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ESDU DATA ITEMS

Data Items provide validated information in engineering design and analysis for use by, or under the supervision
of, professionally qualified engineers. The data are founded on an evaluation of all the relevant information, both
published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.
The whole process is subject to independent review for which crucial support is provided by industrial companies,
government research laboratories, universities and others from around the world through the participation of some
of their leading experts on ESDU Technical Committees. This process ensures that the results of much valuable
work (theoretical, experimental and operational), which may not be widely available or in a readily usable form, can
be communicated concisely and accurately to the engineering community.

We are constantly striving to develop new work and review data already issued. Any comments arising out of your
use of our data, or any suggestions for new topics or information that might lead to improvements, will help us to
provide a better service.
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NORMAL FORCE OF LOW ASPECT RATIO WING-BODY COMBINATIONSUPTO
HIGH ANGLES OF ATTACK AT SUPERSONIC SPEEDS

1 NOTATION AND UNITS
g

A aspect ratio of net wing, 4(s—r)/(c, +c,)
Cne body-alone normal force coefficient, based on S5 and g
Cne normal force coefficient of wing-body combination, based on

Szandq
CNW wing-alone normal force coefficient, based on Sw and q
C, wing root chord, see Sketch 1.1 m
C wing tip chord, see Sketch 1.1 m
D maximum diameter of body, 2r , see Sketch 1.1 m
K factor applied to C,,, see Section 3
KB(W) linear normal force interference factor due to effect of wing on

body (from Item No. 91007)
KW(B) Iir_1ear normal force interference factor due to effect of body on

wing (from Item No. 91007)
KW(V) normal force interference factor due to effect of body vortices

onwing
k compressibility factor on KW(B)
L total length of body, see Sketch 1.1 m
M free-stream Mach number
p free-stream static pressure N/m?
q kinetic pressure, ¥2pV2 or Y2ypM?2 N/m?
r maximum radius of body, D/2, see Sketch 1.1 m
S5 body maximum cross-sectional area, mr2 m?
Sw net wing area, (S—r)(c, +c¢,) m?
s wing semi-span, see Sketch 1.1 m
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\% free-stream velocity

X axia distance from tip of nose to wing root |eading-edge, see
Sketch 1.1

X axial distance from tip of nose to vortex separation point

o angle of attack

Y ratio of specific heat capacity at constant pressure to specific
heat capacity at constant volume

A taper ratio of net wing, c/c,

p free-stream density

m/s

degrees

kg/m?®

rl Cr

Sketch 1.1 Wing-body geometry
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2. INTRODUCTION
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ft

ft

degrees
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This Item presents a method for estimating the normal force coefficient for delta, cropped delta and
rectangular wings mounted at mid-height on an axisymmetric body. The method is applicable, within the
Mach number range 1.2 to 5.0, to configurations having thin, sharp-edged wings with no camber or twist
with an aspect ratio in the range 0.2 to 4.0, at angles of attack up to 60 degrees, and it is based primarily
on Derivation 6, modified in the light of subsequent work reported in Derivations 11 and 14. The method
isfor the condition of zero roll and can therefore also be applied to cruciform wings at this condition.

The method isoutlined in Section 3 and isillustrated by means of aworked examplein Section 6. A guide

to the accuracy and applicability of the method may be found in Section 4.

A method for the pitching moment coefficient up to high angles of attack at supersonic speeds may befound

in Item No. 92043 (Reference 27).
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3. METHOD

The normal force coefficient, Cy, of awing-body combination at supersonic speed can be considered to
consist of a component due to the body, a component due to the wing, components due to interference
effects of the wing on the body, the body on the wing, and the body vortices on the wing. In this method
the body-alone normal force is considered as the starting point and it is assumed that the wing-body and
vortex-wing interference effects can be accounted for as factors on theisolated net wing normal force. Thus
the equation for Cy is

Cne = Cng tKCyw- (3.1)

where Cg is the body-alone contribution, and may be obtained from test data or calculated from Item
No. 89014 (Reference 23) or 90034 (Reference 25). The net wing-aone normal force, Cy,,, may be
obtained from test data or calculated from Item No. 90013 (Reference 24). The derived wing contribution
to normal forceis KCy,,, where

Sw

K = [Kgqw) + 1+ k(Kyg) = ) + Kyl (32)

InEquation (3.2) Kg\, and Ky, g, aenorma forceratio factorswhich are obtained from Item No. 91007
(Reference 26) and k is a compressibility factor due to the cross-flow Mach number, taken directly from
Derivation 11 and reproduced in Figure 1.

The effect of the body vortices on the wing is dependent on the position of the vortices in the plane of the
wing root |eading edge which, in turn, is dependent on the location of the point of separation of the vortices
from the body. Figure 2 gives the location of separation of the vortices in the non-dimensional form x./r

as afunction of angle of attack for laminar and turbulent boundary layers. Thisfigure is based on work in
Derivation 5 and includes data from various sources. If the location of vortex separation is aft of the wing
root leading edge, there is no vortex contribution. Figures 3a to 3e present the vortex interference factor,
Kwevy » 8 afunction of [(x/r)—(xs/r)]sinoe and r/s for taper ratios () of 0, 0.25, 0.5, 0.75 and 1,
respectively. These Figures were developed by combining the methods for estimating vortex position,
strength and interference given in Derivations 3 and 14 to enable arapid evaluation of Kwv) t0 be made.
Estimates of Ky @ intermediate values of A may be obtained by cross-plotting.
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4, APPLICABILITY AND ACCURACY

Themethod of thisltemisapplicableto configurations employing thin, sharp-edged wings, without camber
or twist, mounted at mid-height on an axisymmetric forebody-cylinder combination. The root chord of the
wing must not extend beyond the parallel section of the body. The method is for the “zero” roll angle
condition, but roll angles of up to £5°, say, can be expected to have a hegligible effect.

During the development of the Item many data sources were collected, from which Derivations 1, 2, 4, 6
to 10, 12, 13 and 15 to 22 were selected for the purpose of evaluating the method over a wide range of
parameters, see Table 4.1. Item Nos 90034 and 90013 were used to predict the body-alone and net
wing-alone normal force coefficients.

When the predicted values of Cy . were compared with the experimental data from all sources over the
full ranges of angle of attack and Mach number, an accuracy of £10% was indicated. As an illustration,
Sketch 4.1 shows that predicted and experimental values of normal force coefficient at angles of attack
between 20 and 25 degrees agree within this accuracy.
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TABLE 4.1 Ranges of experimental data

o (degrees) | M A A sir L/D

0to 60 1.2t050 | 0.2t04.0 Otol 2.1t08.0 10to 20

The method should be used with caution outside the range of parameters givenin Table 4.1.
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2 V/
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Cyc (predicted)
Sketch 4.1 Correlation for 20° <o <25°
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