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NATIONAL ADVISORY C0JKITTE3 FOR AERONAUTICS 

MEMORANDUM RKPORI 

for the 

Air Technical Servioe Command, Army Air Foroea 

AN INVESTIGATION OF COWL INLETS FOR THE 

B-29 •POWER-PLANT INSTALLATION 

By Louis L. Monroe and Martin J. Saari 

SUMMARY 

An investigation of fire cowl-inlet configurations for the B-29 
airplane was made in the NACA Cleveland altitude wind tunnel -co ob- 
tain design information for improving the cowl performances    Tests 
were made to determine the effeot of propeller spinners and increased 
inlet diameters on tho oooling-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 oooling-air pressures at tho oowl inlet and at- the face of 
tho engine were appreciably greater for a 43-inch-diameter inlet than 
for a 38J-by 35-inch oval inlet.    The addition of a 27-inoh-diameter 
spinner to tho 43-inoh-diameter inlet furthor increased the pressures 
at the face of the online, whereas the addition of a 32-inch-diajneter 
spinner to the samo inlot did not appreciably affect the pressures* 
Tho critical speed of tho 38&- by 35-inch oval inlet wa3 slightly 
greater than that of tho 43-inch-diainetor inlot.    Tho addition of tho 
32-inoh-diamoter spinner to the 43-ineh-diametar "inlot increased tho 
eritioal Mach number to nearly that of the oval inlet.    Tho ooollng 
drag of tho installation with tho 43-inch-diameter inlot was consider- 
ably loss than with tho 3S£- by 35-inch oval inlet. 

I 

INTRODUCTION 

Flight tests of the B-29 airplane by the Boeing Aircraft Company 
have.shown that the cooling-air pressure recoveries ut the faco of the 
engine wore low and that pressure lossos of as much as 0.30 of the 
froe-Btroum impact prcssuru occurred ahead of tho engine.    An inves- 
tigation was therefore oonductcd in the NACA Cleveland altitude wind 
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tunnol to doterraino tho origin of theso losses and to investigate the 
characteristics of several alternato cowl-inlet designs. The tosts 
woro part of an extensive investigation requested by tho Air Technical 
Service Command, Aiiny Air Forces, to improve tho cooling and reduco 
the cooling drag of tho B-29 powor-plant installation. 

Each of tho inlet configurations was tested over a range of inlet 
velocity ratios, tingles of attack, aid propeller thrust coefficients. 
An analysis is presented of tho offoct of varying those operating con- 
ditions on critical speed of the cowl, total pressures at the cowl in- 
lot, pressures at the faco of the engine, end drag of the installation. 
Comparisons aro made of tho different inlet configurations to show 
tho effect of changes in cowl geometry on coi/1 porforatmct.. 

D 

H 

(H-Po)/q0 

(HrH2)/qo 

II 
o 

P 

Po 
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SYMBOLS 

propollor diameter, foot 

local total pressure, pounds per square foot 

total-pressure coefficient 

diffusor pressure-loss coefficient 

Froo-stroam Mach number 

local static pressure, pounds per square foot 

froe-stroam static pressure, pounds per square foot 

static-pressure coefficient 

average pressure drop across engine, pounds per square 
foot 

cooling-air pres3uro-drop coefficient 

froe-stream impact pressure (ff-p ), pounds per squaro 
foot 

free-stream dynamic pressure (ipV 2J , pounds por 
squaro foot 

propul3ivo thrust, pounds 

propeller thrust coefficient (l/p v  20Z) 
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Yi 

viAo 

p 

free-stream velocity, foot por seoond 

Tolooity at ooTfl inlot, f eot por sooond 

inlet volooity ratio, 

mass density of air (froo stroorn), slugs per oubio foot 

DESCRIPTION OF APPARATUS 

Tho tests wore mado on a right inboard naoollo (fig« '1) of a 
B-29 airplano, which was poworcd by an 18-oylinder, double-row radial 
with a normal cruising- rating of 1350 brake horsopowor at an engino 
apoed of 2100 rprr. and a normal rating of 2000 broke horsepower at 
2400 rpm»    Tho engino was equipped with a single-stage ongino-driven 
supercharger, two turbosuporchargers, and u four-bladod propollcr. 
Tho propeller was 16 foot and 7 inohos in diameter and rotated at 
0*35 ongino spcod. 

