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(54)  Improvements  in  internal  combustion  engines. 
@  An  internal  combustion  engine  is  provided  which  oper-  stroke  (12).  As  the  fuel  is  burnt  more  thoroughly  and  for  a 
ates  on  a  six  stroke  cycle.  In  one  embodiment,  each  six  stroke  longer  period,  greater  efficiency  results.  In  a  further  embodi- 
cycle  comprises  a  fuel/air  intake  stroke  (7),  a  compression  ment,  the  fuel/air  mixture  is  compressed  twice  in  each  cycle 
stroke  (8),  a  first  power  stroke  (9),  a  second  compression  before  combustion  so  as  to  increase  its  temperature  and 
stroke  (10)  during  which  the  combustion  products  are  pressure  before  ignition, 
compressed,  a  second  power  stroke  (11)  and  an  exhaust 
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 A n   internal  combustion  engine  is  provided  which  oper- 
ates  on  a  six  stroke  cycle.  In  one  embodiment,  each  six  stroke 
cycle  comprises  a  fuel/air  intake  stroke  (7),  a  compression 
stroke  (8),  a  first  power  stroke  (9),  a  second  compression 
stroke  (10)  during  which  the  combustion  products  are 
compressed,  a  second  power  stroke  (11)  and  an  exhaust 

stroke  (12).  As  the  fuel  is  burnt  more  thoroughly  and  for  a 
longer  period,  greater  efficiency  results.  In  a  further  embodi- 
ment,  the  fuel/air  mixture  is  compressed  twice  in  each  cycle 
before  combustion  so  as  to  increase  its  temperature  and 
pressure  before  ignition. 



The  p r e s e n t   i nven t ion   r e l a t e s   to  improvements  in  the  o p e r a t i o n   o f  

i n t e r n a l   combustion  engines ,   and  to  the  r e d u c t i o n   of  i m p u r i t i e s   in  t h e  

exhaust   gases  of  such  engines .   In  p a r t i c u l a r ,   the  i n v e n t i o n   is  d i r e c t e d  

to  an  i n t e r n a l   combustion  engine,   t y p i c a l l y   an  au tomobi le   engine ,   h a v i n g  

a  s ix  s t r o k e   c y c l e .  

The  p r e s e n t   day  four  s t roke   p e t r o l   or  d i e se l   engine ,   as  used  i n  

- motor  v e h i c l e s ,   is  known  to  be  i n e f f i c i e n t   mainly  because   i t   has  t o  

o p e r a t e   over  a  Wide  range  of  speeds .   T y p i c a l l y ,   an  au tomobi le   e n g i n e  

can  conver t   only  about  one  f i f t h   of  the  energy  in  the  g a s o l i n e   f u e l  

in to   d r i v i n g   power  because  a  l a rge   amount  of  heat  is  g e n e r a t e d   a c c o r d -  

ing  to  the  Carnot  cycle .   Another  s e r i o u s   d i s advan tage   of  a  C a r n o t  

cycle  g a s o l i n e   engine  is  the  small  r a t i o   of  net  work  to  gross   work 

(net  work  r e f e r s   to  the  d i f f e r e n c e   between  the  work  produced  by 

expansion  of  burning   gases  (gross   work)  and  the  work  of  compress ion   o f  

input  g a s e s ) .  

I t   is  known  tha t   when  an  au tomobi le   is  c r u i s i n g   at  a  s t eady   s p e e d ,  

i t   r e q u i r e s   far   less   power  than  when  i t   is  a c c e l e r a t i n g .   The  p r e s e n t  

i n v e n t i o n   u t i l i s e s   t h i s   p r o p e r t y   to  dec rease   the  fuel   consumption  p e r  

uni t   d i s t a n c e   yet  r e t a i n i n g   s u f f i c i e n t   power  to  ma in t a in   c r u i s i n g  

s p e e d s .  

