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©  Improved  fuel  delivery  system. 

Fuel  delivery  system  (20)  for  supplying  pressurized  fuel 
from  a  fuel  source  (200)  to  at  least  one  flow  means  such  as  an 
electromagnetic  injector  (141)  which  meters  fuel  therefrom  in 
response  to  actuation  commands  received,  comprising  fuel 
rail  means  (100)  interconnecting  the  fuel  source  (200)  with  the 
flow  means  (141)  for  delivering  fuel  from  the  fuel  source  (200) 
to  said  flowmeans  (141),  anti-reflection  means  (300)  disposed 
between  said  fuel  source  (200)  and  said  fuel  rail  means  (100) 
for  controlling  the  magnitude  of the  reflected  pressure  waves 
generated  by  the  operation  of  said flow  means  (141). 





The  i n v e n t i o n   r e l a t e s   to  an  improved  fuel  d e l i v e r y   s y s -  

tern  and  more  p a r t i c u l a r l y   to  a  system  for  d e l i v e r i n g   fuel   to  a  fuel   i n j e c t e d  

engine  compr i s ing   a  fuel   r a i l   for  t r a n s m i t t i n g   f l u id   from  a  p r e s s u r i z e d   s o u r c e  

to  a  flow  device  means  such  as  a  flow  valve  or  a  fuel   i n j e c t o r .   In  p a r t i c u l a r ,  

the  i n v e n t i o n   c o n t r o l s   the  g e n e r a t i o n   of  unwanted  p r e s s u r e   waves  o c c u r r i n g  

each  time  a  flow  device   means  or  fuel   i n j e c t o r   meters  fuel   t h e r e f r o m .  

Fuel  i n j e c t i o n   systems  for  i n j e c t i n g   a  q u a n t i t y   of  f u e l  

in to   an  engine  c y l i n d e r   in  timed  r e l a t i o n s h i p   to  the  combustion  cycle  a r e  

known  in  the  p r i o r   a r t .   One  goal  of  a  fuel   i n j e c t i o n   system  is  to  p r e c i s e l y  

meter  a  d e t e r m i n a b l e   q u a n t i t y   of  fuel   t o  each   c y l i n d e r   in  response  to  e n g i n e  

demands.  P r e c i s e   meter ing   pe rmi t s   optimum  fuel  u t i l i z a t i o n   and  f u r t h e r   p e r -  

mits  the  m i n i m i z a t i o n   of  p o l l u t a n t s   con ta ined   in  the  exhaust   gas.  Fuel  m e t e r -  

ing  is  of ten   performed  in  an  open  loop  f a s h i o n  ;   tha t   is ,   the  q u a n t i t y   of  f u e l  

d e l i v e r e d   is  not  measured  d i r e c t l y .   Such  systems  c o n t r o l   the  time  d u r i n g  

which  a  p a r t i c u l a r   i n j e c t o r   is  held  open.  Thus,  if   the  assumption  is  made 

tha t   the  p r e s s u r e   in  the  fuel   r a i l   remains  cons t an t   during  the  per iods   an  i n -  

j e c t o r   is  open,  then  the  q u a n t i t y   of  fuel   d e l i v e r e d   to  the  engine  during  t h e s e  

pe r iods   is  d e t e r m i n a b l e .   As  wi l l   be  shown  below  t h i s   assumption  cannot  a lways  

be  made. 

Consider   for  the  moment  a  fuel   system  compris ing  a  f u e l  

tank,   a  fuel   l i n e ,   fuel   pump,  a  fuel   r a i l   having  a  p l u r a l i t y   of  i n j e c t o r s  

a t t ached   t h e r e t o ,   a  p r e s s u r e   r e g u l a t i n g   means  and  a  r e t u r n   l ine   to  the  f u e l  

tank.  The  fuel   pump  e x t r a c t s   fuel   from  the  fuel  tank  which  is  d i s t r i b u t e d  

under  p r e s su re   to  the  i n d i v i d u a l   i n j e c t o r s   by  means  of  a  fuel  r a i l .   The  f u e l  

pump  and  p r e s s u r e   r e g u l a t i n g   means  coopera te   to  main ta in   the  fuel  p r e s s u r e  

wi th in   the  fuel  r a i l   at  a  s u b s t a n t i a l l y   cons tan t   q u i e s c e n t   p r e s s u r e .   T h e r e -  

fore ,   by  m a i n t a i n i n g   a  c o n s t a n t   p r e s su re   in  the  fuel   r a i l   p r ec i s e   fuel  m e t e r -  

ing  can  be  ach ieved ,   in  t h e o r y ,   by  c o n t r o l l i n g   the  d u r a t i o n   an  i n j e c t o r   i s  

open.  A  problem  a s s o c i a t e d   with  p r io r   art   fuel  d e l i v e r y   systems  is  tha t   a s  

each  i n j e c t o r   is  r a p i d l y   opened  and  closed  a  p re s su re   wave  is  c rea ted   in  t h e  

fuel   r a i l .   The  p r e s s u r e   wave  t r a v e l s   up  and  down  the  fuel   r a i l   causing  t h e  

p r e s s u r e   at  any  po in t   along  the  fuel   r a i l   to  p e r i o d i c a l l y   i nc rease   and  d e -  

c rease   as  the  p r e s s u r e   wave  passes .   This  pe r tu rbed   and  u n c o n t r o l l e d   p r e s s u r e  

f l u c t u a t i o n   causes  e r r o r s   in  the  q u a n t i t y   of  fuel  d e l i v e r e d   during  s u b s e q u e n t  



a c t u a t i o n   of  the  i n j e c t o r s .   In  a d d i t i o n ,   the  magnitude  of  the  r e f l e c t e d   wave 

may  cause  components  of  the  fuel   d e l i v e r y   system  to  v i b r a t e .  

It  w i l l   become  apparent   from  a  r ead ing   of  the  d e s c r i b e d  

embodiments  t ha t   the  p r e s e n t   i n v e n t i o n   is  a p p l i c a b l e   to  f l u i d   d e l i v e r y   s y s -  
tems  in  gene ra l   and  not  l i m i t e d   to  fuel   r a i l s   for  fuel   i n j e c t i o n   systems  f o r  

spark  or  compress ion   i g n i t e d   e n g i n e s .  

A  broad  o b j e c t   of  the  p r e sen t   i n v e n t i o n   is  to  provide  a 

fuel   d e l i v e r y   system  in  which  the  p r e s su re   p u l s a t i o n s   wi th in   a  fuel   d e l i v e r y  

system  are  m i n i m i z e d .  

A  second  o b j e c t   of  the  p r e s e n t   i n v e n t i o n   is  to  c o n t r o l  

the  number  of  r e f l e c t e d   p r e s s u r e   waves  genera ted   each  time  an  i n j e c t o r   o r  

group  of  i n j e c t o r s   o p e r a t e s .  

Another  o b j e c t   of  the  i n v e n t i o n   is  to  reduce  and/or   e l i -  

minate  any  f u r t h e r   r e f l e c t i o n s   of  the  p re s su re   wave  by  o ther   fuel  system  com- 

p o n e n t s .  

A  f u r t h e r   ob j ec t   of  the  i n v e n t i o n   is  to  provide  a  f u e l  

d e l i v e r y   system  which  ach ieves   a  c o n t r o l l e d   r e f l e c t i o n   wave  while  not  r e q u i r -  

ing  exac t i ng   d imens iona l   t o l e r a n c e s   o f  i t s   component  p a r t s .  

To  t h i s   end,  t h e  i n v e n t i o n   proposes   an  improved  d e l i v e r y  

system  for  supp ly ing   p r e s s u r i z e d   f l u i d   from  a  fuel   source   to  at  l e a s t   one 

flow  means  which  meters  f l u i d   t he re f rom  in  response   to  a c t u a t i o n   commands  r e -  

ce ived ,   c o m p r i s i n g  :   f l u i d   r a i l   means  i n t e r c o n n e c t i n g   the  f l u id   source  w i t h  

the  flow  means  for  d e l i v e r i n g   f l u i d   from  the  f l u id   source  to  said  flow  means 

c h a r a c t e r i z e d   in  t ha t   i t   compr ises   a n t i - r e f l e c t i o n   means  d isposed  be tween  

said  f l u id   source  and  said  fuel   r a i l   means  for  c o n t r o l l i n g   the  magnitude  o f  

the  r e f l e c t e d   p r e s s u r e   waves  g e n e r a t e d   by  the  o p e r a t i o n   of  said  flow  means.  

An  advantage   of  the  p re sen t   i n v e n t i o n   is  tha t   i t   i s  

a p p l i c a b l e   to  fuel   systems  o p e r a t i n g   at  low  p r e s s u r e s   such  as  1,4  to  5,6  kg/cm2 

as  used  in  a  spark  i g n i t e d   engine  or  at  a  high  p r e s s u r e   such  as  350  t o  

1050  kg/cm2  as  used  in  a  compress ion   i g n i t e d   s y s t e m .  

Another  advantage  of  the  p r e s e n t   i n v e n t i o n   is  tha t   t h e  

fuel  r a i l   des ign  is  a d a p t a b l e   to  a  v a r i e t y   of  i n j e c t o r   f i r i n g   o r d e r s .  

A  f u r t h e r   advantage  of  the  p r e s e n t   i nven t ion   is  tha t   t h e  

c o n t r o l l e d   r e f l e c t i o n   des ign  a l lows  for  p r e d i c t a b l e   flow  c a l c u l a t i o n s   for  each  

i n j e c t o r .   The  s i g n i f i c a n c e   of  t h i s   is  tha t   a  unique  method  of  flow  compens-  

a t ion   can  now  be  made  wi th in   all  a s s o c i a t e d   e l e c t r o n i c   c o n t r o l   uni t   to  e q u a l i z e  

i n j e c t o r   flow  wi th in   i n d i v i d u a l   i n j e c t o r s .  

