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flange  and  extending  radially  outward  from  the 
mounting  flange. 

The  present  invention  provides  a  new  form  of 
fin  structure  which  facilitates  a  solution  to  the 

5  dual  problems  of  frost  bridging  and  insufficient 
mechanical  strength. 

Preferred  forms  of  fin  structure  according  to  the 
invention  greatly  reduce  frost  bridging  and  will 
function  in  an  environment  where  the  convection 

10  air  forced  across  the  fins  is  below  the  freezing 
point  of  water,  while  at  the  same  time  maintain- 
ing  sufficient  mechanical  strength  to  permit  prag- 
matic  utilization. 

It  is  also  an  object  of  the  present  invention  to 
15  provide  a  method  of  manufacturing  a  chain  of 

looped  fins  in  which  the  looped  fin  stock  is 
applied  to  refrigerant-carrying  tube  stock  imme- 
diately  after  its  formation,  so  as  to  minimize  the 
number  of  steps  required  in  the  manufacturing 

20  process. 
According  to  a  first  aspect  of  the  present  inven- 

tion  there  is  provided  a  finned  heat  transfer 
device  providing  heat  transfer  to  and  from  a  tube 
for  containing  a  heat  transfer  fluid  and  compris- 

25  ing  an  integrally  formed  chain  of  heat  conductive 
fins  wound  helically  under  tension  round  the 
tube,  said  chain  comprising  continuous  mounting 
flange  means  in  continuous  snug  contact  with  the 
tube  and  fins  formed  integrally  with  the  mounting 

30  flange  means  and  extending  radially  outward 
therefrom  characterized  in  that  the  continuous 
mounting  flange  means  comprises  two  axially- 
spaced  parallel  helically  extending  flanges  both  of 
which  are  in  continuous  contact  with  the  tube  and 

35  in  that  each  fin  comprises  two  leg  members 
formed  integrally  with  the  two  flanges  respec- 
tively  and  a  bridge  member  interconnecting  and 
formed  integrally  with  the  two  leg  members 
respectively,  said  leg  members  and  said  mount- 

40  ing  flanges  being  provided  in  preselected  dimen- 
sions  in  relation  to  each  other  to  substantially 
reduce  frost  bridging  between  adjacent  fins. 

According  to  a  second  aspect  of  the  present 
invention  there  is  provided  a  method  of  making  a 

45  finned  heat  transfer  device  providing  heat  trans- 
fer  to  and  from  a  tube  for  containing  a  heat 
transfer  fluid  comprising  the  steps  of  forming  an 
elongate  strip  of  thermally  conductive  material 
into  an  integrally  formed  chain  of  heat  conductive 

so  fins  with  continuous  mounting  flange  means,  and 
winding  the  formed  strip  helically  about  a  tube 
with  the  flange  means  thereof  in  continuous  snug 
contact  with  the  tube,  characterized  by  trans- 
versely  lancing  said  strip  and  forming  it  into  an 

55  intermediate  configuration  having  a  pair  of  imper- 
forate  opposed  side  mounting  flange  portion 
interconnected  by  a  lanced  web  portion  stretch 
preforming  said  intermediate  configuration  to 
reform  the  same  into  a  subsequent  configuration 

60  comprising  an  integrally  formed  chain  of  a  plu- 
rality  of  looped  fins  between  said  mounting 
flanges,  each  of  said  fins  comprising  leg  mem- 
bers  extending  outwardly  from  each  of  said 
mounting  flanges  and  a  bridge  section  connect- 

65  ing  said  leg  members  at  the  distal  end  of  said  leg 

Description 

The  present  invention  relates  to  an  improved 
heat  transfer  fin  for  a  finned  heat  transfer  device, 
and  to  an  improved  process  and  apparatus  for 
making  and  applying  the  same  to  a  tube. 

In  refrigeration  and  air  conditioning  applica- 
tions  it  is  common  to  utilize  a  refrigerant-carrying 
tube  as  the  means  by  which  heat  is  removed  from 
a  chamber  or  areas  to  be  cooled,  and  to  flow  air 
across  the  refrigerant-carrying  tube  to  assist  in 
transferring  heat  to  or  from  the  tube  wall  as 
imparted  by  the  heat  of  vaporization  or  condensa- 
tion  of  the  refrigerant  within  the  tube.  In  the 
applications  just  mentioned,  the  refrigerant  carry- 
ing  tubes  usually  constitute  either  a  condenser  or 
an  evaporator. 

The  refrigerant  has  a  significantly  greater  ability 
to  transfer  heat  to  the  tube  in  which  it  is  carried 
than  does  the  air  which  flows  across  its  exterior. 
As  a  result,  it  is  an  accepted  practice  in  the 
refrigeration  art  to  substantially  increase  the  sur- 
face  area  provided  on  the  outside,  or  airside,  of 
the  tube.  Most  often,  the  increased  surface  area  is 
provided  in  the  form  of  some  sort  of  extended 
cooling  surface  or  fin  extending  from  the  tube 
outer  surface.  Many  types  of  finned  tubing  are 
commercially  available  for  use  in  refrigerant-to- 
air  heat  exchangers  (both  evaporators  and  con- 
densers).  One  type  of  extended  surface  fin  is  that 
known  as  a  "spine  fin",  as  disclosed  in  my  prior 
U.S.  Patent  2,983,300.  The  spine  fin  has  a  dis- 
advantage  in  that  it  is  mechanically  weak  and  has 
a  low  resistance  to  bending  and  compressive 
forces.  Therefore,  to  permit  its  practical  utilization 
the  spine  fins  are  spaced  very  closely  on  the 
refrigerant  tube.  Other  types  of  extended  surface 
fins  are  disclosed  for  example  in  U.S.  Patent  No. 
4,143,710,  issued  to  LaPorte  et  ai;  these  latter  fins 
are  complex  geometric  shapes,  which  are  difficult 
to  fabricate  and  have  a  higher  degree  of  waste 
material  in  relation  the  heat  transfer  capacity 
provided. 

These  prior  art  fins  have  been  used  successfully 
for  many  years  to  increase  the  surface  area  of  the 
air  side  of  refrigerant  carrying  tubes  in  home 
refrigerators  and  air  conditioning  units,  where  the 
operating  temperature  of  the  air  flowing  across 
the  air  side  of  the  tube  is  above  the  freezing  point 
of  water.  However,  they  have  not  been  so  suc- 
cessful  in  environments  where  the  air  tempera- 
tures  are  below  freezing,  primarily  for  two 
reasons: 

(1)  because  the  moisture  in  the  freezing  air 
condenses  out  and  forms  a  "frost  bridge" 
between  the  closely  spaced  spine  fins  or  portions 
of  the  geometric  fins,  which  materially  inhibits  the 
airflow  across  and  between  the  fins,  and  which  in 
turn  reduces  the  heat  transfer  capability;  and 

(2)  if  the  fins  are  spaced  far  enough  apart  to 
prevent  this  frost  bridging,  the  resulting  structure 
is  mechanically  weak. 

DE—C—  1,108,716  discloses  the  use  of  a  mount- 
ing  flange  in  continuous  close  contact  with  the 
tube  and  fins  formed  integrally  with  the  mounting 



EP  0  214  784  B1 

FIGURE  6  is  a  perspective  view  of  the  lanced 
and  channel-formed  thin  metal  strip  after  it 
emerges  from  work  station  A; 

FIGURE  7  is  a  plan  view  of  combined  stretch 
5  forming  and  U-shape  forming  work  station  B  of 

Figure  1  ; 
FIGURES  7C,  7D  and  7E  are  cross  sections  on 

the  lines  C—  C,  D—  D  and  E—  E  of  Figure  7  to 
show  the  progressive  pre-forming  of  the  lanced 

10  stock  in  the  work  station  B; 
FIGURE  8  is  a  side  elevation  of  the  work  station 

B; 
FIGURE  9  is  a  perspective  view  of  the  "looped 

fin"  strip  after  it  emerges  from  work  station  B; 
15  FIGURE  10  is  a  perspective  view  of  an  alterna- 

tive  apparatus  for  forming  the  U-shape  corre- 
sponding  to  station  B  of  Figure  1,  or  station  F  of 
Figure  11,  or  station  J  of  Figure  12; 

FIGURE  11  is  a  perspective  view  of  an  alterna- 
20  tive  apparatus  of  the  invention,  and  also  illus- 

trates  a  corresponding  alternative  method  of  the 
invention; 

FIGURE  12  is  a  perspective  view  of  a  further 
alternative  apparatus  of  the  invention,  and  also 

25  illustrates  a  further  alternative  method  of  the 
invention; 

FIGURE  13  is  a  perspective  view  of  the  flat 
lanced  thin  metal  strip  that  emerges  from  station 
E  of  the  apparatus  of  Figure  11,  or  station  H  of 

30  the  apparatus  of  Figure  12; 
FIGURE  14a  shows  the  preferred  angular  rela- 

tion  (angle  a)  between  a  line  through  the  lance 
roll  centers  and  another  line  through  the  form 
roll  centers; 

35  FIGURE  14b  shows  the  possible  range  of  size 
of  the  angle  a; 

FIGURE  15  shows  a  transverse  cross  section  of 
a  loop  fin  of  the  invention  and  the  manner  in 
which  if  moisture  is  retained  it  is  retained 

40  therein;  and 
FIGURE  16  shows  a  similar  cross  section  of  a 

prior  art  fin  structure  and  the  manner  in  which 
moisture  is  retained  therein. 

45  Description  of  the  Preferred  Embodiments 
Referring  particularly  to  Figure  1;  the  looped 

fin  chain  3  of  the  present  invention  is  fabricated 
in  a  unitary  process  employing  apparatus  that 
combines  several  work  stations  which  cooperate 

so  to  produce  and  apply  the  formed  looped  fin 
chain  3  immediately  to  a  tube  4.  In  this  embodi- 
ment  a  coil  1  of  thin  sheet  metal  2  (fin  stock),  for 
example,  aluminum  of  the  3003  or  1100  alloy 
type,  is  disposed  horizontally  around  a  series  of 

55  work  stations  A  through  D  arranged  generally 
vertically  over  a  table  15  and  within  the  core  of 
the  coil  1,  all  of  which  rotate  in  the  direction 
shown  by  arrow  16  around  the  tube  4,  which  is 
fed  vertically  longitudinally  along  its  own  axis  at 

60  approximately  the  center  of  the  coil  1  in  the 
direction  shown  by  arrow  5.  An  apparatus  of  this 
kind  is  described  in  U.S.  Patent  No.  3,134,166 
issued  to  Venables. 

The  stock  2  is  drawn  from  the  coil  1  by  its 
65  engagement  between  two  lance  cutter  rolls  6  and 

members,  said  leg  members  and  said  mounting 
flanges  being  provided  in  preselected  dimen- 
sions  in  relation  to  each  other  to  substantially 
reduce  frost  bridging  between  adjacent  fins;  and 
helically  winding  said  chain  under  tension  onto 
the  exterior  surface  of  a  tube  with  the  fins 
extending  longitudinally  of  the  tube. 

According  to  a  third  aspect  of  the  present 
invention  there  is  provided  apparatus  for  making 
a  finned  heat  transfer  device,  comprising,  in 
combination  means  for  feeding  an  elongate  strip 
of  thermally  conductive  material,  means  for 
forming  the  strip  into  an  integrally  formed  chain 
of  heat  conductive  fins  with  continuous  mount- 
ing  flange  means,  and  winding  the  formed  strip 
helically  about  a  tube  with  the  flange  means 
thereof  in  continuous  snug  contact  with  the  tube, 
characterised  by  means  for  transversely  lancing 
said  strip  into  an  intermediate  configuration  (Fig- 
ure  6)  having  a  pair  of  imperforate  opposed  side 
mounting  portions  interconnected  by  a  lanced 
web  portion  and  means  for  stretching  and 
reforming  said  intermediate  configuration  into  a 
subsequent  configuration  comprising  an 
integrally  formed  chain  of  a  plurality  of  looped 
fins,  said  chain  having  a  respective  mounting 
flange  formed  from  each  of  said  imperforate 
opposed  side  portions,  and  each  of  said  fins 
comprising  two  vertical  leg  members  extending 
outwardly  from  a  respective  one  of  said  mount- 
ing  flanges  and  a  bridge  portion  connecting  said 
leg  members  to  one  another  at  the  distal  end  of 
said  leg  member,  said  leg  members  and  said 
mounting  flanges  being  provided  in  preselected 
dimensions  in  relation  to  each  other  to  sub- 
stantially  reduce  frost  bridging  between  adjacent 
fins. 

