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(54)  Two-phase  thermal  energy  conversion  system. 

The  system  employs  an  evaporable  liquid,  such  as 
water,  and  a  gas  which  is  not  liquefiable  within  the  operating 
temperature  and  pressure  ranges,  such  as  air.  Hot  water 
from  source  10  is  supplied  by  pump  16  through  valve  18  to 
evaporator  12  where  it  is  sprayed  into  air  supplied  by  pump 
23  through  valve  24.  The  resulting  increase  in  pressure  or 
volume  drives  prime  mover  14  (turbine  or  reciprocating 
piston  engine)  which  in  turn  drives  generator  15.  The  control 
device  36  receives  inputs  from  sensors  and  controls  valves 
18  and  24  to  achieve  saturation  in  the  evaporator  12.  If  the 
water  consists  of  salt  water,  fresh  water  is  derived  as  a 
condensation  product  from  the  prime  mover. 



This   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  h e a t   e n g i n e s   and  m o r e  

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

s y s t e m .  

Many  t y p e s   of  h e a t   e n g i n e s   a r e  k n o w n   to   t h e   a r t .   The  m o s t  

e f f i c i e n t   o f   t h e s e   a t   t h e   p r e s e n t   t i m e   is   t h e   s t e a m   t u r b i n e .  

However,  even  a  s t e a m   t u r b i n e   c o n v e r t s   l e s s   t han   h a l f   of  t he   h e a t   o f  

t h e   s t e a m   i n t o   m e c h a n i c a l   power .   The  r e m a i n d e r   of   the   h e a t   r e m a i n s  

in  the  steam  which   w i t h o u t   c o n d e n s a t i o n   i s   a t   or  n e a r   a t m o s p h e r i c  

p r e s s u r e   as  i t   l e a v e s  t h e   t u r b i n e .   H e n c e ,   t h i s   s t e a m   h a s   n o  

a d d i t i o n a l   r e a l i z a b l e   e x p a n d i n g   f o r c e .   I t   is  u s u a l l y   c o n d e n s e d   f o r  

r e u s e   and  the   h e a t  o f  c o n d e n s a t i o n   is  g e n e r a l l y   l o s t   to  the   s y s t e m .  

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

employed  for   the   d i s p o s a l   or  use  of  t h i s   h e a t .  

In  a c c o r d a n c e   w i t h   t he   t w o - p h a s e   t h e r m a l   e n e r g y   c o n v e r s i o n  

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

to  m e c h a n i c a l   power  w i t h   i n c r e a s e d   e f f i c i e n c y .   I t   i s   of   p o t e n t i a l  

use  in  the  c o n v e r s i o n   of  s o l a r   e n e r g y .   This   is  due  to  the   f a c t   t h a t  

i t   w i l l   c o n v e r t   h e a t   to  e n e r g y   c o n t a i n e d   in  w a t e r   be low  t h e   b o i l i n g  

p o i n t   of  w a t e r   a t   a t m o s p h e r i c   p r e s s u r e .   Such  h o t   w a t e r   may  b e  

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



example   when  no  s u n l i g h t   i s   a v a i l a b l e .   A l s o ,   t h e   s y s t e m   of   t h e  

p r e s e n t   i n v e n t i o n   may  u t i l i z e   s e a   w a t e r   or  o t h e r   s a l t  w a t e r .   I n  

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

m o v e r   of   t h e   s y s t e m .   T h i s   i s   in   a d d i t i o n   to  the   m e c h a n i c a l   p o w e r  

o b t a i n a b l e   form  t he   h e a t   of  t h e   w a t e r .  

I t   i s   w e l l   known  t h a t   w a t e r   v a p o r   forms  and  m ixes   w i t h   a i r  

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

a r e ,   f o r   e x a m p l e ,   b e l o w   the   b o i l i n g   p o i n t   of  w a t e r .   The  amount   o f  

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

d e p e n d s   on  the  t e m p e r a t u r e   of   t he   m i x t u r e   when  the   p r e s s u r e   r e m a i n s  

c o n s t a n t ,   such  as  a t   a t m o s p h e r i c   p r e s s u r e .   At  h i g h e r   t e m p e r a t u r e s  

t h e   p r o p o r t i o n   of   w a t e r   v a p o r   a b s o r b e d   by  the   a i r   i n c r e a s e s .   T h i s  

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

t h e   b o i l i n g   p o i n t   of   w a t e r .   In  t h a t   case   the   volume  of  w a t e r   v a p o r  

a b s o r b e d   by  the   a i r   is   many  t i m e s   t h a t   of  t he   volume  of  a i r .   H e n c e  

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

t e m p e r a t u r e s   at   or  b e l o w - t h e   b o i l i n g   p o i n t   of  w a t e r .  

U n d e r   t h o s e   c o n d i t i o n s ,   e i t h e r   t he   volume  w i l l   i n c r e a s e   o r ,  

i f   the   volume  i s   c o n f i n e d ,   t he   p r e s s u r e   w i l l   i n c r e a s e .   H e n c e   w h e n  

a i r   and  w a t e r   a r e   m i x e d   a t   e l e v a t e d   t e m p e r a t u r e s   u n t i l   t he   a i r   i s  

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

the   p r e v a i l i n g   t e m p e r a t u r e   of   t he   m i x t u r e .  

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

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

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

p r e s s u r e s   and  a  s e c o n d   f l u i d   c o n s i s t i n g   of   a  gas  which   c a n n o t   b e  

l i q u e f i e d   w i t h i n   t h i s   p r e d e t e r m i n e d   t e m p e r a t u r e   and  p r e s s u r e   r a n g e .  

