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ESDU 01005
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 was monitored and guided by the Aerodynamics Committee. This Committee
first met in 1942 and now has the following membership:

The technical work involved in the assessment of the available information and the development and subsequent
construction of the Data Item method was carried out by

The person with overall responsibility for the work in this subject area is Mr R.W. Gilbey, Head of Aircraft
Aerodynamics Group.
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EFFECT OF PLANFORM GEOMETRY ON LOW SPEED PITCH-BREAK 
CHARACTERISTICS OF SWEPT WINGS
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ESDU 01005
EFFECT OF PLANFORM GEOMETRY ON LOW SPEED PITCH-BREAK 
CHARACTERISTICS OF SWEPT WINGS

1. NOTATION AND UNITS

SI British

aspect ratio, 

span of gross wing, m ft

lift coefficient

maximum lift coefficient

pitching moment coefficient (positive nose-up) about axis through 
quarter-chord point of wing aerodynamic mean chord (see Sketch 1.1) 
representing aircraft centre of gravity location, based on S and 

local chord parallel to wing centre-line m ft

centre-line chord of equivalent straight-tapered gross wing
(see Sketches 1.1 and 1.2)

m ft

wing chord at crank (see Sketch 1.2) m ft

root chord of true wing planform at wing-body junction (see Sketch 1.2) m ft

root chord of equivalent straight-tapered wing (see Sketch 1.2) m ft

tip chord, see Sketches 1.1 and 1.2 m ft

standard (or geometric) mean chord of gross wing m ft

aerodynamic mean chord of gross wing, see Sketch 1.1 m ft

body diameter (or width), m ft

freestream Mach number

Reynolds number based on aerodynamic mean chord

gross wing area, m2 ft2

area of exposed wing m2 ft2

semi-span of gross wing (see Sketches 1.1 and 1.2) m ft

spanwise distance to root chord (see Sketch 1.2) m ft
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b 2s

CL

CLmax

Cm

c=

c

c0

c1

cr

cre

ct

c

c=

D 2s0

M

R
c=

S bc

Se

s

s0

Issued October 2001 – 15 pages

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 01005 2001

http://www.avadocuments.com/doc/esdu-01005-2001
http://www.avadocuments.com/doc/esdu-01005-2001


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

2

ESDU 01005

Sketch 1.1  Equivalent gross wing geometry

Sketch 1.2  Wing-body geometry

spanwise distance to crank (see Sketch 1.2) m ft

maximum thickness of wing section parallel to wing centre-line m ft

sweepback of wing leading edge (see Sketches 1.1 and 1.2) degree degree

sweepback of quarter-chord line (see Sketch 1.1) degree degree

taper ratio, 
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ESDU 01005
2. INTRODUCTION

A form of disruption to longitudinal stability, known as ‘pitch-up’, is associated with swept wings. A wing
has longitudinal static stability if the aerodynamic forces and moments produced by an incremental or
decremental change in angle of attack tend to return the wing to its original angle of attack.

For stability, with the pitching moment coefficient defined about the centre of gravity location and positive
nose-up, the derivative  must always be negative, and it should ideally be constant. The
illustrative pitching moment curve in Sketch 2.1a shows stability up to point ‘P’ after which the slope of
the curve becomes positive. An incremental change in angle of attack after point ‘P’ will result in a nose-up
change in attitude (pitch-up). If the slope steepens, the nose-up change in attitude rapidly increases until
the maximum lift coefficient, , is approached. Conversely, if the slope of the pitching-moment curve
beyond ‘P’ becomes increasingly negative (Sketch 2.1b), the nose-down change in attitude (pitch-down)
caused by an incremental change in angle of attack becomes increasingly rapid, and there is an ever greater
risk of an excessive restoring moment leading to dynamic instability. Severe pitch-up or pitch-down beyond
point ‘P’ should be avoided. 

Sketch 2.1  Pitching-moment curves

This Item provides a means of predicting the type of pitch-break (pitch-up or pitch-down) likely to be
encountered for a given wing planform shape at low speeds. The type of pitch-break occurring at high
speeds is largely influenced by compressibility effects and is not dealt with in this Item. Low speed
pitch-break characteristics may be improved after the selection of the planform geometry by the use of
wing twist, possibly in combination with palliatives such as fences and vortex generators.

The method has been developed for wings alone and wing-body configurations. The wing-body data studied
relate to configurations with bodies of approximately circular cross section where the body width is small
in comparison to the wing span. For those configurations the body has no discernible effect on the type of
pitch-break.

Section 3 describes the method for predicting the type of pitch-break in terms of aspect ratio and sweep.
Many experimental data covering a wide range of planform geometries were studied to form the basis of
the method. The database covers data for 392  wings and 30 wing-body combinations and in all cases the
wind-tunnel models were aerodynamically clean.

Section 4 discusses the effect of planform geometry on flow fields and pitch characteristics. 

After the accuracy and applicability have been discussed in Section 5, and the Derivations listed in
Section 6, there are two worked examples in Section 7, showing the application of the method.

∂Cm /∂CL

CLmax

a. Pitch-up b. Pitch-down

CLmax

CL

P

Cm

P

CLmax
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