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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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

THE PREPARATION OF THIS DATA ITEM

The work on this particular Data Item which supersedes in part Item Nos Aero W.S.01.03.03-06 and W.S.08.01.02,
was monitored and guided by the following Working Party:

Mr H.C. Garner — National Physical Laboratory

Mr B.L. Hewitt — British Aircraft Corporation (Preston) Ltd
Mr P.F. Hughes — British Aircraft Corporation (Weybridge) Ltd
Mr J.H.B. Smith — Royal Aircraft Establishment,

appointed by, and under the supervision of, the Aerodynamics Committee which first met in 1942 and now has the
following constitution:

Chairman
Mr AJ. Wells — Independent

Vice-Chairman

Mr P.D. Chappell — Independent

Members

Mr K. Bradbrook — BAE SYSTEMS, Preston

Mr P. Camacho” — Boeing, Long Beach, CA, USA

Dr P.C. Dexter — Independent

Mr J.R.J. Dovey — Independent

Prof. K.P. Garry — Cranfield University

Prof. J.M.R. Graham — Imperial College, London

Mr M.J. Green — Independent

Mr J.M. van den Heever' — Denel Dynamics, South Africa

Dr G.A. Johnson — BAE SYSTEMS, Advanced Technology Centre, Filton, Bristol
Dr E.H. Kitchen — Rolls-Royce Commercial Aero Engines Ltd, Derby
Miss M. Maina — Aircraft Research Association Ltd

Mr A. Miller — Airbus UK, Filton, Bristol

Mr E. Totland" — Saab AB, Linkdping, Sweden

Mr J. Tweedie — Short Brothers plc, Belfast

Corresponding Member

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

Mr P.D. Chappell — Independent
Mr R.W. Gilbey — Senior Engineer.

The program for ESDUpac A7012 was prepared under contract to ESDU by Prof. G.V. Groves.

The person with overall responsibility for the work in this subject area is Mr A.J. Clarke, Head of Aircraft
Aerodynamics Group.
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LIFT-CURVE SLOPE AND AERODYNAMIC CENTRE POSITION OF WINGS IN
INVISCID SUPERSONIC FLOW

1. NOTATION AND UNITS
Sl British
A aspect ratio, b2/ S
| b wing span, see Sketch 1.1 m ft
CL lift coefficient
2
7 | C, root chord, see Sketch 1.1 m ft
3]
2 | C tip chord, see Sketch 1.1 m ft
8
§ | T aerodynamic mean chord, see Sketch 1.1 m ft
©
42 M free-stream Mach number
(]
5 n fraction of chord
(S)
2 S wing area m? ft?
'% X distance of aerodynamic centre aft of leading edge of m ft
*é aerodynamic mean chord, see Sketch 1.1
%D Xo distance of aerodynamic centre aft of leading edge of root m ft
= chord, see Sketch 1.1
Q.
o
; fo distance of leading edge of aerodynamic mean chord aft of m ft
=) wing apex, see Sketch 1.1
w
o wing incidence rad, deg  rad, deg
§ compressibility parameter, (M2 - 1)1/2
| A, sweepback of nt-chord line deg deg
| Ay, sweepback of mid-chord line, see Sketch 1.1 deg deg
| Aym tan_l(( tanA.,)/B), see Appendix A deg deg
A taper-ratio, c,/c,
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b

Sketch 1.1 Wing notation

2. GENERAL

| Figures la to 1d and 2a to 2d present, respectively, data for the lift-curve slope and aerodynamic centre
position of wings with straight leading and trailing edges and streamwise tips (see Sketch 1.1) at low
incidence in supersonic flow.

The lift-curve slope parameter, (1/A)(dC /da), is plotted in Figures 1a to 1d in carpet form against BA
and A tanAy, for values of taper ratio A = 0, 0.25, 0.5and 1.0. The aerodynamic centre parameter, x/ T ,
is plotted in Figures 2a to 2d in pseudo-carpet form in which the curves for constant A have been omitted
for clarity of presentation. Because of this and to aid cross-plotting on these Figures the abscissa,
BA-AtanA,, , has been introduced.

The position of the aerodynamic centre, which is that point on the axis of symmetry of the wing about
which the rate of change of pitching moment with incidence is zero, is given in this Item as a fraction of
the aerodynamic mean chord aft of the leading edge of the aerodynamic mean chord. The distance of the
leading edge of the aerodynamic mean chord aft of the wing apex may, if required, be obtained either from
ESDU 76003 (Reference 18) or from the expression

ESDU Copyright material. For current status contact ESDU.

