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When a shock wave emerges from a pipe situated in a semibounded 
volume a system of waves arises between the end of the pipe and the 
bottom of the volume, and also in the gap between the pipe and the 
side walls of the volume. Paper [1] considers the propagation of a 
shock wave after emerging from the pipe until touching the side walls 
of the volume. The present paper considers the gas motion in a semi- 
bounded volume after the shock wave has traversed the volume and 
made contact with the side walls. 

In part 1 a physical model is constructed of the gas motion up to the 
time when the primary shock wave reaches the bottom of the volume. In 
part 2 relations are found which enable us tO determine the stream 
parameters in the semibounded volume up to the time when the pri- 
mary shock wave arrives at the bottom of the volume. Section 3 con- 
siders the motion of the reflected shock wave between the pipe and 
the side walls of the volume. 

NOTATION 

N = Na i is the velocity of propagation of the shock wave; u = ua I is 
the velocity of gas particles; p = PPi is the gas density; i~ = PPi is the 
pressure; M = u/a is the Mach number; 2, = u/a is the reduced veloc- 
ity; a = aa 1 is the speed of sound propagation; k = ep/e v is the 
adiabatic index; t = ait/d is the dimensionless time; F = F/d z is the 
area; V = V/d s is the volume: d is the inside diameter of pipe [m]; 
t = time [sec]. 

Subscript 1 denotes gas parameters in the volume before the shock 
wave has emerged from the pipe, subscript 2 denotes gas parameters 
behind the shock wave front in the pipe, an overseore denotes dimen- 
sionless parameters, while subscript 0 denotes parameters in the adia- 
batically decelerated gas; an asterisk denotes critical stream parameters. 

1. A p ipe  is  s i t u a t e d  in a s e m i b o u n d e d  v o l u m e  e 
(Fig .  1). A s h o c k  w a v e  p r o p a g a t e s  a l o n g  t h e p i p e w i t h  
a v e l o c i t y  N1, and t h e  gas  p a r a m e t e r s  a r e  c o n s t a n t  
beh ind  t h e  s h o c k  w a v e  f r o n t .  

T h e  f o l l o w i n g  c a s e s  of s t r e a m  f o r m a t i o n  m a y  o c -  

c u r  d e p e n d i n g  on t h e  s t r e a m  p a r a m e t e r s  in t h e  p i p e  
beh ind  the  shock  w a v e  f ron t ,  and on the  a r e a s  F ,  F1, 

F 2 . 

(a) T h e  v e l o c i t y  M z _ 1, o f t h e  w a k e  beh ind  the  s h o c k -  
w a v e  f ron t  in t he  p i p e  and the  v a l u e  of t he  a r e a s  F ,  F1, 
F 2 a r e  such  tha t  t h e  p r e s s u r e  in t h e  end p l a n e  of t he  

p i p e  is  P4 > 1, as  a r e s u l t  of  gas  expans ion  beh ind  t h e  
s h o c k  w a v e .  We a s s u m e  tha t  t h e  p r e s s u r e  on both 
s i d e s  of t h e  end p l a n e  of t he  p i p e  is  t he  s a m e ,  and tha t  

t he  d i v i s i o n  of  t h e  s t r e a m  e m e r g i n g  f r o m  t h e  tube  to 

t h e  lef t ,  in to  t h e  gap,  and to t h e  r i g h t ,  o c c u r s  in t h e  
end p l a n e  of t h e  p ipe .  It shou ld  b e  no t ed  tha t  t h e  a s -  
s u m p t i o n  that  t he  p r e s s u r e  is  t he  s a m e  on bo th  s i d e s  

of t h e  end p l a n e  of  t h e  p i p e  m a y  b e  r e p l a c e d  by  any  
o t h e r  p i c t u r e  of t he  f low p a t t e r n  in th i s  zone .  T h e  a s -  

s u m p t i o n  wh ich  has  b e e n  adop ted  is j u s t i f i e d  by t h e  
good a g r e e m e n t  b e t w e e n  c a l c u l a t e d  v a l u e s  of t h e  

s t r e a m  p a r a m e t e r s  and e x p e r i m e n t  p e r f o r m e d  in  
t h e  L a b o r a t o r y  of  G a s d y n a m i c s  of L e n i n g r a d  Sta te  

U n i v e r s i t y .  S i n c e  P4 > 1, a s h o c k  w a v e  wi l l  p r o p a g a t e  

wi th  a v e l o c i t y  Nll  in t h e  gap b e t w e e n  t h e  p i p e  and t h e  
s i d e  w a l l s  of t he  v o l u m e  (Fig .  l a ) .  S ince  the  v e l o e -  

i ty  of t he  s t r e a m  e m e r g i n g  f r o m  t h e  p i p e  is  s u p e r -  
s o n i c ,  t h e r e  is  a v e l o c i t y  i n c r e a s e  when  t h e  s t r e a m  
expands  in t h e  v o l u m e ,  w h i l e  t h e  p r e s s u r e  d e c r e a s e s .  

