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©  Stacked  plate/fin-type  heat  exchanger. 
(§)  A  stacked  plate  heat  exchanger  10  which  employs  two 
types  of  finned  plates  for  providing  cross-flow  of  fluids, 
especially  for  cooling  a  hot  liquid  flow  by  a  gas  flow.  The  first 
plate  12  has  a  flat  bottom  16  and  a  peripheral  wall  26  on  the 
top  side.  The  central  region  of  the  plate  12  supports 
upstanding  spaced  fins  20  forming  channels  22  the  ends  of 
which  are  contiguous  with  internal  manifolds  24  at  the  end 
regions  of  the  plate  1  2.  A  manifold  port  28  is  formed  through 
the  plate  12  in  each  end  region.  The  second  plate  14  has  a  flat 
bottom  34  and  spaced  fins  20'  forming  channels  22'  in  the 
central  region  extending  downwardly  from  the  top  surface 
36  of  the  plate  14.  The  end  regions  each  have  a  manifold  port 
28'  extending  therethrough  in  the  same  locations  as  the 

^   manifold  ports  28  of  the  first  plate  12  so  that  interior 
manifolds  are  formed  thereby  when  the  plates  are  stacked. 
The  top  surfaces  of  the  fins  20  and  peripheral  wall  26  of  the 

CO  first  plate  12,  and  of  the  fins  20'  and  the  end  regions  of  the 
second  plate  14,  form  flat  planes. 
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Background  of  the  I n v e n t i o n  

1.  Field  of  the  I n v e n t i o n  

This  Inven t ion   r e l a t e s   to  p l a t e / f i n - t y p e   heat  exchangers  and 

to  open-faced  f inned  p l a t e s   which  can  be  s tacked  to  form  c r o s s - f l o w   h e a t  

e x c h a n g e r s .  

2.  D e s c r i p t i o n   of  the  Prior  A r t  

The  p l a t e / f i n - t y p e   heat  exchangers   are  mainly  of  the  channe l  

and  r i b - t y p e   c o n s t r u c t i o n .   C o u n t e r c u r r e n t   flow  can  be  ach ieved;   however ,  

man i fo ld ing   a  p la te   stack  which  must  s e p a r a t e  t h e   f l u i d s   at  entry  and  e x i t  

becomes  extremely  complex.  Since  the  man i fo ld ing   of  the  c r o s s c u r r e n t   h e a t  

exchangers   is  compara t ive ly   s imple,   t h i s   heat  exchanger  system  is  more 

widely  used  a l though  it  is  less  e f f i c i e n t   than  the  c o u n t e r c u r r e n t   sy s t em 

and  it   induces  se r ious   thermal  and  mechanical   s t r e s s e s .  

One  c o u n t e r c u r r e n t   system  which  has  a t tempted   to  solve  t h e  

man i fo ld ing   problem  of  the  c o u n t e r c u r r e n t   heat  exchanger  1s  taught   by 



Campbell  et  a1,  U.S.  Patent   No.  3 ,305 ,010 .   Campbell  et  al  teach  a  h e a t  

exchanger  having  superposed  s tacked  p l a t e   and  fin  elements  and  complex 

m a n i f o l d i n g   means  for  i n t r o d u c i n g   f l u i d s   of  d i f f e r e n t   t empera tu res   i n t o  

oppos i te   ends  of  the  assembly.   However,  Campbell  et  a1  do  not  teach  a 

p la te   which  serves   as  both  the  p l a t e   and  the  f in ,   nor  does  Campbell  et  a l  

teach  means  for  i n t e r n a l l y   mani fo ld ing   the  p l a t e   wi th in   the  p l a t e ' s   p l a n e .  

Another  c o u n t e r c u r r e n t   system,  is  t h a t   of  A l f a - L a v a l  

desc r ibed   In  The  Proceedings   of  the  5th  OTEC  Conference ,   Miami,  F l o r i d a  

