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S p h e r i c a l l y  s y m m e t r i c  m o t i o n  i s  c o n s i d e r e d  of an idea l  g a s  with the i n i t i a l  d i s t r i b u t i o n s  

v(r, 0) = 0;  g(r ,  0) = P0; e(r, 0) = A / r  2, 

w h e r e  v i s  m a s s  ve loc i ty ;  p i s  d e n s i t y ;  and ~ i s  s p e c i f i c  ene rgy~  F o r  t > 0 one h a s  

v(0, t) = 0; v(r--+ oo, t) = 0. 

T h e s e  cond i t i ons  a r i s e ,  f o r  e x a m p l e ,  in the  c a s e  of i n s t a n t a n e o u s  he a t i ng  of  gas  by a p o i n t - l i k e  i s o t r o p i e  
m o n o c h r o m a t i c  s o u r c e  of r a d i a t i o n  i f  the i n i t i a l  hea t ing  can  be  r e p r e s e n t e d  by 

e ( r ,  O) = (Eo /4ar2Lpo)e  • 

w h e r e  L i s  the  pa th  length ;  E 0 i s  the t o t a l  r a d i a t i o n  e n e r g y .  F o r  r << L one has  

e(r ,  O) ---- A / r  2, A = E o / 4 a L p o .  

In the above f o r m u l a t i o n  the p r o b l e m  con ta ins  only  two d i m e n s i o n a l  p a r a m e t e r s ,  A and P0, f r o m  which i t  
i s  i m p o s s i b l e  to work  out the p a r a m e t e r  of the l eng th  d i m e n s i o n .  T h e r e f o r e ,  the  mo t ion  of the g a s  f o r  t > 0 i s  
s e l f - c o n s i s t e n t  ( s e l f - c o n s i s t e n c y  of  the  f i r s t  kind)~ 

Of c o u r s e ,  the f lows a r e  s e l f - c o n s i s t e n t  fo r  any p o w e r  f o r m u l a  ~(r ,  0) = Ar  - n .  H o w e v e r ,  the v a l u e s  n _> 3 
a r e  p h y s i c a l l y  not  f e a s i b l e ,  s i n c e  they  c o r r e s p o n d  to the c a s e  of in f in i t e  e n e r g y  in a s p h e r e  of f in i te  r a d i u s .  

If the no ta t ion  of  [1] a r e  adopted ,  then the s e l f - c o n s i s t e n t  v a r i a b l e  can  be w r i t t e n  as  

"t.= r, 'A ~.'~t ~/2. (1) 

Fo l lowing  [1], the d i m e n s i o n l e s s  v a r i a b l e s  V, R,  and P a r e  i n t r o d u c e d  by m e a n s  of  

v - ( r t ) V ;  9 = 90B; p = 9o(r2/ t2)P,  (2) 

w h e r e  p i s  p r e s s u r e .  

By subs t i t u t i ng  (1) and (2) in  the equa t ions  of g a s d y n a m i c s ,  one ob ta ins  

)~[(1/2 - -  V ) V '  - -  P ' / R ]  - -  V 2 - -  V • 2 P / R ;  

~,[-- Y' + (1/2 - -  V ) B ' / B ]  - -  3V; (3) 

~(t,;2 - -  V ) [ P ' , ' P  - - ? B ' / B ]  - -  2 V  - -  2 

f o r  the s p h e r i c a l - s y m m e t r y  c a s e  hav ing  i n t r o d u c e d  the v a r i a b l e  Z by m e a n s  of 

Z =  y P , ' R  = y (p 'p ) t " - / r  ~, (4) 
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T A B L E  1 

I' ),* V V2 PI P2 RI R2 

t,1 
t,2 
i,4 
1,6667 

i,284 
t,536 
i,847 
2,i33 

0,0945 
0,092i 
0,0880 
0,0828 

0,376 
0,357 
0,323 
0,287 

0,0437 
0,0427 
0,0412 
0,0387 

0,1664 
i,1585 
0,i442 
0,t294 

i,076 
1,074 
i,071i 
1,0672 

3,5t2 
3,056 
2,483 
2,086 

w h e r e  T i s  the ad i aba t i c  exponent ;  one ob t a in s  f r o m  (3) the d i f f e r e n t i a l  equa t ions  f o r  Z(Y),  

,z  z(I2 v- z-" 
- ( 5 )  

B e a r i n g  in  m i n d  the  c h a r a c t e r  of  the i n i t i a l  c o n d i t i o n s ,  i t  i s  a s s u m e d  tha t  the  f low c o n t a i n s  a shock  wave .  
To the shock  f ron t  r* ,  w h i c h i s  p r o p a g a t e d  o v e r  the h e a t e d  g a s  in mot ion ,  t h e r e i s  a s s o c i a t e d  a s p e c i f i c  va lue  of  

k * ,  which d e p e n d s  on T ,  n a m e l y ,  

r*( t) = ~,* A '/a-I/'[. (6) 

The  p a r a m e t e r s  a t  the f r o n t  of  the  shock  wave  a r e  deno ted  b e l o w  by an a s t e r i s k .  

