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An  absorption  cycle  heat  pump. 

An  absorption  cycle  heat  pump  includes  a  generator 
11  which  contains  a  refrigerant  and  a  solvent  for  the 
refrigerant  and  to  which,  in  use,  an  external  source  of 
heat  is  applied  to  raise  the  temperature  thereof  such 
that  a  vapour  rich  in  the  refrigerant  is  expelled  from  the 
generator  11.  A  condenser  13,  16  is  connected  to  the 
generator  11  so  as  to  receive  and  condense  the vapour 
expelled  from  the  generator  11  in  use,  and  an  evapora- 
tor  19  is  connected  to  the  condeser  13,  16  through  a 
heat  exchanger  17  and  valve  means  18  so  as  to  re- 
evaporate  the  condensed  vapour  into  the  evaporator  19. 
An  absorber  21  is  connected  through  the  heat  exchanger 
17  to  the  evaporator  19, the  absorber  21  and  the  gene- 
rator  11  forming  part  of  a  series  circuit  20  through 
which,  in  use,  a  liquid  rich  in  the  solvent  flows  from 
the  generator  11  to  the  absorber  21  for  recombination 
with  the  fluid  from  the  evaporator  19.  A  pump  in  the 
series  circuit  20  returns  the  recombined  refrigerant and 
solvent  from  the  absorber  21  to  the  generator  11. 

In  order  to  ensure  maximum  thermodynamic  effi- 
ciency  when  operating  as  a  heat  emitting  device,  the 
heat  pump  is  arranged  so  that  the  normal  boiling  points 
difference  of  the  solvent  and  the  refrigerant  is  less  than 
or  equal  to  200°C  and  so  that: 

a)  evaporation  of  the  condensed  vapour  into  the 
evaporator  is  incomplete  and  the  fluid  leaving  the  eva- 

porator  19  contains  5  to  30%  by  mass  of  liquid,  and 
b)  the  refrigerant  liquid  in  the  fluid  flowing  from 

the  evaporator  19  is  evaporated  in  the  heat  exchanger 
17  so  that  the  fluid  leaving  the  heat  exchanger  17  is  at 
between  a  maximum  superheat  of  2°C  and  a  flash  ratio 
of 2%. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  a b s o r p t i o n   c y c l e   h e a t  

pump  of   t h e   k i n d   i n c l u d i n g   a  g e n e r a t o r   w h i c h   c o n t a i n s   a  

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

in   u s e ,   an  e x t e r n a l   s o u r c e   of  h e a t   i s   a p p l i e d   to  r a i s e  

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

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

w h i c h   i s   c o n n e c t e d   to  t h e   g e n e r a t o r   so  as  to  r e c e i v e   a n d  

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

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

e x c h a n g e r   and   v a l v e   means   a r r a n g e d   to  r e - e v a p o r a t e   t h e  

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

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

t h e   a b s o r b e r   and  t h e   g e n e r a t o r   f o r m i n g   p a r t   of  a  s e r i e s  

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

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

w i t h   t h e   f l u i d   f rom  t h e   e v a p o r a t o r ,   and  a  pump  in   s a i d  

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

and  s o l v e n t   f rom  the   a b s o r b e r   to  t h e   g e n e r a t o r .  

In   t he   h e a t   pump  d e s c r i b e d   in   t h e   p r e c e d i n g   p a r a g r a p h ,  

i t   i s   of   c o u r s e   w e l l   known  t h a t   h e a t   i s   e m i t t e d   to  t h e  

e n v i r o n m e n t   a t   t h e   c o n d e n s e r   and  i s   e x t r a c t e d   f r o m   t h e  

e n v i r o n m e n t   a t   t h e   e v a p o r a t o r .   G e n e r a l l y ,   h o w e v e r ,   in   a n y  

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

modes   of   t he   pump  i s   e f f e c t i v e l y   u t i l i s e d   and  i n   t h e   p a s t  

t h i s   mode  h a s   n o r m a l l y   b e e n   t h e   h e a t   e x t r a c t i o n   mode  i n ,  
f o r   e x a m p l e ,   r e f r i g e r a t i o n   and  a i r   c o n d i t i o n i n g   a p p l i c a t i o n s .  

The  p r e s e n t   i n v e n t i o n   i s ,   on  t h e   o t h e r   h a n d ,   c o n c e r n e d   w i t h  

a  h e a t   pump  of   t h e   k i n d   s p e c i f i e d   d e s i g n e d   s o l e l y   as  a  h e a t  

e m i t t i n g   d e v i c e ,   f o r   e x a m p l e   a  w a t e r   and  s p a c e   h e a t e r .  

