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(jjj)  A  rotary  valve. 
@  A  rotary  valve  assembly  (10)  for  an  internal  combustion 
engine  is  disclosed.  The  rotary  valve  assembly  has  a  split 
housing  (23;  21/22)  which  provides  a  cylindrical  passage  (26) 
within  which  a  valve  rotor  (15)  is  located.  Surrounding  the 
valve  rotor  is  a  sealing  sleeve  (27)  which  is  biased  into 
sealing  contact  with  the  valve  rotor  by  means  of  the  split 
housing,  and  the  split  housing  is  sealingly  connected  to  a 
head  (11)  of  an  internal  combustion  engine  by  means  of  an 
annular  seal  (36)  having  a  V-shaped  transverse  longitudinal 
cross-section. 



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  v a l v e s   and  m o r e  

p a r t i c u l a r l y   to  r o t a r y   v a l v e s .  

S t i l l   f u r t h e r   t he   p r e s e n t   i n v e n t i o n   r e l a t e s   to  r o t a r y  
v a l v e s   f o r   c o m b u s t i o n   e n g i n e s   w h e t h e r   t h e y   be  i n t e r n a l   o r  
e x t e r n a l   c o m b u s t i o n   e n g i n e s .   I t   s h o u l d   f u r t h e r   b e  

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

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

v a r i a b l e   v o l u m e   w o r k i n g   s p a c e s ,   e . g . . i n   p u m p s . . a n d  

c o m p r e s s o r s .  
Wi th   p a r t i c u l a r   r e f e r e n c e   to  v a l v e s   e m p l o y e d   i n  

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

not   been   w i d e l y   a c c e p t e d   as  t h e y   have   no t   p r o v i d e d   t h e  

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

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

d u r a b i l i t y   and  r u g g e d n e s s .  

A  r o t a r y   v a l v e   a r r a n g e m e n t   is   d i s c l o s e d   in  U .S .   P a t e n t  

No.  9 8 5 , 6 1 8   to  M i l l e r .   The  p a t e n t   to  M i l l e r   d i s c l o s e s   a  

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

t h e   head   of  t h e   e n g i n e   and  w h i c h   r e c e i v e s   a  v a l v e   r o t o r  

w h i c h   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   v i a   a n  

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

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 .   M o r e  

p a r t i c u l a r l y   t h e   p a t e n t   to  M i l l e r   r e l a t e s   to  t h i s   a n n u l a r  

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

c o m b u s t i o n   p r e s s u r e s   t he   s e a l i n g   members   is   f o r c e d   i n t o  

s e a l i n g   c o n t a c t   w i t h   t he   v a l v e   r o t a r .   R o t a r y   v a l v e s   a r e  

a l s o   d i s c l o s e d   in  U .S .   P a t e n t s   Nos .   1 3 4 7 9 7 8   and  1 5 7 3 0 2 2 ,  



b o t h   to  Wehr .   The  e a r l i e r   p a t e n t   to  Wehr  d i s c l o s e s   a  r o t a r y  

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

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

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

e c c e n t r i c   w i t h   r e s p e c t   to  t he   i n n e r   s u r f a c e .   The  v a l v e  

r o t o r   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   by  means   of  a  

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

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

m o u n t e d   on  t h e   c y l i n d e r   and  f o r m s   t he   head   of  t h e   e n g i n e .  

The  s e c o n d   p a t e n t   to  Wehr  is   a  m o d i f i c a t i o n   of  t h e   d e v i c e  

d i s c l o s e d   in  h i s   e a r l i e r   p a t e n t ,   and  more  p a r t i c u l a r l y  

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

w i t h   t h e   v a l v e   r o t a r .   The  U . S .   P a t e n t   No.  1 8 8 7 9 9 7   to  C r o s s ,  

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

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

p o r t   e x i t 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   and  w h i c h   s e a l i n g l y  

e n g a g e s   t h e   v a l v e   r o t a r .   T h i s   a n n u l a r   s e a l i n g   member  i s  

g e n e r a l l y   c o a x i a l   w i t h   t h e   p o r t   e x t e n d i n g   f rom  t h e  

c o m b u s t i o n   c h a m b e r .   U .S .   P a t e n t   No.  2 0 4 8 1 3 4 ,   d e s c r i b e s   a  

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

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

t o g e t h e r   so  as  to  e n g a g e   t he   v a l v e   r o t o r .   An  a n n u l a r  

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

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

r o t o r .   U . S .   P a t e n t   No.  1 9 9 7 1 3 3 ,   to  C r o s s ,   is  an  i m p r o v e m e n t  

on  C r o s s ' s   e a r l i e r   P a t e n t   No.  1 8 8 7 9 9 7 ,   and  p a r t i c u l a r l y  

