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@  Fluid  injectors. 
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fluid  injector  1  for  an  oil  fuel  burner  suitable  for  firing 
the  fuel  of  a  boiler  includes  an  injection  device  2  which  can 
be  inserted  into  the  wall  of the  boiler to  an  operating  position 
at  which  oil  discharge  can  be  safely  permitted  and  with- 
drawn  from  that  operating  position  for  inspection  and 
servicing.  A  flow  control  valve  3  of  the  fluid  injector  1  is 
adapted  for  connection  to  an  oil  fuel  and  delivery  circuit  and 
is  mounted  in  a  fixed  position  relative  to  the  boiler  wall.  The 
fluid  injector  1  also  includes  a  fluid  coupling  device  11 
between  the  injection  device  2  and  the  flow  control  valve  3. 
The  fluid  coupling  device  includes  male  and  female  termin- 
als  19  and  20,  respectively,  which  are  fast  with  the  injection 
device  2  and  the  flow  control  valve  3,  respectively.  The  male 
and  female  terminals  19  and  20  are  disconnected  as  the 
injection  device  2  is  withdrawn  whilst  the  change-over  valve 
remains  mounted  to  the  boiler  wall  and  connected  to  the  oil 
fuel  and  return  circuit,  at  which  time  the  female  terminal  20 
isolates  that  circuit  from  the  withdrawn  injection  device  2 
and  seals  flow  from  the  circuit  within  itself.  When  the 
injection  device  2  is  inserted  to  its  operating  position,  the 
male  terminal  19  interconnects  with  the  female  terminal  20 
to  communicate  the  oil  fuel  and  delivery  circuit  with  the 
injection  device  2  through  the  flow  control  valve  3.  The  flow 
control  valve  3  may  provide  a  direct  flow  path  through  itself 
when  the  injection  device  2  is  withdrawn  to  allow  oil  to 

circulate  continuously  in  the  oil  fuel  and  delivery  circuit  at 
that  time. 





T h i s   i n v e n t i o n   c o n c e r n s   i m p r o v e m e n t s   in  o r  

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

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

f l u i d   i n j e c t o r   c o m p r i s i n g   an  i n j e c t i o n   d e v i c e ,   and  m e a n s  
f o r   c o n n e c t i n g   s a i d   f l u i d   i n j e c t o r   to  f l u i d   d e l i v e r y   a n d  

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

r e m o v e d   f rom  an  o p e r a t i n g   p o s i t i o n   and  r e l a t i v e   to  s a i d  

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

to  t he   f l u i d   d e l i v e r y   and  r e t u r n   l i n e s ,   s a i d   f l u i d   i n j e c t o r  

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

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

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

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

d e v i c e   upon   s u c h   r e m o v a l .  

The  i n v e n t i o n   may  be  a p p l i e d   to  v a r i o u s   f l u i d  

i n j e c t o r s .   One  s u c h   i n j e c t o r   h a s   a  t i p   s h u t   o f f   f a c i l i t y  

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

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

f e a t u r e d   in   o u r   U n i t e d   K i n g d o m  p a t e n t s   Nos .   1 , 2 3 3 , 3 1 7   a n d  

1 , 2 3 1 , 6 3 1 .  

A n o t h e r   f l u i d   i n j e c t o r   to  w h i c h   the  i n v e n t i o n  

may  be  a p p l i e d   i s   one  of  t he   p r e s s u r e   j e t   t y p e   which   i s  

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

at  t he   d i s c h a r g e  e n d   and  an  o p e r a t i n g   v a l v e   which   c o n n e c t s  

to  a  f l u i d   d e l i v e r y   and  r e t u r n   c i r c u i t .  



A  t h i r d   f l u i d   i n j e c t o r   i s   a  m u l t i - f l u i d   i n j e c t o r  

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

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

e i t h e r   f l u i d   or  a  m i x t u r e   of   t he   f l u i d s   and  i n c l u d e s   a  

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

and  r e t u r n   c i r c u i t .   S u c h   an  i n j e c t o r   i s   f e a t u r e d   i n   o u r  

U n i t e d   Kingdom  p a t e n t   No.  1 , 4 9 7 , 2 7 1 .  

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

w i t h   one  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n ,   i n t e r l o c k i n g  

m a l e   and  f e m a l e   t e r m i n a l s   a r e   a r r a n g e d   so  t h a t   i t   i s  

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

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

c a s e   may  be  h a s   b e e n   i n s e t   to  t h e   p o s i t i o n   a t   w h i c h   d i s c h a r g e  

can   be  s a f e l y   p e r m i t t e d .   C o n v e r s e l y ,   t he   i n t e r l o c k i n g  

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

may  n o t   be  r e t r a c t e d   f r o m   t h e   p o s i t i o n   of  p r o p e r   d i s c h a r g e  

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

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

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

and  c o o l e d   by  a  s e c o n d   f l u i d   and  the   m u l t i - f l u i d  

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

on  a  s e c o n d   f l u i d   to  a s s i s t   a t o m i s a t i o n   as  w e l l   as  f o r  

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

t h r o u g h   t h e   i n t e r l o c k i n g   d e v i c e   so  t h a t   u p o n   r e t r a c t i o n  

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

f l u i d   i s   a l s o   i s o l a t e d .  

In  c i r c u m s t a n c e s   w h e r e b y   the   t i p   v a l v e   or   f l u i d  

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

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

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

d i s c h a r g e ,   t he   i n t e r l o c k i n g   d e v i c e   w i l l   o p e r a t e   to  i s o l a t e  

t h e   f l u i d   d e l i v e r y   and   r e t u r n   c i r c u i t   as  w e l l   as  t h e  

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

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

can  be  p e r m i t t e d .  



E x t e r n a l   m e a n s   may  be  p r o v i d e d   so  t h a t   in   t h e  

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

o v e r   v a l v e   or   o p e r a t i n g   v a l v e   may  be  a u t o m a t i c a l l y  

p o s i t i o n e d   as  i f   to  c o n d i t i o n   t h e   i n j e c t o r   f o r   n o n - d i s c h a r g e .  
In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  w e l l   u n d e r s t o o d  

t h e r e   w i l l   now  be  d e s c r i b e d   some  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 ,   g i v e n   by  way  of   e x a m p l e ,   r e f e r e n c e   b e i n g   h a d   t o  

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

F i g u r e s   1A  and  1B  t o g e t h e r   c o m p r i s e   a  s i d e   e l e v a t i o n ,  

p a r t l y   s e c t i o n e d ,   of  a  f i r s t   f l u i d   i n j e c t o r   in   an  i n s e t  

o p e r a t i n g   p o s i t i o n   b u t   c o n d i t i o n e d   f o r   n o n - d i s c h a r g e ;  

F i g u r e s   2A  and  2B  t o g e t h e r   c o m p r i s e   a  s e c t i o n e d  

p l a n   v i e w   a l o n g   l i n e   I I - I I   of  F i g u r e   1 ;  

F i g u r e  3   i s   a  v i e w   c o r r e s p o n d i n g   to  F i g u r e s   1A  and  1B 

s h o w i n g   t he   same  f l u i d   i n j e c t o r   n o t   o n l y   i n   an  i n s e t  

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

F i g u r e   4  i s   a  s c r a p   p l a n   v i e w   s e c t i o n e d   a l o n g  

l i n e   IV- IV  of   F i g u r e   3 ;  

F i g u r e   5  i s   a  v i e w   c o r r e s p o n d i n g   to  F i g u r e s   1A  and  1B 

b u t   s h o w i n g   t h e   same  f l u i d   i n j e c t o r   in  a  n o n - o p e r a t i n g  

p o s i t i o n ;  

F i g u r e   6  i s   a  s c r a p   p l a n   v i e w   s e c t i o n e d   a l o n g  

l i n e   VI -VI   of  F i g u r e   5 ;  

F i g u r e   7  i s   an  end  v i e w   t a k e n   on  l i n e   V I I I - V I I I  

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

i n j e c t o r   r e m o v e d ;  

F i g u r e   8  i s   a  s c r a p   s e c t i o n e d   p l a n   v i e w   of  a  s i m i l a r  

i n j e c t o r   to  t h a t   shown  in   t h e   p r e c e d i n g   f i g u r e s   b u t   w i t h   a n  

a l t e r n a t i v e   m e c h a n i c a l   i n t e r l o c k i n g   t e r m i n a l ;  

F i g u r e s   9A,  9B  and  9C  t o g e t h e r   c o m p r i s e   a  s i d e  

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

in   a  n o n - o p e r a t i n g   p o s i t i o n ;  

F i g u r e s   10A  and  10B  t o g e t h e r   c o m p r i s e   a  s e c t i o n e d  

p l a n   v i ew   a l o n g   l i n e   X-X  of   F i g u r e   9) ; 



F i g u r e   11  i s   an  end  v i e w   t a k e n   on  l i n e   X I - X I   o f  

F i g u r e   9  b u t   w i t h   t h e   c h a n g e - o v e r   v a l v e   of   t h e   f l u i d  

i n j e c t o r   r e m o v e d ;  

F i g u r e s   12A  and   12B  t o g e t h e r   c o m p r i s e   a  s i d e  

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

in   a  n o n - o p e r a t i n g   p o s i t i o n ;  

F i g u r e s   13A  and   13B  t o g e t h e r   c o m p r i s e   a  s e c t i o n e d  

p l a n   v i e w   a l o n g   l i n e   X I I I - X I I I   of  F i g u r e   1 2 ;  

F i g u r e   14  i s   a  p a r t   s e c t i o n e d   p l a n   v i e w   s h o w i n g  

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

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

a  n o n - o p e r a t i n g   p o s i t i o n ;  

F i g u r e   15  i s   a  s c r a p   v i e w   c o r r e s p o n d i n g   to  F i g u r e  

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

a n d  

F i g u r e   16  i s   a  s c r a p   s e c t i o n e d   p l a n   v i e w   s h o w i n g   a  

m a l e   b r i d g e   m a t e d   w i t h   t h e   f e m a l e   t e r m i n a l   of   t h e   f i r s t  

or   s e c o n d   f l u i d   i n j e c t o r .  

In  t he   v a r i o u s   f i g u r e s ,   l i k e   r e f e r e n c e s   i n d i c a t e  

l i k e   p a r t s .  

Each  of  t h e   f l u i d   i n j e c t o r s   to  be  d e s c r i b e d   i s  

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

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

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

f o r   f i r i n g   t h e   b o i l e r ' s   f u e l .   Oi l   f u e l   i s   u s e d   as  t h e  

p r i m e   f u e l   f o r   f i r i n g   b u r n e r s ,   or  as  a  s e c o n d a r y   f u e l   f o r  

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

c o m b i n a t i o n   w i t h   gas   as  an  a l t e r n a t i v e   p r i m a r y   f u e l .   T h e  

b o i l e r   w o u l d   g e n e r a t e   s t e a m ,   and  have   l a n d ,   m a r i n e   o r  

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

The  f l u i d   i n j e c t o r   1  shown  in  F i g u r e s   1  to  7  h a s  

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

o u r   U n i t e d   Kingdom  p a t e n t s   Nos .   1 , 2 3 1 , 6 3 1   and  1 , 2 3 3 , 3 1 7  

in   t h a t   i t   i n c l u d e s   an  i n j e c t i o n   d e v i c e   2  a t   i t s   f o r w a r d  

end  and  a  c h a n g e - o v e r   v a l v e   3  at  i t s   r e a r w a r d   end ,   b o t h  



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

l i k e   m a n n e r   to  t h e i r   c o u n t e r p a r t s   i n   t h o s e   p a t e n t s .   As  

s u c h ,   t h e   i n j e c t i o n   d e v i c e   and   c h a n g e - o v e r   v a l v e   w i l l  

o n l y   be  d e s c r i b e d   h e r e i n   so  f a r   as  i t   may  be  n e c e s s a r y  
f o r   t h e   p r e s e n t   i n j e c t o r   to  be  u n d e r s t o o d ,   and   a t t e n t i o n  

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

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

by  r e f e r e n c e .  

