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A SNDY OF A WEAKLY JONIZED, ROTATING PLASMA 

M.M.B. Wijnakker and E.H.A. Grannernan. 

FOM-Institute for Atomic and MoZecuZar Physics Kruislaan 407, Amsterdam, The Netherlands. 

Rotating plasmas a r e  o f ten  s tudied f o r  separat ion 
of species  of d i f f e r e n t  mass [1,21. I f  i n  a  cylin- 
d r i c a l  system with an a x i a l  magnetic f i e l d  a  current 
is drawn between a  point- l ike cathode (on axis)  and cathode 

a ring-shaped anode, the  r a d i a l  component of the 
e l e c t r i c a l  current  together  with the  magnetic f i e l d  
causes a  Lorentz force which drives the  ionized par- 
t i c l e s  i n  azimuthal d i rec t ion .  Neutrals ,  present  i n  
the  system w i l l  be driven i n  the same d i rec t ion  due 
t o  c o l l i s i o n s  with the  ions .  This azimuthal veloci- 
t i e s  of  ions and n e u t r a l s  lead t o  cen t r i fuga l  forces 
which can be used f o r  separa t ion  of species  of d i f -  
fe ren t  mass. 
I n  t h i s  paper measurements a re  given on a  s t a t i o m r y  
r o t a t i n g  plasma with a  low degree of ion iza t ion  
(- 2%). The values of  the r o t a t i o n a l  ve loc i ty  of the 
neu t ra l s  a r e  compared with values ca lcu la ted  from a 
s ing le  f l u i d  M.H.D. theory used by KlGber [31 and 
Wilhelm and Hong C41, which is  adapted t o  our expe- 
rimental arrangement. Ion conduction i s  a l so  inclu- 
ded i n  our theore t ica l  ca lcu la t ions  i51. 
The measurements were done i n  argon o r  xenon a t f i l -  
l i n g  pressures  of 1 t o  10 t o r r .  

Apparatus 
The main d i f fe rence  between the present  experiment 
(diameter 2R=12 cm, length L about 50 cm) and o ther  
r o t a t i n g  plasma experiments i s  t h a t  two cathode- 
anode configurat ions which face each o t h e r  a r e  used 
( f jg .1 ) .  Calculat ions show t h a t  i n  t h i s  case the  
a x r a l  der iva t ives  of t h e  r o t a t i o n a l  ve loc i ty  and the 
plasma p o t e n t i a l  a r e  small i n  the  volume between the 
two anodes C63. The cy l inder  wal l  contains 24 elec-  
t r i c a l l y  insu la ted  s t a i n l e s s  s t e e l  r ings  (2 cmthick). 
Two of these r ings serve a s  anodes. Between the two 
anodes diagnost ic  p o r t s  a r e  i n s t a l l e d  which allow 
o p t i c a l  and probe measurements i n  the symmetry plane 
of  the  experiment. 
The r o t a t i o n a l  ve loc i ty  and heavy p a r t i c l e  tempera- 
t u r e  a r e  determined from the  Doppler s h i f t  and width 
of plasma s p e c t r a l  l i n e s .  The plasma densi ty i s  de- 
termined by adding a  small amount of hydrogen t o  the 
dis.charge and measuring the Hf? Stark  broadening. The 
pressure d i s t r i b u t i o n  and the separa t ion  of species  
of d i f f e r e n t  mass a r e  measured by means of c a l i b r a -  
t e d  pressure probes which a re  designed such t h a t  
only s t a t i c  pressures  a r e  measured. 

Theory 
I n  the  magneto-gasdynamic approximation the equation 
of conservation of  e l e c t r i c  charge densi ty (V.J=O) 
and the Navier-Stokes equation, both combined with 
the general ized Ohm's law give r i s e  t o  the  following 
s e t  of equations: 

i n  wlzich $ and v8 a r e  the p o t e n t i a l  and the azimu- 
t h a l  ve loc i ty ,  B the  magnetic f i e l d ,  p  the c&ffi- 
c i e n t  of  v i scos i ty  and o and UJ. the  e l e c t r i c a l  con- 
d u c t i v i t i e s  p a r a l l e l  and perpendicular to  B ,  res- 
pect ively.  The plasma i s  assumed t o  be homogeneous 
with respect  t o  o,o,, and u .  These two r e l a t i o n s  
f u l l y  determine the  r o t a t i o n a l  ve loc i ty  ve and the 
p o t e n t i a l  0 a s  a  funct ion of r and z .  Secundary 
flows a r e  neglected and ve i s  assumeid t o  be zero on 
the  wal l s .  Wilhelm and Hong C4lshowed t h a t  the solu- 
t ions  f o r  vg and @ can be expressed i n  terms of the  
Hartmann number HL = (ol/p)l BR and the  Hall  psra- 
meter B. In  t h a t  case only e lec t ron  conduct ivi ty  
was taken i n t o  account and consequently the Hall  
parameter was the e lec t ron  Hall parameter Be. In  our  
experimental s i t u a t i o n ,  however i t  i s  shown t h a t  
the ion-Hall parameter 8; is of the  order  uni ty 
which means t h a t  the ion conduction has t o  be i ixlu-  
ded. For t h a t  case Mitchner and Kruger C51 give the 
following expression f o r  ol : 

i n  which s=BeBi i s  the  so-called ion s l i p  fac tor .  
An accurate  t h e o r e t i c a l  p red ic t ion  of the r o t a t i -  
onal ve loc i ty  and plasma p o t e n t i a l  can be made pro- 
vided p,B,u,B,ff and the e l e c t r i c a l  cur ren t  I a r e  
known. It  can be shown C61 t h a t  i n  the  symmetry 
plane t h e  quant i ty  vep/IB i s  only very weakly depen- 
dent on u and B e f f  and there fore  these l a t t e r  two 
q u a n t i t i e s  do no t  have t o  be known accurately.  

