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FATIONAL ADVISORY COMHITTEE FOR AZRONAUTICS

ADVAHCZ RSBSTRICTZD RIPORT

FLIGET INVSSTIGATION OF ¥ACA Dg COWLINGS ON TEE

XP-42 AIRPLAWE. I - HIGH-INLET?-VELOCITY
COWLING WITH PROPZILIER CUTFS TISTED

IN HIGH-SPEIAD LAEVIL FLIGET

-

3y ¥. J. Balley, Jr., and J. Ford Johnston
SUMEARY

Rosults nre prosented of a series of flight tests of
the maximum sPoed and cooling characteriectice in full-
throttleo level flizht of the XP-42 mirplane equipped with
s short-nope hlsh-inlet velocity cowling, This cowling
is one of a serles baing tested in an effort to lmprove
the performsnco and cooling characteristics of air-cooled
engine 1nstmllations.

The 1roaults of the tests indicated a maximun speed of
336 milee per hour at 560 horsevcwer at 15,000 feet.

Pressuro moasurenonts in tho entrances to the cylin-
der vnffles showod a fairly uniform distribution of pres-
sure arournd the engino at similar points of moasurement
on individual cylinders but indlcatod that cooling-air
prossuroe vorled consldorably for difforant polnts of
mensuromont on tha samo eylinder. Tho variation was prob-
ably duo to te veloclty hoad nf tre entering cooling-alr
Joet. Static proesuro bohind the engino was uniforn.

. Front vrossuros on the onglne avoragod 80 percont
and roar pPressurog =2 porcont of freo-stirocam ilmpact pros-
suro. 7Tho roes lting pressuro drop of 15 inchos of water
at full throttlo at 15,000 fcot cooled the eylindor hoads
pdoquetoly; maximum cylindor tnso tomperaturoe, howover,
excéoded the specified limite vhen corrected to Army sum-
mer conditions.

Pressure measuresents in the carburetor and oil-cooler
ducte showed rams of slightly over 100 percent of free-
etresm impact pressure. Alr-flow measuresents in the car-




buretor duct and in the annular entrance to the eagine
compartment showed thet the volume flows of Ilnduction and
cooling air were apnroximately constant at full throttle
over a renge of eltitudes neer tho critical altitude and
were, regpectively, 2960 and 19,900 cutbic feet of free air
ver minute. i i

IKTRODUCTION

The National Advigory Committee for Aeronautics is in-
vegtigating means of wodifying the conventloasl NACA radiasl
engine cowling to zeet the demauds imsosed by the latest
designs of nilitery airvlanes. Tests in & number of the
wicd tunaelg heve been directed toward improving the cowl-
ing in the following resvects:

l. Greater gtability of tlre air flow within the cowl~
ing, particulerly at angles of attack corresvonding to the
clinb condition, to mrovide a uuniform cooling-eir pressure
in front of tue engine

2. Reduction of energy losses in the cocllug elr in
froat of the engine by the uss of an efficient diffuser
between the inlet and the frout face of eungine

3. Adequate ground cooling charecteristics

4, Iwmprovement in the external shepe to reduce drag
and to increese the critical sceed of the cowling

The NACA D-series cowliangzs have been developed to
neet these roquirements. The I cowlings are character-
ized by the use of a _cowling iuner liuer aud of an after-
body behind the spinnor. These uunits form an ennular en-
trence followed by a diffuser section mnde up of the after-
body and inuner liner. Investigations such ag reported in
references 1 and 2 have indicated desirable renges of
cooling-eir inlet velocitios, diffuser proportions, and
external contours.

In order to expedite incorvoration of these new fea-
tures in projected degigns for militery aircreft, the
NACA 1s conducting flight tests of the Curtiss XP-42 air-
plene fitted with geveral engine installations utilizing
the latest developments of the NACA cowling and individ-
uel crliinler ist exi-uwat dtacks (reference 3).




Tho XP-42 nirpleno ig powored dy a Pratt & VWhitnoy
1330-31 cngine. As orifinally furnighed with the airvlane,
thie engine carried an oxtension shaft tknt placed tle
propeller 20 inches akoad of the normel position. Tho
firnt of tie cowlinge included in the serias of tosts was
doslgned for thie long-nose engine snd represented a cenm-
plete recdosign of the cowling furaished with the alrplano.
The devolopament of tkis cowling in the full-sealo wind
tunnel is describedl in reference 2 and the flight-test re-
sulte are prescntod in roferenco 4.

The presont report ies the first of a series of rec-
ports on tho shert-ncre (Dg) cewlinge and containe tho
results of toests in tho high-speed level-flight condition
of tho high-inlet-volocity ccewling, which was designed
for t2e ahort-noso Pratt & Whitney 183C engine. Thise cowle
ing was tertod en tho XP-42 airplanoe by roplacing the nosc-
oxtonsion shaft of the 18FC-51 cnzine with a shaft eof
standard rlze.

