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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

THE EFFECT OF A CHANGE IN BODY SHAPE ON THE

LOADING OF A 450 SWEPTBACK WING-BODY

COMBINATION AT TRANSONIC SPEEDS

By Donald L. Loving

SUMMARY

An investigation was made in the Langley 8-foot transonic tunnel of
the pressure distribution on a wing-body combination having a 450 swept-
back wing with aspect ratio 4, taper ratio 0.6, and NACA 65A006 airfoil
sections parallel to the plane of symmetry. The body had an afterbody
which was cylindrical from the region of the leading edge of the wing-
body juncture rearward to the base. Data were obtained at Mach numbers
from 0.60 to 1.15. The test Reynolds numbers ranged from 1.74 x 106
to 2.05 x 100. In order to determine the effects on loads of a change
in body shape, the results of this investigation are compared with similar
data previously obtained for the same wing in combination with a body
that was curved from the nose to the base.

The chordwise pressure distributions, which were determined at vari-
ous spanwise stations, indicate that the flow about the two configurations
is the same. Trends in the changes in pressure on the combinations are
noticeable with change in body shape even though the changes are small.
At subsonic Mach numbers the wing pressures are generally more positive,
a condition which indicates less separation as a result of lower induced
velocities about the cylindrical body combination. At supersonic Mach
numbers, the reduced induced velocities alter the location of the shock-
wave system about the cylindrical body combination so that reduced
loadings are obtained at the trailing edge of the wing, especially out-
board in the region of the usual control surface.

On the body in combination with the wing, changes in pressure of the
same magnitude as for the wing resulted from the change in body shape from
curved to cylindrical. A decrease in the influence of the wing on the
body resulted in less negative pressure coefficients in the region of the
wing-body Juncture. The pressure coefficients on the afterbody of the
cylindrical body were more positive than those on the curved body.
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2 CONFIDENTIAL NACA RM L54BO9

INTRODUCTION

The study of the effect of a change in body shape on the loading on
a 4_° sweptback wing-body combination was instigated as a result of the
observation of the pronounced influence that a precise body shape has on
the flow and shock-wave pattern at a Mach number of 1.00. A difference
in the flow field extending an appreciable distance away from the body
near the speed of sound, as affected by a body shape which was curved
toward the rear, has been reported in reference 1.

During the investigation of wing-body interference, a systematic
series of body shapes was tested in combination with a 450 sweptback
wing in the Langley 8-foot transonic tunnel. On the basis of the results
of this investigation, which have been reported in reference 2, it was
decided to investigate the effect on loads of the body which, in combi-
nation with the wing, produced the lowest drag values and should have
caused the largest changes in the flow and shock-wave pattern about the
configuration. The results of previous loads investigations for the
same wing in combination with a body of different profile shape have
been reported in references 5 to 5. A comparison of the data obtained
from these investigations provides the material for the study of the
effect of a change in body shape on the loading of the wing-body
combination.

For the present investigation the pressure measurements were obtained
on the wing-body combination having the cylindrical body at angles of
attack of 00, 40, 80, 120, and 200 for a Mach number range from 0.60
to 1.15.

SYMBOLS

b wing span

c airfoil section chord, parallel to plane of symmetry

Eaverage wing chord, S/b

b/2
c mean aerodynamic chord, S c2dy

d body section diameter

dmax body maximum diameter

CONFIDENTIAL



NACA RM L54B09 CONFIDENTIAL 3

M Mach number

PO free-stream static pressure

Pl local static pressure

P pressure coefficient, Pl - PO
q

q free-stream dynamic pressure, 1pV2
2

R Reynolds number, pVcL

r body section radius

rmax body maximum radius

S total wing area

V velocity in undisturbed stream

y distance measured perpendicular to the plane of symmetry in
spanwise direction

C angle of attack of body center line

p mass density in undisturbed stream

Pcoefficient of viscosity in undisturbed stream

Cb bending-moment coefficient of the exposed wing about the
wing-body juncture, bb T1 b/2 Cnc (y - rmax) dy

