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@  Heat  transfer  elements  and  method  for  the  manufacture  of  such  elements. 

A  heat  transfer  panels  (1)  comprises  a  wire  mesh  core 
(2)  of  high  thermal  conductivity  metal,  for  example  copper 
or  nickel,  and  a  closure  layer  of  plastics  material  (3),  for 
example  a  urethane.  The  wire  mesh  (2)  extends  to  or  sub- 
stantially  to  an  outer  surface  of  the  panel  to  conduct  heat 
from  the  outer  surface. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   h e a t   t r a n s f e r   e l e m e n t s ,  

and  p a r t i c u l a r l y   to   h e a t   t r a n s f e r   p a n e l s   or  t u b e s   s e r v i n g  

f o r   t h e   c o n d u c t i o n   of  h e a t   on  e i t h e r   s i d e   t h e r e o f .  

More  p a r t i c u l a r l y ,   t h e   p r e s e n t   i n v e n t i o n   c o n c e r n s   a n  

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

d i s c l o s e d   in  t h e   A p p l i c a n t ' s   c o - p e n d i n g   U.K.   P a t e n t   A p p l i -  

c a t i o n   No.  3 4 1 2 2 / 7 6 .   B r o a d l y ,   No.  3 4 1 2 2 / 7 6   c o v e r s   a  h e a t  

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

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

i t y ,   one  p o r t i o n   of   h i g h e r   t h e r m a l   c o n d u c t i v i t y   e x t e n d i n g  

t r a n s v e r s e l y   b e t w e e n   t h e   o u t e r   s u r f a c e s   of  t h e   w a l l :   w i t h  

t h i s   a r r a n g e m e n t   t h e   t r a n s v e r s e l y   e x t e n d i n g   h i g h e r   t h e r m a l  

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

of  t h e   h e a t   w h i l e   t h e   o t h e r   p o r t i o n   h a v i n g   l o w e r   t h e r m a l  

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

t h e   z o n e s   of  t h e   h e a t   e x c h a n g e   f l u i d s .   The  l o w e r   t h e r m a l  

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

e . g .   p l a s t i c s ,   t h a n   t h e   t r a n s v e r s e   p o r t i o n   w h i c h   may  be  f o r  

e x a m p l e   of  c o p p e r   or  a  n o b l e   m e t a l .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   a  h e a t   t r a n s f e r  

e l e m e n t   i n c l u d e s   a  c o m p o s i t e   w a l l   member   made  f rom  p o r t i o n s  

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



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

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

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

e x t e n t   so  as  to   e x t e n d   a c r o s s   t h e   d e p t h   of  t h e   w a l l   m e m b e r  

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

mesh  c o n d u c t s   h e a t   f rom  t h e   o u t e r   s u r f a c e   of  t h e   w a l l   m e m b e r .  

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

b l y   c h o s e n   f o r   t h e   m e s h .   In  p a r t i c u l a r ,   t h e   t h e r m a l   c o n -  

d u c t i v i t y   K  (gramme  c a l o r i e s   cm.  p e r   s e c .   p e r   s q u a r e   c e n t i -  

m e t r e   p e r   °C)  s h o u l d   be  g r e a t e r   t h a n   0 . 1 8   and  p r e f e r a b l y   a t  

l e a s t   0 . 2 0 .   P r e f e r a b l y ,   t h e   mesh  i s   in  t h e   fo rm  of  a  w o v e n  

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

t h e   w e a v e   w i l l   i m p a r t   t h e   d e s i r e d   t r a n s v e r s e   e x t e n t   to   t h e  

m e s h .   As  an  a l t e r n a t i v e   a  p l a i n   c r o s s - l a i d   mesh  c o u l d   b e  

u s e d ,   w i t h   t h e   mesh  s t r a n d s   s e c u r e d   a t   t h e   i n t e r s t i c e s   f o r  

e x a m p l e   by  b o n d i n g .  

