THESIS

The Effect of Compression on the
Fuel Consumption of a Gasoline IEngine

by
Bverett S.Gardiner
Class of Nineteen hundred and fourteen

Department of Mechanical Engineering

THROCP COLLLGE OF TECHNQIOGY
Pasadena, California.

- 1914 -



TABLE OF CONTENTS

Introduction
II
Specifications of Engine
111
Photographs
IV
Description of Tests
v
Formula Sheets and Explanation of Power
VI
Calorific Value of Fuel
VII

Data and Results of-Tests. Complete Form
- AS.M.E, Code of 1912 -

VIII
Graphical Representation of Results
X

Original Data
- Taken as Tests were made. -



I
INTRODUCT ICK

The title of this thesis was originally:

"The Effect of Comoression on the Consumption of an Inter-
nal Combustion Engine Using Gasoline, Kerosene, Distillate
and Alcohol." And it was thought that it comprised a
field sufficiently broad to insure the expenditure of the
efforts of two men.

Curves of the various fuels were to be ob-
teined from: the compression pressures as abscissae and
pounds of fuel per delivered horsepower per hour as
ordinates. These curves were to be plotted from the
results of a least two tests at an interval of one de-
livered horsepower apart ranging from zero to the maxi-
mum output of the engine; this series being repeated
at each of the four or six compressions obtaineable.

Thus with a five brake horsepower engine, which was
used, there would be two tests at each horsepower, at
each compression, and with each fuel; making in all;
assuming five different compression pressures ranging
between forty—five pounds per squere inch (Gage) and
one hundred and ten pounds per square inch (Gage)

two (tests) X five(horsepower) X five (compression
pressures) X four (fuels) equals two hundred (Total
number of tests).

This figure is conservative as it would



-
have required more than two fests in many cases in order
to get anything like checking results.

A1]1 tests were to be of not less than an
hour's duration end in some cases it was hoped to run
longer ones in order to procure more accurate indicated
horsepower readings.

The curves thus obtained and plotted would
show at what power the maximum economy occurred for each
fuel. DSuch curves are not to be found at this time in
any source obtainable.

B e T

The engine, that wes used, had a compression
pressure of fiffy-nine and three tenths pounds per square
inch (absolute) end & series of twelve tests were run,
as oreviously suggested, at that oressure. The pressure
was then changed, by lengthening the connecting rod,
to sixty-seven and three tenths pounds per square inch
(absolute); and a siwilar series of fourteen tests was
run at this pressure.

.'

Owing to the construction of the cylinder

]e;

)

it was impossible to increase the compression pressure
further, using the same method, because the piston al-
ready covered one-half of the exhaust port when it was
on dead centre. Thus in order to procure the desired

results it would have been necessary to have procured

another, differently designed, cylinder, As it was,



results were obtained from the two different pressures
which with the curves will be found in another section

4.9

of the thesis.

D@

During the first few tests which were run
on the engine, several difficulties were encountered:
(1) The carburetor was filled with water end other
foreign matter left over from a year ago so that it
was necessary to remove the instrument, clean it
thoroughly, and replace it before satisfactory tests
could be made.

(2) The "meke and breek' mechanism of the ignition
system was also out of order and this necessitated
the design and manufacture of a contrivance which had
to be adjusted.

(3) The explosion counter had slipned out of place so
that it did not record the impulses accurately.

(4) A rope prony brake, placed on either of the two
fly-wheels, was used to absorb the power in all tests;
but various arrengements had to be contrived to get
the brake to remein constsnt at the different loads.
At the higher loads, a two strand hemp rope was used,
but at the low loads a single cotton rope sufficed.
At loads as low as one horsepower a single piece of

number eighteen copper annunciator wire was found to

(OV]



work most satisfactorily.

CARBURAT ION

There were two different carburetors used in
these tests, or more strictly speaking, one carburetor
and one vaporizer. The engine was fitted with a vaporizer,
the action of which was as follows: Gasoline was pumped
from a tank to the vaporizer by a mechanically operated
pump; here a constant level was maintained by the height
of the overflow pipe above the floor of the vaporizer.
The surplus ran back to the supply tank. The adjustment
of the instrument was accomplished by the use of a needle
valve, the discharge from it passing into the suction line.

The carburetor that was used was made by the
llayer Carburetor Company and was designed for use on
four cylinder motor-cer engines.

The results show that one instrument was
equally as good as the other, as far as fuel economy is
concerned.  Accompanying the thesis are cuts of both

arrangements.
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- SPECIFICATIONS OF ZENGINE -

Type of Ingine:

Stationary, Horizontal, Single-
acting, Gasoline.

Number of Revolutions for one cycle: two

Class of cycle:

Four

lMethod of Ignition: "lleke and Break."

Governing: Flywheel governor, centrifugal type, act-

ing

n "hit and miss" orinciple.

Cam holds intake valve closed and exhaust
valve open when miss occurs.

Name of Builders: Fairbanks llorse Company.

Rated Capacity:

Dimensicns: (a
b
c
d

(e)

Date: lay 1914

Five horsepower at 325 revolutions
per minute.

Diameter of cylinder: 5 inches

Length of stroke: 6 "

Area of piston: 19.6 square inches
Compression space:

Ti) At 59.3 pounds per square inch
absolute: Volume: .04853 cubic

‘ feet., Or 42.8/» of the piston
displacement.

(2) At 87.3 pounds per square inch
absolute: Volume: .Q399 cu. ft.
or 35.1% of the piston displace-
ment.

Compression pressure increase from 59,3
pounds per squate inch absolute to 67.3
pounds per square inch absolute repre-
sents a pereentage of
67.3 - 59.3 - 13.4
9.3
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DESCRIPTION OF TESTS

The engine was run under load conditions
until i1t became thoroughly heated before each test was
started, in order to maintain the various temperatures
as nearly as possible constant through the tests. Iach
test was started at a predetermined time so that the
zero weights of the oil aend water tanks might be de-
termined, and the reading of the impulse counter taken.
This done, readings were taken every five minutes of;

(1) the temperature of the cooling water going into the
cooler; (2) the temperature of the water out of the cooler
and in the water jJackets of the cylinder; (3) the temper-
-ature of the cooling water out of the jackets; (4) the
temperature of the exhaust gases from the engine and from
the cooler. All these readings were teken from thermometers
excepting the exhaust gases from the engine; the temperature
of these was determined from a Leeds Northrup Pyrometer.

On account of the "hit and miss" type of gover-
nor used on the engine the exhausr valve is held open dur-
ing the idle strokes, thus the temperature reading on the
Pyrometer at no load is not correct because of so few ex-
plosions.

Indicator cards were taken every five minutes
with a Crosby New Indicator Number 2 using a spring cali-

brated to two hundred pounds per inch.
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The speed was ascertained several times during
each test, it being unnecessary to observe it at short
intervals, The governor kept the speed practically constant
at three hundred and thirty-five revolutions per minute, at

all loads.

Two instruments were used to check the revolu-
tions of the engine namely; & Schuchardt & Schutte Tacho-

meter number 6361, and a Veeder Revolution Counter.
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- FORMULA SHEETS -

average number of explosions vner minute

is calculated by dividing the total number by the dur-

ation of the test in minutes.

The

The

indicated horsepower is 2 L A N

P is the lean Lffective Pressure in
pounds per square inch

L is length of stroke in feet

LA is the area of the piston in square
inches

N is the average number of explosions
per minute

delivered horsenower is 2w R N F
i 33000

w is 3.14159
R is radius of wheel in feet
N is the number of revolutions per
minute
P is the net nressure on the brake arm
at a distance R from centre of shaft.

Mechanical Lfficiency is D.H.P. X 100

Ioﬂqfo

Heat consumed per hour is the product of the

calorific value of the 0il »er pound and the total number

of pounds used per hour.

Heat consumed per indicated horsepower per

hour is the heat consumed per hour divided by the indi-

cated horsepower.

Heat consumed per delivered horsejower per

hour in the heat consumed per hour divided by the de-

livered horsepower.
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Thermel Efficiency Ratio:

Per indicated horsepower 2545 X l?O
ine a)

Per delivered horsepower 2545 X 100
Line 51 (D)

2045 is the equivalent of one horse-
power per hour_expressed in
British Thermel Units.

Line 51 (&) is the number of British
hermal Units consumed by the
engine ner indicated horse-
power per hour.
Line 51 (b) is the number of British
Thermal Units consumed by the
engine per delivered horse-
power per hour.
lMean Effective Pressure is:the area of the card,
in square inches,multiplied by the scale of the spring,in

pounds per inch, divided by the length of the card,in inches.

B

- POWIR -
~-INDICATED HORSEPOWER-

The Indicated horsepower was calculated from the
mean effective pressure of diagrams taken every five minutes;
and also the average number of explosions per minute.

-DELIVERED HORSEPOWER-

The power was absorbed from the engine by means
of a rope brake placed on the flywheel. The zero weight of
the brake was twelve pounds. The circumference of the fly-

wheel was ten feet nine inches.
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L tsble showing the relation between the de-

livered horsepower and the brake readings:

D, H.F. - Vieight on scales
1 9.15 2le15
2 18. 30 30. 30
3 27.50 39.50
4 36. 60 48,60
5 45,80 57.80

P is the net pressure on the brake arm at a distance R
from the centre of the shaft.

The weight on the scales is P plus the zero weight of
the brake.
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VI
CAIORIFIC VALUE CF FUEL

The higher calorific value of United States
petroleum and its distillates, ranging from crude oil to
gasoline, varies quite regularly with the Specific Gravity
of the material, and is expressed approximately by the
following formmla, which may be assumed correct within
two percent:

British Thermal Units per pound is equal to
18650 plus 40 (B - 10C)

B is equal to degrees on the Baume Hydrometer.
(Teken from "Elements of Heet-Power Ingineering" by
Hirshfeld & Barnard Page 469.)
Calculated Calorific Value

18650 plus 40 (60 - 10) 20650 B.T.U. per pound
Bxoerimentel Value 20717 B.T.U. per pound-

Percentage variation 0,324



Test No. 1 Parr Calorimeter
Wt. of glass bulb & gasoline
1 T

! " alone
" " casoline alone
1 gr. k0105 , 1 measure Ney0p

Minutes Temperatures
1 6Y.10°F.
2 69.10
3 64.11
4 69.12
5 69,125
6 69.14
7 69.14 fired )
8 74,15
9 74,53
10 74,56
11 74.56
12 74,57
3 74,56
14 74,505
15 74,55
16 74,55
17 T4, 04
18 74,53
19 74,525
20 74,52
llaximum temperature 74,57
Initiel " 69.14
Rise in " A3
Radiation 03
5.460C
Corrections . 2897
"v" in formula 1763
B.T.U. ser pound is r x 0.73 x 2135
Wt.of Gil (gr.)

