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E NACA MR No, ESK30
. A NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Air Technical Service Commend, Army Air Forces
AN INVESTIGATION OF COWL INLETS FOR THE
B-29 POWEﬁ-PLANT INSTALLATION

By Louis L., Monroe end Martin J. Saari

SUMMARY

An investigation of five cowl-inlet configurations for the B=29
e airplane was made in the NACA Cleveland altitude wind tunnel to obe
tain design information for improving the cowl performance, Tests
were made to determine the effect of propeller spinners and increased
inlet diameters on the cooling-air pressures at the cowl inlet and
at the face of the engine and on the drag and the critical speed of
the cowl,

The cooling-air pressures at the cowl inlet and at the face of
the engine were appreciably greater for a 43-inch-dismeter inlet than
for a 38%-by'35~inch oval inlet, The addition of a 27-inch-diamecter
spinner to the 43-inch-diameter inlet further increased the pressures
at the face of the engine, whereas the addition of a 32-inch-diameter
spinner to the same inlet did not appreciably affect the pressures,
The critical speed of the 38%- by 35-inch oval inlet was slightly
greater than that of the 43-inch-diameter inlet, The addition of the
32-inch-diemeter spinner to the 43-inch-dismeter inlet increased tho
critical Mach number to nearly that of the oval inlet, The cooling
drag of the installation with the 43-inch-diameter inlet was consider-
ably less than with the 38%- by 35-inch oval inlet.

INTRODUCTION

Flight tests of the B-29 airplane by the Boeing Aircraft Company
have shown that the cooling-air pressure recoveries at the face of the
engine were low and that pressure losses of as much as 0,30 of the
free-stream impact pressure occurred shead of the engine, An inves-
tigation was therefore conducted in the NACA Cleveland altitude wind
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tunnel to determine the origin of these losses and to investigate the
characteristics of several alternate cowl-inlet designse Thc tests .
werc part of an oxtensive investigation rcquested by the Air Technical
Service Command, Army Air Forces, to improve the cooling and reduce
the cooling drag of the B-29 powcr=-plant installation,

Fach of the inlet configurations was tested over a range of inlet
vclocity ratios, angles of attack, md propeller thrust coefficients,
fn analysis is prescnted of the effect of varying these operating con-
ditions on critical speed of the cowl, total pressures at the cowl in-
let, pressures at the face of the engine, end drag of the installation.
Comparisons are made of the different inlet configurations to show

the offect of changes in cowl geomotry on cowl performancec.

SYMBOLS
D propeller diameter, fect
'H local total pressure, pounds per squarc foot

(H-po)/qc total-pressurc coefficient

(Hi-Hz)/qc diffuser pressurc-loss cocfficient

MO Frec-strcam Mach numbcer

B local static prcssure, pounds per square foot

P, froc-stream static pressurc, pounds per square foot

(p--po)/q-o static-pressure coefficient

59 average prossure drop across onginc, pounds per square
foot

Ap/qQ cooling-air pressure-drop cocfficient

9 free-stream impact pressure (H-po), pounds per square
foot

qo' frece-strcam dynamic: pressure (%pV02> , pounds per

square foot o
T propulsive thrust, pounds

i propeller thrust coefficicnt (T/p VOZDZ)
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Vo ﬁree-gtream velocity, foet per second:

V1 velocify at cowl inlet, fect per sccond

Vl/vo inlet velocity ratio

o] mass density of air (frce strocem), slugs per cubic foot

DESCRIPTION OF APPARATUS

The tests were made 6n a right inboard naccllc (fig. 1) of a
B-29 airplanc, which was powcred by an 18«cylinder, double-row radial
with a normal cruising rating of 1350 brake horsepower at 'an engine
spced of 2100 rpm and a normal rating of 2000 brake horsepower at
2400 rpm, Thc enginec was equipped with a single-stage engine-driven
supcrcharger, two turbosuperchargers, and a four-bladed propeller.
The propcller was 16 feet and 7 inches in diameter and rotated at
035 cngine speced. '

Cowl Inlets

Five cowl-inlet configurations were investigated:

(1) Original production cowl with an oval inlct 38%—by 35 inches
(figo 2(3.))

(2) 39%winch-dismetor ‘cowl inlct
(3) 43-inch-diameter cowl inlct (£ig. 2(b))

(4) 43-inch-dismeter cowl inlet with 27-inch-diamector propcller
spinner ' ‘ ;

(5) 43-inch-diameter cowl inlot with, 32-inch-diamcter prdpcllor
spinner: (fig. 2(e¢)) ;

A comparison of these inlets is shown in figures 3 to 5. The
oval inlot and the 393-inch-diameter inlet were tested with the pro-
duction cowl aftcrbody, whercas the 43-inch-dismcter inlet was test-
ed with an enlarged cowl afterbody. The cowl-inlet modifications
were made forward of the bulkhead at station -40, which was the same

' for all configurations. (Sce figs. 3 and 4,) The modifications to
the cowl inlct were made without changing the lower lip of the. nacclle

duct inlets (Sce figs. 3 and 53)
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The coordinates of the upper and lower lips of the throce cowls
and of the two spinners are given in tebles I and II. 4 fixed after-
body was used with the larger spinnecre A deseription of the cowl
outlets and flaps is given in refercnce 1,

Instrumentation

The static-pressurc distributions over the upper cowl lips and
the lower duct lips were determincd by static-pressure orifices in-
stalled flush with the 1lip surfaccs, as shown in figure 6. Total
pressurcs at tho cowl inlets were measurcd by eight rakes of shiclded
total-pressure tubes, which werc turned to approximatecly aline thom
with the propeller slipstream. (Sce figs. 6 and 7.) . Total pressures
at the face of the engine were measurced by nine rakes of shielded
total-pressure tubes located betwecn adjaccnt front-row cylinders.
(See figse 8 and 9,) The prossurc in front of cach of the 18 cyl-
inder heads was measurcd by a shielded total-prossure tube Hhl
located as shown in figures 8 and 9. :

The mass ratc of cooling-air flow uscd to determinc the cowl-
inlot velocity ratio was obtaincd from mcasurements of total pros-
surcs, static pressures, and tompcratures.at the cowl outlet, (Scc
fige 6,) Thrust and drag measurcments werc recorded by the wind-
tunnel balancc cquipmont, ol e .

