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©  Boiling  liquid  cooling  system  for  internal  combustion  engines. 

  boiling  liquid  coolant  system  for  a  vehicular  internal 
combustion  engine  (11)  which  operates  at  a  virtually  constant 
predetermined  pressure  and  predetermined  temperature 
having  a  condenser  (13)  which  assures  that  all  vaporized 
coolant  is  condensed  under  all  engine  operating  conditions 
by  matching  the  rate  of  condensation  of  vaporized  coolant  in 
the  condenser  to  the  rate  vaporized  coolant  is  generated  by 
the  engine  and  flows  to  the  condenser  during  operation  of the 
engine.  In  one  embodiment,  an  electrically-driven  fan  (14)  is 
actuated  by  a  thermal  or  pressure  sensitive  switch  (42)  in  the 
condenser  (13)  for  assuring  an  adequate  flow  of  ambient  air 
across  the  condenser tubes  during  high  ambient  air tempera- 
ture  engine  operating  conditions,  e.g.  low  speed,  under  load 
or  stationary  idle  conditions  of  engine  operation,  and  during 
the  hot  soak  period  after  engine  shutdown.  Condensate  may 
be  returned  to  a  gravity  supply tank  (12)  by  either  an  electric  or 
an  engine-driven  pump  (16),  and  a  non-return  flow  valve  (17) 
assures  that vapor  cannot flow  from  the  separation  tank  of the 
system  to  the  sump  in  the  absence  of the  flow  of  liquid  coolant 
from  the  sump  to  the  separation  tank.  A  pipe  may  connect the 
upper  and  lower  parts  of  the  engine  cooling  jacket  through  a 
pump  for  positive  direct  circulation,  without  heat  loss,  of 
liquid  coolant  in  the  jacket  to  shorten  engine  warm  up  time. 
Other  features  include  a  perforated  inlet  tube  (40,41)  extend- 
ing  into  a  vapor  separator/condenser  supply  tank  (12),  a 

U-trap  in  the  liquid  coolant  supply  line,  a  combined  pres- 
sure/vacuum  reliefventvalve,  and  a  passenger compartment 
heater  and  oil  temperature  control  integral  with  the  separa- 
tion  tank. 



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

f o r   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   and  p a r t i c u l a r l y   t o  

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

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

p r e s s u r i z e d ,   f o r c e d   c i r c u l a t i o n ,   l i q u i d   s y s t e m s   i n  

w h i c h   w a t e r   or  an  a q u e o u s   a n t i f r e e z e   m i x t u r e   i s  

c i r c u l a t e d   by  an  e n g i n e - d r i v e n   pump  in  a  s i n g l e  

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

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

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

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

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



r e l i e f   v a l v e   in   t h e   r a d i a t o r   f i l l   cap  i s   s e t   a t  
a  p r e s s u r e   h i g h   e n o u g h   ( t y p i c a l l y   15  p s i g )   t o  

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

of  e n g i n e   o p e r a t i n g   c o n d i t i o n s .  

To  r e d u c e   e n g i n e   warm  up  t i m e ,  a   t h e r m o s t a t i c   v a l v e  

i s   p o s i t i o n e d   at   t h e   o u t l e t   of  t he   w a t e r   j a c k e t .   The  v a l v e  

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

v a l u e   ( e . g .   a b o u t   90*C  or  h i g h e r ) .   At  c o o l a n t   t e m p e r a t u r e s  

b e l o w   t h e   s e t   p o i n t ,   no  c o o l a n t   can  f low  to  or  f rom  t h e  

e n g i n e ,   so  t h a t   t h e   t e m p e r a t u r e   of  t he   r e l a t i v e l y   s m a l l  

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

j a c k e t   w i l l   r i s e   r a p i d l y .  

A l t h o u g h   c o n v e n t i o n a l   p r e s s u r i z e d   s i n g l e - p h a s e   l i q u i d  

c o o l a n t   s y s t e m s   a r e   r e l i a b l e   and  a l m o s t   m a i n t e n a n c e - f r e e ,   t h e y  

have   s e v e r a l   i n h e r e n t   d r a w b a c k s .   S u r f a c e   h e a t   t r a n s f e r   c o -  

e f f i c i e n t s   f o r   a  f l u i d   in  t he   l i q u i d  p h a s e   a r e   r e l a t i v e l y   l o w  

and  v a r y   w i t h   f low  v e l o c i t y .  I n   t he   t y p i c a l   a u t o m o t i v e  

c o o l i n g   s y s t e m ,   c o o l e d   l i q u i d   from  the   r a d i a t o r   e n t e r s   t h e  

e n g i n e   a t   t h e   l o w e r   f r o n t   p a r t   o f  t h e   b l o c k ,   and  h e a t e d   l i q u i d  

l e a v e s   f rom  t he   top   of  t h e   c y l i n d e r   h e a d .   C o n s e q u e n t l y ,   t h e  

f r o n t   c y l i n d e r s   w i l l   run  c o o l e r  t h a n   t h e   r e a r   c y l i n d e r s .   I n  

a d d i t i o n ,   i t   is   not   p o s s i b l e   t o  o b t a i n   u n i f o r m   v e l o c i t y   in  t h e  

c o m p l e x   f l ow  p a s s a g e w a y s   i n s i d e   the   c o o l i n g   j a c k e t ,   so  l o c a l  

ho t   s p o t s   d e v e l o p   t h r o u g h o u t   t he   e n g i n e .   Such  ho t   s p o t s   a r e  

b e l i e v e d   to  c o n t r i b u t e   to  t he   p r o d u c t i o n   of  o x i d e s   of  n i t r o g e n  

(N0x )  in  t h e   e x h a u s t   g a s e s .  



S i n c e   t he   h i g h e s t   t e m p e r a t u r e s   a re   g e n e r a t e d   in  t h e  

c o m b u s t i o n   c h a m b e r s   at  t he   top   of  t he   c y l i n d e r s ,   and  s i n c e   t h e  

c o o l a n t   f l o w   i s   g e n e r a l l y   upward   t h r o u g h   the   e n g i n e ,   t he   u p p e r  

p a r t   of  e a c h   c y l i n d e r   w a l l   is  much  h o t t e r   t h a n   t he   l o w e r   p a r t .  

T h i s   t e m p e r a t u r e   d i f f e r e n t i a l   from  top   to  b o t t o m   of  t h e  

c y l i n d e r   w a l l   (some  20*  to  30°C)  c a u s e s   t h e r m a l   d i s t o r t i o n   o f  

t he   e n g i n e   b l o c k   and  c y l i n d e r   h e a d ,   w i t h   c o n s e q u e n t   i n c r e a s e d  

b l o w - b y   and  o i l   c o n s u m p t i o n .   An  even  g r e a t e r   p r o b l e m   is   t h a t  

w a l l   q u e n c h i n g ,   w h i c h   p r o d u c e s   an  u n b u r n e d   l a y e r   of  g a s e s   on  

t he   r e l a t i v e l y   c o o l   l o w e r   c y l i n d e r   w a l l s ,   is  t he   s o u r c e   o f  

e x c e s s i v e   c a r b o n   m o n o x i d e   (CO)  and  u n b u r n e d   h y d r o c a r b o n s   (HC) 

in  t he   e x h a u s t   g a s e s .   I t   a l s o   r e s u l t s   in  poor   f u e l   e f f i c i e n c y .  

The  d e s i r a b i l i t y   of  u s i n g   a  two  p h a s e   b o i l i n g   l i q u i d  

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

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

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

n u m e r o u s   p r o p o s a l s   have   been  made  f o r   b o i l i n g   l i q u i d   c o o l i n g  

s y s t e m s   f o r   b o t h   s t a t i o n a r y   and  m o b i 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 .   R e p r e s e n t a t i v e   e x a m p l e s   of  a u t o m o t i v e   b o i l i n g   l i q u i d  

c o o l i n g   s y s t e m s   i n c l u d e   U.S .   P a t e n t   Nos.  1 , 6 3 2 , 5 8 3 ;   3 , 2 2 3 , 0 7 5 ;  

3 , 3 1 2 , 2 0 4 ;   3 , 3 8 4 , 3 0 4 ;   2 , 6 4 9 , 0 8 2 ;   1 , 7 5 4 , 3 0 0 ;   1 , 3 2 3 , 3 6 6 ;   1 , 8 1 2 , 8 9 9 ;  

1 , 8 3 8 , 4 5 0 ;   2 , 7 6 6 , 7 4 0 ;   2 , 8 2 5 , 3 1 7 ;   2 , 8 0 4 , 8 6 0 ;   2 , 9 2 6 , 6 4 1 ;   1 , 6 8 7 , 6 7 9 ;  

2 , 6 8 1 , 6 4 3 ;   1 , 8 6 0 , 2 5 8 ;   2 , 4 0 3 , 2 1 8 ;   1 , 8 9 5 , 5 0 9 ;   1 , 6 3 0 , 0 6 8 ;   1 , 6 3 0 , 0 6 9 ;  

1 , 6 3 0 , 0 7 0 ;   1 , 6 5 8 , 9 3 3 ;   1 , 6 5 8 , 9 3 4 ;   1 , 7 0 3 , 1 6 4 ;   3 , 1 6 8 , 0 8 0 ;   3 , 0 8 2 , 7 5 3 ;  

and  3 , 5 2 4 , 4 9 9 .   See  a l s o ,   " D u a l - C i r c u i t   E b u l l i t i o n   C o o l i n g   f o r  

A u t o m o t i v e   E n g i n e s " ,   a  p a p e r   p r e s e n t e d   at  a  m e e t i n g   of  t h e  



S o c i e t y   of  A u t o m o t i v e   E n g i n e e r s ,   San  F r a n c i s c o ,   C a l i f o r n i a ,  

A u g u s t   1 7 - 2 0 ,   1 9 6 4 ,  b y   A.  A.  T a c c h e l l a ,   J.  A.  F a w c e t t   and  A.  N. 

A n d e r s o n ;   " E v a p o r a t i v e   C o o l i n g " ,   b y  H .   C.  H a r r i s o n ,   The  J o u r n a l  

of  t h e   S o c i e t y   of  A u t o m o t i v e   E n g i n e e r s ,   V o l .  X V I I I ,   N o .  2  

( F e b r u a r y   1 9 2 6 ) ;   and  "Dow  C h e m i c a l  F i l l s   C o o l i n g   G a p " ,   A u t o m o t i v e  

I n d u s t r i e s ,   A u g u s t   1 5 ,  1 9 7 0 ,   pp.  5 3 - 5 4 .  

In  t y p i c a l   b o i l i n g   c o o l i n g   s y s t e m s ,   l i q u i d   c o o l a n t  

is   b o i l e d   w i t h i n   t h e   c o o l i n g   j a c k e t   of  t he   e n g i n e ,   t h e   v a p o r i z e d  

c o o l a n t   b e i n g   w i t h d r a w n   f rom  t h e   u p p e r   p a r t   of  t h e   c o o l i n g  

j a c k e t   and  f l o w i n g   to  an  a i r   c o o l e d   r a d i a t o r   or  c o n d e n s e r ,  

e i t h e r   d i r e c t l y   or  t h r o u g h   a  s e p a r a t o r   t a n k .   The  c o n d e n s a t e  

c o l l e c t s   in  a  sump  c o n n e c t e d  t o   t h e  b o t t o m   of  t he   c o n d e n s e r  

and  i s   r e t u r n e d   to  t he   i n l e t   to  t h e  c o o l i n g   j a c k e t   or  to  a  

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

S i n c e   b o i l i n g   o c c u r s   a t   c o n s t a n t   t e m p e r a t u r e   ( a s s u m i n g  

t he   p r e s s u r e   is  h e l d   c o n s t a n t )   and  s i n c e   s u r f a c e   h e a t   t r a n s f e r  

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

t h a n   fo r   t h e   same  f l u i d s   in  t he   l i q u i d   s t a t e ,   b o i l i n g   c o o l i n g  

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

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

w a l l   w i l l   be  h o t t e r ,   t h e r e b y   r e d u c i n g   t h e   p r o d u c t i o n   of  CO  a n d  

HC  in  t h e   e x h a u s t   g a s e s   and  i m p r o v i n g   f u e l   e c o n o m y .  

The  p o t e n t i a l   b e n e f i t s   of  b o i l i n g   l i q u i d   c o o l i n g   f o r  

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

p r a c t i c a l   s y s t e m .   A  m a j o r   p r o b l e m   w i t h   p r i o r   a u t o m o t i v e  

b o i l i n g   l i q u i d   c o o l i n g   s y s t e m s   has   been   the   n e e d  t o   c o n s t a n t l y  



m o n i t o r   t h e   c o o l a n t   s u p p l y   and  to  f r e q u e n t l y   r e p l e n i s h   c o o l a n t  

l o s t   t h r o u g h   t h e   s y s t e m   v e n t .   T h i s   is   not   m e r e l y   an  i n c o n -  

v e n i e n c e ;   c o o l a n t   l o s s   may  be  so  r a p i d   t h a t   m a j o r   damage  c a n  

r e s u l t   b e f o r e   t h e   e n g i n e   can  be  s h u t   d o w n .  

H e r e t o f o r e ,   i t   has   been   i m p o s s i b l e   to  e l i m i n a t e   c o o l a n t  

l o s s   f rom  s u c h   c o o l i n g   s y s t e m s   due  to  v a p o r   l o s s   t h r o u g h   t h e  

s y s t e m   v e n t   u n d e r   a l l   e n g i n e   o p e r a t i n g   c o n d i t i o n s .   For  e x a m p l e ,  

i t   has   no t   been   p o s s i b l e   to  e l i m i n a t e   v a p o r   l o s s   d u r i n g   h i g h  

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

r e s u l t   f rom  e i t h e r   a  low  v o l u m e   of  a i r   f l o w i n g   a c r o s s   t he   c o n -  

d e n s e r   c a u s e d ,   e . g . ,   by  low  e n g i n e   s p e e d   d u r i n g   i d l i n g   and  h i l l  

c l i m b i n g   or  when  t he   v e h i c l e   is  m o v i n g   s l o w l y ,   or  wh ich   is   d u e  

to  e n g i n e   s h u t d o w n ,   or  when  o u t s i d e   a i r   t e m p e r a t u r e s   a r e   v e r y  

_ h i g h ,   e . g . ,   on  a  ho t   summer  day ,   u n d e r   w h i c h   c o n d i t i o n s   t h e  

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

t h e   v a p o r i z e d   c o o l a n t   is   e x c e e d e d   by  t h e   r a t e   at   wh ich   v a p o r i z e d  

c o o l a n t   is  g e n e r a t e d   in  t he   s y s t e m .   I t   has  a l s o   not   been   p o s s i -  

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

d u r i n g   w h i c h   no  l i q u i d   c o o l a n t   f i l l s   t h e   r e t u r n   l i n e   f rom  t h e  

sump  to  t he   s e p a r a t o r   t a n k ,   such   a s ,   f o r   e x a m p l e ,   d u r i n g  

e n g i n e   s t a r t - u p   when  n o n c o n d e n s i b l e   g a s e s   a re   p u r g e d   f rom  t h e  

s y s t e m   and  c o o l a n t   v a p o r   is   g e n e r a t e d   by  the   h e a t   of  t h e  

e n g i n e   but   l i t t l e   c o o l a n t   is  c o n d e n s e d   by  the   c o n d e n s e r ,  

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

i n c r e a s e   t he   amoun t   of  c o o l a n t   v a p o r   g e n e r a t e d   but   t he   a m o u n t  

of  c o n d e n s a t e   p r o d u c e d   by  t he   c o n d e n s e r   is  r e d u c e d ,   and  d u r i n g  



low  power   e n g i n e   o p e r a t i n g   c o n d i t i o n s   such   a s ,   e . g . ,   c o a s t i n g  

down  a  h i l l   when  l i t t l e   power   i s   u t i l i z e d   and  t h e   c o n d e n s e r  

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

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

is   t h e   t e n d e n c y  o f   such   s y s t e m s   to  b u i l d   up  e x c e s s i v e   p r e s s u r e  

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

s y s t e m   w i l l   o p e r a t e   at   a  p r e s s u r e   l e v e l   of  1 5 - 2 5   p . s . i .   a t  

m o d e r a t e   e n g i n e   l o a d s   and  at  a  p r e s s u r e   l e v e l   of  2 5 - 4 5   p . s . i .  

at   h i g h   e n g i n e   l o a d s   i f   no t   v e n t e d .   As  a  r e s u l t ,   mos t   p r i o r   a r t  

v a p o r   c o o l i n g   s y s t e m s   u t i l i z e   a  p r e s s u r e   r e l i e f   v a l v e   of  one  f o r m  

or  a n o t h e r   to  r e l e a s e   t he   e x c e s s   p r e s s u r e   f rom  t h e   s y s t e m .   S u c h  

r e l i e f   v a l v e s ,   h o w e v e r ,   c a u s e   a  c o n s t a n t   l o s s   of  v a p o r   and,   a s  

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

s y s t e m   w h i c h   can  r a n g e   f rom  m o d e r a t e   to  s e v e r e ,   d e p e n d i n g   u p o n  

t h e   l o c a t i o n   of  t h e   r e l i e f   v a l v e .   I t   is  t h e r e f o r e   e v i d e n t   t h a t  

such   p r i o r   a r t   v a p o r   c o o l i n g  s y s t e m s   a r e   not   low  p r e s s u r e   s y s t e m s  

but   r a t h e r   a r e   h i g h   p r e s s u r e   s y s t e m s   wh ich   use   a  r e l i e f   v a l v e ,  

and  do  not   p r e v e n t   c o o l a n t   l o s s .  