T h u s ,   t h e   i n j e c t i o n   d e v i c e   2  i n c l u d e s   a n  

a t o m i s e r   a s s e m b l y   4  in   w h i c h   t h e   f l u i d   i s  m e c h a n i c a l l y  

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

end  of   t h e   i n j e c t o r   b a r r e l   5  w h i c h   w o u l d   n o r m a l l y   b e  

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

end  i n   an  o p e r a t i n g   p o s i t i o n   i n s e t   f r o m   t h e  b o i l e r   i n t e r i o r .  

A  t i p   v a l v e   6  of   t he   i n j e c t i o n   d e v i c e   i s   m o u n t e d   f o r   a x i a l  

s l i d i n g  m o v e m e n t   and  i s   a c t e d   u p o n   by  a  s p r i n g   7  t h e   b i a s  

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

t o  c l o s e   a  d i s c h a r g e   p a s s a g e   8  i n   t h e   a t o m i s e r   a s s e m b l y  

w h e n  t h e r e   i s   no  f l u i d   s u p p l y   to  t h e   i n j e c t i o n   d e v i c e .  

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

t h e   i n j e c t i o n   d e v i c e   2  w h e n e v e r   t h e   f l u i d   i n j e c t o r   i s  

c o n d i t i o n e d   to  d i s c h a r g e   t h e   f l u i d   or   i s   s h u t - d o w n .   I t  

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

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

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

f o r   t h e   i n j e c t o r   to  be  r e t r a c t e d   away  f rom  t h e   b o i l e r   i n t e r i o r .  

A g a i n ,   b e c a u s e   of  the   c o n t i n u o u s   c i r c u l a t i o n ,   f u e l   c r a c k i n g  

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

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

When  f l u i d   i s   s u p p l i e d   to  t h e   i n j e c t i o n   d e v i c e  

2,  t h e   p o s i t i o n   of  the   t i p   v a l v e   6  i s   h y d r a u l i c a l l y  

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

s u p p l y   f l o w   t o ,   and  r e t u r n   f l o w   f r o m ,   the   t i p   v a l v e   i n  

c o n j u n c t i o n   w i t h   the  r e l a t i v e   a r e a s   t h e r e o f   a c t e d   upon  b y  

such   f l o w s .   F o r  t h a t   p u r p o s e ,   a  c e n t r a l   t u b e  9  i s   m o u n t e d  



w i t h i n   t h e   b a r r e l   5  to  d e f i n e   an  a n n u l a r   d u c t   10  b e t w e e n  

i t s e l f   and  t h e   b a r r e l .  

In  a  n o n - d i s c h a r g e   c o n d i t i o n   of  t h e   i n j e c t i o n  

d e v i c e   2,  h o t   f l u i d   u n d e r   p r e s s u r e   f rom  an  e x t e r n a l  

o i l   f u e l   d e l i v e r y   l i n e   of   an  o i l   f u e l   d e l i v e r y   and   r e t u r n  

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

t he   c e n t r a l   t u b e   9  to  and  t h r o u g h   t he   t i p   v a l v e   6  a n d  

i n t o   a  c h a m b e r   4a  in   t h e   a t o m i s e r   a s s e m b l y   4  f r o m   w h i c h  

t he   f l u i d   w i l l   p a s s   g e n e r a l l y   r a d i a l l y   o u t w a r d l y   t o  

r e t u r n   t h r o u g h   the   a n n u l a r   d u c t   10  e v e n t u a l l y   to  r e t u r n  

to  an  e x t e r n a l   o i l   f u e l   r e t u r n   l i n e   of  t he   same  c i r c u i t .  

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

f o r w a r d l y   to  c l o s e   o f f   t h e   d i s c h a r g e   p a s s a g e   8  i n   t h e   a t o m i s e r  

a s s e m b l y .   The  c h a m b e r   4a  i s   b e h i n d   the   d i s c h a r g e   p a s s a g e  

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

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

p a s s a g e   so  t h a t   even   t h o u g h   t h e   i n j e c t i o n  



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

c o n t i n u o u s l y   c i r c u l a t e   w i t h i n   t he   c e n t r a l   t u b e   a n d  
b a r r e l   5  p a s t   t h e   t i p   v a l v e ,   as  shown  in  F i g u r e   2  i n  

w h i c h   the   b l o c k e d   a r r o w s   d e n o t e   t he   s u p p l y   f l o w   a n d  
the   open   a r r o w s   t h e   r e t u r n   f l o w .  

In   a  d i s c h a r g e   c o n d i t i o n   of  the   i n j e c t i o n  
d e v i c e   2,  t he   d i r e c t i o n   of  f l u i d   f l o w   j u s t   d e s c r i b e d  

i s   r e v e r s e d ,   as  shown  in  F i g u r e   4,  so  t h a t   t h e  

s u p p l y   f l o w   i s   a l o n g   t h e   a n n u l a r   d u c t   10  to  t h e  

i n j e c t i o n   d e v i c e   and  the  r e t u r n   f l o w   f rom  t h e  

i n j e c t i o n   d e v i c e   i s   t h r o u g h   the   c e n t r a l   t u b e   9.  T h e  

r e v e r s e d   f l o w   r e s u l t s   in  the   t i p   v a l v e   6  b e i n g   u r g e d  

r e a r w a r d l y   to  o p e n   the   d i s c h a r g e   p a s s a g e   8  and  s o  
e f f e c t   f l u i d   d i s c h a r g e   t h e r e t h r o u g h ,   as  i l l u s t r a t e d .  

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

t u b e   9  and  the   a n n u l a r   d u c t   10  w i t h i n   t he   b a r r e l   5  t o  

b r i n g   a b o u t   t he   d i s c h a r g e   and  n o n - d i s c h a r g e   c o n d i t i o n s  

of  the  i n j e c t i o n   d e v i c e   2  i s   u n d e r   t h e   c o n t r o l   of  t h e  

c h a n g e - o v e r   v a l v e   3.  The  c h a n g e - o v e r   v a l v e   m i g h t   m o r e  

a p t l y   be  t e r m e d   a  f l o w   r e v e r s i n g   or  f l o w   d i v e r t i n g  
v a l v e   s i n c e   i t s   v a l v e   s p o o l   47  i s ,   as  w i l l   be  l a t e r  

d e s c r i b e d ,   l i n e a r J y   m o v a b l e   b e t w e e n   p o s i t i o n s   in   o n e  
of   wh ich   to  d i v e r t   f l u i d   s u p p l i e d   f rom  t h e   o i l   s u p p l y  

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

to  p r o v i d e   a  r e t u r n   p a t h   from  the   a n n u l a r   d u c t   b a c k  

to  the  o i l   r e t u r n   l i n e ,   and  in  t he   o t h e r   one  o f  

w h i c h   to  d i v e r t   f l u i d   s u p p l i e d   f rom  t he   o i l   s u p p l y  
l i n e   a l o n g   w h a t   was  t he   r e t u r n   p a t h   i n t o   the  a n n u l a r  

d u c t   and  to  p r o v i d e   a  r e t u r n   p a t h   f r o m   the   c e n t r a l   t u b e  

( w h i c h   p r e v i o u s l y   s e r v e d   as  s a i d   one  f l o w   p a t h )   b a c k  

to  the  o i l   r e t u r n   l i n e .  

From  the   a b o v e ,   i t   w i l l   be  s e e n   t h a t   t h e  

c h a n g e - o v e r   v a l v e   3  i s ,   l i k e   the  c o r r e s p o n d i n g   c o m p o n e n t  

in  the  f l u i d   i n j e c t o r   of  our  a f o r e m e n t i o n e d   p a t e n t s ,  

o p e r a b l e   ( i n   d e p e n d e n c e   on  the  p o s i t i o n   of  i t s   v a l v e  



s p o o l   47)  to  c o n d i t i o n   the   i n j e c t o r   f o r   f l u i d   d i s c h a r g e  

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

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

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

c o n t r o l l e d   by  the   c h a n g e - o v e r   v a l v e .   M o r e o v e r ,   w h e n  

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

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

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

to  t h e   o i l   r e t u r n   l i n e   when   t h e   i n j e c t o r   i s  

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

The  p r e s e n t   i n j e c t o r   of   F i g u r e s   1  to  7  d i f f e r s  

f r o m   t h a t   of  our   a f o r e m e n t i o n e d   p a t e n t s   in   t h a t   i t s  

c h a n g e - o v e r   v a l v e   3  i s   n o t   l o c a t e d   a x i a l l y   in   l i n e   w i t h  

t h e   i n j e c t o r   b a r r e l   5.  R a t h e r ,   t he   c h a n g e - o v e r   v a l v e  

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

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

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

11  b e t w e e n   the   c h a n g e - o v e r   v a l v e   and  the   r e a r w a r d   e n d  

of   t he   b a r r e l .  

The  f u n c t i o n   of  t h e   f l u i d   c o u p l i n g ' d e v i c e   11  

i s   to  e n a b l e   the   b a r r e l   5  w i t h   t h e   c e n t r a l   t u b e   9 

t h e r e i n   to  be  r e t r a c t e d   f rom  t h e   b o i l e r   w a l l   to  p e r m i t  

i n s p e c t i o n ,   s e r v i c i n g   or  r e p l a c i n g   of  the  c o m p o n e n t s  

of   t he   i n j e c t i o n   d e v i c e  2   w i t h o u t   d i s t u r b i n g   t h e  

m o u n t i n g   o f   the   c h a n g e - o v e r   v a l v e   3  and  the   o i l   s u p p l y  

and  r e t u r n   l i n e   c o u p l e d   t h e r e t o .  

The  f l u i d   c o u p l i n g   d e v i c e   11  i s   s u c h   t h a t  

t he   o i l   s u p p l y   and  r e t u r n   l i n e   a r e   a u t o m a t i c a l l y  

i s o l a t e d   f rom  the  u n i t   c o m p r i s i n g   the   i n j e c t o r   b a r r e l   5 

and  the   c e n t r a l   t ube   9  u n l e s s   t he   b a r r e l   i s   f u l l y   i n s e t  

to  the   c o r r e c t   o p e r a t i n g   p o s i t i o n   in   the  b o i l e r   w a l l  

15  at  w h i c h   f l u i d   d i s c h a r g e   i s   s a f e l y   p e r m i s s i b l e .  