The  i n v e n t i o n   wi l l   now  be  d e s c r i b e d   with  r e f e r e n c e   t o  



the  accompanying  drawings  w h e r e i n  :  

-  Figure   1  i l l u s t r a t e s   the  p r e s e n t   i n v e n t i o n   as  a p p l i e d  

to  a  con t inuous   flow  fuel   d e l i v e r y   s y s t e m  ;  

-  Figure   2  i l l u s t r a t e s   an  a l t e r n a t e   embodiment  of  a  f u e l  

d e l i v e r y   s y s t e m  ;  

-  Figure  3  i l l u s t r a t e s   a  time  h i s t o r y   of  a  p r e s su re   wave; 

-  Figure   4  i l l u s t r a t e s   a  time  h i s t o r y   of  p r e s s u r e   waves 

c r e a t e d   in  the  system  of  Figure  2  ;  

-  Figure  5  i l l u s t r a t e s   the  p r e sen t   i nven t ion   as  a p p l i e d  

to  a  n o n - c o n t i n u o u s   flow  fuel  d e l i v e r y   s y s t e m  ;  

-  Figure   6  i l l u s t r a t e s   a  s ide  view  of  an  impedance  match-  

ing  c o n n e c t o r  ;  

-  Figure  7  i l l u s t r a t e s   a  s e c t i o n a l   view  through  s e c t i o n  
7-7  of  Figure  6  ;  

-  Figure  8  i l l u s t r a t e s   a  f u r t h e r   embodiment  of  the  p r e -  
sent   i n v e n t i o n   as  app l i ed   to  a  d i e s e l   e n g i n e  ;  

-  Figure  9  i l l u s t r a t e s   another   embodiment  of  the  p r e s e n t  

i n v e n t i o n  ;  

-  Figure   10  i l l u s t r a t e s   another   embodiment  of  the  p r e s e n t  

i n v e n t i o n  ;  

-  Figure  11  i l l u s t r a t e s   another   embodiment  of  the  p r e s e n t  

i n v e n t i o n .  

Fuel  d e l i v e r y   systems  for  i n t e r n a l   combustion  e n g i n e s  

having  fuel  i n j e c t o r s   inc lude   a  v a r i e t y   of  c o n f i g u r a t i o n s   a p p l i c a b l e   to  a  

wide  range  of  o p e r a t i n g   c o n d i t i o n s .   As  an  example,  Figure  1  i l l u s t r a t e s   t h e  

a p p l i c a t i o n   of  the  p r e s e n t   i n v e n t i o n   in  a  con t inuous   flow  fuel  d e l i v e r y   s y s -  

tem  for  a  spark  i g n i t e d   engine.   This  type  of  system  opera tes   at  r e l a t i v e l y  

low  f l u i d   p r e s s u r e   (1,4  to  2,8  kg/cm2)  and  at  low  flow  r a t e s   and  may  u t i l i z e  

any  of  the  commonly  known  e l e c t r o m a g n e t i c a l l y   ac tua ted   fuel  i n j e c t o r s .   I n  

a d d i t i o n ,   t h i s   type  of  system  may  f u r t h e r   be  c h a r a c t e r i z e d   as  a  s teady  f l u i d  

flow  system  in  t ha t   during  fuel  i n j e c t i o n   pe r iods   only  a  small  f r a c t i o n   o f  

the  q u i e s c e n t   flow  is  d i v e r t e d   from  the  system  into  the  engine.  A  second  

type  of  fuel   d e l i v e r y   system  such  as  is  shown  in  Figure  5  is  s imi l a ry   o p e r a t -  

ed  at  r e l a t i v e l y   low  p r e s s u r e   l eve l s   (4,2  to  5,6  kg/cm2)  but  u t i l i z e s   e i t h e r  

a  p r e s s u r e   a c tua t ed   poppet  valve  i n j e c t o r   or  the  p r ev ious ly   mentioned  e l e c t r o -  

m a g n e t i c a l l y   a c tua t ed   i n j e c t o r .   This  system  may  be  c h a r a c t e r i z e d   as  a  dead 

ended  or  n o n - c o n t i n u o u s   flow  system.  A  t h i r d   type  of  fuel  de l i ve ry   system  i s  

of ten   used  in  c o n j u n c t i o n   with  combustion  i g n i t i o n   engines .   This  system  i s  



s i m i l a r   to  the  low  p r e s s u r e   system  shown  in  F igure   5  in  tha t   i t   is  of ten   a 

n o n - c o n t i n u o u s   flow  system,  however,  o p e r a t i n g   at  r e l a t i v e l y   high  flow  r a t e s  

and  high  p r e s s u r e s   350  to  1050  kg/cm2." 

Severa l   embodiments  of  the  i n v e n t i o n   are  d i s c l o s e d   i l l u s -  

t r a t i n g   i t s   a p p l i c a b i l i t y   to  c o n t r o l l i n g   r e f l e c t i o n s   of  p re s su re   waves  f o r  

each  of  these  var ied   s y s t e m s .  

The  p r e f e r r e d   embodiment  of  the  fuel   d e l i v e r y   system  20 

wi l l   be  desc r ibed   in  the  con tex t   of  a  fuel   d e l i v e r y   system  compris ing  a  f u e l  

i n j e c t i o n   system  for  an  i n t e r n a l   combustion  engine ,   however  i t s   t e a c h i n g s   a r e  

a p p l i c a b l e   to  the  d e l i v e r y   of  p r e s s u r i z e d   f l u i d s   wherein  the  e l i m i n a t i o n   o f  

p r e s s u r e   p u s l a t i o n ,   banging  or  other   o s c i l l a t i o n   is  r equ i r ed   to  insure   a c c u -  

r a t e   f l u i d   d e l i v e r y .  

Figure   1  i l l u s t r a t e s   a  fuel   d e l i v e r y   system  20  for  an 

e igh t   c y l i n d e r   (V-8)  i n t e r n a l   combustion  engine.   Upon  reading  the  d i s c l o s u r e  

i t   can  be  seen  tha t   the  i n v e n t i o n   is  not  so  l i m i t e d   and  may  be  p r a c t i c e d   i n  

c o n j u n c t i o n   with  other   engine  types  and  i n j e c t o r   c o n f i g u r a t i o n s .  

In  p a r t i c u l a r ,   the  fuel   d e l i v e r y   system  20  comprises   a 

fue l   r a i l   100  such  as  a  hollow  condui t   having  a  medial  po r t ion   102.  The  me- 

d i a l   p o r t i o n   102  can  be  formed  by  one  or  more  f l u i d   c a r ry ing   tubes  such  a s  

tubes   108  and  110.  The  r e s p e c t i v e   ends  of  each  tube  (108  and  110)  are  con-  

nected  in  f lu id   communicat ion  by  a  pa i r   of  c o n n e c t o r s   112  and  114,  such  as  a 

pa i r   of  t - c o n n e c t o r s .   A d d i t i o n a l l y ,   each  connec to r   112  and  114  is  f u r t h e r  

adapted  to  r ece ive   one  end  of  an  a s s o c i a t e d   tube  116  and  118.  The  other   ends  

of  tubes  116  and  118  t h e r e i n   forming  the  i n l e t   and  o u t l e t   ends  104  and  106,  

r e s p e c t i v e l y .   I n s p e c t i o n   of  Figure  1  f u r t h e r   r e v e a l s   tha t   each  tube  108,  110 

c o n t a i n s   a  p l u r a l i t y   of  connec to r s   131-138  adapted  to  r ece ive   a  l ike   p l u r a l i t y  

of  f l u i d   flow  device  means  141-148.  Inasmuch  as  the  p r e f e r r e d   embodiment  o f  

the  i n v e n t i o n   is  d e s c r i b e d   in  the  con tex t   of  an  automotive   environment   t h e  

con templa t ed   flow  device  means  are  e l e c t r o m a g n e t   i n j e c t o r s   such  as  tha t   used  

in  fuel   i n j e c t i o n   systems  as  i l l u s t r a t e d   by  Kiwior  in  U.S.  Patent   4  030  668. 

Other  flow  devices   means  can  be  s u b s t i t u t e d   i n c l u d i n g   any  number  of  s o l e n o i d  

or  p r e s s u r e   a c tua t ed   flow  valves   i n c l u d i n g   p r e s s u r e   ac tua ted   valves  for  d i e s e l  

engine  a p p l i c a t i o n .  

For  c l a r i t y ,   Figure  1  has  the  odd  numbered  c o n n e c t o r s ,  

i . e .   connec to r s   131,  133,  135,  137,  and  the  odd  numbered  i n j e c t o r s ,   i . e .   i n -  

j e c t o r s   141-147  are  l o c a t e d   along  tube  108  while  the  even  numbered  c o n n e c t o r s  

132,  134,  136,  138  and  i n j e c t o r s   142-148  are  l o c a t e d   along  tube  110.  It  i s  

d e s i r a b l e ,  h o w e v e r ,   though  not  a  r equ i rement   of  the  i nven t ion   tha t   each  i n j e c t -  

or  be  mounted  as  c lose   to  i t s   r e s p e c t i v e   tube  as  p o s s i b l e   and  f u r t h e r m o r e  



t ha t   each  i n j e c t o r   be  r i g i d l y   connec ted   t h e r e t o .   Consequen t ly ,   each  c o n n e c t -  

or  131-138  may  comprise  a  l ink   such  as  the  r i g i d   tube  t aught   by  Wer thhe imer  

et  al  in  U.S.  Pa t en t   3  776  209 .  

Fluid   is  pumped  from  a  r e s e r v o i r   such  as  fuel   tank  200 

through  condu i t   202  to  the  inpu t   end  106  of  the  f l u id   r a i l   100  by  a  f l u i d  

means  300.  The  ex i t   end  104  of  the  f l u i d   r a i l   100  is  connected  to  a  r e g u l a t -  

ing  means  such  as  a  p r e s s u r e   r e g u l a t o r   400.  It  should  be  apparen t   tha t   a 

p r e s s u r e   r e g u l a t o r   per  se  is  not  e s s e n t i a l   to  the  i n v e n t i o n .   As  an  example ,  

a  p r e s s u r e   compensated  f l u i d   pump  of  the  known  v a r i e t y   can  be  s u b s t i t u t e d  

for  the  f l u i d   means  300.  In  a d d i t i o n ,   i t   has  been  found  t ha t   when  used  i t   i s  

d e s i r a b l e   to  l o c a t e   the  p r e s s u r e   r e g u l a t o r   400  as  c lose  to  the  i n j e c t o r s   a s  

p o s s i b l e .   This  can  be  accompl i shed   by  e l i m i n a t i n g   tube  116  and  c o n n e c t i n g  

the  p r e s s u r e   r e g u l a t o r   400  d i r e c t l y   to  connec tor   112.  