I t   is  a l so   known  tha t   the  exhaus t   gases  con ta in   a  s i g n i f i c a n t  

p e r c e n t a g e   of  unburnt   fue l .   The  p r e s e n t   i nven t ion   a l lows  the  e n g i n e  

to  use  the  fuel   more  e f f i c i e n t l y ,   t he reby   reduc ing   the  p r o p o r t i o n   o f  

i m p u r i t i e s   in  the  exhaust   g a s e s .  

I t   is  the  primary  ob j ec t   of  the  p r e s e n t   i n v e n t i o n   to  i n c r e a s e  

the  e f f i c i e n c y   of  an  i n t e r n a l   combustion  engine  by  o p e r a t i n g   the  e n g i n e  

on  a  s ix   s t r o k e   c y c l e .  

Accord ing ly ,   in  one  broad  form,  the  p r e sen t   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   combust ion  eng ine   having  a  s ix  s t r o k e   c y c l e .  

According  to  one  embodiment  of  the  p r e s e n t   i n v e n t i o n ,   the  s i x  

s t r o k e   cycle   comprises   the  f o l l o w i n g   p i s t o n   s t r o k e s   in  c y c l i c a l  

s u c c e s s i o n : -  

(1)  an  i n t ake   s t r o k e   du r ing   which  a  f u e l / a i r   mix ture   is  a d m i t -  

ted  i n to   the  c y l i n d e r ,  

(2)  a  f i r s t   compress ion   s t r o k e   dur ing  which  the  f u e l / a i r  

m i x t u r e   is  c o m p r e s s e d ,  

(3)  a  f i r s t   power  s t r o k e   f o l l o w i n g   i g n i t i o n   of  the  compressed  

f u e l / a i r   m i x t u r e ,  

(4)  a  second  compress ion   s t r o k e   dur ing   which  the  combus t ion  

p r o d u c t s   are  compres sed ,  

(5)  a  second  power  s t r o k e   due  to  expans ion   of  the  compressed  

combust ion  p roduc t s ,   a n d  

(6)  an  exhaust   s t r o k e   du r ing   which  combust ion  gases  a r e  

e x p e l l e d   from  the  c y l i n d e r .  

The  p r e f e r r e d   embodiment  of  the  p r e s e n t   i n v e n t i o n   is  c h a r a c t e r -  

i sed   by  a  n m b e r   of  f e a t u r e s : -  

( i )   Unlike  the  c o n v e n t i o n a l   four  s t r o k e   engine   in  which  t h e  

exhaus t   valve  opens  as  the  p i s t o n   is  on  i t s   power  s t r o k e ,   t y p i c a l l y  

58  degrees   be fore   bottom  dead  c e n t r e   (BDC),  the  exhaus t   valve  in  t h e  

p r e f e r r e d   embodiment  remains   c losed   dur ing  the  whole  of  the  f i r s t  

power  s t r o k e   fo l lowing   the  i g n i t i o n   of  the  compressed  f u e l / a i r  

m i x t u r e .   Thus,  the  p r e s s u r e   g e n e r a t e d   by  the  bu rn ing   gases  is  s u s t a i n e d  

on  the  p i s t o n   face  for   a  l onge r   pe r iod   the reby   d e l i v e r i n g   g r e a t e r   power  
to  the  c r a n k s h a f t .   F u r t h e r m o r e ,   dur ing  t h i s   ex tended   pe r iod   d u r i n g  

which  the  exhaust   va lve   remains   c losed ,   con t inued   bu rn ing   of  the  f u e l /  

a i r   mix ture   occurs   so  t h a t   the   fuel   is  used  more  e f f i c i e n t l y .   The 

e x t r a   energy  ob t a ined   dur ing   the  e x t r a   pe r iod   t h a t   the  exhaust   v a l v e  

remains   c losed   is  s t o r e d   in  the  f lywheel   and  is  used  in  the  s e c o n d  

compress ion   s t roke   when  the  combust ion  p roduc t s   are  compres sed .  

