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An invéstiga.tion of covl-flap and cm&l—dutlet designs fbr' the'

B-29-power-plant installation was condubted 'in the NMACA Cléveland
a.ltitude wind tunnel to determine the ef‘fects of cdwling perform-
ance’ of " changes in hinged-flap design details, the use: of sliding’
flapa and’ the use of fixed top flaps in canbina.tion' ﬁi‘bh hinged
flaps.

The distribution of pressure drop ‘around’ the engino with-a
glven deflection of the fixed top ‘flaps was the same for K1l flaps
testeéd. Deflection of the fixed top flaps greatly influenced thé
distribution of pressure drop at low cooling-air flows but only ™
slightlj' at large cooling-air flows, The maxinmum-average presaur'e

drop “obtained with the hinged flaps was not greatly affected 'by \
the flap chord length, the intérmal contour, or the hinge position
withln the range of cooling-a.ir flowas investigated. A sharp break
at the metering section on the. inner contouz; of a hinged 16-1nch-
chord flap produced large predsure losses at small flap deflec-
tions. The maximum air flow obtained with sliding fla.ps was only
83 percent of that obtained with the hinged flaps.. At .cooling-
air ‘flows greater than those obtainable with ‘l:he slid.ing flaps,
the drag of the installation wés a min:lmm with a modified IG-. -
inch~-chord flap, This flap had a’ amooth ‘internal oonio ‘and
hipge point that was so moved ra.dia.lly outwa.rd tha.t, when the ﬂa;g

vas undeflected its outer surche wae offaet a;bont llasinehea :Ercm
the nacelle afterbody.
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INTRCDUCTION

The most important variables in cowl-outlet deslign are the
longitudinal -location of ‘the outlet on the nacelle, the degree of
peripheral opening, and the design of the flap detalls. A discus-
slon of cowl outlete and the' éémperative characteristics of hinged
flaps, sliding flaps, and bottam opening doors 18 given in refer-
ences 1 and 2,

As part of an extefidive investigation to 1mprowe the cooling
and reduce the cooling drag of the B-29 power-plant installation
requested by the Air Teclinical Service Command, Army Alr Forces,
tests were conduoted in the NACA Cleveldnd altituﬂe wind tunnel.
The results of an investigation of cowl inlets for the B-29 air-
plane are gilven in reference 3.

This paper presents the effects of flap chord length, flap
internal contour, and offset of the flaps relative to the nacelle
afterbody. Results of tests conducted to determine the effects of
variations in the deflection of the flxed top flapsL the effects
of the addition of a falring to the rear exhaust-céllector ring,
and the comparative characteristics of sliding and hlnged flaps
are also presented. .

Tests with the propeller cperating and the propeller removed
were conducted with each ccwl-flap conflguration for a range of
cowl-cutlet areas to determine the avallable englns cooling-air
pressure drcp, the dlstribution of cooling-alr pressure drop.
around the engine, and the drag of the imstallation. .A fotal-
pressure survey was taken to detenmine the loaees occurring be-
tween the englne and the cowl outlet

DESCRIPTION OF APPARATUS

The tests were conducted on & B-29 right inbcard mrcelle
mounted in the wind tunnel on the ad Jacent wing section, as’ shown
in figure 1. The installation was equipped with an lB-cylinder,
double-row radial engine and a four-bladed propeller 16 feet-7
inches in diameter, which rotated at 0,35 engine speed. A cuta-
way drawing of the nacelle showling the location of. the engins .and-
accessories is presented in figure 2.

Naoelle

. The investigation of the cowl flaps was made simultaneously
with an investigation of cowl-inlet designs (reference 3) and
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consequently all of the cowl-flap teste were not corducted on the
pame nacelle configuration. Two cowl jnlete were used for the

“testa: A 58%- by 35~inch oval -cowl inlet was installed for tests

of the original 16-inch-chord hinged flaps and the simulated
sliding flaps and a 43-inch-diameter cowl iniet was used during

tests of the modifled 16-inch~chord flaps, lb-inch-chord flaps,
and for additional tests of the original 16-inch-chord flaps.

The installation included 10 hingell and 2 fixed flaps,
located as shown in figures 1 and 3, which extended almost com-
pletely around the nacelle; no flape were loceted at the bottum of
the naoelle because of the imstallation of an alr duot for charge
alr, inter-cooler alr, amd oil-cooler air. (See fig. 1.) The
deflection of the 10 hinged flaps was controlled by remotely
operated actuators. A rear view of the flap section of the nacelle
showing the fixed and the hinged original l6-inch-chord flaps 1is
presented in figure 3.