For cenvanicnce, test nuadcrs have bicn assigneéd oach
cowling arrangement and flight ccndition, Toste 1 and 2
wore the high-spocd and climd tcets ¢f thu leanz-nosc coxl-
ing end tost 3 1s tho investization on tho short-nose
cowling renorted heroin, Further idcntification has bdoon
given by profixing this tcet number to tho numdbor for a
particular flight, which was artitrarily assiznod. For
examplo, flight 3-6 indicntos flight 6 in which tho air-
plane wac in tost coenditicn 3.

It wae nocosesary to dofor tho final part of tho tosts
of tales cowling, involving deicrzinaticn of its ccoling
charactoriztice in climb, until tho scheduled high-spood
tcats of obtlior srrangemonts had beon completod and the in-
adoquate cewl flap installation could bdo mcdificd ae in
reforoncs 4.

The doeign of tho cewling snd engine installation was
a projoct of tho Air-Conlod Engino-Ine nllation Group etae-
tioncd at tho Labdoratery. The mombore of tho grcup asso-
clntod with thies project includod Kr, Howard S. Ditech, of
tho Curtise Wright Corporation; Er, Potor Torraco, of tho
Ropublie Aviatien Corporatien; Mr. William S. Rickarde, of
tho Wright Aoronautical Corporation; and lir. Jamos R.
Thompson, of Pratt & Whitney aircraft., Tic atorisl Com-
mand, Army Air Forcue sponscrod ths inveetlcaticn and sup-
pliod the XP-42 mairpleno. Tho Airplanoe Division ef tho -
Curtiss-Wright Corporation handled tho constructicn as




well as ths structural and detail design of the cowling,
and supplisd personnsl to assist in the ssrvicing arnd
maintenance of the airplane and cowling during the tests.
Pratt & Yhitney Alreraft preparsd the sngine and torque
meter for the tests and assistsd in the operaticen and
servicing of ths ensgine. The propeller, cuffs, and spin-
ner were supplied by the Propsller Divisicn of the Curtiss—
Vright Corporatien,

This rovort wns originally lessuocd as a msmorandum re-
port for the Army Air Corps.

XP-42 AIRPLANE WITE SHORT-NOSE COWLING

The XP-42 airplane 1s identical with the P-36 airplere
oxcept for ths fusslage fairing behind the cowling nnd tho
instpllation of ite Pratt & Whitney 1830 engine with ite
higher critical altitude rating. The powver rating of the
engine 1ia as follows:

Brake Engine Altitude
horasepower . spoed
(rpm) (£t)

Tnko~off 1650 2550 0
Normal roting 1000 2300 8,500
Normal rating 1000 2450 11,5600
Militnry rating 1000 2700 14,500

The ougine hno n single-stags blower with an impeller=
drive rntic of 8.47:1 nnd n propellsr-drive ratio of 9:16.
The ongine-cylindor bafiles wore roworked to minimize the
loakage of eir botween adjoining baffles and to dircct the
cocling nlr on the cylinders in an officient mannor.

Thae 10-inch-dimmetor oil cocler furniehsd with the
sngine was replaced by an ll-inch U.A.P. ccoler with the
same core depth of 9 inches, Individual Jot exhnust etacks
wore uecd in place of the standard collector ring. These
sgncks are made of 0,049-inch etninleoese~stecl tubing of

2;-1noh outside diazetar, ‘The ends of the stacks worce

flattonod to roduco thé internanl aroa from 4.05 to 2.98
souare inches. 2
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mittod both to a 2nge in the pllct's cockplt and to an
HACA prossurc rocorder having a rango of 400 pounds per
squaro inch. This installaticn permitted both visual snd
rocorded indicatione of the torque doliverod to the pro-
pellor. This rocord, 1n conjJunction with the cnglno-
spacd rocord, pormittcd ealeculatlion of the brake horsc-
power dclivorod to the propellor st any timo during tho
flight.

Engino spocd was rccordod by means nf a rovolutlen
countor tood off tho tachomotor drive. &t cvory 200th rev-
olution of tho ongina, = contact wae mmdc that oporstcd a
golcanold nnd madc a mark on tho nirspccd film, 8ince a
chronemotric timor wne »lso usod to mark tho film ovoery 3
soconds, tho time for 200 rovolutlones cculd bo calculatod
from tho rolative dletanccoe nlong the film of onglno spcod
and timor =zmarks, i

All tompern~turc records woro mndoc by monns of thormo-
couplce connectcd through two 34-~-position rotating swltch-
ce to » two-cadll rocording gnlvanonmeter, Tho cold Junc-~
tione of =11 thormocouplos waroc placod in pane eurroundod
by an 1lco-and-wntocr bnath to kocp thom <t constent tompora-
turo. Tho londs to the cold-Jjunctlon box aro shown in
figurec 9. The bex containing the 1ce-and-water bath le
concealed by the felt wrapping used to lneulate the bath
from the cockplt temperatures. The swlitch speed was such

that each temperature was recorded about once every 45
seconde.

