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" The interaction of oblique shock configuration with an infinite yawed thin wedge has been consi-
dered. It has been established that Mach reflection occurs when uniform relative outflow

from the reflected shock is supersonic and that dliﬁ'actmn occurs when the uniform relative
outflow is sonic or subsonic.

Chester! has considered the interaction of a normal shock wave with the leading edge
of a yawed wedge which is an extension of Lighthill’s? theory for the diffraction of normal
blast. The problem of diffraction of oblique shock wave past a small bend has been solved
by Srivastava®* on the basis of techniques developed by Lighthill. Srivastava’s results?.
have now been extended to the case of yawed wedge following Chester’s! method. Two"
regions are important for the consideration of this problem () region between the incident
and reflected shock and (¢2) region behind the reflected shock. It has been established that
the region between the incident and reflected shock remains undisturbed for any angle
of yaw for regular reflection-of oblique shock wave. The region behind the reflected-diffract-
ed shock wave has been considered here and it has been proved that Mach reflection
occurs when uniform relative outflow from the reflected shock is supersomc It is also
found that diffraction occurs if the uniform relative outflow is sonic or subsonie.

NOTATIONS

0,1,2 = These suffixes stand respectively for (i) region ahead of the incident shock
(#4) region between the incident, and reflected shock and (4%) region behind
the reflected shock.

g = fluid velocity

@ == sound velocity .

p = pressure

U = velocity of the shock line (lme of mtersectlon of incident and reflected shock
planes)

8 - = entropy v

o = semi-angle of the Mach cone

®, = angle of incidence

a; = angle of reflection

os = sonic angle

B = angle of yaw -

p = density of the medium

p = angle between the axis of Mach cone and shock.line

¥ = adiabatic index for air = 1-4.
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FORMULATION AND SOLUTION OF THE PROBLEM:

When an oblique shock configuration (Fig. 1) meets the leading edge of an infinite
yawed wedge such that the medium ahead o1 the incident shock is at rest (g, = 0), the
flow variables inside the incident and reflected shocks are given by
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a8 the region between the ineident-and- reflected. shooks- remains undisturbed after the
interaction of the oblique shock configuration with the wedge. - - L

Behind the reflected shock there will be a region of uniform flow which is unaffected
by ‘the presence of the wedge.  Fluid velocity, pressure and density in this region are

given by ’ ' ' 7 o
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As the shock line is moving with velocity U the point of intersection-of the leading
edge and the shock line moves with velocity U/sin B along the leading edge of the
wedge. The shock is brought to rest by imposing a velocity U / sin B along the leading edge
in the direction opposite to the direction of motion of the shock front (Fig. 2). — -
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Fig. 1-~Configuration for oblique shock reflection, Fig. 2—C}mﬁgﬁration in the #'—z’ plane,
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" The ve_locity in the region of uniform flow behind the reflected shock is given by V,,
. where ' :

e 1
Vi = smz B + ¢ — 2 U 9o ‘ .
V22 _; Uz cota ﬁ ( — q2 ) ‘r
o T e T )

Following Bleakney & Taub? it is noted that when the angle of incidence is less than

U— ) . : . :
the sonic angle, ( 2 )is always greafcer than unity and so from (8), V, is supersonic

for all values of . When Ul 1 B has to be less than /2 for V, to be supersonie.
@
U—g

@y
will be supersonic if

When — 2 <1 (t.e. when uniform relatlve flow from the reﬂected shock is subsonic) ¥,

U2
- a? + 2, U — ¢5*
which gives the restriction on B. For given angle of incidence and incident shock strength,
angle of reflection could be obtained from Bleakney and Taub’s equations.’ When «, is
known, ¢, and a, can be found out from (1) and (2) and hence the restriction on g is found
out.