On the  o t h e r  hand ,  when  the  a r e a  of  the  s h o c k  w a v e  in  
c r e a s e s  f r o m  t h e  v a l u e  F to F 1 on e m e r g i n g  f r o m  t h e  
p ipe ,  t h e  p r e s s u r e  and gas  v e l o c i t y  at  t h e  shock  w a v e  
f r o n t  d e c r e a s e .  

In o r d e r  to avo id  t h e  r e s u l t i n g  c o n t r a d i e t i o n w e m u s t  

p o s t u l a t e  t h e  p r e s e n c e  of  a s e c o n d a r y  s h o c k  w a v e  b e -  
t w e e n  the  end of  t h e  p i p e  and the  p r i m a r y  s h o c k  w a v e  
p a s s i n g  out  of t h e  p ipe .  T h e  s e c o n d a r y  shock  w a v e  
w i l l  p r o p a g a t e  r e l a t i v . e  to  t h e  gas  p a r t i c l e s  wh ich  h a v e  
le f t  t he  p i p e  in a d i r e c t i o n  o p p o s i t e  to t h e i r  mo t ion .  
T h e  gas  s t r e a m  w i l l  s u f f e r  a b r a k i n g  e f f ec t  on p a s s i n g  
t h r o u g h  t h e  s e c o n d a r y  s h o c k  w a v e .  T h e  gas  in t h e  r e -  
g ion  b e t w e e n  t h e  p r i m a r y  and s e c o n d a r y  shock  w a v e s  

i s  d i v i d e d  by  a c o n t a c t  s u r f a c e  ( s t e a d y - s t a t e  d i s c o n -  
t inuity}.  Gas which  has  e m e r g e d  f r o m  t h e  p i p e  is on 
t h e  l e f t  of t h e  con t ac t  s u r f a c e ,  w h i l e  gas  wh ich  has  
b e e n  in t h e  v o l u m e  is on the  r i g h t .  

(b) The  v e l o c i t y  M2 >- 1 of  the  w a k e  beh ind  the  s h o c k  

w a v e  w i l l  p r o p a g a t e  in t he  gap.  T h e  g a s - f l o w  e o n f i g -  
F1, F 2 is s u c h  tha t  t h e  p r e s s u r e  in t h e  end p l a n e  of  
t h e  p i p e  is P4 < 1 as  a r e s u l t  of gas  expans ion  beh ind  
t h e  s h o c k  wave .  We  a s s u m e ,  a s  b e f o r e ,  tha t  the  p r e s -  

s u r e  on both  s i d e s  of t h e  end p l a n e  of t h e  p i p e  is  t he  
s a m e  and tha t  t h e  s t r e a m s  f r o m  t h e  gap and f r o m  t h e  
p i p e  m i x  in t h e  end p l a n e  of t h e  p ipe .  A r a r e f a c t i o n  

w a v e  w i l l  p r o p a g a t e  in t h e  gap.  T h e  gas  f low c o n f i g -  
u r a t i o n  is  r e p r e s e n t e d  in F ig .  l b .  

It m a y  b e  shown by  a r g u m e n t s  s i m i l a r  to t h o s e  of 
(a) t h a t  a p r i m a r y  shock  w a v e ,  a c o n t a c t  s u r f a c e ,  and 
a s e c o n d a r y  s h o c k  w a v e  w i l l  p r o p a g a t e  in t he  r e g i o n  
b e t w e e n  t h e  end of t h e  p i p e  and t h e  b o t t o m  of t h e  v o l -  
ume .  

