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NACA RM I52L16 CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

A TRANSONIC WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF
LONGITUDINAL WING LOCATION AND VARYING BODY SIZE
ON THE INTERFERENCE CHARACTERISTICS
OF A 45° SWEPTBACK WING

By Donald L. Loving
SUMMARY

The effects of longitudinal location of the wing and varying body
size on the interference characteristics of a 45° sweptback wing have
been investigated over a Mach number range from 0.60 to 1.13 at angles
of attack of OO, 20, ho, and 7° in the Langley 8-foot transonic tunnel.
The wing had an aspect ratio of 4, a taper ratio of 0.6, and NACA 65A006
airfoil sections. The wing was investigated at two longitudinal loca-
tions, 4 inches apart, on a body. Also, the wing was investigated on
two differently sized bodies, one approximately 10 percent larger than
the other.

The results obtained indicated that the zero-1ift drag of the wing
with interference in the forward position was lower throughout the Mach
number range than for the wing with interference in the rearward posi-
tion. The transonic drag rise of the wing with interference for 1lift
coefficients up to 0.4 was reduced up to a Mach number of approximately
1.00 by moving the wing to the forward position. Lift and pitching-
moment characteristics were not severely affected by a change in loca-
tion of the wing for the test angle-of-attack range. The increase in
body size decreased the zero-lift drag rise of the wing with interference
from 30 to 50 percent in the transonic range and increased the average
slope of the 1lift curve. The pitching-moment characteristics of the wing
with interference were not severely affected by the change in body size.

INTRODUCTION

As part of a systematic wing-body interference investigation at
transonic speeds, the first phases of which have been reported in
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references 1 and 2, additional tests have been made to determine the
effect on wing with interference characteristics of two longitudinal
positions of a 45° sweptback wing on a body. Other tests have been made
to investigate the effect on wing with interference characteristics of
increasing the size of the body in combination with the 450 sweptback
wing. These two groups of tests which are reported herein were con-
ducted at Mach numbers from 0.6 to 1.13 at angles of attack of Oo, 20,
4°, and 7° in the Langley 8-foot transonic tunnel.

The effect of longitudinal position of the wing on a body has been
investigated and reported for ‘another configuration in reference 3.
These results are not included herein however, because a direct compari-
son of the two sets of data could not be made. The bodies used and the
wing positions tested in the two investigations were different. In the
present investigation the wing was moved forward instead of rearward as
was the case for the investigation reported in reference 3.

In the present report, particular attention will be given the effects

of wing-body interference on the aerodynamic characteristics of the wing
in the transonic Mach number range, since references 1 and 2 indicate
these effects are most pronounced in this speed range.

SYMBOLS
Cp drag coefficient, D/qS
C1, 1ift coefficient, L/qS
oCy,
e average lift-curve slope for test angle-of-attack range
O, av
Cm pitching-moment coefficient, fEZ&
qS¢€
aCm
- average slope for static longitudinal stability curve for
aCL G test angle-of-attack range
c wing chord
@ wing mean aerodynamic chord
D drag
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i maximum body diasmeter

L 11:£¢

l body length

M Mach number

ME/M pitching moment about 0.25c
2

q dynamic pressure, Bg—

R Reynolds number, based on ¢

T body radius at station x

S wing area

Vv free-stream velocity

x longitudinal distance from nose of body

(o7 angle of attack

p free-stream density

CONFIGURATIONS AND METHODS

Models

The wing of this investigation had 45° of sweepback of the 0.25 chord
line, aspect ratio 4, taper ratio 0.6, and NACA 65A006 airfoil sections
parallel to the plane of symmetry and has been described in reference k4.
This wing was mounted in a midwing position on bodies developed from the
basic body of revolution as shown in reference 2. The wing constructed
of aluminum was tested in forward and rearward positions on a body charac-
terized by a curved forebody, cylindrical midsection, and curved after-
body and has been completely described as body B in reference 2. The
ordinates of this body are given in table I. The E/u for the wing in
the rearward position was in the plane of the after limit of the cylin-
drical midsection, 26.67 inches from the nose of the body. The wing in
the forward position was located 4 inches forward of the rearward wing
position. (See fig. 1.) The ratio of the maximum cross-sectional area
of the body to wing plan-form area was 0.0606 to 1.
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The 45° sweptback wing also was tested in combination with two dif-
ferent body sizes (see fig. 2) which are referred to as the large and
small bodies. The same aluminum wing employed in the investigation of
the forward and rearward wing positions was used with the small body.

