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©  An  internal  combustion  engine  and  a  fluid  flow  control  device. 

  An  internal  combustion  engine  comprises  a  flow  control 
device  (6),  for  controlling  the  flow  of  petroleum  fuel  into  the 
engine,  and  which  comprises  regulator  elements  (18, 19),  the 
relative  positions  between  which  controlling  the  flow  rate, 
the  positions  of  the  regulator  elements  being  controlled  by 
an  input  element  (23).  The  device  comprises  an  adjustment 
means  (30)  which  can  be  set  to  a  number  of  different  values, 
which  provide  for  different  response  rates  of  the  regulator 
elements  (18,  19)  to  movement  of  the  input  element  (23). 
Liquid  fuel  is  thus  injected  at  a  desired  rate  into  a  stream  of 
air,  utilising  a  closure  member  (66)  which  when  the  pressure 
at  which  fuel  is  delivered  to  an  outlet  nozzle  (51)  is  less  than  a 
predetermined  value,  prevents  flow  of  fuel  through  the  outlet 
nozzle,  and  when  the  pressure  at  which  fuel  is  delivered  the 
outlet  nozzle  exceeds  said  predetermined  valued,  the  closure 
member  moves  to  open  the  outlet  a  distance  proportional  to 
the  pressure  in  the  outlet  nozzle.  The  engine  also  comprises 
a  cylinder  (110)  and  a  piston  (112)  slidably  mounted  in  the 
cylinder.  The  piston  (112)  is  provided  with  a  cooling  passage- 
way  (122)  which  at  or  adjacent  the  bottom  dead  centre 
position  of  the  piston  is  aligned  with  inlet  and  outlet  ports 
(124,126)  of  the  cylinder.  In  the  use  of  the  engine,  gas,  which 
may  be  air  or  a  mixture  of  fuel  and  air,  is  caused  to  flow 
through  the  cooling  passageway  during  part  at  least  of  the 
cycle  of  reciprocation  of  the  piston  in  the  cylinder,  to  remove 
heat  from  the  piston  (112). 





One  of  t h e   d i f f i c u l t i e s   e n c o u n t e r e d   in  t w o - s t r o k e   o r  

f o u r - s t r o k e   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   is   t h a t   o f  

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

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

d e v i c e ,   p a r t i c u l a r l y   bu t   no t   e x c l u s i v e l y   f o r   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 .  

A c c o r d i n g   to   a  f i r s t   a s p e c t   of  t he   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   f l o w   c o n t r o l   d e v i c e   c o m p r i s i n g   a  b o d y  

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

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

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

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

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

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

a n d ,   on  t he   o t h e r   h a n d ,   l e s s e r   r e s i s t a n c e   to   t h e . f l o w   o f  

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

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

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

p r e s s u r e )   to  d i s p l a c e m e n t   of  t he   i n p u t   e l e m e n t   from  a n  

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

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

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

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

r e g u l a t o r   e l e m e n t s   is   d e t e r m i n e d   by  an  a d j u s t m e n t   m e a n s  

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

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

v e l o c i t y   r a t i o   b e t w e e n   the   i n p u t   e l e m e n t   and  t h e  

r e g u l a t o r   e l e m e n t s .  

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

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

f l o w   of  l i q u i d   f u e l   to  the   c o m b u s t i o n   c h a m b e r   or  c h a m b e r s  

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   e i t h e r   4 - s t r o k e   o r  

2 - s t r o k e   and  p r o v i d e d   w i t h   f u e l   i n j e c t i o n   m e a n s   ( a s  



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

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

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

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

is  s i m p l e ,   and  h e n c e   i n e x p e n s i v e   to  m a n u f a c t u r e   a n d  

i n s t a l l ,   and  w i l l   e n a b l e   t h e   u s e r   r e a d i l y   to  v a r y   t h e  

" t u n i n g "   of  t he   e n g i n e   by  v a r y i n g   t he   r a t e   of  f l o w   of  t h e  

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

f i r s t   and  s e c o n d   p o s i t i o n s .   Such  i n j e c t i o n   m e a n s   m a y  

s u p p l y   f u e l   c o n t i n u o u s l y ,   e . g .   from  a  low  p r e s s u r e   f u e l  

s u p p l y   pump,  e . g .   40  l b s .   p . s . i .   or  from  a  t a n k   b y  

g r a v i t y   as  in  a  m o t o r   c y c l e .   I t   i s ,   h o w e v e r ,   to  b e  

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

i n v e n t i o n   a r e   more   g e n e r a l l y   a p p l i c a b l e   to  any  a p p l i c a -  

t i o n   whe re   t h e   f l o w   of  f l u i d   is   r e q u i r e d   to  be  c o n t r o l l e d  

w h e t h e r   s u c h   f l u i d   i s   of  l i q u i d   f o r m ,   g a s e o u s   form  or  a  

c o m b i n a t i o n   of  t h e   two  f o r m s ,   and  s p e c i f i c a l l y   t h e  

i n v e n t i o n   may  be  a p p l i e d   to   a  f u e l   f l ow  r e g u l a t i n g   d e v i c e  

i n t e n d e d   f o r   use   on  o r d i n a r y   v e h i c l e   e n g i n e s ;   or  t o  

m i n i a t u r e   e n g i n e s   ( e . g .   in  t h e   o r d e r   of  10ce   c a p a c i t y )   a s  

a r e   u s e d   to  power   m o d e l   a i r c r a f t   and  t h e   l i k e .  

The  a d j u s t m e n t   m e a n s   may  c o m p r i s e   a  ramp  m e m b e r  

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

b e i n g   m o u n t e d   on  t h e   body   of  t h e   d e v i c e   and  t h e   o t h e r   o n  

t h e   i n p u t   e l e m e n t   in  a  m a n n e r   such   t h a t   as  t h e   i n p u t  

e l e m e n t   is   moved  f rom  i t s   i n i t i a l   p o s i t i o n   t h e   f o l l o w e r  

member   moves   r e l a t i v e l y   o v e r   t he   s l o p e   p r e s e n t e d   by  t h e  

ramp  m e m b e r ,   and  t h e r e b y   i m p a r t s   to   t he   i n p u t   e l e m e n t   t h e  

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

of  t h e   r e g u l a t o r   e l e m e n t .  

W h a t e v e r   t h e   form  of  t he   a d j u s t m e n t   m e a n s ,   t h e  

a r r a n g e m e n t   is   p r e f e r a b l y   such   t h a t   when  t h e   i n p u t  

e l e m e n t   is  in  i t s   i n i t i a l   p o s i t i o n   a d j u s t m e n t   of  t h e  

s e t t i n g   of  t h e   a d j u s t m e n t   means   does   no t   a l t e r   t h e  

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



A d j u s t m e n t   of  t h e   s e t t i n g   may  be  p r o v i d e d   f o r   by  s o  

c o n s t r u c t i n g ,   or  so  m o u n t i n g ,   t h e   ramp  member   as  t o  

e n a b l e   t h e   s l o p e   of  t he   ramp  to  be  v a r i e d .   P r e f e r a b l y ,  

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

p a s s i n g   t h r o u g h   or  n e a r   t h e   p o i n t   of  e n g a g e m e n t   b e t w e e n  

t h e   f o l l o w e r   member   and  t h e   ramp  member   when  t h e   i n p u t  

e l e m e n t   is   in  i t s   i n i t i a l   p o s i t i o n ,   so  t h a t   v a r i a t i o n  o f  

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

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

r e l a t i v e   p o s i t i o n ,   bu t   does   v a r y   t h e   r e l a t i v e   p o s i t i o n s  

of  t h e s e   e l e m e n t s   f o r   p o s i t i o n s   of  t he   i n p u t   e l e m e n t  

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

form  of  s a i d   c h a r a c t e r i s t i c .  

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

of  l i q u i d   f u e l   f o r   t h e   p u r p o s e   a f o r e s a i d   or  o t h e r w i s e ,  

one  of  t he   r e g u l a t o r   e l e m e n t s   may  c o m p r i s e   a  m a l e   v a l v e  

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

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

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

s u r f a c e   of  t he   v a l v e   e l e m e n t ,   an  a n n u l a r   c o n s t r i c t i o n   i n  

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

and  s e a t   e l e m e n t s   b e i n g   r e l a t i v e l y   a x i a l l y   m o v a b l e   t o  

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

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

P r e f e r a b l y   t h e r e   m a y  b e   a s s o c i a t e d   w i t h   t h e   v a l v e  

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

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

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

o f f   of  f u e l   when  r e q u i r e d .  

A  s e c o n d   a s p e c t   of  t h i s   i n v e n t i o n   is   c o n c e r n e d   w i t h  

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

l i n e   i n t o   a  c h a m b e r   of  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 ,  
w h i c h   c h a m b e r   may  be  a f f o r d e d   by  t he   e n g i n e   c y l i n d e r ,   o r  

may  be  a  p r e - c h a m b e r ,   f o r   e x a m p l e   a  c h a m b e r   in  w h i c h   t h e  

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

gas   p r i o r   to  d e l i v e r y   i n t o   t he   e n g i n e   c y l i n d e r .  



Thus  a c c o r d i n g   to  t h e   s e c o n d   a s p e c t   of  t h i s  

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

f l o w   of  l i q u i d   f u e l   to   a  c h a m b e r   and  w h i c h   c o m p r i s e s   a n  

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

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

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

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

f u e l   t h r o u g h   t h e   o u t l e t   i n t o   t he   c h a m b e r   when  t h e  

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

is   l e s s   t h a n   a  p r e d e t e r m i n e d   v a l u e ,   and  when  t h e   p r e s s u r e  
a t   w h i c h   f u e l   is   d e l i v e r e d   to   t h e   o u t l e t   n o z z l e   e x c e e d s  

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

a g a i n s t   s a i d   b i a s   away  from  the   o u t l e t   a  d i s t a n c e  

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

f u e l   to   f l o w   i n t o   t h e   c h a m b e r .  