(c) The  v e l o c i t y  M z 4 1 of  t he  wake  beh ind  the  s n o c k -  
w a v e  f r o n t  in t h e  p i p e  and t h e  v a l u e  of t h e  a r e a s  F ,  

F1, F 2 i s  such  tha t  t h e  gas  i s  a c c e l e r a t e d  to a v a l u e  
M 3 = 1 in t h e  r a r e f a c t i o n  w a v e  which  has  p a s s e d  into 
t h e  p ipe .  B e c a u s e  of  gas  e x p a n s i o n  beh ind  the  shock  
w a v e  which  has  p a s s e d  into t h e  v o l u m e ,  t h e  p r e s s u r e  
in t h e  end p l a n e  of the  p i p e  m a y  b e  e i t h e r  P4 > 1, o r  
P4 < 1 as  in c a s e s  (a) and (b) p r e v i o u s l y  c o n s i d e r e d .  
The  f l o w  p a t t e r n  in the  s e m i b o u n d e d  v o l u m e  w i l l  then  
b e  t h e  s a m e  a s  in (a) o r  (b), r e s p e c t i v e l y .  

In (a), (b), and (c) v a l u e s  of  t h e  i n i t i a l  da t a  NI, F ,  
F 1, F z w e r e  c o n s i d e r e d  f o r  t h e  c a s e  in wh ich  the  s t r e a m  

v e l o c i t y  in t h e  v o l u m e  in f r o n t  of t h e  s e c o n d a r y  s h o c k  

w a v e  f r o n t  i s  h i g h e r  than  t h e  p r o p a g a t i o n  v e l o c i t y  of 
t h e  s e c o n d a r y  s h o c k  w a v e .  T h e  s e c o n d a r y  shock  w a v e  
p r o p a g a t e s  down s t r e a m  r e l a t i v e  to t h e  w a l l s  of  t h e  
v o l u m e .  

(d) As  t h e  a r e a  F l i n c r e a s e s  t h e  s t r e a m  v e l o c i t y  

in f r o n t  of t h e  s e c o n d a r y  s h o c k  w a v e  i n c r e a s e s  m o r e  

s l o w l y  than  t h e  v e l o c i t y  of  t h e  s e c o n d a r y  s h o c k  wave .  
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Fig. 1. Gas flow pa t t e rn  in a semibounded volume for  va r ious  
va lues  of the shock wave in t ens i ty  in  the pipe and for  va r i ous  
va lues  of the a r ea s ;  a) for  M2 >- 1, p~ > 1; b) for  Mz >- 1, pa < 

< 1; e) for  M a < 1, p~ > 1 ;  d) for M 4 >N~2/a ~. 

T h e r e  wil l  come a t ime  when the s t r e a m  veloci ty  will  
be  equal to the secondary  shock wave veloci ty,  and 
then the secondary  shock wave wil l  not move  r e l a t ive  
to the wal ls  of the volume.  As F 1 i n c r e a s e s  fu r the r  
the boundar ies  of the secondary  shock wave b reak  
away f rom the s ide  walls  of the volume;  this  �9 is 
then s i tuated in the immed ia t e  local i ty  of the end of 
the pipe. A shock wave of the s a m e  in tens i ty  as the 
o r ig ina l  shock wave then propagates  in the gap. The 
flow conf igurat ion is r ep r e sen t ed  in Fig. ld .  

(e) The wake veloci ty  behind the shock wave front  
in the pipe is M 2 < 1, and the values  of the a reas  F, 
F1, F 2 such that the gas in the r a re fac t ion  wavewhich  
has passed  into the pipe is acce l e ra t ed  to M 3 < 1. In 
this  case  Pa > 1, t he re  is no secondary  shock wave, 
and a shock wave propagates  in the gap of the s a m e  
in tens i ty  as the p r i m a r y  shock wave in the reg ion  b e -  
tween the end of the pipe and the bottom of the vo lume 
(flow pa t t e rn  as in Fig.  lc) .  

2, (a) The equations of conse rva t ion  of m a s s ,  m o -  
men tum,  and energy  for the control  su r faces  s i tua ted  
at the open end of the pipe, in the gap between the end 
of the pipe and the shock wave, and between the s e c -  
ondary  shock wave and the end of the pipe have the 
fo rm 

u~p~F : u4p4F1 + u ( p 4 ' F ~ ,  

P~u~ ~F -t- p 2 F  = p4u4~Fz -'t- p~'u~'2F~ -]- p~F~ + p~F~,  

(2.1) 

It is a s sumed  that the gas in f ront  of the secondary  
shock wave propagates  i sen t rop ica l ly .  F i g u r e  l a  
should be consul ted  for  the notat ion employed. Using 
the condit ion of dynamic  compat ib i l i ty  at the shock-  

wave in the gap we can wri te  out r e l a t i ons  e x p r e s s -  
ing ul and pl in t e r m s  of P4: 

