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@  FLEXIBLE  HEAT  TRANSFER  STRUCTURE  AND  METHOD  OF  MANUFACTURING  SAME. 

©  Flexible  heat  transfer  structure  the  shape  of  which  can  be  ^ 
varied  comparatively  free  in  accordance  with  the  condition  of  \ 
use  thereof.  More  particularly,  the  present  invention  relates  to  a  j 
flexible  heat  transfer  structure  consisting  of  a  working  fluid,  and  ,^^Z,J>  -^w/  < 
a  container  in  which  the  working  fluid  is  packed,  and  characte-  /rn\^f\   AV\  A  A  / rized  in  that  the  container  is  filled  with  the  working  fluid  when  the  Iff  I  )  I  \  I  \  J  \  I  \  I  \  I 
structure  is  not  in  operation,  and  expanded  to  increase  the  vo-  W w y H   Tw  T  7~\  TV lume  thereof  due  to  the  gasification  of  the  working  fluid  and  K   7 /  
form  a  steam  space  therein  when  the  structure  is  in  operation.  \ 
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see   p a g s  

\  S P E C I F I C A T I O N  

LEXIBLE  HEAT-TRANSFERRING  STRUCTURE  AND  PROCESS  OF 

RODUCING  THE  SAME 

TECHNICAL  F I E L D  

T h i s   i n v e n t i o n   r e l a t e s   to  a  f l e x i b l e  

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

ihange  i t s   form  d e p e n d i n g   on  t h e   m a n n e r   of  u s i n g .  

BACKGROUND  ART 

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

is  h e a t   p i p e   is   o b t a i n e d   by  s e a l i n g   an  o p e r a t i n g   f l u i d   i n  

i  m e t a l   c o n t a i n e r   w h i l e   e l i m i n a t i n g   t h e   gas   in  t h e  

c o n t a i n e r ,   and  i t s   b a s i c   s t r u c t u r e   and  f u n c t i o n   a r c  

p r o p o s e d   in  USP3  , 2 2 9 , 7 5 9 .   The  i n s i d e   of  t he   m e t a l  

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

v a p o r   r e s u l t i n g   from  the   v a p o r i z a t i o n   of  t h e   o p e r a t i n g  

f l u i d .  

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

v a p o r i z a t i o n   r e g i o n   and  a  c o n d e n s a t i o n   r e g i o n .   In  t h e  

v a p o r i z a t i o n   r e g i o n ,   when  h e a t   i s   a p p l i e d   f rom  o u t s i d e ,   a  

p o r t i o n   of  t he   c o n t a i n e d   f l u i d   is  v a p o r i z e d   and  b e c o m e s   a  

v a p o r   of  t he   o p e r a t i n g   f l u i d .   At  t h i s   t i m e ,   h e a t   i s  

t a k e n   f rom  t he   o u t s i d e   of  t he   v i c i n i t y   of  t h e  

v a p o r i z a t i o n   r e g i o n   due  to  t he   v a p o r i z a t i o n .   On  t h e  

o t h e r   h a n d ,   in  tho  c o n d e n s a t i o n   r e g i o n ,   t he   v a p o r   of  t h e  

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

l i q u i d   s t a t e .   At  t h i s   t i m e ,   h e a t   i s   r e l e a s e d   to  t h e  

o u t s i d e   of  t h e   v i c i n i t y   of  t he   c o n d e n s a t i o n   r e g i o n   due  t o  

t h e   c o n d e n s a t i o n .   T h u s ,   the   t r a n s f e r   of  t he   h e a t   i s  
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c o n d u c t e d   b a s e d   on  t he   a b s o r p t i o n   and  r e l e a s e   of  t h e  

l a t e n t   h e a t   due  to   t h e   p h a s e   c h a n g e   of  t h e   o p e r a t i n g  

f l u i d .  

F u r t h e r ,   i n s i d e   t h e   h e a t   p i p e ,   a  m a t e r i a l   c a l l e d  

" w i c k   m a t e r i a l "   such   as  m e t a l   mesh  and  s i n t e r e d   m e t a l   i s  

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

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

t h e   v a p o r i z a t i o n   r e g i o n .  

In  o r d e r   to  e f f e c t i v e l y   c o n d u c t   t h e   e x c h a n g e   of  t h e  

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

has   b e e n   a  p r e v a i l i n g   i d e a   to  use   a  m e t a l   h a v i n g   a  h i g h  

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

c o n t a i n e r   or  as  t h e   w i c k   m a t e r i a l .  

A l t h o u g h   t he   m e t a l   m a t e r i a l s   have   an  a d v a n t a g e   t h a t  

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

r e g i d   m a t e r i a l s .   T h u s ,   a l t h o u g h   s m a l l   d e g r e e   o f  

d e f o r m a t i o n   such   as  b e n d i n g   can  be  made,   t h e i r   s h a p e   i s  

s u b s t a n t i a l l y   f i x e d .   F u r t h e r ,   s i n c e   t he   s h a p i n g   b y  

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

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

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

m u s t   have   a  v o l u m i n o u s   v a p o r i z a t i o n   s p a c e   a t   any  t i m e ,  

t h e   v o l u m e   of  t he   h e a t   p i p e   i s   i n e v i t a b l y   l a r g e   and  so  i t  

may  be  b u r d e n s o m e   when  i t   is   n o t   u s e d .  

F u r t h e r ,   s i n c e   t he   m e t a l   m a t e r i a l s   a r e   h e a v y   a n d  

h a v e   p o o r   f l e x i b i l i t y /   p o o r   a n t i - c o r r o s i v e   p r o p e r t y   a n d  

p o o r   c h e m i c a l   r e s i s t a n c e ,   t h e y   a r e   n o t   e m p l o y e d   f o r  
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p r a c t i c a l   use   in  d a i l y   l i f e .  