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



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

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

t h e   b a r r e l   and  c e n t r a l   tube   u n i t .   A c c o r d i n g l y ,   e v e n  

t h o u g h   the  c h a n g e - o v e r  v a l v e   3  may  be  p o s i t i o n e d   t o  

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

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

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

a t   t h a t   t ime   the   c h a n g e - o v e r   v a l v e   be  p o s i t i o n e d   t o  

c o n d i t i o n   the   i n j e c t o r   f o r   n o n - d i s c h a r g e   bu t   to  a c c e p t  

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

t h r o u g h   the   c e n t r a l   t u b e   and  the  a n n u l a r   d u c t   10  i n  

the   b a r r e l ,   the   c o n t i n u o u s   c i r c u l a t i o n   w i l l   no t   t a k e  

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

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

p e r m i t t i n g   f l o w   to  t he   b a r r e l   and  c e n t r a l  t u b e   u n i t   i n  

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

o p e r a t i n g   one .   When,  and  only  when ,   the  b a r r e l   is  i n  

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

c a u s e   e i t h e r   d i s c h a r g e   from  the  i n j e c t o r   or  the   i n j e c t o r  

to  have   a  n o n - d i s c h a r g e   c o n d i t i o n   w i t h   c o n t i n u o u s  

c i r c u l a t i o n .   I t   f o l l o w s   t h a t   i f   the  b a r r e l   was  a c c i d e n -  

t a l l y   or  u n i n t e n t i o n a l l y   w i t h d r a w n   w i t h   the   c h a n g e - o v e r  

v a l v e   p o s i t i o n e d   to  c o n d i t i o n   the  i n j e c t o r   f o r   d i s c h a r g e ,  

the   f l u i d   c o u p l i n g   d e v i c e   would  f u n c t i o n   to  f a i l   s a f e  

the   i n j e c t o r .   N o r m a l l y ,   of  c o u r s e ,   t he   c h a n g e - o v e r  

v a l v e   would   be  p o s i t i o n e d   to  c o n d i t i o n   the   i n j e c t o r  

f o r   n o n - d i s c h a r g e   b e f o r e   the  b a r r e l   was  w i t h d r a w n .   I t  

s h o u l d   be  m e n t i o n e d   t h a t   t h e r e   is  some  d e g r e c   of  l a t i t u d e  

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

of  the   b a r r e l   at  w h i c h   f l u i d   d i s c h a r g e   can  be  s a f e l y  

p e r m i t t e d ,   and  the  f l u i d   c o u p l i n g   d e v i c e   w i l l   n o t  

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

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

r c a c h e d .  

D e s c r i b i n g   now  t h e  m o u n t i n g   of  the  b a r r e l   5 ,  



i t   i s   h o u s e d   in  a  c a r r i e r   t u b e   12  w h i c h   c a r r i e s   a t  

i t s   f o r w a r d   end  a  f l a m e   s t a b i l i s e r   13.   The  c a r r i e r  

t u b e   i s   s l i d a b l y   s u p p o r t e d   in  a  c e n t r e   c a r r i a g e   14  

w h i c h   may  form  p a r t   of   a  b u r n e r   p l a t e   w h i c h ,   in   t u r n ,  

f o r m s   p a r t   of  t he   b o i l e r   w a l l   15,   or  w h i c h ,   as  s h o w n ,  

may  be  a  s e p a r a t e   c o m p o n e n t   b o l t e d   a t   16  to  t he   b o i l e r  

w a l l .   In  any  e v e n t ,   t h e   c e n t r e   c a r r i a g e   i s   made  f a s t  

w i t h   the   b o i l e r   w a l l ,   and  the   c a r r i e r   t u b e   i s   f i x e d  

i n   any  d e s i r e d   p o s i t i o n   w i t h   r e s p e c t   to  t he   b o i l e r  

w a l l   by  means  of  l o c a t i n g   b o l t s   c a r r i e d   by  the   c e n t r e  

c a r r i a g e ,   one  s u c h   b o l t   b e i n g   r e f e r e n c e d   17.   T h e  

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

c a n   be  s a f e l y   p e r m i t t e d   i s   shown  in   F i g u r e s   2  a n d  

4 .  

The  f l u i d   c o u p l i n g   d e v i c e   11  c o m p r i s e s   a 

p a i r   of  f e m a l e   and  m a l e   t e r m i n a l s   19  and   20,  r e s p e c t i v e l y .  

The  f e m a l e   t e r m i n a l   i s   made  f a s t   w i t h   t h e   c a r r i e r   t u b e  

12  and  hence   is   p r e v e n t e d   f rom  m o v e m e n t   s i n c e   the   c a r r i e r  

t u b e   i s   f i x e d   to  t he   b o i l e r   w a l l   15.  The  c h a n g e - o v e r  

v a l v e   3  is  b u i l t   on  to  the   f i x e d   f e m a l e   t e r m i n a l .   T h e  

m a l e   t e r m i n a l   i s   made  f a s t   w i t h   t he   b a r r e l   5  and  h e n c e  

i s   m o v a b l e   w i t h   i t   and   w i t h   r e s p e c t   to  t h e   f e m a l e  

t e r m i n a l .   C a r r i e d   by  e a c h   t e r m i n a l   a r e   two  v a l v e s  

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

w h i c h   a re   p a i r e d   w i t h   t he   c o r r e s p o n d i n g   v a l v e s   of  t h e  

o t h e r   t e r m i n a l   s u c h   t h a t   when  the  t e r m i n a l s   a r e  

s e p a r a t e d   upon  the   b a r r e l   b e i n g   w i t h d r a w n ,   the   v a l v e s  

w i l l   a u t o m a t i c a l l y   move  to  a  c l o s e d   p o s i t i o n   w i t h  

r e s p e c t   to  t h e i r   own  t e r m i n a l .   C o n v e r s e l y ,   when  t h e  

b a r r e l   is  f u l l y   i n s e t   and  t he   t e r m i n a l s   a r e   e n g a g e d  

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

u r g e   one  a n o t h e r   to  an  open   p o s i t i o n   w i t h   r e s p e c t   t o  

t h e i r   own  t e r m i n a l .   I t   is   t h a t   c l o s i n g   and  o p e n i n g  

of   t he   p o i r e d   v a l v e s   w h i c h   i s o l a t e s   and  c o m m u n i c a t e s ,  

r e s p e c t i v e l y ,   the   f l u i d   s u p p l y   and  r e t u r n   l i n e s  



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

b a r r e l   and  c e n t r a l   tube   u n i t .   The  s e l f - c l o s u r e  

v a l v e s   a r e   d e n o t e d   by  r e f e r e n c e s   21  to  2 4 .  

The  male   t e r m i n a l   20  c o m p r i s e s   a  t e r m i n a l  

b l o c k   25  w h i c h   is   a f f i x e d   to  t he   b a r r e l   5  by  means   o f  

a  c o l l a r   26a  w e l d e d   t h e r e t o   and  s c r e w e d   i n t o   t he   b l o c k .  

The  v a l v e s   21,  22  a re   b i a s e d   by  s p r i n g s   26  t o w a r d s  

t h e i r   s e a t s   21a ,   22a  in   male   c o l l a r s   27  w h i c h   a r e  

a f f i x e d   to  and  p r o j e c t   f rom  t he   t e r m i n a l   b l o c k .   A 

d u c t   28  in  t he   t e r m i n a l   b l o c k   c o m m u n i c a t e s   t he   v a l v e  

22  w i t h   t h e   b a r r e l   a n n u l a r   d u c t   10,   and  a  s e c o n d   d u c t  

29  in   t h e   t e r m i n a l   b l o c k   c o n n e c t s   t h e   o t h e r   v a l v e   2 1  

w i t h   t he   i n t e r i o r   of  t he   c e n t r a l   t u b e   9 .  

The  f e m a l e   t e r m i n a l   19  i n c l u d e s   a  t e r m i n a l  

p l a t e   30  to  w h i c h   the  h o u s i n g   31  of  t h e   c h a n g e - o v e r  

v a l v e   3  i s   made  i n t e g r a l   as  by  b o l t i n g   at  32.  S u i t a b l y  

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

b l o c k   33  h a v i n g   f a s t   w i t h   i t s   uppeer  s u r f a c e   a  p a i r   o f  

t e r m i n a l   b l o c k s   34,  34a  w h i c h   h a v e   f e m a l e   c o l l a r s   35 

a  p r e s s   f i t   in   the  t e r m i n a l   p l a t e .   The  t e r m i n a l   b l o c k s  

34,  34a  a r e   m o u n t e d   on  o p p o s i t e   s i d e s   of  the   c a r r i e r  

t u b e   12  and  a r e   w e l d e d   to  i t   by  w h i c h   t h e y   t o g e t h e r  

w i t h   the   t e r m i n a l   p l a t e   and  t h e   c o n n e c t i n g   b l o c k   a r e  

made  f a s t   w i t h   the   c a r r i e r   t u b e .   I t   is   e n v i s a g e d   t h a t  

the   p a i r   of   t e r m i n a l   b l o c k s ,   t e r m i n a l   p l a t e   a n d  

c o n n e c t i n g   b l o c k   c o u l d   be  a  o n e - p i e c e   c a s t i n g .  

The  f e m a l e   c o l l a r s   35  a r e   s i z e d   and  a r r a n g e d  

to  r e c e i v e   the   r e s p e c t i v e   ma le   c o l l a r s   27  and  make  a  

s e a l   t h e r e w i t h   as  by  s c a l i n g   r i n g s   36.  The  v a l v e s  

23,  24  a r e   m o u n t e d   one  in  each   of  the   t e r m i n a l   b l o c k s  

34,  34a  in   c h a m b e r s   37,  37a  t h e r e i n ,   e a c h   of  w h i c h  

c o m m u n i c a t e s   w i t h   the  i n t e r i o r   of  t he   r e s p e c t i v e  

f e m a l e   c o l l a r .   S p r i n g s   38  b i a s   t h e s e   s e l f - c l o s u r e  

v a l v e s   t o w a r d   t h e i r   r r e s p e c t i v e   s e a t s   23a,   24a  in  t h e  

c h a m b e r s   37,  37a,   the  o p p o s i t e   ends   of  wh ich   a r c  



c l o s e d   by  p l u g s   3 9 .  

A  d u c t   40  e x t e n d s   t h r o u g h   the   t e r m i n a l  

b l o c k   3  ,   t h e   c o n n e c t i n g   b l o c k   35  and  the   t e r m i n a l  

p l a t e   30  to  i n t e r c o n n e c t   the   c h a m b e r   37  w i t h   a  c e n t r a l  

c h a m b e r   41  i n   t he   c h a n g e - o v e r   v a l v e   3.  A  d u c t   4 1 a  

e x t e n d s   t h r o u g h   t h e   o t h e r   t e r m i n a l   b l o c k   34a ,   t h e  

c o n n e c t i n g   b l o c k   and   the   t e r m i n a l   p l a t e   to  i n t e r c o n n e c t  

the   c h a m b e r   37a  w i t h   a  r a d i a l l y   o u t e r   c h a m b e r   42  in   t h e  

c h a n g e - o v e r   v a l v e .  

The  m a l e   t e r m i n a l   20  i s   m o v a b l e   w i t h   r e s p e c t  

to  t h e   f i x e d   f e m a l e   t e r m i n a l   19  to  w i t h d r a w   and  i n s e t  

t h e   b a r r e l   5  by  means   of  a  h a n d w h e e l   43  w h i c h   i s   p i n n e d  

a t   44  to   a  s p i n d l e   45  in  t u r n   j o u r n a l l e d   f o r   r o t a t i o n  

in  t h e   t e r m i n a l   b l o c k   25  bu t   made  a x i a l l y   f a s t   t h e r e i n .  

