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The  p r o b l e m  of  p l ane ,  n o n s t a t i o n a r y  gas  m o t i o n  u n d e r  the  e f fec t  of a p i s t o n  in the  shape  of a 
d i h e d r a l  angle  m o v i n g  at cons t an t  v e l o c i t y  in  the  gas  i s  c o n s i d e r e d .  In c o n t r a s t  to o n e -  
d i m e n s i o n a l  m o t i o n  u n d e r  the  e f f ec t  of  a f la t  p i s ton ,  a c u r v i l i n e a r  shockwave  o r i g i n a t e s  h e r e ,  
and the f low b e c o m e s  n o n i s e n t r o p i c  and v o r t i c a l .  Th i s  p r o b l e m  i s  e x a m i n e d  h e r e i n  in  a 
l i n e a r  f o r m u l a t i o n  when the  angle  of the  p i s t on  b r e a k p o i n t  i s  a s s u m e d  s m a l l .  The  l i n e a r  
p r o b l e m  r e d u c e s  to an i nhomogeneou s  R i e m a n n - H i l b e r t  p r o b l e m  w h o s e  so lu t i on  i s  found e x -  
p l i c i t l y .  The  p r o b l e m  u n d e r  c o n s i d e r a t i o n  ad jo ins  a c i r c l e  of p r o b l e m s  a s s o c i a t e d  wi th  
shockwave  d i f f r a c t i o n  and r e f l e c t i o n  s t u d i e d  b y  L igh th i l l  [1 ], S m y r l  [2], T e r - M i n a s s i a n t s  [3], 
e t c .  

1.  F o r m u l a t i o n  of  the  P r o b l e m .  A p o l y t r o p i c  g a s ,  at  r e s t  at  t -< 0, i s  s e t  in  m o t i o n  u n d e r  the  e f f ec t  
of the  w a l l s  of a d i h e d r a l  ang le  to which  a cons t an t  v e l o c i t y  U 0 = (U0, V 0) has  been  c o m m u n i c a t e d  at  t = 0 so 
t ha t  the  n o r m a l  v e l o c i t y  c o m p o n e n t s  of the  wa l l  m o t i o n  a r e  d i r e c t e d  t o w a r d  the  g a s .  A s h o c k w a v e , w h o s e  
f ron t  wi l l  be  p l a n a r  f a r  f r o m  the v e r t e x  of the  ang le  and c u r v e d  in the  d o m a i n  of in f luence  of the  v e r t e x ,  i s  
f o r m e d  ahead  of the  a n g u l a r  p i s t o n .  It i s  r e q u i r e d  to  c o m p u t e  the  v e l o c i t y  and p r e s s u r e  f i e ld s  in the r e g i o n  
of  in f luence  of the  v e r t e x  and ,  p a r t i c u l a r l y ,  to  d e t e r m i n e  the shockwave  shape  and the  p r e s s u r e  on the p i s t on .  

L e t  us  i n t r o d u c e  a C a r t e s i a n  r e c t a n g u l a r  X,Y c o o r d i n a t e  s y s t e m  in the  f low p l ane  so  tha t  the o r i g i n  
would  c o i n c i d e  wi th  the  v e r t e x  at t = 0, and the  X ax i s  would be d i r e c t e d  a long the ax i s  of p i s t on  s y m m e t r y .  
F a r  f r o m  the v e r t e x  the  f low is  d e s c r i b e d  by the known o n e - d i m e n s i o n a l  so lu t i on .  

We s e e k  the so lu t i on  in  the p e r t u r b e d  d o m a i n  in the  c l a s s  of c o n i c a l  f lows [4], by a s s u m i n g  a l l  the  d e -  
s i r e d  func t ions  u ~ v ~ p~ O ~ S ~ to be dependen t  on the v a r i a b l e s  ~ = X / t ,  ~ = Y / t .  He re  12 = (u ~ v ~ i s  the 
gas  v e l o c i t y ,  p~ i s  the p r e s s u r e ,  p~ i s  the  d e n s i t y ,  S ~ i s  the  e n t r o p y ,  and t i s  the  t i m e .  