A steel wing, identical in all other respects to the aluminum wing, was
used with the large body. The small body had a curved forebody and a
cylindrical afterbody which extended from a position just ahead of the
leading edge of the wing rearward to the base of the model. This body
has been completely described as body D in reference 2. The ordinates
of this body are given in table I. The large body also had a curved
forebody and a cylindrical afterbody. The diameter of the large body
was 1.125 times greater than for the small body and the forebody shape
was the same as for the small body. This large body has been completely
described in reference 1; the ordinates are given in table I. The quarter
chord of the mean aerodynamic chord of the wing was located at approxi-
mately the same percent of body length as for the small body. The ratio
of the maximum cross-sectional area of the large body to wing area was
Q.076T to. 1.

The surface of the model was maintained in a smooth condition
throughout the investigation. Details of the location of the model in
the tunnel are presented in figure 3. The models were sting-supported
in the manner shown in figure 3 and described in reference 2. Figure 4
shows two photographs of the model installed in the test section.

Measurements

Forces and moments were measured by means of electrical strain-gage
type of balances. The accuracy of the wing with interference data obtained
from the strain-gage measurements of the various models tested is shown
in table II.

Angles of attack were measured with the use of a cathetometer and
an electrical strain-gage unit mounted in the nose of the model (see
ref. 5) and are considered correct to within +0.1°,

The static pressure at the rear of the models was obtained from
pressure orifices located in the top and bottom of the sting support in
the plane of the model base. All data presented have been adjusted for
model base drag, the coefficients having been adjusted to a condition
at which the base pressure is equal to the free-stream static pressure;
therefore, the results do not include drag due to the base of the model.
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RESULTS AND DISCUSSION

Presentation of Results

The average Reynolds number for these tests covered the range from

ARSI X lO6 50,5 Bl 106 as shown in figure 5. These values are based
on a mean aerodynamic chord length of 6.125 inches. The data herein are
presented in terms of the wing with wing-body interference. These data
were obtained by subtracting the body-alone data from similar wing-body-
combination data and include the interference effect of the wing on the
body as well as the interference effect of the body on the wing.

The axial development of cross-sectional area for the components
and combinations used in the investigation of the wing in the forward
and rearward positions on the body is shown in figure 6. The wing with
interference data for the investigation of the wing in the forward and
rearward positions are presented in figures 7(a), 7(b), and 7(c) in the
form of angle of attack, drag coefficient, and pitching-moment coefficient
against 1ift coefficient, respectively. Data for the wing in the rearward
position and data for the body alone previously have been reported in
reference 2. The analysis plots for the forward and rearward wing posi-
tions are shown as figures 8 to 11.

The wing with interference data for the investigation involving the
two different body sizes are presented in figure 12. The results for the
wing on the small body and for the small body alone have been presented
in reference 2. The results for the wing on the large body are shown in
reference 6 and the results for the large body alone may be found in refer-
ence 5. Analysis plots of the aerodynamic characteristics of the wing
with interference from the two bodies are presented as figures 13 to 16.

Effect of Wing Location

Lift.- The variation of the average lift-curve slope with Mach number,
as shown in figure 8, indicates that, within the accuracy of the tests,
the 1ift results were essentially the same for the wing in the forward
and rearward positions on the body.

