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OF A TWO-ROW RADIAL ENGINE INSTALLATION

111 - ENGINE TIW’IRATURE DISTRIBUTION

By Robert 24.Rennak, Wesley E. Messing
and Jsmos E. Morgan

The taqmature distribution of a two-row radial eq#ne in a
twin-engine airplane has been invostigatod in a sGricm of flight
tests. The test engine waa operatod aver a wide range of conditions
at density altitudes of 5009 and 207OGO fect.;quantItative results
are presented skow:ng tho effmts of fltxt and cmginc varia.blos
LLpon average engine tomperatmro and ovor-all tempcmaturc spread~
Di~cussions of tke effect of the variables on the shape of the tan-
perat-ureFattems an~ on the temperature dhtribut io_n_of_indivi.dyal
cylfnders we also included.

The results indicate that, for the tests conducted, the temper:
ature distribution pattezms were chiefly determined by the fuel-air
ratio and cooling-air distributions, It was possible to calculate
individual cylinder temperature, on the assumption of equal pow&g___
di~trib~tion ~ong cylinders, to witi.:in~ average of 3=14° F of the
actual temperature. A considerable change occurred in either tile
spresd or the shape of the temperature patterns with a v=iatfon
in the angle of attack of the thrust axis, the average eng+~e fuel-
air ratio, the engine speed, the power, or the blower ratio. Sualler
effects on the t~perat-me pattern were noticed with a c-e in
cowl-flap opening and altitude. In Host of’the tests, a change iri
c.mxlitlonseffected the temperature of the barrels 105s thaa that of
the heaiLs. The variation of fli@t and engine variables had a negli-
gihle effect on the temperature distributions of the individual
cylinders.
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-.
INT!RODUU1710N

Flight tests hm.m been conducted by the NACA Cle-,Felandlabora-
tory to ‘ti~estlge~ethe cooling charact&istics of a bin-row radial
en@ne in a twin-e.zwjineah’plane. A ~=ies of tb~ee reports presant
the ?eeults of the Lnveati.gati.on.The firet report-(raference 1)
presents a corz%iation of the en@ne-cooling variables and the
application af this correlation foi- tb.e determination of g~.eral
coo-kingperformance of the engine instalbtion; the second report
presents an analysis L+ the coding-air ~essure recovery and dis-
tk-i’hztionliathinthe 0.GgfiO cow~img (refeZ’eInCe 2). In tine present

reFort a temperature-disti-$butimstud:?i~ presented for the over-
all engine end tineindividual ~ylinders and the factors that afffect
the distribution are discussed.

The tempora%~~ distribution am~ the cylinders of an eircrzft
engine is an important factor t-hatgoveras its performance and cooling
reqw~rements. The engine power output is frequently Itiited by the
maximum tem~erature at Which the hottest cylinder may operate and

the excesatve cooling air or the M@ fuel-air ratios required In
many instalbtions beceuse of poor temperature distribution result
in high fuel fimmisumptianor in excess cooling drag of the airplane.
In order to obtain more inforrcatlonon the flight and the en@nc3
variables that affect tke teagerature distrihut~.onthe preeenb-study
was urder%lcen. The flight vari0h3a WuUe& are Z8 f’oll.ow~:the
cowl-flap o~ening, which >artly re@aiiea the cooling-air pressure
behind the Wine and the cooling-etr flow; the angle of attack of
the thrust axis, which influences the stresnl.ine_gwtternof eir fkw
into the COWIW; and the altltude at which the airplane is flown,
which affects the density and the temperature of tiiecool~- air.
The engine variables studied are average engine fuel-ati ratio,
engine speed, power, snd blower ratio, any of which may influence
tke distritnrtionof charge azz of fuel-air ratio to the cylinders.
Many of the variables affect the distribution of the cooling-air
pressyre i&op acroes the. qgine, wMci? in turn affects the tapera-
ture ~atte.m. In this report, hcwe’rer,Orilythe final effect of the
variables on the temperature distri’bution”wi,ilhe preaanted, the
cooling-air pressuzze distribution hav:~ been

DESCRIPTION 0)?EQUIPMEW

Airp-i&neand Engine

dlecussed in reference 2,

—.

