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B u s e m a n n ' s  p rob lem conce rn ing  fully developed conical  flow in an a x i s y m m e t r i e  nozzle  of special  type is 
extended to include ce r t a in  n o n a x i s y m m e t r i c  r ing  nozzles .  The cons t ruc ted  flows contain s t rong 
d i scon t inu i t i e s  in the fo rm of developable su r faces  (in B u s e m a n n ' s  solut ion,  s t rong  d i scont inu i t i es  have 
the fo rm of a c i r c u l a r - c o n e  surface) .  

1. In [i],  a c l a s s  of spat ia l  potent ia l  double-waves  [2, 3, 5] was used to cons t ruc t  flows behind nons ta t ionary  
shock waves of cons tant  in tensi ty .  Ce r t a in  boundary  value p rob l ems  for  the equat ions of double waves were  fo rmula ted  
and analyzed,  in p a r t i c u l a r  the p rob lem for a double-wave s t a t ionary  flow which co r responds  to superson ic  flows pas t  
t h r e e - d i m e n s i o n a l  bodies in the fo rm of ru led  sur faces .  The sys t em of equat ions and in i t ia l  condit ions for this  case  
has the fo rm [1] 

O~F"r -{- ~"0  (t -{-~F'2)--~F' [r -}- ~F' (LF - -  K)] 2 ----0, 
0 = (7 - -  t) (KW -Jr" M - -  i / z r ~  - -  i~ 2 ~ 2 )  = c~,  

L , L ( L' D) 

r2X~r -}- q (r) (X,~ + rX~) -= O, q (r) = ~ ~"r f lF ' ,  

X ~ r X r ~ O ,  tD Xr cos cp--X~----~,  Xr s inqg+X~ = 0 

(l.i) 

(for r = a) (1~ 2) 

where  c is  the speed of sound; u t = r cos ~;  u 2 = r s in  q~; u 3 = ~(r ) ;  u i a re  the veloci ty  vec tor  components;  7 is the 
ra t io  of specif ic  heats;  D is  the n o r m a l  veloci ty  of a shock wave; A is  the veloci ty  modulus  at the shock wave; K is the 
veloci ty  of the oncoming flow in a sy s t em of coord ina tes  coupled to the body in the flow (ID] = ]K] s in o~, where  ~ is the 
angle of slope of the gene ra t ing  l ines  of the shock-wave sur face  to the x3-axis); X(r, ~p) is the d i s t r ibu t ion  function; M = 
= const  is de t e rmined  f rom the Hugoniot condit ions;  and the funct ion r defines the pos i t ion  of the d i r e c t r i x  for the 
(developable) shockwave surface.  Af ter  the funct ions  ~ and X a r e  de te rmined ,  the flow in the physical  space xl, x2, 
x 3 (x i a re  Ca r t e s i an  coordinates)  is  r e s t o r e d  on the ba s i s  of the fo rmulas  

xl----Xrcos T - - X ~ r  -1 sin q~--~F' cos 9xa, 
x~ ---- X~ sin 9 -~ XCr-~cos 9 - ~F'sin ~xz. (1.3) 

The subsc r ip t s  on X in (1.1)-(1.3) co r re spond  to d i f fe rent ia t ion  with r e spec t  to r and q~. 

The funct ion ~ ,  obtained f rom (1.1), solves (with X = 0) the p rob lem of the superson ic  flow at zero incidence  
pas t  an inf ini te  c i r c u l a r  cone, and is well  known. The equation for X in (1.2) for  L = AD behind the shock wave is an 
el l ipt ic  equation. The in i t ia l  condi t ions  for it  a re  given in the case of r = a. 

