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@  Refrigeration  circuit  comprising  a  turbine  for  driving  a  rotary  member. 
57  A  turbine  (6)  arranged  in  the  refrigeration  circuit  of  a 
refrigerator  so  as  to  be  driven  by  refrigerant  fluid  is 
connected  into  the  circuit  at  a  position  such  that  the  enthalpy 
of  the  refrigerant  fluid  driving  the  turbine  is  substantially  at  a 
maximum.  The  turbine  (6)  comprises  a  rotor  (11)  which  is 
driven  by  means  of  injected  refrigerant  fluid.  The  turbine  (6) 
drives  a  fan  impeller  (16)  which  is  preferably  coupled  to  the 
turbine  (11)  rotor  by  a  magnetic  coupling. 



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

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

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

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

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

s h a f t   i n s i d e   t h e   c a s i n g ,   a  n o z z l e   f o r   i n j e c t i n g   r e f r i g e -  

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

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

f l u i d   f r o m   t h e   c a s i n g .   U . S . A .   p a t e n t   4 , 4 4 2 , 6 8 2   d e s c r i b e s  

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

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

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

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

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

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

T h i s   k n o w n   c o n s t r u c t i o n   g i v e s   r i s e   to  a  n u m b e r   of  d r a w b a c k s ,  

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

c e r t a i n   o p e r a t i o n a l   r e l i a b i l i t y   of  t he   r e f r i g e r a t o r   a p p l i -  

a n c e ,   w h i c h   s h o u l d   be  a b l e   to   o p e r a t e   f o r   many  y e a r s   w i t h -  

o u t   s u p e r v i s i o n   or  m a i n t e n a n c e .  

A  f i r s t   d r a w b a c k   a r i s e s   by  v i r t u e   of  t h e   f a c t   t h a t  

t h e   t u r b i n e   c an   be  s a i d   to  be  of   t he   " h y d r a u l i c "   t y p e   i n  

t h a t   i t   o p e r a t e s   by  u t i l i s i n g   t h e   k i n e t i c   e n e r g y   of   a  r e -  

f r i g e r a n t   f l u i d   i n   a  v e r y   we t   v a p o u r   s t a t e .   C o n s e q u e n t l y ,  

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

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

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

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

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

t u r i n g   c o s t .  

A  f u r t h e r   d r a w b a c k   d e r i v e s   f r o m   t h e   f a c t   t h a t   t h e  



t u r b i n e   r o t o r   i s   m o u n t e d   on  t h e   same  s h a f t   as  t he   r o t a r y  

member   w h i c h   i s   d r i v e n   by  t h e   t u r b i n e   b u t   i s   d i s p o s e d   o u t -  

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

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

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

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

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

p a r t i c u l a r l y   h i g h .  

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

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

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

m i c a l   c o n s t r u c t i o n   b u t   of   h i g h   r e l i a b i l i t y .   The  r e f r i g e r a t -  

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

i z e d   i n   t h a t   t he   t u r b i n e   i s   c o n n e c t e d   i n t o   t h e   r e f r i g e r a t -  

i o n   c i r c u i t   a t   a  p o s i t i o n   s u c h   t h a t   t h e   e n t h a l p y   of  t h e  

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

a t   i t s   maximum  v a l u e   w i t h i n   t h e   e n t i r e   r e f r i g e r a t i o n   c i r -  

c u i t .  

I f   t he   r e f r i g e r a t i o n   c i r c u i t   i s   of  t he   c o m p r e s s i o n  

t y p e   t h e   t u r b i n e   may  be  c o n n e c t e d   to  t h e   c o m p r e s s o r   d e l i -  

v e r y   p i p e .  

In   an  e m b o d i m e n t   of   t h e   i n v e n t i o n   i n   w h i c h   a  f a n  

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

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

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

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

s a i d   s h a f t .   T h i s   b o d y   c o o p e r a t e s   w i t h   a  s e c o n d   f e r r o m a g -  

n e t i c   b o d y   w h i c h   i s   f i x e d   to   a  s h a f t   to   w h i c h   t he   f a n   i m -  

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

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

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

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

a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h :  

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

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

t he   i n v e n t i o n ;  

F i g u r e   2  i s   a  M o l l i e r   d i a g r a m   of  t h e   r e f r i g e r a t -  

i o n   c i r c u i t   of  F i g u r e   1 ;  



