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FACA MR No. ESE30

NATIONAL ADVISORY COMWITTEZX FOR AFRONAUTICS

MEMOR ANDUM REPORT

for the
Air Technioal Servioe Command, Army Alr Foroes
AN INVESTIGATION OF COWL INLEI‘é IF.'OR THE
B=29 ‘POWER-PLANT INSTALLATION
By louis L. Monroe and Wartin J. Saari

' SUMMARY

An investigation of five cowl-inlet configurations for the B-29
sirplene was made in the NACA Cleveland altitude wind tunnel to ob-
tain design intformation for improving the cowl performance; Tests
were made to determine the offect of propeller spinhors and inoreased
inlet diamcters on tho oooling-air pressures at tho oowl inlet and
at the faoe of the engine and on the drag and the tritical spoed of
the cowle.

The cooling-air pressures at the oowl inlet and at. the face of
tho engine wore appreciably greater for a 43-inchediameter inlet than
for a 3B%- by 35-inch oval inlet, The addition of a 27-inch-dimmcter
spinner to tho 43-inch-diamcter inlet furthor increased the pressures
at the face of the ennine, whoreas the addition of a 32-inch-diammeter
spinper to the samo inlot did not appreciably affect the pressures,
Tho oritical spced of tho 38%- by 36-inch oval inlet was slightly
groater than that of tho 43-inch-diameotor inlot, The addition of tho
32-inoh-dismeter spinner to the 43-inch-diemetor inlet inoresased tho
oeritioal Mach number to nearly that of the oval inlete The oooling
drag of the installation with the 43-inchedimmeter inlet was consider=
sbly loss than with tho 38)-uy 35-inch oval inlet,

INTRODUCTION

Flight tests of the B-29 airplane by the Boeing Airoraf't Company
have .shown that the coolingeair prossure recoverios ut the faco of the
engince wore low and that prossure losscs of as much as 0,30 of the
froe-stroum impact preassurc oocurrod ahcad of the engino, An invcse
tigution was thereforo conducted in the NACA Cleveland altitude wind
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tunnel to detcrmino the origin of theso lossos and to investigato tho
characteristics of scveral alternato cowl-inlot designse. Tho tests

wero part of an cxtensive investigation roquested by tho Air Technical
Scrvico Cormand, Alny Air Foroos, to improvc tho cooling and rodus
he cooling drag of tho B-29 powcr-plant installation,

Each of tho inlet configurations was tcstod over a range of inlet
rclocity ratios, snglcs of attack, md propeller thrust cocfficients,
fin analysis is prescntod of tho c¢ffoct of varying thcsc operating con-
ditions on critical spced of tho cowl, total prossurcs at the cowl ine
lect, pressurcs at tho faco of the ongino, snd drog of the installation.
Comparisons aro made of tho different inlet conligurations to show
tho uffect of changes in cowl geomotry on cowl porformence.

SYMBOLS
D propollor diametor, fecct
H local total pressurc, pounds per squaro foot
(H-po)/qc total-pressuro coefficient
(Hl-Hz)/hc diffusor pressurv-loss cocffioicnt
Froc~stroam Mach numbor

local static pressurc, pounds pcr square foot
froo-stroam static prossurc, pounds por squarc foot
(p-po)/qo static-pressuro cocfficicnt

.p avcrage pressure drop across congine, pounds per squaro
foot

Ap/qc cooling-air prossuro-drop cocfficicnt

I f;z;-strﬂam iqpnct pressuro (H-po), pounds per squaro

/

. /
9 freco=stroam dynamic pressure %pVOZ\ » pounds per

squaro foot

propulsive thrust, pounds

propellor thrust cocfficicnt (T/p "ozDz)
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froe-atromm velooity, foot por second

volobity ot oowl inlet, feet por sccond
inlet veoloscity ratio,

mass density of air (froe stroam), slugs per oubic foot

DESCRIPTION OF APPARATUS

The tosts wore mado on a right inboard nacclle (fig.'1l) of a
B«29 airplanc, which was powored by an 18-cylinder, double-row radial
with a normal cruising- rating of 1350 brake horaopowor at an engino
spoed of 2100 rpm and a normal rating of 2000 brake horscpower at
2400 rpn, Tho ongino was equippod with a single-stago ongino-drivon
suporchergor, two turbosuporchargors,and u four-bladod propoller.
Tho prepcllcr was 16 foct and 7 inchos in diemetor and rotatod at
0435 ongino spcod. . ,

Cowl Inlots

Five cowl-inlot configurations wore invostigateds

(1) original production cowl with an oval-inlot 36} by 36 inchds
(fig. 2 ?

(2) 393-inoh-diamotor ocewl inlot
(3) 43~inch-diamotcr oowl inlot (fie. 2(b))

(4) 43-inch-dismetur cowl inlot with z'r-inch-dimotor propollor
spinnor

(5) 43~inch-diamotor cowl inlot with S2-inch~dimctor propcllor
spinnor (fig, 2(e))

A ocomparison of theso inlets is shown in figuros 3 to 5, The
oval inlct and thc 395-inchediametor inlat were tested with the pro-
duotion cowvl o.fturbody, whercas the 43e-inchadiamcter inlct was toste
od with an enlargod cowl cftcrbody. The cowlainlot modificatioxs
worc mada forwnrd of the buikhead at station =40, vhich was the samo

. for all cenfigurations. (Soo figs. 3 and 4.} The medifications to
tho cowl inlct were mado without changing tho lower, lip of the nacolle
duot inlot. (8vo figs, 3 and 5,)
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:+  Tho coordinatos of the uppor and lowor lips of tho throc cowls
and of tho two spinnors are givun in tables I and II. .\ fixcd after-
bedy was usod with the lafgor spinnor, .. doscription of tho cowl
outlots and flaps is givon in reforoncu 1, . .

Instrumentation : .