S - dmax) rmax

c
Cn wing-section normal-force coefficient, 1 (PL PU)dx

0

C Cni section normal-loading coefficient

Cnf body cross-section normal-force coefficient, (PL P PU) dy

CONFIDENTIAL



4 CONFIDENTIAL NACA RM L)4B09

Cnfd body cross-section normal-loading coefficient

CNB normal-force coefficient of body in presence of wing

CNW normal-force coefficient of exposed wing

CNwB  total normal-force coefficient of wing-body combination

ACNBW load carryover from wing to body, CNB - CNbody alone

CMW pitching-moment coefficient of exposed wing about 2t-percent
mean-aerodynamic-chord position

C pitching-moment coefficient of wing-body combination about
I 2 2 ,-percent mean-aerodynamic-chord position

CTc/4 twisting-moment coefficient about line through 25-percent
chord of wing sections

Subscripts:

f body cross section

L lower surface of section

U upper surface of section

APPARATUS

Tunnel.- A description of the Langley 8-foot transonic tunnel
giving details of the slotted transonic test section is presented in
reference 6. In this facility, the test-section Mach number can be
varied continuously from about 0.2 to 1.14 simply by varying the drive

power; no discontinuity in operation is experienced at sonic speed.
Figure 1 presents the details of the test section of the Langley 8-foot
transonic tunnel. The locations of the two models discussed in this

report are indicated in terms of the distance from the test-section slot
origin to the nose of the bodies.

Model.- The wing used in this investigation had a steel core with
a tin-bismuth covering and was the same wing as that used in the previous
loads investigations of references 3 to 5. This wing had 450 of sweepback

CONFIDENTIAL
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of the quarter-chord line, an aspect ratio of 4, and was 6 percent thick.
As shown in figure 2, the curved body of references 1, 5, 4, and 5, and
referred to as body A in reference 2, had at curved profile from the nose
to the base. The cylindrical body of the present investigation was
developed by extending the curved forebody forward a distance equal to
twice the maximum diameter and then making the body cylindrical from the
leading edge of the wing to a plane behind the trailing edge of the wing
tip, which is equivalent to making an infinite-fineness-ratio body.
This body was referred to as body D in reference 2. The wing remained
in approximately the same position relative to the baL:e of the body for
both investigations. (See fig. 2.) The steel cylindrical body had

P6 static-pressure orifices distributed among 6 meridians on the body,
designated by the angular displacements of the meridians 0o, 4')0, 750,
1050, 13'o , and 1600 from the upper to the lower surface (fig. 2).

An attempt was made to maintain the model aerodynamically smooth
throughout the investigation. Details of the manner in which the models
were sting supported are presented in figure 1. A photograph of the

curved body model mounted in the slotted test section of the tunnel is
presented as figure 3.

MEASURFNMNTS AND ACCUIRACY

The tests were made for a Mach number range from 0.60 to 1.13 at
angles of attack of 00, 40, 80, 120, and 200. The average Reynolds num-

ber varied between 1.74 x 106 and 2.05 x 106 for these tests as shown in
figure 4.

The accuracy of the pressure coefficients, based on repeatability
of data, is believed to be t0.006 and the free-stream Mach number is
believed to be accurate to within _+0.005.

The angle of attack of the model was derived from the sting angle
(an electrical strain-gage unit was mounted in the sting) and a correction
was obtained by determining the deflection of the model under applied

normal load and pitching moments. The angle-of-attack measurements, also
corrected for air-stream angularity, are believed to be accurate to
within t0.100.

RESULTS AND DISCUSSION

All data presented are for the wing in combination with the body
or the body in combination with the wing and therefore include the mutual
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effect of one on the other. The terms "cylindrical body" and "curved
body" serve to identify the two wing-body combinations studied.

