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©  An  internally  manifolded  unibody  plate  for  a  plate  fin-type  heat  exchanger. 

  An  internally  manifolded  plate  (10),  for  a  plate/fin-type 
heat  exchanger  comprises  a  side  port,  (14)  contiguous  with 
and  transverse  to  at  least  one  channel  (20),  and  wherein  the 
channel  is  contiguous  with  an  end  port  (24).  The  plate  may 
be  of  unibody  construction  and  also  include  integral  side  and 
end  external  manifolds. 



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  i nven 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  more 

s p e c i f i c a l l y ,   to  a  unibody  open-faced  p la te   for  p l a t e / f i n - t y p e   heat  e x c h a n g e r s  

using  c o u n t e r c u r r e n t   or  p a r a l l e l   f low.  

2.  Desc r ip t i on   of  the  Pr ior   A r t  

The  p l a t e / f i n - t y p e   heat  exchangers  are  mainly  of  the  channel  and  r i b  

type  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  achieved;   however,  mani fo ld ing   a 

p la te   stack  which  must  s epa ra t e   the  f l u i d s   at  entry  and  ex i t   becomes  e x t r e m e l y  

complex.  In  that   mani fo ld ing   of  the  c r o s s c u r r e n t   heat  exchangers  is  c o m p a r a t i v e l y  

s imple ,   this   heat  exchanger  system  is  more  widely  used  although  it   is  l e s s  

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   system  and  i t   induces  ser 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  attempted  to  solve  the  m a n i f o l d i n g  

problem  of  the  c o u n t e r c u r r e n t   heat  exchanger   is  taught   by  Campbell  et  al,   U.S. 

Patent   3 ,305,010.   Campbell  et  al  teach  a  heat  exchanger  having  superposed  s t a c k e d  

pla te   and  fin  elements  and  complex  mani fo ld ing   means  for  i n t roduc ing   f lu ids   o f  

d i f f e r e n t   t empera tu res   into  oppos i te   ends  of  the  assembly.  However,  Campbell 

et  al  do  not  teach  a  p la te   which  serves  as  both  the  p la te   and  the  f in ,   nor  does 

Campbell  et  al  teach  means  for  i n t e r n a l l y   mani fo ld ing   the  plate   within  t h e  

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,  Fig.  1,  is  tha t   of  Alfa-Laval   descr ibed   i n  

the  Proceedings   of  the  5th  OTEC  Conference,   Miami,  F lor ida   (Feb.1978)  Pages  VI 

288-320.  The  Alfa-Laval   concept  c o n s i s t s   mainly  of  a  pack  of  thin  metal  p l a t e s ,  

a  frame  and  means  of  keeping  the  pieces  t o g e t h e r .   The  p l a t e s   are  s u s p e n d e d  

between  h o r i z o n t a l   c a r ry ing   bars  at  top  and  bottom  and  compressed  aga ins t   t h e  

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 s u r e  

p l a t e .   The  frame  p la te   is  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   is  sea led   around  i ts   pe r ime te r   with  a  gasket   and  cemented  into  a 

p ressed   t r a c k .   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  divide  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 ow  

channe l s .   Through  t h e s e ,   the  two  media  pass,   the  warmer  medium  giving  up  h e a t  

to  the  cooler   by  conduct ion   through  the  thin  p l a t e s .   This  gasket   a r r a n g e m e n t  

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  is  the  basic   e l e m e n t  

of  th i s   concept ,   has  a  co r ruga ted   p a t t e r n   stamped  on  i t .   These  c o r r u g a t i o n s  

can  be  arranged  to  c r ea t e   an  un l imi ted   number  of  p l a t e   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  c o n v e c t i v e  

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   p r e s s e d  

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

n e o p r e n e , v i t o n ,   e tc .   The  ma te 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 resen t   i nven t ion   can  be  d i s t i n g u i s h e d   from  tha t   of  Alfa-Laval   i n  

many  ways,  some  of  which  inc lude :   (1)  tha t   the  Alfa-Laval   system  r e q u i r e s   g a s k e t s  

which  l imi t   ope ra t i ng   p ressure   and  t e m p e r a t u r e ;   (2)  tha t   the  Alfa-Laval   sy s t em 

has  no  contac t   f ins  or  e s s e n t i a l   f l a t   p la te   bottoms  for  providing  the  p l a t e - t o -  

p la te   contac t   necessa ry   to  obtain  the  optimum  heat  t r a n s f e r   c o e f f i c i e n t ;  



(3)  the  fac t   t ha t   the  i n l e t s   and  o u t l e t s   of  the  Alfa-Lavel   system  a r e  

pos i t i oned   on  oppos i t e   ends  but  on  the  same  side  of  the  p la te   r e s u l t s   in  a  mal-  

d i s t r i b u t i o n   of  flow  across  the  plate   and  i n e f f i c i e n t   heat  t r a n s f e r ;   and  (4)  

that   Alfa-Laval   provides   no  means  for  d r iv ing   the  incoming  f lu id   across  the  f a c e  

of  the  p l a t e ,   the reby   c o r r e c t i n g   for  t h e i r   i n h e r e n t   i n e f f i c i e n c i e s .  

F i n a l l y ,   i t   should  be  noted  tha t   the  a forement ioned   p r i o r   art   does  n o t  

teach  an  annular   p la te   s t r u c t u r e   nor  the  p la te   segment  of  the  p resen t   i n v e n t i o n .  

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

Accord ing ly ,   there   is  provided  by  the  p re sen t   i nven t ion   an  o p e n - f a c e d  

i n t e r n a l l y   mani fo lded   unibody  fin  p la te   for  use  in  a  p l a t e / f i n - t y p e   heat  ex-  

changer.   Each  open- faced   i n t e r n a l l y   manifolded  unibody  fin  p la te   comprises  a 

side  port  cont iguous   with  an  i n t e r n a l   man i fo ld ing   means  and  wherein  t h e  

mani fo ld ing   means  is  t r a n s v e r s e   to  a  p l u r a l i t y   of  channe l s ,   and  wherein  each 

channel  is  cont iguous   with  an  end  port .   A  p l u r a l i t y   of  the  open-faced  i n t e r n a l l y  

manifolded  unibody  fin  p la tes   can  be  s tacked  in  an  opposed  manner  in  an  a l t e r -  

nat ing  sequence.   This  i n t e r n a l l y   manifolded  p la te   stack  can  then  be  combined 

with  ex te rna l   manifolds   to  y ie ld   an  e f f i c i e n t   low-cost   c o u n t e r c u r r e n t   h e a t  

exchanger .   Another  v a r i a t i o n   of  the  open-faced   unibody  i n t e r n a l l y   m a n i f o l d e d  

p la te   would  inc lude   i n t e g r a l   a u x i l i a r y   i n l e t   and  o u t l e t   man i fo lds ,   t h e r e b y  

e l i m i n a t i n g   the  need  for  separa te   ex te rna l   m a n i f o l d i n g .  

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

T h e r e f o r e ,   i t   is  an  object   of  the  p resen t   inven t ion   to  provide  an 

i n t e r n a l l y   manifolded  fin  plate   for  use  in  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  present   i nven t ion   is  to  provide  a  one-p iece   i n t e r n a l l )  

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 .  

Yet  another   ob jec t   of  the  present   i nven t ion   is  to  provide  heat  exchange r  

p la tes   which  can  be  made  from  a  s ing le   d i e .  



S t i l l   ano ther   ob jec t   of  the  p re sen t   i n v e n t i o n   is  to  provide  a  h i g h l y  

e f f i c i e n t   c o u n t e r c u r r e n t   or  p a r a l l e l   flow  p l a t e / f i n   heat  e x c h a n g e r .  

Another  o b j e c t   of  the  p r e sen t   i n v e n t i o n   is  to  provide  high  e f f i c i e n c y   by 

having  e x t e r n a l   or  a u x i l i a r y   mani fo ld ing   which  feeds  f l u id   to  an  i n t e r n a l  

manifo ld   e s p e c i a l l y   designed  to  i n c r e a s e   the  length  of  f l u i d   cu r r en t   p a t h .  

Yet  another   ob jec t   of  the  p resen t   i nven t ion   is  to  provide  low-cost   assem 

by  s imple  r eve r sa l   of  p la tes   and  bonding  ( d i f f u s i o n   bond,  b r aze ,   weld)  or  b o l t  

clamping  a  set  of  l ike   p l a t e s .  

Another  ob jec t   of  the  p resen t   i nven t ion   is  to  provide  an  open-faced  f i n  

p la te   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   for  enhancement  o f  

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  heat  ex -  

changer  having  s i m p l i f i e d   a u x i l i a r y   m a n i f o l d s .  

Yet  a  f u r t h e r   ob jec t   of  the  p re sen t   i nven t ion   is  to  provide  a  s i m p l e  

man i fo ld ing   means  for  an  i n t e r n a l l y   manifo lded  p la te   s t a c k .  

S t i l l  a n o t h e r   ob jec t   of  the  p re sen t   i nven 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 o u n t e r c u r r e n t   or  p a r a l l e l   flow  heat  e x c h a n g e r .  

