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ESDU 70010
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 ESDU Aero S.00.03.12, was monitored and guided by the
Aerodynamics Committee. This Committee first met in 1942 and now has the following membership:

The construction and subsequent development of the Data Item was undertaken by

Chairman
Prof. G.M. Lilley — University of Southampton

Vice-Chairmen
Prof. D.W. Holder — University of Oxford
Mr W.F. Wiles — Rolls-Royce Ltd

Members
Mr E.C. Carter — Aircraft Research Association
Dr L.F. Crabtree — Royal Aircraft Establishment
Mr R.L. Dommett — Royal Aircraft Establishment
Mr H.C. Garner — National Physical Laboratory
Mr J.R.C. Pedersen — British Aircraft Corporation (Guided Weapons) Ltd
Mr M.W. Salisbury — British Aircraft Corporation (Weybridge) Ltd 
Mr J. Taylor — Hawker Siddeley Aviation Ltd, Woodford
Mr J.W.H. Thomas — Hawker Siddeley Aviation Ltd, Hatfield
Mr J. Weir — University of Salford.

Mr P.D. Chappell — Head of Aircraft Motion Group.
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ESDU 70010
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ESDU 70010
INVISCID SUPERSONIC FLOW PAST CONES AT ZERO INCIDENCE:
(iv) MACH NUMBER IN THE CONICAL FLOW FIELD

1. NOTATION AND UNITS

SI British

Mach number in conical flow field

Mach number at surface of cone

Mach number in uniform flow upstream 

Mach number increment, M – Mc

ratio of specific heat capacity at constant pressure to specific 
heat capacity at constant volume, taken as 1.4 for air 

semi-vertex angle deg deg

shock angle deg deg

conical ray angle deg deg

M

Mc

M1

∆M

γ

δ

ζ

θ

M1

δ
θ

ζ

Sho
ck

Conical R
ay

M = M c
 + ∆M

Mc
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ESDU 70010
2. NOTES

Figures 1a and 1b present data for the Mach number, Mc, on the surface of a sharp-nosed right-circular cone
at zero incidence in a uniform supersonic flow of air considered as a perfect gas . The flow is
assumed to be inviscid throughout. The data are given for Mach numbers, M1, increasing from the shock
detachment value (see also Item No. Aero S.00.03.16) to a value of 4 for cones with semi-vertex angles,

, from zero to 50 degrees. 

Figures 2a to 2h present data for the Mach number increment, , above the cone surface value, Mc, at
any point in the conical flow field between the shock and the surface. The Mach number, M, constant along
any given conical ray of angle , is therefore given by

. (2.1)

The variation of  with  in the range  is given for M1 increasing from the shock detachment
value to a value of 4 for cones with , 10, 15, 20, 25, 30, 40 and 50 degrees.

The short chain boundary shown on the Figures represents the upstream Mach number for shock detachment
while the chain-dotted boundary represents the Mach number increment at the shock. The boundary for
Mc = 1 (long chain) is also shown and it should be noted that the data below this Mach number apply only
to infinite cones since conical flow cannot exist on a finite cone under conditions for which the surface
Mach number is subsonic. 

The data were derived from calculations made by Professor C.W. Jones of Imperial College for use in
Derivation 2. These calculations were made in order to adjust the data given in Derivation 1 from 
to . 

In real flows viscosity causes a boundary layer on the cone surface which increases the effective vertex
angle of the cone. Allowance for this effect, which is generally insignificant for Reynolds numbers greater
than about 105, may be made using the method of Reference 6.

The data presented in this Item are for cones at zero incidence in airflows with Mach numbers up to 4. For
the effects of incidence, and Mach numbers up to 20, detailed tabulations are given in References 4, 5 and
7 while Reference 3 contains some useful graphical correlations.

γ 1.4=( )

δ

∆M

θ

M Mc ∆M+=

∆M θ δ θ ζ≤ ≤
δ 5=

γ 1.405=
γ 1.4=
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