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

e x i t 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   and  s e a l i n g l y   e n g a g i n g  

t h e   r o t o r .   I t   is   a g a i n   p o i n t e d   ou t   t h a t   t h i s   a n n u l a r  

s e a l i n g   e l e m e n t   is  g e n e r a l l y   c o a x i a l   w i t h   t he   p o r t   e x i t 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 .   U . S .   P a t e n t   No.  2 1 5 8 3 8 6 ,  

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

w i t h i n   w h i c h   i s   r e c e i v e d   a  s l e e v e   25  s u p p o r t e d   in   a  s p a c e d  

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

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

s l e e v e   is   a t t a c h e d   to  t h e   c y l i n d e r   h e a d .   More  p a r t i c u l a r l y  

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

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



w h e r e b y   the   two  p a r t s   a r e   r e s i l i e n t l y   b i a s e d   t o g e t h e r   b y  

means   of  s p r i n g s .   U . S .   P a t e n t s   Nos.   2 8 5 3 9 8 0   and  3 8 7 1 3 4 0 ,   t o  

Z immerman ,   d e s c r i b e   a  r o t a r y   v a l v e   a r r a n g e m e n t   w i t h   the   h e a d  

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

v a l v e   r o t o r ,   f o r m e d   i n t e g r a l   w i t h   t he   head   is  a  r e s i l i e n t  

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

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

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 .   T h i s   a n n u l a r  

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

e n g a g e s   t he   v a l v e   r o t o r .   U.S .   P a t e n t   No.  3 9 9 0 4 2 3 ,   to  C r o s s ,  

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

s u p p o r t e d   in  a  two  p a r t   h o u s i n g   w i t h   one  of  t h e   h o u s i n g  

p a r t s   f o r m i n g   the   c y l i n d e r   of  t h e   e n g i n e .   The  two  p a r t  

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

w i t h   t h e  v a l v e   r o t o r   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   by  means   of  a  p o r t .   An  a n n u l a r   s e a l i n g   e l e m e n t   i s  

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

r o t o r .   T h e s e   known  r o t a r y   v a l v e s   have   s u f f e r e d   f rom  t h e  

d r a w b a c k s   of  most   r o t a r y   v a l v e s   in  t h a t   t h e y   a r e   g e n e r a l l y  

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

c o n s u m e   e x c e s s i v e   a m o u n t s   of  o i l   or  r e q u i r e   e x t e r n a l   o i l  

c o n t r o l   m e t h o d s .  

I t   s h o u l d   be  n o t e d   t h a t   in  e a c h   of  t he   p r i o r   r o t a r y  

v a l v e s   d e s c r i b e d   a b o v e ,   t h e r e   i s   no t   p r o v i d e d   a  two  p a r t  

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

head   or  b l o c k .   More  p a r t i c u l a r l y   t h e r e   i s   no t   p r o v i d e d   a  

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

s e a l i n g   d e v i c e   to  e n g a g e   the   f i r s t   s e a l i n g   d e v i c e   a n d  

s e a l i n g l y   c o n n e c t   i t   w i t h   the   head   or  b l o c k   of  t h e   e n g i n e .  

I t   is  an  o b j e c t   of  the   p r e s e n t   i n v e n t i o n   to  o v e r c o m e  

or  s u b s t a n t i a l l y   a m e l i o r a t e   t he   a b o v e   d i s a d v a n t a g e s .  

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

r e c e i v e   a  p i s t o n   to  c o o p e r a t e   t h e r e w i t h   in  p r o v i d i n g   a  

v a r i a b l e   v o l u m e   w o r k i n g   s p a c e   by  r e c i p r o c a t i o n   of  t he   p i s t o n  

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

and  e x t e n d i n g   f rom  s a i d   s p a c e ,   a  r o t a r y   v a l v e   a s s e m b l y   t o  

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

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



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

t he   l o n g i t u d i n a l   p e r i p h e r a l   s u r f a c e   of  s a i d   r o t o r   so  as  t o  

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

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

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

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

r o t o r   in   p h a s e   w i t h   s a i d   p i s t o n ,   b e a r i n g   means   s u p p o r t i n g  

t he   r o t o r   w i t h i n   s a i d   body   f o r   r o t a t i o n   a b o u t   i t s  

l o n g i t u d i n a l   a x i s ,   a  r o t o r   s e a l i n g   means   m o u n t e d   in   s a i d  

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

s e a l i n g   d e v i c e   s e a l i n g l y   e n g a g i n g   s a i d   r o t o r   a n d  

e n c o m p a s s i n g   a  p o r t i o n   of  s a i d   gas   f l o w   p a s s a g e   so  as  t o  

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

s e a l i n g l y   l o c a t e d   w i t h i n   s a i d   c a v i t y   and  s e a l i n g l y  

c o n n e c t i n g   s a i d   r o t o r   and  body  and  a l s o   e n c o m p a s s i n g   s a i d  

gas  f l o w   p a s s a g e   so  as  to  p a r t l y   d e f i n e   s a m e .  

