
J »  

Europaisches  Pa ten tamt  

European  Patent  Office 

Office  europeen  des  brevets 

0  2 1 7   3 9 9  

A 2  

00  Publication  number: 

EUROPEAN  PATENT  APPLICATION 

©  intci.*:  H  05  H  1 /28  
H  05  H  1 /34  

(21)  Application  number:  86113631.5 

@  Date  of  filing:  02.10.86 

(so)  Priority:  02.10.85  US  783295 -n)  Applicant:  THE  PERKIN-ELMER  CORPORATION 
761  Main  Avenue 
Norwalk  Connecticut  06859-0074(US) 

@  Inventor:  Charlop,  Herbert 
245  East  19th  Street 
New  York  New  York  1  0003(US) 

@  Inventor:  Klein,  John  F. 
51  Madison  Park  Gardens 
Port  Washington  New  York  1  1  050(US) 

@  Inventor:  Savill,  Robert  F.,  Jr. 
7-16,  160th  Street 
Beechhurst  New  York  11357IUS) 

@  Inventor:  Thompson,  Henry  C. 
35  Soundview  Drive 
Huntington  Bay  New  York  1135791  US) 

@  Representative:  PatentanwalteGrunecker,  Kinkeldey, 
Stockmair  &  Partner 
Maximilianstrasse  58 
D-8000  Munchen  22(DE) 

(j3)  Date  of  publication  of  application: 
08.04.87  Bulletin  87/15 

@  Designated  Contracting  States: 
CH  DE  FR  GB  IT  LI 

(w)  Nozzle  assembly  for  plasma  spray  gun. 
(57)  A  nozzle  assembly  for  a  plasma  gun  is  disclosed,  contain- 
ing  an  annular  coolant  passage  for  extended  nozzle  life,  pro- 
viding  for  convenient  and  low  cost  replacement  of  the  nozzle 
member  and  for  improved  gun  operation.  To  form  the  assem- 
bly  a  jacket  is  disposed  about  the  nozzle  member  in  a  prede- 
termined  coaxial  position.  An  inner  surface  of  the  jacket  coop- 
erates  with  the  cylindrical  exteriority  of  the  nozzle  to  define  an 
annular  coolant  passage.  The  jacket  and  the  nozzle  are  in 
relative  slidable  relationship  such  that  the  jacket  is  removable 
and  replaceable  forwardly  with  respect  to  the  nozzle  member, 
forwardly  being  in  respect  to  the  direction  of  the  plasma 
flame.  Threading  means  and  pilot  surfaces  engaged  between 
the  nozzle  member  and  the  jacket  at  the  rearward  end  of  the 
nozzle  assembly  cooperate  to  retain  the  jacket  in  its  predeter- 
mined  position  relative  to  the  nozzle  member.  The  jacket  has 
coolant  ports  for  the  coolant  connecting  with  the  annular 
passage.  A  seal  such  as  an  O-ring  is  interposed  between  the 
forward  portion  of  the  nozzle  and  the  jacket.  A  rear  O-ring  seal 
is  set  in  a  groove  formed  cooperatively  between  a  rear  annu- 
lar  surface  of  the  jacket  and  a  rim  on  the  nozzle  member. 
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NOZZLE  ASSEMBLY  FOR  PLASMA  SPRAY  GUN 

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

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

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

n o z z l e .  

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

F lame   s p r a y i n g   i n v o l v e s   t h e   h e a t   s o f t e n i n g   of  a  h e a t  

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

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

10  w h i c h   i s   to  be  c o a t e d .   The  h e a t e d   p a r t i c l e s   s t r i k e   t h e  

s u r f a c e   and  bond   t h e r e t o .   A  c o n v e n t i o n a l   f l a m e   s p r a y   gun  i s  

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

p a r t i c l e s .   In  one  t y p e   of  f l a m e   s p r a y   g u n ,   t h e   h e a t   f u s i b l e  

m a t e r i a l   is  s u p p l i e d   to   t h e   gun  in  p o w d e r   f o r m .   Such  p o w d e r s  

15  a r e   t y p i c a l l y   c o m p r i s e d   of  s m a l l   p a r t i c l e s ;   e . g . ,   b e l o w   1 0 0  

mesh  U .S .   s t a n d a r d   s c r e e n   s i z e   to   a b o u t   5  m i c r o n s .  

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

p o w d e r ,   an  e l e c t r i c   a r c   i s   c r e a t e d   b e t w e e n   a  w a t e r   c o o l e d  

n o z z l e   ( a n o d e )   and  a  c e n t r a l l y   l o c a t e d   c a t h o d e .   An  i n e r t   g a s  

20  p a s s e s   t h r o u g h   t h e   e l e c t r i c   a r c   and  i s   e x c i t e d   t h e r e b y   t o  

t e m p e r a t u r e s   of  up  t o   3 0 , 0 0 0 ° F .   The  p l a s m a   of  at   l e a s t  

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

open   o x y - a c e t y l e n e   f l a m e .   A  t y p i c a l   p l a s m a   f l a m e   s p r a y   g u n  

i s   d e s c r i b e d   in  U . S .   P a t e n t   No.  3 , 1 4 5 , 2 8 7 .  

25  The  e l e c t r i c   a r c   of  s u c h   p l a s m a   s p r a y   g u n s ,   b e i n g   a s  

i n t e n s e   as  i t   i s ,   c a u s e s   n o z z l e   d e t e r i o r a t i o n   and  u l t i m a t e  

f a i l u r e .   A  c a u s e   f o r   s u c h   d e t e r i o r a t i o n   is  t he   f a c t   t h a t  
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t h e   a r c   i t s e l f   s t r i k e s   t h e   n o z z l e / a n o d e   a t   a  p o i n t ,   t h e r e b y  

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

n o z z l e   s u r f a c e .   D e t e r i o r a t i o n   i s   a l s o   c a u s e d   by  o v e r h e a t i n g  

t h e   n o z z l e   to  t h e   m e l t i n g   p o i n t   so  t h a t   p a r t   of  t h e   n o z z l e  

5  m a t e r i a l   f l o w s   to  a n o t h e r   l o c a t i o n   w h i c h   may  e v e n t u a l l y   c a u s e  

t h e   n o z z l e   to  become  p l u g g e d .  

T h e r e   a r e   v a r y i n g   d e g r e e s   and   r a t e s   a s s o c i a t e d   w i t h   e a c h  

c a u s e   f o r   n o z z l e   d e t e r i o r a t i o n .   E x p e r i e n c e   has   shown  t h a t  

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

10  b u r s t   t h r o u g h   the   n o z z l e   w a l l ,   i s   a n o t h e r   c a u s e   of  n o z z l e  

f a i l u r e .   When  the   j a c k e t   b u r s t s ,   c o o l a n t   w a t e r   i s   r e l e a s e d  

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

a r c ,   c a u s i n g   p a r t s   to  m e l t .   Once  a  m e l t d o w n   has   o c c u r r e d ,  

gun  r e p a i r   can  be  v e r y   c o s t l y .   The  n o z z l e   d e t e r i o r a t i o n   a n d  

15  f a i l u r e   p r o b l e m   is   p a r t i c u l a r l y   s e v e r e   a t   h i g h   p o w e r   l e v e l s .  

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

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

n o z z l e s .   D u r i n g   o p e r a t i o n ,   w a t e r   c o o l a n t   is   f o r c e d   t h r o u g h  

p a s s a g e s   in  t h e   n o z z l e   to   c o o l   t h e   n o z z l e   w a l l s .   Even  s o ,  
20  g r a d u a l ,   or  s o m e t i m e s   r a p i d ,   d e t e r i o r a t i o n   o c c u r s   a n d ,   as  a  

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

a f t e r   a  g i v e n   number   of  h o u r s   of  s e r v i c e .   T h i s   p r a c t i c e   o f  

r e p l a c i n g   t h e   n o z z l e   p e r i o d i c a l l y ,   h o w e v e r ,   i s   q u i t e   c o s t l y  

b e c a u s e   t h e   i n t e r c h a n g e a b l e   n o z z l e s   a r e   f a i r l y   e x p e n s i v e   a n d  

25  many  n o z z l e s   w i t h   c o n s i d e r a b l e   l i f e   r e m a i n i n g   a r e   t h e r e b y  

d i s c a r d e d .  

