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Air-intake  conduit  comprising  a  fuel  injector  for  internal-combustion  engines. 

A  fuel  injector  body  assembly  including  an  injector  (7) 
located  upstream  of  a  throttle  chamber  (2)  connected  to  a 
venturi  chamber  (5)  formed  with  a  venturi  (6).  An  air  cham- 
ber  (2)  is  connected  to  an  upstream  end  of  the  venturi 
chamber,  and  a  bypass  passageway  (13)  in  the  form  of  an 
arc  is  located  at  the  interface  between  the  venturi  chamber 
and  the  air  chamber  and  has  a  hotwire  air  flow  meter  (6)  is 
mounted  therein. 



BACKGROUND  OF  THE  INVENTION 

FIELD  OF  THE  INVENTION 

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

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

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

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

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

DESCRIPTION  OF  THE  PRIOR  ART 

A t t e n t i o n   has   in  r e c e n t   y e a r s   b e e n   a t t r a c t e d   t o  

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

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

f u e l   i n j e c t i o n ,   when  a  f u e l   i s   s u p p l i e d   to   an  e n g i n e ,  

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

of  a i r   i n t a k e   and   o p e r a t i n g   c o n d i t i o n s   of  t h e   e n g i n e .  

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

in  t h e   a r t   i s   d i s c l o s e d   in  J a p a n e s e   P a t e n t   L a i d - O p e n  

No.  7 3 8 5 8 / 8 2   ( p r i o r i t y   d a t e ,   A u g u s t   26,  1 9 8 2 ,   W e s t  

G e r m a n y ,   P  30  32  0 6 7 . 3 ;   A p p l i c a n t ,   R o b e r t   B o s c h   G m b H ) .  

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

in   t h e   d o c u m e n t   r e f e r r e d   to   h e r e i n a b o v e ,   a i r   i n t a k e   m e a s u r -  

i n g   m e a n s   c o m p r i s i n g   a  b y p a s s   p a s s a g e w a y   h a v i n g   a  h o t -  

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

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

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

The  a i r   i n t a k e   m e a s u r i n g   m e a n s   w h i c h   i s   a  s e p a r a t e   e n t i t y  



i s   c o n n e c t e d   to  t he   a i r   c o n d u i t   f r om  o u t s i d e .  

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

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

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

(1)  F i r s t l y ,   s i n c e   t h e   a i r   i n t a k e   m e a s u r i n g  

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

m e a s u r i n g   m e a n s   w o u l d   s u f f e r   d a m a g e   when  f o r e i g n   m a t t e r s  

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

(2)  S e c o n d l y ,   t h e   l o n g e r   t h e   b y p a s s   p a s s a g e -  

way ,   t h e   h i g h e r   i s   t h e   p r e c i s i o n   w i t h   w h i c h   m e a s u r e -  

m e n t s   a r e   made  by  t h e   h o t - w i r e   a i r   f l o w   m e t e r   ( i f   t h e  

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

a i r   i n t a k e   w o u l d   n o t   be  d a m p e d   in  t h e   b y p a s s   p a s s a g e w a y  

and   w o u l d   be  s e n s e d   by  t h e   h o t - w i r e   a i r   f l o w   m e t e r ,   s o  

t h a t   t h e   p r e c i s i o n   w i t h   w h i c h   m e a s u r e m e n t s   o.=  a i r   i n t a k e  

a r e   made  c o u l d   be  i m p r o v e d   by  i n c r e a s i n g   t h e   l e n g t h   o f  

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

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

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

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

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

in  d e s i g n i n g   an  e n g i n e   room  l a y o u t .  

SUMMARY  OF  THE  INVENTION 

(1)  O b j e c t   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   has   as  i t s   o b j e c t   t h e   p r o v i s i o n  

of  a  f u e l   i n j e c t o r   body   a s s e m b l y ,   c o m p a c t   in  s i z e   a n d  

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



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

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

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

(2)  S t a t e m e n t   of  t h e   I n v e n t i o n  

The  o u t s t a n d i n g   c h a r a c t e r i s t i c s   of  t h e   i n v e n -  

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

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

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

an  a i r   c h a m b e r   c o n n e c t e d   to   an  a i r   c l e a n e r ;   a  l o w e r   i n -  

j e c t o r   s u p p o r t   and   an  u p p e r   i n j e c t o r   s u p p o r t   f o r   s u p p o r t -  

i n g   an  i n j e c t o r   in  a  c e n t r a l   p o r t i o n   of  t h e   a i r   c o n d u i t  