The staticeprossurc distributions over tho upper cowl lips and
the lowor duct 1lips wore deturmincd by static-pressurc orifices ine
stalled flush with-the 1lip surfacos, as shown in figure 6. Total
prossurcs at tho cowl inlots were moasurcd by elght rakes of shiolded
totaleprossurc tubcs, which woro turncd to approximatuly alino them
with tho propollur slipstreans (Sco figs. 6 mnd 7.) Totel prossurcs
at thc face of the ofgine were mcasuroed by nino rakes of shiclded
total-prossure tubcs located botwoon adjotent fronterow cylindurs.e
(Suo rigs. 8 nnd 9.,) Tho pressurc in front of onoch of tho 18 oyle
indor hoads was moasurcd by a shiocldod total-pressurd tube Hhl
located as showm in fipgurcs 8 and 9,

The mass ratc of cooling-air flow.uscd te detcfmine tHo oowls
inlot velocity ratio was obtamincd from mcasuramnonts of, total prose
surcs, static pressuros, and tamporaturos at the ocwl cutlet. (Soc
fige 6.) Thrust and drag monsuromonts trorc r»cordqd by thu winde
tunnol balanco oquipnont. ’

TESTS ‘J.'D MZITHODS

Tosts worc mado of oaédh oowl-inlct configuration for a range
of !.nlot-voloo:lty ratios, anglos of attack, and propoller thrust
ccofficients with the propellor oporating and for a range of inlot
velocity ratios end anglos of attack with the propullur ramovod,
Tho inlct vilocity retie was varivd by adjusting the cowl-flap
dofloctions Tosts of the diffvront conmtigurations wero madc at tho
semo onginc and tunncl cpurating conditions to pormit dircet compare
isons. Each configuration was toestud at a prossurc eltitude of
15,000 foct, indicat.d airspcuds of 190 milcs per hour at enpglos of
attack of ~2° and 1° and 150 milcs por hour at nn anglc of atteok
of 3%, Thu anglo of attanck is dofincd as the inolination of tho
thrust axis to thc wind-tunnol axis,

Tho two top cowl flaps weru fixed at a 23-inoh gap throughout
tho invostigation. For tho tcets madeo with the progullcr ranoved,

the intorcooler flip dofluction was maintaincd ot 8° and tho oile
ccclor flap deflcetion at 4¢ for all conrigurations, For the come
parative tcsts of tho diffcrent inlets made with the propellor
oporating, the intcrcoclor and oil-coolcr flaps wiro maintninod at
approximatoly tho samc dcflootions,




FACA AR No, ESK30

RESULTS .JND DISCUSSION
Tho porromancc charactoristics-of a sntisfactory oowl inoludo:
(1) high oritical spoudss (2) high prossuro rocovariuvs at tho cowl
inlct; (3) high pressurc rocovorios at the facc of tho cngine; ond
(4) low drag over the rango of opcrating conditions, The ocowls
tostod arc uvaluatod on the basis of thoso pcrformance charnstcere
istios in th. following soctions,

Critical Spcod

Tho surfacc statlo prossures of tho uppor cowl lips and tho
lowor duct 1ips arc prusontud os static-prossury coofficionts
(p~n)Vq,¢ Tho critionl spcods of tho cowl inlots .aro disoussuvd
as f gions of inlct veloeity ratio, angle of attack, propellor
thruat oocefficiont, and geometry of tho cowl inlot,

Effuct of inlet weloeity ratios « The varlation of inlot
volooity ratio with cewl-Tlep traniling-odge gup for the difforcnt
oowl inluts is given in figure 10, - With thi oxcuption of tho 32eincha
dizmoter spinncr installation, tho range of inlet volocity ratios
ovor which caoh of the inluts was testod wns small, :

Tho cffuets of inlet veloclity ratio on the prossurc distribue
tions over tho uppoer cowl lip and lower duct lip arc given in figuro
11 for thc five cowl-inlet coufigurations. As the valuc of V1/V°
was incrcascd, the stapnation point moved outword on the upper cowl
1lips of all configurctions, which rusulted in lowor ncpative prose
suro peoks and thuroforce higher oritieal speeds,.

Changing tho inlct voloeity ratio has the cffeet of changing
tho anglc of attack of tho 1lip. At low valucs of V}/V,, tho groator
portion of the air approaching thu eowl flows rround it and only a
rolatively small quantity onters thoe cowle The stroamli.ws thorce
foro divergo sharply shond of the inlect ~nd in effcot inercasc tho
anglo of attack of tho cowl-1lip scvctions (sketch (a)), which rosults
in en inercasc in the ncgative pressurcs on tho outur surfacu of tho
1lips (Scc reforenco 2.) Imercusing the value of VI/V deerurses tho
offcctive anglo of attack of the cowl lip and thercfore dcerceses tho
nogativo prcssurc peaks, (Sce skcteh (b)a)

/‘—Uppc..r cowl . \\—Uppcr oovl
1ip . lip

camsongy

Sketch (a)
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The pressures on the lower lip were not so¢ groatly affected by
clanges in the cowl-inlet velocity ratio as were the pressurca on the
upper lip. The pressures on the lowor duct lip are principally do~
pendont on the inlet velocity ratlo of the nacelle duct inlet, The
variation of static pressures on the lower duct lip with oll-cooler
and intercoolor flap defluctions, which control the inlot veloclty
ratio of ths nacelle duct inlet, is shown in figure 12,

Effect of anglo of attack, - The effect of anglo of attack on
tho prossure distribution over the upper cowl lip and the lower
duct 1lip of the inlets is presentad in figure 13. Increseing the
angle of attack of the nacelle increased the negative pressure peaks
on the upper cowl lips and decreased the pressure peaks on the lower
duct 1lips. Tho increase in the riegetive pressurc poaks with incroas-
ing angle of atiack 1s attributed to the shifting cf the stagnation
point on the upper lip to the imner -surface of the lip, which reaults
in high local velocities over the lusding-edge radius and thercfore
high negative prcssures, Inasmuch as the lower duct lip acts as an
inverted airfoll, the cffects of chianges in angle of attack on tho.
prossure poaks of the lower duct lip werc opposite to thosc that
occurred on the upper cowl lip., (Sce fig. 13.)

