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The discre te  s t ructure  of pulsed supersonic plasma jets,  whose source may  be explosive p rocesses  
at the e l e c t r o d e s  and the propagation of waves of a disturbance in the s t ructure  of the j e t  are  examined. 
The waves of a disturbance are propagated with the speed of sound in different direct ions  and are recorded  
on photoscans in the form of success ive  bands of different intensities.  The appearance of d is turbances  is 
observed when a shock wave collides with an obstacle.  The velocity of the sound waves is determined from 
the experimental  data, and the tempera ture  of the jet is calculated. 

The d iscre te  s t ructure  of pulsed plasma jets is detected in an ordinary  high-energy pulsed discharge,  
in pulsed plasma jets, in electrode discharge  shock tubes, and in pulsed plasma acce le ra to r s  [1]. It is as-  
sumed that the d i sc re teness  is connected with the presence  of individual h igh- tempera ture  mic roc lu s t e r s  
of plasma ("plasmoids") moving within the overall  flow. ttowever, in individual cases ,  for example when 
one electrode is removed from the capillary or  an electrode is recessed  in the body of the d i scharger ,  per-  
iodic dis turbances  in the d ischarge  are not observed at all. 

The plasma m i c r o c l u s t e r s  formed during explosive evaporation represent  regions of increased temp- 
era ture  and density localized in space (on photoscans they are bent disks of increased brightness) .  As they 
move within the medium they should be smeared out, but this is not observed on the photographs; for ce r -  
tain d ischarges ,  their motion opposite to the moving stream is recorded.  

This indicates the complexity of the p rocesses  during the formation of a d iscre te  s t ructure  in a su- 
personic  plasma jet. Obviously, the question of the nature of the dis turbances  in such a discharge cannot 
be solved uniquely for all pulsed jets and must  be considered separately for each specific case. 

It is shown in [2] that with a powerful d ischarge in the interelectrode space a shock-compressed  
plasma region develops which undergoes periodic oscil lat ions propagating in the volume of the resonator  
and bounded by slanting compress ion  discontinuities.  
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In the p re sen t  work a study is  made  of d i s c r e t e  p l a sma  
fo rma t ions  for  pulsed p l a s m o t r o n s ,  analogous  to [3], using high- 
speed photography of the je t  d i s c h a r g e  with fourfold en la rgement .  
The s t r u c t u r e s  of f l a r e s  and je t s  were  studied for  Pb, Sn, A1, 

Cu, Fe ,  Mo, W, and C ove r  the en t i r e  d i s t ance  from the base  of 
the je t  to the d i r e c t  c o m p r e s s i o n  d iscont inu i ty  at e n e r g i e s  above 
500 J. J e t s  have the c l e a r e s t  d i s c r e t e  s t r uc tu r e  for  e l e c t r o d e s  
p r e p a r e d  from W and C. C lea rnes s  and spat ia l  separa t ion  of 
individual  d i s c r e t e  s t r u c t u r e s  do not occur  on the photoscans  for  
l ow-mel t ing  meta l  s. 

It is seen from t ime photoscans  of the jet  s t r uc tu r e  in the 
d i r ec t ion  pe rpend icu la r  to the jet  axis  (Fig.  17 that the individual 

F ig .  2 
d i s c r e t e  s t r u c t u r e s  have d imens ions  comparab l e  with the t r a n s -  

v e r s e  c r o s s  sect ion of the jet .  They a re  curved,  i . e . ,  they cons is t  of thin d i sks .  P e r i o d i c  c o m p r e s s i o n s  
[zones of i n c r e a s e d  b r igh tness ) ,  located at the s i t es  of s lanted d i scon t inu i t i e s  of the je t ,  a re  obse rved  on 
both s ides  of the cen t ra l  b r i g h t e s t  pa r t  of the jet .  They a re  seen on an en la rged  photograph of a sect ion of 
the jet  (Fig.  ]b). The i r  f requency of appea rance  co inc ides  with the d i s c r e t e  d i s t u r b a n c e s  in the jet .  

The d iscont inuous  s t ruc tu r e  of the j e t  is  not obse rved  for  6-8 m sec in the ini t ia l  s tage of the d i s -  
charge ,  then diffuse d iscont inuous  fo rma t ions  appear  (9-12 msec ) ,  a f te r  which the jet  a s s u m e s  the form of 
a pronounced d i s c r e t e  s t r uc tu r e  (Fig.  la) .  

This  d i s c h a r g e  is a complex fo rmat ion  in which there  a re ,  along with p l a sma  m i c r o c l u s t e r s ,  waves  of 
c o m p r e s s i o n  and r a r e f a c t i o n  which propagate  with the speed of sound within the c losed  volume of the je t  
[4, 5]. Such waves  a lso  c r e a t e  d i s t u r b a n c e s  in the je t  which a r e  r e c o r d e d  in the form of pe r iod ic  bands of 
i nc reased  b r igh tnes s  [ compres s ion  waves) sepa ra t ed  by da rk  bands ( r a re fac t ion  waves) (Fig. 1). 