Return  condu i t   402  connects   the  output   of  the  p r e s s u r e  

r e g u l a t o r   400  to  the  fuel   tank  200  thereby   de f i n ing   the  con t inuous   flow  c l o s -  

ed  loop  fue l   system.  R e f e r r i n g   again  to  the  pump  means  300  d isposed  be tween  

the  f l u i d   r a i l   100  and  the  fuel   tank  200,  the  func t ion   of  the  f l u id   means  300 

is  to  d e l i v e r   p r e s s u r i z e d   f l u i d   to  the  f l u id   or  fuel   r a i l   100.  In  a d d i t i o n ,  

the  f l u i d   means  300  i n c l u d e s   means  for  absorbing   unwanted  p r e s s u r e   waves .  

The  f l u i d   means  300  as  i l l u s t r a t e d   in  Figure  3  i nc ludes   a  r e c e i v i n g   means 

310  which  may  be  a  c o n n e c t i n g   l ine   or  pipe  and  a  pump  means  350.  The  i n p u t  

of  the  pump  means  350  is  connected   at  i t s   en t r ance   356  with  condui t   202  and 

at  i t s   e x i t   end  352  with  the  r e c e i v i n g   means.  I n  t h e   i l l u s t r a t e d   embodiment 

of  the  i n v e n t i o n ,   the  pump  means  350  comprises   a  fuel   pump  354  and  a  p r e s s u r e  

f i l t e r   network  358  compr i s ing   an  o r i f i c e   360  and  accumula tor   362,  the  s i g n i -  

f i c a n c e   of  which  is  d e s c r i b e d   below.  The  p r e s su re   f i l t e r   network  358  is  d i s -  

posed  between  the pump  350  and  the  r e c e i v i n g   means.  The  r e c e i v i n g   means  310 

is  a  p i p e l i n e   310  adapted  to  mate  at  end  312  to  the  f l u id   or  fuel   r a i l   100 

and  to  mate  at  oppos i t e   end  314  with  pump  means  350.  As  wi l l   be  d i s c u s s e d  

l a t e r ,   the  p r e s s u r e   f i l t e r   network  358  may  be  i n c o r p o r a t e d   into  the  r e c e i v -  

ing  means  at  a  l o c a t i o n   p rox imate   the  o u t l e t   end  312.  During  q u i e s c e n t   o r  

n o n - i n j e c t i n g   pe r iods   fuel   is  taken  from  the  r e s e r v o i r   or  fuel   tank  200  by 

the  pumping  ac t ion   of  the  f l u i d   means  300.  In  i t s   s i m p l e s t   form  the  f l u i d  

means  300  is  a  pump  which  can  e i t h e r   be  dr iven  d i r e c t l y   by  the  engine  or  by 

an  e l e c t r i c a l   pump.  As  p r e v i o u s l y   ment ioned,   i t   may  be  p o s s i b l e   to  e l i m i n a t e  

the  p r e s s u r e   r e g u l a t o r   400  from  the  fuel   system  20  by  employing  a  p r e s s u r e  

compensa t ing   fuel   pump.  P r e s s u r i z e d   f l u id   en t e r s   the  f l u id   r a i l   at  end  106. 

P r e s s u r i z e d   f l u id   flows  through  the  p r e s s u r e   r e g u l a t o r   400  and  then  back  i n t o  

the  fue l   tank  200  through  condu i t   402.  The  p r e s s u r e   r e g u l a t o r   400  and  f l u i d  



means  300  c o o p e r a t e   to  ma in ta in   a  c o n s t a n t   q u i e s c e n t   p r e s s u r e   t h roughou t   t h e  

f l u i d   r a i l   100  for  any  given  q u i e s c e n t   r a t e   of  f l u i d   flow  ( c m 3 / s ) .  

A t t e n t i o n   is  again  d i r e c t e d   to  the  f l u i d   r a i l   100  of  t h e  

system  shown  in  F igure   1.  The  e igh t   i n j e c t o r s   (141-148)  form  four  pa i r s   ( 152 ,  

154 ,156 ,158)   of  i n j e c t o r s ,   t h a t   i s ,   i n j e c t o r s   141  and  142  form  pa i r   152,  i n -  

j e c t o r s   143  and  144  form  a  second  pa i r   154  and  so  on.  Each  i n j e c t o r   of  each  

pa i r   is  l o c a t e d   the  same  d i s t a n c e   from  inpu t   end  106  as  well   as  the  same  d i s -  

tance  from  the  e x i t   end  104.  This  dual  ended  mounting  symmetry  r e q u i r e s   t h a t  

the  flow  paths  to  each  i n j e c t o r   through  the  fue l   r a i l   100  be  the  same  l e n g t h .  

Fu r the rmore ,   i t   is  r e q u i r e d   t h a t   the  o the r   i n j e c t o r   p a i r s   154,  156,  158,  s i m i -  

l a r l y   by  s y m m e t r i c a l l y   l o c a t e d   along  t h e i r   r e s p e c t i v e   tubes   108  and  110.  I t  

is  not  r e q u i r e d ,   however,   t ha t   each  i n j e c t o r   pa i r   be  l o c a t e d   an  equal   d i s t a n c e  

from  other   i n j e c t o r   p a i r s .   While  i t   is  p r e f e r r e d   t h a t  e a c h   flow  path  ( t u b e s  

108,  110)  have  i d e n t i c a l   c ross   s e c t i o n s ,   i t   has  been  found  t h a t   a  t o l e r a n c e  

e r r o r   of  +10  p e r c e n t   does  not  a p p r e c i a b l y   a f f e c t   p e r f o r m a n c e .  

Reference   is  now  made  to  Figure   2  which  i l l u s t r a t e s   an 

a l t e r n a t e   embodiment  of  the  p r e s e n t   i n v e n t i o n   and  which  f u r t h e r   i l l u s t r a t e s  

the  fuel   d e l i v e r y   system  t e s t e d .   I t   should   be  r e c a l l e d   t h a t   i t   is  d e s i r a b l e  

to  connect   the  p r e s s u r e   r e g u l a t o r   400  d i r e c t l y   to  the  fue l   r a i l   100.  It  has  

been  found  through  e x p e r i m e n t a t i o n   t h a t   i f   pipe  116  is  g r e a t e r   than  15  cm,  i t  

may  be  n e c e s s a r y   to  add,  cs  shown  in  F igure   2,  an  a d d i t i o n a l   accumula tor   600 

to  system  between  the  p r e s s u r e   r e g u l a t o r   400  and  fuel   r a i l   100.  T h e  a d d i t i o n a l  

accumula to r   may  a lso   be  r e q u i r e d   i f   the  r e sponse   time  of  the  p r e s s u r e   r e g u l a t -  

or  is  too  slow.  In  a d d i t i o n   i f   the  pipe  116  is  g r e a t e r   than  15  cm  i t   wi l l   be 

n e c e s s a r y   to  s i ze   t h i s   pipe  so  t ha t   i t s   a d m i t t a n c e   is  twice  t h a t   of  the  f u e l  

r a i l   100. 

The  fuel   d e l i v e r y   sys tems  a s  d e s c r i b e d   in  F igures   1  and 

2  have  been  des igned   to  permit   a  s i n g l e   r e f l e c t i o n   of  p r e s s u r e   waves  t h e r e i n .  

One  mode  of  o p e r a t i o n   of  the  fuel   d e l i v e r y   system  of  F igure   1  is  tha t   symme- 

t r i c a l l y   l o c a t e d   i n j e c t o r   p a i r s   152  would  be  opera ted   t o g e t h e r .   As  an  example ,  

i n j e c t o r s   141  and  142  which  form  pa i r   152  may  be  s i m u l t a n e o u s l y   o p e r a t e d .  

This  would  be  fo l lowed   by  i n j e c t o r   pa i r   154  and  i n j e c t o r   pa i r   156  and  f i n a l l y  

i n j e c t o r   pa i r   158  t h e r e i n   d e f i n i n g   a  c o n t i n u o u s   s e q u e n t i a l   mode  of  p a i r e d  

o p e r a t i o n .   A l t e r n a t i v e l y ,   any  number  of  p a i r s   may  be  o p e n e d .  t o g e t h e r  ;   such  

as  pa i r   152  and  156,  fo l lowed  a f t e r   a  p e r i o d   of  time  by  the  opening  of  i n j e c t -  

or  p a i r s   154  and  158.  As  a  f u r t h e r   example,   a l l   e i gh t   i n j e c t o r s   may  be  opened 

s i m u l t a n e o u s l y .   One  s k i l l e d   in  the  a r t   w i l l   a p p r e c i a t e   t h a t   the  dynamic  f low 

c o n d i t i o n s   w i l l   be  d e t e r m i n a b l e   from  the  number  of  i n j e c t o r s   being  opened  and 

the  q u i e s c e n t   flow.  C o n s e q u e n t l y ,   for  each  s p e c i f i c   system  des ign ,   the  s i z e  



of  the  o r i f i c e   360,  wi l l   vary  to  accomodate  the  d i f f e r e n t   flow  r a t e s .   When 

i n d i v i d u a l   or  s y m m e t r i c a l l y   loca ted   i n j e c t o r   p a i r s   are  opera ted   p re s su re   and 

flow  waves  are  c r e a t e d .   The  p re s su re   wi th in   the  fuel   r a i l   100  wi l l   momentar-  

i ly   drop  to  a  lower  p r e s s u r e   (P)  from  i t s   des igned  (Pd)  or  q u i e s c e n t   (Po)  

p r e s s u r e   c o n d i t i o n   because  of  the  f l u id   or  fuel   taken  from  the  fuel  r a i l   100 

