
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 2 4   8 9 0  

A 1  

EUROPEAN  PATENT  APPLICATION 

@  Application  number:  80302900.8 

@  Date  of  filing:  21.08.80 

©lnt.CI.3:  F  01  L  3 /02  
F  01  L  3 /20  
//F01L3/04,  F01L3/22 

@  Priority:  29.08.79  DK  3612/79  @  Applicant:  B&WDIESELA/S 
No.2  Torvegade 
DK-1400  Copenhagen  K(DK) 

Date  of  publication  of  application: 
11.03.81  Bulletin  81/10  ©  Inventor:  Fursund,  Kai  Emil 

No.  16BSobredden 
@  Designated  Contracting  States:  DK-2820  Gentofte(DK) 

BE  DE  FR  GB  IT  NL  SE 
@  Representative:  Carpmael,  John  William  Maurice  et  al, 

CARPMAELS  &  RANSFORD  43  Bloomsbury  Square 
London,  WC1  A  2RAIGB) 

o  
o  
00 

<* 
CM 
o  

(54)  Exhaust  valve  for  an  internal  combustion  engine. 

In  the  stationary  and/or  the  movable  valve  part  (1, 4)  of 
the  exhaust  valve  there  is  provided  an  annular  chamber  (9) 
formed  as  a  circumferential  recess  in  the  surface  of  the  valve 
part  (4)  in  question  facing  the  other  valve  part.  The  annular 
chamber  is  located  intermediate  the  seating  surfaces  (5, 6)  of 
the  valve  parts  and  the  combustion  chamber  (10)  of  the 
engine  cylinder  and  it  communicates  with  the  combustion 
chamber  through  a  relatively  narrow  inlet  when  the  valve  is 
closed.  During  the  compression  period  of  the  engine  cylin- 
der's  working  cycle  the  annular  chamber  is  filled  by  pure  and 
relatively  cool  air,  and  if  local  gaps  are  present  between  the 
seating  surfaces,  that  air  acts  as  a  barrier  preventing  the  leak- 
age  of  substantial  amounts  of  hot  and  aggressive  combustion 
gases  through  the  gaps  during  the  initial  part  of the  expansion 
period.  This  prevents  the  valve  parts  from  being  subjected, 
adjacent  to  said  gaps,  to  a  high  temperature  rise  and  con- 
comitant  heavy  corrosive  attacks  which  would  lead  to  a  rapid 
enlargement  of  the  gaps.  The  invention,  therefore,  prolongs 
the  lifetime  of  the  valve  by  delaying  the  moment  when  a 
refurbishing  of the  seating  surfaces  becomes  necessary. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  exhaus t   v a l v e  f o r  

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

v a l v e   p a r t   and  an  a x i a l l y   m o v a b l e   v a l v e   p a r t ,   c o -  

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

an  a n n u l a r   c h a m b e r   f o r m e d   in  a t   l e a s t   one  of  s a i d  

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

c h a m b e r   of  t h e   e n g i n e   c y l i n d e r   when  t he   v a l v e   i s  

c l o s e d .  

An  o b j e c t   of  t h e   i n v e n t i o n   is   to  o b t a i n   a  

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

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

ly  d e t e r i o r a t e   due   to  c o r r o s i v e   and  e r o s i v e   a t t a c k s  

by  a g g r e s s i v e   c o n s t i t u e n t s   p r e s e n t   in   t h e   e x h a u s t  

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

o c c u r r i n g   when  t h e   e n g i n e   i s   r u n n i n g   on  h e a v y   f u e l  

o i l .  

I t   i s   w e l l - k n o w n   t h a t   t h e   a g g r e s s i v i t y   o f  

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

t e m p e r a t u r e ,   and  b a s e d   on  t h a t   k n o w l e d g e   i t   has   b e e n  

p r o p o s e d   to   p r o v i d e   a  d i r e c t   or  i n d i r e c t   a i r   c o o l -  

i ng   of  t h e   s e a t i n g   s u r f a c e s ,   in  some  c a s e s   as  a  

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

v a l v e   p a r t .  

