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Improved  method  of  fuel  injection. 

A  method  of  injecting  liquid  fuel  to  an  engine  (120)  compri- 
sing  delivering  a  quantity  of  fuel  into  a  conduit  and  propelling  the 
fuel  along  the  conduit  by  gas  under  pressure,  and  discharging  the 
fuel  from  a  fixed  size  constantly  open  nozzle  (18)  into  an  engine 
induction  passage,  the  pressure  and  quantity  of  gas  being 
sufficient  to  cause  the  fuel  to  issue  from  the  nozzle  at  or  near 
sonic  speed. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   t he   d e l i v e r y   of  m e a s u r e d  

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

The  v a r i o u s   f u e l   i n j e c t i o n   s y s t e m s   c u r r e n t l y   in  u s e ,  
in  i n t e r n a l   c o m b u s t i o n   e n g i n e s ,   o p e r a t e   on  the   b a s i s   of  a  
column  of  l i q u i d   b e t w e e n   t he   p o i n t   of   a p p l i c a t i o n   of  t h e  

i n j e c t i o n   f o r c e   to  t he   f u e l   and  the   d e l i v e r y   n o z z l e .   T h e s e  

s y s t e m s   r e l y   on  the   a d d i n g   of  a  m e t e r e d   q u a n t i t y   of  f u e l   t o  

the  u p s t r e a m   end  of  the   column  to  d i s p l a c e   an  e q u a l  

q u a n t i t y   of  f u e l   f rom  the   n o z z l e   a t   t h e   d o w n s t r e a m   end  o f  
the   c o l u m n .   In  o r d e r   to  a c h i e v e   t h e   r e q u i r e d   a c c u r a c y   i n  
the   q u a n t i t y   of  f u e l   d e l i v e r e d   f rom  t he   n o z z l e .   The  c o l u m n  
of  f u e l   must   be  f r e e   of  gas ,   due  to   i t s   c o m p r e s s i b l e  

n a t u r e .  

I t   i s   a l s o   n e c e s s a r y   f o r   t h e   n o z z l e   to   b e  

s e l e c t i v e l y   o p e n e d   and  c l o s e d   to  m a i n t a i n   t he   g a s - f r e e  
s t a t e   of  t he   co lumn   of  f u e l   b e t w e e n   s u c c e s s i v e   d e l i v e r i e s ,  
or  to   e n s u r e   s u f f i c i e n t   d e l i v e r y   p r e s s u r e   f o r   c o n t i n u o u s  
s y s t e m s ,   to   m a i n t a i n   t he   g a s - f r e e   s t a t e   of  the   f u e l   l i n e .  

These   s e l e c t i v e l y   o p e n a b l e   n o z z l e s   a r e   r e q u i r e d   t o  

be  h i g h   p r e c i s i o n   c o m p o n e n t s   in   o r d e r   to   m a i n t a i n   m e t e r i n g  

i n t e g r i t y   a n d / o r   c o n s i s t e n t   s p r a y   c h a r a c t e r i s t i c s .   H e n c e ,  

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

f o r e i g n   m a t e r i a l s   in  t h e   f u e l   i s   p r e v a l e n t .   A d d i t i o n a l l y  
d u r a b i l i t y   i s   a  p o t e n t i a l   p r o b l e m   due  to   t he   f r e q u e n c y   o f  

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

m e t e r i n g   s y s t e m .   ( In   t he   l a t t e r   c a s e ,   t he   n a t u r a l  

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

even  t h o u g h   o u t p u t   i s   n o m i n a l l y   c o n t i n u o u s . )  

U.K.  P a t e n t   No.  2 , 0 2 3 , 2 2 6   i n v o l v e s   c o n t i n u o u s  

i n j e c t i o n   of   a  f u e l / a i r   m i x t u r e   i n t o   t he   i n l e t   m a n i f o l d   o f  

an  i n t e r n a l   c o m b u s t i o n   e n g i n e .   C o m p r e s s e d   a i r   and  f u e l   a r e  
d e l i v e r e d   s e p a r a t e l y   to  a  m i x i n g   chamber   i m m e d i a t e l y  

a d j a c e n t   t h e   i n j e c t i o n   n o z z l e ,   and  the   p r e s s u r e   in  t h e  

mixing   c h a m b e r   a c t u a t e s   t he   v a l v e   in  t he   n o z z l e   to  e f f e c t  

i n j e c t i o n   o f   the   f u e l / a i r   m i x t u r e   to   t he   e n g i n e .   The  m i x i n g  



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

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

c o n t r i b u t e   s i g n i f i c a n t l y   to  p r o p e r   a t o m i z a t i o n   of   the   f u e l .  

The  r e q u i r e d   a t o m i z a t i o n   i s   a p p a r e n t l y   a c h i e v e d   by  t h e  

p r e s s u r e   d rop   t h r o u g h   t h e   v a l v e ,   and  the   c o n s e q u e n t   s o n i c  

v e l o c i t y .   T h i s   i n j e c t i o n   s y s t e m   does  n o t   employ   a  

c o n s t a n t l y   open  i n j e c t i o n   n o z z l e ,   nor   i s   t h e   f u e l   c o n v e y e d  
to  the   n o z z l e   by  i n d i v i d u a l   s h o t s   of  a i r .  