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

r e s p e c t i v e l y ;   and   a  b y p a s s   p a s s a g e w a y   a l l o w i n g   a  p o r t i o n  

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

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

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

m o u n t e d   t h e r e i n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  p l a n   v i e w   of  t h e   f u e l  i n j e c t o r  

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

F i g .   2  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e  

I I - I I   in  F i g .   1 ;  

F i g .   3  i s   a  p l a n   v i e w   of  t h e   f u e l   i n j e c t o r   b o d y  

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

F i g .   4  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e  

l i n e   I V - I V   in  F i g .   3 ;  

F i g .   5  i s   a  p l a n   v i e w   of  t h e   f u e l   i n j e c t o r  



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

i n v e n t i o n ;  

F i g .   6  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e  

l i n e   V I - V I   in   F i g .   5 ;  

F i g .   7  i s   a  p l a n   v i e w   of  t h e   f u e l   i n j e c t o r  

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

i n v e n t i o n ;  

F i g .   8  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e  

V I I I - V I I I   in  F i g .   7 ;  

F i g .   9  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   o f  

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

t h e   h o t   w i r e ;  

F i g .   10  i s   a  s e c t i o n a l   v i e w   of  t h e   f u e l   i n -  

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

t h e   i n v e n t i o n .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

P r e f e r r e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l  

be  d e s c r i b e d   by  r e f e r r i n g   to   t he   a c c o m p a n y i n g   d r a w i n g s .  

F i g .   1  and   2  show  a  f i r s t   e m b o d i m e n t   of  t h e  

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

i n v e n t i o n .   As  s h o w n ,   a  t h r o t t l e   v a l v e  1   i s   m o u n t e d   i n  

a  t h r o t t l e   c h a m b e r   2,  and   an  a i r   c h a m b e r   4  and   a  v e n t u r i  

c h a m b e r   5  c o n s t i t u t i n g   an  a i r   c o n d u i t   12  a r e   i n t e r p o s e d  

b e t w e e n   t h e   t h r o t t l e   c h a m b e r   2  and  an  a i r   c l e a n e r   3 .  

The  a i r   c o n d u i t   12  i s   c o m p o s e d   of  two  m e m b e r s   w h i c h   a r e  

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

c o n n e c t e d   a t   one  end   t h e r e o f   to   an  o u t l e t   t u b e   s e c t i o n  



of  t h e   a i r   c l e a n e r   3  and  j o i n e d   a t   t h e   o t h e r   end   t h e r e o f  

to  t h e   v e n t u r i   c h a m b e r   5  t h r o u g h   an  i n s u l a t o r   I1  f o r  

a v o i d i n g   a i r   l e a k s ,   w h i l e   t h e   v e n t u r i   c h a m b e r   5  j o i n e d  

a t   one  end   t h e r e o f   to   t h e   a i r   c h a m b e r   4  to  d e f i n e   t h e r e -  

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

t h e r e o f   to   t h e   t h r o t t l e   c h a m b e r   2  t h r o u g h   an  i n s u l a t o r  .  

I2  f o r   a v o i d i n g   h e a t   t r a n s f e r .   P a r t i c u l a r l y   t h e   v e n t u r i  

c h a m b e r   5  h a s   a  v e n t u r i   p r o v i d e d   on  i t s   i n n e r   p e r i p h e r a l  

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

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

4  to   t h e r e b y   r e d u c e   t h e   d i a m e t e r   of  t h e   a i r   c o n d u i t   1 2 .  

An  i n j e c t o r   7  i s   s u p p o r t e d   by  an  i n j e c t o r  

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

12  c o n s t i t u t e d   by  t h e   a i r   c h a m b e r   4  and   t h e   v e n t u r i  

c h a m b e r   5  and  c o m p r i s e s   a  l o w e r   i n j e c t o r   s u p p o r t   9  s e c u r -  

ed  to   t h e   v e n t u r i   c h a m b e r   5  and   an  u p p e r   i n j e c t o r   s u p p o r t  

10  s e c u r e d   to   t h e   a i r   c h a m b e r   4.  The  l o w e r   i n j e c t o r  

s u p p o r t   9  i s   open   a t   i t s   u p s t r e a m   end   f o r   r e c e i v i n g   t h e ' .  

