
THESIS 

The Effe ct of Water Injection on the Fuel 

Consumption of a Gasoline Engine . 

by 

Robe rt A. W. Bultmann . 

Clasa of Nineteen Hundred and Fifteen 

Department of Me chanical Engineering 

THROOP COLLEGE OF T.uCHNOLOGY 

Pasadena, California 

1915 



TABLE OF COMTENTS. 

I 

Introduotion. 

I ! 

epe-o ifloa t 1 ons of Engine . 

III 

Method of MakinG" Tests. 

IV 

Formulas Use,d . 

V 

Data and 13:l -su.lts of Te:.ets-. 
A. s . M. E. ·code of 1912, Short Form. 

VI 

Gra:phioal P:re sentatio.n of B3sults . 

VII 

VIII 

01tiginal Data. 
Taken aa Test s ,ve re made . 

IX 

Ap~.ndix . 
Photographs and Drawings. . 



I NTRODUCTION. 

The objeot of this thesis was t -o determine the 

affect of water injection upon the fuel oonswnption of 

a gasoline engine . 

:8efore be gir1ning the test s it was nece ssary to 

design and oonstruot a new reducing motion f or t he 

ind ioator,tho olr-1 one having p roven unsatisfactory.This 

new re-duo ing mot ion, drawings of wh ich tr'8.y be found in 

the appendix., consist s of an eaoentrio mounted on t he 

main shaft,oonne cting rod,crosshead gu idea,eto. Ol.re was 

taken in the design of this mot ion t o keep tlae ratio of 

the t hrow to the le.ngth of the connecting rod t he same 

as that of the engine it se lf'"thia being necessary in 

order t o obta i n an accurate reproduction of t he mot ion 

of t he piston. 

l 

Duplioa te tests were made at loads ranging from zero 

to full load of the engine and a comparison of the ~e sults 

obtained will be found in the balance of thia thesis . 

Difficult ies en o-ountered in t i1e aonstruot i on and 

a ttachment of the reduc i ng motion and t .he limi ted time 

ava ilable for th i s thesi s made i t i mp oss ible to sec ure 

en ough elate. from -.;vhioh to d r aw p ositive conolusions. 

However, the results obta i ned are sufficient to ind icate 

what may be expected, from the use of vrn ter injection 

device s . 



SPECIFICATIONS OF EUGINE. 

'f'YPE of ENGINE. s;.;.. stationary, Hor .iz.on~al, Single 
Cylinder, i'our Cyole. 

D.IMENSIOMS. - ( a) Single AOt ing . 

( b) Oylinde r d i a~A;.e r - 5 ino.he s . 

{ o) Str.oks. of pi-s·ton - 10 inohe-s. 

(d) Compression space - 36% of piaton 
d isp laoement . 

( e) H. p . constant f-or l lb. m.e . p . and 
l r . :p . m. - 0 . 000496 

RATED CJu'ACITY. - Five horse-power at 325 reavoluti<Yas 
per minute . 

MAKERS. - Fairbanks l!orse Company. 

DATE. - ?.fay 1915 .• 

FUEL. - Union Oil Company'; s Gasoline. 



The power l:T.om U10 eniine w,J::1 EJ:tb(iOZ-1)$-J_ by f4 rope 

brake :p1t10-ed on tJ1e fly·11,1heel. 

In oer1.Jain of tho t -est ~ wate . wa:J injtio.·tod into the 

fu,el l\1ixturs by n10:ena of r~ Sohebl&r oarbu.retor ·ple~ced -on 

·t:ha a i r i ntak$ of the eng ine.. ?ho quantity of water 

injectcul was deterritl.ned. by ~oi shing+ 

Tho q;uf1nt itiea of fuel artc.l oi aoolin.g •,Nater' useci 

~.:er$ f4lao clate:rmined by tveighing. 

Explosions iirere ooru1t~d by mean,,. of f": ·veec~r 

o-cnurter, ao JP la-0ed. aa to be ~l:lOrftted by th-~ exru1uat valve 

rod •. 

