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MEMORANDUM REPORT

_ for the
Army Alr Vorces, Materiel Cbmﬁand'
REVITY OF FLIGHT TTSTS OF NaCA C AWD D
COVLINGS 0N THT XP-l2 ATRPLANT
By J. Ford Johnston
S‘(H‘:T}‘JARY '

Results of flight tesés of thé pefformance and coolingl

characteristics of thrée HACA‘D cowlings and of arconventioﬁal

NACA C cowling on the XPali2 airnlane are summarized and com-

pared. The D cowling 15, in-general, characterized by the

use of an annular inle{ and diffuser section for phe engine-
cooling air.

The D cowlings tested were a long-nose high-inlet-
velocity cowling, a shert-nose high-inlst-velécity.cowling,
and a short-nose low-inlet-velocity cowling.

Increases of the maximum speed were obtained by use of
the D cowlings as compared with the conventional C cowling
arrangement, The incréa;es correspondedltc an over-all

~drag coefficient reéuction of 7 percént with the long-nose
cowling, 6 percent with the short-nose low-inlet-velocity
cowling, and Iy percent with the shert-nose high;inlet-
velocity céwling.

Small increases of the cooling pressure recovery in

the full-vower climb condition wers also obtalned by the



long-nose high-inlet-velocity and the short-nose low-infét-v
velocity cowlings, but the-pressu;e recovery with the short-
nose high-inlet-velocity cowling was 1e§s than that with the
C cpwliﬁg.

The use of wide-choré bropeller cuffs or an axial-flow
fan with the D cowlings increased the cooling pressure
recpveries in the climb condlitlon at the expense of some of
the lmprovement in épeed.

| INTRODUCTION

In an extensive investigatioh directed toward improve-
ment of radial engine cowlings, the NACA has developed the
type D cowling,‘charactérized by the use of an annular
inlet and diffuser section for the enpine coocling ailr. The
development of what was consldered the 6ptimum D coWling is
described in reference 1. This long-nose cowling was bullt
for the'XP-hz airplane, which orlginally had a Pratt & |
Whitney 1830-31 engine with an extended propeller shaft plac-
ing the propeller about 20 ;nches ahead of the normal position.
Fﬁrther wind-tunnel investigations,.as described in referénce‘2,
were directed toward adapting the D éowling té the standard

short-nose engine and again used the XP-L2 airplans as a

i

mOdel .
The principal objectives of the wind-tunnel investiga=~
tions were reduction of external drag and increase of criti-

cal Mach number by smoothing the external flow and reducing

TSR 4
o i
e O



-3 -

-

the nsgative éfeéSu?érﬁééﬁ; éhd.}eéﬁction of cooling drag
by increasing the cooling aif‘gfeééufé fécovéry..
Theithfééaprincibaj variatidns 6F:£hc D cowlin~ whidh
resulted from the ipvosfipatlons were a lonc -nose high-
inlet-velocity co wlinu, ‘a short-nose hi?h-inlet—velécity
cowling, and 'a short-nose low-inlet- ve1001ty cowling
originally deswuneﬁ féf use wifh éﬁ‘ ihner-mounted axial -
flow fani” These cowlings wé;e-then built for flight in-
estigation of their péfforﬁaﬁdé ahd'déﬁliﬁg cheracteristics
on the XP-h2 airvlane. Tests of aJpéﬁvenﬁioﬂél NACA C
owling-on“theféahe éifﬁlaﬁé were ‘also carried out for pur-
noses of comparison. -~ Table T lists thé‘yafiéus cowlings
investigated and the moﬁificéticng bf'auXiliarj apparatus

(propeller cuffs and/or fan) teé%ed:on'ééch.  The results

.J

of thege flight tests were renorted as soon as pos sible after

‘the completlon of ‘sach séries and are contalneo in reierences

3 to 8. The preséntlbdﬁéf cbmpflses a summary of these re-

sults and a comnarison of:the dfég and cooling characteristics

of the.COWIinn-arraﬁﬁements investllqted - -
The design of the cowllnys and enfine 1nstallat10n° was

a project of the Alr-Cooled ngLQe Installatlon Group stetioned

at the Laboratory. The members of the group asaoc¢ 2 ted with

this project included Mr.. Howard 5. Ditsch of the Curtiss-

Wright.Corporation, r, Peter Torraco of“théiRébublic Aviation

Corporation, Mr. Williém‘S.'éiéhérds'of the “right Aeronautical
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Corporation, andTMr;AJémes R.. Thompson of Pratt & Whitney
‘Aircraft. The ‘Materiel Cormand, Army Air Forces  spon- |
sored the invesfigation and supplied the XP-L2 airplane.

