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(5)  Heat  exchanger  fins  and  apparatus  for  making  same. 

Fins  for  heat  exchangers  are  arranged  with  louvres 
(46,47,56,57)  or  other  inclined  surfaces  (44,45,54,55)  which 
lie  along  planes  which  are  inclined  to  the  general  direction  of 
flow  (A)  of  heat  exchange  medium  over  the  fins. 

In  one  form  the  fins  have  mutually  inclined  V-shaped 
portions  (44,45,54,55)  with  louvres  (46,47,56,57)  formed  in 
the  flanks  (44,45,54,55)  of  the  V.  In  this  case  the  louvres 
(46,47,56,57)  are  in  sets  spaced  from  one  another.  The 
louvres  (46,47,56,57)  are  inclined  to  the  planes  of  the  flanks 
(44,45,54,55)  and  in  opposite  directions  on  each  flank 
(44,45,54,55). 

In  another  form  the  fins  are  made  up  of  side  by  side 
strips  (11,12,13)  of  corrugated  material.  The  flanks  (15) of  the 
corrugations  are  inclined  to  the  general  direction  of  flow  (A) 
of  medium  over  the  fin  and  the  strips  (11,12,13)  are  displaced 
from  one  another  in  their  longitudinal  direction. 

In  each  case  the  arrangement  provides  for  a  large  gap 
between  the  strips  (11,12,13)  or  the  louvres  (46,47,56,57) 
without  a  reduction  in  the  number  of  strips  (11,12,13)  or 
louvres  (46,47,56,57).  The  fins  may  be  used  in  conjunction 
with  tubes  (31,50)  through  which  another  heat  exchange 
medium  is  passed. 

An  apparatus  is  also  provided  for  making  the  corrugated 
fins. 



T h i s   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   and  in  p a r t i c u l a r  

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

L o u v r e d   s h e e t   m a t e r i a l   i s   a l r e a d y   known  f o r   u se   in  h e a t  

e x c h a n g e r s   and  the   m a t e r i a l   may  t a k e   s e v e r a l   f o r m s ,   such   a s  

in  a  f i n   and  t u b e   h e a t   e x c h a n g e r   in  w h i c h   the   t u b e s   p a s s  
t h r o u g h   a p e r t u r e s   in  a  p l u r a l i t y   of  s e c o n d a r y   s u r f a c e   f i n s .  

C o r r u g a t e d   s h e e t   m a t e r i a l   i s   a l s o   u s e d   in   w h i c h   s u c h  

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

in  t h e  f l a n k s   of  the   c o r r u g a t i o n s .   In  such   a r r a n g e m e n t s  

the   l o u v r e s   a r e   i n c l i n e d   or  t w i s t e d   r e l a t i v e   to  the   p l a n e  

of  the   a s s o c i a t e d   s h e e t   and  g a p s   a r e   f o r m e d   in  t he   m a t e r i a l  

t h r o u g h   w h i c h   h e a t   e x c h a n g e   medium  can  p a s s .  

T h e r e   h a s   a l s o   b e e n   p r o p o s e d   in  our   B r i t i s h   p a t e n t  

a p p l i c a t i o n   No.  6 6 0 8 / 7 7   c o r r u g a t e d   s h e e t   m a t e r i a l   in  w h i c h  

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

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

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

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

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

p a s s i n g   o v e r   t he   m a t e r i a l .  

The  v a r i o u s   known  f o r m s   of  s e c o n d a r y   s u r f a c e   e l e m e n t s   f o r  

h e a t   e x c h a n g e r s   s u f f e r   f rom  d i s a d v a n t a g e s   e i t h e r   i n  

r e l a t i o n   to  t h e i r   h e a t   e x c h a n g e   p r o p e r t i e s ,   or  t h e i r   e a s e  

of  m a n u f a c t u r e ,   or  b o t h ,   and  i t   i s   an  o b j e c t   of  t h e  

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

good  h e a t   e x c h a n g e   c h a r a c t e r i s t i c s   and  a re   r e l a t i v e l y  

s t r a i g h t f o r w a r d   to  m a k e .  

A c c o r d i n g  t o   one  a s p e c t   of  t he   i n v e n t i o n   a  s e c o n d a r y   s u r f u c e  

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

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



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

f l o w   of  h e a t   e x c h a n g e   med ium  o v e r   t he   e l e m e n t s   and  t h e  

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

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

i n c l i n e d   a t   l e s s   t h a n   a  r i g h t   a n g l e   to  t he   g e n e r a l  

d i r e c t i o n   of  f l o w .  

