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©  Delivery  of  fuel  to  working  chambers  of  internal  combustion  engines. 
Liquid  fuel  from  a  controlled  supply  is  delivered  to  a 

delivery  tube  (147)  under  a  pressure  which  is  too  low  to 
deliver  a  charge  of  fuel  under  static  conditions.  During  an 
induction  stroke  however,  air  entering  a  cylinder  of  an 
engine  is  drawn  through  a  venturi-type  constriction  (156)  and 
thereby  draws  air  from  a  duct  (154)  by-passing  the  engine 
throttle.  This  air  is  drawn  through  a  convergent  passage  to 
pass  the  delivery  end  of the  tube  (147)  at  supersonic  velocity 
to  draw  therefrom  a  charge  of  fuel.  The  tubes  (147)  for  each 
inlet  passage  are  in  permanent  communication  with  the 
same  metered  supply  so  each  cylinder  draws  its  appropriate 
charge  in  turn. 





This  i n v e n t i o n   r e l a t e s   to  a p p a r a t u s   for  d e l i v e r i n g   charges   o f  

f u e l   to  wording  chambers  ot  i n t e r n a l   combustion  e n g i n e s .  

More  s p e c i f i c a l l y ,   the  i n v e n t i o n   is  concerned  with  a p p a r a t u s  

for   d e l i v e r i n g   s u c c e s s i v e   charges   of  fue l   to  a  working  chamber  of  an  

i n t e r n a l   combust ion  engine  from  a  l i q u i d   fuel   supply  l i ne   the  f l ow  

r a t e   to  which  is  c o n t r o l l e d   in  acco rdance   with  o p e r a t i n g   c o n d i t i o n s  

of  the  eng ine ,   compr is ing   a  nozzle   mounted  in  tne  side  wall   of  an  

i n l e t   duct  l e a d i n g   to  the  working  chamber,  the  nozzle   compr i s ing   a 

smal l   bore  fuel   d e l i v e r y   tube  connec ted   to  the  supply  l ine   and  

mounted  in  an  a i r   passage  connected   to  r e c e i v e   air   from  a  supply  by 

p a s s i n g   the  engine  t h r o t t l e ,   the  a i r   passage   being  conve rgen t   to  an  

o u t l e t   for  d e l i v e r i n g   fuel   and  a i r   in to   the  i n l e t   d u c t .  

Such  a p p a r a t u s   is  d e s c r i b e d   in  GB  1 ,286 ,851   and  GB  1 ,330 ,181   i n  

which  the  flow  r a t e   from  the  supply  l i n e   is  c o n t r o l l e d   by  the  l e n g t h  

of  pu l se s   fed  to  s o l e n o i d - o p e r a t e d   va lves   which  p e r i o d i c a l l y   and  

s i m u l t a n e o u s l y   open  and  c lose   the  i n l e t s   to  the  fue l   d e l i v e r y   t u b e s ,  

which  in  turn   d i s c h a r g e   fuel   in to   the  i n l e t   m a n i f o l d .  

Appara tus   acco rd ing   to  the  i n v e n t i o n   is  c h a r a c t e r i s e d   in  t h a t  

the  d e l i v e r y   tube  is  c o n t i n u o u s l y   connec ted   to  the  supply   l ine   and 

in  that   the  p r e s s u r e   ma in ta ined   in  the  supply  l ine   in  r e l a t i o n   to  

the  d imens ions   of  the  d e l i v e r y   tube  is  i n s u f f i c i e n t   to  d i s c h a r g e   a  

charge   of  fue l   from  the  d e l i v e r y   tube  in  the  absence  of  a i r   movement 

in  the  a i r   passage   so  that   a  charge  of  fue l   is  d e l i v e r e d   by  t h e  

d e l i v e r y   tube  only  during  i n d u c t i o n   of  a  charge  of  a i r   i n to   t h e  

combus t ion   c h a m b e r .  