Basic Pressure Measurements

Wing section characteristics.- The chordwise pressure distributions
for the wing in combination with the cylindrical body presented in fig-
ure 5 illustrate the variations in the upper- and lower-surface pressure
coefficients at five spanwise stations for angles of attack of 00, 40,
80, 120, and 200 throughout the test Mach number range from 0.60 to 1.13.
Included in the figures for purposes of comparison are the chordwise
pressure distributions for the same wing in combination with the curved
body at the same angles of attack and for Mach numbers of 0.60, 0.94,
0.99, and 1.15. These data were obtained from references 3 and 4.

The chordwise pressure coefficients for these four Mach numbers
indicate that a change in body shape from curved to cylindrical produced
only small changes in pressure loading over the wing throughout the Mach
number range investigated. As shown by the data at angles of attack of
00, 40, and 80 and subsonic speeds at Mach numbers from 0.60 to 0.95
(figs. 5(a) to 5(e)), the changes were in the form of small adjustments,
mostly in a positive direction, in the level of negative pressure coef-
ficients. This trend is indicative of less separation over the wing
panel as a result of reductions in induced velocities in the flow field
about the cylindrical body compared with the curved body. At 120 angle
of attack, separation was so severe over the exposed wing that the trend
toward lower section loads is noticeable only on the most inboard station
of the wing on the cylindrical body. For some unknown reason, at
200 angle of attack, slightly higher loads were obtained on the wing in
combination with the cylindrical body than with the curved body.

At supersonic speeds, the small changes in wing pressures were due
mainly to the changes in the location of the shock-wave system as the
result of the decrease in the induced velocities associated with the
flow about the cylindrical body. The most pronounced of these slight
changes at supersonic speeds may be seen in the region of the trailing
edge on the outer part of the wing and hence would have an effect on
any control surfaces located in this region. For example, at an angle
of attack of 80 and Mach numbers of 1.00 and 1.13, the largest changes
in wing pressure are mainly at the tip region of the wing. A shock
pattern, similar to that described in references 1 and 4, occurred
across the span near the trailing edge and caused separation as shown
by the flat pressure distributions toward the tip. Primarily because
of body shape, the shock pattern of the cylindrical body was shifted
forward slightly and the separation effects were less extensive on the
outboard stations.

CONFIDENTIAL
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Body section characteristics.- The longitudinal pressure distribu-
tions for the cylindrical body in combination with the wing along each
of six meridian lines, as illustrated in figure 2, are given in figure 6
for angles of attack of 00, 40, 80, 120, and 200 at Mach numbers from
0.60 to 1.15. Again, for purposes of comparison, longitudinal pressures
on the curved body as obtained from references 5 and 4 are included for
the same angles of attack and for Mach numbers of 0.60, 0.94, 0.99,
and 1.15. The pressure coefficients on the body at the wing-body Juncture
are affected in approximately the same marmer as that shown for the wing
by the change in body shape from curved to cylindrical. The distribution
of pressure coefficients on the cylindrical body in the region of the
wing has the same shape and trend with increase in angle of attack and
Mach number as shown in reference 4 for the curved body. The values of
pressure coefficient are more positive for the cylindrical-body combi-
nation, however, throughout the test Mach number range, a condition which
leads to reductions in local loading in the region of the wing-body
juncture at all angles of attack except 200. At this angle of attack,
the pressure coefficients were more positive on the lower half of the
body in the region of the wing, and more negative for some of the merid-
ians on the upper half of the body, a condition which leads to greater
total loading on the cylindrical body than on the curved body.