Another  ob j ec t   of  the  p resen t   i nven t ion   is  to  provide  a  heat  e x c h a n g e r  

having  p l a t e s   r e l a t i v e l y   free  from  mechanical   and  thermal  s t r e s s e s .  

S t i l l   another   object   of  the  p resen t   i nven t ion   is  to  provide  a  heat  exche 

which  can  be  manufactured   i n e x p e n s i v e l y .  

Other  o b j e c t s ,   advantages ,   and  novel  f e a t u r e s   of  the  p re sen t   invent ion   v 

become  apparent   from  the  fo l lowing  d e t a i l e d   d e s c r i p t i o n   of  the  invent ion   when 

cons ide red   in  con junc t ion   with  the  accompanying  drawings,   in  which  l i k e  

r e f e r e n c e   numerals  des igna te   l ike  par ts   th roughout   the  f i g u r e s .  



Brief   Desc r ip t ion   of  the  Drawings 

Fig.  1  is  p r io r   a r t .   It  is  a  top  view  of  the  Alfa-Laval   c o r r u g a t e d  

p l a t e .  

Fig.  2a  is  a  p e r s p e c t i v e   schematic   view  of  the  open-faced  i n t e r n a l l y  

manifolded  fin  p l a t e .  

Fig.  2b  is  a  top  schematic   view  of  the  open-faced  i n t e r n a l l y   m a n i f o l d e d  

fin  p l a t e .  

Fig.  2c  is  an  open-end  schematic   view  of  an  open-faced  i n t e r n a l l y  

manifolded  p l a t e .  

Fig.  2d  is  a  p e r s p e c t i v e   schematic   view  of  an  open-faced  i n t e r n a l l y  

manifolded  p la te   s t a c k .  

Fig.  3a  shows  an  a d d i t i o n a l   schemat ic   embodiment  of  the  i n t e r n a l   m a n i f o l d  

for  the  open-faced  i n t e r n a l l y   manifolded  p l a t e .  

Fig.  3b  shows  another   schematic  embodiment  of  the  i n t e r n a l   manifold  f o r  

the  open-faced  i n t e r n a l l y   manifolded  p l a t e .  

Fig.  4a  is  the  top  view  of  another   schemat ic   embodiment  of  the  f i n - c h a n n e l  

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

Fig.  4b  is  a  top  view  of  yet  another   schematic   embodiment  of  the  f i n -  

channel  c o n f i g u r a t i o n .  

Fig.  4c  is  a  t h i r d   schematic  top  view  of  a  f in -channe l   c o n f i g u r a t i o n .  

Fig.  5  is  a  schemat ic   end  view  of  the  open-faced  i n t e r n a l l y   manifolded  f i n  

p la te   showing  various  geometr ies   of  channels  and  f i n s .  

Fig.  6a  is  a  schemat ic   top  view  of  an  open-faced  i n t e r n a l l y   m a n i f o l d e d  

fin  p la te   having  i n t e g r a l   ex te rna l   side  and  end  m a n i f o l d s .  

Fig.  6b  is  another   schematic  top  view  of  an  open-faced  i n t e r n a l l y   m a n i f o l d e d  

fin  plate   having  i n t e g r a l   i n t e r i o r   side  and  end  m a n i f o l d s .  

Fig.  6c  is  a  p e r s p e c t i v e   view  of  another   embodiment  of  an  o p e n - f a c e d  

i n t e r n a l l y   manifolded  fin  p la te   having  i n t e g r a l   i n t e r i o r   corner  m a n i f o l d s .  



Fig.  6d  is  a  top  view  of  ano ther   embodiment  of  the  flow  g u i d e s  f o r   t h e  

fin  p la te   dep ic t ed   in  Fig  6c .  

Fig.  7a  is  an  en larged  f r agmenta ry   p e r s p e c t i v e   showing  r e l a t i v e   p r o p o r -  

t ions   of  fins  and  c h a n n e l s .  

Fig.  7b  is  a  schematic   view  of  the  p la te   stack  showing  the  f ins  in  a 

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

Fig.  8a  is  a  p e r s p e c t i v e   view  of  a  s i ng l e   i n t e r n a l l y   and  e x t e r n a l l y  

manifolded  p l a t e .  

Fig.  8b  is  a  p e r s p e c t i v e   view  of  the  open-faced  i n t e r n a l l y   m a n i f o l d e d  

p l a t e   s tack  having  side  and  end  manifolds   i n t e g r a l l y   connected  with  the  open-  

faced  i n t e r n a l l y   manifolded  p l a t e .  

Fig.  8c  is  an  en larged  f ragmenta ry   p e r s p e c t i v e   showing  r e l a t i v e   p r o p o r t i o n s  

of  f i n s ,   channe l s ,   and  mani fo ld ing   means .  

Fig.  9a  is  a  schemat ic   of  the  annular   open-faced  i n t e r n a l l y   m a n i f o l d e d  

s t r u c t u r e   wherein  each  annular   s t r u c t u r e   comprises  a  p l u r a l i t y   of  p l a t e s .  

Fig.  9b  is  a  schematic   cutaway  view  of  the  annular   open- faced   i n t e r n a l l y  

manifolded  ring  s t r u c t u r e   s tack  wherein  each  ring  s t r u c t u r e   comprises  a 

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

Fig.  9c  is  an  enlarged  f ragmenta ry   p e r s p e c t i v e   of  Fig.  9a  showing  r e l a t i v e  

p ropor t ions   of  fins  and  c h a n n e l s .  

Fig.  10a  is  a  schematic   top  view  of  an  o u t l e t   plate   for   an  annular   open- 

faced  i n t e r n a l l y   manifolded  p l a t e .  

Fig.  10b  is  a  schematic  top  view  of  an  i n l e t   p la te   for  an  annular   open- 

faced  i n t e r n a l l y   manifolded  p l a t e .  

Fig.  11  is  a  graphical   r e p r e s e n t a t i o n   showing  the  e f f e c t   of  flow  a r r a n g e -  

ment  on  exchanger  p e r f o r m a n c e .  

Fig.  12a  is  a  schematic   ar rangement   of  a  counter f low-waved  wall  h e a t  

e x c h a n g e r .  

Fig.  12b  is  a  schematic  ar rangement   of  a  counter f low  r ibbed  fin  p l a t e  

e x c h a n g e r .  



Fig.  12c  is  a  schemat ic   arrangement   of  a  counterf low  p la te   stack  h e a t  

e x c h a n g e r .  

Fig.  13  is  a  g raphica l   r e p r e s e n t a t i o n   of  advanced  heat  exchanger  wa l l  

th ickness   l i m i t s .  

Fig.  14  is  a  g raphica l   r e p r e s e n t a t i o n   of  the  t h e o r e t i c a l   enhancement  r a t i o  

vs  fin  h e i g h t - t o - w i d t h   r a t i o .  

Fig.  15  is  a  g raph ica l   r e p r e s e n t a t i o n   of  the  advanced  I n t e r n a l l y   Mani fo lded  

Plate  Stack  (IMPS)  overa l l   f i lm  c o e f f i c i e n t   vs  gas  film  c o e f f i c i e n t .  

Fig.  16  is  a  g raphica l   r e p r e s e n t a t i o n   of  performance  deg rada t ion   w i t h  

Biot  Number. 

Desc r ip t ion   of  the  P r e f e r r e d   Embodiments 

In  accordance  with  the  p r e sen t   invent ion   there  is  provided  an  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  exchanger.   Although  it  is  p r e -  

fer red   tha t   p la te   10  be  of  unibody  c o n s t r u c t i o n ,   a  p l u r a l i t y   of  components  may 

be  connected  to  make  up  a  s i n g l e   p l a t e .   Referr ing  to  Figs.  2a,  2b,  and  2c,  t h e r e  

is  shown  the  basic  unibody,  one  p i ece ,   fin  plate   10  which  comprises  o p e n - f a c e - 1 2 ,  

and  side  ports  14,  14  t r a n s v e r s e l y   o r i en ted   through  top  edge  17  of  fin  p la te   10. 

Side  ports  14,  14  are  i n t e g r a l ,   cont iguous  with,   and  connected  by  i n t e r n a l  

manifo ld ing   means  16.  Closed  end  18  is  ad jacent   to  and  l a t e r a l   with  the  aft  end 

of  i n t e r n a l   manifo ld ing   means  16.  Channels  20  formed  by  fins  22  are  c o n t i g u o u s  

with  and  t r a n s v e r s e   to  the  forward  end  of  the  manifolding  means  16  and  d i r e c t  

f lu id   flow  to  end  ports  24.  Bottom  26  provides  a  heat  t r a n s f e r   sur face   f o r  

connect ing  to  fins  22  of  an  ad jacen t   p l a t e ,   a  means  for  s e p a r a t i n g   f l u i d s ,   as 

well  as  a  means  for  s e a l a b l y   connect ing   the  fin  pla tes   10  in  a  p la te   s tack.   I t  

should  be  noted  that   the  p la te   stack  can  be  used  for  high  or  low  pressure   s i t u a -  

t ions  and  that   i n t e rna l   leakage  paths  are  n o n - c r i t i c a l .   Plate   cover  15  can  e i t h e r  

be  s o l i d ,   as  shown,  or  merely  another   basic  fin  plate   10.  A d d i t i o n a l l y ,   Fig.  2b 

shows  opt ional   manifold  fins  28.  Manifold  fins  28  provide  added  support   and 

add i t iona l   means  to  t r a n s f e r   h e a t .  



