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@  A  method  of  operating  a  four  cycle  compression  ignition  engine  and  an  engine  operable  according  to  the  method. 

An  improved  method  and  apparatus  for  operating 
medium  to  high-speed  four  cycle  compression  ignition 
engines  causes  the  amount  of  NOx  in  the  exhaust  gases  to  be 
reduced  substantially.  The  four  cycle  compression  ignition 
engine  is  of  the  type  wherein  fresh  working  fluid  (64)  is  intro- 
duced  through  an  intake  valve  (28),  the  working  fluid  is  com- 
pressed,  fuel  is  injected  and  burns  thereby  expanding  the 
working  fluid,  and  the  working  fluid  is  scavenged  through  an 
exhaust  valve  (30).  The  improvement  comprises  timing  the 
opening  of  the  intake  valve  and  the  closing  of  the  exhaust 

valve  so  that  no  fresh  working  fluid  is  permitted  to  pass  out 
the exhaust valve. 



T h i s   i n v e n t i o n   r e l a t e s   t o   c o m p r e s s i o n  

i g n i t i o n   e n g i n e s   and  in  p a r t i c u l a r   to  t he   o p e r a t i o n  

of  med ium  to  h i g h - s p e e d   c o m p r e s s i o n   i g n i t i o n   e n g i n e s  

in  such   m a n n e r   as  to  r e d u c e   the   a m o u n t s   of  o x i d e s   o f  

n i t r o g e n   in  t h e   e x h a u s t   g a s e s .  

As  r e s u l t   of  i n c r e a s i n g l y   s t r i n g e n t   f e d e r a l  

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

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

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

b e i n g   i n v e s t i g a t e d .   One  p o p u l a r   a l t e r n a t i v e   p o w e r  

p l a n t   is   t h e   c o m p r e s s i o n   i g n i t i o n   e n g i n e ,   c o m m o n l y  

known  as  t he   D i e s e l   e n g i n e .  

The  D i e s e l   e n g i n e   has   s e v e r a l   a d v a n t a g e s  

o v e r   c o n v e n t i o n a l   s p a r k   i g n i t i o n   e n g i n e s .   I n  

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

is  c h e a p e r   t h a n   g a s o l i n e ,   t h e y   have   a  h i g h e r   t h e r m a l  

e f f i c i e n c y   t h a n   s p a r k   i g n i t i o n   e n g i n e s ,   and  t h e y  

have   s i g n i f i c a n t l y   l o w e r   e m m i s s i o n s   in  some  r e s p e c t s  

t h a n   c o m p a r a b l e   s p a r k   i g n i t i o n   e n g i n e s .   W h i l e  

c a r b o n   m o n o x i d e   e m m i s s i o n s   a r e   low  b e c a u s e   t h e  

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

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

D i e s e l   e x h a u s t ,   D i e s e l   e n g i n e s   c h a r a c t e r i s t i c a l l y  

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

n i t r o g e n   (NOx)  and  t h e r e f o r e   a r e   p r e s e n t l y   u n a b l e  

to  meet   g o v e r n m e n t   s t a n d a r d s   w i t h   r e s p e c t   to  N O  
e m m i s s i o n s   f o r   a u t o m o b i l e s   and  l i g h t   d u t y   t r u c k s .  

The  s t a n d a r d   D i e s e l   e n g i n e   u sed   in  s o m e  

a u t o m o b i l e s   and  m o s t   t r u c k s   t o d a y   is  a  f o u r - s t r o k e  

or  f o u r   c y c l e   e n g i n e .   In  t he   f i r s t   or  i n t a k e  

s t r o k e ,   t he   i n t a k e   v a l v e   o p e n s   and  the   p i s t o n  

d e c e n d s   to  draw  f r e s h   a i r   i n t o   the  c y l i n d e r .   In  t h e  

s e c o n d   or  c o m p r e s s i o n   s t r o k e ,   t he   i n t a k e   v a l v e  



c l o s e s   and  t he   p i s t o n   r i s e s   to   c o m p r e s s   t he   a i r  

w h i c h   b e c o m e s   h e a t e d .   Near   t h e   end  of  t h e  

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

c y l i n d e r  a n d   b u r n s .  

In  t h e   t h i r d   or  e x p a n s i o n   s t r o k e ,   t h e  

b u r n i n g   m i x t u r e   e x p a n d s   and  f o r c e s   t he   p i s t o n   d o w n .  

At  t h i s   t i m e   b o t h   t h e  i n t a k e  a n d   t he   e x h a u s t   v a l v e s  

a r e   c l o s e d .  

In  t h e   f o u r t h   or  e x h a u s t   s t r o k e ,   t h e  

e x h a u s t   v a l v e   o p e n s  a n d   t h e   b u r n e d   g a s e s   a re   f o r c e d  

o u t   of   t h e   c y l i n d e r   by  t he   r i s i n g   p i s t o n .  

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

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

in  more   t h a n   an  i n s t a n t a n e o u s   p e r i o d   o f  t i m e ,   t h e  

c l o s i n g   of  t h e   e x h a u s t  v a l v e   a t  t h e   end  of  t h e  

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

o p e n i n g   of   the   i n t a k e   v a l v e  a t   t h e   b e g i n n i n g   of  t h e  

a i r   i n t a k e   s t r o k e .   In  o t h e r   w o r d s ,   t he   e x h a u s t  

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

top   dead   c e n t e r ,   and  the   i n t a k e  v a l v e   o p e n s   b e f o r e  

the   p i s t o n   r e a c h e s   t op   c e n t e r .   The  r e a s o n   fo r   t h i s  

" v a l v e   o v e r l a p "   i s   to  e f f e c t   a  more  t h o r o u g h  

s c a v e n g i n g   of  t h e   e x h a u s t   g a s e s   f rom  the   c y l i n d e r ,  

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

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

When  t h e   e x h a u s t   s t r o k e   b e g i n s   and  t h e  

e x h a u s t   v a l v e   o p e n s ,   t he   m o t i o n   of   t he   e x h a u s t   g a s e s  
is   s t a r t e d  b y   t h e   c y l i n d e r   p r e s s u r e   e x i t i n g   when  t h e  

e x h a u s t   v a l v e   is   o p e n e d   and  i s   p r o m o t e d   by  t h e  

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

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

and  a f t e r   t h e   top   c e n t e r   p e r i o d .   T h e r e f o r e ,   t h e  

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

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

g a s e s   in  t he   c y l i n d e r ,   a n d  a   n e c e s s a r y   r e s u l t   o f  

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



is   d r awn   t h r o u g h   t h e   c y l i n d e r   and  ou t   p a s t   t h e  

e x h a u s t   v a l v e   w h e r e   i t   m i x e s   w i t h   the   e x h a u s t  

g a s e s .  

