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Some Effects of Interference Flowfields
on Supersonic Configurations

M. Leroy Spearman*
NASA Langley Research Center, Hampton, Virginia

A summary of selected results for various basic research models is presented in order to illustrate some effects
of interference flowfields at supersonic speeds. Some general effects of wings and tails on typical cruciform
missile configurations are shown. Several arrangements of cruise-typé missile concepts are presented to show the
effects of added body volume on the lift-drag ratio. In addition, the effects of several tail arrangements and
some effects of body cross section on the directional stability characteristics are included.

Nomenclature
a, =instantaneous normal acceleration
Cp =drag coefficient
(&3 =lift coefficient
AC,(T) =lift increment due to tail
C, = pitching moment coefficient
Cry =tail pitching moment effectiveness
C, s = directional stability parameter
CYB =side force parameter
h =body height
L/D =lift-drag ratio

(L/D) ., =maximum lift-drag ratio
=Mach number

W/A =weight loading based on body cross-sectional
area

o =angle of attack, deg

6 =body wedge angle, deg

Model Components

B =body

w =wing

T =tail assembly

Vv =vertical tail

Coefficients for the configurations presented herein are
nondimensional in various ways. Detailed information for the
basic ‘data may be found in the referenced papers. The
numerical value of the coefficients, however, does not affect
the interpretation of the results.

Introduction

ING/BODY/TAIL configurations, when moving

through air, induce flowfield changes that can have a
significant effect on the aerodynamic characteristics at super-
sonic speeds. These flowfield changes may be manifested as
variations in the local dynamic pressure and airflow direction.
The interaction of induced flowfields with the components of
a configuration can produce acrodynamic effects that may be
either detrimental or beneficial. This paper will draw from a
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large data bank of some generic wind tunnel studies of various
configurations. Among the geometric variables that have been
studied are wing and tail location, wing and tail planform,
body shape and size, and so on. The studies indicate some
synergistic effects wherein the generation of an induced
flowfield results in improved aerodynamics. Likewise, some
antienergetic effects may occur that result in adverse
aerodynamics.

The purpose of the paper is to lead to an awareness of some
of the many factors, as well as the interaction of such factors,
that must be considered when combining wing/body/tail con-
figurations. Such awareness provides useful insight into the
geometric trades that should be considered in determining a
suitable concept consistent with desired requirements.

Maneuverable Cruciform Missiles

The effects of wings and tails on typical aft-tail controlled
maneuverable cruciform missiles are illustrated in Figs. 1
and 2. The trapezoidal planform configuration of Fig. 1 shows
the effects of the wing and tail components on the variation of
lift with angle of attack (unpublished results). The addition of
either the tail or the wing results in an increase in lift with
increasing angle of attack. The increment in lift due to the tail
is shown on the right, both with and without the wing. It will
be noticed that the tail-lift increment is reduced by the
addition of the wing. At low angles of attack, where the tail is
directly in the wake of the wing, this reduction in tail-lift
increment is as much as 50%. At higher angles of attack,
where the tail is primarily affected by the downwash from the
wing, the tail contribution is reduced by about 25%.

In Fig 2, it can be seen that the increment in pitching mo-
ment due to the tail deflection at zero angle of attack is re-
duced across the¢ Mach number range by the presence of a
wing. However, the normal acceleration available, for the ex-
ample shown, is still considerably better for the wing-on case.
This simply illustrates that, even though the tail effectiveness
is reduced by the wing flowfield, the tail control is still suffi-
cient to rotate the configuration so that wing lift is generated
to provide high maneuvering capability.!-?

Cruise Missile Efficiency

Of interest to cruise-type missiles is the trade between
volumetric efficiency and aerodynamic efficiency. The results
for such a trade study are reported* for a delta wing model
with various body arrangements at a Mach number of 2. The
basic model (Fig. 3) consisted of a 54.5 deg delta wing to
which various bodies could be added for the purpose of in-
creasing the volume. Body A was used on all models to house
the force balance and alternate bodies were attached to the
wing on the side opposite body A. The alternate bodies had
variations in wedge angle, height, length, and longitudinal
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Fig. 3 Wing-body interference study model, 54.5 deg delta wing.

location. Bodies were added to either the top or the bottom of
the basic model in order to determine the difference in in-
terference flowfield effects. Details of geometry for the bodies
are presented in Table 1.

