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THE STEAM ENGINE UWDER VARIABLE LOAD.

Object: To determine, experimentally, the re=-
lation between variable loads and constant load as to their
effect upon steam consurption in steam power installation.

Method: The steam consumption per indicated horse-
pover per hour for the engine on which the tests were made
was carefully determined for a series of constant loads and
its characteristic curve plotted as shown. We then selected
what seemed to be characteristic load curves of two large
power stations, one a lighting plant and one an electric
railway power station. (See Plate I). It was not thought
feasible to run a full twenty-four hour test for each of these
curves but as our determinations were designed to be only re-
lative the scale of time was reduced 3o that the test could
be made in something more than three hours. That is, the
twenty-four hour period was reduced to one hundred and ninety-
two minutes. The scale of power output was reduced so as to
come within the limit of the engine used. With these reduced
scales the tests were made as described in detail later. The
average value of indicated horsepover and of steam consumption
per indicated horsepower hour were plotted upon the sheet con-
taining the characteristic curve for the engine. The differ-
ence between the steam consurption ordinate for this horse-
power and the ordinate for constant load at the same horse-

power should show the effect which was to be determined.
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Apparatus: The engine used in thess teats 13 a
new Corliss of the XNordberg tyre built by the YTordberg Con-
struotion Corpany of Milwaukese which wa3 irstalled in the

enzine laboratory of this college during the fall of 1808.

Dianreter of cylinder 12 inches

Stroke 30 .

Diameter of piston rod 2 6/16 *

Connecting rod - 6 ft. 3 * P/ALE1/5
Fly wheel diareter 190 "

Frate wheel 6 "

¥ain tearing 5 3/4 in. x 9 in.

Cylinder diasplacements:
Head end 3393 cu. in. = 1.¢6 cu. ft,.
Crank end 3ze7 " *® =-1.,838 *»
Clearance volumes:

A4

Fead end 67.33 cu. in. = 2,

Crank end 63.63 * *» = 1,949

Indicated horiencwer constants:

Head end 0.0085674

Crank end 0.00824°23
Brake horsepower constant 0.001098
Rated revcluticni ver minute 0.
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Indicators: Two indicators were used one for each
end. Both, however, were run from the same Crosby reducing
motion by attaching a doutle pulley whish carried the cords
running arcurd the drurs in place of that regularly supplied
with the reducing gear. The springs were calibrated (See Table
VII) and the proper correction applied to tle rean effective
pressure.

Calorimeter: A standard make of the Carpenter
Throttling Calorimeter was uéed. The sample steam was taken
out of the steam pipe just above the throttle valve.

Thermometer: The thermometer used was compared
with a standard instrument and found to be correct in the
limits of accuracy within which it could be read.

Scales: All scales used were calibrated and their
calibration curves, if any error was noted, are shown here-
with., (See Plate III.)

Formulas:

I.H.P. = PEKN B.H.P. = TWEN
Where P = mean effective pressure
K = horsepower constant
N = revolutions per minute

W —~ brake weights.
H +.48 (¢" - ¢')—n
L

Quality of steam
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Nomenclature is that used in Peabody'!s steam tables.
Pounds of dry steam per horsepover hour
Qx ¥ x 60
P x
where
Q = quality of steam
¥ = weight of condensed steam

H.Pshorsepower

T = ¢time in nminutes.
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The first —work was done on Tuesday, March 30th,
1209, We spent the day in getting the engine into shape and
rizzing up the indicators,

The next day, Wednesday, we found that the cutoff
on the crank end wa3s considerably greater than that on the
head end and so proceeded to reset the valves to correct this.
VWednesday afternoon we were running the engine when the main
bearing got hot enough so that the babbitt metal filled the
0il grooves in the quarter boxes and cap. We took these parts
out, renewed the oil grooves and scraped the bearing to a fit.
Ve experienced no more difficulty from this cause throughout
the tests.

