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Necessa ry  conditions for  s ta t ionary  plasma flow in a magnetic field of toroldal  geometry  
a re  der ived in a magnetohydrodynamic approximation.  

It is well known [1] that toroidal  equilibrium of a quiescent plasma requi res  that the azimuthal compo- 
nent Hw of the magnetic field corresponding to the angle of the short  c i rcui t  of the torus  be nonzero, 

H,~ :#  o. (~) 

One possible method of studying Eq. (1) is to find the s ta t ionary solutions of magnetic hydrodynamics 
equations for  a s ta t ionary medium to a f i r s t  approximation relat ive to the torus pa ramete r  ~ = a / R  (a and R 
are  the radii of the short  and long ci rcui ts  of the torus) ,  which may be considered small .  The result ing solu-  
t ions have meaning only when Eq. (1) holds, since Hw (more precisely,  How , which cor responds  to the zeroth 
approximation ~ = 0) occurs  in the denominator of the resul t ing expressions.  Conditions of toroidal  equilibrium 
for  a moving medium may be analogously obtained. 

In the magnetohydrodynamic approximation the equations descr ibing steady motion have the form 

l 
p (vV) v § VP --  ~ [rot H, HI = 0; rot [vH] ~ 0; 

div pv = 0; divH = 0; (vv)S = 0, (2) 

where p,  p, v, and S are  density, p res su re ,  velocity, and entropy of the plasma, and H is magnetic field 
s trength.  

Let us use a toroidal  coordinate sys tem { r, w, 0} , where r is the distance to the c i rcu la r  axis of the 
toroid  and 0 and w are  the angles of the large (about the toroid axis) and small  c i rcui ts  (about the c i rcu la r  
axis).  We introduce the dimensionless  variable ~ = r / R ,  wri t ing the sys tem (2) in the form 

) . 2  2) o ,2 t [ Ov r v~ 0% r co 1 OH r cos v~o) § o -i- H,o ~ 1~ = 0; 

�9 ,p ~-  ) 0% r  sin r vrr  ~ 1" 0 I tr  q- ~o ~ 1 t" OHto all~ sm (o 
9 \ v ~ - ~ ( +  + + + + - -  , 

(3) 

[ OHo II  w 01I 0 a l i  0 ] 0 % ,  v ~ 0 % ,  aVOVrCOSCO avovo, s i n o "  ~ I Hr_._~_+ ~_ (~(Ht, cos co -- H~ sin o)) = 0 ;  

0 _  0 
o~o [(1 § a~ cos r (vo~H r - -  pTH.) ] = 0; ~ -  (uoH~ -- voHo)  -- ~ [~ (urHo -- voHr)l = 0; 

( i  + ~ cos ~o) ~-~ (v,oHT - -  v, Ho) + cz cos ~ ( v , j t ,  - -  vrH~) = 0; 

0 
o~ [~ (l + a t  cos c0) err] § ~-~ [(1 + ~ cos ~o) evol + a ~ (~pv0) = 0; 

0 0 ~-~[~ (l + a~ cos c0) H,] + ~ [(i + ~ cos r Hol + a Y6" (~H0) = 0; 
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Here  y is the  ad iaba t ic  index.  

If we a s s u m e  that  the  p a r a m e t e r  a is smal l ,  we can r e p r e s e n t  the d e s i r e d  va r i ab l e s  fi in the f o r m  
fi =f0i +ffi ,  whe re  f0i c o r r e s p o n d s  to the z e r o t h  and f d  to the f i r s t ,  app rox ima t ion  r e l a t i ve  to a .  Let  us a s -  
sume  tha t  no dependence  on 0 and w ex i s t s  in the  z e r o t h  approx ima t ion ,  

~176 O/~ ~ O. 
O0 Oo 

Then  the s y s t e m  (3) r e d u c e s ,  in the  z e r o t h  app rox ima t ion  with r e s p e c t  to ~, to the s ingle  equat ion 

O I tt~0 + H2o"~ H~,o PoVo(o 
O. 

and in a f i r s t  approx ima t ion ,  to the s y s t e m  of  equat ions  

vm~ Or~r 2z"~176176 -[- ~-  p~ a- 
9o ~ 0{o --ccv~~176176 ~ --  ' -~  ] - - ~ \  ~ ~o - -aH~~176176 

( 
HooHIo~ 1 [ -  OHo~o HlrHo~ + aH]o sin o)  = O; 

