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g)  Fuel  injection  apparatus. 

N  

@  The  injector  (6)  is  positioned  at  the  center  line  of  the  in- 
jector  main  body  (2).  Two  apertures  (9;  10)  are  defined  in  the 
injector  (6),  the  injector  holder  (3)  and  the  injector  main  body 
(2).  The  area  of  the  aperture  (9)  corresponding  to  the  lower 
side  of  the  throttle  valve  (4)  is  smaller  than  the  area  of  the  aper- 
ture  (10)  corresponding  to  the  upper  side  of  the  throttle  valve 
(4).  The  shaft  center  of  the  throttle  valve  shaft  (5)  is  parallel  to 
the  center  line  of  the  supporting  part  of  the  injector  holder  (3). 
The  inequality  of  the  fuel  flow  caused  by  the  throttle  valve  (4) 
can  be  reduced  so  that  the  equality  of  the  fuel  distribution  of 
each  cylinder  of  the  automobile  engine  can  be  effected. 
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B a c k g r o u n d   of  t h e   I n v e n t i o n :  

( F i e l d   of   t he   I n v e n t i o n )  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  f u e l   i n j e c t i o n  

a p p a r a t u s ,   and  more   p a r t i c u l a r l y   a  f u e l   i n j e c t i o n  

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

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

( D e s c r i p t i o n   of  P r i o r   A r t )  

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

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

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

e n g i n e   is   p r o p o s e d   as  d e s c r i b e d   in  t h e   S c i e n t i f i c   L e c t u r e  

M e e t i n g   T e x t   841  1 9 8 4 - 5   of  J a p a n e s e   A u t o m o t i v e  

E n g i n e e r i n g   A s s o c i a t i o n .  

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

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

b o d y ,   t he   t h r o t t l e   v a l v e ,   t h e   i n j e c t o r   p r o v i d e d   in  t h e  

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

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

to  t h e   p o s i t i o n   of  t h e   i n j e c t o r .  

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

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

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

m a i n   b o d y .   The  a r e a s   of  t h e   two  a p e r t u r e s   p r o v i d e d   i n  

t h e   t h r o t t l e   m a i n   body   a r e   e q u a l .   H o w e v e r ,   n o  

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

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

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

when  t h e   t h r o t t l e   v a l v e   is   o p e n e d   to   4 5 0 - 5 0 0   or  s l i g h t l y  

m o r e ,   t he   f u e l   is  l i k e l y   to   be  c o n c e n t r a t e d   a t   t h e   s i d e  

or  end  w h i c h   is   l o w e r   t h a n   t he   s h a f t   c e n t e r   of  t h e  

t h r o t t l e   v a l v e   s h a f t .   In  o t h e r   w o r d s ,   t h e   f u e l   is   l i k e l y  

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

t h e   d o w n w a r d   s i d e   of  t h e   t h r o t t l e   v a l v e ,   or  t h e  

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

v a l v e   s h a f t .  



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

t h e   i n j e c t o r   i s   l i k e l y   to   f l o w   to   t h e   l o w e r   s i d e   due   t o  

t h e   i n c l i n a t i o n   of  t h e   t h r o t t l e   v a l v e   b u t   a l s o   b e c a u s e  

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

C o n s e q u e n t l y ,   t h e   f u e l   i s   more   l i k e l y   to  be  c o n c e n t r a t e d  

a t   t h e   l o w e r   s i d e   of   t h e   t h r o t t l e   v a l v e .  

Summary   of   t h e   I n v e n t i o n :  

An  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e   a  

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

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

e n g i n e .  

A n o t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   is   t o  

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

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

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

t h e   t h r o t t l e   v a l v e .  

F u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

f a c i l i t a t e d   o v e r   4 5 ° - 5 0 °   or  s l i g h t l y   more   of  t h e   o p e n i n g  

r a t e   of   t h e   t h r o t t l e   v a l v e .  

S t i l l   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   is   to  p r o v i d e  

a  f u e l   i n j e c t i o n   a p p a r a t u s   w h e r e i n   t h e   f u e l   can   b e  

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

t h r o t t l e   v a l v e .  

