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(5j)  Damage  resistant  heat  exchanger. 

©  A  damage-resistant  radiator,  typically  for  i.e.  engines  in 
land  vehicles,  has  heat-exchange  tubes  extending  between 
header  tanks,  said  tubes  being  surrounded  by  a  secondary 
heat  exchange  surface.  The  row  of  tubes  adjacent  the 
radiator  face  where  impingement  damage  is  anticipated  is 
arranged  so  that  the  tubes  are  isolated  from  the  route  of  the 
cooling  fluid  through  the  radiator.  Alternatively  the  tubes  in 
this  row  are  replaced  by  solid  rods. 
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A   damage-resistant  radiator,  typically  for  i.c.  engines  in 
land  vehicles,  has  heat-exchange  tubes  extending  between 
header  tanks,  said  tubes  being  surrounded  by  a  secondary 
heat  exchange  surface.  The  row  of  tubes  adjacent  the 
radiator  face  where  impingement  damage  is  anticipated  is 
arranged  so  that  the  tubes  are  isolated  from  the  route  of  the 
cooling  fluid  through  the  radiator.  Alternatively  the  tubes  in 
this  row  are  replaced  by  solid  rods. 



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

p a r t i c u l a r l y   bu t   no t   e x c l u s i v e l y   h e a t   e x c h a n g e r s   w h i c h  

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

e l e c t r i c i t y   g e n e r a t o r   s e t s   and  a re   used   f o r   t h e  

c o o l i n g   by  a m b i e n t   a i r   of  a  f l u i d   such   as  a  w a t e r / a n t i  

f r e e z e   s o l u t i o n   or  a  l u b r i c a n t   or  t r a n s m i s s i o n   o i l .  

Such  h e a t   e x c h a n g e r s   or  r a d i a t o r s   may  be  p a r t i c u l a r l y  

s u s c e p t i b l e   to   r u p t u r e   a n d / o r   e r o s i o n   damage  by  t h e  

i m p i n g e m e n t   of  s t o n e s ,   g r i t   or  o t h e r   f o r e i g n   b o d i e s   o n  

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

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

v e h i c l e   r a d i a t o r   are  g e n e r a l l y   r e l a t i v e l y   s o f t .   T h e  

t u b e s   may  t y p i c a l l y   be  made  of  r e l a t i v e l y   t h i n   n o n -  

f e r r o u s   m a t e r i a l s   such  as  a  c o p p e r   or  a l u m i n i u m   a l l o y  

w h i c h   have   good  h e a t   e x c h a n g e   and  c o r r o s i o n - r e s i s t a n t  

p r o p e r t i e s   bu t   are   s u s c e p t i b l e   to  f r a c t u r e   or  e r o s i o n  

damage   by  the   i m p a c t   of  r e l a t i v e l y   s m a l l   p a r t i c l e s .  

When  the   v e h i c l e   or  h e a t   e x c h a n g e r   is  o p e r a t e d   in  a  

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

i m p i n g e m e n t   damage  can  be  f a i r l y   s e r i o u s ,   r e q u i r i n g  

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

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



v e h i c l e / e q u i p m e n t .   T h i s   is   p a r t i c u l a r l y   bu t   n o t  

e x c l u s i v e l y   t r u e   in  t he   t y p e   of  e n v i r o n m e n t   a s s o c i a t e d  

w i t h   e a r t h   or  r e f u s e   mov ing   e q u i p m e n t .   T y p i c a l l y ,  

p a r t i c l e s   t h r o w n   up  by  the   o p e r a t i o n   of  e q u i p m e n t   a r e  

s u c k e d   i n t o   t he   fan   a s s o c i a t e d   w i t h   t he   r a d i a t o r   a n d  

a re   t h r o w n   o n t o   the   c o r e   of  the   r a d i a t o r .   The  i n i t i a l  

i m p a c t   a b s o r b s   much  of  the   e n e r g y   in  t h e s e   p a r t i c l e s  

so  t h a t   damage   r e s u l t i n g   in  t he   l o s s   of  l i q u i d   f r o m  

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

row  of  t u b e s .  

