.89 1.3.11 

Baku 86.30 13.60 

Baku 86.70 12.94 

Average 86.50 13.0i 

Fuel oil was measured just before it entersd the 

burner by a 0.75 in. Worthington Meter. This meter 

wus oal.ibrated in gallons and when tested at Throop 

College of Technology the meter constant was found 

to be 0.985 • 

Weight of oil passing meter= 

lb. 

G = specific gravity of oil at temperature it entered 

the burner. 

M'= initial meter reading. 

M: 1 = final meter reading. 

Oil Pressure Gage 

This was made by the Chas. c. More Co. It wus not 

calibrated as the reading did not enter into the 

calculations. 



(6 ) 

FeedwG&.ter 

This was measured after it left the economizer and 

befort3 it entered the boiler by p~ssing it thru a 

1.5 in. Wort~ington Meter. This meter measured the 

quantity passing in cubic feet. By tests made at 

Throop the meter constant was found to be 0.90. This 

correction and the effect of temperature on the 

specific gravi·ty were allowed for in calculating the 

amount of water passing thru the meter. 

Weight of' water passing meter = 
= 0.90 x 62.4 x G x(M-M 1 ) = lb. 

G = specific gravity at temperature at which 

feedwater enters the boiler. 

M = final meter reading. 

M' = initial meter reading. 

Draft 

It was found impossible to obtain a draft gage reading 

because the connection was turned at the wrong angle 

in the flue. 

Thermometers 

All thermometers except the one in the oil line 

measuring the temperat11re of the oil to the burners 

were tested f'or freezing and boiling point an.d found 

correct. The steam line temperature readings w~re 

corrected for stem exposure. 



Thermometers, continued 

Stem corr dction = K == 0.000088D (T-t) deg. f a hr~ 

This correction is to be. added. 

D = number of degrees on the scale from t ::1e surface 

of the oil in the thermometer well to the end of 

the mercury colum. 

T = observed reading. 

t:: temperature of air surrounding stem. 

The temperature of the steam leaving the boiler 

was measured by placing a well in a 0.5 in. drip 

connection to the steam pipe connecting the boiler and 

the main line. The valve in the drip connection wa s 

opened wide and steam allowed to escape continuosly 

thru a 0.125 in. orifice in a calorimeter connection 

placed below the thermometer well. Tha drip and the 

therJllWlleter well were covered with magnesia in tests 

No.4 to No.(7) inclusive. In tests No.(l), No.{2), and 

No.(3) ten deg. fahr. should be added to the observed 

seeam temperature readingsto correct for the drop i n 

the uncover~d pipe. This correctio& is based on 

observed rise at time wh~n the pipe was covered . 

The temperat,.1re of the water entering and leaving t he 

economizer was obtained by thermometers placed in well s 

extending into the feedwater pipes. 



Thermomete-rs, continued 

The stems of these the:rmomete:r.s were prott3ct~d fro in 

air currents by a glass and metal case, therefore no 

stem correction w;;.s applied. 

The temperat1.1re of the flue gas entering the 

economizer was measured by a special long stemmed 

thermomt:tte~ extending well into the current of the 

gas. No stem correction was applied. 

The temperature of the flue gas leaving the 

economizer was measured with an ordinary thermometer 

reading to 700 deg. fahr. This thermometer wc.:.s let 

down thru a hole in the economizer top by a wi r e. In 

tests No. (1), No. (2), No. {3) , and "the first seven 

readings of test No.(4) an approximate correction of 

60 deg. fahr. should be added to the observed readings 

as it was found that stuffing up the hole thru which 

the thermometer was inserted made this difference in 

the temperature recordedo 

The fuel oil temperature was measured on the main 

oil line at the oil pump. 

Steam Pressure 

This was measure•i by an Ashhcroft Mfg. Company I s 

gage placed on the f'ront of the boiler. A record of 

the calibration of this gage with Crosby Dead Weight 

Tester is included with the data sheets. 