P r e f e r a b l y   the   s h e e t   m a t e r i a l   i s   f o r m e d   in  s u c c e s s i v e  

V - s h a p e d   p o r t i o n s ,   t h e   l o u v r e s   b e i n g   f o r m e d  i n   t he   f l a n k s  

of   t h e   V  and  l y i n g   in   p l a n e s   i n c l i n e d   to  the   f l a n k s   of   t h e  

V .  

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

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

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

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

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

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

t h e   s t r i p s   w h e r e b y   t h e   l e a d i n g   edge   of  e a c h   f l a n k   i s  

d i s p l a c e d   in   one  d i r e c t i o n   f rom  t he   t r a i l i n g   edge   of  t h e  

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

s t r i p s   b e i n g   j o i n e d   to  one  a n o t h e r   to  fo rm  a  u n i t a r y  

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

i n c l i n e d   in   the   o p p o s i t e   d i r e c t i o n   to  s a i d   d i s p l a c e m e n t  

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

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

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

r o l l s   and  d r i v e   m e a n s   f o r   d r i v i n g   a t   l e a s t   one  of  t he   r o l l s  

so  t h a t   the   r o l l s   r o t a t e   in   o p p o s i t e   d i r e c t i o n s ,   e a c h   r o l l  

b e i n g   f o r m e d   of  a  s e t   of   l a m i n a e   a r r a n g e d   s i d e   by  s i d e  

a l o n g   the   a x i s   of   t h e   a s s o c i a t e d   r o l l   and  e a c h   l a m i n a   in  a  

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

s p a c e d   t e e t h ,   c o r r e s p o n d i n g   e d g e s   of  the  t e e t h   of  a d j a c e n t  

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

t he   a x i s   of  t he   a s s o c i a t e d   r o l l ,   and  the   t e e t h   of  one  s e t  



of  l a m i n a e   b e i n g   a r r a n g e d   in   mesh  w i t h   t he   t e e t h   of  t h e  

o t h e r   s e t   of   l a m i n a ,   and  t he   t e e t h   of  t h e   l a m i n a e   l y i n g  

on  h e l i c a l   p a t h s   e x t e n d i n g   a r o u n d   the   a s s o c i a t e d   r o l l   a n d  

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

the   r o l l s .  

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

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

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

to  t he   d r a w i n g s   in  w h i c h :  

F i g .   1  shows   d i a g r a m m a t i c a l l y   and  in   c r o s s - s e c t i o n   o n e  

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

F i g .   2  i s   a  s e c t i o n   t h r o u g h   a  h e a t   e x c h a n g e r   h a v i n g  

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

on  t he   l i n e   2-2  in  F i g .   3 ,  

F i g .   3  i s   a  s e c t i o n   on  t he   l i n e   3-3  in  F i g .   2 ,  

F i g .  4   i s   a  s i d e   e l e v a t i o n   of  p a r t   of  a n o t h e r   form  o f  

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

F i g .   4A  i s   an  e n l a r g e d   v i e w   of  p a r t   of  the   e l e m e n t   of  F i g .   11, 

F i g .   5  i s   a  c r o s s - s e c t i o n   on  the   l i n e   5-5  in  F i g .   4 ,  

F i g .   5A  i s   a  c r o s s - s e c t i o n   on  the   l i n e   5A-5A  in  F i g .   4A, 

F i g .   6  i s   a  c r o s s - s e c t i o n   c o r r e s p o n d i n g   to  t h a t   of  F i t .   5 

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



F i g .   7  i s   a  p e r s p e c t i v e   v i e w   of  t he   e l e m e n t   of   F i g .   6  i n  

c o m b i n a t i o n   w i t h   h e a t   e x c h a n g e r   t u b e s ,  

F i g .   8  i s   a  s i d e  e l e v a t i o n   of   a p p a r a t u s   f o r   m a k i n g   t h e  

s e c o n d a r y   s u r f a c e   e l e m e n t s   of  F i g s .   4  to  7,  a n d  

F i g .   9  i s   an  e n l a r g e d   v i e w   of   p a r t   of  t h e   a p p a r a t u s   o f  

F i g .   8 .  

R e f e r r i n g   to  t he   d r a w i n g s   and  f i r s t l y   to  F i g .   1,  a  

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

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

and  t u b e   k i n d ,   o n l y   t he   f i n   b e i n g   shown  in   F i g .   1 .  

