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©  Heating/cooling  changeover  heat  pump. 
Vgj)  A  changeover  heating/cooling  heat  pump  has  four 
solenoid  valves  (1-4)  to  change  between  modes.  One  (3)  of 
them,  controlling  the  delivery  of  refrigerant  from  a  water/ 
refrigerant  heat  exchanger  (6)  provides  a  pressure  limiting 
function  to  avoid  overpressures  at  the  suction  side  of  the 
compressor  (5).  One  (17)  or  two  (8,13)  refrigerant  expansion 
devices  are  used;  in  the  case  of  a  single,  electronically 
controlled  device  (17),  the  temperature  control  signal  is 
derived  from  the  outlet  of  whichever  of  the  heat-exchangers 
(6,  9)  is  currently  rejecting  heat. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  h e a t   pumps  a n d  

more  p a r t i c u l a r l y   to  a  m u l t i - m o d e   h e a t i n g   and  c o o l i n g   h e a t  

p u m p .  

A c c o r d i n g   to  a  f i r s t   a s p 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   i s   p r o v i d e d   a  m u l t i - m o d e   h e a t   pump  h a v i n g  

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

and  s e c o n d   h e a t   e x c h a n g e r s - f o r   e x c h a n g i n g   h e a t   b e t w e e n   t h e  

r e f r i g e r a n t   and  a  l i q u i d   and  b e t w e e n   r e f r i g e r a n t   and  a i r ,  

r e s p e c t i v e l y ,   t he   h e a t   pump  b e i n g   o p e r a b l e   in  modes  i n  

w h i c h   the  f i r s t   h e a t   e x c h a n g e r   r e j e c t s   h e a t   to  t h e  

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

e x t r a c t s   h e a t   f rom  a i r   and  y i c e   v e r s a ,   and  in  w h i c h  

c h a n g e o v e r   b e t w e e n   t h e s e   two  modes  i s   a c h i e v e d   by  means  o f  

s o l e n o i d   v a l v e s   fo r   r e d i r e c t i n g   the   f l o w   of  r e f r i g e r a n t ,  

one  of  the   s o l e n o i d   v a l v e s   b e i n g   l o c a t e d   in  the   r e f r i g e r a n t  

l i n e   v ia   which   the   f i r s t   h e a t   e x c h a n g e r   d e l i v e r s  

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

t he   p r e s s u r e   of  t he   r e f r i g e r a n t   d e l i v e r e d   from  the  f i r s t  

h e a t   e x c h a n g e r   to  t he   c o m p r e s s o r .   The  use  of  s o l e n o i d  

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

c o o l i n g   w i t h o u t   t he   use  of  a  c o m p l e x   f o u r - w a y   r e v e r s i n g  

v a l v e .   The  c h a n g e o v e r   can  be  c a r r i e d   out   w i t h o u t  

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

o u t d o o r   h e a t   e x c h a n g e r ,   e . g .   of  t he   f i n   and  t ube   t y p e ,   t o  



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

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

n e c e s s i t a t i n g   a  pump-down   c y c l e .  

F u r t h e r ,   the   c h a n g e   b e t w e e n   the   h e a t i n g   a n d  

c o o l i n g   modes  i s   a c h i e v e d   w i t h o u t   t h e   use  of  v a l v e s  

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

The  h e a t   pump  can  be  so  a r r a n g e d   as  to  r e q u i r e  

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

c o n t r o l   of  e a c h   a p p r o p r i a t e   h e a t   e x c h a n g e r   when  a c t i n g   a s  

an  e v a p o r a t o r   can  t h e n   be  r e a d i l y   a c h i e v e d ,   as  can  t h e  

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

e q u a l i s a t i o n   of  p r e s s u r e   at  the   e v a p o r a t o r   o u t l e t .   T h e  

s y s t e m   can  a v o i d   d e t r i m e n t a l   r e f r i g e r a n t   b y p a s s   by  use   o f  

s i m p l e   n o n - r e t u r n   v a l v e s .  