+ ~ / -  4-~ \ ~ ' r - - ~  - ~  

[ aVoo , %00V~o ) I / 0/400 ttoo~0tt,0 c, HooHo. sinco~ ) 
~ O; 

(4) 

2H~ HIO) = :  0; 
(5) 

(6) 

(7) 

•(vooH•--virHoo) = 0 ;  

0 
0_0o (voOItio + uiOlIoo -- vooH~o --  v~oHoo) --  ~ [~ (virHoo - -  uooHlr)] = O; 

(8) 

(9) 

a~ " + T G  (P~V~176176176  (lO) 

0 
~ -  (~H,r) --  ~Ho~  sin ~o + ~176 = 0; (11) 

lrb-~--k ~ o~o v1~'-~-'~ - I - - ~ - T ~ ' I = O "  (12) 

We find the d e s i r e d  va r i ab le s  fli us ing the s y s t e m  of equat ions  (5)-(12), bea r i ng  in mind  tha t  f0i s a t -  
i s f i es  Eq. (4). We e x p r e s s  the r ema in ing  unknowns in t e r m s  of Hl r  and H*lr  = f H l r d ~  fo r  this  purpose  by 
m e a n s  of  Eqs .  (6)-(12) and, subs t i tu t ing  the unknowns in Eqs.  (5), we obtain an equat ion to f ind Hlr .  

We f i r s t  e x p r e s s  the unknowns in Eqs .  (7) and (8)-(12) in t e r m s  of  Pl, Hlr ,  and H*, r .  We find that  

VO(o vir = ~ H,~; (13) 

Po -I- ~ { Po OPo Opo\u* 
Pl = ~ P ~  ~o,~Wo o~ ~] '~ '~;  (14) 

a ( Voo, u , ~  v ~ . 
Vlo ~ ~ \ ~ H0 o ~  H tr// .~tto~p o0~ apod~ H t r  - -  - ~ o  u0~ Pl  - -  0~u0~o cos co; (15)  

0 ( * 
Hj~ = - - - ~  ~HI  ~ - -  a~ cos 0) How; (16) 

[ 0%0 [ z 2 '~" 
vl(~ H2 ., ,~, .:: - ~ T- i, ~9~,vo~, --  H-oo) 

O m  - -  ..'X~ { f l  O(O 

Huo%,o ~,!] %o, Ho,,>Hoo 
- -  " . - -  - " o ~ + H o ~ / t o o ,  ' c (>~ <,>j'; ( 1 7 )  

- -  4nporso , 
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I n t e g r a t i n g  Eq.  (6}, o v e r  co and subs t i t u t ing  in it Eqs .  (13}-(18}, we f ind p~ in t e r m s  of H*~r, 

P~ -- _~. @ \ Ho------~ / \ ir ] ~ ~ +~.~-ucosc0 ,  (19) 

v~176 I + H2 = - -  F = 1----~-~ z , , 
0o -- 4nP0v0o) , P0 

4.~ z ~. 2povocovooHooHoo --  (4np0v0o 4- H~o)) " 
(H0~ 4~Pov0~ L - ~  

We obta in  an equa t ion  f o r  f inding H ~ r  by  subs t i t u t ing  Eq. (19) in Eqs .  (13)-(18}, subsequen t ly  sub -  
s t i tu t ing  Eqs .  (13}-(19} in Eqs .  (5}, s i nce  I-I~r =y(~ ) cos  r ( i .e . ,  H l r  = - y  s in  r 

d d [ n 1, (2o) d"-~ (Az) + Bz  -4- a@ = O, z = ~ \Hoo I 

2 H2o C2 0o) + H~0 
CA~ ~ 4-~o' 4aPo ' 

1 (povo~o 2 "  2 __ It~o ] 
B = T ~ ~-7-~- + Po~0o 4~ j ,  

d {~ [ G H2~ l (2povoovooHooHo o 0 = 7 ;  F 4 ~ +  2 2 H0o ) -- 4npoVoo 

,, ~ -  (2Hoo --  4n C5 "~ I -t- [ ~ - ~  + 2p~176176 --  p~176176 - -  H~176 

We find, by  so lv ing  Eq.  ( 2 0 ,  t h a t  

. ~ - -  ~ j (I)e y'X- d~ + d~ + C,, (21) 

w h e r e  C 1 and C 2 a r e  c o n s t a n t s  of  i n t eg ra t i on .  