German  p a t e n t   No.  3 1 4 , 2 5 2   emp loys   a  c o n s t a n t l y   o p e n  
n o z z l e   and  h i g h   p r e s s u r e   a i r   to   e f f e c t   i n j e c t i o n   of  f u e l  

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

p r o v i d e d   b e t w e e n   a  f u e l   s t o r a g e   chamber   and  the   d e l i v e r y  
n o z z l e ,   to   a s s i s t   a t o m i z a t i o n   of   the   f u e l .   The  d i s c l o s u r e  

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

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

A u s t r a l i a n   P a t e n t   No.  2 3 7 , 3 5 4   d i s c l o s e s   an  i n j e c t i o n  

sys t em  w h e r e i n   a  c o n s t a n t   s u p p l y   of  f u e l   i s   d e l i v e r e d   to  a  
c o n s t a n t l y   open  n o z z l e   as  a  c o n t i n u o u s   f l o w .   There   i s   n o  
a i r   a s s o c i a t e d   w i t h   t h e   c o n v e y i n g   of  t he   f u e l   to  t h e  

r e s p e c t i v e   n o z z l e s ,   or  t h e   d e l i v e r y   of  t he   f u e l   f rom  t h e s e  

n o z z l e s .  

SUMMARY  OF  THE  INVENTION 
I t   i s   t h e r e f o r e   t h e   o b j e c t   of  the   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  me thod   of  i n j e c t i n g ' m e t e r e d   q u a n t i t i e s   of  f u e l  
i n t o   an  e n g i n e   i n d u c t i o n   p a s s a g e ,   t h a t   a t   l e a s t ,   r e d u c e s  
the   above   r e f e r r e d   to  p r o b l e m s   in  c u r r e n t l y   known  m e t h o d s .  

Wi th   t h i s   o b j e c t   i n  v i e w   t h e r e   i s   p r o v i d e d   a  m e t h o d  
of  d e l i v e r i n g   l i q u i d   f u e l   to   an  i n t e r n a l   c o m b u s t i o n   e n g i n e  
c o m p r i s i n g   d e l i v e r i n g   a  p r e - d e t e r m i n e d   q u a n t i t y   of  l i q u i d  
f u e l   i n t o   a  c o n d u i t ,   a d m i t t i n g   a  gas  to   t h e   c o n d u i t  

u p s t r e a m   of  t he   q u a n t i t y   of  f u e l   a t   a  p r e s s u r e   and  f o r   a  

p e r i o d   s u f f i c i e n t   to   p r o p e l   t he   q u a n t i t y   of  f u e l   t h r o u g h  
the   c o n d u i t  a n d   d i s c h a r g e   t h e   f u e l   t h r o u g h   a  f i x e d   s i z e  

c o n s t a n t l y   open  n o z z l e   a t   t h e   d o w n s t r e a m   end  of  t h e  
c o n d u i t .  

A c c o r d i n g l y ,   by  t h i s   method  each   m e a s u r e d   q u a n t i t y  



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

from  the   n o z z l e   i n d e p e n d e n t l y ,   a v o i d i n g   the  n e c e s s i t y   o f  

m a i n t a i n i n g   the   c o n d u i t   f u l l   of  f u e l   and  f r e e   of  gas ,   a s  
r e q u i r e d   in   t h e   c u r r e n t l y   u sed   s y s t e m s .  

I t   ha s   b e e n   found   t h a t   i f   the   gas  p r e s s u r e   a n d  

n o z z l e   d e s i g n   i s   s e l e c t e d   so  t he   a i r   i s s u e s   t h e r e f r o m   at   o r  

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

can  be  a c h i e v e d .  

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

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

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

h i g h   s u r f a c e   a r e a   to   volume  r a t i o .  

The  m o t i o n   of  the   l i q u i d   f u e l   t h r o u g h   t h e   c o n d u i t .  

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

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

w a l l s .   The  v e l o c i t y   of  t he   gas  b e i n g   f a s t e r   t h a n   t h e   l i q u i d  

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

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

gas  f low  c r e a t i n g   the   m i x t u r e   of  gas   and  l i q u i d   f u e l .  
The  v a r i a b l e s   of   gas  p r e s s u r e ,   c o n d u i t  l e n g t h   a n d  

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

a c h i e v e   t h e   d e s i r e d   m i x i n g   of  t he   f u e l   and  a i r .   H o w e v e r ,  
the   p r o v i s i o n   of   a  minimum  gas  dose  r e l a t i v e   to   t h e  

q u a n t i t y   of  f u e l   makes  t h e   d e t e r m i n a t i o n   of  c o n d u i t  

d i a m e t e r ,   one  of   e n s u r i n g   the   s m a l l e s t   d i a m e t e r   which   w i l l  

p a s s   t h e   gas  and  f u e l   in   t h e   t i m e   a v a i l a b l e .   In  t h i s   way  
the   maximum  s u r f a c e   to   vo lume  r a t i o   i s   o b t a i n e d   and  h e n c e  
maximum  b r e a k - u p   of  d r o p l e t s .   E m p i r i c a l   t e s t s   d e f i n e   a  

s a t i s f a c t o r y   minimum  gas  d o s e .  

P r e f e r a b l y   the   n o z z l e   i s   of   a  c o n s t r u c t i o n   t h a t  

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

the   n o z z l e ,   a t   l e a s t   in  t h e   l o w e r   p o r t i o n   of   t he   r a n g e   o f  

d i s c h a r g e   r a t e s   e n c o u n t e r e d   d u r i n g   o p e r a t i o n ,   t h a t   i s   t h e n  
b r o k e n   up  i n t o   f i n e   d r o p l e t s   p r i o r   to   i s s u i n g   f rom  t h e  



n o z z l e .  
The  b r e a k i n g   up  i s   l a r g e l y   a c h i e v e d   by  the  movemen t  

of  the  p r o p e l l i n g   gas   p a s t   a  s u r f a c e   in  t h e   n o z z l e ,   w h i c h  
s u r f a c e   i s   in  u s e ,   w e t t e d   by  a  f i l m   of  f u e l .   Th is   may  b e  
e f f e c t e d   by  p r o v i d i n g ,   in  t h e   p a t h   of  t he   f u e l ,   a  s u r f a c e  
t h a t   d i v e r g e s   in   t h e   d i r e c t i o n   of  movement   of  the   f u e l  

t h r o u g h   t h e   n o z z l e .   C o n v e n i e n t l y ,   t he   s u r f a c e   is   g e n e r a l l y  
c o n i c a l   and  l e a d s   to   an  a n n u l a r   d i s c h a r g e   p o r t   in  t h e  
n o z z l e .  

