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EFFECT OF EMGIME-0~~IN(3 VARIABLES

Servioe Cmmnand

AND INTERNAL COOLANTS OH

SPARK-ADVANCE REQUEUZMENTS OF A LIQUID-COOLED CYLiNDITl

By John F. Pfender, Carl Dudugjian, and A. F. Lietzke

Tests were oonducted to determine the efieot of engine-
operating variables and internal coolants on spark-advanoe
requirmnents of a single oylinder from a 12-oylinder liquid-
oooled engine for meximum take-off power and meximum oruise
economy. The effects of fuel-air ratio, engine speed, air
flow (oharge density), mixture temperature, and internal
ooolsnts”on peak-power (optimum) spark advance vere tivesti-
gated. In addition, tests were conduoted to determine the
effeot of spark advanoe on tho hock-limited engine per.
fonnenco at several mixture temperatures for conditions
simulating take-off, high-power cruise, and low-power oruise.

In the liquid-ooolod cylinder oporated with 28-R fuel,
the following results were obtaincds ,

1. Among the variables tested only fuel-air ratio and
internal ooolant.fuel.ratio have largo effects on the peak-
power spark timing.

When tho spark timing is advanoed from normal (inlet,
280 B~~.C.; mdmust, 540 B.T.C.) at a fuel-sdr ratio of 0.060
to peak power at a fuel-air ratio of 0.0570whioh saorifioes
no engine powf3rfor a given inlet-air pressure, a 4-peroent
roduotion in indioatod specific fuel consumption is realized.
Any uneveness in mixture distribution of amultioylindor engine
would result in a docreaso in bralm spocifio fuel oonsuption
greater than that for a singlo-oylinder engine; tho more uneven
the mixture distribution, the greater is the deoreaso to be ex-
peoted.
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3. An inoroase of approximately 10 performanoo numbers
in the lean rating of the fuel would bo required to maintain
the same book-limited power at afuel-air ratio of 0.060 if-
the spark timing was advanoed to peak power.

4. Enook-ltiited indioatod moan effective pressure at
take-off conditions was increased about 6 percent when the
spark timing was retarded,from tho normal valuo (inlet, 28°
B.T.C.; ofiaust, 34° B.T.C.

A
to tho point where rough opera-

tion was roaohod (inlet, 16 B.T.C.; exhaust, 22° B.T.C.).
%on tho additional supercharger powor necessary to supply
the higher manifold pressure is considorod, tho gain in the
knock-limited brako horsepower for amultirJlindcr engine
with a single+-stago.superchargeris approximately 4 poroont.

INTRODUCTION

Most current models of the in-line liquid-cooled engino
havo fixed spark timing. It was desirable, howuver, to”in-
vostigate the advmtagca of variablo spark timing .inthbso
engines because a higher !nmok-frco take-off power can be ob-
tain~d when the spark tjming is rctardod and a lowor fuel con-
sumption can be obtainod for lean-mixturo cruising when the
spark timing is advanood than results whpn i’ixodspark timing
iS used.

In ordor to evaluate thoso advantages, engine tests woro
conductod at tho NACA Clcvolend laboratory during the latter .
part of 1944 to dotermino tho e?focts of fuel-air ratio,
ongino speed, air flow (chargo density), rad mifiuro tempora-
turo on tho peak-power (opthnn) spar!cadvance and to deter-
mine the offeot of cpark advanco on lmock-limited power. An .
investigation was also made of the sp~k-advanco rocpiromonts
~dth tho use of ~&ctr ~d a ~xtur~ of water ad e~l nlcohol
aa internal cool~tsm Tho roaults of those tests, which con-
otituto part of tho gonoral progrom for improving tho powor
output of tho multioylinder liquid-cooled engino as rcquostcd
by tho .lrm’y.\irForces,,Air Technical Servioo Commend, are
rcportod herein.

.lrPLT!!mJs
.

Tho tests vrorcoonductod with mmultiwlindor block
adapted to a CUE crsnkcaso (referonco 1). Figure 1 shows
cylinder 2 in position for firing; cylinder 3, howovor, was
used in thoso tests.