Le t  us c o n s i d e r  the s i n g u l a r  points  o f  t h e s e  so lu t ions ,  at  which  the  unknowns ffi b e c o m e  infini te .  
Since such  inf in i t ies  ind ica te  tha t  the  so lu t ion  of the  ini t ia l  s y s t e m  of equat ions  cannot  be so lved ,  we e l i m -  
inate  t h e s e  s i n g u l a r  poin ts ,  ob ta in ing  n e c e s s a r y  condi t ions  fo r  s t a t i o n a r y  flow of a p l a s m a  in a t o ro id .  

Equa t ions  (21) i m p l y  that  A can  n e v e r  be  z e r o ,  so  that  

2 2 --I ~o # cA~2 (t + cA/c0) , (22} 

and Eq.  (19} i m p l i e s  tha t  f r  0, so  tha t  

[ +  2 2  V I ( I t  2 2 2  2 2 ]  __ T CA~CO) - -  (23) ~o0, # ~o (t + ~.~/~o) + - (  ~Ao/co �9 

Equat ions  (22) and (23) a r e  n e c e s s a r y  condi t ions  fo r  the  p o s s i b i l i t y  of  s t a t i o n a r y  p l a s m a  flow in a 
t o r o i d  to  a m a g n e t o h y d r o d y n a m i c  a p p r o x i m a t i o n .  

If  the d e n o m i n a t o r s  of  t h e r i g h t  s i de s  of  Eqs .  (17) and (18) van i sh  when Vow =CA~, th is  wi l l  not lead 
to the  a p p e a r a n c e  of in f in i t i es ,  s ince  t he  v a n i s h i n g  f a c t o r s  a r e  e l i m i n a t e d  when  Pl f r o m  Eq. (19) is  sub-  
s t i tu ted  in t h e s e  equa t ions .  

A c c o r d i n g  to Eq.  (19}, when 2 2 _., (H0w-47r P0V0w} 0, 

* c~ 2 ~ (24) -HJr Opo __ [SnpovoovooHooHoo - -  H2O (4~PoV0~ T Hgo)] a~ cos (o. 

The  condi t ion  (24) in the  c y l i n d r i c a l  c a s e  (a  =0} t a k e s  the f o r m ,  a c c o r d i n g  to Eq. (13), 
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Opo %0) Opl ~ O, 

which in this case (V0r = 0, a p0/3~ r 0) is equiv.alent to the requirement  that p r e s su re  along the projection of 
the s t reamline on a plar, e perpendicular  to the cylinder axis be constant.  
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The presence  of fluctuations in the intensity of radiation excited by electrons in a jet core  
was d iscovered  using an e lec t ron beam and by studying the interaction of two low-density 
supersonic  CO 2 flows. The nature of the variat ion of the frequency and amplitude of the 
surges  within the jet core  as well as the region within which the surges  exist depend on the 
pa ramete r s  of the flow retardat ion.  

The use of an electron beam for diagnostics of flows of raref ied  gas has become widespread in experi-  
mental  gasdynamic studies because of the fact that these methods resul t  in quantitative data on gas density and 
the concentrat ion of components and the i r  energy states both in the quiescent and in the moving gas [1, 2]. 
Measurements  were based on the ability to establish a unique relation between the intensity and nature of the 
spec t rum excited by the electron beam, and the state of the gas. In this work, low-frequency radiation fluctua- 
t ions in the zone of an electron beam used for probing interacting flows of raref ied  gas containing c lus ters  are  
studied. 

This phenomenon has been studied for the interaction of two CO 2 s l ips t reams  in a vacuum chamber .  A 
gas -dr iven  source with a supersonic  nozzle (cri t ical  c r o s s - s e c t i o n  diameter  d .  =0.53 ram, section diameter  
d=1.22 ram) o r  with a sonic nozzle (d,  =0.33 ram) was mounted in the flow field at a distance of 1120 mm be- 
hind the nozzle with section diameter  100 mm and geometr ic  Mach number MI~ 8. The dimensions of the 
source  were chosen to be 10 t imes  severa l  mean free paths, in o rde r  that the gas of the external  s l ips t ream 
s t reamlining the jet not be substantially influenced. The pa ramete r s  of these flow conditions a re  indicated in 

.... .-..,,,,,, lWttll lililllllillii[llilllll I I 

6 0 74-0 820 ~c /d  

Fig. 1 
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