The  c r e a t i n g   of  the   f i l m   of  f u e l   has  t he   e f f e c t   o f  

i n c r e a s i n g   the   s u r f a c e   a r e a   of   f u e l   in   c o n t a c t   w i th   t h e  

p r o p e l l i n g   gas  to   a s s i s t   a t o m i s a t i o n .   When  h a n d l i n g  
q u a n t i t i e s   of   f u e l   in   t h e   l o w e r   p o r t i o n   o f   the   n o z z l e  

r a n g e ,   t he   f i l m   of   f u e l   w i l l   n o t   f u l l y   occupy   the  p a s s a g e  
t h r o u g h   t h e   n o z z l e   and  t h e r e f o r e   p o r t i o n   of   the   p r o p e l l i n g  
gas  w i l l   f l o w   o v e r   t h e   e x p o s e d   s u r f a c e   of   the   f u e l   f i l m .  
The  s h e a r   s t r e s s e s   c r e a t e d   on  the   s u r f a c e   of  the   f i l m   w i l l  
b r e a k   o f f   d r o p l e t s   o f   f u e l   to  f u r t h e r   p r o m o t e   a t o m i s a t i o n  
of  the   f u e l .  

The  f u e l   f i l m   is   c r e a t e d   by  v i r t u e   of  the   change   o f  
d i r e c t i o n   of   movement   of   t he   f u e l   by  t he   p r e s e n c e   of  t h e  

d i v e r g e n t   s u r f a c e ,   w h i c h   f o r   c o n v e n i e n c e   i s  f r u s t o - c o n i c a l  
and  t e r m i n a t e s   i n  a n   a n n u l a r   d e l i v e r y   o p e n i n g .   The  f u e l  
w i t h   i t s   i m p l i c i t   i n e r t i a  w i l l   i m p i n g e   on  the   cone  s u r f a c e  
and  w i l l   s p r e a d   t h e r e o v e r   by  v i r t u e   of  i t s   t e n d e n c y   t o  
c o n t i n u e   to   t r a v e l   in   i t s   i n i t i a l   t r a j e c t o r y   b e f o r e   m e e t i n g  
t h e   s u r f a c e .  

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

cone ,   t h e   a r e a   i s   n o r m a l l y   made  s u f f i c i e n t   to  a l l o w  

a p p r o x i m a t e l y  h a l f   of   t he   n o r m a l   f u e l   p u l s e   dose  to   b e  
r e s i d e n t   t h e r e o n ,   a s s u m i n g   a  f i l m   t h i c k n e s s   e q u a l   to  t h e  
w i d t h   of   t he   a n n u l a r   d e l i v e r y   o p e n i n g .   The  f i n a l   d e s i g n   may 
be  e m p i r i c a l l y   d e t e r m i n e d   to   o p t i m i s e   t h e   n o z z l e   s h a p e .  



DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  g r e a t e r  
d e t a i l   w i t h   r e f e r e n c e   to   t he   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h :  

F i g .   1  is   a  s e c t i o n a l   view  of  one  e m b o d i m e n t   o f  

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

i n v e n t i o n ;  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   view  of  the   n o z z l e   o f  

F ig .   1  t a k e n   a l o n g   a r r o w s   2 - 2 ;  

F i g .   3  i s   a  s e c t i o n a l   view  of  a n o t h e r   embod imen t   o f  

the   n o z z l e   of  the   i n v e n t i o n .  
F i g .   4  i s   a  p l a n   v iew  of  the  m e t e r i n g   a p p a r a t u s  

a p p l i c a b l e   to   a  s i x   c y l i n d e r   e n g i n e   and  d e s c r i b e d   i n  

a p p l i c a n t ' s   c o p e n d i n g   a p p l i c a t i o n   b a s e d   on  A u s t r a l i a n  

P a t e n t   A p p l i c a t i o n   No.  PF  2 1 2 3 / 8 1 ;   a n d  

F i g .   5  i s   a  s e c t i o n a l   view  of  t he   m e t e r i n g   a p p a r a t u s  
of  F ig .   4,  t a k e n   a l o n g   the   l i n e   5-5  in  F i g .   4 .  

F i g .   1  shows  one  d e s i g n   of  a  n o z z l e   h a v i n g   a  
f r u s t o - c o n i c a l   f i l m   f o r m i n g   s u r f a c e   and  an  a n n u l a r   d e l i v e r y  
o p e n i n g .   The  n o z z l e   body  5  is   a d a p t e d   a t   one  end  6  to  b e  

c o u p l e d   to  a  f l e x i b l e   f u e l   l i n e .   At  t he   o t h e r   end  the   b o d y  
has   an  i n t e r n a l   t a p e r e d   bo re   7  c o m m u n i c a t i n g   w i t h   t h e  

p a s s a g e   8  e x t e n d i n g   from  the   one  end  6  of   t he   body .   T h e  

d e f l e c t o r   member  9  is   moun ted   in  t he   b o r e - 7   and  has  a n  
e x t e r n a l   t a p e r e d   s u r f a c e   10.  The  a n g l e   of   the   t a p e r e d   b o r e  
7  i s   l e s s   t h a n   the   a n g l e   of  the   s u r f a c e   10  so  t h a t   t h e  

a n n u l a r   p a s s a g e   11  fo rmed   t h e r e b e t w e e n   i s  t a p e r e d   t o w a r d s  

the   a n n u l a r   d e l i v e r y   o p e n i n g   1 2 .  