Cowl Inlets 

Five cowl-inlet configurations wore investigated] - 

(1) Original production cowl with an oval-inlot 38& by SS inohos 
(fig. 2(a)) 

(2) 33^-inoh-disunotor oowl inlot 

(3) 43-inch-diamotor oowl inlot (fig. 2(b)) 

(4*) 43-inch-dismctür oowl inlot with 27-inoh-dianotor propollor 
spinner 

(S) 43-inoh-diametor cowl inlot with 32-inch-diamutor propeller 
spinnor (fig. 2(o)) 

A comparison of these inlets is shown in figures 3 to 5,    The 
oval inlot and the 3£>i-inch-diametar inlot were tested with the pro- 
duotion eo'.rl afterbody, whoroas tho 43-inch-diamcter inlet was test- 
ed with an enlarge! cowl afterbody.    The cowl-inlet modifications 
wore made forward of the bulkhead at station -40, which was the same 

. for'all configurations.    (Soe figs. 3 and 4.)    The modifications to 
tho cowl inlot wero mado without changing tho lower, lip of the naoollo 
duot inlot.    (Sue, figs. 3 and 5.) 
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Tho ooordinatos of tho uppor and lower lips of tho throe oowls 
and of tho two spinners, aro given in tables I and II.    A fixed after- 
body was usod with tho larger spinnor.    A dosoription of tho oowl 
outlets and flaps is given in reforonco 1. 

Instrumentation . 

The; statio-pr.ossure distributions ovur tho upper oowl.lips and 
tho lower duct lips woro determined by statio-prcssurc orifiocs in- 
stalled flush with-tho lip surfaoos,  as  shown in figure 6.    Total 
prossuros at tho oowl inlets wore measured by eight rakes of shielded 
total-prossuru tubes, which wore turned to approximately aline them 
with tho propeller slipstream.    (See figs. 6 and 7.)    Total pressures 
at the face of the orfginc wore measured by nine rakes of shielded 
total-pressure tubts located botwoon adjefcent front-row cylinders.» 
(See figs. 8 and 9.)    Tho pressuro in front of oaoh of tho 18 cyl- 
inder heads was measured by a shioldod total-pressure* tube Hhl 
looatod as shown in figures 8 and 9. 

Tho mass  ratu of cooling-air flow»usod t»  determine' tlTo oowl- 
inlet volocity ratio was obtained from measurements of. total pros- 
suros,  static pressures,  and tcr.iporatures at .the oowl outlet.    (Soo 
fig. 6.)    Thrust and drag measuromonts vraro*recorded by thu wind- 
tunnol balance cquipniont. 

TESTS AKD M3THODS 

Tests wore mado of oaöh oowl-inlet configuration for a rango 
of inlot-volocity ratios,  angles of attapk,  and propeller thrust 
coofficionts with the propeller oporating and for a rango of inlet 
velocity ratios and angles of attack with the propeller ranovod. 
Tho inlet velocity ratio was vnriod by adjusting tho cowl-flap 
doflootion.    Tests of the different configurations woro made at tho 
same engine and tunnel operating conditions to permit direct compar- 
isons.    Each configuration was tested at a pressure altitudo of 
16,000 foot,  indicated airspeeds of 190 miles per hour at anglos of 
attack of «2° and 1° and 150 miles por hour at an angle of attack 
of 3°.    Tho ancle of attack is defined as tho inclination of tho 
thrust axis to the wind-tunnel axis. 

Tho two top cowl flaps were fixed at a 2^-inoh gap throughout 
tho investigation. Por tho tests made with tho propeller romovod, 
tho inturcooler fl.ip doflootion was maintained at 8° and tho oil- 
ooolcr flap deflection at 4° for all configurations. For tho com- 
parative tests of the different inlets made with the propeller 
oporating, the inturcooler and oil-ooolcr flaps woro maintained at 
approximately tho samo dcflootions. 
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RESULTS AND DISCUSSIOH 

Tho performance characteristics of a satisfactory oowl inoludo: 
(1) high critical speeds; (2) high prossuro recoveries at tho cowl 
inletj (3) high prossuro rocovorios at the faco of tho engine; and 
(4) low drag over the rongo of operating conditions« The oowls 
tostod are evaluated on tho basis of thoso performance character- 
istics in thw following sootions. 