The  f o r w a r d   e n d  4 6   of   the  s p i n d l e   45  p r o j e c t s   f rom  t h e  

t e r m i n a l   b l o c k   25  and  i s   s c r e w t h r e a d e d   to  e n g a g e   in   a  

t h r e a d e d   b o r e   46a  i n   the  t e r m i n a l   p l a t e   30  o f   the   f e m a l e  

t e r m i n a l   19.   T h u s ,   r o t a t i o n   of   t h e   h a n d w h e e l   w i l l   s c r e w  

the   s p i n d l e   i n t o   or  ou t   of  t h e   t e r m i n a l   p l a t e   and  c a u s e  

the   t e r m i n a l   b l o c k   25  ( t o g e t h e r   w i t h   t he   b a r r e l   a n d  

c e n t r a l   t u b e   u n i t )   to   move  t o w a r d s   or   away  f rom  t h e  

t e r m i n a l   p l a t e .   The  t e r m i n a l   b l o c k   25  i s   a x i a l l y  

g u i d e d   d u r i n g   s u c h   movemen t   by  t h e   s l i d i n g   e n g a g e m e n t  

of   i t s   m a l e   c o l l a r s   27  w i t h   t h e   f e m a l e   c o l l a r s   35  o f  

the   t e r m i n a l   b l o c k s   34,  3 4 a .  

When  t h e   b a r r e l   5  i s   f u l l y   i n s e t   in   the   b o i l e r  

w a l l   15  and  h e n c e   i s   p o s i t i o n e d   as  shown  in   F i g u r e   2 ,  

the   m a l e   c o l l a r s   27  a r e   f u l l y   e n g a g e d   in   the   f e m a l e  

c o l l a r s   35.  In  m o v i n g   to  t h a t   p o s i t i o n ,   the   p a i r e d  

v a l v e s   21,  23  and  22,   24  e n g a g e   and   u r g e   each   o t h e r  

a g a i n s t   t he   b i a s   of   t h e i r   r e s p e c t i v e   s p r i n g s   26,  38  o u t  

of  s e a l i n g   c o n t a c t   w i t h   t h e i r   r e s p e c t i v e   s e a t s   21a ,   2 3 a ,  

22a ,   2 4 a  .   T h e r e b y ,   a  f i r s t   f l u i d   f l o w   p a t h   in  t h e  

f e m a l e   t e r m i n a l   19  from  the  c e n t r a l   c h a m b e r   41  in  t h e  

c h a n g e - o v e r   v a l v e   3  c o m p r i s i n g   t h e   d u c t   40  and  t h e  



c h a m b e r   37  i s   c o m m u n i c a t e d   t h r o u g h   the   p a i r e d   o p e n  
v a l v e s   23,  21  w i t h   t h e   d u c t   29  in   the   m a l e   t e r m i n a l   2 0  

a n d  h e n c e   w i t h   t he   c e n t r a l   t u b e   9.  At  the   same  t i m e ,  

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

r a d i a l l y  o u t e r   c h a m b e r   42  of  t he   c h a n g e - o v e r   v a l v e  

c o m p r i s i n g   t h e   d u c t   41a  and  the   c h a m b e r   37a  i s  

c o m m u n i c a t e d   t h r o u g h   the   p a i r e d   open   v a l v e s   24,  2 2  

w i t h   t h e  d u c t   2 8  i n   t he   male   t e r m i n a l   and  h e n c e   w i t h  

t he   a n n u l a r   d u c t   10  in   t he   b a r r e l   5 .  

When  t h e   s p o o l   47  of  the   c h a n g e - o v e r   v a l v e   3 

i s   p o s i t i o n e d   as  shown  in  F i g u r e   1,  an  i n l e t   p o r t   48  

of  t he   c h a n g e - o v e r   v a l v e   w h i c h   i s   p e r m a n e n t l y   c o n n e c t e d  

to  t he   o i l  s u p p l y   l i n e   c o m m u n i c a t e s   w i t h   t h e  

c e n t r a l   c h a m b e r   41,   and  an  o u t l e t   p o r t   49  of  the   c h a n g e -  

o v e r   v a l v e   w h i c h   i s   p e r m a n e n t l y   c o n n e c t e d   to   t he   o i l  

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

c h a m b e r .  

D e t a i l i n g   m o r e  t h e   s t r u c t u r e   of  t he   c h a n g e -  
o v e r  v a l v e   3,  t h e   s p o o l   47  has  l a n d s   50,   51  s l i d a b l e  

w i t h i n   b u s h i n g s   52,  53  m o u n t e d   in  t he   h o u s i n g   31.  T h e  

c e n t r a l   c h a m b e r   41  i s   d e f i n e d   w i t h i n   t h e   b u s h i n g   5 2 ,  

and  the  r a d i a l l y   o u t e r   c h a m b e r   42  b e t w e e n   t h a t   b u s h i n g  
and  the   t e r m i n a l   p l a t e   30.  The  s p o o l   i s   s e l e c t i v e l y  

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

p o s i t i o n s   by  any  s u i t a b l e   m e a n s ,   t h a t  i l l u s t r a t e d  

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

54  whose   c y l i n d e r   i s   b o l t e d   a t   55  to  t he   r e a r   end  o f  

t he   b u s h i n g   5 3 .  

T h e r e b y ,   the   p o s i t i o n i n g   of   t h e ' v a l v e   s p o o l   47  

shown  in  F i g u r e   1  w i l l   c a u s e ,   when  t he   t e r m i n a l s   19,  2 0  

a r e   e n g a g e d ,   f l u i d   to  f l o w   f rom  the   f l u i d  s u p p l y  

l i n e   t h r o u g h   t h e   i n l e t   p o r t   48  and  a  r a d i a l   h o l e   5 6  

in  t he   b u s h i n g   52  i n t o   the   c e n t r a l   c h a m b e r   41.  F r o m  

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

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



23,  21  i n t o   t h e   d u c t   29  in   t h e   m a l e   t e r m i n a l   a n d  

f i n a l l y   i n t o   the   c e n t r a l   t u b e   9,  as  i n d i c a t e d   by  t h e  

b l o c k e d   a r r o w s   in  F i g u r e s   1  and   2.  At  t he   same  t i m e ,  
f l u i d   can   r e t u r n   t h r o u g h   the   b a r r e l   a n n u l a r   d u c t   2 0  

v i a   t h e   d u c t   28  in  t he   m a l e   t e r m i n a l   and  the   o p e n e d  
v a l v e   p a i r   22,  24  i n t o   the   s e c o n d   f l o w   p a t h   in   t h e  

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

c h a m b e r   42  of  the   c h a n g e - o v e r   v a l v e .   From  t h e r e ,  

t h e   r e t u r n   f l u i d   w i l l   f l o w   t h r o u g h   an  a x i a l l y  

e x t e n d i n g   p a s s a g e   57  in   t he   b u s h i n g   52  i n t o   a  c h a m b e r  

58  b e t w e e n   t h e   b u s h i n g s   and  a l o n g   a  p a s s a g e   59  b e t w e e n  

t h e   b u s h i n g   53  and  the   v a l v e   s p o o l   to  e x i t   a h e a d   o f  

the   l a n d   51  v i a   a  r a d i a l   h o l e   60  in   t he   same  b u s h i n g  

i n t o   t h e   o u t l e t   p o r t   49  to  r e t u r n   to  the  o i l   r e t u r n  

l i n e .   The  r e t u r n   f l o w   i s   d e n o t e d   by  t he   o p e n   a r r o w s  

in   F i g u r e s   1  and  2 .  

A c c o r d i n g l y ,   t he   f l o w   d i r e c t i o n   w i t h i n   t h e  

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

be  c o n d i t i o n e d   f o r   n o n - d i s c h a r g e   w h i l s t   a t   t h e   same  t i m e  

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

l i n e   t h r o u g h   the  c h a n g e - o v e r   v a l v e   3  and  t he   i n t e r -  

c o n n e c t e d   f e m a l e   and  male   t e r m i n a l s   19,  20  to  t h e  

c e n t r a l   t u b e   9  and  r e t u r n   f r o m   t h e   a n n u l a r   d u c t   20  v i a  

t h o s e   t e r m i n a l s   to  t h e   c h a n g e - o v e r   v a l v e   and  t h e n c e   t o  

t h e   o i l   r e t u r n   l i n e .  

At  t h e   same  t i m e ,   an  a l t e r n a t i v e   f l o w   p a t h   i s  

p r o v i d e d   f rom  the   o i l   s u p p l y   to   the   r e t u r n   l i n e  

d i r e c t l y   t h r o u g h   the  v a l v e   s p o o l   47  of  t he   c h a n g e - o v e r  

v a l v e   3  by  m e a n s   of  t he   i n l e t   p o r t   48,  h o l e   56,   c e n t r a l  

c h a m b e r   41 ,   an  a x i a l   p a s s a g e   61  and  r a d i a l   h o l e s   62  i n  

t h e   s p o o l ,   and  r a d i a l   h o l e s   63  in   the   b u s h i n g   53  w h i c h  

c o m m u n i c a t e   w i t h   the   o u t l e t   p o r t   49,   as  i n d i c a t e d   by  t h e  

open   a r r o w s   in   F i g u r e   1 .  

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

v a l v e   e n a b l e s   an  a d d i t i o n a l   c i r c u l a t i o n   of  f l u i d   to  b e  



i n t r o d u c e d   i n t o   the   i n j e c t o r   i n   i t s   n o n - d i s c h a r g e  

c o n d i t i o n ,   as  in   t he   i n j e c t o r   of   our   a f o r e m e n t i o n e d  

p a t e n t s .  

An  a d j u s t m e n t   m e c h a n i s m   is   p r o v i d e d   w h e r e b y  

d e p e n d e n t   on  the   a d j u s t e d   p o s i t i o n   of  a  b a c k   s t o p   c o v e r  
64  s c r e w e d   on  to  a  s l e e v e   65  p r o j e c t i n g   r e a r w a r d l y  

f rom  an  end  p l a t e   66  of   t he   a i r   c y l i n d e r   and  w i t h i n  

w h i c h   t h e   v a l v e   s p o o l   47  i s   s l i d a b l y   s u p p o r t e d ,   a  b a c k  

s t o p   67  a t t a c h e d   to  t h e   end  of  the   v a l v e   s p o o l   may  b e  

l o c a t e d   so  t h a t   a  l a n d   68  on  t h e   b u s h i n g   53  i n t e r f e r e s  

w i t h   f l u i d   f l o w i n g   f rom  t he   r a d i a l   h o l e s   62  in   t h e   s p o o l  

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

w i t h i n   t h e   s p o o l   w h i c h   may  be  p r e s e t   a t   any  d e s i r e d  

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

the   c h a n g e - o v e r   v a l v e   and  t he   e n e r g y   a v a i l a b l e   f o r  

p u m p i n g   f l u i d .   A l t e r n a t i v e l y ,   t h e   a d j u s t m e n t   m e c h a n i s m  

may  be  o m i t t e d   so  t h a t   f l u i d   c i r c u l a t i n g   t h r o u g h   t h e  

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

o p e r a t i n g   in   the   o i l   s u p p l y   and  r e t u r n   l i n e s .  