A1l cylinder-head and barrel temperatures wero meas-
ured, the heade by moane of gasket-type thermocouples un=~
der the roar epark plugs, nnd the barrele by neans of
thermocouples peened into the flanges at the roar center
line. Othor tempernture recordings includod:

Intako mixture at iatake porte of cylindere 5 and 10

Front and roar spark-vlug olbowe of cylindore 1, 7,
and 11

.

Right and left magnbboe

Fuel cn suction and ﬁrossure sldos of punp and 1in car-
turotor flcat chamber

Mixturo at suporchargor blower rin




011 out
0il-in 1line

Troe air (under left wing outeide slipstroam, sao
fige. 10 and 11)

Alr juet ahoad of screén in cardburetor scoop
Air at entranco to engine cropartnent

Engino cooling air shead of cylindor 1 and between
cylinders 2 and 1lé

Engine cooling air 2 inchos behind cylinder 1 and
throc fin gpacos adbove bottom of head

Air at oxit from oil goolor
AcceosBory compartment
Pilot'!s cockpit

Rocording instrumont compartment

An ~3ditlonal thormocouplc was placod in a thormos
vottle (fig. 12) contrining hot cthylcno glycol, the tem-
peraturo of which was chocked with a mercury thormomotor
Just boforc takso-off and Jjust after landing.

Engzine co9ling, carburctor and oil-coolor air flow,
as wcll as scveral additlonsl nrossure moasuromonts, wero
wnde by moane of an NACA multiplc roccrding manometor in
conjunction with twolve 9-poeiticn rotating prossure
swltckos, which mado possibls the rcocording of 108 differont
prozeuros within about 30 eroconds. Thoe installation of tho
panomotor and switchoe 18 shewn In figuros 13 and 14.

For thc moasuroment of onsinc cocling-air flow, throeo
prossurc rakos vore sct 120° apart in tho annular ontranco
to the engine compartment., Bach rako consistod of fivo
impact tuboe spacod redially ncrose tlic oponing and oneo
static tubc about 1 inch tc tho sido of the conter impact
tube. Tigure 15 shows the right and loft rakes.

The pressure at tho entrance to the crlinder baffles
wae moasured by a total of 37 inmpact tubee distributed




ey

vetwsen cylinders 1, 3, 4, 6, 7, 9, 10, 12, and 14. 3Zach
cf there cylindere carried two impact tubes on the exhsust
gelde of the cylinder, one about three fin spaces below and
the other sbtout three fin spaces abovo the bottom of the
head; a third tube wae in the fins on top of the cylinder
hoad. In addition, cylindere 1, &, and 10 had lupact tubes

einpilarly lcocated on the intakeo sldes of the heads and bar-
rels and cylindors 3 and 4 carriod tubes botween the top-
most cencontric head fins and botweon tho lowast barrol
fine on the exhaust sldes of the cylindore. Some of the
tubes in the baffles of cylindors 9 and 10 »ro indicatod
by arrevwe in figuroc 16. Tho proesuro rake shown wae in-
stallocd after completion of the tosts reported heroin sand
proeparatory to tests of a blower-coolecd inetallntion.
Static prossuro behind tho enginc eylindore was moasurod
by opon-cnd tubee sheltercd from diroct alr flow behind
and Jjust bolow cnch of tho nino cylindere orn whkich the 1im-

pact tuboe wero placcd.

Tha alr flow =nd the rem to tho carburctor wore dc-
terminod by monns of a raks {sso fig. 17) cf fivo impact
tubes en the vortieal center linc of thko scoop anbout 2
inchoes bekind the center line of the recar cylindore and
three etatiec tubos about 1 inch to the slde of the 1impact
tubss. Holes fluegh with the top and bottom walls of ths
duct gave tho statlc pressure in the boundary layer. Con-
nections were also made to the carburvtor impact-preesure
tubes below the screon and to the prossure in-tho float
chamber, beyond the altitude compensator.

Preesunres in front of the oll cocler (fig. 18) weare
mensured by means of three impact and three static tubee
disposed along the vertical center line of the o1l cooler,
thelr openings becing abeut 3/4 inches in front of tho face
of the oll cooler. Throe imvact tubss wore placuvd about

1 ineh venind the rear face c¢f the o1l cooler, also on the
vertical ccgter line, nnd » shioclded impact tube accurate
to about 20 of yaw wae sot in the oxit alr stream at tho

tralling cdgo of the oll-coolor flap (fig. 19). The rela-
tive locaticns of points of prossure moasurcmont are indi-

cated in figures 6 and 20.