Effoct of propeller operation. - The pressure coefficients of
the upper cowl Lip and the lower duct llp were not greatly influenced
by changes in propelier thrust. (See figs. 14 and 15.) Tho deta
show that tho negative pressure cocfficlents were slightly reduced
on both the upper cowl and lower duct llps with an increase in the
value of T,. Greater reductions 1n the maximum negative pressure
coefficionts vore obtained on the lower duct lip than on the upper
cowl 1lip for the sams increaso in the value of T¢ owing to the in~
oraased charge-alr flow through the nacelle duct at tho kigher power,
which resultod in a higher inlet velocity ratlo of the nacollo duct
inlot. '

Effoct of changes in cowl-inlct geometry., ~ A comparison was
made of the effect on cowl-lip pressure distribution of the chonges
in the cowl-inlct geometry resulting from increasing the inlet area
and from installing the propeller spinners, (Seo figs. 16 to 19,)

As the slze of the cowl inlet was increased from a 38/- by
35-1nch oval to a 43-inch dlametor, the negative pressure peaks on
the uppor cowl lip incresasecd 0.30 qo at an angle of attack of -2°0
and 0.80 g4 at an anglo cof attack of 30 for the same cooling-air
flov, (Sce fig. 1f.) The greater nogative pressurcs and tho lower
eritical apocd experilonced with the larg~r inlet arc tho rosult of
tho combined influence of -the lower value of Vy/V, and tho decreased
camber of the uppor lip of the larder Inlot. (Sce sketch (e).) '




Upper cowl 1lip of
o 43=inch-dimater inlet
/'L,/(_. Upper oowl 1lip of .
38%- by 35-inoh ovel inlet

Sketeh (o)

Inasmuch ns the contours of tho upper cowl lips of tho oval and tho
ss‘kuinch-dirmetor inlots worc approximutoly the same (fige 4), thoe
proasurc distributions over the upper cowl lips werc gimilars Tho
poak nogotive pressures on the lower duct lips of the inlcts.were
groster thon on the uppor 1ips at un angle of attack of -2° (figas 16
to 19) and, consoquently, the eritical spoeds of the oowls at an.
angle of attnck of ~90 were dctermincd by the lowur duct lipse

The ncgative pressurc posks on the upper oowl 1ip of the 43=-inch~
diemotor inlot werc roduced 0420 9, at an angle of atteck of -2° by
tho addition of the 27-inch-diameter spinner and 0.30 q. by the addi-
tion of thu 32-incl-diamoter spinnure (Sce fige 17,) Kt an anglc

of attack of 3 , tho negative prossurc peaks wero redaced 0420 g by
tho 27-inch=dismctor spinner and 0,55 q. by the 32-inch-dismuter
spinnor., Thosu compurisons worsa made ab thoe same edr flows through
tho inlcts Tho addition of the spimners incroasod tho ocowl-inlet
volooity ratio and purmitted o mory gredual deflection of the stream=
1inos around tho cowl, thercby reducing the effoctive anglo of attuok
of tho oowl lips. (See skctches (d) end (c)e)

.~ Uppor ocowl
1lip

.

Sketeh (o)

Spinnor
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The lower duot=-1ip pressures (figs, 18 and 19) were arrproximately the
same for all oonfigurations tested, with the peak negative prossuros
for the largc inlet slightly higher than for the other inlets.

A suwmary of tho data showing the offoots of inlct vilooity
ratio, angle of attack, and ohanges in tho geometry of tho oowl in-
lot on the pcak nogative pressures on the upper cowl lips is pro=
sonted in Piguro 20 for tho diflcront configurations,

Dasod on tho peak negative pressurcs given in figurcs 16 end 18,
the oritical Loaoh numbers (fig. 21) of the diffcrent cowls.wore
dotormincd by the nethod given in rcfer.nec 3, Inasmuchestho data
have not boon corrected for the cffeots of tunnulewall rostriction,
tho oritical Mach numbers prescntced sorve only as a basis for dome-
parison, Tho truc critieal Lach numbers obtained in flight would
bo somowhat greater than thosc obtained in the wind tuancl,

A oomparison of tho critical spceds of the diffurcnt cowl ine
lots (fig. 21) shows that the oritical spcod of the 38%= by 35einoh
oval inl.t was slightly greator than that of tho 43-inche-diamctor:
inlets The additior of the 32-innh-diamctur spinnir to the 43=inohe
dismetor inlect inecrcaod tho critical kach numbcr to nearly that eof
the oval inlct, For all thc inlets investigated the eritical Laoh
numbor of the lower duot lips wes from 0,05 to 0.03 lege than for
tho upper oowl lips, :

Total Prossures at Cowl I.nlat

The totnl prossures at thu cowl inlut aro luss than tho total
" prossure of tho frvo struam by an mmount oqual to tho lossos ahoad
of tho inlot. Thoso lossos rosult from the drag of the propcllor
bladc shenks end tho hub or spinncr, Tho offocts of the increascd
inlct diemeters and the propuller spinners on the cowleinlet pruse
surog arc presontod in this section as functions of inlct veloecity
ratio, engle of attack, and propecll.r opecrating conditions. The
distributions of total prossurcs at tho coul inlct aro proscntud as
oontour maps in figurcvas 22 to 26 and the nverags sroighted totel
prossurcs at the uppur and lowor halves of the difforent inlets are
givon in figurc 26, .

Effoct of inlet veloeity ratio. = The total-prcssurc contours
for the oval and tho 4d-inch-diamctor inlets werc not apprucisbly
affooted by chungus in. the inlot velocity ratios (Scc figs. 22 - .
and 23,) For th: spinncr configurations, howev.r, the total-prossure
distribution around “hu inlot annulus wns not. so wmiform at low .
valucs as at high valuss of W /¥, (Soo figs. 24 and 25,) The
prosgurcs at the upper half of the inlots of the spinn.r configurations
doorvaacd with a dcorcaso in inlut velotity ratio, vwhoroas the pros-

e - ¢
e




NACA MR YNo. ESK30

sures in the lowor half of the inlets were unchanged, The decrease
in the tot:1 pressures (about 0,12 q,) at the upper half of tha cowl

)
inlet oaused by the addition of the $2-inchediameter spinner was more
pronounced than that oaused by the 2T7.inch-dismeter spimner (only
0.03 q,) at angles of attack of «29 and 39,

