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parts  of  adjacent  sheets  into  tubular  form.  The 
tubes  are  placed  in  a  frame  and  portions  thereof 
are  flattened  by  special  flattening  rollers.  There- 
after,  flat  fins  are  brazed  or  soldered  to  these 
flattened  portions.  The  assembly  is  then  bent  into 
a  serpentine  form.  This  disclosure  complicates 
the  manufacture  of  finned  heat  exchanger  tubes 
by  requiring  special  machinery  for  flattening 
selected  portions  of  the  tubes  and  by  requiring  a 
separate  step  of  brazing  or  soldering  the  roots  of 
fins  to  the  tubes  while  omitting  any  teaching  of 
how  to  secure  fin  tips  to  an  adjacent  tube  or  tube 
portion. 

The  present  invention  seeks  to  solve  the 
problems  of  making  finned  heat-echangers  in 
which  both  ends  of  the  fins  are  to  be  secured,  of 
enabling  fins  of  widely  varying  spacing  and 
geometry  to  be  used  and  of  simplifying  manu- 
facturing  by  combining  fabrication  with  pressure 
testing. 

These  problems  are  to  be  solved  by  a  process 
according  to  the  present  invention  for  manu- 
facturing  a  finned  heat-exchanger  comprising: 

(i)  providing  a  plurality  of  pairs  of  plates; 
(ii)  applying  a  pattern  of  stop  weld  material  to  a 

first  plate  of  each  said  pair; 
(iii)  superposing  a  second  plate  of  each  said 

pair  on  the  said  first  plate  and  hot-rolling  the  said 
plates  together  to  form  said  pair  of  plates; 

(iv)  expanding  the  sites  of  the  said  pair  of  plates 
which  are  protected  by  the  said  stop  weld 
material  by  the  application  of  fluid  pressure  to 
form  a  plurality  of  tubular  heat  exchanger 
medium  flow  passages  and 

(v)  securing  by  means  of  a  cohesive  or  adhesive 
bond  a  plurality  of  fins  at  one  of  their  ends  to  the 
plates,  characterised  by 

(A)  rigidly  holding  the  other  end  of  each  fin 
proximate  but  unattached  to  the  surface  of 
another  plate  to  which  it  is  to  be  permanently 
secured; 

(B)  filling  said  flow  passages  with  liquid  at  a 
pressure  which  is  of  a  magnitude  both  to  attain 
conventional  test  pressures  and  also  to  cause 
permanent  bonding  by  direct  metal-to-metal  con- 
tact  and  deformation  between  said  other  end  of 
each  fin  and  said  surface  of  said  another  plate. 

In  the  course  of  carrying  out  the  process  the 
heat-exchanger  elements  are  assembled  and 
retained  in  a  frame  and  the  tubular  passages  are 
expanded  by  test-pressings  or  a  separately  per- 
formed  pressing  and  the  directly  heat-transmit- 
ting  surfaces  are  brought  into  close  adhesive 
connection. 

The  invention  breaks  with  hitherto  known  tech- 
nologies  and  enables  the  manufacture  of  strip 
finned  heat-exchanging  elements  in  a  completely 
novel  manner  by  connecting  the  strip  fins  with  the 
cooling  tubes  or  cooling  passages  by  a  direct 
bond. 

The  invention  is  described,  merely  by  way  of 
example,  with  reference  to  the  accompanying 
drawings,  schematically  illustrating  the  invention 
and  wherein: 

Figure  1  is  a  cross-sectional  view  of  a  portion  of 

Description 

The  invention  concerns  a  process  for  manu- 
facturing  finned  heat-exchangers.  One  particular 
application  of  the  process  is  the  fabrication  of  5 
radiators  of  internal  combustion  engines  for  road 
vehicles. 

