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C BATIONAL ADVISORY COMMITTEB FOR ABRONAUTICS

ADVANCE RESTRICTED REPOGRT

- —————————

FLIGHT INVESTIGATION OF NACA Ds COWLINGS ON THE

XP-42 AIRPLANE. IV - HIGE-IGLEI-VELOCITY COWLING
TESTED 1. CLI&B WITR AND WITHOUT PROPELLER CUTPFS AN
I¥ EIGH-SPIED LEVEL FLIGET WITEGJT PROPLLLER CUFYS

By J. Ford Juhnston and T. J. Yoglewede
SUNMARY

Results are nregauted of fliyht .sasuremsnts of the
perforuauce #ond cooling characterigtics of a ghort-nuse
high-~1iulet~velocity cowling on the XP-42 airplene for con~-
ditioas 5f climd with pud witniout proneller cuffs and for
high grosd witno>ut c¢uarfs. This cowlin, ig one of a seriey
besiag tested et LUAL.

The airvlene spe:d Wes roOpruximately 1 mile per hour
greeter wit..yut projeller cuffg tlen the nreviousiy weage-
ured value with cuffg. The -rescire recovery om the front
of the cneing averagud U.74 airolane lupmct press'rs at
high spced withouat caffn mas coudrred witk O.€0 airolane
{upact vrasgsure with cuffg.

Ia full-power clini, at 140-1uiles-per-hour iudicated
airspoeed, tae pressure recoverles averaged 0.70 impect
pruseare witu cuffg end 0.60 imoact pressure without cuffy.

Oil-in and gpark~-plug-elltow tempsratures wsre critical
4n the ground run without cuffs.

INTRODUCTION

The NACA ie conducting en exteneive flight inveetiga-
" ¢t4on of several trpes of cowling for radial aircreft en=-
gines. The conditione eo far inveetigated are givan ag
followe:




Type of cowliug and flight condition

Loug-noge high-inlet-volocity cowling with oropeller
cuffs and csmall cowl flavs; high speed

Long-nose hlgh-fnlat-velocity cowling with cuffs
and modified cowl flape; climd

Short-nose high-inlet-velocity cowling with cuffs
and emall cowl flave: high spead

snort-nose low-inlet-velocity cowling with spinner-
mounted axial-flow fan, cuff 1, and small cowl
fleps: bhigh speed

Saort-nose low-inlet-velocity cowling witi fana,
cuff 1 and modified cowl flaps: climd

Ag in test 4, cuff 1 except with modified cbwl
flave; high speed

Ag in test 6, out with baffle geal |t}190 at tage

cf cylinders reaoved; high gpeed 0

Short-nogso low-inlet-velocity cowliag with fan
ouly; high soeed

As 1in test 6; climd

Short-ncse low-inlet-velocity cowling without ran
or cuffe; climd

Ae 13 tegt 10; high gpeed

Shert-unose low-ianlet-velocity cowliang with cufl 1,
without fan; high epced

Ag 1n test 12 climd

Short-nosge low-inlet-velocity cowling with cuff 2,
without fan; clind

A3 in test 14; high goced

Short-nose high-inlet-velocity cowling with propel-
ler cuffs; climd

Short-nose high-inlet-velocity cowling withcut
cuffs; climd

Short-anoee high-inlet-velocity cowling without
cuffs; high speed




¥here not otherwise noted, the teets were made with
the wmodified cowl flaps.

The results of tests 1 and 2 are renorted in refer-
enco 1. The regulte of test & are preeented in reference
2; of teste 4 to 7, in reference 3; and of teste 8 to 15,
in rofereunce 4.

The preseat paper covers the results of teste 16, 164,
and 16B. In coajunction with refereace 2, it represents a
completion of the investigation contemplated for the short-
nose (Ds) higu-inlet-velocity cowling.