U . S .   P a t e n t   No.  4 , 4 3 0 , 5 4 6   d e s c r i b e s   a  p l a s m a   s p r a y   g u n  

n o z z l e   w i t h   a  t h i n   w a l l   and  a  t h i n   a n n u l a r   c o o l a n t   p a s s a g e   t o  

p r o v i d e   e x t e n d e d   l i f e .   S p e c i f i c   d i m e n s i o n s   of  t h e   w a l l   a n d  

3D  p a s s a g e   a r e   d i s c l o s e d   to  a s s u r e   maximum  n o z z l e   l i f e .   T h a t  
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d e v e l o p m e n t   s u b s t a n t i a l l y   i n c r e a s e d   t h e   l i f e   e x p e c t a n c y   o f  

n o z z l e s ,   e s p e c i a l l y   in  h e a v y   d u t y   p l a s m a   g u n s .   H o w e v e r ,   t h e  

c o n s t r u c t i o n   of  the   n o z z l e   i n c o r p o r a t i n g   t h e   c o o l a n t   p a s s a g e ,  
as   t a u g h t   t h e r e i n ,   i s   no t   c o n d u c i v e   to   a c h i e v i n g   low  c o s t   f o r  

5  p a r t s ,   p a r t i c u l a r l y   w i t h   r e s p e c t   to   n o z z l e   r e p l a c e m e n t .   I n  

p a r t i c u l a r   a  o n e - p i e c e   u n i t a r y   n o z z l e   c o n t a i n i n g   c o o l i n g  

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

t h e   a b o v e - n a m e d   p a t e n t   i n c o r p o r a t e s   a  p a i r   of  " c l a m   s h e l l "  

p a r t s   t h a t   f i t   a b o u t   t he   n o z z l e ,   b u t   t h e s e   a r e   no t   e a s y   t o  
10  u s e   and  can  a l l o w   b y - p a s s   l e a k i n g   of  t h e   c o o l a n t .  

An  i m p r o v e d   n o z z l e   a s s e m b l y   is   u t i l i z e d   in  a  p l a s m a   g u n  
s o l d   by  METCO  I n c . ,   W e s t b u r y ,   New  York  as  Type  MBN,  and  i s  

t a u g h t   in  c o p e n d i n g   A p p l i c a t i o n   S e r i a l   No.  6 4 6 , 7 3 4   f i l e d  

S e p t e m b e r   4,  1984  of  t he   p r e s e n t   a s s i g n e e .   In  such   a s s e m b l y  
15  a  j a c k e t   and  n o z z l e   a r e   in  r e l a t i v e   s l i d a b l e   r e l a t i o n s h i p  

s u c h   t h a t   t h e   n o z z l e   member  is  r e m o v a b l e   and  r e p l a c e a b l e  

f o r w a r d l y   w i t h   r e s p e c t   to   t he   j a c k e t ,   f o r w a r d l y   b e i n g   i n  

r e s p e c t   to  t he   d i r e c t i o n   of  t he   p l a s m a   f l a m e .   The  a s s e m b l y  
p r o v i d e s   f o r   c o n v e n i e n t   and  low  c o s t   r e p l a c e m e n t   of  n o z z l e  

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

H o w e v e r ,   such   f l e x i b i l i t y   does   no t   a l l o w   f o r   t he   m a i n t a i n i n g  
t h e   a f o r e m e n t i o n e d   o p t i m i z e d   n o z z l e   w a l l   d i m e n s i o n s   w i t h  

r e s p e c t   to  c o o l i n g   of  t he   d i f f e r e n t   s i z e d   n o z z l e s .  

A n o t h e r   form  of  n o z z l e   i n s e r t   in   an  a r c   t o r c h   d e v i c e  
25  c o n t a i n i n g   an  a n n u l a r   c o o l i n g   p a s s a g e   i s   shown  in  U .S .   P a t e n t  

No.  3 , 1 0 6 , 6 3 1 .   I t   has  s e v e r a l   d e f i c i e n c i e s   i n c l u d i n g   l a c k   o f  
f u l l   s t r u c t u r a l   s u p p o r t   b e t w e e n   n o z z l e   a n o d e   12  and  w a t e r  
s l e e v e   14.  A l i g n m e n t ,   a  c r i t i c a l   f a c t o r   in  p l a s m a   g u n s ,  
c o u l d   be  a  p r o b l e m .  
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T h e r e f o r e ,   i t   i s   an  o b j e c t i v e   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   f o r   a  p l a s m a   s p r a y   gun  an  i m p r o v e d   n o z z l e   a s s e m b l y  

c o n t a i n i n g   a  c o o l a n t   p a s s a g e .  

I t   i s   a  f u r t h e r   o b j e c t   to  p r o v i d e   a  n o v e l   n o z z l e  

5  a s s e m b l y   w h i c h   c o n t a i n s   a  c o o l a n t   p a s s a g e   f o r   e x t e n d e d   n o z z l e  

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

low  c o s t   r e p l a c e m e n t   of  t h e   n o z z l e .  

I t   i s   y e t   a  f u r t h e r   o b j e c t   to  p r o v i d e   an  i m p r o v e d   n o z z l e  

a s s e m b l y   f o r   a  p l a s m a   gun  h a v i n g   a  t h i n   w a l l   and   a  t h i n  

10  a n n u l a r   c o o l a n t   p a s s a g e ,   w h i c h   i s   w e l l   a l i g n e d   in  t h e   gun  a n d  

a l l o w s   c o n v e n i e n t   and  low  c o s t   r e p l a c e m e n t   of  t h e   n o z z l e .  

I t   i s   a n o t h e r   o b j e c t   to  p r o v i d e   f o r   a  p l a s m a   s p r a y   gun  a  

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

i m p r o v e d   o p e r a t i o n   and  low  c o s t   m a i n t e n a n c e .  

15  B r i e f   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  f o r e g o i n g   and  o t h e r   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n  

a r e   a c h i e v e d   by  a  n o z z l e   a s s e m b l y   f o r   a  p l a s m a   gun  in  w h i c h  

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

member   and  a  j a c k e t   of  g e n e r a l l y   h o l l o w   c y l i n d r i c a l  

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

a b o u t   t h e   n o z z l e   m e m b e r .   The  i n s i d e   s u r f a c e   of   t h e   j a c k e t  

c o o p e r a t e s   w i t h   t h e   c y l i n d r i c a l   e x t e r i o r i t y   of  t h e   n o z z l e  

member   to   d e f i n e   an  a n n u l a r   c o o l a n t   p a s s a g e .   The  j a c k e t   a n d  

n o z z l e   member   a r e   in  r e l a t i v e   s l i d e a b l e   r e l a t i o n s h i p   f o r  

25  r e m o v a l   of  t h e   j a c k e t   f o r w a r d l y ,   and  s u b s e q u e n t   r e p l a c e m e n t  

r e a r w a r d l y ,   w i t h   r e s p e c t   to  t h e   n o z z l e   m e m b e r ,   f o r w a r d l y  
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b e i n g   in  t h e   d i r e c t i o n   of  t h e   p l a s m a   f l a m e .   The  j a c k e t   h a s  

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

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

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

5  b o d y .   A  r e p l a c e a b l e   s e a l   such   as  an  0 - r i n g   i s   i n t e r p o s e d  

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

member   and  t h e   j a c k e t   to   r e t a i n   c o o l a n t .   A d d i t i o n a l   s e a l s  

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

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

10  j a c k e t ,   a t   t h e   c e n t r a l   s e c t i o n   of  t h e   j a c k e t   b e t w e e n   t h e  

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

t h e   n o z z l e   a s s e m b l y .   T h r e a d i n g   means   and  p i l o t   s u r f a c e s  

e n g a g i n g   b e t w e e n   the   n o z z l e   member  and  t h e   j a c k e t   a t   t h e  

r e a r w a r d   end  of  t he   n o z z l e   a s s e m b l y   c o o p e r a t e   to   r e t a i n   t h e  

15  j a c k e t   in  i t s   p r e d e t e r m i n e d   p o s i t i o n   r e l a t i v e   to   t h e   n o z z l e  

m e m b e r .   The  r e a r   0 - r i n g   s e a l   i s   s e t   in  a  g r o o v e   f o r m e d  

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

and   a  r im   in  t h e   n o z z l e   m e m b e r .  

