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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

The work on this particular Item was monitored and guided by the following Working Party:

Members

Mr H.C.Garner — Royal Aircraft Establishment
Mr D.A. Kirby — Royal Aircraft Establishment
Dr D.L.I. Kirkpatrick — Royal Aircraft Establishment

under the supervision of the Aerodynamics Committee which first met in 1942 and at the time of the first issue had
the following membership:

Chairman
Prof. G.M. Lilley — University of Southampton

Vice-Chairmen

Prof. D.W. Holder — University of Oxford

Mr W.F. Wiles — Rolls-Royce, 1971, Ltd

Members

Mr E.C. Carter — Aircraft Research Association

Dr L.F. Crabtree — Royal Aircraft Establishment

Mr R.L. Dommett — Royal Aircraft Establishment

Mr H.C.Garner — Royal Aircraft Establishment

Mr J.R.C. Pedersen — British Aircraft Corporation (Guided Weapons) Ltd
Mr M.W. Salisbury — British Aircraft Corporation (Weybridge) Ltd
Mr J. Taylor — Hawker Siddeley Aviation Ltd, Woodford
Mr J.W.H. Thomas — Hawker Siddeley Aviation Ltd, Hatfield

Mr J. Weir — University of Salford.

The construction and subsequent development of the Data Item was undertaken by

Mr P.D. Chappell — Head of Aircraft Motion Group
Mr J.W. Allan — Aircraft Motion Group
Mr S.F. Wood — Principal Engineer.

The person with overall responsibility for the work in this subject area is Mr A.J. Clarke, Head of Aerodynamics
Group.
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LOW-SPEED NORMAL FORCE AND PITCHING MOMENT OF SLENDER WINGS IN
GROUND EFFECT

| 1. NOTATION AND UNITS (see Sketches 2.1 and 2.2)

ST British
A wing aspect ratio, 45%/8
a normal-force-curve slope at zero wing incidence in free air rad™! rad ™!
(dCy/dov), — ¢
C, pitching moment coefficient in free air based on § and c,., positive
nose-up, measured about pitching moment axis
AC, total increase in C, due to ground effect, measured about pitching
moment axis
dC, , correction term for wing thickness in Equation (2.3), see
Sketch 2.1, measured about pitching moment axis, see Figure 2
Cy normal force coefficient in free air based on S, see Sketch 2.1
ACy, total increase in C); due to ground effect
dCy increase in Cy; due to ground effect for thin wing, see Sketch 2.1
and Figure 1
| dCy, correction in AC,, for wing thickness, see Sketch 2.1 and Figure 2
| c, wing centre-line chord, see Sketch 2.2 m ft
F ratio of actual value to “slender wing” theoretical value for
normal-force-curve slope in free air, (2/n4)(dCy/da) .
h height above ground of quarter-chord point of wing aerodynamic m ft
mean chord
| S wing planform area m? ft?
| S 5 wing frontal area at zero incidence m? ft?
| s wing semi-span, see Sketch 2.2 m ft
X chordwise distance rearwards from wing apex m ft
| o wing incidence, see Sketch 2.1 rad rad
| & x/c, , see Sketches 2.1 and 2.2
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| &Cp value of & at centre of pressure in free air, see Sketch 2.1
| 4 m value of & at pitching moment axis, see Sketches 2.1 and 2.2
| dE ep increase in & ¢p due to ground effect for thin wing, see Sketch 2.1

and Figure 3

2. NOTES

This Item applies strictly to pointed slender wings of aspect ratio less than about 2 with an unswept trailing
edge, only small amounts of camber or twist and with separation along the whole of the leading edge.
Except at very small incidences the effect of the ground on a slender wing in subsonic flow is to cause an
increase in the normal force and a rearward movement of the centre of pressure. The change in axial force
is so small that increases in lift and drag are approximated by resolution of the normal force increment.

Curves are presented from which the changes to the normal force coefficient and the pitching moment
coefficient may be calculated. The curves are based essentially on correlations in Derivation 6, in which
references are given for most of the experimental data, together with data from Derivations 1 and 4. Further
supporting data are contained in Derivations 2, 3, 5 and 7.

Near the ground, the increase in the normal force coefficient is given by
ACy = 8C\+3Cy;,. (2.1

The increment for a thin wing 8C,; may be obtained from Figure 1 where 8C,/(FCy) is plotted against
the span/height ratio 2s/h ; the correction for thickness 8C, in Figure 2 is plotted as 6C,/a against the
parameter S,c,/Sh, which is effectively a thickness/height ratio. The curve of Figure 1 is semi-empirical,
being derived from experimental data in the range 0 <2s/h <6 (see Derivation 6) and is represented by the
expression

5C
N _ 1.4
e, 0.05(2s/h) ", (2.2)

in which F = (2/n4)(dC,/da).
For a limited range of slender wings, Cy; and dC,,/do. may be obtained from ESDU 71006.
Figure 3 gives the rearward movement of the centre of pressure due to the ground 8¢, for a thin wing in

terms of the centre-line chord/height ratio and wing incidence. The increment in pitcﬁing moment about
an axis through € = £ may then be found from

AC,, = —AC\(E,,—E,)~(Cy+3Cy)8E ,+3C,,,, (2.3)

where 8C, , given in Figure 2, is the increment for wing thickness when § = & op Sketch 2.1 illustrates
the quantities in Equation (2.3). For a limited range of slender wings, the free-air pitching moment
coefficient C, and centre of pressure position &, p May be obtained from ESDU 71006.
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