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¢ NACA ACR No. L5A30
" NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTIAL REPORT

A SUMMARY OF DRAG RESULTS FROM RECENT
LANGLEY FULL-SCALE-IUNNEL TESTS OF
ARMY AND NAVY AIRPLANES

By Roy H. Lange

SUMMARY

¢ - The results of drag investigations of twelve military
airplanes tested in the Langley full-scale tunnel for the
purpose of increasing their speed are summarized in this

. report. The purpose of this report 1s to point out
undesirable serodynamic features as a gulde to airplane
designers.

The drag data include results of tests to determine
the effects of the cowling and cooling arrangements, the
wing-surface irregularities, the leakage, the landing-gear
installations, the canopies, the radio antennas, and the
armament installations on the drag of the airplane. In

- order to simplify the presentation of the data, perspec-

o tive drawings are used to show the original installations
and the modifications investigated. Included on each

drawing is a discussion of the main results of the tests.

The results of the tests indicate that the elimi-
. nation of leakage end attentica to detall design offer
possibilities for considerably reducing the drag.

INTRODUCTION

Drag investigetions have been made in the Langley
full-scale tunnel of a large number of militsry airolanes
for the purpose of increasing their speed. In most cases,
large reductions in drag were found to be obtained by
careful detail design and by relatively simple modifi-
cations to existing designs. A summary of the results of
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the investigations prior to 1940 was reported in

reference 1, The data presented in the present report

are an extension of the data presented in reference 1

and include the results of tests since 194L0. A special
effort has been made to present these findings in a
detailed manner, with the aid of sketches, in order that
the sources of excessive drag could be clearly illustrated
and methods discussed for their elimination. Because of
the wide variety of test conditions, the drag values are
not directly comparable from one airplene to another and
these data should be considered as qualitative indications
of good or undesirable design practice, This report is
not intended to be used as 2z design manual but rather to
1llustrate undesirsble design features.

The standard procedure with each of the twelve
alrplanes investigated was to evaluate the drag of as
many of the component items and installations as was
feasible. This evaluation was accomplished by determining
the drag of the alrplane in successive conditions from a
faired and sealed smooth alrplane to the service condition.
If excesslve drags were discovered, attempts were made to
determine the improvements possible within practical
limits. WMany of these modifications indicated good design
methods for treating similar items.

The data include the effects on the drag of an
airplane of several internal-flow systems for power-plant
installations, such as annular cowling inlets, wing-duct
inlets, underslung fuselage ducts, oil and coolant ducts,
carburetor intakes, and exhsust stacks. The effect on
drag of leakage through wing-fold axes, cowling-flap
hinge-line gaps, landing gears, tail-surface gaps,
armament gaps, and cooling-alr ducts is shown. Data are
also presented showing the drag increments due to the
wing=-surface irregularities, the arrangement of armament,
the shape of canopy, and the radio-antenna installation.
The individual drag of msny of these items is small. The
sun of their drag effects, however, will considerably
decrease the airplane speed. The velocity decrements
given on the figures were calculated for the airplanes ”
tested at their maximum level-flight speeds and will
become larger as airplanes become faster. Certain types
of items, such as cylindrical protrusions and refaired
bulges, may have a greater drag at full-flight speed
than wind-tunnel measurements indicate because of -
compressibility effects which occur at the higher speeds.
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- . SYMBOLS %
ACp increment of drag coefficient %
AV increment of sirplane velocity, miles per hour §
) Drag) :
Cp drag coefficilent a;g—} g
‘Lift :
CL, 1ift coefficient @is\} - ‘
0 mass density of air, slugs per cubic foot
. 1 '
do free-stream dynamic pressurse <§pvo2>, pounds

rer square foot

Q quantity rate of flow, cubic feet per second
unless otherwise specified

. é% air-flow parameter, square feet
Vi . ' . .
V; inlet-veloclty ratio ;
Vi inlet velocity, feet ver sscond ?
Vo free-stream velocity, feet per second
S wing area, square feet
ap angle of attack of thrust axis, degrees
H total pressure, pounds wner sqguere root

) Pa : free-stream static pressure, pounds per square foot

AIRPLANES AND EQUIPMENT

Photogranhs of the alrplanes mounted on the balance-
support struts in the Langley full-scale tunnel are
nresented in figure 1. The basic dimensions and gensral
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alrplane characteristics for each airplane are presented
in the three-view drawings (fig., 2). For convenience,
the airplsnes are identified by numbers.

The Langley full-scale tunnel and balance system are
described in reference 2.

METHODS AND TEST3

The usual procedure in the tests was first to falr

or remove &all protrusions on the airplane and seal all

polnts where air leaksge was suspscted. With the airplane

in this condition, which 1s referrsd to herein as the

sealed and faired condition, & force test was made at a

tunnel airspeed of 100 miles per hour to determine the

drag of the eirplene in the high-spesd attitude. The _
seals and fairings were then progressively removed and - *
the drag increment due to each change was determined. In

some cases the ordser in which seals and falrings were

removed determined the amount of draz measured, and an -
attempt was made in all the tests to isolate as many

drag items as possible. The results of such a series

of tests, which were made to svaluate the drag of

-airplane 6, are gilven in table I. Except as noted in
“the presentation of results, all of the tests were made

with the propellers removed from the airplanes.

In most cases the motion of wool tufts attached to
the airplane surface was observed as an aid to the
discovery of poor sir-flow conditions. Static-pressure
measurements, in addition, were made at several points
on the airplsnes by means of flush-type orifices in order.
to. determine the speeds at which compressibility effects
might become important.

Cowlings and ducts were tested with the inlets and
outlets completely sesled and with the inlets and outlets
open (high~-speed condition) in order that the drag due
to the cooling-alr flow could be determined. In
conJunction with these tests, air-flow cuantities through
the ducts were determined from measurements of the total
and the static pressures st *the cooling~-air outlets.
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RESULTS AND DISCUSSION

The drag coefficients of the airplsnes 1in the sealed
and faired condition and in the service condition 'are
presented in table II. In addition, a summary of the.
important drag increments that were determined for -each
alrplane in its high-speed attitude is given in table II.

