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Method  and  apparatus  for  producing  a  plasma  flow  having  a  heated  and  broadened  plasma  jet. 
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©  A  method  for  heating  and  broadening  the  plasma  jet  ex- 
hausting  from  a  plasma  gun  includes  directing  the  jet  along  the 
central  axis  of  a  downstream  induction  coil  and  passing  a  high 
frequency  alternating  current  through  the  coil,  so  that  the  outer 
layers  of  the  plasma  jet  are  heated  more  than  the  center  thereof, 
and  the  average  temperature  of  the  jet  is  increased.  A  preferred 
method  for  producing  the  plasma  jet  includes  establishing  a 
plasma  discharge  in  a  gas  flowing  along  the  central  axis  of  a 
separate,  upstream  induction  coil,  by  passing  a  high  frequency 
alternating  current  through  the  coil,  and  directing  the  gas  flow  and 
at  least  a  portion  of  the  plasma  discharge  through  a  throated 
passage  to  form  a  plasma  jet.  In  accordance  with  a  preferred 
embodiment,  an  apparatus  for  carrying  out  the  invention  includes 
a  housing  having  a  flow  channel  with  an  inlet  opening  and  an 
outlet  opening,  a  throat  region  between  the  inlet  and  outlet 
openings,  first  and  second  induction  coils  disposed  around  the 
inlet  and  outlet  ends,  respectively,  of  the  channel,  means  for 
introducing  a  high  velocity  flow  of  gas  into  the  channel,  and 
means  for  passing  high  frequency  alternating  currents  through 
each  of  the  induction  coils. 
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and  the  average  temperature  of  the  jet  is  increased.  A  preferred 
method  for  producing  the  plasma  jet  includes  establishing  a 
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alternating  current through  the  coil,  and  directing  the  gas  flow  and 
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means  for  passing  high  frequency  alternating  currents  through 
each  of  the  induction  coils. 



B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   a n d  

a p p a r a t u s   f o r   p r o d u c i n g   a  p l a s m a   f l o w   h a v i n g   a  h e a t e d  

and  b r o a d e n e d   p l a s m a   j e t .   More  p a r t i c u l a r l y ,   i t  

r e l a t e s   t o ' t h e   u s e   of   an  i n d u c t i o n   c o i l   to   h e a t   t h e  

p l a s m a   j e t   e x h a u s t i n g   f rom  a  p l a s m a   s p r a y   g u n .  
P l a s m a   guns   a r e   f r e q u e n t l y   u s e d   to   d e p o s i t   a  

m a t e r i a l , ,   s u c h   as  m e t a l   or  c e r a m i c ,   on  an  o b j e c t   to   b e  

c o a t e d   or  s h a p e d ,   t y p i c a l l y   r e f e r r e d   to   as  a  t a r g e t .  

In  a  t y p i c a l   p l a s m a   s p r a y   o p e r a t i o n ,   t h e   m a t e r i a l   to   b e  

d e p o s i t e d   i s   f o r m e d   i n t o   p o w d e r   p a r t i c l e s ,   and  t h e  

p a r t i c l e s   a r e   i n j e c t e d   i n t o   t h e   p l a s m a .   I d e a l l y ,   h o t  

s t r e a m i n g   g a s e s   f rom  t h e   p l a s m a   h e a t   t h e   p o w d e r  

p a r t i c l e s   to   t h e i r   m e l t i n g   p o i n t   and  a c c e l e r a t e   them  i n  

p r e p a r a t i o n   f o r   d e p o s i t   on  t h e   t a r g e t .   I f   a l l   of  t h e  

i n j e c t e d   p a r t i c l e s   a r e   e q u a l l y   h e a t e d   and  a c c e l e r a t e d ,  

and  i f   a l l   of  t h e   p a r t i c l e s   s t a y   in  t h e   p l a s m a   s t r e a m  

w h i l e   b e i n g   t r a n s p o r t e d   to  t h e   t a r g e t ,   t h e   d e p o s i t e d  

m a t e r i a l   i s   of  h i g h ,   u n i f o r m   d e n s i t y   and  h i g h   s t r e n g t h .  

I n  p r a c t i c e ,   h o w e v e r ,   s u c h   i s   n o t   t h e   c a s e .   T y p i c a l l y ,  

t h e   d e p o s i t s   r e s u l t i n g   f rom  c o n v e n t i o n a l   p l a s m a   s p r a y  

o p e r a t i o n s   h a v e   h i g h e r   d e n s i t y   and  s t r e n g t h   in   t h e   a r e a  

known  as  t h e   " s w e e t   s p o t " ,   in   t h e   c e n t e r   of  t h e  

d e p o s i t ,   t h a n   in  t h e   " f r i n g e   a r e a "   a r o u n d   t h e   c e n t e r   o f  

t h e   d e p o s i t .  

One  of  t h e   c a u s e s   of  t h e   d e g r a d e d   m a t e r i a l  

p r o p e r t i e s   in   t h e   " f r i n g e   a r e a "   i s   n o n - u n i f o r m   h e a t i n g  

and  a c c e l e r a t i o n   of  t h e   p o w d e r   p a r t i c l e s .   In  m a n y  
c o n v e n t i o n a l   p l a s m a   g u n s ,   t h e   t e m p e r a t u r e   of  t h e   p l a s m a  
d e c r e a s e s   r a p i d l y   f rom  t h e   c e n t e r   of  t h e   p l a s m a   s t r e a m  



to   i t s   o u t e r   r a d i u s .   O p t i m a l   h e a t i n g   and  a c c l e r a t i o n  

of   i n j e c t e d   p a r t i c l e s   o c c u r s   w i t h i n   a  r e l a t i v e l y   n a r r o w  

r a d i u s   f r o m   t h e   c e n t e r   of  t h e   p l a s m a   s t r e a m .  

F u r t h e r m o r e ,   t h e   o v e r a l l   t e m p e r a t u r e   of  t h e   p l a s m a  

s t r e a m   d e c a y s   r a p i d l y   as  t h e   p l a s m a   f l o w s   t o w a r d   t h e  

t a r g e t .   The  a v e r a g e   t e m p e r a t u r e   of  a  r a d i a l   c r o s s  

s e c t i o n   of   t h e   p l a s m a   s t r e a m   l o c a t e d   n e a r   t h e   t a r g e t   i s  

s i g n i f i c a n t l y   l o w e r   t h a n   t h e   a v e r a g e   t e m p e r a t u r e   of  a  

s i m i l a r   c r o s s   s e c t i o n   l o c a t e d   w h e r e   t h e   p l a s m a   s t r e a m  

e x h a u s t s   f rom  t h e   p l a s m a   gun.   H e n c e ,   t h e   t e m p e r a t u r e  
of   t h e   p l a s m a   s t r e a m   d e c a y s   in   b o t h   t h e   a x i a l   and  t h e  

r a d i a l   d i r e c t i o n s .   The  r e s u l t   of   t h i s   t e m p e r a t u r e  

d e c a y   i s   t h a t   p a r t i c l e s   b e i n g   t r a n s p o r t e d   to  t h e   t a r g e t  

in   t h e   o u t e r   l a y e r s   of   t h e   p l a s m a   s t r e a m   may  n o t   b e  

h e a t e d   e n o u g h   to   be  m o l t e n   when  t h e y   a r e   d e p o s i t e d   o n  

t h e   t a r g e t ,   o r ,   e v e n   i f   m o l t e n   when  t h e y   e x h a u s t   f r o m  

t h e   p l a s m a   gun ,   may  s o l i d i f y   b e f o r e   r e a c h i n g   t h e  

t a r g e t .   C o n s e q u e n t l y ,   a  p l a s m a   s t r e a m   i s   d e s i r e d   t h a t  

p r o v i d e s   a  l a r g e r   r a d i u s   of   o p t i m a l   p a r t i c l e   h e a t i n g  

and  t h a t   m a i n t a i n s   i n j e c t e d   p a r t i c l e s   in   a  m o l t e n   s t a t e  

u n t i l   t h e y   a r e   d e p o s i t e d   on  t h e   t a r g e t .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of   t h e   p r e s e n t  

i n v e n t i o n   to   p r o v i d e   a  m e t h o d   f o r   h e a t i n g   a n d  

b r o a d e n i n g   t h e   p l a s m a   j e t   e x h a u s t i n g   f rom  a  p l a s m a  

s p r a y   g u n .  
I t   i s   a  f u r t h e r   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to   p r o v i d e   a  m e t h o d   f o r   u s i n g   an  i n d u c t i o n  

c o i l   in   o r d e r   to   h e a t   and  b r o a d e n   t h e   p l a s m a   j e t  

e x h a u s t i n g   f rom  a  p l a s m a   s p r a y   g u n .  
I t   i s   a n o t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  m e t h o d   f o r   p r o d u c i n g   a  p l a s m a   f l o w  

e x h i b i t i n g   an  i m p r o v e d   t e m p e r a t u r e   d i s t r i b u t i o n   and  a  
b r o a d e n e d   p l a s m a   j e t .  