The Curtiss-ﬁright Corporation, -Airplane Division,uhandied
tﬁe construction as well as the structural and detail design
~of the éowiings and supplied personnel to assist in the
serviciﬁg’and~maiﬁtenahce‘of,the airplane‘and{cowlings dur-
ing the tests. . Pratt & Whitney Aircraft prepared the engine
ahd*torque‘méterSLTbrWtheftests and- assisted in the operation
and éérﬁicing of the engine. : The propellers, ouffs, and
spinners were suppliéd;by-the Cuﬁtissfﬂright CorPoPa£ion,,
propellér division.

~4The‘f1ight5£ests were .conducted at Langley.Field:from
May 1941 to December 19L2..

’ D COYLING DTSIGNATIONS.

" Begic cowling designations have been defined in refer-
ence 2, in whiéhvthe D cowling~de§ignations.listed wére Dy,
'Dé, and Dgpe - The'subScriptsﬁ ;A‘and 3. -refer to designs
sultable for long-nose and short-nose engines, respectively,
and \f' indicateérthe use oft a:fan at the'cowling;entranceg‘
For convenience in'differentiaéing'bétweeﬁ the two short-nose
"D cowlings, nhumerical 'subscripts will be used in.this repof£
to'dééignate the desipgn inlet-velocity ratio.l ;y’I‘hus_‘D‘S‘.5
‘préfers to the short-nose high-inlet-velocity cowling, which.

‘was designed for ah inlet-velecity ratio of 0.5;.and. Dg 3
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"refers to the short-nose lowrinletévelocity'cowling, which

was designed for an inlet-velocity:ratio of 0.3.

SYMBOLS
qe airplane impact pressure, inches of water
o} preésure above free-stream stvatic pressure, inches. |

- of water

Ap . cooling-air pressure drop across engine, inches .of
p 23 . . zine, _ o1

‘water
0 - ‘free-air density ratio
ta?‘ frée-air temperature, °F .
..ty --average cylinder-head temperature, p.

'bhp- engine brake horsepower
APPARATUS AND METHOD
XP-li2 Airplane |

 The ip-Li2 airplane as tested was‘a'Pféé airplane
with the ‘exception of the engine installation. and the
fuselage“side fairings behind the cowling.  The engine
was a lli-cylinder twin-row Pratt & Whitney R-18%0-31,"
incorporating‘an extended nose secgtion whicﬁ piaced the
propeller about 20 inches ahead of thé normal~position..
This extension was replaced by & standard nose for the
tests with the short-nose D and C 'cowlings. The

power rating of the engine was as follows

k)
.
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Brake_ horsepower rpm Altitude, ft
Take-off - . 1050 , 2550 ' 0
crmal rating 1000 - - 2300 8,500
Hormal rating - 1000 - 2hso 11,500
Military rating 1000 2700 1L, 500

The engine had a single-stage blower with an impeller
drive ratio of 8.47:1 and a propeller drive ratio of 9:16.
A special sét of cylinder baffles, desigﬁed to minimize the
leakage of air hetween adjoining baffles and to fit{more '
closely to the fins, wes »rovided by the engine manufacturer.

Individual-cylinder exhaust jet stacks, designed accord-
Ing to reference G, were used in place of the staﬁdard col-
lecfor fing. The cross section at the exhaust port was '
about l1.05 square inches, and the nozzle area at the end
averaged about 2.98 square inches. | ‘

The alrplane, as prepared 7cr the tecto, weighed 6000
pounds With pilot and full tanks. It retained the standard
éerial but had no provisions for guns.

Cowlings !