P r e f e r a b l y   t h e   c l o s u r e   member   i s   f l e x i b l e   and  i s  

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

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

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

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

ing   of  f u e l   i n t o   t h e   c h a m b e r .  

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

member   away  from  t h e   o u t l e t   is   s u f f i c i e n t l y   s m a l l   t h a t  

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

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

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

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

be  s p r a y e d   i n t o   t h e   c h a m b e r   in  t he   form  of  s m a l l  

d r o p l e t s .  

P r e f e r a b l y   t h e   c l o s u r e   member   is   p r e - b i a s e d ,   e . g .  

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

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

r e s p o n s e   c h a r a c t e r i s t i c s   of  t he   c l o s u r e   member   t o  

i n c r e a s e   in  t h e   p r e s s u r e   w i t h i n   t he   o u t l e t   n o z z l e .  

P r e f e r a b l y   t h e   c l o s u r e   member   is  p r e - b i a s e d   to  a  

s h a p e   o p p o s i t e   to  t h a t   w h i c h   i t   would   a d o p t   in   r e s p o n s e  
to  i n c r e a s e   in  p r e s s u r e ,   were   i t   no t   so  p r e -   b i a s e d .  



Thus   i f   a  n o n - p r e - b i a s e d   c l o s u r e   member   we re   c a u s e d   t o  

a d o p t   a  p a r a b o l i c   d e f l e c t i o n   from  t h e   o u t l e t  i n   o n e  

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

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

m o u n t e d   on  t he   o u t l e t   n o z z l e .  

The  d e v i c e   in  a c c o r d a n c e   w i t h   t h e   s e c o n d   a s p e c t   o f  

t h i s   i n v e n t i o n   may  be  u t i l i s e d   in  t h e   d i r e c t   i n j e c t i o n   o f  

l i q u i d   f u e l   i n t o   an  e n g i n e   c y l i n d e r ,   or  may  be  u t i l i s e d  

f o r   t h e   i n j e c t i o n   of  l i q u i d   f u e l   i n t o   a  c h a m b e r   in  w h i c h  

t h e   f u e l   is   m i x e d   w i t h   a i r   p r i o r   to  d e l i v e r y   to  t h e  

e n g i n e   c y l i n d e r .   In  t he   l a t t e r   i n s t a n c e ,   p r e f e r a b l y   t h e  

o r i e n t a t i o n   of  t he   o u t l e t   n o z z l e   and  c l o s u r e   member   i n  

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

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

member   to   be  p r o v i d e d   w i t h   a  c o m p o n e n t   of  m o t i o n   o p p o s e d  

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

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

s t r e a m   is   e f f e c t e d .  

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

is   s u b j e c t e d   in  u s e .   For   e x a m p l e ,   in  g e n e r a l   t e r m s ,   t h e  

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

d u r i n g   c o n t i n u e d   use  m u s t   be  t a k e n   i n t o   a c c o u n t   i n  

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

maximum  t e m p e r a t u r e   w h i c h   a  p i s t o n   r e a c h e s   may  b e  

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

r e d u c e d .  

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

t e m p e r a t u r e   a t t a i n e d   by  t h e   p i s t o n   i s   or  may  be  a  

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

T h i s   i s   p a r t i c u l a r l y   so  in  t h e   c a s e   of  s u p e r c h a r g e d   o r  

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

In  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   t h e r e   is   p r o v i d e d  

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   a  c y l i n d e r   and  a  

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

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

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



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

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

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

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

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

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

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

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

f l o w .  

Thus  when  t h e   c o o l i n g   p a s s a g e w a y   is   a l i g n e d   w i t h   t h e  

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

p a s s a g e w a y   r e m o v i n g   some  h e a t   from  t h e   p i s t o n .   In  t h i s  

m a n n e r ,   t h e   o v e r a l l   t e m p e r a t u r e   of  t he   p i s t o n   may  b e  

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

d e c r e a s e d .  

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

p o s i t i o n e d   as  to   be  a l i g n e d   w i t h   t h e   c o o l i n g   p a s s a g e w a y  

a t   or  a d j a c e n t   to  t h e   b o t t o m   dead   c e n t r e   of  t h e   p i s t o n .  

In  t h i s   m a n n e r   t h e   p e r i o d   of  a l i g n m e n t   may  be  r e l a t i v e l y  

e x t e n s i v e ,   and  t h e   p o r t s   w i l l   no t   i n t e r f e r e   w i t h   t h e  

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

P r e f e r a b l y   t h e   p a s s a g e w a y   is   of  a  r e l a t i v e l y   l a r g e  

c r o s s - s e c t i o n a l   a r e a ,   as  v i e w e d   in  a x i a l   c r o s s - s e c t i o n ,  

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

w h o l e .   T h u s ,   t h e   p i s t o n   may  c o m p r i s e   a  body  p o r t i o n   a n d  

a  c r o w n e d   p o r t i o n   s p a c e d   f rom  t he   body  p o r t i o n   b y  

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

body  p o r t i o n   and  c r o w n e d   p o r t i o n ,   o t h e r   t h a n   a s  i s  

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

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

t he   c r o w n e d   p o r t i o n ,   and  a r e   c o n v e n i e n t l y   e l o n g a t e   i n  

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

to  t he   d i r e c t i o n   of  f l o w   of  gas   from  t h e   i n l e t   to  t h e  

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

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

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



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

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

p i n .  

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

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

p r e f e r a b l y   s u b t e n d i n g   an  a n g l e   of  at   l e a s t   90°  at   t h e  

c e n t r e   of  t he   c y l i n d e r .   Where  t he   c y l i n d e r   is  a f f o r d e d  

by  a  s l e e v e ,   p r e f e r a b l y   the   s l e e v e   is   p r o v i d e d   w i t h  

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

a d e q u a t e   s t r e n g t h   and  r i g i d i t y   of  t he   s l e e v e ,   a n d / o r   t o  

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

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

i n t e g r a l   w i t h   c y l i n d e r   b l o c k ,   p i l l a r s   may  be  p r o v i d e d  

w h i c h   a r e   c a s t   in  m e m b e r s .  

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

p a s s a g e w a y   c l o s e   to  t h e   c rown  is  p r o v i d e d   w i t h   h e a t  

t r a n s f e r   e n h a n c e m e n t   f o r m a t i o n s ,   such   as  f i n s ,   w h i c h   a r e  

p r e f e r a b l y   e f f e c t i v e   to  i n c r e a s e   t he   s u r f a c e   a r e a   of  s a i d  

s u r f a c e   by  a  f a c t o r   of  2  a t   l e a s t .   P r e f e r a b l y   t h e  

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

t h e   c rown  by  a  member   w h i c h   is   p r o d u c e d   s e p a r a t e l y   a n d  

s e c u r e d   to  t he   p i s t o n .   In  t h i s   m a n n e r ,   t h e   p a s s a g e w a y ,  

t o g e t h e r   w i t h   t he   h e a t   t r a n s f e r   e n h a n c e m e n t   f o r m a t i o n s ,  

may  be  p r o d u c e d   i n t e g r a l l y   w i t h   t he   c rown   p o r t i o n   by  a  

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

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

w h i c h   t h e   c a v i t y   a f f o r d e d   by  s u c h   o p e r a t i o n   may  be  c l o s e d  

by  s a i d   s e p a r a t e l y - p r o d u c e d   member   to  a f f o r d   t he   c o o l i n g  

p a s s a g e w a y .  

P r e f e r a b l y   the   c o o l i n g   gas  is  a f f o r d e d   by  a  c h a r g e  

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

c y l i n d e r .   For  e x a m p l e ,   in  a  t w o - s t r o k e   e n g i n e ,   t h e   i n l e t  

p o r t   may  be  c o n n e c t e d   by  a  d u c t   to  t h e   c y l i n d e r   b l o c k ,  

and  t he   o u t l e t   p o r t   may  be  c o n n e c t e d   to  a  t r a n s f e r   d u c t  

o p e n i n g   i n t o   t he   e n g i n e   c y l i n d e r .   T h u s ,   as  t he   p i s t o n  

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

a l l o w i n g   the   c o m p r e s s e d   c h a r g e   to  f l ow  from  t he   c y l i n d e r  



b l o c k   t h r o u g h   t h e   c o o l i n g   p a s s a g e w a y ,   and  by  way  of  t h e  

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

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

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

p a r a g r a p h   may  be  u s e d   when  t h e   c h a r g e   d e l i v e r e d   to  t h e  

c r a n k   c a s e   is   s u p e r c h a r g e d .  

A l t e r n a t i v e l y ,   in  a  f o u r - s t r o k e   e n g i n e ,   a  c h a r g e   o f  

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

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

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

c h a r g e   f o r   t h e   e n g i n e   may  be  d e l i v e r e d   to  t h e   i n l e t  

m a n i f o l d   v i a   t h i s   r o u t e .  