I t   has   p r e v i o u s l y   been   p r o p o s e d   to  s a f e g u a r d  

r a d i a t o r s   by  the   use  of  a  s e p a r a t e   mesh  s c r e e n   p l a c e d  

b e t w e e n   t he   r a d i a t o r   and  i t s   a s s o c i a t e d   f a n .   I t   h a s  

a l s o   been   p r o p o s e d   to  have   a  s e r i e s   of  t u b e   n o s e  

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

of  t u b e s   on  the   s i d e   of  the   r a d i a t o r   on  w h i c h   d a m a g e  

is   l i k e l y   to  o c c u r .  

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   t o  

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

to  i m p i n g e m e n t   d a m a g e .  

A c c o r d i n g   to  one  a s p e c t   of  the   i n v e n t i o n ,   a  

h e a t   e x c h a n g e r ,   t y p i c a l l y   f o r   use  in  a  l a n d   v e h i c l e ,  

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

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

t a n k ,   s a i d   c o r e   i n c l u d i n g   t u b e s   c a r r y i n g   the   f l u i d   t o  

be  c o o l e d   and  e x t e n d i n g   b e t w e e n   s a i d   h e a d e r   p l a t e s ,  

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

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

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

a d a p t e d   to  m i n i m i s e   i m p i n g e m e n t   damage  to  t h e  

f l u i d - c a r r y i n g   t u b e s   of  s a i d   c o r e .  



The  s a i d   s e c o n d a r y   s u r f a c e   may  be  f o r m e d   o f  

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

w i t h o u t   l o u v r e s   t h e r e i n .  

The  i n t e g r a l   means  may  c o m p r i s e   a  f i r s t   row  o f  

t u b e s   a d j a c e n t   one  f a c e   of  the   h e a t   e x c h a n g e r   a n d  

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

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

i n c r e a s e d   w a l l   t h i c k n e s s   r e l a t i v e   to  t u b e s   in  o t h e r  

rows  of  the   c o r e .  

A l t e r n a t i v e l y   the  i n t e g r a l   means   may  c o m p r i s e  

a  f i r s t   row  of  t u b e s   a d j a c e n t   one  f a c e   o f  t h e   h e a t  

e x c h a n g e r   and  c o m m u n i c a t i n g   w i t h   t he   r e s p e c t i v e  

i n t e r i o r s   of  the   h e a d e r   t a n k s ,   s a i d   f i r s t   row  of  t u b e s  

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

i m p i n g e m e n t   damage   as  c o m p a r e d   w i t h   the   m a t e r i a l   f r o m  

w h i c h   t u b e s   e m p l o y e d   in  o t h e r   rows  of  the   c o r e   a r e  

m a d e .  

As  a  f u r t h e r   a l t e r n a t i v e ,   the   i n t e g r a l   m e a n s  

may  c o m p r i s e   a  f i r s t   row  of  t u b e s   a d j a c e n t   one  f a c e   o f  

the   h e a t   e x c h a n g e r ,   bu t   not   c o m m u n i c a t i n g   w i t h   t h e  

r e s p e c t i v e   i n t e r i o r s   of  the   h e a d e r   t a n k s .   T h e  

m a t e r i a l   or  w a l l   t h i c k n e s s   of  s a i d   f i r s t   row  of  t u b e s  

may  be  d i f f e r e n t   f rom  the  t u b e s   of  t he   c o r e   t h r o u g h  

w h i c h   f l u i d   to  be  c o o l e d   can  f low  eg  the   f i r s t   row  o f  

t u b e s   may  have   a  g r e a t e r   w a l l   t h i c k n e s s   t h a n   the   t u b e s  

in  the   r e m a i n i n g   r o w s .   The  f i r s t   row  of  t u b e s   may  

e x t e n d   i n t o   a  h e a d e r   p l a t e   bu t   be  b l a n k e d   o f f   b y  
s u i t a b l e   means   w i t h i n   the  h e a d e r   t a n k s   eg  by  s o l i d  

b r a s s   i n s e r t s   b e i n g   i n s e r t e d   as  a  push   f i t   i n t o   t h e  

open   ends   of  e ach   t ube   in  s a i d   f i r s t   row  of  t u b e s .  