:Flue Gas Analysis 

The gas sample was taken just in front of the 

damper, after the gas had. made the last pass. A 

sampling pipe, Oo?5 in. in diam.,extended thTu the 

boiler setting. Outside the wall it was reduced to 

0.25 in .. diam. The gas was drci.wn into a 'bottle by 

siphoning water out thru a rubber tube. In this wu.y 

two liters of the gas was collected in about five 

minutes. After the gas had been collected the valve 

to the sampling pipe was closed, the valve to the 

Orsat Flue Gas Sampling Apparatus opened, and a s ample 

to be tested drawn into the apparat,ls. Tests were 

made fos carbon dioxide {CO2), carbon monoxide (CO), 

and oxygen (02~ .. The residue contained nitrogen (N), 

unburned hydrogen (R), and hydrocarbons. As only 

two or three tenths of one per cent of CO was detected 

once or twice during a test it w~s omitted in th~ 

calculations. 

Remarks 

As the test was mad.13 under opera.ting conditions it 

was impossible to blank off the boiler, but all 

valves thru which steam or water might escape were 

tightly closed. The boiler was blown down one~ e.1ch 

shift during the tests. 



Remarks, continu ed 

The wa.ter level in the boiler was maintained the 

same by the Thermofeed Regulator. 

A graphical log similar to the one incluaed for 

test No.(4) was kept during each test. 

(10) 



tl J.) 

Calibration of Steam Pressura Gage on Boiler No .. ( l) at 

Pa.sad.an~ 1,fon ic ipal Light Plant, NovembfJr 2<)) 191•1. 

Calibration made with Crosby Det:td Weight Tester. 

Gage Weight Error Gage Weight Error 

lb., lb. lb. lb. lb. lb. 

0 0 0 16? 95 12 

20 5 15 113 100 13 

25 10 15 118 105 13 

29 15 14 122.5 110 12.5 

34 20 14 128 115 13 

39 25 14 133 120 13 

43 30 13 138 125 13 

48 35 13 143 130 13 

53 40 13 147.5 135 1z.5 

5?.5 45 12.5 152 140 12 

62 50 12 157 145 12 

67 55 12 162 150 12 

72 60 12 16? 155 12 

7? 65 12 172 160 12 

82 70 12 1?6.5 165 11.5 

87 75 12 181.5 l?O 11.5 

92 80 12 186 175 11 

97 85 12 191 180 11 

102 90 12 196 185 11 

107 95 12 201 l~O 11 
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Conolusion 

The reason for undertaking these tests was to detennine the 

effioienoy of the boiler over a wide range of load, if practioable 

up to three hundred per cent. of the builder's rating, but as the 

tests had to be made under operating conditions it was not possible 

to hold a constant load on the boiler at the high ratings due to the 

fluctuation on the electrical output of the plant. 

The tests show that the efficiency of the boiler and furnace 

decreases as the load on the boiler increases but that the saving 

by the economizer increases as the load increases. This is to be ex­

pected ho~~ver as the temperature of the gases leaving the boiler is 

highest when the boiler is doing the most work, thus more heat is re­

moved from the boiler and made available for heating the feedwater in 

the eB.onomizeI". 

The high boiler ef.fioienoy shown in test No. (7) is probably 

due to an error in the test caused by an undetected leak in the feed­

water line or blow-off valve. As the boiler was dirty at the time 

this test was made it is not probable that the efficiency should be 

so far aboe that shown by the former tests. 

Diffiau.lty was encountered in making the burner throw the oil 

in all directions in equal amounts. The tendency being for one side 

of the burner to clog thus throwing most of the oil to one side of 

the furnace. .& b~r which would insure an even distribution of oil 

would make it possible to obtain complete combustion with less air. 



(37} 

Reducing the at r supply would raise the percentage of carbon 

dioxide in the flue gas. This should be higher than was obtained. 

