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Description 

This  invention  relates  to  a  method  of  making  a  heat 
exchanger,  and  to  heat  exchangers,  and  in  particular  to 
automotive  oil  coolers  which  are  located  inside  other 
heat  exchangers,  such  as  automotive  radiators. 

In  motor  vehicles,  it  is  common  to  provide  heat  ex- 
changers  for  cooling  engine  oil  or  transmission  fluid. 
Due  to  the  heat  transfer  characteristics  of  oil,  liquid 
cooled  heat  exchangers  are  normally  used  as  opposed 
to  air  cooled  exchangers.  The  most  convenient  way  to 
do  this  is  to  mount  the  oil  cooler  or  heat  exchanger  inside 
the  cooling  system  of  the  motor  vehicle,  and  in  particular 
inside  the  radiator. 

In  the  past,  the  oil  coolers  of  the  type  in  question 
which  have  been  mounted  inside  automotive  radiators 
have  consisted  in  concentric  tubes  closed  at  both  ends 
to  form  an  internal  passage  for  the  oil.  The  engine  cool- 
ant  flows  around  the  outside  tube  and  through  the  inside 
tube.  A  difficulty  with  this  type  of  oil  cooler,  however,  is 
that  it  is  relatively  ineffective  per  volume  of  radiator  oc- 
cupied. 

An  improvement  over  the  concentric  tube  type  oil 
coolers  is  shown  in  EP-A-384612,  which  shows  a  plu- 
rality  of  stacked  plate  pairs  having  turbulizers  located 
therebetween.  The  plate  pairs  in  EP-A-384612  have  first 
and  second  plates  located  back  to  back.  The  first  plate 
has  a  planar  central  portion,  a  raised  peripheral  edge 
portion  located  above  and  in  a  plane  parallel  to  the  cen- 
tral  portion,  an  intermediate  portion  between  the  central 
and  edge  portions,  and  opposed  end  bosses  located  be- 
low  and  in  a  plane  parallel  to  the  central  portion.  The 
second  plate  of  each  plate  pair  has  a  peripheral  edge 
portion  joined  to  the  first  plate  peripheral  edge  portion, 
a  central  portion  spaced  from  the  first  plate  central  por- 
tion,  an  intermediate  portion  between  the  central  and 
edge  portions  and  opposed  end  bosses  located  above 
and  in  a  plane  parallel  to  the  second  plate  central  por- 
tion.  The  first  and  second  plate  central  portions  have  a 
planar  expanded  metal  turbilizer  located  therebetween 
and  a  plurality  of  spaced-apart,  outwardly  disposed  dim- 
ples  formed  therein,  the  dimples  extending  equidistant 
with  the  end  bosses.  The  dimples  and  end  bosses  are 
joined  together.  Each  plate  pair  has  inlet  and  outlet 
openings  for  the  flow  of  fluid  therethrough  past  the  tur- 
bulizer. 

A  difficulty  with  this  prior  art  oil  cooler,  however,  is 
that  peripheral  tabs  are  required  to  be  crimped  over  to 
join  the  peripheral  edge  portions  and  form  plate  pair  su- 
bassemblies  prior  to  brazing  the  assembly  together,  oth- 
erwise  poor  joints  could  result  between  the  turbulizer 
and  the  plates  and  between  the  plate  peripheral  edges, 
and  this  in  turn  results  in  the  oil  cooler  not  being  able  to 
withstand  high  enough  internal  pressures.  This  prior 
crimping  step  increases  the  cost  of  manufacture  of  the 
oil  coolers,  both  in  the  material  and  time  required  for  as- 
sembly. 

It  is  an  object  of  the  invention  to  reduce  the  cost  of 

manufacture  and  at  the  same  time  not  to  endanger  the 
quality  of  the  heat  exchangers. 

This  object  is  accomplished  by  a  method  according 
to  claim  1  and  a  heat  exchanger  according  to  claim  10. 

5  The  present  invention  results  in  a  plate  type  heat 
exchanger  which  is  less  expensive  to  produce  and  more 
effective  per  volume  of  radiator  occupied,  and  yet  is 
strong  enough  to  withstand  the  high  oil  pressures  that 
are  frequently  encountered  in  such  engine  oil  or  trans- 

10  mission  fluid  cooling  systems. 
The  inventive  method  is  using  the  idea  of  having  the 

plate  peripheral  edge  portions  separated  and  not  me- 
chanically  joined  prior  to  the  brazing  process.  The  pe- 
ripheral  edge  portions  are  then  melted  together  during 

is  the  brazing  process  and  this  accommodates  any  mis- 
alignment  and  dimensional  tolerance  variations  in  the 
mating  components.  The  peripheral  edge  portions  are 
separated  by  placing  a  turbulizer  in  the  hollow  spaced 
between  face-to-face  brazing  clad  plates  in  each  plate 

20  pair;  the  turbulizer  being  of  a  thickness  equal  to  the  dis- 
tance  between  the  plate  planar  central  portions  without 
the  cladding  layers  formed  thereon  and  thus  the  raised 
peripheral  edges  are  separated.  The  plates  are  heated 
to  melt  the  cladding  layers  causing  the  turbulizer  to  be 

25  embedded  in  the  cladding  layers  and  the  peripheral  edg- 
es  to  be  drawn  and  melted  together  to  form  a  fluid  tight 
assembly. 

Preferred  embodiments  of  the  invention  will  now  be 
described,  by  way  of  example,  with  reference  to  the  ac- 

30  companying  drawings,  in  which 

Figure  1  is  a  perspective  view  of  a  preferred  embod- 
iment  of  an  in  tank  oil  cooler  according  to 
the  present  invention; 

35  Figure  2  is  an  exploded  perspective  view  of  a  sub- 
assembly  of  the  oil  cooler  of  Figure  1  ; 

Figure  3  is  a  partial  sectional  view  taken  along  lines 
3-3  of  Figure  1  and  showing  an  alternate 
embodiment; 

40  Figure  4  is  a  sectional  view  taken  along  lines  4-4  of 
Figure  1  ; 

Figure  5  is  an  enlarged  sectional  view  taken  along 
lines  5-5  of  Figure  2; 

Figure  6  is  an  enlarged  plan  view  taken  along  lines 
45  6-6  of  Figure  2; 

Figure  7  is  a  partial  sectional  view  taken  along  lines 
7-7  of  Figure  6  but  showing  a  plurality  of 
stacked  plate  pairs  prior  to  brazing;  and 

Figure  8  is  a  partial  sectional  view  similar  to  Figure 
so  7  but  showing  the  stacked  plate  pairs  after 

brazing. 

Referring  to  the  drawings,  a  preferred  embodiment 
of  an  oil  cooler  or  heat  exchanger  is  generally  represent- 

55  ed  by  reference  numeral  1  0  in  Figure  1  .  Heat  exchanger 
10  is  formed  of  a  plurality  of  face-to-face  plate  pairs  12 
as  described  in  detail  below  with  reference  to  Figure  2. 
A  top  plate  pair  1  4  has  a  smooth  top  plate  1  6  and  a  bot- 

40 

45 
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torn  plate  pair  18  has  a  smooth  bottom  plate  20,  al- 
though  top  and  bottom  plates  16,  20  could  be  dimpled 
as  shown  in  Figure  2  if  desired.  Heat  exchanger  1  0  also 
has  threaded  nipples  22  swaged  in  place  in  suitable  cir- 
cular  openings  in  top  plate  16.  One  nipple  22  serves  as 
an  inlet  and  the  other  nipple  22  serves  as  an  outlet  for 
the  flow  of  oil,  such  as  engine  oil  or  transmission  fluid 
through  heat  exchanger  10. 

