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ESDU 94037
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 94037
LEADING-EDGE SUCTION DISTRIBUTION FOR PLANE THIN WINGS AT 
SUBSONIC SPEEDS

1. NOTATION AND UNITS

SI British

aspect ratio

lift-curve slope rad–1 rad–1

trailing-vortex wake drag coefficient

lift coefficient

total leading-edge suction coefficient normal to leading edge

chord m ft

geometric mean chord m ft

local leading-edge suction coefficient normal to leading edge 

empirical parameter used in normalisation correction, see 
Appendix A

Mach number

index used in normalisation correction, see Appendix A

angle of attack rad rad

 is lift-dependent drag factor due
to trailing-vortex wake, see Equation (3.2)

spanwise distance from centre-line as fraction of semispan

leading-edge sweep deg deg

transformed leading-edge sweep, deg deg

mid-chord sweep deg deg

taper ratio (ratio of tip chord to centre-line chord)

A

a1

CDv

CL

Cs

c

c

cs

k

M

n

α

β 1 M2–( )½

δ 1 δ+( )

η

Λ0

Λ′0 β 1– Λ0tan( )tan 1–

Λ½

λ
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ESDU 94037
2. INTRODUCTION

This Item gives a method for calculating the total theoretical leading-edge suction and its normalised
spanwise distribution for plane, thin wings of straight taper at subsonic speeds. Values of the normalised
distribution have been obtained mainly from parametric runs of the vortex-lattice program described in
Derivation 4. Some small corrections were made, particularly in the vicinity of the wing centre-line chord,
to ensure that the integrated distributions had a value of unity. 

The data are presented in both tabular and graphical form for a systematic series of planforms and the
suction distribution for any planform may be obtained by cross-plotting.

Section 3 describes the method and the presentation of the data, Section 4 discusses accuracy and
applicability, Section 5 lists the Derivation and References and Section 6 presents a worked example.
Appendix A details the modifications that had to be made to the basic output from the vortex-lattice program.

3. LEADING-EDGE SUCTION

Section 3.1 describes the evaluation of the total leading-edge suction coefficient  and Section 3.2 the
presentation of the normalised spanwise suction distribution .

3.1 Calculation of Cs 

To first order in  the far-field wake-integral solution for the trailing-vortex drag in incompressible flow,
by itself, gives the result

. (3.1)

The present analysis implies that this result is equivalent to the near-field solution obtained from a spanwise
integration of the resolved components of local lift and leading-edge suction.

The trailing-vortex wake drag coefficient can be written in the form

, (3.2)

where  allows for any departure from elliptic spanwise loading.

With the lift coefficient given as

, (3.3)

Equation (3.1) can be rearranged as

. (3.4)

Cs
csc/Csc

α

CDv CLα Cs Λ0cos–=

CDv

1 δ+( )CL
2

πA
-----------------------=

δ

CL a1α=

Cs

α2
------ a1

a1
2 1 δ+( )

πA
----------------------–

 
 
 

Λ0sec=
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ESDU 94037
First-order compressibiliy effects can be allowed for via Prandtl-Glauert transformations (Derivations 2
and 5), so that the general form of Equation (3.4) becomes

(3.5)

where the transformed leading-edge sweep is given by

. (3.6)

Values of  and  are obtainable from Item Nos 700111 and 740353 , respectively, in terms of
,  and . Using those values the predictions of Equation (3.5) and the values of 

calculated within the vortex-lattice program (Derivation 4) are in excellent agreement. 

3.2 Normalised Spanwise Loading

The normalised distributions  for the 185 wing geometries indicated in Table 3.1 are tabulated in
Figures 1 to 35. Each Figure also contains a sketch that illustrates the distributions. Some distributions are
omitted from the sketches for clarity when loadings at different  values are very similar. 

Sketches 3.1 to 3.3 illustrate the effect of varying aspect ratio, leading-edge sweep or taper ratio for some
typical planforms. Both aspect ratio (Sketch 3.1) and sweep (Sketch 3.2) are important in the determination
of the spanwise position and size of the distribution peak. The effect of taper ratio (Sketch 3.3) is small for
low and moderate aspect ratios and sweeps,  and , but it becomes more important as aspect
ratio or sweep increases. In all cases the most marked effect of taper ratio becomes apparent as  nears zero. 