The tests were conduated with an airplane (fig. 1) powered with
two 1.6-cylinderdouble-row radial air-cooled engines, each havin! a

b

normal rat%ag of 15G0 brake hor~qmwer at 2400 rpm and a take-off
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rating of 18s0 brake horse~wer at 2600 rpm. The engines were

equipped with gear-driven singl.e-st~e two-s~eed aiuperck”gers having
a ~o-~blower re,tioof 7.6:1 @ % ~ifjh bkl~er I’a~iOOf 9.45:1. h
order to measure the rower output of the test e~tie tile comentional

reduction gear of 2:1-ratio wa; repllaced.by a torquemeker having the
s~e g= ratio. ~ ~~~eckion c~b~et.or t~t was stm6. f03? tile

engine was used thro-ughoutthe tests. The en@ne uses an impellm

slinger ring, which injects fuel centrifugall~ into the combustim
atr stream at the inlet to the eupercherger impellei-. (See fig. 2.)
Each engine was e~uipped with a four-blade cm’-t-speed.-opelhrhr
13~ feet in diameter and having cuffs and spir..er. !K.e~.co-wl-

ir& wero of the low-inlet-veloci%ytype with the cowl flap opeMw
on both sidca of the lower half of the cowl. (“Seerefereuce 2.)

M-F-28.

~tr~~+jatim

The conplete fnstrmmntation.installed
pletely described in refermces 1 and 2 and a detai.kd descrlpkion
;ill be given of only the particular inetrvmentation involved in
obtaining engine-tmperatme data.

The right engine of the sL@X&CLerwas indmumntedanlt.esb+”.
All cyl’indertemperatures’_weremeesured by iron-constantantkrmo-
couples and recorded by two aukmatic-recording ~okutiometer;. ‘-
!I%reeautomatic selector mitch-boxes were so connected that all.
temperatures could be recozzdadwitMn.3 minutes.

Five thermocouples wer6 attached.to.aech of the.M cylhders,
thzzee on the head and two m-the bcmrel. (See fig. 3.) The thermo-
couples on the head were located on tile re& spexk-pl~ gasket (T12),
on the reer spark-plug boss (T35), and on We rear of We head between
the two top circumferential fins (TIM). The thermocouples on the
barrel were located on the remmidd3m of-the barrel half%ay up-the
fLnning (l?6)an~ at the rear of the cy13nder fUmge (T14). ThWY
addithnal thermocouples were located (fig. 4) on fmnt-rcw cY~n-
der 18 and on rmr-row cylinder ‘(; all thermocouples were peeded
into the cylinder to a depth.of mne-sixteemth inch except those on
the flia.age,which were spot-welded to the surface. These thermo-
couples were added to obtain a survey of the temperature distribution
of individual cylinders. The cylinder..nmber~ system used was con-
~entio.nal;that is, the oylindera were ntzuberedclockwise when T5.wA
from the rear with cylinder 1 at the top.

. . .
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Sh addition to standard engine irmtrwmnts the test eagiiiewas
provided with means of obtaining values of fuel flow, em+gineckxu?&e-
air flow, cooli,ng-air temperature and preamxce, and manifold yre9mre.
Th,ear@e of attac: of the thrust axie was measured by a pendulum-
tne inclir.oneterand the COW1-f lap positions were measured by an
electrical tranamitter and indicator. Fuel-air ratios were determined
for the individual cylinders by means of Orsat analyses of the exhaust
Gases. When no ex??ust samples were obtained.,. the aver~e engine fuel-
air ratio was cdcula&d from the fuel flow and the charge-air flow
(reference 1). Continuous records of airspeed, altitude, engine speed,
and torque were obtained by the use of stqndard NACA recording
insiirunents.

All cooling-air pressures were recor~ed either by means of an
NACA 30-cell recording manometer or by a multiple-tube Hquid-mancmeter
boazd that was photographed during flight,

TEsTS AND P.ROCEDW

The data were obtained from flights @ w~ich the effgc~ of any
one variable on the temperature pattm c@_d be isolated. Tests
were conducted at densfty altitudes of 5W0 and 20,000 feet, 800 to
1500 brake horseFow& , emgine speeds f.rc5i~1800 to 26(M .~, and at
high and low blower ratio. During the tests, all of which were made
at level Ylight, the cowl-flap opcoxing,the airspeed, the anglo of
attack of the thrust axis, and the fuel-atr ratio were varied inde-
pendently, which sometitneanecessitated loworimg the landing fhps
and the landing geazz. Although tt was igpos~ibl-eto matntefn prectmly
the desired conditions at all times, the val”iationstkat occurred.
were slight. Conditions were set; held constant fcu..approximately
4 minutes to allow for stabilization,ead then all measurements were
recorded.