Cuwl Flaps
Three types of hinged flap end a simulated sliding flap wore

investigated during the tests, The principal design features of
the flaps are listed in the follcwing table:

Shown Flap Flap position Contour of
Flap designation in length with respect to inner-flap
figure (in.) npacelle afterbody surface
Original 16-~inch 4 16 Flush Sharp break
chord at metering
sectlion
13-1inch chord 5 13 Flush Smooth
Modlflied 16-inch 6, 7 18 Offset Smooth
chord .
Simulated sliding 8, 9 Varlable Flush Smooth

The original 16-inch-chord flap, which was the production
flap on the B-29 alrplane at the time of the investigation, 1s
shown in figure 4, The minimum aree of the exit passage was at
section A (fig. 4) because of the sharp break in the contour of the
imner surface of the flap at that point. Except for a small air
lpakage, the flaps sealed the outlet when undeflected.

The 13-inch-chord flap (fig. 5) was hinged at the same point
as the original 16-inch-chord flap. As a result of the shortened
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length, the 13-inch-chord flap provided a gap of approximately
0,75 inch at the cowl outlet when In the undeflected position and
thus produced an egqual outlet area with less defleotlon than the
longer flaps. The sharp break in the contour of the ilmmer surface
on the original 16-inch-chord flap was eliminated In the design of
the 13-inch-chord flap with the result that metering of the
cooling-air flow occurred at the tralling edge of the shorter flap.

A sketch of the modifled 16~1nch-chord flap 1s presented In
figure 6. The structure of the flap was simllar to that of the
13-inch-chord flap, except for the lengthened trailing skirt. The
hinge point for this flap was moved radially outward in order to

bring the outer surface of the undeflected flap about l% inches

outside of the original nacelle afterbody. (See fig. 6.) This
offset locatlion of the flap necessitated enlarging the cowl after-
body. (See fig. 7.)

S8l1ding flaps were simulated by the removable perlipheral
strips shown in figures 8 and 9, The smeveral strips were bolted
together at the overlaps and successlive removal of the strips
simulated retrectlion of sliding flaps.

The rear exhaust-collector ring was located near the cowl
outlets, as shown in figure 10. In an attempt to reduce the block-
ing effect of the collector ring, a fairing (fig. 10) was installed
around the collector.

Instrumentation

The cooling-alr pressures at several stations throughout the
nacells were messured by shlelded total-pressure tubes installed
in front of all cylinder heads, static tubes alcong the rear bvarrel-
baffle skirt of the reer-row cylinders, and shlelded total-pressure
tubes in rakes at the outlets of No. 1 outboard, No. 3 ilnboard and
outboard, and No. 5 inboard and outboard flaps. (See fig. 1 for
flap locations and figs. 3, 11, and 12 for tube locations.) Addi-
tional shlelded total-pressure tubes were installed for one test
in a traverse from the rear of cylinder 5 to the ccwl outlet behind
1t 1n ordor to obtaln specific data relating to the pressure gra-
dient behind the engine. (See fig. 13.)

All pressures were meassured on a multiple-tube menometer board
and were recorded photographically. The drag of the installation
was measured on the wind-tunnel recording scales. Brake horsepower
was determined by means of a torquemeter furnished with the engine.
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TESTS ANP METHODS

Comparative tests with the different flaps were made at an
indicated airspesed forward of the modél of 190 miles per hour and
at a pressure altitwlde of 15,000 feet. The tests to determine the
losses between the engine and the cowl outlet were made at a pres-
sure altitude of 28,500 feet and at an indicated airspeed of 180
mlles per hour, All testa were ocomducted with an inclination of
the thrust axis of -2° and were made by varying the cowl-outlet
areas while tunnel and operating conditions were held constant.

Exhaust-shrouvd covers were installed for all of the tests
except those with the modified l6-inch-chord flaps and the simu-
lated slilding flaps. Propeller-operating tests were made at
normal crulsing power of 1350 brake horamepower at an engine speed
of 2100 rpm and normal rated power of 2000 brake horsepower at
2400 rpm,

Tests were made wlth the configurations shown in the following
table: .