The  f i n   of  F i g .   1  h a s   a  l e a d i n g   edge   p o r t i o n   41  and  a  

t r a i l i n g   edge   p o r t i o n   42  l y i n g   in   a  common  p l a n e .   An 

i n t e r m e d i a t e   p o r t i o n   43  l i e s   p a r a l l e l   to  t h e   l e a d i n g   e d g e  

and  t r a i l i n g   edge   p o r t i o n s   41,  42  b u t   i n   a  p l a n e   o f f s e t  

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

i n t e g r a l   p o r t i o n s   44  and  45  j o i n   and  a r e   a r r a n g e d  

s y m m e t r i c a l l y   w i t h   r e s p e c t   to  t he   p o r t i o n s   41,  42  and  4 3  

to  be  of  g e n e r a l l y   i n v e r t e d   V - s h a p e   w i t h   t he   apex   of  t h e  

V  f l a t t e n e d   a t   43.  I t   w i l l   be  a p p r e c i a t e d   t h a t   a  

s u c c e s s i o n   o f   i n c l i n e d   p o r t i o n s   s i m i l a r   to  t h o s e   a t   44  a n d  

45  may  be  p r o v i d e d ,   e x t e n d i n g   in  The  d i r e c t i o n   i n d i c a t e d  

by  the   a r r o w   A.  T h i s   d i r e c t i o n   i s   a l s o   t h e   d i r e c t i o n   i n  

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

f i n   in  i t s   u s e   in   a  h e a t   e x c h a n g e r .  

The  i n c l i n e d   p o r t i o n   44  i s   f o r m e d   w i t h   a  s e t   of  l o u v r e s  

46  e x t e n d i n g   b e t w e e n   p l a n e   l a t e r a l   e d g e s   of   t he   f i n ,   e a c h  

of   the   l o u v r e s   46  m a k i n g   an  a c u t e   a n g l e   to  and  i n t e r s e c t i n g  

t h e   i n c l i n e d   p o r t i o n   44.  In  t h i s   c a s e   t he   l o u v r e s   46  a r e  

a l s o   a t   an  a n g l e   to  the   p l a n e   in  w h i c h   the   p o r t i o n   41  l i e s .  



The  i n c l i n e d   p o r t i o n   45  i s   a l s o   f o r m e d   w i t h   a  s e t   o f  

l o u v r e s   47  w h i c h   a r e   i n c l i n e d   in  t he   o p p o s i t e   d i r e c t i o n  

to  t he   l o u v r e s   46.  The  l o u v r e s   47  a r e   i n c l i n e d   to  a n d  

i n t e r s e c t   the   p o r t i o n   45  and  a l s o ,   in   t h i s   c a s e ,   t h e  

l o u v r e s   47  a r e   i n c l i n e d   to  the   p l a n e   of   t he   p o r t i o n   4 2 .  

In  t h e   l i m i t i n g   c a s e   t h e   a n g l e   of  t he   l o u v r e s   46  and  4 7  

r e l a t i v e   to  t h e i r   r e s p e c t i v e   i n c l i n e d   p o r t i o n s   44  and  4 5  

may  be  s u c h   t h a t   t h e   l o u v r e s   a r e   p a r a l l e l   to  t he   p l a n e s  

of   t h e   p o r t i o n s   41  and  4 2 .  

R e f e r r i n g   now  to  F i g s .   2  and  3 ,  a   s e c o n d a r y   s u r f a c e   e l e m e n t  

or  f i n   of  the   k i n d   shown  in  F i g .   1  may  be  i n c o r p o r a t e d  i n  

a  h e a t   e x c h a n g e r   of   t he   f i n   and  t u b e   k i n d   in   the   m a n n e r  

i l l u s t r a t e d   in  F i g s .   2  and  3.  In  F i g s .   2  and  3  o n l y   o n e  

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

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

g e n e r a l l y   be  e m p l o y e d .  

The  h e a t   e x c h a n g e r   of  F i g s .   2  and  3  h a s   f o u r   rows  of  t u b e s  

50,  t u b e s   in  the   s e c o n d   and  f o u r t h   rows  b e i n g   o f f s e t   w i t h  

r e s p e c t   to  t h o s e   in   t he   f i r s t   and  t h i r d   r o w s .   The  t u b e s   50  

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

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

to  g i v e   good  h e a t   t r a n s f e r   b e t w e e n   the   t u b e s   and  t h e  

s e c o n d a r y   s u r f a c e   f i n s .  

E a c h   f i n   has   a  l e a d i n g   edge   51,  a  t r a i l i n g   edge  52  and  a n  

i n t e r m e d i a t e   p o r t i o n   53  p a r a l l e l   to  b u t   o f f s e t   f rom  t h e  

l e a d i n g   and  t r a i l i n g   e d g e s .   E x t e n d i n g   b e t w e e n   and  i n t e g r a l  

w i t h   t he   p o r t i o n s   51  and  53,  and  53  and  52,  a r e   m u t u n l l y  

i n c l i n e d   p o r t i o n s   54  and  55  r e s p e c t i v e l y .  