I t   i s   a l s o   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   an  a p p a r a t u s   f o r   h e a t i n g   and  b r o a d e n i n g   t h e  

p l a s m a   j e t   e x h a u s t i n g   f rom  a  p l a s m a   g u n .  

I t   i s   s t i l l   a n o t h e r   o b j e c t   of  t h e  p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  p l a s m a   f l o w   n o z z l e   h a v i n g   a n  

i n d u c t i o n   c o i l   to  h e a t   a  gas   s t r e a m   f l o w i n g  

t h e r e t h r o u g h .  

I t   i s   y e t   a n o t h e r   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   an  a p p a r a t u s   f o r   p r o d u c i n g   a  

p l a s m a   f l o w   h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t .  

Summary  of  t h e   I n v e n t i o n  

In  a c c o r d a n c e   w i t h   one  e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  m e t h o d   f o r   h e a t i n g   and  b r o a d e n i n g  

t h e   p l a s m a   j e t   e x h a u s t i n g   f rom  a  p l a s m a   gun  c o m p r i s e s  

d i r e c t i n g  t h e   p l a s m a   j e t   a l o n g   t h e   c e n t r a l   a x i s   of  a n  

i n d u c t i o n   c o i l   a n d  p a s s i n g   a  h i g h   f r e q u e n c y   a l t e r n a t i n g  

c u r r e n t   t h r o u g h   t h e   c o i l ,   so  t h a t   t h e   o u t e r   l a y e r s   o f  

t h e   p l a s m a   j e t   a r e   h e a t e d   more  t h a n   t h e   c e n t e r   of  t h e  

j e t ,   and  so  t h a t   t h e   a v e r a g e   t e m p e r a t u r e   of  t h e   j e t   i s  

i n c r e a s e d .   A  p r e f e r r e d   m e t h o d   f o r   p r o d u c i n g   a  p l a s m a  

f l o w   h a v i n g   a  h o t t e r   and  b r o a d e r   j e t   t h a n   i s  

c o n v e n t i o n a l l y   p r o v i d e d   c o m p r i s e s :   e s t a b l i s h i n g   a  

p l a s m a   d i s c h a r g e   in   a  gas   f l o w i n g   a l o n g   t h e   c e n t r a l  

a x i s   of   a  f i r s t ,   u p s t r e a m   i n d u c t i o n   c o i l ,   by  p a s s i n g   a  

h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   t h r o u g h   t h e   c o i l ;  

p r o d u c i n g   a  p l a s m a   j e t   by  d i r e c t i n g   t h e   g a s ,  . a n d   a t  

l e a s t   a  p o r t i o n   of  t h e   p l a s m a   d i s c h a r g e ,   t h r o u g h   a  

t h r o a t e d   p a s s a g e ;   and  h e a t i n g   t h e   p l a s m a   j e t   e m i t t e d  

f rom  t h e   t h r o a t e d   p a s s a g e ,   by  t h e   m e t h o d   d e s c r i b e d  

a b o v e ,   u s i n g   a  s e c o n d ,   d o w n s t r e a m   i n d u c t i o n   c o i l .  

In  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   an  a p p a r a t u s   f o r   c a r r y i n g   o u t   t h e  

p r e s e n t   i n v e n t i o n   c o m p r i s e s   a  p l a s m a   gun  h a v i n g   a n  



i n l e t   and  an  o u t l e t ,   i n   w h i c h   a  p l a s m a   d i s c h a r g e   may  b e  

e s t a b l i s h e d   so  t h a t   a  p l a s m a   j e t   e x h a u s t s   t h r o u g h   t h e  

p l a s m a   gun  o u t l e t .   A  h e a t e r   h o u s i n g   h a v i n g   a  f l o w  

c h a n n e l   d e f i n e d   t h e r e i n   i s   c o n n e c t e d   in   f l o w  

c o m m u n c i a t i o n   w i t h   t h e   o u t l e t   of   t h e   p l a s m a   gun  so  t h a t  

t h e   p l a s m a   j e t   i s   d i r e c t e d   t h r o u g h   t h e   f l o w   c h a n n e l .  

The  a p p a r a t u s   a l s o   i n c l u d e s   a  h e a t e r   i n d u c t i o n   c o i l  

d i s p o s e d   a r o u n d   t h e   o u t s i d e   of   t h e   f l o w   c h a n n e l   a n d  

m e a n s   f o r   p a s s i n g   a  h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t  

t h r o u g h   t h e   c o i l   in   o r d e r   to   h e a t   t h e   p l a s m a   j e t .   In  a  

p r e f e r r e d   e m b o d i m e n t ,   t h e   p l a s m a   gun  u s e d   in   t h e  a b o v e  

a p p a r a t u s   i n c l u d e s   a  h o u s i n g   h a v i n g   a  f l o w   c h a n n e l   w i t h  

an  i n l e t   o p e n i n g   and  an  o u t l e t   o p e n i n g ,   a  t h r o a t   r e g i o n  

b e t w e e n   t h e   i n l e t   and  o u t l e t   e n d s   of   t h e   c h a n n e l ,   a n d  

a n o t h e r   i n d u c t i o n   c o i l   d i s p o s e d   a r o u n d   t h e   i n l e t   end  o f  

t h e   f l o w   c h a n n e l .   An  a p p a r a t u s ' f o r   p r o d u c i n g   a  p l a s m a  

f l o w   h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t   i n c l u d e s  

t h e   a p p a r a t u s   d e s c r i b e d   a b o v e   and  f u r t h e r   c o m p r i s e s  

m e a n s   f o r   i n t r o d u c i n g   a  h i g h   v e l o c i t y   f l o w  o f   gas   i n t o  

t h e   p l a s m a   gun  and  m e a n s   f o r   p a s s i n g   h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t s   t h r o u g h   e a c h   of   t h e   i n d u c t i o n  

c o i l s .  

B r i e f  D e s c r i p t i o n   of   t h e   D r a w i n g s  

The  s u b j e c t   m a t t e r   w h i c h   i s   r e g a r d e d   as  t h e  

i n v e n t i o n   i s   p a r t i c u l a r l y   p o i n t e d   o u t   and  d i s t i n c t l y  

c l a i m e d   in   t h e   c o n c l u d i n g   p o r t i o n   of   t h e   s p e c i f i c a t i o n .  

The  i n v e n t i o n   i t s e l f ,   h o w e v e r ,   b o t h   as  to   i t s  

o r g a n i z a t i o n   and  i t s   m e t h o d   of   p r a c t i c e ,   t o g e t h e r   w i t h  

f u r t h e r   o b j e c t s   and  a d v a n t a g e s   t h e r e o f ,   may  b e s t   b e  

u n d e r s t o o d   by  r e f e r e n c e   to   t h e   f o l l o w i n g   d e s c r i p t i o n  

t a k e n   in   c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h :  



F i g u r e   1  i s   a  s i d e   e l e v a t i o n ,   c r o s s - s e c t i o n a l  

v i e w   s c h e m a t i c a l l y   i l l u s t r a t i n g   one  e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  i s   a  v i e w   s i m i l a r   to   F i g u r e   1 

s c h e m a t i c a l l y   i l l u s t r a t i n g   a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e   3  i s   a  v i e w   s i m i l a r   to  F i g u r e   2 

s c h e m a t i c a l l y   i l l u s t r a t i n g   s t i l l   a n o t h e r   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n .  

