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©  Fuel  metering  system  for  an  internal  combustion  engine. 
©  Afuei  metering  system  for  an  internal  combustion  engine 
uses  a  digital  computer  to  calculate  the  desired  fuel  flow  to 
maintain  an  air/fuel  ratio  required  underthe  engine  operating 
conditions  existing  at  the  time.  This  desired  fuel  flow  is 
obtained  from  a  basic  fuel  metering  system  and,  under 
equilibrium  engine  operating  conditions,  is  the  actual  fuel 
flow  demand  of  the  engine.  Under  transient  engine  operating 

i  conditions,  the  invention  provides  compensation  of  the  basic 
fuel  metering  system  calculations  to  take  into  account  the 

'  effects  of  the  transfer  of  fuel  from  the  liquid  state  on  the  wall 
surfaces  of  the  engine's  intake  passages  to  the  gas  or  vapor 
state  in  the  inducted  air  fuel  mixture  and  also  takes  into 
account  transfers  of  fuel  from  the  inducted  air/fuel  mixture 
onto  the  intake  passage  surfaces  as  a  liquid  deposit. 

a .  
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A fuel metering system for an internal combustion engine 
uses  a  digital  computer  to  calculate  the  desired  fuel  flow  to 
maintain  an  air/fuel  ratio  required  under the  engine  operating 
conditions  existing  at  the  time.  This  desired  fuel  flow  is 
obtained  from  a  basic  fuel  metering  system  and,  under 
equilibrium  engine  operating  conditions,  is  the  actual  fuel 
flow  demand  of the  engine.  Under  transient  engine  operating 
conditions,  the  invention  provides  compensation  of the  basic 
fuel  metering  system  calculations  to  take  into  account  the 
effects  of  the  transfer  of  fuel  from  the  liquid  state  on  the  wall 
surfaces  of  the  engine's  intake  passages  to  the  gas  or  vapor 
state  in  the  inducted  air  fuel  mixture  and  also  takes  into 
account  transfers  of  fuel  from  the  inducted  air/fuel  mixture 
onto the  intake  passage  surfaces  as  a  liquid  deposit. 



This  i n v e n t i o n   r e l a t e s   to  a  fuel  meter ing   sys tem 

for  i n t e r n a l   combustion  e n g i n e s .  

In  i n t e r n a l   combustion  engines,   the  r a t e   at  which  f u e l  

is  metered  to  the  engine  va r i e s   during  engine  o p e r a t i o n .  

Changes  in  engine  load  cause  the  e n g i n e ' s   fuel   me te r ing   a p p a r a t u s  

to  i n c r e a s e   or  to  decrease   the  r a te   at  which  fuel  is   metered  t o  

the  engine.   As  a  r e s u l t ,   the  engine  must  change  from  a  f i r s t   s t a t e ,  

where  engine  o p e r a t i o n   and  fuel  flow  r a t e   is  qui te   s t a b l e ,   to  a  

second  s t a t e ,   where  these   c o n d i t i o n s   again  become  s t a b l e .   The 

c o n d i t i o n s   in  between  the  s t ab le   s t a t e s   are  of  a  t r a n s i e n t   c h a r a c t e r  

in  tha t   the  r a t e   of  fuel   flow  va r i e s   c o n t i n u o u s l y   and  can  p r o d u c e  

u n d e s i r a b l e   a i r / f u e l   r a t i o s .   For  example,  with  c a r b u r e t i o n  

or  o ther   c e n t r a l   l o c a t i o n   of  the  fuel  mete r ing   appa ra tu s ,   t he re   i s  

an  in take   manifo ld   passage  tha t   the  vapor ized   or  atomized  fuel   must  

t r a v e r s e   in  order  to  reach  the  e n g i n e ' s   combustion  chamber  or  chambers .  

At  a  given  engine  load,  p r i o r   art   fuel   c o n t r o l  s y s t e m s   under  t r a n s i e n t  

engine  o p e r a t i o n   are  unable  to  ma in ta in   p r e c i s e   a i r / f u e l   r a t i o s  

u n t i l   the  c o n d i t i o n s   in  the  e n g i n e ' s   in take   passages   have  s t a b i l i z e d .  

Sudden  a c c e l e r a t i o n s   cause  an  i n c r e a s e   in  the  r a t e   at  which  l i q u i d  

fuel  is  d e p o s i t e d   on  the  walls  of  the  in take   passages   (wall   w e t t i n g ) ,  

and  sudden  d e c l e r a t i o n s   produce  a  l e s sened   r a t e   o f  



d e p o s i t i o n .   The  r e a s o n   f o r   t h i s   h a s   to  do  w i t h   t h e   c h a n g i n g  

v a p o r   p r e s s u r e s .   The  h i g h e r   t h e   v a p o r  p r e s s u r e ,   t he   more   t h e  

f u e l   t e n d s   to  a c c u m u l a t e   on  t h e   w a l l s   of   t h e  i n t a k e   p a s s a g e s .  

V a p o r   p r e s s u r e   i s   a  p a r t i a l   p r e s s u r e ,   and  t he   m a j o r  

c o n t r i b u t o r   to  p r e s s u r e   i n  t h e   i n t a k e   p a s s a g e   is  a i r .   The  a i r  

p r e s s u r e   in  the   i n t a k e   p a s s a g e s   in  g e n e r a l   is   b e l o w  

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

d u r i n g   e n g i n e   o p e r a t i o n .  

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

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

t h e   a m o u n t   of   f u e l   t h a t   a c t u a l l y   r e a c h e s   t he   e n g i n e ' s  

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

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

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

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

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

f rom  t h e   f u e l   m e t e r i n g   a p p a r a t u s   to  t he   e n g i n e ' s   r e s p e c t i v e  

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

m e t e r i n g   and  m u l t i p o i n t   f u e l   m e t e r i n g  s y s t e m s .   C e n t r a l   p o i n t  

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

and  t he   r e c e n t l y   d e v e l o p e d  c e n t r a l  p o i n t  f u e l   i n j e c t i o n   s y s t e m  
t h a t   has   two  e l e c t r o m a g n e t i c   f u e l   i n j e c t o r s   p o s i t i o n e d   in  a  
t h r o t t l e   body   ( a i r  v a l v e )   to  i n j e c t   f u e l  i n t o   t h e  i n c o m i n g  

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

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

i n j e c t o r   f o r   e a c h   of   t he   e n g i n e ' s  c o m b u s t i o n   c h a m b e r s ,   w i t h  

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

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

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

A  number  of  e l e c t r o n i c   engine  con t ro l   systems  have  b e e n  p r o p o s e d  
p r e v i o u s l y .   For  e x a m p l e : -  



U.S .   P a t e n t   No.  3 , 7 9 4 , 0 0 3   to  Reddv  t e a c h e s   a n  

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

e n g i n e   RPM  and  i n t a k e   m a n i f o l d   a b s o l u t e   p r e s s u r e .   The  s y s t e m  

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

p r o v i d e   an  i m m e d i a t e   i n d i c a t i o n   of  t he   d e c e l e r a t i o n   d e m a n d  

i n d e p e n d e n t   of  t h r o t t l e   p o s i t i o n   or  min imum  m a n i f o l d   p r e s s u r e .  
The  s y s t e m   c u r t a i l s   or  t e r m i n a t e s   f u e l   d e l i v e r y   to  the  e n g i n e  

when  m a n i f o l d   p r e s s u r e   is  above   a  p r e d e t e r m i n e d   v a l u e .   F u e l  

d e l i v e r y   is   r e s t o r e d   a f t e r   t he   m a n i f o l d   p r e s s u r e   has  r e t u r n e d  

a b o v e   a  s e c o n d   p r e d e t e r m i n e d   v a l u e .   E n g i n e   RPM  a l s o   is  a  

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

U . S .   P a t e n t   No.  3 , 9 6 9 , 6 1 4   to  Moyer  e t   al  d i s c l o s e s   a n  

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

c a l c u l a t e s   on  a  r e a l - t i m e   b a s i s   the   p r o p e r   s e t t i n g   for   o n e  

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

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

e n g i n e   o p e r a t i o n   a t   a l l   t i m e s .   The  c o m p u t e r   i s   p r o g r a m m e d   t o  

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

from  an  a l g e b r a i c   f u n c t i o n   or  f u n c t i o n s   d e s c r i b i n g   a  

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

o u t p u t   v a r i a b l e   and  a  s e c o n d   c o n t r o l l e d   o u t p u t   v a r i a b l e .  