A  p r e f e r r e d   fo rm  of  t he   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

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   to  t h e  

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

F i g u r e   1  i s   a  s c h e m a t i c   s e c t i o n e d   s i d e   e l e v a t i o n   of  a  

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

c h a m b e r   of  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 ;  

F i g u r e   2  i s   a  s c h e m a t i c   s e c t i o n e d   and  e l e v a t i o n   of  t h e  

v a l v e   a s s e m b l y   of  F i g u r e   1 :  

F i g u r e   3  i s   a  s c h e m a t i c   p a r t s   e x p l o d e d   s e c t i o n e d   e n d  

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

v a l v e   of  F i g u r e   1 ;  

F i g u r e   4  i s   a  s c h e m a t i c   b o t t o m   p l a n   v i e w   of  t h e  

a s s e m b l y   of  F i g u r e   3  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 ;  

F i g u r e   5  i s   a  s c h e m a t i c   s i d e   e l e v a t i o n   of  a  s e a l  

a s s e m b l y   u s e d   in   t h e   a s s e m b l y   of  F i g u r e   1 ;  

F i g u r e   6  i s   a  s c h e m a t i c a l l y   d e v e l o p e d   p l a n   v i e w   f o r  

t h e   s p l i t   s e a l   u s e d   in  t h e   s e a l   a s s e m b l y   of  F i g u r e   3 ;  

F i g u r e   7  i s   a  s c h e m a t i c   s e c t i o n e d   s i d e   e l e v a t i o n   of  a  

p o r t i o n   of  t h e   a s s e m b l y   of  t h e   s e a l   of  F i g u r e   5 .  

In  t h e   f o l l o w i n g   p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t  

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

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



of  p r i o r   r o t a r y   v a l v e s ,   as  d e s c r i b e d   p r e v i o u s l y ,   can  b e  

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

s e a l i n g l y   c o n n e c t   t he   r o t o r   w i t h   the   h e a d   or  b l o c k   of  a n  

e n g i n e .   In  t h e   p r e s e n t   i n s t a n c e   a  f i r s t   s e a l i n g   d e v i c e   i s  

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

u s e d   to  c o n n e c t   t h e   s e a l i n g   d e v i c e   w i t h   t h e   head   or  b l o c k   o f  

t h e   e n g i n e .   T h i s   a l l o w s   movemen t   of  t h e   v a l v e   r o t o r   w h i l e  

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

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

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

In  F i g u r e s   1  to  3  t h e r e   is   s c h e m a t i c a l l y   d e p i c t e d   a  

r o t a r y   v a l v e   a s s e m b l y   10  in  a s s o c i a t i o n   w i t h   a  c y l i n d e r   h e a d  

11  m o u n t e d   on  an  e n g i n e   b l o c k   49.  The  h e a d   11,  i n  

c o m b i n a t i o n   w i t h   a  c o - o p e r a t i n g   p i s t o n   12  and  c y l i n d e r   1 3 ,  

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   14.  The  r o t a r y   v a l v e   a s s e m b l y  

10  i n c l u d e s   a  r o t o r   15  w h i c h   i n c l u d e s   l o n g i t u d i n a l l y  

e x t e n d i n g   p a s s a g e s   16  and  17  w h i c h   t e r m i n a t e   on  t h e  

l o n g i t u d i n a l   p e r i p h e r y   s u r f a c e   of  t he   r o t o r   15  so  as  t o  

p r o v i d e   two  r o t o r   p a r t s   43  and  44.  The  r o t o r   p a r t s   43  a n d  

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

r o t o r   15  so  as  to  a l t e r n a t e l y   c o m m u n i c a t e   w i t h   a  head  p o r t  

19  e x t e n d i n g   f rom  t he   c h a m b e r   14.  The  p a s s a g e s   16  and  17  

c o n t r o l   t he   f l o w   of  f u e l   t o ,   and  t he   f l o w   of  e x p e n d e d  

e x h a u s t   g a s e s   f r o m ,   t he   c o m b u s t i o n   c h a m b e r   1 4 .  

In  o p e r a t i o n  o f   t h e   v a l v e   a s s e m b l y   10,  t h e   r o t o r   15  i s  

r o t a t e d   a b o u t   i t s   l o n g i t u d i n a l   a x i s   so  t h a t   t he   p a s s a g e s   16  

and  17  a re   a l t e r n a t e l y   b r o u g h t   i n t o   c o m m u n i c a t i o n   w i t h   t h e  

c o m b u s t i o n   c h a m b e r   14  in   a  t i m e d   s e q u e n c e   w i t h   movement   o f  

t h e   p i s t o n   1 2 .  

