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  A  heat  exchange  wall  member  having  a  multiplicity  of 
parallel,  elongated  wall  projection  portions  formed 
therefrom.  A  multiplicity  of  channels  formed  from  such  wall 
members  may  be  disposed  in  a  stacked  array  to  form  a  heat 
exchanger  assembly. 



Thi s   i n v e n t i o n   r e l a t e s   to  a  h e a t   e x c h a n g e  

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

p o r t i o n s   d i s p o s e d   on  i t s   s u r f a c e   and  to  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 h a n n e l   e l e m e n t s   f o r m e d   f rom  such   w a l l   m e m b e r s .  

,  U.  S.  P a t e n t   No.  3 , 7 5 7 , 8 5 6   i s s u e d   S e p t e m b e r   1 1 ,  

1973  to  L.  C.  Kun  d i s c l o s e s   a  t h i n - w a l l e d ,   l i g h t - w e i g h t  

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

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

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

j e c t i o n s .   The  i s o s t r e s s   s u r f a c e   d i s c l o s e d   in  t he   Kun 

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

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

a  m u l t i p l i c i t y   of  r a d i i   w i t h   t h e o r e t i c a l l y   no  f l a t  

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

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

e x c h a n g e   c h a n n e l   e l e m e n t   may  s u i t a b l y   be  f o r m e d   as  a  

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

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

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

a  s e c o n d   h e a t   e x c h a n g e   medium  f l o w e d   ove r   the   e x t e r i o r  

s u r f a c e   of  the   c h a n n e l   e l e m e n t .   Such  h e a t   e x c h a n g e  

c h a n n e l   e l e m e n t s   may  u s e f u l l y   be  e m p l o y e d   in  any  a p p l i -  

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



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

media   and  has   p a r t i c u l a r   u t i l i t y   as  i n c o r p o r a t e d   in   a n  

a u t o m o t i v e   r a d i a t o r .  

As  e m p l o y e d   in  an  a u t o m o t i v e   r a d i a t o r   o r  

h e a t e r ,   a  m u l t i p l i c i t y   of  t he   Kun  h e a t   e x c h a n g e   c h a n n e l  

e l e m e n t s   a r e   s e r i a l l y   s t a c k e d   in  an  a r r a y   and  a r r a n g e d  

so  t h a t   t h e   w a l l   p r o j e c t i o n s   on  one  c h a n n e l   e l e m e n t   m a t e  

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

an  a d j a c e n t   c h a n n e l   e l e m e n t .   A  h e a t   e x c h a n g e r   f a b r i c a t e d  

in  t h i s   m a n n e r   has   a  f i r s t   s e t   of  p a s s a g e s   d e f i n e d   b y  

and  b o u n d   w i t h i n   the   c h a n n e l   w a l l   members   and  a  s e c o n d  

s e t   of  p a s s a g e s   d e f i n e d   by  and  d i s p o s e d   b e t w e e n   t h e  

c h a n n e l   e l e m e n t s .   D u r i n g   o p e r a t i o n ,   h i g h   i n t e r n a l   c o o l a n t  

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

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

on  t h e   o r d e r   of  20  p s i g   and  h i g h e r   may  be  a c c o m m o d a t e d ,  

s i n c e   i n   t h e   s t a c k e d   a r r a y   t h e   i n t e r n a l   p r e s s u r e   i s  

b a l a n c e d   by  t he   s u p p o r t   f u n c t i o n   of  t he   a d j a c e n t   c h a n n e l  

e l e m e n t   p r o j e c t i o n s .   The  h e a t   e x c h a n g e r   can  t h u s   b e  

e c o n o m i c a l l y   and  q u i c k l y   f a b r i c a t e d ,   w i t h   the   s t a c k e d  

c h a n n e l   e l e m e n t   a s s e m b l y   ( h e a t   e x c h a n g e r   c o r e )   b e i n g  

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

s t r u c t u r a l   f r a m e   a s s e m b l y .  

The  p r o v i s i o n   of  t he   i s o s t r e s s - c o n t o u r e d  

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

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

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



a l u m i n u m .   For  e x a m p l e ,   the   c h a n n e l   e l e m e n t   may  b e  

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

of  f o r   e x a m p l e   on  the  o r d e r   of  8  -   10  m i l s .   T h i s  

a b i l i t y   to  use  t h i n   s h e e t   m e t a l   m a t e r i a l   in  f a b r i c a t i n g  

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

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

F i r s t ,   t he   use   of  low  m a t e r i a l   t h i c k n e s s e s   f o r   t h e  

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

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

t he   f a b r i c a t e d   h e a t   e x c h a n g e r .   The  r e d u c t i o n   in  w e i g h t  

p e r m i t s   a  g i v e n   a u t o m o b i l e   power   p l a n t  ( i n t e r n a l   c o m -  

b u s t i o n   e n g i n e )   to  p r o v i d e   i n c r e a s e d   t r a n s p o r t a t i o n  

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

e c o n o m i c   and  e n e r g y   c l i m a t e .   S e c o n d ,   the   use   of  t h i n  

w a l l   members   f o r   t he   h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   p e r -  

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

to  be  a c h i e v e d .   Such  r e s u l t   is  a t t r i b u t a b l e   a t   l e a s t   i n  

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

s u r f a c e   of  the   h e a t   e x c h a n g e   c h a n n e l   e l e m e n t .   T h i r d ,  

t he   i n c r e a s e   in  h e a t   t r a n s f e r   c a p a b i l i t y   of  t he   t h i n -  

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

in  s i z e   of  the   f a b r i c a t e d   h e a t   e x c h a n g e r   to  be  a c h i e v e d .  

N o t w i t h s t a n d i n g   the   a b o v e - i d e n t i f i e d   a d v a n t a g e s  

of  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t s   and  h e a t   e x c h a n g e r s  

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

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

of  such   type   have   no t   y e t   been   w i d e l y   i m p l e m e n t e d   in  t h e  



c o n s t r u c t i o n   of  a u t o m o b i l e s   and  o t h e r   m o t o r   v e h i c l e s .  

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

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

medium  p r e s s u r e   d r o p   in  t he   f a b r i c a t e d   h e a t   e x c h a n g e r .  

In  t he   n o r m a l   a u t o m o b i l e   c o n f i g u r a t i o n ,   w h e r e i n   a i r  

( t h e   e x t e r n a l   h e a t   e x c h a n g e   med ium)   f l o w s   s u c c e s s i v e l y  

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

d e n s e r   ( i f   p r e s e n t ) ,   the   r a d i a t o r ,   t he   f a n ,   and  t h e n   b y  

the   e n g i n e   b l o c k ,   t he   r a d i a t o r   r e p r e s e n t s   a  p r i n c i p a l  

r e s i s t a n c e   to  a i r   f l o w .   In  t h i s   c o n f i g u r a t i o n ,   r a d i a t o r s  

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

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

r a d i a t o r   d e s i g n s .   As  a  r e s u l t ,   t he   Kun  r a d i a t o r   w i l l  

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

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

v e n t i o n a l   r a d i a t o r s .   Such  l o w e r e d   a i r - s i d e   gas  v e l o c i t y  

in  t u r n   r e d u c e s   t h e   a i r - s i d e   h e a t   t r a n s f e r .   I n a s m u c h   a s  

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

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

t h e   l o w e r   a i r - s i d e   gas  v e l o c i t y   and  h e a t   t r a n s f e r   d i s -  

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

by  the   r a d i a t o r   in   e m p l o y i n g   t h i n   w a l l   m e m b e r s .  

A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  the   p r e s e n t  

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

may  be  e m p l o y e d   to  form  a  t h i n - w a l l e d ,  l i g h t - w e i g h t   h e a t  

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

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

p a t e n t   w h i c h   when  e m p l o y e d   in  a  h e a t   e x c h a n g e r  



a s s e m b l y ,   such   as  an  a u t o m o b i l e   r a d i a t o r ,   has   m o r e  

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

h e a t   e x c h a n g e r   d i s c l o s e d   in  the  Kun  p a t e n t .  

In  i t s   b r o a d e s t   a s p e c t ,   t he   i n v e n t i o n   r e l a t e s  

to  a  h e a t   e x c h a n g e   w a l l   member  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   h a v i n g   a  m u l t i p l i c i t y   of  w a l l   p r o j e c t i o n   p o r t i o n s  

d i s t r i b u t e d   a c r o s s   the   w a l l   member   s u r f a c e   and  e x t e n d i n g  

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

e x t r e m i t i e s ,   w h e r e b y  t h e   w a l l   member   may  be  s u p p o r t e d  

a b u t t i n g l y   a g a i n s t   an  a d j a c e n t   s t r u c t u r a l   member  by  t h e  

l o a d - b e a r i n g   end  s e g m e n t s   of  t h e   w a l l   p r o j e c t i o n  

p o r t i o n s .  

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

p r o j e c t i o n   p o r t i o n s   e x t e n d   e l o n g a t e l y   on  the   w a l l  

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

h a v i n g   an  a s p e c t   r a t i o   ( d 2 / d 1 )   o f  a t   l e a s t   10,  w h e r e i n  

d2  =  l e n g t h   of  the   m a j o r   a x i s   of  the   w a l l   p r o j e c t i o n  

p o r t i o n   l o a d - b e a r i n g   end  s e g m e n t   m e a s u r e d   in  the  b a s e  



p l a n e   of  t h e  w a l l   member   and  d1  =  l e n g t h   of  the   m i n o r  

a x i s   of  the   w a l l   p r o j e c t i o n   p o r t i o n   l o a d - b e a r i n g   e n d  

s e g m e n t   m e a s u r e d   in  t he   b a s e   p l a n e   of  t he   w a l l   m e m b e r .  

The  w a l l   p r o j e c t i o n   p o r t i o n s   a r e   o r i e n t e d   on  the   w a l l  

member  s u r f a c e   w i t h   the   m a j o r   a x e s   of  t he   l o a d - b e a r i n g  

end  s e g m e n t s   of  t he   w a l l   p r o j e c t i o n   p o r t i o n s   a l i g n e d  

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

t he   w a l l   p r o j e c t i o n   p o r t i o n s   have   a  d i m e n s i o n a l   s i z e   a n d  

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

D  d i m e n s i o n   of  b e t w e e n   a b o u t   0.2  and  3 . 0   i n c h ,   a  H/D 

r a t i o   of  b e t w e e n   a b o u t   0 . 0 5   and  0 . 5 ,   and  D/d1  r a t i o  

of  b e t w e e n a b o u t   1 .5   and  50,  w h e r e i n :  H   =  t he   max imum 

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

the   w a l l   member  t o  t h e   i n n e r m o s t   p o i n t   on  the   w a l l   m e m b e r  

s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   s u r f a c e   p r o j e c t i o n s ;  
b e t w e e n  

D  =  the   s p a c i n g / t h e   r a j o r   a x e s   of  l o a d - b e a r i n g   e n d  

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

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

b a s e   p l a n e   of  t he   w a l l   member ;   and  t he   b a s e   p l a n e   of  t h e  

w a l l   member  is  a  p l a n e   c o n t a i n i n g   t he   e x t r e m i t i e s   o f  

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

w a l l   member  s u r f a c e   to  a  u n i f o r m   e x t e n t .  

In  p r e f e r r e d   p r a c t i c e ,   t he   a b o v e - d e s c r i b e d  

h e a t   e x c h a n g e   w a l l   member  is  s u i t a b l y   e m p l o y e d   in  a  h e a t  

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

w a l l   members   of  s u c h   t y p e ,   w h e r e i n   the   h e a t   e x c h a n g e  

c h a n n e l   e l e m e n t   e x t e n d s   l o n g i t u d i n a l l y   and  h a s a n   e l o n g a t -  

ed  c r o s s   s e c t i o n   bound   by  the   a f o r e m e n t i o n e d   two  s p a c e d -  



a p a r t   w a l l   members   as  s i d e   w a l l s   s p a c e d   a p a r t   by  edge  w a l l s ,  

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

at   one  end  and  a  f i r s t   f l u i d   e x i t   o p e n i n g   at   t he   o p p o s i t e  

end .   In  t h i s   p r e f e r r e d   e m b o d i m e n t ,   t he   w a l l   p r o j e c t i o n  

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

s i d e   w a l l   and  a r e   o r i e n t e d   w i t h   t he   m a j o r   a x e s   of  t h e  

w a l l   p r o j e c t i o n   p o r t i o n . l o a d   b e a r i n g   end  s e g m e n t s   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  the   l o n g i t u d i n a l   a x i s   of  t h e  

c h a n n e l   e l e m e n t .  

A n o t h e r   a s p e c t   of  the   i n v e n t i o n   r e l a t e s   t o  

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

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

e l e m e n t s   b e i n g   l o n g i t u d i n a l l y   a l i g n e d   in  p a r a l l e l  

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

ing   a t   one  end  and  a  f i r s t   f l u i d   e x i t   o p e n i n g   a t   t h e  

o p p o s i t e   end ,   and  common  i n l e t   m a n i f o l d   means   a n d  

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

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

e x i t   o p e n i n g s .  



In  a  p r i m a r y   s u r f a c e  e m b o d i m e n t   of  the   a b o v e -  

d e s c r i b e d   h e a t   e x c h a n g e r ,   t he   l o a d - b e a r i n g   end  s e g m e n t s  

of  w a l l   p r o j e c t i o n   p o r t i o n s   of  t he   c h a n n e l   e l e m e n t s   a r e  

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

l o a d - b e a r i n g   end  s e g m e n t s   of  t he   p r o j e c t i o n   p o r t i o n s   o f  

an  a d j a c e n t   c h a n n e l   e l e m e n t   w a l l   m e m b e r ,   w i t h   the  w a l l  

s u r f a c e   p o r t i o n s   b e t w e e n   the   p r o j e c t i o n   p o r t i o n s   t h e r e -  

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

w h i c h   a  s e c o n d   f l u i d   may  be  f l o w e d   in   h e a t   e x c h a n g e  

w i t h   the   f i r s t   f l u i d .  



In  a  p r e f e r r e d   p r i m a r y   and  s e c o n d a r y   s u r f a c e  

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

a  m u l t i p l i c i t y   of  c h a n n e l   e l e m e n t s   a re   d i s p o s e d   in  a 

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

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

l o a d - b e a r i n g   end  s e g m e n t s   of  t he   w a l l   p r o j e c t i o n   p o r t i o n s  

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

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

m e m b e r s ,   w h e r e b y   the   s e c o n d a r y   s u r f a c e   members   a r e  

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

a l o n g   the   a b u t t i n g   l o a d - b e a r i n g   end  s e g m e n t s   t h e r e o f .  

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

bound   the  p a s s a g e   w a l l s   s e p a r a t i n g   the   two  f l u i d s   i n  

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

t he   t h i c k n e s s   of  t h e   p a s s a g e   w a l l   so  t h a t   h e a t   f l o w s  

s u b s t a n t i a l l y   n o r m a l   to  t he   w a l l .   In  c o n t r a s t ,   s e c o n d a r y  

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

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

by  on ly   the  s e c o n d   f l u i d .   A c c o r d i n g l y ,   the   h e a t   f l o w  

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

a l l e l   to  t he   s u r f a c e .  



F i g u r e   1  is  an  i s o m e t r i c   v i e w   of  a  p o r t i o n   of  a 

h e a t   e x c h a n g e   w a l l   member  a c c o r d i n g   to  one  e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n .  

F i g u r e   2  is   an  i s o m e t r i c   v i e w   of  a  p o r t i o n   o f  

a  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g   to  one  e m b o d i -  

ment   of  t he   p r e s e n t   i n v e n t i o n ,  

F i g u r e   3  is   a  s e c t i o n a l ,   e l e v a t i o n a l   v i e w   o f  

a  p o r t i o n   of  the   F i g u r e   2  c h a n n e l   e l e m e n t   a l o n g   t h e  

l o n g i t u d i n a l   a x i s   L-L  t h e r e o f .  

F i g u r e  4   is   a  s e c t i o n a l ,   e l e v a t i o n a l   v i e w   of  t h e  

F i g u r e   2  c h a n n e l   e l e m e n t ,   t a k e n   in  c r o s s   s e c t i o n   a l o n g   a  

w a l l   p r o j e c t i o n   p o r t i o n   t h e r e o f .  

F i g u r e s   5  and  6  show  i l l u s t r a t i v e   c o n f i g u r a t i o n s  

of  w a l l   p r o j e c t i o n   p o r t i o n s   s u c h   as  may  be  e m p l o y e d   i n  

t he   F i g u r e   2  c h a n n e l   e l e m e n t .  

F i g u r e   7  i s   a  p l a n   v i e w   of  a  p o r t i o n   of  t h e  

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

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

e l e m e n t .  

F i g u r e   8  is   an  i s o m e t r i c   v i ew   of  a n o t h e r   h e a t  

e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g   to  t he   i n v e n t i o n .  

F i g u r e   9  is  a  p l a n   v i e w   of  a  p o r t i o n   of  t h e  

F i g u r e   8  c h a n n e l   e l e m e n t ,   s h o w i n g   the  g e o m e t r i c   a n d  

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

F i g u r e   10  i s   a  p l a n   v i e w   of  a n o t h e r   h e a t   e x c h a n g e  

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



F i g u r e   11  is  an  i s o m e t r i c   v i e w   of  a  p o r t i o n   o f  

the   F i g u r e  1 0   c h a n n e l   e l e m e n t ,   s h o w i n g   the   d e t a i l s   of  t h e  

w a l l   p r o j e c t i o n   p o r t i o n s   t h e r e o f .  

F i g u r e   12  is  a  s e c t i o n a l   e l e v a t i o n a l   v i ew   o f  

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

t y p e   shown  in  F i g u r e s  1 0  -  1 1 .  

F i g u r e   13  is  a  s e c t i o n a l   e l e v a t i o n a l   v i e w   o f  

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

e l e m e n t s   of  the   t y p e   shown  in  F i g u r e  1 0 .  



F i g u r e   14  i s   an  i s o m e t r i c   v i e w   of  a  p o r t i o n  

of  a  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   of  the   t y p e   s h o w n  

in  F i g u r e  2 . ,   p r o v i d e d   w i t h   a  s e c o n d a r y   s u r f a c e   f i n   a t  

one  edge   t h e r e o f .  

F i g u r e  1 5   i s   an  i s o m e t r i c   v i e w   of  a  h e a t   e x -  

c h a n g e   c h a n n e l   e l e m e n t   of  the   t y p e   shown  in  F i g u r e   2  ,  

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

F i g u r e   16  is  an  i s o m e t r i c   v i e w   of  a  c h a n n e l  

e l e m e n t   of  t he   t y p e   shown  in  F i g u r e   2 ,   p r o v i d e d   w i t h  

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

F i g u r e   17  is  an  e l e v a t i o n a l   v i e w   of  a  p o r t i o n  

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

the   t y p e   shown  in  F i g u r e  2 .  

F i g u r e   18  is  an  e l e v a t i o n a l   v i e w   of  a  p o r t i o n  

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

t h e y   t y p e   shown  in  F i g u r e   2 ,   w i t h   s e c o n d a r y   s u r f a c e  

p l a t e - l i k e   n u m b e r s   b e i n g   d i s p o s e d   b e t w e e n   a d j a c e n t  

c h a n n e l   e l e m e n t s .  

F i g u r e   19  is  an  e l e v a t i o n a l   v i e w   of  a  p o r t i o n  

of  a  s t a c k e d   a r r a y   of  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t s  

a c c o r d i n g   to  t he   i n v e n t i o n ,   w h e r e i n   each   c h a n n e l   e l e m e n t  

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

of  a l t e r n a t e l y   v a r y i n g   h e i g h t .  

F i g u r e   20  is  an  e l e v a t i o n a l   v i e w   of  p o r t i o n s  

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

one  a n o t h e r   by  means  of  w a l l   p r o j e c t i o n   p o r t i o n s   w i t h  

n o n - p l a n a r   l o a d - b e a r i n g   s e g m e n c s .  



F i g u r e   21  is  an  i s o m e t r i c   v i ew   of  a  p o r t i o n   o f  

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

s h o w i n g   two  t y p e s   of  w a l l   p r o j e c t i o n   p o r t i o n s   w i t h   n o n -  

p l a n a r   l o a d - b e a r i n g   s e g m e n t s .  

F i g u r e   22  is  an  i s o m e t r i c   v i e w   of  a  s t a c k e d  

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

a n o t h e r   e m b o d i m e n t   of  t h e .  i n v e n t i o n .  

F i g u r e   23  is   an  i s o m e t r i c   v i ew   of  a  s t a c k e d  

a r r a y   of  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t s   as  shown  i n  

F i g u r e  2   b u t   p r o v i d e d   w i t h   s e c o n d a r y   s u r f a c e  

f i n s   at   e a c h   edge  t h e r e o f   and  w i t h   a  s e c o n d a r y   s u r f a c e  

p l a t e - l i k e   member  d i s p o s e d   b e t w e e n   a d j a c e n t   c h a n n e l  

e l e m e n t s ,   t h e   p l a t e - l i k e   member   b e i n g   p r o v i d e d   w i t h  

s l a t t e d ,   s l o t t e d   l o u v e r - t y p e   s u r f a c e   d i s t o r t i o n s .  

F i g u r e   24  is   a  p l a n   v i e w   of  a n o t h e r   s e c o n d a r y  

s u r f a c e   p l a t e - l i k e   member ,   s u c h   a s  m a y   a l t e r n a t i v e l y   b e  

e m p l o y e d   in   t h e   F i g u r e   23  s t a c k e d   a r r a y   of  h e a t   e x c h a n g e  

c h a n n e l   e l e m e n t s .  

F i g u r e   25  is   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   o f  

the   F i g u r e   24  p l a t e - l i k e   s e c o n d a r y   s u r f a c e   member  t a k e n  

a l o n g   l i n e   A - A .  

F i g u r e   26  is   an  e l e v a t i o n   v i e w   of  a  wind  t u n n e l  

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



F i g u r e   27  is  an  e x p l o d e d   a s s e m b l y   d r a w i n g   o f  a  

p o r t i o n   o f  a   h e a t   e x c h a n g e r   a c c o r d i n g   to  the   i n v e n t i o n ,  

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

e l e m e n t s   of  t he   t y p e   shown  in  F i g u r e   1 5 .  

F i g u r e   28  is   an  i s o m e t r i c   v i e w   of  a  p o r t i o n  

of  the   h e a t   e x c h a n g e r   a s s e m b l y   of  F i g u r e   27,  s h o w i n g   t h e  

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

F i g u r e   29  is   a  s e c t i o n a l   p l a n   v i e w   of  a  p o r t i o n  

of  t he   h e a d e r i n g   a r r a n g e m e n t   of  F i g u r e   2 8 .  