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

t u t e s   a  c o r e   l a y e r   and  t h e   mesh  i s   e m b e d d e d   t h e r e i n .   T h i n  

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

l a y e r .   With   t h i s   a r r a n g e m e n t   ( s i n c e   t h e   mesh  i s   s l i g h t l y  

b e n e a t h   t h e   o u t e r   s u r f a c e s   of  t h e   w a l l   m e m b e r )   t h e   mesh  i s  

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

H o w e v e r ,   t h e   c o a t i n g s   c o u l d   be  made  p o r o u s   to   d e t e r   t h e  

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

In  an  a l t e r n a t i v e   e m b o d i m e n t ,   t h e   c l o s u r e   l a y e r   c o n -  

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

mesh  p r o j e c t i n g   l a t e r a l l y   f r o m   a t   l e a s t   one  s i d e   of  t h e  

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

mesh  w i l l   t h e r e f o r e   be  in  d i r e c t   c o n t a c t   w i t h   a  h e a t   e x c h a n g e  

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



a l l y   p r o j e c t i n g   mesh  p o r t i o n s   w i l l   c r e a t e   a  t u r b u l a n t   e f f e c t  

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

p a n e l .  

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

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

c o r e   b o u n d e d   on  e i t h e r   s i d e   by  c l o s u r e   l a y e r s ,   t h e   mesh  c o r e  

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

l a y e r s .   T h i s   p a n e l   i s   p a r t i c u l a r l y   ( b u t   n o t   e x c l u s i v e l y )  

i n t e n d e d   f o r   use   as  a  s o l a r   e n e r g y   a b s o r b i n g   p a n e l ,   a t   l e a s t  

one  o u t e r   c l o s u r e   l a y e r   b e i n g   s u i t a b l y   a b s o r b e n t   to   r a d i a n t  

e n e r g y .  

E m b o d i m e n t s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b -  

ed  by  way  of  e x a m p l e   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w -  

i n g s   in  w h i c h : -  

F i g .   1  s h o w s   a  s c h e m a t i c   v i e w   of   a  h e a t   e x c h a n g e   p a n e l  

a c c o r d i n g   to   one  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 ;  

F i g .   2  s h o w s   a  s c h e m a t i c   v i ew   of  a  h e a t   e x c h a n g e   p a n e l  

a c c o r d i n g   to   a  s e c o n d   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   3  s h o w s   a  h e a t   d u c t i n g   w a l l   f o r   u se   in  a  s o l a r  

e n e r g y   p a n e l ;  

F i g .   4  shows   a  f l u i d   c i r c u i t   of  a  s o l a r   e n e r g y   s y s t e m  

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

i n v e n t i o n ;   a n d  

F i g s .   5  and  6  show  end  v i e w s   of  m o d i f i e d   h e a t   e x c h a n g e  

p a n e l s .  

R e f e r i n g   to   F i g .   1,  by  way  of  e x a m p l e ,   a  h e a t   t r a n s f e r  

p a n e l   or  w a l l   p o r t i o n   1  has   a  m e t a l / p l a s t i c s   m a t r i x   c o m p r i s -  

i n g   a  woven  (o r   k n i t t e d )   o p e n w o r k   w i r e   mesh  2  or   c l o t h   e m -  

b e d d e d   in  a  p l a s t i c s   c o r e   l a y e r   3.  In  t h i s   e x a m p l e ,   t h e  

mesh  2  is   made  f rom  s t r a n d s   of   c o p p e r ,   bu t   a l u m i n i u m ,   n i c k e l ,  



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

c o u l d   be  u s e d ;   and  t h e   c o r e   l a y e r   3  i s   a  t h e r m o p l a s t i c   o r  

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

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

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

a t u r e .   A  u r e t h a n e   or   o t h e r   e l a s t o m e r   is   a  s u i t a b l e   m a t e r i a l  

f o r   t h e   c o r e   l a y e r .   The  p l a s t i c s   can   be  a p p l i e d   in  t h e  

m o l t e n   s t a t e   to  t h e   woven   mesh  2  or   a l t e r n a t i v e l y   t h e   mesh  2  

can  be  i m m e r s e d  o r   d i p p e d   in  a  b a t h   of   m o l t e n   p l a s t i c s   m a t e r i a l :  

in  b o t h   c a s e s   t h e   p l a s t i c s   c l o s e s   t h e   s p a c e s   of   t h e   mesh  2 .  