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

20  i l l u s t r a t e d   in  F i g u r e   3  in  a  p a r t s   e x p l o d e d   e n d  

e l e v a t i o n .   The  s e a l i n g   c o m b i n a t i o n   20  i n c l u d e s   a  s p l i t  

h o u s i n g   23  c o n s i s t i n g   of  a  b o t t o m   member  21  w h i c h  

c o - o p e r a t e s   w i t h   a  top   member  22  to  d e f i n e   a  g e n e r a l l y  

c i r c u l a r   c a v i t y   26  w h i c h   r o t a t a b l y   r e c e i v e s   t he   g e n e r a l l y  

c y l i n d r i c a l   r o t o r   15.  The  members   21  and  22  a l s o   c o - o p e r a t e  

to  d e f i n e   a  cube   and  h a v e   t h e r e   end  f a c e s   s p a c e d   by  a  g a p  

51.  The  s p l i t   h o u s i n g   23  f u r t h e r   i n c l u d e s   b o l t s   24  ; w h i c h  



in  c o m b i n a t i o n   w i t h   s p r i n g s   25  s e c u r e   t he   two  s u p p o r t  

m e m b e r s   21  and  22  t o g e t h e r   and  b i a s   them  t o w a r d   t h e   r o t o r  

15.  The  member   21  is  f o r m e d   w i t h   t he   p o r t   19  e x t e n d i n g   f r o m  

the   c h a m b e r   14.  L o c a t e d   w i t h i n   t h e   c i r c u l a r   c a v i t y   26  is   a  

s p l i t   g e n e r a l l y   c y l i n d r i c a l   h o l l o w   r o t o r   s e a l   27  in   t he   f o r m  

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

s u r f a c e s   28  and  29  of  t he   m e m b e r s   21  and  22.  As  t h e   t w o  

m e m b e r s   21  and  22  a r e   u r g e d   t o g e t h e r   by  means   of  t h e   s p r i n g s  

25,  t h e   s e a l   27  is   b i a s e d   to  d e f i n e   a  g e n e r a l l y   c y l i n d r i c a l  

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

t he   r o t o   15.   The  s e a l   a s s e m b l y   20  a c t s   as  a  s e a l   i n  

r e t a i n i n g   t h e   c o m b u s t i o n   g a s e s   w i t h i n   t h e   c h a m b e r   1 4 .  

The  e x t r e m i t i e s   30  of  t h e   s e a l   27  c o - o p e r a t e   to  d e f i n e  

a  g e n e r a l l y   a r c u a t e   s h a p e d   g r o o v e   32  w i t h i n   w h i c h   is  l o c a t e d  

a  s e a l i n g  s t r i p   31  w h i c h   is   made  of  g e n e r a l l y   p l i a b l e  

m a t e r i a l   s u c h   as  an  e l a s t o m e r   so  as  to  c o n f o r m   to  i t s  

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

g r o o v e   32.   The  s t r i p   31,  w h i c h   is   a l s o   d e p i c t e d   in   F i g u r e s  

5  and  7,  i s   b i a s e d   to  e n g a g e m e n t   w i t h i n   t h e   g r o o v e   32  b y  

means   of  a  r e s i l i e n t   l e a f - t y p e   s p r i n g   33  a l s o   d e p i c t e d   i n  

F i g u r e   5.  H o w e v e r   t he   s p r i n g s   23  c o u l d   a l s o   t a k e   t he   f o r m  

of  c o i l   s p r i n g s .   The  s p l i t   s e a l   27,  in  c o m b i n a t i o n   w i t h   t h e  

s p r i n g - l o a d e d   h o u s i n g   23  and  w i t h   t he   s e a l i n g   s t r i p   3 1 ,  

e n a b l e   t h e   r o t o r   15  to  be  c o n s t r u c t e d   of  d i f f e r e n t   m a t e r i a l  

to  t h a t   of  t h e   s u p p o r t i n g   and  s e a l i n g   c o m b i n a t i o n   20  b y  

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

m a t e r i a l s   e m p l o y e d .   A d d i t i o n a l l y   t h e   s p l i t   s e a l   27  i n  

c o m b i n a t i o n   w i t h   t he   s p r i n g - l o a d e d   h o u s i n g   23  c o m p e n s a t e s  

f o r   t h e   v a r i a t i o n   in  e x p a n s i o n   of  t h e   r o t o r   15  and  of  t h e  

s e a l   a s s e m b l y   20  due  to  c h a n g i n g   t h e   t e m p e r a t u r e   c o n d i t i o n s  

to  w h i c h   t h e   v a l v e   a s s e m b l y   10  i s   s u b j e c t e d   t o .   W i t h  

p a r t i c u l a r   r e f e r e n c e   to  F i g u r e   7  i t   can  be  s e e n   t h a t   t h e  

