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Wing-Body Interference Lift for Supersonic Missiles
with Elliptical Cross-Section Fuselages

H. F. Nelson*
University of Missouri—Rolla, Rolla, Missouri

The effect of elliptical fuselage cross sections on wing lift is calculated for supersonic, delta-wing missiles at
Mach 3 and 4. Aspect ratios of 2.4, 3.2, and 4.0 are considered. Wing lift in the presence of an elliptical fuselage
is computed by solving the Euler equations using a finite-difference method, and it is presented in terms of the
wing-body interference parameter KH(Br The fuselage cross sections are defined in terms of the ratio of their
vertical-to-horizontal semiaxes B/R. KW(B) values are presented for B/R =0.33, 0.50, 0.75, 1.0, 1.5, 2.0, and 2.4
for planar and cruciform fin configurations. Numerical results at constant Mach number and fin size show that
Kvy(R} decreases as B/R increases. For small fins, typical of missiles, wing lift is quite sensitive to fuselage shape;
whereas for large wings, typical of airplanes, wing lift is not very sensitive to fuselage shape. As Mach number
increases for a specific fin size, KW(B) increases slightly for B/R < 1 and decreases slightly for B/R > 1; however,
for preliminary design purposes the change in KmB) with Mach number is negligible. Evaluation of KmB} is
necessary for missile preliminary design component build-up methods. Simple equations are presented for KmB} as
a function of wing span to body radius ratio and B/R, which are suitable for preliminary design. KW(B) values from
this research are the only ones available for elliptical cross section fuselages.

Nomenclature
Aw = planform area of wing formed by joining two fins
AR = aspect ratio of wing formed by joining two fins
B = vertical semiaxis of missile body (at </> = 0 deg)
B/R = ratio of vertical semiaxis to horizontal semiaxis

for missile body
— wing-body interference factor due to upwash
= fin-fin interference factor due to sideslip
= lift on wing alone
= lift on wing in the presence of body

M = Mach number
q^ = dynamic pressure
r = local radius of missile fuselage
R = horizontal semiaxis of missile body (at

^=90 deg)
S = fin span, measured from body centerline
S/R = fin span/body radius ratio
V = velocity
Vc = crossflow velocity far from body
V^ = missile velocity
Z = missile axial coordinate measured from nose
Zc = axial location of end of nose
Zn = axial location of end of conical nosetip
Zw = wing axial location on missile
a = missile angle of attack
a.eq = equivalent angle of attack
Op = fin angle of attack
f$F = fin sideslip angle
e = wing semivertex angle
(j) = angular coordinate measured from bottom of

fuselage
(Aa^X, = induced change in angle of attack due to vortices

Introduction

ACCURATE and fast prediction of missile aerodynamic
force and moment characteristics for various combina-
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tions of fin geometries and body cross-sectional shapes is
necessary in preliminary design tradeoff studies. Aerodynamic
interference between adjacent surfaces of missiles can have
large effects on the performance of a particular configuration.
Evaluation of these interference effects (sometimes called
"carryover factors") presents a challenge to the preliminary
designer. Wing-body interference for circular fuselage cross
sections has been intensely investigated1"12; however, only
limited examinations of elliptical body cross sections have
been performed. 13~16

Alien and Pittman13 published a study of computational
methods for analysis of missile body shapes with elliptical
cross sections up to 1984. They mainly compared two numer-
ical codes, developed prior to SWINT,9'10'17 with experimental
surface pressure and normal force data. Neither code ade-
quately calculated separated-flow nonlinearities on the lee-
ward surface and attached-flow nonlinearities on the
windward surface.

