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©  Finned  heat  transfer  device  and  method  for  making  same. 
©  The  invention  provides  a  fin  structure  (3),  and  a  method 
and  apparatus  for  forming  a  fin  structure  (3),  for  application  to 
the  exterior  of  a  tube  (4)  to  form  a  heat  transfer  device  effect- 
ive  in  minimizing  frost  bridging  in  refrigeration  operations. 
The  fin  structure  is  wound  helically  onto  a  refrigerant-carrying 
tube  (4),  and  comprises  an  integrally  formed  chain  of  looped 
fins  (3),  each  looped  fin  having  a  mounting  flange  (8,9)  at  each 
end  thereof  and  comprising  two  vertical  fin  portions  (10a,10b) 
extending  respectively  from  each  mounting  flange  (8,9)  and 
connected  together  by  a  bridge  portion  (10c,10s);  the  method 
and  apparatus  for  making  the  same  includes  a  unitary  stretch 
preforming  process  to  reform  thin  lanced  sheet  metal  fin  stock 
(2)  into  the  final  looped  fin  shape  (3)  in  a  single  forming  step. 
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FINNED  HEAT  TRANSFER  DEVICE  AND  METHOD  FOR  MAKING  SAME 

xuc  t / t c o c u u   A i ivc i iu iun   jcej .a t .es   co  an  i m p r o v e d   h e a t  

t r a n s f e r   f i n   f o r   a  f i n n e d   h e a t   t r a n s f e r   d e v i c e ,   and  to   a n  

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

to  a  t u b e .  

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

Ls  common  to  u t i l i z e   a  r e f r i g e r a n t - c a r r y i n g   t u b e   as  the   means  b y  
t fh ich   h e a t   is  r e m o v e d   f rom  a  c h a m b e r   or  a r e a s   to  be  c o o l e d ,   a n d  

:o  f l ow  a i r   a c r o s s   t he   r e f r i g e r a n t - c a r r y i n g   t u b e   to  a s s i s t   i n  

: r a n s f e r r i n g   h e a t   to  or  f rom  t h e   t u b e   w a l l   as  i m p a r t e d   by  t h e  

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

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

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

i v a p o r a t o r .  

The  r e f r i g e r a n t   has   a  s i g n i f i c a n t l y   g r e a t e r   a b i l i t y   t o  
: r a n s f e r   h e a t   to  the   t u b e   in  w h i c h   i t   i s   c a r r i e d   t h a n   does   t h e  
d r   w h i c h   f l o w s   a c r o s s   i t s   e x t e r i o r .   As  a  r e s u l t ,   i t   is   a n  

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

n c r e a s e   the  s u r f a c e   a r e a   p r o v i d e d   on  the   o u t s i d e ,   or  a i r s i d e ,  
f  t he   t u b e .   Most  o f t e n ,   t he   i n c r e a s e d   s u r f a c e   a r e a   is   p r o v i d e d  
n  t he   fo rm  of  some  s o r t   of  e x t e n d e d   c o o l i n g   s u r f a c e   or  f i n  

x t e n d i n g   f rom  the   t ube   o u t e r   s u r f a c e .   Many  t y p e s   of  f i n n e d  

u b i n g   a r e   c o m m e r c i a l l y   a v a i l a b l e   f o r   use   in  r e f r i g e r a n t - t o - a i r  

e a t   e x c h a n g e r s   ( b o t h   e v a p o r a t o r s   and  c o n d e n s e r s ) .   One  t ype   o f  
x t e n d e d   s u r f a c e   f i n   is  t h a t   known  as  a  " s p i n e   f i n " ,   a s  
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l i s c l o s e d   in  my  p r i o r   U .S .   P a t e n t   2 , 9 8 3 , 3 0 0 .   The  s p i n e   f i n   h a s  

i  d i s a d v a n t a g e   in  t h a t   i t   is   m e c h a n i c a l l y   weak  and   has   a  l o w  

r e s i s t a n c e   to   b e n d i n g   and  c o m p r e s s i v e   f o r c e s .   T h e r e f o r e ,   t o  

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

: l o s e l y   on  t h e   r e f r i g e r a n t   t u b e .   O t h e r   t y p e s   of  e x t e n d e d  

s u r f a c e   f i n s   a r e   d i s c l o s e d   f o r   e x a m p l e   in  U . S .   P a t e n t   N o .  

4 , 1 4 3 , 7 1 0 ,   i s s u e d   to  L a P o r t e   e t   a l ;   t h e s e   l a t t e r   f i n s   a r e  

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

have  a  h i g h e r   d e g r e e   of  w a s t e   m a t e r i a l   in  r e l a t i o n   t h e   h e a t  

t r a n s f e r   c a p a c i t y   p r o v i d e d .  

T h e s e   p r i o r   a r t   f i n s   have   been   u s e d   s u c c e s s f u l l y   f o r  

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

r e f r i g e r a n t   c a r r y i n g   t u b e s   in  home  r e f r i g e r a t o r s   and  a i r  

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

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

p o i n t   of  w a t e r .   H o w e v e r ,   t h e y   have   n o t   b e e n   so  s u c c e s s f u l   i n  

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

p r i m a r i l y   f o r   two  r e a s o n s :  

(1)  b e c a u s e   the   m o i s t u r e   in  t h e   f r e e z i n g   a i r   c o n d e n s e s  

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

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

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

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

(2)  i f   t he   f i n s   a r e   s p a c e d   f a r   e n o u g h   a p a r t   to   p r e v e n t  

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

weak  . 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  new  r o r m   or  t i n  
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s t r u c t u r e   w h i c h   f a c i l i t a t e s   a  s o l u t i o n   t o   t h e   d u a l   p r o b l e m s   o f  

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

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

i n v e n t i o n   g r e a t l y   r e d u c e   f r o s t   b r i d g i n g   and   w i l l   f u n c t i o n   in   a n  

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

b e l o w   t h e   f r e e z i n g   p o i n t   of   w a t e r ,   w h i l e   a t   t h e   same  t i m e  

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

u t i l i z a t i o n .  

I t   i s   a l s o   an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

w h i c h   t h e   l o o p e d   f i n   s t o c k   i s   a p p l i e d   to   r e f r i g e r a n t - c a r r y i n g  

t u b e   s t o c k   i m m e d i a t e l y   a f t e r   i t s   f o r m a t i o n ,   so   as   to   m i n i m i z e  

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

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   t h e r e   i s   p r o v i d e d  

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

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

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

tfound  h e l i c a l l y   a r o u n d   s a i d   t u b e   so  t h a t   t h e   f i n s   e x t e n d  

j e n e r a l l y   l o n g i t u d i n a l l y   of   t h e   t u b e ,   c h a r a c t e r i z e d   in  t h a t :  

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

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

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

: h a t   t h e   m o u n t i n g   f l a n g e s   s n u g l y   e n g a g e   t h e   t u b e   c o n t i n u o u s l y  

: h e r e a l o n g   in   h e a t   t r a n s f e r r i n g   r e l a t i o n   t h e r e w i t h ;   a n d  

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

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

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

>f  a  m in imum  d i m e n s i o n   f o r   i n h i b i t i o n   of  f r o s t   b r i d g i n g .  
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A l s o   a c c o r d i n g   t o   t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

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

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

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

5  (a)  p r o v i d i n g   an  e l o n g a t e   s t r i p   of   t h e r m a l l y  

c o n d u c t i v e   m a t e r i a l ;  

and   c h a r a c t e r i z e d   b y :  

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

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

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

l a n c e d   web  p o r t i o n ;  

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

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

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

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

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

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

s a i d   l e g   m e m b e r s ;   a n d  

(d)  h e l i c a l l y   w i n d i n g   s a i d   c h a i n   u n d e r   t e n s i o n   o n t o  

20  ':e  e x t e r i o r   s u r f a c e   of   a  t u b e   w i t h   t h e   f i n s   e x t e n d i n g  

l o n g i t u d i n a l l y   of  t h e   t u b e .  