-Dimensioned. drawings of each‘cowling are shown in
figures 1 to .. 'The ordinates of the long-nose cowling
are given in:reference 1, tqose of the shoftenose_(Dé)
~cowlings in féferenceh2, and those of the C éowliné in

reference 10. The long-nose ¢ow11ng (ftg. 1) wes de-

signed to induct the'engine cooling, carburetor and oil-
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'cooler air “through the 51ng1e arifular inlet, at sbout half
Egz alrplane ve1001ty in the hlgh-speed ‘condition; that is;,
the design inlet veloeitﬁvfatid;%asydes{” The carburetor
and oil-cooler air sﬁppiiee were divided off by a "splitter
fingﬁ-in}the;ioWFQeiocityﬁfegioh &t the end of the diffuser
section. The sections of the wideéehefd proveller cuffs
wereKSymmetrieal at the'roet,‘ae shown in figure 1, and
tapered'to'eenform with the‘propellef.seCtion at about the
22-inch radius. Views of the“coWling as installed on the
'alrnlane are shown in figure S,

The short- -nose high-inlet- ve1001ty (D > eowling,
figures 2 and 6 had separate external scoops at the cowling
11p for the 1nduction and oil-coollnp elr.' The annular
'1nlet for the englne coollng alr, des1oned for an'inletp“
velocity ratlo of 0.5 in the high-speed condltlon, was
located at as large a radius as possible to aid the ground
cooling. In order‘to reduce the thickness of the boundary
leyer in reletion to the resultaht narrow inlet gap, the
spinner was refle%ed siightly near the trailing edge, as may
be.eeen in figute'G The propeller cuff eectlons were
symmetrical at the root as shown in figure 2, and tapered
" to conform with the propeller section at about the 22~inch
radlus. |

The short~nose low-inlet-velocity (b ) cewling;

figures 3 and 7, had the same external cowl as cowllng D ,5°
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The design inlet-veloclty ratio was reduced to 0.3 by the_use
of a smaller, nonreflexed sgdomer, and a new afterbody and
cowling fnner liner which inewegsed the imlet area.  Both

sets of cuffs-differed from the previcus sets in that the

R

‘camber 1ine of the root section Was reflexed Trom about the

micdchord poihtg" Details Qf'the‘ﬁﬁinﬁgﬂ%mOUnted‘fan and of
the cuffs are containeéd im reférentes 5 #ng 6, réSpeétively.

The“HACP 'C"coﬁling; shbwniin‘figurés i and 8, was made
from cowling Dg. - The-narrow«cherd ‘suffs and 2l~inch -
diameter spinner were of standard commercizl menufacture for
the prbpélleENQSea.

The snall cowl flaps originelly pravided'for the air-
plane, stown in figures 1_t0‘5;~proved'inadequate-fdrsthe
climb tests, and three additional  cowl flaps were.instélled
on each side. The modified cowl®flaps. aré shown in
figuree 5(4d) and 6(=). = The positicn of the extra cowl

flaps ecsuld be chenged oniy on the ground. They were

fix

w
Qx
(@]
B
(o}
7]
U]
[
I‘)

l
v the hign-speed tests and full open (approxi-

mately 359 fo the <limd and ground-cooling tests., fhere
was some flexiu?liﬁy'ané iogt Mmokion in their suppofting
mechenicm but the :ovul flap odenings were not recorded in
Tlielc, |

Test Hquipment

The test: equipment used-.during the investigation is

described in references 3 and lj.: -~ The quantities measured by

PR

the recording instruments included an extensive survey of the

-

AY n
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engine‘cooling, induction and oil-cooler air pressures;
all cylinder-head and barrel-flénge temperatures, along
with certaih engine acceséorf;aﬁd air oomperatures; the
engine power'and manifold préssore;'and tho airspeed and-
N altitude. | - |
ﬂ High-Spead Tests

' The hiih“opeod'wasvdotefﬁined in eaoh'caée by making
a series of ébout 10 16§@1 runs at fuil tthttle, 2700
rpm, at and above the engine critical altitude (from
11,500 to 19,000 ieet), The cowl flaps were closed,
carburetor heat off, end mixture control in automatic
rich. All quantities were measured efter stabiiization
in the run.

