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@  Heat  exchanging  system  for  exhaust  gas  of  heat  engine. 

A  heat  exchanging  system  for  exhaust  gas  of  heat  engine 
wherein  heat  recovery  is  carried  out  by  way  of  a  mixture  which 
is  obtained  by  adding  liquid  phase  water  to  compressed  air  or 
gas  including  air  as  the  main  part  thereof  which  is  used  as 
combustion  supporting  gas,  working  medium  gas,  or  the  like, 
or  gaseous  fuel,  if  it  is  required,  in  case  such  gaseous  fuel  is 
used  as  fuel,  or  by  contacting  the  former  with  the  latter,  said 
heat  exchanging  system  being  characterized  in  that  said  mix- 
ture  comprises  compressed  gas  mixture  or  compressed  air 
mixture,  or  mixture  of  liquid  phase  water  and  the  gas  mixture 
or  the  air  mixture  which  is  obtained  by  compressing  air,  gas  in- 
cluding  air  as  the  main  part  thereof  or  gaseous  fuel  in  the 
presence  of  liquid  phase  water. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  i m p r o v e m e n t   o f   a  

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

f o r   e x h a u s t   gas   of  a  h e a t   e n g i n e   w h e r e i n   h e a t   r e c o v e r y   i s  

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

l i q u i d   p h a s e   w a t e r   to  c o m p r e s s e d   a i r   or   gas   i n c l u d i n g   a i r   a s  

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

gas   or  w o r k i n g   med ium  g a s   or   t h e   l i k e ,   or   g a s e o u s   f u e l ,   i f  

i t   i s   r e q u i r e d ,   in   c a s e   t h a t   s u c h   g a s e o u s   f u e l   i s   u s e d   a s  

f u e l ,   or   by  c o n t a c t i n g   t h e   f o r m e r   w i t h   t h e   l a t t e r ,   w h i c h   i s  

d i s c l o s e d   by  J a p a n e s e   P a t e n t   S e r i a l   No.  7 8 8 0 8 / 8 0 . e t   a l .  

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

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

t i o n   c h a r a c t e r i z e d   in  t h a t   h e a t   r e c o v e r y   i s   c a r r i e d   o u t   b y  

way  of   a  c o m p r e s s e d   m i x t u r e   w h i c h   c o m p r i s e s   g a s   m i x t u r e ,  

c o m p r e s s e d   a i r   m i x t u r e   or  m i x t u r e   of  l i q u i d   p h a s e   w a t e r   a n d  

t h e   gas   m i x t u r e   or  a i r   m i x t u r e   and  i s   o b t a i n e d   by  c o m p r e s s i n g  

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

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

In  t h e   h e a t   e x c h a n g i n g   s y s t e m   w h e r e i n   h e a t   r e c o v e r y  

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

l i q u i d   p h a s e   w a t e r   to   c o m p r e s s e d   a i r   or  c o m p r e s s e d   g a s   i n c l u d -  

ing   a i r   as  t h e   m a i n   p a r t   t h e r e o f   w h i c h   i s   u s e d   as  c o m b u s t i o n  

s u p p o r t i n g   gas   or   w o r k i n g   m e d i u m   or   t h e   l i k e ,   or   g a s e o u s   f u e l ,  

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

as  f u e l   ( t h i s   i s   r e f e r r e d   to   h e r e a f t e r   as  "a  w a t e r   i n j e c t i o n  

c y c l e " ) ,   h e a t   r e c o v e r y   i s   c o n d u c t e d   by  way  of   t h e   m i x t u r e  

in  w h i c h   t r a n s f o r m a t i o n   of   w a t e r   f rom  l i q u i d   p h a s e   to   g a s  



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

c o m p r e s s e d   g a s e o u s   f u e l ,   i f   i t   i s   r e q u i r e d ,   in   c a s e   s u c h   g a s e o u s  
f u e l   i s   u s e d   as  f u e l .   T h i s   r e s u l t s   in   g r e a t   i m p r o v e m e n t   i n  

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

p r e s s e d   g a s   to   be  r e q u i r e d ,   and  h i g h   t e m p e r a t u r e   of   t h e   w o r k  

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

t h e r m a l ' e f f i c i e n c y   and  o u t p u t   r a t i o   w i t h   v a r i o u s   a d v a n t a g e s .  