The temperature ‘distributionamong c~i-ir.erswas datemntied by
usin& thermocouple T13 at the rear of the head between the two top
circumffereiitialfins for the heads and Ihezmocouple TG at the rear
middle of the barrel for the barrels. Thermocouple T13 gave temper-
ature i-eadi~s that were proportional to ~ne avera~e heqd t@npera-
ture Tllthat was determined frcm the average terqerat~e a? 21 head
thermocouples (fig. 4), The relation of T13 and Th is presented ti
fi@Jx?e5 for cylinders ~ and 18 “foraltitudes C& 5000 and 29,00~ feet.

Inorder to show the variation in txmperaturo distribution with
o~eratfng condi.tionsjthe temperatures T~.end T~ were ylotted for
the various cylinders. Because of the dlfferancc in the averk-e
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cylinder tenperatuz”eof the front and the resz rows, they were plotted
separately to make the trend resulting from a change of one of the
variables more avitkat. The omission of any point on the distribution
curves indicates a thermocouple failure. The temperature readings of
the head on cyxinder lC and of the barrel on cylinder 18 were unreli-
able throughout most.of the tests.

All temperatures were corrected by the method given in refer-
ence 3 for the difference between the f~”ee-a~-temperature and the
Army mxmner air for the nmninal altitude at which tileflights were
made.

RESULTS AND DISCUSSION
.—

General Characteristics of TemperatuzzePatterns and Correlation

with Fuel-Air Ratio and Pressure-Drop Distribution

Before the effects of vartous fright and engine variables upon
temperature distribution are detenninedj SCE9 general characteristics
of the patterns will he noted and tilechief factors contributing to the
pattei~ discussed. For the average of all tests the temperafnme . . .. ._
spread between the hottefltand the coldest cylinder hea& of the
entire engine was 101° F, wkersas the corresponding spread for the
barrels was approximately ha~~ as great. The_aye~age tgyperature
spread of the re~ row was consi’lerahlyless than that of the front
row for both the heads and the barrels ~d the front-raw cylinders
were appreciably hotter than those of the rear raw. Although some
variables ‘hada definite effect on the %mpers.ture pattern, the
general shape af the pattern of each row remained substmti~ly

tine same throughout the tests. Cylinder head 18 was predominately
the hottoet for all tests, whereas no particular barrel was con-
sistently hot.

In order to investigate the
fuel-air ratio and pyessure drop
distribution of these variables,
head temperatures, is plotted in

etisnt to which individual Cylinder

cmtr~l c~ltidei-temperature, the
toge~her with actual.and canputed
fi~e 6. The pressure drops shown

were neasured by total-head tubes e% the btifle eutrance and static-
pressure tubes located on a rake behind each cylinder (r&merence 2).
The ccmrputedhead temperatures were obtalnedby use of the cooling-
comelatfcn equation presented in reference 1; the values of pressure
drop were modtfied according to the relation between tiiepreqsure-
drop method used herein end the.method on which the correlation
equation is based (reference 2). z The charge w~ight to each cylinder
was aasu?md to be equal because no method was available for
deterrdning the charge distribution. Fairly good agreement exists
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betweeznthe actual and calculated temperatures; the average cliffemnce
for the individual cylinders was 14° F and the WHer=ce bdnnmn the
average of the patterns only 3° F. This agreement indicates that, at
the conditions tested, the characteristicsof t-hetemperature pattcrne
are determined chiefly by fuel-air ratio and cooling-air distribution
rather than from charge distribution or some other unaccounted-for
v~j.able and thtatthe mal(iistrlbutianof temperature could be h?ZelY
overcome by obtaining even distribution.of fuel-air ratto and cooll.ng
air.