As  a  r e s u l t   of  e x a m i n i n g   t h e   p r o b l e m   of  o p e r a t i n g   a n  

a b s o r p t i o n   c y c l e   h e a t   pump  of  t h e   k i n d   s p e c i f i e d   as  a  h e a t  

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

t h e r m o d y n a m i c   p e r f o r m a n c e   can   be  o b t a i n e d   when  t h e   n o r m a l  

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

i s   l e s s   t h a n   or   e q u a l   to  2000C  and  t he   pump  i s   o p e r a t e d   s o  

t h a t : -  



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

v a p o u r   i n t o   t h e   e v a p o r a t o r   so  t h a t   a t   l e a s t   some  l i q u i d  

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

b )   t h e   e v a p o r a t i o n   of   t he   c o n d e n s e d   v a p o u r   i s   c o n t i n u e d  
i n   s a i d   h e a t   e x c h a n g e r   so  t h a t   t he   f l u i d   l e a v i n g   t h e   h e a t  

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

A c c o r d i n g l y ,   t h e   i n v e n t i o n   r e s i d e s   in   an  a b s o r p t i o n  

c y c l e   h e a t   pump  of  t h e   k i n d   s p e c i f i e d   i n   w h i c h   t h e   n o r m a l  

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

i s   l e s s   t h a n   or   e q u a l   to  2000C  and   w h i c h   i s   a d a p t e d   t o  

o p e r a t e   so  t h a t : -  

a)  e v a p o r a t i o n   of   s a i d   c o n d e n s e d   v a p o u r   i n t o   t h e  

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

e v a p o r a t o r   c o n t a i n s   5  to  30%  by  mass   of   l i q u i d ,  

a n d  

b)  t h e   r e f r i g e r a n t   l i q u i d  i n   t h e   f l u i d   f l o w i n g   f r o m  

t h e   e v a p o r a t o r   i s   e v a p o r a t e d   i n   s a i d   h e a t   e x c h a n g e r   so  t h a t  

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

maximum  s u p e r h e a t   of   20C  and  a  f l a s h   r a t i o   of  2%. 

I t   i s   to  be  a p p r e c i a t e d   t h a t   t h e   t e r m   " f l a s h   r a t i o "  

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

t h e   r a t i o   of  t h e   mass   cf  a  l i q u i d   i n   a  f l o w i n g   f l u i d   t o  

t h e   t o t a l   f l u i d   mass   f l o w   r a t e .  

P r e f e r a b l y ,   t h e   r e f r i g e r a n t   i s   ammon ia   and   t h e   s o l v e n t  

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

i s   1 3 3 . 6 ° C .  

In   a  f u r t h e r   a s p e c t ,   t he   i n v e n t i o n   r e s i d e s   i n   an  a d s o r p -  

t i o n   c y c l e   h e a t   pump  of  t h e   k i n d   s p e c i f i e d   in   w h i c h   t h e  

r e f r i g e r a n t   i s   ammon ia   and  t h e   s o l v e n t   i s   w a t e r   and  w h i c h   i s  

a d a p t e d   to  o p e r a t e   s u c h   t h a t :  



(a )   t he   p r e s s u r e   in   t he   e v a p o r a t o r   i s   3 0 - 6 5   p , s . i . ,  

a b s o l u t e ;  

(b)   t h e   a m m o n i a   c o n c e n t r a t i o n   of  t he   v a p o u r  f l o w i n g  

f rom  t h e   c o n d e n s e r   to  t h e   h e a t   e x c h a n g e r   i s   9 7 - 9 9 %  

by  w e i g h t y   a n d  

( c )   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 e d   v a p o u r   f l o w i n g  

f rom  t h e   h e a t   e x c h a n g e r   i s   5 - 1 0 ° C   b e l o w   t h a t   of   t h e  

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

c o n d e n s e r ;   o r / a n d  

(d)   t h e   f l u i d   f l o w i n g   f r o m   t h e   h e a t   e x c h a n g e r   to  t h e  

a b s o r b e r   i s   a t   b e t w e e n   a  maximum  of  20C  s u p e r h e a t   and  a  

f l a s h   r a t i o   of  2%. 