It  is  preferred  that  the  fins  are  wound  on  the 
tube  at  a  pitch  from  substantially  1  to  2  per  cm. 

Particular  preferred  embodiments  of  the  inven- 
tion  will  now  be  described,  by  way  of  example, 
with  reference  to  the  accompanying  diagramma- 
tic  drawings,  wherein: 

FIGURE  1  is  a  schematic  perspective  view  of  a 
first  embodiment  of  apparatus  of  the  invention 
for  fabricating  a  looped  fin  structure  and  mount- 
ing  it  on  a  cylindrical  tube,  and  also  illustrates 
the  corresponding  method  of  the  invention; 

FIGURE  2  is  a  perspective  view  to  a  larger 
scale  and  showing  the  stage  at  which  the  looped 
fin  structure  is  mounted  on  the  tube; 

FIGURE  2A  is  a  cross  section  on  the  line 
2A—  2A  in  Figure  2; 

FIGURE  2B  is  an  end  elevation  of  the  assem- 
bled  structure  of  Figure  2; 

FIGURE  3A  is  a  cross  section  through  the 
looped  fin  structure  of  Figures  1  and  2,  while 
Figures  3B  through  3D  are  similar  cross  sections 
illustrating  alternative  structures  of  the  inven- 
tion; 

FIGURE  4  is  a  plan  view  of  lancing  cutting  work 
station  A  of  Figure  1,  at  which  thin  metal  strip 
stock  is  lanced  and  changed  to  channel  form; 

FIGURE  5  is  a  side  elevation  of  the  work  station 
A; 



EP  0  214  784  B1 

formed  chain  of  looped  fins  separated  by  slits, 
each  of  which  fins  comprises  a  pair  of  generally 
vertical  leg  members  10a  and  10b  connected  by  a 
bridge  portion  10c,  and  having  relatively  short 

5  mounting  flanges  8  and  9  substantially  parallel  to 
the  bridge  portion  10c  extending  perpendicularly 
from  each  vertical  leg  member.  The  integral  chain 
is  then  fed  around  guide  roll  11  at  work  station  C, 
preparatory  to  being  helically  wound  under  ten- 

w  sion  around  the  tube  4  at  work  station  D  in  an 
inverted  fashion,  the  base  flanges  8  and  9  of  the 
looped  fins  being  applied  in  contact  with  the  outer 
periphery  4a  of  the  tube  4,  the  looped  fins  being 
disposed  generally  longitudinally  of  the  length  of 

15  the  tube,  and  the  bridge  portions  10c  of  the 
looped  fins  being  disposed  generally  circum- 
ferentially  and  outwardly  in  relation  to  the  tube 
periphery  4a.  As  the  chain  3  is  wound  on  the  tube 
the  fins  separate  from  one  another  with  a  pro- 

20  gressively  increasing  circumferential  spacing  as 
the  radial  distance  increases  from  surface  4a  of 
the  tube.  The  chain  is  wound  so  that  the  imme- 
diately  adjacent  portions  of  base  flanges  8  and  9 
of  successive  turns  butt  as  closely  as  possible 

25  tightly  against  one  another,  so  as  to  minimize  the 
space  between  them.  The  tension  applied  to  the 
chain  3  as  it  is  wound  around  the  tube  assures 
adequate  contact  between  the  base  flanges  of  the 
looped  fin  stock  and  the  outer  periphery  of  the 

30  tube  stock  which  promotes  mechanical  contact 
providing  a  good  heat  transfer  relationship 
between  the  looped  fin  and  the  tube.  Guide  roll  1  1 
is  disposed  with  its  rotation  axis  at  a  selected 
angle  3  which  permits  the  looped  fin  structure  to 

35  approach  the  tube  stock  at  the  selected  helix 
angle  9.  For  example,  the  angle  8  is  19°  when 
wrapping  at  a  pitch  of  1  looped  fin  per  centimetre 
(2  1/2  looped  fins  per  inch). 

Referring  now  to  Figures  2  and  3,  in  order  to 
40  provide  the  most  resistance  to  frost  bridging,  the 

looped  fin  chain  3  is  made  to  preselected  dimen- 
sions  and  is  helically  wound  around  the  refriger- 
ant  tube  4  at  a  preselected  pitch  or  distance 
between  adjacent  rows,  so  that  the  fins  are 

45  spaced  far  enough  apart  in  all  three  directions, 
namely  radially  from  the  mounting  flange  tips  8 
and  9  to  the  bridge  portion  10c,  circumferentially 
between  the  generally  parallel  vertical  members 
10a  and  10b  and  longitudinally  between  succes- 

50  sive  helical  wraps  (spaces  14  in  Figures  2  and  2A). 
For  example,  when  0.018  cm  (0.007  inch)  thick 
aluminum  strip  2  of  2.5  cm  (1  inch)  width  is  used 
for  the  fin  stock,  the  lancing  of  such  stock  with 
slits  1  1  that  are  2  cm  (0.80  inch)  long  and  spaced 

55  0.076  cm  (0.030  inch)  apart  results  in  unlanced 
mounting  flange  tips  8  and  9  each  of  0.25  cm 
(0.100  inch)  width.  The  resultant  fins  are  very 
narrow,  and  this  close  spacing  of  the  slits  results 
in  an  increase  in  available  air-contacting  area  of 

60  about  20%  to  25%,  because  the  height  of  the 
vertical  edges  thus  generated  when  the  fins  are 
formed  is  added  to  the  area  of  the  top  and  bottom 
of  the  initial  strip.  This  may  be  contrasted  with 
prior  art  methods  in  which  metal  is  removed 

65  during  the  forming  process  with  consequent  loss 

7  which  comprise  work  station  A  and  which 
cooperate  in  their  rotation  to  pull  the  fin  stock  2 
therethrough.  The  equipment  and  processes  for 
producing  a  series  of  slits  through  a  moving  thin 
metal  strip  are  generally  known,  and  in  this 
embodiment  the  cutter  rolls  6  and  7  are  both 
equipped  with  radial  cutting  teeth  18  which  inter- 
mesh  as  the  fin  stock  2  is  fed  therebetween,  as  is 
shown  in  more  detail  in  Figure  5.  The  lance  cutter 
7  is  equipped  with  flanges  of  selected  vertical 
dimension  and  constitutes  a  "female"  cutter, 
while  the  lance  cutter  6  engages  in  the  space 
between  the  flanges  and  constitutes  a  "male" 
cutter.  The  width  of  the  fin  stock  2  is  greater  than 
that  of  the  lance  cutters  6  and  7,  so  that  it  is 
formed  into  a  shallow  lanced  generally  channel 
shaped  form  shown  in  Figure  6,  with  the  unlanced 
portions  8  and  9  of  the  fin  stock  extending 
perpendicularly  to  the  lanced  central  portion, 
which  has  a  series  of  closely  spaced  transverse  fin 
preforms  10  formed  therein  by  a  series  of  parallel 
transverse  slits  produced  by  the  intermeshing 
teeth  18. 

The  lanced  and  channeled  fin  stock  is  then 
drawn  between  matched  cooperating  forming 
rolls  12  and  13  of  selected  dimension  located  at 
work  station  B,  which  stretch  preform  and  final-U- 
form  the  fin  preforms  10  to  the  required  "looped 
fin"  configuration.  As  discussed  in  more  detail 
below,  stretch  preforming  enables  the  lanced 
channel  to  be  formed  into  the  required  deep  U- 
form  in  a  single  processing  step.  This  may  be 
compared,  for  example,  with  the  process 
described  in  U.S.  Patent  No.  4,224,984,  issued  to 
Sharp  K.  K.,  in  which  multiple  forming  steps  are 
required  to  produce  its  shaped  heat  transfer  fin. 

The  center  line  through  the  axes  of  the  form 
rolls  12  and  13  of  work  station  B  is  oriented  at 
preselected  angle  a  in  relation  to  the  center  line 
through  the  axes  of  lance  cutters  6  and  7  of  work 
station  A,  with  the  result  that  the  lanced  channel  2 
is  placed  in  tension  as  it  is  pulled  around  the  male 
forming  roll  12  before  being  pulled  through  the 
interface  of  the  two  forming  rolls.  By  placing  work 
station  B  at  this  preselected  angle  in  relation  to 
work  station  A,  and  by  operating  the  form  rolls  12 
and  13  of  work  station  B  at  a  slightly  higher 
peripheral  speed  than  the  lance  cutters  6  and  7  of 
station  A,  tension  is  applied  to  the  unlanced 
mounting  flange  tips  8  and  9  between  the  stations 
A  and  B,  and  this  tension  urges  the  mounting 
flange  tips  to  move  toward  each  other  in  a 
direction  to  be  disposed  parallel  to  the  corre- 
sponding  peripheral  face  of  form  roll  12.  This 
causes  the  stock  to  stretch  and  begin,  prior  to  the 
point  of  its  tangential  contact  with  form  roll  12,  to 
form  into  a  general  U-shape  which  is  finalized 
between  the  form  rolls  12  and  13.  The  stretch 
preforming  function  and  U-forming  sequence  is 
discussed  in  more  detail  below  and  is  shown  in 
Figures  7  to  9,  and  particularly  in  the  progressive 
Figures  7C,  7D  and  7E. 

As  the  U-shaped  fin  stock  emerges  from  work 
station  B  the  product  is  now  in  its  final  configura- 
tion  as  shown  in  Figure  9,  namely  an  integrally 

4 
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course  be  within  the  yield  limit  of  the  material, 
and  for  a  hard  aluminum  (or  alloy)  this  will  be 
about  4%,  while  for  softer  aluminum  (or  alloy) 
this  will  be  of  the  order  of  5%  to  6%.  The 

s  extension  produced  by  the  lancing  is  due  to  the 
spreading  action  of  the  cutting  blades,  irrespec- 
tive  of  their  speed,  and  appropriate  forming  and 
wrapping  tensions  may  be  maintained  by  adjust- 
ing  the  respective  drive  to  feed  out  the  required 

10  smaller  length  of  lanced  fin  stock  than  would  be 
required  in  the  absence  of  tension,  or  by  utilizing 
tension  sensing  devices  controlling  variable 
speed  mechanisms  between  the  lance  cutter 
drive,  the  forming  roll  drive,  and  the  tube  rotating 

rs  drive. 
It  is  preferred  that  the  fin  leg  members  10a  and 

10b  be  essentially  parallel  to  each  other  as  shown 
in  Figure  3A  to  provide  optimum  distance 
between  fin  members  to  minimize  frost  bridging. 