Drag.- The most dominant feature of locating the sweptback wing for-
ward on the body was the reduction of the adverse drag rise which occurs
up to a Mach number of 1.00 for 1ift coefficients up to 0.4 (fig. 9). The
drag rise is defined as that increase in drag which occurs with the onset
of shock formation and associated flow separation as Mach number is
increased. The drag rise for the wing forward was 15 percent less than
for the wing rearward at a 1lift coefficient of O, and 30 percent less at
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a 1ift coefficient of 0.2. These reductions might be expected on the
basis of the less rapid rate of change of cross-sectional area over the
rear portion of the combination with the wing forward as compared with
that for the combination with the wing rearward. (See fig. 6.) As
pointed out in reference 1, a reduction in rate of change in cross
sectional area of a particular configuration results in reduced induced
velocities and adverse gradients which lead to weaker drag-producing
shocks in the field of flow of the configuration. At Mach numbers above
1.05 the total drag rise for the two cases appears to be the same within
the accuracy of the investigation.

The decrease in zero-1ift drag coefficient associated with the wing
forward at subsonic Mach numbers is identical to the trend shown by the
comparison of the drag coefficients for the wing in the presence of
bodies A and B in reference ‘2. In this reference, it is shown that, at
a 1lift coefficient of zero, the absolute drag of the wing nearer the
nose of the body was the lesser, as in the present case. This agreement
suggests that the drag differences are due to the relation of the wing
to the forebody. At the lifting conditions, the values of drag coef-
ficient are shown to be slightly higher for the forward wing at subsonic
speeds.

A comparison of the maximum lift-drag ratios for the two configura-
tions (fig. 10) indicates that, in the subsonic range up to a Mach number
of 0.95, higher values were obtained for the wing rearward. In the tran-
sonic range the maximum lift-drag ratios for the two configurations are
about the same. The 1lift coefficient for maximum lift-drag ratio was
less for the wing forward than for the wing rearward throughout the test
Mach number range.

Pitching moment.- The variation of pitching-moment coefficient with
1ift coefficient appears to be more linear for the wing in the forward
position than rearward for Mach numbers from 0.90 to 1.13 (fig. T(c)).

The interference effect of forward and rearward wing position on the
aerodynamic-center location referred to E/h (positive values of average
BCm/BCL forward of E/h) is shown in figure 11. The trend of aerodynamic-

center location with Mach number for the two cases is essentially the same.
(See fig. 11.)

It is believed that the pitch-up characteristics of the wing with
interference should not be significantly altered by the change in longi-
tudinal location of the wing. Pitching-moment results presented in
reference 2iserve ag a basis: fer this assumption.  In reference 2, it
is shown that a change in body length equivalent to moving the leading
edge of the wing 6.67 inches nearer the nose of the body had little effect
on the pitch-up characteristics of the wing with interference.
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Effect of Body Size

An examination of the results presented in reference 7 leads to the
conclusion that any differences in bending between the aluminum and
steel wings of this investigation would not have any effect on the 1lift
and drag characteristics of the wing with interference up to the highest
angle of attack, 70, tested. It is indicated also that the pitching-
moment characteristics of the wing with interference would be affected
because of the difference in amount of twist between the aluminum and
steel wings under load.

Lift.- The most noticeable effect of increasing the size of the
body was the increase in average lift-curve slope of the wing with inter-
ference as shown in figure 13. The higher average lift-curve slope for
the larger body may be attributed directly to the greater amount of
upflow associated with the larger body. This upflow produced greater
1lift over the inboard portions of the wing in the presence of the large

body.

Drag.- The most interesting effect of increasing the body size on
the drag characteristics of the wing with interference is the marked
reduction in drag rise at zero 1ift in the transonic range (fig. k) -
At a 1ift coefficient of O and in the transonic range, the drag rise
was from 30 to 50 percent less than for the wing with interference from
the small body. Further discussion of this phenomenon will be delayed
until additional evidence can be obtained to substantiate the present
results. The drag for the lifting conditions was greater for the large
body configuration. As a result, the maximum 1lift-drag ratio for the
wing in the presence of the large body was less than for the small body
configuration throughout the Mach number range of the investigation
(fig. 15). The 1lift coefficient for maximum lift-drag ratio remained
approximately the same for the wing in the presence of either the large
or small body.