The computed values of head temperature are usuelly somewhat
hlgler than the actual value for the rear row and lower for the front
row (fig. E). This dlffer=ce can probably be explained by the
ilietributl.onof Dower betwe~ the two rows. Unpublished data m a
similar~ine showed that tl.efront rGw develope~ appro~atcly
53 percent of the total engtne power, whereas the rear row developed
A7 percent. If a si.mi-m.distribution1s assumed for the present
tests, the agreement between tle actual acd computed temperat”wres
for individual cylinders is in the order of 10° F in contraat to the
value of 14° F obtained when the unever.distribution of power was
not coneid~ed.

.,

Effec+iof Tli@t Variables on Temperature Pattern

Cowl-flap open~. - The effect of cowl-flap opening on temper-
ature distribution 3s shown in figures ~ end 8 for density altitudes
of 5000 and 20,000 feet, respectively. Little change WaS observed
in the general shape oiiWe temperature~atteras for @.~hQr aztit_@o
wlIentho.cowl-flap positions were c3an&d frcm closed to full opezn
altho~h In all case~ the temperature of the botton cylinders
decreased sli~htly more than the top cyliridors,especially at
2(2,000feet. This decrease in temperature indicates that the cowl
fl.a~s,which extend only around the lower half of the cowling, =’e
mom effectfve in cooling the bottom oylirxlersthen the top cyllnders.
Altln.oughthis dfect on temperature is sqall, itiia of approximately
the magnitude that would be e~ected from the change in presmre
distribution shown in reKereace 2.

The awo?age tape~lature reduction fqr’the entire engjinethat
resulted from openQ_g the cowl flap~ wes approximately 30° F at
5000 feet and 20~ F at 20,000 feet. - .

Angle of attack of the thrust axis. - A variation of Vileangle
of attack of the thrust axis over a tide Yqe bss a decided effect
on the temperature distribution, as d?own in figure 9. A1.tho~h an
increase in angle Q= attack from l.GO to 3.2° sk.owedonly little

. .
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change a further increase to 6.6° greatly increased the temperatures
of the top cylinders and the temperatuzzespread of both the heads
and tlaebarrels, particularly on the front row. The greater spread
& the high angle of attack is due to tncreased spilkge & coolhg

.—

air over the top section of the cow”ti%, resulting in low pressures
in front ~? the top cylinders (reference 2) and reduced cooling-air
flows to these cyllnde~s, The &eneral effect is qn increase in the
tem~~eratureof the top cylinders. The spillage of cooling air was
ver~:ltedby tineaction of tuiitsthat were placed eround the cowling
and photographed in f@&.

The large difference betwesn the tenpoi’aturelevel of tho pat-
terno in f&ure 9 is caused hy the fact that two of the flights
were made at an iirpactyressure of 22.9 inches of water aid the thti
flight a% 12.0 Inches of water.

Altitude. - Comparisons of teqerature patte_ms obtained at
d=dsity altit-udesof 59h~ end 20,0W feet are presente~ in fl”@re IO:
All engine conditions.were held cmstart except matifold pessum,

wMch was deci-easedsli@.tly at 20,000 feet in order to matatain
constant brake horse~ower. The te~~peraturesof each pattern have
been corrected to stend~d Army &mmezz air for the altitude at wfiich

.—-—

the tests were made.

The cha~fieof altltuliefrom 5300 to 20,000 feet resulted h no
appreclablo change in either the temperature patterns w.the average
t~~erature of tineheads or kmmls.- Tt is to be cn?phAsZZed,howeve~,
that tlais~“erysmall chcngo in arerage tezqcaature is for_only one
specific set of oporat~ conditions and may not be indice~i~-eof
the variation in ~ne temperature with altitude at all operating
corlditioEs.