The low reooveries in the upper portion of the inlet at low ine
let velocity ratios are attributed to separation of the cooling-air
flow from the upper surface of the spinner., A detailed discussion
of the boundary-layer separation phenomena is given in references
2 and 4,

For the configurations without spimners, the cowleinlet pressures
moasured with the propeller removed increased slightly with increased
inlet velocity ratio, (See figs. 26(a) to 26(¢),) With the pro-
poller operating, changos in the inlet velocity ratio had little
offect on the inlet totol prossures,

Effect of angle of attacks - The total-pressure contours for
the oval and 43~inch-diameter inlets wore aliost symmetrioal avout
the thrust axis ot an angle of attack of ~2° for all test conditions,
(See figs, 22 end 23,) For the oonfigurations without spinners, an -
inorease in ansle of attack from -2° to 3° decroased the average
prossures at the upner halves of the inlets by 0.10 q, and increased
the pressures in the lower halves by avout 0,10 qes <(‘See figs. 26(a)
to 26(c)s) For the oonfigurations with spimners (figs. 26(d) and
26(e)) the effect of increasing tho angle of attack on inlet prose -
sures wag more pronounced and losses of as much as 0,20 q, occurred
in the upper half of the cowl inlet,

Effoct of propeller operation, « The total pressures at the
inlet of each oonliguration were considorably higher and more uniform
with the propuller romoved than with the propoller operating. (Soce
figse 22 to 25,) The reduction in pressure resulting from tho ine
stollation of the propoller was about 0,07 q, for the 43winch-diamster
inlet and avout 0,14 q, for the smaller oval irlut, (See Fige 26,)
Changes in the propcller thrust coefficient T, (fig. 27) .ed no
appreciable effect on the cowleinlot pressures,

Effeot of ‘chanpes in cowl-inlet reometry. - Tho averages of -the
weighm total pressures at the cowl inlets of several configurations
are compared at the same oooling-air flov in figure 28, With the
propeller removed (fip. 28(a)), the average pressures at the oval
inlet were slightly higher than the pressures at the 43einch~dianeter
inlet, The most significant changes resulting from the addition of
the 32einchedissicter spinner to the 43einchediemeter inlet ere the
decrease of the total pressures in the upper half of the imlet at an
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v

angle of attsok of 3° and the increase of the total pressuras in the
lower half of the inlet at an angle of attaok of «2°. .

With the propeller operating (fig. 28(b)), inc.easing the inlet
area increased the average of the weighted total pruntures over the
entirc inlet by alout 0.07 q, at all augles of attack. Proportion-

ately less of the larper inlet is blocked by *he propeller, whioh
acoounts for the higher pressures ebtained at tho 43-inch-diameter
inlet. Tho averagu pressures st ithe 43-inch-disuietur inlut wers
further increased by about 0.97 q, &t an eangle of attack of -2° by
the addition of the propeller spinners. At an angle of attack of

30, the spinners improved tho average inlet pressure by only 0.03 gge

Total Preasurcs at Face of Ingine

The total pressures at tho face of tho engine are less than
the preasures at the inlet owing to the diffuser losses, The dif=-
fuser losces, whigh vary with oporating conditions and diffuser
design, are shown in figures 29 and 30 {or several inlet confligura-
tions. The values presented in these flgures have been oaloulated
from tho aveorage of the weighted totel pressures measurod over the
ontire face of tho engino. Ineoreasing tho mase flow of oooling air
corresponding to higher engino prossure drops Ap/qc inoreased the

diffuser loagos. Tho diffuser losses for the spimmer confipgurations
were oonsidorably higher and increased more rapidly with an inorease
in the waluo of Ap/q, than the losses for the other configurations.

™ie oontour maps showing tho total-prcessure distributions at
the faco of tho ‘engine aro presented in figures 381 to 33 for several
configurations, The avorage weighted total pressuros at tho upper
and lewer halves of “the face of the engine, as moasured by the intore
oylinder totel-preasure rakes (figs. & and 9), and ‘he avcrage total
pressuros of the uppér and lewor nine cylinder hoads with the diifoere
ent oonfigurations, ns measured by total-prossurc tube Hhl, are
given in fifure 34,

¥ffoot of inloet velooity ratio, - Tha i)ressuro contours at the
faco ol tho engine for several inloet configurations were about the
.same for all inlet volooity ratios. (Sve figs. 31 to 33.)

Increasing tho inlet velocity ratio had little effoct on cylindore
head pressures for the difi'eront confijurations. The pressuros of
tho upper ninc cylinder heads def'initely incroased for the configura=-
tion vith tho 32-inch-dismeter spinmor. (Seo fige 34(2).) For all
conf'igurations, haviover, the avorago pressures over tha {aco of tho
ougino, which includod both cylinder-head and barrel pressuros,
deorceged with an inercesc in the valuo of Vi /V,.

T e —————— e . e <
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Effeot of angle of attaok. - The nonuniform prassures observed at
the oow!l inlets also oocurred at the faoce of the engine. (See figs.
31 to 33,) The pressures at the face of the upper half of the engine
(fig. 34) woere much lower than the pressures at the lower half of the
engino, A4s the angle of attack was increased from ~2% to 3°, the dif=
ferenoe cetween the pressuros at the upper and lower halves of the
engine increased; at an angle of attaok of 3° the averago pressures in
the upper half of the engine were about 0.10 to 0.15 q, less than at
the lower half of the engine., (See figs. 34(a) to 34 (c).) The largest
prossure differences between the upper and lower lLelves of the engina
were moasured for the configurntions with spinners (fig. 34(e)).

Effect of changes in cowl-inlet geometry., - The average of the 18
oylindor~head pressures measurcd with the 43-incliediemeter inlet was
about 0.10 g, greater than that measured with the smaller oval inlet.
(See figa, 35 and 36.) The addition of the 27-inch-diemetor spinner
to tho large inlet iuncreased the average cylinder-head pressure about
0.03 q,, whereas the addition of the 32-insch-dieameter spinmor had no
appreciable effect on the average cylindor-head pressures. The averw
age prossures over tho face of the engine, which included the pressures
of both the cylindor hoads ard barrcle, were also greatcr for the
large circular inlet than for the small cval inlet.