The  d e s c r i b e d   d i r e c t   f l u i d   f low  p a t h   t h r o u g h  

the  c h a n g e - o v e r   v a l v e   s p o o l   47  has  a n o t h e r   p u r p o s e ,  

and  a  p a r t i c u l a r l y   i m p o r t a n t   o n e ,   in   the  p r e s e n t  

i n j e c t o r ,   as  w i l l   a p p e a r .  
When  i t   is   w i s h e d   to  i n s p e c t   or  s e r v i c e   t h e  

i n j e c t i o n   d e v i c e   2,  the   h a n d w h e e l   43  is   r o t a t e d   t o  

u r g e   the   ma le   t e r m i n a l   20  r e a r w a r d l y   and  so  w i t h d r a w  

the   b a r r e l   5  i n s i d e   t he   c a r r i e r   t u b e   12.  The  n e w  

p o s i t i o n   of  the   t h e n   " b r o k e n "   f l u i d   c o u p l i n g   d e v i c e   1 1  

is   as  shown  in  F i g u r e s   5  and  6  w i t h   the  c h a n g e - o v e r  

v a l v e   3  r e m a i n i n g ,   of  c o u r s e ,   in  t he   same  n o n - d i s c h a r g e  

p o s i t i o n   as  b e f o r e .  

When  the  ma le   t e r m i n a l   20  i s   so  w i t h d r a w n ,   t h e  

p a i r e d   v a l v e s   21,  23  and  22,  24  a r e   f r e e   to  c l o s e   a g a i n s t  

t h e i r   r e s p e c t i v e   s e a t s   u n d e r   t he   b i a s   of  t h e i r   s p r i n g s  

26  and  38,  and  so  s e a l   o f f   t h e   f l o w   l i n e s   in  the   m u l e  



t e r m i n a l   and  the   f e m a l e   t e r m i n a l   19.   T h u s ,   f l u i d  

i s   s e a l e d   w i t h i n   t he   b a r r e l   and  c e n t r a l   t u b e   u n i t .  

More  i m p o r t a n t l y ,   the   v a l v e s   in   t he   f e m a l e   t e r m i n a l  

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

t h e r e i n   a t   t he   t e r m i n a l   b l o c k s   34,  34a ,   so  t h a t   f l u i d  

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

t h e   c h a n g e - o v e r   v a l v e   3  c o n t i n u e s   to  c o m m u n i c a t e   t h e  

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

c h a n g e - o v e r   v a l v e   3  w i t h   the   o i l   m a i n s   l i n e   a n d  

c o n s t i t u t i n g   the   o i l   s u p p l y   and  r e t u r n   l i n e s   can   b e  

of  c o n s i d e r a b l e   l e n g t h .   When  t h e   ma le   t e r m i n a l   20  i s  

r e t r a c t e d ,   f l u i d   can  c o n t i n u e   to  c i r c u l a t e   f rom  t h e  

o i l   s u p p l y   back   to  the   r e t u r n   l i n e   d i r e c t l y   t h r o u g h   t h e  

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

47  of  t h e   c h a n g e - o v e r   v a l v e ,   as  i n d i c a t e d   by  t he   a r r o w s  

in   F i g u r e   5.  Thub ,   t he   o i l   i s   k e p t   in  a  l i q u i d   s t a t e ,  

and  when   t he   b a r r e l   5  i s   r e p l a c e d   i n   the  c a r r i e r   t u b e  

12  and  i n s e t   a g a i n   to  t he   c o r r e c t   o p e r a t i n g   p o s i t i o n  

to  o p e n   a g a i n   the   v a l v e   p a i r s   21,  23  and  22,  24,  f l u i d  

i s   a b l e   to  f l o w   w i t h o u t   any  a p p r e c i a b l e   d e l a y   f rom  t h e  

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

9  and   b a r r e l   a n n u l a r   d u c t   10  b a c k   to  t h e   r e t u r n   l i n e  

to  c o o l   t h e   i n j e c t i o n   d e v i c e   2 .  

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

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

19  when   t h e   ma le   t e r m i n a l   20  i s   r e t r a c t e d ,   b u t   t h e s e  

a r e   k e p t   l i q u i d   by  h e a t   c o n d u c t i o n   t h r o u g h   c o n t a c t  

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

c h a n g e - o v e r   v a l v e .  

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

v a l v e   f r o m   t he   o i l   s u p p l y   to  t he   r e t u r n   l i n e   w h e n  

the   c h a n g e - o v e r   v a l v e   is   c o n d i t i o n i n g   t h e   i n j e c t o r   f o r  

n o n - d i s c h a r g e   is   p r e s e n t ,   as  s a i d ,   in  t he   i n j e c t o r   o f  

ou r   a f o r e m e n t i o n e d   p a t e n t s ,   b u t   o n l y   f o r   t he   p u r p o s e   o f  



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

t h e   i n j e c t o r .   S i n c e   the   c h a n g e - o v e r   v a l v e   was  b u i l t  i n  

to  t he   r e a r   end  of   t he   b a r r e l ,   i t   had  to  be  w i t h d r a w n  

w i t h  t h e   b a r r e l ,   and  t he   s u p p l y   f l o w   n e e d e d   to  be  s h u t  

o f f   a t   t h a t   t i m e .   A c c o r d i n g l y ,   t h e r e   was  no  r e a s o n   t o  

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

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

f l u i d   c o u p l i n g   d e v i c e   11  i n t o   the   i n j e c t o r   t h a t   we 

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

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

r e s u l t e d .  

W i t h o u t   t h a t   d i r e c t   f l o w   p a t h ,   t h e r e   c o u l d  

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

t h e   o i l   s u p p l y   and  r e t u r n   l i n e s   w h i c h   w o u l d   t end   t o  

s o l i d i f y   d e p e n d i n g   on  t he   "down  t i m e "   of  the   i n j e c t o r  

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

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

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

c o u l d   become  o v e r h e a t e d   and  d a m a g e d .  

When  the   b a r r e l   5  is  f u l l y   i n s e t   in   the  b o i l e r  

w a l l   15  a n d  t h e   i n j e c t o r   i s   to  be  c o n d i t i o n e d   f o r   f l u i d  

d i s c h a r g e ,   the   c h a n g e - o v e r   v a l v e   s p o o l   47  is   m o v e d  t o  

the   p o s i t i o n   shown  in   F i g u r e   3.  T h e r e b y ,   f l u i d   w i l l  

f l o w   from  t h e  o i l   s u p p l y   l i n e   t h r o u g h   t h e   i n l e t   p o r t   48  

of   t he   c h a n g e - o v e r   v a l v e   and  v i a   t he   r a d i a l  h o l e   56 

i n t o   a  p a s s a g e   68  b e h i n d   the   s p o o l   l a n d   50  and  t h e n c e  

t h r o u g h   the  c h a m b e r   58  in   t he   r e v e r s e   d i r e c t i o n   t h r o u g h  

t h e   p a s s a g e   57  to  e m e r g e   in   the   r a d i a l l y   o u t e r   c h a m b e r  

42.  From  t h e r e ,   t he   f l u i d   f l o w s   u p w a r d l y   in   the  d u c t  

4 l a   in   the  f e m a l e   t e r m i n a l  1 9   to  p a s s   v i a   t he   o p e n e d  

v a l v e   p a i r   24,  22  to  t h e   d u c t   28  of   the   ma le   t e r m i n a l  

20  and  t h e n c e   i n t o   t he   b a r r e l   a n n u l a r   d u c t   10.  T h e  

s u p p l y   f low  of  f l u i d   i s   i n d i c a t e d   by  the   s o l i d   a r r o w s  

i n  F i g u r e s  3   and  4 .  

F l u i d   can  r e t u r n   from  the   c e n t r a l   t ube   9 



t h r o u g h   t h e   d u c t   29  in   the  m a l e   t e r m i n a l   20  and  v i a  

t h e   o p e n e d   v a l v e   p a i r   21,  23  i n t o   the   d u c t   40  in  t h e  

f e m a l e   t e r m i n a l   19  to   p a s s   d o w n w a r d l y   i n t o   the   c e n t r a l  

c h a m b e r   40  of   t he   c h a n g e - o v e r   v a l v e   3  and  t h r o u g h   t h e  

p a s s a g e   61  in   t h e   s p o o l   47  to  f l o w   v i a   t he   r a d i a l  

h o l e s   62  t h r o u g h   t he   h o l e   60  in   the   b u s h i n g   53  b a c k  

i n t o   the  o u t l e t   p o r t   49  to  be  r e t u r n e d   i n t o   the  o i l  

r e t u r n   l i n e .   The  r e t u r n   f l o w   i s   d e n o t e d   by  t he   o p e n  

a r r o w s   in   F i g u r e s   3  and  4 .  

The  d e s c r i b e d   f low  d i r e c t i o n   i s   s u c h   as  t o  

c o n d i t i o n   t he   t i p   v a l v e   6  to  o p e n   so  t h a t   f l u i d   w i l l  

d i s c h a r g e   t h r o u g h   t h e   d i s c h a r g e   p a s s a g e   8  as  shown  i n  

F i g u r e   4 .  

As  d e s c r i b e d ,   t h e r e   i s   a  s p i l l   back   of   f l u i d  

f r o m   the   i n j e c t i o n   d e v i c e   2  a l o n g   t h e   c e n t r a l   t u b e   9 

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

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

m e n t   is  p r o v i d e d   w h e r e b y   d e p e n d e n t   upon   the   p o s i t i o n   o f  

a d j u s t m e n t   n u t s   69  on  the   r e a r   end  o f   t he   v a l v e   s p o o l  

47,   a  l a n d   70  on  t he   b u s h i n g   53  is   a l l o w e d   to  i n t e r f e r e  

w i t h   f l u i d   s p i l l i n g   b a c k   f rom  the   r a d i a l   h o l e s   62  v i a  

t h e   b u s h i n g   h o l e   60  i n t o   the   o u t l e t   p o r t   49,  w i t h   t h e  

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

to  the   o i l   r e t u r n   l i n e   may  be  s e l e c t i v e l y   a d j u s t e d  

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

e x t e r n a l   p r e s s u r e s   o p e r a t i n g   in   the   f l u i d   d e l i v e r  a n d  

r e t u r n   l i n e s .   A l t e r n a t i v e l y ,   t he   a d j u s t m e n t   n u t s   m a y  

be  o m i t t e d   so  t h a t   f l u i d   d i s c h a r g e   f rom  the  i n j e c t o r   i s  

f i x e d   f o r   s u c h   g i v e n   e x t e r n a l   p r e s s u r e s .  
To  p e r m i t   an  a d e q u a t e   f l u i d   f low  t h r o u g h   t h e  

o p e n e d   v a l v e   p a i r s   21,  23  and  22,  24  when  the   male   2 0  

and  f e m a l e   19  t e r m i n a l s   a r e   e n g a g e d ,   the   l e n g t h   o f  

t he   a p e r t u r e   f o r m e d   b e t w e e n   each   such   v a l v e   and  i t s  

s e a t   must   be  s u i t a b l y   s i z e d .   In  c o n s e q u e n c e ,   when  t h e  

ma le   t e r m i n a l   20  i s   w i t h d r a w n   t o g e t h e r   w i t h   the   b a r r e l  



and  c e n t r a l   t u b e   u n i t   by  o p e r a t i o n   of   the   h a n d w h e e l   4 3 ,  

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

t he   t r a v e l   o f   t he   m a l e   t e r m i n a l .   T h u s ,   some  t o l e r a n c e  

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

i n j e c t i o n   d e v i c e   2  i n   the   c o u r s e   of   r e t r a c t i o n   of  t h e  

b a r r e l ,   and  t h i s   t o l e r a n c e   mus t   be  p r o v i d e d   i n   d e f i n i n g  

the   a l l o w a b l e   p o s i t i o n   of  the   i n j e c t o r   d e v i c e   i n  

r e l a t i o n   to  t he   c a r r i e r   t ube   12  f o r   d i s c h a r g e   p u r p o s e s .  
A d d i t i o n a l   t o l e r a n c e   m u s t   be  p r o v i d e d   so  t h a t   as  t h e  

b a r r e l   i s   w i t h d r a w n   and  t h e   m a l e   t e r m i n a l   s l i d i n g l y  

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

l e n g t h   of   t r a v e l   of   t he   male   t e r m i n a l   t h a t   f l u i d   f l o w  

p a s t   t he   v a l v e   p a i r s   c o n t i n u e s ,   t he   m a l e   c o l l a r s   27  

m u s t   be  s e a l e d   w i t h i n  t h e   f e m a l e   c o l l a r s   35  as  i s  

a c h i e v e d   by  t h e   s e a l s   3 6 .  

