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Test of Babcock and Wilcox Boiler
Job No. 5836 = - 1906
situated at
The Pasadena Municipal Light Plant
The object of this test was to determine the
efficiency of the boiler over a range of loads.

At the plant this boiler is known as Boiler No. (1).
It is used to supply steam for tne generating units.
The method of procedure consisted in making and
recording seven tests of the boiler at loads ranging
from fifty per cent of the builders' rating to one

hundred thirty per cent. The following data and

cocnclusions were obtained from these tests.
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~Gensral Informution

Boiler
Bullt by the Babcock and Wilcox Company .
Job No. 5836 - - 1906.
81 water tubes, 18 ft. long by 4 in. diame.
1l drum, 23 ft. 3.625 in. long by 42 in. dian.,
Thickness of drum = 0.5 in.
15 superheater tubes, 16 ft. 4 in. long by 2 in. dian.
15 superheater tubes ,17 ft. 6 in. long by 2 in. cdiam.
Water heating surface = - ~ = =~ = = = - - 1703 sqg.ft.
Superheating surface = = = = =~ = = = - = <66 sq.ff.
The boiler is made of open-hearth steel, elastic
limit = 580001b. per sg.in., to carry 200 lb. gage
pressure with 100 deg. fahr. or more superheat.
Builders rating = = = = = = = = = - - =~ 170 bl.hep.
Cost of boiler including erection of stack - & 7000.
Extra equipment includes Webster Automatic Dampex
Regulator and American Gage Companyts Thermofeed
Regulator.
A Leyhe Burner was used to atomize the fuel oil.
This burner fired forward.
Steam for atomizing the 0il was flurnished by a
separate boiler but it was assumed that 2 per cent
of the steam generated was necessary for atomizing
the 0il. This assumption was based on Hammel 0il

Burner tests and may be too low.



Boiler, continued
The original baffles have been removed from the
boiler. The present arrangement is shown in
accompanying drawing.
The setting is built so that part &f the air may pass
between heated brick walls before it enters the
furnace.
The boiler was clean at the time the first six teste
were made. It had not been cleaned for a pericd of
six weeks befors test No. (7) was made.
Economizer
Manufactured by the Green Fuel Economizer Co.
128 vertical tubes, 9 ft. long by 4.5625 in. diam.
Heating surface ==- = =~ = = = = = = = 1536 sq.fte
Cost, erected - = = = = =~ = = - -~ - $ 2000.
The economizer was dirty at the time test No. (1)
was mad@ but in good condition for the other tests.
Fuel 01l |
The 0il used in all the tests was supplied by the
Undon 0il Co. and was from the Whittier district.
A szmple of oil was taken dﬁring 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 0il used in the first
8ix tests was used in the calculations for these tests,

the average of the two determinations made on sample
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Fuel 2il, continued
¥oe (7) was used in the calculations for test No. (7).

Calorific Value by Parr Calorimster

Test No.(1l) Sample No«{l) - - - 19050 Bet.u. per 1b.
" No.(1) " Noe{2) - - - 18940 " "o
"  No.(2) " No.(1) - - - 19500 " "o
"  No.(2) v No.(2) & - - 19100 " I
*  No.(3) No.{1) - - - 19560 " 0w
" No.{(3} " No.{2) - - - 19060 " "o
" No.{4) No.{1) - - - 18780 " "o
" TNo.{4) "  No.(2) - - - 19200 " L
"  No.{3) " No.{1l) - - - 18750 “ .
"  No.{5) Noo{2) = « = 18700 " P
%  No.{s) " No.{l) - - - 18840 * "W
" No.{s) No.{2) - - - 19000 " .
"  No.{7) No.{1l) - - - 19240 " ooo.
" No.{7) No.{2) - - - 19230 " " w

Average for first six tests - - 19050 " v "

Average for test No«.(7) - - - 19235 # " .

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 same
heating value was found and the average of these

values used in the calculations.