The dosigu of the cowiing and engine installetion was
a project of the Air-Cooled Engine~Installation Group sta-
tionod ai the Laboratory. The nortion of this group asso-
ciated witn thig project included kr. Howard §. ditsch, of
the Curtisg-¥Wright Corvoration, Mr. Peter Torraco, of the
Repuvlic Aviatiou Corporetion, Mr. William 8. Richards, of
the Wright aeronautical Corporation, and ¥r. James R.
Thowpson, of Pratt & Whitney Alrcraft. The Materiel Command,
Aray Air Forces, tponsored the iavestigation and supnlied
the XP-42 eirplans. The airplane division of the Curtiss-
Wright Cornoretion hanaied the constructioa me well as the
structural and detail aesign of tlhie cowling and supplied
personuel to agsiet iu the mervicing aud maintenance of the
alrplane and cowling during the tests. Pratt & Whitnoy
Alrcraft prepavred the engine and tcrque meter for tire tests
and agsisted in the overation and servicing of the eugine.
The propellor, cuffs, and goiuner were supplied by tae dro-
peller division of the Curtics-¥right Corporation.

Thie pager was originally isgued as a memorandum re-
port ror Army Air Forces, Materiol Command.

XP-42 AIRPLANZ WITH SHORT-NOSZ EIGE-INLET-VELOCITY COWLING

The airplane, engine, and cowling were the eame as
described in roference 2 except that the cowl gkirt had
been cut for the addition of extra cowl flavs, of which
the position could be changed on the ground only. The
airplano with tho modifiod cowl flape fixod open i3 sghown
in figuro 1,




TEST APPARATUS AND PROCEDURE

The installation of the test equipment was descridsd
in reforence 2. The method used for making the climd
cooling tests was the game as deseribcd in referencos 3
and 4. TFor tne cowling with cuffs, full-power climbs wsre
made 8t iandicated airgpeeds of 155 and 140 miles per hour
in autoaatic rich aud at 140 mileg ver hour in full rich.
For the covwling without cuffe, the climbg were limited to
one at 155 miles per hour in automatic rich and one at 140
miles per hour in fuil rich.

The iilgh-gpcred tests wers conductsl ag descrided in
reference 2 and groand cooling tests, a&as deccrided in
reference 4.

SYMBOLS

breke hLorsepower
dengity ratio
propulsive efficiency
ring area, souare feet
drag cocfficlient

observed preasure above free-streaw static pressure,
incles of water

airplane imusct pressure, inches of water

RESULTS

The data obtained during tne high-spsed rung and dur-
ing the climbs are presented in tatles I and II. In addi-
tion, the chief climb-test data are shown in figureg 2 and
3 in the form of time Ligtories of the climbs.

It will be noted that all tewperature data for the
155-mile-per-hour climb with cuffs (flight 16-1) ars mige-
ing. A4nalysis of the data from thig flight iundicated that
cold-Jjuncticn temperstures had not stadilized and that tem-
peratures wero uncertain within a range of about 156° .




A leak in one of ths 12 pressure-gelsctor switches
invalidated gome of the engine cooling-air pressure data,
es indiceted by omissions in table I(a).

DIsCUEsION

Mazimum Spesd

The velues of meximum sgpeed and power observed during
the full=-turottle level runs without cuffg are plotted
ageinst density eltitude in figure 4. The figure also in-

173
cludes the perameters (%2) . representative of the

173
effective power, and 52.73 (Eﬁi> s repressntative of the
D

eirplane cleanness, as sxpleined in referencss 1 and 2.

The product of these two paremeters ig the spsed of ths
airplane. The instellation having the highest velue of the
peremeter of airplens cleanness will evidently have the
highest speed at a given power and altitude.

It was shown in reference 3 that the ingtallation of
the modified cowl flaps in the olosed position ceused en
increase of form drag, resulting in a decrease of aporox-
imately two-thirds of 1 percent in the paremeter

1/3
53.73 <éﬂé> + This increase in drag is attridbuted to
D

air leakege around the modified flaps and would not bde
present in e well-designed flap installetion. Hence, for
comparison with the results of previous teste with the
original cowl flaps, it is desirable to inoreage bdy two-

1/3
thirds of 1 percent the values of speed and 52,73 (;gé)

observed in the pregent tests. Values corrected in thiy
wey are shown by the dashed lines of figure 4. Comparison
of the oorrected value of the cleanness factor with that
obtained from reference 2 for the oowling with cuffg ghowg
an increase of approximatsly one-third of 1 percent, or

1 mile per hour, due to removal of the cuffs.