F i g u r e   30  is  an  i s o m e t r i c   v i e w   of  a  

p o r t i o n   of  t h e   h e a d e r i n g   a r r a n g e m e n t   of  F i g u r e   2 8 .  

F i g u r e   31  is   a  g r a p h   of  c o n v e c t i v e   h e a t   t r a n s f e r  

e f f e c t i v e n e s s   f a c t o r   p l o t t e d   as  a  f u n c t i o n   of  R e y n o l d ' s  

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

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

a c c o r d a n c e   w i t h   Kun  U.  S.  P a t e n t   No.  3 , 8 1 0 , 5 0 9  

F i g u r e  3 2   i s   a  g r a p h   of   h e a t   t r a n s f e r   m a t e r i a l  

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

t he   p r e s e n t   i n v e n t i o n   and  a  r a d i a t o r   c o n s t r u c t e d   i n  

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

as  a  f u n c t i o n   of  gas   f l o w   v e l o c i t y   a t   t he   f a c e   of  t h e  

r a d i a t o r .  

F i g u r e  3 3   is  a  g r a p h   of  c h a n n e l   e l e m e n t   w a l l  

member  d e f l e c t i o n   p l o t t e d   as  a  f u n c t i o n   of  i n t e r n a l  

vacuum  p r e s s u r e   and  a l s o   as  a  f u n c t i o n   of  i n t e r n a l  

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

Kun  U.  S.  P a t e n t   No.  3 , 8 1 0 , 5 0 9 .  



R e f e r r i n g   now  to  t he   d r a w i n g s ,   F i g u r e   1  i s  

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

member   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   s t a m p e d   f rom  t h i n  

s h e e t   m e t a l .   The  w a l l   member  11  is   s t a m p e d   w i t h   a  s u r f a c e  

c o m p r i s i n g   r i d g e  p r o j e c t i o n s   17  e x t e n d i n g   e l o n g a t e l y   a c r o s s  

t h e   top   s u r f a c e   of  t h e   w a l l   member  w i t h   f l a t   t op   s u r f a c e  

p o r t i o n s   18  a t   the   e x t r e m i t i e s   of  t h e  r i d g e   p r o j e c t i o n s ,   t h e  

f l a t   t op   s u r f a c e   p o r t i o n s   18  h a v i n g   an  a s p e c t   r a t i o   ( d 2 / d l )  

of  ar   l e a s t   10,  w h e r e i n   d2  is  t h e   l o n g i t u d i n a l   d i m e n s i o n   o f  

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

t r a n s v e r s e   d i m e n s i o n   of  t he   r i d g e   p r o j e c t i o n   f l a t   t op   s u r -  

f a c e   p o r t i o n .   The  f l a t   top  s u r f a c e   p o r t i o n s   a r e   s u r r o u n d e d  

by  t o p   s u r f a c e   p o r t i o n s   20  h a v i n g   a  c o n c a v e   e l e v a t i o n a l  

c o n t o u r .   Edge  s u r f a c e   p o r t i o n s   19  a r e   f o r m e d   b e t w e e n   t h e  

u n s t a m p e d   m a r g i n s   16  of  t he   w a l l   member  and  t h e   a f o r e m e n t i o n -  

ed  f l a t   t op   s u r f a c e   and  c o n c a v e   s u r f a c e   p o r t i o n s   of  t h e  

w a l l   m e m b e r .  

F i g u r e   2  is   an  i s o m e t r i c   v i e w   o f  a   p o r t i o n   of  a  

h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   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 .   The  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   10  i n c l u d e s  

two  s p a c e d - a p a r t   w a l l   members   11  and  12  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   b o u n d i n g   a  f l u i d   f l o w   c h a n n e l   1 3 .  

A  m u l t i p l i c i t y   of  w a l l   p r o j e c t i o n   p o r t i o n s   17  a r e   d i s -  

t r i b u t e d   a c r o s s   t he   w a l l   member  s u r f a c e   and  e x t e n d   f rom  t h e  

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



s e g m e n t s   18  a t   t h e i r   e x t r e m i t i e s ,   w h e r e b y   t h e  

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

a d j a c e n t   s t r u c t u r a l   member   by  the   l o a d - b e a r i n g   end  s e g m e n t s  

of  t h e   w a l l   p r o j e c t i o n   p o r t i o n s .  

The  two  s p a c e d - a p a r t   w a l l   members   11  and  12  o f  

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

c h a n n e l   e l e m e n t .   T h e s e   s i d e   w a l l s   a r e   s p a c e d   a p a r t   b y  

e d g e   w a l l s   c o m p r i s i n g   e d g e  w a l l   p o r t i o n s   14  and  15.  I n  

p r a c t i c e ,   t h e   edge   w a l l s   of  t h e   c h a n n e l   e l e m e n t   may  b e  

f o r m e d   s e p a r a t e l y   f r o m   t h e   s i d e   w a l l s   and  j o i n e d   to  t h e  

l a t t e r   as  f o r   e x a m p l e   by  b r a i s i n g   or  w e l d i n g   to  fo rm  t h e  

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

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

e l e m e n t   f rom  u n i t a r y   s h e e t s   of  m a t e r i a l   as  shown  m o r e  

' c l e a r l y   in   F i g u r e   4,  so  t h a t   t h e   u p p e r   h a l f   of  t h e   c h a n n e l  

e l e m e n t   c o m p r i s e s   ( s i d e )   w a l l   member  11,  edge   w a l l   p o r t i o n  

14  and  f l a n g e - l i k e   m a r g i n s ,   and  w i t h   t h e   l o w e r   h a l f   of  t h e  

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

s i d e   and  edge   w a l l   c o n s t r u c t i o n ,   t he   u p p e r   and  l o w e r  

c h a n n e l   e l e m e n t   h a l v e s   may  be  j o i n e d   to  one  a n o t h e r   b y  

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

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

1 6 .  

The  s i d e   w a l l s   and  edge   w a l l s   of  t h e   F i g u r e  2  



c h a n n e l   e l e m e n t   may  s u i t a b l y   have   a  t h i c k n e s s   of  b e t w e e n  

a b o u t   0 . 0 0 3   and  0 . 2 5   i n c h .   In  t he   p r e f e r r e d   p r a c t i c e   o f  

the   i n v e n t i o n ,   w h e r e i n   t he   s i d e   w a l l s   and  edge   w a l l s   a r e  

f o r m e d   of  a l u m i n u m ,   as  s u i t a b l y   e m p l o y e d   in   a u t o m o b i l e  

r a d i a t o r   a p p l i c a t i o n s ,   t he   w a l l s   d e s i r a b l y   h a v e   a  t h i c k n e s s  

of  b e t w e e n   a b o u t   0 . 0 0 3   and  0 . 1 0 0   i n c h .  

As  shown  in  F i g u r e   2,  the   c h a n n e l   e l e m e n t   i s  

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

17  a r e   p r o v i d e d   in   t he   fo rm  of  r i d g e s   e x t e n d i n g   a c r o s s  

s u b s t a n t i a l l y   t he   f u l l   w i d t h   of  t he   s i d e   w a l l   11,  w i t h   t h e  

w a l l   member  s u r f a c e   20  b e t w e e n   a d j a c e n t   w a l l   p r o j e c t i o n  

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

the   w a l l   p r o j e c t i o n   p o r t i o n s   17  e x t e n d   e l o n g a t e l y   on  t h e  

w a l l   member   s u r f a c e   w i t h   t h e   l o a d - b e a r i n g   s e g m e n t s   1 8  

t h e r e o f   h a v i n g   m a j o r   a x e s   w h i c h   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  t he   l o n g i t u d i n a l   a x i s   L-L  of  t h e   c h a n n e l   e l e m e n t .  

The  l o a d - b e a r i n g   end  s e g m e n t s   18  of  t h e   w a l l   p r o j e c t i o n  

p o r t i o n s   17  i n t e r s e c t   t h e   edge   w a l l   p o r t i o n s   14,   1 5  

of  t h e   c h a n n e l   e l e m e n t   a t   edge   w a l l   s u r f a c e s   1 9 , _ w h i c h  

p r e f e r a b l y - a r e   c o n v e x l y   c o n t o u r e d   as  shown  in  F i g u r e   3 

to  d e c r e a s e   h y d r o d y n a m i c   d r a g   and  p r e s s u r e   d r o p   when  a  

s e c o n d   h e a t   e x c h a n g e   med ium  is   f l o w e d   o v e r   t h e   e x t e r n a l  

s u r f a c e s   of  t he   c h a n n e l   e l e m e n t ,   f rom  l e f t   to  r i g h t   a s  

shown  in  F i g u r e   4 ,   in   h e a t   e x c h a n g e   w i t h   a  f i r s t   h e a t  

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

t e r i o r   f l o w   c h a n n e l   1 3 .  

The  i l l u s t r a t i v e l y   shown  c h a n n e l   e l e m e n t   i n  



F i g u r e   2  is   a  p o r t i o n   of  a  l o n g i t u d i n a l l y   e x t e n d i n g  

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

same  m a n n e r   as  t h e   e x t r e m i t y   shown.   Each   e x t r e m i t y   i s  

p r o v i d e d   w i t h   an  end  s e c t i o n   9  h a v i n g   f l a t   s i d e   w a l l  

end  p o r t i o n s   21.   By  s u c h   c o n f i g u r a t i o n ,   t h e   c h a n n e l  

e l e m e n t s   may  be  s t a c k e d   in   an  a r r a y   of  s u c h   e l e m e n t s   t o  

fo rm  a  h e a t   e x c h a n g e r   c o r e ,   w i t h   t h e   s i d e   w a l l   e n d  

p o r t i o n s   21  of  a d j a c e n t   c h a n n e l   e l e m e n t s   m a t i n g   a b u t t i n g l y  

w i t h   one  a n o t h e r   in   a  m a n n e r   as  shown  more  f u l l y   h e r e i n -  

a f t e r .  

F i g u r e   3  shows   a  s e c t i o n a l ,   e l e v a t i o n a l   v i e w  

of  a  p o r t i o n   of  t h e   F i g u r e . 2   h e a t   e x c h a n g e   c h a n n e l  

e l e m e n t   a l o n g   t h e   l o n g i t u d i n a l   a x i s   L-L.   The  f e a t u r e s   o f  

the   c h a n n e l   e l e m e n t   i n   F i g u r e   3  a r e   n u m b e r e d   c o r r e s p o n d -  

i n g l y   w i t h   r e s p e c t   to   F i g u r e   2.  As  shown  in  F i g u r e   3 ,  

t h e   u p p e r   and  l o w e r   w a l l   members   11  and  12  of  t he   c h a n n e l  

e l e m e n t   10  a r e   s i m i l a r l y   f o r m e d   w i t h   a  c o n c a v e l y   c o n t o u r e d  

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

w i t h   t h e   u p p e r   and  l o w e r   w a l l   members   11  and  12  o r i e n t e d  

w i t h   r e s p e c t   to   one  a n o t h e r   so  t h a t   t h e   i n n e r m o s t   p o i n t  

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

p o r t i o n s   of  one  w a l l   member   is  v e r t i c a l l y   a l i g n e d   w i t h   a  

l o a d - b e a r i n g   end  s e g m e n t   of  a  w a l l   p r o j e c t i o n   p o r t i o n   o f  

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

p o i n t   on  t he   w a l l   s u r f a c e   20  of  u p p e r   w a l l   member  11  i s  

v e r t i c a l l y   a l i g n e d   w i t h   t he   l o a d - b e a r i n g   end  s e g m e n t   1 8 a  

of  l o w e r   w a l l   m e m b e r  1 2 .  



F i g u r e   3  shows  the   g e o m e t r i c   and  d i m e n s i o n a l  

c h a r a c t e r i s t i c s   of  the   c h a n n e l   e l e m e n t .   As  i n d i c a t e d  

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

p o r t i o n s   in   t h i s   e m b o d i m e n t   is   c o n c a v e l y   c u r v e d ;   s p e c i -  

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

c o n c a v e l y   c i r c u l a r ,   i . e . ,   the   s u r f a c e   in   e l e v a t i o n   h a s  

a  u n i f o r m   r a d i u s   of  c u r v a t u r e   R 1 b e t w e e n   t h e   l o a d - b e a r i n g  

end  s e g m e n t s   of  a d j a c e n t   w a l l   p r o j e c t i o n   p o r t i o n s .   T h e  

r e l a t i v e   " d e p t h "   of  t he   d e p r e s s i o n   b e t w e e n   a d j a c e n t   w a l l  

p r o j e c t i o n   p o r t i o n s   is  m e a s u r e d   w i t h  r e f e r e n c e   to  t h e  

b a s e   p l a n e   P  of  t h e   w a l l   member ,   w h i c h   i s   a  p l a n e   c o n t a i n -  

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

o u t w a r d l y   f rom  t he   w a l l   member  s u r f a c e   to  a  u n i f o r m   e x t e n t .  

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

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

w a l l   member   s u r f a c e   to  a  u n i f o r m   e x t e n t ,   and  t h e   l o a d -  

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

s h o w n ,   so  t h a t   the   l o a d - b e a r i n g   end  s e g m e n t s   in   t h i s  

e m b o d i m e n t   l i e   f u l l y   in   t h e   b a s e   p l a n e   P  of  t h e   w a l l   m e m b e r .  

The  r e m a i n i n g   d i m e n s i o n a l   p a r a m e t e r s   in  F i g u r e   3 

a r e   m e a s u r e d   by  r e f e r e n c e   to  t he   a b o v e - d e s c r i b e d   b a s e  

p l a n e   of  t he   w a l l   member .   The  d i m e n s i o n   H,  w h i c h   in   t h e  

F i g u r e  3   e m b o d i m e n t   p r o v i d e s   a  m e a s u r e   of  t h e   " d e p t h "   o f  

t he   c o n c a v e l y   c o n t o u r e d   s u r f a c e   b e t w e e n   a d j a c e n t   w a l l  

p r o j e c t i o n s ,   is  the   maximum  h e i g h t   m e a s u r e d   p e r p e n d i c u l a r l y  

f rom  t h e   b a s e   p l a n e   P  of  t h e   w a l l   member  to   the   i n n e r m o s t  

p o i n t   ( i . e . ,   the   f u r t h e s t   p o i n t   f rom  t he   b a s e   p l a n e )   o n  



t he   w a l l   member  s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   s u r f a c e  

p r o j e c t i o n s .   The  d i m e n s i o n   d l   is   the   l e n g t h   of  t h e   m i n o r  

a x i s   of  t he   w a l l   p r o j e c t i o n   p o r t i o n   l o a d - b e a r i n g   e n d  

s e g m e n t   m e a s u r e d   in   t h e   b a s e   p l a n e   of  the   w a l l   member .   I n  

t h i s   e m b o d i m e n t   t h e   l e n g t h   of   t he   l o a d - b e a r i n g   end  s e g m e n t  

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

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

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

l o a d - b e a r i n g   end  s e g m e n t   e l o n g a t e l y   e x t e n d s .   T h e  

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

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

w a l l   p r o j e c t i o n   p o r t i o n   ( n o t   shown  in  F i g u r e   3 ) ,   as  s h o w n  

more   f u l l y   h e r e i n a f t e r ,   i s   t h e   m a j o r   a x i s   of  t he   l o a d -  

b e a r i n g   end  s e g m e n t .   The  D  d i m e n s i o n   i s   t h e   s p a c i n g  

b e t w e e n   t h e   r e s p e c t i v e   p o i n t s   of  i n t e r s e c t i o n   of  m a j o r  

and  m i n o r   a x e s   of  l o a d - b e a r i n g   end  s e g m e n t s   of  a d j a c e n t  

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

of  t he   w a l l   member .   The  min imum  c h a n n e l   c l e a r a n c e   f o r  

t h e   c h a n n e l   e l e m e n t   i s   s h o w n  a s   d i m e n s i o n   CL.  

F i g u r e   4  i s   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   of  t h e  

F i g u r e   1  c h a n n e l   e l e m e n t   t a k e n   in   c r o s s   s e c t i o n   a t   a  

w a l l   p r o j e c t i o n   p o r t i o n   17  of  t he   u p p e r   w a l l   member   1 1 .  

As  shown,   the   c h a n n e l   e l e m e n t   has  an  e l o n g a t e d   c r o s s  

s e c t i o n   bound   by  t h e   two  s p a c e d - a p a r t   w a l l   members   11  and  12  

as  s i d e   w a l l s   s p a c e d   a p a r t   by  edge   w a l l s   f o r m e d   by  e d g e  

w a l l   p o r t i o n s   14  and  15.  The  c h a n n e l   e l e m e n t   d i s e m b o d i m e n t  

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



i n t e g r a l   h a l v e s   w h i c h   a re   b o n d e d   t o g e t h e r   a l o n g   t he   f a c i n g  

s u r f a c e s   of  p e r i p h e r a l   f l a n g e - l i k e   m a r g i n s   16'.  The  u p p e r  

and  l o w e r   h a l v e s   of  the   c h a n n e l   e l e m e n t   may  s u i t a b l y   b e  

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

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

n i q u e s   s u c h   as  p r e s s i n g ,   s t a m p i n g ,   r o l l i n g   or  t h e   l i k e .  

As  i n d i c a t e d   h e r e i n a b o v e ,   t he   u p p e r   and  l o w e r   c h a n n e l  

e l e m e n t   h a l v e s   may  be  b o n d e d   a t   t h e i r   m a r g i n s   by  s o l d e r i n g ,  

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

j o i n i n g   t e c h n i q u e .   The  s u r f a c e   19  of  edge  w a l l   p o r t i o n  

14  a d j a c e n t   t h e   w a l l   p r o j e c t i o n   17  has   an  e l e v a t i o n a l  

c o n t o u r   of  c o n v e x   s l o p e .   A l t e r n a t i v e l y ,   edge   w a l l   s u r -  

f a c e   19  c o u l d   be  p r o v i d e d   w i t h   a  s t r a i g h t   or  c o n c a v e  

c o n t o u r .   N o n e t h e l e s s ,   the   c o n v e x   c o n t o u r   shown  is   g e n -  

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

edge   w a l l s   in   t he   r e g i o n   of  t he   w a l l   p r o j e c t i o n   p o r t i o n s  

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

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

w a l l   s u r f a c e   19.  F u r t h e r m o r e ,   t h e   c o n v e x   edge   w a l l  

s u r f a c e   19  g r e a t l y   r e d u c e s   t he   f r i c t i o n a l   d r a g   t h a t   w o u l d  

o t h e r w i s e   be  a s s o c i a t e d   w i t h   a  b l u n t   edge   w a l l .  

F i g u r e s   5  and  6  a r e   s e c t i o n a l ,   e l e v a t i o n a l  

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

c o n t o u r s   s u c h   as  have   u s e f u l l y   b e e n   e m p l o y e d   in   p r a c t i c e .  

F i g u r e  5   shows  an  e l e v a t i o n a l   c o n t o u r   of  t he   t y p e   s h o w n  

more  g e n e r a l l y   in   the  F i g u r e   3  d r a w i n g ,   in   w h i c h   t h e  

s i d e   w a l l s   of  t he   p r o j e c t i o n   17  i n t e r s e c t   the   f l a t  



l o a d - b e a r i n g   s u r f a c e   18  a t   a  s h a r p   c o r n e r .   F i g u r e   5  s h o w s  

an  a l t e r n a t i v e   e l e v a t i o n a l   c o n t o u r   in   w h i c h   the   s i d e   w a l l s  

of  the   p r o j e c t i o n   17  i n t e r s e c t   t h e   f l a t   l o a d - b e a r i n g  

s u r f a c e   18  w i t h   a  c o n v e x   c o n t o u r   in   t h e   r e g i o n   of  i n t e r -  

s e c t i o n .   In  b o t h   t h e   F i g u r e  5   and  6  e m b o d i m e n t s ,   t h e  

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

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

p r o j e c t   c u r v a t u r e   h a v i n g   a  r a d i u s   of  c u r v a t u r e   R1  t h e  

p r o j e c t i o n   a n g l e   @1  shown  in  F i g u r e s   5  and  6  is  t h e  

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

member  s u r f a c e   a t   t h e   p o i n t   of  i n t e r s e c t i o n   of  the   p r o -  

j e c t i o n   s i d e   w a l l   w i t h   t h e   l o a d - b e a r i n g   end  s e g m e n t   of  t h e  

p r o j e c t i o n   and  a  p l a n e   p a r a l l e l   to  t h e   b a s e   p l a n e   of  t h e  

c h a n n e l   e l e m e n t   w a l l   m e m b e r .   In  t h e   F i g u r e   6  e m b o d i m e n t ,  

w h e r e i n   t he   r e g i o n   of  i n t e r s e c t i o n   b e t w e e n   the   p r o j e c t i o n  

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

p r o j e c t i o n   h a s   a  c o n v e x   s u r f a c e   c o n t o u r ,   t h e   s u r f a c e   h a s  

a  r a d i u s   of  c u r v a t u r e   R21  as  shown  i n   t h e   d r a w i n g .  

W i t h   r e f e r e n c e   to  F i g u r e s   5  and  6 ,   and  by  w a y  

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

f o r t h   b e l o w   i n   T a b l e  1   f o r   c h a n n e l   e l e m e n t s   h a v i n g   p r o -  

j e c t i o n s   as  shown  i n   F i g u r e s   5  a n d  6 a n d   o t h e r w i s e  

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

e l e m e n t   shown  i n   F i g u r e s  2  -   4 .  



The  f o r e g o i n g   d i m e n s i o n a l   v a l u e s   in  T a b l e   I  

have   been   u s e f u l l y   e m p l o y e d   in  h e a t   e x c h a n g e   c h a n n e l  

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

e x c h a n g e r s .  

