
DEC 9,'g 1946 ARR NO. Eto 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

WARTIME REPORT 
ORIGINALLY   ISSUED 

August I9I4I4 as 
Advance Restricted Report El+HJl 

SOME EFFECTS  OF INTERNAL COOLANTS ON KNOCK-LIMITED AND 

TEMPERATURE-LIMITED POWER AS DETERMINED IN A 

SINGLE-CYLINDER AIRCRAFT TEST ENGINE 

By Jerrold D. Wear,  Louis F.  Held,  and James W. Slough 

Aircraft Engine Research Laboratory 
Cleveland,  Ohio 

NACA 
NACA LIBRARY 

LAXGLEY MEMORIAL AERONAUTICAL 

WASHINGTON LABORATORY 
Jt-angley Field, Va, 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited.   All have been reproduced without change in order to expedite general distribution. 

E-2J4 



' _   3 1176 01364 7640 

NACA ARR No. EljHJl 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ADVANCE RESTRICTED REPORT 

SOME EFFECTS OF INTERNAL COOLANTS ON KNOCK-LIMITED AND 

TEMPERATURE-LIMITED POWER AS DETERMINED IN A 

SINGLE-CYLINDER AIRCRAFT TEST ENGINE 

By Jerrold D. Wear,  Louis F.  Held,  and James W.. Slough 

SUMMARY 

Object. - To determine the permissible increase in engine 
power by using vpr.i.ous internal coolants from the consideration of 
fuel knock and cylinder cooling. 

Scope. - Tests were conducted on a ffright C90C cylinder under 
the following conditions: 

Compression ratio    7.0 
Spark advance (except foi* variable spark-advance test), 

decrees B.T.C 20 
Cooling-air upstream temperature, °F       12 J> 
Engine speed,  rpm      2£0Q,  1B30 
Coolinj3~air pressure drop at engine speed of 25>00 rpm, 

inches of water        20,   £ 
Cooling-air pressure drop at engine speed of 1830 rpm, 

inches of water 10 
Inlet-air temperature  (except for variable inlet-air- 

temperature tests),  °F       2£0 

Internal coolants tested were: 

1. Water 
2. 3O-70 methyl alcohol-water volume percent mixture 
3« 7O-3O methyl alcohol-water volume percent mixture 
U« Methyl alcohol 
$.  80-20 ethyl alcohol-water volume percent mixture 

Coolant-fuel weight ratios of 0, 0.20, 0.3£, 0.^0, and 0.65 '»ere 
tested with Array 100-octane aviation gasoline used as the fuel 
throughout these tests. 
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For each tost the fuel-air ratio was varied and it each fuel- 
air rabio the inlet-air pressure was Increased until either fuel 
knock was recorded, or the temperature of the rear middle cylinder 
barrel irxc.;9ded a value of 325° F. 

The relative effects of decreasing the spark advance and of 
decreasing the inlet-air temperature are compared with the effects 
of internal cooling. 

Summary of results. - The following results were obtained 
from single-cylinder tests reported herein: 

1. Eased on these single-cylinder tests, it is estimated that 
temperature-limited take-off power may be increased 60 percent, 
knock-Limited rated power inoreaeed £0 percent, and knock-limited 
cruising power increased 60 percent through the use of internal 
coolants. 

2. Results with different percentages of metnyl alcohol in a 
fixture of alcohol an.l water indicate that a 70-30 methyl alcohoL- 
?rater volume percent, mixture! permitted the highest knock-limited 
or temperature-limited performance at high fuel-air ratios. 

3« The mixture of etiiyl alcohol and water raised the permis- 
sible temperature-limited power more than the mixture of methyl 
alcohol and vrater. 

ii. Tue mixture of methyl alcohol and w^ter raised the permis- 
sible knock-limited power nore than the fixture of ethyl alcohol 
and water. 

5?. At knock- or temperature-linitad indicated mein effective 
pressures, the indicated specific liquid consumption with internal 
coolants was less than the indicated specific fuel consumption 
with fuel alone above 2p0 indicated mean effective pressure at 
2£00 rpm and a cooling-air pressure drop of 20 inches of water and 
•nbove ?30 indicated nean effective pressure at 1830 rpm and a 
cooling-air pressure drop of 10 inches of water. 

6. Lowering the inlet-3:r temperature or retarding the igni- 
tion timing within practical limits did not permit as high knock- 
limited or temperaturfi-liLvitfcd power as the addition of suitable 
amounts of internal coolants. 
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INTRODUCTION 

The NACA and other laboratories have been Investigating the 
effectiveness of internal ooolants as a means of Improving the 
cooling and of'suppressing the knock at high aircraftr-englne powers. 
Kuhring (reference 1) determined the effeot of water and water- 
alcohol mixtures as internal ooolants on the temperatures of a super- 
charged Jaguar aircraft engine. Rothrock, Krsek, and Jones (refer- 
ence 2) found-that -water injected into the intake manifold of a 
single-cylinder aircraft engine permitted a large increase in knock- 
limited power. -Potential benefits of -water as an internal coolant 
for aircraft engines at cruising power are shown by tests in refer- 
ence 3. Koenig and Hieser (reference U) show that it is possible 
to obtaj.n greater cooling in an aircraft engine by using both water 
and fuel than -with fuel alone. 