D e t a i l e d  D e s c r i p t i o n   of  t h e   I n v e n t i o n  

The  i n s t a n t   a p p l i c a n t s   h a v e   f o u n d   t h a t ,  t o  

p r o d u c e   a  p l a s m a   s p r a y   d e p o s i t   w i t h   a  l a r g e r   " s w e e t  

s p o t "   and  r e d u c e d   " f r i n g e   a r e a , "   t h e   p l a s m a   j e t  

e x h a u s t i n g   f rom  t h e   p l a s m a   s p r a y   gun  u s e d   to   make  t h e  

d e p o s i t   s h o u l d   be  f u r t h e r   h e a t e d   and  b r o a d e n e d .   I n  

a c c o r d a n c e  - w i t h   t h e   p r e s e n t   i n v e n t i o n ,   a  m e t h o d   f o r  

d o i n g   so  c o m p r i s e s   d i r e c t i n g   t h e   p l a s m a   j e t   a l o n g   t h e  

c e n t r a l   a x i s   of  a  d o w n s t r e a m   i n d u c t i o n   c o i l   and  p a s s i n g  

a  h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   t h r o u g h   t h e  

d o w n s t r e a m   i n d u c t i o n   c o i l ,   so  as  to  b o t h   h e a t   t h e   o u t e r  

l a y e r s   of  t h e   p l a s m a   j e t   and  i n c r e a s e   t h e   a v e r a g e  

t e m p e r a t u r e   of  t h e   j e t .   P r e f e r a b l y ,   t h e   m a g n i t u d e   a n d  

f r e q u e n c y   of  t h e   h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t  

f l o w i n g   t h r o u g h   t h e   i n d u c t i o n   c o i l   a r e   c h o s e n   s u c h   t h a t  

t h e   c u r r e n t   f l o w   p r o d u c e s   a  p o w e r   o u t p u t   of  b e t w e e n  

a b o u t   20  k i l o w a t t s   and  100  k i l o w a t t s .   The  f r e q u e n c y   o f  

t h e   c u r r e n t   o s c i l l a t i o n   i s   p r e f e r a b l y   b e t w e e n   a b o u t  

500  kHz  and  10  MHz.  As  s c h e m a t i c a l l y   i l l u s t r a t e d   b y  

t h e   s i d e   e l e v a t i o n ,   c r o s s - s e c t i o n a l   v i e w   of  F i g u r e   1 ,  

p l a s m a   j e t   14  e x h a u s t s   f rom  p l a s m a   s p r a y   gun  10  a n d  

f l o w s   a l o n g   t h e   c e n t r a l   a x i s   of  a  d o w n s t r e a m   i n d u c t i o n  

c o i l   12  c o m p r i s e d   of  s e v e r a l   i n d u c t i o n   c o i l   w i n d i n g  

t u r n s .   When  a  h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   i s  



p a s s e d   t h r o u g h   i n d u c t i o n   c o i l   12,  a  h i g h   f r e q u e n c y  

m a g n e t i c   f i e l d   i s   p r o d u c e d ,   t h r o u g h   w h i c h   e n e r g y   i s  

c o u p l e d   i n t o   p l a s m a   j e t   14.  T h i s   e n e r g y   t r a n s f e r   h e a t s  

t h e   o u t e r   l a y e r s   of   p l a s m a   j e t   14  more   t h a n   i t   h e a t s  

t h e   c e n t e r   t h e r e o f ,   t h e r e b y   r e d u c i n g   t h e   t e m p e r a t u r e  

d e c a y   of   p l a s m a   j e t   1 4  i n   t h e   r a d i a l   d i r e c t i o n .   T h u s ,  

p l a s m a   j e t   14  c an   be  made  to   h a v e   a  s u b s t a n t i a l l y   f l a t  

r a d i a l   t e m p e r a t u r e   d i s t r i b u t i o n .   H e a t i n g   of  p l a s m a   j e t  

14  in   t h i s   m a n n e r   r e s u l t s   in   a  b r o a d e r ,   l a r g e r   d i a m e t e r  

p l a s m a   j e t   s t r e a m ,   as  i l l u s t r a t e d   in   F i g u r e   1  by  p l a s m a  

j e t   l a y e r   16.  W i t h   a  l a r g e r   d i a m e t e r   p l a s m a   j e t  

s t r e a m ,   p a r t i c l e s   i n j e c t e d   i n t o   t h e   s t r e a m  c a n   m o r e  

e a s i l y   be  k e p t   w i t h i n   t h e   c o n f i n e s   of  t h e   p l a s m a  

s t r e a m .   F u r t h e r m o r e ,   w i t h   a  l a r g e r   d i a m e t e r   s t r e a m ,  

t h e   a r e a   w i t h i n   t h e   s t r e a m   w h e r e   t h e   p l a s m a   t e m p e r a t u r e  

i s   o p t i m a l   h a s   a  l a r g e r   r a d i u s .   H e a t i n g   of   p l a s m a   j e t  

14  by  e n e r g y   t r a n s f e r   f rom  i n d u c t i o n   c o i l   12  a l s o  

i n c r e a s e s   t h e   a v e r a g e   t e m p e r a t u r e   of  p l a s m a   j e t   1 4 ,  

t h e r e b y   r e d u c i n g   t h e   e f f e c t s   on  p a r t i c l e   m e l t i n g   o f  

t e m p e r a t u r e   d e c a y   in   t h e   a x i a l   d i r e c t i o n .   As  a  r e s u l t  

of   t h e s e   t h r e e   e f f e c t s ,   t h a t   i s ,   r e d u c i n g   r a d i a l  

t e m p e r a t u r e   d e c a y ,   b r o a d e n i n g   t h e   p l a s m a   j e t ,   a n d  

i n c r e a s i n g   t h e   a v e r a g e   j e t   t e m p e r a t u r e ,   p a r t i c l e s  

i n j e c t e d   i n t o   t h e   p l a s m a   s t r e a m   a r e   more   u n i f o r m l y  

h e a t e d   and  more   c o m p l e t e l y   m e l t e d   b e f o r e   b e i n g  

d e p o s i t e d   on  a  t a r g e t .   T h i s   r e s u l t   i s   e s p e c i a l l y  

s i g n i f i c a n t   f o r   p a r t i c l e s   in  t h e   a r e a   of  t h e   b o u n d a r y  

l a y e r .   P a r t i c l e s   w h i c h ,   w i t h o u t   h e a t i n g   and  b r o a d e n i n g  

of   t h e   p l a s m a   j e t   by  t h e   m e t h o d   of   t h e   p r e s e n t  

i n v e n t i o n ,   may  n o t   be  h e a t e d   to  t h e   m o l t e n   s t a t e   o r  

w h i c h   may  r e s o l i d i f y   b e f o r e   r e a c h i n g   t h e   t a r g e t ,   w i l l ,  

when  t h e   i n s t a n t   i n v e n t i o n   i s   u t i l i z e d ,   be  b e t t e r  

h e a t e d   and  more   c o m p l e t e l y   m e l t e d .   A n o t h e r   a d v a n t a g e  



p r o v i d e d   by  t h e   p r e s e n t   i n v e n t i o n   i s   t h a t   h e a t i n g   o f  

t h e   gas   a r o u n d   t h e   o u t s i d e   of  t h e   p l a s m a   j e t ,   p r o d u c e d  

b y - h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   p a s s i n g   t h r o u g h  

t h e   d o w n s t r e a m   i n d u c t i o n   c o i l ,   i n c r e a s e s   t h e   f r i c t i o n  

b e t w e e n   t h e   p l a s m a   j e t   and  t h e   gas   s u r r o u n d i n g   i t ,  

t h e r e b y   d e c r e a s i n g   t h e   v e l o c i t y   of  t h e   j e t .   T h i s  

d e c r e a s e d   j e t   v e l o c i t y   r e s u l t s   in   a  l o n g e r   r e s i d e n c e  

t i m e   of  i n j e c t e d   p a r t i c l e s   w i t h i n   t h e   h o t   s t r e a m i n g  

g a s e s   of  t h e   p l a s m a   j e t   and,   t h e r e f o r e ,   i m p r o v e d  

h e a t i n g   of  t h e   p a r t i c l e s .   I t   can   t h u s   be  s e e n   t h a t   t h e  

m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   r e s u l t s   in  a  l a r g e r  

n u m b e r   of  p r o p e r l y   h e a t e d   p a r t i c l e s   h i t t i n g   t h e   t a r g e t .  

