
Europaisch.es  Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 6 1   1 0 4  
Office  europeen  des  brevets  j\"2_ 

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  82102038.5  ©Int.  CI.3:  F  25  B  41 /04  
^   F  25  B  5/00 
(22)  Date  of  filing:  13.03.82 

©Priority:  24.03.81  IT  5304581  U  ©Applicant:  INDESIT  INDUSTRIA  ELETTRODOMESTICI 
09.06.81  IT  5333681  U  ITALIANA  S.p.A. 

Str.  Piossasco  Km  17 
l-10040RivaltaTurin(IT) 

(©  Date  of  publication  of  application: 
29.09.82  Bulletin  8239  ©  Inventor:  Alluto,  Luigi 

Strada  Santa  Brigida  37/4 
©  Designated  Contracting  States:  1-10024  Moncalieri  Torino(IT) 

DE  FR  GB  IT  NL 
@  Representative:  Prato,  Roberto  et  al, 

c/o  Ingg.  Carlo  e  Mario  Torta  Via  Viotti  9 
1-10121  Torino(IT) 

I 

©  Device  for  the  adjustment  of  the  refrigerating  fluid  flow  in  a  apparatus  for  the  production  of  cold  or  hot  conditions  and 
system  for  regulating  such  fluid  flow. 

O  

o  

©  A  contrivance  for  the  regulation  of  refrigerating  fluid 
flow  in  an  apparatus  meant  for  the  production  of  cold  or  heat 
is  described  hereinbefore. 

The  main  characteristic  of  such  a  contrivance  consists  in 
the  fact  that  it  comprizes  rather  simple  and  cheap  means  for 
the  regulation  of  said  flow,  such  means  including  an 
electromagnetic  valve  interposed  in  a  capillary  tube  (13) 
forming  part  of  the  refrigerating  fluid  circuit,  said  electro- 
magnetic  valve  comprizing  a  mobile  element  (19)  for  regulat- 
ing  such  flow,  the  position  of  which  is  controlled  by  an 
electric  pulse  or  signal  reaching  a  coil  (16)  of  said  valve  and 
by  the  pressure  of  the  fluid  of  the  capillary  tube  (13). 
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The  p r e s e n t   i n v e n t i o n   r e f e r s   to   a  c o n t r i v a n c e   f o r   the   a d j u s t m e n t  

of  t he   r e f r i g e r a t i n g   f l u i d - f l o w   in  an  a p p a r a t u s   f o r   t he   p r o d u c t i o n  

of  c o l d   or  ho t   c o n d i t i o n s ,   and  to  a  r e g u l a t i n g   s y s t e m   of  t he   r e f r i -  

g e r a t i n g   f l u i d   in  a  r e f r i g e r a t o r   c o m p r i z i n g   a t   l e a s t   two  r a f r i g e r a t i r g  

c e l l s   e v i d e n c i n g   d i f f e r e n t   t e m p e r a t u r e s ,   e a c h   of  wh ich   is  c o o l e d  

t h r o u g h   an  e v a p o r a t o r   t h r o u g h   wh ich   t he   r e f r i g e r a t i n g   f l u i d   i s  

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

the   o t h e r   is  i n t e n d e d   f o r   f r o z e n   f o o d ,   f u r t h e r   a  c o n d e n s e r   f o r  

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

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

f l u i d   f rom  the   c o n d e n s e r   to  t he   e v a p o r a t o r s .  

I t   is  known  t h a t   in  r e f r i g e r a t i n g   c i r c u i t s   of  h o u s e h o l d   a p p l i a n c e s  

the   e x p a n s i o n   v a l v e   was  r e p l a c e d   by  a  c a p i l l a r y   d e v i c e ,   ou t   o f  

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

T h i s   c a p i l l a r y   d e v i c e   e v i d e n c e s   h o w e v e r   some  weak  s i d e s ,   w h i c h  

are   e s s e n t i a l l y   due  to  i t s   s c a r c e   f l e x i b i l i t y   and  a d a p t a b i l i t y  

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

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

h i g h   a m b i e n t   t e m p e r a t u r e s ,   i t   is   p o s s i b l e   t h a t / o u t f l o w i n g   f r o m  



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

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

r e f r i g e r a t o r ' s   p e r f o r m a n c e   and  a l s o   t he   b u i l d i n g   up  of  h o a r f r o s t  

on  the   b a c k f l o w p i p i n g   of  the   r e f r i g e r a t i n g   f l o w   r e t u r n i n g   to  t h e  

c o m p r e s s o r ;   i t   c o u l d   even   o c c u r   t h a t   some  l i q u i d   p e n e t r a t e s   i n t o  

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

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

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

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

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

would  be  an  i n s u f f i c i e n t   c o o l i n g   of  the   c e l l   to  be  c o o l e d .  

F u r t h e r m o r e   t h e   two  d o o r s   r e f r i g e r a t o r s   e q u i p p e d   w i t h   t w o  

c o o l i n g   r o o m s  ,   one  f o r   f r e s h   f o o d s   and  one  f o r   f r o z e n   o n e s  

( c e l l   f r e e z e r )   w i t h   a  s i n g l e   c o m p r e s s o r   and  o n l y   one  r e f r i g e r a -  

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

re  in  one  of  t h e   two  c e l l s ,   t e m p e r a t u r e   c h a n g e s   a l s o   in  t h e   o t h e r  

c e l l ,   a u t o m a t i c a l l y .   T h i s   l i n k   c r e a t e s   p r o b l e m s   when  f o r   i n s t a n c e  

one  must   l o w e r   t h e   t e m p e r a t u r e   in  t he   f r e e z e r   c e l l   ( b e c a u s e   s o m e  

f r e s h   food   was  i n t r o d u c e d   and  is  to  be  f r o z e n ) ,   w h i l s t   t h e   t e m p e -  

r a t u r e   in  t h e   f r e s h   f o o d   c e l l   is  on  d e s i r e d   l e v e l   and  is   n o t   t o  

be  f u r t h e r   l o w e r e d .   In  such   c a s e s   i t   wou ld   be  v e r y   a p p r o p r i a t e   t o  

be  a b l e   to  a d j u s t   t h e   r e f r i g e r a t i n g   f l u i d   f l o w .   To  t h i s   end  o n e  

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

c o n t r i v a n c e )   or  an  e l e c t r o - m a g n e t i c   v a l v e .   H o w e v e r   t he   e x p a n s i o n  