The purpose of the investigation reported herein is (a) to 
compare the effectiveness of mixtures of ethyl or methyl alcohol 
and water-as internal coolants on the basis of both knock-limited 
and temperature-limited power and (b) fco compare internal cooling 
with decreased inlet-air temperature or retarded spark as a means 
of increasing the knock-limited or temperature-limited powur in 
aircraft engines. 

The tests were  made at the Langley Memorial Aeronautical labo- 
ratory, Lar.gley Field, Va., during October and November 19'i2. 

APPARATUS AND TEST PROCEDURE 

The tests were conducted on a Wright C9GC cylinder mounted on 
a CUE crankcase. The cylinder cowling and the points for measuring 
cooling-air static pressure drop across the cowling are shown in 
figure 1. 

A Bpray nozzle inserted into the intake manifold about 
12 inches upstream from the intake-valve port was used to introduce 
the coolant into the intake air (fig. 2). Both this nozzle and the 
fuel nozzle were pointed downstream. The coolant was supplied at 
a pressure of approximately 100 pound3 per square inch and the flow 
was controlled by a needle valve in the spray nozzle. This arrange- 
ment permitted a large change of flow rate with a small change in 
pressure drop across the spray nozzle. The ooolant spray was con- 
tinuous, whereas the fuel injection was timed to take place during 
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the intake stroke. Inlet-air temperature was measured at the 
outlet of the surge tank and before the introduction of fuel or 
coolant. The coolant-fuel ratios were set by calibrated rotameters 
and the air flow was measured by a flat-plate orifice installed 
according to A.S.M.E. praotice (reference 5). 

Engine conditions were as follows: 

Compression ratio   7*0 
Spark advance (except for variabls spark-advance test), 

degrees B.T.C 20 
Cooling-air upstream temperature, °F   125 
Engine speed, rpm , . . . 2^00, 1830 
Cooling-air pressure drop at engine spoed of 2^00 rpm, 

inches of water • ... 20, $ 
Coolinq-air pressure drop at engine speed of 1630 rpm, 

inchfis of water 10 
Inlot-air temperature (except for variable tnlet-air- 

tenperatur.; tests), F 2f>0 

Die uigin-3 speeds and the cooling-air f lo*r rates were arbi- 
trarily selocted to simulate conditions at take-off, level flight 
at rit'sd power, and cruising. 

Throughout the- t-jstc *ith internal coolants a constant spark 
•vivancL- of 20° 3.T.C. TTIS used and no attempt ?ras made to get the 
optimum spark advance "'ith the coolant. 

All the internal coolants were tested with one lot of Army 
100-octane aviation gasoline. Tho fuel was obtained from the Army 
supply at Langley Field. 

Specific liquid consumption in this paper is the sum of the 
specific fuel and coolant consumptions in pounds per indicated 
horsepower-hour, fuel-air ratios used include only the gasoline 
and the air and not the internal coolants. 

The methyl alcohol v/33 a °f> percent commercial grade with 
$ percent alcohols of higher molecular weight. The ethyl alcohol 
was 95 percent commercial grade denatured with 0.1 percent benzene. 

The maximum freezing point of the alcohol-water mixtures was 
arbitrarily selected as -70° F. In order to satisfy this limit, 
the following approximate compositions of the internal coolants 
vrere useds Methyl alcohol and water, a minimum of 60 percent 
alcohol by voluno» ethyl alcohol and water, a minimum öf  80 percent 
alcohol by volume. 
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The tests consisted In determining the maximum permissible 
indicated near, effective pressure and the corresponding indicated 
specific. 1'uel consumption..at various .fuel-air. ratios and several 
coolant-fuel ratioB as limited by either (1) incipient knoclc 
determined by an oscillograph with a Stancal pickup unit in the 
cylinder or (2) a middle rear cylinder-barrel temperature of 
325° F. It was found that, by use of this value for a temperature 
limit, the tests could be run without frequent overhauls caused 
by rapid ring wear or ring sticking. Throughout this report 
temperature-limited data points as distinguished from knock- 
limited data point3 will be marked only on the curves of indicated 
mean effective pressure against fuel-air ratio. Surface ignition, 
when it occurred, was detected by momentarily cutting the ignition 
svitch. 

TUST RESULTS Mi) DISCUSSION 

Alcohol-./ator Mixtures 

Methyl alcohol. - Four voLiroe-perceiitai'e mixtures of methyl 
alcoho I. and waFfjr Wire used to find the mixlnre that woul.fi .five 
the best online performance: 1Ü0 percent water; 3° percent alcohol 
ind 70 percent mter; 70 percent alcohol and 30 percent T-atsr; an-'1 

100 percent alcohol. The coolant-fuel r?tio wat> kept constant in 
each case st £0 ;:ercanh by weight. 