All ter!1f..-erat.ur$.s t;.e -1'@ tle-tez-mtr~d. b y r.oeans of 

the 1~mon1.eters. 

Th6 engin.e wa8 run under test -conditions .for some 

·tuie 00£0-ro stm.rting ea.oh te ~t in 01"'dt, r t11.1;tt all 

t e.mperain..ires, eto. ,..~td&'lt bt)@Ome n cn~-,H~~nt ., 

After the eng1no h-~.d heen thoroly wari.ne-,t Ult.• the 

teats were st~rte1 fHid. r(J&.ding;s ~ere ·taken every te11 

m111utet11 of:- ( l ) tho rn.lmbex· of GXpl.c'iSiona,; {,2) the 

weight o-f - g~aoli:ne uafHiJ (~l } the weight o.f ooeling wateT 

uar.xt; ( 4) the ter:iperature or th.o ,,,rate1~ t:{cing into the 

czht;.uat ooolar; -( ·5) t he tempert~·ti1:r.e of t?1e "llf"ter leav L'l1g 

tho exh-au~t aoc,ler. and .going into the oylin~ er jatJ:ket; 

{ 6) ·vhe ternpera.:t ure -t~f t he wa te:: le-nvi ng the jr~oke·t; • 
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(7) the temperat ur e of the exhaust gases leaving the 

engine and, (8) the tempera·ture of the exhaust gases 

leaving the cooler. 

In those tests in which water inj ection was used , 

the weight s of inj-eotion water were• taken at the 

beginning and end of eaoh run and the weight of t1ater 

a onsumed was found from the dif fe renoe . 

The "h it and miss" governor used on this engine 

holds t he exhaust valve open during t he i dle str okes, 

therefore the tempera ture xead.inga of the e.x,haust gs.ea s 

at no load and a ·t light loads are low because of t he few 

e xplosions. 

Indicator diagram.a were taken every ten minutes 

with a Crosby New Ind icat or Humber 2 u sing a t wo hundred 

pound spring. Continuous indioator diagrams,showing 

olea.rly the method of governing,we:re also t aken during 

sow..e of the tests . 

The speed of the engi nt .was determined by means of 

a Sohuohardt & sohutte Taohometer several times during 

each te st, the governor keeping it praoti.oally constant 

at three hundred and t hirty-five :revolutions peT minut e . 
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FOR1IDLAS USED. 

He-at. Value of rue 1. 

Tlia higher heat value of United s~te•s petroleum 

and ita dist illates varies quite- : TEtgularly wit.h the 

Spe.Oifio Gravity of the material and ir~y be expressed 

by th.e formula: 

British Thermal Units per pound is equal to 18650 
p lus 4.0(B -- 10). 

B is the Specific Gravity o-f the material in the Baume t 

scale. 

1l'hie formula.* v<h.1oh is taken from pag-e 469 of 

"Elements of He.at-Power Engineeringn by llirshfeld & 

Barnard, may be as&umed correct within less than two 

percent as shown by E·. s . Gard iner in his thesis of June 

1914 . 

Indicated Horsepower. 

The, indicated hor~iepower is PLAN , in whiclh 
33000 

P is the Mean F!ffeotive Pressure in pounds per square 
inoh. 

L ia the length of stole in feet. 

A is the area of the piston in square inches. 

N is tha average number of explosions pe:r minute . 

Mean Effeot.ive Pressure is found by multiplying the 

area of the indicator d iagram,, in squar$ inches., by the 

aoale of the spring used, in pounds per square inoh., and 
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dividing by the, length of the ca.r d in inohes. 

teliv~red Horsepower. 

Th d • 1 • .ad h • 2 .1rBHP. • hi-1" .. e -- 1. 1ver~ . orsepow·er is ------- , 1n w •. ·.v:u, 
33000 

1T is 3 .,1416 

R ia the ltngth of the brtike arm in feat .• 

N is the speed i n revolutions r,-er mi nute. 