(Feb.  1978)  Pages  VI  288-320.  The  Alfa-Laval   concept  c o n s i s t s   mainly  of  a  

pack  of  th in   metal  p l a t e s ,   a  frame  and  means  of  keeping  the  p i e c e s  

t o g e t h e r .   The  p l a t e s   are  suspended  between  h o r i z o n t a l   ca r ry ing   bars  a t  

top  and  bottom  and  compressed  a g a i n s t   the  s t a t i o n a r y   frame  p la te   by  means 

of  t i g h t e n i n g   bo l t s   and  a  movable  p r e s su re   p l a t e .   The  frame  p l a t e   i s  

equipped  with  nozzles   for  i n l e t   and  o u t l e t   c o n n e c t i o n s .   Every  p l a t e   1s 

sealed  around  i t s   pe r ime te r   with  a  gasket   and  cemented  into  a  p r e s s e d  

t r ack .   Flow  ports   at  each  of  the  p l a t e   corners   are  i n d i v i d u a l l y   g a s k e t e d  

and  thus  d iv ide   the  i n t e r p l a t e   spaces  into  two  systems  of  a l t e r n a t i n g   f l o w  

channels .   Through  t h e s e ,   the  two  media  pass,   the  warmer  medium  giving  up 

heat  to  the  coole r   by  conduct ion   through  the  th in   p l a t e s .   This  g a s k e t  

arrangement  e l i m i n a t e s   the  r isk   of  media  i n t e r l e a k a g e .   The  p l a t e ,   which 

1s  the  basic  element  of  th i s   concept ,   has  a  co r ruga t ed   pa t t e rn   stamped  on 

i t .   These  c o r r u g a t i o n s  c a n   be  a r ranged  to  c r e a t e   an  un l imi ted   number  of  

p la te   p a t t e r n s .   The  s p e c i f i c   p a t t e r n   r e s u l t s   from  a  ca re fu l   t r a d e - o f f  

between  p re s su re   drop  and  convec t ive   heat  t r a n s f e r   c h a r a c t e r i s t i c s .  

The  gaskets   In  the  Alfa-Laval   system  are  cemented  to  the  p l a t e s   i n  

pressed  t r a c k s ,   and  are  g e n e r a l l y   made  of  e l a s tomers   l ike  na tu ra l   r u b b e r ,  

n i t r i l e ,   bu ty l ,   neoprene ,   v l ton ,   e tc .   The  m a t e r i a l   s e l e c t i o n   depends  upon 

the  working  c o n d i t i o n s ;   however,  the  upper  l i m i t s   are  about  360  PSI  and 

about  400°F.  



The  p re sen t   i nven t ion   can  be  d i s t i n g u i s h e d   from  tha t   of  A l f a - L a v a l  

in  many  ways,  some  of  which  inc lude :   (1)  tha t   the  Al fa -Laval   sy s t em 

r e q u i r e s   gaske ts   which  l imi t   o p e r a t i n g   p ressure   and  t e m p e r a t u r e ;   (2)  t h a t  

the  Al fa -Lava l   system  has  no  con t ac t   f ins  or  e s s e n t i a l   f l a t   p l a t e   bo t toms  

for  p r o v i d i n g   the  p l a t e - t o - p l a t e   con tac t   necessary   to  ob ta in   the  optimum 

heat  t r a n s f e r   c o e f f i c i e n t .  

Requirements   of  g a s / l i q u i d   coole rs   such  as  for  a i r - t o - o i l   o r  

a i r - t o - w a t e r   g e n e r a l l y   r equ i r e   a  low  p ressure   drop  of  app rox ima te ly   0 . 5  

psi  In  H20  on  the  a i r   side  and  a lso   must  f i t   in  areas   such  as  In  f r o n t  

of  an  au tomot ive   r a d i a t o r   where  the  depth  allowed  is  less   than  1 . 5  

inches .   Moreover,  the  e f f e c t i v e n e s s   requi red   of  these   des igns   is  l e s s  

than  50%  and  a  cross  flow  design  as  well  as  a  c o u n t e r f l o w   design  can  be 

c o n s i d e r e d .   Current   des igns   of  a  s e r p e n t i n e   fin  tube  approach  and  o t h e r s  

s u f f e r   from  i n a p p r o p r i a t e   con t ac t   area  to  the  l i q u i d   tube  and  r e q u i r e  

f l u i d   v e l o c i t y   con t ro l   devices   on  the  l iqu id   side  to  match  the  r e q u i r e d  

convec t i ve   c o n d i t i o n s .   Moreover,  the  manufacture   s o l d e r i n g   and  b r a z i n g  

and  assembly  of  these   previous   des igns   does  not  lend  i t s e l f   to  a  h a n d s - o f f  

mass  p r o d u c t i o n   automated  a p p r o a c h .  

