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©  Solderless  heat  exchanger. 
(§)  A  solderless  heat  exchange  wherein  an  admixture  of 
thermally  conductive  fine  powder  and  fixing  agent  is  applied 
to  the  outer  periphery  (7)  of  each  tube  thereof.  Ethyl  Cello- 
solve,  or  a  solvent,  is  added  to  the  admixture  to  ensure  that 
the  admixture  is  firmly  fixed  to  the  outer  periphery.  There- 
after,  the  tubes  are  inserted  into  holes  (2a)  formed  in  fins  (2) 
and  then  the  tubes  are  expanded  to  join  the  tubes  (1)  to  the 
fins.  The  use  of  the  admixture  accelerates  the  heat  transfer 
between  the  tubes  and  the  fins  and  improves  the  heat  ex- 
change  efficiency. 
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 A   solderless  heat  exchange  wherein  an  admixture  of 
thermally  conductive  fine  powder  and  fixing  agent  is  applied 
to  the  outer  periphery  (7)  of  each  tube  thereof.  Ethyl  Cello- 
solve,  or  a  solvent,  is  added  to  the  admixture  to  ensure  that 
the  admixture  is  firmly  fixed  to  the  outer  periphery.  There- 
after,  the  tubes  are  inserted  into  holes  (2a)  formed  in  fins  (2) 
and  then  the  tubes  are  expanded  to  join  the  tubes  (1)  to  the 
fins.  The  use  of  the  admixture  accelerates  the  heat  transfer 
between  the  tubes  and  the  fins  and  improves  the  heat  ex- 
change  efficiency. 



BACKGROUND  OF  THE  INVENTION 

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   e x c h a n g e r s  

of  t he   t y p e   in  w h i c h   t u b e s   e x t e n d i n g   t h r o u g h   h o l e s   f o rmed   i n  

f i n s   have   been   j o i n e d   to  t he   f i n s   by  t u b e   e x p a n d i n g   p r o c e s s .  

Hea t   e x c h a n g e r s   of  t h i s   k ind   have   been   used   a s  

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

w a t e r   r a d i a t o r s ,   e t c .   The  t u b e s   of  such   h e a t   e x c h a n g e r s   a r e  

j o i n e d   to  the   f i n s   by  m e c h a n i c a l l y   e x p a n d i n g   t h e   t u b e s .   F o r  

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

a r e   in  c o n t a c t   w i t h   t h e   r e s p e c t i v e   f i n s   o n l y   in  q u i t e   s m a l l  

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

e x p e r i m e n t a l l y   t h a t   t h e r e   e x i s t   gaps   of  t h e   o r d e r   of  s e v e r a l  

m i c r o n s   a t   the   i n t e r f a c e   of  t ube   and  f i n   due  to  t h e  

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

t h e s e   gaps   impede   h e a t   t r a n s f e r   b e t w e e n   t he   f i n s   and  t u b e s ,  

t h u s   l o w e r i n g   t he   h e a t   e x c h a n g e   e f f i c i e n c y .  

SUMMARY  OF  THE  INVENTION 

I t   is  t he   p r i m a r y   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  r a d i a t o r   w h i c h   is  e x c e l l e n t   in  h e a t   e x c h a n g e  

e f f i c i e n c y .  

T h i s   p r i m a r y   o b j e c t i v e   is  a c h i e v e d   by  p r o v i d i n g   a  

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

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



e x c h a n g e r .  

T h i s   is   a c c o m p l i s h e d   by  n a r r o w i n g   the   gaps   b e t w e e n  

t he   f i n s   and  t h e   t u b e s   in  a  f a v o r a b l e   w a y .  

In  o r d e r   to   n a r r o w   the   g a p s ,   t h e r e   is  i n t r o d u c e d  

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

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

w i t h i n   h o l e s   in  t h e   f i n s .  

