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i-iat-piate  neat  excnanger. 
@  A  flat-plate  heat  exchanger  having  first  and  second  groups of  the  plates  (10  and  11),  the  plates  of  one  group  being 
interleaved  with  those  of  the  other  group.  Each  of  the  plates  (10 
and  11)  is  formed  within  one  face  with  a  fluid  flow  passage  (13 
and  20),  the  passage  (13,  20)  being  constituted  by  a  plurality  of 
channels  (18  and  25)  which  are  formed  within  the  thickness  of 
the  plate  (10,  11).  The  fluid  flow  passages  (13)  within  the  first 
group  of  plates  (10)  extend  between  side  edges  (15  and  17)  of 
the  plates  (10,  11)  and,  in  so  doing,  the  passages  (13,  20)  make 
an  odd  number  of  transverse  passes  across  the  width  of  the 
plate  (10,  11),  and  headers  (27  and  28)  are  located  at  the 
respective  side  edges  of  the  heat  exchanger  for  directing  a  first 
heat  exchange  fluid  into  and  from  the  fluid  flow  passages  (13)  in 
the  first  group  of  plates  (10).  The  fluid  flow  passages  (20)  in  the 
second  group  of  plates  (11)  extend  from  one  end  (22)  of  the 
plates  (11)  to  the  other  end  (24),  in  a  linear  direction. 

1. 
JJ 

undesdruokerei  Berlin 



Description 

D  292  245 

FLAT-PLATE  HEAT  EXCHANGER 

This  invention  relates  to  a  heat  exchanger  of  a 
type  having  flat  plates  which  are  formed  within  their 
thickness  with  fluid  passages  and  which  are  bonded  5 
together  as  laminations  without  any  intervening 
gaskets. 

Such  heat  exchangers  have  been  developed  to 
provide  for  counterilow,  crossflow  or  coflow  of  heat 
exchange  fluids  but,  in  all  cases,  the  fluid  passages  10 
in  individual  plates  have  been  formed  to  provide  for 
flow  which  is  generally  unidirectional.  The  flow  paths 
in  some  cases  have  incorporated  turbulence  induc- 
ing  geometries  such  as  zig-zag  channels  or  flow 
diverters.  Also,  some  plates  have  been  formed  with  15 
distribution  zone  channels  and  smoothing  zone 
channels  which  may  extend  transversely  or  obliquely 
to  the  general  direction  of  passages  in  the  heat 
exchange  region  of  the  plates.  However,  even  with 
these  various  passage  arrangements,  the  individual  20 
plates  have  been  designed  and  arranged  to  provide 
for  flow  in  one  direction  only  in  the  heat  exchange 
region  of  the  plates  and  the  passages  within  such 
region  do  not  provide  for  reverse  direction  flow  of 
fluid  within  the  length  or  width  of  the  plates.  25 

In  contrast  with  the  known  types  of  heat  ex- 
changers,  the  present  invention  provides  a  structure 
having  plates  which  are  formed  with  fluid  flow 
passages  which  make  an  odd  number  of  passes 
across  the  width  or  along  the  length  of  the  plates  30 
and  which,  in  so  doing,  provide  for  reversal  of  fluid 
flow  within  the  boundaries  of  each  of  the  plates. 

Thus,  the  present  invention  may  be  broadly 
defined  as  providing  a  heat  exchanger  which 
comprises  a  plurality  of  flat  metal  plates  which  are  35 
bonded  together  as  laminations  in  face-to-face 
contact  without  any  intervening  gaskets.  A  first 
group  of  the  plates  has  a  first  fluid  flow  passage 
formed  in  one  face  of  each  plate  of  the  group,  and  a 
second  group  of  the  plates  has  a  second  fluid  flow  40 
passage  formed  in  one  face  of  each  plate  of  the 
group.  Means  are  associated  with  the  first  group  of 
plates  for  directing  a  first  fluid  into  and  from  the  fluid 
flow  passages  in  that  group  of  plates  and  for  keeping 
the  first  fluid  separate  from  a  second  fluid  which  is  in  45 
use  directed  through  the  fluid  flow  passages  in  the 
second  group  of  plates.  The  first  and  second  fluid 
flow  passages  in  the  respective  plates  each  com- 
prise  a  plurality  of  channels  which  are  formed  within 
the  thickness  of  the  respective  plates.  The  channels  50 
in  at  least  the  first  group  of  plates  make  an  odd 
number  of  passes  across  the  width  or  along  the 
length  of  the  plates  and  the  channels  within  each 
fluid  flow  passage  have  approximately  the  same 
length.  55 