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

h i g h   c o s t s .   The  e l e c t r o - m a g n e t i c   v a l v e s   i n s t e a d   c o u l d   be  i n s e r t e d  



and  c o n n e c t e d   in  s e r i e s   to   t he   r e f r i p e r a t i o n g   c i r c u i t   or  on  a 

b r a n c h   l i n e   p a r a l l e l   to  t he   e v a p o r a t o r .   In  the   f i r s t   c a s e   a n d  

c o n s i d e r i n g   t h a t   such  v a l v e s   have  o n l y   two  p o s i t i o n s ,   one  f o r  

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

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

and  w i t h   t he   d e s i r e d   f r e q u e n c y .   H o w e v e r   such  a  k i n d   of  o p e r a t i o n  

wou ld   imp ly   w i t h i n   a  s h o n t   l a p s e   of  t i m e   a  damage   t o  t h e   v a l v e ;  

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

a  n e c e s s a r y   l a p s e   of  t i m e   the   v a l v e   ( n o r m a l l y   c l o s e d )   in  o r d e r   t o  

" s h o r t "   the   e v a p o r a t o r  ,   w h i c h   u n d e r   s u c h   c o n d i t i o n s   would  n o  

l o n g e r   c o o l   t h e   c e l l .   But  in  t h i s   c a s e   i t   wou ld   be  n e c e s s a r y  

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

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

C o n s i d e r i n g   t h a t   t he   two  e v a p o r a t o r s  c a n   be  c o n n e c t e d   in  s e r i e s  

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

be  o b t a i n e d   t h r o u g h   two-   t h r e e -   or  f o u r - w a y   v a l v e s   of  the   e l e c t r o -  

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

t h e   p a s s i n g   t h r o u g h ,   t h e   s t o p p i n g   or  t he   d e v i a t i o n   of  the   r e f r i -  

g e r a t i n g   f l u i d   in  t he   two  e v a p o r a t o r s .  

For   i n s t a n c e   by  b l o c k i n g   t h e   f l o w i n g   of  the   r e f r i g e r a t i n g   f l u i d  

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

d e f r o s t   s a i d   c e l l   and  to  f r e e z e   the   f r o z e n   f o o d s   c e l l  

a l o n e .   Such  e l e c t r o - m a g n e t i c   v a l v e s   i n v o l v e   h o w e v e r   a  n o t a b l e  

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

h o u s e h o l d   a p p l i a n c e s   w h i c h   a re   to  be  p r o d u c e d   in  l a r g e   q u a n t i t i e s  

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



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

A n o t h e r   d r a w b a c k   in  t h e   r e f r i g e r a t o r s   e n t i o n e d   a b o v e   a f t e r  

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

of  t he   r e f r i g e r a t i n g   f l u i d   p r e s s u r e s )   i s   due  to  t he   f a c t   t h a t   s u  

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

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

e v a n o r a t o r s ,  d e g r a d i n g   them  in  c o n s e q u e n c e .  

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

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

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

w h i l s t   in  c a s e   of  damage   to  t he   e l e c t r i c a l   c o m p o n e n t   of  t h e  

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

t h e   c i r c u i t   of   t h e   r e f r i g e r a t i n g   f l u i d .  

A n o t h e r   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n   c o n s i s t s   in   s e t t i n g   u p  

a  r e f r i g e r a t i n g   c o m b i n e d   a p p a r a t u s   or  a  two  d o o r s   one ,   in  w h i c h  

t h e   o p e r a t i o n   of  t h e   two  c e l l s   u sed   f o r   c o o l i n g   p u r p o s e s   i s  

to   be  s u b s t a n t i a l l y   i n d e p e n d e n t ,   w h i l s t   t h e   r e g u l a t i n g   s y s t e m  

of  t h e   r e f r i g e r a t i n g   f l u i d   is  in  c o n d i t i o n s   to   w a r r a n t   t h e  

r e - b a l a n c i n g   of  t he   p r e s s u r e s   of  the   r e f r i g e r a t i n g   f l u i d  

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

n o t a b l y   money  s p a r i n g   t h r o u g h   the   use  of  e l e c t r i c   v a l v e s   h a v i n g  

a  low  c o s t   l e v e l .  

To  r e a c h   t h i s   t a r g e t ,   t he   p r e s e n t   i n v e n t i o n   p r o p o s e s   a  c o n -  

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

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

by  t he   f a c t   t h a t   i t   c o m p r i z e s   r a t h e r   s i m p l e   and  e c o n o m i c   m e a n s  



f o r   the  r e g u l a t i o n   of  s a i d   f l o w ,   s a i d   means  i n c l u d i n g   an  e l e c t r o  

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

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

t i c   v a l v e   c o m p r i z i n g   a  m o v a b l e   c o m p o n e n t   f o r   the   r e g u l a t i o n   o f  

s a i d   f l o w ,   the  p o s i t i o n   of  wh ich   is  c o n t r o l l e d   t h r o u g h   a n  

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

t he   f l u i d   p r e s s u r e   i n s i d e   t he   c a p i l l a r y   t u b e .  

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

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

up  and  the  e n c l o s e d   d r a w i n g s ,   wh ich   are   to   be  u n d e r s t o o d  

p u r e l y   as  e x a m p l e s   w i t h o u t   any  s p e c i f i c   l i m i t a t i o n .  

We  have  h e r e   t h r e e   f i g u r e   i n , w h i c h :  

In  the   f i g u r e   1  a p p e a r s   a  c r o s s   s e c t i o n   of  t he   f i r s t   r e a l i z a t i o n  

of  t h e   above   m e n t i o n e d   c o n t r i v a n c e   f o r m i n g   the   s u 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 ;   in  the   f i g u r e   2  a p p e a r s   s c h e m a t i c a l l y   a  

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

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

a p p l y i n g   the   d e v i c e   m e n t i o n e d   b e f o r e   and  a p p e a r i n g   on  f i g . 1 ;  

and  in  the   f i g u r e   3  t h e r e   a p p e a r s   a  c r o s s   s e c t i o n   of  a  s e c o n d  

form  of  r e a l i z a t i o n   of  t he   c o n t r i v a n c e   c o v e r e d   by  t h e  p r e s e n t  

i n v e n t i o n .  