A l t e r n a t i v e l y   the   f i r s t   row  of  t u b e s   may  p a s s   t h r o u g h  

a l l   of  the   s e c o n d a r y   h e a t   e x c h a n g e   s u r f a c e   bu t   may  

s t o p   j u s t   s h o r t   of  the   h e a d e r   p l a t e s .   In  e i t h e r   c a s e ,  



t he   f i r s t   row  of  t u b e s   may  be  s u p p o r t e d   by  t h e  

s e c o n d a r y   s u r f a c e   of  the   c o r e   w i t h   or  w i t h o u t   f u r t h e r  

s u p p o r t   means   wh ich   may  be  c o n n e c t e d   w i t h   a n o t h e r  

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

a n o t h e r   a s p e c t   of  the   i n v e n t i o n ,   t he   f i r s t   row  o f  

t u b e s   may  be  s u p p o r t e d   s o l e l y   by  means   e x t e n d i n g   f r o m  

the   c o r e   or  o t h e r   p o r t i o n s   of  the   h e a t   e x c h a n g e r .  

In  y e t   a n o t h e r   a l t e r n a t i v e ,   the   i n t e g r a l   m e a n s  

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

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

e x c h a n g e   s u r f a c e   a d j a c e n t   one  f a c e   of  the   h e a t  

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

or  b o t h   of  the   r e s p e c t i v e   h e a d e r   p l a t e s   of  the   h e a t  

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

or  o t h e r w i s e   s e c u r e d   to  t he   s e c o n d a r y   h e a t   e x c h a n g e  

s u r f a c e   of  the   h e a t   e x c h a n g e r .   They  may  b e  

r e c t a n g u l a r   in  c r o s s - s e c t i o n ,   and  of  a  s i m i l a r   s i z e   t o  

t h a t   of  t he   t u b e s   in  the   h e a t   e x c h a n g e r .   T y p i c a l l y ,  

s a i d   s o l i d   members   may  be  made  of  b r a s s ,   t i n n e d   s t e e l ,  

a l u m i n i u m   or  p l a s t i c .  

The  c o n s t r u c t i o n s   h e r e i n b e f o r e   d e s c r i b e d   w h i c h  

e m p l o y   a  f i r s t   row  of  t u b e s ,   or  s o l i d   member s   s i m i l a r  

to  t u b e s ,   wh ich   p a s s   t h r o u g h   and  a r e   s u p p o r t e d   by  t h e  

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

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

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

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

use  of  any  s e p a r a t e   s u b - a s s e m b l i e s   wh ich   need  to  b e  

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

a t t a c h e d   to  i t .   The  h e a d e r   p l a t e s   f o r   s u c h  

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

l i n e   of  t u b e   h o l e s .  



S e v e r a l   e m b o d i m e n t s   of  the   i n v e n t i o n   w i l l   now 

be  d e s c r i b e d ,   by  way  of  e x a m p l e   o n l y ,   w i t h   r e f e r e n c e  

to  the   a c c o m p a n y i n g   s c h e m a t i c   d r a w i n g s ,   in  w h i c h : -  

F i g u r e   1  is   a  p e r s p e c t i v e   v iew  of  a  f i r s t  

e m b o d i m e n t   of  the   i n v e n t i o n ,   b e i n g   a  

r a d i a t o r   w i t h   i t s   h e a d e r   t a n k   a n d  

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

F i g u r e   2  is  an  e n l a r g e d   p e r s p e c t i v e   v iew  of  a n  