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

w i l l   now  be  d e s c r i b e d ,   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 i a g r a m m a t i c   d r a w i n g s ,   w h e r e i n :  

25  FIGURE  1  i s   a  s c h e m a t i c   p e r s p e c t i v e   v i e w   of  a  f i r s t  

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

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

a l s o   i l l u s t r a t e s   t h e   c o r r e s p o n d i n g   m e t h o d   of   t h e   i n v e n t i o n ;  
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FIGURE  2  i s   a  p e r s p e c t i v e   v i e w   t o   a  l a r g e r   s c a l e  

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

m o u n t e d   on  t h e   t u b e ;  
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'  FIGURE  2A  i s   a  c r o s s   s e c t i o n   on  t h e   l i n e   2A-2A  i n  

F i g u r e   2 ;  

FIGURE  2B  i s   an  end  e l e v a t i o n   of  t he   a s s e m b l e d  

s t r u c t u r e   of  F i g u r e   2 ;  

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

s t r u c t u r e   of  F i g u r e s   1  and  2,  w h i l e   F i g u r e s   3B  t h r o u g h   3D  a r e  

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

t h e   i n v e n t i o n ;  

FIGURE  4  i s   a  p l a n   v i ew   of  l a n c i n g   c u t t i n g   work  s t a t i o r  

A  of  F i g u r e   1,  a t   w h i c h   t h i n   m e t a l   s t r i p   s t o c k   i s   l a n c e d   a n d  

c h a n g e d   to  c h a n n e l   f o r m ;  

FIGURE  5  i s   a  s i d e   e l e v a t i o n   of  t he   work  s t a t i o n   A;  

FIGURE  6  i s   a  p e r s p e c t i v e   view  of  t he   l a n c e d   a n d  

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

s t a t i o n   A;  

FIGURE  7  i s   a  p l a n   v i ew   of  c o m b i n e d   s t r e t c h   f o r m i n g   a n d  

U - s h a p e   f o r m i n g   work  s t a t i o n   B  of  F i g u r e   1 ;  

FIGURES  7C,  7D  and  7E  a r e   c r o s s   s e c t i o n s   on  t h e   l i n e s  

C-C,   D-D  and  E-E  of  F i g u r e   7  to  show  t he   p r o g r e s s i v e   p r e - f o r m i n g  

of  t he   l a n c e d   s t o c k   in  t h e   work  s t a t i o n   B;  

FIGURE  8  i s   a  s i d e   e l e v a t i o n   of  t he   work  s t a t i o n   B ;  

FIGURE  9  i s   a  p e r s p e c t i v e   v i ew   of  t he   " l o o p e d   f i n "  

s t r i p   a f t e r   i t   e m e r g e s   f rom  work  s t a t i o n   B;  

FIGURE  10  i s   a  p e r s p e c t i v e   v i ew  of  an  a l t e r n a t i v e  

a p p a r a t u s   f o r   f o r m i n g   t h e   U - s h a p e   c o r r e s p o n d i n g   to   s t a t i o n   B  o f  

F i g u r e   1,  or  s t a t i o n   F  of  F i g u r e   11,  or  s t a t i o n   J  of  F i g u r e   1 2 ;  

FIGURE  11  i s   a  p e r s p e c t i v e   view  of  an  a l t e r n a t i v e  

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

FIGURE  12  i s   a  p e r s p e c t i v e   v i ew   of  a  f u r t h e r  

a l t e r n a t i v e   a p p a r a t u s   of  t h e   i n v e n t i o n ,   and  a l s o   i l l u s t r a t e s   a  
f u r t h e r   a l t e r n a t i v e   m e t h o d   of  t h e   i n v e n t i o n ;  

FIGURE  13  i s   a  p e r s p e c t i v e   v iew  of  t h e   f l a t   l a n c e d   t h i n  
n e t a l   s t r i p   t h a t   e m e r g e s   f r o m   s t a t i o n   E  of  t h e   a p p a r a t u s   o f  
f i g u r e   11 ,   or  s t a t i o n   H  of  t h e   a p p a r a t u s   of  F i g u r e   1 2 ;  

FIGURE  14a  shows  t h e   p r e f e r r e d   a n g u l a r   r e l a t i o n  
[ a n g l e   C<  )  b e t w e e n   a  l i n e   t h r o u g h   the   l a n c e   r o l l   c e n t e r s   a n d  
m o t h e r   l i n e   t h r o u g h   t h e   fo rm  r o l l   c e n t e r s ;  

FIGURE  14b  shows  t h e   p o s s i b l e   r a n g e   of  s i z e   of  t h e  
t n g l e   ; 

FIGURE  15  shows   a  t r a n s v e r s e   c r o s s   s e c t i o n   of  a  l o o p  
in  of  t he   i n v e n t i o n   and  t he   m a n n e r   in  wh ich   i f   m o i s t u r e   i s  
e t a i n e d   i t   is  r e t a i n e d   t h e r e i n ;   a n d  

FIGURE  16  shows  a  s i m i l a r   c r o s s   s e c t i o n   of  a  p r i o r   a r t  
in  s t r u c t u r e   and  the   m a n n e r   in  w h i c h   m o i s t u r e   i s   r e t a i n e d  
h e r e i n .  

e s c r i p t i o n   of  the   P r e f e r r e d   E m b o d i ^ n f c  

R e f e r r i n g   p a r t i c u l a r l y   to  F i g u r e   i ;   the   l o o p e d   f i n  
ba in   3  of  the   p r e s e n t   i n v e n t i o n   i s   f a b r i c a t e d   in  a  u n i t a r y  
r o c e s s   e m p l o y i n g   a p p a r a t u s   t h a t   c o m b i n e s   s e v e r a l   work  s t a t i o n s  
>ich  c o o p e r a t e   to  p r o d u c e   and  a p p l y   t he   f o r m e d   l o o p e d   f i n   c h a i n  
i m m e d i a t e l y   to   a  t u b e   4.  in  t h i s   e m b o d i m e n t   a  c o i l   1  of  t h i n  

. ee t   m e t a l   2  ( f i n   s t o c k ) ,   f o r   e x a m p l e ,   a l u m i n u m   of  t he   3003  o r  

.00  a l l o y   t y p e ,   i s   d i s p o s e d   h o r i z o n t a l l y   a r o u n d   a  s e r i e s   o f  
■rk  s t a t i o n s   A  t h r o u g h   D  a r r a n g e d   g e n e r a l l y   v e r t i c a l l y   o v e r   a  
b l e   15  and  w i t h i n   t he   c o r e   of  t h e   c o i l   1,  a l l   of  which  r o t a t e  



in  t he   d i r e c t i o n   shown  by  a r r o w   16  a r o u n d   t h e   t u b e   4,  w h i c h   i s  

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

a p p r o x i m a t e l y   t h e   c e n t e r   of  t he   c o i l   1  in   t h e   d i r e c t i o n   shown  b y  

a r r o w   5.  An  a p p a r a t u s   of  t h i s   k i n d   i s   d e s c r i b e d   in   U . S .   P a t e n t  

5  No.  3 , 1 3 4 , 1 6 6   i s s u e d   to  V e n a b l e s .  

The  s t o c k   2  i s   d r awn   f rom  t h e   c o i l   1  by  i t s   e n g a g e m e n t  

b e t w e e n   two  l a n c e   c u t t e r   r o l l s   6  and  7  w h i c h   c o m p r i s e   w o r k  

s t a t i o n   A  and  w h i c h   c o o p e r a t e   in  t h e i r   r o t a t i o n   to   p u l l   t h e   f i n  

s t o c k   2  t h e r e t h r o u g h .   The  e q u i p m e n t   and  p r o c e s s e s   f o r   p r o d u c i n g  

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

g e n e r a l l y   k n o w n ,   and  in  t h i s   e m b o d i m e n t   t h e   c u t t e r   r o l l s   6  and  7 

a r e   b o t h   e q u i p p e d   w i t h   r a d i a l   c u t t i n g   t e e t h   18  w h i c h   i n t e r m e s h  

as  t h e   f i n   s t o c k   2  i s   f ed   t h e r e b e t w e e n ,   as   i s   shown  in  m o r e  

d e t a i l   in   F i g u r e   5.  The  l a n c e   c u t t e r   7  i s   e q u i p p e d   w i t h   f l a n g e s  

15  of  s e l e c t e d   v e r t i c a l   d i m e n s i o n   and  c o n s t i t u t e s   a  " f e m a l e "  

c u t t e r ,   w h i l e   t he   l a n c e   c u t t e r   6  e n g a g e s   in   t h e   s p a c e   b e t w e e n  

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

f i n   s t o c k   2  i s   g r e a t e r   t h a n   t h a t   of  t h e   l a n c e   c u t t e r s   6  and  7 ,  

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

20  s h a p e d   fo rm  shown  in  F i g u r e   6,  w i t h   t h e   u n l a n c e d   p o r t i o n s   8 * a n d  

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

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

f i n   p r e f o r m s   10  f o r m e d   t h e r e i n   by  a  s e r i e s   of  p a r a l l e l  

t r a n s v e r s e   s l i t s   11  p r o d u c e d   by  t h e   i n t e r m e s h i n g   t e e t h   1 8 .  