One ob t a in s  an a s y m p t o t i c  so lu t ion  of  the  s y s t e m  of  equa t ions  (3) fo r  k - -  ~ by  a s s u m i n g  that  p--* P0, v 
0 (that i s ,  R -  1, V-;- 0) 

V = 2(7 -- i)l~? + (7 -- i)~-(67 + 22)i3M; P = (7 -- i)l ~4 --'., (7 -- I)~(7 + 2)ILS; 

R : I + (7 - -  1)/~'~ + 5(7 - -  1)'z(37 + t4)/6Ls, 

w h e r e  the e x p a n s i o n  t e r m s  ... k -12 have  been  n e g l e c t e d .  F o r  k ~ 0  

V = 1/37 + [(37 - -  i)(37 - -  2)2/547ff157 - -  4)]C~iC1-)r 

P = C~/~3 ~- [(37 - -  i)(37 - -  2)/97~(2 + 67)]C~k6/(3v-2); 
6 8~-6V 

/:/:_C2)3~-2 _~ (i57 :--2)(31,--I)(37--2) C2 ~3v-2, 
057 --  4) 973 (2 ~- 6~?) Cl 

w h e r e  C 1 and C 2 a r e  c o n s t a n t s  which can  only  be  d e t e r m i n e d  by so lv ing  the p r o b l e m  c o m p l e t e l y .  H o w e v e r ,  one 
can f ind the va lue  of Z (V), which  d o e s  not  con ta in  C 1 and C2, 

The  f low 
r e l a t i o n s  on the n o n r e m o v a b l e  d i s c o n t i n u i t y ,  

w h e r e  the s u b s c r i p t  1 c o r r e s p o n d s  to the  u p s t r e a m  and 2 to the d o w n s t r e a m  p a r a m e t e r s .  

p a r a m e t e r s  d o w n s t r e a m  behind  the shock  wave  and u p s t r e a m  in f ron t  of  i t  a r e  r e l a t e d  by  the 

(8) 
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Fig.  1 Fig~ 2 F ig .  3 

The funct ions  R(X), V(X), P(X) f o r  any values of ), can only be de t e rmined  by n u m e r i c a l  i n t eg ra t ion  of  
the o r d i n a r y  d i f ferent ia l  equat ions  (3)~ F o r  s o m e  kl >>1 the values  of  R0~l), u P0-1) a re  computed  by 
us ing the a sympto t i c  f o r m u l a s  (6). Using these  values as ini t ia l  condi t ions  one now in t eg ra t e s  n u m e r i c a l l y  
the s y s t e m  of equat ions  (3) in the domain  X < hlo and one obtains  the funct ions  Ri(X), VI(X), PI(X); then f r o m  
the f o r m u l a  (4) the value ZI(X ) is obtained.  Subst i tut ing ZI(X ) and u in the re la t ions  (8), one obtains  the 
funct ion Z~(V2) and f o r  s o m e  value V = V ~ the value of Z2(V~ is computed  by means  of the f o r m u l a  (7). [The 
re la t ion  (7) holds for  ~ << 1, in o the r  words ,  fo r  V ~  <<1o] Us ing  Z2(V ~ as the ini t ia l  value fo r  the d i f f e r -  
ential  equation (5), one in t eg ra t e s  the l a t t e r  in the domain  V~ > V ~ and one obtains  Z~" (V2). F r o m  the re la t ion  

z~ (v~ (?)) = g• (v~) 

one can d e t e r m i n e  V 2 and Z 2. 

Employ ing  the n u m e r i c a l  funct ions  Rl(k) ,  V1 (~), P1 (k) and the condi t ions  (8) at the f ron t  of the shock  wave 
�9 , * * �9 �9 �9 . . �9 . . . . . .  

one finds the values  of  X , R i ,  VI, 1:)1, 1~ and 1:)2o The in tegra t ion  of (3) f o r  k <X with the ml t la l  condi t ions  
R20~ ) = R2, 1:)~(;~ ) = P2. V2(;~ ) = V2 y ie lds  the values  R2(~.) ,  Vz()0, P2(;~) d o w n s t r e a m  f r o m  the shock wave.  

The values  Al and V ~ have been  chosen  on the bas is  of the r e q u i r e m e n t s  of the re la t ive  e r r o r  in the c o m -  
putat ion o f  the p a r a m e t e r s  in f ron t  of  the shock  wave as ~ 10 ,4-10  -3. I n  the ca lcu la t ions  the values  Xl = 4, u = 
1 /37  + 0.0025~ 

In the Table  1 the computa t ion  r e su l t s  are  given of the p a r a m e t e r s  at the f ron t  of  the shock  wave f o r  four  
d i f ferent  values of 7 .  The prof i l es  of dens i ty ,  ve loc i ty ,  and p r e s s u r e  a re  shown in F igs .  1-3 (curve I e o r r e -  
s p o n d s t o  7 = 1.1; 2,  to 7 = 1.2; 3, to 7 = 1.4; and 4, to 7 = 1.6667). 

