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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

Chairman
Mr E.C. Carter — Aircraft Research Association

Vice-Chairman
Prof. G.M. Lilley — Southampton University

Members
Prof. L.F. Crabtree — Bristol University
Mr R.L. Dommett — Royal Aircraft Establishment
Mr H.C. Garner — Royal Aircraft Establishment
Mr P.K. Jones — Hawker Siddeley Aviation Ltd, Woodford 
Mr J.R.C. Pedersen — Independent
Mr M.R. Pike — Rolls-Royce (1971) Ltd, Derby
Mr J.J. Spillman — Cranfield Institute of Technology
Mr J.W.H. Thomas — Hawker Siddeley Aviation Ltd, Hatfield
Mr H. Vogel — British Aircraft Corporation Ltd, Weybridge
Mr J. Weir — Salford University.

Mr R.W. Gilbey — Engineer
Mr S.F. Wood — Principal Engineer.

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 76003 C 2012

http://www.avadocuments.com/doc/esdu-76003-c-2012
http://www.avadocuments.com/doc/esdu-76003-c-2012


 

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
. 

i

ESDU 76003
GEOMETRICAL PROPERTIES OF CRANKED AND STRAIGHT-TAPERED WING 
PLANFORMS

CONTENTS

Page

1. NOTATION AND UNITS (see Sketches 2.1, 3.1 and 3.2) 1

2. INTRODUCTION 2

3. GENERALISED MULTI-CRANK WING 3
3.1 General 3
3.2 Aerodynamic Mean Chord 5
3.3 Chordwise Position of Aerodynamic Mean Chord 6
3.4 Geometric (or Standard) Mean Chord 7
3.5 Chordwise Position of Geometric (or Standard) Mean Chord 8

4. SINGLE-CRANK WING 9
4.1 Geometrical Properties 9

5. STRAIGHT-TAPERED WING (NO CRANK) 10
5.1 Geometrical Properties 10
5.2 Sweep of the nth Chord Line 11

6. DERIVATION 12

7. EXAMPLE 12

FIGURES  1 to 3  14 to 16

ADDENDUM A  EQUIVALENT WING PLANFORM 17

A1. NOTATION AND UNITS (see Sketches A1.1 and A3.1) 17

A2. INTRODUCTION 20

A3. EQUIVALENT WING PLANFORM OF A WING-BODY COMBINATION 20

A4. SINGLE-CRANK WING 23

A5. REFERENCES 24

A6. EXAMPLE 25

This page Amendment C

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 76003 C 2012

http://www.avadocuments.com/doc/esdu-76003-c-2012
http://www.avadocuments.com/doc/esdu-76003-c-2012


 

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
. 

ii

ESDU 76003
ADDENDUM B  GRAPHICAL CONSTRUCTION METHOD FOR OBTAINING THE 
AERODYNAMIC MEAN CHORD OF A STRAIGHT-TAPERED WING  27

B1. GRAPHICAL METHOD 27

B2. ADDITIONAL DERIVATION 28

This page Amendment C

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 76003 C 2012

http://www.avadocuments.com/doc/esdu-76003-c-2012
http://www.avadocuments.com/doc/esdu-76003-c-2012


 

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
. 

1

ESDU 76003
GEOMETRICAL PROPERTIES OF CRANKED AND STRAIGHT-TAPERED WING 
PLANFORMS

1. NOTATION AND UNITS (see Sketches 2.1, 3.1 and 3.2)

SI British

aspect ratio, 

wing span m ft

local chord parallel to wing centre-line m ft

geometric (or standard) mean chord m ft

aerodynamic mean chord m ft

chord at ith crank, i.e. outboard chord of ith wing panel m ft

centre-line chord m ft

tip chord (also denoted as ) m ft

number of cranks in half-wing, excluding crank at wing centre-line 
(see Section 3)

wing area, m2 ft2

area of ith wing panel, m2 ft2

spanwise distance, measured from axis of symmetry and normal to 
wing centre-line, of chord  

m ft

chordwise distance, parallel to wing centre-line, of leading edge aft of 
wing apex

m ft

chordwise distance, parallel to wing centre-line, of leading edge of 
chord  aft of wing apex 

m ft

chordwise distance, along wing centre-line, of quarter-chord point of 
aerodynamic mean chord aft of wing apex

m ft

spanwise coordinate, measured from axis of symmetry and normal to 
wing centre-line 

m ft

spanwise extent of ith wing panel as fraction of semispan, 

A b
2
/S

b

c

c

c=

ci

c0

ct cm 1+

m

S bc

Si i b /2 ci

si
ci

x0

x0 i
ci

x1/4
=

y

i

si si 1––

b /2
------------------------
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ESDU 76003

2. INTRODUCTION

Aerodynamic calculations on wings often require the use of various reference lengths, areas and reference
points, see Derivation 1. Here, a ‘wing’ is taken to be the usual pair of symmetrically disposed identical
half-wings, such as in Sketches 2.1, 4.1 or 5.1. The main text of this Item presents information concerning
the reference lengths and reference points commonly used for cranked and uncranked wings with straight
edges and chordwise or pointed tips, see Derivation 2. Information concerning the representation of cranked
wings by means of an equivalent straight-tapered wing planform is given in Addendum A which has been
worded so that it can be used independently of the main text of this Item. 