Le t  us  i n t r o d u c e  the  new d e s i r e d  func t ions  

U =  u ~  V = v  ~  P = p ~  R = 9  ~ ~), (1.1) 
S -- S o (~, q) 

The s y s t e m  of g a s d y n a m i c s  equa t i ons  wi l l  r e d u c e  to  the  fo l lowing:  

( U ' ~ ) U - ~ / b I V P - ~ - U = 0 ,  U . V R - ~ R ( d i v U + 2 ) = 0 , ,  U . V S = 0  (1.2) 

The p e r t u r b e d  f low d o m a i n  is  bounded  by  a l ine  of  d e g e n e r a t i o n  of the  type  of the  s y s t e m  (1.2) (AB and 
CD in F i g .  1) 

I U 12 = U 2 + V 2 = C 2 (c~ = ~R-ip) (1.3) 

by  the unknown shock  f ron t  BC and the  p i s t o n  AED at the s u b s o n i c  v e l o c i t y  V 0. 

I f  the  v e l o c i t y  V 0 i s  g r e a t e r  than  the s p e e d  of sound,  the  v e r t e x  of the angle  E would  be ou t s ide  the 
d o m a i n  of  e l l i p t i c i t y  (given by the i n e q u a l i t y  Jill < C) and a d o m a i n  of h y p e r b o l i c i t y  (IUI > C) E D C F  is  added  
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U = Uo - -  ~ + aUou, 

to  the  d o m a i n  of e l l i p t i c i t y  ABCD; the  l ine  E F  wi l l  be  
e i t h e r  a c h a r a c t e r i s t i c  o r  the  shock  f ron t  depend ing  on 
w h e t h e r  the  p i s t o n  a p e r t u r e  i s  g r e a t e r  o r  l e s s  than  ~ .  

The  Hugoniot  cond i t i ons ,  c onne c t i ng  the  s o l u t i o n  in  
the  p e r t u r b e d  d o m a i n  wi th  known s o l u t i o n s  in o t h e r  d o -  
m a i n s ,  shou ld  be s a t i s f i e d  on the  shock  f r o n t s ,  the  c o n d i -  
t i on  of  i m p e n e t r a b i l i t y  shou ld  be  s a t i s f i e d  on the  p i s ton ,  
and the  cond i t i on  of con t inuous  c on t a c t  on a l l  the  r e m a i n -  
ing b o u n d a r i e s .  

2. Equa t i ons  and B o u n d a r y  Cond i t i ons  of  the  L i n e a r  
P r o b l e m .  L e t  the  ang le  of the  p i s t o n  b r e a k  ~ be  s m a l l .  
L e t  u s  l i n e a r i z e  the  p r o b l e m  wi th  r e s p e c t  to  the  s m a l l  
p a r a m e t e r  v~ by  t ak ing  the o n e - d i m e n s i o n a l  flow, which  is  
ob t a ined  fo r  ~ = 0, a s  the  f u n d a m e n t a l  so lu t ion .  Le t  us  
r e p r e s e n t  the  d e s i r e d  func t ions  as  fo l lows :  

V = - -  ~1 + aUov, P = Pl + aPiC,Uop, 
B = p~ (1 + ~p) (2 .I) 

H e r e ,  Pl,  Pl ,  C1 a r e  the  g a s  p a r a m e t e r s  in  the  f u n d a m e n t a l  c o n s t a n t  so lu t ion .  A f t e r  l i n e a r i z a t i o n ,  a 
l i n e a r  s y s t e m  of equa t ions  i s  o b t a i n e d  fo r  the  d i m e n s i o n l e s s  p e r t u r b a t i o n s  u, v,  p,  p c o n s i d e r e d  as  func t ions  
of  the  d i m e n s i o n l e s s  v a r i a b l e s  x and y 

(x.V) u = Vp 

(x.~7) p : U o ( d i v u ) / C  ~ (z 
~--Uo 

(x. V) p = div u (2.2) 

E l i m i n a t i n g  u and v f r o m  the  l a s t  equa t ion ,  we ob t a in  an equa t ion  for  the s i n g l e  func t ion  p 

@2 __ l ) p ~  + 2 xgp~y + (g2 __ t) P w  + 2xp~ + 2gpy = 0 (2.3) 

The b o u n d a r y  cond i t i ons  of the  l i n e a r  p r o b l e m  a r e  ob t a ined  by  l i n e a r i z i n g  the b o u n d a r y  cond i t i ons  of 
the  n o n l i n e a r  p r o b l e m  and by  c a r r y i n g  t h e m  o v e r  to the  c o r r e s p o n d i n g  u n p e r t u r b e d  b o u n d a r i e s .  L e t  us  
w r i t e  the  equa t ion  of the  p e r t u r b e d  p o r t i o n  of the  s h o c k  f ron t  BC as  