As might be expected, the pressure coefficients on the two after-
bodies are different (more positive on the cylindrical body) because of
the change in body shape. The more negative pressure coefficients on
the curved body are directly associated with drag-producing energy losses
which occur in the stream at a distance out from the configuration. The
more positive pressure coefficients for the cylindrical body are an
indication that the energy losses in the stream are not as severe as for
the curved body and therefore a lower drag rise may be expected. This
condition is especially true for the data at Mach numbers of 1.00 and
1.13 which show large decreases in the level of negative pressure coef-
ficient when the body shape is changed from curved to cylindrical. These
findings are in complete agreement with the concepts of the transonic
drag-rise rule (ref. 7) and indicate the flow associated with the lower
drag rise obtained for the cylindrical-body combination compared with
the curved-body combination as reported in reference 2.

The more negative pressure coefficients at the base of the cylin-
drical body compared with those of the curved body are the result of
accelerated flow around the sharp cornered discontinuity at the model
base in the region of the simulated Juncture of the model support sting
and body. (See fig. 2.)

Loading and Aerodynamic Characteristics

Spanwise loading characteristics.- A comparison of the spanwise

loading distributions obtained from the integrated pressure distributions
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8 CONFIDENTIAL NACA RM L54B09

for the wing in combination with the cylindrical body and the curved body
are given in figure 7 for total normal-force coefficients of 0.2, 0.4,
0.6, and 0.8 and Mach numbers of 0.60, 0.9), 1.00, and 1.13. The data
at Mach numbers of 0.95 and 1.00 for the curved body were obtained from
interpolation of the results presented in references 3 to '). Included
in this figure is the average of the total section loadings on the body
which were obtained by integrating over the body length the previously
integrated body axial section loads. As might be expected from the
discussion of the pressure distributions, the variations in spanwise
loading due to a change in body shape are small. The shapes of the curves
of the spanwise loading distribution are approximately the same for both
wing-body combinations being considered. On the other hand, several
definite trends are noted in the level of spanwise loading with change
in body shape: (1) At a normal-force coefficient of 0.6, the loading is
less at Mach numbers of 0.95 and 1.00 for the outboard portion of the
wing on the cylindrical body than on the curved body. This result can
be traced to the decrease in the level of negative pressure coefficients
on the upper surface of the outboard wing sections as a result of the
reduced induced velocities associated with the cylindrical body. (2) At
a normal-force coefficient of 0.8, the loading is noticeably less on the
20-percent-semispan station of the wing on the cylindrical body through-
out the Mach number range. As explained in the discussion of the pres-
sure distributions, separation was severe on the outboard sections of the
wing at an angle of attack of 120, which corresponds to a normal-force
coefficient of approximately 0.8. Therefore, the effect of a change in
body shape was confined to the inboard section of the wing. (5) At a
Mach number of 1.13 and for any given normal-force coefficient from 0.2
to 0.8, the loading for the wing on the cylindrical-body configuration
is uniformly less across the span than for the curved-body configuration.
This reduction in loading may be explained by the fact that for a given
total normal-force coefficient at supersonic speeds, a greater portion
of the load is carried by the body than at subsonic speeds and, for the
cylindrical-body configuration, an even greater percentage of the load
is carried by the body than for the curved-body case.

Normal-force characteristics.- The variation of angle of attack and
exposed wing normal-force coefficient with total normal-force coefficient,
as shown in figure 8, indicates that the trends in loading with angle of
attack and Mach number for the cylindrical-body and curved-body configu-
rations are practically the same. The results of figure 8 indicate that
the percentage of total load carried by the cylindrical body is slightly
greater than for the curved body at Mach numbers of 0.60, 1.00, and 1.13.
This result is substantiated in figure 9. The average of the total load
carried by the bodies is between 15 and 16 percent up to a total normal-
force coefficient of approximately 0.65. Thereafter the rate at which
the percentage of total load carried by the body varies with increase in
total normal-force coefficient decreases progressively with increase in
Mach number from 0.60 to 1.13.