The principal results of the draeg investigations are
presented in figures 3 to 0. These figures show
perspective drawings of the original installations and
the modifications investigated, together with the drag
increments measured aurlng eacin test and the corresponding
decrements in the maximum spesed. In ordsr to facilitate
the use of these data as a reference for airplane
designers, a brief descrlption of the test results is
given on each figure. Tha resuits are discussed herein
under the following headings: power-plant installations,
installstions inithe wings, empennages, armament
installstions, canoples, and radio antennas.

Power-Plant Installation

The power-plent ‘installation, which includes the
gine and its accessories, such as the cooling units,

the supercharger, snd the exhaust stacks, frequently
increases the drag of an airplane more than any other
item end especially carsful sttention must therefore be
glven to its design. The data on cooling systems are
presented from consideration of the drag of the cooling
systems in the high-speed condition and, if available,
data for other flight conditions are commented upon.

Investigations to decrease the drag of the alr-
cooled-engine installations on airplanes 1, 2, and % are
described in . figures 3 to 6. During these 1nvestigations,
substantial increases in drag were found to result from
leakage through gaps at the cowling-flap hinge lines.
The effect of these gaps on the drag of alrplanes 6, 8,
and 10 1is discussed in figure 7. If effective sealing
of gaps is not possible, the drag can be reduced by
designing the gaps to direct the air leakage backward
parallel to the direction of the external air flow.
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Results of full«scale~tunnel measurements of the L
drag and cooling-air-flow characteristics of ducts ‘ ‘
located at various places on airplanes 3, L, 7, and 11
are described in figures 8 to 16. More complete results
of tests, which include recommended design procedure,
of ducts located at the wing leading edge, the rear
portion of the bottom of the fuselage, and the forward
portion of the top of the fuselage of airplane 7 are
described in references li to 6. The data in references
to 6 include measurements of ve1001ty distribution,
total pressure, and drag made at air-flow quantities and
angles of attack corresponding to a wide range of flight
conditions. Discussions of the design criterions for
duct systems of power- plant installatlons are given 1in
reference 7.

The drag causad by the thaust stack installations
on five alrplanes is described in figures 17 to 20. The .
sources of unnecessary drag of exhsust-stack installations
are large-bore protruding stacks (figs.1l7 and 18) and
unnecessary ailr leskage that is not directed backward
parallel to the external flow (fig. 19). If a collector
system must be used, the drag can be kept low by placing
the stacks close to the fuselage to keep the form drag low,
pointing the stack openings rearward to regsin the thrust
of” the exhaust gases, and sealing around the stacks to
givre. the minimum air flow for shroud cooling. Studies
have been made to determine means for recovering part of
the energy of exhaust gases in the form of Jjet thrust
and the results indicate that considerable gains may be
obtained with individual jet exhaust stacks. The
criterions for the design of these stacks are presented
in reference 8.

The effect on drag of inc talllng an external
turbosupercharger unit on airplane 5 is described in
figure 21. It 1s important that supercharger units be ’
submerged or enclosed in a smooth fajiring on hich speed
alrplanes.

Installstions in Wings
Because of the srmament requirements of present-day
alrplanes, numerous installations in the wings have been

necessary, such as gun-~access and ammunition doors,
shell-ejection slots, and inspectlion plates. Carrier-based

" G
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airplanes, in addition, must be equipped with folding
wings to facilitate storage in the hold. These items,
unless carefully designed, will generally increase the
wing drag considerably by causing air leakage through
the wings and wing-surface irregularities. On
retractable~land1nv-gear installations, the main sources
of drag arise from leakage and turbulent flow around
‘open and partly open wheel wells. Internal sealing cen
reduce the drag by eliminating air leakage at the upper
wing surfaces and at the lcwer wing surfaces around open
and partly open wheel wells,., On airplanes 6 and 10
there was a combination of leakage effects. Alr entered
the wings through openings at the wheel well (figs.;27
and 29) and leaked out through joints in the upper wing
surfaces (figs.23% and 2i) causing a drag increass,
Internal seallng of the wheel well should considerably
reduce the drag of the combination. Gun ports at the
wing leading edge are other points ol air leakage and
- should be internally sealed. The effects on drag of
‘wing-surface ilirregularities and alr leakage on airplanes
g 9, 10, and 12 are described in figures 22 to 29.

Impennages

Large gaps between the fixed and the movable tail
surfaces have been found to cause increases 1n drag and
to lower the effectilveness of the tail surfaces. Three
typlcal examples of the drag increments caused by tail-
surface gaps are shown in figure 30,

Failure to enclose %he tall wheel and arresting
hook in a suitable sealed falring increased the drag
coefficient of eirplane 10 as described in figure 31.

. Armament

Careful fairing of protrusions and complete sealing
around external-armament lnstallations ensure low drag.
Exgmples of several armament installations for which
fairing and sealing modifications provided drag reductions
are given in ilgures 32 to %5. The effect on drag of
stowing the rear gun of airplane 8 is described in
figure 36,
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Canopies

/ Short afterbodies and sharp edges should be avoided
on airplane canopies since they ceuse flow separation
and low critical spseds., Points cf air leakage through
canopies should be eliminsted, 1f_ possible. The results
of tests to improve the canopy installations on gir=
bplanes L and 9 are described in figures 37 and 38.

Radio Antenna

Three examples of radio-antenna installetions
considered to have excesslve drag are shown in figure 39,
Radio=-antenna instsallations for which no appreciable
drag was measured are shown in figure 0. " The use of
masts with thickness ratios of the order of 25 percent
has been found to be. the main sourece of drag on radio-
antenna installations. If a mast must be used, the type
of mast used on airplane 12, which was a thin flet '
netal rod, is recommended.

COXCLUDING REMARKS

The results of drag investigstions on twelve
present~day military airplanes demonstrate that worth-
while drag reductions can be obtainzd by relatively
simple sealing and fairing modificevions. Elimination
of leakage and attention to detall design appear to
offer the best possibilities for drag reductions on
airplenes that are relatively clean aerodynamically.

