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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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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BODY EFFECT ON WING ANGLE OF ATTACK AND PITCHING MOMENT AT ZERO

LIFT AT LOW SPEEDS

1. NOTATION AND UNITS (see Sketches 1.1, 3.1 and 4.1)
| A aspect ratio of equivalent (gross) wing
| arN lift-curve slope of net wing based on gS,; (from ESDU 70011,
Derivation 15)

awe lift-curve slope of wing-body combination based on ¢S,

| b span of equivalent (gross) wing

| CLw lift coefficient of equivalent (gross) wing based on ¢S,
CLwe lift coefficient of wing-body combination based on g3,
A,Clwe increment in C, ,, g due to vertical displacement of wing from

mid-body position

Cw pitching moment_ coefficient of equivalent (gross) wing about
quarter-chord point of T and based on gS,,C

ESDU Copyright material. For current status contact ESDU.

Crow pitching moment coefficient of equivalent (gross) wing at
CLw = 0 (from experiment or ESDU 87001, Derivation 20)
(Cino)s increment in C .\, due to body for unswept wing (A,, = 0)
at mid-body height
Crows pitching moment coefficient of wing-body combination at
Ciwg = 0
AC. o increment in C .1, due to adding body, ( =C,owg = Crnow )
ACro increment in (C,;)g due to sweepback of wing
A,Coo increme_nt in (Cmo?E_s due to vertical displacement of wing
from mid-body position
| T aerodynamic mean chord of equivalent (gross) wing
| C, centre-line chord of equivalent (gross) wing
h maximum height of body
Iy angle between chord line of equivalent (gross) wing centre-line
section and centre-line of body, positive as shown in Sketch 1.1
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slender-body theory factors in Equations (3.1) to (3.3)
length of body
distance between body nose and quarter-chord point of T

Kinetic pressure

planform area of body

planform area of body forward of lateral line through
quarter-chord point of T

planform area of net wing
planform area of equivalent (gross) wing

maximum width of body

vertical displacement of quarter-chord point of ¢ above
mid-body position, positive for high wing

angle of attack of chord line of equivalent (gross) wing
centre-line section

value of o, at C;,,, = 0 (from experiment or ESDU 87031,

Derivation 21)

contribution to o, due to camber alone (from ESDU 87031,
Derivation 21)

value of o, for wing-body combinationat C,\yg = 0
Oorwa — %orw  S€€ Sketch 3.1

geometric twist of wing tip relative to centre-line chord of
equivalent (gross) wing, positive leading-edge up

sweepback of wing quarter-chord line

taper ratio of equivalent (gross) wing, tip chord/c,

afterbody, forebody sweep angles as defined in Sketch 4.1

angle between zero-lift plane of wing and airflow direction for
zero body-alone pitching moment

denotes experimental value

denotes predicted value
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| Planform geometry{

Quarter-chord point

| Section on plane of symmetry

Sketch 1.1 Definition of geometry
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2. INTRODUCTION

This Item provides simple, mostly empirical, methods for estimating the change of zero-lift angle of attack
and pitching-moment coefficient for a wing due to adding a fuselage of circular or approximately circular
cross-section. The method for zero-lift angle of attack is presented in Section 3, and is an adaptation of a
formula from Derivation 17. The method for zero-lift pitching-moment coefficient is presented in Section 4,
and is based on the predictions of Derivation 2 for unswept wings on axisymmetric bodies, with additional
empirical allowance for wing sweep and body asymmetry. The effects of Mach number and Reynolds
number are discussed in Section 5. The applicability and accuracy of the methods are given in Section 6.
The Derivation is listed in Section 7, and Section 8 provides a worked example. Details of a computer
program for the method, ESDUpac A8942, are given in Appendix A.

3. ZERO-LIFT ANGLE OF ATTACK

L
Aoy, /

orw Corws o,

\J

Sketch 3.1 Lift coefficient curves

In inviscid flow the force on a closed body at any angle of attack is zero. However, in viscous flow the
force is found to be finite, due largely to the boundary layer on the afterbody. This, combined with
aerodynamic interference of the wing and body, gives rise to a change of lift and zero-lift angle of attack
when a body is attached to a wing. An axisymmetric body attached to an uncambered, untwisted wing with
zero setting angle, and with the wing on the centre-line of the body, should preserve symmetry so that

Aorw = %opwg = 0-

ESDU Copyright material. For current status contact ESDU.

The lift on the body is affected by the upwash and downwash due to the wing and vice versa. The crossflow
around the body induces a change in the angles of attack of the wing sections, particularly near the
wing-body junction. In addition, vertical displacement of the wing further complicates the flow pattern.