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

to  the  r a d i a t o r   shown  in  F i g u r e   1 

p r o v i d e s   a  s e c o n d   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   3  i s   a  p e r s p e c t i v e   v iew  of  a  f u r t h e r  

e l e m e n t   of  a  r a d i a t o r   wh ich   when  e m p l o y e d  
in  t he   r a d i a t o r   of  F i g u r e   1  p r o v i d e s   a  

t h i r d   e m b o d i m e n t   of  the   i n v e n t i o n ,  

F i g u r e s   4  and  5  i l l u s t r a t e   in  p e r s p e c t i v e   v i e w  

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

known  r a d i a t o r s ,   a n d  

F i g u r e   6  is  a  p e r s p e c t i v e   v iew  of  a  f u r t h e r  

e m b o d i m e n t   of  the   i n v e n t i o n .  

The  r a d i a t o r   of  F i g u r e   1  has   c o p p e r   t u b e s   10  

e x t e n d i n g   b e t w e e n   b r a s s   h e a d e r   p l a t e s   11  w h i c h   f o r m  

p a r t   of  the   r a d i a t o r   h e a d e r   t a n k   ( n o t   s h o w n ) .   T h e r e  

a re   f o u r   rows  of  t u b e s   10,  each   row  b e i n g   o f f s e t   t o  

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

a c r o s s   the  r a d i a t o r .   The  f i r s t   row  of  t u b e s ,   a d j a c e n t  

t he   f a c e   of  the   r a d i a t o r   l i k e l y   to  r e c e i v e   i m p i n g i n g  

p a r t i c l e s   is  i d e n t i f i e d   by  the  a r r o w   12.  T u b e s   10  a r e  

t y p i c a l l y   b r a z e d   i n t o   the  h e a d e r   p l a t e s   11  a t   each   e n d  

to  p r o v i d e   a  w a t e r - t i g h t   j o i n t .   In  t h e s e   e x a m p l e s   i t  

is   a s s u m e d   t h a t   the   f l u i d   to  be  c o o l e d ,   w h i c h   p a s s e s  



t h r o u g h   the   h e a d e r   t a n k s   and  t u b e s   10,  is   the   c o o l i n g  

w a t e r   from  t he   j a c k e t   of  an  i . c .   e n g i n e .  

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

b o n d e d   to  t u b e s   10  to  p r o v i d e   e n h a n c e d   c o o l i n g .   T h i s  

is   no t   i l l u s t r a t e d   in  F i g u r e   1  f o r   r e a s o n s   of  c l a r i t y ,  
bu t   t y p i c a l   s e c o n d a r y   h e a t   e x c h a n g e   s u r f a c e s   20  and  21 

a r e   i l l u s t r a t e d   in  F i g u r e s   4  and  5.  T h a t   shown  i n  

F i g u r e   4  e m p l o y s   a  c o r r u g a t i o n   20  and  is  known  as  a  

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

in  F i g u r e   5  e m p l o y s   f i n s   21  and  is  known  as  a  t u b e   a n d  

f i n   c o n f i g u r a t i o n .   In  each   c a s e   i t   can  be  s e e n   t h a t  

the   f i n s   21  or  c o r r u g a t i o n s   22  have   l o u v r e s   w h i c h  

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

c o r r u g a t i o n s   and  the   t u b e s   10  to  be  c o o l e d .  