i n j e c t o r   7  so  t h a t   a  n o z z l e   t h e r e o f   i s   d i r e c t e d   a g a i n s t  

t h e   t h r o t t l e   v a l v e   1.  The  u p p e r   i n j e c t o r   s u p p o r t   10  i s  

o p e n   a t   i t s   d o w n s t r e a m   end   and   c o n n e c t e d   to   t h e   o p e n  

u p s t r e a m   end   of  t h e   l o w e r   i n j e c t o r   s u p p o r t   9  so  as  t o  

s u p p o r t   t h e   i n j e c t o r   7  in  h e r m e t i c a l l y   s e a l e d   c o n d i t i o n  

in  t h e   i n j e c t o r   s u p p o r t   8.  The  u p p e r   and   l o w e r   i n j e c t o r  

s u p p o r t s   9  and   10  a r e   s e c u r e d   to   t h e   v e n t u r i   c h a m b e r   5 

and  t h e   a i r   c h a m b e r   4  t h r o u g h   u p p e r   s u p p o r t   a r m s   11A  a n d  

l o w e r   s u p p o r t   a rms   11B  r e s p e c t i v e l y .   Thus   t h e   a i r   c o n d u i t  

12  p r o v i d e s   an  a n n u l a r   a i r   p a s s a g e w a y   12A  t h r o u g h   w h i c h  



a i r   i s   s u p p l i e d   to   t h e   t h r o t t l e   v a l v e   1.  The  l o w e r   i n -  

j e c t o r   s u p p o r t   9  has   a  c o n i c a l   f o r w a r d   end   p o r t i o n   t o  

o b t a i n   good  m i x i n g   of  a i r   w i t h   a  f u e l   i n j e c t e d   t h r o u g h  

t h e   n o z z l e   of  t h e   i n j e c t o r   7 .  

The  i n t e r f a c e   b e t w e e n   t h e   two  m e m b e r s   of  t h e  

a i r   c o n d u i t   12  c o n n e c t e d   t o g e t h e r   a t   t h e   j o i n t   b e t w e e n  .  

t h e   a i r   c h a m b e r   4  and  t h e   v e n t u r i   c h a m b e r   5  has   a  g r o o v e  

f o r m e d   t h e r e i n   to   p r o v i d e   a  b y p a s s   p a s s a g e w a y   13  t o  

a l l o w   a  p o r t i o n   of  a i r   i n t a k e   to   f l o w   in  b y p a s s   s t r e a m .  

As  can   be  c l e a r l y   s e e n   in  F i g .   1,  t h e   b y p a s s   p a s s a g e  

13  i s   in  t h e   f o r m   of  an  a r c   and   c o n c e n t r i c   w i t h   t h e  

a n n u l a r   a i r   p a s s a g e w a y   12A  and   has   an  i n l e t   14  o p e n i n g  

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

6  of  t h e   v e n t u r i   c h a m b e r   5.  The  i n l e t   14  o p e n s   p e r i p h e r a l -  

ly  a t   t h e   i n n e r   p e r i p h e r a l   s u r f a c e   of  t h e   a i r   c h a m b e r   4 .  

Thus   t h e   i n l e t   14  i s   open   in  t h e   f o r m   of  an  a r c   w h i c h  

i s   c o n c e n t r i c   w i t h   t h e   a n n u l a r   a i r   p a s s a g e w a y   12A.  A 

h o t   w i r e   16  i s   m o u n t e d   in  t h e   v i c i n i t y   of  t h e   o u t l e t   1 5 '  

in  t h e   b y p a s s   p a s s a g e w a y   13.  More  s p e c i f i c a l l y ,   t h e   h o t  

w i r e   16  i s   l o c a t e d   i n w a r d l y   of  t h e   o u t l e t   15  of  t h e   b y p a s s  

p a s s a g e w a y   13  so  t h a t   i t   w i l l   be  c o o l e d   by  a i r   f l o w i n g  

in  b y p a s s   s t r e a m   t h r o u g h   t h e   b y p a s s   p a s s a g e w a y   13.  T h e  

h o t   w i r e   16  i s   e l e c t r i c a l l y   c o n n e c t e d   to   an  a i r   f l o w  

r a t e   m e a s u r i n g   c i r c u i t   17  m o u n t e d   on  an  o u t e r   s u r f a c e   o f  

t h e   v e n t u r i   c h a m b e r   5  to   t h e r e b y   m e a s u r e   t h e   a m o u n t s   o f  

a i r   s u p p l i e s .  