Thin aerofoil theory carries the implication that the aerodynamic centre of each chordwise section of a wing
is located at the local quarter-chord point. Further, if the sectional lift coefficient due to incidence is assumed
to be uniform spanwise, the aerodynamic centre will be calculated to lie at the quarter-chord point of the
aerodynamic mean chord, positioned on the wing centre-line. Although this result is invalid for the spanwise
loadings that occur in practice, it is through these simple concepts that the aerodynamic centre has become
classically linked with the quarter-chord point of the aerodynamic mean chord. Consequently, pitching
moments are frequently related to an axis through the quarter-chord point of the aerodynamic mean chord
and are often non-dimensionalised with respect to this chord. It is emphasised that in practical situations
the aerodynamic centre of a wing does not usually occur at the quarter-chord point of the aerodynamic
mean chord*, and the latter is used as a reference point purely as a matter of convenience. 

The geometric (or standard) mean chord of a wing is also used as a reference length to non-dimensionalise
pitching moment coefficients. In practice, for convenience, this chord is positioned on the wing centre-line
so that its quarter-chord point is coincident with the quarter-chord point of the aerodynamic mean chord.
The positioning of the reference aerodynamic and geometric mean chords on the wing planform centre-line
is illustrated in Sketch 2.1. It is important to note, however, that the aerodynamic mean chord is not
associated with a spanwise location. The aerodynamic mean chord is defined from consideration of pitching
moments and thus has a longitudinal position only.

taper ratio, 

taper ratio of ith wing panel, 

sweepback of nth chord line, between spanwise stations  and  
for ,2,...,

deg deg

Subscripts

denotes properties associated with wing panel between chords  
and  , i.e. ith panel, or its outboard end.

dummy panel identifier used in calculation of  (Equation (3.2))

denotes properties associated with nth chord line (n is fraction of local 
chord measured from leading edge)

n = 0 denotes leading edge
n = 1/4 denotes quarter-chord line
n = 1 denotes trailing edge 

denotes properties associated with pth chord line (Equation (5.4))

* The aerodynamic centre of a straight-tapered wing in inviscid flow can be found from ESDU 70011 and ESDU 70012.

 ct /c0

i ci /ci 1–

n i si 1– si
i 1= m

i ci 1–
ci

j x1/4
=

n

p
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ESDU 76003
The aerodynamic and geometric mean chords and the chordwise position of their quarter-chord points with
respect to the wing apex are expressed in generalised form for multi-crank wings in Section 3, while
Sections 4 and 5 deal respectively with the special cases of single-crank wings and straight-tapered wings.
The geometrical properties of straight-tapered wings are given in both analytical and graphical form. For
a straight-tapered wing, Addendum B gives a simple geometrical construction for obtaining the size and
longitudinal location of the aerodynamic mean chord.

Derivation 2 supplies analysis which provides the derivation and substantiation of equations given here for
the geometrical properties of straight-tapered and multi-panel wings.

Sketch 2.1   Position of reference chords

3. GENERALISED MULTI-CRANK WING

3.1 General

In general there can be any number of cranks in the wing leading edge and a different number, occurring
at different spanwise stations, in the trailing edge. For the purposes of calculation, wherever there is a crank
in one edge a crank is also assumed to exist in the other edge at the same spanwise station, so that the wing
planform becomes divided into a series of trapezoidal panels. Of course, it may happen that some of the
cranks in one edge or the other are dummies at which there is no change in sweep. Sketch 3.1 shows the
planform of a multi-crank wing, and illustrates the notation employed when panel sweep angles are all less
than 90°. If there are cranks at  distinct spanwise stations on a half-wing, excluding the wing centre-line,
the half-wing is divided into  trapezoidal panels. When  the half-wing has straight leading and
trailing edges. 

⎯⎯c/4

⎯⎯c

⎯⎯x1/4

⎯c

⎯c/4

m
m 1+ m 0=
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ESDU 76003

Sketch 3.1   Multi-crank wing

On some wing planforms one edge (usually the leading edge) may have a sawtooth, so that it has two cranks
at the same spanwise station, the sweep between them being . In order to be able to use the same
equations for such planforms, a wing panel of zero span is assumed to exist at a sawtooth. Sketch 3.2
illustrates the notation of chords and sweeps that applies when there is a sawtooth at the outboard end of
the ith panel and a sweep of –90° between the ith and (i + 1)th cranks (points A and B). In the sketch the
(i + 1)th panel has zero span. 