The  a b o v e   and  o t h e r   of  t h e   v a r i o u s   a s p e c t s   of  t h e  

i n v e n t i o n   w i l l   become   c l e a r   from  t h e   f o l l o w i n g   d e t a i l e d  

d e s c r i p t i o n ,   w h i c h   i s   to  be  r e a d   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s ,   of  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  

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

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

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

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

FIGURE  1  is   an  e x p l o d e d   p e r s p e c t i v e   v i ew  of  t h e  

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

away  f o r   t h e   p u r p o s e   of  c l a r i t y ;  

FIGURE  2  is   an  e x p l o d e d   p e r s p e c t i v e   v i e w ,   a g a i n   w i t h  

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

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

a s p e c t   of  t h e   i n v e n t i o n ;  

FIGURE  3  is   a  s i m p l i f i e d   v i e w ,   p a r t   in  s i d e  

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

f l o w   c o n t r o l   d e v i c e ;  

FIGURE  4  is  a  p l a n   v iew  of  t he   f l o w   c o n t r o l   d e v i c e ,  

t a k e n   on  F i g u r e   3 ;  

FIGURE  5  is   a  s e c t i o n a l   v iew  of  t h e   d e v i c e ,   t a k e n   o n  

t h e   l i n e   A-A  of  F i g u r e   4 ;  

FIGURE  6  is   a  g r a p h   i l l u s t r a t i n g   t h e   f l o w  

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



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

r e s p e c t i v e   c o n t r o l   s u r f a c e s   of  a  p r o f i l e   s u c h   as  t o  

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

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

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

FIGURE  7  is  a  s e c t i o n a l   v iew  of  a  f l o w   c o n t r o l  

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

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

n o z z l e   s e c u r e d   to  t he   m i x i n g   c h a m b e r   of  t h e   d e v i c e ;  

FIGURE  8  is   a  p l a n   v iew  s h o w i n g   p a r t   of  t h e   o u t l e t  

n o z z l e ;  

FIGURE  9  is  a  p e r s p e c t i v e   v iew  of  a  c l o s u r e   m e m b e r  

of  t h e   o u t l e t   n o z z l e ;  

FIGURE  10  is  an  e n l a r g e d   v iew  of  t he   e n g i n e   c y l i n d e r  

of  t h e   p r e f e r r e d   e m b o d i m e n t ;  

FIGURE  11  is  a  s i m p l i f i e d   v i ew  in  l o n g i t u d i n a l  

s e c t i o n   of  p a r t   of  t h e   c y l i n d e r   shown  in  F i g u r e   1 0 ;  

FIGURE  12  is  a  s i m p l i f i e d   v iew  in  c r o s s - s e c t i o n   o f  

p a r t   of  t he   p i s t o n   of  t h e   p r e f e r r e d   e m b o d i m e n t ;  .  

FIGURE  13  is  a  l o n g i t u d i n a l   s e c t i o n a l   v i e w ,   t a k e n   o n  

t h e   l i n e   B-B  of  F i g u r e   1 1 ;  

FIGURE  14  is  a  l o n g i t u d i n a l   s e c t i o n a l   v iew  of  a  

m o d i f i e d   form  of  c y l i n d e r ;   a n d  

FIGURE  15  is  a  s e c t i o n a l   v i e w ,   t a k e n   on  t h e   l i n e   C-C 

of  F i g u r e   1 4 .  

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

s t r o k e   e n g i n e ,   c o m p r i s i n g   a  p i s t o n / c y l i n d e r   a s s e m b l y   4 

( s e e   in  p a r t i c u l a r   F i g u r e s   1  and  1 0 ) ,   a  f l o w   c o n t r o l   o r  

m e t e r i n g   d e v i c e   6  ( s e e   in  p a r t i c u l a r   F i g u r e s   1  and  2)  a n d  

a  s u p e r   c h a r g e r   8,  t h r o u g h   w h i c h   an  a c c u r a t e l y   d e t e r m i n e d  

f l o w   of  f u e l / a i r   m i x t u r e   is  d e l i v e r e d   from  t he   m e t e r i n g  

d e v i c e   6  to  t he   p i s t o n / c y l i n d e r   a s s e m b l y   4 .  

The  m e t e r i n g   d e v i c e   ( shown  in  d e t a i l   in  F i g u r e s   3  t o  

6)  c o m p r i s e s   a  body  10  h a v i n g   an  i n t e r n a l   c h a m b e r   11  

w h i c h   may  be  c y l i n d r i c a l ,   and  w h i c h   is   c l o s e d   by  a  c o v e r  

l l a .   L i q u i d   f u e l   ( s u c h   as  p e t r o l e u m )   is   d e l i v e r e d   to  t h e  



m e t e r i n g   d e v i c e   t h r o u g h   a  f u e l   s u p p l y   p i p e   12  from  a  f u e l  

t a n k   u n d e r   g r a v i t y ,   or  by  a  f u e l   s u p p l y   pump,  w h i c h   m a y  
be  a  low  p r e s s u r e   pump,  t h e   s u p p l y   p i p e   12  b e i n g   s u i t a b l y  

f i x e d   in  a  r a d i a l   b o r e   13  c o m m u n i c a t i n g   w i t h   t h e   c h a m b e r  

11,  and  s u c h   f u e l   may  be  d e l i v e r e d   f rom  a  p i p e   14  f i x e d  

in  a  s o c k e t   15  in  t h e   c o v e r   11a  c o - a x i a l   w i t h   t h e   a x i s   16 

of  t h e   c h a m b e r   11.  The  p i p e   14  c o m m u n i c a t e s   w i t h   t h e  

c h a m b e r   by  way  of  an  o r i f i c e   17  a f f o r d e d   by  a  s e a t i n g   18  

a l s o   c o - a x i a l   w i t h   t he   a x i s   16.  In  c e r t a i n   c a s e s   i t   m a y  
be  c o n v e n i e n t   f o r   t h e   f u e l   to   be  d e l i v e r e d   in  t h e   r e v e r s e  

d i r e c t i o n ,   i . e .   e n t e r i n g   by  way  of  p i p e   14  and  d e l i v e r e d  

from  p i p e   1 2 .  

For   c o n t r o l l i n g   f l o w   of  t h e   f l u i d   from  t h e   i n l e t  

p i p e   12  to  t h e   o u t l e t   p i p e   14  r e g u l a t o r   means   a r e  

p r o v i d e d   c o m p r i s i n g   t h e   s e a t i n g   18  a l r e a d y   r e f e r r e d   t o  

and  a  n e e d l e   19  h a v i n g   an  a x i a l l y   t a p e r i n g   c o n t r o l  

s u r f a c e   19a  w h i c h   in   c o m b i n a t i o n   w i t h   t he   i n t e r i o r  

c i r c u m f e r e n t i a l   s u r f a c e   of  t h e   s e a t i n g   18  d e f i n e s   a n  

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

d i m e n s i o n s   d e p e n d i n g   upon  t h e   a x i a l   p o s i t i o n '  o f   t h e  

n e e d l e   1 9 .  

The  n e e d l e   19  is  c a r r i e d   in  a  f l u i d - t i g h t   m a n n e r   b y  

a  t u b u l a r   h o l d e r   20  w h i c h   is   s l i d a b l y   m o u n t e d   in  a  b o r e  

20a  of  t h e   body   10,  w h i c h   has   a  l o n g i t u d i n a l   a x i s  

c o i n c i d e n t   w i t h   t he   a x i s   16.  The  n e e d l e   19  may  b e  

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

i n t e r n a l   s c r e w   t h r e a d   in  t h e   h o l d e r   to  p e r m i t   of  a x i a l  

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

l e a k a g e   of  f l u i d   from  t h e   o u t e r   end  of  t h e   h o l d e r   2 0  

b e i n g   p r e v e n t e d   by  a  s e a l   c o m p r i s i n g   an  0 - r i n g   22  c o n -  

t a i n e d   in  an  a n n u l a r   r e c e s s   a t   t h e   e x t r e m i t y   of  t h e  

h o l d e r   2 0 .  

The  n e e d l e   19  may  be  h e l d   a g a i n s t   r o t a t i o n   w i t h  

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

s e a l i n g   r i n g   22  or  by  p r o v i s i o n   of  a  l o c k   nu t   ( n o t   s h o w n )  

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

0 - r i n g   2 2 .  

T h u s ,   t h e   n e e d l e   19  and  h o l d e r   20  may  move  a l o n g   t h e  

a x i s   16  as  a  u n i t a r y   a s s e m b l y .  



In  one  p o s i t i o n   of  t he   n e e d l e   19  ( h e r e i n a f t e r   c a l l e d  

t h e   f i r s t   p o s i t i o n )   one  end  of  t h e   h o l d e r   a c t s   as  a  

c l o s u r e   e l e m e n t ,   c o m p l e t e l y   to  c l o s e   c o m m u n i c a t i o n  

b e t w e e n   t h e   p i p e s   12  and  14  a t   t he   s e a t i n g   18,  a  

r e s i l i e n t   s e a l   21  p r o v i d e d   on  t h e   h o l d e r   e n g a g i n g   a g a i n s t  

t h e   i n w a r d l y   a x i a l l y   p r e s e n t e d   f a c e   of  t h e   s e a t i n g   1 8 .  

A x i a l   m o v e m e n t   of  t h e   n e e d l e / h o l d e r   a s s e m b l y   as  a  

u n i t   i s   e f f e c t e d   by  an  i n p u t   d e v i c e   23  w h i c h   may  c o m p r i s e  

an  i n p u t   e l e m e n t   a f f o r d e d   by  an  arm  23a  o p e r a t i v e l y  

c o n n e c t e d   to  t h e   h o l d e r   20,  and  a  c o n t r o l   m e m b e r   2 3 b  

a f f o r d e d   by  a  f u r t h e r   arm  a l s o   f i x e d l y   s e c u r e d   to  t h e  

h o l d e r   20  and  w h i c h   c a r r i e s   a  f o l l o w e r   member   24  s u c h   a s  

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

s u r f a c e   25  a f f o r d e d   by  a  ramp  member   26.  The  arm  23a  i s  

c o n n e c t e d   to   t h e   t h r o t t l e   c a b l e   23d,   s u c h   t h a t   o n  

m o v e m e n t   of  t h e   t h r o t t l e   c o n t r o l l i n g   the   e n g i n e ,   t h e   a r m  

23a  is   m o v e d .   The  arm  23a  may  e i t h e r   be  c o n n e c t e d  

d i r e c t l y   to  t h e   h o l d e r   20,  w h e r e b y   s u c h   m o v e m e n t   of  t h e  

arm  23a  c a u s e s   d i r e c t   r o t a t i o n   of  t h e   h o l d e r   20,   as  i s  

shown  in  F i g u r e   3,  or  may  be  m o u n t e d   a t   a  p o s i t i o n   s p a c e d  

from  t h e   h o l d e r   20,   such   m o v e m e n t   of  t he   arm  23a  c a u s i n g  

r o t a t i o n   of  t h e   h o l d e r   by  g e a r i n g ,   as  is  shown  in  F i g u r e  

2 .  