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

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

i n v e n t i o n   can   be  m a x i m i s e d   by  m a i n t a i n i n g   the   o p e r a t i o n a l  

c o n d i t i o n s   ( a ) ,   (b)   and  ( c )   or   ( a ) ,   (b)   and  ( d ) .   M o r e  

p r e f e r a b l y ,   t h e   h e a t   pump  i s   c o n t r o l l e d   so  t h a t   a l l   t h e  

c o n d i t i o n s   ( a )  -   (d)   a r e   m a i n t a i n e d .  

In   y e t   a  f u r t h e r   a s p e c t ,   t h e   i n v e n t i o n   r e s i d e s   in   a  

m e t h o d   of   o p e r a t i n g   an  a b s o r p t i o n   c y c l e   h e a t   pump  of   t h e  

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

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

( a )   m a i n t a i n i n g   a  p r e s s u r e   of  3 0 - 6 5   p . s . i . ,   a b s o l u t e  

in   t he   e v a p o r a t o r ;  

(b)   c o n t r o l l i n g   t h e   ammon ia   c o n c e n t r a t i o n   o f  t h e  

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

97-99%  by  w e i g h t ;   a n d  

( c )   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  t h e   c o n d e n s e d  

v a p o u r   f l o w i n g   f r o m   t h e   h e a t   e x c h a n g e r   a t   5 - 1 0 ° C   b e l o w   t h a t  

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

c o n d e n s e r ;   o r / a n d  

(d)   c o n t r o l l i n g   t h e   h e a t   e x c h a n g e r   so  t h a t   t h e   f l u i d  

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

of  2°C  s u p e r h e a t   and  a  f l a s h   r a t i o   of   2%1 



In   t he   a c c o m p a n y i n g   d r a w i n g s ,  

F i g u r e   1  i s   a  b l o c k   d i a g r a m   of   an  a b s o r p t i o n   c y c l e  

h e a t   pump  a c c o r d i n g   to  one  e x a m p l e   of   t h e   i n v e n t i o n ;   a n d  

F i g u r e   2  i s   a  g r a p h   s h o w i n g   t h e   v a r i a t i o n   in   t h e  

o p t i m u m   v a l u e s   of   e v a p o r a t o r   p r e s s u r e   ( c u r v e   A) ,   t h e  

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

( c u r v e   B) ,   and   t he   h e a t   e x c h a n g e   r a t e   of   t h e   h e a t  

e x c h a n g e r   ( c u r v e   C)  w i t h   c h a n g e s   i n   t h e   a m b i e n t   a i r  

t e m p e r a t u r e   f o r   t h e   h e a t   pump  shown  i n   F i g u r e   1 .  

R e f e r r i n g   to  F i g u r e   1,  t h e   h e a t   pump  of   s a i d   o n e  

e x a m p l e   i n c l u d e s   a  s t i l l   11  w h i c h   c o n t a i n s   a  m i x t u r e   o f  

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

f u e l   b u r n e r   ( n o t   shown)   so  t h a t   an  a m m o n i a - r i c h   v a p o u r   i s  

d r i v e n   f r o m   t h e   s t i l l   to  a  p a c k e d   c o l u m n   12  m o u n t e d   a b o v e   t h e  

s t i l l .   In   one  p r a c t i c a l   e m b o d i m e n t ,   t h e   c o l u m n   12  i s   4  

i n c h e s   i n   d i a m e t e r ,   3  f e e t   i n   l e n g t h   and   i s   f i l l e d   w i t h  

0 . 3 7 5   i n c h   R a s c h i g   r i n g s .   Such   a  c o l u m n   i s   e q u i v a l e n t   t o  

2  mass   t r a n s f e r   u n i t s   and  i s   a d e q u a t e   f o r   a  h e a t   p u m p  
w i t h   a  t o t a l   h e a t i n g   o u t p u t   of  10kW. 

The  c o l u m n   12  i s   c o n n e c t e d   by  a  v a p o u r   c o n d u i t   14  a n d  

a  l i q u i d   r e t u r n   c o n d u i t   15  to  an  e q u i l i b r i u m   p a r t i a l  

c o n d e n s e r   13  ( i . e .   t h e   s a t u r a t e d   v a p o u r   l e a v i n g   t h e  

c o n d e n s e r   13  i s   in   e q u i l i b r i u m   w i t h   t he   r e f l u x   l i q u i d  

f l o w i n g   b a c k   t h r o u g h   t h e   c o n d u i t   15 ) .   The  p a r t i a l  