The pressure gradients from the tunnel froe stroam to the.face of
the ongine are compared at the saue coolingeair flow in figure 37 at
angles of attaok of -2° and 3° for the different inlet conligurations,.

Installation Dreg

The oomperative drag of the 43-inch-diameter inlet and the 38%e
by 36-inch oval inlet was determined by testing each of the inlets
with a production afterbody. The tests were conduoted at a pressure
altitude of 15,000 feot and an indicated airspced of 190 miles per
hour, The drag of the 43~inch-dismeter inlet with and without the
32«inch~dimeter spinnor is compsred with the drag of the oval inlet
in figure 3G ovor a range of coolingeuir pressure drops Ap/q for
normel cruising and normanl rated powers. ¢

Tho avorago cooling drag of the installation with the 43-inche
diemetor inlet was about 60 horsepower lcss at normmal cruising powor
and 61 horscpower less at normal rated power than for the installation
with tho 3&;’5— by 35-inch oval inlet, For high-speed flight of the
airplanc at an altitudo of 15,000 fect and an indicatod airspced of
250 miles per hour, the lower cooiing drag of the 43-inch-diamotor
inlet is equivalent %o an incrense cf about 108 thrust horsepower,
(Soe figs 38(b)s) This reduction in cooling drag results from lower
prossure losses in tho inlet and diffusor of the 43~inchediameter
inlet oowl,




NACA MR No. ESK30

The addition of the 32einch-dismeter spimner to the 43-inch-
diameter inlet Jdocreased the drag of the installation by about 7
horsopowsr at an indicated a'isnued of 190 miles por hous and by
about 18 herascpover *ut tho high-spsed conuiticn of 450 miles por
hour indicated sirspoed.

SUMNARY OF RESJLTS

Tho following rosulte wore cbtaincd from an investi.gntion' in the
altitude wind twanol of ocowl inlets for the B=-29 povoreplant installa-
tions . '

1. Thc oritioul speccds of the upper cowl lips and lover duct
lips ol the five inlet confimura’ ions ‘nvustieated increased with ine
oreases ia tho csvl-inlet velusily optio. Tho il nogative prese
sures at tle low:r duch lips wero more off'ested by veriatica in the
inlot vulocity r.tio e tho racalla dact ken by varia-ion in the '
inlot velscity rutio or the cowl inlot,’

2. The oritical Much punber of the uppor 1ip of tho 38—;-— by
35-inch oval inlat was somuvhakr greuter then for tho %43-incli-diametor
inlet, The eddition of thu 3i.iuch~diapeter spinner to the 43-1inche.
diamotor ialct increased the critieal doch nurber te nearly that of
the oval inlot. For ell inlets tosted the criticel Vach numuer of the
lower duct lips wus from 0,050 to 0.092 loss than for the uppor oowl
lipﬂo .

3, Inorosring the cowleinlot ares frem tho 38%= by 35-iuch owval
inlot to tho 43-inch-diamctur inlet ineruasod tho averngo cowl-inlet
prossuros by sbout 0.07 of tho froe-strosm impact pressurc g, at all
angloa of atteck, ccused by the moro offcctive blado sections bohind
which the larger inlot was locatod. Tho average cowle-irlet pressurocs
woro furthor inorcagoed by avout 0.07 qo at an angle of attnck of -2°
by the addition of thc 27-inch- and 32-inch-diamater propollor spinnurs
to the 43-inche.dismotur cowl inlect. '

4, Changes in tho propeller thrust cocffiéient had no appruoiable .
effeot on thu cowl-inlet prossurose.

54 With tho propcller operating, changas in the inlet volocity
ratio had little effoct on tho cowl-inlet pressuros of tho cowligura=
tions without spinnors. Tho avernge pressuros at tho uppor half of
tho inlut with tho 32-inche-diomotor aspimner, however, dooreased
0.14 q, with a doorcaso in tho value of inlet volocity ratio ovor
thu opurating rangc investigatode This cffect 4a attributod to sep-
aration of tho air flow from the upper surfasce of tho apinncr,




6+ Inocrorsing tho anglo of attack from =2 to 3° roduccd tho
total prossurcs in tho uppor half of the diff'oront inlcts by about
0.10 to 0,20 q,; thc greatost roductions oogurrcd with thc spinner
:lnstullat:lona.

7+ Tho cowl=diffuscr lossus for tho 32-inch=diamuter spinner
installation vor. considcrably hizhor ond incrcascd morc rapidly
* vith oooling-nir flow than thc lossus for tho installations without
spinncra,

8« The avurage of tho 18 cylindor-hiad prossurcs obtaincd with
tho 43-inch=diamctor inlot was about 0,10 go 'f‘:ighor than thosc obtained
with the oval ialet at nll anglos of nttacks Thu addition of thg 27
1noh-d1metor spinncr to tho ldrgor inlot further incrimscd she avors
ago oylindur~hcad pressurc by about 0,03 9ps vhorcas the 32.inshediame
otor spinncr hnd no spproeciable cffoct on thc Aviragc prussuros

9 Changes in inlet velocity ratio, angle of att <k, and proe
peller operation had the same general effect on the average pressures
over the f'ace of the engine as on the prezsures at the cowl inlet,

10s At a pressure altitude of 15,000 feet and an indicated aire
speed of 190 miles per hour, the average cooling drag of the instale
lation with the 43einchediameter inlet wag about 60 horsepower less
at normal cruising power then with the 38/ by 36-inch oval inlet,
For the hiphespeed condition (indicated nirspeed. 250 mph) the lower
cooling drag of the 43-inchediameter cowl ialet is equivalent to an
inorease of 108 thrust horsepower,

Airoraft Engine Research Laboratory,
liational Advisory Committee for Aeronautioa,
Cleveland, Ohio
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TABLE I - COORLINATES OF UFPER COWL-LIP AND LOWFR DUCT-LIP SECTIONS
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Oilecooler door

intercocler (&

-
-
3
-
=
-
-

Turbo supercharger

collector

%
Cowl “n“_} & ‘._:-.," \

collector

Prepelle
Figure I, - Right inboard nacelle with production cowl inlet.
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Figure 7. = Installation of cowl-inlet total-pressure tubes.
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a4 th 33-inch

(origina

Inlet velocity ratlo, V,/V,

0 1 i3 4 3
Cowl=flap trailing-edge gap, in.
Figure 10,= Effect of cowl-flap trailing-edge gap on inlet
veloolity ratio, Pressure altitude, 15,000 feet; indicated
airspeed, 190 miles per hour; angle of attack, -2°; thrust
coefficient, 0,038,
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Thrast axis
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(a) Slé- by 35-inch oval (original) cowl inlet.