The  u n d u l a t i n g   " w a r p "   s t r a n d s   2A  ( and   a l s o   t h e   u n d u l a t -  

i n g   w e f t   s t r a n d s   2B)  of  t h e   woven   mesh  2  e x t e n d   t r a n s v e r s e l y  

a c r o s s   t h e   d e p t h   of  t h e   m a t r i x   1  to   or  s u b s t a n t i a l l y   to   t h e  

o u t e r   s u r f a c e s   of  t h e   m a t r i x .   To  e n s u r e   t h a t   t h e   mesh  i s  

f u l l y   e m b e d d e d ,   t h i n   p o l y e s t e r   c o a t i n g   l a y e r s   4  s a y   of  O.1  mm 

t h i c k n e s s   a r e   a p p l i e d   to   t h e   o u t e r   s u r f a c e s   of   t h e   m a t r i x   1 .  

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

u s e d   f o r   t h e   c o a t i n g s   4 .  T h e   w i r e   mesh  2  i s   t h u s   s h i e l d e d  

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

t h e   o u t e r   c o a t i n g s   4  may  be  made  p o r o u s   to   d e t e r   t h e   b u i l d -  

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

a  c o p p e r   mesh  i s   u s e d .   The  t h e r m a l   c o n d u c t i v i t y   K  s h o u l d   b e  

0 . 2   or  m o r e .  

By  way  of  e x a m p l e ,   a  30  mesh  p l a i n   w e a v e   w i r e   m e s h  .  

c o u l d   be  u s e d   w i t h   0 . 2 8   mm  d i a m e t e r   w i r e ,   so  t h a t   1 8 . 7 5 %   o f  

t h e   n o r m a l   a r e a   of  t h e   p a n e l   i s   p r o v i d e d   by  t h e   mesh   w i t h  

t h e   b a l a n c e   ( 8 1 . 2 5 % )   made  up  by  t h e   p l a s t i c s   c o r e .   In  o p e r a t -  

i o n ,   t h e   m e t a l   mesh  2  c o n d u c t s   h e a t   a c r o s s   t h e   d e p t h   of   t h e  

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

t h e   p a n e l .   The  a b o v e   p a n e l   s h o u l d   h a v e   a  h e a t   t r a n s f e r   p e r -  



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

s h e e t   p a n e l .  

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

h a v i n g   a  c o r r u g a t e d ,   r i d g e d   or   o t h e r   p a t t e r n e d   e f f e c t :  

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

in  t h e   r e q u i r e d   f o r m .   The  p a n e l   c o u l d   be  r o l l e d   and  c l o s e d  

to   fo rm  a  t u b e   ( w i t h   or   w i t h o u t   c o r r u g a t i o n s   e t c . , ) ,   o r  

a l t e r n a t i v e l y   t h e   p a n e l   in  s t r i p   f o rm  and  p r i o r   to   c u r i n g  

c o u l d   be  wound  h e l i c a l l y   on  a  m a n d r e l   and  a l l o w e d   to   s e t  

to   f o rm  a  t u b e .   Mesh  is   g e n e r a l l y   f o r m e d   in  e l o n g a t e   s t r i p s  

or  b a n d s   and  an  i n i t i a l   m e t a l / p l a s t i c s   m a t r i x   c o u l d   be  f o r m e d  

2  m e t r e s   w i d e   and  1 0 0 0   m e t r e s   l o n g .   I f   a  s u i t a b l e   p l a s t i c s  

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

be  c o n v e n i e n t l y   m a c h i n e d   or  c o l d   w o r k e d .  