High-speed tests 1, 3, and L (table I) were made
with the original small cowl flaps; and the later tests,
with the modifiéd cowl flaps. Comparison of the re-
sults of test . with those of tests 6 and 7 showed.fhat.
the modified cowl laos caused a sneed loss of 2 miles per
hour. This loss is autrlbut d to air leakage around the.
medified flaps, and would not be present in a well-designed’
cowl flap installation. in order to keep the résulﬁs of
all the cowling tests on a comparable basis,-therefore{
the speeds obéerved in tests using the modified cowl flaps
havo been raised by 2 miles per houf for quotation in this

report}
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Ciimb Tests

o sﬁétained ¢climbs to'abéut 20,000 feet were ‘generally
made with each cowling arrangement. Cne was at lhO miles
per hour ihdicated airspeed;vfﬁll‘rich, 2550 rpm, with the
manifcld pressure kept at about L3 inches Hg to 7000 feet, -
then }2 inches until the full-throttle position was reached. -
,The ofher was at 155“miles per hour,indiéated eirspeed,
automatic rich, 2550.fpm, Qith ﬁhe manifold pressure at about
; 4O inches HgAto‘full throtﬁle. :The aﬁtomatié-ridh setting
| provideé'a mixtufe conmpensation for éititude which is bypassed
in the full-rich setbing. | |
- G}cund éooling - =

Grcund;cooiing tests were made by running the engine
at 1580 rpm4for about ‘10 minutes, then idlihg 5 minutes aﬁd
,shufting of f after Clearinéjthe blugs. : Engine cylinder,

accessory and air temperatures were recorded during the run-

ning periocds and'for 10 minutes after the éﬁgine was’ stopped.
The propellér was in low pitch; cowl flaps were full open,
and the éirplane was sidewlse to the wind. The grount-
cooling'tesf of the long-nose cowIiné was made with only
7 thé original small cowl flaps; thé modified cowiifiaps were
. used in the ground tests of the'othér cbwlings.
RESULTS A¥D DISCUSSION
The ﬁaximﬂﬁ speed at rated miiitary power and altitude

and the engine cooling-air pressure recovery for each cowling
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arrangement are listod in table I.. These values, the one
relating to the cowling drag and the other to thoArelative
engine-cooling capacity, are considered the most .important
features of cowling performance. DMore complete results are

contained in references 3 to 8,

Maximum Speed
At the Mach number (about 0.45) at which the high-
speed runs were made, the maximum difference in speed
between the cowlings was élightly over 2 percent of the
maximum.speed,‘ahd corresponded fo a 7-percent change:in
' thé airplane drag coefficient, From externallpressure-\
distribution tests in the wind tunnels, the expected
critical Mach number for cowling D1 was about O, 74 for

cowling D about 0. 70' and for cowling C, about 0. 65.

s.5°
The external Drossure distributlon on cowling D z Was

not measured. If the cowlings had been tested at higher
Mach numbers, it is. expected that the speed differences
would amount to a larger proportlon of the maximum speed;
The grouping according to specd was roughly the same
as the grouping according to expected critical Mach
number, with the possible exceptionftﬁat cowling D

8.3 .

showed lower drag than cowling D In this case,

s.5° .
it appears that the impfovement of external flow usually

agssociated with the higher inlet velocity was not realized,
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Effect of ram on speed, - The speed comparison of

.table I, madeaon“the-basis,of:operatingAat.thelrated military
power and altitude, assumed, zero carburetor'ram%_that is, it
assumed:that the air density at,the;carburetor,Wasuequal to ‘
the free-air density. Where ram is available,.the accom~
ranying density rise at the carburetor increases the altitude
to-which the rated power can be malntalned and therefore
increases the maximum soeed obtalnable. For the short-
nose cowllngs Wlbh the external scooo, the ram averaned'v
1.0q,; but the internal ductlng arranaement of the long-d
nose cowling reduced the ram for that 1nstallatlon to O 75qc.
With the ram and the accomoanylne temperature rise in the
carburetor duct due to the adlabatlc compress1on and to o
4heat absorotion throuﬂh the duct wall the carburetor air/”'
dens1t1es were about 5 percent above free air density for T
the long -nose cowlln‘,'and 8 percent ior the short nose
cowlings.' The correspondlng increments of soeed_due_to
this increase of critical altitude would be aoout 5 mlles'”
per hour for cowling D A and 8 mllesAner hour (above the”.
values quoted in table I) for the other cowlings.V'On

this basis, cowllng D_ would show a sllghtly higher'