( i i )   When  the  combust ion  p r o d u c t s   are  compressed,   the  heat  e n e r g y  
c o n t a i n e d   t h e r e i n   is  r e t a i n e d   in  the  c y l i n d e r   r a t h e r   than  wasted  in  t h e  

e x h a u s t .   Compressing  the  combust ion  p r o d u c t s   f u r t h e r   i n c r e a s e s   t h e  

t e m p e r a t u r e   of  the  a l r e a d y   hea ted   combustion  gases  so  t ha t   unburnt  f u e l  

is  i g n i t e d   the reby   g e n e r a t i n g   f u r t h e r   power  dur ing   the  second  power 
s t r o k e .   The  compressed  combust ion  p r o d u c t s   do  not  need  to  be  e l e c t r i -  

c a l l y   i g n i t e d   at  the  end  of  the  second  compress ion  s t r o k e ,   a l though  s p a r k  



plug  i g n i t i o n   may  be  p rov ided   at  t h i s   poin t   in  the  cycle  if  d e s i r e d .  

( i i i )   I t   w i l l   be  s e e n   t h a t   t h e   c r a n k s h a f t  

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

s t r o k e   e n g i n e ,   as  c o m p a r e d   to  two  r e v o l u t i o n s   f o r   a  

c o n v e n t i o n a l   f o u r   s t r o k e   e n g i n e .   T h u s ,   f o r   t h e   same  a m o u n t  

of   i n p u t   f u e l ,   a  f i f t y   p e r c e n t   i n c r e a s e   in  d i s t a n c e   i s  

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

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

t o   o n l y   2-3%,  and  s u f f i c i e n t   power   r e m a i n s   to   m a i n t a i n   t h e  

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

(iv)  The  s i x   s t r o k e   e n g i n e   b r o a d e n s   t h e   t o r q u e  

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

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

(v)  L o n g e r   c o m b u s t i o n   of  t h e   f u e l / a i r   m i x t u r e ,  

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

e n s u r e s   t h a t   i m p u r i t i e s   in  t h e   e x h a u s t   g a s e s ,   i . e .   p o l l u t a n t  

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

A c c o r d i n g   to   a  f u r t h e r   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 ,   t he   s i x   s t r o k e   c y c l e   c o m p r i s e s   t h e   f o l l o w i n g  

p i s t o n   s t r o k e s   in  c y c l i c a l   s u c c e s s i o n : -  

(1)  an  i n t a k e   s t r o k e   d u r i n g   w h i c h   a  f u e l / a i r  

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

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

f u e l / a i r   m i x t u r e   i s   c o m p r e s s e d ,  

(3)  an  e x p a n s i o n   s t r o k e ,  

(4)  a  s e c o n d   c o m p r e s s i o n   s t r o k e   d u r i n g   w h i c h   t h e  

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

(5)  a  p o w e r   s t r o k e   f o l l o w i n g   i g n i t i o n   o f  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 ,   a n d  

(6)  an  e x h a u s t   s t r o k e   d u r i n g   w h i c h   c o m b u s t i o n  

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

At  t he   end  of   t h e   f i r s t   c o m p r e s s i o n   s t r o k e ,   t h e  

t e m p e r a t u r e   and  p r e s s u r e   of  t h e   f u e l / a i r   m i x t u r e   have   b e e n  

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

r e d u c e d   bu t   as  t h e   w h o l e   p r o c e s s   o c c u r s   a t   a  r a p i d   r a t e ,   t h e  

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

e x t e n t .   F u r t h e r m o r e ,   t h e   f r i c t i o n   b e t w e e n   t h e   p i s t o n   a n d  

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

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



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

t h a t   a t   t h e   end  of  c o m p r e s s i o n   s t r o k e s   in   c o n v e n t i o n a l   f o u r  

s t r o k e   e n g i n e s .   T h i s   r e s u l t s   in  more   t h o r o u g h   c o m b u s t i o n   o f  

t h e   f u e l / a i r   m i x t u r e .  