The inlxmnal-ooolant injootion systam oomprisod a pres-
surized supply tank, a rotamotor, and an injootion nozzle,
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The injootion nozzlo was a oopper tube 8ealed at the end end
drilled with four small holes spaood in a row along the length

.. of,the Wbe. Figure,2 ill~tratp,s tho two positibns used for
“.tho injootion of internal ooolants: position A before the .
vaporization tank and positio”nB at the Intake elbow. In both

1. positiozkpthe nozzle yas installed to injeot tho internal”
ooolcnt downatrosm

..

Cylinder-head teiuperaturoswere measured by a thennooouple
looated between the exhaust-valve se?ts (fig. 3), Whioh is the
region of highest oylhdor-head temperature, Knook waz”.detobtod
by means of am~etio vibration-typ piokup, an amplifier, and
an osoillosoope.

.

TEST PROCEDURE

Tho following engine conditions were maintained:

ComDrassion ratio.... . . ... . . . . . . . . . . ..6.65
Zngino speed, rp. . . . . . . . . . . . . “.. 2280, 2600S 3000
Inlet-oil tompcraturo, oF . ~ . . . . . . . . .,. .,. . . 1B5
Outlet-ooolant tomprrature, F . . . . . . . , . . . . . 250
Coolant flow at 2280 rpm, gallons per minuto . . . . . . 90
Coolont flow at 2600 rp, gallons pcr minuto . . : . . . 105
Coolant flow at 5000 r~, gallbns pcr r.inute . . . . . . 120

The norr.nlspark advanoc for tho ongi:leis 28° B.T.C. for tho
inlet sido and 340 B.T.C. for tho exhaust side. The timing of
the inlet spark was rotardod 6° from that of tho exhaust spark
for cdl tests. Tho engino ooolant was 30-peromt cthyleno
glyool, Army-Navy specifi~rtion;J&E-2, ond 70-peroent water.
Cold spark plugs woro used to provcnt preignition and the fuel
W~S 28-R.

Tests were oonduotedto dotorminc tho cffoot of fuel-air
ratio, engine speed, air flow, mixture temperature, end internhl
ooolents on peak-power spark advance. ThO spark timing W8S

varied ovor a rango sufficientlywido to detonnine aoouratoly
tho point of maximm power. TWO internal ooolants wcmo used:
water end a mixturo~ volume of 60-poroont water and 50-poroont
ethyl aloohol. Sovoral ratios by weight of tho internal ooolaut
to fuel mro investigated with injootion into the vaporization
tank and with injeotion into tho intako elbow.

Enook-limited ougino porformanoo was also dotorminod for a
range of spark ndvanoo fram approximately 150 rotardad frcun
normal to lW advanood frcannormal at ongino conditions simulating
take-off, high-powor oruiso, and low-power oruiso.

—
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RESULTS lND DISCUSSION
. .

Effeot of Engine Variables and Into~al. Coolants
..- ..’. . . . “

on.. Spark iidTEOIOO’ far” Peak Potii ‘
..-” “..~~. “

lWcJ-air ratio.. Tho affect of sp&rk advanoe on powor and
fuel conwupti on at thruo ongino spcods 6nd for sovoral fuel-air
ratios is prQsontod in flqurb 4. Tho vaIuos of peak-powor (optimum)
spark advauoe ar~ imdior.tedby arrows on “thoseourvos. Thoso values
waro chosm to oorrospoti with mi~imum fuel conswnption as well as
with peak povyr. .Inamnuch as spark advanoo doos not appreciably
affect the mnoant of ohugc ontoring the oylindor, tho spark adwmco
@ving tho best OyOIC offioienoy will give minimum fuel consumption
as WO1l as moxirmm pow3r. Heroind’tcr, tho opthmmn valuo of spark
admn~c will bo designated the spark advance for peak power; how-
ov~r, it is also th~ spark advarmo at whioh mintiwn fuel oonsmnption
is obtainod at tho same opermti-ngconditions. Tho values of spark
advanco indi?ntod by the arrows on figure 4 havo bocn plotted in
figure 5 to show the influcnco of fuel-air ratio on spark adysnoo
for pczlcpowor. Tho docidcd offcct uf fuel-alr ratio on spark
advanco for peak pcwcr is oauscd by tho pronoumod influonco of
fuel-air mixturo on flemo.spood. Inrmmuoh as tho flame speed de-
cronscs for fuel-air ratios loanor or ribhcr than about 0.085 to
0.095 (rrforonco 2), the i~ition timing for ~JCd power must bo
advanoed when operating at fuel-air mixtures leaner or riohr than
0.085 to 0.095.