One  e m b o d i m e n t   of  an  a p p a r a t u s   s u i t a b l e   f o r  

p r a c t i c i n g   t h e   m e t h o d   d e s c r i b e d  a b o v e   f o r   h e a t i n g   a n d  

b r o a d e n i n g   t h e   p l a s m a   j e t   f rom  a  p l a s m a   gun  i s  

s c h e m a t i c a l l y   i l l u s t r a t e d   by  t h e   s i d e   e l e v a t i o n ,  

c r o s s - s e c t i o n a l   v i e w   of  F i g u r e   2.  P l a s m a   gun  18  

i n c l u d e s   i n l e t   22  f o r   r e c e i v i n g   a  h i g h   v e l o c i t y   f l o w   o f  

gas   ( n o t   i l l u s t r a t e d   in  F i g u r e   2 ) .   P l a s m a   gun  18  a l s o  

i n c l u d e s   c a t h o d e   26  and  a n o d e   20  f o r   p r o d u c i n g   a n  

e l e c t r i c a l   a r c   and  t h e r e b y   i n i t i a t i n g   a  p l a s m a  

d i s c h a r g e   in   t h e   g a s ,   as  shown  in  F i g u r e   2  by  a r c  

d i s c h a r g e   28.  P l a s m a   gun  18  a l s o   i n c l u d e s   o u t l e t   2 4  

f o r   e x h a u s t i n g   a t   l e a s t   a  p o r t i o n   of  t h e   p l a s m a  

d i s c h a r g e   f rom  p l a s m a   gun  18,  as  p l a s m a   j e t   32.  H e a t e r  

h o u s i n g   34  h a v i n g   f l o w   c h a n n e l   30  d e f i n e d   t h e r e t h r o u g h  

i s   c o n n e c t e d   to  p l a s m a   gun  18  so  t h a t   f l o w   c h a n n e l   3 0  

i s   in   f l o w   c o m m u n i c a t i o n   w i t h   o u t l e t   24  of  p l a s m a   g u n  

18,  and  so  t h a t   p l a s m a   j e t   32  i s   d i r e c t e d   t h r o u g h  f l o w  

c h a n n e l   30.  H e a t e r   i n d u c t i o n   c o i l   36  i s   d i s p o s e d  

a r o u n d   t h e   o u t s i d e   of  f l o w   c h a n n e l   30.  In  t h e  

e m b o d i m e n t   shown  in  F i g u r e   2,  i n d u c t i o n   c o i l   36  i s  

f u r t h e r   d i s p o s e d   so  t h a t   t h e   l o n g i t u d i n a l   a x i s   of  t h e  



c o i l   i s   l o c a t e d   c o a x i a l l y   w i t h   t h e   l o n g i t u d i n a l   a x i s   o f  

f l o w   c h a n n e l   30.   A l s o ,   in   t h e   e m b o d i m e n t   shown ,   f l o w  

c h a n n e l   3 0  i s   c y l i n d r i c a l l y   s h a p e d ,   and  i n d u c t i o n   c o i l  

36  i s   h e l i c a l l y   wound  a r o u n d   t h e   o u t s i d e   of   f l o w  

c h a n n e l   30.  The  a p p a r a t u s   f u r t h e r   i n c l u d e s  

c o n v e n t i o n a l   m e a n s   ( n o t   i l l u s t r a t e d   in   F i g u r e   2 )  

e l e c t r i c a l l y   c o n n e c t e d   to   i n d u c t i o n   c o i l   36  f o r   p a s s i n g  

a  h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   t h e r e t h r o u g h ,   i n  

o r d e r   to   h e a t   t h e   o u t e r   l a y e r s   of   p l a s m a   j e t   32  m o r e  

t h a n   t h e   c e n t e r   t h e r e o f ,   and  to   i n c r e a s e   t h e   a v e r a g e  

t e m p e r a t u r e   of  p l a s m a   j e t   3 2 .  

A l t h o u g h   p l a s m a   gun  -18  i s   shown  in  F i g u r e   2 

as  c o m p r i s i n g   a  d i r e c t   c u r r e n t   a r c - j e t   p l a s m a   gun,   i t  

may  a l s o   c o m p r i s e   an  e l e c t r o d e l e s s ,   r a d i o   f r e q u e n c y  

p l a s m a   gun ,   as  shown  i n   F i g u r e   3.  F i g u r e   3  i s   a  s i d e  

e l e v a t i o n ,   c r o s s - s e c t i o n a l   v i e w   s c h e m a t i c a l l y  

i l l u s t r a t i n g   a  p l a s m a   f l o w  n o z z l e   in   a c c o r d a n c e   w i t h  

a n o t h e r   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n .   T h e  

n o z z l e   c o m p r i s e s   h o u s i n g   40  h a v i n g   m a i n   f l o w   c h a n n e l   42  

d e f i n e d   t h e r e i n ,   w i t h   i n l e t   o p e n i n g   44  l o c a t e d   a t   o n e  

end  of   f l o w   c h a n n e l   42  and  d i s p o s e d   in   f l o w  

c o m m u n i c a t i o n   t h e r e w i t h ,   and  o u t l e t   o p e n i n g   48  l o c a t e d  

a t   t h e   o p p o s i t e   end  of  f l o w   c h a n n e l   42  and  a l s o  

d i s p o s e d   in   f l o w   c o m m u n i c a t i o n   t h e r e w i t h .   In  t h e  

e m b o d i m e n t   shown ,   t h r o a t   r e g i o n   46,  h a v i n g   r e d u c e d  

c r o s s - s e c t i o n a l   f l o w   a r e a ,   i s   d i s p o s e d   in   f l o w   c h a n n e l  

42  and  l o c a t e d   b e t w e e n   i n l e t   o p e n i n g   44  and  o u t l e t  

o p e n i n g   48,  f o r   a c c e l e r a t i n g   gas   p a s s i n g   t h r o u g h   t h r o a t  

r e g i o n   46  and  f o r m i n g   a  j e t   s t r e a m   d o w n s t r e a m   t h e r e o f .  

H o w e v e r ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e   j e t   s t r e a m  

may  a l s o   be  f o r m e d   by  o t h e r   c o n v e n t i o n a l   m e a n s .   F i r s t  

or   u p s t r e a m   i n d u c t i o n   c o i l   50  i s   l o c a t e d   a t   t h e   i n l e t  

end  of  f l o w   c h a n n e l   42,  and  s e c o n d   or  d o w n s t r e a m  



i n d u c t i o n   c o i l   52  i s   l o c a t e d   a t   t h e   o u t l e t   end  of  f l o w  

c h a n n e l   42.  F i r s t   i n d u c t i o n   c o i l   50  a n d . s e c o n d  

i n d u c t i o n   c o i l   52  a r e   e a c h   d i s p o s e d   a r o u n d   t h e   o u t s i d e  

of  f l o w   c h a n n e l   42.  In  t h e   e m b o d i m e n t   shown  in   F i g u r e  

3,  f i r s t   and  s e c o n d   i n d u c t i o n   c o i l s   50  and  52  a r e  

f u r t h e r   d i s p o s e d   so  t h a t   t h e i r   l o n g i t u d i n a l   a x e s   a r e  

e a c h   l o c a t e d   c o a x i a l l y   w i t h   r e s p e c t   to  t h e   l o n g i t u d i n a l  

a x i s   of  f l o w   c h a n n e l   42.  A l s o ,   in   t h e   e m b o d i m e n t  

shown,   f l o w   c h a n n e l   42  i s   c y l i n d r i c a l l y   s h a p e d ,   a n d  

f i r s t   and  s e c o n d   i n d u c t i o n   c o i l s   50  and  52  a r e   e a c h  

h e l i c a l l y   wound  a r o u n d   t he   o u t s i d e   of  f l o w   c h a n n e l   4 2 .  

For  a p p l i c a t i o n s   w h e r e   i t   i s   d e s i r a b l e ,   f i r s t   a n d  

s e c o n d   i n d u c t i o n   c o i l s   50  and  52  may  be  e l e c t r i c a l l y  

c o n n e c t e d ,   so  t h a t   t h e y   fo rm  a  s i n g l e   e l e c t r i c a l  

c i r c u i t .  