Fuel 0il, continued

Chemical Analyses of California ana Similar Oils

Place Carbon % Hydrogen %
Fresno 86.24 13.80
Santa Barbra 86432 11.70
Baku 86 .89 13.11
Baku 86.30 13460
Baku, 86.70 12.9%4
Average 86.50 13.03

Fuel 0il was measured just before it enterzd the
burner by a 0.75 in. Worthington Meter. This meter
was calibrated in gallons and when tested at Throop
College of Technology the meter constant was found
to be 0.985 .

Weight of o0il passing meter=

= 0.985 X 62.4 X G (M“M')

=

7.48 1be.
G = specific gravity of oil at temperature it sentered
the burner.
M{= initial meter reading.

M' = final meter reading.

0il Pressure CGage
This was made by the Chas. C. More Co. It wus not
calibrated as the reading did not enter inte the

calculations.



Feedwater

This was measured after it left the economizer and
before it entered the boiler by passing it thru a
1.5 in. Worthington Meter. This meter measursd the
guantity passing in cubic feet. By tests made at
Throop the meter constant was found to be 0.0 . This
correction and the effect of temperature on the
specific gravity were allowed feor in calculating the
amount of water passing thru the meter.

Weight of water passing meter =

= 090 x 62.4 x @ x(M=M') = 1Db.

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 o0il line
measuring the temperature of the 0il to the burners
were tested for freezing and boiling point and found
correct. The steam line temperature readings were

corrected for stem exposure.



Thermometers, continued
Stem corrascticn = K = 0.000088D (T-t) deg. fahrs
This correction is to be added.
D = number of degrees on the scale from the surface
of the o0il in the thermometer well to the =nd of
the mercury colume

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 was
openad wide and steam allowed to escape continuosly
thru a 0.125 in. orifice in & calorimeter connection
placed below the thermometer well. The drip and the
thermameter well were covered with magnesia in testis
No.4 to No.{7) inclusive. In tests No.{(1l), No.(2), and
No.{3) ten deg. fahr. should be added to the obssrved
sbeam temperature readingsto correct for the drop in
the uncovered pipe. This correction is based on
observed rise at time when the pipe was covered.

The temperature of the water entering and leaving the
economizer was obtained by thermomsters placed in wells

extending into the feedwater pipes.



Thermoneters, continued
The stems of these thermometers were protected from
air currents by a glass and metal case, therefore no
stem correction was applied.

The temperature of the flue gas entering the
economizer was measured by a special long stemmed
thermometer extending well into the current of the
gas. No stem correcticn was applied.

The temperature of the flue gas leaving the
economizer was measured with an ordinary thermometer
reading to 700 deg. fahr. This thermomegter was let
down thru a hole in the economizer top by a wire. In
tests No.(1l), 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 recorded.

The fuel o0il temperature was measured on the main
oil line at the o0il pumnp.

Steam Pressure

This was measured by an Asbhcroft Mfg. Company's
gage placed on the front of the boiler. A record of
the calibration of this gage with Crosby Dead Weight

Tester is includsd with the data sheets.
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¥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, 0.75 in. in diam.,extended thru the
boiler setting. Outside the wall it was reduced to
0.25 in. diam. The gas was drawn into a bottle by
siphoning water out thru a rubber tube. In this way
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 sample
to be tested drawn intc the apparatus. Tests were
made fo# carbon dioxide (CO0s), carbon monoxide (CO),
and oxygen (0g2). The residue contained nitrogen (N},
unburned hydrogen (H), and hydrocarbons. A& only
two or three tenths of one per cent of CO was detected
once or twice during a test it was omitted in the
calculations.

Remarks

AB the test was made under operating conditions it
was impossibles to blank off the boller, but all
valves thru which steam or water might escape were
tightly closed. The boiler was blown down once each

shift during the tests.
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Remarks, continued
The water level in the boiler was maintained the
same by the Thermofsed Regulator.
A graphical log similar to the one included feor

test No.{4) was kept during each test.
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Calibration of Steam Pressure Gage on Boiler No.(l) at
Pasadens Municipal Light Plant, November 29, 1914.

Calibration made with Crosby Dead Weight Tester.