25  The  l a n c e d   and  c h a n n e l e d   f i n   s t o c k   i s   t h e n   d r a w n  

b e t w e e n   m a t c h e d   c o o p e r a t i n g   f o r m i n g   r o l l s   12  and  13  of  s e l e c t e d  

d i m e n s i o n   l o c a t e d   at  work  s t a t i o n   B,  w h i c h   s t r e t c h   p r e f o r m   a n d  

f i n a l - U - f o r m   t h e   f i n   p r e f o r m s   10  to  t h e   r e q u i r e d   " l o o p e d   f i n "  
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c o n f i g u r a t i o n .   As  d i s c u s s e d   in  more  d e t a i l   b e l o w ,   s t r e t c h  

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

r e q u i r e d   d e e p   U - f o r m   in  a  s i n g l e   p r o c e s s i n g   s t e p .   T h i s   may  b e  

c o m p a r e d ,   f o r   e x a m p l e ,   w i t h   t h e   p r o c e s s   d e s c r i b e d   in  U . S .   P a t e n t  

No.  4 , 2 2 4 , 9 8 4 ,   i s s u e d   to   S h a r p   K.  K. ,   in  w h i c h   m u l t i p l e   f o r m i n g  

s t e p s   a r e   r e q u i r e d   to  p r o d u c e   i t s   s h a p e d   h e a t   t r a n s f e r   f i n .  

The  c e n t e r   l i n e   t h r o u g h   the   a x e s   of  t h e   f o r m   r o l l s   1 2  

and  13  of  work   s t a t i o n   B  i s   o r i e n t e d   a t   p r e s e l e c t e d   a n g l e   Oi .   i n  

r e l a t i o n   to  t h e   c e n t e r   l i n e   t h r o u g h   the   a x e s   of  l a n c e   c u t t e r s   6 

and  7  of  work  s t a t i o n   A,  w i t h   t he   r e s u l t   t h a t   t h e   l a n c e d   c h a n n e l  

2  is   p l a c e d   in   t e n s i o n   as  i t   i s   p u l l e d   a r o u n d   t h e   m a l e   f o r m i n g  

r o l l   12  b e f o r e   b e i n g   p u l l e d   t h r o u g h   t h e   i n t e r f a c e   of  t h e   t w o  

f o r m i n g   r o l l s .   By  p l a c i n g   work  s t a t i o n   B  a t   t h i s   p r e s e l e c t e d  

a n g l e   in  r e l a t i o n   to  work  s t a t i o n   A,  and  by  o p e r a t i n g   t he   f o r m  

r o l l s   12  and  13  of  work  s t a t i o n   B  a t   a  s l i g h t l y   h i g h e r  

p e r i p h e r a l   s p e e d   t h a n   the   l a n c e   c u t t e r s   6  and  7  of  s t a t i o n   A, 
: e n s i o n   i s   a p p l i e d   to  the  u n l a n c e d   m o u n t i n g   f l a n g e   t i p s   8  and  9 

>e tween   t h e   s t a t i o n s   A  and  B,  and  t h i s   t e n s i o n   u r g e s   t h e  

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

>e  d i s p o s e d   p a r a l l e l   to  the   c o r r e s p o n d i n g   p e r i p h e r a l   f a c e   o f  

:orm  r o l l   12 .   T h i s   c a u s e s   t he   s t o c k   to  s t r e t c h   and  b e g i n ,   p r i o r  

:o  the   p o i n t   of  i t s   t a n g e n t i a l   c o n t a c t   w i t h   f o rm  r o l l   12,   t o  

:orm  i n t o   a  g e n e r a l   U - s h a p e   w h i c h   i s   f i n a l i z e d   b e t w e e n   t he   f o r m  

o i l s   12  and  13 .   The  s t r e t c h   p r e f o r m i n g   f u n c t i o n   and  U - f o r m i n g  

e q u e n c e   i s   d i s c u s s e d   in  more  d e t a i l   be low  and  i s   shown  i n  

i g u r e s   7  to   9,  and  p a r t i c u l a r l y   in  t h e   p r o g r e s s i v e   F i g u r e s   7 c ,  
D  and  7 E .  

As  t h e   U - s h a p e d   f i n   s t o c k   e m e r g e s   f rom  work  s t a t i o n   B 
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t h e   p r o d u c t   i s   now  in  i t s   f i n a l   c o n f i g u r a t i o n   as  shown  in  F i g u r e  

9,  n a m e l y   an  i n t e g r a l l y   f o r m e d   c h a i n   of  l o o p e d   f i n s   s e p a r a t e d   b y  

s l i t s   11,  e a c h   of  w h i c h   f i n s   c o m p r i s e s   a  p a i r   of  g e n e r a l l y  

v e r t i c a l   l e g   m e m b e r s   10a  and  10b  c o n n e c t e d   by  a  b r i d g e   p o r t i o n  

5  1 0 c ,   and  h a v i n g   r e l a t i v e l y   s h o r t   m o u n t i n g   f l a n g e s   8  and  9 

s u b s t a n t i a l l y   p a r a l l e l   to   t h e   b r i d g e   p o r t i o n   10c  e x t e n d i n g  

p e r p e n d i c u l a r l y   f rom  e a c h   v e r t i c a l   l e g   m e m b e r .   The  i n t e g r a l  

c h a i n   i s   t h e n   fed  a r o u n d   g u i d e   r o l l   11  a t   work  s t a t i o n   C,  

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

10  t u b e   4  a t   work  s t a t i o n   D  in  an  i n v e r t e d   f a s h i o n ,   t he   b a s e  

f l a n g e s   8  and  9  of  t he   l o o p e d   f i n s   b e i n g   a p p l i e d   in  c o n t a c t   w i t h  

t h e   o u t e r   p e r i p h e r y   4a  of  t h e   t u b e   4,  t h e   l o o p e d   f i n s   b e i n g  

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

t h e   b r i d g e   p o r t i o n s   10c  of  t he   l o o p e d   f i n s   b e i n g   d i s p o s e d  

15  g e n e r a l l y   c i r c u m f e r e n t i a l l y   and  o u t w a r d l y   in  r e l a t i o n   to   t h e  

t u b e   p e r i p h e r y   4a.  As  t h e   c h a i n   3  i s   wound  on  t h e   t u b e   t h e   f i n s  

s e p a r a t e   f rom  one  a n o t h e r   w i t h   a  p r o g r e s s i v e l y   i n c r e a s i n g  

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

s u r f a c e   4a  of  the   t u b e .   The  c h a i n   i s   wound  so  t h a t   t h e  

20  i m m e d i a t e l y   a d j a c e n t   p o r t i o n s   of  b a s e   f l a n g e s   8  and  9  o f  

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

a n o t h e r ,   so  as   to  m i n i m i z e   t h e   s p a c e   b e t w e e n   t hem.   The  t e n s i o n  

a p p l i e d   to   t he   c h a i n   3  as  i t   is   wound  a r o u n d   t he   t u b e   a s s u r e s  

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

25  s t o c k   and  t he   o u t e r   p e r i p h e r y   of  t h e   t u b e   s t o c k   which   p r o m o t e s  

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

b e t w e e n   t h e   l o o p e d   f i n   and  t he   t u b e .   G u i d e   r o l l   11  is  d i s p o s e d  

w i t h   i t s   r o t a t i o n   a x i s   a t   a  s e l e c t e d   a n g l e   8  wh ich   p e r m i t s   t h e  
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l o o p e d   f i n   s t r u c t u r e   to  a p p r o a c h   t he   t u b e   s t o c k   a t   t h e   s e l e c t e d  

h e l i x   a n g l e   6.  For  e x a m p l e ,   t he   a n g l e   0  i s   19°  when  w r a p p i n g   a t  

a  p i t c h   of  1  l o o p e d   f i n   p e r   c e n t i m e t r e   (2  1 /2   l o o p e d   f i n s   p e r  

i n c h )   . 

R e f e r r i n g   now  to   F i g u r e s   2  and  3,  in  o r d e r   to   p r o v i d e  

t h e   m o s t   r e s i s t a n c e   to  f r o s t   b r i d g i n g ,   t h e   l o o p e d   f i n   c h a i n   3  i s  

made  to   p r e s e l e c t e d   d i m e n s i o n s   and  i s   h e l i c a l l y   wound  a r o u n d   t h e  

r e f r i g e r a n t   t u b e   4  at  a  p r e s e l e c t e d   p i t c h   or  d i s t a n c e   b e t w e e n  

a d j a c e n t   r o w s ,   so  t h a t   t he   f i n s   a re   s p a c e d   f a r   e n o u g h   a p a r t   i n  

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

t i p s   8  and  9  to   t h e   b r i d g e   p o r t i o n   10c ,   c i r c u m f   e r e n t i a l l y  

b e t w e e n   t h e   g e n e r a l l y   p a r a l l e l   v e r t i c a l   m e m b e r s   10a  and  10b  a n d  

l o n g i t u d i n a l l y   b e t w e e n   s u c c e s s i v e   h e l i c a l   w r a p s   ( s p a c e s   14  i n  

F i g u r e s   2  and  2A).   For  e x a m p l e ,   when  0 . 0 1 8   cm  ( 0 . 0 0 7   i n c h )  

t h i c k   a l u m i n u m   s t r i p   2  of  2 .5   cm  (1  i n c h )   w i d t h   i s   u s e d   fo r   t h e  

f i n   s t o c k ,   t h e   l a n c i n g   of  s u c h   s t o c k   w i t h   s l i t s   11  t h a t   a r e   2  cm 

( 0 . 8 0   i n c h )   l o n g   and  s p a c e d   0 . 0 7 6   cm  ( 0 . 0 3 0   i n c h )   a p a r t   r e s u l t s  

in  u n l a n c e d   m o u n t i n g   f l a n g e   t i p s   8  and  9  e a c h   of  0 . 2 5   cm  ( 0 . 1 0 0  

i n c h )   w i d t h .   The  r e s u l t a n t   f i n s   a r e   v e r y   n a r r o w ,   and  t h i s   c l o s e  

s p a c i n g   of  t h e   s l i t s   r e s u l t s   in  an  i n c r e a s e   in  a v a i l a b l e  

a i r - c o n t a c t i n g   a r e a   of  a b o u t   20%  to  25%,  b e c a u s e   the   h e i g h t   o f  

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

a d d e d   to  t h e   a r e a   of  the   top   and  b o t t o m   of  the   i n i t i a l   s t r i p .  