TESTS AND METHODS

Tests were made of each cowl-inlet configuration for a range
of inlct-veolocity ratios, angles of attack, and propcllor thrust
cocfficicnts with the propeller opcrating and for a range of inlet
velocity ratios and angles of sattack with the propellor ramoved.
The inlet vcloeity ratio was varied by adjusting the cowl~flap
doflection. Tosts of the difforent configurations were made at the
same enginc and tunncl operating conditions to permit dircct compar-
isons., BEach configuration was tcsted at a pressurc altitudc of
15,000 foct, indicated airspccds of 190 miles per hour at. engles of
attack of =29 and 1° and 150 miles per hour at an angle of attack
of 3°, The anglc of attack is dofined as the inclination.of the
thrust axis to thec wind-tunnel axiss : -

The two.top cowl flaps.werc fixed at a 2%-inch gap throughout
the investigation. : For the tests made with the propeller romoved,
the intercooler flap deflection was maintaincd at 8° and the oil=-
coolor flap deflection-at 40 for all configurdtions, For thc com-
parative tosts of the differcnt inlets made with the propcller
operating, thc intorcooler and oil-cooler flaps were maintaincd at
approximately tho samc dcflcotionss
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. RESULTS AND DISCUSSION

The performance characteristics of a satisfactory cowl. include:
(1) high critical spocds; (2) high pressurc recoverics at tho cowl
inlct; (3) high pressurc rccoverics at the face of the engine; and
(4) low drag over the rangc of operating conditions. The .cowls
tested arc c¢valuated on the basis{of,tthc performance -character--
istics in thc following scctions. ‘ 28

Critical Spcod

The surfacc static pressures of the upper. cowl lips and the
lower duct lips arc proscnted as ‘static-pressurc cocfficionts
(p-gg/qo. The oritical speeds of the cowl inlots arc discusscd
as functions of inlet velocity ratio, angle of attack, propcller |

thrust coeffibionﬁ,_and geometry of the cowl inlet,

Effcct of inlet velocity ratio, .- The variation of inlect
velocity ratio with cowl-flap trailing-cdge gap for the differcent
cowl inlets is given in figure 10, With tho cxception of the 32-inch-
diamcter spinncr installation, the range of inlet wvelocity ratios:
over which cach of the inlets was tested was small, '

The cffeets of inlet velocity ratio on the pressurc distribu-
tions over the upper cowl lip and lower duct lip arc given in figuroe
P Ror the five cowl-inlct configurations. As the valuc of Vi/Vd
was incrcased, thc stagnation point moved outward on the uppor cowl
lips of all configurations, which rosulted in lowoer negative prese ,
surc peaks and thereforc highor critical spoedse .

Changing the inlet velocity ratio has the offect of changing
the anglc of attack of the lip. At low valucs of Vl/VO, the greator
portion of the air approachinz the cowl flows. around it-and only -a
rclativoly small quantity onters the cowl, The streamlincs therc-
fore diverge sharply shoad of the inlet and in éffcet increasc the
angle of attack of the cowl-lip sections (sketch (a)), which results
in an increase in tho negative pressures on the outer surface of the
lip, (Sec refercnce 2.) Imercasing tho valuc of Vl/Vb deercases tho
cffective angle of attack of the cowl lip and thcreforc decrcases the
negative pressurc peakse (Sce sketch (b))

= i apt 1 4
///:::::Zj;;;er cowl /////,/””—<:::-Uppcr Sl

Sketch (a) Skotch (D) |
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The pressures on the lower lip were not so greatly affected by
changes in the cowl-inlet velocity ratlo as were the pressurces on the
upper lip, The pressures on the lower duct lip are principally de-
pendent on the inlet velocity ratio of the nacelle duct inlet. The
variation of static pressures on the lower duct lip with oil-cooler
and intercooler flap deflections, which control the inlet velocity
ratio of the nacelle duct inlet, is shown in figure l2.

Effect of angle of attack. - The effect of angle of attack on
the pressure distribution over the upper cowl lip and the lower
duct lip of the inlets is presented in figure 13, Increasing 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 lips. The increase in the negative pressure peaks with incrcas-
ing angle of attack is attributed to the shifting of the stagnation
point on the upper lip to the inmer surface of the lip, which results
in high local velocities over the leading-edge radius and therefore
high negative pressures. Inasmuch as the lower duct lip acts as an
inverted airfoil, the' effects of changes in angle of attack on the
presgure peaks of the lower duct lip were opposite to those that
occurred on the upper cowl lip. (See fig., 13.)

Effect of propeller operation. - The pressure coefficients of
the upper cowl lip and the lower duct lip were not greatly influenced
by changes in propeller thrust. (See figs. 14 and 15.) The data
ghow that the negative pressure coefficients were slightly reduced
on both the upper cowl and lower duct lips with an increase in the
value of T,. Greater reductions in the maximum negative pressure
coefficients were obtained on the lower duct lip than on the upper
cowl lip for the same increase in the value of T, owing to the in-
creased charge-air flow through the nacelle duct at the higher power,
which resulted in a higher inlet velocity ratio of the nacelle duct
inlet. A

Effect of changes in cowl-inlet geometry. - A comparison was
made of the effect on cowl-lip pressure distribution of the changes
in the cowl-inlet geometry resulting from increasing the inlet area
and from installing the propeller spinncrs. (See figs. 16 to 19,)

As the size of the cowl inlet was increased from a 384= by’
35-inch oval to a 43-inch diameter, the negative pressure peaks on
the upper cowl lip increased 0.30 go at an angle of attack of -2°
and 0.60 g4 at an angle of attack of 3° for the same cooling-air
flow. (See fig. 16.) The greater negative pressures and the lower
critical speed experienced with the larger inlet are the result of
the combined influence of the lower value of Vl/vo and the deécreasecd

camber of. the upper lip of the larger inlet, (See sketch (c).) -
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o .