Flamo spood incrensos r-.pidlywith ongino spoodEngino spood.- -
bocausc of incroascd turbulence. In thG liquid-ooolod cylinder, tho
flmno speed incroasod at a slightly slower rato then ongino speed
ovor the rengo tested. It was thorof’oro,n~ccss~ to admnco tho
spark a small amount to maintai~ peak powor for a given fuel-air
ratio as tho spood was incroasod (fig. 5).

Air flow.- The effect of spark advr.nccon powor and fuel con-
sumption with various air flows and tw mixturo tomporaturos (126°
and 22@ F) is shown in figure 6. 7!hoinlet-air pressure and the
exhaust baok pressure arc equal at 30 inches of meroury absoluto
(npproximatc nir flow, 437 lbfir); thoroforo, the valvo-overlap
10SSOS arc smsllcr thnn at higher iulot-air prcssuros whoro thorc
is a groator diff’orontimlprossure to ulow tho unburned ohargo
through the cxhaast valves during tho scavenging period. Conse-
quently for blot-air prossuros near atmospheric, tho indicntod
spocifio fuel consumption is lower. Data from figuro 6 havo boon
plottod in figuro 7 to illustrate tho cffoct of air flow on spark
advance for peak powor. This plot indicates that in tho liquid-
cool.ldoylindor flmno speed varies only slightly with air flow.
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Klxturo tcunporaturo.- Figuro 8 shows the off’ootof spark
advan~n. powor and fuo~ consmnption for mixture tcmpordazros
of 175° tid 2S5° F“at oonatont alr flow. Data from figures 6,..

“” W‘8 hati boon replotted in”figuro 9 end indioato that tho in-
flucnoo of mix@ro tomporaturo on’peak-powor”spark advanco is

“ @most. negligible. In.thoso tusts the offoot of mirturo tom-
. pornturo on,flane sp~od was.isalatmd by maintaini~ oonstant

“cdl?flow. ,. . ...

“ Intor&l 6oolonta..: @o, i~luonoo ‘ofspark advanoo on fuel
consmpt ion, powor, and cylinder-head tmporaturo for tho two
internal ooolants and for tho two positions of injeotlon are pro-
sontod In figuro 10. Peak-po~r valugs of spark advanoo from
figuro 10 ham boon plottod In figure 11 to illustrate tho offoot
of internal coolant-fuol rat10 on spark advonco for pcak powor.
Ffator,when injcctcd boforo tho vaporizatfin tank and allowod to
mix thoroughly with the fuel-nir r.ixturo,slowed tho flaum speed
r.orothan when injcctod into tho Intzdcoelbow. On tho othor hand,
thu.flomo spood wcs slow&d t~ aliouttho samo degroo rogardlostaof
injbstion position when injooting tho 50-50 water-ethyl aloohol
mixhmo. For tho scmo internal coolant-fuel ratios rnd tho same
position of injootion, tho wutor-ethyl aloohol mixturo rotardcd
butiii~ loss then water injection. This difforonco in burning
rate might bc oxpoctod booauso alcohol Is n fuel and thoroforo
takes part h the combustion procoss.

For vnporizmtion-tonk injection, the mixburu tcm.poraturo
docronsod as more intbrnal ooolant was injoctwd until tho fuel-air
rnixturcdlJC.~0 saturated (fig. 12) md then tho mixturo tompora-
turo ru~ainud rolativcly constnnt. In a oorrospondingrmnnor, the
powor at poalc-poworsl,c.rkmlvmnco incronscd bccauso of tho inoroasod
chargo weight inducted i:ltotho oylindor until tho intcmnal coolant-
fu~l.ratio fdr anturationcwas roaohcd (fig. 13), at whioh point tho
powor lovol~cloff. Xtor oomploto saturation of tho incouing mix-
turo with the inlxn%nl coolonts, any additional cooling of tho mix-
turo must ocour .a!?tortho irrta!:ovalves O1OSU, which makes it im-
possible to incroaso cngino powor throu@ .nno~foot on air flow.
Froq this point, tho powor obtninnblu at peak-powor spark advanoo
dropped slightly as tho internal ooolont-fuel ratio was inoroasod
booauso somo hunt of vaporization was oxtraotod from tho air during
tho oomprossion stroko, rGsulting in a dooroasc in oyolc officionoy.
When tho iutornnl coolnnt was injootod at tho manifold elbow, tho

t’
owor inorons? at ~ak-powor spark advamo was relatively small
fig. 13) bocauso thoro was insufficient thxo for ohargo oooling

boforo tho intako vnlves olosed.