One  or  b o t h   of   the   two  f l u i d s   is   h e a t e d .   The  l i q u i d   may  c o n s i s t   o f  

w a t e r   and  the   gas  may  c o n s i s t   of  a i r .   The  w a t e r   and  a i r   a r e   m i x e d ,  



p r e f e r a b l y   t o   e q u i l i b r i u m   a t   a  g i v e n   t e m p e r a t u r e ,   a n d   t h e  

e q u i l i b r i u m   m i x t u r e   i s   fed   to   a  pr ime  mover  fo r   e x t r a c t i n g   e n e r g y  

from  the   m i x t u r e .   The  m i x t u r e   i s   in  e q u i l i b r i u m   when  t h e   a i r   i s  

s a t u r a t e d   by  w a t e r   v a p o r   a t   t he   t e m p e r a t u r e   of  the   m i x t u r e .   The  

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

t e m p e r a t u r e .  

In  t h e   d r a w i n g s :  

F i g .   1  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  t w o - p h a s e   t h e r m a l  

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

u t i l i z i n g   a  s o u r c e   of  ho t   w a t e r ;  

F i g .   2  i s   a  c r o s s - s e c t i o n a l   view  of  an  e v a p o r a t o r   w h i c h   m a y  

be  used  w i t h   t he   s y s t e m   of  F ig .   1 ;  

F i g .   3  i s   a  c h a r t   r e l a t i n g   the   e n g i n e   e x h a u s t   t e m p e r a t u r e   i n  

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

e n g i n e .  

F i g .   4  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  s econd   e m b o d i m e n t  

of  t he   e n e r g y   c o n v e r s i o n   sy s t em  of  the   i n v e n t i o n   u t i l i z i n g   a  b o i l e r ,  

and  two  c o u p l e d   p r i m e   m o v e r s   w h i c h   may  each  c o n s i s t   of  a  t u r b i n e ;  

a n d  

F i g .   5  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  a  t h i r d   e m b o d i m e n t  

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

gas   t u r b i n e ,   t h e   e x h a u s t   of   w h i c h   is  mixed  w i t h   w a t e r   and  f eeds   a  

v a p o r   t u r b i n e .  

F i g .   1  i l l u s t r a t e s   a  f i r s t   e m b o d i m e n t   of   t h e   t w o - p h a s e  

e n e r g y   c o n v e r s i o n   s y s t e m   of   t h e   i n v e n t i o n .   The  s y s t e m   of   F i g .   1 

i n c l u d e s   a  s o u r c e   of   ho t   w a t e r   10,  an  e v a p o r a t o r   12,  a  p r ime   m o v e r  

14  and  a  d e v i c e   fo r   u t i l i z i n g   the   e n e r g y   of  t he   p r i m e   mover   such   a s  

a  g e n e r a t o r   1 5 .  

The  s o u r c e   of  h o t   w a t e r   10  is   c o n n e c t e d   to  a  pump  16  t h r o u g h  



a  c o n d u i t   17.  F o l l o w i n g   t h e   pump  16  i s   a  c o n t r o l l a b l e   v a l v e   1 8  

c o n n e c t e d   to   t h e   pump  by  a  c o n d u i t   20.  The  o u t p u t   of  the   v a l v e   18  

is   c o n n e c t e d   to  the   e v a p o r a t o r   or  mix ing   chamber   12  by  a  c o n d u i t   2 1 .  

The  e v a p o r a t o r   12  may  have   the   form  shown  in  F ig .   2 .  

A m b i e n t   a i r   i s   c o m p r e s s e d   by  a n o t h e r   pump  23  c o n n e c t e d   to   a  

c o n t r o l l a b l e   v a l v e   24  by   a  c o n d u i t   2 5 .   The  a i r   f r o m   t h e  

c o n t r o l l a b l e   v a l v e   24  i s   fed  to   the   e v a p o r a t o r   12  by  a  c o n d u i t   2 6 .  

In  t h e   e v a p o r a t o r   12  the   ho t   w a t e r   i s   mixed   w i t h   the   a i r   i n  

i n t i m a t e   c o n t a c t .   As  a  r e s u l t ,   the   a i r   w i l l   a b s o r b   w a t e r   v a p o r   a n d  

t h e   m i x t u r e   of   a i r   and   v a p o r   is  fed  by  a  c o n d u i t   28  i n t o   the   p r i m e  

mover  14.  The  p r i m e   mover   14  i s   c o n n n e c t e d   to   t he   g e n e r a t o r   15  by  a  

m e c h a n i c a l   s h a f t   3 0 .  

The  w a t e r   of  t h e   s o u r c e   10  may  be  h o t   w a t e r   o b t a i n e d   f rom  a  

t h e r m a l   s o u r c e   h e a t e d   by  s o l a r   e n e r g y .   A l t e r n a t i v e l y ,   i t   may  b e  

h e a t e d   by  t he   w a s t e   h e a t   of  some  low  t e m p e r a t u r e   p r o c e s s   such  as  t h e  

e x h a u s t   s t e a m   of  a  s t e a m   t u r b i n e .   The  t e m p e r a t u r e   of  the   ho t   w a t e r  

may  be  be low  the   b o i l i n g   p o i n t   of  w a t e r   bu t   a l s o   may  be  a t   or  n e a r  

t h e   b o i l i n g   p o i n t   o f   w a t e r ,   t h a t   i s ,   at  or  n e a r   212°  F  (100°  C)  a t  

sea  l e v e l   p r e s s u r e .  