A  t r u e   l o w - p r e s s u r e   v a p o r   c o o l i n g   s y s t e m   is   e x t r e m e l y  

a d v a n t a g e o u s .   At  sea   l e v e l ,   a  r i s e   of  a p p r o x i m a t e l y   two  d e g r e e s  

F.  in  b o i l i n g   p o i n t   i s   c a u s e d   by  e v e r y  o n e   pound   of  p r e s s u r e  

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

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

15-25   p . s . i . ,   t he   r e s u l t i n g   v a r i a t i o n   of  t he   e n g i n e   t e m p e r a t u r e  

w i l l   r a n g e   from  30'  to  50*F .   in  e x c e s s   of  i t s   o p t i m u m   o p e r a t i n g  

t e m p e r a t u r e .   The  q u i c k   r e l e a s e   e f f e c t   of  a  p r e s s u r e   r e l i e f  



v a l v e   no t   o n l y   c a u s e s   a  c o o l a n t   l o s s   f rom  the   s y s t e m   as  a  r e s u l t  

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

e f f e c t s   of  t h e   v a p o r   c o o l i n g   s y s t e m   o p e r a t i n g   at   a  h i g h   p r e s -  

s u r e .   The  r a t i n g   of  a  2  p . s . i .   p r e s s u r e   r e l i e f   v a l v e ,   f o r  

e x a m p l e ,   is   r e a l l y   on ly   an  a v e r a g e   2  p . s . i .   v a l u e   s i n c e   the   p r e s -  

s u r e   r i s e s   and  f a l l s   above   and  b e l o w   t h a t   p o i n t   as  t he   p r e s s u r e  

at   t he   v a l v e   b u i l d s ,   and  t h e n   t h e   v a l v e   r e l e a s e s   and  r e l i e v e s   t h e  

p r e s s u r e .   The  s h o c k   e f f e c t   of  t h i s   t y p e   of  r e l i e f   in  a  v a p o r  

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

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

j a c k e t i n g ,   t he   c o m b u s t i o n   c h a m b e r   dome,  and  t he   e x h a u s t   p o r t  

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

A  m a j o r   p r o b l e m   in  t he   p r i o r   a r t   v a p o r   c o o l i n g   s y s t e m s  

w h i c h   h a s  g o n e   u n r e c o g n i z e d   and  c a u s e s   such  p r e s s u r e   b u i l d   u p  

i s   t h e   p h e n o m e n o n   of  v a p o r   b u i l d - u p   or  "back   p r e s s u r e "   f rom  t h e  

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

e n g i n e   c o o l i n g   j a c k e t ,   a l t h o u g h   no t   in  t he   c o n d e n s e r .   I f   such   a  

p r e s s u r e   r i s e   i s   not   c h e c k e d ,   t he   r e s u l t   would   be  a  v a p o r   p o c k e t  

f o r m e d   at  t he   u p p e r m o s t   p a r t   of  t he   c o o l i n g   j a c k e t   wh ich   as  i t  

e x p a n d s   in  s i z e   would   d i s p l a c e   l i q u i d   c o o l a n t   f rom  t h e   c o o l a n t  

j a c k e t s   in  t h e   e n g i n e ,   e v e n t u a l l y   c a u s i n g   the   c o o l i n g   s y s t e m   t o  

f a i l .   The  t u b e s   of  a  c o n d e n s e r   m u s t ,   of  c o u r s e ,   be  long   e n o u g h  

so  t h a t   v a p o r   is   c o n d e n s e d   by  t h e   t i m e   i t   r e a c h e s   t he   ends   o f  

t h e   c o n d e n s e r   t u b e s .   H o w e v e r ,   as  t he   l e n g t h   of  t he   t u b e s   i s  

i n c r e a s e d ,   t he   c o n d e n s e r   b e c o m e s   r e s t r i c t i v e   to  v a p o r   f l o w ,   w h i c h  

c a u s e s   a  b a c k - p r e s s u r e   to  d e v e l o p   as  t h e   e n g i n e   p r o d u c e s   m o r e  



and  more  v a p o r ,   w h i c h   in  t u r n   c a u s e s   t h e   f o r m a t i o n   of  " h o t   v a p o r  

p o c k e t s "   in  t h e   c o o l a n t   l o c a t e d   in  t h e   e n g i n e   head   and  a  r e -  

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

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

T h i s   i s   p a r t i c u l a r l y   i m p o r t a n t   b e c a u s e   not   o n l y   has   v a p o r  

p o c k e t e d   bu t   in  so  d o i n g ,   i t   has  p r e c l u d e d   l i q u i d   c o o l a n t   f r o m  

t h a t   s p a c e   and  no  h e a t   i s   t r a n s f e r r e d   f rom  t h e   e n g i n e   c o o l i n g  

j a c k e t   w a l l s .   S i n c e   u n d e r   t h e s e   c o n d i t i o n s   a l l   of  t h e   v a p o r  

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

l i q u i d ,   a  b a c k - u p   of  v a p o r   o c c u r s   at  t h e   e n t r a n c e   to  t h e  

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

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

t h e   v o l u m e   of  v a p o r  i s   r e d u c e d .   T h e  c o n d e n s e r   i s ,   t h u s ,   a  r e -  

s t r i c t i v e   o r i f i c e   and  o n l y   p e r m i t s   t he   f l ow  of  a  l i m i t e d   v o l -  

ume  of  v a p o r .   Once  t h e   v o l u m e   of  v a p o r   g e n e r a t e d   e x c e e d s   t h i s  

maximum,   p r e s s u r e   b u i l d s   as  v a p o r   " b a c k s   u p " .  T h e   use   o f  a  

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

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

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

have   been   u t i l i z e d   o n l y   as  h e a t   e x c h a n g e r s ,   and  no t   as  a  m e a n s  

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

V a r i o u s   t y p e s   of  c o n d e n s e r s   fo r   use  in  a u t o m o t i v e   c o o l i n g   s y s -  

t e m s ,   i n c l u d i n g   b o i l i n g   l i q u i d   c o o l i n g   s y s t e m s ,   a re   d i s c l o s e d  

in  U .S .   P a t e n t   Nos .   1 , 3 2 9 , 4 1 9 ,   1 , 3 7 6 , 0 8 6 ,   1 , 4 3 2 , 5 1 8 ,   1 , 5 5 8 , 0 0 9 ,  

1 , 6 5 8 , 0 9 0 ,   1 , 7 0 0 , 2 7 0 ,   1 , 7 0 2 , 9 1 0 ,   1 , 7 0 6 , 6 9 3 ,   1 , 7 6 7 , 5 9 8 ,   1 , 8 0 6 ,  

382  and  3 , 2 2 3 , 0 7 5 .  



As  a  r e s u l t   of  t he   f o r e g o i n g   p r o b l e m s ,   p r i o r   a r t   b o i l -  

i n g   l i q u i d   c o o l i n g   s y s t e m s   have   not   been  c o m m e r c i a l l y   u t i l i z e d .  

SUMMARY  OF  THE  INVENTION 

I t   i s   a  p r i n c i p a l   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n ,  

t h e r e f o r e ,   to  p r o v i d e   an  i m p r o v e d   b o i l i n g   l i q u i d   c o o l i n g  

s y s t e m   f o r   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   in  wh ich   the   c o n d e n s i n g  

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

to  t h e   r a t e   at  w h i c h   c o o l a n t   v a p o r   is   g e n e r a t e d   by  t he   e n g i n e  

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

I t   i s   a l s o   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

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

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

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

I t   is   a l s o   an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   to  p r o -  

v i d e   an  i m p r o v e d   b o i l i n g   l i q u i d   c o o l i n g   s y s t e m   f o r   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   w h i c h   has   no  c o o l a n t   l o s s   d u r i n g   a l l   e n g i n e  

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

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

c o n d i t i o n s   u n d e r   wh ich   t h e r e   is  an  a b s e n c e   of  c o o l a n t   f l o w  

f rom  t he   sump  to  t he   s e p a r a t i o n   t a n k   of  t h e   s y s t e m .  

I t   is  a  f u r t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

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

i n t e r n a l   c o m b u s t i o n   e n g i n e   in  wh ich   t he   s y s t e m   v e n t   is   t o t a l l y  

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

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



T h e s e   and  o t h e r   o b j e c t s   of  t h e   i n v e n t i o n   a re   a c h i e v e d  

in  a  b o i l i n g   l i q u i d   c o o l i n g   s y s t e m   f o r   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   i n c l u d i n g   a  c o o l a n t   i n l e t   and  a  c o o l a n t   o u t l e t ,   a  

s e p a r a t i o n   t a n k   c o u p l e d   to  t he   i n l e t   a n d  o u t l e t   fo r   s e p a r a t i n g  

v a p o r i z e d   c o o l a n t   f rom  l i q u i d   c o o l a n t ,   c o n d e n s e r   means  c o u p l e d  

to  t he   s e p a r a t i o n   t a n k   f o r   c o n d e n s i n g   v a p o r i z e d   c o o l a n t  

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

o p e r a t i o n   of  t he   e n g i n e ,   sump  means   c o u p l e d   to  t he   c o n d e n s e r  

means   f o r  r e c e i v i n g   c o n d e n s e d   c o o l a n t   f rom  t he   c o n d e n s e r  

m e a n s ,   t h e   sump  means   b e i n g   c o u p l e d   to  t h e   s e p a r a t i o n   t a n k   f o r  

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

e n g i n e ,   and  v e n t   means   f o r   v e n t i n g   n o n - c o n d e n s i b l e   g a s e s   f r o m  

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

i m p r o v e m e n t   c o m p r i s e s   t he   c o n d e n s e r   means   i n c l u d i n g   means   f o r  

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

c o n d e n s e r   means   to  t he   r a t e   v a p o r i z e d   c o o l a n t   is   g e n e r a t e d   b y  

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

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

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

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

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

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

c o o l a n t   as  i t   f l o w s   i n t o   t he   c o n d e n s e r   means   f rom  t he   s e p a r a -  

t i o n   t a n k .  

In  one  e m b o d i m e n t   of  t he   i n v e n t i o n ,   t h e   c o n d e n s e r  

means   i s   c o u p l e d   to   t h e   s e p a r a t i o n   t a n k  b y   c o n d u i t   m e a n s ,   a n d  



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

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

m e a n s ,   t he   r a t i o   of  t h e   d i a m e t e r   of  t h e   t u b e   means  to  t h e  

d i a m e t e r   of  t h e   c o n d u i t   means  p r e f e r a b l y   b e i n g   at  l e a s t   2 : 1 .  

The  m a t c h i n g   means   may  a l s o   c o m p r i s e   a  c h a m b e r   i n t o   w h i c h  

v a p o r i z e d   c o o l a n t   f rom  the   s e p a r a t i o n   t a n k   f l o w s ,   t he   c h a m b e r  

b e i n g   d i m e n s i o n e d   so  as  to  c a u s e   the   v a p o r i z e d   c o o l a n t   t o  

i m m e d i a t e l y   e x p a n d   as  i t   e n t e r s   t he   c h a m b e r ,   t h e r e b y   r e d u c i n g  

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

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

t u b e s   e x t e n d i n g   t h r o u g h   the   c h a m b e r   of  t h e   c o n d e n s e r   m e a n s .  

The  m a t c h i n g   means  of  t h e   c o n d e n s e r   means  may  i n c l u d e  

means   f o r   p r e v e n t i n g   t h e   f low  of  v a p o r i z e d   c o o l a n t   f rom  t h e  

c o n d e n s e r   means   i n t o   t he   sump  means   d u r i n g   h i g h   a m b i e n t   a i r  

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

may  c o m p r i s e   an  e x p a n s i o n   t a n k   i n t o   w h i c h   n o n - c o n d e n s i b l e  

g a s e s   a re   v e n t e d   f rom  t he   c o o l i n g   s y s t e m   d u r i n g   o p e r a t i o n   o f  

t h e   e n g i n e ,   t h e   c o o l i n g   s y s t e m   b e i n g   c l o s e d   to  the   a t m o s p h e r e .  

In  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ,   t h e   v e n t   means   may 

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

v e n t i n g   n o n - c o n d e n s i b l e   g a s e s   f rom  t h e   c o o l i n g   s y s t e m   to  t h e  

a t m o s p h e r e   d u r i n g   o p e r a t i o n   of  t h e   e n g i n e .   In  a d d i t i o n ;   m e a n s  

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

be  c o u p l e d   to  t he   s e p a r a t i o n   t a n k .   The  h e a t i n g   means   may 

i n c l u d e   c o n d u i t   means  c o u p l e d   to  t he   e n g i n e   and  t h r o u g h   w h i c h  

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



b e i n g   d i s p o s e d   in  t h e   s e p a r a t i o n   t a n k   so  as  to  be  a t   l e a s t  

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

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

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

The  f o r e g o i n g   c o n d e n s e r   d e s i g n   p e r m i t s   t h e   e n g i n e   t o  

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

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

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

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

t h e r e b y   e n a b l i n g   t h e   c o n d e n s e r   to  be  r e d u c e d   in  s i z e   and  to  b e  

l o c a t e d   in  a  wide   v a r i e t y   of  p l a c e s   w i t h i n   t he   v e h i c l e ,   s i n c e  

t he   r e q u i r e d   h e a t   d i s s i p a t i o n  c a p a c i t y   of  t he   c o n d e n s e r   i s  

r e d u c e d .   In  a d d i t i o n ,   f u e l   e f f i c i e n c y   is   i n c r e a s e d   and  t h e  

v e h i c l e   can  be  d e s i g n e d   s o  a s   to  g r e a t l y   r e d u c e   or  e l i m i n a t e  

f r o n t a l   a i r   i n t a k e ,   t h e r e b y   m a k i n g   i t   p o s s i b l e   to  use   a  m o r e  

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

T h e s e   and  o t h e r   o b j e c t s   of  t he   i n v e n t i o n   a r e   a l s o  

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

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

to  t he   c o o l a n t   i n l e t   and  c o o l a n t   o u t l e t   fo r   s e p a r a t i n g   v a p o r i z e d  

c o o l a n t   f rom  l i q u i d   c o o l a n t ,   c o n d e n s e r   means  c o u p l e d   to  t h e  

s e p a r a t i o n   t a n k   f o r   c o n d e n s i n g   v a p o r i z e d   c o o l a n t   f l o w i n g   f r o m  

the   s e p a r a t i o n   t a n k   to  t h e  c o n d e n s e r   means ,   sump  means   c o u p l e d  

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

the   c o n d e n s e r   m e a n s ,   t he   sump  means   b e i n g   c o u p l e d   to  t h e  



s e p a r a t i o n   t a n k   f o r   r e t u r n i n g   l i q u i d   c o o l a n t   to  t he   s e p a r a t i o n  

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

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

o p e r a t i o n   of  t he   e n g i n e .   The  i m p r o v e m e n t   c o m p r i s e s   t he   v e n t  

means   b e i n g   c o u p l e d   to  t he   sump  means  and  t he   c o n d e n s e r   m e a n s  

i n c l u d i n g   means   f o r   p r e v e n t i n g   the   f low  of  v a p o r i z e d   c o o l a n t  

f rom  t h e   c o n d e n s e r   means   i n t o   the   sump  means   d u r i n g   h i g h  

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

c o o l i n g   s y s t e m   f u r t h e r   c o m p r i s e s   means  c o u p l e d   to  t he   sump 

means   and  the   s e p a r a t i o n   t a n k   fo r   p r e v e n t i n g   t he   f l ow  o f  

v a p o r i z e d   c o o l a n t   f rom  t h e   s e p a r a t i o n   t a n k   to  t he   sump  m e a n s  

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

a b s e n c e   of  c o o l a n t   f l ow  f rom  t he   sump  to  t he   s e p a r a t o r   t a n k ,  

w h e r e b y   t h e   f l ow  of  v a p o r i z e d   c o o l a n t  f r o m   t h e   c o o l i n g   s y s t e m  

to  t h e   a t m o s p h e r e   t h r o u g h   t he   v e n t   means   is   p r e v e n t e d   u n d e r  

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

In  one  e m b o d i m e n t   of  t he   i n v e n t i o n ,   fan   means  i s  

d i s p o s e d   a d j a c e n t   t he   c o n d e n s e r   means  f o r   d r a w i n g   a m b i e n t   a i r  

o v e r   t h e   c o n d e n s e r   m e a n s ,   and  means  r e s p o n s i v e   to  t he   p r e s e n c e  

of  v a p o r i z e d   c o o l a n t   at  a  s e l e c t e d   l o c a t i o n   in  t he   c o n d e n s e r  

m e a n s ,   such   as  t e m p e r a t u r e   s e n s i n g   means  r e s p o n s i v e   to  t h e  

t e m p e r a t u r e   of  v a p o r i z e d   c o o l a n t   at  t he   s e l e c t e d   l o c a t i o n   i n  

t he   c o n d e n s e r   m e a n s ,   is  c o u p l e d   to  t he   fan  means   fo r   a c t u a t i n g  

t h e   fan   m e a n s .   L i q u i d   f l ow  r e s t r i c t o r   means  may  a l s o   b e  

c o u p l e d   to  t he   c o n d e n s e r   means   fo r   r e s t r i c t i n g   t he   f low  o f  

c o o l a n t   c o n d e n s e d   by  t he   c o n d e n s e r   f rom  t h e   c o n d e n s e r   m e a n s  



i n t o   t h e   sump  m e a n s ,   t h e   f l ow  r e s t r i c t o r   means   c a u s i n g   t h e  

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

c o n d e n s e r   m e a n s .  

The  f o r e g o i n g   a r r a n g e m e n t   p r e v e n t s   t he   f l o w   of  v a p o r -  

i z e d   c o o l a n t   from  t h e   c o n d e n s e r   means  i n t o   t h e   sump  means   d u r i n g  

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

c o o l a n t   v a p o r   l o s s   f rom  t h e   s y s t e m   at  low  v e h i c u l a r   s p e e d s ,   w h i c h  

o c c u r ,   e . g . ,   d u r i n g   i d l i n g ,   h i l l   c l i m b i n g   or  when  t h e   v e h i c l e   i s  

m o v i n g   s l o w l y ,   as  w e l l   as  d u r i n g   e n g i n e   s h u t d o w n ,   i s   e l i m i n a t e d .  