In  v iew  of  t h e   a b o v e - d e s c r i b e d   d r a w b a c k s   of  t h e  

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

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

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

l i g h t   in  w e i g h t ,   w h i c h   can  f r e e l y   d e f o r m   i t s   s h a p e   to   a  

c e r t a i n   d e g r e e   d e p e n d i n g   on  t he   m a n n e r   of  u s i n g ,   of  w h i c h  

vo lume   a t   t h e   t i m e   of  n o n - u s i n g   is  s m a l l   and  so  e x c e l l s  

in   e a s e   of  h a n d l i n g ,   w h i c h   m i n i m i z e s   t he   i n f l a t i o n   of  t h e  

c o n t a i n e r   by  t h e   i n c r e a s e   of  t he   p r e s s u r e   due  to  t h e  

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

F u r t h e r ,   t h i s   i n v e n t i o n   p r o v i d e s   a  f l e x i b l e   and  h i g h  

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

m a t e r i a l   such   as  f i b r o u s   m a t e r i a l   h a v i n g   a  h i g h  

f l u i d - r e t a i n i n g   c a p a b i l i t y   is   c o n t a i n e d   so  as  to  p r o v i d e  

an  e x c e l l e n t   f l u e n c y   of  e v a p o r a t i o n   of  o p e r a t i n g   f l u i d  

and  the   c i r c u l a t i o n   t h e r e o f .  

DISCLOSURE  OF  THE  INVENTION 

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

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

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

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

a t   t he   t i m e   of  no t   u s i n g   t he   h e a t - t r a n s f e r r i n g   s t r u c t u r e ,  

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

c o n t a i n e r   is   i n c r e a s e d   due  to  t he   v a p o r i z a t i o n   of  t h e  

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

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

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

b a s i c a l l y   t he   same  as  t h a t   of  t he   c o n v e n t i o n a l   h e a t   p i p e .  

As  is   a p p a r e n t   f rom  t he   h e a t - t r a n s f e r r i n g   m e c h a n i s m  

of  t h e   s t r u c t u r e ,   h e a t   is   no t   t r a n s f e r r e d   w i t h o u t   t h e  

v a p o r   s p a c e .   H o w e v e r ,   as  in  e m p l o y i n g   t h e   m e t a l  

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

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

e n t i r e l y   u n n e c e s s a r y .   The  h e a t   t r a n s f e r   can  b e  

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

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

o p e r a t i o n .  

T h i s   r e q u i r e s   t h a t   t he   c o n t a i n e r   be  f l e x i b l e   a n d  

t h i s   may  be  a c c o m p l i s h e d   by  s e l e c t i n g ,   as  t he   m a t e r i a l  

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

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

c o n t a i n i n g   an  i n o r g a n i c   m a t e r i a l .   T h e s e   m a t e r i a l s   a r e  

lo t   o n l y   f l e x i b l e   bu t   a l s o   much  l i g h t e r   t h a n   t h e   m e t a l  

n a t e r i a l s   and  h a v e   much  b e t t e r   a n t i - c o r r o s i v e   p r o p e r t y  

md  c h e m i c a l   r e s i s t a n c e   t h a n   the   m e t a l   m a t e r i a l s ,   so  t h a t  

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

: o n t a i n e r   may  be  e m p l o y e d   and  o p t i m u m   o p e r a t i n g  

: o n d i t i o n s   may  be  s e l e c t e d   f rom  wide   r a n g e .  

The  h e a t - t r a n s f e r r i n g   s t r u c t u r e   c o n s t i t u t e d   by  s u c h  

i  f l e x i b l e   c o n t a i n e r   can  be  b e n d e d   and  can   f r e e l y   a d o p t  

m  o p t i o n a l   fo rm  d e p e n d i n g   on  t he   m a n n e r   of  u s i n g .   i f  

;he  c o n t a i n e r   i s   in  t h e   form  of  a  t h i n   s h e e t ,   t h e  
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e a t - t r a n s f e r r i n g   s t r u c t u r e   may  oe  u s e a   in  a  n a r r o w  

p a c e .   Tha t   i s ,   h e a t - a b s o r p t i o n   and  h e a t - r e l e a s e   a r e a  

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

u r t h e r ,   i f   t h e   f i l m   is   in  t he   form  of  a  s h e e t ,   t h e  

t r u c t u r e   may  be  s t o r e d   in  a  wound  or  b e n d e d   s t a t e .  

F u r t h e r ,   in  t h e   p r e s e n t   i n v e n t i o n ,   t h e  

i e a t - t r a n s f e r r i n g   f u n c t i o n   may  be  more  e f f e c t i v e l y  

t x h i b i t e d   w i t h o u t   d e g r a d i n g   the   f l e x i b i l i t y   by  i n s e r t i n g  

l  m a t e r i a l   such   as  a  f i b r o u s   m a t e r i a l   in  t he   c o n t a i n e r .  

?his  is  b e c a u s e   t h a t   such   a  m a t e r i a l   has   a  t e n d e n c y   t o  

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

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

: i r c u l a t i o n   is  f l u e n t l y   c o n d u c t e d .   S i n c e   t he   move  of  t h e  

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

t ime  of  v a p o r i z a t i o n   is   r e d u c e d .   The  c i r c u l a t i o n   of  t h e  

o p e r a t i n g   f l u i d   may  a l s o   be  a t t a i n e d   by  f o r m i n g   g r o o v e s  

in  t h e   c o n t a i n e r .   T h i s   u t i l i z e s   a  c a p i l l a r y   p h e n o m e n o n .  