The tabulated data are given at , 0.005, 0.01, 0.02 and then in steps of 0.04 to  and at
 and 1.0. These intervals are sufficiently close to ensure a smooth spanwise distribution, certainly

between  and 0.99. 

TABLE 3.1  

(deg)

Figure No.

0
15
30
45
60

67.5
75

1, 1.5, 3, 5, 8, 12
1, 1.5, 3, 5, 8, 12
1, 1.5, 3, 5, 8, 12
1, 1.5, 3, 5, 8, 12
1, 1.5, 3, 5, 8
1, 1.5, 3, 5
1, 1.5, 3, 5

1
2
3
4
5
6
7

8
9

10
11
12
13
14

15
16
17
18
19
20
21

22
23
24
25
26
27
28

29
30
31
32
33
34
35

Cs

α2
------ β a1

a1
2

1 δ+( )

πA
-------------------------–

 
 
  Λ′0 Λ0secsec

β2
 tan2Λ0+[ ]

½
----------------------------------------=

βA
a1

A
----- 
  1

a1

A
----- 
  1 δ+

π
-------------– 

 
Λ′0 Λ0secsec

β2
 tan

2Λ0+[ ]
½

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

Λ′0  tan 1– β 1– Λ0tan( )=

a1/A 1 δ+( )
βA A Λ½tan λ Cs/α

2

csc/Csc

βA

βA 5< Λ′0 45°<
λ

Λ′0 βA
λ 0= λ 0.125= λ 0.25= λ 0.5= λ 1=

η 0= η 0.98=
η 0.99=

η 0.005=
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ESDU 94037
Except for cases where , the suction distribution falls rapidly to zero at , and in all cases* it
appears to fall to zero at . To obtain additional values of the distribution for , 
is taken as constant when  but otherwise the value of  at  may be factored by

.

Construction of the suction distribution for an arbitrary wing planform is performed by interpolation at
each value of . The first step is to interpolate linearly in . The second step is to interpolate in , and
this may be carried out linearly when . However, the special shape of the distributions for 
necessitates a non-linear cross plot in  between 0 and 45° to cover the inboard region  when

; linear interpolation still suffices when . The final interpolation is with respect to . This
may be carried out linearly for a good first approximation, although because of the increasingly rapid
variation in loading that occurs as  a more accurate answer for  will be obtained if a
non-linear cross plot in  is made between  and 0.5. 

A computer program, ESDUpac A9438, has been written that holds the tabulated values given in this Item
and carries out any necessary interpolation internally. The program is described in Item No. 94038
(Reference 9). 

* Strictly, the value at  for  may be indeterminate.

Λ′0 0= η 0=

η 1= λ 0=

η 1= 0 η 0.005< < csc/Csc
Λ′0 0= csc/Csc η 0.005=

η/0.005( )½

η βA Λ′0
Λ′0 15°≥ Λ′0 0=
Λ′0 η 0.4<

Λ′0 15°< η 0.4> λ

λ 0→ 0 λ 0.125< <
λ λ 0=
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ESDU 94037

Sketch 3.1  Effect of aspect ratio
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ESDU 94037

Sketch 3.2  Effect of sweep
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ESDU 94037

Sketch 3.3  Effect of taper ratio
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ESDU 94037
4. ACCURACY AND APPLICABILITY

Lifting-surface and vortex-lattice models have the capability of predicting leading-edge suction
distributions. However, during the development of this Item it was found that special modelling was often
necessary for certain difficult planforms, such as those of low taper ratio and low aspect ratio. In severe
cases external corrections had to be made to the theoretically predicted distributions to maintain reasonable
shapes. Details of how the data in the present Item were obtained are given in Appendix A. The tabulated
presentation of the data in this Item provides a robust and repeatable way of obtaining suction distributions
for a wide range of planforms without the need of any further ad hoc corrections. 