c o n d e n s e r   13  i s   i n   t u r n   c o n n e c t e d   to  a  m a i n   c o n d e n s e r   1 6 ,  

e a c h   of  t h e   c o n d e n s e r s   13,  16  c o n v e n i e n t l y   b e i n g   i n   t h e  

f o r m   of   a  t u b e - i n - s h e l l   h e a t   e x c h a n g e r   t h r o u g h   w h i c h  

l i q u i d   to  be  h e a t e d   by  t h e   pump  i s   c i r c u l a t e d .   The  o u t l e t  

of   t h e   c o n d e n s e r   16  i s   c o n n e c t e d   to  a  h e a t   e x c h a n g e r   1 7 ,  

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

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

e x c h a n g e   of  850  w a t t s .   The  h e a t   e x c h a n g e r   17  i s   in   t u r n  

c o n n e c t e d   t h r o u g h   an  a u t o m a t i c   e x p a n s i o n   v a l v e   18  to  t h e  

i n p u t   of  an  e v a p o r a t o r   19,  t he   o u t l e t   of   w h i c h   i s   c o n n e c t e d  



t h r o u g h   t he   h e a t   e x c h a n g e r   17  to  an  a b s o r b e r   21.  T h e  

a b s o r b e r   21  i s   a r r a n g e d   so  t h a t   t h e r e   i s   c o u n t e r f l o w  

b e t w e e n   t he   i n c o m i n g   v a p o u r   f rom  t h e   h e a t   e x c h a n g e r   17 

and  a  weak  ammon ia   s o l u t i o n   f l o w i n g   t h r o u g h   a  s e r i e s  

c i r c u i t   20,  h e a t   of  s o l u t i o n   g e n e r a t e d   in   t h e   a b s o r b e r  

b e i n g   e x t r a c t e d   i n t e r n a l l y .   The  s e r i e s   c i r c u i t   20  i n c l u d e s  

t h e   a b s o r b e r   21,  a  pump  22,  t h e   low  t e m p e r a t u r e   s i d e   of  a  
h e a t   e x c h a n g e r   23,  a  l i q u i d   i n l e t   c o n d u i t   to  t h e   c o l u m n   1 2 ,  

a  l i q u i d   o u t l e t   c o n d u i t   f r om  t h e   s t i l l   11,  t h e   h i g h  

t e m p e r a t u r e   s i d e   of  t h e   h e a t   e x c h a n g e r   23  and  a  t h r o t t l i n g  
v a l v e   24.  The  h e a t   e x c h a n g e r   23  i s   c o n v e n i e n t l y   a  t u b e - i n  

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

h a s   a  c a p a c i t y   of  3 , 5 0 0   w a t t s .  

In   u s e ,   t h e   h e a t   pump  d e s c r i b e d   a b o v e   i s   o p e r a t e d   a s  
f o l l o w s :  

H e a t   i s   s u p p l i e d   to  t he   a m m o n i a / w a t e r   m i x t u r e   in   t h e  

s t i l l   so  t h a t   a  s t r e a m   of  a m m o n i a - r i c h  v a p o u r r i s e s   t h r o u g h  
t he   c o l u m n   12,  w a t e r   in   t h e   v a p o u r   b e i n g   c o n d e n s e d   d u r i n g  

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

a m m o n i a   c o n c e n t r a t i o n   f l o w s   t h r o u g h   t he   c o n d u i t   14  to  t h e  

p a r t i a l   c o n d e n s e r   13.  F u r t h e r   c o n c e n t r a t i o n   of  t h e   v a p o u r  
o c c u r s   in   t h e   p a r t i a l   c o n d e n s e r   13,  t h e   d e g r e e   o f  

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

t h e   c o n d e n s e r . ( f o r   a m b i e n t   a i r   of  0°C  t h i s   l o a d   i s   a b o u t  

700  w a t t s )   t h r o u g h   a d j u s t m e n t   of   t h e   f l o w   r a t e   of  t h e  

c o o l i n g   w a t e r   w i t h ,   f o r   e x a m p l e ,   a  n e e d l e   f l o w  c o n t r o l   v a l v e .  
L a t e n t   h e a t   of  c o n d e n s a t i o n   i s   of  c o u r s e   e x t r a c t e d   by  t h e  

c o o l i n g   w a t e r   f l o w i n g   t h r o u g h   t h e   c o n d e n s e r   13  and  any  w a t e r  

and  a m m o n i a   c o n d e n s e d   f rom  t he   v a p o u r   in   t he   c o n d e n s e r   i s  

r e t u r n e d   by  way  of  t he   c o n d u i t   15  and  the   c o l u m n   12  t o  

t h e   s t i l l   1 1 .  