KüSixlts ehov.n in fipoirns: 3 n^r'  U indie it«; that, -i  70-30 methyl 
alcohol-water vnlu•ie ourc«nt fixt-iin: pfrmiti'.'d fbe highest power 
'it fu«l-.ii.i- rat•ios lusher than vJ.CKj, wh-eroap water oLone was b' et 
at th3 lovrc.r  ratios. Tempernturos of tho roar spavk-plug bushing 
for any one fnel-air ratio nnU for any constant power appeal- to 
increase witi increasing alcohol content.  (See points A, fl, and 
G in fig. !i.) Figure $  showt that, with the 70-30 methyl alcohol- 
water mixture, the indicated specific liquid consumption is con- 
siderably th£ lowest for the indicated moan affective pressures 
recorded above 290 pounds per aquarc inch. Inasmuch as the curves 
in figure U are based on only four data points, the data do not 
accurately define* th-.' alcoho1-wahar ratio for peak performance for 
high fuol-air ratios. Based on  the results in figure U, a 
70-30 inetliyl alcohol-water raixtur.: was used in tiie subsequent 
tents. This mixture also eatisfios the arbitrarily selected 
freozinp-point IJjnit of the internal coolant. 

gthyl alcohol. - An 80-20 <:.thyl alcohol-water volume porcent 
mixture was used in the toste with «thyI alcohol because tnis 
mixture has the lowest ebhyl-alcohol content that vould satisfy 
e freezing temperature of -70° F. 
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Effect of Different Coolants on Power limitations and Fuel Consumption 

as Determined by Engine Speed and Cooling-Air Pressure Drop 

Engine speed, 2.500 rpnn cooling-air pressure drop across cowl- 
ing,  5 inches of water. - Figure 6 presents data at various coolant- 
fuel ratios with methyl alcohol and water as tho coolant.    At a 
cooling-air pressure drop of £ inches of water,  tho cn;^ine perform- 
ance was limited by teioperature in ovary case. 

At any fuel-air ratio lower than 0.06, the maximum pemlesiblo 
powai* did not increase as the coolant-fuel ratio increased.    Any 
increase in po-'/er with coolant at cinstant fuel-air ratio was at 
the expanse of increased indicated specific fuel consumption except 
at fuel-air ratios lower than 0.06?, "/»here the indicated specific 
fuel consumption decreased with .-,ncrease of coolant-fuel ratio. 
The indicated specific futl consumption is plotted against the 
fuel-air ratio instead of the total liquid-air ratioj  therefore, 
in any cose wrn:re th'.i cool-int burned,   the iniicated rpecific fael 
consumption decreased in the lnou regions iritn increasc-d coolant- 
fuel ratio. 

It may be seen in figure 7 that temperature rather than knock 
••ras a^air. the limit i/ith  the mixture of ethyl alcohol and water as 
the-, coolant.    The manirrum pcnidssible power 7/nth coolant sho"s little 
or no Increase over tho maximum with fuel alone, at ver;- hith fuel-air 
ratios  (points A and E).    Although not shoTm,  fJ0-20 ethyl alcohol- 
watei- mixture .-'t an en;ino sp*3eJ of 2?00 rpm and a cooling-air 
pressure drop of 5> inches ol  wat.-jr se^is to p;.ive an abrupt pi?ak in 
the power curve ov/in^ to extremely rough running of the engine when 
tho fuel-air ratio is increased beyond a certain value at hir;h 
coolant-fuel ratios. 

iflrigjne speed, 2^00 rpmi  cooling-air pressure drop across 
cowling,  2o inchtjc of water. - At a coolinf-air pressure drop of 
2"0 incheir of vat'dr the perforuauo-; -fith fuel ilone was knock-limited. 
Dati with a mixture of methyl alcohol and water (fir* 3) indicate 
that a considerable increase ir. power ir. madi". por.siblo at any one 
fuel-air ratio v:ith incroased c-iolint-fuel ratios.    Tb«1 performance 
iJas knock-1Jnited with low cor-l^it-fuel  ratios anf? btjcara^ tamperature- 
limitod at high coolant-fuel rit-ios. 

Data with the mixture of ethyl alcohol and vatf*r as the internal 
coolant are shown in fijaire 9«    l^nfc notioosbl'? fact is that knock 
rather than t>.mp-.-raturs v.as the limiting factor even at hiph indicated 
mean effective pressures.    It appears from thu mixtures used it these 
engine conditions that thts mixture oi .nuthyl alcohol and water is 
a bott..?r knock suppressor then i>: the- mixture o.C ethyl alcohol and 
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water. At the lower fuel-air ratios with ethyl alcohol-water as 
the coolant the loner coolant-fuel ratio gave no increase in per- 
missible power.  