U .S .   P a t e n t   No.  3 , 9 6 4 , 4 4 3   to  H a r t f o r d   t e a c h e s   a  

d i g i t a l   e n g i n e   c o n t r o l   s y s t e m   t h a t   may  be  used   to  c o n t r o l   a  

f u e l   i n j e c t i o n   s y s t e m   in  wh ich   e n g i n e   i n t a k e   m a n i f o l d  

p r e s s u r e ,   e n g i n e   RPM  and  e n g i n e   t e m p e r a t u r e   a r e   u t i l i z e d   a s  

i n p u t s   to  a  c o m p u t e r .  

U . S .   P a t e n t   4 , 0 8 6 , 8 8 4   to  Moon  e t   al  t e a c h e s   a  f u e l  

c o n t r o l   s y s t e m   for   a  s p a r k   i g n i t i o 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  

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

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

q u a n t i t y   of  f u e l   d e l i v e r e d   to  the   e n g i n e   and  t h i s   i s  

c a l c u l a t e d   by  the   s p e e d - d e n s i t y   a p p r o a c h   fo r   d e t e r m i n i n g   t h e  

mass   a i r   f l o w .  

According  to  the  p resen t   i n v e n t i o n ,   the re   is  p r o v i d e d  



A  fuel   m e t e r i n g   system  for  a n  i n t e r n a l   combust ion  engine,   t h e  

engine  having  a  p a s s a g e   through  which  a  mix ture   of  a i r   and  fuel   i s  

induc ted   in to   the  combust ion  chamber  of  chambers  o f   the  engine,   t h e  

fuel  me te r ing   system  c o m p r i s i n g : -  

(a)  a  fuel   system  having  e l e c t r i c a l l y  s e t t a b l e   means  for   c o n t r o l l i n g  

the  r a t e   at  which  fuel   is  metered  in to   the  e n g i n e ' s   i n t ake   pas sage ;   and  

(b)  means  for  modify ing   the  r a t e   a t  w h i c h  f u e l   is  metered  i n to   t h e  

e n g i n e ' s   i n t ake   p a s s a g e  t o   take  in to   account  the  r a t e   at  which  fuel   i s  

t r a n s f e r r e d   from  the  s u r f a c e s  o f   t h e  i n t a k e   passage   to  the  i n d u c t e d  

a i r / f u e l   mix ture   o r  f rom  the  a i r / f u e l   mix ture   to  the  s u r f a c e s   of  t h e  

in take   p a s s a g e .  
The  p r e f e r r e d   fuel   m e t e r i n g  s y s t e m   of  t h e  i n v e n t i o n  i s   p a r t i c u l a r l y  

s u i t a b l e   for  u s e  w i t h  a   s p a r k  i g n i t i o n  i n t e r n a l  c o m b u s t i o n   engine .   The 

p r i n c i p l e s   of  the  improvement  may,  however,  be  extended  to  o t h e r  

engine  des igns ,   such  as  Diese l ,   e x t e r n a l   combus t ion  and   t u r b i n e .  E a c h  

of  these  o ther   engine  types  r e q u i r e s   an  a i r / f u e l   mixture   and  may  n e e d  

the  t r a n s i e n t  c o n t r o l   p r o v i d e d  b y   t h e  i n v e n t i o n .  A   d i e s e l   engine  i n v o l v e s  

t h e  d i r e c t   i n j e c t i o n   of  fuel   into  t h e  e n g i n e ' s   combust ion  chamber  o r  

prechamber  ( i n d i r e c t  i n j e c t i o n   D i e s e l ) ,   b u t  t h e  q u a n t i t y   of  fuel   t h a t  

remains  on  the  wal l s   of  the  combustion  chamber  or   prechamber  and  t h e  

v a r i a t i o n   of  such  q u a n t i t y  m a y   be  of  c o n s i d e r a b l e   impor tance   in  t h e  

adequate  c o n t r o l   of  D i e s e l  e n g i n e   exhaust   emiss ions   and  fue l   economy. 

Continuous  combus t ion   engines ,   on  the   o the r   hand,  do  not  r e q u i r e   t h e  

degree  of  fuel   c o n t r o l   r e q u i r e d   by  i n t e r n a l   combust ion  engines   b e c a u s e  

combustion  is  con t i nuous   and  an  e x c e s s  o f   a i r   is  always  a v a i l a b l e .  

It  is  not  i n c o n c e i v a b l e ,   however,  tha t   such  engines   may one  day  r e q u i r e  

compensat ion  for   t r a n s i e n t   d e p o s i t s  o f   fue l   i n  t h e   i n t a k e  p a s s a g e   to  t h e  

" e x t e r n a l "   combust ion   chamber  of  such  a n  e n g i n e .   Such  compensa t ion   would 

be  of  p a r t i c u l a r   impor tance   where  the  response   of  the  engine  t o  c h a n g e s  

in  r a t e   of  fuel   f l o w  i s   s i g n i f i c a n t .  



The  improved  fuel  con t ro l   system  of  the  i n v e n t i o n   i s  

des igned   to  take  into  account  the  v a r i a t i o n s   tha t   occur  in  t h e  

q u a n t i t y   of  fuel  that   is  d e p o s i t e d   in  the  l i q u i d   s t a t e   in  t h e  

in t ake   passage  or  passages   of  an  engine .   The  a i r / f u e l   r a t i o  

of  the  mixture   in  the  in take   passages   v a r i e s   depending  upon 

the  i n i t i a l   meter ing   of  fuel  in  p r o p o r t i o n   to  the  incoming  a i r  

and  also  as  a  f u n c t i o n   of  the  net  t r a n s f e r   of  fuel   from  t h e  

s u r f a c e s   of  the  in take   passages   to  the  i n d u c t e d   a i r / f u e l   m i x t u r e  

or  vice  ve r sa .   The  incoming  a i r ,   a f t e r   being  mixed  with  f u e l  

at  some  point   or  po in t s   in  the  i n t ake   passage ,   flows  into  t h e  

e n g i n e ' s   combustion  chambers.  Liquid  fuel   on  the  walls  of  t h e  

combust ion  chambers  may  be  inc luded   in  the  net  t r a n s f e r .  



T h e  l i q u i d   f u e l   o n  

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

r e m o v e d   f rom  t h e  a i r / f u e l   m i x t u r e   t h a t   f l o w s   t h r o u g h   t h e  

i n t a k e   p a s s a g e s   i n t o   t he   c o m b u s t i o n   c h a m b e r s .   T h i s   t r a n s f e r  

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

the   p a s s a g e   and  a l s o   o n  a n   o v e r a l l   b a s i s .   The  v a r i a t i o n s   o f  

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

e n g i n e   and  i n t a k e   a i r   a n d  f u e l   t e m p e r a t u r e s ,  a n d   some  o t h e r  

l e s s   s i g n i f i c a n t   p a r a m e t e r s .  