Referring  in  particular  to  Figure  2,  a  typical  face-to- 
face  plate  pair  12  is  shown  in  an  exploded  perspective 
view.  Plate  pair  1  2  includes  a  first  or  bottom  plate  24  and 
a  second  or  top  plate  26.  First  plate  24  has  a  planar  cen- 
tral  portion  28,  and  a  raised  peripheral,  co-planar  edge 
portion  30  which  extends  above  or  is  located  in  a  plane 
above  central  portion  28.  First  plate  24  also  includes  op- 
posed,  co-planar  end  bosses  32  extending  below  or  lo- 
cated  at  a  lower  level  than  central  portion  28. 

In  the  preferred  embodiment,  the  first  and  second 
plates  24,  26  are  identical,  so  the  terms  "below"  and 
"above"  with  reference  to  the  central  portion  28  of  first 
plate  24  would,  of  course,  be  reversed  with  reference  to 
the  central  portion  28  of  second  plate  26  as  seen  in  Fig- 
ure  2. 

The  ends  of  plates  16,  20,  24  and  26  are  rounded 
and  end  bosses  32  of  plates  24,  26  are  formed  with  "D"- 
shaped  openings  34,  although  any  shaped  opening 
could  be  used  if  desired.  The  "D"-shaped  openings  34 
have  an  opening  edge  portion  35  located  around  "D"- 
shaped  openings  34.  As  mentioned  above,  smooth  top 
plate  16  has  circular  openings  to  accommodate  nipples 
22.  The  smooth  bottom  plate  20  has  no  openings  formed 
therein. 

First  and  second  plates  24,  26  are  formed  with  a 
plurality  of  spaced-apart  dimples  36  formed  therein. 
With  reference  to  first  plate  24,  dimples  36  extend  below 
the  central  portion  28  equidistant  or  to  the  same  planar 
level  as  end  bosses  32,  so  that  when  two  of  the  plates 
24,  26  are  located  back-to-back  as  seen  best  in  Figure 
3,  the  respective  dimples  36  and  end  bosses  32  are 
joined  together  along  a  common  plane. 

A  turbulizer  38  is  located  inside  each  face-to-face 
plate  pair  12,  including  top  and  bottom  plate  pairs  14, 
18.  Turbulizer  38  is  a  strip  of  expanded  metal.  The  pre- 
ferred  configuration  is  parallel  rows  shaped  in  a  sinusoi- 
dal,  staggered  configuration,  although  other  configura- 
tions  could  be  used  as  desired.  The  length  of  turbulizer 
38  corresponds  with  the  length  of  the  plate  central  por- 
tions  28,  and  the  width  of  turbulizer  38  corresponds  with 
the  distance  between  peripheral  edge  portions  30.  The 
thickness  of  turbulizer38  is  such  that  afterthe  plate  pairs 
are  assembled  and  heat  exchanger  10  is  joined  togeth- 
er,  such  as  by  brazing,  the  plate  central  portions  28  are 
joined  to  and  in  good  thermal  contact  with  turbulizer  38, 
as  discussed  further  below. 

Dimples  36  are  spaced  uniformly  over  the  plate  cen- 
tral  portions  28.  One  of  the  primary  functions  of  dimples 
36  is  to  support  the  plate  central  portions  28  and  prevent 
these  central  portions  from  sagging  when  the  plates  are 

heated  to  brazing  temperatures.  Central  portions  28 
must  be  kept  flat  and  in  full  contact  with  turbulizer  38 
during  the  brazing  process  in  order  to  obtain  good  ther- 
mal  contact  between  the  turbulizer  and  the  plates.  An- 

5  other  function  of  the  dimples  is  to  cause  some  turbu- 
lence  in  the  coolant  thereby  increasing  the  heat  transfer 
capabilities  of  the  heat  exchanger.  When  the  plates  are 
in  back-to-back  arrangement  dimples  36  maintain  the 
back-to-back  plates  in  spaced  apart  relation  so  that  the 

10  coolant  would  have  an  effective  path  between  the  back- 
to-back  plates.  The  height  of  dimples  36  should  be  op- 
timized  in  that  the  dimples  should  be  tall  enough  to  allow 
the  coolant  to  flow  between  the  back-to-back  plates  but 
not  too  tall  because  of  the  overall  size  of  heat  exchanger 

is  10  should  be  minimized  where  possible. 
Dimples  36  preferably  are  large  enough  to  result  in 

flat  top  surfaces  to  give  a  good  joint  between  mating 
dimples  36.  As  seen  best  in  Figures  3  and  4,  the  radius 
of  the  shoulders  in  the  dimples  should  be  such  that 

20  sharp  corners  should  be  avoided  or  the  dimples  could 
breakout  as  a  result  of  high  pressures  in  heat  exchanger 
10. 

Dimples  36  should  also  not  be  too  large  in  diameter, 
because  the  surface  area  of  central  portion  28  occupied 

25  by  dimples  36  is  area  that  is  not  in  contact  with  turbulizer 
38  and  this  detracts  from  the  heat  transfer  efficiency  of 
heat  exchanger  1  0.  It  will  be  apparent  to  those  skilled  in 
the  art  that  the  number  and  size  of  the  dimples  36  should 
be  chosen  so  that  sufficient  strength  and  structural  sup- 

so  port  for  the  plate  central  portions  is  provided  during  the 
brazing  process,  and  so  that  the  gain  in  heat  transfer 
efficiency  through  turbulence  in  the  coolant  is  balanced 
against  loss  of  heat  transfer  efficiency  by  making  the 
dimples  too  numerous  or  too  large.  It  has  been  found 

35  that  for  plates  with  central  portions  28  of  approximately 
four  centimetres  in  width,  dimples  that  are  0.5  centime- 
tres  in  diameter  and  spaced-apart  longitudinally  about 
2.5  to  3.0  centimetres  and  transversely  about  2  to  3  cen- 
timetres  provides  a  preferred  balance  where  aluminum 

40  of  0.07  to  0.08  centimetres  thickness  is  used  for  the 
plates. 

Referring  to  Figure  2,  plates  24,  26  may  be  formed 
with  inner  tabs  42  extending  transversely  from  opening 
edge  portion  35.  Inner  tabs  42  are  located  at  only  one 

45  end  of  each  plate  so  that  upon  assembly,  inner  tabs  42 
on  one  plate  such  as  first  plate  24  are  crimped  over  the 
opening  edge  portion  35  of  the  mating  plate  26,  when 
the  plates  are  in  a  back-to-back  arrangement  to  form  a 
back-to-back  plate  pair  44.  This  prevents  the  plates  of 

so  each  back-to-back  plate  pair  44  from  moving  longitudi- 
nally  or  transversely  relative  to  each  other.  Inner  tabs 
42  are  not  necessary,  however,  and  may  be  eliminated 
if  alignment  of  the  plate  pairs  is  not  a  problem. 

Referring  again  to  Figure  2,  plates  24,  26  are 
55  formed  with  peripheral  tabs  40  at  opposed  ends.  Periph- 

eral  tabs  40  are  located  at  respective  diametrically  op- 
posed  "corners"  of  each  plate,  so  that  upon  assembly, 
the  peripheral  tabs  40  on  one  plate,  such  as  first  plate 

3 



5 EP0  612  396  B1 6 

24,  are  crimped  over  the  peripheral  edge  portion  30  of 
the  mating  plate,  such  as  second  plate  26,  when  the 
plates  are  in  face-to-face  arrangement  to  form  face-to- 
face  plate  pair  1  2  as  seen  best  in  Figure  1  .  This  prevents 
the  plates  of  each  face-to-face  plate  pair  1  2  from  moving 
longitudinally  or  transversely  relative  to  each  other. 
Again,  peripheral  tabs  40  are  not  necessary  and  may 
be  eliminated  if  alignment  of  the  plates  is  not  a  problem. 