In  a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ,   t h e   m e a n s  

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

t a n k   to  t h e   sump  means   may  c o m p r i s e   n o n - r e t u r n   v a l v e   means   w h i c h  

p r e v e n t s   t h e   f low  of  v a p o r i z e d   c o o l a n t   i n t o   t he   sump  means   i n  

t h e   a b s e n c e   of  t he   f l ow  of  l i q u i d   c o o l a n t   f rom  t h e   s u m p  m e a n s  t o  

t h e   s e p a r a t i o n   t a n k .   In  t h i s   m a n n e r ,   c o o l a n t   l o s s   t h r o u g h   t h e  

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

s h u t d o w n   and  w h i l e   t h e   v e h i c l e   is   c o a s t i n g   d o w n h i l l ,   i s  

e l i m i n a t e d .  

The  f o r e g o i n g   o b j e c t s   of  t he   i n v e n t i o n   a r e   a l s o  

a c h i e v e d   in  a  b o i l i n g   l i q u i d   c o o l a n t   s y s t e m   f o r   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   h a v i n g   a  c y l i n d e r   b l o c k   w i t h   at  l e a s t   o n e  

c y l i n d e r ,   a  c y l i n d e r   h e a d ,   at  l e a s t   one  i n l e t   f o r   c o o l a n t  

l o c a t e d   in  t h e   l o w e r   p a r t   of  t h e   c y l i n d e r   b l o c k   and  at   l e a s t  

one  o u t l e t   f o r   c o o l a n t   l o c a t e d   in  t he   c y l i n d e r   h e a d ,   t h e  

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

c o o l a n t   o u t l e t   in  t h e   l o w e r   p a r t   of  t he   t a n k   c o n n e c t e d   to  t h e  



i n l e t   of  t h e   c o o l i n g   j a c k e t ,   a  v a p o r i z e d   c o o l a n t   i n l e t   c o n -  

n e c t e d   to  t he   o u t l e t   of  t he   c o o l i n g   j a c k e t ,   a  v a p o r   o u t l e t   i n  

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

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

in  t h e   l o w e r   p a r t ;   a  c o n d e n s a t e   r e c e i v i n g   sump  h a v i n g   an  i n l e t  

c o n n e c t e d   to  t he   c o n d e n s a t e   o u t l e t   of  t he   c o n d e n s e r ;   a  v e n t  

c o n n e c t i n g   t he   s y s t e m   to  t he   a t m o s p h e r e ;   a  c o n d e n s a t e  

pump  h a v i n g   an  i n l e t   c o m m u n i c a t i n g   w i t h   t he   l o w e r   p a r t   of  t h e  

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

of  t h e   s e p a r a t i o n   t a n k ;   and  means  fo r   d r i v i n g   t he   c o n d e n s a t e  

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

sump  to  t he   s e p a r a t i o n   t a n k .  

In  o r d e r   to  a s s u r e   c o m p l e t e   c o n d e n s a t i o n   of  a l l   c o o l a n t  

v a p o r   g e n e r a t e d   u n d e r   h i g h   a m b i e n t   a i r   t e m p e r a t u r e   e n g i n e   o p e r a t -  

ing   c o n d i t i o n s ,   t he   c o n d e n s e r   i n c l u d e s   a  t e m p e r a t u r e   s e n s o r   a t  

a  s e l e c t e d   l o c a t i o n   in  t he   c o n d e n s e r ;   a  fan  p o s i t i o n e d   a d j a c e n t  

to  t h e   c o n d e n s e r ;   and  means   fo r   d r i v i n g   the   fan  to  f low  a m b i e n t  

a i r   in  h e a t   e x c h a n g e   r e l a t i o n   w i t h   t he   c o n d e n s e r   w h e n e v e r   t h e  

s e n s e d   t e m p e r a t u r e   e x c e e d s   a  p r e d e t e r m i n e d   v a l u e   such  t h a t   t h e  

fan   o p e r a t e s   w h e n e v e r   v a p o r i z e d   c o o l a n t   is   p r e s e n t   at  t he   t e m p e r -  

a t u r e   s e n s o r   l o c a t i o n .   In  t h i s   way,  p o s i t i v e   a m b i e n t   a i r   f l o w  

p a s t   t he   c o n d e n s e r   is   p r o v i d e d   at  c r i t i c a l   t i m e s   such   as ,   f o r  

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

down.  In  a d d i t i o n ,   t he   v e n t   is   c o n n e c t e d   to  t h e   u p p e r   p a r t   o f  

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

has   a  t o t a l   c r o s s - s e c t i o n   f o r   c o o l a n t   f low  w h i c h   i s   l i m i t e d   t o  



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

l i q u i d   c o o l a n t   s e a l   p r i o r   to  t h e   i n l e t   to  t he   c o n d e n s a t e   r e c e i v -  

ing   sump.   The  l i q u i d   s e a l   s e a l s   t h e   c o n d e n s e r   o u t l e t   and  r e t a i n s  

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

w h i c h   e l a p s e s   b e t w e e n   a c t i v a t i o n   of  t he   fan   and  e f f i c i e n t   a i r  

f l o w   v o l u m e   p a s t   t he   c o n d e n s e r .  

The  s y s t e m   a l s o   i n c l u d e s   n o n - r e t u r n   f low  means   l o c a t e d  

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

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

f rom  t he   s e p a r a t i o n   t a n k   to  t he   sump  4n  t h e   a b s e n c e   of  t h e  

f l o w   of  l i q u i d   c o o l a n t   f rom  t h e   sump  to  t h e   s e p a r a t i o n   t a n k .  

In  t h i s   way,  no  v a p o r  c a n   r e a c h   t h e   r e c e i v i n g   sump  and  v e n t  

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

S i n c e   t he   r e c e i v i n g   sump  p r o v i d e s   t h e   o n l y   c o m m u n i c a t i o n   w i t h  

t h e   a t m o s p h e r e ,   t h e   s y s t e m   v e n t   is   i s o l a t e d   and  no  c o o l a n t   w i l l  

e s c a p e   f rom  t he   s y s t e m ,   y e t   n o n c o n d e n s i b l e   g a s e s   ( e . g . ,   a i r )  

can  be  r e a d i l y   e l i m i n a t e d   t h r o u g h   the   v e n t .   I f   t he   n o n - r e t u r n  

f l o w   means   is   l o c a t e d   d o w n s t r e a m   of  t he   c o n d e n s a t e   pump,  i t   w i l l  

a l s o   p r e v e n t   ho t   v a p o r   f rom  r e a c h i n g   t he   pump  and  p o s s i b l y   d a m a g -  

ing   i t .  

A n o t h e r   p r a c t i c a l   p r o b l e m   f a c e d   in  b o i l i n g   l i q u i d  

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

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

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

l e a v i n g   t h e   e n g i n e   c o o l i n g   j a c k e t .  

T h u s ,   a  f u r t h e r   o b j e c t   of  t h e   i n v e n t i o n   is  to  p r o v i d e  



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

l i q u i d   c o o l i n g   s y s t e m   of  t h e   i n v e n t i o n .   T h i s   a d d i t i o n a l   o b j e c t  

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

t a n k   in  t h e   form  of  a  t u b u l a r   member  h a v i n g   a  p r e d e t e r m i n e d  

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

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

t h e r e o f   fo r   p e r m i t t i n g   f l ow  of  v a p o r i z e d   c o o l a n t   t h e r e t h r o u g h  

f rom  t he   e n g i n e   i n t o   t he   s e p a r a t i o n   t a n k .   I t   is  d e s i r a b l e   t h a t  

t h e   t o t a l   f low  a r e a   of  t he   p l u r a l i t y   of  o p e n i n g s   in  t h e  

s i d e w a l l   of  t he   t u b u l a r   member  be  s u b s t a n t i a l l y   g r e a t e r   t h a n  

t h e   i n t e r n a l   c r o s s - s e c t i o n a l   a r e a   of  t h e   t u b u l a r   member ,   s o  

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

o p e n i n g s   w i l l   be  l e s s   t h a n   i t s   v e l o c i t y   e n t e r i n g   the   t u b u l a r  

member ,   t h u s   a v o i d i n g   v i o l e n t   a g i t a t i o n   of  t he   l i q u i d   in  t h e  

s e p a r a t i o n   t a n k   and  p r o v i d i n g   f o r   s e p a r a t i o n   of  e n t r a i n e d  

l i q u i d   f rom  t h e   v a p o r .   I f   t he   t u b u l a r   member  i s   p o s i t i o n e d  

b e l o w   t he   o p e r a t i n g   l i q u i d   l e v e l   in  t h e   t a n k ,   t he   e n t e r i n g  

s t e a m   a l s o   w i l l   h e l p   to  keep   t he   r e p l e n i s h i n g   l i q u i d   ho t   t o  

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

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

t h e   c o o l a n t   v a p o r .  

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

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

l i q u i d   s y s t e m s ,   t h e r e   is   a  s t r o n g   need  to  r e d u c e   warm  up  t i m e  

s t i l l   f u r t h e r .   Warm  up  can  t a k e   as  l o n g   as  9  or  10  m i l e s   o f  

d r i v i n g   f o r   p r e s s u r i z e d   l i q u i d   s y s t e m s .   T h i s   may  be  r e d u c e d  



to   3  m i l e s   in  a  b o i l i n g   s y s t e m ,  b u t  t h e  w a r m   up  p e r i o d   i s  

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

c o n t r i b u t e s   a  v e r y   l a r g e   p a r t   of  t o t a l   CO  and  HC  p r o d u c t i o n  

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

O v e r a l l   e m i s s i o n   of  CO  and  HC  p o l l u t a n t s   w i l l  d r o p   s h a r p l y   i f  

t h e  w a r m   up  t i m e   can  be  r e d u c e d ,   and  t h i s   is   a n o t h e r   o b j e c t   o f  

t h e   i n v e n t i o n .  

T h i s   o b j e c t   i s   o b t a i n e d   by  p r o v i d i n g   means   f o r   c i r -  

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

b e t w e e n   t h e   l o w e r   p a r t   of  t he   c y l i n d e r   b l o c k   a n d  t h e   c y l i n d e r  

head   d u r i n g   at  l e a s t   t h e   warm  up  p e r i o d   of  t he   e n g i n e   w i t h o u t  

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

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

b e t w e e n   t h e   t op   and  b o t t o m   of  each   c y l i n d e r   in  t h e   p e r i o d  

b e f o r e   b o i l i n g   s t a r t s ,   and  a l s o   d u r i n g  o p e r a t i o n   of  t h e   e n g i n e  

a f t e r   warm  u p .  

The  f o r e g o i n g   and  o t h e r   a d d i t i o n a l   o b j e c t s ,   f e a t u r e s ,  

and  a d v a n t a g e s   of  t he   p r e s e n t   i n v e n t i o n   a r e   more  f u l l y   d e s c r i b e d  

in  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   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 :  

FIG.  1  is   a  s i m p l i f i e d   s c h e m a t i c   d i a g r a m   of  a  b o i l i n g  

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

FIG.  2  is  a  s i m p l i f i e d   s c h e m a t i c   d i a g r a m   of  an  a l t e r -  

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

i n v e n t i o n .  

FIG.  3  is   a  t o p   v i e w ,  i n   s i m p l i f i e d   s c h e m a t i c   f o r m ,  



of  a  v a p o r i z e d   c o o l a n t   o u t l e t   m a n i f o l d   shown  in  FIG.  2 .  

F I G .  4   is   an  end  v i e w ,   in  c r o s s - s e c t i o n ,   of  an  a l t e r -  

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

s y s t e m   in  FIG.  2 .  

FIG.  5  i s   an  e n l a r g e d   d e t a i l   v i e w ,   in  c r o s s - s e c t i o n ,  

of  an  a l t e r n a t i v e   e m b o d i m e n t   of  a  d u a l   p r e s s u r e / v a c u u m   r e l i e f  

v a l v e   a r r a n g e m e n t   shown  in  FIG.  2 .  

FIG.  6  i s   a  c r o s s - s e c t i o n a l   v iew  of  a  d o u b l e - d i a p h r a g m  

pump  f o r   p u m p i n g   f u e l   and  c o n d e n s e d   c o o l a n t   as  in  t he   e m b o d i m e n t  

of  FIG.  2 .  

F i g u r e   7  is   a  c r o s s - s e c t i o n a l   v i ew  of  one  e m b o d i m e n t  

of  a  c o n d e n s e r   fo r   a  b o i l i n g   l i q u i d   c o o l i n g   s y s t e m   a c c o r d i n g   t o  

t h e   i n v e n t i o n .  

F i g u r e   8  is   a  p e r s p e c t i v e   v i e w ,   p a r t i a l l y   in  s e c t i o n ,  

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

r e d u c t i o n   c h a m b e r   and  e x p a n d e r   fo r   a  b o i l i n g   l i q u i d   c o o l i n g  

s y s t e m   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   9  is   a  p e r s p e c t i v e   v iew  of  a n o t h e r   e m b o d i m e n t  

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

and  e x p a n d e r .  

F i g u r e   10  i s   a  p e r s p e c t i v e   v iew  of  s t i l l   a  f u r t h e r  

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

c h a m b e r   and  e x p a n d e r .  

F i g u r e   11  i s   a  p e r s p e c t i v e   v i e w ,   p a r t i a l l y   in  s e c t i o n ,  

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

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



F i g u r e   12  is   a  p a r t i a l ,   s c h e m a t i c   d i a g r a m   of  a  b o i l i n g  

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

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

e x p a n s i o n   t a n k   i n s t e a d   of  i n t o   t he   a t m o s p h e r e .  

With   r e f e r e n c e   f i r s t   to  FIG.  1,  t h e r e   is   shown  a  

b o i l i n g   w a t e r   c o o l i n g   s y s t e m   f o r   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  

11  w h i c h   i n c l u d e s   a  s e p a r a t i o n   t a n k   12,  a  c o n d e n s e r   13,  a  f a n  

14,  a  r e c e i v i n g   sump  15,  a  c o n d e n s a t e   p u m p  1 6 ,   and  a  n o n - r e t u r n  

f l o w   c o n t r o l   means   such   a s  c h e c k   v a l v e   17.  T h e s e   c o m p o n e n t s   a r e  

a r r a n g e d   in  two  c i r c u i t s ,   an  e n g i n e   c o o l i n g   c i r c u i t   18  and  a  

v a p o r   c o n d e n s i n g   c i r c u i t   19,  t he   two  c i r c u i t s   b e i n g   i n t e r c o n -  

n e c t e d   by  t h e   s e p a r a t i o n   t a n k   12,  wh ich   a l s o   s e r v e s   as  a  l i q u i d  

" c o o l a n t   r e s e r v o i r   and  as  an  e x p a n s i o n   t a n k .  

As  w i l l   be  d e s c r i b e d   in  g r e a t e r   d e t a i l   l a t e r   h e r e i n ,  

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

sump,   and  t h e   c o n d e n s e r   i n c l u d e s   means  f o r  p r e v e n t i n g   t h e  f l o w   o f  

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

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

c h e c k   v a l v e   17  p r e v e n t s   t he   f low  of  v a p o r i z e d  c o o l a n t   f rom  t h e  

s e p a r a t i o n   t a n k   to  t he   sump  d u r i n g   e n g i n e   o p e r a t i n g   c o n d i t i o n s  

u n d e r   w h i c h   t h e r e   is   an  a b s e n c e   of  l i q u i d  c o o l a n t   f low  f r o m  

t h e   sump  to  t h e   s e p a r a t i o n   t a n k .   As  a  r e s u l t ,   t h e   v e n t   is   i s o -  

l a t e d   f rom  t h e   v a p o r i z e d   c o o l a n t   and  the   f l ow  of  v a p o r i z e d  

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

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



S e p a r a t i o n   t a n k   12  has  two  i n l e t s   and  two  o u t l e t s .  

A  l i q u i d   c o o l a n t   o u t l e t   20  at  or  n e a r   t h e   b o t t o m   of  t he   t a n k  

c o n n e c t s   t h r o u g h   a  c o n d u i t   such  as  a  hose   21  to  an  e n g i n e  

c o o l a n t   i n l e t   22,  t y p i c a l l y   at  the   f r o n t   of  t he   e n g i n e   b l o c k .  

A  v a p o r   i n l e t   23  in  t he   s i d e   of  t a n k   12  r e c e i v e s   a  m i x t u r e   o f  

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

h o s e   24  f rom  one  or  more  o u t l e t s   25  at  t he   top   of  t he   c y l i n d e r  

head   of  t h e   e n g i n e ,   t h u s   c o m p l e t i n g   t he   e n g i n e   c o o l a n t   c i r c u i t .  

In  t h e   c o n d e n s i n g   c i r c u i t   19,  t he   v a p o r i z e d   p a r t   o f  

t he   h e a t e d   c o o l a n t   from  the   e n g i n e   p a s s e s   f rom  a  v a p o r   o u t l e t  

26  at   t h e   t op   of  the   s e p a r a t i o n   t a n k   t h r o u g h   a  c o n d u i t   such   a s  

h o s e   27  to  an  i n l e t   28  at  t he   top   of  t he   c o n d e n s e r   13.  T h e  

c o o l a n t   l e a v e s   as  c o n d e n s e d   l i q u i d   from  an  o u t l e t   29  at  t h e  

b o t t o m   of  t h e   c o n d e n s e r   and  f l o w s   d i r e c t l y   t h r o u g h   c o n d u i t   30 

i n t o   t h e   r e c e i v i n g   sump  15.  The  c o n d e n s a t e   pump  16  d r a w s  

c o n d e n s e d   c o o l a n t   from  t he   r e c e i v i n g   sump  15  t h r o u g h   a  l i n e   31 

and  d e l i v e r s   i t   t h r o u g h   a  c o n d u i t   32,  c h e c k   v a l v e   17,  and  v i a  

a  c o n d e n s a t e   r e t u r n   l i n e   33  to  a  c o n d e n s a t e   i n l e t   34  in  t h e  

s i d e   of  t he   s e p a r a t i o n   t a n k   12,  to  c o m p l e t e   t he   c o n d e n s i n g  

c i r c u i t .   A  v e n t   l i n e   35  l e a d i n g   f rom  t he   u p p e r   p a r t   o f  

r e c e i v i n g   sump  15  p r o v i d e s   t he   o n l y   c o n n e c t i o n   b e t w e e n   t h e  

c o o l i n g   s y s t e m   and  t he   a t m o s p h e r e .   The  v e n t   l i n e   e i t h e r   may 

be  l e f t   open  or  may  be  c a p p e d   w i t h   a  s i m p l e   f l a p   v a l v e   3 6 .  