Critical Spcod 

Tho surface static pressures of tho upper cowl lips and tho 
lower duct lips arc prosonted as static-prossuro coefficients 
(p-]Ü/qD. Tho critioal speeds of tho covrl inlots aro disoussod 
as functions of inlet velocity ratio, angle of attaok, propeller 
thrust coefficient, and geometry of tho cowl inlot. 

Effect of inlet velocity ratio. - The variation of inlot 
volooity ratio with cowl-flap trailing-odgu gr.p for the different 
oowl inlets is given in figure 10. With tin, exception of tho 32-inch- 
diameter spinner installation, the range of inlet velocity ratios 
over which each of thu inlots was tested was small. 

Tho effects of inlot velocity ratio on the prossuro distribu- 
tions over the upper cowl lip and lower duct lip aro givui in figure 
11 for the five cowl-inlot configurations. A3 the value of Vi/v0 
was increased, the stagnation point moved outward on tho upper cowl 
lips of all configurations, which resulted in lowor negative pros- 
suro peaks and therefore higher oritical speeds. 

Changing the inlet velocity ratio has the effect of changing 
tho angle of attack of tho lip. At low values of V]/vo, tho greater 
portion of tho air approaching the cowl flows nround it and only a 
relatively small quantity ontcrs the cowl. The streamlines there- 
fore diverge sharply ahead of the inlet and in effect increase tho 
angle of attack of tho cowl-lip sections (sketch (a)), which result! 
in an increase in the negative pressures on tho outer surface of tho 
lip. (See roferenco 2.) Increasing tho value of Vj/vo decreases tho 
effective onglo of attaok of the cowl lip and therefore decreases tho 
nogativo prossuro peaks. (Sec sketch (b)0) 

Upper cowl 
lip 

Upper cowl 
lip 

Sketch (a) Sketch (b) 
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The pressures on the lover lip vere not BO greatly affected by 
oIiangoB in the oovl-inlet velocity ratio as were the pressures on tho 
upper lip. The pressures on the lover duct lip are principally do- 
pcndont on the inlet velocity ratio of the nacelle duct inlet. Tho 
variation of static pressures on the lower duct lip with oil-cooler 
and intercooler flap defluctions, which control the inlet velocity 
ratio of.the nacelle duct Inlet, is shown in figure 12. 

Effect of angle of attack. - The effect of angle of attack on 
tho prosBure distribution over the upper cowl lip and thu lowor 
duct lip of the inlete 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 lowor 
duct lips. The increase in the negative pressure peaks with increas- 
ing angle of attack is attributed to the shifting cf the stagnation 
point on the upper lip to the inner surface of the lip, which results 
in high local velocities over the l.i.adinß-edge radius and therefore 
high negative pressures. Inasmuch as tho lower duct lip acts as an 
inverted airfoil, the effects of changes In angle of attack on the 
pressure 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 
hy changes in propeller thrust. (See figs. 14 and 15.) Tho df.ta 
«how that the negative pressure coefficients were slightly reduced 
on both the upper cowl and lower duct lips with an increase in the 
value of Tc. Greater reductions in the maximum negative pressure 
coefficients wore obtained on the lower duct lip than on the upper 
cowl lip for the same increase in the value of Tc owing to tho in- 
creased charge-air flow through the nacelle duct at tho higher power, 
which resulted in.a higher inlet velocity ratio of the nacelle duct 
inlet. 

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

As the size of the cowl inlet was increasod from a 36-?.- by 
35-inoh oval to a 43-inch diametor, the negative pressure peaks on 
the upper cowl lip increased 0.30 4o at an angle of attack of -2° 
and 0.S0 q0 at an angle cf attack of 3° for the same cooling-air 
flow. (See fig. IP.) The greater negative pressures and tho lower 
critical speed experienced with the larger inlet are tho result of 
tho combined influence of the lower value of V\/V0 and tho decreased 
oauber of tho upper lip of the larger lnlot. (See sketch (c).) 
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Upper cowl lip of 
43-inch-diomotcr inlet 
Upper oowl lip of 
38JJ?- by 35-inch oval inlet 

Sketch (o) 

Inasmuch as the contours of the upper cowl lips of tho oval and tho 
39jbwinch-dirunetor inlets wore approximately tho name (fig. 4), tho 
prossurc distributions over tho upper cowl lips were similar.   Tho 
peak negative pressures on tho lower duct lips of the inlets.wore 
greater than on tho uppor lips at an angle of attack of -2°  (figs, 16 
to 19) and, consequently, tho critical speeds of the cowls at an. 
angle of attnek of -2° wore determined by tho low^r duct lips, 

