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Calculat ions on the flow of p l a s m a  ca r ry ing  pa r t i c l e s  in a nozzle at subsonic ve loc i t ies ,  without taking 
into account  the dynamic and t h e r m a l  in teract ion between the phases ,  a r e  r epo r t ed  in [1, 2]. 

In this paper ,  the calculat ions a r e  extended to the supersonic  flow of pa r t i c l e -bea r ing  p l a sma ,  taking 
into account the in teract ion between the phases .  The flow of argon ca r ry ing  pa r t i c l e s  of a luminum oxide 
(d iameters  of 10~) and Nichrome (diameters  of 50 #) in a supersonic  nozzle  is cons idered .  

The calculat ions a r e  based  on the one-dimensional  continuum model descr ibed  in [3]. It is a s sumed  
that the gravi ta t ional  fo rce  and the volume occupied by the pa r t i c les  a r e  negligible,  and that the pa r t i c les  
a r e  spher ica l  and of equal r ad ius .  T h e r m a l  and mechanical  interact ions between the flow and the nozzle 
wall  a r e  neglected.  The flow of the g a s - p a r t i c l e  mixture  can then be descr ibed  by the set  of equations r e -  
por ted  in [4]. 

This  set  is augmented by re la t ionships  [2, 5] which cha rac t e r i ze  the t he rma l  and mechanical  i n t e r ac -  
t ion between the phases ,  and  is solved on a compute r .  

The initial conditions at en t ry  to the u l t rasonic  nozzle (at x = 0) a re :  P0 = P0 = To = 1; v0 = M0~rk; M0 

= 1.01; PTO = 0. 

The calculat ion is c a r r i ed  out for  two posi t ions of the point of injection of the powder,  n a m e l y , x  = 1.5 
a n d x  = 9. 
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Fig.  1. Velocity of gaseous  and solid phases  [broken curve) gas ,  
solid curve) par t i c les ] :  0) pure  argon; 1) a rgon plus a luminum 
oxide (10 ~), ~ = 0.5; 2) the same ,  ~* -- 1.0; 3) a rgonp lus  Nichrome 
(50 ~), ~ = 0.5; 4) the same ,  ~ = 1.0. 

Fig .  2. T e m p e r a t u r e  of solid pa r t i c l e s  as  a function of dis tance 
along the nozzle;  numbers  against  curves  have the s ame  s igni f i -  
cance as in Fig .  1. 
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The par t i c les  injected into the nozzle have an initial velocity VT = 0.01 and density PT = 60 and 130, 
which corresponds  to a ra t io  of par t ic le  and gas flow ra tes  of # = 0.5 and 1.0. 

The flow p a r a m e t e r s  at the entrance to the nozzle a re  (in dimensional form).  T o = 8000~ and p0= 0.25 
kg /m 3. 

The speed and t empera tu re  of par t i c les  leaving the nozzle inc rease  with decreas ing  size and eoncen-  
t rac t ion  of these par t ic les ,  and with increasing distance between the point of injection of the par t i c les  and 
the face of the nozzle (Figs. 1 and 2). 

The notation used above is as follows, x is the distance along the nozzle; p is the gas p r e s su re ;  p, OT 
a re  the density of the gaseous phase and the par t i c le  "gash; T,  T T a r e  the t empera tu res  of gas and par t ic les ;  
v, v T a re  veloci t ies  of the gaseous and solid phases;  M is the Mach number;  k is the isoentropie  exponent; 
# is the ra t io  of the ra te  of flow of pa r t i c les  to the ra te  of flow of the gaseous phase.  
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