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@  Internal-combustion  engine  with  additional  expansion. 

The  present  invention  relates  to  an  internal  combustion 
engine  having  at  least  one  primary  cylinder  (A,  B)  operating 
on  the  Otto  cycle  and  an  associated  secondary  cylindery 
(C)  which  cylinders  are  operatively  coupled  to  a  common 
crankshaft  (30);  and  wherein  the  secondary  cylinder  (C) 
is  operatively  coupled  to  the  primary  cylinder  (A,  B)  such 
that  exhaust  gas  from  the  primary  cylinder  (A,  B)  is  ex- 
hausted  into  the  secondary  cylinder  (C)  where  it  expands, 
driving  the  piston  of  the  secondary  cylinder  subsequently 
exhausts  the  exhaust  gas  to  atmosphere. 



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

e n g i n e   u t i l i s i n g   t h e   O t t o   c y c l e   e m p l o y s   f o u r   s t r o k e s .   T h e  

f i r s t   i s   an  i n d u c t i o n   s t r o k e ,   w h e r e i n   t h e   s i z e   of  t h e  

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

m i x t u r e   t h e r e i n t o ;   a  c o m p r e s s i o n   s t r o k e ,   w h e r e i n   t h e   s i z e  

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

t h e   f u e l   a i r   m i x t u r e ;   a  p o w e r   s t r o k e ,   w h e r e i n   t h e   s i z e   o f  

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

of  t h e   c o m p r e s s e d   f u e l   a i r   m i x t u r e ;   and   an  e x h a u s t   s t r o k e ,  

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

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

t h e r e   i s   o n l y   one  p o w e r   s t r o k e   in   e v e r y   f o u r   s t r o k e s   o f  

t h e   e n g i n e .  

A  d i s a d v a n t a g e   of  t h e   O t t o   c y c l e   i s   t h a t   t h e  

p o w e r   and  e x h a u s t   s t r o k e s   a r e   t h e   same  l e n g t h   as  t h e  

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

t h e r m a l   e f f i c i e n c y   to   a b o u t   2 0 % .  

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

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



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

one  p r i m a r y   c y l i n d e r   o p e r a t i n g   on  t h e   O t t o   c y c l e   and  a n  

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

o p e r a t i v e l y   c o u p l e d   to   a  common  c r a n k s h a f t ;   and  w h e r e i n  

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

c y l i n d e r   s u c h   t h a t   e x h a u s t   gas   f rom  t h e   p r i m a r y   c y l i n d e r   i s  

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

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

c y l i n d e r   s u b s e q u e n t l y   e x h a u s t s   t h e   e x h a u s t   gas   to   a t m o s p h e r e .  

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

t h e   or  e a c h   p r i m a r y   c y l i n d e r   a n d  t h e   a s s o c i a t e d   s e c o n d a r y  

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

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

to   a t m o s p h e r i c   p r e s s u r e .  

C o n v e n i e n t l y ,   t h e   l e n g t h   of  t h e   s t r o k e s   of  t h e  

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

t h e   s a m e .  

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

o p e r a t e s   on  a  t w o - s t r o k e   c y c l e .   I t   i s   a d v a n t a g e o u s   t o  

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

one  of  two  p r i m a r y   c y l i n d e r s ,   t h e   s e c o n d a r y   c y l i n d e r  

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

c y c l e   of  e i t h e r   p r i m a r y   c y l i n d e r ,   t h e   p r i m a r y   c y l i n d e r s  



b e i n g   180  d e g r e e s   o u t   of   p h a s e   one  w i t h   r e s p e c t   to   t h e  

o t h e r .  

The  i n t e r n a l   c o m b u s t i o n   e n g i n e   may  work   b y  

s p a r k   i g n i t i o n   or   by  c o m p r e s s i o n   i g n i t i o n .  

A u x i l l i a r y   s e r v i c e s   f o r   t h 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   a r e   d r i v e n   f rom  t h e   or  e a c h   c r a n k   s h a f t   in   t h e   u s u a l  

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

o i l   a n d / o r   a i r ,   g e n e r a t o r s   and  t h e   l i k e .  

