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ESDU 66028
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published and unpublished, and are invariably supported by original work of ESDU staff engineers or consultants.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 construction and subsequent development of the Data Item was undertaken by

Chairman
Prof. D.W. Holder — University of Oxford

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

Members
Mr E.C. Carter — Aircraft Research Association
Mr J.R. Collingbourne — Ministry of Technology
Mr R.L. Dommett — Royal Aircraft Establishment
Mr H.C. Garner — National Physical Laboratory
Mr M.W. Salisbury — British Aircraft Corporation (Weybridge) Ltd
Mr J. B. Scott-Wilson — Hawker Siddeley Aviation Ltd, Woodford
Mr A.C. Southgate — British Aircraft Corporation (Guided Weapons) Ltd
Mr H.H.B.M. Thomas — Royal Aircraft Establishment
Mr J. Weir — University of Salford
Mr P.C.H. White — Plessey Co. Ltd, Dynamics Group
Mr W.F. Wiles — Rolls-Royce Ltd.

Mr A.J. Ward Smith — Head of Fluid Mechanics and Thermodynamics Group
Mrs K.M. McCreath — Fluid Mechanics and Thermodynamics Group.
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ESDU 66028
RELATIONSHIPS BETWEEN SOME COMMON INTAKE PARAMETERS

1. NOTATION

cross-sectional area normal to flow m2 ft2

speed of sound m/s ft/s

Mach number = V/a

mass flow kg/s slug/s

static pressure N/m2 lbf/ft2

total pressure N/m2 lbf/ft2

gas constant J/kg K ft lbf/slug K

static temperature K K

total temperature K K

mean velocity m/s ft/s

ratio of specific heat capacities

adiabatic efficiency

ram efficiency

total pressure loss coefficient

density kg/m3 slug/ft3

Suffixes

free-stream conditions

conditions at downstream end of duct

A

a  γRT( )=

M

m

p

pH

R

T

TH

V

γ

ηad

ηr

λ

ρ

0

1
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ESDU 66028
2. NOTES

A number of parameters are commonly used to denote intake performance and this Item presents graphs
to facilitate conversion from one to another.

The parameters are defined as follows:

Adiabatic Efficiency, 

. (2.1)

Ram Efficiency, 

. (2.2)

Total Pressure Loss Coefficient, 

. (2.3)

It is convenient to express Equations (2.1) and (2.2) in terms of total pressure ratio, pH1/pH0 , Mach number,
M0 and  giving:

(2.4)

. (2.5)

Figures 1 and 2 show the variation of  with pH1/pH0 , for , for  and ,
respectively. The corresponding variations of  are shown on Figures 3 and 4, respectively. The variation
of  with  and Mach number is shown on Figures 5 and 6 for the same two ranges of M0. Figure 7
shows the variation in total pressure loss coefficient, , with pressure ratio for a range of values of the
mass flow function . This parameter is chosen instead of M1 to ease reference to
standard engine brochure presentations. The relationship between the mass flow function and Mach number
can be found in Item No. 81004. The Mach number range of Figure 7 is about  which covers
the speeds at which  is normally of interest.

All Figures are plotted assuming . For  the assumption that  is constant may no longer
be valid so care must be taken in using the data in the high speed range.

Similar definitions of efficiency are sometimes used for diffusers and the curves may be useful for diffusers
as well as intakes.
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