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The study of an e lect r ical  discharge in a moving medium is of interest  in connection with its use for the 
creat ion of an inversely populated gaseous medium in l ase rs  (performed in [1, 2], where cer ta in  regular i t ies  in 
the behavior of a d ischarge in a gas flow are  discussed).  The purpose of the present  work is to explain the de- 
pendence of d ischarge charac te r i s t i c s  on such pa ramete r s  as the degree of preionization, velocity,  and density 
in the gas flow. Calculations were made for a t r ansve r se  discharge in a flow of preionized nitrogen. 

The basic equations descr ibing the motion of electrons and ions in the medium are  the following: 

equations of motion, 

neVe  = n~eE, (1) 

n~(Vi -- Va) = nixiE, 

where the last equation does not include diffusion and inert ia for  ion motion, which est imates show is valid at 
sufficiently high p r e s s u r e  (for the conditions In this paper,  at p_>50 mm Hg); 

equations for par t ic le  conservation,  

div neV e ~ F, div n~Vi F, (2) 

F : neVeP(O~/p) - -  ~nen i ,  o~/p = f(E/p). 

The ionization function a l p = f  (E/p) is assumed to be the same as that in a gas in which the vibrational 
and electronic levels of the molecules are  not excited. 

This assumption is valid if one can neglect stepwise ionization f rom electronical ly  excited states,  which 
is justified for the conditions In a glow-discharge p lasma and if the electron energy distribution function in the 
region of the ionization energy is the same as that in the unexcited gas. Since a change in the distribution func- 
tion because of coll isions of the second kind can be produced mainly by the interaction of vtbrationally excited 
molecules with electrons having an energy less than 3 eV, it can be expected that perturbation of the distribution 
function in the energy region above the ionization potential of ni trogen (15.6 eV) will be insignificant. 

The equation for the electr ic  field has the f o r m  

rot E = 0. (3) 

In addition, quasineutral i ty,  n e ~n  i is assumed,  which is valid at densit ies n e _> 108 cm -s under the conditions of 
the present  problem; this density is achieved only immediately in the discharge zone and beyond it. At lower 
values n e _< 108 cm -3, violation of quasineutral i ty  will lead to distortion of the field f rom n e at the entrance to 
the discharge region,  but the fact  that the discharge charac te r i s t i c s  (as will be shown below) do not depend on 
the density n o in the incoming flow up to values no<_ 108 cm -3 makes it possible to overlook violation of the con- 
dition n e ~ni.  

Using the equations of motion and of part icle  conservat ion,  one can show that the relat ion 

On e 
div neV e = O, Va -~z = r (4) 

is sat isfied co r r ec t l y  within a quantity of the order  of Vi/Ve - pi//~e<<l. We introduce the s t r eam function in 
the following m~nner:  
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n, V,u= Oe/Oz, n, V,,=--a(b/oy. (5) 

With the help of Eqs. (1) and (3)-(5), we finally obtain the sys tem of equations 

Os@ a ~  a(1) a In n e O~ a In n o 

~ , + ~ f ' - - ~ - ~  ay ol, = 0 ,  

an. (6) 

Boundary conditions for  Eqs. (6) were  taken in the f o r m  

n e ----r~ fo_r z = - - L ,  
<I)----0 for x ~ - - L ,  

~P = ] a / e  for x - - ~  o~, 

on) I {0 for ] z - a/2 [ ~ a/2, 
a-"~ v=:~,12 = lie for [ z - -  a/2 [ ,~ a/2. 

(7) 

These  conditions cor respond  physical ly to the fact  that the gas is preionized by one or  another means,  for ex- 
ample,  by "an e lec t ron  beam or a supplementary discharge,  at a distance L ups t ream f rom the e lec t rodes ,  and 
that the cu r ren t  density at the e lec t rodes  is assumed constant ,  which is achieved, for  example,  by subdividing 
them, and thus n e a r - e l e c t r o d e  phenomena a re  el iminated f ro m  considerat ion.  

The solution of Eqs. (6) in conjunction with the conditions (7) was pe r fo rmed  numer ica l ly  on a computer  
by the adjustment method. The calculat ions were  pe r fo rmed  for  the following pa rame te r  values:  a =0.5-1 em, 
j =10-4-1 A / c m  2, n0=105-1011 cm -3, p = 50-200 mm Hg, V a =104-5 �9 104 c m / s e c ,  L= 0-2a,  and b / 2  =1.5 cm. 