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

and  p r e s s u r e ,   t h e   p r e s s u r e   a t   t h e   end  of   t h e   s e c o n d  

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

e n g i n e s .   T h e r e f o r e ,   a  " t u r b o - c h a r g i n g "   e f f e c t   i s   a c h i e v e d  

in  t h e   s i x   s t r o k e   e n g i n e   of   t h i s   f u r t h e r   e m b o d i m e n t .  

A  t u r b o - c h a r g e r   can   be  u s e d   on  t h e   s i x   s t r o k e   e n g i n e  

of  t h e   p r e s e n t   i n v e n t i o n   in  t h e   same  m a n n e r   as   c o n v e n t i o n a l  

f o u r   s t r o k e   e n g i n e s .  

S i n c e   t h e   o p e r a t i o n   of   t h e   s i x   s t r o k e   e n g i n e   i s  

c o n t r o l l e d   by  t h e   cam  s h a f t   and  t h e   f i r i n g   of  t h e   s p a r k  

p l u g s ,   e l e c t r o n i c   c o n t r o l   means   can   be  i n c o r p o r a t e d   i n t o   t h e  

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

s i x   s t r o k e   c y c l e   of   e i t h e r   of   t h e   a b o v e - d e s c r i b e d   v e r s i o n s .  

T h u s ,   w h i l e   t h e   c a r   i s   a c c e l e r a t i n g ,   t h e   e n g i n e   can   be  k e p t  
in  t h e   n o r m a l   f o u r   s t r o k e   mode  so  t h a t   maximum  p o w e r   i s  

a c h i e v e d ,   b u t   w h i l e   t h e   c a r   i s   c r u i s i n g   t h e   e n g i n e   can   b e  

s w i t c h e d   to   t h e   s i x   s t r o k e   c y c l e   to   a c h i e v e   g r e a t e r   e c o n o m y .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  w a y  
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   i n  

w h i c h : -  

F i g .   1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   t h e   s i x   s t r o k e  

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

F i g .   2  i s   a  c y l i n d e r   p r e s s u r e   d i a g r a m   o f  t h e  

e m b o d i m e n t   of   F i g .   1 .  

As  i l l u s t r a t e d   in   F i g .   1,  t h e   s i x   c y c l e s   of  t h e  

p r e f e r r e d   e m b o d i m e n t   o p e r a t e   as  f o l l o w s .   The  i n t a k e   s t r o k e  
7  b e g i n s   as   t h e   p i s t o n   1  l e a v e s   t o p   dead   c e n t r e   (TDC).  A t  

t h a t   t i m e ,   t h e   i n t a k e   v a l v e   4  i s   o p e n e d   to   a d m i t   t h e  

f u e l / a i r   m i x t u r e   i n t o   t h e   c y l i n d e r   c h a m b e r   6.  When  t h e  

p i s t o n   1  r e a c h e s   b o t t o m   d e a d   c e n t r e   (BDC),  t h e   i n t a k e   v a l v e  
4  c l o s e s .  

The  p i s t o n   1  i s   t h e n   p u s h e d   up  by  t h e   r o t a t i n g  

c r a n k s h a f t   2  v i a   t h e   c o n n e c t i n g   rod  3  in  a  f i r s t   c o m p r e s s i o n  
s t r o k e   8.  Near   t h e   end  of  t h e   f i r s t   c o m p r e s s i o n   s t r o k e   8 ,  



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

p l u g   13.  (In  a  s i x   s t r o k e   d i e s e l   e n g i n e ,   o n l y   a i r   i s  

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

a p p r o x i m a t e l y   6 0 0 ° C .   At  t h e   end  of  t h e   c o m p r e s s i o n  

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

and  due  to  t h e   h i g h   t e m p e r a t u r e ,   i t   b u r n s   i n s t a n t l y . )   I n  

t h e   e m b o d i m e n t   i l l u s t r a t e d ,   t he   s p a r k   13  i g n i t e s   t h e  

c o m p r e s s e d   m i x t u r e   and ,   as  t h e   m i x t u r e   b u r n s ,   v e r y   h i g h  

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

c h a m b e r   6  t h e r e b y   f o r c i n g   t h e   p i s t o n   1  down  in  a  f i r s t   p o w e r  
s t r o k e   9 .  