s e a l i n g   s t r i p   31  has  a  end  46  of  c i r c u l a r   c r o s s   s e c t i o n   a n d  

w h i c h   is   t h e   p l i a b l e   p o r t i o n   of  t h e   s t r i p   31  w h i c h   s e a l i n g l y  

s l i d i n g l y   e n g a g e s   t he   s u r f a c e s   47  of  t h e   g r o o v e   32.  As  t h e  

s e a l   27  e x p a n d s   and  c o n t r a c t s   due  to  c h a n g i n g   t e m p e r a t u r e  

c o n d i t i o n s   w i t h i n   t he   e n g i n e ,   t h e   end  46  w i l l   c o m p e n s a t e   f o r  

m o v e m e n t   b e t w e e n   the   s u r f a c e s   47.   A d d i t i o n a l l y   t h e   s e a l i n g  



s t r i p   31  s l i d i n g l y   e n g a g e s   the   r o t o r   15  and  a c t s   to  p r e v e n t  

o i l   p a s s i n g   t h e   s e a l i n g   s t r i p   31.  The  s t r i p   31  a l s o   f o r c e s  

o i l   t h r o u g h   t h e   p a s s a g e s   39,  w h i c h   d r a i n   o i l   f r om  t h e  

g r o o v e s   38,  by  a c t i n g   as  a  d a m .  

The  r o t o r   15  i s   s u p p o r t e d   by  means   of  b e a r i n g s   34  

w h i l e   t he   s e a l   27  s e a l i n g l y   e n g a g e s   t h e   e x t e r n a l   s u r f a c e   o f  

t he   r o t o r   15.  A c c o r d i n g l y   the   s e a l   27  p r o v i d e s   an  e f f e c t i v e  

s e a l   a b o u t   t h e   r o t o r   15  to  i n h i b i t   t h e   f l o w   of  o i l   to  t h e  

c o m b u s t i o n   c h a m b e r   14  and  the   f l o w   of  g a s e s   t h r o u g h   t h e  

v a l v e   a s s m e b l y   10  o t h e r   t h a n   t h a t   p e r m i t t e d   to  e x i t   or  e n t e r  

by  means  of  t h e   p a s s a g e s   16  and  17.  T h i s   is   a c h i e v e d   b y  

p r e s s u r e   b e i n g   a p p l i e d   to  t he   s u r f a c e s   of  t h e   v a l v e   r o t o r   15  

and  t he   i n n e r   s u r f a c e   of  t he   s e a l   27  in  t h e   a r e a   a d j a c e n t  

the   p o r t   19.  T h i s   p r e s s u r e   is  a p p l i e d   f i r s t l y   to  t h e   f l a t  

s u r f a c e   48  of  t h e   b o t t o m   member  21  and  is   t r a n s m i t t e d   to  i t s  

i n n e r   s u r f a c e   28  and  t h e n   to  t he   o u t e r   s u r f a c e   of  s e a l   2 7 .  

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

p r e s s u r e   of  gas   in  t h e   c o m b u s t i o n   c h a m b e r   14  i s   c r e a t e d   b y ;  

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

t h e   member  21,  a r i s i n g   f rom  c o m b u s t i o n   p r e s s u r e s   a c t i n g   o n  

a r e a   48  ( s e e   F i g .   4 ) ,  

(b)  d e f o r m a t i o n   of  t he   r e s i l i e n t   s e a l   36,  a n d  

(c)  t h e   p r e l o a d   f o r c e s   a p p l i e d   b y  t h e   s p r i n g s   2 5 .  

The  s p l i t   h o u s i n g   23  is   l o c a t e d   in  a  c a v i t y   45  

p r o v i d e d   in  t h e   head   11  and  e x t e n d i n g   f rom  t he   c o m b u s t i o n  

c h a m b e r   14.  The  s p l i t   h o u s i n g   has  a  c l e a r a n c e   35  a r o u n d   i t s  

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

s e a l i n g   c o m b i n a t i o n   20  r e l a t i v e   to  t h e   head   11.  The  s p l i t  

h o u s i n g   23  i s   s e a l i n g l y   e n g a g e d   w i t h   t he   head   11  by  means   o f  

a  r e s i l i e n t   s e a l   36  w h i c h   has  f l e x i b l e   f l a n g e s   so  as  t o  

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

l o n g i t u d i n a l   c r o s s   s e c t i o n .   The  r e s i l i e n t   s e a l   36  p e r m i t s  

r o c k i n g   m o v e m e n t   of  t h e   members   21  and  22  w h i l e   s t i l l  

r e t a i n i n g   s e a l i n g   c o n t a c t   b e t w e e n   t he   head   11  and  member  2 1  

and  c l e a r a n c e   v a r i a t i o n s   due  to  t h e r m a l   e x p a n s i o n .  