Physical cha rac t e r i s t i c s  of the gas, /~e =Ve/E,  c~/p=f(E/p), and fl, were  taken f rom [3-5]. Exper imental  
data for  the ionization intensity a / p  were  general ized by means of the empir ica l  re la t ion  , v / p = A  exp  (BE/p) 
as suggested in [4]. Since for typical  values of the pa rame te r  E /p  = 10-40 V / c m .  mm Hg, under problem con- 
ditions the g rea t e r  port ion of the d ischarge  energy goes into excitat ion of vibrat ional  and e lectronic  levels in 
gas molecules ,  change in gas density because  of heating in the discharge region can be compensated by insig- 
nificant expansion or compress ion  of the cbannel. 

Ca l cuh ted  along with the cu r ren t  density and e lec t r i c  field intensi ty were  the quantit ies U = 

a +b/2 It +co 

I/a S dz J" E.dy, W ~ e ~ dy ~ (d@/dx) EydX, which are, respectively, the average value of the potential difference 
0 - - b / 2  - - b / 2  - - c o  
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between e lec t rodes  of opposi te  po la r i ty  and the value of the e lec t r i c  power r e l e a sed  in the layer  (_-b/2,y) .  The 
r e su l t s  of the calcula t ions  a r e  i l lus t ra ted  in Figs.  1-4. The downs t ream shift  of cu r r en t  l ines caused  by cha rge  
drif t  (Fig. 1: a =0.5 cm,  b / 2 = 1 . 5  cm,  V a =4-104 c m / s e c ,  j =10-2 A / c m  2, L = a ,  n0=0, p=50  m m  Hg) leads to 
a r i s e  in the voltage a c r o s s  the d i scharge  gap as the flow veloci ty  inc reases .  The dependence of vol tage on 
veloci ty  turns  out to be  nea r l y  l inear  in this case .  The effect  of the initial e lec t ron  densi ty n o on the value of 
the voltage a c r o s s  the d i scharge  gap becom es  marked  [Fig. 2: 1) j =10 -3 A/cm2; 2) j =10 -2 A/cm2; 3) j =10 -1 
A/era2; a = 0.5 era; V a = 5.104 e r a / s e e ;  p = 50 ram Hg; L=a] only upon reaching  cer ta in  values  of  n 0. Under 
the conditions he re ,  the value of n o needed to r educe  the s t r ik ing  vol tage of the d ischarge  by a fac tor  of two 
can be e s t ima ted  f r o m  the e m p i r i c a l  re la t ion  

no ~ Cjb,:eU#e, 

where  U 0 is the s t r ik ing  vol tage of the d i scharge  in the absence  of preionizat ion and thequan t i ty  C depends 
insignif icantly on the geomet r i c  dimensions  a ,  b, and L and the ra t io  p/V a . The value of C for the conditions 
specif ied above fal ls  within the r ange  0.5-0.9.  

V o l t - a m p e r e  c h a r a c t e r i s t i c s  for  var ious  veloci t ies  and gas p r e s s u r e s  a r e  shown inF ig .  3 [1) V a =100 
m / s e c ;  2) V a = 200 m / s e e ;  3) V a =300 m / s e c ;  4) V a =400 m / s e c ;  5) V a =500 m / s e c ;  a =0.5 era; b /2  =1.5 cm;  
n0=0]. 

The l inear  na ture  of the var ia t ion  of the quantity 2W/Uja as a function of y (Fig. 4: a =0.5 cm,  b /2  =1.5 
cm,  V a =4 .104  e m / s e c ,  j =10 -2 A / c m  2, p=50  m m  Hg, n0=0) is evidence that the r e l e a s e  of power in var ious  
l aye r s  of gas flowing through the d i scharge  region occurs  f a i r ly  uniformly.  

Since the vol tage a c r o s s  the d i scharge  gap depends weakly on the cu r r en t  densi ty at the e lec t rodes ,  one 
can expect the v o l t - a m p e r e  c h a r a c t e r i s t i c s  to mainta in  their  f o r m  of behavior  for  another  choice of n e a r - e l e c -  
t rode  conditions also,  pa r t i cu l a r ly  for  solid e lec t rodes  in the region of cu r r en t  densi t ies  cor responding  to a 
n o r m a l  glow discharge .  
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D E C E L E R A T I O N  OF A S T R O N G  S H O C K  W A V E  