In  an  alternate  embodiment  shown  in  the  left  hand 
portion  of  Figure  3,  the  inner  tabs  42  can  be  used  to 
maintain  the  first  and  second  plates,  of  the  back-to-back 
plate  pairs  in  alignment,  without  crimping  over  the  inner 
tabs  42.  Similarly  the  peripheral  tabs  40  can  be  used  to 
maintain  the  first  and  second  plates  of  the  face-to-face 
plate  pair  in  alignment  without  crimping  over  the  periph- 
eral  tabs  40.  It  will  be  apparent  to  those  skilled  in  the  art 
that  the  peripheral  tabs  40  and  the  inner  tabs  42  may 
be  used  to  align  the  stacked  plates  or  to  mechanically 
attach  the  plates  as  desired.  The  heat  exchanger  can 
be  further  modified  by  eliminating  the  peripheral  tabs  40 
and  inner  tabs  42  and  stacking  plates  in  the  pattern  de- 
scribed  above  and  shown  in  Figure  3. 

In  the  preferred  embodiment,  aluminum  is  used  for 
all  of  the  components  of  heat  exchanger  1  0.  Nipples  22 
and  turbulizer  38  are  formed  of  aluminum  alloys,  and 
plates  1  6,  20,  24  and  26  are  formed  of  brazing  clad  alu- 
minum,  which  is  aluminum  that  has  a  lower  melting  point 
cladding  or  aluminum  brazing  alloy  layer  50  on  the  outer 
surfaces,  as  seen  best  in  Figures  5,  7  and  8  the  cladding 
layers  50  are  each  about  8  to  1  0  per  cent  of  the  thickness 
of  the  plate. 

As  seen  best  in  Figures  7  and  8  the  thickness  of 
turbulizer  38  is  generally  equal  to  the  distance  between 
the  first  and  second  plate  central  portions  28  without 
cladding  layers  50.  In  other  words,  the  thickness  of  tur- 
bulizer  38  is  greater  than  the  distance  between  the  op- 
posed  cladding  layers  50  of  the  first  and  second  plate 
central  portions  28  after  final  assembly.  The  reason  for 
this  is  that  as  these  cladding  layers  50  melt  during  the 
brazing  process,  all  of  the  high  areas  of  turbulizer  38  are 
embedded  in  the  cladding  layers  50  and  turbulizer  38  is 
brazed  to  the  plate  central  portions  28  with  good  thermal 
heat  transfer  and  minimum  drag  or  pressure  drop  as  the 
oil  flows  through  or  past  turbulizer  38,  as  will  be  de- 
scribed  further  below. 

The  assembly  of  heat  exchanger  10  starts  by  ar- 
ranging  the  plates  24,  26  face-to-face  or  back-to-back 
as  desired,  as  seen  best  in  Figure  2,  so  that  the  "D"- 
shaped  openings  34  and  the  respective  peripheral  edge 
portions  30  are  in  registration.  If  inner  tabs  42  are  used, 
these  tabs  may  be  first  crimped  over  to  form  back-to- 
back  plate  pairs  44.  A  turbulizer  38  is  then  inserted  into 
the  hollow  space  between,  the  central  portions  28  of 
each  face-to-face  plate  pair  12.  If  peripheral  tabs  40  are 
used,  these  may  then  be  crimped  over  the  peripheral 
edge  portions  30  of  the  respective  mating  plate.  Alter- 
natively  several  of  the  assembled  plate  pairs  1  2  may  be 
formed  with  turbulizers  in  them  and  then  stacked  togeth- 

er,  in  which  case  tabs  42  would  not  be  crimped  over  or 
used  at  all.  The  particular  method  or  sequence  of  stack- 
ing  plates  24,  26  together  does  not  matter,  the  result  is 
a  plurality  of  stacked  plate  pairs  as  illustrated  in  Figures 

5  2  and  7. 
The  top  plate  pair  1  4  is  then  formed  by  swaging  nip- 

ples  22  onto  smooth  top  plate  16  and  stacking  this  on 
top  of  one  of  the  plates  as  shown  in  Figures  1  and  3. 
Bottom  plate  pair  18  is  then  formed  using  a  smooth  bot- 

10  torn  plate  20  located  below  the  bottom  plate  26  as  shown 
in  Figures  3  and  4. 

As  seen  best  in  Figure  6,  turbulizer  38  typically  is 
not  longitudinally  straight,  but  has  a  slight  transverse 
camber  in  it  because  the  metal  from  which  it  is  formed 

is  usually  comes  in  rolled  form.  This  causes  the  corners 
52  and  the  central  portions  54  to  overlap  or  ride  into  the 
radius  or  intermediate  portion  29  between  central  por- 
tion  28  and  peripheral  edge  30.  However,  cladding  lay- 
ers  50  and  these  radii  themselves  accommodate  this 

20  overlap  in  the  brazing  process  as  described  next  below. 
Once  the  entire  heat  exchanger  is  assembled,  it  is 

then  placed  into  a  brazing  furnace  using  a  suitable  fix- 
ture  to  maintain  the  orientation  of  the  assembly,  to  braze 
together  simultaneously  all  mating  surfaces  prior  to  en- 

25  tering  the  brazing  furnace,  the  stacked  plates  appear  as 
shown  in  Figure  7,  with  about  a  0.3  m.m.  gap  between 
the  peripheral  edge  portions  30  due  to  the  thickness  of 
turbulizer  38  as  discussed  above.  The  stacked  plates 
are  squeezed  together  and  as  the  cladding  layers  50 

30  melt,  peripheral  edges  30  come  together  accommodat- 
ing  any  misalignment  and  dimensional  intolerances  giv- 
ing  upon  cooling  a  fluid  tight  assembly. 

Having  described  preferred  embodiments  of  the  in- 
vention,  it  will  be  appreciated  that  various  modifications 

35  may  be  made  to  the  structures  described.  In  certain  in- 
stances  it  may  be  desirable  to  vary  the  location  of  the 
nipples  22  serving  as  inlets  and  outlets  for  the  oil.  For 
example,  one  nipple  22  could  be  positioned  in  the  top 
plate  16  and  the  other  nipple  22  in  the  bottom  plate  20. 

40  In  the  case  where  the  nipples  22  are  located  at  the  same 
end  of  respective  top  and  bottom  plates  1  6,  20  a  central 
plate  with  no  opening  at  that  end  could  be  positioned  in 
the  middle  portion  of  heat  exchanger  10. 

Heat  exchanger  10  can  be  made  from  other  mate- 
45  rials  than  aluminum,  such  as  stainless  steel  or  brass.  In 

the  case  of  stainless  steel,  either  a  brazing  cladding  lay- 
er  of  copper  or  thin  copper  sheets  or  shims  could  be 
used.  For  the  purposes  of  this  disclosure  the  term  "clad- 
ding  layer"  is  intended  to  include  any  type  material  to 

so  join  respective  components,  such  as  a  coating  or  metal 
deposit,  a  discreet  or  separate  layer  of  brazing  material, 
solder  or  even  a  suitable  adhesive.  Obviously,  any 
number  of  plate  pairs  could  be  used.  Soft  soldering  may 
also  be  used  instead  of  brazing,  however  in  general,  this 

55  produces  a  weaker  connection  and  therefore  may  not 
meet  the  strength  requirements.  The  length  of  the  plates 
can  be  varied  simply  by  repeating  longitudinally  the  dim- 
ple  diameter  and  spacing  described  above.  If  both  the 

4 
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length  and  the  width  of  the  heat  exchanger  is  to  be  var- 
ied,  the  diameter  and  spacing  of  the  dimples  may  have 
to  be  varied  slightly  in  keeping  with  the  parameters  dis- 
cussed  above. 

