
course of their self-resonance acceleration within the volume of a cylindrical anode (oscillating electron 
region) [6]. 
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useful discussion. 
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S U P E R H E A T I N G  I N S T A B I L I T Y  IN A P U L S E D  X E N O N  

D I S C H A R G E  

I. I. Litvinov, E. D. Lyumkis, and S. S. Filippov UDC 537.5 

It is shown that previously obtained conditions for superheating instability substantially vary 
if we take into account secondary xenon ionization. Instability completely vanishes if the 
density of heavy part icles in the discharge is kept constant and whenever a discontinuous 
time variation of temperature T in a res t r ic ted  region between 15 �9 103~ and 20. 103~ is pos- 
sible for a constant effective pressure.  The development of instability is studied numeri-  
cally by a ranging method. Stationary temperature  distributions possessing a high contrast 
as a local temperature  passes through a given range of instability with constant pressure 
are presented. 

The possibility of discontinuously varying the temperature  in a strongly radiating pulsed discharge 
under the effect of superheating instability has recently been widely discussed [1-4], such instability a r t s -  
ing when the relat ive increment of plasma emissivity ~ (T) becomes less than the relative increment in 
electr ic  conductivity eCr). The reliabil i ty of the theoretical  prediction of this difference effect substan- 
tially depends on correc t ly  taking into account details in calculating ~ and q~ and thus requires  experimental 
verification. For example, such instability has been detected experimentally [5] for a discharge in a vapor 
plasma in the range of temperatures  T between 16. 103~ and 24.10~~ and also in [6] for a discharge oc- 
curring in erosion products f rom quartz glass. 
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The lower boundary of s tabi l i ty  in the region T ~ 16. 103~ for p = 1 0 - 3 0  a i m  has been  indicated in 
one work  [7] that  dealt  with the calculat ion of the c h a r a c t e r i s t i c s  of an e lec t r i c  d ischarge  in xenon, taking 
into account only p r i m a r y  ionization. However ,  such instabi l i ty in xenon f lash l amps ,  including under high- 
power conditions [8, 9], have not been exper imenta l ly  noted. The purpose  of this work  is to analyze in more  
detail  conditions under which instabi l i ty  a r i s e s  and to invest igate  its development  within the context of a 
nons ta t ionary  and nonequi l ibr ium d ischarge  model ,  taking into account secondary  ionization; the model is 
convenient  for  calculat ions beyond the s tab i l i ty  boundary.  

The s y s t e m  of equations includes s e p a r a t e  equations for the e lec t ron  T e and heavy par t ic le  T t e m -  
p e r a t u r e s ,  rad ia t ion  t r a n s p o r t  equations to take into account the nonequi l ibr ium population of the a tomic 
levels  (approximation of a block of exci ted s ta tes ) ,  and an equation for  the density of singly charged ions, 
taking into account col l is ion ionization and recombina t ion ,  photoelec t r ic  p r o c e s s e s ,  and par t ic le  diffusion 
on the wail .  Secondary ionization that  occurs  in the cen t ra l  zone of the d i scharge ,  in which all gradients  
a r e  low, is a s sumed  to be  balanced.  The density of neu t ra l  a toms  is de te rmined  f r o m  the condition that 
p r e s s u r e  is constant  along the rad ius .  This s y s t e m  of equations has been solved on a computer  by the range  
method [10]. 

The numer i ca l  solution demons t r a t ed  that  nonequi l ibr ium effects  a r e  substant ia l  only in plasn~i l aye r s  
nea r  the wall  when T is between 10. 103~ and 30- 103~ and p ~ 10 a tm.  The p l a s m a  is near ly  in equil ib- 
r i u m  in the cen t ra l  zone of the d i scharge ,  in which ins tabi l i ty  may  mani fes t  i tself .  Let us t he re fo re  d iscuss  
only the equation for T e which has the f o r m  

OT e 
c~ --g/- = ~ (Te) E 2 - -  r (r, Te) - -  div (qe - -  qr) - -  Q~, (i) 

where  c e is volume speci f ic  heat ,  qe=-~4eVTe  is e lec t ron  heat flow (n e is e lec t ron  t h e r m a l  conductivity), 
q I  = (5/~kTe +II)~I is convect ive heat  flow, | I  is ambipo la r  diffusion f l o w ,  Ii is the effect ive ionization poten- 
t ia l  and QA "~ ( T e - T )  is the r a t e  of heat exchange with heavy pa r t i c l e s .  