F o r m e d   a t   a  s i d e   w a l l   of  t h e   t h r o t t l e   c h a m b e r  

2  in  w h i c h   t h e   t h r o t t l e   v a l v e   1  i s   m o u n t e d   i s   an  a n n u l a r  



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

w a t e r   f o r   an  e n g i n e   so  as  to   h e a t   t h e   t h r o t t l e   c h a m b e r  

2  and   t h e   t h r o t t l e   v a l v e   1.  Thus   a  m i x t u r e   of  f u e l  

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

v a l v e   1  can   be  h e a t e d ,   t h e r e b y   a c c e l e r a t i n g   a t o m i z a t i o n  

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

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

of  h i g h   h u m i d i t y .  

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

to   t h e   i n v e n t i o n ,   a i r   d r a w n   by  s u c t i o n   i n t o   t h e   e n g i n e  

f l o w s   t h r o u g h   t h e   a n n u l a r   p a s s a g e w a y   12A.  A  p o r t i o n   o f  

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

13  f o r m e d   a t   t h e   i n t e r f a c e   b e t w e e n   t h e   a i r   c h a m b e r   4 

and  t h e   v e n t u r i   c h a m b e r   5  by  v i r t u e   of  t h e   p r e s s u r e  

d i f f e r e n t i a l   e x i s t i n g   b e t w e e n   t h e   i n l e t   14  and   o u t l e t  

15  of  t h e   b y p a s s   p a s s a g e w a y   13,  so  t h a t   t h e   a m o u n t   of  a i r  

i n t a k e   i s   m e a s u r e   by  t h e   h o t   w i r e   16  w h i l e   t h e   h o t   w i r e  

16  i t s e l f   i s   c o o l e d .   The  f u e l   s u p p l y   i s   p r e s s u r i z e d   b y  

a  f u e l   pump,   n o t   s h o w n ,   and   f e d   t h r o u g h   a  f u e l   p i p e   19  

l o c a t e d   in  t h e   l o w e r   s u p p o r t   a rms   11B  i n t o   t h e   i n j e c t o r  

7  w h e r e   i t   i s   c o n t r o l l e d   by  t h e   p e r i o d   of  t i m e   d u r i n g  

w h i c h   an  i n j e c t o r   v a l v e   r e m i n s   open   and   t h e   n u m b e r   o f  

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

The  a i r - f u e l   r a t i o   of  t h e   f u e l - a i r   m i x t u r e  

s u p p l i e d   to   t h e   e n g i n e   i s   c o n t r o l l e d   by  p r o c e s s i n g   i n -  

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

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

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



of  t h e   e n g i n e ,   e t c . ,   by  m e a n s   of  a  m i c r o c o m p u t e r   a n d  

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

7  and   t h e   t i m e   a t   w h i c h   s u c h   i n j e c t i o n   t a k e s   p l a c e .  

The  e m b o d i m e n t   of  t h e   f u e l   i n j e c t o r   b o d y   a s -  

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

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

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

t h e   b y p a s s   p a s s a g e w a y   13  and  t h e   h o t - w i r e   a i r   f l o w  

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

e n a b l e s   t h e   l e n g t h   of  t h e   b y p a s s   p a s s a g e w a y   13  to   b e  

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

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

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

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

b e c a u s e   of  t h e   b y p a s s   p a s s a g e w a y   13  b e i n g   in   a r c u a t e  

f o r m .   T h i s   i s   c o n d u c i v e   to   i n c r e a s e d   p r e c i s i o n   w i t h  

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

p o s s i b l e   to   o b t a i n   a  c o m p a c t   s i z e   in   a  f u e l   i n j e c t o r   b o d y  

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

i s   c o m p o s e d   of  two  m e m b e r s   p r o v i d e d   by  t h e   a i r   c h a m b e r   4 

and  t h e   v e n t u r i   c h a m b e r   5  m a k e s   i t   p o s s i b l e   to   m o u n t   t h e  

i n j e c t o r   7  and   f o r m   t h e   b y p a s s   p a s s a g e w a y   13  a t   t h e   s a m e  

t i m e ,   t h e r e b y   i m p r o v i n g   p r o d u c t i v i t y .  