Sed _
speed than cowling D , even though its basic drag was
somewhat greater. The internal ducting of cowling D

must be improved before the external drag reduction can’

be fully exploited.
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Effect of fan and cqffs on speed.:f Table I shows that
the fan te ted - with cowllnv- Dg, 3.'reduced the top speed by
apHroxin ‘at ely 4 ! mlles ve hour and.lncreaqed the cooling
pre oure recovery at high soped by about 0. 08qc. ~ The.

ssure rise CQICulated from tects of similar. fansi

(reference ll) was also a. OoqC The calculated fan bowef'.
absorotlon was about 15 Yorqeoower, or the equlvalent of
a 2- mlle -per-hour reduction in too soeed - Thé.difference
between Lhe calculdfed and meaoured soeed losses is within
the combined sccuracy of mca;urement of the two soeeds 1n-
volved. k ‘ N ’ . l

The wide-chord oropellcr cuffs tected withxche Dg

cowlings cost from 1 to lf miles »er hour inAtop speed and
had var;ilg effects upon the pressure recovery in the
high-s»eed condition. In each case, however, they in—
creaseo<vhe pr sure rocovery in the full -power climb con-
dition by about 0.1q.. It appcars‘from these data that
widé~chord propcllcr cuffs;ﬁay be used.for improving c¢limb
coollng.which will have little or noveffect upon the maxi-.
mum speed, but that the‘cffect on the s?eed may be critically
dependent on the cuff setting or shdoe. R N
In "Cﬂtra b to the wide-chord cuffc, the narrow-chord
cuffs of_cowllng C had negliﬁlble effocc opon the ‘engline- -
cooling prossures in fllght; but reculted in a speed in-

crease of about 1 mile ner hour.
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Zngine Cooling-Air Pressures
The average cooling-air pressures on the front of the
engine for each cowling arrangement are listed in table I.

Basic pressure recoveries. - Of.the four cowlings, the

Dg,5» Ds,3, and C were tested in the basic condition,
.that is, without fan cr cuffs. The diffenence in.preésure
| recovery between these basic cowlings wds negligible in
»the highespeedbcopdition;'as is.shdwn by the pressure re-.
coveries of 7, 76, and ?4 percent of free-stream impact
pressure. It is »robable that cowling‘-DL, if tested
without cuffs, would have shown very nearly the same
pressure recovery ag the other cowlings.

In the 1li0-mile-per-hour climb condition, where the
_cooliﬁg is more critical, some difference appeafed between -
the basic cowlings. - The pressure recovery with cowling
Dg,5 dropped from 0.7Lq, in'the high-speed condition to
0,62qc.in the climb condition; with cbwling‘ C, from d.7hqc
to O;G?qc; and with cowling D'\ 3 from O.76qc‘to O.?hqb.
Some decreased recovery 1is usua11y expected to accompany
the increase in angle of attack. With cowling Ds.5’ this
loss was sugmented by an increase of the inleﬁlveloéity'
ratic to about 0.7, which was well beyond the optimum for
the short length of diffﬁser available. = "ith cowlihg
DS-Bf on the other hand, the increase of inlet-velocity
ratio to about O.h5‘apparently improved the f{low to offset

the exnected loss due to increased angle of attack.
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Direct comparison of.the‘?pessure recovery- in climb of
cowling Dy with that of .the other cowling; is somewhat
difficult because it was not tested withcut cuffs. #hen
it is nbted,‘however; that the other wide-chord cuffs gave
opressuré increments in .the 140-mile-per-hour full-power
climb condition that ranged only from 0.08g. to 0.12q., then
it appéars.probable that. the pressure.recoverytin climb with
cow¥ing »DL, without cuffs, would correspondingly have been
from 0.0ch to 0.12q, lower than that observed with the
cuffs. The probable nressure recovery in climb of cowl-
ing D; without cuffslis.then;from_0.7hqc to 0.78q..
.'These figures compare favorably with the pressﬁre recoveries
observed with the other cowlings in the bssic condition.