T h u s ,   US  P a t e n t   S p e c i f i c a t i o n   N o .  1   873  1 1 9  

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

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

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

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

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

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

c o m b u s t i o n   c h a m b e r .   T h r o u g h   n o n - r e t u r n   v a l v e s   s a i d  

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



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

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

e j e c t o r   a c t i o n ,   t h e   r e l a t i v e l y   c o o l   a i r   f r o m   t h e  

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

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

p e r i o d .  

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

has   b e e n   d e s c r i b e d   i n   F r e n c h  P a t e n t   S p e c i f i c a t i o n  

N o .  1   481  241  a c c o r d i n g   to  w h i c h  c o o l   a i r   c o n t i n u a l -  

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

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

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

t h e   s e a t i n g   s u r f a c e s .  

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

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

P a t e n t   S p e c i f i c a t i o n   No.  1--873  119  by  t h e  f e a t u r e  

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

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

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

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

W i t h   t h i s   c o n s t r u c t i o n   a n d  l o c a t i o n   o f  

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

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

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

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

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

e i t h e r   f r o m   t h e  e n g i n e   c y l i n d e r   o r  f r o m   a  c o n n e c t -  

ed  e x t e r n a l   s o u r c e  o f   p r e s s u r i z e d   a i r ,   t h a t   a m o u n t  

of   a i r   w i l l   a f t e r   i g n i t i o n   of   t h e  f u e l   and  u n t i l  

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

b e t w e e n   t h e   h o t   c o m b u s t i o n   g a s e s   and  t h e   s e a t i n g  

s u r f a c e s .   As  a  c o n s e q u e n c e ,   t h e   c o m b u s t i o n   g a s e s  

c a n n o t ,   as  in   t h e   p r e v i o u s l y   known  v a l v e s ,   f l o w  

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



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

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

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

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

l e a k s .  

The  i n v e n t i o n   is   b a s e d   on  t h e   r e c o g n i t i o n  

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

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

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

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

h o w e v e r ,   p r o v i d i n g   a  p e r f e c t   s e a l   due  to  s a i d  

l o c a l   l e a k s   w h i c h   o c c u r   s o o n e r   or   l a t e r ,   e . g .  
b e c a u s e   d e p o s i t s   p r e v i o u s l y   f o r m e d   o n  
t h e   s e a t i n g   s u r f a c e s   by  c o r r o s i o n   p e e l   o f f   o r  

b e c a u s e   p a r t i c l e s   of   s l a g ,   c i n d e r   or  coke   s q u e e z e d  

b e t w e e n   t h e   s u r f a c e s   when  t h e   v a l v e   c l o s e s ,   h a v e  

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

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

v a l v e   p a r t   h a v e   shown  t h a t   a r o u n d   such   a  

l o c a l   l e a k   t h e r e   can  o c c u r   a  t e m p e r a t u r e   r i s e   o f  

a p p r o x i m a t e l y   200°C  i m m e d i a t e l y   a f t e r   t o p   d e a d  

c e n t r e   and   an  i n c r e a s e   of   t h e   mean  t e m p e r a t u r e  

a m o u n t i n g   to  a p p r o x i m a t e l y   1 0 0 ° C .   On  t h e   o t h e r  

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

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

t h e   v a l v e   a m o u n t e d   to   o n l y   a p p r o x i m a t e l y   20  t o  

25°C .   T h e r e f o r e ,   an  a d d i t i o n a l   c o o l i n g   of  t h e  

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

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

p h e n o m e n a   and  on  t he   r e s u l t i n g   g r a d u a l   e n l a r g e -  

men t   of   t h e   i n i t i a l l y   v e r y   s m a l l   l e a k s   to  l a r g e r  

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

a  f a r   g r e a t e r   e x t e n t   w h e n ,   by  means   of  t h e  

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



b o t h   t h e   t e m p e r a t u r e   o f   t h e   gas   l e a k i n g   o u t   b e t w e e n  

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

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

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

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

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

ly  7 0 ° C ,   i t   w i l l   be  u n d e r s t o o d   t h a t  t h e   i n v e n t i o n  

m a t e r i a l l y   e x t e n d s   t h e   t i m e   w h i c h   a  s m a l l   l o c a l  

l e a k   n e e d s   to   g row  i n t o   a  r e g u l a r   b u r n - t h r o u g h  o f  