Engine speod, 1830 rpm; cooling-air pr&SBure drop across 
cowling^ 10 Inches of water. - Figaro 10 shows performance with 
the mixture u£ methyl alcohol and water. At these engine condi- 
tions, a large increase in permissible power was possible with high 
coolant-fuel ratios with the power becoming temperature-l±nited at 
the high ratios. Also, the indicated specific fuel consumption did 
not increase at the? high fu^l-air ratios with internal coolants to 
thu extant observed in the previous figures. 

Figure* 1] presents data with the mixture- of ethyl alcohol and 
water is thft coolant. All the data points arc knock-linltcd snd, 
as in figure 0,  no increase in j.'OWftr was evident vdth the low 
coolant-fuel ratios until, hiyh ruol-air ration ware ranched. 

Sffcct. of Different Coolantu and Power on Representative. 

Cylinder Temperature.-:: as Determined by Engine Speed 

and Coc-3 liu:-Air Prossure Drop 

Engine spoed, 2£00 rpm; iioc-ling-qir pressure drop across 
covrling", f-' jnchos of water. - flijuro 12 prusfinte cyl'Lrni.r tempera- 
tures an nfi's.ctrd b.y var.ioun cnolnnt-fu-.,'! ratios of mixturofi of 
methyl .ilohfl ~nd water an-i ethyl alcohol nnd rraU.-r at the knuck- 
1/iraitt-'' or ti,iaj.<.jraturo-lim.Lt'.?d power. The temperatures 01 th*j rear 
üparl:-plu,< hushing, for an?,r one fuel-iir ratio, dner^assd it high 
cool-'nW-icl ratios although the power increased. For any one 
power level, however, the temperatures remained nearly constant as 
the coolant-fuel ratio was Increased and the fuel-air ratiu was 
decreased (points A, B, and C on fig. 12). The ethyl alcohol- 
watT mixture permitted higher permissible indicated mean effective 
pressure at high fuel-air ratios and high coolant-fuol ratios than 
did the methyl alcohol-water mixture• 

The termination of the curves of indicated mean effective 
pressure i3, in most cases, not. ar indication of raaximuni performance 
obtained but is the limitation of the cross plots. 

Engine speed, 2^00 rpni cooling-?ir pressure drop ?.cross 
cowling^ 20 inches of water. - Fifyure 1? .'gives representative engine 
temperatures as affected by various coolant-fuel vrei:_#it ratios of 
mixtui-es of methyl alcohol and water and ethyl alcohol and orator. 
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At these engine conditions the methyl alcohol-water mixture permits 
higuer permissible indicated mean effective pressure than does the 
ethyl alcohol-water mixture. 

Engine speed, 1830 rpmj cooling-air pressure drop across 
cowlingT 10 inches of water. - Engine-temperature data with mixtures 
of aethyl alcohol and water and ethyl alcohol and water as the cool- 
ants are shown in figure lU» The general temperature level was 
lower at the lower engine speed. 

Temperatures with the methyl alcohol and water coolant were 
the highest for constant power whether the data points with this 
coolant T/ere knock-limited or temperature-limited. The fuel-air 
ratios for any power level were different for the various coolants. 

Effect of Internal Coolants on Process of Combustion 

Effect of internal coolants on weight of inducted air. - Fig- 
ure 15 presents data örtlich indicate that the injection of different 
ratios of various cool-ants into the intake manifold directly ahead 
of the cylinder of this engine setup did not increase the weight 
of inducted air to the engine. 

Effect of internal coolants on thermal efficiency. - Values 
of heat liberated por pound of air at tho stoichioraetric mixture of 
ths fuel and the combustibles in the coolants are as follows: 

Low heating  Stoichiometric  Heat 
value       fuel-air ratio  liberated 
(Bta/lb) (Etu/lb air) 

Fuel, 100-octane avia- 
tion gasoline 15.800 0.0663 12US 

Mf:thyl alcohol 8,ii20 .1& 130% 
Ethyl alcohol 11,£90 .111 1287 

Data in figure 16 indicate that the thermal efficiency calcu- 
lated fron ths: indicate«! specific liquid consumption and from the 
foregoing table was decrease! ver/ littlt relative to fuel alone. 
Points A, B, and C on fi^ura 30, concluded, s'.wv that at a constant 
power 1-jV'jfi the indicated epecLfic air consumption decreased 
slightly as the coolant-fuel ratio of any one coolant. waB increased 
because ths fuel-air ratio wss decreasing. 

Effect of coolant-fuel ratio on the li:aiting-rich fuel-air 
mixture. - In figure- 1? knock-limited or temperature-limited d^ta 
ars presented which show engine performance vith and without 
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coolants as limited by the richest füel-air mixture that permitted 
regular firing of the engine. This fuel-air mixture is designated 
limiting-rich-fuel-air-mixture. These curves do not represent 
exact values but give a good approximation with any of the coolants 
used. 