T h i s   may  be  c o n t r a s t e d   w i t h   p r i o r   a r t   m e t h o d s   in  w h i c h   m e t a l   i s  

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

a v a i l a b l e   a i r - c o n t a c t i n g   a r e a .   In  t h i s   e x a m p l e ,   when  such  a  

l a n c e d   c h a n n e l   is   s t r e t c h   p r e f o r m e d   and  w o r k e d   i n t o   t he   f i n a l  

l o o p e d   f i n   c h a i n   c o n f i g u r a t i o n   3,  t h e   b r i d g e   p o r t i o n   10c  w i l l   b e  
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a p p r o x i m a t e l y   0 . 5   cm  ( 0 . 2 0 0   i n c h )   w i d e ,   w h i l e   t he   v e r t i c a l  

m e m b e r s   10a  and  10b  w i l l   e a c h   be  a p p r o x i m a t e l y   0 . 7 5   cm  ( 0 . 3 0 0  

i n c h )   in  l e n g t h .   In  t h i s   e x a m p l e ,   t h e   r e s u l t a n t   e l e m e n t   i s   t o  

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

5  d i a m e t e r   of  t h e   t u b e   4  e m p l o y e d   i s   0 . 9 4   cm  ( 0 . 3 7 5   i n c h ) ,   t h e  

f i n s   b e i n g   wound  a t   a  p i t c h   of  2  p e r   cm  (5  p e r   i n c h ) .   I n  

a n o t h e r   e x a m p l e   e m p l o y e d   w i t h   t h e   same  s i z e   t u b e   4,  b u t   w i t h   t h e  

f i n s   wound  a t   a  p i t c h   of  3  pe r   cm  (8  p e r   i n c h ) ,   t he   l e n g t h   o f  

e a c h   f l a n g e   8  and  9  i s   0 . 1 6   cm  ( 0 . 0 6 2 5   i n c h ) ,   t he   l e n g t h   of  e a c h  
L0  l eg   member  i s   0 . 9 5   cm  ( 0 . 3 7 5   i n c h ) ,   w h i l e   t he   b r i d g e   m e m b e r  

r e d u c e s   to  0 . 3 2   cm  ( 0 . 1 2 5   i n c h ) .   The  d i s t a n c e   f rom  t h e   e x t e r i o r  

s u r f a c e   4a  of  t he   t u b e   to   t he   o u t e r m o s t   p a r t   of  t he   b r i d g e  

member   10c  can  be  c h a r a c t e r i z e d   as  a b o u t   e q u a l   to  t h e   t u b e  

d i a m e t e r .   The  d i s t a n c e   14  ( F i g u r e s   2  and  2A)  b e t w e e n   t h e  

-5  h e l i c a l   rows  i s   g e n e r a l l y   c o n t r o l l e d   by  t h e   w i d t h   to  w h i c h   t h e  

m o u n t i n g   f l a n g e   t i p s   8  and  9  h a v e   b e e n   f o r m e d ,   t he   p i t c h   of  t h e  

r o t a t i o n   of  f i n   s t o c k   2  and  t h e   r a t e   of  l o n g i t u d i n a l   f e e d   of  t h e  

t u b e   s t o c k   4  b e i n g   a r r a n g e d   so  t h a t   t he   t i p s   8  and  9  of  a d j a c e n t  

t u r n s   a r e   c o n t i g u o u s   to  e a c h   o t h e r ;   t h e   d i s t a n c e   b e t w e e n  

0  a d j a c e n t   h e l i c a l   rows   14  w i l l   t h e r e f o r e   be  n o m i n a l l y   d o u b l e   t h e  

x e n g t h   of  e a c h   c o n n e c t i n g   f l a n g e ,   n a m e l y   0 . 5   cm  ( 0 . 2 0 0   i n c h )   a n d  

0 . 3 2   cm  ( 0 . 1 2 5   i n c h )   in  t h e s e   e x a m p l e s .   T h e s e   d i m e n s i o n s ,   w h i c h  

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

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

5  m e c h a n i c a l   s t r e n g t h   to   p e r m i t   p r a g m a t i c   i n d u s t r i a l   u s e .  

A l t e r n a t i v e   m a t e r i a l s   f o r   t h e   f i n   s t o c k   a r e   c o p p e r   and  s t e e l .  

In  c o m m e r c i a l   p r a c t i c e   a  r e f r i g e r a t o r   or  a i r  

c o n d i t i o n e r   h e a t   e x c h a n g e r   a s s e m b l y   w i l l   c o m p r i s e   a  
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p r e d e t e r m i n e d   l e n g t h   of  t he   p i p e   4  h a v i n g   a  c o r r e s p o n d i n g   l e n g t h  

of  t h e   c h a i n   3  m o u n t e d   t h e r e o n   w h i l e   s t r a i g h t   and  t h e n   b e n t   t o  

the   r e q u i r e d   s h a p e .   The  t e n s i o n e d   c h a i n   i s   f a s t e n e d   to  t he   p i p e  

at  l e a s t   a t   i t s   two  ends   by  any  s u i t a b l e   m e a n s ,   s u c h   a s  

m e c h a n i c a l   c l a m p s ,   w e l d i n g ,   or  a  s u i t a b l e   g l u e   or  c e m e n t .   T h e  

c h a i n   can  a l s o   be  r e t a i n e d   u n d e r   t e n s i o n   on  t h e   t u b e   b y  

f a s t e n i n g   t h e   b u t t i n g   m o u n t i n g   f l a n g e s   8  and  9  to   one  a n o t h e r   b y  

any  of  t h e s e   means   so  as  to   p r e v e n t   r e l a t i v e   l o n g i t u d i n a l  

m o v e m e n t   b e t w e e n   t hem,   a t   l e a s t   a t   t he   two  e n d s   of  t he   c h a i n ,  

and  p e r h a p s   a l s o   at  i n t e r m e d i a t e   p o i n t s .  

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

s m a l l   s t r e t c h   of  t he   u n l a n c e d   s i d e   p o r t i o n s   8  and  9,  bu t   to  a n  

e x t e n t   of  l e s s   t h a n   a b o u t   0.5%  of  t he   s t r i p   l e n g t h .   A  much  

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

the   fo rm  r o l l s   12  and  13,  and  t he   amoun t   of  t e n s i o n   t h a t   i s  

r e q u i r e d   u s u a l l y   i s   s u c h   as  to   p r o d u c e   an  e x t e n s i o n   of  a b o u t   1% 

to  2.5%  in  l e n g t h   of  the   f l a n g e s   8  and  9,  u s u a l l y   in  t he   r a n g e  

2%  to   2 . 5 % .  

A n o t h e r   e x t e n s i o n   i s   p r o d u c e d   by  t he   w r a p p i n g   t e n s i o n  

of  t h e   o r d e r   of  1%  to  1.5%  in  l e n g t h .   The  t o t a l   e x t e n s i o n  

p r o d u c e d   by  the   p r o c e s s   must   of  c o u r s e   be  w i t h i n   t he   y i e l d   l i m i t  

of  t h e   m a t e r i a l ,   and  f o r   a  h a r d   a l u m i n u m   (o r   a l l o y )   t h i s   w i l l   b e  

a b o u t   4%,  w h i l e   f o r   s o f t e r   a l u m i n u m   (or  a l l o y )   t h i s   w i l l   be  o f  

the   o r d e r   of  5%  to  6%.  The  e x t e n s i o n   p r o d u c e d   by  t he   l a n c i n g   i s  

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

of  t h e i r   s p e e d ,   and  a p p r o p r i a t e   f o r m i n g   and  w r a p p i n g   t e n s i o n s  

may  be  m a i n t a i n e d   by  a d j u s t i n g   t h e   r e s p e c t i v e   d r i v e   to  f e e d   o u t  

t h e   r e q u i r e d   s m a l l e r   l e n g t h   of  l a n c e d   f i n   s t o c k   t h a n   would   b e  
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r e q u i r e d   in   t h e   a b s e n c e   of  t e n s i o n ,   or  by  u t i l i z i n g   t e n s i o n  

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

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

r o t a t i n g   d r i v e .  