The accuracy of the distributions is difficult to quantify. For  and  they are not expected
to be subject to significant error, but an increasingly high tolerance should be allowed as  and  decrease
below those values. It is thought that in all cases the data will be suitable for use with such analytical
techniques as those described in References 6, 7 and 8, for example, where the suggested methods of
predicting the drag due to lift of plain wings require a knowledge of the shape and magnitude of leading-edge
suction distributions.

5. DERIVATION AND REFERENCES

5.1 Derivation 

The Derivation lists selected sources that have assisted in the preparation of this Item. 

1. ESDU Lift-curve slope and aerodynamic centre position of wings in inviscid
subsonic flow.
ESDU International, Item No. 70011, 1970.

2. POLHAMUS, E.C. Charts for predicting the subsonic vortex-lift characteristics of arrow,
delta, and diamond wings.
NASA tech. Note D-6243, 1971.

3. ESDU Subsonic lift-dependent drag due to the trailing vortex wake for wings
without camber or twist.
ESDU International, Item No. 74035, 1974.

4. LAMAR, J.E.
GLOSS, B.B.

Subsonic aerodynamic characteristics of interacting lifting surfaces
with separated flow around sharp edges predicted by a vortex-lattice
method.
NASA tech. Note D-7921, 1975.

5. ISAACS, D. Store carriage loads at subsonic speeds. Part 2: prediction of store wing
and fin loads.
RAE tech. Rep. 88011, Appendix D, 1988.

βA 3≥ λ 0.125≥
βA λ
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ESDU 94037
5.2 References

The References list sources of information supplementary to that given in this Item.

6. EXAMPLE

Calculate the leading-edge suction distribution for a wing with leading-edge sweep , aspect ratio
 and taper ratio , for a free-stream Mach number .

The reduced aspect ratio is 

,

the transformed leading-edge sweep is

,

and the planform parameter

.

With ,  and , Item No. 70011 gives the ratio of lift-curve slope to
aspect ratio as

,

6. CARLSON, H.W.
MACK, R.J.
BARGER, R.L.

Estimation of attainable leading-edge thrust for wings at subsonic and
supersonic speeds.
NASA tech. Paper 1500, 1979.

7. KULFAN, R.M. Wing geometry effects on leading-edge vortices.
AIAA Paper 79-1872, 1979.

8. LAN, C.E.
HSU, C.-H.

Effects of breakdown on longitudinal and lateral-directional
aerodynamics of slender wings by the suction analogy.
AIAA Paper 82-1385, 1982.

9. ESDU Computer program for estimation of leading-edge suction distribution
for plane thin wings at subsonic speeds.
ESDU International, Item No. 94038, 1994.
ESDUpac A9438.

i) Required geometric parameters

ii) Total leading-edge suction coefficient

Λ0 59°=
A 3.3= λ 0.08= M 0.8=

βA 1 0.82–( )½ 3.3 1.98= =

Λ′0  1–tan β 1– Λ0tan( )  1–tan 1 0.82–( ) ½– 59°tan( ) 70.17°= =

A Λ½tan A Λ0 2
1 λ–
1 λ+
-----------
 
 
 

–tan 3.3 59° 2
1 0.08–
1 0.08+
-------------------
 
 
 

–tan 3.79= = =

βA 1.98= A Λ½tan 3.79= λ 0.08=

a1

A
----- 0.951 rad

1–
=
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ESDU 94037
and Item No. 74035 gives the lift dependent drag factor as

.

Therefore, from Equation (3.5)

.

Tables 6.1 and 6.2 detail the numerical calculations that are made.

Because the taper ratio is below 0.125 a non-linear cross plot in  is made and compared with the results
of a linear interpolation between and 0 and 0.125.

For ,  and , Table 3.1 shows that numerical data for  and 3
must be taken from:– 

Linear interpolation in  between each pair of those eight pairs of columns defines the data at 
in columns 3, 6, 10 and 13 of each table. 

