THESIS

The Effect of Vater Injeotion on the Fuel

Consumption of a CGasoline Engine.
by
Robert A. W. Bulimenn.
Class of Nineteen Hundred and Pifteen

Department of Mechanical Engineering

THROOP COLLEGE OF TECHNOLOGY

Pagadsna, California

1818



TABLE OF CONTENTS.

I
Introduction.
II
Specifications of Engine,
III
Method of Making Tests.
Iv
Formulas Used,

v

Data and Posults of Tests.
4.8.M.E, Cede of 1013, short Form.

VI
Graphical Prosentation of Resulis.
VIiI
Conclusions.
VIII

Original Data.
Tekon &g Tests were nmade.

IX

Appéndix.
Photographs and Drawings.



INTRODUCTION,

The object of this thesis was to determine the
effect of water injection upon the fuel consumption of
a gasoline engine,

Before beginning the tests it was necessary to
design and cgonstrucgt & new reducing motion for the
indiocator,the old cne having proven unsatisfactory.This
new yeducing motion,drawings of which may be found in
the appendiz,consists of an eceentric mounted on the
main shaft, connecting rod,crosshead guides,stc. Cars wes
taken in the design of this motion to keep the ratio of
the throw to the length of the connecting rod the same
as that of the engine itself,this being necessary in
order to obtain an accurate reproduction of the motion
of the piston.

Duplicate tests were made at loads ranging from zero
to full load of the engine and a comparison of the resulis
obtained will be found in the balance of this thesis.

Difficulties encountered in the construction and
attachment of the reducing motion and the limited time
available for this thesis made it impossible to secure
enough datc from which to draw positive conclusions.
However,the results oblained are sufficient to indicate
whet may be expected from the use of woter injection

devices.



SPECIFICATIONS OF ENGINE.
TIYPE of ENGINE. ~ gtationary, Horizontal, Single
Cylindex, Four Cycle.
DIMENSIONS. - (&) Single Acting.
(b) Cylinder dimmeier - D inches.
(c¢) stroke of piston - 10 inches.

(d) Compression space - 35% of piston
displacement.

(e) H.p. constant for 1 lb. m.e.p. and
1 I'p.m. b ODOOOQ‘QG

RATED CAPACITY. -~ Five horsepower at 325 revolubtions
per minute.

HAKERS, - TFairbanks Horse Company.
DATE, - May 1915,
FUEL. - Union 0il Compeny's Gesolins.



HETHOD OF MAKING TEOTS.

The pover {rom tho engine wos abasorbel by & rope
breke pleaced on the {lywhoel.

In cortain c¢f the teal- wate was injeocted inte the
fuel mixture by mcang of o Zchebler csrburctor placsd on
the zir inteke of the engine. The quentity of water
injectad was determined by weighinge

The quantities of fuwel and of cooling water used
ware else detornined by weighinp,.

Bxplosione were counted by meana of ¢« Vegier
sounter,no placed ag o be cporeted by tho exhauat valve
Tod.

411 terperatures were determined by means ol
thernomotera.

The engine was run under test conditions for some
time bofore gtarting esch feost in order thet all
temperatures,sto. night bosoms somatant.

Alter the engino hod baen thoroly woarmed up,ihe
teats were starded and resdingn were taken overy ten
minutes of:= (1) the number of explesicns; (5) the
weight of gasoline used; (3) the welght of cooling weter
used; (4) the tempersture of the water geoing intc the
szhzust ooolsr; (5) the temperature of the water Isaving
o exhauast ceoler end going inte the oylinder jacket;

(

} ithe temperaiure of the water leaving the josket;

(]



(7) the tempersturs of the exhaust geses leaving the
engine and, (8) the temperature of the exhaust gases
leaving the cooler,

In those tests in which water injection was used,
the weights of injeotion water were teken at the
beginning and end of each run and the weight of water
congumed wag found from the difference.

The "hit and miss" governor used on this engine
holds the exhaust valve open during the idle strokes,
therefore the temperature readings of the exhaust gases
at no load and at light loads are low because of the few
explosions.

Indicator diagrams were taken every fen minutes
with a Crosby New Indicator Number 2 using a ?wc hundred
pound spring. Continuous indicator diagrams,showing
oclearly the method of governing,were also taken during
somé of the tests.

The speed of the enging was defermined by means of
& Schuchardt & Schutte Tachometer several times during
each test,the governor keeping it practically consgiant

at three hundred and thirty-five revolutions per minute.



FORMULAS USED.

Heat Value of Fuel.

The higher heat value of United States petroleunm
and its distillates varies quite regularly with the
gpecific Gravity of the material and may be expressed
by the formula:

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

B is the Specific Gravity of the material in the Baume!
goale,

This formule,which is faken from page 469 of
"Blements of Heat-Power Engineering® by Hirshfeld &
Barnard,may be asgumed correct within lesss than two
percent as shown by E.S.Cardiner in his thesis of June

1914,

Indicated Horgepower.