The  f i r s t   row  of  t u b e s   12  in  F i g u r e   1 

c o m m u n i c a t e   w i t h   each   h e a d e r   t a n k ,   and  each   t u b e   10  o f  

the   f i r s t   row  12  has   a  g r e a t e r   w a l l   t h i c k n e s s   t h a n   t h e  

r e m a i n d e r   of  the   t u b e s   10  in  t he   c o r e   of  t h e  

r a d i a t o r .   The  t u b e s   10  in  t he   f i r s t   row  12  may  have   a  

w a l l   t h i c k n e s s   two  or  t h r e e   t i m e s   g r e a t e r   t h a n   t h a t   o f  

the   r e m a i n d e r   of  the   t u b e s   10.  F u r t h e r m o r e ,   t he   t u b e s  

10  of  the   f i r s t   row  12  may  be  made  of  a  h a r d e r  

m a t e r i a l   eg  b r a s s   as  c o m p a r e d   w i t h   c o p p e r   f o r   t h e  

r e m a i n d e r   of  t u b e s   10,  and  may  be  s o l i d   d rawn  t u b e s  

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

r e m a i n d e r   of  the   c o r e .   A l t e r n a t i v e l y   the   t u b e s   10  i n  

the   f i r s t   row  12  may  be  made  of  an  i m p i n g e m e n t  

r e s i s t a n t   a l l o y   eg  17%  ch rome   f e r r i t i c   s t e e l   and  h a v e  

the   same  w a l l   t h i c k n e s s   as  the   r e m a i n d e r   of  t u b e s   10  

in  the   r a d i a t o r   c o r e .  

F i g u r e   2  shows  a  s o l i d   b r a s s   i n s e r t   13,  one  o f  

w h i c h   is  to  be  i n s e r t e d   i n t o   e a c h   t u b e   end  of  t h e  

f i r s t   row  of  t u b e s   12  to   be  b l a n k e d   o f f ,   the   i n s e r t s  



13  b e i n g   b r a z e d   i n t o   p o s i t i o n   to  p r o v i d e   a  s e c o n d  

e m b o d i m e n t   of  the  i n v e n t i o n .   Each  i n s e r t   13  is  a  p u s h  

f i t   i n t o   e a c h   t u b e   end ,   and  in  use  e x t e n d s   i n t o   t h e  

t u b e   end  to  a  p o s i t i o n   l e v e l   w i t h   o r  b e l o w   the   h e a d e r  

p l a t e   11.  I n s e r t s   13  a re   p o s i t i o n e d   in  each   t u b e   e n d  

of  the   f i r s t   row  of  t u b e s   12  at  bo th   ends   of  e a c h  

t u b e ,   t h e r e b y   p r e v e n t i n g   any  f l u i d   f l ow  t h r o u g h   t h e  

f i r s t   row  of  t u b e s   12  from  the   h e a d e r   t a n k s .   In  t h i s  

e m b o d i m e n t ,   the   f i r s t   row  of  t u b e s   12  may  be  o f  

i d e n t i c a l   c o n s t r u c t i o n   and  m a t e r i a l   to  the   r e m a i n d e r  

of  t he   t u b e s   10  in  the   r a d i a t o r   c o r e ,   the   i m p a c t   o f  

e x t r a n e o u s   p a r t i c l e s   on  the  f i r s t   row  of  t u b e s   12  

b e i n g   s u f f i c i e n t   to  a b s o r b   mos t   of  the   e n e r g y   of  s u c h  

p a r t i c l e s   so  t h a t   t h e y   do  no  f u r t h e r   damage  in  p a s s i n g  

t h r o u g h   t he   c o r e ,   or  r e b o u n d   o f f   the   f i r s t   row  o f  

t u b e s   1 2 .  

F i g u r e   3  shows  a  r e c t a n g u l a r   c r o s s - s e c t i o n  

e l e m e n t   14  a  number   of  which   can  be  used   in  p l a c e   o f  

t h e   t u b e s   10  in  the   f i r s t   row  of  t u b e s   12  to   form  a  

t h i r d   e m b o d i m e n t   of  the   i n v e n t i o n .   The  e l e m e n t s   14  

can  be  of  s u f f i c i e n t   l e n g t h   so  t h a t   t h e y   a re   l o c a t e d  

a t   e a c h   end  in  s u i t a b l e   h o l e s   in  the   h e a d e r   p l a t e s   11  

or   t h e y   may  be  s h o r t e r   t h a n   the   t u b e s   10  and  s t o p  
s h o r t   at   one  or  b o t h   ends   from  the   h e a d e r   p l a t e s   1 1 .  