A  p r e f e r r e d   embodiment  of  the  i n v e n t i o n  w i l l   now be  d e s c r i b e d ,   by 

way  of  example  only,  with  r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h : -  

F i g u r e   1  i s   a  s c h e m a t i c   b l o c k   d i a g r a m   o f   a  b a s i c   f u e l  

c o n t r o l   s y s t e m   and  a  t r a n s i e n t   c o m p e n s a t i o n   s y s t e m   t h a t   i s  

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

q u a n t i t y   d e t e r m i n e d   by  the   b a s i c  s y s t e m ;   a n d  

F i g u r e   2  i s   a  g r a p h  o f  t h e   i n t a k e   m a n i f o l d   a b s o l u t e  

p r e s s u r e   o f   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   v e r s u s   t he   q u a n t i t y  

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

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

W i t h   r e f e r e n c e   now  t o  t h e  d r a w i n g s ,   t h e r e  i s   shown  i n  

F i g u r e   1,   a  b a s i c   f u e l   m e t e r i n g  s y s t e m   10  and  a  t r a n s i e n t  

c o m p e n s a t i o n   f u e l   m e t e r i n g   s y s t e m   12 .   The  b a s i c   f u e l   m e t e r i n g  

s y s t e m   h a s   an  e n g i n e   16  t h a t   p r o d u c e s   c e r t a i n   o p e r a t i o n a l  

c o n d i t i o n s   t h a t   a r e   s e n s e d   v i a   an  e n g i n e   s e n s o r   s y s t e m   14,  a s  

is   i n d i c a t e d   by  the   a r r o w   15.   With   t h e   s e n s o r   s y s t e m  

c o n n e c t e d   by  e l e c t r i c a l  l e a d s   3 2 ,  w h i c h   m a y  b e   in  t he   form  o f  

a  d a t a   bus   f o r   t r a n s m i t t i n g   d i g i t a l  i n f o r m a t i o n ,   the   e n g i n e  

o p e r a t i n g   c o n d i t i o n s   may  be  u sed   i n  a   c o m p u t e r   c a l c u l a t i o n  

of   t h e   r a t e   a t   wh ich   i t  i s   d e s i r e d   t h a t  f u e l   b e  m e t e r e d   to  t h e  

e n g i n e   16  a t   a  p a r t i c u l a r   i n s t a n t   in  t i m e .   T h i s   r a t e   i s  



c a l c u l a t e d   by  the   b a s i c   f u e l   m e t e r i n g   s y s t e m   10.  Fue l   i s  

s u p p l i e d   to  the   e n g i n e   w i t h   t he   use  of  a  f u e l   s y s t e m   18  t h a t  

d e l i v e r s   f u e l   to  t he   e n g i n e ,   as  i n d i c a t e d   by  a r r o w   17,  i n  

r e s p o n s e   to  a  s u i t a b l e   s i g n a l   a p p e a r i n g   on  t he   e l e c t r i c a l   o r  

m e c h a n i c a l   p a t h   r e p r e s e n t e d   by  the   a r r o w   1 9 .  

The  b a s i c   f u e l   m e t e r i n g   s y s t e m   10  p r e f e r a b l y   i n c l u d e s  

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

s y s t e m   d e s c r i b e d   in  U.S .   P a t e n t   3 , 9 6 9 , 6 1 4   t o  

Moyer  e t   al  and  p r e f e r a b l y   is   c a p a b l e   of   c a l c u l a t i n g   a  f u e l  

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

The  p u l s e   w i d t h   may  be  d e t e r m i n e d   by  the   use  of  a  c o m p u t e r  

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

d e l i v e r e d   to  the   e n g i n e   per   i n j e c t i o n   in  r e s p o n s e   to  the   m a s s  

a i r   f l o w   i n t o   t he   e n g i n e ' s   i n t a k e   p a s s a g e s   a t   t he   t ime   o f  

i n j e c t i o n .   A  mass   a i r   f l o w   m e t e r   or  o t h e r   d e v i c e   may  be  u s e d  

to  d e t e r m i n e   d i r e c t l y   t he   mass   a i r   f l o w .   A l t e r n a t i v e l y ,   a  

s p e e d - d e n s i t y   t y p e   of  i n d i r e c t   d e t e r m i n a t i o n   of  mass   a i r   f l o w  

i n t o   the   e n g i n e   may  be  made ,   as  is  done  w i t h   t he   i m p r o v e d   f u e l  

m e t e r i n g   s y s t e m   d e s c r i b e d   in  c o m m o n l y - a s s i g n e d   U .S .   P a t e n t  

4 , 0 8 6 , 8 8 4   to  Moon  e t   a l .   The  s y s t e m   of  the   Moon  e t   al  p a t e n t  

now  has   been   f u r t h e r   i m p r o v e d   in  the   m a n n e r   d e s c r i b e d   i n  

our  European  P a t e n t   a p p l i c a t i o n   Ser  i a l   N o .  

. . . . . ,   (Case  US-1092E) .  

The  t r a n s i e n t   f u e l   m e t e r i n g   c o m p e n s a t i o n   s y s t e m   12  i s  

i n t e n d e d   to  m o d i f y   t he   b a s i c   r a t e   of  f u e l   m e t e r i n g   c a l c u l a t e d  

by  the   d i g i t a l   c o m p u t e r .   The  c o m p e n s a t i o n   t a k e s   i n t o   a c c o u n t  

the   r a t e   a t   wh ich   f u e l   i s   r emoved   from  or  added   to  the   l i q u i d  

r e s i d i n g   on  the   s u r f a c e s   of  the   e n g i n e ' s   i n t a k e   p a s s a g e s .  
Th i s   t r a n s f e r   r a t e ,   i f   n e c e s s a r y ,   may  i n c l u d e   v a r i a t i o n s   i n  

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

c h a m b e r   of  the   e n g i n e   as  a  d e p o s i t   on  i t s   w a l l s .   When  t h e  

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

the   number   of  i n j e c t i o n s   per   u n i t   t ime  and  the   f u e l   d e l i v e r y  

r a t e   d u r i n g   i n j e c t i o n )   is  c a l c u l a t e d   by  the   b a s i c   f u e l  



m e t e r i n g   s y s t e m   10,  t he   r a t e   of  mass   a i r   f l o w   i n t o   t h e   e n g i n e  

m u s t   f i r s t   b e  d e t e r m i n e d   as  i n d i c a t e d   a t   3 0  i n   F i g u r e   1 .   A t  

33,   a  d e s i r e d   a i r / f u e l   r a t i o   i s   d e t e r m i n e d   b a s e d   u p o n   t h e  

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

of  mass   a i r   f l o w   is   d e t e r m i n e d .   Via   the   e l e c t r i c a l   o r  

c o m p u t e r   p a t h s   34  and  35,   t he   d i g i t a l  c o m p u t e r   d e t e r m i n e s   a  

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

r a t e   of  mass   a i r   f l o w   by  t h e   d e s i r e d   a i r / f u e l   r a t i o .   T h e  

r e s u l t ,   on  e l e c t r i c a l   or  c o m p u t e r  p a t h   37,   t h e n   i s  u s e d   in  t h e  

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

t h a t   t a k e s   i n t o   a c c o u n t   t h e   t r a n s f e r   of  f u e l  o n t o   and  f rom  t h e  

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

e n g i n e ' s   i n t a k e   p a s s a g e s .   T h i s   f u e l   f l o w  d e m a n d   a p p e a r s   o n  

e l e c t r i c a l   or  m e c h a n i c a l   p a t h   19  and  c o n t r o l s   the   m e t e r i n g   o f  

f u e l   by  t h e   f u e l   s y s t e m   1 8 .  

The  f u e l   s y s t e m   18  may  be  a  c o n v e n t i o n a l   c a r b u r e t o r  

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

form  of  t h e   i n v e n t i o n ,   t he   f u e l  s y s t e m   i s   a  t h r o t t l e   b o d y  

m o u n t e d   on  the   e n g i n e ' s   i n t a k e   m a n i f o l d .   The  t h r o t t l e   b o d y  

has   two  e l e c t r o m a g n e t i c   f u e l   i n j e c t o r s   p o s i t i o n e d   to  i n j e c t  

l i q u i d   f u e l   i n t o   t he   a i r s t r e a m  e n t e r i n g   the   i n t a k e   m a n i f o l d  

t h r o u g h   the   t h r o t t l e   b o d y .   The  i n j e c t o r s   may  be  p o i n t e d  

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

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

mass   a i r   f l o w   i n t o   t he   e n g i n e .  