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

t h e   p o s i t i o n   of  t h e   n e e d l e / h o l d e r   a s s e m b l y   r e l a t i v e   t o  

t h e   s e a t i n g   18,  t he   arm  23a  is   moved  to  r o t a t e   t h e  

a s s e m b l y   a b o u t   t h e   a x i s   16,  c a u s i n g   t he   arm  23b  and  t h e  

f o l l o w e r   member   24  c a r r i e d   t h e r e b y   to  move  a c r o s s   t h e  

ramp  member   26,   c a u s i n g   a x i a l   m o v e m e n t   of  t h e   n e e d l e /  

h o l d e r   a s s e m b l y   r e l a t i v e   to  t h e   s e a t i n g   18.  A  t o r s i o n  

s p r i n g   31  a c t i n g   b e t w e e n   a  b r a c k e t   32  and  a  n u t   22a  o f  

t h e   arm  23a  a c t s   t o r s i o n a l l y   and  c o m p r e s s i v e l y   to   u r g e  
t h e   i n p u t   d e v i c e   to  a  r e s t   p o s i t i o n ,   and  t h e   n e e d l e /  

h o l d e r   a s s e m b l y   to  i t s   f i r s t   p o s i t i o n .  

M o u n t e d   on  t h e   body  10  is   a  h o u s i n g   1 0 a ,   b e i n g  

s e p a r a b l y   s e c u r e d   in  p o s i t i o n   by  a  s c r e w   10c  c a r r i e d   b y  

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

g r o o v e   10d  in  t h e   body ,   w h e r e b y   t he   o r i e n t a t i o n   of  t h e  

h o u s i n g   10a  on  t h e   body  10  may  be  a d j u s t e d .  



P r o v i d e d   in  an  u p p e r   s u r f a c e   of  t h e   h o u s i n g   10a  i s   a  

p a r t - c i r c u l a r   r e c e s s   lOb ,   whose   c e n t r e   l i e s   on  a  v e r t i c a l  

a x i s   27  ( s e e  F i g u r e s  4   and  5)  t h e   ramp  member   b e i n g  

m o u n t e d   in   t h e   r e c e s s   10a  in  a  m a n n e r   w h e r e b y   i t   may  b e  

moved   a n g u l a r l y   a b o u t   s a i d   a x i s   27.   Such   a d j u s t m e n t   o f  

t h e   p o s i t i o n   of  t h e   ramp  member   26  i s   p r e f e r a b l y   e f f e c t e d  

by  an  a d j u s t i n g   s c r e w   30  w h i c h   e x t e n d s   t h r o u g h   t h e  

h o u s i n g   10a  t h r o u g h   a  r e c e s s   10c  t h e r e o f ,   and  a  c o m p l e -  

m e n t a r i l y   t h r e a d e d   member   ( w h i c h   may  be  a f f o r d e d   by  a  

h a l f   n u t   28)  l o c a t e d   in  a  t r a n s v e r s e   s l o t   28a  of  t h e  

member   26,   s a i d   h a l f   n u t   28  b e i n g   u r g e d   by  a  s p r i n g   29 

i n t o   e n g a g e m e n t   w i t h   t h e   s c r e w   30.  Thus   by  r o t a t i o n   o f  

t h e   a d j u s t i n g   s c r e w   30,  t h e   member   28  may  be  c a u s e d   t o  

move  l o n g i t u d i n a l l y ,   to  p r o d u c e   a  t u r n i n g   m o v e m e n t   of  t h e  

member   26  a b o u t   t h e   a x i s   2 7 .  

As  an  a l t e r n a t i v e ,   s u c h   a n g u l a r   a d j u s t m e n t   of  t h e  

member   26  may  be  e f f e c t e d   by  a  worm  e l e m e n t   m e s h i n g   w i t h  

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

26,  t h e   worm  b e i n g   r o t a t a b l e   by  an  a d j u s t i n g   s c r e w   in  t h e  

body  10,  w h i c h   r e s t r a i n s   t h e   worm  e l e m e n t   a g a i n s t   a x i a l  

m o v e m e n t .  

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

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

p o s i t i o n   of  t h e   n e e d l e / h o l d e r   a s s e m b l y ,   t h e   f o l l o w e r .  

member   24  e n g a g e s   t h e   i n n e r   e x t r e m i t y   of  t h e   ramp  s u r f a c e  

25  a t   a  p o s i t i o n   c o i n c i d e n t   w i t h ,   or  a d j a c e n t   t o ,   t h e  

a x i s   27  so  t h a t   a n g u l a r   a d j u s t m e n t   of  t h e   i n c l i n e d   p l a n e  

member   26  does   no t   in  f a c t   p r o d u c e   any  d i s p l a c e m e n t   o f  

t h e   f o l l o w e r   in  t h e   d i r e c t i o n   of  t h e   a x i s   16.  The  r a m p  
s u r f a c e   w o u l d   have   a  t a n g e n t i a l   r e l a t i o n   to  t h e   f o l l o w e r  

a t   t h i s   p o s i t i o n .   As  s o o n ,   h o w e v e r ,   as  t h e   i n p u t   d e v i c e  

23  i s   r o t a t e d   a b o u t   t he   a x i s   16,  t h e   f o l l o w e r   w i l l   m o v e  

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

as  25b ,   and  w i l l   p r o d u c e   a x i a l   m o v e m e n t   of  t h e  

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

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

i s   d e t e r m i n e d   by  t h e   a x i a l   p o s i t i o n   of  t h e   n e e d l e   19 

w i t h i n   t h e   h o l d e r   2 0 .  



The  n e e d l e   19  has  a  t a p e r i n g   c o n t r o l   s u r f a c e   1 9 a  

w h i c h   may  be  s t r a i g h t ,   or  c o n v e x l y   or  c o n c a v e l y   c u r v e d   i n  

p r o f i l e ,   or  a  c o m b i n a t i o n   of  t h e s e .   The  ramp  s u r f a c e  

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

a n g u l a r   m o v e m e n t   of  t he   i n p u t   e l e m e n t   (arm  23)  and  a x i a l  

m o v e m e n t   of  t h e   h o l d e r   20  and  n e e d l e   19,  or  a g a i n   may  b e  

c o n v e x l y   or  c o n c a v e l y   s h a p e d   in  p r o f i l e .  

A  s e t   of  n e e d l e s   19  h a v i n g   d i f f e r e n t   d i m e n s i o n s /  

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

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

t a p e r i n g   and  n o n - t a p e r i n g   p a r t s   f o r   r e g i s t r a t i o n   w i t h   t h e  

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

t h e   same  or  d i f f e r e n t   k i n d s ,   e . g .   l i n e a r ,   c o n c a v e   o r  

c o n v e x .  

By  r e m o v a l   of  t he   c o v e r   11a  and  r e p l a c e m e n t   t h e r e o f  

w i t h   a n o t h e r   c o v e r ,   t he   s e a t i n g   18  may  be  c h a n g e d .  

A l t e r n a t i v e l y ,   t he   s e a t i n g   18  may  be  made  as  a  r e p l a c e -  

a b l e   ( e . g .   s c r e w   in)   p a r t   of  t h e   c o v e r   and  a  s e t   o f  

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

S i m i l a r l y ,   i f   d e s i r e d ,   t he   ramp  member   26  may  be  r e a d i l y  

r e p l a c e a b l e .  

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

30a  and  1 9 a ,   p r o v i d i n g   f o r   a c c e s s   r e s p e c t i v e l y   to  t h e  

a d j u s t i n g   s c r e w   30  and  t he   n e e d l e   19  f o r   a d j u s t m e n t  

p u r p o s e s .  

F i g u r e   6  i l l u s t r a t e s   t he   e f f e c t   of  a d j u s t i n g   t h e  

s l o p e   of  t h e   ramp  s u r f a c e .  

The  u p p e r   s e t   of  c h a r a c t e r i s t i c s   A1,  A2,  A3  shown  i n  

F i g u r e   6  a r e   i n t e n d e d   to  r e p r e s e n t   t h e   r e l a t i o n s h i p  

b e t w e e n   r a t e   of  f low  and  d i s p l a c e m e n t   of  t he   i n p u t  

e l e m e n t ,   n a m e l y   arm  23a ,   whe re   a  l i n e a r   c h a r a c t e r i s t i c   i s  

r e q u i r e d .  

When  t he   arm  23a  is  moved  f rom  i t s   i n i t i a l   p o s i t i o n  

in  w h i c h   f l o w   t h r o u g h   the   d e v i c e   i s   s h u t   o f f   e n t i r e l y ,  
t h e r e   w i l l   i m m e d i a t e l y   be  a  r a t e   of  f l o w   F a  e s t a b l i s h e d  

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

t h e   s e a t   e l e m e n t   and  the   n e e d l e   e x i s t i n g   a t   t h a t   p o s i t i o n  



of  t he   l a t t e r .   T h e r e a f t e r   t h e   a r e a   of  t h e   a n n u l a r  

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

m o v e m e n t   of  t h e   arm  23a  and  may,   d e p e n d i n g   upon  t h e  

p r o f i l e   of  t h e   c o n t r o l   s u r f a c e   19a ,   p r o d u c e   l i n e a r  

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

t he   f u l l y   open   p o s i t i o n   t h e   r a t e   of  f l o w   may  b e  

r e p r e s e n t e d   by  o r d i n a t e   Sa1  when  t h e   ramp  member   is   i n  

i t s   p o s i t i o n   of  min imum  s l o p e .  

