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SIMPLE-WAVE FLOW

1 NOTATION AND UNITS

S British

a local speed of sound m/s ft/s
M Mach number, V/a
p static pressure of gas N/m? |bf/t2
Py pressure of gas brought to rest isentropically N/m? |bf/t2
Vv velocity of gas m/s ft/s
Y ratio of specific heat capacity at constant pressure to specific

heat capacity at constant volume
u Mach angle, sin—1 1/M deg deg
® deflection angle relative to flow directionwhen M = 1 deg deg

2. NOTES

The specia case of two-dimensional isentropic supersonic flow in which one family of Mach waves or
characteristicsis straight isreferred to as simple-wave flow. It occursin regions of flow that are subject to
the influence of either an upper or lower boundary only, provided that the flow upstream is uniform.

Figure lagivesthe Mach angle, u , plotted against local Mach number. Figure 1b gives values of the flow
deflection angle, w, as a function of Mach number for a range of values of the ratio of specific heat
capacities, y. (Note that Figure 1b includes the limiting case of y = 1 for ease of interpolation.)
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The changes in flow direction and magnitude are produced entirely by the family of straight Mach waves
that originate from the single boundary; thus the flow is made to conform to the latter and the local Mach
number is afunction of the local direction of flow only. An important feature of simple-wave flow is that
the flow velocity and direction are constant along any member of the family of straight Mach waves.

Regions of simple-wave flow are to be found downstream of regions of uniform flow and the flow near a
thin aerofoil with attached shock waves can be very closely approximated by simple-wave flow.

A particular case of simple-wave flow occurs when a two-dimensional uniform and otherwise unbounded
supersonic stream is expanded round a sharp corner. Such aflow isgenerally referred to asa Prandtl-Meyer
expansion; it isin effect a centred simple-wave flow with the family of straight Mach waves originating
from the corner.

I ssued November 1962

With Amendment A, May 1982 — 3 pages Documents
1 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 AERO S.00.03.08 A 1982


http://www.avadocuments.com/doc/esdu-aero-s-00-03-08-a-1982
http://www.avadocuments.com/doc/esdu-aero-s-00-03-08-a-1982

ESDU Copyright material. For current status contact ESDU.

ESDU S.00.03.08

The maximum possible flow deflection from M = 1 occurs when the flow expands to zero pressure and
infinite Mach number and is given by

® = [(Y-i?l)ﬂz—l} T rad. 2.1)

Item No. Aero S.00.03.27 gives an example of the solution of problems of simple-wave flow when v is
not constant.

The computations on which this Item is based were obtained from Derivation 1.

DERIVATION
1. DOMMETT, R.L. Unpublished work .

Royal Aircraft Establishment, Farnborough, 1962.
EXAMPLE

Find the final Mach number, Mach angle and static pressure when a uniform two-dimensional supersonic
stream of helium at a Mach number of 1.9 and a static pressure of 50 000 N/m? is deflected 15° round a
convex surface. (For helium, take y = 1.67.)

From Figure 1b, whenM =19 and y = 1.67, o = 19.5°,i.e. to expand aflow fromM =1.0toM =19
requires a deflection of 19.5°.

Asthe surface is convex, the flow is an expansion and the final deflectionis

o =19.5+15 = 345°.
Hence, from Figure 1b, the final Mach number is 2.71, and from Figure lathe Mach angleis u = 21.7°.
From Item No. Aero S.00.03.07

at M=19, plp,=0.138
and at M =271, plp, = 0.0465.

Since the flow isisentropic, py is constant and therefore the static pressure after the expansion is

_ 0.0465

50 000 = 16 850 N/m?.
0.133 m
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