It  is  is  well  known  that  the  manufacture  of  heat 
exchangers  is  made  up  of  several  highly  labour- 
intensive  phases.  In  a  characteristic  phase  of  the  10 
manufacturing  process  parts  of  circular  cross- 
section  have  to  be  made  and  welded  or  bonded 
together,  but  it  has  proved  difficult  to  obtain  high 
productivity  allied  with  good  heat  exchange 
properties  and  low  costs.  is 

It  has  also  been  recognised  that  aluminium 
would  be  a  desirable  material  to  use  owing  to  its 
relative  cheapness  and  good  thermal  conductivity 
but  the  fabrication  of  finned  heat  exchangers 
made  of  aluminium  has  proved  problematic.  Thin  20 
aluminium  plates  are  difficult  to  spot  weld  with- 
out  causing  electrode  burns  while  the  use  of 
adhesive  resins  has  proved  unsatisfactory  in 
motor  car  radiators  because  of  the  exposure  of 
such  resin  bonds  to  the  combined  effect  of  rela-  25 
tively  high  temperatures  and  mechanical  loads, 
such  as  vibration  as  well  as  the  formation  of  so- 
called  heat  dams  by  the  resin  material,  impeding 
heat  transfer. 

Thus,  GB—  -A—  -1,273,141  discloses  a  heat  30 
exchanger  in  which  pairs  of  pre-formed  metal 
sheets  are  roll-bonded  together  to  define  liquid 
flow  passages  (tubes).  Corrugated  metallic  foil 
strips  are  then  bonded  directly  with  metal-to- 
metal  contact  to  the  outer  walls  of  the  liquid  flow  35 
passages.  The  thus  finned  tube  is  then  secured 
"back  to  back"  to  a  like  finned  tube  by  epoxy  resin 
adhesive  bonding  between  those  adjacent  end 
portion  of  the  strip  fins  which  are  remote  from  the 
tubes.  This  disclosure  suffers  from  the  already-  40 
mentioned  disadvantage  flowing  from  the  use  of 
adhesives;  moreover,  closely  spaced  fins 
("microfins")  cannot  be  fabricated  in  this  way 
since  conventional  pressure  rollers  required  to 
effect  bonding  of  the  strip  fins  to  the  liquid  45 
carrying  tubes  are  too  large  to  reach  the  sites  of 
bonding. 

US  —  A  —  3,650,005  discloses  an  improvement  in 
the  use  of  the  so-called  stop  weld  technique  (itself 
disclosed  in  US  —  A—  2,690,002)  of  fabricating  so 
heat  exchanger  tubes  from  aluminium  sheets,  in 
which,  after  a  pair  of  sheets  carrying  a  predeter- 
mined  pattern  of  stop  weld  material  have  been 
hot-rolled  together,  the  portion  which  was  not 
bonded  together  by  the  effect  of  the  stop  weld  55 
material  is  deformed  from  inside  to  a  tubular  form 
by  the  use  of  high-pressure  water.  This  disclosure 
is  essentially  limited  to  the  formation  of  the 
liquid-carrying  tubes  and  does  not  address  itself 
at  all  to  the  problem  of  securing  fins  to  such  60 
tubes. 

Finally,  US—  A—  3,712,372  discloses  the  fabrica- 
tion  of  heat  exchangers  utilising  the  stop  weld 
technique  in  combination  with  a  hydraulic  "infla- 
tion"  technique  for  deforming  the  non-bonded  65 
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The  cross-section  of  Figure  5  shows  an  embodi- 
ment  wherein  thin  strip-fins  1  are  connected  to 
the  surface  of  the  plate  2  at  several  locations.  The 
connection  between  the  fins  and  the  plates  may 

5  according  to  Figure  6  be  effected  by  ultra-sonic 
welding  or,  as  shown  in  Figure  7,  where  the 
material  of  the  strip  fins  is  thicker,  and  the  pitch  of 
the  fins  is  smaller,  by  spot  welding.  This  is  also 
shown  in  Figure  8. 

10  Figure  9  shows  a  forced-flow  heat-exchanger 
portion  wherein  the  strip  fins  1  ,  the  welded  sheets 
2  and  tubular  passages  3  are  connected  in  series 
and  in  parallel  in  accordance  with  the  well-known 
criteria  of  heat-transfer  technology. 

is  The  outer  faces  1a  of  the  strip  fins  1  arewelded 
at  locations  4a  to  plates  disposed  at  the  edges  of 
tubular  passages  and  between  such  passages.  In 
this  way,  the  plurality  of  fin  rows  welded  to  the 
plate  2  form  a  finned  heat  exchanger  element. 