F u r t h e r m o r e   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   is   t o  

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

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

S t i l l m o r e   o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

by  t h e   a i r   f l o w .  

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

a p p a r a t u s   w h i c h   i n j e c t s   a  f u e l   f rom  an  u p s t r e a m   s i d e   of  a  
t h r o t t l e   v a l v e   p r o v i d e d   in   a  s u c t i o n   p a s s a g e ,  
c h a r a c t e r i z e d   in   t h a t   an  i n j e c t o r   is   p r o v i d e d   in   t h e  



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

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

a r e   u n e q u a l ,   and  an  a x i s   of  t he   t h r o t t l e   v a l v e   i s  

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

i n j e c t o r .  

To  p r e v e n t   t he   f u e l   f r om  b e i n g   c o n c e n t r a t e d   a t   o n e  

s i d e   or  e n d ,   i t   is  e f f e c t i v e   to  move  the   p o s i t i o n   of  t h e  

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

n a m e l y   t he   i n j e c t o r   i s   no t   p o s i t i o n e d   at   t h e   c e n t e r   l i n e  

of  t he   t h r o t t l e   m a i n   b o d y .   But   t h i s   m e t h o d   a d v e r s e l y  

a f f e c t s   t h e   f u e l   d i s t r i b u t i o n   when  the   t h r o t t l e   v a l v e  

o p e n i n g   r a t e   is   l ow,   b e c a u s e   t he   f u e l   i n t r o d u c t i o n   i s  

o n e - s i d e d .   T h e r e f o r e ,   i t   i s   p r e f e r a b l e   t h a t   t h e   i n j e c t o r  

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

b o d y .  

The  p r e s e n t   i n v e n t i o n   can   be  r e d u c e   t h e   i n e q u a l i t y  

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

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

e q u a l i t y   of  t h e   f u e l   d i s t r i b u t i o n   of  each   c y l i n d e r   of  t h e  

a u t o m o b i l e   e n g i n e   can   be  e f f e c t e d .  

B r i e f   D e s c r i p t i o n   of   t h e   D r a w i n g s :  

F i g .   1  is   a  p l a n   v i e w   of  a  f u e l   i n j e c t i o n   a p p a r a t u s  
w h i c h   shows  one  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   2  is   a  s e c t i o n a l   v i ew   t a k e n   a l o n g   a  l i n e   I I - I I  

of  F i g .   1;  a n d  

F i g .   3  is  a  s e c t i o n a l   v i ew   t a k e n   a l o n g   a  l i n e   I I I -  

I I I   of  F i g .   1 .  

D e t a i l e d   D e s c r i p t i 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 s :  

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

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

r e f e r e n c e   to  F i g s .   1  . t o   3 .  

An  i n j e c t o r   m a i n   body   2  is  i n s t a l l e d   a b o v e   a  

t h r o t t l e   v a l v e   ma in   body   1  as  shown  in  F i g .   2.  An  

i n j e c t o r   h o u s i n g   2a  is   u s u a l l y   c o n s t r u c t e d   s o l i d l y   w i t h  

t h e   i n j e c t o r   ma in   body  2.  The  i n j e c t o r   h o u s i n g   2a  i s  



m a i n t a i n e d   by  an  i n j e c t o r   h o l d e r   3.  The  i n j e c t o r   h o l d e r  

3  i s   i n s t a l l e d   w i t h   t h e   i n j e c t o r   m a i n   body   2  and  i s  

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

2 .  

A  t h r o t t l e   v a l v e   4  i s   p r o v i d e d   in  t h e   t h r o t t l e   v a l v e  

m a i n   body   1  and  p r o v i d e d   in  a  s u c t i o n   p a s s a g e   by  a  

t h r o t t l e   v a l v e   s h a f t   5.  The  s h a f t   c e n t e r   of  t h e   t h r o t t l e  

v a l v e   s h a f t  5   i s   a r r a n g e d   to  be  p a r a l l e l   of   t h e   a x i a l  

d i r e c t i o n   o f   t h e   i n j e c t o r   h o l d e r   3 .  