F i g u r e   7  i s   a  p l a n   v i e w   of  a  p o r t i o n   of  a  h e a t ,  

e x c h a n g e   c h a n n e l   e l e m e n t   shown  in  F i g u r e s   2  -   4 , s h o w i n g  

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

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

f e a t u r e s   of  F i g u r e   7  a r e   n u m b e r e d   c o r r e s p o n d i n g l y   w i t h  



T h o s e   of  F i g u r e s   2  -   4 .   As  shown  in   F i g u r e   7,  t h e  

w a l l   p r o j e c t i o n   p o r t i o n s   17  e x t e n d   e l o n g a t e l y   on  t h e  

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

h a v i n g   a  m a j o r   a x i s   cf   l e n g t h   d23  as  m e a s u r e d   in  t he   b a s e  

p l a n e   of  t he   c h a n n e l   e l e m e n t   w a l l   member  a l o n g   t h e  

d i r e c t i o n   of  e l o n g a t i o n  o f   t he   w a l l   p r o j e c t i o n   p o r t i o n   o f  

t he   c h a n n e l   e l e m e n t .   The  l e n g t h   of  t he   m a j o r   a x i s   o f  

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

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

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

p o r t i o n ,   b e t w e e n   t h e   e x t r e m i t i e s   of  t h e   l o a d - b e a r i n g  

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

e l e m e n t   as  shown  in   F i g u r e   7  w h e r e   t he   e x t r e m i t i e s   of  t h e  

l o a d - b e a r i n g   end  s e g m e n t   s u r f a c e   i n t e r s e c t s   t he   edge   w a l l  

s u r f a c e   p o r t i o n s   19.  L i k e w i s e ,   t h e   m i n o r   a x i s   d1  i s   a  

m e a s u r e   of  t he   d i m e n s i o n a l   e x t e n t   of  t he   w a l l   p r o j e c t i o n  

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

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

a x i s   in   t he   e m b o d i m e n t   of  F i g u r e  7 ) .   The  m a j o r   a x i s   a n d  

t h e   m i n o r   a x i s   of  t h e   w a l l   p r o j e c t i o n   l o a d - b e a r i n g   e n d  

s e g m e n t   a r e   m e a s u r e d   in   t h e   b a s e   p l a n e   of  t he   w a l l  

m e m b e r .   In  e m b o d i m e n t s   of  t he   i n v e n t i o n   s u c h   as  a r e  

shown  in  F i g u r e s   2  -   7,  t h e   w a l l   p r o j e c t i o n   l o a d - b e a r i n g  

end  s e g m e n t s   of  t h e   c h a n n e l   e l e m e n t   l i e   in   t he   b a s e  

p l a n e   of  t he   c h a n n e l   e l e m e n t   w a l l   member ,   so  t h a t   t h e  

m a j o r   and  m i n o r   axes   of  t h e   l o a d - b e a r i n g   end  s e g m e n t   a r e  



m e r e l y   t he   l e n g t h   and  w i d t h   d i m e n s i o n s   of  t he   end  s e g m e n t . .  

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t he   w a l l   p r o -  

j e c t i o n   p o r t i o n s   e x t e n d   e l o n g a t e l y   on  the   w a l l   m e m b e r  

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

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

l e a s t   10.  The  r e a s o n   f o r   s u c h   minimum  v a l u e   of  t h e   a s p e c t  

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

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

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

a  r e s u l t ,   c h a n n e l   e l e m e n t s   of  the   t y p e   shown  in  F i g u r e   2 - 7  

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

i n t e r n a l   c o o l a n t   p r e s s u r e s   t h a n   have  b e e n  

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

a r t ,   i n c l u d i n g   t h o s e   of  Run  U.  S.  P a t e n t   No.  3 , 7 5 7 , 8 5 6 .  

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

a p p l i c a t i o n   of  the   c h a n n e l   e l e m e n t   of  t he   i n s t a n t   i n -  

v e n t i o n   to   f a b r i c a t i o n   of  a u t o m o b i l e   r a d i a t o r s ,   s i n c e   i n  

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

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

p e r m i t t i n g   the   r a d i a t o r   to  a c c o m m o d a t e   h i g h e r   e n g i n e  

t e m p e r a t u r e s   and  to  f u n c t i o n   w i t h   t he   same  d e g r e e   o f  

e f f i c i e n c y   in   a  more  c o m p a c t   r a d i a t o r   c o n f i g u r a t i o n .  

In  p r e f e r r e d   p r a c t i c e ,   t he   a s p e c t   r a t i o   d 2 / d l   is  a t  

l e a s t   3 0 .  

As  shown  in  F i g u r e s   2  -   7,  t he   w a l l   p r o j e c t i o n  

p o r t i o n s   of  the   c h a n n e l   e l e m e n t   in  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   a re   o r i e n t e d   on  the   w a l l   member  s u r f a c e  



w i t h   the   m a j o r   a x e s   of  t he   l o a d - b e a r i n g   end  s e g m e n t s   o f  

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

l l e l   to  one  a n o t h e r .   The  d i s t r i b u t i o n   of  w a l l   p r o j e c t i o n  

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

e l e m e n t   i s   c h a r a c t e r i z e d   by  d i m e n s i o n   D,  w h i c h   e q u a l s   t h e  

s p a c i n g   b e t w e e n   t h e   m a j o r   a x e s   of  l o a d - b e a r i n g   e n d  

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

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

w a l l   m e m b e r .   As  i n d i c a t e d   h e r e i n e a r l i e r ,   the   b a s e  

p l a n e   of  t h e   w a l l   member   i s   a  p l a n e   c o n t a i n i n g   t he   e x t r e m -  

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

t h e   w a l l   member   s u r f a c e   to  a  u n i f o r m   e x t e n t .   In   t h e  

b r o a d   p r a c t i c e   of  t he   i n v e n t i o n ,   t h e   w a l l  p r o j e c t i o n  

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

h a v e   a  d i m e n s i o n a l   s i z e   and   a  d i m e n s i o n a l   r e l a t i o n s h i p  

t h e r e b e t w e e n   d e f i n e d   by  a  D  d i m e n s i o n   of  b e t w e e n   a b o u t  

0.2  and  3 . 0   i n c h ,   a  H/D  r a t i o   of   b e t w e e n   a b o u t   0 . 0 5   a n d  

0 . 5 ,   and  a  D / d l   r a t i o   of  b e t w e e n   a b o u t  1 . 5  a n d  5 0 .   T h e  

u p p e r   l i m i t   on  t h e   D  d i m e n s i o n   of   3 . 0 . i n c h   is   i m p o s e d  

b e c a u s e   a t   s p a c i n g s   a b o v e   s u c h   v a l u e   t h e   h e a t   e x c h a n g e  

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

e l e m e n t   or   s t a c k e d   a r r a y   of  c h a n n e l   e l e m e n t s   d e c r e a s e s  

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

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

a c r o s s   t h e   w a l l   i s   u n d e s i r a b l y   r e d u c e d .   The  l o w e r   l i m i t  

on  t h e   D  d i m e n s i o n   a b o u t   0.2  i n c h   d i c t a t e d   by  p r e s s u r e  

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



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

at   s p a c i n g   v a l u e s   of  l e s s   t h a n   a b o u t   0 .2  i n c h ,   the   p r e s s u r e  

d r o p   t e n d s   to  become  u n d u l y   l a r g e ,   so  t h a t   the   a d v a n t a g e s  

of  t he   i n v e n t i o n ,   of  m a i n t a i n i n g   low  e x t e r n a l   h e a t   e x c h a n g e  

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

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

maximum  h e i g h t   m e a s u r e d   p e r p e n d i c u l a r l y   from  t h e   b a s e   p l a n e  

of  t he   w a l l   member  to  t h e   i n n e r m o s t   p o i n t   on  the   w a l l  

member  s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   s u r f a c e   p r o j e c t i o n s ,  

is   r e l a t e d   to  the   a f o r e m e n t i o n e d   D  d i m e n s i o n   by  t he   c o n -  

s t r a i n t   t h a t   t h e   r a t i o   H/D  is   b e t w e e n   a b o u t   0 . 0 0 5   and  0 . 5 .  

The  p a r a m e t r i c   r a n g e   of  v a l u e s   p e r m i s s i b l e   f o r   t he   H/D  r a t i o  

is   a s s o c i a t e d   w i t h   maximum  and  minimum  v a l u e s   w h i c h   a r e  

b a s e d   on  c o n s i d e r a t i o n s   of  t h e   maximum  and  minimum  a l l o w -  

a b l e   v a l u e s   f o r   t he   D  d i m e n s i o n ,   as  d i s c u s s e d   a b o v e ,   a n d  

t h e   maximum  and  minimum  a l l o w a b l e   v a l u e s   f o r   t he   p a r a m e t e r  

H.  The  maximum  a l l o w a b l e   v a l u e   f o r   H  in   a  g i v e n   a p p l i c a -  

t i o n   is  d e t e r m i n e d   by  t h e   r e q u i r e m e n t   of  a c h i e v i n g   a  

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

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

t r a n s f e r .   S i m i l a r l y ,   t he   l o w e r   l i m i t   on  H  is  i m p o s e d   b y  

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

t h i s   c a s e   the   l i m i t   is  d i c t a t e d   by  t h e   i n c r e m e n t a l   c o s t  

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

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

f a c e   when  c o m p a r e d   w i t h   an  u n c o n t o u r e d   p l a n a r   w a l l   m e m b e r .  

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



a c c o m m o d a t e d   by  a  H/D  r a t i o   of  b e t w e e n   a b o u t   0 . 0 5   a n d  

0 . 5 .  

S i m i l a r l y ,   D / d l   r a t i o   of  b e t w e e n   a b o u t   1 .5   and   5 0  

i s   b a s e d   on  the   v a r i o u s   c o n s i d e r a t i o n s   f o r   maximum  a n d  

min imum  v a l u e s   of  D,  as  d i s c u s s e d   a b o v e ,   and  maximum  a n d  

min imum  a l l o w a b l e   v a l u e s   of  d1.   D e p e n d i n g   upon   t h e   e n d  

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

l o a d - b e a r i n g   s u r f a c e   of  t he   w a l l   p r o j e c t i o n   p o r t i o n ,   d l  i s  

f i x e d   by  two  c o m p e t i n g   c o n s i d e r a t i o n s .   As  t h e  v a l u e   o f  d 1  

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

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

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

f o r   h e a t   e x c h a n g e   w i l l   d e c r e a s e .   As  a  r e s u l t ,   in   a n y  

a p p l i c a t i o n   of  t h e   c h a n n e l   e l e m e n t   of  t h e  i n v e n t i o n ,   t h e  

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

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

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

d l .   The  l o w e r   l i m i t   on  t he   m i n o r   a x i s   d i m e n s i o n   of  t h e  

p r o j e c t i o n   l o a d - b e a r i n g   s e g m e n t   is  d e t e r m i n e d   by  m a n u f a c t u r -  

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

to  i n s u r e   t h a t   t h e   l o a d   w h i c h   i s   c o n c e n t r a t e d   a t   t h e   l o a d -  

b e a r i n g   s u r f a c e   does   n o t   p r o d u c e   s t r e s s e s   s u f f i c i e n t   t o  

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

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

n e s s   of  the   c h a n n e l   e l e m e n t   w a l l   member .   T n e s e   v a r i o u s   c o n -  

s i d e r a t i o n s   may  be  e f f e c t i v e l y   a c c o m m o d a t e d   u n d e r   D / d l  

r a t i o   of  b e t w e e n   a b o u t   1 . 5   and  5 0 .  



To  meet  the   s p e c i f i c   h e a t   e x c h a n g e   r e q u i r e -  

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

c h a n n e l   e l e m e n t   is  p r e f e r a b l y   formed  w i t h   the   f o l l o w i n g  

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

of  b e t w e e n   a b o u t   0 . 0 3 5   and  0 .080   i nch ;   a  D  v a l u e   of  b e -  

tween   a b o u t   0.4  and  1 .1   i n c h ;   and  a  d1  of  b e t w e e n   a b o u t  

0 . 0 1   and  0 .05   i n c h .   For  a u t o m o t i v e   r a d i a t o r s ,   t he   H/D 

r a t i o   is  p r e f e r a b l y   b e t w e e n   abou t   0 .05  and  0 . 4 ,   on  t h e  

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

to  such   p a r a m e t e r .  

R e f e r r i n g   a g a i n   to  F i g u r e s   5  and  6,  t he   e l e v a -  

t i o n a l   c o n t o u r   of  the   w a l l   member  p r o j e c t i o n   p o r t i o n s  

s h o u l d   be  such   as  to  m a i n t a i n   a t   a c c e p t a b l e   l e v e l s   in  b o t h  

the   p r o j e c t i o n   p o r t i o n s   and  the   o t h e r   p o r t i o n s   of  t h e  

c h a n n e l   w a l l .   P r e f e r a b l y ,   the  p r o j e c t i o n   p o r t i o n s   s h o u l d  

have   an  e l e v a t i o n a l   c o n t o u r   such   t h a t   t h e   r a t i o   6/R  i s  

b e t w e e n   a b o u t   4°  and  2500°  per   i n c h ,   and  mos t   p r e f e r a b l y  

b e t w e e n   a b o u t   4°  and  100°  per   i nch   f o r   a  w a l l   member  w h e r e -  

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

has  an  e l e v a t i o n a l   c o n t o u r   wh ich   is  c o n c a v e l y   c i r c u l a r ,  

i . e . ,   the   r a d i u s   of  c u r v a t u r e   of  the  w a l l   member  s u r f a c e  

b e t w e e n   the   l o a d - b e a r i n g   end  s egmen t s   of  a d j a c e n t   w a l l  

p r o j e c t i o n s   is  c o n s t a n t .   As  d i s c u s s e d   e a r l i e r   h e r e i n ,  

@  is  the   i n c l u d e d   a n g l e   b e t w e e n   a  t a n g e n t   to  the   w a l l   p r o -  

j e c t i o n   s i d e   w a l l   at  the   p o i n t   of  i n t e r s e c t i o n   w i t h   t h e  

l o a d - b e a r i n g   segment   of  the  p r o j e c t i o n   and  a  p l a n e  p a r a -  

l e l l e l   to  the  base   p l a n e   of  the  wa l l   member .   In  t e rms   o f  



t he   a f o r e m e n t i o n e d   @/R1  r a t i o ,   and  as  a p p l i c a b l e   to  t h e  

b r o a d   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n ,   R1  is   t he   m i n i m u m  

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

minimum  r a d i u s   of  c u r v a t u r e   R1  may  be  m e a s u r e d   r e a d i l y   c o n -  

v e n i e n t l y   by  the   w e l l - k n o w n   o p t i c a l   c o m p a r a t o r .   In  g e n e r a l ,  

i f   @  is  r e l a t i v e l y   low,   t h e n   R1  ( t h e   minimum  r a d i u s   o f  

c u r v a t u r e )   can  be  r e l a t i v e l y   s m a l l .   If   the   w a l l   p r o j e c t i o n  

a n g l e   @  is  l a r g e   in   v a l u e ,   t h e n   R1  s h o u l d   a l s o   be  r e l a t i v e l y  

l a r g e   in   m a g n i t u d e .   The  u p p e r   l i m i t   on  t he   @ / R 1  r a t i o   o f  

2 5 0 0 ° / i n c h   i s   b a s e d   on  w a l l   p r o j e c t i o n   p o r t i o n s   h a v i n g   a  

t r u n c a t e d   c o n i c a l   e l e v a t i o n   c o n t o u r ,   s u c h   as  i s   shown  i n  

F i g u r e   1 0  -   12,  d e s c r i b e d   h e r e i n a f t e r   in   g r e a t e r   d e t a i l .  

For   a  w a l l   p r o j e c t i o n   h a v i n g   a  t r u n c a t e d   c o n i c a l   e l e v a t i o n a l  

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

e x c e e d   3 5 ° .   The  l o w e r   l i m i t .  f o r   @/R1  of  4 ° / i n c h   is   b a s e d  

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

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

minimum  c o n t o u r   h e i g h t   H  and  t h e   l a r g e s t   v a l u e   of  s p a c i n g  

D  p e r m i t t e d  b a s e d   on  s t r u c t u r a l   s t r e s s   c o n s i d e r a t i o n s .  

F i g u r e   8  shows  an  i s o m e t r i c   v i e w   of  a  c h a n n e l  

e l e m e n t   a c c o r d i n g   to   a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n .  

The  c h a n n e l   e l e m e n t   i n c l u d e s   two  s p a c e d - a p a r t   w a l l  

members   111  and  112  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 ,   e . g . ,  

a l u m i n u m ,   b o u n d i n g   a  f l u i d   f l o w   c h a n n e l  1 1 3   and  h a v i n g   a  

m u l t i p l i c i t y   of  w a l l   p r o j e c t i o n   p o r t i o n s   117  d i s t r i b u t e d  

a c r o s s   the   w a l l   member   s u r f a c e   120  and  e x t e n d i n g   t h e r e f r o m  

w i t h   l o a d - b e a r i n g   end  s e g m e n t   118  at   t h e i r   e x t r e m i t i e s .  



The  two  s p a c e d - a p a r t   w a l l   members   111  a t   112  c o n s t i t u t e  

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

by  edge  w a l l s   made  up  edge  w a l l   p o r t i o n s   114  and  115.  As 

shown ,   the   c h a n n e l   e l e m e n t   is  f a b r i c a t e d   f rom  u p p e r   a n d  

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

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

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

w a l l   p o r t i o n s   a re   f o r m e d   f rom  a  u n i t a r y   s h e e t   of  m a t e r i a l .  

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

p e r i p h e r a l   m a r g i n s   116  w h i c h   a r e   no t   d e f o r m e d   and  t h u s  

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

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

c o n n e c t i o n   w i t h   F i g u r e   2  h e r e i n .   The  c h a n n e l   has   a  

f i r s t   f l u i d   e n t r a n c e   o p e n i n g   131  a t   one  end  and  a  f i r s t  

f l u i d   e x i t   o p e n i n g   130  a t   t he   o p p o s i t e   end ,   w i t h   t h e   e n d  

s e c t i o n s   121a  and  121b  of  t he   c h a n n e l   e l e m e n t   b e i n g  

c h a r a c t e r i z e d   by  f l a t   s i d e   w a l l s   w h i c h   fo rm  m a t i n g   s u r -  

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

of  one  a n o t h e r   in  an  a r r a y   to  fo rm  a  h e a t   e x c h a n g e r   c o r e  

a s s e m b l y ,   as  d e s c i r b e d   h e r e i n a f t e r   in   g r e a t e r   d e t a i l .  

F i g u r e   9  is   a  p l a n   v i e w   of  a  p o r t i o n   of  t h e  

c h a n n e l   e l e m e n t   110  of  F i g u r e   8,  s h o w i n g   t he   d i m e n s i o n a l  

c h a r a c t e r i s t i c s   t h e r e o f .   As  shown,   e a c h   of  the   w a l l   s u r -  

f a c e   p r o j e c t i o n   p o r t i o n s   117,  in   c o n t r a s t   to  t he   w a l l   p r o -  

j e c t i o n   p o r t i o n s   of  t he   e m b o d i m e n t   of  F i g u r e s   2  -   7,  d o  

no t   e x t e n d   s u b s t a n t i a l l y   a c r o s s   t he   f u l l   w i d t h   of  t h e  

c h a n n e l   e l e m e n t ,   bu t   r a t h e r   o n l y   a  p o r t i o n   of  the   w i d t h .  



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

t i v e   to  t he   w a l l   p r o j e c t i o n s   of  F i g u r e s   2  -   7,  t he   p r o -  

of  t he   c h a n n e l   e l e m e n t   of  F i g u r e s   8  -  9   a r e   s t r u c t u r a l l y  

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

m a j o r  a x i s   d2  w h i c h   i s   a t   l e a s t   10,  and  p r e f e r a b l y   3 0 ,  

t i m e s   t h e   m a g n i t u d e   of  t he   m i n o r   a x i s   d1.   As  in   p r e v i o u s  

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

is  m e a s u r e d   by  d i m e n s i o n   D,  w h i c h   e q u a l s   t h e   d i s t a n c e  

b e t w e e n   t he   m a j o r   a x e s   of  l o a d - b e a r i n g   end  s e g m e n t s   o f  

a d j a c e n t   w a l l   p r o j e c t i o n   p o r t i o n s ,   as  m e a s u r e d   p e r p e n d i c -  

u l a r l y   to  t h e   m a j o r   a x e s   in  t he   bas   p l a n e   of  t he   w a l l  

member .   The  w a l l   p r o j e c t i o n   p o r t i o n s   117  in   t he   F i g u r e s  

8  -   9  e m b o d i m e n t ,   as  in   t h e   p r e c e d i n g   e m b o d i m e n t s ,   e l o n g -  

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

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  t h e   c h a n n e l   e l e m e n t   l o n g i -  

t u d i n a l   a x i s   L  -   L .  

F i g u r e  1 0  i s   a  p l a n   v i e w   of  a  p o r t i o n   of  a n o t h e r  

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

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

w a l l   s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   p r o j e c t i o n   p o r t i o n s   2 1 7  

is   s u b s t a n t i a l l y   p l a n a r .   The  c h a n n e l   e l e m e n t   210  i s  p r o -  

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

end  s e c t i o n   221  f o r   m a t i n g   and  b o n d i n g   a d j a c e n t   c h a n n e l  

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

s t a c k e d   a r r a y .  A   f i r s t   f l u i d   o p e n i n g   230  is  p r o v i d e d   a t  

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

e x c h a n g e   f l u i d   i n t o   or  ou t   of  t he   f l u i d   f l o w   c h a n n e l  



b o u n d e d   by  the   c h a p e l   e l e m e n t   w a l l   m e m b e r s .   The  c h a n n e l  

e l e m e n t   may  be  f o r m e d   f rom  d i s c r e t e   u p p e r   and  l o w e r  

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

and  b o n d i n g   of  the   r e s p e c t i v e   h a l v e s   to  one  a n o t h e r   a l o n g  

p e r i p h e r a l   m a r g i n s   216 .   The  s u r f a c e   of  t he   c h a n n e l  

e l e m e n t   w a l l   member  220  i s   p l a n a r   and  a  m u l t i p l i c i t y   o f  

w a l l   p r o j e c t i o n   p o r t i o n s   217  a r e   d i s t r i b u t e d   a c r o s s   t h e  

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

b e a r i n g   end  s e g m e n t s   218  a t   t h e i r   e x t r e m i t i e s .  

F i g u r e   11  is   an  i s o m e t r i c   v i e w   of  a  p o r t i o n  

of  t he   h e a t   c h a n n e l   e l e m e n t   of  F i g u r e   1 0 ,  s h o w i n g   t h e  

d e t a i l s   of  t he   w a l l   member  p r o j e c t i o n   p o r t i o n   t h e r e o f .  