Fifteen or sixteen per cent is a possible value. The reduction of 

excess air would be oarried into the furnace. T'ne high percentage 

of hydrogen in the fuel may be partly responsible for the low per­

centage of carbon dioxide. The hydrogen unites with the oxygen of 

the air to form water and leaves free nitrogen thus increasing the 

relative amount of nitrogen in the flue gas ani reducing the percent­

age of carbon dioxide. 

The difference between the heat absorbed from the flue gas 

by the economizer and the heat absorbed by the feedwater in passing 

~ru the economizer is so small that an error of ten degrees in the 

flue gas temi;:erature combined with an error of two or thre per cent. 

in the carbon abd hydrogen assumed in the oil would make consider­

able difference in the efficiency shown by the economizer. This 

may account for the wide differences in the efficiencies found. 

The saving bt the eoonomizer can however be accurately deter­

mined. 

When the boiler is operated at 51.2 per cent. rating the 

saving in oil per year is 

2595 X 1.1 X 24 X 345 X .70 
100 X 12 X 335 = $41.20 

at 128 per cent. rating the saving per year is 

7960 X 3.7 X 24 X 345 X .70 
100 X 13 X 335 = $386.00 



Assuming that the life of the economizer is twenty years and that 

tho sinking fund to replace it is earning four per cent. the annuity 

necessary to replace it at the end of that time is 

0.04 X 2000 

(l + 0.04fO • l 

Interest charges at six per cent. amount to 0.06 x 2000 = $120. 

Total fixed charges equal $120. + $62.30 ~ $182.30 per year. The 

saving by the economizer equals this amount when the boiler is op­

erated at about 85% normal rating. The operation and repair charges 

should be small, therefore the economizer should be a good invest­

ment if the boiler is operated at about rated load where the saving 

would be about ~250. per year. 

The boiler is assumed to have a life of fifteen years with 

a wrecking value of $500. at the end of that time. The actual life 

of the boiler· is probably greater than this but the growth of the 

plant will necessitate its replacement by a larger unit before it 

:, wears out. If the sinking fund :earns four per cent. the annuity 

necessary to :replace the investment is 

0.04 {7000 - 500) 
15 

(1 + 0.04) - l 

The interest charge at six per cent. amounts to 7000 x 0.06 = $420. 

Total fixed charges on boiler and economizer equal $927. 

This value is plotted on the curve sheet with the total cost 
I 

of fuel oil per year. 



(39) 

Reference to the ourve shows that tho cost of oil per year 

is more than twice as much when the boiler is operated at 120 per 

cent. rated load as when it is operated at 60 per cent. The in­

creased space, labor, and repairs required, if two boilers are 

operated at lieht load, generally make it cheaper to force one 

boiler as high as 200 per cent. rating or more, than to operate 

two boilers. The range of these tests is unfortunately not great 

enough to indicate how high the cost would go in this case, but 

with the a~owing made by the boiler it is doubtful if it would be 

good economy to force it very far beyond the builder's rating. 
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Efficiency of Boiler and. :Furnace, per cent 

H-eat supplied by :Economizer, :S.t.u. per hro 

= 5730(12? ~ 88) = 223500 

Saving by Economizer, per cent 

= 2o42 

Efficiency of Boiler, Furnace and Economizer, per. cent 

Efficiency of Economizer, per cent 

223500 X 100 
343000- -----

Id.aal ,afficiency of Economizer, per cent 

223500 X 100 ::: 
l.810000-- ◄ 1265 

Cost of Oil to evaporate 1000 ro. of St,~am ],.& .. AD 212 d. eg .. F . 