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

t h e   s e a t i n g   s u r f a c e s   by  r e g r i n d i n g   t h e m .   The  r e s u l t  

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

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

The  c r i t i c a l   p e r i o d   o f   e a c h   w o r k i n g   c y c l e ,  

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

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

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

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

r a t h e r   s h o r t   and  e n d s   a p p r o x i m a t e l y   20°  a f t e r  t o p  

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

e n g i n e s .   The  d e s i r e d   e f f e c t   of   t h e  i n v e n t i o n   c a n ,  

t h e r e f o r e ,   be  o b t a i n e d   w i t h   an  a n n u l a r   c h a m b e r   o f  

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

any  i n c o n v e n i e n t   i n c r e a s e  o f   t h e   d i m e n s i o n s   o f  

t h e   v a l v e   p a r t s  o r   of   t h e   s o - c a l l e d  d e a d   s p a c e   o f  

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

c h o s e n   s o m e w h a t   l a r g e r   t h a n   t h e   v o l u m e   of   g a s  

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

h a v i n g  a   c r o s s - s e c t i o n   o f  a b o u t   0 .2   by  3  mm,  e . g .  
2  to   3  t i m e s   t h a t   gas   v o l u m e .  

In  o r d e r   to   o b t a i n   t h e   d e s i r e d  b a r r i e r  

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

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

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

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



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

a x i a l   c r o s s - s e c t i o n   t h e r e t h r o u g h   has   a  m a x i m u m  

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

r e c e s s   i s   f o r m e d .  

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

in   one   v a l v e   p a r t   i t   i s   e x p e d i e n t   to  d e s i g n   t h e  

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

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

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

s u r f a c e   n e a r e s t   to   t h e   c o m b u s t i o n   c h a m b e r   i s   r e -  

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

a n n u l a r   c h a m b e r .   W i t h   t h i s   f e a t u r e   t h e   g a s e s   f l o w -  

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

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

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

of  t h e i r   k i n e t i c   e n e r g y .   C o n s e q u e n t l y ,   t h e   p u r e  
and  r e l a t i v e l y   c o o l   a i r   f rom  the   a n n u l a r   c h a m b e r  

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

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

ly  due  to   t h e   s t a t i c   p r e s s u r e   d r o p   f rom  t h e   c o m -  

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

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

t h e   moment   when   t h e   o p e n i n g   of  t h e   v a l v e   s t a r t s ,  

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

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

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

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

o p e r a t i o n   o f   t h e   e n g i n e .  

S a i d   e f f e c t   of   t he   p a r t i c u l a r   s h a p e   of   t h e  

v a l v e   p a r t s   i s   o b t a i n e d   o p t i m a l l y   in  an  e m b o d i m e n t  

in  w h i c h   t h e   t r a n s i t i o n   b e t w e e n   t h e   two  s u r f a c e  

p o r t i o n s   i s   s h a p e d ,   in   an  a x i a l   c r o s s - s e c t i o n ,  

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

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



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

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

by  a  c y l i n d r i c a l   or  s u b s t a n t i a l l y   c y l i n d r i c a l  

f i r s t   s u r f a c e   c o a x i a l   w i t h   t h e   m o v a b l e   v a l v e   p a r t  

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

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

C o m p a r e d   to   a n  e m b o d i m e n t   in   w h i c h   t h e   a n n u l a r  

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

m o v a b l e   v a l v e   p a r t   t h e   m a n u f a c t u r e   o f   t h e   v a l v e  

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

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

c h a m b e r .   By  p r o v i d i n g   a  c o o l a h t   d u c t ,   as  k n o w n  p e r  

s e ,   i n   t h e   s t a t i o n a r y  v a l v e   p a r t   i t   i s   p o s s i b l e   t o  

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

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

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

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

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

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

The  s u r f a c e   o f   t h e   m o v a b l e   v a l v e   p a r t ,   w h i c h  

f a c e s   t h e   a n n u l a r  c h a m b e r ,   may  be  s u b s t a n t i a l l y  

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

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

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

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

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

c h a m b e r ,   i s   f i r s t   c o n v e r g e n t   and  t h e n   d i v e r g e n t .  