An  i n j e c t o r   6  is   h o u s e d   in  t h e   i n j e c t o r   h o u s i n g   2 a  

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

b o d y   2.  The  c e n t e r   l i n e   of   t he   s u p p o r t i n g   p a r t   of  t h e  

i n j e c t o r   6  or  t h e   c e n t e r   l i n e   of  t h e   i n j e c t o r   h o l d e r   3  i s  

p a r a l l e l   to   t h e   a x i s   of  t h e   t h r o t t l e   v a l v e   4.  The  f u e l  

i s   i n t r o d u c e d   t h r o u g h   a  f u e l   i n l e t   7  and  r e t u r n e d   to   a  

f u e l   t a n k   t h r o u g h   a  f u e l   o u t l e t   8  as  shown  in  F i g .   3  a n d  

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

v a l v e   4 .  

A  p a i r   of  a p e r t u r e s   9  and  10  a r e   d e f i n e d  

r e s p e c t i v e l y   by  t h e   i n j e c t o r   h o u s i n g   2a ,   t h e   i n j e c t o r  

h o l d e r   3  and  t h e   i n j e c t o r   m a i n   body  2.  The  i n j e c t o r   6  i s  

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

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

t h e   i n j e c t o r   6  a r e   u n e q u a l .  

The  a r e a   of  t he   a p e r t u r e   9  and  t h e   a r e a   of  t h e  

a p e r t u r e   10  a r e   n o t   e q u a l   as  shown  in  F i g s .   1  and  2.  T h e  

a r e a   of   t he   a p e r t u r e   9  c o r r e s p o n d i n g   to  t h e   l o w e r   s i d e   o r  

l o w e r   end  of  t h e   t h r o t t l e   v a l v e   4  is  s m a l l e r   t h a n   t h e .  

a r e a   of   t he   a p e r t u r e   10  c o r r e s p o n d i n g   to   t h e   u p p e r   s i d e  

or  u p p e r   end  of   t h e   t h r o t t l e   v a l v e   4 .  

The  p r o p o r t i o n   of   t h e   a r e a   of  t h e   a p e r t u r e   9  to  t h e  

a r e a   of   t h e   a p e r t u r e   10  is   a d a p t e d   a b o u t   3 0 - 4 0   to  a b o u t  

7 0 - 6 0 .  

The  a i r   i s   i n t r o d u c e d   t h r o u g h   t h e   a p e r t u r e s   9  and  10  

d e f i n e d   by  t h e   i n j e c t o r   h o u s i n g   2a ,   t h e   i n j e c t o r   h o l d e r   3 

and   t h e   i n j e c t o r   m a i n   body   2.  The  q u a n t i t y   of   t h e   a i r   i s  

m e a s u r e d   by  a  mass   a i r   f l o w   m e t e r   and  a  p r e s s u r e   s e n s o r  



e t c .   The  m e a s u r e d   a i r   q u a n t i t y   i n p u t   is  p r o c e s s e d   by  a  

m i c r o - p r o c e s s o r   and  t h e   i n j e c t o r   6  is  d r i v e n   by  t h e  

o u t p u t   s i g n a l   t h e r e f r o m   and  i n j e c t s   t he   p r o p e r   q u a n t i t y  

of  t he   f u e l .  

In  t h i s   e m b o d i m e n t ,   t h e   a r e a   of  t he   a p e r t u r e   9  a n d  

t h e   a r e a   of  t h e   a p e r t u r e   10  a r e   no t   e q u a l   and  t h e   s h a f t  

c e n t e r   of  t h e   t h r o t t l e   v a l v e   s h a f t   5  is  so  a r r a n g e d   as  t o  

be  p a r a l l e l   to   t h e   a x i a l   d i r e c t i o n   of  t he   i n j e c t o r   h o l d e r  

3.  N a m e l y ,   as  shown  in  F i g s .   1  and  3,  t he   c e n t e r   l i n e   o f  

t he   s u p p o r t i n g   p a r t   of  t he   i n j e c t o r   h o l d e r   3  is  a r r a n g e d  

to  t h e   i n j e c t o r   ma in   body  2  so  as  to  be  p a r a l l e l   a n d  

o v e r l a p   o v e r   to  t h e   v e r t i c a l   l e v e l   to  t he   s h a f t   c e n t e r   o f  

t h e   t h r o t t e l   v a l v e   s h a f t   5 .  