E l e m e n t s   14  can  be  s o l i d   and  made  of  b r a s s   or  t i n n e d  

s t e e l   ( p a r t i c u l a r l y   i f   t h e y   a re   to  be  b r a z e d   to  t h e  

h e a d e r   p l a t e s   11)  or  a l u m i n i u m   or  p l a s t i c .   Where  t h e  

e l e m e n t s   14  do  not   e x t e n d   to  the   h e a d e r   p l a t e s   11  t h e y  

w i l l   be  s u p p o r t e d   by  the   s e c o n d a r y   h e a t   e x c h a n g e  

s u r f a c e   20  or  21  where   t h e y   p a s s   t h r o u g h   s a i d  

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

e l e m e n t s   14  w i l l   be  p r o v i d e d   e x t e n d i n g   f rom  the   c o r e  

or  f rom  a n o t h e r   p a r t   of  the   r a d i a t o r   eg  i t s   f r a m e .  



In  t he   e m b o d i m e n t   shown  in  F i g u r e   6,  the   f i r s t  

row  of  t u b e s   15  p a s s   t h r o u g h   a l l   of  the   s e c o n d a r y   h e a t  

e x c h a n g e   s u r f a c e   bu t   s t o p   j u s t   s h o r t   of  e a c h   h e a d e r  

p l a t e   11.  In  t h i s   e m b o d i m e n t   t he   h e a d e r   p l a t e s   11  

have   no  o r i f i c e s   c o r r e s p o n d i n g   w i t h   t he   f i r s t   row  o f  

t u b e s   15,  w h i c h   a re   s u p p o r t e d   by  the   s e c o n d a r y   h e a t  

e x c h a n g e   s u r f a c e   20  or  21,  whe re   t h e y   p a s s   t h r o u g h  

s a i d   s u r f a c e .   A l t e r n a t i v e l y   or  a d d i t i o n a l l y   the   f i r s t  

row  of  t u b e s   15  may  be  s u p p o r t e d   by  s e p a r a t e   m e a n s  

e x t e n d i n g   f rom  the  c o r e   or  f rom  some  o t h e r   p a r t   of  t h e  

r a d i a t o r .   The  f i r s t   row  of  t u b e s   have  a  g r e a t e r   w a l l  

t h i c k n e s s   t h a n   the   r e m a i n d e r   of  t he   t u b e s   and  a r e  

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



1.  A  h e a t   e x c h a n g e r ,   t y p i c a l l y   f o r   use  in  a  l a n d  

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

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

a  h e a d e r   t a n k ,   s a i d   c o r e   i n c l u d i n g   t u b e s   (10)  c a r r y i n g  

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

h e a d e r   p l a t e s   ( 1 1 ) ,   t o g e t h e r   w i t h   a  s e c o n d a r y   h e a t  

e x c h a n g e   s u r f a c e   (20,   21)  bonded   to  s a i d   t u b e s   ( 1 0 ) ,  

c h a r a c t e r i s e d   in  t h a t   i n t e g r a l   means   (14,   15)  f o r m i n g  

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

damage   to  the   f l u i d - c a r r y i n g   t u b e s   (10)  of  s a i d   c o r e .  