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

of   t he   p r e s e n t   i n v e n t i o n ,   t h e   vapo r   p r e s s u r e   o f   t h e   l i q u i d   s u c h   a s  

w a t e r   i s   u t i l i z e d .   Th i s   need  not   n e c e s s a r i l y   be  the   s team  p r e s s u r e  

above  the   b o i l i n g   p o i n t   o f   t h e   l i q u i d .   The  l i q u i d   c o u l d   be  a n y  

l i q u i d   w h i c h   may  be  e v a p o r a t e d   a t   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   a n d  

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

S i m i l a r l y ,   i n s t e a d   o f   a i r ,   any  gas   may  be  u s e d   w h i c h   d o e s   n o t  

l i q u e f y   at   t he   o p e r a t i n g   t e m p e r a t u r e   and  p r e s s u r e   r a n g e .   When  a  

l i q u i d   such  as  w a t e r   is   combined   w i th   a  gas  and  h e a t   is  added  to  t h e  

m i x t u r e ,   t he   v a p o r   p r e s s u r e   of  the   l i q u i d   is   a d d e d   to   t h e   p r e s s u r e  



of   t h e   g a s .   T h i s   i s   in  a c c o r d a n c e   w i t h   D a l t o n ' s   Law  of   P a r t i a l  

P r e s s u r e s :   t h e   p r e s s u r e   o f   a  m i x t u r e   of  g a s e s   such  as  a  gas   and  a  

v a p o r   is  the   sum  of  t he   p a r t i a l   p r e s s u r e s   of   t h e   i n d i v i d u a l   g a s e s  

when  t h e y   e x i s t   at   t he   t o t a l   volume  and  t e m p e r a t u r e   of  t he   m i x t u r e .  

Hence  i t   w i l l   be  r e a l i z e d   t h a t   t h e   m i x t u r e   of   w a t e r   v a p o r   and  a i r  

w i l l   h a v e   e i t h e r   an  e n l a r g e d   v o l u m e   o r ,   w i t h   a  f i x e d   v o l u m e ,   a n  

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

I t   i s   t h i s   i n c r e a s e d   p r e s s u r e   w h i c h   i s   u t i l i z e d   i n  

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

by  the   p r ime   mover   14.  In  t h i s   p r o c e s s   t h e r e   is  a n  o p t i m u m   r a t i o   o f  

w a t e r   vapo r   to   a i r   wh ich   i s   t h a t   amount   of  w a t e r   v a p o r  s u f f i c i e n t   t o  

s a t u r a t e   the   a i r   a t   the   o p e r a t i n g   t e m p e r a t u r e   and  p r e s s u r e .  

As  an  e x a m p l e ,   i f   b o i l i n g   w a t e r   a t   a t m o s p h e r i c   p r e s s u r e   i s  

mixed  w i th   a i r   a t   the   same  t e m p e r a t u r e   and  p r e s s u r e ,   and  a t   c o n s t a n t  

vo lume,   the  p r e s s u r e   i s   d o u b l e d .   The  a i r   a b s o r b s   t h a t   a m o u n t   o f  

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

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

p o i n t   of  w a t e r ,   the   e q u i l i b r i u m   p r e s s u r e   at   s a t u r a t i o n   w i l l   be  l e s s .  

The  f o l l o w i n g   T a b l e   I  may  be  used  to  c a l c u l a t e   e q u i l i b r i u m  

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

p r e s e n t   i n v e n t i o n .  



Column  1  shows   t h e   t e m p e r a t u r e   in  d e g r e e s   F  o f   the   m i x t u r e  

of   wa t e r   and  a i r   w i t h i n   t h e   p r i m e   m o v e r   14.   Column  2  g i v e s   t h e  

t o t a l   vo lume  in  c u b i c   f e e t  o f   one  pound  of   v a p o r   at   the   t e m p e r a t u r e  

shown  in  Column  1.  Th i s   may  r e a d i l y   be  o b t a i n e d   f r o m   a  s o - c a l l e d  

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

Combus t ion   E n g i n e e r i n g - S u p e r h e a t e r ,   I n c . ,   3rd  E d i t i o n ,   1 9 4 0 .  

Column  3  i n d i c a t e s   t he   p e r c e n t a g e   of  w a t e r   r e m a i n i n g   in  t h e  

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

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

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

p r o g r e s s i v e l y   l e s s   v a p o r .   This   is   r e a d i l y   o b t a i n a b l e   from  the   s t e a m  

t a b l e .   The  p e r c e n t a g e s   a re   o b t a i n e d   by  d i v i d i n g   the   o r i g i n a l   v o l u m e  

by  t h e   i n s t a n t   v o l u m e   and  m u l t i p l y i n g   by  100.  This   v a l u e   i s   o n l y  

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

v o l u n e .  

Column  4  i s   t h e   e n t h a l p y   of   t h e   v a p o r   in   b t u / l b .   T h e  

e n t h a l p y   is  s i m p l y   t h e   sum  of   t h e   t o t a l   i n t e r n a l   e n e r g y   in  b t u  

( B r i t i s h   t h e r m a l   u n i t s )   p l u s   a  p r o d u c t   of  t he   a b s o l u t e   p r e s s u r e   a n d  

t h e   volume.   This   s e t   of  f i g u r e s   is  d i r e c t l y   o b t a i n a b l e   from  a  s t e a m  

t a b l e .   I t   r e p r e s e n t s   t h e   a m o u n t   o f   e n e r g y   p e r   p o u n d   a t   t h e  

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



Column  5  shows   t h e   e n e r g y   r e m a i n i n g   in  t h e   v a p o r   in  b t u  

u n i t s .   T h i s   c o r r e s p o n d s   to  t h e   p e r c e n t a g e   of  Column  3  t imes   t h e  

e n e r g y   per   pound  in  Column  4 .  