By  a d j u s t i n g   t h e   ramp  member   r a t e   of  f l o w   a t   t h e  

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

by  o r d i n a t e s   Sa2  and  S a 3 ,   t h e   c h a r a c t e r i s t i c   c o n n e c t i n g  

p o i n t   Fa  w i t h   t h e s e   b e i n g   r e p r e s e n t e d   by  l i n e s   A2,  A3  o f  

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

A d j u s t m e n t   of  t h e   n e e d l e   19  r e l a t i v e l y   to   t h e   h o l d e r  

20  in  an  a x i a l   d i r e c t i o n   w i l l   s h i f t   t h e   i n i t i a l   p o i n t   F a  
u p w a r d s   or  d o w n w a r d s   as  i n d i c a t e d   by  t h e   a r r o w   a d j a c e n t  

t h e r e t o   and  w i l l   s i m i l a r l y   s h i f t   t h e   o r d i n a t e s   Sa1  to   S a 3  

up  or  d o w n .  

The  l o w e r   s e t   of  c u r v e s   r e p r e s e n t   a  s i t u a t i o n   i n  

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

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

i n c r e m e n t s   of  d i s p l a c e m e n t   of  t h e   arm  23a  in  s u c h   a  

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

c a v i t i e s .  

A g a i n   t he   s t a r t i n g   p o i n t   may  be  a d j u s t e d   by  a d j u s t -  

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

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

a d j a c e n t   to   t h e   p o i n t   Fb  and  l i k e w i s e   s h i f t i n g   t h e  

o r d i n a t e s   to  t h e   f u l l y   open  p o s i t i o n s   Sb1  to  S b 3 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   in  t h e o r e t i c a l   t e r m s ,  

o v e r   a  v e r y   s m a l l   r a n g e   of  m o v e m e n t   of  t h e   n e e d l e / h o l d e r  

a s s e m b l y   from  t h e   s e a t i n g   18,  t h e   r a t e   of  f l o w   of  f l u i d  

w i l l   be  d e t e r m i n e d   no t   o n l y   by  t h e   a x i a l   p o s i t i o n   of  t h e  

n e e d l e   19  r e l a t i v e   to  t he   h o l d e r   20,  b u t   a l s o   by  t h e  

p h y s i c a l   c h a r a c t e r i s t i c s   of  t he   s e a l   21.  H o w e v e r ,   u n d e r  

n o r m a l   c i r c u m s t a n c e s   t h i s   f a c t o r   i s   no t   s i g n i f i c a n t ,   a n d  

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



a c t i o n   may  be  t a k e n   ( s u c h   as  by  t he   use   of  a  s e a l   of  a  

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

e f f e c t .  

Thus  in  g e n e r a l   t e r m s ,   a x i a l   a d j u s t m e n t   of  t h e  

n e e d l e   has   t he   e f f e c t   t h a t   a  d i f f e r e n t   l o n g i t u d i n a l  

p o r t i o n   of  the   c o n t r o l   s u r f a c e   19a  is   b r o u g h t   i n t o   u s e ,  

so  t h a t   a p a r t   f rom  a d j u s t i n g   t h e   s t a r t i n g   p o i n t   F a,  F bt 
i t   is   a l s o   p o s s i b l e   to  v a r y   t h e   s h a p e   of  t h e   c h a r a c t e r -  

i s t i c   p r o d u c e d .  

By  t h e   use   of  t h e   two  a d j u s t m e n t s ,   n a m e l y   t h e  

i n i t i a l   a x i a l   p o s i t i o n   of  t h e   n e e d l e   and  t h e   s l o p e   of  t h e  

ramp  s u r f a c e ,   a  v e r y   w ide   v a r i e t y   of  c h a r a c t e r i s t i c s   c a n  

be  a c h i e v e d .   A d d i t i o n a l l y ,   t h e   c a p a b i l i t y   f o r   c h a n g i n g  

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

v a l u e ,   and  the   c a p a b i l i t y   of  c h a n g i n g   t h e   b a s e   v a l u e  

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

t u n e d   to  o b t a i n   o p t i m u m   p e r f o r m a n c e   w i t h   e x c e e d i n g  

s i m p l i c i t y .  

F u r t h e r ,   any  g i v e n   s e t t i n g   can  r e a d i l y   be  r e p r o d u c e d  

by  p r o v i d i n g   i n d i c a t o r   m e a n s   in  a s s o c i a t i o n   w i t h   e a c h  

a d j u s t m e n t   s u c h   as  g r a d u a t i o n   m a r k s   on  t he   n e e d l e   t o  

r e g i s t e r   w i t h   a  da tum  s u r f a c e   s u c h   as  t h e   end  s u r f a c e   o f  

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

member   to  r e g i s t e r   w i t h   an  a p p r o p r i a t e   ma rk   or  f e a t u r e   o n  

t h e   b o d y .  

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

d e l i v e r e d   to   t h e   p i p e   12  u n d e r   p r e s s u r e ,   i t   i s   p o s s i b l e  

f o r   t h e   f u e l   to  be  d r a w n   i n t o   t he   p i p e   14  by  low  p r e s s u r e  

t h e r e i n ,   as  may  be  a c h i e v e d   by  a  v e n t u r i   d e v i c e .  

W h i l s t   t he   m e t e r i n g   d e v i c e   a b o v e   d e s c r i b e d   has   b e e n  

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

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 ,   i t   is   to  be  a p p r e c i a t e d  

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

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

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

l i q u i d   is   r e q u i r e .  



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

i n v e n t i o n ,   a  f l o w   c o n t r o l   d e v i c e   is   u t i l i s e d   ( s e e   F i g u r e s  

7,  8  and  9  w h i c h   c o n t r o l s   t h e   f l ow  of  f u e l   d e l i v e r e d  

u n d e r   p r e s s u r e   i n t o   a  m i x i n g   c h a m b e r   56  t h r o u g h   w h i c h   a i r  

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

The  d e v i c e   c o m p r i s e s   a  body  50  p r o v i d e d   w i t h   a n  

a x i a l   b o r e   52  and  an  o u t l e t   p a s s a g e   54,  and  t h e   m i x i n g  

c h a m b e r   56  is   d e f i n e d   by  a  h o u s i n g   58.  The  body  i s  

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

o u t l e t   n o z z l e   51  p r o v i d i n g   an  o u t l e t   w h i c h   o p e n s   i n t o   t h e  

c h a m b e r   56,  t h e   a x i s   of  t h e   p a s s a g e   54  e x t e n d i n g  

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

t h r o u g h   t h e   c h a m b e r   56,  i n d i c a t e d   in  F i g u r e   5  by  t h e  

a r r o w   A .  

A  f o r w a r d   end  f a c e   60  of  the   b o d y ,   b e i n g   t h a t  

t h r o u g h   w h i c h   t h e   p a s s a g e   54  o p e n s ,   is  i n c l i n e d   a t   a b o u t  

45°  to   t h e   l o n g i t u d i n a l   a x i s   of  t h e   p a s s a g e   54,   a  r e c e s s  

62  b e i n g   p r o v i d e d   a b o v e   an  u p p e r   end  r e g i o n   of  s a i d  

s u r f a c e   60.   E x t e n d i n g   g e n e r a l l y   a t   r i g h t   a n g l e s   to   t h e  

l o n g i t u d i n a l   a x i s   of  t h e   p a s s a g e   54,  f rom  an  u p p e r  

p o r t i o n   of  t h e   body   50  t o w a r d s   the   p a s s a g e   54,  i s   a  s l o t  

6 4 .  

S e c u r e d   to  t h e   body   is   a  c l o s u r e   m e m b e r   66,  s a i d  

member   b e i n g   s e c u r e d   in  p o s i t i o n   by  a  p a c k i n g   member   6 8  

w h i c h   is   p r e s s - f i t t e d   i n t o   t h e   r e c e s s   62,  and  s u b s e q u e n t  

downward   d e f o r m a t i o n   of  t h e   f o r w a r d   end  p o r t i o n   of  t h e  

body  50  ( F i g u r e   7)  by  t h e   i n s e r t i o n   of  a  b u s h   70  i n t o   t h e  

s l o t   64,  to  open  s a i d   s l o t   and  p a r t i a l l y   to   c l o s e   t h e  

r e c e s s   62  f i r m l y   to  c l a m p   t he   member   68  and  t h e   e n d  

p o r t i o n   of  t h e   member   66  w i t h i n   t h e   r e c e s s   6 2 .  

In  t h e   use   of  t he   e n g i n e   of  wh ich   t h e   d e v i c e   of  t h e  

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

u n d e r   p r e s s u r e   i s   d e l i v e r e d   i n t o   t he   a x i a l   b o r e   5 2 ,  

t h r o u g h   t h e   p a s s a g e   54  and  i n t o   t he   c h a m b e r   56,  w h e r e i n  

i t   is  m i x e d   w i t h   a i r   f l o w i n g   in  the   d i r e c t i o n   A  f o r  

s u b s e q u e n t   c o m b u s t i o n   by  t h e   e n g i n e .  

When  t h e   p r e s s u r e   w i t h i n   t he   a x i a l   b o r e   52  i s   l e s s  

t h a n   a  p r e d e t e r m i n e d   m i n i m u m ,   t he   c l o s u r e   member   66  l i e s  



f l a t   a g a i n s t   t h e   s u r f a c e   60,  c l o s i n g   t h e   o p e n i n g   of  t h e  

p a s s a g e   54  and  p r e v e n t i n g   any  s i g n i f i c a n t   f l o w   of  f u e l  

( s u c h   as  d r i b b l i n g   of  r e s i d u a l   f u e l )   i n t o   t h e   c h a m b e r   5 6 .  