and  d e l i v e r e d   to  the  engine.   These  p r e s su re   waves  wi l l   t r a v e l   toward  t h e  

r e g u l a t o r   400  end  of  the  fuel   r a i l   and  toward  the  en t r ance   end  106  of  t h e  

fuel   r a i l .   Waves  impinging  upon  the  p r e s s u r e   r e g u l a t o r   400  wi l l   be  r e f l e c t e d  

back  in to   the  fuel   r a i l   100.  The  p r e s su re   r e g u l a t o r   400  acts  as  a  zero  imp- 

endance  t e r m i n a t i n g   r e f l e c t o r   for  a l l   s i g n i f i c a n t   f r e q u e n c i e s   con ta ined   i n  

the  p r e s s u r e   wave.  A  t rue   zero  impendance  t e r m i n a t i o n   would  r e f l e c t   a l l   i n -  

c i d e n t   p r e s s u r e   waves.  Consider   p re s su re   waves  wi th in   the  fuel  r a i l   100  t h a t  

are  t r a v e l l i n g   toward  input   end  106.  As  t h i s   wave  e n t e r s   the  pipe  310  p a r t  

or  a l l   of  the  wave  wi l l   be  r e f l e c t e d ,   in  p r io r   a r t   systems,   back  into  t h e  

fuel   r a i l   100.  In  a d d i t i o n ,   the  wave  may  con t inue   t r a v e l l i n g   down  pipe  310 

and  w i l l   be  r e f l e c t e d ,   in  p r io r   ar t   systems,   by  the  pump  or  other  fuel   sys tem 

c o m p o n e n t s .  

As  can  be  seen  by  the  p reced ing   d e s c r i p t i o n ,   p r io r   a r t  

fue l   d e l i v e r y   systems  are  s u s c e p t i b l e   to  having  m u l t i p l e   r e f l e c t i o n s   p r o p a g a t -  

ing  up  and  down  the  va r ious   fuel  ca r ry ing   condu i t s   t h e r e i n   d i s r u p t i n g   t h e  

d e s i r e d   p r e s s u r e   c h a r a c t e r i s t i c s .   In  systems  r e q u i r i n g   the  s imul taneous   ope-  

r a t i o n   of  s y m m e t r i c a l l y   l oca t ed   i n j e c t o r   a  p l u r a l i t y   of  waves  are  c r e a t e d .  

These  waves  p ropaga te   wi th in   the  fuel  r a i l   100  and  may  amplify  the  magni tude  

of  r e f l e c t e d   p r e s s u r e   waves .  

To  f u r t h e r   i l l u s t r a t e   the  c r e a t i o n   of  p re s su re   waves  i n  

a  fue l   system,   cons ide r   the  time  h i s t o r i e s   shown  in  Figure  3.  Figure  3  r e -  

p r e s e n t s   t e s t   date  i l l u s t r a t i v e   of  the  o p e r a t i o n   of  p r io r   a r t   systems.  To 

approximate   the  e f f e c t   of  a  p r io r   ar t   system,  the  o r i f i c e   and  a c c u m u l a t o r s  
been  

shown  in  Figure   2  have  removed.  During  the  above-ment ioned  t e s t   i n j e c t o r s  

141  and  142  were  s i m u l t a n e o u s l y   a c t i v a t e d   to  open  as  i n d i c a t e d   by  the  wave 

form  shown  on  l ine   2  of  Figure  3,  and  r e p r e s e n t s   the  c u r r e n t   s igna l   a c t i v a t -  

ing  the  i n j e c t o r .   The  p r e s s u r e   f l u c t u a t i o n s   in  the  fuel  r a i l   100  as  a  f u n c -  

t ion   of  time  at  po in t s   A  and  B  proximate  i n j e c t o r s   141  and  142  are  shown  i n  

F igure   3,  l i ne s   1  and  3.  It  can  be  seen  tha t   as  the  i n j e c t o r   opens  the  p r e s -  

sure  in  the  system  drops  from  the  qu i e scen t   or  des igned  p re s su re   (2,8  kg/cm2) .  

As  the  i n j e c t o r   c l o s e s ,   the  p re s su re   at  po in t s   A  and  B  of  Figure  2  momentar i ly  

r e t u r n   to  the  q u i e s c e n t   value.   Shor t ly   t h e r e a f t e r   the  f i r s t   r e f l e c t e d   wave 
and 

(from  the  r e g u l a t o r   400)  and  l a t e r   r e f l e c t i o n s   a r r ive7  cause   the  p ressure   a t  

p o i n t s   A  and  B.to  o s c i l l a t e   for  about  0.02  seconds  a f t e r   the  valves  c l o s e .  



Return ing   now  to  a  d i s c u s s i o n   of  the  fuel  r a i l   100  a s  

shown  in  e i t h e r   F igures   1  or  2.  A  fuel   r a i l   is  b a s i c a l l y   a  condui t   d e s i g n e d  

to  car ry   a  de t e rminab l e   q u a n t i t y   of  f l u i d   at  a  p rede te rmined   ra te   and  p r e s -  

sure.   Under  such  c o n d i t i o n s ,   the  condu i t   p r e s e n t s   at  i t s   en t r ance   end  an 

admi t tance   YFR  to  the  i n c i d e n t   flow  change.  In  a d d i t i o n ,   p i p e l i n e   310  p r e -  

sen ts   an  admi t tance   YpL  to  flow.  Techniques   for  measuring  and  s p e c i f y i n g  

r e s i s t a n c e   to  flow,  i n c l u d i n g   the  admi t t ance   or  the  impedance  (the  r e c i p r o c a l  

of  admi t t ance )   of  a  condu i t   or  c o n f i g u r a t i o n   of  condu i t s   are  known  in  the  a r t .  

As  an  example,  the  c h a r a c t e r i s t i c   impedance  Z0  of  a  pipe  is  given  by  Zo  =  RC/gA 

where  R  is  the  dens i ty   of  the  f l u i d   (kg/cm3),   C  is  the  v e l o c i t y   of  p r o p a g a t i o n  

(cm/s) ,   A  is  the  c r o s s - s e c t i o n a l   area  of  the  pipe  (cm2)  and  g  is  the  g r a v i t y  

c o n s t a n t .   In  a d d i t i o n ,   the  impendance  of  an  o r i f i c e   under  small  flow  change  

c o n d i t i o n s   can  be  expressed   as  Z  =  2ΔP/Q0  when  ΔP  is  the  q u i e s c e n t   p r e s s u r e  

drop  across   the  o r i f i c e   at  a  flow  r a t e   of  Q  .  o 
To  achieve  the  c o n t r o l   of  r e f l e c t e d   waves  r e q u i r e s   t h e  

matching  of  the  admi t tance   of  the  va r ious   f l u i d  c a r r y i n g   members  of  the  f u e l  

d e l i v e r y   system.  Consider   the  p r e v i o u s l y   d e s c r i b e d   mode  of  o p e r a t i o n   w h e r e i n  

symmet r i ca l l y   p o s i t i o n e d   i n j e c t o r s   or  p a i r s   of  i n j e c t o r s   are  opera ted   t o g e t h e r .  

In  p a r t i c u l a r ,   if   the  admi t t ance   of  the  p i p e l i n e   310  is  main ta ined   at  t w i c e  

tha t   of  the  i n d i v i d u a l   tubes  108  and  110  of  fuel   r a i l   100  the  a r r i v i n g   p r e s -  

sure  waves  from  each  tube  108  and  110  r e s u l t i n g   from  i n j e c t o r   pa i r   o p e r a t i o n  

wi l l   combine  in  the  pump  l ine   310.  The  r e s u l t i n g   p r e s su re   at  the  e n t r a n c e  

312  of  the  pump  l ine   310  wi l l   be  equal  to  the  p r e s s u r e   in  each  tube  108  and 

110  and  hence,  no  r e f l e c t i o n   w i l l   o c c u r .  

Fu r the rmore ,   i f ' t h e   t e r m i n a t i n g   admit tance   of  the  pump 

Yp  is  made  equal  the  c h a r a c t e r i s t i c s   admi t t ance   of  the  p i p e l i n e   YpL  p r e s s u r e  
and  flow  waves  are  s i m i l a r l y   absorbed  at  the  pump  end.  Those  s k i l l e d   in  t h e  

ar t   wi l l   a p p r e c i a t e   the  d i f f i c u l t i e s   i n h e r e n t   in  matching  the  impedance  o r  

admi t tance   of  the pump  354  to  tha t   of  the  p i p e l i n e   310.  Impendance  ma tch ing  

can  be  achieved  by  i n c o r p o r a t i n g   the  f l u i d   f i l t e r   network  358  into  the  sys tem 

and  can  be  accomplished  by  s p e c i f y i n g   the  c r o s s - s e c t i o n a l   area  A  of  the  o r i -  

f ice   360.  The  area  can  be  de te rmined   with  r e f e r e n c e   to  the  fo l lowing   e q u a -  

t i o n s  :  



w h e r e  :  

Q  is  the  q u i e s c e n t   o r i f i c e   f l o w ,  

K  is  the  o r i f i c e   c o n s t a n t   given  by  K  =  C d 2 g / R  

w h e r e  :  

Cd i s   the  o r i f i c e   d i s c h a r g e   c o n s t a n t ,  

ΔQ  is  the  flow  d i s t u r b a n c e ,  

Ao is   the  o r i f i c e   a r e a ,  

P  i s   the  pump  p r e s s u r e  

Po  i s   the  q u i e s c e n t   l ine   p r e s s u r e ,  

ΔP  is  the  p r e s s u r e   drop  on  the  l ine   due  t o  ΔQ,  

A i  i s   the  i n j e c t o r   meter ing   a rea ,   and 

Z   is  the  c h a r a c t e r i s t i c   impedance  of  the  l i n e .  

The  above  e q u a t i o n s   are  solved  s i m u l t a n e o u s l y   for  A  and 

P  .  