From  the  above,  it  will  be  appreciated  that  the  oil 
cooler  of  the  present  invention  is  a  relatively  high  effi- 
ciency  heat  exchanger  which  is  structurally  strong  with 
relatively  low  pressure  drop. 

Claims 

plate  pairs  positioned  in  a  back-to-back  arrange- 
ment,  the  dimples  on  the  adjacent  plate  pairs  being 
in  alignment  and  transmitting  compressive  forces 
therebetween. 

5 
5.  A  method  as  claimed  in  any  one  of  the  preceding 

claims  and  further  comprising  the  steps  of  assem- 
bling  a  plurality  of  said  plate  pairs  (12)  into  a  stack 
with  said  inlet  and  outlet  openings  (34)  in  registra- 

nt1  tion,  and  joining  said  plate  pairs  together  in  a  fluid- 
tight  assembly. 

1.  A  method  of  making  a  heat  exchanger  comprising: 

providing  a  plurality  of  plates  (24,  26),  each  15 
plate  having  a  planar  central  portion  (28),  a 
raised,  peripheral  edge  portion  (30)  located 
above  and  in  a  plane  parallel  to  the  central  por- 
tion,  and  opposed  end  bosses  (32)  located  be- 
low  and  in  a  plane  parallel  to  the  central  portion,  20 
the  end  bosses  having  inlet  and  outlet  openings 
(34)  formed  therein; 
arranging  said  plates  into  a  face-to-face  pair 
(12)  having  mating  peripheral  edge  portions 
(30)  and  a  hollow  space  therebetween;  25 
inserting  a  turbulizer  (38)  into  said  hollow 
space,  the  turbulizer  being  of  such  thickness 
that  the  mating  peripheral  edge  portions  (30) 
are  spaced  apart; 
heating  and  partially  melting  the  plate  pair  (12)  30 
while  said  mating  peripheral  edge  portions  (30) 
are  still  spaced  apart;  compressing  the  turbuliz- 
er  by  pressing  the  plate  pair  (12)  together  there- 
by  melting  the  turbulizer  (38)  into  said  plates 
drawing  the  mating  peripheral  edge  portions  to-  35 
gether;  and 
joining  contacting  areas  of  the  plates  and  tur- 
bulizer  after  the  mating  peripheral  edge  por- 
tions  are  drawn  together  to  form  a  fluid  tight  as- 
sembly.  40 

6.  A  method  as  claimed  in  any  one  of  the  preceding 
claims  and  further  comprising  the  step  prior  to  com- 
pressing  and  heating  the  plate  pair  of  assembling  a 
plurality  of  said  plate  pairs  (1  2)  into  a  stack  with  the 
inlet  and  outlet  openings  (34)  in  registration,  and 
then  simultaneously  heating  and  compressing  all  of 
the  stacked  plate  pairs. 

7.  A  method  as  claimed  in  any  one  of  the  preceding 
claims  wherein  the  plates  are  formed  of  brazing  clad 
aluminium,  and  wherein  the  step  of  joining  is  done 
by  furnace  brazing. 

8.  A  method  as  claimed  in  any  one  of  the  preceding 
claims  and  further  comprising  the  step,  prior  to  heat- 
ing  and  compressing  all  of  the  stacked  plate  pairs, 
of  adding  a  top  plate  pair  (14)  having  a  smooth  top 
plate  (16)  and  a  bottom  plate  pair  (18)  having  a 
smooth  bottom  plate  (20)  to  the  stack  of  plate  pairs. 

9.  A  method  as  claimed  in  claim  8  and  further  compris- 
ing  the  step  of  providing  inlet  and  outlet  nipples  (22) 
on  one  of  the  smooth  top  and  bottom  plates  (14, 
18),  said  nipples  having  inlet  and  outlet  openings 
communicating  with  respective  inlet  and  outlet 
openings  (34)  of  the  plate  pairs. 

10.  A  heat  exchanger  comprising: 

2.  A  method  as  claimed  in  claim  1  wherein  the  step  of 
compressing  is  done  by  squeezing  together  the  pla- 
nar  central  portions  (28). 

3.  A  method  as  claimed  in  claim  1  or  2  and  further  com- 
prising  the  steps  of  providing  a  cladding  layer  (50) 
on  the  plates,  melting  the  cladding  layer  while  com- 
pressing  the  turbulizer  (38)  and  embedding  the  tur- 
bulizer  in  the  cladding  layer  until  the  peripheral  edge 
portions  (30)  come  into  contact. 

4.  A  method  as  claimed  in  claim  2  or  3  wherein  the 
squeezing  step  is  done  by  providing  said  central 
portions  (28)  with  a  plurality  of  spaced-apart,  out- 
wardly  disposed  dimples  (36),  the  dimples  extend- 
ing  equidistant  with  the  end  bosses  (32);  and 
squeezing  one  plate  pair  between  two  adjacent 

a  plurality  of  stacked  plates  arranged  in  face- 
to-face  pairs  (12),  each  of  said  face-to-face 
pairs  including  first  and  second  plates  (24,  26); 

45  the  first  plate  (24)  having  a  planar  central  por- 
tion  (28),  a  raised  peripheral  edge  portion  (30) 
located  above  and  in  a  plane  parallel  to  the  cen- 
tral  portion  (28),  an  intermediate  portion  (29) 
between  the  central  and  edge  portions,  and  op- 

so  posed  end  bosses  (32)  located  below  and  in  a 
plane  parallel  to  the  central  portion; 
the  second  plate  (26)  of  each  face-to-face  plate 
pair  (12)  having  a  peripheral  edge  portion  (30) 
joined  to  said  first  plate  peripheral  edge  portion, 

55  a  central  portion  (28)  spaced  from  the  first  plate 
central  portion,  an  intermediate  portion  (29)  be- 
tween  the  central  and  edge  portions,  and  op- 
posed  end  bosses  (32)  located  above  and  in  a 

5 
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plane  parallel  to  the  second  plate  central  por- 
tion  (28); 
a  planar  expanded  metal  turbulizer  (38)  located 
between  the  first  and  second  plates  (24,  26)  of 
each  face-to-face  plate  pair  (12)  and  said  tur- 
bulizer  (38)  having  high  areas; 
the  first  and  second  plate  central  portions  (28) 
having  a  plurality  of  spaced-apart,  outwardly 
disposed  dimples  (36)  formed  therein,  the  dim- 
ples  extending  equidistant  with  the  end  bosses 
(32); 
the  first  plate  (24)  of  one  plate  pair  (12)  being 
located  back-to-back  with  the  second  plate  (26) 
of  an  adjacent  plate  pair,  the  respective  dimples 
(36)  and  end  bosses  (32)  being  joined  together; 
and 
each  plate  pair  defining  inlet  and  outlet  open- 
ings  (34)  for  the  flow  of  fluid  through  the  plate 
pair  (12)  past  the  turbulizer  (38); 
wherein  the  first  and  second  plate  central  por- 
tions  (28)  have  opposed  cladding  layers  (50) 
formed  thereon, 

characterized  in  that  said  turbulizer  (38)  is 
partially  embedded  within  said  cladding  layers  (50), 
and  wherein  the  thickness  of  the  turbulizer  (38)  is 
equal  to  the  distance  between  the  first  and  second 
plate  central  portions  (28)  without  the  cladding  lay- 
ers  generally  over  all  of  the  high  areas  of  the  tur- 
bulizer  except  for  the  areas  of  the  dimples. 