In  one  s p e c i f i c   c o n s t r u c t i o n   of   t he   n o z z l e   t he   t a p e r  
of  the   b o r e   7  i s   6°  and  the   t a p e r   of  t he   e x t e r n a l   s u r f a c e  

10  is   8° .   The  w i d t h   of  the   a n n u l a r   o p e n i n g   i s   in   t h e  

r ange   of  0.1  to  0 .15   mmat  t he   e x i t .   The  a x i a l   l e n g t h   of  t h e  

a n n u l a r   p a s s a g e   fo rmed   b e t w e e n   t he   t a p e r e d   s u r f a c e s   i s   10 

to  12  mm. 

As  can  be  seen   in   F i g u r e   2,  a  s e c t i o n a l   view  f r o m  

a r r o w s   I I - I I   in   F i g u r e   1,  the   s h a n k  4   of  the   d e f l e c t o r  



member  9  i s   r e c e i v e d   in  a  c e n t r a l   b o r e   3  w i t h   f o u r   b o r e s   2 

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

gas  to   t he   n o z z l e .   The  b o r e s   2  i n t e r s e c t   t he   c e n t r a l   bore   3 

and  the   shank   4  i s   a  p r e s s   f i t   w i t h   t h e   l a n d s   f o rmed   by  t h e  

i n t e r s e c t i n g   b o r e s   2  and  3 .  

In  an  a l t e r n a t e   c o n s t r u c t i o n   as  shown  in   f i g u r e   3 ,  
t he   n o z z l e   has   a  p a r a l l e l   b o r e   15  of  a p p r o x i m a t e l y   1.5  mm 
d i a m e t e r   and  1 .0   to   2 .0   mm  l o n g .   T h i s   b o r e   opens   a t   t h e  

f o r w a r d   end  i n t o   a  c o - a x i a l   e x p a n s i o n   c h a m b e r   16  of  a  
d i a m e t e r   of   6 .0   mm  and  a  l e n g t h   of  5 .0   mm.  The  f a c e   17  o f  

the   chamber   t h r o u g h   wh ich   t h e   b o r e   15  e n t e r s   i s   in  a  p l a n e  
at   r i g h t   a n g l e s   to   t h e   b o r e   and  chamber   a x i s .   The  h i g h   r a t e  

of  e x p a n s i o n   p r o d u c e d   by  the   h i g h   v e l o c i t y   a i r   and  f u e l  

i s s u i n g   f rom  t h e   b o r e   15  i n t o   t h e   c h a m b e r ,   p r o d u c e s   f i n e  

a t o m i s a t i o n   of   t he   f u e l .  

In  u s e   i t   has   b e e n  f o u n d   t h a t   e a c h   of  t he   n o z z l e s .  

i l l u s t r a t e d   a c h i e v e   i m p r o v e d   a t o m i s a t i o n   i f   the   gas  s p e e d  
a t   t he   e x i t   f rom  t h e   a n n u l a r   o p e n i n g   11  ( F i g u r e   1)  or  b o r e  

15  ( F i g u r e   3)  i s   s o n i c   or  of  t h a t   o r d e r .   Th i s   s p e e d   can  b e  

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

of  1  BAR  or  m o r e .  
The  m e a s u r e d   q u a n t i t y   of  f u e l   may  be  m e a s u r e d   a n d  

d e l i v e r e d   i n t o   t h e   c o n d u i t   f o r   d e l i v e r y   to   e i t h e r   of  t h e  
n o z z l e s   shown  i n   F i g u r e s   1  and  3,  by  t h e   m e t e r i n g   a p p a r a t u s  
d i s c l o s e d   in   t h e   a p p l i c a n t ' s   c o - p e n d i n g   a p p l i c a t i o n   b a s e d  

on  A u s t r a l i a n   P a t e n t   A p p l i c a t i o n   No.  P F 2 1 2 3 / 8 1   a n d  

h e r e i n a f t e r   d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   4  and  5  o f  
t h e   a c c o m p a n y i n g   d r a w i n g s .  

The  m e t e r i n g   a p p a r a t u s   c o m p r i s e s   a  body  110,  h a v i n g  

i n c o r p o r a t e d   t h e r e i n   s i x   i n d i v i d u a l  m e t e r i n g   u n i t s   111 

a r r a n g e d   in   s i d e   by  s i d e   p a r a l l e l   r e l a t i o n s h i p .   The  n i p p l e s  
112  and  113  a re   a d a p t e d   f o r   c o n n e c t i o n   to   a  f u e l   s u p p l y  
l i n e   and  a  f u e l   r e t u r n   l i n e   r e s p e c t i v e l y ,   and  c o m m u n i c a t e  

w i t h   r e s p e c t i v e   g a l l e r i e s   w i t h i n   t h e   b l o c k   110  f o r   t h e  

s u p p l y   and  r e t u r n   of  f u e l   from  each   of  the   m e t e r i n g   u n i t s  

111.  Each  m e t e r i n g   u n i t   111  i s   p r o v i d e d   w i t h   an  i n d i v i d u a l  
f u e l   d e l i v e r y   n i p p l e   114  to  which   a  l i n e   may  be  c o n n e c t e d  



to  c o m m u n i c a t e   t he   m e t e r i n g   u n i t   w i t h   t he   i n j e c t i o n   n o z z l e .  