The perturbations behind the reﬂected shock mtroduced by the - presence of the wedge
are confined to the region bounded by the reflected shock, the wedge and the Mach
cone having its vertex as the point of intersection of shock line and leading edge. The
axis of the Mach cone is in the direction of ¥, and makes an angle p with the shock line
such that :

sin? B <

U—q  ak

el p = cot B~ U cot B (4
where k= il
a, ] i
The semi-angle of the Mach cone « is given by the relation
. Gy 8np. sin p
sl o = U—q¢ % (5)

Let (2/, ', #') be a coordinate system with origin at O, z’-axis along the axis of the
cone; '-axis perpendicular to 02’ lying in the plane of 2z’ and the leading edge and ¥’
perpendlculartothe plane of &’ and 2’, If the flow variables in the perturbed region are
given by V'y, 9y, o'y, S’y the equations of conservation of mass, momentum and
entropy are ‘

Vlz .V P'z =“‘P'2 VvV . VglT
, e 1. , ) L R
(Voo V) Vg = — = Vo (6)
P2
V’g B VS’2= }
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Now if V'y = (ugr vy V + w2), Bor pla dlffer by small ‘amount from their values
in the uniform region behmd the reflected shock, equatlons (6) after linearisation and the
use of Chester’s transformations!
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This e equation is hyperbohc if 2% 4 y* > 1 and elliptic if 22 + y? << 1. Thusa® + 42 =1
separates’ the regions of uniform and non-uniform flow. The disturbances are bounded
by the umt circle, the reﬂected shock and the wedge.

" The hne of mtersectlon of the mcldent and reflected shock is &' cot u = 2’ which, in
the transformed (x y) system, corresponds to (tan m / tan «, 0).

Now the condition (tan p | tan oc) = 1 with the help of (4) and (5) becomes

022 it i sin2 M (aAzzkg + Uz ‘cot? B) B

or
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a? k > L Uazo;:z 3: (a & -+ U? cot? )
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Therefore it is found that the uniform relative outflow from the reflected shock is super-

. . ‘ . =
sonie, sonic or subsonic according as (tan p [ tan a) <. L
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When (tan g/ tan «) > 1, the point of intersection of the incident and reflected shock

(%ﬁ- , 0) lies outside the unit (nrele thh obv1ouslv means that the nelghbourhoqd

of . the said. point remains- undlsturbed whlch is not physwally posmble as this should
be the region of maximum disturbance. Hence the shock line leaves the Wedge and the
reflection takes place in the medium itself. :

The result can be established analytlcally as well. The equatlon of the reﬂected shock
is @’ cot u - ¥’ cot &, cosec u == 7. for the shock line makes an angle p ‘with - the 2"-axis
and the reflected shock makes an angle a, with the plane 3’ = 0.

This equation can be written as ( -+ y cot &, sec p) cot p == cot « using the earlier
transformations

’ 4

® v
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Now using Busemann’s transformations
( .
p=/Ll-—(1——7'2)‘} l/r s x =7r0080, y=rsinf
equation of the reflected shock can finally be written as
tan p 2p
1+ ; cos f = tan w1 P s1n000toczsecg

and the wedge corresponds to 6 = 0.

The intersection of the reflected shock with the wedge is given by
2p -~ tan p

1+p  tan «

o= Lo e ()T Y ]/ (2

)> 1 which is the

which gives

. T i
Intersection of the shock with the wall is imaginary if ( taz

condition for the uniform relative outflow from the reflected shock to be supersonic.
Therefore it is established that if the flow behind the reflected shock is supersonic the
oblique shock configuration leaves the wedge and Mach reflection takes place.

When (tan p [ tan o) < 1, which is the case when the flow behind the reflected shock
is subsonic or sonic, the reﬂected shock meets the wedge and diffraction takes place.
In other words the shock line leaves the wall when angle of incidence is less than a, and the
shock meets the wedge when the angle of incidence is equal to or greater than the sonic
angle.

Thus the problem of interaction of an oblique shock moving along the leading edge of
a yawed wedge for all angles of incidence less than the sonic angle has been solved.
ACKNOWLEDGEMENTS

The authors are thankful to Dr. R. R. Aggarwal for useful discussions and the Director,
Defence Science Laboratory for encouragement and kind permission to publish this paper.



292 D, Sor, J., Vor. 16, OcToBER 1966

REFERENCES

1. CHESTER,W Quart J. Mech. Appl. Maths., T (1954), 57.

2. LIGHTHEL M.J., Proc. Roy. Soc. London, 198A (1949), 454.

3. SrrvasTava, R.S., “Diffraction of Oblique Shock Waves”, Aeronautical Research Councll Current
Paper No. 612, (1962).

4, 3-;5—3-—- “Diffraction of Blast Wave for the Obhque Case”, Aeronautical Research Council, 26422, F.M.

5. Buearney, W, & Taus, A.H,, 'Rev. Modern Phys., 21 (1949), 584