43-inch-diamcter inlet

,/<r Upper cowl lip of
384- by 35-inch oval inlet

;f.<qf Upper cowl lip of

Sketch (-c)

Inasmuch as thc contours of the upper cowl llps of the oval and the

- 39%-inch-diameter inlets were approximately the same (fige. 4), the
pressurc distributions over the upper cowl lips werc similare. Theo
peak negative pressures on the lowcr duct lips of the inlets were
greater than on thc upper lips at an angle of attack of -2° (figs. 16

to 19) and, conSequently, the critical speeds of the cowls at an
anyle of attack of -2° were determined by the lowcr duct lipse

The anath” pressurc peaks on the upper cowl lip of the 43-inch-
diemocter inlct were rcduced 0,20 q, at an angle of ‘attack of =29 by
the addition of the 27-inch- dlametor spinner and 0,30 q_ by the addi-
tion of the 32-inch-diamecter spinncre. (Sce fige 17,.) Rt an angle
of attack of 3 , thec negative prossurc pecaks werc reduced 0.20 g, by
the 27-inch-diemcter spinner and 0,55 g by the 32-inch-diamcter
spinner, These comparisons werc made at the same air flows through
the inlets, The addition of the spinners increascd the cowl-inlet
velocity ratio and poermitted a morc gradual deflection of the stream-
lines around thc cowl, thercby rcducing the effective angle of attack
of the cowl lips, (Sce skctches (d) and (e).)

=
/ i Up}ger- cowl
g “~—TUpper cowl 1ip
/ .
// "-._,/ llp i
’—:‘;/
—
A—— Spinncr

Sketeh (d) Sketch (e)
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The lower duct-lip pressures (figs. 18-and 19) were arrproximately the
same for all configurations tested, with the peak negative pressures
for the large inlet slightly higher than.for the other inlets,

A sunmmary of the data showing the offccts of inlet velocity
ratio, angle of attack, and changes in the goometry of the cowl in-
let on the peak negative pressures on the upper cowl lips is pre-
sented in figure 20 for the diffcrent conflguratlons,

Bascd on the peak ncgative pressurcs given in figures.1l6 and 18,
the critical Mach numbers (fig, 21) -of.the different cowls were .-
detcrmined by the method givon in refercncc 3. Inasmuchasthe data
have not been corrected for the effects of tunncl-wall restriction,
the critical Mach numbers prosented serve only as a basis for come-
parisornts The true critical Lach numbers obtained in flight would
be somLWhat greatcr than those obtalnod in' the windtunnel, , :

* A comparison of the crltlcal spoeds of the dlffcront cowl in-
lets (figs 21): shows that the critical speed of the 385~ by 35=-inch
oval inlet was slightly greater than that of the 43-inch-diamctor
inlot, The addition of the 32-inch-diameter spimncr to the 43-inch-
diemeteor inlet incresed the critical Mach number to nearly that of

, the oval inlet, For all the inlets investigated the critical lMach

number of the lower duct lips was from O 05 to O. 09 less than for ;
the upper cowl lips, 4
o K

Total Prcssureé at Cowl Inlet

The total prossures at the cowl inlet arc less than the total

‘pressure of the frec strcam by an amount equal to the lossecs ahcad

of the inlect, These losses rcsult from the drag of the propeller
blade shanks and the hub or spinncre Thec coffects,of the incrcased
inlet diemcters and the propcller spinners on the cowl-inlet pres-
surcs are presented in this section as functions of inlet velocity
ratio, angle of attack, and propellor operating conditions. Theo
distributions of total pressures at the cowl inlet arc prosented as
contour maps in figurecs 22 to 25 and the average weighted total
prossurcs at the upper and lower halvcs of the dlfforont Ainlcts are
given in figurc 26, w- e

Effeét of inlet vclocity ratio. - The total-prcssurc contburs
for the oval and the 43-inch-diamcter inlets werc not approclablj
affected by chanrus in thc inlet velocity ratio,. (Scu figsas .22,

- and 23,) . For thc spinner configurations, howevcr, the total-prossure

distribution around the inlct annulus wes not so uniform .at low

valucs as at high valucs of W /V (Sce figs, 24 and 25;) The
pressurcs at the upper half of thy inlets of the spinnocr configurations
decrecascd with a decrcase in inlet velocity ratio, whercas the pros-
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sures in the lower half of the inlets were unchanged, The decrease
in the totel pressures (about 0,12 g.) at the upper half of the cowl
inlet caused by the addition of the 3Z-inch-diameter spinner was more
pronounced than that caused by the 27-inch-diameter splnner (only
0,03 q,) at angles of attack of -2° and 3°,

The low recoveries in the upper portion of the inlet at low in-
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 glven in references
2 and 4,

For the configurations without spinners, the cowl-inlet pressures
measured with the propeller removed increased slightly with increased
inlet velocity ratio. (See figs. 26(a) to 26(c).) With the pro-
peller operating, changes in the inlet velocity ratio had little
effect on the inlet total pressures, :

Effect of angle of attack. - The total-pressure contours for
the oval and 43-inch-diameter inlets were almost symmetrical about
the thrust axis at an angle of attack of -2° for all test conditions,
(See figs. 22 and 23,) For the configurations without spinners, an
increase in angle of attack from -2° to 3° decreased the average
pressures at the upper halves of the inlets by 0.10 g, and increased
the pressures in the lower halves by about 0,10 gge fSee figs. 26(a)
to 26(c),) For the configurations with spinners (figs. 26(d) and
26(e)) the effect of increasing the angle-of attack on inlet pres-
sures was more pronounced and losses of as much as 0,20 q, occurred
in the upper half of the cowl inlet, -

Effect of propeller operation., = The total pressures at the
inlet of each configuration were considerably higher and more uniform
with the propeller removed than with the propeller operating. (Sce
figse 22 to 25.) The reduction in pressure resulting from the in-
stallation of the propeller was about 0,07 g, for the 43-inch-diameter
inlet and about 0,14 g, for the smaller oval inlet, (See fige 264)
Chenges in the propeller thrust coefficient T, (fige 27) had no
appreciable effect .on the cowl-inlet pressures,

Bffect of changes in cowl-inlet geometry. - The averages of the
weighted total pressures at the cowl inlets of several configurations
are compared at the same cooling-air-f16W'in figure 28, With the
propeller removed (fig. 28(a)), thé average pressures at the oval
inlet were slightly higher than the pressures at the 43-inch-diameter
inlet., The most significant changes resulting from the addition of
the 32-inch-diameter spinner to the 43-inch-diameter inlet were the
decrease of the total pressures in the upper half of the inlet at an
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angle of attack of 30 and the increase of the total pressures in the
lower half of the inlet at an angle of attack of -29,

