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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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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AERODYNAMIC CENTRE OF WING-BODY COMBINATIONS

1 NOTATION AND UNITS (see Sketch 1.1)
A net wing aspect ratio, 4(s — r)2/S
CL lift-coefficient based on net wing area
Cn normal force coefficient based on body maximum
] cross-sectional area
o)
= Ch pitching moment coefficient about wing-root leading edge
- based on body maximum cross-sectional area and diameter,
I positive nose up
c
§ C, wing-root chord at wing-body junction, see Sketch 1.1
>
2 C wing-tip chord, see Sketch 1.1
=
g D body maximum diameter, see Sketch 1.1
>
(8]
E F function in Equation (3.3), see Figure 1
= KB(W) ra_tio of change in body lift due to presence of wing to lift of net
) wing
©
E KW( B) ratio of wing lift in presence of body to lift of net wing
49
.90
% L overal body length, see Sketch 1.1
(@]
; N afterbody length, see Sketch 1.1
&)
vl l¢ forebody length, see Sketch 1.1
M free-stream Mach number
R Reynolds number based on overall body length
r body maximum radius, see Sketch 1.1
S netwing area, (s —r)(c, + c,)
S gross wing semi-span, see Sketch 1.1
Xac distance of aerodynamic centre aft of body nose tip
X’ distance of aerodynamic centre aft of wing-root leading edge
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distance of aerodynamic centre aft of wing-root leading edge of m ft
carry-over load on body due to presence of wing

4

( XaC)B(W)

distance of aerodynamic centre aft of wing-root leading edge of m ft

(Xac )W(B) . .
interference load on wing due to presence of body

X distance of wing-root leading edge aft of body nose tip m ft
o angle of attack radian radian
compressibility parameter, M2 — 1|%2
Ag sweepback of wing leading-edge degree degree
=S Ay, sweepback of wing quarter-chord line degree degree
o
(%]
- Ay, sweepback of wing mid-chord line degree degree
(S)
©
§ A taper ratio, c,/c,
3 Subscripts
3
J’E’ B denotes body alone
()
= C denotes combination
(&)
E w denotes net wing alone
o
o
©
€ G
£ -
>
Q. AO
8 If ‘/ \ IA S
= ] —
[a)
(%]
w . X’

é Xac ac D Tr O

X, LN
S
Cr
L
Sketch 1.1
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2. INTRODUCTION

This Item presents ameans of estimating the aerodynamic centre at zero angle of attack for configurations
comprising an axisymmetric body with awing mounted at mid-height. The aerodynamic centreisthat point
about which there is no change of pitching moment due to change of lift. The Item must be used in
conjunction with Item No. 91007 (Reference 8), which provides data relating to lift-curve slopes of such
configurations. Data are also required for both body and wing in isolation which may be obtained from
Item No. 89008 (Reference 6) or 90034 (Reference 7) and Item No. 70011 (Reference 3) or 70012
(Reference 4), respectively. The method is based on Derivation 1, which is further developed in
Derivation 2, and is applicable to both subsonic and supersonic speeds.

Withinthelimitsof accuracy of thisltemthelift-curveslope may betaken asequal to thenormal-force-curve
slope. The data are presented graphically, but acomplete set of the equations used isgiven in Appendix A.
The use of the method isillustrated by means of aworked example in Section 6.

It should be noted that the method of this Item is applicable to configurations where the wing is mounted
onaparallel cylindrical body which hasatruncated rear end, asillustrated in Sketch 1.1. For configurations -
with smoothly tapered afterbodies, such as those found on transport-type aircraft, Item No. 76015
(Reference 5) provides a suitable empirical method, but only for subcritical speeds.

Item No. 92043 (Reference 9) presents a method for estimating the pitching moment coefficient of bodies
in combination with delta, cropped delta and rectangular wings up to high angles of attack at supersonic
Speeds.

Item No. 95009 (Reference 10) presents a method for estimating the effect of wing height on lift and
aerodynamic centre of slender wing-body combinations.

3. METHOD

Onthebasisof Derivation 1, the aerodynamic centre of awing-body combination, measured aft of thewing
root chord leading-edge, is given by

ESDU Copyright material. For current status contact ESDU.