—

5.1703 X €,73 X 2135
. 090

Fuel used in tests: 16, 17, 18, 2C.

0.534
0.139
0.395
Differences
5 minute interval
.01
.00h
005
000
.01 < 03
.01
.0CH
.00b
CORRECTICNS
Huse « L
1 gr. KC10g c234
Glass:
(,03%X1.39) _.0417



Test No. 2 Parr Calorimeter
FTuel used in tests numbers 16, 17, 18, 20
. of glass bulb 81gasollne .%2%%
alone :
i gasollne " . 3005
1 gr. KC105 , 1 measure NagOp
Minutes Temoeratures Differences
I L/. 4 [ ]
2 73.84
3 73.84
4 73.83
b 73.835
3 73.82
7 73.81 fired
8 77.40
9 77.90
o Y20
11 .95
12 .95 .00
13 77,94 01
14 77,91 .03
15 77,90 01
16 77.89 01 .06
17 77.87 02
18 77.86 01
19 77.856 01
20 77.84 .01 .06
Maximum temperatufe 77.95 CORRECTIONS
Initial 73.81
Rise in " 4,14 Fuse 014
Radiation .06 h0103 234
4,200 Glass: \
Corrections . 296 (.03 X 1.6} .048
"r'" in formula 3.904 . 206

3.904 X ,73 X 2135 = 20350 B.T.U. per pound
® BGUB
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Test No. 3 Parr Calorimeter

Fuel used in tests numbers 21 to 31 inclusive.

Tt. of glass bulb & gasoline .463
" 3 " alone 1805
& " easoline . . 2825
1 gr. KC10g , 1 measure Nas0o
inutes Temperatures Differences
1 67.45°F, fired
2 70,70
3 71,30
4 71.45
L5 71,50
6 71.50 . 00
7 .00 .00
8 71.50 00
9 71,50 .00
1C 71,50 .00
Maximum temberature 71.50 CORRECTIGHS
Initial 67.45
Rise in " 4, Fuse 014
Radiation 0,00 KClO,2 204
Corrections .102 Glass:
"p in formula 3.948 (.03 X 1.8) 054

Calorific Velue per pound is _r x 0.73 x 2139
Tt.of il (gr.)

3,948 X .73 X 2135 _ 21750 B.T.U. per pound
.2825_——"—3_ - L



Test No. 4 Parr Calorimeter

Fuel used in tests numbers 21 to 31 inclusive.

- 18 -

Wt. of 0~lass bulb & gasoline « 3655
" " alone .1105
" " cgasoline " . 2450
1 gr. KU105 , 1 measure Nas0o
Iiinutes Temperatures Differences
1 71.30°F.
2 71.30
3 11,30
4 71.3C
5 71.30 fired
6 74.35 :
7 74,75
8 74,80
9 74,80
10 74.80
11 74.79
12 74,715
13 74,76
14 74,775
Maximum temperature 74,80 CORRECT ICKV:
Initial 71. 30
Rise in " 3. D00 Fuse 014
Corrections 282 KClOQ . 234

"v" in formula 3.218 -
ass

(.03 X 1.1) 033
T 282

Calorific Velue per pound is r x G.73 x 2135
t.of 0il (gr.)

3.218 X 2135 X .73 — 20450 B.T.U. per pound
245 T



- 19 -
Test No. 5 Parr Calorimeter
Fuel used in tests numbers 21 to 31 inclusive.

Wt. of glass bulb & gasoline .6115
" 14 1" t

" alone "‘Légég
" " ogsoline " g

1 gr. KC10g , 1 measure Na202

Minutes Temperatures Differences
1 "4.07°F,
2 74,07 fired
g 78. 30
4 78,80 ) 4 minute interval
D 78.90
6 78.91
7 78.90 .01
8 78.88 02
9 78.8b .03
10 78.84 .Ul .07
11 78.81 .03
31 78.80 01 .08
Meximum temperature 78.91 CCRRECTICNS
Initial . 74,07
R A
Radiation o KC10 o
£.915 3
Corrections ;v lass:
"v" in formula 4,591 .03 X 2.525) ‘%%2

Calorific Value per pound is r x 0.73 x 2135
fit.of O11 (gr.)

4,691 X 73 X 2185 — 19950 B.T.U. per pound

e

The average value of tests numbers 3, 4 and 5

is: 20717 B.T.U. per pound.
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VII
DATA AND RESULTS OF TESTS
§ A.S.1LE, Code of 1912, Complete Form -

No.of Test 1 8 9 10 11 12 14
Duration (min) 60 60 60 60 60 60 60
Spec.Gr.of 0il 5 JM4B 9B 1B
Barometer "Hg. 29.23 29.23 29.17 29.17 29.54

TEMPERATURES: °F.

Cooling Vater:
In Cooler 58 51 o8 60 60 58 57
Cut " 82.5 95 98 % 104 86 115
Cut of Engine 109 136 150 141 162 118 180

Exhaust Gases:
From Engine 296.6 292 507 670 756 749 736
" Cooler 63.4 69 68 71 74 67 76

Dry bulb 66.3 68 68 71 M4 €7 M
Tet * 60 61 66 68 60 63
% Humidity 63 68 71 74 67 45

TOTAL QUANTITIES:
0il Consumed 1b. 2.44 2.15 3.77 4.41 5.03 4.35 4.6
Cooling Tater "412.5 203 367 610 549 963 422

INDICATOR DIAGRANS:

Pressures in lb.ger sq.in.above atmosphere

Mexirum press. 290 276 260 247 237 234 274
Pressure at

beginning

of stroke: 232 275 260 245 237 234 233
At end of

‘expansion: 52.5 49 44 41 38 40 4G
lean Effective

Pressure °¢.1 8l.1 71.7 7.5 67 68.6 70.4
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DATA AND RESULTS (Continued) |
No.of Test 1 8 9 10 1 12 14
SPEED & IXPLOSIONS
Rev.per minute 331 338 330 335 336 335 335
Average number .
Impulses/min. 41  S81.5 83.7 125 151 146 139
POWER
1.0 2, 1.83 1.27 2.98 4.42 5 4,96 4.84
D H. B, G Q 2 3 4,58 4.14 4.25

Friction H.P,
by difference 1.83 1.27 .98 1.42 .42 .82 .H9

Mechanical Zff. 67.1 67.8 91.6 83.4 87.9

% I.H.P.Lost
in friction 100 100 32.9 32.1 8.4 16.5 12.2

ECONOMY RESULTS

(51) B.T.U.
Consumed per hr.

(a) per I.H.D.
(bp) " D.HP.
1bs.0il used

per hour 2.44 2,15 3.77 4.41 5.03 4.35 4.6
Per I.I.7. .33 1.69 1.27 .998 1.005 .875 .95
Per B.H.P. 1.88 1.47 1.1 1.05 1.08
EFFICIENCY

Thermel Efficiency Ratio
Per 1.H.P, |
Per D.H.7.

Work Done per Heat Unit

1980000 / Line 51(b)
(Foot pound)
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DATZ IND RESULTS (Continued)
No.of Test 15 1¢e 17 18 20 21 22
Duration (min) &0 6C 60 60 60 60 60
Spec.Gr.of Qil 78 JJHA3 W8 M3 N3 JtdE 4D
Barometer "Hg. 29.44 29.34 29.34 29.3 29.33 29.2 29.2
TENPERATURES:°F.
Cooling ilater:
In Cooler 59 3 61 62 62 63 64
Out * 111 121 128 12 1C6 91 9l
Out of Engine 177 193 210 143 165 120 122
Exhaust Gases:

From Engine 701 450 723 327 414 240 255
" Cooler 77 86 88 74 76 69 69

Dry bulb "8 8 88 M4 76 69 69
Jet 63 7 M7 65 67 B8 58
% Humidity 43 44 39 62 63 B3 58

TOTAL QUANTITIES:

0il Consumed 1b. 4.73 2.35 4.12 1.84 2.38 1.82 1.92
Cooling Water 447.5 172.5 32C0.2 173 22b5.5 189 230.5
B.T.U./1b.0i1 ( 20400. ) (20720 )

INDICATOR DIAGRAIG:
Pressures in lb.per Sq.in. above atmosphere

laximm pres. 249 241 240 194 216 08 313
fres. at beglnnlng )

of stroke 4 241 240 1le7 183 231 262
At end of »

expansion: 40 44 38 46 45 50 49
llean Effective

Pressure 71 70.38 61.9 68.6 74 92.6 89.4



DATA AND RESULTS (Continued)

No.of Test 15 16 17 18 20 21 22
SPEED & EXPLOSIONS
Rev.per minute 335 335 335 335 336 3356 335
A¥§§§ §e§7§?§f 137 75 141 57 83.2 27.3 3l.1
POVIER

I.H.P. 4.81 2.61 4.32 1.93 3.04 1.24 1.37

D. L.P. 4,14 1 4 0 1 0 Q

Friction H.P.
by difference .67 1.61 .32 1,93 2.04 1,24 1,37

Mechanical Iff. 86  46.4 92.6 32.9
% 1.5.°.Tost
in frietion  13.9 61.5 7.4 67 10C 100

ECONCWY RESULTS
(51) B.T.U.