Although the comparison is favorable, it does not
represent the full potentialities of the diffuser used
vith the long-nose cowlihg. The pressure recovery on the
front of "the engine was 0.12q, less than the total pres-
sure of the air in the 1ow-velocit§ region at the end of thé
diffﬁser. This low-velocity air’wés forced to.undergo a
considerable velocity increment in passing‘thrbughnthe
"splitter riné," and failure to recover the kinetic energy
50 attained caused the quoted loss of 0312q¢.' ?hese'conF'
siderations lezad to the conclusiéh that a'basiciﬁressufe
recovery without cuffs of as high as O.SSQé would prob-
ablj be available in a similar long-nose éowiihg design

which took full advantage of the diffuser.
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Pressure recoveries with fan or cuffs. - Whereas the

wide~-chord cuffsﬁraiséd the.cooiing-pressure recoveries in
climb by about 0.lq,, as has beén noted, the fan with
cowling ’DsrB raised the pressure recovery by about 0.25q,,
or 2% inches of wate?. Aéc¢rd£ng to ?eference.ll, some
further increases maj be obtained By usingla fan of greate#
soiidity or by using contravanes. | If large increas?s of
cooling pressure are‘required, nhowever, the fan must be
operated'af higher speeds,  that 'is, geared above propéller

"speed.

Pressure distribution around eﬁgine; = The observéd

wm

distrihutions of cooling pres ures around the engine are .
plotted in figures 9 and 10.fcr.séveral-cowling-arrangements.
The distributions in tﬁe high;speed coendition, figure .9, were
fairly uniform for'all the.cowiings, as would be prected.

In the climb condition, the disfributions'ﬁere less uniform
and theré was a general tendency toward hlgher pressures at:
the bottom and lower iefé of the cowling. No'significant
differences between the cowlings are discernible from these
figures, although pérhaps a more complete survey would hdve
revealed thenm,

Radial distribltion. - The radial pressure distributions

for several cowling arrangements are plotted in figure 11 for
the hlgh-speed condition and in figure‘12 for the c¢limb condil-

tion. Each point through which a curve is drawn was averaged from



- 17 -

measurenments on four or five different cylinders, but the
pdints shown ét 1.2 inches from the cylindef base in

figurs 11 were measured only on cylinder i in the case

of the front cylinders.aﬁd only on cylindér.B in the case
of the rear cylinders.. These points near the bottom.of
ihe/cylindqr are believed to be indicative of the tjend-

of distribution but do not as closely represent the aver;
age distribution as d6 the other pointé. Figures 11 dnd
12 show the effect Sf the annulgr jet from the diffuser
section upon the cooling pressures up and down the cylinder.
The jet effect was confined principally to the froht
cylinders'and was ﬁ&re prdndunded in the ¢limb condition.,
The high~inlet-velocity cowlings_showed_more effect than
the low-inlet-velocify cbwlihg, but with cowling D; the
jet effect resulﬁed from velocity acquired by the aif in
passing through the'"splitter ring" rather than from the
velocity reﬁaining'af the exit of the leng diffuser pasSage.
The jet iocalized the high-pressure region near the‘juncture
of the cylinder head and barrel at the expénse_of the pres-
sures at the endé of thé cylinder., No -epparent adverse
effects upun the cylinder-head cooling resulted from this
radial pressure distribution,as the jet was so placed és to
cover the hottest parts of the cylinder and to supply high-

pressure air at the base of the vertical head fins.
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The ceficiency of pressure near the base of the cyanders
was found to be cnaracterlqtlc of the C cowllng as well as
. o§ the D cowlings. - Correspondingly; the barrel tempera-

FEERY

tﬁres, measured at the rear center line of the flange at

tbe base of the cylinder,'wefe marginal or-eXcéeded the
A%my limit in bocth the climb and high-speed conditions
w%th all the cowlings tested.
Engine Termeratures

From the beginnihé of this investigation it has been
gmphasizeﬂ that appraisal of é'cowling'én‘the basis Of
éngine temperétureébalone can'bé)régafded'aé reliable only
o tHe extent that the effects of all other factors in-

fluencing engine temperatures can be evaluated. Principal

: 7/
'

among thege factors were the cylinder fin-and-baffle com-
bination and the engine fuel-air ratio.