C o l u m n   6  s h o w s   t h e   e n e r g y   in  t h e   a i r   in  b t u .   T h i s   i s  

o b t a i n a b l e   from  t he   h a n d b o o k   of  the   A m e r i c a n   S o c i e t y   of  H e a t i n g   a n d  

Ai r   C o n d i t i o n i n g   E n g i n e e r s   (1958  G u i d e ) .   I t   s h o u l d   be  n o t e d   t h a t  

the   v a l u e   fo r   212°F  has   been   e x t r a p o l a t e d .  

Column  7  shows  the   t o t a l   e n e r g y ,   which   is  the   sum  of  c o l u m n s  

5  and  6.  F i n a l l y   Column  8  r e p r e s e n t s   t h e   e f f i c i e n c y   in   p e r c e n t .  

T h i s   i s   t h e   o r i g i n a l   e n e r g y   a t   212°F  in  Column  7  minus   the   i n s t a n t  

v a l u e   in  Co lumn   7  d i v i d e d   by  t h e   o r i g i n a l   e n e r g y   t i m e s   100.   I n  

o t h e r   words ,   t h i s   is   t h e   e f f i c i e n c y   t h a t   would   r e s u l t   i f   t he   m i x t u r e  

were  to  be  e x h a u s t e d   from  the   e n g i n e   a t   t h a t   t e m p e r a t u r e   a t   c o n s t a n t  

v o l u m e .   Th is   of   c o u r s e   shows  t h a t   t h i s   e f f i c i e n c y   i n c r e a s e s   as  t h e  

e x h a u s t   t e m p e r a t u r e   d e c r e a s e s .  

I t   i s   d e s i r a b l e   to  c o n t r o l   t he   r a t e s   of  i n t r o d u c t i o n   of  a i r  

and  w a t e r   to  t he   m i x i n g   chamber  12  of  F ig .   1  in  a c c o r d a n c e   w i t h   t h e  

o p e r a t i n g   c o n d i t i o n s   of   the   p r ime  mover  14.  In  F ig .   1  the   c o n d e n s e d  

w a t e r   may  l e a v e   t h e   p r i m e   mover  14  t h r o u g h   c o n d u i t   32  w h i l e   the   a i r  

and  any  r e m a i n i n g   w a t e r   v a p o r   l e a v e s   t h r o u g h   c o n d u i t   33.  Where  t h e  

p r i m e   mover  14  e x h a u s t s   a t   a t m o s p h e r i c   p r e s s u r e ,   t he   c o n d u i t s   32  a n d  

33  may  be  open  e n d e d .   However  where   the   p r ime   mover  14  is   o p e r a t e d  

as  p a r t   of  a  c l o s e d   s y s t e m ,   the   c o n d u i t s   32  and  33  may  be  c o n n e c t e d  

r e s p e c t i v e l y   to   t h e   a i r   i n l e t   to   the   pump  23  and  to  the   ho t   w a t e r  

s o u r c e   1 0 .  

A  f i r s t   s e n s o r   34  is  shown  moun ted   on  the   p r ime   mover  d r i v e  

s h a f t   30  t o   m o n i t o r   t h e   l o a d   demand   upon   t h e   p r i m e   m o v e r   14.  A 

second   s e n s o r   35  is   a s s o c i a t e d   w i t h   t h e   e v a p o r a t o r   12  for   m o n i t o r i n g  

the   t e m p e r a t u r e   of   t h e   d i s c h a r g e   w a t e r   45  l e a v i n g   t h e   e v a p o r a t o r .  



These   s e n s o r s   34  and  35  j o i n t l y   f e e d   i n t o   a  c o n t r o l   d e v i c e   36  a s  

shown  by  l i n e s   37  and   38.  The  c o n t r o l   d e v i c e   36  in  t u r n   c o n t r o l s  

t he   c o n t r o l l a b l e   v a l v e s   24  and  18  as  shown  by  l i n e s   40  and  41  s o  

t h a t   t h e   r a t e   o f   a i r   f l o w   is   p r o p o r t i o n a l   to  the   p r ime   mover   l o a d  

demand  w h i l e   t he   r a t e   of   h o t   w a t e r   f low  is   v a r i e d   i n v e r s e l y   w i t h   t h e  

d i s c h a r g e   w a t e r   t e m p e r a t u r e .   When  c o n t r o l l e d   in  t h i s   f a s h i o n ,   t h e  

m i x t u r e   in  t he   c o n d u i t   28  is  s a t u r a t e d   and  can  be  s u b s t a n t i a l l y   a t  

t he   t e m p e r a t u r e   of   the   h o t   w a t e r   e n t e r i n g   the   e v a p o r a t o r   1 2 .  

I t   s h o u l d   be  n o t e d   t h a t   t he   p r i m e   mover   14  may  f o r   e x a m p l e  

be  a  v a p o r   t u r b i n e .   F o r   m a x i m u m   e f f i c i e n c y   in  t h e   c y c l e   o f  

o p e r a t i o n   o f   t h e   p r e s e n t   i n v e n t i o n ,   t h e   t u r b i n e   s h o u l d   be   o f  

s u b s t a n t i a l l y   c o n s t a n t   a x i a l   c r o s s - s e c t i o n   from  i n l e t   to  o u t l e t .  