The  p a r t i a l l y   and  d i f f e r e n t i a l l y   c o n d e n s e d   v a p o u r  
i s s u i n g   f rom  t h e   c o n d e n s e r   13  i s   a t   a  t e m p e r a t u r e   of   a b o u t  
800C  and  p a s s e s   to  t he   ma in   c o n d e n s e r   16,  w h i c h   i s   m a i n t a i n e d  

a t   a  p r e s s u r e   of  a b o u t   250  p . s . i . , s o   t h a t   c o n d e n s a t i o n   i s  

c o m p l e t e d   and  t h e   m a j o r i t y   of  t h e  l a t e n t   h e a t   i s  e x t r a c t e d . .  



by  t h e   c o o l i n g   w a t e r .  

The  c o n d e n s e d   v a p o u r   i s s u i n g   f rom  t he   m a i n   c o n d e n s e r  
16  i s   a t   a  t e m p e r a t u r e   of  a b o u t   45°C  and   c o n s i s t s   of  a  
s a t u r a t e d   a q u e o u s   a m m o n i a   s o l u t i o n   c o n t a i n i n g   97-99%  by  w e i g h t  

of   a m m o n i a .   From  t h e   m a i n   c o n d e n s e r   17,  t he   c o n d e n s e d  

v a p o u r   f l o w s   t h r o u g h   t h e   h e a t   e x c h a n g e r   17,  w h e r e   i t   i s  

c o o l e d   to  a b o u t   0°C  by  t h e   v a p o u r   f l o w i n g   f rom  t h e  

e v a p o r a t o r   19  to  t he   a b s o r b e r   21.   On  l e a v i n g   t h e   h e a t  

e x c h a n g e r   17,  t h e   c o o l e d   l i q u i d   f l o w s   t h r o u g h   t h e   v a l v e  

18,  w h i c h   i s   s e t   to  m a i n t a i n   t he   e v a p o r a t o r   19  a t   3 0 - 6 5  

p . s . i . ,   a b s o l u t e   so  t h a t   t h e   f l u i d   ( l i q u i d   and  v a p o u r )  

i s   p a r t i a l l y   r e - e v a p o r a t e d   i n t o   t h e   e v a p o r a t o r   and   h e a t   i s  

e x t r a c t e d   f rom  t h e   a m b i e n t   a i r .   The  f l u i d   l e a v i n g   t h e  

e v a p o r a t o r   19  i s   a t   a b o u t   -5°C  b u t   t he   h e a t   e x c h a n g e r   17 

i s   a r r a n g e d   so  t h a t ,   a f t e r   t h e   p a s s a g e   t h e r e t h r o u g h ,   t h e  

v a p o u r   i s   a t   a  t e m p e r a t u r e   of  a b o u t   40°C  ( i . e .  5 ° C   b e l o w  

t h e   t e m p e r a t u r e   of   t h e   f l u i d   l e a v i n g   t he   c o n d e n s e r   16)  a n d  

i s   as  c l o s e   as  p o s s i b l e   to  a  s a t u r a t e d   v a p o u r   s t a t e .  

When  h e a t   i s   s u p p l i e d   to  t he   s t i l l   11,  t h e   pump  22  i s  

o p e r a t e d   so  t h a t   w a t e r - r i c h   l i q u i d   i s   pumped   f rom  t h e  

s t i l l   11  a r o u n d   t h e   s e r i e s   c i r c u i t   20,  t he   l i q u i d   l e a v i n g  

t h e   s t i l l   11  b e i n g   a t   a  t e m p e r a t u r e   of  a b o u t   165°C  and  b e i n g  

i n   e q u i l i b r i u m   w i t h   t h e   r i s i n g   v a p o u r   f rom  t he   s t i l l .  