With the propeller operatiﬁg (fig. 28(b)), increasing the inlet
area increased the average of the weighted total pressures over the
entire inlet by about 0,07 g, at all angles of attack. Proportion-
ately less of the larger inlet is blocked by the propeller, which
accounts for the higher pressures obtained at the 43-inch-diameter
inlet. The average pressures at the 43-inch-diameter inlet werec
further increased by about 0.07 q, at an angle of attack of -2° vy
the addition of the propeller spinners, At an angle of attack of
30, the spinners improved the average inlet pressure by only 0.03 qge

Total Pressures at Face of Engine

The total pressures at the face of the engine are less than

he pressures at the inlet owing to the diffuser losses. The dif=-
fuser losses, which vary with operating conditions and diffuser
design, are shown in figures 29 and 30 for several inlet configura-
tions. The values presented in these figures have been calculated
from the average of the weighted total pressures measured over the
entire face of the engine., Increasing the mass flow of cooling air
corresponding to higher engine pressure drops Ap/qc increased the

diffuser losses. The diffuser losses for the spinner configurations
were considerably higher and increased moxe rapidly with an increase
in the value of Ap/qc than the losses for the other configurations.

' The contour maps showing the total-pressure distributions at

the face of the engine are presented in figures 31 to 33 for several
configurations. The average weighted total pressures at the upper
and lower halves of the face of the enginé, as measured by the inter-
cylinder total-pressure rakes (figs. 8 and 9), and the average total
pressures of the upper and lower nine cylinder heads with the differ-
ent configurations, as measured by total-pressurc tube Hhl, are
given in figure 34.

Tffect of inlet velocity ratio. = The pressurc contours at the
face of the engine for several inlet configurations were about the
came for all inlet velocity ratios. (See figs. 31 to 33.)

Increacing the inlet velocity ratio had little effcct on cylinder-
head pressures for the different configurations., The pressures of
the upper nine cylinder heads definitely increased for the configura-
tion with the 32-inch-diemeter spinmer. . (See fig. 34(c).) For all
configurations, however, the average pressures over the face of the
engine, which included both cylinder-head and barrel pressurcs,
decrcesed with an increase in the value of Vl/Vo’
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Effect of angle of attack. - The nonuniform pressures observed at
the cowl inlets also occurréd at the face of the engine. (See figs,
31 to 33,) The pressures at the face of the upper half of the engine
(fig. 34) were much lower than the pressures at the lower half of the
engine, As the angle of attack was increased from -2° to 3°, the dif=
ference between the pressures at the upper and lower halves of the
engine increased; at an angle of attack of 3° the average pressures in
the upper half of the engine were about 0,10 to 0.15 g, less than at
the lower half of the engine., (See figs. 34(a) to 34 Ec) ) The largest
pressure differences between the upper and lower halves of the engine
were measured for the configurations with spinners (fige. 34(e)).

Effect of changes in cowl-inlet geometry. - The average of the 18
cylinder-head pressures measured with the 43-inch-diameter inlet was
about 0,10 q, greater than that measured with the smaller oval inlet.
(See figs. 35 and 36.) The addition of the 27-inch-diameter spinner
to the large inlet increased the average cylinder-head pressure about
0.05 q,, whereas the addition of the 32-inch-diameter spinner had no
appreciable effect on the average cylinder-head pressures, The aver-
age pressures over the face of the engine, which included the pressures
of both the cylinder heads and barrels, were also greater for the.
large circular inlet than for the small oval inlet,

The pressure gradients from the tunnel free stream to the face of
the engine are compared at the same cooling-air flow in figure 37 at
angles of attack of -2° and 3° for the different inlet configurations,

Installation Drag

The comparative drag of the 43-inch=- dlameter inlet and the 383~
by 35-inch oval inlet was determined by testlng each of the inlets
with a production afterbody. The tests were conducted at a pressure
altitude of 15,000 feet and an indicated airspced of 190 miles per
hour, The drag of the 43-inch-diameter inlet with and without the
32-inch-diameter spinnér is-conmpared with the drag of the oval inlet
in figure 38 over a range of cooling-air pressure drops Ap/q for
normal cruising and normal rated powers, .

The average cooling drag of the installation with the 43-inch-
diameter inlet was about 60 horsepower less at normal cruising power
and 51 horsupower less at normal ratéd power than for the installation
with the 383- by 35-inch oval inlet, For high-speed flight of the
airplane at an altitude of 15,000 feet and an indicated airspeed of
250 miles per hour, thé lower cooling drag of the 43-inch-diameter
inlet is equivalent to an increase of about 108 thrust horsepower,
(Sce fig, 38(b).) This reduction in cooling drag results from lower
pressure losses in the inlet and diffuser of the 43-inch-diameter
inlet cowla
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The addition of the 32-inch-dismeter spinner to the 43-inch- .
diameter inlet decreased the drag of the installation by about 7
horsepower at an indicated airspeed of 190 miles per hour and by
about 15 horscpower at the high-speed condition of 250 miles per
hour indicated airspeeda

SUMMARY OF RESULTS ' :

The follow1ng results were obtalned from an investigation in the
altitude wind tunnel of cowl inlets for the B-29 powcr-plant installas.
tion: .

1 he crltlcal spoeds of the upper cowl lips and lower duct ' .
lips of the five 1nlct configurations invostigated increased with in-
creases in the cowl-inlet velocity ratios The maximum negative pres-,
surcs at the.lower duct lips were more affected by variation in the
inlet velocity ratio of the nagelle duct than by var1a+1on in the
inlet velocity ratio of the cowl inlet. '

2, The crltwca Mach nunber of the upper lip of the 38%- by
35-inch oval inlet was somewhat greater than for’ the 43 inch~diameter
inlet, The addition of the 32-inch-dismeter spinner to the 43-inch--
diemcter inlet increased the critical Mach number to néarly that of
the oval inlet. For all inlets tested the critical Math number of the
lower duct lips was from O. 050 to 0,092 less than for the upper cowl
lipse .

