
The dynamics  of the BD is de te rmined  by the var ia t ion  of the capaci tance  between the e l ec t rodes ,  con- 
s i s t ing  of the capac i tance  of the b a r r i e r  and the capaci tance  of the gas gap, in the p roce s s  of the d i scharge .  
The ampli tude of the BD cu r r en t  pulses  depends on the voltage on the e lec t rodes  and the capaci tance  of the 
b a r r i e r .  

The cons iderab le  cu r r en t  densi ty  in the channels  and the s t eepness  of the leading f ronts  of the pulses 
make it poss ib le  to synchronous ly  initiate a l a rge  number  of autonomous d i scha rges  with its help and to f o r m  
h igh -cu r ren t ,  mult ichannel  d i s cha rges .  

The author thanks  V. I. Bayunov and M. I. Demidov for  help in conducting the expe r imen t s  and I. V. 
Podmoshenski i ,  V. Ya~ Aleksaadrov ,  and E.  A. Zobov for  useful d i scuss ions .  
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INVESTIGATION OF THE 

ON THE SURFACE OF A 

IONIZED GAS 

V. A. Shuvalov 

P L A S M A  S T R U C T U R E  F O R M E D  

B O D Y  IN F L O W  OF A P A R T I A L L Y  

UDC 533.95;538.4; 537.523 

In [1] a technique was suggested for  c rea t ing  a r t i f ic ia l  p l a s m a  s t r u c t u r e s  around bodies in flow of a 
r a r e f i e d  p l a s m a  by blowing a neut ra l  gas f r o m  the su r face  and subsequent ly  ionizing it by e l ec t ron  coll ision.  
It is of in te res t  to unders tand the re la t ionsh ip  between the s t ruc tu re  of the p l a s m a  fo rmat ions  on the body s u r -  
face and the function of the di f ferent  s y s t e m s .  The p resen t  paper  gives r e su l t s  of an invest igat ion of the influ- 
ence of the bc(iy su r face  potent ial  on the shape and s t ruc tu re  of the p l a s m a  fo rmat ions  genera ted  about a meta l  
body in flow of par t ia l ly  ionized ni trogen.  

The expe r imen ta l  invest igat ions were  conducted on a gasdynamic  p l a s m a  faci l i ty  in flow of a r a re f i ed  
p l a s m a  genera ted  by a g a s - d i s c h a r g e  acce l e r a to r .  The p l a s m a  flow r eaches  the working chamber  in which the 
r e s idua l  gas  p r e s s u r e  is 7 "10-~-1 �9 10 -6 t o r r .  The p l a s m a  flow p a r a m e t e r s  at a working chamber  p r e s s u r e  of 
~ 1.6 �9 10 -5 t o r r  were  de te rmined  by means  of movable  e l ec t r i c  p robes  mounted on a t r a v e r s e  mechan ism;  a 
single cy l indr ica l  probe,  made of molybdenum wire  of d i a m e t e r  0.09 and length 4.0 mm;  and a cy l indr ica l  
probe in the f o r m  of a ho t -wi re  a n e m o m e t e r  [2], with a working e lement  made of tungsten wi re  of d i a m e t e r  0~ 
and length 6.5 ram. Specia l  at tention was paid to probe c lean l iness  d u r i n g t h e  m e a s u r e m e n t s .  Immedia te ly  
p r io r  to the m e a s u r e m e n t s  the p robes  were  heated up to t e m p e r a t u r e s  ~ 1500~ which allowed the influence of 
impur i t i e s  on the m e a s u r e d  r e s u l t s  to be excluded.  

Dnepopetrovsk.  T rans l a t ed  f rom Zhurnal  Pr ikladnoi  Mekhaniki iTekhnicheskoi  Fiziki ,  No. 29 pp. 48-54,  
March -Apr i l ,  1981. Original  a r t i c le  submit ted  November  1, 1979. 
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The p l a s m a  potential  was  de te rmined  by the second-der iva t ive  method, and also f r o m  the e lec t ron  branch  
of the probe c h a r a c t e r i s t i c  drawn on a s emi loga r i t hmic  sca le .  In addition, during the expe r imen t s  we measu red  
the p l a sma  noise levels  as seen  by the probe to allow a supp lementa ry  check on the accuracy  of the p l a sma  
potent ial  m e a s u r e m e n t .  Usually the m a x i m u m  p l a sma  noise cor responded  to the potential  of the chamber .  

The flow ion energy  was de te rmined ,  to accu racy  of not l ess  than 10~0, f r o m  the local  p l a sma  potential  
re la t ive  to the source  anode. M e a s u r e m e n t s  with a mul t ie lec t rode  ana lyzer  probe indicated only a smal l  s c ~ t e r  
in ion energy.  