Longitudinal characteristics for the basic model (wing with
body A) are shown in Fig. 4. The forebody wedge of body A
creates a compression field with a positive pressure increase
over the forward portion of the wing. Thus, when the body is
mounted below the wing, the induced flowfield causes a
positive increment in lift and pitching moment. Conversely,
when the body is mounted above the wing, the induced
flowfield results in a negative increment in lift and pitching
moment. In addition, the flowfield induced by the body wedge
on the bottom side of the wing results in a lower drag due to
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Fig. 4 Longitudinal characteristics for basic 54.5 deg delta
wing/body, M=2.
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Fig. 5 Lift-drag characteristics for basic wing/body, M=2.

Table 1 Body geometry

Body volume, Total volume

Body 6, deg A, in. in.3 (including body A), in.3
A 6 1.25 35.52 35.52
1 3.5 1.25 25.65 61.17
2 3.5 2.15 44.11 79.63
3 6 .88 31.03 66.55
4 6 1.25 44.08 79.6
5 6 1.65 58.19 93.97
6 8.5 .88 44.17 79.69
7 8.5 1.25 62.75 98.27
8 6 1.25 24.61 60.13
9 6 1.25 35.49 71.01
10 6 1.25 46.41 81.93

Note: Bodies 8, 9, and 10 project 8.11 in. ahead of the wing apex and have
overall lengths of 18.32 and 26.43 in., respectively.

lift and a substantially higher maximum lift-to-drag ratio.

Basic Wing/Body Configuration

The effects of body A on the lift-drag ratio are shown in
Fig. 5. Primarily because of the induced lift, the body
mounted below the wing results in a maximum lift-drag ratio
of about 9 and of about 7.6 when mounted above the wing.

Effect of Wedge Angle

In Fig. 6, the lift-drag ratios are shown for bodies with vary-
ing wedge angle and a constant height added either above or
below the basic wing/body configuration. Increasing the
volume by increasing the wedge angle results in a progressive
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Fig. 6 Lift-drag characteristics for basic wing/body, with added
bodies having varying wedge angles with constant height, M=2.
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Fig. 7 Lift-drag characteristics for basic wing/body with added
bodies having varying heights with constant wedge angle, M=2.

decrease in maximum lift-drag ratio. The effect on the max-
imum lift-drag ratio is more noticeable when the bodies are
added above the wing than when added below, but lift-drag
ratios are consistently higher for the top additions.

Effect of Wedge Height

The effect of increasing the wedge height for a constant
wedge angle (Fig. 7) is to substantially reduce the maximum
lift-drag ratio when added above the wing, but to cause only
minor reductions when added below the wing. Again the lift-
drag ratios are consistently higher with the top additions.

Effect for Constant Volume Body

When both the wedge angle and height are varied in such a
manner as to maintain a constant body volume, the effect of
the added bodies is essentially constant (Fig. 8). Again, the ef-
fect is more noticeable and the values of maximum lift-drag
ratios are higher for the bodies added above the wing.

Effect of Body Length

Some tests were made using bodies of varying length, but
having a constant wedge angle and body height (Fig. 9). These
bodies differed from the ones previously discussed in that the
apex of the bodies was located forward of the apex of the
wing. The effects of the addition of these bodies was, in
general, somewhat less than those bodies previously discussed,
all of which had the body apex coincident with the wing apex.
The maximum values of lift-drag ratio are again consistently
higher with the top-side additions. The addition of body 8
above the wing, for example, reduced the maximum lift-drag
ratio from about 9 to only about 8.8 even though the body
volume was about doubled.
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Fig. 8 Lift-drag characteristics for basic wing/body with added
bodies having constant volumes, M=2.
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Fig. 9 Lift-drag characteristics for basic wing/body with added
bodies having varying lengths with constant wedge angle and height,
M=2.

Summary of Added Body Effects

A summary of the effects of added bodies to cruise missile
efficiency is shown in Fig. 10 in the form of maximum lift-
drag ratio as a function of total body volume (added bodies
plus basic body A). This figure clearly illustrates that some
discretion in the body/wing geometric arrangement can result
in maximizing the efficiency. It is obvious that a range of max-
imum lift-drag ratios can be obtained at a constant body
volume and that a range of body volumes can produce a con-
stant maximum lift-drag ratio. In the extreme, it can be seen
where a body volume increase of about 150% can be made
while increasing the maximum lift-drag ratio. '

Plainly, the shape, size, and location of bodies added to a
wing can result in significant differences in the aerodynamics
efficiency. Such body additions cause several effects to occur
simultaneously, among which are changes in the induced
flowfield strength, changes in the induced flowfield region,
and changes in body drag.

Generally, the effects of added bodies above the wing cause
greater reductions in the maximum lift-drag ratio, although
the absolute values of lift-drag ratio are higher because of the
higher value for the basic wing/body configuration.