The  p r e s s u r e   l i m i t i n g   f u n c t i o n   of  t he   f i r s t  

s o l e n o i d   v a l v e   is   i m p o r t a n t   b e c a u s e   i t   can  a v o i d   the   r i s k  

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

o c c u r i n g   when  the   f i r s t   h e a t   e x c h a n g e r   c h a n g e s   ove r   f r o m  

h e a t i n g   to  c o o l i n g .   I m m e d i a t e l y   a f t e r   such   a  c h a n g e   o v e r  

the   r e f r i g e r a n t   in  the   f i r s t   h e a t   e x c h a n g e r   w i l l   b e  

r e q u i r e d   to  s i n k   a  l o t   of  h e a t   f rom  the   h e a t e d   l i q u i d  

w o r k i n g   medium  and  t h i s   c o u l d   g i v e   r i s e   to  the   o v e r -  

p r e s s u r e   f i r s t   m e n t i o n e d .   The  p r e s s u r e - l i m i t i n g   s o l e n o i d  

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

a l l o w i n g   the  l i q u i d   to  be  c o o l e d   down  r e l a t i v e l y   q u i c k l y .  

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

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



p r e s s u r e s ,   and  wh ich   w i l l   r e a d i l y   r e s p o n d   to  r a p i d  

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

by  an  a i r   c o n d i t i o n e d   s t r u c t u r e .  

The  s e c o n d   h e a t - e x c h a n g e r   can  be  an  e x t e r n a l /  

o u t d o o r   f i n n e d   t u b e   h e a t   e x c h a n g e r ,   the   h e a t   e x c h a n g e  

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

m a t r i x   by  a  m o t o r   d r i v e n   p r o p e l l e r   or  i m p e l l e r .  

The  s e c o n d   h e a t   e x c h a n g e r ,   may  be  a r r a n g e d   s o  

t h a t   t he   a i r   i s   in  c o n t r a - f l o w   r e l a t i v e   to  the   r e f r i g e r a n t  

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

p e r f o r m a n c e .  

A  s e c o n d   a s p e c t   of  the   i n v e n t i o n   which   may  b e  

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

mode  h e a t   pump  h a v i n g   a  r e f r i g e r a n t   c i r c u i t ,   a  r e f r i g e r a n t  

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

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

m e d i a ,   c o n t r o l   v a l v e s   c o n t r o l l i n g   r e f r i g e r a n t   f l ow  so  as  t o  

e s t a b l i s h   modes  of  o p e r a t i o n   in  which   the   f i r s t   h e a t  

e x c h a n g e r   r e j e c t s   h e a t   to  t he   a s s o c i a t e d   w o r k i n g   m e d i u m  

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

a s s o c i a t e d   w o r k i n g   med ium,   and  v i c e   v e r s a ,   and  a  c o n t r o l -  

l a b l e   r e f r i g e r a n t   e x p a n s i o n   d e v i c e   w h i c h ,   in  use  of  t h e  

h e a t   pump,  d e l i v e r s   g a s e o u s   r e f r i g e r a n t   to  the   a p p r o p r i a t e  

one  of  the   h e a t   e x c h a n g e r s   a c c o r d i n g   to  the  mode  o f  

o p e r a t i o n   of  the   h e a t   pump,  and  in  which   means  a re   p r o v i d e d  

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

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



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

of  the   h e a t   e x c h a n g e r s   i s   c u r r e n t l y   r e j e c t i n g   h e a t .  

As  w i l l   become  a p p a r e n t   from  the   f o l l o w i n g  

d e s c r i p t i o n ,   b o t h   a s p e c t s   of  the   i n v e n t i o n   may  be  e m b o d i e d  

in  a  r e v e r s e - c y c l e   h e a t   pump  c o m p r i s i n g :   a  r e f r i g e r a n t  

c o m p r e s s o r ;   f i r s t   and  s e c o n d   h e a t   e x c h a n g e r s ;   f i r s t ,  

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

r e s p e c t i v e l y   d e l i v e r i n g   r e f r i g e r a n t : -  

1)  from  the   o u t p u t   of  the   c o m p r e s s o r   to  t h e  

f i r s t   h e a t   e x c h a n g e r  

2)  from  the  o u t p u t   of  the   c o m p r e s s o r   to  t h e  

s e c o n d   h e a t   e x c h a n g e r  

3)  f rom  the   s e c o n d   h e a t   e x c h a n g e r   to  the  i n p u t  

of  t he   c o m p r e s s o r   a n d  

4)  f rom  the   f i r s t   h e a t   e x c h a n g e r   to  the   i n p u t   o f  

t h e   c o m p r e s s o r ;  

r e s p e c t i v e   c o n t r o l   v a l v e s   in  the   f i r s t   to  f o u r t h  

r e f r i g e r a n t   f low  l i n e s   and  a r r a n g e d   so  t h a t   in  a  h e a t i n g  

mode  the   v a l v e s   in  the   s e c o n d   and  f o u r t h   r e f r i g e r a n t   f l o w  

l i n e s   a re   open  and  the   o t h e r   two  v a l v e s   c l o s e d   and,   in  a 

h e a t i n g   mode,  t h a t   the   v a l v e s   in  the   f i r s t   and  t h i r d   f l o w  

l i n e s   a re   open  and  t h o s e   in  the   s e c o n d   and  f o u r t h   f l o w  

l i n e s   c l o s e d ;   and  a  f i f t h   r e f r i g e r a n t   f low  l i n e   f o r  

d e l i v e r i n g   r e f r i g e r a n t   from  one  h e a t   e x c h a n g e r   to  the  o t h e r  