Pregsures and Temperatures

The ccoling=air pressures on the front of the engine
in full-power level flight without cuffs averaged approx-
imately 0.74q, as cormpared with 0.80q, with cuffs for the

same locations of pressure measurement., The distributions
of the cooling-air pressures for each case are ghown in
figure 5. The pressure digtridbutions for the cowling with
cuffs are taken from reference 2. It is evident from this
figure that the pattern of pressure distridution is the:
saze in either cage except for slight dissimilarities de-
hind the engine resnlting from the change in cowl flaps.

The dietridbutions of cooliug-air pressures for the
full-power-clinb condition are shown in figure 6, in which
the pvoirts are teken from individual rung in the 140-mile-
per-hour climbs At approximately 16,000 feet. Here, again,
there is no avparent change in digtridution due to the cuffs.

It 1¢ to be noted, particularly, that either with or

without cuffg, the pressure reocovery on the front of the
engine in climb was less than that observed for the ‘high-
speoed condition. PFor the runsg rlotted in figure 6, the
pressure recosvery wag 0.70q, with cuffe and 0,59q; witheut
cuifs. The pressure logs between the gurvey in the annulug
and the front of the engine depends-upon the air flow. For
thig remson, the loss through the annulusg, in terwmg o?
ig higher in the climb condition. When cuffs are used,
thie increused pregsure logs is usually more than offset by
tho inoreasged cuff loading at the lower velocity. 1Ian the
present case, however, although.the cuffg ocaused high pres-
sures in the carburetor and oil-cooler scoops, the presaure
increment ut the annulus wasg comparatively small. The
Youndary layer on the gpinner is bellieved to have blanketed
an appreciable part of the narrow annular opening. Thip
oondition regulted in an energy absorption from the inoom-
ing air and a consequent pressgure loss at the inlet. JPur-
ther prossuro losses were introduoed by gars between the
spinner and the roots of the cuffs. At the low-pitch
angles for climb, the gaps between the spinner and the
trailing edges of the cuffs extended almost halfway ecrosse
the annular opening.

Typical distributions of the cylinder head and barrel
temperatures are shown in figure 7 for the high-gpeed level-
flight ccndition without cuffs and in figures 8 and 9 for
the climb condition with and without cuffs. The temperature-
digtridbution prtternsg are evidently similar and bear 1little
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apparent relation to the cooling-air pressure~-distridbution
patterns. The engine temperatures obgervod during thege
tests are of donbtful gignificance since the pnilot reported
rough engine operation at and near full throttle aand the

power developed, egpecially during the climds, was rela-
tively low.

@Ground Cooling

Repregentative temperatures observed during the ground-
cooling tests are gshown on figure 10 for the run with cuffs
and on figure 11 for the run witlout cuffs. It is apparent
that the use of cuffs materielly reduces the engine and
accegsory tempsratures. The difference in cooling is probd-
ably greater than 4¢ indicated since excesgsive indicated
oil-in temperaturos cauged the operator to throttle back to
idling only 5 minutes after the start of the run without
cuffs, when cylinder temperatures had not yet stadilissad,
Under tiiege conditions, only the oil-in tewperature excesded
the Army 1imit, but 4t ig probadble that the spark-plug elbow
would alsc have goue over the Army limit after cut-off if
the engine had been run at 1400 rpm for the full 10 minutes.
Of the six elbows for vhich temperatures were recorded, the
front elbow of cylinder 11 and the rear eldow of cyliader 1
reached the game maximum of 215° F during the run without
cuffg. The rear elbow was hottest durirg the idling period
and the front elbow was hottest after cut-off.

Cylinder head and barrel tempneratures did not closoly
approach their liwitg in either test.

CONCLUSIONS

1. The maximum gpeed of the XP-42 airplane with the
short-nose high-inlet-velocity cowling was about 1 mile
par hour greater without propeller cuffs than with the cuffys.

2. The cooling-air pressure recoveries on the front of
the engiac in full-power climd at 140-miles-per-hour indi-
cated airspesd averaged about 70 percent of airplane impact
pressgure with cuffe and 60 percent without cuffs. The z2or-
responding prossure recoveries in high-gpeed level flight
wore B0 percent and 74 perceat airplane impact pressure.

Langley Momorial Aeronautical Laboratory.
National Advigory Comuittee for Aeronautics, -
Langley Yield, Va.
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