I t   is  b e l i e v e d   t h a t   the   o c c u r r e n c e   of  t h i s  

v a l v e   o v e r l a p ,   d u r i n g   w h i c h   f r e s h   a i r   is   d rawn   i n  

t h r o u g h   the   i n t a k e   v a l v e   and  o u t   t h r o u g h   the   e x h a u s t  

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

u n a c c e p t a b l e   a m o u n t s   of  N O   in  the   e x h a u s t   gas  o f  

a  D i e s e l   e n g i n e .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d  

m e t h o d   and  a p p a r a t u s   f o r   o p e r a t i n g   a  medium  t o  

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

in  w h i c h   t he   v a l v e   t i m i n g   is  a d j u s t e d   so  t h a t   t h e  

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

t h e   p i s t o n   r e a c h e s   t op   dead   c e n t e r ,   and  the   i n t a k e  

v a l v e   o p e n s   a f t e r   t he   p i s t o n   p a s s e s   top   dead   c e n t e r  

so  t h a t   no  f r e s h   a i r   is   p e r m i t t e d   to  p a s s   ou t   t h e  

e x h a u s t   v a l v e .   Some  e x h a u s t   g a s e s   may  r e m a i n   in  t h e  

c y l i n d e r   at   the   b e g i n n i n g   of  t he   n e x t   c y c l e .   I n  

t h i s   f a s h i o n ,   t he   c o n d i t i o n s   wh ich   c r e a t e  

u n a c c e p t a b l y   h i g h   a m o u n t s   of  NO  in  t he   e x h a u s t  

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

t he   e f f e c t i v e   h o r s e p o w e r   or  m i l e a g e .  

A c c o r d i n g   to  one  a s p e c t   of  t he   p r e s e n t  

i n v e n t i o n ,   a  m e t h o d   of  o p e r a t i n g   a  medium  t o  

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

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

i n t a k e   p o r t ,   t he   a i r   is   c o m p r e s s e d ,   f u e l   is   i n j e c t e d  

and  b u r n s   to  e x p a n d   the   a i r ,   and  the   a i r   i s  

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

t i m i n g   the  o p e n i n g   of  the  i n t a k e   v a l v e   and  t h e  

c l o s i n g   of  t he   e x h a u s t   v a l v e   t h a t   no  f r e s h   a i r   i s  

p e r m i t t e d   to  p a s s   o u t   t h r o u g h   the   e x h a u s t   p o r t .   T h e  

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

c a m s h a f t   h a v i n g   cams  so  s h a p e d   and  p o s i t i o n e d   t h a t  

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



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

The  a f o r e m e n t i o n e d   t i m i n g   of  t he   v a l v e s   i s  

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

cams  a c t u a t i n g   t h e   i n t a k e   and  e x h a u s t   v a l v e s  

r e l a t i v e   to  one  a n o t h e r   as  w e l l   as  t h e   c o n t o u r   o f  

t h e   f l a n k   and  n o s e   p o r t i o n s   of  t h e   c a m .  A l t h o u g h  

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

c o m b i n a t i o n s   of  cam  c o n t o u r s   and  r e l a t i v e   c a m  

c o m b i n a t i o n s ,   t h e   d e s i r e d   e f f e c t   i s   to  t i m e   t h e  

c l o s i n g   of  t he   e x h a u s t  v a l v e   a t   t h e   end  of  t h e  

e x h a u s t   s t r o k e   so  t h a t   t h e   a i r   e n t e r i n g   t h e   c y l i n d e r  

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

b u r n e d .   In  some  i n s t a n c e s ,   t h i s   r e q u i r e s   t h a t  t h e  

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

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

o v e r l a p .   S i n c e   the   m e t h o d  o f   t h e   i n v e n t i o n   c a n  b e  

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

e n g i n e   on  w h i c h   o n l y   r e l a t i v e l y   m i n o r   a d j u s t m e n t s  

have   b e e n   made ,   t he   i n v e n t i o n   i s   i d e a l l y   s u i t e d   f o r  

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

g r o u n d   in  t h e   m a n n e r   of  t he   i n v e n t i o n   f o r   t h e  

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

i g n i t i o n   e n g i n e   in  a  v e h i c l e ,   t h a t   v e h i c l e   w i l l   h a v e  

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

v i n t a g e .  

A l t h o u g h   t h e   m e t h o d   of  t h e   p r e s e n t  

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

NO  in  t he   e x h a u s t   g a s e s   of  a l l   med ium  t o  

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

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

e n g i n e s   e q u i p p e d   w i t h   a  t u r b o c h a r g e r .   I f   an  e n g i n e  

is   t u r b o c h a r g e d ,   a  g r e a t e r   d i f f e r e n t i a l   e x i s t s  

b e t w e e n   t he   p r e s s u r e   of  t h e  f r e s h   or  u n b u r n e d   a i r  

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

of  t he   e x h a u s t   gas   or  b u r n e d   a i r   in  t he   c o m b u s t i o n  



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

e n g i n e .   As  a  r e s u l t ,   a i r   e n t e r s   the   c o m b u s t i o n  

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

t h a n   w i t h   a  n o n - t u r b o c h a r g e d   e n g i n e ,   and  a  g r e a t e r  

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

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

p e r i o d   of  t i m e .  

S i m i l a r l y ,   w i t h   the   t u r b o c h a r g e d   e n g i n e ,  

t h e r e   e x i s t s   a  g r e a t e r   d i f f e r e n t i a l   in  p r e s s u r e  
b e t w e e n   the   e x h a u s t   g a s e s   or  b u r n e d   a i r   in  t h e  

c o m b u s t i o n   c h a m b e r   and  t h o s e   in  the   e x h a u s t   m a n i f o l d  

t h a n   e x i s t s   w i t h   a  n o n - t u r b o c h a r g e d   e n g i n e .   T h i s  

i n c r e a s e d   p r e s s u r e   d i f f e r e n t i a l   c a u s e s   t he   e x h a u s t  

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

r a p i d l y   t h a n   w o u l d   a  n o n - t u r b o c h a r g e d   c y l i n d e r .  

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

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

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

s u b s e q u e n t l y   t h e   c y l i n d e r   is  s c a v e n g e d   w i t h o u t   t h e  

"b low  by"  t h a t   o c c u r s   in  p r i o r   a r t   c o m p r e s s i o n  

i g n i t i o n   e n g i n e s   and  c a u s e s   e x c e s s i v e   NO  in  t h e  

e x h a u s t   g a s e s .  

In  a d d i t i o n ,   i t   is  b e l i e v e d   t h a t   a  

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

p a r t i c u l a r l y   s u i t a b l e   f o r   t he   me thod   of  the  p r e s e n t  

i n v e n t i o n .   Wi th   s u c h   an  e n g i n e ,   t he   v a l v e s   a r e  

t i m e d   in  the  m a n n e r   of  the   p r i o r   a r t   so  t h a t   t h e r e  

is   v a l v e   o v e r l a p   a t   t h e   end  of  t he   e x h a u s t   s t r o k e  

and  the   b e g i n n i n g   of  t he   a i r   i n t a k e   s t r o k e ,   when  a n  

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

e x h a u s t   p o r t .  

A c c o r d i n g l y ,   i t   is   an  o b j e c t   of  t h i s  

i n v e n t i o n   to  p r o v i d e   an  i m p r o v e d   m e t h o d   of  o p e r a t i n g  

a  medium  to  h i g h - s p e e d   f o u r   s t r o k e   c o m p r e s s i o n  

i g n i t i o n   e n g i n e   in  w h i c h   the   amount   of  NO  p r e s e n t  

in  t he   e x h a u s t   g a s e s   i s   a t   an  a c c e p t a b l e   l e v e l  



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

g e n e r a t e d   o r  f u e l   e f f i c i e n c y .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of   t h e  

i n v e n t i o n   w i l l   be  a p p a r e n t   f r o m   t he   f o l l o w i n g  

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

a p p e n d e d   c l a i m s .  