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

One  or  two  r e f r i g e r a n t   e x p a n s i o n   d e v i c e s   may 

be  used   d e p e n d i n g   on  the   c o n f i g u r a t i o n   of  p i p e w o r k   and  f l o w  



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

I t   w i l l   be  a p p r e c i a t e d   t h a t   by  p l a c i n g   the   v a l v e s  

in  t he   f i r s t   to  f o u r t h   l i n e s   as  a b o v e ,   no  s o l e n o i d   v a l v e s  

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

r e q u i r e d .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d   by  way  o f  

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

d r a w i n g s   in  wh ich   l i k e   r e f e r e n c e   n u m e r a l s   d e n o t e   l i k e   p a r t s  

and  in  w h i c h : -  

F i g u r e   la  shows  one  e m b o d i m e n t   of  the   p r e s e n t  

i n v e n t i o n   when  o p e r a t i n g   in  the   c o o l i n g   m o d e ;  

F i g u r e   lb  shows  the   f i r s t   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   when  o p e r a t i n g   in  the   h e a t i n g   m o d e ;  

F i g u r e   2a  shows   a  s e c o n d   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   when  o p e r a t i n g   in  the   c o o l i n g   mode;  a n d  

F i g u r e   2b  shows  the   s e c o n d   e m b o d i m e n t   w h e n  

o p e r a t i n g   in  t he   h e a t i n g   m o d e .  

The  e m b o d i m e n t   of  the   i n v e n t i o n   i l l u s t r a t e d   i n  

F i g u r e s   1  and  2  i s   a  s i m p l i f i e d ,   r e v e r s e - c y c l e   h e a t   pump 

u n i t   in  which   c h a n g e o v e r   b e t w e e n   the   h e a t i n g   and  c o o l i n g  

modes   can  be  a c h i e v e d   w i t h o u t   the   use  of  t he   c o n v e n t i o n a l  

f o u r - w a y   v a l v e .   The  p r i n c i p a l   c o m p o n e n t s   of  the   h e a t   pump 

a r e   t he   c o m p r e s s o r   5,  s e c o n d a r y   to  p r i m a r y   r e f r i g e r a n t   h e a t  

e x c h a n g e r   6  and  a  V - f o r m   p r i m a r y   r e f r i g e r a n t   to  a i r   h e a t  

e x c h a n g e r   9.  These   e l e m e n t s   a re   c o n n e c t e d   by  p i p e w o r k   a s  

s h o w n .   T h e   f low  of  r e f r i g e r a n t   a r o u n d   the   s y s t e m   i s  

c o n t r o l l e d ,   a c c o r d i n g   to  the  o p e r a t i n g   mode,   by  f o u r  



s o l e n o i d   v a l v e s ,   1,  2,  3  and  4  and  as  w i l l   become  a p p a r e n t  

from  the   f o l l o w i n g   d e s c r i p t i o n   t h e y   a r e   so  p o s i t i o n e d   i n  

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

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

The  u n i t   w i l l   o p e r a t e   in  e i t h e r   of  two  b a s i c  

modes  w h i c h   can  be  r e a d i l y   e x p l a i n e d   by  r e f e r e n c e   to  F i g u r e  

la  and  l b ,   n a m e l y : -  

COOLING  MODE 

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

5  p a s s e s   t h r o u g h   open  s o l e n o i d   v a l v e   1  and  i n t o   the   h e a t  

e x c h a n g e r   9.  S o l e n o i d   v a l v e s   2  and  4  a r e   c l o s e d .  

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

l i q u i d   t h r o u g h   n o n - r e t u r n   v a l v e   11,  f i l t e r   d r i e r   12  a n d  

s i g h t   g l a s s   24  to  the   t h e r m o s t a t i c   e x p a n s i o n   v a l v e   13.  Non  

r e t u r n   v a l v e   7  i n h i b i t s   b y p a s s   f l o w   of  l i q u i d   r e f r i g e r a n t  

to  the   h e a t   e x c h a n g e r   6 .  