A l t e r n a t i v e l y ,   t h e   p r i m e   m o v e r   14  may  c o m p r i s e   a  

r e c i p r o c a t i n g   e n g i n e .   In  t h i s   c a s e ,   fo r   e x a m p l e ,   ho t   w a t e r   may  b e  

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

m i x i n g   c h a m b e r   12  w i t h i n   t h e   p r i m e   m o v e r   14.  The  h o t   w a t e r  

v a p o r i z e s   and  h u m i d i f i e s   t he   a i r .   In  t h i s   c a s e ,   the   p r e s s u r e   i n s i d e  

t h e   c y l i n d e r   i s   i n c r e a s e d   by  an  amount   which   is  on ly   s l i g h t l y   l e s s  

t h a n   the   v a p o r   p r e s s u r e   o f   t h e   i n j e c t e d   w a t e r .   T h e r e a f t e r   t h i s  

h u m i d   m i x t u r e   e x p a n d s ,   do ing   work  on  the   p i s t o n   under   c o n d i t i o n s   o f  

i n c r e a s i n g   volume  and  d e c r e a s i n g   p r e s s u r e .  

I t   is  a l s o   f e a s i b l e   to  d r i v e   the   pumps  16  and  23  t h r o u g h   t h e  

p r i m e   mover  14.  This   is   s c h e m a t i c a l l y   i n d i c a t e d   b y  b r o k e n   l i n e s   4 3  

and  4 4 .  

A d d i t i o n a l l y ,   t he   w a t e r   which   a c c u m u l a t e s   in  the   e v a p o r a t o r  

12  as  shown  at   45  may  be  v e n t e d   o u t s i d e   t h r o u g h   a  v a l v e   46  which   i s  

c o n t r o l l e d   by  a  s e n s o r   47  in  a c c o r d a n c e   w i t h   t h e   l e v e l   of  t h e   w a t e r  

45  in  the   e v a p o r a t o r   1 2 .  

I t   s h o u l d   be  n o t e d   t h a t   the   s o u r c e   of  h o t   w a t e r   may  be  s e a  



w a t e r   or  o t h e r   s a l t  w a t e r .   In  t h i s   c a se ,   the   w a t e r   r e c o v e r e d   f r o m  

c o n d u i t   32  f r o m   t h e   p r i m e   m o v e r   w i l l   be  f r e s h   w a t e r   w h i c h   i s  

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

i n v e n t i o n .  

A n o t h e r   form  of  p i s t o n   e n g i n e   which  c o u l d   be  used   c o m p r e s s e s  

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

p o i n t   of  t he   w a t e r   a t   t he   t op   of  t h e   s t r o k e .   In  t h i s   c a s e   e i t h e r  

h o t   w a t e r   or  s t e a m   may  be  m i x e d   w i t h   t h e   a i r   on  the   down  s t r o k e .  

The  a d d i t i o n   of  the   w a t e r   or  s t eam  is  e f f e c t e d   a t   a  r a t e   to  m a i n t a i n  

t h e   maximum  p r e s s u r e   ove r   a  p o r t i o n   of  the   s t r o k e .   This   a c t i o n   i s  

s i m i l a r   to  t h a t   of  a  d i e s e l   c y c l e :  

R e f e r r i n g   now  to   F i g .   2,  t h e r e   i s   shown  in  g r e a t e r   d e t a i l  

one  p r e f e r r e d   a r r a n g e m e n t   o f   t h e   e v a p o r a t o r   12.   I t   c o m p r i s e s   a  

c o m p a r a t i v e l y   l a r g e   t a n k   50  w h i c h   may  be  of  c y l i n d r i c a l   form.  I n  

i t s   i n t e r i o r   r e g i o n   t h e r e   i s   d i s p o s e d   a  w a t e r   s p r a y   u n i t   51  and  a n  

a i r   i n l e t   u n i t   52.  A  p l u r a l i t y   of  wa t e r   s p r a y   n o z z l e s   or  o r i f i c e s  

53  a re   formed  a long   the   w a t e r   s p r a y   u n i t   51  w h i c h   may  s i m p l y   be  a  

p i p e .   I t   may  be  an  e l o n g a t e d   t ube   or  a  r i n g   d i s p o s e d   a b o u t   the   t o p  

of  the   e v a p o r a t o r   12.   T h e   n o z z l e s   53  may  be  d i r e c t e d   in   s u c h   a  

d i r e c t i o n   t o   s p r a y   t h e   w a t e r   i n t o   t h e   e v a p o r a t o r   12  in   a l l  

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

a i r   d i s c h a r g e   o r i f i c e s   54  a re   formed  in  the  a i r   i n l e t   u n i t   52.  T h e y  

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

u n i t   51.  The  a i r   i n l e t   u n i t   is  d i s p o s e d   near   the   b o t t o m   of  the   t a n k  

50  but   above  the   w a t e r   l e v e l   45  in  the  b o t t o m   of  the   t a n k .   A  l i q u i d  

d r a i n   l i n e   39  is   c o n n e c t e d   to  the   c o n t r o l l a b l e   v a l v e   40  of  F ig .   1 .  

The  a i r - v a p o r   o u t l e t   l i n e   28  i s   c o n n e c t e d   to   a  t o p   r e g i o n   of   t h e  

t a n k   50  above   the   f l u i d   s p r a y   u n i t   51.  A  f i l t e r   56  may  be  d i s p o s e d  

a t   t h e   o u t l e t   end  of   t h e   h o t   a i r   c o n d u i t   28  t o   r e m o v e   w a t e r  



d r o p l e t s .  

F i g .   3,  t o   w h i c h   r e f e r e n c e   i s   now  made ,   i n d i c a t e s   t h e  

t h e o r e t i c a l   e n g i n e   e f f i c i e n c y   at  c o n s t a n t   vo lume   of   p r i m e   m o v e r   1 4  

as  a  f u n c t i o n   of   t h e   e n g i n e   e x h a u s t   t e m p e r a t u r e   in  d e g r e e s   F.  T h e  

c h a r t   of  F ig .   3  was  o b t a i n e d   from  the   e f f i c i e n c y   in  p e r c e n t   as  s h o w n  

in  Column  8  of  Tab le   I .  

