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4RESEARCH MEMORANDUM

EXPERIMENTAL INVESTIGATION OF THE EFFECTS OF PLAN-FORM

TAPER ON THE AERODYNAMIC CHARACTERISTICS OF

SYMMETRICAL UNSWEPT WINGS OF

VARYING ASPECT RATIO

By Edwin C. Allen

SUMMARY

An investigation was made to determine the effects of plan-form
taper on the aerodynamic characteristics of a series of symmetrical,
unswept wings having thicknesses of 8-percent chord. The wings were
tested in combination with four different bodies of revolution over a
Mach number range from 0.40 to 0.94 with a corresponding Reynolds number
range from 2.58 million to 5.90 million. The lift, drag, and pitching-

moment characteristics are presented for wings having aspect ratios of
2, 3, and 4 and taper ratios of 0.20 to 1.00.

The drag-divergence Mach number was unaffected by taper for a con-
stant aspect ratio. The maximum lift-drag ratio increased when the
taper ratio was reduced from 1.00 to either 0.50 or 0.20 for the aspect
ratio 4 wings.

INTRODUCTION

I'
A great number of data are available on the aerodynamic character-

istics of tapered wings at high subsonic speeds; however, these data are
difficult to correlate because of the differences in testing techniques
used. It is the purpose of this investigation to provide comprehensive
data on the effects of plan-form taper on the aerodynamic characteristics
of a family of symmetrical, unswept wings.

Nine wings, in all, were investigated, three aspect ratio 4 wings
having taper ratios of 1.00, 0.50, and 0.20; three aspect ratio 3 wings
having taper ratios of 1.00, 0.60, and 0.33; and three aspect ratio 2
wings having taper ratios of 1.00, 0.71, and 0.50. The profiles of all
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2 CONFIDENTIAL NACA RM A53C19

wings Vere the NACA 63A008.- The wings were tested in combination with
four different bodies of revolution to help differentiate between the
effects of taper and wing-body interference.

NOTATION

b2

A aspect ratio,

drag coefficient,cD

C D body drag coefficient, body drag
DB qS

C L  lift coefficient, lift
L qS

Cm pitching-moment coefficient, referred to 0.25 E,

pitching moment

qsE

lift-drag ratio

M Mach number

MD Mach number of drag divergence, Mach number at which
dCD/dM = 0.1

S wing area, sq ft

V airspeed, ft/sec

b wing span, ft

c local wing chord, ft

fb/2 2

o cdy'
mean aerodynamic chord, , ftfb/2c d

0

q dynamic pressure, PV2 lb/sq ft

y spanwise distance from plane of symmetry, ft

CL angle of attack of wing reference plane, deg

CONFIDENTIAL
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NACA RM A53C19 CONFIDENTIAL 3

taper ratio

p air density, slugs per cubic foot

ACD CD minus minimum CD

dCL lift-curve slope, per deg

da

dCm

dC pitching-moment-curve slope
L

APPARATUS AND MODELS

This investigation was conducted in the Ames 16-foot high-speed
wind tunnel using 26 wing and body combinations.

Three basic aspect ratio 4 unswept wings having taper ratios of

1.00, 0.50, and 0.20 were constructed. These three wings utilized
NACA 63A008 sections and all had the same areas and spans. By succes-
sively cutting off the tips, the following aspect ratios and taper ratios

were obtained:

Aspect ratio Taper ratio

4 1.00 0.50 0.20

3 1.00 .6o .33

2 1.00 .71 .50

The wing area varied not only with aspect ratio, but also with taper
ratio for the aspect ratios 3 and 2 wings.

The wings were tested in combination with four different bodies of
revolution, three having a fineness ratio of 9 and one having a fineness
ratio of 12, based on the length to closure.

The equations for the body contours and the principal dimensions
and plan forms of the wing-body combinations are shown in figure 1.

The models were supported on a sting as shown in figure 2. The
sting was of constant diameter; 3.25 inches, for a distance of 18 inches
downstream from the base of the bodies, then enlarging conically to a
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4 CONFIDENTIAL NACA RM A53C19

diameter of 5.00 inches at a distance of 40 inches downstream from the
base of the bodies. The aerodynamic forces and moments were measured by
means of a strain-gage balance mounted within the bodies.

TESTS AND PROCEDURE

The aerodynamic characteristics of the bodies and the wing-body
combinations were investigated over a Mach number range from 0.40 to
0.94. The variation of Reynolds number with Mach number for the various
wings is shown in figure 3. The angle-of-attack range was from -60 to
180 except where buffeting, tunnel power limitations, or structural
strength of the model reduced the upper limit of the range.

The test data have been reduced to standard NACA coefficient form
and have not been corrected for base drag. Base pressures of the four
bodies were measured and are presented in coefficient form in table I.
A base drag could be computed from the base areas of the bodies and the
difference between the measured base pressures and the free-stream static
pressure. For the aspect ratio 4 wings on the small body (fineness
ratio 9), this base drag coefficient would be 0.0007 at low lift coef-
ficients and Mach numbers up to 0.92.