S e t s   of  p a r a l l e l   l o u v r e s   56  a r e   f o r m e d   in  the   p o r t i o n   54  

b e t w e e n   the   t u b e s   50  of  t he   f i r s t   row  and  a  t u b e   50  p a s s e s  

t h r o u g h   t he   p o r t i o n   54  d o w n s t r e a m   of  the   l o u v r e s   56  w i t h  

r e s p e c t   to  t he   d i r e c t i o n   of  f l o w   A.  

S i m i l a r   l o u v r e s   56A  a r e   f o r m e d   in   t he   p o r t i o n   54  i n  

b e t w e e n   t he   t u b e s   of   t he   s e c o n d   row,   as  s e e n   in  F i g .   3 ,  

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

l o u v r e s   and  t h e   u n l o u v r e d   a r e a   of   t he   p o r t i o n   54.  T h e  

l o u v r e s   56  and  56A  a r e   s i m i l a r l y   a r r a n g e d   to  the   l o u v r e s  

46  of  F i g .   1 .  
.  

S e t s   of   p a r a l l e l   l o u v r e s   57  a r e   a l s o   f o r m e d   in  t h e  

i n c l i n e d   p o r t i o n   55  l a t e r a l l y   of  and  b e t w e e n   the  t u b e s   5 0  

of  t he   t h i r d   row  and  f u r t h e r   s e t s   of  l o u v r e s   57A  a r e   f o r m e d  

in  t he   p o r t i o n   55  b e t w e e n   the   t u b e s   of  the   f o u r t h   row.   T h e  

l o u v r e s   57  and  57A  a r e   i n c l i n e d   in   the   o p p o s i t e   d i r e c t i o n  

to  t h e   l o u v r e s   56  and  56A.  The  l o u v r e s   57  and  57A  a r e  

s i m i l a r l y   a r r a n g e d   to  the   l o u v r e s   47  of   F i g .   1 .  

Ai r   f l o w   to  t h e   f i n   of  F i g s .   2  and  3  i s   in   the  d i r e c t i o n   A 

and ,   in   p a s s i n g   o v e r   t he   f i n ,   t he   a i r   p a s s e s   f rom  one  s i d e  

to  t he   o t h e r   of   t h e   f i n   t h r o u g h   t h e   l o u v r e s   56  and  56A  a n d  

t h e n   b a c k   t h r o u g h   t he   l o u v r e s   57  and  5 7 A .  

I t   w i l l   be  s e e n   t h a t   t he   f i n   of  F i g s .   2  and  3  i s   o f  

g e n e r a l l y   i n v e r t e d   V - s h a p e   h a v i n g   a  f l a t t e n e d   apex   a t   5 3 ,  

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

54  and  55  of  t h e   V.  A  s u c c e s s i o n   of  V - s h a p e d   p o r t i o n s  

may  be  f o r m e d   a l o n g   the   a i r   f l ow  p a t h .   The  a r r a n g e m e n t   o f  

F i g s .   2  and  3  i s   in  t he   g e n e r a l   fo rm  of  a  f i n   and  t u b e  

h e a t   e x c h a n g e r   in   w h i c h   a  h e a t   e x c h a n g e   r e l a t i o n s h i p   i s  

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

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



A l t h o u g h   in  t h e   a r r a n g e m e n t s   of  F i g .   1  and  F i g s .   2  and  3 

t h e r e   i s   p r o v i d e d   i n t e r m e d i a t e   p o r t i o n s   43  and  5 3  

r e s p e c t i v e l y ,   the   i n c l i n e d   p o r t i o n s   may  be  j o i n e d   d i r e c t l y  

a t   t he   apex   of  t he   V.  S i m i l a r l y   t h e   l e a d i n g   a n d / o r  

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

l e a d i n g   and  t r a i l i n g   e d g e s   by  d i s p e n s i n g   w i t h   the   p o r t i o n s  
41  and  42  a n d / o r   51  and  5 2 .  

The  l o u v r e d   f i n   of   F i g .   1  and  F i g s .   2  and  3  may  be  m a d e  

f rom  s h e e t s   of  m e t a l   f o i l   in   w h i c h   t he   l o u v r e s   a r e   f o r m e d  

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

to  the   d e s i r e d   c o n f i g u r a t i o n ,   as  d e s c r i b e d .   The  f i n  

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

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

t h e   n u m b e r   of   l o u v r e s   p r e s e n t .  

