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CHAPTER I.

Object of Thesis.

In the operation of an automobile on the road it is
very difficult to investigate the efficiency of its mechanism,
as it is impossible to accurately det~mine the power develop-
ed. In order to form definite ideas in regard to the econ-
omy and power of the Stanley automobile engine and boiler
under various conditions, a. special apparatus was built, em-
bodying all the essential working parts of a carriage, but
affording means for the accurate measurement of the power de-
veloped, and for securing other necessary data.

The apparatus was so constructed that the power measured
would correspond to the power delivered to the rim of the
wheel under actual conditions, the sa.me friction losses being
introduced. This enabled direct comparisons to be made.

The point of greatest interest to be studied~ was the
influence upon the efficiency of superheating the steam. In.
addition, the effects of varying the load, the speed and the
point of cut-off of the engine were to be considered.
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CHAPTER' II.

Description of Apparatus.

Before showing the arrangement of the testing apparatus,
a brief description of the motive parts of the automobile
manufactured by the Stanley Motor Carriage Company of Newton,
will be given.

The engine has two double acting cylinders, with a common
I 1steam chest •. The stroke i5 3/12", a.nd the bore 2i2". It

has ordinary slide valve s, a rrl a Steve nson 1 ink mo tion, whi ch
5

in full gear gives a cut-off at about /8 stroke. The pis-
tons each have two broad packing rings. The crank shaft,
crank pin, eccentric sha.fts and cross head are all fitted
with ball be ar ings. ]lg 1, :r:aee 4 gives a plan view 0 f engine,
Fig. 2, a side view.

The boiler is of the vertical fire tube type with copper
shell and tubes. The shell is wound with two layers of
steel wire. No rivets are used in the construction, the
heads be ing held to the shell by electrically welded steel
rings shrunk on. There are 295, 72" copper tubes, giving
a he5.ting surface of 37 sq. ft. The 1:::0 iler is Vw"611 lageed
with asbestos. The superheating of the stearn is accomplish-
ed by throttling and by passing the steam through the boiler
tubes and through steel tubes in the fire box.
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The ordinary equipment is shown in Fig. 8, (Page 64 ),
the course of the steam being indicated Qy arrows.

The burner consists of a cast iron shell, slotted, for
the outlet of the gases., Fig. 3 shows a top view, and
Fig. 4 a bottom view of the plate. The arrangement of the
va.porlzer and ca.sing is shown in Fig. 5. The gasoline for
the main burner passes through the pipe 1, ( Fie. 5 ) and,
leaving the jet 2, enters the mixing tube 3. The pilot light
has an independent vaporizing tube, 4, a.nd jet 5.

The water level in the boiler is shown by a special in-
dicator, thus doing away with a water glass, and allowing the
use of very high boiler pressures. The indic8.tor consists
of an enlarged water column, in which is placed a cylindrical
brass float, a.ttached to a light chain running over a sector
carried by a rod passing through the wall of the chamber.
The leaka.ge of steam is prevented by a small, nicely ground
conical bearing, which offers but slight resistance to the ro-
tation of the rod. On the outside end of the rod is a
wheel carrying a cord on which is suspended a lead counter-
weight. The brass cylinder, partly bal8nced by the counter-
we ight, floats on the water J e.nd by the posi tion of the out-
side wheel the level can be followed very closely.

The testing apparatus consisted of an engine and boiler,
with the pump and other fixtures set up in a.heavy wooden frame.
Fig. 6 (Page 6 ) gives a ~eneral idea of the arrangement, and
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Fig. ? shows a plan view of the essential parts. The en~ine,
1, (Fig. ? Pa~e?) is geared directly to the shaft 2, carry-
ing the brake wheels 3 and 4. The water pump 5, and the
gasoline pump 6, are both operated through the rocker ?, the
connecting rod 8, and lever 9. The w~ter pump is supplied
from the tank A (Fig. 6) and when the valve 10 (Fig. 7) is
closed, delivers the water to the boiler 11, through the pipe
12. If the by-pass valve 10 is open, the water is allowed
to return'to the supply tank through the pipe 13.

The gasoline pump draws from the tank b. (Fig. 6) through
the pipe 14 (Fig. 7) and delivers into the pipe 15. In order
to provide an air cushion, the pressure tank 16 is connected
to the system at I? . 'l'hepressure is controlled by an auto-
matic by-p~ss valve 18, which allows the gasoline to return
to the supply tan~ throu~h the pipe 19, when the required
pressure 1s reached. When the by-pass is closed, the g8so11ne
passes up through the valve 20. From here part of the fuel
goes through the valve 21to the pilot light, B.nd the remainder
passes throuGh the pipe 22, into a coil on top of the boiler,
which serves to raise its temperature so that it is more
quickly vaporized on reaching the burner. Leaving the coil
it passes throup;h the valve 23 to an automatic regulator.
This serves to shut off the F:r,0_so1ine supply to the main bur-n-
ner when the boiler pressure reaches the required amount. It
is operated by the action o~the steam pressure upon a dia-
phragm.
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The throttle valve, 24, is controlled by the lever, 25.
The ste~n, passing through the throttle v~lve and superheat-
ing coils, leaves the boiler by the pipe, 26. Before enter-
ing the engine, the steam passes through the thermometer jack-
et, 27 (also C. Fig. 6). This consists simply of a copper
tube closed at the bottom, encased by a large iron pipe.
The steam passes downward, completely surrounding the copper
tube, and out into the steam chest of- the engine. The ther-
mometer is immersed in oil in the copper tube. The pipe
entering the jacket at 28 serves as a connection to a steam
gauge, ~o give the pressure in the jacket, and also as an in-
let for the cylinder oil.

The cylinders are oiled by a mechanically operated device
consisting of a small pump intermittently driven by a earn oper-
ated from a ratchet wheel.

The arrangement of the friction brakes is well shown in
Fig. 6. The spring balances, d and e, are supported from the
rod f. The counterweights are suspended in water to check the
vibrations •. The brake band consists of 5 small ropes, the
strain being distributed evenly between them.
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CHAPTER III.

Details of Tests.

The feed water was weighed in the tank from which it
was pumped to the boiler. The tank wa.s set on a Fairbank plat-
fa rm scale. The connections to the pump were made with

At the beginning
flexible rubber tubing. The scales were in good condition,

. I;and were sensitive and accurate to /4 lb.
and end of a test the water level in the boiler was brought
to a fixed point, and the scal ~ balan cede The only possible
erro~ with this method was in determining the water level from
the indicator. The higher the boiler pressure the less sen-
s1tive the indicator became. At pressures less.than roo 1bs.
the water level could certainly be found within 14". With
the highest pressures, the error could not posBib1y be greater
than 12". The area of the boiler being about 84 sq. in.,an
error of 7'2" in water 1 evel would give an error of 42 cu. in.
or 1.58 Ibs. In the average test this would give a maximum
possible error of 1.8% in the total amount of water, and an
error of about .?% in th~ water per H.P. hou~ The gasoline
was weighed in the supply tank at the beginning and end of
the test. The weighing was done on a pair of small Fairbanks
scales,which were tested and found to be accurate within 12
ounce. It was necessary to take the supply from the bottom of
the tank, and since rubber tubing could not be used on account
of the gasoline, an ei~fltfoot length of flexible drawn cop-
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per tubing was arranged so that no pull would be exercised on
the connections. This was found to have no effect on the
balance of the scales. The by-pass pipe was supported en-
tirely free from the tank, and discharged into the top
through a hole.

An error of r2 oz. in weighing the gasoline used would
produce in the average test an error of about .45% in the
total amount used and .18% in the gasoline per R.P. hour.

It is believed that a very accurate determination of the
power developed could be made with the apparatus used. The
scales for measurin~ the pull were two la.rge spring balan ces,
reading to ounces, and having a range of 60 lbs. These
scales were carefully tested, and the maximum ~rror was found
to be 3 oz. at 50 Ibs. pull. ~ having the counterweights
immersed in water, the fluctuations of the balance needles nev-
er exceeded ~ lb. The pull changed quite rapidly with the
speed of the engine, but as the r.p.m. never varied by more than
4 or 5 per minute, the mean of three-minute readin~ was
thought to gi ve a resul t well wi thin the accuracy of the
rest of the test. At first considerable trouble was caused
by the heating of the wheels, which resulted in a rapid in-
crease in the pull. By the continuous applica.tion of ker-
osene to the ropes, this difficulty was entirely overcome,
the pull remaining practically constant, even if the wheels
bec;:,mevery hot.

The counterweights were weighed immersed in the water,



with the same balance used in connection with them.
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Due al-

lowance was .made for the weight of the rope .which did not act
on the brake wheel. An error of 72 lb. in measuring the ef-
fective pull would cause an error of .9% in the calculated
horse power, with a 2.5 R.P. test.

It is to be observed that the power measured is the net
power developed, or the power which the engine is actually
capable of delivering to the rim of the wheel. The friction
losses are practically the same as in the automobile, the
brake wheel shaft running on ball bearings as does the or-
dinary rear axle. The brake wheels weigh about 350 lbs.
apiece, thus giving about the same load on the outside
bearings as in a carriage.

The brake wheels were of sufficient weight to secure
smooth running of the engine, but the fly wheel effect of a
carriage is, of course, much greater.

The revolutions of the brake wheels were taken with an
ordinary counter. The units place could be read at the
highest speed.

The gauges used were tested before beginning the exper-
iments. No attempt was made to determine the boiler pres-
sure closer than five pounds, as this has no bearing on the
results. Readings .were taken, however, at three.minute
intervals, in order to have a record of any undue fluctuation
which might have an influence on the other conditions of the
test.



12

The steam chest pressure, or what was actually found, the
pressure in the thermometer jacket,was determined as c10se-
ly as possible. Up to pressures of 60 lbs. a gauge reading
to tenths of a pound was used. Above 60 lbs. a gauge which
could be read to ~ 1b. was substit~ted. These gauges were
carefully compared and t ested. The 60 lb. gauge was accu-
rate within ¥4 lb. The accuracy of the other gauge was within

1the Iimit'3 of /,21b. read ings•
The back pressure on the engine was fQund to be less

than }10 lb.

absolute.
It was therefore assumed to be 14.7 lbs.

The temperature of the feed water was read at 12 min.
intervals, during the test. A centigrade thermometer was

1used. This could be read to jio of a degree.
The temperature of the gases after leaving the boiler

was ~ound ~y placing a thermometer in the bonnet. It was

observed that the temperature varied greatly in different
parts of the bonnet. For purposes of comparison the temper-
ature was always taken centrally over the boiler, above the
gasoline coil. This.coil served to heat the cold gasoline
before it was suppl~ed to the burner. and it was due to this
that the bonnet temperature was always below the boiler tem-
perature.

The temperature of the steam supplied to the engine was
observed by means of the thermometer jacket already described.
The thermometer was immersed i~s whole length in an oil bath,
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thus removing the necessity for steam exposure corrections.
Readings were taken to single degrees, the thermometer be-
ing easily accurate to this extent. The tube holdirig the
oil was of thin copper, an~ being completely surrounded Qy

moving steam, must have followed the fluctuations in temper-
ature very closely.

The exhaust temperature was found by a Crosby thermometer,
having the bulb surrounded by moving steam. The exha.ust
pipe was wrapped with a thick layer of asbestos to prevent loss
of heat before taking the temperature.

The various points of cut-off in the series of tests to .
observe the gain in linking up the engine were found in the
following manner. In each test the space between the end
of the link blocks a.nd the end of the link, on the side of
engine away from the pump rocke~ was measured carefully, with
the crank on the crank end dead point. After the completion
of all the tests, the steam chest co~er was removed, and the
actual points of cut-6ff of each cylinder corresponding to
these positions were noted.
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CUT-OFF IN PERCENT OF STROKE.