Pitching moment.- The values of the average slope for the static
longitudinal stability curve are shown in figure 16 to be more positive
for the wing with interference for the small body test than for the
large body. This result, however, cannot be attributed to a difference
in body size but more to a difference in the material used in the con-
struction of the wing for the two cases. On the basis of the results
reported in reference 7, it is concluded that the difference in average
slope for the static longitudinal stability curve is due primarily to
the greater degree of twist of the aluminum wing tested in conjunction
with the small body than to the steel wing used on the large body. The
difference between the (BCm/BCL)av values throughout the Mach number

range for the two wings in the present investigation is the same as that
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shown for oC,/dC; at Cp = O and 0.4 for the two wings investigated

and reported in reference 7. The variation with Mach number was practi-
cally the same for the two investigations.

A comparison of the pitching-moment data for the two wing-body com-
binations involving the wing on the small body (body D with configura-
tion D in ref. 2) and the wing on the large body (wing with cylindrical
body in ref. 6) indicates that the increase in body size had no effect
on the pitch-up characteristics of the combination. On this basis, the
pitch-up characteristics for the wing with interference of the present
investigation may be considered to be the same for both bodies tested.

CONCLUSIONS

A transonic wind-tunnel investigation of the characteristics of a
459 sweptback wing in two longitudinal locations on a body and for the
same wing on two bodies of varying size indicated the following conclusions:

1. The zero-l1lift drag coefficient of the wing forward with inter-
ference was considerably lower throughout the Mach number range than that
of the wing rearward with interference. A reduction in the transonic
drag rise of the wing with interference was obtained up to a Mach number
of approximately 1.00 for the wing in the forward position compared with
the rearward position at 1ift coefficients up to O.4. At the test Mach
numbers above 1.05, little or no difference in the magnitude of the drag
rise was noted for the two cases.

2. The variations of lift-curve slope and aerodynsmic-center location
with Mach number were little affected by a change in location of the wing
on the body.

3. The average lift-curve slope for the wing with interference from
the large body was greater than for the wing with interference from the
small body throughout the Mach number range.

4. The drag rise for the wing with interference from the large body
at nonlifting conditions was 30 to 50 percent less than for the wing with
interference from the small body in the transonic-speed range.

5. The pitching-moment characteristics of the wing with interference
were not severely affected by a change in body size.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I

ORDINATES AND DIMENSIONS OF BODIES USED IN INVESTIGATION

Body used for wing location

OF WING LOCATION AND BODY SIZE

NACA RM L52L16

investigation Small body Large body
1 = 46.67 P——1 = 46.67 1 =52.5
39.275 { 39.275 . k3.0
l—20.0 6.67 -—22.5—-‘
r x-i r— x~ L
= = == = - = :_“"
nax = 3.334 dmay = 3.334 dnas = 375
=l
Body ordinates Body ordinates Body ordinates
x/1 r/1 x/1 r/1 x/1 r/1
0 0 0 0 0 0
.0043 .00198 .0043 .00198 .0043 .00198
.0064 .00255 L0064 .00255 L0064 .00255
.0107 .00367 .0107 .00367 .0107 .00367
L0214 .00619 L0214 .00619 .021k .00619
.0k429 .01033 .0k29 .01033 .0429 .01033
.0643 .01382 .0643 .01382 L0643 .01382
.0857 .01689 .0857 .01689 .0857 .01689
.1286 .02222 .1286 .02222 .1286 .02222
Al .02648 L1714 .02648 L1171k .02648
.2143 .02970 .2143 .02970 .2143 .02970
22571 .03206 <2571 .03206 SRl L .03206
.3000 .03371 .3000 .03371 .3000 .03371
.3428 .03482 .3428 .03482 .3428 .03482
.3857 .03551 <3857 .03551 .3857 .03551
L4285 .03571 . 4285 .03571 . 4285 .03571
k150 .03571 4750 .03571 4750 .03571
.5000 .03571 .5000 S0357 .5000 .03571
.5250 .03571 $5250) .03571 .5250 .03571
+5500 .03571 .5500 .03571 .5500 .03571
5715 .03571 5715 .03571 5715 .03571
L6144 .03539 L6144 .03571 L61kk .03571
L6572 .03449 L6572 .03571 6572 .03571
. 7000 .03293 . 7000 .03571 . 7000 .03571
. 7429 .03053 . 7429 .03571 .T429 .03571
.7858 .02681 . 7858 .03571 . 7858 .03571
.8286 .02165 .8286 .03571 .8286 .03571
.8571 L0173k .8571 .03571 .8571 .03571
L8714 .01587 871k .03571 8714 .035T1
.9143 .0096% L9143 .03571 L9143 .03571
<9571 .00376 +I5TL .03571 .9571 .03571
1.0000 0 1.0000 .03571 1.0000 .03571
L.E. radius = 0.0005 L.E. radius = 0.0005 L.E. radius = 0.0005
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TABLE IT