In  systems  wherein  the  maximum  flow  is  a p p r o x i m a t e l y  

equal  to  the  q u i e s c e n t   flow  Qo  because  only  a  small  po r t ion   of  the  t o t a l   f low 

is  d i v e r t e d   dur ing  i n j e c t o r   or  i n j e c t o r   pa i r   the  area  may  be  ob ta ined   from  a 

supp lemen ta l   e q u a t i o n   given  b y  :  

An  a l t e r n a t i v e   impendance  matching  means  is  achieved  by 

s u b s t i t u t i n g   a  laminar   flow  r e s t r i c t o r   for  the  orif ice.   Laminar  flow  r e s t r i c t -  

ors  comprise  a  condu i t   having  a  set  of  c a p i l l a r y   tubes  or  a l t e r n a t i v e l y   h a v -  

ing  a  porous  m a t e r i a l   d i s p l a y i n g   a  l i n e a r   r e l a t i o n s h i p   between  flow  and  t h e  

p r e s s u r e   drop  t h e r e a c r o s s .   However,  the  laminar   flow  r e s t r i c t o r   is  t e m p e r -  

a ture   s e n s i t i v e   and  wi l l   t h e r e f o r e   y i e ld   the  des igned  admi t t ance   (or  impe-  

dance)  at  only  one  given  t e m p e r a t u r e .  

Reference   is  now  made  to  Figure  4  which  i l l u s t r a t e s   im- 

proved  per formance   for  the  same  o p e r a t i v e   c o n d i t i o n s   as  Figure  3.  Figure  4 

r e p r e s e n t s   t e s t   data  for  the  system  as  shown  in  Figure  2,  using  a  Greer  a c c u -  

mulator   having  a  volume  of  246  cm3  charged  to  1 ,4  kg/cm2  of  n i t r o g e n   and  an 

o r i f i c e   having  a  d i a m e t e r  o f   1,6  mm.  It   is  d e s i r a b l e   tha t   e i t h e r   a c c u m u l a t o r  

362  or  600  be  s ized  to  have  an  admi t t ance   which  is  l ess   than  the  a d m i t t a n c e  

of  the  o r i f i c e   360  f o r  a l l   s i g n i f i c a n t   f r e q u e n c i e s   con ta ined   in  the  p u l s e -  



l i k e   p r e s s u r e   waves.  The  reason   for  t h i s   is  t h a t   i t   is  d e s i r a b l e   for  t h e  

a c c u m u l a t o r   362  to  f u n c t i o n   as  the  mechan ica l   analog  of  an  e l e c t r i c a l   s h o r t  

c i r c u i t .   In  a d d i t i o n ,   i t   is  n e c e s s a r y   for  the  accumula to r   to  be  r e s p o n s i v e  

to  each  p r e s s u r e   wave  t h e r e i n   r e q u i r i n g   the  accumula to r   to  have  a  rapid  r e s -  

ponse  t ime.  Consequen t ly ,   the  a c c u m u l a t o r s   used  are  of  the  low-mass  gas  f i l -  

led  v a r i e t y .   A l t e r n a t i v e l y ,   a  s p r i n g - m a s s   accumula to r   may  be  used.  R e t u r n -  

ing  now  to  F igure   4,  i t   can  be  seen  t ha t   by  i n c o r p o r a t i n g   the  f e a t u r e s   o f  

the  p r e s e n t   i n v e n t i o n   in to   the  c o n t i n u o u s   flow  fuel   d e l i v e r y   system  of  F i -  

gures   1  or  2  r e s u l t s   in  an  improved  system  d i s p l a y i n g   a  c o n t r o l l e d   s i n g l e  

r e f l e c t i o n   p r e s s u r e   wave  and  an  order   of  magnitude  improvement  in  p e r f o r m a n c e  

as  compared  to  the  r e s u l t s   of  F igure   3.  

While  i t   is  p r e f e r a b l e   to  l o c a t e   the  p r e s s u r e   f i l t e r   n e t -  

work  358  as  c lose   to  the  pump  354  as  p o s s i b l e   an  a l t e r n a t i v e   embodiment  t o  

the  p r e v i o u s l y   d e s c r i b e d   fue l   d e l i v e r y   system  can  be  ach ieved   by  l o c a t i n g  

the  p r e s s u r e   f i l t e r   network  358  p rox imate   the  j u n c t i o n   of  the  fuel   r a i l   100 

and  p i p e l i n e   310  in  F igure   2.  In  t h i s   case  the  f i r s t   f l u i d   source  means   310 

can  now  be  viewed  of  as  c o m p r i s i n g   the  combina t ion   of  network  358  and  p i p e -  

l i n e   310  while  the  second  f l u i d   source   means  would  obv ious ly   c o n s i s t   of  on ly  

the  pump  354.  The  o r i f i c e   s i ze   i f   chosen  so  t h a t   the  a d m i t t a n c e   of  the  o r i -  

f i c e   is  twice  t ha t   of  the  fue l   r a i l   100 .  

The  t e s t   r e s u l t s   in  F igu re s   3  and  4  are  for  the  f o l l o w -  

ing  dynamic  c o n d i t i o n s   for  two  i n j e c t o r   (141  and  142)  s i m u l t a n e o u s   o p e r a t i o n :  

pump  354  ou tput   p r e s s u r e   is  4,2  kg/cm2,  the  r e g u l a t o r   ma in t a ined   p r e s su re   i s  

2,8  kg/cm2,  flow  Qo  of  6  cm3/s  which  is  d e v e l o p e d  u p o n   each  i n j e c t i o n .   The 

p r e s s u r e   drop  P   ac ross   the  o r i f i c e   at  the  above  flow  r a t e   is  0,203  kg/cm2 
2 and  the  o r i f i c e   flow  c o n s t a n t   K  was  assumed  to  be  956  cm2/sec  kgz.  U t i l i z i n g  

the  o r i f i c e   s i z i n g   e q u a t i o n ,   i . e .   Q2o  =  KA  P   the  area  A  can  be  found  to  be 

0,01406  cm ,  d iameter   1,337  mm  a n d  t h e   o r i f i c e   admi t t ance   is  5,873  cm /kg  s e c .  

In  a d d i t i o n   the  admi t t ance   of  the  fuel   r a i l   was  assumed  to  be  2,936  cm5/kg  s e c .  

The  p i p e l i n e   admi t t ance   was  chosen  twice  t h a t   of  the  fuel   r a i l   and  the  a c c u -  

mula to r   c a p a c i t a n c e   was  0,091  cm5/kg.  The  system  t e s t e d   u t i l i z e d   s t a n d a r d  

p i p e l i n e s   to  achieve  as  c l o s e l y   as  p o s s i b l e   the  r e q u i r e d   2:1  admi t t ance   match 

for   the  system  of  Figure  2.  The  p i p e l i n e   310  was  f a b r i c a t e d   of  9,525  mm  t u b -  

ing  which  has  an  inner   d i a m e t e r   of  7,747  mm  and  each  tube  108  and  110  u t i l i z e d  

12,7  mm  tub ing   which  has  an  i nne r   d i ame te r   of  10,95  mm. 

A  f e a t o z e   of  the  p r e s e n t   i n v e n t i o n   is  t ha t   i t   is  amenable  

to  a  v a r i e t y   of  fuel   d e l i v e r y   system  c o n f i g u r a t i o n s .   As  a  f u r t h e r   example  o f  

t h i s ,   c o n s i d e r   the  dead  ended  or  n o n - c o n t i n u o u s   flow  system  as  shown  in  F i g u r e  

5.  -  



Reference   is  b r i e f l y   made  to  F igures   6  and  7  which 

i l l u s t r a t e   the  impedance  matching  connector   112  or  114  used  in  the  embodiments  

of  F igu re s   1  and  2.  In  p a r t i c u l a r ,   these  f i g u r e s   shown  a  t - c o n n e c t o r   500 

having  an  inner   bore  502  having  a  pa i r   of  inwardly  d i r e c t e d   bosses  504  at  i t s  

ends.  Each  boss  504  is  adapted  to  r ece ive   one  of  the  f l u id   ca r ry ing   t u b e s  

108  and  110.  The  inner  d i ame te r   of  bore  502  is  equal  to  tha t   of  tubes  108 

and  110.  A  second  bore  510  i n t e r s e c t s   bore  502  to  provide  f lu id   communica- 

t i o n s   t h e r e t h r o u g h .   In  a d d i t i o n ,   bore  510  c o n t a i n s   an  inwardly  d i r e c t e d   b o s s  

512  adapted  to  r e ce ive   p i p e l i n e   310  wherein  the  inner   d iameter   of  bore  510  i s  

equal   to  tha t   of  p i p e l i n e   310.  

Having  achieved  a  c o n t r o l l e d   r e f l e c t i o n   fuel  d e l i v e r y  

system  e x h i b i t i n g   a  s i n g l e   r e f l e c t i o n   p re s su re   wave  in  response  to  i n j e c t o r  

o p e r a t i o n s ,   the  fo l lowing   d i s c u s s i o n   is  r e l a t e d   to  fuel   d e l i v e r y   systems  e x -  

h i b i t i n g   no  r e f l e c t i o n s   i . e . ,   a  zero  r e f l e c t i o n   fuel   d e l i v e r y   system.  To 

achieve   a  zero  r e f l e c t i o n   fuel   d e l i v e r y   system,  i t   is  r equ i r ed   to  s e l e c t   t h e  

fuel   condu i t   c h a r a c t e r i s t i c   impendances  to  match  the  i n j e c t o r   impendance  and 

then  p rov ide   t e r m i n a t i n g   impendances  such  as  the  p r e v i o u s l y   desc r ibed   o r i f i c e -  

accumula to r   network  at  the  fue l   r a i l   ends  so  t ha t   p r e s s u r e   waves  set  in  mot ion  

can  only  p ropaga te   to  these   t e r m i n a t i n g   impedances  where  they  are  a b s o r b e d .  

If  the  proper   condui t   s i z e s   and  t e r m i n a t i n g   impendances  are  used,  there   w i l l  

be  no  r e f l e c t i o n s   and/or   o s c i l l a t i o n s   within  the  fuel   d e l i v e r y   system.  The 

zero  r e f l e c t i o n   system  pe rmi t s   a  f u r t h e r   improvement  in  c y c l e - t o - c y l e   r e p e a t -  

a b i l i t y   in  fuel   meter ing  as  compared  to  the  s i ng l e   r e f l e c t i o n   s y s t e m .  