The  above  defined  structure  provides  certain 
distinct  advantages  over  prior  art  heat  exchangers  of 
the  same  general  type.  Thus,  in  contrast  with  prior 
art  counterflow  exchangers,  the  present  invention 
enables  a  single  plate  size  to  be  used  to  produce  a  60 
very  wide  range  of  heat  exchange  characteristics, 
without  substantial  variation  in  passage  size.  Also, 
the  present  invention  avoids  the  need  for  a  distribu- 

tion  zone  and  thus  obviates  the  pressure  drop  ana 
inefficient  heat  transfer  which  is  normally  associated 
with  a  distribution  zone.  Consequently,  counterflow 
exchange  may  be  no  more  costly  to  produce  than 
crossflow  exchange. 

When  compared  with  prior  art  crossflow  ex- 
changers,  the  present  invention  permits  a  single 
plate  size  and  shape  to  be  used  to  handle  fluids  with 
widely  different  flow  rates  and/or  viscosities,  without 
there  being  a  need  for  extreme  length-to-width 
ratios.  Also,  counterflow  can  be  approached  to  any 
desired  approximation  by  pursuing  the  fluid  back 
and  forth  across  the  width  or  along  the  length  of  the 
plates  and  by  appropriately  patterning  adjacent 
plates,  without  complex  baffling  being  required  in 
fluid  headers.  Additionally,  small  diameter  fluid 
headers  may  be  employed  for  fluids  which  are 
directed  through  those  plates  which  provide  for 
reversal  of  flow,  and  the  heat  load  from  side-to-side 
of  the  plate  may  be  more  even  in  the  heat  exchanger 
as  contemplated  by  the  present  invention. 

Each  plate  may  be  formed  in  each  of  its  faces  with 
fluid  passages  or,  in  the  alternative,  each  plate  may 
be  formed  in  one  face  only  with  the  fluid  passages. 
Also,  a  complete  heat  exchanger  may  be  con- 
structed  with  all  of  its  plates  being  of  one  type  or  the 
other,  or  with  a  mixture  of  the  two  types  of  plates. 
When  the  plates  are  formed  in  both  faces  with  the 
fluid  passages,  adjacent  plates  may  be  bonded 
together  to  create  double-depth  passages,  or 
adjacent  plates  may  be  separated  by  spacer  plates 
which  serve  to  separate  the  fluid  streams. 

However,  it  is  expected  that  most  heat  ex- 
changers  will  be  constructed  with  plates  which  are 
formed  in  one  face  only  with  fluid  passages  and,  in 
such  case,  two  groups  of  interleaved  plates  will  be 
provided  within  the  heat  exchanger,  one  group  being 
used  to  convey  one  fluid  and  the  second  group 
being  used  to  convey  the  other  fluid. 

The  passages  in  both  groups  of  plates  may 
provide  for  reversal  of  fluid  flow,  although  the  heat 
exchanger  may  be  constructed  such  that  the 
passages  in  one  group  of  plates  provide  for  reversal 
of  fluid  flow  while  the  passages  in  the  other  group  of 
plates  provide  for  straight-through  fluid  flow.  When 
both  groups  of  plates  are  formed  with  passages 
which  provide  for  reversal  of  fluid  flow,  one  group  of 

.  plates  may  be  provided  with  passages  which  extend 
predominantly  in  a  longitudinal  direction  and  the 
other  group  of  plates  with  passages  which  extend 
predominantly  in  a  transverse  direction.  Alterna- 
tively,  both  groups  of  plates  may  be  provided  with 
passages  which  extend  predominantly  in  the  same 
direction. 

AH  of  the  channels  which  serve  to  form  one  fluid 
flow  passage  preferably  have  the  same  dimension, 
and  each  channel  preferably  has  a  cross-sectional 
dimension  and  shape  which  is  substantially  constant 
along  the  full  length  of  the  channel. 