The  c h a n n e l   e l e m e n t   i n c l u d e s   two  s p a c e d - a p a r t   w a l l  

members   220  as  s i d e   w a l l s   s p a c e d   a p a r t   f rom  one  a n o t h e r  

by  edge   214  and  215  so  t h a t   t he   s i d e  a n d   edge   w a l l  

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

213,  w h e r e b y   a  f i r s t   h e a t   t r a n s f e r   f l u i d   medium  may  b e  

f l o w e d   t h r o u g h   the   i n t e r i o r   c h a n n e l   213  in   h e a t   e x c h a n g e  

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

e x t e r i o r  s u r f a c e s   of  t he   c h a n n e l   e l e m e n t .   On  t h e  

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

220  is   d i s p o s e d   a  m u l t i p l i c i t y   of  w a l l   p r o j e c t i o n  

p o r t i o n s   217  h a v i n g   f l a t   l o a d - b e a r i n g   s u r f a c e   218  a t  

t h e i r   e x t r e m i t i e s .   The  c h a n n e l   e l e m e n t   shown  i n  

F i g u r e   11  d i f f e r s   f rom  t h o s e   of  F i g u r e   2  -   9  in   t h a t  

the   f o r m e r   has  a  w a l l   s u r f a c e   b e t w e e n   a d j a c e n t   p r o -  

j e c t i o n s   w h i c h   is  p l a n a r   and  n o t   c o n t i n u o u s l y   c u r v e d   a s  



in  t he   p r e c e d i n g   d e s c r i b e d   e m b o d i m e n t s .   The  w a l l   p r o j e c t i o n  

p o r t i o n s   in   t h e   F i g u r e   12  e m b o d i m e n t   may  be  f o r m e d   f rom  t h e  

w a l l   members   as  by  s t a m p i n g ,   p r e s s i n g ,   r o l l i n g   and  t h e  

l i k e ,   as  in   t h e   c a s e   of  t he   p r e c e d i n g   d e s c r i b e d   e m b o d i m e n t s ,  

o r ,   a l t e r n a t i v e l y ,   t he   w a l l   p r o j e c t i o n   p o r t i o n s   may  b e  

p r o v i d e d   as  s e p a r a t e   and  d i s t i n c t   s t r u c t u r a l   e l e m e n t s  

w h i c h   a r e   b o n d e d   or  o t h e r w i s e   a f f i x e d   to  t he   f l a t   w a l l  

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

the   w a l l   member   220  as  a  s e p a r a t e  a n d   d i s t i n c t   s t r u c t u r a l  

p a r t   of  t h e   c h a n n e l   e l e m e n t   f rom  t he   w a l l   p r o j e c t i o n  

p o r t i o n   217  p e r m i t s   t h e   f a b r i c a t i o n   of  t he   c h a n n e l  

e l e m e n t   to   be  p o t e n t i a l l y   s i m p l i f i e d ,   i n a s m u c h   as  n o  

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

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

e l e m e n t   c o u l d   be  f a b r i c a t e d   f rom  a  f l a t t e n e d   t u b e   b y  

s o d d e r i n g ,   b r a i z i n g ,   or  o t h e r w i s e   j o i n i n g   the   p r o j e c t i o n  

p o r t i o n   217  to   t h e   e x t e r i o r   w a l l   member  s u r f a c e   220 ,   w i t h  

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

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

F i g u r e   12  is  an  e l e v a t i o n a l   v i e w   of  a  s t a c k e d  

a r r a y   of  two  c h a n n e l   e l e m e n t s   of  t he   t y p e   shown  i n  

F i g u r e s   10  and  11,.  s h o w i n g   t h e   a b u t m e n t   and  m a t i n g   o f  

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

a d j a c e n t   c h a n n e l   e l e m e n t s   in   t he   a r r a y . '   The  c h a n n e l  

e l e m e n t s   210  and  210a  a r e   e a c h   p r o v i d e d   w i t h   a  m u l t i p l i -  

c i t y   of  w a l l   p r o j e c t i o n   p o r t i o n s   217  d i s t r i b u t e d   a c r o s s  

t h e i r   w a l l   s u r f a c e s .   Each  w a l l   p r o j e c t i o n   p o r t i o n   2 1 7  



i s   p r o v i d e d   w i t h   a  f l a t   l o a d - b e a r i n g   s u r f a c e   218  at   i t s  

e x t r e m i t y ,   so  t h a t   t he   p r o j e c t i o n   p o r t i o n s   have   a  t r u n -  

c a t e d   c o n i c a l   e l e v a t i o n a l   c o n t o u r   c h a r a c t e r i z e d   by  a  

w a l l   p r o j e c t i o n   a n g l e   8  of  p r e f e r a b l y   l e s s   t h a n   35°  a n d  

a  r a t i o   @/R1  s u i t a b l y   h a v i n g   a  v a l u e   of  b e t w e e n   4°  a n d  

2500°   pe r   i n c h ,   as  d i s c u s s e d   e a r l i e r   h e r e i n .   In  t h i s  

e m b o d i m e n t ,   the   minimum  r a d i u s   of  c u r v a t u r e   of  t he   w a l l  

p r o j e c t i o n ,   RI ,   is   m e a s u r e d   in  t he   r e g i o n   of  t he   i n t e r -  

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

220  of  the   c h a n n e l   e l e m e n t   w a l l   m e m b e r .  

In  the   F i g u r e  1 2   s t a c k e d   a r r a y   of  c h a n n e l  

e l e m e n t s ,   e ach   c h a n n e l   e l e m e n t   is   s t r u c t u r a l l y   i d e n t i c a l  

w i t h   t he   w a l l   p r o j e c t i o n   p o r t i o n s   of  t he   t o p s i d e   a n d  

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

In  t h i s   a r r a y ,   t he   l o a d - b e a r i n g   end  s e g m e n t s   of  w a l l  

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

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

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

c h a n n e l   e l e m e n t   s i d e   w a l l ,   so  t h a t   t h e   w a l l   s u r f a c e  

p o r t i o n s   b e t w e e n   t h e   p r o j e c t i o n   p o r t i o n s   t h e r e b y   f o r m  

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

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

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

c h a n n e l   e l e m e n t s .  

In  c o n t r a s t   to  t he   F i g u r e   12  s t a c k e d   a r r a y ,  

F i g u r e   13  shows  an  a r r a y   w h e r e i n   the   c h a n n e l   e l e m e n t s   a r e  

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



s t a g g e r e d   w i t h   r e s p e c t   to  a n o t h e r .   A p a r t   f rom  s u c h  

d i f f e r e n c e ,   the   c h a n n e l   e l e m e n t s   in  F i g u r e l 3   a re   g e n e r -  

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

e m p l o y e d   in  the   a r r a y   of  F i g u r e   12,  t h e   c h o i c e   a l t e r n a t i v e  

F i g u r e   12  and  F i g u r e   13  a r r a y   c o n f i g u r a t i o n s   b e i n g   a  

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

a p p l i c a t i o n .  

F i g u r e   13  is   an  i s o m e t r i c   v i e w   of  a  c h a n n e l  

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

m a n n e r   s i m i l a r   to  t h a t   shown  and  d e s c r i b e d   in  c o n n e c t i o n   w i t h  

F i g u r e s   2  -   7,  b u t   w i t h   a  s e c o n d a r y   s u r f a c e   f i n   a t   o n e  

edge   t h e r e o f .   C o r r e s p o n d i n g   f e a t u r e s   of  t he   F i g u r e   14 

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

to  F i g u r e s   2  -   7,  b u t   w i t h   t he   r e s p e c t i v e   r e f e r e n c e   n : n b e r s  

in   F i g u r e   14  b e i n g   n u m b e r e d   w i t h   r e s p e c t   to  t he   F i g u r e i s   2  -  

4  d r a w i n g s   by  a d d i t i o n   of  200  to  t h e   c o r r e s p o n d i n g  

r e f e r e n c e   number   in   F i g u r e s   2  -   4.   The  n u m b e r i n g   o f  

F i g u r e  1 4   i s   a l s o   common  to  F i g u r e s   15  and  16  ,   as  h e r a i m -  

a f t e r   d e s c r i b e d .   The  s e c o n d a r y   s u r f a c e   f i n s   shown  i n  

F i g u r e s   1 4 ' -   16  a r e   of  a  t y p e   as  d e s c r i b e d   in  Kun  U.  S .  

P a t e n t   No.  3 , 8 1 0 , 5 0 9   and  a l s o   d i s c l o s e d   and  c l a i m e d   i n  

Kun  U.  S.  P a t e n t   No.  3 , 8 4 5 , 8 1 4 .   In  a l l   t h r e e   e m b o d i m e n t s  

of  F i g u r e s   1 4  -   16,  t h e   s e c o n d a r y   s u r f a c e   f i n   members   a r e  

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

edge   w a l l   m a r g i n s   316  and ,   in  p r a c t i c e ,   i t   may  be  d e s  

a b l e   to  form  the   c h a n n e l   member  w i t h   t he   s e c o n d a r y   s u r f a c e  

f i n   member  i n t e g r a l   w i t h   one  or  t h e   o t h e r   of  the   h a l v e ;  



of  t he   c h a n n e l   e l e m e n t .  

In  t he   F i g u r e   14  e m b o d i m e n t ,   a  s i n g l e   f i n   m e m b e r  

350  is  j o i n e d   to  the   c h a n n e l   e l e m e n t   at   one  edge  t h e r e o f  

a l o n g   m a r g i n   316 .   The  f i n   i s ,   c o n s i s t e n t   w i t h   t he   t e a c h -  

i n g s   of  t he   a b o v e - m e n t i o n e d   Kun  p a t e n t s ,   s u i t a b l y   p r o -  

v i d e d   w i t h   s l o t s   or  l o u v e r s   351  a l o n g   s u b s t a n t i a l l y   t h e  

e n t i r e  l e n g t h   of  t he   f i n .   The  c h a n n e l   e l e m e n t   shown  i n  

F i g u r e   15  r e p r e s e n t s   a  m o d i f i c a t i o n   of  the   F i g u r e   14  

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

a d d i t i o n a l   f i n   352  h a v i n g   l o u v e r e d   s u r f a c e   d i s t o r t i o n s   3 5 3  

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

t he   a d d i t i o n a l   f i n   b e i n g  p r o v i d e d   on  the   o p p o s i t e   e d g e  

w a l l   f rom  the   f i r s t   f i n   350 .   In  the   F i g u r e   16  e m b o d i m e n t ,  

t h e   c h a n n e l   e l e m e n t   is   p r o v i d e d   w i t h   d u a l   f i n s   354  a n d  

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

t o r t i o n s   355  and  357.  in   t he   fo rm  of  " l o u v e r e d   s l o t s   of  t h e  

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

15.  In  F i g u r e s   1 4  -   16,   t he   end  s e c t i o n   of  e a c h   c h a n n e l  

e l e m e n t   is   f i n l e s s ,   so  t h a t   when  t h e   c h a n n e l   e l e m e n t s   a r e  

s t a c k e d   i n  a r r a y   to  fo rm  a  h e a t   e x c h a n g e r   c o r e   a s s e m b l y ,  

t h e y   can  be  e a s i l y   h e a d e r e d   in  the   h e a t   e x c h a n g e r   f i n a l  

a s s e m b l y   by  p r i o r   a r t   h e a d e r i n g   m e a n s .   The  f i n s   in  t h e  

F i g u r e s   1 4  -   16  e m b o d i m e n t s   can  be  s e p a r a t e l y   a t t a c h e d   t o  

the   l o n g i t u d i n a l   edge   of  t he   c h a n n e l   e l e m e n t ,   as  f o r  

e x a m p l e   by  w e l d i n g   or  b r a i z i n g ,   b u t ,   as  m e n t i o n e d ,   t h e  

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

c h a n n e l   e l e m e n t s .   Such  i n t e g r a l   c o n s t r u c t i o n   g r e a t l y  



i m p r o v e s   t h e   h e a t   t r a n s f e r   p e r f o r m a n c e   of  t h e   f i n s .  

F i g u r e   17  is   an  e l e v a t i o n a l   v i e w   of  a  p o r t i o n   o f  

a  s t a c k e d   a r r a y   of  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t s   of  t h e  

t y p e   shown  i n  F i g u r e s   2  -   7 .   The  s t a c k e d   a r r a y   400  i s  

made  up  of  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t s   110  to   fo rm  a  

h e a t   e x c h a n g e r   c o r e   a s s e m b l y .   The  c h a n n e l   e l e m e n t s   i n  

t h e   F i g u r e   17  a r r a y   a r e   l o n g i t u d i n a l l y   a l i g n e d   in   p a r a l l e l  

s p a c e d   r e l a t i o n ,   i . e . ,   to  p r o v i d e   s p a c e s   b e t w e e n   a d j a c e n t  

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

excha .   ge  w i t h   a  f i r s t   f l u i d   b e i n g   c o n d u c t e d   t h r o u g h   t h e  

c h a n n e l   i n t e r i o r   p a s s a g e s .   Each   c h a n n e l   e l e m e n t   h a s   a  

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

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

d e s c r i b e d .   The  c h a n n e l   e l e m e n t s   410  in   t h e   a r r a y   h a v e  

w a l l   p r o j e c t i o n   p o r t i o n s   417  h a v i n g   l o a d - b e a r i n g   e n d  

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

and  a b u t t i n g   a g a i n s t   l o a d - b e a r i n g   end  s e g m e n t s   of  t h e  

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

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

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

ed  to  one  a n o t h e r   by  b o n d i n g   medium  4 0 2 .   Such   b o n d i n g   o f  

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

c h a n n e l   e l e m e n t   w a l l   p r o j e c t i o n s   is  n o t   e s s e n t i a l   in   t h e  

p r a c t i c e   of  t he   i n v e n t i o n ,   and  in   some  i n s t a n c e s   i t   i s  

p r e f e r a b l e   to  m a t e   an  a b u t   t he   o p p o s e d   w a l l   p r o j e c t i o n  

e n d - s e g m e n t s   a g a i n s t   one  a n o t h e r   w i t h o u t   any  i n t e r p o s e d  

b o n d i n g   m e d i u m .   The  end  s e c t i o n s   421  of  t he   c h a n n e l  



e l e m e n t   in   t he   s t a c k e d   a r r a y   a r e   of  e n l a r g e d   c r o s s   s e c t i o n  

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

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

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

c h a n n e l   e l e m e n t s   in  t he   m a n n e r   shown .   In  p r a c t i c e ,   i t   i s  

g e n e r a l l y   d e s i r a b l e   to  a d h e s i v e l y   bond  t h e   c h a n n e l   e l e m e n t  

.  in  s e c t i o n   f l a t   s i d e   w a l l   p o r t i o n s   to  one  a n o t h e r   b y  

a d h e s i v e   b o n d i n g   medium  401,   so  as  to  i n s u r e   l e a k   t i g h t n e s s  

of  t he   a s s o c i a t e d   i n l e t   or  o u t l e t   f a c e   of  t he   s t a c k e d   a r r a y  

at   t h e   e x t r e m i t i e s   of  t h e   t u b e s ,   i . e . ,   so  t h a t   t he   f i r s t  

f l u i d   i n t r o d u c e d   to  or  w i t h d r a w n   f rom  t he   c h a n n e l   e l e m e n t  

at   i t s   e x t r e m i t y   does   n o t   l e a k   ou t   of  t h e   h e a t   e x c h a n g e r  

b e t w e e n   a d j a c e n t   c h a n n e l   e l e m e n t   end  s e c t i o n .   The  b o n d i n g  

m e d i a   401  and  402  may  s u i t a b l y   c o m p r i s e   an  epoxy   or  o t h e r  

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

F i g u r e   18  i s   a  m o d i f i c a t i o n   of  t h e   form  o f  

c h a n n e l   e l e m e n t   s t a c k e d   a r r a y   shown  in   F i g u r e   17.  In  t h e  

F i g u r e   18  a r r a y ,   t h e   m u l t i p l e   c h a n n e l   e l e m e n t s   410  a r e  

d i s p o s e d   in   t h e   s t a c k e d   a r r a y   400  w i t h   s e c o n d a r y   s u r f a c e  

p l a t e - l i k e   members   403  b e i n g   d i s p o s e d   b e t w e e n   a d j a c e n t  

c h a n n e l   e l e m e n t s   w i t h   t he   l o a d - b e a r i n g   end  s e g m e n t s   4 1 8  

of  t h e   w a l l   p r o j e c t i o n   p o r t i o n s   417  of  t h e   c h a n n e l   e l e m e n t s  

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

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

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

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



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

403  may  be  a n c h o r e d   in   t h e   s t a c k e d   c h a n n e l   e l e m e n t   a s s e m b l y  

-by  b o n d i n g   same  b e t w e e n   t he   end  s e c t i o n   f a c i n g   s i d e   w a l l s  

of  t h e   c h a n n e l   e l e m e n t   end  s e c t i o n s   421  as  shown ,   w i t h   t h e  

e x t r e m i t y   of  t h e   p l a t e - l i k e   member   b e i n g   e m b e d d e d   in   t h e  

a d h e s i v e  m a s s   401  b o n d i n g   t he   a d j a c e n t   c h a n n e l   e l e m e n t s  

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

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

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

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

p r o j e c t i o n   end  s e g m e n t   a g a i n s t   t h e   p l a t e - l i k e   member .   As 

shown  in  F i g u r e   18,  t h e   s e c o n d a r y   s u r f a c e   members   m a y  

s u i t a b l y   be  s u b s t a n t i a l l y   p l a n a r .  

F i g u r e   19  i s   an  e l e v a t i o n a l   v i e w   of  a  s t a c k e d  

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

of   t he   i n v e n t i o n ,   w h e r e i n   e a c h   c h a n n e l   e l e m e n t   is   c h a r -  

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

d i f f e r e n t   h e i g h t s .   The  p o r t i o n   of  t he   a r r a y   shown  c o m -  

p r i s e s  p o r t i o n s   of  c h a n n e l   e l e m e n t s   50  and  51,   t he   f o r m e r  

h a v i n g   a l t e r n a t i n g   w a l l   p r o j e c t i o n s   52  of  g r e a t e r   h e i g h t  

and  an  a l t e r n a t i n g   s e r i e s   of  w a l l   p r o j e c t i o n s   54  of  l e s s e r  

h e i g h t .   The  t a l l e r   p r o j e c t i o n s   52  of  c h a n n e l   e l e m e n t   5 0  

m a t e   and  a b u t   a t   t h e i r   e x t r e m i t i e s   w i t h   s h o r t e r   w a l l  

p r o j e c t i o n   p o r t i o n s   53  of  c h a n n e l   e l e m e n t   5 1 .   C o r r e s p o n d -  

i n g l y ,   s h o r t e r   w a l l   p r o j e c t i o n s   54  of  c h a n n e l   e l e m e n t   5 0  

mate   and  a b u t   a t   t h e i r   l o a d - b e a r i n g   e x t r e m i t i e s   w i t h  

t a l l e r   w a l l   p r o j e c t i o n s   55  of  c h a n n e l   e l e m e n t   51.  In  t h i s  



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

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

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

p a r a l l e l l y   w i t h   r e s p e c t   to  one  a n o t h e r ,   i . e . ,   so  t h a t   t h e i r  

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

The  l o a d - b e a r i n g   e x t r e m i t i e s   of  a l l   of  t he   w a l l   p r o j e c t i o n s  

a re   f l a t   and  p a r a l l e l   to  t he   c h a n n e l   e l e m e n t   w a l l   s u r f a c e  

b e t w e e n   a d j a c e n t   w a l l   p r o j e c t i o n s .  

As  to  c h a r a c t e r i z a t i o n   of  t he   c h a n n e l   e l e m e n t s  

in  t he   F i g u r e   19  s t a c k e d   a r r a y ,   i t   is  s e e n   t h a t   e a c h  

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

b a s e   p l a n e   P1  a s s o c i a t e d   w i t h   t he   s h o r t e r   w a l l   p r o j e c t i o n s  

of  t he   c h a n n e l   e l e m e n t   and  b a s e   p l a n e   P 2  a s s o c i a t e d   w i t h  

t h e   t a l l e r   w a l l   p r o j e c t i o n s   of  t he   c h a n n e l   e l e m e n t .   As 

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

w a l l   member  is  a  p l a n e   c o n t a i n i n g   the   e x t r e m i t i e s   of  w a l l  

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

member   s u r f a c e   to  a  u n i f o r m   e x t e n t .   As  a  r e s u l t   of  t h e  

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

c h a n n e l   e l e m e n t ,   t h e   c h a n n e l   e l e m e n t   l i k e w i s e   i s   c h a r -  

a c t e r i z e d   by  two  v a l u e s   of  t h e   H  p a r a m e t e r ,   t he   m a x i m u m  

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

w a l l   member  to  t he   i n n e r m o s t   p o i n t   on  t h e   w a l l   m e m b e r  

s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   s u r f a c e   p r o j e c t i o n s .   T h u s ,  

the   H  v a l u e   a s s o c i a t e d   w i t h   b a s e   p l a n e   PI  is   H1  and  t h e  

H  v a l u e   a s s o c i a t e d   w i t h   b a s e   p l a n e   P2  is  H2.  D e s p i t e   t h e  

f a c t   t h a t   e a c h   c h a n n e l   e l e m e n t   t h e r e b y   is   c h a r a c t e r i z a b l e  



by  two  d i s c r e t e   v a l u e s   of  t he   H  p a r a m e t e r ,   e a c h   v a l u e  

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

e . g . ,   t he   H/D  r a t i o   mus t   be  b e t w e e n   a b o u t   0 . 0 5   and  0 . 5 .  

I t   w i l l   be  a p p a r e n t   t h a t   t h e   D  s p a c i n g   p a r a m e t e r   w i l l  

h a v e   t h e   same  n u m e r i c a l   v a l u e   as  m e a s u r e d   in   e i t h e r   b a s e  

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

d i f f e r e n t   h e i g h t ,   when  t h e   m a j o r   a x e s   of  t he   w a l l   p r o -  

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

b a s e   p l a n e .  

F i g u r e   20  is   an  e l e v a t i o n a l   v i e w   of  two  a l i g n e d  

c h a n n e l   e l e m e n t s  6 0   and  61  a d a p t e d   f o r   m a t i n g   w i t h   o n e  

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

s e g m e n t s .   As  shown ,   c h a m e l   e l e m e n t   60  has   d i s p o s e d   o n  

i t s   u p p e r   w a l l   member  s u r f a c e   w a l l   p r o j e c t i o n s   65  h a v i n g   a  

m a l e   l o a d - b e a r i n g   end  s e g m e n t   72  w i t h   a  m i n o r   a x i s   o f  

l e n g t h   D1,  as  m e a s u r e d   by  t he   p r o j e c t e d   l e n g t h   of  s u c h  

m i n o r   a x i s   i n   b a s e   p l a n e   P1  c o n t a i n i n g   t h e   e x t r e m i t i e s   o f  

t h e   w a l l   s u r f a c e   p r o j e c t i o n   on  t h e   u p p e r   w a l l   s u r f a c e   o f  

t h e   c h a n n e l   e l e m e n t . .   On  t he   l o w e r   w a l l   member  s u r f a c e   o f  

c h a n n e l   e l e m e n t   60  a r e   d i s p o s e d   w a l l   p r o j e c t i o n   p o r t i o n s  

66  h a v i n g   f e m a l e   l o a d - b e a r i n g   s u r f a c e s   71  a t   t h e i r   e x -  

t r e m i t i e s ,   w i t h   t h e   o u t e r m o s t   e x t r e m i t i e s   of  t h e   w a l l  

p r o j e c t i o n   p o r t i o n s   l y i n g   in   b a s e   p l a n e   P  .   As  shown  b y  

t h e   F i g u r e   20  e m b o d i m e n t ,   t h e   H  d i m e n s i o n   on  the   u p p e r  

s u r f a c e   of  the   c h a n n e l   e l e m e n t ,   Hu,  may  be  d i f f e r e n t   f r o m  

t h a t   a s s o c i a t e d   w i t h   t he   l o w e r   w a l l   s u r f a c e ,   H1.  T h e  

c h a n n e l   e l e m e n t   61  in   the   F i g u r e   20  a r r a y   is  s i m i l a r l y  



p r o v i d e d   w i t h   w a l l   p r o j e c t i o n   p o r t i o n   67  on  i t s   u p p e r  

s u r f a c e   h a v i n g   male   l o a d - b e a r i n g   end  s e g e m e n t s   69  a n d  

w a l l   p r o j e c t i o n   p o r t i o n   68  on  i t s   l o w e r   w a l l   member  w i t h  

f e m a l e   l o a d - b e a r i n g   s e g m e n t s   a t   t h e i r   e x t r e m i t i e s .   In  t h i s  

m a n n e r ,   t he   a d j a c e n t   c h a n n e l   e l e m e n t   60  and  61  may  b e  

m a t e d   w i t h   one  a n o t h e r   so  t h a t   t he   ma le   and  f e m a l e - l o a d -  

b e a r i n g   s u r f a c e s   69  and  71  of  a s s o c i a t e d   w a l l   p r o j e c t i o n s  

.  67  and  66  i n t e r f i t   w i t h   an  a b u t   a g a i n s t   one  a n o t h e r .  