Thus,  p r e f e r a b l y ,   f o r   l i q u i d   f u e l ,   t h e   n o z z l e  h a s   a  

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

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

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

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



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

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

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

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

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

t u b e   o u t l e t   and   d r a w s   o f f   and   a t o m i s e s   f u e l   f r o m   t h e  

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

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

f u e l   Where   t h e   f u e l   i s   s u p p l i e d   u n d e r   p r e s s u r e ,   t h i s  

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

when   a i r   i s   n o t   b e i n g   d r a w n   p a s t   t h e   n o z z l e .  

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

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

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

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

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

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

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

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

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

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

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

u n d e r   maximum  p o w e r   or   e n g i n e   s p e e d   c o n d i t i o n s .  

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

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

a i r   s h o u l d   n o t   a p p r e c i a b l y   e x c e e d   125  m e t r e s / s e c .  



When  t h e   e n g i n e   h a s   a  p l u r a l i t y   o f   w o r k i n g  

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

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

one   o r   m o r e   w o r k i n g   c h a m b e r s ) ,   t h e   r e m a i n d e r   of   t h e  

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

w h i c h   a r e   e f f e c t i v e l y   c o n n e c t e d   in   p a r a l l e l .   W i t h   t h e  

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

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

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

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

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

t h e   o t h e r   n o z z l e s .  

Embodiments  of  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   by  way  o f  

example  with  r e f e r e n c e   to  the  accompanying  d rawings ,   in  w h i c h  : -  

F igure   1  shows  d i a g r a m m a t i c a l l y   the  a i r   and  fuel   d e l i v e r y  

sys tems  of  a  four  s t r o k e   s p a r k - i g n i t i o n   i n t e r n a l   combust ion   e n g i n e ;  

F igure   2  shows  a  fue l   d e l i v e r y   nozzle   of  F igure   1  on  an  

e n l a r g e d   s c a l e ;   and 

F i g u r e s   3  and  4  a r e   v i e w s   c o r r e s p o n d i n g  t o  

F i g u r e s   1  and   2  of   a  m o d i f i e d   s y s t e m .  

F i g u r e   1  s h o w s   a  p o r t i o n   o f   t h e   c y l i n d e r   h e a d   1  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 .   D u r i n g   an  i n d u c t i o n  

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

c o n v e n t i o n a l   a i r  f i l t e r   a s s e m b l y  2   i n t o   an  i n d u c t i o n  

p i p e   3  p a s t   a  b u t t e r f l y   t h r o t t l e   4  and   i n t o   an  i n l e t  

m a n i f o l d   5.  The  a i r   i s   d r a w n   t h r o u g h   t h e   a p p r o p r i a t e  

b r a n c h   o f   t h e   m a n i f o l d   5  i n t o   an  i n t a k e   p a s s a g e   6  i n  

t h e   c y l i n d e r   h e a d   1  and   t h e n c e   t h r o u g h   a  v a l v e   s e a t   7 



( c o n t r o l l e d   by  a  p o p p e t   v a l v e ,   n o t   s h o w n )   i n t o   t h e  

c o m b u s t i o n   c h a m b e r   8.  D u r i n g   a l l   o t h e r   s t a g e s   of   t h e  

o p e r a t i n g  c y c l e ,   t h e   v a l v e   s e a t   7  i s   c l o s e d   by  t h e  

p o p p e t   v a l v e   and  no  a i r   f l o w   w i l l   o c c u r   in   t h e   p a s s a g e  

6 .  

L i q u i d   f u e l   f o r   t h e   e n g i n e   i s   s t o r e d   in   a  t a n k   1 1 .  

F u e l   i s   d r a w n   f r o m  t h e  t a n k   1 1  b y   an  e l e c t r i c a l l y   d r i v e n  

pump  12  and  i s   d e l i v e r e d   t o   a  l i n e   13  t h e   p r e s s u r e   i n  

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

i n c h   by  a  r e l i e f   v a l v e   14  w h i c h   s p i l l s   e x c e s s   f u e l   b a c k  

i n t o   t h e   t a n k   11  t h r o u g h   a  s p i l l   l i n e   1 5 .  