In  use   t h e   s e a l   36  is   r e s i l i e n t l y   d e f o r m e d   so  t h a t   t h e  

f l a n g e s   a r e   b i a s e d   to  e n g a g e   t h e   head   11  and  b o t t o m   m e m b e r  

21.  u n d e r   h i g h   p r e s s u r e   c o n d i t i o n s   t he   f l a n g e s   a r e   f o r c e d  



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

11  and  member   21.  - P r e f e r a b l y   t h e   s e a l   36  w o u l d   be  m a c h i n e d  

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

f l a n g e s   t a p e r i n g   t o w a r d s   t h e i r   i n n e r   e x t r e m i t i e s .   By  

p r o v i d i n g   a  s e a l   36  of  r e l a t i v e l y   s m a l l   d i a m e t e r ,   b e t w e e n  

t h e   h e a d   11  and  the   b o t t o m   s u p p o r t   member  21,  t h e   f o r c e  

a p p l i e d   to   t h e   r o t o r   15  by  t h e   c o m b u s t i o n   g a s e s   c an   b e  

r e d u c e d   by  r e d u c t i o n   of  t h e   a r e a   48,  of  t h e   member   2 1 ,  

e x p o s e d   to   t h e   c o m b u s t i o n   c h a m b e r   1 4 .  

Now  w i t h   r e f e r e n c e   a l s o   to  F i g u r e   6  w h e r e i n   t h e   s p l i t  

s e a l   27  i s   i l l u s t r a t e d   in   p l a n   v i e w ,   w i t h   t h e   s e a l   27 

f l a t t e n e d   f o r   e a s e   of  d e s c r i p t i o n .   The  s e a l   27  i n c l u d e s   t w o  

o i l   p o r t s   37  w h i c h   d e l i v e r   o i l   to  t he   l o a d   b e a r i n g   s u r f a c e s  

of  t h e   s e a l   27.  D e f i n e d   in   t h e   s e a l   27  is   a  p a s s a g e   18  

w h i c h   p r o v i d e s   fo r   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   14  and  the   p a s s a g e s   16  and  17.  A d d i t i o n a l l y   t h e  

s e a l   27  i s   p r o v i d e d   w i t h   two  o i l   c o n t r o l   g r o o v e s   38  w h i c h  

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

a r e a s   52  t o  a n   a r e a  o f   t h e  s e a l   27  w h i c h   w i l l   b e   e x p o s e d   t o  

the   c o m b u s t i o n   c h a m b e r   14,  or  p o r t s   16  and  17.  The  s e a l   27 

a l s o   p r o v i d e s   two  l o a d   b e a r i n g   a r e a s   52  to  s u p p o r t   t he   s p l i t  

h o u s i n g   23  and  r e t a i n s   i t   in  p o s i t i o n .  

C o m m u n i c a t i n g   w i t h   t h e   o i l   c o n t r o l   g r o o v e s   38  a r e  

p a s s a g e s   39  w h i c h   p r o v i d e   f o r   t h e   d r a i n i n g   of  o i l   f rom  t h e  

g r o o v e s   38.  o i l   is  d e l i v e r e d   to  t he   p o t s   37  by  means   of  a n  

o i l   g a l l e r y   40  w h i c h   i s   d e p i c t e d   in  F i g u r e   2.  A d d i t i o n a l l y  

t he   s e a l   27  wou ld   be  p r o v i d e d   w i t h   a  l o c a t i o n   i n d e n t a t i o n   4 1  

w h i c h   r e c e i v e s   a  l o c a t i o n   peg  42  to  p r e v e n t   r o t a t i o n   of  t h e  

s e a l   2 7 .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   t he   o i l   c o n t r o l   g r o o v e s  

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

a r e a s   52  and  t h e   a r e a s   e x p o s e d   to  t he   p a s s a g e s   16  and  17  a n d  

t he   p o r t   19.  More  p a r t i c u l a r l y   s i d e   l e a k a g e   f r o m   t h e  

h y d r o d y n a m i c a l l y   l u b r i c a t e d   a r e a s   51  e n t e r s   t h e   o i l   c o n t r o l  

g r o o v e s   38  and  i s   c a r r i e d   by  r o t a t i o n   of  t h e   r o t o r   15  t o  

d r a i n a g e   p a s s a g e s   3 9 .  

C o o l i n g   of  t he   r o t a r y   v a l v e   10  may  be  a c h i e v e d   by  a  

w a t e r   j a c k e t   w h i c h   p e r m i t s   t h e   f l o w   of  w a t e r   p a s t   t h e   r o t a r y  



v a l v e   a s s e m b l y   10,  and  more  p a r t i c u l a r l y   p a s t   t h e   s i d e s   o f  

t h e   s p l i t   h o u s i n g   2 3 .  