F i g u r e   21  is  an  i s o m e t r i c   v i e w   of  a  p o r t i o n   of  a  

h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g   to  a n o t h e r   e m b o d i -  

ment   of  t h e   i n v e n t i o n ,   h a v i n g   two  d i s t i n c t   a l t e r n a t i v e  

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

The  c h a n n e l   e l e m e n t   74  i n c l u d e s   two  s p a c e d   a p a r t   m e m b e r s  

78  and  79  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   b o u n d i n g   a  

f l u i d   f l o w   c h a n n e l   77  and  h a v i n g  ' t h e   w a l l   s e c t i o n   p o r t i o n s  

80  and  82  d i s p o s e d   on  i t s   w a l l   member   s u r f a c e   75  and  e x -  

t e n d i n g   t h e r e f r o m   w i t h   l o a d - b e a r i n g   end  s e g m e n t s   81  and  83  

r e s p e c t i v e l y   a t   t h e i r   e x t r e m i t i e s ,   w h e r e b y   a  c h a n n e l  

e l e m e n t   may  be  s u p p o r t e d   a b u t t i n g l y   a g a i n s t   an  a d j a c e n t  

s t r u c t u r a l   member  by  t he   l o a d - b e a r i n g   end  s e g m e n t s   of  t h e  

w a l l   p r o j e c t i o n   p o r t i o n s .   The  w a l l   members   78  and  7 9  

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

by  edge   w a l l s   76.  Each   of  t h e   w a l l   p r o j e c t i o n   p o r t i o n s  

80  and  82  e x t e n d   e l o n g a t e l y   on  t he   w a l l   member  s u r f a c e   75  

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

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  t he   l o n g i t u d i n a l   a x i s   L - L  

of  t he   c h a n n e l   e l e m e n t .  



T h e - l o a d - b e a r i n g   end  s e g m e n t s   of  t h e   w a l l  

p r o j e c t i o n   p o r t i o n s   shown  in  F i g u r e   21  d i f f e r   f rom  t h o s e  

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

a  c o n t i n u o u s l y   v a r y i n g   e l e v a t i o n   a l o n g   t he   m a j o r   a x i s  

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

80  h a v i n g   a  l o a d - b e a r i n g   s u r f a c e   81  w h i c h   is  u n d u l a t e  

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

w h i l e   t he   s e c o n d   w a l l   p r o j e c t i o n   82  has   a  l o a d - b e a r i n g  

s u r f a c e   83  i s   of  s a w - t o o t h   fo rm  a l o n g   the   m a j o r   a x i s  

d i r e c t i o n   o f  t h e   p r o j e c t i o n .   Where   t he   e l e v a t i o n a l   c o n t o u r  

of  t h e  w a l l   p r o j e c t i o n   l o a d - b e a r i n g   end  s e g m e n t   i s   n o t  

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

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

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

j e c t e d   l e n g t h   of  t he   m a j o r   a x i s   in   t he   b a s e   p l a n e   of  t h e  

w a l l   m e m b e r ,   in   t h e   same  m a n n e r   t h a t   t he   n o n - l i n e a r  

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

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

of  t he   m i n o r   a x i s ,   o r ,   more   s i m p l y ,   as  t h e   p r o j e c t e d  

w i d t h   of  t he   l o a d - b e a r i n g   s u r f a c e   in   the   b a s e   p l a n e   of  t h e  

c h a n n e l   e l e m e n t ,   as  shown  in   F i g u r e   2 0 .  

F i g u r e   22  is   an  e l e v a t i o n a l   v i e w   of  a  s t a c k e d  

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

a n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n .   As  shown,   t h e  

s t a c k e d   a r r a y   450  c o m p r i s e s   s t a c k e d   c h a n n e l   e l e m e n t s  

456 ,   457  and  458 .   Each   c h a n n e l   e l e m e n t   i n c l u d e s   s p a c e d -  

a p a r t   w a l l   members   c o m p r i s i n g   u p p e r   w a l l   member  4 5 1  



and  l o w e r   w a l l   member  452 ,   e a c h   f o r m e d   in  a c c o r d a n c e  

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

453  e x t e n d i n g   e l o n g a t e l y   a c r o s s   t he   c h a n n e l   e l e m e n t   s u b -  

s t a n t i a l l y   f rom  e d g e   to  edge   t h e r e o f .   Each   r i d g e   p r o -  

j e c t i o n   has   a  l o a d - b e a r i n g   s e g m e n t   454  a t   i t s   e x t r e m i t y ,  

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

one  a n o t h e r   by  i n t e r p o s e d   c o n c a v e   s u r f a c e   p o r t i o n s   4 5 5 .  

In  t h i s   m a n n e r ,   t he   c h a n n e l   e l e m e n t s   a r e   " n e s t e d "   w i t h  

the   r i d g e   p r o j e c t i o n   l o a d - b e a r i n g   s e g m e n t s   454  b e a r i n g  

a g a i n s t   t h e   c r e s t   of  t he   c o n c a v e   s u r f a c e   p o r t i o n   455  o f  

an  a d j a c e n t   c h a n n e l   e l e m e n t .   Such  an  a r r a n g e m e n t   p e r m i t s  

v e r y   c l o s e   s t a c k i n g   of  t he   c o n s t i t u e n t   c h a n n e l   e l e m e n t s  

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

a s s e m b l y .  

F i g u r e   23  is   an  i s o m e t r i c   v i e w   o f  a   p o r t i o n   of  a  

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

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

p l a t e - l i k e   members   to  form  a  h e a t   e x c h a n g e r   c o r e   a s s e m b l y .  

The  h e a t   e x c h a n g e r   c o r e   a s s e m b l y   500  c o m p r i s e s   a  m u l t i -  

p l i c i t y   of  c h a n n e l   e l e m e n t s   510  of  a  t y p e   s i m i l a r   to   t h a t  

shown  in   F i g u r e   1 5 .   The  s t r u c t u a l   f e a t u r e s   of  t h e   p r i m a r y  



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

w i t h   r e s p e c t   to  F i g u r e   2  by  a d d i t i o n   of  500  to  t h e  

c o r r e s p o n d i n g   r e f e r e n c e   n u m e r a l s   of  F i g u r e   2.  The  s e c o n d -  

a ry   s u r f a c e   f i n s   of  t h e   c h a n n e l   e l e m e n t s   a r e   n u m b e r e d  

c o r r e s p o n d i n g l y   w i t h   r e s p e c t   to  F i g u r e   15  by  a d d i t i o n   o f  

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

s e c o n d a r y   s u r f a c e   f i n s   in  F i g u r e   15.  In  the   s t a c k e d  

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

w i t h   s e c o n d a r y   s u r f a c e   p l a t e - l i k e   m e m b e r s   503  b e i n g   d i s -  

p o s e d   b e t w e e n   a d j a c e n t   c h a n n e l   e l e m e n t s   w i t h   t he   l o a d -  

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

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

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

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

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

a b u t t i n g   l o a d - b e a r i n g   end  s e g m e n t s   t h e r e o f .   The  s e c o n d a r y  

s u r f a c e   p l a t e - l i k e   m e m b e r s   in   t h i s   e m b o d i m e n t   have   a  

m u l t i p l i c i t y   of  s u r f a c e   d i s t o r t i o n s   560  d i s t r i b u t e d  

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

c o n t a c t   w i t h   c h a n n e l   e l e m e n t   l o a d - b e a r i n g   s e g m e n t s .   M o r e  

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

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

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

s u r f a c e   m e m b e r .  

F i g u r e   24  is  a  p l a n   v i e w   of  a n o t h e r   s e c o n d a r y  

s u r f a c e   p l a t e - l i k e   member ,   s u c h   as  may  a l t e r n a t i v e l y   b e  

e m p l o y e d   in  t he   F i g u r e   2 3  s t a c k e d   a r r a y   of  h e a t   e x c h a n g e  



c h a n n e l   e l e m e n t s .   The  p l a t e - l i n e   member  shown  i n  

F i g u r e   24  has  b e e n   f o u n d   p a r t i c u l a r l y   u s e f u l   in   t h e  

p r a c t i c e   of  t he   i n v e n t i o n   w h e r e i n   t he   h e a t   e x c h a n g e  

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

e x c h a n g e r   f o r   a u t o m o t i v e   v e h i c l e s .   In  t h i s   p l a t e - l i k e  

member  c o n f i g u r a t i o n ,   t h e   s u r f a c e   606  of  t h e   p l a t e  

member  603  a l t e r n a t i v e l y   p u n c h e d   in   o p p o s i t e   d i r e c t i o n s  

p e r p e n d i c u l a r   to  t h e   p l a n e   of  the   p l a t e   so  t h a t   r e c t -  

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

s u c c e s s i v e   d e p r e s s e d   p o r t i o n s   604  and  r a i s e d   p o r t i o n s  

6 0 5 .  

F i g u r e   25  i s   s e c t i o n a l ,   e l e v a t i o n a l   v i e w   of  t h e  

p l a t e - l i k e   member   of  F i g u r e   24,  t a k e n   a l o n g   l i n e   A-A 

t h e r e o f .   As  shown  in  F i g u r e   25,  t he   r a i s e d   p o r t i o n   6 0 5  

and  d e p r e s s e d   p o r t i o n s   604  a r e   p u n c h e d   in  s u c h   m a n n e r  

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

e l e v a t i o n a l   v i e w   w i t h   t h e   u n d e f o r m e d   s u r f a c e   606  of  t h e  

p l a t e   member   603 .   T h i s   form  of  s u r f a c e   d i s t o r t i o n s   o f  

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

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

the   p l a t e   member  in   t he   d i r e c t i o n   shown  i n   F i g u r e   2 3 .  

F i g u r e   26  is   an  e l e v a t i o n   v i e w   of  a  w i n d  

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

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

c o n s t r u c t e d   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   c o m p a r a -  

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

w i t h   r e s u l t s   as  h e r e i n a f t e r   d e s c r i b e d   in  g r e a t e r   d e t a i l .  



The  w i n d   t u n n e l   of  F i g u r e  2 6   is   u s e d   to  r e g u l a t e   t h e  

r a t e   and  t e m p e r a t u r e   of  an  a i r   f l o w   t h r o u g h   t he   p a s s a g e s  

f o r m e d   b e t w e e n   a d j a c e n t   h e a t   e x c h a n g e   c h a n n e l   e l e m e n t s  

in  t he   r a d i a t o r   h e a t   e x c h a n g e r   b e i n g   t e s t e d .   A i r   e n t e r -  

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

o r i f i c e   760 ,   w h i c h m e a s u r e s   t he   a i r   v o l u m e   f l o w   i n t o   a  

f o u r   c u b i c   f o o t   p l e n u m   c h a m b e r   761 ,   and  t h e n   f e d   t h r o u g h  

f l o w   s t r a i g h t e n i n g   s c r e e n s   762  i n t o   a  t a p e r e d   a d a p t e r  

s e c t i o n s   763 .   The  a d a p t e r   s e c t i o n   763  was  p r o v i d e d   t o  

e f f e c t   a  s m o o t h   t r a n s i t i o n   in   t h e   a i r   f l o w   b e t w e e n   t h e  

p l e n u m   c h a m b e r   762  and  a  one  s q u a r e   f o o t   w ind   t u n n e l  

d u c t   764  c o u p l e d   to  a  t e s t   r a d i a t o r   765 .   A  b l o w e r   ( n o t  

shown)   was  p o s i t i o n e d   d o w n s t r e a m   of  the   r a d i a t o r   f o r  

c o n t r o l l i n g   t he   a i r   f l o w   t h e r e t h r o u g h .   The  h e a t e d   a i r  

f rom  r a d i a t o r   765  was  e i t h e r   e x h a u s t e d   v i a   d a m p e r  7 6 6  

or  r e c i r c u l a t e d   i n t o   t h e   t e s t   room  v i a   d a m p e r   767  s o  

as  to  p r o v i d e   a  d e g r e e   of  t e m p e r a t u r e   c o n t r o l   w i t h i n  

t he   r oom.   To  r e d u c e   t h e   a i r   f l o w   r a t e   t h r o u g h   t h e  

r a d i a t o r ,   c o n t r o l   d a m p e r   768  was  c o u p l e d   d o w n s t r e a m   o f  

e x i t i n g   a i r   f l o w   r a d i a t o r   765 .   The  t a p e r e d   a d a p t e r  

s e c t i o n   763  and  t h e   f l o w   s t r a i g h t e n i n g   s c r e e n s   762  a r e  

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

r a d i a t o r   765  a t   a  m in imum.   V e l o c i t y   p r o f i l e s   and  p i t o t  

t u b e   r e a d i n g s   made  o v e r   the   f r o n t a l   a r e a   of  d i f f e r e n t  

t e s t   r a d i a t o r s   765  i n d i c a t e d   t h a t   the   a i r   v e l o c i t y  

v a r i a t i o n s   f o r   a l l   t he   r a d i a t o r s   t e s t e d   was  i n s u b -  

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



m a n o m e t e r   770  was  p o s i t i o n e d   as  shown  in  t he   t e s t  

c i r c u i t   and  e m p l o y e d   to  m e a s u r e   a i r   p r e s s u r e   d r o p .   Two 

g r i d s ,   772  and  773,   c o n t a i n i n g   f o u r   t h e r m o c o u p l e s ,   e a c h  

of  w h i c h   was  p l a c e d   in  the   c e n t e r   of  o n e - q u a r t e r   of  t h e  

f l o w   p a s s a g e   a r e a   of  t he   r a d i a t o r   765 ,   m e a s u r e d   t h e   a v e r -  

age  i n l e t   and  e x i t   a i r   t e m p e r a t u r e   t h r o u g h   t he   t e s t  

r a d i a t o r s 7 6 5 .   A  Brown  m u l t i p o i n t   c h a r t   r e c o r d e r   ( n o t  

shown)   and  a  R u b i c o n   p o t e n t i o m e t e r   ( n o t   shown)   w e r e  

c o u p l e d   to  t he   g r i d s   and  r e c o r d e d   t he   t h e r m o c o u p l e  

h e a t i n g s .   T h u s ,   an  a c c u r a t e   t e s t   c i r c u i t   was  p r o v i d e d  

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

r a d i a t o r s .   As  i n d i c a t e d   a b o v e ,   t e s t   r e s u l t s   b a s e d   o n  

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

w i t h   t he   p r e s e n t   i n v e n t i o n   and  h e a t   e x c h a n g e r s   c o n s t r u c t -  

ed  w i t h   t he   p r i o r   a r t ,   as  d e r i v e d   f rom  e v a l u a t i o n   of  t h e  

v a r i o u s   t e s t   h e a t   e x c h a n g e r s   in  t he   wind   t u n n e l   a p p a r a t u s  

of  F i g u r e   24  a r e   p r e s e n t e d   and  d i s c u s s e d   in   d e t a i l   h e r e -  

i n a f t e r .  

F i g u r e   27  i s   a n  e x p l o d e d   a s s e m b l y   d r a w i n g   o f  

a  p o r t i o n   of  a  h e a t   e x c h a n g e r   a c c o r d i n g   to  t he   i n v e n t i o n ,  

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

e l e m e n t s   of  t h e   t y p e   shown  in  F i g u r e   15.  As  shown ,   t h e  

h e a t   e x c h a n g e r   a s s e m b l y   c o m p r i s e s   a  s t a c k e d   a r r a y   850  o f  

h e a t   e x c h a n g e   c h a n n e l   e l e m e n t s   851 .   Each   c h a n n e l   e l e m e n t  

has   a  l o n g i t u d i n a l   a x i s   and  is  b o u n d e d   by  t h e r m a l l y  

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

e n t r a n c e   o p e n i n g   a t   one  end ,   a  f i r s t   f l u i d   e x i t   o p e n i n g  



at   t h e   o p p o s i t e   end ,   and  end  s e c t i o n s  e a c h   h a v i n g   a  c r o s s -  

s e c t i o n   b o u n d e d   by  f l a t   s i d e   w a l l s   and  by  edge   w a l l s  

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

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

w i t h   t h e   o u t e r m o s t   ends   of  t h e   edge   w a l l   p o r t i o n s   b e i n g  

c o n t i g u o u s   and  c o e x t e n s i v e   w i t h   r e s p e c t   to  one  a n o t h e r   t o  

fo rm  a  l e a k - t i g h t   edge   w a l l .   A d j a c e n t   c h a n n e l   e l e m e n t s   i n  

t h e   a r r a y   a r e   s t a c k e d   w i t h   t h e i r   end  s e c t i o n   s i d e   w a l l s  

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

s e c t i o n   edge   w a l l s   in   a l i g n m e n t   to  fo rm  a  f i r s t   f l u i d  

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

e x i t   f a c e   a t   t he   o p p o s i t e   end  of  t h e   a r r a y .   Each   f a c e  

has   a  p e r i m e t e r   d e f i n e d   by  edge   w a l l   ends   854  of  t h e  

s t a c k e d   c h a n n e l   e l e m e n t s   and  o u t e r m o s t   s i d e   w a l l   ends   8 5 5  

of  t h e   o u t e r m o s t   c h a n n e l   e l e m e n t s   852  and  8 5 3  i n   t h e  

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

e l e m e n t s  i n   t he   i n t e r i o r   of  t he   a r r a y   a r e   d i s p o s e d   i n  

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

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

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

The  h e a t   e x c h a n g e r  a s s e m b l y   shown  in   F i g u r e   25  i s   of  t h e  

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

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

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

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

w i t h   t h e i r   l o n g i t u d i n a l   axes   l y i n g   in   a  common  p l a n e .  

In  t h e   p r e f e r r e d   p r a c t i c e   of  the   p r e s e n t   i n v e n t i o n ,   i n  



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

w i t h   a  h i g h   l e v e l   of  h e a t   t r a n s f e r   c a p a b i l i t y   per   u n i t  

v o l u m e   of  the   e x c h a n g e r ,   t he   s t a c k e d   a r r a y   c o n t a i n s   a t  

l e a s t   40  c h a n n e l   e l e m e n t s   pe r   f o o t   w i d t h   t h e r e o f ,   w i t h  

t he   w i d t h   of  the   s t a c k e d   a r r a y   b e i n g   m e a s u r e d   in  t he   a f o r e -  

m e n t i o n e d   common  p l a n e   in   a  d i r e c t i o n   p e r p e n d i c u l a r   to  t h e  

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

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

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

and  an  o u t l e t   h e a d e r   is  j o i n e d   in  f l o w   c o m m i n c a t i o n   w i t h  

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

f rom  t he   c h a n n e l   e l e m e n t s .   The  c h a n n e l   e l e m e n t s   853  a r e  

p r o v i d e d   w i t h   s e c o n d a r y   s u r f a c e   f i n s   856  h a v i n g   l o u v e r e d  

s u r f a c e   d i s t o r t i o n s   857  t h e r e o n .  

The  h e a d e r i n g   a r r a n g e m e n t   in   the   F i g u r e   27  

a s s e m b l y   i n c l u d e s   s e a l i n g   members   858  e x t e n d i n g   a l o n g   t h e  

end  s e c t i o n   edge  w a l l s   of  t h e   c h a n n e l   e l e m e n t s   a t   e a c h  

s i d e   of  the   s t a c k e d   a r r a y .   Each  s e a l i n g   member  h a s  a  

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

g r o o v e s  8 5 9   and  i n t e r p o s e d   r i d g e s   860  w i t h   e a c h   o f   t h e  

g r o o v e s   s h a p e d   so  as  to  s u r r o u n d   and  a b u t   t he   edge  w a l l  

of  a  s i n g l e   c h a n n e l   e l e m e n t   of  t he   a r r a y   w i t h   t he   i n t e r -  

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

edge  w a l l   p o r t i o n s   of  a d j a c e n t  c h a n n e l   e l e m e n t s .   T h e  

b e a r i n g   s u r f a c e   of  e ach   s e a l i n g   member  is  bonded   to  t h e  

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



and  s u i t a b l y   has   a  l e n g t h   as  m e a s u r e d   p a r a l l e l   to  t h e  

c h a n n e l   e l e m e n t   l o n g i t u d i n a l   axes   of  a t   l e a s t   0 .2   i n c h  

w h i c h   is   s u b s t a n t i a l l y   g r e a t e r   t h a n   t he   t h i c k n e s s   of  t h e  

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

ment   l o n g i t u d i n a l   a x e s   a t   a  l o w e r   e x t r e m i t y   of  t h e   g r o o v e s  

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

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

8 6 9  a r e   p r o v i d e d   h a v i n g   a  t r a n s v e r s e l y   e x t e n d i n g   f i r s t  

segment  870 a   l e a k - t i g h t l y   a b u t t i n g   t h e   o u t e r   end.  8 5 7 a  o f  

the   s e a l i n g   member  8 5 8 , a   l o n g i t u d i n a l l y   e x t e n d i n g   s e c o n d  

s e g m e n t  8 7 0 b   i n t e g r a l l y   j o i n e d   to  the   t r a n s v e r s e l y   e x t e n d -  

ing  f i r s t   s e g m e n t   and  a d h e s i v e l y   b o n d e d  t o  a n   e x t e r i o r  

s u r f a c e   of  t h e   s e a l i n g   member ,   and  a  t h i r d   e n d  s e g m e n t  

8 7 1 i n t e g r a l l y   j o i n e d   to  t he   l o n g i t u d i n a l l y   e x t e n d i n g  

s e c o n d   s e g m e n t   870b.  The  h e a d e r   t a n k   means  in   F i g u r e   2 7  

c o m p r i s e   a  h e a d e r   t a n k   member  874  h a v i n g   e n c l o s u r e   e n d  

w a l l   877  and   s i d e   w a l l 8 7 5 ,  8 7 6   p o r t i o n s   and  a  t r a n s v e r s e l y  

o u t w a r d l y   e x t e n d i n g   f l a n g e   p r o t i o n 8 8 0   a t   an  end  of  e a c h  

s i d e   w a l l   p o r t i o n .   The  h e a d e r   t a n k   member  i s   p r o v i d e d  

w i t h   c o n d u i t   8 8 1  f o r   f i r s t   f l u i d   i n t r o d u c t i o n   to  or  d i s -  

c h a r g e   f rom  the   h e a t   e x c h a n g e r   a s s e m b l y .   When  h e a d e r  

t a n k   m e m b e r  8 7 4  a n d   c l i p   m e m b e r 8 6 9   a r e   d i s p o s e d   i n  

p o s i t i o n   as  a s s e m b l e d ,   the   t h i r d   end  s e g m e n t  8 7 1   of  t h e  

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

v e r s e l y   o u t w a r d l y   e x t e n d i n g   f l a n g e   p o r t i o n   880  of  t h e  

h e a d e r   t a n k   member  to  s e c u r e   the   h e a d e r   t a n k   member  i n  

p o s i t i o n .  