Tho negative pressure poaka on tho uppor cowl lip of tho 43-inch- 
diamotor inlet were reduced 0,20 qQ at an angle of attack of -2° by 
tho addition of tho 27-inch-diometor spinner and 0,30 a    by the addi- 
tion of the 32-inc'n-diametcr spinner,    (See fig.  17.)    Jvt an angle 
of attack of 3  ,  the negative pressure peaks were reduced 0.20 q    by 
tho 27-inoh-dienietor spinner and 0.&S q   by thd 32-inch-diametor 
spinn or,    Thosu comparisons wora made at tho sam<j air flows through 
tho inlot,    Tho addition of the spinners increased tho cowl-inlet 
volocity ratio and permitted a more gradual deflection of the stream- 
linos around the cowl, thereby reducing the offootivo onglo of attaok 
of tho eowl lips.    (See sketches (d)  and (c).) 

Upper eowl 
HP 

Slcotoh (d) 
Sketch (o) 

Spinner 
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Tho lower duot-llp pressures (figsk 18 and 19) were approximately the 
sKne for all configurations tested, with the peak negative prossuros 
for the large inlet slightly higher than for the other inlets. 

»   \ 

A summary of tho data showing the offoets of inlet velooity 
ratio, angle of attaok, and changes in tho geometry of tho oowl in- 
lot on tho peak negative pressures on the upper oowl lips is pro- 
sontcd in figure 20 for the different configurations. 

Based on tho peak negative pressures given in figures 16 and 18, 
the eritieal Lach numbers (fig. 21) of the different cowls.wore 
determined by tho raethod given in reference 3.    Inasmuch as tho data 
have not boon corrected for the effects of tunno-l-wall  restriction, 
tho critical Koch numbers presented sorvu only as a basis for com- 
parison.    Tho truo critical Lach nunbers obtained in flight would 
bo somewhat greater than those obtained in the wind tunnel. 

A comparison of the critical speeds of the different cowl in- 
lets (fig. 21)  shows that tho oritical speed of tho 38a'- by 35-inoh 
oval inlet was slightly creator than that of tho 43-inoh-diametor • 
inlet.    The addition of the 32-innh-diamcter spinner to the 43-iuoh- 
diametor inlet incrcsod the critical teach number to nearly that of 
the oval inlet.    For all the inlets investigated'tho critical Each 
number of the lower duct lips uns from 0.05 to 0.09 less than for 
tho upper oovl lips. 

Total Pressures at Cowl Inlet 

Tho total pressures at the cowl inlet are less than tho total 
pressure of the freo streran by an amount equal to tho lossos ahead 
of tho inlot.    Thoso lossos result from the drag of the propeller 
blade shanks and the hub or spinner.    Tho offoets of the inoroascd 
inlet diameters and the propeller spinners on tho oov/1-inlet- pres- 
suros are presented in this section as functions of inlet velocity 
ratio, angle of attack,  and propell-r operating conditions,    Tho 
distributions of total pressures at the coul inljt are presented as 
oontour maps in figures 22 to 26 and the nveragj ".voighted total 
prossures at tho upper and lovrer halves of the difforont inlets aro 
givon in figure 26. 

Effect of inlet volocity ratio. - The total-pressure contours 
for the oval and tho 43-inch-diafflctor inlets v/ore not appreciably 
affooted by changes in. the'inlot velocity ratio.    (See figs. 22 • 
and 23.)    For the spinner configurations, howev-r, tho total-pressure 
distribution around ".hü inlot annulus wns not so unifonr at low   . 
values as at high valujs of Vj/v0.    (Soo figs. '24 and 25.)    Tho 
pressures at the upper half of the' inlets of tho spinn.;r configuration« 
docreaaed with a doorcase in inlet velocity ratio, tthoroas the   pros» 
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suroa in the lowor half of the inlets were unchanged. The decrease 
in the tot-.l pressures (about 0.12 q ) at the upper half of the oowl 
inlet caused by the addition of the 32-inch-diameter spinner was more 
pronounoed than that caused by the 27.-inch-diameter spinner (only 
0.03 q0) at angles of attack of -2° and 3°. 

Tho 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 given in references 
2 and 4. 