• Engine Performance with Methyl Alcohol as a Fuel 

Figures 18 and 19 show the comparison of engine performance 
and temperatures obtained with methyl alcohol and Army 100-octane 
aviation gasoline as fuels. In this case the alcohol was injected 
continuously and not timed as the gasoline fuel was in the other 
cases. In order to compare the two fuels, the ratio of the actual 
fuel-air ratio to the stoichiometric fuel-air ratio was used as the 
abscissa of the curves. For gasoline fuel, 0.066-3 was used as the 
stoichiometric fuel-air ratio and, for the methyl alcohol, 0.1?£ 
was used. The data with methyl alcohol were limited by the capacity 
of the: fuel system. 

Effect of Inlet-Air Temperature on Performance with the 

Mixture of Vethyl Alcohol and Water as a Coolant 

Data of engine performance with a mixture of methyl alcohol 
arc: water sis the internal coolant as affected by rai sine; the inlet- 
air temperature fro:.i 2£ü° F to 3-^5° F ^e presented in figures 20 
and 21. AL rich mixtures thu internal cooling at an inlel-air 
temperaburn of 32!?  F pcroittnd increases in power over fuel alone 
at 2£C° F even though the inlet-air temperature was increased 75° F 
(fig. 20). The tunp.jratura of the rear spark-plug bushing, in the 
rich regions, was lower with the low inlet-air t&npcrature and 
coolant than with the high inlet-air temperature and coolant even 
though the power was greater.  (Sea fig. ?1.) 

Effect of Spark Advance and Inlet-Air Temperature on Knock-limited 

or Temperature-Limi,ted Perfonuance 

The effect of retarding the spark below 20° B.T.G. at the high 
engine speed of 2 £00 rpm is shown in figure 22. The data show that, 
under the test conditions, retarding the spark permitted little or 
no increase in the permissible power because of temperature limita- 
tions with the retarded spark. The permissible power in the lean 
regions was somewhat increased with retarded spark but was hardly 
affected at high fuel-air ratios. This engine, with a spark advance 
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of 15° R.T.C. and a fuel-air ratio of 0.07, permitted an indicated 
mean effective pressure of 186 pounds per square inch with an indi- 
cated specific fuel consumption of O.J4O pound per horsepower-hour. 
The Sam.? permissible power level, with a spark advance of 20   B.T.C., 
required an indicated specific fuel consumption of 0.)i2 pound per 
horsepower-hour.    The decrease in spark advance allowed a lower 
fuel-air ratio for the same power level.    The temperature of the 
exhaust-valve guide (fig.  23) increased is the spnrk was retarded 
for <?ny on? fuel—air ratio, whereas the temperature of  the rear 
spark-plug bushing increased in the lean regions but was only 
slightly affected at high fuel-air ratios. 

Dita presented in figures 2\x and 25 compare the effect of 
retarded spar1? or cJpcrcsped inlet-air  temperature with the effect 
of internal cooling on permissible en/ine performance and cylinder 
temperatures.    From figures 2? and 2li the indicated specific fuel 
consumptions wer«j very close together for a spark advance of 
2Ü'3 '5.T.C.  at t'iG  two inlet-air t&nper?.tures, whereaE at 9  spark 
advarcä of Jj° P..T.C.  the specific fuel consumption was higher with 
'.he loTir r inL-t-^ir temperature. 

The? addition of suitable amounts of internal coolant was more 
effective for rairinF  thf: permisfliblfi knock-limited or terapprature- 
li.>nited power than ttr-. r'.tcrdin;; of t.i: iiqiition tiring or the 
lovierinr oi the inlet-air temperature.    In th'3 1 «an-mixture re.-jions 
retarding 1 he ij.ition timing nised th* knock-limited performance 
but lovered tue t.'cni erp.ture-limited performance.    Lowering the 
inlet-a.tr Uvnperature raised tn-j knock-limited perfum-rs^'.* and 
sli.-rhtly raised thi* i?i.ifcratare-liiitcjd perfornrnic1,1.    Addition of 
intaiT.'il coolrot.E  tsst^r1 rnissd >.oth V\.-; tonr"- :>na ih-; ternponture 
limits in the rich-mixture regions. 

SJ'W:-'
1
.RT OF RESULTS 

Th« following results apn-ly to t«r.t.s of internal coolants to 
increase the j>:r:ai.?r!iblc. sn^iiie power TE det_-riii.ncd in a sin'ile- 
cylindor aircraft test enjjini: 

1. IJIES'I on those single-cylinder  K-sts,  it iu :•; stimmten that 
temoeratur-ü-limited ta'r-'.-off poiv^r nsiy o-- incr^nfod 6u p-jrcprit, 
knock-limited nt--d pov/sr JTicrcared ^0 pjreent,  and krock-limited 
cruising power increased 60 percent through the use of internal 
coolants. 

2. RftfTjlts 'vith different percentages of methyl alcohol in a 
mixture of ilcohol an-i water indicate that a 70-30 methyl alconol- 
vatcr VDliiiTio percent mixture permitted tno hignsst knock-limited 
or tcmp-.-ratiiro-liaited performance at high f'icl-air ratios. 
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*• The mixture of ethyl alcohol and water raised the permis- 
sible tflmjwrature-limited power moro than the mixture of mothyl 
alcohol and water. 