A f t e r   f l o w i n g   t h r o u g h   t he   h e a t   e x c h a n g e r   23  and  v a l v e   2 4  

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

t e m p e r a t u r e   to  a b o u t   75°C  and   f l o w s   i n t o   t h e   a b s o r b e r   2 1 ,  

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

h e a t   e x c h a n g e r   17.  H e a t   of   s o l u t i o n   g e n e r a t e d   in   t h e  

a b s o r b e r   21  i s   e x t r a c t e d   by  t he   c o o l i n g   w a t e r   s t r e a m   s o  

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

a b s o r b e r   i s   a t   a b o u t   4 5 ° C .   A f t e r   f l o w i n g   t h r o u g h   t h e  

h e a t   e x c h a n g e r   23,  t he   t e m p e r a t u r e   of  t he   m i x t u r e   h a s  

i n c r e a s e d   to  1100C  so  t h a t   t h e   p r o v i s i o n   of  t he   h e a t  

e x c h a n g e r   23  r e d u c e s   t h e   t h e r m a l   e n e r g y   w h i c h   mus t   b e  

s u p p l i e d   to  t he   s t i l l   11.  The  l i q u i d   f l o w i n g   f rom  t h e  

e x c h a n g e r   2 3  t o  t h e  c o l u m n   12  i s   w a t e r   s a t u r a t e d   w i t h  

a m m o n i a .  



O p e r a t i n g   t h e   h e a t   pump  of   s a i d   one  p r a c t i c a l  

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

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

r a n g e   of  - 1 0 ° C   to  +  100C.  In   p r a c t i c e ,   t h e   e v a p o r a t o r  

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

t h e   c o n d e n s e r   16  w o u l d   be  a d j u s t e d   to  g i v e   o p t i m u m  

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

e x a m p l e ,   0°C,   T h e s e   v a l u e s   c o u l d   t h e n   be  r e t a i n e d   o v e r  

t h e   w o r k i n g   t e m p e r a t u r e   r a n g e   of  t h e   pump or  c o u l d   be  v a r i e d  

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

o p t i m u m .   T h u s ,   r e f e r r i n g   to  F i g u r e   2,  i t   can   be  s e e n   f r o m  

c u r v e s   A  and  B,  t h a t   in   o r d e r   to  m a i n t a i n   o p t i m i s e d   o p e r a t i o n  

of   t h e   e v a p o r a t o r ,   t h e   e v a p o r a t o r   p r e s s u r e   and  t h e  

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

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

t h e   e v a p o r a t o r   p r e s s u r e   can   be  a c c o m p l i s h e d   by  u s i n g   a n  

a d j u s t a b l e   a u t o m a t i c   e x p a n s i o n   v a l v e ,   s u c h   as  t h e   o u t l e t  

p r e s s u r e   r e g u l a t o r   v a l v e   s u p p l i e d   by  t h e   R e f r i g e r a t i n g  

S p e c i a l t i e s   Company  of  USA  as  t y p e   A2BO.  The  d e c r e a s e  

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

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

i n c r e a s e   i n   t h e   l o a d   on  t h e   p a r t i a l   c o n d e n s e r   1 3 ,  

w i t h  

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

c o n d e n s e r   l o a d   can   be  e f f e c t e d   by  i n c r e a s i n g   t h e   c o o l i n g -  

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

C u r v e   C  in   F i g u r e   2  shows   t h a t   t h e   h e a t   e x c h a n g e   r a t e  

of  t h e   h e a t   e x c h a n g e r   17  i n c r e a s e s   w i t h   d e c r e a s i n g   a m b i e n t  

a i r   t e m p e r a t u r e .   T h i s   r e f l e c t s   t he   f a c t   t h a t   a t   t h e  

min imum  a i r   t e m p e r a t u r e   a t   w h i c h   t h e   pump  i s   d e s i g n e d  

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

30%)  p a s s e s   u n e v a p o r a t e d   f rom  t he   e v a p o r a t o r .   The  h e a t  

e x c h a n g e r   c o u l d   be  d e s i g n e d   and  s i z e d   to  c o m p l e t e   t h e  

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

min imum  a m b i e n t   a i r   t e m p e r a t u r e .   H o w e v e r ,   t h i s   w o u l d   m e a n  

t h a t   a t   h i g h e r   a m b i e n t   a i r   t e m p e r a t u r e s ,  t h e , v a p o u r   e m e r g i n g  

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

t h r o u g h o u t   t he   o p e r a t i n g   t e m p e r a t u r e   r a n g e   of  t he   p u m p ,  



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

A l t e r n a t i v e l y ,   t h e   h e a t   e x c h a n g e r   17  c o u l d   be  d e s i g n e d   t o  

e f f e c t   c o m p l e t e   e v a p o r a t i o n   of   t he   m i x t u r e   of  r e f r i g e r a n t  

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

d e s i g n   a i r   t e m p e r a t u r e .   At  h i g h e r   a m b i e n t   t e m p e r a t u r e s  

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

s u p e r h e a t e d .   At  l o w e r   a m b i e n t   t e m p e r a t u r e s ,   h o w e v e r ,   p a r t  

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

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

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

a m m o n i a   and   w a t e r   as  t h e   w o r k i n g   f l u i d s ,   t h e   r e f r i g e r a n t  

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

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

s o l v e n t   and  r e f r i g e r a n t   w o u l d   be  1 0 7 ° C .  