The   l i n e   13  l e a d s   t o   a  s o l e n o i d   o p e r a t e d   v a l v e  

15  and   a  v a r i a b l e - o r i f i c e   v a l v e   16  w h i c h   a r e   c o n n e c t e d  

in   s e r i e s   in   e i t h e r   o r d e r   b y  a   l i n e   17 .   An  e l e c t r o n i c  

c o n t r o l   u n i t   18  r e c e i v e s   s i g n a l s   f r o m   an  e n g i n e   d r i v e n  

t a c h o m e t e r   19  and   d e l i v e r s   t o   t h e   s o l e n o i d   20  of   t h e  

v a l v e  1 5   p u l s e s   o f   n o r m a l l y   c o n s t a n t   l e n g t h ,   a t   a  

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

by  t h e   t a c h o m e t e r   19 .   T y p i c a l l y ,   e a c h   p u l s e   h a s   a  

d u r a t i o n   in   t h e   r a n g e   3 - 1 0   m i l l i s e c o n d s   a n d   t h e   v a l v e  

15  i s   e f f e c t i v e l y   f u l l y   o p e n e d   d u r i n g   t h i s   p e r i o d .  

The  m e t e r i n g   v a l v e   16  d e f i n e s   a  v a r i a b l e   a r e a  

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

r e g i s t e r i n g   a r e a s   o f   a  s l o t   23  and   a  t r i a n g u l a r   o p e n i n g  

24  i n   two  a d j a c e n t   r e l a t i v e l y   m o v a b l e   m e m b e r s .   In  t h i s  

e m b o d i m e n t ,   t h e   m e m b e r   25  f o r m e d   w i t h   t h e   t r i a n g u l a r  

s l o t   24  i s   i n t e r c o n n e c t e d   t h r o u g h   a  l i n k a g e   26  w i t h  



t h e   t h r o t t l e   4  in   s u c h   a  m a n n e r   t h a t   o p e n i n g   m o v e m e n t  

of   t h e   t h r o t t l e   4  ( h e r e b y   an  a c c e l e r a t o r   P e d a l   27  a n d  

l i n k a g e   28)  c a u s e s   t h e   m e m b e r   25  t o   move  d o w n w a r d s  

r e l a t i v e   to   t h e   s l o t   23  so  t h a t   t h e   w i d t h ,   and   t h u s  

f l o w   a r e a ,   of   t h e   o r i f i c e   22  i s   i n c r e a s e d .  

By  s u i t a b l e   c h o i c e   of   t h e   c h a r a c t e r i s t i c s   o f   t h e  

l i n k a g e   26  ( w h i c h   may  f o r   e x a m p l e   i n c l u d e   a  n o n - l i n e a r  

cam)  and   by  a p p r o p r i a t e   s h a p i n g   of   t h e   o p e n i n g   24,   t h e  

r e q u i r e d   c h a r a c t e r i s t i c s   can   be  o b t a i n e d .   In  g e n e r a l ,  

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

s i m i l a r   to   t h a t   of   t h e   a p p r o p r i a t e   j e t   o r   j e t s   o f   a  

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

e n g i n e .  

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

16  i s   d e l i v e r e d   t h r o u g h   a  l i n e   29  to   an  a c c u m u l a t o r  

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

l i n e   29  i s   s u p p l i e d   t o   t h e   i n t e r i o r   of   a  t u b u l a r   v a l v e  

s e a t   31  a g a i n s t   w h i c h   b e a r s   t h e   u n d e r s i d e   of   a  

d i a p h r a g m   3 2  u n d e r   t h e   p r e s s u r e   of   a  c o m p r e s s i o n  

s p r i n g   33 ,   t h e  t e n s i o n   o f   w h i c h   c an   be  a d j u s t e d   b y  

m e a n s   o f   a  s c r e w   34  w i t h   l o c k   n u t   3 5 .  