R e f e r r i n g   now  to  F i g s .   4  to  9  and  f i r s t l y   to  F i g s .   4,  4A,  

5  a n d   5A,  a  s e c o n d a r y   s u r f a c e   e l e m e n t   i s   shown  s u i t a b l e  

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

m a n n e r   shown  in   F i g .   7.  The  e l e m e n t   of  F i g s .   4,  4A,  5 

and  5A  i s   of  c o r r u g a t e d   form  and  i s   made  f rom  m e t a l   s h e e t  

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

t r i a n g u l a r   fo rm  e a c h   w i t h   f l a t   c r e s t s   17.  I t   w i l l ,  

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

can  be  f o r m e d ,   f o r   e x a m p l e   of  g e n e r a l l y   s i n u s o i d a l   s h a p e  

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

t h a t   t h e s e   a r e   s u c h   t h a t   the   m a t e r i a l   r e t a i n s   a  u n i t a r y  

s t r u c t u r e .  

In  F i g s .   4,  4A,  5  and  5A  o n l y   t h r e e   s t r i p s   11,  12  and  13 

a r e   shown  as  m a k i n g   up  the   e l e m e n t   b u t   i t   w i l l   b e  

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

g r e a t e r   n u m b e r   of  s t r i p s .  



E a c h   of   t h e   s t r i p s   11,  12  and  13  i s   d i s p l a c e d   f rom  i t s  

a d j a c e n t   s t r i p s   by  an  a m o u n t  d   and  t h e   e x t e n t   of  t h e  

d i s p l a c e m e n t  d   may  be  s e l e c t e d   a c c o r d i n g   to  p i t c h   P  of  t h e  

c o r r u g a t i o n s .   The  h e i g h t   of  t h e   s e c o n d a r y   s u r f a c e   i s  

g i v e n   as  h .  

The  f l a n k s   15  of   t he   c o r r u g a t i o n s   a r e   e a c h   i n c l i n e d   a t   a n  

a c u t e   a n g l e   @  t o   t he   l o n g i t u d i n a l   d i r e c t i o n   of   the   s t r i p s .  

The  a n g l e   @  i s   p r e f e r a b l y   in   t he   r a n g e   6 0 ° - 8 0 ° .   T h e  

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

d i r e c t i o n   of   i n c l i n a t i o n   of  t h e   f l a n k s   15.  I t   w i l l   b e  

a p p r e c i a t e d   t h a t   e a c h   s t r i p   11,  12  and  13  h a s   a  l e a d i n g   a n d  

t r a i l i n g   e d g e ,   s u c h   as  a t   11a,   12a  and  11b,   12b,  h a v i n g  

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

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

d i r e c t i o n   of   t h e   s t r i p s .   A d j a c e n t   s t r i p s   a r e   i n t e r -  

c o n n e c t e d   a t   t h e   c r e s t s   17  a t   17a  to  f o r m   a  u n i t a r y   s t r u c t u r e .  

The  d i s p l a c e m e n t   of   a d j a c e n t   s t r i p s   f r o m   one  a n o t h e r   can  b e  

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

by  w h i c h   the   c o r r u g a t i o n s   a r e   a l i g n e d   w i t h   one  a n o t h e r   i n  

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

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

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

In  u s e   of   t he   m a t e r i a l   in   h e a t   e x c h a n g e r s   i t   i s   g e n e r a l l y  

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

t he   l e a d i n g   e d g e s   11a  of  t he   f l a n k s   15  of   t he   s t r i p s   and  t h e  

c o r r e s p o n d i n g   t r a i l i n g   e d g e s   11b  of  t he   f l a n k s   of  t h e  

p r e c e d i n g   s t r i p s .   At  t he   same  t i m e   t h e   w i d t h s   W  of  t h e  

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

c h a r a c t e r i s t i c s   may  h a v e   to  be  a  c o m p r o m i s e   w i t h   t h e  

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

R e f e r r i n g   now  to  F i g .   6  a  c o m p l e t e   s e c o n d a r y   s u r f a c e   e l e m e n t  

i s   shown  in   w h i c h   the   d i r e c t i o n   of  d i s p l a c e m e n t  d  



of   t he   a d j a c e n t   s t r i p s   i s   r e v e r s e d   c e n t r a l l y   of  t h e  

e l e m e n t .   At  t h e   same  p o i n t   i n  t h e   s t r i p s   as  t he   r e v e r s a l  