3o Increasing the cowl-inlet area from the 38%— by 35-inch ovdl
inlet to the 43-inch-diameter inlet increased the average cowl-inlet
prossures by about 0,07 of the free-stream impact pressurc g, at all
angles of attack, caused by the more effective blade sectlons behind
which the larger inlet was located. The average cowl-inlet pressures
were further incrcased by about 0,07 gg at an angle of attack of «2°
by the addition of the 27-inch- and 32-inch-diamcter propeller spinncrs
to the 43-inch-diameter cowl inlet,

4, Changes in the propeller thrust cocfficient had no appreciable
effect on the cowl-inlet pressurese

5, With the propcllcr operating, changes in the 1nlct v01001ty
ratio had little effect on thc cowl-inlet pressures of the confipgura-
tions without spinnerss  The average. prgssures at the upper half of-
the inlet with the 32-inch-diameter spinner, howcver, decreased
Ocl4 q,. with a decrcase in the value of inlet v01001ty ratio over:
the opcrating range investigated. This cffect is attributed to sep=
aration of the air flow from the upper surface of the spinner,
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2

6o Increasing the angle of attack from -2° to 3° reduced the
tétal pressures in the upper half of the differcnt inlets by about
0,10 to 0,20 Qg3 the grcatcst rpductlons occurrcd with the spinner
ﬁnstallatlons. :

ey ‘Ihe dowl diffuscr losscs for the 32-inch-diameter spinncr
installation werc considerably higher and increased more rapidly
with coollngwalr flow than tho losscs for the installations without
spinners,

8+ The average of the 18 cylinder-hcad pressures obtained with
the 43-inch-diamcter inlet was about 0.10 gg higher than these obtained
with the oval inlet at all angles of attacke. The addition of the 27-
inch-diamecter spinncr to the larger inlet further incrcascd the aver-
age cylindcr-hcad pressurc by about 0,03 q,, whereas the 32-inch-diam-
cter spinner had no appreciablec effect on the average pressurce

9+ Changes in inlet velocity ratio, angle of att <k, and pro-
peller operation had the same general effect on the average pressures
over the face of the engine as on the pressures at the cowl inlet,

10, At a pressure altitude of 15,000 feet and an indicated air=-
speed of 190 miles per hour, the average cooling drag of the instal-
lation with the 43-inch-diameter inlet was about 60 horsepower less
at normal cruising power than with the 38%- by 35-inch oval inlet,
For the high-s peed condition (indicated airspeed, 250 mph) the lower
cooling drag of the 43-inch-diameter cowl inlet is equivalent to an
increase of 108 thrust horsepower,

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio
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TABLE I - COORDINATES OF UPPER COWL~LIP AND LOWER DUCT-LIP SECTIONS

W
ey £
S b fopienl  pPeeipeh diemeter A11 cowl inlets
cowl inlet cowl inlet
Outer Inner Outer Inner Outer Inner OQuter Inner
surfece |surface |surface|surface |surfece |surface |surface |surface
0 0 0 0 0 Sl e
0 5.5 1a.44 -.87 1,18 -,68 1518 ~556
290 Dol -1,18 18 =581 1556 ~068
S 200 -1,28 A als; -.381 1,94 ~s75
287 0 0
1500 s =137 2007 -581 2918 e 72 -.T5 PN
i Al Dl -1.44 2695 -o81 2odT ~,68 =125 056
1L4510) 3637 -1.46 3,18 -,81 2,63 ~o60 1,69 002
TS 31600 =1.,46 344 =81 2000 ~062 ~2,00 +68
2.00 387 -1,43 S1e61 =081 3,00 -+59 =0el5 268
Ple 2.5 4,06 =-1,41 387 -o81 Ly i -6 56 =2, 50 068
2:50 44,25 -1,37 4,06 -e81 SN25 53 -2,68 065
Cor 5 4,41 -1.31 4,25 -,81 3.44 -, 00 =2,87 62
5,00 4,62 -1.25 4,44 3596 -~o47 =-3.06 099
B 4.78 -1,12 4,56 3468 -4l ~3,25 8109
850 5,00 - .94 4,75 S0 B -37 =337 « 06
Slo 15 5,06 -o78 4,94 3094 -3l -3, 56 ¢ 50
4,00 Bled -562 5406 4,06 -ploD =3,75 o4
5,00 (Gin 15 044 562 4,50 0 -4,25 bz
6,00 025 2 eD 6,06 4,94 A =4,63 | =,12
700 Tl 0, 6 « 50 525l S 00 -4 04 =450
8.00 7,06 4,12 6.94 562 -5.25 -294
9,00 7450 4,28 el 6,00 -5,50 -1,37
1000 7281 4,31 7e68 6225 -5.87 =1 28T
11.00 Sl 4,80 8,00 6456 -6.,12 -2.37
12n00 8,50 4,53 8,31 B0 -6,31 ~2,81
13,00 8275 4,56 8662 7% 12 -6,62 =3,31
14,00 9,00 4,62 8,94 T ol -6,87 -3e75
16,00 950 - T gl =4,75
18,00 e ST -Ta75 =-5,50
202004 1018 -8,25 -6,18
22,00 | 10,44 -8,62 -687
24,00 | 10,62 -9.00 =T ST
. 087 F‘ !
Station -54,0- Station -54.0 L1 3
| /_ \xrv -
. Leading edge \‘\\ﬂ\\\\\\\\~::

. { N
Leading edgeﬂ\LELL/

Upper lip

Lower lip

National Advisory Committee
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TABLE 11 - COORDINATES OF 27-INCH- AND 32-INCH-DIAMETER PROPELLER SPINNERS

/ll_'_"{
A
|
I
Y |
L
X { l
\ | |
X1{o I |2 |4 [ 6|8 |[I0]|I2 [14]16]18 |20]|22 |24 26 |28 (30
Y | 0 [195] 3. |457|588 703 (804/892 (969 (I038(1101 {1158(12.10 [1257(12.98(13.32/1350
‘I\\\\\
/_-_I ~
|
|
Y
|
l
X . |
\ | CoMMITTEE FOR  AERONAUTICS
X 0 S 1.0 | 2,0 | 4.0| 6.0 | 8.0 |10.0 | 12.0 4.0 | 16.0|18.020.0 | 22.0| 4.0 | 26.0 | 28.0 | 30.0 | 32.0 34.0 | 34.9
Y 0 |1.252.12|3.23 |5.12|6.62 [8.06|9.18 [10.18(11.25 | 1200 12.68(13.31 |1387 (1443 14.93|15.31 | 15.68/15.93 | 16.00 | 16.00
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Cowl outlet Carburetor

