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@  Exhaust  valve  casing. 

For  an  internal  combustion  engine,  an  exhaust  valve 
casing  (11)  is  provided  of  the  kind  which  provides  a  valve 
seat  (12)  and  exhaust  passage  (11a),  and  supports  at  (14, 15) 
the  exhaust  valve  (13),  and  a  valve  guide  (17)  therefor, 
separately  from  the  cylinder  head  (16).  The  positive  cooling 
around  the  peripheral  wall  (11f)  around  the  exhaust  passage 
as  normally  practiced  in  known  constructions  of  exhaust 
valve  casing  is  abolished.  Thus,  cooling  chambers  (11c,  12b) 
are  provided  only  at  two  locations,  that  is,  within  a  peripheral 
wall  around  the  valve  guide,  and  within  a  peripheral  wall 
around  the  valve  seat. 

Such  an  arrangement  ensures  that  thermal  losses  from 
the  exhaust  gases  passing  through  the  exhaust  passage  are 
kept  to  a  minimum,  thereby  ensuring  that  more  energy  is 
available  for  use  by  a  supercharger,  exhaust  gas  economiser, 
or  the  like. 



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

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

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

Such  e x h a u s t   v a l v e   c a s i n g s   a r e   known  and  a r e   f r e q u e n t l y  

u s e d   in  r e l a t i v e l y   l a r g e   2 - s t r o k e   i n t e r n a l   c o m b u s t i o n   e n g i n e s .  

A  known  c o n s t r u c t i o n   of  e x h a u s t   v a l v e   and  i t s   v a l v e  

c a s i n g   i s   shown  in  F i g u r e   1.  T h u s ,   in   t h e   v a l v e   c a s i n g   1 

a r e   a s s e m b l e d   a  v a l v e   s e a t   2  and  a  v a l v e   3  by  t h e   i n t e r m e d i a r y  

of  a  v a l v e   s p r i n g   4  and  a  s p r i n g   cap  5;  i t   w i l l   be  n o t e d   t h a t  

t h e   p e r i p h e r y   of  t h e   v a l v e   s e a t   2  i s   f o r m e d   i n d e p e n d e n t l y   o f  

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

a l s o   p r o v i d e d   a  v a l v e   g u i d e   b u s h   7  made  of   a  m a t e r i a l   t h a t  

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

m o v e m e n t   of   t h e   v a l v e   3.  I t   w i l l   a l s o   be  n o t e d   t h a t   t h e   v a l v e  

c a s i n g   1  i s   f a s t e n e d   j o i n t l y   w i t h   t h e   v a l v e   s e a t   2  in   a  

p r e s s u r e - t i g h t   m a n n e r   to   a  c y l i n d e r   head   6  a t   a  c o n t a c t   s u r f a c e  

2a  b e t w e e n   s a i d   v a l v e   s e a t   2  and  c y l i n d e r   h e a d   by  means   of   b o l t s  

( n o t   s h o w n ) .  

P r o v i s i o n   is  made  s u c h   t h a t   t h e   v a l v e   3  may  be  o p e n e d  

and  c l o s e d   a t   p r e d e t e r m i n e d   t i m i n g   by  means   of  an  e x h a u s t  

v a l v e   d r i v i n g   a p p a r a t u s   ( n o t   shown)  so  t h a t   e x h a u s t   g a s  

w i t h i n   t h e   c y l i n d e r   8  can  f l o w   o u t ,   to   be  r e p l a c e d   by  a  f r e s h  

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

t h e   l i k e .  



When  t h e   v a l v e   3  i s   o p e n e d ,   h i g h - t e m p e r a t u r e  

e x h a u s t   gas   f r o m   t h e   c y l i n d e r   8  f l o w s   o u t   as  shown  by  t h e  

a r r o w s   a,  and  p a s s e s   t h r o u g h   an  e x h a u s t   p a s s a g e   l a   and  t h e n c e  

t h r o u g h   an  e x h a u s t   p i p e ,   s u p e r c h a r g e r ,   or   e x h a u s t   e c o n o m i z e r  

or   t h e   l i k e   ( n o t   shown)   to   a t m o s p h e r e .   S i n c e   t h e   e x h a u s t  

p a s s a g e   l a   i s   e x p o s e d   to   h i g h - t e m p e r a t u r e   e x h a u s t   g a s ,   f o r  