Heat availa"ble for heat.ing Ji'eedwate:r. in Economiz•ar, 

Eot.u. per lb. of Oil 

= e865(11 X 10.5 X .217 ♦ 8 X 5Q3 X ~217 + 7 X 9 4 42 X .246 ) _ .. _. ___ .. ---· ... ~--3···x ··-ro. 5 ___________ ,, ____ ___ _______ .... ,,. _____ .... ,_. ......... --- - -· -

{547 - 88) + ~ x.J.3(1090.7 + .455 X 54? - 88 ) 

= 4.93 X 459 + 1465 = 3730 

or 48505 x 3730 = 1810000 B.t.u. per hr. 



.Racli ,dion from Economizer, E.t.'..l .. per hr. 

~ 343000 - 223500 = 119500 

Hea t to Stack, B.t-u. per lb. of Oil 

-' 4093(418 - 50) + 9 X ~13(1090.7 + . 455 X 418 - 50) 

- 325? or 485.5 x 3257; 1580000 B.t.u .. per hr. 

Excess Air. per cent 

= 34.0 



P.J:.f'i e iency of Boiler and Furnace, per cent 

= o~8 X 5675 X 9?0.4 X 100 -
l g~o50x--441t~e-- --·- -- = 63 .~ 

Heat supplied by Economizer, B .. t.u. per hr .. 

= 5120 X {190 ~ 12?) = 322000 

Saving by Economizer, per cent 

- 322000 x100 _ 7 

19050 X 447.,5 - v•8 

Efficiency of Boiler, Furnace and Economizer 

Bff ic iency of Economizer, per cent 

Ideal efficiency of Economizer, per cent 

322000 X 100 
1510000-

Cost of Oil to evapor&te 1000 lb. of Steam F~&Ao 212 deg~Fa 

Heat available for heating Feedwater in Economizer, 

B.t .. u .. per lb. of Oil. 

(500 w 127) + 9 Xol3(1090.,7 + .,455 X 500 a 127) 

~ 5.,29 X 3?3 + 1480 = 3368 

or 3368 x 44?.5 = 1510000 Bot.u. per hr. 



TeE:; t Ko . (2) - ---· .. ~- · ----~--, .... _ .. ____ _ 

Heat absorbed by Economi zer , B .. t .. u .. per lb.of' OD. 

= 5 o29 {5QQ • 3?5} + 9 X ~13 X .46(500 w 375) = 7i8 

or ?28 x 44?.5 = 326000 ~ .. t.u. per hr. 

Radiution from Economizer. B .. t .. uo1 per hr .. 

= 326000 - 322000 = 4000 B .. t.u a per hr~ 

Heat to Stack, BotoU• per lb , of Oil 

Exces6 Air, per cent 

100 X 8 X 6e4.?_ ____ _ 
a299 X? X 83~84 - 8 X 6.42 

(46} 



Ef ficiency of Bo iler and Fu r nace , p e r cent 

Heat supplied by Economizer B11t.u. per h1· .. 

= 55?0 X (185 - 129} = 311800 

Saving by Economi zer, per cent 

100 X 311800 - 3 ~ 
1~050 x461--~ - .... 

Efficiency of Boiler, Furnace and Economizer, per c en t 

Efficiency of Economizer, per cent 

::: 100 X 311800 
272000 = 115 

Ideal efficiency of Economizer, per cent 

= = 23.l 

Coat of Oil to evaporate 1000 lb .. of Steam Fo&A,. 21~ deg .F. 

= 1000 X 461 X 11002li~-· ::= $ Q
4
162 

-.98 X 61'35 

Hea t available for heating Feedwater in Economizer 

B,.t.u. per hr .. 

::: 86.5(11 X 12 X s2l7 + 8 X 6111 X .21? + 82 .. ~ X? X ~256) 
~--- ~•-• r r • • •- ~ •-----

(485 - 129) + 9 X 1113(10~0.? + 0455 X 485 - 129) 

- 4~31 X 356 + 1386 = 2927 

or 2937 x 461 = 1360000 B .. t.u. per hr. 