Refe r r ing   now  to  Fig.  2d,  there   is  shown  a  schemat ic   r e p r e s e n t a t i o n   of  an 

i n t e r n a l l y   manifo lded  p la te   s tack  30  comprising  a  p l u r a l i t y   of  i n t e r n a l l y  

manifolded  fin  p l a t e s   10.  In  the  p r e f e r r e d   opera t ing   c o n d i t i o n ,   fin  p la tes   a r e  

s tacked  in  an  opposed  manner  in  a l t e r n a t i n g   sequence.  It  should  be  noted,   f o r  

each  embodiment,  tha t   a l though  the  fins  22  are  shown  in  a  v e r t i c a l   l i n e ,   t h e y  
s 

may  be  s t a g g e r e d ,   Fig.  7b.  Also,  al though  in  t h e  p r e f e r r e d   o p e r a t i n g   c o n d i t i o n s  

these  fin  p l a t e s   are  the  same,  the  i n t e r n a l   design  on  a l t e r n a t i n g   fin  p l a t e s   may 

be  var ied  to  accomplish  the  des i r ed   thermodynamic  e f f e c t s .   In  the  p r e f e r r e d  

o p e r a t i n g   sequence ,   a  f i r s t   f l u i d   is  conveyed  in  through  side  ports   14  of  a l t e r -  

nat ing  fin  p l a t e s ,   into  i n t e r n a l   manifold   16,  along  channels  20  formed  by  fins  22 ,  

and  ex i t s   through  end  ports  24.  A  second  f lu id   of  e i t h e r   h igher   or  l o w e r  

t empera tu re   is  s i m i l a r l y   i n t r o d u c e d   through  the  side  ports   14  of  the  next  a l t e r -  

nat ing  fin  p la te   r e s u l t i n g   in  c o u n t e r c u r r e n t   flow.  Although  th is   is  t h e  

p r e f e r r e d   d i r e c t i o n   of  flow,  i t   is  wi th in   the  scope  of  th i s   i nven t ion   to  have 

flow  in  a  reverse   manner  where  in  the  f l u id   enters   through  end  ports   24,  f lows 

down  the  channels   20  i n t o ' t h e   i n t e r n a l   manifold  16,  and  ex i t s   through  side  p o r t  

14.  The  flow  could  also  be  p a r a l l e l   by  i n t roduc ing   one  f l u i d   through  the  s i d e  

port  14  and  the  o ther   f lu id   through  the  end  port  24  of  the  ad j acen t   fin  p l a t e .  

It  should  be  noted  that   the  f i r s t   and  second  f lu ids   may  be  the  same  or  d i f f e r e n t  

and  that   depending  upon  thermodynamic  r equ i r emen t s ,   more  than  two  f lu ids   may  be 

used .  

Refer r ing   now  to  Figs.  3a  and  3b,  there  is  shown  two  a d d i t i o n a l   embodi-  

ments  of  the  i n t e r n a l   mani fo ld ing   means  16.  Said  mani fo ld ing   means  16  may  have 

a  t apered   geometry  as  def ined  by  an  angle  33.  In  Fig.  3a,  the  in te rna l ,   m a n i f o l d  

16  has  two  side  ports  14,  14  and  the  t aper   narrows  as  the  f l u id   reaches  m i d - p o i n t  

32.  At  mid-poin t   32  an  op t iona l   b a r r i e r   34  can  be  i n s e r t e d .   In  Fig.  3b,  t h e  

embodiment  shows  i n t e r n a l   manifold   16  having  one  side  port   14  and  the  t aper   goes 



across  the  ful l   width  of  t h e  f i n   p la te   narrowing  as  it  reaches  the  closed  s i d e  

23.  Although  there   are  only  th ree   i n t e r n a l   manifolding  geometr ies   d i s p l a y e d  

h e r e i n ,   any  o ther   i n t e r n a l   manifold   geometry  which  could  channel  the  f lu id   from 

a  side  port  14  to  the  channels  20  is  wi th in   the  scope  of  th is   i n v e n t i o n .  

Refe r r ing   now  to  Figs.  4a,  4b  and  4c,  there  is  shown  a d d i t i o n a l   g e o m e t r i e s  

for  fins  22  and  channels  20.  In  Fig.  4a,  the  fins  22  and  channels  20  a r e  

randomly  i n s e r t e d   within  the  main  channel  20  of  the  basic  fin  p la te   10.  In 

c o n t r a s t   to  t h a t ,   fin  geometry  in  Figs.  4b  and  4c  shows  i n l i n e   i n t e r m i t t e n t   f i n  

geomet r i e s .   I n t e r m i t t e n t   fin  row  can  e i t h e r   be  a l t e r n a t i n g   as  shown  in  Fig.  4b ,  

or  i n l i ne   as  shown  in  Fig.  4c.  The  channel  surface   may  be  e i t h e r   smooth  o r  

rough  depending  upon  the  s p e c i f i c   design  r equ i remen t s ,   and  i t   should  be  n o t e d  

tha t   no  mat ter   what  fin  geometry  is  used,  the  fins  and  channels  are  designed  t o  

enhance  s t r u c t u r a l   i n t e g r i t y   as  well  as  overal l   heat  t r a n s f e r   p e r f o r m a n c e .  

Also,  channels  may  taper   in  both  depth  and  w i d t h .  

Refer r ing   now  to  Fig.  5,  there   is  shown  a  p l u r a l i t y   of  channel  and  f i n  

shapes.   The  most  conventional   channel  and  fin  shape  is  that   which  is  r e p r e s e n t e d  

by  channel  20  and  fin  22.  However,  channels  of  d i f f e r e n t   c o n f i g u r a t i o n s   such  as 

those  with  rounded  corners  36,  U-shaped  38,  V-shaped  40,  and  t r a p e z o i d a l - s h a p e d  

42,  along  with  t h e i r   r e s p e c t i v e   fin  shapes ,   are  also  within  the  scope  of  t h e  

i n v e n t i o n .   One  c r i t i c a l   f ea tu re   of  the  present   invent ion   is  that   the  channel  

and  fins  combine  to  enhance  heat  t r a n s f e r   and  s t r u c t u r a l   i n t e g r i t y   while  t h e  

channel  i t s e l f   is  open- faced ,   thus  al lowing  ease  of  manufacture .   A d d i t i o n a l l y ,  

it  should  be  noted  that   the  channels  themselves  may  be  e i t h e r   smooth  or  r o u g h ,  

or  co r ruga ted   or  have  any  other  su r f ace   geometry  which  would  enhance  flow  and 

heat  t r a n s f e r .  



Refe r r ing   now  to  Fig.  6a,  there   is  shown  the  top  view  of  t h e  i n t e r n a l l y  

and  a u x i l i a r y   manifolded  open-faced   fin  p la te   62.  Fin  p la te   62  is  b a s i c a l l y   t h e  

same  as  fin  p la te   10;  however,  fin  p la te   62  a d d i t i o n a l l y   comprises  closed  end 

e x t e r n a l   manifold   64,  open  end  e x t e r n a l   manifold  66,  and  two  pairs   of  s i d e  

manifolds   68,  70.  Each  pai r   of  s ide  manifolds   comprise  a  side  i n l e t   manifold  68 

and  a  d i a g o n a l l y   loca ted   side  closed  manifold  70.  All  ex t e rna l   manifolds  a r e  

i n t e g r a l   and  cont iguous  with  fin  p la te   10.  Although  ex t e rna l   manifolds  a r e  shown  

with  r e t a n g u l a r   geomet r i e s ,   any  geometry  capable  of  t r a n s f e r r i n g   f lu id   to  and 

from  the  fin  p la te   will  work .  

Re fe r r i ng   now  to  Fig.  6 b ,  t h e r e   is  shown  the  top  view  of  the  i n t e r n a l l y  

and  i n t e r i o r l y   manifolded  open  faced  fin  p la te   63.  P la te   63  is  b a s i c a l l y   t h e  

same  as  fin  p la te   62;  however,  fin  p la te   63  a d d i t i o n a l l y   comprises  closed  end 

a u x i l i a r y   manifold  64,  open  end  a u x i l i a r y   manifold  66,  two  pairs   of  i n t e r i o r  

side  manifolds   68,  70,  and  a  pair   of  i n t e r i o r   i n l e t s   65.  Each  pair   of  i n t e r i o r  

side  mani fo lds   comprise  a  side  i n l e t   manifold  68  and  a  d i a g o n a l l y   loca ted   s i d e  

closed  manifold   70. 

