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(§$  Air-charging  control  system  for  two-cycle  diesel  engine. 

An  air-charging  control  system  for  the  two-cycle  diesel 
engine  of  the  exhaust-turbo  supercharged  type  comprises  a 
plurality  of  air-charging  control  valves  (102)  each  of  which  is 
installed  in  the  passage  between  an  air-charging  chamber  (101) 
and  each  of  scavenging  chambers  (7)  for  engine  cylinders  so  as. 
to  close  the  passage  during  part  of  the  period  in  which  the 
scavenging  ports  (8)  of  the  associated  cylinder  are  open,  includ- 
ing  at  least  the  closing  point  of  the  scavenging  ports,  and  to  open 
the  passage  for  the  remainder  of  the  period  thereby  admitting  the 
airto  the  associated  scavenging  chamber,  and  drive  means  (103) 
for  opening  and  closing  the  air-charging  control  valves  (102). 



i t s   downward  s t r o k e ,   s c a v e n g i n g   a i r   from  the  chamber  07 

e n t e r s   the  c y l i n d e r   02  t h r o u g h   the  p o r t s ,   f o r c i n g   b u r n e d  

gases   c l e a r l y   out   of  the  c y l i n d e r   i n t o   the  e x h a u s t   m a n i -  

f o l d   04  v i a   the  e x h a u s t   v a l v e   0 3 .  

The  p i s t o n   01  t hen   a s c e n d s   aga in   to  cover   the  s c a v e n g -  

ing  p o r t s   08,  f o l l o w e d   by  c l o s i n g   of  the  e x h a u s t   v a l v e   0 3 ,  

too .   The  a i r   t r a p p e d   i n s i d e   the  c y l i n d e r   02  is  c o m p r e s s e d  

by  the   r i s i n g   p i s t o n   01  and  is  bu rned   t o g e t h e r   wi th   f u e l  

i n j e c t e d ,   d e v e l o p i n g   a  h igh  p r e s s u r e   to  g ive   an  e x p a n s i v e  

work  to  the  p i s t o n   01  in  i t s   e x p a n s i o n   s t r o k e .   The  w o r k  

is  t a k e n   out  as  power  o u t p u t .  

In  FIG.  2  is   shown  s c h e m a t i c a l l y   an  e x i s t i n g   t u r b o -  

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

u n d e r s i d e   pump.  The  n u m e r a l s   01  to  08  are   used  to  d e s i g n a t e  

the   members  l i k e   t h o s e   in  FIG.  1 .  

A  p i s t o n - u n d e r s i d e   chamber  09  communica t e s   d i r e c t l y  

wi th   the  space   u n d e r n e a t h   the  p i s t o n .   A  s c a v e n g i n g   r e -  

s e r v o i r   010  is  p r o v i d e d   in  c o m m u n i c a t i o n   wi th   the  b l o w e r  

06  to  r e c e i v e   c o m p r e s s e d   a i r .   Between  t h i s   s c a v e n g i n g   r e -  

s e r v o i r   010  and  the  s c a v e n g i n g   chamber  07  is  i n s t a l l e d   a  

check  v a l v e   011  which  p e r m i t s   a  u n i d i r e c t i o n a l   f low  o f  

c o m p r e s s e d   a i r   from  the  r e s e r v o i r   to  the  c h a m b e r .  

Ano the r   check  v a l v e   012  is  d i s p o s e d   be tween   the  s c a v e n g -  

ing  r e s e r v o i r   010  and  the  p i s t o n - u n d e r s i d e   chamber  09  t o  

p e r m i t   only   the  f low  from  the  r e s e r v o i r   010  to  the  l a t t e r .  



This  i n v e n t i o n   r e l a t e s   to  improvemen t s   in  the   a i r -  

c h a r g i n g   c o n t r o l   sys tem  of  a  t w o - c y c l e   e n g i n e .  

FIGURE  1  is  a  s c h e m a t i c   i l l u s t r a t i o n   of  a  c o n v e n t i o n a l  

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

t y p e .   In  the  f i g u r e   are  shown  a  p i s t o n   01,  a  c y l i n d e r   0 2 ,  

an  e x h a u s t   v a l v e   03,  and  an  e x h a u s t   m a n i f o l d   04  w h i c h  

communica t e s   wi th   the   c y l i n d e r   02  t h r o u g h   the  e x h a u s t   v a l v e  

03.  The  r e f e r e n c e   numera l   05  i n d i c a t e s   a  t u r b i n e   of  t h e  

e x h a u s t - t u r b o   s u p e r c h a r g e r   communica t ed   w i th   the   e x h a u s t  

m a n i f o l d   04,  and  the  numera l   06  i n d i c a t e s   a  b lower   of  t h e  

s u p e r c h a r g e r   a d a p t e d   to  run  on  the  same  s h a f t   as  w i th   t h e  

t u r b i n e   05.  A  s c a v e n g i n g   chamber  07  is  formed  a round   t h e  

c y l i n d e r   02  to  r e c e i v e   c o m p r e s s e d   a i r   from  the  b lower   0 6 .  

In  the   wa l l   of  the   c y l i n d e r   02  are   formed  s c a v e n g i n g   p o r t s  

08,  which  are  c l o s e d   and  opened  as  the   p i s t o n   01  moves  u p  

and  down  to  c o n t r o l   the   c o m m u n i c a t i o n   be tween   t h e  s c a v e n g -  

ing  chamber  07  and  the  c y l i n d e r   0 2 .  