Gage Weight ZError Gage Veight Error
1be. 1lb. 1bs lo. lb. 1b.
0 0 0 167 95 12

20 5 15 113 1ce 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 i25 13
48 35 13 143 130 13
53 40 13 14745 135 1245
878 45 12.5 152 140 12
62 50 12 16% 145 12
67 55 12 162 150 12
72 60 12 167 1565 iz
77 65 12 172 160 12
82 70 12 1765 165 11.5
87 75 i2 181.5 170 11.5
92 80 12 186 175 11
87 g5 12 191 180 11

102 90 12 196 185 11

107 95 12 201 190 11
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Conclusion

The reason for undertaking these tests was to determine the
efficiency of the boiler over a wide range of load, if practicable
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 outpﬁt 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 however 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 emonomizer,

The high boiler efficiency 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.

Difficulty was encountered in making the burner throw the oil
in 81l directions in ecual amounts. The tendency being for one side
of the burner to clog thus throwing most of the oil to one side of
the furnace. X burger which would insure an even distribution of oil

would make 1t possible to obtain complete combustion with less zir.



(37)
Reducing the al 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 oafried into the furnace. The high percentage
of hydrogen in the fuel may be partly responsible for the low per-
centage Of carbon dioxide. The hydrogen unites with the oxygem of
the air to form water and leaves free nitrogen thus increasing the
relative amount of nitrogen in the flue gas and reducing the percent-

age of carbon dioxide.
The difference between the heat absorbed from the flue gas

by the esonomizer and the heat absorbed by the feedwater in passing
thru the economizer is so small that an error of ten degrees in the
flue gas temrerature combined with an error of two or thre per cent.
in the carbon abd hydrogen assumed in the oll 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 b§ the economizer 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 = 12 % 335 = $41.20

at 128 per cent. rating the saving per year is

7960 x 3.7 x 24 X 345 X 70 _  szoc oo
100 x 13 x 335 s




(38)
Assuming that the life of the economizer is twenty years and that
the sinking fund to replace it is earning four per cent. the annuity
necessary t0 replace it at the end of that time is

0.04 x 2000 = §$65.30

(1 + 0.04)20 -1

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 857 normal rating. The operation and repair charges
should be small, therefore the economizer should be & good invest-
ment if the boiler is operated at about rated load where the daving
would be about £250. per year.

The boiler is assumed to have a life of fifteen years with
a wrecking value of 3$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 hefore it
wears out. If the sinking fund wearms four per cent. the annuity

necessary to replace the investment is

0.04 (voqg5f 500) = 3325,
(1 + 0.04) -1

The interest charge at six per cent. amounts to 7000 x 0.06 = $4.20,
Total fixed charges on boiler and economizer egual $927.

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

of fuel o0il per year.



(39)

Reference to the curve shows that the 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 light 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 showing made by the boiler it is doubtful if it wounld be

good economy to force it very far beyond the builder's rating.
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Test Hoe(l) .

9. ol

Efficiency of Boiler and Furnace, per cent

Hzat supplied by Bceconomizer, B.t.u. per hr.
= 5730(127 « 88) = 223500
Saving by Economizer, per cent

223500 x 100
19050 x 485.6

2642

Efficiency of Boiler, Furnace and Economizer, per cent

= 66el ¥+ 2s42 = 6845
Efficlency of Economizer, per cent

£23500 x 100 _ 45,1
343000 .

Idzal efficiency of Economizer, per cent

of
= ;ggmggﬂ%.§i§>§wigggll§-m = % 0163

Heat available for heating Feedwater in EBconomizar,
B.t.u. per 1lb. of 0il

< 2865(11 x 1045 x 217 % 8 x 5.3 X +217 + 7 X 84.2 x 246}

—.w--o-aA-mau«o‘ao.nr Nab T sl A i e

(547 - 88) + 9 x.23(109047 + 455 x 547 = 83)
= 4.93 x 459 + 1465 = 3730

or 485.5 x 3730 = 1810000 B.t.u. per hr.
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Test Nos ‘;.13

Heat absorbed by the Economizer, Biteale per 1be. of €1l
={4e93 ¥ 9 X 413 X 246) (547 = 418) = 706.5
Or 485.0 x 706.H = 343000 B.t.u. per hr.