On  t he   o t h e r   h a n d ,   i f   t he   t e m p e r a t u r e   in  t h e  

v a p o r i z a t i o n   r e g i o n   is  h i g h e r   t h a n   t h e   b o i l i n g   p o i n t   o f  

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

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

l a r g e r   t h a n   t h a t   of  t he   s u b s t a n c e   in  l i q u i d   s t a t e .  

A l t h o u g h   t h e r e   i s   no  p r o b l e m   i f   t he   h e a t   r e l e a s e   in  t h e  

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

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

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

p o s s i b l e   t h a t   t h e   c o n t a i n e r   may  l a r g e l y   i n f l a t e   to   b u r s t .  
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-~  ^ w v = » v   w a s ,   i l   i s   a a v i s a o i e   to  a d j u s t   t h e   p r e s s u r e  
in  t he   c o n t a i n e r   to  n o t   h i g h e r   t h a n   1  a tm.   By  a d j u s t i n g  
the   p r e s s u r e   to  n o t   h i g h e r   t h a n   1  a tm,   t h e   b o i l i n g   p o i n t  

of  t h e   o p e r a t i n g   f l u i d   i s   l o w e r e d ,   so  t h a t   t he   p r e s s u r e  
in  t he   c o n t a i n e r   may  be  k e p t   a t   no t   h i g h e r   t h a n   1  a t m  

sven  i f   t he   f l u i d   b o i l s ,   and  t h u s   t he   b r e a k a g e   of  t h e  

: o n t a i n e r   may  be  p r e v e n t e d .   By  so  d o i n g ,   even   i f   t h e  

: e m p e r a t u r e   in  t h e   v a p o r i z a t i o n   r e g i o n   i s   l o w e r   t h a n   t h e  

s o i l i n g   p o i n t   of  t h e   o p e r a t i n g   f l u i d   a t   1  a tm,   t h e  

> p e r a t i n g   f l u i d   may  be  v a p o r i z e d   so  as  to  e x h i b i t   t h e  

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

A l t h o u g h   t h e   i n c r e a s e   in  the   v o l u m e   of  t he   c o n t a i n e r  

-s  s m a l l e r   t h a n   in  t he   c a s e   of  no t   r e d u c i n g   t h e   p r e s s u r e ,  

:he  c h a r a c t e r i s t i c   f e a t u r e   of  t he   i n v e n t i o n ,   i . e . ,   t h e  

. n f l a t i o n   of  t he   c o n t a i n e r   due  to  t he   e v a p o r a t i o n   of  t h e  

o p e r a t i n g   f l u i d   i s   s t i l l   a t t a i n e d .   H o w e v e r ,   d e p e n d i n g   o n  

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

f f i c i e n c y   of  t h e   h e a t - t r a n s f e r   may  be  r e d u c e d   b e c a u s e  

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

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

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

n n e r   p r e s s u r e ,   and  t h e   v a p o r   s p a c e   f o r m e d   by  t h e  

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

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

r e l i m i n a r i l y   f o r m e d   in  t he   c o n t a i n e r .   T h a t   i s ,   a n  

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

s n t a i n e r   and  t h e   p r e s s u r e   in  t he   c o n t a i n e r   i s   t h e n  
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e d u c e d   so  as  to  form  a  v a p o r   s p a c e   w i t h   a  p r e s s u r e   o f  

ot  h i g h e r   t h a n   1  a tm.   Even  in  t h i s   c a s e ,   a t   the.  t i m e   o f  

ot  u s i n g   or  no t   o p e r a t i n g   the   h e a t - t r a n s f e r   s t r u c t u r e ,  

he  p r e s s u r e   in  t h e   c o n t a i n e r   is  k e p t   a t   t h e   v a p o r  

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

:he  v o l u m e   of  t h e   c o n t a i n e r   is   a t t a i n e d   a t   t h e   t i m e   o f  

> p e r a t i o n   due  to  t h e   v a p o r i z a t i o n   of  t h e   o p e r a t i n g   f l u i d ,  

r t i ich  is   a  c h a r a c t e r i s t i c   f e a t u r e   of  t h e   p r e s e n t  

. n v e n t i o n .  

S i n c e   t h e   h e a t - t r a n s f e r r i n g   s t r u c t u r e   of  t h e   p r e s e n t  

I n v e n t i o n   has   a  l a r g e   f l e x i b i l i t y ,   i t   i s   v e r y   u s e f u l   f o r  

:he  h e a t - t r a n s f e r   of  human  b o d y .   By  t a k i n g   h e a t   f r o m  

luman  body  w i t h o u t   f e e l i n g   of  i n c o m p a t i b i l i t y ,   t h e   b o d y  

t e m p e r a t u r e   may  be  k e p t   a t   a  c e r t a i n   l e v e l   and  t h e  

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

t e m p e r a t u r e   may  be  a v o i d e d .  

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

The  s e a l e d   c o n t a i n e r   e m p l o y e d   in  t h e   p r e s e n t  

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

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

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

t h e   c o n t a i n e r   can  be  s e a l e d ,   i t s   s h a p e   i s   n o t   r e s t r i c t e d  

to  c y l i n d r i c a l ,   and  any  s h a p e   can  be  s e l e c t e d   o p t i o n a l l y .  