With  r e f e r e n c e   to  f i g u r e   1  a  c y l i n d r i c a l   c o p p e r   c o n t a i n e r  

11  is  shown,   w i t h   two  a p e r t u r e s   12  and  14  opened   in  i t s   e n d  

p o r t i o n s .   In  t he   l o w e r   a p e r t u r e   12  a  f i r s t   p a r t   13'  of  a  

c a p i l l a r y   t ube   13  is  i n s e r t e d   and  w e l d e d  ,   f r o m  w h i c h   t h e  

r e f r i g e r a t i n g   f l u i d   f lows in to   t he   e v a p o r a t o r .   In  the   u p p e r   a p e r  



f u r e   14  a  s e c o n d   p a r t   of  the   same  c a n i l l a r y   t u b e   13  is  i n s e r t e d  

end  w e l d e d ;   i t   is  b e n t   so  as  to  a d h e r e   t  the   c o n t a i n e r   11  a n d  

to   r e m a i n   p a r a l l e l   to  t he   f i r s t   p a r t   13'  of  t he   c a p i l l a r y   t u b e ;  

f r o m   t h i s   p a r t   15  a r r i v e s   t he   r e f r i g e r a t i n g   f l i d   p r o c e e d i n g  

f rom  the   c o n d e n s e r .   Around   t h e   l o w e r   p o r t i o n   of  t he   c o n t a i n e r  

11  and  of  t h e   c a p i l l a r y   t u b e   p o r t i o n   15  a  c o i l   16  is  a r r a n g e d ,  

fed   by  a  c o n t i n u o u s   e l e c t r i c   v o l t a g e .   I n s i d e   t he   c o n t a i n e r   1 1 ,  

and  in  i t s   l o w e r   p o r t i o n ,   t h e r e   is  a  c i r c u l a r   p a r t i t i o n   17  w i t h  

a  h o l e   18  h a v i n g   a  c y l i n d r i c a l   s h a p e ,   w h i l s t   in  t h e   u p p e r   p a r t  

of  t he   c o n t a i n e r   t h e r e   is  an  i r o n   c o r e   19  w i t h   a  t i p   20  in  i t s  

l o w e r   p a r t ,  h a v i n g   an  a d e q u a t e   s i z e   f o r   o c c l u d i n g   t h e   h o l e   1 8 .  

The  f e e d i n g   of  t he   c o i l   16  c o u l d   a l s o   o c c u r   t h r o u g h   a . c .  ,   b u t  

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

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

w h i c h   would   c a u s e   l o s s e s .   F u r t h e r m o r e   t he   f u n c t i o n i n g   wou ld   b e  

v e r y   n o i s y .  

In  r e s t   c o n d i t i o n s ,   when  no  c u r r e n t   c i r c u l a t e s   i n s i d e   t h e  

c o i l   16,  t h e   i r o n   c o r e   19  and  i t s   b i t   20  o c c l u d e   c o m p l e t e l y  

t he   h o l e   18  due  to  t h e i r   w e i g h t   and  e s p e c i a l l y   to  t h e   p r e s s u r e  

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

f rom  t he   c o n d e n s e r   wh ich   p r e s s   them  d o w n w a r d s :   in  t h i s   w a y  

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

n o t   f l o w i n g   t h r o u g h .  

When  c o i l   16  r e c e i v e s   e l e c t r i c   c u r r e n t ,   a  m a g n e t i c   f l u x   i s  

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

t h e   i r o n   c o r e   19  and  i t s   b i t   20  u p w a r d s ,  a g a i n s t   t h e   r e s i s t a n c e  



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

d e n s e r   and  t e n d i n g   to  t h r u s t   such   c o m p e r e n t s   d o w n w a r d s :   h o w e v e r  

t he   a t t r a c t i o n   s t r e n g t h   in  upward   d i r e c t i o n   is  such   t h a t   i t   o v e r -  

c o m e s   such   r e s i s t a n c e   and  the   f i n a l   e f f e c t   is  an  upward   m o v e m e n t  

of  t h e   c o m p o n e n t s   m e n t i o n e d   a b o v e ,   so  t h a t   t h e y   no  l o n g e r   o b s t r u c t  

t h e   h o l e   18.  I t   i s   to  be  n o t e d   t h a t   t h e   s u s t e n t a t i o n   o f  t h e  

c o r e   19  by  t h e   m a g n e t i c   a t t r a c t i o n   of  t h e   c o i l   16  is  m a d e  

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

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

d e c r e a s e   in  t h e   p r e s s u r e   e x e r t e d   on  t he   c o r e   19  by  the   f l o w  

of  r e f r i g e r a t i n g   f l u i d .   F u r t h e r m o r e   when  c o r e   19  is   c o m p l e t e l y  

l i f t e d ,   t he   e n t i r e   i n n e r   p a r t   of  t he   c o n t a i n e r   11  is   e s s e n t i a l l y  

u n d e r   the   same  p r e s s u r e .   In  t h i s   way  t h e   e l e c t r o v a l v e   is   o p e n  

and  t he   r e f r i g e r a t i n g   f l u i d   can  f l o w   t h r o u g h .   When  t h e   c o i l   16 

is   d e - e n e r g i z e d ,   b i t   20  f a l l s   down  bu t   t he   p r e s s u r e   f o r c e   o f  

t he   f l u i d   k e e p s   i t   c o m p r e s s e d   a g a i n s t   t h e   h o l e   18  so  t h a t   t h e  

e l e c t r o v a l v e   is  m a i n t a i n e d   c l o s e d .   With  t h e   above   d e s c r i b e d  

c o n t r i v a n c e   a p p e a r i n g   on  f i g u r e   1,  one  o b t a i n s   t h e r e f o r e   a  

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

in  c o n s e q u e n c e   of  c o n t r o l   c u r r e n t   r e a c h i n g   c o i l   16  and  o b v i o u s l y  

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

t r o v a l v e   r e m a i n s   open  or  c l o s e d .   A  c o n t i n u o u s   r e g u l a t i o n   o f  

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

" a n a l o g u e " ,   can  be  o b t a i n e d   by  u s i n g   the   c o n t r i v a n c e   a p p e a r i n g  

on  f i g u r e   3,  s l i g h t l y   d i f f e r e n t   f rom  t h a t   of  f i g u r e   1,  w h e r e  

p a r t s   of  c a p i l l a r y   t u b e s   13'  and  15  a re   e x c h a n g e d   in  r e s p e c t   o f  



t h e   end  c o n n e c t i o n s   w i t h   t h e   c o n t a i n e r   11.  P a r t   15  t h r o u t h   w h i c h  