H o w e v e r   when  f l u i d   u n d e r   p r e s s u r e   is   d e l i v e r e d   to  t h e  

a x i a l   b o r e   52,  t h e   p r e s s u r e   a c t i n g   w i t h i n   t h e   p a s s a g e   54  

s e r v e s   to  l i f t   t h e   c l o s u r e   member   66  away  from  t he   f a c e  

60,  o p e n i n g   t he   p a s s a g e   54  and  a l l o w i n g   f u e l   to  f l o w  

u n d e r   p r e s s u r e   i n t o   t h e   c h a m b e r   5 6 .  

P r e f e r a b l y   t h e   e x t e n t   of  m o v e m e n t   of  t he   c l o s u r e  

member   66  away  from  t he   o u t l e t   of  t h e   p a s s a g e   54  i s  

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

by  s u c h   o p e n i n g   m o v e m e n t   of  t he   c l o s u r e   member   does   n o t  

e x c e e d   the   f l o w   a r e a   of  the   p a s s a g e   54  i t s e l f .   In  t h i s  

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

t h r o u g h   t he   o u t l e t   to  b r e a k   up  t he   s t r e a m   and  to  d i r e c t  

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

c h a m b e r   56.  In  t h i s   m a n n e r ,   a  d e s i r a b l e   d i s t r i b u t i o n   o f  

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

o b t a i n e d .  

In  t h e   e m b o d i m e n t   d e s c r i b e d   a b o v e ,   i t   i s   e n v i s a g e d  

t h a t   t h e   c l o s u r e   member   66  may  be  d e f l e c t e d   away  from  t h e  

o u t l e t   in  t he   s u r f a c e   60  by  a  d i s t a n c e   of  a b o u t   0 . 0 0 2  

i n c h e s .  

C o n v e n i e n t l y   t h e   c l o s u r e   member   66  i s   a f f o r d e d   by  a  

t h i n ,   r e s i l i e n t   s h e e t   of  m e t a l ,   s u c h   as  an  a l l o y   c o m p r i s -  

i ng   b e r y l l i u m   and  c o p p e r ,   or  s t a i n l e s s   s t e e l ,   w h e r e b y   t h e  

member   66  r e t u r n s   to   i t s   c l o s e d   p o s i t i o n   of  i t s   own 

v o l i t i o n ,   on  r e d u c t i o n   of  p r e s s u r e   w i t h i n   t h e   b o r e   5 2 .  

H o w e v e r   i f   d e s i r e d   o t h e r   b i a s i n g   m e a n s   may  be  u t i l i s e d .  

Were  t he   member   66  a f f o r d e d   by  a  f l a t   s h e e t ,   i t  

w o u l d   r e s p o n d   to  i n c r e a s e   in  p r e s s u r e   w i t h i n   t h e   b o r e   52  

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

t h e r e f o r e   t h e   member   66  is  p r e f o r m e d   to  a  p a r a b o l i c  

s h a p e ,   of  o p p o s i t e   d i r e c t i o n ,   as  shown  in  F i g u r e   9,  t h e  

a r e a   66a  shown  t h e r e i n   b e i n g   t h a t   p o r t i o n   w h i c h   o n  

a s s e m b l y   of  t he   member   66  is  l o c a t e d   w i t h i n   t h e   r e c e s s  

62.   Thus  t he   r e s p o n s e   c h a r a c t e r i s t i c s   of  t h e   c l o s u r e  



m e m b e r   w i l l   be  s u c h   as  to  e n s u r e   a  more   u n i f o r m   m o v e m e n t  

of  t h e   o p p o s i t e   end  p o r t i o n   t h e r e o f   away  f rom  t h e   f a c e  

60,  in  r e s p o n s e   to  an  i n c r e a s e   in  p r e s s u r e   w i t h i n   t h e  

h o u s i n g   5 0 .  

The  c o n s t r u c t i o n   and  m a n n e r   of  m o u n t i n g   of  t h e  

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

p r e v e n t s   or  m i n i m i s e s   a  " b l o w   b a c k "   e n t e r i n g   t h e   b o r e   5 2  

f rom  t h e   c h a m b e r   5 6 .  

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

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

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

d e v i c e   may  be  d e s i g n e d   to  o p e r a t e   as  an  i n t e r m i t t e n t ,  

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

o r d e r   of  2000  p . s . i . )   f o r   d i r e c t   or  i n d i r e c t   i n j e c t i o n   o f  

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

In  t h e   o p e r a t i o n   of  t he   e n g i n e   w h i c h   i s   t h e  

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

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

d e v i c e   6  to   t h e   s u p e r c h a r g e r   8,  from  w h i c h   i t   f l o w s   i n t o  

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

o p e r a t i o n .  

I f   d e s i r e d ,   an  i n t e r c o o l e r  m a y   be  i n t e r p o s e d   b e t w e e n  

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

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

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

s u p e r c h a r g e r .  

The  e n g i n e   c y l i n d e r ,   w h i c h   is  in  a c c o r d a n c e   w i t h   t h e  

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

b l o c k   104,   i n  ' w h i c h   t h e r e   is   p r o v i d e d   a  b o r e   106,   l i n e d  

w i t h   a  l i n e r   108  to  p r o v i d e   a  c y l i n d e r   1 1 0 .   S l i d a b l y  

m o u n t e d   in  t h e   c y l i n d e r   c h a m b e r   110  is   a  p i s t o n   1 1 2  

( F i g u r e   13)  c o m p r i s i n g   a  body  p o r t i o n   114 ,   and  an  u p p e r ,  

or  c rown   p o r t i o n   116  i n t e g r a l   w i t h   t h e   body   p o r t i o n   1 1 4 ,  

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

p i l l a r s   1 1 8 .  

M o u n t e d   on  t he   c y l i n d e r   b l o c k   104  is   a  c y l i n d e r   h e a d  

160 ,   in  w h i c h   t h e r e   is   m o u n t e d   a  r o t a r y   e x h a u s t   v a l v e  

1 6 2 .  



The  u n d e r s i d e   of  t he   c rown  p o r t i o n   116  is  p r o v i d e d  

w i t h   a  n u m b e r   of  e l o n g a t e   f i n s   120 ,   s a i d   f i n s   e x t e n d i n g  

p a r a l l e l   to  t he   l o n g i t u d i n a l   a x i s   of  t he   p i l l a r s   1 1 8 .  

M o u n t e d   a c r o s s   t h e   body  p o r t i o n   114 ,   g e n e r a l l y   b e t w e e n  

t h e   p i l l a r s   118 ,   is   a  s e p a r a t e l y - f o r m e d   c l o s u r e   d i s c   1 2 1 .  

The  c y l i n d e r   l i n e r   108  is   p r o v i d e d   w i t h   t w o  

a p e r t u r e s   124 ,   126  on  d i a m e t r i c a l l y   o p p o s i t e   s i d e s  

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

of  t h e   c y l i n d e r ,   in  s a i d   c r o s s - s e c t i o n ,   an  a n g l e   of  a b o u t  
1100  ( s e e   F i g u r e   1 3 ) .   E x t e n d i n g   t h r o u g h   t h e   c y l i n d e r  

b l o c k   to  t h e   a p e r t u r e   124  is  an  i n l e t   d u c t   128 ,   a n d  

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

c y l i n d e r   b l o c k   to  t he   p o r t   126  i s   an  o u t l e t   d u c t   1 3 0 .  

In  t h e   use   of  t h e   e n g i n e   shown  in  F i g u r e s   11  to  1 3 ,  

on  m o v e m e n t   of  t he   p i s t o n   112  to  i t s   b o t t o m   d e a d - c e n t r e  

p o s i t i o n   ( shown  in  F i g u r e s   10  and  11)  t h e   c o o l i n g  

p a s s a g e w a y   122 ,   d e f i n e d   b e t w e e n   t he   c rown   u n d e r s i d e   1 2 0  

and  t h e   c l o s u r e   d i s c   121 ,   is  a l i g n e d   w i t h   t h e   d u c t s   1 2 4  

and  126  of  t he   c y l i n d e r   s l e e v e ,   and  a i r   u n d e r   p r e s s u r e  

f l o w s   t h r o u g h   t h e   i n l e t   d u c t   128 ,   t h r o u g h   t h e   i n l e t   p o r t  

a f f o r d e d   by  t h e   a p e r t u r e   124 ,   t h r o u g h   t h e   c o o l i n g  

p a s s a g e w a y   122 ,   and  ou t   t h r o u g h   t h e   o u t l e t   p o r t   a f f o r d e d  

by  t he   a p e r t u r e   126  and  t h r o u g h   t h e   d u c t   1 3 0 .  

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

s u b - p a s s a g e s   122 '   s i t u a t e d   o u t w a r d l y   of  t h e  

p i l l a r s   118 ,   and  l o c a t e d   b e t w e e n   s a i d   p i l l a r s   and  t h e  

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

way  may  a l s o   be  f i n n e d .  

In  t h i s   m a n n e r ,   h e a t   may  be  r e m o v e d   from  t he   c r o w n  

p o r t i o n   116  of  t he   p i s t o n   as  i t   r e a c h e s   b o t t o m   d e a d -  

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

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

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

to  w h i c h   t h e   p i s t o n   i s ,   in  u s e ,   s u b j e c t e d .  



P r e f e r a b l y ,   t h e   c o o l i n g   gas  is   a f f o r d e d   by  f u e l / a i r  

u s e d   in  t h e   o p e r a t i o n   of  t h e   e n g i n e ,   and  p r i o r   to  i t s  

a d m i s s i o n   to  t he   e n g i n e   c y l i n d e r .   T h u s ,   f u e l / a i r   may  b e  

fed   t h r o u g h   t h e   i n l e t   d u c t   128 ,   t h r o u g h   the   i n l e t   p o r t  

a f f o r d e d   by  t h e   a p e r t u r e   124 ,   t h r o u g h   t he   c o o l i n g  

p a s s a g e w a y   122 ,   and  ou t   t h r o u g h   t h e   o u t l e t   p o r t   a f f o r d e d  

by  t h e   a p e r t u r e   126  and  t h r o u g h   t h e   d u c t   130 ,   from  w h e n c e  

t h e   f u e l / a i r   m i x t u r e   is   d u c t e d   to   t h e   e n g i n e .   H o w e v e r ,  

n o t   a l l   t h e   p e t r o l / a i r   m i x t u r e   r e q u i r e d   f o r   t h e   e n g i n e  

may  be  so  d u c t e d ,   and  some  may  be  d u c t e d   d i r e c t l y   t o  t h e  

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

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

P r e f e r a b l y ,   as  is   shown  in  t he   a c c o m p a n y i n g   d r a w i n g s ,   t h e  

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

d e l i v e r e d   t h e r e t o   from  t he   s u p e r c h a r g e r   8 .  