The  c o n t a i n e r   may  be  in  any  form  w i t h   w h i c h   t h e   o p e r a t i n g  

f l u i d   may  e a s i l y   be  f i l l e d   or  d i f f u s e d .   T h a t   i s ,   t h e -  

c o n t a i n e r   may  be ,   as  shown  in  F i g s .   1  -  3,  in  t h e   form  o f  

a  f l a t   t u b e ,   in  t h e   fo rm  of  two  f i l m s   of  w h i c h   e n d s   a r e  
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u c a t - s e a i e a ,   or  in  t ne   rorm  ot  one  f i l m   f o l d e d   and  o f  

wh ich   ends   a r e   h e a t - s e a l e d ,   F u r t h e r ,   t he   c o n t a i n e r   may  

be  in  t he   form  of  a  p i p e   or  a  h o l l o w   f i b e r .   T h u s ,   a n y  

form  i s   e m p l o y a b l e   as  l ong   as  t he   v a p o r   s p a c e   i s   i n f l a t e d  

due  to   t h e   v a p o r i z a t i o n   of  t he   o p e r a t i n g   f l u i d .   I n  

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

( f l a t )   ,  v e r y   t h i n   and  f l e x i b l e   c o n t a i n e r   may  be  o b t a i n e d .  

I f   g r o o v e s   a r e   f o r m e d   in  the   i n n e r   w a l l   of  t h e  

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

are   a l i g n e d   a l o n g   t h e   l o n g i t u d i n a l   d i r e c t i o n   of  t h e  

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

at  the   t i m e   of  no t   u s i n g   the   h e a t - t r a n s f e r r i n g   s t r u c t u r e  

and  the   c i r c u l a t i o n   of  t he   o p e r a t i n g   f l u i d   is   a i d e d .  

The  c o n t a i n e r   of  t he   p r e s e n t   i n v e n t i o n   may  have   a  

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

shape   of  t he   c r o s s - s e c t i o n   or  the   c r o s s - s e c t i o n a l   a r e a  

ciay  be  v a r i e d .  

As  to  t h e   p o l y m e r   f i l m   or  t he   c o m p o s i t e   f i l m   made  o f  

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

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

>olymer  f i l m   or  t h e   p o l y m e r   m a t e r i a l   e m p l o y e d   h e r e i n   may  

>e  any  p o l y m e r   s u c h   as  p o l y e s t e r s ,   p o l y a m i d e s   a n d  

> o l y o l e f i n s   as  l o n g   as  i t   has   a  g a s - b a r r i e r   p r o p e r t y   a n d  

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

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

I xamp le s   of  t h e   m a t e r i a l   i n c l u d e s   p l a s t i c   s h e e t s   o f  

p o l y v i n y l   a l c o h o l s ,   p o l y e s t e r s   and  p o l y a m i d e s .   P r e f e r r e d  
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x a m p l e s   of  t he   m a t e r i a l   i n c l u d e s   p o l y m e r   f i l m s   w i t h  

a s - b a r r i e r   p r o p e r t y ,   such   as  p o l y v i n i l i d e n e   c h l o r i d e ,  

o l y v i n y l   a l c o h o l s ,   Ny lon   and  e t h y l c n e - v i n y   1  a l c o h o l s .  

A l t h o u g h   t h e   p o l y m e r   f i l m   or  the   p o l y m e r   m a t e r i a l  

ay  be  e m p l o y e d   i n d i v i d u a l l y ,   i t   i s   p r e f e r r e d   to   use   a 

o m p o s i t e   s h e e t   h a v i n g   two  or  more  of  s u c h   f i l m s   b e c a u s e  

.he  d e s i r e d   s h e e t   p r o p e r t i e s ,   i . e . ,   g a s - b a r r i e r   p r o p e r t y  

,nd  h e a t - s e a l i n g   p r o p e r t y   may  e a s i l y   be  o b t a i n e d   and  t h e  

t e s i r e d   s t r e n g t h   fo r   o p e r a t i o n   may  e a s i l y   be  a t t a i n e d ,  

'or  e x a m p l e ,   a  c o m p o s i t e   s h e e t   such   as  a  l a m i n a t e   or  a  

: o a t i n g   of  a  p o l y e s t e r   w i t h   a  h i g h   s t r e n g t h   and  a  

> o l y o l e f i n   w i t h   a  g a s - b a r r i e r   p r o p e r t y ,   as  w e l l   a s  

c o m b i n a t i o n   t h e r e o f   may  bo  e m p l o y e d   as  a  m a t e r i a l   w i t h  

jood  g a s - b a r r i e r   p r o p e r t y ,   a d h e s i v i t y   and  d u r a b i l i t y ,  

. - •u r the r ,   a  c o m p o s i t e   s h e e t   of  p o l y m e r   f i l m s   w i t h   g o o d  

j a s - b a r r i e r   p r o p e r t y   may  p r e f e r a b l y   be  e m p l o y e d .   F o r  

= x a m p l e ,   a  f i l m   w i t h   good  g a s - b a r r i e r   p r o p e r t y   s u c h   a s  

p o l y v i n i l i d e n e   c h l o r i d e ,   p o l y v i n y l   a l c o h o l   a n d  

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

g a s - b a r r i e r   p r o p e r t y   and  a d h e s i v i t y   may  p r e f e r a b l y   b e  

e m p l o y e d .   F u r t h e r ,   a  l a m i n a t e   of  e t h y l e n e - v i n y l   a l c o h o l  

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

p o l y e t h y l e n e   w h i c h   can  e a s i l y   be  a d h e r e d   may  be  e m p l o y e d .  