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

g l o w e r   a p e r t u r e   of  the   c o n t a i n e r   11,  w h i l s t   t h e   p a r t   13'  t h r o u g h  

wh ich   f l u i d   f l o w s   to   t h e   e v a p o r a t o r   is  w e l d e d   to  t he   u p p e r   a p e r -  

t u r e   of  t h e   c o n t a i n e r   11.  M o r e o v e r   the   c o i l   16  is  a r r a n g e d   a r o u n d  

t he   l o w e r  a r e a   of  t h e   c o n t a i n e r   11  a n d  t h e   h o l e   18'  c u t   i n t o  

t h e   c i r c u l a r  p a r t i t i o n  1 7   a s s u m e s   the   form  of  a  t r u n c a t e d   c o n e  

w h i l s t   t he   b i t   20  of  t h e   c o r e   19  is  a d e q u a t e l y   made  of  n y l o n .  

In  t h i s   c a s e ,   and  in  r e s t   c o n d i t i o n s ,   when  no  c u r r e n t   p a s s e s  

t h r o u g h   t h e   c o i l   16,  t he   i r o n   c o r e   19  and  i t s   b i t   20  s h o u l d   c l o s e  

due  to  t h e i r   w e i g h t   t he   h o l e   1 8 ' ,   bu t   t h e   p r e s s u r e   of  t he   r e f r i -  

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

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

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

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

When  a  d e t e r m i n e d   q u a n t i t y   of  c u r r e n t   p a s s e s   t h r o u g h   t h e   c o i l   16  

an  a p p r o p r i a t e   m a g n e t i c   f l u x   is  g e n e r a t e d   w h i c h   in  t u r n  

g e n e r a t e s   a  f o r c e   a t t r a c t i n g   t he   i r o n   c o r e   19  and  i t s   b i t   2 0 ,  

w h i c h   o c c l u d e s   p a r t i a l l y   t h e   h o l e   1 8 ' ,   t h u s   r e d u c i n g   t h e   f l o w  

of  t he   r e f r i g e r a t i n g   f l u i d   to  a  c e r t a i n   e x t e n t .  

The  d i s p l a c e m e n t   of  t he   i r o n   c o r e   19  and  of  i t s   b i t   20,   a n d  

t h e r e f o r e   t h e   s i z e   of  t he   o c c l u s i o n   of  t he   h o l e   18'  a r e   a  

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

c o i l   16,  so  t h a t   by  v a r y i n g   c o n t i n u o u s l y   s u c h   a  c u r r e n t ,   o n e  

can  v a r y   w i t h   t h e   same  p r e c i s i o n   s a i d   a p e r t u r e   of  h o l e   1 8 ' .   I n  

d e p e n d e n c e   on  t he   s i z e   of  t h e   c a p i l l a r y   t u b e   13  and  of  t h e  



' c a p i l l a r y   t y p e   3  and  on  t he   opending  of  s a i d   h o l e   18'  one  c a n  

o b t a i n   an  e x a c t   r e g u l a t i o n   of  τhe  f l o w   of  the   r e f r i g e r a t i n g   f l u i d  

wh ich   n e v e r   l o w e r s   to  n o u g h t   due  to  the   c o n s i d e r a b l e   c o n t r a r y  

f o r c e   e x e r t e d   by  the   r e f r i g e r a t i n g   f l u i d   in  r e g a r d   to  the  c o r e  

19  a g a i n s t   w h i c h   t he   f l o w   is  s t r i k i n g .  

I t   is  f u r t h e r   to  be  n o t e d   t h a t   t he   d i f f e r e n t   s h a p e   of  the   t w o  

h o l e s   (18  is  c y l i n d r i c a l   and  18'   has   t he   form  of  a  t r u n c a t e d   c o n e )  

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

a l t h o u g h   u s e f u l   in  t h e   i n s t a n c e   of  t he   f i g u r e   3  f o r   an  " a n a l o g u e "  

r e g u l a t i o n   of  t he   f l o w ,   is  no  l o n g e r   a p p l i c a b l e   in  the   case   o f  

f i g u r e   1  f o r   a  " d i g i t a l "   r e g u l a t i o n   of  same,   in  v iew  of  t h e  

f a c t   t h a t   t he   f a y i n g   s u r f a c e   b e t w e e n   b i t   20  and  h o l e   18  w o u l d  

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

to  t he   o i l   16  to  o b t a i n   a  d i s j u c t i o n   b e t w e e n   such   two  c o m p o n e n t s .  

I t   is  t h e r e f o r e   u s e f u l l   to  have  in  t h i s   c a s e   a  s m a l l   f a y i n g   o r  

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

h o l e   1 8 .  

One  can  a l s o   n o t e   t h a t   t he   p a r t  o f   c a p i l l a r y   t u b e   wh ich   i s  

b e n t   on  t h e   s i d e   of  t he   c o n t a i n e r   11  a l l o w s   an  e a s y   r e p l a -  

c e m e n t   of  t he   c o i l   16  ( F i g u r e   1  and  3 )  :   as  a  m a t t e r   of  f a c t  

s h o u l d   s a i d   c o i l   16  be  damaged   f o r   a  w h a t s o e v e r   r e a s o n   a n d  

be  t h e r e f o r e   r e p l a c e d ,   i t   would   be  s u f f i c i e n t   to  e x t r a c t   i t  

f rom  i t s   p o s i t i o n ,   w i t h o u t   d i s t u r b i n g   in  t he   s l i g h t e s t   t h e  

r e f r i g e r a t i n g   f l u i d   c i r c u i t .  