F ig .   5  shows  t h e   m e t e r i n g   rod  115  e x t e n d i n g   i n t o   t h e  

a i r   s u p p l y   chamber   119  and  m e t e r i n g   c h a m b e r   120.  Each  o f  

the   s ix   m e t e r i n g   r ods   115  p a s s   t h r o u g h   the   common  l e a k a g e  

c o l l e c t i o n   c h a m b e r   116  which   i s   f o r m e d   by  a  c a v i t y   116  

p r o v i d e d   in  t he   body  110  and  the   c o v e r p l a t e   121  a t t a c h e d   i n  

s e a l e d   r e l a t i o n   to   t h e   body  1 1 0 .  
Each  m e t e r i n g   rod  115  i s   a x i a l l y   s l i d a b l e   in  t h e  

body  110  and  the   e x t e n t   of  p r o j e c t i o n   of   the   m e t e r i n g   r o d  

i n t o   t he   m e t e r i n g   c h a m b e r   120  may  be  v a r i e d   to  a d j u s t   t h e  

q u a n t i t y   of  f u e l   d i s p l a c a b l e   from  the   m e t e r i n g   c h a m b e r .   T h e  

v a l v e   143  a t   t he   end  of  the   m e t e r i n g   rod  l o c a t e d   in  t h e  

m e t e r i n g   chamber   is   n o r m a l l y   h e l d   c l o s e d   by  the   s p r i n g  1 4 5  
to  p r e v e n t   t he   f low  of  a i r   from  the   a i r   s u p p l y   chamber   119 
to  t he   m e t e r i n g   c h a m b e r   120.  Upon  t h e   p r e s s u r e   in  t h e  
chamber   119  r i s i n g   to   a  p r e d e t e r m i n e d   v a l u e   t he   v a l v e   143  

is   o p e n e d   to  a d m i t   t he   a i r   to   t h e   m e t e r i n g   c h a m b e r ,   a n d  

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

d i s p l a c e d   by  the   a i r   i s   t he   f u e l   l o c a t e d   in   t he   chamber   120  

b e t w e e n   t h e   p o i n t   of   e n t r y   of  t he   a i r   to   t he   c h a m b e r ,   a n d  

t he   p o i n t   of  d i s c h a r g e   of   the   f u e l   f rom  t he   c h a m b e r ,  t h a t  
is   t he   q u a n t i t y   of  f u e l   b e t w e e n   t h e   a i r   a d m i s s i o n   v a l v e   143  
and  the   d e l i v e r y   v a l v e   1 0 9 .  

Each  of  the   m e t e r i n g   r ods   115  a re   c o u p l e d   to  t h e  

c r o s s h e a d   161,  and  the   c r o s s h e a d   i s   c o u p l e d   to  t he   a c t u a t o r  

rod  160  wh ich   is   s l i d a b l y   s u p p o r t e d   in   t h e   body  110.  T h e  
a c t u a t o r   rod   160  i s   c o u p l e d   to  t he   m o t o r   169,  which   i s  
c o n t r o l l e d   in   r e s p o n s e   to   the   e n g i n e   f u e l   demand,  to  a d j u s t  
t h e   e x t e n t   of  p r o j e c t i o n   of  the   m e t e r i n g   rods   i n t o   t h e  

m e t e r i n g   c h a m b e r s   120,  and  h e n c e   t h e   p o s i t i o n   of  the   a i r  

a d m i s s i o n   v a l v e   143  so  t h e   m e t e r e d   q u a n t i t y   of  f u e l  

d e l i v e r e d   by  the  a d m i s s i o n   of  the   a i r   i s   in   a c c o r d a n c e   w i t h  

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

p r e s s u r e   a c t u a t e d   d e l i v e r y   v a l v e   109  which   opens   i n  

r e s p o n s e   to  t he   p r e s s u r e   in  t he   m e t e r i n g   chamber   120  when  

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



119.  Upon  t h e   a i r   e n t e r i n g   the  m e t e r i n g   chamber   t h r o u g h   t h e  

v a l v e   143  t h e   d e l i v e r y   v a l v e   109  a l s o   o p e n s  a n d   t h e  a i r  

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

from  t h e   m e t e r i n g   chamber   t h r o u g h   the   d e l i v e r y   v a l v e .   The  

v a l v e   143  i s   m a i n t a i n e d   open  u n t i l   s u f f i c i e n t   a i r   t h a s   b e e n  

s u p p l i e d   to  d i s p l a c e   the   f u e l   b e t w e e n   t h e   v a l v e s   143  a n d  

109  from  t h e   c h a m b e r   a l o n g   the   d e l i v e r y   l i n e   108  a n d  

t h r o u g h   t h e   n o z z l e   18,  which   is   p r e f e r a b l y   a  n o z z l e   a s  
d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g s .   1  and  2  or  3 .  

Each  m e t e r i n g   chamber   120  has  a  r e s p e c t i v e   f u e l  

i n l e t   p o r t   125  and  a  f u e l   o u t l e t   p o r t   126  c o n t r o l l e d   b y  

r e s p e c t i v e   v a l v e s   127  and  128  to  p e r m i t   c i r c u l a t i o n   of  f u e l  

t h r o u g h   t h e   c h a m b e r .   Each  of  the   v a l v e s   1 2 7  a n d   128  a r e  

s p r i n g - l o a d e d   to   an  open  p o s i t i o n ,   and  a re   c l o s e d   i n -  

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

r e s p e c t i v e   d i a p h r a g m s   129  and  130  l o c a t e d   in  d i a g h r a g m  
c a v i t i e s   131  and  132.  Each  of  the   d i a g h r a g m   c a v i t i e s   a re   i n  

c o n s t a n t   c o m m u n i c a t i o n   w i t h   t he   a i r   c o n d u i t   133  and  t h e  

c o n d u i t  1 3 3   i s   a l s o   in   c o n s t a n t   c o m m u n i c a t i o n   w i t h   t he   a i r  

s u p p l y   c h a m b e r   119  by  the   c o n d u i t   135.  Thus ,   when  a i r   u n d e r  

p r e s s u r e   i s   a d m i t t e d   to  t he   chamber   119  to   e f f e c t   d e l i v e r y  
of   f u e l ,   t h e   d i a p h r a g m s   129  and  130  c l o s e   t h e   f u e l   i n l e t  

and  o u t l e t   p o r t s   125  and  1 2 6 :  
The  c o n t r o l   o f  t h e   s u p p l y   of  a i r   to   t h e   c o n d u i t   1 3 3 ,  

and  h e n c e   t h e   s u p p l y   of  a i r   to   t he   s u p p l y   chamber   119  a n d  

t h e   d i a g h r a g m   c a v i t i e s   131  and  132,  i s   c o n t r o l l e d   in  t i m e  