F i g s .   3  and   4  show  a  s e c o n d   e m b o d i m e n t   w h i c h   i s  

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

p a s s a g e w a y   13  of  t h e   s e c o n d   e m b o d i m e n t   h a s   an  i n l e t   20 

of  t h e   d y n a m i c   p r e s s u r e   t y p e .   More  s p e c i f i c a l l y ,   t h e  

i n l e t   20  of  t h e   b y p a s s   p a s s a g e w a y   13  o p e n s   t o w a r d   t h e  



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

d i r e c t l y   i n t r o d u c e   a  p o r t i o n   of  t h e   a i r   i n t a k e   i n t o   t h e  

b y p a s s  p a s s a g e w a y   1 3 .  

In  t h e   s e c o n d   e m b o d i m e n t   of  t h i s   c o n s t r u c t i o n ,  

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

end   of  t h e   v e n t u r i   6  i s   p r e v e n t e d   f r o m   b e i n g   i n t r o d u c e d .  

i n t o   t h e   b y p a s s   p a s s a g e w a y   13.  T h i s   e n a b l e s   v a r i a t i o n s  

in  t h e   o u t p u t   of  t h e   h o t   w i r e   w i t h   r e g a r d   to   t h e   a i r  

i n t a k e   c a u s e d   by  i n t r o d u c t i o n   of  t h e   a i r   in  t u r b u l e n t  

f l o w   to   be  a v o i d e d   and   m a k e s   i t   p o s s i b l e   to   e l i m i n a t e  

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

a  c o n t r o l   c i r c u i t   of  t h e   h o t - w i r e   a i r   f l o w   m e t e r .  

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

of  a i r   i n t a k e   to   be  m e a s u r e d   r e l a t i v e l y   s t a b l y .  

A  t h i r d   e m b o d i m e n t   w i l l   be  d e s c r i b e d   by  r e f e r -  

r i n g   to   F i g s .   5  and   6  in  w h i c h   p a r t s   s i m i l a r   to   t h o s e  

shown  in  F i g s .   1-4  a r e   d e s i g n a t e d   by  l i k e   r e f e r e n c e  

c h a r a c t e r s .   In  F i g s .   5  and   6,  an  i n l e t   21  f o r   i n t r o d u c -  

i n g   a  p o r t i o n   of  a i r   i n t a k e   i n t o   t h e   b y p a s s   p a s s a g e w a y   13  

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

10.  To  t h i s   e n d ,   an  i n l e t   p o r t i o n   22  of  t h e   b y p a s s  

p a s s a g e   13  i s   f o r m e d   in  t h e   u p p e r   s u p p o r t   a r m s   11A  o f  

t h e   u p p e r   i n j e c t o r   s u p p o r t   10  and   m a i n t a i n e d   in  c o m m u n i -  

c a t i o n   w i t h   an  i n n e r   s p a c e   of  t h e   i n j e c t o r   s u p p o r t   8 .  

By  t h i s   a r r a n g e m e n t ,   a  p o r t i o n   of  a i r   i n t a k e  i s   l e d  

t h r o u g h   t h e   i n l e t   21  o p e n i n g   a t   t h e   s i d e   w a l l   of  t h e  

u p p e r   i n j e c t o r   s u p p o r t   10  i n t o   t h e   b y p a s s   p a s s a g e w a y   13  

t h r o u g h   t h e   i n n e r   s p a c e   of  t h e   i n j e c t o r   s u p p o r t   8  a n d  



t h e   i n l e t   p o r t i o n   22  of  t h e   u p p e r   s u p p o r t   arm  11A.  T h e  

i n l e t   21  i s   of  c o u r s e   d i s p o s e d   u p s t r e a m   of  t h e   o u t l e t   1 5 .  

In  t h e   e m b o d i m e n t   of  t h e   f u e l   i n j e c t o r   b o d y  

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

l e d   t h r o u g h   t h e   a i r   c o n d u i t   12  to   t h e   t h r o t t l e   v a l v e   1 .  

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

p a s s a g e w a y   13  by  v i r t u e   of  t h e   d i f f e r e n t i a l   p r e s s u r e  

e x i s t i n g   b e t w e e n   t h e   i n l e t   21  and   t h e   o u t l e t   15  t h e r e o f .  