Position of Cylinder No.1 Cylinder No.2 AverageLink Blocks HE C E H E C E C.O.
Full Gear 73 54 76 51 63.5

~6 65 48 68.5 44 56.3
'l2 51.5 37 55 33 44.1
74 34 23 38 19.5 28.6
/8 25.5 14 29 12.5 20.2

17'16 22 12.5 25.5 9 18.2

The cut-ofrs used in plotting the results are the av-
erage of the four strokes, a.s taken from the above table.

The same quality of gasoline was used in all the tests.
The heat of combust,ion of one sample was determined by the
~unkerB' Gas Calorimeter. Four runs were made with the
following results.

18960 B.T.U. per lb.
18790 n " "
18700 " " "
18760 " " n

Average 18800 B.T.U. per lb.
This resul t is considered correct within one percent.



CHAPTER IV.

Account of Tests.

The first ftve tests run were of one-half hour dura.t1on.

Three of these tests were carried out under s1nl1.1ar condtt1ons

1.n order to observp. how closely the results ,.'ould checl{ UP.

A considerable vari.ation was found to ex1.st, and on looking

over the data, it was observed that there VIas a large differ-

ence tn the exhaust temperature of the separate tests. In

some it was noticed that this temperature rose stead1.ly

throughout the run. It was therefore dec1.ded to warm up the

engine for a longer t1.me before beginning readings, and to

increase the 1ength of t he run.

Tests l~os. 6, 7 and 8 were two-hour tests, but the wa.ter

and gasoline were wei.ghed at t r.e end of each hour, thus giv1.ng

practically two tests. Great care was taken to allow the en-

gtne to warm up unt 11 the t emperatur e of the exhaust became

consistent t one hour being nee essary when starting with a cold

engine. On comparing the r esul ts of t hes e tests, tt was

found t.hat the two halves of each run checked up withi.n one

or two per cent, and no fluctuations in exhaust t~nperature

were found. It was therefore dectded to make the succeeding

tests of one hour duration.

In these preliminary runs several th1.ngs of importance

in conducting the rematnder of the test were noted.

The back. pressure was found to be practtcally atmospher-

15
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ie pressure, and the amount of superheat at the exhau~}t
was therefore calculated by assuming the temperatul~ of the
saturated steam as 212oF~

It was seen to have little effect on the burner draug:qt,
whether or not the steam was exhausted into the bonnet.
Hen~e, it was thought best to deliver the steam directly out
of doors, instead of into the bonnet, as in the automobile,
the back pressure not being affected.

In the first tests, the water in the boiler was regu-
lated in the usual manner, by closing-and opening the by-pass
valve when necessary. As this caused a slight change in
the speed of the engine, another meth~d was tried in the
two-hour tests. Instead of closing the by-pass valve tigh t-
ly when the water in the boiler was low, and opening it wide when
it became too high, the :valve was adjusted so as to just main-
tain a constant level by allowing a little water to flow back
all the time. In this way changes in speed were avoiaed,
but the engine was kept pumping again~t boiler pressure dur-
ing the entire test. It was thought that as the stroke of
the pump was quite closely adjusted to supply about the
right amount of water, the additional work would be negli-
gible. In comparing the results of the tests, however, it
W~s at once seen that this was not the case, and therefore in
all other tests the usual method was followed. Tests Nos.
6, ? and 8 were discarded on account of this difference.

It was anticipated that the raising and lowering of the
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water level would, by changing the amount of moisture in the
steam at the throttle, have an influence on the degree of
superheat obtained. No fluctuation due to this cause
eQuId be observed.

The change in superheat, observed in all the tests,
was due to the changes in the gasoline supply to the main burn-
er. V~en the by-pass was opened and no cold water was pump-
ed into the boiler, the fire was necessarily reduced, and the
superheat would drop immediately. On closing thcby-pass, the
temperature of the steam would again rise.

It was found that care had to be taken not to screw up
stuffing boxes unnecessarily tight. The lubrication of the
cylinders was also seen to have a direct influence on the re-
sults. With one exception, the oil worked regularly and
fed a uniform supply of oil in all 'the tests. One test,
during which the oil did not feed properly, was discarded.

No difficulty was found in bringing the water level to
the same point at the beginning and end of the test. Al-
though the position of the indicator was constantly changing,
it was possible to estimate very clos~ly what the conditions
would be four or five minutes ahead and regulate the qy-pass
accordingly. It was usually possible to have the level rising
at the beginning and end of the hour, thus throwing out the
error due to the lag of the indicator. The time on one test
was lengthened to one hour and a hal f to allow the water to
reach the required point.

The bonnet or flue gas temperature wa,snot taken in tests



9, 10 and lIt owing to a broken thermometer.
Records of each test, in which the~e was no known er-

ror follow:

18



KEY TO RECORDS OF TEST.

COLUMN I.
Time.

COLUMN II.
Counter Readin~s.

COLUMN III.

Boiler Pressures.
COLtnl!N IV.

steam Chest Pressures.
COLill\m v.

Bonnet or Flue Gas Temperature.
COLUMN VI.

Temperature of Superheated steam at the Engine.
COLUMl-T VII.

Temp'era ture of Exhaust Steam.

COLUtm VIII.

Feed Water Temperature.
COLUMN IX.

Readings of Brake Scale No.1.
COLUMN X.

Readings of Brake Scale No.2.

19



TEST NO. 9. 20

Gasoline Press = 100.
Cut off percent stroke = 64.
Counter weight brake No. 1 = 9.8Q.
Counter weight brake No. 2 =

,"",11110~_~' '- :'!U,_~. !.~=~""",;",,,,,,:"""::c";'''''''',:'''''''''r~->l:;I;l'~''':1U''=';:;-3~=~'''' .,'~' '.Lk~,-~_.~~._",'='_-':"':.'~"'_""c'''"'''''''''''''''';'''''''~':'

1 2 3 4 5 6 7 8 9 10
Iif:!a_'~:_~." -;;;'llaU;;O:h."':'"~!lt_~:;_ •.r~ . """:"'''',"' ..:\:,[._ .. -... ..,.:..~.'o.'' .--""_,qd;"',,,""'''''''''''.''''''':',','.lOi,O,,,,_,,,.'n' ,

11.30 97931 400 33.2 594 290 35.6

.33 98541 400 33.2 578 290 35.2

.36 400 34.3 582 289 10.8 36.5

.39 99714 400 34.2 605 290 36.2

.42 00317 400 33.3 608 292 34.9

.45 00932 400 33.2 502 291 35.6

.48 01531 400 33.8 568 291 10.9 35.5

.51 02118 400 34.0 587 291 35.9

.54 02726 395 34.2 609 291 36.2

.57 03352 400 34.0 616 295 36.0

12.00 03971 400 34.0 615 296 10.9 36.0

. 3 04601 400 33.3 590 298 36.0

. 6 05218 400 33 ..2 571 296 35.5

• 9 06427 400 34.2 594 295 36.5

•12 400 34.0 608 295 11.0 36.7

.15 400 34.0 592 296 36.5

.18 400 33.8 573 294 36.9

.21 08234 400 34.1 578 292 36.8

.24 08829 400 34.1 607 292 11.1 36.7

.27 09432 400 34.2 613 294 36.8

.30 10042 400 33.8 ....._...____.___.__~10______296_.__.____ ._.____..._._____..____~..Q.!_~"-", --,._--"""_ ..,~.~~"-"",,.-

Total 12111 710.1 1248.0 6154 753.8

Aver. 201.85 400 33.81 .-.--..~.~-~--.-.g.~...........g_~~,!.,.Q1<"..~ ..._._.. ~ ___ n.~'Q,.t.~,2_Q~_~ .. -. - ..,~~.____, ...__ ....,;..._.>_ ...~_,.'", .., ...~-...,..~r_"..' .•.".,.•_.,.''''...,.,.,.,..,'...,.....''''''.,._" ...'_....

Water at start = 158.50 Gasoline at start = .22.25Water at end = 105.25 Gasoline at end = 17.50
Watel" used 53.25 Gasoline used 4.75
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TEST No. 10.

Gasoline Press = 100Cut off in percent of stroke = 64Counter weight 9.87 1bs.
j1 2 3 4 5 6 7 8 9 10

~ .. :);... =,'.,u~,.,-,-",~'~<,..-.. ... ,.",,"_~"IIU:O: ....... ,,,,,,,,,,r, ,,,,"<,,.," co', ,,_ ... , -"

1.30 10042 400 33.8 236 610 296 36.8
.33 10645 400 33.6 236 574 295 36.5
.36 11230 400 35.0 236 594 294 12.2 37.5
.39 11811 400 35.2 610 295 38.2
.42 12395 400 35.2 612 2g5 38.2
.45 12986 400 34.2 600 296 37.3
.48 13580 400 34.2 574 296 12.2 37.0
.51 14162 400 34.8 574 292 36.9
.54 147'70 400 35.6 594 293 37.6
.57 15384 400 35.0 612 295 37.3
.60 15997 400 35.0 614 296 12.3 37.3
• 3 16612 400 34.8 609 297 37.3

6 17234 400 34.6 582 29? 37.3
9 17833 400 34.1 567 294 36.8

.12 18425 400 34.8 587 292 12.4 36.8

.15 400 34.8 608 292 37.0

.18 400 34.8 612 295 37.4

.21 20250 400 34.3 601 296 3'7.1

.24 20853 400 34.8 592 295 12.4 37.0

.27 21462 400 34.2 595 295 37.1
2.30 22063 400 34.7 583 295 37.0

i..........'.,.,'..--. '_-'_ ..,~~"-.",, .....~_ ..,.,.,

!1 Total. 12021 727.5 12504 6191 781.4
. 'c. Ave.r. 20<?.~5 400 34.64 59542 294809 12.3 37.21 I, .-_ ...... -. , ..~ .•~... , .....~~..,~".,

Water at start 105.25 Gasoline at start 1'7.50
Water at end 48.75 Gasoline at end 12.75

Water used 56.50 Gasoline used 4.75



TEST NO. 11. 22

Gasoline Press. 100
Cut off in percent of stroke 64%
Counte r weight = 12 1-16 108.

• "~", ..... ~.~.ft_, __ ,~",~~.,
-.,', .. " ' - _ .•. ,,~, .. -- "" ... " •. > .•. ".~.,.,,,'-,,,,_ •• _,, •. --=, ••.-~-.,_ ......._, ..._~.-.u,_.....""_""",.._",~...','''''''-"',

1 2 3 4 5 6 '7 8 9

3.00 30080 400 37.8 593 278 41.6

.03 30687 400 37.4 595 280 41.7

6 31297 400 37.1 603 284 10.0 41.8

9 31910 400 37.3 594 287 41.5

12 32516 400 37.5 607 288 41.6

15 33141 400 37.5 608 290 42.7

18 33757 400 37.0 556 290 10.0 42.3

21 34359 400 37.1 555 290 42.0

24 34967 400 37.4 603 290 42.2

27 35579 400 37.4 613 290 42.1

30 36198 400 37.5 616 293 10.1 42.1

33 36811 400 37.4 615 296 42.2

36 37436 400 37.0 596 297 42.2

39 38050 400 36.9 5'75 296 42.0

42 38647 400 37.1 588 292 10.1 42.1

45 39250 400 37.3 608 295 42.2

48 39865 400 37.0 610 295 42.2

51 404'72 400 37.0 588 295 42.0

54 410'74 400 37~3 606 296 10.1 42.3

57 41687 400 37.0 600 296 42.3

4•OO- __ -.-i228 9 4QQ___37.1 - ...-. - __._q ____ . ___ . _Q_~ 9. 296 42.3

Total 12209 '782.1 12514 6114 883.4

Aver. 203.48 400 37.24 595.90 291.14 10.06 42.066. . ~--,-,-" .._.- .- •--"--, ___ ..._._ •..••& _____ ,__ ~ ..,.~._.W'H.."__..._~ _._"._.,.. _,-",""""',,",,""' __ "' ___ "._. -.....,."",., ..;"....."'.".,,, ...... __ "'_.. __ 1- ---.,.".-.-------"

Water at start 183.50 Gasoline at start 21.75
Water at end 123.25 Gasoline at end 16.50

Water used 60.25 Gasoline used 5.25



23TEST No. 12.
GasolinePress = 100
Cut off in percent of atroke = 64.