T h e r e   i s   a l s o   p r o v i d e d   a  m e t h o d   f o r   j o i n i n g   a  t u b e  

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

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

a g e n t ,   a p p l y i n g   t h e   m i x t u r e   to  t he   t u b e ,   i n s e r t i n g   t he   t u b e  

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

to  j o i n   t he   f i n   to  t h e   t u b e .   : 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  f r o n t   e l e v a t i o n   of  a  h e a t   e x c h a n g e r  

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 ;  

F i g .   2  i s   an  e n l a r g e d   v iew  of  t he   main   p o r t i o n   o f  

t h e   h e a t   e x c h a n g e r   shown  in  F i g .   1 ;  

F i g .   3  i s   a  d i a g r a m   f o r   s h o w i n g   t h e   c r o s s -  

s e c t i o n a l   s h a p e   of   t h e   t u b e s   of  t he   h e a t   e x c h a n g e r   shown  i n  

F i g .   1 ;  

F i g .   4  i s   a  p e r s p e c t i v e   v i e w   of  one  p a r t i c l e   o f  

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

F i g .   5  i s   an  e n l a r g e d   v iew  of  a  s u r f a c e   a t   w h i c h   a  

t u b e   is  c o n t a c t   w i t h   a  f i n .  



DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

R e f e r r i n g   f i r s t   to  F i g s .   1  and  2,  t h e r e   is   shown  a 

h e a t   e x c h a n g e r   w h i c h   e m b o d i e s   t he   c o n c e p t   of  the   p r e s e n t  

i n v e n t i o n   and  w h i c h   is  a d a p t e d   to  be  used   as  an  a u t o m o b i l e  

r a d i a t o r .   The  h e a t   e x c h a n g e r   has   t u b e s   1  and  f i n s   2 

p r o v i d e d   w i t h   h o l e s   2a  to  r e c e i v e   and  f i x   t he   t u b e s   1.  E a c h  

of  the  t u b e s   1  has   a  t h i c k n e s s   of  0 .4   mm  and  is  made  of  a n  

a l u m i n u m   a l l o y   b e a r i n g   J a p s a n e s e   I n d u s t r i a l   S t a n d a r d   code   A 

3 0 0 3 - 0 .   Each  of  the   f i n s   2  has   a  t h i c k n e s s   of  0 .1   mm  and  i s  

made  of  an  a l u m i n u m   m a t e r i a l   b e a r i n g   J a p a n e s e   I n u u s t r i a l  

S t a n d a r d   code   A  1 0 5 0 - H 2 4 .   The  i n s i d e   d i a m e t e r   of  the   h o l e s  

2a  in  t he   f i n s   2  is  l a r g e r   t h a n   the   o u t s i d e   d i a m e t e r   of  t h e  

t u b e s   1  w h i c n   a r e   no t   y e t   f i x e d   by  a p p r o x i m a t e l y   0 . 3 - 0 . 4   mm. 

A f t e r   t he   t u b e s   1  a re   i n s e r t e d   i n t o   the   h o l e s   2a,   a  t u b e  

e x p a n d i n g   t o o l   (no t   shown)   is  f o r c e d   i n t o   t he   t u b e s   1  t o  

e x p a n d   t hem.   T h e n ,   c o l l a r s   2b  w h i c h   a re   l o c a t e d   a t   t h e  

f r i n g e s   of  the   h o l e s   2a  a r e   b r o u g h t   i n t o   c o n t a c t  w i t h   t h e  

t u b e s   1  to  s e c u r e   the   t u b e s   in  t he   h o l e s   2a  in  t he   f i n s   2 .  

H e a d e r   p l a t e s   5  made  of  a l u m i n u m   a re   d i s p o s e d  a t   b o t h   e n d s  

of  the   t u b e s   1  to  f i r m l y   f i x   t he   t u b e s   1.  An  u p p e r   t a n k   3 