Intercooler intercooler
door

Propeller

Front exhaust
collector

Engine

Rear exhaust N T [ e Hi‘ NS 2 T
collector ‘ \ i 7

Turbo supercharger —/

0i} cooler Exhaust

exit
Oil=cooler door
NATIONAL ADVISORY

- . . . COMMITTEE FOR AERONAUTICS
Fiqure I, - Right inboard nacelle with production cowl iniet,




Eiigiices 2. -
cowl=inlet

Front

(a) 38%- by 35-inch oval

view of power-plant

configurations.

instal lation

n

(original) cowl inlet,

altitude wind tunnel

with

E-205

various
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(b)) 43-inch-diameter cowl inlet
Figure 2. - Continued. Front view of power-plant
with various cowl-inlet configurations.

without spinner.

installation

n

altitude wind tunnel

*ON YW VOIOVN

0gMG3



g

{ic) 43-inch-diameter cowl inlet with 32-inch-diameter spinner.

Hifgtire "2, - Concluded. Front view of power-plant

with various cowl-inlet

configurations.

installation

in altitude wind

tunnel
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38; by 35-inch oval

~.cowl
N

inlet

43-inch-diameter cowl

39%-inch-dlameter cowl inle

inlet

(original)
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Figure 3.

inlet

- Composite drawing showing cowl

™

Lower duct lip

Enlarged afterbody

inlets.,

Production afterbody___—~——————_”"—_:::::::;Z;T\f“\“‘—--——-___

—

—

Station -0

Station =40
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COMMITTEE FOR AERONAUTICS
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Propeller

N\
A
U/

43-inch-diameter cowl inlet

39%—inch-diameter cowl inlet

38l by 35-inch oval (original) cowl inlet
Z ce—-

o

ZIEE-6€

n
/) i
W ||,
P 0
- S
/
/
/
//
Station =40
NAT 1ONAL ADV1SORY
COMMITTEE FOR AERONAUTICS
Figure 4, - Composite drawing of upper-lip sections ot cowl inlets showing propeller
blade sections.
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43-inch-diameter cow! inlet Upper cowl lip

32-inch=diameter spinner

27-inch-diameter spinner

Nacelle duct

Lower duct lip
NATIONAL ADVI SORY

COMMI TTEE FOR AERONAUTICS

Figure 5. - Composite drawing showing 27-inch-and 32-inch-diameter propeller spinners
installed on a 43-inch-diameter cow! inlet.

*ON Y¥W VIVN

0eXNs3



owl-outlet pressure
tubes

Static-pressure orifices

owl=1lip static~
pressure orifices

Cowl-inlet total-
pressure tubes

Static-pressure NATIONAL ADVISORY
orifices COMMITTEE FOR AERONAUTICS
Inboard
Figure 6. - Location of cowl-inlet and outiet total-pressure tubes and cowl-lip-surface

static-pressure orifices on 38%-by 35-inch oval (original) cowl inlet.
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Figure 7. - Installation of cowl-inlet total-pressure tubes.




— Hhl Intercylinder
total=-pressure

Hhl

Front-row

| Front-row
cylinder

cylinder
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0ENG3

Afij—Center line
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Figure 8. - Location of intercylinder total-pressure tube rakes and center front

cylinder-head total-pressure tube HhI.




Total-pressure
tube HhI

Total-pressure
tube Hhl

Intercylinder total=-
pressure rakes

Shielded
thermocouple

b))

e g

Front-row
cylinder

Rear=-row
cylinaer

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 9, - General location of instrumentation on engine cylinders.
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Inlet velocity ratlo, V,/V,

NACA MR No. E5K30

NATIONAL ADV ISORY
COMMITTEE FOR AERONAUTICS Cawl inlet
A| 43-inch diameter with 33-incHh
dfametdr spinner
O| 3834 by 3§-1ncH ova) (origina
V| 43-inch diamefier
D| 39k 4inch [diamdter
O| 43-i4nch diamefler
.6
/’
.5 /,zx/
/‘-—
// T
A o |
3 //K/ 11— =
L0
1{ — |
Jodt [l =1
.20 =
75/1/0,0’
ol
0 i 2 3 4 S

Cowl=-flap tra

iling-edge gap, in,

Figure 10,+ Effect of cowl-flap tralling-edge gap on inlet
velocity ratio, Pressure altitude, 15,000 feet; indicated
airspeed, 190 miles per hour; angle of attack, -2°; thrust

coefficient, 0,038,
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P - Po
9

Vilvo

— 03,70
——————— .305
— ——— .255

Thrust axis

—— 0

(a) 38_;- by 35-inch oval (original) cowl inlet.

Figure 1l. - Effect of inlet velocity ratio on pressure dis-
tribution over the upper cowl lip and lower duct lip.
Propeller operating; thrust coefficient, 0.038; angle of
attack, -2°.
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Thrust axls
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(b) 39—;—-i‘nch-diameter cowl iniet.

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, -2°.
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| Thrust axis

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(c) 43-inch-diameter cowl inlet,

Figure Il, - Continued, Effect of inlet velocity ratio on
pressure distribution over the upper cowl lip and Jower
duct lip. Propeller operating; thrust coefficient, 0,038; ‘
angle of attack, -29,
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Thrust axis

NATIONAL ADVISORY
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(d) u43-inch-diameter cowl inlet with 27-inch-diameter
spinner,
Figure 11, - Continued, Effect of iniet velocity ratio on
pressure distribution over the upper cowl lip and lower

duct lip. Propeller operating; thrust coefficient, 0.038;
angle of attack, -2°,
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P = Po
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|