In  a c c o r d a n c e   w i t h   a n o t h e r   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  m e t h o d   f o r   p r o d u c i n g   a  p l a s m a   f l o w  

h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t   c o m p r i s e s  

d i r e c t i n g   a  gas   f l o w ,   in   w h i c h   a  p l a s m a   i s   to  b e  

e s t a b l i s h e d ,   a t   a  h i g h   v e l o c i t y   a l o n g   t h e   c e n t r a l   a x i s  

of  a  f i r s t ,   u p s t r e a m   i n d u c t i o n   c o i l ,   and  p a s s i n g   a  h i g h  

f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   t h r o u g h   t h e   f i r s t  

i n d u c t i o n   c o i l   so  as  to   h e a t   t h e   gas   and  i n i t i a t e   a  

p l a s m a   d i s c h a r g e   t h e r e i n .   The  m e t h o d   i n c l u d e s   f o r m i n g  

a  p l a s m a   j e t   f rom  t h e   gas   f l o w   and  a t   l e a s t   a  p o r t i o n  

of  t h e   p l a s m a   d i s c h a r g e .   One  m e t h o d   f o r   f o r m i n g   t h e  

p l a s m a   j e t   i s   to  d i r e c t   t h e   gas   f l o w   and  a  p o r t i o n   o f  

t h e   p l a s m a   d i s c h a r g e   t h r o u g h   a  t h r o a t e d   p a s s a g e   h a v i n g  

r e d u c e d   c r o s s - s e c t i o n a l   f l o w   a r e a ,   in   o r d e r   t o  

a c c e l e r a t e   t h e   gas   f l o w   t h r o u g h   t h e   t h r o a t e d   p a s s a g e  
and  to  p r o d u c e   a  p l a s m a   j e t .   The  m e t h o d   f u r t h e r  

i n c l u d e s   d i r e c t i n g   t h e   r e s u l t i n g   p l a s m a   j e t   a l o n g   t h e  

c e n t r a l   a x i s   of  a  s e c o n d ,   d o w n s t r e a m   i n d u c t i o n   c o i l .   A 



h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   i s   p a s s e d   t h r o u g h  

t h e   s e c o n d   i n d u c t i o n   c o i l ,   so  as  to   h e a t   t h e   o u t e r  

l a y e r s   of   t h e   p l a s m a   j e t   more   t h a n   t h e   c e n t e r   t h e r e o f ,  

and  to   i n c r e a s e   t h e   a v e r a g e   t e m p e r a t u r e   of   t h e   p l a s m a  

j e t .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   f l o w i n g   t h r o u g h   t h e   f i r s t   i n d u c t i o n  

c o i l   p r o d u c e s   a  p o w e r   o u t p u t   of  b e t w e e n   a b o u t   2 0  

k i l o w a t t s   and  100  k i l o w a t t s ,   and  t h e   h i g h   f r e q u e n c y  

c u r r e n t   f l o w i n g   t h r o u g h   t h e   s e c o n d   i n d u c t i o n   c o i l  

s i m i l a r l y   p r o d u c e s   a  p o w e r   o u t p u t   of  b e t w e e n   a b o u t   2 0  

k i l o w a t t s   and  100  k i l o w a t t s .   For   e a c h   of  t h e   c o i l s ,  

t h e   c u r r e n t   f l o w i n g   t h r o u g h   t h e   c o i l   p r e f e r a b l y  

c o m p r i s e s   c u r r e n t   o s c i l l a t i n g   a t   a  f r e q u e n c y   of   b e t w e e n  

a b o u t   500  kHz  and  10  MHz.  A l s o   p r e f e r a b l y ,   t h e  

v e l o c i t y   of   t h e   g a s   f l o w   a l o n g   t h e   c e n t r a l   a x i s   of   t h e  

f i r s t   i n d u c t i o n   c o i l   i s   b e t w e e n   a b o u t   5  m e t e r s   p e r  
s e c o n d   and  50  m e t e r s   p e r   s e c o n d .   The  p l a s m a   f l o w  

n o z z l e   of   F i g u r e   3  i s   e s p e c i a l l y   s u i t a b l e   f o r   c a r r y i n g  

o u t   t h i s   e m b o d i m e n t   of  t h e   i n v e n t i o n .   An  a p p a r a t u s   f o r  

p r o d u c i n g   a  p l a s m a   f l o w   h a v i n g   a  h e a t e d   and  b r o a d e n e d  

p l a s m a   j e t   i n c l u d e s   t h e   p l a s m a   f l o w   n o z z l e   s h o w n  

t h e r e i n ,   and  f u r t h e r   c o m p r i s e s   c o n v e n t i o n a l   means   ( n o t  

i l l u s t r a t e d   in   F i g u r e   3.)  f o r   i n t r o d u c i n g   a  h i g h  

v e l o c i t y   f l o w   of   gas   i n t o   f l o w   c h a n n e l   42,  c o n n e c t e d   i n  

f l o w   c o m m u n i c a t i o n   w i t h   i n l e t   o p e n i n g   44.  T h e  

a p p a r a t u s   a l s o   c o m p r i s e s   c o n v e n t i o n a l   means   ( a l s o   n o t  

i l l u s t r a t e d   in  F i g u r e   3)  e l e c t r i c a l l y   c o n n e c t e d   t o  

f i r s t   i n d u c t i o n   c o i l   50,  f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h e r e t h r o u g h ,   in   o r d e r   to   h e a t   g a s  

f l o w i n g   a l o n g   t h e   c e n t r a l   a x i s   of   c o i l   50,  and  t o  

i n i t i a t e   p l a s m a   d i s c h a r g e   56  in  t h e   gas   f l o w i n g   t h r o u g h  

f l o w   c h a n n e l   42.   The  a p p a r a t u s   f u r t h e r   i n c l u d e s  

c o n v e n t i o n a l   m e a n s   ( s i m i l a r l y   n o t   i l l u s t r a t e d   in   F i g u r e  



3)  e l e c t r i c a l l y   c o n n e c t e d   to   s e c o n d   i n d u c t i o n   c o i l   5 2 ,  

f o r   p a s s i n g   a  h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t  

t h e r e t h r o u g h ,   in   o r d e r   to   h e a t   t h e   o u t e r   l a y e r s   of  j e t  

s t r e a m   58,  f o r m e d   f rom  gas   p a s s i n g   t h r o u g h   t h r o a t  

r e g i o n   56,  more  t h a n   t h e   c e n t e r   of  j e t   s t r e a m   58  i s  

h e a t e d ,   and  to  i n c r e a s e   t h e   a v e r a g e   t e m p e r a t u r e   of  j e t  

s t r e a m   58.  A  p l a s m a   f l o w   p r o d u c e d   in  a c c o r d a n c e   w i t h  

t h i s   e m b o d i m e n t   of  t h e   i n v e n t i o n   h a s ,   in  a d d i t i o n   t o  

t h e   d e s i r a b l e   f e a t u r e s   d e s c r i b e d   a b o v e ,   t h e   a d v a n t a g e  

of  b e i n g   c h a r a c t e r i z e d   by  a  b r o a d   and  l o n g   p l a s m a  

d i s c h a r g e ,   w i t h   a  n e a r l y   f l a t   r a d i a l   t e m p e r a t u r e  

d i s t r i b u t i o n .   F u r t h e r m o r e ,   t h e   f l o w   v e l o c i t y   of  t h e  

gas   in  w h i c h   t h e   p l a s m a   i s . e s t a b l i s h e d   may  be  q u i t e  

low,  so  t h a t   t h e   r e s i d e n c e   t i m e   of  p a r t i c l e s   i n j e c t e d  

i n t o   t h e   p l a s m a   may  be  q u i t e   l o n g .   A l s o ,   t h e   p l a s m a  

d e n s i t y   can   be  made  q u i t e   h i g h ,   t h e r e b y   f a c i l i t a t i n g  

h e a t   t r a n s f e r   f rom  t h e   p l a s m a   to   t h e   i n j e c t e d  

p a r t i c l e s ,   and  f u r t h e r   i m p r o v i n g   p a r t i c l e   m e l t i n g   a n d  

a c c e l e r a t i o n   and  f i n i s h e d   c h a r a c t e r i s t i c s   of  t h e  

t a r g e t .  