B o i l i n g   r e f r i g e r a n t   at   low  p r e s s u r e   in  h e a t  

e x c h a n g e r   6  c o o l s   t he   s e c o n d a r y   r e f r i g e r a n t   (a  w a t e r / g l y c o l  

m i x t u r e   f o r   e x a m p l e )   used   as  t he   c o o l i n g   m e d i u m .  

The  s u p e r h e a t e d   r e f r i g e r a n t   v a p o u r s   a re   t h e n  

r e t u r n e d   to  the   c o m p r e s s o r   5  s u c t i o n - s i d e ,   p a s s i n g   t h r o u g h  

the   open  p r e s s u r e   l i m i t i n g   s o l e n o i d   v a l v e   3  and  a c c u m u l a t o r  

1 0 .  

S o l e n o i d   v a l v e   3  f u n c t i o n s   as  a  c o m p r e s s o r  

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



b e i n g   e n c o u n t e r e d   when ,   on  c h a n g e o v e r   to  c o o l i n g ,   the   h e a t  

e x c h a n g e r   6  may  be  at   an  u n a c c e p t a b l y   h i g h   t e m p e r a t u r e ,  

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

l i m i t e d   p e r i o d .  

C h a n g e o v e r   to  t h e   h e a t i n g   mode  i s   a c h i e v e d  

w i t h o u t   c o m p r e s s o r   p u m p - d o w n   by  c l o s i n g   s o l e n o i d   v a l v e s   1 

and  3  and  s i m u l t a n e o u s l y   o p e n i n g   s o l e n o i d   v a l v e s   2  and  4 .  

HEATING  MODE 

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

c o m p r e s s o r   5  p a s s e s   t h r o u g h   open  s o l e n o i d   v a l v e   2  and  i n t o  

the   h e a t   e x c h a n g e r   6 .  

S o l e n o i d   v a l v e s   1  and  3  a re   c l o s e d .  

The  r e f r i g e r a n t   v a p o u r s   a re   c o n d e n s e d   in  h e a t  

e x c h a n g e r   6,  the   h e a t   p a s s i n g   i n t o   the   s e c o n d a r y  

r e f r i g e r a n t   wh ich   i s   now  b e i n g   u sed   as  the   h e a t i n g   m e d i u m .  

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

n o n - r e t u r n   v a l v e   7  and  s i g h t   g l a s s   14  to  t he   t h e r m o s t a t i c  

e x p a n s i o n   v a l v e   8 .  

B o i l i n g   r e f r i g e r a n t   at  low  p r e s s u r e   in  h e a t  

e x c h a n g e r   9  a b s o r b s   h e a t   from  the   s o u r c e   med ium,   w h i c h  

c o u l d   be  an  a m b i e n t   a i r   s t e a m .  

The  s u p e r h e a t e d   r e f r i g e r a n t   v a p o u r s   a re   t h e n  

r e t u r n e d   to  the   c o m p r e s s o r   5  s u c t i o n   s i d e ,   p a s s i n g   t h r o u g h  

the  open  s o l e n o i d   v a l v e   4  and  a c c u m u l a t o r   1 0 .  



When  h e a t   e x c h a n g e r   9  is   an  o u t d o o r   c o i l   in  t h e  

h e a t i n g   mode,   d e f r o s t   can  be  a c h i e v e d   by  i n i t i a t i n g   t h e  

c o o l i n g   mode  f o r   a  l i m i t e d   p e r i o d   wi th   m i n i m a l   l o s s   o f  

s y s t e m   e f f i c i e n c y .  

F i g u r e s   2a  and  2b  i l l u s t r a t e   a  s e c o n d   form  o f  

r e v e r s e - c y c l e   h e a t i n g / c o o l i n g   c h a n g e o v e r   h e a t   pump  h a v i n g  

t h e   same  b a s i c   e l e m e n t s   as  in  F i g u r e s   la  and  lb  bu t   u s i n g  

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

two  d e v i c e s   wh ich   have  been  n e c e s s a r y   w i th   e x i s t i n g  

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

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

t y p e .  

The  o p e r a t i o n   of  t he   u n i t   in  the   two  b a s i c   m o d e s  

can  be  r e a d i l y   a p p r e c i a t e d   by  r e f e r e n c e   to  F i g u r e s   2a  a n d  

2b  and  the   f o l l o w i n g   d e s c r i p t i o n .  