. T h e   t e n s i o n   i n   t h e   s p r i n g   33  i s   a d j u s t e d ' s o   a s  

t o   a r r a n g e   t h a t   t h e   p r e s s u r e   in   an  a n n u l a r   o u t l e t  

c h a m b e r   36  and   i n   t h e   l i n e   29  i s   n o r m a l l y   a b o u t   e i g h t  

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

The  o u t l e t   c h a m b e r   36  i s   p e r m a n e n t l y   c o n n e c t e d  

by   o u t l e t   p o r t s   37  t o   l i n e s   38  l e a d i n g   t o   f u e l   d e l i v e r y  



n o z z l e s   39 ,   t h e r e   b e i n g   one  s u c h   n o z z l e   39  f o r   e a c h  

i n l e t   p a s s a g e   6 .  

As  shown  in   F i g u r e   2,  e a c h   n o z z l e   39  h a s   a  

h o l l o w   b o d y   41  m o u n t e d   in   a  b o r e   42  i n   t h e   i n l e t   m a n i f o l d  

5 b y   m e a n s   o f   s c r e w   t h r e a d s   43 .   At  i t s   d i s c h a r g e   e n d ,   a n  

O - r i n g   44  i s   l o c a t e d   in   a  g r o o v e   45  t o   f o r m   a  s e a l  

a g a i n s t   t h e   w a l l   of   t h e   b o r e   4 2 .  

A  f e r r u l e   46  i s   e n g a g e d   in   t h e   h o l l o w   b o d y   41  a n d  

c o n n e c t e d   t o   t h e   l i n e   38.   A  l o n g   c a p i l l a r y   t u b e   47  i s  

e n g a g e d   in  t h e   f e r r u l e   46  a n d   h a s   i t s   o u t l e t   end   4 8  

a d j a c e n t   an  o u t l e t   o r i f i c e   50  in   an  o r i f i c e   m e m b e r   49  

w h i c h   i s   p r e s s e d   i n t o   t h e   i n t e r i o r   o f   t h e   b o d y   41  a n d  

h a s   a  f r u s t o - c o n i c a l   s u r f a c e   51  c o n v e r g i n g   t o w a r d s   t h e  

o r i f i c e   5 0 .  

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

p o r t i o n   o f   t h e   b o d y  4 1   and   c o m m u n i c a t e s   w i t h   t h e  

i n t e r i o r   o f   t h e   b o d y   41  t h r o u g h   h o l e s   53  and  w i t h   a n  

a i r   s u p p l y   d u c t   54  by  way  o f   a  s h o r t   p a s s a g e   55.   T h e  

d u c t   54  i s   c o n n e c t e d   to   r e c e i v e   a i r   f r o m   t h e   o u t l e t   o f  

t h e   a i r   f i l t e r   2  u p s t r e a m   of   t h e   t h r o t t l e   4 .  

A d j a c e n t   t h e   n o z z l e   39 ,   t h e   i n l e t   m a n i f o l d   5  i s  

f o r m e d   w i t h   a  v e n t u r i - l i k e   c o n s t r i c t i o n   56  t h e   e f f e c t   o f  

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

a d j a c e n t   t h e   n o z z l e   o u t l e t   o r i f i c e   50  when  a  c h a r g e   o f  

a i r   i s   b e i n g   d r a w n   i n t o   t h e   c o m b u s t i o n   c h a m b e r   8.  T h i s  

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

c r e a t e d   by  t h e   t h r o t t l e   4  and   i n l e t   m a n i f o l d   5  d r a w s   a i r  



f r o m   t h e   d u c t   54  i n t o   t h e   i n t e r i o r  o f   t h e   n o z z l e   b o d y  

