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The very  numerous investigations of the gas dynamics  of underexpanded jets that have been made up to 
now have made it possible to find the determining pa rame te r s  and the main laws of outflow [1-3]. The charac te r  
of flow in the mixing layer  of the initial section of a supersonic  underexpanded jet is determined by the Reynolds 
number Re L calculated f rom the distance to the central  compress ion  shock, the maximum outflow velocity, and 
the p a r a m e t e r s  of the flooded space [1]. A turbulent flow reg ime is observed for Re L > 104. Because of the 
fact that the velocity drop over  the thickness of the mixing layer  has the o rde r  of magnitude of the speed of 
sound, turbulent gas mixing can lead to considerable pulsations of the gas-dynamic  pa rame te r s .  A study of 
the fluctuation quantities in such flows is associated with a number  of difficulties. At the experimental  level 
the problem consis ts  in the necess i ty  of using diagnostic methods with high tempora l  and spatial resolution.  

In the present  paper '  we investigate density pulsations in the initial sect ion of a supersonic  underexpanded 
jet escaping f rom a sonic nozzle.  It proved possible to formulate  this  work in connection with the crea t ion of 
a pulsed local method of density measurement ,  based on Rayleigh scat ter ing of light [4] .  

D i a g n o s t i c  M e t h o d  a n d  E x p e r i m e n t a l  S e t u p  

The use of the method of Rayleigh sca t te r ing  to measure  the concentrat ions of molecules  in gas s t r eams  
has a number  of advantages over  other  methods [5]: the nonce, tac t  nature and the high localization of the mea-  
surements .  But the drawbacks limit i ts wide application. F i rs t ,  the sca t ter ing c ros s  section is ra ther  small ,  
and the tradit ional  use of continuous l a se r s  as the radiat ion source  requires  the use of s torage  sys tems  to i so -  
late the signal against the noise background. Therefore ,  investigations with a high t ime resolut ion are  im-  
possible .  Second, the c ross  section for  sca t ter ing on dust par t ic les  is proport ional  to the s ixth power of the i r  
size,  so that the use of the method in actual flows is hindered (in air  under standard conditions, for  example, 
the total number of dust par t ic les  is 104-105 cm -3 [6]). 

Novosibirsk.  Transla ted f rom Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 3, pp. 124-126, 
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The  u s e  of s t r o n g  p u l s e d  l a s e r  r a d i a t i o n  (the s econd  h a r m o n i c  of a n e o d y m i u m  l a s e r  was  used:  p u l s e  e n -  
e r g y  10 m J ,  l eng th  20 n s e c ,  w a v e l e n g t h  0.53 #m) a l l o w s  u s  to r e l i a b l y  r e c o r d  the  p o l a r i z e d  c o m p o n e n t  of  the  
s c a t t e r e d  r a d i a t i o n  in  one p u l s e .  To e l i m i n a t e  t he  i n f l u e n c e  of  dus t  on the  m e a s u r e m e n t s ,  the  vo lume  f r o m  
which  s c a t t e r i n g  was  o b s e r v e d  was r e d u c e d  to 3 �9 10 -6 c m  -3. The  s i z e  of the  vo lume  was  c h o s e n  f r o m  the  c o n -  
d i t i o n  t ha t  t h e r e  was  l e s s  t han  one  dus t  g r a i n  in i t ,  on the  a v e r a g e .  When a d u s t  g r a i n  e n t e r s  the  i n v e s t i g a t e d  
vo lume ,  the  s c a t t e r e d  s i g n a l  i n c r e a s e s  and s t a t i s t i c a l  t r e a t m e n t  a l l ows  one to cut  ou t . the  p a r a s i t i c  s i g n a l s .  