_ (aﬁﬂ) D [K Kachwe) , K (X/aC)B(W)}(aCL)
(X ad)e do./ B 4Sc, WB) ¢ BIW) ¢, do/ w
i , (3.1)
¢ (?_C_L)
oo’/ C

from which the aerodynamic centre about the nose as a fraction of body length may be obtained using

(3.2)

In Equation (3.1) (dC,/da),, isthebody-a one pitching-moment-curve slope about the wing-root leading
edge, based on maximum bogy cross-sectional areaand body diameter, and may be found using the method
of Item No. 89008 or the computer program of Item No. 90034. The wing alone lift-curve slope,
(acL/aa)W, iscalculated using Item No. 70011 or 70012 for subsonic or supersonic speeds, respectively.
The interference factors KW(B) and KB(W) and the overal lift-curve slope for the combination,
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(0C_ /aa) , arecalculated by means of Item No. 91007. Theterm (X’ Ic, istheaerodynamic centre
of the wi ng in the presence of the body, which on the basis of Derlvatl on f r%ay be assumed to be equal to
the wing-alone value, (x ac)V\/c and is thus obtained from Item No. 70011 or 70012".

The term (x’ac) Ic, is the aerodynamic centre of the interference load on the body load due to the
presence of the win V8 and requires different treatment for subsonic and supersonic speeds.

At subsonic speeds (X’ /c, isgiven by

ac )B(W)

(X’ac)B(W) _1,1+2
c, 4 4 Ya?

(3.3)

which was obtained in Derivation 1. The function F has been introduced to aid ease of calculation and is
presented in Figure 1 asafunction of r/s. It should be noted that the full equation, givenin Appendix A, is
mathematically constrained to r/s<0.5, but good results have been obtained up to r/s= 0.8 by
extrapolation. Since slender-body theory is known to give more accurate values of (X7, )B W)/c at low
aspect ratios, Derivation 1 recommends that for equivalent aspect ratios BA<4, (X}, ) 9c should be
found by interpolating in BA between the value given by Equation (3.3), and the vaI ug/\f)or BA=0 as
obtained by slender-body theory and given in Figure 2. Equation (3.3) is invariant with BA and so the
interpolated curve should have zero gradient for PA>4. A suitable interpolation procedure is given in

Appendix B.

At supersonic speeds (xac) is evaluated from Figure 3, which is based on equations from
Derivations 1 and 2. Strictly, ﬁus Flgure isvalid only for cases where the Mach line originating from the
wing-tip leading edge passes downstream of the root chord, i.e. for cases when

c, < (s—r)(tanA, + B) or, equivalently, BA(1 + }‘)(Bcolm + 1) > 4. (3.4)
0

During the development of Figure 3 it was found that (X, ) Ic, was only a weak function of the
parameter Bcot A, over the whole range of its practical val u% anV\g those of the other parameters 2r/c,
and 1 ,/2rf . In order to eliminate Bcot A, and thus simplify the calculation, Figure 3 was constructed by
taking the average of the values for (xac) Ic, corresponding to BcotA equal to 0.1 and infinity, as
obtained from the exact equations given in ,&V[\? endix A. The resulting estimates were found to be within
5% of the exact valuesof ( xac) /c, . Derivation 1 advocatesthat for low aspect ratiowings (BA<2),
including those not satisfying thel n\é\(Q uality (3.4), aninterpolation should be performed in BA between the
slender body result for BA = 0, given in Figure 2, and the values from Figure 3 for A>2. By varying
the parameter 2rf/c, the quantity (xac) /c, isfound to be so nearly linear in BA that the gradient of
the curve at BA = 2 may be taken asthevéll) ope between BA = 2 and BA = 3. Appendix B provides a
suitable interpolation procedure for the range A< 2.
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4, ACCURACY AND APPLICABILITY

The method of this Item is restricted to thin straight-tapered wings mounted at mid-height on an
axisymmetric body. Although this Item may strictly be used only to estimate aerodynamic centres of
wing-body combinations with wings having unswept or swept-forward trailing edges, it is expected that
within the general accuracy of the Item estimates may be made for wings with moderately sweptback
trailing-edges of up to 10°, say.

" The quantity ( ><’ac)\,\,(B)/cr is the equivalent of (X+X;)/c, in the notation of Item No. 70011 or 70012 for the net wing values of BA,
AtanA,, and A .
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