U. The mixture of methyl alcohol and -water raised the permis- 
sible knock-limited power morn than the mixture of ethyl alcohol 
and -water. 

5. At knock- or temperature-limited indicated mean effective 
pressures, tho indicated specific liquid consumption -with internal 
coolants -nan loos than tho indicated specific fuel consumption 

•with fuel alone above 2!?Ö indicated mean (jffoctive pressure at 
2?00 rpm and a cooling-air pressure drop of 20 inches of water and 
above 2?0 indicated mean effective presnure at I83O rpm and a 
cooling-air pressure drop of 10 inches of -natcr« 

6. lowering the inlet-air temperature or retarding the igni- 
tion tirainp within practice 1 limits did not permit an hi£h knock- 
limited or temper&tvre-linlted power as the addition of suitable 
amountn of internal coolants. 

Aircraft Engine Reneerch Laboratory, 
National Advisory Comitteo for A'-ronoutics, 

Cleveland, Ohio. 
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Downstream manometer 

Flyuheel 

The upstream and dovnstreom manometers 
are each connected to four static 
pressure  tubes eauolly spaced around 
the circumference of the pipe at  the 
points shown. 

Figure  2. - Diagram of air duct  and couling. 
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A Surge   tank 

8 Intake-air heaters 

C intake-air-pressure connect ion 

0 Thermostat 

E Hire screen 

F Front   of   cylinder 

G Knock  pickup 

H Intake manifold 

1 Fuel   norzle 

J Rubber-hose   connect ion 

K Thermometer 

L Internal-coolant  nofzle 
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Fig. 2 

figure   2.   -   Induction  system   for   internal   coolant   tests. 
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.6 h 
i 

.08 .10. 
Fuel-air ratio 

Figure 3>   ~ Engine  performance as  permitted by various   Internal  coolants. Internal coolant 
relative   to fuel,   constant at  50 percent  by weight»     Wright C9GC  cylinder)  engine  speed, 
2500 rpm;  coollng-alr pressure drop across  cowling,  20 inches of water}  compression ratio. 
7.0»   spark advance,   20° B.T.C.»   lnlet-alr  temperature,   850° F»   eoollng-alr upstream 
2500 rpm;   coollng-alr pressure drop across'cowl 
7.0»   spark advance,   20° B.T.C.»   lnlet-alr  tempe r     . , 
temperature,  12ö° P»  fuel.  Army 10O-octane aviation gasoline. 
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Figure k.  - Representative engine temperatures and maximum permissible Indicated mean effective 
pressure as determined by percentage methyl alcohol In the Internal coolant and fuel-air 
ratio.  Internal coolant relative to fuel, constant at 50 percent by weight»Wright C90C  ^ 
cylinder» engine speed, 2500 rpm» cooling-air pressure drop across cowling, 20 Inches or water; 
compression ratio, 7.0» stark advance, 20° B.T.C.» inlet-air temperature, 250° F» coollng-alr 

am temperature. 125° Ft fuel. Army 100-octane aviation gasoline. 
mpi 
si: upstream temper 
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Figure 5. ~ Inlet-air pressure and Indicated specific liquid consumption required at various power 
levels with various volume percentage of methyl alcohol In alcohol-water Internal coolant as 
parameters.  Internal coolant relative to fuel, constant at 50 percent by weight) Wright C9GC 
cylinderi engine speed, 2500 rpmj coolingrair pressure drop across cowling, 20 Inches of water) 
compression ratio. 7.0» spark advance, 80° B.I.C.i inlet-air temperature, 250° Fl cooling—air 
upstream temperature. 125° Pi fuel. Army 100-octane aviation gasoline. 
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Figure 6. - Engine performance permitted with a mixture of methyl alcohol and water as an Internal 
coolant at an engine speed of 2500 rpm and a coollng-alr pressure drop across cowling of 5 
Inches of water.  Wright C9GC cyUnder; compression ratio. 7.0» spark advance, 20° B.T.C.» 
inlet-air temperature, 250° Fi coollngsalr upstream temperature, 125° Fi fuel, Army 100-octane 
aviation gasolio«. 
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Figure 7. - Engine performance permitted with a mixture of ethyl alcohol and water as an Internal . 5 

, .....      tane 
aviation gasoline. 
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Figur« 8. - Engine performance permitted with a mixture of methyl alcohol and water as an 
Internal coolant at an engine speed of 2500 rpm and a cooling-air pressure drop across cowling 
of 20 Inches of water.  Wright C90C cylinder) compression ratio, 7.0i spark advance, 20° B.T.C.» 
inlet-air temperature, 260° Fj cooling-air upstream temperature, 125*   - - 
aviation gasoline. 