In  o r d e r   t h a t   t he   i n v e n t i o n   may  be  m o r e  

r e a d i l y   u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  t o  

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

F i g .   1  i s   a  s i d e   e l e v a t i o n   in  s e c t i o n   o f  

t h e   i n v e n t i o n   d u r i n g   t h e   i n t a k e   s t r o k e ;  

F i g .  2   is   a  s i d e   e l e v a t i o n   in  s e c t i o n   o f  

t he   i n v e n t i o n   d u r i n g   t he   c o m p r e s s i o n   s t r o k e ;  

F i g .   3  i s   a  s i d e   e l e v a t i o n   in  s e c t i o n   o f  

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

s t r o k e ;  

F i g .   4  is   a  s i d e   e l e v a t i o n   in  s e c t i o n  o f  

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

s t r o k e ;  

F i g .   5  is  a  p a r t i a l   s i d e   e l e v a t i o n   i n  

s e c t i o n   of  t h e   cam  and  v a l v e   a s s e m b l y   of  t h e  

i n v e n t i o n ;  

F i g .   6  is  a  s i d e   e l e v a t i o n   i n  s e c t i o n   of  a  

p r i o r   a r t   c o m p r e s s i o n   i g n i t i o n   e n g i n e  a t   t h e   end  o f  

t h e   e x h a u s t   s t r o k e   and  the   b e g i n n i n g   of  t he   i n t a k e  

s t r o k e ;  

F i g .   7  is  a  v a l v e   t i m i n g   d i a g r a m   of  t h e  

p r e s e n t   i n v e n t i o n ;  

F i g .   8  i s   a  v a l v e   t i m i n g   d i a g r a m   of  a  p r i o r  

a r t   c o m p r e s s i o n   i g n i t i o n   e n g i n e ;  

F i g .   9  is  a  s i d e   e l e v a t i o n   in  s e c t i o n  

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

F i g .   10  is   a  p a r t i a l   s i d e   e l e v a t i o n   i n  

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

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

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



As  shown  in  F i g s .   1  t h r o u g h   4,  the   m e t h o d  

and  a p p a r a t u s   of  the   p r e s e n t   i n v e n t i o n   can   b e  

i n t e g r a t e d   i n t o   a  s t a n d a r d ,   h i g h - s p e e d ,   f o u r   s t r o k e ,  

c o m p r e s s i o n   i g n i t i o n   e n g i n e .   The  power   g e n e r a t i n g  

p o r t i o n   of  such   e n g i n e s   t y p i c a l l y   c o n s i s t s   of  a  

p i s t o n   10  wh ich   is  p i v o t a l l y   c o n n e c t e d   to  a  p i s t o n  

rod  12  m o u n t e d   on  a  c r a n k s h a f t   14  wh ich   t r a n s m i t s  

the   p i s t o n   movemen t   to  a  d r i v e   t r a i n   ( no t   s h o w n ) .  

The  p i s t o n   10  r e c i p r o c a t e s   w i t h i n   a  c y l i n d e r   16  t h a t  

d e f i n e s   a  c o m b u s t i o n   c h a m b e r   18  which   c o m m u n i c a t e s  

w i t h   an  i n t a k e   m a n i f o l d   20  by  means   of  an  i n l e t   p o r t  

22  and  w i t h   an  e x h a u s t   m a n i f o l d   24  t h r o u g h   a n  

e x h a u s t   p o r t   26.  The  i n l e t   and  e x h a u s t   p o r t s   22,  26 

a r e   s h a p e d   to  r e c e i v e   i n t a k e   and  e x h a u s t   v a l v e s   2 8 ,  

30  r e s p e c t i v e l y ,   w h i c h   can   be  moved  to  open   a n d  

c l o s e   p a s s a g e s   in  t he   i n l e t   and  e x h a u s t   p o r t s .  

A  f u e l   i n j e c t i o n   n o z z l e   32,  w h i c h   i s  

c o n n e c t e d   to  a  f u e l   s o u r c e   ( no t   s h o w n ) ,   c o m m u n i c a t e s  

w i t h   a  p r e - c o m b u s t i o n   c h a m b e r   34.  T h e  

p r e - c o m b u s t i o n   c h a m b e r   34  in  t u r n   c o m m u n i c a t e s   w i t h  

t he   c o m b u s t i o n   c h a m b e r   1 8 .  

As  shown  in  F i g .   5,  a  t y p i c a l   v a l v e   38  in  a  

c o m p r e s s i o n   i g n i t i o n   e n g i n e   p i v o t s   a g a i n s t   a  r o c k e r  

arm  40  in  wh ich   is  p i v o t a l l y   j o u r n a l e d   a  p u s h   r o d  

42.  The  push   rod  42  t e r m i n a t e s   in  a  cam  f o l l o w e r   44 

w h i c h   r o l l s   a g a i n s t   a  cam  46  f i x e d l y   j o u r n a l e d   t o  

t h e   c a m s h a f t   48.  The  c a m s h a f t   48  is  t u r n e d   by  t h e  

c r a n k s h a f t   14  by  means   of  a  l i n k a g e   (no t   s h o w n )  

w e l l - k n o w n   in  t he   a r t .   As  t h e   c a m s h a f t   48  r o t a t e s ,  

the   e c c e n t r i c i t y   of  t he   cam  s h a p e   c a u s e s   the   c a m  

f o l l o w e r   44  to  r i s e   and  f a l l   t h e r e b y   c a u s i n g   t h e  

v a l v e   38  to  e n g a g e   and  d i s e n g a g e   a  t y p i c a l   p o r t   50 

d e f i n i n g   a  p o r t .   The  v a l v e   38  is  u r g e d   a g a i n s t   i t s  

v a l v e   s e a t   by  means   of  a  s p r i n g   52  wh ich   o p e r a t e s  

b e t w e e n   the   c y l i n d e r   head   54  and  the   r e t a i n e r  

p o r t i o n   56  of  the   v a l v e   3 8 .  