A  second  e m b o d i m e n t   of  the   t h e r m a l   e n e r g y   c o n v e r s i o n   s y s t e m  

of   t h e   i n v e n t i o n   is  i l l u s t r a t e d   in  F ig .   4.  This  s y s t e m   c o m p r i s e s   a  

c o n v e n t i o n a l   b o i l e r   60  w h i c h   may  be  h e a t e d   by  f u e l   e n t e r i n g   the   f u e l  

l i n e   61.  The  w a t e r   i s   h e a t e d   u n t i l   s team  is  o b t a i n e d   which   is  f e d  

by  c o n d u i t   62  i n t o   a  f i r s t   p o r t i o n   65  of  a  p r i m e   m o v e r .   The  p r i m e  

m o v e r   p o r t i o n   65  may  be  a  s t e a m   t u r b i n e .   The  s t e a m   t u r b i n e   6 5  

e x t r a c t s   h e a t   from  t h e   s t e a m   and  the   s t eam  p r e s s u r e   d r o p s   t o   a  l o w  

v a l u e   as  i t   e x i t s   t h e   s t e a m   t u r b i n e   65  t h r o u g h   c o n d u i t   66  i n t o   a  

s econd   p o r t i o n   67  of  t h e   p r i m e   mover  v i a   a  r a t e   of   f l o w   s e n s o r   6 3 .  

The  p r i m e   mover   p o r t i o n   67  may  a l s o   be  a  t u r b i n e   such  as  a  v a p o r  

t u r b i n e   of   c o n s t a n t   v o l u m e .   The  r a t e   of   f l o w   s e n s o r   63  may  f o r  

example   i n c l u d e   a  V e n t u r i   t u b e   or  the   l i k e .  

The  s team  a t   r e d u c e d   p r e s s u r e   and  t e m p e r a t u r e   i s   now  m i x e d  

w i t h   a i r   in  the   p o r t i o n   67.  To  t h i s   end,  a m b i e n t   a i r   may  be  p u m p e d  

by  a  pump  68  and  fed  t h r o u g h   a  c o n d u i t   70  t o   a  c o n t r o l l a b l e   v a l v e   71  

w h i c h   in   t u r n   s u p p l i e s   t h e   c o m p r e s s e d   a i r   by  c o n d u i t   72  to   t h e  

t u r b i n e   6 7 .  

As  b e f o r e ,   t h e   p r i m e   m o v e r   67  may  d r i v e   a  d r i v e   s h a f t   7 4 ,  

and  an  e l e c t r i c   g e n e r a t o r   75  or  the   l i k e .  

The  r a t e   of   f l o w   s e n s o r   63  o u t p u t   i s   u s e d   to   c o n t r o l   t h e  

c o n t r o l l a b l e   v a l v e   71  as  i n d i c a t e d   by  the   l i n e   76.   The  c o n t r o l   i s  

s u c h   t h a t   t he   v o l u m e s   of  s t eam  and  a i r   s u p p l i e d   to  the   p r i m e   m o v e r  

67  a r e   in  such   p r o p o r t i o n s   as  to   e f f e c t   s u b s t a n t i a l l y   o p t i m u m  



c o n d e n s a t i o n   of  t he   w a t e r   vapor   in  the   t u r b i n e   67.  The  a i r   and  a n y  

r e m a i n i n g   w a t e r   v a p o r   a r e   d i s c h a r g e d   t h r o u g h   c o n d u i t   77  w h i l e   t h e  

c o n d e n s a t e   or  w a t e r   is  d i s c h a r g e d   t h r o u g h   l i n e   78.  As  shown  by  t h e  

b r o k e n   l i n e   80,  t he   d r i v e   s h a f t   74  may  be  c o u p l e d   to  the   pump  68  f o r  

d r i v i n g   the   p u m p .  

I t   w i l l   be  u n d e r s t o o d   t h a t   the   w a t e r   d i s c h a r g e d   at   c o n d u i t  

78  may  be   fed  back   i n t o   the   b o i l e r   60  by  a  c o n v e n t i o n a l   f e e d w a t e r  

pump.  A  c l o s e d   s y s t e m   may  be  employed  in  wh ich   the   a i r   from  c o n d u i t  

77  is  fed  back   i n t o   t he   pump  68,  in  which   c a s e   t h e   p r e s s u r e   of  t h e  

s y s t s e m   is  no t   t i e d   to  a t m o s p h e r i c   p r e s s u r e .  

Where  a p p r o p r i a t e ,   a s  f o r   e x a m a p l e   w h e r e   t h e   b o i l e r   60  i s  

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

p o r t i o n   65  may  be  d i s p e n s e d   wi th   and  the   low  p r e s s u r e   s t e a m   may  b e  

fed   d i r e c t l y   to   t h e   p r i m e   mover  67  v i a   t he   r a t e   of  f low  s e n s o r   6 3 .  

T h i s   i s   r e p r e s e n t e d   in   F i g .   4  by  t h e   b r o k e n   l i n e s   82  s h o w n  

c o n n e c t i n g   d i r e c t l y   b e t w e e n   the   p i p e s   62  and  66,  b y p a s s i n g   t h e  

p o r t i o n   6 5 .  

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

c o n v e r s i o n   s y s t e m   of  the   i n v e n t i o n   is   i l l u s t r a t e d   in  F ig .   5  to   w h i c h  

r e f e r e n c e   i s   now  m a d e .   Here   a  gas   t u r b i n e   85  is  fed  from  a  f u e l  

s o u r c e   8 6 .  