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

of   t h e   v a l v e   c a s i n g   1  and  m a i n t a i n i n g   s u f f i c i e n t   l u b r i c a t i o n  

b e t w e e n   t h e   s t e m   of   t h e   v a l v e   3  and  t h e   v a l v e   g u i d e   b u s h   7 ,  

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

w a t e r ,   and  t h e   v a l v e   s e a t   2  i s   c o n s t r u c t e d   s u c h   t h a t   i t   i s  

a l s o   c o o l e d   by  a  c o o l a n t ,   t h e r e b y   e n h a n c i n g   i t s   d u r a b i l i t y .  

More  p a r t i c u l a r l y ,   as  shown  by  a r r o w s   b  c o o l a n t   f l o w s  

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

c a s i n g   1  i n t o   c o o l i n g   c h a m b e r s   l c   and  ld   in   s a i d   v a l v e   c a s i n g  

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

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

H o w e v e r ,   in   t h e   a b o v e - d e s c r i b e d   known  v a l v e   c a s i n g ,  

s i n c e   t h e   w a l l   of   t h e   e x h a u s t   p a s s a g e   la   in   t h e   v a l v e   c a s i n g   i s  

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

t h r o u g h   s a i d   p a s s a g e   a l s o   t e n d s   to   be  c o o l e d .   H e n c e ,   t h e  

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

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

e n e r g y   t h a t   can  be  u t i l i z e d   in   a  s u p e r c h a r g e r ,   or   an  e x h a u s t  

gas   e c o n o m i z e r   i s   r e d u c e d .   C o n s e q u e n t l y ,   t h e   h e a t   t r a n s f e r  

a r e a   of   an  e x h a u s t   gas  e c o n o m i z e r   m u s t   be  e n l a r g e d ;   in   s o m e  

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



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

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

p o i n t   of  e n e r g y   s a v i n g .  

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

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

l c   and  ld   c a n n o t   be  made  as  s m a l l   as  d e s i r e d .   C o n s e q u e n t l y ,  

t h e   h e i g h t   of  t h e   v a l v e   c a s i n g   1  mus t   be  made  g r e a t e r   t h a n  

d e s i r e d .  

One  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   t o   p r o v i d e   a n  

e x h a u s t   v a l v e   c a s i n g   of  t h e   k i n d   d i s c u s s e d   a b o v e ,   in  w h i c h  

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

a d e q u a t e   c o o l i n g   of  t h e   v a l v e   g u i d e ,   and  v a l v e   s e a t .  

A n o t h e r   o b j e c t   o f   t h e   p r e s e n t   i n v e n t i o n   i s   t o   p r o v i d e  

s u c h   an  e x h a u s t   v a l v e   c a s i n g ,   in  w h i c h   t h e   h e i g h t   of  t h e  

c a s i n g ,   and  t h u s   a  l e n g t h   of  t h e   e x h a u s t   v a l v e   s t e m ,   can  b e  

r e d u c e d ,   w i t h   r e s u l t a n t   s a v i n g   in  w e i g h t   and  m a n u f a c t u r i n g   c o s t s .  

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 e r e   i s   p r o v i d e d  

an  e x h a u s t   v a l v e   c a s i n g   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 ,   o f  

t h e   k i n d   w h i c h   i s   i n t e n d e d   t o   be  f a s t e n e d   t o   t h e   c y l i n d e r   h e a d  

to   p r o v i d e   a  v a l v e   s e a t   and  e x h a u s t   gas  p a s s a g e   and  t o   s u p p o r t  

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

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

w i t h   c o o l i n g   c h a m b e r s   o n l y   at  two  l o c a t i o n s   t h a t   i s ,   w i t h i n  

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

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

T h u s ,   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   no  c o o l i n g  

c h a m b e r   or  p a t h   i s   l o c a t e d   a d j a c e n t   t h e   e x h a u s t   gas  p a s s a g e ,  



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

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

C o n v e n i e n t l y ,   t h e   v a l v e   g u i d e   i s   in   t h e   form  of   a  

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

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

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

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

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

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

o f   s a i d   v a l v e   s e a t .  