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

a p e r t u r e s   9  and  10  can   be  a c c u r a t e l y   c o n t r o l l e d  

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

c o n s t i t u t i o n   of  w h i c h   t he   c e n t e r   l i n e   of  t he   s u p p o r t i n g  

p a r t   of  the   i n j e c t o r   h o l d e r   is  i n t e r s e c t e d   in  t h e   c r o s s  

s h a p e   to  t he   s h a f t   c e n t e r   of  t he   t h r o t t l e   v a l v e   s h a f t .  

In  t he   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ,   t h e   a i r  

i s   i n t r o d u c e d   i n t o   t h e   u p p e r   s i d e   of  t he   t h r o t t l e   v a l v e   4 

and  t he   l o w e r   s i d e   of  t he   t h r o t t l e   v a l v e   4 - u n e q u a l l y   i n  

o r d e r   to  p r e v e n t   t he   f u e l   f rom  b e i n g   c o n c e n t r a t e d   a t   o n e  

s i d e   or  e n d .  

The  a r e a   of  t he   a p e r t u r e   9  c o r r e s p o n d i n g   to  t h e  

l o w e r   s i d e   of  t h e   t h r o t t l e   v a l v e   4  is  s m a l l e r   t h a n   t h e  

a r e a   of  the   o p p o s i t e   a p e r t u r e   10  c o r r e s p o n d i n g   to  t h e  

u p p e r   s i d e   of  t h e   t h r o t t l e   v a l v e   4  so  t h a t   t he   a i r   f l o w  

is   no t   c o n c e n t r a t e d   a t   t he   l o w e r   s i d e   of  t h e   t h r o t t l e  

v a l v e   4.  C o n s e q u e n t l y ,   t h e   f u e l   is  no t   c o n c e n t r a t e d   a t  

t h e   l o w e r   s i d e   of  t he   t h r o t t l e   v a l v e   4  by  the   a i r   f l o w .  

Wi th   t he   c o n s t i t u t i o n   m e n t i o n e d   a b o v e   e m b o d i m e n t ,  

t h e   p r o b l e m   of  i n e q u a l i t y   of  t he   f u e l   d i s t r i b u t i o n   as  t h e  

t h r o t t l e   v a l v e   4  is   o p e n e d   is  a l l e v i a t e d   by  m a k i n g   t h e  

a r e a s   of  t he   a p e r t u r e s   9  and  10  d i f f e r e n t .  

When  t he   o p e n i n g   r a t e   of  the   t h r o t t l e   v a l v e   4  i s  

l ow,   t h e   q u a n t i t y   of  t he   a i r   f l o w   is  s m a l l   and  t he   f l o w  



s p e e d   i s   a l s o   l ow,   so  t h a t   t h e   i n e q u a l i t y   of   t he   a i r   f l o w  

has   no  e f f e c t   on  t h e   f u e l   d i s t r i b u t i o n   p e r f o r m a n c e .  

I n  t h i s   e m b o d i m e n t ,   t h e   i n j e c t o r   m a i n   body  2  and  t h e  

t h r o t t l e   v a l v e   m a i n   body  1  a r e   c o n s t i t u t e d   by  t w o  

c o m p o n e n t   p a r t s ,   h o w e v e r   t h e   i n j e c t o r   m a i n   body  2  and  t h e  

t h r o t t l e   v a l v e   m a i n   body   1  may  be  c o n s t i t u t e d   i n t e r g r a l l y  

w i t h   one   c o m p o n e n t   p a r t .  