To  p r e v e n t   t he   e s c a p e   of  w a t e r   f r o m   the   w a t e r   j a c k e t  

t h e r e   wou ld   be  p r o v i d e d   s e a l s   w h i c h   s e a l i n g l y   c o n t a c t   t h e  

e x t e r n a l   s u r f a c e   of  t h e   s p l i t   h o u s i n g   23.  T h i s   p a r t i c u l a r  

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

e x t r a c t i o n   of  h e a t   f rom  t he   r o t a r y   v a l v e   a s s e m b l y   1 0 .  

C o o l i n g   of  t he   r o t a r y   v a l v e   a s s e m b l y   10  may  a l s o   b e  

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

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

m e d i u m .  

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

d i s s i p a t i o n   of  h e a t   f rom  the   r o t a r y   v a l v e   a s s e m b l y   10.  M o r e  

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

s u p p o r t   member  22,  h o w e v e r   member  21  c o u l d   a l s o   be  p r o v i d e d  

w i t h   f i n s .  

I t   s h o u l d   be  a p p r e c i a t e d   t h a t   h e a t   c o n d u c t i o n   f rom  t h e  

r o t o r   15  is   e n h a n c e d   by  t he   a r e a   of  c o n t a c t   b e t w e e n   t h e   s e a l  

27  and  the   r o t o r   15,  and  in  t u r n   t he   a r e a   of  c o n t a c t   b e t w e e n  

t h e   s e a l   27  and  t he   s u p p o r t   m e m b e r s   21  and  22  and  t he   c u b e  

s h a p e   of  t he   s e a l i n g   c o m b i n a t i o n   20.  The  h e a t   t r a n s f e r  

b e t w e e n   members   21  and  22  is   e n h a n c e d   by  t h e   l a r g e   a r e a   o f  

c o n t a c t   and  c o n t a c t   p r e s s u r e   b e t w e e n   t h e   two  member s   21  a n d  

22.  T h i s   c o n t a c t   f o r c e   r e s u l t s   f rom  t r a n s v e r s e   p r e s s u r e  
b e t w e e n   t he   v e r t i c a l   a b u t t i n g   s i d e s   of  t h e   s e a l   members   21  

and  22.  A d d i t i o n a l l y   as  t he   a r e a   48  of  t h e   s e a l i n g  

c o m b i n a t i o n   20  e x p o s e d   to  t he   c o m b u s t i o n   c h a m b e r   14  i s  

m i n i m i s e d ,   so  too   is   t h e   h e a t   a b s o r b e d   by  t he   s e a l  

c o m b i n a t i o n   20  due  to  i t s   e x p o s u r e   to  t h e   h e a t   w i t h i n   t h e  

c o m b u s t i o n   c h a m b e r   14.  The  a r e a   48  is   r e d u c e d   by  p r o v i d i n g  

t h e   head   1 1 - w i t h   f l a n g e   p o r t i o n s   50  w h i c h   p r o j e c t   r a d i a l l y  

i n w a r d l y   above   t he   c y l i n d e r   13.  Hea t   a b s o r p t i o n   i n t o  

s e a l i n g   c o m b i n a t i o n   20  is   f u r t h e r   r e d u c e d   by  m i n i m i s i n g   t h e  

l e n g t h   of  p o r t   19  in   b o t t o m   member  21.  S h o r t e n i n g   of  p o r t  

19  is   made  p o s s i b l e   by  s p l i t   h o u s i n g   c o n s t r u c t i o n   of  s e a l  

a s s e m b l y   20  in  c o m b i n a t i o n   w i t h   r e s i l i e n t   s e a l   36.  To  a i d  

in  h e a t   t r a n s f e r ,   t h e   members   21  and  22  have   e l o n g a t e d   s i d e s  

53  and  54  to  i n c r e a s e   t h e   a r e a   of  c o n t a c t   b e t w e e n   t h e  



m e m b e r s   2 1  a n d   2 2 .  



1.  A  c o m b i n a t i o n   i n c l u d i n g   a  body   h a v i n g   a  c y l i n d e r  

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

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

and  e x t e n d i n g   f rom  s a i d   s p a c e ,   a  r o t a r y   v a l v e   a s s e m b l y   t o  

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

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

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

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

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

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

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

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

r o t o r   in  p h a s e   w i t h   s a i d   p i s t o n ,   b e a r i n g   means   s u p p o r t i n g  

t h e   r o t o r   w i t h i n   s a i d   body  f o r   r o t a t i o n   a b o u t   i t s  

l o n g i t u d i n a l   a x i s ,   a  r o t o r   s e a l i n g   means   m o u n t e d   in  s a i d  

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

s e a l i n g   d e v i c e   s e a l i n g l y   e n g a g i n g   s a i d   r o t o r   a n d  

e n c o m p a s s i n g   a  p o r t i o n   of  s a i d   gas  f l o w   p a s s a g e   so  as  t o  

p a r t l y   d e f i n e   same,   and  a  r e s i l i e n t   s e c o n d   s e a l i n g   d e v i c e  

s e a l i n g l y   l o c a t e d   w i t h i n   s a i d   c a v i t y   and  s e a l i n g l y  

c o n n e c t i n g   s a i d   r o t o r   and  body  and  a l s o   e n c o m p a s s i n g   s a i d  

gas   f l o w   p a s s a g e   so  as  to  p a r t l y   d e f i n e   s a m e .  

