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If a plane shock wave impinges at a certain angle on the front of a body
moving through a gas at supersonic speed, upon approaching the body it first
interacts with the bow shock wave ahead of the body, and there develops the
whole complicated pattern of diffracted shock waves around the moving body,
accompanied in the general case by a series of new reflected shock waves and
contact discontinuities.

However 1t is found that there exist particular cases in which thls pat-
tern is very simple and easily calculated.

We conslder the upper surface of a wedge of half angle § moving at
supersonlc speed Jy with an attached bow shock wave., Let & plane shock
wave inclined at angle p to the vertical propagate with speed o toward
the front of the wedge.

We show that 1f the parameters V, 8§, ¢ and g are subject to certain
conditions, then on the upper surface of a wedge with an impinging shock wave
the flow picture will correspond at a certein instant to that cdeplicted in
Fig.l, where B4 and jBp are the parts
of the attached bow vave and the imping-
ing shock wave that are still not under-
going interaction, 30 1s the new attached
bow wave arising after interaction, and
BC 1is the continuation of the impinging
shock wave. We remark that in a system
of coordinates with origin at the vertex
of the wedge the picture 1s self-similar
in time (that is, depends on the ratios
of the coordinates to the time). In
regilon (0FC the flow has constant para-
meters. We consider the conditions to
be imposed on V¥, 8, ¢ and 8 1in order
that this flow be realized.

First, the intensities (that 1s, dif-
ferential pressures) of the impinging and attached shock waves must be equal
in order to avoid a contact discontinuity from point B in region 5oC.
Then the intensities of shock waves (¢ and BC are also equal, Second,
the line p¢ must be the continuation of 4B , which 1is evident from geo~
metrical considerations. Now introducing the bilsector gr and connecting
the origin of coordinates with point 5 , it is easy to see that such a con-
figuration of shock waves arises through reflection of a shock from the wall
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Br under the condition that the angle of incldence w 1is equal to the angle
of reflection w, . It 1s lmown (for example, from [1]), that reflection of
a shock wave of finite intensity in this way 1s possible ohly for a definite
angle of incidence ¥, equal to

o* = oot [(y+ 1) /(3 —y)]7* (y 41s the ratio of specific heats) 1)

for arbitrary intensity of the incident shock wave. The relative differen~
tial pressure p° in the reflected shock wave 1s found in this case just as
for a frontal encounter with a wall, and is related to the relative differ-
entlal pressure in the incident wave by Formula

po=(3v—i)p-(v——~i) 2)
y—Dp++19
Thus in order to realige the flow depicted in Fig.l it 1s necessary that

the impinging and bow shock waves have equal intensity and intersect at an
angle equal to 2uw*.

Furthermore, the shock wave pB(C , belng the extenslon of the shock wave
DF in such & shock intersection, must be normal to the surface of the wedge.
{This is possible since 20* <t for 1'Cy<38; for y_>3 such & flow
pattern 1s not possible). From this condition i1t follows that

=29 <)

Furthermore, 1t follows from conslderation of the triangle (BC that the
condition of intersection of the shock waves at angle 2w* 1s equivalent to

condition ¢ —8 =11 —20* 4)

The angle between the attached shock wave and the surface of §he wedge must
?ave a f%xed value depending only upon y and equal to 11.54° when y = 1.
for air).

Thus the four parameters V, 8, ¢ and g must satisfy three conditions:
equality of intensities of the ‘shock waves, and conditions (3) and (%). As
a result a family of solutions 1s obtained depending upon one parameter.

We express condition (4} in the form of a relation between the wedge angle
and the Mach number »¥ of the oncoming stream. By virtue of (1) this con-
dition takes the form, 1
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an(p — 0) = oot 20* = —r——m———r—, or twnd = il oo 20
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On the other hand, from the equations for an oblique shock wave we have

wd=[mr (M5 s )] ®

Equating the right-hand sides we obtain, after some manipulatilon
[mi’@(i + M’Y_‘"Ei) — @ mzm*m‘_d*z._‘ +1] fantq + 1) = 0

This equation has the following real solutions:

wp = [ 20t (w020 — O ) 1
x[2 (1 +ammTn)] o

Thus from (7) and (5) 1t is possible to find for a given Mach number ¥ the
shock wave angle and wedge angle for which condition (%) is satisfied, Then
for a shock wave impinging on the wedge at angle B equal to the wedge angle
and with intensity equal to that of the attached wave, the flow field under
consideration is realized on the wedge, It is easy to see from Equation (7
that such a flow exlsts for
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Furthermore, it can be shown that for
e 1 e
. e M — cot2 2% |- 14 9
5 — T 14 + 9
// the second solution {with the minus
29° sign on the radical), has no sgnifi-
cance because the shock wave angle 1s
less than the Mach angle,
”° In the range of Mach number between
\ these limits both solutions ?7) have
\ ” significance.
o ——
V4 p) %é 5 We observe that as ¥ - » we ob-

tain for the shock wave angle
Fig. 2
. A/
lim = tan-} (——V+ ) = —0*
Mooo ¢ 3—7 2

or, using (4), the limiting value of the wedge angle is found to be equal to
the angle of incidence o*. We note also that for y - 1 the wedge angle
approaches #r , and as increases to 3 the wedge angle decreases, vanish-
ing at y = 3 . As mentioned above, no solutlion exists for y > 3, Fig.2
shows for illustration the values of the wedge angle for various Mach num-
bers in the case vy = 1.4,
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