Each  channel  preferably  has  a  depth  in  the  range 
0.2  to  1.5mm  and  a  width  not  greater  than  approxi- 
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maieiy  omm.  it  is  most  prererrea  tnat  eacn  cnannel 
has  a  width  less  than  3mm. 

One  heat  exchange  fluid  would  normally  be 
directed  into  and  from  the  heat  exchanger  by 
headers  connecting  with  the  inlet  and  outlet  ends  of 
the  passages  in  one  group  of  the  plates.  The  other 
heat  exchange  fluid  may  be  caused  to  pass  through 
the  heat  exchanger  by  simply  placing  the  exchanger 
in  a  fluid  stream  or  bath.  However,  it  will  normally  be 
the  case  that  a  first  pair  of  headers  will  be  employed 
for  directing  a  first  fluid  into  and  from  a  first  group  of 
plates  in  the  heat  exchanger,  while  a  second  pair  of 
headers  will  be  provided  for  directing  a  second  fluid 
into  and  from  a  second  group  of  plates  in  the 
exchanger. 

The  fluid  flow  channels  may  be  linear,  but  for 
direction  reversing  bends  in  the  channels,  or  the 
channels  may  be  shaped  in  any  desired  manner,  for 
example,  to  follow  a  serpentine  or  zig-zag  path. 

The  invention  will  be  more  fully  understood  from 
the  following  description  of  a  number  of  different 
types  of  heat  exchangers  which  incorporate  the 
features  of  the  invention.  The  description  is  provided 
with  reference  to  the  accompanying  drawings  and  is 
not  intended  to  be  limiting  on  the  scope  of  the 
invention. 

In  the  drawings: 
Figure  1  shows  a  perspective  view  of  a  first 

heat  exchanger  which  is  suitable  for  location  in 
a  fluid  bath  or  stream, 

Figure  2  shows  an  elevation  view  of  a  first 
plate  which  is  incorporated  in  the  heat  ex- 
changer  of  Figure  1  and,  also,  in  the  heat 
exchanger  of  Figure  4, 

Figure  3  shows  an  elevation  view  of  a  second 
plate  which  is  incorporated  in  the  heat  ex- 
changer  of  Figure  1  , 

Figure  4  shows  a  perspective  view  of  a 
second  heat  exchanger,  which  is  suitable  for 
thermally  contacting  two  separately  piped 
fluids, 

Figures  5  and  5A  show  elevation  views  of 
alternative  plates  which  may  be  incorporated  in 
the  heat  exchanger  of  Figure  4,  together  with 
the  plate  as  shown  in  Figure  2, 

Figure  6  shows  a  perspective  view  of  a  heat 
exchanger  which  is  suitable  for  contacting  two 
fluids,  one  of  which  is  directed  into  the  heat 
exchanger  by  two  separate  pipes  and  conveyed 
from  the  heat  exchanger  by  way  of  a  single  pipe, 

Figure  7  shows  a  perspective  view  of  a  heat 
exchanger  which  provides  for  the  supply  and 
discharge  of  fluid  from  one  side  only  of  the  heat 
exchanger,  and 

Figure  8  shows  an  elevation  view  of  a  plate 
which  is  incorporated  in  the  heat  exchanger  of 
Figures  6  and  7. 

As  illustrated  in  Figure  1,  the  heat  exchanger  is 
constructed  from  a  plurality  of  flat  stainless  steel 
plates  10  and  11  which  are  interleaved,  laminated 
and  bonded  together  in  face-to-face  relationship. 
The  plates  10  and  11  are  sandwiched  between  metal 
end  plates  12  and  all  of  the  plates  are  diffusion 
bonded  together  at  their  contacting  surfaces.  To 
effect  such  bonding,  the  plates  are  pressed  together 

whilst  subjected  to  a  temperature  approaching  the 
melting  point  of  the  metal,  whereby  interracial  crystal 
growth  is  promoted.  Compression  is  applied  to  the 
stack  of  plates  during  the  bonding  process  in  order 

5  to  assure  a  sound  bond  and  to  compensate  for  any 
lack  of  plate  flatness. 