Objects   of  the  I n v e n t i o n  

An  ob jec t   of  the  p r e sen t   inven t ion   is  to  p rovide   a  o n e - p i e c e  

i n t e r n a l l y   manifolded  fin  p la te   for  a  p l a t e / f i n - t y p e   heat  e x c h a n g e r .  

Another  ob jec t   of  the  p r e sen t   i nven t ion   is  to  provide   an  o p e n - f a c e d  

fin  p l a t e   which  i n c o r p o r a t e s   a  p l u r a l i t y   of  fin  c o n f i g u r a t i o n s   f o r  

enhancement  of  heat  t r a n s f e r   through  inc reased   su r f ace   area  and 

p l a t e - t o - p l a t e   c o n t a c t .  

S t i l l   another   ob jec t   of  the  p resen t   i nven t ion   is  to  provide  a  h e a t  

exchanger   having  s i m p l i f i e d   m a n i f o l d s .  

Yet  a  f u r t h e r   ob jec t   of  the  p resen t   i nven t ion   is  to  provide  a 

simple  man i fo ld ing   means  for  an  i n t e r n a l l y   manifolded  p l a t e   s t a c k .  



S t i l l   another   objec t   of  the  p re sen t   inven t ion   is  to  provide  a  c o s t  

e f f i c i e n t   and  e f f e c t i v e   c ro s s f l ow   heat  e x c h a n g e r .  

Another   ob jec t   of  the  p r e sen t   inven t ion   1s  to  provide  a  h e a t  

exchanger  having  p l a t e s   r e l a t i v e l y   free  from  mechanical   and  t h e r m a l  

s t r e s s e s .  

S t i l l   another   ob jec t   of  the  p resen t   i nven t ion   is  to  provide  a  h e a t  

exchanger  which  can  be  manufac tured   i n e x p e n s i v e l y .  

Summary  of  the  I n v e n t i o n  

The  i nven t ion   comprises  a  s t a c k e d   p l a t e / f i n - t y p e   heat  exchanger  and 

two  types  of  f inned  p la tes   for  use  t h e r e i n .   The  f i r s t   p l a t e ,   p r e f e r a b l y  

employed  for  t r a n s f e r r i n g   l i q u i d s ,   is  an  open-faced  p l a t e   with  a  f l a t  

bottom  and  a  top  formed  with  an  ups tanding   p e r i p h e r a l   wa l l .   Ups tand ing  

spaced  f ins   are  formed  In  the  c e n t r a l   po r t ion   of  the  top  side  l e a v i n g  

concave  end  regions   between  the  fin  regions  and  the  p e r i p h e r a l   wall  which 

are  i n t e r n a l   man i fo lds .   Ports  are  formed  t r a n s v e r s e l y   th rough  the  p l a t e ,  

one  through  each  manifold  region.   The  channels   between  the  fins  ex t end  

between  the  two  manifold  r eg ions .   The  he igh ts   of  the  f ins   and  p e r i p h e r a l  

wall  are  the  same  so  that   t h e i r   top  su r faces   are  an  e q u i p l a n a r   s u r f a c e .  

The  second  p l a t e ,   p r e f e r a b l y   employed  for  t r a n s f e r r i n g   gases ,   is  an 

open-faced   p l a t e   with  a  f l a t   bottom  and  spaced  fins  in  the  c e n t r a l   p o r t i o n  

of  the  top  side  t h e r e o f .   The  end  regions  have  top  s u r f a c e s   having  t h e  

same  he igh t   as  the  top  su r faces   of  the  f ins  so  that   an  e q u i p l a n a r   s u r f a c e  

is  formed  by  the  top  su r faces   of  the  f ins  and  end  r e g i o n s .   A  port  i s  

formed  t r a n s v e r s e l y   through  the  p l a t e   In  each  end  region  so  t h a t ,   when  t h e  

f i r s t   and  second  p l a t e   are  s t acked ,   t h e i r   manifold  por t s   co inc ide   to  form 

an  i n t e r i o r ,   or  l e ade r ,   mani fo ld .   It  is  also  p r e f e r a b l e   t ha t   the  p l a t e s  

have  180°  complemen ta r i ty ,   i . e . ,   when  a  p la te   in  the  stack  i s  

a z i m u t h a l l y   r o t a t e d   180°  with  r e spec t   to  the  o t h e r s ,   i t s   ports   s t i l l  

co inc ide   with  the  ports   of  the  other   s t a c k s .  