'"'"_QQu~1;f)r_.Yfe1ght= No. l=_.lgH~_Q_~H'_"_~<?~ 2 = 12.875.

.03 72493 390 62 395 580 273

•..• "•..•,..... _ •.'-., ..• ~,,_...". ''''~.~, .......... ,.__ .__ ~_.,. __ ...- ,, __ , ..• ,-,'~"." ,~._" .. _ .. ~~L-_,.,'~,

4.00 71904 390 63 395 581
1 2 3 4 5 6 7

273
8 9

44.5
44.4

10
43.8
44.0

.6 73089 390 62 395 580 273 11.6 44.3 44.0

.12 74279 400 62 400 580 274

.15 74904 425 64 398 576 275

.18 75312 400 63 398 581 275

.21 76107 395 63 403 590 276

.24 76700 400 63 403 585 276

.27 77299 400 63 403 582 276

.9 73687 390 62 398 580 274 44.2
45.0
44.5

11.6 44.1
44.2
44.0
44.0

44.5
45.2
45.1
44.8
44.9
45.2
45.4

4.30 77891 395 63 398 585 277 11.7 43.8 45.7

.39 79649 400 64 400 584 275

.33

.36
400 63 403 582 277
400 64 398 581 278

43.0
44.0
43.4

45.8
46.5
46.6

.42 80206 390 64 400 583 275 11.8 43.2 47.0

.45 80780 395 64 395 583 276

.48 81362 398 64 398 583 275

.51 81941 395 64 398 583 275

43.5
43.4
43.4

45.4
45.7
45.9

6348 1329 836£ 122305778 921.1 954.5 I

397 63.~.~_.,..39_~.__,~~~~~.~7~__~1.7 43.B6_45~

.54 82324 395 64 395 584 275 11.8 43.4 46.0
400 64 395 583 275 46.5

46.7
43.4
43.464 400 574 275400

Averg.196.l

I;
I

I 5 ::: :::~:
f - ....,-...~,..,..,. __ .,.., ...~ -_ ..-._.._~.,,_.".•~~"._-_. --_."~

Total 11766

Water at start
Water at end

Water used

201.75
103.25

98.60
Gasolineat start25 1bs. loz
Gasolineat end 15 " 4

Gasolineused 9 " 13ft



TEST :no. 13. 24

Gasoline Press. 100.aut off in percent of stroke 64.
~unt~J"we ight 5 Ibs. 6 oz.

1 2 3 4 5 6 7 8 9
9.35~-.-.- 96981 ---405- 29.3 378 5'r8----~~------ -~--~2O:--4----'

.38 97592 400 29.2 378 610 284 25.3

.41 410 29.3 358 585 287 6.2 25.2

.44 410 29.4 353 568 288 24.8

.47 99453 440 29.6 360 568 286 25.0

.50 00260 430 29.9 368 595 287 25.2

.53 405 29.2 353 583 287 6.2 25.0

.56 01386 410 29.5 370 591 286 24.8

.59 01890 420 30.7 363 602 288 26.0
10.02 02490 415 30.6 358 583 287 25.7

5 03079 .410 30.0 .363 583 288 6.25 25.5
8 03669 415 30.6 369 598 288 25.6

11 04267 410 30.2 372 608 290 25.7
14 04799 415 29.9 352 590 291 25.7
17 410 29.9 352 572 291 6.3 25.3
20 06065 415 29.9 361 588 289 25.2
23 06635 420 30.8 364 594 288 25.5
26 07218 415 30.6 358 585 289 25.8
29 07800 410 30.1 354 582 289 6.3 25.6
32 08382 410 30.2 362 583 287 25.6

10.35 08972 425 29.8 354 592 287 25.4 !
I

'-~----'-'----" --..-' ',- -- ..!

Total 11991 8700 628.7 7600 12338 6039 535.5 IAver. 19985 414.28 29.92 361.90 587.52 287.57 6.25 25.50 l
i------,-------.-------------- ..-.---------.,

Water at start 172.50 Gasoline at start 16.50
water at end 125.50 Gasoline at end 12.125

water used 41:00 Gasoline used 4.375
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TEST NO. 14.

Gasoline Prees. 95.
Cut off in percent of stroke 44%.Counter weight No. 1 7.0
Counter weight No.2 7.4

-'.,,,

1 2 3 4 5 6 7 8 9 10
~,,,;,,"~.~~,,.--...,,..~.,.•._,,. --_.~_.... , .._"._-, '-"--"'- - ..... ' ...._.--_-,.,-~,-, .....

11.00 93152 430 '73 380 598 254 9.9 30.6 31.3

.03 93829 430 '72 400 582 254 30.5 31.3

6 94490 430 72 403 585 2.54 30.5 31.4

9 95156 420 '72 400 580 253 10.0 30.0 31.1

12 95812 ~20 '73 415 600 253 30.6 31.6

15 96489 430 72 395 582 253 30.3 31.4

18 415 72 400 582 252 10.2 30.2 31.7

21 9'7803 430 '73 408 604 253 30.2 31.7

24 98480 435 73 410 606 254 30.2 31.8

27 99151 430 72 395 581 254 10.4 30.2 31.'7

30 99'799 430 73 406 605 256 30.0 31.8

33 430 73 406 607 257 29.9 31.9

36 01126 430 72 401 603 256 10.6 29.9 32.0

39 430 '72 395 5'73 255 29.8 31.9

42 02446 415 72 402 583 253 29.4 31.8

45 03094 430 73 404 607 254 11.0 29.8 32.2

48 03759 430 73 407 610 255 29.7 32.1

51 04422 430 73 407 607 25'7 29.8 32.5

54 425 72 404 592 256 11.2 29.7 32.4

57 05'750 420 72 400 582 256 29.3 31.9

.. _-~_. _..Qp~_9_:s_.. .4.~5 _~2 .4Q3 ._._59~ 256.. 11.3 29.4 32.0

Total 13241 8965 1521 8441 12463 5349 84.6 630.0 6674

Aver. 220.68 427 72.4 .402 593.4 254.7 10.5'7. 30.0 31.78- - --.- ___......_.'.,__.~._M___ ,__ ..__ . __________..'_ --~._ ... _.'----",._,-

Water at start 215.25 Gasoline at start = 15 - If).
Water at end 146.25 Gasoline at end = 8 - 14 1~2.Water used 69.00 Gasoline used 7 - 14 1 2.
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TEST No. 15.

Gasoline Press = 110
Cut off in percent stroke = 44.

1/8.Counter weight brake No. 1 = 5
Counter weight brake No. 2 = 4 5/8.

,..-- "''''-.- --" __ ~",~_~,,'<>""'m.-_~''''' ___ ''''''''T.'_",V", ..,.•..~,,.,. __ ~_",.",.~,.~_.,~" .•. ,_,,,,,,;., .• ,,,,,.,,,,,,.___ ~. ___ ~.

1 2 3 4 5 6 7 8 9 10
_........ ~ ..._..___ .,~.,..._,."'C""""'_.:-_~_c ..__ "Ol_ .._ -

-,".250--- 24. 5'''~:~2 .12.00 36591 425 63 375 590

.03 37208 420 63 375 581 252 24.5 24.8

• 6 37818 420 63 17.6 382 607 253 24.3 25.0

• 9 38433 430 64 380 607 256 24.3 25.0

.12 39069, 425 63 375 584 257 24.4 25.1

.15 39683 420 63 379 585 251 24.1 25.8

.18 40297 420 63 17.6 388 608 258 24.1 24.8

.21 40925 440 64 382 611 261 25.3 24.3

.24 41574 425 63 375 584 261 24.2 24.9

.27 42191 420 63 384 592 260 23.9 24.7
.30 42812 425 63 17.6 385 612 260 23.9 24.8
.33 43435 430 64 381 614 262 24.3 25.2

.36 44092 430 63 373 588 263 24.0 24.8 I

.39 44733 425 62' 375 574 261 23.9 24.8

.42 420 63 17.6 380 600 261 23.8 24.8 ;
I

.45 425 63 384 615 262 23.9 i
24.8 !

.48 46587 425 63 386 619 264 23.8 24.9 !

.51 47236 445 64 384 606 265 24.1 i
25.3 I

I

.54 4?887 415 63 17.8 378 581 264 23.9 24.9 !
i.57 48504 420 63 384 602 263 23.9 25.0 I
I

I
384 i.60 49146 425 63 609 264 ?1!q~.._....,..__g5 •~,~

Total 12555 8930 1326 7989 12569 5454 5072 5242 i
I,

2496
1

Aver. 2092542523 6314 17.6 38042 59852 25971 2415~=--

Water at start 205.5 Gasoline at start 14-15
Water at end 144.75 Gasoline at end 9-12 1-2

Water used 60.75 'Gasoline used ,-0:2 1-2
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TEST NO. 16.
Gasoline Press. 110.
Cut off in percent of stroke 64.%
Counter wei~ht, No.1 5 1-8
Counter weight, No.2 4 5-8

....._-
1 2 3 4 5 6 ? 8 9 10

-_.'" .., ... _,.--~~ .. ".. ,.... _ ..._ .. _.-- ... - .. ,.

3.20 58030 425 44 395 616 295 24.5 25.7
23 58623 425 44 393 604 291 24.1 25.4
26 59216 420 44 17.9 395 611 293 24.2 25.5
29 59812 420 44 396 612 295- 24.2 25.6
32 60425 425 43 383 590 296 24.2 25.6
35 425 43 381 575 295 24.2 25.8
38 425 44 18.0 392 604 294 23.9 25.7
41 425 44 397 615 296 24.0 25.8
44 62819 420 44 397 614 297 24.0 25.9
47 63415 430 44 394 612 298 23.7 26.3
50 64025 425 43 18.0 380 583 297 23.9 26.1
53 64621 415 43 380 574 295 23.9 26.2
56 420 44 392 601 295 23.8 26.3
59 420 44 395 615 296 23.8 26.4
2 66387 420 44 18.0 396 616 297 23.8 26.5
5 66981 420 44 396 615 299 23.8 26.6
8 425 44 395 612 300 23.8 26.7

11 425 44 382 592 300 23.8 26.7
14 415 44 380 575 297 23.8 26.7
17 69344 420 44 391 582 296 23.6 26.9

4.20 69931 420 44 392 609 295 23.7 26.9
""""""'~-'-'--'----'"

Total 11901 8865 920 8202 12637 6017 5029 5503
Aver. 198.35 422.1 43.80 18.0 39057 60176 28652 23.94 26.20 I ,_ ....~ i

Water at start 210.75 Gasoline at start 15 - 2
Water at end 139.0 Gasoline at end 8 - 12

Water used 71.75 Gasoline used 6 - 6
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TEST NO. 17.