Langley Memorial Asronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I.- TYPTCAL DRAG INVESTIGATION IN LANGLEY FULL-SCALE TUNNEL

[AIRPLANE 6]

A Cp Reference AC
Condition Airplane configuration at ©p = 0.245 aox(a;::_ion D
1 Airplane completely sealed and falred 0,018% R
2 Flat plate removed from nose .0189 1 0. 0006
3 Seals removed from flapped-cowling air ,
oxits . 0199 2 . 0010

L Seals removed from cowling-flap hinge-
1ine gaps .0203 3 . 000,
5 |Exhaust stacks replaced ' .0211 i .0008
lcanopy fairing removed, turret leaks ’
sealed . 0222 5 .0011

Tail wheel and arreating-hook opening
uncovered :

.0001

0223

8 Aerial, mast, and trailing antenna - i
. tube installed 0227 7 . ~000l

9 Canopy and turret leak seals removed .0230 8- .| .o003
10 Leak seals removed from shock strut » -

cover plate, and wing-fold axis .023) 9 .. 000l
11 Leak seals removed from bomb-bay doors

and miscellaneous leak seals .

removed. . .0236 10 . 0002
12 Fairings over catapult hooks removed L0237 1 ,0001
13 Wheel-well cover plates removed .0251 12 . 0014

Seals removed from tail-surface gaps

.0260

13

.0009

15

Plates over wing-tip slot openings
removed, Airplane in service
condition

.ooal

Total-drag change

. 0081

‘ON ¥0V VOVN
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- TABLE II.- INDEX OF IMPORTANT DRAG RESULTS

[Nunbem in pal‘entl_:eses refer to tigurel] . v N

Z'i
>
Q
>
>
Q
oo
Z
Q

1 e v =
= Iten Atrplane 1 2 <3 L 5 6 7 8 9 10 - |2
. . R €p ‘
Airplane sealed and feired 0.0205 0.0313 |.0.0282 0.0222 | 0.0183 . 0.0160 | ¢.0219 | 0.0215 0.0210 | 0.0171 0.0173 .
Airplane in service condition. L0243 .0337 L0386 .0293 80,0361 026l .028¢ 028 .029% - .0221 .0208 . o
scp - ; . g
p " ,' 0.0040 | P-0.000l, | 0,00k1 \ >
ngine cowling ( (ia)) () (G)h , ) o i
- . o)
- - - 0.000; 0.000 . 0.0005 b
, Cowling-flap and hinge-line 3ép leakage ‘7(‘)1)* ] (7(b) (76e)) . ) . K
Wing-duct inletd S _ : ) - , B B 1 L oo
- 0.0021 : -
Coolant-radlator installetion . R (12{a)) . N
- ' . ,0018 [ .0008
0ll-cooler installation {ih(a)) (12(0))
Vanes installed in rear underslung fuselage duct . X ' b-?ig?bh . : ' 7 . ;
 5000p8 | ,0002 '
carburqtor 3200ps \ . B . (15(8)) - ) \
.0008 .0021 | 0.0010 -000! 0.0007
Exhaust stacks (18) . an (19) (zou?) (20(v)) ,
. si.xperchgx‘gez- installation ' (gi?gl)‘? ( !
1 #1na-rold- - : .000 ’ .0012 .| .0007 - | .0005 L
Wing-fold-axis leakage and gun-acceas doors \ ‘ (2h)k {22) (23) {25) :
‘ 3anded walkweys ) ‘ ) ' ‘ , zgg]).o , . ) T
T ) 3 1
‘ ) . . ) L0001l . 0005 - 0009
Lending gear . (27¢e)) (28) (39(a)) .
Armement ) : « : .0008 .0007| 0002 000k .0017 .0005
’ ) : : (32) “(36) (35(8)) | (35(b)) | (33(a), 3k} | (35(e))
Tail-surface- leak: . . 0009 . 000 .0007
all-surface-gap ‘e age . ‘ (3ota) (io(b?) Goteh)
* . | Tall wheel ~nd arresting hook - . . ' . 0005 . -
N . \ (31) ’ ]
' Canopy modification ) |} ~--000h :
. (37) .
at . .000k ) L0004 | - ) .0003 ) 0 :
Radio antenna ) (39(c)} (39(a)) . {39(b)) __‘(kO(l)) (Lo{v))
‘8gstimated drag coefficlent. ) , : ) ) - {
biodificatiens. ! ) st
. | - “TONT I O™, ~ | NATIONAL ADVISORY' - o
, ; ) : " COMMITTEE FOR AEROMAUTICS
\ ~ ’ . ’ 0




(c) Airplane 3. Service condition except for sealed cowling
holes; outer-wing panels removed.

Figure l.- Airplanes mounted for tesis in Langley full-scale
L : - ~ tunnel. - :
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(d) Airplane 4. Service condition; propellers removed.

: (e) Airplane 5. Engine-nacelle installation;
. -propeller installed.

(f) Airplane 6. Service condition; propeller removed.

. Figure i.- Continued. G
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(g) Airplané 7. Tunnel mock-up; propeller installed.

NACA
) LMaL 31668

‘(h) Airplane 8. Sealed and faired condition;
' propeller removed. .

. - NACA : e : ¥ ' - :
LMAL 30781 b S -




’ R ~ (k) Airplane 11. Service condition.

-

(1) Airplane 12. Sealed and faired condition; propeller ’
: removed.

Figure 1,- conciuded..
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. Weight __________ —————__ 6000lb
) - Wing section ,

Root - ___ NACA 22i5

. TP e - NACA 2209

Wing area ______~___236.0 sqft

Twin-row engine
Military 1000 hp at 2700 rpm at 14,500 ft
Propeller gear ratio ___ . _____16:9°

. "AIRPLANE |
Weight _ ___ _ e 5556 Ib
Wwing section
Root _ _ _ _ _ ______ NACA 23017
TP ——— —— —— — —_._ NACA 23009
wingaea________ ____2900sqft

- Inverted-vee |2-cylinder engine
430 hp at 3000rpm at 12,000 ft
Propeller gear ratio . _ . __ 3:2

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

3423 .

93" buam.” AIRPLANE 2

-

Figure 2 - Basic dimensions and general airplane characteristics
of twelve airplanes tosted. .




NACA ACR No. L5A30 R f— '~ Fig. 2 Cont.

Weight __ ___ - _ o _19,500b
A Wing section )
: - Root_ _ . . _ NACA 23018
TP e ——NACA 23009
Wingarea . . _ ______ _ 4 GGOsqff
Two twin-row engines
1400 hp at 2400 rpm at 11,500 ft
' Propeller gear ratio _ . _.___ ——16:9
722 - | 920" |

\ kzz,w

V72
’  AIRPLANE 3 ' | &
. Weight - . _ __ _ _ _ . _ __ _ __ _ 14,500 Ib
wing section o L
Root - __ NACA 23016
Tp —— . _NACA 23009
wingarea . __ . __ - __ . __ 827.5 sq ft

Two inline liquid- cooled supercharged engines
1400 hp at 3000 rpm at 25,000 ft -
Propeller gear ratio ____ ____ ___ _ _ 2s

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS. .