With   r e f e r e n c e   to  f i g u r e s   2  we  can  o b s e r v e :   a  c o m p r e s s o r   1 ,  

a  c o n d e n s e r   2  c o n n e c t e d   to  t he   o u t l e t   of  c o m p r e s s o r   1,  a  de-   1 



h y d r a t i n g   s t r a i n e r   f o r   the   r e f r i g e r t i n g   f l u i d   3  on  t he   o u t l e t  

o f   n e   c o n d e n s e r   2,  a  f i r s t   c a p i l l a r y   t u b e   4F  ( d i a m e t e r   0 , 7 0   mm, 

l e n g t h   2800  mm)  c o n n e c t e d   w i t h   the   d e h y d r a t i n g   s t r a i n e r   3,  a 

f i r s t   e l e c t r o v a l v e   w i t h   a  r e m o v a b l e   c o i l   5F  ( l i k e   t h a t   on  f i g . 1 ) ,  

i n s e r t e d   i n t o   t h e   f i r s t   c a p i l l a r y   t u b e   4F  which   is  a p p r o p r i a t e l y  

i n t e r r u p t e d ,   a  f i r s t   e v a p o r a t o r   6F  c o n n e c t e d   w i t h   t he   c a p i l l a r y  

t u b e   4F,  a  s e c o n d   c a p i l l a r y   t u b e   4 C . ( d i a m e t e r   0 , 7 0   mm,  l e n g t h  

3200  mm)  c o n n e c t e d   w i t h   t he   d e h y d r a t i n g   s t r a i n e r   3,  a  s e c o n d  

e l e c t r o v a l v e   w i t h   r e m o v a b l e   c o i l   5C,  j u s t   as  on  f i g u r e   1,  i n -  

s e r t e d   i n t o   t h e   s e c o n d   c a p i l l a r y   t u b e   4C,  a p p r o p r i a t e l y   i n t e r r u p t e d ,  

a  s e c o n d   e v a p o r a t o r   6 C ,  t h e   i n l e t   of  w h i c h   is  c o n n e c t e d   w i t h  

t h e   o u t l e t   of  t h e   f i r s t   e v a p o r a t o r   6F  and  t h e   s e c o n d   c a p i l l a r y  

t u b e   4C,  and  a  r e t u r n   f l u e   7  c o n n e c t i n g   t h e   o u t l e t   of  t he   s e c o n d  

e v a p o r a t o r   6C  w i t h   t h e   i n p u t   of  t he   c o m p r e s s o r   1 .  

The  f u n c t i o n i n g   of  t h e   r e f r i g e r a t i n g   a s s e m b l y   is  c a r r i e d   out   b y  

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

as  f o l l o w s :   when  b o t h   c e l l s   r e q u i r e   c o l d ,   t h e   c o m p r e s s o r   1 

s t a r t s   to   f u n c t i o n ,   t h e   e l e c t r o v a l v e   5F  r e m a i n s   o p e n  ,   t h e   e l e c t r o  

v a l v e   5C  is  c l o s e d  .   In  t h i s   way  t h e   r e f r i g e r a t i n g   f l u i d   c a n  

c i r c u l a t e   in  b o t h   e v a p o r a t o r s   6F  and  6C  and  is  c o o l i n g   b o t h  

c e l l s .  

When  o n l y   one  c e l l   ( t h a t   f o r   f r o z e n   f o o d )   n e e d s  c o l d ,   c o m p r e s s o r  

1  is  a l w a y s   in  o p e r a t i o n ,   w h i l e   the   e l e c t r o v a l v e   5F  is  c l o s e d  

and  t he   e l e c t r o v a l v e  6 F   is   open .   In  t h i s   way  no  r e f r i g e r a t i n g  

f l u i d   is  c i r c u l a t i n g   in  t h e   e v a p o r a t o r   6F  and  t he   f r e s h   f o o d  

.  c e l l   is  n o t   c o o l e d ,   w h i l e   the   c i r c u l a t i o n   of  r e f r i g e r a t i n g   f l u i d  



in  the   c a a n o r e t o r   6C  c o l s   t he   c e l l   c  m a i n i n g   f r o z e n   f o o d .  I r i e -  

d i a t e l y   a f t e r   the   s t o p p i n g   of  the  c o n n e r s s o r   1,  the   t h e r m o s t a t i c  

c i r c u i t   opens   bo th   e l e c t r o v a l v e s   5F  and  5C  and  a l l o w s   a  q u i c k  

r e - b a l a n c i n g   of  the  p r e s s u r e s   of  r e f r i g e r a t i n g   f l u i d ,   t h u s  

a v o i d i n g   the   d e g r a d i n g   of  the   e v a p o r a t o r s   6F  and  6 C .  

In  a  v a r i a n t ,   s a i d   t h e r m o s t a t i c   c i r c u i t   can  open  the   f i r s t  

e l e c t r o v a l v e   5F  and  c l o s e   t he   s e c o n d   one  5C;  in  t h i s   way  t h e  

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

n o t   o c c u r r i n g   v e r y   r a p i d l y   b u t   t he   who le   of  t he   o u t e r   h e a t  

is  s c a t t e r e d   on  the   e v a p o r a t o r   of  t he   c e l l   f o r   f r e s h   food   6 F ,  

w h i c h   is  no t   w o r s e n i n g   the  o p e r a t i o n   b e c a u s e   i t   f i n d s   i t s e l f  

in  a  p h a s e   of  d e f r o s t i n g .  

In  t h i s   w a y  ,   as  can  be  n o t e d ,   i t   was  p o s s i b l e   to  o b t a i n   a n  

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

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

of  t he   e v a p o r a t o r s   were   a v o i d e d .  

As  can  be  n o t e d   f rom  the   d e s c r i p t i o n   of  t he   f u n c t i o n i n g ,   t h e  

e l e c t r o v a l v e   f o r m i n g   the   s u b j e c t   of  the   p r e s e n t   i n v e n t i o n ,  

may  r e p l a c e   w i t h   t he   same  p e r f o r m a n c e   an  e l e c t r o v a l v e  

of  t he   known  t w o - w a y s   t y p e ,   w h i l e   two  of  the   same  e l e c t r o v a l v e s  

c o n n e c t e d   as  p e r   f i g u r e   2  may  r e p l a c e   a  t h r e e - w a y s   e l e c t r o v a l v e  

of  a  known  t y p e .   I t   may  even  be  added   t h a t   t h i s  a r r a n g e m e n t  

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

t he   l a t t e r   can  have   on ly   two  p o s i t i o n s   (way  A  open  and  way  B 

c l o s e d   and  way  A d o s e d   and  way  B  open ,   wh ich   can  be  i n d i c a t e d   by  

s y m b o l s   01  and  10). 