The  t i m i n g   of  t he   o p e n i n g   and  c l o s i n g   o f  

the   i n t a k e   and  e x h a u s t   v a l v e s   28,   30  is  a  f u n c t i o n  

n o t   o n l y   of   t h e   p o s i t i o n s   of  t h e i r   r e s p e c t i v e   c a m s  
46  in  r e l a t i o n   to  one  a n o t h e r   on  t he   c a m s h a f t   48  b u t  

a l s o   of   t h e   cam  c o n t o u r .   The  cam  c o n t o u r   i s  

c o m p r i s e d   of   a  b a s e   c i r c l e   p o r t i o n   58,  a  n o s e   6 0 ,  

and  two  f l a n k s   62.  The  s h a p e s   of  t he   f l a n k s   62  a n d  

the   n o s e   60  of  a  cam  46  d e t e r m i n e   t he   r a t e   a t   w h i c h  

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

r e m a i n s   o p e n .  
The  m e t h o d   of  o p e r a t i n g   the   D i e s e l   e n g i n e  

of  t he   p r e s e n t   i n v e n t i o n   is   as  f o l l o w s .   As  shown  i n  

F i g .   1,  t h e   c r a n k s h a f t   14  may  t u r n   in  a  c l o c k w i s e  

d i r e c t i o n ,   d r a w i n g   t h e   p i s t o n   10  downward   w i t h i n   t h e  

c y l i n d e r   16 ,   and  a t   t he   same  t i m e ,   t h e ,  i n t a k e   v a l v e  

28  is   moved   away  f rom  t h e   i n l e t   p o r t   22,  t h u s  

a l l o w i n g   f r e s h  a i r   64  f rom  t he   i n t a k e   m a n i f o l d   20  t o  

be  d r a w n   i n t o   t h e   c y l i n d e r .   T h i s   p r o c e s s   b e g i n s  

when  t h e   p i s t o n   is  a p p r o x i m a t e l y   1°  to  3°  p a s t   t o p  

dead   c e n t e r ,   t h a t   i s ,   when  t h e   c r a n k s h a f t   14  h a s  

t u r n e d   1°  to   3 °  b e y o n d   t he   p o s i t i o n   i t  w a s   in  a t   t h e  

t i m e   t he   p i s t o n   10  r e a c h e d   i t s   maximum  a s c e n t   w i t h i n  

t he   c y l i n d e r   16.   The  i n t a k e  v a l v e  2 3   r e m a i n s   o p e n  

u n t i l   t h e   p i s t o n   10  has   r e a c h e d   a p p r o x i m a t e l y   3 0 °  

p a s t   b o t t o m   d e a d   c e n t e r ,   t h a t   i s ,   t he   c r a n k s h a f t   1 4  

has   t u r n e d   30°  b e y o n d   t h e  p o s i t i o n   i t  w a s   in  a t   t h e  

t i m e   t he   p i s t o n   10  r e a c h e d   i t s   f u r t h e s t   d e c e n t  

w i t h i n   t h e   c y l i n d e r  1 6 .  

As  shown  i n  F i g .   2,  t h e   c o m p r e s s i o n   s t r o k e  

b e g i n s   w i t h   t he   c l o s i n g  o f   t h e   i n t a k e   v a l v e   28  a n d  

t h e   t r a v e l   of  the   p i s t o n   10  upward   w i t h i n   t h e  

c y l i n d e r   16 .   As  the   a i r  6 4   is   c o m p r e s s e d   w i t h i n   t h e  

c y l i n d e r   16 ,   i t   b e c o m e s   h o t t e r .  

When  t h e   p i s t o n   1 0  i s   n e a r   top  dead   c e n t e r  

a  c h a r g e   of   f u e l   65  is  i n j e c t e d   t h r o u g h   the   n o z z l e  

32  as  a  f i n e   s p r a y   i n t o   t he   h o t   a i r   64,  and  i g n i t i o n  



t a k e s   p l a c e .   As  shown  in  F i g .   3,  t he   e x p a n d i n g  

g a s e s   66  f o r c e   the   p i s t o n   10  downward   on  the  t h i r d  

s t r o k e   of  t he   c y c l e ,   and  the   m o v e m e n t   of  the   p i s t o n  
is  t r a n s m i t t e d   to  the   c r a n k s h a f t   14  by  the   p i s t o n  

rod  1 2 .  

As  shown  in  F i g .   4,  the   e x h a u s t   v a l v e   30 

o p e n s   when  t he   p i s t o n   10  is  a p p r o x i m a t e l y   30°  b e f o r e  

b o t t o m   dead   c e n t e r ,   and  the   s c a v e n g i n g   or  e x h a u s t  

s t r o k e   b e g i n s .   The  p i s t o n   10  r e a c h e s   b o t t o m   d e a d  

c e n t e r   and  b e g i n s   i t s   a s c e n t   up  the  c y l i n d e r   16  t o  

f o r c e   t h e   e x h a u s t   g a s e s   68  o u t   t h r o u g h   the   e x h a u s t  

p o r t   26  and  the   e x h a u s t   m a n i f o l d   24.  When  t h e  

p i s t o n   10  is   n e a r   top   dead   c e n t e r ,   t he   e x h a u s t   v a l v e  

30  c l o s e s   t he   e x h a u s t   p o r t   26  c o m p l e t e l y ,   t h e r e b y  

c u t t i n g   o f f   t he   f l ow  of  e x h a u s t   g a s e s   68  t h r o u g h   t h e  

p o r t   and  t r a p p i n g   a  s m a l l   a m o u n t   of  e x h a u s t   g a s  
w i t h i n   t he   c y l i n d e r   16.  As  the   p i s t o n   10  p a s s e s   t o p  

d e a d   c e n t e r   and  b e g i n s   the   f i r s t   or  i n t a k e   s t r o k e ,  

t he   i n t a k e   v a l v e   28  o p e n s   t h e   i n l e t   p o r t   22,  a n d  

f r e s h   a i r   6,1  is  a d m i t t e d .   T h u s ,   in  t he   m e t h o d   o f  

t he   p r e s e n t   i n v e n t i o n ,   a  s m a l l   a m o u n t  o f   e x h a u s t   g a s  
68  may  r e m a i n   in  the   c y l i n d e r ,   and  no  f r e s h   a i r   64 

is  p e r m i t t e d   to  " b l o w   by"  and  mix  w i t h   t he   e x h a u s t  

g a s e s   in  the   e x h a u s t   m a n i f o l d   2 4 .  

The  f o r e g o i n g   e x p l a n a t i o n   of  t he   m e t h o d   a n d  

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

w i t h   t he   o p e r a t i o n   of  a  c o n v e n t i o n a l   D i e s e l   e n g i n e  

of  the   p r i o r   a r t   as  shown  in  F i g .   6.  F i g .   6  d e p i c t s  

t he   p o s i t i o n   of  the   p i s t o n   10,   i n t a k e   v a l v e   28  a n d  

e x h a u s t   v a l v e   30  a t   the   end  of  the  e x h a u s t   s t r o k e  

and  the   b e g i n n i n g   of  the   i n t a k e   s t r o k e .  

In  the  o p e r a t i o n   of  D i e s e l   e n g i n e s   of  t h e  

p r i o r   a r t ,   b o t h   v a l v e s   28,  30  a re   open   a t   t h i s   t i m e  

to  a l l o w   f r e s h   a i r   64  to  e n t e r   the   c o m b u s t i o n  

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

e x h a u s t   g a s e s   68  f rom  the   c o m b u s t i o n   c h a m b e r .  



H o w e v e r ,   a  c e r t a i n   a m o u n t   of  " b l o w   by"  o c c u r s  
w h e r e i n   f r e s h   a i r   64  p a s s e s   i n t o   the   c o m b u s t i o n  

c h a m b e r   18  and  o u t   t h e   e x h a u s t   p o r t   26  w i t h o u t  

s u p p o r t i n g   t h e   c o m b u s t i o n   of  the   f u e l .   In  o r d e r   t o  

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

l e v e l s   of  N O  i n   t h e   e x h a u s t   g a s e s   of  the   e n g i n e  

of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   p r i o r   a r t  

c o n f i g u r a t i o n   d e p i c t e d   in   F i g .   6  d o e s   no t   o c c u r   a t  

any  t i m e   d u r i n g   t h e   o p e r a t i o n   of  t h e   D i e s e l   e n g i n e  

of  the   p r e s e n t   i n v e n t i o n .  