AIRPLANE 4

: : / Figure 2.- Continued. ,




yave L Fig. 2 Cont.
Weight . __ ______ 56,000 Ib
Wing section ,
 ROOF ~——_CAC.22%
B s TP e CAL.9.3%
e Po— wing area _ _ . _ e |048.08Q T
HAREA Four twin-row_Two-speed-supercharged engines

1200 hp at 2600 rpm at 25,000 ft+
Propeller gear ratio __ ____ ____ _

'NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Welght ___ ___ —-14,4521b
wing section __—
. Root ___ . NACA 230i5
. TP e _____NACA 23009 °

. Wingarea ________ ______4900sqft -
-~ Twin-row two-speed-supercharged engine
1350 hp at 2400 rpm at 13,000 f+
gear ratio . _ 16:9

Propeller

AIRPLANE 6

Figure 2.~ Continued.

4051

=
37 %1 %




. Weight - ___ __ _ _ 65001b
R Wing section SRR ,
. : Root - ————NACA 230168
, TP — - —— NACA 23009
wingarea - _ . ___|700sq Tt

Inline iiquid—-cooled- engine
{150 hp at 3000 rpm -at 12,000 f+ ,
Propeller gear matio — . __ ___ 2|

- . NATIONAL ADVISORY
. - AIRPLANE 7 COMMITTEE FOR AERONAUTICS

Weight _ . _____ 12777k

, \ Wing section :
’ Root — - . NACA 23017
TP —————______ NACA 23009
wWingarea . __ __ __ _ __ __ _ 442.0sq ft -
) Twin-row two-speed-supercharged engine
1350 hp at 2400 rpm at 13,000 ¢T
Propeller gear ratio _ . _ . __ __ ___ _ 16:9 .

AIRPLANE 8

, ‘ ’FiguI"QZ.-»' Continued.. . -




. NACA ACR No. L5A3Q ssoneepwe®®® . Fig. 2 Cont.

 Weight o ______ o __11,0001b
Wing section ' S
Root — __________ ——— NACA 23015

, NACA 23009
"Wingarea ______. _____ _ 3140591t
- Twin-row two- sfage-supercharged engine

1550 hp at 2550 rpm at 25,500 fT

Propeller gear ratlo _ _ __ _ _ e ———— 21

13-4°DIAM. _ : .
‘  AIRPLANE 9 - ' .
» ' - NATIONAL ADVISORY
- . . ~ . COMMITTEE FOR AERONAUTICS
Weight _____ . __ _1l44lib
’ Wing section . .

) (7 S — —NACA 230156 (Modified)

TP — e _NACA 23009

’ Wing are@a ____ . _____________3340sq ft

oo Twin-row two-stage-supercharged engine

. 1850 hp at 2700 rpm at 25,000 ft E

Propeller gear ratio _ .. __ . Zsrl/

\ N

' - 4 4 AIRPLANE 10
, S B Figure 2.- Continued. T o

3 c . ) - ) T : \ B ’ '
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Wsight _ _ _ _ _ 7662ib

Root . . ____NACA 66 series

TP e __-__NACA 66 series

. .. Wingarea .. ________ _.__2480sqft

. Iniine liquid-cooled auxiliary-stoge-supercharged engine
I150 hp aor 3000 rpm at 22,400 f+
— Propeller gear ratio _ . _______ ____ _ 2.23|

t

\C:: =)
~ \__’\//
11~ 1"D1AM ’
AIRPLANE 1
: NATIONAL ADVISORY
COMMITTEE. FOR AERONAUTICS
Weight _____ ______ . gaizib

Wing section._NACA-NAA compromise low drag
Wingarea ______________233.2sqft
Inline liquid—cooled supercharged engine
1300 hp at 3000 rpm at-24,200 f+ - :
Propeller gear ratio ___.__ __ _ - _ 44z}

AIRPLANE 12

Figure 2.~ Concluded.

M ~ Fig. 2 Concl.’

-
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Engine-cooling-atr inlet

<L
- ‘ Otl-cooler oﬁ{letjA—

e

aCp, 0.0040 Q, 16,000 cu £t per min
"-'aV, 17 mph H = pgs 0c40qp

(a) Original long-nose cowling.

Flgure 3,- Cowling drag on airplane 1, ‘

. The original long=-nose cowling on sirplane 1, which had a 20=inch propsller—
. shaft extension to permit a cowling shape of higher fineness ratlo, included an
- inlet that was too small and leading edges that were too sharp, ~The sudden thange
i " in direction and the extreme expansion of the high~velocity cooling air into the
- large volume ahead of the englne‘'resulted in a total-pressure recovery in front
: of the engine cylinders of only 0,40qg., The drag coefficient was 0.0040 greater o
for the original. installation with an exit area of 167 square-inches (cooling- .
flaps in closed position) and an air-flow quantity of approximately 16,000 cubic
feet per minute at 350 miles per hour than for the sealed and smooth ‘cowling with
the scoop removed, Cowlings were developed in the Langley full-scale tunnel .
(f1gs. 3(b) and 3(d)) to reduce the drag of the original cowling,
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* ACp, 0.0027 Q, 17,000 cu ft.per min
: oV, 13 wph  H = py, 0.90q, -

’ i (b) Large annular inlet. Spinner A,
- ' Figure 3.~ Continued, )

A oowling with an annular inlet and an inlet-velooity ratio of 0,25, designed
to reduce the kinetic-energy loseses of the cooling air and to avoid the large
external drag of the original cowling (fig. 3(a)), was next tested. ' As compared
with the sealed and smooth cowling with the scoop removed,; the airplane drag coeffi-
eient was increased to 00,0022 with an air flow of approximately 12,000 cubic feet
per minute and to 0,0027 with an air flow of approximately 17,000 cubic feet per -
minute. Pressure measurements along the spinner indicated a flow reversal caused
by a high adverse pressure gradient, The total pressure at the rear of the diffuser
was 8lightly less than:0,90q, for these conditions. The dimensions of the annular-
inlet cowling with spinner A are given in figure 4,
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Cowling-flap gear

Section at original cowling outlet
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Section at smooth cowling outlet

(¢) Radial-engine-cowling outlet.
Figure. 3,- Continued.