T h e   two  e l e c t r o v a l v e s   5F  and  5C  c o n n e c t e d   as  s h o w n  

a l l o w  f o u r   c o m b i n a t i o n s   v i z .  :   5F  c l o s e d - 5 C   c l o s e d ,   5F  c l o s e d -  

5C  o p e n ,   5F  o p e n - 5 C   c l o s e d ,   5F  o p e n - 5 C   open  wh ich   can  be  i n d i c a -  

t ed   as  0 0 , 0 1 , 1 0 , 1 1   and  t h r o u g h   w h i c h   one  can  o b t a i n   a  p e r f o r m a n c e  

f l e x i b i l i t y   w h i c h   is  no t   o b t a i n a b l e   w i t h   a  t h r e e - w a y s   e l e c t r o v a l v e  

In  a  non  a p p e a r i n g   v a r i a n t   f o r   t he   r e f r i g e r a t i n g   c i r c u i t   o f  

t he   f i g u r e   2,  t h e   c a p i l l a r y   t u b e   may  be  w a n t i n g   in  the   r e l e v a n t  

e l e c t r o v a l v e   (4C  b e i n g   the   t u b e   and  5C  t h e   e l e c t r o v a l v e )   so  t h a t  

t h e r e   r e m a i n s   o n l y   t he   c a p i l l a r y   t u b e   4F,  w i t h   an  a p p r o p r i a t e   s i z e  

and  in  w h i c h   e l e c t r o v a l v e   5F  is  i n s e r t e d   ( i t s   t y p e   b e i n g   t he   s ame  

of  t h a t   a p p e a r i n g   on  f i g u r e   3 ) :   t h e   r e g u l a t i o n   in  t h i s   c a se   i s  

of  t he   " a n a l o g u e "   k i n d .  

When  b o t h   c e l l s  6 F   and  6C  a re   to  be  c o o l e d ,  t h e   e l e c t r o v a l v e   5F  

f i n d s   i t s e l f   in  t he   maximum  o p e n i n g   c o n d i t i o n s   and  the   f l ow  o f  

r e f r i g e r a t i n g   f l u i d   is  a t   a  maximum  l e v e l   w i t h   an  e f f i c i e n c y  

a b l e   to  c o o l   b o t h   c e l l s .  

t h e   f r e s h   f o o d   c e l l   ( i n   c o n n e c t i o n   w i t h   e v a p o r a t o r   6C)  

d o e s  n o t   n e e d   any  c o o l i n g ,   b u t   t h i s   is  t h e   c a s e   of  t h e   f r o z e n  

food   c e l l   ( c o n n e c t e d   w i t h   e v a p o r a t o r   6F)  one  u s e s   t he   e l e c t r o -  

v a l v e   5 F , i n   t h e   way  a l r e a d y   d e s c r i b e d   in  r e f e r e n c e   to  f i g . 3 ,  

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

l e v e l ,   so  t h a t   o n  t h e   - i n l e t   of  t he   e v a p o r a t o r   6 C t h e r e   r e m a i n s  

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

p o w e r .   In  t h i s   way  i t   is  p o s s i b l e   to   c o o l   t h e   f r o z e n   food  c e l l  

and  n o t   t h e   f r e s h   food   one,   t h u s   o b t a i n i n g   an  e s s e n t i a l l y   i n d e -  

p e n d e n t   f u n c t i o n i n g   of  the   two  c o o l i n g   c e l l s .  



I n   avove   s p e c i f i c a t i o n   shows  c l e a r l y   t he   a d n t a g e s   r e s e n t e d  

by  the   c o n t r i v a n c e   in  r e s p e c t   of  a  r e f r i g e r a t i n g   a s s e m b l y ,   and  t h e  

same  can  be  s a i d   of  t he   r e g u l a t i o n   s y s t e m   f o r   t he   r e f r i g e r a t i n g  

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

e v i d e n c e d   by  t he   f a c t   t h a t   i t   is  p o s s i b l e   to  use   p a r t i c u l a r l y  

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

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

t h e   c o i l   16  of  s a i d   c o n t r i v a n c e   w i t h o u t   c a u s i n g   any  damage   t o  

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

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

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

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

o t h e r   known  t y p e s   w h i c h   a r e   more  c o s t l y   and  f i n a l l y  t h a t   t h e  

f u n c t i o n i n g   c a u s e s   l i t t l e   n o i s e .  

I t   is  o b v i o u s   t h a t   n u m e r o u s   v a r i a t i o n s   a r e   p o s s i b l e   as  f a r   a s  

t he   r e g u l a t i o n   s y s t e m   of  t he   r e f r i g e r a t i n g   f l u i d   is  c o n c e r n e d ;  

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

or  the   s h a p e   a n d / o r   t h e   m a t e r i a l s   used   f o r   t he   c o a t i n g   or  t h e  

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

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

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



1 .  -  C o n t r i v a n c e   f o r   t he   r e g u l a t i o n   of  t he   r e f r i g e r a t i n g   f l u i d  

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

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

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

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

a  c a p i l l a r y   t u b e   ( 1 3 ;   f o r m i n g   p a r t   of  t h e   r e f r i g e r a t i n g   f l u i d  

c i r c u i t ,   s a i d   v a l v e   i n c l u d i n g   a  m o v a b l e   e l e m e n t   (19)   f o r   t h e  

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

an  e l e c t r i c   p u l s e   or  s i g n a l   r e a c h i n g   a  c o i l   (16)   of  s a i d   v a l v e  

and  by  t he   p r e s s u r e   of  t he   f l u i d   i n s i d e   t h e   c a p i l l a r y   t u b e   ( 1 3 ) .  

2 .  -   C o n t r i v a n c e   a c c o r d i n g   to  t h e   c l a i m   1,  c h a r a c t e r i z e d   by  t h e  

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

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

m o v a b l e   e l e m e n t   ( 1 0 ) a r d t h u s   of  s a i d   f l o w .  

3 .  -   C o n t r i v a n c e   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 z e d   by  t h e   f a c t  

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

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

e l e m e n t   (19)   and  t h u s   f o r   l i m i t   v a l u e s   of  o p e n i n g   and  c l o s i n g  

of   s a i d   f l o w .  