W i t h   t he   s e l f   a c t u a t i n g   to  c l o s u r e   v a l v e s   21 

and  23  of   the   m a l e   t e r m i n a l   20  in  t he   a b o v e   d e s c r i b e d  

i n j e c t o r ,   no  means   i s   p r o v i d e d   f o r   r e l i e v i n g   t h e  

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

b a r r e l   when  w i t h d r a w n .   Such  means   i s   p r o v i d e d   i n  

the   a l t e r n a t i v e   ma le   t e r m i n a l   20  shown  in  F i g u r e   8 

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

a c t u a t e d   to  c l o s u r e ,   s e l f   v e n t e d   and  f i x e d   ma le   v a l v e s  

71  p r o v i d i n g   a x i a l   f l u i d   f l ow  h o l e s   72  to  t h e   i n t e r i o r  

of  the   ma le   c o l l a r s   27  which   s e r v e   t h e  

same  p u r p o s e   as  t he   s e l f   a c t u a t e d   v a l v e s .  

R e f e r r i n g   now  to  F i g u r e s   9  to  11,  t he   f l u i d  

i n j e c t o r   lA  shown  t h e r e i n   is   g e n e r a l l y   s i m i l a r   to  t h e  

i n j e c t o r   1  of  F i g u r e s   1  to  8  as  m o d i f i e d   to  i n c o r p o r a t e  

the   v e n t e d   ma le   v a l v e s   71  and  f u n c t i o n s   in   the  same  w a y .  

The  p r e s e n t   i n j e c t o r ,   i s   m o d i f i e d ,   to  e n a b l e   the   u s e  

of  a  s e c o n d   f l u i d   to  r e g u l a t e   d i s c h a r g e .   For   a  f u l l  

d i s c l o s u r e   of   t h e   i n j e c t o r   d e v i c e   2A  and  the   c h a n g e - o v e r  

v a l v e   3  of  t he   i n j e c t o r   lA,  a t t e n t i o n   i s   d r awn   to  o u r  

U n i t e d   K ingdom  p a t e n   No.  1 , 4 9 7 , 2 7 1   t h e   s u b j e c t   m a t t e r  



of  w h i c h   i s   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

The  i n j e c t o r   lA  w i l l   o n l y   be  d e s c r i b e d   h e r e i n  

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

i n j e c t o r   1  a r e   c o n c e r n e d .   Thus  the   s e c o n d   f l u i d ,   w h i c h  

c o u l d   be  s t e a m ,   i s   s u p p l i e d   to  t he   i n j e c t o r   d e v i c e   2A 

a l o n g   an  a n n u l a r   d u c t   73  d e f i n e d   b e t w e e n   the   b a r r e l   5 

and  an  e n c o m p a s s i n g   o u t e r   t u b e   74  wh ich   is   made  f a s t  

w i t h   t he   b a r r e l   and  c e n t r a l   t u b e   u n i t   and  w h i c h   i s   a l s o  

made  f a s t   w i t h   t he   ma le   t e r m i n a l   20.  A  s t e a m   s u p p l y  

c i r c u i t   is  c o n n e c t e d   v i a   an  i n l e t   p o r t   75  w i t h   t he   f e m a l e  

t e r m i n a l   19  so  t h a t   when  t h e   two  t e r m i n a l s   a r e   s e p a r a t e d  

upon   w i t h d r a w a l   of  t he   i n j e c t o r   d e v i c e ,   means   m u s t   b e  

p r o v i d e d   to  i s o l a t e   t h a t   s t e a m   s u p p l y   f rom  t h e   b r o k e n  

f l u i d   c o u p l i n g   d e v i c e   11  so  t h a t   i t   c a n n o t   e s c a p e   f r o m  

t h e   f e m a l e   t e r m i n a l .  

To  t h a t   e n d ,   t h e   s t e a m   i n l e t   p o r t   75  i s  

p r o v i d e d   in  t he   c o n n e c t i n g   b l o c k   33  and  c o m m u n i c a t e s   v i a  

a  d u c t   76  t h e r e i n   w i t h   a  c h a m b e r   37b  in   a  t h i r d  

t e r m i n a l   b l o c k   34b  f o r m i n g   a  p a r t   of  t he   i n t e g r a l   b l o c k  

and  p l a t e   s t r u c t u r e   of   t h e   f e m a l e   t e r m i n a l   20.  A  t h i r d  

s p r i n g   b i a s e d   s e l f   c l o s u r e   v a l v e   ( n o t   shown)   i s   a r r a n g e d  

in   t he   c h a m b e r   37b  to  s e a l   a g a i n s t   i t s   s e a t   i n   a  f e m a l e  

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

f e m a l e   t e r m i n a l .   A  t h i r d   s e l f   v e n t i n g   and  f i x e d   m a l e  

v a l v e   71a  i s   a r r a n g e d   so  t h a t   i t s   male  c o l l a r   27  w i l l  

e n t e r   t h a t   f e m a l e   c o l l a r   ( i n   t h e   same  m a n n e r   as  t h e  

o t h e r   two  male   v a l v e s   in   t h e i r   r e s p e c t i v e   f e m a l e   c o l l a r s )  

when  the   male   t e r m i n a l   i s   c o n n e c t e d   w i t h   t he   f e m a l e  

t e r m i n a l   to  open   t he   t h i r d   s p r i n g   b i a s e d   v a l v e   to  p e r m i t  

s t e a m   to  e s c a p e   t h r o u g h   t h a t   m a l e   v a l v e   v i a   a  d u c t   7 7  

in   a  s l e e v e   78  f a s t   w i t h   t h e   t e r m i n a l   b l o c k   25  a n d  

i n t o   t he   s e c o n d   a n n u l a r   d u c t   7 3 .  

The  f l u i d   i n j e c t o r   18  shown  in  F i g u r e s   12  a n d  

13  i s   of   the  p r e s s u r e   j e t   t y p e   w h i c h   is   m e c h a n i c a l l y  

a t o m i s e d   and  i n c o r p o r a t e s   a  f l u i d   a t o m i s e r   a s s e m b l y   4A 



and  an  o p e r a t i n g   v a l v e   3A.  In   t h i s   e m b o d i m e n t ,   e i t h e r  

o i l   f u e l   i s   p a s s e d   down  t h e   c e n t r a l   t ube   9  or  t he   t u b e  

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

f l u i d .   T h e r e   i s   no  r e t u r n  p a t h   f rom  the  a t o m i s e r   a s s e m b l y  
a n d  h e n c e   o n l y   one  s e t   of   v a l v e   means   s e a l i n g   t h e  

s u p p l i e d   f l u i d   w i t h i n   t h e   f e m a l e   t e r m i n a l   19  w h e n  t h e  

ma le   t e r m i n a l   20  i s   w i t h d r a w n   to  r e t r a c t   the   a t o m i s e r  

a s s e m b l y   i s   n e c e s s a r y .  

C o o l i n g   f l u i d   i s   s u p p l i e d   to  the   o p e r a t i n g  

v a l v e   3A  t h r o u g h   a  p o r t   79  and  o i l   f rom  an  o i l   s u p p l y  

l i n e   t h r o u g h   a  p o r t   80.  In   the   p o s i t i o n   of  t h e  

s p o o l   81  of  t he   o p e r a t i n g   v a l v e   shown  in   F i g u r e   1 2 ,  

c o o l i n g   f l u i d   can  f l o w   i n t o   a  c h a m b e r   82  in  w h i c h   t h e  

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

p i s t o n / c y l i n d e r   u n i t   5 4  a n d   v i a   a  p a s s a g e w a y   83  i n   t h e  

s p o o l   i n t o   a  d u c t   84  in   t he   f e m a l e   t e r m i n a l   and  t h e n c e  

i n t o   a  c h a m b e r   37  h o u s i n g   a  s p r i n g   b i a s e d   c l o s u r e   v a l v e  

23.  S i n c e   t h e ' m a l e   t e r m i n a l   i s   shown  w i t h d r a w n ,   t h e  

v a l v e   23  is  c l o s e d   to  s e a l   o f f   e s c a p e   of  t he   c o o l i n g  

f l u i d   f rom  t h a t   c h a m b e r   37.  In   the   same  p o s i t i o n   o f   t h e  

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

s u p p l y   l i n e   to  t he   o i l   r e t u r n   l i n e   v i a   t h e   p o r t  8 0  

and  p a s s a g e w a y s   85  t h r o u g h   t he   b u s h i n g   86  and  a r o u n d  

the   s p o o l   i n t o   an  o i l   o u t l e t   p o r t   87.  Hence   o i l   c a n  

c i r c u l a t e   c o n t i n u o u s l y   b e t w e e n   the  l i n e s   and  so  n o t  

be  p r o n e   to  s o l i d i f y i n g .   When  the   s p o o l   i s   r e t r a c t e d ,  

o i l   can  f low  f rom  t h e   p o r t   80  i n t o   the  d u c t   84  b u t   a g a i n  

is   p r e v e n t e d   by  the   c l o s e d   v a l v e   f rom  e s c a p i n g   f rom  t h e  

f e m a l e   t e r m i n a l .  

When  the  h a n d w h e e l   43  i s   r o t a t e d   t o  s c r e w   i t s  

t h r e a d e d   s p i n d l e   end  46  i n t o   the   t e r m i n a l   p l a t e   30  a n d  

so  i n s e t   the   a t o m i s e r   a s s e m b l y   44  i n t o   the  b o i l e r   w a l l ,  

t he   ma le   c o l l a r   27  w i l l   e n t e r   the   f e m a l e   c o l l a r  3 5   a n d  

c a u s e   i t s  s e l f   v e n t e d   and  f i x e d   male   v a l v e   71  t o   u r g e  

the  v a l v e   23  open  so  t h a t   f l u i d ,   w h e t h e r   i t   be  o i l   o r  



p u r g i n g   c o o l i n g   f l u i d   as  t h e   c a s e   may  be  d e p e n d i n g  

on  t h e   p o s i t i o n   of  t h e   v a l v e   s p o o l   81,  i s   c a u s e d   t o  

f l o w   f r o m   t h e   c h a m b e r   37  p a s t   t h e   o p e n e d   v a l v e   23  i n t o  

t h e   m a l e   c o l l a r   27  and  t h e n c e   v i a   the   d u c t   29  i n t o  

t h e   c e n t r a l   t u b e   9  down  t o w a r d s   t h e   a t o m i s e r   a s s e m b l y   4 A .  