Re fe r r ing   now  to  Fig.  6c,  there   is  shown  a  p e r s p e c t i v e   view  of  a n o t h e r  

embodiment  of  the  i n t e r i o r l y   manifolded  fin  p la te   g e n e r a l l y   des ignated   67.  Fin 

p la te   67  is  b a s i c a l l y   the  same  as  fin  p la te   63.  However,  fin  plate   67  c o m p r i s e s :  

one  i n t e r i o r   corner  i n l e t   69;  and  one  pa i r   of  i n t e r i o r   corner   manifolds  where in  

each  pai r   compr ises ,   one  i n t e r i o r   corner   i n l e t   manifold  71  pos i t i oned   at  t h e  

i n t e r i o r   corner   i n l e t   69,  and  one  i n t e r i o r   corner   o u t l e t   manifold  73  p o s i t i o n e d  

on  the  same  side  as  i n l e t   manifold  71  but  on  the  oppos i t e   end  of  p la te   67.  

As  a  heat  exchange  f lu id   enters   fin  p la te   67,  i t   flows  through  open  manifold  71 

and  i n l e t   69,  across  i n t e r n a l   flow  guides  75,  down  channels   77  defined  by  f i n s  

79,  across  open  end  port  81  and  out  through  i n t e r i o r   corner   o u t l e t   manifold  73. 



It  should  be  noted  tha t   flow  guides  75  are  s i m i l a r   to  manifold  f ins  28  and  s e r v e  

the  same  s t r u c t u r a l   and  thermodynamic  purposes  except  that   as  the  manifold  run 

increases   in  length  the  manifold  flow  channels  83  increase   in  width.   This  des ign  

will  provide  optimum  flow  d i s t r i b u t i o n   across  the  face  of  p la te   67 .  

Another  flow  guide  75  c o n f i g u r a t i o n   which  would  provide  optimum  flow  d i s -  

t r i b u t i o n   across  the  fin  plate   67,'  Fig.  6d,  e n t a i l s   the  use  of  flow  guides  75 

designed  to  feed  i nd iv idua l   channels  77  by  having  the  flow  guides  75  i n t e g r a l l y  

connect  with  f ins  79.  As  with  the  set  of  flow  guides  depic ted   in  Fig.  6c,  t h e  

spacing  83  between  flow  guides  75  will  inc rease   as  the  length  of  the  run  to  f i n s  

79  and  channels  77  i n c r e a s e s .   A  pair   of  tab  manifolds  85  and  87  are  p o s i t i o n e d  

one  each  in  the  remaining  two  corners  of  fin  p la te   67.  The  tab  manifolds  85  and 

87  provide  the  necessa ry   continuous  flow  passages  for  fin  p la tes   67  when  t h e y  

are  s tacked  in  an  opposed  manner  in  a l t e r n a t i n g   s e q u e n c e .  

Refer r ing   now  to  Figs.  7a  and  7b,  and  Figs.  8a,  8b  and  8c,  there   are  shown 

various  views  of  an  i n t e r n a l l y   manifolded  fin  p la te   and  p la te   stack  assembly  72. 

In  the  p r e f e r r e d   ope ra t i ng   c o n d i t i o n ,   fin  p la tes   are  s tacked  in  an  opposed  manner 

in  a l t e r n a t i n g ' s e q u e n c e .   A  f i r s t   f lu id   is  conveyed  to  i n l e t   side  manifold  68 

wherein  said  f l u i d   flows  in  through  side  port  14  along  the  i n t e r n a l   m a n i f o l d i n g  

means  16  and  is  turned  to  flow  down  channels  20  formed  by  fins  22.  This  f i r s t  

f lu id   then  flows  out  end  port  24  and  into  the  open  end  a u x i l i a r y   manifold  66.  

From  the  a u x i l i a r y   manifold  66  the  f i r s t   f l u id   is  then  conveyed  to  any  a p p r o p r i a t e  

l oca t i on .   A  second  f lu id   e i t h e r   warmer  or  cooler   than  the  f i r s t   f l u id   is  con- 

veyed  into  the  ad jacen t   fin  p la tes   through  its  r e s p e c t i v e   side  i n l e t   manifold  68.  

Then,  s i m i l a r l y   to  the  flow  of  the  f i r s t   f l u i d ,   the  second  f lu id   is  conveyed  in  

through  entry  port  14  along  the  i n t e r n a l   manifold  16,  down  channels  20  and  a long 

fins  22.  From  there  the  second  f lu id   exi ts   into  i ts   r e s p e c t i v e   open  end  secondary  

manifold  66  where  i t   would  be  conveyed  to  any  app rop r i a t e   l o c a t i o n .   Closed  end 



secondary   manifo lds   64  and  side  closed  manifolds  70  are  used  to  m a k e . c o n t i n u o u s  

secondary   manifo lds   between  a l t e r n a t i n g   fin  p l a t e s .   It  should  be  noted  t h a t  

a l though  the  side  and  end  manifolds   are  shown  to  be  r e c t a n g u l a r   in  shape,  any 

f u n c t i o n a l   shape  will  have  the  des i red   e f f e c t .   Fur the rmore ,   heat  exchange  f l u i d s  

may  be  l i q u i d s   or  gases  or  combinat ions   of  l i qu id s   and  g a s e s .  

Refe r r ing   now  to  Fig.  9a,  there   is  shown  ano ther   embodiment  of  the  i n t e r -  

na l l y   and  s e c o n d a r i l y   manifolded  open-faced   fin  p l a t e .   Fin  p la tes   74  and  76  a r e  

wedge-shaped  and  combine  through  s e a l a b l e   manifolds   to  make  annular   s t r u c t u r e   72. 

It  should  be  noted  that   al though  the  most  p r e f e r r e d   annula r   s t r u c t u r e   72  is  c i r -  

c u l a r ,   any  r e g u l a r ,   even -number - s ided ,   annular   geometr ic   s t r u c t u r e   will  be 

p r e f e r r e d ,   and  any  annular   geometr ic   s t r u c t u r e . w i l l   fa l l   wi th in   the  scope  of  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 a t i v e   annular   s t r u c t u r e s   inc lude   a  square ,   a  hexagon ,  

an  octagon,   e tc .   Although  in  i t s   most  p r e f e r r e d   form  there   are  six  i n t e r l o c k i n g  

fin  p l a t e s ,   th i s   system  would  work  equa l ly   well  with  one  or  more  fin  p l a t e s .  

A d d i t i o n a l l y ,   some  fin  p la tes   may  not  even  carry  a  f l u i d   but  may  serve  as  s p a c e r s  

and  the  l i ke .   In  i ts   p r e f e r r e d   embodiment,  annular   s t r u c t u r e   72  comprises  at  l e a s t  

one  o u t l e t   fin  p la te   74  and  one  i n l e t   fin  p la te   76.  In  o p e r a t i o n ; a   f i r s t   f l u i d  

flows  through  side  i n l e t   manifold  82,  in  through  side  port   84,  along  the  i n t e r n a l  

man i fo ld ing   means  86  and  is  turned  to  flow  along  channels   88  formed  by  fins  90.  

This  f i r s t   f l u id   then  flows  out  end  port  92  on  the  ou te r   pe r iphery   and  into  t h e  

open  secondary  manifold  area  78  where  any  c o l l e c t i n g   means  will   s u f f i c e .   The 

f i r s t   f l u id   is  then  conveyed  to  any  a p p r o p r i a t e   l o c a t i o n .   A  second  f lu id   e i t h e r  

warmer  or  colder   than  the  f i r s t   f lu id   is  conveyed  into  the  ad jacen t   fin  p la te   76 

by  flowing  through  side  i n l e t   manifold  94,  through  s ide  port   96,  along  the  i n t e r n a l  

manifold  98,  and  along  channels  100  formed  by  fins  102.  From  there  the  second 

f l u id   ex i t s   through  ex i t   port  104  on  the  inner   pe r iphe ry   and  into  i ts   r e s p e c t i v e  

open  end  secondary  manifold  80.  In  this   p a r t i c u l a r   embodiment,  Fig.  9b  shows 



a  cutaway  of  an  i n t e r n a l l y   manifolded  p la te   stack  for  gene ra t i ng   c o u n t e r c u r r e n t  

flow.  This  flow  is  obtained  by  a l t e r n a t e l y   superpos ing   fin  p la te   74  on  top  o f  

fin  p la te   76.  Any  number  of  annular   s t r u c t u r e s   72  may  be  s tacked  depending  upon 

the  des i red   capac i ty   of  the  heat  exchanger .   To  complete  the  stack  of  a n n u l a r  

s t r u c t u r e s ,   a  ring  s t r u c t u r e - s h a p e d   cover  p la te   is  s ea l ab ly   connected  to  the  t o p  

annular   s t r u c t u r e   of  the  i n t e r n a l l y   manifolded  annular   p la te   s tack .   It  s h o u l d  

be  noted  tha t   the  cover  p la te   can  merely  be  another   heat  t r a n s f e r   a n n u l a r  

s t r u c t u r e   72.  Then,  any  convent ional   means  for  conveying  the  heat  t r a n s f e r   f l u i d  

to  and  from  a  p l a t e / f i n - t y p e   heat  exchanger  is  a t t ached .   Fig.  9c  is  an  e n l a r g e d  

f ragmenta ry   p e r s p e c t i v e   view  showing  approximate  r e l a t i v e   p ropo r t i ons   of  f i n s  

and  c h a n n e l s .  