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

i n v e n t i o n   has   a  n o n - r e t u r n   i n l e t   v a l v e   in   t h e   h e a d   of  t h e  

or  e a c h   p r i m a r y   c y l i n d e r   f o r   i n d u c t i o n   of   f u e l / a i r   m i x t u r e  

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

of  e x h a u s t   gas   f rom  t h e   or   e a c h   p r i m a r y   c y l i n d e r   to   t h e  

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

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

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

v a l v e   a l t h o u g h   i t   may  a l t e r n a t i v e l y   be  p r o v i d e d   by  a  

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

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   f u r t h e r ,   b y  

way  of  e x a m p l e ,   and  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   in   w h i c h : -  



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

t h e   p r i n c i p l e   of  o p e r a t i o n   of  an  e n g i n 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 u r e   2  i s   a  s c h e m a t i c   l o n g i t u d i n a l   s e c t i o n a l  

v i e w   of  an  e n g i n e   a c c o r d i n g   to   t h e   i n v e n t i o n .  

F i g u r e s   l a   to   Id   show  in   s c h e m a t i c   f o r m   an  e n g i n e  

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

c y l i n d e r s   A  and  B  and  a  s i n g l e   s e c o n d a r y   c y l i n d e r   C.  V a l v e s  

2  and  4  c o n t r o l   i n l e t   of  f u e l / a i r   m i x t u r e   to   c y l i n d e r s   A 

and  B  r e s p e c t i v e l y .   V a l v e   6  c o n t r o l s   p a s s a g e   of  c o m b u s t i o n  

g a s e s   f r o m   c y l i n d e r   A  to   c y l i n d e r   C,  and   v a l v e   8  c o n t r o l s  

p a s s a g e   of   c o m b u s t i o n   g a s e s   f r o m   c y l i n d e r   B  to   c y l i n d e r   C .  

V a l v e   10  c o n t r o l s   e x h a u s t   of  s p e n t   g a s e s   f r o m   c y l i n d e r   C .  

The  p i s t o n s   a s s o c i a t e d   w i t h   t h e   c y l i n d e r s   A,  B  a n d   C  a r e  

c o n n e c t e d   to   a  common  t h r e e - t h r o w   c r a n k s h a f t   ( n o t   shown  i n  

t h e   d r a w i n g s ) .  

In   F i g u r e   l a   t h e   c y l i n d e r   A  h a s   j u s t   r e a c h e d   T . D . C .  

w i t h   v a l v e   2  c l o s e d   and  v a l v e   6  o p e n ,   c o m b u s t i o n   gas   b e i n g  

t r a n s f e r r e d   f r o m   c y l i n d e r   A  to   c y l i n d e r   C,  v a l v e s   10  a n d  

8  b e i n g   c l o s e d .   At  t h i s   p o i n t   i n   t i m e   c y l i n d e r   C  h a s   a l s o  

r e a c h e d   T . D . C .   and   t h e   f u e l / a i r   m i x t u r e   t h e r e i n   has   b e e n  

i g n i t e d ,   t h e   v a l v e   4  b e i n g   c l o s e d .   The  p i s t o n  o f   c y l i n d e r  

C  h a s   b e e n   d r i v e n   down  to   B . D . C .   by  t h e   e x h a u s t   gas   f r o m  

c y l i n d e r   A.  The  p i s t o n s   of  c y l i n d e r s   A  and   B  now  m o v e  



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

t h e   p o s i t i o n   shown  in   F i g u r e   1b  i s   r e a c h e d ,   c y l i n d e r   B 

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

u n d e r   i t s   i n d u c t i o n   s t r o k e .  

R e f e r r i n g   now  to   F i g u r e   1b  t h e   p i s t o n   of  c y l i n d e r  

A  has   r e a c h e d   B . D . C . ,   v a l v e   2  h a v i n g   b e e n   open   d u r i n g   i t s  

d o w n s t r o k e   w i t h   v a l v e   6  c l o s e d   t h u s   a l l o w i n g   f u e l / a i r  

m i x t u r e   to   be  d r a w n   i n t o   c y l i n d e r   A,  and  a t   t h e   p o i n t   s h o w n  

v a l v e   2  has   j u s t   c l o s e d .   D u r i n g   t h e   d o w n s t r o k e   of  t h e  

p i s t o n   of  c y l i n d e r   B  b o t h   v a l v e s   8  and  4  h a v e   b e e n   c l o s e d  

and  a t   t h e   p o i n t   shown  v a l v e   8  i s   j u s t   a b o u t   to   o p e n .  