11.  A  heat  exchanger  as  claimed  in  claim  10  wherein 
the  turbulizer  (38)  is  formed  of  a  plurality  of  parallel 
rows  of  metal  disposed  in  a  sinusoidal,  staggered 
arrangement. 

12.  A  heat  exchanger  as  claimed  in  claim  10  or  11 
wherein  the  turbulizer  (38)  is  generally  the  same 
transverse  width  as  the  distance  between  the  plate 
intermediate  portions  (29). 

13.  A  heat  exchanger  as  claimed  in  any  one  of  claims 
10  through  12  wherein  the  plates  (24,  26)  are 
formed  of  aluminium  having  a  brazing  cladding  lay- 
er  (50)  formed  thereon. 

14.  A  heat  exchanger  as  claimed  in  claim  13  wherein 
the  cladding  layer  (50)  is  1  0  percent  of  the  thickness 
of  the  plate  (24,  26). 

15.  A  heat  exchanger  as  claimed  in  any  one  of  claims 
10  through  14  wherein  the  turbulizer  (38)  is  formed 
of  aluminium. 

16.  A  heat  exchanger  as  claimed  in  any  one  of  claims 
1  0  through  1  5  wherein  the  dimples  (36)  are  spaced 
uniformly  over  the  plate  central  portions  (28). 

17.  A  heat  exchanger  as  claimed  in  any  one  of  claims 
10  through  16  wherein  the  dimples  (36)  are  dimen- 
sioned  such  that  the  area  of  the  dimples  not  in  con- 
tact  with  the  turbulizer  (38)  is  minimized  so  as  not 

5  to  detract  materially  from  the  heat  transfer  between 
the  turbulizer  (38)  and  the  plate  central  portions. 

18.  A  heat  exchanger  as  claimed  in  any  one  of  claims 
1  0  through  1  7  wherein  the  dimples  are  formed  with 

10  generally  flat  tops. 

19.  A  heat  exchanger  as  claimed  in  any  one  of  claims 
10  through  18  wherein  the  dimples  are  arranged 
symmetrically  about  the  longitudinal  and  transverse 

is  axes  of  the  plates  so  that  when  two  plate  pairs  are 
positioned  back-to-back  the  dimples  on  the  first 
plate  will  be  in  alignment  with  the  dimples  on  the 
second  plate. 

20  20.  A  heat  exchanger  as  claimed  in  any  one  of  claims 
10  through  19  wherein  said  inlet  and  outlet  open- 
ings  are  formed  in  the  respective  opposed  end 
bosses  of  each  plate,  so  that  in  a  stack  of  back-to- 
back  plate  pairs  all  inlet  openings  are  in  alignment 

25  and  all  outlet  openings  are  in  alignment. 

Patentanspriiche 

30  1.  Verfahren  zur  Herstellung  eines  Warmetauschers 
mit  folgenden  Schritten: 

Vorsehen  einer  Mehrzahl  an  Platten  (24,  26), 
von  denen  jede  Platte  einen  ebenen  Mittelab- 

35  schnitt  (28),  einen  erhobenen,  peripheren  Kan- 
tenabschnitt  (30)  oberhalb  und  in  einer  Ebene 
parallel  zum  Mittelabschnitt,  und  entgegenge- 
setzte  Endvorsprunge  (32)  unterhalb  und  in  ei- 
ner  Ebene  parallel  zum  Mittelabschnitt  auf- 

40  weist,  wobei  die  Endvorsprunge  EinlaB-  und 
AuslaBoffnungen  (34)  in  sich  ausgebildet  besit- 
zen; 

Anordnen  der  Platten  als  ein  Vorderseite-an- 
45  Vorderseite  liegendes  Paar  (1  2)  mit  aneinander 

angrenzenden  peripheren  Kantenabschnitten 
(30)  und  einem  Hohlraum  zwischen  sich; 

Einsetzen  eines  Verwirblers  (38)  in  den  Hohl- 
50  raum,  wobei  der  Verwirbler  eine  solche  Dicke 

aufweist,  dal3  die  aneinander  angrenzenden 
peripheren  Kantenabschnitte  (30)  voneinander 
beabstandet  sind; 

55  -  Erhitzen  und  teilweises  Schmelzen  des  Plat- 
tenpaares  (12)  wahrend  die  aneinander  an- 
grenzenden  peripheren  Kantenabschnitte  (30) 
noch  voneinander  beabstandet  sind;  Zusam- 

25 
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mendrucken  des  Verwirblers  durch  Zusam- 
menpressen  des  Plattenpaares  (12)  wodurch 
der  Verwirbler  (38)  mit  den  Platten  verschmol- 
zen  wird  und  die  aneinander  angrenzenden  pe- 
ripheren  Kantenabschnitte  zusammengezo-  s 
gen  werden;  und 

Verbinden  von  kontaktierenden  Gebieten  der 
Platten  und  des  Verwirblers  nachdem  die  an- 
einander  angrenzenden  peripheren  Kantenab-  10 
schnitte  zur  Bildung  einer  fluiddichten  Anord- 
nung  zusammengezogen  sind. 

2.  Verfahren  wie  in  Anspruch  1  beansprucht, 
in  welchem  der  Schritt  des  Zusammendruckens  15 
durch  Zusammenpressen  der  ebenen  Mittelberei- 
che  (28)  erfolgt. 

3.  Verfahren  wie  in  Anspruch  1  oder  2  beansprucht 
und  auBerdem  aufweisend  die  Schritte  des  Vorse-  20 
hens  einer  Mantelschicht  (50)  auf  den  Platten, 
Schmelzens  der  Mantelschicht  wahrend  der  Ver- 
wirbler  (38)  zusammengedruckt  wird  und  Einbetten 
des  Verwirblers  in  die  Mantelschicht  bis  die  periphe- 
ren  Kantenabschnitte  (30)  in  Kontakt  miteinander  25 
kommen. 

7.  Verfahren  wie  in  einem  der  vorstehenden  Anspru- 
che  beansprucht, 
bei  dem  die  Platten  mit  hartlotbarem  Aluminium  ge- 
bildet  werden,  und  in  welchem  der  Schritt  des  Zu- 
sammenfiigens  mittels  Lotens  in  einem  Ofen  ge- 
schieht. 

8.  Verfahren  wie  in  einem  der  vorstehenden  Anspru- 
che  beansprucht  und  auBerdem  aufweisend  vor 
dem  Erhitzen  und  Zusammendrucken  der  uberein- 
andergeschichteten  Plattenpaare  einen  Schritt, 
bei  dem  ein  oberes  Plattenpaar  (14)  mit  einer  glat- 
ten  Deckplatte  (16)  und  ein  unteres  Plattenpaar 
(18)  mit  einer  glatten  Bodenplatte  (20)  dem  Stapel 
an  Plattenpaaren  hinzugefugt  wird. 

9.  Verfahren  wie  in  Anspruch  8  beansprucht  und  au- 
Berdem  aufweisend  einen  Schritt, 
bei  dem  EinlaB-  und  AuslaBstutzen  (22)  auf  einer 
der  glatten  Deck-  und  Bodenplatten  (14,  18)  vorge- 
sehen  sind,  wobei  diese  Stutzen  EinlaB-  und  Aus- 
laBoffnungen  besitzen,  die  mit  den  entsprechenden 
EinlaB-  und  AuslaBoffnungen  (34)  der  Plattenpaare 
in  Verbindung  stehen. 

