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ABSTRACT
In this paper the interaction of a normal shock with a yawed wedge moving at supersonic speed has been
considered. The problem has been considered earlier for Mach number of the shock wave fixed and varying the
Mach number of the moving wedge. Here we have carried out the calculation for various Mach numbers of the
moving wedge keeping the Mach number of the shock wave fixed.
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I. INTRODUCTION

Lighthill (1949) considered the diffraction of a normal shock wave past a small bend of small angle 5. Chester
(1954) extended the work of Lighthill (1949) to the case of yawed wedge i.e. to the case when there an angle
between the shock front and leading edge of the wedge. Smyrl (1963) considered the interaction of normal
shock with a wedge of small angle moving at supersonic speed in opposite direction both for unyawed and
yawed cases following Lighthill (1949) and Chester (1954). Srivastava (2005) gave the vorticity distribution of
a particle over the diffracted shock for the case of unyawed wedge. In (2009), Srivastava obtained the vorticity
distribution over the diffracted shock for the yawed wedge case. The Mach number of the shock wave and Mach
number of the wedge and wedge angle 3 are relevant data for the consideration of the problem. In (2009) we
fixed the Mach number of the shock wave and varied the Mach number of the wedge for varying B’s. In the
present paper we have solved the problem of (2009) for fixed Mach number of the wedge and varying Mach

number of shock wave for varying B’s. Srivastava (1994) book may be referred for detail reference.

1. MATHEMATICAL FORMULATION

The velocity of the shock wave is U and Mach number of the shock wave is \, :% _ The leading edge of the
0
wedge is moving with supersonic speed W and its Mach number is % ~ Gy is the speed of sound ahead of
0

shock wave.

There is an angle  between shock wave and leading edge of the wedge. We see that the component of velocity

U along the leading edge is Ucosec/ and the component of velocity W along the shock front is \WWcosec/s .

The resultant of these two velocities is \70 whose magnitude is given by

2 2 %
W=[P2+-% +{FJ-W1}%é
sin® g sin“ g sing sing
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By imposition of a velocity \70 on the entire system, the point of intersection of shock front and the leading

edge comes to rest and a velocity \70 appears in the region behind the shock (Srivastava 2009). This is the

definition of \70 .V, intersect with the shock front at an angle /"

' eini(U _cin-t sin g )
S =sin (//0) sin " 7 )
(1+ M +Mcos,8J

2

where specific heats y is assumed to be 1.4. The uniform flow behind the shock has now the velocity

V"=V, +V,, the direction of \71” makes an angle p with the shock front, where

(U-V,)sinp _ (M2 +5)sinp

tanp = -3
M= W Ucosp ~ 6M(M'+ M cosp) ®
2
W +U cosf
V2 = (U =V, 4 r I CoSP @
S =U-v) +{ S } @

V is the uniform flow behind the shock before interaction.

We assume supersonic flow behind the shock wave and hence the perturbations introduced by the presence of
the wedge are confined to the region bounded by the shock front, wedge surface and Mach cone with vertex 0 at
the junction of shock wedge leading edge. The point 0 is taken as origin with the Z-axis in the direction of \71”
and the Mach Cone with semi angle o is drawn on the axis with 0 as vertex, where

. C, C;sin 6M 'sin
sina=—%=— g > H - (5)
vV, U-V,) (M?+5)

C, is the velocity of sound behind the shock.

Let (X,Y,Z) be the rectangular coordinates with the origin at the point 0 and Z-axis along the axis of the Mach

cone (Srivastava 2009). In the non-uniform region we use the conservation equations
V.v)V =-=(vp) - (6)

V s the velocity, p is the pressure and p is the density, y is the ratio of specific heats.

We further take
p=p+ep(X,Y,Z)e? pAX,Y,Z )+
p=p+ep(X,Y,Z} e p(X,Y,Z)+- -
V =V/% eV (X,Y,Z 2 V(X,Y,Z)+--
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\71" is the uniform flow behind the shock after interaction, p,, p, are the pressure and density behind the

shock.

We now introduce the following transformations

B X y= Y
Ztano' Ztana
@ @
P r P
p = ! p = - (8)
p1C12 1

V"=(u'cosa, V'cosa, —Wsina)-(9)

Using equations (6), (7), (8) we obtain a single second order differential equations in p' .

, o 0 o, o
V2ip =| X—+y—+1 L NE
p (X6x+y5+j( - yfj ©)]

The characteristics of the differential equation (9) are the tangents to the unit circle X2 + y2 =1.
In the unyawed case, the unit circle lies in the (x, y) plane which is the cross-section perpendicular to the axis of
the cylinder extending upto infinity. In the yawed case the unit circle which lies in the (X, y) plane could be

considered perpendicular to the axis of the Mach cone. The section is shown by Srivastava (2009). The
expressions for the coordinates on the section are available in the paper by Srivastava (2009) and also in paper
by Smyrl (1963).