ACCURACY OF WING WITH INTERFERENCE DATA

FROM STRAIN-GAGE MEASUREMENTS

Aluminum wing forward,
rearward, and on small body;

Steel wing on large body;

Coefficient Fa="OR 2O hO gy g a0 @ = 0%, 2%, 4°, and 7°
Mach number, 0.60 | Mach number, 1.00 | Mach number, 0.60 | Mach number, 1.00
cr, +0.008 +0.004 *0.016 +0.008
Cp . 001 *.0005 +£.002 £.001
G *.005 083 +.003 *.002
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3.334

L.E. of wing in rearward position

Wing details

Alrfoll section NACA 85A008
Aspect ratio 4
Taper ratio 0.8

Incidence °
Dihedral o°

Wigarea  1sqtt L.E. of wing in forward position

Cylindrical

\
|
———Extended forebody l

midsection

— >+« Original aofterbody———

Figure 1.- Dimensions of models used for investigation of wing location on
body. All linear dimensions are in inches.
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Wing details
Alrfoil section NACA 65A008
) Aspect ratio 4
Taper ratio 0.8 -
Wing area 1sqft
Incidence 0°
Dihedral 0°
—a.12
| —3.438
————— —
oy e | 99
R T = ST =1 o )
I / \~N‘_‘————‘— PR
ArmaxOf small body=3.334 —
20.0—
u 22.5.
< — 39.275- Ll
R—ia 43.0
Prion
e — 7
e By
e wes = o o VLA e S VR el SN T S i DX T _/

Figure

2.- Dimensions of models used for investigation of body size.

All linear dimensions are in inches.
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Diffuser-entrance nose o

65 350, —=

"t

TVIINHATANOD

Slot origin J

Figure 3.- Details of the typical location of the models in the slotted
test section of the Langley 8-foot transonic tunnel.
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(a) Front view.

(b) Rear view.

Figure k.- Wing-body combination with wing in rearward location in Langley
8-foot transonic tunnel.
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fi=

.6 74 8 9
Mach number,M

O

Figure 5.- Variation with Mach number of Reynolds number based on a mean
aerodynamic chord length of 6.125 inches.
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Cross -sectional area,sq in.

|6 T .
Wirllg in rearlwardlposi{ion N
Wing in forward posi[ﬁon T \
3 > N
v % Pt // T \\‘
8 o BERGEa
\l “\\
— Body alone
/ \\
a4 > o \
ing alone [
B _\>/ T \:
///// ///// ‘\\\ ‘
@) = |
0 4 8 {2 16 20 24 28 e 36 40

Body length in.

Figure 6.- Axial development of cross-sectional area for the various
components and combinations used in the investigation of wing
location.
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Angle of attack ,a deg

Wing rearward
— — — Wing forward

M=0.60 .80 -85 .90 395 975 1.0O 1.025 1.O5 KOS
J 7
ABABET AP 4D AW AWy 6V
LAVAPADADADADAD AV AY.
yARNARvAN” TS

Vi, e

/ / / // / /

S A SR A A

NS
Ny
Ny
NS

M

0.60

.80 .85 90 .5?5 .9175 l.(l)O I.OI25 1.05

115

\\riéCA

0 0 0] 0 0 (0] 0 0
Lift coefficient,C

(a) @ against Cp.