Effect of mixtufe.distributibn.“¥ it was found'thét

in no case was there éhy apparent.corfélatioﬁ'between
cooling-air préssure distribution ané éylinder—femperature
distribution around the éngiﬁe,'and &ériations'in mixture
distribution between éylinderé W reHSuspecfed,of obscuring
the effect of the Eooling—air cistribution. Ahalyéis of
exhaust samples taken from cylinders 1 and 11 in high-épééd"
level flight indicated that the fuel-sir ratio in cylindef‘i
was about 0.11, while that in cylinder 11 was anpro cimately
0.095.  Correspondingly, cylinder 11 was about 45° F hotter

than cylinder 1.




Further evidence of the effect of mixture distribu—
tion was a compleqe change of the temperature-distribution_
nattern observed in the full-rich climbs as the mixture
strength increased with altitude, although the cooling-air -
pressure distribution was unchanged.

Efféct of the S§écial baffles. - Throughout the investi-

gation theiéylindér—héadftemperatures remained well below
thelr limit of'SOOO F, bgt the cylinder-base temperatures
were either close to or above their linmit of 2360 F.When cgp-
rected to Army conditions. A defiéiencﬁ'of pressure at the
bage of the'bﬁlinders haé‘already been noted as a contributing
factof; but it‘was understood that a similar type of engine,
with standard baffling and in a C cowling, had performed safr
isfactorily in so far as the barrel temperatﬁres'were con-. -
cerned.  Therefore, nine:of the 1l small sealing strips
which prevented air 1eakage between the cylinder barrels,
below the lowest barrel fins, were removed for a series

of high-speed runs (test 7 only). With this more

nearly standard baffle arrangement, which allowed a flow

of relatiVely-cool air around the base thermocoupies, the
maxirum barrel-temperature indications were,redﬁced by about
18° F, although the head tempsratures were unchanged. A
reduction of -this magnitude would be sufficient to reduce.

barrel-temperature indications to or below the Army limit



- 20 -

for all the cowlings tested. If any sﬁbstantial improve-
ment of the actual barrel cocling were desiréd, hqwever, it
would be necessary to improve either the cooling-pressure
distribution or the barrel finning. - i

Relation of temperatures to cooling oressures. - The

relation bétween the average cylinder-head temperatures
and the cooling-air nressure drops. in the high-speed runs

\
made with cowlings DsmB» DS-3’ and C 1is shown in

f;gure 1%, For this presentation, the observed temperature .
differences wefe corrected to 900 braﬁe:horsepower on the

assumpfion that (th-tafuc (bhp)0‘7. The remaining ekperi-
mental scatter is believed to be 1argeiy a'resu1t~§f flight-
to-flight variation of the fuel-gir ratio -and hence of the |

effective gas temperature. No correction could be made

for changes in the fuel-air ratlio as msasurements of the

fuel-air ratic that could be consicdered reliable were ob-

tained only bnée, near the end of the tests, | It is known,
hbwever, ihat'the fuel-air ratio decreased with the engine
manifold »nressure and therefore with increasing altitude.
above the critical altitude. - Yence, if it had been

possible to correct each pnoint for fuel-air ratio, the

principal result, anart from a reduction in the experi-

mental scatter, would have been a reduction in the slope

of the correlation curve since the leaner mixtures and
hlgher gas temperaturcs invariably occurred with the lower

values of OAP, that 1s, at the higher altitudes.

o



- 21 - ' '

.Cn the assumption that the fuel-air ratio and gas
temperatures Varied-over the same range during the tests-
of each cowling, the fact that the points for all cowl-
ings group about a:common line indicates that the cool-
ing for‘a given pressure drop was essemrtially the same re-
Agardless cf the type of cowling. :It follows, then, that
the cowling which has -the highest pressure recovery on the
front of the engine has.the best potential cooling capabili-
ties.

-Ground Cooling

,Cylinder—ﬁead and -barrel temperatures were,found to

be below their limits during all the ground-cooling runs.
The critical items nqted were genérally,the oil-in tempera-
tures while the engine was running and the spark—?lug-elbdw
terperatures after the engine was stopped. During prelimi-
nary tests the magneto temperatures were also critical until
the accessory gompartment venting was improved. The use 6f
‘propeller cuffs generally brought al% temperatures below
their Army limits.