The single probe used to m e a s u r e  the p l a sma  flow p a r a m e t e r s  could ro ta te  around hor izonta l  and ve r t i ca l  
axes f r o m  0 to 212 ~ The ve r t i c a l  and hor izonta l  ro ta t ion  is n e c e s s a r y  to obtain the absolute m a x i m u m  of the 
ion cur ren t .  The ra t io  (Ji Ji )max for  0 = 0, where  ~o =2alN~oeUco(sin20_ 2eV/MU~)0.s, was used, in accordance  
with the t heo re t i c a l  end effect  in a cyl indr ica l  probe,  to de t e rmine  the flow ion t e m p e r a t u r e  [3]. It turned out 
that  the ion t e m p e r a t u r e  Ti, and also the e l ec t ron  t e m p e r a t u r e  Te ~ 4.6 "104K, were  p rac t ica l ly  constant in the 
flow, with T J T i - ~  7-10. 

The influence of body sur face  potential  on the s t ruc tu re  of the p l a sma  fo rmat ions  around the body was 
invest igated in the sec t ion  of a jet  with a uni form dis t r ibut ion  of p a r a m e t e r s :  The ex te rna l  magnet ic  field in- 
t ens i ty  was H ~  2 0 e ,  the flow m a s s  veloci ty ,  U~o -~ 23.0 k m / s e c ,  and the charged  pa r t i c l e  concentra t ion,  
N ~  3.7 "109 cm -3. 

The model  was a b r a s s  cone of base  d i a m e t e r  56 mm,  cone angle ~11 ~ and with slight blunting in the 
f o r m  of an iffLersecting sphe re  of radius  ~ 6.5 mm.  To the body of the model  was attached a device with the 
working subs tance  (in our  case  po lymer ized  epoxy res in)  of the type in [1]. The blunted cone nose was insu- 
lated f r o m  the body by the dra in  e lec t rode .  At the base  of the cone the re  is also a meta l  d ra in  e lement ,  insu- 
lated f r o m  the body. The technique of [1] was used to genera te  the p l a s m a  format ions .  During an exper iment  
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the model, positioned on the t r a v e r s e  mechanism,  could be rotated around a ver t ica l  axis. Fo r  fixed values of 
the model surface potential and that of the leakage elements  the plasma formation s t ruc ture  was pract ical ly 
independent of the model orientat ion relat ive to the flow velocity vector.  The dimensions and s t ruc ture  of the 
plasma formaLion changed appreciably with change of the potential of the drain  element through which the neu- 
t r a l  gas is blown. 

F igure  1 shows the p lasma format ion at the base of the cone (viewed f rom above) in a supersonic  flow of 
part ial ly ionized nitrogen, obtained with ~element  o = e t e l e m e n t  o/kTe--- +7.6 (where ~e lement  o is the poten-  
t ial  of the drain  element at the cone base relat ive to the plasma potential) and the potential of the res t  of the 
model s~rface "floating".* The cone was at a smal l  angle of attack, ~ 15 ~ relat ive to the velocity vector  of the 
oncoming s t ream.  When the plasma format ion appeared the p ressure  in the working chamber  increased to 
~ 3.5 �9 10 -5 t o r r .  F igure  lb  shows the distr ibution of charged part icle concentrat ion (lines of equal concent ra-  
tion) in the horizontal  plane of the flow, measured  by the cyl indrical  probe in ho t -w i r e - anemomete r  form. 
F igure  2a shows the p lasma format ion at the blunted cone nose for ~el .nose ~ +11.3 and with the res t  of the 
model surface at "floating" potential. The angle of attack in this case was ~ 16.5 ~ The corresponding  dis-  
t r ibution of charged part icle  concentrat ion is shown in Fig. 2b. F r o m  the probe measurement  resul ts  we can 
see two groups of e lec t rons  in the p lasma cloud: one with t empera tu re  equal to that of the e lec t rons  in the on- 
coming flow, and the other  with t empera tu re  T e ~ 2.5" 104K. 

Figure  3 shows the p lasma format ion obtained at the model surface due to a change (compared with the 
case of Fig. 2) of the body potential to r  = @el.nose = ~element  o ~ +13.1. Here also the neutral  gas was 
blown through the cone nose. The format ion is near spher ical  (Fig. 3b). By decreas ing  the model surface 
potential to ~s-~ +10.4 we can t r a n s f o r m  this cloud into an ellipsoid. 

Figure  4 shows the p lasma format ions  created about the model with two-sided blowing of neutral gas 
for  4)el.nos e = q~element o ~ +5.7 and with "floating" potential of the la teral  cone surface.  By changing the 
potentials of the dra in  e lec t rodes  to values @el. nose ~ + 1.9 and ~element  o ~ +13.8 with the cone lateral  su r -  
face potential floating, the plasma format ions  were t r ans fo rmed  to that of Fig. 5. 

The investigations performed show that when art if icial  p lasma format ions  are created around a body ia 
supersonic  flow of a ra ref ied  plasma by blowing neutral gas f rom the surface and subsequently ionizing it by 
e lec t ron  collision, the s t ruc ture  of the format ions depends appreciably on the potential of the body and its 
e lements .  
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*"Floating" is the equil ibrium negative potential which the body acquires in flow of a raref ied plasma. 
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