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The s p e c t r a l  p r o p e r t i e s  of hydrogen at high t e m p e r a t u r e s  a r e  of in te res t  for  the theory  of continuous 
s p e c t r a ,  the b roaden ing  of s pec t r a l  l ines  in a p l a sma ,  and for  numerous  a s t rophys ica l  applicat ions.  For  a c o r -  
r e c t  explanation it is n e c e s s a r y  to exact ly  de te rmine  the t e m p e r a t u r e  and p r e s s u r e  of the h i g h - t e m p e r a t u r e  
gas.  T h e r e f o r e ,  in the p re sen t  r e p o r t  we r a i s e d  the p rob l em of d i rec t ly  m e a s u r i n g  the p r e s s u r e  behind power -  
ful r e f l ec t ed  shock waves .  

A p iezoe lec t r i c  pickup was used to m e a s u r e  the p r e s s u r e  behind shock waves .  The p rocedure  for  p r e -  
par ing  the pickup and m e a s u r i n g  the p r e s s u r e  behind powerful  shock waves  is given in [1, 2]. To obtain power -  
ful shock waves  we used a two-d i aph ragm shock tube [3], the h i g h - p r e s s u r e  chamber  of which has a length of 
2.5 m,  the i n t e r m e d i a t e - p r e s w  chamber  3 m,  and the l o w - p r e s s u r e  chamber  8 m,  while the inner d i ame te r s  
of all the c h a m b e r s  a r e  0.1 m. The leakage  into the l o w - p r e s s u r e  chambe r  is 1.33- 10 -2 N / m  2 per  minute.  

Hydrogen of high pur i ty  was used for  the investigation.  The m e a s u r e m e n t s  were  made at i n i t i a l p r e s s u r e s  
6f 1.33 �9 102 and 1.33" 103 N / m  2 at a d is tance  of 0.005 =~ 0.001 m f r o m  the end of the shock tube (80 ca l ibe rs  f r o m  
the second diaphragm).  The Mach number  of the incident wave va r i ed  f r o m  6 to 15, which co r re sponds  to a 
ve loc i ty  of  (3-10) �9 103 m / s e e  for  the incident wave. 

The molecu la r  weight of hydrogen is low, so that sl ight air  leakage into the I o w - p r e s s a r e  chamber  can 
s ignif icant ly  a l te r  the molecu la r  weight of the tes t  gas,  which leads to a pronounced change in the Mach number  
of  the incident shock wave.  So that  the molecu la r  weight of the tes t  gas would not change signif icant ly owing to 
a i r  leakage ,  we added to the hydrogen 20% argon,  which is hard ly  ionized under such conditions s ince its ioniza-  
tion potential  is h igher  than the ionization potential  of hydrogen. 

The dependence of the p r e s s u r e  behind a r e f l ec ted  shock wave on the ve loc i ty  of the incident shock wave 
for this gas mix tu re  (0.8H2+0.2Ar) is p resen ted  in Fig. 1. The exper imen ta l  values  of  the p r e s s u r e  a r e  given 
by  points ,  while the continuous cu rve  gives the ca lcula ted  values  obtained in [4] in accordance  with the gasdy-  
namic  theory  of a shock tube with al lowance for  the change in the enthalpy of the mix tu re  due to the d i s soc i a -  
tion and ionization of the hydrogen.  