20  The  bridge  portion  10c  is  optimum  when  it  is 
essentially  flat  and  substantially  parallel  to  the 
mounting  flange  tips  8  and  9,  again  as  shown  in 
Figure  3A,  but  variations  to  this  optimum  con- 
figuration  can  be  tolerated  with  only  slight  degra- 

25  dation  in  performance,  as  measured  by  resistance 
to  frost  bridging  promotion  and  resistance  to 
deformation  during  fabrication  and  application. 
For  example,  a  slight  radius  10r  at  the  inter- 
sections  of  portions  10a  and  10b  with  portion  10c, 

30  as  shown  in  Figure  3A,  will  have  only  a  slight 
effect  in  reducing  resistance  to  frost  bridging. 
Extending  that  radius  to  one  half  the  distance 
between  portions  10a  and  10b  to  form  an  arch 
shaped  bridge  section  10s,  as  shown  in  Figure  3B, 

35  will  also  permit  only  slightly  increased  frost  bridg- 
ing.  Fin  members  in  which  the  portions  10a,  10b 
and  10c  merge  smoothly  with  one  another  to 
constitute  a  general  semi-circle  (not  shown) 
would  also  be  effective  in  preventing  frost  bridg- 

40  ing.  When  the  looped  fins  each  comprise  geo- 
metric  shapes  such  as  shown  in  Figures  3C  and 
3D,  of  a  dimension  approaching  that  of  fin  pitch 
spacing  14,  the  propensity  to  form  frost  bridging 
begins  to  increase.  In  addition,  geometric  shapes 

45  such  as  shown  in  Figures  3C  and  3D  offer  less 
resistance  to  deformation.  Decreasing  the  length 
of  cross  portion  10c  as  shown  in  Figures  3C  and 
15  decreases  the  resistance  to  frost  bridging,  and 
when  cross  portion  10c  is  reduced  to  zero  to  form 

50  an  inverted  V-shape  as  shown  in  Figure  16,  which 
is  the  structure  disclosed  in  U.S.  Patent  No. 
4,184,544,  issued  to  Ullmer,  the  resulting  vertex 
tips  provide  a  nucleating  site  or  focal  point  which 
promotes  frost  formation,  which  in  turn 

55  accelerates  frost  bridging,  and  shapes  with  such 
highly  reduced  bridge  portions  10c  are  accord- 
ingly  not  effective  in  minimizing  frost  bridging. 
Decreasing  the  length  of  portion  10c,  for  example 
as  shown  in  Figure  3C  by  utilizing  angular  leg 

60  portions  10d,  and  as  shown  Figure  3D  by  inclining 
the  leg  portions  10a  and  10b  toward  one  another, 
results  in  shapes  which  have  a  greater  tendency 
to  hold  defrost  water  by  surface  energy  within  the 
shortened  dimension.  The  water  is  held  in  the 

65  form  of  a  meniscus  17,  which  shields  the  fin  legs 

of  available  air-contacting  area.  In  this  example, 
when  such  a  lanced  channel  is  stretch  preformed 
and  worked  into  the  final  looped  fin  chain  con- 
figuration  3,  the  bridge  portion  10c  will  be 
approximately  0.5  cm  (0.200  inch)  wide,  while  the 
vertical  members  10a  and  10b  will  each  be 
approximately  0.75  cm  (0.300  inch)  in  length.  In 
this  example,  the  resultant  element  is  to  be  used 
for  a  domestic  refrigerator  or  air  conditioner  and 
the  diameter  of  the  tube  4  employed  is  0.94  cm 
(0.375  inch),  the  fins  being  wound  at  a  pitch  of  2 
per  cm  (5  per  inch).  In  another  example  employed 
with  the  same  size  tube  4,  but  with  the  fins  wound 
at  a  pitch  of  3  per  cm  (8  per  inch),  the  length  of 
each  flange  8  and  9  is  0.16  cm  (0.0625  inch),  the 
length  of  each  leg  member  is  0.95  cm  (0.375  inch),  • 
while  the  bridge  member  reduces  to  0.32  cm 
(0.125  inch).  The  distance  from  the  exterior  sur- 
face  4a  of  the  tube  to  the  outermost  part  of  the 
bridge  member  10c  can  be  characterized  as  about 
equal  to  the  tube  diameter.  The  distance  14 
(Figures  2  and  2A)  between  the  helical  rows  is 
generally  controlled  by  the  width  to  which  the 
mounting  flange  tips  8  and  9  have  been  formed, 
the  pitch  of  the  rotation  of  fin  stock  2  and  the  rate 
of  longitudinal  feed  of  the  tube  stock  4  being 
arranged  so  that  the  tips  8  and  9  of  adjacent  turns 
are  contiguous  to  each  other;  the  distance  14 
between  adjacent  helical  rows  will  therefore  be 
nominally  double  the  length  of  each  connecting 
flange,  namely  0.5  cm  (0.200  inch)  and  0.32  cm 
(0.125  inch)  in  these  examples.  These  dimen- 
sions,  which  are  exemplary  only,  have  been 
found  effective  to  prevent  frost  bridging  with  a 
refrigerant  tube,  while  providing  sufficient 
mechanical  strength  to  permit  pragmatic  indus- 
trial  use.  Alternative  materials  for  the  fin  stock  are 
copper  and  steel. 

In  commercial  practice  a  refrigerator  or  air 
conditioner  heat  exchanger  assembly  will  com- 
prise  a  predetermined  length  of  the  pipe  4  having 
a  corresponding  length  of  the  chain  3  mounted 
thereon  while  straight  and  then  bent  to  the 
required  shape.  The  tensioned  chain  is  fastened 
to  the  pipe  at  least  at  its  two  ends  by  any  suitable 
means,  such  as  mechanical  clamps,  welding,  or  a 
suitable  glue  or  cement.  The  chain  can  also  be 
retained  under  tension  on  the  tube  by  fastening 
the  butting  mounting  flanges  8  and  9  to  one 
another  by  any  of  these  means  so  as  to  prevent 
relative  longitudinal  movement  between  them,  at 
least  at  the  two  ends  of  the  chain,  and  perhaps 
also  at  intermediate  points. 

It  is  found  that  the  lancing  of  the  strip  produces 
a  small  stretch  of  the  unlanced  side  portions  8  and 
9,  but  to  an  extent  of  less  than  about  0.5%  of  the 
strip  length.  A  much  greater  extension  is  pro- 
duced  during  the  stretch  forming  between  the 
form  rolls  12  and  13,  and  the  amount  of  tension 
that  is  required  usually  is  such  as  to  produce  an 
extension  of  about  1%  to  2.5%  in  length  of  the 
flanges  8  and  9,  usually  in  the  range  2%  to  2.5%. 

Another  extension  is  produced  by  the  wrapping 
tension  of  the  order  of  1  %  to  1.5%  in  length.  The 
total  extension  produced  by  the  process  must  of 
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engage  the  side  portions  10a  and  10b,  and  back 
up  roil  13c  which  engages  cross  portion  10c  and 
maintains  it  flat. 

Reference  to  Figures  7  and  14a  shows  that, 
5  when  the  angle  a  is  approximately  90°,  stretch 

preforming  of  the  lanced  channel  is  accomplished 
through  an  arc  y  of  the  circumference  of  the 
forming  roll  12,  the  preforming  being  sub- 
stantially  completed  at  cross  section  E  —  E,  before 

10  the  actual  intermesh  between  the  rolls.  Where  a  is 
approximately  90°,  the  stretch  preforming  is 
accomplished  through  an  arc  y  of  approximately 
85°  when  proper  tension  is  maintained.  The 
stretch  preforming  of  the  lanced  channel  com- 

15  mences  at  a  leading  angle  co  (Figure  14a)  prior  to 
intersection  of  the  lanced  channel  with  a  line  20 
through  the  axis  of  forming  roll  12  at  cross  section 
C—  C,  which  line  20  is  parallel  to  a  line  19  through 
the  axes  of  lance  cutters  6  and  7.  By  the  time  the 

20  lanced  channel  has  progressed  around  male  form 
roll  12  to  point  C—  C,  the  imperforate  unlanced 
mounting  flange  tips  8  and  9  are  already 
upwardly  disposed,  as  shown  in  Figure  7C.  As  the 
lanced  channel  continues  to  be  pulled  around  the 

25  forming  roll  12  the  flange  tips  8  and  9  move 
continuously  toward  one  another,  as  illustrated 
by  sections  D  —  D  and  E—  E,  so  that  final  forming 
of  the  lanced  channel  may  be  accomplished  by  a 
single  pass  through  the  intermesh  of  roils  12  and 

30  13.  In  the  preferred  arrangement,  as  shown  in 
Figure  14a,  when  angle  a  is  approximately  90°, 
stretch  preforming  occurs  throughout  an  arc  of  y 
of  between  80°  and  90°,  preferably  approximately 
85°,  and  the  corresponding  leading  angle  co  is 

35  between  20°  and  30°,  with  a  preferred  value  of 
approximately  25°.  Figure  14b  shows  that  angle  a 
may  range  from  a  minimum  60°  to  a  maximum  of 
at  least  180°  when  the  two  lines  are  parallel  so  as 
to  accommodate  work  stations  in  other  arrange- 

40  ments  besides  that  described  above. 
Alternative  machinery  arrangements  for  differ- 

ent  methods  of  making  the  looped  fin  chain  3  of 
the  present  invention  are  disclosed  in  Figures  1  1 
and  12.  In  the  apparatus  of  Figure  11  both  the 

45  rotational  and  the  directional  motions  are  pro- 
vided  to  the  refrigerant  tubing  4.  In  this  apparatus 
and  with  this  method  there  are  only  two  work 
stations,  E  and  F,  before  the  looped  fin  3  is 
helically  applied  to  the  tubing  4.  This  provides 

so  more  working  or  maintenance  space  between 
work  stations.  The  required  helix  approach  angle 
0  with  respect  to  the  tubing  4,  determined  by  the 
rotational  and  longitudinal  feed  rate  of  tube  4,  is 
provided  by  appropriate  angular  placement  of  the 

55  stations  E  and  F  with  respect  to  the  plane  of  travel 
of  the  tubing  4.  It  would  also  be  possible  to 
maintain  all  axes  of  rotation  in  parallel  orientation 
by  adding  an  idler  roll  oriented  to  the  helix  angle 
such  as  the  idler  roll  11  of  station  C  in  the 

60  apparatus  of  Figure  1. 
Another  alternative  apparatus  and  method  of 

making  the  loop  fin  of  the  present  invention  is 
shown  in  Figure  12.  In  this  embodiment,  a  lance 
station  H  performs  only  the  lancing  function  and 

65  all  final  loop  fin  forming  is  performed  at  a  forming 

and  bridge  portion  and  thereby  reduces  the  effec- 
tive  fin  surface  area  available  for  effective  heat 
transfer  as  shown  by  the  cross-hatched  area  of 
Figures  15  and  16.  In  practice  the  dimension  of  the 
bridge  10c,  or  the  equivalent  dimension  between 
the  leg  portions  is  correlated  with  the  fin  pitch,  or 
the  number  of  turns  per  unit  length  of  tube.  For 
refrigerator  and  air  conditioning  applications  the 
practical  maximum  is  about  3  turns  per  cm  (about 
8  turns  per  inch).  Thus,  with  the  particular 
examples  described,  it  is  preferred  that  the 
approximate  minimum  dimension  of  portion  10c 
to  prevent  such  water  meniscus  retention  and 
frost  bridging  should  not  be  reduced  below  0.32 
cm  (0.125  inch).  Such  dimensions,  of  course,  are 
exemplary  only. 

Stretch  preforming  as  employed  in  this  inven- 
tion  is  a  novel  process  whereby  the  lanced 
channel  produced  from  the  strip  2  is  pro- 
gressively  formed  into  an  approximate  U-shape 
in  a  single  forming  step  as  the  lanced  channel 
progresses  around  the  circumference  of  male  roll 
12  in  its  approach  to  the  tangent  contact  point 
with  female  roll  13.  Stretch  preforming  is  accom- 
plished  in  this  embodiment  by  providing  the  two 
rolls  with  complementary  shoulders  12s  and  13s 
between  which  the  flange  tips  8  and  9  pass  and 
are  gripped  thereby,  and  by  operating  the  work 
station  B  form  rolls  12  and  13  at  approximately 
1%  to  2.5%  higher  peripheral  speed  than  the  rate 
at  which  the  lanced  channel  is  fed  out  of  the  lance 
cutters  6  and  7  at  work  station  A.  This  tension  acts 
to  progressively  bend  the  lanced  center  strips  10 
into  a  sufficiently  preformed  U-shape  appropriate 
for  entering  the  intermesh  of  form  rolls  12  and  13 
where  the  final  U-shape  is  produced  at  their  point 
of  tangency.  A  distance  C  D  (Figure  8)  between 
the  centers  of  the  form  rolls  12  and  13  is  selected 
which  provides  sufficient  contact  friction  of  the 
rolls  to  mounting  flange  tips  8  and  9  to  provide 
sufficient  tension  in  preforming  the  U-shape,  but 
which  allows  adequate  slippage  to  prevent 
exceeding  the  elastic  limit  of  the  selected  fin 
material. 