P i a t he net pres·s-ure on ·the brake a1-m~ 
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DA.TA AUD RESULTS OF TESTS. 

A. S. M. E. Code of 1912, Short Form. 

No. of 1:e,..,t 3 4 

Dura:tion ( mi n . ) 60 60 

Barometer "Hg. 29 . 18. 29.18 

Teraperature of cooling wat e r - °F. 
( a ) Into exhaust ooole:~· 68 68 
( o) I nto j acket 102. l 10? . 4 
(c) Out of jacket 146. 5 153. 4 

Temperature o , a.ir °F 

9 14 

60 60 

29 . 22 28~97 

68 . 3 62 
111. 5 99 . 7 
163. a 143 . 6 

79. 4 

Te·~ eratui"a of exhaust gases 0 ·F 
( a) From engi ne 27 V 501 324 . 5 326 ., 6 
( b) From oooler 78 78. 8 82 70 

TOTAL QUANT ITIES. 
Gas.oline c o 1aumed - lbs. 2 . 5[.; 2 . 66 2 . 80 2 . 84 
Water inj·eote d p er p ound 

of gasoline - lbe . o.o 0.185 o.o o.176 
cooling water used - lbs.215 215 193 254 

Calorifi .., ve.lue of gasoline 
B.T . U. per pound . 20730 20730 20690 20690 

IIOURL Y QUA.LIT ITIE:? . 
Gasoline per hr .. - l bs . 2 . 52 2 .66 2 ♦ 1.l) 2 . 84 
Cooling wa ter pe r t\!:-,lbs . 215 2 15 193 254 

Il'-IDI CATO.R DIAGRAMS. 
Pressures i n pounds per Bquare ineh abovo atmosphere . 
Jjfa.x i mum pressure ,;;79 . 4 2?2 . 6 285 .7 283 . 
Yearn e ffeGtive p re s sure 83. 6 80 . B 80 . 8 84 .. 

SPEED AND EXPLOSIONS. 
Revoluti on e per minute . 335 336 335 355 
Ave-r !:I ge no . of exp .per min . 

4;5 ._ 5 44 . 8 56. 4 58 . 3" 

POWER. 
Indi ca·te } horsepower. 1 . 795 1 .795 2 . 26 2 . 43 

Brake h orse1) ower o.o o.o l. 0 1 .0 

Friction horsepower b y difference 
1.795 1.795 1.26 1.43 



DATA AND RESULTS (cont t d . ) 

No . of 'feat 3 4 

Friction horsepower by 
friotio .1 d i a grams. 1 . 795 1. 795 

P:eroenta ge of indicated ho:raep o??er 
lost i n friot ion . 100% 100% 

ECONOMY RESULTS . 
Heat units consumed by engi ne per hour . 
( a) Per indicated horsepower 

29100 30600 
( b) Per brake horsepower 
Pounds of gasoline c onsumed _per hour .. 
( a) Per indioat.0d horsepower 

1. 4 1. 48 
( b) Per, - ake horsepower 

E11"1]1I OIEN CIES. 

}feroetrtf herma l eff icieno-y 
en t he brake. 

Percent meohanicr. 1 
sf f ic ien~y. 

9 

l . 79 5 

5 ,-_ 7d a . 1o 

25 650 
58000 

1 . 24 
2. 8 

14 

l . 795 

58. 8% 

241-50 
58750 

1~17 
• • 84 

4 . 39 4 .. 33 

44 . 25 41.15 
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DA.TA AND RESULTS OF TESTS. 

A.s. M.E. coda of 1912 ,$110-rt Fo-rm. 

No. 0 ~ 
J.. Test 7 8 

Duration ( mi n . ) 60 60 

Barometer "Hg. 29.16 29 . 22 

Tempera t ure of c -ooling wateT - °F 

~

a..) Into exhaust GOoler 66.5 66.6 
b) Into j acket l02. 7 104 . 4 
o) Out of jaoket 1 50 .. 5 148.7 

Te~ -era ture cf 2 ir - °F 70. ~- 80 .7 

Tempera t ure of exha.ust gases - °F 
( e ) From engine 415. 5 407 . 3 
( b) Ftom coole r 7 5. 6 79.2 

TOTAL QUANTITIES . 