Cooling with cuffs. - Time histories of the hottest

cylinder-head and spark-plug-elbow temperatures observed
during the ground-cooling runs of the four cbwlings, with
cuffs, are shown in figure 1l. Similar plote for cowlings
DS.5, DS-B’ and €, without cuffs, are shown in figure 15.

To avoid confusion of curves and because the oil-cooling
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systems for the short-nose cqylings were identical, the oil-
in tgmperafures are not included. The ground run with
cowling ﬁL was made with only.the'original small cowl flaps,
whereas the other ground runs were made with the modified
cowl flaons. From figure 1ly, cowling D; appears to have
cooled as well as the other D cowlings. =~ The oil-in tem-
peféture, however, just equalled its Army limit, whereas
Qith thé other cowlings with cuffs, it remained from 50 to
10° P below the 1limit. . The ¢ cowling with spinner and
narrow-chord cuffs showed higher cylinder and elbow tem-
peratures than did the D cowlings with wide-chord cuffs,

although it was the coolest of the ¢ cowling arrangements.

' - Cooling without cuffs. - In the runs without cuffs,
'figufe 15, all tebperatﬁres wefe appreciably higher. Nith
cowling DS_5; the‘engine was throttled back to idling after
only 5‘minﬁtés at 1380 rpm because of excessive Indicated oll-
in temperatures. The tests with cowlings Dg, 3 and c,
withdﬁt cuffs,lweré continued in spite of cil temperatures
about 20° F above the'Arﬁy limit. Because of the similérity
of the oilfcobling systemsi»appfoximately the same oil tem-

peratures might heve been expetted for cowling Ds.5 if the

run had not been shortened. The hottest spark-plug elbow

with cowling Dg,5 would also have been expected to reach
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" a maximum comparable with that of gowling‘ Ds.3; or- about
10° ¥ above the Army limit (of 148° F above free-air tem-
perature). With cowling C, the hottest spark—plggielbow
reached a maximum about 60° F above the Avmy 1imit. In
each case, the maximum.spark-plug-elbow temperatures were
obtained after the engine was stopped.

The results of thesg ground runs.in&igate that grbundv
cooling‘ié no moreAdifficult with the‘ D:?qéwiiqgsjthan with
the conventional C cowling. | | ‘ i
| CONCI.USIORS

" The maximuﬁ speed of the Y”~h2 ‘airplane was incfeased
by a change from a C cowling to a- D COW1iﬁr br an ;mount
correcponéln? to an alrnlane drar coeffwcLenu reduction of
7 percent with the long-nose hlgn-¢nlet-ve1001ty cowllpg,‘
6'pércent with the short-nose low-inlet-velocity cowling,
and || percent with the short—nose high-inlet-velocity
cdwling.

..The engine cboling-air nressure recdvery was also iﬁ-
.creased by the change sc long as the inlet velocity was not
too high for the diffuser used. - Thevpressure recovery in
the full-power climb condition was increased by about 7 per-
bent of free-stream impact pressure (0.079,) by the short-
nose low-lnlet ve1001ty cowling, but it was decreased by
about 5 percent Gc by the short-nose high-inlet-velocity

cowling. Al though direct comparative tests were not made,
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if was deduced that the'lonanose'highéinletévelocity cewling,
modlfled internally, mlght be canable of increasing the pres-
sure- recovery in cllmb by about 18 percent’ q as conmpared -
w1th‘tue £ cowling.-

The use of wide~-chord nropeller cuffs with the D cowl-
ings increased the pressure recovery in full-power climb by
apout 1 inch of watéﬁ (10 percent qc)‘and improved the ground
éooling, but decreased the top speed by from I to L miles per
gour. |
| The use of a fan with the low-inlet-velocity cowling
?aiSed the pressure recovery in climb by about 2% inches
of watér'(BS-perCent'qn) but decreased the top speesd by ly
miles per hour. 1

The ground cocling with the D cawlings, withogt cuffs,

compares favorably with that with the C cowling.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 20, 1943%. -.
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(c) Close-up.

Figure 5.-

Continued.
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(a) With spinner and cuffs.

Figure 8.- NACA C cowling on XP-42 airplane.
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(¢) Without cuffs or spinner.

Concluded.

Figure 8.-
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