The  plate  10,  as  shown  in  Figure  2,  is  formed  with  a 
fluid  passage  13  which  extends  from  an  inlet  region 
14  in  one  edge  15  of  the  plate  to  an  outlet  region  16 

10  in  the  opposite  edge  17  of  the  plate.  The  fluid 
passage  is  constituted  by  a  plurality  of  channels  18, 
each  of  which  extends  transversely  across  the  plate 
in  a  first  direction,  downwardly  in  a  longitudinal 
direction  of  the  plate,  transversely  across  the  plate  in 

15  a  reverse  direction,  downwardly  again  in  the  longi- 
tudinal  direction  and  then  transversely  of  the  plate  in 
the  first  direction.  Thus,  the  fluid  passage  as 
constituted  by  the  channels  18  makes  three  passes 
across  the  width  of  the  plate,  although,  in  an 

20  alternative  embodiment,  the  passage  may  make  five 
or  any  other  odd  number  of  multiple  passes  as  may 
be  required.  All  of  the  channels  18  within  the 
passage  have  approximately  the  same  length  and 
this  is  achieved  only  if  the  passage  makes  an  odd 

25  number  of  passes. 
The  channels  18  are  formed  within  the  thickness 

of  each  plate  and  metal  is  removed  to  form  the 
channels  by  a  chemical  or  an  electro-chemical 
process.  The  channels  18  have  a  width  in  the  range 

30  1  .0mm  to  5.0mm  and  a  depth  in  the  order  of  0.2mm 
to  1.5mm.  Depending  upon  the  depth  of  the 
channels,  the  plate  may  have  a  thickness  in  the  order 
of  1.0mm  to  2.0mm  and  the  end  plates  12  may  have  a 
thickness  in  the  order  of  10.0mm. 

35  The  region  of  each  plate  which  is  not  occupied  by 
the  channels  18,  that  is  the  marginal  region  19  and 
the  ridges  between  each  of  the  channels,  is  used  to 
provide  metal-to-  metal  contact  with  adjacent  plates 
in  the  diffusion  bonding  of  the  adjacent  plates. 

40  The  plate  11  as  shown  in  Figure  3  is  constructed 
and  formed  in  much  the  same  manner  as  the  plate 
10,  except  that  it  has  a  unidirectional  passage  20 
which  extends  downwardly  from  an  outlet  region  21 
in  the  top  end  22  of  the  plate  to  an  inlet  region  23  in 

45  the  bottom  end  24  of  the  plate.  The  passage  is 
constituted  by  a  plurality  of  linear  channels  25  (each 
of  which  is  indicated  by  a  single  line  in  Figure  3)  and 
the  channels  are  separated  by  intervening  ridges. 
Opposite  side  regions  26  of  the  plate  are  unchan- 

50  nelled  and  these  regions,  together  with  the  channel- 
separating  ridges,  are  bonded  in  face-to-face  con- 
tact  with  adjacent  plates  during  diffusion  bonding  to 
all  of  the  plates  of  the  heat  exchanger. 

All  of  the  channels  25  in  the  plate  11  are  open  to 
55  the  top  and  bottom  of  the  heat  exchanger  as  shown 

in  Figure  1  and,  thus,  permit  the  flow  of  a  first  fluid  in 
a  vertical  direction  through  alternative  ones  of  the 
plates  in  the  heat  exchanger.  Similarly,  all  of  the 
channels  18  in  the  plates  10  open  to  the  side  edges 

50  of  the  heat  exchanger  in  the  inlet  and  outlet  regions 
14  and  16.  The  inlet  and  outlet  regions  14  and  16  are 
covered  by  inlet  and  outlet  headers  27  and  28  which 
permit  a  second  fluid  to  be  directed  into  and  from 
the  passage  in  the  alternately  stacked  plates  10. 

35  The  heat  exchanger  as  shown  in  Figure  1  may  be 
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employed,  for  example,  for  chilling  water.  Water  is 
directed  into  the  upper  header  27  by  way  of  an  inlet 
pipe  29  and  out  through  the  lower  header  28  from 
which  it  is  conveyed  by  a  pipe  30.  In  passing  from  the 
inlet  to  the  outlet  headers,  the  water  makes  three 
transverse  passes  across  the  plates  10,  reversing  in 
direction  during  the  second  pass. 