F i g .   7  is  a  v a l v e   t i m i n g   d i a g r a m   fo r   t h e  

o p e r a t i o n   of  a  D i e s e l   e n g i n e   of  t he   p r e s e n t  

i n v e n t i o n .   The  c i r c l e   g e n e r a l l y   d e s i g n a t e d   A  can  b e  

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

on  the   c r a n k s h a f t   14  of  t h e   p r e s e n t   i n v e n t i o n .   T h e  

l i n e   s e g m e n t   TDC  r e p r e s e n t s   t he   p o s t i o n   of  t h e  

c r a n k s h a f t   14  - -  a n d   h e n c e   t he   p i s t o n   10  - -   a t   t o p  

dead   c e n t e r ,   t h a t   i s ,   when  the   p i s t o n  h a s   r i s e n   t o  

i t s   h i g h e s t   p o i n t   in  t h e  c y l i n d e r   16.  The  l i n e  

s e g m e n t   BDC  r e p r e s e n t s   t he   p o s i t i o n   of  t h e  

c r a n k s h a f t   14  and  p i s t o n   10  a t   b o t t o m   dead   c e n t e r ,  

t h a t   i s ,   t h e   p o i n t   a t   w h i c h   the   p i s t o n   has   r e a c h e d  

i t s   f u r t h e s t   d e s c e n t   w i t h i n   t he   c y l i n d e r   1 6 .  

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

D i e s e l   e n g i n e   o f  t h e   p r e s e n t   i n v e n t i o n ,   t he   p i s t o n  

b e g i n s   a t   a  p o i n t   TDC  on  t h e   v a l v e   d i a g r a m   a n d  

b e g i n s   to  d e s c e n d   as  the   c r a n k s h a f t   t u r n s   in  a  

c l o c k w i s e  m a n n e r .   The  i n l e t   v a l v e   o p e n s   a t   l i n e  

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

a p p r o x i m a t e l y   3°  a f t e r   t op   dead   c e n t e r ,   and  r e m a i n s  

open  to  l i n e   s e g m e n t   X.  a p p r o x i m a t e l y   30°  a f t e r  

b o t t o m   dead   c e n t e r .   The  a r e a   b o u n d e d  b y   l i n e s   W  a n d  

X  r e p r e s e n t s   t he   p e r i o d   of   t ime   d u r i n g   the   f i r s t  

c y c l e   when  the   i n t a k e  v a l v e   28  is  o p e n .  

L i n e   X  a l s o   d e s i g n a t e s   the   b e g i n n i n g   of   t h e  

s e c o n d   or  c o m p r e s s i o n   s t r o k e .   T h i s   s t r o k e   c o n t i n u e s  



to  a  p o i n t   n e a r   top   dead   c e n t e r   at   w h i c h   t ime   t h e  

f u e l   is  s p r a y e d   i n t o   the   c o m b u s t i o n   c h a m b e r   18 

t h r o u g h   the   n o z z l e   32  and  the   e x p a n s i o n   s t r o k e  

b e g i n s .   D u r i n g   the   e x p a n s i o n   s t r o k e ,   the   c r a n k s h a f t  

14  i s   t u r n i n g  f r o m   l i n e   TDC  to  l i n e   Y,  l o c a t e d  

w i t h i n   c i r c l e   A.  L i n e   Y  d e n o t e s   the   o p e n i n g   of  t h e  

e x h a u s t   v a l v e   30  and  t h e   b e g i n n i n g   of  t he   e x h a u s t  

s t r o k e   shown  in  F i g .   4 .  

The  e x h a u s t   s t r o k e   b e g i n s   a t   a p p r o x i m a t e l y  

30°  b e f o r e   b o t t o m   dead   c e n t e r   and  c o n t i n u e s   to  a  

p o i n t   d e n o t e d   by  l i n e   Z  w h i c h   is  a p p r o x i m a t e l y   3°  

b e f o r e   top   dead  c e n t e r .   L i n e   s e g m e n t   Z  d e n o t e s   t h e  

p o i n t   a t   which   the   e x h a u s t   v a l v e   is  c o m p l e t e l y  

c l o s e d .   The  s e g m e n t   of  t he   t i m i n g   c y c l e   b e t w e e n  

l i n e s   Z  and  W  r e p r e s e n t s   a  p e r i o d   of  c r a n k s h a f t  

r o t a t i o n   d u r i n g   w h i c h   b o t h   the   i n t a k e   v a l v e   28  a n d  

t he   e x h a u s t   v a l v e   30  a r e   c l o s e d .   I t   is  c r u c i a l   t o  

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

p r e s e n t   i n v e n t i o n   t h a t   t h i s   s e g m e n t   a p p e a r   on  t h e  

v a l v e   t i m i n g   s e q u e n c e .  

In  c o n t r a s t ,   a  v a l v e   t i m i n g   d i a g r a m   of  a  

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

p r i o r   a r t   is  shown  as  c i r c l e   A'  in  F i g .   8.  T h e  

s t a r t   of  the   f i r s t   or  i n t a k e   s t r o k e   is  shown  by  l i n e  

s e g m e n t   W'  wh ich   o c c u r s   b e f o r e   top   dead   c e n t e r .   T h e  

i n t a k e   v a l v e   28  r e m a i n s   open   u n t i l   l i n e   s e g m e n t   X ' ,  

t y p i c a l l y   a b o u t   25°  p a s t   b o t t o m   dead   c e n t e r .   T h e  

c o m p r e s s i o n   s t r o k e   b e g i n s   at   l i n e   X'  w i t h   t h e  

c l o s i n g   of  the   i n t a k e   v a l v e   28  and  c o n t i n u e s   t h r o u g h  

to  a  p o i n t   nea r   top  dead   c e n t e r ,   at   wh ich   t ime   t h e  

f u e l   is  s p r a y 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   18  f r o m  

the   n o z z l e   32  and  t he   t h i r d   or  e x p a n s i o n   s t r o k e  

b e g i n s .  

The  e x p a n s i o n   s t r o k e   c o n t i n u e s   t h r o u g h   t o  

l i n e   s e g m e n t   W',  l o c a t e d   w i t h i n   the   c i r c l e   A ' .   L i n e  

Y'  d e n o t e s   the  o p e n i n g   of  the   e x h a u s t   v a l v e   30  a n d  



t he   b e g i n n i n g   of   t h e   e x h a u s t   s t r o k e .   The  e x h a u s t  

s t r o k e   c o n t i n u e s   t h r o u g h   to  a  p o i n t   Z ' ,   t y p i c a l l y  
a f t e r   top   dead   c e n t e r .  