The  p r o d u c t s   of   c o m b u s t i o n   of   t h e   gas   t u r b i n e   85  are   f e d  

t h r o u g h   a  c o n d u i t   88  i n t o   a n o t h e r   t u r b i n e   90  v i a   a  r a t e   of   f l o w  

s e n s o r   87.  The  t u r b i n e   90  may  be  a  v a p o r   t u r b i n e .   In  t h i s   c a s e ,   o f  

c o u r s e ,   i t   is  a  gas  which   is  ho t   r a t h e r   t h a n   t he   l i q u i d .   The  l i q u i d  

may  be  w a t e r   o b t a i n e d   from  a  sou rce   of  w a t e r   91  which  is  pumped  by  a  

pump  92  p a s t   the   c o n t r o l l a b l e   v a l v e   93  and  t h r o u g h   a  c o n d u i t   94  i n t o  

t h e   v a p o r   t u r b i n e   90.   By  means   of   t h e   r a t e   of  flow  s e n s o r   87  a s  

shown  by  l e a d   96,  the   v a l v e   93  is  c o n t r o l l e d .   Thus  t h e   v o l u m e   o f  



t he   ho t   gas  from  the   e x h a u s t   of  g a s   t u r b i n e   85  i s   p r o p o r t i o n a l   t o  

t h e   v o l u m e   o f   w a t e r   o b t a i n e d   t h r o u g h   v a l v e   93  to   o b t a i n  

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

t u r b i n e   90.   The  e x h a u s t   g a s e s   and  any  r e m a i n i n g   w a t e r   v a p o r   a r e  

d i s c h a r g e d   t h r o u g h   l i n e   97  w h i l e   t h e   c o n d e n s a t e   w a t e r   i t s e l f   i s  

d i s c h a r g e d   t h r o u g h   l i n e   98.  The  v a p o r   t u r b i n e   90  may  have   an  o u t p u t  

s h a f t   10  t o   d r i v e   a  g e n e r a t o r   101  o r   some   o t h e r   u s e f u l   w o r k  

p r o d u c i n g   e n g i n e .   The  o u t p u t   s h a f t   10  may  be  c o n n e c t e d   as  shown  b y  

d o t t e d   l i n e   102  to   t he   pump  92  f o r   d r i v i n g   i t .   The  t u r b i n e s   85  a n d  

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

t h a t   s u c h   a  m e c h a n i c a l   c o u p l i n g   may  be  d i s p e n s e d   w i t h   a n d   t h e  

t u r b i n e s   may  have  i n d e p e n d e n t   power  o u t p u t s   i f   d e s i r e d .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   w a t e r   o b t a i n e d   f rom  c o n d u i t  

98  may  be  r e c y c l e d   by  r e i n s e r t i n g   i t   i n t o   t h e   w a t e r   s o u r c e   91.  As  a  

f u r t h e r   a l t e r n a t i v e   t he   b l o c k   85  may  r e p r e s e n t   s i m p l y   a  b u r n e r   f o r  

f u e l   from  the   s o u r c e   86  or  may  be  any  s o u r c e   of  h o t   ga s .   The  s e n s o r  

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

a c c o r d i n g l y   fo r   m i x i n g   in  t he   v a p o r   t u r b i n e   9 0 .  

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

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

example   u t i l i z e   h o t   w a t e r   which   may  be  a t   or  n e a r   t he   b o i l i n g   p o i n t  

and  a  gas   which   is  no t   l i q u e f i a b l e   a t   t he   o p e r a t i n g   t e m p e r a t u r e   a n d  

p r e s s u r e ,   such  as  a i r .   The  s y s t e m   u t i l i z e s   t h e   f a c t   t h a t   w i t h   a  

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

e v a p o r a t e d   i n t o   d r y   a i r .   T h i s   p r e s s u r e   i n c r e a s e   may  t h e n   b e  

u t i l i z e d   to   d r i v e   a  p r i m e   mover  such  fo r   example   as  a  t u r b i n e   or  a  

r e c i p r o c a t i n g   p i s t o n   e n g i n e .   I t   i s   p r e f e r a b l e   in  s y s t e m s   of   t h e  

i n v e n t i o n   t h a t   t h e   v o l u m e   o f   w a t e r   a n d   t h e   v o l u m e   of   a i r   b e  

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



e v a p o r a t e d   l i q u i d   in   t h e   p r i m e   m o v e r .   S i n c e   t h e   s y s t e m   of  t h e  

p r e s e n t   i n v e n t i o n   o p e r a t e s   p r e f e r a b l y   at   r e l a t i v e l y   low  t e m p e r a t u r e s  

such  as  t h o s e   a t   or  b e l o w   t h e   b o i l i n g   p o i n t   of   w a t e r ,   t h e   p r i m e  

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

do  no t   need  to   w i t h s t a n d   h i g h   t e m p e r a t u r e s .   I t   i s   a l s o   a b l e   t o  

o p e r a t e   on  h e a t   e n e r g y   d e r i v e d   from  was t e   h e a t   of  c o n v e n t i o n a l   s t e a m  

power   s y s t e m s   wh ich   o p e r a t e   a t   h i g h   t e m p e r a t u r e s ,   as  w e l l   as  e n e r g y  

from  low  g r a d e   h e a t   s o u r c e s   such  as  g e o t h e r m a l ,   s o l a r ,   and  the   l i k e .  

B e c a u s e   of  the   o p e r a t i o n   a t   r e l a t i v e l y   low  maximum  t e m p e r a t u r e s   a n d  

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

p r i m e   movers   can  be  made  v e r y   c h e a p l y   to  h a n d l e   l a r g e   d i s p l a c e m e n t s .  