The  top  p l a t e   can  be  covered  by  a  f l a t   p l a t e ,   the  bottom  of  each  

p l a t e   ac t ing   as  a  cover  for  the  p la te   below.  The  p l a t e s   may  be  bonded  o r  

g a s k e t e d ,   as  d e s i r e d .  

The  f ins   and  channels   of  the  second  p la te   are  formed  In  a  d i r e c t i o n  

c ro s swi se   to  the  d i r e c t i o n   of  those  on  the  f i r s t   p l a t e .  

The  i n v e n t i o n   p rov ides   an  e f f i c i e n t ,   s imple ,   e a s i l y   m a n u f a c t u r e d ,  

e a s i l y   assembled,   r e l a t i v e l y   inexpens ive   p l a t e - s t a c k   heat  exchanger  which  

does  not  r equ i r e   e x t e r n a l   man i fo ld ing   if  a  l i qu id   is  to  be  a i r - c o o l e d  

t h e r e i n .  

Other  o b j e c t s ,   advantages   and  novel  f e a t u r e s   of  the  p r e s e n t  

i n v e n t i o n   wil l   become  appa ren t   from  the  fo l lowing  d e t a i l e d   d e s c r i p t i o n   o f  

the  i n v e n t i o n   when  cons ide red   In  con junc t ion   with  the  accompanying  d r a w i n g .  

Br ief   D e s c r i p t i o n   of  the  Drawings 

Fig.  1  is  an  i s o m e t r i c   exploded  view  of  a  p l a t e   s tack  for  a  h e a t  

exchanger   in  accordance   with  the  present   i n v e n t i o n .  

Fig.  2  is  an  exploded  i somet r ic   view  of  a  p l a t e   s tack  with  a  

d i f f e r e n t   type  of  f i r s t   p l a t e .  

Fig.  3  is  an  i s o m e t r i c   view  of  a  cover  p l a t e .  

Fig.  4  is  a  schematic   i l l u s t r a t i o n   of  var ious   shapes  of  fins  and 

channels   tha t   may  be  employed  In  the  i n v e n t i o n .  

Fig.  5  is  a  schematic   i l l u s t r a t i o n   of  one  type  of  an  i n t e r r u p t e d  

fin  tha t   may  be  employed  in  the  i n v e n t i o n .  

Fig.  6  is  a  p a r t i a l   s c h e m a t i c  i l l u s t r a t i o n   of  a  type  of  fin  hav ing  

a  s inuous  s h a p e .  

Fig  7  is  a  p a r t i a l   schemat ic   i l l u s t r a t i o n   of  a  type  of  fin  h a v i n g  

a  he r r ingbone   s h a p e .  

The  same  elements  or  par t s   throughout   the  f i g u r e s   of  the  d rawing  

are  d e s i g n a t e d   by  the  same  r e f e r e n c e   c h a r a c t e r s ,   while  e q u i v a l e n t   e l e m e n t s  

bear  a  prime  d e s i g n a t i o n .  



Deta i led   D e s c r i p t i o n   of  the  P re fe r red   Embodiments 

Fig.  1  shows  an  exploded  stack  10  of  t h ree   p l a t e s   12,  14  and  1 2 ' .  

Two  d i f f e r e n t l y   formed  p l a t e s   12  and  14  are  employed.  The  f i r s t   p l a t e   12 

is  an  open-faced  p l a t e   formed  with  a  f l a t   bottom  16.  The  top  su r face   17 

of  the  p la te   12  suppor t s   an  ups tanding   p e r i p h e r a l   wall  18  which  has  a 

height   h1.  The  c e n t r a l   region  of  the  f i r s t   p l a t e   12  suppor t s   a 

p l u r a l i t y   of  ups t and ing   spaced  f ins  20,  p r e f e r a b l y   p a r a l l e l   to  each  o t h e r ,  

with  channels   22  inbe tween .   The  end  region  between  the  ends  of  the  f i n s  