In   t h e   e x h a u s t   v a l v e   c a s i n g   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 ,   s i n c e   no  c o o l a n t   c h a m b e r s   o r   p a t h s   a r e   p r o v i d e d  

i n   t h e   v i c i n i t y   of   t h e   e x h a u s t   p a s s a g e ,   no  p o s i t i v e   c o o l i n g  

can   t a k e   p l a c e   in  t h i s   r e g i o n .   T h u s ,   t h e r m a l   l o s s   f r o m  

t h e   e x h a u s t   gas   i s   r e d u c e d   to   a  m i n i m u m ,   and  h e n c e   more   e n e r g y  

i s   a v a i l a b l e   f r o m   t h e   e x h a u s t   gas   f o r   u s e   in   a  s u p e r c h a r g e r ,  

e x h a u s t   gas  e c o n o m i z e r ,   o r   t h e   l i k e .  

In   a d d i t i o n ,   s i n c e   t h e   e x h a u s t   v a l v e   c a s i n g   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   l a c k s   a  c o o l i n g   c h a m b e r   in  t h e  

v i c i n i t y   of   t h e   e x h a u s t   p a s s a g e ,   t h e   h e i g h t   of  t h e   v a l v e   c a s i n g ,  

as  w e l l   as  t h e   l e n g t h   o f   t h e   v a l v e   s t e m   can  be  r e d u c e d ,   w i t h  

a  c o n s e q u e n t   s a v i n g   in   w e i g h t   and  m a n u f a c t u r i n g   c o s t s .   A l s o ,  

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

be  a d v a n t a g e o u s   f o r   s p a c e   u t i l i s a t i o n   in   an  e n g i n e   r o o m .  

In   o r d e r   t h a t   t h e   i n v e n t i o n   may  be  r e a d i l y   u n d e r s t o o d - ,  

and   f u r t h e r   f e a t u r e s   and  a d v a n t a g e s   made  more  a p p a r e n t ,   o n e  

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



w i l l   now  be  d e s c r i b e d   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   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 u r e   1  i s   a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l   v i e w   of   a  

known  c o n s t r u c t i o n   of   e x h a u s t   v a l v e ,  

F i g u r e   2  i s   a  l o n g i t u d i n a l   c r o s s - s e c t i o n a l   v i e w ,  

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

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 ,   a n d ,  

F i g u r e   3  i s   a  t r a n s v e r s e   c r o s s - s e c t i o n a l   v i e w   t a k e n  

a l o n g   l i n e   I I I - I I I   of  F i g u r e   2 .  

R e f e r r i n g   now  to   F i g u r e s   2  and  3  of  t h e   d r a w i n g s ,  

t h e   e x h a u s t   v a l v e   c a s i n g   11  i s   p r o v i d e d   a t   i t s   i n n e r   e n d  

w i t h   a  w a l l   p a r t   d e f i n i n g   a  v a l v e   s e a t   12  and  a  v a l v e   13  

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

s p r i n g   14  and  a  s p r i n g   cap   15.   The  e x h a u s t   v a l v e   t h u s  

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

i n d e p e n d e n t   o f   t h e   c y l i n d e r   h e a d   16.  The  s t e m   of   t h e   v a l v e  

13  i s   s l i d a b l y   m o u n t e d   in   a  v a l v e   g u i d e   bush   17.   The  v a l v e  

c a s i n g   11  i s   f a s t e n e d   j o i n t l y   w i t h   t h e   v a l v e   s e a t   12  t o   t h e  

c y l i n d e r   h e a d   16  in   a  p r e s s u r e - t i g h t   m a n n e r   by  means   of   b o l t s  

19  ( s e e   F i g u r e   3 ) .   In  t h i s   f i g u r e ,   r e f e r e n c e   n u m e r a l   2 0  

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

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

s u r f a c e   12a  ( s e e   F i g u r e   2)  b e t w e e n   t h e   v a l v e   s e a t   and  c y l i n d e r  

h e a d .  

An  a n n u l a r   c o o l i n g   c h a m b e r   l l c   is   f o rmed   a l o n g   an  o u t e r  

p e r i p h e r y   of  t h e   v a l v e   g u i d e   bush   17,  and  c o o l a n t   i s   i n t r o d u c e d  

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



a  c o o l a n t   o u t l e t   d u c t   l l d .   To  p r e v e n t   c o o l a n t   f rom  l e a k i n g   o u t  

of   t h e   c o o l i n g   c h a m b e r   l l c ,   s e a l s   21  a r e   p r o v i d e d   in   t h e   v a l v e  

g u i d e   b u s h   1 7 .  