Ft fuel. Army lOO-octane 



NACA ARR No. E4H3I Fig. 9 

.06       .08 
Fuel-air ratio 

Figure 9. - Engine performance permitted with a mixture of ethyl alcohol and water as an Internal 
coolant at an engine speed of 2500 rpm and a coollng-alr pressure drop across cowling of 20 
inches of water. Wright CjjOC cylinder; compression ratio, 7.0» spark advance, 20e B.T.C.i 
lnlet-alr temperature, 260° Fj ooolln^-alr upstream temperature, 125° Fj fuel, Army 100-octanc 
aviation gasoline. 
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Figure 10. - Engine performance permitted with a mixture of methjl alcohol and water as an In- 
ternal coolant at an engine speed of 1830 rpm and a coollng-alr pressure drop across cowling 
of 10 Inches of water. Wright C90C cylinder» compression ratio, 7.0; spark advance, 20° B.T.C. 
inlet-air temperature, 260° Fj coollng-alr upstraan temperature, 125° Pj fuel. Army 100-octant 
aviation gasoline. 
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Figure 11. - Engine performance permitted with a mixture of ethyl alcohol and water as an Internal 
coolant at an engine apeed of 1830 rpm and a cooling-air pressure drop across cowling of 10 
Inches of water.  Wright C90C cylinder; compression ratio, 7.0» spark advance, 20° B.T.C.j inlet- 
air temperature, 250° F; cooling-air upstream temperature, 125° F; fuel, Army 100-octane aviation 
gasoline. 
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Figure 12. - Representative engine temperatures and maximum permissible lndloated mean 

effective pressure as determined by percentage of Internal coolants at various fuel- 
air ratios at an engine speed of 2500 rpm and a cooling-air pressure drop across 
cowling of 5 Inches of water.  Wright C9&C cylinder; compression ratio, 7.0; spark 
?X8nSe',. , B'T-C-: inlet-air temperature, 250° F; cooling-air upstream temperature, 
125u F; fuel. Army 100-octane aviation gasoline. 
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Figure 13. - Representative engine temperatures and maximum permissible Indicated mean 
effective pressure as determined by percentage of Internal coolants at various fuel- 
air ratios at an engine speed of ?500 rFm end a coollng-alr pressure drop across cowling 
2£o „ inShes.°r water« Wright 09OC cylinder; compression ratio, 7.0; spark advance. 
ZO    B.T.C.; Inlet-air temperature, 250° F; coollng-alr upstream temperature, 125° F- 
fuel, xray 100-octane aviation gasoline. 
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Figure lit. - Representative engine temperatures ana maximum permissible Indicated mean effec- 
tive pressure as determined by percentage of Internal coolants at various fuel-air ratios 
at an engine speed of 1S30 rpm and a cooling-air pressure drop across cowling of 10 Inches 
of water.  Wright C9SC cylinder: comoresslon ratio. 7.n? snurk «dvanee. 20° B.T.C.• in1»t- of water_ 
air temperature, *. 
aviation gasoline. 

Wright C§0C cylinder; compression ratio, ,._, 
iture, 25O F; coollng-alr upstream temperature 

7.0; spark «dvance, 20° B.T.C; lnle 
•ature, 125 p; fuel. Army 100-octane 
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Figure 15. - Weight of inducted air as affected by internal coolants injected into the 
Intake manifold at cooling-air pressure drops across cowling of 5, 10, and 20 inches 
of water. Wright C9&C cylinder; compression ratio, 7.0; spark advance, 20° B.T.C.; 
inlet-air temperature, 250° F; cooling-air upstream temperature, 125° F; fuel, Army 
100-octane aviation gasoline. on 
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Figure 16. - Thermal efficiency as affected by the addition of various Internal coolants at 
an engine speed of 2500 rpm and a cooling-air pressure drop across cowling of 20 inches 
of water. Wright C90C cylinder; compression ratio, 7.0; spark advance, 20° B.T.C.- 
inlet-air temperature, 250w F: cooline-air unstream tf>mn«r»tui-o ist;0 P. «.„_•,  .  ', inlet-air temperature, 250° F: 
100-octane aviation Rasoline. 

cooling-air upstream temperature, 125° F; fuel] Army 
o> 
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Figure 17. 
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Weight percentage of Internal coolants relative to fuel 

Effect of percentage Internal coolants on limiting rich fuel-air ratio and maximum 
permissible lnlet-alr pressure at an engine speed of 2500 rpnu Wright C93C cylinder) compression 
ratio, 7.0» spark advance, 20° B.T.C.j lnlet-alr temperature, 250° F» cooling-air upstream 
temperature, 125° Ft fuel. Army lOO-octane aviation gasoline. 
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Figure 18.  - Maximum permissible engine performance with methyl alcohol as a fuel at an engine 