Thursday morning was spent in final adjustments
of the indicator rig. Thursday afternoon a preliminary run
wa3 rade for the purpose of testing our apparatus, the engine
and auxiliaries and to familiarize ourselves with the method
and requirements.

On Friday, April 2nd, our test No. 1 was run,
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TEST N0. 1. Made April 2, 19090

In thias test, vhich was run fur seven and a unalf
hcurs, we uied eight lcad3s. Thoe first six were kept con-
atant for fifty minutes each, allcwing ten ninutes for the
brake to take up each ncw load, and for the air punp etc. to
te brousght under the new conditionas. The seventh load was
only arnlied for ten ninutes and was found to te too small
for the overload we wished. This was then increased until
the card: showed cutoff at about 807 of the stroke. This
gave as high an overload as the scale would stand and it
was kert constant for fifty cdnutesa.

Cards were taken from each end every ten minutes,
ard the ¥, F. P. and I. H. P. were figured in the uaual way.

The vacuum w23 kept constant at 20" a3 nearly aa
was recssible varying but slightly either way.

The I, H. P. and R, H. P. and quality of steam were
figurel Ly meany of the formulae given above.

Average values of I. H. P., B. H. P. and pounds
of dry steam per horse-power-hour were computed and plotted,
ag before nentioned, on Plate II. Any point on these curves
giving the average steam consumption of the engine if run
at trat corresponding load.

Characteristic indicator cards were selected from
each load and tracings were made of them. Blue prints will

be found of these cards under Fig's. 1 and 2. Fig's. la -
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lh being cards from the head end of the cylinder, and Fig's
2a-=2h, being cards frcm the crank end.

A copy of the running logzg, or the ohserved data
will be found in Tai:le I,computed data will be found in Table

11,



TEST NO. 1II. Made May 13, 1909.

In this test we followved out the variable load
of a Street Railway Power plant, as given by the ampere chart
for a day, and which is shown in full line in Plate I. Ve
assumed the peak load of 1,120¢ on the brake and reduced the
ampere scale to correspond to this. Loads were changed every
minute of the test and cards and readinz3 were taken every four
minutes. Our computations were based on these readings. The
condensed steam from the condenser would lag behind a few
minutee and when the steam consumption per horse-power-hour
was figured from these readings, taken at the same times, we
~obtained such absurd results as 130 pounds of dry steam per
I. H. P« Ho 30 to correct this error we took the average horse
rower and average 3tear consw:ption for the whole test and
plotted these on Plate II giving as the average steam consumption
for this class of load.

This test was also run with a vacuum of about 20 inches.
The air pump stopped at the peak load for about a minute but the
vacuum only changed to seventeen inches.

At time there appears to be a discrepancy between the
I. H. P. and B. H. P, sometimes the I. H. P. being less than
the BR. H. P, This i3 probably due to the fact that the load
was decreasing and the brake had not been entirely adjusted to

the new load. While running at the minimum load the cylinder
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did not take 3texr: at every revolution, this pgave a nepgative
horasenowsr at tiies, cards taken at thiis time are shown in
Fig's. Zb and 4b. Cards for maximum load are shown at 3a
and 4a, ard cnrds taken at the minimus load wren the cylinder
wa3 taking 3steam are shown in Fig's. 3¢ and 4c. Fig's. 3a-3c
being head end cards ard 4a-4c teings crank end cards.

A copy of tte running lecg or observed data will be

found in Table III, nmorputed data in Table IV.



TEST MO III, Yade }ay 18, 1209.

In general this test wvas: run and werked up as No. IX
had been. The lcad used however, was that of an Electric
Lighting plant. Plotted as shown in broi:en line of Flate I.

Both the peak and minimuwm loaus c¢f this test wcre
higher tlhan those of Xo. II. The average load leir;z at the

most efficient load as shown ty the steam consurption curves

Of te')'t Yo. Io

The average H. P. and steam consurption are shown
on Plate II.

Fig's 5a and 5b are cards from the head end taken at
maximum and minimum loads resjectively. Fig's. 6a and 6€b
are cards from the crank end taken simultaneously with Sa and
6h.