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

Effect of angle of attack. - The total-pressure contours for 
the oval and 43-iuch-diameter inlets were almost symmetrical a'jout 
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 
inorease in an^le of attack from -2° to 3° decroased the average 
prossures at the upper halves of the inlets by 0.10 q_ and increased 
the pressures in the lovfer halves by about 0,10 qe. (See figs. 26(a) 
to 26(c).) For the configurations with spinnors (figs, 26(d) and 
26(e)) the effect of increasing tho angle of attack on inlet pros- • 
eures wa3 more pronounced and losses of as ntuch as 0.20 qc occurred 
in the upper half of the cowl inlet. 

Bffoot of propeller operation. - The total pressures at the 
inlet of each configuration were considerably hipher and more uniform 
with the propoller removed than v/ith.thc propoller operating. (Soe 
figs. 22 to 25.) The reduction in pressure resulting from tho in- 
stallation of the propoller was about 0.07 qQ for tho 43-inoh-dlameter 
inlet and about 0.14 q for the smaller oval inlet. (See fig. 26.) 
Changes in the propoller thrust coefficient ?0 (fi^. 27) :-;ad no 
appreciable effect on the cowl-inlot pressures. 

Effect of 'changes in eowl-lnlet neometry. - The averages of the 
weighted total pressures at tho cowl inlets of several configurations 
are oompnred at the same cooling-air flovi in figure 28. With the 
propeller removed (fig. 20(a)), the 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-inoh-diar,.eter 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 attaok of 3° and the increase of the total pressures In the 
lower half of the inlet at an angle of attack of -2°. 

With the propeller operating (fig. 28(b)), ino/easing the inlot 
area increased the average of the weighted total pi-u^-iures over the 
entire inlet by a'rout 0.07 q0 at all angles of attack. ^roportJou- 

ately loos of tha larger inlet is blocked by •'-.he propeller, whioh 
aooounts for the higher pressures obtained at tho 43-inch-diameter 
inlet. Tho averago pressures at the 43-inoh-diauietcr inlet were 
further inoreased by about 0,0V q<, at an angle of attack of -2° by 

the audition of the propeller spinners. At an angle of attaok of 
3°, the spinners improved the average inlet pressure by only 0.03 q0. 

Total Pressures ut Face of Engine 

The total pressures at tho face of the engine are less than 
the 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 20 and 30 for several inlet configura- 
tions. The values presented in these figures have been calculated 
from tho average of the weighted total pressures moasurod over tho 
ontire face of the engine. Inoreasing tho mass flow of oooling air 
corresponding to higher engine prossure drops ßp/q0 increased the 

diffuser losses. Tho diffuser losses for the spinner configurations 
were considerably higher and increased more rapidly with an increase 
In the value of Ap/q0 than the losses for tho other configurations. 

7"b.e contour naps showing tho total-proesuro distributions at 
tho face of tho 'engine aro presented in figures SI to 33 for several 
configurations.' The average weighted total pressures at tho upper 
and lover halves of 'the face of the engine, as lnoasured by the inter- 
cylinder total-prcBsure rakes (figs. 8 and 9), and the average total 
pressures of tho upper and lower nine cylinder hoads with the differ- 
ent configurations, as measured by total-prossuro tube Hhl, are 
given in figure 34, 

iff foot of inlet velooity ratio. - The pressuro contours at the 
faoo of tho engine for several inlot configurations wore about the 
same for all inlot volooity ratios. (Sue figs. 31 to 33.) 

Increasing tho inlet velooity ratio had little effoct on cylindor- 
head pressures for the different configurations. Tho pressures of 
tho upper nine cylinder heads definitely incroasod for the configura- 
tion with tho 32-inch-diaraoter spinnor. (Sea fig, 34(o).) For all 
configurations, hav.-ovcr, the avorago pressures over the faoo of tho 
ougino, which included both oylinder-hoad and barrel pressures, 
deorcased with an inoroaso in tho value of Vj/vo. 
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Effeot of angle of attaok« - The nonuniform pressures observed at 
the oowl inlets also ooeurred at the faoe of the engine.    (See figs. 
31 to 33.)    The pressures at the faoe of the upper half of the engine 
(fig. 34) were much lower than the pressures at the lower half ot the 
engine.    4s the angle of attack was increased from -2° to 3°, the dif- 
ference oetween the pressuros at the upper and lower halves of the 
engine increased;  at an angle of attack of 3° the average pressures in 
the upper half oC 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 
pressure differences between the upper and lower halves of the engine 
were measured for the oonfigurntions with spinners (fig. 34(e)). 