A  s e c o n d   a n n u l a r   c o o l i n g   c h a m b e r   1 2 b ,  i s   formed  w i t h i n   t h e  

w a l l   p a r t   d e f i n i n g   t h e   v a l v e   s e a t   12,   and  c o o l a n t   i s   i n t r o d u c e d  

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

t h r o u g h   a  c o o l a n t   o u t l e t   d u c t   ( n o t   s h o w n ) .  

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

o r d e r   t o   r e d u c e   t h e r m a l   l o s s   f rom  t h e   e x h a u s t   gas  c a u s e d   by  h e a t  

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

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

t h e   known  c o n s t r u c t i o n   d i s c u s s e d   a b o v e ,   i s   a b o l i s h e d .   F u r t h e r -  

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

o n l y   t h e   two  l o c a t i o n s   d e s c r i b e d   a b o v e   a r e   c o o l e d   by  t h e   c o o l a n t .  

More  p a r t i c u l a r l y ,   t h o u g h   t h e   t e m p e r a t u r e   of   t h e   v a l v e  

c a s i n g   i s   r a i s e d   as  a  w h o l e   due   to   t h e   a b o l i t i o n   of   c o o l i n g   o f  

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

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

v a l v e   g u i d e   b u s h   17  due  t o   i n c r e a s e d   t e m p e r a t u r e   in  t h e   m a t e r i a l  

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

b u s h   17  i s   p o s i t i v e l y   c o o l e d   by  means   o f   t h e   c o o l a n t .   In  a d d i t i o n ,  

in   a  s i m i l a r   m a n n e r   to   t h e   known  c o n s t r u c t i o n ,   t h e   v a l v e   s e a t   12  

i s   p o s i t i v e l y   c o o l e d   by  c o o l a n t .   F u r t h e r m o r e ,   t h e   p e r i p h e r a l  

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

c a s i n g   11  i s   l a g g e d   e x t e r n a l l y   by  a  h e a t - i n s u l a t i n g   m a t e r i a l   l l g  

( s e e   F i g u r e   3)  s u c h   a s ,   f o r   e x a m p l e ,   a s b e s t o s .  



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

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

c o o l i n g   as  shown  by  a r r o w   B,  and  f l o w s   i n t o   t h e   c o o l i n g  

c h a m b e r   12b ,   and  t h e r e a f t e r ,   a r o u n d   t h e   c o o l i n g   c h a m b e r ,  

to  be  d i s c h a r g e d   e x t e r n a l l y   t h r o u g h   t h e   c o o l a n t   o u t l e t   d u c t .  

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

l l b   f o r   t h e   v a l v e   g u i d e   b u s h   17  as  shown  by  an  a r r o w   A,  t o  

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

of  t h e   b u s h   17  and  t o   be  d i s c h a r g e d   e x t e r n a l l y   t h r o u g h   t h e  

c o o l a n t   o u t l e t   d u c t   l l d .  



1.  An  e x h a u s t   v a l v e   c a s i n g   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 ,   of   t h e   k i n d   w h i c h   i s   i n t e n d e d   to   be  f a s t e n e d   to   t h e  

c y l i n d e r   h e a d   to   p r o v i d e   a  v a l v e   s e a t   and  e x h a u s t   gas  p a s s a g e  

and  t o   s u p p o r t   t h e   e x h a u s t   v a l v e   and  a  v a l v e   g u i d e   t h e r e f o r  

i n d e p e n d e n t l y   of   t h e   c y l i n d e r   h e a d ,   c h a r a c t e r i z e d   in   t h a t  

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

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

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

2.  An  e x h a u s t   v a l v e   c a s i n g   as  c l a i m e d   in   C l a i m   1,  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   v a l v e   g u i d e   i s   in  t h e   fo rm  of   a  

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

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

b u s h .  

3.  An  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  or   C l a i m   2 ,  

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

v a l v e   s e a t   i s   of   a n n u l a r   s h a p e ,   and  in   t h a t   c o o l a n t   i n l e t  

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

v a l v e   c a s i n g   in   t h e   p r o x i m i t y   of   s a i d   v a l v e   s e a t .  
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