Constriction corrections were applied to the tunnel-empty calibra-
tion according to the methods of reference 1. The data were corrected
for tunnel-wall effects in the manner described in reference 2.

There was an interaction of the normal force and pitching moment
on the chord-force component of the balance. Since this interaction did
not vary systematically with lift or pitching moment and was not always
consistent, no correction could be properly applied. It is believed
that such a correction would not have changed any of the drag coeffi-
cients by more than ±0.0010, and its main effect would have been to
decrease slightly the rate of change of drag coefficient with lift coef-
ficient.

RESULTS AND DISCUSSION

The lift, drag, and pitching-moment characteristics of the wing-
body combinations are presented in figures 4 through 13.

The variation of drag coefficient with Mach number, measured at
zero lift, is shown in figure 14, The Mach numbers of drag divergence
at zero lift (Mach numbers at which dCD/dM = 0.1) for the wings in
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combination with the body having a fineness ratio of 12 are tabulated
below:

Aspect Taper

ratio ratio

4 1.00 o.85
4 .50 .85
4 .20 .85
3 1.00 .86
3 .6o .86
3 .33 .86
2 1.00 .88
2 .71 .89
2 .50 .88

The drag-divergence Mach number can be seen to be essentially unchanged

by taper for any one aspect ratio and was also found to be independent
of the body geometry. With a reduction in aspect ratio, the Mach number
of drag divergence was increased slightly.

For all the aspect ratio 4 wings, taper had little effect on the
minimum drag coefficient (fig. 14) below the drag-divergence Mach number,
with the exception of the wings in combination with the body having a
fineness ratio of 12. No logical explanation could be found for the
differences in the minimum-drag values of these combinations. Above the
drag-divergence Mach number, decreasing the taper ratio caused a reduc-
tion in minimum drag coefficient. For the wings of aspect ratios 3 or
2, the apparent differences in minimum drag coefficient due to taper are
mainly due to the differences in wing area relative to body size. The
wing area not only varied with aspect ratio, but also varied with taper
ratio for the wings of aspect ratios 3 and 2. If the body drag coef-
ficients (fig. 15) are based on the respective wing areas and subtracted
from the total drag coefficients for these wing-body combinations from
figure 14, so as to give effectively the wing-plus-interference drag,
it is found that the minimum drag coefficients are about the same for all
taper ratios throughout the Mach number range.

Figure 16 shows the variation of the drag-due-to-lift parameter
(ACD/CL2) with Mach number over a lift-coefficient range from 0 to 0.45.
Taper had some effect on this parameter, but these effects followed no
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consistent trend. This parameter increased with decreasing aspect ratio
and was independent of body shape for any one aspect ratio.

The variation of lift-curve slopes, at zero lift, with Mach number
is shown in figure 17. For the aspect ratio 4 wings, the taper ratio
0.20 wing had a lower value of lift-curve slope than either the taper
ratio 1.00 or 0.50 wing up through a Mach number of 0.90. The lift-
curve slopes of the taper ratio 1.00 and 0.50 wings did not vary system-
atically with taper. The lift-curve slopes decreased with decreasing
aspect ratio; however, for any one aspect ratio, body geometry had no
appreciable effect on lift-curve slope.

The variation of the lift-drag ratio with lift coefficient for the
aspect ratio 4 wings in combination with the small body having a fine-
ness ratio of 9 is shown in figure 18. The wings of taper ratios 0.50
and 0.20 exhibit a higher maximum lift-drag ratio than the taper ratio
1.00 wings for all the bodies in combination with the aspect ratio 4
wings. The effect of reducing the taper ratio from 0.50 to 0.20 on the
maximum lift-drag ratio was not consistent and of small magnitude.
Maximum lift-drag ratios of the wings of aspect ratios 3 and 2 could not
be justly compared because of the changes in wing area with taper for
these aspect ratios.

Figure 19 shows the variation of the pitching-moment-curve slope
with Mach number at zero lift. It should be noted that slopes are
shown even for those cases in which the curves were nonlinear. At zero
lift the effect of Mach number on the aerodynamic-center position was
almost unchanged by variation in taper ratio for any aspect ratio, but
the variation of aerodynamic-center position with Mach number was reduced
by reducing the aspect ratio.

CONCLUSIONS

From the tests of several wings, in combination with four different
bodies of revolution, the following conclusions can be drawn with regard
to the effects of taper and aspect ratio:

1. Effects of plan-form taper

(a) The drag-divergence Mach number is essentially
unchanged for any one aspect ratio.

(b) The lift-curve slope did not vary systematically
with taper ratio.

(c) The effect of Mach number on the pitching-moment-
curve slope at zero lift is unchanged for any one
aspect ratio.

