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SUMMARY

Some problems of diffraction of oblique shock wave have been
considered in this paper. Firstly it has been reviewed that the
region between the incident and reflccted shock wave remeins
undisturbed after the shock configuration has crossed the corner,
Secondly it has been shown that when the shock cenfiguration has
crossed the corner, Jfach reflection takes place provided the relative
uniform flow behind the reflected shock wave is supersonic.

Introduction

Lighthi112 investigated mathematically the diffraction of a
plane normal shock past a small bend in the year 1549. He has
calculated the pressure rise across the shock wave and its shape after
it has crossed the corner, In the present paper some aspects of
diffrection of obliguc shock wave past a small bend have been
considered., Myself and Ballabh have caxlier? cstablished that the
region between the incident and reflected shock wave remains
undisturbed for all pocsible shock strengths after the shock
coenfiguration has crossed the corner. Whatever is the region of
disturbance it is behind the rcflected shock wave only. For the
consideration of the region behind the reflected shock one has to
consider three cases & I ¢ (Ref, 1)**, «_ dis the angle of
incidence and «_ iz that angle of incidence for which the relative
flow behind the reflected shock wave before diffraction takes place
is sonic. In this paper it has been shown that when @, <«

s
(i.e., when the relative uniform flow is supersonic), Mach reflection
takes place after the shock configuration has crossed the corner,
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2, Formulation of the Problenm
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In the figure WO and OW' are two walls forming an angle 9,
where & dis small, Py 1is the incident shock, PR is the reflected
shock, a_  is the angle of incidence and @, is the angle of reflection,
The values of velocity, pressure, density and sound velocity, in the
region shead of the shock wavc is denoted by subscript zero, that in the
region between the incident and reflected shock is denoted by subscript 2
and that behind the reflected shock is denoted by the subscrlpt 2, The
region 0 is at rest and therefore qu in the region (1) is perpendiculer
to the incident shock wave, The velocity qa in region 2 is parallel
to the wall, U in the figure denotes the velocity of the point of
intersection P of the incident and reflected shock wave. Now by
epplying the principle of conservation of mass, momentum and energy, the
values of velocity, pressure and density behind the incident and reflected
shocks before the configuration has crossed the corner O can be written
down in terms of values ahead of the incident shock wave, angle of
incidence and angle of reflection (y has been assumed to be 1 o).

These are

Across the incident shock
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- a1 cos(a+t,), Q2 = Qs sindp

where o

H

and U*

4

U sinds.

bR Region between the Incident and Reflected Shock after Diffraction

The region between the incident and reflected shock remains
undisturbed for all possible incident shock strengths after the shock
configuration has crossed the corner?, A brief review of this result
is as follows:-

Iet at any point the velocity, pressure, density and entropy

be i, pd, o end S¢. Choose (X,Y) axes with the correr as origin
and the original wall produced as X-axis. Following Lighthill's theory
of linearization (which is given in detail in Section 4) and by the help
of the transformation

5
\

X-usi t Y-vit N
= X =y, o = iui (1+u): V1(1+V)3
a1t ait “ e (3)
P =P1
= P
4 f1

the equation of continuity and equation of motion give a single second
order partial differential equation in p, This equation is

5 9 op  p
VQP = < -+ y - + 1 > < X = + y - >o K] (}4-)
ox Ay ox dy

The characteristics of this differential equation are all tangents to the

unit cirecle x* + y* = 1, It therefore follows that if there is a
region of disturbance the point P where the twvo shocks intersect will
be inside the unit circle x* + y° = 1, Using this as a pointer and

using equations (1) it can be shown that the region between the two shocks
will or will not be disturbed according as

o
=, )2
A, (2+6) . 1
where sin® a¥ = —————— £ being equal to -~ ee o (5)
7(6+65-567) »,

It has been shown that ag is greater than the extreme

value of the angle of incidence consistent with the regular reflection
of oblique shocks from rigid wall and therefore the region between the
two shocks remains undisturbed.

In order that the unit circle may not interfere with the
region between the two shocks beyond the point of intersection P it has
also been established that the unit circle is not intersected by the
reflected shock wave.,

The equation of reflected shock wave is

V4 . U-ug n
( y + - ) = tan('}t—oca) ; X - < ——— > i'
%1 — ag, -
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The condition for the reflected shock not to be intersected
by the unit circle will be

U-uy Vi e e e
——— | tanog - — > Yit+ttan®as.
84 - aq
On putting w = gasinog, Vi = = qucos®y, the above condition
reduces to
Usincg -qs
—— > ]
=21

which is always true as the uniform relative flow in the region between
the two shocks normal to reflected shock is always supersonic. This
completes the proof,

L. Region behind the Reflected Shock after Diffraction

. let the velocity, pressure, density and entropy at any point be
al, pd, e} and S). Choose (X,Y) axes with origin at the corner and
X axis along the original wall produced. The equation of conservation
of mass and momentum can be written as

by /
——— + pj divg! = O oo (6)
Dt

Dy 1

—— + = Vp/! = 0 e (7)
Dt 04

and if there is no heat transfer between fluid elements by friction,
conduction, or radiation, the entropy will satisfy

DS}
—— = 0,

Dt
On the assumption that a;, pd, p4 differ only by small guantities
from the values (gz, 0), P2, Pz which they had before diffraction, the
equations (6) and (7) can be approximated as