20  and  the  end  p e r i p h e r a l   wall  26  forms  a  d e p r e s s i o n ,  o r   concav i ty ,   which  

def ines   an  i n t e r i o r   manifold  24  through  which  a  manifold  port  28  1s 

d r i l l e d .   As  may  be  seen,  there   1s  a  manifold  24  and  manifold  port  28  a t  

each  end  of  the  p l a t e  1 2 .   The  top  s u r f a c e s  o f   the  f ins   20  are  a lso   o f  

height   h1  so  tha t   the  top  su r faces   of  the  f ins   and  the  wall  form  a  f l a t  

plane.   The  channels   22  and  f ins  20  are  formed  so  tha t   t h e i r   axes  e x t e n d  

s u b s t a n t i a l l y   in  the  same  d i r e c t i o n   as  a  l ine   drawn  between  the  m a n i f o l d  

ports   28.  

The  second  p l a t e   14  is  also  an  open- faced   p l a t e   formed  with  a  f l a t  

bottom  34.  The  he igh t   of  t he   second  p l a t e   14  between  t h e  b o t t o m   34  and 

the  top  su r f ace   36  is  h2;  p r e f e r a b l y   h2  is  g r e a t e r   than  h1  if  f i r s t  

p la te   12  is  used  for  l i qu id   flow,  such  as  hot  o i l ,   and  second  p la te   14  1s 

used  for  f l u i d  f l o w ,   s u c h  a s   cool ing  a i r .   The  c e n t r a l   region  of  t h e  

second  p la te   14  a l so   con ta ins   fins  20'  and  channels   22'  the  channels   22 '  

extending  downwardly  from  the  top  su r face   36.  The  f ins   20'  and  c h a n n e l s  

22'  are  cont iguous   to  end  regions  32,  each  o f  w h i c h   is  formed  with  a 

manifold  port  ex t ed ing   t r a n s v e r s e l y   t h e r e t h r o u g h   at  such  a  l o c a t i o n   t h a t ,  

when  the  p l a t e s   are  s t acked ,   the  manifold  por ts   28,28'   co inc ide   to  form 

i n t e r n a l   manifolds   in  the  s tack.   The  flow  of  f lu id   through  the  m a n i f o l d  

ports   and  the  f i r s t - p l a t e   grooves  1s  shown  by  the  arrows  and  l i n e s  



d e s i g n a t e d   A  and  B.  The  flow  of  f lu id   through  the  second  p la te   grooves  1s 

shown  by  the  arrow  d e s i g n a t e d   C.  One  or  both  of  these   d i r e c t i o n s   can  be 

r e v e r s e d ,   of  c o u r s e .  

It  should  be  noted  tha t   the  p la tes   12  and  14  can  each  be 

a z i m u t h a l l y   ro ta ted   by  180°  and  the  ports  will   s t i l l   co inc ide .   180° 

complemen ta r i ty   can  be  r e t a i n e d   even  1f  each  port  in  a  p l a t e   is  o f f s e t   t h e  

same  d i s t a n c e   but  in  oppos i t e   d i r e c t i o n   from  the  l o n g i t u d i n a l   cen te r   l i n e  

of  the  p l a t e .   This  would,  of  course ,   have  to  be  done  with  all   p l a t e s   1n  a 

s t a c k .  

Another  type  of  f i r s t   p l a t e   38  is  i l l u s t r a t e d   in  Fig.  2.  Here,  t h e  

c e n t r a l   region  comprises  f ins   20"  and  channels  22",  the  two  side  f ins  40 

and  42  t ak ing   the  place  of  the  p e r i p h e r a l   wall  on  each  side  of  the  p l a t e  

38.  The  end  regions  are  f l a t ,   the  top  sur faces   44  lying  below  the  t o p  

s u r f a c e s   30  of  the  f ins   20"  and  p r e f e r a b l y   in  the  plane  of  the  bottom  of  

the  channe l s .   An  end  c l o s u r e ,   or  d ike ,   member  46,  roughly  U-shaped,  i s  

placed  upon  the  surface   44  of  each  end  region  to  mate  at  both  ends  w i t h  

the  co r r e spond ing   ends  of  the  side  f ins  40  and  42  to  form  an  embankment 

t h e r e w i t h   around  the  pe r i phe ry   of  the  p la te   38;  an  i n t e r n a l   manifold  2 4 '  

is  formed  thereby  at  each  end  reg ion .   Manifold  por t s   28"  are  formed  In  

the  i n t e r n a l   manifold  region  of  each  p la te   38  to  co inc ide   with  t h e  

manifold  ports   28'of  the  second  p l a t e   14  when  the  two  are  s t a c k e d .  