Radiation from Bconomizer, Bst.u. per hr.
= 343000 = 223500 = 119500

Heat to Stack, Bst.u. per 1lb. of 0il

L]

4.93{(418 ~ 50) *+ 9 x L13(1090.7 4+ 455 x 418 = 50)

i

3257 or 485.5 x 3257 = 1580000 B.tsue¢ per hre

Excess Air, per cent




Efficiency of Boiler and Furnace, per cent

- 598 x 5675 x 97044 X 100 _ sz,
19050 x 44746 <

Heat supplied by Economizer, B.tsus per hr.
- 5120 x (190 ~ 127) = 322000
Baving by Economizer, per cent

=_322000 x100 _ _ .,
19050 x 447.5 = <&

Efficiency of Boiler, Furnace and Econcmizer
= 6342 + 38 = 67,0

EBfficiency of Economizer, per cent

_ 322000x 100
= RSE000 V08

Ideal efficiency of Economizer, per cent

= _322000 x 100 _ .y
1610000 manbic

Cost of 011 to evaporate 1000 1lb. of Steam F.&As 212 deg.l.

= _1000 x 4475 % 002113  _ 4 o
5675 X 98 * Dalil

Heat available for heating Feedwater in Economizer,
Bsteue per 1lb. of Qil.

e 86.5(11 x 974 x 217 4 8 X 6.42 X o217 + 7 X 83.0 x .2
3 X 9.74

(500 = 127) + 9 x:13(1090,7 + 455 x 500 & 127)
= 529 x 373 4 1480 = 3368 '

or 3368 x 447.& = 1510000 Best.u. per hre.



™o = o
Test Nos ( & )
SN2 ) e s )

Heat absorved by Economizer, Bst.us per lb.of Cil
= 5.29(500 « 375) + 9 x 12 x <46(500 - 378) = 728
or 728 x 447.5 = 326000 Botesus per hre.
Radiation from Hconomizer. Bufoua rer hr.
= 326000 = 222000 = 4000 Beste.us per hre
Heat to Btack, Botsus per lb. of 0il
= 5.20({375 = 50) + 9 x +13(1090.7 4 455 x 375 = 50)
= 3140 or, 447.% x 3140 = 1405000 B«t.ues per hr.
Excess Air, per cent

_ 200 x 8 X 6.42 = 41.3
T w299 x 7 X 8384 =~ & x 6442




Test No.{(3) _

Efficiency of Boiler anda Furnace , per cent

. 288 100 x 970.4 X 6135 _ _ .. .
= 715050 x 461 = RodR

Heat supplied by Economizer Betsu. per hre
= 5570 x (185 ~ 129} = 311800

Saving by Economizer, per cent

- 100 x 311800 = 3.5
19050 x 461 v

Efficiency of Boiler, Furnace and Economizer, per cent

i}

3el 4 6645 = T0QL0
Bfficiency of Economizer, per cent

= 100 x 311800
272000

= 115

Ideal efficiency of Economizer, per cent

_ _311800 x 100  _ .
1350000 £ank

Cost of 0il to evaporate 1000 1lb. of Steam Fo&A., 2172 deg.¥.

1000 x 461 x o002113  _ & o 1a.
= =98 % 6135 = ¥ 0.162

Heat available for heating Feedwater in EHconomizer
Betous per hr.