Hea t absorbed by the Economi,:;;er, B.t.u. per lb .. of Oi l 

= (4.33 + 9 X .13 X w46)(485 - 364} = 590 

Or 461 x 590 = 2?2000 BotoUo per hr. 

Radiati.on from Economizer B.t.u. per hr. 

= 272000 - 311800 = - - -
Heat to Stack, :s.t.u. per lbo of Oil 

= 4033(364 - 5-) + 9x •13(1091.? + ~455 X 364 - 50)= 2566 

or 461 x 2566 = 1180000 b.t.u. per hr. 

Excess Air, per cent 

= 



Eff i cjency of Bo i l e r a nd ~ 1rnace , p er c ent 

Heat supplied by Economizer , B .. t.u. per hr~ 

6980(188 * 12?) = 426000 

Saving by Economizer, per cent 

426000 X 100 
19050 x6l2 

Efficiency of Boiler, .Furnace and Economizer, per cent 

Efficiency of Economizer, per cent 

= 100 X 426000 
54'7000 

= 77.8 

Ideal efficiency of Economizer, per cent 

1000 X 426000 
1,99°0,000 = 21.4 

Cost of Oil to evaporate 1000 lb. of .Steam Fo&A. 212deg . F . 

= 1000 x 612 X 0002113 - $ Ool72 
7660 :x ~~- -- -

Heat available for hea ting Feedwater in Economiz er 

Eot.u. per lb. of Oil 

_ 86.5(11 x 13ol x.217 + 8 x 3.,34 x .217 + 7 x 83-~x -24 6 ) . 
- $ X l~.l 

{582 - 127) + 9 X .13(109007 + 0455 X 582 - 12? 

= 3.99 X 455 + 1435 = 3250 

or 612 x 3250 = 1 1 990,000 E.t.u. per hr. 



Test No.(4 ) ---------
Hea t absorbed. by Econ omi zer, B .. t .. u. pe r lb of Oil 

= {3.99 + ~ X vl3 X ~46)(582 - 385) = 893 

or 612 x 893 = 54?000 B.tou• per hr-

Radiation from Economizer, B.t.u. per hr11 

= 547000 - 426000 = 121000 

Heat to Stack, B.t.u. per lb. of Oil 

= 3.99(385 ~ 50) + .13 X 9(10~0.7 + 0455 X 385 - 50) 

= 2760 or, 612 x 2760 = 1,690,000. B.t.u. per hr. 

Excess Air, per cent 

100 X 8 X 3o34 



Efficiency of Boiler and Furnace, per cent 

:::: 

Heat supplied by Economizer, B~t.u. per hr. 

= 3605(161 - 127) = 122?00 

Saving by Economizer, per cent 

122700 X 100 
19050x295 

Efficiency of Boiler, Furnace and Economizer, per cent 

Efficiency of Economizer, per cent 

== 100 X 122?00 
129300 

== 95.0 

Ideal efficitmcy of Economizer, per cent 

= 100 X 122?0Q__ = 16 ;; 
?43000 •v 

Cost of Oil to evaporate 1000 lb. of Steam F.&.A. 212 deg .. F .. 

= 1000 X 29~.Jl,.991.13 = $ 0ol57 
4040 X 098 

Heat available for heating Feedwater in Economizer 1 

B.t.u. per lb. of Oil 

(367 - 127) + 9 X .13(1090.? + e455 X 367 - 127) 

:: 5.0 X 240 + 1320 = 2520 

or 295 x 2520 == 743000 B.t.u. per hr. 



Heat absorbed by Econorni¼er, B .. t .. u. per lb. of Oil 

= (5~0 + 9 X .13 X e46)(367 - 288) = 382 

vr 295 x 382 = 129300 B.t.u. per hr. 

Radiation from Economizer, B.t.u. per h~. 

= 129300 w 122?00 = 6600 

Heat to Stack, B.t.u. per lb. of Oil 

= 5.0(288 - 50) + 9 X &13(1090.7 + .455 X 288 - 50) = 2560 

or 295 x 2560 = 755000 B.t.u. per hr. 