Thrust gxis
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(e) Uu43-inch-diameter cowl inlet with 32-inch-diameter

spinner,

Figure 11, - Concluded., 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,

E5K30
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0il-cooler flap deflection, deg Intercooler flap deflection, deg
Figure 12,- Effect of oll-cooler and intercooler flap deflection on maximum
negative pressure coefficients of lower duct lip. Propeller removed; 43—
inch-diameter cowl inlet,
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Goc-g

e Thrust axis . ‘
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S6¢8¢ -GE

(a) - 38-5- by 35-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 1ipo and lower duct lip. Propeller ‘
operating; thrust coefficient, 0.038.
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(b) 39%-inch-diameter cowl inlet; inlet velocity ratio,

0.240,
Figure 13, - Continued, Effect of ancle of attack on
pressure distribution over the upper cowl lip and Jower
duct lip. Propeller operating; thrust coefficient, 0.038
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(deg) | Thrust axis
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(c) 43-inch-diameter cowl inlet; inlet velocity ratio,
0192,

Figure 13, - Continued. Effect of angle of attack on
pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038,
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(d) u43-inch-diameter cowl inlet with 27-inch-diameter
spinner; inlet velocity ratio, 0.322,

Figure 13, - Continued. Effect of angle of attack on
pressure distribution over the upper cowl lip and lower
duct lip. Propeller operating; thrust coefficient, 0.038.
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(e) 43-inch-diameter cowl inlet with 32-inch-diameter
spinner; inlet velocity ratio, 0.381.
Figure 13, - Concluded, Effect of angle of attack on
pressure distribution over the upper cowl lip and lower

duct lip. Propeller operating; thrust coefficient, 0.038
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Figure 14,- Effect of thrust coefficient on maximum
negative pressure coefficients of upper cowl 1lip.
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Figure 15.- Effect of thrust coefficient on maximum
negative pressure coefficients of lower duct 1lip,
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Cawl inlet
=-2.0
O| 3844 by 39-inch oval (original)
\ 0| 3944inch [diamdter
a =1e5 Q| 43-fnch diamefler
{,&j‘}]
0
{ -1.0
-05 8
N \
0 \A
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Tnner surflace Oufler surface
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o5
1.0
nner surf%ce Outrr sﬁffaca
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Horizontal distance from leading edge, in.

(b) Angle of attack, 3°,

Figure 16.- Comparison of pressure distribution on upper
cowl lip for various cowl-inlet configurations; cooling-
alr pressure-drop coefficient, 0,58; thrust coefficient
0.038,
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Coawl inlet
-2.,0
O| 43-inch diame ter
V| 43-inch diamefler with 279-inch-
-1. lnner
Al 43-inch diamefler with 39-inch-
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(b) Angle of attack, 3°,

Figure 17.- Comparison of pressure distribution on upper
cowl 1lip for various cowl-inlet configurations;
cooling-air pressure-drop coefficient, 0.65; thrust
coefficient, 0.038,
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Figure 18,~ Comparison of pressure distribution on lower
duct 1lip for various cowl-inlet conrigurations; cooling-
air pressure-drop coefficient, 0,58; thrust coefficient,
0,038,
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Figure 19,~- Comparison of pressure distribution on lower
duct lip for various cowl-inlet configurations; cooling-
air pressure=drop coefficient, 0,65; thrust coefficient,
0.038,
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Figure 20.~ Comparison of maximum negative pressure coefficients of upper cowl

lip for various cowl-inlet configurations,

Thrust coefficient, 0,038,
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Figure 21,- Comparative critical speeds of the five cowl-

inlet configurations.

Propeller operating; thrust
coefficient, 0.038; angle of attack, -2°; cooling-air
pressure-drop coefficient, 0,58,
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Angle of attack, -29; inlet velocity Angle of attack, =29; inlet velocity
ratio, 0,383, ratio, 0,300,

(@

Angle of attack, 3°; inlet velocity Angle of attack, 3%; inlet velocity
ratio, 0.383. ratio, 0.300.
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(a) Propeller removed.

Figure 22, - Total-pressure distribution at 381- by 35-inch
oval cowl inlet.
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Angle of attack, -2°; inlet velocity Angle of attack, -29; inlet velocity
ratio, 0.383. ratio, 0.255,

Angle of attack, 3°; inlet velocity Angle of attack, 3°; inlet velocity
ratio, 0.385. ratio, 0.255,
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(b) Propeller operating; thrust coefficient, 0.038.

Figure 22, - Concluded. Total-pressure distribution at 38%—
by 35-inch oval cowl iniet.
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Angle of attack, -2°9; inlet velocity Angle of attack, -29; inlet velocity
ratio, 0.255. ratio, »0.180.
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Angle of attack, 3%; inlet velocity Angle of attack, 3°; 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°9; inlet velocity
ratio, 0.255. ratio, 0.190.

Angle of attack, 3°; imbet velocity Angle of attack, 3°; inlet velocity
ratio, 0.255. ratio, 0.:90.
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(b) Propeller operating; thrust coefficient, 0.038,

Figure 23, - Concluded, Total-pressure distribution at the
L3-inch-diameter cowl inlet.
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Angle of attack, -2°9; inlet velocity Angle of attack, =-2°; inlet velocity
ratio, 0.355. ratio, 0.235.

Angle of attack, 3°; inlet velocity Angle of attack, 39; inlet velocity
ratio, 0.355. ratio, 0.235.
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Figure 24. - Total-pressure distribution af 43-inch-diameter
cowl inlet with 27-inch-diameter spinner. Propeller
operating; thrust coefficient, 0.038.
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Angle of attack, =2°; inlet velocity Angle of attack, =2°; inlet velocity
ratio, 0.500 ratio, 0.350.

Angle of attack, 3°; inlet velocity Angle of attack, 3°: inlet veloclity
ratio, 0.500, ratio, 0.350.
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(a) Propeller removed.

Figure 25, - Total-pressure distribution at 43-inch=-diameter
cowl inlet with 32-inch=-diameter spinner.
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Angle of attack, =2%; inlet velocity Angle of attack, =2°; Inlet velocity
ratio, 0.500. ratio, 0.350.

Angle of attack, 3°; inlet velocity Angle of attack, 3°; inlet velocity
ratio, 0.500. ratio. 0.350.
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& (b) Propeller operating; thrust coefficient, 0.038.