The  s e p a r a t i o n   t a n k   p r e f e r a b l y   is   m o u n t e d   so  t h a t  

at  l e a s t   p a r t   of  i t   is  above   t he   l e v e l   of  l i q u i d   c o o l a n t   i n  

t he   e n g i n e   c o o l a n t   p a s s a g e s   when  the   e n g i n e   is   c o l d .   In  t h i s  



c o n d i t i o n   t h e   c y l i n d e r   b l o c k   and  c y l i n d e r   head   a r e   f i l l e d   w i t h  

l i q u i d   c o o l a n t   to  a  l e v e l   37.  The  c o n d e n s i n g  c i r c u i t   i s  

e m p t y ,   e x c e p t   f o r   p o s s i b l y   a  s m a l l   amount   of  c o o l a n t   38  in  t h e   r e -  

c e i v i n g   sump.   Thus ,   t h e   s y s t e m   r e q u i r e s   o n l y   enough   l i q u i d   c o o l -  

a n t   to  f i l l   t h e   e n g i n e   c o o l a n t   p a s s a g e s   and  t h e   h o s e   21,   and  t o  

p a r t i a l l y   f i l l   t he   h o s e   24,  when  the   e n g i n e   is  c o l d .   T h i s   m e a n s '  

t h a t   t h e   s y s t e m   r e q u i r e s   t h e   minimum  p o s s i b l e   amoun t   of  c o o l a n t ;  

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

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

a p p r o x i m a t e l y   o n e - t h i r d   t h a t   r e q u i r e d   fo r   any  g i v e n   e n g i n e   c o o l e d  

by  c o n v e n t i o n a l   m e a n s .   Warm  up  t ime   is   r e d u c e d   c o r r e s p o n d i n g l y  

b e c a u s e   t h e   m a s s  o f   l i q u i d   to  be  h e a t e d   is  s m a l l e r .   A l s o ,   t h e  

s m a l l e r   a m o u n t   of  l i q u i d   r e q u i r e s   a  s m a l l e r   s e p a r a t i o n   t a n k   t o  

a c c o m m o d a t e   e x p a n s i o n   of  t h e   l i q u i d ,   wh ich   may  be  as  much  as  2 5  

p e r c e n t   to  t h e   v a p o r   p o i n t .   T h i s   i s  p a r t i c u l a r l y   t r u e   when  t h e  

t a n k   i s   empty   at   c o l d   s t a r t ,   a s  i n  t h e   e m b o d i m e n t   of  FIG.  2.  I t  

s h o u l d   be  e m p h a s i z e d ,   h o w e v e r ,   t h a t  t h e   s e p a r a t i o n   t a n k   can  b e  

m o u n t e d   a n y w h e r e   and  the   l i q u i d   c o o l a n t   pumped  to  t he   e n g i n e ,  

i f   d e s i r e d .  

When  t he   e n g i n e   i s   f i r s t  s t a r t e d ,   t h e   c o o l a n t   d o e s  

no t   f low  t h r o u g h   the   c o o l a n t   c i r c u i t   b e c a u s e   t h e r e   i s   no  c o n t i n -  

uous   l i q u i d   p a t h   to  s u p p o r t   t h e r m a l   c i r c u l a t i o n .   As  t he   e n g i n e  

r u n s ,   t he   l i q u i d   c o o l a n t   in  t he   e n g i n e   warms  up  and  e x p a n d s ,  

r a i s i n g   t h e   l i q u i d   c o o l a n t   l e v e l   in  t he   s e p a r a t i o n   t a n k   to  a  

n o r m a l   o p e r a t i n g   l e v e l   39.  A  m i x t u r e   of  c o o l a n t   l i q u i d   and  v a p o r  

b e g i n s   to  e n t e r   t h e   s e p a r a t i o n   t a n k   t h r o u g h   t h e   v a p o r   i n l e t   2 3 .  



In  t he   e m b o d i m e n t   of  FIG.  1,  t h i s   i n l e t   is  l o c a t e d   above   t h e  

h i g h e s t   l e v e l   39  r e a c h e d   by  t he   l i q u i d   c o o l a n t   in  t h e   t a n k   and  i s  

f o r m e d   by  a  t u b u l a r   member  40  w h i c h  e x t e n d s   t h r o u g h   the   s i d e   w a l l  

of  t he   t a n k   f o r   a  s u b s t a n t i a l   d i s t a n c e   i n t o   t h e   t a n k .  

The  w a l l   of  t he   p o r t i o n   of  t he   p i p e   40  i n s i d e   t h e  

t a n k   12  is   p e r f o r a t e d   w i t h   a  p l u r a l i t y   of  h o l e s   41,  and  t h e  

end  is   c l o s e d   w i t h   a  cap  4 1 ' ,   so  t h a t   t he   v a p o r   and  l i q u i d   c a n  

e n t e r   t h e   t a n k   o n l y   t h r o u g h   the   p e r f o r a t i o n s   in  t he   p i p e   w a l l .  

I f   t he   i n l e t   23  is  l o c a t e d   be low  the   hot   l i q u i d   o p e r a t i n g   l e v e l  

39,  o n l y   t h e   l o w e r   p a r t   of  t he   p i p e   is  p e r f o r a t e d ,   c a u s i n g   a l l  

of  t h e   v a p o r i z e d   c o o l a n t   to  b u b b l e   t h r o u g h   the   c o o l a n t   l i q u i d   i n  

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

c o m b i n e s   t h e   a d v a n t a g e s   of  c o n d e n s i n g   some  of  t he   v a p o r   and  o f  

m a i n t a i n i n g   the   l i q u i d   t e m p e r a t u r e   in  t he   s e p a r a t i o n   t a n k   a t  

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

c o n t i n u e s   to  v a p o r i z e ,   t h i s   hot   l i q u i d   f l o w s   by  g r a v i t y   t h r o u g h  

t he   l i q u i d   c o o l a n t   o u t l e t   20  to  the   c o o l a n t   i n l e t   22  of  t h e  

c y l i n d e r   b l o c k ,   so  a  c o n t i n u o u s  r e p l e n i s h m e n t   of  c o o l a n t   at  a  

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

c i r c u i t .   The  r e p l e n i s h m e n t   r a t e   is   e q u a l   to  t h e   b o i l i n g   r a t e  

of  t he   c o o l a n t   in  t he   e n g i n e   b e c a u s e   t h e r e   i s   no  c i r c u l a t i n g  

pump  in  t he   e n g i n e   c o o l a n t   l o o p   1 8 .  

M e a n w h i l e ,   the   v a p o r   p a r t   of  t he   ho t   c o o l a n t   e n t e r i n g  

t h e   s e p a r a t i o n   t a n k   p a s s e s   t h r o u g h   the   v a p o r   o u t l e t   26  to  t h e  

i n l e t   28  of  t he   c o n d e n s e r ,   wh ich   may,  fo r   e x a m p l e ,   be  o f  

f i n n e d - t u b e   c o n s t r u c t i o n .   A  m u l t i p l e   v e r t i c a l   t u b e   t y p e   o f  



c o n d e n s e r ,   l i k e   a  c o n v e n t i o n a l   a u t o m o b i l e   r a d i a t o r ,   has   b e e n  

u s e d   in  p r i o r   a r t   s y s t e m s ,   bu t   t h e   maximum  p o s s i b l e   l e n g t h   o f  

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

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

sump  and  t h e n c e   to  t he   a t m o s p h e r e   t h r o u g h   t h e   v e n t .   T h u s ,   i t  

i s   p r e f e r r e d   to  use   a  s e r p e n t i n e   t y p e   of  c o n d e n s e r ,   in  w h i c h  

one  or  more  l ong   t u b e s   a r e   b e n t   to  form  a  m u l t i p l i c i t y   o f  

h o r i z o n t a l   p a s s e s .   Such  c o n d e n s e r s   t y p i c a l l y   have   two  t u b e s  

b e n t   in  p a r a l l e l .   Vapor   e n t e r i n g  t h e   i n l e t   end  of  each   t u b e  

at   t h e   t o p   of  t he   c o n d e n s e r   f l o w s   downward  back   and  f o r t h  

t h r o u g h   s u c c e s s i v e   h o r i z o n t a l   p a s s e s .   B e c a u s e   of  t he   m u l t i p a s s  

a r r a n g e m e n t ,   the   t o t a l   f l o w   p a t h   l e n g t h   can  be  made  l o n g   e n o u g h  

so  t h a t   a l l   of  t he   v a p o r   e n t e r i n g   at  t he   top   i s   c o n d e n s e d   b y  

t h e   t i m e   i t   r e a c h e s   t h e   o u t l e t   end  of  each   t u b e   at   t h e   b o t t o m .  

As  a  p r a c t i c a l   m a t t e r ,   h o w e v e r ,   t h e   l e n g t h   of  t h e  

c o n d e n s e r   t u b e s   is  l i m i t e d   due  to  d e s i g n   c o n s i d e r a t i o n s ,   i . e . ,  

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

v e h i c l e   to  a c c o m m o d a t e   t h e   c o n d e n s e r ,   and  as  a  r e s u l t ,   even   s u c h  

a  s e r p e n t i n e - t y p e   c o n d e n s e r   w i l l   not   have   the   c a p a c i t y   to  c o n -  

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

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

t h e   end  of  t he   t u b e s .   T h u s ,   in  t he   p r e s e n t   i n v e n t i o n ,   as  w i l l  

be  d e s c r i b e d   in  d e t a i l   l a t e r   h e r e i n ,   a  t h e r m a l l y - a c t u a t e d   fan  i s  

d i s p o s e d   a d j a c e n t   t he   c o n d e n s e r  t o   i n c r e a s e   a m b i e n t   a i r   f l o w   o v e r  

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

i ng   c o n d i t i o n s   and  t h e r e b y   a s s u r e   c o n d e n s a t i o n   of  t he   v a p o r i z e d  



c o o l a n t   b e f o r e   i t   r e a c h e s   t h e   ends   of  t he   c o n d e n s e r   t u b e s .   A 

c o n d e n s e r   o u t l e t   is   a l s o   u s e d   w h i c h   r e s t r i c t s   t he   f low  of  c o n d e n -  

s a t e   f rom  t h e   c o n d e n s e r   to  t he   sump  so  as  to  form  a  l i q u i d   s e a l  

at  t he   o u t l e t   wh ich   p r e v e n t s   v a p o r i z e d   c o o l a n t   from  e s c a p i n g   f r o m  

the   c o n d e n s e r   u n t i l   t he   fan  i n c r e a s e s   the   r a t e   at  wh ich   t h e   v a p o r  

is   c o n d e n s e d   and  t h e r e b y   m a t c h e s   t he   c o n d e n s a t i o n   r a t e   to  t h e  

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

of  t h e   c o n d e n s e r   to  be  s m a l l e r ,   and  the   l e n g t h   of  t he   c o n d e n s e r  

t u b e s   to  be  r e d u c e d ,   w h i l e   at  t he   same  t ime   a s s u r i n g   t h a t   v a p o r -  

i z e d   c o o l a n t   w i l l   not   e n t e r   t he   sump  from  the   c o n d e n s e r   and  b e  

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

The  c o n d e n s e r   may  be  p l a c e d   in  f r o n t   of  t he   e n g i n e ,  

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

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

b e n e f i t   of  a  n o r m a l   f low  of  a m b i e n t   a i r   p a s t   the   c o n d e n s e r  

t u b e s   when  the   v e h i c l e   is   m o v i n g .   B e c a u s e   of  t he   g r e a t e r   h e a t  

t r a n s f e r   r a t e   f rom  v a p o r   t h a n   f rom  l i q u i d ,   the   c o n d e n s e r   c a n  

be  s m a l l e r   t h a n   a  r a d i a t o r   of  a  p r e s s u r i z e d   l i q u i d   c o o l i n g  

s y s t e m   f o r   t he   same  e n g i n e .   T h i s   a l l o w s   room  f o r   t he   s e p a r a t i o n  

t a n k   in  p a r t   of  t h e   s p a c e   n o r m a l l y   o c c u p i e d   by  the   r a d i a t o r .  

To  a s s u r e   s u f f i c i e n t  a i r   f low  a c r o s s   the   c o n d e n s e r   t u b e s  

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

e n g i n e   o p e r a t i n g   c o n d i t i o n s ,   such   as  when  the   v e h i c l e   is  s t o p p e d  

or  mov ing   s l o w l y ,   and  t h e r e b y   p r e v e n t   t he   f low  of  v a p o r   f rom  t h e  

c o n d e n s e r   i n t o   t he   sump  u n d e r   such   c o n d i t i o n s ,   the   e l e c t r i c   f a n  

14  is   a r r a n g e d   to  f low  a m b i e n t   a i r   a c r o s s   the   t u b e   p a s s e s .   T h e  



f an   i s   c o n n e c t e d   d i r e c t l y   to  t he   s t o r a g e   b a t t e r y   of  t h e   v e h i c l e  

t h r o u g h   a  n o r m a l l y - o p e n   t h e r m a l   s w i t c h   42  l o c a t e d   in  t he   c o n -  

d e n s e r ,   p r e f e r a b l y   w i t h i n   a p p r o x i m a t e l y   t he   l a s t   t h i r d   of  t h e  

d i s t a n c e   f rom  the   i n l e t   to  t h e   o u t l e t .  

The  s w i t c h   c o n n e c t s   t h e   fan   m o t o r   43  to  a  s o u r c e   o f  

e l e c t r i c   power   such   a s  a   b a t t e r y   44,  a n d  i s   s e t   to  c l o s e   at   a  

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

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

up,   v a p o r i z e d   c o o l a n t   b e g i n s   to  d i s p l a c e   the   a i r   in  t he   s e p a r a -  

t i o n   t a n k ,   f o r c i n g   i t   down  t h r o u g h   the   c o n d e n s e r   t u b e s   to  t h e  

r e c e i v i n g   sump  and  t h e n c e   ou t   t he   v e n t .   B e c a u s e   t h e   c o n d e n s e r  

t u b e s   a r e   c o l d   a t   s t a r t   up,   t he   i n i t i a l   v a p o r   f low  w i l l   c o n d e n s e  

in  t h e   u p p e r   p a r t   of  t h e   c o n d e n s e r   and  w i l l   t h e n   f l o w   down  t h e  

t u b e s   t o w a r d   t he   o u t l e t .   As  t he   e n g i n e   warms  up  and  l o a d  

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

d e n s a t e   f i l l s   t he   o u t l e t   of  t he   c o n d e n s e r ,   wh ich   has   a  d i a m e t e r  

l e s s   t h a n   t h a t   of  t h e   c o n d e n s e r   t u b e s   and  f u n c t i o n s   as  a  f l o w  

r e s t r i c t o r ,   to  form  a  l i q u i d   s e a l   at   t he   c o n d e n s e r   o u t l e t .  

D e p e n d i n g   on  e n g i n e  l o a d ,   a m b i e n t   a i r   t e m p e r a t u r e ,  

and  n o r m a l   a i r   f l ow  p a s t   t he   t u b e s ,   the   c o n d e n s e r   t u b e   w a l l  

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

t h e   v a p o r   t e m p e r a t u r e ,   c a u s i n g   t h e  s w i t c h   to  c l o s e   and  s t a r t  

t h e   f a n .   The  f low  of  a m b i e n t   a i r  f r o m   t h e   fan  w i l l   c o o l   t h e  

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

l o c a t i o n   and  c a u s i n g   t h e   s w i t c h   to  open .   In  t h i s   way,  t h e  

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



g e n e r a t i n g   r a t e   of  t he   e n g i n e   fo r   a l l   o p e r a t i n g   c o n d i t i o n s .  

O p e r a t i o n   is   s u c h   t h a t   t he   s y s t e m   i s   f i r s t   d e a e r a t e d   a f t e r  

s t a r t   up,  w i t h   a l l   v a p o r   b e i n g   c o n d e n s e d .   When  v a p o r   g e n e r a -  

t i o n   r a t e   e x c e e d s   a  c e r t a i n   v a l u e ,   t he   l i q u i d   c o n d e n s a t e   s e a l  

f o r m e d   at  t he   c o n d e n s e r   o u t l e t   p r e v e n t s   t he   p a s s a g e   of  a n y  

c o o l a n t   v a p o r   to  t he   r e c e i v i n g   sump  and  c o n s e q u e n t   l o s s  

t h r o u g h   t he   v e n t   l i n e   u n t i l   the   fan   has   had  s u f f i c i e n t   t i m e   t o  

i n c r e a s e   t he   c o n d e n s a t i o n   r a t e   of  t he   c o n d e n s e r .  

The  c o n d e n s e r   may  be  l o c a t e d   a n y w h e r e   in  t h e   a i r  

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

c h a s s i s ,   i n s i d e   a  f e n d e r   w e l l ,   or  a t   t h e   r e a r   e x i t   of  t he   a i r  

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

c o n d e n s e r   d e s i g n   is   not   l i m i t e d   to  t h e   a b o v e - d e s c r i b e d  

s e r p e n t i n e - t y p e   c o n d e n s e r ,   but   may  a l s o   c o m p r i s e   o t h e r   s u i t a b l e  

a r r a n g e m e n t s ,   such   as ,   f o r   e x a m p l e ,   a  t w o - l a y e r   s a n d w i c h e d   b o d y  

p a n e l   ( e . g . ,   hood ,   r o o f ,   t r u n k )   i n c l u d i n g   c o n d e n s e r   t u b e s .  