1.  An  a b s o r p t i o n   c y c l e   h e a t   pump  i n c l u d i n g   a  g e n e r a t o r   w h i c h  

c o n t a i n s   a  r e f r i g e r a n t   and   a  s o l v e n t   f o r   t he   r e f r i g e r a n t  

a n d   to  w h i c h ,   in   u s e ,   an  e x t e r n a l   s o u r c e   of  h e a t   i s  

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

a  c o n d e n s e r   w h i c h   i s   c o n n e c t e d   to  t he   g e n e r a t o r   so  as  t o  

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

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

h e a t   e x c h a n g e r   and   v a l v e   means   a r r a n g e d   to  r e - e v a p o r a t e   t h e  

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

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

t h e   a b s o r b e r   and   t h e   g e n e r a t o r   f o r m i n g   p a r t   of  a  s e r i e s  

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

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

w i t h   t he   f l u i d   f rom  t h e   e v a p o r a t o r ,   and  a  pump  in   s a i d  

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

and   s o l v e n t   f rom  t h e   a b s o r b e r   to  t he   g e n e r a t o r ,   w h e r e i n  

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

and  t he   s o l v e n t   i s   l e s s   t h a n   or  e q u a l   to  200°C  and  t h e   p u m p  
i s   a d a p t e d   to  o p e r a t e   so  t h a t : -  

a)  e v a p o r a t i o n   of  s a i d   c o n d e n s e d   v a p o u r   i n t o   t h e  

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

e v a p o r a t o r   c o n t a i n s   5  to  30%  by  mass   o f  l i q u i d  

a n d ,  

b)  t h e   r e f r i g e r a n t   l i q u i d   in   t h e   f l u i d   f l o w i n g   f r o m  

t h e   e v a p o r a t o r   i s   e v a p o r a t e d   in   s a i d   h e a t   e x c h a n g e r   so  t h a t  

t h e   f l u i d   l e a v i n g   t he   h e a t   e x c h a n g e r   i s   a t   b e t w e e n   a  m a x i m u m  

s u p e r h e a t   of  20C  and  a  f l a s h   r a t i o   of  2%. 



2.  A  pump  as  c l a i m e d   in   C l a i m   1,  w h e r e i n   t h e   r e f r i g e r a n t  

i s   a m m o n i a   and  t h e   s o l v e n t   i s   w a t e r .  

3.  An  a b s o r p t i o n   c y c l e   h e a t   pump  i n c l u d i n g   a  g e n e r a t o r  

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

w h i c h ,   in   u s e ,   an  e x t e r n a l   s o u r c e   of  h e a t   i s   a p p l i e d   t o  

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

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

w h i c h   i s   c o n n e c t e d   to  t h e   g e n e r a t o r   so  as  to  r e c e i v e   a n d  

c o n d e n s e   t he   v a p o u r   e x p e l l e d   f rom  t h e   g e n e r a t o r   in   u s e ,  

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

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

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

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

t h e   a b s o r b e r   and  t h e   g e n e r a t o r   f o r m i n g   p a r t   of  a  s e r i e s  

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

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

w i t h   t he   f l u i d   f rom  t h e   e v a p o r a t o r ,   and  a  pump  i n   s a i d  

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

and  w a t e r   f rom  the   a b s o r b e r   to  t h e   g e n e r a t o r ,   w h e r e i n  

t h e   pump  i s   a d a p t e d   to  o p e r a t e   so  t h a t : -  

( a )   t h e   p r e s s u r e   in   t he   e v a p o r a t o r   i s   3 0 - 6 5   p . s . i . ,  

a b s o l u t e ;  

(b)   t he   a m n o n i a   c o n c e n t r a t i o n   of  t h e   v a p o u r   f l o w i n g  

f r o m   t h e   c o n d e n s e r   to  t h e   h e a t   e x c h a n g e r   i s   97 -99%  b y  

w e i g h t ;   a n d  

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

f rom  the   h e a t   e x c h a n g e r   i s   5 - 1 0 ° C   b e l o w   t h a t   of  t h e  

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

c o n d e n s e r ;   o r / a n d  

(d)   t h e   f l u i d   f l o w i n g   f r o m   t he   h e a t   e x c h a n g e r   to  t h e  

a b s o r b e r   i s   a t   b e t w e e n   a  maximum  of  2°C  s u p e r h e a t   and  a  

f l a s h   r a t i o   of  2%. 

