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©  Heat  exchanger. 

(st)  A  heat  exchanger  such  as  an  oil  cooler  consists  of  flat 
tubes  12  spaced  apart  in  an  array.  A  connector  19  feeds  a 
header  and  another  header  is  provided  at  the  other  end  of 
the  tubes.  The  tubes  are  closed  at  the  ends  by  an  end  plate  13 
which  has  channel-shaped  depressions  13  over  the  region 
where  it  contacts  the  tubes,  and  arms  13a,  136.  The 
depressions  13  and  arms  13a,  136  hold  the  oil  cooler  tubes 
together  after  asser  -  L  '  —  >-  j 
from  the  jig  in  whi< 
brazing  apparatus 
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  A  heat  exchanger  such  as  an  oil  cooler  consists  of  flat 
tubes  12  spaced  apart  in  an  array.  A  connector  19  feeds  a 
header  and  another  header  is  provided  at  the  other  end  of 
the  tubes.  The  tubes  are  closed  at  the  ends  by  an  end  plate  13 
which  has  channel-shaped  depressions  13  over  the  region 
where  it  contacts  the  tubes,  and  arms  13a,  13b.  The 
depressions  13  and  arms  13a,  13b  hold  the  oil  cooler  tubes 
together  after  assembly  so  that  the  oil  cooler  can  be  removed 
from  the  jig  in  which  it  was  assembled  and  passed  through  a 
brazing  apparatus  without  any  jigging  means. 



This  i n v e n t i o n   r e l a t e s   to  a  heat   exchanger .   It  is  p a r t i c u l a r l y  

concerned  with  both  a  form  of  exchanger   and  a  method  of  f a b r i c a t i n g  

i t .  

The  present   i n v e n t i o n   p r o v i d e s   a  heat  exchanger   compr i s ing :   a  s t a c k  

of  tubes  m a i n t a i n e d   in  c o - e x t e n s i v e   space  a r r a y ;   two  headers   com- 

munica t ing   with  the  t u b e s ;   and  an  end  p l a t e   for   each  end  of  t h e  

stack  which  c lose   the  tubes   and  l o c a t e   the  tubes   in  the  s p a c e d  

a r r a y .  

The  l o c a t i o n   of  the  tubes   by  the  end  p l a t e s   f a c i l i t a t e s   t r a n s f e r  

of  the  heat  exchanger   to  a  b r a z i n g   a p p a r a t u s   dur ing   m a n u f a c t u r e .  

In  a  p r e f e r r e d   form  of  the  i n v e n t i o n   the  heat  exchanger   has  t ubes   o f  

f l a t t e n e d   s e c t i o n . .   The  end  p l a t e   p r e f e r a b l y   has  c h a n n e l - s h a p e d  

dep re s s ions   over  the  r e g i o n   where  it   engages  the  t ubes ,   the  w a l l s  
c  

of  the  d e p r e s s i o n s   con ta  t ing   the  end  p o r t i o n s   of  the  o u t s i d e   of  t h e  

tubes .   The  t ubes   f i t   in  the  c h a n n e l - s h a p e d   d e p r e s s i o n s ,   wh ich  

complement ' the  shape  of  the  tubes ,   p r o v i d i n g   c losu re   for   the  t u b e s ,  

a s s i s t a n c e   in  l o c a t i o n   of  the  tubes ,   and  a  good  con t ac t   area   b e t w e e n  

the  ends  of  the  tubes   and  the  end  p l a t e   which  f a c i l i t a t e s   good  s e a l i n g  

of  the  ends  of  the  tubes   du r ing   b r a z i n g .  



The  end  p l a t e   is  a d v a n t a g e o u s l y   secured   by  b r a z i n g .  

The  i n v e n t i o n   a l so   p rov ides   a  method  of  f a b r i c a t i n g   a  heat   e x c h a n g e r  

compr i s ing   the  s teps   of  a s sembl ing   the  s t ack   and  end  p l a t e s   in  a  j i g ,  

removing  i t   from  the  j i g ,   and  u n d e r t a k i n g   a  s i n g l e   b r a z i n g   o p e r a t i o n  

to  un i t e   the  a s s e m b l y .  

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  example  with  r e f e r e n c e  

to  the  accompanying  drawing,   in  w h i c h  :  

F igure   1  is  a  p a r t i a l l y   exploded  view  of  an  o i l   c o o l e r ;  

F igure   2  is  a  s e c t i o n   through  an  end  p l a t e   on  the  o i l   c o o l e r .  