The  f u e l   f l o w   demand  i s  d e t e r m i n e d   a t  p o i n t   20  in   t h e  

s y s t e m   d e p i c t e d   in  F i g u r e   1.  T h i s   s i g n a l   i s  a   c o m b i n a t i o n   o f  

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

i d e n t i f i e d   (TRISFn)   ( c o n s t a n t ) .   T h e  s e c o n d   t e rm  a c c o u n t s   f o r  

v a r i a t i o n   in  t h e  q u a n t i t y   of   l i q u i d  f u e l   r e s i d i n g   on  t h e  

s u r f a c e s   of  t he   e n g i n e ' s   i n t a k e   p a s s a g e s .   The  c o n s t a n t   i n  

t h i s   t e rm  is   a  s c a l i n g   f a c t o r .   The  f a c t o r   TRISFn  is   t h e  

t r a n s f e r   r a t e   of  t h e   f u e l   o n  t h e   s u r f a c e s   of  the   e n g i n e ' s  

i n t a k e   p a s s a g e s .   T h i s   f a c t o r ,   a l o n g   w i t h  o t h e r   q u a n t i t i e s  

used   in  the   d e s c r i p t i o n   b e l o w ,   is   d e f i n e d   as  f o l l o w s :  



TRISF  =  d ( A I S F )  =   T r a n s f e r   Ra te   of  t he   I n t a k e   S u r f a c e   F u e l  
d t  

AISF  =  A c t u a l   I n t a k e   S u r f a c e   F u e l  

EISF  =  E q u i l i b r i u m   I n t a k e   S u r f a c e   F u e l  

ISTC  =  I n t a k e   S u r f a c e   Time  C o n s t a n t  

The  t r a n s f e r   r a t e   is  e x p r e s s e d   in  u n i t s   of  mass   per   u n i t   t i m e .  

A c t u a l   and  e q u i l i b r i u m   i n t a k e   s u r f a c e   f u e l   is  e x p r e s s e d   i n  

mass   u n i t s ,   and  the   i n t a k e   s u r f a c e   t ime   c o n s t a n t   is  in  u n i t s  

of   t i m e .   The  i n t a k e   s u r f a c e   t i m e   c o n s t a n t   is  a  m e a s u r e   of  t h e  

a c t u a l   t ime   r e q u i r e d   for   f u e l   l e a v i n g   the   l i q u i d   s t a t e   on  t h e  

i n t a k e   s u r f a c e s   to  become  a  gas   or  v a p o r   in  the   i n t a k e   m i x t u r e  

m o v i n g   t o w a r d   the   e n g i n e ' s   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   a n d  

v i c e   v e r s a .  

The  p r o d u c t   of  t he   t r a n s f e r   r a t e   of  the   i n t a k e  

s u r f a c e   f u e l   and  the   t ime   c o n s t a n t   is   e q u a l   to  t he   d i f f e r e n c e  

b e t w e e n   the   e q u i l i b r i u m   i n t a k e   s u r f a c e   f u e l   and  the   a c t u a l  

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

T h i s   is  a  d i f f e r e n t i a l   e q u a t i o n .   Under   s t e a d y   s t a t e  

c o n d i t i o n s ,   d ( A I S F ) / d t   i s   e q u a l   to  z e r o   and  the   a c t u a l   i n t a k e  

s u r f a c e   f u e l   AISF  is   the   e q u i l i b r i u m   i n t a k e   s u r f a c e   f u e l .  

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

t he   e q u i l i b r i u m   i n t a k e   s u r f a c e   f u e l   EISF  is  c h a n g i n g   b e t w e e n  

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

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

e q u a t i o n   above   may  be  s o l v e d   fo r   the   p u r p o s e   of  a l l o w i n g   t h e  

e n g i n e ' s   f u e l   m e t e r i n g   s y s t e m   to  t a k e   i n t o   a c c o u n t   t h e  

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

to  c h a n g i n g   EISF  s t a t e s .   The  f u e l   f l o w   demand  is  a  f u e l   f l o w  

r a t e   e q u a l   to  the   d e s i r e d   f u e l   f l o w   r a t e   l e s s   the   ne t   t r a n s f e r  

r a t e   from  the   i n t a k e   s u r f a c e s   to  t he   i n d u c t e d   m i x t u r e .  



The  d e s i r e d   f u e l   f l o w   r a t e   i s   c a l c u l a t e d   a s  

p r e v i o u s l y   d e s c r i b e d ,   b u t   t h e  T R I S F   c o m p e n s a t i o n   of  the   b a s i c  

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

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

f u e l   m e t e r i n g   and  TRISF  c o m p u t a t i o n s .   In  t h e   t r a n s i e n t  

c o m p e n s a t i o n   s y s t e m ,   t h e  E I S F N  i s  c a l c u l a t e d   o r   i s   f o u n d   i n  

c o m p u t e r   t a b u l a r   memory  and  i s   a v a i l a b l e   as  a  n u m b e r  

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

p r e v a i l i n g   a t   t h e   t ime   t he   f u e l   m e t e r i n g   c o m p u t a t i o n   is  b e i n g  

m a d e .   The  s u b s c r i p t   "n"  d e n o t e s   t h e   c u r r e n t  E I S F ,   AISF  a n d  

TRISF  v a l u e s   and  the   s u b s c r i p t   " ( n - 1 ) "   d e n o t e s   the   v a l u e s  

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

c o m p u t e r   c o m p u t a t i o n  c y c l e .  

In  t he   s o l u t i o n   of  t he   d i f f e r e n t i a l   e q u a t i o n   d e f i n i n g  

T R I S F ,   s e v e r a l   c o m p u t e r   or  e l e c t r o n i c   t e c h n i q u e s   c o u l d   b e  

e m p l o y e d .   T h e r e   a re   s e v e r a l   m a t h e m a t i c a l   m e t h o d s   o f  

a p p r o x i m a t i n g   t he   s o l u t i o n   u s i n g  a   t r i a l  a n d  e r r o r   t e c h n i q u e .  

The  s o l u t i o n   a l s o   may  be  o b t a i n e d   by  e m p l o y i n g   t a b l e s   t h a t  

c o n t a i n   T R I S F  v a l u e s  f o r   v a r i o u s   e n g i n e   o p e r a t i n g   c o n d i t i o n s .  

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

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

b a s e d   upon  r e s u l t s   o b t a i n e d   f rom  a  p r i o r  s o l u t i o n .   The  p r i o r  

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

is   c a l c u l a t e d   from  v a l u e s   o b t a i n e d   in  t he   p r i o r   s o l u t i o n   o f  

t h e   d i f f e r e n t i a l   e q u a t i o n   a s  w e l l   as  w i t h   t h e   u s e  o f   a  t a b l e  

of   v a l u e s   f o r   t he   e q u i l i b r i u m  i n t a k e   s u r f a c e  f u e l   ( E I S F ) .  

