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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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 patrticipation 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 was monitored and guided by the Performance Committee. This
Committee first met in 1946 and now has the following membership:

Chairman
Mr K.J. Balkwill — Independent

Vice-Chairman
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Mr W.L. Horsley — Civil Aviation Authority, Safety Regulation Group
Members

Mr P.V. Aidala” — Northrop Grumman ESID, Bethpage, NY, USA
Mr T. Bartup — Auvro International Aerospace, Woodford

Mr E.N. Brailsford — Independent

Mr M. Broad — Independent

Mr G.M.J. Davis — DERA, Boscombe Down

Mr N.J. Herniman — Airbus Industrie, Toulouse, France

Mr R.G. Humpston — Rolls-Royce plc, Aero Division, Derby

Mr T.S.R. Jordan — Independent

Mr R.J. Orlowski" — Boeing Commercial Airplane Company, Seattle, Wash., USA
Dr P. Render — Loughborough University

Mr P. Robinson — Independent

Mr D.N. Sinton — Independent

Mr G.J.R. Skillen — Civil Aviation Authority, Safety Regulation Group
Mr G.E. Smith — Independent

Mr A. Stanbrook — Independent

Mr R. Storey — British Aerospace Defence Ltd, Brough

Prof. E. Torenbeek” — Delft University of Technology

Mr Y.D. Traeger* — Israel Aircraft Industries, Jerusalem, Israel

Mr C.J. Turner” — McDonnell Douglas, Long Beach, Calif., USA
Mr M. Wilson — Pilatus Britten Norman, Isle of Wight

Mr R.D. Younger* — Raytheon Aircraft Company, Wichita, USA.

Corresponding Member

The technical work involved in the assessment of the available information and the construction and subsequent
development of the Data Item was carried out, under contract to ESDU, by the Chairman of the Committee,

Mr K.J. Balkwill.
The person with overall responsibility for the work in this subject area is Mr D.J. Mitchell.
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1 NOTATION
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aspect ratio, b2/ S

free parameter

span

pressure drag coefficient

transformed pressure drag coefficient (see Sections 4.2 and 5)

lift coefficient
pitching moment coefficient
pressure coefficient

chord

arbitrary function of the quantity in [...],i=0...n
pressure drag function

lift function

pitching moment function

factor used in representation, T = kro
length of body

Mach number

radial coordinate

wing reference area

thickness

freestream velocity

Cartesian coordinates

ratio of specific heats

angular measure defined in text
thickness parameter

referencevalueof T int = kro

(velocity) potentia function

arbitrary function, j = 1... n
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2. INTRODUCTION

In order to formulate generalised databases from ad hoc experimental datait isconvenient to haveasimple
theoretical framework within which to work. Once constructed, such databases permit the speedy and
economical evaluation of, for example, aninitial design concept.

To provide such aframework, this Data Item presents some aspects of the rules of subsonic, transonic and
supersonic simi IarityT. These are derived from approximate forms of the differential equationsthat govern
the flow fields around various shapes of interest.

Airframes may be characterised as relatively thin planar surfaces attached to bodies of revolution, soitis
possible, in formulating a data base for initial design studies, to make use of predictions relating to these
simpleforms. The relationships presented here sufficeto describe empirical dataover aconsiderablerange
of flight speedsand geometries even though the underlying approximati onswoul d not suggest this outcome.
However, it isimportant to be aware of the limitations and range of applicability of the theoretical forms
so that the merit of any empirical correlation can be properly assessed.

The Data Item presents methods of representing the solutions to the relevant linear, inviscid, differential
equations for (potential) flow about a two-dimensional (thin) aerofoil and an axisymmetric body. A
formulation of the solution is suggested that extends the range of Mach number over which the parameters
may be used to describe experimental information. The extension of the two-dimensional case to
three-dimensional flow issummarised. The formulation suggested for the simpler instance is shown to be
equally applicable in this case. In addition, there is a discussion of the non-linear equation that is more
nearly applicableto the strict transonic case where the local velocities are close to the speed of sound. The
form of the dependence of aerodynamic coefficients on thicknessisillustrated for one case.

The use of the rulesin relation to Performance studies is further illustrated in a series of examples issued
as separate Data ltems.

3. THE SIMILARITY RULES
31 General

Thereader isreferred to the Referencesin Section 6 for details of the proceduresinvolvedintheformulation
of, and the methods used to solve, the differential equations. Sections 3.2 to 3.7 contain statements of the
similarity rules as they apply to pressure coefficient on a surface and this is of interest in its own right.
However, in the absence of viscous effects, forces and moments due to the whol e flowfield can be assumed
to be related in a simple manner to the pressure distribution.

ESDU Copyright material. For current status contact ESDU.

3.2 Two-Dimensional® Linearised Flow

It is assumed that the perturbation velocities in the co-ordinate directions due to the presence of an object
in the flow are small in comparison with the speed in the freestream. Thisis nearly the case for subsonic
and supersonic flow when the freestream Mach number is not too close to unity. The relevant differential

T A comparable concept, from elsewherein aeronautical engineering, isthe notion of dynamical similarity, which isbased on dimensional
analysis and has been used both to design geometrically scaled models for testing and to formulate methods for correlating the results
with full-scale data. The outcome of that processis to enableinterpolation and, sometimes, extrapolation of full-scale datathat are often
limited in scope because of the expense and difficulty of testing.

* This does not include the case of axisymmetric flow — see Section 3.6
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When the freestream Mach number approaches unity thefirst term in Equation (3.1) becomes comparable
with thosethat have been disregarded; the equation istherefore not applicablein that case— see Section 3.3.

Equation (3.1) may be solved for shapes which can be characterised by

f=1F, m (32)

where T can be thought of as a thickness parameter for two-dimensional shapes, such as aerofails, at zero
angle of attack. For other cases, T can be regarded as linked to both thickness and angle of attack. The
form of 7 is arbitrary in the sense that it is used to characterise geometric extent in the z-direction.
Chordwise variation of Tt can be explicitly defined as a function of the x-coordinate or implicitly defined
asitisin the example of Section 5.

For M <1 thesolution of Equation (3.1) (intheelliptic form quoted) and Equation (3.2) can be represented
as

%p =F B(l—:/lz)llz (33)

which is the general form for the equation connecting pressure coefficient, a thickness parameter and
freestream Mach number in subsonic two-dimensional, inviscid and linearised flow.

For M>1 the solution of Equation (3.1) (in hyperbolic form, i.e. the term in bracketsis expressed as
— (1/(M? -1))) and Equation (3.2) can be represented as

e B(MZT_ )1’2 | o
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Another representation of the solutions of Equations (3.1) and (3.2), which can apply both to subsonic
and supersonic freestream conditions, is

2
So_p)

B -3 m : (3.5)

Equations (3.3), (3.4) and (3.5) are the general forms of the classical similarity rules for subsonic and
supersonic linearised flow. Because Equation (3.1) is homogeneous in the potential function, the value of
B may bechosenat will — so permitting particular formsof thesimilarity rulesto bederived. See Section 4
regarding the application of the similarity rules.

Note that, because of theinfluence of the thickness parameter and angle of attack, it is not possible to quote
ranges of values of Mach number where the results for linearised flow may be used. For advice of this
nature, the user is referred to the separate Data Items giving illustrative examples.
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