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

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

c e n t r a l   s t r i p   30  may  be  p a r a l l e l   to   t h e   g e n e r a l   d i r e c t i o n   of   f l o  

A,  as  s h o w n ,   or  i t   may  be  of  V - s h a p e d   p r o f i l e ,   the   l i m b s  

of   t he   V  l y i n g   p a r a l l e l   to  t h e   s e t s   of   s t r i p s   to  e a c h  

s i d e   of   t h e   s t r i p   30.  As  s e e n   in   F i g .   6,  t he   e l e m e n t   i s  

of   s y m m e t r i c a l   c o n f i g u r a t i o n   a b o u t   t h e   s t r i p   30  and  t h i s ,  

t o g e t h e r   w i t h   t h e   i n c l i n a t i o n   o f   t h e   f l a n k s ,   e n a b l e s   t h e  

m a t e r i a l   t o - b e   r e a d i l y   f o r m e d ,   as  w i l l  b e   d e s c r i b e d .  

I t   w i l l   be  a p p r e c i a t e d   t h a t ,   w i t h   t h e   m a t e r i a l   h a v i n g  -  

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

e d g e s   11a ,   11b  of  t h e   s t r i p s   can   e x t e n d   t h e   f u l l   h e i g h t   h  

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

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

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

c o r r u g a t i o n s .  

R e f e r r i n g   now  p a r t i c u l a r l y   to  F i g .   7,  t h e   m a t e r i a l   o f  

F i g .   6  i s   a s s e m b l e d   w i t h   t u b e s   31  so  t h a t   an  e l e m e n t   i s  

b o u n d e d   on  e a c h   s i d e   by  a  row  of   t u b e s   31.   A  h e a t   e x c h a n g e  

f l u i d   i s   p a s s e d   t h r o u g h  t h e   t u b e s   31  and  a  f l o w   of  f u r t h e r  

f l u i d ,   u s u a l l y   a i r ,   p a s s e s   o v e r   t h e   e l e m e n t   in  the   g e n e r a l  
d i r e c t i o n   of   a r r o w s   A  to  s e t   up  a  h e a t   e x c h a n g e   r e l a t i o n s h i p  

b e t w e e n   t he   two  f l u i d s .   A l t e r n a t i v e l y   t he   s e c o n d a r y   s u r f a c e  

e l e m e n t   may  be  s a n d w i c h e d   b e t w e e n   s h e e t s   in   l a y e r s   to  f o r m  

a  c r o s s - f l o w   or  a  c o u n t e r - f l o w   h e a t   e x c h a n g e r .  

A p p a r a t u s   f o r   f o r m i n g   the   c o r r u g a t e d   m a t e r i a l   of  F i g s .   4 - 7  

i s   shown  in  F i g s .   8  and  9  of  the   d r a w i n g s   and  i t   c o m p r i s e s  

a  p a i r   of   r o l l s   20  and  21  m o u n t e d   on  p a r a l l e l   s h a f t s   22  a n d  

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

up  of  l a m i n a e   24  a r r a n g e d   s i d e   by  s i d e   in   c o n t a c t   w i t h   o n e  



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

c i r c u m f e r e n t i a l l y - s p a c e d   t e e t h   25 .   A d j a c e n t   l a m i n a e   i n  

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

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

as  w i l l   be  e x p l a i n e d ,   and  t h e   t e e t h   mesh   t o g e t h e r   o n  

r o t a t i o n   w i t h   a  s u i t a b l e   s p a c e   b e t w e e n   them  to  r e c e i v e   t h e  

m e t a l   s h e e t   or   f o i l   to  be  c o r r u g a t e d .   The  t e e t h   25  a r e  

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

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

T h i s   g i v e s   r i s e   to  t h e   f l a n k s   o f   t h e   t e e t h   e x t e n d i n g   a t   a n  

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

r o l l ,   w h i c h   a n g l e   i s   t h e   same  f o r   a l l   t h e   t e e t h   so  t h a t   t h e  

t e e t h   may  mesh   w i t h   one  a n o t h e r .   M o r e o v e r ,   t he   h e l i c a l  

p a t h s   on  w h i c h   t h e   t e e t h   of   e a c h   l a m i n a   l i e   a r e   e q u a l l y  

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

One  way  o f   i m a g i n i n g   t h e   c o n s t r u c t i o n s   of   t he   r o l l s   i s   t o  

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

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

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

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

n e x t   a d j a c e n t   l a m i n a   i n   t h e   o p p o s i t e   d i r e c t i o n   to   t h e  

i n c l i n a t i o n   of   t h e   f l a n k s   o f   t h e   t e e t h   and  in   a  m a n n e r  

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

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

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

an  a s s e m b l y   of   g e n e r a l l y   d i s c   l i k e   l a m i n a e   w h i c h   a r e   t h e n  

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

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

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

s h e e t   m a t e r i a l ,   s u c h   as  s h o w n  i n   F i g s .   4 -7   of  t h e   d r a w i n g s ,  

i s   f o r m e d .   In   t h i s   c a s e   t h e   t e e t h   25  of   t he   r o l l s   a r e  

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

s h o w n .  