The indicated horgepower is _ggg%%ﬂ , in which
ool

P is the Mean Effective Pressure in pounds per sguare
ingh.

I is the length of stoke in feet.
4 is the area of the piaston in square inches.
N is the average number of explosicns per minute.
Mean Effective Pressure igs found by muliiplying the
area of the indicator diagram, in sQuare inchesg, by the

scale of the spring used, in pounds per square inch, and



dividing by the length of the card in inches.

Delivered Horsepower.

The dilivered horsepower is SMENP in whioh,
33000

T ois 3,1416
R ig the length of the brake arm in feet.
N is the gpeed in revolutions per minute,

P is the net pressure on the brake arm.



DATA ATD RESULTE OF TESTS.

A, 8. M,E. Code of 1913,ghoxt Form.

No. of Test R 4
Duration {min.) 60 60
Barometer "Hg. 2%.18. 29,18
Terperature of cooling water - °F.

éa) Into exhaust cooler 68 68

b) Into jacket 102.1 107.4
(c) Out of jacket 146.5 153.4

Temperature o air °F 784 75.6

Temperature of exhaust gases °F

(a) Prom engire 379 301
(b) Prom cooler 78 78,8
TOTAL QUANTITIEG,
Gasoline consumed - lbs. 2,58 2,66
Water injected per pound
of gasoline - lbs. ©.C 0,185
Cooling water used - 1lbs.2156 218

Calorifi- value of gescline
B.T.U. per pound. 30730 320730

HOURLY QUANTITIEZ,
Gesoline per hr. - 1bz. 2.58 2.66
Cooling water per hi,lbs.215 2158

INDICATOR DIAGRAMS.

%)
60
29.233

€68.3
111.5
165.8
79.4

324.5
83

2,80

103

20€90

2480

103

€2
90.7
145.6
62,3
326,6
70

2 .84
0,176
254
20690

&84
254

Pressures in pounds per square inch above atmogphere.

Maximum pressure 279.4  278.6
neam effective pressure 83,6 80.8

SPEED AND EXPLOSIONS.
Revolutions per minute. 335 338
Average no. of exp.per nin.

43.3 44,8

POVWER.
Indicate ! horsepower. 1.795 1.795
Brake horsepover 0.0 0.0

Friction horsepovwer by difference
1.7956 1.785

286.7
80.8

3.
84.



DATA AND RESULTS (cont'd.)

Yo. of Test S 4

Friction horsepower by
friotion diagrams. 1.796  1.795

Percentage of indicated hoxraepover
lost in friction. 1007 100%

ECONOMY RESULTS.

Heat units congumed by engine per hour.
(a) Per indicated horsepower

29100 30800
§b) Per brake horsepower

ounds of gasoline consumed per hour.

(a) Per indicated horsepower

1.4 1.48
(©) Per brake horsepower

EFFICIEY CIES.

Percent thermel efficiency
Oon the brake.

Percent mechanicel
sfficiency.

0

2 v
4,59

44,35

14
1.795

58.8%



DATA AND RESULTS OF TESTS.

No. of Test ? 8 5 6
Duration (min.) 60 80 60 60
Barometer "Hg. 28,16 29.28 2g.18 20.1
Temperature of cooling water - ©°F
a) Into exhaust cooler 66.5 66.6 67 67
bg Into jacket 102.7 104.4  100.9 107
¢) Out of jacket 150.5  148.,7 145.8 153.5
Terperature cf zir - °F 70.¢ 80.7 77 .4 72
Temperature of exhoust gases - °F
(&) From engine 415.5 407.3 502 488
() Ffom cooler T8,.8 79.8 77 2 ?78.5
TOTAL QUANTITIES.
Gasoline consumed - lbg, 3.11 5e 1O 3.67 3.56
Water injected per pound
of gasoline - lbs. c.C 0.6 0.0 C.2705
Cooling water used - 1bs,360 560 525 442
lorific value of gasoline
B.T.U. per pound. 20690 20620 20690 20690
HOURLY QUANTITIES.
Gasoline per hr.- lbs. 3.11 3.19 3,67 3.58
Cooling water per hr.lbs.360 360 525 443
INDICATOR DIAGRAMS.
Pressures in pounds per gjiuare inch abov: atmogphers.
Maximum pressure 371.4 376.6 383, 368.3
Mean effective pressurc 80.4 79 ew 77«5 77.5
SPEED AND EXPLOSIONS.
Revolutéons per minute 2356 3356 >85 335
Average no. of exp. per min.
0.4 84,75 109.2 114.3
POWER.
Indicated horsepower 3.45 3.35 4.2 4.4
Brake horgerovwer 2. 2e 3 3.
Friction horsepower by difference
1.45 1.33 1.2 l.4