Additional pressure measurezents include acceseory-

compartment, recording-instrument-conpartment, and pilot's-

.cocknit pressures, as well ae frse-stream impact pressure.

411 impact snd statlc tubes to the manometer wero of

[ ad
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%-150? copper tubing, 0.06-inch inside diameter, with
lends nct leses than 12 nor

moro than 15 feet lcng.

Instrument rondinge mnde by the pilot included oil-in,
carburetor-mixture, =nd free-air tcmperatures from vanor-
prossure thermometers already installed in tho nirplene.
For tke last two flights, a resistance-buld thermomoter
with a ratio-type indicator was instelled in placo of the
vapor-pressure free-air thermomoter, 4ll free-nir thormonm-
etere were cnlibrated for the henting effect due to spesed
by flylng =t constant nltitudo nt several alrspoeds.

Txu
cnlibrnations ore shown in figurc 21, It wns dccided that
the frec-nir tocmperaturos rocorded dby the thermocouple
wore the most rcliadlo,

and theeo froo-nir tomporaturos,
corroctod for compreseibility, ~ro uscd in this roport.

Attompts woro mnde to moasuro tho fucl flow %o tho
cungine by two scparato methods. Ono mcthod wmas Dy the uso
of an NACA rccording flowmcter inst~llcd in tho fuel line
botweon the pump rnd tho enrburcter; the othor was by
monasuring tho preasurc drops ~cross the main and occcnenmigzor
Jots in the csrdburctor, which herd boen calidbratod previous-
ly on the flow benckh., Analysis of the dnta subseguent to
tho teste indicrted thant neither method gave satisfactory
results as inetalled, and no fuel-flow data are presentod
in this report. It is thought, however, thst further do-
volopment will result in making ome or both of thoso moeth-
ode of fuol-flow memnsurement satisfactory and may vermit
reclnmation of the datn obtnined in theso tosts.

TEST PROCIDURZ

Bocauso thse cowling wns couipped with only enough

cowl-flap arca vo cool the engine in a modium climb, all
full-power teeting was confineéd to tho high-spood levol-
flight condition, Tho flight tosts, thon, foll into throo
groups! first, proliminary ground tests and flights at in-
cronsing mltitudes and powore to anke surs that cooling at
full power nnd eriticml rltitudo would be within the allow-
able limitse and to ealidbrato the ~irspcod hond and froc-
ailr thormometer; socond, full-power lovol flights with the
originnl cuffs nt sevoral altitudces at and abevo tho on-
gino eritical altitude (flighte 3-6, 3-8, =nd 3-9); nnd
third, full-power lovel flights at approximatoly the samo

nltitudes ns in ch% aocond group, but with tho cuff angles
roducod by adout 2° (flights 3-10 and 3-11).




The typleal procedure ueed for testing high speed and
cooling preseures may be seen from an inspection af theq
time histories of the flights (figs. 22, 23, and 24). Tke
pilot made a gentlo climd to approximately the rated erit-
1eal altitude of tho engine (14,500 ft), thon lovoled out,
cloeed the ecowl flape, and went to full throttle at 2700
ron in the automatie-riech carburetor sotting. After roach-
ing constant smced, tha pllot switeched on the manemstor
and fuecl flowmeter for adout 40 seconds, or for sligktly
more than one cycle of the rotatinz pressure switches,
(A1l other recording instruments were lef:t on from take-
off to landing.) The interval thus covered was consid-
ered to be the "run" for purposes of determuining the high-
speed and cooling characteristics of the alrplane at that
altitude and power. Upon completion of the run, the pilot
would climb to the next altitude (usually about B00 ft
higher) and make another run of the ssme type. In each
of the flights for lhigh speed, runs wero made at feur al-
titudes. ¥or tho last flight with the modified cuffs, one
high~epécd run was made nt an indleated ~ltitudo of 17,000
feet in putomntic rich, after whiek the esrburotor-mixture
control wms chrnged to full rich ~nd thon loaned out pro-
greeslvoly in ordor to find whothor » higher power could
bo attained with ~ difforent mixturc. Whon tho mixturo
‘wng changed from autemntie rieh to full rieh, the torque
dropped 13 percont ~t conetnnt cngino svood; whon the
nixture wns loancd, th: torouoc rose but started to fall
off again after almoet reachinz the value obtalned in the
automatic rich setting. Ae 1t was not considered safe to
lern the mixtures below the point at which the torque
started to fall off, the pilct immediately eot the mixture
control baceck to automatie rich and ended the exporimont,

A suberequont study of tho rolative fuel-flow data indicat-
ed, however, that the rato of fuel flow to tho engins dur-
ing manual mixturc control was ncver as low as tho rato of
fuecl flow in automatic rich; the unoxplorod rcogion was in-
dicntod to be of the order of 70 nounde of gasoline per
hour. Thke fuel-flow records also indicated that the mix-
ture was becoming eslightly ricker, rather taan leaner,
during the last vart of the period of manual control,