1.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   f o 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   s h e e t   m a t e r i a l   c h a r a c t e r i s e d   by  b e i n g  

f o r m e d   w i t h   s u c c e s s i v e   m u t u a l l y   i n c l i n e d   i n t e g r a l  
p o r t i o n s  ( 4 4 ,   45;  54,  5 5 ) ,   e a c h   a r r a n g e d   to  be  i n c l i n e d  

to  t h e   g e n e r a l   d i r e c t i o n   of  f l o w   (A)  of   h e a t   e x c h a n g e  

med ium  o v e r   t h e   e l e m e n t s   and  t h e   m u t u a l l y   i n c l i n e d  

p o r t i o n s   h a v i n g   l o u v r e s   (46 ,   47;  56,  57)  f o r m e d  

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

p l a n e   of   t h e   a s s o c i a t e d   p o r t i o n   ( 4 4 ,   45;  54,  55)  o f  

t h e   e l e m e n t .  

2.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to  c l a i m   1 

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

s u c c e s s i v e   V - s h a p e d   p o r t i o n s   (44 ,   45;  54,  5 5 ) ,   t h e  

l o u v r e s   ( 46 ,   47;  56,  57)  b e i n g   f o r m e d   in   t h e   f l a n k s  

of  t h e   V  and  l y i n g   i n   p l a n e s   i n c l i n e d   to  t he   f l a n k s  

o f  t h e   V .  

3.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to  c l a i m   2 

c h a r a c t e r i s e d   i n   t h a t   t h e   a p i c e s   of   t h e   V - s h a p e d  

p o r t i o n s   a r e   f l a t t e n e d   to  p r o v i d e   p o r t i o n s   (43;   5 3 )  

w h i c h   a r e   a r r a n g e d   to   be  g e n e r a l l y   p a r a l l e l   to   s a i d  

g e n e r a l   d i r e c t i o n   of   f l o w   (A)  of  t h e   h e a t   e x c h a n g e  

m e d i u m .  

4.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to  c l a i m  2   or  3 

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

(46 ,   47;  56,  57)   in   one  f l a n k   of   e a c h   V - s h a p e d  

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

l o u v r e s   o f   t h e   o t h e r   f l a n k .  



5.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to   any  one  o f  

c l a i m s   2,  3  o r  4   c h a r a c t e r i s e d   i n   t h a t   e n d s   of  t h e  

V - s h a p e d   p o r t i o n s   a r e   i n t e g r a l   w i t h   p o r t i o n s  

( 4 1 ,   42;   51,  52)  l y i n g   g e n e r a l l y   p a r a l l e l   to   t h e  

g e n e r a l   d i r e c t i o n   of   f l o w   (A)  o f   h e a t   e x c h a n g e  

m e d i u m   o v e r   t h e   e l e m e n t .  

6.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to   any  one  o f  

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

a p e r t u r e s   f o r   r e c e i v i n g   t u b e s   (50 )   so  t h a t   t h e   t u b e s  

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

g e n e r a l   d i r e c t i o n   of   f l o w   (A)  of   h e a t   e x c h a n g e   m e d i u m  

o v e r   t h e   e l e m e n t s .  

7.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to   any  one  o f  

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

l o u v r e s   ( 4 6 ,   47;   56,   57)  a r e   f o r m e d   i n   s e t s   t h e r e  

b e i n g   two  or  more   s e t s   ( 5 6 ,   56A;  57 ,   57A)  f o r m e d   i n  

e a c h   i n c l i n e d   p o r t i o n   and  s p a c e d   f r o m   one  a n o t h e r .  

8.  A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to   c l a i m   7,  a s  

a p p e n d a n t   to  c l a i m   6,  c h a r a c t e r i s e d   i n   t h a t   t h e  

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

of  l o u v r e s   (56 ,   56A;  57,   5 7 A ) .  