Ga.soline Press. 110Cut off in percent of stroke = 29.
Counter weight bra.ke No. 1 = 5 1/8
Counterweight bra.ke No. 2 = 4 5/8.
- __ ~~_ ~~ H~_~ ~ --~_ ... ~~-------. _._--~----~------- -,1 2 3 4 5 6 7 8 9 10
h'4~-45-~"'~'7 :38 9 8 425 -94 3t36 576' 245 24.2 25.6

.48 74421 415 94 3'2 575 244 24.2 25.7

.51 75047 420 95 19.1 382 602 242 24.2 25.6

.54 425 95 385 613 242 24.5 26.0

.57 425 95 371 583 242 24.3 26.0

.60 76970 420 95 381 592 242 24.3 25.8
3 77610 420 95 192 385 610 242 24.4 25.9

I6 425 95 370 598 242 24.5 26.1
9 78910 425 94 365 578 241 24.5 26.1

12 425 95 375 599 241 24.3 26.1
15 425 95 19.2 378 612 241 24.3 26.2
18 80816 430 95 378 616 242 24.6 26.5
21 81467 425 94 362 582 242 24.4 26.4
24 82089 420 74 375 595 242 24.5 26.3
27 425 95 19.2 378 612 242 24.5 26.5
30 430 95 369 606 242 24.8 26.8
33 425 94 362 580 242 24.3 26.'1
36 425 93 358 575 241 24.2 26.5
39 85235 420 95 19.2 375 605 241 24.5 26.9 I

i42 85861 425 95 372 612 241 24.7 27.1 !
I
I

."_4Q..__._.__~.~~l_.._....•_g5. ... ~~L......_ ..___.._37~_...._.6q..7 24.l_.,..,....2~.!..~ __ ~'r!.~ lTotal 12583 1987 7834 12528 50805 126 552.0
Aver. 209.72 425 94.61 19.2 37285 59658 24190 24.41 26.29

~._.'~. __ . __ , ... _, .... ,~. __ , ••. _,~._ ..... ,,_ •.. ~., .• _ ..-..-.._'~....,_~~ ____ •• 'O •.. _~_ .. ___ -..-.._
~ ..'- ,---_._--,._"~." •._~> ..• ~-~.

Water at start 1'15.0 Gasoline at start 12 - 11 1-2Water at end 117.0 Gasoline at end 7 - 13 1-2
Water used 58.0 Gasoline used 4 - 14
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TEST NO. 18.

Ga.soline Press. 80 - 90
Cut off in percent of stroke = 29.
Counter weight brake No. 1 = 14 1/2.
~_~~n_terweight brake No.2 = 13 1/4.- .., ...... ".' '--'-'-" ..•. - .. ---

I 2 3 4 5 6 7 8 9 10
N°' "~"_' ____ 'V'h',_,_

.~_ .... _._,_. ___ ._,~, __ ""_,,,' ___ '__ , _____ '~V" ___ "'. _~>.o_~, .• "." e __ .~.,

4.00 97930 420 133 409 602 247 46.9 47.7

3 98611 415 132 407 595 247 46.5 47.3

6 99262 410 132 16.6 416 606 247 46.5 47.3

9 99912 410 133 416 60'1 247 46.4 47.8

12 415 133 417 606 247 46.7 47.9

15 01236 415 133 418 605 247 47.2 48.8

18 01919 415 132 16.7 408 595 246 46.6 48.0

21 02572 410 132 413 605 244 46.7 48.3

24 03236 415 133 417 606 245 46.6 48.5

27 435 134 406 598 246 47.4 49.4

30 04572 420 133 16.7 413 601 244 47.0 48.9

33 415 133 414 605 243 46.9 49.1

36 05880 440 136 411 602 243 47.9 50.6

39 06542 415 133 406 600 244 47.0 49.8

42 07184 420 134 16.8 400 605 244 47.4 49.8

45 07829 415 134 408 605 243 47.1 50.1

48 415 134 418 605 243 47.3 50.7

51 435 134 405 595 243 48.2 51.5

54 09736 420 135 16.8 419 602 244 47.3 51.0

57 103'59 425 136 425 606 245 47.6 51.3

_.5.00 ___ 10996 ..4g,Q 138 425 606 246 47.8 51.8
.'_." "-_ .._-------~~~.. __ .._._ .. --"_.- ... '-."_.,,.,...._ .._."~

Total 13066 8805 2807 8671 12657 105 9890 10356

Aver. 217766 419.0 133.7 16.7 422.4 602.3 245.0 47095 49.31
.. .-----.

Water at start 201.75 Gasoline at start 14 - 2
Water at end 110.00 Gasoline at end 5 - 13 1-2

Water used 91.75 Gasoline used 8- 4 1-2.
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TEST NO. 19

Gasoline Press. 110
Cut off in percent of stroke = 56.
Counter weight brake No. 1 = 6 1%,16.
Counter weight brake No. 2 = 4 1 2. /'

1 2 3 4 5 6 7 8 9 10
.

4.10 20002 425 52 358 595 271 26.3 25.7

13 20643 425 52 381 582 271 25.9 25.6

16 21266 425 52 12.6 394 603 272 26.2 25.8

19 21996 425 52 398 613 273 26.2 25.8

22 430 52 399 612 274 26.4 26.2

25 430 52 381 582 276 26.2 26.9

28 23801 420 52 12.7 388 584 275 26.0 25.8

31 430 52 395 610 276 26.2 25.9

34 25065 430 52 392 613 278 26.2 25.9

37 430 52 381 588 278 26.3 26.2

40 425 52 12.8 383 590 27? 26.1 26.0

43 430 53 395 610 278 26.2 26.3

46 425 .52 390 611 280 26.3 26.4

49 425 52 375 575 278 26.2 26.3

52 425 52 12.9 390 582 274 26.4 26.4

55 29463 425 53 386 598 275 26.4 26.5

58 430 53 394 612 277 26.4 26.7

61 430 53 384 600 278 26.5 26.9

4 420 52 12.9 383 587 277 26.2 26.5

I 7 31931 425 53 391 605 277 26.3 26.8
I

~5..J.O -32M8
425 52 381 .606 278 26.5 27.0

Total 12596 8975 52.23 8119 12558' 5793 5524 551.6
I
l Aver. 209.1 427 12.8 3866 597.6 2759 2626 25.27

Water at start 216.5 Gasoline at start 15 - 10 1-2
Water at end 148.75 Gasoline at end 9 - 14

Water used 67.75 Gasoline used 5 - 12 1-2
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TEST No. 20.

Gasoline Press = 110
Cut off in percent stroke = 20
Counter weight Brake No.1 = 6 15-16.
Counter weight Brake No.2 = 4 1-2.r 1 2 3 4 5 6 7 8 9 10

!
.

I 5.30 34841 435 117 392 600 242 28.0 28.3
.33 35482 440 113 384 601 241 27.4 2'7.9
.36 36107 425 112 14.2 375 582 241 27.0 27.4
.39 36698 425 > 113 387 594 242 27.3 2'7.7
.42 430 115 383 605 242 2'7.6 27.9
.45 430 118 373 580 241 27.4 27.8
.48 38519 430 118 14.2 386 594 241 27.2 27.'7
.51 39124 430 115 387 611 241 27.6 28.0
.54 39753 435 115 376, 596 241 27.7 28.1
.57 40374 425 112 374 575 240 27.4 27.7
.60 40962 430 114 14.2 385 594 240 27.4 27.8

3 41570 430 115 388 611 240 '27.7 28.0
• 6 440 115 379 602 241 27.7 28.3
• 9 42819 425 115 379 581 241 27.5 28.3
.12 43412 430 114 14.2 383 600 241 27.4 28.0
.15 44019 435 117 387 611 241 27.7 28.4
.18 430 117 382 608 242 27.8 28.5
.21 '430 113 372 577 241 27.6 28.3
.24 45843 430 113 14.2 384 593 240 27.4 28.0
.27 46439 430 115 383 611 240 27.6 28.4

6.30 47052 430 117 384 605 241 27.7 28.7

L
Total 12211 9045 2423 8023 12531 5030 578.1 5892Aver. 20352 4307 1153 14.2 3819 5966 2410 2752 2909
Water at start 187.25 Gasoline at staz:t 15 - 6oz.Water at end 127.50 Gasoline at end 10 - 5 1-2 ozWater used 59.75 Gasoline used 5 - l-2
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TEST NO. 21.

Gaso1~ne Press = 110.
Cut off percent stroke = 64.
'Counter weight brake No. 1 = 5.75.
Counter weight brake No. 2 = 3 15L16.

1 2 3 4 5 6 7 8 9 10

10.00 53207 100 43 301 508 245 25.7 24.6

3 53860 100 44 302 507 246 25.5 24.5

6 '54496 100 44.5. 8.6 302 506 247 25.8 24.3

9 55121 100 45 302 504 247 25.7 24.2

12 5574? 100 44 287 481 246 25.4 24.2

15 56346 100 43 282 481 244 25.6 24.3

18 56957 100 43 8.6 299 505 244 25.4 24.3

21 57577 100 44 303 511 246 25.6 24.4

24 58299 100 44 303 511 246 25.3 24.5

27 58819 100 44 302 508 246 25.4 24.4

30 100 44 8.6 300 506 246 25.3 25.0

33 100 44 287 481 245 25.3 24.4

36 80679 100 44 284 479 243 25.2 24.4

39 81280 100 44 294 496 243 25.4 24.6

42 100 44 8.6 301 510 245 25.4 24.6

45 100 44 303 513 247 25.4 24.7

48 100 44 302 512 247 25.4 24.7

51 63786 100 44 291 492 24'7 25.4 24.7

54 64395 100 44 8.7 297 501 24'7 25.4 24.7

57 65017 100 44 302 511 246 25.4 24.7

__ ~J.-!.OO 65650 1qQ__ ,_~~___,_~_______ 30 1 ~_f?_!L_~~_L_2.p_.3 __ ,25 .3 ___

Total 12443 922.5 6245 10535 5160 534.9 515.5

Aver.207.38 100 43.90 8.6 298.4 501.7 245.7 25.47 24.54

Water at start = 193.5 Gasoline at 1 Istart 15-'7~2
Water at end 114.5 Gasoline at end 9-4 2

Water used 79.0 Gasoline used 6-3



33

TEST No. 22.
Gasoline Press = 110.
Cut off percent stroke = 64.
Counter weight brake No. 1 = 5.75
Counter weight brake No.2 = 3 15/16.

1 2 3 4 5 6 ? 8 9 . 10

I 11.25 696176 210 44 354 548 257. 25.4 25.1
J
j 235I .28 70291 45 351 54? 257 26.1 25.8

I 31 '70883 205 44 8.6 351 548 261 25.1 24.8
34 '71460 200 44 . 352 558 262 25.2 24.8
3? 72058 200 44 354 562 264 25.4 25.1
40 '726'78 220 45 349 555 265 25.9 25.7
43 220 45 8.6 343 53? 263 25.8 25.6
46 205 44.5 351 554 263 25.3 25.0
49 200 44.5 353 564 265 25.3 25.1
52 200 44.5 352 563 266 25.3 25.1
55 75'717 200 44.5 8.7 352 561 266 25.3 25.1
58 7633'7 215 45 343 544 266 25.8 25.4
61 76956 195 44 343 534 264 25.4 25.1

4 7'7549 200 44.5 352 554 264 25.4 25.1
'7 78147 200 44.5 8.8 352 562 266 25.8 25.4

10 210 44.5 356 566 266 25.7 25.5
13 79406 230 45.5 353 558 26? 25.9 25.8
16 80017 200 44.5 347 531 266 25.7 25.4
19 220 45.0 8.8 360 561 266 25.8 25.6
22 81278 220 45.0 361 568 267 25.8 25.6

12.25 81912 215 45.0 358 56'7 268 25.8 25.6----------,--------~._"._.,._._-, .• _ .._._._~---_ .. _--,- _.--'" "--~-------_.,_.~._--•..~---.,- ....--

Total 12236 4400 936.5 '7387 11642 5549 53'76 531.7 I

AVer.203.93 209.5 44.6 8.? 351.8 554.4 264.2 25.60 25.321.