The drag of the annular-inlet cowling with spinner A was considered
excessive gnd the outlet was next investigated (reference 3), Removing
the cowling~flap gear and exhaust collector ring and installing a smooth
outlet decreased the drag of the cowling by 0,0007 with an air flow of
approximately 13,000 cubic feet per minute. In addition, a bottom exit
was provided by removing the oil cooler and enlarging the oil-cooler
exit tQ allow an engine-cooling-ailr flow of approximately 13,000 cubic
feet per minute with the cowling flaps sealed., This arrangement further
reduced the drag by 0,0004. .

\
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! : - aCp, 0,0012 Q, 21,000 cu £t per min
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(4) Small annular lnlet. Spinner B.
.. Figure Sem Concluded.

In order to reduce the adverse pressure gradient along spinner A of figure 3(b)
and to increase the total-pressure recovery in the diffuser, the inlet-velocity ratio
was increased to about 0.5 on spinner B by increasing the spinner size and thus
reducing the annular-inlet ares. With the bottom exit open and the cowllng flaps
"sealed, the cowling drag coefficlient was reduced 0,0005 as compared with that messured
with -spinner A and the same outlet,; and the air flow was increased to approximately
14,000 cubic feet per minute., The cowling flaps were then unsealed and the air flow
wae increased to approximately 21, 000 cubic feet per minute, which was sufficient ror
the englne, carburetor, and oil cooler, The cowling drag coefficlent of 00,0012 .
measured for this arrangement is the lowest that has been obtained in Langley full-~
scale-tunnel tests of cowlings for radisl ailr-cooled englnes. Pressure measurements
over the cowling indicate that the. critical Mach number is 0,74, The dimensions of
the annulsr-inlet cowlling with spinner B are gilven in figure 4.
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Annular-inlet cowling with spinners A and B on airplane 1,
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Figure 5,~ Cowling modification on airplans 2,

Flight tests showed that the inline air-cooled engine of airplene 2 did not cool satisfactorily in any flight

attitude in the original condition, Tests in the Langley full-scale tunnel revealed that losses in the cooling
system were excessive because of restricted inlet and outlet openings. The inlet was accordingly'lowered and its
area 1increased from 188 square inches to 241 square inches and additional outlet openings of 75 square inches were
installed on each side of the cowling. These modificatlons increased the power-on inlet total pressure 25 percent
in the climb attitude, principally because the inlet was lowered into & region of higher slipstream velocity. In
addition, the average total pressure in front of the engine cylinders was increased, The drag coefficient with
propeller removed was decreased 0,0004 by the cowling modification. This reduction is attributed mainly to the
improved shape of the cowling lip and the greats fficlency of the internal flow, :

[
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Ach 0, 0041 a . S~
oV, 13 mph ,. -

< Figure'6.~ Original cowling on airplane 3. ‘ .

Some makeshift methods of controlling the air-flow quantity have been found to
cause excessive drag, On airplane 3, for example, the designers cut eight holes,
each with an area of 12,5 square inches, in the periphery of the cowling just behind
the oylinder baffles in order to remedy unsatisfaciory cooling of the engine in the
climb condition, Tests by the Army and the manufacturer indicated ikat the cooling

. problem was not remedied for the climb condition and the flow dlsturbances caused
by the holes resulted in an increase in drag coefficient of 0,0041 for the cowlings
-of the two engines, which corresponds to a decrease in the airplanse high speed of

about 13 miles per hour. ,
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Upper cowlingl flap , . Lower cowling flaps ' .
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4Cp, 0.0004
AV, 2 mph
{a) Airplane 6. _ ‘
Figure 7.- Cowling-~flap-gap drag,.
: Drag increases were measured when the doped~-tape seals were removed from the gaps at the hinge line of
the closed cowling flaps of airplanes 6, 8, and 10, The arrows show points of leakage that disturbed the :

external flow and resulted in an increase of drag, More complete sealing or directing the air flow backward ,'_?
would tend to eliminate this drag increment. K : o
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Cowling flap closed

ACp, 0.,0005
AV, 3 mph
(b) Alrplsne 8.

Figure T.- Continued.
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' : A Figure 8.- General arrangement of wing-duct installation on airplane T. .
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Inlet | Op | 4Cp | Vo |H = pg
0,12 [0,0006 | 0.56 | 0,954,
i .89 .22q,
012| ,0022 | 56 | .86q,
5 .89 .87q,
.12 28,0011 | 8,56 | .95q,
Spstimated,

Figure 9.- Representative inlet shapes tested on airplane 7,

The small sharp-lip inlet with the inlet plane perpendicular to and the
diffuser axis parallel to the wing chord (inlet 1) showed the lowest drag at low
1ift coefficients, At high 1lift coefflclents, the internal flow separated from -
the lower lip and resulted in a loss in pressure recovery at the face of the
‘radiator, Inlet 5 (reference 4) was designed to obtain higher pressure recoveries
“at high 1ift coefficients, At low 1lift coefficients, however, the pressure recovery
for inlet 5 was less than for inlet 1 because separation occurred just inside the
upper lip. No separation occcurred at high 1ift coefficients and the pressure
recovery was higher with inlet 5 than with inlet 1. The drag of inlet 5 was the
highest of ell the inlets tested, Obviously, from the results obtained with
inlets 1 and 5, a compromise inlet shape was necessary {inlet 4); Inlet 4 was the
moat satisfactory in consideration of high pressure recovery and low drag for a
large renge of flight conditions. When inlet lips are extended {inlet 4), the
design should be made with due regard to the external shape, 8ince no drag data

* were avallable for inlet 4 at Q/Vp = 0,56, the drag increment given was estimated

from available data at Q/Vg = 0,70.

N G . )
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. o Figure 10,~ Wing-duct inlet on airplane 1ll.