The  EISF  m a y  b e   e x p r e s s e d   a s  a   f u n c t i o n   of  one  o r  

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

e n g i n e   l o a d .   I n  F i g u r e   2,  EISF  i s  r e l a t e d   to  i n t a k e   m a n i f o l d  

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

l o a d   on  t he   e n g i n e .   O t h e r   p a r a m e t e r s   i n d i c a t i v e   of  i n t a k e   a i r  

or  m i x t u r e   f l o w   r a t e   or  i n d i c a t i v e   o f  e n g i n e   t o r q u e  a l s o   m a y  
be  u s e d .   A  f a m i l y   of  c u r v e s   i s   shown  t o  i n d i c a t e   t h a t  E I S F  

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

t h a t   a p p e a r   a t   the   r i g h t - h a n d   s i d e   of  e a c h   c u r v e .   T h e  

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

c u r v e s   w e r e .  t o   be  u s e d .   P o i n t s   93  a n d  9 7   o n  t h e   1000  RPM 

c u r v e   d e s i g n a t e   t w o  d i f f e r e n t   e n g i n e   power   o u t p u t   r e q u i r e m e n t s  

a t   t he   same  e n g i n e   s p e e d .   In  a  v e h i c l e   a p p l i c a t i o n   of  a n  



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

the   v e h i c l e   on  l e v e l   g r o u n d   to  o p e r a t i o n   on  an  upward   i n c l i n e  

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

such   s i t u a t i o n ,   the   e n g i n e   s p e e d   would  r e m a i n   s u b s t a n t i a l l y  

c o n s t a n t   i f   the   t h r o t t l e   v a l v e   ( c o n v e n t i o n a l l y   used   on  t h e  

e n g i n e   to  c o n t r o l   a i r f l o w   and  power   o u t p u t )   were  to  be  o p e n e d  

to  i n c r e a s e   the   e n g i n e ' s   power   o u t p u t .   O p e n i n g   of  t h e  

t h r o t t l e   c a u s e s   the   i n t a k e   m a n i f o l d   a b s o l u t e   p r e s s u r e   (MAP)  t o  

i n c r e a s e   and  t h u s ,   e n g i n e   o p e r a t i o n   s h i f t s   from  p o i n t   97  t o  

p o i n t   93.  P r e s s u r e s   c o r r e s p o n d i n g   to  t h e s e   p o i n t s   a r e  

i n d i c a t e d   by  l i n e s   99  and  95  r e s p e c t i v e l y .   The  EISF  v a l u e s   a t  

t h e s e   p o i n t s   a re   r e s p e c t i v e l y   i n d i c a t e d   by  l i n e s   96  and  9 4 .  

Line   98  in  F i g u r e   2  d e s i g n a t e s   an  a c t u a l   i n t a k e  

s u r f a c e   f u e l   (AISF)  t h a t   n e c e s s a r i l y   o c c u r s   a t   some  t i m e  

b e t w e e e n   e q u i l i b r i u m   e n g i n e   o p e r a t i o n   at   p o i n t s   97  and  9 3 .  

The  AISF  v a l u e   or  v a l u e s   o c c u r r i n g   b e t w e e n   e q u i l i b r i u m   p o i n t s  

a re   used   in  d e t e r m i n i n g   the   t r a n s f e r   r a t e   of  t he   i n t a k e  

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

demand  as  i n d i c a t e d   in  b l o c k   20.  In  t h i s   way,  t r a n s i e n t  

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

s y s t e m   10  may  be  a c h i e v e d   to  t a k e   i n t o   a c c o u n t   the   l i q u i d   f u e l  

t r a n s f e r r e d   from  the   e n g i n e ' s   i n t a k e   p a s s a g e s   to  i t s   i n d u c t i o n  

m i x t u r e   and  v i c e   v e r s a .  

The  i n t a k e   s u r f a c e   f u e l   at  e q u i l i b r i u m   e n g i n e  

o p e r a t i o n   is  n o t   c h a n g i n g   and  can  be  i g n o r e d .   D u r i n g   c h a n g e s  

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

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

c o n t r i b u t i o n   of  the   i n d u c t e d   a i r / f u e l   m i x t u r e   to  t he   q u a n t i t y  

of  l i q u i d   f u e l   r e s i d i n g   on  the   i n t a k e   p a s s a g e   s u r f a c e s   or  t h e  

c o n t r i b u t i o n   of  f u e l   to  t he   a i r / f u e l   m i x t u r e   from  the   i n t a k e  

s u r f a c e   d e p o s i t s .   The  f u e l   l e a v i n g   the   i n t a k e   s u r f a c e s  

b e c o m e s   an  a e r o s o l   or  v a p o r   or  gas   and  m i x e s   w i t h   t he   a i r   a n d  

f u e l   moving   a l o n g   the   i n t a k e   p a s s a g e .   Th i s   i n t a k e   s u r f a c e  

f u e l   is  added   to  the   m e t e r e d   q u a n t i t y   of  f u e l   as  d e t e r m i n e d   b y  

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

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

c h a n g e   in  s t a t e   and  s u b t r a c t s   from  the   q u a n t i t y   of  f u e l   t h a t  

a c t u a l l y   r e a c h e s   the   e n g i n e ' s   c o m b u s t i o n   c h a m b e r .  



When  f u e l   is   a d d e d   to  t he   a i r / f u e l   m i x t u r e ,   i t   m u s t  

be  s u b t r a c t e d   from  the   d e s i r e d   q u a n t i t y   t h a t   i s   o b t a i n e d   f r o m  

the   s t e p   i n d i c a t e d  i n   b l o c k   36  o f  F i g u r e   1.  T h u s ,  f u e l   t h a t  

i s   r e m o v e d   from  the   w a l l s   of   t h e   i n t a k e  p a s s a g e s   and  a d d e d   t o  

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

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

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

a c t u a l   f u e l   f l o w   d e m a n d ,   t h a t   - i s ,   t h e  q u a n t i t y  o f  f u e l   t h a t  

m u s t   be  m e t e r e d   to  p r o v i d e   the   d e s i r e d   a i r / f u e l   r a t i o ,   t a k i n g  

i n t o   a c c o u n t   t he   t r a n s i e n t   f u e l  a d d i t i o n   p r o v i d e d   by  t he   f u e l  

r e m o v e d   from  the   i n t a k e   p a s s a g e   s u r f a c e s   and  i n d u c t e d   i n t o   t h e  

e n g i n e ' s   c o m b u s t i o n   c h a m b e r s .   Of  c o u r s e ,   f u e l   r e m o v e d   f r o m  

the   a i r / f u e l   m i x t u r e   mov ing   t o w a r d   t he   c o m b u s t i o n   c h a m b e r s   i s  

g i v e n   the   same  m a t h e m a t i c a l   s i g n   as  t h e  d e s i r e d   f u e l   f l o w   s o  

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

f l o w   demand  w i l l  i n c l u d e   an  e x t r a   a l l o w a n c e  f o r   t h a t   f u e l  

w h i c h   is   r e m o v e d   f rom  t he   i n d u c t e d   m i x t u r e   and  d e p o s i t e d   o n  

the   i n t a k e   p a s s a g e   s u r f a c e s .  

When  the   f u e l   f l o w  d e m a n d   is  t he   same  as  t h e   d e s i r e d  

f u e l   f l o w   d e t e r m i n e d   as  i n d i c a t e d   b y  b l o c k   36,  the   f u e l   s u p p l y  

s y s t e m   is   n o t   p r o v i d i n g   any  t r a n s i e n t   c o m p e n s a t i o n .   T h e  

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

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

m e t e r e d   f u e l   and  the   q u a n t i t y   of  f u e l   o b t a i n e d  f r o m   or  a d d e d  

to  t h a t   d e p o s i t e d   p r e v i o u s l y   on  the   i n t a k e   p a s s a g e   s u r f a c e s .  

T h i s   l a t t e r   q u a n t i t y   is   o b t a i n e d   as  a  r e s u l t   of  c h a n g e s   in  t h e  

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

c o n d i t i o n s   of   e n g i n e   o p e r a t i o n .   I f   t he   p r e s s u r e   i n c r e a s e s   a s  

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

e n g i n e ,   t h e n   t h e   p a r t i a l   p r e s s u r e   of  o x y g e n   and  n o n c o m b u s t i b l e  

g a s e s   in  the   i n t a k e   m i x t u r e   i n c r e a s e s   c o r r e s p o n d i n g l y   and  t h e  

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

from  the   m i x t u r e   of  g a s e s   d e p o s i t s   as  a  l i q u i d  o n   the   s u r f a c e s  

of  the   i n t a k e   p a s s a g e s .   C o n v e r s e l y ,   i f   t he   f u e l   p a r t i a l  

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

a re   r e d u c e d ,  t h e   amount   of  l i q u i d   f u e l   d e p o s i t e d   on  t h e   i n t a k e  

p a s s a g e   s u r f a c e s   d e c r e a s e s   and  the   f u e l   r e m o v e d   from  t h a t  



r e s i d i n g   on  t he   s u r f a c e s   is   i n d u c t e d   i n t o   the   e n g i n e ' s  

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

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

the   s u r f a c e s   of  the   e n g i n e ' s   i n t a k e   p a s s a g e s .  