A b s t r a c t i n g  o u r s e l v e s  f r o m  the  d e t a i l s  of the  e x p e r i m e n t a l  s e tup ,  we note  the  l i m i t s  of a p p l i c a b i l i t y  and 
the  p o s s i b i l i t i e s  of the  me thod .  L i n e a r  v a r i a t i o n  of the  f r a c t i o n  of s c a t t e r e d  l igh t  i s  o b s e r v e d  with  v a r i a t i o n  
of  the  c o n c e n t r a t i o n  of  n i t r o g e n  m o l e c u l e s  in  the  r a n g e  of 3 �9 1016.-3 �9 1019 c m  -3. With  a f u r t h e r  d e c r e a s e  in 
c o n c e n t r a t i o n ,  the  r o l e  of the  n o i s e  of the  r e c o r d i n g  a p p a r a t u s  i n c r e a s e s ,  and the  s i gna l  connec t ed  with s t r a y  
i l l u m i n a t i o n  a l s o  b e c o m e s  i m p o r t a n t .  The  use fu l  s i g n a l  i s  c o m p a r e d  with the  b a c k g r o u n d  at  t he  c o n c e n t r a t i o n  
of 8 �9 1013 c m  -3. F o r  a gas  c o n c e n t r a t i o n  above  3 �9 1017 c m  -3, the  e r r o r  of a s i n g l e  m e a s u r e m e n t  d o e s  not  e x -  
c e e d  10%. Mak ing  a s e r i e s  os s e v e r a l  m e a s u r e m e n t s  (5-10) a l l o w s  one to  a c h i e v e  e r r o r s  a t  the  3-5% l eve l  in 
d e t e r m i n i n g  the  a v e r a g e  c o n c e n t r a t i o n .  M o r e o v e r ,  the  me thod  m a k e s  i t  p o s s i b l e  to m e a s u r e  the  s i z e  of d e n s i t y  
p u l s a t i o n s  in  an i n v e s t i g a t i o n  os t u r b u l e n t  f low.  In t h i s  c a s e ,  the  d i s p e r s i o n  of the  r e a d i n g s  when m a k i n g  a 
s e r i e s  of m e a s u r e m e n t s  i s  d e t e r m i n e d  both  by the  e r r o r s  of  the  r e c o r d i n g  a p p a r a t u s  and the  p r e s e n c e  of d e n -  
s i t y  p u l s a t i o n s  in t he  s t r e a m .  The  r e l a t i v e  r m s  s i z e  of d e n s i t y  p u l s a t i o n s  i s  c a l c u l a t e d  f r o m  the  f o r m u l a  
< ( A p / p ) 2 >  0.3 = (~2 _ a20)1/2, w h e r e  ~2 and a 2 a r e  the  r e l a t i v e  d i s p e r s i o n s  when s e r i e s  o f  m e a s u r e m e n t s  a r e  

m a d e  in  a j e t  and in  a q u i e s c e n t  gas ,  r e s p e c t i v e l y  (a 0 ~ 1 0 ~ .  The  p o s s i b i l i t y  of m e a s u r i n g  p u l s a t i o n s  in  the  
d e n s i t y  of  a c e r t a i n  quan t i t y  d e p e n d s  on the  e r r o r  and the  n u m b e r  of m e a s u r e m e n t s  [7]. F o r  a s e r i e s  of 25 
m e a s u r e m e n t s ,  the  m e t h o d  a l l o w s  one to d e t e r m i n e  the  r e l a t i v e  r m s  p u l s a t i o n s  in d e n s i t y  at  the  5% l e v e l  with 
a c o n f i d e n c e  c o e f f i c i e n t  of  68%. 

The  e x p e r i m e n t s  w e r e  m a d e  in  a v a c u u m  c h a m b e r  wi th  a d i a m e t e r  of 50 and a he igh t  of 60 cm,  equipped  
with  an e v a c u a t i o n  s y s t e m  and o p t i c a l  windows  f o r  t he  e n t r y  and ex i t  os l a s e r  r a d i a t i o n .  The  g a s  s o u r c e ,  f a s t e n e d  
to  a t h r e e - c o m p o n e n t ,  m i c r o m e t r i c  c o o r d i n a t e  m e c h a n i s m  ( se t t i ng  e r r o r  20 pm) ,  was  p l a c e d  in  the  c e n t r a l  p a r t .  
The  p r e s s u r e  in the  n o z z l e  f o r e e h a m b e r  was  d e t e r m i n e d  wi th  s t a n d a r d  m a n o m e t e r s  and vacuum gauges ,  whi le  
t he  p r e s s u r e  in the  f looded  s p a c e  was  d e t e r m i n e d  with  a l iqu id  m a n o m e t e r .  The e r r o r  in  e s t a b l i s h i n g  the  p r e s -  
s u r e s  was  no w o r s e  than  0.25%. In a l l  the  e x p e r i m e n t s  the  t e m p e r a t u r e  in  the  n o z z l e  f o r e c h a m b e r  was  kept  
c o n s t a n t  (295 • I~ fo r  which  the  gas  was  t h e r m o s t a t i c a l l y  c o n t r o l l e d  b e f o r e  e n t r y  into the  f o r e c h a m b e r .  

E x p e r i m e n t a l  R e s u l t s  

The  e s c a p e  of a s u p e r s o n i c  n i t r o g e n  j e t  f r o m  a s o n i c  n o z z l e  wi th  a c r i t i c a l  c r o s s  s e c t i o n  of d i a m e t e r  d ,  = 
3.05 m m  was  i n v e s t i g a t e d .  Al l  the  e x p e r i m e n t s  w e r e  m a d e  at  an e x p a n s i o n  r a t i o  N = P0/P~ = 15.2 (P0 i s  the  
p r e s s u r e  in the  n o z z l e  f o r e c h a m b e r  and P~o i s  the  p r e s s u r e  in the  f looded  s p a c e ) .  The r a n g e  of  s t a g n a t i o n  p r e s -  
s u r e s  was  1.25 �9 104-2 �9 105 Pa ,  which c o r r e s p o n d s  to v a r i a t i o n  of  Re  L in the  r a n g e  of  1.5 �9 103-2.4 - 104. 