4 .  -   C o n t r i v a n c e   a c c o r d i n g   one  of  t he   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   by  t he   f a c t   t h a t   s a i d   e l e c t r o m a g n e t i c   v a l v e   c o m p r i z e s   a  

c o n t a i n e r   (11  t h e   ends   of  w h i c h   a r e   c o n n e c t e d   w i t h   t w o  

t e r m i n a l s   ( 1 3 ' , 1 5 )   of  s a i d   c a p i l l a r y   t u b e   ( 1 3 ) ,   s a i d   c o n t a i n e r  

( 1 1 )   h a v i n g   i n s i d e   i t   s a i d   m o b i l e   e l e m e n t   (19)   c o m p r i z i n g   a  c o r e  

d i s p l a c e a b l e   t h r o u g h   s a i d   c o i l   ( 1 6 ) ,   t h i s   c o r e   h a v i n g   a  t e r m i n a l  



(20)   c l o s i n g  i n   t o t a l   or  in  p a r t   an  o r i d i c e   ( 1 8 , 1 8 ' )   u t t i n g   i n  

c o m m u n i c a t i o n   t he   two  ends  ( 1 3 ' , 1 5 )   of  the   c a p i l l a r y   t u b e .  

5 .  -   C o n t r i v a n c e   a c c o r d i n g   to  c l a i m   4,  c h a r a c t e r i z e d   by  the   f a c t  

t h a t   s a i d   o r i f i c e   ( 1 8 ' )   is  made  in  a  p a r t i t i o n   (17)   as  a  c e n t r a l  

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

p r e s e n t   in  t he   a b o v e  m e n t i o n e d   c o n t a i n e r   (11)   w h i l e   t he   t e r m i n a l  

(20)   of  s a i d   c o r e   (19)   is  made  of  n y l o n .  

6 .  -   C o n t r i v a n c e   a c c o r d i n g   to  c l a i m   4,  c h a r a c t e r i z e d   by  the   f a c t  

t h a t   s a i d   o r i f i c e   (18)   is  o b t a i n e d   as  a  c y l i n d r i c a l   h o l e   m a d e  

c e n t r a l l y   in  a  p a r t i t i o n   (17)  i n s e r t e d   i n s i d e   t h e   c o n t a i n e r   ( . 1 1 ) .  

7  -   C o n t r i v a n c e   a c c o r d i n g   to  one  of  t he   c l a i m s   f rom  4  to  6 ,  

c h a r a c t e r i z e d   by  t he   f a c t   t h a t   s a i d   c o i l   (16)   is  a r r a n g e d   a r o u n d  

s a i d   c o n t a i n e r   (11)   and  a r o u n d   a t   l e a s t   one  p o r t i o n   of  s a i d  

c a p i l l a r y   t u b e   (13)   b e n t   a l o n g s i d e   s a i d   c o n t a i n e r ,   to  a l l o w  

an  ea sy   r e p l a c e m e n t   of  s a i d   c o i l   (16)   w i t h o u t   i n t e r r u p t i n g   t h e  

r e f r i g e r a t i n g   f l u i d   c i r c u i t .  

8  -   C o n t r i v a n c e   a c c o r d i n g   to  one  of  t he   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   by  the   f a c t   t h a t   s a i d   m o b i l e   e l e m e n t   (19)   is  i n  

c o n d i t i o n s   to  move  v e r t i c a l l y   and  s a i d   v a l v e   is  c o n n e c t e d   w i t h  

t he   a/m  c a p i l l a r y   t u b e   ( 1 3 ) ,   so  t h a t   in  a b s e n c e   of  a  c o n t r o l  

p u l s e   r e a c h i n g   the   c o i l  ,   s a i d   m o b i l e   e l e m e n t   (19)   is   s u b j e c t  

to  t he   a c t i o n   of  t he   f l u i d   f low,   wh ich   a g a i n s t   i t s   w e i g h t  

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

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

9 .  -  C o n t r i v a n c e   a c c o r d i n g   to  one  of  t he   c l a i m s   f r o m   1  to  7 ,  

c h a r a c t e r i z e d   by  t he   f a c t   t h a t   s a i d   m o b i l e   e l e m e n t   (19)   c a n  



cove  v i r t i c a l l y   and  s a i d   v a l v e   is  c o n n e c t e d   w i t h   s a i d  c a p i l l a r y  

t u b e   (13)   so  t h a t , i n   a t - s e n c e   of  a  c o n t r o l   p u l s e   p r a c h i n g   t h e   c o i l ,  

s a i d   m o v a b l e   e l e m e n t   (19)   is  s u b j e c t   to  i t s   w e i g h t   and  tn  t h e  

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

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

o p e n i n g   of  s a i d   v a l v e .  

1 0 .  -   R e g u l a t i o n   s y s t e m   of  t he   r e f r i g e r a t i n g   f l o w   in  a  r e f r i g e -  

r a t i n g   a s s e m b l y   c o m p r i z i n g   a t   l e a s t   two  c o o l i n g   c e l l s   a t   d i f f e r e n t  

t e m p e r a t u r e s ,   e ach   of  w h i c h   is  c o o l e d   by  an  e v a p o r a t o r   t h r o u g h  

w h i c h   t h e   r e f r i g e r a t i n g   f l u i d   is  f l o w i n g ,   one  of  them  b e i n g  

m e a n t   f o r   f r e s h   f o o d   and  the   o t h e r  f o r  f r o z e n   o n e s ,   a  c o m p r e s s o r  

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

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

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

to   t he   e v a p o r a t o r s ,   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t   is  c a n  

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

c o o l i n g   c e l l s   by  u s i n g   a  f i r s t   (5F)   and  a  s e c o n d   (5C)  e l e c t r o -  

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

i n t e r r u p t i n g   a p p r o p r i a t e l y   a   f i r s t   (4F)   and  a  s e c o n d  

c a p i l l a r y   t u b e   (4C)  f o r m i n g   p a r t   of  a  n e t w o r k   of  t u b e s   a n d  

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

1 1 .  -   S y s t e m   of  r e g u l a t i o n   of  t he   r e f r i g e r a t i n g   f l u i d   f l o w  

in  a  r e f r i g e r a t i n g   a s s e m b l y   a c c o r d i n g   to   c l a i m   (10)   c h a r a c t e -  

r i z e d   by  t h e   f a c t   t h a t   t h e   i n l e t   of  s a i d   c a p i l l a r y   t u b e s   ( 4 F , 4 C )  

is   c o n n e c t e d   w i t h   t h e  o u t l e t   of  s a i d   c o n d e n s e r ,   w h i l s t   t h e   o u t l e t  

of  t h e   f i r s t  c a p i l l a r y   t u b e   (4F)   is   c o n n e c t e d   w i t h   t h e   i n l e t   o f  



the   e v a p o r a t o r  ( 6 F )   l i n k e d   w i t h   t h e  f r o z e n   food  c e l l  a n d  w i t h  

the   o u t l e t   of  t he   s e c c n d   c a p i l l a r y   t u b e   (4C) ,   w h i l s t   t he   o u t l e t  

of  the   e v a p o r a t o r   (6C)  l i n k e d   w i t h   The  c e l l   of  the   f r o z e n  

food  is  c o n n e c t e d   w i t h   a  r e t u r n   f l u e   or  d u c t   ( 7 ) .  