- 86:5(11 X 12 X 217 4 8 X Dol X 217 4 8249 x 7 x i256)

3 x 12 7
(485 - 129) 4 9 x .12(1090.7 + 455 x 485 = 129)
= 4,33 x 356 + 1385 = 2927
or 2937 x 461 = 1350000 Bst.u. per hr.



o~
o
H 9
Lo

Test No.(3})

Heat absorbed by the Economizer, Bet.u. per lb. of 0il
= (4433 + 9 x 13 x 46} {485 ~ 364) = 590
or 461 x 590 = 272000 Bstsue per hr.
Fadiation from Economizer Bet.ue per hre
= 272000 - 311800 = « = =
Heat to Stack, Bstsu. per lb. of 0il
= 4.33(364 = 5=) + 9x «13(1091.7 4 455 x 364 = 50)= 2566
or 461 x 2566 = 1180000 betsue per hre.
Excess Air, per cent

100 x 8 & 5.l = 30.8
(299 X 7 X 8249)= (8 X 5.1)




(49)

Test Nool4)

e

Efficiency of Boiler and Furnace, per cent

«98 x 10U x 7660 X 970.4
190506 x 612

= 6244

Heat supplied by EBconomizer, Beteus. per hre.
= 6980(188 = 127) = 426000
Saving by EBconomizer, per cent

426000 x 100
19050 x 612

= 3s

Bfficiency of Boiler, Furnace and Economizer, per cent
= 6244 + 347 = 66el ’
Efficiency of Economizer, per cent

_ _100 x 426000
547000

= 7.8

Ideal efficiency of Economizer, per cent

1000 _x 426000 _ _ .
1,990,000 alad

Cost of 0il to evaporate 1000 1lb. of Steam F.&A. Z2l2deg.F.

1000 x 612 x 002112
7660 x +98

= § 0,172

Heat available for heating Feedwater in Economizer

B.tsu. per 1lb. of Qil

— 8605(11 X 13:1 X217 4+ 8 X 3:34 X 2217 4 7 x 83.6 x 6246)~
I x 13.1

£582 < 127) + 9 x <13(1090.7 + +455 x 582 - 127
= 3,99 x 455 4 1435 = 3250

or 612 x 32560 = 1,990,000 B.t.us per hr.
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Test No. (4’ L

Heat absorbed by Economizer, B.t.u. per 1lb of 0il
= (399 + 9 x «13 x :46)(5682 - 285) = 893
or €12 x 893 = 547000 Bsto.us per hr.

Radiation from Economizer, Beteus per h{»
= 547000 ~ 426000 = 121000

Heat to Stack, B.t.u. per 1lb. of 0il

= 3.29(385 - 50) + <13 x 9(1090.7 + 455 x 385 - 50)

2760 or, 612 x 2760 = 1,690,000. Beteve per hr.
Excess Alr, per cent

- .20C x
(«299 x

X Da04 1840

8 x 3
7 X 83.6)=(8 x 3.34)



Test Nos(5)

Efficieney of Boiler and Furnace, per cent

+98 x 100 x 97Q.4 x 4040Q L= BB eX
18050 x 295

Heat supplied by Economizer, Bsteus per hr.
= 3605(161 - 127) = 122700

Saving by HKEconomizer, per cent

= 222700 x 100 = 2,2
19050 x 295

Efficieﬁcy of Boiler, Furnace and Economizer, per cent
= 682 + 2:2 = T0.E
REfficiency of Economizer, per cent

. _100 x 122700
129300

= 95.0

Ideal efficiency of Economizer, per cent

_ 100 x 122700 - 315.5
= 743000 v

Cost of Qil to evaporate 1000 1lb. of Steam F.&.A. 212 deg.F.

_ 1000 x 285 x 008113 = ¢ 0,157
. 4040 x .98

Heat available for heating Feedwater in Economizer,
Bsteu. per 1lb. of 0il

o 86e5(11 x 1044 X +217 + 8 X 6+1 X 217 + 7 x B35 x.246)
S x 10.4

(367 = 127) 4 9 x «132(109047 4 <455 x 367 = 127)

5:0 x 240 + 1320 = 2520

fl

or 295 x 2520 = 743000 Butsu. per hr.