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  

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

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   w h e r e i n :  

F i g .   1  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of  a  p o r t i o n   o f  

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

F i g .   2  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i e w   of  a  n o z z l e  

25  a s s e m b l y   of  t h e   p r e s e n t   i n v e n t i o n   i n c o r p o r a t e d   in  F i g .   1 .  
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F i g .   3  i s   a  l o n g i t u d i n a l   s e c t i o n a l   v i ew  of  a  p o r t i o n   o f  

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

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  

5  R e f e r r i n g   t o   F i g .   1,  t h e   n o z z l e   a c c o r d i n g   to   t h e   p r e s e n t  

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

U . S .   P a t e n t   No.  3 , 1 4 5 , 2 8 7   and  i s   d e s i g n e d   to  f i t   i n t o   a  

p l a s m a   s p r a y   gun  10  s u c h   as  Type  9MB  m a n u f a c t u r e d   by  METCO 

I n c . ,   W e s t b u r y ,   New  Y o r k .   The  n o z z l e   member   12,   a l s o   s h o w n  

10  in   F i g .   2,  h a s   a  c e n t r a l   p a s s a g e   i n d i c a t e d   g e n e r a l l y   a t   1 4  

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

by  t h e   a r r o w s   16 .   E n t e r i n g   c e n t r a l   p a s s a g e   14  f r o m   t h e   r i g h t  

i s   an  e l o n g a t e d   and   r o u n d e d   (o r   p o i n t e d )   t i p p e d   c a t h o d e  

member   18  w h i c h   i s   e l e c t r i c a l l y   i s o l a t e d   f rom  t h e   o t h e r  

15  e l e m e n t s   shown  i n   F i g .   1.  When  t h e   f l a m e   s p r a y   gun  i s  

o p e r a t i n g ,   an  a r c   e x t e n d s   f rom  c a t h o d e   18  to   t h e   i n n e r   w a l l  

of  t h e   n o z z l e   i n d i c a t e d   g e n e r a l l y   a t   20.   I t   s h o u l d   be  n o t e d  

t h a t   t h e   a r c   c o n t a c t   p o i n t   w i t h   i n n e r   w a l l   20  d o e s   n o t   r e m a i n  

a t   one  p o s i t i o n   b u t   t e n d s   to   t r a v e l   o v e r   a  l a r g e   p o r t i o n   o f  

20  i n n e r   w a l l   20 .   The  a r c   e x c i t e s   t h e   g a s e s   c a u s i n g   a  p l a s m a  

f l a m e   to   i s s u e   f r o m   t h e   e x i t   end  of  t h e   n o z z l e   i n d i c a t e d  

g e n e r a l l y   a t   2 2 .  

N o z z l e   m e m b e r   12  c o m p r i s e s   t h e   a n o d e   of  t h e   gun  and  i s  

d e s i g n e d   w i t h   a  c e r t a i n   w a l l   t h i c k n e s s   in  t h e   r e g i o n   l i k e l y  

25  to   be  in  d i r e c t   c o n t a c t   w i t h   t h e   a r c .   The  i n n e r   m e m b e r  

p r e f e r a b l y   i s   made  o u t   of  s u b s t a n t i a l l y   p u r e   c o p p e r  

( p r e f e r a b l y   a t   l e a s t   99%  p u r e )   a n d ,   f o r   t h i s   m a t e r i a l ,   s h o u l d  

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

of  a b o u t   1.9mm  t o   2.8mm  ( 0 . 0 7 5   t o   0 . 1 1 0   i n c h e s ) .  
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C o p p e r   is  a  p r e f e r r e d   m a t e r i a l   f o r   many  of  t h e   p a r t s   o f  

t h e   n o z z l e   b e c a u s e   of  i t s   e l e c t r i c a l   and  t h e r m a l   p r o p e r t i e s .  
T h a t   i s ,   c o p p e r   is  a  good  e l e c t r i c a l   and  t h e r m a l   c o n d u c t o r  

and  y e t   has   a  r e l a t i v e l y   h i g h   m e l t i n g   p o i n t .   T h o s e   of  s k i l l  
5  in  t h e   a r t   w i l l   r e c o g n i z e   t h a t   o t h e r   m e t a l s   or  a l l o y s   w i t h  

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

c o p p e r   can  be  u s e d   f o r   t h e   p a r t s   of  n o z z l e   a s s e m b l y   a c c o r d i n g  

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

be  a d j u s t e d   s o m e w h a t   to   o p t i m i z e   n o z z l e   l i f e .   A l t e r n a t i v e l y  
10  n o z z l e   member  12  may  i n c l u d e   a  t u n g s t e n   l i n e r   ( n o t   s h o w n )  

a l o n g   t he   i n n e r   s u r f a c e   14,   or  t he   e n t i r e   n o z z l e   member   m a y  
e v e n   be  f o r m e d   of  t u n g s t e n   or  t h e   l i k e   h a v i n g   a  v e r y   h i g h  
m e l t i n g   p o i n t   to  m i n i m i z e   s u r f a c e   m e l t i n g   by  t he   a r c .  

As  d i s c l o s e d   in  U .S .   P a t e n t   No.  4 , 4 3 0 , 5 4 6   t h e   d i m e n s i o n s  
15  h e r e i n   a r e   i m p o r t a n t   a t   a  p o i n t   r a d i a l l y   o u t w a r d   of  t h e  

l o c a t i o n   w h e r e   the   a r c   of  t h e   gun  s t r i k e s   t he   n o z z l e .   T h i s  

l o c a t i o n   is  d e t e r m i n e d   f i r s t   by  m a k i n g   a  n o z z l e   of  t h e  

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

20  w i l l   i d e n t i f y   t he   l o c a t i o n   w h e r e   t h e   a r c   s t r i k e s   t h e   n o z z l e .  

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

A  j a c k e t   24  may  be  made  of  s u b s t a n t i a l l y   p u r e   c o p p e r   o r  
o t h e r   m a t e r i a l s   i n c l u d i n g   a l l o y s   s u c h   as  b r a s s   and  is   s h a p e d  

25  to   f i t   t o g e t h e r   w i t h   t h e   n o z z l e   member   12  to   form  an  a n n u l a r  

p a s s a g e   26  f o r   c o o l a n t ,   w h i c h   p a s s a g e   c o m m u n i c a t e s   w i t h  

c o o l a n t   p a s s a g e s   27,  28  of  f l a m e   s p r a y   gun  10  to   w h i c h   t h e  

j a c k e t   a t t a c h e s   to  p e r m i t   c o o l i n g   t h e   n o z z l e   d u r i n g   o p e r a t i o n  
t h e r e o f .  
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N o z z l e   a s s e m b l y   30,   shown  pe r   se  in  F i g .   2,  c o n s i s t s   o f  

n o z z l e   member  12  and  c o a x i a l   j a c k e t   24.  The  a s s e m b l y   c l o s e l y  

f i t s   in  a  c y l i n d r i c a l   c a v i t y   of  t he   gun  body   32  and  i s  

i n s e r   t a b l e   and  r e m o v a b l e   f o r w a r d l y   f rom  gun  10.   (As  u s e d  

5  h e r e i n ,   t h e   t e r m   " f o r w a r d "   and  t e r m s   d e r i v e d   t h e r e f r o m   o r  

s y n o n y m o u s   or  a n a l o g o u s   t h e r e t o ,   h a v e   r e f e r e n c e   to   t h e   e n d  

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

" r e a r w a r d "   e t c .   d e n o t e   t h e   o p p o s i t e   l o c a t i o n . )   When  i n  

p l a c e ,   n o z z l e   a s s e m b l y   30  i s   p o s i t i o n e d   c o a x i a l l y   w i t h i n   t h e  

10  gun  b o d y   w i t h   0 - r i n g   s e a l s   34,  36  and  38  ( F i g .   1)  d i s p o s e d   i n  

r e s p e c t i v e   g r o o v e s   40,   42  and  44  ( F i g .   2 ) .  

C e n t r a l   p a s s a g e   14  of  n o z z l e   member  12  i s   c o a x i a l   w i t h  

c a t h o d e   member  18  ( F i g .   1)  and  in  t he   m i d d l e   p o r t i o n   of  t h e  

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

15  p r e f e r a b l y   of  c o n s t a n t   d i a m e t e r .   The  f o r w a r d   end  a t   e x i t   e n d  

22  of  c e n t r a l   p a s s a g e   14  may  a l s o   be  of  c o n s t a n t   d i a m e t e r  

e q u a l   to  t h a t   of  t h e   m i d - p o r t i o n   or  may  d i v e r g e   in  t h e  

f o r w a r d   d i r e c t i o n   as  shown  in  F i g s .   1  and  2.  The  r e a r  

p o r t i o n   a t   t h e   i n l e t   end  56  ( F i g .   2)  of  c e n t r a l   p a s s a g e   1 4  

20  d i v e r g e s   r e a r w a r d l y   and  c o o p e r a t e s   w i t h   c a t h o d e   member   18  t o  

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

n o z z l e   m e m b e r .   The  o p e r a t i v e   r e l a t i v e   d i m e n s i o n s   and  s p a c i n g  

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

gun  o p e r a t i o n   a r e   w e l l   known  in  t h e   a r t .  