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

s o l e n o i d   o p e r a t e d   v a l v e   150.  The  common  a i r   s u p p l y   c o n d u i t  

151  c o n n e c t e d   to  a  c o m p r e s s e d   a i r   s u p p l y   v i a   n i p p l e   1 5 3 ,  

runs   t h r o u g h   t h e   body  w i t h   r e s p e c t i v e   b r a n c h e s   152  

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

The  o p e r a t i o n   o f   t he   s o l e n o i d   v a l v e   150  may  a l s o   b e  

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

s u p p l i e d   to  t h e   a i r   chamber   119,  to  e n s u r e   t h e   f u e l  

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

the   n o z z l e   1 8 .  
The  a d m i s s i o n   of  the   a i r   to  the   m e t e r i n g   chamber   may 



be  c o n t r o l l e d   by  an  e l e c t r o n i c   p r o c e s s o r ,   a c t i v a t e d   b y  

s i g n a l s   from  the   e n g i n e   t h a t   s e n s e   t he   f u e l   demand  of  t h e  

e n g i n e .   The  p r o c e s s o r   may  be  p r o g r a m m e d   to  v a r y   t h e  

f r e q u e n c y   and  d u r a t i o n   of   a d m i s s i o n   of   the   a i r   to   t h e  

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

a p p a r a t u s   can  be  o b t a i n e d   f rom  a p p l i c a n t ' s   c o - p e n d i n g  

a p p l i c a t i o n   b a s e d   on  A u s t r a l i a n   P a t e n t   A p p l i c a t i o n   No .  

PF2123 /81   and  t h a t   d i s c l o s u r e   i s   t h e r e b y   i n c o r p o r a t e d   i n  

t h i s   s p e c i f i c a t i o n .  
The  q u a n t i t y   of  a i r   used   to  p r o p e l   each   m e a s u r e d  

q u a n t i t y   of  f u e l   i s   c o n v e n i e n t l y   the   same  f o r   a l l  
q u a n t i t i e s   of   f u e l   w i t h i n   t he   r a n g e   r e q u i r e d   f o r   a  
p a r t i c u l a r   e n g i n e .   The  use  of  a  c o n s t a n t   q u a n t i t y   of  a i r  

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

the   c o n t r o l   e q u i p m e n t   used   t h e r e w i t h .  

In  a p p l y i n g   the   p r e s e n t   i n v e n t i o n   to   a  f o u r   c y l i n d e r  
1600  cc  c a p a c i t y   e n g i n e   4 , 0 0 0   mm3  of  a i r   m e a s u r e d   a t  
S . T . P .   pe r   m e t e r e d   p u l s e   to   each   c y l i n d e r   i s   u s e d  
t h r o u g h o u t   t he   f u l l   r a n g e   of  f u e l   s u p p l y   wh ich   r a n g e s   f r o m  
4  to  80  mm3  pe r   m e t e r e d   p u l s e .   These   v o l u m e s   c o r r e s p o n d  
to  a  4  mg  of  a i r   w i t h   3-60  mg  of  f u e l   p e r  i n j e c t i o n .   U n d e r  

normal   o p e r a t i n g   c o n d i t i o n s ,   t he   amount   of  f u e l   may  r a n g e  
from  5-30  mg  pe r   i n j e c t i o n .   I t   i s   c o n s i d e r e d   p r e f e r a b l e   f o r  

the  v o l u m e t r i c   r a t i o   of  gas  to   f u e l   (vo lume  a t   S . T . P . )   b e  
at   l e a s t   50  to  1.  I f   the   r a t i o  i s   s i g n i f i c a n t l y   l e s s   t h a n  
50:1  i t   has   been   found   t h a t   t h e r e   i s   a  d e l a y   in  t h e  

r e s p o n s e   of  the   e n g i n e   to   c h a n g e s   in   t he   m e t e r e d   q u a n t i t y  

of  f u e l   d e l i v e r e d .  

I t   i s   b e l i e v e d   t h a t   a  h i g h   r a t i o   of  a i r   to   f u e l  

r e d u c e s   t he   amount   of  f u e l   t h a t   i s   l e f t   as  a  r e s i d u e   on  t h e  

c o n d u i t   and  n o z z l e   w a l l s .   The  g r e a t e r   t he   amount   of  a i r  

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

f u e l ,   t he   l e s s   i s   t he   amount   of  f u e l   r e m a i n i n g   on  t he   w a l l  

of  the   c o n d u i t .  

I t   i s   a l s o   b e l i e v e d   t h a t   f u e l   s t r i p p e d   f rom  the   w a l l  

of  the  c o n d u i t   by  the  c o n t i n u i n g   f low  of  a i r ,   a f t e r   t h e  



d e l i v e r y   of  the   main   p o r t i o n   of  the   f u e l ,   i s   more  f i n e l y  
a t o m i s e d   and  t h u s   i m p r o v e s   c o m b u s t i o n   e f f i c i e n c y .  