The  dike  members  46  are  bonded,  or  o therwise   s ea l ed ,   to  the  .end 

regions   to  form  an  end  c l o s u r e .   The  bottom  of  the  second  p l a t e s   14  shou ld  

a lso   be  sealed  to  the  top  of  the  under ly ing   f i r s t   p l a t e s   12  (or  38)  t o  

prevent   leakage  of  the  f l u id   f lowing  through  the  channels   22"  and  i n t e r n a l  

manifo lds   24'  of  the  f i r s t   p l a t e s   12  (or  38).  This  may  be  done,  f o r  

example,  by  brazing  in  a  b raz ing   die  with  p l a t e - t o - p l a t e   brazing  f o i l s ,   o r  



with  gaske t s .   Sea l ing   between  the  bottoms  of  the  f i r s t   p l a t e s   12  and  t h e  

tops  of  the  second  p l a t e s   14  may  be  unnecessary   1f  the  second  p l a t e s   14 

are  used  to  t r a n s f e r   a  gas  but  might  b e  d e s i r e d   for  s t a b i l i t y   of  the  s t a c k  

10.  

In  any  p a r t i c u l a r   s t ack ,   the  f i r s t   p l a t e s   may  be  below  the  second  

p l a t e s .  

The  f i r s t   p l a t e   12  (F ig .1 )   may  be  formed,  for  example,  by  an  impac t  

e x t r u s i o n   process   In  which  the  forming  die  presses   the  f l a t   p l a t e   so  t h a t  

the  fins  and  p e r i p h e r a l   wal l ,   or  frame  are  extruded  into  the  channels   o f  

the  d i e .  

The  second  p l a t e   14  may  be  formed  by  an  e x t r u s i o n   process  In  which  

the  forming  die  simply  ex t rudes   the  channels   a n d  f i n s   of  the  c e n t r a l  

r e g i o n .  

Thus,  the  dike-member  p l a t e   38  may  be  formed  by  ex t rud ing   the  f i n s  

over  the  whole  area  of  the  basic  p la te   and  then  machining  off  the  f ins   on 

the  end  regions   of  the  p l a t e   to  provide  the  end  su r faces   to  which  the  d i k e  

members  can  be  f i t t e d   to  form  end  c l o s u r e s .  

Fig.  3  shows  a  simple  p l a t e   which  can  be  used  as  a  cover  p l a t e   48 

for  the  stack  10.  The  cover  p la te   48  can  be  bonded  or  bol ted  to  the  s t a c k  

10.  The  cover  p l a t e   and  a  s i m i l a r   bottom  p la te   may  provide  o u t w a r d l y  

extended  su r f aces   with  bolt   hole  or  notches  to  bolt   t oge the r   the  c o m p l e t e  

stack  assembly.   The  top  p la te   or  bottom  p la te   or  both  can  provide  i n l e t  

and  ou t l e t   condu i t s   for  the  p la te   stack  a s s e m b l y .  

The  f ins   20,20 '   and  channels   22,22'   can  have  v a r i o u s l y   shaped  

c r o s s - s e c t i o n s   as  shown  In  Fig.  4.  The  conven t iona l   channel  and  fin  shape  

with  sharp  corners   is  r e p r e s e n t e d   by  numeral  50.  However,  channels   w i t h  

rounded  corners   52,  U-shaped  channels   54,  V-shaped  channels   56 ,  

t r a p e z o i d a l   channels   58,  e t c . ,   are  also  wi th in   the  scope  of  the  i n v e n t i o n ,  

as  well  as  i n t e r r u p t e d   f ins  60,  for  example,  as  shown  In  Fig.  5.  The 



channels   may  also  be  of  d i f f e r e n t   widths  on  the  same  p l a t e .   The  f i n s  

20,20'   can  also  be  of  s e r p e n t i n e   shape  62  (F ig .6 )   or  other  n o n - l i n e a r  

c o n f i g u r a t i o n ,   as  shown  in  the  her r ingbone   c o n f i g u r a t i o n   of  Fig.  7 .  