Cowl flap Propeller Cowl 1inlet Cowl afterbody

Original 16-inch Operating and 38%- by 35-inch oval Original
chord removed C

Original 16-inch Operating and 43-inch diameter Original
chord removed

13-1inch chord Removed 43-inch diameter Original

Modified 16~1nch Operating and 43-inch diameter Enlarged
chord removed

Slmulated slid- Operating and 381 by 35-inch ovel Original
ing removed 2

Tests with and without the rear exhaust-colleotor fairing
were conducted with the propeller removed and with a configuration

conslating of the 58%- by 35-inch oval cowl inlet, the original
covl afterbody, and the original 16-inch-chord flaps,

RESULTS AND DISCUSSION
Presentation of Date

Statlo pressures are presented in the form (p - p,)/q, and
total pressures in the form (H - p,)/qy, Where p and H are
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the measured static and total pressures, respectively, q, 1s the
impact pressure, and p, the reference statlc pressure measurod

Just ahead of the installatlon, The coolling-alr pressure drop
across the engine Ap/q; was obtained from the difference between

the average of the total pressures in front of the engine and the
average of the statlic pressures at the rear of the engine. (See

fig. 14.)

Drag data from the propullor-removed tests are presented in
the form D/q, where D is the total drag in pounds of the

entire installation as measured on the wind-tunnel ‘scales and

do 18 the dynamic preesure Just aliead of the installation. All
drag data were corrected to correspond to operation of the .Instal-
lation with the exhaust-ahroud covers installed.

The date presented were not corrocted for the Jet-boundary
effects of the wind tumnel, which havo not yet been definitely
established. Cowl-flap effectivensss, as indlcated by the
cooling-air pressure drcp objained for a glven flap posltion, is
known to be greater in the wind tumnel than in flight owing to the
reduced statlc pressure at the cowl outlets caused by comstriotion
of the flow through the test swvctlon. Data on the average static
pressures measured at the rear of the top six cylinders (1, 2, 3,
16, 17, and 18) obtained from flight tests of the B-29 airplane
conducted by the Boelng Alrcraft Company and comparable date from
the wind-tunnel tests are presented 1n figure 14 to show the wind-
tunnel effect. Although the absolute values of the static pres-
sure obtained in the wind tunnel are not the same as those obtaln-
ed in flight for comparable flap deflections, the valldity of
direct compariscons of wind-tunnsel data is not affected lnasmuch
as all comparative tests were made at the same tunnel operating
conditions. .

Most of the data presenting ccwl-flap position as an inds~
pendent varlable indlcate the flap position In terms of the total
area at the cowl outlots, rather than in terms of the angular de-
flection of the hinged flaps or the gap of the sliding flaps.. In
this mapner the effect of the fixed top cowl flaps may be account-
ed 'or and a basis for comparison of the hinged and sliding flaps
provided., A calibration showing the total outlet arca obtainod at
different positions of the various flaps is presented in figure 15.

Avallable Pressure Drop

On the basis of performance, a good cowl 1nstallatioﬁ may be
defined as ome that provides adequate, properly distributed
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oooling-air flow for all operating conditions with & minimum
amount of drag. The effects of several varilables in flap and out-
let design of these performence characteristics are presented in
the following paragraphs. : oo o

Yor a glven engine installation operating at conditions of
constant free-stream alr density, the mass of cooling air flowing
through the cowl, if compressibility and Reynolds number effects
are neglected, 1s proportional to the square root of the cooling-
alr pressure drop across the engine. Comparisons of the cooling-
alr mass flow obtalnable with the various flaps may fore be
approximated in terms of the mass-flow parameter AfAp/gc.

Effect of flap and outlet design. - The cooling-air flow
through the different hinged flaps for a range of outlet areas 1is
shown in figure 16 for the propeller-removed and the propeller-

operating tests with the 43-inch-dismeter and the 58%- by 35-inch

oval covl inlets, The maximum velue of Afap/q, obtained was not

greatly affected by changes of the flap chord length, and the
internal contour, or the hinge position in the reange investigated.
Approximately 5 percent larger values of ,\/'Ap?qc were obtalned
with the original 16-inch-chord flaps for a glven outlet area
than with elther the 13-inch-chord or modified 16-inch-chord
flaps. (See fig. 16(a).) A detalled discussion of the various
factors that affect the mass air flow througb a cowl outlet 1s
given in references 4 and 5.

The data presented in figure 16(b) show the camparative
cooling-air flows obtained with hinged and sliding flaps and the

sa%- by 35-inch oval cowl inlet. At the maximum outlet areas

investigated during tests with the propeller removed, only 83
percent of the air obtalned with the 16-inch-chord hinged flaps

was obtained with the sliding flaps. The greater alr flows through
the hinged flaps wore provided by the lower static pressure at the
outlets of the hinged fleps (fig. 17), which occurred as a result
of the deflection.