D0--U0 F(T-- l )  M~+2l 'h  M D0~ 
x = k ~- c~/(y) k -- C1 -- L 2T M~ -- T + l J ' - - Co / (2.4) 

H e r e ,  D o i s  the v e l o c i t y  of the u n p e r t u r b e d  (e = 0) shock ,  C O i s  the s p e e d  of sound  in the  gas  at  r e s t  in  
f ron t  of the  shock ,  7, i s  the  a d i a b a t i c  index .  U s i n g  the Hugoniot  r e l a t i o n s  on the  shock ,  u, v, p, p can  be  c a l -  
c u l a t e d  on the  f ron t  (2.4) 

u = n N  - x ( / ( g ) - y / ' ( y ) )  L - -  2k M 2 

: - r (N = ) 2 (7- - t )  M~+ 2 _ (2.5) 
4 

p =  N - I ( / ( y ) - - y / ( y ) ) ,  P = ' ( ~ + i ) k / ~  ( / ( g ) - - Y / ' ( g ) )  

A r e l a t i o n s h i p  which  the  func t ion  p shou, ld  s a t i s f y  on the b o u n d a r y  BC (BF) (Fig .  2) 

(k 2 - -  t)px + [(L + k ) g  - -  Nkg- ' ]p~  = 0 (2.6) 

fo l lows  f r o m  (2.5) and (2.2). 

F o r  the  s u b s o n i c  v e l o c i t y  V0, i . e . ,  when V 0 < C1 (without l i m i t i n g  the  g e n e r a l i t y  i t  c a n  be c o n s i d e r e d  
tha t  V 0 -> 0), the  v e r t e x  E i s  wi th in  the  d o m a i n  of  e l l i p t i c i t y .  

F r o m  the  i m p e n e t r a b i l i t y  cond i t ion  we ob ta in  

U/AF = Vo / U0, u/~D = - -  Vo / Uo 
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T h e r e f o r e ,  we have  on the  b o u n d a r y  AED 

IT  k1[(~;--t) M~+21 k V 0 ~  
= - -  T k 1 5  ( Y  - -  k l )  : k ( M  ~ -  1) , 1 --  C1 ] P~ 

H e r e ,  5(x) i s  the  D i r a c  func t ion .  F o r  k 1 > 1 the  cond i t ion  Px = 0 is  s a t i s f i e d  on ADE.  

of con t inuous  c o n t a c t  wi th  the  known f low 

P =P2 ,  9 =P2 ,  u = u2, v =  v~ 

a r e  s a t i s f i e d  on a l i ne  of d e g e n e r a t i o n  of the  type  of (2.3) AB (x z + y2 = 1, F i g .  2). 

A l l  t h e s e  quan t i t i e s  a r e  c a l c u l a t e d  by  m e a n s  of (2.5) i f  i t  i s  a s s u m e d  tha t  

M~ 
/ (y) = - ~ + k~ , ~  + t 

The  con t inuous  c o n t a c t  

(2.7) 

The  cond i t ions  

P = - - P ~ ,  9 = - - P ~ ,  u=--u~, v = - - v  2 

a l so  h o l d s  on CD in the  subson ic  c a s e .  

F o r  k I > 1 t h i s  s a m e  f low i s  in c o n t a c t  wi th  the  p e r t u r b e d  flow in the  h y p e r b o l i c  d o m a i n  EFCD 
th rough  the w e a k  c o m p r e s s i o n  o r  r a r e f a c t i o n  E F  s h o c k  {depending on the  s i gn  of a ) .  In  add i t i on  to  the  c o n -  
d i t i ons  l i s t e d  above ,  the  cond i t ion  of s m o o t h n e s s  of the  shock  f r o n t  a t  the  po in t s  B and C 

I ~ dy = - N-1 (1 + s' (k')) = K (x = k, k, = V~ - k~) (2 . s )  

shou ld  be s a t i s f i e d .  

I f  k I < 1, then  f '  (k T) = 1; i f  k 1 > 1, t hen  f~ (k T) i s  d e t e r m i n e d  a f t e r  the  p r o b l e m  has  been  s o l v e d  in  the  
h y p e r b o l i c  d o m a i n .  