2.  The  c o m b i n a t i o n   of  c l a i m   1  w h e r e i n   s a i d   f i r s t  

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

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

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

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

3.  The  c o m b i n a t i o n   of  c l a i m   2  f u r t h e r   i n c l u d i n g   a  

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

l o c a t e d   w i t h i n   s a i d   l o n g i t u d i n a l   p a s s a g e   so  as  to  b e  

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

b e i n g   b i a s e d   i n t o   s e a l i n g   e n g a g e m e n t   w i t h   s a i d   r o t o r   by  s a i d  

two  p a r t   h o u s i n g ,   s a i d   s l e e v e   and  one  of  s a i d   h o u s i n g   p a r t s  

p r o v i d i n g   a  p o r t i o n   of  s a i d   gas  f l o w   p a s s a g e   to  p r o v i d e   f o r  

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

4.  The  c o m b i n a t i o n   of  c l a i m   1,  2  or  3  w h e r e i n   s a i d  



s e c o n d   s e a l i n g   d e v i c e   i s   an  a n n u l a r   s e a l   h a v i n g   a  g e n e r a l l y  

V - s h a p e d   t r a n s v e r s e   l o n g i t u d i n a l   c r o s s   s e c t i o n   so  as  t o  

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

s a i d   f i r s t   s e a l i n g   d e v i c e .  

5.  The  c o m b i n a t i o n   of  c l a i m   3  w h e r e i n   s a i d   s l e e v e   i s  

s p l i t   l o n g i t u d i n a l l y   by  means   of  a  l o n g i t u d i n a l   g r o o v e .  

6.  The  c o m b i n a t i o n   of  c l a i m   5  f u r t h e r   i n c l u d i n g   a  

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

c o n t a c t   w i t h   s a i d   r o t o r   and  g r o o v e .  

7.  The  c o m b i n a t i o n   of  c l a i m   6  w h e r e i n   s a i d   b o d y  

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

g e n e r a l l y   c l o s i n g   one  end  of  s a i d   c y l i n d e r   and  w h i c h  

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

and  f l a n g e   p o r t i o n s   w h i c h   p r o j e c t   r a d i a l l y   i n w a r d l y   so  as  t o  

g e n e r a l l y   c l o s e   s a i d   one  end  of  s a i d   c y l i n d e r   a n d  

t e r m i n a t i n g   to  p r o v i d e   a  head   p o r t   c o m m u n i c a t i n g   w i t h   s a i d  

gas   f l o w   p a s s a g e ,   and  s a i d   r e s i l i e n t   s e a l   e n g a g e s   s a i d  

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

8.  The  c o m b i n a t i o n   of  c l a i m . 7   w h e r e i n   s a i d   c a v i t y  

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

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

t r a n s v e r s e   c r o s s - s e c t i o n .  

9.  The  c o m b i n a t i o n   of  c l a i m   5  f u r t h e r   i n c l u d i n g   a  

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

c o n t a c t   w i t h   s a i d   r o t o r   and  g r o o v e .  

10.  The  c o m b i n a t i o n   of  c l a i m   6  or  9  f u r t h e r   i n c l u d i n g  

o i l   d e l i v e r y   means   to  d e l i v e r   o i l   to  s a i d   r o t o r   s e a l i n g  

means   to  l u b r i c a t e   s a m e ,   and  w h e r e i n   s a i d   s l e e v e   has   t w o  

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

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

s a i d   s l e e v e   e x p o s e d   to  s a i d   r o t o r   p o r t s ,   and  d r a i n   p a s s a g e s  

to  d u c t   o i l   f r o m   s a i d   g r o o v e s .  
11.  The  c o m b i n a t i o n   of  c l a i m   2  or  3  w h e r e i n   s a i d  

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

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

c o n t a c t   b e t w e e n   t he   h o u s i n g   p o r t i o n s   to  s a i d   h e a t   t r a n s f e r .  

12.  A  r o t a r y   v a l v e   a s s e m b l y   s u b s t a n t i a l l y   a s  

h e r e i n b e f o r e   d e s c r i b e d   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  

d r a w i n g s .  



13.  The  f e a t u r e s   as  h e r e i n   d e s c r i b e d ,   or  t h e i r  

e q u i v a l e n t s ,   in  any  p a t e n t a b l y   n o v e l   s e l e c t i o n .  
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