Cruise Missile Directional Stability

A basic research cruise missile wing/body/tail model (Fig.
11) has been used to study the effects of various vertical tail ar-
rangements. The model had a 68 deg delta wing and was tested
with various vertical tail planforms and locations. Details of
the study will be found in Ref. 5. Characteristics of the vertical
tails are presented in Table 2.
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Fig. 10 Maximum values of lift-drag ratio as a function of total body
volume, M=2,

Fig. 11 Cruise missile tail study model.

Table 2 Vertical tail geometry

V A, deg Area, in.2 Taper  Aspect ratio Height, in.
1 60 315 0.5 0.88 5.25
2 60 31.5 0.5 0.88 5.25
3 65 315 0.5 0.88 5.25
4 60 31.5 0.5 0.49 3.94
5 60 15.75 0.5 0.88 3
6 60 31.5 0.5 0.88 5.25

Twin tail location % semispan

Inboard 30
Outboard 60

Effects of Tail Planform

The directional stability characteristics for several plan-
forms on a body are shown in Fig. 12 for M=1.6. The plan-
forms have equal areas, but differ in leading-edge sweep
angle, taper ratio, and aspect ratio. Generally speaking, the
conventionally swept planforms 1 and 3 provide the highest
directional stability for the lowest values of sideforce.
However, the directional stability contribution for these two
tails decreases fairly rapidly with increasing angle of attack,
probably due to a loss in effectiveness near the tip caused by
an interference flow from the forebody. Tail 2, while effective
in producing side force, results at a lower level in directional
stability since the center of pressure in the tail is probably
further forward. The decrease in directional stability with
increasing angle of attack is less since there is less tail area
outboard to be affected for the forebody flow. Tail 4 also
produces a fairly high side force; however, since the tail center
of pressure moves even further forward, there is a further
decrease in directional stability and, in fact, direction instabil-

SUPERSONIC CONFIGURATIONS 883

2 3
—~Co O
[% 0 4
" -2k
O
-4 1 NI i i ﬂ A
1 2
’ 1 3 ©
CY 2k /_‘LL“ é 3 4
B
-4 b 1 ! R
0 2 4 6 8 10 12
a, deg

Fig. 12 Directional stability characteristics for body/tail with
various tail planforms of constant area, M=1.6.

4
.2
c , Q O Yy
n|3 0
_-2._
Ya®, /'-—O—
-4 1 { . 1
1]
c O —0 —O-
YB ~2E ;____—[ é
-4 I SR R W W S R
0 2 4 6 8 10 127 14

a, deg

Fig. 13 Directional stability characteristics for 68 deg delta

wing/body/tail, M=1.6.

ity occurs across the angle-of-attack range. The effectiveness
of tail 4 is essentially invariable with the angle of attack,
however, because of the reduced height, apparently none of
the tail surface area is affected by the forebody flow.

Among the interrelated effects illustrated with these data
are: carry-over effects from the tail to the body, cross-flow ef-
fects on the tail, body boundary-layer effects on tail, forebody
flowfield effects, and spanwise and chordwise loading on the
tail.

Effects of Wing

The effects of adding a 68 deg delta wing to the body and
body/tail (V) are shown in Fig. 13 for M= 1.6. The addition
of the wing to the body had no measureable effect on the side
force, although a small stabilizing increment in directional
stability did occur, apparently due to a rearward shift in the
center of pressure of the body. Adding the wing to the
bodytail results in an increase in side force as well as a subtan-
tial increase in directional stability. The indication of an in-
crease in tail effectiveness probably results from a shielding of
the tail from some of the adverse cross-flow effects from the
body as well as from some of the forebody flow effects.

Effects of Twin Tails

A study of some twin-tail arrangements was made for the 68
deg delta wing/body/tail cruise missile model. Twin tails were
located at either 30 or 60% of the wing semispan and had
panel areas either equal to V; or one-half V,. Some directional

. stability characteristics for these twin-tail arrangements are

presented in Fig. 14 for M =1.6. The results for Vs, with a
total area (both tails) equal to that for Vi, indicates a



884 M.L. SPEARMAN

27 7

Equal total area Equal panel area

6 V5 twin V6 twin | nboard
'4 | outhoard ~ Inboard outhoard |
) ||l i
c 2 —a v
n 1 >\[ V
B o 1
-2 - L
= o
) S |11

Fig. 14 Directional stability characteristics for 68 deg delta
wing/body/tail with various tail sizes and locations, M=1.6.