The  complete  heat  exchanger  is  intended  to  be 
submerged  in  a  refrigerant,  so  that  the  refrigerant 
when  boiling  is  driven  upwardly  through  the  vertically 
extending  passages  in  the  plates  11  by  buoyancy 
effects.  As  an  alternative,  headers  could  be  mounted 
to  the  lower  and  upper  ends  of  the  heat  exchanger 
for  conveying  refrigerant  into  and  from  the  plates  11. 

Figure  4  of  the  drawings  shows  a  heat  exchanger 
of  a  type  which  incorporates  inlet  and  outlet  headers 
for  directing  each  of  two  fluids  into  and  from  the  heat 
exchanger.  Thus,  the  heat  exchanger  in  this  case 
includes  one  pair  of  inlet  and  outlet  headers  31  and 
32  for  directing  a  first  heat  exchange  fluid  through 
one  group  of  plates  10  (as  shown  in  Figure  2),  while  a 
second  pair  of  inlet  and  outlet  headers  33  and  34  is 
employed  for  directing  a  second  fluid  through  a 
second  group  of  alternately  located  (interleaved) 
plates  35  or  36. 

The  plate  35  is  shown  in  detail  in  Figure  5A  and  it 
can  be  seen  to  have  a  passage  37  which  makes 
three  vertically  extending  passes  along  a  substantial 
part  of  the  length  of  the  plate.  The  passage  37  in  this 
plate  is  formed  in  much  the  same  way  as  that  which 
has  been  described  in  the  context  of  the  plate 
shown  in  Figure  2  and  it  is  constituted  by  a  plurality 
of  channels  38  extending  between  inlet  and  outlet 
regions  39  and  40  in  the  bottom  and  top  of  the  plate. 

The  plate  36  in  Figure  5B  is  similar  to  that  which  is 
shown  in  Figure  5A,  except  that  it  has  a  passage  41 
which  makes  three  horizontal  passes  across  a 
substantial  part  of  the  plate  and  which  is  constituted 
by  a  plurality  of  channels  57.  However,  unlike  the 
plate  which  is  shown  in  Figure  2  which  also  makes 
horizontal  passes,  the  plate  which  is  shown  in  Figure 
5B  has  a  passage  which  connects  with  lower  and 
upper  inlet  and  outlet  regions  of  the  plate. 

By  using  appropriately  configured  plate  passages, 
coflow,  counterflow  and  crossflow  heat  exchange 
may  be  achieved.  Thus,  by  interleaving  the  plates  of 
Figures  2  and  5B,  counterflow  thermal  contact 
between  fluid  streams  (e.g.  two  water  streams)  may 
be  achieved.  Again,  by  interleaving  the  plates  of 
Figures  2  and  3  or  Figures  2  and  5A,  a  combination 
of  coflow,  counterflow  and  crossflow  heat  exchange 
may  be  achieved.  Thus,  by  providing  one  or  both 
groups  of  plates  in  each  stack  with  passages  which 
make  reverse  direction  passes,  a  considerable 
degree  of  flexibility  can  be  built  into  the  design  of 
heat  exchangers. 

Figures  6  and  7  illustrate  two  further  heat 
exchanger  arrangements  which,  in  each  case, 
incorporate  plates  of  the  type  shown  in  Figure  3 
interlaced  with  plates  43  of  the  type  shown  in  Figure 
8. 

The  plate  43  as  shown  in  Figure  8  is  similar  to  that 
which  is  shown  in  Figure  2,  except  that  it  includes 
two  separate  fluid  flow  passages  44  and  45  which  are 
each  constituted  by  a  plurality  of  channels  58.  These 

passages  each  make  three  passes  across  the  width 
of  the  plate  and  they  have  separate  inlet  zones  46 
and  47  in  one  edge  48  of  the  plate.  However,  both  of 
the  passages  terminate  or  exit  in  a  common  outlet 

5  zone  49  in  an  opposite  edge  50  of  the  plate. 
The  heat  exchanger  as  shown  in  Figure  6  provides 

for  the  merging  of  two  inlet  streams  into  one  outlet 
stream,  this  permitting  the  possible  combination  of 
crossflow,  counterflow  and  coflow  heat  exchange 

10  within  the  exchanger.  Two  headers  51  and  52  are 
employed  for  directing  separate  streams  of  a  first 
fluid  into  the  inlet  zones  46  and  47  in  the  plates  43 
and  a  single  outlet  header  53  is  employed  to  cover 
the  outlet  zone  49  in  the  plates  43.  The  second  fluid 

15  is  directed  upwardly  through  the  heat  exchanger 
from  header  33  to  header  34. 