The  f o r e g o i n g   d e s c r i b e s   a  m e t h o d   f o r   h e a t i n g  

and  b r o a d e n i n g   t h e   p l a s m a   j e t   e x h a u s t i n g   f rom  a  p l a s m a  

s p r a y   gun,   by  u s i n g   a  d o w n s t r e a m   i n d u c t i o n   c o i l   to   h e a t  

and  b r o a d e n   t h e   p l a s m a   j e t .   The  p r e s e n t   i n v e n t i o n   a l s o  

p r o v i d e s   a  m e t h o d   f o r   p r o d u c i n g   a  p l a s m a   f l o w   w i t h   l e s s  

t e m p e r a t u r e   d e c a y   in  b o t h   t h e   r a d i a l   and  t h e   a x i a l  

d i r e c t i o n s .   The  p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  

p l a s m a   f l o w   n o z z l e   h a v i n g   an  i n d u c t i o n   c o i l   to  h e a t   a  

gas   s t r e a m   f l o w i n g   t h e r e t h r o u g h ,   and  an  a p p a r a t u s   f o r  

p r o d u c i n g   a  p l a s m a   f l o w   h a v i n g   a  h e a t e d   and  b r o a d e n e d  

p l a s m a   j e t .  

W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   i n  

d e t a i l   h e r e i n   in  a c c o r d   w i t h   c e r t a i n   p r e f e r r e d  



e m b o d i m e n t s   t h e r e o f ,   many  m o d i f i c a t i o n s   and  c h a n g e s  

t h e r e i n   may  be  e f f e c t e d   by  t h o s e   s k i l l e d   in   t h e   a r t .  

For   e x a m p l e ,   w h i l e   t h e   a p p a r a t u s   h a s   b e e n   d e s c r i b e d   a n d  

shown  in   t h e   F i g u r e s   as  h a v i n g   a  g e n e r a l l y   c i r c u l a r  

c r o s s   s e c t i o n ,   i t   s h o u l d   be  a p p r e c i a t e d  t h a t   o t h e r  

c r o s s - s e c t i o n a l   s h a p e s   may  be  e m p l o y e d ,   s u c h   a s  

r e c t a n g u l a r   or   e l l i p t i c a l   c r o s s   s e c t i o n s .   F u r t h e r m o r e ,  

a l t h o u g h   t h e   i n d u c t i o n   c o i l   w i n d i n g s   a r e   shown  i n  

F i g u r e s   2  and  3  as  b e i n g   e m b e d d e d   in   a  h o u s i n g ,   t h e  

w i n d i n g s   may  a l s o   be  m o u n t e d   on  e i t h e r   t h e   i n n e r  

s u r f a c e   or   t h e   o u t e r   s u r f a c e   of  t h e   h o u s i n g .  

A d d i t i o n a l l y ,   w h i l e   h o u s i n g   34  of  F i g u r e   2  and  h o u s i n g  

40  of   F i g u r e   3  h a v e   b o t h   b e e n   i n d i c a t e d   as  c o m p r i s i n g  

q u a r t z ,   o t h e r   t e m p e r a t u r e   r e s i s t a n t   e l e c t r i c a l l y  

i n s u l a t i n g   m a t e r i a l s   may  a l s o   be  u s e d .   H o u s i n g s   34  a n d  

40  may  e v e n   c o m p r i s e   m e t a l ,   i f   p r o v i s i o n s   a r e   made  s o  

t h a t   a b s o r p t i o n  o f   r a d i o   f r e q u e n c y   e n e r g y ,   p r o d u c e d   b y  

t h e   i n d u c t i o n   c o i l s ,   in   e a c h   of  h o u s i n g s   34  and  40  i s  

m i n i m i z e d .   A l s o ,   w h i l e   c a t h o d e   26  and  a n o d e   20  o f  

F i g u r e   2  h a v e   b e e n   shown  as  c o m p r i s i n g   m e t a l ,   o t h e r  

e l e c t r i c a l l y   c o n d u c t i v e   m a t e r i a l s   may  be  u s e d .  

A c c o r d i n g l y ,   i t   i s   i n t e n d e d   by  t h e   a p p e n d e d   c l a i m s   t o  

c o v e r   a l l   s u c h   m o d i f i c a t i o n s   and  c h a n g e s   as  f a l l   w i t h i n  

t h e   t r u e   s p i r i t   and  s c o p e   of  t h e   i n v e n t i o n .  



1.  A  m e t h o d   f o r   h e a t i n g   and  b r o a d e n i n g   t h e  

p l a s m a   j e t   e x h a u s t i n g   f rom  a  p l a s m a   s p r a y   g u n ,  

c o m p r i s i n g :  

d i r e c t i n g   s a i d   p l a s m a   j e t   a l o n g   t h e  

c e n t r a l   a x i s   of  an  i n d u c t i o n   c o i l ;   a n d  

p a s s i n g   a  h i g h   f r e q u e n c y   a l t e r n a t i n g  

c u r r e n t   t h r o u g h   s a i d   i n d u c t i o n   c o i l ,   so  as  to  b o t h   h e a t  

t h e   o u t e r   l a y e r s   of  s a i d   p l a s m a   j e t   more  t h a n   t h e  

c e n t e r   t h e r e o f ,   and  to  i n c r e a s e   t h e   a v e r a g e   t e m p e r a t u r e  

of  s a i d   p l a s m a   j e t .  

2.  The  m e t h o d   of  c l a i m   1  w h e r e i n   s a i d   h i g h  

f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   f l o w i n g   t h r o u g h   s a i d  

i n d u c t i o n   c o i l   p r o d u c e s   a  p o w e r   o u t p u t   of  b e t w e e n   a b o u t  

20  k i l o w a t t s   and  100  k i l o w a t t s .  

3.  The  m e t h o d   of  c l a i m   1  w h e r e i n   s a i d   h i g h  

f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   c o m p r i s e s   c u r r e n t  

o s c i l l a t i n g   a t   a  f r e q u e n c y   of  b e t w e e n   a b o u t   500  kHz  a n d  

10  MHz. 

4.  A  m e t h o d   f o r   p r o d u c i n g   a  p l a s m a   f l o w  

h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t ,   c o m p r i s i n g :  

d i r e c t i n g   a  gas   f l o w ,   in   w h i c h   gas   f l o w   a  

p l a s m a   i s   to  be  e s t a b l i s h e d ,   a t   a  h i g h   v e l o c i t y   a l o n g  

t h e   c e n t r a l   a x i s   of  a  f i r s t   i n d u c t i o n   c o i l ;  

p a s s i n g   a  h i g h   f r e q u e n c y   a l t e r n a t i n g  

c u r r e n t   t h r o u g h   s a i d   f i r s t   i n d u c t i o n   c o i l ,   so  as  t o  

h e a t   s a i d   gas   and  i n i t i a t e   a  p l a s m a   d i s c h a r g e   t h e r e i n ;  

f o r m i n g   a  p l a s m a   j e t   f rom  s a i d   gas   f l o w  

and  a t   l e a s t   a  p o r t i o n   of  s a i d   p l a s m a   d i s c h a r g e ;  

d i r e c t i n g   s a i d   p l a s m a   j e t   a l o n g   t h e  

c e n t r a l   a x i s   of  a  s e c o n d ' i n d u c t i o n   c o i l ;   a n d  

p a s s i n g   a  h i g h   f r e q u e n c y   a l t e r n a t i n g  

c u r r e n t   t h r o u g h   s a i d   s e c o n d   i n d u c t i o n   c o i l ,   so  as  t o  



b o t h   h e a t   t h e   o u t e r   l a y e r s   of  s a i d   p l a s m a   j e t   more  t h a n  

t h e   c e n t e r   t h e r e o f ,   and  to   i n c r e a s e   t h e   a v e r a g e  

t e m p e r a t u r e   of   s a i d   p l a s m a   j e t .  

5.  The  m e t h o d   o f  c l a i m   4  w h e r e i n   t h e  

v e l o c i t y   of  s a i d   gas   f l o w   a l o n g   t h e   c e n t r a l   a x i s   o f  

s a i d   f i r s t   i n d u c t i o n   c o i l   i s   b e t w e e n   a b o u t   5  m e t e r s   p e r  

s e c o n d   and  50  m e t e r s   p e r   s e c o n d .  

6.  T h e  m e t h o d   of  c l a i m   4  w h e r e i n   s a i d   h i g h  

f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   f l o w i n g   t h r o u g h   s a i d  

f i r s t   i n d u c t i o n   c o i l   p r o d u c e s   a  p o w e r   o u t p u t   of  b e t w e e n  

a b o u t   20  k i l o w a t t s   and  100  k i l o w a t t s ,   and  s a i d   h i g h  

f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   f l o w i n g   t h r o u g h   s a i d  

s e c o n d   i n d u c t i o n   c o i l   a l s o   p r o d u c e s   a  p o w e r   o u t p u t   o f  

b e t w e e n   a b o u t   20  k i l o w a t t s   and  100  k i l o w a t t s .  