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

48  and   t h e   c o n i c a l   s u r f a c e   51 .   As  a  r e s u l t   o f   t h e   a i r  

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

r e d u c e d   and  t h e   f u e l   p r e s s u r e   in   t h e   l i n e   38  i s   a b l e  

to   o v e r c o m e   t h e   s u r f a c e   t e n s i o n   a t   t h e   t u b e   t i p   48  w i t h  

t h e   r e s u l t   t h a t   f u e l   i s   d r a w n   f r o m   t h e   c a p i l l a r y   t u b e   47  

and  a t o m i z e d .   The  r e s u l t i n g   m i x t u r e   o f   a i r   a n d   f u e l  

t r a v e l s   a d j a c e n t   t h e   a x i s   o f   t h e   i n l e t   p a s s a g e   6  i n t o   t h e  

c o m b u s t i o n   c h a m b e r   8  w i t h   l i t t l e   r i s k   of   w e t t i n g   t h e  

w a l l s   o f   t h e   p a s s a g e   8 .  

T o w a r d s   t h e   end   of   t h e   i n d u c t i o n   s t r o k e   in   t h e  

c h a m b e r   8,  a n o t h e r   c h a m b e r   w i l l   be  u n d e r g o i n g   i t s  

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

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

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

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

t h e   a c c u m u l a t o r   and   d i s t r i b u t o r   v a l v e   30 .   As  a  r e s u l t ,  

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

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

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

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

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

a  d e v i c e  6 1   s e n s i t i v e   to   r a p i d   m o v e m e n t   o f   t h e   t h r o t t l e  

l i n k a g e   28  i n   t h e   o p e n i n g   d i r e c t i o n   may  f e e d   a  s i g n a l  

t o   t h e   e l e c t r o n i c   c o n t r o l   u n i t   18  t o   c a u s e   t h e   l a t t e r  

t o   o p e r a t e   t h e   s o l e n o i d - o p e r a t e d   v a l v e   20  c o n t i n u o u s l y  



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

t h e   f u e l   s u p p l i e d   to   t h e   n o z z l e   3 9 .  

In  t h e   s y s t e m   shown  in  F i g u r e s   3  and  4 ,   e l e m e n t s  

c o r r e s p o n d i n g   to   t h e   s y s t e m   shown  in  F i g u r e s   1  a n d   2 

a r e   i n d i c a t e d   by  t h e   same  r e f e r e n c e   n u m e r i a l s   i n c r e a s e d  

by  100 .   In  t h i s   s y s t e m ,   t h e   v a r i a b l e   c o n s t r i c t i o n  

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

v a l v e   115 .   F u e l   f i l t e r s  F   a r e  a d v a n t a g e o u s l y   i n c l u d e d  

in   t h e   f u e l   s u p p l y   l i n e s .  

The  n o z z l e   c o n s t r u c t i o n   shown   in   F i g u r e   4  may  a l s o  

be  u s e d   i n   t h e   s y s t e m   of  F i g u r e s   1  a n d   2.  In  t h e  

a r r a n g e m e n t s   s h o w n   i n . F i g u r e   4,  t h e   n o z z l e   139  i s  

r e t a i n e d   in   p o s i t i o n   by  a  c l a m p i n g   p l a t e   161  s e c u r e d  

by  a  s c r e w   162 .   An  a d d i t i o n a l   s e a l i n g   O - r i n g   163  i s  

l o c a t e d   i n   a  g r o o v e   164  in   t h e   n o n - s c r e w   t h r e a d e d   s h a n k  

165  o f   t h e   n o z z l e .  

The  o r i f i c e   member   149  h a s  i t s   f r u s t o - c o n i c a l  

s u r f a c e   151  e x t e n d i n g   f o r   s u b s t a n t i a l l y   t h e   w h o l e   l e n g t h  

o f   t h e   o r i f i c e   m e m b e r   a t   a  s e m i - v e r t i c a l   a n g l e   of   1 5 ° .  