Figure 11. = Effect of inlet velocity ratio on pressure dis-
tribution over the upper cowl lip and lower duct lip.
Propel ler operating;: thrust coefficient, 0.038; angle of
attack, -2°.
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Thrust ania
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(b) 39%-in=h-diamnter cowl inlet,

Figure Il, - Continued, Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038;
angle of attack, -29,




NACA MR Ro. ESK30

Thruet exls
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{c) U43-inch-diameter cowl injet,

Figure 11, -pContinued. Effect of iniet velocity ratio on
pressure distribution over the upper cowi iip and lower
duct lip. Propeiier operating; thrust coefficient, 0.038;
angie of attack, -29,
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(d} M3-inch-diameter cowl inlet with 27-inch-diameter
spinner,

Figure 11, - Continued., Effect of inlet velocity ratio on

pressure distribution over the upper cowl lip and lower

duct 11p. Propeller operating; thrist coefficient, 0.038;
angle of attack, -29,




(e) 43-inch-diameter cowl
spinner,

Figure 11, - Concluded, Effect of
pressure distribution over the up
duct )ip, Propeliler
angle of attack, .20

per cowl

NACA MR No. E5x30

I'Mul_nl s

inlet with 32-inch-diameter

inlet velocity ratio on

lip and jower
operating; thrust coefficient, 0.038;
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Thrust axis
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(a) 'Jlg- by 36=-inch oval (original) cowi inlet; inlet
velocity ratio, 0.324.
Figure 13, - Effect of angle of attack on pressure distribu-
tion over the upper cowl

lio and lower duct lip, Propeller
operating: thrust coefficient, 0.038.
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(b) Ssi-inch-dianattr cowl injet;
0.2%0.

Figure 13, - Continued. Effect
pressure distribution over
duct lip. Propeller operating;

inlet velocity ratio,

of angle of attack on
the upper cowl lip and lower
thrust coefficient, 0.038
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(e) 43-inch-diameter cowl inlet; inlet velocity ratio,
0.182,

Figure 13, - Continued, Effect of angie of attack on
pressure distribution over the upper cowl lip and lower
duct lip. Propeller ogperating; thrust coefficient, 0.038,
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{d) M43-inch-diameter Cowl inlet with 27-inch-diameter
spinner; jnjet velocity ratio, 0.322,
Figure 13, . Continved., Effect of angle of attack on
pressure distributjon over the upper cowl lip and lower
duct |ip, Propeljer op

erating; thrust coefficient, 0.038,
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Thrust axis
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(e) W43-inch-diameter cowl Inlet with 32-inch-diameter
spinner; injet vejocity ratio, 0.381.
Figure i3, - Conciuded. Effect of angle of attack on
pressure distribution over the upper cowi lip and lower
duct iip. Propeller operating; thrust coefficient, 0.038
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ot

0358 +048 088 .035 0485 088
Thrust eoofﬂehnt
(o) 394=inch-dismeter ocowl é-lneh-duncor cowl inlet
inlet; inlet velooity with 32-lnch-dh ter
ratio, 0,308, r:% inhc nloouy

Pigure 14,- Effect of thrust eooﬂ'!o!cnc on -xi-u-
negative pressure ccefficients of upper cowl lip,
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r cowl
3 inlet Melocy velodity
264,

e

«038 «045 048 «088

«058 «038

Thrust coefficient, T

(c¢) 394-inch-dlameter cowl (4) 4s-fncn-dtemeter cowl inlet
inlet; inlet velocity with 327!neh-dicmetc{
ratio, 0,305, ep nner6 inlet veloeity

retio, 498,
Figure 15,- Effect of thrust coefficient on maximum
negative pressure coefficients of lower duct 1lip,
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(or{ginal)

~

Inner| surflce Oufler syrface

(a) Angle pr -:Iuck, -20 |

Inner| surfpce ourfr surfac
2

4 2 [4] 4 6 8 10 12 14 16
Horizontal distance from leading edge, in,

(t) Angle of attack, 3°,

Filgure 16,- Comparison of pressure distribution on upper
cowl lip for various cowl-inlet configurations; cooling-
lisagrcuure-drop coefficient, 0.58; thrust coefficient
°l L]




NACA MR No.

ESKk30

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

T

wl lélet

jrface

27,

nner| su eu--rOuTr nr-flel

2 4 € 8 10 12 18
Horizontal distance from leading =dge, in,

(b) Angle of attack, 3°,

Figure 17.- Comparison of pressure distribution on upper
ecowl 1lip for varicus cowl-inlet configurations;
oooling-air pressure-drop coefficient, 0,65; thrust
coefficiont, 0,038,
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cos-—s0utier syrface

of afitacky =20

Inners Ourfzreoi- -Ou+r uf!'lc1

4 2] 2 4 ] 8 10 12
Norisontal dietance from leading edge, in,

{b) Angle of attack, 39,

Pigure 18,~ Comparieon of preseure distribution on lower
duoct 1ip for various cowl-inlet configurations; cooling-
;lsssnnun-dmp coefficient, 0,583 thruet coefficisnt,

[ ] L
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Cowl lqh t
O 434ineh j{diamdter

A 434ineh [diamdter With qz-anh-
diameter spinner

T

\E

2
ﬁuLm- eoo-—u'.!u;r ufr-ul B8

D [
uoruonnl distance rro- leading edge, in.