DATA AND RESULTS (cont'd.)
No. of Test. % 8 5 6

Friction horsepower by
friotion diagrams. 1.765 1.795 1.795  1.7956

Percentage of indicated horﬁepcwer i
logt in friction. 429, 39.5¢% 28.6% 31.87

E CONOMY REZOLTS. '

Heat units consumed by engine per hour,
(a) Per indicated horsepower

18650 19800 18100 16700
(b Per brake horsepover 33300 33000 25300 34500
Pounds of gasoline comgume  per hour.
(a) Per indicated horsepower

008 «9B& 873 « 807
(b) Per breke horsepower 1.5556  1.5056  1.228 1,184

EPFICIFNCIES.
Percent thermgl efficlency
on the breske. 7.9 Te? 1C.06 10.38

Percent mechanical
efficiency. 58 80 71.5 68.5



DATA AND REGQULTS OF TESTS.
A.S.M.E. Code of 1913, ghort Form.

No. of Test 10 11 12 15
Duration (min.) 60 60 €0 30
Baromeier "Hg. 29.1 29.1 28.86 28.956
Temperature of cocling wrier - °F,

a) Into exhaust cooler & &b 66 65

b; tnte jacket 09,3 101 02,1 102,75
¢) Out of jacket 1435,7 142 151.3 145
Terperature of air - °F, 66 68.5 80.3 76,75
Temyerauture oi exhaust geses - °F

(a) From engine 53%4.% B530.8 806,86 68086
{b) From ocooler 4.7 75.8 78.7 79 .

TOTAL QUANTITIES.
Gasoline congumed - lbs. 4.18 4.25 4,53 B34
Water injested per pound
of gagcline - lbs, 0.0 B71 0.0 +31
Cooling water used - 1bs.836 631 686 358

Calorific value of gasoline
B.T.U. per pound. 208980 20627 20690 20690

HOURLY QUANTITIES.
Gasoline yper hr. - 1lbs. 4.18 4 .85
Cooling water per hr. lbs636 631

53 4,48
8 716

o

INDICATOR DIAGRAMS.
Preasures in pounda per sjuare ingh above atlmogrhere.
Maximun pressure 284 A77.%7 R83.% 38

SPEED AND EXPLOSIONGZ.
Revolutions per minute 355 335
Avemwege no. of exp. por uin,

141.6 139.35 165.66 1683.3

o
53]
(#H
(e

35

POWER. ~
Indicated horsepower 5.49 D4 G.0b 6.18
Brazke horgepover 4. 4, 5, S.

Friction horsepower by Jifference B
1049 15423 1.05 1.18

11



DATZ AVD RESULTS (oconttd.)

No. of Test. 10 b

riction horsepower by
frioction diagrams 1,795 1.795

Percentage of indicated horsspower
loat in friction. 27.1% 26.6%

ECONOMY RESULTS.

Heat units consumed by engine per hour.
(2) Per indicated horsepower

156800 16150
(b) Per brake horsepower 31700 33000
Pounds of gesclins consumed per hour.
(2) Per indicated horsepowsr

783 .780
(b) Per breke horsepower 1.0475 11,0825

EFFICIRNCIES.
Percent thermal efficiency
on %ths brake. 11.72 11,567

Percent mechanical
efficiency. 7%.8 75.4

15600
187560

78
« 207

15.52

8.7

13000
185620

725
«895

13.73

80.9

13



GRAPHICAL PRECENTATION OF RESULTS.
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CONCLUSIONS.

As may be seen from the sCcompanying curves and
data sheets, the tests mede show the following resulbs:~
b The thermal eofficiency at the various loads is
practically identical, with water injecticn and without.
2,  The mechanical efficiency at the various loads doos
not appear tc be greatly affected by water injection.

3. The total consumpticn and the rate, or fusl used
per horsepower hour, is slightly higher with water
injection than without.

4, The meximum, or explosion pressures, vary greatly,
but in almoest all cases they are somewhat lower with
water injeotion then without.

o. The meen effective pressures ssem tc be siightly
higher with water injection than without; thus
indicating a slight inciease in the area of the diagram.
However, this is not borne cut by the other results.
6. The number of expleosions per minute is slightly

greater with water injection than without.

Thege results which are borne out by the
investigations of Prof. J.A.Moyoer, qQuoted in POWER - Vol.
40 - p, 569, do not justify the use of water injection
dovices as fuel econonmizersg. However, such devices may,
by reducing the meximum, or explosion, pressures, be of

value in preventing pounding at heavy loads.



ORIGINAL DATA.

Teken ag Tegts were nade.

Bsing in the nsturs of preliminary runs, Tests
numbers 1 and & are not includsed in ithe following.
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Photographs and Drawings.
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