5 

60 

29 .18 

67 
100. 9 
145.8 

77.4 

502 
77.2 

Gasoline consumed - lbs. 3 .11 
Water injected per pound 

3.19 3 . 67 

of gasoline - l bs . o.o 
Cooling water used - lbe.360 

ca.lorific value of gasoline 
B. T. U .. per pound . 20690 

HOURLY QUANTITIES. 
Gasoline per hr .- lbs. 3 .11 
cooling water per hr . l bs . 360 

INDICATOR DIAGRAMS . 

0.235 o.o 
360 525 

20690 20690 

3.19 5 . 67 
360 525 

6 

60 

29 . l 

67 
107 
152,. 5 

7 2 

488 
?8.5 

5.55 

O. 27O ~ 
4-42 

2069-0 

3 •. 55 
442 

Pressures in pounds per s~1uare inoh abov ·'.: atmosphere . 
Maximum l)re Gsure 271.4 2·7G.6 283 . 268 . 3 
Me an effective pre s oure 80 .. 4 70 . ~; 77.5 77.5 

SPEED AND EXPLOSIONS . 
Re.volu·tmons per minute 3~35 
Average no. of exp . per ~n, 

80. 4 

POWER. 
Indicated h orsepmiT er 3.45 

Brake horser: o T.J·er 2 . 

Friction horsepower by d ifference 
1.45 

335 335 

109 . 2. 114. 3 

3.33 4. 2 4 . 4 

2 . 3. 3 . 

1.33 1.2 1.4 
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DAT.A .AND RESULTS ( cont ' d .) 

No. of Test . 7 8 5 

Fr iction horsepower by 
f riction d iagra ms . 1.795 1.79 5 1.795 

Percentage of in-~doated horsepower 
lost in friot ion . 4 "% 39 . 5% 28 . 6% 

E COMOMY RE SULTS . 
Heat units oonswne-d by engine pe r hour. 
( a} Per i ndic a t ed horsepower · 

18650 19800 18 100 
( b~ Per b:rako h orsepower 3~3 200 3SOOO 25300 
Pounds of gasoline co~•; sume ~i_ :per h our . 
-( a.) Per i ndica ted horsepower 

. 902 . 968 . 873 
( b) Per b r ak e hors epower 1.555 l -. f)95 1 . 222 

EFFICIENCIES. 
, ercent therma l effi ciency 

on the br ake. 7. 9 

Percent me chanical 
efficienoy. 58 71 . 5 

6 

l . ? 95 

16700 
24500 

. 80'"/ 
1 . 184 

10 ,. 38 

68 . 2 
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DATA AND RESULTS OF TESTS . 

. A. S. M. E. Code of 1912, Short Form. 

No_. of Te frt 10 11 

Duration ( min. ) 60 60 

Baromet er "Hg .. 29 . 1 29 . 1 

TElmperature of cooling wote r - sF. 
( a ) Into exhaust cooler 6 z) 65 

f ~~ rnto jacke t 99 . 2 101 
Out of jacke t 143 . 1? 142 

Temperature of air - o:r . 66 68 . 5 

Temr:,t=.n:ature of exhaust gases - °F 
(a) ·· From engine 534 . 3 520 . 8 
{b) From coole r 74 .. 7 75 . 8 

TOTAL QU.ANTIT·I ES. 
Gasoline consumed - lbs . 4 . 19 
Wat-e:r inje ,~ted per p ound 

of gasoline - lbs. o.o 
Cooling wate r used - lbs . 636 

calorific value of gasoline 
B. T. U. pe:r p ound . --- 20690 

HOUP.LY QU.AMTITIES . 
Gas·oline pe :r hr . - lbs. 4 . 19 
cooling wa te r· JJe r hr . lbs6 36 

INDICATOR DIAGPJ\1\1'.S. 