F i g u r e   3  i s   a  s e c t i o n a l   e l e v a t i o n   s h o w i n g   t h e  

t u r b i n e   a r r a n g e d   to  d r i v e   t h e   i m p e l l e r   of  t he   r e f r i g e r a n t  

a i r   f a n   of  a  s o - c a l l e d   "no  f r o s t "   d o m e s t i c   r e f r i g e r a t o r ;  

a n d  

F i g u r e   4  i s   a  s e c t i o n a l   e l e v a t i o n   s h o w i n g   t h e  

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

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

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

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

The  r e f r i g e r a t i o n   c i r c u i t   shown  in   F i g u r e   1 

c o m p r i s e s   an  e v a p o r a t o r   1,  a  c o m p r e s s o r   2  c o n n e c t e d   to  t h e  

e v a p o r a t o r   by  a  s u c t i o n   p i p e   3,  a  c o n d e n s e r   4  and  a  c a p i l l a -  

r y   t u b e   5.  A  t u r b i n e ,   i n d i c a t e d   g e n e r a l l y   by  6,  i s   c o n n e c t -  

ed  to  t h e   d e l i v e r y   p i p e   7  of   t h e   c o m p r e s s o r   2  and  to  t h e  

u p s t r e a m   end  of  a  p i p e   8  t h r o u g h   w h i c h   the   r e f r i g e r a n t  

f l u i d   i s   f e d   i n t o   t h e   c o n d e n s e r   4 .  

In   t he   s i m p l i f i e d   M o l l i e r   d i a g r a m   of  F i g u r e   2 ,  

A-B  r e p r e s e n t s   e v a p o r a t i o n   of  t he   r e f r i g e r a n t   f l u i d  

w i t h   s u p e r h e a t i n g ,  

B-C  r e p r e s e n t s   i s e n t r o p i c   c o m p r e s s i o n ,  

C-D  r e p r e s e n t s   c o n d e n s a t i o n ,  

D-A  r e p r e s e n t s   e x p a n s i o n .  

A l s o   a  zone   E -F   c a n   be  s e e n   w h i c h   c o r r e s p o n d s   t o  

t h e   work   p r o d u c e d   by  t h e   t u r b i n e .   F o r   p r a c t i c a l   p u r p o s e s  
t h e   p o i n t   E  i s   to  be  c o n s i d e r e d   as  more   or  l e s s   c o i n c i d i n g  

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

f l u i d   i s   a t   i t s   maximum  v a l u e   w i t h i n   t h e   e n t i r e   r e f r i g e r a t -  

i o n   c i r c u i t .   In   o t h e r   w o r d s ,   t h e   t u r b i n e   i n   t he   p r e s e n t  
i n v e n t i o n   u s e s   s u p e r h e a t e d   v a p o u r   as   i t s   o p e r a t i n g   f l u i d  

r a t h e r   t h a n   wet   v a p o u r   as   i n   t h e   c a s e   of   t he   t u r b i n e   d e s -  

c r i b e d   i n   t h e   c i t e d   U . S . A .   p a t e n t   4 , 4 4 2 , 6 8 2 .  

F i g u r e   3  shows   t h e   c o n s t r u c t i o n a l   d e t a i l s   of  t h e  

t u r b i n e   6,  w h i c h   c o m p r i s e s   a  c a s i n g   10  of  s u b s t a n t i a l l y  

c y l i n d r i c a l   f o rm  and  c o n s t r u c t e d   o f   a  n o n - m a g n e t i c   m a t e r i a l  

( e . g .   a l u m i n i u m   or  p l a s t i c s )   and  a  r o t o r   11  w h i c h   i s   of  s i -  

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

s u p p o r t e d   by  a  s h a f t   12.  T h i s   s h a f t   d o e s   n o t   p a s s   t h r o u g h  



t h e   w a l l s   of  t he   c a s i n g   10  and   i s   t h e r e f o r e   e n t i r e l y   h o u s e d  

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

s h o w n  -   p r o v i d e d   in   t he   i n n e r   f a c e s   of  s a i d   w a l l s .   In   i t s  

i n l e t   s i d e   t h e   c a s i n g   10  h a s   a  n o z z l e   13  w h i c h   i s   c o n n e c t e d  

to   t h e   d e l i v e r y   p i p e   7  of  t he   c o m p r e s s o r   2  ( s e e   a l s o   F i g u r e  