Because these effects are greatly influenced by viscosity they are difficult to predict. However,
Derivation 17 gives the following expression to estimate the total lift of a wing-body combination for
circular section bodies, with wing-body interference effects for mid-wings estimated via slender-body
theory as set out in Derivation 13, and with an empirical allowance for wing height from Derivation 14:
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K
B . 2.
Ciwe = KlalN{[ar —ly = Ogpy * (%) 1 + R;['W - (O‘Or)l]} +4,CLwe B1)

a oC
Where K, - awe 1 [&

and K, = — - Bj for constant body angle of attack.
a 2 a di
IN IN W

Derivation 17 gives the following numerical approximations to the slender-body values of K, and K, for

w/b<0.2,

) W SN T WZSN 3.2
K, = (1+215%) N, T W N .
1 ( b)SW 28,7, S Sy (32)

S

W N
K, = (1+07%) N .
and ) ( +0 b)SW (3.3)

From Derivation 14 there is the empirical approximation, for w/b=0.1,
A,Ciweg = —02cw(z/h)/Sy, (3.4)

where a linear variation with z/h has been assumed between values of +0.1c w/S,, quoted for “low” or
“high” wings, respectively.

Rearrangement of Equation (3.1) with C ;5 = 0 allows formulae for o,z and Ao, to be developed.
However, comparisons with experimental data have established that wing height has only a minor influence
on those parameters and that a simpler prediction method of comparable accuracy can be produced if the
small contribution A,C, g is omitted from Equation (3.1) before rearrangement.

With C, g = A,C e = 0, Equation (3.1) can be rewritten to give

K
_ _ 2T
Oy = %orwg = %rw *t {1 - KJ ['W - (O(Or)l}’ (3.5)
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K
- — 21
and hence Aoy, = ogewe =~ %orw = {1 - K_j [IW - (%r)J : (3.6)
Values of o, and (o) may be calculated by the method of ESDU 87031 (Derivation 21), see Section 8
for example. If experimental values of o, are available then they may be substituted instead.

With the term due to A,C, g already neglected, the necessity to calculate a,y is completely avoided,
without unacceptable loss of accuracy, by taking a typical value of nw2/(2a1NSN) = 0.03 and so writing

S
w
K, = (1.03 " 2.15—) N 3.7)
b/S,,
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Ko _ _(@+07w/b)
K, ~ (L03+ 2.15w/b)’

so that (3.8

Figure 1 gives K,/K; as a function of w/b.

4. ZERO-LIFT PITCHING-MOMENT COEFFICIENT

The change in zero-lift pitching-moment coefficient AC,, due to adding a body to a wing is, for similar
reasons to those discussed earlier for angle of attack, difficult to predict with precision. Although the
pitching moments for the body and wing can be estimated separately, the complex flow around a wing-body
combination precludes a simple addition.

Derivation 2 gives an empirical method for estimating the change in zero-lift pitching-moment coefficient
due to adding an axisymmetric body to an unswept wing. The contribution (C,,,)g for a wing mounted at
mid-body height is obtained from Figure 2, (from Derivation 2). A further term A,C ., accounts for wing
height on the body, and the result in Derivation 2 has been generalised herein by the assumption of a linear
variation with z/h. Accounting for wing sweep is theoretically difficult but a simple increment A,C, .
calculated from the twist, aspect ratio and sweep of the quarter-chord line is proposed.

Thus C = C

mOWB mow * ACno

- CmOW + (CmO)B + AszO +AC

sCmo (4.1)

where the wing-alone value C,,,,, may be found by the method of ESDU 87001 (Derivation 20), see
Section 8 for example. If experimental values of C,,, are available then they may be substituted instead.

With (C,,5)g obtained from Figure 2, the remaining components of AC,, are

A,Cho = 0.01(z/h), (4.2)

and AsCmO

- 0.053[(Cmo)BESt(w/b)AtanA%]O'3 , where &, is in degrees. 4.3)

Note that in Equation (4.2), the sign of component A,C 4 is dependent on the sign of z and is positive for
a high wing.
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Note also that Equation (4.3) has been developed for configurations with §,<0 and A,,>0, and should
not be employed otherwise.

To evaluate (C,,5)g from Figure 2, the angle between the zero-lift plane of the wing and the airflow
direction for zero body-alone pitching moment y (in degrees) is required. For axisymmetric bodies, with
Iy and oy, in degrees, this is obtained as

Vo= - G- (4.9

However, for downswept forebodies or upswept afterbodies or any other asymmetries, it is more difficult
to define v unless experimental data are known for the body alone. In the absence of body-alone data,
analysis of the few data available from compatible wing-body and wing-alone tests suggests that the
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