3. So lu t ion  of  the  P r o b l e m  in the  H y p e r b o l i c  D o m a i n .  I t  c an  be shown tha t  the  func t ion  p wi l l  be 
p i e c e w i s e - c o n s t a n t  in  the  h y p e r b o l i c  d o m a i n .  The  d o m a i n s  of c o n s t a n t  p wi l l  be c o n n e c t e d  t h r o u g h  weak  
c o m p r e s s i o n  and r a r e f a c t i o n  s h o c k s .  The  r a r e f a c t i o n  s h o c k s  o r i g i n a t e  f r o m  the l i n e a r i z a t i o n  of  c e r t a i n  
r a r e f a c t i o n  w a v e s  in the  n o n l i n e a r  p r o b l e m .  The  f r o n t s  of t h e s e  shocks  c o i n c i d e ,  in a f i r s t  a p p r o x i m a t i o n ,  
wi th  the  c h a r a c t e r i s t i c s  t angen t  to  a uni t  c i r c l e .  The  fo l lowing  r e l a t i o n s h i p s  

u2 - -  u l  = (p~  - -  P l ) n l ,  v~ - -  v 1 = (P2  - -  P l ) n ~ ,  9~ - -  91 = U o C 1 - 1  (P~ - -  P l )  (3.1) 

can  be  ob ta ined  f r o m  the I-Iugoniot cond i t i ons  fo r  weak  s h o c k s .  

H e r e ,  n = (ni, It2) i s  the  n o r m a l  to  the  c h a r a c t e r i s t i c  on which  the shock  o c c u r s  in the  l i n e a r  a p p r o x i m a -  
t ion ;  the  s u b s c r i p t  1 deno te s  the  s t a t e  in f ron t  of the  shock ,  and the s u b s c r i p t  2 the  s t a t e  beh ind  the shock .  
The  quant i ty  of s h o c k s  depends  on the  quan t i ty  k 1. A l l  the  weak  shocks  a r e  e a s i l y  c o m p u t e d  by  us ing  the r e -  
l a t i o n s h i p s  (3.1). 

As  an i l l u s t r a t i o n ,  l e t  us  c o n s i d e r  the  c a s e  p i c t u r e d i n  F ig .  2, when t h e r e  a r e  f ive such  s h o c k s .  The  
p r e s s u r e  pl on the  d i s c o n t i n u i t y  E F  1 i s  d e t e r m i n e d  in d o m a i n  1 f r o m  the cond i t i on  of i m p e n e t r a b i l i t y  u = 
V0 /U 0 on EG.  In  d o m a i n  2 the  d e s i r e d  func t ions  shou ld  s a t i s f y  the  Hugoniot  cond i t i ons  on F1G and F1F 2. 

Such a so lu t i on  can  be  c o n s t r u c t e d  by  i n t r o d u c i n g  a c on t a c t  d i s c o n t i n u i t y  go ing ,  in a f i r s t  a p p r o x i m a -  
t ion ,  a long the  s t r a i g h t  c o n t a c t  c h a r a c t e r i s t i c  F10  of the  fundamen ta l  so lu t i on .  The  quant i ty  p2 i s  d e t e r -  
m i n e d  f r o m  the  cond i t ion  on the  con t ac t  d i s c o n t i n u i t y .  Indeed ,  the  funct ion f ( y )  i s  d e t e r m i n e d  f r o m  (2.5) 
and the cond i t i on  of  p a s s a g e  of the  f ron t  t h rough  the po in t  F~ by  m e a n s  of  the  known p2. By m e a n s  of the 
known f ( y )  the  u and v beh ind  the con t ac t  d i s c o n t i n u i t y  a r e  d e t e r m i n e d .  A h e a d  of  the  con tac t  d i s c o n t i n u i t y  
u and v a r e  e x p r e s s e d  in  t e r m s  of p2 f r o m  cond i t i ons  (3.1) on the  shock  F1G. The  cond i t i on  o f  equa l  n o r m a l  
gas  v e l o c i t y  c o m p o n e n t s  on F iO y i e l d s  an equa t ion  to d e t e r m i n e  p2. We d e t e r m i n e  p3 in  d o m a i n  3 f r o m  the  
cond i t ion  of i m p e n e t r a b i l i t y  on the  b o u n d a r y  GH, as  in  d o m a i n  1; hence ,  the  c ond i t i ons  on the c o n t a c t  d i s -  
con t i nu i t y  F10  a r e  s a t i s f i e d  a u t o m a t i c a l l y .  In d o m a i n  4 i t  i s  n e c e s s a r y  to  i n t r o d u c e  a new c o n t a c t  d i s c o n -  
t i nu i t y  F20 and to d e t e r m i n e  p4 f r o m  the  cond i t ions  on th i s  c o n t a c t  d i s c o n t i n u i t y ,  as  in  d o m a i n  2, e t c .  
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After the computation in the hyperbolic domain, 
u, v, p, p are determined along CD. All these quanti- 
t ies have discontinuities at the point Q, and u, v, p at 
the points of intersect ion of the contact charac te r i s t i cs  
FjO with the sonic c i rc le .  Let p = p .  on DQ and p = p* 
on QC. The position of the point Q is given by the polar 
angle 0* = 0* (k 0,  measured  f rom the x axis. 