I t   i s   p r e f e r r e d   t h a t   t he   f i n   l e g   m e m b e r s   10a  and  10b  b e  

e s s e n t i a l l y   p a r a l l e l   to   e a c h   o t h e r   as  shown  in  F i g u r e   3A  t o  

p r o v i d e   o p t i m u m   d i s t a n c e   b e t w e e n   f i n   m e m b e r s   to   m i n i m i z e   f r o s t  

b r i d g i n g .   The  b r i d g e   p o r t i o n   10c  i s   o p t i m u m   when  i t   i s  

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

f l a n g e   t i p s   8  and  9,  a g a i n   as  shown  in  F i g u r e   3A,  bu t   v a r i a t i o n s  

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

d e g r a d a t i o n   in  p e r f o r m a n c e ,   as  m e a s u r e d   by  r e s i s t a n c e   to  f r o s t  

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

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

at   t he   i n t e r s e c t i o n s   of  p o r t i o n s   10a  and  10b  w i t h   p o r t i o n   1 0 c ,  

as  shown  in  F i g u r e   3A,  w i l l   have   o n l y   a  s l i g h t   e f f e c t   i n  

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

one  h a l f   t h e   d i s t a n c e   b e t w e e n   p o r t i o n s   10a  and  10b  to  form  a n  

a r c h   s h a p e d   b r i d g e   s e c t i o n   1 0 s ,   as  shown  in  F i g u r e   3B,  w i l l   a l s o  

p e r m i t   o n l y   s l i g h t l y   i n c r e a s e d   f r o s t   b r i d g i n g .   F in   members   i n  

* h i c h   t h e   p o r t i o n s   1 0 a ,   10b  and  10c  merge   s m o o t h l y   w i t h   o n e  

m o t h e r   to   c o n s t i t u t e   a  g e n e r a l   s e m i - c i r c l e   ( n o t   shown)   w o u l d  

i l s o   be  e f f e c t i v e   in  p r e v e n t i n g   f r o s t   b r i d g i n g .   When  t he   l o o p e d  
: i n s   e a c h   c o m p r i s e   g e o m e t r i c   s h a p e s   s u c h   as   shown  in  F i g u r e s   3C 
md  3D,  of  a  d i m e n s i o n   a p p r o a c h i n g   t h a t   of  f i n   p i t c h   s p a c i n g   1 4 ,  
he  p r o p e n s i t y   to   fo rm  f r o s t   b r i d g i n g   b e g i n s   to   i n c r e a s e ,   m  

d d i t i o n ,   g e o m e t r i c   s h a p e s   such   as  shown  in  F i g u r e s   3C  and  3D 
f f e r   l e s s   r e s i s t a n c e   to   d e f o r m a t i o n .   D e c r e a s i n g   t h e   l e n g t h   o f  
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c r o s s   p o r t i o n   10c  as  shown  in  F i g u r e s   3C  and  15  d e c r e a s e s   t h e  

r e s i s t a n c e   to  f r o s t   b r i d g i n g ,   and  when  c r o s s   p o r t i o n   10c  i s  

r e d u c e d   to   z e r o   to   fo rm  an  i n v e r t e d   V - s h a p e   as   shown  in  F i g u r e  

16,  w h i c h   i s   t h e   s t r u c t u r e   d i s c l o s e d   in  U . S .   P a t e n t   N o .  

4 , 1 8 4 , 5 4 4 ,   i s s u e d   to   U l l m e r ,   t he   r e s u l t i n g   v e r t e x   t i p s   p r o v i d e   a  

n u c l e a t i n g   s i t e   or  f o c a l   p o i n t   wh ich   p r o m o t e s   f r o s t   f o r m a t i o n ,  

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

h i g h l y   r e d u c e d   b r i d g e   p o r t i o n s   10c  a r e   a c c o r d i n g l y   no t   e f f e c t i v e  

in  m i n i m i z i n g   f r o s t   b r i d g i n g .   D e c r e a s i n g   t h e   l e n g t h   of  p o r t i o n  

10c ,   f o r   e x a m p l e   as  shown  in  F i g u r e   3C  by  u t i l i z i n g   a n g u l a r   l e g  

p o r t i o n s   l O d ,   and  as  shown  F i g u r e   3D  by  i n c l i n i n g   t h e   l e g  

p o r t i o n s   10a  and  10b  t o w a r d   one  a n o t h e r ,   r e s u l t s   in  s h a p e s   w h i c h  

have   a  g r e a t e r   t e n d e n c y   to   h o l d   d e f r o s t   w a t e r   by  s u r f a c e   e n e r g y  

w i t h i n   t h e   s h o r t e n e d   d i m e n s i o n .   The  w a t e r   i s   h e l d   in  t he   f o r m  

of  a  m e n i s c u s   17,   w h i c h   s h i e l d s   t he   f i n   l e g s   and  b r i d g e   p o r t i o n  

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

e f f e c t i v e   h e a t   t r a n s f e r   as  shown  by  t h e   c r o s s - h a t c h e d   a r e a   o f  

F i g u r e s   15  and  16.  In  p r a c t i c e   the   d i m e n s i o n   of  t he   b r i d g e   1 0 c ,  

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

c o r r e l a t e d   w i t h   t h e   f i n   p i t c h ,   or  t h e   number   of  t u r n s   pe r   u n i t  

l e n g t h   of  t u b e .   For  r e f r i g e r a t o r   and  a i r   c o n d i t i o n i n g  

a p p l i c a t i o n s   t h e   p r a c t i c a l   maximum  is   a b o u t   3  t u r n s   per   cm 

( a b o u t   8  t u r n s   p e r   i n c h ) .   Thus ,   w i t h   t h e   p a r t i c u l a r   e x a m p l e s  

d e s c r i b e d ,   i t   is   p r e f e r r e d   t h a t   the   a p p r o x i m a t e   m i n i m u m  

d i m e n s i o n   of  p o r t i o n   10c  to   p r e v e n t   s u c h   w a t e r   m e n i s c u s  

r e t e n t i o n   and  f r o s t   b r i d g i n g   s h o u l d   no t   be  r e d u c e d   b e l o w   0 .32   cm 

( 0 . 1 2 5   i n c h ) .   Such  d i m e n s i o n s ,   of  c o u r s e ,   a r e   e x e m p l a r y   o n l y .  

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

2  i s   p r o g r e s s i v e l y   f o r m e d   i n t o   an  a p p r o x i m a t e   U - s h a p e   in  a  

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

c i r c u m f e r e n c e   of  m a l e   r o l l   12  in  i t s   a p p r o a c h   to   t h e   t a n g e n t  

5  c o n t a c t   p o i n t   w i t h   f e m a l e   r o l l   13.  S t r e t c h   p r e f o r m i n g   i s  

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

c o m p l e m e n t a r y   s h o u l d e r s   12s  and  13s   b e t w e e n   w h i c h   t h e   f l a n g e  

t i p s   8  and  9  p a s s   and  a r e   g r i p p e d   t h e r e b y ,   and  by  o p e r a t i n g   t h e  

work  s t a t i o n   B  fo rm  r o l l s   12  and  13  a t   a p p r o x i m a t e l y   1%  to  2 . 5 %  

10  h i g h e r   p e r i p h e r a l   s p e e d   t h a n   t h e   r a t e   a t   w h i c h   t h e   l a n c e d  

c h a n n e l   is   f e d   ou t   of  t he   l a n c e   c u t t e r s   6  and  7  a t   work  s t a t i o n  

A.  T h i s   t e n s i o n   a c t s   to   p r o g r e s s i v e l y   bend  the   l a n c e d   c e n t e r  

s t r i p s   10  i n t o   a  s u f f i c i e n t l y   p r e f o r m e d   U - s h a p e   a p p r o p r i a t e   f o r  

e n t e r i n g   t h e   i n t e r m e s h   of  fo rm  r o l l s   12  and  13  w h e r e   t he   f i n a l  

15  U - s h a p e   is   p r o d u c e d   a t   t h e i r   p o i n t   of  t a n g e n c y .   A  d i s t a n c e   C  D 

( F i g u r e   8)  b e t w e e n   t h e   c e n t e r s   of  t h e   fo rm  r o l l s   12  and  13  i s  

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

to   m o u n t i n g   f l a n g e   t i p s   8  and  9  to   p r o v i d e   s u f f i c i e n t   t e n s i o n   i n  

p r e f o r m i n g   t he   U - s h a p e ,   bu t   w h i c h   a l l o w s   a d e q u a t e   s l i p p a g e   t o  

20  p r e v e n t   e x c e e d i n g   t h e   e l a s t i c   l i m i t   of  t he   s e l e c t e d   f i n   m a t e r i a l .  