A f t e r   b e i n g   m e a s u r e d   a t   t h e   h o t   w i r e   16,   t h e   p o r t i o n   o f  

t h e   a i r   i n t a k e   f l o w i n g   t h r o u g h   t h e   b y p a s s   p a s s a g e w a y   1 3  

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

d u i t   a t   t h e   o u t l e t   15.  In  t h i s   e m b o d i m e n t ,   a  t u r b u l e n t  

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

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

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

a t   t h e   s i d e   w a l l   of  t h e   i n j e c t o r   s u p p o r t   8  l o c a t e d   in  a  

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

a i r   e x e r t s   a l m o s t   no  i n f l u e n c e s   on  t h e   i n l e t   21  of  t h e  

b y p a s s   p a s s a g e w a y   1 3 .  

A  f o u r t h   e m b o d i m e n t   i s   shown  in  F i g s .   7  and   8 

in  w h i c h   t h e   i n n e r   s p a c e   of  t h e   i n j e c t o r   s u p p o r t   8  i s  

m e r e l y   s h a p e d   to   c o n t a i n   t h e   i n j e c t o r   7  and   t h e   i n l e t  

p o r t i o n   22  of  t h e   b y p a s s   p a s s a g e w a y   13  i s   f o r m e d   in  a  

h e a d   p o r t i o n   of  t h e   u p p e r   i n j e c t o r   s u p p o r t   10  w h i l e   a n  

i n l e t   23  i s   f o r m e d   to   open   in  a  s i d e   w a l l   of  t h e   h e a d  

p o r t i o n .   Thus  t h e   f o u r t h   e m b o d i m e n t   i s   d i s t i n c t   f r o m   t h e  

o t h e r   e m b o d i m e n t s   in  t h a t   t h e   i n l e t   23  d i r e c t l y   o p e n s   i n  

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



s u p p o r t   8.  The  e m b o d i m e n t   shown  in  F i g s .   7  and  8  o p e r -  

a t e s   in  t h e   same  m a n n e r   and  a c h i e v e d   t h e   same  r e s u l t s  

as  t h e   e m b o d i m e n t s   shown  in  F i g s .   1 - 6 .  

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

t h e   a i r   c h a m b e r   4  in  t h e   t h i r d   and   f o u r t h   e m b o d i m e n t s ,  

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

an  i n l e t   of  t h e   a i r   c l e a n e r   and   t h e   i n l e t   21,  23  of  t h e  

b y p a s s   p a s s a g e w a y   13.  More  s p e c i f i c a l l y ,   an  o u t p u t   V o u t  

of  t h e   h o t   w i r e   16  in  r e l a t i o n   to   t h e   a m o u n t   of  a i r   i n t a k e  

G A  s h o w s   c h a n g e s   as   shown  in  F i g .   9  d e p e n d i n g   on  t h e  

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

i n l e t   21,   23  of  t h e   b y p a s s   p a s s a g e w a y   13.  For   e x a m p l e ,  

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

same  d i r e c t i o n   as   t h e   i n l e t   21,   23  of  t h e   b y p a s s   p a s s a g e -  

way  13,   t h e   a m o u n t   of  a i r   f l o w i n g   t h r o u g h   t h e   b y p a s s  

p a s s a g e w a y   13  i n c r e a s e s   as  shown  by  a  b r o k e n   l i n e   in  F i g .  

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

t h e   i n l e t   21,   23  and   t h e   o u t p u t   V o u t   i n c r e a s e s .   H o w e v e r ,  

when  t h e   i n l e t   21,   23  of  t h e   b y p a s s   p a s s a g e w a y   13  i s  

d i s p l a c e d   45  or  90  d e g r e e s   w i t h   r e s p e c t   to   t h e   i n l e t   o f  

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

b y p a s s   p a s s a g e w a y   13  d e c r e a s e s   and   t h e   o u t p u t   7 o u t   a l s o  

d e c r e a s e s   as  shown  by  a  s o l i d   l i n e   or   a  d a s h - a n d - d o t  

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

i n j e c t o r   7  may  v a r y   d e p e n d i n g   on  t h e   a m o u n t   of  a i r   i n t a k e  

GA,  i t   i s   n e c e s s a r y   to   i n c r e a s e   t h e   p r e c i s i o n   w i t h   w h i c h  

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

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



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

t h e   h o t   w i r e   16  in  r e l a t i o n   to   t h e   a m o u n t   of  a i r   i n t a k e  

GA  as  shown  in  F i g .   9 .  