9pg 904

-
— 4+ Qg — + p, div.g] = O ... (8)
ot aX
- -
8ad 9q, 1
—— + Qg — + - Vpj = Q. .. (9)
ot X b2
op} op)
In the equation (8) + qz —— can be replaced by
3t 0X

s 902 s 8pg Sje 1, Opg Op,
) (F3) -5
Ipa 4 ot X a3 \ 0t Ghe
Sz
Sz being the entropy in region 2) before diffraction,
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If we now introduce the transformation

-
Z-qat Y e
F Xy T = §, T = 2(1‘*'13-): V}
agt az‘t o]
> L., (10)
Py-Psy } f
— =D
g Qa2 P3 d

and use the fact that (u, v, p) depend only on x and y, the
equations (8) and (9) give the following equations

op ap ou ov
X~ 4y - — g — ees (11)
ox dy ox Oy

HH

du ou op

X— + y = = - ... (12)
ox Sy ax
av ov ap

K o— y‘ o—— = — ven (13)
ox oy dy

In the new axes the origin is at a point on the original wall produced.
The straight part of the shock wave lies along a fixed line

U-qz
x = k -y cotag where k = . The corner is at the point (~Mz,0)
da ay
where Mz = -—.
ag

From the equations (11), (12) and (13), by eliminating u and

?p d%p G G op op
-—-+~——‘=<x-+y——~+1><x-—+y——->.
ax*  oy® ax dy 9% 3y

v we get

The equation is hyperbolic for x* + y° > 1 and elliptic for
x* + y° < 1, its characteristics are all tangents to the unit circle,
So it is Jjustified to assume that the smallest region of disturbance
behind the reflected shock will be bounded by the arc of the unit circle,
the wall and the reflected shock,

In Lighthill's case the relative outflow from the normal shock
is always subsonic but in the case of obligue reflection of shock from
rigid wall, the relative outflow from the reflected shock can be

U=~ga

supersonic, sonic and subsonic, i.e,, k %1 where k = Then
g
k>1 we have & < @ (Ref. 1) and when k < 1 we have

L (Ref. 1). Now from the result of the reflection of oblique

shock wave from a rigid wall it is known that the relative outflow from
the reflected shock wave is sonic or subsonic for oco > as which is

Just slightly smaller than « e Over the entire range of incident shock

strength (Fig. 2) (Ref. L4). It has been shown in this paper that when
ay< a_, Mach reflection takes ploce after the shock confizuration has
crossed the corner. This means that the problem of an oblique shock

configuration/
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configuration passing over a small bend has been completely solved for
all angles of incidence which are not in the proximity of the extreme
angle over the entire range of incidence shock strength (Fig, 2).

NMow we proceed to establish the above result.

The point of intersection of the two shocks referred to the
transformed axes is (k, 0). Now when k > 1 the point lies outside
the unit circle, Now if such be the case then we would get a region
enclosed by the reflected shock, wall and unit circle just behind the
point of intersection P of the two shocks which will be completely
undisturbed, but to conceive such z situation is physically not possible,
a5 this should be the region of maximum disturbance, So it appears
that the point P leaves the wall and the reflection is taking place
in the medium itsclf, Now this statement can be put on mathematical
foundation by making the transformetion to polar co-ordinates. Let

the transformation be x = rcosd, y = r sin® where we take
1
(i=(1-r®)*]
P = -— —.  With this transformation the circle p = 1
r
becomes the circle p = 1 and the reflected shock transforms to a

circle whose equation is

2p sin(B+ap)

= k sinds,
2
1+0

Now if we find out the interscction with the wall we get

20

= k,

1402

* J1:£§
This gives P = m——
k

-
+

The intersection is imaginary if k »> 1(ao < “0) and therefore the
point P leaves the wall and Mach reflection takes place. This proves

the statement, When %k = 1, +the circle touches the wall and when
k <1, +the circle interseccts the wall at two real points,

1 . . .
5. In Blealmey and Taub's notation U-qgs is z", and as has
becn denoted by c". They refer that before diffraction takes place,
the uniform assumptions in regions ©), 1 and ‘2 is correct when

U~ da U- da
> 1. They say that when ---— < 1 the phenomecnon becomes
az ag

transient and there is no real justification in considering the uniform
flows in regions (', 1/ and 2). This is so because when

U—(p

< 1 the reflected shock wave becomes curved. In the diffraction

as U-qga
problems when —— < 1 we take the curved shock to be a planc onc and
ag

hence the flows to be uniform in the regions mentioned. This is an

approximation but without which the problems of diffraction of shocks

will be extremely complicated3. Therefore taking this approximation,

U~gg

diffraction of obliquc shock wave in the case when ----—- < 1 can be

U-qgg ag

investigated., The case 1 (aS:1) is limiting case between
ag

the/
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U-qs U=-ga U=-qa
the two cases -—— < 1 and -—— > 1. The two cases < 1 (ao>as)
ag ag ag

are being considcred in a subsequent paper. As stated earlier this case
arigses only when we are approaching the extreme angle curve., For the
U=qz
case < —— g ] ) Dr. M., J, Lighthill's suggestion is being applied
8y 7/
for finding out the pressure distribution along the wall behind the
reflected shock,
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