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E x p e r i m e n t s  [1, 2] show that in a shock tube in which 
the d r iven  gas is a gas mix tu re  r eac t ing  with heat  r e -  
l ease ,  af ter  rup ture  of the d iaphragm a c o m p r e s s i o n  
shock fo rms  nea r  the contact  sur face  and propagates  
through the reac t ing  mix tu re ,  which is c o m p r e s s e d  in 
the shock wave. 

We will  examine  the beginning  of the decay p rocess  
of an a r b i t r a r y  d iscont inui ty ,  when the dr iven  gas is 
a chemica l ly  r eac t ing  mix tu re ,  and the d r ive r  gas is 
an ine r t  gas. As in the p rob lem of the effect of r e l a x -  
ation osc i l l a t ion  on the decay of an a r b i t r a r y  d i s c on -  
t inui ty  [3], we wil l  use  the s e r i e s  expansion method. 
The ana lys i s  is developed for the slow reac t ion  

A s +  B e -~2AB (1)  

without taking oscillation relaxation into account. 
If this reaction involves heat release, then com- 

pression waves will propagate in both directions from 

the contact surface, the shock wave formed upon rup- 
ture of the diaphragm will be decelerated, while, in 

the further process, fusion of the compresion waves 

leads to the appearance of a compresion shock. 

If the reaction involves heat absorption, then 

rarefaction waves will propagate in both directions 

from the contact surface, the latter will be accele- 
rated, and the shock wave will be decelerated, This 

analysis is extended to cover the case of a shock wave 

reflected from the end face of the tube in a reacting 

mixture. 
Let the diaphragm exhibit, at the initial moment of 

time, a discontinuity of the constant parameters 

01=0+,  P I = P + ,  V ~ = 0 ,  
02=0_ ,  p ~ = P  , V~=O, 

~ = ~ _ ,  ~'2=%_, x~O ~;= " (2) 

The l o w - p r e s s u r e  chamber  (x >_ 0) is f i l led with 
a s to ich iomet r i c  mix tu re  of two gase s - -A  2 and B 2. 
The fo rmat ion  of the AB component  that  begins  af ter  
the passage  of a shock wave through the mix tu re ,  wil l  
be t r ea ted  in accordance  with the Arhenius  law [4] 

d ~ - - h n ( h 2 )  n(B'2)exP - - - ~  . 

Excitation of oscillatory degrees of freedom of the 
diatomic gas molecules of A2, B2, and AB will be ne- 
glected. Then, for the specific enthalpies we have 

7 B0 
h(A~) = 2 ~(A~) ' 

7 B0 7 R0 h ( A B ) = 7 ~ - -  Q0 . (4) h(B~)= 2 ~(Be) ' 

In the e xp r e s s i ons  (2) through (4) use  is made of the 
following notat ion:  0 is t e m p e r a t u r e ,  P p r e s s u r e ,  V 
velocity,  p mo l e c u l a r  weight,  Cp and c V are  specif ic  
heats ,  x is the d i s tance  f rom the d iaphragm t t ime,  
n the n u m b e r  of molecu les  per  uni t  volume,  A a c o n -  
s tant ,  E the ac t iva t ion  energy,  R the gas constant ,  
and Q0 the t h e r m a l  effect of the r eac t ion  (Q0 > 0 for 
C12 + H 2 2HC1 and Q0 < 0 for,  say, N 2 + 02 - -  2NO). 

We note that ,  r e g a r d l e s s  of the quanti ty of newly 
formed component  AB, the mo l e c u l a r  weight of the 
mix tu re  will  be cons tan t  : 

~l ~ 1/2 [~ (A~) + p, (Be)] . (5) 

If viscosity and heat conductivity are not considered, 
the one-dimensional steady flow resulting from the 

discontinuity of the initial parameters (2) is described 

on each side of the contact surface by the equations 

Op{ OpiV i c~Vi c3Vi t OPi 

at~ ah~ I ( ap~ aP~ 
a~ + v~ ~ -~ ~ \-~/- + v~ - ~ / ,  

where,  with al lowance for (4) and (5), 

PlIll k h k 7 B01 P~= m~ ' h i = y , c ( )  ( ) = ~ - F - Q 0 c ,  

P~p~2 '~e BO~ 

(~) 

(7) 

(p is dens i ty  and C the m a s s  of AB). 
For  the d r iven  gas ,  in addit ion to (6), f rom (3) we 

have 

c3 0 A N  e 

(N is the Avogadro ' s  number ) .  
Let us pass  to the independent  va r i ab l e s  t and 0 

and in t roduce the d i me ns i on l e s s  p a r a m e t e r s  

t (RoOo) V' P 

0 v Qo 
T-- 00' u--(Bo0o)'/' ' Q = ~  ' 

x.(t} 

4B% E ) t o = ~ e x p ~  ,(9) 

where x,( t )  is a coordinate  of the contact  sur face  and 
P0 and 0 o a re  c e r t a i n  cons tan ts  to be de te rmined .  
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Then ,  t ak ing  (7) and (9) into accoun t ,  the e x p r e s -  
s i ons  (6) and (8) w i l l  t ake  the f o r m  