S t a r t i n g   the   e n g i n e   (by  c l o s i n g   the   s t a r t   s w i t c h   4 5 )  

a l s o   s t a r t s   t he   c o n d e n s a t e   pump,  w h i c h   in  t he   e m b o d i m e n t   of  F I G .  

1  i s   d r i v e n   by  an  e l e c t r i c   m o t o r   46.  When  the   pump  m o t o r   i s  

a c t u a t e d ,   t he   pump  w i l l   run  w h i l e   t h e   e n g i n e   is  r u n n i n g   a n d  

c o o l a n t   w i l l   be  pumped  f rom  the   r e c e i v i n g   sump.  Thus ,   t he   sump 

w i l l   have   o n l y   a  minimum  amount   of  l i q u i d   c o o l a n t   at  any  t i m e .  

T h i s   m i n i m i z e s   e v a p o r a t i o n   l o s s   f rom  l i q u i d   c o o l a n t   in  t he   sump 

and  a l s o   k e e p s   e s s e n t i a l l y   a l l   of  t h e   l i q u i d   in  the   s y s t e m   i n  

t he   e n g i n e   c o o l a n t   l o o p ,   e x c e p t   f o r   w h a t e v e r   is  f l o w i n g   w i t h i n  

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



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

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

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

any  n o r m a l   o p e r a t i n g   c o n d i t i o n .   Thus ,   t he   e n g i n e   can ,   f o r  

e x a m p l e ,   be  o p e r a t e d   at  f u l l   power   or  can  i d l e   at  a  s t a n d s t i l l  

on  ho t   d a y s   w i t h o u t   l o s s   of  c o o l a n t   t h r o u g h   the   v e n t .  

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

w a t e r   j a c k e t   w i l l   c o n t i n u e   to  b o i l   u n t i l   t he   h e a t   of  the   e n g i n e  

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

be  c o n d e n s e d ,   b e c a u s e   t he   fan  m o t o r   w i l l   c o n t i n u e   to  run  a s  

l o n g   as  t h e r e   is   v a p o r   in  t he   c o n d e n s e r   at   t h e   t h e r m a l   s e n s o r  

l o c a t i o n .   As  t he   e n g i n e   c o o l s ,   t he   f low  of  c o n d e n s a t e   w i l l  

d e c r e a s e   and  d r a i n   f rom  t h e   c o n d e n s e r   i n t o   t he   sump  u n t i l   t h e r e  

i s   no  l o n g e r   a  l i q u i d   s e a l   f o r m e d   by  t he   c o n d e n s a t e   at  t h e  

o u t l e t   of  t he   c o n d e n s e r .   At  t h i s  p o i n t ,   h o w e v e r ,   t he   p r e s s u r e  

in  t he   s y s t e m   w i l l   be  c l o s e   to  a t m o s p h e r i c   or  even  b e l o w ,   s o  

no  v a p o r   w i l l   be  l o s t  t h r o u g h  t h e   v e n t .   As  t he   l i q u i d   c o o l a n t  

and  v a p o r   c o o l s ,   t h e   v o l u m e   of  l i q u i d   in  t he   s e p a r a t i o n   t a n k  

w i l l   d e c r e a s e   and  c r e a t e  a   vacuum  wh ich   d r aws   and  e m p t i e s   t h e  

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

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

sump  a f t e r   e n g i n e   s h u t d o w n .  

I t   s h o u l d   be  n o t e d   t h a t   t he   t h e r m a l   s w i t c h   42  may  

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

as  t he   t h e r m a l   s w i t c h   42  in  t he   c o n d e n s e r .   Such  a  p r e s s u r e  

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



c o n d e n s e r   t u b e ,   w i l l   c l o s e   and  c o n n e c t   t he   fan  mo to r   to  b a t t e r y  

41  in  t he   same  m a n n e r   as  s w i t c h   42.  S i n c e   t he   l a s t   t h i r d   o f  

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

due  to  t h e   f a c t   t h a t   i t   is  l o c a t e d   at  a  p o i n t   a f t e r   t he   v a p o r  

c o l l a p s e   p o i n t ,   any  r i s e   in  p r e s s u r e   w i l l   i n d i c a t e   t he   p r e s e n c e  

of  v a p o r i z e d   c o o l a n t   in  t h i s   a r e a .   The  a i r   f low  a c r o s s   t h e  

c o n d e n s e r   g e n e r a t e d   by  t he   a c t u a t e d   fan   c a u s e s   the   v a p o r   t o  

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

s u r e   in  t h e   c o n d e n s e r   t u b e .   At  t h i s   p o i n t ,   t he   s w i t c h   w i l l  

open   and  t h e   fan   w i l l   s t o p   o p e r a t i n g .  

With   r e f e r e n c e   n e x t   to  t he   a l t e r n a t i v e   e m b o d i m e n t   o f  

t h e   e n g i n e   c o o l i n g   s y s t e m   as  shown  in  FIG.  2,  e l e m e n t s   w h i c h  

a r e   t h e   same  as  t h o s e   in  FIG.  1  a re   i d e n t i f i e d   by  t he   s a m e  

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

c o o l i n g   l o o p   18  and  a  c o n d e n s i n g   l o o p   19  i n t e r c o n n e c t e d   by  a  

s e p a r a t i o n   t a n k   4 7 .  

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

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

v e r t i c a l   c l e a r a n c e ,   as  is   t y p i c a l   of  m o d e r n   a u t o m o b i l e s .   T a n k  

47  i s   an  e l o n g a t e d   c y l i n d e r   m o u n t e d   h o r i z o n t a l l y .   The  n o r m a l  

o p e r a t i n g   l i q u i d   l e v e l   48  is   a p p r o x i m a t e l y   at   t he   c e n t e r   l i n e  

of  t h e   t a n k ,   bu t   t h e   n o r m a l   l i q u i d   c o o l a n t   l e v e l   49  when  t h e  

e n g i n e   is   s h u t   down  and  c o l d   is  b e l o w   t h e   b o t t o m   of  t he   t a n k .  

T h i s   a r r a n g e m e n t   p r o v i d e s   t he   g r e a t e s t   amoun t   of  e x p a n s i o n   s p a c e  

f o r   a  g i v e n   s i z e   of  t a n k .   A l t h o u g h   t he   t a n k   may  be  made  o f  

m e t a l ,   t he   low  o p e r a t i n g   p r e s s u r e   of  t he   s y s t e m   a l l o w s   l i g h t e r  



m a t e r i a l s ,   such   as  t h e r m o s e t t i n g   p l a s t i c s ,   to  be  u s e d ,   r e s u l t -  

i ng   in  s u b s t a n t i a l   w e i g h t   and  c o s t  s a v i n g s .  

As  in  t h e   a r r a n g e m e n t   of  FIG.  1,  l i q u i d   c o o l a n t   f l o w s  

by  g r a v i t y   f rom  t h e   s e p a r a t i o n   t a n k   l i q u i d   c o o l a n t   o u t l e t   2 0  

t h r o u g h   a  c o n d u i t   21  to  t h e  e n g i n e   c o o l a n t   i n l e t   22.  T h e  

e m b o d i m e n t   of  FIG.  2,  h o w e v e r ,   i n c l u d e s   an  a d d i t i o n a l   f e a t u r e   i n  

t h e   f o rm  of  a  U - t r a p   50  w h i c h   p r e v e n t s   any  v a p o r   b u b b l e s   in  t h e  

e n g i n e   c o o l i n g   j a c k e t   f rom  e n t e r i n g   t h e  s u p p l y   l i n e   21  and  i m -  

p e d i n g   t h e   r e p l e n i s h m e n t   of  l i q u i d   c o o l a n t   to  t he   e n g i n e .  

A n o t h e r   m o d i f i c a t i o n   shown  in  FIGS.   2  and  3  i s   t h e  

p r o v i s i o n   of  a  " l o g - t y p e "   o u t l e t   m a n i f o l d   51  h a v i n g   a  t u b u l a r  

c h a m b e r   52  w i t h   i n d i v i d u a l   i n l e t   b r a n c h e s   53  c o n n e c t e d   to  t h e  

u p p e r m o s t   p a r t   of  t h e   c y l i n d e r   head   c o o l i n g   j a c k e t   54  in  t h e  

v i c i n i t y   of  each   c y l i n d e r   55  in  a  h o r i z o n t a l   p l a n e   even  w i t h  

t h e   u p p e r m o s t   p a r t   of  t h e   j a c k e t .   T h i s   m a n i f o l d   a r r a n g e m e n t  

has   b e e n   found   to  m a r k e d l y   i m p r o v e   t h e   u n i f o r m i t y   of  c y l i n d e r  

head   t e m p e r a t u r e s ,   b o t h   f rom  c y l i n d e r   to   c y l i n d e r   and  f r o m  

b o t t o m   to  top   of  e a c h   c y l i n d e r   h e a d  c o o l i n g   j a c k e t .   The  m a n i -  

f o l d   e l i m i n a t e s   t he   f o r m a t i o n   of  p o c k e t s   o f  v a p o r   at  t he   t o p   o f  

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

Vapor   l e a v e s   t h e   m a n i f o l d   51  t h r o u g h   o u t l e t   25  a n d  

p a s s e s   t h r o u g h   c o n d u i t   24  i n t o   t he   s e p a r a t i o n  t a n k   v a p o r   i n l e t  

56.  In  t h i s   e m b o d i m e n t ,   t h e   v a p o r   i n l e t   i s  l o c a t e d   be low  t h e  

o p e r a t i n g   ho t   l i q u i d   l e v e l   48  in  t he   s e p a r a t i o n   t a n k .   As  i n  

FIG.  1,  t he   v a p o r   i n l e t   i s   a  p e r f o r a t e d   t u b u l a r   m e m b e r  w i t h   a  

c a p p e d   end ,   but   in  t h i s  c a s e   o n l y   t h e   l o w e r   p a r t   of  the   w a l l  



of  t h e   t u b u l a r   member  i s   p e r f o r a t e d   w i t h   h o l e s   40.  T h i s   c r e a t e s  

a  l o n g e r   p a t h   f o r   t h e   v a p o r   e n t e r i n g   t h e   s e p a r a t i o n   t a n k ,   a f t e r  

t h e   c o o l a n t   has   e x p a n d e d   to  a  l e v e l   above   t h e   t u b u l a r   m e m b e r ,  

to   b u b b l e   up  t h r o u g h   t he   l i q u i d   in  t he   t a n k ,   t h e r e b y   h e l p i n g  

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

The  c o n d e n s i n g   l o o p   19  in  t he   e m b o d i m e n t   of  FIG.  2 

i s   a r r a n g e d   e s s e n t i a l l y   t h e   same  as  in  FIG.  1,  e x c e p t   t h a t   t h e  

e l e c t r i c a l l y - d r i v e n   c o n d e n s a t e   pump  is   r e p l a c e d   by  a  s i m p l e  

and  e c o n o m i c a l   a l t e r n a t i v e   in  t he   form  of  an  e n g i n e - d r i v e n  

m e c h a n i c a l   pump,  shown  h e r e   as  a  d i a p h r a g m   t y p e   pump  57  h a v i n g  

a  s e c o n d   s t a g e   57'  f o r   pumping   f u e l .   T h i s   pump  w i l l   be  d e s c r i b e d  

in  more  d e t a i l   in  c o n n e c t i o n   w i t h   FIG.  6.  S i n c e   the   r a t e   o f  

h e a t   g e n e r a t i o n   by  t h e   e n g i n e   is   r o u g h l y   a  f u n c t i o n   of  e n g i n e  

s p e e d ,   t he   p u m p i n g   r a t e   of  an  e n g i n e - d r i v e n   pump  w i l l   t e n d   t o  

v a r y   w i t h   t h e   c o n d e n s i n g   r a t e .   I t   is   o n l y   n e c e s s a r y   to  s i z e   t h e  

pump  to  h a n d l e   t h e   c o n d e n s a t e   f low  at  maximum  e n g i n e   l oad   a t  

low  s p e e d   to  make  s u r e   t h a t   t h e   r e c e i v i n g   sump  is   m a i n t a i n e d  

e s s e n t i a l l y   pumped  dry   u n d e r   a l l   o p e r a t i n g   c o n d i t i o n s .   I f   a n y  

c o n d e n s a t e   i s   in  t h e   r e c e i v i n g   sump  at   s t a r t   up  ( f r o m   t he   p r e -  

v i o u s   e n g i n e   c o o l   d o w n ) ,   i t   w i l l   be  pumped  out   b e f o r e   a n y  

c o o l a n t   e x p a n s i o n   f rom  t he   w a r m i n g   e n g i n e   f o r c e s   n o n c o n d e n s i b l e  

g a s e s ,   d rawn  in  t h r o u g h   t he   v e n t   d u r i n g   c o o l   down,  back   o u t  

t h r o u g h   the   v e n t .   By  e v a c u a t i n g   t he   sump  b e f o r e   t h i s   f low  o f  

n o n c o n d e n s i b l e   g a s e s ,   t h e r e   c a n n o t   be  any  f low  of  c o o l a n t   w i t h  

t h e s e   g a s e s   out   t he   v e n t .  

A n o t h e r   f e a t u r e   added   to  t he   s y s t e m   in  FIG.  2  is  a  



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

s u p p l y   l i n e   58  e x t e n d i n g   f rom  an  o u t l e t   59  i n  t h e   t o p   of  t h e  

s e p a r a t i o n   t a n k   t o  a   c o n v e n t i o n a l   a u t o m o b i l e   h e a t e r   c o r e   6 0 ,  

shown  in  d a s h e d   l i n e s .   A  v a p o r   r e t u r n   l i n e   6 1  c o n n e c t s   t h e  

o u t l e t   of  t he   h e a t e r   c o r e   t o  a n   i n l e t   62  in  t he   v a p o r   c o n d u i t  

24  l e a d i n g   to  t h e   c o n d e n s e r .  

An  a l t e r n a t i v e   h e a t e r   a r r a n g e m e n t   is   s h o w n  i n   F I G .  

4.  In  t h i s   a r r a n g e m e n t ,   t h e   s e p a r a t i o n   t a n k   i s   m o u n t e d   on  t h e  

e n g i n e   s i d e   of  a  f i r e w a l l   63  b e t w e e n   t he   e n g i n e   c o m p a r t m e n t   64  

and  t h e   p a s s e n g e r   c o m p a r t m e n t   65  of  an  a u t o m o b i l e .   A  m u l t i p l i -  

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

s e p a r a t i o n   t a n k   b e t w e e n   an  i n c o m i n g   a i r   p l enum  c h a m b e r   67  a n d  

an  o u t g o i n g   a i r   p l e n u m   c h a m b e r   68.  A  fan   6 9  a c t u a t e d  b y   a  

- s w i t c h   70  d i s c h a r g e s   a m b i e n t   a i r  i n t o   t h e  i n c o m i n g   p l e n u m ,   f r o m  

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

p l e n u m   68  f o r   d i s t r i b u t i o n   i n t o   t he   p a s s e n g e r   c o m p a r t m e n t .  

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

t h e   need   f o r   a  s e p a r a t e   h e a t e r  c o r e .  

As  an  a l t e r n a t i v e   to  t h e   s i m p l e   f l a p p e r   v a l v e   or  o p e n  

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

in  c o n n e c t i o n   w i t h  F I G .   1,  t he   e m b o d i m e n t   of  FIG.  2  i s   p r o v i d e d  

w i t h   a  c o m b i n a t i o n   p r e s s u r e   and  vacuum  r e l i e f   v a l v e   71.  T h i s  

v a l v e ,   w h i c h   is  i l l u s t r a t e d   in  e n l a r g e d   d e t a i l   in  FIG.  5 ,  

i n c l u d e s   a  s p r i n g - l o a d e d   p r e s s u r e  r e l i e f  v a l v e   72  and  a  s p r i n g -  

l o a d e d   vacuum  r e l i e f  v a l v e   73 .   Each  v a l v e   may  be  s e t  

i n d e p e n d e n t l y   to  any  d e s i r e d  g a u g e   p r e s s u r e .   A  t y p i c a l   s e t t i n g  



f o r   t he   p r e s s u r e   v a l v e   may  be  b e t w e e n   a b o u t   o n e - f i f t h   and  a b o u t  

one  a t m o s p h e r e   ( g a u g e ) ,   and  fo r   t he   vacuum  v a l v e   a b o u t   o n e -  

t h i r t i e t h   a t m o s p h e r e   ( g a u g e ) .   T h i s   a l t e r n a t i v e   a r r a n g e m e n t  

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

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

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

CO  and  HC.  The  f o r e g o i n g   p r e s s u r e   and  vacuum  s e t t i n g s   a r e  

m e r e l y   i l l u s t r a t i v e .   The  maximum  p r e s s u r e   and  vacuum  s e t t i n g s  

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

s y s t e m .   The  v a l v e   a l l o w s   f o r   t he   e x h a u s t i n g   of  n o n c o n d e n s i b l e  

g a s e s   drawn  in  t h r o u g h   t he   vacuum  r e l i e f   d u r i n g   e n g i n e   c o o l  

down  and  p e r m i t s   t h e   s y s t e m   to  b r e a t h e   w h i l e   o p e r a t i n g .  