An  alternative  method  of  providing  adequate 
frictional  drive  without  exceeding  the  elastic  limit 
of  the  selected  fin  material  involves  spring  load- 
ing  the  bearing  support  of  either  roll  12  or  13  to 
provide  a  floating  or  variable  center  distance  C  D, 
such  spring  loading  accommodating  minor  vari- 
ations  in  the  thickness  of  the  fin  stock  2  and  the 
imperforate  unlanced  mounting  flange  tips  8  and 
9.  A  second  alternative  to  accomplish  the  same 
result  can  be  the  provision  of  a  slip  clutch  in  the 
drive  shaft  of  the  drive  to  the  form  rolls  12  and  13. 
Other  methods  generally  known  in  the  art  could 
also  be  employed  to  provide  the  needed  tension 
and,  if  needed,  slippage  of  the  generally  U- 
shaped  fin  stock  as  it  passes  through  form  rolls  12 
and  13. 

Figure  10  shows  an  alternative  arrangement  of 
forming  rolls  for  employment  at  station  B  to 
provide  final  U-forming  after  stretch  preforming, 
in  which  the  single  female  form  roll  13  is  replaced 
by  two  angular  rolls  13a,  13b,  which  respectively 
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bers  (10a,  10b)  and  said  mounting  flanges  (8,9) 
being  provided  in  preselected  dimensions  in  rela- 
tion  to  each  other  to  substantially  reduce  frost 
bridging  between  adjacent  fins. 

5  2.  A  heat  transfer  device  as  claimed  in  claim  1, 
characterized  in  that  said  fins  are  wound  on  the 
tube  at  a  pitch  from  substantially  1  to  2  per  cm. 

3.  A  heat  transfer  device  a  claimed  in  claim  1  or 
claim  2  characterized  in  that  the  chain  is  wound 

w  upon  the  tube  in  sufficient  tension  to  produce  an 
elongation  of  about  1%  to  1.5%  in  length  of  the 
mounting  flanges  (8,  9). 

4.  A  heat  transfer  device  as  claimed  in  any  one 
of  claims  1  to  3,  characterized  in  that  the  chain  (3) 

15  is  stretch  formed  by  stretching  a  transversely 
lanced  strip  (Figure  13)  as  it  is  passed  between 
mating  form  rollers  (12,  13)  which  convert  the 
lanced  portion  of  the  strip  in  a  single  pass  to  a 
general  U-shape  comprising  said  leg  members 

20  (10a,  10b)  and  said  bridge  member  (10c). 
5.  A  heat  transfer  device  as  claimed  in  claim  4, 

characterized  in  that  the  chain  is  stretch  formed 
with  the  application  of  tension  such  as  to  produce 
an  elongation  of  about  1  %  to  2,5%  in  length  of  the 

25  mounting  flanges. 
6.  A  heat  transfer  device  as  claimed  in  any  one 

of  claims  1  to  5,  characterized  in  that  said  leg 
members  (10a,  10b)  are  substantially  perpendicu- 
lar  to  said  tube  (4). 

30  7.  A  heat  transfer  device  as  claimed  in  any  one 
of  claims  1  to  6,  characterized  in  that  the  chain  (3) 
of  fins  is  made  of  aluminum. 

8.  A  heat  transfer  device  as  claimed  in  any  one 
of  claims  1  to  7,  characterized  in  that  said  bridge 

35  member  (10c)  is  substantially  straight  and  sub- 
stantially  parallel  to  the  outer  surface  (4a)  of  said 
tube  (4). 

9.  A  heat  transfer  device  as  claimed  in  any  one 
of  claims  1  to  7,  characterized  in  that  said  bridge 

40  member  (10c)  is  radiused  at  the  points  of  inter- 
section  (10r,  Figure  3A)  between  said  leg  mem- 
bers  (10a,  10b)  and  said  bridge  member  (10c). 

10.  A  heat  transfer  device  as  claimed  in  any  one 
of  claims  1  to  7,  characterized  in  that  said  bridge 

45  member  (10c)  is  connected  to  the  said  leg  mem- 
bers  (10a,  10b)  by  intermediate  portions  (10d)  to 
comprise  a  substantially  arched  shape  (Figure 
3B). 

1  1  .  A  heat  transfer  device  as  claimed  in  any  one 
50  of  claims  1  to  7,  characterized  in  that  the  said 

bridge  member  (10s)  is  smoothly  merged  with 
said  leg  members  (10c,  10b)  in  a  generally  semi- 
circled  fashion. 

12.  A  heat  transfer  device  as  claimed  in  any  one 
55  of  claims  1  to  1  1  ,  characterized  in  that  the  distance 

between  the  two  leg  members  (10a,  10b)  of  a  fin  is 
substantially  the  same  as  the  distance  between 
the  helical  rows  of  said  fins  wrapped  on  said  tube 
(4). 

60  13.  A  heat  transfer  device  as  claimed  in  any  one 
of  claims  1  to  11,  characterized  in  that  the  distance 
from  the  exterior  surface  (4a)  of  the  tube  (4)  to  the 
outermost  part  of  the  bridge  member  (10c)  is 
about  equal  to  the  diameter  of  the  tube  (4). 

65  14.  A  method  of  making  a  finned  heat  transfer 

station  J.  Lance  station  H  is  similar  to  that 
described  earlier  in  relation  to  Figures  4  and  5 
except  that  the  flanges  have  been  removed  from 
"female"  lance  cutter  7.  Since  the  width  of  the  fin 
stock  2  is  greater  than  the  width  of  the  lance 
cutters  6  and  7,  it  emerges  from  lance  station  H  as 
a  flat  center  lanced  strip  with  fin  preforms  10a,  the 
imperforate  unlanced  portions  8a  and  9a  extend- 
ing  on  each  side  of  the  slits  1  1,  as  shown  in  Figure 
13. 

An  idler  roll  20  at  station  I  is  located  in  such  a 
manner  as  to  guide  the  flat  center  lanced  stock 
and  cause  it  to  approach  form  roll  12  at  the 
required  approach  angle  a  prior  to  contact  there- 
with.  As  the  stock  contacts  form  roll  1  2  it  is  stretch 
preformed  around  an  arc  y  of  the  roll  until  stretch 
preforming  is  complete  prior  to  the  intermesh 
between  the  two  rolls,  where  any  remaining  final 
U-forming  is  accomplished,  and  the  stock 
emerges  in  the  loop  fin  configuration  3  as  shown 
in  Figure  9. 

In  the  apparatus  of  Figure  12  it  will  be  seen  that 
the  employment  of  an  idler  roll  20  allows  parallel 
alignment  of  the  lance  and  form  stations.  Idler  roll 
20  aids  in  the  critical  step  of  stretch  preforming  in 
the  process  depicted  in  Figure  12  by  providing  an 
adequate  angle  of  approach  a.  As  with  the 
apparatus  of  Figure  1,  the  tension  on  imperforate 
unlanced  portions  8a  and  9a  is  provided  by 
operating  the  cooperating  forming  rolls  12  and  13 
or  work  station  J  at  a  slightly  higher  peripheral 
speed  than  the  cooperating  lance  cutters  6  and  7 
of  work  station  H.  For  example,  sufficient  stretch 
preforming  occurs  if  work  station  J  is  operated  at 
a  peripheral  speed  approximately  1%  greater 
than  work  station  H.  Work  station  J  functions  and 
operates  essentially  the  same  as  work  station  B  of 
Figure  1  to  provide  the  final  looped  fin  configura- 
tion  3.  After  exiting  from  work  station  J  the 
looped  fin  chain  3  is  wound  onto  the  tubing  4  at 
work  station  K,  with  the  helix  angle  controlled  by 
the  longitudinal  speed  of  the  tube  4  along  the  line 
of  arrow  5  and  the  rate  of  rotation  of  tube  4  as  it 
travels  in  that  direction. 

Claims 

1.  A  finned  heat  transfer  device  providing  heat 
transfer  to  and  from  a  tube  (4)  for  containing  a 
heat  transfer  fluid  and  comprising  an  integrally 
formed  chain  (3)  of  heat  conductive  fins  wound 
helically  under  tension  round  the  tube,  said  chain 
comprising  continuous  mounting  flange  means  in 
continuous  snug  contact  with  the  tube  and  fins 
formed  integrally  with  the  mounting  flange 
means  and  extending  radially  outward  therefrom 
characterized  in  that  the  continuous  mounting 
flange  means  comprises  two  axially-spaced  paral- 
lel  helically  extending  flanges  (8,  9)  both  of  which 
are  in  continuous  contact  with  the  tube  and  in  that 
each  fin  comprises  two  leg  members  (10a,  10b) 
formed  integrally  with  the  two  flanges  (8,  9) 
respectively  and  a  bridge  member  (10c)  inter- 
connecting  and  formed  integrally  with  the  two  leg 
members  (10a,  10b)  respectively,  said  leg  mem- 
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comprises  a  central  forming  section  and  a 
shoulder  on  each  side  of  said  central  forming 
section,  and  said  strip  is  pulled  around  said  male 
forming  roll  by  being  gripped  between  said 

5  shoulders  and  complementary  shoulders  on  a 
female  forming  roll. 

23.  A  method  as  claimed  in  any  one  of  claims  14 
to  22,  characterized  in  that  said  leg  members  (10a, 
10b)  are  substantially  perpendicular  to  said  tube 

10  (4). 
24.  A  method  as  claimed  in  any  one  of  claims  14 

to  22,  characterized  in  that  the  chain  (3)  of  fins  is 
made  of  aluminum. 

25.  A  method  as  claimed  in  any  one  of  claims  14 
15  to  23,  characterized  in  that  said  bridge  member 

(10c)  is  substantially  straight  and  substantially 
parallel  to  the  outer  surface  (4a)  of  said  tube  (4). 

26.  A  method  as  claimed  in  any  one  of  claims  14 
to  23,  characterized  in  that  said  bridge  member 

20  (10c)  is  radiused  at  the  points  of  intersection  (10r, 
Figure  3A)  between  said  leg  members  (10a,  10b) 
and  said  bridge  member  (10c). 

27.  A  method  as  claimed  in  any  one  of  claims  14 
to  23,  characterized  in  that  said  bridge  member 

25  (10c)  is  connected  to  the  said  leg  members  (10a, 
10b)  by  intermediate  portions  (10d)  to  comprise  a 
substantially  arched  shape  (Figure  3B). 

28.  A  method  as  claimed  in  any  one  of  claims  14 
to  23,  characterized  in  that  said  bridge  member 

30  (10s)  is  smoothly  merged  with  said  leg  members 
(10c,  10b)  in  a  generally  semi-circled  fashion. 

29.  A  method  as  claimed  in  any  one  of  claims  1  4 
to  28,  characterized  in  that  the  distance  between 
the  two  leg  members  (10a,  10b)  of  a  fin  is 

35  substantially  the  same  as  the  distance  between 
the  helical  rows  of  said  fins  wrapped  on  said  tube 
(4). 