When there are panel sweeps of  in the leading or trailing edge of a wing,  is equal to the number
of spanwise stations on the half-wing at which there are cranks (excluding the wing centre-line), with
stations where there are sawteeth being counted twice. With this system of notation, the equations developed
in this Item may be applied directly to planforms with panel sweeps of , with the exception that in
Equation (3.2) the term  is set equal to its limiting value of  if .
Similarly,  is set equal to  if . 

Λ0,1

Λn, i

Λn,(i + 1)

Λ0, i

Λ0, (i + 1)

Λ0, (i + 2)

nci − 1

ci − 1

ci + 1

si − 1

si + 1

sm + 1

b

si

ci

nct

ct (≡ cm + 1)

ηi (b /2)

nci

c0

x0

y

ith wing panel
shown shaded

90

90 m

90
i 0 itan x0i x0 i 1– – / b/2  0 i 90=

j 0 jtan x0j x0 j 1– – / b/2  0 j 90=
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ESDU 76003

Sketch 3.2   Wing with Sawtooth

3.2 Aerodynamic Mean Chord

The aerodynamic mean chord of a wing is defined by the equation

.

For a multi-crank wing this can be written

, where .

Λ0, i

Λ0, (i + 1) = − 90˚

Λ0, (i + 2)

ci −1

ci

ci + 1

ci + 2

ηi (b /2) ηi + 2(b /2)

ηi + 1(b /2) = 0

A

B

x0i − x0(i + 1)

ith panel (i + 2)th panel

c=
c

2
yd

0

b /2



c yd
0

b /2


-----------------------=

c=

ci
= Si

i 1=

m 1+



Si
i 1=

m 1+


--------------------------= ci

= 1
Si

---- c
2

yd
si 1–

si

=
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ESDU 76003
It follows that

. (3.1)

3.3 Chordwise Position of Aerodynamic Mean Chord

The location of the aerodynamic mean chord (positioned on the wing centre-line) is defined by establishing
the chordwise position of its quarter-chord point. Relative to the wing apex this position is given by

.

For a multi-crank wing  can be written

,

where

and .

If there are no sawteeth in the wing (i.e. ),  can be written 

, 

and . 

c=
2
3
---

ci 1–
2

1 i i
2

+ + i
i 1=

m 1+



ci 1– 1 i+ i
i 1=

m 1+



-------------------------------------------------------------------

 
 
 
 
 
 
 
 
 

=

x1/4
=

x0
c
4
---+ 

  c yd
0

b /2



c yd
0

b /2


--------------------------------------------=

x1/4
=

x1/4
=

x1/4 i
= Si

i 1=

m 1+



Si
i 1=

m 1+


-----------------------------=

x1/4i
= x0 i 1–  x0 i x0 i 1– – 

1 2i+ 

3 1 i+ 
------------------------

ci
=

4
-------+ +=

Si

ib 1 i+ ci 1–

4
--------------------------------------------=

si si 1– x0i x0 i 1– –

x0 i x0 i 1– – si si 1–– 
x0 i x0 i 1– – 

si si 1–– 
---------------------------------------- i

b
2
--- 
  0 itan= =

x0 i 1–  x0 j x0 j 1– – 

j 1=
i 1 

i 1–

 j
b
2
--- 
  0 jtan

j 1=
i 1 

i 1–

= =
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It follows that

 

or, as 

. (3.2)

If there are sawteeth in the wing, the term  in Equation (3.2) is replaced by its limiting value of
whenever . Similarly,  is replaced by  if

. 

In Equation (3.2)  is expressed in terms of panel leading-edge sweeps. Should the sweeps of the nth

chord lines be known instead, then the relationship

 

may be used for individual panels to calculate the leading-edge sweeps from the nth chord sweeps.

3.4 Geometric (or Standard) Mean Chord

The geometric (or standard) mean chord of a wing is defined by the equation

.

For a multi-crank wing this can be written

,

x1/4
= b

6
---

ici 1–
i 1=

m 1+



ci 1– 1 i+ i
i 1=

m 1+


-----------------------------------------------------

 
 
 
 
 
 
 
 
 

3 1 i+  j 0 j 1 2i+ i 0 itan+tan

j 1=
i 1 

i 1–


c=

4
-------+=

A b
2
/S=

x1/4
= A

12
------ ici 1– 3 1 i+  j 0 j 1 2i+ i 0 itan+tan

j 1=
i 1 

i 1–


i 1=

m 1+


 
 
 
 
 

c=

4
-------+=

i 0 itan
x0i x0 i 1– – / b/2  0 i 90= j 0 jtan x0j x0 j 1– – / b/2 
0 j 90=

x1/4
=

0 itan n i

2nci 1– 1 i– 

ib
-----------------------------------------+tan=

c

c yd
0

b /2



yd
0

b /2


--------------------=

c  

c yd
si 1–

si


i 1=

m 1+



yd
si 1–

si


i 1=

m 1+



-----------------------------------=
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