The data presented in figure 16 show that for the same outlet
areas the cooling-air flows obtained with the propeller operating
were glightly lese than those obtalned with the propeller removed.
The smaller air flows obtained with the propeller operating are
attributed primarily to the decreased total pressures at the face
of the engine (fig. 17) owing to blocking of the inlet by the un-
bladed shanks of the propeller. The increased momentum of the
cooling ailr leaving the engine as a result of the heat added
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regults in a further decresse in the pressure drop avallable for
inducing cooling-alr flow across the engine and further accounts
for the emaller air flow obtalred with the propeller operating.

Effect of fizxed top-flap gap. - The influence of the fixed
top cowl-Flap gap on the mass~flow parameter through the nacelle
1s shown in flgure 18 ror propeliler-operating teste with the
original 16-inch-chord flaps. Increasing the gap of the fixed
flaps from 1.5 inches to 3.5 inches increased the mass-flow
parameter 19 percent at 2° deflection of the movable flaps but
only 2.2 percent at 16° deflection of the movable flaps.

Cooling-Alr Pressure-Drop Distribution

Effect of flap and outlet design. - Providing a uniform
cooling-air flow to a radial-engine installation does not neces-
sarily result in satisfactory operation because, in general,
setisfactory cooling requires adequate cooling of the hottest
cylinders, the temperatures of which may vary considerably from
the average cylinder temperature due to the fusl-air-distribution
and other characteristics of the engine. The effect of flap
design on the cooling-alr pressure-drop distribution was there-
fore evaluated by compering the average pressure drop across all
cylinders with the average pressure drop across the slx top
cylinders (1, 2, 3, 15, 17, and 18), which were the mcst critical
for thls engine for most operating conditions.

Date obtained from propeller-removed tests of the various
flaps shown that the cooling-alr flow dlstribution around the
engine was negligibly affected by changes 1n deslign of the flapse.
The data show (fig. 19) that for a given average cooling-air
Pressure drop across all cylinders, the maximum difference in
the average pressure drop across the six top cylinders for ths
different flap configurations was only about 0.03 q,..

Effect of fixed top-flap deflection. - As shown in reference

2 for a cowl equipped with bottam opening doors, more air flowed
across the cylinders close to the door than across the more re-
mote cylinders. A similar effect was observed in the present
installation, as shown in figure 20. Increasing the gap of the
fixed top flaps fram 1.5 to 3.5 inches at a 2° deflection of the
movable flaps increased the average pressure drop across the six
top cylinders 0.15 d, a8 compared with an increase of average

Pressure drop across all cylinders of only 0.12 g,. At a 169

deflection of the movable flaps, the distribution of pressure.
drop was relatively umaffected by a change of fixed flap de~’
flection. T
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The reduced influenoce on the alr flow through the engine of
the tixed top-flap deflection with large movable flap deflections
18 ghown in figure 21. -As the movable-flap defleotion is increased,
thus increesing the cowl outlet area from 1 to 4 square feet, the
portion of the total air flow through the fixed top flaps decreased
from about 35 percent to 12 percent in the range tested.

Installation Drag ,

The drag of the installation cbtained with the different flap
configurations at an indicated airspesd of 190 miles per howr 1s
shown in figure 22. The differences 1n drag as compared with the
drag of the installation with the original i6-inch-chord flaps are
appreciable when the data are translated into terms of engine horse-
power savings, as shown in figure 23 for an indicated alrspeed of
190 miles per howr at a density altitnde of 15,000 feet and a pro-
peller efficiency of 85 percent. For the range of average ccolling-
alr pressure drops obtalnable with the simulated sliding flaps,
the horsepower required by the installation wlth sliding flaps was
from 62 to 80 horsepower less than that required with the instal-
lation of the original 1l6-inch-chord flap. At cooling-air pressure
drops greater than those obtainable with the sliding flaps, the
installation of the modilfied 16-inch-chord flap produced the great-
est saving in drag, which 1ls attributed primarily to the offset of
the flap.

The horsepower savings with the 13-inch-chord flaps were great-
er at small cooling-alr pressure drops than at large pressure drops
(fig. 23), which 1s attributed in part to the differences in flap
internal contour. The total-pressure losses from the rear of the
engine through the cowl outlet with the different flaps are shown
in figure 24 for a range of cooling-air pressure drops. The pres-
sure losses at a value of Ap/qc; of about 0,3 with the 13-inch-

chord and the modified 16~inch-chord flaps were small, whereas the
losses with the original 16-inch-chord flap were about 0.20 g .