30.  A  method  as  claimed  in  any  one  of  claims  14 
to  28,  characterized  in  that  the  distance  from  the 

40  exterior  surface  (4a)  of  the  tube  (4)  to  the 
outermost  part  of  the  bridge  member  (10c)  is 
about  equal  to  the  diameter  of  the  tube  (4). 

31.  Apparatus  for  making  a  finned  heat  transfer 
device,  comprising,  in  combination  means  (1,  6, 

45  7)  for  feeding  an  elongate  strip  of  thermally 
conductive  material,  means  for  forming  the  strip 
into  an  integrally  formed  chain  of  heat  conductive 
fins  with  continuous  mounting  flange  means,  and 
winding  the  formed  strip  helically  about  a  tube 

so  with  the  flange  means  thereof  in  continuous  snug 
contact  with  the  tube,  characterized  by  means  (6, 
7)  for  transversely  lancing  (11)  said  strip  into  an 
intermediate  configuration  (Figure  6)  having  a 
pair  of  imperforate  opposed  side  mounting  por- 

55  tions  (8,  9)  interconnected  by  a  lanced  web  por- 
tion  (10),  and  means  (12,  13)  for  stretching  and 
reforming  said  intermediate  configuration  into  a 
subsequent  configuration  comprising  an 
integrally  formed  chain  (3)  of  a  plurality  of  looped 

eo  fins,  said  chain  having  a  respective  mounting 
flange  (8,  9)  formed  from  each  of  said  imperforate 
opposed  side  portions,  and  each  of  said  fins 
comprising  two  vertical  leg  members  (10a,  10b) 
extending  outwardly  from  a  respective  one  of 

65  said  mounting  flanges  and  a  bridge  portion  (10c) 

device  providing  heat  transfer  to  and  from  a  tube 
(4)  for  containing  a  heat  transfer  fluid  comprising 
the  steps  of  forming  an  elongate  strip  (2)  of 
thermally  conductive  material  into  an  integrally 
formed  chain  of  heat  conductive  fins  with  con- 
tinuous  mounting  flange  means,  and  winding  the 
formed  strip  helically  about  a  tube  with  the  flange 
means  thereof  in  continuous  snug  contact  with 
the  tube,  characterized  by  transversely  lancing 
(11)  said  strip  and  forming  it  into  an  intermediate 
configuration  having  a  pair  of  imperforate 
opposed  side  mounting  flange  portion  (8,  9) 
interconnected  by  a  lanced  web  portion  (10) 
stretch  preforming  said  intermediate  configura- 
tion  to  reform  the  same  into  a  said  mounting 
flanges,  each  of  said  fins  comprising  leg  mem- 
bers  (10a,  10b)  extending  outwardly  from  each  of 
said  mounting  flanges  and  a  bridge  section  (10c) 
connecting  said  leg  members  at  the  distal  end  of 
said  leg  members,  said  leg  members  (10a,  10b) 
and  said  mounting  flanges  (8,  9)  being  provided 
in  preselected  dimensions  in  relation  to  each 
other  to  substantially  reduce  frost  bridging 
between  adjacent  fins;  and  helically  winding  said 
chain  (3)  under  tension  onto  the  exterior  surface 
of  a  tube  (4)  with  the  fins  (10)  extending  longi- 
tudinally  of  the  tube  (4). 

15.  A  method  as  claimed  in  claim  14,  charac- 
terized  in  that  said  fins  are  wound  on  the  tube  at  a 
pitch  from  substantially  1  to  2  per  cm. 

16.  A  method  according  to  claim  13  or  claim  14, 
characterized  in  that  the  chain  is  wound  upon  the 
tube  in  sufficient  tension  to  produce  an  elonga- 
tion  of  about  1%  to  1.5%  in  length  of  the  mount- 
ing  flanges  (8,  9). 

17.  A  method  according  to  any  one  of  claims  14 
to  17,  characterized  in  that  the  chain  is  stretch 
formed  with  the  application  of  tension  such  as  to 
produce  an  elongation  of  about  1%  to  2.5%  in 
length  of  the  mounting  flanges. 

18.  A  method  according  to  any  one  of  claims  14 
to  15,  characterized  in  that  said  intermediate 
configuration  comprises  a  shallow  generally 
channeled  cross  section. 

19.  A  method  according  to  any  one  of  claims  14 
to  18,  characterized  in  that  said  lanced  web 
portion  is  reformed  from  said  intermediate  con- 
figuration  to  said  subsequent  configuration  by 
stretch  preforming  comprising  pulling  said  strip 
around  a  male  forming  roll  adapted  to  initially 
contact  the  center  of  said  lanced  web  portion, 
whereby  tension  on  the  imperforate  side  mount- 
ing  flange  portions  and  the  pressure  of  the  form- 
ing  roll  the  center  of  said  web  portion  gradually 
reforms  said  web  portion  to  conform  to  said  male 
forming  roll. 

20.  A  method  according  to  claim  19,  charac- 
terized  in  that  said  stretch  preforming  occurs  as 
the  center  of  said  lanced  web  portion  contacts 
said  male  forming  roll  through  an  arc  between  80° 
and  90°. 

21.  A  method  according  to  claim  20,  charac- 
terized  in  that  said  arc  is  85°. 

22.  A  method  according  to  any  one  of  claims  19 
to  21,  characterized  in  that  said  male  forming  roll 
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Flansche  (8,  9)  beinhaltet,  die  beide  durchgehend 
Kontakt  mit  dem  Rohr  haben,  und  dalS  jede  Rippe 
zwei  FulSelemente  (10a,  10b)  aufweist,  die  jeweils 
einteilig  mit  den  zwei  Flanschen  (8,  9)  ausgebildet 

5  sind,  und  date  ein  Bruckenelement  (10c)  jeweils 
die  zwei  FulSelemente  (10a,  10b)  miteinander 
verbindet,  und  einteilig  mit  ihnen  ausgebildet  ist, 
wobei  die  FulSelemente  (10a,  10b)  und  die  Befesti- 
gungsflansche  (8,  9)  mit  einem  vorgewahlten 

io  Abstandsverhaltnis  zueinander  versehen  sind, 
urn  eine  Kaltebriickenbildung  zwischen  den 
benachbarten  Rippen  im  wesentlichen  zu  verrin- 
gern. 

2.  Warmeubertragungsvorrichtung  nach 
w  Anspruch  1,  dadurch  gekennzeichnet,  dalS  die 

Rippen  mit  einer  Teilung  von  im  wesentlichen  1 
bis  2  pro  cm  urn  das  Rohr  gewickelt  sind. 

3.  Warmerubertragungsvorrichtung  nach 
Anspruch  1  oder  2,  dadurch  gekennzeichnet,  dalS 

20  die  Kette  urn  das  Rohr  mit  genCigend  Spannung 
gewunden  ist,  urn  eine  Langung  der  Befesti- 
gungsflansche  (8,  9)  von  ungefahr  1%  bis  1.5%  zu 
erzeugen. 

4.  Warmeubertragungsvorrichtung  nach  einem 
25  der  Anspruche  1  bis  3,  dadurch  gekennzeichnet, 

dalS  die  Kette  (3)  durch  Strecken  eines  querge- 
schlitzten  Streifens  streckgeformt  ist  (Fig.  13), 
nachdem  er  an  ineinandergreifenden  Formwalzen 
(12,  13)  vorbeigefuhrt  wurde,  die  die  geschlitzten 

30  Bereiche  des  Streifens  in  einem  einzigen  Durch- 
gang  in  eine  allgemeine  U-Form  umwandelt,  die 
die  FulSelemente  (10a,  10b)  und  das  Bruckenele- 
ment  (10c)  umfalSt. 

5.  Warmeubertragungsvorrichtung  nach 
35  Anspruch  4,  dadurch  gekennzeichnet,  dafS  die 

Kette  durch  Aufbringen  einer  Zugspannung 
streckgeformt  ist,  urn  eine  Langung  der  Befesti- 
gungsflansche  von  ungefahr  1%  bis  2.5%  zu 
erzeugen. 

40  6.  Warmeubertragungsvorrichtung  nach  einem 
der  Anspruche  1  bis  5,  dadurch  gekennzeichet, 
da(5  die  FulSelemente  (10a,  10b)  im  wesentlichen 
rechtwinklig  zu  dem  Rohr  (4)  sind. 

7.  Warmeubertragungsvorrichtung  nach  einem 
45  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet, 

daft  die  Kette  (3)  der  Rippen  aus  Aluminium 
gefertigt  ist. 

8.  Warmeubertragungsvorrichtung  nach  einem 
der  Anspruche  1  bis  7,  dadurch  gekennzeichnet, 

so  daB  das  Bruckenelement  (10c)  im  wesentlichen 
gerade  und  im  wesentlichen  parallel  zu  der 
AulSenflache  (4a)  des  Rohres  (4)  verlauft. 

9.  Warmeubertragungsvorrichtung  nach  einem 
der  Anspruche  1  bis  7,  dadurch  gekennzeichnet, 

55  dalS  das  Bruckenelement  (10c)  an  den  Verbin- 
dungspunkten  (10r,  Fig.  3A)  zwischen  den  FulSele- 
menten  (10a,  10b)  und  dem  Bruckenelement  (10c) 
mit  einem  Radius  versehen  ist. 

10.  Warmeubertragunsvorrichtung  nach  einem 
60  der  Anspruche  1  bis  7,  dadurch  gekennzeichnet, 

daB  das  Bruckenelement  (10c)  mit  den  FulSele- 
menten  (10a,  10b)  iiber  Verbindungsbereiche 
(10d)  verbunden  ist,  urn  eine  im  wesentlichen 
gebogene  Form  (Fig.  3B)  aufzuweisen. 

65  11.  Warmeubertragungsvorrichtung  nach 

connecting  said  leg  members  to  one  another  at 
the  distal  end  of  said  leg  member,  said  leg 
members  (10a,  10b)  and  said  mounting  flanges  (8, 
9)  being  provided  in  preselected  dimensions  in 
relation  to  each  other  to  substantially  reduce  frost 
bridging  between  adjacent  fins. 

32.  Apparatus  as  claimed  in  claim  31,  charac- 
terized  in  that  said  fins  are  wound  on  the  tube  at  a 
pitch  from  substantially  1  to  2  per  cm. 

33.  The  apparatus  of  claim  31  or  claim  32, 
characterized  in  that  said  means  for  supplying 
said  elongate  strip  comprise  coii  holding  means 
(15)  from  which  the  strip  is  fed  to  said  means  for 
transversely  lancing  and  forming  said  ribbon  into 
said  intermediate  configuration. 

34.  The  apparatus  of  claim  33,  characterized  in 
the  said  means  (6,  7)  for  transversely  lancing  said 
strip  (2)  into  said  intermediate  configuration  com- 
prise  a  pair  of  opposing  lance  cutter  means  (6,  7) 
disposed  to  receive  said  strip  therebetween. 

35.  The  apparatus  of  claim  34,  characterized  in 
that  one  (7)  of  said  lance  cutters  is  provided  with 
forming  means  comprising  vertical  flanges  at  the 
ends  of  its  cutting  surface  to  simultaneously  form 
the  strip  to  produce  a  strip  of  intermediate  con- 
figuration  having  a  shallow  generally  channeled 
cross  section. 

36.  The  apparatus  of  claim  35,  characterized  in 
that  the  said  means  (12,  13)  for  stretching  and 
reforming  said  strip  of  generally  channeled  inter- 
mediate  configuration  into  a  strip  of  said  subse- 
quent  configuration  comprise  a  pair  of  form  rolls 
(12,  13)  disposed  at  a  preselected  angle  (  a)  to  said 
lance  cutter  means  (6,  7)  to  receive  said  strip  of 
intermediate  configuration  therebetween  and 
stretch  and  reform  it  into  said  strip  of  subsequent 
configuration. 