Effect of changes in cowl-inlet geometry. - The average of the 18 
cylinder-head pressures measured with the 43-inc:i-diameter inlet was 
about 0.10 q0 greater than that measured v/ith the smaller oval inlet« 
(See figs. 35 and 36.)    The addition of the 27-inch-diameter spinner 
to tho large inlet increased the average cylinder-head pressure about 
0.03 qc, whereas the addition of the 32-insh-diameter spirmor had no 
appreciable effect on the average cylindor-head pressures.    The aver- 
age pressures over thu face of the engine, which included tho 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.faoe of 
tho ongine are compared at the same cooling-air flow in figure 37 at 
angles of attaok of -2° and 3° for the different inlet configurations. 

Installation Drag 

The comparative drag of the 43-inch-diameter inlet and the '30£<- 
by 36-inch oval inlet was determined by testing each of the inlets 
with a production afterbody.    The tests were conducted at a pressure 
altitude of 15,000 feet and an indicated airspeed of 190 miles per 
hour.    The drag of the 43-inch-diameter inlet with and without the 
32-ineh-diameter spinner is compared with the drag of the oval inlet 
in figure 3G over a range of oooling-air pressure drops Ap/q    for 
normal cruising and normal rated powers. c 

Tho average cooling drag of the installation v/ith the 43-inch- 
diameter inlet was about 60 horsepower less at normal cruising power 
and 51 horsepower less at normal rated power than for the installation 
with the 38-J- 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, the lower cooling drag of tho 43-inch-diamotor 
inlet is equivalent to an increase of about 108 thrust horsepower. 
(Soe fig, 38(b).)    This reduction in cooling drag reeults from lower 
prossure losses in the inlet and diffuser of the 43-inch-diameter 
inlet cowl. 

! 
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The addition of the 32-inoh-diameter spinner to tho 43-inoh- 
diajuoter inlet decreased the draj; of the installation by about 7 
horsepower at an indicated air spue! of 190'mil 63 pjr hou»- and by 
about IS hnrs.'po'.'er 'at. tho high-speed condition of .250 miles par 
hour indicated airspeed« 

I 

sraarjccf OF HESJLTS 

Tho following rosults' •.-.-ore obtained from an investigation in the 
altitude wind tunnel of oowl inlet* for thu B-29 pov:or-plant installa- 
tion! 

1. The orltioul spools of tho upper cowl lips and lovrer duct 
lips of the five inl«t aonf iijura' ions fnvjstieated increised ivith in- 
creases in tho cevl-iclet velocity ratio.    Tlio   lax.'.T.u:., nog&tivj pres- 
sures at tiiO lo»'jr duct lips wire more effesträ by variation in the 
inlot vulocit;,   rvtio ci" tho r.ac3j]i dact than by variablen in the 
inlut velocity ratio of the cov.l inlet., 

2, The critical tfuch mir.ber of the "tppor lip of  -ho 38j- by 
35-inoh oval inlat was aomwhut £re*vter then for tho t3-inch-dia>r.etor 
inlet«    Thu addition of tho 3i;.-iiii.'h-diapetcr spinner to tht 43-inch-. 
diameter inlet incroasad th<-  critical Krch nurber tc nearly that of 
tho oval inlot«    For all inlets tested the critical Kash num'jer of the 
lower duct lips was frou 0.050 to 0.032 loss than for the uppor oowl 
lips* 

3«    Inoro^.ring the cowl-inlot area from tho 38^- by 35-inch oval 
inlot to tho 43-inch-diaEietor inlet increased tho averse cowl-inlet 
pressures by about 0,07 of tho free-straw, impact pressure q0 at all 
angloo of attack, caused by the moro offoctivo bladj sections behind 
which tho larger inlot v/as locatod,    Tho tivoragi* cowl-irlut .pressures 
woro further inoroasod by about 0.07 q0 at an angle of attack ,of -2° 
by tho addition of the 27-ir.ch- and32-ir.ch-diametor propeller spinners 
to tho 43-inch-diamoter oowl inlet. 