Water at start = 212.75 Gasoline at start = 14 40
Water at end = 136.50 Gasoline at end = 8 0

Water userl 76.25 Gasoline used 6 - 4
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TEST No. 23.

Gasoline Press = 110.
Cut off percent stroke = 64.
Counter weight brake No. 1= 5.75.
Counter weight 'brake No. 2 = 3 15/18.

1 2 :3 4 5 6 '7 8 9 10 1
L

1.00 86798 570 46 398 616 286 26.2 25.9 I
I
!

3 87419 560 46 408 625 290 26.2 25.9
6 570 46 9.0 408 635 297 26.2 26.0

'--.
9 570 46 398 620 298 26,.0 25.8

12 89516 570 45 392 595 ~ 298 25.8 25.6

15 560 45 402 610 296 25.8 25.5

18 565 45 9.0 410 636 298 26.0 25.6
21 91159 560 45.5 412 642 301 25.9 25.6
24 91783 560 45.5 412 643 304 25.9 25.6
27 92405 560 46. 412 643 306 25.9 25.6
30 93004 565 45 9.1 410 641 307 25.4 25.2
33 93588 570 45 408 63? 307 25.7 25.6
36 94191 570 44 391 611 307 25.4 25.3
39 94781 570 44 393 594 302 25.4 25.3
42 95371 560 45 9.2 404 620 300 25.7 25.6
45 95991 570 45.5 410 63'1 302 25.8 25.7
48 96609 565 45.5 408 638 303 25.8 25.7
51 97231 570 45.5 408 638 305 25.8 25.7
54 97864 570 45.5 9.2 398 619 306 26.0 25.8
57 98473 560 45.5 406 625 305 25.8 2fi.6

._g.~Q_Q_....~~Q~J)_.._.?~i>_____ 1~_.__Q...__ ~ ____ ..__... _... _ 405 631 306 25.9 25.7
Total 12297 11870 948.0 8511 13356 6324 5426 537.5
Aver.204.95 565 45.14 9 .15 405.3 624.7 301.1 25.83 25.60
Water at start = 212.25 Gasoline at start = 15 - 7 1/2
Water at end = 138.25 Gasoline at end = 8 -14 1/2Water used 74;.00 Gasoline used 6 - 9
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TEST No. 24.

Gasoline Press = 105.
Cut off percent stroke = 64.
Counter weight brake No. 1 =7.0
Counter weight brake No. 2 = 4 15/16.

1 2 3 4 5 6 7 8 9 10

2.50 07092 390 44.2 380 582 284 25.3 27.6

.53 07540 390 44.0 392 589 284 25.3 27.5

.56 390 44.0 17.6 396 594 284 25.3 27.6

.59 410 44.0 383 589 284 25.7 28.0

.62 08911 395 44.0 384 5?? 283 25.3 27.6

• 5 400 44.0 395 594 282 25.4 2'1.7

8 400 44.0 17.'7 396 597 283 25.4 27.8.
.11 10284 410 44.0 382 592 284 25.7 28.0

.14 390 44.0 384 57? 282 25.4 2'7.8

.17 405 44.1 395 596 282 25.4 27.9

.20 41679 400 44.0 17.7 395 601 282 25.4 2'7.9

.23 400 44.0 395 602 284 25.4 27.9
\ 26 405 44.2 398 602 , 284 25.6 28.0
.29 420 44.2 382 598 284 25.8 28.2

.32 13529 405 44.2 17.7 382 582 284 25.4 27.9

.35 400 44.2 393 592 282 25.4 27.9

.38 400 44.2 394 598 282 25.4 28.0

.41 405 44.2 398 600 284 25.5 28.1

.44 15378 415 44.3 17.7 380 588 285 25.9 28.4

.47 15851 400 44.2 383 576 283 25.6 28.3 '
,

3.50 16298 410 44.4 395 589 282 25.6 28.3 \,

Total 9206 8440 4 17.7 182 12415 5948 5351 5864 !:

Aver .153. 43 402 44.11 17.7 385.8 591.2 282.9 25 .48 27 .90 t
"--'---''''~'-''''' " .. '-

Water at start = '195.5 Gasoline at start = 14 - 7oz.
Water at end = 139.0 Gasoline at end = g 11 oz.

Water used 56.5 Gasoline used 4 - 12 oz.
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TEST NO. 25.

Gasoline Press = 110.
Cut oft percent stroke = 64.Counter weight brake No.1 = 5 3/16.

I~QUnter we_:I.gh~_rake J~OL~ = ;3 14L16.
7 8 9

10: 1 2 3 4 5 6

1-- 21360 400 44.2 407 597 295 25.3 23.0

I 4.20 22061 395 44.0 406 602 296 25.2 23.1i .23
I

j

.26 395 44.2 18.0 407 608 297 25.2 23.1I

I

.29 23452 405 43.3 386 590 299 23.6 23.4

.32 24156 390 43.8 392 593 298 23.6 23.4

.35 24847 395 44.0 406 605 299 23.8 23.6

.38 25774 425 44.6 18.0 384 607 301 24.2 23.9

.41 26319 395 44.0 467 592 301 23.9 23.6

.44 27036 400 44.2 402 607 302 24.1 23.5

.47 27774 420 44.5 390 600 303 24.4 24.0

.50 390 44.1 1B.1 393 595 302 24.0 23.8

.53 29230 400 44.2 396 606 302 24.2 23.7

.56 29970 420 44.2 385 592 303 24.4 24.1

.59 400 44.3 394 598 301 24.2 23.9

2 405 44.5 18.1 398 611 301 24.3 24.0

5 32153 405 44.8 402 616 304 24.3 24.0

8 32880 410 44.8 401 614 305 24.4 24.1

.11 425 44.8 394 602 307 24.7 24.4

.14 3435? 400 44.5 18.2 392 593 304 24.2 24.1

.17 35066 405 44.8 398 611 303 24.3 24.2
I

i
I

5.20 35793 405 44.9 398 612 304 24.4 24.3l
1-- ~--',""""-"-'" ._.~. <-~

Total 8445 9307 4338 11251 6327 510.7 4992

i. Aver.240.55 402.1 44.31 18.1 397.0 602.4 301.3 24.24 23.76
___ ~' __ M. ____

Water at start = 173.25 Gasoline at start =
14 - Baz.

Water at end = 90.0 7 - 6 1f20Z..Water used 83.25 Gasoline used
7 - 1 1 2oz.
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TEST No. 26.

Gasoline Press = 110.
Cut off percent stroke = 64.
Counter weight brake No. 1 = 4 lX'16.
Counter weight brake No. 2 = 3 6 16.

f~-'-
\

1 2 3 4 5 6 7 8 9 10

9.40 42153 425 43.7 379 600 276 23.1 24.3

.43 42693 425 43.7 378 604 271 23.2 24.4

.46 43234 425 43.6 10.8 379 607 281 23.2 24.3

.49 425 43.6 380 607' 283 23.3 24.4

.52 425 42.9 372 586 285 23.0 24.4

.55 425 42.9 371 574 283 22.8 24.1

.58 425 43.0 10.8 377 602 284 23.0 24.2

.61 425 43.1 377 608 286 23.0 24.2

. 4 46511 425 43.0 379 610 287 23.1 24.2

• 7 425 43.0 379 610 289 23.0 24.2

!10 425 42.3 10.9 375 597 291 22.9 24.3

.13 48171 425 42.1 369 577 289 22.8 24.1

.16 425 42.6 378 590 28'1 22.8 24.0

.19 49258 425 42.9 379 606 288 22.8 24.2

.22 425 43.0 11.0 380 611 290 22.8 24.1

.25 50366 425 42.9 379 611 291 22.7 24.1

.28 50919 425 42.2 375 603 292 22.8 24.2

.31 425 42.4 375 592 292 22.7 24.0

.34 425 42.6 11.0 379 604 292 22.7 24.1

.37 425 42.0 370 594 292 22.8 24.2

10.40 53130 425 . 42'.3 375 590 291 22.7 24.0---_._.~,_ ... _._-".,~.. _,",,--'-'-

Total 1097'1 8925 8998 7905 12583 6026 4812 5080

Aver. 182.95 425 42.85 10.9 376.43 599.19 286.95 22.914 24.19
_""",,,""',-,,", .'-,...... --.~.'"'",..,..,,~,.".--_.~..,,-"'.,--

Water at start = 181.50 Gasoline at start = 11 - 10oz.
Water at end = 118.50 6 4oz.

Water used 63.00 Gasoline used 5 - 6
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TEST No. 27.

Gasoline Press = 110.
Cut ot! percent stroke = 64.
Counter weight brake No. 1 = 3 lX16.
Counter we~ght Qrak~ No. 2 = 3 6 16.

1 2 3 4 5 6 7 8 9 10

11.00 56011 420 43.2 382 600 284 19.4 25.8

.03 56690 430 44.0 388 610 289 21.4 25.8

• 6 57383 425 43.9 11.8 375 586 291 21.0 25.5

• 9 58048 415 44.0 383 590 292 20.9 25.4

.12 58715 420 44.0 389 611 294 21.2 25.6

.15 420 44.2 392 616 297 21.2 25.6

.18 425 44.0 11.8 379 601 298 21.3 25.8

.21 420 43.9 384 591 297 21.0 25.5

.24 420 44.0 389 612 298 21.2 25.7

.27 425 44.3 393 616 300 21.2 25.7

.30 425 44.0 12.0 379 600 301 21.2 25.8

.33 420 44.0 383 594 299 21.0 25.4

.36 420 44.0 388 610 300 21.2 25.8

.39 425 44.4 388 615 301 21.2 25.7

.42 430 44.0 12.1 380 602 302 21.2 25.9

.45 415 44.•0 377 582 299 21.0 25.6

.48 66996 415 44.0 385 609 298 21.0 25.7

.51 67568 425 44.5 388 615 300 21.2 25.9~

.54 68231 425 44.0 12.2 379 601 .301 21.2 26.0

.57 68935 415 44.0 384 600 2'98 20.9 25.8

.00 69607 420 44.0 387 609 299 21.0 25.9
...'-,-------_._-,-_._----_._~._-------,.~_ ..._.""--.

Total 13596 8855 924.4 59.9 8072 12670 6238 4419 5389

Aver. 226'.6 421.66 44.02 11.98 384.19 603.33 297.05 2,1.04 25.66

Water at start = 161.00 Gasoline at start = 15. - 3 l~Water at end = 81.'25 8
512

Water used 79.75- Gasoline used 6 14
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TEST NO. 28.

Gasoline Press = 100.
Cut off percent stroke = 64.
Counter weight brake No. 1 = 3 4/16.
Counter weight brake No. 2 = 3 OL16. lOJ1 2 3 4 5 6 7 8 '9

12.40 75114 405 43.5 400 602 292 20.0 23.4

I.43 425 43.6 388 593 297 20.3 23.6
I

.46 76745 390 42.9 11.2 394 598 297 19.9 23.7 I
I

.49 77524 405 43.6 403 608 300 20.2 23.8 I
I~

.52 78328 410 44.0 408 608 302 20.3 23.7 !