37.  Apparatus  as  claimed  in  any  one  of  claims 
31  to  36,  characterized  in  that  the  chain  is  wound 
upon  the  tube  in  sufficient  tension  to  produce  an 
elongation  of  about  1%  to  1.5%  in  length  of  the 
mounting  flanges  (8,  9). 

38.  Apparatus  as  claimed  in  any  one  of  claims 
31  to  37,  characterized  in  that  the  chain  is  stretch 
formed  with  the  application  of  tension  such  as  to 
produce  an  elongation  of  about  1%  to  2.5%  in 
length  of  the  mounting  flanges. 

Patentanspruche 

1.  Gerippte  Warmeubertragungsvorrichtung, 
die  eine  Warmeubertragung  zu  und  von  einem 
Rohr  (4),  das  ein  Warmeubertragungsfluid  bein- 
haltet,  vorsieht,  und  die  eine  einteilig  ausgebil- 
dete  Kette  (3)  mit  warmeleitenden  Rippen,  die 
schraubenartig  unter  Spannung  urn  das  Rohr 
gewunden  sind,  umfalSt,  wobei  die  Kette  eine 
durchgehende  Befestigungsflanscheinrichtung 
aufweist,  die  durchgehend  im  engen  Kontakt  mit 
dem  Rohr  ist,  und  die  Rippen  einteilig  mit  der 
Befestigungsflanscheinrichtung  ausgebildet  sind 
und  von  ihm  radial  nach  aufSen  ragen,  dadurch 
gekennzeichnet,  dalS  die  durchgehende  Befesti- 
gungsflanscheinrichtung  zwei  axial  beabstan- 
dete,  parallele,  sich  schraubenartig  erstreckende 
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18.  Verfahren  nach  einem  der  AnsprCiche  14  bis 

15,  dadurch  gekennzeichnet,  da(5  die 
Zwischenkonfiguration  einen  flachen,  im  ailge- 
meinen  kanalformigen  Querschnitt  aufweist. 

5  19.  Verfahren  nach  einem  der  Anpruche  14  bis 
18,  dadurch  gekennzeichnet,  dalS  der  geschlitzte 
Bandbereich  von  der  Zwischenkonfiguration  zu 
der  nachfolgenden  Konfiguration  durch  Strek- 
kung  umgeformt  wird,  wobei  das  Band  um  eine 

10  patritzenartige  Formwalze  gezogen  wird,  die 
angepaSt  ist,  anfangliche  mit  der  Mitte  des 
geschlitzten  Bandbereiches  in  Kontakt  zu  treten, 
wobei  eine  auf  die  geschlitzten  Seitenbefesti- 
gungsflanschbereiche  aufgebrachte  Spannung 

15  und  der  Druck  der  Formwalze,  der  auf  die  Mitte 
des  Bandbereiches  wirkt,  diesen  Bandbereich  all- 
mahlich  umformen,  um  ihn  an  die  patritzenartige 
Formwalze  anzupassen. 

20.  Verfahren  nach  Anspruch  19,  dadurch 
20  gekennzeichnet,  daS  das  Strecken  auftritt,  wenn 

die  Mitte  des  geschlitzten  Bandbereiches  mit  der 
patritzenartigen  Formwalze  iiber  einen  Winkel 
zwischen  80°  und  90°  in  Kontakt  steht. 

21.  Verfahren  nach  Anspruch  20,  dadurch 
25  gekennzeichnet,  daft  der  Winkel  85°  betragt. 

22.  Verfahren  nach  einem  der  Anspruche  19  bis 
20,  dadurch  gekennzeichnet,  daB  die  patritzenar- 
tige  Formwalze  einen  mittleren  Formabschnitt 
und  eine  Schulter  auf  jeder  Seite.  des  mittleren 

30  Formabschnittes  aufweist  und  der  Streifen  um  die 
patritzenartige  Formwalze  gezogen  ist,  in  dem  er 
zwischen  den  Schultern  und  den  komplementa- 
ren  Schultern,  einer  matritzenartigen  Formwalze 
gegriffen  wird. 

35  23.  Verfahren  nach  einem  der  Anspruche  14  bis 
21,  dadurch  gekennzeichnet,  dafS  die  FufSele- 
mente  (10a,  10b)  im  wesentlichen  senkrecht  auf 
dem  Rohr  (4)  angeordnet  sind. 

24.  Verfahren  nach  einem  der  Anspruche  14  bis 
40  22,  dadurch  gekennzeichnet,  daft  die  Kette  (3)  der 

Rippen  aus  Aluminium  hergestellt  ist. 
25.  Verfahren  nach  einem  der  Anspruche  14  bis 

23,  dadurch  gekennzeichnet,  dalS  das  Bruckenele- 
ment  (10c)  im  wesentlichen  gerade  und  im 

45  wesentlichen  parallel  zu  der  AulSenflache  (4a)  des 
Rohres  (4)  angeordnet  ist. 

26.  Verfahren  nach  einem  der  Anspruche  14  bis 
23,  dadurch  gekennzeichnet,  dalS  das  Bruckeneie- 
ment  (10c)  an  den  Verbindungspunkten  (10r,  Fig. 

so  3A)  zwischen  den  FulSelementen  (10a,  10b)  und 
dem  Briickenelement  (10c)  mit  einem  Radius 
versehen  ist. 

27.  Verfahren  nach  einem  der  Anspruche  14  bis 
23,  dadurch  gekennzeichnet,  dalS  das  Bruckenele- 

55  ment  (10c)  mit  den  FulSelementen  (10a,  10b) 
durch  dazwischenliegende  Bereiche  (1  Od)  verbun- 
den  ist,  um  eine  im  wesentlichen  bogenformige 
Form  anzunehmen  (Fig.  3B). 

28.  Verfahren  nach  einem  der  Anspruche  14  bis 
60  23,  dadurch  gekennzeichnet,  dalS  das  Bruckenele- 

ment  (10s)  sanft  in  die  FulSelemente  (10c,  10b)  in 
eine  im  wesentlichen  halbkreisformige  Form 
iibergeht. 

29.  Verfahren  nach  einem  der  Anspruche  14  bis 
65  28,  dadurch  gekennzeichnet,  dalS  der  Abstand 

einem  der  Anspruche  1  bis  7,  dadurch  gekenn- 
zeichnet,  dalS  das  Briickenelement  (10s)  sanft  in 
die  FulSelemente  (10c,  10b)  in  eine  im  allgemei- 
nen  halbkreisartige  aufcere  Form  ubergeht. 

12.  Warmeubertragungsvorrichtung  nach 
einem  der  Anspruche  1  bis  11,  dadurch  gekenn- 
zeichnet,  dalS  der  Abstand  zwischen  den  zwei 
FuBelementen  (10a,  10b)  einer  Rippe  im  wesent- 
lichen  gleich  dem  Abstand  zwischen  den  schrau- 
benformigen  Reihen  der  Rippen  ist,  die  um  das 
Rohr  (4)  gewunden  sind. 

13.  Warmeubertragungsvorrichtung  nach 
einem  der  Anspruche  1  bis  11,  dadurch  gekenn- 
zeichnet,  daB  der  Abstand  von  der  AuSenflache 
(4a)  des  Rohres  (4)  zu  dem  aufSersten  Teil  des 
Bruckenelementes  (10c)  ungefahr  dem  Durch- 
messer  des  Rohres  (4)  entspricht. 

14.  Verfahren  fur  die  Herstellung  einer  geripp- 
ten  Warmeubertragungsvorrichtung,  die  eine 
Warmeubertragung  zu  und  von  einem  Rohr  (4) 
zum  Aufnehmen  eines  Warmeubertragungsflui- 
des  vorsieht,  mit  den  Schritten,  einen  gelangten 
Streifen  (2)  aus  einem  Material  mit  einer  thermi- 
schen  Leitfahigkeit  in  einer  einteilig  geformte 
Kette  aus  warmeleitenden  Rippen  mit  einer 
durchgehenden  Befestigungsflanscheinrichtung 
auszubilden  und  die  geformten  Streifen  schrau- 
benfdrmig  mit  seiner  Flanscheinrichtung  um  ein 
Rohr  in  einem  kontinuierlichen  engen  Kontakt  mit 
dem  Rohr  zu  winden,  dadurch  gekennzeichnet, 
daS  der  Streifen  quer  geschlitzt  (11)  und  in  eine 
Zwischenkonfiguration  geformt  wird,  die  ein  paar 
durchlocherte,  sich  gegenuberliegende  Befesti- 
gungsflanschbereiche  (8,  9)  aufweist,  die  mitein- 
ander  uber  einen  geschlitzten  Bandbereich  (10) 
verbunden  sind,  worauf  durch  Streckung  der 
Zwischenkonfiguration  die  Befestigungsflansche 
ungeformt  werden,  sodalS  jede  der  Rippen  mit 
den  FulSelementen  (10a,  10b)  nach  auSen  von 
jedem  der  Befestigungflansche  wegragen  und  ein 
Bruckenabschnitt  (10c)  die  FulSelemente  an  den 
entfernten  Enden  der  FulSelemente  miteinander 
verbindet,  die  FuSeiemente  (10a,  10b)  und  die 
Befestigungsflansche  (8,  9)  mit  einem  vorgewahl- 
ten  Abstandsverhaltnis  zueinander  versehen  sind, 
um  eine  Kaltebruckenbildung  zwischen  den 
benachbarten  Rippen  im  wesentlichen  zu  verrin- 
gern;  und  die  Kette  (3)  unter  Spannung  schrau- 
benformig  auf  die  AulSenflache  eines  Rohres  (4) 
aufgewickelt  wird,  wobei  sich  die  Rippen  (10) 
entlang  dem  Rohr  (4)  erstrecken. 

15.  Verfahren  nach  Anspruch  14,  dadurch 
gekennzeichnet,  dalS  die  Rippen,  mit  einer  Teilung 
von  im  wesentlichen  1  bis  2  pro  cm  um  das  Rohr 
gewickelt  sind. 

16.  Verfahren  nach  Anspruch  13  oder  14, 
dadurch  gekennzeichnet,  daS  die  Kette  mit  ausrei- 
chender  Zugspannung  um  das  Rohr  gewunden 
ist,  um  eine  Langung  der  Befestigungsflansche  (8, 
9)  von  ungefahr  1%  bis  1.5%  zu  erhalten. 

17.  Verfahre  nach  einem  der  Anspruche  14  bis 
16,  dadurch  gekennzeichnet,  dalS  die  Kette  durch 
Aufbringen  einer  Zugspannung  streckgeformt  ist, 
sodalS  eine  Langung  der  Befestigungsflansche 
von  ungefahr  1%  bis  2.5%  erzeugt  wird. 

10 
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der  mit  einer  Formeinrichtung  versehen  ist,  die  an 
den  Enden  ihrer  Schneideoberflache  vertikale 
Flansche  aufweist,  urn  den  Streifen  gleichzeitig  zu 
formen,  um  eine  Zwischenkonfiguration  herzu- 

5  stellen,  die  einen  flachen,  im  ailgemeinen  kanal- 
formigen  Querschnitt  aufweist. 

36.  Vorrichtung  nach  Anspruch  35,  dadurch 
gekennzeichnet,  daB  die  Einrichtung  (12,  13)  zum 
Strecken  und  Umformen  des  Streifens  von  einer 

10  im  ailgemeinen  kanalformigen  Zwischenkonfigu- 
ration  in  einen  Streifen  der  darauffolgenden  Kon- 
figuration  ein  Paar  Formwalzen  (12,  13)  umfaBt, 
die  in  einem  vorgewahlten  Winkel  (a)  zu  der 
Schlitzschneideeinrichtung  (6,  7)  angeordnet  ist, 

w  um  den  Streifen  mit  der  Zwischenkonfiguration 
dazwischen  zu  empfangen  und  zu  strecken  und 
ihn  in  den  Streifen  der  nachfolgenden  Konfigura- 
tion  umzuformen. 