W i t h   t h i s   c o n f i g u r a t i o n   o f   t h e   n a r r o w   g a p ,   w h i c h  

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

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

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

a b o v e   a  c e r t a i n   s i z e ,   w h i c h   a r e   e n t r a i n e d  b y   t h e  

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

i n g   m o v e m e n t   when  t h e   v a l v e   i s   n o t   f u l l y  c l o s e d ,  



be  p r e v e n t e d   f r o m   p e n e t r a t i n g   t h r o u g h   t h e   gap  i n t o  

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

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

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

of   t h e   s u r f a c e s .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   m o r e  

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

d r a w i n g s ,   in   w h i c h  

F i g .   1  i s   an  a x i a l   s e c t i o n   t h r o u g h   a  v a l v e  

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

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

t h e   i n v e n t i o n   b e i n g   s h o w n ,  

F i g .   2  i s   a  f r a c t i o n a l   v i e w ,   on  a  s u b s t a n t i a l -  

ly  l a r g e r   s c a l e ,   of   t h e   a r e a   m a r k e d   by  I I   in   F i g .   1 ,  

F i g .   3  i s   an  a x i a l   s e c t i o n   s i m i l a r   to  F i g .   1 ,  

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

a c c o r d i n g   to  t h e   i n v e n t i o n ,   a n d  

F i g .   4  i s   a  f r a c t i o n a l   v i e w ,   c o r r e s p o n d i n g  

to  F i g .   2,  of  t h e   a r e a   m a r k e d   by  IV  in  F i g .   3 .  

As  shown  in  F i g s .   1  and  2  an  e x h a u s t   v a l v e  

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

v a l v e   p a r t   (or   b o t t o m   p i e c e )   1  w h i c h   t o g e t h e r   w i t h  

a  v a l v e   h o u s i n g   2  i s   r e l e a s a b l y   s e c u r e d   ( in   a  

m a n n e r   n o t   shown  in   d e t a i l )   to   t h e   c y l i n d e r   c o v e r  

3  of   an  e n g i n e   c y l i n d e r .   The  m o v a b l e   p a r t   4  of   t h e  

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

p o p p e t   v a l v e   w h i c h   c o n t a c t s   b o t t o m   p i e c e   1  on  a  

c o n i c a l   s u r f a c e .   The  s e a t i n g   s u r f a c e s   p r o p e r   of   t h e  

two  v a l v e   p a r t s ,   w h i c h   a r e   d e s i g n a t e d   by  5  and  6 ,  

r e s p e c t i v e l y ,   a r e   f o r m e d   on  two  c o a t i n g s   or  i n s e r t s  

7  and  8  of  a  s u i t a b l e   m a t e r i a l ,   s u c h   as  s t e l l i t e  

or   h a r d   m e t a l ,   s ee   F i g .   2 .  

In  t h a t   s u r f a c e   of  t h e   m o v a b l e   v a l v e   p a r t   4 ,  

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



p r o v i d e d   an  a n n u l a r   c h a m b e r   9  l o c a t e d   b e t w e e n   t h e   c o m -  

b u s t i o n   c h a m b e r   1 0  o f   t h e   e n g i n e   c y l i n d e r   and   t h e  

s e a t i n g   s u r f a c e   6  o f   v a l v e   p a r t  4 .   As  s h o w n ,  t h e  

a x i a l   c r o s s - s e c t i o n   of   c h a m b e r   9 ,  i . e .  a  s e c t i o n  

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

w i t h   two  s u b s t a n t i a l l y   p a r a l l e l   s i d e s   11  and   1 2  

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

s u r f a c e   6  and  t h e   o p p o s e d   s u r f a c e   13  of   v a l v e   p a r t  

1.  V i a   a  c i r c u m f e r e n t i a l   f i l l e t   14  l o c a t e d  s o m e w h a t  

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

9,  t h e   g e n e r a t r i x   of   w h i c h   i s   t h e  s i d e   1 2 ,  s u r f a c e  

13  m e r g e s ,   t o w a r d s   c o m b u s t i o n   c h a m b e r  1 0 ,   i n t o   a  

s u r f a c e   15  w h i c h   i s  r e t r a c t e d   so  f a r   f r o m  v a l v e  

p a r t   4  t h a t   w i t h   c l o s e d   v a l v e ,  a s   s h o w n   i n  F i g .   2 ,  

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

gap   o f   r e l a t i v e l y   n a r r o w  g a p   w i d t h ,   so  as  a b o u t  

0 . 2   mm. 