1 ) ,   and  i n   i t s   o u t l e t   s i d e   t h e   c a s i n g   10  h a s   an  a p e r t u r e  
14  t h r o u g h   w h i c h   t he   r e f r i g e r a n t   f l u i d ,   a f t e r   t u r n i n g   t h e  

r o t o r   11,  d i s c h a r g e s   i n t o   t h e   p i p e   8  w h i c h   l e a d s   to  t h e  

c o n d e n s e r   4.  A  p e r m a n e n t   m a g n e t   15  i n   t h e   f o r m   of  a  d i s c ,  

t h e   p o l e s   of   w h i c h   a r e   i n d i c a t e d   r e s p e c t i v e l y   by  N'  and  S ' ,  

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

to   t h e   a x i s   of   t he   s h a f t   12.  A  f a n   i m p e l l e r   16  i s   d i s p o s e d  

o u t s i d e   t h e   c a s i n g   10  and  i s   s u p p o r t e d   by  way  of  a  hub  17  

on  i t s   own  s h a f t   18,  w h i c h   d o e s   n o t   p a s s   t h r o u g h   the   w a l l  

o f   t h e   c a s i n g   10  b u t   i s   j o u r n a l l e d   i n   a  s u i t a b l e   b e a r i n g  -  

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

f a c e   of   t h e   hub  7  w h i c h   f a c e s   t h e   c a s i n g   10  c a r r i e s   a  s e c o n d  

p e r m a n e n t   m a g n e t   19,  a l s o   of   d i s c   f o r m ,   i t s   p o l e s   b e i n g  

i n d i c a t e d   r e s p e c t i v e l y   by  N  a n d   S .  

The  o p e r a t i o n   of   t h e   t u r b i n e   i s   as  f o l l o w s .   T h e  

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

j e c t e d   i n t o   t h e   c a s i n g   10  t h r o u g h   t h e   n o z z l e   13.  By  v i r t u e  

of   i t s   s l i g h t   e x p a n s i o n   i n   t h e   c a s i n g   10  b e f o r e   l e a v i n g  

t h r o u g h   t h e   a p e r t u r e   14,  a  f r a c t i o n   of   t h e   v e r y   h i g h   e n t h a l -  

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

c a u s e s   t h e   r o t o r   11  to  r o t a t e   t o g e t h e r   w i t h   t he   s h a f t   12  a n d  

t h e   p e r m a n e n t   m a g n e t   15.  By  m a g n e t i c   e n t r a i n m e n t   ( t h e  

l i n e s   of   f o r c e   of  t he   m a g n e t i c   f i e l d   p r o d u c e d   by  the   p e r -  
m a n e n t   m a g n e t   15  b e i n g   p r a c t i c a l l y   u n d i s t u r b e d   by  t h e   c o n -  

s t i t u e n t   m a t e r i a l   of  t he   c a s i n g   1 0 ) ,   t h e   s e c o n d   p e r m a n e n t  

m a g n e t   19  i s   a l s o   r o t a t e d ,   t o g e t h e r   w i t h   t h e   f a n   i m p e l l e r  
16  and   t h e   s h a f t   18.  In   t h e   p r e s e n t   c a s e   t h e   t u r b i n e   i s  

p o s i t i o n e d   i n   t he   l o w e r   r e a r   zone   o f   a  d o m e s t i c   r e f r i g e r a t o r  
and   t h e   f a n   i m p e l l e r   16  i s   u s e d   f o r   b l o w i n g   ( r e l a t i v e l y  

f r e s h )   a t m o s p h e r i c   a i r   on  to  t he   o u t e r   s u r f a c e s   of  t h e   c o m -  

p r e s s o r   2  a n d / o r   c o n d e n s e r   4,  so  i m p r o v i n g   t h e i r   e f f i c i e n -  

cy  and   r e l i a b i l i t y .  