~4p4 § 1 
u~' = (p4 - -  1) l ,  P~' - -  ~ + p~ , 

t / k + t  k ~ t ~ - ' / ,  k + i  ( 2 . 2 )  
] = -~- I--ffZ - p4 -F 2k I ' u - -  k - -  I 

Solving the s y s t e m  of equat ions  (2.1), (2.2) for P t ,  
we obta in  

[m - -  (I,'~ - -  F~) P4 - -  2F~b] F~ 
§ q - -  F2c] X 

r p,  1 F ~ ) p 4 - -  2 F ~ b ] } ,  x t -~=r + 2-N; [,n-- (F~-  

1 P~ 4 u2~ 
q = p 2 u e F ,  e - - k _ i  p~ 2 ' 

m = p2u~2F + p e F ,  b = (p4- -  t)~ 
k [(k § i )  + (k - -  1) P4] ' 

c = ( r e - -  i) [(k + i )  P4 + (~ - -  t)] 
[(k + l ) + ( k - -  t)pd ' 

m - -  ( F 1  - -  F 2 )  p~ - -  2F2b 
u 4 q - -  F2c/ 

�9 (q -- F2c/p . (2.3) 
pa ~ F1 [m - -  (F1 ~ F~) P4- -  2F2b] 

The r e l a t i ons  ci ted al low us to d e t e r m i n e  the 
s t r e a m  p a r a m e t e r s  in the reg ion  between the shock 
wave in the gap and the secondary  shock wave. 

Using the condit ion of dynamic  compat ib i l i ty  at the 
p r i m a r y  and seconda ry  shock waves we obtain 

[(3" -t- 1) Nza ~ - -T]  = Pa [(T -k I ) N I ~ / a 4 ~ - - T I ,  

2 (Nz~ - -  t / Nz3) / (k + t) = 

= u4 - -  2 (NI~  - -  a~ ~ / N~2) / (k -F l ) ,  

'r = ( k - - t ) / ( k - t - t ) .  (2.4) 

We now d e t e r m i n e  the values  of N13 and Nlz by 
so lv ing  the s y s t e m  of equat ions  (2.4). The r e m a i n i n g  
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s t r e a m  p a r a m e t e r s  in the reg ion  between the p r i m a r y  
and secondary  shock waves can be found f rom dy- 
namic  compat ib i l i ty  condi t ions.  
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Fig.  2. Gas flow pa t t e rn  in a s e m i -  
bounded volume af ter  the re f lec ted  
shock wave has passed  into the gap. 

(b) The equations of conserva t ion  of m a s s ,  m o -  
men tum,  and energy  for control  su r faces  s i tuated at 
the out le t  f rom the open end of the pipe,  between the 
secondary  shock wave and the end of the pipe, have 
the form 

u~p~F = u4p~F~-- u4'p~'F~ , 

p~u~F + p~F = p~u~F~ - -  p~'u~'~F~ + p~F, - -p~F~,  

= p a u 4 F I \ k _ _ t  P' -~---~-] p 4 U 4 , ' 2 ~ k _ _ l O .  " ~ - ~ ) .  ( 2 . 5 )  

It is a s sumed  that the gas expands i sen t rop ica l ly  
up to the secondary  shock wave. Theno ta t ion  employed 
is given in Fig.  lb .  

At the r a r e f ac t i on  wave we have 

It 4' = ~ ( i  - -  p4'/d~:-l)/k), [34' = pa~l~. (2.6) 

Solving Eqs. (2.5) and (2.6) for pa gives 

[m + qe 

4 

n = ~ (t - -  p~'/~(~-~)l~;) p~,lk, 

m -F Fzh - -  (F,  - -  F~) pa 
Ua ~ q + F~n ' 

(q + I"~n)~ 
(2.7) 

These  r e l a t ions  together  with Eqs. (2.4) enable  us 
to d e t e r m i n e  a l l  the s t r e a m  p a r a m e t e r s  in the reg ion  
between the p r i m a r y  shock wave and the r a r e f ac t i on  
w a v e .  

In case  (c) us ing  the condit ion M 3 = 1, the f l o w p a r a -  
m e t e r s  at the pipe outlet may be  found f rom the f a m i l -  
i a r  r e l a t ions  for a r a r e fac t ion  wave. The fo rm of the 
equations d e t e r m i n i n g  the flow p a r a m e t e r s  in the vo l -  
ume wil l  be  the s a m e  as in cases  (a) and (b). Instead 
of in i t ia l  flow p a r a m e t e r s  denoted in (a) and (b) by the 
s u b s c r i p t  2, we in t roduce in i t i a l  p a r a m e t e r s  denoted 
by the subsc r i p t  3, which hold on leav ing  the r a r e f a c -  
t ion wave on condit ion that  M.~ = 1. 