By  using  the  plate  43  in  the  heat  exchanger 
configuration  as  shown  in  Figure  7,  a  total  number  of 
six  passes  may  be  achieved  and,  moreover,  the  inlet 

20  and  outlet  for  the  first  fluid  may  be  located  on  one 
side  of  the  heat  exchanger.  This  may  have  distinct 
advantages  in  certain  applications. 

Thus,  as  shown  in  Figure  7  an  inlet  header  54  is 
provided  for  directing  a  first  heat  exchange  fluid  into 

25  the  heat  exchanger  and  an  outlet  header  55  is 
provided  on  the  same  side  of  the  heat  exchanger  for 
conveying  the  same  fluid  from  the  heat  exchanger. 

A  further  header  56  is  located  on  the  opposite 
edge  of  the  heat  exchanger  and  it  functions  simply  to 

30  bridge  all  of  the  channels  at  the  outlet  zone  49  of  the 
plates  43. 

Variations  and  modifications  may  be  made  in 
respect  of  the  various  plate  structures  and  heat 
exchange  configurations  which  have  been  de- 

35  scribed  above  in  the  context  of  the  various  embodi- 
ments  of  the  invention.  For  example,  while  the 
individual  channels  which  go  to  form  the  various 
passages  are  shown  in  the  drawings  to  have 
right-angle  bends,  the  bends  may  be  rounded  to 

40  reduce  pressure  drop  in  the  fluid  when  changing 
direction  between  successive  passes  in  the  plates. 
Again,  while  the  various  channels  are  shown  in  the 
drawings  to  be  linear,  they  may  be  formed  to  follow  a 
zig-zag  path.  Again,  whilst  the  various  channels  have 

45  been  shown  to  be  separate  for  their  entire  length  in 
each  of  the  plates,  some  or  all  of  the  channels  in 
each  passage  may  be  bridged  by  intersecting 
channels  to  permit  pressure  equalisation  and/or  to 
permit  a  reduction  in  the  number  of  channels  which 

50  actually  extend  to  the  inlet  and/or  outlet  zones  in  the 
various  plates. 

The  invention  has  been  hereinbefore  described 
and  illustrated  in  terms  of  a  heat  exchanger  which 
incorporates  two  types  of  plates  or,  more  particu- 

55  larly,  which  incorporates  plates  which  have  two 
separate  fluid  flow  passages  through  which  two  heat 
exchange  fluids  are  directed  for  themal  contact. 
However,  it  will  be  understood  that  the  heat 
exchanger  may  be  constructed  to  incorporate 

60  further  fluid  flow  passages  for  conveying  further 
fluids  which  may  be  required  to  participate  in  an 
exchange  of  heat.  Thus,  the  following  claims  should 
not  be  construed  as  excluding  heat  exchanger 
constructions  which  have  three  or  more  separate 

65  heat  exchange  passages  for  accommodating  three 
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or  more  neai  excnange  nuias. 

oleums 

i.  a  neai  excnanger  comprising  a  plurality  of 
flat  metal  plates  (10  and  11,  or  10  and  35  or  36, 
or  43  and  11  or  35  or  36)  bonded  together  as 
laminations  in  face-to-face  contact  without  any 
intervening  gaskets,  a  first  group  of  the  plates 
(10  or  43)  having  a  first  fluid  flow  passage  (13  or 
44)  formed  in  one  face  of  each  plate  thereof  and 
a  second  group  of  the  plates  (11  or  35  or  36) 
having  a  second  fluid  flow  passage  (20  or  37  or 
41)  formed  in  one  face  of  each  plate  thereof, 
and  means  (27  and  26  or  31  and  32  or  51  ,  52  and 
53  or  54,  55  and  56)  associated  with  the  first 
group  of  plates  for  directing  a  first  fluid  into  and 
from  the  fluid  flow  passages  in  that  group  of 
plates  and  for  keeping  the  first  fluid  separate 
from  a  second  fluid  which  is  in  use  directed 
through  the  fluid  flow  passages  in  the  second 
group  of  plates;  characterised  in  that  the  first 
and  second  fluid  flow  passages  (13  or  44  and 
20,  37  or  41)  in  the  respective  plates  each 
comprise  a  plurality  of  channels  (18,  58,  25,  38 
or  57)  which  are  formed  within  the  thickness  of 
the  respective  plates,  the  channels  (18  or  58)  in 
at  least  the  first  group  of  plates  (10  or  43)  make 
an  odd  number  of  passes  across  the  width  or 
along  the  length  of  the  plates  and  the  channels 
(18  or  58)  within  each  fluid  flow  passage  have 
approximately  the  same  length. 