D u r i n g   t h e   u p s t r o k e   of  p i s t o n   of  c y l i n d e r   C  t h e   v a l v e   1 0  

has   b e e n   open   and  a t   t h e   p o i n t   shown  has   j u s t   c l o s e d ,   s p e n t  

gas   b e i n g   e x h a u s t e d   t h r o u g h   v a l v e   10  to   t h e   a t m o s p h e r e .  

The  p i s t o n s   of  c y l i n d e r s  A   and  B  a g a i n   s t a r t   to   move  u p w a r d s  

and  t h e   p i s t o n   of  c y l i n d e r   C  s t a r t s   to   move  d o w n w a r d s ,   t h e  

gas   in   c y l i n d e r   A  b e i n g   c o m p r e s s e d   and  t h a t   in   c y l i n d e r   B 

b e i n g   t r a n s f e r r e d   to   c y l i n d e r   C .  

In  F i g u r e   1c  t h e   p i s t o n   of  c y l i n d e r   A  h a s  

r e a c h e d   t h e   end  of  i t s   c o m p r e s s i o n   s t r o k e   a t   T . D . C .   a n d  

t h e   gas   t h e r e i n   i s   i g n i t e d .   P i s t o n   of   c y l i n d e r   B  h a s  

a l s o   r e a c h e d   T . D . C .   and  t h e   gas   t h e r e f r o m   has   b e e n   t r a n s -  

f e r r e d   to   c y l i n d e r   C.  D u r i n g   t h e   u p s t r o k e   of  c y l i n d e r   A 

t h e   v a l v e s   2  and  6  h a v e   b e e n   c l o s e d .   D u r i n g   t h e   u p s t r o k e  

of  t h e   p i s t o n   of  c y l i n d e r   B  v a l v e   4  h a s   b e e n   c l o s e d   a n d  



v a l v e   8  o p e n   and  d u r i n g   t h e   d o w n s t r o k e   of  c y l i n d e r   C  t h e  

v a l v e   10  h a s   b e e n   c l o s e d .   At  t h e   p o i n t   shown  in   F i g u r e   1 c  

v a l v e s   4  and   10  a r e   a b o u t   to   o p e n ,   and   v a l v e   8  a b o u t   t o  

c l o s e ,   v a l v e s   2  and  6  b e i n g   c l o s e d .   The  p i s t o n   of  c y l i n d e r  

A  i s   d r i v e n   down  u n d e r   i t s   p o w e r   s t r o k e ,   t h e   p i s t o n   o f  

c y l i n d e r   B  m o v i n g   down  in   i t s   i n d u c t i o n   s t r o k e ,   f u e l / a i r  

m i x t u r e   b e i n g   d r a w n   i n   t h r o u g h   v a l v e   4 .   The  p i s t o n   o f  

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

v a l v e   1 0 .  

In  F i g u r e   1d  t h e   p i s t o n   of  c y l i n d e r s   A  and  B 

h a v e   b o t h   r e a c h e d   B . D . C .   The  v a l v e   6  of  c y l i n d e r   A  i s  

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

p u s h i n g   down  t h e   p i s t o n   t h e r e o f   w i t h   v a l v e s   10  and  8  

c l o s e d .   The  p i s t o n   of   c y l i n d e r   B  i s   a b o u t   to   s t a r t   i t s  

c o m p r e s s i o n   s t r o k e   w i t h   v a l v e s   4  and  8  c l o s e d .   T h e  

p i s t o n s   of   c y l i n d e r s   A  and   B  t h e r e f o r e   move  u p w a r d l y   a n d  

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

p o s i t i o n   shown   in   F i g u r e   1a  r e o c c u r s .  

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

r e p e a t e d .  

