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Introduction

I N Ref. 1 the authors describe two approximate formulas
for evaluation of the wave angle /3 of an oblique shock

wave in terms of the deflection angle 6 and the upstream Mach
number MI. These formulas are only valid for a limited range
of deflection angles and upstream Mach numbers and are
derived by the authors using the physically exact relations for
a two-dimensional oblique shock wave in the form of Eq. (1),
which was stated for the first time by Schubert2 in 1943 as

tanQS - 0) (7 - 1)M2 sin2g + 2
tan/3 (7 + 1)M2 (1)

The disadvantage of Eq. (1) is the implicit relation between
0, 0, and MI, which does not allow the wave angle /3 to be
solved directly.

Nevertheless, the explicit and analytically exact expression
for the wave angle 0 resulting from Eq. (1) was already derived
in 1972 by the German mathematician Wellmann.3 By rewrit-
ing the more general form of Eq. (1)

+ a) sin(g - a) cos(g - 6) 7 + 1
sin @ sin 6 (2)

sin a = I/Mi (3)

in a cubic relation for tan /3, Wellmann obtained the following
equation:

tan B ' - 1 7 + 1—- + -*—— tan2 a tan30 - tan2/?

tan0 tan /3 + tan2a = 0 (4)

The solution of Eq. (4) is easily obtained and reads
b +9actan 0 =

2(1 - 3ab)
d(21a2c + 9ab - 2)

60(1 -
tan - arctan i] (5)

n = 0, 1, - 1
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with
[7-1 7 + 1 . 1a = 1—— + -—— tan2ce tan 0

7 + 1 7 + 3
~T~ + ~T~

c = tan2a

4(1 -
9ab - 2)2

n = 1

n = - 1

From Eq. (5), the following solutions for the wave angle /3
of a two-dimensional oblique shock wave can be obtained:

the weak solution (M2< > 1)

the strong solution (M2< 1)

a physically meaningless solution
(decreasing entropy)

Since Eq. (5) represents the exact solution of Eq. (1) for the
wave angle /3 of weak and strong oblique shocks in terms of
the deflection angle 0 and the upstream Mach number Aflf no
approximations to Eq. (1) are necessary any more.

Finally, it should be noted that Wellmann also derived
explicit expressions for the maximum wave angle Om G-e., the
limiting wave angle for which the shock is attached) and the
sonic wave angle 05 (i.e., the wave angle for which M2 =1).
The solutions are

(6)

+ Uy sin4a + 7-3
— — (7)

Furthermore, Wellmann derived a lot of useful explicit ex-
pressions for the evaluation of shock wave reflections at solid
walls and freestream boundaries. For details see the original
report, Ref. 3.
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