COOLING 

In  t h i s   mode,  t he   c o n t r o l   l o g i c   ( n o t   shown)   o f  

t he   u n i t   c l o s e s   v a l v e s   2  and  4,  opens   v a l v e s   1  and  3  a n d  

e n e r g i s e s   r e l a y   18  such  t h a t   a  s i g n a l   from  t e m p e r a t u r e  

s e n s o r   20,  w h i c h   d e t e c t s   the   t e m p e r a t u r e   of  r e f r i g e r a n t  

l e a v i n g   e v a p o r a t o r   6,  is   a p p l i e d   to  the  c o n t r o l   i n p u t   o f  

r e f r i g e r a n t   e x p a n s i o n   d e v i c e   1 7 .  

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

c o m p r e s s o r   5  p a s s e s   t h r o u g h   open  s o l e n o i d   v a l v e   1  and  i n t o  

t h e   h e a t   e x c h a n g e r   9.  S o l e n o i d   v a l v e s   2  and  4  a re   c l o s e d .  



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

e x c h a n g e r   7  and  as  l i q u i d ,   p a s s e s   t h r o u g h   n o n - r e t u r n   v a l v e  

11,   f i l t e r   d e h y d r a t e r   12  and  s i g h t   g l a s s   14  to  t h e  

e l e c t r o n i c   r e f r i g e r a n t   e x p a n s i o n   d e v i c e   1 7 .  

The  e l e c t r o n i c   r e f r i g e r a n t   e x p a n s i o n   d e v i c e   17 

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

c o n d i t i o n s   in  t he   h e a t   e x c h a n g e r   6  as  d e t e c t e d   by  

e v a p o r a t o r   t e m p e r a t u r e   s e n s o r   20  and  b)  the   s i m u l a t e d  

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

e x p a n s i o n   d e v i c e   17  as  m e a s u r e d   by  s e n s o r   19.  S u i t a b l y ,  

t h e   s e n s o r s   p r o v i d e   e l e c t r i c a l   s i g n a l s   which   a r e  

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

c o m p a r i s o n   b e t w e e n   them  fo rms   a  s i g n a l   r e p r e s e n t i n g   t h e  

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

e x p a n s i o n   d e v i c e   17  has  a  c o n t r o l l a b l e   a p e r t u r e   wh ich   i s  

o p e n e d ,   to  a l l o w   more  r e f r i g e r a n t   to  p a s s ,   as  t h e  

t e m p e r a t u r e   d i f f e r e n c e   i n c r e a s e s .  

Where  e x t e r n a l   e q u a l i s a t i o n   is   r e q u i r e d ,   t h e n   t h e  

p r e s s u r e s   at  t he   e x i t s   of  the  h e a t   e x c h a n g e r s   6  and  9  w h e n  

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

a  t h r e e   way  s o l e n o i d   v a l v e  ( o r   i n d e p e n d e n t   s o l e n o i d   v a l v e s )  

in  the  a p p r o p r i a t e   mode,  the   c h a n g e o v e r   of  v a l v e   25  (or   t h e  

e q u i v a l e n t   i n d e p e n d e n t   s o l e n o i d   v a l v e )   b e i n g   c a r r i e d   out  a t  

t he   same  t ime   as  t he   c h a n g e o v e r   s o l e n o i d   v a l v e s   1  and  3  a r e  

e n e r g i s e d .  

N o n - r e t u r n   v a l v e s   7  and  15  a re   c l o s e d   to  l i q u i d  

r e f r i g e r a n t   f l ow  by  the   h i g h - s i d e   p r e s s u r e s .  



The  r e f r i g e r a n t   p a s s e s   t h r o u g h   non  r e t u r n  

v a l v e   16  and  i n t o   t h e   h e a t   e x c h a n g e r   6  whe re   t he   b o i l i n g  

r e f r i g e r a n t   c o o l s   t h e   s e c o n d a r y   r e f r i g e r a n t   ( e . g .   a  

w a t e r / g l y c o l   m i x t u r e )   which   is   used   as  t he   c o o l i n g   m e d i u m .  

The  s u p e r h e a t e d   r e f r i g e r a n t   v a p o u r s   a r e   t h e n  

r e t u r n e d   to  t h e   c o m p r e s s o r   5,  b e i n g   p a s s e d   t h r o u g h   t h e  

s o l e n o i d   v a l v e   3,  w h i c h   a l s o   a c t s   as  a  c o m p r e s s o r  

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

1 0 .  