Linear interpolation in  between columns 3 and 6 and between columns 10 and 13 defines the data at
 in columns 7 and 14 of Table 6.1 for  and 0.125 respectively, and similarly in Table 6.2

and for  and 0.5 respectively. 

A linear interpolation in  between columns 7 and 14 of Table 6.1 defines the data at  shown in
column 15 of that table. Otherwise a cross plot in  at each  is necessary. 

iii) Normalised loading distribution

Figure 6 for 
, entered in columns

1 and 2 of Table 6.1

Figure 7 for 4 and 5 of Table 6.1

Figure 13 for 
, entered in columns

8 and 9 of Table 6.1

Figure 14 for 11 and 12 of Table 6.1

Figure 20 for 
, entered in columns

1 and 2 of Table 6.2

Figure 21 for 4 and 5 of Table 6.2

Figure 27 for 
, entered in columns

8 and 9 of Table 6.2

Figure 28 for 11 and 12 of Table 6.2

1 δ+ 1.01=

Cs

α2
------ βA

a1

A
----- 
  1

a1

A
----- 
  1 δ+( )

π
-------------------– 

 
Λ′0 Λ0secsec

β2
 tan

2Λ0+[ ]
½

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

1.98 0.951( ) 1 0.951( )
1.01
π

----------– 
  70.17° 59°secsec

1 0.8
2

–( )  tan259°+[ ]
½

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

1.98 0.951( ) 0.694( ) 3.235( )=

4.23=

λ

βA 1.98= Λ′0 70.17°= λ 0.08= βA 1.5=

Λ′0 67.5°=



 λ 0=

Λ′0 75°=

Λ′0 67.5°=



 λ 0.125=

Λ′0 75°=

Λ′0 67.5°=





λ 0.25=
Λ′0 75°=

Λ′0 67.5°=



 λ 0.5=

Λ′0 75°=

βA βA 1.98=

Λ′0
Λ′0 70.17°= λ 0=

λ 0.25=

λ λ 0.08=
λ η
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The results of Sections (ii) and (iii) and Tables 6.1 and 6.2 are summarised in Sketch 6.1. The manner of
interpolation in  only significantly affects the loading for  in this case. 

Although a linear interpolation in  was used in this example, for  this would not be acceptable,
see Section 3.2. 

A set of blank tables are included at the end of the example for the user’s own calculations. 

A manual calculation of the suction distribution can be avoided by use of the computer program of ESDUpac
A9438 (see Reference 9). 

iv) Summary and comments

λ η 0.9>

Λ′0 Λ′0 15°<

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 94037 1994

http://www.avadocuments.com/doc/esdu-94037-1994
http://www.avadocuments.com/doc/esdu-94037-1994


 

ESDU Copyright material.  For current status contact ESDU. 

12

E
S

D
U

 94037
TABLE 6.1  

C
opyright E

ngineering S
ciences D

ata U
nit 

P
rovided by IH

S
 M

arkit under license w
ith E

S
D

U
Licensee=

/, U
ser=

, 
N

ot for R
esale, 

N
o reproduction or netw

orking perm
itted w

ithout license from
 IH

S

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

Full docum
ent details: ESD

U
 94037 1994

http://www.avadocuments.com/doc/esdu-94037-1994
http://www.avadocuments.com/doc/esdu-94037-1994


 

ESDU Copyright material.  For current status contact ESDU. 

13

E
S

D
U

 94037
TABLE 6.2  

C
opyright E

ngineering S
ciences D

ata U
nit 

P
rovided by IH

S
 M

arkit under license w
ith E

S
D

U
Licensee=

/, U
ser=

, 
N

ot for R
esale, 

N
o reproduction or netw

orking perm
itted w

ithout license from
 IH

S

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

Full docum
ent details: ESD

U
 94037 1994

http://www.avadocuments.com/doc/esdu-94037-1994
http://www.avadocuments.com/doc/esdu-94037-1994


 

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
. 

14

ESDU 94037

Sketch 6.1  Results for ,  and βA 1.98= Λ′0 70.17°= λ 0.08=
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FIGURE 1  
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