20  Several  completed  heat  exchanger  elements  may 
be  assembled  together  by  offsetting  one  of  the 
rows  with  the  aid  of  the  strip  fins  and  placing  it  on 
the  adjacent  row  while  the  third  row  is  aligned 
with  the  first  row  of  such  elements.  From  the 

25  point  of  view  of  manufacturing  technology,  it  is 
expedient  to  form  one  inlet  and  one  outlet.  In  this 
way,  each  individual  heat-exchanging  element  in 
effect  forms  a  closed  system  with  only  a  minimal 
risk  of  faults  and  leaks. 

30  In  another  expedient  embodiment,  the  heat- 
exchanger  elements  to  be  assembled  together  are 
of  one  piece.  The  diagram  or  plan  of  the  indivi- 
dual  or  tubular  passages  of  the  heat  exchangers 
together  with  their  connecting  ducts,  are  con- 

35  tinuously  applied  to  the.  plates  2,  with  a  suitable 
offset,  and  then  after  rolling,  expanding  and 
finning,  the  individual  heat-exchangers  are  bent 
forwards  and  backwards  and  laid  upon  each 
other.  The  heat-exchanger  formed  in  this  way  is 

40  thereafter  processed  or  handled  as  described 
above.  The  figure  does  not  show  the  inlets  and 
outlets  which  can  be  formed  in  any  suitable 
manner  by  welding  a  cylindrical  tube  into  the 
tubular  passages  3.  Another  expedient  solution 

45  may  lie  in  welding-in  or  closing  the  outlet  opening 
of  the  tubular  passages,  and  by  resistance  weld- 
ing  or  inductance  welding  connecting  eyes  are 
welded  at  the  appropriate  locations  of  the  tubular 
passages  of  the  sheet  2.  These  eyes  are  then 

so  suitable  for  making  further  connections.  This 
solution  is  particulary  advantageous  where  the 
sheet  2  is  made  from  aluminium. 

In  all  these  embodiments,  after  welding  the 
tubular  connections,  the  heat-exchanger  held  in  a 

55  frame  is  subjected  to  pressure  tests.  The  pressure 
test  is  of  course  a  compulsory  matter  for  all  heat- 
exchangers.  However,  in  the  heat-exchanger 
according  to  the  invention,  the  pressure  test  is  not 
only  a  safety  and  reliability  check  but  at  the  same 

60  time  also  forms  the  final  or  finishing  technologi- 
cal  phase  of  the  assembly.  When  the  covered  and 
framed  tubular  elements  are  subjected  to  suitable 
pressure,  then  the  tubular  passages  inevitably 
undergo  a  certain  deformation  and  extension  in 

65  the  direction  of  the  strip  fins.  This  extension  is 

a  heat-exchanger  formed  from  expanded  plates 
formed  with  tubular  passages,  with  strip  fins 
connected  to  flat  faces  of  the  tubular  passages; 

Figure  2  is  an  elevation  of  the  heat-exchanger 
shown  in  Figure  1; 

Figure  3  is  a  sectional  view  of  the  heat- 
exchanger  provided  with  strip-like  fins  in  the 
course  of  manufacture  thereof; 

Figure  4  is  a  plan  view  of  the  portion  of  the  heat- 
exchanger  shown  in  Figure  3; 

Figure  5  is  a  cross-section  illustrating  thin  strip- 
like  fins  placed  between  the  cooling  passages; 

Figure  6  is  a  part-sectional  and  part-elevational 
view  of  the  heat-exchnager  fragment  shown  in 
Figure  5; 

Figure  7  is  a  cross-section  of  a  portion  of  a  strip- 
finned  heat-exchanger  having  a  narrower  or 
smaller  fin  spacing; 

Figure  8  is  a  part-sectional,  part-elevational 
view  of  the  heat-exchanger  shown  in  Figure  7, 
and  taken  at  right-angles  thereto; 

Figure  9  is  a  schematic  view  of  a  heat- 
exchanger  with  offset  tubular  passages; 

Figure  1  0  is  a  section  of  a  motor  vehicle  radiator 
core  having  twin  chambers  and  a  plurality  of  flat 
rows  of  tubes; 

Figure  11  is  a  sectional  view  taken  along  the 
stepped  cross-sectional  line  A  —  A  of  Figure  10; 

Figure  12  is  a  cross-section  of  the  motor  vehicle 
radiator  core  shown  in  Figure  11,  taken  along  the 
line  B—  B;  and 

Figure  13  is  a  perspective  view  of  a  condenser 
or  a  portion  of  a  water-cooler. 

