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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 Data Item which supersedes Item No. A.06.01.05, was monitored and guided by the
Aerodynamics Committee. This Committee first met in 1942 and now has the following membership:
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ESDU Copyright material. For current status contact ESDU.

Mr E.C. Carter

Vice-Chairman
Dr G.M. Lilley

Members

Prof. L.F. Crabtree
Mr R.L. Dommett
Mr H.C. Garner

Mr J.R.C. Pedersen

Aircraft Research Association

Southampton University

Royal Aircraft Establishment
Royal Aircraft Establishment
Royal Aircraft Establishment
British Aircraft Corporation Ltd, Stevenage

Mr J.J. Perrin Aérospatiale, Chatillon

Mr M.R. Pike Rolls-Royce (1971) Ltd, Derby

Mr M.W. Salisbury British Aircraft Corporation Ltd

Mr J. Taylor Hawker Siddeley Aviation Ltd, Woodford
Mr J.W.H. Thomas Hawker Siddeley Aviation Ltd, Hatfield
Mr J. Weir Salford University.

The person with overall responsibility for the work in this subject area is Mr P.D. Chappell, Head of Aircraft Motion

Group.

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU
No reproduction or networking permitted without license from IHS

Full document details: ESDU 73006 C 1999

Licensee=/, User=,
Not for Resale,

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/esdu-73006-c-1999
http://www.avadocuments.com/doc/esdu-73006-c-1999

ESDU 73006

EFFECTSOF ISOLATED BODY AND WING-BODY INTERFERENCE ON ROLLING

MOMENT DUE TO SIDESLIP: L, (With Addendum A for nacelle effects)
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EFFECTSOF ISOLATED BODY AND WING-BODY INTERFERENCE ON ROLLING
MOMENT DUE TO SIDESLIP: L, (With Addendum A for nacelle effects)

1 NOTATION AND UNITS

The derivative notation used is that proposed in ARC R&M 3562 (Hopkin, 1970) and described in Item
No. 86021. Coefficientsand aeronormalised derivativesare eval uated in aerodynamic body axeswith origin
at the aircraft centre of gravity, assumed to lie on the locus of centroids of the body cross sections and in
the plane normal to that locus that passes through the quarter-chord point of the wing aerodynamic mean
chord, and with the wing span as the characteristic length. The derivative L, isoften written as 9C,/df3 or
C, in other systems of notation, but attention must be paid to the reference dimensions used and it isto
be noted that a constant datum value of V is employed in the Hopkin system.

2 S British
)
wl
g A aspect ratio, b2/S
= .
o b wing span m ft
E C, lift coefficient of wing-body combination
;Cj C, rolling moment coefficient, % /¥pV2Sb
5
o d maximum diameter for body of circular cross-section m ft
(@]
L
_c f(A) aspect ratio correction factor
&
% H height of ellipse equivalent to body reference cross-section m ft
= (see Section 2)
.'go hy vertical distance of quarter-chord point of wing centre-line m ft
Y chord from centroid of body reference cross-section, positive
S if below centroid and negative if above (see Section 2)
D . - ., . - .
o) h wing yertlcal position relative to body, defined by m ft
w Equation (4.1)
z rolling moment Nm Ibf ft
L, aero-normalised rolling moment derivative due to sidedlip,
(0219v)[Y2pVSh
(LV)b isolated body contributionto L,
(Lv)h that part of L,, dueto interference arising from vertical
position of wing on body, (LV)W N b—(LV)W—(LV)b
(LV)W isolated gross wing contribution to L, (see Item Nos Aero
A.06.01.03, Aero A.06.01.09 and 80033)
(LV)W ‘b wing-body combination contributionto L,,
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Iy body length

S grosswing area

S, maximum cross-sectional area of body
\% velocity of aircraft relative to air

% sideslip velocity
W width of body reference cross-section (see Section 2)
oy body incidence measured from body zero-lift value
S B sidedlip angle, sin~{(v/V) =v/V
[a)
(%]
- r dihedral angle, defined as angle between wing reference plane
§ and projection of quarter-chord line on plane perpendicular to
S wing centre-line chord; the wing reference planeisthat plane
o normal to plane of symmetry and containing wing centre-line
2 chord
S
‘2 K factor in Equation (4.1)
(O]
% Ay, angle of sweepback of quarter-chord line
2 A taper ratio (ratio of wing tip chord to wing centre-line chord)
‘©
= p density of air
©
S
<
.90
>
Q.
(@]
O
o)
&)
ol
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2. WING-BODY GEOMETRY (See Sketch 2.1)

Body reference cross-section

Equivalent (elliptical) body
reference cross-section

+h, (see Equation (4.1) for h) Centroid

| O
) 7/_ ''''''''''
BT e S S bV
- T
Locus of centroids L z . ‘
(See Section 1) W

Centre-line chord

Sketch 2.1

2.1 Body Reference Cross-section

ESDU Copyright material. For current status contact ESDU.
y

The body reference cross-section is that section in the Oyz plane containing the quarter-chord point of the
wing centre-line chord.

2.2 Equivalent (Elliptical) Body Reference Cross-section

Theequivalent (elliptical) body reference cross-sectionisthat ellipse having the samearea, width and centre
of area as the body reference cross-section. The height of the ellipseis

H= iW x area of body reference cross-section .
T
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3. INTRODUCTION

The datagiven in this Item provide a means of estimating the effect on the rolling moment derivative due
to sidedlip, L,,, of adding abody to a gross wing. The data apply to low speeds and to lift coefficients for
which the flow over the wing-body combination remainsfully attached (see Item No. 66033 for wingswith
symmetrical sections). The gross wing contribution, (L,) , may be obtained from Item Nos Aero
A.06.01.03, Aero A.06.01.09 and 80033. The fin and rudder contributionto L,, may be obtained from Item
No. 70006. Information on the effect on L,, of mounting jet-engine nacelles on the aft portion of the body
or below the wing is given in Addendum A of this Item.