Amidon14 measured surface pressure on advanced missile
bodies with elliptical cross sections in supersonic flow. Models
with ellipticity ratios of 2:1, 2.5:1, and 3:1 were tested at Mach
numbers from 1.5-5.0 and angles of attack from 0-20 deg.
The data were compared to numerical predictions from sev-
eral codes including SWINT ("NSWC code" in Ref. 14). The
SWINT code accurately predicted the circumferential pres-
sure-coefficient variation. This good agreement with experi-
mental data indicates the potential of SWINT to predict
elliptic body aerodynamics. Codes prior to SWINT could not
accurately predict the aerodynamic characteristics of elliptical
cross-sectional bodies.13

Alien and Townsend15 presented and analyzed pressure and
force predictions obtained using SWINT. They investigated a
variety of configurations ranging from simple axisymmetric
bodies to complex bodies with wings, tails, and inlets at low
supersonic to low hypersonic Mach numbers. SWINT pre-
dicted accurate results for axisymmetric bodies with attached
flow; however, leeside accuracy was poor due to the modeling
of flow separation in the code.

Priolo and Wardlaw16 applied the ZEUS numerical code to
missiles with noncircular fuselage cross sections. ZEUS is
based on solving the Riemann problem for steady, supersonic
flow and it is cast in a control volume form rather than a
finite-difference form. Surface pressure, normal force, and
pitching moment results from ZEUS agreed well with experi-
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ment for bodies alone and body-wing-tail configurations with
elliptical cross sections without the use of artificial viscosity or
other special procedures.

Equivalent Angle-of-Attack Method
Component-buildup methods yield fast and economical

ways of evaluating fundamental preliminary design parame-
ters such as force and moment coefficients and stability
derivatives. A specific component-buildup method used to
evaluate forces on missile fins is called the equivalent angle-of-
attack method. It models the nonlinear lifting characteristics
of missile fins in terms of an equivalent angle of attack18

(1)

The terms on the right-hand side of Eq. (1) represent contri-
butions due to body upwash, fin sideslip angle, and vortex
interaction, respectively. The equivalent angle-of-attack
method is developed and its accuracy is demonstrated in Ref.
18. Extension of the method to high angles of attack is
discussed in Refs. 19-21.

Vukelich22 described a process for the aerodynamic design
of elliptically shaped cross section missile configurations using
component-buildup methods. The process can be applied to
elliptical cross section bodies, winged elliptical bodies, and
elliptical bodies with multiple lifting surfaces. He presents
preliminary design data for normal force, pitching moment,
and center of pressure over a wide range of Mach numbers
(0.5-1.6) and angle of attack (0-60 deg).

The objective of this research is to determine the wing-body
interference due to upwash, KW(B), for missiles with elliptical
cross section fuselages. KW(B) is defined as the lift on the wing
in the presence of the body divided by the lift on the wing
alone:

(2)

When K^(B) > 1> the body produces positive lift interference
and the fin-body combination produces more lift than the fin
alone. If KW(B^ < 1, the body reduces the lift on the fin
compared to the fin-alone case.

The evaluation of K^ is presented in Refs. 5, 11, and 12 for
missiles with circular cross-section fuselages. The effect of
(Aa^X, is negligible for small angles of attack.

Analysis
Flowfield

The SWINT numerical code was used for this research.17

SWINT uses a finite-difference axial marching scheme to solve
the Euler equations in supersonic flow domain bounded by
the body and the bow shock. The fins are modeled as discon-
tinuities in the solution domain using a thin-fin approxima-
tion. The conservation equations are cast in conservative form
allowing shock waves to be captured by the numerical scheme.
Exact boundary conditions are used wherever possible; how-
ever, empirical boundary conditions are necessary when phe-
nomena such as subsonic fin leading edges or body-wing root
junctions are encountered. The computation is started by
specifying an initial data plane near the nose of the missile.
The flowfield solution is advanced by marching axially along
the missile body. SWINT predictions generally agree well with
both experimental data and other numerical results for a wide
variety of missile configurations and flight conditions. 10~12

Wing-Alone Lift
KW(B) is determined by normalizing LW(B) with the wing-

alone normal force as shown in Eq. (2). Ideally, SWINT
would be used to determine Lw by computing the normal
force on a wing composed of two fins joined together at their

FIN

FIN
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PLANER CRUCIFORM
CONFIGURATION CONFIGURATION

Fig. 1 Missile geometry and nomenclature.

root chords. However, SWINT requires that the fins lie
entirely within the missile bow shock; therefore, a wing-alone
case cannot be analyzed. Linearized potential theory was used
to determine Z^.12 For a fin alone with supersonic edges, Lw
is

_ n i / 2 (3)

Equation (3) was used to determine Lw for all of the cases
reported herein, since fins with subsonic leading edges are not
considered.