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

e n g i n e   f l o w s   is  s e c u r e d   by  c a u l k i n g   o u t s i d e   one  of  t h e  

h e a d e r   p l a t e s   5.  A  l o w e r   t a n k   4  is  s e c u r e d   o u t s i d e   t h e  

o t h e r   h e a d e r   p l a t e   5,  and  the   c o o l a n t   f rom  the   u p p e r   t a n k  

f l o w s   i n t o   the   t a n k   4  a f t e r   i t   is  c o o l e d   by  e x c h a n g i n g   h e a t  



w i t h   t he   o u t s i d e   a i r   w h i l e   p a s s i n g   t n r o u g h   the   t u b e s   1.  T h e  

u p p e r   t a n k   3  i s   m o l d e d   o u t   of  n y l o n   r e s i n   and  r e i n f o r c e d  

w i t h   g l a s s   f i b e r s .   An  i n t a k e   p i p e   3a  f o r   a l l o w i n g   t h e  

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

3,  a  w a t e r   s u p p l y   p i p e   3 b  f o r   r e p l e n i s h i n g   c o o l a n t ,   and  a  

m o u n t i n g   b r a c k e t   3c  f o r   m o u n t i n g   t h e   w h o l e   h e a t   e x c h a n g e r   i n  

t h e   a u t o m o b i l e   a r e   m o l d e d   i n t e g r a l l y   w i t h   t he   t a n k   3.  T h e  

l o w e r   t a n k   4  i s   m o l d e d   o u t   of  n y l o n   r e s i n   in  t he   same  m a n n e r  

as  t he   u p p e r   t a n k   3.  An  e x h a u s t   p i p e   4a  fo r   d i r e c t i n g   t h e  

c o o l e d   c o o l a n t   in  t he   l o w e r   t a n k   4  i n t o   t h e   e n g i n e ,   and  a  

m o u n t i n g   b r a c k e t   4b  f o r   m o u n t i n g   t he   h e a t   e x c h a n g e r   in  t h e  

a u t o m o b i l e   a r e   m o l d e d   i n t e g r a l l y   w i t h   t h e   t a n k   4 .  

R e f e r r i n g   n e x t   to  F i g .   3,  t h e   t u b e s   1  a r e  

e l l i p t i c a l   in  s h a p e .   Each  e l l i p s i s   i s   d e f i n e d   by  c o n n e c t i n g  

t o g e t h e r   two  a r c s   of  d i f f e r e n t   c u r v a t u r e s .   Le t   Rl  be  t h e  

r a d i u s   of  t h e   s m a l l e r   a r c s ,   R2  be  t h e   r a d i u s   of  t he   l a r g e r  

a r c s ,   A  be  t he   e l l i p s e   m a j o r   a x i s ,   and  B  be  t he   e l l i p s e  

m i n o r   a x i s .   T h e n ,   t h e   r e l a t i o n s h i p  

i s   s a t i s f i e d .   B e f o r e   t h e   t u b e s   1  a r e   i n s e r t e d   i n t o   t h e  

h o l e s   2a  in  t h e   f i n s   2,  an  a d m i x t u r e   of   a  m i x t u r e   6  a n d  

e t h y l   C e l l o s o l v e ,   as  a  k i n d   of  s o l v e n t ,   i s   a p p l i e d   to  t h e  

o u t e r   s u r f a c e   7  of  e a c h   t u b e   1.  T h i s   s o l v e n t   is  added   i n  

o r d e r   t h a t   t he   m i x t u r e   6  of  t h e r m a l l y   c o n d u c t i v e   a l u m i n u m  

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



has   a  t h i c k n e s s   T  of  a b o u t   0 .1   pm  as  shown  in  F i g .   4,  a n d  

f i x i n g   a g e n t   is  more  f i r m l y   a p p l i e d   to  t u b e   1.  The  f i x i n g  

a g e n t   is  p r o d u c e d   by  a d d i n g   d i c y a n a m i d e ,   as  a  h a r d e n i n g  

a g e n t ,   to  b i s p h e n o l   e p o x y ,   or  an  a d h e s i v e .   O t h e r   C e l l o s o l v e  

s o l v e n t s   such  as  b u t y l   C e l l o s o l v e   and  m e t h y l   C e l l o s o l v e ,   o r  

k e t o n e   s o l v e n t s   such   as  a c e t o n e   may  be  u s e d   as  the   s o l v e n t  

i n s t e a d   of  e t h y l   C e l l o s o l v e .   The  a d h e s i v e   may  a l s o   be  e p o x y  

to  w h i c h   an  a l i p h a t i c   a m i n e ,   an  a r o m a t i c   a m i n e ,   a  p o l y a m i d e  

a m i n e ,   or  the  l i k e   is   a d d e d   as  a  h a r d e n i n g   a g e n t .   In  t h i s  

e x a m p l e ,   the   a l u m i n u m   f i n e   p o w d e r ,   the   f i x i n g   a g e n t ,   and  t h e  

s o l v e n t   a re   mixed   w i t h   a  w e i g h t   r a t i o   of  2 7  :   1 8  :   55.  F o r  