A f t e r   the  c o m b u s t i o n   s t r o k e   of  the   p i s t o n   01,  the   e x -  

h a u s t   v a l v e   03  opens  to  r e l e a s e   e x h a u s t   g a s e s   from  t h e  

c y l i n d e r   02  i n t o   the  e x h a u s t   m a n i f o l d   04.  The  h i g h -  

t e m p e r a t u r e ,   h i g h - p r e s s u r e   e x h a u s t   ene rgy   d r i v e s   the   t u r b i n e  

05  and  t h e r e f o r e   the  b lower   06  on  the  common  s h a f t ,   w i t h  

the   c o n s e q u e n c e   t h a t   a i r   is  c o m p r e s s e d   by  the  l a t t e r   a n d  

led  i n t o   the  s c a v e n g i n g   chamber  0 7 .  

As  the  p i s t o n   01  u n c o v e r s   the  s c a v e n g i n g   p o r t s   08  o n  



FIG.  3  g r a p h i c a l l y   r e p r e s e n t s   changes   in  the  p r e s s u r e  

i n s i d e   the  c y l i n d e r   ( f u l l   l i n e ) ,   s c a v e n g i n g   p r e s s u r e   ( b r o k e n  

l i n e ) ,   and  e x h a u s t   p r e s s u r e   ( a l t e r n a t e   long  and  s h o r t   d a s h e s  

l i n e )   d u r i n g   the  upward  or  s c a v e n g i n g   s t r o k e   of  the  p i s t o n  

01  in  the  c o n v e n t i o n a l   e n g i n e   of  FIG.  1 .  

A f t e r   the   p i s t o n   01  has  c o m p l e t e d   i t s   e x p a n s i o n   s t r o k e ,  

the  e x h a u s t   v a l v e   03  opens  to  r e l e a s e   the  e x h a u s t   g a s e s  

under   a  h igh   p r e s s u r e .   As  a  c o n s e q u e n c e ,   the  p r e s s u r e  

i n s i d e   the  c y l i n d e r   02  d e c r e a s e s   to  a  l e v e l   below  t h e  

s c a v e n g i n g   p r e s s u r e   b e f o r e   the  s c a v e n g i n g   p o r t s   08  are  o p e n e d .  

This   p e r m i t s   c o p i o u s   supp ly   of  s c a v e n g i n g   a i r   from  t h e  

chamber  07  i n t o   the  c y l i n d e r   w h i l e   the  s c a v e n g i n g   p o r t s   08 

are   open,   or  over   the  p e r i o d   from  SPO  to  SPC. 

As  i n d i c a t e d   in  FIG.  4,  which  is  a  p r e s s u r e - s t r o k e  

volume  d i a g r a m   of  a  c y l i n d e r   c y c l e ,   d e l a y i n g   the  t i m i n g   f o r  

o p e n i n g   the  e x h a u s t   v a l v e   03,  or  EVO,  from  the  p o i n t   A  t o  

the  p o i n t   B  i n c r e a s e s   the   e f f e c t i v e   e x p a n s i o n   s t r o k e   of  t h e  

e n g i n e   a c c o r d i n g l y ,   e n a b l i n g   a d d i t i o n a l   power  c o r r e s p o n d i n g  

to  the  h a t c h e d   a r ea   in  the  f i g u r e   to  be  t a k e n   ou t .   T h i s  

means  more  power  o u t p u t   from  a  g iven   amount  of  f u e l   a n d  

hence   a  lower   f u e l   c o n s u m p t i o n   by  the  e n g i n e .  

In  the  o r d i n a r y   e n g i n e   shown  in  FIG.  1,  h o w e v e r ,  

r e t a r d a t i o n   of  the   t i m i n g   for   e x h a u s t   v a l v e   o p e n i n g ,   EVO, 

w i l l   b r i n g   EVO  so  c l o s e   to  the  t i m i n g   SPO  for   o p e n i n g   t h e  

s c a v e n g i n g   p o r t s   08,  as  i n d i c a t e d   in  FIG.  5,  t h a t   t h e  



S t i l l   a n o t h e r   check  v a l v e   013,  p r o v i d e d   be tween   the   p i s t o n -  

u n d e r s i d e   chamber  09  and  the   s c a v e n g i n g   chamber  07,  p e r m i t s  

only   the  flow  from  the  fo rmer   to  the   l a t t e r .  

Compressed   a i r   from  the  b lower   06  is  c o n d u c t e d   i n t o  

the  s c a v e n g i n g   r e s e r v o i r   010  and  t h e n c e ,   d u r i n g   the   u p w a r d  

s t r o k e   of  the   p i s t o n   01,  is  drawn  by  s u c t i o n   i n t o   t h e  

p i s t o n - u n d e r s i d e   chamber  09  t h r o u g h   the   check  v a l v e   012  t o  

r e l i e v e   the  p a r t i a l   vacuum  formed  by  the  r i s i n g   p i s t o n .  