In  t h e   s e c o n d   e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n   s h o w n  

in  F i g .   2,  t h e   m e t a l / p l a s t i c s   m a t r i x   1  i s   f o r m e d   s u b s t a n t -  

t i a l l y   as  b e f o r e   and  so  t h a t   t h e r e   i s   p r o v i d e d   a  p l a s t i c s  

b a r r i e r   in  t h e   m i d - p l a n e   P  -   P  of  t h e   m a t r i x ,   b u t   in  t h i s  

c a s e   t h e   w a r p   2A  of   t h e   woven   mesh  p r o j e c t s   l a t e r a l l y   f r o m  

t h e   s i d e   s u r f a c e s   of   t h e   p l a s t i c s   b a r r i e r   3  and  a l s o   p a r t s  

of  t h e   " w e f t "   2B  is   e x p o s e d .   The  mesh  2  w i l l   t h e r e f o r e   b e  

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

s u r f a c e s :   i t   may  be  d e s i r a b l e   h o w e v e r ,   to   t r e a t   t h e   mesh  t o  

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

p r o j e c t i n g   mesh  w i l l   c r e a t e   a  t u r b u l e n t   e f f e c t   a t   t h e   p a n e l  

s u r f a c e s   and  t h i s   s h o u l d   a s s i s t   t h e   p a n e l ' s   h e a t   e x c h a n g e  

p e r f o r m a n c e .   I t   w o u l d   be  p o s s i b l e   to   h a v e   t h e  m e s h   2  p r o j e c t  

f rom  o n l y   one  s u r f a c e   of   t h e   p l a s t i c s   b a r r i e r   l a y e r .  

The  a b o v e   h e a t   e x c h a n g e   p a n e l s   or   w a l l s   can   be  u s e d   i n  

a  w i d e   v a r i e t y   of   h e a t   e x c h a n g e r s ,   and  w i l l   be  p a r t i c u l a r l y  



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

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

p a r t i c u l a r l y   d o m e s t i c   r a d i a t o r s   due  to   t h e   r e l a t i v e l y   i n -  

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

The  f u r t h e r   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   s h o w n  

in  F i g .   3  i s   p a r t i c u l a r l y   i n t e n d e d   f o r   use   in  s o l a r   e n e r g y  

s y s t e m s .   In  t h i s   e m b o d i m e n t   a  d u c t i n g   p a n e l   1  c o m p r i s e s   a  

c e n t r a l   c o r e   c o n s t i t u t e d   by  an  o p e n w o r k   woven   mesh  2  of   h i g h  

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

c l o s u r e   l a y e r s   4A,  4B  l o c a t e d   a t   o p p o s e d   s i d e s   of   t h e   mesh  2  

w i t h   t h e   n o d e s   5  of  t h e   mesh  w a r p   2  e m b e d d e d   in  t h e   p l a s t i c s  

l a y e r s   4A,  4B  to   bond   t h e   l a y e r s   to   t h e   m e s h .   Thus   a  c e n t r a l  

d u c t   6  i s   f o r m e d   b e t w e e n   t h e   l a y e r s   4A,  4B  w i t h   t h e   mesh  w a r p  

2A  e x t e n d i n g   l o n g i t u d i n a l l y   in  t h i s   d u c t .   At  l e a s t   one  o f  

t h e   l a y e r s   i . e .   l a y e r   4A  e x p o s e d   to   t h e   s u n l i g h t   i s   h i g h l y  

a b s o r b e n t   to   r a d i a n t   e n e r g y .   In  o p e r a t i o n ,   t h e   h i g h l y  

a b s o r b e n t   l a y e r   4A  p i c k s   up  h e a t   e n e r g y   of   t h e   sun   r a y s .   T h i s  

h e a t   i s   c o n d u c t e d   f rom  t h e   s u r f a c e   by  t h e   mesh  2,  and  h e a t  

e x c h a n g e   f l u i d   ( l i q u i d ,   or   a i r   or   g a s )   f l o w i n g   l o n g i t u d i n a l l y  

in  t h e   c e n t r a l   d u c t   6  i s   c o n s e q u e n t l y   h e a t e d .   In  a  m o d i f i -  

c a t i o n   ( F i g .   4)  t h e   l a y e r   4A  e x p o s e d   t o   t h e   s u n l i g h t   c o m p r i s e s  

a  t r a n s p a r e n t   or   t r a n s l u c e n t   p l a s t i c s   l a y e r ,   w h i l e   t h e   o t h e r  

c l o s u r e   l a y e r   4B  c o m p r i s e s   a  d o u b l e - l a y e r   7 / 8   one   l a y e r   7  

of   w h i c h   i s   a  h e a t   a b s o r b e n t   l a y e r   a d j a c e n t   t h e   mesh  2  c o v e r -  

ed  by  an  o u t e r   i n s u l a t i n g   l a y e r   8 .  