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

p o w d e r   may  be  i n c r e a s e d   f u r t h e r .   When  t op   p r i o r i t y   i s  

p l a c e d   on  p r e v e n t i n g   t h e   f i n e   powder   f rom  s c a l i n g   o f f ,   t h e  

r a t i o   of  the  f i x i n g   a g e n t   may  be  made  l a r g e r .   When  t h e  

a d m i x t u r e   s h o u l d   be  more   f i r m l y   a p p l i e d   to  t he   s u r f a c e ,   t h e  

r a t i o   of  the   s o l v e n t   may  be  r e n d e r e d   g r e a t e r .  

The  t u b e s   1  c o a t e d   w i t h   t he   a d m i x t u r e   in  t h i s   way  

a r e   i n s e r t e d   i n t o   t he   h o l e s   2a  in  the   f i n s   2,  and  t h e s e   a r e  

p r o v i s i o n a l l y   a s s e m b l e d .   S u b s e q u e n t l y ,   t he   t u b e s   a r e  

e x p a n d e d   u n t i l   the   o u t s i d e   d i m e n s i o n   of  e a c h   t u b e   1  b e c o m e s  

g r e a t e r   t h a n   the   i n s i d e   d i m e n s i o n   of  e a c h   u n w o r k e d   h o l e   2 a  

in  the   f i n s   2  a p p r o x i m a t e l y   2  %,  t h e r e b y   j o i n i n g   the   t u b e s  

to  the   f i n s .   T h e r e a f t e r ,   the   a s s e m b l y   is  s u b j e c t e d   to  a  

p r e l i m i n a r y   h e a t i n g   o p e r a t i o n   at  a  t e m p e r a t u r e   of  100°C  f o r  



10  m i n u t e s   to  c a u s e   the   s o l v e n t   to  p r o d u c e   foam.   T h e n ,   t h e  

a s s e m b l y   is   h e a t e d   a t   a  t e m p e r a t u r e   of  150°C  fo r   30  m i n u t e s  

to  c u r e   t he   f i x i n g   a g e n t .   As  shown  in  F i g .   5,  the   o u t e r  

p e r i p h e r y   7  of  e a c h   t u b e   1  and  t h e   i n n e r   s u r f a c e   8  of  e a c h  

h o l e   2a  of  the   f i n s   2  have   a  s u r f a c e   r o u g h n e s s   of  a b o u t   2 

pmRz  and  a r e   in  c o n t a c t   w i t h   e a c h   o t h e r ,   r e s u l t i n g   in  m i n u t e  

g a p s ,   w h e r e   Rz  i s   a  u n i t   f o r   e x p r e s s i n g   t h e   a v e r a g e  

r o u g h n e s s   of  t e n   m e a s u r e m e n t s   and  is   a p p r o x i m a t e l y   0 .5   umRa 

when  e x p r e s s e d   in  t e r m s   of  t he   a v e r a g e   r o u g h n e s s   a l o n g   t h e  

c e n t e r   l i n e .   H o w e v e r ,   t h e   m i x t u r e   6  e n t e r s   t h e   g a p s   t o  

n a r r o w   the   s p a c e ,   l e a d i n g   to  a  d e c r e a s e   in  t he   t h e r m a l  

r e s i s t a n c e   a t   t h e   c o n t a c t   s u r f a c e   b e t w e e n   the   t u b e s   1  a n d  

t he   f i n s   2.  The  r e s u l t   is   t h a t   t h e   h e a t   e x c h a n g e  

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

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

a d m i x t u r e   h a s  b e e n   v o l a t i l i z e d   by  t h e   p r e l i m i n a r y   h e a t i n g   a t  

a  t e m p e r a t u r e   o f  1 0 0 ° C   f o r   10  m i n u t e s   and  by  the   h e a t i n g   a t  

a  t e m p e r a t u r e   of  150°C   f o r   30  m i n u t e s .  