In the present paper, we examine the case L = -AD. It appears that for this case the function ~z (X = 0) yields 

the Busemann solution [4] for a compression flow in an axisymmetric nozzle, where the uniform flow, after passing 
through a weak conical discontinuity surface, is compressed and then, having passed through a conical compression 
shock, is transformed again into a uniform rectilinear flow. It will be shown that by selecting a special form of the 

function X, it is possible to obtain certain generalizations of this solution. Here, the equation for X will be of 
hyperbolic type, while to the weak discontinuity surfaces (r = 0, �9 = const) there will correspond a parabolicity curve 
(1.2). For convenience, we assume in the following that r _< 0, K < 0. 

In Busemann's solution [4], the function @(r) is not uniquely defined (Fig. I), and there exists a point r = r., 
such that ~'(r,) tends to infinity (~'(r) = 0 [r - r.)-I/2] in the proximity of r,). The use of Eqs. (i.i) and (1.2) is 
therefore inconvenient in the calculations, all the more So as the function X(r, ~p) is also not uniquely defined, and the 
coefficient q(r) tends to infinity at point r.. We pass in (1.1)-(1.3) to the independent variables ~ and q~. 

As a result we arrive at the system 
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,~ i ( ~ F _ _ K  + rr,)e ' r r " = t  ~ r  - - - - ~  

Xr162 § / (T) X ~  = 0, 

X i ( X ~  , cos ~p X sin (p cos 9 = - - X ~ ) ~ - -  ~p r ' X~=  ( X + - - x a )  Sin~--- .q~-4- X~  r 

(1.4) 

(1.5) 

(1.6) 

w h e r e  f(@) = r " / r  and the  p r i m e s  c o r r e s p o n d  to d i f f e r e n t i a t i o n  of  r wi th  r e s p e c t  to ~ .  F r o m  the  p r o p e r t i e s  of  func t ion  
r(@), i t  f o l l o w s  [4] that  r "  > 0 and,  c o n s e q u e n t l y ,  f(,l~) < 0 e v e r y w h e r e ,  w h i l e  Eq.  (1.5) i s  of h y b e r b o l i c  type  in the 
r e g i o n  of the  c o m p r e s s i o n  w a v e  (f(@) ~ - ~  fo r  r ~ 0). A t  the  po in t  tha t  c o r r e s p o n d s  to r = r . ,  f ( ~ )  no l o n g e r  p o s s e s s e s  
a s i n g u l a r i t y .  F o r m u l a s  (1.6),  h o w e v e r ,  p o s s e s s  s i n g u l a r i t i e s  f o r  r = r . ,  s i n c e  r '  v a n i s h e s .  I t  c an  be  shown tha t  t h i s  
s i n g u l a r i t y  can  be  e l i m i n a t e d  in the  s e n s e  tha t  a l ong  an a r b i t r a r y  l i n e  of f low de f ined  by the  e q u a t i o n  

dx~ = dx~ dx~ (1.7) 
r cos~  r s i n ~ - - ~ F - - K  

in the n e i g h b o r h o o d  of r . ,  f o r  f i n i t e  x3(@) , the e x p r e s s i o n  B = r ' - t  (Xr - x3) i s  l i m i t e d ,  i . e .  , the  f u n c t i o n s  xl(qz) and 
x~(@) d o  not  t end  to in f in i ty  f o r  �9 ~ ~ *  (~* = @(r , )  r 0) (on the  l i ne  of f low,  we s e l e c t  �9 as  the i n d e p e n d e n t  v a r i a b l e ) .  
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H e r e ,  we  a s s u m e  tha t  in the  n e i g h b o r h o o d  of  @* ( fo r  a l l  ~) ,  
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the  p a r t i a l  d e r i v a t i v e s  X of @ and q~ a r e  con t inuous  

By  d i f f e r e n t i a t i n g  r e l a t i o n s  (1.6) a long  (1.7) and bu i ld ing  the  c o m b i n a t i o n  s in  gp dx 1 - cos  tp dx 2 = 0, we  ob ta in  

(r-~X, r' --  X ~  r -1) d~ -- G dGp ---- 0, G = B + r -1 X~, ,  (1.8) 
dxi = cos (p (dB - -  X ~ r - 1  dcp), dx~ = sin (p (dB - -  Xr r"ld~p) . (1.9) 