10.  Ein  Warmetauscher  mit: 

4.  Verfahren  wie  in  Anspruch  2  oder  3  beansprucht, 
bei  dem  der  ZusammenpreBschritt  erfolgt  durch 
Versehen  der  Mittelabschnitte  (28)  mit  einer  Mehr- 
zahl  an  voneinander  beabstandeten,  nach  auBen 
gerichteten  Noppen  (36),  die  in  gleichen  Abstanden 
mit  den  Endvorsprungen  (32)  sich  erstrecken;  und 
Zusammenpressen  eines  Plattenpaars  zwischen 
zwei  benachbarten  Plattenpaaren  in  Ruckseite-an- 
Ruckseite-Anordnung,  wobei  die  Noppen  von  be- 
nachbarten  Plattenpaaren  in  Ubereinstimmung 
sind  und  Druckkrafte  zwischen  sich  ubertragen. 

5.  Verfahren  wie  in  einem  der  vorstehenden  Anspru- 
che  beansprucht,  und  auBerdem  aufweisend  die 
Schritte  des  Zusammensetzens  einer  Mehrzahl  von 
Plattenpaaren  (12)  in  einem  Stapel  mit  den  EinlaB- 
und  AuslaBoffnungen  (34)  in  Ubereinstimmung, 
und  Zusammensetzen  der  Plattenpaare  in  einer 
fluiddichten  Anordnung. 

6.  Verfahren  wie  in  einem  der  vorstehenden  Anspru- 
che  beansprucht,  und  auBerdem  aufweisend  einen 
Schritt, 
bei  dem  vor  dem  Zusammendrucken  und  Erhitzen 
des  Plattenpaares  eine  Mehrzahl  an  Plattenpaaren 
(1  2)  in  einem  Stapel  zusammengesetzt  wird,  wobei 
die  EinlaB-  und  AuslaBoffnungen  (34)  in  Uberein- 
stimmung  sind,  und  dann  gleichzeitiges  Erhitzen 
und  Zusammendrucken  von  alien  ubereinanderge- 
schichteten  Plattenpaaren  erfolgt. 

einer  Mehrzahl  von  ubereinandergeschichte- 
ten  Platten,  die  in  Vorderseite-an-Vorderseite 

30  liegenden  Paaren  (12)  angeordnet  sind  und, 
von  denen  jedes  Vorderseite-an-Vorderseite 
liegende  Paar  eine  erste  und  eine  zweite  Platte 
(24,  26)  aufweist; 

35  die  erste  Platte  (24)  besitzt  einen  ebenen  Mit- 
telbereich  (28),  einen  erhobenen  peripheren 
Kantenabschnitt  (30)  oberhalb  und  in  einer 
Ebene  parallel  zum  Mittelbereich  (28),  einen 
Zwischenabschnitt  (29)  zwischen  dem  Mittel- 

40  bereich  und  den  Kantenabschnitten,  und  ge- 
genuberliegende  Endvorsprunge  (32)  unter- 
halb  und  in  einer  Ebene  parallel  zum  Mittelbe- 
reich; 

45  die  zweite  Platte  (26)  eines  jeden  Vorderseite- 
an-Vorderseite  liegenden  Plattenpaares  (12) 
besitzt  einen  peripheren  Kantenabschnitt  (30) 
verbunden  mit  dem  peripheren  Kantenab- 
schnitt  der  ersten  Platte,  einen  Mittelbereich 

so  (28)  beabstandet  von  dem  Mittelbereich  der  er- 
sten  Platte,  einen  Zwischenabschnitt  (29)  zwi- 
schen  dem  Mittelbereich  und  den  Kantenab- 
schnitten  und  entgegengesetzte  Endvorsprun- 
ge  (32)  oberhalb  und  in  einer  Ebene  parallel 

55  zum  Mittelabschnitt  (28)  der  zweiten  Platte; 

einen  ebenen  ausgedehnten  metallischen  Ver- 
wirbler  (38)  angeordnet  zwischen  den  ersten 

7 
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und  zweiten  Platten  (24,  26)  eines  jeden  Vor- 
derseite-an-Vorderseite  liegenden  Plattenpaa- 
res  (12),  wobei  der  Verwirbler  (38)  erhobene 
Bereiche  besitzt; 

die  Mittelbereiche  (28)  der  ersten  und  zweiten 
Platte  besitzen  eine  Mehrzahl  an  beabstande- 
ten,  nach  auBen  gerichteten  Noppen  (36),  die 
in  ihnen  ausgebildet  sind,  wobei  die  Noppen 
sich  in  gleichen  Abstanden  mit  den  Endvor- 
sprungen  (32)  erstrecken; 

die  erste  Platte  (24)  eines  Plattenpaares  (12) 
ist  Ruckseite-an-Ruckseite  angeordnet  mit  der 
zweiten  Platte  (26)  des  benachbarten  Platten- 
paares,  wobei  die  einander  entsprechenden 
Noppen  (36)  und  Endvorsprunge  (32)  mitein- 
ander  verbunden  sind;  und 

jedes  Plattenpaar  bildet  EinlaB-  und  AuslaBoff- 
nungen  (34)  fur  den  FluB  eines  Fluides  durch 
das  Plattenpaar  (12)  hinter  dem  Verwirbler 
(38); 

wobei  die  Mittelabschnitte  (28)  der  ersten  und 
zweiten  Platte  mit  entgegengesetzten  Mantel- 
schichten  (50)  auf  ihnen  ausgebildet  sind, 

dadurch  gekennzeichnet, 
daB  der  Verwirbler  (38)  teilweise  in  den  Mantel- 
schichten  (50)  eingebettet  ist,  und  wobei  die  Dicke 
des  Verwirblers  (38)  gleich  ist  der  Distanz  zwischen 
den  Mittelbereichen  (28)  der  ersten  und  zweiten 
Platte  ohne  die  Mantelschichten  im  wesentlichen 
iiber  samtliche  der  erhobenen  Bereiche  des  Ver- 
wirblers  mit  Ausnahme  der  Bereiche  der  Noppen. 

11.  Warmetauscher  wie  in  Anspruch  10  beansprucht, 
bei  dem  der  Verwirbler  (38)  aus  einer  Mehrzahl  von 
parallelen  Reihen  aus  Metall  angeordnet  in  einer  si- 
nusformigen  Anordnung  besteht. 

12.  Warmetauscher  wie  in  Anspruch  10  oder  11  bean- 
sprucht, 
bei  dem  der  Verwirbler  (38)  in  Querrichtung  im  we- 
sentlichen  die  gleiche  Breite  aufweist  wie  der  Ab- 
stand  zwischen  den  Zwischenabschnitten  (29)  der 
Platten  betragt. 

13.  Warmetauscher  wie  in  einem  der  Anspruche  10  bis 
12  beansprucht, 
bei  dem  die  Platten  aus  Aluminium  mit  einer  darauf 
gebildeten  Lot-Mantelschicht  (50)  gebildet  sind. 

14.  Warmetauscher  wie  in  Anspruch  13  beansprucht, 
bei  dem  die  Mantelschicht  (50)  eine  Dicke  von  10 
%  der  Dicke  der  Platten  (24,  26)  hat. 

1  5.  Warmetauscher  wie  in  einem  der  Anspruche  1  0  bis 
14  beansprucht, 
bei  dem  der  Verwirbler  (38)  aus  Aluminium  gebildet 
ist. 

5 
1  6.  Warmetauscher  wie  in  einem  der  Anspruche  1  0  bis 

15  beansprucht, 
bei  dem  die  Noppen  (36)  mit  gleichmaBigem  Ab- 
stand  iiber  die  Mittelabschnitte  (28)  der  Platten  ver- 

10  teilt  sind. 