The  h e a t   e x c h a n g e r   a s s e m b l y   of  F i g u r e   27  

f e a t u r e s   a  t i e   ba r   s t r u c t u r a l   s u p p o r t   member  866  w h i c h  

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

e l e m e n t   858  in  t h e   s t a c k e d   a r r a y ,   to  a b s o r b   the   o u t w a r d l y  

d i r e c t e d   p r e s s u r e   e x e r t e d   by  the  s t a c k e d   a r r a y   in  o p e r a -  

t i o n .   The  t i e   b a r   866  is  s t r u c t u r a l l y   c o u p l e d   w i t h   a n g l e  

b r a c e m e m b e r   861  in  the   h e a t   e x c h a n g e r   a s s e m b l y .   As  s h o w n ,  

a n g l e   b r a c e   member  861  c o m p r i s e s   a  l o n g i t u d i n a l l y   e x t e n d i n g  

p o r t i o n   862  and  a  t r a n s v e r s e l y   e x t e n d i n g   p o r t i o n   864.  E a c h  

of  t h e   c l i p   members   869  has  a  t r a n s v e r s e l y   e x t e n d i n g   t a b  

872  w h i c h   is  p o s i t i o n e d   on  the   top  s u r f a c e   of  t h e  

t r a n s v e r s e   p o r t i o n   864  of  a n g l e   b r a c e   861.   Tie   ba r   866  i s  

p o s i t i o n e d   b e n e a t h   a n g l e   b r a c e   member  861,   w i t h   the  f l a n g e  

p o r t i o n   867  of  the   t i e   b a r   a b u t t i n g   t h e   u n d e r s i d e   of  t h e  

t r a n s v e r s e   p o r t i o n   864  of  the   a n g l e   b r a c e   member .   The 

h e a d e r   t a n k   member  874  is  t h e n   p o s i t i o n e d   so  t h a t   t h e  

f l a n g e   p o r t i o n   880  t h e r e o f   is  d i s p o s e d   a g a i n s t   the   t r a n s -  

v e r s e   t a b s   872  of  t he   r e s p e c t i v e   c l i p   members   869.   I n  

t h i s   f a s h i o n ,   the   a p e r t u r e s   879  in  the   f l a n g e   p o r t i o n  

880  of  t he   h e a d e r   t a n k   member  a r e   b r o u g h t   i n t o   r e g i s t e r  

w i t h   t h e   a p e r t u r e s   873  in   t he   t r a n s v e r s e   t a b s   of  the   c l i p  

members   869,   a p e r t u r e s   865  in  the  t r a n s v e r s e   p o r t i o n   864 

of  t he   a n g l e   b r a c e   member  861  and  a p e r t u r e s   868  in  t h e  

f l a n g e   p o r t i o n   867  o f  t i e   b a r   866,   so  t h a t   b o l t   or  s c r e w  

means   may  be  i n s e r t e d   t h r o u g h   the  a l i g n e d   a p e r t u r e s   s o  

as  to  s e c u r e   the   a s s e m b l y   t o g e t h e r .   In  t h i s  m a n n e r ,  

a p e r t u r e s   879  in  s i d e   w a l l   876  of  the   h e a d e r   t a n k   member 



874  a r e   b r o u g h t   i n t o   a l i g n m e n t   w i t h   a p e r t u r e s   863  in   t h e  

l o n g i t u d i n a l l y   e x t e n d i n g   p o r t i o n   862  of  t he   a n g l e   b r a c e  

member   861 ,   so  t h a t   s c r e w   or  b o l t   means   c an   be  p a s s e d  

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

t h e   a s s e m b l y .  

F i g u r e   28  is   a  s e c t i o n a l   p l a n   v i e w   of  a  p o r t i o n  

of  t h e  F i g u r e   27  h e a t   e x c h a n g e r   a s s e m b l y ,   s h o w i n g   t h e  

d e t a i l s   of  c o n s t r u c t i o n   t h e r e o f .   C h a n n e l   e l e m e n t s   851  i n  

t h e   a r r a y   850  a r e   s t a c k e d   w i t h   t h e i r   end  s e c t i o n   s i d e   w a l l s  

890 ,   891  in   w a l l   to   w a l l   c o n t a c t i n g   r e l a t i o n s h i p   a d h e s i v e l y  

b o n d e d   t o g e t h e r   by  a d h e s i v e   893  s u c h   as  e p o x y .   T h e  

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

b o n d e d   b y  f l a t   s i d e  w a l l s   and  by  edge   w a l l s   8 5 4 . c o m p r i s i n g  

edge   w a l l  p o r t i o n s   8 5 4 a ,   854b  e x t e n d i n g   o u t w a r d l y   f rom  t h e  

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

w i t h   t h e   o u t e r m o s t   ends   895  of  t he   edge   w a l l   p o r t i o n s   b e i n g  

c o n t i g u o u s   and  c o e x t e n s i v e   w i t h   r e s p e c t   t o  o n e   a n o t h e r   t o  

fo rm  a  l e a k - t i g h t   edge   w a l l .   In  t h i s   m a n n e r ,   a  f i r s t   f l u i d  

f a c e   is   f o r m e d   a t   an  end  of  t he   a r r a y . ,   h a v i n g   a  p e r i m e t e r  

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

and  o u t m o s t   s i d e   w a l l   ends   892  of  t h e   o u t e r m o s t   c h a n n e l  

e l e m e n t   853  i n   t h e   a r r a y .   The  s e r p e n t i n e - s h a p e d   s e a l i n g  

member  858  e x t e n d s   a l o n g   t he   end  s e c t i o n   edge   w a l l s   of  t h e  

c h a n n e l   e l e m e n t  a t   a  s i d e   of  the   s t a c k e d   a r r a y .   T h e  

s e a l i n g   member   858  has   a  b e a r i n g   s u r f a c e   w i t h   a  g e n e r a l l y  

c o r r u g a t e d   c o n t o u r   of  g r o o v e s   859  and  i n t e r p o s t e d   r i d g e s  

860  s h a p e d   so  t h a t   t he   g r o o v e s   s u r r o u n d   and  a b u t   t he   e d g e  



w a l l   of  a  s i n g l e   c h a n n e l   e l e m e n t   of  t he   a r r a y   w i t h   t h e  

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

f a c i n g   edge   w a l l   p o r t i o n s   of  a d j a c e n t   c h a n n e l   e l e m e n t s .  

The  b e a r i n g   s u r f a c e   of  t he   s e a l i n g   member  858  is  b o n d e d  

to  t h e   a b u t t e d   c h a n n e l   e l e m e n t   edge  w a l l s   a s s o c i a t e d   t h e r e -  

w i t h   by  means   of  a d h e s i v e   medium  897.   The  e x t e r i o r   s u r -  

f a c e   of  t h e   s e a l i n g   member  858  is   a d h e s i v e l y   b o n d e d   to  t h e  

l o n g i t u d i n a l l y   e x t e n d i n g   s e c o n d   s e g m e n t   870b  of  t he   c l i p  

member  869  by  means  of  a d h e s i v e   medium  898.   The  s i d e   w a l l  

of  t he   o u t e r m o s t   c h a n n e l   e l e m e n t   853  in   t h e   s t a c k e d   a r r a y  

is   a d h e s i v e l y   b o n d e d   to  t i e   b a r   866.   As  shown ,   t he   t h i r d  

end  s e g m e n t   871  of  t he   c l i p   member  869  is   d e f o r m e d   c o n t i g u -  

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

p o r t i o n   880  of  t he   h e a d e r   t a n k   member  to  s e c u r e   t h e   h e a d e r  

t a n k   member   in  p o s i t i o n .  

F i g u r e   29  i s   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   o f .  a  

p o r t i o n   of  t h e   h e a t   e x c h a n g e r   a s s e m b l y   of  F i g u r e   2 7 .   I n  

the   p o r t i o n   of   t h e   a s s e m b l y   as  shown ,   t he   c h a n n e l   e l e m e n t  

900  has   an  end  s e c t i o n   901  and  edge   w a l l   p o r t i o n s   902  h a v i n g  

o u t e r   e n d s   903  w h i c h   fo rm  a  l e a k - t i g h t   edge   w a l l .   T h e  

c h a n n e l   e l e m e n t   f e a t u r e s   a  s e c o n d a r y   s u r f a c e   f i n   904  w i t h  

s l a t t e d ,   l o u v e r - t y p e   s u r f a c e   d i s t o r t i o n s   905  t h e r e o n .   T h e  

h e a d e r   t a n k   member  874  h a s  a   t r a n s v e r s e l y   o u t w a r d l y   e x t e n d -  

ing   f l a n g e   p o r t i o n   680  a t   an  end  of  t he   s i d e   w a l l   p o r t i o n  

875.   The  s e a l i n g   member  858  has   b e a r i n g   s u r f a c e   w i t h   a  

g e n e r a l l y   c o r r u g a t e d   c o n t o u r   of  g r o o v e s   859  and  i n t e r p o s e d  

r i d g e s   860 ,   w i t h   e a c h   of  the   g r o o v e s   s h a p e d   so  as  t o  



s u r r o u n d   and  a b u t   the   edge   w a l l   of  a  s i n g l e   c h a n n e l   e l e -  

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

i n w a r d l y   and  a b u t t i n g   the   f a c i n g   edge   w a l l   p o r t i o n s   o f  

a d j a c e n t   c h a n n e l   e l e m e n t s .   The  b e a r i n g   s u r f a c e   of  t h e  

s e a l i n g   member   858  i s   b o n d e d   to  the   a b u t t e d   c h a n n e l   e l e -  

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

medium  910 .   S e a l i n g   e l e m e n t   858  s u i t a b l y   has   a  l e n g t h   a s  

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

of  a t   l e a s t   0 .2   i n c h   w h i c h   is   s u b s t a n t i a l l y   g r e a t e r   t h a n   t h e  

t h i c k n e s s   t  of  t he   s e a l i n g   member  as  m e a s u r e d   p e r p e n d i c u l a r  

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

t r e m i t y   of  t he   g r o o v e s   in   t he   b e a r i n g   s u r f a c e   t h e r e o f .   T h e  

h e a d e r i n g   a r r a n g e m e n t   c o m p r i s e s   c l i p   member   869  h a v i n g   a  

t r a n s v e r s e l y   e x t e n d i n g   f i r s t   s e g m e n t   870  l e a k - t i g h t l y   a b u t t -  

i n g   t h e   o u t e r   end  858a  of  t he   s e a l i n g   member   858 ,   a  l o n g i t u d -  

i n a l l y   e x t e n d i n g   s e c o n d   s e g m e n t   906  i n t e g r a l l y   j o i n e d   to  t h e  

t r a n s v e r s e l y   e x t e n d i n g   f i r s t   s e g m e n t   870  and   a d h e s i v e l y  

b o n d e d .  t o   an  e x t e r i o r   s u r f a c e   of  t he   s e a l i n g   member   by  a d -  

h e s i v e   b o n d i n g   medium  909 ,   and  a  t h i r d   end  s e g m e n t   8 7 1  

i n t e g r a l l y   j o i n e d   to  the   l o n g i t u d i n a l l y   e x t e n d i n g   s e c o n d  

s e g m e n t   906  and  d e f o r m e d   c o n t i g u o u s l y   a r r o u n d   t h e   t r a n s v e r s e l y  

o u t w a r d l y   e x t e n d i n g   f l a n g e   p o r t i o n   880  of  t h e   h e a d e r   t a n k  

member   874  to  s e c u r e   t he   h e a d e r  t a n k   member   in   p o s i t i o n .  

As  s h o w n ,   t h e   c l i p   member  s e c o n d   s e g m e n t   906  i s   a l s o   a d -  

h e s i v e l y   b o n d e d   to  t he   h e a d e r   t a n k   member   e n c l o s u r e   s i d e  

w a l l   p o r t i o n   875  by  a d h e s i v e   908  to  f u r t h e r   s e c u r e   t h e  

h e a d e r   t a n k   member  in  p o s i t i o n .  



F i g u r e   30  is  an  i s o m e t r i c   v i e w   of  a  p o r t i o n   o f  

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

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

e x c h a n g e r   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n .   In  t h e  

p o r t i o n   of  t he   a s s e m b l y   as  shown ,   t he   h e a t   e x c h a n g e r   c o r e  

799  c o m p r i s e s   a  s t a c k e d   a r r a y   of  c h a n n e l   e l e m e n t s   800  e a c h  

h a v i n g   edge   w a l l   p o r t i o n s  8 0 2   w h i c h   form  a  l e a k - t i g h t   e d g e  

w a l l .   The  h e a d e r   t a n k   member  874  has   a  t r a n s v e r s e l y   o u t -  

w a r d l y   e x t e n d i n g   f l a n g e   p o r t i o n   880  a t   an  end  of  the   s i d e  

w a l l   p o r t i o n   875.  The  s e a l i n g   member   858  has   a  b e a r i n g  

s u r f a c e   w i t h   a  g e n e r a l l y   c o r r u g a t e d   c o n t o u r   of  g r o o v e s   8 5 9  

and  i n t e r p o s e d   r i d g e s   860 ,   w i t h   e a c h   of  t he   g r o o v e s   s h a p e d  

so  as  to  s u r r o u  nd and  a b u t   t h e   edge   w a l l   of  a  s i n g l e   c h a n n e l  

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

i n w a r d l y   and  a b u t t i n g   t he   f a c i n g   edge   w a l l   p o r t i o n s   o f  

a d j a c e n t   c h a n n e l   e l e m e n t s .   The  b e a r i n g   s u r f a c e   of  t h e  

s e a l i n g   member  858  i s   s u i t a b l y   b o n d e d   to   t h e   a b u t t e d  

c h a n n e l   e l e m e n t   edge  w a l l s   a s s o c i a t e d   t h e r e w i t h   by  a n  

a d h e s i v e   b o n d i n g   med ium  as  d e s c r i b e d   h e r e i n a b o v e   in   c o n n e c -  

t i o n   w i t h   F i g u r e   2 9 .   S e a l i n g   e l e m e n t   858  p r e f e r a b l y  h a s   a  

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

t u d i n a l   a x i s o f   a t   l e a s t   0 .2   i n c h   w h i c h   is  s u b s t a n t i a l l y  

g r e a t e r   t h a n   t he   t h i c k n e s s   of  t h e   s e a l i n g   member  as  m e a s u r -  

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

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

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

869  h a v i n g   a  t r a n s v e r s e l y   e x t e n d i n g   f i r s t   s e g m e n t   8 7 0  



l e a k - t i g h t l y   a b u t t i n g   t h e   o u t e r   end  858a  of  t h e   s e a l i n g  

member   858 ,   a  l o n g i t u d i n a l l y   e x t e n d i n g   s e c o n d   s e g m e n t   8 0 6  

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

s e g m e n t   870  w h i c h   may  be  a d h e s i v e l y   b o n d e d   to  an  e x t e r i o r  

s u r f a c e   of  t h e   s e a l i n g   member   858  by  any  s u i t a b l e   a d h e s i v e  

b o n d i n g   m e d i u m ,   and  a  t h i r d   end  s e g m e n t   871  i n t e g r a l l y   j o i n -  

ed  to  t h e   l o n g i t u d i n a l l y   e x t e n d i n g   s e c o n d   s e g m e n t   806  a n d  

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

e x t e n d i n g   f l a n g e   p o r t i o n   880  of  the   h e a d e r   t a n k   member   874  t o  

s e c u r e   t h e   h e a d e r   t a n k   member  in  p o s i t i o n .   As  shown ,   a  

g a s k e t   890  i s   p o s i t i o n e d   in   a  g r o o v e   in   t he   s i d e   w a l l   8 7 5  

of  the   h e a d e r   t a n k   member   874  s u c h   t h a t   t h e   g a s k e t   b e a r s  

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

f i r s t   s e g m e n t   870  to  f o rm  a  l e a k - t i g h t   s e a l   b e t w e e n   t h e  

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

874 .   In  p r a c t i c e ,   t h e   g a s k e t   may  be  f o r m e d   of  any  s u i t a b l e  

m a t e r i a l   as  f o r   e x a m p l e   Buna-N  or  n e o p r e n e   h a v i n g   a  

d u r o m e t e r   v a l u e   of  60  to   8 0 .  

The  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   of  t h i s   i n v e n t i o n  

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

e x t e n s i v e l y   t e s t e d   r e l a t i v e   to  t he   p r i o r   a r t   s t a c k e d  

c h a n n e l   e l e m e n t   h e a t   e x c h a n g e r s   d i s c l o s e d   in   Kun  U.  S .  

P a t e n t   No.  3 , 7 5 7 , 8 5 6 ;   Kun  U.  S.  P a t e n t   No.  3 , 8 1 0 , 5 0 9 ;   a n d  

Kun  U.  S.  P a t e n t   No.  3 , 8 4 5 , 8 1 4 .   Such  t e s t i n g   has   a m p l y  

p r o v e n   t he   s u p e r i o r i t y   of  t he   c h a n n e l   e l e m e n t   and  h e a t   e x -  

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

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



e x c h a n g e r s   of  the   a f o r e m e n t i o n e d   Kun  p a t e n t s ,   as  s h o w n  

in  t he   e n s u i n g   d i s c u s s i o n .  

F i g u r e   31  is  a  g r a p h   of  c o n v e c t i v e   h e a t   t r a n s f e r  

e f f e c t i v e n e s s   f a c t o r   p l o t t e d   as  a  f u n c t i o n   of  R e y n o l d ' s  

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

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

a c c o r d a n c e   w i t h   Kun  U.  S.  P a t e n t   No.  3 , 8 1 0 , 5 0 9 .   The  d a t a  

f rom  w h i c h   t h e   c u r v e   shown  in  F i g u r e   31  we re   p l o t t e d   w e r e  

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

h e r e i n a f t e r   d e s c r i b e d ,   in  t he   w ind   t u n n e l   t e s t   a p p a r a t u s  

shown  in  F i g u r e   26  and  d e s c r i b e d   h e r e i n a b o v e .   In  a  

t y p i c a l   t e s t   in  the   wind  t u n n e l   a p p a r a t u s ,   t he   i n l e t   a i r  

v e l o c i t y   was  m a i n t a i n e d   at  90°F  w i t h   a  1 0 0 ° F  t e m p e r a t u r e  

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

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

i n l e t   f a c e   of  the   h e a t   e x c h a n g e r   c o r e   a s s e m b l y .   T h e  

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

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

was  a  m i x t u r e   of  45%  e t h y l e n e   g l y c o l . , i n   w a t e r ;   t h i s  

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

t h e   r a t e   of  14 .5   g a l l o n s   pe r   m i n u t e   pe r   f o o t   w i d t h   o f  t h e  

r a d i a t o r ,   t h e   w i d t h   of  t he   r a d i a t o r   b e i n g   m e a s u r e d   in   a  

p l a n e   c o n t a i n i n g   the   l o n g i t u d i n a l   axes   of  t he   s t a c k e d  

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

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

Curve   A  of  F i g u r e   31  is   b a s e d   on  d a t a   f o r   a  

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



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

f a b r i c a t e d   f rom  0 . 0 0 8   i n c h   t h i c k   a l u m i n u m   in  t h e   m a n n e r  

t a u g h t   in   Kun  U.  S.  P a t e n t   No.  3 , 8 1 0 , 5 0 9 .   Each   c h a n n e l  

e l e m e n t   was  1 . 1 1 2   i n c h e s   wide   and  t he   p r i m a r y   s u r f a c e  

w a l l   member   was  p r o v i d e d   w i t h   e l i p t i c a l   s h a p e d   w a l l -  

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

d  as  d e f i n e d   in   t he   Kun  p a t e n t   of  0 . 1 3 7   i n c h .   The  w a l l -  

s u p p o r t i n g   p r o j e c t i o n   p o r t i o n s   we re   p r o v i d e d   in   a  t r i a n g u -  

l a r   a r r a y   w i t h   an  e f f e c t i v e   s p a c i n g   D  of  0 . 4 8   i n c h   b e t w e e n  

a d j a c e n t   p r o j e c t i o n s .   Each   w a l l - s u p p o r t i n g   p r o j e c t i o n  

p o r t i o n   of  t h e   c h a n n e l   e l e m e n t   w a l l   member   had  a  h e i g h t   H 

of  0 . 0 4 3   i n c h .   S e c o n d a r y   s u r f a c e   f i n s   w e r e   p r o v i d e d   f o r e  

and  a f t   on  t h e   edge   w a l l s   of  t he   c h a n n e l   e l e m e n t s ,   e a c h  

f i n   h a v i n g   a  f i n   a n g l e   Y  of  3 0 ° ,   a  s l o t   a n g l e   @  o f  

90°  and  a  s l a t   a n g l e   of  4 5 ° ,   a l l   as  d e f i n e d   in   t h e  

Kun  p a t e n t .   Each   s e c o n d a r y   s u r f a c e   f i n   was  0 . 3 8 9   i n c h  

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

s u r f a c e   d i s t o r t i o n s   on  t h e   f i n   of  0 . 0 3 5   i n c h   b y  0 . 3 2 7  

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

a b o v e - d e s c r i b e d   c h a n n e l  e l e m e n t s   had  a  d e n s i t y   of  100  ` 

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

w i t h   t he   w i d t h   of  t he   s t a c k e d   a r r a y   b e i n g   m e a s u r e d   in  a  

common  p l a n e   c o n t a i n i n g   the   c h a n n e l   e l e m e n t   l o n g i t u d i n a l  

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

l o n g i t u d i n a l   a x e s .  