4.  A  pump  as  c l a i m e d   in   C l a i m   3,  and  a d a p t ' e d   so  t h a t  

o n l y   c o n d i t i o n s   ( a ) ,   (b)   and  ( c )   a p p l y .  



5.  A  pump  as  c l a i m e d   in   C l a i m   3,  and  a d a p t e d   to  o p e r a t e  

so  t h a t   o n l y   c o n d i t i o n s   ( a ) ,   (b)   and  (d)   a p p l y .  

6.  A  pump  as  c l a i m e d   in   C l a i m   3,  and  a d a p t e d   to  o p e r a t e  

so  t h a t   a l l   of  c o n d i t i o n s   ( a ) ,   ( b ) ,   ( c )   and  (d)   a p p l y .  

7.  A  m e t h o d   of  o p e r a t i n g   an  a b s o r p t i o n   c y c l e   h e a t   p u m p  

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

w o r k i n g   f l u i d s   and  to  w h i c h ,   in   u s e ,   an  e x t e r n a l   s o u r c e   o f  

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

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

g e n e r a t o r ,   a  c o n d e n s e r   w h i c h   i s   c o n n e c t e d   to  t h e   g e n e r a t o r  

so  as  to  r e c e i v e   and  c o n d e n s e   t h e   v a p o u r   e x p e l l e d   f rom  t h e  

g e n e r a t o r   in   u s e ,   an  e v a p o r a t o r   c o n n e c t e d   to  t he   c o n d e n s e r  

t h r o u g h   a  h e a t   e x c h a n g e r   and  v a l v e   means   a r r a n g e d   t o  

r e - e v a p o r a t e   t h e   c o n d e n s e d   v a p o u r   i n t o   t h e   e v a p o r a t o r ,  

and   an  a b s o r b e r   c o n n e c t e d   t h r o u g h   s a i d   h e a t   e x c h a n g e r   to  t h e  

e v a p o r a t o r ;   t h e   a b s o r b e r   and  t h e   g e n e r a t o r   f o r m i n g   p a r t   o f  

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

t h e   w a t e r   f l o w s   f rom  t he   g e n e r a t o r   to  t h e   a b s o r b e r   f o r  

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

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

ammon ia   and   w a t e r   f rom  t he   a b s o r b e r   to  t h e   g e n e r a t o r ,  

t he   m e t h o d   c o m p r i s i n g   t he   s t e p s   o f : -  

( a )   m a i n t a i n i n g   a  p r e s s u r e   of  3 0 - 6 5   p . s . i . ,   a b s o l u t e  

in   t h e   e v a p o r a t o r ;  

(b )   c o n t r o l l i n g   t h e   ammon ia   c o n c e n t r a t i o n   of  t h e  

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

97 -99%  by  w e i g h t ;   a n d  

(c )   m a i n t a i n i n g   t he   t e m p e r a t u r e   of  t he   c o n d e n s e d  

v a p o u r   f l o w i n g   f rom  t he   h e a t   e x c h a n g e r   a t   5 - 1 0 0 c   b e l o w   t h a t  

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

c o n d e n s e r ;   o r / a n d  

(d)   c o n t r o l l i n g   t h e   h e a t   e x c h a n g e r   so  t h a t   t h e   f l u i d  

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

of  20C  s u p e r h e a t   and  a  f l a s h   r a t i o   of  2%. 

8.  A  m e t h o d   as  c l a i m e d   in   C l a i m   7  and  c o m p r i s i n g   o n l y  

s t e p s   ( a ) ,   (b)   and  ( c ) .  



9.  A  m e t h o d   as  c l a i m e d   i n   C l a i m   7  and  c o m p r i s i n g   o n l y  

s t e p s   ( a ) ,   (b)   and  ( d ) .  

10.  A  m e t h o d   as  c l a i m e d   in   C l a i m   7  and  c o m p r i s i n g   a l l   o f  

s t e p s   ( a ) ,   ( b ) ,   ( c )   and  ( d ) .  
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