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

f u r t h e r   f o r m   of   an  e n g i n e   a c c o r d i n g   to   t h e   i n v e n t i o n ,  

c o m p r i s i n g   two  of   t h e   t h e r m o d y n a m i c   a s s e m b l i e s   shown  i n  

F i g u r e s   1a  to   1 d .  A   p a i r   of  p r i m a r y   c y l i n d e r s   A1  and   B1 



a r e   o p e r a t i v e l y   l i n k e d   to   a  s e c o n d a r y   c y l i n d e r   C1  by  m e a n s  

of  v a l v e s  1 2 ,   14 ,   16 ,   18  and  20  w h i c h   c o r r e s p o n d   r e s p e c t i v e l y  

to  v a l v e s   2,  4 ,   6,  8  and   10  of  t h e   e n g i n e   shown  in   F i g u r e s  

1a  to   1d .   The  p i s t o n s   A1,  B1  and  C1  a r e   l i n k e d   to   a  

c r a n k s h a f t   30 ,   by  c o n n e c t i n g   r o d s   31,   33  and  3 5 .  A   s e c o n d  

p a i r   of  p r i m a r y   c y l i n d e r s   A2  and  B2  a r e   o p e r a t i v e l y   l i n k e d  

w i t h   a  s e c o n d   s e c o n d a r y   c y l i n d e r   C2  by  m e a n s   of  v a l v e s   4 2 ,  

4 4 ,   4 6 ,   48  and  50  w h i c h   c o r r e s p o n d   to   t h e   v a l v e s ,   2,  4,   6 ,  

8  and  10  in   t h e   e n g i n e   shown  in   F i g u r e s   1a  to   1d .   T h e  

p i s t o n s   of  c y l i n d e r s   A2,  B2  and  C2  a r e   l i n k e d   to   t h e  

c r a n k s h a f t   30  by  m e a n s   of  c o n n e c t i n g   r o d s   4 1 ,   43  and  4 5 ,  

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

w i t h   t h e   c r a n k s h a f t   30  and  a l s o   w i t h   t h e   c o n n e c t i n g   r o d s  

31,   33  and   35  w h i c h   a r e   t h e   m a s t e r   c o n n e c t i n g   r o d s   o p e r a t i n g  

in  known  m a n n e r .   B e a r i n g s   60  a r e   p r o v i d e d   b e t w e e n   e a c h  

c r a n k   of  t h e   c r a n k s h a f t   30 .   O p e r a t i o n   of  t h e   e n g i n e   i s  

s i m i l a r   to   t h a t   shown  in   F i g u r e s   1a  to   1d ,   t h e   s e t   o f  

c y l i n d e r s   A1,  B1  and  C1  b e i n g   90°   o u t   of  p h a s e   w i t h   t h e  

c y l i n d e r s   A2,  B2  and  C 2 .  

The  v a l v e s   shown  s c h e m a t i c a l l y   in   F i g u r e s   1 a  

to   1d  and  F i g u r e   2  a r e   p r e f e r a b l y   p r o v i d e d   by  p o p p e t  

v a l v e s   in   t h e   c a s e   of   v a l v e s   n u m b e r s   2,  4 ,   12 ,   14 ,   42  a n d  

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

s l e e v e   v a l v e s   or  a l t e r n a t i v e l y   p o p p e t   v a l v e s .   The  e n g i n e s  

shown  in   t h e   f i g u r e s   may  be  made  of   any  s u i t a b l e   m a t e r i a l s  

p a r t i c u l a r l y   m e t a l .   ' 



A u x i l i a r y   s e r v i c e s   f o r   t h e   e n g i n e s   shown  in   t h e  

f i g u r e s   may  c o n v e n i e n t l y   be  d r i v e n   by  t h e   c r a n k s h a f t ,   s u c h  

s e r v i c e s   b e i n g   pumps  f o r   f u e l   and  l u b r i c a t i o n   e t c .  

