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The formula 1:1/ D = I-! 1-[4/(y+ 1?][1I M 2+(1I2)(y_I)]I I12 is proposed for the stand-otT distance of
the shock in supersonic or hypersonic flows past a sphere, and is derived from an analogy with the Lorentz
transformation.
PACS numbers: 47.40.Ki, 47.40.Nm

In this communication we shall propose a formula for
the stand-off distance of the shock in supersonic and
hypersonic flows past a sphere. It is given by
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where t. is the stand-off distance of the shock and M is
the free-stream Mach number.
As may be seen from the accompanying figure (Fig.
1), the shock detachment distance for a sphere as given
by Eq. (1) agrees impressively with the well-known
blunt body flow results of Van Dyke 1 Lomax,2 and
others. Equation (1) also clearly brings out the dependence of the shock detachment distance on the ratio of
specific heats y and the free-stream Mach number M.
The merging of the detached shock with the body as M
00 and y 1 is also assured in accordance with the
hypersonic flow theory Even though the nose shock
detachment distance given by Eq. (1) does not coincide
exactly with the numerical values of others for all Mach
numbers and various values of y, we find it interesting
to indicate the curious way in which it was obtained.
0

It is known that there is a shock detachment for a
blunt body in supersonic flow. We assume that, in the
subsonic region between the nose and the shock, Lorentz
transformations are applicable. These transformations
as given by Kussner 3 are
,
x+ vt
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where t is the time, the primed variables refer to a
moving system, v is the subsonic velocity downstream
of the shock assumed normal in front of the nose, and
a is the speed of sound. USing the Prandtl relation
uv = a*2 between the upstream and downstream velocities across a normal shock, and substituting for v
from this, the transformation relations become
,
x+a*2t/u
(4)
x = (l_a*4/ a 2u 2)1!2'

t + a*2 / 2u
t' -- -;=~",r. (1 - a*4/ ax 2ua2)1!2

It is readily seen that the Lorentz contraction factor
in the present case is (1 - a*4/a2u2)1/2. Thus the diameter D of the sphere changes to D' where

(6)

and we attribute D - D' to be the detachment distance.
Since we are interested in the shock detachment
distance at the nose of the sphere, we now make the
assumption that in the immediate neighborhood of the
nose the conditions correspond to stagnation conditions.
Therefore substituting a = a o (a o is the speed of sound at
stagnation conditions), we obtain from Eq. (6)
D -D' = ~ = 1_11 _ a*4 ) 1/2
D
D
\J a~u2
a 2 a 2 )1/2
=1- 1 _a*4
_ :::.lL_
(
a6 a2 u2

(y! 1)2 [1 + t(y _1)M2j ~2
=1- [1- (Y!I)2 (~2
+ t(Y-l))]

0.25

6
D

0.20

- - Van Dyke Ref. I
- - - - Equation-I

0.15

(5)

where a* is the critical speed of sound, x is the length,
and u is the free-stream supersonic velocity.
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for the stand-off distance.
It is surprising that this expression agrees fairly
well with the exact numerical values based on a nonlinear theory.
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FIG. 1. Shock stand-off distance for sphere.
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