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

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

v i e w   in  F i g .   10,   to  r e n d e r   t h e   i n l e t   21,   23  of  t h e   b y p a s s  

p a s s a g e w a y   13  i m p e r v i o u s   to   t h e   i n f l u e n c e s   e x e r t e d   b y  

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

As  s h o w n ,   an  a n n u l a r   s h i e l d   w a l l   25  i s   p r o v i d e d   in  a  

m a n n e r   to   s u r r o u n d   an  o u t e r   p e r i p h e r y   of  t h e   u p p e r   i n -  

j e c t o r   s u p p o r t   10  a t   w h i c h   an  i n l e t   24  of  t h e   b y p a s s  

p a s s a g e w a y   13  i s   f o r m e d .   The  s h i e l d   w a l l   25  i s   j u x -  

t a p o s e d   a g a i n s t   t h e   i n l e t   24  w i t h   a  p r e d e t e r m i n e d   s p a c -  

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

as  a  w h o l e   i n c l u d i n g   t h e   i n l e t   24.  The  s h i e l d   w a l l   2 5  

e x t e n d s   u n i t a r i l y   f r o m   t h e   u p p e r   i n j e c t o r   s u p p o r t   10  a n d  

i s   s e t   a t   an  i n l e t   26  of  t h e   a i r   c l e a n e r   3  m o u n t e d   o n  

t h e   a i r   c h a m b e r   4  in  s u c h   a  m a n n e r   t h a t   i t   i s   in  f a c e -  

t o - f a c e   r e l a t i o n   to   t h e   i n l e t   2 4 .  

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

s t r u c t i o n ,   a i r   i n t r o d u c e d   t h r o u g h   t h e   i n l e t   26  of  t h e  

a i r   c l e a n e r   3  i s   l e d   c i r c u i t o u s l y   f r o m   an  o p e n i n g   of  t h e  

a n n u l a r   s h i e l d   w a l l   25  a t   i t s   u p p e r   end   to   t h e   i n l e t   24  

of  t h e   b y p a s s   p a s s a g e w a y   13.  By  t h i s   a r r a n g e m e n t ,   d y n a m i c  

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

h o t   w i r e   16  in  t h e   b y p a s s   p a s s a g e w a y   13.  T h i s   e l i m i n a t e s  

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

t h e   a m o u n t   of  a i r   i n t a k e   b a s e d   on  t h e   o u t p u t   of  t h e   h o t  



w i r e   16  and   t h e   r e a l   a m o u n t   of  a i r   i n t a k e   due  to   d y n a m i c  

p r e s s u r e .   As  a  r e s u l t ,   f u e l   i n j e c t i o n   can   be  c o n t r o l -  

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

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



1.  A  f u e l   i n j e c t o r   body   a s s e m b l y   c o m p r i s i n g :  

(a)  an  a i r   c h a m b e r   (4)  c o n n e c t e d   a t   one  e n d  

t h e r e o f   to   an  a i r   c l e a n e r   ( 3 ) ;  

(b)  a  v e n t u r i   c h a m b e r   (5)  j o i n e d   to   t h e   o t h e r  

end  of  s a i d   a i r   c h a m b e r   and  s e c u r e d   in   p l a c e ;  

(c)  a  t h r o t t l e   c h a m b e r   (2)  h a v i n g   a  t h r o t t l e  

v a l v e   (1)  c o n n e c t e d   to   an  end   of  t h e   v e n t u r i   c h a m b e r  

o p p o s i t e   t h e   end   t h e r e o f   to   w h i c h   s a i d   a i r   c h a m b e r   i s  

j o i n e d ;  

(d)  an  i n j e c t o r   (7)  m o u n t e d   i n  t h e   v i c i n i t y  

of  t h e   c e n t e r   of  an  a i r   c o n d u i t   (12)  c o n s t i t u t e d   by  s a i d  

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

t h e r e t h r o u g h ;  

(e)  a  b y p a s s   p a s s a g e w a y   (13)  h a v i n g   an  i n l e t  

(14,   20,  21,   23,  24)  o p e n i n g   on  t h e   u p s t r e a m   s i d e   of  s a i d  

v e n t u r i   c h a m b e r   and  an  o u t l e t   (15)  o p e n i n g   in  s a i d   v e n t u r i  

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

a i r   c h a m b e r   and   s a i d   v e n t u r i   c h a m b e r   when  s a i d   t w o  

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

s a i d   o u t l e t ;   a n d  

(f)  an  a i r   f l o w   m e t e r   m o u n t e d   in  s a i d   b y p a s s  

p a s s a g e w a y .  