CONFIDENTIAL
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(d) For the aspect ratio 4 wings the maximum lift-
drag ratio increases when the taper ratio is decreased
from 1.00 to either 0.50 or 0.20.

2. Effects of aspect ratio

The drag-divergence Mach rumber and the drag-due-to-
lift parameter increase with decreasing aspect ratio;
whereas, the lift-curve slope and the variation of
aerodynamic-center position with Mach number decrease
with decreasing aspect ratio. All these effects are
consistent with trends predicted by theory.

Ames Aeronautical Laboratory
National Advisory Commitle fo Aeronautics

Moffett Field, Cal
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Figure I.- Wing and body combinations tested.
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(a) Aspect ratio 4, taper ratio 1.00 wing.

(b) Aspect ratio 4, taper ratio 0.20 wing.

Figure 2.- Two typical wings in combination with the body

having a fineness ratio of 12.

CONFIDENTIAL



NACA RM A53C19 CONFIDEN~TIAL 1

4I

t

It)~

rb q

0/ ~ ~ ~ ~ ( x awuSPO6Yi

COFDMA



12 COKFIDETNTIAL NACA RM A53C19

.8

.4

-. .0 .0 .0 .0 .1 .1 .. 1 1 2 ra ofiinC-8f4 -4 0' 4 8' 12 16 20 Angl ofatckao
for M of 0.40.60 70 80 84 .86 88 0 92 4

t-i
.8. . . . . . .

.6* 
, -

.. ...

0 9

0 8 .04 02 Dr04 coffcint Pdhn m n ofice,,C

for Mof 0.40.60 .70 .80 .84 .86 .88 .90 .92 .94

rtio of/2
.8FDETA



NACA RM A53C19 CONFIDENT~IAL 13

0-

I0

4I
-8 .402 .4 .608 .1 12 .16 .1 20 Ara 9/o ofcin C0o& e

a~ of 4444
for/ 0.4 o4.60 .70 .80 .84 5 6 .88 .90 .92 .94

6

4-

.4.9

.Oof08 .02 .04 .04 o8 .icin/omn .12fcint .1 1 01m2 ra ofiinc

for M d of 0.40 .70 .80 .84 .86 .88 .90 .92 .94

(b)- .ae ra.io 0.50.

414
- - --



14~ CONFIDENIAL NACA RM A53C19

.4 4
.2

4 0t i,~ iftr1
-8 /40 4 2 /6 20 Angle of attack, a, deg

a of 4 4 4) 4 4 4'
forM of 0.40.60 .70 .80 .84 .86 .88 .90 .92 .94

t1o 7.

t~o 4 r

for M of 0.40 .60 .70 .80 .84 .86 .85 .90 .92 .94

1Z- -. T~ T---I.- - .60

.2

____ __0 .70

05

.901
.4:

.05 .04 0 -.04 -.08 Pitching- moment coefficient, C,
C,, of4 4 4 44 4 4 4 4

for M of 0.40 .60 .70 .50 .84 .56 .58 .90 .92 .94

(c) raper ratio 0.20.I
Figure 4.- Concluded

CONFIDENT'IAL



NACA RM A53C19 CONFIDENTIAL 15

1.0

.8

.6

A 
.

-8 -4 0 4 8 12 /6 20 Angie of attack a, deg
a of 4444 4 4 44 4

for M of 0.40 .60 .70 .80 .84 .86 .88 .90 .92 .94
1.0 1~ -I T r -7-, ' iT T f

.61 4_ 2

.6

o .02 .04 .06 .08 J10 .12 .14 .16 .18 .20 Drag coefficient, Co
CGof4'4 4444 4 444

for M of 0.40 .60 .70 .80 .84 896 .88 .90 .92 .94
T~~ 1 T til TP

.6 -- . j 1

M

0 0.60

0 C - ~ 3 .70

A .84

-.4 L7 -I 9

.8.04 0 -04 -.08 Pitching-moment coficet -

for Mof 0.40 .640 .70 D4O.84 .86 .e8 90 92.9

(a) Taper ratio 1.00.
Figure 5- The lift, drag, and pitching-moment characteristics of the

aspect ratio 4 wings in combination with the smallbody having a
fineness ratio of 9.

CONFIDENTIAL



16 CONFIDENTIAL NACA RM A53C19

.4

-8 - 4 I - _i II
.4' A, I, Y

forio 0.40.6 .7 .80 . I 8 8 9 9 9

-. 2

-. 4

08 .40 04 06.8 .1 12 .16 .1 20 Anglg coefficienadCg
aO f of4 , 4 , , 4 , 4

for M of 0.40 .60 .70 . 0 .84 86 88 90 .92 .94

.8 H-4-4

1'1 2-

0.6

fo -o .406 .7 .80 .84 a6 9890.29
-i -T T'