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

gas   or   c o m p r e s s e d   a i r   of   t h e   w a t e r   i n j e c t i o n   c y c l e   i s   g e n e r a l l y  

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

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

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

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

t h e   m u l t i - s t e p   gas   c o m p r e s s o r   e a c h   s t e p   of  w h i c h   i s   c o n n e c t e d  

in  s e r i e s .  

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

t h a t   i t   n e e d s   a  g r e a t   a m o u n t   of  work   f o r   c o m p r e s s i o n   due  t o  

t h e  s e p a r a t e   a c t u a t i o n   f o r   c o m p r e s s i o n   and   i n c r e a s e   o f  

h u m i d i t y ,   i n d i v i d u a l l y .  

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

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

m e n t i o n e d   c o n v e n t i o n a l   d i s a d v a n t a g e s .  

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

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

t h e r m a l   e f f i c i e n c y .  

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

o b j e c t s   by  u s i n g   a  h e a t   e x c h a n g i n g   s y s t e m   f o r   e x h a u s t   g a s  

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

of  a  m i x t u r e   w h i c h   i s   o b t a i n e d   by  a d d i n g   l i q u i d   p h a s e   w a t e r  

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

w h i c h   i s   u s e d   as  c o m b u s t i o n   g a s ,   w o r k i n g   med ium  g a s ,   or   t h e  

l i k e ,   or   g a s e o u s   f u e l ,   i f   i t   i s   r e q u i r e d ,   in   c a s e   s u c h  

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

w i t h   t h e   l a t t e r ,   s a i d   h e a t   e x c h a n g i n g   s y s t e m   b e i n g   c h a r a c t e r i z e d  

in   t h a t   s a i d   m i x t u r e   c o m p r i s e s   a  c o m p r e s s e d   g a s   m i x t u r e   o r  

c o m p r e s s e d   a i r   m i x t u r e ,   or   a  m i x t u r e   of  l i q u i d   p h a s e   w a t e r  

and  t h e   gas   m i x t u r e   or   t h e   a i r   m i x t u r e   w h i c h   i s   o b t a i n e d   b y  



c o m p r e s s i n g   a i r ,   gas   i n c l u d i n g   a i r   as  t h e   m a i n   p a r t   t h e r e o f  

or  g a s e o u s   f u e l   in  t h e   p r e s e n c e   of  l i q u i d   p h a s e   w a t e r .  

B r i e f l y ,   t h e   p r e s e n t   i n v e n t i o n   i s   p e r f o r m e d   by  i n t r o -  

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

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

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

o u t   w h i l e   i n j e c t i n g   w a t e r   i n t o   a b s o r p t i o n   gas   of  t h e   c o m p r e s s o r  

or  i n t e r m e d i a t e   d i s c h a r g e d   gas   a t   e a c h   i n t e r m e d i a t e - s t e p   o f  

c o m p r e s s o r ,   i f   i t   i s   r e q u i r e d .   In  a n o t h e r   m e t h o d ,   in   a  

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

i n c l u d i n g   w a t e r   as  t he   ma in   p a r t   t h e r e o f ,   i s   u s e d   as  s e a l i n g  

medium  i n s t e a d   of  s e a l i n g   o i l ,  w a t e r   l o s t   t h r o u g h   v a p o r i z a -  

t i o n ' b e i n g   r e p l a c e d   by  a  c o r r e s p o n d i n g   a m o u n t   of  w a t e r .   I n  

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

In  t h e   m i x t u r e   of  t h e   c o m p r e s s e d   a i r / s t e a m   or  t h e  

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

l i q u i d   p h a s e   w a t e r   and  t h e   m i x t u r e   of  t h e   c o m p r e s s e d   g a s / s t e a m  

or  t h e   m i x t u r e   of  c o m p r e s s e d   g a s e o u s   f u e l / s t e a m   w h i c h   i s  

o b t a i n e d   by  t h e   p r e s e n t   m e t h o d ,   t h e   s o - c a l l e d   P V - v a l u e   i s  

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

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

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

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

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

d i s c h a r g e d   gas   t e m p e r a t u r e   a f t e r   c o m p r e s s i o n .  