In F ig .  :i we g ive  the  r m s  s i z e  of d e n s i t y  p u l s a t i o n s  a s  a func t ion  of Re  L. The  m e a s u r e m e n t s  w e r e  m a d e  
at  x / d ,  = 2.0 in the  m i d d l e  of the  m i x i n g  l a y e r  ( y / d ,  = 1.1).  H e r e  x i s  the  d i s t a n c e  f r o m  the  n o z z l e  cut  and 
y i s  the  d i s t a n c e  f r o m  the  a x i s  of  the  j e t .  The  s h a r p  r i s e  in  the  s i z e  of the  p u l s a t i o n s  in  the  r e g i o n  of  Re  L = 
5 - 103 g i v e s  r e a s o n  to s t a t e  tha t  in th i s  c a s e  the  zone  of  t he  l a m i n a r - t u r b u l e n t  t r a n s i t i o n  l i e s  n e a r  the  c r o s s  
s e c t i o n  x / d .  = 2.0. The  d y n a m i c s  of the  d e v e l o p m e n t  of the  r e g i o n  of e x i s t e n c e  of t u r b u l e n t  f low can  be t r a c e d  
f r o m  Fig .  2, w h e r e  we show t r a n s v e r s e  p r o f i l e s  of d e n s i t y  and of d e n s i t y  p u l s a t i o n s  fo r  d i f f e r e n t  Re L at  the  
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d i s t ance  x / d ,  = 2.0. F o r  Re L = 4.5 �9 103 the flow is  l a m i n a r ,  while for  ReL = 6 �9 103 pu l sa t ions  develop in a 
na r row zone loca l i zed  in the mixing l a y e r .  With a f u r t he r  i n c r e a s e  in Re L, the reg ion  of tu rbu len t  flow expands 
until  the hanging c o m p r e s s i o n  shock i s  reached ,  which is  seen  f rom the p rof i l e  of dens i ty  pu lsa t ions  fo r  Re L = 
2.4 �9 104. The in te rac t ion  of the turbulen t  flow in the c o m p r e s s e d  l a y e r  with the hanging c o m p r e s s i o n  shock 
leads  to o sc i l l a t i ons  of the l a t t e r  r e l a t ive  to the mean posi t ion .  On the graph th is  a p p e a r s  in the f o r m  of a 
peak  of the pu lsa t ions  in the v ic in i ty  of the hanging c o m p r e s s i o n  Shock. 

As the m e a s u r e m e n t s  showed, in the en t i r e  inves t iga ted  range  of opera t ing  p a r a m e t e r s ,  dens i ty  pu lsa t ions  
a r e  absent  in the core  of the je t ,  as  well as i m m e d i a t e l y  behind the Mach disk.  The axia l  (y = 0) p ro f i l e s  of 
dens i ty  and dens i ty  pulsa t ions  for  Re L = 1.2 �9 104 a re  shown in Fig .  3. The dens i ty  pu l sa t ions  i n c r e a s e  sha rp ly  
at a c e r t a i n  d i s t ance  behind the Mach disk,  co r r e s pond i ng  to the a r r i v a l  of d i s t u r ba nc e s  f rom the boundary of 
the j e t  at  i t s  axis .  

An ana lys i s  of t r a n s v e r s e  p ro f i l e s  of pu lsa t ions  at  d i f fe ren t  d i s t ances  f rom the nozzle  cut a l lows us to 
e s t a b l i s h  the boundary of the zone of tu rbulen t  flow in the en t i r e  r eg ion  of the in i t ia l  s ec t ion  of the j e t .  In F ig .  4 
we show the s t r u c t u r e  of the je t  for  Re L ~ 104, where  1 is  the Much disk,  2 i s  the hanging c o m p r e s s i o n  shock,  
3 is  the boundary of the je t ,  and 4 i s  the zone of turbulent  flow. 

In conclusion,  we note that  the turbulent  c h a r a c t e r  of flow in the mixing l a y e r  l eads  to the propagat ion  of 
acous t ic  waves into the sur rounding  space  [8]. The loca l i za t ion  of the m e a s u r e m e n t s  under  our  e x p e r i m e n t a l  
condi t ions was 3 �9 10 -6 cm 3 (a l i nea r  s ca l e  of ~1.5 �9 10 -2 cm), which c o r r e s p o n d s  to the h igh - f r equency  branch 
of the acous t ic  s p e c t r u m  of the j e t  (~2 MHz). 
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