F i g .   4  shows   t h e   f l u i d   h e a t i n g   c i r c u i t   of   t h e   s o l a r  

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

9,  10  f o r   t h e   f l o w   of   h e a t   e x c h a n g e   f l u i d   b e t w e e n   a  h e a t  

e x c h a n g e r   11  and  t h e   d u c t   6  of  p a n e l   1.  T h i s   r e c i r c u l a t i n g  

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



11  w h i c h   i s   s u p p l i e d   and  d i s c h a r g e d   v i a   l i n e s   12  and  13  r e -  

s p e c t i v e l y .   The  d u c t i n g   p a n e l   1  of   F i g s .   3  ( and   4)  p a r t i c u -  

l a r l y   i n t e n d e d   f o r   use   w i t h   a  r e c i r c u l a t i n g   h e a t   e x c h a n g e  

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

good   h e a t   a b s o r b e n t   p r o p e r t i e s .   A  p a r t i c u l a r l y   s u i t a b l e  

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

p e n s i o n   of  l i q u i d   ( e . g .   w a t e r )   w i t h   f i n e   c a r b o n   b l a c k   p a r t -  

i c l e s :   t h i s   may  be  r e f e r r e d   to   as  " b l a c k   w a t e r " .  

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

v a r i o u s   e m b o d i m e n t s .   Fo r   e x a m p l e ,   t h e   mesh  c o u l d   be  f o r m e d  

f rom  a  p l a i n   c r o s s - l a i d   a r r a y   of  s t r a n d s   (as   shown  in  F i g s .   5 

and  6)  w i t h   t h e   i n t e r s t i c e s   14  of   t h e   mesh  2  s e c u r e d   f o r  

e x a m p l e   by  b o n d i n g .  

In  F i g .   5  t h e   mesh  2  i s   e m b e d d e d   in  a  p l a s t i c s   c o r e   t o  

fo rm  a  m a t r i x   and  p l a s t i c s   c o v e r i n g   l a y e r s   4  c o v e r   t h e  

m a t r i x   as  in  F i g .   1,  w h i l e   in  F i g .   6  t h e   o p e n w o r k   of  t h e   m e s h  

2  i s   s i m p l y   c l o s e d   by  a  p l a s t i c s   f i l l e r   l a y e r   3  w i t h   t h e  

mesh   p r e s e n t i n g   l a t e r a l   p r o j e c t i n g   p o r t i o n s   of   good  h e a t  

c o n d u c t i n g   p r o p e r t y   as  in  F i g .   2.  In  t h e   e m b o d i m e n t s   o f  

F i g s .   1  and  5  a  m e t a l   c o a t i n g   c o u l d   be  a p p l i e d   to   t h e   m e t a l /  

p l a s t i c s   m a t r i x .  

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

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

e x c h a n g e   p e r f o r m a n c e   due  to   t h e   h i g h   t h e r m a l   c o n d u c t i v i t y  

mesh  b u t   w h i c h   can   be  r e l a t i v e l y   i n e x p e n s i v e   to   m a n u f a c t u r e  

s i n c e   t h e   b u l k   of  t h e   p a n e l   i s   made  f rom  l e s s   c o s t l y   p l a s t i c s  

m a t e r i a l .  



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

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

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

i v i t y   c o m p r i s e s   a  mesh  (2)  of  s t r i p   or   s t r a n d s   w h i l e   a  f u r t h e r  

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

c l o s u r e   l a y e r   (3,   4 ) ,   s a i d   mesh  (2)   h a v i n g   t r a n s v e r s e   e x t e n t  

so  as  to   e x t e n d   a c r o s s   t h e   d e p t h   of   t h e   w a l l   member   (1)   t o  

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

mesh  (2)  c o n d u c t s   h e a t   f rom  t h e   o u t e r   s u r f a c e   of   t h e   w a l l  

m e m b e r .  