Consumed per hr. 479G0 84000 375C0 48500 37700 39800
(a) per I.H.}. 18300 19450 19420 1597C 3C4GC0 291C0
(b} " D.HP, 47900 21CCC 48500

1bs.Cil used

per hour 4,73 2.35 4.12 1.84 2.38 1.82 1.92
Per 1.H.E. 983 .9 904 ,954 784 1.47 1.4
Yer D H. 2, 1.14 2.35 1.03 B ol
IFFICIIICY

Thermal Efficiency Ratio

Fer l.H.B, 139 .131 .131 .159 .084 .087
Per D.H.T. ¢b3 .121 052

fork done per Heat Unit
19800¢0/Line 51 (b)
(Foot pounds) 41.6 94.7 41



DATA AND RESULTS (Continued)

No.of Test 23 24 25 26 27 28 29
Duration {min) 6C 60 60 60 60 60 6C

Spec.Gr.of Gil 45 74D 74D V74D 74D VT4 4D
Barometer "Hg., 29.20 29.12 29.12 29.36 29.36 29.36 29.36
TELPERATURES: ° F.
Cooling Viater:
In Cooler 62 64 63 60 60 60 61
Cut " g4 105 106 88 105 107 CO
Cut of Engine 110 15 159 129 15 172 153

Bxhaust Gases:

From Engine 370 350 358 6% B0 652 650

" Codler 66 73 T4 89 74 5 74

Dry Bulb 67T T4 M4 68 T4 M6 75
Tet " 5 63 63 59 62 63 63
% Humidity 62 b4 B4 B8 51 47 bl

TOTAL QUANTITILS:

Cil Consumed 1b. 3.18 2.41 3.07 4,06 3.53 4.04 3.89
Cooling Vater 447 173.5 184 716.5 348.5 209.5 492.5

B.T.U./1b.0il ( 20720 for all ‘ )

INDICATOR DIAGRALIS: .
Pressures in 1b.per Bg.in. above atmosphere

laximum pres. 311 299 297 283 296 297 293
Pres., at beginning .,

of stroke: 283 283 293 283 296 o7 293
.At el’ld OZ-E o ~ ~
expansion: 43 44 44 40 41 40 40

liean Effective ) )
Pressure 82.6 76,6 8l.1 Y75.6 79.4 175.8 76.4
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ATA AND RISULTS (Continued)

No.of Test 23 24 25 26 on 28 29
SPRED & EXPLOSIONS
Rev.per minute 335 33 335 335 335 335 33
Average number
Impulses/min. 60.8 48.8 52.4 137 105.4 124.5 124.5
20%W :B
I.H P, 2.52 1.89 2.1 5.14 4.14 4.72 4.71
D.H. P, 1 1 1 3 3 4 4

Friction H.P.
by difference 1.2 .89 1.1 2,14 1,14 .72 .71

Mechanical Eff. 39.7 53 47.6 08.4 72,4 84.7 84.9

% 1.HP. lost
in friction  59.5 47  52.4 4l.6 27.5 15.2 15.1

ECONOLYY RESULTS

(51) B.T.U.
Consamed per hr.65900 49900 63600 841C0 73100 83600 805C0

(a) per I.H.2. 26150 26400 30300 16380 17700 17700 17100
(b) " D.H.P. 65900 49900 63600 28050 24400 20900 20150
1bs.0il used

per hour 3.18 2.41 3.07 4.06 3.53 4.04 3.89
Per 1.H.2. 1.26 1.28 1.46 .79 .85 .85 .82
Per D.H.D. 3.18 2.41 3.07 1.35 1.18 1.01 .97
EFFICIINCY

Thermal EZfficiency Ratio

Per LALF.Jx 100, .097 .096 .08¢ .155 .14 .144 149
or %
Per D,H.P. # 039 .051 .04 .091 .104 .122 .126

Tlork done per leat Unit
1980000/ Line 51 (b)
(T oot Uounds)Bo 1 32,7 31.1 7.5 81,2 94.8 98.4



No.of Test
Duration (min)
Soec.Gr.of Cil
Barometer "Hg.
TEPERATURES:° 7.
Cooling Vater:

In Cooler

Qut "

Qut of Engine
Exhaust Gases:

From Ingine

" Cooler

Dry Bulb
Tet "

% Humidity

DATL AND RESULTS (Continued)

TOTAL QUANTITIZS:

0il Consumed 1b.

Cooling Water
B.T.U./1b.0il

INDICATOR DIAGRAILS

. Pressures in 1bo.

Maximum pres.

fres. at beginning

of Stroxe

At end of
expansion:

llean Effective
Fressure

30 1 32 33 34
60 6 60 60 60
745 J745 735 735 .73
29.33 29.33 29.325 29,325 29.27
60 60 61 62 62
93 104 104 106 102
133 lel 163 1566 149
725 747 454 445 345
72 75 75 76 73
72 77 76 76 73
61 64 65 65 64
93 47 55 55 62
416 4.54 3.15 3.16 2.32
619 030 266 248.5 185.5
20720
per Sq in, above atmosphere
298 289 304 310 305
293 289 304 310 285
40 39 43 44 45
74.5  73.5 77.5 75,8 84.4



DATL AND RESULTS (C ontinued)

No.of Test 30 31 32 33 34
SPHEED & EXPLOSIONS
Rev. per minute 335 335 335 335 335
Average number
Impulses/min. 151.3 153.6 76.3 75.5 4b.8
POWER
I.H.E. 0.6 .09 2.93 2.83 1.93
D.H.F, 5 5 - 2 1
Priction H.P.
by difference .6 .59 «93 .83 w38
Hechanical Eff, 89.4 89,5 68.3 7.6 51,9
% I.H, P, lost
in friction 10,7 10.66 31.8 29.4 48,1

ECONOIY RESULTS
(51) B.T.U.

Consumed per hr. 86200 94000
(a) per I.H.F, 1539¢ 16820
(b) " D.H.P, 17230 18800
1bs.0il used

per hour 4,16 4,54 3.15 3.16 2.32
Per 1.HP. 4 .813 1.076 1.12 1.2
Per D.H. 2. .833 .907 1.576 1.58 2.32
EFFICIENCY

Thermal Efficiency Ratio
Per 1.LLE, 165 (151

~)x 100 for %

Per D.H.P. 148 ,135
Viork done per Heat Unlt

198u00®/£1ne 51

(Foot pounds) 11.5 16.5



Vill

GRAPHICAL REFRESENTATION OF RESULTS

- 28 -



670/77/.’/‘6&5‘/.01( Curves t 28-a 2
Jpr/'ﬂg 40 /6./)('/- n.




H.W. Webb, Glen Ridge, N.J.

|

P

EAR e

o

o RSERAENE







H.W. Webb, Glen Ridge, N.J. . Negative 2.
S TP T - T T ] i § IV AN FR R I T T 3 GAEE B T

-

[T

28-4 -

YT :7

Wit

T

8 W W

T

o =2k AREREd Ernaa R R A nwa s B,
~ ; 1 ke wﬁfﬁ.ﬂ”.ﬁ;ﬂ.ﬂrﬁ.ﬁ; 1+




H.W. Wcbb, Glen Ridge, N.J.

zative 2.

T

-

i

T

s

T

11




. T %l
AEREEEE = e a 5
b “ [ Ly f ix -Bete} - !l_ o
_ 1 =5 i el i 1
e .| ¥ padaai i _ i].c i |
= 1 : ™ ' I :
T’ } Wi w.. i * | m i -
= : = S0 } fel | =l 555
- I = m
) | t
i i 15 - | i
1 S I
| s |
01 .0 L e L ! s e e A g | il x.||w
+ |

VSN Wi A 4 S e

; i ) = | i}
+H ! it ; | ! i
8 s Ee i i T e 05,00 s e e RE
S e e SEEEE
o g ez it e s B g et e e e v
LW s i | (|
EREEY « §2 3 ! L A,‘w,
5 e He b s Eaay | IHH
: ! ‘

ey




e as l
TR T

H.W. Webh

(len Ridge, N.T.

W

T

GhS £an Y R Sk ean s

i
o
2 t

!

ESH e raka HEERE
o el 5 B - S0
3 g s O E
S
£y

presss
Foganiais

IRNES P
: -

) Comp

i

&ge

G)fa”’ -’é

(E1E )

&
4 .

A 45 lh e

al

T

RN AR R

T 3




e

\

\\ .Z;m’/kafo'r\ 'fa/f'c/d’

3 \ . i
Showing Rifect o Hdvancing Ipark
cfpr/'ﬂy: 2oo lb. perin.

- 28-h -




H.W. Webb, Glen Ridge, N.J.
F : =

W
2= as X
4.& - i o

1

it

T

1

S

-+

.J_',"

dEEsiEe




IX
ORIGINAL DATA
- TAKEN AS TESTS WERE MADE -

(s AN & N 0 K O O G

Test numbers one to twenty in-
clusive were run on the engine with a
compression pressure of 59.3 pounds per
square inch absolute; and test numbers
twenty-one to thirty-four inclusive were
run with a compression pressure of 67.3

pounds per square inch absolute.



