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The numerica l  solution of the two-dimensional  gasdynamical  problem of the dispers ion 
of a plasma cloud in a magnetic  field which is uniform to infinity is described.  The dis-  
turbance of the field and the deformation of the cloud are  taken into account se l f - con-  
s istently. 

The conditions of stabili ty of such a flow are  examined, 

1. In exper iments  of the Argus type [1] (i.e., during nuclear  explosions of low power at altitudes of 
500 kin) a p lasma  cloud is formedwhich  d isperses  with a mean velocity of 100 k m / s e c .  The question of 
re tardat ion and energy conversions during the expansion of such a cloud into empty space in which there  
is a uniform magnetic field has been examined in [2-4]. The two-dimensional  nature of this problem was 
taken into account approximate ly  in these works .  

The resul ts  of a numerical  solution of the two-dimensional ,  axially symmet r ica l  problem of the d i s -  
pers ion of a plasma cloud in a uniform magnetic  field a re  presented below. The motion of the cloud is 
descr ibed  by equations of gasdynamics ;  the magnet ic  field p r e s su re  P = H2/87r is given as the boundary 
condition. The variat ion in the magnetic field outside the cloud is descr ibed in a qausis ta t ionary approxi -  
mation [5]. In accordance  with this approximation the Laplace equation was solved for  the magnetic fieId 
potential r = -g rad  r with a "superconducting" boundary condition at the boundary of the cloud 

A~ ----- 0 (1.1) 
(nV q~)sct) = 0, ~ Ir-,~o = 0 

where S(t) is the surface  which determines  the boundary of the pIasma cloud at the t ime t; n is the normal  
to the surface  S(t). 

The s e l f - s imi l a r  solution of ~he oroblem of the dispers ion of a gas sphere into a vacuum [6] was used 
as the initial gasdynamical  values (1,2) 

p (r, 0) ~ Pc 

p (r, 0) = po(t -- r ~ ///o~), 0 ~< r ..< an (1.2) 
on (r, 0) = vo(r / Ro) 

The initial distribution of r outside the sphere was taken from the solution of the problem of the dis-  
turbance of a magnetic  field outside a superconducting sphere placed in the uniform magnetic  field [7] 

+ = (lint) (i + 1/3/~o ~ / r ~) (1.3) 

2, The sys tem of equations of gasdynamics  with the initial condition (1.2) and the boundary conditions 
P IS(t) = H2/8 r was solved by the method of [8]. The Laplace equation (1.1) was solved at each t ime step 
by the gasdynamical  method of determination of [9], The solution of the nonstat ionary problem 

i 0r 
x ox - -  h i p ,  (nq~) Is(t) = 0, ~ Irwin = 0 (2.1) 

with large values of the thermal  conductivity coefficient x =  const converges to the solution of the Laplace 
equation (1.1). 

Moscow. Transla ted  from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki,  No. 4, pp. 146-148, 
July-August ,  1974. Original ar t ic le  submitted December  17, 1973. 

�9 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher. A copy o f  this am'cle is available from the publisher for $15.00. 

552 



R, km 
75 

25 

Fig. 1 

I 

Z 
t, sec 

log (p. I016, g/cm 3) 
5 

5O 

km 
1 

;,I 
- - /  I 

i 

I00 150 200 
.r, km 

Fig. 3 

E, i 0  ts erg  

8k L/ 
I \ r~, ,/ \z i f I:z ! ~ - ~ - -  ~ - - - - ~ ,  ---- 

�9 i l 

O.5 /.0 / 5  ZO 
t ,  SeC 

Fig .  5 

Y, krn 

o /o0 ZOo m. km 

Fig. 2 

v ,  108 cm/sec " ,,~ km 
O3 

0 2  

0./  

/%, 

,5/ 
50 /00 /50 200 

x ,  kill 

Fig. 4 

The initial parameters of the plasma cloud taken 

in the calculation were the density P0 = 0.24.10 -9 
g/cm 3, initial cloud radius R 0 = 105 cm, and velocity 

of the boundary v0 = 0.32.108 era/see. The plasma 

cloud was retarded by a magnetic field with intensity 

H0 = 0 . 5 0 e .  

The  ca l cu la t ions  conducted  showed that  the 
a l lowance  for  the t w o - d i m e n s i o n a l  n a t u r e  of the flow 
leads  to mot ion  of the p l a s m a  cloud boundary  which 
was  not c o n s i d e r e d  in  [2, 3]. This  mot ion  is  c h a r a c -  
t e r i z e d  by the fact  tha t  c o m p r e s s i o n  of the p l a s m a  
cloud develops  a f t e r  the r e t a r d a t i o n  of the c loud in 
the d i r e c t i o n  p e r p e n d i c u l a r  to the u n d i s t u r b e d  magne t i c  
f ie ld .  The s p r e a d i n g  s t a r t s  aga in  f rom the t i m e  t ~ 1 
sec .  The s u b s e q u e n t  v a r i a t i o n  in the s ize  of the cloud 
in  the d i r e c t i o n  p e r p e n d i c u l a r  to H0 has an o s c i l l a t o r y  

nature with a decreasing amplitude (see Fig. 1). The shape of the plasma cloud boundary at different times 

is present in Fig. 2 (curve I: t = 0~ 2: 0.69, 3: 0.9, 4:1~ sec). The x axis coincides with the direc- 

tion of the undisturbed field. 