On  the  nex t   s t r o k e   for   e x p a n s i o n   the  p i s t o n   01  m o v e s  

downward  to  f o r c e   the  a i r   from  the  p i s t o n - u n d e r s i d e   c h a m b e r  

09  t h r o u g h   the  check  v a l v e   013  i n t o   the   s c a v e n g i n g   c h a m b e r  

07,  thus   i n c r e a s i n g   the   p r e s s u r e   i n s i d e   the   l a t t e r .   F u r t h e r  

downward  movement  of  the   p i s t o n   01  u n c o v e r s   the  s c a v e n g i n g  

p o r t s   08,  a d m i t t i n g   the  a i r   under   a  h igh   p r e s s u r e   from  t h e  

chamber  07  i n t o   the  c y l i n d e r   02  t h r o u g h   the  p o r t s   08  so  a s  

to  d r i v e   the  bu rned   gases   out   of  the  c y l i n d e r   v i a  t h e   e x -  

h a u s t   v a l v e   03  i n t o   the  e x h a u s t   m a n i f o l d   04.  The  a d m i s s i o n  

of  s c a v e n g i n g   a i r   i n t o   t he   c y l i n d e r   02  r e d u c e s   the  p r e s s u r e  

i n s i d e   the  s c a v e n g i n g   chamber  07.  As  the   p r e s s u r e   d r o p s  

below  the  l e v e l   i n s i d e   the  r e s e r v o i r   010,  s c a v e n g i n g   a i r  

is  s u p p l i e d   from  the  r e s e r v o i r   010  to  the  s c a v e n g i n g   c h a m b e r  

07  by  way  of  the  check  v a l v e   011  to  be  r eady   for   the  n e x t  

run  of  c y l i n d e r   s c a v e n g i n g .  

The  e n g i n e s   of  the   p r i o r   a r t   d e s c r i b e d   above  h a v e  

d i s a d v a n t a g e s   now  to  be  e x p l a i n e d .  



07  is  e l e v a t e d   and,  even  though  the   t i m i n g   fo r   o p e n i n g   t h e  

e x h a u s t   v a l v e   03,  EVO,  is  d e l a y e d   from  the  p o i n t   in  FIG.  3 

to  the  p o i n t   in  FIG.  6,  the  s c a v e n g i n g   p r e s s u r e   is  h i g h e r  

than   the  p r e s s u r e   i n s i d e   the  c y l i n d e r   02  at  the   p o i n t   SPO 

where  the  s c a v e n g i n g   p o r t s   08  open.   Hence  t h e r e   is  no  s u c h  

e x h a u s t   b lowback   as  in  FIG.  5 .  

However,   s i n c e   the  p i s t o n   01  works  a l s o   to  c o m p r e s s  

the  a i r   i n s i d e   the  p i s t o n - u n d e r s i d e   chamber  09,  the   o r d i n a r y  

work  to  be  done  by  the  p i s t o n   is  d e c r e a s e d   by  the  c o m p r e s -  

s i o n   work.  As  a  c o n s e q u e n c e ,   the  f u e l  c o n s u m p t i o n   by  t h e  

e n g i n e   c a n n o t   be  saved  by  r e t a r d i n g   the  t i m i n g   for   o p e n i n g  

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

e x p a n s i o n   s t r o k e .  

A l t h o u g h   the  d i s a d v a n t a g e s   of  the  c o n v e n t i o n a l   t w o -  

c y c l e   d i e s e l   e n g i n e s   of  the  u n i f l o w   s c a v e n g e d   type   h a v i n g  

e x h a u s t   v a l v e s   have  so  f a r   been  e x p l a i n e d ,   e x a c t l y   the  same 

is  t r u e   of  the   e n g i n e s   of  the   l o o p f l o w   s c a v e n g e d   type   i n  

which  the  e x h a u s t   v a l v e s   are  r e p l a c e d   by  e x h a u s t   p o r t s  

formed  above  the  s c a v e n g i n g   p o r t s   and  a l s o   of  the  r e v e r s e -  

u n i f l o w   type   in  which  each  c y l i n d e r   has  a  s c a v e n g i n g   v a l v e  

on  top  and  e x h a u s t   p o r t s   in  the  lower  p a r t .  

The  p r e s e n t   i n v e n t i o n   has  for   i t s   o b j e c t   the   p r o v i s i o n  

of  an  a i r - c h a r g i n g   c o n t r o l   sys tem  for   a  t w o - c y c l e   d i e s e l  

e n g i n e   of  the   e x h a u s t - t u r b o   s u p e r c h a r g e d   type   c a p a b l e   o f  

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



s c a v e n g i n g   p o r t s   08  w i l l   open  w h i l e . t h e   p r e s s u r e   i n s i d e  

the   c y l i n d e r   02  is  s t i l l   h i g h e r   t han   t h a t   i n s i d e   the  s c a v -  

eng ing   chamber  07.  C o n s e q u e n t l y ,   d u r i n g   the  p e r i o d   h a t c h e d  

in  FIG.  5,  a  phenomenon  known  as  e x h a u s t   b lowback   w i l l   t a k e  

p l a c e ,   in  which  the   r e s i d u a l   e x h a u s t   ga ses   in  the   c y l i n d e r  

02  f lows  back  t h r o u g h   the  s c a v e n g i n g   p o r t s   08  i n t o   t h e  

s c a v e n g i n g   chamber  0 7 .  