.6 .084 40 0 0 icigmmn ofiin, 0

.or 4-.9 2

(b.4errto .0
Figue 5. Coninue

.2FDETA

0 .60



3D NACA RM A53C19 CON FIDEN~TIAL 17

.8

.6~ - -- ---- 1

4 -

-8 -4 0 4 5 12 /6 20 Angle of otock a, deg

fo Mof 0,06 70 .80 .84 .86 .58 .90 .92 .94

'.6

* ~~~.02.4.6.8.0.224.6 1 2 rgccf/inC

-. A

for Mof 0.40.60 .70 .80 .84 .86 .88 .90 .92 .94
17~

. -8 t~ --- --- -

.6

-. 4 -40 6

A .84

0.90

.08 .04 0 -04 -:05 Pitching-moment coefoce,m
0o o .40.60 .70.4.8 .86 .8 994.2 9

(c raper ratilo 0.20.
Figureq 5.- Concluded.

CONFIDEN~TIAL



18 CONFIDENTIAL NACA RM A53C19

.4 A' I jr P1 V- F

- 2l

Tr

-8 -402 . 4 .0 .0 112 .1 16 .20 Ange o ot c cc fcn dog

f orMof 0.40. 060 64 660 686 9089 .9049 9

.8 I
40

0 6

0 of0 --------------------- . - .1 .1 .1 .2-rg c efi i nC

.85

for of 040 .0 .7 .8 .84.56 66 .0 09.49
11(a T(pe rati 1.00. .Fiur 6. Th.it rgadpthn-mmnhrcersiso 0haspect~~~~~~~~~~~~ rai.8ig0ncmbnto ihtelag oyhvn

.iens rai of8/2
CONaIE.TIA

0 .8A



NACA RM A53C19 CONFIDENTIAL 19

.0

.4

~~ .2

-. 4

08 .0-4 06 408 .112 .16 .1 20 A Vg cof fltienta dCg

amof4 444
form of 0.0 70 4 .86 .88.90 .92 .94

t-A



20 CONFIDENqTIAL NACA RM A53C19

.6 --

.2

-6--------------1--

-8 -4 0 4 8 /2 16 20 Angle of attack, a, dog
a of4' 4 4' 4 4' 4 4' 4 4' '

forM of 0.40 .60 .70 .8.4 .86 .88 .90 .92 .94

iz X --

.2 -4 I

.6

n44 _ &it 9

0.0 .04 06 0 10 .12 .4hi 16J-m.2era coefficient, m

or Mof 0.40 70.8 .80 .86 .d88. .2.9 .4'

(c) aeraTio0.0
Fiue6-8ocue

C0T~FDENTAL 4

.6- - - - - .- - - - - - -



NACA RM A53C19 CONFIDENTIAL 21

to0 - --- -

.I--------1-14-1-----I-I-I

.6------------- - ------- -L

.4-

* ~~~-.64~ ~~ ~ I
-8 -4 0 4 8 12 16 20 Angle of attack a, deg

aof Io4 ' 4 ' ' 4 ' 4
for M of 0.40.60 .70 .50 854 856 .55 .90 .92 .94

-- -- -, T--

-4i A

1.0 I 4 IfI

V1 - -;i-

0 KF- - - - - -

7 1 -- -To - - -- - t' .6

0.0 .04 06 0 /0 P 12tc 4.ng..momentra coefficient, GO
m of 4' 04 44 4444'

for M of 0. 4 .60 .70 .8 54 . 56 55 .90 .92 .94
(a) Tapr ato 00

Figue 7 Th lit, dagandpithingmomnt harcterstis o th
asetrto4wnsi.obntinw8 h yidia oy

CtFIE-I4



22 CONFIDMWIAL NACA RM A53C19

to--

4 -

-.4

0.02.4.0 0 10 .1 0 .6 1" 2 rgcefiin,4

0.5

61.54

.6.5

0 .9

~.6~1i ~NC
S06 .024 06.08 Picin-omn c.ffc1nt .1 1 1 2 rgcoefcin,

..6.6

(b) Aoe ro.o4050
Figure~~~ .-C6t0ed

CONFIENT7A



NACA RM A53C19 CONFIDEN~TIAL 23

LOT 111 -l

.4 1 A Z

o------------ I P I I 17 1 1 11

85 -4 0 458/I /6 20 Angle of attack, a, dog

forM of 0.40.60 .70 .80 .84 .56 .88 .90 .92 .94

S.4

.2

0 .02 .04 .06 .05 .J0 ./Z .14 .16 .18 .20 Drag cooff/cienI, Co
coof4 ' 4' 4' 4' 4' 4 4 4' 4

for Met' 0.40 .60 .70 .90 .84 .86 .88 .90 .92 .94

.9------------6 l------- -- -- - --- --

.4

.2A 0.40

1.92

.08 .04 0 -04 -08 PRtchong-moment ceeff/elen, Cw,
cn,4 4f 4' 4' 4. 4 4 4 4' 4

for Met' 0.40.50 .70 .50 .84 .86 .80 .00 .02 .94
W'c raper rao 0.20.