T Op 8T 8u Ou #p 
a T - ~ + P - @ ~ = ~  ~ -  a~ ' 

7 0 T  T Op OC 

.0 p p " E 
(10) 

L i n e a r i z i n g  n e a r  t h e s e  c o n s t a n t s ,  and e x p r e s s i n g  
the so lu t ion  in the  f o r m  

r=Iw2~nTn(z), p=12 c2~npn(z) (n------O, I, 2 .... ) 

(11) 
,,=,,~ C = ~ ~"C,, (z), , = ~1~ , 

f r o m  (10) we obta in  n s y s t e m s  of o r d i n a r y  d i f f e r e n t i a l  

e q u a t i o n s  for  d e t e r m i n i n g  Tn,  Pn, Un, and Cn: 

nu,, - -  zu,," + p : = O. % (np. - -  zp,,') + 'u  n" = VTQI,~ , 

T." - (n I z )  T~ = % @ . "  - -  n I z p , ,  - Old O, 

C . ' - - ( , 1 1 z ) C , , = - - # ~ l z  (1o = 0, / ~ = t ,  

] . = ( E  / ROo--2) T ~ z - - 2 p ~ _  z - - 2 C ~  fo r  n ~ 2 ) .  (12) 

F r o m  (12) fo r  n = 0, we obta in  

p , =  const ,  u o =  const ,  C o =  c o n s t =  0, T o =  c o n s t .  ( 1 3 )  

F r o m  (12) and (13) it  can  be s e e n  tha t  fo r  n = 0 the 
f low p a r a m e t e r s  in the r e a c t i n g  m i x t u r e  a r e  " f r o z e n , "  

A s s u m i n g  in (13) tha t  T O = P0 = u0 = Co = 0, we wi l l  
take  fo r  the c o n s t a n t s  ~o, Po,  V0 = u~ the 
c o r r e s p o n d i n g  p a r a m e t e r s  behind a shock  w a v e  p r o -  
paga t ing  at  a c o n s t a n t  v e l o c i t y  V0 ~ a s s o c i a t e d  with  
the d e c a y  of  an a r b i t r a r y  d i s c o n t i n u i t y  [51 c a l c u l a t e d  

fo r  i n i t i a l  cond i t i ons  (2) wi thou t  c o n s i d e r i n g  the c h e m -  
i c a l  r e a c t i o n .  H e r e ,  t he  t e m p e r a t u r e  o f  the  d r i v e r  
gas  a t  the c o n t a c t  s u r f a c e  wi l l  be deno ted  by 0.. 

Then ,  the bounda ry  cond i t i ons  for  (12) at  the  c o n -  
t a c t  s u r f a c e  wi l l  be 

=. = - ~p, at  z = O.  (14) 

and at  the shock  wave  

w h e r e  

u,,-----Dp,, r , = F p , , ,  C , ,=O at  z = g ,  (15) 

Vo ~ - -  Vo (' 0 , p l  '~'/, Vo ~ - -  V1 
U' - ( R o ~ ) V  . , G = \ T a 0 ~ 2  J ' M o  = - - (TxRo81)  % 

D"  ~-'2"~.~-i~ 7;, ~'=~q-~/~ %7~/o-~-i" 

E l i m i n a t i n g  Pn and Un, r e s p e c t i v e l y ,  in the f i r s t  two 
e q u a t i o n s  of (12) we obta in  

( |  - -  a/7Z~) U n "  -{- t~>72 (,I - -  t) ZU n" - -  a/Tn ( n  - -  | )  U n = ~17Q/n '  , 

(l - -  ~/:z~) Pn" -}- Sl ~2 (n - -  1) Zpn' - -  S/Tn (n - -  1) P~t = 

= V,Q [ d :  - -  (n - -  1) 1,,. �9 (16)  

We wi l l  obta in  a so lu t ion  fo r  n = 1. F r o m  (16) it  f o l -  

lows tha t  

p~ = A~ (1 - -  V ~ z )  + BI ( i  + ) f ~ z )  o ( 1 7 )  

We wi l l  d e t e r m i n e  the a r b i t r a r y  c o n s t a n t s  a l ,  bl, 
A1, and B 1 by m a k i n g  use  of (14), the f i r s t  cond i t ion  

in {15), and the f i r s t  two equa t ions  in (12) : 

u ( V G  - v) O B, = F ' ~  + C 
At  = 7 ] /  E'~ (~/7 U -~ D-}-G-~-GDU) ' ]/'~/7 - -  G A t ,  

al = V ~ A I - 1 1 ,  y ~ Q ,  b, = -  V ~ B I + ' / 7  r  (18) 