The  p r e s s u r i s e d   c o m b u s t i o n   v a p o u r s   w h i c h   do  t h e   w o r k  

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

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

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

c o m b u s t i o n .   The  m e c h a n i c a l   work  i s   p r o d u c e d   by  t h e   p r e s s u r e  

e x e r t e d   by  t h e   h e a t e d   c o m b u s t i o n   v a p o u r s   on  t h e   p i s t o n .   T h e  

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

t h e   p r e s s u r e   t h a t   i s   p r o d u c e d ,   and  t h e   g r e a t e r   w i l l   be  t h e  

power   of  t h e   e n g i n e .  

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

v a l v e   o p e n s   j u s t   b e f o r e   t h e   p i s t o n   r e a c h e s   BDC.  T y p i c a l l y ,  

t h e   e x h a u s t   v a l v e   o p e n s   580  b e f o r e   BDC  when  t h e   p i s t o n   i s  

3-4  cm  from  BDC.  H o w e v e r ,   in  t h e   p r e f e r r e d   e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ,   t h e   e x h a u s t   v a l v e   d o e s   no t   o p e n ,   a n d  

p r e s s u r e   i s   e x e r t e d   on  t h e   p i s t o n   a l l   t h e   way  down  to   BDC. 

Due  to  t he   e x t r a   p e r i o d   t h a t   p r e s s u r e   i s   e x e r t e d   o n  t h e  

p i s t o n ,   e x t r a   p o w e r   i s   i m p a r t e d   to   t h e   c r a n k s h a f t   and  t h e  

e x c e s s   e n e r g y   i s   s t o r e d   in  t h e   f l y w h e e l .   T h i s   e x c e s s   e n e r g y  

is   used   to  c o m p r e s s   t h e   c o m b u s t i o n   v a p o u r s   in  a  s e c o n d  

c o m p r e s s i o n   s t r o k e .  

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

c o m p o n e n t s   a r e   i g n i t e d .   To  e n s u r e   i g n i t i o n ,   an  e l e c t r i c  

s p a r k   can  be  o p t i o n a l l y   p r o v i d e d   a t   t h e   end  of  t he   s e c o n d  

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

p o r t i o n s   c a u s e s   a  f u r t h e r   power   s t r o k e   11.   As  t he   p i s t o n   1 

is   f o r c e d   down,   t h e   c o m b u s t i o n   v a p o u r s   u n d e r g o   e x p a n s i o n  



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

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

e n g i n e .  

The  s e c o n d   p o w e r   s t r o k e   i s   f o l l o w e d   by  an  e x h a u s t  

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

t h e   c y l i n d e r .  

In  a c c o r d a n c e   w i t h   a n o t h e r   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   ( n o t   i l l u s t r a t e d ) ,   a  s i x   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   i s   p r o v i d e d   in  w h i c h   t h e   a i r / f u e l   m i x t u r e  

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

t e m p e r a t u r e   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   a t   t h e   end  o f  

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

s t r o k e   e n g i n e s   and  g r e a t e r   e f f i c i e n c y   i s   o b t a i n e d .  