7.  The  m e t h o d   of   c l a i m   4  w h e r e i n   s a i d   h i g h  

f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   f l o w i n g   t h r o u g h   s a i d  

f i r s t   i n d u c t i o n   c o i l   c o m p r i s e s   c u r r e n t   o s c i l l a t i n g   a t   a  

f r e q u e n c y   of   b e t w e e n   a b o u t   500  kHz  and  10  MHz,  and  s a i d  

h i g h   f r e q u e n c y   a l t e r n a t i n g   c u r r e n t   f l o w i n g   t h r o u g h   s a i d  

s e c o n d   i n d u c t i o n   c o i l   a l s o   c o m p r i s e s   c u r r e n t  

o s c i l l a t i n g   a t   a  f r e q u e n c y   of  b e t w e e n   a b o u t   500  kHz  

and  lOMHz.  

8._  The  m e t h o d   of  c l a i m   4  w h e r e i n   s a i d   s t e p  

of  f o r m i n g   a  p l a s m a   j e t   c o m p r i s e s   d i r e c t i n g   s a i d   g a s  
f l o w   and  a t   l e a s t   a  p o r t i o n   of  s a i d   p l a s m a   d i s c h a r g e  

t h r o u g h   a  t h r o a t e d   p a s s a g e   h a v i n g   r e d u c e d  

c r o s s - s e c t i o n a l   f l o w   a r e a ,   in  o r d e r   to  a c c e l e r a t e   s a i d  

gas   f l o w   t h r o u g h   s a i d   t h r o a t e d   p a s s a g e   and  to   p r o d u c e   a  

p l a s m a   j e t .  

9.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l a s m a   j e t ,  

c o m p r i s i n g :  

a  p l a s m a   gun,   h a v i n g   an  i n l e t   and  a n  

o u t l e t ,   f o r   r e c e i v i n g   a  h i g h   v e l o c i t y   f l o w   of  g a s ,  



i n i t i a t i n g   a  p l a s m a   d i s c h a r g e   in   s a i d   g a s ,   a n d  

e x h a u s t i n g   a t   l e a s t   a  p o r t i o n   of  s a i d   p l a s m a   d i s c h a r g e  

t h r o u g h   s a i d   p l a s m a   gun  o u t l e t   in   t h e   fo rm  of  a  p l a s m a  

j e t ;  

a  h e a t e r   h o u s i n g   h a v i n g   a  f l o w   c h a n n e l  

d e f i n e d   t h e r e t h r o u g h ,   w i t h   s a i d   f l o w   c h a n n e l   b e i n g   i n  

f l o w   c o m m u n i c a t i o n   w i t h   s a i d   o u t l e t   of  s a i d   p l a s m a   g u n  

so  t h a t   s a i d   p l a s m a   j e t   i s   d i r e c t e d   t h r o u g h   s a i d   f l o w  

c h a n n e l ;  

a  h e a t e r   i n d u c t i o n   c o i l   d i s p o s e d   a r o u n d  

t h e   o u t s i d e   of  s a i d   f l o w   c h a n n e l ;  

means   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   h e a t e r   i n d u c t i o n   c o i l ,  

s a i d   means   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to   s a i d   c o i l ,  

so  as  to   b o t h   h e a t   t h e   o u t e r   l a y e r s   of  s a i d   p l a s m a   j e t  

more   t h a n   t h e   c e n t e r   t h e r e o f ,   and  to  i n c r e a s e   t h e  

a v e r a g e   t e m p e r a t u r e   of  s a i d   p l a s m a   j e t .  

10.  The  a p p a r a t u s   of  c l a i m   9  w h e r e i n   s a i d  

h e a t e r   i n d u c t i o n   c o i l   i s   f u r t h e r   d i s p o s e d   so  t h a t   t h e  

l o n g i t u d i n a l   a x i s   of  s a i d   c o i l   i s   l o c a t e d   c o a x i a l l y  

w i t h   t h e   l o n g i t u d i n a l   a x i s   of  s a i d   f l o w   c h a n n e l .  

11.  The  a p p a r a t u s   of  c l a i m   10  w h e r e i n   s a i d  

f l o w   c h a n n e l   i s   c y l i n d r i c a l l y   s h a p e d   and  s a i d   h e a t e r  

i n d u c t i o n   c o i l   i s   h e l i c a l l y   wound  a r o u n d   t h e   o u t s i d e   o f  

s a i d   f l o w   c h a n n e l .  

12.  The  a p p a r a t u s   of  c l a i m   9  w h e r e i n   s a i d  

p l a s m a   gun  c o m p r i s e s   a  d i r e c t   c u r r e n t   a r c - j e t   p l a s m a  

g u n .  

13.  The  a p p a r a t u s   of  c l a i m   9  w h e r e i n   s a i d  

p l a s m a   gun  c o m p r i s e s   an  e l e c t r o d e l e s s ,   r a d i o   f r e q u e n c y  

p l a s m a   g u n .  



14.  A  p l a s m a   f l o w   n o z z l e ,   c o m p r i s i n g :  

a  h o u s i n g   h a v i n g   a  m a i n   f l o w   c h a n n e l  

d e f i n e d   t h e r e i n ;  

an  i n l e t   o p e n i n g   l o c a t e d   a t   one  end  o f  

s a i d   f l o w   c h a n n e l   and  d i s p o s e d   in   f l o w   c o m m u n i c a t i o n  

t h e r e w i t h ;  

an  o u t l e t   o p e n i n g   l o c a t e d   a t   t h e  

o p p o s i t e   end   of   s a i d   f l o w   c h a n n e l   and  d i s p o s e d   in   f l o w  

c o m m u n i c a t i o n   t h e r e w i t h ;  

a  f i r s t   i n d u c t i o n   c o i l   l o c a t e d  a t   t h e  

i n l e t   end  of  s a i d   f l o w   c h a n n e l ,   s a i d   f i r s t   i n d u c t i o n  

c o i l   b e i n g   d i s p o s e d   a r o u n d   t h e   o u t s i d e   of  s a i d   f l o w  

c h a n n e l ;   a n d  

a  s e c o n d   i n d u c t i o n   c o i l   l o c a t e d   a t   t h e  

o u t l e t   end   of   s a i d   f l o w   c h a n n e l ,   s a i d   s e c o n d   i n d u c t i o n  

c o i l   b e i n g   d i s p o s e d   a r o u n d   t h e   o u t s i d e   of  s a i d   f l o w  

c h a n n e l .  

15.  The  p l a s m a   n o z z l e   of  c l a i m   14  w h e r e i n  

s a i d   f i r s t   and  s e c o n d   i n d u c t i o n   c o i l s   a r e   f u r t h e r  

d i s p o s e d   so  t h a t   t h e   l o n g i t u d i n a l   a x i s   of  e a c h   s a i d  

i n d u c t i o n   c o i l   i s   l o c a t e d   c o a x i a l l y   w i t h   t h e  

l o n g i t u d i n a l   a x i s   of  s a i d   f l o w   c h a n n e l .  

16.  The  p l a s m a   n o z z l e   of  c l a i m   15  w h e r e i n  

s a i d   f l o w   c h a n n e l   i s   c y l i n d r i c a l l y   s h a p e d   and  s a i d  

f i r s t   and  s e c o n d   i n d u c t i o n   c o i l s   a r e   e a c h   h e l i c a l l y  

wound  . a r o u n d   t h e   o u t s i d e   of  s a i d   f l o w   c h a n n e l .  

17.  The  p l a s m a   n o z z l e   of  c l a i m   14  w h e r e i n  

s a i d   f i r s t   and  s e c o n d   i n d u c t i o n   c o i l s   a r e   e l e c t r i c a l l y  

c o n n e c t e d ,   so  t h a t   t h e y   fo rm  a  s i n g l e   e l e c t r i c a l  

c i r c u i t .  