1.  A  f u e l   i n j e c t i o n   a p p a r a t u s   w h i c h   i n j e c t s   a  f u e l   f r o m  

an  u p s t r e a m   s i d e   of  a  t h r o t t l e   v a l v e   (4)  p r o v i d e d   in  a  

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

an  i n j e c t o r   (6)  is  p r o v i d e d   in  s a i d   s u c t i o n   p a s s a g e  
in  s u c h   a  m a n n e r   t h a t   a r e a s   of  a  p a i r   of  s e c t i o n s   ( 9 ;   1 0 )  

of  s a i d   s u c t i o n   p a s s a g e   d i v i d e d   by  s a i d   i n j e c t o r   (6)  a r e  

u n e q u a l ;   and  an  a x i s   of  s a i d   t h r o t t l e   v a l v e   (4)  i s  

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

i n j e c t o r   ( 6 ) .  

2.  A  f u e l   i n j e c t i o n   a p p a r a t u s   c o m p r i s i n g ;   a  m a i n   b o d y  

(1,  2 ) ;   a  t h r o t t l e   v a l v e   s h a f t   (5)  p r o v i d e d   in  s a i d   m a i n  

body  (1,  2 ) ;   a  t h r o t t l e   v a l v e   (4)  m o u n t e d   on  s a i d  

t h r o t t l e   v a l v e   s h a f t   (5 ) ;   an  i n j e c t o r   h o l d e r   (3)  p r o v i d e d  

in  s a i d   m a i n   body  (1,  2 ) ;   an  i n j e c t o r   (6)  m a i n t a i n e d   b y  

s a i d   i n j e c t o r   h o l d e r   (3 ) ;   and  a  p a i r   of  a p e r t u r e s   (9;  1 0 )  

d e f i n e d   s a i d   i n j e c t o r   ( 6 ) ,   s a i d   i n j e c t o r   h o l d e r   (3)  a n d  

s a i d   m a i n   body   (1,  2)  c h a r a c t e r i z e d   in  t h a t  

a r e a s   of  s a i d   p a i r   of  a p e r t u r e s   (9;  10)  a r e   u n e q u a l ;  

and  a  s h a f t   c e n t e r   of  s a i d   t h r o t t l e   v a l v e   s h a f t   (5)  i s  

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

i n j e c t o r   h o l d e r   ( 3 ) .  

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

c h a r a c t e r i z e d   in   t h a t  

s a i d   i n j e c t o r   (6)  is   p o s i t i o n e d   at   a  c e n t e r   of  s a i d  

m a i n   body  (1,  2 ) ;   and  s a i d   a r e a   of  s a i d   a p e r t u r e   (9 )  

c o r r e s p o n d i n g   to  a  l o w e r   s i d e   of  s a i d   t h r o t t l e   v a l v e   ( 4 )  

is   s m a l l e r   t h a n   s a i d   a r e a   of  s a i d   a p e r t u r e   ( 1 0 )  

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

( 4 ) .  



4.  A  f u e l   i n j e c t i o n   a p p a r a t u s   a c c o r d i n g   to   c l a i m   3 ,  

c h a r a c t e r i z e d   in   t h a t  

s a i d   a r e a   of   s a i d   a p e r t u r e   (9)  to  s a i d   a r e a   of   s a i d  

a p e r t u r e   (10)  is   a b o u t   3 0 - 4 0   to  a b o o u t   7 0 - 6 0 .  

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

c h a r a c t e r i z e d   in   t h a t  

s a i d   m a i n   body   (1,  2)  is   c o n s t i t u t e d   to  an  i n j e c t o r  

m a i n   body   (2)  and  a  t h r o t t l e   v a l v e   ma in   body   ( I ) ;   s a i d  

i n j e c t o r   h o l d e r   (3)  and  s a i d   i n j e c t o r   (6)  a r e   p r o v i d e d   i n  

s a i d   i n j e c t o r   m a i n   body   ( 2 ) ;   and  s a i d   t h r o t t l e   v a l v e   ( 4 )  

and  s a i d   t h r o t t l e   v a l v e   s h a f t   (5)  a r e   p r o v i d e d   in   s a i d  

t h r o t t l e   v a l v e   m a i n   body   ( 1 ) .  
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