C h a n g e o v e r   to  the  h e a t i n g   mode  is   a c h i e v e d   by  

c l o s i n g   s o l e n o i d   v a l v e s   1  and  3  w h i l s t   s i m u l t a n e o u s l y  

o p e n i n g   s o l e n o i d   v a l v e s   2  and  4,  c h a n g i n g   o v e r   t h e   c o n t a c t s  

on  r e l a y   18  and  t he   t h r e e   way  s o l e n o i d   v a l v e   25  i f  

e q u a l i s i n g   p r e s s u r e   s e n s i n g   is  r e q u i r e d   f o r   the   e l e c t r o n i c  

e x p a n s i o n   d e v i c e   1 7 .  

HEATING 

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

c o m p r e s s o r   5  p a s s e s   t h r o u g h   open  s o l e n o i d   v a l v e   2  and  i n t o  

h e a t   e x c h a n g e r s   6.  S o l e n o i d   v a l v e s   1  and  3  a re   c l o s e d .  

The  r e f r i g e r a n t   v a p o u r s   a re   c o n d e n s e d   in  h e a t   e x c h a n g e r   6 ,  

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

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

7,  f i l t e r   d r i e r   12  and  s i g h t   g l a s s   14  to  the   e l e c t r o n i c  

r e f r i g e r a n t   e x p a n s i o n   d e v i c e   1 7 .  

The  e l e c t r o n i c   e x p a n s i o n   d e v i c e   17  is  now 



r e s p o n s i v e   v i a   r e l a y   c o n t a c t s   18  to  t e m p e r a t u r e   s e n s o r   21 

w h i c h   s e n s e s   t he   t e m p e r a t u r e   of  r e f r i g e r a n t   at   the   o u t l e t  

of  h e a t   e x c h a n g e r   9  and  to  t e m p e r a t u r e   s e n s o r   19  p r e v i o u s l y  

m e n t i o n e d .  

N o n - r e t u r n   v a l v e s   1 6 - a n d   11  a r e   c l o s e d   t o  

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

of  t he   h igh   p r e s s u r e   l i q u i d .  

B o i l i n g   r e f r i g e r a n t   at  low  p r e s s u r e   in  h e a t  

e x c h a n g e r   9  a b s o r b s   h e a t   from  the   a v a i l a b l e   s e c o n d a r y  

r e f r i g e r a n t   m e d i u m ,   wh ich   c o u l d   be  an  a m b i e n t   a i r   s t r e a m .  

The  s u p e r h e a t e d   r e f r i g e r a n t   v a p o u r s   a re   t h e n  

r e t u r n e d   to  the   c o m p r e s s o r   5  s u c t i o n   s i d e   p a s s i n g   t h r o u g h  

open  s o l e n o i d   v a l v e   4  and  a c c u m u l a t o r   1 0 .  

I t   w i l l   be  n o t e d   t h a t   in  e a c h   of  t he   a b o v e  

e m b o d i m e n t s   a  n o v e l   s t r u c t u r e   f o r   the   h e a t   e x c h a n g e r   9  i s  

p r o v i d e d   so  as  to  o p t i m i s e   the   h e a t   t r a n s f e r   b e t w e e n   t h e  

a i r   and  the   p r i m a r y   r e f r i g e r a n t .   Air   e n t e r s   t he   h e a t  

e x c h a n g e r   in  the   d i r e c t i o n s   i n d i c a t e d   by  the   a r r o w s .  

C o n v e n t i o n a l l y ,   a  h e a t   e x c h a n g e r   in  a  r e v e r s e   c y c l e   h e a t  

pump  o p e r a t e s   in  u n i f l o w   in  one  mode  and  c o n t r a - f l o w   in  t h e  

o t h e r   mode.  In  u n i f l o w ,   the   t e m p e r a t u r e   g r a d i e n t   of  t h e  

a i r   t h r o u g h   the   m a t r i x   of  the   h e a t   e x c h a n g e r   is   o p p o s i t e   t o  

t h a t   of  the   p r i m a r y   r e f r i g e r a n t .   As  a  c o n s e q u e n c e ,   in  t h e  

c o n d e n s o r   mode,  b e c a u s e   the   c o o l e s t   a i r   e n c o u n t e r s   t h e  

w a r m e s t   r e f r i g e r a n t ,   wh ich   is   not   as  e f f i c i e n t   a s  

c o n t r a - f l o w   where   t he   c o o l e s t   a i r   e n c o u n t e r s   the   c o o l e s t  

r e f r i g e r a n t ,   t h u s   e n h a n c i n g   the  s u b - c o o l i n g .  



In  t he   e m b o d i m e n t s ,   t he   h e a t   e x c h a n g e r   9  i s  

a r r a n g e d   so  t h a t   the   h e a t   e x c h a n g e   is   c o n t r a - f l o w   in  b o t h  

modes .   T h i s   is   a c h i e v e d   by  d u p l i c a t i n g   the   r e f r i g e r a n t  

f e e d   l i n e s   to  and  from  the   h e a t   e x c h a n g e r   9 .  