25  Wi th   r e f e r e n c e   t o   F i g .   2,  t h e   n o z z l e   member   12  h a s   a  

g e n e r a l l y   c y l i n d r i c a l   m i d d l e   p o r t i o n   h a v i n g   an  e x t e r i o r i t y   5 2  

c o a x i a l   w i t h   t he   b o r e ,   and  has   a  r e a r   r im  54  l o c a t e d  

g e n e r a l l y   r a d i a l l y   o u t w a r d   f rom  t h e   i n l e t   ( r e a r w a r d )   end  5 6 .  

A  t a p e r   p o r t i o n   58  of  e x t e r i o r i t y   52  is   s i t u a t e d   w h e r e  

30  c e n t r a l   p a s s a g e   14  b e g i n s   to   d i v e r g e   r e a r w a r d l y ,   c o n f o r m i n g  

to  t h e   r e a r w a r d   d i v e r g e n c e   of  c e n t r a l   p a s s a g e   14  a t   i n l e t   e n d  

5 6 .  
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J a c k e t   24  i s   p o s i t i o n e d   to   g e n e r a l l y   s u r r o u n d   n o z z l e  

m e m b e r   12  in  a  p r e d e t e r m i n e d   c o a x i a l   p o s i t i o n .   The  j a c k e t   i s  

of  g e n e r a l l y   h o l l o w   c o n f i g u r a t i o n .   The  c e n t r a l   s e c t i o n   63  o f  

t h e   j a c k e t   has   a  c e n t r a l   i n s i d e   s u r f a c e   60  c o o p e r a t i n g   w i t h  

5  e x t e r i o r i t y   52  of  n o z z l e   member   12  to  d e f i n e   a n n u l a r   p a s s a g e  

26  f o r   c o o l a n t .   D e s i r a b l y   t h e   i n s i d e   s u r f a c e   60  and  t h e  

m i d d l e   p o r t i o n   of  e x t e r i o r i t y   52  of  n o z z l e   member   12,   as  w e l l  

as   t a p e r   p o r t i o n   58,   a r e   of  s u c h   d i a m e t e r s   as  to   c o o p e r a t e   i n  

f o r m i n g   t h i n   a n n u l a r   p a s s a g e   26  of  u n i f o r m   h e i g h t   p r e f e r a b l y  

10  in  t h e   r a n g e   of  0 .64mm  to  0 .27mm  ( . 0 2 5   to   . 050   i n c h e s ) ,   f o r  

e x a m p l e   0 .76mm  ( . 0 3 0   i n c h e s ) ,   f o r   t he   p u r p o s e s   of  h i g h  

c o o l a n t   v e l o c i t y   and  e f f i c i e n t   c o o l i n g   as  d i s c l o s e d   i n  

a f o r e m e n t i o n e d   U . S .   P a t e n t   No.  4 , 4 3 0 , 5 4 6 .  

The  f o r w a r d   s e c t i o n   64  of  j a c k e t   24  has   an  i n n e r   s u r f a c e  

15  62  c o o p e r a t i v e   w i t h   a  c y l i n d r i c a l   o u t e r   s u r f a c e   ( a l s o   a t   6 2 )  

of   t h e   f o r w a r d   p o r t i o n   of  n o z z l e   member  12  f o r   p o s i t i o n i n g  

and   a l i g n m e n t .   The  d i a m e t e r s   a t   62  a r e   s u c h   t h a t   t h e   j a c k e t  

i s   r e m o v a b l e   and  r e p l a c e a b l e   f rom  t h e   n o z z l e   member   f o r w a r d l y  

w i t h   r e s p e c t   to  t h e   n o z z l e   m e m b e r .   An  i n n e r   s e a l   66  t o  

20  r e t a i n   c o o l a n t   is   p r o v i d e d   b e t w e e n   o u t e r   s u r f a c e   62  of  t h e  

n o z z l e   and  f o r w a r d   i n n e r   s u r f a c e   (62)   of  t h e   j a c k e t ,   c a p a b l e  

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

m a i n   c o m p o n e n t s ,   t he   n o z z l e   and  j a c k e t .   P r e f e r a b l y   t h e  

f o r w a r d   i n n e r   s u r f a c e   62  of  t h e   j a c k e t   has   an  a n n u l a r   g r o o v e  

25  68  t h e r e i n   w i t h   a  s t a n d a r d   O - r i n g   s e a l   ( a t   66)  of  r u b b e r   o r  

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

o u t e r   s u r f a c e   of  t h e   n o z z l e   m e m b e r .  

I n t e r n a l   t h r e a d i n g   70  i s   d i s p o s e d   in  t h e   i n s i d e   s u r f a c e  

of  t h e   r e a r   s e c t i o n   65  of  j a c k e t   24  and  is   a d a p t e d   to  e n g a g e  

30  w i t h   c o r r e s p o n d i n g   e x t e r n a l   t h r e a d i n g   ( a l s o   a t   70)  of  n o z z l e  

member   12  to  r e t a i n   t he   n o z z l e   member  in  t h e   j a c k e t .   A x i a l  
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p o s i t i o n i n g   is   d e t e r m i n e d   by  an  a n n u l a r   s h o u l d e r   f a c e   7 4  

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

F a c e   74  c o n t a c t s   a  s e a t i n g   s h o u l d e r   76  s i m i l a r l y   l o c a t e d   i n  

t h e   i n s i d e   s u r f a c e   of  t h e   j a c k e t .   P r e c i s e   c o n c e n t r i c i t y   o f  

5  t h e   n o z z l e   and  j a c k e t   a t   t h e   r e a r   i s   m a i n t a i n e d   by  a  s h o r t  

a n n u l a r   p i l o t   s u r f a c e   78  on  t h e   n o z z l e   member  12  f o r w a r d l y  

a d j a c e n t   to  a n n u l a r   f a c e   74.  P i l o t   s u r f a c e   78  c l o s e l y   f i t s  

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

j a c k e t   ( a l s o   shown  a t   74)  f o r w a r d l y   a d j a c e n t   to   s e a t i n g  

10  s h o u l d e r   76.   The  t h r e a d i n g   and  c o n t a c t i n g   s u r f a c e s   a l s o  

s e r v e   to   c o n d u c t   t h e   a r c   c u r r e n t   b e t w e e n   t h e   n o z z l e   m e m b e r  

and   t h e   p o w e r   s o u r c e   ( n o t   s h o w n ) .  

A  f l a n g e   88  is  l o c a t e d   c o n c e n t r i c a l l y   on  t h e   j a c k e t ,  

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

15  m i d - p o i n t .   A  s t e p   44  on  t h e   r e a r   s i d e   of  t h e   f l a n g e   p r o v i d e s  

a  g r o o v e   f o r   O - r i n g   s e a l   38  ( F i g .   1 ) .   F l a n g e   f a c e   89  a n d  

s e a l   38  c o a c t   w i t h   f r o n t   f a c e   90  of  gun  body   32  to   p o s i t i o n  

n o z z l e   a s s e m b l y   30  a x i a l l y   and  to   s e a l   a g a i n s t   l e a k a g e   of  t h e  

c o o l a n t .   The  a s s e m b l y   i s   h e l d   in  t h e   gun  body   by  m e a n s   of  a  

20  r e t a i n i n g   r i n g   ( n o t   shown)   o v e r   f l a n g e   88  as  d e p i c t e d   i n  

a f o r e m e n t i o n e d   D .S .   P a t e n t   No.  3 , 1 4 5 , 2 8 7 .  

In  a  p r e f e r r e d   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 s  

d e t a i l e d   in  F i g .   2,  i n l e t   end  56  of  n o z z l e   member  12  e x t e n d s  

r e a r w a r d   of  j a c k e t   24  a  d i s t a n c e   s u f f i c i e n t   to  p r o v i d e   f o r   O -  

25  r i n g   s e a l   34.  In  p a r t i c u l a r ,   O - r i n g   g r o o v e   40  is   d e f i n e d   b y  

t h r e e   s u r f a c e s ,   n a m e l y ,   t h e   f o r w a r d - f a c i n g   a n n u l a r   w a l l   80  o f  

t h e   r i m   54  of  n o z z l e   member   12,   t h e   o u t w a r d - f a c i n g  

c y l i n d r i c a l   s u r f a c e   s e g m e n t   82  t h a t   f o r m s   t he   i n n e r   b o u n d a r y  

of  r im  w a l l   80,   and  t h e   r e a r w a r d   f a c i n g   a n n u l a r   s u r f a c e   84  

30  t h a t   f o r m s   t h e   r e a r   end  of  j a c k e t   24 .   As  i n d i c a t e d  

h e r e i n a b o v e   O - r i n g   34  e n g a g e s   w i t h   b o d y   32  of  t h e   gun  t o  

r e t a i n   t h e   c o o l a n t .  
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A  p l u r a l i t y   of  a r c u a t e   c o o l a n t   p o r t s   92  a r e  

e q u i a n g u l a r l y   s p a c e d   a b o u t   t h e   c i r c u m f e r e n c e   of  t h e   j a c k e t  

j u s t   f o r w a r d   of  s e a t i n g   s h o u l d e r   76.   Each  of  t h e   p o r t s   92  i s  

in   d i r e c t   f l o w   c o m m u n i c a t i o n   w i t h   a n n u l a r   c o o l a n t   p a s s a g e   2 6 .  