(c) Expres s ing  the values  of the t e r m s  in the obvi -  
ous identi ty 

P~ P0~* P0~ p~ . . . . .  p~, 
P0~ p0~ /72 

as funct ions of X and NI3 , we obtain 

[ 1 - -  T~ea ~ ~/(~-x) X [(7 + t )  N l a  ~ -  T] = ~ ]  

[ t -  '~4 2 ~l[(/f--1) 
x \~ _ ,~/;~,~/ [(7' + 1) N~ - -  7] X~ ~ , (2.8) 

where  the notat ion is in accordance  with the flow con-  
f igurat ion (see Fig. ld.) 

Using the condit ion of dynamic  compat ib i l i ty  to ex-  
p r e s s  the va lue  of u~ in the ident i ty  u 5 = Xs"a,5" , and 
a*~' in t e r m s  of a 2 and X2, we obtain 

2 (NI~--  1 )  ,,[ 2 ,i'l, a~ (2.9) 
k + 1 ~ = X5 ~TZ~-t) 0 - ~.~T) '/~ " 

It is a s s u m e d  that the s t r e a m  behind the s econd-  
a r y  shock wave in f ront  of the contact  su r face  ex-  
pands i sen t rop ica l ly  to an a r ea  equal to the sum of 
the t r a n s f e r  c ros s  sec t ions  (F 1 + F2). If F denotes 
the su r f ace  a r ea  of the secondary  shock wave we 
have f rom the equation of cont inui ty 

F ,  - -  ~ \ 1 - -~ .227}  

F ~ + F ~ -  5 4 ~ ]  �9 

Thus 

F ~%%" [- ( t -  ~,~T)(I--;%"~T) ]~/(~-~) 
F~+ F~ = ~ L(i---;.~-~--~7~- ~ j . (2.10) 

Using (2.8) and (2.10) to e l imina te  X4, we obtain 

[(t -4- 7)N~3 ~ - -T]  = 

F ( I  - -  ~ "~"  "~ M (2.11) F~ + F~ [ (I  + T) N~  2 - -  7 ]  \ t - -  ~ ] ~5" " 

The values  of N13 and X~' a r e  de te rmined  f rom the 
solut ion of the s y s t e m  of Eqs. (2.9) and (2.11). The 
r e m a i n i n g  p a r a m e t e r s  ma y  be  found f rom the con-  
d i t ions  at the p r i m a r y  shock wave. 

(d) In this  case  d e t e r m i n i n g  the s t r e a m  p a r a m e t e r s  
in the volume reduces  to one of the p rob lems  con-  
s idered  in paper  [2]. Using the condit ions of dynamic  
compat ib i l i ty  a t  the p r i m a r y  shock wave,  the condi -  
t ions at the r a re fac t ion  wave in the pipe, as well  as 
the cont inui ty  equat ion,  we obtain the fol lowing s y s -  
t em of equat ions for M3, M~', and N13, the solut ion 
of which is  d e t e r m i n e d  by the s t r e a m  p a r a m e t e r s  in 
the volume:  

F M~" ( t + a M 8  ~1/2• 
F1-FF~ = ~ \ t - F a M a " 2 ]  , 

[ ( l  + ~,) N13 ~ - -  ~'1 = \ ~ /  ~ /  

k + t  

_ M , I t - F a M ~ \ I  l + a M ~ ' i z  �9 k - - t  (2.12) 
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3. After the primary shock wave reaches the bottom of the volume, 
it is reflected and begins to propagate up stream interacting with the 
contact surface and the secondary shock wave (ff one is formed). The 
results of this interaction may be calculated from the relations given 
in paper [3]. In what follows we consider the propagation of the reflect- 
ed shock wave in the gap from the moment when it arrives at the end 
plane of the pipe. If the problem is strictly posed, then in order to find the 
flow parameters in the gap behind the shock wave we must integrate 
a system of three partial differential equations with extremely com- 
plicated boundary conditions. At present such a problem may only be 
solved numerically. In the present paper the problem is solved on the 
following assumptions: a) the presence of a contact surface between the 
reflected shock wave which has passed into the pipe and the end plane 
of the pipe is neglected; b) the lengthwise change of gas parameters 
in the region between the end plane of the pipe and the shock wave 
occurs instantaneously; c) there are no wave-like processes in the vol- 
ume between the end of the pipe and the bottom of the volume, and 
the volume is filled in a quasi-stationary manner. Fig"are 2 gives the 
flow pattern and the notation used in solving the problem. 