Any  s u i t a b l e   e b u l l i e n t   c o o l a n t   can  be  u s e d ,   such  a s  

w a t e r ,   or  w a t e r / a l c o h o l .   An  e x c e l l e n t   c o o l a n t   f o r m u l a t i o n   f o r  

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

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

t h e   c o o l a n t   above   t h a t   of  t he   v . - t e r / a l c o h o l   m i x t u r e   and  r e d u c e s  

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

t u r e   ( a b o u t   105°C  at   a t m o s p h e r i c   p r e s s u r e )   of   t h e   a l c o h o l /  

e t h y l e n e   g l y c o l   m i x t u r e   a l l o w s   the   c y l i n d e r   b o r e s   to  run  h o t t e r ,  

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

e x h a u s t   g a s e s .   I t   has   a l s o   been  d e t e r m i n e d   t h a t   pu re   e t h y l e n e  

g l y c o l   is  an  e x c e l l e n t   c o o l a n t   fo r   d i e s e l   e n g i n e s .   In  b o t h  

c a s e s ,   the   e l i m i n a t i o n   of  w a t e r   as  a  c o o l a n t   e l i m i n a t e s   t h e  

f o r m a t i o n   of  r u s t ,   s c a l e ,   s e d i m e n t s   and  s l u d g i n g .   In  a d d i t i o n ,  

as  t h e   r a t i o   of  g l y c o l   to  a l c o h o l   i n c r e a s e s ,   t he   vo lume  of  v a p o r  



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

of  t h e   c o o l i n g   s y s t e m   to  be  s m a l l e r   in  p h y s i c a l   s i z e   and  d i m e n -  

s i o n s .   I t   ha s   a l s o   been   f o u n d   t h a t   o t h e r   c o o l a n t s   of  n o n -  

p e t r o l e u m   o r i g i n   such   as  l i q u i d   s i l i c o n e s   may  be  u s e d   in  s u c h  

a  s y s t e m .  

A  f i n a l   f e a t u r e   i l l u s t r a t e d   i n  F I G .   2  i s   a  warm  u p  

c i r c u l a t i n g   l o o p   74  w h i c h  i n c l u d e s   a  c i r c u l a t i n g   pump  75  d i r e c t -  

ly  c o n n e c t e d   by  c o n d u i t s   76  and  77  b e t w e e n   t h e   u p p e r   and  l o w e r  

p a r t s ,   r e s p e c t i v e l y ,   of  t h e   c o o l i n g   j a c k e t .   Pump  75  i s   d r i v e n  

by  an  e l e c t r i c   m o t o r   78  a c t u a t e d   by  a  t h e r m a l   s w i t c h   79  e x t e n d -  

ing   i n t o   t h e   c o o l i n g   j a c k e t .   The  t h e r m a l   s w i t c h   i s   s e t   to  s h u t  

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

to  t h e   b o i l i n g   t e m p e r a t u r e   of  t he   c o o l a n t .   The  pump  m o t o r   i s   c o n -  

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

o n l y   when  t h e   e n g i n e   is   r u n n i n g   but   has  not   ye t   warmed  up  t o  

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

p h a s e   b r o k e n   l o o p   s y s t e m ,   t h e r e   is  n o  n a t u r a l   c i r c u l a t i o n   in  t h e  

e n g i n e   c o o l i n g   l o o p   u n t i l   b o i l i n g   s t a r t s ,   so  no  h e a t   can  l e a v e   t h e  

c y l i n d e r   b l o c k   t h r o u g h   t h a t   p a t h   d u r i n g   the   warm  up  p e r i o d .  

P r e f e r a b l y   t he   pump  c i r c u l a t e s   i n i t i a l l y  w a r m e d  

c o o l a n t   l i q u i d   f rom  t he   u p p e r   p a r t   of  t h e   c o o l i n g   j a c k e t   down 

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

and  i s   i t s e l f   warmed  by  t h e   h o t t e r   t e m p e r a t u r e s   in  t h e   u p p e r  

ends   of   t h e   c y l i n d e r s .   A l t e r n a t i v e l y ,   c i r c u l a t i o n   can  be  i n  

t he   o p p o s i t e   d i r e c t i o n ,   i f  d e s i r e d .   As  soon  as  t h e   e n g i n e   w a r m s  

up  e n o u g h   to  open  t h e r m a l   s w i t c h   79,  t he   c i r c u l a t i n g   pump  75  



w i l l   s t o p .   At  t h i s   p o i n t   n o r m a l   b o i l i n g   c o o l i n g   t a k e s   o v e r .  

I n s t e a d   of  u s i n g   a  s e p a r a t e   e l e c t r i c   c i r c u l a t i n g   p u m p ,  

t h e   warm  up  c i r c u l a t i n g   l i n e   c a n ,   f o r   e x a m p l e ,   be  c o n n e c t e d  

d i r e c t l y   to  a  c o n v e n t i o n a l   w a t e r   pump  l o c a t e d   at  t he   f r o n t   o f  

t h e   e n g i n e .   S i n c e   t h e   main  e n g i n e   c o o l i n g   loop   18  does   n o t  

r e q u i r e   a  c i r c u l a t i n g   pump,  i t s   i n l e t   can  be  r e l o c a t e d   e l s e w h e r e .  

B e c a u s e   t he   e n g i n e   d r i v e n   c i r c u l a t i n g   pump  has  a  h i g h   c a p a c i t y ,  

i t   i s   d e s i r a b l e   to  r e m o v e   most   of  i t s   b l a d e s .   Two  b l a d e s   h a v e  

b e e n   f o u n d   to  p r o v i d e   a d e q u a t e   c i r c u l a t i o n .   I f   c i r c u l a t i o n   f r o m  

u p p e r   to  l o w e r   c o o l i n g   j a c k e t   is   c h o s e n ,   t he   c i r c u l a t i o n   t h r o u g h  

t h e   warm  up  l i n e   s t o p s   a u t o m a t i c a l l y   when  b o i l i n g   b e g i n s   a n d  

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

t h e   l i q u i d   c o o l a n t   p a t h   i s   b r o k e n .  

Use  of  t he   d i r e c t   warm  up  c i r c u l a t i o n   l o o p   has  b e e n  

f o u n d   to  d r a m a t i c a l l y   r e d u c e   e n g i n e   warm  up  t i m e .   For  e x a m p l e ,  

d u r i n g   n o r m a l   d r i v i n g   on  a  day  when  the   a m b i e n t   t e m p e r a t u r e   i s  

a b o u t   8`C,   a  1979  Ford  s i x   c y l i n d e r   G r a n a d a   e q u i p p e d   w i t h   a 

b o i l i n g   c o o l a n t   s y s t e m   as  in  FIG.  2  t a k e s   a b o u t   3  m i l e s   t o  

warm  up  w i t h   t he   warm  up  l o o p   d i s c o n n e c t e d .   When  t h e   warm  u p  

l o o p   i s   o p e r a t i n g ,   the   e n g i n e   warm  up  t ime   is   r e d u c e d   to  l e s s  

t h a n   1.5  m i l e s .  

With  r e f e r e n c e   to  FIG.  6,  which   shows  in  more  d e t a i l  

and  in  p a r t i a l l y   s c h e m a t i c   form  t he   d u a l - d i a p h r a g m   pump  57,  5 7 '  

of  FIG.  2,  the   pump  i n c l u d e s   a  T - s h a p e d   h o u s i n g   80  h a v i n g   a 

d r i l l e d   f l a n g e   81  fo r   m o u n t i n g   on  the   e n g i n e   b l o c k ,   in  p l a c e  

of  t h e   c o n v e n t i o n a l   s i n g l e - d i a p h r a g m   f u e l   pump.  H o u s i n g  8 0  



a l s o   has   a  d r i l l e d   and  t a p p e d   u p p e r   f l a n g e   82  a n d  a   c o r r e s p o n d -  

ing   l o w e r   f l a n g e   83  to  w h i c h   a r e   f a s t e n e d   a  f u e l   pump  c h a m b e r  

84  and  a  c o n d e n s a t e   pump  c h a m b e r   85,  r e s p e c t i v e l y ,   by  m a c h i n e  

s c r e w s   86.  The  c h a m b e r s   84,  85  have   f l a n g e s   87  and  88,  w h i c h  

ma te   w i t h   f l a n g e s   82  and  83,  r e s p e c t i v e l y ,   to  s e a l i n g l y   c l a m p  

e l a s t i c   d i a p h r a g m s   89  and  90,  r e s p e c t i v e l y .  

An  a r t i c u l a t e d   rod  91  c o n n e c t s   e a c h   d i a p h r a g m   to  o n e  

end  92  of  a  l e v e r   93  p i v o t e d   on  a  p in   94.  The  o t h e r   end  95  o f  

l e v e r   93  i s   r e c i p r o c a t e d ,   as  shown  by  a r r o w   96,  by  a  c o n v e n t i o n a l  

push   rod  ( n o t   shown)   d r i v e n   by  t h e   c a m s h a f t   of  t h e   e n g i n e   t o  

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

s p r i n g   97,  w h i c h   i s   d i s p o s e d   b e t w e e n   t h e   one  end  92  of  t he   l e v e r  

and  a  s t e p p e d   p o r t i o n   98  of  t he   pump  h o u s i n g .  

Downward  movemen t   of  d i a p h r a g m   89  d r a w s   f u e l   i n t o  

pump  c h a m b e r   84  t h r o u g h   i n l e t   t u b e   99,  w h i c h   i s   c o n n e c t e d   t o  

t h e   f u e l   s u p p l y   t a n k   ( n o t   shown)  and  one  way  v a l v e   100,  w h i l e  

u p w a r d   m o v e m e n t   of  d i a p h r a g m   89  e x p e l s   t he   f u e l   t h r o u g h   o n e - w a y  

v a l v e   101  and  o u t l e t   t u b e   102,  w h i c h   is   c o n n e c t e d   to  t he   e n g i n e  

f u e l   d e l i v e r y   m e a n s ,   such   as  a  c a r b u r e t o r   ( n o t   s h o w n ) .  

S i m i l a r l y ,   upward   movement   of  d i a p h r a g m   90  d r a w s  

c o n d e n s e d   c o o l a n t   t h r o u g h   i n l e t   t u b e   103  and  o n e - w a y   v a l v e   104 

i n t o   pump  c h a m b e r   85,  and  downward   movemen t   of  d i a p h r a g m   90  

e x p e l s   t h e   c o o l a n t   t h r o u g h   o n e - w a y   v a l v e   105  and  o u t l e t   t u b e  

106.   I n l e t   t u b e   103  w i l l   be  c o n n e c t e d   to  c o n d e n s a t e   l i n e   31 

of  FIG.   2,  and  o u t l e t   t u b e   106  w i l l   be  c o n n e c t e d   to  l i n e   3 2 .  

I t   w i l l   be  a p p a r e n t   to  t h o s e   s k i l l e d   in  the   a r t   t h a t  



o n e - w a y   v a l v e   105  p e r f o r m s   t h e   same  f u n c t i o n   as  c h e c k   v a l v e   17 

in  FIG.   2,  so  t h a t   t h e   l a t t e r   can  be  d i s p e n s e d   w i t h .   I n s t e a d  

of  t h e   o n e - w a y   f l a p   v a l v e s   shown  in  t h e   pump,  s p r i n g - l o a d e d  

b a l l   v a l v e s   can  be  s u b s t i t u t e d ,   i f   d e s i r e d .  

As  e v i d e n c e   of  t he   i m p r o v e m e n t   in  f u e l   economy  a n d  

r e d u c e d   e x h a u s t   e m i s s i o n   t h a t   can  be  o b t a i n e d   w i t h   t he   b o i l i n g  

c o o l a n t   s y s t e m   of  t h e   i n v e n t i o n ,   the   same  Ford   G r a n a d a   m e n t i o n e d  

a b o v e   has   a v e r a g e d   d u r i n g   t e s t i n g   a b o u t   a  25%  i m p r o v e m e n t   i n  

m i l e s   pe r   g a l l o n ,   a  r e d u c t i o n   in  NOx  of  a b o u t   30%  and  a  r e d u c -  

t i o n   in  CO  and  HC  of  a b o u t   20%  in  c o m p a r i s o n   w i t h   i t s   p e r f o r m a n c e  

when  t he   n o r m a l   p r e s s u r i z e d   l i q u i d   c o o l a n t   s y s t e m   is   o p e r a t i n g .  

The  s y s t e m   d e s c r i b e d   i m m e d i a t e l y   above   ( F i g u r e s   1 - 6 )  

w i l l   o p e r a t e   at   a t m o s p h e r i c   p r e s s u r e ,   or  s l i g h t l y   above   w i t h   a  

maximum  p r e s s u r e   of  3-5  p . s . i .   A  l o w e r   p r e s s u r e   s y s t e m ,   h o w e v e r ,  

can  be  a c h i e v e d   by  t h e   use  of  a  s p e c i a l l y - d e s i g n e d   c o n d e n s e r  

w h i c h   p e r m i t s   t he   s y s t e m   to  o p e r a t e   at   a  p r e s s u r e   r a n g i n g   f r o m  

a t m o s p h e r e   to  a  maximum  of  2  p . s . i .  

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

i s   not   o n l y   a  h e a t   e x c h a n g e r   but   a l s o   an  e x p a n s i o n   c h a m b e r .  

The  c o n d e n s e r   has  t h e   c a p a c i t y   to  a c c e p t   t he   t o t a l   vo lume   o f  

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

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

i n t o   t h e   c o n d e n s e r .   The  c o n d e n s e r   is   t h u s   d e s i g n e d   so  as  t o  

c a u s e   an  e x p a n s i o n   of  t he   v a p o r i z e d   c o o l a n t ,   and  a  r e d u c t i o n   o f  

t h e   p r e s s u r e   of  t h e   v a p o r ,   as  t he   v a p o r   f l o w s   f rom  t he   e n g i n e  

and  s e p a r a t i o n   t a n k   i n t o   t he   c o n d e n s e r .   T h i s   c o n c e p t   may  b e  



a c h i e v e d   in  s e v e r a l   ways :   (1)  by  a  m u l t i - p a s s   c o n d e n s e r   t h e  

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

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

l e a s t   2  t i m e s   g r e a t e r   t h a n   t he   d i a m e t e r   of  t he   v a p o r   c o n d u i t ;   ( 2 )  

by  an  a i r - c o o l e d   c h a m b e r   i n t o   w h i c h   t h e   v a p o r i z e d   c o o l a n t   f l o w s  

and  e x p a n d s   w h i c h   may  i n c l u d e   b a f f l e s   and  i s   c o o l e d   by  i n t e r n a l  

a i r   t u b e s   or  e x t e r n a l   f i n s ;   or  (3)  by  a  c h a m b e r   c o n s t r u c t e d   f r o m  

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

a r e a ,   f o r   e x a m p l e ,   t h e   hood  or  r o o f   of  t h e   v e h i c l e ,   w h i c h   i s  

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

R e f e r r i n g   now  to  F i g u r e   7,  t h e r e   i s   shown  one  e m b o d i -  

ment   of  s u c h   a  c o n d e n s e r   wh ich   i n c l u d e s   a  v a p o r   i n l e t   107  c o u p l e d  

to  t h e   e n g i n e   and  a  c o n d e n s a t e   o u t l e t   108.  A  v a r i a b l e   d i a m e t e r  

- - o r i f i c e   109  i s   c o u p l e d   to  t h e   end  of  t he   c o n d e n s e r   t u b e   to  r e g - " ,  

u l a t e   t h e   f o r m a t i o n   of  t he   l i q u i d   s e a l   p r e v i o u s l y   d e s c r i b e d  w i t h  

r e f e r e n c e   to   F i g u r e s   1  and  2.  The  i n s i d e   d i a m e t e r   of  c o n d e n s e r  

t u b e   110  i s   l a r g e r   t h a n   the   i n s i d e   d i a m e t e r   of  i n l e t   107,  a n d  

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

d i a m e t e r   of  i n l e t   107,   i . e . ,   a  r a t i o   of  2 : 1 .  

In  o p e r a t i o n ,   v a p o r   f l o w s   f rom  t h e   e n g i n e   t h r o u g h   i n l e t  

107  i n t o   t h e   l a r g e r   vo lume   of  t u b e   110  and  i m m e d i a t e l y   e x p a n d s  

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

e x p a n s i o n   of   t h e   v a p o r i z e d   c o o l a n t   g r e a t l y   e n h a n c e s   t he   r a t e   o f  

c o n d e n s a t i o n   of  t h e   v a p o r i z e d   c o o l a n t   in  t he   c o n d e n s e r .   M o r e -  

o v e r ,   t he   i n c r e a s e d   v o l u m e   i n t o   w h i c h   t he   v a p o r   e x p a n d s   e l i m i -  

n a t e s   c o n d e n s e r   r e s i s t a n c e   to  t he   f low  of  v a p o r   i n t o   t h e   c o n -  



d e n s e r   f rom  t he   s e p a r a t i o n   t a n k .   Thus ,   an  i n c r e a s e   in  e n g i n e  

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

F i g u r e   8  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  t he   c o n -  

d e n s e r   in  wh ich   t h e   c o n d e n s e r   i n c l u d e s   a  l a r g e   v o l u m e   c h a m b e r  

111  in  w h i c h   t he   v a p o r   s p a c e   f o r   e x p a n s i o n   of  t h e   v a p o r i z e d  

c o o l a n t   f o r   a  g i v e n   f r o n t a l   a r e a   of  t he   c o n d e n s e r   i s   i n c r e a s e d  

by  a  r a t i o   of  a b o u t   10  to  1  o v e r   t he   vo lume   f o r   e x p a n s i o n   o f  

t h e   v a p o r   p r o v i d e d   by  t h e   c o n d e n s e r   of  F i g u r e   7.  In  o p e r a t i o n ,  

t h e   v a p o r i z e d   c o o l a n t   e n t e r s   i n t o   c h a m b e r   111  and  i m m e d i a t e l y  

e x p a n d s   due  to  t h e   g r e a t l y   i n c r e a s e d   vo lume   of  t h e   c h a m b e r  

r e l a t i v e   to  v a p o r   i n l e t   1 0 7 .  

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

t h e   v e l o c i t y   and  p r e s s u r e   of  t he   v a p o r   upon  e n t e r i n g   c h a m b e r   111 

and  t h e   v a p o r   t e n d s   to  f i l l   t he   u p p e r m o s t   p a r t   of  c h a m b e r   1 1 1 .  