The  b lowback   can  choke  the  s c a v e n g i n g   p o r t s   08  w i t h  

c a r b i d e s   in  the  r e s i d u a l   e x h a u s t   gases   d u r i n g   the   s c a v e n g -  

ing  p e r i o d ,   thus   s e r i o u s l y   a f f e c t i n g   the  r e l i a b i l i t y   of  t h e  

e n g i n e .   The  b u r n e d   gases   so  blown  back  are   a g a i n   f o r c e d  

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

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

c y l i n d e r   02  and  i n c r e a s i n g   the  f u e l   c o n s u m p t i o n   due  t o  

a g g r a v a t i o n   of  c o m b u s t i o n   p e r f o r m a n c e   w i th   i n s u f f i c i e n t   a i r  

s u p p l y .   In  o t h e r   words ,   the  a t t e m p t   of  e x t e n d i n g   the  e f f e c -  

t i v e   e x p a n s i o n   s t r o k e   by  d e l a y i n g   the  t i m i n g   for   o p e n i n g  

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

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

In  o r d e r   to  p r e v e n t   the   b lowback   of  e x h a u s t   g a s e s ,   t h e  

o t h e r   e n g i n e   o f  t h e   p r i o r   a r t   shown  in  FIG.  2  is   m o d i f i e d  

so  t h a t ,   as  the  p i s t o n   01  moves  downward,  the   a i r   in  t h e  

p i s t o n - u n d e r s i d e   chamber  09  is  c o m p r e s s e d   and  f o r c e d   i n t o  

the  s c a v e n g i n g   chamber  07.  As  is  c l e a r   from  FIG.  6,  t h e  

s c a v e n g i n g   p r e s s u r e   (b roken   l i n e )   in  the   s c a v e n g i n g   c h a m b e r  



c h a r a c t e r i z e d   in  t h a t :  

(1)  The  s c a v e n g i n g   a i r   space   is  p a r t i t i o n e d   i n t o  

s e p a r a t e   chamber s ,   one  for   each  c y l i n d e r ;  

(2)  Air  under   a  h igh   p r e s s u r e   from  the  b lower   of  t h e  

e x h a u s t - t u r b o   s u p e r c h a r g e r   is  led  to  an  a i r - c h a r g i n g   c h a m b e r ;  

(3)  A i r - c h a r g i n g   c o n t r o l   v a l v e s   for   the  i n d i v i d u a l  

c y l i n d e r s   are  i n s t a l l e d   be tween   the  a i r - c h a r g i n g   c h a m b e r  

and  the  r e s p e c t i v e   s c a v e n g i n g   chambers   for   the  c y l i n d e r s ;  

a n d  

(4)  Each  of  the  a i r - c h a r g i n g   c o n t r o l   v a l v e s   fo r   t h e  

c y l i n d e r s   r ema ins   c l o s e d   d u r i n g   the  whole  p e r i o d   in  w h i c h  

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

is  open,   or  at   l e a s t   the  p a r t   of  the   p e r i o d   i n c l u d i n g   t h e  

c l o s i n g   p o i n t   of  the  s c a v e n g i n g   p o r t s   or  v a l v e ,   but   is  o p e n  

for   the  r e s t   of  the  p e r i o d   to  admi t   a i r   from  the  a i r - c h a r g i n g  

chamber  i n t o   the  s c a v e n g i n g   chamber  of  the   c y l i n d e r .  

In  the  a r r a n g e m e n t   a c c o r d i n g   to  the  i n v e n t i o n ,   i t   i s  

p o s s i b l e   to  keep  the  p r e s s u r e   i n s i d e   the  a i r - c h a r g i n g  

chamber  s u f f i c i e n t l y   h i g h e r   than   the  e x h a u s t   p r e s s u r e ,   s o  

t h a t   the  s c a v e n g i n g   p r e s s u r e   is  r a i s e d   by  the  h i g h - p r e s s u r e  

a i r   c h a r g e d   at  the   b e g i n n i n g   of  the  s c a v e n g i n g   p e r i o d   t o  

p r e c l u d e   the  e x h a u s t   b lowback   d e s p i t e   r e t a r d a t i o n   of  t h e  

t i m i n g   for   open ing   the   e x h a u s t   v a l v e .   This   makes  p o s s i b l e  

the  s a v i n g   of  f u e l   c o n s u m p t i o n   by  the  e n g i n e .  

The  i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d   from  t h e  



f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n j u n c t i o n  

wi th   the  accompany ing   d r a w i n g s ,   w h e r e i n :  

FIG.  1  is  a  s c h e m a t i c   i l l u s t r a t i o n   of  a  c o n v e n t i o n a l  

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

t y p e ;  

FIG.  2  is  a  s c h e m a t i c   view  of  a  c o n v e n t i o n a l   t w o - c y c l e  

d i e s e l   e n g i n e   of  the  e x h a u s t - t u r b o   s u p e r c h a r g e d   type   h a v i n g  

a  p i s t o n - u n d e r s i d e   pump; 

FIG.  3  is  a  d i a g r a m   showing  changes   in  the   p r e s s u r e  

in  the  c y l i n d e r   and  the  s c a v e n g i n g   and  e x h a u s t   p r e s s u r e s  

d u r i n g   the   s c a v e n g i n g - e x h a u s t   s t r o k e   of  a  p i s t o n   in  t h e  

c o n v e n t i o n a l   e n g i n e ;  

FIG.  4  is  a  p r e s s u r e - s t r o k e   volume  d i ag ram  of  a  c y c l e  

in  the  c y l i n d e r ;  