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

t h e   p o l y m e r   m a t e r i a l   and  the   i n o r g a n i c   m a t e r i a l   a r e   t h e  

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

a  m e t a l   or  a  c e r a m i c   such   as  Al,   Zn02  or  T i 0 2   i s   c o a t e d  
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or  v a p o r - d e p o s i t e d   to  f u r t h e r   p r o m o t e   t he   g a s - b a r r i e r  

p r o p e r t y .   Such  a  v a p o r - d e p o s i t e d   c o m p o s i t e   s h e e t   may  b e  

a p p l i e d   n o t   o n l y   to  t he   a b o v e - m e n t i o n e d   f i l m s   w i t h   a  g o o d  

g a s - b a r r i e r   p r o p e r t y ,   bu t   a l s o   to  t he   p o l y m e r   f i l m s   w i t h  

s o m e w h a t   l o w e r   g a s - b a r r i e r   p r o p e r t y .   E x a m p l e s   of  s u c h  

p o l y m e r   f i l m s   i n c l u d e   6 - N y l o n ,   p o l y v i n y l   c h l o r i d e ,   h i g h  

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

s h e e t .  

F u r t h e r ,   t h e   c o m p o s i t e   s h e e t s   w h i c h   may  be  e m p l o y e d  

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

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

s h e e t s   c o m p r i s i n g   a  s h e e t   made  of  the   a b o v e - m e n t i o n e d  

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

or  c e r a m i c .   S t i l l   f u r t h e r ,   l a m i n a t e s   of  t h e  

a b o v e - m e n t i o n e d   v a p o r - d e p o s i t e d   f i l m s   may  a l s o   b e  

e m p l o y e d .  

The  c o m p o s i t e   s h e e t   e m p l o y e d   in  t he   p r e s e n t  

i n v e n t i o n   may  be  in  t he   form  of  a  p l a t e   or  a  f i l m ,   a n d  

u s u a l l y   in  t h e   fo rm  of  f i l m .  

Even  in  c a s e s   w h e r e   t he   c o n t a i n e r   i s   in  t h e   form  o f  

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

f i l m   as  d e s c r i b e d - a b o v e   can  be  f u l l y   a p p l i e d . -   I n  

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

and  t h e   i n o r g a n i c   m a t e r i a l ,   t he   i n o r g a n i c   m a t e r i a l   in  t h e  

fo rm  of  p a r t i c l e s   may  be  a d m i x e d   in  t he   p o l y m e r   and  t h e  

p o l y m e r   may  t h e n   be  s h a p e d   or  s p u n .  

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



jj  <Uf  £̂  i-*>  **r  k 

nedium  w n i c n   c a r r y s  

b  t e m p e r a t u r e   r a n g e   e m p l o y a b l e   fo r   t he   p o l y m e r   f i l m   o r  

l y m e r   m a t e r i a l   i s   s e l e c t e d .  

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

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

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

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

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

ihyl   b r o m i d e ,   t e t r a m e t h y l   s i l a n e ,  

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

> t h y l   f l u o r o a c e t a t e ,   t - b u t y l   a m i n e ,   m e t h y l   i o d i d e ,  

L m e t h y l   s u l f i d e   and  t he   l i k e .   T h e s e   f l u i d s   a r e   o p e r a b l e  

t  t he   t e m p e r a t u r e   of  human  body  for   w h i c h   t h e  

l e x i b i l i t y   is  e s p e c i a l l y   r e q u i r e d .   F u r t h e r ,   t h o s e  

u b s t a n c e s   such   as  m e t h a n o l ,   a c e t o n e ,   e t h a n o l ,   e t h y l  

o r m a t e   and  w a t e r ,   w h i c h   have   a  g a s - l i q u i d   p h a s e  

r a n s i t i o n   p o i n t   a t   20  -  100°C  may  be  o p e r a b l e   at   a  l o w e r  

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

F u r t h e r ,   o t h e r   t h a n   t h e s e   m e d i a ,   m i x e d   m e d i a   of  t h e  

. b o v e - m e n t i o n e d   m e d i a   and  c a r b o n   d i o x i d e ,   w a t e r ,   a c e t o n e ,  

; t h a n o l   or  f o r m i c   a c i d   may  a l s o   be  u s e d .   T h u s ,   s i m p l e  

s u b s t a n c e s   or  m i x e d   m e d i a   w h i c h   have  g a s - l i q u i d  

t r a n s i t i o n   p o i n t   b e t w e e n   20  -  45°C  may  a l s o   be  u s e d .  

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

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

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

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

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

a l c o h o l ,   c a r b o n   d i s u l f   i d e / 2 - p r o p a n o l   ,  c a r b o n  

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

w a t e r   / p e n t a n e   ,  a c e t o n e / i s o p e n t a n e   ,  a c e t o n / c y c l o p e n t a n e   , 

a c e t o n e / i s o p e n t a n e ,   a c e t o n e ,   c y c l o p e n t a n e ,  

a c e t o n e / p e n t a n e ,   e t h a n o l / i s o p e n t a n e   ,  e t h a n o l / i s o p r o p y l  

c h l o r i d e ,   e t h a n o l   / c y c l o p e n t a n e ,   e t h a n o l / p e n t a n e ,  

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

f o r m i c   a c i d / i s o p r o p y l   b r o m i d e ,   f o r m i c   a c i d / e t h y l   b r o m i d e ,  

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

f o r m a t e / i s o p e n t a n e   ,  e t h y l   f o r m a t e /   2  ,  3 - d i m e t h y   l b u t a n e   , 

e t h y l   f o r m a t e / p e n t a n e ,   m e t h y l   f  o r m a t e / d i e t h y l   e t h e r ,  

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

d i e t h y l   e t h e r   / p e n t a n e   ,  2  - p r o p a n o l   / p e n t a n e ,  

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

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

m e t h a n o l / e t h y l   b r o m i d e ,   m e t h a n o l / p r o p y l   b r o m i d e ,  

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

w a t e r   / c a r b o n   d i s u l f   i d e / e t h a n o l   ,  e t h a n o l / b e n z e n e / h e p t a n e   , 

and  m e t h y l   f  o r m a t e / d i e t h y l   e t h e r / p e n t a n e   . 