(b) Angle of attack, 3°,

Pigure 19.~ Comparison of pressure distribution on lower
duct lip for various cowl-inlet configurations; cooll
al;spﬂuuro-drop coefficient, 0,65; thrust coeffioient,

8.
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1 inlet

S~ingh ovs
dlageter
lameter
lamdqter w
* spinner
lameiter w

i

NATIONAL ADVISORY
COMMITYEE FOR AERONAUTICS

. . . o4

. 6 . . . 1,0
Mach number, N,

Pigure 21,~ Comparative critical speeds of the five cowl=
inlet eonfigurations. Propeller operating; thrust
coefficient, 0.038; angle of attack, -2°; cooling-air
pressure-drop coefficient, 0,58,
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Angle of sttack, -20; Inlet velocity Angle of etteck, -29;
retie, 0.383, ratio, 0.300.

Angla of atteck, 30;
83,

i Inlet velocity Angle of attack, 39;
retio, 0.3

s Inlet velocity
retio, 0,300,

NAT 1 ONAL ADV | SORY
COMMITTEE FOR AERONAUTICS

(a) Propeller removed,
Flgure 22, - Total-

Pressure distribution ot 3sl. by 35-ineh
oval cowl Inlet, 2

inlet velocity
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Angls of attack, -29; inlat veloclty

-29; inlat velocity
ratio, 0.255.

Angle of attack,
ratio, 0.383.

Angle of attack, 39; inlat velocity

3°: inlat velocity
retio, 0.255.

Angle of attack,
ratio, 0.385.
NAT IONAL ADV IGORY

COMMITTEE FOR AERONAUTICS

thrust coefficient, 0.038.
sure distribution at 38%_

(b) Propeller operating;
- Conciuded., Total-pres
by 35-inch oval cowl inlet.

Figure 22,
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Angle of attack, -29; inlet velocity Angle of attack, -29; inlet velocity
ratio, 0.255. ratio, 0.!80.

MATIONAL ADVI SORY
COMMI TTEE FOR AERONAUTICS

Angle of attack, 3°: inlet velocity Angle of attack, 39; inlet velocity
ratio, 0.255. ratio, 0,180,

(a) Propeller removed.

Figure 23. - Total-pressure distribution at the 43-inch-
diameter cowl inlet.
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Angle of attack, =29 inlet velocity Angle of attack, =2°; inlet velocity
ratio, 0.255,

ratio, 0.190.

Angle of attack, 3°; indet velocity
ratie, 0.255.

Angle of attack, 3°%; inlet velocity
ratio, 0,i90.
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(b) Progeller operating; thrust coefficient, 0.038,

Figure 23, - Concluded, Total-pressure dij

stribution at the
43-inch-diameter cowl inlet,
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Angla of attack, -20, Inlat valocity Angle of attack, .20, inlet valocity
ratio, 0.35s, ratio, 0,235,

Angls of attack, 3o; inlat velocity Angla of atteck, 3o; inlet veloctty
ratio, 0,355, ratio, 0,235,
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Figure 2y,

bution af Y3-inch-diameter
cowl inlet with 27-inch-dianeter spinner, Propeliler
Operating: thryst coefficient, 0.038,

Total-preaaure distri
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Angila of atteck, -2°; Inlet velocity Angle of attack, =29; inlet velocity
ratlo, 0,500 ratio, 0,350,

Angle of attack, 3°; Inlet veloclity Angle of attack, 3%t inlst valocity
retio, 0.500. ratio, 0,380,
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(a) Propeller removad.

Figure 25. - Total-pressure distribution at 43-inch-dismeter
cowl inlet with 32-inch-dismeter spinner.,
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Angle of attack, =29; inlet velocity

Angle of attack, =2%; Inlet velocity
ratio, 0.500.

Angle of attack, 3% Inlat veloclty

Angle of attack, 3% iInlat velocity
ratlo, 0.600.

ratio, 0.350.
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(b) Propeider operating; thrust coefficient, 0.038,

Figure 25, . Concluded, Totaji-pressure distribution at 43.
inch-diameter cowl injet with 32-jinch-diameter spinner,
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Inlet velocity ratio, V3/Vo
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{a) 38%-by 35-inch cowl inlet.

ngro 26,- Effect of inlet velocity ratio on aversge weighted
otal pressures at upper and lower halvea of cowl inleta,
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(b) 393~inch-diameter cowl inlet; propeller removed,
Plgure 26, - Continued. REffect of inlet velocity ratio

on average welghted total pressures at upper and lower
halves of cowl inlets,
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Propellepr rempved pating;
[icle|

.k& :*3_ 18 .20

Inlet velocity ratio, Vy/V,
Lower half
(c) 43-inch-dlameter cowl inlet,
Tigure 26, - Continued, Effect of inlet velocity ratio

on average weighted total pressures at upper and lower
halves of cowl inlets,
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.20 ° +30 - 40
Inlet velocity ratio, Vy/V,

Lower half
(4) L43-inch-diameter cowl inlet with 27-inch-diameter
spinner; propeller operating; thrust coefficient,
0-038-
Tigure 26. - Continued, Effect of inlet velocity rctio
on average weighted total pressures at upper and lower
halves of cowl inlets,
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Inlet velocity ratio, Vy/V,
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(e) U3-inch-diameter cowl inlet with 32-inch-diameter
spinner,
Figure 26, - Concluded, Effect of inlet velocity ratio
on average weighted total pressures at upper and lower
halves of cowl inlets.
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(a) Propeller removed,

Flgure 28,- Comparison of lvorngo of welghted total
coeffiolente at cowl inlete of various cowl-inlet
oonfigurations, ap/q,, approximately 0,50,
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Angle of attack, deg
(b) Propeller cperating; thrust coefficient, 0,038,
Figure 28, - Concluded, Comparison of average of weighted
total-pressure coefficients at cowl inlets of various cowl~
inlet configurations. 4 p/qc, approximately 0,50,
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Pigure 29.- Comparative diffuser pressure loss for four
cowl=inlet configurations with propeller removed,
Angle of attack, -29,
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ap/q,

{b) Angle of attack, 3°,

Pigure 30,.,~ Comparative diffuser pressure loss for three
covl=inlet configurations with propeller operating.
Thrust coefficient, 0,038.
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Angle of attack, =29 Inlet velocity Angle of attack, =29: iniet velocity
retio, 0.384, retio, 0.295.