The gas from the volume flows into the gap with a flow rate Qz = 
pTuTF~, where uT, 07 are the gas velocity and density, respectively, 
behind the shock wave and Q~ is the rate of flow of gas from the pipe. 
The equation of mass conservation for the volume V is then written 
in the following manner: 

Vdp6/d t  = Q , -  Q~, (3,1) 

where 96 is the mean density at the t ime t in the volume V. 
We now express Os and u7 in (3.1) in terms of 97. The equations 

of conservation of mass, momentum, and energy for the control sur- 
faces situated between the shock wave and the end plane of the pipe 
as well as in the volume V have the form 

uop~F~ = uTpTFz = O, 

p6u6F~ k - t Po 

(3.2) 

S o l v i n g  t h i s  s y s t e m  w e  h a v e  

0q) + [0~o) ~ - -  4 (k - -  1) (2 - -  k)  0 ~ , ] ' A  

~ -- 2 F ~  (~ -- 1) 
(3.3) 

Here p7 and u~ are expressed in terms of 97 using the conditions 
of dynamic compatibility 

xp~ / 9 ~ ' - - " i  p7 , P~" 

t 2 P7 )'/" 
R =  •  9 4 " /  

(minus for p4 < 1, plus for p4 > 1). Differentiating (3.3) with respect 

to 07 we obtain 

dpn = { AC "4- (2AB - -  Eu73p72 [zluT"pTp,/-~ 3ttTp7 -}- uTpTpT" -l- 

+ (k - -  t) (3uT~p7~u7 ' + 2uppT)D C / (2//) - -  

- -  (B -I- H )  [(u7"97 -~ u7p7") / (k - -  i )  ~ -  

(3uT~u(pv + u7 s) ] 21} F~ ] (2CF1) dpT, 

3UT~U~" 972 + 2u~97 ~- u7"9~P7 -1- u~p~ + uTo~Pv" 
A =  k - - t  - - "  " 

B = uTS?72 @ pTuTp7 
k - - t  

uTp'/ uTsp7 ttT'tp78p7 u-69 -4 
c =  k----T§ D =  k _ - - - - T - + - - ' - f f '  , 

E - -  (k-- t)~ ' H =  B 2 - - 4 ~ D  

P7" = [• (x - -  p7 / 94") -t- (xp7 / p," - -  l) l (• - -  p, / p/)-2p,, 

~ "  = { [ B  + (97I  o ;  - -  1) •  (k - -  t ) -~ x 

X (N - -  97 / P4') -2] 97 / 9~ - -  [(97 / Pa' - -  l )  R - -  U~']} (p4' / 9 7 ) 2  (3.4) 

Using (3.4) to replace the value of dps in (3.1) and integrating, 
we obtain 

P~ 
l V] (pT) dp7 (3.5) t = (Qz - -  Q~) ' 

PT~ 

where PTn is the gas density behind the shock wave which has passed 
into the gap at the moment when it passed the end plane of the pipe: 
f(PT) is the factor in front of alp7 in formula (3.4). The moment when 
the reflected shock wave passes the end plane of the pipe is chosen as 
the time origin. The quantity p ~  is determined from the flow rate 
equation at the initial moment when t = 0; uspsFl= uTnPT~F 2 . At 
the front of the shock wave which has passed into the gap we have 

p~' (N21 _+ u4") = p?~, (N21 - -  uT~ ~) , (3.6) 

where N~ is the velocky of shock wave propagation in the gap; the 
minus sign is taken for p4 < I, the plus sign for p4 > I. Using the re- 
lation for u7(97) at the shock wave and also the expression (3,6), from 
the condkion that the flow rates should be equal we have 

a4" 97 PTu PTnF ~ \ ' -~-,  - -  t 

( t 2 P7~) %" (3.7) 
R,~= • k - - t  p4' 

Here us and P6 are the values at the shock wave which has arrived 
at the end plane of the pipe after being reflected from the bottom of 

the volume. 
The integral (3.5) is evaluated numerically. The integration leads 

to the function pT(t). The remaining gas parameters behind the shock 
wave, as well as the law of motion of the shock wave in the gap, are 
determined from the conditions of dynamic compatibility at the shock 

wave front, 
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