A copy of the running log or tlie obssrved lata will
e found in Table V; the coisputed data in Table VI.

(Fig's. 7 and 8 are cards taken just as we were start-
ing this test, before the steam was entirely turned on. These
show the action of this type of Corliss valve. It allows the
cylinder to receive ateam its full stroke when satarting.)

Conclusion: The tests show conclusively that the
effect of considerable variation in loads during the day is to
imcrease the steam consuuption largely. Although the nethod
of applying the results of our test might be yuestioned by
somé as being inaccurate yst we are very sure that any in-

accuracies due to this cause would show only a possible varia-
=10=-



ticn in the arcunt o¢f tle irzrease &s «hio'n Ly cur Tlate II
and would not affect our conclu:ion. An intere-ting point
for further investisation =woull be tle econcemic lirit to
which the increase in the nw.ler of power unit: erploycd

uiizht be carried in reducing the unit steam corswption.
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TARLE IV. (Continued.)

Corr., Quality # of Lry ; of Dry

3cale of 3tear Iteam
0 t3,. B.H.P. Steam. Fer I.H.P.H. Per R.H.P.H.
1 294.3 —— 6.8 ——— ————
< ?41.3 3.3 S7. 30.24 30.6
3 117.4 11.4 87.25 40.51 43.47
4 66.00 6.5 7.6 22.59 52.2
5 37.0 3.7 €7.86  =~eee- 113.0
o 30.0 3.0 ¢8.0 ——— 107.8
7 45.0 4.5 7.9 ———— £8.156
8 54.0 5.5 " 45.5 67.95
9 60.0 5.0 97.25 78.2 €l.2
10 40.0 3.9 e7.65 75.6 77.1
11 46.0 4.6 7.3 em——- €8.19
2 137.6 13.6 ©6.75 €4.9 €0.8
13 341.1 23, 6.7 5.7 57.68
14 538.6 57.5 96.4 2348 24.0
156 €89.6 6€.6 96.5 2240 54433
16 803.3 77.6 . 17.55 £1.37
17 868.3 83.0 . 22.4 ©3.46
18 8560.3 8l.3 96.4 ——— <4.48
19 783.4 74.8 6.3 21.7 c4.7
20 783.5 70.0 6.4 £8.85 4.7
21 613.6 69.2 96.6 20.4 4.
32 B98.6 . " 19.55 21.9
Q3  593.6 56.7 96.7 20.8 ZR.64
24 b697.8 57.7 96.6 240 23.65
26 615.6 59.4 i 23.1 24.13
26 638.6 €1.7 " £3.55 24.32
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1 1:16 3¢0 231 1 ¢] <0 2710 29.46
o 1:190 345 " " L 55.0 3064
3 1:23 320 " S0.5 " 49.6 3424
4 1:27 285 <30 » . » 3786
5 1:31 » 228 o1 " 53.H 4139
C 1:325 . " " " ) 44902
7 1:39 » 229 S0.b » 6l.5 4854
8 1:43 » L " " Bb2.b6 5513
9 1:47 » 228 20 21 B3 5580
10 1:51 " 230 " . 49,5 5940
11 1:55 335 227 " " 9.5 6293
12 1:5¢ 370 228 " 20 62.b 6658
13 2:03 425 226 » " 63.5 7G20
14 2:07 €156 224 . . 21 7372
16 2:11 650 223 89 " 100. 7730
16 2:15 €60 222 . » 96 8081
17 2219 " 2R3 d " 91.5 8432
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TABLE V. (Continued.)

2 3 4 5 6 7
€50 223 90 20 98 10896
480 226 ’ . 84.56 11246
£53 o) " " 37.5 116)4
720 " » " 100.5 119€0
759 At " P .110.5 12318
200 o228 o "o114.5 13603
8.0 nEQ " no1n4, 113510
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120085} " 3¢ " 143.5 16456
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775 RS " " 111.5 17509
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TAPLE VI,
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