Figure T7.- Aerodynamic characteristics for the wing with interference for

two longitudinal positions.
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o
o

o
A

Drag coefficient,Cp

@)
S

Lift coefficient,C,

(b) Cp against Cr,-

Figure T.- Continued.

Wing "rearward
— — — Wing forward
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5 o Wing rearward
— — — Wing_ forward
M
Ovroe0 T Ov=T00
\s_\ 60
o) 0.~ o=
M=0.80. ] M=1.025 N
e ~ = & \
< i o E M
€ 0f—sat o O\
§ M=0.85 \\\ .f:_’ M=1.05 \ \\\ N S
B S 85 g g NN e
O . o J
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é M=0.90 i é M=1.1C \\ ~<>\ Q\\
o
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T \\\\ & N |05
On=ca75 AN B -04 \\
N '\ N 110
. AN ' N\
R
\ 55
_.08 =i NAEA o]
o7 e
-2 0] 2 4 .6 .8 -2 0 2 4 .6 .8

Lift coefficient,C,

(c) C, against Cyp.

Figure 7.- Concluded.

Lift coefficient ,C,
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12 Wing rearward
— — — Wing forward
.08 </’-’4/ h—E.\ s
04
WA
O |
= .6 £ .8 9 1.0 LT

Mach number, M

Figure 8.- Variation of average lift-curve slope with Mach number for

the wing with interference for two longitudinal positions.

TVIINAZATANOD 9TI2ST WH VOVN

g



TVIINHITIANOD

Drag coefficient ,Cp

D

O
o

)
N

o

Wing rearward
e o WG Jorward
/7/4
CL //7
3 5 5 N 5 I O
v
P
/ o,
4,////':’/
2 R S ARG R d 7
7
e e | s
|
ple 5 4 8 £, RO B

Mach number M

Flgure 9.- Variation of drag coefficient with Mach number for the wing
with interference for two longitudinal positions.
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28
24 e e e s
b \
i N
\
| 6 \
D), \\
2 \
\:::::f::::
8
4
0
Wing rearward
— — — Wing forward
.6
4
CL(L/D)mox R
A
2 i i e
A
0 e i)
5 .6 e .8 9 1.0 I.1 .2

Mach numb;er, M

Figure.10.- Variation of maximum lift-drag ratio and 1ift coefficient
for maximum 1ift-drag ratio with Mach number for the wing with inter-
ference for two longitudinal positions.
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Figure 11.- Variation of average slope for the static longitudinal stability
curve with Mach number for the wing with interference for two longitudinal

positions.
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Figure 12.- Basic aerodynamic characteristics of the wing with interference
when mounted on a small and a large body of similar shape.

9TI2ST W VOVN

TVIINEATANOD

G2



TVIINHATINOD

.08

o)
o

(@]
N

Drag coefficient ,Cp

[e}
N

Small body
— — — Large body
95 .975 OO 1025] " 105 | KD .13
80| |85 IO - e Y / /
M=060 b /) / / // / // 7 : 7
e 7 AW JIARIER B /
/ 3 / / // // e A | Al /
ol x ZARY /i/_,/_,,/f// TR 2 age
RS AR el (G e R T AT ] s i —
=OI.GO .810 8f> '910 .915 .9175 I.CI)O |_(?25 |,cl)5 |,|lo Hl3 wﬁj
0 0 0 0 0 0 0 0 0 0 0 5 3 !

Lift coefficient,C,_
(b) Cp against Cy,.

Figure 12.- Continued.
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Figure 12.- Concluded.
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Figure 13.- Variation of average lift-curve slope with Mach number for
the wing with interference when mounted on a small and a large body
of similar shape.
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Figure 1k.- Variation of drag coefficient with Mach number for the wing
with interference when mounted on a small and a large body of similar
shape.
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Figure 15.- Variation of maximum lift-drag ratio and lift coefficient
for maximum lift-drag ratio with Mach number for the wing with
interference when mounted on a small and a large body of similar

shape.
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Figure 16.- Variation of average slope for the static longitudinal stability
curve with Mach number for the wing with interference when mounted on a

small and a large body of similar shape.
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