When  t he   a i r   s u p p l i e d   to  the   e n g i n e   is  c o l d ,   t h e  

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

is  g r e a t e r   t h a n   i t   is  as  the  e n g i n e   warms  up.  Th i s   is  b e c a u s e  

the   p a r t i a l   p r e s s u r e   of  the   e n g i n e ' s   i n t a k e   a i r   is  g r e a t e r   a t  

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

b e c a u s e   the   f u e l   c o n d e n s e s   more  e a s i l y   at  the   l o w e r  

t e m p e r a t u r e s .   A l s o ,   at  l o w e r   i n t a k e   a i r   or  f u e l   t e m p e r a t u r e s ,  

t he   f u e l   m e t e r i n g   d e v i c e   or  s y s t e m   18  e m p l o y e d   may  no t   be  a s  

e f f e c t i v e   in  t h o r o u g h l y   m i x i n g   the   a i r   and  f u e l   i n d u c t e d   i n t o  

the   e n g i n e .   For  t h e s e   r e a s o n s ,   i t   c o n v e n t i o n a l l y   has   b e e n  

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

( t h e   g e n e r a l   e q u i v a l e n t   of  t he   c h o k e   f u n c t i o n   c o n v e n t i o n a l l y  

e m p l o y e d   on  s p a r k   i g n i t i o n   e n g i n e s )   in  o r d e r   to  c o m p e n s a t e   f o r  

o p e r a t i o n   a t   l o w e r   t e m p e r a t u r e s .   U n f o r t u n a t e l y ,   the   f u e l  

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

e x h a u s t   e m i s s i o n s   and  t h i s   has   n e c e s s i t a t e d   the   use  o f  

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

h y d r o c a r b o n   e m i s s i o n s   as  much  and  as  r a p i d l y   as  p o s s i b l e .  

Such  r e d u c t i o n   of  the   h y d r o c a r b o n   e m i s s i o n s   has  impeded   o r  

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

wa rm-up   p e r i o d .  

The  t e m p e r a t u r e   of   t he   i n t a k e   s y s t e m   or  i t s  

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

of  l i q u i d   f u e l   t h a t   can  be  d e p o s i t e d   on  the   i n t a k e   s u r f a c e s   o f  

the   e n g i n e .   The  e n g i n e ' s   i n t a k e   p a s s a g e s   may  c o n t a i n   a i r ,   a i r  

and  f u e l   in  m i x t u r e ,   or  a i r ,   f u e l   and  e x h a u s t   gas   in  m i x t u r e .  

The  t e m p e r a t u r e   of  any  of  t h e s e ,   or  of  the   e n g i n e   and  i t s  

i n t a k e   c o n d u i t ,   may  be  used  in  the   d e t e r m i n a t i o n   of  the   r a t e  

at  wh ich   f u e l   is   t r a n s f e r r e d   to  and  from  the   i n t a k e   m i x t u r e  

from  and  to  the   i n t a k e   p a s s a g e   s u r f a c e s .   The  p h y s i c a l  

p r o p e r t i e s   of  the   f u e l  i t s e l f   a l s o   a re   of  i m p o r t a n c e   and  v a r y  
b o t h   g e o g r a p h i c a l l y   and  s e a s o n a l l y .  

When  i t   is   d e s i r e d   to  c o m p e n s a t e   the   r a t e   at   w h i c h  

f u e l   is  m e t e r e d   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   of  a n  



e n g i n e   f o r   v a r i a t i o n s   in  t h e   q u a n t i t y   or  r a t e   of  t r a n s f e r   o f  

l i q u i d   f u e l   r e s i d i n g   on  t h e   i n t a k e   p a s s a g e s   s u r f a c e s   in  t h e  

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

t r a n s i e n t   f u e l   m e t e r i n g   s y s t e m   12  of  F i g u r e   1 .  

In  t he   F i g u r e   1  t r a n s i e n t   f u e l   m e t e r i n g   c o m p e n s a t i o n  

s y s t e m   12,  t he   v a l u e   of  t he   c u r r e n t   t r a n s f e r   r a t e   of  i n t a k e  

s u r f a c e   f u e l   TRISFn  a p p e a r s   on  p a t h   46  l e a d i n g   to  b l o c k   20  i n  

t h e   b a s i c   f u e l   m e t e r i n g   s y s t e m   10.   The  TRISFn  v a l u e   i s   a  

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

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

in  b l o c k   44,   the   c u r r e n t   t r a n s f e r   r a t e   of  t he   e n g i n e ' s   i n t a k e  

s u r f a c e   f u e l   is   a  f u n c t i o n   f4  of   v a r i a b l e s   t h a t   may  be  r e l a t e d  

to  one  a n o t h e r   as  f o l l o w s :  

The  TRISFn  v a l u e   c a n n o t   be  c a l c u l a t e d   i n  t h e   b l o c k   44 

c o m p u t e r   s t e p   u n t i l   t h e   E I S F n ,   AISFn  and  ISTCn  v a l u e s   a r e  

known  on  a  r e a l - t i m e   b a s i s ,   t h a t   i s ,   w h i l e   the   e n g i n e   i s  

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

c o m p e n s a t i o n   f u e l   m e t e r i n g   s y s t e m s   10  and  12.   EISFn  can  b e  

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

F i g u r e   2,  b u t   in  r e a l i t y   is  a  f u n c t i o n   f l  o f   e n g i n e   i n t a k e  

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

m i x t u r e   t e m p e r a t u r e ,   e n g i n e   i n t a k e   s y s t e m   t e m p e r a t u r e   ( h e r e  

p a r t i a l l y   r e p r e s e n t e d   by  t h e   e n g i n e   c o o l a n t   t e m p e r a t u r e   T C n ) ,  
t i m e   and  a i r / f u e l   r a t i o   ( A / F n ) .   F u e l   p h y s i c a l   p r o p e r t i e s   a l s o  

may  be  c o n s i d e r e d .   The  A/Fn  i s ,   of  c o u r s e ,   t he   r a t i o   of  a i r  

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

t h e   i n t a k e   p a s s a g e   and  v a r i e s   w i t h   p o s i t i o n   w i t h i n   t he   i n t a k e  

p a s s a g e .   The  EISFn  a l s o   may  be  o b t a i n e d   f rom  a  c o m p u t e r  

memory  w h i c h   has   s t o r e d   w i t h i n   i t   c o n s t a n t s   t h a t   d e f i n e   t h e  

s l o p e   and  E I S F  a x i s   i n t e r c e p t s   of  a  f a m i l y   of  c u r v e s   t h a t   c a n  

r e p r e s e n t   one  or  more  of  t he   c u r v e s   i l l u s t r a t e d   in  F i g u r e   1 .  

I f   t h i s   i s   t he   c a s e ,   e n g i n e   s p e e d   RPMn  may  be  used   to  s e l e c t  

t he   p r o p e r   s e t   of  c o n s t a n t s   and  a  s i n g l e   v a l u e   of  the   i n t a k e  

m a n i f o l d   a b s o l u t e   p r e s s u r e   (MAP)  may  be  used   to  o b t a i n   a  v a l u e  



fo r   the   c u r r e n t   e q u i l i b r i u m   i n t a k e   s u r f a c e   f u e l   E I S F n .   O f  

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

e v e n t ,   the   c u r r e n t   EISFn  is  d e t e r m i n e d   from  v a l u e s   of  one  o r  

more  e n g i n e   o p e r a t i n g   p a r a m e t e r s .  