Referring  to  Figure  1  ,  there  is  shown  a  fragmen- 
tary  heat  exchanger  wherein  the  tubular  passages 
3  are  formed  from  plates  which  have  been  welded 
together  and  wherein  the  strip-shaped  fins  1  are 
fixed  thereto  by  securing  together  a  flat  side  2a, 
2b  of  the  tubular  passage  3  and  the  outer  faces  1a, 
16  of  the  strip  fins  1. 

Figure  2  illustrates  by  an  arrow  I  the  direction  of 
flow  of  the  heating  or  cooling  medium  while  the 
arrow  designated  by  II  indicates  the  direction  of 
flow  of  air. 

In  forming  the  tubular  passages  3  it  is  expedient 
to  place  one  of  the  welding  electrodes  5  which  is 
provided  with  a  water  channel  and  which  is 
therefore  water-cooled,  inside  the  full  length  of 
the  tubular  passage  3.  The  welding  electrode  5 
then  not  only  serves  to  weld  the  fins  1  to  the 
tubular  passages  3  but  also  serves  to  ensure  that 
the  tubular  passage  does  not  collapse  during  the 
formation  and  welding  of  the  strip-like  fins.  When 
the  tubular  passage  has  been  equipped  with  the 
strip  fins,  then  at  the  end  of  that  procedure  the 
electrode  5  may  be  removed.  Figure  3  shows  the 
welding  seam  4  at  the  root  of  the  fin  1.  This 
particular  solution  can  only  be  used  for  U-shaped 
tubular  passages. 

The  plan  view  of  Figure  4  does  not  show  the 
welding  electrode  itself  but  shows  the  trace  it 
leaves  on  the  fin  1.  When  the  pitch  or  spacing  of 
the  fins  is  greater,  then  the  welding  to  be 
employed  must  have  a  different  geometry  to 
ensure  greater  metallic  contact  areas. 
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the  case  where  one  utilises  plate  materials  which 
are  so  thin  that  a  high  quality  weld  cannot  be  used 
at  all,  then  it  is  expedient  to  use  fusion  adhesive 
bonding.  This  insulation  is  of  neutral  effect  on 

5  heat  transfer  because  it  is  in  contact  with  only  one 
side  of  the  water  chamber.  The  cooling  at  the  air- 
side  of  the  adhesive  material  disposed  between 
the  tube  neck  12  and  the  opening  13c  is  also 
ensured  because  the  air  stream  is  at  all  times  in 

w  contactwith  the  surface  136.  In  the  figure  arrows  I 
indicate  the  path  of  the  coolant  water  while  the 
arrows  II  indicate  the  direction  of  flow  of  the 
cooling  air. 

Figure  13  illustrates  a  complex  industrial  con- 
15  denser  or  water  cooler.  The  strip  fins  1  are 

disposed  on  the  tubular  passages  3  in  agreement 
with  the  embodiment  already  shown  in  Figures  1 
and  2  above  but  its  plate  2  has  more  tubular 
passages  3.  The  drawing  does  not  show  the  end 

20  construction  of  the  cooling  elements  6  which  may 
at  one  end  be  e.g.  open  with  the  tubular  passages 
3  coupled  into  the  tubular  wall  while  at  its  other 
element,  it  may  e.g.  be  flattened  and  open  as  for 
instance  is  shown  in  Figures  10,  11,  and  12  with 

25  regard  to  the  tubular  neck  12  of  the  motor  vehicle 
radiator.  In  the  present  illustrated  embodiment, 
there  is  shown  a  slit  fin  30  wherein  before  bend- 
ing  and  welding  a  cutter  cuts  the  strip  at  several 
places  intermittently  to  produce  openings  or  slits 

30  30a.  Another  manner  of  construction  is  shown  by 
the  cut-away  strip  fin  31.  Here,  before  bending 
and  welding,  appropriately  sized  strips  are  cut 
intermittently  at  several  loctions  from  the  basic 
strip,  to  produce  openings  31a.  The  slit  strip-fin  30 