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

p l u r a l i t y   of  c o r r u g a t e d   s t r i p s   (11 ,   1 2 ,   1 3 ) ,   e a c h  

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

of   t h e   f l a n k s   (15)   of   t h e   c o r r u g a t i o n s   in   a d j a c e n t  

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

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

e d g e   ( 1 2 a )   of  e a c h   f l a n k   i s   d i s p l a c e d   in   one  d i r e c t i o n  

f r o m   t h e   t r a i l i n g   edge   ( l l b )   of  t h e   c o r r e s p o n d i n g   f l a n k  

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



j o i n e d   to  one   a n o t h e r   to   f o r m   a  u n i t a r y   s t r u c t u r e ,  

c h a r a c t e r i s e d   in   t h a t   t h e   f l a n k s   ( 1 5 )   of  t h e   c o r r u g a t i o n s  

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

d i s p l a c e m e n t   a t   an  a c u t e   a n g l e   ( @ )   to   t h e   l o n g i t u d i n a l  

d i r e c t i o n   of  t h e   s t r i p s .  

10 .   A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to  c l a i m   9 

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

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

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

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

o p p o s i t e   d i r e c t i o n s   to   one  a n o t h e r   and  t h e   d i r e c t i o n   o f  

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

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

g r o u p .  

11 .   A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to   c l a i m   1 0  

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

a b o u t   a  c e n t r a l   l o n g i t u d i n a l   s t r i p   ( 3 0 ) .  

12 .   A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to   any  one  o f  

c l a i m s   9  to  11  c h a r a c t e r i s e d   i n   t h a t   t h e   a n g l e   ( @ )   o f  

t h e   f l a n k s   (15 )   of  t h e   c o r r u g a t i o n s   to  t h e   l o n g i t u d i n a l  

d i r e c t i o n   of  t h e   s t r i p s   i s   i n   t h e   r a n g e   6 0 °  -   8 0 ° .  

13.   A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to  any  one  o f  

c l a i m s   9  to  12  c h a r a c t e r i s e d   i n  t h a t   t h e   d i s p l a c e m e n t   ( d )  

b e t w e e n   t h e   l e a d i n g   e d g e s   and  t h e   t r a i l i n g   e d g e s   o f  

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

a l i g n m e n t   in   a  d i r e c t i o n   a t   a  r i g h t   a n g l e   to   t h e  

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



14.   A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to  any  one  o f  

c l a i m s   9  to   13  c h a r a c t e r i s e d   in   t h a t   t h e   d i s p l a c e m e n t  

(d)   b e t w e e n   t h e   l e a d i n g   e d g e s   and  t h e   t r a i l i n g   e d g e s  

of   a d j a c e n t   s t r i p s   i s   of   t h e   o r d e r   of  one  t h i r d   t h e  

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

15 .   A  s e c o n d a r y   s u r f a c e   e l e m e n t   a c c o r d i n g   to  any  one  o f  

c l a i m s   9  to   14  c h a r a c t e r i s e d   i n   t h a t   t h e   e l e m e n t   i s  

a r r a n g e d   to   h a v e   t h e   c r e s t s   (17 )   of   t h e   c o r r u g a t i o n s   i n  

c o n t a c t   w i t h   h e a t   e x c h a n g e   t u b e s   (31 )   and  a  f l o w   o f  

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

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

d i r e c t i o n   of   t h e   s t r i p s .  

16 .   A p p a r a t u s   f o r   f o r m i n g   a  s e c o n d a r y   s u r f a c e   e l e m e n t  

a c c o r d i n g   to   any   one  of   c l a i m s   9  to   15  c o m p r i s i n g   a  

p a i r   of  r o l l s   and   d r i v e  m e a n s   f o r   d r i v i n g   at  l e a s t  

one  of  t h e   r o l l s   so  t h a t   t h e   r o l l s   r o t a t e   in   o p p o s i t e  

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

l a m i n a e   a r r a n g e d   s i d e   by  s i d e   a l o n g   t h e   a x i s   of  t h e  

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

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

t e e t h ,   c o r r e s p o n d i n g   e d g e s   of   t h e   t e e t h   of  a d j a c e n t  

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

a b o u t   t h e   a x i s   o f   t h e   a s s o c i a t e d   r o l l ,   and  t he   t e e t h  

of   one  s e t   of   l a m i n a e   b e i n g   a r r a n g e d   i n   mesh  w i t h  

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

by  t h e   t e e t h   ( 2 5 )   of   t h e  l a m i n a e   (24 )   l y i n g   on  h e l i c a l  

p a t h s   e x t e n d i n g   a r o u n d   t h e   a s s o c i a t e d   r o l l   (20;   2 1 ) ,  

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

b e t w e e n   t h e   r o l l s .  
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