T h r o u g h   s a i d   gap  a n n u l a r   c h a m b e r   9  w i l l ,  

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

p u r e   s c a v e n g i n g   or   c h a r g i n g   a i r   a t  a  r e l a t i v e l y  

low  t e m p e r a t u r e ,  a n d   i f   one  or   more   o f   t h e   p r e v i o u s l y  

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

s e a t i n g   s u r f a c e s   5  and  6,  i t   w i l l  b e   t h i s  a i r   r a t h e r  

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

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

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

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

i n   t h e   m a t e r i a l   s u r r o u n d i n g   e x i s t i n g   l e a k s   i n  

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

d u r i n g   t h a t   p e r i o d   of   t h e   e n g i n e ' s   w o r k i n g   c y c l e  

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

i s   h i g h   w h i l e   s i m u l t a n e o u s l y   t h e  c o m b u s t i o n   g a s e s  
h a v e   a  h i g h   d e n s i t y ,  d u e   to   t h e  



h i g h   p r e s s u r e ,   and  a  h i g h   c o n c e n t r a t i o n   o f  
c o r r o s i v e   c o n s t i t u e n t s ,   i s   c o n s e q u e n t l y   a v o i d e d .  

The  c o n f i g u r a t i o n ,   as  shown  and  d e s c r i b e d ,   of   t h e  

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

13  and  15  as  a  f i l l e t   14,  t h e   c o n c a v i t y   of  w h i c h  

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

c h a m b e r   10,  c o n t r i b u t e s   to   l i m i t i n g   u n d e s i r e d  

m i x i n g   of  t h e   p u r e   and  r e l a t i v e l y   c o o l   a i r   w i t h i n  

a n n u l a r   c h a m b e r   9  and  t h e   i n f l o w i n g   h o t   c o m b u s t i o n  

g a s e s .  

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

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

due  to   c o r r o s i v e   and  e r o s i v e   a t t a c k s ,   r e s u l t s   i n  

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

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

more   e f f e c t i v e   h e a t   t r a n s f e r   f rom  t h e   m o v a b l e   v a l v e  

p a r t   4  d i r e c t l y   s u b j e c t e d   to   t he   h i g h   t e m p e r a t u r e s  

w i t h i n   c o m b u s t i o n   c h a m b e r   10,  to  t h e   s o m e w h a t  

c o l d e r   b o t t o m   p i e c e   1  d u r i n g   t he   p e r i o d s   in   w h i c h  

t h e   v a l v e   i s   c l o s e d .   C o n s e q u e n t l y ,   i t   is   p o s s i b l e  

to  m a i n t a i n   a  l o w e r   mean  or  a v e r a g e   t e m p e r a t u r e  

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

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

s u r f a c e .   T h i s   c o n t r i b u t e s   to  e n s u r i n g   t h a t   t h e  

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

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

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

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

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

a t t a c k s   on  t h e   s u r f a c e s .  

In  t h e   e m b o d i m e n t   of   F i g s .   3  and  4  t h e  

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

by  21,  t h e   v a l v e   h o u s i n g   by  22  and  t h e   c y l i n d e r  

c o v e r   by  23.   As  in  F i g s .   1-2  t h e   m o v a b l e   v a l v e   p a r t ,  



h e r e   d e s i g n a t e d   by  24,   i s   d e s i g n e d   as  a  p o p p e t   v a l v e  

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

p i e c e   2 1 .  T h e   s e a t i n g  s u r f a c e s   25  a n d  2 6   b e t w e e n  

t he   two  v a l v e   p a r t s   a r e   f o r m e d   on  i n s e r t s   27  a n d  

28  in   t h e   r e s p e c t i v e  v a l v e   p a r t s .  