T h u s ,   t h e   s e g m e n t   of  t he   v a l v e   t i m i n g  

d i a g r a m   of  F i g .   8  d e n o t e d   by  the   d o u b l e  

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

f o u r - s t r o k e   c y c l e   of   t he   p r i o r   a r t   in  w h i c h   b o t h   t h e  

i n t a k e   and  the   e x h a u s t   v a l v e s   28,  30  a re   o p e n ,   a s  

shown  in  F i g .   6.  I t   is  a t   t h i s   t i m e   t h a t   f r e s h   a i r  

64  e n t e r s   t he   c o m b u s t i o n   c h a m b e r   18  as  the   e x h a u s t  

g a s e s   68  a r e   l e a v i n g   t he   c o m b u s t i o n   c h a m b e r   18,  a n d  

some  f r a c t i o n   of   t h e   f r e s h   a i r   64  l e a v e s   t h e  

c y l i n d e r   a l o n g   w i t h   t h e   e x h a u s t   g a s e s   68.  By  

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

v a l v e   28  and  t h e   e x h a u s t   v a l v e   30  a r e   o p e n ,   " b l o w  

by"  of  f r e s h   a i r   64  e n t e r i n g   t h e   c o m b u s t i o n   c h a m b e r  

18  is  p r e v e n t e d ,   and  the   a m o u n t   of  N O   f o r m e d   i n  

t h e   e x h a u s t   g a s e s   68  is   r e d u c e d .  

T h e   m e t h o d   and  a p p a r a t u s   of   the   p r e s e n t  

i n v e n t i o n   a r e   p a r t i c u l a r l y   e f f e c t i v e   when  u sed   i n  

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

shown  in  F i g .   9.  An  e x h a u s t   t u r b i n e   70  l o c a t e d   i n  

t he   e x h a u s t   m a n i f o l d   24  is  d r i v e n   by  the   e x h a u s t  

g a s e s   68  l e a v i n g   t h e  c o m b u s t i o n   c h a m b e r   18  d u r i n g  

the   e x h a u s t   s t r o k e .   The  e x h a u s t   t u r b i n e   70  i s  

c o u p l e d   to  an  i n l e t   t u r b i n e   72  by  a  d r i v e   s h a f t   7 4 ,  

and  the   i n l e t   t u r b i n e   i s   r o t a t e d   b y   the   e x h a u s t  

t u r b i n e   70  to  f o r c e   f r e s h   a i r   64  i n t o   t he   c o m b u s t i o n  

c h a m b e r   18  d u r i n g   t h e   a i r   i n t a k e   s t r o k e .   The  r e s u l t  

is   t h a t   a  much  g r e a t e r   a m o u n t   of  f r e s h   a i r   64  i s  

p r e s e n t   in  t he   c o m b u s t i o n   c h a m b e r   18  d u r i n g   t h e  

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

can  be  i n j e c t e d   and  a  g r e a t e r   h o r s e p o w e r   g e n e r a t e d  

fo r   a  g i v e n   c y l i n d e r .  

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

is  a  g r e a t e r   a m o u n t   of  blow  b y  o f   f r e s h   a i r   64  i n  



t he   o p e r a t i o n   of  a  p r i o r   a r t   D i e s e l .   T h e  

e l i m i n a t i o n   of  v a l v e   o v e r l a p   e l i m i n a t e s   a l l   blow  b y  

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

NO  in  t he   e x h a u s t   g a s e s   6 8 .  

A l t h o u g h   t he   i n v e n t i o n   has  been   d i s c u s s e d  

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

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

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

in  c o m b i n a t i o n   w i t h   an  e n g i n e   of  t he   open  c h a m b e r  

t y p e ,   as  shown  in  F i g .   10.  In  an  open   c h a m b e r   t y p e  

e n g i n e ,   t he   c y l i n d e r   head  54'  is  d e s i g n e d   so  t h a t  

the   f u e l   i n j e c t i o n   n o z z l e   32'  i n j e c t s   f u e l   d i r e c t l y  

i n t o   t he   c o m b u s t i o n   c h a m b e r   1 8 ' .  

The  p i s t o n   10'   has  an  u p p e r   s u r f a c e   76  

w h i c h   d e f i n e s   a  r e c e s s   78  to  r e c e i v e   a  c h a r g e   65'  o f  

f u e l .   H o w e v e r ,   t he   c o n f i g u r a t i o n   and  o p e r a t i o n   o f  

t he   cam  and  l i f t e r   a s s e m b l y   79  a r e   t h e   same  as  t h a t  

shown  in  F i g .   5.  A  t y p i c a l   v a l v e   38'  in  a  

c o m p r e s s i o n   i g n i t i o n   e n g i n e   p i v o t s   a g a i n s t   a  r o c k e r  

arm  40'  in  w h i c h   is  p i v o t a l l y   j o u r n a l l e d   push   r o d  

4 2 ' .   Push   rod  42'  t e r m i n a t e s   in  a  cam  f o l l o w e r   4 4 '  

w h i c h   r o l l s   a g a i n s t   a  cam  46'  f i x e d l y   j o u r n a l l e d   t o  

c a m s h a f t   4 8 ' .  

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

c a m s h a f t   48'  c a u s e s   cam  f o l l o w e r   44'  to  r i s e   a n d  

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

and  c o n t o u r s   of  cam  4 6 ' .   T h i s   cam  is  g r o u n d   to  t h e  

p r o p e r   c o n t o u r   to  t ime   the  o p e n i n g   and  c l o s i n g   o f  

v a l v e   38'  to  e l i m i n a t e   blow  by  of  u n b u r n e d   a i r   6 4 ' .  

The  open   c h a m b e r   e n g i n e   shown  in  F i g .   10  

may  be  t u r b o c h a r g e d ,   and  is  shown  s c h e m a t i c a l l y   w i t h  

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

c o n n e c t i o n   w i t h   F i g .   9,  the   t u r b o c h a r g e r   80  of  F i g .  

10  is  p r e f e r a b l y   of  the  e x h a u s t   gas   t y p e ,   a n d  

i n c l u d e s   an  e x h a u s t   t u r b i n e   70  w h i c h   is  r o t a t e d   b y  

the  f o r c e   of  e s c a p i n g   e x h a u s t   g a s e s   6 8 ' ,   an  i n l e t  



t u r b i n e   7 2 ' ,   and  a  d r i v e   s h a f t   74'  wh ich   j o i n s   t h e  

i n l e t   t u r b i n e   to  the   e x h a u s t   t u r b i n e .   The  r o t a t i o n  

of  t h e   e x h a u s t   t u r b i n e   7 0 '  c a u s e s   t he   d r i v e   s h a f t  

7 4 ' ,   and  h e n c e   t h e  i n l e t   t u r b i n e   7 2 ' ,   to  r o t a t e ,  

t h e r e b y   c o m p r e s s i n g   t h e   f r e s h  a i r   64'  e n t e r i n g   t h e  

c o m b u s t i o n   c h a m b e r   1 8 ' .   T h i s   c o m p r e s s e d   f r e s h   a i r  

64'   p e r m i t s   a  g r e a t e r   a m o u n t   of   f u e l   to  be  i n j e c t e d  

i n t o   and  b u r n e d   in  t he   c o m b u s t i o n   c h a m b e r   1 8 ' ,  

r e s u l t i n g   in  g r e a t e r   h o r s e p o w e r   f o r   t h a t   e n g i n e  

c o n f i g u r a t i o n   t h a n   w i t h o u t   t u r b o c h a r g i n g .  

