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ESDU 06020
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 the subsequent
construction of the Data Item method was carried out by

Chairman
Mr A.J. Wells — Independent

Vice-Chairman
Mr P.D. Chappell — Independent 

Members
Mr K. Bradbrook — BAE SYSTEMS, Preston
Mr P. Camacho* — Boeing, Long Beach, CA, USA
Mr O. Coudray — Airbus France, Toulouse, France
Dr P.C. Dexter — BAE SYSTEMS, Sowerby
Mr J.R.J. Dovey — Independent
Mr H.C. Garner — Independent (Member Emeritus)
Prof K.P. Garry — Cranfield University
Mr D.H. Graham*

* Corresponding Member

— Northrop Grumman Corp., El Segundo, CA, USA
Prof J.M.R. Graham — Imperial College, London
Mr M.J. Green — Independent
Dr E.H. Kitchen — Rolls-Royce Commercial Aero Engines Ltd, Derby
Miss M. Maina — Aircraft Research Association Ltd
Mr C.M. Newbold — QinetiQ, Farnborough
Mr E. Totland* — Saab AB, Linköping, Sweden
Mr J. Tweedie — Short Brothers plc, Belfast

Mr R.W. Gilbey — Head of Aircraft Aerodynamics Group
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ESDU 06020
COMPUTER PROGRAM FOR ESTIMATION OF AEROFOIL CHARACTERISTICS 
AT SUBCRITICAL SPEEDS: lift-curve slope, zero-lift incidence and pitching moment, 
aerodynamic centre and drag polar minimum

1. NOTATION AND UNITS

SI British

lift-curve slope in initial linear range of  variation 
with

rad–1 rad–1

inviscid lift-curve slope rad–1 rad–1

drag coefficient, based on 

aerofoil skin friction drag at 

drag polar minimum; strictly value of  at  in plot 
of  against  for fixed boundary-layer transition 
positions,  and 

lift coefficient, based on 

lift coefficient for minimum drag with , at 
fixed  and 

pitching moment coefficient at zero lift, based on 

inviscid value of 

chord m ft

largest camber-line ordinate for aerofoil with simple 
camber line, see Sketch 3.5a; largest aft camber-line 
ordinate for aerofoil with rear-loading or reflex camber 
line, see Sketches 3.5b and 3.5c

m ft

maximum forward camber line ordinate for aerofoil with 
reflex camber line, see Sketch 3.5c

m ft

freestream Mach number

Reynolds number based on  and freestream conditions

thickness m ft

maximum thickness, see Sketch 3.2 m ft

a1 CL
α

a1( )T

CD qc

CDf0 CL 0=

CDmin CD CLmin
CD CL

R M

CL qc

CLmin xtru xtrl 0.01= =
R M

Cm0 qc2

Cm0 i Cm0

c

h+

h–

M

R c

t

tm
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ESDU 06020
, , 

, , 

, 
thickness at , , , , , m ft

chordwise distance measured aft from leading edge m ft

position of aerodynamic centre aft of leading edge m ft

value of  for inviscid compressible  flow m ft

value of  for inviscid incompressible flow m ft

value of  for viscous incompressible flow m ft

chordwise position of maximum thickness aft of leading 
edge, see Sketch 3.2

m ft

mean of  and m ft

chordwise position aft of leading edge of boundary-layer 
transition on lower surface 

m ft

chordwise position aft of leading edge of boundary-layer 
transition on upper surface 

m ft

ordinate normal to chord line m ft

camber-line ordinate at , see Sketch 3.5 m ft

,  ,

,  ,

,
,  ,

, 

values of  at , 0.025c, 0.05c, 0.1c, , 0.9c, 0.92c, 
0.95c, .  Values at  and c are required to be zero by 
the program

m ft

upper-surface ordinate at , see Sketch 3.1 m ft

largest upper-surface ordinate (or largest lower-surface 
ordinate if greater), used as check on applicability, see 
Sketch 3.1