F r o m  (1.7) and (1.9),  we  ob ta in  f o r  B the  f o l l o w i n g  d i f f e r e n t i a l  equa t i on  a long  the  l i n e s  of f low: 

r -Xr 
d B = ~ K  dXa + --~-d~. (1.10) 

By i n t e g r a t i n g  (1.10) o v e r  @ in an  a r b i t r a r y  i n t e r v a l  (~0, ~ )  ( f r o m  t h e  r e g i o n  of con t inu i ty  of t he  p a r t i a l  

d e r i v a t i v e s  of  X) in wh ich  ~r i s  not  con t a ined ,  we  ob ta in  

To 

(l.il) 

F r o m  h e r e  it  f o l l o w s  tha t  B(~) ~ B* < ~ f o r  @ ~ @*, s i n c e  the  b o u n d e d n e s s  of dgp/d~ f o l l o w s  f r o m  (1.8) f o r  
IG[ >- q0 > 0, go = c o n s t  ( if  t h i s  i n e q u a l i t y  i s  not  s a t i s f i e d  in the  n e i g h b o r h o o d  of ~ *  and G* = G(~*) = 0, then  the  

b o u n d e d n e s s  of B i s  obvious) .  

L e t  us  e x a m i n e  now the  b e h a v i o r  of the  s o l u t i o n s  of (1.2) in the  n e i g h b o r h o o d  of r = O (@(0) = ~~  ~ 0). F o r  
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convenience ,  the v a r i a b l e s  r ,  q~ will be used in the ana lys i s .  In o r de r  that a s t a t ionary  double-wave type flow, for  r = 
= 0, adjoin,  through a weak d iscont inui ty ,  the reg ion  of constant  mot ion r ~- 0, �9 = ~~ it is n e c e s s a r y  that in f o r m u l a s  
(1.3), which define for r = 0 the shape of a weak d iscont inui ty ,  l(~0) = l ira X~0/r for r ~ 0 be a continuous function and, 
consequent ly ,  X~o(0 , cp) = 0. Fu l f i l lmen t  of this  condit ion for  all solut ions  of (1.2) cannot be a s su r e d  in advance. Indeed, 
we solve the p rob lem,  with in i t ia l  condit ions for  r = a, for (1.2) by the F o u r i e r  method. By se t t ing X = r we 
obtain 

(l)" + ~ = O, (1.12) 

r~F ' '  -~-q (r) (rF' - -  LF) = O. (1.13) 

that 
From the properties of the function ~(r), it follows that for small r, the quantities ~"(0) and ~'(0) are finite and 

q (r) = qor q - o  (r), qo < O 

(~'(0) ~ 0). 

r F "  ~ qorF ' - -  qo~,F = O, 

with a s ingu la r  point r = 0. Two l i n e a r l y  independent  solut ions of (1.14) have the fo rm [6] 

of) 
(i -- ~). �9 - (k -- ~) 

F1 (r) = r ~ -~ ~_-t~ kT 2 ( - -  qo)~+lr ~ , 

co  

F 2 ( r ) = i n r F l ( r ) ~  ~ aj.r ~ (ao:#O). 
h ~ O  

Then f rom (1.13), in  the neighborhood of r = 0, we have the following degenera te  hypergeomet r i c  equation: 

(1.14) 

(1.15) 

Thus,  only F l ( r  ) is su i tab le  as  a solut ion with F(0) = 0 and, consequent ly ,  for  Eq. (1.13) it becomes  n e c e s s a r y  to 
solve the S t u r m - L i o u v i l l e  boundary  value  p rob lem 

F(O) = O, F ( a )  - -  aF '  (a) = O, 

where  h denotes  the e igenvalues  of this p rob lem 

(1.16) 