Tho pormntaflo loss in powor at various valu.s of spark advo.noo
ovor that whioh oould be obtainod by using peak-power spark advsnoe
for oaoh intqrnal coolant-fuel rntio invostigatod is prosontmd in.-
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figuro 14. When the mgino is oporated with normal spark timing
at a given intornal ooolant-fuel rntlo and P sition of ~ootion,
this loss is approximntqly twioo as muoh .tion injeoting water as
en internal coolant as when injecting a mixturo of 50-50 wntor.
uthyl aloohol. .In all oases, howovor, the engino puwcr at noimml
spark advanoo with a glvon inlet-air pressure,is incroasod by tho
uso of internal ooolants. .

Inoroaso in Cruise Eoomxuy Using Wriablo Spcrk Timing
..

-“Lcomparison of pcrfommnco with ncrmal.spark “qdvchc”ocnd
. ~lerfo~~loowith poalk.powerspark advcnco (fig. 15) indicates no
apprbciablo difforonco in power and in spoc~fio fuel.consumption
for fuel-nir-rntios groator than 0;065. For mixtures loaner than
0.065, howcvor, sono improvmont in fuel economy and power is
roallzcd by using peak-powor spark advcJlco~ If the spark timing
is cdvcncod from nmmal at c fuel-air ratio of”O.06i3to peak power
nt a i’uol-airrntio of 0.057, which sacrifices no pouor for a
given inlc%nir prcssuro, a 4-pcrcont reduction in indicstod spoci.
fic fuel coilsum~tionis attained.

~dfoct of Spark Ldvnnco on Knock-Linitcd Engine Porfonucnoo
.

Tho Offoct of spark timing on lmock-limltod cngiho porformanco
for conditions simulatti.lgtnlco-off,high-powor cruise, aud low-
pomr cruiso is shown in figuru 16. In nll ccscs tho lmcok-limited
cng”ino’”powerincrccscd ns tlhospark wns rotaidcd until rough opora-
tion was oncountcrod (inlet, 16° B.T.C.; exhaust, 22° B.T.C.). .1
‘powor incroasc of approxirdmly 6~porcont wr.sr~alizod by rethrding
tho spark 120”from normal nt low and intarmcdir.tomixturo tempera.
turos; whoroas tho incro~.scl:asccmsidorably grcator at high ~ix-
turo tumpcraturcs, %on the a~ditioaal suporohargcr work nocossary
to supply tho highormcnifold prcssuro is taken into aooount, this
powur incroasc of 6 p~rcmt on on indicated basis results in a

. powr incrcasG of approxfi~atcly4 porcont on.a brnko basis for a
- EMltiCylh-dJI? engine with a sin&lo-stcgc suporohargor.