m ft

, upper-surface ordinate at , m ft

zero-lift incidence deg deg

trailing-edge angle, see Sketch 3.4 deg deg

t0.005 t0.05

t0.75 t0.90

t0.99 t1

x 0.005c= 0.05c 0.75c 0.90c 0.99c c

x

xa

xai xa

xai0 xa

xav0 xa

xtm

xtr xtru xtrl

xtrl

xtru

z

zc x

zc0 zc0.025

zc0.05 zc0.1

…
zc0.9 zc0.92

zc0.95 zc1

zc x 0= …
c x 0=

zu x

zum

zu0.90 zu0.99 x 0.90c= 0.99c

α0

τ
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ESDU 06020

2. INTRODUCTION

This Data Item makes use of several Data Items available within the Aerodynamics Series for the prediction
of aerofoil characteristics in subcritical attached flow in order to provide a single computer program that
uses their methods to calculate answers.

The program provides the aerofoil lift-curve slope, zero-lift incidence and pitching moment, and
aerodynamic centre. Viscous and inviscid flow values are provided where appropriate. The profile drag
coefficient at the drag polar minimum, together with the skin friction drag coefficient for an aerofoil at zero
(low)  are also given. The individual Items within the Series should be consulted for a full description
of the methods, their derivation, accuracy and applicability.  The program is constrained to run only within
the appropriate ranges of applicability, and outputs warnings and comments in cases of violation, when
values will not be calculated.

Table 2.1 lists the Items incorporated in the program. The input required for the program and the output
parameters are described in Sections 3 and 4, respectively. A list of the References is given in Section 5.
Examples of input and output files are presented in the worked examples in Section 6.

In Table 3.1 in Section 3, which describes the required input for the program, ranges of values are given
for key parameters.  Some aerofoil properties will not be calculated outside those ranges.  Stricter checks
on combinations of parameters are made within the program and may also result in a restricted output.  Note
that section trailing-edge thickness, , is not an input parameter because it is not required for calculation
purposes.  The methods in the source Data Items for predicting lift and drag characteristics were validated
for some aerofoils with  up to , and that value should be regarded as an upper bound for the
acceptability of values calculated by the program.  The methods available for the prediction of aerodynamic
centre do not include a dependence on trailing-edge thickness but a similar limit should be assumed.

2.1 Running the Program

All files associaited with the ESDUpac are downloaded from the ESDU website as a zip file to a directory
location psecified in a user’s zip utility.

The program runs from a command line prompt so the user needs to 

(i) open a Command Prompt window (in Windows XP go to Start, Programs, Accessorties, Command
Prompt, in Vista enter ‘cmd’ in the ‘Start Search’ box under the Start Menu)

(ii) change directory (by typing ‘cd [PATH]’) so that the prompt is at the folder in which the program
files are located.

The command line prompt to run the program is 

        A0620V10 < I01A0620.in > R01A0620.out

trailing-edge parameter, tan rad rad

trailing-edge parameter, tan rad rad

leading-edge radius, see Sketch 3.3, (used to make good 
approximation of  through relationship given in Item 
No. 72024; in Item No. 72024,  is used to correlate 

, but approximation via correlation with  is suggested 
because data for  are generally more readily available)

m ft

τa τa /2( ) t0.9 t0.99–( ) /0.18c=

τau τau zu0.90 zu0.99–( ) /0.09c=

ρ
t0.005

t0.005
xai ρ

ρ

CL

t1

t1 0.01c
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ESDU 06020
TABLE 2.1  

Item No. Title Comments

Aero W.01.01.05 Slope of lift curve for 
two-dimensional flow

Empirical method. Superseded by Item 
Nos 72024 and 97020, but provides viscous to 
inviscid lift-curve slope ratio for correlation 
purposes in method of Item No. Aero A.08.01.05.

Aero A.08.01.05 Aerodynamic centre in 
two-dimensional flow

Provides empirically correlated incompressible 
values in viscous flow via a correction to 
theoretical inviscid values from Reference 2. 
Item No. 72024 provides more accurate inviscid 
values but because they are different from the 
theoretical values used in the development of the 
viscous correction factor in Aero A.08.01.05 they 
cannot be corrected to viscous values by the 
method of that Item.