Obviously,   many  m o d i f i c a t i o n s   and  v a r i a t i o n s   of  the  p r e s e n t  

i nven t ion   are  p o s s i b l e   in  l igh t   of  the  above  t e a c h i n g s .   It  is  t h e r e f o r e  

to  be  understood  t h a t ,   wi thin   the  scope  of  the  appended  c la ims,   t h e  

inven t ion   may  be  p r a c t i c e d   o therwise   than  as  s p e c i f i c a l l y   d e s c r i b e d .  

What  1s  claimed  and  des i red   to  be  secured  by  Le t t e r s   Patent   of  t h e  

United  S t a t e s   i s :  



1.  A  p la te   stack  assembly  for  a  heat  exchanger   c o m p r i s i n g :  

at  l eas t   one  f i r s t   p la te   having  a  f l a t   bottom  and  an 

ups t and ing   p e r i p h e r a l   wall  on  the  top  side  t he reo f   and  ups tanding  spaced 

f ins   In  the  cen t r a l   region  of  said  top  side  forming  channels   t h e r e b e t w e e n ,  

the  he igh t s   of  the  p e r i p h e r a l   wall  and  f ins  being  i d e n t i c a l ,   the  p l a t e  

having  opposed  i n t e r n a l   manifold   regions  between  said  fins  and  t h e  

p e r i p h e r a l   wall  at  each  end,  each  manifold  region  being  formed  with  a 

manifold   port   t h e r e t h r o u g h   from  top  to  bottom  of  said  p l a t e ,   the  axes  o f  

the  f ins   b e i n g  s u b s t a n t i a l l y   in  the  same  d i r e c t i o n   as  a  l ine  c o n n e c t i n g  

the  manifold   po r t s ;   and 

at  l e a s t   one  second  p la te   of  the  same  shape  and  dimensions  a s  

the  f i r s t   p l a t e   except  In  the  d i r e c t i o n   t r a n s v e r s e   to  the  plane  of  t h e  

p l a t e s ,   said  second  p la te   having  a  f l a t   bottom  and  ups t and ing   spaced  f i n s  

In  the  c e n t r a l   region  of  the  top  side  t h e r e o f   forming  c h a n n e l s  

t he rebe tween   and  having  opposed  end  regions  the  he igh t s   of  which  a r e  

i d e n t i c a l   with  the  he igh ts   of  said  f i n s ,   each  said  end  region  being  formed 

with  a  manifold  port  t h e r e t h r o u g h   at  the  same  l o c a t i o n   as  the  f i r s t - p l a t e  

manifold   port   at  the  same  end,  the  axes  of  the  f ins   being  s u b s t a n t i a l l y  

c rosswise   to  a  l ine  connec t ing   the  manifold  p o r t s ,  

so  tha t   when  said  f i r s t   and  second  p l a t e s   are  s t a c k e d ,  

said  manifold  por ts   co inc ide   to  form  a  d i f f e r e n t   t r a n s v e r s e  

manifold  at  each  end  and  the  bottom  of  one  p l a t e   is  in  c o n t a c t  

with  the  upper  edge  of  the  f ins  on  the  o ther   p la te   below  t o  

form  covered  channels   in  said  other   p l a t e ,   the  flows  of  f l u i d s  

through  said  p l a t e s   being  cross  f l o w s .  



2.  An  assembly  as  in  Claim  1,  f u r t h e r   i n c l u d i n g :  

a  cover  p l a t e   of  the  same  d imensions   as  the  other   p l a t e s  

except   in  the  d i r e c t i o n   t r a n s v e r s e   to  the  plane  of  the  p l a t e s   for  c o v e r i n g  

the  top  of  the  topmost  p l a t e .  

3.  An  assembly  as  in  Claim  1,  w h e r e i n :  

said  p l a t e   stack  assembly  is  formed  from  a  p l u r a l i t y   of  f i r s t  

p l a t e s   and a  p l u r a l i t y   of  second  p l a t e s .  

4.  An  assembly   as  in  Claim  1,  w h e r e i n :  

the  r a i s e d   p e r i p h e r a l   wall  extends   only  along  both  s ides   o f  

said  cen t r a l   region  of  said  f i r s t   p l a t e  

said  assembly  f u r t h e r   i nc lud ing   dike  members  ex tending   a l o n g  

the  w a l l - f r e e   p o r t i o n s   of  said  f i r s t   p l a t e   between  the  p e r i p h e r a l   wal ls   on 

each  side  of  the  p l a t e   to  form  an  i n t e r n a l   manifold   region  on  each  e n d ,  

the  he ight   of  said  dike  members  being  such  that   t h e i r  

top  s u r f a c e s   are  equ ip l ana r   with  the  top  su r faces   of  t h e  

fins  when  the  dike  members  are  in  place  on  said  f i r s t   p l a t e .  