The f i r s t  two t e r m s  a r e  the chief  t e r m s  in the r ight  side of Eq. (1) in the cent ra l  zoneof the  discharge .  
We the re fo re  obtain the equation 

ce - - ~  - -  (a'E ~ --  (~') ATe = - -  ~E ~ In ATe, (2) 

in which the " p r i m e "  denotes the de r iva t ive  with r e s p e c t  to T e for sma l l  deviations of t e m p e r a t u r e  AT e 
f r o m  the s t a t ionary  solution under constant  f ield (E) conditions. 

The solution of Eq. (2) has the f o r m  

0 Ce 
AT, = ATt~ exp (--  t / t~  ~,  - -  zE~(ln r 

and will be s table  if t h e r a t i o  q / ~  or s t a t iona ry  field E:---~fq/~ is an inc reas ing  function of t e m p e r a t u r e  
(at c o m p a r a t i v e l y  low T ~ 1 0 .  103~ when, for example ,  o-~- he, while ~p ,~n2e). Here  

( _~_), l l~ o % 

The r a t io  ~ ' / ~  d e c r e a s e s  with inc reas ing  t e m p e r a t u r e ,  but (p"/~p d e c r e a s e s  st i l l  m o r e  rap id ly  due to 
a r e t a rda t i on  of the g rowth ,  and then the coeff icients  of continuous absorpt ion  a lso  fall for a singly ionized 
gas,  which leads to instabi l i ty  of the initial deviation AT~ . T e m p e r a t u r e  i nc rea se s  when AT~ > 0 up to the 
s t a r t  of s econda ry  ionization, which leads to a new inc rea se  in q~/g.  F igures  1 and 2 depict the dependence 
of (r(T) and of the s t a t i ona ry  field (E = ~ w i t h  and without taking into account secondary  xenon ioniza-  
tion (the unbroken and broken  cu rves ,  cor respondingly ,  p in a tm,  P0 in m m  Hg). (The exper imenta l  points 
in Fig. 1 a r e  taken f r o m  [11] and the sca le  is doubled a f te r  T =13.) B r e m s s t r a h l u n g  and recombina t ion  
rad ia t ion  on two types  of a toms  and ions (radiation is a s s u m e d  to be volumetr ic)  a r e  taken into account in 
calcula t ing q (T). 

It  was a s s u m e d  ~ ('re) -=- 1 [12] for the seconda ry  ion due to the absence  of exact  data. According to 
a r e m a r k  f r o m  [7], the na ture  of the curves  substant ia l ly  depends on which p a r a m e t e r  is maintained con- 
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stunt over  t ime  - the effect ive p r e s s u r e  p or the density of heavy par t ic les  (tnitiaI p r e s s u r e  P0). When 
p0=const  (discharge bounded by walls),  instabil i ty is complete ly  el iminated by taking into account second-  
a ry  ionization, while when p=cons t  (unbounded discharge) instabili ty for  E =coas t  occurs  in a finite range 
of t e m p e r a t u r e s  T approximate ly  between 15 �9 103~ and 20. 103~ 

Numerica l  s imulat ion of the development of instabili ty demons t ra tes  that the solution for T e (r) is 
establ ished as a function of the sign of AT~ at opposite (stable) segments  of the carve  when TOe is approxi-  
mate ly  14- 103~ and 22 �9 t03~ for p = t0 a im,  select ing E =coas t  in the middle of the decreas ing  segment of 
ECr). The solution when P0 =const,  giving a monotonically increas ing  curve E(T) that in tersects  the curve  
at p=10 a im at the same point (p0 ~.62 mm Hg), is stable for  E=cons t  at any t empera tu re .  The solution is 
stable a lso when p =const  if the axial t empera tu re  is constant.  

It is n e c e s s a r y  to take into account the dependence of E not m e re ly  on axial t em p e ra tu r e  and radius ,  
but also on the t e m p e r a t u r e  prof i le  in the d ischarge  when absorpt ion ts present ;  the range  of instability for 
p =const  may substant ial ly contrac t  when s t rongly r eab so rb ed  line emission is taken into account. This 
question r equ i r e s  additional study. 

The curves  depicted in Fig. 3 (taking into account absorption) demonst ra te  that a segment  with anoma- 
lously high gradients T (R = 0 . 2 5 ~ , p = 1 0  atm) manifests  i tself  in the central  zone of the discharge with in- 
c reas ing  TOe as specif ied by the axial t empera tu re .  This t em p e ra tu r e  discontinuity approximate ly  c o r r e -  
sponds [7] to the region of superheat ing instabili ty on the curves  E(T) and occurs  when p0=const ,  since r a -  
dial energy balance holds whenever p(r) =coast .  Unbalance of o-E 2 and ~0 is compensated by negative d iver -  
gence of the heat flows. The in termedia te  region shifts towards the discharge pe r iphe ry  with increas ing  
axial  t empera tu re .  
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