72024 Aerodynamic characteristics 
of aerofoils in compressible 
inviscid airflow at subcritical 
Mach numbers

Based on correlation of results using the methods 
of Lighthill (Reference 2) for incompressible 
flow and Sells (Reference 4) for compressible 
flows. An appendix provides the methods of 
Pankhurst (Reference 1) for zero-lift angle and 
pitching moment coefficient in incompressible 
flows, which are applicable to a wider range of 
camber lines than the original correlation, with a 
marginal loss of accuracy, and these are 
employed in the program associated with this 
Item. 

87001 Wing pitching moment at 
zero lift at subcritical Mach 
numbers.

Provides an empirical compressible correction 
for aerofoil zero-lift pitching moment coefficient, 
which is applied to the incompressible value 
obtained from Item No. 72024.

97020 Slope of aerofoil lift-curve 
for subsonic 
two-dimensional flow

Based on a correlation of data from application of 
VGK method (References 7 and 8) to a range of 
aerofoils.

98011 Aerofoil incidence for zero 
lift in subsonic 
two-dimensional flow

Based on a correlation of data from application of 
VGK method (References 7 and 8) to a range of 
aerofoils.

00027 Aerofoil profile drag for 
Mach numbers below the 
drag-rise condition

Based on a correlation of data from application of 
VGK method (References 7 and 8) to a range of 
aerofoils.

06001 Aerofoil skin friction drag 
for Mach numbers below the 
drag-rise condition

Based on a correlation of data from application of 
VGK method (References 7 and 8) to a range of 
aerofoils.
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ESDU 06020
3. INPUT

The input parameters required by the program and their descriptions are listed in Table 3.1 (see also final
paragraph of Section 2). The data must be entered on sequential lines and may be in free numerical format.
The geometric parameters are illustrated in Sketches 3.1 to 3.5.

TABLE 3.1  

Parameter Description
TEXT
TEXT
TEXT

The first three lines of the input file are read as text and are written to the output file to 
enable the user to describe the run. Each line may contain up to 72 characters and must 
end with a carriage return. A carriage return is still required for any blank line.
freestream Mach number 
Reynolds number based on  and freestream conditions 
(boundary-layer transition position on upper surface)/c 
(boundary-layer transition position on lower surface)/c 
(maximum upper-surface ordinate)/c (see Notation)
(upper-surface ordinate at )/c
(upper-surface ordinate at )/c
(maximum thickness)/c 
(chordwise distance to )/c 
(thickness at )/c
(thickness at )/c
(thickness at )/c
(thickness at )/c
(leading-edge radius)/c 
trailing-edge angle (deg) 
(maximum positive camber-line ordinate)/c 
(camber-line ordinate at leading edge)/  (must be zero)
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at )/c
(camber-line ordinate at trailing edge)/  (must be zero)

M 0 M 1<≤( )
R c 106 R 108≤ ≤( )
xtru/c 0 xtru /c 0.5≤≤( )
xtrl/c 0 xtrl/c 0.5≤≤( )
zum/c
zu0.90/c x/c 0.9=
zu0.99/c x/c 0.99=
tm/c 0 tm/c 0.30≤≤( )
xtm/c tm 0 xtm/c 0.45≤≤( )
t0.05/c x/c 0.05=
t0.75/c x/c 0.75=
t0.90/c x/c 0.90=
t0.99/c x/c 0.99=
ρ/c 0 ρ/c 4 tm/c( )2≤≤( )
τ 0 τ 30°≤≤( )
h+/c 0 h+/c 0.05≤ ≤( )
zc0/c c 0≡
zc0.025/c x/c 0.025=
zc0.05/c x/c 0.05=
zc0.1/c x/c 0.1=
zc0.2/c x/c 0.2=
zc0.3/c x/c 0.3=
zc0.4/c x/c 0.4=
zc0.5/c x/c 0.5=
zc0.6/c x/c 0.6=
zc0.7/c x/c 0.7=
zc0.8/c x/c 0.8=
zc0.9/c x/c 0.9=
zc0.92/c x/c 0.92=
zc0.95/c x/c 0.95=
zc1/c c 0≡
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