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BY M E A N S  

An a r r a n g e m e n t  fo r  v i s u a l i z i n g  weak g a s - d y n a m i c  nonun i fo rmi t i e s  by m e a n s  of a p r e b r e a k d o w n  d i s -  
cha rge  is  d e s c r i b e d .  The glow p roduced  by the p r e b r e a k d o w n  d i s c h a r g e  was used  to o b s e r v e  the v o r t e x  
zones  on the l e e w a r d  s ide  of mode l s  p l aced  in a supe r son i c  s t r e a m .  

To v i s u a l i z e  s u p e r s o n i c  f lows in l o w - p r e s s u r e  wind tunnels ,  me thods  b a s e d  on the use  of the glow 
exc i t ed  by  e l e c t r o n  co l l i s i ons  with gas  m o l e c u l e s  a r e  widely  used .  The mos t  often used  methods  of e x -  
c i t a t ion  a r e  by means  of an e l e c t r o n  b e a m  [1, 2] and an e l e c t r i c a l  d i s c h a r g e  (the glow d i s c h a r g e )  [3, 7]. 
Di f fe ren t  r eg ions  of the glow d i s c h a r g e  a r e  used  but the r eg ion  of the pos i t i ve  co lumn is  the mos t  su i tab le  
fo r  v i s u a l i z a t i o n .  

In both me thods  the s a m e  m e c h a n i s m  of exc i t ing  the glow is  u sed  - e l e c t r o n s  s c a t t e r e d  by the e l e c -  
t r i c  f ie ld  exc i t e  o r  ionize  the gas  m o l e c u l e s .  The in t ens i ty  of t h e  glow, as  a ru le ,  is  p r o p o r t i o n a l  to the  
gas  dens i ty .  This  is  due to the  fact  that  the exc i t a t ion  function of the  gas  m o l e c u l e s  depends  weakly  on the 
e l e c t r o n  ene rgy  in the r ange  of e n e r g i e s  which a r e  u sua l l y  used  for  v i s u a l i z a t i o n .  Hence,  de sp i t e  the fact  
that  the e l e c t r o n  e n e r g y  changes  when t r a n s f e r r i n g  f r o m  reg ions  with d i f fe ren t  d e n s i t i e s  due to the change 
in the mean  f r e e  path,  which o c c u r s  in the v i sua l i z a t i on  of the glow d i s c h a r g e ,  o r  is  r e duc e d  due to c o l l i -  
s ions  when the e l e c t r o n  b e a m  t r a v e l s  through the gas ,  the in t ens i ty  of the  glow depends  only on the n u m b e r  
of gas  m o l e c u l e s  p e r  unit  vo lume fo r  a f ixed n u m b e r  of e l e c t r o n s .  Consequent ly ,  i t  is  d i f f icul t  to i n v e s t i -  
gate  the  f ine s t r u c t u r e  of the  flow by th is  method .  

It i s  well  known that  the exc i ta t ion  funct ions of the gas  m o l e c u l e s  by  e l e c t r o n  co l l i s i ons  have a v e r y  
obvious t h r e s h o l d  na tu re  in a c e r t a i n  r ange  of e l e c t r o n  e n e r g i e s  [8, 9]. If th is  effect  i s  u sed  to v i s u a l i z e  
gas  flow it might  be expec ted  that  the  change in the  b r i g h t n e s s  of the  glow for  a s m a l l  change in the e l e c t r o n  
ene rgy  would be c o n s i d e r a b l e .  

However ,  it  is  not p o s s i b l e  to use  th is  effect  to v i s u a l i z e  the  glow d i s c h a r g e  s ince  when the vo l tage  
on the d i s c h a r g e  gap is  r e d u c e d  the c u r r e n t  d r o p s  and consequent ly ,  the n u m b e r  of e l e c t r o n s  alsoo To o b -  
ta in  e l e c t r o n  e n e r g i e s  n e c e s s a r y  to o b s e r v e  the t h r e s h o l d  effect  the c u r r e n t  in the glow d i s c h a r g e  mus t  be 
so s m a l l  that  the  glow due to exc i t a t ion  i s  insuf f ic ien t  to obta in  a v i s ib l e  p i c t u r e .  

F o r  a f ixed vo l tage  on the e l e c t r o d e s  we can r educe  the e l e c t r o n  e n e r g y  to the  t h r e s h o l d  Value by  i n -  
c r e a s i n g  the gas  dens i ty .  This  effect  has  been  o b s e r v e d  in the  p r e b r e a k d o w n  d i s c h a r g e  d e s c r i b e d  in [10, 
11]. Below we p r e s e n t  some  r e s u l t s  obta ined  when us ing  the t h r e s h o l d  ef fec t  to v i s u a l i z e  weak g a s - d y n a m i c  
nonun i fo rmi t i e s .  The pos i t i on  of the v o r t e x  zones  on bod ies  s t r e a m l i n e d  fo r  s u p e r s o n i c  flow was d e t e r -  
mined~ The s t a t i c  p r e s s u r e  of the flow v a r i e d  f r o m  0 .5  x 104 to 1 .5  • 104 N / m  2. 