H e r e ,   t he   t e m p e r a t u r e   r a n g e   of  20  -  4  5°C  i s   t h e  

t e m p e r a t u r e   r a n g e   w h i c h   human  e x p e r i e n c e s   in  d a i l y   l i f e .  

T h u s ,   t h e   h e a t - t r a n s f e r r i n g   s t r u c t u r e   w h i c h   t r a n s f e r s  

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

a p p r o p r i a t e l y   r e l e a s i n g   h e a t   f rom  human  body  to   k e e p   t h e  

body   t e m p e r a t u r e   a t   a  c e r t a i n   t e m p e r a t u r e .  
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The  o p e r a t i n g   f l u i d   and  the   m a t e r i a l   of  c o n t a i n e r  

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

c o r r o d e s   the   m a t e r i a l .   For  e x a m p l e ,   in  c a s e   of  u s i n g  

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

p o l y v i n y l   a l c o h o l   may  p r e f e r a b l y   be  s e l e c t e d .   Many  o t h e r  

c o m b i n a t i o n s   can  be  e m p l o y e d .  

By  i n s e r t i n g   i n t o   t h e   c o n t a i n e r   a  m a t e r i a l   w h i c h  

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

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

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

as  to  i n c r e a s e   t h e i r   a d s o r p t i o n ,   t he   d i f f u s i o n   of  t h e  

o p e r a t i n g   f l u i d   a t   t h e   t ime   of  no t   u s i n g   t h e  

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

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

m d e r   o p e r a t i o n   a r e   a l s o   a i d e d .   The  f i b r o u s   m a t e r i a l   t o  

50  i n s e r t e d   in  the   c o n t a i n e r   i n c l u d e s   f a b r i c s   s u c h   a s  

foven  f a b r i c s   and  n o n - w o v e n   f a b r i c s ;   s p e c i f i c   f i b e r s   s u c h  

is  s u p e r   f i n e   f i b e r s   and  p o r o u s   f i b e r s ;   and  g e n e r a l  

: i b e r s   f o r   c l o t h e s .   For   e x a m p l e ,   a l t h o u g h   i t   may  be  a n  

i s s e m b l a g e   of  y a r n s   w h i c h   is   o b t a i n e d   by  t w i s t i n g   a  

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

: l u i d - r e t a i n i n g   c a p a b i l i t y   a r e   p r e f e r r e d .   T h e  

i b o v e - m e n t i o n e d   f i b r o u s   m a t e r i a l   may  be  a  s y n t h e t i c   f i b e r  

iuch  as  p o l y e s t e r s ,   p o l y a m i d e s   and  p o l y o l e f i n   f i b e r s .  

The  s p a c e r   e m p l o y e d   in  t he   p r e s e n t   i n v e n t i o n   i s   a  

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

o t   h i g h e r   t h a n   1  atm  in  t he   s e a l e d   c o n t a i n e r .   As  t h e  
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^   u u ^ u t u L i n g   tne   s p a c e r ,   a  f l e x i b l e   m a t e r i a l  

wh ich   is  no t   c r u s h e d   by  the   o u t e r   p r e s s u r e   (1  atm)  a n d  

which   can  form  a  v a p o r   s p a c e   (a  s p a c e   w i t h   r e d u c e d  

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

a  s p a c e   e x i s t s ,   even   a t   a  t e m p e r a t u r e   l o w e r   t h a n   t h e  

s o i l i n g   p o i n t   a t   1  a tm,   e v a p o r a t i o n   of  t h e   l i q u i d   and  i t s  

nove  can  be  s m o o t h l y   e f f e c t e d ,   so  t h a t   t he   h e a t   o f  

/ a p o r i z a t i o n   can  be  t a k e n .  

The  s p a c e r   u s e d   in  t he   p r e s e n t   i n v e n t i o n   may  be  a  

;ube  or  p i p e   made  of  s i l i c o n e ,   p o l y e s t e r ,   p o l y a m i d e   o r  

> o l y o l e f i n ,   or  t h e   s p a c e r   may  be  s u b s t i t u t e d   w i t h   a  

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

;he  c o n t a i n e r .   For   e x a m p l e ,   n o n - w o v e n   f a b r i c s ,   k n i t s   o r  

l e t s   made  of  a  s y n t h e t i c   f i b e r ,   as  w e l l   as  p o r o u s  

l a t e r i a l   w i t h   c h e m i c a l   r e s i s t a n c e   such   as  PVDF  may  b e  

m p l o y e d .  

F u r t h e r ,   r u g g e d n e s s   on  t he   i n n e r   w a l l   of   t h e  

o n t a i n e r   can  s e r v e   as  t he   s p a c e r .  

In  t h e   p r e s e n t   i n v e n t i o n ,   to  make  t he   p r e s s u r e   i n  

he  c o n t a i n e r   n o t   h i g h e r   t h a n   1  a tm,   t he   o p e r a t i n g   f l u i d  

s  f i r s t   p l a c e d   in  t he   c o n t a i n e r .   T h e r e a f t e r ,   t he   gas   i n  

he  c o n t a i n e r   is   d r awn   from  a  s p e c i f i c   p o r t i o n   of   t h e  

o n t a i n e r   w i t h   a  vacuum  pump  to  r e d u c e   t h e   p r e s s u r e   to  1 

tin  or  l e s s ,   and  a f t e r   a t t a i n i n g   an  a p p r o p r i a t e   i n n e r  

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

s a t - s e a l i n g .  