Test No«(5)

Heat absorbed by Econcmiser, Bst.u. per lb. of 0il
= (5.0 + 9 x 13 x .46} (367 - 288) = 382
®r 295 x 382 = 129300 B.tsu. per hr.
Radiation from Economizer, B«.teu. per he.
= 129300 ~ 122700 = 6600
Heat to Stack, B.t.u. per 1lb. of Qil
= 5.0(288 - 50) + 9 x +13(L090.7 + 455 x 288 - 50) = 2560
or 295 x 25660 = 755000 Bastesns per hr.
Excess Alr, per cent

- 100 X_=§_X 6l .= B8 .8
T (299 x 7 x 83.5) = (8 x 6.1)




Test No.(6)

Efficiency of Eoiler and Furnace, per cent

98 x 100 x 97044 x 3055
19050 x 2162

= 705

Heat supplied by Reonomizer, B.t.u. per hr.
= 2708 x (150 - 133) = 46100
Saving by Economizer, per cent

- 46100 x 100 = 1.1
19050 x 2162

Efficiency of Boller, Furnace and Economizer, per cent

= T0.5 % 1.1 = 71.€

Efficiency of Economizer, per cent

=

46100 x 100 _

67500 8.2

Ideal efficiency of Economizer, per cent

_ _46100 x 100
= 7248000

= 10.2

Cost of 0il to evaporate 1000 lb. of Steam F.&.A. 212 dzg.¥F.

_ _1000 x 216.2 x +002113 = & 0.1525
= 3055 x .98 ¥ Salo3

Heat available for heating Feedwater in Economizer,

B.t.u. per 1b. of Cil

86.5(11 x 10,6 X 217 + 8 x 5.2 x 217 + 7 x 83.5)
3 x 10.6

(296 = 133) + 9 x «13(1090.7 + 455 x 296 = 133)
= 4.88 x 163 4 1250 = 2077

or 216.2 x 2077 = 448000 Bet.u. per hr.



Test No.(6)

Heat absorbed by Economizer, B.t.u. per 1lb. of 0il
= (4.88 + 9 x o13 x.46) (296 - 238) = 314
or 216.2 x 314 = 67500 Be.t.u. per hr.
Radlation from EBconomizer, B.teu. per hr.
= 67500 = 46100 = 21400
Heat to Stack, B.t.u. per 1b. of 0il
= 4.88(238 - 50) + 9 x .13(1090.7 + .455 x 238 - 50)
= 2067 or 216.2 x 2067 = 447000 B.t.u. per hr.
Excess Air, per cent

- 100 x
(.299

e

83,58 x 5.9)

= 376l

& x5
X7 x

7



Test No. {7}

Efticlency of Boiler and Furnace, per cent

_ =98 x 100 x 9
- 19235 x 3

Heat supplied by Economizer, Bet.ue per hr.
= 5200155 = 115) = 208000
Saving by Bconomizer, per cent

208000 x 100 . = 2.9
19235 x 374

Efficiency of'Boiler, Furnacé and Econowizer, per cent
= 2:9 + 773 = 80.2
Bfficiency of Beconomizer, psr cent

208000 x 100 _ _
s 61.6

Xdeal efficiency of Economizer, per cent

e B S R U =

208000 x 100 = 15,9

~LERRLEEL = ¢ 0,1377

Heat available for heating Feedwater in Bconomizer,
B.t.2. per 1b. of Oil

- 86.5(11 x 9.9 x 217 % 8 X 4

(517 = 115} 4+ 9 x «13{1090.7 4 +455 x 517 =~ 115)
= 5.21 x 402 4+ 1410 = 35000
or 374 x 3500

i

1310000 Bebells per L5 o



(56)

Test Mo.(7) .

Heat absorbed by Beonomizer, B.t«u per lb. of 0il

= 5.21(517 = 360) + 9 x 13(517 = 360) = 903
or 374 x 903 = 338000 B.t.u. per hr.
Radiation from Economizer, Be.te.u. per hr.
= 338000 = 208000 = 130000
Heat to Stack, B.t.u. per 1b. of 0il
= 5.21{ 360 = 50) + 9 x +13{1090.7 + «455 x 360 = 50}
= 2816  or 374 x 26816 = 1052000 B.t.u. per hr.
Bxcess Alr, per cent

o 100 x 8 x 4.28
(«299 x 7 x 85.8) (8 x 4.28)

= B3.6
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