Angle of etteck, 3% Inlet velocity Angle of attack, 3°; Inlet valocity
retio, 0.388. ratio, 0.205.
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(a) Propeller removed.

Flgure 31, - Total-pressure distribution at face of engine
with 38-;- by 35=Inch oval cowl Inlet.
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Angle of attack, =2%; inlet velocity Angle of attack, -2%; inlet velocity
ratie, 0.38%. ratio, 0.285.

Angle of attack, 3%; Inlet velecity Angle of attack, 3°; inlet velocity
ratle, 0.308. ratie, 0.255.
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(b) Propeller operating; thrust coefficient, 0.038.

Figure 31, - Concluded, Total-pressure distribution at face
of engine with 385— by 35-inch oval cowl inlet,
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Angle of attack, =29; inlet velocity Angle of etteck, =2%; inlet velocity
ratie, 0.255. retio, 0.180.

Angle of attack, 39; inlet valocity Angle of etteck, 3% inlet velocity
retio, 0.255, ratio, 0,180,
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(a) Propeller removed.

Figure 32. - Total-pressure distribution at face of engine
with 43-inch-diameter cowl inlet.
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Angle of attack, =29; inlet velocity Angle of attack, =2%; inlet velocity
ratio, 0,255, ratie, 0.191.

Angle of attack, 3°; inlet velocity Angle of attack, 3%; inlet velocity
ratio, 0.2565. ratio, 0.191.
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(b) Propeller operating; thrust coefficient, 0.038.

Figure 32, - Conciuded, Total-pressure distribution at face
of engine with 43-inch-diameter cow! iniet,




NACA MR No. ES5K30

Angle of attack, =2%; Inlet velocity Angle of attack, =29; inlet velocity
ratle, 0.498. ratio, 0.350.

Angle of attack, 3%; inlet velocity Angle of attack, 3% inlet velocity
ratio, 0.408. ratie, 0.350.
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(a) Propeller removed.

Figure 33. - Total-pressure distribution at face of engine
with ¥3-inch=diameter cowl inlet with 32-inch-diameter
spinner.
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Angla of attack, =29;

Inlet velocity
ratio, 0.4g9s,

Angle of attack, .20

i inlet
ratio, 0.372

S

Angla of attack

v 3% Iniae valocity Angla of attack
ratlo, 0.%9s.

v 39 Inlat velocity
ratle, 0,372,
) NATIONAL ADV ISORY
COMMITTEE FOR' AERONAUT
(b) Propel)er operating; thryst Coetficient, 0.03s8,
Figure 33, . Conclyded, Total-pre

ssure distribution at face
of engine with 43~inch~diameter Cowl inlet with 32-inch-
diameter $pinner,
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(a) 384-by 35-inch oval cowl inlet.

Figure 34.~ Effect of 1inlet velocity ratio on average

weighted total pressures at fage of engine, upper and

lower halves, and average total pressufes of upper

and lower nine cylinder heads, Propeller operatings;

thruet coefficient, 0,038,




NACA MR No. ESK30

NATIONAL ADVISOAY
COMMITTEE FOR AERONAUTICS

kack
Heg)

o 2
o {1
o |3

A:%la of

e

—

ne cyund* h.ﬂdl

} half Lo+r nine oylinddr hedds

«20 .25 «30 «20 .25 «30
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(b) 393-inch-diameter cowl inlet,

Figure 34, - Continued. Effect of inlet velocity ratio on
average weighted total pressures at face of engine, upper
and lower helves, and aversse total pressures of upper and
lower nine cylinder heads, Propeller operating; thrust
coefficient, 0.038,
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Inlet velocity ratio, Vy/V,

(c) 43-inch-dlameter cowl inlet.

Figure 34, -~ Continued, Effect of inlet velocity ratioc on
average weighted total pressures at face of engine, upper
and lower halves, and everage total pressures of upper and
lower nine cylinder heads. Propeller operating; thrust
coefficient, 0.038.
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25 .30 «35 25 .30
Inlet velocity ratio, V3 /V,

(a) 43-inch-diameter cowl inlet with 27-inch-diameter
spinner,

Figure M. - Continued, Effect of inlet velocity ratio on
average weighted total pressures ot face of engine, upper
and lower halves, and average total preasures of upper and
lower nine cylinder heads., FPropeller onerating; thrust
coefficient, 0,038,
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Figure 3. - Concluded., Effect of inlet velocity ratio on
average welghted total preseures at face of engine, upper
and lower halves, and average total pressures of upper and

. Propeller operating; thrust

lower nine cylinder heade
coefficient, 0,038,
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-2 =1 0 1
Angle of attiack, deg
(b) Lower nine cylinder heads,

Figure 35.- Comparison of average total pressure.at cylinder
heads of filve cowl-inlet configurations. Propeller
operating; thrust coeffictant T,, 0.038; ap/q.,
approximately 0,50,
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Angle of attack, deg
Pigure 36,- Comparieon of aversge of welghted total prsseures
at face of engine of five cowl=inlet configurations.

Propeller operating; thrust coefficient.T,, 0.038;
Ap/qg, approximately 0,50.




NACA MR No. E5K30

NATIONAL ADV1SORY ! 1
COMMITYEE FOR AERONAUTICS
- =l 1

64\'1 inlet

/A 4341nch (diamdter #ith 3
dlame tier spinnex
O _434inch |[diamdter

0 398-1ncH diageter
o 381—by as-inuh oval (oy

2

Yorward of Cowl inlet Yace of
propeller engine

(a) Angle of attack, -2°,

Figure 37. - Total-pressure gradient from free stream to
face of engine, Propeller operating; thrust coefficient
T, 0.038; 4 p/q,, approximately 0,50.
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Figure 37. - Concluded, Total-pressure gradient from
free stream to face of engine. Propeller operating;
thrust coefficient T,, 0.038;a p/qc, approxisately 0.50.
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P!guro 38.= A comparison of cooling drag reduction of
ifferent cowl-inlet configurations. Pressure altitude,

15,000 feet; angle of attack, -2°
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