4 . 25 

. 271 
651 

2;Q6~Y 

4 . 26 
631 

12 

60 

28. 95 

66 
10 2 . 1 
151 . 3 

80 . 3 

606. 6 
78 .. 7 

4 .. 53 

o.o 
686 

20-690 

4 •. 5 3 
686 

13 

so 
28 .95 

65 
102 . 7 G 
145 

7 t3. 7 5 

606 
79 . 

2 . 24 

. 31 
35 

20690 

4 . 48 
716 

Pr~ ssure s in pounds per a.quare inoh above atmoS}Jhere. 
Ma:;( imum p ressure 284 ;J? ? . 7 283. z ;z 34 

SPEED }J'JD EXPLOSIONS. 
Revolu·t ions per minute 336 
Avesa ge no. of exn . per mi n . 

141 .. 6 

POWER. 
I ndicated hor~iepower 5 . 49 

Brak e horaep ower 4 .. 

Fr i ction horsepower by J iffe·rtmce 
1.49 

355 335 335 

139.35 165.66 163. 3 

5 •. 4G G.06 6 . 18 

4. 5 . 5. 

1 .. 4 5 1 . 05 1.18 
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DAT.A AT D RE~ULTS ( oont • 

Mo. of Test . 10 11 

Fr iotion horsepower by 
f:r i. at ion diagrams 1.795 1.795 

peroent~~c of indi~~ed horseP,ower 
lost in fr ic t i on . 27. l)b 26 . Bi 

ECONOMY RESULTS .. 
Heat units c onatuned by engine per hour. 
( a.) Per ind.ica t e d hor sepower 

15800 16150 
( b) Pe:r bra.Im hOX'$6l)OW8l" 21700 22000 
Pounds of gasoline consumed peT hour . 
( a) Per ini ioated hor~ep · ar 

. 7G ;3 . 780 
( b) Per brt-J.ke horseJ}owe:r 1 .04?5 1 . 062-5 

EF1rI r.lENCIES .. 
Percent the rmal eff io i enoy 

on the br&ke. ll. 72 

Percent meclanica l 
efficiency . 72 . 8 

11. 57 

73 . 4 

12 

. ) 
12 1 '7. t,) 

1.795 1.795 

155CO 15000 
18750 18550 

. 75 . 725 

. 907 . 895 

13 . 52 13.73 

82 . 7 80 .9 
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GRAPH ICAL PRESENTATION OF RESULTS. 
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CONCLUSIONS • 

.As may b e aeen from t -he ace ompanying curve-a and • 

data sheets, the testo ma.de show tho following results: -~ 

1. The thermal effioienoy "' t the va rious loads ia 

practically identical.,. with wate r i .i jeot ion and 11ithout . 

2 . The mechanical effioie noy at the various loads does 

not appear to be greatly affected by water injection . 

3 . The total consumption and the rate ., or fual use-d 

per horsepower hour, i s slightly higher with water 

injeotio-n than without. 

4 . The maximum,or erplosion pr·essures, vary gre--atly, 

but in almost all oases they are somewhat lower with 

wat,er injeotion than \Yithout . 

5 . The mean effeatj.ve p ressure s seem t o b-e sligl1tly 
'-

h igher with water injeotion than without ; thus 

indicating a slight ino1:e a.se in the area of t he d iagram. 

However, this is not bo:r-ne out b.y t he other reaulta . 

6 . The number of explosions par minute i s slightly 

greate r with water injection than without . 

These :r.·esults which a.re borne out by the 

investigations nf Prof . J.A.Moyer, quoted i n POWER - Vol . 

40 - p . 569, do not justify the use of water inj ection 

de·vioes a. a fuel economizers . However, au.oh devices may, 

by reducing t he max imum,. or explosion, pressures , be of 

value in prevent ing pounding at heavy loacla . 



Beine.:l in the nature of :p:r-elimina.r :r rttng, Teats 
numbers 1 and 2 are not inoluc ed in the following . 
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