S i n c e   t h e   g a p s   l e f t   in  t h e   h o l e s   2a  b e t w e e n   t h e  

t u b e s   1  and  t h e   f i n s   2  a r e   a t t r i b u t a b l e   to   t he   s u r f a c e  

r o u g h n e s s   of  t h e   t u b e s   1  and  t h e   h o l e s   2a ,   i f   t he   f i l l i n g ,  

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

the   s u r f a c e   r o u g h n e s s ,   t h e n   t he   p o w d e r   may  r a t h e r   e n l a r g e  

the   g a p s   and  i n c r e a s e   the   t h e r m a l   r e s i s t a n c e ,   t h u s  

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



t h e   s i z e   of  the   p a r t i c l e s   of  the   powder   is  r e q u i r e d   to  b e  

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

b o u n d a r y   b e t w e e n   the   t u b e s   1  and  the   f i n s   2.  H o w e v e r ,   i n  

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

u s e d   as  in  the   p r e s e n t   e x a m p l e ,   as  l o n g   as  t he   t h i c k n e s s   T 

is   l e s s   t h a n   the   v a l u e   of  t he   s u r f a c e   r o u g h n e s s   of  t he   t u b e s  

1  and  the   f i n s   2,  the   w i d t h   W  is  a l l o w e d   to  be  g r e a t e r   t h a n  

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

o u t e r   p e r i p h e r y   7  of  e a c h   t u b e   1  and  of  the   s u r f a c e   8  o f  

e a c h   f i n   2  i n s i d e   the   h o l e s   2a  b r e a k s   or  d e f o r m s   t h e  

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

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

w i t h o u t   a l m o s t   e n l a r g i n g   the   g a p s .   In  t he   i l l u s t r a t i v e  

e x a m p l e ,   W  is  of  the   o r d e r   of  10  pm. 

I f  n o   a d h e s i v e   is  a d d e d   to  t he   s c a l e l i k e   p a r t i c l e s  

of  t h e   p o w d e r ,   when  the   t u b e s   1  a re   c l e a n e d   or  e x t e r n a l  

v i b r a t i o n   is  g i v e n   to  t he   p o w d e r   a f t e r   t he   t u b e   e x p a n d i n g  

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

s c a l e   o f f .   As  a  r e s u l t ,   the   h e a t   e x c h a n g e   p e r f o r m a n c e   w i l l  

a l s o   g r a d u a l l y   be  d e t e r i o r a t e d .   H e n c e ,   t he   s c a l e l i k e  

p a r t i c l e s   of  the   f i n e   p o w d e r   a r e   made  f i x e d   w i t h   a d h e s i v e   t o  

p r e v e n t   them  from  s c a l i n g   o f f   f rom  the   g a p s .  

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

f i n e   powder   t a k e   s c a l e l i k e   form  in  the   a b o v e   e x a m p l e ,   t h e  

fo rm  of  the  p a r t i c l e s   is  no t   l i m i t e d   to  t h i s .   For  e x a m p l e ,  



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

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

1  and  of  t he   f i n s   2  i n s i d e   t he   h o l e s   2a  may  a l s o   be  u s e d .  

F u r t h e r ,   t he   f i x i n g   a g e n t   a d d e d   to  t he   t h e r m a l l y  

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

r a t h e r   any  o t h e r   s u b s t a n c e   may  be  u s e d   as  l o n g   as  i t  

e x h i b i t s   w a t e r - p r o o f n e s s ,   shows  no  v a r i a t i o n   in  i t s   v o l u m e  

o v e r   a  l o n g   p e r i o d ,   and  is   c a p a b l e   of  r e t a i n i n g   t h e  

t h e r m a l l y   c o n d u c t i v e   f i n e   p o w d e r .   V i s c o u s   s u b s t a n c e s   s u c h  

as  p a i n t s   and  g r e a s e s   a r e   e x a m p l e s   of  t h e m .  