Resul ts  
I n  f i g .  2 the  measured values f o r  the ro ta t iona l  
ve loc i ty  of argon n e u t r a l  p a r t i c l e s  a r e  given a t  
d i f f e r e n t  r a d i a l  pos i t ions  a t  a  f i l l i n g  pressure of 
1 t o r r ,  magnetic f i e l d  s t r e n g t h  of 0.13 T and an 
e l e c t r i c a l  current  of 100 A. The,maximum value is 
about 700 m/sec; i t  l i e s  about 3.5 cm outs ide  the 
cen t re  of the column. The t h e o r e t i c a l  curves a r e  
obtained as  follows: For the cogf f ic ien t  of  visco- 
s i t y  u, the value 1.14*1(r4 kg n i l s e r l  given by 
Dymond [71 f o r  neu t ra l s  a t  an average temperature 
of 2900 K i s  used. I n  our s i t u a t i o n  f o r  the  paral le l  
conductivity o the  Sp i tze r  conduct ivi ty  (which only 
depends on the  e l c t r o n  temperature) can be taken. 
The e lec t ron  temperature i s  measured i n  two ways: 

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19797236

http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:19797236


It is  determined from the  l i n e  i n t e n s i t y  r a t i o s  of 
neu t ra l  s p e c t r a l  l i n e s  (Boltzmann p l o t ) .  This g ives  
a value of 0.7 f 0.2 eV, near ly  constant w i t h r a d i u s  
This value i s  probably too low C81. Besides t h a t ,  
two cm from the wal l  the  e l e c t r o n  temperature is  
a l so  determined by means of a double probe. This 
y ie lds  a temperature of 1 -0 f 0.2 eV. Once the quan- 
t i t i e s  p,I,B,a and B e f f  a r e  known one of the  out- 
puts  of  the ca lcu la t ions  i s  t h e  anode cathode vol- 
tage. Feeding i n  the experimental anode-cathode 
voltage (=I8 +2V, corrected f o r  the  cathode and 
anode f a l l s ) ,  together  with p,I,B and o gives a va- 
lue  f o r  B e f f .  For Te=l .O eV t h i s  y i e l d s  B e f f  = 3. 
Because we do not know t o  what ex ten t  t h i s  Te is  
c h a r a c t e r i s t i c  f o r  the whole vesse l ,  and because 
usual ly the e lec t ron  temperature of  such discharges 
i s  higher  181 we a l s o  appl ied a value Te=2.5 eV, 
yielding B e f f  = 9.  Note t h a t  t h e  differences i n  f i g .  
2 f o r  these two cases (Te=I eV;Beff=3 and Te=2.5 eV; 
Beff=9)' a r e  small.  In f i g .  3 t h e  measured plasma 
p o t e n t i a l s  a r e  given together  with the ca lcu la ted  

curves f o r  the same two cases. l'here i s  a reasonable 
agreementbetween theory and experiment f o r  t h e  
ve loc i ty  a s  well  a s  the p o t e n t i a l .  
'he pressure enhancement from the  cen t re  of the column 
t o  t h e  wal l  f o r  the  conditions mentioned i n  f i g .  2 
is  approximately a f a c t o r  2.5. This r a t h e r  low 
value is  probably caused by the  high heavy p a r t i c l e  
temperatures. I n  the cen t re  a temperature of 5900f 
1300 K i s  measured. This temperature increases with 
the magnetic f i e l d  s t reng th ;  the  r a t i o  $mv3/k~ re- 
mains approximately constant .  This l a t t e r  r a t i o  is  
an important quant i ty  f o r  the r a d i a l  pressure dis-  

t r i b u t i o n  and hence f o r  the mass separat ion.  In  a 
discharge i n  which equal amounts o f  A r  and Xe a r e  
present  a maximum r e l a t i v e  separa t ion  f a c t o r  of  2.2 
i s  found C61. 
The ve loc i ty  of t h e  n e u t r a l  p a r t i c l e s  increases  line- 
a r l y  with t h e  e l e c t r i c a l  cur ren t  and the magnetic 
f i e l d  s t reng th .  The n e u t r a l  Xe atoms i n  a pure Xe dis- 
charge have about a f a c t o r  1.5-1.8 lower ve loc i ty  
than the  neu t r  1 Ar atoms i n  an A r  discharge. This 
means t h a t  imvg is approximately constant  i n  those 
cases .  
I n  a forthcoming paper we w i l l  t r e a t  t h i s  more tho- 
roughly C91. A t  higher  f i l l i n g  pressures  the  veloci- 
t y  of  neu t ra l s  decreases ( f ig .4 ) .  A t  pressures  of 10 
t o r r  f o r  A r  and 4 t o r r  f o r  Xe the  o r i g i n a l l y  r a r h e r  

uniform discharge abrup t ly  changes character .  The 
r o t a t i o n a l  v e l o c i t i e s  drop t o  values below 200m/sec. 
I n  t h i s  s i t u a t i o n  p r a c t i c a l l y  no r a d i a l  pressure in- 
hancement i s  found. We have no q u a n t i t a t i v e  explana- 
t i o n  f o r  t h i s  phenomenon a s  y e t .  
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