4. Finding the Solution in the Elliptic Domain. 
In the elliptic domain 

2~ O,(;~=~+y~ ~ 
r =  ~-4-1 , 0 = =arctg(y[x)]  

is reduced to a Laplace equation by means of the 
Busemann-Chaplyg in  t ransformat ion.  Let 

~h = [~sinO, ~ = ~l +iTh 

(4.1) 

The conformal  mapping 

z = l n l + ~  ~_ I . 
i --~ - - - T  ~u 

maps the domain ABCD in the ~ plane into the rectangle 

(4.2) 

I t + k  
0 ~ , ~ o  =--~-ln i - -k  ' 

in the z = ~t + ig plane (Fig. 3), 

Let us consider  the analytic function 

d) (z) = Px - -  iPv. (4.3) 

By virtue of the conditions of the boundary value problem, an in_homogeneous Hilbert  problem or ig i -  
nates with the discontinuous coefficients 

a(z)px - -  b(z) p~= ~(z) (z ~ F) 

Here ,  F is  the contour  ABCD and the coeff icients  a ,  b, and r a re  given by the fo rmulas  

~ '=~o:  a = s i n  ~tcos~, b = N k ( t - - k ~ )  - 1 - L c o s  ~t, ~ = 0  

~ = 0 :  a = i ,  b = O ,  q)= ( k l > l )  

o, ( k~< l )  
~t=n:  a = l ,  b=O,  q)= (P*--P2) 8(~'--~l) (k1> t )  

~ = 0 :  a = L  b = O ,  (p=O 

( I1' = 2 arc tg 1 -  yT-~--~kl ' ~1 = -~1 l + e o s 0 " ) i n  ~ -- cos 0 - - - - ~  

(4.4) 

(4.5) 

Since the coefficients of the Hilbert problem are discontinuous at the points B and C, the set of its 
solutions can be divided into c lasses  of bounded or unbounded solutions at these points. Besides (4.4) and 
{4.5), it is neces sa ry  to impose additional conditions, the condition of smoothness of the shock front at the 
points B and C (2.8) and the condition of the variat ion of p along BC by a definite quantity 

(4.6) 
, --P2 (k1>1), o cos 

The solution of the problem (4.4)-(4.6) in the c lass  of functions bounded at the points of discontinuity 
of the coefficients is unique. To construct  it, let us map the rectangle ABCD into the upper  half plane by 
using the function 
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o~(o, q)~ (-- ~, q) ( i--k 
w (z) = ~h(O, q)O~(--iz, q) q = ~ )  (4.7) 

H e r e  and hencefor th ,  ~ ,  ~ ,  ~ z, J t  a re  e l l ipt ic  the ta  funct ions [5]. The Hi lber t  p r o b l e m  in a hal f  
plane r e d u c e s  in a known way to the R iemann  p rob l em [6]. The index of the R iemann  p rob lem tu rns  out to  
equal one,  i . e . ,  the solut ion is d e t e r m i n e d  to the a c c u r a c y  of two a r b i t r a r y  cons tan t s  which a r e  found 
uniquely  f r o m  condi t ions  (4.6). I f  the canonica l  solut ion X(w) is known for  the c o r r e s p o n d i n g  homogeneous  
p r o b l e m ,  then the solut ion of  the inhomogeneous  p rob l em is wr i t t en  expl ic i t ly  as 

X(w) ~ ~(~)d~ 4 - X ( w ) ( B ~ w  -5 DI) (4.8) 
--on 

where  Bt and D i a r e  a r b i t r a r y  r e a l  cons tan t s ,  X+(~ ) a r e  the l imi t  va lues  of  the funct ion X(w) in the u p p e r  
ha l f  p lane .  The solut ion of the p r o b l e m  t h e r e f o r e  r e d u c e s  to  the c o n s t r u c t i o n  of the canon ica l  so lut ion of 
the homogeneous  p r o b l e m .  Le t  us  r e p r e s e n t  X(w) as 

X(w) = Xl(w)X~(w) (4.9) 

where X 1 (w) satisfies the condition on BC, and X 2 (w) has a piecewise-constant argument on the boundary. 

