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CONDITIONSBEHIND NORMAL SHOCK WAVESIN A PERFECT GASFOR
VARIOUSVALUESOF vy

1 NOTATION AND UNITS
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speed of sound in gas, (\(RT)ll2
Mach number, V/a
static pressure of gas

pressure of gas when brought to rest isentropically

gas constant
static temperature of gas

temperature of gas when brought to rest isentropically

velocity of gas

ratio of specific heat capacity at constant pressure to
specific heat capacity at constant volume

density of gas

denotes conditions upstream of shock waves

denotes conditions downstream of shock waves
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NOTES

For the flow of a perfect gas y is constant and the equation of stateis

PRt 21
0 (2.1)

The following relations then exist between the flow properties on the two sides of a normal shock:

Th1 = Tho, (22)
2
2 (y-1LHM +2
M; = ————, (2.3)
M1 —-(v=1)
P2 2y 2
— = M;-1)+1, 24
p, (r+p MY @4
2
Pa _ (y+DHM] o
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and Pra _ (%) p_Z(_p_) , 2.7)
PH1 P72 P1 Py 1
=
where Pr _ [1+y;1M2JY . (2.8)
p 2
Equation (2.8) is plotted in Item No. Aero S.00.03.07.
Elimination of M12 between Equations (2.4) and (2.5) yields
Ew
2—2 = :J_—pl. (2.9)
R
Py M-

Curvesfor My, TolTq, po/P1, PH2/PH1 @nd po/p; are respectively plotted in Figures 1 to 5 for values of y
from 1 to 1.67 and for values of M up to 4. (Note: y = 1 isincluded in the curves as alimiting value for
ease of interpolation.)

The density ratio, p,/p4 , may be calculated from Equation (2.1), using the values of T,/T; and p,/p; from
Figures 2 and 3.

The assumption of a constant value of y givesriseto increasing errors at high temperatures where caloric
imperfections assume importance (see Item No. Aero 00.01.08).
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EXAMPLE

Find the temperature, pressure and density behind a normal shock wave moving at a Mach number of 3in

helium, where T; = 218 K and p; = 44 912 N/m? . Take y = 1.67, R=2081 Jkg K.

From Figure 2, for y = 1.67, M, = 3,

To/T, = 3.68,
so that T, = 3.68 x 218 = 802 K.
From Figure 3, for y = 1.67, M, = 3,

11.01,

Po/Py

11.01 x 44 912 = 494 500 N/m?2.

o that P,

P2 494500

From Equation (2.1 = = —_—
uation (1) P2 = &7~ = S0g1802

3

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 00.03.28 A 1978

= 0.2963kg/m?.
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