In  i t s   p r e f e r r e d   opera t ing   c o n d i t i o n s ,   annular   s t r u c t u r e   72  is  made  from 

a  p l u r a l i t y   of  annular   segments.  In  o ther   opera t ing   c o n d i t i o n s ,   the  r i n g  

s t r u c t u r e   could  be  of  unibody  c o n s t r u c t i o n   and  designed  to  carry  one  or  many 

f l u i d s .   A d d i t i o n a l l y ,   the  annular   s tack  may  be  designed  to  r o t a t e   along  i t s  

axis  if   the  s p e c i f i c   design  parameters   i n d i c a t e d   i ts  d e s i r a b i l i t y .  

Refer r ing   now  to  Fig.  10a,  there   is  shown  another   embodiment  of  the  i n -  

t e r n a l l y   and  i n t e r i o r l y   manifolded  open-faced  fin  p l a t e .   It  should  be  no t ed  

tha t   al though  annular   fin  plate  106  is  c i r c u l a r ,   any  r egu la r   annular   g e o m e t r i c -  

shaped  p la te   will  fa l l   within  the  scope  of  the  present   i n v e n t i o n .   Although 

annular   s t r u c t u r e   72  is  s i m i l a r   to  fin  p la te   106,  i t   should  be  noted  that   s t r u c t u r e  

72  is  made  up  of  a  p l u r a l i t y   of  fin  p la te   segments.   In  c o n t r a s t   to  t h a t ,   f i n  

p la te   106  of  Fig.  10a  is  a  unibody  o u t l e t   p l a t e .   In  o p e r a t i o n ,   a  f i r s t   f lu id   f lows  

through  i n l e t   ape r tu re   108  and  along  the  i n t e r n a l   manifolding  means  110.  From 

t h e r e , t h e   f i r s t   f lu id   is  turned  to  flow  along  channels  112  formed  by  fins  114. 

This  f i r s t   f lu id   then  flows  out  end  port  116  on  the  outer  pe r iphery   and  into  an 

open  secondary  manifold  area  118.  I n t e r i o r   port  120  is  located   within  the  o u t e r  



pe r iphe ry   of  o u t l e t   fin  p la te   106  so  as  to  provide  means  for  channel ing  t h e  

second  f l u id   to  the  a l t e r n a t i n g   p l a t e .   Refe r r ing   now  to  Fig.  lOb,  there   i s  

shown  an  i n l e t   fin  p la te   122.  A  second  f l u i d ,   e i t h e r   warmer  or  colder   than  t h e  

f i r s t   f l u i d ,   is  conveyed  into  fin  p la te   122  through  a p e r t u r e   120.  From  t h e r e ,  

the  second  f lu id   flows  along  manifold   124  and  is  turned  to  flow  down  c h a n n e l s  

126  formed  by  f ins  128.  From  t h e r e ,   the  second  f lu id   ex i t s   through  ex i t   p o r t s  

130  on  the  inner   pe r iphery   and  into  i ts   r e s p e c t i v e   open  end  secondary  m a n i f o l d  

area  132.  I n t e r i o r   port  108  is  l oca ted   wi thin   the  inner  pe r iphery   of  fin  p l a t e  

122  so  as  to  provide  means  for  channe l ing   the  f i r s t   f l u id   to  the  a l t e r n a t i n g  

p l a t e .   In  th is   p a r t i c u l a r   embodiment  an  i n t e r n a l l y   manifolded  p la te   s tack  o f  

annular   c o n f i g u r a t i o n   is  ob ta ined   by  superpos ing   i n l e t   fin  p la te   122  and  o u t l e t  

fin  p la te   106  in  a l t e r n a t i n g   sequence  to  form  the  des i red   p la te   stack  h e i g h t .  

It  should  be  noted  tha t   a  p l u r a l i t y   of  i n l e t s   and  o u t l e t s   may  be  loca ted   w i t h i n  

each  p la te   i f   d e s i r e d .   To  complete  the  p la te   s t a c k ,   a  ring  s t r u c t u r e - s h a p e d  

cover  p la te   is  s e a l a b l y   connected  to  the  top  p la te   of  the  i n t e r n a l l y   m a n i f o l d e d  

annular   p la te   s t ack .   It  should  be  noted  that   the  cover  p la te   can  merely  b e  -  

another   annular   p la te   or  it   may  be  a  so l id   p l a t e .   Then,  any  convent ional   means 

for  conveying  the  heat  t r a n s f e r   f l u i d   to  and  from  a  p l a t e / f i n - t y p e   heat  e x c h a n g e r  

can  be  a t t a c h e d .  

Depending  upon  the  u l t i m a t e   use  and  the  des i red   heat  t r a n s f e r   r a t e ,   v a r i o u s  

p la te   t h i c k n e s s e s ,   channel  and  fin  r a t i o s ,   length  and  width  r a t io s   and  v a r i o u s  

the rma l ly   conduct ive   m a t e r i a l s   can  be  used.  The  fo l lowing   m a t e r i a l s   are  de -  

l i n e a t e d   by  way  of  example,  and  not  by  way  of  l i m i t a t i o n :   me ta l s ,   c e r a m i c s ,  

polymers,   e t c .  



The  above  design  is  the  f i r s t   real  automated  means  for  manufac tur ing   h e a t  

exchangers .   This  will  reduce  the  labor   manhours  involved  in  c u t t i n g ,   b r a z i n g ,  

welding,   leak  checking,   e t c . ,   compared  to  tube  in  shell  and  p l a t e / f i n   heat  ex -  

changers .   Moreover,  the  s ca l ing   of  the  design  allowed  provides  a  wide  l a t i t u d e  

of  s i z e s ,   m a t e r i a l s ,   and  f l u i d s .   The  fo l lowing  d i scuss ion   o u t l i n e s   the  b a s i s  

of  thermal  s u p e r i o r i t y   of  the  IMPS  design  over  previous  design  a p p r o a c h e s .  

The  basic   t echn ica l   merit   provided  by  the  design,   p resen ted   in  Fig.  8c,  i s  

t ha t   i t   allows  a  fundamental  coun te r f low  heat  exchange  design  with  all  working 

su r f aces   having  equal  AT  to  the  a d j a c e n t   su r f ace .   As  can  be  seen,  each  pa s sage  

(cold  or  hot)  has  an  ad jacen t   passage  (hot  or  cold)  on  each  s ide .   Bonded  j o i n t  

11  between  p l a t e s   10,  permits   the  thermal  conduction  from  p la te   to  p la te   and 

thereby  c o n s i d e r a b l y   enhances  heat  exchanger   e f f i c i e n c y   over  a  n o n - c o n t a c t i n g  

j o i n t   design  such  as  the  Alfa-Laval   concept .   The  t a i l o r i n g   of  the  coolant   p a s -  

sages  to  provide  v a r i a b l e   flow  area  is  allowed  in  the  des ign,   both  in  width  and 

height   with  an  a p p r o p r i a t e   change  in  wall  and  land  t h i c k n e s s e s .   In  the  b a s i c  

heat  exchange  p rocess ,   the  best  heat  exchange  e f f i c i e n c y   is  provided  with  a 

pure  f r i c t i o n a l   flow  process .   Any  t u r b u l e n c e   due  to  waviness ,   p r o t u b e r a n c e s  

or  roughness  r e s u l t s   in  an  i n e f f i c i e n t   p ressure   loss  and  an  actual   decrease  i n  

overa l l   heat  t r a n s f e r .   If  heat  exchanger   compactness  is  b a s i c a l l y   d e s i r e d ,   t h e  

heat  exchange  b e n e f i t   o f  w a v i n e s s ,   roughness ,   i n t e r r u p t e d   f i n s ,   e t c . ,   can  be 

put  into  the  IMPS  design  by  co in ing ,   e t c h i n g ,   m i l l i ng ,   e t c . ,   at  some  expense  t o  

the  flow  p res su re   l o s se s .   The  added  advantage  of  a  d i f f e r e n t   groove  size  geometry 

with  simple  t oo l ing   changes  becomes  an  added  fea tu re   of  the  d e s i g n .  

The  i n t e r n a l   manifolding  f e a t u r e ,   as  shown  throughout   the  F igures ,   a l lows  

for  both  a  minimum  flow  en t rance   loss  and  the  i n t e rna l   manifold  design  p r o v i d e s  

for  heat  exchange  within  the  manifold  s e c t i o n ;   thus  providing  for  the  h i g h e s t  

e f f i c i e n c y   in  a  given  length  d e s i g n .  