I
.55 79164 425 44.0 395 585 303 20.3 23.8

I
I

.58 79954 375 42.8 11.3 397 590 301 19.7 23.7 I
I

.61 80715 400 43.9 402 609 302 20.0 24.0

. 4 405 44.0 405 611 304 20.2 23.9

7 415 44.1 400 607 305 20.2 23.9

.10 425 44.0 11.6 397 583 305 20.4 24.2

.13 400 43.8 398 596 303 20.0 24.1,

.16 395 43.8 399 608 303 20.0 24.2

.19 395 43.4 398 608 304 19.8 23.9

.22 430 44.0 11.8 394 601 305 20.5 24.0

.25 360 42.8 386 590 303 19.7 23.9

.28 87824 430 44.0 . 394 593 303 20.6 24.3

.31 88615 405 44.0 402 598 302 20.1 24.6

.34 89413 410 44.2 12.0 406 611 304 20.3 24.7

.37 90190 . 410 44.2 402 604 306 20.2 25.1

1.40 90954 395 44.1 400 601 305 19.9 25.1

Total 1584 8510 918.7 57.9 8358 12604 6346 4226 5057

Aver. 264.0 405.23 43.74 11.58 398 600 30.21 20.12 24.08

Water at start = 202.0 Gasoline at start = 14 4 1/2
Water at end = 113.25 Gasoline at end = 6 3

Water used 88.75 Gasoline used 8 - 1 1/2
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TEST NO. 29.

Gasoline Press = 120.
Cut off percent stroke = 20
Counter weight brake No. 1 = 10 12{16.
Counter weig~t brake No• 2 = 6 o 16.

. ----,

1 2 3 4 5 6 7 8 9 10 .
-'''''''''''''''--'-'~' -~. ~'-"-"--~-

2.40 98404 380 167 425 598 240 44.4 46.3

.43 360 166 423 583 242 44.3 46.9

.46 99'761 360 166 11.6 418 590 243 44.7 4'7.8

.49 00427 360 166 416 589 242 44.7 49.1

.52 01075 375 169 415 589 242 44.4 50.4

.55 360 168 408 576 242 45.2 48.4

.58 360 1'70 11.8 411 586 242 45.2 49.1

• 1 360 170 409 584 240 45.7 48.0

• 4 350 170 401 581 242 46.2 50.4

• 7 340 163 401 585 242 45.0 49.0

.10 05006 350 166 11.8 404 587 242 45.0 45.9

.13 05656 355 167 403 585 243 45.2 46.3

.16 360 168 402 583 241 45.1 47.8

.19 360 165 410 583 242 45.9 46.0

.22 425 "178 12 406 i 578 243 47.9 48.3

.25 385 173 420 586 242 47.6 50.4

.28 370 174 419 590 242 43.8 52.3

.31 370 173 414 598 242 44.2 53.0

.34 370 175 12.1 410 600 243 44.4 51.7

.37 375 176 408 600 243 44.2 54.5

3.40 11502 375 1'77 412 600 242 44.4 53.0.-

Total 13098 7700 3567 59.3 8635 1251 5082 9475 1034.0

Aver. 218.30 3.69 169.85 11.87 411.19 595.71 242.0 45.12 49.26---
Water at start = 199.5 Gasoline at start = 14 - 4
Water at end = 96.0 Gasoline at end = 2 - 8

Water used 103.5 Gasoline used 11--=--12
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TEST NO. 30.

Gasoline Press = 100.
Cut off percent stroke = 64.
Counter weight brake No. 1 = 4 1/4.
Counter weight brake No. 2 = 3.

1 2 3 4 5 6 '7 8 9 10

3.40 22247 390 45.0 390 525 252 23.8 24.0

.43 400 45.0 389 530 252 25.3 24.2

.46 415 46.0 13.0 388 531 257 25.8 24.0

.49 24146 430 46.0 380 512 256 25.8 24.0

.52 24784 390 45.5 380 512 255 24.'7 24.5

.55 25388 395 45.5 384 530 254 24.8 24.4

.58 400 45.5 13.0 386 531 256 24.'7 24.2

. 1 375 45.0 380 531 25'7 24.'7 24.3

• 4 410 45.8 391 536 25'7 24.5 24.0

• '7 420 46.0 395 537 258 24.8 23.8

•10 375 45.0 13.1 385 529 25'7 24.8 23.8

.13 415 45.1 375 523 25'7 25.4 23.2

.16 415 45.2 389 51'7 256 25.5 23.1

.19 420 46.0 394 534 256 26.0 23.1

.22 410 45.3 13.2 394 53'7 257 25.'7 22.9

.25 405 45.2 396 536 258 25.'7 22.'7

.28 32352 410 45.2 396 536 260 25.8 22.8

.31 410 45.1 379 521 259 26.4 22.4

.34 33668 405 45.0 13.3 389 529 258 25.8 22.4

.3'7 34309 405 45.Q 392 534 258 26.0 22.4

4.40 34964 405 45.1 390 530 258___ 26 .• ;.t~2~ __•.3_ ...__
Total 12717 8480 952.5 65.6 8142 11101 5388 5323 492.5

Aver.2119.5 403.8 45.35 13.1,2 38'7.'71 528.6 256.5'7 25.34 23.45

Water at start = 173.25 Gasoline at start = 14 - 10
Water at end 91.50 Gasoline at end = 7 12 1~2.Water used 81.75 6 - 13 1 2



42
TEST NO. 31.

Gasoline Press = 100.
Cut off percent stroke = 64.
Counter weight brake No. 1 =' 4 1/16.
Counter w.eight brake No. 2 = 3 10L16.

1 2 3 4 5 6 7 8 9 10

5.15 39000 90 45.0 306 441 227 24.9 24.1

.18 39592 90 45.0 306 442 228 25.0 24.2

.21 40189 85 45.0 13.8 306 440 228 25.1 23.9

.24 85 45.0 300 438 228 25.1 23.9

.27 41444 100 47.0 296 432 227 26.3 24.4

.30 42100 85 46.1 295' 432 227 25.3 24.2

.33 42701 85 45.2 13.9 297 439 227 25.3 23.8

.36 43301 80 45.2 300 440 227 25.3 23.9

.39 80 45.0 305 438 227 25.4 23.8

.42 44514 80 45.1 306 439 227 25.4 23.9

.45 80 45.1 14. 306 438 227 25.4 23.6

.48 80 45.1 306 436 227 25.6 23.7

.51 46334 80 45.1 306 435 227 25.7 24.0

.54 90 45.2 296 430 227 25.6 24.0

.57 80 45.2 14.2 300 432 227 25.7 24.6

.60 80 45.2 304 438 226 25.7 24.1

• 3 80 45.2 306 436 227 25.7 23.8

• 6 85 45.2 306 435 227 25.7 24.3

• 9 80 45.2 14.2 308 445 228 25.8 23.9

.12 49508 80 45.2 308 445 228 25.8 24.5

6.15 50494 80 45.8 306 437 228 25.8 24.8

.18 90 45.9 14.0 305 435 228 27.8 24.8

.21 80 47.0 305 435 228 26.2 24.7

.24 80 46.8 307 442 228 26.2 25.2
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TEST NO. 31 (continued).
Gasoline Press = 100.
Cut off percent stroke = 64.
Counter weight brake No. 1 = 4 1/16.
Counter weight brake No. 2 = 3 10/16.

•39 55204 80

.42 55808 80

.45 56401 80 305 25.1

10
~24.4 I

25.4 I

I
i.23.9

24.4

26.2

26.0

26.0 24.9

9

26.3

26.3

26.3

26.2.

25.8

8

227

227

227

227

227

227
434 227

7

443

441

440

438

437

435

65

307

305

304

306

306
14.0 306

14.0

4

46.8

46.8

48.1

47.0

46.0
46.0

46.0

3

80
80
80
80

2

53454

44027

54604

.33

1

.27

.36

.30

Total 17401 1647.0 1417.5 112.1 9425 1356.8 7045.9 598.7 754.4

Avar.193.34 82.35 45.91 14.01 304.39 438.2 227. 28 25.87 24.-46
>._"''''-'''<'--- ..-~..----

Water at start = 161.25
Water at end = 31.50

Water used = 129.50

Gasoline at start = 13 6 1/2.
Gasoline at end = 3 13

Gasoline used = --g--gJ72; .
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TEST NO. 32.

Gasoline Press = 105.
Cutt off percent stroke = 64.
Counter weight brake No. 1 = 7.0.

~"_Counter wei~ht brake No. 2 - 7 1/8.,-

I 2 3 4 5 6 7 8 9 10

3.15 85764 200 44.1 359 491 244 28.2 24.9

.18, 86,440 200 43.8 358 493 244 27.4 25.3

.21 87081 200 42.9 16.2 338 475 244 27.3 25.6

.24 87717 200 43.0 345 478 243 27.3 25.2

.27 200 43.1 352 496 244 27.2 25.6

.30 200 43.8 351 497 245 27.4 . 25.5

.33 8 200 43.1 16.2 342 483 245 27.2 25.7

.36 90254 200 43.2 333 473 243 27.2 25.9

.39 90870 200 44.2 343 479 242 27.8 24.5

.42 91519 200 43.1 351 494 243 27.8 24.4

.45 92145 200 43.2 16.3 352 497 245 27.7 24.7

.48 92787 200 43.0 347 493 246 27.8 24.7

.51 200 43.0 332 470 244 27.8 25.0

.54 200 43.7 346 477 243 27.9 25.2

.57 200 43.9 16.6 352 496 244 27.9 25.4

.60 200 44.0 353 498 245 27.8 25.8

.03 200 44.1 350 497 246 27.9 20.0

• 6 200 44.0 337 475 245 27.? 26.0

• 9 200 44.8 16.8 348 490 243 27.9 27.0

.12 97781 200 45.2 351 495 244 27.9 27.6

4.15 98'367 200 45.3 345 490 244 27.8 28.0--~--
Total 12603 918.4 82.1 7285 10237 5126 580.9 538.3

Aver. 210.05 200 43.73 16.4 346.90 487.47 244.09 27.66 25.63

Water to start = 165.50 Gasoline" at start = 14 - 4'1/2.
Water at end = 86.25 Gasoline at end = 7 15.

Water used = 79.25 Gasoline used = 6 - 5 1/2
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T'EST NO. 33.

Gasoline Press = 105.
Cut off percent stroke = 64.
Counter weight brake No. 1 = 7.0 I

Counter wei.ght brake No. 2 = 7 1 8.r-
10

~4.3;
2 3 4 5 6 7 8 9

.........

01566 300 43.8 373 512 248 27.6 25.6
I .38 02188 300 44.3 372 516 249 27.8 26.4i

.41 02805 300 44.1 16.0 352 495 249 27.7 26.6

.44 300 44.6 351 491 247 27.9 2"1.1

.47 300 45.2 372 518 247 28.3 25.8 .

.50 300 44.6 378 525 251 28.4 25.7-

.53 300 44.8 16.0 378 525 254 28.5 25.9

.56 300 44.4 374 525 255 27.3 26.5

.59 300 44.7 377 522 256 27.6 27.0

5.02 300 . 44.6 355 498 254 27.7 27.7

.05 07714 300 44.8 16.1 370 508 251 2".9 26.7

• 8 08325 300 45.1 377 521 253 28.0 27.3

.11 88932 300 45.2 378 523 254 28.3 27.2

.14 300 45.4 377 523 254 28.4 27.2

.17 300 45.2 16.2 358 505 254 28.4 27.9

.20 300 44.1 353 493 251 28.4 25.3

.23 300 43.8 3'72 513 251 27.9 25.9

.26 300 44.0 378 523 254 27.4 26.3

.29 12594 300 44.2 16.2 378 524 255 2'7.7 26.3

1 .32 13210 300 44.3 373 516 225 27.8 26.5
1

l 5.35 13818 300 44.8 371 505 255 27.8 26.8

Total 12252 9360 80.5 7517 10781 5307 5868 5577

Aver. 204.20 300 44.57 16.1 35"l.95 513.38 25.27 27.94 26.55

Water to start = 21.75 Gasoline to start = 13 - 13.
Water to end = 43.75 Gasoline to end = 7 8

Water used = 78.00 Gasoline used = 6 - 5
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TEST NO. 34.

Gasoline Press = 105.
Cut off percent stroke = 64.
Counter weight brake No.1 = 7 1/16.