FIG.  5  i s   a  d i a g r a m   showing  changes   in  the  p r e s s u r e  

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

wi th   r e t a r d a t i o n   of  t i m i n g   for   open ing   the   e x h a u s t   v a l v e  

of  the  e n g i n e   shown  in  FIG.  1 ;  

FIG.  6  is  a  d i a g r a m   c o r r e s p o n d i n g   to  FIG.  5  but   s h o w -  

ing  changes   in  the  e n g i n e   of  FIG.  2 ;  

FIG.  7  is  a  s c h e m a t i c   v iew,   in  v e r t i c a l   s e c t i o n ,  o f  

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

type  i n c o r p o r a t i n g   an  embodiment   of  the   sys tem  of  the  i n v e n -  

t i o n ;  

FIG.  8  is  a  t r a n s v e r s e   s e c t i o n a l   view  of  the   e n g i n e  



shown  in  FIG.  7;  a n d  

FIG.  9  is  a  d i a g r a m   showing  changes   in  the  p r e s s u r e  

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

d u r i n g   the   s c a v e n g i n g - e x h a u s t   s t r o k e   of  a  p i s t o n   in  t h e  

e n g i n e   of  FIG.  7 .  

R e f e r r i n g   to  FIGS.  7  and  8,  the  numera l   1  d e s i g n a t e s  

a  p i s t o n ,   2  a  c y l i n d e r ,   3  an  e x h a u s t   v a l v e ,   and  4  an   e x h a u s t  

m a n i f o l d   i n t o   which  b u r n e d   gases   from  the  c y l i n d e r   2  is  c o n -  

d u c t e d   t h r o u g h   the  e x h a u s t   v a l v e   3.  The  t u r b i n e   5  of  a n  

e x h a u s t - t u r b o   s u p e r c h a r g e r   r e c e i v e s   p a r t   of  the   gases   f r o m  

the  e x h a u s t   m a n i f o l d   4.  The  b lower   6  of  the   s u p e r c h a r g e r  

is  d r i v e n   in  p a r a l l e l   w i th   the  t u r b i n e   5  on  the  same  s h a f t .  

A  s c a v e n g i n g   chamber  7  is  formed  a round   the   c y l i n d e r   2  a s  

one  of  s e p a r a t e   c o m p a r t m e n t s   for   the  r e s p e c t i v e   c y l i n d e r s .  

S c a v e n g i n g   p o r t s   8  a re   formed  in  the  s u r r o u n d i n g   wa l l   o f  

each  c y l i n d e r   2  to  p r o v i d e   and  shu t   o f f   c o m m u n i c a t i o n  

be tween   the  s c a v e n g i n g   chamber  7  and  the   c y l i n d e r   2  as  t h e  

p i s t o n   1  moves  up  and  down.  

An  a i r - c h a r g i n g   chamber  101  common  to  the  c y l i n d e r s  

2  is  a d a p t e d   to  r e c e i v e   c o m p r e s s e d   a i r   from  the  b lower   6 .  

One  such  c h a r g i n g   chamber  101  may  be  p r o v i d e d   fo r   e a c h  

b lower   6  of  the   e x h a u s t - t u r b o   s u p e r c h a r g e r   as  w e l l   as  f o r  

the  t o t a l   number  of  c y l i n d e r s   as  in  the  embodiment   b e i n g  

d e s c r i b e d .  

I n d i c a t e d   at   102  are   a i r - c h a r g i n g   c o n t r o l   v a l v e s   f o r  



the   i n d i v i d u a l   c y l i n d e r s ,   each  i n s t a l l e d   be tween   the  a i r -  

c h a r g i n g   chamber  101  and  the  s c a v e n g i n g   chamber  7  of  e a c h  

c y l i n d e r .   Each  a i r - c h a r g i n g   c o n t r o l   v a l v e   102  is  d r i v e n  

by  an  a c t u a t o r   103  to  c l o s e   and  t h e r e b y   cut   o f f   the  communi -  

c a t i o n   be tween   the  a i r - c h a r g i n g   chamber  101  and  the  s c a v e n g -  

ing  chamber  7  of  the   a s s o c i a t e d   c y l i n d e r ,   for   e i t h e r   t h e  

whole  p e r i o d   in  which  the   s c a v e n g i n g   p o r t s   8  of  the  a s s o c i -  

a t ed   c y l i n d e r   are   open  or  at  l e a s t   the   p a r t   of  the   p e r i o d  

i n c l u d i n g   the   p o i n t   of  t ime  when  the  p o r t s   8  c l o s e ,   and  t o  

open  so  as  to  c h a r g e   a i r   under   a  h igh   p r e s s u r e   from  t h e  

c h a r g i n g   chamber  101  i n t o   the   s c a v e n g i n g   chamber  7  of  t h e  

a s s o c i a t e d   c y l i n d e r   fo r   the   r e m a i n d e r   of  the   p e r i o d .  

The  a c t u a t o r   103  is  t imed  wi th   the   c rank   a n g l e   of  t h e  

e n g i n e   to  open  or  c l o s e   the   a i r - c h a r g i n g   c o n t r o l   v a l v e   1 0 2 .  

A l t h o u g h   an  o i l   h y d r a u l i c   c y l i n d e r   is  shown  in  FIG.  7,  t h e  

a c t u a t o r   may  t a k e   the  form  of  an  e l e c t r i c   or  c am- type   d r i v e  

m e a n s .  