5  J a c k e t   24  i s   f u r t h e r   s h a p e d   to  c o o p e r a t e   in  p r o v i d i n g   a  

n a r r o w   a n n u l a r   p a s s a g e   100  w h i c h   a c t s   as  a  m a n i f o l d   a n d  

c o m m u n i c a t e s   b e t w e e n   p o r t s   92  and  a t   l e a s t   one  c h a n n e l   27  i n  

b o d y   32  ( f i g .   1)  t h e r e b y   p r o v i d i n g   a  f l o w   p a t h   f o r   t h e  

c o o l a n t   f l u i d .  

10  J a c k e t   24  i s   a d d i t i o n a l l y   s h a p e d   to  d e f i n e   an  a n n u l a r  

s l o t   94  w h i c h   f o r m s   an  o u t w a r d   e x t e n s i o n   of  a n n u l a r   c o o l a n t  

p a s s a g e   26  j u s t   r e a r w a r d   of  i n n e r   s e a l   66.   C o m m u n i c a t i n g  

w i t h   s l o t   94  i s   a  s e c o n d   s e t   of  a r c u a t e   ( i n   c r o s s - s e c t i o n )  

c o o l i n g   p o r t s   96  w h i c h   a r e   p r e f e r a b l y   d i s p o s e d   e v e n l y   a r o u n d  

15  t h e   j a c k e t   to  p r o v i d e   a  p l u r a l i t y   of  c o o l a n t   p a s s a g e s   l e a d i n g  

f r o m   a  g e n e r a l l y   a n n u l a r - s h a p e d   m a n i f o l d   p a s s a g e   98.   P a s s a g e  

98  i s   f o r m e d   b e t w e e n   j a c k e t   f l a n g e   88  and  a  w a l l   p o r t i o n   1 0 6  

of  body   32  ( F i g .   1)  t h a t   f o r m s   a  b a r r i e r   b e t w e e n   t h e   c o o l a n t  

i n f e e d   and  t h e   c o o l a n t   o u t f e e d .   The  p l a s m a   s p r a y   gun  body   32  

20  a d d i t i o n a l l y   i n c l u d e s   a  s e c o n d   c o o l a n t   c h a n n e l   28  f o r   c o o l a n t  

f l o w ,   w h i c h   e x t e n d s   r e a r w a r d   f r o m   a n n u l a r l y   s h a p e d   p a s s a g e  
98 .   O - r i n g   s e a l   36  in  e x t e r n a l   g r o o v e   42  l o c a t e d   b e t w e e n   t h e  

two  s e t s   of  c o o l a n t   p o r t s   92  and  96  c o a c t s   w i t h   gun  b o d y   32  

to   s e p a r a t e   t h e   two  c o o l a n t   m a n i f o l d s   98  and  1 0 0 .  

25  The  a r c u a t e   c o n f i g u r a t i o n   of  t h e   r e s p e c t i v e   s e t s   o f  

p o r t s   92  and  96  in  c o m m u n i c a t i o n   w i t h   a n n u l a r   c o o l a n t   p a s s a g e  

26  a t   i t s   f o r w a r d   and  r e a r w a r d   e n d s   p r o v i d e s   e v e n   r a d i a l  

d i s t r i b u t i o n   of  c o o l a n t   i n t o   and  o u t   of  p a s s a g e   26  w i t h  

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

30  e n t e r s   c h a n n e l   27  ( F i g .   1)  and  t h e n   n a r r o w   a n n u l a r   p a s s a g e  
1 0 0 .   From  a n n u l a r   p a s s a g e   100 ,   t h e   f l u i d   f l o w s   t h r o u g h   t h e  
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p l u r a l i t y   of  p o r t s   92  i n t o   t h i n   a n n u l a r   p a s s a g e   26  f o r m e d  

b e t w e e n   n o z z l e   member  12  and  j a c k e t   24.  The  c o o l a n t   f l o w  

r a t e   is   s u f f i c i e n t   to   m a i n t a i n   t h e   e x t e r i o r   s u r f a c e   of  n o z z l e  

12  a t   a  t e m p e r a t u r e   c l o s e   to   100°  C e n t i g r a d e .   The  f l u i d   t h e n  

5  p a s s e s   f rom  t h i n   a n n u l a r   p a s s a g e   26  t h r o u g h   s l o t   94 ,   p o r t s   96  

a n d   a n n u l a r   p a s s a g e   98  and  e x i t s   t h r o u g h   c h a n n e l   2 8 .  

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

s t r u c t u r e   f o r   e f f i c i e n t l y   c o o l i n g   t h e   n o z z l e   g i v i n g   i t   l o n g e r  

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

10  r e p l a c i n g   t he   n o z z l e   in  a  p l a s m a   s p r a y   gun  f o r   r o u t i n e  

m a i n t e n a n c e   or  when  t h e   n o z z l e   b e c o m e s   e x c e s s i v e l y   e r o d e d  

f r o m   t h e   a r c .   The  a s s e m b l y   30  i s   r e m o v e d   f r o m   t h e   gun  b o d y  

32  as   a  u n i t ,   and  t h e   j a c k e t   24  i s   r e a d i l y   r e m o v e d   f rom  t h e  

n o z z l e   member  12,  w h i c h   i s   t h e n   r e p l a c e d   and   t h e   p r o c e d u r e  

15  r e v e r s e d .   T h i s   m e t h o d   p r o v i d e s   f o r   low  c o s t   c o n s t r u c t i o n   a n d  

e c o n o m i c a l   m a i n t e n a n c e .  

W h i l e   t h e   f o r e g o i n g   d e s c r i p t i o n   has   e m p h a s i z e d   t h e  

d e s i g n   of  a  n o z z l e   a s s e m b l y   f o r   one  t y p e   of  p l a s m a   gun  a s  

i l l u s t r a t e d   in  F i g s .   1  and   2,  t h o s e   of  s k i l l   in  t h e   a r t   w i l l  

20  r e a d i l y   r e c o g n i z e   t h a t   t h e   s p e c i f i c   d e s i g n   may  t a k e   o t h e r  

f o r m s .   For   e x a m p l e ,   t h e   n o z z l e   a s s e m b l y   may  be  d e s i g n e d   t o  

f i t   a  p l a s m a   gun  of  t h e   t y p e   shown  and  d e s c r i b e d   in  U . S .  

P a t e n t   No.  4 , 4 4 5 , 0 2 1 ,   s o l d   by  METCO  I n c .   as   Type   10MB..   S u c h  

a  n o z z l e   a s s e m b l y   30 '   as  l o c a t e d   in  t h e   f o r w a r d   p a r t   of  g u n  

25  10  *  i s   shown  in  F i g .   3.  The  n o z z l e   member   12 '   may  be  t h e  

s ame   as  t h a t   shown  in  F i g s .   1  and  2?  h o w e v e r ,   t h e   j a c k e t   2 4 '  

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

( F o r   c l a r i t y   w i t h   r e f e r e n c e   to   F i g .   3,  n u m b e r s   d e s i g n a t e d  

w i t h   a  p r i m e   ( ' )   d e n o t e   p a r t s   c o m p a r a b l e   t o   t h o s e   shown  i n  

30  F i g .   1  and  F i g .   2 . )  



rois-  j  jar  j  

0 2 1 7 3 9 9  

A  c e n t r a l   s e c t i o n   63'   of  j a c k e t   24'   has   a  c e n t r a l   i n s i d e  

s u r f a c e   60*  of  t he   c o n f i g u r a t i o n   d e s c r i b e d   h e r e i n a b o v e   w i t h  

r e s p e c t   to   F i g s .   1  and  2,  s a i d   s u r f a c e   c o o p e r a t i n g   w i t h   t h e  

n o z z l e   member   12 '   to   d e f i n e   t h e   a n n u l a r   c o o l i n g   p a s s a g e   2 6 * .  