CONFIDENTIT
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The influence of the change in body shape on the load carryover
from the wing to the body is indicated in figure 10. The results were
obtained by subtracting the load on the body alone from the load on the
body when in combination with the wing for both configurations. Data
for the cylindrical body alone were obtained from reference 8. The
effect of wing-body interference appears to increase with increase in
angle of attack, but to remain fairly constant throughout the Mach num-
ber range for a given angle of attack. The data indicate that the
interference from the wing on the cylindrical body is slightly less than
that for the wing on the curved body. The largest reduction in inter-
ference occurred at an angle of attack of 200. The results of longitu-
dinal loading on the body shown in figure 11 for a Mach number of 1.00
indicate that the reduction in interference at angles of attack of 40,
80, and 120 is due mainly to a reduction in the lift carryover from the
wing to the body in the region of the wing-body juncture. It is shown
also in figure 11 that the reduction in interference at 200 angle of
attack was due primarily to the influence of the wing on the load ahead
of the wing and the :eduction of separation effects over the cylindrical
afterbody.

Lateral position of center of pressure.- In figure 12, it is shown
that for a given exposed wing normal-force coefficient, very little
change in the lateral position of the center of pressure resulted from
a change in body shape. Except for a slight outboard shift in center
of pressure for the wing on the cylindrical body at a Mach number of
0.95 and between normal-force coefficients of 0.50 and 0.71, the general
trend with a change in body shape from curved to cylindrical was a small
but definite inboard shift in the center of pressure. The largest shift
occurred at a Mach number of 0.95 and a normal-force coefficient of 0.24
amounting to approximately 5 percent of the semispan.

Bendn-moment characteristics.- It was reported in reference 9
that the most outboard location of the spanwise center of pressure gen-
erally represents the critical conditions for maximum root bending moments.

Additional study of the data herein indicates that the bending-
moment coefficients do not necessarily decrease after the lateral position
of the center of pressure moves inboard from its most outboard location.
Actually, it increases again as shown in figure 13. The inflection in
the curves is noted at all subsonic Mach numbers and is most pronounced
at a Mach number of 0.95. At supersonic Mach numbers of 1.03, 1.08,

14 and 1.10 data were not obtained at angles of attack high enough to show
the nature of the curve beyond the point of nonlinearity, but it is
assumed that the variation with exposed-wing normal-force coefficient
would be similar to that shown for Mach numbers of 1.00 and 1.13.
Therefore, if, as was discussed in reference 10, the airplane experiences
pitch-up and inadvertently overshoots the upper limit of the V-g diagram
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10 CONFIDENTIAL NACA RM L54BO9

in normal use, the bending moments will increase, exceed the design
limits, and become more critical.

The change in body shape from cutrved to cylindrical produced only
small changes in bending-moment coefficient. Of thesu siall changes,
the most noticeable is in the form of a decrease in bending-moment
coefficient at the high values of wing loading.

Pitching-moment characteristics.- The effect of the change in body
shape from curved to cylindrical resulted in slightly larger changes in
the stability characteristics between the two configurations than in the
loading characteristics. Mainly, the degree of stability was affected
as shown in figure 14. The wing on the cylindrical body exhibited less
stable characteristics than the wing on the curved body as a result of
the decrease in loading at the trailing edge of the wing. This decrease
in loading at the trailing edge produced a forward shift in the chord-
wise center of pressure as shown in figure 15. This effect appears to
be more pronounced at low values of normal-force coefficient up to a
Mach number of 1.00 and at the higher values of normal-force coefficient
at a Mach number of 1.15.

The pitch-up characteristics appeared to be affected only at a Mach
number of 0.60. The use of the cylindrical body tended to alleviate the
pitch-up associated with the curved-body combination at this Mach number.

The variation of pitching-moment coefficient with normal-force
coefficient for the wing-body combination indicates that the cylindrical-
body contribution to the stability characteristics of the combination
generally was in the direction of more positive pitching-moment coef-
ficients for a given total normal-force coefficient.