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

c l a i m   1,  w h e r e i n   s a i d   b y p a s s   p a s s a g e   i s   l o c a t e d   in   a  

c r o s s   s e c t i o n   a t   r i g h t   a n g l e s   to   an  a i r   c u r r e n t   and   c o n -  

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

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



3.  A  f u e l   i n j e c t o r   body   a s s e m b l y   as  c l a i m e d   i n  

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

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

s a i d   b y p a s s   p a s s a g e w a y   i s   in  t h e   f o r m   of  an  a r c   c e n t e r e d  

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

4.  A  f u e l   i n j e c t o r   body   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   3,  w h e r e i n   s a i d   i n l e t   of  s a i d   b y p a s s   p a s s a g e w a y  

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

in  t h e   f o r m   of  an  a r c .  

5.  A  f u e l   i n j e c t o r   body   a s s e m b l y   as   c l a i m e d   i n  

c l a i m   4,  w h e r e i n   s a i d   i n l e t   o p e n s   in  s u c h   a  m a n n e r   t h a t  

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

s a i d   a i r   c o n d u i t .  

6.  A  f u e l   i n j e c t o r   body   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   i n j e c t o r   i s   h e l d   b e t w e e n   an  u p p e r  

i n j e c t o r   s u p p o r t   (9)  l o c a t e d   on  u p p e r   s u p p o r t   a r m s   (11A)  

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

(10)  l o c a t e d   on  l o w e r   s u p p o r t   a r m s   (11B)  s e c u r e d   to   s a i d  

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

7.  A  f u e l   i n j e c t o r   b o d y   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   6,  f u r t h e r   c o m p r i s i n g   a  f u e l   p i p e   (19)  l o c a t e d   i n  

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

i n j e c t o r .  

8.  A  f u e l   i n j e c t o r   body   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   i n j e c t o r   i s   h e l d   b e t w e e n   an  u p p e r  

i n j e c t o r   s u p p o r t   (9)  l o c a t e d   on  u p p e r   s u p p o r t   a r m s   (11A)  

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

(10)  l o c a t e d   on  l o w e r   s u p p o r t   a rms   (11B)  s e c u r e d   to   s a i d  



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

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

an  i n l e t   p o r t i o n   (22)  f o r m e d   in  s a i d   u p p e r   s u p p o r t   a r m s .  

9.  A  f u e l   i n j e c t o r   body   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   8,  w h e r e i n   s a i d   i n l e t   (23)  o p e n i n g   in   s a i d   u p p e r  

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

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

10.  A  f u e l   i n j e c t o r   b o d y   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   9,  w h e r e i n   s a i d   u p p e r   i n j e c t o r   s u p p o r t   i s   f o r m e d  

w i t h   an  a n n u l a r   w a l l   p o r t i o n   (25)  l o c a t e d   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   in   w h i c h   s a i d   i n l e t   (24)  o p e n s .  

11.  A  f u e l   i n j e c t o r   b o d y   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   an  a i r   i n s u l a t o r   ( I1)   f o r   a v o i d i n g   a i r  

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

c h a m b e r   and   s a i d   v e n t u r i   c h a m b e r .  

12.  A  f u e l   i n j e c t o r   b o d y   a s s e m b l y   as   c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   t h r o t t l e   c h a m b e r   h a v i n g   s a i d   t h r o t -  

t l e   v a l v e   i s   c o n n e c t e d   t h r o u g h   an  i n s u l a t o r   ( I2)   f o r  

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

o p p o s i t e   t h e   end   t h e r e o f   to   w h i c h   s a i d   a i r   c h a m b e r   i s  

j o i n e d .  

13.  A  f u e l   i n j e c t o r   b o d y   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   12,   w h e r e i n   a  g r o o v e   (18)  i s   f o r m e d   in  s a i d   t h r o t t l e  

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

14.  A  f u e l   i n j e c t o r   b o d y   a s s e m b l y   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   an  a i r   f l o w   r a t e   m e a s u r i n g   c i r c u i t   ( 1 7 )  

i s   m o u n t e d   on  an  o u t e r   w a l l   s u r f a c e   of  s a i d   v e n t u r i  

c h a m b e r .  
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