The  a i r - c h a r g i n g   c o n t r o l   v a l v e   102  may  be  p r o v i d e d  

fo r   each  of  the  c y l i n d e r s   2,  or  a l t e r n a t i v e l y   only   c e r t a i n  

c y l i n d e r s   may  be  e q u i p p e d   wi th   such  v a l v e s .  

In  the   l a t t e r   case   the  a i r - c h a r g i n g   chamber  101  is  k e p t  

in  c o m m u n i c a t i o n   w i th   the  s c a v e n g i n g   chambers   7  of  t h e  

r e m a i n i n g   c y l i n d e r s   2  not   e q u i p p e d   w i th   the   v a l v e s .  

Next ,   the   o p e r a t i o n   of  the  embodiment   of  the  f o r e g o i n g  

c o n s t r u c t i o n   w i l l   be  d e s c r i b e d   b e l o w .  



Air  under   a  h igh  p r e s s u r e   is  f o r c e d   from  the   b l o w e r  

6  i n t o   the  a i r - c h a r g i n g   chamber  101  and  t h e n c e   is  c h a r g e d  

i n t o   the  s c a v e n g i n g   chamber  7  t h r o u g h   the  a i r - c h a r g i n g  

c o n t r o l   v a l v e   102  as  the  v a l v e   is  opened  by  the  a c t u a t o r  

103  d u r i n g   the  p e r i o d   in  which  the  s c a v e n g i n g   p o r t s   8  r e m a i n  

c o v e r e d   by  the  p i s t o n   1  on  i t s   c o m p r e s s i o n   and  e x p a n s i o n  

s t r o k e s .   A f t e r   the   p r e s s u r e   i n s i d e   the  s c a v e n g i n g   c h a m b e r  

7  has  r i s e n   to  be  e q u a l   to  the  p r e s s u r e   in  the  a i r - c h a r g i n g  

chamber  101,  the  c h a r g i n g   c o n t r o l   v a l v e   102  is  c l o s e d   b y  

the  a c t u a t o r   1 0 3 .  

As  the   p i s t o n   1  moves  downward  and  u n c o v e r s   the  s c a v e n g -  

ing  p o r t s   8,  the  a i r   under   p r e s s u r e   from  the  s c a v e n g i n g   c h a m -  

ber  7  e n t e r s   the  c y l i n d e r   2  t h r o u g h   the  p o r t s   8,  d r i v i n g  

the  r e s i d u a l   e x h a u s t   gases   c l e a r l y   out   of  the   c y l i n d e r  

t h r o u g h   the   e x h a u s t   v a l v e   3  i n t o   the  e x h a u s t   m a n i f o l d   4 .  

The  p r e s s u r e   i n s i d e   the  s c a v e n g i n g   chamber  7  drops   a s  

the  a i r   volume  d e c r e a s e s   due  to  the  i n g r e s s   of  s c a v e n g i n g  

a i r   i n t o   the  c y l i n d e r   2.  The  p r e s s u r e   i n s i d e   the  c y l i n d e r  

2  d e c l i n e s ,   too ,   u n t i l   i t   and  the  s c a v e n g i n g   p r e s s u r e   a r e  

both   r e d u c e d   to  l e v e l s   s u b s t a n t i a l l y   e q u a l   to  the  e x h a u s t  

p r e s s u r e   i m m e d i a t e l y   b e f o r e   the  p i s t o n   1  t h a t   has  p a s s e d  

i t s   bo t tom  dead  c e n t e r   and  r e b o u n d e d   c o v e r s   the  s c a v e n g i n g  

p o r t s   8 .  

In  FIG.  9  are   g r a p h i c a l l y   shown  changes   in  the  p r e s s u r e  

i n s i d e   the  c y l i n d e r   ( f u l l   l i n e ) ,   s c a v e n g i n g   p r e s s u r e   ( b r o k e n  



l i n e ) ,   e x h a u s t   p r e s s u r e   ( a l t e r n a t e   long  and  s h o r t   d a s h e s  

l i n e ) ,   and  p r e s s u r e   i n s i d e   the  a i r - c h a r g i n g   chamber  ( d o t t e d  

l i n e )   d u r i n g   the  s c a v e n g i n g - e x h a u s t   s t r o k e   of  the   e n g i n e  

i n c o r p o r a t i n g   the  p r e s e n t   embodiment .   S ince   the  c h a r g i n g  

p r e s s u r e   can  be  s e t   h i g h e r   than   the  e x h a u s t   p r e s s u r e   a s  

w i l l   be  e x p l a i n e d   l a t e r ,   the   s c a v e n g i n g   p r e s s u r e   at   t h e  

t ime  the  s c a v e n g i n g   p o r t s   are   opened ,   SPO,  is  kep t   h i g h .  

When  the  t i m i n g   for   o p e n i n g   the  e x h a u s t   v a l v e   3  is  d e l a y e d  

to  i n c r e a s e   the   e f f e c t i v e   e x p a n s i o n   s t r o k e   of  the   p i s t o n   1 

so  as  to  r e d u c e   the   f u e l   c o n s u m p t i o n   of  the  e n g i n e ,   t h e  

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

s c a v e n g i n g   p o r t s   8  is  lower   than   the   p r e s s u r e   i n s i d e   t h e  

s c a v e n g i n g   chamber  7,  and  t h e r e   is  no  p o s s i b i l i t y   of  t h e  

r e s i d u a l   e x h a u s t   ga ses   f l o w i n g   back  t h r o u g h   the   s c a v e n g i n g  

p o r t s   8  i n t o   the  chamber  7 .  