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

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

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

r o l l   12  or  13  to   p r o v i d e   a  f l o a t i n g   or  v a r i a b l e   c e n t e r   d i s t a n c e  

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

t h i c k n e s s   of  t h e   f i n   s t o c k   2  and  t h e   i m p e r f o r a t e   u n l a n c e d  

m o u n t i n g   f l a n g e   t i p s   8  and  9.  A  s e c o n d   a l t e r n a t i v e   t o  

a c c o m p l i s h   t he   same  r e s u l t   can  be  t h e   p r o v i s i o n   of  a  s l i p   c l u t c h  
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in  t he   d r i v e   s h a f t   of  t he   d r i v e   to  t he   form  r o l l s   12  and  1 3 .  

O t h e r   m e t h o d s   g e n e r a l l y   known  in  t he   a r t   c o u l d   a l s o   be  e m p l o y e d  

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

g e n e r a l l y   U - s h a p e d   f i n   s t o c k   as  i t   p a s s e s   t h r o u g h   form  r o l l s   12 

and  1 3 .  

F i g u r e   10  s h o w s   an  a l t e r n a t i v e   a r r a n g e m e n t   of  f o r m i n g  

r o l l s   f o r   e m p l o y m e n t   a t   s t a t i o n   B  to  p r o v i d e   f i n a l   U - f o r m i n g  

a f t e r   s t r e t c h   p r e f o r m i n g ,   in  w h i c h   the   s i n g l e   f e m a l e   form  r o l l  

13  is   r e p l a c e d   by  two  a n g u l a r   r o l l s   13a ,   13b,   w h i c h   r e s p e c t i v e l y  

e n g a g e   the  s i d e   p o r t i o n s   10a  and  10b,   and  back   up  r o l l   13c  w h i c h  

e n g a g e s   c r o s s   p o r t i o n   10c  and  m a i n t a i n s   i t   f l a t .  

R e f e r e n c e   to  F i g u r e s   7  and  14a  shows  t h a t ,   when  t h e  

a n g l e   0 (   is   a p p r o x i m a t e l y   9 0 ° ,   s t r e t c h   p r e f o r m i n g   of  t he   l a n c e d  

c h a n n e l   is  a c c o m p l i s h e d   t h r o u g h   an  a rc   £f  of  the   c i r c u m f e r e n c e  

of  t he   f o r m i n g   r o l l   12,  t h e   p r e f o r m i n g   b e i n g   s u b s t a n t i a l l y  

c o m p l e t e d   at  c r o s s   s e c t i o n   E-E,   b e f o r e   t he   a c t u a l   i n t e r m e s h  

b e t w e e n   the   r o l l s .   Where   cX  is   a p p r o x i m a t e l y   90° ,   t he   s t r e t c h  

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

85°  when  p r o p e r   t e n s i o n   i s   m a i n t a i n e d .   The  s t r e t c h   p r e f o r m i n g  

of  the   l a n c e d   c h a n n e l   c o m m e n c e s   at  a  l e a d i n g   a n g l e   ( F i g u r e  

14a)   p r i o r   to  i n t e r s e c t i o n   of  t he   l a n c e d   c h a n n e l   w i t h   a  l i n e   20  

t h r o u g h   the   a x i s   of  f o r m i n g   r o l l   12  at  c r o s s   s e c t i o n   C-C,  w h i c h  

l i n e   20  i s   p a r a l l e l   to   a  l i n e   19  t h r o u g h   the   axes   of  l a n c e  

c u t t e r s   6  and  7.  By  t he   t i m e   t he   l a n c e d   c h a n n e l   has   p r o g r e s s e d  

a r o u n d   male   fo  rm  r o l l   12  to   p o i n t   C—  C,  the   i m p e r f o r a t e   u n l a n c e d  

m o u n t i n g   f l a n g e   t i p s   8  and  9  a r e   a l r e a d y   u p w a r d l y   d i s p o s e d ,   a s  

shown  in  F i g u r e   7C.  As  the   l a n c e d   c h a n n e l   c o n t i n u e s   to  b e  

p u l l e d   a r o u n d   the   f o r m i n g   r o l l   12  the   f l a n g e   t i p s   8  and  9  m o v e  
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c o n t i n u o u s l y   t o w a r d   one  a n o t h e r ,   as  i l l u s t r a t e d   by  s e c t i o n s   D-D 

and  E-E,   so  t h a t   f i n a l   f o r m i n g   of  t he   l a n c e d   c h a n n e l   may  b e  

a c c o m p l i s h e d   by  a  s i n g l e   p a s s   t h r o u g h   t h e   i n t e r m e s h   of  r o l l s   12  

and  13.   In  t h e   p r e f e r r e d   a r r a n g e m e n t ,   as  shown  in  F i g u r e   1 4 a ,  

5  when  a n g l e   (X  i s   a p p r o x i m a t e l y   9 0 ° ,   s t r e t c h   p r e f o r m i n g   o c c u r s  

t h r o u g h o u t   an  a r c   of  Jf  of   b e t w e e n   80°  and  9 0 ° ,   p r e f e r a b l y  

a p p r o x i m a t e l y   8 5 ° ,   and  t h e   c o r r e s p o n d i n g   l e a d i n g   a n g l e   fjj  i s  

b e t w e e n   20°  and  3 0 ° ,   w i t h   a  p r e f e r r e d   v a l u e   of  a p p r o x i m a t e l y  

2 5 ° .   F i g u r e   14b  shows   t h a t   a n g l e   &.  may  r a n g e   f rom  a  m i n i m u m  

10  60°  to   a  maximum  of  at   l e a s t   180°   when  the   two  l i n e s   a r e  

p a r a l l e l   so  as  to  a c c o m m o d a t e   work  s t a t i o n s   in  o t h e r  

a r r a n g e m e n t s   b e s i d e s   t h a t   d e s c r i b e d   a b o v e .  

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

m e t h o d s   of  m a k i n g   t h e   l o o p e d   f i n   c h a i n   3  of  t he   p r e s e n t  

15  i n v e n t i o n   a re   d i s c l o s e d   in  F i g u r e s   11  and  12.   In  t h e   a p p a r a t u s  

of  F i g u r e   11  b o t h   t h e   r o t a t i o n a l   and  the   d i r e c t i o n a l   m o t i o n s   a r e  

p r o v i d e d   to  the   r e f r i g e r a n t   t u b i n g   4.  In  t h i s   a p p a r a t u s   a n d  

w i t h   t h i s   m e t h o d   t h e r e   a r e   o n l y   two  work  s t a t i o n s ,   E  and  F ,  

b e f o r e   t he   l o o p e d   f i n   3  i s   h e l i c a l l y   a p p l i e d   to  t h e   t u b i n g   4 .  

20  T h i s   p r o v i d e s   more  w o r k i n g   or  m a i n t e n a n c e   s p a c e   b e t w e e n   w o r k  

s t a t i o n s .   The  r e q u i r e d   h e l i x   a p p r o a c h   a n g l e   0  w i t h   r e s p e c t   t o  

t h e   t u b i n g   4,  d e t e r m i n e d   by  t h e   r o t a t i o n a l   and  l o n g i t u d i n a l   f e e d  

r a t e   of  t u b e   4,  i s   p r o v i d e d   by  a p p r o p r i a t e   a n g u l a r   p l a c e m e n t   o f  

t h e   s t a t i o n s   E  and  F  w i t h   r e s p e c t   to   t he   p l a n e   of  t r a v e l   of  t h e  

25  t u b i n g   4.  I t   wou ld   a l s o   be  p o s s i b l e   to  m a i n t a i n   a l l   a x e s   o f  

r o t a t i o n   in  p a r a l l e l   o r i e n t a t i o n   by  a d d i n g   an  i d l e r   r o l l  

o r i e n t e d   to  the   h e l i x   a n g l e   s u c h   as  t he   i d l e r   r o l l   11  of  s t a t i o n  

C  in  t h e   a p p a r a t u s   of  F i g u r e   1 .  
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A n o t h e r   a l t e r n a t i v e   a p p a r a t u s   and  m e t h o d   of  m a k i n g   t h e  

l o o p   f i n   of  t h e   p r e s e n t   i n v e n t i o n   is  shown  in  F i g u r e   12.  i n  

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

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

f o r m i n g   s t a t i o n   J .   L a n c e   s t a t i o n   H  is   s i m i l a r   to   t h a t   d e s c r i b e d  

e a r l i e r   in  r e l a t i o n   to   F i g u r e s   4  and  5  e x c e p t   t h a t   t h e   f l a n g e s  

h a v e   been   r e m o v e d   f r o m   " f e m a l e "   l a n c e   c u t t e r   7.  S i n c e   the   w i d t h  

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

c u t t e r s   6  and  7,  i t   e m e r g e s   f rom  l a n c e   s t a t i o n   H  as  a  f l a t  

c e n t e r   l a n c e d   s t r i p   w i t h   f i n   p r e f o r m s   10a ,   t h e   i m p e r f o r a t e  

u n l a n c e d   p o r t i o n s   8a  and  9a  e x t e n d i n g   on  e a c h   s i d e   of  t he   s l i t s  

11 ,   as  shown  in  F i g u r e   1 3 .  