. . A drag-coefficlent increment of 0,001l3 was measured when the seals were removed from the wing-duct inlets
: and exits with the exit flaps at 00 for airplane 11 in the high-speed condition., Removing seals from holes in
. the top of the duct exits for flap-control pusi rods added an increment of 0,0004, which made the total-drag
coefficient O,0017 for the original installation with a large quantity of air flowing through the duct because
of air leakage at the exit flap., Tests witbh the propeller operating showed that serious losses in total~
pressure recovery occurred as & result of the misalinement of the duct lips to the air stream caused by the
slipstream rotation. In order to remedy this conditlon, modiflied inlets were installed (fig., 1l1) with the

vlane of the inlet on the side of the upgoing propeller blade tilted 15° farther downward than the plane of the :?'
inlet on the side of the downgoing propeller blade., A further modification, which consisted of an increase in g

area of the right and left inlets from 55 to 73 square inches, was made to lower the inlet-velocity ratio, For.

the high-speed condition, with the exit flaps at 09, the modified inlets decreased the drag coefficlent 0,0005 —
and increased the total pressure at the faces of the radliators 15 percent. The cooling wae improved for both o
the high~-speed and climb conditions with the modified inlets, ‘

g ay
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, Figure ll.--Sections at centers of original and modifled -
- .wing-duct inlets on airplane 1l. . '
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- ‘ ; ‘ ‘ 4V, 12 mph

— o Original coolant-duct Inlet

: , : . - " AV, 1 mph

. . Revised coolant-duct inlet -

° - -

(s) Coolant ducts.
~Figure 12.- Duct installations on airplane 4.

The drag- coefficient of the experimental airplane 4 with the four original

- coolant radistor ducts installed and with the outlet flaps open (exit seals removed)
for the high-speed condition wes 00,0021 greater tham for the airplane with the ducts
removed., Revised ducts for the production airplane were installed with a smaller =
inlet area and higher inlet-velocity ratio. The increase of drag coefficient due to-
the revised ducts was 0,0024 but the air-flow quantity was increased 9 percent as
compared with that of thé original duct, With the revised inlets and with the
outlet flaps full open, however, the air-flow quantity was 6 percent less than with
the original ducts for the same condition and the drag was 0,0051 as compered with
0.0043 for the origlnal ducts. Since the ducts are in a region of low-energy air,
sufficlent cooling cannot be obtained with low drag.
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. that the flow tends to overrun the inlet.
recovery at the faces of the oil coolers was only 0,33qg.
that the plane of the inlet will be more nearly normal to the local air flow should result in thé recovery of most

The increment of drag coefficient given on the figure is the difference in the

drag of the alrplane with both the inlets and outlets sealed and unsealed.

of the available total pressure.

4Cp, 0,0008
4V, 4 mph

{b)} Oil-cooler installation,

Figure 12,~ Conocluded,

NATIONAL ADVISORY
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The oil-cooler air inlet-on airplane 4 is set at such a high obllque angle to the direction ot the air stream
For the airplane in the high-speed aititude, the average total-pressure
Extending the lower 1ip of the inlet forward in order
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8Cp, 0.0004
4V, 2 mph

Figure 13,- Guide vanes installed in the rear ﬁnderelung duct of airplane 7.

Vanes were 1nstalled in the rear underslung duct of ailrplsne 7 to reduce the pressure loeses at the radiator
face as’'a result of separation caused by a thick boundary layer at the inlet, The drag eoefficlent was 0,0004
less with the guide vanes installed in the diffuser and the outlet than without the vanes., In addition, the.
Pressure recovery at the.radiator face was increased by the vane installation from 0.69q, to 0.83qp at ap = O. 2°

and from 0,84q, to 0,92q, at ap = 10,4°,
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! . . ~ ,
L / , . (a) Original duct inlet.
‘ \ Figure 14~ ‘011-cooler installation on airplane 3. '

Ho ' The total-pressure recovery measured at the face of the oil cooler of airplane 3 for the high-speed condition )
-, was only 0.409,. Thls low recovery of total pressure is attributed to the thick boundary layer at the duct inlet, . b

The drag due %6 ducts on both nacelles with the outlets open for the high-speed conditlion was 0,001l8 greater than x

with the ducts removed, The Langley full-scale-tunnel modification to improve this installation is deacribed in
' figure l4(b). - | _ . , b
\ \ R
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| | \ | 8Cp, 0,000  Q/V,, 0,13
. : ., AV, 5 mph H - Po> 0.95q°

(b) Modified cowling and ducts,
A o Pigure 14, Concluded.

A new oil-cooler duct was constructed for airplane 3 having 1ts inlet flush with the face of the cowllng and a
gradually expauding diffuser. The total-pressurs recovery at the face of the oil cooler was increased to 0 95

and the drag coefficient reduced by O. 0008 as a result of this modificati

) , | . , B Ln
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3

Carburetor- air cutlet

Inlet” area, 19.8 sq in. Area, 375 sq in.

'vl/vog 0049 m. 0091q°
¥V, 0,07  4Cp, 0.0002 - B

: ‘ - . (a) Seoop 1.

fignre 15,~ Caiburetor-air'séoopa on airplane 7.

‘The scoops tested on airplane T were of conventional protruding design. The
inlet areas were varied for the different scoops and slight variaticns were also
made in the external shapes of the scoops. The best results were obtained at
inlet~velocity ratios between 0.4 and 0.5. At inlet=velocity ratios below aboub
0,3, boundary~-layer separation occurred at the inlets. The increment of drag is
the difference in drag of the airplane with and without the carburetor-air system
and includes the drag due to flow through the outlet duct and the outlet losses.

. ) .
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Inlet area, 30..3 sq in. .Area, 375 sq in

Vi/Vos 0.32 Ram, 0.91q,
T YV 0.07 4Gp, 0,0002

(b} 8coop 2,
Figure 15,- Continued.
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L | : @V, 0.10  4Cp, 0.0006 ° g . :

o ' . . (c) Scoop 3. . o , '

. Figure 15.- Continued
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Inlet area. 32.7 sq in. Area, 40.9 s3q in.

N

V1/Vos 0.27 ‘Ram, 0.88qy : - :
qu’ 0006 Acn, 0.0005 . ‘

' C(a) Sct;op 4.
- Figure 15.~ Concluded.
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Inlet area, 26.3 sq in. Area,' 375 sq in.

) V]Jvog 0057 Ralll, 0091% ) : ,
. : v ] @Vo, 0,07  4Cp, 0,0003

Figure 16, -~ Carburetor-air scoop 5 on airplane 7.

Propeller-operating tests were made with scoop 5 installed on airplane 7 to
determine the advantage of turning the inlet directly into the slipstream. An
incresse in ram of 3 percent of the free-stream dynamic pressure was measured as
a result of turning the scoop for the high-speed propeller-operating conditilon.
The effect on the drag coefficient of turning the scoop was negligible.