1  7.  Warmetauscher  wie  in  einem  der  Anspruche  1  0  bis 
16  beansprucht, 
bei  dem  die  Noppen  (36)  solche  Abmessungen  ha- 

15  ben,  daB  der  Bereich  der  Noppen,  der  nicht  in  Kon- 
takt  mit  dem  Verwirbler  (38)  steht,  minimal  ist,  so 
daB  die  Warmeubertragung  zwischen  Verwirbler 
(38)  und  den  Mittelabschnitten  der  Platten  nicht  be- 
eintrachtigt  ist. 

20 
1  8.  Warmetauscher  wie  in  einem  der  Anspruche  1  0  bis 

17  beansprucht, 
bei  dem  die  Noppen  mit  im  wesentlichen  flachen 
AuBenflachen  gebildet  sind. 

25 
1  9.  Warmetauscher  wie  in  einem  der  Anspruche  1  0  bis 

18  beansprucht, 
bei  dem  die  Noppen  symmetrisch  urn  eine  Langs- 
achse  und  eine  Querachse  der  Platten  angeordnet 

30  sind,  so  daB  wenn  zwei  Plattenpaare  Ruckseite-an- 
Ruckseite  angeordnet  sind,  die  Noppen  der  ersten 
Platte  zu  den  Noppen  der  zweiten  Platte  ausgerich- 
tet  sind. 

35  20.  Warmetauscher  wie  in  einem  der  Anspruche  10  bis 
19  beansprucht, 
bei  dem  die  EinlaB-  und  AuslaBoffnungen  in  ent- 
sprechend  entgegengesetzten  Endvorsprungen  ei- 
ner  jeden  Platte  gebildet  sind,  so  daB  in  einem  Sta- 

40  pel  von  Ruckseite-an-Ruckseite  liegenden  Platten- 
paaren  alle  EinlaBoffnungen  zueinander  ausgerich- 
tet  und  alle  AuslaBoffnungen  zueinander  ausge- 
richtet  sind. 

45 
Revendications 

1  .  Procede  de  fabrication  d'un  echangeur  de  chaleur, 
comprenant  les  etapes  consistant  a  : 

50 
procurer  une  pluralite  de  plaques  (24,  26),  cha- 
que  plaque  comportant  une  partie  centrale  pla- 
ne  (28),  une  partie  de  bord  peripherique  sure- 
levee  (30)  situee  au-dessus  de  la  partie  centra- 

ls  le  et  dans  un  plan  parallele  a  celle-ci,  et  des 
bossages  d'extremite  opposes  (32)  situes  au- 
dessous  de  la  partie  centrale  et  dans  un  plan 
parallele  a  celle-ci,  les  bossages  d'extremite 
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comportant  des  orifices  d'entree  et  de  sortie 
(34)  formes  dans  ceux-ci, 
disposer  lesdites  plaques  suivant  une  paire  fa- 
ce  a  face  (12)  comportant  des  parties  de  bord 
peripheriques  (30)  qui  correspondent,  ainsi  s 
qu'un  espace  creux  entre  celles-ci, 
inserer  un  generateur  de  turbulence  (38)  dans 
ledit  espace  creux,  le  generateur  de  turbulence 
etant  d'une  telle  epaisseur  que  les  parties  de 
bord  peripheriques  (30)  qui  correspondent  sont  10 
espacees  I'une  de  I'autre, 
chauffer  et  faire  partiellement  fondre  la  paire  de 
plaques  (12)  tandis  que  lesdites  parties  de  bord 
peripheriques  (30)  qui  correspondent  sont  tou- 
jours  espacees  I'une  de  I'autre,  15 
comprimer  le  generateur  de  turbulence  en 
pressant  la  paire  de  plaques  (1  2)  ensemble  en 
faisant  ainsi  fondre  le  generateur  de  turbulence 
(38)  dans  lesdites  plaques  en  rapprochant  I'une 
de  I'autre  les  parties  de  bord  peripheriques  qui  20 
correspondent,  et 
joindre  les  surfaces  en  contact  des  plaques  et 
du  generateur  de  turbulence  apres  que  les  par- 
ties  de  bord  peripheriques  qui  correspondent 
ont  ete  rapprochees  I'une  de  I'autre  afin  de  for-  25 
mer  un  ensemble  etanche  aux  fluides. 

Procede  selon  la  revendication  1  ,  dans  lequel  I'eta- 
pe  de  compression  est  realisee  en  pressant  I'une 
contre  I'autre  les  parties  centrales  planes  (28).  30 

Procede  selon  la  revendication  1  ou  2,  et  compre- 
nant  en  outre  les  etapes  consistant  a  procurer  une 
couche  de  placage  (50)  sur  les  plaques,  a  faire  fon- 
dre  la  couche  de  placage  tout  en  comprimant  le  ge-  35 
nerateur  de  turbulence  (38)  et  a  emprisonner  le  ge- 
nerateur  de  turbulence  dans  la  couche  de  placage 
jusqu'a  ce  que  les  parties  de  bord  peripheriques 
(30)  viennent  en  contact. 

40 
Procede  selon  la  revendication  2  ou  3,  dans  lequel 
I'etape  consistant  a  presser  est  realisee  en  munis- 
sant  lesdites  parties  centrales  (28)  d'une  pluralite 
de  mamelons  (36)  espaces  orientes  vers  I'exterieur, 
les  mamelons  s'etendant  sur  la  meme  distance  que  45 
les  bossages  d'extremite  (32),  et  en  pressant  une 
paire  de  plaques  entre  deux  paires  de  plaques  ad- 
jacentes  disposees  en  agencement  dos  a  dos,  les 
mamelons  presents  sur  les  paires  de  plaques  adja- 
centes  etant  alignes  et  transmettant  les  forces  de  so 
compression  entre  celles-ci. 

Procede  selon  I'une  quelconque  des  revendications 
precedentes,  et  comprenant  en  outre  les  etapes 
consistant  a  assembler  une  pluralite  de  dites  paires  55 
de  plaques  (1  2)  en  une  pile,  lesdits  orifices  d'entree 
et  de  sortie  (34)  etant  en  alignement,  et  a  joindre 
lesdites  paires  de  plaques  ensemble  pour  former 

un  ensemble  etanche  aux  fluides. 

6.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  et  comprenant  en  outre  I'etape  con- 
sistant,  avant  de  comprimer  et  de  chauffer  la  paire 
de  plaques,  a  assembler  une  pluralite  de  dites  pai- 
res  de  plaques  (1  2)  en  une  pile,  les  orifices  d'entree 
et  de  sortie  (34)  etant  en  alignement,  et  a  chauffer 
et  a  comprimer  ensuite  simultanement  la  totalite 
des  paires  de  plaques  empilees. 

7.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  dans  lequel  les  plaques  sont  faites 
d'aluminium  revetu  d'un  placage  de  brasage,  et 
dans  lequel  I'etape  consistant  a  joindre  est  realisee 
par  brasage  au  four. 

8.  Procede  selon  I'une  quelconque  des  revendications 
precedentes,  et  comprenant  en  outre  I'etape  con- 
sistant,  avant  de  chauffer  et  de  comprimer  la  totalite 
des  paires  de  plaques  empilees,  a  ajouter  une  paire 
de  plaques  superieure  (14)  comportant  une  plaque 
superieure  lisse  (16)  et  une  paire  de  plaques  infe- 
rieure  (18)  comportant  une  plaque  inferieure  lisse 
(20)  a  la  pile  de  paires  de  plaques. 

