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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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.

THE PREPARATION OF THIS DATA ITEM

)
g The work on this particular Data Item which supersedes ESDU Aero A.08.01.01, was monitored and guided by the
B Aerodynamics Committee. This Committee first met in 1942 and now has the following membership:
©
S
§ Chairman
@ Mr J. Weir — Salford University
B
S
2 Vice-Chairman
§ Mr E.C. Carter — Aircraft Research Association
3
5 Members
5 Prof. L.F. Crabtree — Bristol University
.‘_i; Mr R.L. Dommett — Royal Aircraft Establishment
E Mr J.R.J. Dovey — British Aircraft Corporation Ltd, Preston
g Mr H.C. Garner — Royal Aircraft Establishment
= Mr A. Hipp — British Aircraft Corporation Ltd, Stevenage
20 Mr P.K. Jones — Hawker Siddeley Aviation Ltd, Woodford
2 Prof. G.M. Lilley — Southampton University
8 Mr J.R.C. Pedersen — Independent
E Mr M.R. Pike — Rolls-Royce (1971) Ltd, Derby
7 Mr D. Puyplat — Aérospatiale, Toulouse
Mr J.J. Spillman — Cranfield Institute of Technology
Mr J.W.H. Thomas — Hawker Siddeley Aviation Ltd, Hatfield
Mr H. Vogel — British Aircraft Corporation Ltd, Weybridge

The work on this Item was carried out in the Aircraft Motion Group of ESDU under the supervision of Mr P.D.
Chappell, Group Head. The member of staff who undertook the technical work involved in the initial assessment
of the available information and the construction and subsequent development of the Item was:

Mr R.W. Gilbey — Engineer

Particular assistance in the preparation of this Item was received from Mr J.A. Jupp and Mr A.K. Blackwell from
Hawker Siddeley Aviation Ltd, Hatfield, and from Mr M.R. Smith and Mr J.W. Gilbert from the British Aircraft
Corporation Ltd, Weybridge.
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AERODYNAMIC CENTRE OF WING-FUSELAGE COMBINATIONS

1. NOTATION AND UNITS
A aspect ratio of equivalent wing planform, b2/S
a lift-curve slope of equivalent wing planform
b span of wing planform
. c standard (or geometric) mean chord of equivalent wing
o)
= planform
- = aerodynamic mean chord of equivalent wing planform
s
5 I root chord of true wing planform at side of projected fuselage
o f
9 planform (see Sketch 3.1)
g c, root chord of equivalent wing planform
o+
=
g Crof general reference chord for stability calculations
>
(S)
E c, tip chord of equivalent wing planform
-‘_£ Co centre-line chord of equivalent wing planform
(O]
©
S d width of fuselage at leading edge of root chord of equivalent
< wing planform
.90
= E function used in estimating effect of fuselage on aerodynamic
. centre position (Equation (2.2))
) . . L .
a G function used in estimating effect of fuselage on aerodynamic
w centre position (Equation (2.2))
h height of fuselage at leading edge of root chord of equivalent
wing planform
Ky Ky functions used in estimating effect of fuselage on aerodynamic
centre position (Equation (2.2))
| overall fuselage length
M free-stream Mach number
m fuselage length forward of leading edge of root chord of
equivalent wing planform (see Sketch 3.1)
N number of cranks in leading edge of true semi-wing planform
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fuselage length aft of trailing edge of root chord of equivalent
wing planform (see Sketch 3.1)

area of equivalent wing planform

area of planform of true wing outside projected fuselage
planform

semi-span of wing planform, b/2

spanwise distance to side of fuselage planform at point where
leading edge of root chord of true wing planform meets side of
projected fuselage planform (see Sketch 3.1)

spanwise distance to crank i in leading edge of planform of
true wing fori = 1,2,...,N (see Sketch 3.1)

chordwise location of aerodynamic centre of equivalent wing
planform, measured positive aft from leading edge of
aerodynamic mean chord of equivalent wing planform

chordwise location of leading edge of aerodynamic mean
chord of equivalent wing planform, measured positive aft from
apex of equivalent wing planform

chordwise location of leading edge of c; measured positive aft
from fuselage nose (see Sketch 3.1)

chordwise location of aerodynamic centre of wing-fuselage
combination, measured positive aft from leading edge of
aerodynamic mean chord of equivalent wing planform

forward shift in chordwise location of aerodynamic centre due
to presence of fuselage, X —xy,

chordwise location of aerodynamic centre of wing-fuselage
combination, measured positive aft from zero-datum axis (see
Sketch 4.1)

chordwise location of fuselage nose, measured positive aft
from zero-datum axis (see Sketch 4.1)

chordwise location of general stability calculation reference
point, measured positive aft from zero-datum axis (see
Sketch 4.1)

local increase at sawtooth in chordwise distance of wing
leading-edge aft of fuselage nose

compressibility factor, (1—M2)*

leading-edge sweepback angle of equivalent wing planform

half-chord sweepback angle of equivalent wing planform
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A, leading-edge sweepback angle of true wing planform between  degree degree
spanwise positions s| ; _; and s ; fori=1,2,...,N

AN+t leading-edge sweepback angle of true wing planform between  degree degree
’ spanwise positions s \ and s
A taper ratio of equivalent wing planform, c, /c,

Note: Amendment B of this Item in 1996 involved a reassessment of the rate at which the function F, see
Section 2, varied with increase of forebody length. The rate apparent in the data of Derivation 2 was
found to be too high in the light of additional data acquired since issue in 1976, Derivations 13 and 14,
and from a re-analysis of the data in Derivations 5 to 12 made independently of the data of
Derivation 2. The overall form of F inFigure 1 issimilar to that of the original Figure but the variation
with m/c, is slower above m/c, = 15.
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2. OUTLINE OF METHOD