In  a c c o r d a n c e   w i t h   t h e   a b o v e   d i s c u s s i o n ,  

T a b l e s   1  and  2  show  t he   e f f e c t  o f   v a r i a t i o n s   i n  

v a l v e   o v e r l a p   on  the   a m o u n t   of  N O   p r e s e n t   in  t h e  

e x h a u s t   g a s e s   of  a  m e d i u m   s p e e d   t u r b o c h a r g e d   D i e s e l  

e n g i n e   of   t he   open   c h a m b e r   t y p e .   By  "-medium  s p e e d "  

is   m e a n t   a  D i e s e l   e n g i n e   w h i c h   is   d e s i g n e d   f o r   a  

maximum  o p e r a t i n g   s p e e d   of  f r o m   2400  to  2600  rpm.  a t  

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

w h i c h   o p e r a t e   in  a  s p e e d  r a n g e  i n   e x c e s s   of  2 6 0 0  

rpm.  The  t e s t i n g   e q u i p m e n t   and  p r o c e d u r e s   u s e d   i n  

g e n e r a t i n g   t h i s   d a t a   were   c a p a b l e   of   d u p l i c a t i n g   t h e  

C i t y   and  H i g h w a y   Modes   of  t he   F e d e r a l   T e s t  

P r o c e d u r e s   as  o u t l i n e d   in  P a r t   86  of  C h a p t e r   1 ,  

T i t l e   40  of  t h e   Code  of   F e d e r a l   R e g u l a t i o n s   a s  

a p p l i c a b l e   to  l i g h t - d u t y   v e h i c l e s .   The  t e s t i n g  

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

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

U . S .   E n v i r o n m e n t a l   P r o t e c t i o n   A g e n c y   as  b e i n g  

e q u i p p e d   to  p e r f o r m   e m m i s s i o n   t e s t s   in  a c c o r d a n c e  

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

T h r e e   d i f f e r e n t   cam  d e s i g n s   y i e l d i n g   t h r e e  

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

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

of  two  l i g h t - d u t y   v e h i c l e s .   A l l   t e s t s   were   run  i n  

a c c o r d a n c e   w i t h   the   1975  F e d e r a l   T e s t   P r o c e d u r e .   I n  

t h i s   F e d e r a l   T e s t   P r o c e d u r e ,   t he   v e h i c l e   to  b e  



t e s t e d   was  p l a c e d   on  a  d y n a m o m e t e r   s e t   a t  

p r e d e t e r m i n e d   r e s i s t a n c e   to  s i m u l a t e   wind  a n d  

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

w h i l e   the   v e h i c l e   was  p u t   t h r o u g h   a  s e r i e s   o f  

a c c e l e r a t i o n s ,   d e c e l e r a t i o n s   and  i d l e   p e r i o d s   in  a  

way  d e s i g n e d   to  s i m u l a t e   a c t u a l   d r i v i n g   c o n d i t i o n s .  

The  r e s u l t s   f o r   t he   e n t i r e   t e s t   were   r e p o r t e d   i n  

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

pe r   k i l o m e t r e   of  v e h i c l e   o p e r a t i o n   on  the   d y n a m o m e t e r .  







T a b l e   1  s h o w s  t h e   d a t a   g e n e r a t e d   by  t h e  

v e h i c l e s   w h i c h   we re   p u t   t h r o u g h   a  t o t a l   of  t h r e e  

F e d e r a l   C i t y   Mode  t e s t s ,   e a c h   t i m e  w i t h   a  cam  d e s i g n  

y i e l d i n g   a  d i f f e r e n t   d e g r e e   of   v a l v e   o v e r l a p .  

In  T e s t   1,  a  van  h a v i n g   a  s t a n d a r d ,  

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

e x e m p l i f y i n g   a  p r i o r   a r t   e n g i n e   was  t e s t e d .   T h e  

e n g i n e   d i s p l a c e m e n t   was  3 .7   l i t e r s   (226  i n . 3 )   a n d  

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

1 8 1 8 . 2   kg  (4000  l b s . )   v e h i c l e .   The  a m o u n t   of  v a l v e  

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

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

v a l v e   we re   o p e n   ( see   F i g s .   6  and  8 ) ,   w a s  

a p p r o x i m a t e l y   30° .   The  a m o u n t   of   NO  g e n e r a t e d  
6 . 0 0   g m / k m  x  

f o r   t h e   e n t i r e   F e d e r a l   C i t y   Mode  w a s / ( 9 . 6 5   gm/mi ) .  

In  T e s t   2,  a  p i c k - u p   t r u c k   h a v i n g   a  

t u r b o c h a r g e d   D i e s e l   e n g i n e   whose   cams  had  b e e n  

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

a p p r o x i m a t e l y   1°  to  3°  was  t e s t e d .   The  a m o u n t   o f  

NOx  p r e s e n t   i n  t h e   e x h a u s t   g a s e s   f o r   t he   C i t y   Mode  

was  1 . 4 6   gm/km  ( 2 . 3 5   g m / m i ) .  

In  T e s t   3,  a  p i c k - u p   t r u c k   h a v i n g   t he   s a m e  

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

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

i n v e n t i o n   was  t e s t e d .   The  a m o u n t   of  v a l v e   o v e r l a p  

in  t h i s   t e s t   was  a p p r o x i m a t e l y   -10  to  T h e  
1 . 1 5   gm/km 

a m o u n t   of   NOx  g e n e r a t e d   was  a p p r o x i m a t e l y   /  ( 1 . 8 5  

gm/mi).  C l e a r l y ,   a  t u r b o c h a r g e d   D i e s e l   e n g i n e   w h o s e  

cam  has   b e e n   m o d i f i e d   in  a c c o r d a n c e   w i t h   the   p r e s e n t  

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

a m o u n t   of  NOx  g e n e r a t e d   in  t he   e x h a u s t   gas   d u r i n g  

n o r m a l   u s e .  

S i m i l a r l y ,   T a b l e   2  d e p i c t s   t he   same  t h r e e  

v e h i c l e   and  e n g i n e   c o m b i n a t i o n s   s u b j e c t e d   to  t h e  

F e d e r a l   H i g h w a y   Mode  on  the   same  t e s t   f a c i l i t i e s  

d e s c r i b e d   a b o v e .   The  d a t a   f r o m   t e s t s   4,  5  and  6 



show  t h a t   a  m o d i f i c a t i o n   of  t he   e n g i n e   to  e f f e c t   a  

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

d e c r e a s e   in  t he   amoun t   of  NO  in  t he   e x h a u s t  

g a s e s .  
T a b l e   3  shows  the  d a t a   g e n e r a t e d   by  t h e  

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

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

u n d e r   the   same  t y p e s   of  t e s t s .   The  e n g i n e   had  a  

d i s p l a c e m e n t   of  3 .7   l i t e r s   (226  i n . 3 )   and  a  

c o m p r e s s i o n   r a t i o   of  1 8 : 1 .   The  t r a c k   u n d e r w e n t   t h e  

t e s t   on  a  d y n o m o m e t e r   s e t   a t   1 8 1 8 . 2   kg  (4000  p o u n d s ) .  