The  s p e c i f i c   p o r t i o n   i s   t he   p o r t i o n   t h r o u g h   w h i c h  
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l i r   is   d rawn   from  the   c o n t a i n e r   a f t e r   p l a c i n g   the   f l u i d  

to  a t t a i n   an  i n n e r   p r e s s u r e   of  no t   h i g h e r   t h a n   1  a t m .  

As  to  t he   a p p r o p r i a t e   i n n e r   p r e s s u r e   m e a n s ,   in  c a s e  

3f  u s i n g   n - p e n t a n e ,   fo r   e x a m p l e ,   h e p t a n e   b o i l s   at   3  6 ° C  

Jinder  1  a tm,   b u t   b o i l s   a t   30°C  i f   t he   p r e s s u r e   i s   r e d u c e d  

to  0 .77   a tm.   T h u s ,   even   i f   i t   b o i l s   a t   a  t e m p e r a t u r e   o f '  

oody  s u r f a c e ,   s i n c e   t he   o u t e r   p r e s s u r e   (1  atm)  i s   g r e a t e r  

than   the   v a p o r   p r e s s u r e   of  p e n t a n e ,   i t   i s   p r e v e n t e d   f o r  

the  c o n t a i n e r   to   i n f l a t e   and  to   b u r s t .  

The  f l e x i b l e   h e a t - t r a n s f e r r i n g   e l e m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   may  be  u sed   b a s i c a l l y   a t   a  p o r t i o n   a t  

which   h e a t   is   d e s i r e d   to  be  t r a n s f e r r e d ,   u t i l i z i n g   t h e  

c o o l i n g   a c t i o n   a t   t he   v a p o r i z a t i o n   r e g i o n   or  t h e   h e a t i n g  

a c t i o n   a t   t he   c o n d e n s a t i o n   r e g i o n .   The  h e a t - t r a n s f e r r i n g  

s t r u c t u r e   of  t he   p r e s e n t   i n v e n t i o n   may  be  u s e d   no t   o n l y  

i n d i v i d u a l l y   bu t   a l s o   in  c o m b i n a t i o n   w i t h   a  f i l a m e n t  

h e a t - g e n e r a t o r ,   p l a n e   h e a t - g e n e r a t o r   or  w i t h   a  

h e a t - a c c u m u l a t o r   a t   t he   v a p o r i z a t i o n   r e g i o n ,   or  w i t h   a 

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

The  h e a t - t r a n s f e r r i n g   s t r u c t u r e   of  t h e   p r e s e n t  

i n v e n t i o n   may  be  u s e d   in  a n y w h e r e   a t   w h i c h   t r a n s f e r   o f  

h e a t   is   d e s i r e d .   For  e x a m p l e ,   i t   may  p r e f e r a b l y   be  u s e d  

as  a  p a r t   of  woven  f a b r i c s ,   s h e e t s ,   v e s t s ,   b a t h   t u b s ,  

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

c a r   s h e e t s ,   b e l t s ,   body  b a n d s ,   c o o l e r s   f o r   e l e c t r o n i c  

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

c l o t h e s   and  h a t s .  
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An  e x a m p l e   of  t he   p r e s e n t   i n v e n t i o n   i s   shown  in  F i g .  

4.  In  a  c o n t a i n e r   1  made  of  a  e h y l e n e - v i n y l   a l c o h o l  

c o p o l y m e r   f i l m ,   a  n o n - w o v e n   f a b r i c   2  i s   i n s e r t e d   a n d  

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

n o n - w o v e n   f a b r i c .   Wi th   t h i s   s t r u c t u r e ,   s i n c e   t h e  

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

f l e x i b l e ,   t he   s h a p e   of  t he   s t r u c t u r e   can   be  c o n f o r m e d   t o  

Lhe  s h a p e   of   t he   human  b o d y ,   so  t h a t   h o a t   can  bo  t a k e n  

from  t he   body  e f f e c t i v e l y   and  w i t h o u t   a  f e e l i n g   o f  

I n c o m p a t i b i l i t y .   T h u s ,   i t   can  g i v e   a  c o o l   f e e l i n g   to  t h e  

iuman  b o d y .   F u r t h e r ,   s i n c e   a  v o l u m i n o u s   v a p o r   s p a c e   i s  

lo t   f o r m e d   a t   t he   t i m e   of  no t   u s i n g   t he   s t r u c t u r e ,   t h e  

volume  of  t he   s t r u c t u r e   a t   t he   t i m e   of  n o n - u s i n g   i s   m u c h  

s m a l l e r   t h a n   t h a t   of  t he   c o n v e n t i o n a l   s t r u c t u r e   by  w h i c h  

l e a t   i s   t r a n s f e r r e d   by  the   same  p r i n c i p l e .   S t i l l  

i u r t h e r ,   by  v i r t u e   of  t he   i n s e r t e d   n o n - w o v e n   f a b r i c ,   t h e  

i v a p o r a t i o n   and  c i r c u l a t i o n   of  t he   f l u i d   can  be  m a d e  

i m o o t h l y .  

E x a m p l e   2] 

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

n v e n t i o n   was  made  by  e m p l o y i n g   a  l a m i n a t e   f i l m   o f  

t h y l e n e - v i n y l   a l c o h o l   c o p o l y m e r   and  p o l y e t h y l e n e   as  t h e  

a t e r i a l   of  t he   c o n t a i n e r ,   p o l y e s t e r   n o n - w o v e n   f a b r i c   a s  

he  s p a c e r   and  n - p e n t a n e   ( w i t h   b o i l i n g   p o i n t   of  3 6 ° C  

n d e r   1  atm)  as  t h e   o p e r a t i n g   f l u i d   and  by  s e a l i n g   t h e  

o n t a i n e r   a f t e r   r e d u c i n g   the   i n n e r   p r e s s u r e   to   4  50  mmHg  . 