Effect of Engine Tariables on TS?IIpOrStUrel%ittC3Z’nS

--——,

The effects of ei@ne vaxZablc@ on temperature pat+ern that are
discussed herein may not be applicable to all t~es of air-cooled
engines; they should be representative, however, of emginos similar
to the test engino and using the same metLod of introducing fud to
th,e+mgine, that is, by means oi?an impeller slin@r “ring(fig. 2).
During the tcmts mado at var;fi~ fuel-air ratio, 13nginespeed, and
blower ratio, it was noc~mary to v=:: tho Wrottio anglo slightly;
because this variation nm-cr oxccedod 5° or one-sixteenth of the
entiz-ethrottle angle; tb,eten~era%me patterns should not be
appreciably affected as can be determined from figure 13 of refer-
ence 4.
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Fuel-air ratio. - The temperature patterns for the heads and
the harrele at various average engine fuel-air ratios from 0.059 to
0.104 are compared in five Ii. The temperature distribution
remains practically the same for the three highest vaiues of fuel-
sir ratio, but at 0.059 the pattern changes notic~bly. When the
average fuel-air ratio is decreased from 0.104 to 0.083, all the
cylinder-head temperatures rise but, as it is further decreased tc
0.05S, seven of the CyMadeE-S shcw a drop in t~perat~e. 3eceuse
cylinder teameraturee decrease when fuel-air ratios are decreased
below a valu~ of approximately O.0~, the”cylinders titiati:bea”e
colder wore the leanest ones; the otiiercylinders did not become
swffi.cientiy?.ean.to drop in temperature. The patterns @ the
barrels show characteristics similar to ‘hose of the heads but noti
so pronounced= When the avera~e engine fuai-air ratio was reduced
from 0.104 to G.Q59, the sp-ead between the temperatures of the
hottest and the coldest cylinder heads “increased23° F.

En@ne sy-eed.- A c@mge iu eqgime speed from 1900 to 2660 ~
while other coaditloas were held constant is shown by figure 12 to
lnve caused a cofisiderableilloree9ein the spreed of tinetemperature
paiterne although the cbaraot~isiic sbapq of the patterxiarmained
Similar. The increase in eagine speed re~ulted in a rise of 30° F
in the average head and barrelteqeratuzzes and a much @eater rise
in the hottest head temperature. Ihcreeeed temperatures are tcrbo
e~ec%ed, however, becaufiea chajyqein engine speed, when other con-
ditions are held constant, will cause an i~crease of approximately
200 indicated horsepower as shown by engi.rie-performancecmve~. The
observed increase of 30° F in a~erage cyltider temperature agrees
very closely with the calculated Ircrease kassd on the caol.~ oorre-
latio= eqution given in reference 1.

Brake horsepower. - I?igurcL3 shows the effect of changes in
hake horsepower on head and barrel temperate distribution. Similar
patterns are.abserved fur the heads at 800 and lWO kmrsqower,
whereas the patterns show a .r.oti@ablevaz%t-ion between 1250 EUUi
1520 horsepowe~. The greater part of this difference probably reeults
from variations in the mixture distri3uticm t3at were caused ‘bythe
changes of power and of throttle sett~.

.

The temperate spread between the l@te@ and the cpl.dest
cylinder heads remained essentially unchan&ed for 800, 1000, and
12.5CIbrake horsepower but decreaaed stiewhht at 1500 llol’s”epuwor.

.—

The genei%l shape and spread of the 3arrel pattelms di,d not ch~e

significantly at any of the four power conditions. The toqeraturo
—

levels.increcs&!progressively as the power was incrozsed althou@
they may have been sli@tly affected due to tiiesmall variations of

*

impact pressure.

,
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Blowez?ratio. - The cylinder temperature patterns with the engine
in him and low blower ratios are compared in figure 14. The pattern ‘-
of th~ head temperature varied consid&ably, probably owing to a
change in fu.el-air-rat io distribution effected by change in blower
ratio (reference 4), whereas the barrel temperature Pttorn showed ‘– ‘–
only a slight vauiation. When the engine was operated in high Id_ower
ratio, the average temperature was slightly higher for ti.i.eheads
and the barrels than when in low blower ratio owing to the ticrease
in temperature rise across the supercharger and the increase in
indicated horsepower. The change from low to high blower ratio had
only a slight effect on the over-all spread of the head and the
barrel temperatures.

Tempe~ture Distribution of Individual Cylinders

A study was made of the temperature distribution of front-raw
cylinder 15 and rear-row cylinder 7 - of the effect of flight and
engine variables upon the distribution. It was noted that none of
the variables had an appreciable effect on ‘h teiaperaturedistri-
bution of the two cyl.lmdersand therefore on?.ya comparison of the
distribution at two widely different operating condit~ons is yresented.
All temperatures measured on cylinders 7 and 18 at these two con-
ditions are listed in table 1.