Figure 7- Concluded

CONFIDENTIAL

L.



24 CONFIDENTIAL NACA RM A53C19

-8 -4 0 4 8 12 /6 20 Angle of attack a, deg
aof 444444444~

for M of 0.40.60 0?' M8 .84 .86 .88 .90 .92 .94

10 - ~~~T 4T i_-T7 7

0

.4 .4

0~ ~ ~ ~ ~ ~ ~~~~~-~-- .02 00 .600 O.2.4 1 1 2 rg ofiinC

forM f .06 .7 .8 .4 8 .------------ ..4

4-.5
.8- -- - -- 05

for Ao 0.06.7040d.8.8.0 9 9

A .84

-.2 - -a .8



4D NACA RM A53C19 CONFIDENTIAL 25

.6 - - -

*.2

-6

08 02 0 4 008 10 /620/ Angl /8 20ac rag dog fcen
aof 4of 444

for M o 0.4060 70 80 84 86 88 .90 92 4 4

.4

.2 . . . . .

0

.Pt . . . . .. . .8
-. 24 .. . . 86

0.8

.08 .04 .04 .04 .08 Jicin-omn cofice? .1 1 1 2 rgcefcen,
O mo 4of 4444

for M of 0.40 .60 .70 .80 .84 .86 .88 .90 .92 .94

(b.aerrtc6.0
Fiue>-Cniud

CO.DE4A



26 CONFIDENTIA NACA RM A53C19

.6 p 3~

-4 7

-.4 ~-

-5 -4 0 4 8 /B /6 20Ageofattack,,do

tormof 0.40 .60 .70 .80 .84 .86 .58 .90 .92 .94

.4-

C4 iA.2-- ---- A04

.0 .6

-o~o 04.6 .704- .8 .8886.8.969

to --- T T T T

.6--- _

.05 A-i T 0 0 -icig-mmn cefcenC

('c 4 /~~ T0err.io0.3
Figur A- .oclde

.4 --



NACA RM A53C19 CONFIDENTIAL 27

0 4

-8 -4 0 4 8 12 16 20 Angle of aitack a, doga of 4 44for M of 0.40.60 .70 .80 .84 .86 .88 .90 .92 .94

0 .02 .04 .06~~~ .0 .1 .1 .1 .1 .1 .2 Dr .cff.nC

fo o . 40 .6 .7 .8 .8 .8 .8 .9 .9 .9

.6 .

o.4'.- . . .

.8
. . .AV . . . . .

0_ 0 .60
0 .70

.................................................

-. 0 .84

K0 .90

08.04 0 -04 -t08 P1/Chin g.Mment coefficien, Cm

frMof 0.40.60 .70 .80 .84 .86 .88 .90 .92 .94

Figure 9.- The lift, drag, and pitching-moment Characteristics Of theaspect ratio 3, taer rot/a /00 wing in combination with the small
bodY having a fineness ratio of 9.

CONFIDENTIAL



28 CONFIDENTIAL NACA RM A53C19

. -4

0I

-. . . ...

-8 .02 0 4 008 10 2 146 6/ 20 Drl f takag dog fcC

for rM f0.40.6050 540 560 .84 8690 92 4 4

.8

0

.04~~~~~~~ 0 ..4 .~0 .icigm m n .ofc i L. . . . . . . .94

00 f4 of .20Drgceficint4,
for M of 0.40.60 .70 . .4 .86 .8 .90 .92 .94

(a1aerrto .0

rai of /2.
CONFIENTgo



NACA RM A53019 CONFIDE1RTIAL 29

.44

-e ~ ~ ~ ~ ~ ~ ~ ~ ~ _ -4048/t62 n~ fatca e

0 o4 '4 '4 ,'4~'4

8 .0-4 06 08 .10 /S 1 11 20 Drglg coefficient,, do
aD14 of4 ' 4 ' ' 4 ' 4

for M of 0.40 7060 840 .86 .8486 9089 .9049 9

.6

.2.7

.~~ ~ ~ .9092..9. . . .

0 .04 04 .04 .08 3itch1ng.m4me1t coef.icient CoefiietC
CrnD Of 4' 4' 4' 4' 4' 4' 4' 4

for M of 0.40 .60 .70 .80 .84 .86 .88 .90 9 9
(btaorr-o ./

Figure~~ /0-Cntne
CO.IE6TA



30 CONFIDENTIAL NACA RM A53019

-.2 ~

-4 -4 0 4 8 /2 16 20 Angle of ottack a, deg
a of4 4 4 4 4 4 4 4

for M of 0.40 .60 .70 .80 .84 .86 .88 .90 .92 .94

04 .0 .0 .0 .0 .1 .. .1 .1 .1 .2 .rgcefiin,

Cof 4 

for M of 0.40.60 .70 .50 .84 .86 .88 .90 .92 .94
lo'r T TI T

O .8

_4~~c ...9 ..