I f   A  i s   t h e   d i a m e t e r   of   t h e   o u t l e t   o r i f i c e ,   B  i s   t h e  

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

. s u r r o u n d i n g   t h e   end  of  t h e   c a p i l l a r y   t u b e   147  and  C 

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

147  and  t h e   end   of   t h e   c y l i n d r i c a l   p o r t i o n   o f   d i a m e t e r  

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

c a p i l l a r y   t u b e   of   i n t e r n a l   d i a m e t e r   0 . 6   mm  a n d  

e x t e r n a l   d i a m e t e r   0 . 8 9   mm,  t h e   f l o w   r a t e s  



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

1.  Aφ  =  0 . 3 8 1   mm φ  and  Bφ  =  1 . 2   mm  C  =  0 . 3 8 1   mm. 

V e r y   g o o d   a t o m i s a t i o n   a t   l o w   f l o w s ,   ( 3 0 - 8 0 c c /  

min)   b u t   a t   f l o w s   o v e r   8 0 c c / m i n   s t a r t   t o   fo rm  a  j e t  

and   a t   1 0 0 c c / m i n   i t   b e c o m e s   a  p u r e   j e t .  

2.  Aφ  =  0 . 3 8 1   mm φ  and  Bφ  =  1 . 1   mm  C  =  0 . 3 8 1   m m .  

J u s t   as   g o o d   a t o m i s a t i o n   as   a b o v e   b u t   can   f l o w  

up  t o   1 0 0 c c / m i n   b e f o r e   we  c a n   s e e   t h e   j e t   s t a r t ,   i t  

b e c o m e s   a  p u r e   j e t   a t   a r o u n d   1 2 0 / 1 3 0 c c / m i n .  

3.  Aφ  =  0 . 3 8 1   mm  Bφ  =  1 . 2   and   C  =  2 . 5 4   mm. 

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

s h u t - o f f   p o i n t   b u t   s t a r t s   t o   f o r m   a  j e t   a t   a r o u n d  

l O O c c / m i n   and   f o r m s   a  p u r e   j e t   a t   150   c c / m i n .  

Aφ  =  0 . 3 8 1   mm  Bφ  =  1 . 2   and   C  =  1 . 5 2 4   mm. 

N o t   s u c h   a  n a r r o w   c o n e   as   a b o v e   and   a r o u n d   t h e  

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

j e t .  

4 .   A φ  =   0 . 3 8 1   mm  Bφ  =  1 . 3   a n d  C .  =   0 . 3 8 1   mm. 

Good  a t o m i s a t i o n   t o   a r o u n d   200  c c / m i n   t h e n   s t a r t s  

t o   b e c o m e   a  j e t .   S h u t - o f f - p o i n t   i s   a r o u n d   ( 7 0 / 8 0  

c c / m i n ) .  

F u r t h e r   d e t a i l s   of   t h e   f u e l   d e l i v e r y   s y s t e m   and  i t s  

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

a p p l i c a t i o n   no.   8 2 9 0 1 9 7 7 . 7  -   0 0 8 3 3 4 8 .  



1.  Appa ra tus   f o r   d e l i v e r i n g   s u c c e s s i v e   charges  ot  fue l   to  a 

worKing  chamber  of  an  i n t e r n a l   combust ion   engine  from  a  l i q u i d   f u e l  

supply  l i n e   (38 ,138)   the  flow  r a t e   to  which  is  c o n t r o l l e d   i n  

accordance   with  o p e r a t i n g   c o n d i t i o n s   of  the  engine ,   c o m p r i s i n g   a 

nozzle   (39, 139)  mounted  in  the  s ide  wall  of  an  i n l e t   duct  (5,  105)  

l ead ing   to  the  worKing  chamber  (8) ,   tne  nozzle   compr i s ing   a  s m a l l  