In order to study the spectrum of the problem, we introduce z = ~0 _ ~ as the independent variable. By setting 
F(r) = F[r(~ ~ - z)] = E(z), we obtain from (1.13), (1.16) the following boundary value problem: 

E "  (z) q-)~z-15 (z) E (z) = 0, 

E (0) = O, E (za) + L K - 1 E  ' (z~) = 0, (1.17) 

where the function 5(z) = - r "  r-l(@ ~ - ~ ) >  0 is continuous on [0, Za]; (the function 5(z)> 0; the function 5 (z )~  r"(0)x 
x ~'(0) for z ~  0, z a = ~ ~  - (L/K) > 0). 

With the aid of conventional methods [7], it is now easy to establish that all eigenvalues h of the boundary value 

problem formulated are nonnegative, that their number is infinite, and that ordinary asymptotic formulas are valid for 
them. 

Thus,  not every  solut ion to the Cauchy p rob lem for  (1.2) with data on r = a may be continued to r = 0. For  an 
a r b i t r a r i l y  defined funct ion ~ in (1.2), a solut ion in the neighborhood of r = a is defined in a unique m a n n e r  and, 
speaking gene ra l ly ,  cannot be continued to r = 0. However,  for  ce r t a in  special  funct ions ~,  i. e . ,  for ce r t a in  special  
shock-wave shapes,  a solut ion for r ~ [ 0 ,  a] can be obtained. Indeed, having found the eigenfunct ions Fk(r) ,  such 
solut ions  to (1.2) can be sought in the fo rm 

X (r, T) = ~, (cz cos ]/-L T q- dx sin V'~ T) Fz (r), 
X 

<1.!s) 

where the coefficients ck and d X are arbitrary. 

However, in order to obtain a physically acceptable solution, it is necessary, in addition, to verify that the 
region of the flow between the shock wave and a weak discontinuity surface does not contain limiting lines and, 

consequently, that the lines of flow to not possess regression points. In the following section, we construct a practical 

example of a compression flow in a nozzle of special shape having a ring-shaped cross section, which shows that the 
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c l a s s  of f lows  d e s c r i b e d  by  (1.18) which  a r e  c o n t i n u a b l e  to r = 0 wi th  X ~ 0 a r e  n o n e m p t y  e v e n  in the  a b s e n c e  of 
l i m i t i n g  l i ne s .  

2. Let us attempt to construct the compression flow in an asymmetric nozzle with a compression shock, whose 

shape differs from a circular cone, in such a way that q~[0, 2~] and the planes x I = 0 and x 2 = 0 constitute the 
symmetry plane of the flow. 

From the conditions of flow symmetry X~(~, 0) = X~(~, ~/2) = 0, it follows immediately that the functions ~(~) 
must have the form 

(I) k(~) = c o s  2 k% k = l ,  2 . . . . .  

Such s o l u t i o n s  a r e  not  p o s s i b l e  f o r  a r b i t r a r y  i n i t i a l  cond i t i ons  in (1.1) and (1.2),  s i n c e  in th i s  c a s e  4k 2 m u s t  be  

an  e i g e n v a l u e  of Eq. (1.13). One can  a b s t a i n  f r o m  r e q u i r i n g  f low s y m m e t r y  wi th  r e s p e c t  to the  p l a n e s  x 1 = 0 and x 2 = 0, 
but  e v e n  then,  if  ~ [0, 2~r], i t  wou ld  fo l low f r o m  the  cond i t i on  tha t  X(~,  ~)  be  2 ~ - p e r i o d i c  wi th  r e s p e c t  to (p tha t  ,\ = n 2 
( w h e r e  n i s  an  i n t e g e r )  in (1.12) and,  c o n s e q u e n t l y ,  no f low in a n o z z l e  of c l o s e d  c r o s s  s e c t i o n  i s ,  g e n e r a l l y  s p e a k i n g ,  
c o n t i n u a b l e  to  r = 0. 