The longitudinal temperature distribution of cylinders 18 end 7
giving teroyeratures on two planes 90° apart through the center of the
cylinder are shown in figure 15. Botlnoporating conditions result in
temperature-distributionpatterns that are consistent in shaye and
similar for both cylinders. The high-power run resulted in lower
cylinder temperature than the low-puwer run because of the rich fuql-
air ratio, the open cowl flaps, and tl~ehigh impact pressure. For
both conditions and for both cylinders the temperatures increase
progressively from the middle barrel upward toward the top of the
cylinder and downward to the cylinder flange. The temperatures
increase progressively directly across the top of the head from tho
intalcoto ‘de exhaust side of the cylinder. Likew3se, the tompere!.-
turos increase from the top center of the heti rearwa?xily‘m the
~park-plug boss.

A comparison of the circumferential cylinder temporaturo distri-
bution as indicated by temperatures from thermocouples evmly spaced
around the hoad and the barrel for the two operating conditiogg is
shown in figure 16. In all cases the temperature distribution is
quite consistent for both operating conditions althou@ the shape of
We patterns is somawhat different for the two cylinders. The highest
temperatures are at the roar of tho cylinder bcin~ approxinm%ely
50° F hottor than the front for the heads and 39 F and 79 F hotter
far the %arrels of cylirders 18”and 7, rospoctimly. The greater
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temperature differential that exists between the front and rear of
cylinder 7 is proba%ly caused by the fact that tho pressure drop
acroflethe rear row is appreciably higher then that acro8e the front
row, as discussed in reference 2.

SUMARYOF RESULTS

From i?lighttests of a two-row radial engine enolosod in a
low-inlet-velocity oowllng, the followfng results were ohtafned:

1. When individual cylinder temperatures were calculated on”the
basis of known fuel-air ratio and “pressuredrop and on the assumption
that power distribution was equal among the cylinders, the calculated
values were, on the average, within 4149 F of the actual temperatures;
this close agreement indicates that for tho conditions at which the
tests were conducted the Qnglne temp~rature distribution was dotmminod
chiefly by fuel-air ratio and oooling-air distribution.

2. Changing the cowl flaps from full opon to the closod yosition
caused only small changmj in the shale of the tfimy~raturepattmns for
density altltudes of 5000 and 20)000 feet.

3. Varying the angle of attack of the thrust axis from 1.6° to
Ei.6° incmasod the temperature spread for both the heads and tho

barrels, espmially on the front-rww cylindcms.

4. An increase in density altitude from 5000 to 20,000 feet had
no a.pprecialle~ffect on the shape of the temperature pnttorns,

,

*

5. !Thospread or the shape of tho tomp.sraturepattern changed
considerably with a variation of tho avorago mgino fuel-air ratio}
tho onglne syeed, tho power, or the blower ratio.

.

.
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6. Tl?evariation of f’lightand eng+inevariables had a negligible
effect ~ t~~e~~perat~~e ~stribu.tion of individual cylinders.

Aircreft Engine Research Laboratory,
Natfonal Adviaoz?yC!o?mitteefor Aeronautics,

Cleveland, Ohio, January 17, 1946.
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TABLE I - TEMPERATURE SURVEY OF A FRONT- AND A REAR-ROW CYLINDER

Temperature, ‘F

Thermocouple a ?b
designation Front-row~ ~Front-row Rear-row

cylinder 18 cyllnder 7 cylinder 18 cylinder 7

T1 292 263 300 273
T2 224 181 211 174
T3 230 202 223 192
T4 244 220 233 203
T5 250 245 230 226
T6 263 266 245 245
T7 225 236 200 223
T8 246 215 227 205
T9 231 194 223 191
TIO 264 230 255 223
Tll 258 226 238 214
T12 386 340 343 305
T13 412 350 374 311
T14 291 272 290 275
T15 322 270 296 262
T16 311 274 287 254
T17 323 254 293 220
T18 330 295 296 264
T19 3?3 329 343 303
T20 343 307 308 277
T21 317 262 283 237
T22 300 255 274 231
T23 330 296 301 263
T24 322 270 287 255
T25 364 318 326 287
T26 218 215 184 182
T27 349 281 318 261
T28 350 280 313 251
T29 455 384 414 343
T30 307 335 355 299
T31 (c) (c) (c) (c)
T32 431 319 405 288
T33 400 337 363 301
T34 356 305 325 278
T35 425 358 386 318

aBrake horsepower, 820; engine speed, 2030 rpm; density
altitude, 5000 feet; cowl flaps closed; low blower ratio;
fuel-air ratio, 0.077; impact pressure, 18.9 inches of
water; angle of attack of thrust SXIS, 5°.