R3IBULTS

+ In figures 22, 23, and 24 aro presented time histories
of the main high-speed flighte, ziving the recorded pres-
sure nltitude; indicated airsneed; manifold prosesure;
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tornue; englne specd; and lread, barrol, rnd otrer solected
tomperaturoe dvring the f1light. Tlhe brake norsepower ae
caleculatod from the tornuse and englne-svecd curvoe 1s nl:zo
given,

Tho pericds of stendy level f£1light at different al-
titufdos during wkhlch the high spoed wae belng measured
aro indicrted on the timo histories. Tahe data vertinent
to trhe deterninntica c¢f mnaximum eveed tiat wers recordoed
during theee rung nre plotted to an enlarged scnle in fig-
ure 25, The vnlues of naximn epeed and power calculatoed
from these dstan for osch run are given in tadle I ~long
with eimultsaneouely recorded dntn on ensino temperatures
snd cooling and induction nlr pressures.

DIsCUsSSICH

¥axinum Speed

Tho veluos of mnaximum speed glven for ench run in
tnble I wore computad from valuee of impact and statilc
pressure selacted, sfter inepecticn of tio enlarzed tice
historles of figure 25, ns baing most reprosentantive of
stoady level flight. Compnarizon of the vrlues fcr nll
runs over tkho rltitudo r~nze covarod shows a maxinmum
sprend of enproximntely 5 rllos per heour in snoed. Tho
faired curve of sp2ed n:zninst rltitnde in filgzure 25 erug-
goets thet abzut. 20 percent of this eprend 1s ~ttridute-
ble to o coneletent varistion of sveod with altitude.
The rouaining errond of apvroxirately 4 miles per hour
indicatoe tho consistency with which t:3 maxinum gneed
values could bs rovroducsd in diffurent runs undor differ-
ent atmoepheric conditions.

The relation betwoen tho observed varistlous of power
and spsed with sltitude shown in figure 26 is moet easlily
underetood by conelderation of the equiliirium of power
required and pover avallable In stondy lovol flight. Un-
der thoec conditions

2 .7 wnp i, (1)

oied ]
(3%?)1/3 : l (2)

or
1/3

'V = 52.73 (fgi)

P

)




over-all drag of airplano, pounde
truo airspoed, milos per hour

prepuleive efficlency of propeller and oxhaust
stack combination

brake horsepower
wing area, square foot
drag coofficient of alrplanec

donaity ratlo

It ig immediatoly apparent that, for full-throttle
levol flight at and slightly above the critical altitude
of an alrplanc of normal nspact ratio and ving loading
and a propcllor ehoscn for good high-eposd parformanco,

1 \1/3
56p )
tunlly unaffoctod by modorante changes in wolght or altl-
tude. VYaluce of thls parametaor deduced from tho obecrved

tho valuo of tho paramotor 52.73 should be vir-

valucs of V and E%? for oack run ar: plotted agninst

donsity altitudo in figurc 27. A4e cxpectod, little veria-
tion with altitudo 1s =apparont.

Under the conditions Just doseribod, the pnrnnckar_

bhp\1/3

ok weuld aleo be cxpected to.romain cssentlally con-
stant ovor the altitudo range covorod by tho testes. Tho
neasured vanluos of this parameter, which are nlso nlotted
Aagainst denelty altitudo in figureo 27, confirm this expoc-
tatlon,

Cno important phase of the prasont investigrtion in-
volves conparison of tho high-epeod performanco of the
short-nosc cowling and oxhaust stack srrengcmont with that
of a einllar long-noes version tostod proviously on the
samo airplnne (reference 4). It has =lso boon suggoestod
that the rosults might be comparcd with accepted high-
spoed performance rosults for similar nirplance with con-
ventional air-cooled (P-36A) =and 1iquid-coocled (F-40C) in-




gtallations. In order t»n provide such n comparison, caun-
tion (2) 1n the modifiocd form

(o) - (o) (30 (3

12 precsontcd graghically in figuro 28. Points roproscat-
ing tho high-spocd porformance of thc various airplancs,

nll of which have the saue wing pron, are rvotted in this
figurc. Tho locaticn of a point on tho flgurc immodiato-
ly rovonla not only tho maxinum spocd of the airplano bdbut
rlso tho mannor by vhich thnt specd is attalncd; thnt 1s,
by vower, supcrcharging, and ra:u as indlicatcd by the or-