Under  normal  c i r c u m s t a n c e s ,   the  best   thermal  e f f i c i e n c y   is  achieved  w i t h  

a  good  coun t e r f l ow   design.   Fig.  11  shows  a  basic   comparison  of  p a r a l l e l ,   c r o s s -  

flow  and  coun te r f low  des igns .   It  is  seen  tha t   the  e f f i c i e n c y   for  the  p a r a l l e l  

flow  approaches  50%,  c ross f low  80%,  and  counte r f low  up  to  90%,  with  s u f f i c i e n t  

l e n g t h .   Since  the  ma jo r i ty   of  fin  p la te   heat  exchangers  are  crossf low  t y p e s  .  

because  of  man i fo ld ing   r easons ,   the  proposed  design  shows  an  i n i t i a l   10-15% 

advantage   on  th i s   basis   a l o n e .  

The  a b i l i t y   to  handle  e i t h e r   the  c ross f low  or  p a r a l l e l   flow  case  is ,   however ,  

not  excluded  with  the  IMPS  design  and,  a l t e r n a t i v e l y ,   the  use  of  added  c r o s s  

c o u n t e r f l o w   f l u i d s   and  paths  is  also  a l l o w e d .  

Three  d i s t i n c t   heat  exchanger   examples  are  shown  in  Figs.  12a,  12b,  and 

12c.  All  th ree   designs  r e p r e s e n t   coun te r f low  designs  which,  as  d e s c r i b e d ,  

r e p r e s e n t   the  best   heat  t r a n s f e r   e f f i c i e n c y   a p p r o a c h .  

In  Fig.  12a,  for  a  c o r r u g a t e d   or  wave  shape  wall  des ign ,   the  e f f e c t   of  t h e  

waves  wil l   be  to  add  t u r b u l e n c e   which  wil l   enhance  the  heat  t r a n s f e r ,   but  a t  

g rea t   expense  on  the  p ressure   drop  due  to  aerodynamic  head  loss  e f f e c t s ,   r a t h e r  

than  pure  f r i c t i o n .   As  also  shown,  unless   the  sur face   al ignment  and  spacing  i s  

equa l ly   matched  between  cold  and  hot  side  s u r f a c e s ,   c o r r e c t l y ,   i n a d v e r t e n t  

p r e s su re   loss  and  n o n e f f i c i e n t   heat  t r a n s f e r   would  occur.   Moreover,  no  conduc t ion  

between  p la te   to  p la te   in  the  assembly  can  occur  in  this   d e s i g n .  

In  Fig.  12b,  a  coun te r f low  r ibbed  fin  p la te   is  i l l u s t r a t e d .   It  has  t h e  

b e n e f i t   of  extended  fin  su r f aces   but  not  the  e f f e c t   of  thermal  conduction  plate   t o  

p l a t e .   Moreover,  the  spacing  of  the  passages  is  such  tha t   only  low  p r e s s u r e  

d i f f e r e n t i a l s   can  be  suppor ted   between  p l a t e s   and  as  a  consequence,   heat  t r a n s f e r  

r a tes   vary  from  p la te   to  p la te   and  along  and  across  any  given  plate  surface  a r e a .  



The  proposed  p la te   stack  des ign ,   Fig.  12c,  heat  exchanger  provides  for  t h e  

optimum  coun te r f low  design  t oge the r   with  extended  surface   f inned  c o n s t r u c t i o n  

and  no  c o r r u g a t i o n s   ( i f   minimum  pressure   loss  is  d e s i r e d ) .   Moreover,  a  p r i n c i p a l  

advantage  is  the  i n t i m a t e   thermal  j o i n t   provided  by  the  p la te   s tack  which  p ro-  

vides  for  thermal  improvements  for  (almost)   all  c i r cumstances .   For  t a l l   h e i g h t  

passage  designs  where  the  heat  t r a n s f e r   c o e f f i c i e n t s   are  small  compared  to  t h e  

r a t io   of  the  ma te r i a l   thermal  c o n d u c t i v i t y   to  mean  c h a r a c t e r i s t i c s   h e i g h t  

( i . e . ,   NBi≤  1.0)  the  p l a t e - t o - p l a t e   con tac t   will  mean  the  b e n e f i t   of  the  s u p e r i o r  

thermal  conduc t ion   of  the  metal  not  only  between  two  adjacent   p l a t e s   but  from 

other   p la tes   far  removed  from  the  immediate  thermal  j o i n t .   In  th is   manner,  t h e  

added  a b i l i t y   of  the  design  to  improve  heat  conduct ion ,   r e s u l t s   from  the  t h r e e - .  

dimensional  thermal  conduction  within  the  p la te   s tack.   Moreover,  the  b e t t e r   3-D 

thermal  conduct ion  in  the  design  also  reduces  the  peak  thermal  s t r e s s e s   by  t h e  

p r o p o r t i o n a t e   r educ t ion   in  peak  sur face   t empera tures   within  the  e x c h a n g e r .  

The  b e n e f i t   of  the  p l a t e - t o - p l a t e   con tac t   can  be  expressed  by  an  enhance-  

ment  r a t i o :  

where  K  is  the  ma te r i a l   c o n d u c t i v i t y ,   h  is  the  average  heat  t r a n s f e r   c o e f f i c i e n t ,  

L  is  the  land  width  and  W  the  channel  width.   The  value  S'  is  approximate ly   t h e  

wall  t h i ckness   S  plus  1/2  of  the  channel  he igh t .   From  the  above  formula,   it  can 

be  seen  tha t   values  of  6  g r ea t e r   than  1.0  show  a  bene f i t   for  a t tachment   plate  t o  

p l a t e .   In  p r a c t i c e ,   values  of  δ  up  to  10  times  can  be  r e a l i z e d   with  proper  des ign  

geometry.  This  is  e s p e c i a l l y   important   where  the  heat  t r a n s f e r   c o e f f i c i e n t   wants 

to  be  low  to  save  pressure   drop  and  pumping  power.  



Fig.  13  i l l u s t r a t e s   for  the  d e s i g n s ,   the  requi rements   of  S'  vs  heat  t r a n s f e r  

c o e f f i c i e n t .   For  all  but  the  h ighes t   heat   t r a n s f e r   rate   c o n d i t i o n s ,   a  p r a c t i c a l  

t h i cknes s   can  be  found  to  use  the  IMPS  p la t e   s tack  a p p r o a c h .  

The  overa l l   heat  t r a n s f e r   rate   q/A  for  the  p la te   s tack  heat  exchanger  on  a 

uni t   su r face   area  basis   between  p la tes   may  be  expressed  as  ( a p p r o x i m a t e l y ) :  

with  more  d e t a i l e d   analyses   performed  by  computer  s o l u t i o n .   For  a  p a r t i c u l a r  

pumping  power ,a l lowed  the  cold  side  and  hot  side  heat  t r a n s f e r   c o e f f i c i e n t s  

(Hh  and  Hc)  become  s p e c i f i e d ,   and  the  wall  heat  flux  can  be  opt imized  by  t h e  

geometry  and  ma te r i a l   s e l e c t i o n .  

The  r a t i o   of  heat  t r a n s f e r r e d   by  the  p la te   stack  heat  exchanger   to  a 

r e f e rence   plane  wall  design  (Eq.  2,  tube  in  s h e l l )   becomes:  

For  near ly   equal  values  of  cold  (c)  and  hot  (h)  heat  t r a n s f e r   c o e f f i c i e n t s  

and  a  high  c o n d u c t i v i t y   (K)  wal l ,   th is   r a t i o   (ϕ)  reduces  t o :  



Next,  for  equal  cold  and  hot  side  geometries  and  narrow  land  to  channel 

widths ,   th is   becomes:  

As  a  r e s u l t ,   as  shown  in  the  next  d i s c u s s i o n ,   this   bounds  the  t h e o r e t i c a l  

heat  exchange  enhancement  r a t i o   l i m i t .  

For  var ious   s i t u a t i o n s   of  cold  and  hot  side  heat  t r a n s f e r   c o e f f i c i e n t s   and 

ma te r i a l s   and  r e a l i s t i c   geomet r i e s ,   the  use  of  e i t h e r   Equation  3  or  exact  com- 

puter  s o l u t i o n s   must  be  pe r fo rmed .  

The  maximum  t h e o r e t i c a l   thermal  enhancement  r a t io   tha t   can  be  provided  by 

the  plate   s tack  approach  may  be  seen  in  Fig.  14.  The  value φ  r e p r e s e n t s   t h e  

enhancement  to  be  obta ined  by  a  high  c o n d u c t i v i t y   mater ia l   (copper  or  s i l v e r )  

as  an  example.  A  value  of φ  =  1.0  r e p r e s e n t s   a  normal  ( e . g . ,  t u b e   in  s h e l l )  

base l ine   heat  exchanger  design.   Added  l imi t   boundaries  are  shown  for  t h e  

t h e o r e t i c a l   best   l i n e  a n d   a  ( t y p i c a l )   manufactur ing  l imi t   l i ne .   It  is  shown  t h a t  

typica l   values  of  3  to  4  times  the  t u b e - i n - s h e l l   heat  t r a n s f e r   c o e f f i c i e n t s   w i l l  

occur  wi th   a  t yp ica l   design  for  the  same  heat  t r a n s f e r   c o e f f i c i e n t   (equal  pump- 

ing  power).  Values  of φ  at  10  times  or  g r e a t e r   the  base l ine   heat  exchange  va lues  

can  be  fo reseen   under  some  p ro j ec t ed   c i rcumstances   with  equal  power  l o s s .  