An  i d l e r   r o l l   20  a t   s t a t i o n   I  is   l o c a t e d   in  such   a 

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

a p p r o a c h   form  r o l l   12  a t   t he   r e q u i r e d   a p p r o a c h   a n g l e   0(.  p r i o r  

to   c o n t a c t   t h e r e w i t h .   As  the   s t o c k   c o n t a c t s   form  r o l l   12  i t   i s  

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

p r e f o r m i n g   is   c o m p l e t e   p r i o r   to  the   i n t e r m e s h   b e t w e e n   the   t w o  

r o l l s ,   w h e r e   any  r e m a i n i n g   f i n a l   U - f o r m i n g   i s   a c c o m p l i s h e d ,   a n d  

t h e   s t o c k   e m e r g e s   in  t he   l o o p   f i n   c o n f i g u r a t i o n   3  as  shown  i n  

F i g u r e   9 .  

In  t he   a p p a r a t u s   of  F i g u r e   12  i t   w i l l   be  s e e n   t h a t   t h e  

e m p l o y m e n t   of  an  i d l e r   r o l l   20  a l l o w s   p a r a l l e l   a l i g n m e n t   of  t h e  

l a n c e   and  form  s t a t i o n s .   I d l e r   r o l l   20  a i d s   in  t h e   c r i t i c a l  

s t e p   of  s t r e t c h   p r e f o r m i n g   in  t he   p r o c e s s   d e p i c t e d   in  F i g u r e   12  

by  p r o v i d i n g   an  a d e q u a t e   a n g l e   of  a p p r o a c h   0 (   .  As  w i t h   t h e  

a p p a r a t u s   of  F i g u r e   1,  t he   t e n s i o n   on  i m p e r f o r a t e   u n l a n c e d  

p o r t i o n s   8a  and  9a  i s   p r o v i d e d   by  o p e r a t i n g   t he   c o o p e r a t i n g  
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f o r m i n g   r o l l s   12  and  13  or  work  s t a t i o n   J  a t   a  s l i g h t l y   h i g h e r  

p e r i p h e r a l   s p e e d   t h a n   t he   c o o p e r a t i n g   l a n c e   c u t t e r s   6  and  7  o f  

work  s t a t i o n   H.  For   e x a m p l e ,   s u f f i c i e n t   s t r e t c h   p r e f o r m i n g  

o c c u r s   i f   work  s t a t i o n   J  is   o p e r a t e d   a t   a  p e r i p h e r a l   s p e e d  

a p p r o x i m a t e l y   1%  g r e a t e r   t h a n   work  s t a t i o n   H.  Work  s t a t i o n   J  

f u n c t i o n s   and  o p e r a t e s   e s s e n t i a l l y   t h e   same  as  work  s t a t i o n   B  o f  

F i g u r e   1  to   p r o v i d e   t he   f i n a l   l o o p e d   f i n   c o n f i g u r a t i o n   3.  A f t e r  

e x i t i n g   f rom  work  s t a t i o n   J  t he   l o o p e d   f i n   c h a i n   3  i s   wound  o n t o  

t h e   t u b i n g   4  at   work  s t a t i o n   K,  w i t h   t h e   h e l i x   a n g l e   c o n t r o l l e d  

by  t h e   l o n g i t u d i n a l   s p e e d   of  t he   t u b e   4  a l o n g   t he   l i n e   of  a r r o w  

5  and  t h e   r a t e   of  r o t a t i o n   of  t u b e   4  as   i t   t r a v e l s   in  t h a t  

d i r e c t i o n .  

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

c o n s t r u e d   as  l i m i t i n g   t he   ways  in  w h i c h   t h i s   i n v e n t i o n   may  b e  

p r a c t i c e d ,   bu t   s h o u l d   be  i n c l u s i v e   of  many  o t h e r   v a r i a t i o n s   t h a t  

do  no t   d e p a r t   f rom  t h e   b r o a d   s c o p e   and  i n t e n t   of  t h e   i n v e n t i o n .  



2 1 .  

CLAIMS 

0 2 1   4 7 8 4  

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

to   and  f rom  a  t u b e   (4)  f o r   c o n t a i n i n g   a  h e a t   t r a n s f e r   f l u i d   a n d  

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

c o n d u c t i v e   f i n s   wound  h e l i c a l l y   a r o u n d   s a i d   t u b e   so  t h a t   t h e  

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

in  t h a t :  

the   c h a i n   i n c l u d e s   a  p a i r   of  m o u n t i n g   f l a n g e s   (8,  9 )  

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

the   c h a i n   (3)  i s   wound  in  t e n s i o n   a r o u n d   t he   t u b e   ( 4 )  

so  t h a t   the   m o u n t i n g   f l a n g e s   s n u g l y   e n g a g e   the   t u b e   c o n t i n u o u s l y  

t h e r e a l o n g   in  h e a t   t r a n s f e r r i n g   r e l a t i o n   t h e r e w i t h ;   a n d  

each   f i n   c o m p r i s e s   two  t r a n s v e r s e l y   s p a c e d   l eg   m e m b e r s  

(10a  and  10b)  e a c h   e x t e n d i n g   o u t w a r d l y   from  a  r e s p e c t i v e  

m o u n t i n g   f l a n g e   (8,   9)  and  c o n n e c t e d   at  t h e i r   o u t e r   e n d s   by  a 

b r i d g e   member  ( 1 0 c )   of  a  min imum  d i m e n s i o n   fo r   i n h i b i t i o n   o f  

f r o s t   b r i d g i n g .  

2.  A  h e a t   t r a n s f e r   d e v i c e   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 z e d   in  t h a t   t h e   c h a i n   is  wound  upon  t he   t u b e   i n  

s u f f i c i e n t   t e n s i o n   to  p r o d u c e   an  e l o n g a t i o n   of  a b o u t   1%  to  1 . 5 %  

in  l e n g t h   of  t he   m o u n t i n g   f l a n g e s   (8,   9 ) .  

3«  A  h e a t   t r a n s f e r   d e v i c e   as  c l a i m e d   in  c l a i m   1  or  2 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   c h a i n   (3)  i s   s t r e t c h   f o r m e d   b y  

s t r e t c h i n g   a  t r a n s v e r s e l y   l a n c e d   s t r i p   ( F i g u r e   13)  as  i t   i s  

p a s s e d   b e t w e e n   m a t i n g   fo rm  r o l l e r s   ( 12 ,   13)  wh icn   c o n v e r t   t h e  
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l a n c e d   p o r t i o n   of  t he   s t r i p   in  a  s i n g l e   p a s s   to  a  g e n e r a l  

U - s h a p e   c o m p r i s i n g   s a i d   l e g   m e m b e r s   ( 1 0 a ,   10b)  and  s a i d   b r i d g e  

member   ( 1 0 c ) .  

4>  A  h e a t   t r a n s f e r   d e v i c e   as  c l a i m e d   in  c l a i m   3 ,  

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

a p p l i c a t i o n   of  t e n s i o n   s u c h   as  to   p r o d u c e   an  e l o n g a t i o n   of  a b o u t  

1%  to   2.5%  in  l e n g t h   of  t h e   m o u n t i n g   f l a n g e s .  

5>  a  h e a t   t r a n s f e r   d e v i c e   as  c l a i m e d   in  any  one  of  c l a i m s  

1  to  4,  c h a r a c t e r i z e d   in  t h a t   s a i d   l eg   members   ( 1 0 a ,   10b)  a r e  

,  s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  s a i d   t ube   ( 4 ) .  

6>  a  h e a t   t r a n s f e r   d e v i c e   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 z e d   in  t h a t   t h e   c h a i n   (3)  of  f i n s   i s   made  o f  

a l u m i n u m .  

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

3  1  to   6,  c h a r a c t e r i z e d   in  t h a t   s a i d   b r i d g e   member  ( 1 0 c )   i s  

s u b s t a n t i a l l y   s t r a i g h t   and  s u b s t a n t i a l l y   p a r a l l e l   to  t h e   o u t e r  

s u r f a c e   (4a )   of  s a i d   t u b e   ( 4 ) .  