5.  An  assembly  as  in  Claim  2,  w h e r e i n :  

the  p l a t e s   are  bonded  t o g e t h e r .  

6.  An  assembly  as  in  Claim  2,  w h e r e i n :  

the  f ins   in  said  f i r s t   p la te   form  p a r a l l e l  c h a n n e l s .  



7.  An  assembly  as  in  Claim  2,  w h e r e i n :  

the  f ins  in  said  second  p l a t e   form  p a r a l l e l   c h a n n e l s .  

8.  An  assmebly  as  in  Claim  4,  w h e r e i n :  

said  dike  members  are  bonded  to  the  f i r s t   p l a t e ,   and  s a i d  

p l a t e s   are  bonded  t o g e t h e r .  

9.  A  p la te   for  a  p l a t e   s tack  assembly  for  a  heat  exchange r  

c o m p r i s i n g :  

a  p la te   having  a  f l a t   bottom  and  an  ups tand ing   wall  on  t h e  

top  side  t he reo f   extending  along  the  pe r iphe ry   of  the  top  side  and  hav ing  

ups tand ing   spaced  f ins  in  the  c e n t r a l   region  t h e r e o f   forming  c h a n n e l s  

t h e r e b e t w e e n ,   the  he igh t s   of  the  p e r i p h e r a l   wall  and  f ins   being  i d e n t i c a l ,  

the  p l a t e   having  opposed  i n t e r n a l   manifold  regions   between  said  f ins  and 

the  p e r i p h e r a l   wall  at  each  end,  each  manifold  region  being  formed  with  a 

manifold   port  t h e r e t h r o u g h   from  top  to  bottom  of  said  p l a t e ,   the  axes  o f  

the  f ins  being  s u b s t a n t i a l l y   in  the  same  d i r e c t i o n   as  a  l ine  c o n n e c t i n g  

the  manifold  p o r t s .  

10  A  p la te   as  in  Claim  9,  w h e r e i n :  

said  f ins  form  p a r a l l e l   c h a n n e l s .  



11.  A  p la te   as  in  Claim  9,  w h e r e i n :  

the  ups tanding   p e r i p h e r a l   wall  extends  only  along  both  s i d e s  

of  said  c e n t r a l   region  of  said  p l a t e ;   and 

said  p la te   f u r t h e r   inc ludes   dike  members  ex tending   along  t h e  

w a l l - f r e e   po r t ions   of  the  p la te   between  the  p e r i p h e r a l   walls  on  each  s i d e  

to  form  an  i n t e r n a l   manifold  region  on  each  end ,  

the  height   of  said  dike  members  being  such  tha t   t h e i r  

top  su r faces   are  e q u i p l a n a r   with  the  top  su r f aces   of  t h e  

fins  when  the  dike  members  are  in  place  on  the  p l a t e .  

12.  A  p l a t e   for  a  p l a t e   stack  assembly  for  a  heat  e x c h a n g e r  

c o m p r i s i n g :  

a  p la te   having  a  f l a t   bottom  and  ups tanding   spaced  f ins  i n  

the  c e n t r a l   region  of  the  top  s ide  t he reo f   forming  channels   t h e r e b e t w e e n  

and  having  opposed  end  regions   the  he igh t s   of  which  are  i d e n t i c a l   with  t h e  

he igh t s   of  said  f i n s ,   each  said  end  region  being  formed  with  a  m a n i f o l d  

port   t h e r e t h r o u g h   the  top  s u r f a c e s   of  said  f ins  and  end  regions   fo rming  

an  e q u i p l a n a r   su r f ace ,   the  axes  of  the  fins  being  s u b s t a n t i a l l y   c r o s s w i s e  

to  a  l ine   connec t ing   the  manifold  p o r t s .  

13.  A  p la te   as  In  Claim  9  to   12,  w h e r e i n :  

said  fins  are  s u b s t a n t i a l l y   r e c t a n g u l a r   in  c r o s s - s e c t i o n .  
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