As  m e n t i o n e d , w h e n   t h e   ma le   t e r m i n a l   20  i s   r e t r a c t e d  

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

s e c o n d   f l o w   p a t h s   in   t h e   f e m a l e   t e r m i n a l   19  o f   t h e   f i r s t  

and  s e c o n d   f l u i d   i n j e c t o r s   1  and  1A.  Means   may  be  p r o v i d e d  

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

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

20  so  t h a t   f l u i d   d e l i v e r e d   f r o m   t he   o i l   s u p p l y   l i n e   i s   a b l e  

to  c i r c u l a t e   c o n t i n u o u s l y   t h r o u g h   them  b a c k   i n t o   t h e   o i l  

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

v a l v e   s p o o l   47  of  t h e   c h a n g e - o v e r   v a l v e   3 .  

In  one  such   a r r a n g e m e n t   shown  in  F i g u r e s   14  and  1 5 ,  

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

f e m a l e   t e r m i n a l   19  i t s e l f   when  t h e   ma le   t e r m i n a l   20  i s  

r e t r a c t e d .   T h u s ,   as  shown  in   F i g u r e   14,  t h e   d u c t s   40,  4 1 a  

a r e   i n t e r c o n n e c t e d   in   t h e   f e m a l e   t e r m i n a l   19  by  p a s s a g e s  

88,  89  i s s u i n g   at  one  end  r e s p e c t i v e l y   f r o m   e a c h   a n d  

a t   t h e   o p p o s i t e   end  i n t o   a  v a l v e   c h a m b e r   9 0 .  ,   A  v a l v e  

member   91  i s   b i a s e d   by  a  s p r i n g   92  o f f   i t s   s e a t   93  i n   t h e  

v a l v e   c h a m b e r   90  when  t h e   m a l e   t e r m i n a l   20  i s   r e t r a c t e d  

so  t h a t   t h e   p a s s a g e s   88,   89  i n t e r c o m m u n i c a t e   t h r o u g h   t h e   v a l v e  

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

the   c h a n g e - o v e r   v a l v e   3  and   t h e n c e   a l o n g   t h e   d u c t   4 0 ,  

p a s s a g e   88,   v a l v e   c h a m b e r   90,   p a s s a g e   89  and  d u c t   41a  b a c k  

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

The  v a l v e   member   91  e x t e n d s   i n t o   a  r e c e s s   94  in   t h e  

f e m a l e   t e r m i n a l   19  w i t h   t h e   s p r i n g   92  l o c a t e d   b e t w e e n   t h e  

b a s e   of   t h e   r e c e s s   and  t h e   v a l v e   h e a d   95.   S e a l i n g   m e a n s  

96  a r e   p r o v i d e d   a r o u n d   t h e   s t em  of  t he   v a l v e   member   91 

to  p r e v e n t   e s c a p e   of  f l u i d   f rom  the   f e m a l e   t e r m i n a l   19  w h e n  

t he   d u c t s   40,  41a  a r e   i n t e r c o n n e c t e d .   The  m a l e   t e r m i n a l  



20  c a r r i e s   a  p l u g   97  s i z e d   to  e n t e r   t h e   r e c e s s   94,  w h e n  

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

t e r m i n a l   19  to  i n s e t   t h e   b a r r e l   5  at   w h i c h   t i m e   i t   w i l l  

e n g a g e   t h e   v a l v e   h e a d   95  to  u r g e   the   v a l v e   member   91  a g a i n s t  
t h e   b i a s   of  t he   s p r i n g   92  and  i n t o   s e a l i n g   e n g a g e m e n t   w i t h   i t s  

v a l v e   s e a t   93  (as   shown  in   F i g u r e   15 ) .   T h e r e b y ,   t he   p a s s a g e s  
88  and   89  a r e   i s o l a t e d   f r o m   e a c h   o t h e r ,   and  t h e   r e s u l t i n g  

f l o w   p a t h s   in   t h e   f e m a l e   t e r m i n a l   a re   as  in  t h e   f i r s t   a n d  

. s e c o n d   f l u i d   i n j e c t o r s   1  and  1A.  

In  an  a l t e r n a t i v e   a r r a n g e m e n t   shown  in  F i g u r e   16 

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

in   t h e   f e m a l e   t e r m i n a l   19  when  the   ma le   t e r m i n a l   20  i s  

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

in   t h e   f o r m   of  a  b r i d g e   2 0 A .  

The  b r i d g e   20A  i s   g e n e r a l l y   s i m i l a r   to  t h e   m a l e  

t e r m i n a l   20  b u t   l a c k s   t h e   d u c t s   28  and  29.   I n s t e a d ,   a  

d u c t   98  in   t he   t e r m i n a l   b l o c k   25  d i r e c t   i n t e r c o m m u n i c a t e s  

t h e   v a l v e s   2 1 , 2 2 .   M o r e o v e r ,   t he   b a r r e l   5  i s   r e p l a c e d   by  a  

p i l o t   t u b e   99  c l o s e d   a t   i t s   f o r w a r d   e n d .   W h i l s t   t he   v a l v e s  

21,  22  a r e   shown  as  s e l f - a c t u a t i n g   to  c l o s u r e   t h e y   c o u l d  

a l t e r n a t i v e l y   be  s e l f   v e n t i n g   male   v a l v e s   as  in   F i g u r e   8 .  

When  t he   m a l e   t e r m i n a l   20  has  b e e n   r e t r a c t e d   t o  

w i t h d r a w   the   b a r r e l   to  e n a b l e   i n s p e c t i o n   or  s e r v i c i n g   o f  

t h e   i n j e c t i o n   d e v i c e   2,  i t   i s   r e p l a c e d   by  t he   m a l e  

b r i d g e   20A  w h i c h   c o u p l e s   w i t h   t he   f e m a l e   t e r m i n a l   19  i n  

t h e   same  m a n n e r   as  t he   m a l e   t e r m i n a l   20.  When  so  c o u p l e d ,  

t h e   v a l v e s   21,  22  e n g a g e   t h e   v a l v e s   23,  24  r e s p e c t i v e l y   s o  

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

40,  41a  in   t he   f e m a l e   t e r m i n a l   19  a re   c o n n e c t e d   w i t h   e a c h  

o t h e r   t h r o u g h   t h e   p a i r e d   o p e n e d   v a l v e s   23,  2 1 , t h e   d u c t  

98  in   t h e   male   b r i d g e   20A  and  the   p a i r e d   o p e n e d   v a l v e s   2 4 , 2 2 .  

A c c o r d i n g l y ,   f l u i d   d e l i v e r e d   f rom  the   o i l   s u p p l y   l i n e   t o  

the   c h a n g e - o v e r   v a l v e   3  can  c i r c u l a t e   t h r o u g h   t he   f e m a l e  

t e r m i n a l   19  v i a   the   ma le   b r i d g e   20A  b a c k   i n t o   t he   f e m a l e  

t e r m i n a l   to  r e t u r n   v i a   t h e   c h a n g e - o v e r   v a l v e   i n t o   the   o i l  

r e t u r n   l i n e .  



I t   w i l l   be  n o t e d   t h a t   in   each   of   t h e   f l u i d  

i n j e c t o r s   as  d i s c l o s e d   h e r e i n ,   when  t h e   m a l e   and  f e m a l e  

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

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

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

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

f o r   e x t e r n a l   c o n n e c t i n g   t u b e s   or  p i p e s   b e t w e e n   t he   v a r i o u s  

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

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

w h i c h   o i l   can  be  r o u t e d   by  t h e   f l o w   c o n t r o l   v a l v e   f rom  t h e  

f l u i d   d e l i v e r y   l i n e   to   t h e   i n j e c t i o n   d e v i c e .   M o r e o v e r ,  

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

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

f l o w   c o n t r o l   v a l v e   b a c k   to  t h e   f l u i d   r e t u r n   l i n e   f rom  t h e  

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

i n t e r n a l   f l o w   p a t h s .  

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

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

to  p r o v i d e   t he   c o m b u s t i o n   a i r ,   v a l v e s   to  r e g u l a t e   a n d  

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

i n i t i a t e   c o m b u s t i o n .  



1.  A  f l u i d   i n j e c t o r   c o m p r i s i n g   an  i n j e c t i o n   d e v i c e ,  

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

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

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

r e l a t i v e   to  s a i d   c o n n e c t i n g   means   w h i l s t   s a i d   c o n n e c t i n g  

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

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

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

s a i d   c o n n e c t i n g   m e a n s   when  s a i d   i n j e c t i o n   d e v i c e   i s   r e m o v e d  

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

s a i d   i n j e c t i o n   d e v i c e   u p o n   such  r e m o v a l .  

2.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   1,  w h e r e i n  

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

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

i n j e c t i o n   d e v i c e ,   and  w h e r e i n   t he   a c t   of  r e p l a c e m e n t   o f  

s a i d   i n j e c t i o n   d e v i c e   to  i t s   s a i d   o p e r a t i n g   p o s i t i o n   c a n  

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

r e t u r n   l i n e s   to  s a i d   i n j e c t i o n   d e v i c e .  

3.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m  2 ,   i n c l u d i n g  

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

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

to  t he   f l u i d   d e l i v e r y   and  r e t u r n   l i n e s ,   r e s p e c t i v e l y ,  

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

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

when  s a i d   i n j e c t i o n   d e v i c e   i s   in  i t s   s a i d   o p e r a t i n g   p o s i t i o n .  

4.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   3,  w h e r e i n   s a i d  

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

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

l e a s t   when  c o n d i t i o n i n g   s a i d   i n j e c t i o n   d e v i c e   f o r   n o n -  

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

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

i s   r e m o v e d .  



5.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   4,  i n c l u d i n g  

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

and  s a i d   i n j e c t o r   d e v i c e   wh ich   a u t o m a t i c a l l y   i s o l a t e s  

t he   f l u i d   d e l i v e r y   and  r e t u r n   l i n e s   f r o m   s a i d   i n j e c t i o n  

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

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

and  r e t u r n   l i n e s   w i t h   s a i d   i n j e c t i o n   d e v i c e   upon   s a i d  

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

s a i d   f l o w   c o n t r o l   v a l v e ' i s   in   i t s   p o s i t i o n   a t   w h i c h   t o  

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

6.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   5,  w h e r e i n   s a i d  

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

one  of  w h i c h   i s   a s s o c i a t e d   w i t h   s a i d   i n j e c t i o n   d e v i c e   a n d  

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

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

f l u i d   f l o w   b e t w e e n   t h e m s e l v e s   when  s a i d   i n j e c t i o n   d e v i c e  

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

t e r m i n a l s   a r e   d i s c o n n e c t e d   f rom  e a c h   o t h e r   when  s a i d  

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

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

f rom  s a i d   i n j e c t o r   d e v i c e .  

7.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   6,  w h e r e i n  

s a i d   ma le   t e r m i n a l   i s   a s s o c i a t e d   w i t h   s a i d   i n j e c t i o n   d e v i c e ,  

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

f l o w   c o n t r o l   v a l v e .  

8.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   6  o r   c l a i m   7 ,  

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

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

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

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

t e r m i n a l   i n c l u d e s   v a l v e   means   s e l f - a c t u a t e d   to  c l o s u r e  

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



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

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

s a i d   one  t e r m i n a l   when  s a i d   t e r m i n a l s   a re   i n t e r c o n n e c t e d  

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

m e a n s ,   and   s a i d   v a l v e   means   a u t o m a t i c a l l y   m o v i n g   to  c l o s u r e  

when  s a i d   t e r m i n a l s   a r e   d i s c o n n e c t e d .  