Missiles with fin span/body radius ratios S/R up to 20 were
analyzed using SWINT to check SWINT predictions against
linearized potential theory in Ref. 12. As the fins became large
relative to the body, LW(B^ predicted by SWINT asymptoti-
cally approached Lw predicted by linearized potential theory.
Lw as predicted by Eq. (3) was also checked against values
predicted using Missile Datcom methods.23 The agreement
was within 2% for the range of parameters considered herein.
Thus, the use of Eq. (3) to determine Lw is justified.

Missile Geometry
This research evaluates KW(E} as a function of wing span/

body radius S/R, for missiles with elliptical fuselage cross
sections as shown schematically in Fig. 1. The fuselage cross
sections are characterized by the ratio of their vertical to
horizontal dimensions, B/R. The fins were infinitely thin flat
plates with triangular planforms. Missile configurations with
two and four fins oriented symmetrically around the fuselage,
such that one set of fins was always horizontal as shown in
Fig. 1, were considered. The horizontal fin at </> = 90 deg was
used for the KW(B^ analysis because aF = a for this fin. The fin
aspect ratio is an important correlation parameter. For a delta
wing, it is defined as

(4)

where A w is the planform area of the wing.
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Table 1 Numerical grid size along the missile body for each B/R value
(number of r planes x number of (j> planes)

V R + B

CROSS FLOW VELOCITY

Fig. 2 Crossflow velocity on missile fuselage.

The missile fuselage consisted of a linearly tapered, elliptical
cross-section nose cone and an elliptical cross-section cylindri-
cal body. For the straight-sided body (Z > Zc), the radius was
given by

r = BR/(R2cos2(t) \ l /2 (5)

For the linearly tapered nose cone (0 < Z < Zc), the radius
was obtained by multiplying Eq. (5) by Z/ZC, where Zc = 6R.

The numerical starting solution would not converge for the
linearly tapered elliptical nose cones for missile bodies with
vertical to horizontal semiaxis ratios (B/R) of 0.50 and 0.33.
Thus, a conical nose tip, such that r = RZ/ZC, was used for
0 < Z < Zn to start the solution. Zn was taken to be Q.3R.
Thus, the radius of the circular cone at Z = Zn was 0.05.R. A
conical shape that varied linearly from a circle at
Z = Zn = Q3R to an ellipse at Z = Zc = 6R was used for the
missile nose between Zn and Zc. Therefore, for Zn < Z < Zc
the nose radius was

r = [re(Z - Zn) + rc(Zc - Z)]/[ZC - ZJ (6)

where re is the radius of the ellipse given by Eq. (5) and rc is
the radius of the circular nose tip at Z = Zn (rc = 0.057?).
Numerical results for the fin forces using this nose shape were
compared to those calculated using the linearly tapered ellipti-
cal nose for B/R = 0.75 and 1.50 and were found to be the
same.

The elliptical cross sections investigated were B/R = 0.33,
0.50, 0.75, 1.0, 1.5, 2.0, and 2.4. The leading edge of the root
chord of the delta wing began at Z = Zw = 32R. Thus, it was
far enough downstream to minimize the influence of the nose
shape on the wing lift, primarily due to the expansion wave
from the junction of the nose and the missile body. Only
one-half of the missile (0 deg < $ < 180 deg) was analyzed
because the flowfield was symmetrical about the B -plane.

Limiting Values of KW(B)

In the limit when S/R approaches 1, the value of KW(B} is
hard to calculate numerically because the number of grid
points on the fin becomes small. However, in this limit
linearized potential theory can be applied, because as the fins
become small relative to the body they do not interact with
each other.