5  A  f o r w a r d   s e c t i o n   64'   c o n t a i n s   an  i n t e r i o r   0 - r i n g   g r o o v e   68*  

f o r   s e a l i n g   w i t h   t he   f o r w a r d   c y l i n d r i c a l   o u t e r   s u r f a c e   62 '   o f  

t h e   n o z z l e   member   1 2 ' .   F o r w a r d   s e c t i o n   64'   a l s o   s e r v e s   t o  

r e t a i n   t h e   n o z z l e   a s s e m b l y   in   t h e   gun  by  means   of  i n t e r n a l  

t h r e a d s   116  in  a  f o r w a r d   f l a n g e   117  e n g a g i n g   w i t h  

10  c o r r e s p o n d i n g   t h r e a d s   on  t h e   gun  body   3 2 ' .  

A  r e a r   s e c t i o n   65"  of  j a c k e t   24  '  has  i n t e r n a l   t h r e a d i n g  

70 '   t h e r e i n   t h a t   e n g a g e s   w i t h   t h e   e x t e r n a l   t h r e a d i n g   ( a l s o  

7 0 ' )   of  t h e   n o z z l e   member  1 2 * .   In  t h i s   e m b o d i m e n t   t h e   0 - r i n g  
s e a l   34 '   r e a r w a r d   by  a d j a c e n t   t h e   t h r e a d i n g   r e t a i n s   c o o l a n t  

15  in  t h e   a n n u l a r   c o o l i n g   p a s s a g e   2 6 ' ,   and  an  a d d i t i o n a l   O - r i n g  
s e a l   120  i s   d i s p o s e d   in  t h e   b a c k   f a c e   122  of  r e a r   s e c t i o n   6 5 '  

to   p r e v e n t   t h e   p l a s m a   gas   f r o m   b y p a s s i n g   i t s   r e g u l a r  

c h a n n e l l i n g   w h i c h   is   v i a   a  g a s   m a n i f o l d   124  and  one  or  m o r e  

g a s   p o r t s   126 .   The  g r o o v e   f o r   O - r i n g   34'   is   d e f i n e d  
20  a n a l o g o n a l y   to  t h e   e m b o d i m e n t   of  F i g .   2 .  

The  t h r e e   j a c k e t   s e c t i o n s   63  *f  64 '   and  65'   a r e  

j u x t a p o s e d   a x i a l l y   w i t h   c l o s e   f i t t i n g   a n n u l a r   s h o u l d e r   a r e a s  
128  and   130  r e s p e c t i v e l y   e n g a g i n g   t o g e t h e r   t h e   f o r w a r d   a n d  

c e n t r a l   j a c k e t   p a r t s   and  t h e   r e a r   and  c e n t r a l   j a c k e t   p a r t s  
25  c o o p e r a t i v e l y   to  fo rm  j a c k e t   2 4 ' .  

An  i n s e t   s h o u l d e r   on  a  c e n t r a l   f l a n g e   88'   of  c e n t r a l  

s e c t i o n   63*  of  j a c k e t   24 '   r e c e i v e s   an  O - r i n g   36'   f o r   s e a l i n g  

a g a i n s t   body   32  •  b e t w e e n   r e a r   and  f o r w a r d   m a n i f o l d s   1 0 0 '   a n d  

9 8 ' .   A  r e a r w a r d l y   d i r e c t e d   r im   132  on  f o r w a r d   s e c t i o n   64 '   o f  
30  t h e   j a c k e t   has   a  g r o o v e   w i t h   O - r i n g   38 '   e n g a g e d   w i t h   t h e   b o d y  
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f o r w a r d   of  f o r w a r d   m a n i f o l d   98'   to   r e t a i n   c o o l a n t   t h e r e i n .   A 

f u r t h e r   0 - r i n g   s e a l   138  i s   s i t u a t e d   in  a  g r o o v e   in  t h e   o u t e r  

s u r f a c e   of  r e a r   j a c k e t   s e c t i o n   65  ' b e t w e e n   r e a r   c o o l a n t  

m a n i f o l d   1 0 0 '   and  gas   m a n i f o l d   1 2 4 .  

5  a  p l u r a l i t y   of  a r c u a t e   f o r w a r d   p o r t s   96 '   a r e  

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

134  of  c e n t r a l   s e c t i o n   63 '   c o m m u n i c a t i n g   b e t w e e n   f o r w a r d  

a n n u l a r   c o o l a n t   m a n i f o l d   98 '   and  t h e   a n n u l a r   c o o l i n g   p a s s a g e  

2 6 ' .   A  p l u r a l i t y   of  a r c u a t e   r e a r   p o r t s   92 '   in  a  r e a r   r im   1 3 6  

10  of  c e n t r a l   s e c t i o n   63*  s i m i l a r l y   c o m m u n i c a t e   b e t w e e n   r e a r  

c o o l a n t   m a n i f o l d   100 '   and  t h e   a n n u l a r   c o o l i n g   p a s s a g e .   T h e  

f o r w a r d   and  r e a r   p o r t s   9 6 ' ,   92 '   of  F i g .   3  a r e   in  t h i s  

e m b o d i m e n t ,   e a c h   in  t he   f o rm  of  a  s e t   of  t h r e e   l a r g e   d i s h e d  

o u t   s e c t i o n s   of  t h e   r e s p e c t i v e   r i m s .   P r e f e r a b l y   c o o l a n t  

15  f l o w s   f rom  i n l e t   p a s s a g e   28'   t h r o u g h   t h e   f o r w a r d   m a n i f o l d   a n d  

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

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

o u t l e t   p a s s a g e   2 7 ' .  

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   a b o v e   in  d e t a i l  

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

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

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

t h o s e   s k i l l e d   in  t h i s   a r t .   The  i n v e n t i o n   i s   t h e r e f o r e   o n l y  

i n t e n d e d   to  be  l i m i t e d   by  t h e   a p p e n d e d   c l a i m s   or  t h e i r  

25  e q u i v a l e n t s .  
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What  is   C l a i m e d   i s :  

1.  A  n o z z l e   a s s e m b l y   f o r   f i t t i n g   i n t o   t h e   body   of  a  

p l a s m a   g u n ,   c o m p r i s i n g :  

a  t u b u l a r   n o z z l e   member   h a v i n g   a  g e n e r a l l y   c y l i n d r i c a l  

e x t e r i o r i t y ;  

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

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

t h e   c y l i n d r i c a l   e x t e r i o r i t y   of  t he   n o z z l e   member   to   d e f i n e   a n  
a n n u l a r   c o o l a n t   p a s s a g e ,   t h e   j a c k e t   and  n o z z l e   member   b e i n g  
in  r e l a t i v e   s l i d a b l e   r e l a t i o n s h i p   f o r   a x i a l   r e m o v a l   a n d  

r e p l a c e m e n t   of  t h e   j a c k e t   f o r w a r d l y   w i t h   r e s p e c t   to   t h e  

n o z z l e   m e m b e r ;  

t h r e a d i n g   m e a n s   to   r e t a i n   t he   n o z z l e   member   in  t h e  

p r e d e t e r m i n e d   c o a x i a l   p o s i t i o n   w i t h   r e s p e c t   to   t h e   j a c k e t ;  
a n d  

f l u i d   s e a l   means   i n t e r p o s e d   b e t w e e n   t h e   n o z z l e   m e m b e r  

and  t h e   j a c k e t   a t   a  l o c a t i o n   f o r w a r d   of  t h e   a n n u l a r   c o o l a n t  

p a s s a g e .  