37.  Vorrichtung  nach  einem  der  Anspriiche  31 
20  bis  36,  dadurch  gekennzeichnet,  daB  die  Kette  mit 

ausreichender  Zugspannung  um  das  Rohr 
gewunden  ist,  um  eine  Langung  der  Befesti- 
gungsflansche  (8,  9)  von  ungefahr  1%  bis  1.5%  zu 
erzeugen. 

25  38.  Vorrichtung  nach  einem  der  Anspriiche  31 
bis  37,  dadurch  gekennzeichnet,  daB  die  Kette 
durch  Aufbringen  einer  Zugspannung  um  eine 
Langung  der  Befestigungsflansche  von  ungefahr 
1%  bis  2.5%  herzustellen,  streckgeformt  ist. 

30 
Revendications 

1.  Un  dispositif  de  transmission  de  chaleur  a 
ailettes  assurant  une  transmission  de  chaieur  vers 

35  et  a  partir  d'un  tube  (4)  contenant  un  fluide  de 
transmission  de  chaleur,  et  comprenant  une 
chatne  (3),  formee  unitairement,  d'ailettes 
conductrices  de  chaleur  enroulee  en  helice  sous 
tension  autour  du  tube,  ladite  chaine  comprenant 

40  des  rebords  de  montage  continus  en  contact 
etroit  continu  avec  le  tube,  et  les  ailettes  etant 
formees  unitairement  avec  les  rebords  de  mon- 
tage  en  s'etendant  radialement  vers  I'exterieur  a 
partir  de  ceux-ci,  caracterise  en  ce  que  les  rebords 

45  de  montage  continus  comprennent  deux  rebords 
(8,  9)  paralleles,  axialement  espaces,  s'etendant 
en  helice  et  qui  sont  tous  deux  en  contact  continu 
avec  le  tube,  et  en  ce  que  chaque  ailette  com- 
prend  deux  branches  (10a,  10b)  formees  unitaire- 

50  ment  avec  les  deux  rebords  respectifs  (8,  9)  et  une 
ame  d/interconnexion  (10c),  formee  unitairement 
avec  les  deux  branches  (10a,  10b),  lesdites 
branches  (10a,  10b)  et  lesdits  rebords  de  montage 
(8,  9)  etant  realises  avec  des  dimensions  preselec- 

55  tionnees  les  uns  par  rapport  aux  autres  pour 
reduire  sensiblement  un  pontage  par  du  givre 
entre  ailettes  adjacentes. 

2.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  la  revendication  1,  caracte- 

60  rise  en  ce  que  lesdites  ailettes  sont  enroulees  sur 
le  tube  avec  un  pas  correspondant  sensiblement  a 
1  a  2  ailettes  par  cm. 

3.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  la  revendication  1  ou  la 

65  revendication  2,  caracterise  en  ce  que  la  chame 

zwischen  den  zwei  FuBelementen  (10a,  10b)  der 
Rippen  im  wesentlichen  der  selbe  wie  der 
Abstand  zwischen  den  schraubenfdrmigen  Rei- 
hen  der  Rippen,  die  um  das  Rohr  (4)  gewunden 
sind,  ist. 

30.  Verfahren  nach  einem  der  Anspriiche  14  bis 
28,  dadurch  gekennzeichnet,  daB  der  Abstand  von 
der  auBeren  Oberflache  (4a)  des  Rohres  (4)  zu 
dem  auBersten  Teil  des  Bruckeneiementes  (10c) 
etwa  dem  Durchmesser  des  Rohres  (4)  entspricht. 

31.  Vorrichtung  zur  Herstellung  einer  gerippten 
Warmeubertragungsvorrichtung,  umfassend  in 
Kombination  eine  Einrichtung  (1,  6,  7)  zum  Ein- 
speisen  eines  langlichen  Streifens  aus  thermisch 
leitfahigem  Material,  eine  Einrichtung  zum  For- 
men  des  Streifens  zu  einer  einteilig  ausgebildeten 
Kette  mit  warmeleitenden  Rippen  und  einer 
durchgehenden  Befestigungsflanscheinrichtung, 
wobei  der  geformte  Streifen  mit  seiner  Flan- 
scheinrichtung  schraubenfdrmig  um  ein  Rohr  mit 
durchgehendem  engen  Kontakt  mit  dem  Rohr 
gewunden  wird,  gekennzeichnet,  durch  eine  Ein- 
richtung  (6,  7)  zum  Querschlitzen  (11)  des  Streifes 
in  eine  Zwischenkonfiguration  (Fig.  6),  die  ein 
paar  gelochte,  sich  gegenuberliegende  Befesti- 
gungsbereiche  (8,  9)  aufweist,  die  miteinander 
uber  einen  geschlitzten  Bandbereich  (10)  verbun- 
den  sind,  vorgesehen  ist,  und  eine  Einrichtung 
(12,  13)  zum  Strecken  und  Umformen  der 
Zwischenkonfiguration  in  eine  nachfolgende  Kon- 
figuration  mit  einer  Vielzahl  biigelartiger  Rippen, 
die  einfdrmig  mit  der  Kette  (3)  ausgebildet  sind, 
wobei  die  Kette  jeweils  auf  jeder  Seite  der  geloch- 
ten,  sich  gegenuberliegenden  Seitenbereiche 
einen  Befestigungsflansch  (8,  9)  und  jede  der 
Rippen  zwei  senkrechte  FuBelemente  (10a,  10b) 
aufweist,  die  sich  von  jeweils  einem  der  Befesti- 
gungsflansche  nach  auBen  erstrecken,  und  einen 
Bruckenbereich  (10c)  der  die  FuBelemente  mitein- 
ander  an  den  entfernten  Enden  der  FuBelemente 
verbindet,  wobei  die  FuBelemente  (10a,  10b)  und 
die  Befestigungsflansche  (8,  9)  mit  einem  vorge- 
wahlten  Abstandsverhaltnis  zueinander  versehen 
sind,  um  Kaltebriickenbiidung  zwischen  den 
benachbarten  Rippen  zu  verringern. 

32.  Vorrichtung  nach  Anspruch  31,  dadurch 
gekennzeichnet,  daB  die  Rippen  mit  einer  Teilung 
von  im  wesentlichen  1  bis  2  pro  cm  um  das  Rohr 
gewickelt  sind. 

33.  Vorrichtung  nach  Anspruch  31  oder  32, 
dadurch  gekennzeichnet,  daS  die  Einrichtung  zum 
Einspeisen  des  langlichen  Streifens  eine  Spuien- 
halterungseinrichtung  (15)  umfaBt,  von  der  der 
Streifen  der  Einrichtung  zugefiihrt  wird,  die  das 
Band  durch  Querschlitzen  und  Formen  in  die 
Zwischenkonfiguration  bringt. 

34.  Vorrichtung  nach  Anspruch  33,  dadurch 
gekennzeichnet,  daB  die  Einrichtung  (6,  7)  zum 
Querschlitzen  des  Streifens  (2)  in  die 
Zwischenkonfiguration  ein  paar  sich  gegenuber- 
liegende  Schlitzschneideeinrichtungen  (6,  7)  auf- 
weist,  die  so  angeordnet  sind,  um  den  Streifen 
dazwischen  aufzunehmen. 

35.  Vorrichtung  nach  Anspruch  35,  dadurch 
gekennzeichnet,  daB  einer  (7)  der  Schlitzschnei- 
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partie  la  plus  exterieure  de  Tame  (10c)  est  a  peu 
pres  egale  au  diametre  du  tube  (4). 

14.  Un  procede  de  fabrication  d'un  dispositif 
ailete  de  transmission  de  chaleur  assurant  une 

5  transmission  de  chaleur  vers  et  a  partir  d'un  tube 
(4)  contenant  un  fluide  de  transmission  de  cha- 
leur,  comprenant  les  etapes  consistant  a  former 
une  bande  allongee  (2)  de  matiere  thermique- 
ment  conductrice  en  une  chaine,  formee  unitaire- 

w  ment  d'ailettes  conductrices  de  chaleur,  avec  des 
rebords  continus  de  montage,  et  a  enrouler  la 
bande  formee  en  helice  autour  d'un  tube,  ces 
rebords  etant  en  contact  etroit  et  continu  avec  le 
tube,  caracterise  en  ce  qu'on  perfore  transversale- 

15  ment  (11)  ladite  bande  et  on  assure  son  formage 
en  une  configuration  intermediaire  comportant 
une  paire  de  rebords  lateraux  de  montage  (8,  9) 
non  perfores,  places  dans  des  positions  opposees 
et  relies  entre  eux  par  une  ame  perforee  (10),  on 

20  preforme  par  allongement  ladite  configuration 
intermediaire  pour  la  reprofiler  sous  forme  d'une 
configuration  suivante  comprenant  une  cha?ne 
formee  unitairement  avec  des  ailettes  en  boucles 
entre  lesdits  rebords  de  montage,  desdits  ailettes 

25  comprenant  des  branches  (10a,  10b)  s'etendant 
vers  I'exterieur  a  partir  de  chacun  desdits  rebords 
de  montage  et  une  ame  (10c)  reliant  lesdites 
branches  a  rextremite  distale  desdites  branches, 
lesdites  branches  (10a,  10b)  et  lesdits  rebords  de 

30  montage  (8,  9)  etant  realises  dans  des  dimensions 
preselectionnees  en  relation  mutuelle  afin  de 
reduire  sensiblement  la  formation  de  givre  entre 
ailettes  adjacentes;  et  a  enrouler  en  helice  ladite 
chaine  sous  tension  sur  la  surface  exterieure  d'un 

35  tube  (4),  les  ailettes  (10)  s'etendant  dans  la  direc- 
tion  longitudinale  du  tube  (4). 

15.  Un  procede  tel  que  revendique  dans  la 
revendication  14,  caracterise  en  ce  que  lesdites 
ailettes  sont  enroulees  sur  le  tube  avec  un  pas 

40  correspondant  sensiblementa  1  a  2  ailettes  par 
cm. 

16.  Un  procede  selon  la  revendication  13  ou  la 
revendication  14,  caracterise  en  ce  que  la  chaine 
est  enroulee  sur  le  tube  avec  une  tension  suffi- 

45  sante  pour  produire  un  allongement  d'environ 
1%  a  1,5%  en  longueur  des  rebords  de  montage 
(8,  9). 

17.  Un  procede  selon  une  quelconque  des 
revendications  14  a  17,  caracterise  en  ce  que  la 

so  chaTne  est  formee  par  allongement  avec  applica- 
tion  de  tension  de  maniere  a  produire  un  allonge- 
ment  d'environ  1%  a  2,5%  en  longueur  des 
rebords  de  montage. 

18.  Un  procede  selon  une  quelconque  des 
55  revendications  14  a  15,  caracterise  en  ce  que 

ladite  configuration  intermediaire  comprend  une 
section  droite  en  forme  de  canal  generalement 
peu  profond. 

19.  Un  procede  selon  une  quelconque  des 
60  revendications  14  a  18,  caracterise  en  ce  que 

ladite  partie  d'ame  perforee  est  reformee  de  ladite 
configuration  intermediaire  dans  ladite  configura- 
tion  suivante  par  un  preformage  par  allongement 
consistant  a  tirer  ladite  bande  autour  d'un,  rou- 

65  leau  de  formage  male  adapte  pour  entrer  initiale- 

est  enroulee  sur  le  tube  avec  une  tension  suffi- 
sante  pour  produire  un  allongement  d'environ 
1%  a  1,5%  de  longueur  des  rebords  de  montage 
(8  9). 

4.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  3,  caracterise  en  ce  que  la  chaine  (3) 
est  formee  par  ailongement  en  soumettant  a 
allongement  une  bande  perforee  transversale- 
ment  (figure  13)  a  mesure  qu'elle  passe  entre  des 
rouleaux  de  formage  correspondants  (12,  13)  qui 
transforment,  en  un  seul  passage,  la  partie  perfo- 
ree  de  la  bande  en  une  forme  generale  de  U 
comprenant  lesdites  branchnes  (10a,  10b)  et 
ladite  ame  (10c). 