!




NACA ACR No. L5A30 ST eiane® o Fig. 17

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

4Cp, 0.0021
4V, 9.5 mph

Figure 17.- Exhaust-stack drag on airplane 8,

-

The large protrusion and the air leakage around the large-bore stoveplpe
exhaust stacks on ailrplane 8 account for a drag-coefficient increment of 0,0021,
Engine~operating tests at low speed were made both with the original exhaust stacks
installed and with individual jet exhaust stacks installed. The tests indicate
that the lncrease in thrust due to the individual jet exhaust stacks would increase
the alrplane speed by approximately 13 miles per hour over the speed with the
orlginal exhaust stacks 1lnstalled., This thrust increase includes the difference in
drag between the original exhaust stacks and the individual jet exhaust stacks.
Calculations based on the methods of reference 8 indicate that with the use of
optimun-size jet exhaust stacks a further increase of 3 miles per hour would be
possible.,
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AGD’ ,00 0008
AV, S mph

- . Flgure 18.-~ Exhaust—éiack drag on airplane 6.

The installation of this large-bore exhaust stack with large leakage gaps
around the stack lncreased the drag by 0.,0008, The'use of stoveplpe ‘exhaust stacks
of this type and of the type used on airplane 8 (fig. 17) should be avoided because
of the large form drag.
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~t

4V, 6 mph

Pigure 19,= Exhaust-stack drag on airplane 9.

Removing the seal from the exhaust opening of alrplane 9 increased the drag by
0.0010, ’' The form drag of the installations shown in figuree 17 and 18 has been
avoided in this design; however, the large amount of alr leakage from the compart-
ment behind the engine out through the large opening around the exhasust stacks
accounts for the excessive drag of the installatlon, Some of this drag would be
reduced by directing the leakage flow rearward. Much larger gains can be obtained
by the use of individual jet exhaust stacks, .

-




ACp, 0.0005
AV, 3 mph

(a) Afrplane 11,

’
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; : ‘ ACp, 0.0007
. ‘ 4V, 4 mph

(b) Asrplane 12, ‘
Figure 20,- Exhaust-stack drag on airplanes 1l and 12,
Removing the sealed metal falrings that enclosed the exhaust stacks of

airplanes 11 and 12 increased the drag coefficiert 0.0005 for 'airplane 1l and
0.0007 for airplane 12. These exhaust stacks are relatively good installations.

N




4Cp, 0.0040
4V, 11 mph -

(a) Originalrinstallation.
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8Cp, 0,0027
&V, 8 mph

“(b) Submerged installation,
Figure 2l.- Turbosupercharger drdg on airplane 5.

An increment of -drag coefficient of 0.0040 was measured for the exposed
supercharger of the original installation of airplane 5 (fig., 2l(a)). Sub-
merging the supercharger and sealing the opening at the end.of the nscelle as
shown in figure 2L(b) decreased the drag coefficient of the installation to
0,0027. For the propeller-operating condition, the differenceé in drag will be

- much greater because the submerged installation will direct the exhaust gases -

rearward, The submerged lastallation would require shroud cooling. The drag
incremente are given for four nacelles and are based on the airplane wing area.
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_ 4Cp, 0,0012
c ‘ ‘ AV, 6 mph

. . The unusually‘large number of cover plates, access doors, butt joints,
~ a@airplane 9 caused a drag increase of 0.0012
. elimination of air leakage.

Figure 2é.- Effect on wing drag of irregularitfes and leakage on_alrplane 9. : '

and air-leaskage points on the wing of
‘Most of this drag could have been avoided by better fitilng and
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~ 4Cp, 0,0007 L ,
. ( . AV, 4 mph - S

Figure 25.- Effect on wing drag of irregularities and leakage on alrplana 10,

at the wing-fold joint and gun-access and ammunition doors. Coneilderable leakage drag can be eliminated by sealing -
these gaps,

"y
fe
" An increase -1n drag coefficlent of 0.0007 was measured when the doped-tape seals were removed from the gaps x
™
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. Figure 24,- Effect on’wing drag of leskage on airplane 6. ' ®
An increase in drag coefficient of 0,0004 was measured when the doped-tape seals were removed from the Sg

wing-fold jointe on airplane 6 » , _ .
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. ‘ ACp, 0,0005 : ,
' . 4V, 3 mph

Figure 25.- Effect on wing drag of irregularities and leakage on airplane 12,

‘lesked through the ammunition doors on the upper surface, thus ilncreasing the drag, Sealing the slots when the
guns are noi in use or sealing the ammunition doors would eliminate this drag increment.

Air entered the large shell- and linkage-ejectlon slots on the under surface of the wing of airplane 12 and
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4Cp, 0.0010 v
AV, 5 mph

Figure 26,~ Effect on wing drag of sanded walkway on alrplane 9,
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'

The sanded wing walkweys, which protruded about 1/4 inch above the wing surface of airplane 9,\§ere responsible

for a drag increase of 0O,0010,

airplanes.

§

v

TRese walkways are a source of excesslve drag and should be eliminated on high-speed
-y
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o - acp, 0.0007
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(b) Partly sealed wheel wells,
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- o _ 4Cp, 0,0014
. - AV, 6 mph - .

(c¢) Original wheel well, S

Figure 27,- Landing-gear drag on airplane 6.

o Completely sealing the open wheel well of airplane 6 decreased the drag

- coefficient by 0.0014 and partly:sealing the wheel well decressed the drag coeffi-
clent by 00,0007, The high drag of this installation indicates the importance of
sealing open wheel wells. Internal sealing around the wheel well of this airplane
and of: airplanes 8 and 10 should considerably reduce the drag due to air leskage.




"ON YOV VOVN

oo e
- N 4] .
’ : . ’ > .
. . N
. (@] )
N
\ ’ .
. X \ ! .
: NATIONAL ADVISORY ' | , , o
) . COMMITTEE FOR AERONAUTICS . ’ ‘ . s . )
. . i ‘
. * - 4Cp, 0,0005 , ‘ ‘
' ( o : ‘ AV, 3 mph - : \_
. ‘ =
Flgure 28.- Lending-gear drag on airplane 8. ‘ ; .
The partly open wheel wells on airplane 8 accounted for a drag-coefficient increment of 0,0005. This increment i ’
‘ was measured when cover plates were removed from the exposed section of the wheel wells, S 8
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- ACp, 0.0009 -
“ . AV, U4 mph

(a) Original full-length falring.
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i

aCp, 0.0012
AV, 5 mph

(b) Short-length falring.
Fisure'29.- Landing-gear drag on airplane 10,

Removal of seals from the edgesiof“the original rull-length fairing over the -
Tetracted landing gear on airplane 10 increased thq drag coefficient by 00,0009,

thereby indicating that alr was leaking through the %—1nch cracks at these points.’

