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THE STEAM ENGINE UNDER VARIABLE LOAD.

Object: To determine, experimentally, the re=-

lation between variable loads and constant load as to their

effect upon steam consumption in steam power installation.

Method: The steam consumption per indicated horse=

power 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 shom. 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 30 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 consumption 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 ig a

new Corliss of the Nordberg type built by the Yordberg Con-

struction Company of Milwaukee which was irstalled in the

enzine laboratory of this college during the fall of 1908.

Diameter of cylinder 12 inches

Stroke 30 °

Diameter of piston rod 256/16 *

Connecting rod ° 6 ft. 3 » p/L= 1/5

Fly wheel diameter 19 *

Frake wheel 6 ®

Nain bearing 6 3/4 in. x 9 in.

Cylinder displacements:

Head end 3353 cue. ine = 1.56 cu. ft.

Crank end 3267 * e =1.835 * §*®

Clearance volus3:

Head end

Crank end

A
in. = 2.9

4
67.33 cu.

63.63 * =
f94°

Indicated hor3enover constants:

Head end 0.00856 74

Crank end 0.00824°3

Brake hor3epover constant 0.001098

Rated reveluticn3 ver minute 90.

Qa



Indicators: Two indicators were used one for each

end. Both, however, were run from the same Crosby reducing

motion ty attaching a double pulley whish carried the cords

running around 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 tie mean effective

pressure.

Calorimeter: A standard make of the Carpenter

Throttling Calorimeter was used. 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.

Scaless 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. = PKN B.H.P. = WKN

Where P =mean effective pressure

K = horsepover constant

WN = revolutions per minute

W = brake weights.

Quality of steam . H+-48 Cs tt) —nh
 

ae



Nomenclature is that used in Peabody's steam tables.

Pounds of dry steam per horsepover hour

Q x Wx 60
PX

where

Q = quality of steam

W = weight of condensed steam

H.Pvhorsepover

T = time in rinutes.

—4—



The first vork wa3 done on Tuesday, March 30th,

1909. We spent the day in auttine the engine into shape and

rigging up the indicators.

The next day, Yednesday, we found that the cutoff

on the crank end wa3 considerably greater than that on the

head end and so proceeded to reset the valves to correct this.

Wednesday afternoon we were running the engine when the main

bearing got hot enough so that the babbitt metal filled the

oil grooves in the quarter boxes and cap. We took these parts

out, renewed theoil grooves ard scraped the bearing to a fit.

We 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 made for the purpose of testing our apparatus, the engine

and auxiliaries and to faniliarize ourselves with the method

and requirements.

On Friday, April 2nd, our test No. 1 was run.

<=



TEST NO. 1. Made April 2, 1909.

In this test, "hich va; run for seven and a ialf

heurs, we wsed eight Jead3. The first six were kept con=

stant for fitty minutes each, allcwing ten minutes for the

brake to take up each new load, and for the air funp etc. to

be brousht under the new conditions. The seventh load was

only apnlied for ten sinutes and was found to te too small

for the overload we wished. This waz then increased until

the card; showed cutoff at about 80% of the stroke. This

gave as high an overload as the scale would stand and it

was kert constant for fifty cinutes.

Carus were taken from eaoh end every ten minutes,

and the Me. F. P. and I. H. P. were figured in the usual way.

The vacuum wa3 kept constant at 20" a3 nearly ag

was resaiple varying but slightly either way.

The I. H. Pe and R. H. Pe. and quality of stean vere

figures Ly meant of the formulae given above.

Avernse values of I. Hh. Pe, Be He. Pe and pounds

of dry steam per horse-pover-hour were computed and plotted,

as before mentioned, on Plate II. Any point on these curves

giving the averaze steam consumption of the engine if run

at tlat 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'ts. la -

-6-



lh being cards from the head end of the cylinder, and Fig's

ea-2h, being cards frem the crank end.

A copy of the runnine log, or the observed data

will be found in Taile I,computed data will be found in Table

Il.



TEST NO. MII. Made May 13, 1909.

In this test we folloved 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. We

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 readinzs were taken every four

minutes. Qur computations were based on these reading3. The

condensed steam from the condenser would lag behind a few

minutes 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. He Pe He. So to correct this error we took the average horse

power and average steam consusption 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 BR. H. P. sometimes the I. H. P. being less than

the R. H. Pe. This is 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

-3-



did not take 3tea: at every revolution, this save a nerative

horsenower at tires, cards taken at this time are shown in

Fists. 2b ani 4b. Cards for maximum load are shown at 3a

ani 4a, ard onarda taken at the mininum load when the cylinder

wa3 taking 3te1m are shown in Fig's. 3c and 4c. Fig's. 3a-3c

being head end cards ard 4a=4c being crank end cards.

A copy of the running log or observed data will be

found in Table III, scornuted data in Table IV.



TEST NO III. Made May 18, 1°09.

In general this test vas run and worked up as No. II

had ween. The lcad used however, was that of an Electric

Lighting plant. Plotted asa shown in bro:en line of Flate I.

Both the peak and ninimum loaus cf this te3t were

higher than those of Ko. II. The average load lLeirg at the

most efficient load as shown try the steam consurption curves

.of test No. I.

The averaye H. P. and stean congurption are shown

on Plate II.

Fie'ts 5a and 5b are cards from the head end taken at

maximum and minimum loads resy;ectively. Fig'ts. 6a ani 6b

are cards fron the crank end taken simultaneously with Sa and

5b.

A copy of the running log or the observed cata will

Le found in Table V3 the computed 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 steam its full stroke when starting.)

Conclusions The tests show conclusively that the

effect of considerable variation in loads during the day is to

i rrease the steam consumption largely. Although the nethod

of applying the results of our test might be questioned by

some as being inaccurate yst we are very sure that any in=

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

-10—



tion in the arount cf the irtrease az ahnovn ty cur Tiate II

and would not affect our conciu:ion. An intere>tins point

for further investization «cull be the economic limit te

Which the increase in the nw.ver of pover units employce

uicht be carried in reducing the unit steam corsu.ption.
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TABLE (Continued. }

Corr. Quality 7 of Dry of Dry
Scale | of 3team Steam

0 Wtg. BoH.P. Steam. Fer I.H.P.H. Per R.H.P.H.

1 294.2 ---— $6.8 <= ~<-——

» 241.3 L508 S7. 30.24 50.6

2 117.4 11.4 $7.25 40.51 43.47

4 56.00 5.5 $7.6 £2.05 ORek

5 37.0 3.7 $7.85 ---—= 113.0

Cc 30.0 50 [8.0 -———— 107.38

7 45.0 4.5 97.9 a-== 68.15

8 54.0 5.2.5 " 45.0 67.95

9 50.0 5.0 97.25 7866 G1.é

10 40.0 3.9 7.65 75.6 77.1

11 45.0 4.5 C7. ee €8.19
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20 783.5 70.0 26.4 28.85 24.7
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