C o n t r a r y   to   t h e  e m b o d i m e n t  o f   F i g s .   1 -2   t h e  

a n n u l a r   c h a m b e r  2 9 ,   w h i c h   i s   c h a r a c t e r i s t i c   o f  

t h e   i n v e n t i o n ,   i s   f o r m e d   s o l e l y   in   t h e   s t a t i o n a r y  

p a r t   of   t h e   v a l v e   and   d e f i n e d   b e t w e e n   a  c y l i n d r i c a l  

s u r f a c e   30  of   t h e   c y l i n d e r  c o v e r   23,  a  f l a t   a n n u l a r  

end  f a c e   31  o f   b o t t o m   p i e c e   21  a n d  a   c o n i c a l   s u r -  

f a c e   32  o f   p o p p e t   v a l v e   24 .   In  t h e   c l o s e d   p o s i t i o n  

of  t h e   v a l v e ,   as  s h o w n ,  a n n u l a r   c h a m b e r  2 9   c o m m u n i -  

c a t e s   w i t h   t h e   c o m b u s t i o n   c h a m b e r   33  of   t h e   e n g i n e  

c y l i n d e r   t h r o u g h   a  n a r r o w   a n n u l a r   g a p  3 4   d e f i n e d  

b e t w e e n   t h e   s u r f a c e   o f   c y l i n d e r   c o v e r   23  a n d  

t he   r o u n d e d   t r a n s i t i o n   b e t w e e n   t h e   a b o v e  m e n t i o n e d  

s u r f a c e   32  o f   p o p p e t   v a l v e   2 4  a n d   t h e   s u r f a c e   35  

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

c o m b u s t i o n   c h a m b e r  3 3 .   In  o r d e r   to   r e d u c e   t h e  

t e m p e r a t u r e   of   t h o s e   s u r f a c e s   of  b o t t o m   p i e c e   21 

w h i c h   c o n t a c t   t h e  h o t   e x h a u s t   g a s e s ,   i n c l u d i n g  

s e a t i n g   s u r f a c e  2 5   and   s u r f a c e   31,   an  i n t e r n a l  

c o o l a n t   d u c t   36  i s   p r o v i d e d   in   t h e   b o t t o m   p i e c e ,  

as  known  p e r   s e .  

The  f u n c t i o n   o f   a n n u l a r   c h a m b e r   29  i s  

g e n e r a l l y   t h e   same  as  d e s c r i b e d   a b o v e   i n  c o n n e c t i o n  

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

t h e   r a d i a l   w i d t h   of   gap   34  can   be  made  a p p r o x i m a t e -  

ly  t h e   same  as  t h e   w i d t h   o f   t h e   c o r r e s p o n d i n g  

i n f l o w   gap  l e a d i n g   to   a n n u l a r   c h a m b e r  9 .  

W h i l e   in   t h e   e m b o d i m e n t s   shown  and  d e s c r i b e d  

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

or  t h e   s t a t i o n a r y   v a l v e   p a r t ,   i t   w i l l  b e   u n d e r s t o o d  



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

r e c e s s e s ,   one  p r o v i d e d   in   e a c h   v a l v e   p a r t .   As  a  

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

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

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

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

a  n o n - r e t u r n   v a l v e   s u p p l i e s   c o o l   a i r   a t   a  s u i t a b l e  

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

n o t   be  l o w e r   t h a n   t h e   c o m p r e s s i o n   p r e s s u r e   w i t h i n  

t h e   e n g i n e   c y l i n d e r ,   and  i t   may  be  of  s u b s t a n t i a l l y  

t h e   same  m a g n i t u d e   as  t h e   maximum  p r e s s u r e   o c c u r r i n g  

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

of   a i r   is   r e l a t i v e l y   s m a l l ,   t h e   a i r   can  be  s u p p l i e d  

by  a  c o r r e s p o n d i n g l y   r e l a t i v e l y   s m a l l   c o m p r e s s o r .  