The  o r d i n a n t   of  the   F i g u r e   31  d r a f t   is   t h e  

d i m e n s i o n l e s s   r a t i o   of  the   C o l b u r n   f a c t o r  j   to  t h e  



F a n n i n g   f r i c t i o n   f a c t o r   f .   T h i s   r a t i o   is  a  c o n v e c t i v e  

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

0 .5   b e i n g   the   t h e o r e t i c a l   maximum  v a l u e .   The  a b s c i s s a  

of  the   d r a f t   is  t he   R e y n o l d ' s   n u m b e r ,   w i t h   the   R e y n o l d ' s  

number   b e i n g   b a s e d   on  t he   f l o w   of  a i r   t h r o u g h   the   r a d i a -  

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

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

l o n g i t u d i n a l   axes   of  t he   s t a c k e d   c h a n n e l   e l e m e n t s   in  t h e  

r a d i a t o r ' s   c o r e   a s s e m b l y .   As  shown  by  c u r v e   A  in   F i g u r e  

29,   a  r a d i a t o r   f a b r i c a t e d   f rom  p r i m a r y   s u r f a c e   h e a t  

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

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

Kun  p a t e n t ,  h a s   a  j / f   v a l u e   of  a b o u t   0 . 2 2 5   a t   a  R e y n o l d ' s  

number   of  600  w h i c h   d e c r e a s e s   to  a  j / f   v a l u e   of  a b o u t  

0 . 1 5 6   at   a  R e y n o l d ' s   n u m b e r   of  a b o u t   4 , 0 0 0 .  

The  h e a t   t r a n s f e r   p e r f o r m a n c e   of  t he   p r i o r   a r t  

r a d i a t o r   c o n s t r u c t e d   in   a c c o r d a n c e ' w i t h   t he   t e a c h i n g s   o f  

the   Kun  p a t e n t ,   as  r e f l e c t e d   in   c u r v e   A,  i s   to   be  c o n -  

t r a s t e d   w i t h   c u r v e s   B, C, D  and   E,  w h i c h   r e p r e s e n t   the   h e a t  

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

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

In  t he   r a d i a t o r s   w h i c h   were   t e s t e d   to  y i e l d  

c u r v e   B -   E,  the   h e a t   e x c h a n g e   c h a n n e l  e l e m e n t s   in   t h e  

r a d i a t o r s   were   f a b r i c a t e d   f rom  0 . 0 0 8   i n c h   t h i c k   a l u m i n u m .  

Each  c h a n n e l   e l e m e n t   was  0 . 9 4   i n c h   in  w i d t h .   The  c h a n n e l  

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

shown  in  F i g u r e   2  -   4.  h e r e i n ,   w i t h   the   f o l l o w i n g  



d i m e n s i o n s :   H  =  0 . 0 5 5   i n c h ,   dl   =  0 . 0 2 0   i n c h   a n d  

D  =  0 .6   i n c h .   The  w a l l   s u r f a c e   b e t w e e n   a d j a c e n t   r i d g e  

p r o j e c t i o n s   a t   a  c i r c u l a r   c o n c a v e   c o n t o u r   w i t h   a  c o n s t a n t  

r a d i u s   of  c u r v a t u r e ,   R1  of  0 . 7 9 2   i n c h ,   and  the   edge   w a l l  

of  t h e   c h a n n e l   e l e m e n t   a t   a  c o n v e x   c o n t o u r   as  shown  i n  

F i g u r e   4.  Each   r a d i a t o r  h a d 8 8   c h a n n e l   e l e m e n t s   p e r   f o o t  

w i d t h   t h e r e o f ,   w i t h   t h e   w i d t h   of  t h e   r a i d a t o r   b e i n g  

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

axes   of  t he   c h a n n e l   e l e m e n t s ,   as  m e a s u r e d   in   a  d i r e c t i o n  

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

C u r v e   B  of  F i g u r e   31  is   a  p l o t   of  h e a t   t r a n s f e r  

d a t a   f o r   a  r a d i a t o r   w i t h   a  c o r e   of  t he   t y p e   shown  i n  

F i g u r e   18,  w h e r e i n   p l a n a r   s e c o n d a r y   s u r f a c e   p l a t e - l i k e  

members   a r e   d i s p o s e d   b e t w e e n   a d j a c e n t   c h a n n e l   e l e m e n t s .  

Each   p l a t e - l i k e   member   had   s m o o t h   s u r f a c e s   no  s u r f a c e  

d i s t o r t i o n s   t h e r e o n .   E a c h   p l a t e - l i k e   member  was  f a b r i -  

c a t e d   f rom  a l u m i n u m   of  0 . 0 0 6   i n c h   t h i c k n e s s   and  had   a  

w i d t h   of  0 . 0 6 2 5   i n c h .   The  s e c o n d a r y   s u r f a c e   member   w a s  

s e c u r e d   b e t w e e n   t h e  a d j a c e n t   c h a n n e l   e l e m e n t   s o l e l y   b y  

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

p r o j e c t i o n   p o r t i o n s   of  t h e   r e s p e c t i v e   c h a n n e l   e l e m e n t s .  

As  shown  by  t h e   g r a p h   of  F i g u r e   31,  t h i s   r a d i a t o r   h a d  

a  j / f   v a l u e   of  0 . 2 7 5   a t   a  R e y n o l d ' s   number   of  600  and  a  

v a l u e   of  a b o u t   0 . 2 2 0   a t   a  R e y n o l d ' s   number   of  4 , 0 0 0 .  

T h e s e  v a l u e s   r e p r e s e n t   a  22%  i n c r e a s e   in  h e a t   t r a n s f e r  

e f f e c t i v e n e s s   a t   t he   R e y n o l d ' s   number   v a l u e   of  600  and  a  

41%  i n c r e a s e   in   h e a t   t r a n s f e r   e f f e c t i v e n e s s   a t   t h e  



u p p e r   v a l u e   of  R e y n o l d ' s   number   of  4 , 0 0 0   r e l a t i v e   to  t h e  

p e r f o r m a n c e   of  t he   p r i o r   a r t   r a d i a t o r   of  c u r v e   A. 

Curve   C  is  a  p l o t   of  t h e   h e a t   t r a n s f e r   d a t a  

f o r   a  r a d i a t o r   h a v i n g   a  c o r e   as  shown  in  F i g u r e   16  h e r e i n .  

The  p l o t t e d   d a t a   show  t h a t   t h i s   r a d i a t o r   a t   a  j / f   v a l u e  

of  0 . 3 2 0   a t   a  R e y n o l d ' s   number   of  600  and  a  v a l u e   of  a b o u t  

0 . 2 3 2   a t   a  R e y n o l d ' s   number   of  4 , 0 0 0 .   T h i s   p e r f o r m a n c e  

r e p r e s e n t s   a  42%  i n c r e a s e   at   t he   l o w e r   R e y n o l d ' s   n u m b e r  

v a l u e   of  600  and  a  49%  i n c r e a s e   a t   t h e   u p p e r   v a l u e   o f  

4 , 0 0 0   r e l a t i v e   to  t he   p r i o r   a r t . r a d i a t o r   of  c u r v e   A.  

F u r t h e r m o r e ,   b a s e d   on  t h e s e   d a t a ,   t h e   r a d i a t o r   of  c u r v e  

C  r e p r e s e n t s   a  16%  i m p r o v e m e n t   in   h e a t - t r a n s f e r   e f f e c t i v e -  

n e s s   f a c t o r   a t   t he   l o w e r   R e y n o l d ' s   n u m b e r   v a l u e   of  6 0 0  

and  a  6%  i n c r e a s e   a t   t he   u p p e r   v a l u e   of  4 , 0 0 0 ,   r e l a t i v e  

to  t he   r a d i a t o r   of  c u r v e   B .  A p a r t   f rom  s u c h   c o m p a r i s o n  

of  c o n v e c t i v e   h e a t   t r a n s f e r   e f f i c i e n c y ,   t he   r a d i a t o r   o f  

c u r v e   B  is   s u p e r i o r   to  t he   r a d i a t o r   of  c u r v e   C  in   o t h e r  

r e s p e c t s ,   as  w i l l   be  shown  more  f u l l y   h e r e i n a f t e r .  

Cu rve   D  is   a  p l o t   of  t h e   h e a t   t r a n s f e r   d a t a  

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

ly  to  t h e   c h a n n e l   e l e m e n t  o f   F i g u r e   14  h e r e i n ,   w i t h   e a c h  

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

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

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

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

t a u g h t   by  Kun  U.  S.  P a t e n t   No.  3 , 8 4 5 , 8 1 4 .   The  f r o n t   f i n  

had  an  a n g l e   of  o r i e n t a t i o n  . ;   o f   3 0 ° ,   w h i l e   t he   r e a r  



f i n  h a d  a n   a n g l e   of  o r i e n t a t i o n   of  0° .   Each   f i n   had  a  

s l o t   a n g l e  a   of  90°  w i t h   a  s l a t   a n g l e   9  of  4 5 ° .   T h e  

f i n s   w e r e   e a c h   0 . 3 2 4   i n c h   in  w i d t h   w i t h   t he   i n d i v i d u a l  

s l a t s   h a v i n g   a  d i m e n s i o n   of  0 . 25   i n c h   by  0 . 3 5   i n c h .   T h e  

f i n   a n g l e s  γ ,  @   a n d  β   r e f e r r e d   to   a b o v e   a r e   a s  

d e f i n e d   in   t h e   a f o r e m e n t i o n e d   Kun  p a t e n t .   T h e s e   f i n n e d  

c h a n n e l   e l e m e n t s   w e r e   s t a c k e d   in   t he   h e a t   e x c h a n g e r   c o r e  

as  shown  in   F i g u r e   17,  w i t h   a  s m o o t h   s e c o n d a r y   s u r f a c e  

p l a t e - l i k e   member   b e i n g   d i s p o s e d   b e t w e e n   the   a d j a c e n t  

c h a n n e l   e l e m e n t s .   T h i s   r a d i a t o r   had  a  j / f   v a l u e   o f  

0 . 3 8 2   a t   a  R e y n o l d ' s   number   of  600  and  a  j / f   v a l u e   o f  

0 . 2 8 7   a t   a  R e y n o l d ' s   number   of  4 , 0 0 0 .   T h i s   p e r f o r m a n c e  

r e p r e s e n t s   a  70%  i n c r e a s e   in  t he   c o n v e c t i v e   h e a t   t r a n s -  

f e r   e f f i c i e n c y   f a c t o r   a t   t he   l o w e r   R e y n o l d ' s   n u m b e r  

v a l u e   of  600  and  an  i n c r e a s e   of  84%  at  t he   u p p e r  

R e y n o l d ' s   n u m b e r   v a l u e   of  4 , 0 0 0   r e l a t i v e   to  the   p r i o r   a r t  

r a d i a t o r   of  c u r v e   A.  

C u r v e   E  p l o t s   t he   h e a t   t r a n s f e r   d a t a   f o r   r a d i a t o r  

c o n s t r u c t e d   in   t he   same  m a n n e r   as  t h e   r a d i a t o r   of  c u r v e  

D,  bu t   w i t h o u t   s e c o n d a r y   s u r f a c e   p l a t e - l i k e   members   d i s -  

p o s e d   b e t w e e n   a d j a c e n t   c h a n n e l   e l e m e n t s   in   t he   r a d i a t o r  

c o r e .   O t h e r w i s e ,   tne   r a d i a t o r   f o r   c u r v e   E  was  i d e n t i c a l  

in  a l l   d i m e n s i o n a l   r e s p e c t s   to  t he   r a d i a t o r   of  c u r v e   D .  

as  shown,   t h e   r a d i a t o r   of  c u r v e   E  had  a  j / f   v a l u e   o f  

0 . 4 2 2   a t   a  R e y n o l d ' s   number   of  600,   and  a  v a l u e   of  0 . 3 1 8  

at  a  R e y n o l d ' s   number   of  4 , 0 0 0 .   T h e s e   e n d - p o i n t   v a l u e s  

f o r   the   p a r t i c u l a r   R e y n o l d ' s   number   r a n g e   c o n s i d e r e d  



r e p r e s e n t   c o n v e c t i v e   h e a t   t r a n s f e r   p e r f o r m a n c e   i m p r o v e -  

ment   of  88%  and  104%,  r e s p e c t i v e l y ,   r e l a t i v e   to  t h e  

p r i o r   a r t   r a d i a t o r   of  c u r v e   A.  As  shown  by  the   g r a p h  

of  F i g u r e   31,   t he   r a d i a t o r s   c o n s t r u c t e d   in  a c c o r d a n c e   w i t h  

the   p r e s e n t   i n v e n t i o n   a l l   p r o v i d e d   s u b s t a n t i a l   i m p r o v e -  

ment   in  c o n v e c t i v e   h e a t   t r a n s f e r   e f f i c i e n c y   o v e r   t h e  

f u l l   R e y n o l d ' s   n u m b e r   r a n g e   c o n s i d e r e d   r e l a t i v e   to  the   p r i o r  

a r t   r a d i a t o r   ( c u r v e   A)  c o n s t r u c t e d   in   a c c o r d a n c e   w i t h   t h e  

t e a c h i n g s   of  Kun  U.  S.  P a t e n t   No.  3 , 8 1 0 , 5 0 9 .  

B a s e d   on  t he   r e s p e c t i v e   c u r v e s   B  -   E  o f  

F i g u r e   31 ,   r e p r e s e n t i n g   v a r i o u s   e m b o d i m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n ,   i t   m i g h t   a p p e a r   t h a t   t he   use   of  a  

s e c o n d a r y   s u r f a c e   p l a t e - l i k e   member  b e t w e e n   a d j a c e n t  

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

shown  in  F i g u r e   18  h e r e i n ,   wou ld   be  d i s a d v a n t a g e o u s  

r e l a t i v e   to  t h e   p r o v i s i o n   of  a  h e a t   e x c h a n g e r   c o r e   l a c k -  

ing   s u c h   form  of  s e c o n d a r y   s u r f a c e ,   as  f o r   e x a m p l e ,   in   a  

c o r e   of  t he   t y p e   shown  in   F i g u r e   17  h e r e i n .   In  F i g u r e  

31,  t he   p o s i t i o n   of  t he   c u r v e s   C  and  E,  r e p r e s e n t i n g  

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

a r e   s e e n   to  be  p o s i t i o n e d   v e r t i c a l l y   a b o v e   the   c o r r e s p o n d -  

i ng   c u r v e s   B  a n d   D,  r e s p e c t i v e l y ,   t he   l a t t e r   p a i r   o f  

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

s u r f a c e   p l a t e - l i k e   members   b e t w e e n   the   a d j a c e n t   e l e m e n t s  

in  the   h e a t   e x c h a n g e r   c o r e .   D e s p i t e   such   f a c t   i . e . ,   t h a t  

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



b e t w e e n   a d j a c e n t   c h a n n e l   e l e m e n t s   in  the   c o r e   of  t h e  

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

n e s s   of  t he   r a d i a t o r ,   i t   is   shown  in  F i g u r e   32  t h a t   t h e  

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

s e c o n d a r y   s u r f a c e   p l a t e - l i k e   members   is   in   f a c t   h i g h e r  

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

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

F i g u r e s   32  i s   a  g r a p h   of  h e a t   t r a n s f e r   m a t e r i a l  

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

c o n n e c t i o n   w i t h   F i g u r e   31,   p l o t t e d   a s - a   f u n c t i o n   of  g a s  

f l o w   v e l o c i t y   at   t h e   f a c e   of  t he   r a d i a t o r .   The  c u r v e  

d e s i g n a t i o n s   B  -   D  in  F i g u r e   32  r e f e r   to  t he   same  r a d i -  

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

l a b e l e d   c u r v e s   in   F i g u r e   31 .   The  o r d i n a t e   of  F i g u r e   3 2  

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

in   u n i t s   B T U / l b .   of  m e t a l   in   t h e   r a d i a t o r   c o r e ,   r e p -  

r e s e n t i n g   t h e   a m o u n t   of  h e a t   t r a n s f e r r e d ,   in   BTUs,  f r o m  

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

t h e   c h a n n e l   e l e m e n t s   to  t h e   e x t e r n a l   h e a t   t r a n s f e r  

medium  ( a i r )   f l o w i n g   o v e r   t he   e x t e r i o r   s u r f a c e s   of  t h e  

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

p r e s e n t .   The  a b s c i s s a   of  F i g u r e   32  is   t he   f a c e   v e l o c i t y  

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

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

v e l o c i t y   m e a s u r e d   a t   t he   f o r w a r d   b a s e   of  t he   r a d i a t o r  

in   t he   t e s t   a s s e m b l y ,   as  m e a s u r e d   in   a  d i r e c t i o n   p e r p e n -  

d i c u l a r   to  the   p l a n e   c o n t a i n i n g   the   l o n g i t u d i n a l   axes   o f  



t h e   s t a c k e d   c h a n n e l   e l e m e n t s   in  t he   r a d i a t o r   c o r e .   As 

i l l u s t r a t e d   in  F i g u r e   32,  the   u s e   of  s e c o n d a r y   s u r f a c e  

p l a t e - l i k e   members   b e t w e e n   a d j a c e n t   c h a n n e l   e l e m e n t s   i n  

the   r a d i a t o r ,   r e p r e s e n t e d   by  c u r v e s   B  a n d   D,  p r o v i d e d  

s i g n i f i c a n t   i m p r o v e m e n t   in   t he   h e a t   t r a n s f e r   c a p a c i t y  

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

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

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

p l a t e - l i k e   m e m b e r s ,   r e p r e s e n t e d   by  c u r v e s   C  and  E,  r e -  

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

i m p o r t a n t   f a c t o r   in   g e n e r a l   r a d i a t o r   d e s i g n ,   t he   use   o f  

s e c o n d a r y   s u r f a c e   p l a t e - l i k e   member s   b e t w e e n   a d j a c e n t  

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

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

the   p r e s e n t   i n v e n t i o n ,   s i n c e   t h e   same  t o t a l   h e a t   t r a n s f e r  

c a p a c i t y   can  be  r e a l i z e d   in  a  c o r r e s p o n d i n g l y   s m a l l e r  

s i z e d   r a d i a t o r   t h a n   i f   s u c h   s e c o n d a r y   s u r f a c e   members   a r e  

n o t   e m p l o y e d .   I t   w i l l   be  a p p a r e n t   t h a t   the   c h o i c e   o f  

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

members   b e t w e e n   a d j a c e n t   c h a n n e l   e l e m e n t s   in   h e a t   e x c h a n g -  

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

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

in  F i g u r e s   3 1  a n d   32  o f   c o n v e c t i v e   h e a t   t r a n s f e r   e f f e c t i v e -  

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

h e a t   e x c h a n g e r   in   t e rms   of  the   h e a t   e x c h a n g e   c a p a c i t y   p e r  

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

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



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

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

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

w h i c h   t he   c h a n n e l   e l e m e n t s   can  a c c o m m o d a t e .   T h i s   i s  

shown  by  F i g u r e   33,   w h i c h   i s   a  g r a p h   of  c h a n n e l   e l e m e n t  

w a l l   member  d e f l e c t i o n   p l o t t e d   as  a  f u n c t i o n   of  i n t e r n a l  

vacuum  p r e s s u r e   and  a l s o   as  a  f u n c t i o n   of  i n t e r n a l  

b u c k l i n g   p r e s s u r e   f o r   a  c h a n n e l   e l e m e n t   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   ( r e p r e s e n t e d   by  t h e   c u r v e s   l a b e l e d   " M " )  

and  a  c h a n n e l   e l e m e n t   a c c o r d i n g   to  Kun  U.  S.  P a t e n t   N o .  

3 , 8 1 0 , 5 0 9   ( r e p r e s e n t e d   by  c u r v e s   l a b e l e d   " N ' ) .  

In  b o t h   t h e   b u c k l i n g   and  v a c u u m   p r e s s u r e  

t e s t s ,   f rom  w h i c h   t h e   d a t a   p l o t t e d   in   t h e   g r a p h s   of  F i g u r e  

31  w e r e   g e n e r a t e d ,   a  s i n g l e   c h a n n e l   e l e m e n t   was  r e s t r a i n e d  

by  two  b l o c k s   e a c h   d i s p o s e d   a l o n g   a  s i d e   w a l l   of  t h e  

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

the   w a l l   p r o j e c t i o n   p o r t i o n s   t h e r e o f .   The  end  b l o c k s  

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

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

r e t a i n e d   in   p o s i t i o n   by  s u i t a b l e   c l a m p i n g   m e a n s .   S m a l l  

h o l e s   w e r e   p r o v i d e d   in   t he   b l o c k s   t h r o u g h   w h i c h   d e f l e c t i o n  

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

e l e m e n t   s i d e   w a l l   member   a t   the   i n n e r m o s t   p o i n t   on  t h e  

e x t e r i o r   w a l l   s u r f a c e .   In  t h e s e   t e s t s ,   t he   d e f l e c t i o n   o f  

t h e   b l o c k s   was  a l s o   m e a s u r e d   and  the   v a l u e s   m e a s u r e d   w e r e  

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

c h a n n e l   e l e m e n t   w a l l   member .   Both  i n i t i a l l y   open  ends  o f  



t he   c h a n n e l   e l e m e n t   were   s e a l e d   w i t h   an  epoxy   s e a l a n t ,  

and  a  t u b e   was  p r o v i d e d   at   one  end  s e c t i o n   of  t he   c h a n n e l  

e l e m e n t   in   c l o s e d   gas  f l ow  c o m m u n i c a t i o n   w i t h   the   i n t e r -  

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

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

gas  t h e r e f r o m .   The  c u r v e s   in   F i g u r e   33  e a c h   r e p r e s e n t  

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

The  c u r v e s   l a b e l e d   "N"  in   t he   g r a p h s   of  F i g u r e  

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

c a t e d   f rom  a l u m i n u m   of  0 . 0 0 8   i n c h   t h i c k n e s s   in   t h e  

m a n n e r   t a u g h t   Kun  U.  S.  P a t e n t   N o . 3 ,   8 1 0 , 5 0 9 .   The  s u r f a c e  

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

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

member   s u r f a c e ,   e a c h   p r o j e c t i o n   h a v i n g   a  c i r c u l a r   l o a d -  

b e a r i n g   end  s e g m e n t   w i t h   a  d i a m e t e r   of  0 . 0 4 5   i n c h .   T h e  

w a l l   s u r f a c e   p r o j e c t i o n s   were   p r o v i d e d   in   a  t r i a n g u l a r  

a r r a y   w i t h   an  e f f e c t i v e   s p a c i n g   b e t w e e n   p r o j e c t i o n s   o f  

0 . 4 8   i n c h   and  t h e   h e i g h t   of  e a c h   w a l l   s u p p o r t i n g   p r o j e c t i o n  

was  0 . 0 4 3   i n c h .   The  c h a n n e l   e l e m e n t  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 ,   w h i c h   was  t e s t e d   to  y i e l d   t he   c u r v e s  

l a b e l e d   "M"  in   the   g r a p h   of  F i g u r e   3 3 ,   was  f a b r i c a t e d   f r o m  

a l u m i n u m   of  0 . 0 0 8   i n c h   t h i c k n e s s   and  had  t h e   d i m e n s i o n a l  

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

" F i g u r e  5   E l e v a t i o n a l   C o n t o u r " .  