0|||o><||

= L 2DA* MPatana,, + 2( 2227, 2.1)
8(1+x+x2)[ * (1+xﬂ

Similarly, the value of the aerodynamic mean chord in terms of the root chord may be found either from
ESDU 76003 or from the expression

T 2(1+ 0+
£ - —(———————3 . (2.2)
c, 3\ 1+a
This page Amendment E Documents
o 2 Document Sharing Hub
Copyright Engineering Sciences Data Unit
Provided by IHS Markit under license with ESDU Licensee=/, User=,

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

Full document details: ESDU 70012 E 2012


http://www.avadocuments.com/doc/esdu-70012-e-2012
http://www.avadocuments.com/doc/esdu-70012-e-2012

ESDU 70012

The data in this Item are given in terms of the sweepback of the mid-chord line, A,,, which is related to
the sweepback of the nt-chord line, A, via the expression

AtanA,, = AtanA_ +2(2n - 1)(1—};—‘) . 2.3)

Appendix A presents a computer program that reproduces the data of this Item, with extensions to cover
higher values of aspect ratio, BA> 12, and a limited amount of forward mid-chord sweep.

3. BASIS OF DATA

The data given in this Item are based on Derivations 1 to 6 for lift-curve slope and Derivations 7 to 10 for
aerodynamic centre position. References 11 and 17 and Derivation Al give useful collections of many of
the formulae derived for the lift-curve slope and aerodynamic centre position of wings in supersonic flow.

It should be noted that the lift-curve slope data for wings such that AtanA,,<2 and BA<1 have been
omitted from Figures 1la to 1d due to the complications arising in the theory for this region largely as a
result of wing tip interaction effects. The computer program in Appendix A interpolates between the data
of the carpets and the sonic speed value of (1/A)dC, /da. [= =/2 at BA =0 for ‘AtanAl/z‘ <2].

For the construction of the carpets in Figures 2a to 2d few theoretical data were available for the aerodynamic
centre position of wings with subsonic trailing edges. Consequently many of the data for this region are
simply presented as straight broken lines joining up with the slender-wing values, and as such should be
treated with caution.

4. APPLICABILITY OF DATA

The data presented in this Item apply only to wings with straight leading and trailing edges and streamwise
tips. The theory from which the data were derived is linearised with the implication that its application is
limited to wings at low incidence and with sharp leading-edges and with small thickness, camber and twist.
The theory also relates only to inviscid flow. These restrictions are, however, known to be relatively
unimportant for most practical purposes, except at high Mach numbers, provided the flow remains fully
attached over the wing surface.

ESDU Copyright material. For current status contact ESDU.

Linearised theory shows that as Mach number becomes very large the lift-curve slope becomes asymptotic
to zero and the aerodynamic centre becomes asymptotic to a position at the mid-point of the aerodynamic
mean chord. At high Mach numbers (M >5, say) the effects of boundary layers, shock wave detachment,
heat transfer and “real gas” phenomena become more important and can have a considerable effect on the
wing surface pressure distribution and therefore on the lift-curve slope and aerodynamic centre position.
The linearised theory values presented in this Item should therefore be considered as rough approximations
at such Mach numbers. A brief discussion of possible effects at hypersonic Mach numbers follows.

In general, because of the high altitudes associated with hypersonic flight the Reynolds number tends to
be low and the boundary layer thick. The displacement of the inviscid flow region by the boundary layer
has a direct effect on the shock wave pattern over the wing and hence on the pressure distribution.

A lifting surface designed for hypersonic speeds would normally have blunt leading edges to reduce the
structural problems of the high aerodynamic heating associated with sharp leading edges. The detached
shock-waves resulting from the use of blunt leading edges lead to surface pressures near the leading edges
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which are large compared to the corresponding attached-shock values for sharp leading edges. Away from
the leading-edge region the differences are less significant. References 13 and 14 provide an empirical
method which gives a rough guide to the effects of Reynolds number and detached shocks.

Heat transfer between the air and the lifting surface has an influence on the boundary-layer thickness and
hence the pressure distribution. The high surface temperatures associated with hypersonic flight increase
the boundary-layer thickness and in addition the assumption of a constant ratio of the specific heat capacities
becomes invalid. Some indication of the effect of surface temperature on pressure distribution is given in
Reference 14.

The high temperatures behind detached shock waves at hypersonic speeds can also lead to dissociation of
the air molecules into their atomic constituents and, at very high temperatures, the atoms tend to ionise to
create a conductive medium. These phenomena, which largely affect only the leading-edge region, are
discussed more fully in Reference 15.

The general field of hypersonic flow is treated in a number of textbooks, References 15 and 16 for example.

5. ACCURACY

Theoretical results have been compared with the more reliable data of those tabulated in Reference 12, in
addition to some later data. The data relate almost entirely to rectangular or delta wings, together with a
few isolated data concerning trapezoidal wings with unswept mid-chord lines. The range of values of BA
covered extends from about 1 to 10. The survey has indicated that, provided BA is greater than about 2
and provided the wing thickness/chord ratio is small (less than about 0.1) and the leading edges are either
sharp or only slightly rounded, the likely accuracy involved in the use of this Item is +15% on lift-curve
slope and +0.05T on aerodynamic centre position.

6. DERIVATION AND REFERENCES
Derivation

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

Lift-curve slope
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