For  the  above  p u r p o s e   the  q u a n t i t y   of  s c a v e n g i n g   a i r  

per  c y c l e ,   G ,  i s ,   where  the   o v e r a l l   open ing   t ime  and  a r e a  

of  the  s c a v e n g i n g   p o r t s   8  are  a d e q u a t e ,   a p p r o x i m a t e l y  

e x p r e s s e d   a s  

where  Pb  is  the  p r e s s u r e   i n s i d e   the  a i r - c h a r g i n g   c h a m b e r ,  

pe l   is  the   e x h a u s t   p r e s s u r e ,   and  V   is  the  volume  of  t h e  

s c a v e n g i n g   c h a m b e r .  

The  g r e a t e r   the   d i f f e r e n c e   b e t w e e n   the  c h a r g i n g   a n d  

e x h a u s t   p r e s s u r e s ,   or  t h e   l a r g e r   the  volume  of  the   s c a v e n g i n g  



chamber ,   Vs,  the   more  is  the   q u a n t i t y   of  a i r   a v a i l a b l e   f o r  

s c a v e n g i n g .  

On  the  o t h e r   hand,   the   ene rgy   b a l a n c e   be tween   t h e  

t u r b i n e   5  and  the  b lower   6  of  the   e x h a u s t - t u r b o   s u p e r c h a r g e r  

d e t e r m i n e s   the  l e v e l   of  the  c h a r g i n g   chamber  p r e s s u r e   Pb 

wi th   r e s p e c t   to  the  e x h a u s t   p r e s s u r e   Pe l .   The  p r e s s u r e   Pb 

r e l a t i v e   to  the  p r e s s u r e   Pel   can  be  r a i s e d   as  the  s u p e r -  

c h a r g e r   e f f i c i e n c y   i n c r e a s e s ,   or  as  the  s c a v e n g i n g   a i r  

q u a n t i t y   d e c r e a s e s   and  the  e x h a u s t   t e m p e r a t u r e   i n c r e a s e s .  

In  o r d i n a r y   e n g i n e s   the  d i f f e r e n c e   be tween   the  s c a v e n g -  

ing  and  e x h a u s t   p r e s s u r e s   depends   l a r g e l y   on  the  flow  r e -  

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

e x h a u s t   v a l v e .   S ince   the  two  p r e s s u r e s   are  p r a c t i c a l l y   a t  

the  same  l e v e l ,   an  enhanced   e f f i c i e n c y   of  the  s u p e r c h a r g e r  

m e r e l y   i n c r e a s e s   the  s c a v e n g i n g   a i r   f low  r a t e   and  l o w e r s  

the  e x h a u s t   t e m p e r a t u r e ;   the  s c a v e n g i n g   p r e s s u r e   l e v e l  

r e l a t i v e   to  the  e x h a u s t   p r e s s u r e   r e m a i n s   a l m o s t   u n c h a n g e d .  

In  t h i s   embodiment   of  the   i n v e n t i o n ,   by  c o n t r a s t ,   c h o i c e  

of  s c a v e n g i n g   chambers   7  of  an  a p p r o p r i a t e   volume,   V s ,  

p e r m i t s   an  i n c r e a s e   of  the  c h a r g i n g   p r e s s u r e   Pb  wi th   a n  

improved  s u p e r c h a r g e r   e f f i c i e n c y .   Also ,   as  compared  w i t h  

the  a r r a n g e m e n t s   of  the   p r i o r   a r t ,   the   ene rgy   b a l a n c e   o f  

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

s m a l l e r   q u a n t i t y   of  a i r   and  a  h i g h e r   e x h a u s t   t e m p e r a t u r e ,  

wi th   a  c o n s e q u e n t   i n c r e a s e   in  the  p r o p o r t i o n   of  e x h a u s t  



ene rgy   to  be  r e c o v e r e d   by  the  t u r b i n e   5  of  the  e x h a u s t -  

t u r b o   s u p e r c h a r g e r .  

In  b r i e f ,   t h i s   embodiment   of  the   i n v e n t i o n   o b t a i n s   a  

h igh   s c a v e n g i n g   p r e s s u r e ,   at   the   t ime  the  s c a v e n g i n g   p o r t s  

are  opened,   by  means  of  the   t u r b i n e   5  and  the   b lower   6  o f  

the  s u p e r c h a r g e r   u s i n g   the  e x h a u s t   e n e r g y ,   not   by  the  com- 

p r e s s i o n   work  of  the  p i s t o n   in  the  p i s t o n - u n d e r s i d e   c h a m b e r  

as  in  FIG.  2 .  