For small angles of attack, linearized potential theory pre-
dicts the crossflow velocity components for flow around an

B/R

0.33

0.33
(M = 4)

0.50
0.75
1.00
1.50
2.00
2.40

Z/R < 10

30x40

30x40

30x40
20x20
20x20
20x20
20x20
30x30

10 < Z/R < 20

60x60

40x60

40x60
40x35
40x35
40x35
40x35
45x50

20 < Z/R <; 30

70x70

60x80

50x70
60x50
60x50
60x50
60x50
60x70

Z/R > 30

120 x 81

120 x 81

120 x 81
72x61
72x61

120 x 81
120 x 81
120 x 81

ellipse.24"26 Following Refs. 24-26, the crossflow velocity on
the ellipse shown in Fig. 2 at </> = 90 deg is

V=VC(R+B)/B (7)

in terms of the ellipse geometry, where Vc = V^VL for small
angles of attack. For an infinitely small wing located on the
missile centerline, the flow over the wing is the same as the
flow on the body at 4> = 90 deg and r = R. Thus, the increase
in the velocity around the missile body effectively increases the
angle of attack on the small wing by the factor (R + B)/B
compared to the wing alone. This yields

(8)

at S/R = 1. For a circular cross-section fuselage, B = R, and
K\V(B) goes to 2 for very small fins. In the limit, when B
becomes very large with respect to R, the fuselage cross
section approaches a vertical flat plate of negligible thickness
and KW(B^ goes to 1. Physically, this limit is equivalent to the
case of S/R going to infinity for a finite-span fin. For this
situation, AV(#) goes to 1 because the fuselage becomes
infinitely small and its interference effects on the fin become
negligible.

Results and Discussion
Numerical Considerations

SWINT results for LW(B} were determined using a finite-
difference grid that was uniformly distributed between the
body and the bow shock. It was necessary to decrease the grid
size as B/R increased above 1 or decreased below 1 to keep
enough points in the high-curvature regions of the flowfield
for accurate calculations. The grid size was also changed at
several axial stations as the calculation marched along the
fuselage in order to maintain accuracy and optimize computer
time. The grid was made progressively smaller by trial and
error until the LW(B} values converged. A finer grid was used
for B/R = 0.33, 0.50, and 2.4 at Z/R < 10 to improve the
flowfield calculations over the nose and to reduce the effects of
possible nose flowfield inaccuracies further downstream.
SWINT was unable to start a solution with an initial grid of
20 x 20 (r planes x 0 planes) for B/R = 2.4, because of the
relatively small local radius of curvature of the body cross
section near (/> = 0 and 180 deg. This grid did not put enough
points in the high-curvature regions to define the rapid turn-
ing of the crossflow on the body. The same problem occurred
to an even greater extent for B/R < 0.75 near (/> = 90 deg.
Table 1 presents a complete summary of the gridding used in
the calculations.

Numerical accuracy was hard to maintain for S/R less than
2.0, because of the low number of grid points on the small
fins. For these cases, the fin span was small compared to the
radial distance between the body and the bow shock. The
calculations were done with evenly spaced grid points between
the body and the bow shock. (SWINT has the capability of
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Fig. 3 KmB) as a function of l/(5//?) for BfR = 0.33 at aspect ratios
of 2.4, 3.2, and 4.0. Upper graph at Mach 3; lower graph at Mach 4.
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Fig. 5 A (̂̂  as a function of 5//? for B/R = 2.4 at aspect ratios of
2.4, 3.2, and 4.0. Upper graph at Mach 3; lower graph at Mach 4.
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Fig. 4 KmB) as a function of 1/(S/R) for #//? = 1.0 at aspect ratios
of 2.4, 3.2, and 4.0. Upper graph at Mach 3; lower graph at Mach 4.

using a nonuniform grid, but it is complicated to use.) This
leads to a relatively small number of grid points that fall on
the fin, which reduces the accuracy of the normal force
calculation. In addition, SWINT employs an empirical corre-
lation to handle the body-wing root junction. This leads to
additional error, which is significant for small fins. The nu-
merical inaccuracies at small S/R were overcome by fairing in

a smooth curve from the limiting value of K^(B) at S/R = 1
[given by Eq. (8)] to the value of KW(B) calculated from
SWINT at the smallest S/R value for which the SWINT
predictions were accurate (S/R ~ 1.75). Also, for the figures
that show KW(B) vs 1 /(S/R), the curves are faired in for
0< l/(S/R) < 0.167 because Kw(^ goes to 1 as S/R ap-
proaches infinity for planar and cruciform fin configurations.