The chordwise position of the wing-fuselage aerodynamic centre, x,,, is calculated by finding the chordwise
location of the aerodynamic centre, X , of a straight-tapered wing planform equivalent to the true wing
planform, and then incorporating a correction term Ax, to allow for the effect of the fuselage. The
equivalent wing planform is defined in Section 3. Measured positive aft from the leading edge of the
aerodynamic mean chord of the equivalent wing planform, and expressed as a fraction of that chord, the

position of the aerodynamic centre is given by the equation

(2.1)

ol | X
oll |

c

The value of X/ ¢ is calculated from ESDU 70011 (Derivation 15), and the correction term AXp, /T is
given by the equation

AX ¢ d?FG h
2o S v 0as(G- 1) -k, + aky), @2)
C cas
where
F isafunctionof m/c, and n/c, and is plotted in carpet form in Figure 1, see note on page 3,
G is a function of fd/c, and is plotted in Figure 2,
Ky is a function of d/b, AtanA,, and A and is plotted in Figure 3 in carpets of Atan A,, and
A for d/b =0.08, 0.12 and 0.16 (see Note below)
and K, is a function of BA and Atan A,, and is plotted in carpet form in Figure 4.

(Note: to determine K, at other values of d/b, the values of K, at the required AtanA,, and A
should be obtained from each of the carpets, and plotted against d/b. The value of K, at
the required value of d/b is then read from this cross-plot.)

Equation (2.2) was developed from Derivations 1 to 4. Derivation 2 gives a method, based on a series of
wind-tunnel tests, for predicting the effect of adding a fuselage to high aspect ratio , unswept wings. This
provided the first term in Equation (2.2) which allows for the influence of fuselage length , width and width
to height ratio. The function F allows for the effect of varying the fuselage forebody and afterbody lengths;
the function G allows for the effect of varying the fuselage width. Derivation 1 suggests that the effect of
wing sweepback on aerodynamic centre position can be treated by allowing for the change in spanwise
load-grading over the gross wing caused by adding a fuselage. This approach has been adopted here and
Derivation 4, which used the method of Derivation 3 to generate systematic theoretical data for the
movement in aerodynamic centre position caused by this change in loading, was employed to establish the
second term in Equation (2.2) by empirical means. The function K, represents the primary effect of wing
sweepback and was constructed for BA = 10; the term AK,, represents a correction to K, to allow for
variations in BA . The geometric parameters needed to evaluate F, G, K, and K, are defined in Section 3.

ESDU Copyright material. For current status contact ESDU.

Section 4 explains how the aerodynamic centre can be referred to reference positions and chords other than
those assumed in Equation (2.1).

Note that the effect on aerodynamic centre due to wing-pylon mounted nacelles is obtained from
ESDU 77012 (Reference 17) and the effect due to rear-fuselage pylon-mounted nacelles is obtained from
ESDU 78013 (Reference 18).
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The computer program ESDUpac A1309, associated with ESDU 13009, evaluates the chordwise position
of the aerodynamic centre of wing-fuselage-nacelle combinations at subsonic speeds.

3. EQUIVALENT WING PLANFORM™

In calculating x,, for the wing-fuselage combination it is necessary to estimate the aerodynamic centre and
lift-curve slope of the gross wing. This was done using ESDU 70011 which presents charts for determining
these parameters in terms of aspect ratio, half-chord sweep angle and taper ratio, but only for straight-tapered
wing planforms. An equivalent straight-tapered gross wing planform is therefore used to represent the true
wing, see Sketch 3.1. When there are no cranks in the true wing planform the equivalent planform results
simply from extrapolating to the centre-line the leading and trailing edges of the true wing planform. When
there are cranks in the true wing a more complicated construction is needed and the equivalent wing
planform is established by defining its tip and root chords in relation to the configuration planform as
described here.

The geometric parameters needed to define and position the equivalent wing planform are calculated from
the true wing-fuselage planform geometry. Both the fuselage and the wing are projected on to the same
horizontal plane so that the vertical position of the wing on the fuselage is immaterial. In this way the
intersections of the leading and trailing edges of the wing planform with the sides of the projected fuselage
planform define a root chord for the true wing in terms of its length, ¢, , and the position of its leading edge
from the fuselage nose, x; , see Sketch 3.1. Usually, the part of the projected fuselage intersected by the
true wing planform has parallel sides and c; is well defined by this procedure. In situations where this part
of the fuselage is slightly curved, c; should be taken as the chordwise distance from the point where the
wing leading-edge intersects the fuselage planform to the wing trailing-edge, extended into the fuselage if
necessary. This chord then defines a parallel-sided fuselage planform over the wing which is used in the
construction of the equivalent gross wing planform.

If the true wing planform has a streamwise tip chord, this is taken, fixed relative to the fuselage planform,
as the tip chord, c,, of the equivalent wing planform. If the true wing has a non-streamwise tip chord or a
small curved tip then the linear leading and trailing edges just inboard of the tip, at 0.9s say, are extrapolated
outboard and their streamwise separation at maximum span is taken as c, . The span of the equivalent wing
planform is thus the span of the true wing planform.

The root chord of the equivalent wing planform is defined on the side of the fuselage planform. Its length,
c,, is determined such that the exposed planforms of the equivalent and true wings (i.e. the planforms
outside the fuselage planform) have equal areas. Thus

ESDU Copyright material. For current status contact ESDU.

Se 31)
c, = -C 3.1
t
r S-S

where S, is the area of the exposed panels of the true wing planform. Note that if the true wing does not
have a streamwise tip chord, S, is calculated to the constructed tip chord, c;.

*f: Since the equivalent wing planform is a frequently used artifice a more detailed treatment is given in Addendum A to ESDU 76003
- (Derivation 16).
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