9.  Procede  selon  la  revendication  8,  et  comprenant  en 
outre  I'etape  consistant  a  disposer  des  raccords 
d'entree  et  de  sortie  (22)  sur  I'une  des  plaques  lis- 
ses  superieure  et  inferieure  (14,  18),  lesdits  rac- 
cords  comportant  des  orifices  d'entree  et  de  sortie 
communiquant  avec  les  orifices  d'entree  et  de  sortie 
(34)  respectifs  des  paires  de  plaques. 

10.  Echangeur  de  chaleur  comprenant  : 

une  pluralite  de  plaques  empilees,  agencees 
en  paires  (12)  face  a  face,  chacune  desdites 
paires  face  a  face  comprenant  des  premiere  et 
seconde  plaques  (24,  26), 
la  premiere  plaque  (24)  comportant  une  partie 
centrale  plane  (28),  une  partie  de  bord  periphe- 
rique  surelevee  (30)  situee  au-dessus  de  la 
partie  centrale  (28)  et  dans  un  plan  parallele  a 
celle-ci,  une  partie  intermediate  (29)  comprise 
entre  les  parties  centrale  et  de-bord,  et  des 
bossages  d'extremite  opposes  (32)  situes  au- 
dessous  de  la  partie  centrale  et  dans  un  plan 
parallele  a  celle-ci, 
la  seconde  plaque  (26)  de  chaque  paire  de  pla- 
ques  (12)  face  a  face  comportant  une  partie  de 
bord  peripherique  (30)  jointe  a  la  partie  de  bord 
peripherique  de  ladite  premiere  plaque,  une 
partie  centrale  (28)  espacee  de  la  partie  cen- 
trale  de  la  premiere  plaque,  une  partie  interme- 
diate  (29)  comprise  entre  les  parties  centrale 
et  de  bord,  et  des  bossages  d'extremite  oppo- 
ses  (32)  situes  au-dessus  de  la  partie  centrale 
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de  la  seconde  plaque  (28)  et  dans  un  plan  pa- 
rallele  a  celle-ci, 
un  generateur  de  turbulence  (38)  plan,  en  metal 
deploye,  place  entre  les  premiere  et  seconde 
plaques  (24,  26)  de  chaque  paire  de  plaques  s 
(12)  face  a  face,  ledit  generateur  de  turbulence 
(38)  comportant  des  parties  hautes, 
les  parties  centrales  (28)  des  premiere  et  se- 
conde  plaques  comportant  une  pluralite  de  ma- 
melons  (36)  espaces,  orientes  vers  I'exterieur,  10 
formes  dans  celles-ci,  les  mamelons  s'eten- 
dant  sur  la  meme  distance  que  les  bossages 
d'extremite  (32), 
la  premiere  plaque  (24)  d'une  paire  de  plaques 
(12)  etant  placee  dos  a  dos  avec  la  seconde  15 
plaque  (26)  d'une  paire  de  plaques  adjacente, 
les  mamelons  (36)  et  les  bossages  d'extremite 
(32)  respectifs  etant  joints,  et 
chaque  paire  de  plaques  definissant  des  orifi- 
ces  d'entree  et  de  sortie  (34)  permettant  a  un  20 
fluide  de  s'ecouler  a  travers  la  paire  de  plaques 
(12)  en  franchissant  le  generateur  de  turbulen- 
ce  (38), 
dans  lequel  les  parties  centrales  (28)  de  la  pre- 
miere  et  la  seconde  plaque  comportent  des  25 
couches  de  placage  (50)  opposees  formees 
sur  celles-ci, 

caracterise  en  ce  que  ledit  generateur  de  tur- 
bulence  (38)  est  en  partie  emprisonne  dans  lesdites  30 
couches  de  placage  (50), 

et  dans  lequel  I'epaisseur  du  generateur  de  tur- 
bulence  (38)  est  egale  a  la  distance  entre  les 
parties  centrales  (28)  de  la  premiere  et  de  la  35 
seconde  plaque  sans  les  couches  de  placage 
sur  pratiquement  la  totalite  des  parties  hautes 
du  generateur  de  turbulence,  excepte  les  par- 
ties  occupees  par  les  mamelons. 

40 
11.  Echangeur  de  chaleur  selon  la  revendication  10, 

dans  lequel  le  generateur  de  turbulence  (38)  est  for- 
me  d'une  pluralite  de  rangees  paralleles  de  metal 
disposees  suivant  un  agencement  sinusoidal,  de- 
cale.  45 

14.  Echangeur  de  chaleur  selon  la  revendication  13, 
dans  lequel  la  couche  de  placage  (50)  represente 
10  pour  cent  de  I'epaisseur  de  la  plaque  (24,  26). 

15.  Echangeur  de  chaleur  selon  I'une  quelconque  des 
revendications  10  a  14,  dans  lequel  le  generateur 
de  turbulence  (38)  est  forme  d'aluminium. 

16.  Echangeur  de  chaleur  selon  I'une  quelconque  des 
revendications  10  a  15,  dans  lequel  les  mamelons 
(36)  sont  espaces  de  facon  uniforme  sur  les  parties 
centrales  (28)  des  plaques. 

17.  Echangeur  de  chaleur  selon  I'une  quelconque  des 
revendications  10  a  16,  dans  lequel  les  mamelons 
(36)  sont  dimensionnes  de  facon  que  la  surface  des 
mamelons  qui  n'est  pas  en  contact  avec  le  genera- 
teur  de  turbulence  (38)  soit  minimisee,  de  maniere 
a  ne  pas  nuire  materiellement  au  transfert  de  cha- 
leur  entre  le  generateur  de  turbulence  (38)  et  les 
parties  centrales  des  plaques. 

18.  Echangeur  de  chaleur  selon  I'une  quelconque  des 
revendications  10  a  17,  dans  lequel  les  mamelons 
sont  formes  avec  des  sommets  pratiquement  plats. 

19.  Echangeur  de  chaleur  selon  I'une  quelconque  des 
revendications  10  a  18,  dans  lequel  les  mamelons 
sont  disposes  de  facon  symetrique  par  rapport  aux 
axes  longitudinal  et  transversal  des  plaques,  de  fa- 
con  que  lorsque  Ton  positionne  deux  paires  de  pla- 
ques  dos  a  dos,  les  mamelons  presents  sur  la  pre- 
miere  plaque  soient  en  alignement  avec  les  mame- 
lons  presents  sur  la  seconde  plaque. 

20.  Echangeur  de  chaleur  selon  I'une  quelconque  des 
revendications  10  a  19,  dans  lequel  lesdits  orifices 
d'entree  et  de  sortie  sont  formes  dans  les  bossages 
d'extremite  opposes  respectifs  de  chaque  plaque, 
de  sorte  que  dans  une  pile  de  paires  de  plaques 
dos  a  dos,  tous  les  orifices  d'entree  sont  en  aligne- 
ment  et  tous  les  orifices  de  sortie  sont  en  aligne- 
ment. 

12.  Echangeur  de  chaleur  selon  la  revendication  10  ou 
11,  dans  lequel  le  generateur  de  turbulence  (38) 
presente  une  largeur  dans  son  sens  transversal  qui 
est  pratiquement  identique  a  la  distance  separant  so 
les  parties  intermediates  (29)  des  plaques. 

13.  Echangeur  de  chaleur  selon  I'une  quelconque  des 
revendications  10  a  12,  dans  lequel  les  plaques 
(24,26)  sont  formees  d'aluminium  comportant  une  55 
couche  de  placage  de  brasage  (50)  formee  sur  ce- 
lui-ci. 
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