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

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

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

e f f i c i e n c y .  

As  d e s c r i b e d   a b o v e ,   t h e   h e a t   e x c h a n g i n g   s y s t e m   i n  

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

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

work  and  t h e   i m p r o v e m e n t   in  e f f e c t i v e n e s s   o f  h e a t   r e c o v e r y  
and  b r i n g s   a b o u t   a  b i g   i m p r o v e m e n t   in   t h e   h e a t   e f f i c i e n c y  

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



1.  A  heat  exchanging  system  for  r e c o v e r i n g   heat  f rom 

the  e x h a u s t  g a s   of  a  heat  engine  wherein  heat  r ecovery   i s  

c a r r i e d ' o u t   using  as  heat  exchange  medium  a  mixture   compris ing   a  

gas  and  vapo r i s ed   water  c h a r a c t e r i s e d   in  that   said  mixture   i s  

ob ta ined   by  compressing  said  gas  in  the  presence   of  l i q u i d   p h a s e  

w a t e r .  

2.  A  heat  exchanging  system  for  exhaust   gas  o f   h e a t  

engine  wherein  heat   recovery   is  c a r r i e d   out  using  as  heat  exchange  

medium  a  mixture   which  is  ob ta ined   by  adding  l i qu id   phase  w a t e r  

to  compressed  a i r   or  gas  i n c l u d i n g   a i r   as  the  main  par t   t h e r e o f  

which  is  used  as  combustion  suppor t ing   gas,  working  medium  g a s ,  

or  the  l i ke ,   or  gaseous  fue l ,   if  i t   is  r e q u i r e d ,   in  case  such  

gaseous  fuel   is  used  as  f@el ,   or  by  c o n t a c t i n g   the  former  w i t h  

the  l a t t e r ,   said  heat  exchanging  system  being  c h a r a c t e r i z e d   i n  

that   said  mixture   comprises  compressed  gas  mixture   or  compressed  

air  mix ture ,   or  mixture   of  l i q u i d   phase  water  and  the  gas  m i x t u r e  

or  the  a i r   mixture   which  is  ob ta ined   by  compressing  a i r ,   gas  

i n c l u d i n g ' a i r   as  the  main  part   t he reo f   or  gaseous  fuel   in  t h e  

presence   of  l i q u i d   phase  w a t e r .  

3.  A  heat  exchanging  system  for  exhaust   gas  of  h e a t  

engine  wherein  heat  r ecovery   is  c a r r i e d   out  using  as  heat  exchange  

medium  a  mixture   which  is  ob ta ined   by  adding  l i q u i d   phase  water  t o  

compressed  a i r   or  gas  i n c l u d i n g   air   as  the  main  par t   t h e r eo f   wh ich  

is  used  as  combustion  suppor t ing   gas,  working  medium  gas,  or  t h e  

l ike ,   or  gaseous  fue l ,   if  i t   is  r e q u i r e d ,   in  case  such  g a s e o u s  
fuel   is  used  as  fue l ,   or  by  c o n t a c t i n g   the  former  with  t h e  

l a t t e r ,   said  heat  exchanging  system  being  c h a r a c t e r i z e d   in  t h a t  

said  mixture   comprises  (1)  a  compressed  gas  mix ture ,   (2)  a 

compressed  air   mixture ,   (3)  a  mixture   of  l i qu id   phase  water  and  s a i d  

gas  mixture   or  (4)  a  mixture   of  l i qu id   phase  water  and  said  a i r  

mix ture ,   and  said  mixture   is  ob ta ined   by  compressing  a i r ,   gas  

i n c l u d i n g   a i r   as  the  main  par t   t he reo f   or  gaseous  fuel   in  t h e  

presence   of  l i qu id   phase  w a t e r .  
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