2.  The  heat  exchanger  as  claimed  in  claim  1 
further  characterised  in  that  the  channels  (25)  in 
the  second  group  of  plates  (11)  extend  in  a 
linear  direction  between  opposite  edges  (22 
and  24)  of  the  plates. 

3.  The  heat  exchange'-  as  claimed  in  claim  2 
further  characterised  in  that  means  (33  and  34) 
are  associated  with  the  second  group  of  plates 
(11)  for  directing  the  second  fluid  into  and  from 
the  fluid  flow  passages  (20)  in  the  second  group 
of  plates. 

4.  The  heat  exchanger  as  claimed  in  claim  1 
further  characterised  in  that  the  channels  (38  or 
57)  in  the  second  group  of  plates  (35  or  36) 
make  an  odd  number  of  passes  across  the 
width  or  along  the  length  of  the  plates,  such 
channels  all  having  approximately  the  same 
length,  and  in  that  means  (33  and  34)  are 
associated  with  the  second  group  of  plates  (35 
or  36)  for  directing  the  second  fluid  into  and 
from  the  fluid  flow  passages  (37  or  41)  in  the 
second  group  of  plates. 

5.  The  heat  exchanger  as  claimed  in  claim  3  or 
claim  4  further  characterised  in  that  the  fluid 
flow  passages  (13,  20,  37,  41  or  44  and  45)  in  the 
respective  plates  extend  from  one  marginal 
edge  (14,  21,  39  or  46  and  47)  to  another 
marginal  edge  (16,  23,  40  or  49)  of  the  plates. 

6.  The  heat  exchanger  as  claimed  in  any  one 
of  the  preceding  claims  further  characterised  in 
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that  individual  ones  of  the  plates  (10  or  43) 
within  the  first  group  are  interleaved  with  plates 
(11,  35  or  36)  of  the  second  group. 

7.  The  heat  exchanger  as  claimed  in  any  one 
of  the  preceding  claims  further  characterised  in 
that  the  second  fluid  flow  passage  (20,  37  or  41  ) 
is  formed  also  within  the  second  face  of  each 
plate  (10  or  43)  of  the  first  group  of  plates,  and 
in  that  the  first  fluid  flow  passage  (13  or  44)  is 
formed  also  within  the  second  face  of  each 
plate  (11,  35  or  36)  of  the  second  group  of 
plates. 

8.  The  heat  exchanger  as  claimed  in  claim  7 
further  characterised  in  that  blank  spacer  plates 
are  located  between  and  are  bonded  to  adja-* 
cent  ones  of  the  plates. 

9.  The  heat  exchanger  as  claimed  in  claim  5 
further  characterised  in  that  the  means  (27  and 
28,  31  and  32,  and  33  and  34)  associated  with 
the  first  and  second  groups  of  plates  for 
directing  fluids  into  and  from  the  fluid  flow 
passages  within  such  groups  of  plates  com- 
prise  headers  which  are  secured  to  the  margi- 
nal  edges  of  the  plates  and  bridge  the  plurality 
of  bonded  plates. 

10.  The  heat  exchanger  as  claimed  in  any  one 
of  the  preceding  claims  further  characterised  in 
that  the  fluid  flow  passage  (13  or  44  and  45) 
which  is  formed  in  each  plate  of  the  first  group 
extends  predominantly  in  a  transverse  direction 
and  in  that  the  fluid  flow  passage  (11  or  37) 
which  is  formed  in  each  plate  of  the  second 
group  extends  predominantly  in  a  longitudinal 
direction. 
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