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

to  f u e l   r a t i o   s u b s t a n t i a l l y   g r e a t e r   t h a n   50 :1 ,   and,  from  a  

p e r f o r m a n c e   p o i n t   of  view  o n l y ,   i t   would  be  p r e f e r a b l e   t o  

i n c r e a s e   t h e   r a t i o   of   a i r   t o   f u e l .   Th is   can  be  a c h i e v e d   b y  
the   use   of  s u i t a b l e   c o n t r o l   e q u i p m e n t   t h a t   v a r i e s   t h e  

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

q u a n t i t i e s   i n c r e a s e .   Also   i t   i s   d e s i r a b l e   to   i n c r e a s e   t h e  

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

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

the  g r e a t e r   q u a n t i t y   of   a i r .  

I t   ha s   b e e n   f o u n d   e x p e r i m e n t a l l y   t h a t   i n c o r p o r a t i n g  
t he   p r e s e n t   i n v e n t i o n   in   a  f u e l   i n j e c t i o n   s y s t e m   f o r   a  
1600cc  c a p a c i t y   f o u r   c y l i n d e r   e n g i n e   and  i n j e c t i n g   m e t h a n a l  
a s  f u e l   a t   a  v o l u m e t r i c   a i r - f u e l   r a t i o   of   50:1  g i v e s   a  
m e a s u r e d   s p r a y   f rom  an  i n j e c t o r   n o z z l e   as  i l l u s t r a t e d   i n  

F i g u r e   1  of  20  m i c r o n s   ( S a u t e r )   mean  d r o p l e t   d i a m e t e r ,   a n d  

w i t h   a  v o l u m e t r i c   a i r - f u e l   r a t i o   of  400:1   g i v e s   a  m e a n  
d i a m e t e r   of   5  m i c r o n s .   Th i s   i s   of   an  o r d e r   of  m a g n i t u d e  
f i n e r   t h a n   e x i s t i n g   s y s t e m s   and  i t   w i l l   be  a p p r e c i a t e d   t h a t  

t he   f i n e r   a t o m i z a t i o n   g i v e s   b e n e f i t s   in  many  ways  to   a n  
e n g i n e ' s   o p e r a t i o n .  

As  an  e x a m p l e ,   t he   above   c o n d i t i o n s   would  a l l o w  
b e t t e r   c o l d   s t a r t i n g   of  an  e n g i n e   r u n n i n g   on  100%  m e t h a n o l ,  

a  c a p a b i l i t y   u n m a t c h e d   by  e x i s t i n g   i n j e c t i o n   s y s t e m s .  
In  t h e   above   d e s c r i p t i o n   t he   p r o p e l l i n g   gas   has  b e e n  

r e f e r r e d   to  as  a i r ,   h o w e v e r   t h e   use   of  a i r   i s   no t   e s s e n t i a l  
fo r   t h e   o p e r a t i o n   of   t he   i n v e n t i o n .   In  p r a c t i c e   i t   i s  

p r o p o s e d   to  use   a  f u e l - a i r   gas  m i x t u r e   to   p r o p e l   t h e   f u e l ,  
t he   p r o p o r t i o n s   o f   f u e l   and  a i r   e f f e c t i v e l y   b v e i n g  

u n i m p o r t a n t .   F u r t h e r   d e t a i l s   of  the   use   of  the   f u e l - a i r   g a s  
m i x t u r e   a r e   d i s c l o s e d   in   t h e   a p p l i c a n t ' s   c o - p e n d i n g  

a p p l i c a t i o n   b a s e d   on  A u s t r a l i a n   P a t e n t   A p p l i c a t i o n   No.  

P F 2 1 2 6 / 8 1   and  t h a t   d i s c l o s u r e   is   h e r e b y   i n c o r p o r a t e d   i n  

t h i s   s p e c i f i c a t i o n .  



1.  A  method   of  d e l i v e r i n g   l i q u i d   f u e l   to  an  i n t e r n a l  
c o m b u s t i o n   e n g i n e   c o m p r i s i n g   d e l i v e r i n g   a  p r e d e t e r m i n e d  
q u a n t i t y   of  l i q u i d   f u e l   i n t o   a  c o n d u i t ,   a d m i t t i n g   a  gas  t o  
the  c o n d u i t   u p s t r e a m   of  the   q u a n t i t y   of  f u e l   at   a  p r e s s u r e  
and  f o r   a  p e r i o d   s u f f i c i e n t   to   p r o p e l   the   q u a n t i t y   of  f u e l  

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

s i z e   c o n s t a n t l y   open  n o z z l e   a t   t he   d o w n s t r e a m   end  of  t h e  
c o n d u i t .  

2.  A  method   of  d e l i v e r i n g   a  m e t e r e d   q u a n t i t y   of  l i q u i d  
f u e l   to  an  i n t e r n a l   c o m b u s t i o n   e n g i n e ;   s a i d   m e t h o d  

c o m p r i s i n g :  

f i l l i n g   a  c h a m b e r   w i t h   f u e l ,   the   chamber   h a v i n g   a  

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

c o n s t a n t l y   open  n o z z l e ;  

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

the  c h a m b e r   upon  o p e n i n g   of  the   d i s c h a r g e   p o r t ;  

c o n t i n u i n g   the   s u p p l y   of  gas  to   the   chamber   a t   a  

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

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

c o n t r o l l i n g   the   q u a n t i t y   of  f u e l   d i s p l a c e a b l e   by  t h e  
a d m i s s i o n   o f   s a i d   gas  to   t he   c h a m b e r .  

3.  A  me thod   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  2 

w h e r e i n   t h e   p r e s s u r e   of  gas  a d m i t t e d   to  the  c o n d u i t   i s  
s e l e c t e d   so  t he   f u e l   i s s u e s   from  the   n o z z l e   a t   a  speed   o f  
the   o r d e r   of  s o n i c   s p e e d .  

4.  A  me thod   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  3 

w h e r e i n   a t   l e a s t   p a r t   of  the   f u e l   f o rms   an  e m u l s i o n   w i t h  

the   gas  d u r i n g  p a s s a g e   t h r o u g h   t he   c o n d u i t .  