4. Changes in tho propeller thrust coefficient had no appreciable 
effeot on tho cowl-inlet prossuros. 

5. With the propeller operating, changes in the inlet volocity 
ratio had little effoct on tho cowl-inlet prossuros of tho configura- 
tions without spinners.    Tho average prossuros at tho uppor half of 
tho inlot with tho 32-inoh-dinmutor spinner, however, dooroased 
0.14 q0 with a doorcase in tho value of inlet volocity ratio over 
the operating range investigated.    This offoct is attributed to sep- 
aration of tho air flow from the upper surfaoo of the spinner. 

jgyiffl, uüy,-,....fyy!y,-,.,A.r 
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6* Increasing tho anglo of attack from -2° to 3° roduood tho 
total prossurcs in tho uppor half of the different inlets by about 
0.10 to 0.20 q i the grcatost reductions occurred with the- spinner 
installations. 

\ 

7. Tho oovd-diffusor losses for tho 32-inch-diamotcr spinner 
installation uor», considerably hi;jhor and increased more rapidly 
\d.th cooling-air flow than the losses for the installations without 
spinners. 

8. Tho average of tho 18 cylindor-hoad pressures obtainod with 
tho 43-inch-dinmetor inlot was about 0.10 q0 higher than those obtained 
with ttic oval inlet at all angles of attack.    The addition of the 27- 
inoh-d'iamotor spinner to tho ldrgor inlot further increased +.ho avor- 
ago oylindor-hoad pressure by about 0.03 q0, whorens the 32-inoh-diem- 
otor spinner had no appreciable offoct on the average pressure. 

9. Changes in inlet velocity ratio,  angle of att -jk,  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-inoh-diameter inlet was about 60 horsepower less 
at normal cruising power than with the 38-?;- by 35-inch oval inlet. 
For the hi^h-speed condition (indicated airspeed,  250 mph)    the lower 
cooling drag of the 43-inch-diameter cowl inlet is equivalent to on 
increase of 108 thrust horsepower. 

Aircraft Bigine Research Laboratory, 
national Advisory Committee for Aeronautics, 

Cleveland, Ohio 
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TABLE I - COORUINATES OF UFPJER COWL-LIP AJ!D LOWIR DÜCT-LIP SECTIONS 

X 
(in.) 

n. 
Upper up Lower Lip 

38-fc. by 35-inch 
oval cov/I inlet 

39g-inch 
diameter 

43-ineh- 
diometer All cow] inlets 

h-   — •, 
cowl inlet cowl inlet 

Out or Inner Outer Inner Outür Inner Outer Inner 
surface surface r.urf aco surface suri'ece surfc.ce surface surface 

0 0 0 0 0 0 0 
,25 1.44 -.87 1.18 -,68 1.18 -.56 
.50 2.12 -1.18 1.81 -.81 l.f-6 -,68 
.75 2.5C -1.28 2.25 -.81 1.94 -.75 
.87 0 0 

1.00 2.75 -1.37 2.62 -.81 2.18 -.72 -.75 .37 
1.25 3.12 -1.44 2.93 -.81 2.37 -„68 -1.25 .56 
1.50 3,37 -1,46 3.18 -.81 2.63 -.65 -1,69 .62 
1.75 3.62 -1.46 3.44 -.81 2..G1 -.62 -2,00 .68 
2 „00 3.87 -1.43 3.62 -.81 3.00 -.59 -2.£5 ,68 
2.25 4.06 -1.41 3.87 -.81 3.12 -.56 -2, tO .68 
2.50 4.25 -1.37 4.06 -.01 3.25 -.53 -2.68 .65 
2,75 4.41 -1.31 4.25 -.81 3.44 -.50 -2.87 ,62 
3.00 4.62 -1,25 4.44 3.56 -.47 -3.06 .59 
3.25 4.78 -1.12 4.£6 3,68 -.41 -3.25 ,59 
3.50 5.00 -.94 4.75 3,81 -.37 -3.37 ,56 
3.75 5,06 -.78 4.54 3.94 -.31 -3.56 .50 
4.00 5.25 -.62 5,06 4.06 -.25 -3.75 .44 
5.00 5.75 .44 5.62 4,50 0 -4.25 .12 
6.00 G.25 2.25 6,06 4.94 .25 -4.C3 -.12 
7.00 7.71 3.50 6.50 5.31 ,56 -4.U4 -.50 
8.00 7.06 4.12 6.94 5.62 -5,25 -.34 
9.00 7.50 4.28 7.31 6.00 -5.50 -1.37 