Profiles of the microscopic characteristics of the plasma at different times are presented in Figs, 
3-4. Curves I and 2 are profiles of the values along the x axis at the times t = 0~ sec (curve I) and t = 

0.9 sec (curve 2). Curves 3 and 4 are profiles of the values along the y axis at the times t = 0.4 sec (curve 

3) and t = 0.9 sec (curve 4). The radial density distribution proves to be quite nonuniform. In 0.i sec a 

"crust" forms near the cloud boundary which has a thickness of 1 km and a mean particle concentration of 
108_109 cm -3 

The integral energ-y characteristics of the dispersing cloud at different times are presented in Figo 5 

(curve 1: kinetic energy of cloud, curve 2: internal energy of cloud). For a complete analysis of the 

energy balance it is necessary to make allowance in the problem for electromagnetic radiation in the wave 

zone. Such a problem is rather complicated, however, because of the presence of two considerably differ- 

ent characteristic velocities. 

3. For an estimate of the limits of stability of such flow we will use the following mod~l. A homo- 
geneous plasma occupies a half-space and moves with constant acceleration a perpendicular to a uniform 

magnetic field H 0 which is displaced by the moving plasma. This model is applicable to the case under 

study if one considers disturbances of the boundary with characteristic wavelengths X ~ 2~/k << L (where 
L is the crust thickness) and the acceleration is ~ Av/At ~ 108 cm/sec 2 (see Fig. I). It is obvious that the 

pattern of development of an instability in this model is analogous to the appearance of a gutter instability 
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when a plasma is confined in a uniform gravitational field [10]. A gut ter  instabil i ty develops with an i n c r e -  
ment  which is de termined f rom the solution of the following dispers ion equation: 

oJ, = - - I k l a  4- (k'~A)2, v A = It/]f4--~ (3.1) 

where  p is the density of the moving plasma.  

It follows f rom (3.1) that the plasma motion under considerat ion is most  unstable re la t ive  to the fo r -  
mat ion of oscil lat ions with k • H0. The r i se  t ime of oscil lat ions with X ~ L = 10 5 cm is ~10 -1 sec.  This 
es t imate  shows the need for  a more  detailed analysis  of the problem of the development of a gut ter  instabili ty 
in the problem under considerat ion.  

In conclusion the authors  thank A. I. Barchenkov, G. V. 2harova, S. A. Kuchai, V. G. Rogachev, and 
V. P.  Statsenko for  valuable advice and ass i s tance  in the work .  

L I T E R A T U R E  C I T E D  

1. Operat ion Argus [in Russian], Atomizdat ,  Moscow (1960). 
2. Yu. P.  Raizer ,  "Retardat ion and energy conversions of a plasma expanding in empty space in which 

the re  is a magnetic field," Zh. Pr ik l .  Mekhan. Tekh. Fiz .  No. 6, 19 (1963). 
3o V . A .  Pilipenko, "On the shape of the boundary of a f ree ly  dispers ing plasma in a magnetic field," 

Zh. Pr ik l .  Mekhan. Tekh. Fiz. ,  No. 2, 126 (1967). 
4. J . W .  Poukey,"Expansion of a plasma shell into a vacuum magnetic field," Phys.  Fluids,  12, No. 7 

(1969). 
5~ Lo D. Landau and E. M. Lifshitz, Electrodynamies of Continuous Media, Addison-Wesley (1959). 
6. Ya~ B. Zel'dovich and Yu. P. Raizer, Physics of Shock Waves and High-Temperature Hydrodynamics 

Phenomena [in Russian], Nauka, Moscow (1966). 
7. V.V. Batygin and I. D. Toptygin, Collection of Problems on Electrodynamies [in Russian], Nauka, 

Moscow (1970). 
8. M . V .  Batalova, S. M. Bakhrakh, O. A. Vinokurov, Vo L o Zaguskin, L. N. Ivanova, A. I. Kalmanovich, 

and I. D. Shinderman, "The ' s igma'  complex for  the calculation of problems of two-dimensional  gas -  
dynamics ,"  Proceedings  of All-Union Seminar on Numerical  Methods for the Mechanics of a Viscous 
Liquid [in Russian], Nauka, Novosibirsk (1969), pp. 283-288. 

9. G . I .  Marchuk, "Method of decomposit ion for  the solution of problems of mathemat ical  physics ,"  in: 
Numerical  Methods of Solving Prob lems  of the Mechanics of Continuous Media [in Russian], Vychis.  
Tsent . ,  Akad. Nauk SSSR, Moscow (1969). 

10. Bo A~ Trubnikov,  Introduction to Plasma Theory  [in Russian], Mosk. Inzh . -F iz .  In-t, Moscow (1969). 

554 