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

i s e d   in  t h a t ,   t h e   mesh  (2)  c o m p r i s e s   h i g h   t h e r m a l   c o n d u c t -  

i v i t y   m e t a l .  

3.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  C l a i m   3,  c h a r a c t e r -  

i s e d   in  t h a t   t h e   m e t a l   is   c o p p e r ,   a l u m i n i u m ,   n i c k e l   or  b r o n z e .  

4.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  any  one  of   t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   i n  t h a t   t h e   c l o s u r e   l a y e r   ( 3 )  

c o m p r i s e s   a  p l a s t i c s   m a t e r i a l .  

5.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  C l a i m   4,  c h a r a c t e r -  

i s e d   in  t h a t   t h e   p l a s t i c s   m a t e r i a l  i s   a  u r e t h a n e .  

6.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  any  one  of   t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   in  t h a t   t h e   mesh  (2)   i s   i n  



t h e   fo rm  of  a  woven   mesh  ( F i g s .   1  to  3 ) .  

7.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  any  one  of   c l a i m s  

1  to   5,  c h a r a c t e r i s e d   in  t h a t   t h e   mesh  (2)  is   a  p l a i n   c r o s s -  

l a i d   mesh  ( F i g s .   5,  6 ) . .  

8.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  any  one  of  t h e  

p r e c e d i n g   c l a i m s   c h a r a c t e r i s e d   in  t h a t   t h e   c l o s u r e   l a y e r   ( 3 )  

c o n s t i t u t e s   a  c o r e   l a y e r   and  t h e   mesh  (2)  is  e m b e d d e d   t h e r e -  

in  ( F i g s .   1  and  2 ) .  

9.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  C l a i m   8,  c h a r a c t e r -  

i s e d   in  t h a t   a  c o v e r i n g   l a y e r   (4)   i s   a p p l i e d   to   a t   l e a s t   o n e  

s i d e   of   t h e   c o r e   l a y e r .  

10.   A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  C l a i m   9,  c h a r a c t e r -  

i s e d   in  t h a t   t h e   c o v e r i n g   l a y e r   (4)  i s   p o r o u s .  

11.  A  h e a t   t r a n s f e r   e l e m e n t   as  c l a i m e d   in  any  one  of   C l a i m s  

1  to   7,  c h a r a c t e r i s e d   in  t h a t   t h e   c l o s u r e   l a y e r   (3)   c o n -  

s t i t u t e s   a  f i l l e r   l a y e r   c l o s i n g   t h e   s p a c e s   in  t h e   mesh  ( 2 ) ,  

t h e   mesh  (2)  p r o j e c t i n g   l a t e r a l l y   f rom  a t   l e a s t   one  s i d e   o f  

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

12.  A  h e a t   e x c h a n g e   p a n e l   c o m p r i s i n g   a  c o m p o s i t e   w a l l  

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

(2  F i g .   3)  is   b o u n d e d   on  e i t h e r   s i d e   by  c l o s u r e   l a y e r s  

(4A,  4B) ,   t h e   mesh  c o r e   (2)  p e r m i t t i n g   l o n g i t u d i n a l   f l u i d  

f l o w   t h e r e i n   b e t w e e n   t h e   c l o s u r e   l a y e r s   (4A,  4 B ) .  

13.   A  p a n e l   as  c l a i m e d   in  C l a i m   12,  c h a r a c t e r i s e d   in  t h a t  

t h e   mesh  c o r e   (2)  c o m p r i s e s   a  woven  m e s h .  

14.   A  p a n e l   as  c l a i m e d   in  C l a i m   12,  c h a r a c t e r i s e d   in  t h a t  

o n e   of   t h e   c l o s u r e   l a y e r s   (4A)  i s   a b s o r b e n t   to   r a d i a n t  

e n e r g y   to   e n a b l e   t h e   p a n e l   to   be  u s e d   as  a  s o l a r   e n e r g y  

p a n e l .  
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