bore  f ue l   d e l i v e r y   tube  (47 ,147)   connec ted   to  the  supply  l i ne   and 

mounted  in  an  a i r   passage  (52 ,152)   connec ted   to  r e c e i v e d   a i r   from  a  

supply  ( 5 4 , 1 5 4 )   by  pass ing   the  engine   t h r o t t l e ,   the  a i r   p a s s a g e  

being  c o n v e r g e n t   to  an  o u t l e t   (50,  150)  for  d e l i v e r i n g   fue l   and  a i r  

in to   the  i n l e t   duct  (5,  105),  c h a r a c t e r i s e d   in  that   tne  d e l i v e r y  

tube  ( 4 7 , 1 4 7 )   is  c o n t i n u o u s l y   connec ted   to  the  supply  l i n e   (38 ,  138)  

and  in  t ha t   tne  p r e s s u r e   m a i n t a i n e d   in  the  supply  l ine   (38, 138)  i n  

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

d i s c h a r g e   a  charge  of  fuel   from  the  d e l i v e r y   tube  in  the  absence  o f  

a i r   movement  in  the  a i r   passage  so  tha t   a  charge  of  fue l   i s  

d e l i v e r e d   by  the  d e l i v e r y   tube  only  dur ing   i n d u c t i o n   of  a  charge  o f  

a i r   in to   t h e  c o m b u s t i o n   chamber .  

2.  Appa ra tus   a cco rd ing   to  claim  1,  c h a r a c t e r i s e d   in  tha t   the  a i r  

passage  ( 5 2 , 1 5 2 )   is  convergent   around  the  end  of  the  d e l i v e r y   t u b e  

( 4 8 ,  1 4 8 ) .  

3.  Appa ra tu s   acco rd ing   to  claim  1  or  2,  c h a r a c t e r i s e d   in  tha t   t h e  

i n l e t   end  of  the  small   bore  d e l i v e r y   tube  (47)  is  o b l i q u e .  

4.  A p p a r a t u s   a cco rd ing   to  claim  1  or  2,  c h a r a c t e r i s e d   in  tha t   t h e  

conve rgen t   p o r t i o n   (151)  of  the  a i r   passage  is  s u f f i c i e n t l y  

g r a d u a l l y   c o n v e r g e n t   over  a  s u f f i c i e n t   l eng th   to  ensure   a c c e l e r a t i o n  

of  the  a i r f l o w   t h e r e t h r o u g h   dur ing  an  i n d u c t i o n   s t r o k e   to  a  

s u p e r s o n i c   v e l o c i t y .  

5.  A p p a r a t u s   a cco rd ing   to  any  of  the  p reced ing   c l a i m s ,  

c h a r a c t e r i s e d   in  tha t   the  a i r   i n l e t  d u c t   (5)  is  formed  with  a  

v e n t u r i - l i k e   c o n s t r i c t i o n   (56,  156)  a d j a c e n t   the  n o z z l e .  



6.  Appara tus   a cco rd ing   to  c l a i m  5 ,   c h a r a c t e r i s e d   i n  t h a t  t h e  

c o n s t r i c t i o n   (56, 156)  is  i n s u f f i c i e n t   to  cause  s u p e r s o n i c   a i r  

v e l o c i t i e s   t h e r e i n .  

7.  Appa ra tus   a cco rd ing   to  any  of  the  p r eced ing   claims  for  a 

m u l t i c y l i n d e r   engine  naving  an  i n i e t   man i lo ld   d e f i n i n g   a  p l u r a l i t y  

of  i n l e t   ducts   and  a  said  nozz le   (39,  139)  in  each  said  d u c t  

c h a r a c t e r i s e d   in  that   the  supply   l i n e s   (38 ,138)   for  a l l   the  n o z z l e s  

are  c o n t i n o u s l y   connected  to  the  same  said  source  (30 ,130)   of  f u e l .  
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