F igure   1  shows  a  spaced  a r ray   or  s t ack   11  of  f l a t   wal led   t u b e s  

t y p i c a l l y   tube  12.  The  tubes   are  both  c losed   at  each  end  and  s p a c e d  

a p a r t   by  end  p l a t e s   13  ofwhich only one is  shown,  A  s e c t i o n   of  the  e n d  

p l a t e   13  is  shown  in  Figure  2  l o c a t e d   at  the  end  of  s tack   11.  The 

end  p l a t e   13  is  p rovided  with  a  s e r i e s   of  c h a n n e l - s h a p e d   d imples   14 

each  of  which  co r respond   in  shape  to  the  end  of  the  tube  which  t h e y  

serve  bo th   to  c lose   and  to  l o c a t e   in  the  s t a c k .   I f   the  end  p l a t e  

was  f l a t ,   the  t ubes   would  only  be  c o n t a c t e d   over  t h e i r   end  f a c e s ,  

which  could  cause  s e a l i n g   p roblems.   The  c h a n n e l - s h a p e d   d e p r e s s i o n s  

are  in  i n t e r f e r e n c e   f i t   with  the  f l a t   end  p o r t i o n s   of  the  t ubes   a s  

wel l   as  c o n t a c t i n g   t h e i r   end  f a c e s ,   and  t h i s   promotes  good  l i q u i d  

t i g h t   s e a l i n g   a f t e r   b r a z i n g   has  been  u n d e r t a k e n ,   and  a s s i s t s   i n  



ho ld ing   the  assembly  t o g e t h e r   du r ing   b r a z i n g .  

The  end  p l a t e   t e r m i n a t e s   in  arms  13c,  13b  which  engage  the  top  and  b o t t o m  

of  the  s t a c k .  

In  v i e w  o f   the  l eng th   of  the  t u b e s   in  the  a r r a y   a d d i t i o n a l   space r s   15 

are  p rov ided   a long  the  l e n g t h   of  the  s t a c k .  

To  enable  l i q u i d   to  be  c i r c u l a t e d   through  the  s tack   11  a  connec to r   19 

engages  hole  17  and  is  b razed   in  place  on  assembly  to  p rov ide   a n  

e x t e r n a l l y   l i q u i d   t i g h t   j o i n t   between  the  connec to r   19  and  the  t o p  

t u b e .   The  connec tor   feeds   a  heade r   de f ined   by  a p e r t u r e s   in  the  t u b e s  

(except   of  course  on  the  lower  face  of  the  lower  tube)   and  a p e r t u r e d  

washers  17a  between  the  t u b e s .   A  s i m i l a r   connec to r   (not  shown) 

connects   to  an  i d e n t i c a l   heade r   at  the  o ther   end  of  the  s t ack .   The 

connec to r s   al low  hoses  or  o t h e r   coup l ings   to  be  secured   to  the  o i l  

c o o l e r .  

T u r b u l a t o r s   in  the  form  of  c o r r u g a t e d   i n s e r t s   are  p rov ided   a long   t h e  

l eng th   of  each  tube,   in  o rder   to  cause  t u r b u l e n c e   in  the  f low  a l o n g  

the  tubes   to  improve  hea t   t r a n s f e r   and  to  provide   r e s i s t a n c e   t o  

c rush ing   of  the  f l a t   t u b e s .  

The  washer  17a  each  have  a  r a i s e d   rim  at  t h e i r   i nne r   d i ame te r   on  b o t h  

s ides   which  f i t s   into  the  a p e r t u r e s   in  the  t ubes ,   in  o rder   to  l o c a t e  

the  washers  p r i o r   to  b r a z i n g .   In  a d d i t i o n ,   because  the  end  p l a t e s  

are  so  shaped  tha t   they  clamp  the  ends  of  the  s t ack   t o g e t h e r   when 



f i t t e d   on,  when  the  p a r t s   have  been  assembled  in  a  j ig ,   the  whole  

assembly   s tays   t o g e t h e r   and  can  be  l i f t e d   in  one  piece  from  the  j i g ,  

to  be  passed  through  a  b r a z i n g   a p p a r a t u s .  

The  s e l f   j i g g i n g   n a t u r e   of  the  assembled  o i l   c o o l e r   is  a  p a r t i c u l a r  

advan tage ,   s ince  the  need  for   a  combined  assembly   and  b r a z i n g   j i g   i s  

a v o i d e d .  

The  p a r t s   of  the  o i l   c o o l e r   are  of  aluminium,  and  the  end  t e s   a r e  

of  c l d   aluminium  which  means  tha t   the  c l a d d i n g   of  lower  m e l t i n g  

aluminium  melts   du r ing   the  b r a z i n g   o p e r a t i o n .   The  b r a z i n g   o p e r a t i o n  

may  be  c a r r i e d   out  in  an  i n e r t   g a s .  