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

p i s t o n   s t r o k e s   in  c y c l i c a l   s u c c e s s i o n :  

(1)  a  f i r s t   i n t a k e   s t r o k e   d u r i n g   w h i c h   a  f u e l - a i r  

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

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

m i x t u r e   i s   c o m p r e s s e d ,  

(3)  a  p o w e r   s t r o k e   f o l l o w i n g   i g n i 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 ,  

(4)  a  f i r s t   e x h a u s t   s t r o k e   d u r i n g   w h i c h   c o m b u s t i o n   g a s e s  

a r e   e x p e l l e d   f rom  t h e   c y l i n d e r ,  

(5)  a  s e c o n d   i n t a k e   s t r o k e   d u r i n g   w h i c h   o n l y   a i r   i s  

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

(6)  a  s e c o n d   e x h a u s t   s t r o k e   d u r i n g   w h i c h   s a i d   a i r   i s  

e x p e l l e d   f rom  t h e   c y l i n d e r .  

At  t h e   end  of  t h e   f i r s t   e x h a u s t   s t r o k e ,   an  i n l e t  

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

t h e   p i s t o n   t r a v e l s   down.   T h i s   a i r   c o o l s   t h e   c y l i n d e r   w a l l  

and  p i s t o n .   On  t h e   s e c o n d   e x h a u s t   s t r o k e ,   t h e   a i r   i s  

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

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

p h a s e   a c t s   as   an  a i r   pump  on  a  f o u r   s t r o k e   e n g i n e .  

A c c o r d i n g   to   y e t   a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   t h e   s i x   s t r o k e   c y c l e   c o m p r i s e s   t he   f o l l o w i n g  

p i s t o n   s t r o k e s   in  c y c l i c a l   s u c c e s s i o n :  



(1)  a  f i r s t   i n t a k e   s t r o k e   d u r i n g   w h i c h   a  f u e l - a i r  

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

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

m i x t u r e   i s   c o m p r e s s e d ,  

(3)  a  power   s t r o k e   f o l l o w i n g   i g n i 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 ,  

(4)  a  f i r s t   e x h a u s t   s t r o k e   d u r i n g   w h i c h   c o m b u s t i o n   g a s e s  

a r e   e x p e l l e d   f rom  the   c y l i n d e r ,  

(5)  a  s e c o n d   i n t a k e   s t r o k e   d u r i n g   w h i c h   t h e   c o m b u s t i o n  

g a s e s   of  t h e   p r e v i o u s   s t r o k e   a r e   d r awn   back   i n t o   t h e  

c y l i n d e r ,   a n d  

(6)  a  s e c o n d   e x h a u s t   s t r o k e   d u r i n g   w h i c h   s a i d   c o m b u s t i o n  

g a s e s   a r e   r e - e x p e l l e d .  

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

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

c o l d e r   c l i m a t e s .  

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

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

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

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

t h o s e   s k i l l e d   in  t h e   a r t   may  be  made  t h e r e t o   w i t h o u t  

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

d e f i n e d   in  t h e   f o l l o w i n g   c l a i m s .  



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 o m p r i s i n g   a t  

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

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

c y c l e .  

2.  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   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   s i x   s t r o k e   c y c l e   c o m p r i s e s   t h e  

f o l l o w i n g   p i s t o n   s t r o k e s   in  c y c l i c a l   s u c c e s s i o n : -  

(1)  an  i n t a k e   s t roke   d u r i n g   w h i c h   a  f u e l / a i r  

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

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

f u e l / a i r   m i x t u r e   i s   c o m p r e s s e d ,  

(3)  a  f i r s t   power   s t r o k e   f o l l o w i n g   i g n i 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 ,  

(4)  a  s e c o n d   c o m p r e s s i o n   s t r o k e   d u r i n g   w h i c h   t h e  

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

(5)  a  s e c o n d   power   s t r o k e   due  to   e x p a n s i o n   of  t h e  

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

(6)  an  e x h a u s t   s t r o k e   d u r i n g   w h i c h   c o m b u s t i o n  

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

3.  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   as  c l a i m e d   i n  

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

w h o l e   of  t h e   f i r s t   power   s t r o k e .  

4.  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   as  c l a i m e d   in  3 ,  

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

c o m p r e s s i o n   s t r o k e   by  an  e l e c t r i c   s p a r k .  