The  fo l lowing   d i s c u s s i o n s   f a r t h e r   i l l u s t r a t e   the  a p p l i -  

c a b i l i t y   of  the  p r e s e n t   i n v e n t i o n   to  var ious   fuel   d e l i v e r y   systems  such  as  a 

high  p r e s s u r e   i n j e c t i o n   system  for  d i e s e l   engine  a p p l i c a t i o n   using  i n j e c t o r s  

such  as  t ha t   d i s c l o s e d   in  U.S.  Pa ten t   4  068  640  which  is  exp res s ly   i n c o r p o r -  

ated  by  r e f e r e n c e .  

Diese l   i n j e c t o r s   t y p i c a l l y   ope ra te   at  high  appl ied  p r e s -  

su res .   These  p r e s s u r e s   may  range  from  210  kg / cm  to  more  than  1050  k g / c m  .  

In  a d d i t i o n ,   fuel   d e l i v e r y   systems  for  high  p r e s su re   a p p l i c a t i o n   need  not  i n -  

c o r p o r a t e   a  fuel   r e t u r n   l ine   such  as  l ine  402.  One  reason  for  th i s   is  t o  

conserve   engine  power  r e q u i r e d   to  c i r c u l a t e   the  f l u id   in  a  high  p r e s s u r e  

c o n t i n u o u s   type  of  s y s t e m .  

One  such  high  p re s su re   system  is  shown  in  Figure  8.  The 

system  is  s i m i l a r   to  those  fuel   d e l i v e r y   systems  p r e v i o u s l y   desc r ibed   and  c o n -  

s i s t s   of  a  v a r i a b l e   d i s p l a c e m e n t   pump  354,  and  a  p r e s su re   f i l t e r   network  com- 

p r i s i n g   o r i f i c e   360  and  accumula tor   362  supplying  p r e s s u r i z e d   fuel  to  a  f u e l  

r a i l   660  which  has  at  l e a s t   one  i n j e c t o r   700  d isposed  a l o n g  i t s   path.  The 



system  of  F igure   8  f u r t h e r   i n c l u d e s   a  second  accumulator   640  and  second  o r i -  

f i ce   650  connected   to  the  f l u id   r a i l   660  at  a  l o c a t i o n   downstream  of  the  i n -  

j e c t o r   700.  The  f o l l owing   d i s c u s s i o n   is  i l l u s t r a t i v e   of  the  o p e r a t i o n   of  t h e  

fuel   d e l i v e r y   system  of  Figure  8.  As  an  example,  assume  tha t   the  i n j e c t o r   700 

is  of  the  type  which  o p e r a t e s   at  a  p r e s s u r e   P  of  1050  kg/cm2  and  r e q u i r e s   a 

flow  ra te   Q,  of  164  cm3/sec,   t h e r e i n   d e f i n i n g   a  parameter   known  as  the  i n -  

j e c t o r   impedance  which  is  Z.  =  P/Q.  In  a d d i t i o n ,   the  s p e c i f i c a t i o n s   of  t h e  

above  pa r ame te r s   f u r t h e r   de t e rmines   the  p r e s s u r e   and  flow  r a t e s   r e q u i r e m e n t s  

of  the  f l u i d   r a i l   660.  I f ,   however,  i n j e c t o r   700  is  of  the  known  type  o f  

i n j e c t o r   having  means  for  ampl i fy ing   the  p r e s s u r e   within  the  f l u i d   r a i l   660,  

such  as  an  i n t e n s i f i e r ,   p r io r   to  i n j e c t i o n   from  the  i n j e c t o r   700  the  o p e r a t -  

ing  p r e s s u r e   and  flow  r a t e   r e q u i r e d   wi th in   the  f l u id   r a i l   660  are  s c a l e d  

a c c o r d i n g l y .   As  an  example,  i f   the  i n t e n s i f i e r   has  a6:1  p r e s su re   r a t i o ,   t h e  

p r e s s u r e   in  the  f l u i d   r a i l   during  i n j e c t i o n   is  o n e - f i f t h   tha t   of  the  r e q u i r e d  

i n j e c t o r   p r e s s u r e   or  210  kg/cm2:  In  a d d i t i o n ,   the  r equ i red   f l u id   flow  r a t e  

through  the  f l u i d   r a i l   is  f ive  t imes  tha t   r e q u i r e d   by  the  i n j e c t o r   or  820 
cm3/sec.   Cons ider   the  o p e r a t i o n   of  the  system  of  Figure  8.  Reca l l i ng   t h a t  

F igure   8  r e p r e s e n t s   a  dead  ended  embodiment  i t   can  be  shown  tha t   during  q u i -  

e scen t   or  n o n - i n j e c t i n g   pe r iods   the  q u i e s c e n t   i n j e c t o r   flow  is  zero.   The 

p r e s s u r e   wi th in   the  f l u i d   r a i l   660  is  ma in ta ined   at  a  qu i e scen t   or  d e s i g n e d  

l eve l   by  v i r t u e   of  the  c o o p e r a t i o n   between  the  pump  354  and  r e g u l a t o r   400 .  

In  the  p r e sen t   example  the  pump  p r e s s u r e   can  be  420  kg/cm2.  When  an  i n j e c t o r  

is  a c t u a t e d ,   f l u i d   is  removed  from  the  r a i l   and  is  suppl ied   to  the  i n j e c t o r  

from  both  d i r e c t i o n s ,   caus ing  a  p l u r a l i t y   of  p r e s s u r e   waves  to  p ropaga te   w i t h -  

in  the  r a i l  ;   one  wave  d i r e c t e d   towards  accumula to r   362  and  another   wave  d i r -  

ec ted   towards  accumula to r   640.  As  i n j e c t o r   700  opens,  the  p r e s su re   in  t h e  

l i n e   wi l l   drop  from  the  normal  pump  p r e s s u r e .   Using  the  above  p a r a m e t e r  

va lues   for  the  s i t u a t i o n   i nvo lv ing   a  p r e s s u r e   i n t e n s i f i e r ,   i t   can  be  shown 

tha t   p r e s s u r e   wi th in   the  r a i l   wi l l   be  reduced  by  210  kg/cm2  and  tha t   each  

s ide  of  the  r a i l   must  d e l i v e r   41  cm3/sec  of  flow.  To  achieve  proper  f l u i d  

d e l i v e r y ,   i t   is  r e q u i r e d   to  match  the  admi t t ance   or  impedance  of  the  f l u i d  

r a i l   660  to  tha t   of  the  i n j e c t o r .   The  impedance  Zr  of  the  f lu id   r a i l   s a t i s -  

fying  t h i s   r equ i r emen t   is  given  by  the  change  in  p re s su re   ΔP  from  the  q u i e s -  

cent   Po  to  tha t   value  of  reduced  p r e s s u r e   Pr  r e s u l t i n g   from  the  i n j e c t o r   open-  

ing  d iv ided   by  the  flow  2.5Q.  It  should  again  be  noted  tha t   the  q u i e s c e n t  

flow  is  zero.   Z   is  given  by .   Zr =  AP/2.5Q.  Using  the  above  euqa t ion   t h e  

c r o s s - s e c t i o n a l   area  of  the  r a i l   A  can  be  der ived   from  the  p r e v i o u s l y   d i s -  

c losed   equa t ion   A  =  RC/gZ .  A  system  so  c o n f i g u r e d   wi l l   prevent   r e f l e c t i o n s  

from  or ig ina t ing   at  the  j u n c t i o n   of  the  fuel   r a i l   660  to  the  i n j e c t o r   700.  



To  f u r t h e r   prevent   p r e s s u r e   waves  p ropaga t ing   within  t h e  

f l u i d   r a i l   660  from  being  r e f l e c t e d   by  e i t h e r   end  of  the  fuel  r a i l   each  end 

must  be  t e r m i n a t e d   with  an  impedance  matching  network.   Proper  o r i f i c e   s i z i n g  

is  d e t e r m i n a b l e   from  i n j e c t o r   flow  r a t e s   and  the  r e s u l t i n g   p r e s su re   P   and 

can  be  found  from  equa t i ons   s i m i l a r   to  equa t i ons   l a - d .  

A l t e r n a t i v e   design  p h i l o s o p h i e s   may  r e q u i r e   o r i f i c e   im- 

pedance  matching  to  be  des igned  about  flow  r a t e s   o ther   than  maximum  i n j e c t o r  

flow  r a t e s   as  above.  As  an  example,  if  the  i n j e c t o r   c o n t r o l   phi losophy  i s  

such  as  to  r e q u i r e   many  i n j e c t o r   a c t i v a t i o n s   for  i t s   a s s o c i a t e d   c y l i n d e r  

event  i t   may  be  d e s i r a b l e   to  s ize  the  o r i f i c e s   based  upon  a  mid-range  f low 

ra te   such  as  the  average  f l o w .  

The  average  flow  from  each  accumumator  during  a  f u l l  

i n j e c t o r   cycle   is  zero,   hence,  the  f l u id   removed  dur ing  i n j e c t i o n   p e r i o d s  

wi l l   be  r e t u r n e d   to  each  accumula tor   during  n o n - i n j e c t o r   pe r iods   by  the  pump 
354.  

To  de -coup le   the  i n t e r a c t i o n   of  the  p r e s su re   waves  c r e -  

ated  when  many  i n j e c t o r s   are  connected  to  a  s i n g l e   r a i l   660  i t   may  be  n e c e s -  

sary  to  provide   each  i n j e c t o r   with  i t s   r e s p e c t i v e   f l u i d   c a r r y i n g   c o n d u i t .  

One  such  embodiment  using  a  p r e s su re   compensated  pump  is  shown  in  Figure  9 

wherein  a  p l u r a l i t y   of  condu i t s   670a  through  670n  each  being  adapted  to  be 

connec ted   to  i t s   r e p r e s e n t a t i v e   i n j e c t o r   700a  through  700n.  In  a d d i t i o n ,  

each  condu i t   670  c o n t a i n s   at  i t s   ends  s e p a r a t e   o r i f i c e s   361  and  651.  Each 

condu i t   670  and  o r i f i c e   combinat ion   351,  361  t e r m i n a t e   in  a  pair   of  c o n n e c t -  

ors  such  as  header  710a  and  710b.  