Excess Air, per cent 



Test 1To_06 )_ 

Efficiency of Boiler and Furnac e, per cent 

Heat supplied by Economizer, B.t.u. per hr. 

= 2708 X (150 - 133) = 46100 

Saving by Economizer, per cent 

= 46100 X 100 = lel 
19050 X 216.2 -

Efficiency of Boller, Furnace and Economizer, per cent 

Efficiency of Economizer, per cent 

i:::: 
46100 X 100 = 68•2 6'7500 

Ideal efficiency of Economizer, per cent 

46100 X 100 
448000 

= 10 ... 3 

Cost of Oil to evaporate 1000 lb. of Steam F.&.A. 212 diag • .F . 

:::: 
1000 X 216 .2 X 0002113___ = $ 0.1525 

3055 X .98 

Heat available for heating ::i'eedwater in Economize1·, 

B.t.u. per lb. of Oil 

86.5(11 X 19_116 X .,217 ,._ 8 X 5 ,.Sl X _. 21? + ? X 83.5) 
3 x l.O .6 • 

(296 - l.33) + 9 X ol3(1090o7 + 0455 X 296 - 133 ) 

= 4.88 X 163 + 1250 = 2077 

or 216.2 x 2077 = 448000 B.t.u. per hr. 



Test No >i (6) ______ , ___ _ 
Heat absorbed by Ec onomizer) :E.t.u. per l'b. of Oil 

= (4.88 + 9 X .13 x.46)(296 - 238) c 314 

or 216.2 x 314 = 67500 B.t.u. per hr. 

Radiation from Economizer, B.t.u. per hr. 

= 6?500 - 46100 = 21400 

Heat to Stack, B.t.u. per lb. of Oil 

(54) 

= 4088(238 - 50) + 9 X .13(1090.? + u455 X 238 - 50) 

=== 206? or 216.2 x 2067 = 44?000 B.t.u. per hr. 

Excess Air, per cent 



Eff in ienny of Boile:r and .Furne.tee, per c~nt 

Heat supplied by Economiz•:H, :B.t.~.t. per hr. 

= 5200(155 - 115) = 208000 

S-.ving by Economizer, per cent 

E.f'f iciency of Boiler, Furnace and Economizer, per cent 

Efficiency of Economizer, per cent 

208000 X 100 = --338000--·-- = 61 '" 6 

~deal •~ffic iency of Economizer, per c~nt 

= 208000 X 100 
1:ffooff 6 • - ~ -

Cost of Oil to evaporate 1000 l'b. of Stt:fam F.&.Ao 212 de~ .. F~ 

= 

Heat available for heatlng Feedwatar in Economizer, 

:B.t.u. pe1· lb. of Oil 

= 86. 5 {11 .x--~~9--~-- ,._~~1-± _§....A __ !_'!.g_§._~~'?..~!7._t_?..2~._$..§. .&_Ji. __ '!,2.,46 l,_ 
3 x S.9 

(517 - 115) + ~ X .13(10~0.? + 0455 X 517 - 115) 

= 5o2l X 402 + 1410 = 35000 

or 374 x 3500 = 1310000 B.t.u. per hr. 



He~t absorbed by Economi.z13r, :B.t.u per lo. of Oil 

: 5.21{517 - 360) + 9 X el3(517 ~ 360) = gQ3 

or 374 x 903 = 338000 B.t.u. per hr. 

Radiation from Economizer, B.t .. a .. per hr. 

= 338000 = 208000 = 130000 

Heat to Stack, B.t.u. per lb. of Oil 

(56) 

= 51121( 360 ~ 50) + 9 X .13(1090.7 ♦ e455 X 360 ~ 50) 

= 2816 or 374 x 2816 = 1052000 -B.t.u. per hr. 

Bxcesa Air, per cent 
