In   t h e   m o d i f i e d   e m b o d i m e n t   shown  i n   F i g u r e   4  t h e  

c o m p o n e n t   p a r t s   of   t he   t u r b i n e   6  a r e   s u b s t a n t i a l l y   t h e  

same  as  in   F i g u r e   3,  and  c o n s e q u e n t l y   t he   r e s p e c t i v e   r e -  

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

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

r e a r   w a l l   26  of   t h e   c a s i n g   of   a  t w o - d o o r   d o m e s t i c   r e f r i g e -  

r a t o r   of   t he   t y p e   c o m m o n l y   known  as  a  "no  f r o s t "   r e f r i g e r a -  

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

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

the   e v a p o r a t o r   of   t he   r e f r i g e r a t o r   and  i s   d i s p o s e d   w i t h i n  

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

c o m p a r t m e n t s   21  and   22 .   The  f o r c e d   c i r c u l a t i o n   i s   p r o d u c e d  

by  a  f a n   23 ,   t h e   i m p e l l e r   24  of  w h i c h   i s   c a r r i e d   by  a  s h a f t  

25  w h i c h   d o e s   n o t   p a s s   t h r o u g h   t h e   w a l l   26  b u t   i n s t e a d   i s  

j o u r n a l l e d   i n   a  s u i t a b l e   b e a r i n g  -   n o t   s h o w n  -   p r o v i d e d   i n  

t he   w a l l   26 .   A  s e c o n d   p e r m a n e n t   m a g n e t   27  i n   t h e   f o r m   of   a  

d i s c   i s   f i x e d   on  t he   s h a f t   25  and  i s   r o t a t e d   by  t h e   p e r m a -  
n e n t   m a g n e t   15  w h i c h   f o r m s   p a r t   of   t he   t u r b i n e   6.  T h e  

m a t e r i a l s   of  c o n s t r u c t i o n   of  t he   w a l l   26  a r e   o b v i o u s l y   n o n -  

m a g n e t i c .  

From  t h e   a f o r e g o i n g   d e s c r i p t i o n   i t   c an   be  s e e n  

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

c o n s t r u c t i o n   d e s c r i b e d   i n   t h e   c i t e d   U . S . A .   p a t e n t   4 , 4 4 2 , 6 8 2 .  

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

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

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

i o n   of   t h e   e n t h a l p y   d i f f e r e n c e   b e t w e e n   p o i n t s   C  and   D  o f  

t he   M o l l i e r   d i a g r a m   ( s e e   F i g u r e   2)  i s   u s e d   i n   t h e   t u r b i n e ,  

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

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

t u r b i n e .  



1.  A  r e f r i g e r a t i o n   c i r c u i t   of   a  r e f r i g e r a t i n g  

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

a  r o t a r y   member   of   t h e   a p p l i a n c e ,   f o r   e x a m p l e ,   a  f a n   i m -  

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

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

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

c a s i n g   so  as  to  c a u s e   t h e   r o t o r   to   r o t a t e   and  an  a p e r t u r e  

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

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

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

of   t h e   r e f r i g e r a n t   f l u i d   i n j e c t e d   i n t o   t h e   c a s i n g   i s   s u b -  

s t a n t i a l l y   a t   i t s   maximum  v a l u e   w i t h i n   t h e   e n t i r e   r e f r i g e -  

r a t i o n   c i r c u i t .   -  

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

c l a i m e d   i n   C l a i m   1,  c h a r a c t e r i z e d   i n   t h a t   t h e   t u r b i n e   i s  

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

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

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

3.  A  r e f r i g e r a t i o n   c i r c u i t   as  c l a i m e d   in   C l a i m   3 ,  

c h a r a c t e r i z e d   i n   t h a t   a  p e r m a n e n t   m a g n e t   i s   f i x e d   to   t h e  

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

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

4 .   A  r e f r i g e r a t i o n   c i r c u i t   as  c l a i m e d   i n   C l a i m   4 ,  

c h a r a c t e r i z e d   i n   t h a t   t h e   r o t a r y   member   w h i c h   i s   to   be  d r i v -  

en  by  t h e   t u r b i n e ,   and   a l s o   a  s u p p o r t i n g   s h a f t   to  w h i c h  .  

t h i s   r o t a r y   member   i s   f i x e d ,   a r e   l o c a t e d   e n t i r e l y   o u t s i d e  

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

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

5.  A  r e f r i g e r a t i o n   c i r c u i t   as  c l a i m e d   i n   any   o f   t h e  

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

w h i c h   i s   to  be  d r i v e n   by  t h e   t u r b i n e   f o r m s   p a r t   of  a  

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



6.  A  r e f r i g e r a t i o n   c i r c u i t   as  c l a i m e d   i n   any   o f  

C l a i m s   1  to  5,  c h a r a c t e r i z e d   in   t h a t   t h e   r o t a r y   member   w h i c h  

i s   to  be  d r i v e n   by  t h e   t u r b i n e   i s   l o c a t e d   i n s i d e   t he   r e -  

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

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