-.6 .60-~

.08 .04 0 -04 -:08 Pitching-moment coefficient, Cm
Om of4 4 4 4 4 4 4 4 4

for Mof 0.40.60 .70 .6 84 .56 .88 .90 .92 .94

(c) Taper ratio 0. 50.
Figure /0.- Concluded

CONFIDENTIAL



NACA RM A53C19 CONFIDENTIAL 31

.8

.4 -T
.2 

.

0t 1 -I I p-dl

-8 ~1 0 4 8/ a /6 20 Ang1* of attack a, dog
aO' 444f It

forM ..d 0.40 .60 .70 .80 .84 .86 .88 .90 .92 .94

.2I0
0 .02 .04 .06 .08 ./0 .12 .14 .16 /18 .20 Drag coefficient, 0

Co Of4
for M of 0.40 .60 .70 .80 .84 .86 .88 .90 .92 .94

.6 +
4.

-. 20 .50

-.4 0 .4--I--0--

.08 .04 0 -04 -:08 Pitching-moment coefficient, 0mnGm of 44 4
forM of 0.40 .70.Z 208.6 .88 .90 .9 1 94

(a) Taper ratio 1.00.Figure II- he lift,. drag.. and pitching-moment characteristics of the
aspect ratio 2 wings in combination with the small body having a
fineness ratio of 9.

CONFIDENTIAL



32 CNIETA A RM A53C19

toT

.8 4 111171 1:
ao, ~ ~ ~ ~ ~ ~ 7 4? 4 ? 4 ) ) 4 ) 4

.6r of006-0-4 8 8 .89 29

0

.8

.6 . . . . . . . . . . .

006

f o r .o 0 .4 .6 .7 .8 .8 .8 .8 .9 .9.9

(b) .ae .oi .0.7/. ..
F.6eI. Cniud

C0NIDETIA



5D NACA RM A53C19 CONFTDENqTIAL 33

.8 -- - - - -

.6----- - - - - -. -A~L Z m~III

-8 -4 04 8 /2 16 20 Angle of attack a, dog
a of it444 '44

for Ml of 0.40.60 .70O .80 .84 .86 .88 .90 .92 .9
to0 11(11
.8 --------------

.6 -

0 of0.0 .04 0 6 -0 .08 JPi.2ching1-momen0 Dra coe fficient, Ca ~

for~ ~ ~ ~~~c Tpe 0.40.6 0.50..4 8 .8..0.9 9

Figure- I-Tclde

.8FIEJTA



34 CONFIDMNIAL NACA RM A53C19

.8

-.4

.08 .04 0 -04-.08 Pitching-moment coefficient, Cm
Omo 0f 4, 4 4 4) , 4, , 4 ) 4,

for M of 0.40.60 .70 .80 .84 .86 .88 .90 .92 .94

z T 0T~77 T .~ I

10
45

0 .02 .04 .06 .08 ./0 P.th2 .1 -moment.0 coefficient, m
0m,7 of 44

for~ ~ ~ ~~a Tae rati 0.06100.0 8 86W.0 99Fiuro/-Thlitdrganpihngmoetcrctrsisfte
asec rai 2 wig in cobnto wit th lag bod hain a
fieesra6 f9

.4FDETA



NACA RM A53C19 CONFIDENTIAL 3

.8

.--

I~~ ~~ P r I LI
-8 -4 0 4 8 12 16 20 Angle of attack ' deg

&of 444444444~
font of 0.40 .60 .70 .80 .84 .86 .88 .90 .92 .94

/0 
J

-- 4

0 .02 .04 .06 .08 JO .12 .14 .16 .18 .20 Drag coefficient, C',
0C0of4

for M of 0.40 .60 .70 .80 .84 86 .88 90 .92 .94

10 T_7:_ T TL - F --V_ - -- <
.8 .~---

--4

S;A 0.

.4~ k2 4q .44
kor 9of 0.4.6 .7 .8.8686.0.09 9

0 4 b Tae r.io0.0Figur /2 Coclde
CONFIEN.IA

.86



36 CONFIDE14TIAL NACA RM A53C19

.4 _ - - -

-t~ T- 4

- -4 0 4 8 12 16 20 An gle of attack a, dog
a of 4 4 .44 I 4

for/Mdof 0.40 .60 .0 .80 .84 .86 .88 .90 ~294

to F T2 TT T--T-

* ~ ~~~ -1 * - *

foM ..Z4 -T _44 4

fo Mof0.0.0 70 .80 84 .86 .88 .90 92

.6.9

-.4 L_ A- I - ' ~~c

.2~ ~ 404
(a)~~~ Tae.rto0.0

Fiur /0. .h it rgad th-mmn h0cersiso h
aspect~~~~~~~~~~~~ rai.80g ncobnto ihte ri rclbd