A  p l u r a l i t y   of  h o l l o w   t u b e s   open  at  each   end  a re   t r a n s v e r s e l y  

d i s p o s e d   in  t he   c h a m b e r .   The  t u b e s   a re   c o n s t a n t l y   c o o l e d   by  

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

f a n ,   and  as  t he   v a p o r i z e d   c o o l a n t   c o n t a c t s   t he   t u b e s   i t  

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

t h e   b o t t o m   in  a  c h a n n e l   113.  A  l i q u i d   s e a l   is   f o r m e d   by  

v a r i a b l e   o r i f i c e   109  as  p r e v i o u s l y   d e s c r i b e d ,   and  the   c o n d e n -  

s a t e   f l o w s   f rom  t h e   c o n d e n s e r   f rom  o u t l e t   1 0 8 .  

F i g u r e   9  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  t he   c o n -  

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

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

may  be  r e m o t e l y   m o u n t e d   in  t h e   v e h i c l e   and  a  c o l d   a i r   p l e n u m  



114  i s   u s e d   to   f e e d   a i r   f rom  a  c o l d   a i r   i n t a k e   n o z z l e   115  

w h i c h   i s   m o u n t e d   in  any  a i r   f low  s o u r c e ,   e . g . ,   u n d e r   t h e  

b u m p e r   of  t h e   v e h i c l e .  

In  o p e r a t i o n ,   c o l d   a i r   from  p l e n u m   114  f l o w s   t h r o u g h  

and  c o o l s   t u b e s   112.  H e a t e d   a i r   is   t h e n   f o r c e d   t h r o u g h   a  h o t  

a i r   p l e n u m   116  and  ou t   of  t he   c o n d e n s e r   t h r o u g h   fan  s h r o u d  

117.   A  fan   118  is   a c t u a t e d   by  a  s e n s o r   119  w h i c h   d e t e c t s  

v a p o r   r e a c h i n g   t h e   l o w e r   p o r t i o n   of  c h a m b e r   1  by  means   of  t h e  

v a p o r   t e m p e r a t u r e   as  p r e v i o u s l y   d e s c r i b e d .   When  a c t u a t e d   b y  

t h e   s e n s o r ,   t he   fan   d r a w s   a i r   f rom  c o l d   p l e n u m   114  and  i n t a k e  

n o z z l e   115  t h r o u g h   t u b e s   112  and  i n t o   ho t   a i r   p l enum  116  t o  

c o o l   t he   v a p o r .   V a p o r i z e d   c o o l a n t   e n t e r s   c h a m b e r   111  of  t h e  

c o n d e n s e r   t h r o u g h   i n l e t   107,  w h i c h   i s   p r e f e r a b l y   l o c a t e d   at   t h e  

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

t h e   c o n d e n s a t e   at  t h e   b o t t o m   of  t he   c h a m b e r   a t   or  n e a r   t he   t e m p e r -  

a t u r e   of  t he   l i q u i d   c o o l a n t   in  t he   e n g i n e   and  e n h a n c e  t h e   e f f i -  

c i e n c y   of  t h e   c o n d e n s a t i o n   of  t he   v a p o r   in  t he   c h a m b e r ,   bu t   may  

be  l o c a t e d   in  any  c o n v e n i e n t   p o s i t i o n ,   is   c o n d e n s e d   and  t h e  

r e s u l t i n g   c o n d e n s a t e   f l o w s   f rom  t h e   c o n d e n s e r   f rom  o u t l e t   1 0 8  

w h i c h   a l s o   i n c l u d e s   a  v a r i a b l e   o r i f i c e   1 0 9 .  

The  c o n d e n s e r   may  be  f a b r i c a t e d   of  mo lded   p l a s t i c  

in  two  h a l v e s   each   i n c l u d i n g   a  s e a l e d   f l a n g e   119.  The  t u b e s  

112  may  be  c o n s t r u c t e d   of  a l u m i n u m   or  c o p p e r   and  may  b e  

s e a l e d   w i t h   0  r i n g s   at   t h e   p o i n t s   t h e y   p a s s   t h r o u g h   t h e   w a l l s  

of   p l e n u m s   114  and  1 1 6 .  

In  an  a l t e r n a t e   e m b o d i m e n t   of  t h e   c o n d e n s e r ,   t h e  



c o n d e n s e r   may  c o m p r i s e   a  body  p a n e l ,   e . g . ,   t h e   hood  of  t h e  

v e h i c l e .   In  o p e r a t i o n ,   t he   v a p o r i z e d   c o o l a n t   e n t e r s   c h a m b e r  

111  t h r o u g h   i n l e t   107.   The  t u b e s   112  e x t e n d   f rom  t h e   f r o n t   t o  

b a c k   e d g e s   of  t h e   hood  of  t he   v e h i c l e   and  d i r e c t   c o l d   a i r   f r o m  

t h e   g r i l l e   at  t h e   f r o n t   of  the   v e h i c l e   to  t h e   l o u v e r s   at  t h e  

b a s e   of  t he   w i n d s h i e l d   w h e r e   t he   a i r   e x i t s   as  h e a t e d   a i r .  

T h i s   e x i t   a r e a   a t   t h e   b a s e   of  t he   w i n d s h i e l d   may  be  s h r o u d e d  

and  i n c l u d e   a  f a n .   In  most   i n s t a n c e s ,   h o w e v e r ,   the   s i z e   o f  

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

need   fo r   t h e  f a n   to  a d j u s t   the   c o n d e n s a t i o n   r a t e   of  t h e  

v a p o r i z e d   c o o l a n t   in  t h e   c h a m b e r .  

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

c h a n n e l   113  i n t o   w h i c h   c o n d e n s a t e   f l o w s .   A  v a r i a b l e   o r i f i c e  

109  i s   c o u p l e d   to  a  c o n d e n s a t e   o u t l e t   108  c o u p l e d   to  c h a n n e l  

113  of  t he   c o n d e n s e r .  

In  o r d e r   to  m i n i m i z e   h e a t i n g   of  t h e   c o n d e n s e r   by  

d i r e c t   s o l a r   r a d i a t i o n ,   t he   hood  may  be  c o a t e d   w i t h   a  h e a t  

r e f l e c t i v e   c l e a r   l a m i n a t e .  

R e f e r r i n g   now  to  F i g u r e   11,  t h e r e   i s   shown  a n o t h e r  

e m b o d i m e n t   of  t h e   s e p a r a t i o n   t a n k s   i l l u s t r a t e d   in  F i g u r e s   1 

and  2.  The  t a n k   i n c l u d e s   a  v a p o r   i n l e t   120,   a  v a p o r   o u t l e t  

121  w h i c h   i s   c o u p l e d   to  t he   c o n d e n s e r ,   and  a  c o n d e n s a t e   r e t u r n  

i n l e t   122.  A  l i q u i d   c o o l a n t   r e t u r n   o u t l e t  1 2 3   is  c o u p l e d   t o  

t h e   sump,  and  t h e   ho t   c o o l a n t   o p e r a t i n g   l e v e l   of  the   t a n k   i s  

i l l u s t r a t e d   by  d a s h e d   l i n e s   124.  An  o i l   c o n d u i t   t u b e   125 

c o u p l e d   to  t he   e n g i n e   o i l   pump  o u t l e t   e x t e n d s   t h r o u g h   one  e n d  



of  t h e   t a n k   in  t h e   form  of  a  l o o p   and  is   e x p o s e d   to  t h e   h e a t e d  

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

e x t e n d s   at   l e a s t   p a r t i a l l y   be low  and  p r e f e r a b l y   f u l l y   b e l o w   t h e  

ho t   c o o l a n t   l i n e   124.  In  o p e r a t i o n ,   w h e n e v e r   t he   e n g i n e   i s  

r u n n i n g ,   o i l   f l o w s   t h r o u g h   o i l   c o n d u i t   t u b e   125  e i t h e r   d i r e c t l y  

or  v i a   a  s h u n t .   As  t he   e n g i n e   warms  up,  t he   i n i t i a l   e x p a n s i o n  

of  ho t   c o o l a n t   to  l e v e l   124  s u b m e r g e s   p a r t   of  c o n d u i t   t u b e   125  

u n d e r   ho t   l i q u i d   c o o l a n t .   Cold  o i l   f l o w i n g   t h r o u g h   c o n d u i t   t u b e  

125  t h r o u g h   t he   i n l e t   126  of  t he   l o o p   i s   i m m e d i a t e l y   h e a t e d   b y  

ho t   l i q u i d   c o o l a n t   and  f l o w s   back  tc   t he   e n g i n e   t h r o u g h   o u t l e t  

127.  As  t h e   e n g i n e   r e a c h e s   i t s   o p e r a t i n g   t e m p e r a t u r e   and  v a p o r  

f i l l s   t h e   s e p a r a t i o n   t a n k   t h r o u g h   i n l e t   120,  t h e   w a t e r   i s   s u p e r -  

h e a t e d   and  t h e   u p p e r   p o r t i o n   of  the   s e p a r a t i o n   t a n k   w i l l   b e  

f i l l e d   w i t h   s t e a m   w h i c h   s u r r o u n d s   c o n d u i t   t u b e   125;  f u r t h e r   o i l  

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

t h r o u g h   t h e   c o n d u i t   t u b e   125  is   r a p i d l y   r a i s e d   r e l a t i v e   to  t y p i -  

c a l   t e m p e r a t u r e   r i s e s   in  e n g i n e s   not   u t i l i z i n g   such   an  o i l  

t e m p e r a t u r e   c o n t r o l   d e v i c e .  

The  s e p a r a t i o n   t a n k   w i l l   e f f e c t i v e l y   n o r m a l i z e   t h e  

o i l   tc   an  o p t i m u m   t e m p e r a t u r e   of  1 8 0 - 2 0 0 ' F . ,   w h i c h   i s   t h e  

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

A m e r i c a n   P e t r o l e u m   I n s t i t u t e   ( A . P . I .   S p e c s ) .   S h o u l d   t h e   o i l  

e n t e r i n g   t h e   t a n k   t h r o u g h   i n l e t   126  be  at  a  t e m p e r a t u r e   in  e x c e s s  

of  2 0 0 . F ,   t h e   v a p o r i z e d   c o o l a n t   a t m o s p h e r e   of  t he   s e p a r a t i o n   t a n k  

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

d u i t   t u b e   125.  T h i s   s e p a r a t i o n   t a n k   l i m i t s   t he   e f f e c t   of  a m b i e n t  



a i r   on  t h e   o i l   s t o r e d   in  t he   e n g i n e   pan,   and  when  o i l   f l o w s   d i r e c t -  

ly  to  t h e   t a n k   f rom  t h e   e n g i n e ,   t he   t e m p e r a t u r e   of  t he   o i l   r e t u r n -  

ing   to  t he   e n g i n e   w i l l   r a n g e   b e t w e e n   180'  and  2 0 0 0 F .   i r r e s p e c t i v e  

of  t he   t e m p e r a t u r e   of  t h e   o i l   in  t he   pan.   M o r e o v e r ,   s u c h   o i l  

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

F i g u r e   12  i l l u s t r a t e s   a n o t h e r   e m b o d i m e n t   of  a  v a p o r  

c o o l i n g   s y s t e m   of  t he   i n v e n t i o n   in  w h i c h   the   s y s t e m   is   c l o s e d  

to  t h e   a t m o s p h e r e .   In  t h i s   s y s t e m ,   an  e x p a n s i o n   t a n k   128  i s  

c o u p l e d   by  a  c o n d u i t   129  to  t he   sump  130  of  t he   s y s t e m .   A l t h o u g h  

any  of  t he   f o r e g o i n g   c o n d e n s e r   d e s i g n s   may  be  u s e d ,   a  c o n d e n s e r  

131  of  t h e   t y p e   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e s   8 -10   i s   p r e f -  

e r a b l y   u t i l i z e d .   In  t h i s   e m b o d i m e n t ,   n o n - c o n d e n s i b l e   g a s e s   a r e  

f o r c e d   by  c o o l a n t   e x p a n s i o n   and  v a p o r   i n t o   the   e x p a n s i o n   t a n k   128  

d u r i n g   w a r m - u p .   By  m a t c h e d   s i z i n g   of  t he   e x p a n s i o n   t a n k   128,  r e -  

d u c t i o n   c h a m b e r   131,  and  c o o l a n t   v o l u m e ,   a  p r e d e t e r m i n e d   f i x e d  

p r e s s u r e   l e v e l   may  be  s e t   and  a  v i r t u a l l y   c o n s t a n t   e n g i n e   o p e r a -  

t i n g   t e m p e r a t u r e   may  be  a c h i e v e d   w i t h   t he   a d v a n t a g e   of  h a v i n g   a  

t o t a l l y   c l o s e d   s y s t e m .  

In  t he   f o r e g o i n g   s p e c i f i c a t i o n ,   the   i n v e n t i o n   h a s  

been   d e s c r i b e d   w i t h   r e f e r e n c e   to  s p e c i f i c   e x e m p l a r y   e m b o d i m e n t s  

t h e r e o f .   I t   w i l l ,   h o w e v e r ,   be  e v i d e n t   t h a t   v a r i o u s   m o d i f i c a t i o n s  

and  c h a n g e s   may  be  made  t h e r e u n t o   w i t h o u t   d e p a r t i n g   f rom  t h e  

b r o a d e r   s p i r i t   and  s c o p e   of  t he   i n v e n t i o n   as  s e t   f o r t h   in  t h e  

a p p e n d e d   c l a i m s .   The  s p e c i f i c a t i o n   and  d r a w i n g s   a r e ,   a c c o r d -  

i n g l y ,   to  be  r e g a r d e d   in  an  i l l u s t r a t i v e   r a t h e r   t h a n   in  a  

r e s t r i c t i v e   s e n s e .  



1.  In  a  b o i l i n g   l i q u i d   c o o l i n g   s y s t e m   f o r   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   i n c l u d i n g   a  c o o l a n t   i n l e t   and  a  c o o l a n t   o u t l e t ,  

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

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

c o o l a n t   f rom  l i q u i d   c o o l a n t ,   c o n d e n s e r   means   c o u p l e d   to  s a i d  

s e p a r a t i o n   t a n k   f o r   c o n d e n s i n g   v a p o r i z e d   c o o l a n t   f l o w i n g   f r o m  

s a i d   s e p a r a t i o n   t a n k   to  s a i d   c o n d e n s e r   means   d u r i n g   o p e r a t i o n  

of  s a i d   e n g i n e ,   sump  means  c o u p l e d   to  s a i d   c o n d e n s e r   means   f o r  

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

sump  means   b e i n g   c o u p l e d   to  s a i d   s e p a r a t i o n   t a n k   f o r   r e t u r n i n g  

l i q u i d   c o o l a n t   to  s a i d   s e p a r a t i o n   t a n k   and  to  s a i d   e n g i n e ,   a n d  

v e n t   means   f o r   v e n t i n g   n o n - c o n d e n s i b l e   g a s e s   f rom  s a i d   c o o l i n g  

s y s t e m   d u r i n g   o p e r a t i o n   of  s a i d   e n g i n e ,   t he   i m p r o v e m e n t  

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

t h e   r a t e   of  c o n d e n s a t i o n   of  v a p o r i z e d   c o o l a n t   in  s a i d   c o n d e n s e r  

means   to  t h e   r a t e   v a p o r i z e d   c o o l a n t   is   g e n e r a t e d   by  s a i d  

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

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

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

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

2 .  T h e .  s y s t e m _ a s   c l a i m e d   in  c l a i m   1,  w h e r e i n   s a i d  

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

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

c o o l a n t   as  s a i d   c o o l a n t   f l o w s   i n t o   s a i d   c o n d e n s e r   means   f r o m  

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



3.  The  s y s t e m   as  c l a i m e d   in  c l a i m   2,  w h e r e i n  

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

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

means   in   s a i d   c o n d e n s e r   m e a n s ,   s a i d   t u b e   means   h a v i n g   a  

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

4.  The  s y s t e m   as  c l a i m e d   in   c l a i m   3,  w h e r e i n   t h e  

r a t i o   of  t h e   d i a m e t e r   of  s a i d   t u b e   means   to   t h e   d i a m e t e r  

of  s a i d   c o n d u i t   means   i s   a t   l e a s t   2 : 1 .  

5.  The  s y s t e m   as  c l a i m e d   in  c l a i m . 2 , w h e r e i n  

s a i d   m a t c h i n g   means   c o m p r i s e s   a  c h a m b e r   i n t o   w h i c h   v a p o r i z e d  

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

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

to  i m m e d i a t e l y   e x p a n d   as  i t   e n t e r s   s a i d   c h a m b e r   of   s a i d  

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

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

c o n d e n s e r   m e a n s .  

6.  The  s y s t e m   as  c l a i m e d   in  c l a i m   5,  f u r t h e r  

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

s a i d   c h a m b e r   of  s a i d   c o n d e n s e r   m e a n s .  

7.  The  s y s t e m   as  c l a i m e d   in  any  of  c l a i m s  

2  to  6,  w h e r e i n   s a i d   m a t c h i n g   means   of  s a i d   c o n d e n s e r   m e a n s  

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

c o o l a n t   f rom  s a i d   c o n d e n s e r   means   i n t o   s a i d   sump  m e a n s  



d u r i n g   h i g h   a m b i e n t   t e m p e r a t u r e   e n g i n e   o p e r a t i n g  

c o n d i t i o n s .  

8.  The  s y s t e m   as  c l a i m e d   in  any  of  c l a i m s  

1  to   7,  w h e r e i n   s a i d   v e n t   means   c o m p r i s e s   an  e x p a n s i o n  

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

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

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

9.  The  s y s t e m   as  c l a i m e d   in   any  of  c l a i m s   1  to   7 ,  

w h e r e i n   s a i d   v e n t   means   c o m p r i s e s   v a l v e   m e a n s ,   s a i d   v a l v e  

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

n o n - c o n d e n s i b l e   g a s e s   f rom  s a i d   c o o l i n g   s y s t e m   to  t h e  

a t m o s p h e r e   d u r i n g   o p e r a t i o n   of  s a i d   e n g i n e .  