35  and  the  cut-away  strip-fin  31  represent  embodi- 
ments  which  for  certain  heat  exchangers  can 
produce  a  greater  air  side  heat  transfer.  It  is  an 
advantage  of  this  embodiment  that  the  trans- 
mission  tool  can  be  operated  synchronously  with 

40  the  fin  forming  apparatus  so  that  this  part  oper- 
ation  does  not  require  a  separate  working  phase. 
The  embodiment  shown  in  Figure  13  makes  it 
possible  to  manufacture  in  a  particularly  simple 
manner  the  very  large  air  coolers  used  in  power 

45  stations,  in  the  chemical  industry  etc.  because  the 
elements  may  be  made  in  accordance  with  the 
technical  requirements  in  any  arbitrary  length  and 
width  and  can  be  finished  to  the  required  size. 

so  Claims 

1.  A  process  for  manufacturing  a  finned  heat 
exchanger,  comprising: 

(i)  providing  a  plurality  of  pairs  of  plates  (2); 
55  (ii)  applying  a  pattern  of  stop  weld  material  to  a 

first  plate  of  each  said  pair; 
(iii)  superposing  a  second  plate  of  each  said 

pair  on  the  said  first  plate  and  hot-rolling  the  said 
plates  together  to  form  said  pair  of  plates  (2); 

60  (iv)  expanding  the  sites  of  the  said  pair  of  plates 
(2)  which  are  protected  by  the  said  stop  weld 
material  by  the  application  of  fluid  pressure  to 
form  a  plurality  of  tubular  heat  exchanger 
medium  flow  passages  (3,  3a,  3b);  and 

65  (v)  securing  by  means  of  a  cohesive  or  adhesive 

sufficient  to  ensure  that  due  to  any  manufacturing 
or  assembling  inaccuracies,  any  loose  heat 
exchanging  elements  should  be  tensioned  or 
come  into  tight  engagement  with  a  frame  or  with 
each  other.  In  this  way  it  can  be  ensured  that  the 
flat  faces  2a  of  the  tubular  passages  3  should 
tightly  engage  the  outer  faces  1a  of  the  strip  fins  1 
whereby  to  form  a  metallic  contact  therebetween 
which  is  suitable  for  good  metallic  heat  transfer. 

Figures  10  to  12  illustrate  a  heat  exchanger  in 
the  form  of  a  motor  vehicle  radiator  core.  The 
principle  of  construction  of  the  strip  fins  1  and  the 
tubular  passages  3,  that  is  to  say  the  basic 
characteristic  of  the  heat-exchanger  elements,  is 
identical  with  the  heat-exchangers  shown  in  the 
above-described  embodiments,  although  of 
course  the  constructional  configuration  and  the 
heat  flow  connections  are  different.  The  water 
chamber  of  the  radiator  core  in  the  illustrated 
embodiment  is  of  the  twin-chamber  type.  A 
double  layer  baffle  plate  11  separates  the  hot 
water  chamber  10a  from  the  cooled  or  cold  water 
chamber  106.  Each  individual  cooling  element  6  is 
connected  by  way  of  a  tubular  neck  12  to  the 
water  chamber  10  whereby  to  form  a  double 
passage  12a  and  126.  The  water  to  be  cooled 
flows  through  passage  12a  into  the  cooling 
element  6.  It  then  flows  through  the  two  tubular 
passages  3a,  turns  as  it  flows  through  tubular 
passage  36  flows  back  through  the  cooling 
passages  3c  and  having  cooled  down,  discharges 
through  the  passage  126  into  the  cooled  or  cold 
water  chamber  106. 

The  mutually  superposed  cooling  elements  6 
are  connected  in  parallel  in  accordance  with  the 
foregoing  flow  scheme. 

The  motor  vehicle  radiator  described  in  the 
preceding  paragraphs  differs  from  hitherto 
known  constructions.  The  new  construction  has 
numerous  advantages,  for  instance  it  is  not 
necessary  to  solder  a  large  number  of  pipes  to  the 
tube  wall.  With  conventional  motor  vehicle 
radiators  each  tube  is  associated  with  two  solder- 
ing  operations  for  soldering  into  the  tubular  wall, 
while  in  the  present  invention  one  tube  wall 
connection  is  associated  with  four  tubular 
passages. 