In   t h e   e n g i n e   shown  i n   F i g u r e   1  t h e   c r a n k s h a f t  

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

in   t h e   e n g i n e   of   F i g u r e   2  i t   r e c e i v e s   two  p o w e r   i m p u l s e s  

p e r   r e v o l u t i o n .   The  d u r a t i o n   or  t i m e   of  a p p l i c a t i o n   o f  

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

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

in   p r o p o r t i o n .  

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

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

e n g i n e   and   i s   t h e r e f o r e   p o t e n t i a l l y   l e s s   c o s t l y .  

The  t h e r m a l   e f f i c i e n c y   of  t h e   e n g i n e   may  b e  

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

s e l e c t i n g   t h e   r a t i o   of  t h e   c r o s s   s e c t i o n a l   a r e a   of  e a c h  

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

g a s   ( c o m b u s t e d   f u e l / a i r   m i x t u r e )   may  be  f u l l y   e x p a n d e d   t o  

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

t h e r e b y   e x t r a c t i n g   more   of  t h e   h e a t   e n e r g y   g e n e r a t e d  

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

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

may  a l s o   be  c a p a b l e   o f ' a c c e p t i n g   s u p e r c h a r g i n g   w i t h o u t   a  



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

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

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

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

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

may  a l s o   p r o v i d e   a  g r e a t e r   s p e c i f i c   p o w e r .   ( h e r e   s p e c i f i c  

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

r . p . m .   of  t h e   c r a n k s h a f t   by  an  e n g i n e   of  s p e c i f i c   c a p a c i t y . )  

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

i n v e n t i o n   h a s   a  r e d u c e d   c a p a c i t y .   I t   i s   t h e r e f o r e  

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

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

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

t h e r e f o r e   be  s h o r t e n e d   a l l o w i n g   t h e   maximum  r . p . m .   of  t h e  

c r a n k s h a f t   to   be  r a i s e d .  



1.  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 h a r a c t e r i s e d  

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

( A , B )   o p e r a t i n g   on  t h e   O t t o   c y c l e   and  an  a s s o c i a t e d  

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

c o u p l e d   to   a  common  c r a n k s h a f t   ( 3 0 ) ;   and  w h e r e i n   t h e  

s e c o n d a r y   c y l i n d e r   (C)  i s   o p e r a t i v e l y   c o u p l e d   to   t h e  

p r i m a r y   c y l i n d e r   ( A , B )   s u c h   t h a t   e x h a u s t   gas   f r o m   t h e  

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

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

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

t h e   e x h a u s t   gas   to   a t m o s p h e r e .  

2.   An  e n g i n e   as  c l a i m e d   in   c l a i m   1  c h a r a c t e r i s e d  

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

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

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

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

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

3.  An  e n g i n e   as  c l a i m e d   in   c l a i m   1  or   2  

c h a r a c t e r i s e d   in   t h a t   t h e   l e n g t h   of  t h e   s t r o k e s   of  t h e  

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

s u b s t a n t i a l l y   t h e   s a m e .  

4 .   An  e n g i n e   as  c l a i m e d   in   any  of  c l a i m s   1  t o  



3  c h a r a c t e r i s e d   in   t h a t   t h e r e   a r e   p r o v i d e d   two  p r i m a r y  

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

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

s a i d   p r i m a r y   c y l i n d e r s   a r e   1 8 0 °   ou t   of  p h a s e   w i t h   o n e  

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

c y l i n d e r .  

5.  An  e n g i n e   as  c l a i m e d   in   any  of  c l a i m s  1   t o  

4  c h a r a c t e r i s e d   in   t h a t   t h e r e   i s   p r o v i d e d   a  n o n - r e t u r n  

i n l e t   v a l v e   ( 2 ,   12 ,   4 2 ,   4 ,   14 ,   44 )   in   t h e   h e a d   of  t h e   o r  

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

i n t o   s a i d   c y l i n d e r ,   and  a  v a l v e   ( 6 ,   8,  16 ,   18 ,   46 ,   4 8 )  

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

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

and  a l s o   t h e   e x h a u s t i n g   of   s a i d   e x h a u s t   gas   f r o m   s a i d  

s e c o n d a r y   c y l i n d e r .  

6 .   An  e n g i n e   as  c l a i m e d   in   c l a i m   5  w h e r e i n   s a i d  

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