The  a s s o c i a t e d   pumps  and  f a n s   or  b l o w e r s   can  a l s o   be  s m a l l   a n d  

e c o n o m i c a l .   H e a t   e x c h a n g e r s ,   w h e r e   e m p l o y e d ,   can   be  s i m i l a r   t o  

a u t o m o t i v e   r a d i a t o r s .  



1.  A  t w o - p h a s e   e n e r g y   c o n v e r s i o n   s y s t e m   c o m p r i s i n g   a  s o u r c e  

of   a  f i r s t   f l u i d   which   is   e v a p o r a b l e   w i t h i n   a  p r e d e t e r m i n e d   r a n g e   o f  

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

gas  which  is   no t   l i q u e f i a b l e   w i t h i n   t h e   t e m p e r a t u r e   and  p r e s s u r e  

r a n g e ,   a  h e a t e r   fo r   h e a t i n g   at   l e a s t   one  of  the   f l u i d s ,   a  m i x e r   f o r  

m i x i n g   the  f l u i d s ,   a  d e v i c e   fo r   s u p p l y i n g   the   f l u i d s   u n d e r   p r e s s u r e  

to  the  m i x e r ,   and  a  p r i m e   mover   c o u p l e d   to  be  d r i v e n   by  the   m i x t u r e ,  

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

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

c o n t r o l l i n g   the   r a t i o  o f   f l ow  r a t e s   of   t he   f i r s t   and  s e c o n d   f l u i d s  

to   t h e   m i x e r   so  as  to   s u b s t a n t i a l l y   s a t u r a t e   the   s econd   f l u i d   w i t h  

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

p r e s s u r e   of  the   p r i m e   mover   e x h a u s t   a t   e q u i l i b r i u m   t e m p e r a t u r e .  

2.  The  s y s t e m   of  c l a i m   1  w h e r e i n   t h e   f i r s t   f l u i d   i s   w a t e r  

which  is  h e a t e d   to  a  t e m p e r a t u r e   no t   g r e a t e r   t han   i t s   b o i l i n g   p o i n t .  

3.  The  s y s t e m   of  c l a i m   1  or  c l a i m   2  w h e r e i n   the   p r i m e   m o v e r  

is  of  s u b s t a n t i a l l y   c o n s t a n t   v o l u m e .  

4.  The  s y s t e m   of  any  of  c l a i m s   1-3  w h e r e i n   the   p r i m e   m o v e r  

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

a r e a   from  i n l e t   to  o u t l e t .  



5.  The  s y s t e m   of  a n y  o n e   of   c l a i m s   2-4  w h e r e i n   t h e   w a t e r  

c o n s i s t s   of   s a l t   w a t e r   and  w h e r e i n   the   e x h a u s t   from  the  p r ime  m o v e r  

is   f r e s h   w a t e r .  

6.  The  s y s t e m   of   a n y  o n e   of  c l a i m s   2-5  w h e r e i n   the   s e n s o r  

is   c o u p l e d   to   m o n i t o r   load   demand  on  t he   p r i m e   mover  and  t e m p e r a t u r e  

of   d i s c h a r g e   w a t e r   from  the   mixe r   and  w h e r e i n   the   c o n t r o l   m e c h a n i s m  

is   o p e r a t i v e   to  c o n t r o l   the   f low  r a t e   of  a t   l e a s t   one  of  t h e   f l u i d s  

to  the  m i x e r   i n  a c c o r d a n c e   w i th   s i g n a l s   from  the   s e n s o r .  

7.  The  sy s t em  of  c l a i m   6  i n c l u d i n g   f i r s t   and  s e c o n d   v a l v e s  

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

second   f l u i d s   to  the   m i x e r   such   t h a t   t h e   f l o w   r a t e   of  t h e   s e c o n d  

f l u i d   is  p r o p o r t i o n a l   to  p r ime   mover  load   demand  w h i l e   the  f low  r a t e  

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

d i s c h a r g e   w a t e r   from  the   m i x e r .  

8.  The  sys t em  of  a n y  o n e  o f   c l a i m s   1-7  w h e r e i n   the  m i x e r   i s  

i n c o r p o r a t e d   w i t h i n   the   p r ime  m o v e r .  

9.  The  sys t em  of  c l a im   8  w h e r e i n   t he   s e n s o r   is  c o n n e c t e d   t o  

m o n i t o r   t h e   f l o w   r a t e   of   t he   f i r s t   f l u i d   to   t h e   p r i m e   mover  f o r  

mix ing   t h e r e i n ,   and  w h e r e i n   the  c o n t r o l   mechan i sm  c o n t r o l s   t h e   f l o w  

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



s i g n a l s   from  the   s e n s o r .  

10.  The  s y s t e m   of  c l a i m   8  w h e r e i n   the   s e n s o r   is   c o n n e c t e d   t o  

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

m i x i n g   t h e r e i n ,   and  w h e r e i n   t h e   c o n t r o l   mechan i sm  is  o p e r a t i v e   t o  

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

a c c o r d a n c e   w i t h   s i g n a l s   from  the   s e n s o r .  

1 1 .  T h e   sy s t em  of  any  of  c l a i m s   2 - 1 0   f u r t h e r   i n c l u d i n g   a  

f i r s t   pump  c o n n e c t e d   to  t he   f i r s t   f l u i d   s o u r c e   fo r   pumping  the   h o t  

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

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

a m b i e n t   a i r   and  a  second   c o n t r o l l a b l e   v a l v e   c o n n e c t e d   to  t h e   s e c o n d  

pump  for   e s t a b l i s h i n g   a  p r e d e t e r m i n e d   f low  r a t e   of  a i r   to  the  m i x e r ,  

t he   f i r s t   and  second  pumps  b e i n g   c o u p l e d   to  be  d r i v e n   by  t h e   p r i m e  

m o v e r .  
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