dinato scalec, or by ncrcdyranic rofincment, as indicrted

by the absciesn scalc,

¥ithin roasonable li:aits, the figuro may de used for
scvoral purrosos. Primarily, it provides a rsady msthod
for determining the effect en maximum speed of changling
the critical altitude of an engine installation by oither
supercharging or ram, or by reducing preheating of the
cardburetor sir. When the correeponding ckhanges in the
weight and tho propulsive efficiency sre small, the effect
on the factor 5%5 vill te negligivle. The absclcea cf a
point on the figure may. thersfore be assnmed to remain
constant while the ordinate 1s shifted. ¥or inetance,
for purposes of coaparing the cleannees of the two instal-
lationa in terms of speed at the same horesepowor and al-
titude, 1t might bdo assumed that the induction systom of
tho long-noes YF-42 could te molifiod without increaese in
drag t0 get tho same high ram a2e cbtained with the short-
noso XP-42, 1In thnt caso, as the same ongino was usod in
both installations, the oLservod pointe for the long nose
would bo shifted unward to the same avernge value of hnp
as was obsorvod for tho short ncso; and the long-noso in-
stallation would bo expocted to attnin a maxiznur specd of
341 miles par hour, compared with the obsorved naximum
specds of 336 miles por Hour for the short nosc snd 538
miles per hour for the long nosec. The chart shows thon
that the clcannoes of tho long-rnosd installation is not
fully exvlolted bocaueu of loseros in the induction systom.

The ‘comoarison msy bec extcnded to include the P-36A
and P-4CC, with liuitations to be ncted leter. Inasmuch
as the enginos of all tliese airplanes have been rated at
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1050 horesepower st varloue altitudee, 1t may ba aseumed
that the radinl enginee could be sudercharged to 1050
Lorsepower at 15,000 feet, or, in other words, to the eacze
power and nltitude ne that of tho P-40C, The comparieon
wauld then show:

Observed nmaxinum l Haxinum sveed nt

speed 1050 hp at
15,000 ft
(mph) (mph)

Airnlane

347 347
long nose 338 352
ehort nose 336

313 336

Thie comparison ie subject to certain limitatione.
The engino powers of the P-36A and P-~40C were not memsured
by an engine torque meter nnd are therefore open to eome
question. Some additicnnl cooling power would bo required
to cool tho P-33A and the XP-42 ongines to the esame powver
rating as the P-40C engine. Comparieon of the amerodynamic
effect of the engine installation 1e¢ further complicated
by the fact that cther sources of drag =re not strictly
convarablo because the gun instnlilations on the XP=42 had
teen removed and becsusre, on the other hand, some detailed
nerodynamic refinements, such as the landing-genr falring,
have been made on the P-40C. -

The comparison, however, doee appesar to indicate that,
by uee of 1ndividual Jet exhaust stncks ~nd a high-inlet-
velocity cowling, the inetallation of an air-csoled engine
may be mnde to compare favorably with a conventlonal ligulad-
cooled engine inetallation.

Pressures and Temporatures

The varintion of cylinder temperntures arcrnd an en-
glne 1e influoncod by n numbter of factors, such as non-
uniform chargo nnd mixture dietribution, thsat are in no
way n functlon of the cowling doeign. Unlese the efrfect
of those factors can Y detormined, tho morit of a cowl-
ing doeigned for gencrml application cannot bo roliably
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cvaluated by mcneuromonts of
» gpocific applicntion. For
eie in tho prascnt teete hne boon contorcd on detcraining
the extent to whici the type of cowling under considera-~
tion provides » high, uniformly distributed pressure over
the front of the engine and n suitable, uniforaly distridb-
utod pressure over the rear of the engine.

oangino tompcratures ~lonc on
this rosson, primary cmpha-

Figures 29 to 31 precexnt the results of the pressure
and temporature measuremonts in a graphical form that showe
the dietridbution of beth prossure snd temperature around
the englno for soveral typicanl runs. Thogo data indicate
that, while prossuros at the bafflo oantrances vary some-
whet with the location of the cylinders on which they are
moasurod, they vary evon moro critically with the point of
mcasurezcnt on the indivetdual cylindor. Valuos, avoragod
around tho ongino, of tho front pressuros rocorded at par-
ticular leccations in the cylindor baffleoe aro given in
table II, Thoy indicatc a deficiency of front praossure
at the top of the hoads of the front cylindore and at the
tottom of tho barrcls of both front and rosr cylindcrs.