Explos ive  p r o c e s s e s  of evapor,~tion at the e l e c t r o d e s  may se rve  as  the source  of the waves  of com-  
p r e s s i o n  and r a r e f ac t i on .  The waves p ropaga te  in the volume bounded by the s t ra igh t  and s lanted c o m p r e s -  
sion d i scon t inu i t i e s .  P ropaga t ing  within the volume,  the waves of c o m p r e s s i o n  and r a r e f a c t i o n  a r r i v e  at the 
c o m p r e s s i o n  d i scon t inu i t i e s  and a re  re f lec ted ;  r eg ions  of i nc r ea sed  b r igh tnes s  a r e  formed at the s i t es  of 
r e f l ec t ion  of c o m p r e s s i o n  waves .  

The absence  of such d i s t u r b a n c e s  at the in i t ia l  momen t  of d i s c h a r g e  t~10 msec} is evident ly  connect-  
ed x~ith the p r o c e s s e s  of hea t ingof  the a i r  and the format ion  of the wave s t ruc tu re  of the supe r son ic  p l a sma  
jet.  It should be obse rved  that the r eco rd ing  of sound waves  from an ex t raneous  source  propagat ing  within 
the p l a s m a  volume is  made  from the zones of cmi s s ion ,  just  l ike the r eco rd ing  of the pa s s a ge  of waves 
from a spark  d i s c h a r g e  through an a rc  d i s cha rge .  

S imi la r  d i s c r e t e  dis turb~mces [waves of r a r e f a c t i o n  and compress ion)  a re  obse rved  when a jet  en-  
coun te r s  a b a r r i e r .  These  d i s t u r b a n c e s  appea r  e s pe c i a l l y  c l ea r ly  on h igh-speed  photoscans  in the ini t ia l  
s tage of the action of the jet  on the b a r r i e r  (Fig.  2). Sound waves form when the wave front b i t s  the b a r r i e r .  
Accord ing  to the concepts  of hydrodynamics ,  a c o m p r e s s i o n  wave reaching  to the boundary of the volume 
should r ep l ace  it at the b a r r i e r .  During the approach of the r a r e f a c t i o n  wave to the shock l aye r  of the 
p i a z z a  it l eaves  the b a r r i e r  (Fig.  27. Because  of the quenching of the o s c i l l a t i ons  and sc reen ing  by the 
p e r i p h e r a l  zones of the jct ,  no m o r e  than two such d i s p l a c e m e n t s  of the shock l a y e r  can be obse rved  on the 
photoscans .  

Usual ly  the veloci ty  of the di scharge  has been de t e rmined  by the photoscan method from the slope of 
the individual  j e t s .  a ssuming  that the flow ve loc i ty  i s  equal to the veloci~,  of these  d i s c r e t e  d i s t u r bances .  
Var ia t ion  in the ve loc i ty  is  c l e a r l y  seen on the photoscans .  The ve loc i t i e s  V I and V 2 of the propagat ion  of 
d i s t u r b a n c e s  in the d i r e c t  and r e v e r s e  d i r e c t i o n s  with r e s p e c t  to the jet  movement  a re  not the same.  F rom 
the d i f fe rence  between these  ve loc i t i e s  one can ca lcu la te  the speed of sound (C) in the medium and the t rue 
veloci ty  of flow ~U) and d e t e r m i n e  the t e m p e r a t u r e  T of the je t  by solving joint ly  the veloci ty  equation and 
the Saha equation,  with a l lowance for ionizat ion [2J. 

The r e s u l t s  of the m e a s u r e m e n t s  for  a d i s c h a r g e  energy  of 600 J a r e  p r e s e n t e d  below. 

The ve loc i ty  when the d i r e c t i o n s  of the moving s t r eam and the wave of d i s tu rbance  a re  the same is 
V!= 11 •  and when they a re  the oppos i te  it  is V2= 5.9 • 0.5 (km/sec ) .  F r o m  this  we find C= 2.9 • 0.3 
(km/sec). U= 8 • 0.9 ~knVscc), and T = 15.500~ The p l a s m a  t e m p e r a t u r e  de t e rmined  by s p e c t r o s c o p i c  
methods  a g r e e s  with the t e m p e r a t u r e  obtained within the m e a s u r e m e n t  e r r o r s .  
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An examinat ion of the he te rogeneous  s t ruc tu re  of pulsed p l a s m a  je ts  showed the complexi ty  of the 
physical  p r o c e s s e s  in the fo rmat ion  of  these  d i s tu rbances .  Toge ther  with the conventional viewpoint that 
the discontinuity of the jet  is caused by the d i sc re t e  entry of e lec t rode  m a t e r i a l  during explosive evapora -  
tion, one mus t  consider  the d i s tu rbances  not only as p l a sma  m i c r o c l u s t e r s  but also as the appearance  of 
waves  of r a r e f ac t ion  and compres s ion  propagat ing with the speed of sound in the closed p lasma  volume,  
which f o r m s  the ve ry  s t ruc tu re  of the jet  at a high enough d i scharge  energy.  

The author thanks L. I. Kise levski i  for attention to the work and a number  of valuable r e m a r k s .  
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