9.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   8,  w h e r e i n  

"  s a i d   one  t e r m i n a l   i n c l u d e s   v a l v e   means   s e l f - a c t u a t e d   t o  

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

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

a r e   i n t e r c o n n e c t e d   to  c o m m u n i c a t e   s a i d   f i r s t   and  s e c o n d  

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

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

d i s c o n n e c t i o n   of  s a i d   t e r m i n a l s .  

10.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   8,  w h e r e i n  

s a i d   one  t e r m i n a l   i n c l u d e s   f i x e d   v a l v e   means   i n   s a i d  

f i r s t   f l o w   p a t h   means   and  f o r m e d   to  p e r m i t   f l u i d   f l o w  

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

v e n t   s a i d   i n j e c t i o n   d e v i c e   when  s a i d   t e r m i n a l s   a r e  

d i s c o n n e c t e d .  

11.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in  c l a i m   9  or   c l a i m   1 0 ,  

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

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

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

i n t o   one  p o s i t i o n   to  c o n d i t i o n   s a i d   t i p   v a l v e   to  p e r m i t  

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

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

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

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

i t s e l f .  



12.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   11,  w h e r e i n  

s a i d   f l o w   c o n t r o l   v a l v e   i n   b e i n g   moved  b e t w e e n   i t s   s a i d  

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

of   f l o w   of   f l u i d   s u p p l i e d   t h e r e t o   f rom  s a i d   f l u i d   d e l i v e r y  

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

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

w i t h i n   s a i d   i n j e c t o r   d e v i c e   t h e   mode  of  w h i c h   i s   d e t e r m i n e d  

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

f l o w   c o n t r o l   v a l v e .  

13.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   11  or   c l a i m   1 2 ,  

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

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

r e s p e c t i v e l y   in   s a i d   i n j e c t i o n   d e v i c e ,   s a i d   v a l v e   means   of  s a i d  

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

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

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

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

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

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

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

s a i d   one   t e r m i n a l   so  t h a t   t h e   v a l v e s   t h e r e o f   a r e   p a i r e d  

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

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

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

s a i d   f i r s t   d u c t   to  r e t u r n   v i a   s a i d   s e c o n d   d u c t   and  s a i d  

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

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

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

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

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

t h e   f l u i d   r e t u r n   l i n e .  

14.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   13,  w h e r e i n  

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



d i s c h a r g e   p o s i t i o n s   in   wh ich   to  p r o v i d e  a   r e t u r n   p a t h  

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

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

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

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

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

s u p p l y   p r e s s u r e   i n   s a i d   f l u i d   s u p p l y   l i n e .  

15.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   14,  w h e r e i n  

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

p o s i t i o n   in   w h i c h   to  p r e v e n t   f l o w   b a c k   i n t o   t he   f l u i d  

r e t u r n   l i n e .  

16.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   any  of  c l a i m s   13  

to  15,  i n c l u d i n g   m e a n s   f o r   i n t e r c o m m u n i c a t i n g   s a i d   f i r s t  

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

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

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

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

to  r e t u r n   i n t o   t h e   f l u i d   r e t u r n   l i n e .  

17.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   16,  w h e r e i n  

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

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

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

of  s a i d   t e r m i n a l s .  

18.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   17,  w h e r e i n  

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

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

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

s e l f - a c t u a t i n g   to  an  open   p o s i t i o n   to  i n t e r c o m m u n i c a t e  

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

d i s c o n n e c t e d   f rom  e a c h   o t h e r ,   i n t e r c o n n e c t i o n   of  s a i d  



t e r m i n a l s   a u t o m a t i c a l l y   m o v i n g   t h e   same  v a l v e   means   to  c l o s u r e  

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

19.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   16,  w h e r e i n  

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

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

of  s a i d   one  t e r m i n a l   and  when  so  c o n n e c t e d   to  o p e n   s a i d  

p a i r   of  v a l v e s   of   s a i d   o t h e r   t e r m i n a l   and  p r o v i d e   a  

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

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

20.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   19,  w h e r e i n   s a i d  

t e r m i n a l   b r i d g e   i n c l u d e s   a  p a i r   of   v a l v e s   s e l f - a c t u a t e d  

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

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

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

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

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

v i a   s a i d   d u c t .  

21.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m .  1 9   or   c l a i m   2 0 ,  

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

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

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

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

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

e n g a g e m e n t   w i t h   s a i d   o t h e r   t e r m i n a l ,   so  t h a t   r o t a t i o n  

of  s a i d   h a n d w h e e l   w i t h   s a i d   s c r e w t h r e a d e d   s p i n d l e   in   s c r e w e d  

e n g a g e m e n t   w i t h   s a i d   o t h e r   t e r m i n a l   w i l l   move  s a i d   t e r m i n a l  

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

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

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

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



22.   A  f l u i d   i n j e c t o r   as  c l a i m e d   in   any  of  c l a i m s   11  to  2 1 ,  

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

a  s e c o n d   f l u i d   d e l i v e r y   l i n e   to  e n a b l e   t he   u se   of  a  

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

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

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

i n j e c t i o n   d e v i c e   when  s a i d   t e r m i n a l s   a r e   i n t e r c o n n e c t e d  

and  f o r   i s o l a t i n g   t he   s e c o n d   f l u i d   d e l i v e r y   l i n e   f rom  s a i d  

i n j e c t i o n   d e v i c e   when  s a i d   t e r m i n a l s   a r e   d i s c o n n e c t e d .  

23.   A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   22,  w h e r e i n  

s a i d   v a l v e   of  s a i d   o t h e r   t e r m i n a l   i s   s e l f - a c t u a t e d   to  c l o s u r e  

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

l i n e   when  t h e   t e r m i n a l s   a r e   d i s c o n n e c t e d ,   t he   same  v a l v e  

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

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

24.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   any  of  c l a i m s   11  t o  

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

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

m o v a b l e   in  s a i d   h o u s i n g   to  c o n t r o l   t h e   d i r e c t i o n   of  f l u i d  

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

c o m p r i s i n g   a  p a s s a g e   i n   s a i d   v a l v e   s p o o l .  

25.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in  any  of  c l a i m s   8  to  1 0 ,  

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

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

i n t o   one  p o s i t i o n   in   w h i c h   to  c o m m u n i c a t e   t he   f l u i d   s u p p l y  

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

f rom  s a i d   i n j e c t i o n   d e v i c e   and  i n t o   a n o t h e r   p o s i t i o n   in   w h i c h  

to  i s o l a t e   t he   f l u i d   s u p p l y   l i n e   f rom  s a i d   s e c o n d   f l o w   p a t h  

m e a n s .  

26.  A  f l u i d  i n j e c t o r   as  c l a i m e d   in   c l a i m   25,  w h e r e i n   s a i d  

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

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



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

s a i d   a n o t h e r   p o s i t i o n .  

27.   A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   2 6 ,  

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

s a i d   i n l e t   and  r e t u r n   p o r t s   and  a  v a l v e   s p o o l   m o v a b l e  

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

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

m e a n s .  

28.   A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   27,  w h e r e i n   s a i d  

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

s p o o l   i n t e r c o m m u n i c a t i n g   t he   i n l e t   and  r e t u r n   p o r t s  

r e g a r d l e s s   of  t h e   p o s i t i o n   of   s a i d   v a l v e   s p o o l .  

29.   A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   24,  c l a i m  

27  o r   c l a i m   28,   w h e r e i n   s a i d   v a l v e   s p o o l   i s   l i n e a r l y  

m o v a b l e   in   s a i d   h o u s i n g .  

30.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   29,  i n c l u d i n g  

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

m o v i n g   s a m e .  

31.   A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   any  of  c l a i m s   6  to  3 0 ,  

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

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

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

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

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

s a i d   m a n u a l l y   o p e r a b l e   means   to  i n t e r c o n n e c t   s a i d   t e r m i n a l s  

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

p o s i t i o n .  



32. .   A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   31,  w h e r e i n  

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

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

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

w i t h   s a i d   o t h e r   t e r m i n a l ,   so  t h a t   r o t a t i o n   of  s a i d  

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

e n g a g e m e n t   w i t h   s a i d   o t h e r   t e r m i n a l   w i l l   move  s a i d  

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

' ' d e p e n d i n g   on  t h e   s e n s e   of   r o t a t i o n   of   s a i d   h a n d w h e e l  

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

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

p o s i t i o n .  

33.  A  f l u i d   i n j e c t o r   as  c l a i m e d   i n   c l a i m   32,  w h e r e i n   s a i d  

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

make  s l i d i n g   e n g a g e m e n t   a t   c o o p e r a t i n g   ma le   and  f e m a l e  

r e g i o n s   t h e r e o f   to  g u i d e   a x i a l l y   s a i d   one  t e r m i n a l .  

34.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   any  of  c l a i m s   6  to  3 3 ,  

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

h a v i n g   an  a t o m i s e r   a s s e m b l y   a t   i t s   f o r w a r d   end  and  made  f a s t  

w i t h   s a i d   one  t e r m i n a l   a t   i t s   r e a r w a r d   e n d .  

35.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   34,  w h e r e i n  

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

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

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

o t h e r   t e r m i n a l .  

36.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   6,  w h e r e i n  

when  s a i d   m a l e   and  f e m a l e   t e r m i n a l s   a r e   i n t e r c o n n e c t e d ,  

s a i d   i n j e c t i o n   d e v i c e ,   f l u i d   c o u p l i n g   d e v i c e   and  f l o w  

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

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

r o u t e d   by  s a i d   f l o w   c o n t r o l   v a l v e   f rom  the   f l u i d   d e l i v e r y  

l i n e   to  s a i d   i n j e c t i o n   d e v i c e   and  r e t u r n e d   f rom  s a i d  

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

c o n t r o l   v a l v e .  



37.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   any  of  c l a i m s   9  to  3 0 ,  

i n c l u d i n g   m e a n s   m a k i n g   a  s e a l   b e t w e e n   s a i d   t e r m i n a l s   d u r i n g  

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

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

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

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

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

38.  A  f l u i d   i n j e c t o r ,   as  c l a i m e d   i n   c l a i m   37,  w h e r e i n  

s a i d   s e a l   m e a n s   makes   a  s e a l   b e t w e e n   s a i d   t e r m i n a l s   d u r i n g  

t h e   a c t   of   i n t e r c o n n e c t i o n   t h e r e o f   and  p r i o r   to  o p e n i n g  

of   s a i d   v a l v e   means   of   s a i d   o t h e r   t e r m i n a l   by  s a i d   o n e  

t e r m i n a l ,   by  w h i c h   when  t h e   same  v a l v e   means   i s   o p e n e d  

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

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

39.   A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   38,  w h e r e i n  

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

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

f e m a l e   r e g i o n   s i z e d   to  r e c e i v e   s a i d   ma le   c o l l a r ,   s a i d s e a l  

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

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

p o s i t i o n e d   f o r w a r d l y   of  s a i d   f e m a l e   r e g i o n   so  t h a t   when  o p e n e d  

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

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

of   s a i d   one  t e r m i n a l   w i t h   t h e   i n t e r i o r   of  s a i d   m a l e   c o l l a r .  

40.  A  f l u i d   i n j e c t o r   as  c l a i m e d   in   c l a i m   39,  w h e r e i n  

s a i d   s e a l   means   makes   a  s e a l   b e t w e e n   s a i d   c o l l a r   and  s a i d  

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

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

t e r m i n a l s   and  a l s o   m a k e s   a  s e a l   b e t w e e n   s a i d   c o l l a r   and  s a i d  

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

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

d i s c o n n e c t i o n   of  s a i d   t e r m i n a l s .  
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