Fig.  15  i l l u s t r a t e s   for  a  p a r t i c u l a r   example  design  r e c u p e r a t o r   geometry  a 

plate  stack  computer  design  ana lys i s   with  a  nominal  v a l u e   of  1.4,  i . e . ,   40% 

b e t t e r   than  the  t u b e - i n - s h e l l .   As  i l l u s t r a t e d ,   the  plate   stack  design  can 

a l t e r n a t i v e l y   reduce  the  required  cold  side  heat  t r a n s f e r   c o e f f i c i e n t   to  50%  o f  

the  t u b e - i n - s h e l l   value  (25%  of  o r i g i n a l   pumping  power) .  



For  lower  thermal  c o n d u c t i v i t y   m a t e r i a l s ,   a  d e g r a d a t i o n   will   occur  in  p e r -  

formance  as  shown  in  Fig.  16.  For ϕ  ( d e g r a d a t i o n   f a c t o r )   values  in  the  range  

0 ≤ ψ ≤ 0 . 1   a  minimum  d e g r a d a t i o n   is  shown.  This  impl ies   the  s i z ing   of  the  p l a t e  

s tack  heat  exchanger   to  ensure  the  ma te r i a l   chosen  and  the  t h i ckness   values  a r e  

s a t i s f a c t o r y   compared  to  the  lowest  heat  t r a n s f e r   c o e f f i c i e n t   in  the  stack  ( c o l d  

or  hot  s i d e ) .  

For  equal  cold  and  hot  side  p la te   geometry  s i t u a t i o n s ,   for  example,  the  use  o f  

seve ra l   der ived   parameters   can  be  of  importance  (These  can  also  be  der ived  f o r  

s i t u a t i o n s   of  unequal  geometry.  These  are  s t a t e d   as  f o l l o w s :  

These  parameters   are  of  importance  for  design  of  heat  exchange  r a t e ,  

pumping  power,  and  weight  (cos t )   r e s p e c t i v e l y ,   to  a s s i s t   in  design  d e t a i l i n g .  

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  present   inven t ion   a r e  

p o s s i b l e   in  l i g h 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 ,  

w i th in   the  scope  of  the  appended  c la ims,   the  i nven t ion   may  be  p r a c t i c e d   o t h e r w i s e  

than  as  s p e c i f i c a l l y   d e s c r i b e d .  

What  is  new  and  is  des i r ed   to  be  secured  by  l e t t e r s   pa ten t   of  the  Un i t ed  

S ta tes   i s :  



1.  A  heat  exchanger ,   c o m p r i s i n g ;  

means  for  e x t e r n a l l y   man i fo ld ing ;   and 

an  i n t e r n a l l y   manifolded  p la te   s t ack ,   wherein  said  p la te   stack  compr ises  

a  cover  p l a t e ,   and  a  p l u r a l i t y   of  i n t e r n a l l y   manifolded  p la tes   having  e i t h e r   t h e  

same  or  d i f f e r e n t   i n t e r n a l   c o n f i g u r a t i o n s   s tacked  in  an  opposed  manner  in  a l t e r -  

nat ing  sequence  and  wherein  each  p la te   c o m p r i s e s :  

an  open-faced  p l a t e ,   f o r  c h a n n e l i n g   a  f l u i d ;  

a  s ide  p o r t - t r a n s v e r s e l y   o r i en ted   through  the  top  edge  of  s a i d  

open-faced  p l a t e ;  

means  for  i n t e r n a l l y   man i fo ld ing ,   wherein  said  means  are  con t iguous  

with  said  side  p o r t ;  

a  closed  end  l a t e r a l   with  and  adjacent   to  said  means  f o r  

i n t e r n a l l y   m a n i f o l d i n g ;  

a  p l u r a l i t y   of  contac t   fins  and  channels  for  d i r e c t i n g   f l u i d  

flow  and  for  enhancing  heat  t r a n s f e r ,   and  wherein  said  contac t   f i n s  

and  channels  are  contiguous  with  and  t r ansve r se   to  said  means  f o r  

i n t e r n a l l y   m a n i f o l d i n g ;  

an  open  end  port  cont iguous  with  said  means  for  channel ing ;   and 

a  bottom  for  mating  with  said  fins  and  said  open  face  of  an 

adjacent   p la te   within  the  p la te   s t a c k .  



2.  A  heat  exchanger ,   c o m p r i s i n g :  

an  i n t e g r a l l y   a u x i l i a r y   and  i n t e r n a l l y   manifolded  p la te   s t a c k ,   w h e r e i n  

sa id   p la te   stack  comprises  a  cover  p l a t e ,   and  a  p l u r a l i t y   of  i n t e g r a l l y   a u x i l i a r y  

and  i n t e r n a l l y   manifolded  p l a t e s   s tacked   in  an  opposed  manner  in  a l t e r n a t i n g  

sequence ,   and  wherein  each  p la te   c o m p r i s e s :  

an  open-faced  p l a t e ,   for  channe l ing   a  f l u i d ;  

at  l e a s t   one  side  port   t r a n s v e r s e l y   o r i en ted   through  the  t o p  

edge  of  said  open-faced  p l a t e ;  

one  pair   of  i n t e g r a l   a u x i l i a r y   side  manifolds  for  each  of  s a i d  

side  ports   wherein  each  pai r   comprises  one  i n t e g r a l   a u x i l i a r y   s i d e  

manifold  p o s i t i o n e d   at  said  side  port   and  a  second  i n t e g r a l   a u x i l i a r y  

side  c losed   manifold  d i a g o n a l l y   p o s i t i o n e d   on  the  oppos i te   side  w a l l ;  

an  i n t e r n a l   manifold   having  forward  and  aft  ends  and  wherein  s a i d  

i n t e r n a l   manifold  is  cont iguous   with  said  side  p o r t ;  

a  c losed  end  l a t e r a l   with  and  ad jacen t   to  said  aft   end  of  s a i d  

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

a  c losed  end  ex t e rna l   i n t e g r a l   manifold  i n t e g r a l   with  and  s e a l a b l y  

sepa ra t ed   from  said  c losed  e n d ;  

a  p l u r a l i t y   of  con t ac t   fins  and  channels  for  d i r e c t i n g   f lu id   f low 

and  for  enhancing  heat  t r a n s f e r ,   and  wherein  said  contac t   fins  and 

channels  are  cont iguous  with  and  t r a n s v e r s e   to  said  means  for  i n t e r n a l l y  

m a n i f o l d i n g ;  

an  end  port  o r i e n t e d   through  the  top  edge  of  said  o p e n - f a c e d  

pla te   and  cont iguous  with  said  means  for  c h a n n e l i n g ;  

an  open  end  ex t e rna l   i n t e g r a l   manifold  oppos i te   said  closed  end 

i n t e g r a l   ex te rna l   manifold   for  c o l l e c t i n g   and  d i r e c t i n g   f l u i d s ;   and 

a  bottom  for  mating  with  said  f ins  and  said  open  face  of  an 

ad jacen t   p l a t e .  



3.  A  heat  exchanger ,   c o m p r i s i n g :  

an  i n t e g r a l l y   i n t e r i o r l y   and  I n t e r n a l l y   manifolded  p la te   s t a c k ,  

wherein  said  p la te   s tack   comprises  a  cover  p l a t e ,   and  a  p l u r a l i t y   of  i n t e g r a l l y  

i n t e r i o r l y   and  i n t e r n a l l y   manifolded  p la tes   s tacked  in  an  opposed  manner  i n  

a l t e r n a t i n g   sequence ,   and  wherein  each  p la te   c o m p r i s e s :  

an  open-faced   p l a t e ,   for  channel ing   a  f l u i d ;  

at  l e a s t   one  i n t e r i o r   i n l e t   t r a n s v e r s e l y   o r i e n t e d   within  t h e  

top  of  sa id   open-faced  p l a t e ;  

one  pa i r   of  i n t eg ra l   i n t e r i o r   side  manifolds  for  each  of  s a i d  

i n t e r i o r   i n l e t s   wherein  each  pai r   comprises  one  i n t e g r a l   i n t e r i o r  

side  open  manifold  p o s i t i o n e d   at  said  i n t e r i o r   i n l e t   and  an  i n t e g r a l  

side  c losed  manifold  d i agona l ly   p o s i t i o n e d   in  the  oppos i te   side  w a l l ;  

an  i n t e r n a l   manifold  having  forward  and  aft  ends  and  whe re in  

said  i n t e r n a l   manifold  is  cont iguous  with  said  i n t e r i o r   i n l e t ;  

a  c losed  end  l a t e r a l   with  and  ad jacen t   to  said  aft  end  of  s a i d  

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

a  c losed  end  ex terna l   i n t e g r a l   manifold  i n t e g r a l   with  and  s e a l a b l y  

s e p a r a t e d   from  said  closed  e n d ;  

a  p l u r a l i t y   of  contac t   fins  and  channels  for  d i r e c t i n g   f lu id   f low 

and  for  enhancing  heat  t r a n s f e r ,   and  wherein  said  con tac t   fins  a n d  .  

channels  are  contiguous  with  and  t r a n s v e r s e   to  said  means  for  i n t e r n a l l y  

m a n i f o l d i n g ;  

an  end  port  o r i en ted   through  the  top  edge  of  said  o p e n - f a c e d  

p la te   and  contiguous  with  said  means  for  c h a n n e l i n g ;  

an  open  end  external   i n t e g r a l   manifold  oppos i te   said  closed  end 

i n t e g r a l   ex te rna l   manifold  for  c o l l e c t i n g   and  d i r e c t i n g   f l u i d s ;   and 

a  bottom  for  mating  with  said  f ins  and  said  open  face  of  an 

ad jacen t   p l a t e .  