bBrake horsepower, 1545; engine speed, 2415 rpm; density
altitude~ 5000 feet; cowl flaps open; low blower ratio;
fuel-air ratio, 0.111; impact pressure, 29.0 inches of
water; angle of attack of thrust axis, 2°.
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NACA TN No. 1147 Fig. 5
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Figure 5. - Varlatlon of average head temperature of cylinders 7 and IS with
cylinder head tamparature as measured by thermocouple T13.
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Fig. 7b NACA TN No. 1147
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Figuro 7. - Concluded. Effect of cowl-flap position on tem-
perature dletrlbutfon at density altitude of 5000 feet,

Brake horsepower, 1000; ●ngine speed, 2400 rpm; low blower
ratio; awerage engine fuel-air ratio, 0.101; [mpact
Pressure, 22 Inches of water; angle of attack of thrust
axis, 3°.
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Figure 8. - Effect of cowl-flap posltloh on temperature distribution
●t density altitude of 20,000 feet. Brake horsepower, 1000; engina

speed, 2ti0 rpm; high bloier ratio; average ●ngine fuet-a~r ratio,
OOIOS; impact pressure, 17 Inches of water; an91e of ●ttack of thrust

axis, 3°.
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NACA TN NO. 1147 Fig. 9a
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Flgura 9. - Effect of angle of attack of thrust axle on twnparature
distribution. Brake horsepower, 1000; engine apeed, 2400 rpm;
derwity”altltude, %X6 fact; cowl flaps closed; low blower ratio;
average engine fuel-air ratio, O.iOi.
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Figure 10. - Effect of altitude on temperature distribution. Brake

horsepower, 800; engine speed, 2400 rpm; cowl flaps closed; low

blower ratio; average engine fuel-air ratio, 0.092; Impsct pree-
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NACA TN No. 1147 Fig. 12a
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Figure 12. - Effect of engine speed on temperature distribution.
Brake horsepower, S00; denalty altitude, H)OO feet; cowl flaps
closed; low blower ratlo; average engine fuel-air ratio, 0.082;
Impact pressure, 17 Inches of water; angle of attack of thrust
axis, 5°.
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Figure 13. - Effect of brake horsepower on temperature distribution.
Engine speed, 2400 rpm; density altitude, 3000 feet; COWI flaps
closed; low blower ratio; average engine fuel-air ratio, 0.101; ,

angle of attack ‘of thrust axis, 3°.



Fig. f3b NACA TN

Brake Impact pressure
horsepower (In. water)

800
E

19.0

0
1000 22.0
1250 16.0

A IWO 19.0

360

—
-K I 1 I I 1/<

-1 A 4 A

280

, , F

1 I I I I 1 I I I t

240
I I I I I I

2 4 6 8 tO 12 14 t6 18
Cyl Inders, front row

NAT 10NAL ADVISORY
COMMITTEE FOR AERONAUTICS

240 I 3 5 7 9 II J3 lb 17
Cyl Inders, rear ~W

I b) Cyl Inder-barrel temperature.

Figure 13. - Concluded. Effect of brake horsepower on

No. 1147

tem-
perature distribution. Engine speed, 2400 rpm; density
altitude, 5000 feet; cowl flaps closed; low blower rst lo;
●ve rage engine fuel-air ratio, O. IOI; angle of attack of
thrust axis, 3°.

.

.

.

.



NACA TN No. t 147 Fig. 14a

480

Blower ratio

cH

400 -

360

NATIONAL ADVISORY
CWITTEE FOR AERONAUTICS

3F
2 4 6 e 10 12 14 16 16

Cyllnders, front row

400,

360

3= I 3 579 II 13 15 17
Cyllndors, rear row

la) Cyllndar-head temperatures.

.

Figure 14. - Effect of blower ratio on temperature distribution.
Brake horsepower, BOO; engine speed, 2400 rpm; density altltude,
20,000 feet; cowl flaps closed; ●verage ●ngine fuel-air ratio,
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Figure 14. - Concluded. Effect of blower ratio on tempera-
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