Figure   10  i l l u s t r a t e s   an  a l t e r n a t i v e   dead  ended  f u e l  

d e l i v e r y   system  for  supp ly ing   fuel  to  a  p l u r a l i t y   of  i n j e c t o r s   700.  The  a d -  

vantage  of  t h i s   a l t e r n a t e   embodiment  as  compared  to  t ha t   shown  in  Figure  9 

is  the  e l i m i n a t i o n   of  an  accumula to r ,   header  and  a  set   of  o r i f i c e s .   It  s h o u l d  

be  noted  tha t   f l u id   flow  to  each  i n j e c t o r   in  a  s i n g l e   condui t   680  system  r e -  

q u i r e s   an  a p p r o p r i a t e   i n c r e a s e   in  c r o s s - s e c t i o n a l   area  to  handle  the  i n c r e a s -  

ed  flow.  In  the  case  of  using  condu i t s   having  a  c i r c u l a r   c r o s s - s e c t i o n   t h e  

area  of  condui t   680  is  2  t imes  l a r g e r   than  the  d iamete r   of  condui t   670  o f  

Figure   9 .  

One  s k i l l e d   in  the  art   of  fuel   i n j e c t i o n   systems  f o r  

engines   wi l l   a p p r e c i a t e   t ha t   the  p r e s su re   wi th in   the  f l u id   r a i l   wi l l   d e v i a t e  

from  the  des igned  p r e s s u r e   upon  o p e r a t i o n   of  any  p a r t i c u l a r   flow  d e v i c e  

means  when  f l u id   is  i n j e c t e d   into  i t s   r e s p e c t i v e   combustion  chamber  as  in  a 

m u l t i p o i n t   fuel   i n j e c t i o n   system  or  i n j e c t e d   in to   the  in take   manifold  as  i s  

the  case  in  a  s i n g l e   poin t   i n j e c t i o n   systems.   As  p r e v i o u s l y   d i s cus sed ,   p r i o r  



art   fuel  i n j e c t i o n   systems  a t tempt   to  c o n t r o l   the  volume  of  fuel   d e l i v e r e d  

by  varying  the  i n j e c t o r   open  time,  t i ,   as  a  f unc t i on   of  engine  o p e r a t i n g   c o n -  

d i t i o n s .   To  achieve  the  d e s i r e d   flow  through  a  p a r t i c u l a r   i n j e c t o r   such  a s  

i n j e c t o r   141  of  Figure  1  i t   is  nece s sa ry   to  modify  the  nominal  i n j e c t o r   open 

per iod  to  compensate  for  the  p r e s s u r e   d e v i a t i o n s   wi th in   the  f lu id   r a i l .   More 

p a r t i c u l a r l y ,   the  p r e s s u r e   v a r i a t i o n s   which  a r i s e   from  i n c i d e n t   p r e s s u r e  

waves  genera ted   upon  i n j e c t o r   opening  and  c l o s i n g ,   and  the  i n c i d e n t   p r e s s u r e  

wave  and  i n c i d e n t   and  r e f l e c t e d   waves  a r i s i n g   from  the  ope ra t ion   of  o t h e r  

fuel   i n j e c t o r s   which  are  connected  to  the  same  f l u id   c a r ry ing   member.  These  

waves  are  shown  on  l ine   2  of  Figure  11.  Each  of  the  above  cases  can  be  s o l v e d  

only  when  the  fuel  d e l i v e r y   system  is  of  the  p r e v i o u s l y   desc r ibed   s i n g l e   r e -  

f l e c t i o n   or  zero  r e f l e c t i o n   v a r i e t y .  

Having  c o n t r o l l e d t h e   number  of  r e f l e c t e d   p r e s s u r e   waves 

genera ted   i t   is  now  p o s s i b l e   to  vary  the  i n j e c t o r   open  time  to  c o r r e c t   t h e  

amount  of  fuel  d e l i v e r e d .   R e c a l l i n g   t h a t   a  p r e s s u r e   wave  r e s u l t s   in  a  r e -  

duced  flow  because  of  the  a s s o c i a t e d   drop  in  fuel   r a i l   p re s su re   during  i n j e c t -  

or  open  pe r iods ,   the  a c t u a l   flow  QA  can  be  de termined   from  the  f o l l o w i n g  

e q u a t i o n  :   QA  =  k A P d  -  Δ P .   The  d e s i r e d   flow  Qd  is  c a l c u l a t e d   by  assum- 

ing  a  cons tan t   des igned  f l u i d   r a i l   p r e s s u r e   Pd  and  is  given  as  :   Qd  =  k A p d .  

For  the  s i t u a t i o n   wherein  each  i n j e c t o r   is  commanded  to  open  for  an  u n c o r r e c t e d  

d u r a t i o n   t i ,   the  a c tua l   volume  of  f l u i d   d e l i v e r e d   V,  the  los t   volume  VL  and 

des i r ed   volume  Vmax  of  f l u id   d e l i v e r e d   during  an  i n j e c t o r   open  per iod   a r e  

given  b y  :  

where  QL  is  the  l o s t   flow  and  given  by  Qd -  QA  and  f ( t )   can  be  a  func t ion   o f  

time  p r o p o r t i o n a l   to  a)  the  u n c o r r e c t e d   d u r a t i o n   t i   b)  the  t r a n s i t i o n   Ti  r e -  

qui red   for  a  wave  to  t r a v e l   to  the  r e g u l a t o r   and  r e t u r n   and  c)  the  time  r e -  

quired  for  an  i n c i d e n t   p r e s s u r e   wave  c r ea t ed   by  the   ope ra t i on   of  another   i n -  

j e c t o r   (j)   to  a r r i ve   at  the  i th   i n j e c t o r   l o c a t i o n .  

In  g e n e r a l ,   i t   is  r e q u i r e d   of  a  con t ro l   means  (not  shown),  

such  as  a  mini -computer   or  m i c r o p r o c e s s o r   to  compute  a  c o r r e c t i o n   f a c t o r   which 

when  m u l t i p l i e d   by  the  uncompensated  time  per iod   t i   wi l l   y ie ld   a  c o r r e c t e d  

time  per iod  t ic   which  w i l l   them  permit   the  d e s i r e d   volume  of  fuel   to  be  m e t e r -  

ed  to  the  engine.  The  c o r r e c t e d   i n j e c t o r   time  per iod   t i c   can  be  ob ta ined   by 

f i r s t   s u b s t i t u t i n g   t i c   for  t i   in  equa t ion   2,  d i v i d i n g   the  modif ied  equa t ion   2 

by  the   parameter   Qd t i  and   s u b s e q u e n t l y   s e t t i n g   the  r a t i o   V/Qdti  equal  to  u n i t y .  



Fol lowing  t h i s   p rocedure   the  c o r r e c t e d   time  t i c   can  be  solved  for  as  a  f u n c -  

t ion  of  t i '   QL'  Qd  and  f ( t )   and  is  given  by  equa t ion   3  :  

R e f e r e n c e  i s  a g a i n   made  to  the  time  h i s t o r i e s   shown  i n  

Figure   11  in  p a r t i c u l a r ,   l i n e s   1  through  3  which  show  l i n e a r   pulse  t r a i n s  

which  are  i l l u s t r a t i v e   of  one  of  the  var ious   p r e s s u r e   c o n d i t i o n s   a c h i e v e d  

at  the  l o c a t i o n   of  i n j e c t o r   141  in  each  of  the  p r e v i o u s l y   desc r ibed   embodi-  

ments  in  r esponse   to  i n j e c t o r   o p e r a t i o n .   More  p a r t i c u l a r l y ,   l ine   1  shows 

the  i d e a l i z e d   p r e s s u r e   p r o f i l e   in  the  f lu id   c a r r y i n g   member  deeding  i n j e c t o r  

141.  The  p r e s s u r e   t h e r e i n   is  normally  at  a  q u i e s c e n t   or  des i r ed   level   Pd. 

Upon  the  opening  of  i n j e c t o r   141  the  p re s su re   t h e r e i n   drops  to  a  reduced  l e -  

vel  P .  It   is  apparen t   t ha t   the  ac tua l   volume  of  f l u i d   d e l i v e r e d   V  d u r i n g  

an  i n j e c t i o n   cycle  is  d i f f e r e n t   from  the  des i red   volume  of  f l u id   Vd  b e c a u s e  

of  the  reduced  p r e s s u r e .   Line  2  r e p r e s e n t s   the  r e f l e c t i o n   of  the  i n c i d e n t  

p r e s s u r e   wave  wherein  Ti  is  the  time  r equ i red   for  the  i n c i d e n t   p ressure   wave 

to  t r a v e l   down  the  f l u i d   r a i l   to  be  r e f l e c t e d   by  the  p r e s su re   r e g u l a t i n g  

means  and  r e t u r n   to  the  l o c a t i o n   of  i n j e c t o r   141.  For  the  zero  r e f l e c t i o n  

case,   the  time  Ti  is  i n f i n i t e .   Line  3  shows  the  t o t a l   p r e s su re   within  t h e  

f l u i d   r a i l   at  the  l o c a t i o n   of  i n j e c t o r   141. 