In o r d e r  to ob ta in  a n o n t r i v i a l  so lu t ion  of  (1.13) wi th  e v e n  )~, we se t  c o n s t a n t  f low p a r a m e t e r s  at the  n o z z l e  ex i t  
s e c t i o n  and a t t e m p t  to s e l e c t  the  ang l e  of s l o p e  a of the g e n e r a t i n g  l i n e s  of the  s h o c k  w a v e  s u r f a c e  in such  a w a y  tha t  
;~ = 4 is  an e i g e n v a l u e .  The  s y s t e m  of o r d i n a r y  e q u a t i o n s  (1.1),  (1.13) i s  not  i n t e g r a b l e  in q u a d r a t u r e s ,  and h e n c e  the  
f o l l o w i n g  r e s u l t s  a r e  ob t a ined  n u m e r i c a l l y  on a c o m p u t e r .  

F i g u r e  1 shows  the  c u r v e s  ~ ( r )  and F4(r) f o r  ~ = 50, 60, 70, 80 ~ The  p a r a m e t e r s  of the  u n i f o r m  f low at  the  
n o z z l e  ex i t  s e c t i o n  f o r  a g a s  wi th  the  e q u a t i o n  of s t a t e  p = 3 .98p  l- 4 a r e  t aken  a s  

c = 3.751, - - K  = 3, 

w h e r e  - K  i s  the f low v e l o c i t y  a t  the  out le t .  The  c o r r e s p o n d i n g  f u n c t i o n s  f ( ~ )  a r e  shown in F ig .  2. Thus ,  the  n u m e r i c a l  
c a l c u l a t i o n s  r e v e a l  the  p r e s e n c e  of s p e c i a l  i n i t i a l  da ta  wi th  ~ = ~~ such  tha t  )~ = 4 c o n s t i t u t e s  an e i g e n v a l u e  of (1.13). 
F u r t h e r ,  we  e x a m i n e  the s i m p l e s t  f o r m  of func t i on  X 

X = bFa (r) cos 2% (2.1) 

and c o n s i d e r  one h a r m o n i c  in the  e x p a n s i o n  f o r  X f o r  t he  s p e c i a l  da t a  (we a s s u m e  that  in a c c o r d a n c e  wi th  (1.16),  
F4(a) = a, F~(a) = 1, w h e r e  b i s  a n u m e r i c a l  p a r a m e t e r ) .  I t  w i l l  be shown tha t  wi th  the  aid of  X f r o m  (2.1),  i t  i s  
p o s s i b l e  to ob ta in  the  f low p a t t e r n  " in  the  w h o l e "  in a c e r t a i n  r i n g  nozz l e .  

t f 2 4 

-~ / - 
i -~,~ 

Fig .  2 
F o r  X f r o m  (2.1),  the  shock  w a v e  s u r f a c e  is  de f ined  by the e q u a t i o n s  ( see  (1.6)) 

xl = b cos 2q~ cos ~ ~- 2b sin 2(p sin (p -~ tg a ~ cos (~x3, 

x~ = b~os2q~sin ~ - -  2b sin 2~ cos (p ~- t g a ~  (2.2) 