PROBAEILEEFFECT OF SPJRK ADVANCE ON THE WGNOL?Y OF A

!ZJLTICYLINDEIIENGINE HAVING IM%RFECT

#
MIXTURE DISTRI!WTION

Tho cli~cussionthus far has boon based on the singlo-eylindor
onginc. The dnta shown for loti-mifiuro fuel consumption would
apply to a rmlticylindor.cngino only if tho mixturo distribution
wns purfoct. .
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‘The multhylinder engine, wMoh has imperfeot mixture distri-
bution, stands to gain somewhat more in fuel eoonomy then the
sin@e-oyl$n@er results pr.eaentedSndioata.. Fdk bX+p16J it if is
ti’swied’.t~at‘the”mkltiqlinder engine l% “operating-dt & average
fuel+ir Xatiioof..+060fi~ nomal spark timing, ~ ,oyllnders
that’Iiav%”rioher or leaner fuel-air mixtures than this value till
hkve higher.fue.1oohsumption.than a oylipief operating.at.a f“~l-alr
ratio of’0.060 beoause @e miniman po~nt on the.fuel-obns.tiption
ourve (fig. 15) is at thisfuel-air rhtio. The.over-all fuql .oon-
sunptton of the mu~.tiqyl$nder angine would.then bq higher than that
of a single oylinder.operatimg at.a fubl-air ~itio of ‘O;060. If the
spark.timing is now advenoed to peak powm’, the r+aimum point on the
fuel-oonsuqtion curve shifts to “aconsiderably leaner mf?rture. The
fuel-air ratio of 0.060 .isno longer at the minimum pciin~,S.Q.-
oylinderd that now pperate at a rioher fuel-air ratio have a higher
fuel “oonsumptlonthan one operating at 0.060; whereas, q. oylinders
that operate at a leaner fuel-air ratio ham a lower fuel consumption
than those operating at 0.060. The over-all fuel”consumption for the
r.ultioylinder engine would then approach that of a single-oylinder
engino operating with peak=power spark advanoe at a fuel-air ratio
of 0.060. The .reduotionin over-all fuel consumption obta~n~d by
advancing the spark of the multioylinder engine with ti.lpeifeotdis-
tribution is therefore greater then that obtained from single-cyliuder
tests. The more Imperfect the mixture ciistrimtion, the ‘greatervmuld
bo the gain by aclvs.noingthe spark to the peak-power oondition.

The single-cylinderdata presented havo shown a possible reduo-
tion in lean-mixture fuel consmnption of approximately 4 percent b~
advanoing tho sparl:. Tho multioylindor engino weuld be expected to
shnw a somowhat greater reduction dopending on the mixture distri-
bution. It is cdtimatcd, howov~r, that.sn increase of approximately
10 perfonmmx numbers in the lean rating of tho fuel wrmld be re-
quired to naintain the samu lmoohlimited power at a fuel-air ratio
of 0.060 if the spark timing was udvanoed to peak powor.

S-JLTARY(IFIU?SULTS
...

.,

Fr~ an investigationto determine the eff~ct of cqine-oporating
variables and internal ooolants on spark-advance r~quiramonts of
liquid-oqoled single oylindqr for maxinhnntake-off power and maxhman
oruiso ooonomy, the following results were obtained:, . L. ,.

1. .lm~ngthe variables tested only fuel-air ratio and intermal
ooolent-fuel ratio have large effoots on the peak-power spark ttilng.
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When the spark timing ia.advemoed from normal (inlet,
280 B~~.C.# ealmust, 340 B.T.C.) at afuel-air ratio”of 0.060 to
peak‘power at a fuel-air ratio of 0.057, tiioh saor~ioes no
engine pcmmr for a given inlet-air pressure, a 4-peroont.reduo-
tion”in indioated specifio fuel oonsum@ion-is realized. Any
uneveness in mixture distribution of a multioylinder engine would
result in a“deorease in brake speoifio fuel oonsmption greater
then Iihat”fora single-oylhdor engine; the more uneven the mix-
ture distribution, the greater is tho deorease to be expeoted.

3.. .In increase of approximately 10 purfonnanoe numbers in
the lean rating of tho fuel would be required to maintain the ssme
lmook-limited powor at afuel-air ratio of 0.060 if tho spark thing
was advanoed to peak power.

4. .Tmock-lirited indloated mean effeotive pressure at take-off
conditions was inoreased about 6 peroent when the S:J~k timing was
rotardod from the normal value (inlet, 280 B.T.C.; exhaust, 34~
B.T.C.) to tho Po:mt where rough oporation was roached (inlet, 16°
B.T;C.; oxhaust~ 22° B.T.C.). Fhen the additional superohargor
powor noocssary to supply the higher manifold pressure is mn-
sidored, the gsin in the lmook-limitecibrake horsepower for a
rwltioylindor engine with a single-stage supercharger is approxi-
mately 4 peroent.

Airoraft Engine Research Laboratory,
National Advisory Ccamuitteefor Acronautios,

Cleveland, Ohio, Hay 18, 1945.
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Figure 1. - Multi cylinder block adapted to CUE crankcase.
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Figure 4. - Effect of spark advance on power and fuel cOnsumptiOn at variOus fuel-air ratios.