As  can  be  seen  for  the  above  case,   the  unco r r ec t ed   i n -  

j e c t i o n   time  is  l e s s   than  the  t r a n s i t   time  Ti  and,  in  a d d i t i o n ,   the  r e s u l t -  

ant  p r e s s u r e   is  also  not  e f f e c t e d   by  the  a r r i v a l   of  i n c i d e n t   p ressure   waves 

from  ano ther   i n j e c t o r .   The  l o s t   volume  of  fuel   VL,  a f t e r   pulse  c o r r e c t i o n ,  

can  be  shown  to  be  VL  =  QLtic.  S u b s t i t u t i n g   QLtic  in to   equa t ion   3,  and  s o l v -  

ing  for  t i c   y i e l d s  :  

In  a  s i m i l a r   f ash ion ,   the  l o s t   volume  and  co r r ec t ed   i n -  

j e c t o r   open  time  t i c   can  be  computed  for  other   p r e s s u r e   wave  p r o f i l e s   such  a s  

thecase   shown  in  l i n e s   1,  4  and  5,  which  i l l u s t r a t e   a  case  in  which  the  r e -  

f l e c t e d   wave  ( l i ne   4)  a r r i v e s   while  i n j e c t o r   141  is  s t i l l   open  ( l ine   1).  The 

r e s u l t i n g   p r e s su re   p r o f i l e   is  shown  in  l ine  5.  



1.  An  improved  fuel   d e l i v e r y   system  (20)  for  supply ing   p r e s s u r -  

ized  f l u id   from  a  fuel   source   (200)  to  at  l e a s t   one  flow  means  (141)  which 

meters  f l u id   t he re f rom  in  r esponse   to  a c t u a t i o n   commands  r e c e i v e d ,   c o m p r i s -  

ing  f lu id   r a i l   means  (100)  i n t e r c o n n e c t i n g   the  f l u id   source  with  the  f low 

means  for  d e l i v e r i n g   f l u i d   from  the  f lu id   source  to  said  flow  means,  

c h a r a c t e r i z e d   in  t h a t   i t   compr ises   a n t i - r e f l e c t i o n   means  (300)  d i s p o s e d  

between  said  f l u id   source  and  said  fuel  r a i l   means  fo r   c o n t r o l l i n g   t h e  

magnitude  of  the  r e f l e c t e d   p r e s s u r e   waves  gene ra t ed   by  the  o p e r a t i o n   o f  

said  flow  means.  

2.  A  system  acco rd ing   to  claim  1,  c h a r a c t e r i z e d   in  tha t   s a i d  

fuel   r a i l   means  (100)  compr ises   i n l e t   means  (106,  114,  118),  for  p e r m i t t i n g  

f lu id   to  flow  t h e r e f r o m ,   and  at  l e a s t   one  f l u i d   c a r r y i n g   condui t   ( 108 )  

having  a  p r ede t e rmined   a d m i t t a n c e   to  f l u id   f lowing  t he r egh rough ,   i n t e r c o n -  

nec t ing   in  f l u i d   communicat ion  sa id   i n l e t   means,  said  ex i t   means,  and  t h e  

flow  means.  

3.  A  system  acco rd ing   to  claim  2,  c h a r a c t e r i z e d   in  tha t   s a i d  

fuel  r a i l   means  (100)  i n c l u d e s   a  p l u r a l i t y   of  f l u i d   c a r ry ing   condu i t s   (108 ,  

110)  each  of  said  c o n d u i t s   i n d i v i d u a l l y   i n t e r c o n n e c t i n g   s a i d  i n l e t   means 

and  said  ex i t   means  and  each  of  said  condu i t s   having  the  same  p r e d e t e r m i n e d  

a d m i t t a n c e .  

4.  A  system  acco rd ing   to  claim  3,  c h a r a c t e r i z e d   in  tha t   s a i d  

a n t i - r e f l e c t i o n   means  (300)  comprises   r e c e i v i n g   means  (310)  having  an 

admi t t ance   to  f l u i d   flow  t he r egh rough   equal  to  the  sum  of  the  r e s p e c t i v e  

admi t t ances   of  each  of  said  f l u id   c a r r y i n g   c o n d u i t s   (108,  110)  and  f u r t h e r  

having  an  en t r ance   end  (314)  r e c e i v i n g   the  p r e s s u r i z e d   f lu id   and  an  e x i t  

end  (312)  connected   to  sa id   i n l e t   means  (106)  of  said  fuel   r a i l   means  ( 1 0 0 ) .  

5.  A  system  a c c o r d i n g   to  claim  4,  c h a r a c t e r i z e d   in  tha t   s a i d  

a n t i - r e f l e c t i o n   means  (300)  f u r t h e r   comprises   pump  means  (350)  i n c l u d i n g  

a  pump  (354)  connected   between  said  en t r ance   end  (314)  and  said  f l u id   s o u r c e  

(200)  for  supply ing   p r e s s u r i z e d   f l u id   to  said  receiving means  (310)  and 

i n c l u d i n g   a  f i r s t   f i l t e r   means  (358)  l oca t ed   proximate   said  pump  (354)  

compris ing   f i r s t   o r i f i c e   means  (360)  for  deve lop ing   a  p r e s su re   drop  t h e r e -  

ac ross   in  p r o p o r t i o n   to  the  f l u i d   flow  t h e r e i n   and  a  f i r s t   abosrbing  means 

(362)  for  absorb ing   p r e s s u r e   waves  i n c i d e n t   the reon   wherein  the  a d m i t t a n c e  

of  said  o r i f i c e   (360)  is  equal   to  the  admi t t ance   of  s a i d  r e c e i v i n g   means 

( 3 1 0 ) .  

6.  A  system  acco rd ing   to  claim  5,  c h a r a c t e r i z e d   in  tha t   s a i d  

r e c e i v i n g   means  (310)  is  a  f l u i d   c o n d u i t .  



7.  A  system  accord ing   to  claim  6,  c h a r a c t e r i z e d   in  tha t   s a i d  

f i r s t   absorb ing   means  (362)  is  an  a c c u m u l a t o r .  

8.  A  system  accord ing   to  claim  7,  c h a r a c t e r i z e d   in  tha t   s a i d  

f i r s t   o r i f i c e   means  (360)  is  a  l i n e a r   flow  r e s t r i c t o r .  

9.  A  system  accord ing   to  claim  8,  c h a r a c t e r i z e d   in  tha t   i t   f u r t h e r  

i n c l u d e s   p r e s s u r e   r e g u l a t i n g   means  (400),  connected  to  and  in  f lu id   communic- 

a t ion   with  said  ex i t   means  (104)  of  said  f l u id   r a i l   means  (100)  for  r e g u l a t -  

ing  the  p r e s su re   wi th in   said  f l u id   r a i l   means  at  a  de t e rminab l e   p r e s s u r e  
l e v e l .  

10.  A  system  accord ing   to  claim  5,  c h a r a c t e r i z e d   in  tha t   i t  

f u r t h e r   i n c l u d e s   a  second  f i l t e r   means  connected  in  f lu id   communica t ion  

with  said  ex i t   means  (112)  i n c l u d i n g   a  second  absorb ing   means  (600)  f o r  

absorb ing   p r e s s u r e   waves  i n c i d e n t   t h e r e o n .  

11.  A  system  accord ing   to  claim  10,  c h a r a c t e r i z e d   in  tha t   s a i d  

second  absorb ing   means  (600)  is  an  a c c u m u l a t o r .  

12.  A  system  accord ing   to  claim  11,  c h a r a c t e r i z e d   in  tha t   i t  

f u r t h e r   i nc ludes   p r e s s u r e   r e g u l a t i n g   means  (400)  connected  in  f l u i d  

communication  with  said  second  f i l t e r   means  and  said  exi t   means  (112)  f o r  

r e g u l a t i n g   the  p r e s s u r e   wi th in   said  f lu id   r a i l   means  (100)  at  a  d e t e r m i n a b l e  

p r e s s u r e   l e v e l .  

13.  A  system  accord ing   to  claim  12,  c h a r a c t e r i z e d   in  tha t   s a i d  

second  f i l t e r   means  i n c l u d e s   a  second  o r i f i c e   means  (650)  i n t e r c o n n e c t i n g  

said  second  absorb ing   means  (640)  and  said  ex i t   means  (112)  for  d e v e l o p i n g  

a  p r e s s u r e   drop  t h e r e a c r o s s   in  p r o p o r t i o n   to  f l u id   flow  t h e r e t h r o u g h .  

14.  A  system  accord ing   to  claim  13,  c h a r a c t e r i z e d   in  tha t   s a i d  

system  f u r t h e r   i n c l u d e s   a  r e t u r n  c o n d u i t   means  (402)  i n  f l u i d   communica t ion  

with  said  ex i t   means  (112)  and  the  f lu id   source  (200)  for  r e t u r n i n g   f l u i d  

to  said  f lu id   s o u r c e .  

15.  A  system  accord ing   to  claim  4,  c h a r a c t e r i z e d   in  t h a t  i t   f u r t h e r  

i n c l u d e s   p r e s su re   r e g u l a t i n g   means  (400)  connected  to  said  ex i t   means  (112)  

of  said  fuel  r a i l   means  (100)  for  r e g u l a t i n g   the  p ressure   wi th in   said  f l u i d  

r a i l   means  (100)  at  a  d e t e r m i n a b l e   p r e s su re   l e v e l .  

16.  A  system  accord ing   to  claim  4,  c h a r a c t e r i z e d   in  tha t   s a i d  

a n t i - r e f l e c t i o n   means  (300)  f u r t h e r   i nc ludes   a  t h i r d   f i l t e r   means  i n t e r -  

connec t i ng   said  r e c e i v i n g   means  with  said  i n l e t   means  compris ing  t h i r d  

o r i f i c e   means  (651)  for  deve lop ing   a  p r e s s u r e   drop  t h e r e 2 c r o s s   in  p r o p o r t i o n  

to  the  f lu id   flow  t h e r e t h r o u g h  ;   and  a  t h i r d   aborbing  means  ( 6 4 0 ) f o r  

abos rb ing   p r e s s u r e   waves  i n c i d e n t   thereon  wherein  the  admit tance   of  s a i d  

o r i f i c e   is  equal  to  the  a d m i t t a n c e  o f   said  r e c e i v i n g   means. 



17.  A  system  accord ing   to  claim  16,  c h a r a c t e r i z e d   in  tha t   s a i d  

t h i r d   absorb ing   means  (640)  is  an  a c c u m u l a t o r .  

18.  A  system  accord ing   to  claim  17,  c h a r a c t e r i z e d   in  tha t   s a i d  

o r i f i c e   means  (651)  is  a  l i n e a r   flow  r e s t r i c t o r .  
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