Flight Conditions
Four flight conditions (M = 3, 4 and a = 2, 3 deg) and three

delta-wing planforms (AR = 2.4, 3.2, 4.0, or £ = 30.964, 38.66,
45.0 deg) were examined to determine the effect of M, a, and
AR on KW(B) for specific values of B/R from 0.33-2.4. The
effect of angle of attack turned out to be negligible, as
expected, for small angles of attack where the forces are linear
with a. Angle-of-attack effects will become important at larger
values of a.

Aspect Ratio
Typical variation of KmB) with respect to S/R for B/R

values of 0.33, 1.0 and 2.4 are shown in Figs. 3-5 for aspect
ratios of 2.4, 3.2, and 4.0. Note that KW(B} is shown vs \/(S/R)
in Figs. 3 and 4 and that it is plotted vs S/R in Fig. 5. Each
figure shows data for Mach 3 and Mach 4 for 1 < S/R < 6.
The intercept at S/R = 1 is the predicted K^(B) value from
Eq. (8). KW(B) values greater than 1 indicate positive contribu-
tion to wing-body lift with respect to the wing alone due to
the presence of the body.

Figures 3-5 show that KW(JS} is largest for small values of
S/R (typical of missiles). This indicates larger positive effects
on wing lift due to the presence of the fuselage at small values
of S/R. For large values of S/R (typical of airplanes), Kw(^
approaches one and the effect of the fuselage on the wing lift
becomes negligible. In addition, the effect of the fuselage
shape is significant, especially for small values of S/R (missile
configurations). Low, wide fuselages increase the value of
KW(B} at small S/R much more than high, narrow fuselages.
This trend is reasonable, because when B/R becomes very
large the fuselage becomes an infinitely thin, vertical flat plate.
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Fig. 7 Effect of Mach number on KW{B) for B/R = 1.5, 2.0, and 2.4. Fig. 9 Preliminary design values of Kw^ vs S/R.

Hence, the velocity and pressure fields are not affected by the
fuselage, because the crossflow is nonviscous and at zero angle
of attack. Consequently, in this limit Kw^ approaches 1 for
all values of S/R. In the opposite limit, when B/R goes to
zero, the fuselage becomes very wide and its height goes to
zero. The fuselage becomes an extension of the wing. In this
case, the crossflow impinges on the bottom of the fuselage and
does not flow around it. There is essentially no crossflow
velocity above the fuselage because of the strong blockage and
this makes KW(JS) very large, especially for fins with S/R
values near 1. This limit roughly represents the blended wing
and it has a large positive interference lift.

In general, the effect of changing aspect ratio on KW(B^ is
insignificant over the range of parameters shown. Thus, the
data can be averaged over aspect ratio for use in component-
buildup methods. This eliminates aspect ratio as a first-order
parameter in preliminary design.

Mach Number
The effect of changing M from 3 to 4 on Kw^ is shown in

Figs. 6 and 7 as a function of S/R for AR — 3.2. Figure 6
shows data for B/R =0.33, 0.50, 0.75, and 1.0; and Fig. 7
shows data for B/R = 1.5, 2.0, and 2.4. At a given value of
S/R, KW(B) at Mach 4 is greater than KW(B) at Mach 3 if
B/R < 1; however, if B/R > 1 the opposite is true. The value
of KW(B) is insensitive to Mach number for B/R < 1; however,
for B/R > 1, Kw(B) changes slightly with Mach number. The
sensitivity to Mach number is partially magnified because of
the scales for K^B on the two figures.
Preliminary Design