5.  A  method  as  c l a i m e d   in  c l a i m   4  w h e r e i n   t he   f r i c t i o n  

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

c o n d u i t ,   and  the   s p e e d   of  t he   gas  in  t h e   c o n d u i t ,   a r e  
s e l e c t e d   so  t h a t   a t   l e a s t   a  p o r t i o n   of   t he   f u e l   i s   b r o k e n  

up  i n t o   d r o p l e t s   t o   form  an  e m u l s i o n   w i t h   t he   g a s .  

6.  A  method   a c c o r d i n g   to  c l a i m   2  or  a n y  o n e   of  c l a i m s   3 

to  5  when  a p p e n d e d   to  c l a i m   2  w h e r e i n   t h e   c o n t r o l   of   t h e  

q u a n t i t y   of  f u e l   d i s p l a c e d   i s   e f f e c t e d   by  a d j u s t i n g   t h e  

r e l a t i v e   p o s i t i o n s   of   e n t r y   of  the   gas  to   and  of  t h e  

d i s c h a r g e   of  t he   f u e l   f rom  s a i d   c h a m b e r ,   w h e r e b y   the   f u e l  

c a p a c i t y   of  the   chamber   b e t w e e n   s a i d   p o s i t i o n s   i s   v a r i e d .  

7.  A  method   a c c o r d i n g   to  c l a i m   6  w h e r e i n   t he   p o s i t i o n  
of  e n t r y   of  s a i d   gas  to   t he   chamber   i s   moved  r e l a t i v e   t o  

the   p o s i t i o n   of   d i s c h a r g e   of  gas  from  s a i d   c h a m b e r .  

8.  A p p a r a t u s   f o r   d e l i v e r i n g   l i q u i d   f u e l   t o  a n   i n t e r n a l  

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

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

t e r m i n a t e s   a t   a  f i x e d   s i z e   c o n s t a n t l y   open  n o z z l e ,   means  t o  

a d m i t   gas   to   t h e   c o n d u i t   u p s t r e a m   of  the   f u e l   a t   a  p r e s s u r e  
and  f o r   a  p e r i o d   s u f f i c i e n t   to   p r o p e l   t h e   f u e l   to   a n d  

d i s c h a r g e   i t   t h r o u g h   t he   n o z z l e .  

9.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   8  i n c l u d i n g   means  t o  

s u p p l y   t he   g a s  a t   a  p r e s s u r e   so  t h a t   t h e   f u e l   has  a  s p e e d  
of   the   o r d e r   o f  s o n i c   s p e e d   as  i t   i s s u e s   from  the   n o z z l e .  

10.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   8  or  9  w h e r e i n   t h e  

n o z z l e   has   a  p a s s a g e   l e a d i n g   to  a  d e l i v e r y   o r i f i c e ,   s a i d  

p a s s a g e   d e c r e a s i n g   in  c r o s s - s e c t i o n   from  the   end  r e m o t e  
from  t h e   o r i f i c e   to   t h e   end  a t   t h e   o r i f i c e .  



1 1 .   A p p a r a t u s   as  c l a i m e d   in  c l a i m   10  w h e r e i n   t he   o r i f i c e  

is  of  a n n u l a r   s h a p e ,   and  the   p a s s a g e   is   of   a n n u l a r   s h a p e  

h a v i n g   i n n e r   and  o u t e r   s u r f a c e s ,   at  l e a s t   one  of  s a i d  

s u r f a c e s   b e i n g   of  a  c o n i c a l   or  f r u s t o - c o n i c a l   f o r m .  

12.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   11  w h e r e i n   t he   i n n e r  

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

o r i f i c e .  

13.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   11  or  12  where   t h e  
o u t e r   s u r f a c e   d i v e r g e s   o u t w a r d l y   t o w a r d s   t he   o r i f i c e .  

14.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   8  to  13  

i n c l u d i n g :  

a  body  h a v i n g   a  chamber   fo rmed   t h e r e i n ;  

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

c h a m b e r ;  
a  gas  i n l e t   p o r t   s e l e c t i v e l y   o p e n a b l e   to   t he   c h a m b e r  

to  a d m i t   gas  to   t h e   c h a m b e r ;  

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

f i x e d   s i z e   c o n s t a n t l y   open  n o z z l e ;  

w h e r e b y ,   on  a d m i s s i o n   of  gas  to   t he   chamber   a n d  

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

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

d i s c h a r g e d   t h r o u g h   t he   n o z z l e   by  the   gas ;   a n d  

means  to   c o n t r o l   the   q u a n t i t y   of  f u e l   d i s p l a c e a b l e  
from  t h e   c h a m b e r   by  the   a d m i s s i o n   of  the   g a s .  

15.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   14  w h e r e i n   t he   m e a n s  
to  c o n t r o l   t he   q u a n t i t y   of  f u e l   d i s c h a r g e d   c o m p r i s e s   m e a n s  
to  a d j u s t   t he   r e l a t i v e   p o s i t i o n s   of  e n t r y   of  the   gas  to   a n d  
of  d i s c h a r g e   of   t he   f u e l   f rom  t he   c h a m b e r .  

16.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   15  w h e r e i n   s a i d   m e a n s  

a d j u s t s   t h e   p o s i t i o n   of  t he   gas  i n l e t   p o r t .  



17.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   15  or  16  i n c l u d i n g   a  
movab le   member  e x t e n d i n g   i n t o   the   c h a m b e r   and  m o v a b l e  
r e l a t i v e   to   t h e   c h a m b e r ,   the   gas  i n l e t   p o r t   b e i n g   f o r m e d   i n  

s a i d   m o v a b l e   m e m b e r .  
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