Test No., 1  Dec., 13, 1913 - 29 -

( TEMNPERATURES °p )
In Cut Exh.Gas Exh.Gas Cool. Vater

No. Time Cooler Cooler From Eng. From Cooler From Ingine
1 10:45 B57.5 79 170°C 63 104
2 5 " 78 ! i 105
3 5 " " 160 625 104

4 11:00 " 79 170 62.5 106
5 a6 o7 80 " 63 L
6 10 57.5 76.5 _" 62 101
7 15 " 78.5 14C i 103
8 20 58 82 130 63 110
g 20 89 85 " 64 112

10 . X &7.5 86 " " "

11 30 68 87 " " 115

12 40 60 89 120 69.9 119

13 45 " 91 " 67 122

Averages: 58 82.5 147°C 63.4 109

INDICATOR DIAGRALS
§ PRESSURES®S ,

No. Maximum. Begln Strk. Ind lixpansion. Length, frea. L L. P,
1 308 268 50 3.73 1.66
2 320 240 " 3.72 1.63
- 300 224 ! 3.72 1.68
4 274 220 54 3.76 1.66
5 320 280 " 3.72 1.55
6 310 257 56 " 1.64
7 274 174 50 " 1.8
8 303 256 “ ¥ l.%3
2 278 240 o2 " 1.76

10 250 110 o6 o 1.69

11 268 2l4 58 " 1,76

12 278 264 o2 3.74 1.66

13 280 264 54 ' " 1.68

Aver. 290 232 52.8 3.73 1.68 90.1

Dry Bulb 66.3°7, Nlater Veights Full 583.5 1b.

e Empty 171
% Humldlty Ne 412.5

%arometer

Rev.per min 331 Gasoline " Start 4,43

Finish 199

Load g H.E, Net 2.44

Gross Pres. 0

Zero 12  ZIxplosions Counter

Net 0 Finish 9663

Start 7202 Per min,

“ 4 Net 2061 41
I.H.2, is 90.1 x 10 x 19.6 x 41 — 1.83
12 x 33000




Test No. 8 Feb., 17, 1914 - 30 -
( TENPERATURE S®F. )
In Gut IExh.Gas Exh,Gas Cool. Vater
No. Time Cooler Cooler From Eng. From Cooler From Engine
1l 2:25 59 98 310 68 145
2 30 60 102 290 70 101
3 35 62 105 280 73 156
4 40 60 102 290 72 149
5 45 " 101 " 7L 142
6 SV 96 " 70 128
7 95 59 87 280 66 118
g 3:00 " 83 " 65 114
9 05 58 " " 66 "
10 10 " 86 " 64 123
11 15 62 95 " 68 138
12 20 63 g8 " 70 144
13 25 62 101 " 72 145
Average: 51 25 292 69 136
- INDICATCR DIAGRALS
( PRESSURES in 1b./sq.in.gage. ) )
No. Maximum.Begin Strk.ind Expansion.Length.Area. M. E. P,
1 270 - 3.72 1.4
s 280 280 45 " 1. 0B
3 270 270 47 " 1.5
4 280 280 3y " 1.54
5 270 270 50 " 1.4
6 260 260 " " 1.38
7 300 300 " " 1.49
8 280 280 " 3.3 1.57
9 270 270 48 o 1.52
10 255 Eng 50 " 1.97
11 270 270 " " "
%g 300 300 " " 1.61
Aver. 275 275 49 3.72 1.51 81.1
Dry Bulb  68°%, Water Veights:Full 216
Vet " 60 Emgty 13
% Mumidity 63 Ne 203
éarometer'Hg29.23
Rev.per min 338 Gasoline " Start 9.981b
Finish _7.83
Load in H.2. Q Net 2.10 1b.
Gross Pres. 0
Zero 12 Explosion Counter:Finish 83832
Net 0 Start 81943 Per min
) Net 1889 31.5
I.H D, is
8l.1 x 10 x 196 x 31.5 _— 1.269

12 x 33000



Test No. 9 Feb, 17, 1914 - 31 -

( TEMNPERATURES®F, )
HoO In H2O out Exh.Gas Exh,Gas Cool.xater
. Time Cooler Cooler From Eng. From Cooler From Ingine
4:15 98 92 500

N

0
1
2 20 93 520 " 138
3 25 " " " 66 139
4 x " 96 " 68 149
5 3 " 101 510 " 154
6 40 " 103 " 70 157
7 45 " 1" " it 158
8 5 " " 530 " 154
g 55 " 100 " 69 151
10 5: OO LA 99 LA ] f "
11 05 &7 1G0 " 68 152
12 g 58 101 " 69 155
13 15 1t 4] " " 156
Average: 58 92 a7 68 150

INDICATOR DI AGRANS
(  PRESSURES IN 1b./sq._in. gage. %

Ng. bagégum ﬁegéguutrk ind Expansion. ﬁtﬂ %reg i, E. P,
[
2 250 ¥ 3 72 1.19
3 " " " 3.73 1.33
S
6 260 260 " " 1,49
7 270 270 " " 1,29
8 250 250 a mo 7,23
9 270 270 " " 1.39
10 280 280 40 " "
11 265 265 50 B 1.34
12 275 275 43 1,32
13 260 260 45 " 1.49
Aver. 260 260 44 3.74 1.34 71.7
Dr Bulb 2%’5\ later lleights: ﬁul% 3{%.2 1b.
ie D ®
HumldltJ 68 Ne% d 367 1b.
Barometer 'Hg 29.23
Rev.per min 335 Gasoline "  Start 9.50 1b.
Load in H.P. 2 et S8e¥ 13
Gross ires.  30.3 1b. - ' '
Zero 12 Explosions: Finish 91341
let 18,3 1b. Start 86314 Per min.

A Net 527 83.7
JHP. is:

71,7 x 10 x 19.6 x 83.7 = 2.98
12 x 33000




Test No, 10

Feb. 19, 19

14

( TEMPERATURES®PE. _
Ho0_in Ho0 out Exh.Gas Exh,Gas  Cool.later
No. Time CSoler CHoler From Ing. From Cooler From Ingine
1 1:45 60 160 640 72 149
2 50 * 97 700 71 145
3 55 1" 1 )710 13 "
4 2:00 " " 730 72 144
5 o5 " 98 725 " 143
6 10 " 99 " " 149
7 15 " 98 690 ! 146
8 2 " 95 680 71
9 25 " 94 630 " 138
10 x " 92 625 70 135
11 38 " 93 " 71 "
12 4 " 92 620 70 132
13 45 " 91 i " 1t
Average: 60 96 670 71 141

INDICATOR DIAGRALES

( PRESSURES in 1b./sq.in. gage.)

Ni° Magégum.BeginAStrk.mna Expan51on.L§n gh.%rzg. M.E.P.
Y B .
o 275 260 45 " !
3 260 " 40 " 1.33
4 250 240 " " 1.35
5 245 245 38 3.7 1l.14
6 200 250 40 - 1.28
7 260 260 " 3.76 1.32
8 240 240 42 3.72 1.43
9 230 20 45 316 1,38
10 " " 42 3.74 1.46
11 250 250 i 3.75 1.4
12 255 - 205 4G " 1,24
13 210 210 E " 1.2
Aver., 247 245 41 3.76 1.34 71.5
gr Bulb Z%°F. Mater Weights:gul%
e 0
% Humidity 77 Neg 7 610 1b.
arometer"Hg. 29,17
Rev.per min. 335 Gasoline "  Start 2.95
W READIN rinis D
BRAKE READING 5 f.t. h ; 24 "
Load in H.T. \e 4L 1b.
Gross ‘res. 39.D0
Zero 12 Explosions: Finish 107030
Net 27.5 1b. otart __99537 per min.
Net 7493 126

I.H.7. 1is:

‘71,5 x 10 x 19.6 x 125 _  4.42

12 x 33000



Test lo. 11  Feb, 19, 1914 - 53 -

( TEMPERATURES®P. )
HoO in HoG out Lxh.Gas Exh. Gas Cool. Water
No. Tlme C6oler Cgoler From Eng. From Cooler From Jnglne

1 35 60 106 740 75 165
2 " 105 730 74 162
3 45 " " 750 " 164
o N " " 75 163
5 b *® 109 " 76 173
6  4:00 " 11C 775 " 171
7 g5 " 106 " 75 165
8 10 " 104 " 74 161
9 1 5 t? " " 1t 1 60
10 20 " 102 760 " 157
11 28 " 101 730 73 158
1 2 30 " it 14 " 1 5 5
13 8 t 1 " ft 158
Average 60 104 756 74 162

INDICATOR DIAGRAMD
( PRESSURES in Lb. éng in. i
No, Maximum.3Begin Strk. anan31on Len th, frea. ILE.P.

1 240 240 36 6 1.75

2 232 232 1.32

3 232 " 40 3.75 1.54

4 256 256 " " 1.64

L 232 232 " " 1.79

6 " " 37 " 1.74

7 235 235 34 3.6 1.32

8 240 240 38 3.75 1.59

9 11 " 4_0 1t 1. 3)7
10 " tt L34 11 1"
11 234 234 " " 1.65
12 240 240 a7 a 1.6
13 232 232 40 " 1.66
Aver. 23 Ay 38 3.70 1.D07 6%
Dry Bulb T4° R, Water VWeights: Full

Yiet Bulb 68 mmpty

o Humldlt 74 Ne b49 1b.
éarometer 'He.
Revtger min. 335 Gasoline " Stert 9.85
BRAKE R .DING , Finish 4.82
Toad in h P. 4.08 et 5.03 1b.
Gross “res. 5a
Zero Explosions: Finish 21682
Net Al 15. Btart _12610 per min.
LR Net 9072 151

edle s 283

67 x 10 x19.6 x 151 _ =9
12 x 33C00




Test No. 12 Feb. 21, 1914 - 24 -

( TEMPERATURES®E. )
Hol in HoO out Lxh.Gas ixH,Gas  Cool. Vater
. Time Cooler Cooler [from ung From Cooler From Ingine
10:45 58 84 75u 6

—
el
o

1
2 5 " 83 i 114
< 55 " 84 760 " 117
4 11:00 " 83 745 B "
5 0'5 " it " T 116
6 1c " i 750 66 "
7 15 *# " 745 67 117
8 20 59 84 " " 118
9 2o T 85 740 e 120
10 3 58 86 760 68 122
11 a8 = 87 " e 125
12 440 " " 750 " 123
13 45 86 740 " 122
Lverage 08 85 749 67 118
INDICATOR DIAGRALS
( PRESSURES in 1b. g in. -
No. laximum.Begin Strk. Exgan31on.Lenvth Area. lL.E.P,
1 234 234 3.73 1.72
2 243 243 43 3.75 1.6
2 230 230 37 i 1«63
4 234 234 40 " 1.51
h 230 ooe 45 " 1.59
6 220 220 40 3.76 1.55
7 P 200 2 375 .87
8 240 240 40 . 1.56
9 " 3] " " 1 . 577
1C 230 230 B ! 1.66
11 240 240 w " 1,68
12 224 224 " " 1.8
o 240 240 " " 1.56
Aver., 234 234 40 3.70 1.61 68.6
Dry Bulb 67°F.  Vater leights:Full 1013
Wet " 60 Empty
% Humldlt} 67 Let 963 1b.
ﬁarometer'hv 29.17
Rev.per min. 335 Gasoline "  Start
BRAKE READIN Finish ,%H
Load in H.P. 4.14 Net 1b.
Gross Pres. 50
Zero 12 Explosions:Finish 39263
Net 38 1b. otart _30513 per min.
LR 4 Net 8750 146
JHoEG is:

68.6 x 10 x 19.6 x 146 — 4.96
12 % 33000



Test No. 14 Feb. 24, 1914 - 35 -

TEHN L‘V RATURE S°FP. )
G in Ho0 out Exh. Has Bxh.Gas Cool, Vater

No. Time C@oler Cooler From Eng. From Cooler. From Ingine
119 740 75 179

0
1 2:00
2 05 117 730 b 15
3 g " 116 725 74 173
4 15 " 118 " 75 "
5 20 " 117 745 " 172
- 6 26 " - 120 " 76 179
7 30 " 113 " 77 186
8 35 98 118 " 79 196
9 40 " " " 80 194
10 45 57 109 720 76 178
11 5 " 107 715 75 174
18 bs ¥ 109 725 76 180
13 3:00 58 112 750 7 184
Average 57 115 736 76 18¢

- » INDICATOR DIAGRAIS
( PRESSURES in 1b. é 3 in. gage.)
Ng. Naximum,Begin Strk.En 4gxpansmn Length .Area, ILE,P,

335 1.65
2 268 232 " 3.75 1.6
3 278 Pae " " 1.63
4 280 220 42 = 1.77
o 265 232 40 " 1.71
6 280 220 " " 1.69
7 276 228 42 " 1.92
8 296 240 40 "  1.57
9 241 220 42 " 1.64
1C 260 224 40 3.74 1.51
11 300 268 e 3.70 1.68
1 280 230 " " £
13 264 244 " e 1.56
iver. 274 233 40 3.75 1.65 70.4
Dry Bulb T7T°F.  Vater Weights: Full 44G.5
ije " 63 Empty __18.5
Hum 101ty e 422 1b.
éarometer 'Hg. 29 54
Rev. er min. 335 Gasoline " Start 9.92
BRAKE READING Finish 5.32
Load in H.P. 4.25 let £.6 1b.
Gross fres. Bl
Zero 12 Bxplosions:Finish
Net 39 1b. otart per mln.
. Net 8342 139
JH.P. is:

70 4 x 10 x 19.6 x 139 _ 4.84
12 x 33000




Test lic. 15 Feb, 26, 1914, liayer Carburetor used. - 36 -

( TEMPERATURESC®F. )
HoU in Ho0 out Zxh.Gas Exh,Gas  Cool. ilater
No. Time. Cooler Cgoler From ung from Cooler.From Engine

1 2:30 60 114 710 79 188
2 35 113 " 185
3 40 " " TG0 " 186
4 45 " 117 " (4 170
5 xKoo6l " " 76 172
6 55 &9 109 " 78 178
7 3:00 60 111 " " 181
8 g5 " 112 i " 185
9 10 59 114 " 79 190
10 ia * 108 " 77 17¢C
11 2 " 103 " 75 164
12 25 58 " " 75 166
3 3 59 1C4 " " 168
Average 09 111 7C1 77 177

INDICATOR DIAGRALIS
( PRESSURES in Ib. [s9.in. gage.)

MR P

No. lMaximum,Begin Strk.Ind Expansion. Len uh Area MLE. P,
1 250 250 38 l.24
2 240 225 40 3 75 1.29
3 250 250 i = i,
4 200 230 38 " 1.35
5 " 250 42 w 1.36
6 248 248 38 * | Y
i 250 250 41 S 1.38
8 270 240 42 g 1.23
9 24C 240 " S«16 1.3
1C 245 245 . 38 S ia 1.2
11 20C 250 40 3.76 1.33
12 240 240 " Oelo Aot
13 250 250 41 3.76 1.4
Lver. 249 244 40 .70 1.833 711
Dry Bulb 78°F.  Vater Veights: Full 477.5
V & 63 gty 30
1d1ty 43 Ne 447,55 1b.
Barometer 'Heo 29.44
Rev. oer min, -335 Gasoline " Stert 9.71
BRAKT RZADING Finish 4.98
Load in L.P., 4.14 Net 4,73 1b,
gross SR %O Bxpl Finish 86999
Zero o xplosions:Finis
Net 38 1b. Start _ 78888 per min.
- Net 8211 13%
eileEy 185

71 x 10 x 19.6 x 137 _4.81
12 x 33000



Test No. 16 lich. 5, 1814. llayer Carburetor used. - 37 -

(----TEMPERATURES F.- - - - )
HoG_in HpO out Exh.Has Exh,Gas  Cool. Vater

Ho. Time.Cooler. Cooler From Eng. from Cooler. from Ingine
1 1:50 63 121 500 85 200
2 55 62 475 " 196
3 2:00 " 120 450 84 190
4 05 64 122 425 86 196
5 10 " 124 450 88 200
6 15 62 122 " 87 190
7 26 " 121 465 89 196
8 25 " 117 450 83 190
9 X 63 121 435 85 188

10 35 64 " 430 87 193

11 40 63 " 425 86 190

12 45 64 122 450 87 190

13 50 " " " 88 102

Average 63 121 450 86 194

INDICATOR DIAGRALS
( PRESSURES in 1b.és .in. gage. )

Maximum. Begin Strk.Znd Expansion. Len th Area I, B.P.

Ko,
1 260 ©260 45 1,59
2 2o 2ae 40 1.42
3 228 228 " H 1.26
4 262 262 45 = 1.45
B 250 250 48 " =
6 240 240 42 B 1.18
7 245 245 40 " 1.27
8 235 eh E . 1,17
9 240 240 " = 1.26
10 225 200 38 " 1,27
11 288 23 40 b 1.24
12 230 230 " " 1.16
13 248 248 5 " 1.41
Aver., 241 241 44 3.7 1,32 %0.3
Dry Bulb 86°F. Water Weights:Full 189
Tet " 70 Empty  16.5
A Humidity 44 Ne .D 1b.
Barometer"Hg. 29.34 _
Rev. per mln 335 Gasoline "  Start 9.75
BRAKE READING Finish 7.40C
Toad in .7, 1 Net 2.30 1b.
Gross rres. 21.15
Zero 12 Explosions:Finish 103201
Net 9.15 1b. Start 98712 per min.
let 4489 i
I.H . is:

7¢.3 x 16 x 19,6 x 75 _ 2.61
12 x 330G0



Test No. 17 lich., 5, 1914. Mayer Carburetor used. - 38 -

(- ---TEMPERATURESF.- - - -)
d 0 in HoG_out Exh. Gas mxh Gas Cool. Vater

Ni‘ glge ngler Cig%er froglgn@ fromggooler froglonglne

9: L:b

2 25 117 725 82 218

3 30 62 120 " 84 210

4 39 *® 127 " 89 208

5 40 6l 123 " 85 209

6 45 62 129 " 90 210

7 5 61 128 " 88 "

8 55 " 127 " 87 "

9 4:00 " 128 " 88 "
10 o5 " 130 735 " ' "
11 I3 131 " 89 "
12 15 1" 1 14 tt (3]
13 20 it " 1" " ”
Average 61 128 723 88 210

IWDTCfTOR DIAGRALR
{ PRESSURES in 1b./sq.in. gage.)
ﬁg. Tagégum.Bewénﬁqtrl ﬁn gxpan51on.Le%gth.%re§. M E. F
S e 10 .C

5 240 240 33 w710

3 250 250 37 " 1.04

4 250 250 38 " 1.28

5 230 230 33 " 1.2C

6 240 240 38 _ " 1.11

T Mo W :

2 242 242 " N 1.2
10 240 240 40 " 1.3
11 250 250 3B " 1.2
12 1A 114 O " 1 28
13 . " 38 mo 1,23
Aver. 240 24C 38 3.7 1.16 61.9
Dry Bulb 88°F. TWater Weights:Full 347

eP g ‘ Vu #m%t 26.;5 i
garggité;yﬁg o Ne 32028 1b.
Rev.ger min 335 Gasoline "  Start 993
%PLEA AVQL_ B %i%ish 2.81 -

Q& 1n H. 2. € ~ 12 .
uTOSS ‘res. 48.6
Zero 12 Bxplosions:Finish 15217
Net "36.6 1b. Start G777 per min.
. Net 8440 141

Lo is:

61.9 x 10 x 19,6 x 141 _ 4.32
12 x 33000




Test MNo.

18 lich. 130,

b
- . .u
T ool

HoC in H20 out Lixh,Gas

No. Time. Cooler Cooler.
1 1:50 63 a7
2 bb 62 98
3 2:060 " 99
4 Obn " 101
5 10 tt 1t
6 15 * 100
)7 20 " 13
8 2y ¢ 101
9 30 1" 13

10 20 & 100

11 44 " 102

12 45 * 104

13 50 5 108

Aversge 62 162

1914.

-3 (]
P B R ATURZIES™F

Mayer Carburetor used.

iR

- 39 _

- - = -

Ixh,Gas Cool. Vater
from Eng. from Cooler, from Engine
350 73 108
133 1"
345 " 142
" 74 146
330 * 147
320 " 142
310 3 144
" 74 147
" 75 142
= ¥a 138
" 74 144
340 76 147
38D 78 153
327 74 143
INDICATOR DIAGRALS
in. gage.)