" The shori-length fairing, adopted for the production airplane, .increased the drag
coefficient 0,0012 over that measured for' the completely sealed falring., This
drag i1s due both to air leakage and the air-flow disturbance of the exposed parts,
These results show the importance not only of installing a fairing over the wheel
but also of completely sealing the wheeol-well opening.
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aCp, 0,0009 ;
4V, 5 mph .

. ' (a) Airplane 6.
Figure 30.- Tail-gap drag.

An increase in drag wase measured when -the tape seals and metal fairings wers
removed from the gaps on the horizontal and vertical tall surfaces of these air- -
planes, In order to reduce the drag due to these gsps, the lightening holes in the
spars of the fixed part of the tail should be sealed, the gaps between the fixed
and movable surfaces should be made as small as posslble, mnd the fuselage should
be sealed off at a resr bulkhead, .
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ACp, 0,0007
av, 4 mph

{c) Alrplane 11,
Figure 30,-~ Concluded.
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. - aCp, 0,0005
h AV, 3 mph

* Figure 3l.- Drég»or t21l wheel and arresting hook-on-airplane 10.

Removing seals and fairlnéé from the openings at the tail wheel and arresiing
hook of airplane 10 increased the drag coefficient by 0.0005, This lncrement is
.largely due %o leakage through these openings. The drag of these items can be

reduced by external fairing end sealing or by internal sealing of the bulkhead in
front of the tail-wheel well. ' i -
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4Cp, 0.0008 : , .
» AV, 5 ‘mph » ' :
Figure 32,- Armament drag on. alrplane 4,

‘ . The drag~coefficient_ increment due to the installation of one 37-millimeter

.~ cannon, two ,50-caliber machine guns, and iwo ,50-caliber machine guns in the
nose of this alrplane was 00,0008, This drag was measured as the difference
between the smooth nose and the nose with guns installed, Internal sealing by
means of close-fitting plates around the guns at the bulkhead through which the
guns project should eliminate a large part of this drag.




© NACA ACR No. L5A30 o— . Fig. 33a,b

'aCp, 0.0007
AV, 5 mph

(a) Original conical falrings.

. ~ NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

~ 4Cp, 0.0003
- : AV, 2 mph : B

L ‘ o (b) Modified installation.
Figure 55.-:Gun blast tubes on airplane 1l.

.The nose guns on sirplane 1ll were equipped with conilcal fairings to prevent
‘the flashes of gun fire from blinding the pilot. Removing the fairings and
= . sealing the gun ports decreased the drag coefficient by 00,0007, The modified
installation that eliminated the sharp edges of the original funnel-type fairings
increased the drag coefficient only 0,0005 above that measured: for the smooth nose
with no. guns. ) - T )




NATIONAL ADVISORY .
COMMITTEE FOR AERONAUTICS

*ON ¥OV VOVN

- 02VS1

ACp, 0.0010
AV, 6 mph

Figure 34.~ Armement drag on airplane 11,

The drag coefficlent wap increased 0.0010 by installing a .50-caliber underslung wing gun of tybe shown - -
on each wing. = Test results showed that this increment could be reduced to 0,0007 by sealing the gun pdrt in the’ ) -
,nose of the fairing, Because of iis external locatlon, this type of gun installation usually leads to high drag. o
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NACA ACR No. L5A30 eI Fig. 35a,b,c

ACp, 0.0002
AV, 1 mph

v - ' (a) Airplane 9.

ACp, 0.000L
) . AV, 2 mph

(b) Airplane 10. i
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aCp, 0,0005
" o AV, 3 mph

(e} Airplane 12, -

: : o ‘ : ' Figure 35.- Cannon drag,.

The drag anremehta due to the installation of two dummy 20-millimeter.cannons
on each wing of airplanes 9, 10, and 12 were low, Service cannon installations
that are faired and sealed ahouid glve similarly low drag increments,
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aCp, 0.0007
. ‘ 4V, 3 mph

_ Figure 36,- Armament drag on airplane 8, ‘ ' -
This view of the rear canopy of sirplane 8 shows that sbout 1 foot of the barrel of the ,50-caliber rear gun
18 exposed to the air stream, Stowing the gun within the fuselage should'eliminate this drag increment,
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4Cp, 0,0004
AV, 2 mph

Figure 37.- Canopy installation on airplane 9,

Although the modified canopy was larger ian order to afrord the pllot greater vielbility, the canopy drag

A well-rounded canopy was installed to eliminate the sharp pesk of the original canopy of airplane 9. :?
1.0
coefficient was decreased by 0,0004, e
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Figure 38,~ Canopy modir;catidn on airplane 4,

The canopy modification for airplane 4, which included a 3-foot extension of the afterbody,kias designed %o
reduce the high negative pressures over the canopy peak and to prevent flow separation at the rear of the canopy.

) The critical speed of the canopy was increased by 44 miles per hour as a result of this modifilcation, Drag resulis
. are unavailable for these configurations. 0
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ACp, 0.000L
AV, 2 mph

- ' ‘ ~ (a) Airplane 6.
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NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS (b) Alrplane 10.

ACp, 0,0004
AV, 2 mph
‘(e¢) Airplane 2, _ )
Figure 39,- Radlo-antenna drag on aj.rplane's 6, 10, and 2,
The arag-coefflclent increments were measured as the difference between the
drag with radio antennas installed and removed., The drag due to each of these-

installations is excessive and 1s due mainly to the thick antenns masts. Lowe
drag-radio-antenna installations are shown in figure 40,




NACA ACR No. L5A30  CONFIDENTIAL Fig. 40a,b

{(a) Alrplane 11.

~

\ ) \)
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(b) Airplane 12,
Figure 40.- Radlo-antenna drag on airplanes 1l and 12,

} No increase in drag was measured when these radlio antennas were installed on
the airplanes, )
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