The  tube  wall  13  is  expediently  produced  by 
deep-drawing,  so  that  is  should  be  unitary  with 
the  sides  of  the  water  chamber  13a.  In  this  way  a 
very  simple  water  chamber  configuration  can  be 
achieved  because  its  one  open  side  may  be 
closed  simply  by  a  rimmed  cover  14  which  bears 
against  the  sides  14a  of  the  water  chamber  13a 
and  is  matched  thereto.  The  cooling  elements  5 
are  superposed  in  the  distribution  according  to 
the  drawing  and  are  placed  in  the  frame  15a.  The 
connection  openings  13c  of  the  tubular  wall  13 
are  aligned  with  the  tube  necks  12  onto  which  on 
assembly  the  tube  walls  13  are  fitted. 

The  tube  wall  13  is  fixed  to  the  shoulders  156  of 
the  frame  15a  by  spot-welding  or  line-welding. 
The  tube  necks  12  are  connected  in  a  leakproof 
manner  e.g.  by  brazing  or  by  another  expediently 
chosen  method  of  welding,  to  the  tube  wall  13.  In 
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zeichnet,  daS  die  Rippen  (1;  30)  in  ihre  Form 
gleichzeitig  mit  dem  und  ausschlielSlich  durch  das 
die  dauerhafte  Deformation  bewirkende  Beauf- 
schlagen  mit  Flussigkeitsdruck  gebogen  werden. 

5  3.  Verfarhen  nach  Anspruch  1  oder  2,  wobei  der 
Warmetauscher  aus  Aluminium  hergestellt  ist, 
dadurch  gekennzeichnet,  daS  das  Befestigen  des 
einen  Endes  einer  jeden  Rippe  (1;  30)  an  den 
Platten  durch  eine  direkte  Schweifcung  (4)  ohne 

w  jegliches  Fremdmaterial  erfolgt. 

Revendications 

1.  Un  procede  de  fabrication  d'un  echangeur  de 
is  chaleur  a  ailettes,  comprenant  les  etapes  sui- 

vantes: 
(i)  on  prepare  un  pluralite  de  paires  de  plaques 

(2) 
(ii)  on  applique  sur  une  premiere  plaque  de 

20  chacune  desdites  paires  un  materiau  empechant 
la  soudure,  selon  une  disposition  predeterminee, 

(iii)  on  superpose  a  ladite  premiere  plaque  une 
seconde  plaque  de  chacune  desdites  paires  et  Ton 
assemble  lesdites  plaques  par  cylindrage  a  chaud 

25  pour  former  ladite  paire  de  plaques  (2), 
(iv)  on  dilate  les  zones  de  ladite  seconde  paire 

de  plaques  (2)  qui  sont  protegees  par  ledit  mate- 
riau  empechant  la  soudure  en  appliquant  une 
pression  de  fluide,  de  maniere  a  former  une 

30  pluralite  de  passages  tubulaires  (3,  3a,  3b)  pour 
I'ecoulement  d'un  fluide  d'echange  thermique, 

(v)  on  fixe  a  I'aide  d'une  liaison  de  cohesion  ou 
adhesive  une  pluralite  d'ailettes  (1;  30)  par  I'une 
de  leurs  extremites  sur  les  plaques  (2),  caracterise 

35  en  ce  que: 
A.  Ton  maintient  rigidement  I'autre  extremite 

de  chaque  ailette  (1;  30)  a  proximite  de  la  surface 
(22)  d'une  autre  plaque  (2)  a  laquelle  elle  doit  etre 
fixee  de  maniere  permanente,  sans  I'y  fixer; 

40  B.  on  remplit  lesdits  passages  (3,  3a,  3b)  d'ecou- 
lement  avec  du  liquide  a  une  pression  permettant 
a  la  fois  d'atteindre  les  pressions  d'essai  classi- 
ques  et  presentant  une  valeur  telle  qu'elle 
conduise  a  une  liaison  permanente  par  contact 

45  direct  metal  sur  metal  et  deformation  entre  ladite 
autre  extremite  de  chaque  ailette  (1;  30)  et  ladite 
surface  (2a)  de  ladite  autre  plaque  (2). 