In tho typo of cowling undcr consideoration, in which
cooling air 1s introducod te¢ tho cnginc compartment thraugh
a fairly narrov annular oponing, thoe front prossuros on the
engino, and particularly on tho front cylindors, may bo ox-
pectod to vary up and down tho crlindor with rospcet to
tho location of tha ontoring Jjot, tio meagnitudo of the var-
intion doncndings upon tho velocity of tho jot and tho dis-
tance »f thae cylindor bohind ¢ha Jet. If spaco pormits
tho uso of n woll-dosignod diffuscr soction in tho annulus,
tho jot ontoring the ongine compartment will have ncgligi-
blo valocity hemd and turbulcnt losescs will algn bo nogli-
£iblc. The raosult should thon be a2 high uniform prossuro
on. tho front of the onging, tho pressure being cqual to
thnt in thc annulus, If such a diffueor is nat ar cannnt
bo usod, it may rcasonnbly bo oxpectecd thant tho maximum
varintion of front nrossurcs will not cxcocd the diffore
onc2 botwedn the impnct prceasurc and static prossurc of
tho air at the oxit from the diffuscr, or, tho volocity
hond of the Jot. It is intorosting to noto in this con-
naction that tho lowost prossurcs moasurcd in tho bafflos

woro approximatoly cquml to tho menmsurod st=tic prossuro
in tho snnulus and that nono of tho front vprossuros waro
ne high ns tho impact prossure in tho annulus. The avor-
rgo prossuro on tho front of tho ongino was approximatoly
0.12q, lowor than tkhc aversgo impact prossurc in tho annu-
lus (0o, nrirplang impact press.).




The general trend of prossurc distribution around the
engine indicnatos thot the highost front pressuros eccurred
on tho tottom of the englno; wherere the lowest front pree-
suros occurred on the right and tho left upper sides of
the engins., When avsrngs pressures over nll high-sgveed
runs ars plotted for each common point of pressurs nmeasurs-
ment, o8 in figure 32, 1t 1s sson that ths only pointe
following this trend are ths pressurss en top of tho heads.
With the sxceptien of cylinder 3, the distribution of pres-
suro on tho s=ide of the herds »nd b-arrols wes uniform
around the cngins. The prossurc stubes on tho side of cyl-
inder 3 were diroctly bohind a large ignition-csbls cen-
duit nnd rTrobably lny 4n ite wanko. Although thsre wera
usually cthor obstructions, such as push rods nand ignition
cablos, in front of tho othor pressurc tudecs, nono were so
larire ns the conduit. Thseo obstructions, howaver, may
nccount for somo of tho obsorved differonce in total pros-
suro betwocn tho =nnulue and the englno.,

Individunl cylindor tempoeraturos showod 1littlo tond-
ency to corrclate with tho proseura drops across tho indi-
vidunl cylinders. It may bo notod in pnrticular that,
although pressuros ovor the top of tho froat cylindor
hoads woro lowcr than thoec ovor tho top of thc romr hoads,
the frent head temperaturcs woro lower than thoso of the
roar hoads. In this cnso, the obgorved precssures on top
of the front hsande may provids errcneous indicatione of
the nir flcw, becauso the tops of the fing, whsre the
prsssuro tubes wsre located, were above the dlirect nrir Jet
but tho lewer heslves of the fins wore exposed to the jst
from the annulus. (See fig. 6.)

An ingpection of ths cylindor tempermturos around the
engine shows that the rizht side of the sngino wae coolor
thrn the lcft, The loft cylindor honds wsrs on the aver-
age, nbout 35° P hottor than the right, and tho lsft cyl-
inder bnses wore corrospondingly about 10° 7 hottor than
the right. The front base tomperatures wore slightly
higher then the renr bmee tomporntures. Thero is no ap-
parent oxplanation why tho left side of tho engine wae
hotter thnn the right, becnuso front sand rear cooling-air
Prosgures wero nearly unifornm.

In fizure 33 nvoerango hoad and barrol tomperntures in
OF above frce-alr temperature are plotted, nlong with the
cooling-~ilr preseuro drops, nvaragod cvar tho cngine, for
full-throttlo opsration ovor a r-nge of dcnsity altitudes
above tho criticel, Aleo shown arc tho brake horsopowor
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pnd manifold prsesurs. The change from the orlginal cuffs

(fl1ghts 3-8 and 3-9) to the modified cuffs (flight 3-10)

produced little apparent cuengs in any of the quantitles

shown. Althecugh individusl prsseurss and temperatures

showed 1little cerrslation, the varlatlon of avsrags pres-

sures and tsmpsratures was consistent. 4

A considerabls risc in cylinder tcmperntures at altl-~
tudes nmbovs critical altitude apponrs tec Lave rorultsd
from ths net effoct of docreasing power aud docroasing
rrossure drop. 4&n impertant probtablo factor in this tem- s o
porature rise, howavor, wns tho Qocroasc in fuol-nlr ratlo
ae tho manifold prossuro dcereamods at <~ltltud:es abovo tho
criticnl altitudc. The powor crmpensa‘lion of this enrbu-
rctor doponde upon the manifold prassure.