_____C_oJJnterweight brake No. 2 = 7 10 16.
1 2 3 4 5 6 7 8 9 10

2.15 26029 460 44.0

.27 28673 465 44.1

.30 29335 460 44.2

.36 30567 465 42.2

.39 31157 460 42.9

.42 31742 460 43.2

.18

.21 27367

.24

.33

460 43.2
460 43.1
460 43.9

465 42.8

20.7

20.8

402 724 347
389 690 350
389 654 350
404 690 350
411 720 353
413 730 357
412 733 361
401 728 362
389 683 362
394 690 360

27.4 27.0
27.2 26.9
27.0 26.8
27.1 27.0
27.2 27.3
27.2 27.7
26.3 27.0
26.3 27.3
26.4 27.9
26.6 2"1.3

.57 34762 460 42.9

.48 32937 460 42.9

.51 33545 460 43.0

Water at start = 225.50
Water at end = 160.25

Water used = 65.25

• 9 37152 460 42.3
.12 37774 460 42.2
.15 38366 460 42.6

I Total 12337 904.1
I
! Aver. 205.61 460 43.05
~.,~ ...~-

26.8 26.7
25.7 27.4
26.2 27.9
26,3 27.8
26.3 28.6
26.4 26.9
26.8 28.0
2"1.1 25.6

27.2 25.7
27.3 25.8
27.2 26.0

406 735 364
407 742 366
398 710 369
402 718 368

402 719 362

399 713 360
404 727 363
404 732 367
397 715 367
389 676 365
392 672 363

20.9

20.8

20.9

104.1 8464 14901 7566 5620 568.7
20.82 403.05 709.6 360.29 26.76_27~

Gasoline at start = 14 - 141
Gasoiine at end = 9, - 2 127"

Gasoline used = . fj == ~2 1 2

460 42.4

460 42.9
460 43.9
460 42.2

460 ~3.2

.54 34159

.45

3.00
. 3

6
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DATA.

BOILER:
Diame ter = 14 inches.
Tubes 298, 13 x ~2, 20 gauge copper tubes•..
Heating surface 37.04 sq. ft.

ENGINE:
1Cylinders 2/2 diameter.

Stroke 372 inches.
Rev. of engine: rev. of brake wheels = 5:2.
Oil supplied to engine cylinders,

= .000884 quarts in 1000 revolutions.
= 1 quart. in 1,130,000 revolutions, which ia

equivalent to 625 miles.(app)

ERMa WH~LS:

Average Diameter
Circumference

3.465 feet.
9.437 feet.

3.475 feet.Effective diameter to middle of ropes
Effective circumference 9.480 feet.

9.48
Brake constant 33000::: .0002872.

Log. of brake constant =' 6.45818-10.

Heat of combustion of gasoline used = 18800 B.T.U. per lb.
We ight of 1 gal. gasoline = 5 1be..13 oz. = 5.8125 1ba.
by actual measurement.
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COMPUTATION OF S~WLE TEST.

Test No.29

Counter Reading at end

" " at beginning
=
=

111502
98404-_ .. _ ..-

13098 _
60 - 218.30 r.p.m.

Total Revolutions = 13098

Sum of average Scale Readings
Weight of counter weights

=
=

Effective Pull =

94.38

1f).8?5

77.505

Horse Power.
218.30 X 77.505 X constant
Log Constant = 6.45818-10
Log 218.30 = 2.33705
Log 77.505 = 1.88933

0.68656 = log. 4.859.

Water Per H. P. Hr.

= 4.859 H.P.

Log 103.5 = 2.01494

Log 4.859 = 0.68656
1.32838

103.5 = 21.30
4.859

Gasoline Per H. ~. Hr.
Log 11.75 = 1.07004

Log 4.859 = O. 68656
0.38348

11.75 = 2.418
. 4.859



British Thermal Units per H. P. per min.

50

169.85 14.7- 104.55 Ibs. absolute press.
Temperature of Steam- 595.71
Temperature Sat.Steam- 375.03-.-

220.68
FOr specific heat of superheat steam we have by Weyrauch's

formula:
Cp 0.430 0.000210 (596-32) ;; .55

Vfuence, 220.68 X .55 - 121.37.
Total Heat of Sat. Steam :
Sperheat ;;
Total heat of steam =

1196.31
121.37

1317.68
Assuming feed water at 2120 the heat of liquid = 180.8

1136.88 R.T.U.
1136.68 X 21.30

60 = 403.59 B.T.U. per H.P. per min.
Water Actually Evaporated per lb. Gasoline.

Log. 103.5 ;;2.01494
Log. 11.75- 1.07004

0.94490
103.5 = 8.808 Ibs.

11.75
E~va1ent Evap. from and at 2120 per lb. gas.
Feed Water Temp. ~ 13.10 C~;; 53.560 F.
Total Heat of Steam ~ 1317.68
Heat of Liquid :. 21.67

1296.01



Equi valen t Evaporation 1296.01 X 103.5 = 138.9 1be.
965.8

51

Equivalent Evaporation per 1bs. gas = 138.9 =: 11 83 1b
11.75 • s.

Efficiency of Boiler 1296.01 X 103.5 X 100 = 60.7%
~8800 XII. 75
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No. of Test 9 10 11 12 13

R.P.M. (Brake Wheels) 201.85 200.35 203.48 196.10 199.85
Boiler Pressure 400.0 400.0 400.0 397.0 414.3
steam ch.Press. 33.81 34.64 37.24 63.30 29.92
Feed water Temp. co 10.9 12.3 10.66 11.7 6.25
Bonnet Temp. 398 361.9
Temp.Steam at Eng. 594.3 595.4 595.9 582.3 587.5
Temp. of Exh. 293.0 294.8 291.1 275.0 287.6
Deg. Sup. at Eng. 315.3 315.4 312.7 272.3 313.8
Deg. of Sup. at Exh. 81.0 82.8 79.1 63.0 75.6
R.P.M. of Engine 504.6 500.9 508.7 490.3 499.6
Cut-off in % stroke 64 64 64 64 64
Horse Power 1.510 1.575 1.755 3.629 1.150
Water per H.P. hr. 35.5 35.8 34.3 2'7.14 40.62
Gas per R.P. hr. 3.162 3.016 2.990 2.705 3.782
B.T.U. per R.P. min 686 692 663 518 78~
Actual Evap. 11.21 11.89 11.49 10.03 10.75
Equiv.Evap. 15.36 16.35 15.74 13.30 14.22
Efficiency of Boiler 78.7 83.9 80.7 69.7 75.'7
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No. of Test 14 15 16 1'7 18

R.P.M. (Brake Wheels) 220.68 209.25 198.35 209.72 217.77

Boiler Pressure 427 425 422 425 419

steam Ch.Pressure. 72.40 63.14 43.80 94.61 133.7

Feed Water Temp. 10.6 17.6 18.0 19.2 16.7

Bonnet Temp. 402 380 391 373 423

Temp. st. at Eng. 593.4 598.5 60.1.8 596.6 602.3

Temp. Exhaust. 254.7 259.7.. 286.5 241.9 245.0

Deg. Sup. Heat. 275.7 288.6 3~0.9 262.5 244.9

Sup.Heat at.Exh. 42.7 47.7 74.5 29.9 33.0

R.P.M. of Engine 551.7 523.1 495.8 524.3 544.4

Cut off in % stroke 44 44 64 29 29

Horse Power 3.002 2.366 2.301 2.466 4.270

Water per H.P. hr. 22.98 25.68 31.19 23.51 21.49

Gasoline per R.P. hr. 2.63 2.18 2.77 1.978 1.940

B.T.U.per R~P.min. 439 494 603 450 411

Actual Evaporation 8.73 11.'78 11.25 11.91 11.09

Equiv. Evaporation 11.89 15.91 15.29 15.97 14.88

Efficiency of Boiler 60.8 81.6 78.3 81.9 '76.3
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No. of Test. 19 20 21 22 23
R.P.M. (Brake Wheels) 209.10 203.32 207.38 203.93 204.95
Boiler Pressure 42? 431 100 209 565
st earnCh. 'Press. 52.23 115.30 43.90 44.60 45.14
Feed Water Temp. 12.8 14.2 8.6 8.7 9.15
Bonnet Temp. 386 382 298 351 405
Temp.St. at Eng. 59?6 596.6 501.7 554.4 624.7
Temp. of Exhaust 275.9 241.0 245.7 264.2 301.1
Deg.Superheat 298.0 249.5 210.8 262.7 332.5
Superheat at Exh. 63.9 29.0 33.7 52.0 89.1
R.P.M.of Engine. 522.7 508.8 518.5 509.8 512.3
Cutoff in % stroke 56 20 64 64 64
Horse Power 2.407 2.640 2.401 2.415 2.457
Water per R.P.hr. 28.20 22.63 32.90 31.57 30.12

Gasoline per R.P.hr. 2.398 1.905 2.5?3 2.588 2.672
B.T.U. per R.P.min. 543 432 606 597 589

Actual Evap. 11.?1 11.88 12.77 12.21 11.28

Equiv.Evap. 16.09 15.98 16.62 16.48 . 15.62.
Efficiency Boiler 82.5 82.0 85.3 84.3 80.2
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No • of Test. 24 25 26 27 28

. R.P.M. (:Brake Wheels) 153.40 240.55 182.95 226.60 264.0
Bo il er Pr essure 402 402 425 422 405.
St.Chest Press. 44.11 44.31 42.85 44.02 43.74
Feed Water Temp. 17.7 18.1 10.9 12.0 11.6
Bonnet Temp. 385 397 376 384 399
Temp.St.at Engine 591.2 602.4 599.2 603.3 600.0
Temp. of Exhaust 282.9 301.3 286.9 29'1.1 302.1
Degrees Superheat 300.0 311.0 309.4 312.2 309.2
Super. at Exhaust 70.9 89.3 '14.9 85.1 90.1
R.P.M. of Engine 383.5 601..3 457.3 566.5 660.0
Cut-off in % St~oke 64 64 64 64 64
Horse Power 1.785 2.690 2.051 2.576 2.B7'1

Water per R.P.hr. 31.66 30.95 31.20 30.97 30.84
Gasoline per R.P. hr. 2.660 2.640 2.673 2.67 2.815
:B.T.U. per "R.P. Min. 610 598 586 598.9 579
Actual Evap. 11.90 11.'14 11.91 11.60 10.98
Eqiv. Evap. 16.24 15.91 16.40 15.86 14.99
Efficiency Boiler 83.3 81.6 83.7 81.4 76.9
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No. of Test 29 30 31 32 33

R.P .M. (Brake Wheels) 218.30 211.9 193.3 210.05 204.20
Boiler Pressure 369 401 82 200 300

St.Chest Press. 169.85 45.35 45.91 43.73 44.57
Fee.dWater Temp. 11.87 13.12 14.01 16.4 16.1
Bonnet Temp. 411 387.7 304.4 346.9 357.9
Temp.St. at Eng. 595.7 528.6 438.2 487.5 513.4
TeDlp• of EY..haust. 242.0 256.6 227.3 .244.1 252.7
Degrees of Sup. Heat 220.7 236.0 142.0 196.7 221.7
Super. at EJ::haust 30.0 44.6 15.3 32.1 4.07
R.P .M. of Engine 545.7 529.7 483.2 526.1 510.5
Cut-off in % stroke 20 64 64 64 64
Horse Power 4.859 2.•529 2.368 2.363 2.367
Water per H.P. hr. 21.30 32.33 36.53 33.54 32.95
Gasoline per H.P. hr.2.418 2.682 2.698 2.678 2.665
B.T.U. per H.P. hr. 404 604 651 614 609.5
Actual Evap. 8.81 11.96 13.53 12.51 12.36

Eq.ti. v. Evap. 11.83 15.80 17.14 16.18 16.19
Efficiency Boiler 60.7 81.0 8e.l 83 ..0 e2.8



lJo.of Test 34 35

R.P.M. (Brake Wheels) 205.61 208.10

Boiler Pre ssure 460 200

st. Ch. Press. 43.05 43.6
Feed Water Temp. 20.8 20.6
Bonnet Temp. 403 324

(

Temp. st at Eng. 709.6 666.0

Temp. of Exhaust 360.3 331.2
Dag.of Sup.at Eng. 419.6 315.4

Deg.of Sup.at Exh. 158.3 125.2
R.P.M. of Engine 514.0 520.0

Cut-off in % Stroke 64 64

Horse Power 2.312 2.455
Water per H.P. hr. 28.22 28.54

Gas per R.P. hr. 2.502 2.356

B.T.U. per R.P. min. 574 569

Actual Evap . .11.29 12.19

Equiv.Evap. 15.93 16.91

Efficiency Boiler 81.8 86.1
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CHAPTER V.
Results of Tests.