( PRESSURES in lb. sg
No. Maximum. Be&igoStrk . in

exg&n81on Lengtn JArea [
5

1 200 43 1.38
2 240 240 48 3 1.39
3 180 180 40 1.8
4 150 15C 45 " ls 2
5} 190 19¢ " 374 1.24
6 180 6C 50 3.76 J.38
7 210 210 48 & 1.25
3 230 230 45 " 1.3
9 210 210 48 " 168
¢ 180 50 o2 " 1,54
11 200 00 59, " 1,24
12 19¢C 190 45 " 1.23
13 160 16C " " 1. 89
Aver, 194 167 46 3.76 1.29 68.6
Dry Bulb 74°F.  Vater leights:Full 203
e 65 u‘rﬂ ty 30
b Humidity =~ 62 Net ° ~I73 1b.
Earometer "Hg. 29.3
per mln 305 Gasoline "™ Start 9.66
it Pinish_ 7.82
oa 1n % :. 9 et 1.84 1b.
Gross Ires. 0
Zero 12 Explosions: Finish 20496
Ket -0 Start 17073 Per min.
Net 3423 7
I.H.P. is

68 6 x 10 x 19.6 x 57 _1.93

& X

330U



Test llo. 20 llch. 11, 1914. llayer Carburetor used. - 40 -

(- ---TEMNPERATURES®°F.- - - =)
HoO in HoC out Exh.Gas fIxh.Gas Cool. Vater
. Time.C%oler.Cg

No oler. from Ing. from Cooler.from Engine
1 2:55 62 G4 400 76 136
2 3: OO " 11 4] 11 144
3 a5 " 105 " " 152
& 10 61 106 420 " 158
5 15 " 1G8 445 77 168
6 20 62 " 425 " 172
7 25 61 107 420 76 169
8 x " 106 ! " 167
8 35 " 105 413 " 164

10 40 62 " " 75 163

11 4_5 61 1A 144 14 "

12 5 62 " " 76 160

13 55 " " # 4] ]

Average 62 106 414 76 165

INDICATOR DI AGRAIS
( PRESSURES in 1b.és .in. gage.)
Wo. Meximum.Begin strk.l

-

nd expansion.Length. Area. ILE.P.

1 200 140 48 3,76 1.39

2 " 150 45 " 1,28

3 230 230 40 " "

4 215 79 45 " 1.39

5 210 210 42 " 1.5

6 205 190 " " 1.49

7 230 220 46 " 1.45

8 " 230 " " 1.41

9 " " 45 " 1.47

10 220 170 " " 1.43

11 190 190 " " 1.37

12 210 150 " " 1.30

13 240 200 " " 1.36

Aver. 216 183 45 3.76 1.3% 74
Dry Bulb 76° 1. Vater Tleights:Full 321
iy 2 ?mfty“é%%L% 1
o Humidit Net .92 1b.
arometerXHg. 29.33 _
Rev.per min. 335 Gasoline " Stert 9.69
BRAKE READING Finish 7,31
Load in H.P. 1 Net 2.38
Gross Pres. 21.1D

Zero 12 Explosions:Finish 33116

et 9.151b. Start 28132 per min.
R Net 4984 "83.2
«dafe 18:

74 x 10 x 19,6 x 83.2 _— 3.05
12 x 33000




Test No., 21 llch. 25, 1914

N

O~ MW O

(o)

Av

COLIPRESSION CF 53 1b./sq.in.gage STARTS HERE

(- - --TEUPERATURES®PF,- - - -)
HoQ in HoO out Bxh.Gas -  Ixh,Gas Cool. Vater

. Time.Cooler.Cooler. from Eng. from Cooler.from Ingine
1:056 62 84 240 67 108
10 " " 14 1 "
5 " 85 " 66 111
20 63 88 " 67 119
20 64 92 " 68 125
3 " 95 230 70 130
85 " " " 114 125
40 " " 240 " 124
4_5 L] 94 1" 1] "
KL 63 93 " 69 122
5 " 92 " 70 121
2:00 " 91 " 68 "
gs " " " 69 122
erage 63 91 240 69 120

: - INDICATOR DIAGRAIR
( PRESSURES in 1b,/sq.in. gage.)

No. Meximum.Begin strk.End expan31on.Len§th.Area. M. E. Z,
1 330 270 50 Sets 179
2 320 280 " 3,76 1.71
3 310 210 " " 1.77
4 ¢ . 13X " " 1.72
9) 310 220 " " 1.75
6 290 110 ! " 1.83
7 aib . 240 " " 1.66
8 320 320 " " 1.76
9 300 300 " " 1.7
10 310 240 " " "
11 290 230 " " 1.85
12 290 180 52 " 1.72
13 325 270 5] " 1.73
Aver. 308 231 50 3.76 1.74 92.6
Dry Bulb 69°F,  Vater Veights:Full 215.5
et " 58 Impty 26.5
% Humidity =~ 58 e 1b.
éarometer'Hg. 29.2
Rev, per min. 335 Gasoline "  Start 9.68
BRAKE READING Finish 7.86
Load in H.T. © Net 1.82 1b.
Toee” T 13 Explosions:Finish 35591
ere xplosions:Finish 3
Net C Start _33953 per min.
—r et 1638 27.3
JHPe is:

92.6 x %O x 19,6 x 27.3 _1.24
2% 3000 =

12 x 3



Test No. 22 lich. 25, 1914 - 42 -

(- ---TEMPFERATURES®PF.- - - -)
H g in ng out Bxh, Gas Exh.Gas Cool. Vater

No. Time. C8oler.CBoler. from Eng. from Cooler.from Engine
1 2:20 63 90 250 69
2 26 " 88 " 68 116
3 x " 92 260 69 128
4 35 6D 95 " 70 134
5] 40 64 98 270 71 137
6 45 63 91 " 69 119
7 50 64 86 260 68 114
8 55 63 86 250 67 116
9 3:00 64 91 " 68 127
10 06 65 94 " 70 134
11 10 66 91 " 69 120
12 15 65 88 " " 115
13 2 " 87 I " 114
Average 64 224 255 69 122
INDICATOR DIAGRALS
( ESSURES in 1b. /sq.in. gage.) _
No. Hiaximum. Begin strk. End expansion. Lensth .Area. ILLE.P,
1 320 260 48 1.63
2 315 270 50 1.69
3 310 310 48 " 1,96
4 305 215 50 " L1ald
5 320 270 " 3.75 1.68
6 310 310 " 76 1.66
7 310 220 - " LTt
8 315 280 " " 1,67
4 320 265 48 " 1.%
10 300 240 b2 " 1.62
11 290 190 50 " 1.63
12 330 330 47 " 1.63
13 325 240 45 3.78 1.66
Aver. 313 262 49 3.76 1.68 89.4
Dr¥ Bulb 69°F.  Tater Weights:Full 257
Vet ™ 58 pty __26.5
Humldlty Ne% 2%.5 1b.
Barometer 'He, 29 2
Rev.per min, 335 Gesoline " Start 9.14
BRAKE READING Finish 7.22
Load in H.P. © Net 1.92 1b.
Gross Pres. ©
Zero 12 Explosions:Finish 37898
Net 0 Start _3603C per min.
Net 1868 31.1
. H. 0. s

89.4 x 10 x 19.6 x 31.1 — 1.375
12 x 33000




Test No. 23 llch. 26, 1914 - 43 -

(----TEMPERATURES F.- - - -)
Ho0 in H§O out Exh.Gas Bxh,Gas  Cool. TVater

No. Time.Cooler.COoler. from Eng. from Cooler.from Engine
1 1:45 62 79 400 66 102
2 VI 81 b " 108
3 66 " 84 385 67 113
4 2:00 " 85 375 " 114
3) gs " 84 * " 113
6 g " " 370 66 112
7 1 5 " 13 14} it 111
8 20 1t L 360 1" 114
< 20 63 " " 5 112

10 30 144 85 " 1A 1"

11 35 " 84 R 67 !

12 4 " " 350 o 11G

13 4_5 it " 14 1A 1"

Average 62 84 370 66 110

i INDICATOR DIAGRANS
( PRESSURES in 1b./sq.in. gage.) =
No. llaxinum.Begin strk.End expansion.Lgn th. Area. ILE.P,

1 310 260 6 1.6
2 320 270 42 T 1049
3 X0 300 " "o 1059
4 315 315 45 " 1.55
5 320 320 41 " 1053
6 " 1" " " 1 . 58
7 " 280 42 "o 1046
8 305 " i "o 175
9 320 320 " " 1.
10 290 210 45 " 1,51
11 300 175 i "o 1062
12 325 325 41 " 1053
13 300 300 " m 1051
fver. 311 283 43 3.76 1.57 83.6
Dry Bulb 67°F.  Vater Teights:Pull 477
Wep ~ M 59 gty 20
% Humidity 62 Te 217 1b.

;
arometerJHg. 29.2 |
Rev.per min. 335 " Gasoline "  Start Sl

BRAKS READING ~ Pinish 6.53
Toad in H.P. 1 Net 3.18
Gross Pres. 21.15

Zero 12 Explosions:Finish 43653
Vet 9.15 1b. Stert _39997 per min.
g Net 3656 60.8

'83.6 x 10 x 19.6 x 60.8 _ 2.52
12 x 33000

I.H.P. is




Test No. 24 lich. 28, 1914 - 44 -

(- ~-~--TEMFERATURES®°PF.- - - -)
HoO in Ho0 out Exh.Gas Exh,Gas Cool,Vater
No. Time.Cooler.Cooler. from Eng. from Cooler.from Engine
1 1:15 62 o 350 72
& 20 63 " " 71 140
3 25 65 87 " 73 157
4 x " 111 " 75 140
5 35 63 102 " 73 140
6 4 " 103 " 72 148
7 45 64 109 " 2 162
8 50 65 113 " 75 168
9 55 63 108 " 74 155
10 2:0C o4 109 " " 157
11 5 " 111 " " 164
12 10 63 108 " " 156
13 15 " 107 " " 154
Average 64 105 350 13 162

INDICATOR DIAGRAIBS
( PRESSURES in 1b./sq.in. gage.-) 4
No. laximum.Begin strk.lnd expension.length.Area. ILE.P.
280 0 45 3.76 1.8

1

e 310 " " " 1.45

3 " 310 " " 1,54

4 275 275 " " 1.4

5 320 320 48 " 1,51

6 X0 300 " " 1.58

7 280 220 45 " 1.45

8 325 329 " " "

9 350 350 38 " 1.42

) 300 300 42 " 1.45
11 260 230 " " 1.36
12 210 190 " ! 1. 39
13 X0 X0 " " 1.32
Aver. 299 283 44 3.76 1.44 76,6
Dry Bul 74°F.  Vater VWeights:Pull 190
e " 63 Impty _16.5
e Humidity 54 le 173.5 1b.
Barometer 'He. 29.2
Rev.per min. 335 Gasoline "  Start 10
BRAKE READING Finish 7.59
Toad in H.P. 1 Net 2.41 1b,
gross Pres. %%.15 e —

Lero Sxplosions: Finis
Net 9.151b. ostart 44868 per min.
1P, 3 Net 2936 48.8
eile e 18S:

S:
76.6 x 10 x 19,6 x 48.8 =1.89
12 x 33000



Test No. 25 lich. 28, 1914 - 45 -

(----TEMPERATURES®°PF.- - - -)
Ho0 in Ho0 out Ixh.Gas ixh.Gas Cool, Tafer

No. Time.Cgoler.Cooler. from Eng. from Cooler. from Ingine
1l 2:35 62 103 - 74

2 4_0 " " 3 § Y? 3 "

3 45 64 108 " 74 166

4 S 110 360 75 169

3] 55 62 107 " 74 157

6 3:00 " 105 " 73 152

7 5 " 104 " " 156

8 10 63 107 ! 74 162

9 15 " 109 " 75 166

10 20 " 108 " 74 160

11 25 62 107 "l 2 158
12 30 63 106 " " 196
13 35 62 105 " 73 155
Average 63 106 358 T4 159

INDICATOR DIAGRAIR
( PRESSURES in 1b./sq.in. gage )

No. Maximum.Begin strk.End expansion.length. Area., ILE.TL.
1 280 280 42 3.77 1.48
& 285 285 " " 1.53
3 " . " 3.76 1.4
4 310 310 45 3.77 1.68
3 30 300 42 " 1.01
6 310 310 45 " 1.55
7 290 290 . " 1.43
8 300 300 48 " 1.62
g 310 260 45 " 1.61

10 " 310 " B 1.57

11 280 280 " " 1.44

12 295 298 " " 1.42

13 310 310 ! " 1.68

Aver. 297 293 44 3.77 1.53 8l.1

Dry Bulb TA°F. Vater Weights:Full 200

Het " 63 Impty__16

/ Humidity 54 Net "7I84 1b.

Earometer'Hg. 29.12

Rev.per min. 335 Gasoline " Start 9.81

BRAKE READING Finish 6.74

Load in H.P, 1 Net 3.07 1b.

Gross Pres. 21.15

Zexro 12 ixplosions:Finish 52263
Tet —9.15 1b. Start 49118 ver min.
Net 3145 62.4

X 02,4 — 2.1

I.H.P. is:
8l.1 x 10x19.
12 x 330

6
g0



Test lNo. 26  lch., 31, 1914 - 46 -

(----TENPERATURES F.- - - -)

) HoC in HoO_out Exh.Gas Exh,Gas  Cool., Water
lio. Time.Cooler.Cooler. from Eng. from Cooler.from Engine
1 11:00 58 87 480 68 118

2 g5 B9 89 580 " 124

3 16 " 91 660 " 135

4 5 " 89 670 " 130

5 20 14} " 6)75 L4 "

6 25 *® " 7C0 " 132

7 X 60 91 720 69 126

8 3o &M 89 " ! 133

g 4 " 88 N " 132

16 4_ 5 §t 89 " " 134

11 5 " 88 700 " 13G

12 55 " " 68C " 129

13 12:00 " 87 685 " "
Average 6C 88 6'70 69 129

) INDICATCR DIAGRAIIS
( TPRESSURES in 1b./sq.in. gage)
No. laximum.Begin strk.End'expansion.Lgnggh.Area. ILE.P,

1 0 30 45 1.56
2 290 29C 41 " 1.48
3 280 280 " " 1.4
4 285 285 " Jadl Jdudd
5 280 280 " 3.75 1.49
6 300 A0 40 3.76 1.4
7 280 280 " N 1.41
8 it " " 11 1‘ 4_3
o 270 2170 38 " 1.44
10 290 290 " " 1.46
11 285 285 " G it AweaB
12 275 270 4C " 1.33
43 280 280 " 3.76 1.36
Aver. 283 283 44 3.76 l.42 75.6
Dry Bulb 68°F.  Tater Veights:Full 749.5
Wet " 59 Emgty &3
% Humidity_ o8 Ne 716.5 1b.
Earometer‘Hg. 29. 36
Rev, per min. 335 Gasoline "  Start 1C
BRAKE READING Finish 5,94
Gross Pres. 39.5
Zero 12 Explosions:Finish 62687
Net 27D 1b. Start _ 54461 per min.
e Net 8226 137
JILP, is:

9,6 x 137 — 5.14

. : 1
12 x 33000



Test No., 27 lch. 31, 1914 - 47 -

(----TEMPERATURES F.- - - -)
HoC in HoO out Exh.Gas Exh,Gas  Cool. Water
No. Time.Cooler.CGoler. from Ing. from Cooler.fro% Ingine

112:20 60 102 650 72

2 25 " 103 630 73 154
3 30 " 96 580 71 17C
4 3 " 102 975 72 168
5 4 " 106 56C 74 173
6 45 " 108 " " 176
7 x " 109 580 75 178
8 55 " " ' " 179
2 1:00 " 108 " " 173
10 o5 " 106 " T4 172
11 o 17" " " Q 171
12 15 ¢ 105 " " 169
18 2@ 11 " 11 1" 13
Average 60 105 570 74 157

INDICATOR DIAGRALDS

( DRESSURES in 1b./sq.in. gege. o

No. Meximum.Begin strk.End expansion. ength.Area. IE, P,
280 280 4G 3,77 1.4

2 300 300 " . 1,32

3 220 2900 ". " "

4 310 310 45 " 1.51

5 3C0 300 " " 1.48

6 320 320 40 " 1.58

7 200 290 45 " 1.51

8 " " " 3.76 1.48

¥ X0 3G0 40 - 1.49
10 280 280 42 " 1.42
11 310 310 38 " 1.49
12 280 280 " 3. 77 1.47
13 290 290 40 " 1.45
Lver. 296 296 41 3.77 1.49 79.4
Dry Bulb 74°F, Tater Teights:Full 365
Wet " 62 Emgty 16.5
% Humidity =~ 51 Ne 348.5 1b,
ﬁarometer’Hg. 29, 36
Rev.per min, 335 Gasoline " Start 10
BRAKE READING Finish 6.47

Load in L.P. 3 Net e 00 JH.
Gross [res. 39.5
Zero 12 Explosions:Finish 70128
Net 27.01b. otart _63806 per min.
IEP. § Net 6322 105.4
sile £w 18:
7.4 x 10 x 19,6 x 185,4 _ 4.14
12 x 33000



Test No, 28  lich. 31, 1914 - 48 -

(- ---TEMPERATURES °F.- - - =)
0 in Ho0 out Exh,.Gas Exh.Gas Cool, Vater
No. Time. ooler.gooler,from Ing. from Cooler.from Engine
1 1:50 &0 115 660 8
2 55 " 110 B 76 174
3 2:60 " 103 " 74 162
4 gs " 105 650 " 176
5 1C " 106 4] " "t
6 15 " 107 " 75 172
)7 20 " a4 " 144 1773
8 28 " 108 " 76 172
9 30 62 109 " " 178
10 35 61 " " " 114
11 40 C 108 " " 171
12 45 " 106 " 75 169
1 3 50 11 1A 1" L 1)71
Average 60 107 652 75 172

INDICATOR DIAGRALS
(  PRESSURES in 1b,/sq.in. gage.)
. lleximum.Begin strk.End expansion.length.Area. ILE.F,

No. W L
1 300 300 40 3.7 1.34
2 290 290 " R 1.43
3 134 tt " 1A 1 . 36
4 310 310 " " 1.45
b 300 300 a " 1,47
6 310 310 " " "
)7 tt 14 " " 1 . 48
8 " 1 " " 1 . 38
B 290 290 " " 1.46
lo " " " " l. 35
11 " " " L] 1 . 4_5
12 " " o 3,78 1.46
13 300 300 . e =
Aver. 297 297 40 3.77 1.43 75.8
Dry Bul 76°F.  TVater TWeights:Full 225.5
e " 63 Emfty 16.5
% Humidit 47 Ne 209 1b.

‘arometerXHg. 29. 36
Rev.per min. 335 Gasoline " Start 9.91

BRAKE READING Finish 5.87
oad in L.-°. 4 Net 4,04 1b.
Gross Pres. 48.6
Zero 12 Explosions:Finish 79495
Net 36.6 1b. Start__ 71854 per min.

et 7541 "125.8

g3
75.8 x 10 x 19,6 x 125.8 _ 4.72
12 x 33000

Lo Ps 1




Test No. Kch., 31, 1914 - 49
(- ---TIMPERATURZES®F.- - - -
150 in Ho0 out Exh,Gas Exh.Gas Cool. Viater
No. Time.Cfoler.Cfoler. from Eng. from Cooler.from Engine
1 3:10 ¢l 104 650 75 150
2 15 " 99 " o 147
3 G t " " " 1 53
4 25 62 104 " 74 164
5 x " 103 ! 75 154
6 35 61 99 " 74 150
7 4_3 144 9 8 144 ) 73 "
8 45 " 99 " 74 152
9 m " lO'O 14 "t i
1 O 55 " " " 11 1 53
11 4, OC i 14 134 1A 154:
12 gs " 101 " " 155
13 lo " 14 " + 1A
Average 61 100 650 74 1583
_ 4 INDICATOR DIAGRALS
( PRESSURES in 1b./sq.in. gage.
No. llaximum.Begin strk.End expansion.Length. Area. ILE.P.
1 300 300 40 .15 1.51
2 300 " " 3.78 1.37
3 310 310 " 8,77 1.3%
4 280 280 " " 1.41
3 300 30C " " 1.583
6 290 290 " " 1.46
7 " 134 1id ft 1 . 56
8 280 280 3 " 1.44
9 290 290 42 " 1.45
10 " " 40 " 1.33
11 300 300 ! 3,75 1.47
12 280 280 " 3.76 1.50
13 300 3G " 2T Lled
Aver. 293 £93 40 3.77 1.44 76.4
Dry Bul 75°F.  VWater Veights:Full 525.5
We " 63 Empty
% Humidity 51 Net " 7492.5 1b.
Barometer'Hg. 29.36
Rev,per min., 33D Gasoline " otart  9.84
BRAKE READING Finish 5,95
Load in H.P. 4 Net 3.89 1b.

Gross Pres.,

Zero
Net.