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

1  to   6,  c h a r a c t e r i z e d   in  t h a t   s a i d   b r i d g e   member  ( 1 0 c )   i s  

0  r a d i u s e d   at  t h e   p o i n t s   of  i n t e r s e c t i o n   ( l O r ,   F i g u r e   3A)  b e t w e e n  

s a i d   l eg   m e m b e r s   ( 1 0 a ,   10b)   and  s a i d   b r i d g e   member  ( 1 0 c ) .  

9 .  A  h e a t   t r a n s f e r   d e v i c e   as  c l a i m e d   in  any  one  or  c l a i m s  
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1  to   6,  c h a r a c t e r i z e d   in  t h a t   s a i d   b r i d g e   member   ( 1 0 c )   i s  

c o n n e c t e d   to  t he   s a i d   leg  m e m b e r s   ( 1 0 a ,   10b)  by  i n t e r m e d i a t e  

p o r t i o n s   ( l O d )   to  c o m p r i s e   a  s u b s t a n t i a l l y   a r c h e d   s h a p e   ( F i g u r e  

3 B ) .  

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

5  1  to   6,  c h a r a c t e r i z e d   in  t h a t   t h e   s a i d   b r i d g e   member   ( 1 0 s )   i s  

s m o o t h l y   m e r g e d   w i t h   s a i d   l eg   members   ( 1 0 c ,   10b)  in  a  g e n e r a l l y  

s e m i - c i r c l e d   f a s h i o n .  

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

1  to  10,  c h a r a c t e r i z e d   in  t h a t   s a i d   l eg   m e m b e r s   ( 1 0 a ,   10b)  a n d  

Lo  s a i d   m o u n t i n g   f l a n g e s   (8,  9)  a r e   p r o v i d e d   in  p r e s e l e c t e d  

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

f r o s t   b r i d g i n g   b e t w e e n   a d j a c e n t   f i n s .  

12*  A  h e a t   t r a n s f e r   d e v i c e   as  c l a i m e d   in  c l a i m   1 1 ,  

c h a r a c t e r i z e d   in  t h a t   the   d i s t a n c e   b e t w e e n   t he   two  l e g   m e m b e r s  

L5  ( 1 0 a ,   10b)  of  a  f i n   i s   s u b s t a n t i a l l y   t he   same  as  t h e   d i s t a n c e  

b e t w e e n   t h e   h e l i c a l   rows  of  s a i d   f i n s   w r a p p e d   on  s a i d   t u b e   ( 4 ) .  

13.  A  h e a t   t r a n s f e r   d e v i c e   as  c l a i m e d   in  c l a i m   1 1 ,  

c h a r a c t e r i z e d   in  t h a t   the   d i s t a n c e   f rom  the   e x t e r i o r   s u r f a c e  

(4a)   of  t he   t u b e   (4)  to  t he   o u t e r m o s t   p a r t   of  t h e   b r i d g e   m e m b e r  
■O  ( 1 0 c )   i s   a b o u t   e q u a l   to  t he   d i a m e t e r   of  the   t u b e   ( 4 ) .  

14.  A  m e t h o d   of  m a k i n g   a  f i n n e d   h e a t   t r a n s f e r   d e v i c e  

p r o v i d i n g   h e a t   t r a n s f e r   to  and  f rom  a  t u b e   (4)  f o r   c o n t a i n i n g   a 
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h e a t   t r a n s f e r   f l u i d   c o m p r i s i n g   t h e   s t e p s   o f :  

(a)  p r o v i d e d   an  e l o n g a t e   s t r i p   (2)  o f   t h e r m a l l y  

c o n d u c t i v e   m a t e r i a l ;  

and  c h a r a c t e r i z e d   b y :  

(b)  t r a n s v e r s e l y   l a n c i n g   (11)   s a i d   s t r i p   and   f o r m i n g  

i t   i n t o   an  i n t e r m e d i a t e   c o n f i g u r a t i o n   h a v i n g   a  p a i r   o f  

i m p e r f o r a t e   o p p o s e d   s i d e   m o u n t i n g   f l a n g e   p o r t i o n s   (8 ,   9 )  

i n t e r c o n n e c t e d   by  a  l a n c e d   web  p o r t i o n   ( lO)   ; 

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

)  to   r e f o r m   t h e   same  i n t o   a  s u b s e q u e n t   c o n f i g u r a t i o n   c o m p r i s i n g   a n  

i n t e g r a l l y   f o r m e d   c h a i n   (3)  of  a  p l u r a l i t y   of   l o o p e d   f i n s   ( 1 0 )  

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

m e m b e r s   ( 1 0 a ,   10b)  e x t e n d i n g   o u t w a r d l y   f r o m   e a c h   of   s a i d  

m o u n t i n g   f l a n g e s   and  a  b r i d g e   s e c t i o n   ( 1 0 c )   c o n n e c t i n g   s a i d   l e g  

5  m e m b e r s   a t   t h e   d i s t a l   end   of  s a i d   l e g   m e m b e r s ;   a n d  

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

o n t o   t h e   e x t e r i o r   s u r f a c e   of  a  t u b e   (4)  w i t h   t h e   f i n s   ( 1 0 )  

e x t e n d i n g   l o n g i t u d i n a l l y   of   t h e   t u b e   (4)  . 

15 .   a  m e t h o d   a c c o r d i n g   to   c l a i m   14 ,   c h a r a c t e r i z e d   i n  

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

s u c h   as  t o   p r o d u c e   an  e l o n g a t i o n   of  a b o u t   1%  to"  2 .5%  in  l e n g t h  

of  t h e   m o u n t i n g   f l a n g e s .  

16 .   a  m e t h o d   a c c o r d i n g   to   c l a i m   15 ,   c h a r a c t e r i z e d   in  t h a t  

t h e   c h a i n   i s   wound  upon   t h e   t u b e   in   s u f f i c i e n t   t e n s i o n   t o  

5  p r o d u c e   an  e l o n g a t i o n   of   a b o u t   1%  to   1.5%  in   l e n g t h   of  t h e  

m o u n t i n g   f l a n g e s   (8,   9 ) .  
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17.   A  m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s   14  to  1 6 ,  

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

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

18.   A  m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s   14  to   1 7 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   l a n c e d   web  p o r t i o n   i s   r e f o r m e d   f r o m  

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

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

male   f o r m i n g   r o l l   a d a p t e d   to  i n i t i a l l y   c o n t a c t   t h e   c e n t e r   o f  

s a i d   l a n c e d   web  p o r t i o n ,   w h e r e b y   t e n s i o n   on  the   i m p e r f o r a t e   s i d e  

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

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

p o r t i o n   to   c o n f o r m   to  s a i d   male  f o r m i n g   r o l l .  

19.   A  m e t h o d   a c c o r d i n g   to  c l a i m   18,  c h a r a c t e r i z e d   in  t h a t  

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

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

80°  and  9 0 ° .  

20.  A  m e t h o d   a c c o r d i n g   to  c l a i m   19,  c h a r a c t e r i z e d   in  t h a t  

s a i d   a rc   i s   8 5 ° .  

21.  A  m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s   18  to  2 0 ,  

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

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

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

fo rmf f tg   r o l l   by  b e i n g   g r i p p e d   b e t w e e n   s a i d   s h o u l d e r s   a n d  

c o m p l e m e n t a r y   s h o u l d e r s   on  a  f e m a l e   f o r m i n g   r o l l .  
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22.  A  m e t h o d   as  c l a i m e d   in   any   one   of  c l a i m s   14  t o   2 1 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   d i s t a n c e   b e t w e e n   t h e   two  l e g  

m e m b e r s   ( 1 0 a ,   10b)   of  e a c h   f i n   i s   s u b s t a n t i a l l y   t h e   same  a s  

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

5  s a i d   t u b e   (4)  . 

23.   A  m e t h o d   as   c l a i m e d   i n   c l a i m   28 ,   c h a r a c t e r i z e d   i n  

t h a t   t h e   d i s t a n c e   f r o m   t h e   e x t e r i o r   s u r f a c e   (4a)  of   t h e   t u b e  

(4)  to   t h e   o u t e r m o s t   p a r t   of   t h e   b r i d g e   member   (10c)   i s   a b o u t  

e q u a l   t o   t h e   d i a m e t e r   of   t h e   t u b e   ( 4 ) .  

D  24.   A  h e a t   t r a n s f e r   d e v i c e   c o m p r i s i n g   a  t u b e   f o r   t h e  

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

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

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

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

5  of   t h e   c h a i n   and   i n t e r c o n n e c t e d   a t   t h e i r   ( o u t e r )   e n d s   r e m o t e  

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

f l a n g e s   t o   w h i c h   t h e   o p p o s i t e   ( i n n e r )   e n d s   of  t h e   two  l e g  

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

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