CONFIAN.84I



NACA Rid A53C19 37~IETTA

.5

- 4J

, I _7-

LI - -- iti
-8 ~ ~ ~ ~ ~ ~ ~ ~ -- 4 0 .6021 20Age fot*a o

ao of

-. 4~ ~~~ --- - - - - - - - - - _ -_4.9

.8.9

-. 4 f 4-44 . 4 4 4

for Mof 0.40.60 .70 50 . 4 . 6 .88 .90 .92 .94

(b) TTe rTi .0
Fior TT. ConcludedI I



38 CO FIDE TI~lNACA RM A53C19

.06 --

.04 - /.00Body of fineness ratio /2

.0 E 0.50j I I

.02 --1-0.-+ I f

I ~ - - - -- 
TT

.0-6 Small body of fineness rao 9 TT 1-

'~.06

-L rg b dy offi en ssra /o 4

02

0 T-77CA

05 .6 T7 T .T T.

Moch number or te wyoin-body catombnoios

CO0DE4A

Tj I



NACA RM A53C19 CONFIDENTIAL 39

SBody of fineness ratio
.08' - 0.60 -

------ 0 ..33 ,~- , , -ft,7 t, I i

.04

)

f.-2

S0-------------------T------------------------..... . --- ' --T--- r-T--

.06- . .-

.04 - .. ..... - .. : - - * . ----_ ,. . . Xi I-i------ --
, -,------- -t-. " i , t~- ,- I

.4 .5 .6 .7 .8 .9 1.0
Mach number, M

(b) Aspect ratio 3.
Figure /4- Continued.

,CONFIDENTIAL

7"|A



40 CONFIDENTIAL NACA RM A53C19

.06 - - Body of fineness ratio /2

/.001*.04 --. n t!i,

------------------- 0.50

o.$o - -z

.06 -i

.. ..: Small body of fineness ratio 9F sml bad 41 , 1

.04
- i ' / / , i

.02 t . T -

.06.y
.04 -- I - I, r .. -

.02-------+---- - ----
0 - -- - - - - -I- --

.66 7jTT-
.4 .5 .6 .7 .8 .9 1.0

Mach number, M

(c) Aspect rotio 2.
Figure /4.- Concluded.

I
I CONFIDENTIAL



6D NACA RM A53C19 CONFIDENTIAL 41

.04

Body of finieness rao /2
.02

.04

Small body of fineness ratio 9------
.02 

_

~%0

.04

--- are od of fineness ratio 9

.04

.02

0
.4 .5 .6 .7 .8 .9 10

Mach number, M

Figure /5-The variation of minimum body drag coefficient with
Mach number for the aspect ratio 4 wings.

CONFIDENTIAL



42CONFIDEN~TIAL NACA RM A53C19

.3
A

4.00 -J Body of fineness ratio 12 ---

-00

__ Small body of fineness ratio 9
S.2- __

Lag boyo fnns ratio9

I t t -----

- Cylindrical body 14-F
.2 _ _

.4 .5 .6 .78 .9 1.0
Mach number, M

(a) Aspect ratio 4.
Figure /6. - The variatf/on of drag due to lift parameter with

Mach number.

CONFIDENTIAL



NACA RM A53C19 CONFIDENTIAL 4+3

4 1.00 ~~~Body of flnefieas ratio 12----------1.00

.4 0.0

.0.-- ---- --

0

Ir

I -I I smll body of fineness ratio 9 IL 7 - V .....

.4 .5 .6 .7 .8 .9 1.0

Mach number, M

Wb Aspect ratio J.
Figure 16.- Continued

~CONFIDENTIAL



44 CONFIDENTIAL NACA RM A53C19

.4 ... .. .. .. ..

1.00 Body of fineness ratio 12- ----t ----

.2 - -

a5

0mol body of fineness ratio 9
.3

' __ -IT  . i lz
...

- - ----- Large body of fineness roto 9----'

T T -T

--------------.---------- ---- >-... .+ t

.2

.4 .5 .6 .7 .8 .9 10

Mach number, M

(c) Aspect ratio 2.
Figure 16.- Concluded

CONFIDENTIAL



NACA RM A53C19 CON~FIDENTIALJ 45

/4 /00 A Body of finenless ratio /2 j0-
.1 -- 050-

-- - - 0.20

.06 1.