I.H.F. is: ,
76.4 x 10 x 19,6 x 124.5 _ 4.
- 12 x 33 -

45.6

12 Explosions:Finish 88288
80816 per min.

36.6 1b. Start
Net

'a¥a

[

(¥

71

TOT2  T124.5



Test No. 30  April 1, 1914 - 50 -

(- ---TEMPERATURZES P.- - - -)
0 in H,0 out IExh.Gas Zxh.Gas Cool. Vater
No. Time.CHoler.CHoler. from Eng. from Cooler.from Ingine
110:10 6l 92 725 71 130
2 15 60 " " " 131
S 20 144 " 141 144 132
4 25 6l 93 " s "
5 30 60 " ! " 134
6 35 n t " L i}
Y7 4_0 61 " " 1" "
8 4:5 60 L4 e " ft
9 m 1t ¥t 1t Tt i
10 55 4] 14 " ft "
11 11:00 61 " " " "
12 ’ 05 #t it " " "
1 3 10 13 " 11 " i
Average 60 93 725 72 133

INDICATOR DIAGRAMS
(  PRESSURES in 1b./sq.in. gege.)

No. llaximum.Begin strk.End expansion.length.Area. ILE,P,
1 290 290 40 3.76 1.4
2 300 300 " " 1.51
3 290 29G " " 1.43
4 280 280 " " 1.4
5 300 300 " " "
6 290 290 38 ! 1.27
7 310 310 40 " 1.42
8 290 200 " " 1.45
9 310 310 45 " 1.55
10 290 290 ¢ " 1,33
11 280 280 " " 1,34
1 2 41 " it i L4
13 300 300 " " 1.4
Aver, 293 293 40 3.76 1.4 4.5
Dry Bulb 72°F. Water Veights:Full 752
Vet ™ 61 Empty__ 33
% Mumidity 53 Net "~619 1b.
Barometer'Hg. 29.33
Rev.per min, 335 Gasoline " Start 9.74
BRAKE READING Finish 5,58
Toad in H.P. 5 et £, 16 1b.
Gross rres. 97.8 _
Zero 12 Explosions: Finish 100160
Net 45.8 1b. otart 91088  per min.
Net 072 151.3

I.H.P. is:
74,5 x 10 19.6 x 151.
12 x 33600

(V]

_ 5.6



Test No. 31

April 1, 1914

- 51 -

(- ---TEMPERATURES®°F.- - - -)

Ho0_in HoO out Exh.Gas
No._ Time.Cooler.Cooler. from Eng.

BExh,Gas

Cool.
from Cooler.from Engine
;1 135

Tater

1 11:45 60 102 750
2 :50 760 & 138
3 55 it i) tH (44 159
4 12:00 ™ " 750 " 160
5 ’ 05 " " " " "
6 10 " 101 " 74 159
7 i85 *® 102 # o 160
8 20 " 103 ! " 164
9 2o K 107 " 76 171
1G 3 " 108 735 ki 164
11 ab = 109 " 78 175
12 40 1" T " 7777 1‘7‘6
S 45 1 " 1 " o
Average 60 104 747 75 16l
: INDICATOR DIAGR&HS
( PRESSURES in 1lb, /sq in. gag
No., lMaximum. Begln strk. ind expan31on Length Area. ILE.P,
1 290 9 38 1.40
% " " W 3.75 %'Zg
4 280 280 " 2,76 1.41
5 144 144 1t 11 1 . 32
6 30 300 38 3.77 1.37
7 230 280 40 " 1.2
8 " Tt " 44 1 . 8
9 290 290 " 3.76 1.27
%g 300 300 38 S.77 1.35
12 29C 290 &0 3.76 1.41
13 300 300 38 3.78 1.38
Aver., 289 239 39 3.76 1.38 73.5
Dry Bulb 7T7°F. Vater Veights: Full 559.
Te " 64
Humidity 47 Iet *5?‘ 1%,
Barometer’TQ. 29+ 33
Rev.: er _min. 335 Gascline "  Stert 10
BRAEY RIADING Finish 5.46
Toa f* in E.0. 5 let .
Gross Pres. 7.8
Zero 12 dxplosions:Finish 11245
Het 45.8 1b. Start 2032 per m1p
.o et 9213 153
e ile e 18 .
73.5 x 10 x 19,6 x 153.6 — 5.59
12 x 33000 -



Rest No. 32 April 1, 1914 - b2 -

a ©

(- ---TEHNFPERATURIES®F.- - - -

HoO in HoO out Zxh, Gas Ixh.Gas  Cool. Vater

To. Time.CBoler.C goler from Ing. from Cooler. from Ingine
1 2:05 &2 103 460 75 167
2 10 61 108 " Vil 173
3 15 &0 104 5OL 75 155
4 2 " 1C1 450 74 © 158
5 25 61 103 " 164
6 3¢ " 105 ' 76 168
7 3 ! 108 " 77 170
8 40 62 110 " 78 171
2 45 6l 107 " 76 161
0 5 " 103 . 75 156
11 55 62 101 ! 74 154
12 3:00 " 103 " 756 160
1 8 O 5 L] " 1" " i
Average 61 104 454 75 , 163

DI A OR DIAGRANS
( PRESSURES in lb./sq.in. gage.)
lo. Lax1mum Begin strk. find expansion. Len th. Area. ILE.P.

¥

0
1 300 360 40 3.77 1.48
5 320 320 il o 1.59
3 315 a1b " " 1.46
4 29C 290 " i 1.42
5 300 300 " " 1.38
6 ”" " " 11] 1.46
7 310 310 " " 1.4
8 300 300 i " 1,81
9 290 290 i " 1.54
10 320 320 42 3.78 1.42
11 300 300 40 " 1.46
12 315 315 38 3.7 1.44
13 300 300 40 " 1.4
Aver. 304 304 40 3,77 1.46 77.5
Dry Bulb 76°F. Vater Weights:Full 282. 5
Ve " 65 Empty__16.5
Humidity 55 Net °266. 1b.
isammeter "He, 29, 325
Rev.oef min, 338 Gasoline " Start 78
BRAKT READING Finish
Load in H.7. 2 Net 5 1b.
Gross Pres. i
Zero _12 qu;OSlonS Finish 16853
Net T 18,31 Start _ 12280 per min.
i Net I73 7 76,3
JHePe is:

77.5 x 10 x 19.6 x 76.3 = 2,93
12 x 33000




Test No. 33 April 1, 1914 - 53 -

(----TEUFPERATURES®F.- - - -)
Ho0 in HoO out uXh Gqs Exh, Gas Cool. Water
No. Time.Cooler. Cooler from Eng. from Cooler.from Engine
1 3:10 61 105 4%5 36 162
g %g 92 %gg " 114 1t
4 25 " 106 " “ 164
5 30 it tt 14 11 14}
6 35 " " " " 166
)7 40 " 10)7 3] 11 16)7
8 45 " 1" it 114 168
9 50 114 " " 131 16)7
10 86 ™ 108 " . 168
11 4:00 " " 13 it "
12 05 ty 1077 " " "
13 10 £ 1 " 1] "
Average 62 106 445 76 166

INDICATCR DIAGRANS
(  FRESSURES in Lb./sq.in. gage.) o
No. Maximum.Begin strk.ind expansion. Len th, Area. LI, L.

310 310 40 7 1.45

2 320 320 " “h 1.44

3 290 290 " ol 1.45

4 310 318 " " i

5 300 300 5 " 1.41

6 310 310 " = Lo

7 330 330 il " 1.41

8 310 310 " 5 1.32

9 330 330 42 3.79 1.47
10 305 305 40 3.78 1.48
11 320 320 " 3.7 1.44
12 300 300 " " 1.5
13 290 290 " 3.78 1.43
Aver., 310 310 40 3.77 1.43 "75.8
Dr Bulb 76°F. Water Veights:Full 265

e 65 Empty  16.5

Humidity 55 e 48.9 1b.
Gelmidity "Hg. 29.325 _
Rev. per min. 335 Gasoline " Start 9.86

Bﬁm READING Finish_ 6.70
Load in H.r. 2 Net 3.16 1b,
Gross Pres. 30,3

Zero 12 Explosions:Finish 21765

Net 18,3 1b. Start 17230 per min.

Net 75.5

I.H.P., is:
9.8 x 10 x 186 x 75.5 . 2,83
12 x 33000



Test No. 34 April 3, 1914 - B4 -

(- ---TIEMPERATURES®°F.- - - -)
Ho50 in Ho0 out Exh,Gas Exh, Gas Cool., Viater
o. Time.CBoler.CS0ler. from Eng. from Cooler. from Zngine

i

1 10C:45 62 99 350

2 50 " 100 " 72 146
3 55 63 102 = " 150
4 11:00 62 103 " 73 "
5 05 " 102 340 B 148
6 10 " 1" 14 1" "
7 1 5 " 14 1 11 "
8 20 " " " " t
9 25 " ! " 74 150
10 30 L 144 " " 14_9
11 35 " " 350 " "
12 40 " 103 " " 152
13 45 1 " " 114 "
Average 62 102 345 73 149

) INDICATOR DIAGRANS
( FRESSURES in 1b,/sg.in. gage

Ng. Mag%gum.Beg%g strk.End expansion: gnggh.ﬁrga. M. E.P.
2 300 230 45 w1061
3 310 310 " " 1.55
4 300 230 " " .59
5 295 260 " " 167
6 310 250 n » 1.2
)’7 " Qlo 1" " 1 69
8 300 260 " " 1049
9 310 310 " = 1,57
10 " 114 " 1" 1 . 17
11 300 300 " = 1.4
12 1" 114 " " 1 . 69
13 310 310 " " 186
Aver, 305 285 45 3.77 1.59 84.4
Qr* Bglb gi°F. Water Weightszgul% 2%2 -
e mp .
% Humidity 62 Net y;I§BTE 1b.
éarometer'Hg. 29.217
Rev.per min. 335 Gasoline " Start  9.86
BRAKE READING Pinish 7.54
Toad in A.P., 1 Net 2.32 1b.
Gross Pres. 21.15
Zero 12 Oxplosions:Finish 27157
Net 9.15 1b. Start __24403 per min.
Y Net 2754 45.8
JH.P. is:

84.4 x 10 x %9.6 x 45.8 = 1.928
12 x 33000