10.  The  s y s t e m   as  c l a i m e d   in  any  of  c l a i m s   1  to   9 ,  

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

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

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

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

of  s a i d   e n g i n e ,   s a i d   c o n d u i t   means   b e i n g   d i s p o s e d   in  s a i d  

s e p a r a t i o n   t a n k   so  as  to  be  a t   l e a s t   p a r t i a l l y   s u b m e r g e d  

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

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

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



11.  In  a  b o i l i n g   l i q u i d   c o o l i n g   s y s t e m   f o r   a n  

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 n c l u d i n g   a  c o o l a n t   i n l e t   a n d  

a  c o o l a n t   o u t l e t ,   s a i d   c o o l i n g   s y s t e m   i n c l u d i n g   a  

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

o u t l e t   f o r   s e p a r a t i n g   v a p o r i z e d   c o o l a n t   f rom  l i q u i d  

c o o l a n t ,   c o n d e n s e r   means   c o u p l e d   to  s a i d   s e p a r a t i o n  

t a n k   f o r   c o n d e n s i n g   v a p o r i z e d   c o o l a n t   f l o w i n g   f rom  s a i d  

s e p a r a t i o n   t a n k   to   s a i d   c o n d e n s e r   means   d u r i n g   o p e r a t i o n  

of  s a i d   e n g i n e ,   sump  means   c o u p l e d   to  s a i d   c o n d e n s e r  

means   f o r   r e c e i v i n g   c o n d e n s e d   c o o l a n t   f rom  s a i d   c o n d e n s e r  

m e a n s ,  s a i d   sump  means   b e i n g   c o u p l e d   to  s a i d   s e p a r a t i o n  

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

and  to  s a i d   e n g i n e ,   and  v e n t   means   f o r   v e n t i n g   n o n -  

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

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

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

means   and  s a i d   c o n d e n s e r   means   i n c l u d i n g   means   f o r  

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

c o n d e n s e r   means   i n t o   s a i d   sump  means   d u r i n g   h i g h  

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

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

to  s a i d   sump  means   and  t h e   s e p a r a t i o n   t a n k   f o r   p r e v e n t i n g  

t he   f l o w   of  v a p o r i z e d   c o o l a n t   f rom  s a i d   s e p a r a t i o n   t a n k  

to  s a i d   sump  means   d u r i n g   e n g i n e   o p e r a t i n g   c o n d i t i o n s  

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



s a i d   sump  means   to  s a i d   s e p a r a t i o n   t a n k ,   w h e r e b y   t h e   f l o w  

of  v a p o r i z e d   c o o l a n t   f rom  s a i d   c o o l i n g   s y s t e m   to  t h e  

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

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

12.  The  s y s t e m   c l a i m e d   in   c l a i m   1 1 ,  

w h e r e i n   s a i d   means   f o r   p r e v e n t i n g   t h e   f l o w   of   v a p o r i z e d  

c o o l a n t   f rom  s a i d   c o n d e n s e r   means   i n t o   s a i d   sump  m e a n s  

c o m p r i s e s   f a n   means   d i s p o s e d   a d j a c e n t   s a i d   c o n d e n s e r   m e a n s  

f o r   d r a w i n g   a m b i e n t   a i r   o v e r   s a i d   c o n d e n s e r   m e a n s ,   a n d  

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

p r e s e n c e   of   v a p o r i z e d   c o o l a n t   a t   a  s e l e c t e d   l o c a t i o n  

in   s a i d   c o n d e n s e r   m e a n s ,   f o r   a c t u a t i n g   s a i d   f an   m e a n s .  

13.  The  s y s t e m   c l a i m e d   in   c l a i m   12,  w h e r e i n  

s a i d   f a n   a c t u a t i n g   means   c o m p r i s e s   t e m p e r a t u r e   s e n s i n g  

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

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

14.  The  s y s t e m   as  c l a i m e d   in  c l a i m   1 2 ,  

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

means   r e s p o n s i v e   to  t h e   p r e s s u r e   of  v a p o r i z e d   c o o l a n t  

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

15.  The  s y s t e m   as  c l a i m e d   in  c l a i m   12  or  c l a i m  



13,  w h e r e i n   s a i d   m e a n s   f o r   p r e v e n t i n g   t h e   f l o w   of  v a p o r i z e d  

c o o l a n t   f rom  s a i d   c o n d e n s e r   means   i n t o   s a i d  s u m p   m e a n s  

f u r t h e r   c o m p r i s e s   f l o w   r e s t r i c t o r   means   c o u p l e d   to  s a i d  

c o n d e n s e r   means   f o r   r e s t r i c t i n g   t h e   f l o w   of  c o o l a n t  

c o n d e n s e d   by  s a i d   c o n d e n s e r   means   f rom  s a i d   c o n d e n s e r  

means   i n t o   s a i d   sump  m e a n s ,   s a i d   f l ow  r e s t r i c t o r   m e a n s  

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

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

of  v a p o r i z e d   c o o l a n t   f rom  s a i d   c o n d e n s e r   means   i n t o   s a i d  

sump  m e a n s .  

16.  The  s y s t e m   as  c l a i m e d   in   any  of  c l a i m s   11  t o  

15,  w h e r e i n   s a i d   m e a n s   f o r   p r e v e n t i n g  t h e   f l o w   of  v a p o r i z e d  

c o o l a n t   f rom  s a i d   s e p a r a t i o n   t a n k   to  s a i d   sump  m e a n s  

c o m p r i s e s   n o n - r e t u r n   v a l v e   m e a n s .  

17.  In  a  b o i l i n g   l i q u i d   c o o l i n g   s y s t e m   f o r   a n  

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

l e a s t   one  c y l i n d e r   and  a  c y l i n d e r   h e a d ,   a t   l e a s t   one  i n l e t   f o r  

c o o l a n t   l o c a t e d   in   t h e   l o w e r   p a r t   of  t h e   c y l i n d e r   b l o c k   a n d  

a t   l e a s t   one  o u t l e t   f o r   c o o l a n t   l o c a t e d   in  t h e   u p p e r   p a r t   o f  

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

t a n k   h a v i n g   a  l i q u i d   c o o l a n t   o u t l e t   in  t h e   l o w e r   p a r t   o f  

the  tank  connected  to  the  c o o l a n t   i n l e t   of  the  c y l i n d e r   block,   a  

vapor ized   coolan t   i n l e t   connec ted   to  the  c o o l a n t  

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



v a p o r   o u t l e t   in  t he   u p p e r   p a r t   of  t h e   t a n k ,   and  a  c o n d e n s a t e  

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

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

sump  h a v i n g   an  i n l e t   c o n n e c t e d   to  t he   c o n d e n s a t e   o u t l e t   of  t h e  

c o n d e n s e r ;   a  v e n t   c o n n e c t i n g   t he   s y s t e m   to  t h e   a t m o s p h e r e ;   a  

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

p a r t   of   t h e   r e c e i v i n g   sump  and  an  o u t l e t   c o n n e c t e d   to  t h e  

c o n d e n s a t e   i n l e t   of  t he   s e p a r a t i o n   t a n k ;   and  means   f o r  

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

c o o l a n t   f rom  t he   r e c e i v i n g   sump  to  t he   s e p a r a t i o n   t a n k ,  

t h e   i m p r o v e m e n t   c o m p r i s i n g :  

a  t e m p e r a t u r e   s e n s o r   p o s i t i o n e d   at  a  s e l e c t e d   l o c a -  

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

c o n d e n s e r ,   -  

a  fan   p o s i t i o n e d   a d j a c e n t   to  t h e   c o n d e n s e r ,   a n d  

means   fo r   d r i v i n g   t he   fan  to  f l ow  a m b i e n t   a i r   i n  

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

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

fan   o p e r a t e s   w h e n e v e r   v a p o r i z e d   c o o l a n t   i s   p r e s e n t   at  t h e  

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

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

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

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

t h e   c o n d e n s a t e   r e c e i v i n g   sump,   wh ich   i s   l i m i t e d   to  a  p r e d e t e r -  

mined   v a l u e   s m a l l   e n o u g h   to  c a u s e   t h e   f o r m a t i o n   of  a  l i q u i d  

c o o l a n t   s e a l   b e f o r e   t he   i n l e t   to  the   c o n d e n s a t e   r e c e i v i n g   s u m p ,  



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

f l o w   means   l o c a t e d   b e t w e e n   t h e   r e c e i v i n g   sump  and  t h e  

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

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

t a n k   to  t h e   sump  in  t h e   a b s e n c e   of  t h e   f l o w   of  l i q u i d  

c o o l a n t   f rom  t h e   sump  to  t h e   s e p a r a t i o n   t a n k .  

18.  The  s y s t e m   as  c l a i m e d   in   c l a i m   1 7 ,  

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

c o n t i n u o u s   t u b e   e x t e n d i n g   f rom  t h e   i n l e t   to  t h e   o u t l e t   o f  

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

19.  The  s y s t e m   as  c l a i m e d   in  c l a i m   17  o r  

c l a i m   18,  w h e r e i n   t h e   m e a n s   f o r   d r i v i n g   t h e   c o n d e n s a t e  

pump  i s   r e s p o n s i v e   to  o p e r a t i o n   of  t h e   e n g i n e   s u c h   t h a t   t h e  

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

20.  The  s y s t e m   as  c l a i m e d   in   c l a i m   19,  w h e r e i n  

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

t h e   e n g i n e .  

21.  The  s y s t e m   as  c l a i m e d   in  c l a i m   20,  w h e r e i n  

s a i d   m e c h a n i c a l   pump  i s   a  d u a l   s t a g e   f u e l / c o n d e n s a t e   p u m p .  

22.  The  s y s t e m   as  c l a i m e d   in   c l a i m   21,  w h e r e i n  

s a i d   n o n - r e t u r n   f l ow  means   c o m p r i s e s   o n e - w a y   v a l v e   m e a n s  

i n c l u d e d   in  s a i d   d u a l   s t a g e   f u e l / c o n d e n s a t e   p u m p .  



23.  An  e n g i n e   c o o l i n g   s y s t e m   a c c o r d i n g   t o  

c l a i m   17  or   18,  w h e r e i n   t h e   means   f o r   d r i v i n g   t h e  

c o n d e n s a t e   pump  i s   r e s p o n s i v e   to   o p e r a t i o n   of  t h e  

e n g i n e   and  to   o p e r a t i o n   of  t h e   f a n   s u c h   t h a t   t h e  

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

24.  The  s y s t e m   as  c l a i m e d   in   c l a i m   2 3 ,  

w h e r e i n   t h e   means   f o r   d r i v i n g   t h e   c o n d e n s a t e   pump  i s  

an  e l e c t r i c   m o t o r ,   and  t h e   s y s t e m   f u r t h e r   c o m p r i s e s  

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

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

e l e c t r i c   m o t o r   to  t h e   s o u r c e   of  e l e c t r i c   e n e r g y ,  

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

s w i t c h   and  a c t u a t e d   in  r e s p o n s e   to   o p e r a t i o n   of   t h e  

d r i v i n g   means   f o r   t h e   f a n .  

25.  The  s y s t e m   as  c l a i m e d   in   any  of  c l a i m s  

17  to  24,   w h e r e i n   t h e   v a p o r   i n l e t   to   t h e   s e p a r a t i o n   t a n k  

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

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

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

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

f rom  t h e   e n g i n e   c o o l i n g   j a c k e t   i n t o   t h e   s e p a r a t i o n  

t a n k .  

26..  The  s y s t e m   as  c l a i m e d   in   c l a i m   25,  w h e r e i n  



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

s i d e w a l l   of  s a i d   t u b u l a r   member  i s   s u b s t a n t i a l l y   g r e a t e r  

t h a n   t h e   i n t e r n a l   c r o s s - s e c t i o n a l   a r e a   of  s a i d   t u b u l a r  

member ,   w h e r e b y   t h e   v e l o c i t y   of  c o o l a n t   v a p o r   f l o w i n g  

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

t h e   t u b u l a r   m e m b e r .  

27.  The  s y s t e m   as  c l a i m e d   in  c l a i m   25  o r  

c l a i m   26  w h e r e i n   t h e r e   i s   a  f i r s t   l e v e l   w i t h i n   t h e  

s e p a r a t i o n   t a n k   c o r r e s p o n d i n g   to  a  n o r m a l   l i q u i d   c o o l a n t  

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

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

l i q u i d   c o o l a n t   l e v e l   when  t h e   e n g i n e   i s   c o l d .  

28.  The  s y s t e m   as  c l a i m e d   in   c l a i m   2 7 ,  

w h e r e i n   s a i d   t u b u l a r   member  e x t e n d s   h o r i z o n t a l l y   a t   a  l e v e l  

a b o v e   t h e   f i r s t   l e v e l ,   and  s a i d   p l u r a l i t y   of  o p e n i n g s  

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

s i d e w a l l   of  t h e   t u b u l a r   m e m b e r .  

29.  The  s y s t e m   as  c l a i m e d   in   c l a i m   2 7 ,  

w h e r e i n   s a i d   t u b u l a r   member  e x t e n d s   h o r i z o n t a l l y   a t   a  

l e v e l   b e l o w   t h e   f i r s t   l e v e l ,   and  s a i d   p l u r a l i t y   o f  

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

t u b u l a r   m e m b e r .  



30,  The  s y s t e m   as  c l a i m e d   in   any  o f  

c l a i m s   17  to  29  and  f u r t h e r   c o m p r i s i n g   m e a n s  c o n n e c t e d  

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

p r e s s u r e s   in   t h e   r e c e i v i n g   s u m p .  

31.  The  s y s t e m   as  c l a i m e d   in   c l a i m   3 0 ,  

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

r e l i e f   v a l v e   s e t   to  a  p r e d e t e r m i n e d   maximum  g a u g e  

p r e s s u r e .  

32.  The  s y s t e m   as  c l a i m e d   in   c l a i m   31,  w h e r e i n  

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

v a l v e   s e t   to   a  p r e d e t e r m i n e d   n e g a t i v e   g a u g e   p r e s s u r e .  

33.  The  s y s t e m   as  c l a i m e d   in   any  o f  

c l a i m s   17  to  32,  w h e r e i n   t h e   i n l e t   f o r   c o o l a n t  l o c a t e d  

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

a  U - t r a p   f o r   p r e v e n t i n g   e s c a p e   of  v a p o r i z e d   c o o l a n t   f r o m  

t h e   c y l i n d e r   b l o c k   t h r o u g h   t h e   c o o l a n t   i n l e t .  

34.  The  s y s t e m   as  c l a i m e d   in   any  o f  

c l a i m s   17  to  33,  w h e r e i n   a t   l e a s t   one   o u t l e t   f o r   c o o l a n t  

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

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

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

o u t l e t s .  



35.  The  s y s t e m   as  c l a i m e d   in   any  of  c l a i m s  

17  to   34  and  f u r t h e r   c o m p r i s i n g   a  p l u r a l i t y   of   h e a t  

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

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

o u t l e t   e n d s ,   and  means   f o r   d i r e c t i n g   a  f l o w   of  a m b i e n t  

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

to  p r o v i d e   a  f l ow  of  warmed   a i r   f rom  t h e   o u t l e t   ends   o f  

s a i d   t u b e s .  

36.  The  s y s t e m   as  c l a i m e d   in  any  o f  

c l a i m s   17  to  35,  and  f u r t h e r   c o m p r i s i n g   means   f o r   c i r c u l a t i n g  

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

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

of  s a i d   c y l i n d e r   head   d u r i n g   a t   l e a s t   t h e   warm  up  p e r i o d  

of  t h e   e n g i n e ,   w i t h o u t   s i g n i f i c a n t   h e a t   l o s s   f rom  t h e  

c i r c u l a t e d   c o o l a n t .  

37.  The  s y s t e m   as  c l a i m e d   in   any  of  c l a i m s   17  t o  

36,  and  f u r t h e r   c o m p r i s i n g   means   f o r   c i r c u l a t i n g   c o o l a n t  

f rom  one  of  s a i d   a t   l e a s t   one  o u t l e t   f o r   c o o l a n t   in  t h e  

u p p e r   p a r t   of  t he   c y l i n d e r   head   d i r e c t l y   to  one  of  s a i d   a t  

l e a s t   one  i n l e t   f o r   c o o l a n g   in  t h e   l o w e r   p a r t   of  t h e  

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

38.  The  s y s t e m   as  c l a i m e d   in  c l a i m   37,  w h e r e i n  



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

s u c t i o n   s i d e   c o n n e c t e d   to   s a i d  o n e   o u t l e t   f o r   c o o l a n t  

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

s i d e   c o n n e c t e d   to   s a i d   one  i n l e t   f o r   c o o l a n t   in   t h e   l o w e r  

p a r t   of   t h e   c y l i n d e r   b l o c k .  

39.  The  s y s t e m   as  c l a i m e d   in   c l a i m   3 8 ,  

w h e r e i n   s a i d   c i r c u l a t i n g   pump  i s   d r i v e n   by  t h e   e n g i n e .  

40.  The  s y s t e m   as  c l a i m e d   in   c l a i m   3 8 ,  

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

d r i v i n g   s a i d   pump  o n l y   d u r i n g   t h e   warm  up  p e r i o d   of  t h e  

e n g i n e .  

41.  The  s y s t e m   as  c l a i m e d   in   c l a i m   3 7 ,  

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

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

in  s e r i e s   f o r   c o n n e c t i n g   s a i d   m o t o r   to  a  s o u r c e   o f  

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

s w i t c h   to  c l o s e   when  t h e   t e m p e r a t u r e   of  t he   c o o l a n t  

in  t h e   l o w e r   p a r t   of  t h e   c y l i n d e r   b l o c k   i s   b e l o w   a  

p r e d e t e r m i n e d   v a l u e .  
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