In  t e s t s   7  and  8,  t he   s u b j e c t   was  t h e  

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

s h a f t   m o d i f i e d   in  the   m a n n e r   of  t h e  i n v e n t i o n   t o  

e l i m i n a t e   v a l v e   o v e r l a p   and  f r e s h   a i r   b low  by.   T h e  

a m o u n t   of  n e g a t i v e   o v e r l a p   was  a p p r o x i m a t e l y   2°.   I n  

t e s t   7,  the   v e h i c l e   was  d r i v e n   a c c o r d i n g   to  t h e  
1 . 8 4   gm/km 

F e d e r a l   C i t y   Mode  and  g e n e r a t e d / ( 1 . 3 5   g m / m i )  o f   NO 
0 . 6 3  g m / k m   x 

a n d / ( 1 . 0 1   gm/mi)  of  h y d r o c a r b o n s .   In  t e s t   8,  t he   s a m e  

v e h i c l e   was  d r i v e n   a c c o r d i n g   to  the   F e d e r a l   H i g h w a y  

Mode.  The  v e h i c l e   g e n e r a t e d / ( 1 . 6 8  g m / m i )   of  NOx  a n d  

0 . 3 2   gm/km  ( 0 . 5 2   gm/mi)   of  h y d r o c a r b o n s .  

In  t e s t s   9  and  10,  t h e .  s a m e   v e h i c l e   w a s  

r e t e s t e d   a c c o r d i n g   to  the   F e d e r a l   C i t y   and  H i g h w a y  

Modes  r e s p e c t i v e l y ,   bu t   t h i s   t i m e   the   e n g i n e   w a s  

f i t t e d   w i t h   a  s t a n d a r d   cam  s h a f t   w h i c h   a l l o w s  

a p p r o x i m a t e l y   30°  of  o v e r l a p .   The  r e s u l t s   s h o w e d  

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

g e n e r a t e d   In  p a r t i c u l a r ,   in  t e s t   9,  t he   v e h i c l e  
1 . 9 8   g m / k m  

g e n e r a t e d   / (3.19  gm/mi)  of  NO  w h i l e   d r i v e n  a c c o r d i n g  x  2 .53  g m / k m  
to  the   C i t y   Mode  and  in  t e s t   10  g e n e r a t e d / ( 4 . 0 7   g m / m i )  

of  NOx  when  d r i v e n   in  the  H ighway   M o d e .  

I t   s h o u l d   be  n o t e d   t h a t   t he   a m o u n t s   o f  

h y d r o c a r b o n s   (HC)  t h a t   were  g e n e r a t e d   by  the   v e h i c l e  

and  m e a s u r e d   d u r i n g   the   t e s t s   were  g r e a t e r   when  t h e  



e n g i n e   was  m o d i f i e d   a c c o r d i n g   to  t he   i n v e n t i o n .  

H o w e v e r ,   t h i s   i n c r e a s e   is   b e l i e v e d   to  be  r e l a t i v e l y  

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

r e d u c t i o n   of   o x i d e s   of  n i t r o g e n .  



1.  An  i m p r o v e d   m e t h o d   of  o p e r a t i n g   a  medium  t o  

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

t h e   t y p e   w h e r e i n   f r e s h   a i r   (64)  is  i n t r o d u c e d  

t h r o u g h   an  i n t a k e   p o r t  ( 2 2 ) ,   the   a i r   is  c o m p r e s s e d ,  

f u e l   (65)  is  i n j e c t e d   and  b u r n s   t h e r e b y   e x p a n d i n g  

t he   a i r ,   and  the   a i r   (68)  is  s c a v e n g e d   t h r o u g h   a n  

e x h a u s t   p o r t   ( 2 6 ) ,   c h a r a c t e r i z e d   b y :  

t i m i n g   t h e   o p e n i n g   of  t he   i n t a k e   v a l v e   ( 2 8 )  

and  the   c l o s i n g   of  t he   e x h a u s t   v a l v e   (30)  such   t h a t  

no  f r e s h   a i r   (64)  is  p e r m i t t e d   to  p a s s   ou t   t h r o u g h  

t h e   e x h a u s t   p o r t   ( 2 2 ) .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  

e x h a u s t   v a l v e   (30)  f u l l y   c l o s e s   b e f o r e   the   i n t a k e  

v a l v e   (28)  o p e n s   a t   a l l   e n g i n e   s p e e d s .  

3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  or  2 

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

i g n i t i o n   e n g i n e .  

4.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2,  or  3 

w h e r e i n   t he   e n g i n e   is  of  the   open   c h a m b e r   t y p e .  

5.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2,  3,  or  4 

w h e r e i n   t he   e n g i n e   h a s  a   maximum  o p e r a t i n g   s p e e d   o f  

f rom  2400  to  2600  r e v o l u t i o n s   per   m i n u t e .  

6.  An  i m p r o v e d   medium  to  h i g h - s p e e d  

c o m p r e s s i o n   i g n i t i o n   e n g i n e   of  the   t y p e   h a v i n g   a  

p l u r a l i t y   of  c y l i n d e r s   ( 1 6 ) ,   e ach   h a v i n g   an  i n t a k e  

v a l v e   (28)  in  an  i n t a k e   p o r t   (22)  and  an  e x h a u s t  

v a l v e   (30)  in  an  e x h a u s t   p o r t   ( 2 6 ) ,   c h a r a c t e r i z e d   b y :  

means   (46 ,   48)  for   t i m i n g   the   o p e n i n g   o f  

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

v a l v e   of  e a c h   c y l i n d e r   such   t h a t   no  f r e s h   a i r   ( 6 4 )  

is  p e r m i t t e d   to  p a s s   o u t   t h r o u g h   the   e x h a u s t   p o r t .  



7.  An  e n g i n e   as  c l a i m e d   in  c l a i m   6  w h e r e i n   t h e  

means   f o r   t i m i n g   t he   o p e n i n g   of   the   i n t a k e   v a l v e  

(28) .   and  t he   c l o s i n g   of  t h e   e x h a u s t   v a l v e   ( 3 0 )  

i n c l u d e s   a  c a m s h a f t   (48)  h a v i n g   cams  (46)  s h a p e d   a n d  

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

e n g i n e ,   the   e x h a u s t   v a l v e   (30)  of  e a c h   c y l i n d e r   i s  

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

o p e n e d .  

8.  An  e n g i n e   as  c l a i m e d   in  c l a i m   6  or  7 

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

i g n i t i o n   e n g i n e .  

9 .  -   An  e n g i n e   as  c l a i m e d   in   c l a i m   6,  7,  or  8 

w h e r e i n   t he   e n g i n e   is   of   t h e  o p e n   c h a m b e r   t y p e .  

10 .   An  e n g i n e   as  c l a i m e d   in  c l a i m   6,  7,  8,  o r  

9  w h e r e i n   t h e   e n g i n e   has   a  maximum  o p e r a t i n g   s p e e d  

of  f rom  2400  to  2600  r e v o l u t i o n s   pe r   m i n u t e . .  
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