While  an  embodiment   of  the   i n v e n t i o n   has  been  d e s c r i b e d  

as  i n c o r p o r a t e d   in  a  t w o - c y c l e   d i e s e l   e n g i n e   of  the  u n i f l o w  

s c a v e n g e d   type  in  which  each  c y l i n d e r   is  p r o v i d e d   wi th   s c a -  

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

t h o s e   s k i l l e d   in  the  a r t   t h a t   the   i n v e n t i o n   is  e q u a l l y  

a p p l i c a b l e ,   wi th   e x a c t l y   the   same  c o n s t r u c t i o n ,   a c t i o n s ,  

and  e f f e c t s ,   to  the  t w o - c y c l e   d i e s e l   e n g i n e s   of  the   l o o p  

f low  type   in  which  each  c y l i n d e r   has  e x h a u s t   p o r t s ,   in  p l a c e  

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

the  r e v e r s e   u n i f l o w   type   in  which  the  c y l i n d e r   has  a  s c a -  

v e n g i n g   v a l v e   on  top  and  e x h a u s t   p o r t s   in  the  lower  p a r t .  

With  the  c o n s t r u c t i o n   so  f a r   d e s c r i b e d ,   the   s y s t e m  

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

(1)  S ince   a  p r e s s u r e   h i g h e r   than   the  e x h a u s t   p r e s s u r e  

can  be  used  for   s c a v e n g i n g   at   the   t ime  the  s c a v e n g i n g  

p o r t s   are  opened,   the   t i m i n g   for   o p e n i n g   the  e x h a u s t   v a l v e  

may  be  d e l a y e d   w i t h o u t   the   p o s s i b i l i t y   of  the  e x h a u s t   g a s e s  



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

p o r t s   i n t o   the   s c a v e n g i n g   chamber .   Hence,  t h e r e   o c c u r s  

no  d e t e r i o r a t i o n   of  the   c o m b u s t i o n   c y c l e   due  to  any  c h o k -  

ing  of  the   s c a v e n g i n g   p o r t s   or  a  drop  of  s c a v e n g i n g   e f -  

f i c i e n c y .   Thus,  r e t a r d a t i o n   of  the  t i m i n g   for   o p e n i n g  

the  e x h a u s t   v a l v e   a l l o w s   an  i n c r e a s e   in  the  e f f e c t i v e  

e x p a n s i o n   s t r o k e   of  the   p i s t o n ,   l e a d i n g   to  l e s s   f u e l   c o n -  

sumpt ion   by  the  e n g i n e .  

(2)  The  h igh   s c a v e n g i n g   p r e s s u r e   does  not   a f f e c t   t h e  

f u e l   economy  of  the   e n g i n e   in  any  way,  b e c a u s e   i t   i s  

a c h i e v e d   by  the  r e c o v e r y   of  e x h a u s t   ene rgy   due,  for   e x a m p l e ,  

to  the  e n h a n c e d   e f f i c i e n c y   of  the   e x h a u s t - t u r b o   s u p e r -  

c h a r g e r   and  a l s o   to  the  e l e v a t e d   e x h a u s t   t e m p e r a t u r e   w i t h  

d e c r e a s e d   a i r   c o n s u m p t i o n ,   not   by  the  c o m p r e s s i o n   work  o f  

the  p i s t o n   as  in  the  o r d i n a r y   a r r a n g e m e n t   of  the  p i s t o n -  

u n d e r s i d e   chamber  t y p e .  



1.  In  an  a i r - c h a r g i n g   c o n t r o l   sys tem  for   a  t w o - c y c l e  

d i e s e l   e n g i n e   hav ing   an  e x h a u s t - t u r b o   s u p e r c h a r g e r   w h i c h  

is  d r i v e n   by  e x h a u s t   ga ses   from  the  e n g i n e ,   s c a v e n g i n g  

chambers   formed  in  the  same  number  as,   and  r e s p e c t i v e l y  

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

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

and  s a i d   c y l i n d e r s ,   and  an  a i r - c h a r g i n g   chamber   fo r   r e c e i v -  

ing  a i r   under   p r e s s u r e   from  s a i d   e x h a u s t - t u r b o   s u p e r c h a r g e r ,  

the  improvemen t   which  c o m p r i s e s   a  p l u r a l i t y   of  a i r - c h a r g i n g  

c o n t r o l   v a l v e s   each  of  which  is  i n s t a l l e d   in  the   p a s s a g e  

be tween   s a i d   a i r - c h a r g i n g   chamber  and  each  s a i d   s c a v e n g i n g  

chamber  to  c l o s e   s a i d   p a s s a g e   d u r i n g   p a r t   of  the   p e r i o d   i n  

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

open,   i n c l u d i n g   at  l e a s t   the  c l o s i n g   p o i n t   of  s a i d   s c a -  

v e n g i n g   p o r t s ,   and  to  open  s a i d   p a s s a g e   fo r   the  r e m a i n d e r  

of  s a i d   p e r i o d   so  as  to  admi t   the   a i r   to  the   a s s o c i a t e d  

s c a v e n g i n g   chamber ,   and  d r i v e   means  fo r   o p e n i n g   and  c l o s i n g  

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

2.  A  sys tem  a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d   a i r - c h a r g i n g  

c o n t r o l   v a l v e s   are   p r o v i d e d   in  the  same  number  as  s a i d  

c y l i n d e r s .  

3.  A  sys tem  a c c o r d i n g   to  c l a i m   1,  w h e r e i n   s a i d   a i r - c h a r g i n g  

c o n t r o l   v a l v e s   are  i n s t a l l e d   be tween   only   l i m i t e d   n u m b e r s  

of  s a i d   s c a v e n g i n g   and  a i r - c h a r g i n g   c h a m b e r s .  
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