In  v i ew  of  t h e   c i r c u m f e r e n t i a l   e x t e n t   of  t h e   i n l e t  

and  o u t l e t   p o r t s   124 ,   126 ,   as  s e e n   in  t h e   s e c t i o n a l   v i e w  

of  F i g u r e   13,   i f   d e s i r e d   v e r t i c a l   p i l l a r s   125 ,   127  may  b e  

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

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

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

As  w i l l   be  s e e n   from  F i g u r e   11,  t he   u p p e r   o i l  

c o n t r o l   r i n g   does   n o t   p a s s   a c r o s s   t h e   p o r t s   124  and  1 2 6 .  

A d d i t i o n a l l y ,   t h e r e   may  be  p r o v i d e d   v e r t i c a l  

p i l l a r s   a c r o s s   t h e   i n l e t   d u c t   128 ,   i n d i c a t e d   by  t h e  

m e m b e r s   129  in  F i g u r e   13,  to  p r o v i d e   f o r   s t a b i l i t y   of  t h e  

i n l e t   d u c t   1 2 8 ,  a n d   to  r e d u c e   t u r b u l e n c e   of  a i r   s t r i k i n g  

t h e   p i l l a r s   1 2 5 .  

Thus  in  t he   e n g i n e   w h i c h   is   t h e   p r e f e r r e d   e m b o d i m e n t  

of  t h i s   i n v e n t i o n ,   t h e r e   is   p r o v i d e d   in  t h e   c y l i n d e r  

b l o c k   an  a n n u l a r   p a s s a g e   140 ,   from  w h i c h   p o r t s   142  e x t e n d  

t h r o u g h   t h e   l i n e r   108  and  open  i n t o   t h e   c y l i n d e r   110,   a n d  

t h e   o u t l e t   d u c t   130  is  c o n n e c t e d   to  t h e   a n n u l a r   p a s s a g e  
140  by  a  t r a n s f e r   d u c t   1 4 4 .  

B y - p a s s   d u c t s   146  a r e   a l s o   p r o v i d e d ,   w h i c h   e x t e n d  

f rom  t h e   i n l e t   p a s s a g e   128  to  t h e   a n n u l a r   p a s s a g e   1 4 0 .  



Thus  in  t h e   o p e r a t i o n   of  t he   e n g i n e ,   when  t h e   p i s t o n  

r e a c h e s   i t s   b o t t o m   d e a d - c e n t r e   p o s i t i o n   ( shown  in  F i g u r e  

11)  a  c h a r g e   f o r   t he   n e x t   f i r i n g   c y c l e   of  t h e   e n g i n e  

f l o w s   t h r o u g h   t h e   i n l e t   d u c t   128  and  p a r t   of  s a i d   i n l e t  

c h a r g e   f l o w s   t h r o u g h   t he   c o o l i n g   p a s s a g e w a y   122  to  t h e  

o u t l e t   d u c t   130 ,   from  w h i c h   s a i d   c h a r g e   p a s s e s   t h r o u g h  

t he   t r a n s f e r   d u c t   144 ,   i n t o   t he   a n n u l a r   p a s s a g e   140 ,   a n d  

t h r o u g h   t h e   p o r t s   142  i n t o   t he   e n g i n e   c y l i n d e r   a b o v e   t h e  

c rown  u p p e r   f a c e .   O t h e r   gas  f l o w i n g   t h r o u g h   t he   i n l e t  

d u c t   128  w i l l   f l o w   t h r o u g h   t h e   d u c t s   146  i n t o   t h e  

o p p o s i t e   s i d e   of  t he   a n n u l a r   p a s s a g e   140  and  p a s s   i n t o  

t he   e n g i n e   c y l i n d e r   d i r e c t l y .  

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

i n t o   t h e   e n g i n e   c y l i n d e r   f o r   t he   n e x t   f i r i n g   c y c l e   i s  

u t i l i s e d   to  c o o l   t h e   c rown  p o r t i o n   of  t he   p i s t o n ,   b o t h   b y  

p a s s a g e   of  t h e   gas  t h r o u g h   t he   c o o l i n g   p a s s a g e w a y   1 2 2 ,  

and  t he   c o o l i n g   a c t i o n   t h e r e o f   on  t h e   f i n s   120 ,   and  b y  

f low  of  t he   gas  a c r o s s   t h e   c rown  u p p e r   s u r f a c e .   In  t h i s  

m a n n e r   t he   t e m p e r a t u r e   of  t he   p i s t o n   is   r e d u c e d . .  

In  a  m o d i f i e d   form  of  t he   t h i r d   a s p e c t   of  t h e  

i n v e n t i o n ,   i l l u s t r a t e d   in  F i g u r e s   14  and  15  of  t h e  

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

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

a i r ,   a f t e r   f l o w i n g   t h r o u g h   t he   c o o l i n g   p a s s a g e   1 2 2 a ,  

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

in  a  c o m b u s t i o n   r e a c t i o n ,   t he   d u c t   130a  is   c o n n e c t e d   to   a  

s u p e r c h a r g e r   or  t u r b o c h a r g e r .  



1.  A  f l o w   c o n t r o l   d e v i c e   c o m p r i s i n g   a  body  h a v i n g   a  

p a s s a g e w a y   ( 1 4 , 1 1 , 1 3 )   t h e r e t h r o u g h   f o r   t h e   f l o w   of  f l u i d  

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

r e g u l a t i n g   e l e m e n t s   ( 1 8 , 1 9 )   m o v a b l e   r e l a t i v e   to  e a c h  

o t h e r   by  an  i n p u t   e l e m e n t   (23)   b e t w e e n   f i r s t   p o s i t i o n s  

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

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

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

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

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

r e s i s t a n c e   to  d i s p l a c e m e n t   of  t h e   i n p u t   e l e m e n t   (23)   f r o m  

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

d i s p l a c e m e n t   of  t h e   i n p u t   e l e m e n t   (23)   and  t h e   r e l a t i v e  

p o s i t i o n s   of  t h e   r e g u l a t o r   e l e m e n t s   ( 1 8 , 1 9 )   is   d e t e r m i n e d  

by  an  a d j u s t m e n t   m e a n s   ( 2 3 b , 2 4 , 2 5 , 3 0 )   w h i c h   can  be  p r e -  
s e t   i n t o   a  p l u r a l i t y   of  d i f f e r e n t   s e t t i n g s   p r o v i d i n g  

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

t h e   i n p u t   e l e m e n t   (23)   and  t h e   r e g u l a t o r   e l e m e n t s  

( 1 8 , 1 9 ) .  

2.  A  d e v i c e   a c c o r d i n g   to  Cla im  1  c o m p r i s i n g   a  r a m p  
member   (26)   c o - o p e r a t i n g   w i t h   a  f o l l o w e r   member   ( 2 4 ) ,   o n e  

o f   t h e s e   m e m b e r s   b e i n g   m o u n t e d   on  t h e   body  (10)   of  t h e  

d e v i c e   and  t h e   o t h e r   on  t h e   i n p u t   e l e m e n t   (23)   in  a  

m a n n e r   s u c h   t h a t   as  t h e   i n p u t   e l e m e n t   (23)   is   moved  f r o m  

i t s   i n i t i a l   p o s i t i o n   t h e   f o l l o w e r   member   (24)   m o v e s  

r e l a t i v e l y   o v e r   t h e   s l o p e   (25)   p r e s e n t e d   by  t h e   r a m p  

m e m b e r ,   and  t h e r e b y   i m p a r t s   to  t h e   i n p u t   e l e m e n t   (23)   t h e  

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

of  t h e   r e g u l a t o r   e l e m e n t s   ( 1 8 , 1 9 ) .  

3.  A  d e v i c e   a c c o r d i n g   to  one  of  C l a i m s   1  and  2  w h e r e i n  

when  t h e   i n p u t   e l e m e n t   (23)   is   in  i t s   i n i t i a l   p o s i t i o n  

a d j u s t m e n t   of  t h e   s e t t i n g   of  t h e   a d j u s t m e n t   means   ( 3 0 )  

does   n o t   a l t e r   t h e   r e l a t i v e   p o s i t i o n s   of  t h e   r e g u l a t o r  

e l e m e n t s   ( 1 8 , 1 9 ) .  



4.  A  d e v i c e   a c c o r d i n g   to  a n y  o n e   of  t he   p r e c e d i n g  

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

l i q u i d   f u e l ,   one  of  t h e   r e g u l a t o r   e l e m e n t s   ( 1 9 )  

c o m p r i s i n g   a  m a l e   v a l v e   e l e m e n t   ( 1 9 a )   h a v i n g   an  a x i a l l y  

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

e l e m e n t s   (18)   c o m p r i s i n g   a  f e m a l e   s e a t   e l e m e n t   d e f i n i n g ,  

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

e l e m e n t ,   an  a n n u l a r   c o n s t r i c t i o n   (17)   in  or  c o n t r o l l i n g  

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

( 1 9 a , 1 7 )   b e i n g   r e l a t i v e l y   a x i a l l y   m o v a b l e   to  d e t e r m i n e  

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

p r e s e n t e d   by  t he   c o n s t r i c t i o n .  