B Y  A T R A N S V E R S E  M A G N E T I C  F I E L D  A T  S U B S T A N T I A L  

M A G N E T I C  R E Y N O L D S  N U M B E R S  
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Strong ionizing shock waves  can be  used for  obtaining s t rong  magnet ic  f ie lds  and h igh-powered s h o r t -  
durat ion pulses  of e l ec t r i ca l  energy.  The mot ionless  gas ahead of the wave f ron t  is cold and nonconducting, 
while behind the f ront  the gas  moves  at  high speed and has cons iderab le  e l ec t r i ca l  conductivity because  of its 
high t e m p e r a t u r e .  ~ The in teract ion of the h igh-veloc i ty  conductive s t r e a m  produced by the ionizing shock wave 
with the magne t i c  and e lec t r i c  field can be  uti l ized in va r ious  appl icat ions,  one of which is magnet ic  cumula -  
t ion, i .e. ,  t r a n s f o r m a t i o n  of the ene rgy  of the wave into the ene rgy  of a c o m p r e s s e d  magnet ic  f ield and its sub-  
sequent uti l ization fo r  va r ious  purposes  [1]. Another  subject  of g rea t  in te res t  is the uti l ization of ionizing 
shock waves  moving in a t r a n s v e r s e  magnet ic  f ie ld  for  studying the effects  of the T l ayer  [2]. 

A theore t ica l  invest igat ion of the in teract ion of an ionizing shock wave with a t r a n s v e r s e  magnet ic  field 
at substant ia l  magnet ic  Reynolds number s  can be c a r r i e d  out in the mos t  comple te  f o r m  by using di rec t  f in i te-  
d i f ference  methods which p resuppose  the ut i l izat ion of implici t  conse rva t ive  calcula t ion s chemes  [3, 4]. 

Analytic solutions of such p rob l ems  a r e  only pa r t i a l  solut ions and s e r v e  to make  c l ea r  only the qual i ta -  
t ive aspec t s  of  the p r o c e s s e s  taking place.  

One of the modif icat ions of the n u m e r i c a l  methods for  solving the p rob l em of the in teract ion of an ionizing 
shock wave with a magnet ic  f ield is based  on singling out a hyperbol ic  s u b s y s t e m  f r o m  the or ig inal  equations 
and solving this s u b s y s t e m  by the method of c h a r a c t e r i s t i c s  in combinat ion with a d i rec t  n u m e r i c a l  solution of 
the other  equat ions .  Although such an approach  imposes  additional r e s t r i c t i ons  on the calculat ion model for  the 
p rob l em (no v i scos i ty ,  etc.) ,  it makes  it poss ib le  to use  an explicit  d i f ference  scheme  for  solving a nonlinear 
hyperbol ic  subsys t em,  which makes  the t ime  requ i red  for  solving the p rob l em on an e lec t ronic  compute r  con- 
s ide rab ly  sho r t e r  than the computat ion t ime  for  d i rec t  d i f ference  a lgor i thms.  

1. Calculation Model and T rans fo rm a t ion  of the Original Sys tem of Equations. We cons ider  a model (Fig. 
1) s im i l a r  to the cu r r en t  gr id  used in the exper imen t s  of [5]. The re  is a plane reg ion  bounded by a highly con-  
ductive H-shaped  f r a m e ,  into which a s t rong  ionizing shockwave  en te rs  with veloci ty  w(w, 0, 0). Within the 
f r a m e ,  for  x_>0, we have a magnet ic  field Be(0, B e, 0). The conductive gas behind the wave moves  with veloci ty  
u(u, 0, 0). Because  of the F a r a d a y  effect,  in this gas the re  a r e  cu r r en t s  with densi ty j(0, 0, j), c los ing along 
the f r a m e ,  which s t rengthen the magnet ic  f ield B(0, B, 0) within the f r a m e  and dece le ra te  the gas and the shock 
wave. The energy  of the shock wave is t r a n s f o r m e d  into magnet ic  field energy  and Joule l o s ses  in the gas.  

The model  desc r ibed  above a lso  co r re sponds  to a coaxial  channel with a r e l a t ive ly  sma l l  gap along the 
radius  (the z di rect ion in Fig: 1). 

In the analys is  given below we shall  neglect  the Hall effect ,  s ince the p r e s s u r e  behind the wave f ront  is 
high; we shal l  a lso neglect  the e l e c t r i c a l  boundary effects ,  s ince  the e lec t r i ca l  connection is sho r t - c i r cu i t ed .  
These  assumpt ions  e n a b l e  us to use a one-d imens iona l  approximat ion  in solving the p rob lem.  

The interact ion of the gas behind the wave f ront  with the magnet ic  f ield is desc r ibed  by  nons ta t ionary  
equations of motion,  cont inui ty ,  and energy,  Maxwell, s equations,  and Ohm,s law, which in d imens ion less  fo rm ,  
for  an ideal per fec t  gas ,  a r e  
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