F r o m  a c o m p a r i s o n  of the expe r imen ta l  and calcula ted values  it is seen  that the re  is s a t i s f ac to ry  a g r e e -  
ment  between them within the l imi t s  of the expe r imen ta l  e r r o r s .  
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A N O N S T A T I O N A R Y  A X I S Y M M E T R I C  M O T I O N  O F  G A S  

V.  A .  D v o r n l k o v  UDC 533.601.1 

[1], 
A x i s y m m e t r i c  n o n s t a t i o n a r y  and l r r o t a t l o n a l  mo t ions  of  gas  can  b e  d e s c r i b e d  by  the  s y s t e m  of  equat ions  

Oa Oa T 8a [ O(Nr) , OT ] 
r- -~ + Nr ~ + bO + (u 1) a ---77---r -~-- ~- + N + T ctg 0 = 0, (1) 

ON 0 
o-7- + -g7 [(N2 + T*)/2 + a/('~ - -  l)l = 0, 

ON O ( T r ) =  O, a = dp 
80 Or " ~ '  P =  APV' 

w h e r e  N and T a r e  the  r a d i a l  and the t angen t i a l  c o m p o n e n t s ,  r e s p e c t i v e l y ,  of  the gas  ve loc i ty ;  a is  the s q u a r e  
of  sound ve loc i ty ;  r ,  0 axe  the  s p h e r i c a l  c o o r d i n a t e s .  

A c l a s s  of  so lu t ions  wi l l  be  found for  s y s t e m  (1) a s s u m i n g  tha t  the  v e l o c i t y  c o m p o n e n t s  N, T depend on 
the  angle  0 and the  t i m e  t only.  It fo l lows f r o m  the t h i r d  equat ion  in (1) tha t  

N = / (0, t), T =: 10 (0, t). (2) 

By  I n s e r t i n g  N and T as  g iven b y  (2) into t he  s econd  equa t ion  of  (1), an e x p r e s s i o n  is  ob ta ined  fo r  the s q u a r e  of  
sound v e l o c i t y  in t e r m s  o f  the funct ion f (0 ,  t) 

a ----- - -  (V --  t ) [ r ] ;  + ~p(0, t)], (3) 

w h e r e  $ (0 ,  t) is an a r b i t r a r y  funct ion.  The  use  of  (2) and (3) r e d u c e s  the f i r s t  equat ion  in (1) to the fo l lowing 
s y s t e m :  

1 = t(9 (o) + x (0), r + A (0) t2/2 + B (0) t + ~ (0) = 0. 

( , / --  i ) ,  (21 + / o  ctg 0 + /o0)  + 1o*o = 0, 

w h e r e  

A (0) = (2~ - -  t) (9~ + (~ - -  t) (9oo(9 -4- (9,2 _f_ (~, _ t) (9(90 ctg0; B (0) = (2"? - -  1) x(9 4- (~, - -  t) xoo(9 -t- xo(9o -i- (~' - -  l),~xo ctg 0; 

/z(0) is an a r b i t r a r y  funct ion.  Since 0 and t a r e  independent  v a r i a b l e s ,  t h e r e f o r e  (4) i m p l i e s  an o v e r d e t e r -  
m ined  s y s t e m  of  equa t ions  fo r  f ind ing  q~(0), x (0 ) ,  It(O) 

(V --  i) (2r + r ctg 0 -~- Too) A + (9oAo = 0, 

(V --  t) (2x + xo etg 0 -k- xoo) A -t- xoAo + 2B (~1 --  | )  (2(9 + (90 ctg 0 + (900) + 2(9oBo = 0, 

('~ - -  1) (2( 9 -!- (90 etg 0 + (900) ~t + (9'olto + B (y - -  1) (2x -+- xo ctg 0 + 

+ xoo)+  xoB; = 0, 

(Y - -  l)(2x + xoetg 0 -k- xoo) ~t + xo~o = 0. 

(4) 

(5) 

The  c o n s i s t e n c y  of  (5) is now ana lyzed .  By  a s s u m i n g  tha t  ~p~ ~ 0, x'0 ~ 0, one can  e l i m i n a t e  f r o m  (5) A'0, B ~ ,  
T 

# 0- As  a r e s u l t ,  one  a r r i v e s  at  a r e l a t i o n  b e t w e e n  x and ~p, 

lAx'o/(9o + 2~o/~o - 2~1 [a,/~o - x / ~ o l  = o, (6) 
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