1 2 .  -   S y s t e m   of  r e g u l a t i o n   of  the   f l o w   of  the   r e f r i g r a t i n g  

f l u i d   in  a  r e f r i g e r a t i n g   a s s e m b l y   a c c o r d i n g   to  t h e  c l a i m   1 1 ,  

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

be  c o o l e d ,   s a i d   f i r s t   e l e c t r o v a l v e   (5F)  is  opened   w h i l s t   t h e  

s e c o n d   e l e c t r o v a l v e   (5C)  is   c l o s e d   so  t h a t   t he   r e f r i g e r a t i n g  

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

(6F  and  6C)  c o o l i n g   the   r e l e v a n t   c e l l s ,   and  by  the   f a c t  

t h a t   when  i t   is  d e s i r e d   to   c o o l   t h e   f r o z e n   food   c e l l   o n l y ,  

s a i d   f i r s t   e l e c t r o v a l v e   (5F)  is  c l o s e d ,   w h i l s t   s a i d   s e c o n d  

e l e c t r o v a l v e   (5C)  i s   o p e n e d ,   so  t h a t   t h e   r e f r i g e r a t i n g   f l u i d   c a n  

c i r c u l a t e   in  t he   e v a p o r a t o r   (6C)  o n l y   c o n n e c t e d   w i t h   t he   f r o z e n  

food   c e l l .  

1 3 .  -   S y s t e m   of  r e g u l a t i o n   of  t he   r e f r i g e r a t i n g   f l u i d   f l o w   i n  

a  r e f r i g e r a t i n g   a s s e m b l y   a c c o r d i n g   to  c l a i m   11,  c h a r a c t e r i z e d  

by  t he   f a c t   t h a t   a f t e r   t he   s t o p p i n g   of  s a i d   c o m p r e s s o r   (1)  b o t h  

e l e c t r o v a l v e s   (5F  and  5C)  a r e   o p e n e d   in  o r d e r   to  a l l o w   a  q u i c k  

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

1 4 .  -   S y s t e m   of  r e g u l a t i o n   of  t he   r e f r i g e r a t i n g   f l u i d   f l o w   i n  

a  r e f r i g e r a t i n g   a s s e m b l y   a c c o r d i n g   to  c l a i m   11,  c h a r a c t e r i z e d  

by  t he   f a c t   t h a t   a f t e r   t h e   s t o p p i n g   of  s a i d   c o m p r e s s o r   (1)  t h e  

f i r s t   e l e c t r o v a l v e   (5F)  is  o p e n e d ,   w h i l s t   t he   s e c o n d   e l e c t r o -  

v a l v e   ( 5 C )  i s   c l o s e d ,   so  t h a t   d u r i n g   t h e   r e - b a l a n c i n g   of  t h e  



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

f r o m  t h e   c o n d e n s e r   (2)  is  d i s s i p a t e d   on  t h e  f r o z e n   food  c e l l   o n l y  

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

number  (6F).  

1 5 .  -   S y s t e m   of  r e g u l a t i o n   of  t he   r e f r i g e r a t i n g   f l u i d   f l o w   i n  

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

10  t o  1 4 ,   c h a r a c t e r i z e d   by  the   f a c t   t h a t   s a i d   e l e c t r o v a l v e s   ( 5 F  

and  5C)  b e l o n g   to  a  d e v i c e   a c c o r d i n g   to  c l a i m   9 .  

1 6 .  -   S y s t e m   of  r e g u l a t i o n   of  t h e   r e f r i g e r a t i n g   f l u i d   f l o w  

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

each  of  them  b e i n g   c o o l e d   by  an  e v a p o r a t o r   t h r o u g h   w h i c h   f l o w s  

the   r e f r i g e r a t i n g   f l u i d ,   one  of  them  b e i n g   m e a n t   f o r   f r e s h  

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

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

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

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

the  c o n d e n s e r   to   t h e   e v a p o r a t o r s ,   c h a r a c t e r i z e d   by  t h e   f a c t   t h a t  

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

c o o l i n g   c e l l s   by  u s i n g   an  e l e c t r o v a l v e   (5F)  i n s e r t e d   i n t o   t h e  

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

of  s a i d   c a p i l l a r y   t u b e   ( 4 F ) .  

1 7 .  -   S y s t e m   of  r e g u l a t i o n   of  t h e   r e f r i g e r a t i n g   f l u i d   f l o w   i n  

a  r e f r i g e r a t i n g   a s s e m b l y   a c c o r d i n g   to  t he   c l a i m   16,  c h a r a c t e r i z e d  

by  the   f a c t   t h a t   s a i d   e l e c t r o v a l v e   (5F)  b e l o n g s   to   a  d e v i c e  

m e n t i o n e d   u n d e r   c l a i m   8 .  

1 8 .  -   S y s t e m   of  r e g u l a t i o n   of  t h e   r e f r i g e r a t i n g   f l u i d   f l o w   i n  



a  r e f r i z e i a t i n g   a s s e m b l y   c o m m i z i n   at   l e a s t   two  c o o l i n g  c e l l s  a t  

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

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

c e l l s   b e i n g   mean t   f o r   f r e s h   food   and  the   o t h e r   f o r   f r o z e n   o n e s ,  

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

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

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

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

c h a r a c t e r i z e d   by  the   f a c t   t h a t   i t   e n s u r e s   an  e s s e n t i a l l y   i n d e p e n -  

d e n t   f u n c t i o n i n g   of  t h e   two  c e l l s   f o r   c o o l i n g   food   by  u s i n g   a t  

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

t h e   c l a i m s   f rom  1  to  9  i n s e r t e d   i n t o   the   r e f r i g e r a t i n g   f l u i d  

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