2.  Un  procede  selon  la  revendication  1,  caracte- 
rise  en  ce  que  les  ailettes  (1;  30)  sont  repliees  en 

so  forme  par,  et  uniquement  par,  ladite  application 
de  la  pression  de  liquide  de  maniere  a  provoquer 
une  deformation  permanente. 

3.  Un  procede  selon  la  revendication  1  ou  2, 
dans  lequel  I'echangeur  de  chaleur  est  forme 

55  d'aluminium,  caracterise  en  ce  qu'on  fixe  I'extre- 
mite  precitee  de  chaque  ailette  (1;  30)  auxdites 
plaques  par  soudure  directe  (4)  sans  utilisation 
d'aucun  materiau  etranger. 

bond  a  plurality  of  fins  (1;  30)  at  one  of  their  ends 
to  the  plates  (2),  characterised  by 

(A)  rigidly  holding  the  other  end  of  each  fin  (1; 
30)  proximate  but  unattached  to  the  surface  (2a) 
of  another  plate  (2)  to  which  it  is  to  be  per- 
manently  secured; 

(B)  filling  said  flow  passages  (3;  3a,  3b)  with 
liquid  at  a  pressure  which  is  of  a  magnitude  both 
to  attain  conventional  test  pressures  and  also  to 
cause  permanent  bonding  by  direct  metal-to- 
metal  contact  and  deformation  between  said 
other  end  of  each  fin  (1  ;  30)  and  said  surface  (2a) 
of  said  another  plate  (2). 

2.  A  process  according  to  claim  1,  characterised 
in  that  the  fins  (1;  30)  are  bent  to  shape  simul- 
taneously  with  and  solely  by  the  said  application 
of  liquid  pressure  to  cause  permanent  deforma- 
tion. 

3.  A  process  according  to  claim  1  or  2,  wherein 
the  heat  exchanger  is  made  of  aluminium,  charac- 
terised  by  securing  the  said  one  end  of  each  fin  (1  ; 
30)  to  said  plates  by  a  direct  weld  (4)  without  the 
use  of  any  foreign  materials. 

Patentanspruche 

1.  Verfahren  zum  Herstellen  von  mit  Rippen 
versehenen  Warmetauschern  mit: 

(i)  Bereitstellen  einer  Mehrzahl  von  Paaren  von 
Platten  (2); 

(ii)  Auftragen  eines  Musters  von  schweilShin- 
derndem  Material  auf  eine  erste  Platte  eines  jeden 
Plattenpaares; 

(iii)  Auflegen  einer  zweiten  Platte  jedes  Paares 
auf  die  jeweilige  erste  Platte  und  Verbinden  des 
Plattenpaares  (2)  durch  Warmwalzen; 

(iv)  Aufweiten  der  von  dem  schweilShinderen- 
den  Material  abgeschirmten  Stellen  der  Paare  von 
Platten  (2)  durch  Beausfschlagen  mit  Flussigkeits- 
druck,  um  eine  Mehrzahl  von  rohrformigen  Stro- 
mungskanalen  (3,  3a,  3b)  fur  das  Warmetauscher- 
medium  zu  bilden;  und 

(v)  Befestigen  einer  Mehrzahl  von  Rippen  (1; 
30)  an  jeweils  einem  ihrer  Enden  an  den  Platten 
(2)  mittels  einer  kohasiven  oder  adhasiven  Bin- 
dung,  gekennzeichnet  durch 

(A)  starres  Festhalten  des  anderen  Endes  einer 
jeden  Rippe  (1;  30)  in  Nahe,  jedoch  unbefestigt, 
der  Oberflache  (2a)  einer  weiteren  Platte  (2),  an 
der  die  Rippe  dauerhaft  befestigt  werden  soil; 

(B)  Fiillen  der  Stromungskanale  (3;  3a;  3b)  mit 
Fliissigkeit  unter  so  hohem  Druck,  daB  zugleich 
der  herkommliche  Priifdruck  und  ebenso  eine 
dauerhafte  Verbindung  durch  direkten  intermetal- 
lischen  Kontakt  und  Deformation  zwischen  dem 
anderen  Ende  einer  jeden  Rippe  (1;  30)  und  der 
Oberflache  (2a)  der  weiteren  Platte  (2)  gewahrlei- 
stet  ist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekenn- 
60 
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