2.  A  n o z z l e   a s s e m b l y   f o r   f i t t i n g   i n t o   t h e   b o d y   of  a  

p l a s m a   gun ,   c o m p r i s i n g :  

(a)  t u b u l a r   n o z z l e   member  c o m p r i s i n g   a  r e a r   p o r t i o n  
w i t h   e x t e r n a l   t h r e a d i n g   t h e r e o n ,   a  f o r w a r d   p o r t i o n   w i t h   a  
c y l i n d r i c a l   o u t e r   s u r f a c e   a n d ,   t h e r e b e t w e e n ,   a  m i d d l e   p o r t i o n  
h a v i n g   a  g e n e r a l l y   c y l i n d r i c a l   e x t e r i o r i t y ;  
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(b)  a  j a c k e t   of  g e n e r a l l y   h o l l o w   c y l i n d r i c a l  

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

a b o u t   t h e   n o z z l e   m e m b e r ,   c o m p r i s i n g :  

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

c o o p e r a t i n g   w i t h   t he   c y l i n d r i c a l   e x t e r i o r i t y   of  t h e   n o z z l e  

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

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

t h e r e i n   e n g a g e d   w i t h   t he   e x t e r n a l   t h r e a d i n g   of  t h e   n o z z l e  

member   to   r e t a i n   t h e   j a c k e t   in  t h e   p r e d e t e r m i n e d   p o s i t i o n  

r e l a t i v e   t o   t h e   n o z z l e   m e m b e r ;  

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

s u r f a c e ;  

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

s e c t i o n   a n d   t h e   r e a r   s e c t i o n ,   h a v i n g   one  or  m o r e   f i r s t  

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

a n d  

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

s e c t i o n   and   t h e   c y l i n d r i c a l   f o r w a r d   s e c t i o n ,   h a v i n g   one  o r  

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

c o o l a n t   p a s s a g e ;  

t h e   j a c k e t   and  n o z z l e   member   b e i n g   in  r e l a t i v e   s l i d a b l e  

r e l a t i o n s h i p   f o r   a x i a l   r e m o v a l   and  r e p l a c e m e n t   of  t h e   j a c k e t  

f o r w a r d l y   w i t h   r e s p e c t   to  t h e   n o z z l e   m e m b e r ;   a n d  

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

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

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

f o r w a r d   s e c t i o n   of  the   j a c k e t .  
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3.  The  n o z z l e   a s s e m b l y   of  C l a i m   2,  w h e r e i n   t h e   m i d d l e  

p o r t i o n   of  t h e   n o z z l e   member   has  a  w a l l   t h i c k n e s s   in  t h e  

r a n g e   of  a b o u t   1 .9   to  a b o u t   2.8mm,  and  t h e   w i d t h   of  t h e  

a n n u l a r   c o o l a n t   p a s s a g e   i s   in  the   r a n g e   of  a b o u t   0 . 8 4 m m   t o  

a b o u t   1 . 2 7 m m ,   s a i d   w a l l   t h i c k n e s s   and  w i d t h   r a n g e s   b e i n g   i n  

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

t h e   a r c   t e r m i n a t e s .  

4.  The  n o z z l e   a s s e m b l y   of  C l a i m   2,  w h e r e i n :  

t he   n o z z l e   member   has   a  c e n t r a l   p a s s a g e   w i t h   a  m i d d l e  

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

i n l e t   p o r t i o n   t h a t   d i v e r g e s   r e a r w a r d l y ;  

t h e   c y l i n d r i c a l   e x t e r i o r i t y   of  t he   n o z z l e   m e m b e r   has   a  

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

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

w a l l   t h i c k n e s s   in  t h e   c e n t r a l   p o r t i o n   and  t h e   t a p e r e d   p o r t i o n  

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

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

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

w i t h   t h e   c e n t r a l   p o r t i o n   of  t he   n o z z l e   e x t e r i o r i t y   and  w i t h  

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

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

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

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

a r c   t e r m i n a t e s .  
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b.  The  n o z z l e   a s s e m b l y   of  C l a i m   2  w h e r e i n   t h e   f i r s t  

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

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

t h e r e i n   to   r e c e i v e   a  f i r s t   0 - r i n g   s e a l .  

6.  The  n o z z l e   a s s e m b l y   of  C l a i m   2,  f u r t h e r   c o m p r i s i n g   a  

f l a n g e   on  t h e   c e n t r a l   s e c t i o n   of  t h e   j a c k e t ,   and   a d d i t i o n a l l y  

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

c o o p e r a t i v e   w i t h   t h e   gun  body   f o r   s e a l i n g   to   r e t a i n   c o o l a n t ,  

i n t e r p o s e d   b e t w e e n   t h e   gun  body   a n d ,   r e s p e c t i v e l y ,   t h e   j a c k e t  

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

p o s i t i o n   a d j a c e n t   t h e   c y l i n d r i c a l   r e a r   s e c t i o n   of   t h e   j a c k e t .  

7.   The  n o z z l e   a s s e m b l y   of  C l a i m   6  w h e r e i n :  

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

h a v i n g   a  s e c o n d   a n n u l a r   g r o o v e   t h e r e i n   to   r e c e i v e   a  s e c o n d   Co- 

r i n g   s e a l ;   a n d  

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

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

a n n u l a r   g r o o v e   t h e r e i n   to  r e c e i v e   a  t h i r d   0 - r i n g   s e a l .  

8.  The  n o z z l e   a s s e m b l y   of  C l a i m   6,  w h e r e i n :  

t h e   n o z z l e   member   f u r t h e r   c o m p r i s e s   a  r e a r   r im   l o c a t e d  

a t   t h e   i n l e t   end  of  t h e   n o z z l e ,   t h e   r e a r   r im   b e i n g   f o r m e d   o n  

i t s   f o r w a r d   s i d e   by  an  a n n u l a r   r im  w a l l   b o u n d e d   i n w a r d l y   by  a  

c y l i n d r i c a l   s u r f a c e   s e g m e n t ?   a n d  
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t h e   f o u r t h   d e t a c h a b l e   s e a l i n g   means   c o m p r i s e s   t h e   j a c k e t  

b e i n g   t e r m i n a t e d   a t   i t s   r e a r   end  by  an  a n n u l a r   s u r f a c e   s u c h  

t h a t   in  t h e   n o z z l e   a s s e m b l y   t h e   r im  w a l l   and  t h e   c y l i n d r i c a l  

s u r f a c e   s e g m e n t   of  t h e   n o z z l e   member  and  t he   a n n u l a r   s u r f a c e  

of  t h e   j a c k e t   fo rm  an  a n n u l a r   g r o o v e   to   r e c e i v e   a  r e a r   0 -  

r i n g .  

9.  The  n o z z l e   a s s e m b l y   of  C l a i m   2,  w h e r e i n   t h e   n o z z l e  

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

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

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

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

f a c e   w h i l e   t he   n o z z l e   m e m b e r   and  j a c k e t   a r e   in  t h r e a d e d  

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

a x i a l l y   w i t h   r e s p e c t   t o   t h e   j a c k e t .  

10.   The  n o z z l e   a s s e m b l y   of  C l a i m   9,  w h e r e i n   t h e   n o z z l e  

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

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

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

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

t h e   p i l o t   s u r f a c e   w h i l e   t h e   n o z z l e   member  and  j a c k e t   a r e   i n  

t h r e a d e d   e n g a g e m e n t   so  as   to   m a i n t a i n   c o n c e n t r i c i t y   of  t h e  

n o z z l e   member  and  j a c k e t .  

11.  The  n o z z l e   a s s e m b l y   of  C l a i m   2,  w h e r e i n :  

t h e   r e a r   p o r t a l   s e c t i o n   of  t h e   j a c k e t   has   a  p l u r a l i t y   o f  

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

of  t h e   j a c k e t   and  d i r e c t e d   r a d i a l l y   i n w a r d   in  c o m m u n i c a t i o n  

w i t h   t he   a n n u l a r   p a s s a g e ;   a n d  
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the   f o r w a r d   p o r t a l   s e c t i o n   of  t h e   j a c k e t   i n c l u d e s   a n  

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

c y l i n d r i c a l   f o r w a r d   s e c t i o n   of  t h e   j a c k e t ,   and  f u r t h e r  

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

a r o u n d   the   c i r c u m f e r e n c e   of  t h e   j a c k e t   and  e x t e n d i n g   r e a r w a r d  

a n d   r a d i a l l y   o u t w a r d   so  as  to   e x i t   t he   j a c k e t   b e t w e e n   t h e  

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

12.  A  n o z z l e   a s s e m b l y   f o r   f i t t i n g   i n t o   t h e   body   of  a  

p l a s m a   gun ,   c o m p r i s i n g :  

(a)  a  t u b u l a r   n o z z l e   member   c o m p r i s i n g :  

a  r e a r   p o r t i o n   w i t h   e x t e r n a l   t h r e a d i n g   t h e r e o n ,   a  

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

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

e x t e r i o r i t y :  

a  r e a r   r im  l o c a t e d   a t   t h e   i n l e t   end  of  t h e   n o z z l e   a n d  

f o r m e d   on  i t s   f o r w a r d   s i d e   by  an  a n n u l a r   r im   w a l l   b o u n d e d  

i n w a r d l y   by  a  c y l i n d r i c a l   s u r f a c e   s e g m e n t ?  