Twisting-moment characteristics.- The difference in the twisting-
moment coefficient between the curved-body and cylindrical-body combi-
nations as shown in figure 16 is small, but a definite trend may be
noted. Negative values indicate a washout tendency at the tips. At
moderate subsonic Mach numbers, the negative twisting-moment coefficient
was larger for the wing on the cylindrical body. This effect is a result
of the small reductions in loading which occurred on the forward portion
of the wing at these subsonic speeds as shown by the more positive pres-
sure coefficients on the forward portion of the wing upper surface for
the cylindrical-body combination compared to the curved-body combination.
The results at the transonic and supersonic Mach numbers indicate that
the load at the trailing edge of the sections is less for the wing on
the cylindrical body than on the curved body. Apparently, the largest
difference in twisting-moment coefficient occurs between Mach numbers
of 0.85 and 0.95, a condition which results in a maximum decrease of
0.01 when the body shape is changed from curved to cylindrical.
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CONCLUDING REMARKS

An investigation was made in the Langley 8-foot transonic tunnel of

the pressure distribution on a wing-body combination having a 450 swept-

back wing with aspect ratio 4, taper ratio 0.6, and NACA 65A006 airfoil

sections parallel to the plane of symmetry. The body had an afterbody

which was cylindrical from the region of the leading edge of the wing-

body juncture rearward to the base. Data were obtained at Mach numbers

from 0.60 to 1.15. The test Reynolds numbers ranged from 1.74 x 106

to 2.03 x 10b. In order to determine the effects on loads of a change

in body shape, the results of this investigation were compared with

similar data previously obtained for the same wing in combination with

a body that was curved from the nose to the base.

The results of the investigation indicate that the changes in loading

were small with the loading generally being less on the cylindrical-body

combination than on the curved-body combination. At subsonic speeds,

the small changes were due to reduced induced velocities about the

cylindrical-body combination. At transonic and supersonic speeds, the

reduced loadings were mainly at the trailing edge and toward the tip of

the wing on the cylindrical body and resulted from changes in the position

of the shock-wave pattern and reductions in flow separation near the wing

trailing edge.

On the body in combination with the wing, changes in pressure of the

same magnitude as for the wing resulted from the change in body shape from

curved to cylindrical. A decrease in the influence of the wing on the

cylindrical body resulted in less negative pressure coefficients in the

region of the wing-body juncture. The pressure coefficients on the

afterbody of the cylindrical body were more positive than those on the

curved body.

Langley Aeronautical Laboratory,
National Advisory Conmittee for Aeronautics,

Langley Field, Va., January 26, 1954.
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Figure 15.- Variation with exposed wing normal-force coefficient of
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CONFIDENTIAL



NACA 1RM L514B09 CONFIDENTIAL 67

_., 0

_ _~~ 4_I )_
___~~ ~ En _ _9 .

C 4-1 0
4 ______ _ _ __ o 0

>I I

0

VG)1 __H

) 

r 45

.-H U U

(0

r.4

o 0 0

0 0 0

NACA-Langley - 4-2-54 - 300~I~TA



- - -q8 . . z :4

20~ 
zbo b b ) 0

Z82 Uh1.2 Wu bb C~ UV 0 ,_, V0 - o'0

0~ . g

0d 0 0 t

< A. :- 0-.;
0. 0 I M

0" ", 09 a"9722=

0 U bF 4:
VO~~ ja .0 410 A0> WC.O4- S.

.~6 4' 7.9 'R-~ ~

01 0 E -E

oz c .. ;z=

.0 -c80X
#4, 10 O'= 40 -1

.ua ~b 0 s4
li 390 , -E a 30C

H u 0: 1

-d I. -
20 ' . 79 u (

41 14 -0V 9

2 .2 0U
0 v- z Z.

2.4~ t 0. z.h g-40 02 . ti 0 A 6 b0 r9.a.4 5 U

u MIu U.5

at X, ri i 0



6 -0

tzB

N~a~ -o .4

~c s

0z .4 .

MR 0e A N
.Iloil

in -Z Vaa 0~

Ix.