Single–cylinder adaptation of nulticylinder engine to CUE crankcase; comPre~~ion ratio,
6.65; inlet-oil temperature, 185° F; outlet–ooolant temperature, 2s00 F; rnixt”re temPera_
ture, 175° F; inlet-air pressure, 40 inches mercury absolute. (ArrOws indicate spark
advance for peak power. )
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Figure 4. - Continued. Effect of spark advance on power and fuel consumption at varioua

. fuel-air ratios. Single-cylinder adaptation of multicylinder engine to CUE crankcase;
compression ratio, 6.65; inlet-oil temperature, 185° F; outlet- ooolant temperature, 2500
mixture temperature, 175° F; inlet-air pressure, 40 inches mercury absolute. (Arrows
indicate spark advance for peak power.)
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engine to CUE crankcase; compression ratio, 6.65; inlet-oil tempera-
ture, 185° F; outlet-coolant temperature, 2!50° F; mixtare temperature,
175° j’; inlet-air pressure, 40 inches mercury absolute.
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ratio, 6.65; inlet-oil temperature, 185° F; outlet-coolant temperature, 250° F; engine ~
speed, 3000 rpm; fuel-air ratio, (). 10. (Arrows indicate spark advance for peak power.)
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Figure 8. - Effect of spark advance on power and fuel consumption at
two mixture temperatures. Single-cylinder adaptation of multi-
cylinder engine to CUE crankcase; compression ratio, 6.65; inlet-
oil temperature, 185° F; outlet-ooulant temperature, 250° F;
engine speed, 3000 rpm; fuel-air ratio, O. 10; air flow, 614 pounds
per hour. (Arrows indicate spark advance for peak power.)
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Spark advance, deg B.T.c.
(a) Water injected before vaporization tank.
Figure 10. - Effect of spark advance ofifuel consumption, engine power, and cylinder.
head temperature for several internal coolant-fuel ratios at inlet-air pressure
of 50 inches mercury absolute. Single-cylinder adaptation of multicylinder engine
to CUE crankcase; cOmPressiOn ratio, 6.65; inlet-oil temperature, 1850 F; outlet-
cOOlant teMperiit Ure, 250° F; inlet-air tempe=at,”~e,2300F; ~“~i”e speed, ~o~~~pm.
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Spark advance, deg B.T.C.

(b) Water injected in intake elbow.
Figure 10. – Continued. Effect of spark advance on fuel consumption, engine power,

and cylinder-head temperature for several internal coolant–fuel ratios at inlet-
.air pressure of 50 inches mercury absolute. Single-cylinder adaptation of multi-
cylinder engine to CUE crankcase; compression ratio, 6.~5; inlet–oil temperature,
185° F; outlet–coolant temperature, 250° F; inlet–air temperature, 250° F; engine
speed, 3000 rpm.
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Spark advance, aeg B.T.C.

(c) 50-50 water-ethyl alcohol mixture injected before vaporization tank.
Figure 10. – Continued. Effect of spark advance on fuel consumption, engine power, and

cylinder-head temperature for several internal cOOlant-fuel rati Os at inlet-air pressure
of 50 inches mercury absolute. Single-cylinder adaptation of multi cylinder engine to

CUE crankcase; compression ratio, 6.65; inlet-oil temperature, 185° F; outlet-coolant
temperature, 250° F; inlet-air temperature, 250° F; engine speed, 3000 rpm.
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(d) 50-50 water-ethyl alcohol mixture injected in intake elbow.
Figure 10. - Concluded. Effect of spark advance on fuel consumption, engine power, and

cylinder-head temperature for several internal coolant-fuel ratios at inlet-air pressure
of 50 inches mercury absolute. Single-cylinder adaptation of multi cylinder engine ts
CUE crankcase; compression ratio, 6.65; inlet-oil temperature, 185° F; outlet-coolant
temperature, 250° F; inlet-air temperature, 250° F; engine Speed, 3000 rp~.
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Figure Il. – Effect of internal coolant–fuel ratio on spark advance for
peak power for two interrial coolants and two positions of injection.
Single-cylinder adaptation of multicylirider engine to CUE crankcase;
compression ratio, 6.65; inlet-oil temperature,
temperature, 250° F;

l~~” F; outlet-coolant
inlet–air temperature, 250° F; inlet-air pressure,

50 inches mercury absolute; engine speed, 3000 rpm.
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Figure 12. - Effect of internal coolant-fuel ratio on mixture temperature

for two internal coolants injected before the vaporization tank. Single-
cylinder adaptation of multicylinder en ine to CUE crank-case;