@  17  -  

O 0 3 0 6 b 5 1  

In  t h i s   c a s e ,   a t   30  C,  30%  of  t h e   i n n e r   v o l u m e   o f  

bhe  c o n t a i n e r   is   o c c u p i e d   by  the   l i q u i d   and  t h e   r e m a i n d e r  

Ls  t he   v a p o r   s p a c e .   S i n c e   t he   a m b i e n t   t e m p e r a t u r e   w a s  

30°C,  t he   i n s i d e   of  the   c o n t a i n e r   i s   k e p t   at   a  p r e s s u r e  

Df  no t   h i g h e r   t h a n   1  a tm.   T h i s   h e a t - t r a n s f e r r i n g   e l e m e n t  

tfas  c o n t a c t e d   w i t h   a  palm  h a v i n g   a  s k i n   t e m p e r a t u r e   o f  

35°C,  and  w h i l e   t h e   i n f l a t i o n   of  t he   c o n t a i n e r   was  v e r y  

s m a l l ,   t h e   pa lm  f e l t   v e r y   c o o l .   At  t h i s   t i m e ,   t h e   s k i n  

t e m p e r a t u r e   was  k e p t   a t   3 2 . 2 ° C .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g s .   1 - 3   a r e   s e c t i o n a l   v i e w s   e a c h   s h o w i n g   a n  

e x a m p l e   of  the   c o n t a i n e r   e m p l o y e d   in  t h e  

h e a t - t r a n s f e r r i n g   s t r u c t u r e   of  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   4  is   a  s e c t i o n a l   v i ew  of  an  e m b o d i m e n t   of  t h e  

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

F i g .   5  is  a  s e c t i o n a l   v iew  of  an  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   in  w h i c h   a  s p a c e r   is   i n s e r t e d   in  t h e  

c o n t a i n e r   . 

1:  c o n t a i n e r ,   2;  woven  f a b r i c ,   3:  o p e r a t i n g   f l u i d ,   4 :  

s p a c e r  
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CLAIMS 

1-  A  h e a t - t r a n s f e r r i n g   s t r u c t u r e   c o m p r i s i n g   o p e r a t i n g  

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

f l u i d ,   c h a r a c t e r i z e d   in  t h a t   t he   c o n t a i n e r   i s   f i l l e d   w i t h  

the   o p e r a t i n g   f l u i d   a t   t he   t i m e   of  no t   u s i n g   t h e  

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

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

to  t h e   v a p o r i z a t i o n   of  t he   o p e r a t i n g   f l u i d   so  t h a t   a 

s p a c e   f i l l e d   w i t h   t h e   v a p o r   i s   f o r m e d .  

2.  The  f l e x i b l e   h e a t - t r a n s f e r r i n g   s t r u c t u r e   of  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   a  m a t e r i a l   h a v i n g   a  p r o p e r t y   t o  

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

c o n t a i n e r .  

i.  The  f l e x i b l e   h e a t - t r a n s f e r r i n g   s t r u c t u r e   of   c l a i m   2 ,  

c h a r a c t e r i z e d   in  t h a t   the   m a t e r i a l   h a v i n g   a  p r o p e r t y   t o  

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

l a t e r i a l .  

t.  The  f l e x i b l e   h e a t - t r a n s f e r r i n g   s t r u c t u r e   of  c l a i m   3 ,  

: h a r a c t e r i z e d   in  t h a t   t h e   f i b r o u s   m a t e r i a l   i s   a  n o n - w o v e n  

: a b r i c .  

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

f  c l a i m s   1 - 4 ,   c h a r a c t e r i z e d   in  t h a t   t h e   o p e r a t i n g  

l u i d   has   a  g a s - l i q u i d   p h a s e   t r a n s i t i o n   p o i n t   w i t h i n   t h e  

e m p e r a t u r e   r a n g e   of   20°C  to  4 0 ° C .  

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

f  c l a i m s   1 - 5 ,   c h a r a c t e r i z e d   in  t h a t   t he   c o n t a i n e r   i s  

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

i n o r g a n i c   m a t e r i a l .  

7.  The  f l e x i b l e   h e a t - t r a n s f e r r i n g   s t r u c t u r e   of  c l a i m   6 ,  

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

a r e   c o n t a i n e d   in  t h e   s e a l e d   c o n t a i n e r   made  of  a  s h e e t  

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

i n c l u d i n g   a  p o l y m e r   m a t e r i a l   and  an  i n o r g a n i c   m a t e r i a l ,  

and  the   p r e s s u r e   in  t h e   c o n t a i n e r   i s   a d j u s t e d   t o   n o t  

h i g h e r   t h a n   1  a t m .  

8.  The  f l e x i b l e   h e a t - t r a n s f e r r i n g   s t r u c t u r e   of  any  o n e  

of  c l a i m s   1  to  7,  c h a r a c t e r i z e d   in  t h a t   r u g g e d   g r o o v e s  

a r e   f o r m e d   in  the   i n n e r   s u r f a c e   of  the   c o n t a i n e r .  

9.  A  p r o c e s s   of  p r o d u c i n g   a  f l e x i b l e   h e a t - t r a n s f e r r i n g  

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

and  a  s p a c e r   in  a  s a a l o d   c o n t a i n e r   made  of  a  s h e e t  

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

i n c l u d i n g   a  p o l y m e r   m a t e r i a l   and  an  i n o r g a n i c   m a t e r i a l ,  

and  t h e n   r e d u c i n g   t h e   p r e s s u r e   in   t h e   c o n t a i n e r   to   n o t  

h i g h e r   t h a n   1  a t m .  
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