The  o i l   coo le r   is  p a r t i c u l a r l y   su i t ed   because  of  i t s   to  b e i n g  

w a t e r · c o o l e d   by  i n s e r t i o n   in  a  header  tank  of  a  r a d i a t o r .   Of  c o u r s e ,  

the  o i l   coo le r   is  e q u a l l y   well  su i t ed   t o  b e i n g   a i r   cooled  and,  to  t h i s  

end,  may  i n c o r p o r a t e   c o r r u g a t e d   f i n   m a t e r i a l   between  the  spacers   15 

and  the  washers  17a .  

Various  m o d i f i c a t i o n s   may  of  course  be  made  w i t h o u t   d e p a r t i n g   from  t h e  

scope  of  the  i n v e n t i o n .   Thus,  for  example,  i n s t e a d   of  p r o v i d i n g   w a s h e r s  

17a  with  a  r a i s e d   i n t e r n a l   rim  for   l o c a t i n g   washers ,   f l a t   washers   may  b e  

used  and  a  t u b u l a r   i n s a t   may  be  i n s e r t e d   th rough   the  header   a p e r t u r e s ,  

the  inse t   having  ho les   r e g i s t e r i n g   with  each  f l a t   tube  to  a l low  feed  and  

r e t u r n   of  l i q u i d .  



1  A  heat   exchanger   compr i s ing :   a  s tack  of  t ubes   m a i n t a i n e d   i n  

c o - e x t e n s i v e   spaced  a r r a y ;   two  headers   commimicat ing  with  t h e  

t u b e s ;   and  an  end  p l a t e   for  each  end  of  the  s t ack   which  c l o s e  

the  tubes and locate the thbes in  the  spaced  a r r a y .  

2  A  heat   exchanger   as  c la imed  in  claim  1,  where in   the  tubes   are  o f  

f l a t t e n e d   s e c t i o n .  

3  A  heat   exchanger   as  claimed  in  claim  2,  where in   the  end  p l a t e  

has  c h a n n e l - s h a p e d   d e p r e s s i o n s   over  the  r e g i o n   where  it   e n g a g e s  

the  t u b e s ,   the  wal l s   of  the  d e p r e s s i o n s   c o n t a c t i n g   the  e n d  

p o r t i o n s   of  the  ou t s ide   of  the  t u b e s .  

4  A  heat   exchanger   as  claimed  in  claim  3,  where in   the  end  p l a t e  

is  p r e s s e d   to  form  the  d e p r e s s i o n s .  

5  A  heat   excahnger   as  c la imed  in  claim  3  or  c la im  4,  where in   t h e  

end  p l a t e   has  arms  which  extend  at  r i g h t   a n g l e s   to  the  p l a t e   a n d  

which  engage  the  top  and  bottom  s u r f a c e s   of  the  s t a c k .  

6  A  heat   exchanger   as  claimed  in  any  of  c laims  1  to  5,  w h e r e i n  

spacer  members  are  l o c a t e d   in  the  s tack   at  a  poin t   i n t e r m e d i a t e  

the  tube  e n d s .  



7  A  hea t   exchanger   as  c la imed  in  any  one  of  i m s   1  to  6,  w h e r e i n  

the   headers   are  d e f i n e d   by  a p e r t u r e s   in  the  t ubes   and  w a s h e r s  

be tween   the  t u b e s .  

8  A  hea t   exchanger   as  c la imed   in  c la im  7,  where in   an  inner  rim  o f  

the  washers  is  r a i s e d   to  engage  the  a p e r t u r e s   in  the  t u b e s .  

9  A  h e a t   exchanger   as  c la imed  in  any  one  of  c la ims   1  to  8,  w h e r e i n  

the  end  p l a t e   is  s e c u r e d   by  b r a z i n g .  

10  A  h e a t   exchanger   s u b s t a n t i a l l y   as  h e r e i n b e f o r e   d e s c r i b e d   w i t h  

r e f e r e n c e   to  the  accompanying  d r a w i n g s .  

11  A  method  of  f a b r i c a t i n g   a  heat   exchanger   as  c la imed  in  any  one 

of  c la ims  1  to  10,  c o m r i s i n g   the  s teps   of  a s s e b l i n g   the  s t a c k ,  

and  end  p l a t e s   in  a  j i g ,   removing  i t   from  the  j i g ,   and  u n d e r t a k i n g  

a  s i n g l e   b r a z i n g   o p e r a t i o n   to  u n i t e   the  a s s e m b l y .  
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