Four separate series of tests were made. Tests No.9,
10, 11, 12, 13 and 16 were run under different loads, in order
to study the relation between power. and efficiency. To observe
the effect of varying the cut-off, tests No. 15, 17, 19 and 20
were run linked up differently, but with other conditions the
same. In tests 24 to 29, the revolutiom of the engine were
varied from 380 to 660 per minute, in.order to determine the
gain in efficimcy wi th increase of speed. Tests No. 21 to 23,
and 30 to 35 compose a series made to study the effect of super-
heating the steam. These groups will be considered individual-
ly.

In the first series, the boiler pressure was kept con-
stant to secure the same temperature of the flue gases in each
test. The link motion was set in full gear, as the engine is
usually run in this way. The revolutions of the engine were
kept as near to 500 as possible. This speed was thought to
represent ordinary conditions, as it corresponded to about 17
miles per hour. The power developed ranged from 1.0 to 3.6
H. P. The results which are plotted on page 59 A, show a gain
in efficency with the increase in H. P. This is due, first to
proportionally less friction with greater loads, and second to
the higher steam chest pressure. The gain in water economy
and B. T. U~ in going from 1.0 to 3~6 H. P. is seen to be about
30%. To understand the curve of gasoline consumption, we must
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Six tests were made with the same boiler and steam chest pres-
sure. There is a steady but very slight gain, in water
consumption amounting to less than 3%. in the entire range.
The gasoline consumption cannot be directly cOlmpared, on account
of the change in boiler efficienc~with increase of the H. P.
developed ..

To study the gain to be brought about by shortening.the
cutoff, five tests were made with t~e engine linked up differ-
ent amounts. The same boiler pressure, loads and speeds were
used. In one run the reverse rod was pulled back as far as
possible without causing the engine to pound. It was round in
this way that the shortest average cutoff with which it was
possible to run was 201. The curves plotted from the results
(p 62 A) show a very decided gain in both water and gasoline
consumption. From the direction of the curves at the lower
end,-'it would seem that with valves designed to avoid excessive
compression, and set so that the cutoffs would be more nearly
equal at the opposl.te ends of cylinders, a still further gain
might be made. It is evident that the gain would be limited
by two things only" First, the steam chest pressure might
become excessive, thus causing undue friction in the valve gear.
Second, the steam might .be expanded down to the point where con-
densation would begin. Judging from the temperature of the
exhaust, this would not occur with a cutoff over 191.of the
stroke. With full gear theeXhaust was superheated 74 degrees;
with a 20% cutoff this was reduced to 29°. The steam chest
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pressure was increased from 43 to 115 pounds. Thus it is seen
that each pound of steam gives up much more heat with the short
cutoff, with the result that the water consumption is reduced
27%. Owing to less waste heat at exhaust, the gasoline
saving was proportionately greater, amounting to'about 31.5%.

With the Stanley boiler, the temperature of the steam'
delivered to the engine ,may be raised by increasing the steam
pressure, or by increasing the amount of superheating surface.
To obtain a group of tests with different degrees of superheat,
a series of runs were made at varying boiler pressures, with
three distinct systems of superheating. The first used was the
system ordinarily used in a Stanley car. This is known as the
"double superheater." The course of the steam is shown in Fig.
8 page 64. It is seen that the steam passes through the boiler
tour times and through the fire box twice. The system next te~-
ad is known as the "single superheater." As shown in Fig. 9,
this is constructed in the same manner as the "double superheater,"
but the steam passes only twice through the boiler and once
through the fire box. Tests No. 30, 31, 32 and 33 were made
this form of superheater.

In making the tests it was observed that with both the
"single" and "double" systems, the temperature of the steam
at the engine was greater than the boiler temperature. It
was therefore evident that the high temperature of the steam was
due to the coil in the fire box, and that the steam on passing
through the boiler the last time, must be cooled t~ a certain
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extent. On this account it was decided to. try a superheater
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of the form shown in Fig. 10. The steam passed through the
boiler only once, but the coil in the fire box had practically
the same length as the two coils in the double superheater.
From the fire box the steam was led directly to the engine
through a pipe covered first with~bestost and then with a
thick layer of hair felt. This arrangement was only used in
the last two tests. The approximate temperature of the steam
at the ensine, obtained with various boiler pressures, and a
steam chest pressure of ~5 pounds, 1s shown in the following
table.

Form of Sup erheaterll Single Double

Boiler hessurel lOJ;~o 30~r~~Or-o-~~o 2001300 42tti

TfIIlP. of steam! 46014901 5101 5251' 500 5501575 600' 625
I' 0

I ! II
i

Special

2001460

670 710
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Before considering the re~llts of the tests, we will first
show the loss in boiler efficiency with higher pressures, due to
the greater temperature of the flue gases. The results of tests
in which the equivalent evaporation was the same, have been plot-
ted on Page 61 (curve.B). It is seen that the efficiency was
directly proportional to the boiler pressure, and that a gain of
about 15 percent was made in going from 500 to 100 pounds. It
is evident that if we are obliged to raise the boiler pressure,
in order to obtain a higher degree of superheat, the gain in 'the
engine efficiency must be very great to offset the loss in boiler
efficiency. The results of the tests are plotted on Page 67.
The water consumption and the ,B. T. U. per H. P. may be directly
compared, for although a slight difference in conditions was in-
troduced on account of the engine doing additional work in pump-
ing against a higher boiler pressure in some of the test~J this
affects the results so slightly that it may be left out of con-
sideration. This probably accounts, however, for the fact that
tests No. 27 and 23, having high pressures, lie above the curve.
The additional work done in pumping water necessary in the
average test against 500 pounds pressure instead of 100 pounds,
would, neglecting friction amount to about 2.3 percent. It is
seen from the curve that there was a marked gain in econon~,
which, however, becomes slightly less as the superheat becomes
very high.

Looking at the plotted gasoline, consumption, and compar-
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ing only those tests having the same boiler pressure, it is
evident that although more heat is being wasted at the exhaust
wi th the higher degrees of superheat, the're is a gain in the.
gasoline per H. P. hr., due to less water being evaporated.
This is shown by the dotted curve •. Comparing now those tests
having the same form of superheater, we see that with an in-
crease of the superheat, there is a slight increase in the gas-
oline per H. P. hr. Therefore we must inf3r that the gain in
water consumption is not large enough to compensate for the
decrease in boiler efficiEncy, and the increase in exhaust
waste.

Reviewing briefly the results as a whole, we may reach
the following conclusions: The .speed of the engine has Iittle
effect on the efficiency and hence for use that speed should
be chosen whicn, for average road work, gives the smoothest
running of the engine coupled with a minimum of wear on the
moving parts. Five hundred revolutions per minute would
seem to be a fair figure. The engine should be designed to
run with as short a cutoff as is possible without making the
steam chest pressure excessive. In actual practice the cut-
off must, of course, be adapted to the conditions. It is

probable that with heavy loads, a decided gain could be made
by using a larger engine, thus enabling a shorter cutoff to

1 1
be used. The 2 /2 x 3 /2 engine is well adapted for the use

1of a short cutoff while developing 2 /2 H. P. at 500 r. p. m.
The steam chest pressure necessary in this case would be about
115 pounds.



Super~eating the steam results in a great saving in
water consumption. Whether or not it is advisable to obtain
the superheat by raising the boiler pressure at a sacrifice
of efficiency, depends on the conditions under which the car-
riage is operated. It has been shown to be un$conomical in
regard to fuel in the testing machine, but on the road with
a fluctuating load and a rapidly changing boiler pressure,
this might not hold true. In any case, the idealway. would be
to choose a boiler pressure sufficiently high to provide an
ample reserve of energy, and then to obtain, by increasing
the superheating surface in the fire box, as high a temperature
as it is possible to use without injury to the engine, or
without causing the too rapid burning out of superheaters.
The heat wasted at exhaust amounts to a very small percentage of
the whole. Under average conditions, developing 2.5 H. P.
with a 20 percent cutoff, it would only require an increase
of 3 percent in the gasoline per H. P.hr. to superheat the
exhaust 100 degrees instead of 30 degrees, as is the case with
a double superheater.

From the boiler efficiency curve on Page 61 it is claar
that a boiler sufficiently large should be provided, so that it
would never be necessary to force it beyond its point of
maximum efficiency. Under ordinary conditions, the efficiency
of the boiler is very high. Practically perfect combustion
is obtained, and the temperature of the gases on leaving the
tubes is but little above boiler temperature. With an .actual
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evaporation of about 75 pounds per hour, and a boiler pressure
of 400, the average efficiGn~y is 82 percent. The maximum
efficiency~ 88.1 percent was obtained with a boiler pressure
of 82 pounds. The equivalent evaporation in this case was
17.14 pounds of water per pound gasoline. Taking the heat of
combustion of coal at 14,000, this would be equivalent to an
evaporation of 12.78 pounds per pound coal. The equivalent
evaporation per square foot of heating surface was 3.75 pounds.
With the engine running in full gear, and the boiler pressure
at 400 pounds, the 14" boiler was capable of furnishing, with-
out being forced beyond the point of maximum efficiency, steam
enough to develop 2.5 H. P. By shortening the cutoff to 20
percent, this could be increased .to 3.2 H. P.

The maximum power developed in any test was 4.859 H. P.
(test No. 29). The water per H. P. hr., was in this case 21.3
pounds. It should be noted that the feed water in all the
tests was very cold, whereas under actual conditions it
reaches 120 degrees. Had the feed water been at this tempera-
ture during this test, the power developed could have been in~ .
creased to 5.08 H. P.

The lowest consumption in gasoline ,was reached in test
No. 20, with a cutoff of 20 percent. ' and developing 2.64.H. P.
The result obtained was 1.905 pounds per H. P. hr. This is
equivalent to.~28 gallons per H. P. hr. Taking the price of
gasoline at .15 per gallon, we have 4.92 ets. as the cost per
H. P. per ltonr. It should be noted that test No. 20 was made



under ordinary conditions, 'with a high boiler pressure and
a double superheater. Had a similar test been run with a
pressure of 100, and the special superheater, the gasoline per
H. P. hr. would have been reduced to at least 1.65 pounds,
and the cost per H. P. hr. to 4.26 cts.

In conclusion, a word should be said in rega~d to ball
bearings. The engine used in testing was new when set up.
During the work of testing, it made 1,888,150 revolutions, which
would in the automobile be equivalent to 1046 miles. It
developed an average of 2.50 H. p. at 515 r. p. m., which
would be equal to a speed ,of 17.1 miles per hour on the road.
At the end of the tests, the engine was in perfect condition.
No bearings were adjusted during the tests, and but little
looseness or play was observed at the end.
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