10.00 7.B1 4.31 7.68 6,25 -5,87 -1,87 
11.00 8.12 4.50 8.00 6.56 -6.12 -2.37 
12.00 8.50 4.53 8.31 6.87 -6.31 -2.81 
13.00 8.75 4,56 8.62 7.12 -6.62 -3.31 
14.00 9.00 4,62 8.94 7.37 -6,07 -3.75 
16.00 9.50 ' -7,31 -1.75 
18.00 3.87 -7,75 -0.50 
20.00 10,18 -8,25 -6.18 
22,00 10.44 -8,62 -G.R7 
24.00 10.62 -9.00 -7,37 

Station -54.0-» 

Leading edge- 

Upper lip Lower lip 

Rational Advisory Committee 
for Aeronautica 
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Figure 10.- Effect of cowl-flap tralllng-edge gap on Inlet 

•eloelty patio.     Pressure altitude,  15,000 feet;   Indicated 
airspeed, 190 miles per hour} angle of attack,  -2°j thrust 
coefficient,  0.038. 
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(c)  t3-inch-diameter cowl inlet, 

igure II. -«Continued.  Effect of inlet velocity ratio on 
preaaure diatribut ion over the upper cowl lip and lower 
duct lip.  Propeller operating; thruet coefficient, 0.038; 
angle of attack, -2°. 
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(d)  13-inch-diameter cowl inlet with 27- i nch-di utttf 
spinner. 

Figure II. - 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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(d)  »3-inch-diaxeter cowl inlet with 27-inch-iianeter 
»pinner; Inlet velocity ratio, 0.322. 

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

Figure 13. - Concluded.  Effect of angle of attack on 
pressure distribution over the upper cowl lip end lower 
duet lip.  Propeller operating; thrust coefficient, 0.038 
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4    8    0    2    4    6    8   10   12   14 
Horizontal distance from leading edge. In. 

(b) Angle of attack, 3°. 
Figure 16.- Comparison of pressure distribution on upper 

cowl lip for various eo»l-Inlet configurations; eoollng- 
alr pressure-drop coefficient. 0.5B; thrust coefficient 
0.038. 
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(b) Angle of attack, 3°. 
Figure 17.- Comparison of pressure dlatplbutlon on upper 

«•owl Up for various eowl-lnlet eonflguratlonai 
eoollng-alr pressure-drop eoefflelent, 0.65; thrust 
coefficient, 0.038. 
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(bt     Propeller   operating;   thrust   coefficient,   0.038. 
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(a)      Propeller   removed. 

Figure  25.   -   Tot al -pressure   distribution   at  H 3- i nch-d i sine tor 
cowl   inlet  with  32-Inch-diameter   spinner. 
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coefficient, 0.038. 
Figure   25.   .   Concluded.      Total-pressure   d,stnbut 

inch-diameter cowl inlet with 32-inch-d iameter s 
ion at 13- 
pinner, 
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Figure 26.- Effect of Inlet  velocity  ratio on average  weighted 

total pressures at upper and lower halve« of eowl  inlets. 
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on average weighted total pressures at upper and lower 
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on average weighted total pressures at upper and lower 
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rtgur« 88.- Cosparlaon of average of weighted total-pre si are 
coefficient« at cowl Inlet« of various cowl-Inlet 
configuration».  op/qc, approximately 0.60. 
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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 configuration*, A p/qc. approximately 0,50. 
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(a) Propeller removed. 

Figure 31. - Totat-pretiure distribution at face of engine 

with 3i4- b> 3S-mch ovel cowl inlet. 
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(•}  Propeller removed. 

Figure 32. - Total-pressure distribution at face of engine 
with U3- i nch-di»meter cowl inlet. 
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(c)  W 3-inch-diameter cowl inlet. 
Tl.;urp Jr1, - 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 35.- Comparison of average total pressure at cylinder 
heada of five cowl-Inlet configurations.  Propeller 
operating; thrust coefficient Te, 0.038; np/qc, 
approximately 0.S0. 



IA 
NACA  MR   No.   ESK30 

\ 

7 

o r 
Angle of attack, dag 

Figure 36.- Comparison of average of weighted  total pressure! 
at face of engine of five coei-lnlet configurations. 
Propeller operating;  thrust coefficient Tc, 0.C38; 
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