4.  A  heat  exchanger  compris ing  an  e x t e r n a l l y   and  i n t e r n a l l y   m a n i f o l d e d  

annu la r   s t a c k ,   wherein  said  annula r   stack  c o m p r i s e s :  

a  cover  p l a t e ;   and 

a  p l u r a l i t y   of  e x t e r n a l l y   and  i n t e r n a l l y   manifo lded  annular   s t r u c t u r e s  

s t acked   out  of  phase  and  in  a l t e r n a t i n g   sequence,   and  wherein  each  a n n u l a r  

s t r u c t u r e   c o m p r i s e s :  

at  l e a s t   one  open- faced   i n l e t   p l a t e ,   wherein  said  plate  c o m p r i s e s :  

an  i n l e t   p l a t e ,   for  channel ing   a  f l u i d ;  

at  l e a s t   one  side  port  ad j acen t   to  the  ou te r   pe r iphe ry   o f  

said  p la te   and  t r a n s v e r s e l y   o r i e n t e d   through  the  top  edge  of  s a i d  

open-faced  i n l e t   p l a t e ;  

one  pa i r   of  i n t e g r a l   ex t e rna l   side  manifolds   for  each  s i d e  

post ,   wherein  one  ex te rna l   side  manifold   is  p o s i t i o n e d   at  s a i d  

side  port  and  the  second  i n t e g r a l   e x t e r n a l   s ide  closed  m a n i f o l d  

is  d i agona l ly   p o s i t i o n e d   on  the  oppos i te   side  w a l l ;  

means  for  i n t e r n a l l y   m a n i f o l d i n g ,   wherein  said  means  a r e  

contiguous  with  said  side  port   and  ad j acen t   to  the  o u t e r  

per iphery   of  said  i n l e t   p l a t e ;  

a  closed  end  c o i n c i d e n t a l   with  said  outer   per iphery   of  s a i d  

i n l e t   p l a t e ;  

a  p l u r a l i t y   of  con tac t   fins  and  channels   for  d i r e c t i n g   f l u i d  

flow  and  for  enhancing  heat  t r a n s f e r ,   and  wherein  said  c o n t a c t  

fins  and  channels  are  cont iguous  with  and  t r a n s v e r s e   to  s a i d  

means  for  i n t e r n a l l y   m a n i f o l d i n g ;  

an  open  end  port   cont iguous  with  said  means  for  c h a n n e l i n g ;  

and 

a  bottom  for  mating  with  said  f ins  and  said  open  face  of  a 

superposed  p l a t e ;  



one  open- faced   o u t l e t   p la te   for  each  i n l e t   p l a t e ,   wherein  s a i d  

o u t l e t   p l a t e   c o m p r i s e s :  

an  o u t l e t   p la te   for  channel ing  a  f l u i d ;  

at  l e a s t   one  side  port  ad jacent   to  the  inner   per iphery   o f  

said  o u t l e t   p la te   and  t r a n s v e r s e l y   o r ien ted   through  the  top  edge 

of  sand  open-faced  o u t l e t   p l a t e ;  

at  l e a s t   one  pair   of  i n t e g r a l   ex te rna l   side  man i fo ld s  

wherein  o n e  e x t e r n a l   side  manifold  is  pos i t i oned   at  said  s i d e  

port  and  the  second  i n t e g r a l   ex te rna l   side  closed  manifold  i s  

d i a g o n a l l y   p o s i t i o n e d   on  the  oppos i te   side  w a l l ;  

means  for  i n t e r n a l l y   man i fo ld ing ,   wherein  said  means  a r e  

cont iguous   wi th .  sa id   side  port  and  ad jacent   to  the  inner  p e r i p h e r y  

of  said  o u t l e t  p l a t e ;  

a  closed  end  c o i n c i d e n t a l   with  said  outer  per iphery   of  s a i d  

i n l e t   p l a t e ;  

a  p l u r a l i t y   o f  c o n t a c t   fins  and  channels  for  d i r e c t i n g   f l u i d  

flow  and  for  enhancing  heat  t r a n s f e r ,   and  wherein  said  c o n t a c t  

fins  and  channels  are  cont iguous  with  and  t r a n s v e r s e   to  said  means 

f o r  i n t e r n a l l y  m a n i f o l d i n g ;  

an  open  end  port  cont iguous  with  said  means  for  c h a n n e l i n g ;  

and 

a  bottom  for  mating  with  said  fins  and  said  open  face  of  an 

ad jacent   p l a t e ;   and 

means  for  s ea l ab ly   connect ing   said  i n l e t   and  said  ou t l e t   p l a t e s  

through  said  i n t e g r a l   e x t e r n a l   side  m a n i f o l d s .  



5.  The  p l a t e   of  C l a i m s   1  or   2  or   3  or  4  w h e r e i n  

s a i d   p l a t e   i s   a  u n i b o d y   p l a t e .  

6.  The  p l a t e   of  C l a i m s   1  or  2  or  4  w h e r e i n   s a i d   p l a t e  

has   one  s i d e   p o r t   on  e a c h   of  t he   two  s i d e s   of  s a i d   p l a t e .  

7.  The  p l a t e   of  C l a i m   6  w h e r e i n   s a i d   p o r t s   a r e   o p p o s i t e  

and  in  l i n e .  

8.  The  p l a t e   of  C l a i m s   1  or  2  or  3  or  4  w h e r e i n   s a i d  

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

l e a s t   one  m a n i f o l d   f i n .  

9.  The  p l a t e   of  C l a i m s   2  or   4  w h e r e i n   t h e r e   a r e   two  p a i r s  

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

10.  The  p l a t e   of   C l a i m s   2  or  3  w h e r e i n   s a i d   p l a t e   f u r t h e r  

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

e a c h   of  s a i d   p l a t e .  

11.  The  p l a t e   of  C l a i m   3  w h e r e i n   t h e r e   a r e   two  p a i r s   o f  

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



12.  A  fin  p la te   for  a  p l a t e / f i n - t y p e   heat  exchanger ,   which 

c o m p r i s e s :  

an  open-faced  p l a t e ,   for  channel ing   a  f l u i d ;  

one  i n t e r i o r   corner  i n l e t   o r i e n t e d   within  the  top  of  said  o p e n - f a c e d  

p l a t e ;  

o n e  p a i r   of  i n t e r i o r   corner   manifolds  wherein  said  pair   f u r t h e r   c o m p r i s e s :  

one  i n t e r i o r   corner   i n l e t   manifold  pos i t i oned   at  said  i n t e r i o r  

corner  i n l e t ;   and 

one  i n t e r i o r   corner  o u t l e t   pos i t i oned   on  the  same  side  as  s a i d  

i n t e r i o r   corner  i n l e t   but  at  the  oppos i te   end  of  said  p l a t e ;  

means  for  i n t e r n a l l y   man i fo ld ing ,   wherein  said  means  comprises  a  

p l u r a l i t y   of  flow  guides ,   and  manifold  channels  and  wherein  the  said  m a n i f o l d  

channels   increase   in  width  as  the  length  of  said  manifold  channel  run  i n c r e a s e s  

in  l e n g t h ;  

a  p l u r a l i t y   of  contac t   fins  and  channels  for  d i r e c t i n g   f lu id   f low 

and  for  enhancing  heat  t r a n s f e r ,   and  wherein  said  con tac t   fins  and  channels  a r e  

cont iguous   with  and  t r a n s v e r s e   to  said  means  for  i n t e r n a l l y   m a n i f o l d i n g ;  

a  pair   of  closed  manifolds  pos i t i oned   one  each  in  the  remaining  two 

corners   of  said  fin  p l a t e ,   for  providing  continuous  flow  passages  for  said  f i n  

p la te   when  s tacked  in  an  opposed  manner  in  a l t e r n a t i n g   sequence;  and 

a  bottom  for  mating  with  said  flow  guides  and  fins  and  said  open  f a c e  

of  an  ad jacen t   p l a t e .  
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