Wind-tunnel tests show that when awing and body arein combination the total valueof L, i.e. (LV)W+ b’
isnot equal to the sum of the contributions arising from the gross wing and body when tested in isolation,
thus demonstrating the presence of interference effects between the wing and body. In the linear lift range
these interference effects are primarily due to the vertical position of the wing with respect to the body
although there is some evidence to suggest that there can be secondary effects which are lift-dependent,
arising from the longitudinal position of the wing relative to the body (see Section 4.2).

The interference arising from the vertical position of the wing with respect to the body, (LV)h , IS caused
by changesin the local wing incidence induced by the cross-flow around the body. Theoretical treatments
of thiseffect aregivenin Derivations 5 and 9, and methods from these two Derivations are used herein (see
Section 4.1).

Theisolated body contribution, (L) isusually small compared with theisolated wing and fin and rudder
contributions. A simple method of estimating (Ly)y isgivenin Section 5.
The total effect, on the rolling moment due to sideslip, of adding a body to awing is therefore estimated
from this Item as
(L

+(L (3.1

Wt Ly

The wing-body combination contribution to L,, may be obtained by adding the gross wing contribution to
the above expression, i.e.

(Ly)ysp = L)+ (L) + (L), - (32)
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4, INTERFERENCE COMPONENTS

41 Dueto Vertical Position of Wing on Body, (LV)h

Figure lapresents, for A = 6, the parameter |(Lv)h‘/(1+W/ H)f(A) plotted against |h/H| for variousvalues
of H/b. It should be noted that (LV)h values obtained from this Figure adopt the same sign as h/H .
Figure 1b gives the aspect ratio correction factor, f(A), as afunction of aspect ratio.

Figure 1a was obtained by the method of Derivation 5, which, by making certain approximations, allows
a simpler solution than that of Derivation 9. Also the method of Derivation 5 happens to provide better
agreement with available experimental data than that of Derivation 9, especialy for the larger values of
H/b . Figure 1b was obtained from Derivation 9.

This page Amendment C Documents
4 Document Sharing Hub

Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,
No reproduction or networking permitted without license from IHS Not for Resale,

Full document details: ESDU 73006 C 1999


http://www.avadocuments.com/doc/esdu-73006-c-1999
http://www.avadocuments.com/doc/esdu-73006-c-1999

ESDU 73006

The curvesin Figures 1a and 1b were derived, for incompressible fully-attached flow, on the assumption
that a body of infinite length and constant elliptical cross-section isin combination with an unswept wing
of elliptic planformwith no dihedral or twist. The datacan be applied, however, to wing-body combinations
with finite body lengths” , other body cross-sections and other wing planforms, both with and without
dihedral as shown later.

If the shape of the body reference cross-section (see Section 2.1) departsfrom the elliptical section assumed
in the Derivation of Figures la and 1b, empirical evidence (Derivation 9) suggests that the actual
cross-sectioninthereference plane should bereplaced by an equivalent, elliptical, section (see Section 2.2).

In order to determine the wing vertical position, h, relative to the equivalent body reference cross-section,
in terms of the height of that section, H, for the general case of a wing with dihedral, the following
expression should be used;

=

h_To_

il kI, (4.1)
where I" isthe dihedral angle (assumed constant across the wing semi-span) in degrees. The parameter k
(from Derivation 9) is given in Figure 2 for ranges of values of ‘hO/H‘ and H/b. It will be seen that when
thedihedra angleis zero thewing vertical position reducesto hy, the vertical distance of the quarter-chord

point of the wing centre-line chord from the centroid of the body reference cross-section.
4.1.1 Comparison with experimental data

Agreement with experimental data for (L,)_ for wing-body combinations in which the wing has zero
dihedral (Derivations 1 to 4, 10, 11, 14 and 17) is generally within about +0.015. The test data cover the -
ranges 2.3<A<6.4, 0<A<1, 0<A,,<52°, -042<hy/H<0.44 T 011<H/b<0.24, 0.54<W/H<1 -
and -0.4<C, <0.8. This agreement with the experimental data is a little worse than the experimental
scatter in only afew cases. The experimental dataindicate no consistent trends due to wing taper or sweep,
and such effects are small and submerged in the general scatter.

Agreement with experimental datafor (L, for wing-body combinations in which the wing has dihedral
(Derivations 1, 2, 4,6 and 8) isagain generany within £0.015. Thetest data cover theranges 5.2<A<6.9,
0.25<A<10,15°<I'<6°, 0<A,,<5°,-0.59<h/H<0.39, 0.11<H/b<0.19, 0.54<W/H<1.0 and
-04<C, <08.
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The experimental data from the above-mentioned Derivations related (with one exception) to bodies of
either elliptical or circular cross-section. Thedatafrom Derivation 1 relate to two bodieswith cross-sections
grosdly different from elliptical, but good agreement i sobtai ned with valuesfrom thisltem when equivalent,
elliptical, sections (see Section 2.2) are used.

41.2 Theeffect of flap deflection

Thelimited experimental data (Derivations 3, 6, 8, 10 and 11) for the effect of flap deflection are generally
small in magnitude, but their trends are inconsi stent.

" Provided that at least aquarter of the body length lies ahead of the quarter-chord point of the wing centre-line chord (see Derivation 9).

T Although the curves in Figure 1a have only been taken up to |h/H| = 0.6 the calculations have been extended up to 1.0 in Derivation 9.
Experimental data from Derivation 7 for parasol-wing configurations (|h0/ H\ up to 0.8) are shown in Derivation 9 to substantiate the
theoretical calculations for these configurations.
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