To e n s u r e  the b e s t  effect  in the  v i sua l i z a t i on  we t e s t ed  s e v e r a l  e l e c t r o d e  and model  a r r a n g e m e n t s  
and s e l e c t e d  the r e q u i r e d  e l e c t r i c  f ie ld  conf igura t ion .  The point  i s  that  the  glow reg ion  of the d i s c h a r g e  
d e c r e a s e s  s h a r p l y  as  the gas  p r e s s u r e  i n c r e a s e s  so that  the a r r a n g e m e n t s  d e s c r i b e d  in the l i t e r a t u r e  

[3-7] a r e  unsui table~ 

Dur ing  the c o u r s e  of the  inves t iga t ion  we found that  if the model  is  p l aced  in the  glow reg ion  of the 
d i s c h a r g e  the v i s u a l i z e d  flow p a t t e r n  is d i f f e ren t  f r o m  the ac tua l  p a t t e r n .  Obviously ,  e l e c t r o s t a t i c  i n t e r -  
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Fig. I 

act ion occurs  between the charged pa r t i c l e s  in the flow and the model which, as a ru le ,  is charged 
negat ive ly  with r e spec t  t o t h e  p l a sma .  This was seen p a r t i c u l a r l y  c l ea r ly  in exper imen t s  with a diffuse 
d i scharge  [11], when the posi t ion  of the leading shock wave was fixed s imul t aneous ly  by means  of a shadow 
device and the d i scharge  (Fig. 1). The l umi ne sc e n t  region  in front of the model,  which could be mis taken  
for  the leading wave, se t t l es  much fu r the r  f rom the model than the wave. This fact should be kept in mind 
when v i sua l i z ing  with a glow d i scharge  in l o w - p r e s s u r e  wind tunnels  if it is not poss ib le  to exe rc i se  control  
us ing  a shadow device .  While developing the method we tes ted  an a r r a n g e m e n t  in which the model was the 
anode and the body of the tube was the cathode. This a r r a n g e m e n t  tu rned  out to be unsu i tab le  due to the 
fact that the e l ec t r i c  field in tens i ty  was insuff ic ient  to obtain a br igh t  glow and the r i s e  in b r igh tnes s  due 
to the i n c r e a s e  in the e l ec t r i c  field s t rength  led to breakdown f rom sharp points on the model .  

To i n c r e a s e  the e l ec t r i c  field s t rength  the d i scharge  region  was reduced to the d imens ions  of the 
zone in which the flow was inves t iga ted  (Fig. 2). The model 1 was made f rom an insu la t ing  ma te r i a l  with 
a meta l  i n s e r t  2, which was one of the e lec t rodes .  The second e lec t rode  was a pointed meta l  rod 3, placed 
so that the d i s tu rbance  of the flow due to this  e lec t rode  and its support  4 did not reach  the reg ion  being i n -  
ves t iga ted .  The voltage on the e lec t rodes  was supplied f rom a high-vol tage r e c t i f i e r  by cables  5. The 
po la r i ty  of the e lec t rodes  was impor t an t ;  in the case when the i n s e r t  was the anode a corona occur red  
around it, and only when a negat ive  potent ia l  was applied to the i n s e r t  was the vor tex  zone which exis ted 
around the model c l ea r ly  v i sua l ized .  

An ANF-21 c a m e r a  was used  to take photographs.  

Dur ing  the expe r imen t s  we found that  the d i scharge  c u r r e n t  depends on the size of the vor tex  zones.  �9 
when the angle of a t tack of the model was changed, when the s ize  of a vor tex  zone was changed, the d i s -  
charge c u r r e n t  a lso changed. This fact can be used to make a quant i ta t ive e s t ima te  of the vo r t i ces .  

F igu re  3 shows typical  photographs of vor t i ces  on the leeward  side of a cone placed in a superson ic  
flow at the angle of a t tack at a flow Mach n u m b e r  of 2o The photographs c l ea r ly  show light  bands  emerg ing  
f rom the f ront  pa r t  of the model~ To identify these  bands with vor tex  t r a i l s ,  we c a r r i e d  out control  ex-  
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p e r i m e n t s  with models  coated with a l iquid f i lm.  A c o m -  
pa r i son  showed that the v i sua l ized  pa t t e rn  is  ident ical  with 
the actual  pat tern~ 

The advantage of this  method of v i sua l i za t ion  is  the 
poss ib i l i ty  of obse rv ing  the flow pa t t e rn  in reg ions  shaded 
by di f ferent  pa r t s  of the model,  i . e . ,  in those pa r t s  where 
it is  not poss ib le  to use a shadow device~ In visual  ob-  
se rva t ion  one sees  a t h r e e - d i m e n s i o n a l  flow pa t te rn  which 
can be fixed us ing  a s t e r e o - c a m e r a  Bes ides  this  the method 
enables  one to observe  vo r t i ce s  both at tached and separa ted  
f rom the sur face  of the model,  whereas  us ing  a l iquid f i lm one 
one can only observe  the t r a i l s  of at tached vo r t i ce s  which 
d i sappear  in the zone of separa t ion .  If photographs a re  
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Fig~ 3 

taken at d i f fe ren t  angles  to the model ,  one can e s t i m a t e  the th i ckness  of a v o r t e x  and the d i s t ance  at which 
i t  is  s e p a r a t e d  f r o m  the su r f ace  of the model .  

In conclus ion  the au thor s  thank A. V. Podmazov  fo r  his  help with the expe r imen t~  
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