The sensitivity of KW(B) to changes in the basic parameters
is somewhat uncertain because the calculations were based on
the Euler equations, and hence neglected the effects of
boundary layers and possible flow separation. To the first-
order, KW(B} is mainly dependent on S/R and B/R. Thus, the

data can be averaged over Mach number and aspect
ratio for use in preliminary design. Figure 8 shows the KW(B)
as a function of 11 (S/R), whereas Fig. 9 shows the same data
vs S/R. The data shown in Figs. 8 and 9 was obtained by
averaging the SWINT KW(B) data over angle of attack, aspect
ratio, and Mach number. This yields one curve for KW(B^ as a
function of S/R for each value of B/R. Table 2 presents
numerical values for Kw^ as a function of S/R for the B/R
ratios used in this research. Equations for KW(B) as a function
of S/R, which are suitable for preliminary design, are pre-
sented in the Appendix. Table 2 was generated using these
equations, and the values of KW(B} presented are valid for
supersonic flow at low angles of attack.

Comparison with SBT and Experiment
Figure 10 presents a comparison of the present numerical

Euler code K^(B) results (SWINT) with both slender body
theory (SBT)1 and experiment.27 The curve labeled SWINT is
the preliminary design data for K^(B^ for a circular cross-sec-
tion fuselage (B/R = 1) as listed in Table 2. SWINT predicts
larger values of KW(B^ than the slender body theory analytical
solution. This implies a larger, positive fin-body interference.
The SWINT KW(B^ values should be more accurate than the
SBT values because SWINT accounts for vorticity and shock
waves, whereas SBT ignores these effects.

The experimental points on Fig. 10 are derived from the
Tri-Service-NASA data base.27 This data base was developed
from a large series of tests carried out by the NASA Langley
Research Center.28 The experimental data applicable to the
current research is at S/R = 2, AR = 2, and a = 2.5 and 5 deg
for M = 2.5, 3.5, and 4.5. The KW(B} values from Table 4 of
Ref. 27 for fins with supersonic edges are presented in Fig. 10.
The experimental data for KW(^ is generally in the range from
1.40-1.53 with one point at 1.19 (M = 4.5 and a = 5 deg). The
low experimental value may be due to the formation of
vortices along the fin leading edge and the difference in fin
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Table 2 Preliminary design values for K^(B) for 2 < M < 4 and a < 5 deg
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Fig. 10 Comparison of SWINT KmB) with experiment (from Nielsen,
Ref. 27) and slender-body theory.
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Fig. 12 Comparison of SWINT KW{B} with linearized potential theory
for AR =3.2 and B/R = 0.33, 0.50, 0.75, and 1.0.
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Fig. 11 Comparison of SWINT KW(B) with linearized potential theory
at Mach 4 for AR = 3.2 and B/R = 1.5, 2.0, and 2.4.

shape. Also, the experimental fins had a diamond cross sec-
tion, whereas the numerical data was generated for infinitely
thin fins.

Comparison with LPT

Figures 11 and 12 present a comparison of the present
Euler-equation predictions for KW(B} with those from the
simple panel upwash, linearized potential theory (LPT).29

Figure 11 shows KW(B} as a function of S/R for B/R equal to
1.5, 2.0, and 2.4 at Mach 4. Recall that the SWINT data for
these B/R ratios changes slightly with Mach number. The
LPT data is insensitive to Mach number, SWINT predicts
larger values of Kw^ over the entire range of S/R than LPT
does.