F o r  s u f f i c i e n t l y  l a r g e  x3, the  cut  p r o d u c e d  in th i s  s u r f a c e  by the p l ane  x 3 = cons t  i s  of e l l i p t i c a l  shape ,  wh i l e  the  
g e n e r a t i n g  l i n e s  of th i s  s u r f a c e  a r e  i nc l i ned  at  an  ang l e  of ~~ to the  ax i s  x 3. It i s  obv ious  tha t  th i s  s u r f a c e  cannot  be  
con t inued  in a r e g u l a r  way  so  tha t ,  wi th  d e c r e a s i n g  x3, the  d i r e c t r i x  d e g e n e r a t e s  in to  a c e r t a i n  n o n c l o s e d  c u r v e  o r  
point .  In c o n s t r u c t i n g  the  f low p a t t e r n ,  we  t h e r e f o r e  s e l e c t  two s e c t i o n s  x 3 = A 1 and x 3 = A 2 (A 1 < A2) , and f r o m  a l l  
po in t s  of the  c u r v e s  ob ta ined  in the  i n t e r s e c t i o n  of  t h e s e  p l a n e s  wi th  the  s u r f a c e  (2.2) we  g e n e r a t e  l i n e s  of f low. It i s  
t h e s e  l i n e s  of f low tha t  f o r m  the  n o z z l e  wa l l s .  The  s a m e  p r o c e d u r e  should  be  u s e d  in the  g e n e r a l  c a s e  of (lo18),  s i n c e  
a d e v e l o p a b l e  s u r f a c e  wh ich  con t a in s  a c l o s e  d i r e c t r i x  of a r b i t r a r y  shape  and w h o s e  g e n e r a t r i c e s  h a v e  the  s a m e  
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inclination to a certain axis, cannot be, generally speaking, continued regularly in such a way that the direetrix 

degenerates into a point (as in the case of a circular cone) or a nonclosed curve, and the surface would then split the 

entire space in two. 

In order to construct the flow pattern without limiting lines, it is necessary that along an arbitrary line of flow 

from the flow region, dx3/d~ does not vanish. 

Indeed ,  f r o m  (1 .7 ) - (1 .9 )  a long  the  l i n e  of f low we have  

- -  r" ' x3r")  ~ -I- r ' 2 r " r - l ( x ~ - -  X ~ r ' r - 1 )  2 dx~ �9 ( r ' X r  Xr n- (~d ~ K ) ,  
d ~  = r" ( r ' X , ,  - -  X , r "  @ xsr  ~') (iF __ K + rr ' )  

d..T~ = r ' r " r -1  ( X r  - -  X ~ r ' r  -1) , 

dW r ' X , 4  , - -  r"  ( X ,  - -  zs) 

whi le  f r o m  (1.6), fo r  the  J a e o b i a n  I = d(xt,  x2)/d(gJ , ~0) we get 

J = - -  r ' - " r  "-1 [(r'Xr - -  X , r "  + xar")  2 + r '2 r" r  - t  ( X , r  - -  X~r'r-~)~], 

and,  c o n s e q u e n t l y ,  

d~--!~ -= - -  Jr '~r  " ( r ' X r  - -  Xr  -r xsr") -1 ( ~  K -+- rr ' )  -1 (~F - -  K )  
d ~  

(2.3) 

(2.4) 

A f t e r  d e t e r m i n i n g  x3(~ ) andq0(~) f r o m  (2.3), xl(~)  and x2(~) a r e  d e t e r m i n e d  f r o m  (1.6). To i n t e g r a t e  s y s t e m  
(2.3) in  q u a d r a t u r e s  and  to a n a l y z e  a n a l y t i c a l l y  J fo r  X f r o m  (2.1) fo r  a r b i t r a r y  ~0 is  no t  pos s ib l e .  However ,  for  
e v a l u a t i n g  the va lue  of A1, one can  e x a m i n e  the e a s e s  q0 = 0 and ~p - 7r/2. T h e n  if A t i s  such  that  for  ~v = 0 and ~p = 
= ~r/2, when  ,I~C [~I,(a),~I,~ dx3/d~ < 0, d i r e c t  c a l c u l a t i o n s  show that  the cond i t i on  dx3/d~ < 0 is  s a t i s f i e d  a l s o  for  a l l  
r e m a i n i n g  l i n e s  of flow wi th  d~p/d~I, ~ 0 f r o m  (2.3). 