The  TRISFn  v a l u e   of  e q u a t i o n   (1)  c a n n o t   be  d e t e r m i n e d  

u n t i l   the   AISFn  and  ISTCn  v a l u e s   have   been   o b t a i n e d ;   t h e  

f o r m e r   is  s u b t r a c t e d   f rom  the   EISFn  v a l u e   o b t a i n e d   a s  

d e s c r i b e d   in  t he   p r e c e d i n g   p a r a g r a p h   and  the   d i f f e r e n c e  

b e t w e e n   the   EISFn  and  AISFn  v a l u e s   is  d i v i d e d   by  ISTCn,   t h e  

c u r r e n t   i n t a k e   s u r f a c e   t ime   c o n s t a n t .  

AISFn  is  a p p r o x i m a t e l y   e q u a l   to  the   p r e v i o u s   a c t u a l  

i n t a k e   s u r f a c e   f u e l   A I S F ( n - 1 )   m o d i f i e d   to  a c c o u n t   fo r   c h a n g e s  

t h a t   may  have   o c c u r r e d   d u r i n g   the   t ime   e l a p s e d   s i n c e   A I S F ( n - l )  

was  d e t e r m i n e d .   I f   AISFn  is  r e g a r d e d   as  a  f u n c t i o n   f3  of  t h e  

e l a p s e d   t i m e   Δt   j u s t   m e n t i o n e d ,   of  A I S F ( n - 1 )   and  o f  

T R I S F ( n - 1 ) ,   the   f o l l o w i n g   e q u a t i o n   r e s u l t s ;  

From  e q u a t i o n   (2)  a b o v e ,   i t   is  c l e a r   t h a t   AISFn  can  b e  

d e t e r m i n e d ,   at   l e a s t   to  a  good  a p p r o x i m a t i o n ,   from  p r e v i o u s  

v a l u e s   of  TRISF  and  AISF  used   to  e f f e c t   c o m p e n s a t i o n   of  t h e  

b a s i c   f u e l   m e t e r i n g   s y s t e m   10  for   v a r i a t i o n s   in  t he   q u a n t i t y  

of   l i q u i d   f u e l   on  t he   e n g i n e ' s   i n t a k e   p a s s a g e   s u r f a c e s .  

The  ISTCn  i s   a  t i m e   c o n s t a n t   t h a t   r e p r e s e n t s   t h e  

c u r r e n t   or  i n s t a n t a n e o u s   r a t e   at   wh ich   f u e l   is  b e i n g  

t r a n s f e r r e d   f rom  t he   l i q u i d   s t a t e   on  the   i n t a k e   s u r f a c e s   t o  

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

v e r s a .   In  v i e w   of   t h i s ,   t he   ISTCn  may  be  d e s c r i b e d   as  a  

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

i n f l u e n c e   t h i s   r a t e   of   t r a n s f e r .   T h u s ,   as  is   i n d i c a t e d   i n  

b l o c k   42  of  F i g u r e   1,  ISTCn  is  a  f u n c t i o n   f2  of  i n t a k e  

m a n i f o l d   a b s o l u t e   p r e s s u r e ,   e n g i n e   s p e e d ,   e n g i n e   a i r   or  i n t a k e  

m i x t u r e   t e m p e r a t u r e ,   e n g i n e   i n t a k e   s y s t e m   t e m p e r a t u r e ,   t i m e ,  

A / F n ,   and  the   p h y s i c a l   p r o p e r t i e s   of  the   f u e l .   The  i n t a k e  

s u r f a c e   t ime   c o n s t a n t   is  n o t   a  c o n s t a n t   in  t he   s e n s e   t h a t   i t  

d o e s   no t   c h a n g e ,   b u t   r a t h e r   is  v a r i a b l e   u n d e r   some  e n g i n e  

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



The  ISTC  i s   a  m e a s u r e   of  t he   t i m e   r e q u i r e d   f o r   a  

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

a  d i f f e r e n c e   b e t w e e n   the   e q u i l i b r i u m   i n t a k e   s u r f a c e   f u e l   E I S F n  

and  the   a c t u a l   i n t a k e   s u r f a c e   f u e l   AISFn  e x i s t i n g   d u r i n g   t h e  

t r a n s i e n t   e n g i n e   o p e r a t i o n ,   to  be  t r a n s f e r r e d .   V a r i a t i o n   i n  

t h e   ISTC  r e s u l t s   p r i m a r i l y   f rom  v a r i a t i o n s   in  t h e   e n g i n e  

i n t a k e   s y s t e m   t e m p e r a t u r e   and  the   t e m p e r a t u r e   TIn   of   t h e  

i n t a k e   a i r   or  g a s e o u s   m i x t u r e ;   t h e r e   may  be  o t h e r   e n g i n e  

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

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

a f f e c t   t he   ISTC.  The  ISTC  v a r i a t i o n   i s   a n a l o g o u s   to  t h e  

v a r i a t i o n   of  an  RC  t i m e   c o n s t a n t   in  an  e l e c t r i c a l   c i r c u i t   as  a  

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

r e s i s t a n c e   and  c a p a c i t a n c e   v a l u e s   to  c h a n g e .   At  n o r m a l   e n g i n e  

o p e r a t i n g   t e m p e r a t u r e s ,   t he   ISTC  may  be  r e g a r d e d   as  a  

c o n s t a n t ,   b u t   fo r   more  a c c u r a t e   f u e l   m e t e r i n g   c a p a b i l i t y ,   i t  

is   d e s i r a b l e   to  use   a  p l u r a l i t y   of  v a l u e s   fo r   t he   ISTC.  T h e  

v a l u e s   may  be  s e l e c t e d   fo r   a  p a r t i c u l a r   t e m p e r a t u r e   r a n g e   i n  

w h i c h   t h e   e n g i n e   i s   o p e r a t i n g   or  some  o t h e r   p a r a m e t e r   o f  

e n g i n e   o p e r a t i o n   may  be  s e l e c t e d   fo r   t h e   d e t e r m i n a t i o n   o f  

w h i c h   v a l u e   fo r   ISTC  w i l l   be  u s e d .  

I f   t he   ISTC  v a l u e   is  s e l e c t e d   f rom  a  t a b l e   or  i f   i t  

i s   c a l c u l a t e d   f rom  an  e q u a t i o n   p r o g r a m m e d   i n t o   t he   d i g i t a l  

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

a c c o u n t   v a r i a t i o n s   in  t he   p h y s i c a l   p r o p e r t i e s   of  t he   e n g i n e ' s  

i n t a k e   m a n i f o l d   and  i t s   c o n t e n t s .   T h i s   is   a n a l o g o u s ,  

m a t h e m a t i c a l l y ,   to  t he   v a r i a t i o n s   in  an  RC  t i m e   c o n s t a n t   of  a n  

e l e c t r i c a l   c i r c u i t   w h i c h   v a r i a t i o n s   wou ld   be  due  to  c h a n g e s   i n  

t h e   r e s i s t a n c e   R  and  c a p a c i t a n c e   C  v a l u e s   t h a t   d e t e r m i n e   t h e  

t i m e   c o n s t a n t .   The  ISTC  c h a n g e s   t h a t   r e s u l t   from  v a r i a t i o n   o f  

e n g i n e   i n t a k e   s y s t e m   p h y s i c a l   p r o p e r t i e s   a r e   p r i m a r i l y   due  t o  

e n g i n e   o p e r a t i n g   and  i n t a k e   a i r   t e m p e r a t u r e   v a r i a t i o n s .   T h e s e  

v a r i a t i o n s   a r e   q u i t e   m i n o r   a f t e r   e n g i n e   w a r m - u p .  