Subs t i tu t ing  (18) and (17), we ge t  

Px = L,Q (t + Gz), ul = L 1 Q [ - - G 4 -  (VTLF1--VT)z],  

Lz = 217U (i/TU -~- D -f- G + GDU)  -1 , (19) 

Now, f r o m  the t h i r d  and four th  equa t ions  of (12) 

we obta in ,  r e s p e c t i v e l y ,  

TI = =/TQ ( i  -}- L1 -Jr" dzz),  C = 1 + d x ~  ( 2 0 )  

The c o n s t a n t s  d I and dl ~ can  be d e t e r m i n e d  f r o m  
the s e c o n d  and t h i r d  cond i t ion  of (15), n a m e l y  

dl  = V=U-I (517L 1 -}- GULl - -  217), dl ~ = - -  U - 1 .  ( 2 1 )  

A so lu t ion  for  n = 2, 3, . . . ,  is r e a d i l y  ob ta ined  in 
s a m e  m a n n e r .  

Since  U, G, D, F a r e  p o s i t i v e  v a l u e s ,  i t  is r e a d i l y  
s e e n  f r o m  (19) th rough  (21) that  for  Q > 0 the v e l o c i t y  
of th e shock  w a v e  i n c r e a s e s :  

V ~ = V,~ T ~p15, $ = ]/~---R~o05 T, W t Po (22) 
4"h PxMo " 

The pa t t e rn  is r e v e r s e d  for  Q < 0. Le t  us  now 
e x a m i n e  the c h a r a c t e r i s t i c s  of the  s y s t e m  of e q u a -  
t ions  (10) tha t  o r i g i n a t e  at  the  c o n t a c t  s u r f a c e  

I n t e g r a t i n g  (23) wi th  a l l o w a n c e  for  (19) t h rough  
{21), we obta in  

= + + a .  ( , . -To. ) ] ,  (24) 

(at = ~ (lag - -  1/7dl), aj = x/7 Vf~s (i -- 6LQ, at > 0, a2 > 0), 

the equa t ion  for  the c h a r a c t e r i s t i c  o r i g i n a t i n g  at the 
point  E = 0, ~-= To. 

Le t  us find the point  of i n t e r s e c t i o n  of th is  c h a -  

r a c t e r i s t i c  wi th  the c h a r a c t e r i t i s c  tha t  o r i g i n a t e s  
in E = 0, T = T 0 +AT0, and then a s s u m e  that  AT0 
tends  to ze ro .  We s e e  then that  fo r  Q > 0 the c h a -  
r a c t e r i s t i c s  (23) i n t e r s e c t  s t a r t i n g  with  

Ttt ~ [ 0 ( ~ 1  -~ a2)]-Io 

Hence ,  fo r  Q > 0, c o m p r e s s i o n  w a v e s  p r o p a g a t e  
f r o m  the c o n t a c t  s u r f a c e ,  whi le  f r o m  Q < 0 the 
waves  a r e  r a r e f a c t i o n  w a v e s .  The  r e l a t i o n s  d e r i v e d  
a r e  a l so  a p p l i c a b l e  to the a n a l y s i s  of f lows of a 
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r e a c t i n g  gas  m i x t u r e  behind a r e f l e c t e d  shock,  if the 
r e a c t i o n  in the m i x t u r e  se t s  in a f t e r  the shock wave 
has  p a s s e d  through it. 

F o r  this  pu rpose ,  i t  is n e c e s s a r y  to take for  t h e  
cons tan t s  P0, 00, V0 the c o r r e s p o n d i n g  va lues  of the 
p a r a m e t e r s  behind the r e f l e c t e d  shock,  computed  
without c o n s i d e r i n g  the c h e m i c a l  r eac t ion ,  and a l so  
to take  G = 0 e v e r y w h e r e  s t a r t i n g  with (14) and to take 
in (15) the ve loc i ty  of the r e f l e c t e d  wave for  V0 ~ and 
the ve loc i ty  of the gas  behind the inc iden t  shock wave 
for  VI. 

The above  d i s c u s s i o n  shows that  i t  is  p o s s i b l e  to 
obtain a second  c o m p r e s s i o n  shock upon igni t ion of 
gas  m i x t u r e s  by shock waves ,  and to ca l cu l a t e  the 
subsequen t  flow within  the l i m i t s  of o n e - d i m e n s i o n a l  
s t e ady  gas  mot ion,  tak ing  into account  the nonun i fo r -  
m i t i e s  of the p h y s i c o c h e m i c a l  p r o c e s s e s .  
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