These high losaes occurred largely through the metering section
(fig. 4), as shown by the data in figure 25. At a 2° flap deflec-
tion, the losses through this portion of the flap, as indlcated by
the difference 1n total pressures between tube 9 (fig. 25) and the
cowl-outlet rake, constlituted two-thirds of the total loeses behind
the englne. At a 16° flap deflection, only about 10 percent of the
losses oocurred through this section.

Installation of the faliring around the rear exhaust collector
did not ?ppreoiably affect the drag of the installation. (See
fig. 26.



10 NACA MR No. ESK30a

SUMMARY OF RESULTS

The following results were obtained from an altitude~wind-
tunnel investigation of cowl-flap and cowl-outlet designs for the
B-29 power-plant installatlon:

1. The maximm pressure drop obtalned with the different hing-
ed flaps was not greatly affected by the flap chord length, the
internal contour, or the hinge position in the range of conditions

investigated.

2. The maximum cooling-air flow obtalned wlith simulated slid-
ing flaps was 83 percent of that obtained with the hinged flaps.

3. The distribution of the cooling-alir pressure drop was not
affected by ohanges in cowl-flap design.

4, The deflection of the fixed top flaps had a large influence
on the distribution of the cooling-alr pressure drop at emall de-
flections of the movable flaps but had little influence at large
deflectlions.

5. Within the rangs of cooling-alr pressure drops obtailned
with eliding flaps, the Ilnstallatlon drag with the sllding flaps
was much less than with the original 16-1nch-clcrd fleps. A
saving of 62 to 80 horsepower wes effected at a denslty altltude
of 15,00n feet and an indicated airspeed of 190 miles per hour.

6. At cooling-alr pressure drops greater than those obtained
with the sliding fleps, the lowest drag was obtalned with a modi-
fled 16-1inch- chord flep with a smooth internal contour and having

the outer surface offaset l% inches from the nacelle afterbody when
the flap 18 undeflected.

7. A sharp break at the metering section on the inner contour
of the hinged 1l6é-~-inch-chord flap produced large pressure losses at
small flap deflectilons.

8. The addition of a falring around the rear exhaust collector
d1id not appreclably affect the drag of the installation.

Alrcraft Engine Research Laboratory,
RNational Advisory Committee Ffor Aeronautics,
Cleveland, Ohio.
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Figure 3., - Rear view of power-plant instaliation showing
fixed and hinged original |6-inch-chord flaps.
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Figure 13, - Location of total-pressure tubes on traverse behind engine,

*ON ¥W VOIVN

BOENS3



NACA MR No. ES5K30a

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.80

.70

p'po
Qe

o\

50—\

_—+ Flight tests at 1800, 2100, 2300, and
‘\\\g 2400 rpm (Data from Boeing Aircraft Co,)

0.

+30

'

~

10 Ny

7

S
N

Windktunngl tepts

Average static pressure at rear of top six cylinders,

.30 Engine
spee
(rpm
-.40 |o 2100
o | 2400
-.50
62 4 6 & 10 1z 14 16 I8 20

Cowl-flap deflection, deg

Figure 14, - Comparison of average static pressures at rear of
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Fixed top cowl=flap gap, 2.5 inches,
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altitude, 15,000 feet; indicated airspeed, 190 miles per
hour.
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Figure 21, - Effect of cowl-outlet area on estimated total air
flow through engine and through fixed top flaps. Engine
speed, 2400 rpm; brake horsepower, 200C; pressure altitude,
15,000 feet; indicated airspeed, 190 miles per hour; original
16-inch-chord flaps; fixed top-flap gap, 2.5 inches.
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Figure 22, - Variation in drag of installation with average cooling-air pressure drop.
Propeller removed; pressure altitude, 15,000 feet; indicated airspeed, 190 miles per
hour,
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Figure 23. - Engine horsepower savings with various cowl-flap installations,
based on power requirements of original 16-inch-chord-flap configuration.
Density altitude, 15,000 feet; indicated air-speed, 190 miles per hour;
assumed propeller efficlency, 85 percent.
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Figure 25, - Total pressures between engine and cowl outiet, Engine speed, 2100 rpm;
brake horsepower, 1350; pressure altitude, 28,500 feet; indicated airspeed, 180 miles
per hour:; original I6-inch-chord flaps,
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