speed of 2500 rpm and a coollng-alr pressure drop across cowling  of 20 Inches  of water.    Wright 
C9GC cylinder»  compression ratio,  7.0»  spark advance,  20° B.T.C.i  lnlet-alr temperature,  250° 
coollng-alr upstream temperature,  125° F>  fuel,  Army 100-octane aviation gasoline. 
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Figure  19-   - Effect   of  methyl   alcohol  as   a  fuel.on representative   engine   temperatures  at  maximum 
permissible   lnlet-alr  pressure   at  an  engine   speed  of  2500 rpm and  a   cooling-air  pressure drop 
across  cowling  of  20 inches  of water.     Wright C9CC  cylinder}   compression ratio.   7.0;   spark 
advance,   20°  B.T.C.j   lnlet-alr temperature,   250° F;   cooling-air upstream temperature,   125° Fj 
fuel.  Army 10O-octane  aviation gasoline. 
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Figure 20. - Engine performance with a mixture of methyl alcohol and water as an Internal coolant 
as affected by lnlet-alr temperature at an engine speed of 2500 rpm and a cooling-air pressure 
drop across cowling of 20 Inches of water.  Wright C9GC cyllnderj compression ratio, 7.0* spark 
advance, 20° B.T.C.; oooling-alr upstream temperature, 125° Ft fuel. Army lOO-ootane aviation 
gasoline. 
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Figure   20.   - Concluded. 
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Figure 21. - Effect of internal coolant and lnlet-alr temperature on representative engine tem- 

peratures at maximum permissible lnlet-alr pressure at an engine speed of 2500 rpm and a cool- 
lng-alr pressure drop across cowling of 20 inches of water.  Wright C9GC cylinder» compression 
ratio, 7.0; spark advance, 20° B.T.C.» coollng-alr upstream temperature, 125° F» fuel. Army 
loo-octane aviation gasoline, 
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Figure 22. — Engine performance as determined by spark advance at an engine speed of 2500 rpm and 
a cooling-air pressure drop across cowling of 20 Inches of water. Wright C90C cylinder; com- 
pression ratio, 7.0» Inlet-air temperature, 250° Fj cooling-air upstream temperature, 125° Fj 
fuel, Army 100-octane aviation gasoline. 
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Figure 23. - Effect or spark advance on representative engine temperatures at aaxlaum permissible 
inlet-air preature at an engine speed of 2500 rpm and a cooling-air presaure drop across cowling 
of 20 Inches of water. Wright CMC oyllnder» compression ratio, 7.0» lnlet-alr temperature, 
250° Ft cooling-air upstream tcaper&ture, 125° F| fuel, Army 100-ootane aviation gasoline. 
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Figure 2*. - Engine performance as determined by spark advance and lnlet-alr temperature with a 
mixture of methyl alcohol and water a« an Internal coolant at an engine »peed of 2500 rpm and 
a cooling-air preaaure drop acroaa cowling of 20 lnchea of water. Wright C8CC cylinder! com- 
preaalon ratio, 7.0) ooollng-alr upatream temperature, 125° Fi fuel. Army 100-octane aviation 
gasoline. 
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Figure 2*. - Concluded. 
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Figure 25.  - Effect  of spark advance,   lnlet-alr temperature,  and  Internal coolant  on representa- 
tive  engine  temperatures  at  maximum permissible   lnlet-alr pressure  at an engine  speed of  2500 
rp» and a  cooling-air pressure  drop across  cowling of  20  Inches  of «rater.    Wright C9GC  cylinder» 
compression ratio,  7.0»  coollng-alr upstream temperature,   125° F»  fuel.   Arras  100-octane  aviation 
gasoline. 



raarono (oia 
Wear, _, Jerrold » D 
Hald, Loule ' 7. 
Slough, jBEae    E 

AUTKQ31S) 

DIVISION,   poror plants, Eooiprocating (6) 
SECTION,   cooling (1) 
CßOSS nEFEBENCES, Engines - Cooling teete (32862); 
Engines, Beolprocating - Hater injection (3bO£Ö); 

-Engine Per&rP8nsa_l32&&L 

FOHTN. TUlEi 

Sons effecte of internal cooling on knock-limited and temperature-limited po'.ar 
ao determined in a elngle-cylinder aircraft teet engine 

oatG*NATWC AGENCY,   national AdTieory OoEaittee for Aeronautlce, Washington, D. c. 
tBANStATtON, 
cowrar 

TJ.8. 
LANGUAGE VOttG-NlOASa   U. SjClASS. U. SjCLASS. I   DATE    \ PAGES | IUUS. I f£ATU3«J 

Unclase.   Uig'Mt   | 39    [29    [table, dlagr, graphs, drag 

ADÖTOßeV 
Teote «ere conducted on a Wright C9CC cylinder to determine permleelblo lcsrooGO In 

engine power, reduction in fuel knock, and Increase in cylinder cooling by uolcg various 
internal coolante. Water and various mixtures of methyl and ethyl-alcohol oator GOTO 
need.." Bosulte indicated that temperature-limited take-off power may be increased 60 
percent, knook-limltod rated pover ?0 percent, and knook-llmlted cruising potsor 60 
percent. 

note: Bequeete for coplee of thle report oust be addreeeed to: H.A.CA., Haahington, 
D.C. 

T-2. KQ> AD MATEIJKl COMMAND 7S~V( ECKNICAl Lt'DEX W1IGMT FELD. OX». USAAP 
* C»041 CÄQ et £33 