18.  The  p l a s m a   n o z z l e   of  c l a i m   14  f u r t h e r  

c o m p r i s i n g   a  t h r o a t   r e g i o n ,   h a v i n g   r e d u c e d  

c r o s s - s e c t i o n a l   f l o w   a r e a ,   d i s p o s e d   in   s a i d   ma in   f l o w  



c h a n n e l   and  l o c a t e d   b e t w e e n   t h e   i n l e t   end  and  t h e  

o u t l e t   end  t h e r e o f ,   f o r   a c c e l e r a t i n g   gas   p a s s i n g  

t h r o u g h   s a i d   t h r o a t   r e g i o n   and  f o r m i n g   a  p l a s m a   s t r e a m  

d o w n s t r e a m   of  s a i d   t h r o a t   r e g i o n .  

19.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l a s m a   f l o w  

h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t ,   i n c l u d i n g   t h e  

p l a s m a   f l o w   n o z z l e   of  c l a i m   14  and  f u r t h e r   c o m p r i s i n g :  

means   f o r   i n t r o d u c i n g   a  h i g h   v e l o c i t y  

f l o w   of  gas   i n t o   s a i d   f l o w   c h a n n e l ,   c o n n e c t e d   in   f l o w  

c o m m u n i c a t i o n   w i t h   s a i d   i n l e t   o p e n i n g ;  

means   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   f i r s t   i n d u c t i o n   c o i l ,  

s a i d   means   b e i n g   e l e c t r i c a l l y  c o n n e c t e d   to   s a i d   f i r s t  

i n d u c t i o n   c o i l ,   f o r   h e a t i n g   gas   f l o w i n g   t h r o u g h   s a i d  

f l o w   c h a n n e l   a l o n g   t h e   c e n t r a l   a x i s   of  s a i d   f i r s t  

i n d u c t i o n   c o i l ,   and  f o r   i n i t i a t i n g   a  p l a s m a   d i s c h a r g e  

t h e r e i n ;   a n d  

means   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   s e c o n d   i n d u c t i o n   c o i l ,  

s a i d   means   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to  s a i d   s e c o n d  

i n d u c t i o n   c o i l ,   f o r   h e a t i n g   t h e   o u t e r   l a y e r s   of  a  

p l a s m a   s t r e a m   f o r m e d   f rom  s a i d   g a s ,   h a v i n g   s a i d   p l a s m a  

d i s c h a r g e   i n i t i a t e d   t h e r e i n ,   f l o w i n g   t h r o u g h   s a i d   f l o w  

c h a n n e l ,  a n d   f o r   i n c r e a s i n g   t h e   a v e r a g e   t e m p e r a t u r e   o f  

s a i d   p l a s m a   s t r e a m .  

20.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l a s m a   f l o w  

h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t ,   i n c l u d i n g   t h e  

p l a s m a   f l o w   n o z z l e   of  c l a i m   16  and  f u r t h e r   c o m p r i s i n g :  

means   f o r   i n t r o d u c i n g   a  h i g h   v e l o c i t y  

f l o w   of  gas   i n t o   s a i d   f l o w   c h a n n e l ,   c o n n e c t e d   in   f l o w  

c o m m u n i c a t i o n   w i t h   s a i d   i n l e t   o p e n i n g ;  

means   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   f i r s t   i n d u c t i o n   c o i l ,  



s a i d   m e a n s   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to   s a i d   f i r s t  

i n d u c t i o n   c o i l ,   f o r   h e a t i n g   gas   f l o w i n g   t h r o u g h   s a i d  

f l o w   c h a n n e l   a l o n g   t h e  c e n t r a l   a x i s   of  s a i d   f i r s t  

i n d u c t i o n   c o i l ,   and  f o r   i n i t i a t i n g   a  p l a s m a   d i s c h a r g e  

t h e r e i n ;   a n d  

means   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   s e c o n d   i n d u c t i o n   c o i l ,  

s a i d   m e a n s   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to  s a i d   s e c o n d  

i n d u c t i o n   c o i l ,   f o r   h e a t i n g   t h e   o u t e r   l a y e r s   of   a  

p l i s m a   s t r e a m   f o r m e d   f rom  s a i d   g a s ,   h a v i n g   s a i d   p l a s m a  

d i s c h a r g e   i n i t i a t e d   t h e r e i n ,   f l o w i n g   t h r o u g h   s a i d   f l o w  

c h a n n e l ,   and  f o r   i n c r e a s i n g   t h e   a v e r a g e   t e m p e r a t u r e   o f  

s a i d   p l a s m a   s t r e a m .  

21.   A p p a r a t u s   f o r   p r o d u c i n g   a  p l a s m a   f l o w  

h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t ,   i n c l u d i n g   t h e  

p l a s m a   f l o w   n o z z l e   of  c l a i m   17  and  f u r t h e r   c o m p r i s i n g :  

m e a n s   f o r   i n t r o d u c i n g   a  h i g h   v e l o c i t y   f l o w   o f  

gas   i n t o   s a i d   f l o w   c h a n n e l ,   c o n n e c t e d   in   f l o w  

c o m m u n i c a t i o n   w i t h   s a i d   i n l e t   o p e n i n g ;  

m e a n s   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   e l e c t r i c a l l y   c o n n e c t e d  

f i r s t   and  s e c o n d   i n d u c t i o n   c o i l s ,   s a i d   means   b e i n g  

e l e c t r i c a l l y   c o n n e c t e d   to  s a i d   s i n g l e   e l e c t r i c a l  

c i r c u i t ,   f o r   h e a t i n g   gas   f l o w i n g   t h r o u g h   s a i d   f l o w  

c h a n n e l   and  i n i t i a t i n g   a  p l a s m a   d i s c h a r g e   t h e r e i n ,   a n d  

f o r   h e a t i n g   a  p l a s m a   s t r e a m   f o r m e d   f rom  s a i d   g a s ,  

h a v i n g   s a i d   p l a s m a   d i s c h a r g e   i n i t i a t e d   t h e r e i n ,   f l o w i n g  

t h r o u g h   s a i d   f l o w   c h a n n e l ,   i n   o r d e r   to  h e a t   t h e   o u t e r  

l a y e r s   of   s a i d   p l a s m a   s t r e a m   m o r e  t h a n   t h e   c e n t e r  

t h e r e o f ,   and  to   i n c r e a s e   t h e   a v e r a g e   t e m p e r a t u r e   o f  

s a i d   p l a s m a   s t r e a m .  



22.  A p p a r a t u s   f o r   p r o d u c i n g   a  p l a s m a   f l o w  

h a v i n g   a  h e a t e d   and  b r o a d e n e d   p l a s m a   j e t ,   i n c l u d i n g   t h e  

p l a s m a   f l o w   n o z z l e   of  c l a i m   18  and  f u r t h e r   c o m p r i s i n g :  

means   f o r   i n t r o d u c i n g   a  h i g h   v e l o c i t y  

f l o w   of  gas   i n t o   s a i d   f l o w   c h a n n e l ,   c o n n e c t e d   in   f l o w  

c o m m u n i c a t i o n   w i t h   s a i d   i n l e t   o p e n i n g ;  

m e a n s   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   f i r s t   i n d u c t i o n   c o i l ,  

s a i d   means   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to  s a i d   f i r s t  

i n d u c t i o n   c o i l ,   f o r   h e a t i n g   gas   f l o w i n g  t h r o u g h   s a i d  

f l o w   c h a n n e l   a l o n g   t h e   c e n t r a l   a x i s   of  s a i d   f i r s t  

i n d u c t i o n   c o i l ,   and  f o r   i n i t i a t i n g   a  p l a s m a   d i s c h a r g e  

t h e r e i n ;   a n d  

means   f o r   p a s s i n g   a  h i g h   f r e q u e n c y  

a l t e r n a t i n g   c u r r e n t   t h r o u g h   s a i d   s e c o n d   i n d u c t i o n   c o i l ,  

s a i d   means   b e i n g   e l e c t r i c a l l y   c o n n e c t e d   to   s a i d   s e c o n d  

i n d u c t i o n   c o i l ,   f o r   h e a t i n g   t h e   o u t e r   l a y e r s   of  s a i d  

p l a s m a   j e t   s t r e a m   f o r m e d   f rom  gas   p a s s i n g   t h r o u g h   s a i d  

t h r o a t   r e g i o n ,   and  f o r   i n c r e a s i n g   t h e   a v e r a g e  

t e m p e r a t u r e   of  s a i d   j e t   s t r e a m .  
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