In view of  a weak dependence  of p /p~ ( r / r* )  and v/v~ ( r / r  ~ on 7 (in the range  7 = 1 .1-5 /3)  these  func-  
t ions a re  shown in F igs .  2 and 3 only f o r  7 = 1.1; 5 /3 .  

The l imi t ing c o m p r e s s i o n  is  not r eached  at the shock f ront  p ropaga ted  o v e r  heated  gas in mot ion.  F o r  the 
p r o b l e m  under  c o n s i d e r a t i o n  when 7 = 5 / 3  the c o m p r e s s i o n  p* 2 / P l *  = 1.95 takes  place,  w h e r e a s  the l imi t ing  
value amounts  to 4. The ve loc i ty  prof i le  d o w n s t r e a m  f r o m  the shock  wave is nea r ly  l inea r .  For  a finite t and 
r ~ 0 one has  p(r)  ~ 0, p(r) ~ e o n s t .  

The reg ion  of  appl icabi l i ty  of the obtained solut ion is bounded by the condi t ions  

r << L and r << 1/Eo/4.~Lpoe o. (9) 

If the f i r s t  condi t ion is sa t i s f ied ,  one can r e p r e s e n t  the init ial  heat ing in the f o r m  of spec i f ic  e n e r g y  being a 
power  of the rad ius ;  if  the second condi t ion is  fulf i l led,  the in t r ins ic  e n e r g y  e0 of  the cold gas  can be ignored  
as c o m p a r e d  with the hea t ing  ene rgy  of the gas  by rad ia t ion .  The s e l f - c o n s i s t e n t  solut ion is valid as long as 
the f ron t  radius  of the shock  wave sa t i s f i e s  the re la t ions  (8). 
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The widespread use of shock tubes in laboratory pract ice  is well known. However, despite exis t -  
ing information [1] about shock-wave velocities of ~ 100 km/sec ,  experimental  data on the size 
of the shock-heated region behind the shock front  are confined to the Mach numbers M = 10 [210 
Theoret ical  d a t a d o  not go beyond the l imit  of this range except for  air  where calculations were 
per formed up to M :~ 20 [3, 4]+ Behind strong shocks,  the effects result ing f rom viscosity,  ther -  
mal conductivity, and radiation of the medium should lead to ser ious deviation of the actual flow 
f rom the idealized pat tern for  uniform motion of a piston in a channel filled with a nonviscous,  
thermally nonconducting, and nonradiating medium. It  is therefore  pract ica l  to make an exper i -  
mental study of the behavior  of density and of the size of the shock-heated region behind a shock 
f rontpropagat ingdown the channel of a shock tube that is capable of producing velocities up to 8 
km/sec .  

The shock tube used in the experiments  was s imi lar  to the one descr ibed in [5], but in these experiments  
the internal c r o s s  section of the channel in the low-pressure  chamber  was a 27 x 27 ram2~ An additional sec-  
tion of g r e a t e r  c r o s s  section was installed beyond the viewing ports  so that reflection of the shock wave f rom 
the end did not disturb the flow pat terns.  Argon was ased as the test  gas. 

The study was based on the in te r fe romet r i c  method for determination of density using the Rozhdestven-  
skii system [6] in which a M a c h - Z e n d e r  in t e r f e romete r  was c rossed  with a spectrograph.  This sys tem was 
supplemented with a time sweep s imi la r  to that used in [7]. The experimental  a r rangement  is shown in Fig. 1. 
In the f igure,  I-IV are in te r fe romete r  m i r r o r s ;  L 1 and I~ are lenses;  6 is an ISP-51 spectrograph;  7 and 8 are  
a driven photodetector and its supply unit; 5 and 4 are the light source  and its supply unit. 

A pulsed discharge  in a capi l lary  was used as the probing light source 5; the energy distribution in its 
spec t rum corresponded to the distr ibution in a black-body spect rum at a temperature  of approzimately 40,000~ 
A descript ion of this source  is given in [8]. 

The system for  velocity measu remen t  is shown schematical ly  in Fig~ 1. Here ]31, D2, D3, D4, and D 5 are 
ionization detectors  with the dis tances DID2, D2D3, D3D4, and D4D 5 being respect ively,  100, 300, 80, and 240 ram; 
1 is a unit which produces an e lect r ical  impulse af ter  short ing of the in tere lec t rode  gaps of the ionization de tec-  
t o r s b y p l a s m a ; 2  is an S1-17 oscil loscope;  3 is a G-4-18A sine-wave genera tor ;  4 is a synchronization unit. 

The driven photodetector consisted of an objective, a 12-sided p r i sm  with m i r r o r  faces,  and a film cas-  
sette (Isopankhrom-13 film was ususal ly  used). The rate of p r i sm  rotation during an experiment was 375 rps,  
which made it possible to obtain a time resolution of about 0.3 ~sec.  Since h igh-order  in terference was used, 
near ly  ver t ica l  bands were produced on the film. When one of the arms of the in tc r fe romete r  was crossed  by 
a wave or  by the contact region,  a shift in the in terference pattern occur red .  Detection of these points in t ime 
on the film made it possible to determine the distance between the shock wave and the contact region. 
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