1.  E x h a u s t   v a l v e   f o r   an  i n t e r n a l   c o m b u s t i o n  

e n g i n e ,   c o m p r i s i n g   a  s t a t i o n a r y  v a l v e   p a r t   (1)  a n d  

an  a x i a l l y   m o v a b l e   v a l v e   p a r t   ( 4 ) ,   c o o p e r a t i n g  

s e a t i n g   s u r f a c e s   (5,   6)  on  s a i d  v a l v e   p a r t s   a n d  

an  a n n u l a r   c h a m b e r   (9)  f o r m e d   i n  a t  l e a s t  o n e   o f  

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

c h a m b e r   (10)  of   t h e   e n g i n e   c y l i n d e r   when  t h e   v a l v e  

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

(9)  i s   f o r m e d   as  a  r e c e s s   in   a  s u r f a c e   o f   one  o r  

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

o p p o s e d   s u r f a c e   (13 ,   15)  of  t h e   o t h e r   v a l v e   p a r t  

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

2.  E x h a u s t   v a l v e  a s   c l a i m e d  i n   c l a i m   1 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   w i d t h   of   an  a x i a l  

c r o s s - s e c t i o n   t h r o u g h   t h e   a n n u l a r   c h a m b e r   (9)  h a s  

a  max imum  v a l u e   a t   t h e   s u r f a c e   of   t h e  v a l v e   p a r t  

(4)  i n   w h i c h   t h e   r e c e s s   i s   f o r m e d .  

3 .  E x h a u s t   v a l v e   as  c l a i m e d   in   c l a i m   1  o r  

2  and   w h e r e i n   t h e   a n n u l a r   c h a m b e r   (9)  i s   f o r m e d  

s o l e l y   i n   one   v a l v e   p a r t   ( 4 ) ,   c h a r a c t e r i z e d   i n  

t h a t   a t   t h e   i n l e t   f r o m   t h e   c o m b u s t i o n   c h a m b e r   ( 1 0 )  

to   t h e   a n n u l a r   c h a m b e r   (9)  t h e   o p p o s e d  s u r f a c e  

(13 ,   15)  of   t h e  o t h e r   v a l v e   p a r t   i s   s t e p p e d   s u c h  

t h a t   t h e   p o r t i o n   (15)  of   s a i d   s u r f a c e   n e a r e s t   t o  

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

t h e   s u r f a c e   p o r t i o n   (13)  f a c i n g   t h e   a n n u l a r   c h a m b e r .  

4.  E x h a u s t   v a l v e   as  c l a i m e d   i n   c l a i m   3 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   t r a n s i t i o n   (14)  b e t w e e n  

s a i d   two  s u r f a c e  p o r t i o n s   (13,   15)  i s   s h a p e d ,   i n  

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

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

c o m b u s t i o n   c h a m b e r   ( 1 0 ) .  



5.  E x h a u s t   v a l v e   as  c l a i m e d   in  c l a i m   1  o r  

2,  c h a r a c t e r i z e d   in  t h a t   t h e   a n n u l a r   c h a m b e r   ( 2 9 )  

is   f o r m e d   in   t h e   s t a t i o n a r y   v a l v e   p a r t   and  d e f i n e d  

by  a  c y l i n d r i c a l   or   s u b s t a n t i a l l y   c y l i n d r i c a l   f i r s t  

s u r f a c e   (30)  c o a x i a l   w i t h   t h e   m o v a b l e   v a l v e   p a r t  

(24)  and   a  s e c o n d   s u r f a c e   (31)  e x t e n d i n g   p e r p e n d i -  

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

s u r f a c e .  

6.  E x h a u s t   v a l v e   as  c l a i m e d   in  c l a i m   5 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   s u r f a c e   (32)  of  t h e  

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

c h a m b e r   ( 2 9 ) ,   is   s u b s t a n t i a l l y   c o n i c a l   w i t h   a  

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

s u r f a c e   (30)  of  t h e   s t a t i o n a r y   v a l v e   p a r t ,   d e f i n e s ,  

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

(34) ,   t h e   c r o s s - s e c t i o n   of   w h i c h ,   as  s e e n   f rom  t h e  

c o m b u s t i o n   c h a m b e r   (33)  t o w a r d s   t h e   a n n u l a r   c h a m b e r  

( 2 9 ) ,   i s   f i r s t   c o n v e r g e n t   and  t h e n   d i v e r g e n t .  
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