The first conditions (4.4), (4.5) can be written as [I] 

arg X(w(z)) = arc tg (gl, tg F) -~ arc tg (~1 tg 9) 
i = L -- N k a~l _ . Nk 

Let  us expand the r igh t  s ide of  (4.10) in a F o u r i e r  s ine s e r i e s  

c~ 
arg X (w (z)) = n --  ~ (2 -- ax n -- bi n) sin 2n~ 

n 

(4.i0) 

(4 . i i )  

Let  us  a s s u m e  X~ (w) to equal  

ch2nz ~ (4.12) X 1 (w (z)) = exp ( - -  ~ (2 --  al ~ --  bl ~) n s--?~-~n~ ] 

The a r g u m e n t  of this  funct ion on BC equals  (4.11) to the a c c u r a c y  of an addit ive cons tan t .  A mixed  
p r o b l e m  of the t h e o r y  of funct ions is obta ined to d e t e r m i n e  X2(w), whose solut ion is given by the fo rmu la  

i i 03 (0, q) Oa (--iz, q) 
X,~(w) - -  ]/-[-_-w ~ Oa(O, q)Oa(--iz, q) (4.13) 

We f inal ly  obtain 

i T1 ] 
r  X (w(z))  ni w( i~) - -w(z )  -~ Biw(z) 'JF Di ( h < l )  

ai w (zO-- ~ (:) § B~w (z) + (k~ > l) 

(4.14) 

Here  the funct ion X(w(z)) is def ined by (4.9), (4.12), (4.13) and 

Tkl ~ (0, q) Oa 2 (0, q) %% (~t0, q) 04 (~b, q) 

T1 = V . i _ k i  s 03(0, q)03~(~o, q)x+(i~o) (4.15) 

T2 = (p.  _ p , )  ~2 (0, q) 02~ (0, q') ~ (~,i, q') ~l (~i, q') ( '-- e --~ ) 
03 (0, q) ~h ~ 0~z, q') X+ (~i) q -- xp In q 

Ca lcu la t ing  the l imi t  va lues  of @(z) on BC and s epa ra t i ng  out the i m a g i n a r y  par t ,  we find pg ,  a f t e r  
which we d e t e r m i n e  the cons tan t s  B i and D 1 f r o m  condi t ions  (4.6). 

N u m e r i c a l  compu ta t ions  w e r e  p e r f o r m e d  by m e a n s  of  the f o r m u l a s  obtained fo r  d i f fe ren t  va lues  of  k 
and k i .  R e p r e s e n t e d  in F ig .  4 a re  g r aphs  of the funct ions P3 = p(0, y), the p r e s s u r e  on the pis ton,  P4 = 
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p(k, y),the p r e s s u r e  behind the shock on its front ,  and f {y),which yields the shape of the shock computed 
for  k = ~, k 1 = ~.  As is seen f rom the f igure,  the p re s su re  on the piston r i s e s  monotonically as the point 
E, the ver tex  of the dihedral  angle, is approached. The function p has a logari thmic s ingular i ty  at the point 
E.  

After  the function p has been de termined  in the elliptic domain, the functions u, v, p are  found f rom 
(2,2) by quadra tures .  

The author is grateful  to L. V. Ovsyannikov for  in teres t  in the r e s e a r c h  and useful comments .  

1. 
2. 

3. 

4. 

5. 
6. 

L I T E R A T U R E  C I T E D  

M. J .  LighthiU, "Diffraction of blast ,"  P roc .  Roy. S ,c . ,  Ser. A200, 554-565 (1970). 
J .  L.  Smyrl ,  "The impact  of a shockwave on a thin two-dimensional  aerofoi l  moving at supersonic  
speed," J .  Fluid Mech., 15, P t .  2 (1963). 
S, M. Ter -Minass ian t s ,  "The diffraction accompanying the regula r  ref lec t ion of a plane obliquely i m -  
pinging shock wave f rom the walls of an obtuse wedge, ~ J .  Fluid Mech., 35, P t .  2 (1969). 
L.  V. Ovsyannikov, Group P rope r t i e s  of Different ial  Equations [in Russian],  Novosibirsk,  Akad. Nauk 
Sibirsk.  Otdel. SSSR P r e s s  (1962). 
E.  T. Whittaker and G. N. Watson, Modern Analysis,  Cambridge Univers i ty  P r e s s  (1927). 
F.  D. Gakhov, Boundary Value P rob lems  [in Russian],  Moscow, Fizmatgiz  (1963). 

386 