In  t he   c o o l i n g   mode,   r e f r i g e r a n t   e n t e r s   h e a t  

e x c h a n g e r   9  v i a   l i n e   26  and  e x i t s   v ia   l i n e   27,   w h i l e   in  t h e  

h e a t i n g   mode  i t   e n t e r s   v ia   l i n e   28  and  e x i t s   v ia   l i n e   2 9 ;  

the  same  i n t e r n a l   c o i l   m a t r i x   is   used   in  b o t h   c a s e s .  



1.  A  m u l t i - m o d e   h e a t   pump  h a v i n g   a  r e f r i g e r a n t  

c i r c u i t ,   a  r e f r i g e r a n t  c o m p r e s s o r   (5)  and  f i r s t   and  s e c o n d  

h e a t   e x c h a n g e r s   ( 6 , 9 )   fo r   e x c h a n g i n g   h e a t   b e t w e e n   t h e  

r e f r i g e r a n t   and  a  l i q u i d   and  b e t w e e n   r e f r i g e r a n t   and  a i r ,  

r e s p e c t i v e l y ,   t h e   h e a t   pump  b e i n g   o p e r a b l e   in  modes  i n  

which   the  f i r s t   h e a t   e x c h a n g e r   (6)   r e j e c t s   h e a t   to  t h e  

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

(9)  e x t r a c t s   h e a t   from  a i r   and  v i c e   v e r s a ,   c h a r a c t e r i s e d  

in  t h a t   c h a n g e o v e r   b e t w e e n   t h e s e   two  modes  i s   a c h i e v e d   b y  

means  of  s o l e n o i d   v a l v e s   ( 1 - 4 )   f o r   r e d i r e c t i n g   the   f l o w   o f  

r e f r i g e r a n t ,   one  (3)   o f - t h e   s o l e n o i d   v a l v e s   b e i n g   l o c a t e d  

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

(6)   d e l i v e r s   r e f r i g e r a n t   to  t he   c o m p r e s s o r   (5)  and  b e i n g  

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

d e l i v e r e d   f rom  the   f i r s t   h e a t   e x c h a n g e r   (6)  to  t h e  

c o m p r e s s o r   ( 5 ) .  

2.  A  h e a t   pump  a c c o r d i n g   to  c l a i m   1 

c h a r a c t e r i s e d   in  t h a t   two  ( 1 , 2 )   of  the   o t h e r   s o l e n o i d  

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

o u t l e t   of  t he   c o m p r e s s o r   (5)  to  i n l e t s   of  the   f i r s t   ( 6 )  

and  s e c o n d   (9)  h e a t   e x c h a n g e r s   r e s p e c t i v e l y   and  w h e r e i n   a 

f o u r t h   (4)  is   c o n n e c t e d   in  a  l i n e   d e l i v e r i n g   r e f r i g e r a n t  

from  the  o u t l e t   of  the   s e c o n d   h e a t   e x c h a n g e r   (9)  to  t h e  

c o m p r e s s o r   ( 5 ) .  



3.  A  h e a t   pump  a c c o r d i n g   to  c l a i m   1  or  2 

c h a r a c t e r i s e d   in  t h a t   t h e r e   a re   two  s e p a r a t e   f l ow  p a t h s  

( 2 6 , 2 9 )   f o r   r e f r i g e r a n t   t h r o u g h   the   s e c o n d   h e a t   e x c h a n g e r  

( 9 ) ,   r e f r i g e r a n t   p a s s i n g   t h r o u g h   one  of  t h e s e   p a t h s   in  o n e  

of  t he   modes  of  o p e r a t i o n   and  t h r o u g h   the   o t h e r ,   in  t h e  

o t h e r   mode  of  o p e r a t i o n .  

4.  A  h e a t   pump  a c c o r d i n g   to  c l a i m   3 

c h a r a c t e r i s e d   in  t h a t   t h e   p a t h s   are   so  a r r a n g e d   t h a t   i n  

b o t h   modes  of  o p e r a t i o n   t he   r e f r i g e r a n t   t h r o u g h   the   s e c o n d  

h e a t   e x c h a n g e r   (9)  i s   in  c o n t r a - f l o w   w i t h   r e s p e c t   to  t h e  

a i r   w i t h   wh ich   i t   e x c h a n g e s   h e a t .  