In  t he   vacuum  p r e s s u r e   d e f l e c t i o n   t e s t ,   r e f l e c t e d  

in  t he   p l o t s   on  the   l e f t - h a n d   s i d e   of  F i g u r e   33,   gas  w a s  

e v a c u a t e d   f rom  the   c h a n n e l   e l e m e n t  t h r o u g h   t h e  



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

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

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

w a l l   p r o j e c t i o n s   was  m e a s u r e d   a t   v a r i o u s   v a l u e s   o f  

v a c u u m   p r e s s u r e ,   m e a s u r e d   in   u n i t s   of  i n c h e s   of  Hg.  As  

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

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

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

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

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   by  c o m p a r i s o n ,   s h o w e d  

r e l a t i v e l y   l i t t l e   w a l l   d e f l e c t i o n   even   a t   h i g h   n e g a t i v e  

p r e s s u r e   l e v e l .  F o r   e x a m p l e ,   at   a  v a c u u m   p r e s s u r e   o f  

-20   i n c h e s   Hg,  t he   d e f l e c t i o n   m e a s u r e d   f o r   t h e   p r i o r   a r t  

c h a n n e l   e l e m e n t   c u r v e   N  was  a b o u t   0 . 4 3   mm  w h i l e   the   w a l l  

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

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

-  o n l y   0 . 0 4   mm.  The  d e f l e c t i o n   of  t he   c h a n n e l   e l e m e n t  

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   was  t h u s   o v e r   90% 

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

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

of  - 2 0   i n .   Hg.  f 

The  r i g h t   h a n d   p l o t   in   F i g u r e   33  s h o w s  

d e f l e c t i o n   of  t h e   c h a n n e l   e l e m e n t   w a l l   member  as  a 

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

e l e m e n t   i n t e r i o r   p a s s a g e .   As  shown,   t he   d e f l e c t i o n  

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

( c u r v e   N)  a r e   s u b s t a n t i a l l y   and  i n c r e a s i n g l y   g r e a t e r   t h a n  



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

to  t he   p r e s e n t   i n v e n t i o n   ( c u r v e   M).  For   e x a m p l e ,   a t  

an  i n t e r n a l   p r e s s u r e   l e v e l   of  50  p s i ,   the   p r i o r   a r t   c h a n n e l  

e l e m e n t   of  c u r v e   N  e x h i b i t e d   a  w a l l   d e f l e c t i o n   of  a p p r o x -  

i m a t e l y   .37  mm,  w h i l e   t h e   c h a n n e l   e l e m e n t   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   e x h i b i t e d   a  d e f l e c t i o n   of  o n l y   0 . 0 9 7   mm, 

a  v a l u e   74%  l o w e r   t h a n   d e f l e c t i o n   l e v e l   of  t he   p r i o r   a r t  

c h a n n e l   e l e m e n t .   As  a l s o   shown  by  the   p l o t ,   the   c h a n n e l  

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

i n t e r n a l   p r e s s u r e   l e v e l s   of  u p  t o   60  p s i   w i t h o u t   u n d u e   o r  

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

l e v e l   of  60  p s i ,   t he   d e f l e c t i o n   of  the   w a l l   m e m b e r  

a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n   is  o n l y   a b o u t   .12  mm, 

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

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

20  p s i .   The  v a r i o u s   c u r v e s   in  F i g u r e   33  t h u s   c l e a r l y  

show  t he   s t r i k i n g ,   s u b s t a n t i a l   and  u n e x p e c t e d   i m p r o v e m e n t  

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

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

- o v e r   p r i o r  a r t   c h a n n e l   e l e m e n t s .  

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

i n v e n t i o n   have   b e e n   d e s c r i b e d   in   d e t a i l ,   i t   w i l l   b e  

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

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

w i t h i n   the   s c o p e   of  t h e   i n v e n t i o n .   For   e x a m p l e ,   a l t h o u g h  



t he   d i s c l o s u r e   h e r e i n   has   b e e n   d i r e c t e d   p r i m a r i l y   t o  

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

e l e m e n t s ,   i t   w i l l   be  a p p r e c i a t e d   t h a t   t he   h e a t   e x c h a n g e  

w a l l   member   of  t h i s   i n v e n t i o n   may  s u i t a b l y   be  e m p l o y e d   i n  

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

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

f l o w ,   c o n c u r r e n t   f l o w   and   c o u n t e r   f l o w   of  the   h e a t  

e x c h a n g i n g   f l u i d s .  



1.  A  h e a t   e x c h a n g e   w a l l   member  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   h a v i n g   a  m u l t i p l i c i t y   of  w a l l   p r o j e c t i o n  

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

o u t w a r d l y  
e x t e n d i n g / t h e r e f r o m   w i t h   l o a d - b e a r i n g   end  s e g m e n t s   at   t h e i r  

e x t r e m i t i e s ,   w h e r e b y   s a i d   w a l l   member  may  be  s u p p o r t e d  

a b u t t i n g l y   a g a i n s t   an  a d j a c e n t   s t r u c t u r a l   member  by  s a i d  

l o a d - b e a r i n g   end  s e g m e n t s   of  s a i d   w a l l   p r o j e c t i o n   p o r t i o n s ,  

c h a r a c t e r i z e d   in   t h a t :  

s a i d   w a l l   p r o j e c t i o n   p o r t i o n s   e x t e n d  

e l o n g a t e l y   on  s a i d   w a l l   member  s u r f a c e   w i t h   the   l o a d -  

h e a r i n g   s e g m e n t s   t h e r e o f   h a v i n g   an  a s p e c t   r a t i o   ( d 2 / d 1 )  

of  a t   l e a s t   10,  w h e r e i n   d2=  l e n g t h   of  t he   m a j o r   a x i s   o f  

s a i d   w a l l   p r o j e c t i o n   p o r t i o n   l o a d - b e a r i n g   end  s e g m e n t  

m e a s u r e d   in   t he   b a s e   p l a n e   of  t h e   w a l l   member  and  d1  =  

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

l o a d - b e a r i n g   end  s e g m e n t   m e a s u r e d   in   t h e   b a s e   p l a n e   of  t h e .  

w a l l   m e m b e r ,  

s a i d   w a l l   p r o j e c t i o n   p o r t i o n s   -are   o r i e n t -  

ed  on  s a i d   w a l l   member  s u r f a c e   w i t h   t he   m a j o r   axes   o f  

s a i d   l o a d - b e a r i n g   end  s e g m e n t s   of  s a i d   w a l l  p r o j e c t i o n  

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

a n d  



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

d i m e n s i o n a l   s i z e   and  a  d i m e n s i o n a l   r e l a t i o n s h i p   t h e r e -  

b e t w e e n   d e f i n e d   by  a  D  d i m e n s i o n   of  b e t w e e n   a b o u t   0 .2   a n d  

3 . 0   i n c h ,   a  H/D  r a t i o   of  b e t w e e n   a b o u t   0 . 0 5   and  0 . 5 ,   a n d  

a  D / d l   r a t i o   of  b e t w e e n   a b o u t  1 . 5  a n d   50,  w h e r e i n : H   e q u a l s  

the   maximum  h e i g h t   m e a s u r e d   p e r p e n d i c u l a r l y   f rom  t he   b a s e  

p l a n e   of  t he   w a l l   member   to  t he   i n n e r m o s t   p o i n t   on  the   w a l l  

member   s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   s u r f a c e   p r o j e c t i o n s ;  

D  e q u a l s   t he   s p a c i n g   b e t w e e n   t h e   m a j o r   a x e s   of  l o a d - b e a r i n g  

end  s e g m e n t s   of  a d j a c e n t   w a l l   p r o j e c t i o n   p o r t i o n s   a s  

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

p l a n e   of  t h e   w a l l   m e m b e r ;   and  t h e  

b a s e   p l a n e   of  t he   w a l l   member   i s   a  p l a n e   c o n t a i n i n g   t h e  

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

ly  f r o m   t h e   w a l l   member   s u r f a c e   to  a  u n i f o r m   e x t e n t .  

2 .  A   h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   i n c l u d -  

i n g   two  s p a c e d - a p a r t   w a l l   members   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   b o u n d i n g  a   f l u i d   f l o w   c h a n n e l   and  h a v i n g   a 

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

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

w i t h   l o a d - b e a r i n g   end  s e g m e n t s   a t   t h e i r   e x t r e m e t i e s ,  

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

a g a i n s t   an  a d j a c e n t   s t r u c t u r a l   member  by  s a i d   l o a d -  

b e a r i n g   end  s e g m e n t s   of  s a i d   w a l l   p r o j e c t i o n   p o r t i o n s ,  

c h a r a c t e r i z e d   in  t h a t :  



s a i d   w a l l   p r o j e c t i o n   p o r t i o n s   e x t e n d  

e l o n g a t e l y   on  s a i d   w a l l   member  s u r f a c e   w i t h   the   l o a d -  

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

of  a t   l e a s t   10,  w h e r e i n   d2=  l e n g t h   of  t he   m a j o r   a x i s   o f  

s a i d   w a l l   p r o j e c t i o n   p o r t i o n   l o a d - b e a r i n g   end  s e g m e n t  

m e a s u r e d   in   the   b a s e   p l a n e   of  t he   w a l l   member  and  d1  = 

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

l o a d - b e a r i n g   end  s e g m e n t   m e a s u r e d   in   t he   b a s e   p l a n e   of  t h e  

w a l l   m e m b e r ;  

s a i d   w a l l   p r o j e c t i o n   p o r t i o n s   a r e   o r i e n t -  

ed  on  s a i d   w a l l   member  s u r f a c e   w i t h   t h e   m a j o r   axes   o f  

s a i d   l o a d - b e a r i n g   end  s e g m e n t s   of  s a i d   w a l l   p r o j e c t i o n  

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

a n d  

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

d i m e n s i o n a l   s i z e   and  a  d i m e n s i o n a l   r e l a t i o n s h i p   t h e r e -  

b e t w e e n   d e f i n e d   b y  a   D  d i m e n s i o n   of  b e t w e e n   a b o u t   0 . 2   a n d  

' 3 . 0   i n c h ,   a  H/D  r a t i o   of  b e t w e e n   a b o u t   0 . 0 5   and  0 . 5 ,   a n d  

a  D/d1   r a t i o   of  b e t w e e n   a b o u t   1 .5   and   50,  w h e r e i n : H   e q u a l s  

t he   maximum  h e i g h t   m e a s u r e d   p e r p e n d i c u l a r l y   f rom  the   b a s e  

p l a n e   of  the   w a l l   member  to  t he   i n n e r m o s t   p o i n t   on  t he   w a l l  

member  s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   s u r f a c e   p r o j e c t i o n s ;  
D  e q u a l s   the   s p a c i n g   b e t w e e n   t he   m a j o r   axes   of  l o a d - b e a r i n g  
end  s e g m e n t s   of  a d j a c e n t   w a l l   p r o j e c t i o n   p o r t i o n s   a s  

m e a s u r e d   p e r p e n d i c u l a r l y   to  s a i d   m a j o r   axes   in  the  b a s e  



p l a n e   of  t he   w a l l   member ;   and  t h e  

b a s e   p l a n e   of  t he   w a l l   member   is  a  p l a n e   c o n t a i n i n g   t h e  

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

ly  f rom  t he   w a l l   member  s u r f a c e   to  a  u n i f o r m   e x t e n t .  

3.  A  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g  

to  c l a i m   2  w h e r e i n   s a i d   two  s p a c e d - a p a r t   w a l l   m e m b e r s  

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

s p a c e d   a p a r t   by  edge   w a l l s ,   w i t h   s a i d   s i d e   w a l l s   a n d  

edge   w a l l s   e a c h   h a v i n g   a  t h i c k n e s s   of  b e t w e e n   a b o u t   0 . 0 0 3  

and  0 . 2 5   i n c h .  

4 .   A  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g  

to  c l a i m  3   w h e r e i n   s a i d   s i d e   w a l l s   and  edge  w a l l s   a r e  

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

0 . 0 0 3   and  0 . 1 0   i n c h .  

5 .   A  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g  



to  c l a i m  Z   w h i c h   e x t e n d s   l o n g i t u d i n a l l y   and  has  a n  

e l o n g a t e d   c r o s s   s e c t i o n   bound  by  s a i d   two  s p a c e d - a p a r t  

w a l l   members   as  s i d e   w a l l s   s p a c e d   a p a r t   by  edge  w a l l s ,  

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

a t   one  end  and  a  f i r s t   f l u i d   e x i t   o p e n i n g   a t   t he   o p p o s i t e  

e n d .  

6.  A  h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g  

t o ' c l a i m   5  w h e r e i n   s a i d   w a l l   p r o j e c t i o n   p o r t i o n s   e x t e n d  

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

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

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

7.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n  

the   w a l l   s u r f a c e   b e t w e e n   a d j a c e n t   w a l l   p r o j e c t i o n  

p o r t i o n s   i s   s u b s t a n t i a l l y   p l a n a r .  

8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n  

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

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

9.  A p p a r a t u s   a c c o r d i n g   t o   c l a i m   1  or  2  w h e r e i n  

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

has   an  e l e v a t i o n a l   c o n t o u r   w h i c h   i s   c o n c a v e l y   c i r c u l a r .  

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

h e a t   e x c h a n g e   c h a n n e l   e l e m e n t   a c c o r d i n g   to  c l a i m   2 .  

11.  A  h e a t   e x c h a n g e r   c o m p r i s i n g   a  m u l t i p l i c i t y  



of  c h a n n e l   e l e m e n t s   a c c o r d i n g   to  c l a i m   2  e a c h   h a v i n g   a n  

e l o n g a t e d   c r o s s   s e c t i o n   b o u n d   by  s a i d   w a l l   members   a s  

s i d e   w a l l s   s p a c e d   a p a r t   by  edge   w a l l s ,   s a i d   c h a n n e l  

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

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

end  and  a  f i r s t   f l u i d   e x i t   o p e n i n g   a t   the   o p p o s i t e   e n d ,  

and  common  i n l e t   m a n i f o l d   means   and  common  e x i t   m a n i f o l d  

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

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

12.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   1 1  w h e r e -  

in   t he   l o a d - b e a r i n g   end  s e g m e n t s   of  w a l l   p r o j e c t i o n  

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

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

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

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

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

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

may  be  f l o w e d   in   h e a t   e x c h a n g e   w i t h   t he   f i r s t   f l u i d .  

13.   A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   12  c o m -  

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

c h a n n e l   e l e m e n t s .  

14 .   A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   1 1  

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

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

l i k e   members   b e i n g   d i s p o s e d   b e t w e e n   a d j a c e n t   c h a n n e l  



e l e m e n t s   w i t h   t he   l oad   b e a r i n g   end  s e g m e n t s   of  the   w a l l  

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

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

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

members   a r e   m a i n t a i n e d   in  t h e r m a l   c o n t a c t   w i t h   s a i d  

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

s e g m e n t s  t h e r e o f .  

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

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

p l a n a r .  

16.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   1 4  

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

c i t y   of  s u r f a c e   d i s t o r t i o n s   d i s t r i b u t e d   a c r o s s   p o r t i o n s  

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

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

17.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   16  

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

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

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

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

18.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n  

s a i d   a s p e c t   r a t i o   ( d 2 / d l )   i s   a t   l e a s t   3 0 .  

19.  A p p a r a t u s   a c c o r d i n g  -  



to  c l a i m   1  or  2  w h e r e i n   s a i d   w a l l   p r o j e c t i o n   p r o t i o n s   e x t e n d  

o u t w a r d l y   to  a  u n i f o r m   e x t e n t   and  have   f l a t   l o a d - b e a r i n g  

end  s e g m e n t s   at   t h e i r   e x t r e m i t i e s .  

20.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n :  

H  i s   b e t w e e n   a b o u t   0 . 0 3 5   and   0 . 0 8 0   i n c h ;   D  i s   b e t w e e n   a b o u t  

0 . 4   and   1 .1   i n c h :   and  d1  i s   b e t w e e n   a b o u t   0 . 0 1   and  0 . 0 5   i n c h .  

21.   A  h e a t   e x c h a n g e r   i n c l u d i n g   a  s t a c k e d  

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

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

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

w a l l   member  b e i n g   d i s t r i b u t e d   a c r o s s   t he   w a l l   member  s u r -  

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

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

e x t r e m i t i e s ,   w h e r e b y   s a i d   c h a n n e l   e l e m e n t s   may  be  s u p p o r t -  

ed  a b u t t i n g l y   a g a i n s t   a d j a c e n t   s t r u c t u r a l   members   s a i d  

l o a d - b e a r i n g   end  s e g m e n t s   of  s a i d   w a l l   p r o j e c t i o n   p o r t i o n s ,  

c h a r a c t e r i z e d   in   t h a t :  

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

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

f u l l   w i d t h   of  s a i d   w a l l   member  s u r f a c e s   of  s a i d   c h a n n e l  

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

an  a s p e c t   r a t i o   ( d 2 / d 1 )   of  a t   l e a s t   30,  w h e r e i n   d  =  

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

l o a d - b e a r i n g   end  s e g m e n t   m e a s u r e d   in  t he   b a s e   p l a n e   o f  



the   wa..l   member  and  d1  =  l e n g t h   of  t he   m i n o r   a x i s   of  s a i d  

w a l l   p r o j e c t i o n   p o r t i o n   l o a d - b e a r i n g   end  s e g m e n t   m e a s u r e d  

in  the   base  p l a n e   of  the   w a l l   m e m b e r ;  

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

a r e   o r i e n t e d   on  s a i d   w a l l   member  s u r f a c e s   of  s a i d  

c h a n n e l   e l e m e n t s   w i t h   t he   m a j o r   axes   of  s a i d   l o a d - b e a r i n g  

end  s e g a n t s   of  s a i d   w a l l   p r o j e c t i o n   p o r t i o n s   a l i g n e d   s u b -  

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

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

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

p o r t i o n s  h a v i n g   a  d i m e n s i o n a l   s i z e   and  a  d i m e n s i o n a l   r e -  

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

a b o u t  0 . 2  a n d   3 .0   i n c h ,   a  H/D  r a t i o   of  b e t w e e n   a b o u t   0 . 0 5  

and  0 . 5 ,   a   D/d1   r a t i o   of  b e t w e e n   a b o u t   1 .5   and   50,  w h e r e i n :  

H  e q u a l s   th  maximum  h e i g h t   m e a s u r e d   p e r p e n d i c u l a r l y  

f rom  t he   bas  p l a n e   of  t he   c h a n n e l   e l e m e n t   w a l l   member  t o  

t he   i n n e r m o s t   p o i n t   on  t h e   w a l l   member  s u r f a c e   b e t w e e n  

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

D  e q u a l s   t h e   s a c i n g   b e t w e e n   the   m a j o r   axes   of  l o a d - b e a r i n g  

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

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

m a j o r   axes   in   tl  b a s e   p l a n e   of  t he   c h a n n e l  

e l e m e n t   member ;   d   the   b a s e   p l a n e   of  the   c h a n n e l  

e l e m e n t   w a l l   memb  is  a  p l a n e   c o n t a i n i n g   the   l o a d -  

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

w a l l   m e m b e r .  



22.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  2  w h e r e i n  

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

m e m b e r .  

23.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or   2  w h e r e i n  

the   H/D  r a t i o   i s   b e t w e e n   a b o u t   0 . 0 5   and  0 . 4 .  

24.   A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   1 1  

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

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

p l a n e   and   s a i d   s t a c k e d   a r r a y   c o n t a i n s   a t   l e a s t   40  c h a n n e l  

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

s t a c k e d   a r r a y   b e i n g   m e a s u r e d   in   s a i d   common  p l a n e   in   a  

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

a x e s .  

25 .   A  h e a t   e x c h a n g e   w a l l   member   a c c o r d i n g   t o  

c l a i m   1  w h e r e i n   s a i d   w a l l   p r o j e c t i o n   p o r t i o n s   e x t e n d  

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

s a i d   w a l l   member   in   t he   d i r e c t i o n   of   e l o n g a t i o n   of   s a i d  

w a l l   p r o j e c t i o n   p o r t i o n s .  

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

h e a t   e x c h a n g e   w a l l   member  a c c o r d i n g   to  c l a i m   1 .  

27 .   A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   2 6  

w h e r e i n   t h e   l o a d - b e a r i n g   end  s e g m e n t s   of  w a l l   p r o j e c t i o n  

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

m a t i n g   w i t h   and   a b u t t i n g   a g a i n s t   l o a d - b e a r i n g   end  s e g m e n t s  

of  t he   p r o j e c t i o n   p o r t i o n s   of  an  a d j a c e n t   w a l l   m e m b e r ,  

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



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

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

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

s a i d   w a l l   m e m b e r .  

28.   A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   2 7  

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

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

b e i n g   d i s p o s e d   b e t w e e n   a d j a c e n t   w a l l   members   w i t h   the   l o a d  

b e a r i n g   end  s e g m e n t s   of  t he   w a l l   p r o j e c t i o n   p o r t i o n s   of  t h e  

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

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

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

c o n t a c t   w i t h   s a i d   w a l l   members   a l o n g   the   a b u t t i n g   l o a d -  

b e a r i n g   end  s e g m e n t s   t h e r e o f .  

2 9 .  A   h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   2 8  

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

p l a n a r .  

30.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   2 8  

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

of  s u r f a c e   d i s t o r t i o n s   d i s t r i b u t e d   a c r o s s   p o r t i o n s   o f  

t h e i r   s u r f a c e s   w h i c h   a r e   n o t   in   a b u t t i n g ' c o n t a c t   w i t h  

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

31.  A  h e a t   e x c h a n g e r   a c c o r d i n g   to  c l a i m   30  

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

members   c o m p r i s e   p a r a l l e l   s l a t s   and  s l o t t e d   a p e r t u r e s  

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

of   t he   s e c o n d a r y   s u r f a c e   m e m b e r .  
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