.14-

Sm age body of fineness ratio 9

.14 T _T T
.12 ~ ~] y/inLarge body of- fineness- rai 9

-4~

.08

.16
.5Cy6indr.cal9body

dohnmbr

~~~~~~ahnumber, frtewn-oycMbntos

CONFIDENTIAL



46 CONFIDENTIAL NACA RM A53C19

A Body of fineness folo /2

1.00 y
.08 -- 0.60-.0-- 0.35 " .. ...: -- _

.0 j

---- ---- 4 , ~ - -
I >

lbdo T F
T , i : ,Smoll body of fineness raoio 9 1 T { 'Ii I

.0 6 , , i . .. -
.0 1.0 * * -4-I *t -

4__ _ _ I T II

.02

0 -LF 7L~1IL7I~
.4 .5 .6 .7 .8 .9 1.0

Mach number, M

(b) Aspect rotio 3.
Figure /7.- Continued.

CONFIDENTIAL



NACA RM A53C19 CONFIDENTIAL 47

, o -I -- Body of finefies ratio ,1 ..........
-~~~~0 7:,1 ~ ...----- 0.5/

; i i ] 8od . i v - -
.04 K=-=

o 
,'

__ ,,,-J- --------------------------,----,----, -" '- - ------------

,08,
-.-- r ! ; . .! -T r T ' -

08 Small body of fineness raio 9

' ..... : ! .... large body of fineness raolo 9 - --- 4+

~.0 6

'.04

.0 ' ' ' ' , , .' t 1 ' - I -- - 1- -

.02-

08 . ... ... . 6. . . .

--.4 -:T -.-5 .9... -- 1yinr.0bdy -

.aol numer,,

.04

S.02

0

.4 .5 .6.7 .8.o1.

Mach number, M

(c) Aspect ratio 2.
Figure 17.- Concluded.

CONFIDENTIAL



48 CONFIDENTIA NACA RM A53C19

4 o o a000D

lob

X II

- -277~ 7- - - --- 1OF

0/7 '010 SD '0 $/

CONFIDENTIAL iq



7DNACA RM A53019 CONFIDENqTIAL ~49

'4 0 G*,q 0 0 00 D.

004

100if
-- -- Nam

mom -1

0/7---0110 60-U'.

ICONFIDENTIA



50 CONFIDENTIAL NACA RM A53C19

4 0 001 a 0 . < 1

IN.

mom

IKI12<' 1-10 - Fp,;i

CONFIDE1:::;



NACA RM A53C19 CONFIDENTIAL 51

1.00 -Body of flhnessratol12
.2 _-0.50-

.----- 00

small body of fineness ratio 9j

lb

-Large body of fineness ratio 9 {

Tlb~ 2

-~ 1 iirii 11 77::j

S~cylindrical body -

.2- - --- -

5 1----------------- --- ---J

- - - - - - -- - -- 0- - - - -

.4 .5 .6 .7 .e .9 to0
Mach number, M

(a) Aspect ratio 4.

igurel/9.- The variation of p itching-moment- curve
slope, at zero lift, with Mach number for the

CONFIDEN4TIAL



52 CONFIDETMIAL NACA ERM A53C19

.. 0

Boyo.2nns rto1 /00

.2

i2

I.4

77 Smallho

tbod VOf hfin*es rat~io

tt
CONIDETIA

F-.4



8D NACA RM A53CJ.9 COIN'IDEIMI 53

4Body of fineness ratio /2 I____

Small body of fineness ratio 9
.4

01i

-.5 T
Large body of fineness ratio 9

.5

c4 ylindrical body

.4 KI

.4 .5 . 7. 91
Mach number, Ml

(c) Aspect ratio 2.

Figure /9. - ConcludedI

CONFIDENTIA

NACA-Langley - 2 9-53 .3004



9.4 oi w C.4 C4 4~ 1! I 4

. -- -4-.-z

P 2a~- 2 ~ -
0

-

bb - .- - r v r
el _U

z* z 2 2

Z ~ U u UZ -n. bpt

0)~C~d U Zw-.Ic a 06 (t
'd, I -E L,c 0 0u-.0

..- U u,- -

u i,

~C U ~ ~ a E0U2 .0 ".~ a aa 0 2
0I 1...)

'.4 o - n-

Z 3' U In 0 w l<c

04 cis cc 0 U 0 m < 0

C4 U ~ E1 E

z .- E z 0 ;
1* 'UZ * * C co U

o boQ' w 00W oQ C

:z 0 w w 2 j<0
1. E t 0 r-
0 04_L E 16 E-a '

cd c 5, l C CL o , > Cl ) - C
z~ ~ ~ ~ ~ ~ z d0 0 ZZw o U) m> 0- c

- t

m~~ .- ; -

_l C~ t

bb Cz Q Uc



iq ;Z. ::z~-

C4 CU 0 Q)e * ) C

w W - w CJ Ul U

o e' cGol '.-

S U U)~
UC u : :

tn U) () b Lbpo b n Qu
1

0oi 0 V
C R.

U v

cI~~L) U)

cn a o0 l (7
u z .0 z A C

zo ~ ~ 0 4)a0 o, o
U30 - U. M - ui

Z W iUZwZ w U0 CO 2 9

0 cl) 0 2) -g jz 0 , 0a <-

0 L"L,:- C. -r

0 -

Lo ai w2 Wg 0V 0 z. ~
'an o z z

&) an < en (A -4
U) z.u u Cl0 *LU

u 15J -nC 5

CU- 15~ 0(vU o WU )

U)4CL I I

co ~ ~ ~ o X is w . :O ,"0

0 0 Cd o Q -

.42 ra zraua C' r. C u