2.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C l a i m   1 

c h a r a c t e r i s e d   in  t h a t   the   i n t e g r a l   means   c o m p r i s e s   a  

f i r s t   row  of  t u b e s   (10)  a d j a c e n t   one  f a c e   of  t he   h e a t  

e x c h a n g e r   and  c o m m u n i c a t i n g   w i t h   the  r e s p e c t i v e  

i n t e r i o r s   of  the   h e a d e r   t a n k s ,   s a i d   f i r s t   row  of  t u b e s  

(10)  b e i n g   of  i n c r e a s e d   w a l l   t h i c k n e s s   r e l a t i v e   t o  

t u b e s   (10)  in  o t h e r   rows  of  the   c o r e .  

3.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C l a i m   1 

c h a r a c t e r i s e d   in  t h a t   the   i n t e g r a l   means   c o m p r i s e s   a  
f i r s t   row  of  t u b e s   (10)  a d j a c e n t   one  f a c e   of  the   h e a t  

e x c h a n g e r   and  c o m m u n i c a t i n g   w i t h   the  r e s p e c t i v e  

i n t e r i o r s   of  the   h e a d e r   t a n k s ,   s a i d   f i r s t   row  of  t u b e s  

(10)  b e i n g   made  of  m a t e r i a l   of  i n c r e a s e d   r e s i s t a n c e   t o  

i m p i n g e m e n t   damage  as  c o m p a r e d   w i t h   the   m a t e r i a l   f r o m  

t u b e s   (10)  e m p l o y e d   in  o t h e r   rows  of  the   c o r e   a r e  

m a d e .  

4.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C l a i m   1 

c h a r a c t e r i s e d   in  t h a t   the   i n t e g r a l   means   c o m p r i s e s   a  

f i r s t   row  of  t u b e s   (15)  a d j a c e n t   one  f a c e   of  the   h e a t  

e x c h a n g e r ,   but   not   c o m m u n i c a t i n g   w i t h   the   r e s p e c t i v e  

i n t e r i o r s   of  the   h e a d e r   t a n k s .  



5.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C l a i m   4 

c h a r a c t e r i s e d   in  t h a t   the   f i r s t   row  of  t u b e s   (15)  p a s s  

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

s u r f a c e   (20,   21)  b u t   s t o p s   j u s t   s h o r t   of  t he   h e a d e r  

p l a t e s   ( 1 1 ) .  

6.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C la im  5 

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

row  of  t u b e s   (15)  is   g r e a t e r   t h a n   the   w a l l   t h i c k n e s s  

of  t he   t u b e s   (10)   in  the   r e m a i n i n g   r o w s .  

7.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C l a i m   5  o r  

C l a i m   6  c h a r a c t e r i s e d   in  t h a t   t he   f i r s t   row  of  t u b e s  

(15)  is  s u p p o r t e d   s o l e l y   by  the   s e c o n d a r y   s u r f a c e   ( 2 0 ,  

21)  of  t he   c o r e .  

8.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C la im   1 

c h a r a c t e r i s e d   in  t h a t   the   i n t e g r a l   means   c o m p r i s e  

s o l i d   l o n g i t u d i n a l   m e m b e r s   (14)  e x t e n d i n g   p a r a l l e l  

w i t h   the   t u b e s   (10)   t h r o u g h   the   s e c o n d a r y   h e a t  

e x c h a n g e   s u r f a c e   a d j a c e n t   one  f a c e   of  the   h e a t  

e x c h a n g e r .  

9.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  C la im  8 

c h a r a c t e r i s e d   in  t h a t   the   s o l i d   m e m b e r s   (14)   e x t e n d  

t h r o u g h   one  or  b o t h   of  the   r e s p e c t i v e   h e a d e r   p l a t e s  

(11)   of  t he   h e a t   e x c h a n g e r .  

10.  A  h e a t   e x c h a n g e r   as  c l a i m e d   in  any  p r e c e d i n g  

c l a i m   c h a r a c t e r i s e d   in  t h a t   the   s e c o n d a r y   s u r f a c e   ( 2 0 ,  

21)  i s   f o rmed   of  f i n s   or  c o r r u g a t i o n s   of  s u i t a b l e   h e a t  

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