<b)  a  j a c k e t   of  g e n e r a l l y   h o l l o w   c y l i n d r i c a l  

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

a b o u t   a  t he   n o z z l e   m e m b e r ,   c o m p r i s i n g :  

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

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

e x t e r i o r i t y   of  t h e   n o z z l e   member   to  d e f i n e   an  a n n u l a r   c o o l a n t  

p a s s a g e ;  

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

t h e r e i n   e n g a g e d   w i t h   t h e   e x t e r n a l   t h r e a d i n g   of  t h e   n o z z l e  

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

r e l a t i v e   to  t h e   n o z z l e   m e m b e r ;  
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a  c y l i n d r i c a l   f o r w a r d   s e c t i o n   w i t h   a  f o r w a r d   i n s i d e  

s u r f a c e ;  

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

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

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

p a s s a g e ;   a n d  

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

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

s e c t i o n ,   h a v i n g   one  or  more  s e c o n d   c o o l a n t   p o r t s  

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

t h e   j a c k e t   and  n o z z l e   member  b e i n g   in  r e l a t i v e   s l i d a b l e  

r e l a t i o n s h i p   f o r   a x i a l   r e m o v a l   and  r e p l a c e m e n t   of  t h e   j a c k e t  

f o r w a r d l y   w i t h   r e s p e c t   to  t h e   n o z z l e   m e m b e r ;  

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

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

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

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

h a v i n g   a  f i r s t   a n n u l a r   g r o o v e   t h e r e i n   t o   r e c e i v e   a  f i r s t   0 -  

r i n g   s e a l ;   a n d  

(d)  s e c o n d   and  t h i r d   s e a l i n g   means   c o o p e r a t i v e   w i t h   t h e  

gun  body   f o r   s e a l i n g   to   r e t a i n   c o o l a n t ,   i n t e r p o s e d   b e t w e e n  

t h e   gun  body   a n d ,   r e s p e c t i v e l y ,   t he   j a c k e t   f l a n g e   and  t h e  

c y l i n d r i c a l   c e n t r a l   s e c t i o n   of  t he   j a c k e t ,   t h e   s e c o n d   s e a l i n g  

m e a n s   c o m p r i s i n g   t h e   f l a n g e   h a v i n g   a  s e c o n d   a n n u l a r   g r o o v e  
t h e r e i n   to  r e c e i v e   a  s e c o n d   0 - r i n g   s e a l ,   and  t h e   t h i r d  

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

t h e   j a c k e t   h a v i n g   a  t h i r d   a n n u l a r   g r o o v e   t h e r e i n   to   r e c e i v e   a  

t h i r d   O - r i n g   s e a l ;  
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(e)  t h e   j a c k e t   b e i n g   t e r m i n a t e d   a t   i t s   r e a r   end   by  a n  

a n n u l a r   s u r f a c e   c o o p e r a t i n g   w i t h   t he   r im  w a l l   and   t h e  

c y l i n d r i c a l   s u r f a c e   s e g m e n t   of  the   n o z z l e   member   t o   f o r m   a n  

a n n u l a r   g r o o v e   to   r e c e i v e   a  r e a r   0 - r i n g   s e a l   c o o p e r a t i v e   w i t h  

the   gun  body   f o r   s e a l i n g   to   r e t a i n   c o o l a n t .  

13.   A  n o z z l e   a s s e m b l y   f o r   f i t t i n g   i n t o   t h e   b o d y   of   a  

p l a s m a   gun ,   c o m p r i s i n g :  

a  t u b u l a r   n o z z l e   member   h a v i n g   a  g e n e r a l l y   c y l i n d r i c a l  

e x t e r i o r i t y   and  c o m p r i s i n g   a  r e a r   r im  l o c a t e d   a t   t h e   i n l e t  

end  of  t h e   n o z z l e ,   t h e   r e a r   r im  b e i n g   f o r m e d   on  i t s   f o r w a r d  

s i d e   by  an  a n n u l a r   r i m   w a l l   b o u n d e d   i n w a r d l y   by  a  c y l i n d r i c a l  

s u r f a c e   s e g m e n t ;  

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

d i s p o s e d   in  a  p r e d e t e r m i n e d   c o a x i a l   p o s i t i o n   a b o u t   t h e   n o z z l e  

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

t h e   c y l i n d r i c a l   e x t e r i o r i t y   of  the   n o z z l e   member   to   d e f i n e   a n  

a n n u l a r   c o o l a n t   p a s s a g e ,   t h e   j a c k e t   and  n o z z l e   member   b e i n g  
in  r e l a t i v e   s l i d a b l e   r e l a t i o n s h i p   f o r   a x i a l   r e m o v a l   a n d  

r e p l a c e m e n t   of  t h e   j a c k e t   f o r w a r d l y   w i t h   r e s p e c t   to   t h e  

n o z z l e   m e m b e r ;  

t h r e a d i n g   m e a n s   t o   r e t a i n   t he   n o z z l e   member   in  t h e  

p r e d e t e r m i n e d   c o a x i a l   p o s i t i o n   w i t h   r e s p e c t   to   t h e   j a c k e t ;  

a n d  

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

and  t h e   j a c k e t   a t   a  l o c a t i o n   f o r w a r d   of  t h e   a n n u l a r   c o o l a n t  

p a s s a g e ;  
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t h e   j a c k e t   b e i n g   b o u n d e d   a t   i t s   r e a r   end  by  an  a n n u l a r  

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

f a c e   of  t h e   n o z z l e   member   to  form  an  a n n u l a r   g r o o v e   t o  

r e c e i v e   a  r e a r   0 - r i n g   s e a l   c o o p e r a t i v e   w i t h   t he   gun  b o d y   f o r  

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

14.  A  n o z z l e   a s s e m b l y   f o r   f i t t i n g   i n t o   t h e   b o d y   of  a  

p l a s m a   g u n ,   c o m p r i s i n g :  

(a)  a  t u b u l a r   n o z z l e   member  c o m p r i s i n g   a  r e a r   p o r t i o n  

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

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

h a v i n g   a  g e n e r a l l y   c y l i n d r i c a l   e x t e r i o r i t y ;  

(b)  a  j a c k e t   of  g e n e r a l l y   h o l l o w   c y l i n d r i c a l  

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

a b o u t   a  t h e   n o z z l e   m e m b e r ,   c o m p r i s i n g ;  

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

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

c y l i n d r i c a l   e x t e r i o r i t y   of  t h e   n o z z l e   member  to   d e f i n e   a n  

a n n u l a r   c o o l a n t   p a s s a g e ;  

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

t h e r e i n   e n g a g e d   w i t h   t h e   e x t e r n a l   t h r e a d i n g   of  t h e   n o z z l e  

member   to  r e t a i n   t h e   j a c k e t   in  t h e   p r e d e t e r m i n e d   p o s i t i o n  

r e l a t i v e   to   t h e   n o z z l e   m e m b e r ,   t h e   r e a r   s e c t i o n   h a v i n g   one  o r  

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

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

f o r w a r d   i n s i d e   s u r f a c e   and  one   or  more   s e c o n d   c o o l a n t   p o r t s  

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

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

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

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

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

r e l a t i o n s h i p   f o r   a x i a l   r e m o v a l   and  r e p l a c e m e n t   of  t h e   j a c k e t  

f o r w a r d l y   w i t h   r e s p e c t   to  t h e   n o z z l e   m e m b e r ;  

(c)   a  f i r s t   s e a l i n g   m e a n s   to   r e t a i n   c o o l a n t ,   i n t e r p o s e d  

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

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

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

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

f i r s t   0 - r i n g   s e a l ;   a n d  

(d)   s e c o n d ,   t h i r d   and  f o u r t h   s e a l i n g   means   c o o p e r a t i v e  
* 

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

b e t w e e n   t h e   gun  body  a n d ,   r e s p e c t i v e l y ,   t h e   i n n e r   f l a n g e   o f  

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

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

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

r e c e i v e   a  s e c o n d   0 - r i n g   s e a l ,   t h e   t h i r d   d e t a c h a b l e   s e a l i n g  

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

g r o o v e   t h e r e i n   to  r e c e i v e   a  t h i r d   0 - r i n g   s e a l ,   and  t h e   f o u r t h  

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

f o u r t h   a n n u a l   g r o o v e   t h e r e i n   to   r e c e i v e   a  f o u r t h   0 - r i n g   s e a l .  
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(e)   a  r e a r   d e t a c h a b l e   m e a n s   f o r   s e a l i n g   to   r e t a i n  

c o o l a n t ,   c o m p r i s i n g   t h e   n o z z l e   member   and  r e a r   s e c t i o n  

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

to   f o r m   an  a n n u l u s   b e t w e e n   t h e   n o z z l e   member  and  r e a r   s e c t i o n  

to   r e c e i v e   a  r e a r   0 - r i n g   s e a l .  

15 .   The  n o z z l e   a s s e m b l y   of  C l a i m   14  w h e r e i n   t h e   f o r w a r d  

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

e n g a g e   w i t h   t h e   gun  body   to   r e t a i n   t h e   n o z z l e   a s s e m b l y   in  t h e  

g u n .  
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