In  a d d i t i o n ,   t he   m a t e r i a l   of  t he   t u b e s , .  t h e   f i n s ,  

and  t h e   t h e r m a l l y   c o n d u c t i v e   f i n e   p o w d e r   i s   n o t ' l i m i t e d   t o  

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

e q u a l l y   be  u s e d .  

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

of   t h e   p r e s e n t   i n v e n t i o n   has   n a r r o w e d   g a p s   b e t w e e n   t he   t u b e s  

and  t he   f i n s   to  f a c i l i t a t e   t h e   h e a t   t r a n s f e r ,   w h e r e b y  

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

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

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

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

p e r f o r m a n c e   o v e r   a  l o n g   p e r i o d .  



1.  In  a  s o l d e r l e s s   h e a t   e x c h a n g e r   h a v i n g   a  

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

in  the   f i n s ,   the   t u b e s   b e i n g   j o i n e d   to  the   f i n s   by  a  t u b e  

e x p a n d i n g   o p e r a t i o n ,   t he   i m p r o v e m e n t   c o m p r i s i n g :   a  m i x t u r e  

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

p r o v i d e d   in  the   i n t e r f a c e   b e t w e e n   the   f i n s   and  the   t u b e s  

w i t h i n   the   h o l e s .  

2.  An  i m p r o v e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

the   m i x t u r e   i n c l u d e s   v o l a t i l e   s o l v e n t   to  e n s u r e   t h a t   t h e  

m i x t u r e   i s  c e r t a i n l y   a p p l i e d   to  the   i n t e r f a c e .  

3.  An  i m p r o v e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

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

p a r t i c l e s   of  a l u m i n u m .  

4.  An  i m p r o v e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

t he   f i x i n g   a g e n t   is  an  a d h e s i v e   t h a t   is   a  b i s p h e n o l   e p o x y   t o  

w h i c h   a  d i c y a n a m i d e   is  added   as  a  h a r d e n i n g   a g e n t .  

5.  An  i m p r o v e m e n t   a c c o r d i n g   to  c l a i m   1,  w h e r e i n  

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

p a r t i c l e s   whose   s i z e   is  l e s s   t h a n   a  v a l u e   of  the   s u r f a c e  

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

6.  An  i m p r o v e m e n t   a c c o r d i n g   to  c l a i m   2,  w h e r e i n  

the   v o l a t i l e   s o l v e n t   is  e t h y l   C e l l o s o l v e .  

7.  A  me thod   for   j o i n i n g   a  t u b e   and  a  f i n  

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



t h e   s t e p s   o f :  

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

p o w d e r   and  a  f i x i n g   a g e n t ,  

a p p l y i n g   t h e   m i x t u r e   to  the   t u b e ,  

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

e x p a n d i n g   t h e   t u b e   r a d i a l l y   to  j o i n   t he   f i n   to  t h e  

t u b e .  

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

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

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

9.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   t h e  

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

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

c o m p r i s e s   s c a l e l i k e   p a r t i c l e s   of  a l u m i n u m .  

10.  A  m e t h o d   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   t h e  

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

m i x t u r e   w h e r e i n   t h e   f i x i n g   a g e n t   is  an  a d h e s i v e   t h a t   is  a  

b i s p h e n o l   e p o x y   to  w h i c h   a  d i c y a n a m i d e   is  a d d e d   as  a  

h a r d e n i n g   a g e n t .  

11.   A  m e t h o d   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   t h e  

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

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

c o m p r i s e s   g r a n u l a r   p a r t i c l e s   whose   s i z e   is  l e s s   t h a n   a  v a l u e  

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

and  t h e   t u b e .  



12.  A  m e t h o d   a c c o r d i n g   to  c l a i m   8,  w h e r e i n   t h e  

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

m i x t u r e   w h e r e i n   the   v o l a t i l e   s o l v e n t   is  e t h y l   C e l l o s o l v e .  
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