5.  A  h e a t   pump  a c c o r d i n g   to  any  one  of  c l a i m s  

1  to  4  c h a r a c t e r i s e d   in  t h a t   t h e r e   a re   two  r e f r i g e r a n t  

e x p a n s i o n   d e v i c e s   ( 8 , 1 3 ) ,   o p e r a b l e   to  d e l i v e r   g a s e o u s  

r e f r i g e r a n t   to  t he   f i r s t   (6)  and  s e c o n d   (9)  h e a t  

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

h e a t   pump  b e i n g   s u c h   t h a t   r e f r i g e r a n t   is   d e l i v e r e d   to  t h e  

t h a t   one  of  the   d e v i c e s   ( 8 , 1 3 )   a s s o c i a t e d   w i t h   the   h e a t  

e x c h a n g e r   ( 6 , 9 )   w h i c h   i s   to  r e j e c t   h e a t   to  t he   a s s o c i a t e d  

w o r k i n g   m e d i u m .  

6.  A  h e a t   pump  a c c o r d i n g   to  any  one  of  c l a i m s  

1  to  4  c h a r a c t e r i s e d   in  t h a t   t h e r e   is  a  common  r e f r i g e r a n t  

e x p a n s i o n   d e v i c e   ( 1 7 )   w h i c h   is  used   in  b o t h   modes  o f  

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

c o n t r o l l e d   by  a  c o n t r o l   s i g n a l   which   is   s e l e c t i v e l y  

d e r i v e d   from  the   t e m p e r a t u r e   of  r e f r i g e r a n t   a t   the   o u t l e t  

of  t h a t   one  of  the   two  h e a t   e x c h a n g e r s   ( 6 , 9 )   wh ich   is   t o  



r e j e c t   h e a t   to  the   a s s o c i a t e d   w o r k i n g   m e d i u m .  

7.  A  m u l t i - m o d e   h e a t   pump  h a v i n g   a  r e f r i g e r a n t  

c i r c u i t ,   a  r e f r i g e r a n t   c o m p r e s s o r   ( 5 ) ,   f i r s t   and  s e c o n d  

h e a t   e x c h a n g e r s   ( 6 , 9 )   fo r   e x c h a n g i n g   h e a t   b e t w e e n   t h e  

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

v a l v e s   ( 1 - 4 )   c o n t r o l l i n g   r e f r i g e r a n t   f low  so  as  t o  

e s t a b l i s h   modes  of  o p e r a t i o n   in  wh ich   the   f i r s t   h e a t  

e x c h a n g e r   (6)   r e j e c t s   h e a t   to  t he   a s s o c i a t e d   w o r k i n g  

medium  w h i l e   t he   s e c o n d   h e a t   e x c h a n g e r   (9)  e x t r a c t s   h e a t  

f rom  the   a s s o c i a t e d   w o r k i n g   m e d i u m ,   and  v i c e   v e r s a ,  

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

d e v i c e   (17)   w h i c h ,   in  use  of  t he   h e a t   pump,  d e l i v e r s  

g a s e o u s   r e f r i g e r a n t   to  the   a p p r o p r i a t e   one  of  the   h e a t  

e x c h a n g e r s   ( 6 , 9 )   a c c o r d i n g   to  t he   mode  of  o p e r a t i o n   of  t h e  

h e a t   p u m p ,  a n d   in  wh ich   means   ( 1 8 , 2 1 )   a re   p r o v i d e d   t o  

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

r e f r i g e r a n t   e x p a n s i o n   d e v i c e   (17 )   in  a c c o r d a n c e   wi th   t h e  

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

h e a t   e x c h a n g e r s   is   c u r r e n t l y   r e j e c t i n g   h e a t .  

8.  A  h e a t   pump  a c c o r d i n g   to  c l a i m   7 

c h a r a c t e r i s e d   in  t h a t   the   e x p a n s i o n   d e v i c e   (17)   is   a n  

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

t e m p e r a t u r e   s e n s o r s   ( 2 0 , 2 1 )   a re   d i s p o s e d   to  s e n s e   t h e  

t e m p e r a t u r e   of  r e f r i g e r a n t   at  the   o u t l e t s   of  the   two  h e a t  

e x c h a n g e r s   ( 6 , 9 )   and  w h e r e i n   s w i t c h i n g   means  are   p r o v i d e d ,  

o p e r a b l e   in  a c c o r d a n c e   wi th   the   mode  of  o p e r a t i o n   of  t h e  

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



t he   a p p r o p r i a t e   one  of  the   t e m p e r a t u r e   s e n s o r s   ( 2 0 , 2 1 )   t o  

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