Figure 25, - Conciuded. Totai-pressure distribution at 43-
inch-diameter cewl inlet with 32-inch-diameter spinner,
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Figure 26.- Effect of inlet velocity ratio on average weighted
total pressures at upper and lower halves of cowl inlets,
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(b) 393-inch-diameter cowl inlet; propeller removed,

Figure 26. - Continued. Effect of inlet velocity ratio
on average weighted total pressures at upper and lower
halves of cowl inlets,
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Figure 26, - Continued. Effect of inlet velocity ratio
on average weighted total pressures at upper and lower
halves of cowl inlets.
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(d) 43-inch-diameter cowl inlet with 27-inch-diameter
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0.038.

Figure 26, - Continued, Effect of inlet velocity rztio

on average welghted total pressures at upper and lower
halves of cowl inlets,
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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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Filgure 27,- Effect of propeller thrust coefficient on
average weighted total pressures at upper and lower
halves of cowl inlets,
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Figure 28,- Comparison of average of weighted total-pressure
coefficients at cowl inlets of various cowl-inlet

configurations,

Angle of attack, deg

Ap/qc. approximately 0,50,
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(b) Propeller operating; thrust coefficient, 0.038.
Figure 28, - Concluded., Comparison of average of weighted
total-pressure coefficients at cowl inlets of various cowl-
inlet configurations. A p/qc, approximately 0.50,
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Figure 30.- Comparative diffuser pressure loss for three

cowl-inlet configurations with propeller operating.
Thrust coefficient, 0,038.
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Angle of attack, =29; inlet velocity Angle of attack, =-2°; inlet velocity
ratio, 0.384. ratio, 0.295.

Angle of attack, 3%; inlet velocity Angle of attack, 3%; inlet velocity.
ratio, 0.384. ratio, 0.295.
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(a) Propeller removed.

Figure 3l., - Total-pressure distribution at face of engine
with 38-%- by 35-inch oval cowl inlet.




NACA MR No. E5K30

Angle of attack, =29; inlet velocity Angle of attack, =2°; inlet velocity
ratio, 0.384. ratio, 0.255.

Angle of attack, 3°; inlet velocity Angle of attack, 3°%; inlet velocity
ratio, 0.384. ratio, 0.255.
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(b) vPropeiler operating; thrust coefficient, 0.038.

Figure 31, - Concluded., Total-pressure distribution at face
of engine with 387- by 35-inch oval cowl inlet.
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Angle of attack, -2°; inlet velocity Angle of attack, =-2%; inlet velocity
ratio, 0.255. ratio, 0.180.

Angle of attack, 3°; inlet velocity Angle of attack, 3°; inlet velocity
ratio, 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, =-2°; inlet velocity Angle of attack, -2°2; inlet velocity
ratio, 0.255. ratio, 0.191.

Angle of attack, 3°; inlet velocity Angle of attack, 39; inlet velocity
ratio, 0.255. 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 cowl iniet.
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Angle of attack, =2°; inlet velocity Angle of attack, =2°%; inlet velocity
ratio, 0.498. ratio, 0.350.

Angle of attack, 3°; inlet velocity Angle of attack, 3°; inlet velocity
ratio, 0.498. ratio, 0.350.
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(a) Propeller removed.

Figure 33. - Total-pressure distribution at face of engine
with 43-inch-diameter cowl inlet with 32-inch-diameter
spinner.,
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Angle of attack, -2°; inlet velocity Angle of attack, -2°9;

inlet velocity

ratio, 0.498. ratio, 0.372

Angle of attack, 3°; inlet velocity
ratio,

Angle of attack, 3%; inlet veloclity
0.498. ratio, 0.372.
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(b) Propeller operating; thrust coefficient, 0.038,

Figure 33. - Concluded. Total-pressure distribution at face

of engine with 43-inch-diameter cowl
diameter spinner,

inlfet with :32-inch-
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Figure 34,- Effect of inlet velocity ratio on average
weighted total pressures at face of engine, upper and
lower halves, and average total gressures of upper
and lower nine cylinder heads. Propeller operatings
thrust coefficient, 0,038,
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Figure 34, - Continued. Effect of inlet velocity ratio on
average weighted total pressures at face of engine, upper
and lower helves, and aversge total pressures of upper and
lower nine cylinder heads., Propeller operating; thrust
coefficient, 0.038,




NACA MR No. EBK30

NATIONAL ADV ISORY
COMMITTEE FOR AERONAUTICS
Angle of
atfack
1.00 (deg)
o <2
.90 © 3
. 80 gl [,
._43«-—43~4>jg’
T
) [ Oot+—0]
60 o
O~
oD
Upper] half] Upger nine cylindgr heéds
H-po
Qe
150
<
<
.9 ol. ot B —O1—
e e o |°
od 7] ot
ol
6
.5
Tower half] Lo+er nine cylindir heﬂds
15 .20 .25 elS .20 25

Inlet velocity ratio, Vl/VO

(c¢) 43-inch-diameter cowl inlet.

Figure 34, - Continued., Effect of inlet velocity ratio on
average weighted total pressures at face of engine, upper
and lower halves, and average total pressures of upper and
lower nine cylinder heads. Propeller operating; thrust
coefficient, 0.038.
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Figure 34, - Continued., Effect of inlet velocity ratio on
average weighted total pressures at face of engine, upper
and lower halves, and average total pressures of upper and
lower nine cylinder heads. Propeller operating; thrust
coefficient, 0.038.
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Figure 34. - Concluded, Effect of inlet velocity ratio on
average weighted total pressures at face of engine, upper
and lower halves, and average total pressures of upper and
lower nine cylinder heads, Propeller operating; thrust
coefficient, 0.038.
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Figure 35.- Comparison of average total pressure-at cylinder
heads of five cowl-inlet configurations., Propeller
operating; thrust coefficient T,, 0.038; Ap/qc,
approximately 0.50.
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Figure 36,- Comparison of average of weighted total pressures
at face of engine of five cowl=-inlet configurations,
Propeller operating; thrust coefficient.T,, 0.C38;
Ap/qc, approximately 0,50,
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Figure 38.- A comparison of cooling drag reduction of
different cowl-inlet configurations. Pressure altitude,
15,000 feet; angle of attack, -20°,
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Figure 38. - Concluded, 4 comparison of cooling drag
reduction of different cowl-inlet configurations, Pressure
altitude, 15,000 feet; angle of attack, -2°.