5.  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   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   t h e   s i x   s t r o k e   c y c l e   c o m p r i s e s   t h e  

f o l l o w i n g   p i s t o n   s t r o k e s   in  c y c l i c a l   s u c c e s s i o n : -  

(1)  an  i n t a k e   s t r o k e   d u r i n g   w h i c h   a  f u e l / a i r  

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

(2)  a  f i r s t   c o m p r e s s i o n   s t r o k e   d u r i n g   wh ich   t h e  

f u e l / a i r   m i x t u r e   i s   c o m p r e s s e d ,  

(3)  an  e x p a n s i o n   s t r o k e ,  

(4)  a  s e c o n d   c o m p r e s s i o n   s t r o k e   d u r i n g   w h i c h   t h e  

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

(5)  a  p o w e r   s t r o k e   f o l l o w i n g   i g n i 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 ,   a n d  



(6)  an  e x h a u s t   s t r o k e  d u r i n g   w h i c h   c o m b u s t i o n  

g a s e s   a re   e x p e l l e d   f rom  t he   c y l i n d e r .  

6.  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   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   e n g i n e   i s   used   to   p r o p e l   an  a u t o m o b i l e .  

7.  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   as  c l a i m e d   i n  

c l a i m   6,  f u r t h e r   c o m p r i s i n g   t u r b o - c h a r g i n g   means   f o r  

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

8.  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   as  c l a i m e d   i n  

c l a i m   6,  f u r t h e r   c o m p r i s i n g   c o n t r o l   means   f o r   s w i t c h i n g   s a i d  

e n g i n e   f rom  a  f o u r   s t r o k e   c y c l e   to  a  s i x   s t r o k e   c y c l e   a n d  

v i c e   v e r s a .  

9.  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   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   s i x   s t r o k e   c y c l e   c o m p r i s e s   t h e  

f o l l o w i n g   p i s t o n   s t r o k e s   in  c y c l i c a l   s u c c e s s i o n :  

(1)  a  f i r s t   i n t a k e   s t r o k e   d u r i n g   w h i c h   a  f u e l - a i r  

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

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

m i x t u r e   i s   c o m p r e s s e d ,  

(3)  a  p o w e r   s t r o k e   f o l l o w i n g   i g n i t i o n   of  t he   c o m p r e s s e d  

f u e l - a i r   m i x t u r e ,  

(4)  a  f i r s t   e x h a u s t   s t r o k e   d u r i n g   w h i c h   c o m b u s t i o n  

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

(5)  a  s e c o n d   i n t a k e   s t r o k e   d u r i n g   w h i c h   o n l y   a i r   i s  

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

(6)  a  s e c o n d   e x h a u s t   s t r o k e   d u r i n g   w h i c h   s a i d   a i r   i s  

e x p e l l e d   f r o m   t h e   c y l i n d e r .  

10.  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   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   s i x   s t r o k e   c y c l e   c o m p r i s e s   t h e  

f o l l o w i n g   p i s t o n   s t r o k e s   in  c y c l i c a l   s u c c e s s i o n :  

(1)  a  f i r s t   i n t a k e   s t r o k e   d u r i n g   w h i c h   a  f u e l - a i r  

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

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

m i x t u r e   i s   c o m p r e s s e d ,  

(3)  a  power   s t r o k e   f o l l o w i n g   i g n i 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 ,  

(4)  a  f i r s t   e x h a u s t   s t r o k e   d u r i n g   w h i c h   c o m b u s t i o n   g a s e s  

a r e   e x p e l l e d   f rom  the   c y l i n d e r ,  

(5)  a  s e c o n d   i n t a k e   s t r o k e   d u r i n g   w h i c h   t h e   c o m b u s t i o n  



g a s e s   of  t h e   p r e v i o u s   s t r o k e   a r e   d r a w n   back   i n t o   t h e  

c y l i n d e r ,   a n d  

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

g a s e s   a r e   r e - e x p e l l e d .  
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