Il. VORTICITY DISTRIBUTION
The Vorticity distribution C is given by
1(ov' ou
e v - (10)
2\ ox oy

Following Smyrl (1963) we have

oD cosu cosz,u(M2+M'2+2MM'cosﬁ)%‘
6cosa | cosa M'+ M cos g

: {cos(ﬁ’ + )+ #cos(ﬁ' - ﬂ)}(f (¥)-y'(y))

12
Co/Cy [M COS’B ( COS 41— cosﬂ)M’—gM } - (12)
M,z 1)}/ 5 5 M

The position of the shock front is given by

X =xX,+¢€ f(y) - (12)

where e f(y) is small, e being the angle of bend and f(y) is function of y. In (11) f(y) has this meaning we have
1 COS K, C, M’
()
cosa C cosa

v'=-M,f

-(13)
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We have form (13)

avl

— =0 - (14

X (14)
and from (11)

ou’

—=A-yf"(y) - (15)

oy

where A is a constant and known from equation (11)

If R is the curvature of the diffracted shock, we obtain from the relation (12)

R=-f"(y)e - (16)
Combining the equation (15) and (16) we have
¢ = _Ay(Rj AL, Yo [RJ -(17)
€ Yo €

where following Srivastava (2005) and Srivastava (2002)

R_1 -E(§+1)2 Cosa‘[Kl(é:_fl)-’_ K2(§—§2)+K3(§—§1)(§—§2)]-(71+;/2) - (18)

e Moy Tesu il vealE ) e -a)E &)

If we substitute % from (18) in (17), then the vorticity C is known.

In (18) all the factors are constant and functions of M', M and B except & which runs from 1 to « on the
diffracted shock.

In (17), the factor % is given by
0

vz(é—lj% - (19)
Yo \E+1

€ =1 is the point where the shock intersects the wedge surface and & — oo is the point where the shock

intersects the unit circle. From (19), therefore we see that on the diffracted shock y runs from O to 1.
0

IV. NUMERICAL RESULTS

In the present calculation M’ is fixed and M is varied. The calculations have been carried out for the
combinations M'=2, M =15 M'=2, M =2 M'=4, M =2 and p taking values 0.5, 1.25, 1.5
radians in each case. In each set of calculations the vorticity remains zero at the intersection of shock wave and

wedge surface ( y :0) and positive and negative values over diffracted shock wave depending on the choice
Yo

of the parameters and finally becomes zero at the intersection of Mach circle and shock wave (y
Yo

:1). The

calculations are shown in the following tables (Table-1 to Table-9)
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Table-1 M'=2, M =15, =05

Y/Yo 0 0.2 0.4 0.6 0.8 1
¢ 0 0.12 0.34 2.06 7.55 0

Table-2 M'=2, M =1.5, =1.25

Y/ Y, 0 0.2 0.4 0.6 0.8 1
e 0 073 | —1.16 | —087 2.90 0

Table-3 M'=2, M =15, =15

Y/Yo 0 0.2 0.4 0.6 0.8 1
¢ 0 —082 | —-101 | —1.22 4.35 0

Table-4 M'=2, M =2, =05

Y/Yo 0 0.2 0.4 0.6 0.8 1
& 0 0.31 0.92 2.30 7.36 0

Table-5 M'=2, M =2, =125

Y/ Y, 0 0.2 0.4 0.6 0.8 1
& 0 ~0.22 0 0.97 4.3 0

Table-6 M'=2, M =2, #=15

Y/Yo 0 0.2 0.4 0.6 0.8 1
¢ 0 ~038 | -057 0.43 2.34 0

Table-7 M'=2, M =4, =05

Y/ Y, 0 0.2 0.4 0.6 0.8 1
& 0 ~0.34 0 0.07 0.57 0

Table-8 M'=2, M =4, =125

Y/Yo 0 0.2 0.4 0.6 0.8 1
¢ 0 ~022 | -0.10 0.16 1.34 0

Table-9 M'=2, M =4, =15

Y/Yo 0 0.2 0.4 0.6 0.8 1

4 0 —-0.05 0 0.45 1.46 0
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V. MACH REFLECTION

The triple point angle y in Mach reflection is given by the mathematical relation
V1-x2
tan(y+ e cosB)= - (20)
(x+ e cosp) Wpon)

tana 0

In (20), € is the angle of the bend and is assumed to be 5.7°. For fixed M " and varying M, the effect p and y are
shown in Table-10, Table-11 and Table-12.
Table-10 M'=2, M =15

B 0 0.5 1.25 1.5
x 5.49 7.88 9.67 4.67

Table-11 M'=2 M=2
p 0 0.5 1.25 15
X 5.45 9.68 11.74 | 12.27
Table-12 M'=2 M=4
p 0 0.5 1.25 1.5

Y4 281 | 11.20 | 16.06 | 4.64

VI. CONCLUSIONS
The results are important contribution for aeronautical engineers. This contribution will be helpful for obtaining

results in different situations.
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