5.  A  d e v i c e   f o r   c o n t r o l l i n g   t h e   f l o w   of  l i q u i d   f u e l   t o  

a  c h a m b e r   (56)   and  w h i c h   c o m p r i s e s   an  o u t l e t   n o z z l e   ( 5 1 )  

w h i c h   in  use   is  s e c u r e d   in  a  p o s i t i o n   in  w h i c h   an  o u t l e t  

(54)   t h e r e o f   o p e n s   i n t o   t h e   c h a m b e r   ( 5 6 ) ,   and  a  c l o s u r e  

member   (66)   w h i c h   i s   b i a s e d   t o w a r d s   t h e   o u t l e t   (54)   i n t o  

a  p o s i t i o n   in  w h i c h   i t   p r e v e n t s   any  s i g n i f i c a n t . f l o w   o f  

f u e l   t h r o u g h   t he   o u t l e t   (54)   i n t o   t h e   c h a m b e r   (56)   w h e n  

t h e   p r e s s u r e   at   w h i c h   f u e l   is   d e l i v e r e d   to  t he   o u t l e t  

n o z z l e   (51)   is   l e s s   t h a n   a  p r e d e t e r m i n e d   v a l u e ,   and  w h e n  

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

n o z z l e   (51)   e x c e e d s   s a i d   p r e d e t e r m i n e d   v a l u e ,   t h e   c l o s u r e  

member   (66)   is   moved  a g a i n s t   s a i d   b i a s   away  from  t h e  

o u t l e t   (54)   a  d i s t a n c e   f u n c t i o n a l   of  t h e   p r e s s u r e   in  t h e  

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

6.  A  d e v i c e   a c c o r d i n g   to   Cla im  5  w h e r e i n   t h e   c l o s u r e  

member   (66)   is   f l e x i b l e   and  i s   s e c u r e d   to  t h e   o u t l e t  

n o z z l e   (51)   in  a  m a n n e r   s u c h   t h a t ,   when  t h e   p r e s s u r e   a t  

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

s a i d   p r e d e t e r m i n e d   v a l u e ,   s a i d   c l o s u r e   member   (66)   l i e s  

a c r o s s   t he   o u t l e t   (54)   to  p r e v e n t   d r i b b l i n g   of  f u e l   i n t o  

t he   c h a m b e r .  



7.  A  d e v i c e   a c c o r d i n g   to  one  of  C l a i m s   5  and  6  w h e r e i n  

t h e   e x t e n t   of  m o v e m e n t   of  t h e   c l o s u r e   member   (66)   a w a y  

from  t h e   o u t l e t   ( 54 )   is   s u f f i c i e n t l y   s m a l l   t h a t   t h e   f l o w  

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

t he   f l o w   a r e a   of  t h e   o u t l e t   i t s e l f ,   w h e r e b y   t h e   c l o s u r e  

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

i n t o   t he   c h a m b e r   ( 5 6 ) ,   and  c a u s e s   t h e   s t r e a m   of  f l u i d   t o  

be  s p r a y e d   i n t o   t h e   c h a m b e r   (56)   in  t h e   form  of  s m a l l  

d r o p l e t s .  

8.  A  d e v i c e   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   5  to   7  

w h e r e i n   t h e   c l o s u r e   member   (66)   i s   p r e - b i a s e d   to   a  s h a p e  

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

i n c r e a s e   in  p r e s s u r e ,   were   i t   no t   so  p r e - b i a s e d .  

9.  A  d e v i c e   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   5  to   8 

a d a p t e d   f o r   u se   in  t h e   i n j e c t i o n   of  l i q u i d   f u e l   i n t o   a  

c h a m b e r   (56)   in   w h i c h   t h e   f u e l   is  m i x e d   w i t h   a i r   p r i o r   t o  

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

of  t h e   o u t l e t   n o z z l e   (51)   and  c l o s u r e   member   (66)   i n  

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

t h e   c h a m b e r   (56 )   is   s u c h   as  to  c a u s e   f u e l   i m p i n g i n g   o n  

t h e   c l o s u r e   m e m b e r   (66)   to  be  p r o v i d e d   w i t h   a  c o m p o n e n t  

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

t h e   c h a m b e r   ( 5 6 ) .  

10.  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   a  c y l i n d e r  

( 1 1 0 )   and  a  p i s t o n   ( 1 1 2 )   r e c i p r o c a b l y   m o u n t e d   in  t h e  

c y l i n d e r ,   w h e r e i n   a  c o o l i n g   p a s s a g e   ( 1 2 2 )   e x t e n d s   t h r o u g h  

t h e   p i s t o n ,   t h r o u g h   w h i c h   c o o l i n g   p a s s a g e   (122)   gas  f l o w s  

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

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

l e a s t   of  a  c y c l e   of  r e c i p r o c a t i o n   of  t h e   p i s t o n   ( 1 1 2 )   i n  

t h e   c y l i n d e r   ( 1 1 0 ) .  

11.  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   a c c o r d i n g   to   C la im  10 

w h e r e i n   t h e   c o o l i n g   p a s s a g e w a y   ( 1 2 2 ) ,   d u r i n g   p a r t   of  t h e  



m o v e m e n t   of  t he   p i s t o n   ( 1 1 2 )   in  t he   c y l i n d e r ,   is   a l i g n e d  

w i t h   i n l e t   and  o u t l e t   p o r t s   ( 1 2 8 , 1 3 0 )   in  t h e   w a l l s   of  t h e  

c y l i n d e r ,   to  w h i c h   i n l e t   p o r t   ( 1 2 8 )   gas  u n d e r   p r e s s u r e   i s  

a p p l i e d   and  t h r o u g h   w h i c h   o u t l e t   p o r t   ( 1 3 0 )   gas   may  f l o w .  

12.  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   a c c o r d i n g   to  one  o f  

C l a i m s   10  and  11  w h e r e i n   t h e   p i s t o n   ( 1 1 2 )   c o m p r i s e s   a  

body   p o r t i o n   (114)   and  a  c r o w n e d   p o r t i o n   ( 1 1 6 )   s p a c e d  

from  t h e   body   p o r t i o n   by  s u p p o r t i n g   m e m b e r s   ( 1 1 8 )  ,   t h e  

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

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

t h e   c o o l i n g   p a s s a g e w a y   ( 1 2 2 )   f o r   f l o w   of  gas   t h r o u g h   t h e  

p i s t o n ,   t h e   s u p p o r t i n g   m e m b e r s   ( 1 1 8 )   b e i n g   e l o n g a t e   i n  

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

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

p o r t   ( 1 2 8 )   to   t h e   o u t l e t   p o r t   ( 1 3 0 ) ,   as  c o m p a r e d   w i t h   t h e  

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

13.  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   a c c o r d i n g   t o .  a n y   o n e  

of  C l a i m s   10  to   12  w h e r e i n   t h e   s u r f a c e   of  t h e   p a s s a g e w a y  
is   p r o v i d e d   w i t h   h e a t   t r a n s f e r   e n h a n c e m e n t   f o r m a t i o n s ,  

p r e f e r a b l y   p r o v i d e d   by  f i n s   ( 1 2 0 ) ,   w h i c h   a r e   e f f e c t i v e   t o  

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

2  a t   l e a s t .  

14.  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   a c c o r d i n g   to  a n y  o n e  
of  C l a i m s   10  to  13  w h e r e i n   t he   c o o l i n g   gas  i s   a f f o r d e d   b y  

a i r   u n d e r   p r e s s u r e   a p p l i e d   to  t h e   c o o l i n g   p a s s a g e   ( 1 2 2 )  

v i a   an  i n l e t   d u c t   ( 128 )   e x t e n d i n g   t h r o u g h   t h e   c y l i n d e r  

b l o c k   a f t e r   p a s s a g e   t h r o u g h   an  e n g i n e   s u p e r c h a r g e r   ( 8 ) .  

15.  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   a c c o r d i n g   to  a n y  o n e  
of  C l a i m s   10  to  13  w h e r e i n   a  c h a r g e   of  a i r / f u e l   i s  

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

e n g i n e   c y l i n d e r   ( 1 1 0 ) .  



16.  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   a c c o r d i n g   to  C la im  15 

w h e r e i n   t h e   e n g i n e   is   a  t w o - s t r o k e   e n g i n e ,   and  t h e   o u t l e t  

p o r t   ( 1 3 0 )   is  c o n n e c t e d   by  a  t r a n s f e r   d u c t   ( 1 4 4 )   o p e n i n g  

i n t o   t h e   e n g i n e   c y l i n d e r .  

17.  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   a c c o r d i n g   to  C la im  15 

w h e r e i n   t h e   c h a r g e   d e l i v e r e d   to  t h e   i n l e t   p o r t   ( 128 )   i s  

s u p e r c h a r g e d .  

18.  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   a c c o r d i n g   to  C la im  15 

w h e r e i n   t h e   e n g i n e   i s   a  f o u r - s t r o k e   e n g i n e ,   and  a  c h a r g e  

of  a i r / f u e l   is   f ed   t h r o u g h   t h e   c o o l i n g   p a s s a g e w a y   ( 1 2 2 )  

and  t h e n c e   to  t h e   i n l e t   m a n i f o l d   of  t h e   e n g i n e .  

19.  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   a c c o r d i n g   to  Cla im  18 

w h e r e i n   s a i d   c h a r g e   of  a i r / f u e l   i s   s u p e r c h a r g e d .  

20.   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   a c c o r d i n g   to  one  o f  

C l a i m s   18  and  19  w h e r e i n   p a r t   o n l y   of  t h e   c h a r g e - f o r   t h e  

e n g i n e   is   d e l i v e r e d   to  t h e   i n l e t   m a n i f o l d   v i a   t h i s   r o u t e .  

21.   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   i n c l u d i n g   t h e  

f e a t u r e s   s e t   ou t   in  one  or  more   of  t h e   p r e c e d i n g   c l a i m s .  
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