A f t e r   t h e   ISTC  has   been   s e l e c t e d ,   the   d i g i t a l  

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

t h e   i n t a k e   s u r f a c e   f u e l   TRISFn  from  e q u a t i o n s   (1)  and  ( 2 )  

a b o v e .   The  TRISFn  is  a p p l i e d  v i a   p a t h   46  t o   t h e  



d e t e r m i n a t i o n   of  t he   f u e l   f l ow  demand  in  t he   b a s i c   s y s t e m   1 0 ,  

as  shown  in  b l o c k   2 0 .  

A f t e r   the   TRISFn  v a l u e   is  d e t e r m i n e d ,   the  v a l u e   i s  

p r o v i d e d   v i a   p a t h   47  to  a  memory  u p d a t e   of  the   p r e v i o u s   v a l u e .  

O t h e r w i s e   s t a t e d ,   the   l a t e s t   or  mos t   c u r r e n t   v a l u e   T R I S F n  

r e p l a c e s   t he   p r e v i o u s   v a l u e   T R I S F ( n - 1 ) ,   as  i n d i c a t e d   by  b l o c k  

50  in  F i g u r e   1,  and  the   u p d a t e d   v a l u e   is  a p p l i e d   to  a  m e m o r y  
52  o v e r   p a t h   51.  The  memory  u s e s   the   u p d a t e d   v a l u e   as  t h e  

v a l u e   fo r   T R I S F ( n - 1 )   in  e q u a t i o n   (2)  a b o v e   fo r   the   c a l c u l a t i o n  

of  what   is  to  become  the   n e x t   T R I S F n ,   wh ich   a g a i n   c a u s e s   t h e  

memory  52  to  be  u p d a t e d .  

S i m i l a r l y ,   t he   v a l u e   for   A I S F n ,   d e t e r m i n e d   w i th   t h e  

use  of  e q u a t i o n   (2)  a b o v e ,   is  c a l c u l a t e d   r e p e a t e d l y .   A  c l o c k  

60  or  p u l s e   g e n e r a t o r ,   c o n v e n t i o n a l l y   r e q u i r e d   by  a  d i g i t a l  

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

c o n t r o l   s e t t i n g ,   is  used   in  the   c o m p u t e r   d e t e r m i n a t i o n   of  t h e  

t i m e   e l a p s e d   s i n c e   the   l a s t   u p d a t e   of  t he   AISFn  c a l c u l a t i o n .  

The  c u r r e n t   AISFn  v a l u e   is  v i a   l i n e   63  to  t h e   c a l c u l a t i o n   o f  

the   TRISFn  v a l u e   and  a l s o   is  made  a v a i l a b l e ,   as  i n d i c a t e d   i n  

b l o c k   65,   for   t he   u p d a t e   v i a   p a t h   66  of  a  memory  67  c o n t a i n i n g  

the   A I S F ( n - 1 )   v a l u e   used   in  t he   c a l c u l a t i o n   of  a  new  A I S F n  
from  e q u a t i o n   ( 2 ) .   Th i s   p r o c e s s   p r e f e r a b l y   is  r e p e a t e d   a t   t h e  

same  r a t e   a t   wh ich   the  TRISFn  c a l c u l a t i o n s   a re   m a d e .  



1.  A  f u e l   m e t e r i n g   s y s t e m   fo 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 ,   the   e n g i n e   h a v i n g   a  p a s s a g e   t h r o u g h   wh ich   a  m i x t u r e   o f  

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

c h a m b e r s   of  the   e n g i n e ,   t h e   f u e l   m e t e r i n g   s y s t e m   c o m p r i s i n g :  

(a)  a  f u e l   s y s t e m   h a v i n g   e l e c t r i c a l l y   s e t t a b l e   m e a n s  

fo r   c o n t r o l l i n g   t he   r a t e   a t  w h i c h   f u e l   is   m e t e r e d   i n t o   t h e  

e n g i n e ' s   i n t a k e   p a s s a g e ;   a n d  

(b)  means   f o r   m o d i f y i n g   t he   r a t e   a t   w h i c h   f u e l   i s  

m e t e r e d   i n t o   the   e n g i n e ' s   i n t a k e   p a s s a g e   to  t a k e   i n t o   a c c o u n t  

t he   r a t e   at   wh ich   f u e l   is   t r a n s f e r r e d   f rom  t h e  s u r f a c e s   o f   t h e  

i n t a k e   p a s s a g e   to  t he   i n d u c t e d   a i r / f u e l   m i x t u r e   or  f rom  t h e  

a i r / f u e l   m i x t u r e   to  t h e   s u r f a c e s   of  t he   i n t a k e   p a s s a g e .  

2.  A  f u e l   m e t e r i n g   s y s t e m   a c c o r d i n g   to  C l a i m   1 

w h e r e i n   the   means   f o r   m o d i f y i n g   t he   r a t e   a t   w h i c h   f u e l   i s  

m e t e r e d   is   a  d i g i t a l   c o m p u t e r   p r o g r a m m e d   to  c a l c u l a t e  

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

t h e   i n t a k e   s u r f a c e   f u e l   and  w h e r e i n   t h e  c a l c u l a t e d   v a l u e   i s  

u s e d   to  m o d i f y   t he   r a t e   a t  w h i c h   f u e l   o t h e r w i s e   wou ld   b e  

m e t e r e d   i n t o   the   e n g i n e ' s   i n t a k e   p a s s a g e .  

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

w h e r e i n   the   f u e l   s y s t e m   i s   a  p a r t   of  a  b a s i c   f u e l   m e t e r i n g  

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

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

r a t i o .  

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

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

s i g n a l   t h a t   d e t e r m i n e s   t he   s e t t i n g   of   t he   f u e l   s y s t e m   a n d  

w h e r e i n   the   means   fo r   m o d i f y i n g   the   r a t e   a t   w h i c h   f u e l   i s  

m e t e r e d   i n t o   the   e n g i n e ' s   i n t a k e   p a s s a g e   i s   an  e l e c t r i c a l  

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

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

m i x t u r e   as  i t   p a s s e s   t h r o u g h   t he   i n t a k e   p a s s a g e .  



5.  A  f u e l   m e t e r i n g   s y s t e m   a c c o r d i n g   to  C l a i m s   3  or  4 .  

w h e r e i n   the  t r a n s f e r   r a t e   of   t he   i n t a k e   s u r f a c e   f u e l   i s  

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

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

f u e l   f low  demand  from  the   e n g i n e ' s   f u e l   m e t e r i n g   s y s t e m .  

6 .  A   f u e l   m e t e r i n g   s y s t e m   a c c o r d i n g   to  C l a i m s   3  or  4 

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

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

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

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

7.  A  f u e l   m e t e r i n g   s y s t e m   a c c o r d i n g   to  C l a i m s   3  or  4 

w h e r e i n   e n g i n e   o p e r a t i n g   p a r a m e t e r s   a r e   used  to  d e t e r m i n e   t h e  

q u a n t i t y   of  l i q u i d   f u e l   t h a t   would  be  p r e s e n t   on  the   s u r f a c e s  

of  t he   e n g i n e ' s   i n t a k e   p a s s a g e   u n d e r   e q u i l i b r i u m   c o n d i t i o n s   o f  

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

t h e   l i q u i d   s t a t e   on  such   s u r f a c e s   d e t e r m i n e s   the   m o d i f i c a t i o n  

of  t he   d e s i r e d   f u e l   f l o w   r a t e .  

8.  A  f u e l   m e t e r i n g   s y s t e m   a c c o r d i n g   to  C l a i m  7  

w h e r e i n   the   a c t u a l   i n t a k e   s u r f a c e   f u e l   is  a p p r o x i m a t e d   from  a  

p r e v i o u s   t r a n s f e r   r a t e   of  t he   i n t a k e   s u r f a c e   f u e l .  
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