5.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  la  revendication  4,  caracte- 
rise  en  ce  que'la  chaine  est  formee  par  allonge- 
ment  avec  application  de  tension  de  maniere  a 
produire  un  allongement  d'environ  1%  a  2,5%  de 
longueur  des  rebords  de  montage. 

6.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  5,  caracterise  en  ce  que  lesdites 
branches  (10a,  10b)  sont  sensiblement  perpendi- 
culaires  audit  tube  (4). 

7.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendidque  dans  une  quelconque  des  reven- 
dications  1  a  6,  caracterise  en  ce  que  la  chaine  (3) 
d'ailettes  est  realisee  en  aluminium. 

8.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  7,  caracterise  en  ce  que  ladite  ame 
(10c)  est  sensiblement  droite  et  sensiblement 
parallele  a  la  surface  exterieure  (4a)  dudittube  (4). 

9.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  7,  caracterise  en  ce  que  ladite  ame 
(10c)  est  arrondie  aux  points  d'intersection  (10r, 
figure  3A)  entre  lesdites  branches  (10a,  10b)  et 
ladite  ame  (10c). 

10.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  7,  caracterise  en  ce  que  ladite  ame 
(10c)  est  reliee  auxdites  branches  (10a,  10b)  par 
des  parties  intermediaires  (10d)  defagon  a  former 
un  profil  sensiblement  en  forme  d'arche  (figure 
3B). 

11.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  7,  caracterise  en  ce  que  ladite  ame 
(10s)  se  raccorode  progressivement  auxdites 
branches  (10a,  10b)  selon  un  profil  dans  I'ensem- 
ble  en  demi-cercle. 

12.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  11,  caracterise  en  ce  que  la  distance 
entre  les  deux  branches  (10a,  10b)  d'une  ailette 
est  sensiblement  la  meme  que  la  distance  entre 
les  rangees  helicoidales  desdites  ailettes  enrou- 
lees  sur  ledit  tube  (4). 

13.  Un  dispositif  de  transmission  de  chaleur  tel 
que  revendique  dans  une  quelconque  des  reven- 
dications  1  a  11,  caracterise  en  ce  que  la  distance 
entre  la  surface  exterieure  (4a)  du  tube  (4)  et  la 
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rieure  de  I'ailette  (10c)  est  a  peu  pres  egale  au 
diametre  du  tube  (4). 

31.  Machine  de  fabrication  d'un  dispositif  ailete 
de  transmission  de  chaleur,  comprenant,  en  com- 

5  binaison,  des  moyens  (1,  6,  7)  pour  assurer 
I'avancement  d'une  bande  ailongee  de  matiere 
thermiquement  conductrice  afin  de  former  la 
bande  en  une  chame,  formee  unitairement,  d'ai- 
lettes  conductrices  de  chaleur,  avec  des  rebords 

m  se  montage  continus,  et  pour  enrouler  la  bande 
formee  en  helice  autour  d'un  tube,  avec  ces 
rebords  en  contact  etroit  et  continu  avec  le  tube, 
caracterise  par  des  moyens  (6,  7)  pour  perforer 
transversalement  (11)  ladite  bande  selon  une 

15  configuration  intermediate  (figure  6)  comportant 
une  paire  de  parties  laterales  de  montage  (8,  9) 
non  perforees,  opposees  et  reliees  entre  elles  par 
une  partie  d'ame  perforee  (10),  et  des  moyens  (12, 
13)  pour  allonger  et  reformer  ladite  configuration 

20  intermediate  en  une  configuration  suivantes 
comprenant  un  chatne  (3),  formee  unitairement, 
d'une  pluralite  d'ailettes  en  boucles,  iadite  chaine 
comportant  un  rebord  de  montage  respectif  (8,  9) 
forme  a  partir  de  chacune  desdites  parties  late- 

25  rales  opposees  et  non  perforees,  et  chacune 
desdites  ailettes  comprenant  deux  branches  verti- 
cales  (10a,  10b),  s'etendant  vers  I'exterieur  a 
partir  d'un  rebord  de  montage  respectif  et  une 
partie  d'ame  (10c)  reliant  lesdites  branches  I'une 

30  avec  I'autre  a  I'extremite  distaie  desdites 
branches,  lesdites  branches  (10a,  10b)  et  lesdits 
rebords  de  montage  (8,  9)  etant  realises  dans  des 
dimensions  preselectionees  en  relation  mutuelle 
pour  reduir  sensiblement  la  formation  de  givre 

35  entre  ailettes  adjacente. 
32.  Machine  telle  que  revendiquee  dans  la 

revendication  31,  caracterise  en  ce  que  lesdites 
ailettes  sont  enroulees  sur  le  tube  avec  un  pas 
correspondant  sensiblement  a  1  a  2  ailettes  par 

40  cm. 
33.  La  machine  selon  la  revendication  31  ou 

revendication  32,  caracterise  en  ce  que  ledit 
moyen  pour  assurer  I'avancement  de  ladite 
bande  ailongee  comprend  un  moyen  de  maintien 

45  de  bobine  (15)  a  partir  duquel  la  bande  est 
transferee  jusqu'au  dit  moyen  de  perforation 
transversale  et  de  formage  de  ladite  bande  selon 
ladite  configuration  intermediaire. 

34.  La  machine  selon  la  revendication  33, 
50  caracterise  en  ce  que  lesdits  moyens  (6,  7)  pour 

perforer  transversalement  ladite  bande  (2)  sous  la 
forme  de  ladite  configuration  intermediaire  com- 
prennent  deux  moyens  oppose  de  decoupage  de 
perforations  (6,  7)  qui  sont  disposes  de  fagon  a 

55  recevoir  ladite  bande  entre  eux. 
35.  La  machine  selon  la  revendication  34, 

caracterise  en  ce  qu'un  (7)  desdits  moyens  de 
decoupage  de  perforations  est  pourvu  de  moyens 
de  formage  comprennant  des  rebords  verticaux 

60  places  aux  extremites  de  sa  surface  de  coupe 
pour  former  simultanement  la  bande  de  fagon  a 
produire  une  bande  de  configuration  interme- 
diaire  ayant  une  section  droite  en  forme  de  canal 
generalement  peu  profond. 

65  36.  La  machine  selon  la  revendication  35, 

ment  en  contact  avec  le  centre  de  ladite  partie 
d'ame  perforee,  de  fagon  qu'une  tension  exercee 
sur  les  rebords  de  montage  situes  sur  le  cote  non 
perfore  et  la  pression  exercee  par  le  rouleau  de 
formage  sur  le  centre  de  la  partie  d'ame  refor- 
ment  graduellement  ladite  partie  d'ame  de  fagon 
qu'elle  epouse  le  profil  dudit  rouleau  de  formage 
male. 

20.  Un  procede  selon  de  revendication  19, 
carcterise  en  ce  que  ledit  preformage  par  allonge- 
ment  est  produit  au  centre  de  ladite  partie  d'ame 
perforee  en  contact  avec  ledit  rouleau  de  formage 
male  sur  un  arc  compris  entre  80°  et  90°. 

21.  Un  procede  selon  la  revendication  20, 
caracterise  en  ce  que  ledit  arc  est  de  85°. 

22.  Un  procede  selon  une  quelconque  des 
revendications  19  a  21,  caracterise  en  ce  que  ledit 
rouleau  deformation  male  comprend  une  section 
centrale  de  formage  et  un  epaulement  situe  de 
chaque  cote  de  ladite  section  centrale  de  for- 
mage,  et  ladite  bande  est  tiree  autour  dudit 
rouleau  de  formage  male  en  entant  saisie  entre 
lesdits  epaulements  et  des  epaulements  comple- 
mentaires  prevus  sur  un  rouleau  de  formage 
femelle. 

23.  Un  procede  te  que  revendique  dans  une 
quelconque  des  revendications  14  a  22,  caracte- 
rise  en  ce  que  lesdites  ames  (10a,  10b  sont 
sensiblement  perpendiculaires  audit  tube  (4). 

24.  Un  procede  tel  que  revendique  dans  une 
quelconque  des  revendications  14  a  22,  caracte- 
rise  en  ce  que  la  chaine  (3)  d'ailettes  est  realisee 
en  aluminium. 

25.  Un  procede  tel  que  revendique  dans  une 
quelconque  des  revendications  14  a  23,  caracte- 
rise  en  ce  que  ladite  ame  (10c)  est  sensiblement 
droite  et  sensiblement  parallele  a  la  surface  exte- 
rieure  (4a)  dudit  tube  (4). 

26.  Un  procede  tel  que  revendique  dans  une 
quelconque  des  revendications  14  a  23,  caracte- 
rise  en  ce  que  ladite  ame  (10c)  est  arrondie  aux 
points  d'intersection  (10r,  figure  3A)  entre  lesdites 
branches  (10a,  10b)  et  ladite  ame  (10c). 

27.  Un  procede  tel  que  revendique  dans  une 
quelconque  des  revendications  14  a  23,  caracte- 
rise  en  ce  que  ladite  ame  (10c)  est  reliee  auxdites 
branches  (10a,  10b)  par  des  parties  intermediates 
(10d)  de  fagon  a  creer  un  profil  sensiblement  en 
forme  d'arche  (Figure  3B). 

28.  Un  procede  tel  que  revendique  dans  une 
quelconque  des  revendications  14  a  23,  caracte- 
rise  en  ce  que  ladite  ame  (10s)  se  raccorde 
progressivement  auxdites  branches  (10a,  10b) 
selon  un  profil  dans  I'ensemble  en  demi-cercle 
(Figure  3B). 

29.  Un  procede  tel  que  revendique  dans  une 
quelconque  des  revendications  14  a  28,  caracte- 
rise  en  ce  que  la  distance  entre  les  deux  branches 
(10a,  10b)  d'une  ailette  est  sensiblement  la  meme 
que  la  distance  entre  les  rangees  helicoTdales 
desdites  ailettes  enroulees  sur  ledit  tube  (4). 

30.  Un  procede  tel  que  revendique  dans  une 
quelconque  des  revendications  14  a  28,  caracte- 
rise  en  ce  que  la  distance  entre  la  surface  exte- 
rieure  (4a)  du  tube  (4)  et  la  partie  la  plus  exte- 
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quelconque  des  revendications  31  a  36,  caracte- 
rise  en  ce  que  la  chame  est  enroulee  sur  le  tube 
avec  une  tension  suffisante  pour  produire  un 
allongement  d'environ  1%  a  1,5%  en  longeur  des 
rebords  de  montage  (8,  9). 

38.  Machine  telle  que  revendiquee  dans  une 
quelconque  des  revendications  31  a  37,  caracte- 
rise  en  ce  que  la  chame  est  formee  par  allonge- 
ment  avec  application  de  tension  de  fagon  a 
produire  un  allongement  d'environ  1%  a  2,5%  en 
longueur  des  rebords  de  montage. 

caracterise  en  ce  que  lesdits  moyens  (12,  13)  pour 
allonger  et  reformer  ladite  bande  de  configuration 
intermediaire  en  forme  de  canai  dans  I'ensemble 
sous  la  forme  d'une  bande  de  ladite  configuration 
suivante  comprennent  deux  rouleaux  de  formage 
(12,  13)  qui  sont  disposes  selon  un  angle  preselec- 
tionne  (a)  par  rapport  auxdits  moyens  de  decou- 
page  de  perforations  (6,  7)  de  fac,on  a  recevoir 
ladite  bande  de  configuration  intermediaire  entre 
eux  et  a  I'allonger  et  la  reformer  sous  la  forme  de 
ladite  bande  de  configuration  suivante. 

37.  Machine  telle  que  revendiquee  dans  une 
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