~
compression

ratio, 6.65; inlet-oil temperature, 185 F; outlet-coolant temperature,
250° F; inlet-air temperature, 250° F; inlet–air pressure, 50 inches
mercury absolute; engine speed, 3000 rpm.
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Figure 13. - Effect of internal coolant-fuel ratio on engine power at
spark advance for peak power for two internal coolants and two
positions of injection. Single-cylinder adaptation of multicylinder

engine to CUE crankcase; compression ratio, 6.65; inlet-oil tempera-

ture, 185° F; outlet-coolant temperature, 250° F; inlet-air tempera-

ture. 250° F; inlet-air pressure, 50 inches mercury absolute; engine

speed, 3000 ipm.
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Figure 14. - Loss in power incurred by operating without peak-power spark

advance for several internal coolant-fuel ratios and for two positions
of injection. Single-cylinder adaptation of multicylinder engine to
CUE crankcase; compression ratio, 6.65; inlet-oil temperature, 185° F;
outlet-coolant temperature, 250° F; inlet-air temperature, 250° F;
inlet-air pressure, 50 inches mercury absolute; engine speed, 3000 rpm;
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(b) 50-50 water-ethyl alcohol.
Figure 14. - Concluded. Loss in power incurred by operating without

peak–pswer spark advance for several internal coolant-fuel ratios and
for two positions of injection. Single-cylinder adaptation of multi-
cylinder engine to CUE crankcase; compression ratio, 6.65; inlet-oil
temperature, 185° F; outlet-coolant temperature, 250° F; inlet-air
temperature, 250° F; inlet-air pressure, 50 inches mercury absolute;

engine speed, 3000 rpm; fuel-air ratio! 0.08”



I

NACA MR No. E5E18

.,

A

, , , , , v , ,1 , , v,,r , 11 , n-l I , , , , 1 # ,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

E
,.

J f
● Ek ~

180 - }

/

( w
o Normal spark timing

A / ❑ Peak-power spark timing for

*7
11~ 35

u , 1 , , 1,. , 1 1, , ,1 , ● , 1 , ,

●m ●M

—IAAJ

.07 .CM .W .10 ● 11 .12

Fuel-air ratio

(a) Engine speed, 2600 rpm.
Figure 15. - Effect of fuel-air ratio on power and fuel con-

sumption when operating at either normal or peak-power spark
timing. Single-cylinder adaptation of multicylinder engine
to CUE crankcase; compression ratio, 6.65; inlet-oil tempera-
ture, 185° F; outlet–coolant temperature, 250° F; mixture
temperature, 175° F; inlet-air pressure, @ inches mercury
absolute.
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(b) Engine speed, 2280 rpm.
Figure 15. – Concluded. Effect of fuel-air ratio on power and

fuel consumption when operating at either normal or peak–power
spark timing. Single-cylinder adaptation of multicylinder
engine to CUE crankcase; compression ratio, 6.65; inlet–oil
temperature, 185° F; outlet-coolant temperature, 250° F; mix-
ture temperature, 175° F; inlet-air pressure, 40 inches
mercury absolute.
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(a) Take-off conditions.
Figure 16. - Effect of spark advance on knock-limited performance at Various mixture temperatures.

Single-cylinder adaptation of ❑ulticylinder engine to CUE crankcase; compression ratio, 6.65;
inlet-oil temperature, 185° F; outlet-coolant temperature, 250° F.
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( b) High-power cruise conditions.
Figure 16. - Continued. Effect of spark advance on knock-limited performance at various mix-

ture temperatures. Single-cylinder adaptation of multicylinder engine to CUE crankcase;
compression ratio, 6.65; inlet-oil temperature, 185° F; outlet-coolant temperature, 250° F.



1- ●

NACA
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(c) Low-power cruise conditions.
Figure 16. - Concluded. Effect of spark advance on knoc!f-lim ited performance at various mix-

ture temperatures. Single-cylinder adaptation ot’ multi cylinder engine to CUE crankcase;
compression ratio, 6.65; inlet-oil temperature, [653 F; outlet-coolant temperature, 25o0 F.
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