somewhat lower level of directional stability than that for the
single centerline tail ¥,. This is not surprising, since losses in
tail lift due to such things as tip effects and boundary layer are
not reduced by one-half when the tail panel size is reduced by
one-half. There is a significant effect of tail spanwise location,
however. The inboard location shows the lowest level of direc-
tional stability, probably as a result of an adverse sidewash in-
duced by the forebody vortex flowfield. The directional
stability for the outboard location is substantially better, in-
dicating that the tails are probably located outboard of the
forebody vortex flow and may be in a favorable sidewash
field. Similar results are shown for tail Vg, which has a panel
area twice that for V. In this case, the directional stability is
considerably higher for the twin tails (either inboard or out-
board) than that for the single tail, althought not by a factor
of 2.

Body Cross-Sectional Effects

Inasmuch as the body cross flow is an important factor in
the tail contribution to directional stability, some results taken
from Ref. 6 are presented to illustrate this effect. The illustra-
tion, shown in Fig. 15, is for a triangular body, upright and in-
verted, with a single centerline vertical tail at M=2.2. At low
angles of attack (up to about 8 deg), the directional stability
and the tail contribution to the directional stability are greater
for the flat-top inverted triangle than for the flat-bottom
upright triangle. In this region, the flat-top body apparently
acts as an end plate for the vertical tail, thereby increasing its
effectiveness., Above 8 deg angle of attack, however, the
characteristics for the triangular cross-section concepts are
considerably altered. The inverted triangular body shows a
large increase in side force with increasing angle of attack that
is translated into a stabilizing trend in directional stability and,
in fact, the body alone becomes directionally stable above
about 11 deg. At the same time, the tail contribution decreases
rapidly until, at angles of attack above 14 deg, the addition of
the tail results in a decrease in side force and directional
stability. The increase in side force and stability for the body
with increasing angle of attack is probably a result of an in-
crease in the lifting effectiveness of the v-shaped underside of
the body. This body lift apparently produces a vortex flow
around the upper surface of the body and creates a sidewash
angle that reduces and eventually reverses the tail
contribution.

A different phenomena occurs for the upright triangular
body where, at low angles of attack, the tail contribution is
slightly less than for the inverted triangle, probably because
the tail is subjected to some adverse flowfield effects from the
sloping body sides. Above about 8 deg angle of attack, the side
force of the body alone tends to decrease and the body
becomes increasingly unstable directionally. These changes
probably occur as a result of an adverse sidewash over the
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Fig. 15 Directional stability characteristics for body/tail with
triangular body cross sections, M=2.2.

afterbody from a vortex flow induced by the lifting flat bot-
tom of the body. The tail contribution for the upright triangle
remains relatively high since, for one thing, the tail is able to
transmit some carry-over forces to the side of the body—an ef-
fect that is not possible with the inverted triangle.

This illustration serves to point out several factors relative
to body cross-sectional effects on directional stability. Among
these effects are: direct forces and moments of the body,
cross-flow effects around body, induced effects of the tail on
the body, and effects of forebody vortex flow.

The interaction of these effects is well demonstrated by the
inverted triangle concept wherein the body alone becomes in-
herently stable at high angles of attack as a result of direct
force changes that, at the same time, produce a sidewash angle
that nullified and reversed the tail contribution.

Conclusions

It has been the purpose of this paper to outline some in-
terference flowfields on the aerodynamic characteristics of
wing/body/tail combinations at supersonic speeds. Recogni-
tion of some of the factors involved in induced flowfields can
lead to configuration arrangements that utilize beneficial in-
terference effects rather than detrimental effects. Some of the
effects illustrated are:

1) Aft-tail control effectiveness may be adversely affected
by the presence of a wing, but the overall maneuvering
capability may still be better when utilizing wing lift.

2) The addition of bodies to increase the volume of a
wing/body combination can result in significant differences in
aerodynamic efficiency that are highly dependent on the
shape, size, and location of the additions.

3) Directional stability for configurations with equal area
vertical tails is highly dependent on the tail planform and
location.

4) Directional stability characteristics for wing/body/tail
configurations reflect the interrelated effects of body cross
flow, carry-over lift, forebody vortex flow, boundary-layer
effects, etc.

5) Directional stability characteristics for a body/tail con-
figuration was highly dependent on body cross section and
indicated that favorable effects on one component may be
accompanied by adverse effects on another.

It is clear that the aerodynamic behavior of bodies, wings,
and tails at supersonic speeds can be drastically altered by in-
terference flowfields. Hence, it is important that particular at-
tention be given to interference effects when combining
wing/body/tail configurations rather than considering only
the characteristics of the isolated components.
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