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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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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ESDU 71006
LOW-SPEED LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF SLENDER 
WINGS

1. NOTATION AND UNITS

SI British

 aspect ratio

normal force curve slope at zero incidence, rad–1 rad–1

axial force coefficient based on , positive rearwards

drag coefficient based on 

value of  at 

lift coefficient based on 

pitching moment coefficient based on  and , positive 
nose-up

normal force coefficient based on 

centreline chord of wing m ft

correction factor for wing thickness, see Equation (3.2)

Reynolds number based on 

planform area of wing m2 ft2

frontal area of wing at m2 ft2

semi-span of wing, value of  at m ft

semi-span at station m ft

value of  for wing of  and 

chordwise distance rearward from wing apex m ft

value of  at centre of planform area m ft

value of  at aerodynamic centre m ft

value of  at centre of pressure m ft

incidence of wing rad rad

A

a dCN /dα( )α 0=

CA S

CD S

CD0 CD CL 0=

CL S

Cm S cr

CN S

cr

k

R cr

S

Sf α 0=

s s ξ( ) ξ 1=

s ξ( ) ξ

X ξac s/cr 0.3= Sf /S 0.04=

x

xa x

xac x

xcp x

α

Issued June 1971 – 12 pages
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ESDU 71006

2. INTRODUCTION

This Item presents the normal and axial force coefficients, the pitching moment coefficient and the position
of the aerodynamic centre of uncambered untwisted pointed slender wings with unswept trailing edges and
of aspect ratio less than about 2.  Also presented are the normal force curve slope and the centre of pressure
position.  The curves are based on an extensive series of tests in Derivation 7 on slender wings of thickness
given by .  In the case of the normal force, axial force and normal force curve slope it is possible
to make approximate allowance for arbitrary thickness; for the other aerodynamic quantities indications of
the trends are given.  Supporting experimental data are contained in Derivations 1 to 6, 8 to 10, 12 to 14.
Finally, a rough guide to the effects of small amounts of trailing-edge sweep is included from Derivation 11.  

3. NORMAL AND AXIAL FORCES

At all but very small angles of incidence, the flow separates from the sharp leading edges of the wings
considered in this Item and the force normal to the wing may be divided into linear and non-linear
components associated with the attached and separated flow fields respectively.

Hence,
 

The effect of wing thickness on  is small, and therefore its effect on  may be taken into account by
a correction to  only, introducing a thickness correction factor on  as follows:

(3.2)

value of  at centre of planform area

value of  at aerodynamic centre

value of  at centre of pressure

value of  on pitching moment axis

value of  where 

value of  where 

Suffixes

refers to linear part of normal force

refers to non-linear part of normal force

* An asterisk (*) denotes wing of .

. (3.1)

ξ x/cr

ξa ξ

ξac ξ

ξcp ξ

ξm ξ

ξ0.99 ξ s ξ( ) 0.99s=

σ s ξ( ) /s ξ 1 s /cr–=

1

2

Sf /S 0.04=

Sf /S 0.04=

CN CN1 CN2+=

aα CN2+=

CN2 CN
CN1 a

a ka*=
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ESDU 71006
where a* from Figure 1 applies to wings of thickness such that  and  from Figure 3 is the
correction factor.  Figure 2 may then be used for  without further allowance for thickness. 

Use of the area ratio  was found to be a convenient measure of wing thickness/chord ratio when
correlating the experimental data.  For wings with a constant streamwise aerofoil section across the span,
such as those in Derivation 7,  equals the maximum thickness/chord ratio.

Differentiation of Equation (3.1) gives the normal force curve slope

. (3.3)

Again, the non-linear term, given in Figure 4, is not significantly affected by thickness.

The axial force is obtained from Figure 5.  At the larger incidences this force acts forwards (i.e.  is
negative) due to suction on the under surface of the wing created by the leading-edge vortices.  To obtain
a value for  from Figure 5a an estimate of , the drag coefficient at zero lift, is required.  This quantity
varies with Reynolds number and boundary-layer transition position.  The experimental data for Figure 5a
come from wind-tunnel tests with Reynolds numbers in the region of 106 or 107 with boundary-layer
transition, at , well aft of the leading edge, but at full-scale Reynolds numbers transition usually
occurs near the leading edge.  Hence, Figure 5b, in which allowance is made for the movement of transition
forward with increasing Reynolds number, is provided as an approximate guide to the magnitude of 
for use when no other estimate is available and only in conjunction with Figure 5a.

The lift and drag coefficients may now be evaluated from the formulae

, (3.4)

. (3.5)

4. CENTRE OF PRESSURE, PITCHING MOMENT AND AERODYNAMIC CENTRE

The points of action of the linear and non-linear components of normal force are given for wings of
 in Figures 6 and 7 as distances ahead of , the non-dimensional centre of planform area.

Data from these Figures in conjunction with Figures 1 and 2 allow the centre of pressure position to be
found from

, (4.1)

and the pitching moment about an axis through  to be found from

, (4.2)

where  and  from Figures 6 and 7.  With increasing wing thickness the point of
action of the linear component of normal force moves forward towards the wing apex and that of the
non-linear component moves rearward.  Tests in Derivation 10 on a delta wing of  
have shown that, at , the effects of increasing  from 0.04 to 0.12 are to decrease  by
approximately 4% of its former value and increase  by approximately 25%.  

Sf /S 0.04= k
CN2

Sf /S

Sf /S

dCN

dα
---------- a

dCN2

dα
-------------+=

CA

CA CD0

CL 0=

CD0

CL CN αcos CA αsin–=

CD CN αsin CA αcos+=

Sf /S 0.04= ξa

ξcp

CN1ξcp1 CN2ξcp2+

CN
-----------------------------------------------=

ξ ξm=

Cm CN1 ξm ξcp1–( ) CN2 ξm ξcp2–( )+=

ξcp1 ξ*cp1= ξcp2 ξ*cp2=

A 1.46= s/cr 0.364=( )
α 16°= Sf /S ξcp1

ξcp2
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