The rccemmandsd limiting tempoeraturas for the englae
used in thoso tests were 500~ T for thoe cvlindoer kends
and 335° F for tho bmrrels at the polnts o9Ff moasureuent
uscd. Arny spacificatlons roquiro that tho installation
be cavable of operating within thoeo liniting tomporaturcs
under "sunmor conditions," that 1s, sca-laoval tomparstura \\
18 10C° T pnd thc varintlon of tcmeoraturc with prossuro

sltitudc 18 3.6° F por 1000 foot. Tor corrocting tosts to
theso slr conditions, a 1:2 tomporaturo corrzection fac-
tor 4s spocifiod for both homds and barrole. Tigur: %4
8hova tho obsorvad hoad and barrol tomperaturos in rola-
tion te theeo Aruy limits. It 1e lnucdiately snparong
that, nlthough hond tcmporaturos woro relatively low, the
maximum barrol tcmporaturos oxecocdocd thoe Army lizits ~t and
nbovo crliticml nltitudc cven though the ongins was oparst-
ing beclow 1ts ratod mllitary pewor. 4 rodistribution of
avallatlo coollng alr to providc nors preasurc a2t tho baso
of the eyliindors would prebsebly corroct tizds condltion.»

Figuro 35 prosonts a comparison of ths aver~nge pres-
teures avallesble at severnl locatlons in the cowling. The
highest pressurecs weroc obsorved in the earburoter duct,

'Subsequent teste on the snms ongine and thermocouple in-
stallation in _anothsr short-noso cowling showed that a ro-
duction of 156" F in tke temporaturs of tho baso thornmo-
couples could be obtained by ramoval of tha baffle senling
strips botwoon the barrels at the bottom of tho eylindere.
The sealing etrips arc a special teaturo of tho particular
tafflo arrangomont providod by Pratt & Waitnoy Alrernft

for tho ongino uscd 4in this invostigntion nand aro not pros-
cnt in the standard bnfflo installation for 1830 ongince.
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whoro the nversge preesure was about 104 percent of froe-
stream impact pressuro. Tkis rezult indicated that tho
cuffs were loaded even ln the high-speed condition. The
difference in avernge pressure between the carburetor duct
and the annulus is largely chargeable to the beundary-
layer effect on the spinner; whereas tho d1fference be-
tween tho annulus and the front of the anglna, as has been
noted, was prolLably causod by turbulent losses in the rapid
expanelon from tho annulus to the ongine compartment. Theo
large boundary-laycer offect on the inner edge of tho annu- -
| lus, which forme a ccntinuation of the splnner, may te ob-
@ served in flgure 356, which showe the average nroesure dla-
tribution in the annulus ard in the carburetor duct. The
datn in table I en Iimgpact and static prossuras at the sur- )
veye 1ln the annular entrance to the enzino compartment in-
R dicate that the ratio of the velocity head at sny point in
the survoy planoe to froo-~stroam lapact pressuro reaainod
ossentially conetant cver tho range of vower, altitude,
and anglo-of-attack ccondltiens covered durlng the full- i
throttlo Ligh-speod runs. Trom the fairod curves of tho
ratio of invact and static proesurcs to froo-stream impact
protsuro, everaged for all thrco surveys and all high-
i epocd runs as shown in figure 36, it has bean fcund that

rd

cutor wall 1__-_‘; ' \\
= PaVs
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{ e \
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The mass flow of air to the englhe is

PgVegd = 0.640 /2p.q,



#08ults havy pagn glvon of high-gpuca 1ovnl~fliglt
tosts af a ahopt nosa htgh-iulut~vcloc1ty cowling wity
Propclloy i 0D tho XP-42 alrplana., Thoso resulty nroe
tntondoa for usu {ign Samparisons with othor cowlings toetpq
on the wamo airplane, ana for this roasen the date ep-
talnod bave voep fully Proscntog,




1. Thke observed airplanc maximum spced wans 326 milos
par hour at 980 horsopowor at 15,000 feaot density nltitudo.

2, Cooling-alr pro=zsure rocovery on tho front of tho
cngine nvernged sbout 80 percent of free-stresns impact
pressure. The pressure distridbution was fairly unifora.

3. With 15 inches of water pressure drop across the
engine, the cylinder head temperatures were relatively
low, but cylindor base temperatures were esllghtly above
thelr Army linmlt.

Langley lemorial Aeronautical Laboratory,
National Advisory Ccmmittes for Aeronautics,
Langley Fisld, Va.
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Figure 2.- Three-quarter front view of the XIP-42 airplane with ehort-noee high-
inlet-velooity oowliag.

Figure S.- Side view of the XP-42 airplane with ehort-noes high-inlet-velooity cowling.
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Figure 8.- Sensitive altimeter used in calibrating
airspeed head.




Figure 10.- Free-air thermocouple and vapor-pressure
thermometer.

Figure 1l1.- Free-air thermocouple and resistance-bulbd
thermemater.




Figure 13.-
Pressure-
switch
installation
over
manometer.
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Figure 14.-
Manometer
and

pressure-
switch
installation.

Figure 17.-
Rear part
of
carburetor
duct,
showing
pressure
rakes,

Figure 19.-
Rear

of

oll

cooler.
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