H / 
zl 

Dm 
o j inlet  Z 

Fig~ 3 

F r o m  (2.3) and (1.6) i t  fo l lows  that  for  cfl = 0 the  l ine  of f low wi l l  l i e  in  the p l a n e  x 2 = 0; fo r  X in  (2.1), with the  
a id  of ( 1 .7 ) - (1 .9 ) ,  we ob t a in  

d B  ~IF - -  K 
x~ ~-7 -  +/') + 

-r r "B  - - b F r  = 0 (2.5) 

( s u b s c r i p t  4 at  F ha s  b e e n  o m i t t e d  h e r e  and in  the fol lowing) .  By s e t t i n g  in  (2.5) 

P(~F) = ~ , _ K  + r r , <  0 

- -  br F ~ #  
0 ( ' r)  = , F _ z  + . ,  �9 (2.6) 

xi / o w h e r e  P(,I,) and  Q(~I,) a r e  l i m i t e d ,  we w r i t e  the  i n t e g r a l  of (2.5) for  ~[~I, a, ~I, ] (~I,(a) = ~I,a) in the f o r m  

tF ~F iF 

(2.7) 
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F r o m  h e r e ,  us ing  the r e l a t i o n s  

L (  b Ka 1 dzs dB XI"--K B ( ~ )  = -K~ ~L---  AI ' ~ = d~ r 

i t  i s  ea sy  to see  that  the inequa l i ty  dx3/d~ < 0 a long the l ine  of flow is  r e a l i z e d  under  the condi t ion 

3F ~F 

~F {/~ [ - - I  Qexp  Q ex - f ~  d ~ ) + b ] }  
~F a tF a tF~ 

(2.8) 

(dx3/d~I, and dB/d~ areof opposite sign). 

In the s a m e  manne r ,  fo r  ~ = ~r/2 (the l ines  of flow l i e  in the p lane  x 1 = 0) we obtain 

tF L F tF 

A l > m a x { % s  [ ! Q  exp(!aPd~F)d"F--Q-~exp(!aPd~F)- ~ b]} .  (2.9) 

It is  obvious that  A1, sa t i s fy ing  condi t ions  (2.8) and (2.9), can be obta ined,  s ince  Q / P  i s  a l im i t e d  function fo r  
T ~ [~a,  ~~ and F r 1 6 2  i s  a l so  l imi ted .  

F i g u r e  3 shows the flow p a t t e r n  in the upper  por t ion  x 2 _> 0 of a r i ng  nozz le  with X f rom (2.1) for  the fol lowing 
p a r a m e t e r  va lues :  

a : 6 0  ~ p : 3 .98pl .4  _ K : 3 ,  c =  3.74i, b : 0 . 2 .  

The computed  va lues  of the flow and nozzle  p a r a m e t e r s  are :  

a = - - t . t 6 3 ,  T (a )  = 2.0i4, c(a) = 3.241, T ~  3.679, 

c (0) = 2.623, A1 : t.732, A2 = 3.732. 

The end faces  of the cu t -ou t  por t ion  of the nozzle  a r e  shaded.  A f t e r  p a s s i n g  through a w e a k - d i s c o n t i n u i t y  
s u r f a c e  A'E'DTC'HTB ' ,  the r e c t i l i n e a r  flow f i r s t  c o n v e r g e s  smooth ly  and then, a f t e r  shock c o m p r e s s i o n  at  the s u r f a c e  
AEDCHB r e g a i n s  i t s  r e c t i l i n e a r i t y .  The dens i ty  r a t i o  at  the in le t  and exi t  i s  0.18. 

The c u r v e s  BTHTC ' and ATE~D ',  ove r  which the w e a k -d i s c on t i nu i t y  s u r f a c e  extends ,  a r e  c e r t a i n  spa t i a l  cu rves  
which a r e  f o r m e d  by the ends  of the l ines  of flow for  r = 0. The s egmen t s  B'TB ' ,  H"H' ,  and C ' C '  of the l ines  of f l ow  
a r e  r e c t i l i n e a r .  The c u r v e s  BHC and AED c o r r e s p o n d  to the i n t e r s e c t i o n  of the shock wave with the p l anes  x3 = A 2 and 

x 3 = A 1. 
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