Figure 12 shows the comparison of KW(B) from SWINT and
LPT as a function of S/R for an aspect ratio of 3.2 and for
B/R = 0.33, 0.50, 0.75, and 1.0. For these values of B/R, both
SWINT and LPT data are insensitive to Mach number. The
SWINT data shown in Fig. 12 is the average KmB} as
presented in Fig. 9. Again the SWINT predictions yield larger
values of KW(B} than the LPT predictions for all values of
S/R. The SWINT predictions are more accurate than the LPT
results; however, they are much more time consuming to
generate.
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Table Al KmB) equation coefficients

B/R D H

0.33
0.50
0.75
1.00
1.50
2.00
2.40

0.60
0.60
0.60
0.60
1.80
2.00
3.00

0.92557
0.91144
0.92921
0.95261
2.21060
1.72110
1.50590

1.24550
1.56700
1.61330
1.58280

-0.70822
-0.26547
-0.09524

1.06140
0.18539

-0.32122
-0.63301
0.16432
0.04436
0.00593

2.65320
1.66770
1.18140
1.17220
1.71860
1.58570
1.55030

-4.51320
-0.95393
0.77270
0.85089

-0.16165
-0.13009
-0.12237

5.86030
2.28620
0.37925

-0.02309
0.01250
0.01052
0.00995

Conclusions
SWINT, a finite-difference Euler code, has been used to

determine the effects of elliptical cross-section bodies on the
wing lift of supersonic, delta-wing missiles at small angles of
attack. Wing-body interference effects on missile lift were
correlated in terms of the interference factor KW(B^ for ellipti-
cal fuselage cross sections with height-to-width ratios
B/R = 0.33, 0.50, 0.75, 1.0, 1.5, 2.0, and 2.4 for wing span to
fuselage-width ratios, 1 < S/R < 6. SWINT KW(B) results were
forced to agree with potential theory in the limit of vanishing
small fins, because numerical accuracy could not be main-
tained as S/R approached 1. Values of KW(B} compared well
with both slender-body theory results for 1 < S/R < 6 and
experimental values at specific values of S/R. The KW(B}
results presented herein are amply suited for use in prelimi-
nary design for correcting and predicting missile fin lift.

In general, KW(B) decreases as both S/R and B/R increase.
As S/R becomes large, the effect of the body on the fin lift
becomes negligible and KW(B^ approaches 1. KW(^B) is larger
near S/R = 1 and decreases at a faster rate with S/R for
fuselages with small B/R, than for fuselages with large B/R.

Numerical results at constant Mach number and fin size
show that KW(B} decreases as B/R increases. In general for
small fins, typical of missiles, wing lift is very sensitive to
fuselage shape. For large wings, typical of airplanes, wing lift
is not very sensitive to fuselage shape.

The change of KW(B} with both aspect ratio and Mach
number was small over the range of parameters studied, so
KW(B) was averaged. This results in one curve of KW(B) vs S/R
for each value of B/R, which is independent of aspect ratio,
Mach number, and angle of attack, and which is suitable for
preliminary design.

KW(B} is an important parameter in the equivalent angle-of-
attack method, and it is easy to use in preliminary design to
predict resultant lift on the wings in the influence of the body.
KW(B) values presented herein are valid at small angles of
attack. More extensive research needs to be undertaken to
determine the influence of the crossflow shockwaves and
vorticity on KW(B} at larger angles of attack.

Appendix: Preliminary Design Equations for KW(B}
The SWINT KW(B} data was curve fit as a function of S/R

for 1 < S/R < 6 for use in preliminary design. The data for
B/R > I was fit as KW(B} vs S/R. The data for B/R < 1 was fit
as Kw(B) vs l/(S/R)' KW(B} for each B/R case was fit sepa-
rately in two S/R intervals to minimize error. The slope and
magnitude of the two equations were required to be equal at
the boundary point x0, between the two equations. The
equations were also required to go through the data point at
S/R = 6 and to match the linearized potential solution at
S/R = 1. In all cases, the error between the data points and
the final equations was less than 1%.

The curve fit equations are:
B/R < 1.0:

KW(B) = C + Dx + Ex2, \/6<x<x0 (Ala)

B/R>1.0:

Dx+ Ex2,

Gx + Hx2,

\<x<x0

x0 < x < 6

(A2a)

(A2b)

x0<x<l (Alb)

where x = l/(S/R).

where x = S/R.
Table Al gives the values of the coefficients C, D, E, F, G,

and H as well as the value of x0.
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