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Description 

This  invention  relates  to  a  heat  exchanger  ele- 
ment  and  methods  of  making  the  same  according 
to  the  precharacterizing  parts  of  claim  1,  claim  6 
and  claim  9. 

Heat  exchangers  having  heat  transfer  elements 
embodying  fins  formed  from  the  outer  surface  ma- 
terial  of  tubular  members  are  known  in  the  art  and 
have  been  disclosed  for  example  in  US-A- 
3,202,212,  US-A-3,692,105,  and  US-A-4,554,970. 
These  prior  art  heat  transfer  elements  are  generally 
formed  from  a  length  of  tubular  stock,  preferably 
one  having  a  rectangular  transverse  cross-section 
and  with  one  or  more  openings  extending  longitudi- 
nally  of  the  element  to  carry  a  heat  exchanger 
medium,  such  as  water,  or  other  coolants.  The  fins 
are  formed  in  a  skiving  operation  in  which  a  cutting 
tool  is  passed  longitudinally  along  the  upper  and 
lower  surfaces  of  the  tubular  element,  cutting  or 
gouging  the  fins  from  longitudinally  extending  ribs 
provided  on  the  surfaces  of  the  tubular  member. 

In  US-A-3,202,212  the  fins  are  in  the  form  of 
spines  formed  from  outwardly  projecting  ribs  on 
the  tubular  member.  In  US-A-3,692,105,  fins  are 
formed  by  cutting  or  gouging  them  from  upwardly 
projecting  ribs  and  the  portion  of  the  tubular  mem- 
ber  directly  underlying  the  ribs,  to  thereby  afford 
fins  having  elongated  base  portions  projecting  out- 
wardly  from  the  side  wall  of  the  tubular  member, 
with  spaced  fins  projecting  outwardly  from  the  out- 
er  longitudinal  edges  of  the  base  portions.  In  US-A- 
4,554,970  fins  are  cut  or  gouged  from  ribs  on  the 
sidewalls  of  the  heat  exchanger  tubing  by  advan- 
cing  a  cutter  into  the  ribs  on  the  tubing.  The 
position  of  the  cutter  is  controlled  to  sever  pre- 
determined  fins  to  provide  predetermined  fin-free 
areas  on  the  sidewalls.  This  is  accomplished  by 
raising  the  cutter  somewhat  (in  the  order  of  75 
micrometres)  toward  the  end  of  its  forward  stroke, 
defining  fin  severing  strokes  for  forming  the  fin-free 
areas. 

With  present  technology,  the  residual  wall 
thickness  for  the  tubing  for  these  prior  art  units  had 
to  be  in  the  order  of  0.030  -  0.035  inch  (0.76  -  0.89 
mm)  to  provide  the  necessary  strength  in  the  heat 
exchanger  tubing  at  return  bend  portions  when  the 
tube  is  bent  into  a  serpentine  pattern.  Such  wall 
thickness  for  the  heat  exchanger  tubing  was  also 
required  in  the  return  bend  portions  for  the  heat 
exchanger  tubing  to  withstand  the  considerable 
pressure  forces  present  within  the  tube,  particularly 
at  the  return  bend  portions  which  define  the  weak 
points  of  the  heat  exchanger  assembly  when  in 
use.  For  these  reasons,  in  heat  exchanger  units 
heretofore  constructed,  the  dimensions  of  the  tub- 
ing  at  the  return  bend  portions  dictated  the  dimen- 
sions  of  the  heat  exchanger  tubing  over  its  entire 

length. 
Economic  pressures  exist  to  reduce  the  overall 

size  and  weight  of  heat  exchanger  units  as  well  as 
the  cost  of  such  units.  Thus,  it  would  be  desirable 

5  to  have  a  heat  exchanger  unit  of  the  fin  type  which 
is  characterised  by  reduced  overall  weight  as  com- 
pared  to  a  comparable  size  prior  art  heat  exchang- 
er  unit  and  which  requires  less  material  for  the  heat 
exchanger  tubing  without  compromising  the 

io  strength  of  the  heat  exchanger  tubing,  particularly 
at  the  return  bend  portions  thereof. 

It  is  also  known  from  US-A-1  479279  and  US-A- 
1938692  to  form  tubing  with  walls  of  enlarged 
thickness  in  regions  where  it  is  intended  to  create 

75  bends  in  the  tubing.  However  these  prior  art  speci- 
fications  do  not  disclose  tubing  formed  with  integral 
fins  and  the  methods  described  for  creating  the 
enlarged  thickness  wall  regions  are  complicated 
involving  swaging  or  forging  operations  on  the  tub- 

20  ing. 
It  is  another  aim  of  the  invention  to  provide  a 

novel  heat  exchanger  of  the  fin  type  characterised 
by  reduced  overall  weight  as  compared  to  a  com- 
parable  size  prior  art  heat  exchanger  unit. 

25  Another  aim  of  the  present  invention  is  to  pro- 
vide  a  heat  exchanger  unit  which  requires  less 
material  than  a  comparable  size  prior  art  heat  ex- 
changer  unit  without  compromising  material 
strength  particularly  in  return  bend  portions. 

30  According  to  one  aspect  of  the  present  inven- 
tion  there  is  provided  a  heat  exchanger  element  as 
claimed  in  claim  1  . 

According  to  another  aspect  of  the  present 
invention  there  are  provided  methods  as  claimed  in 

35  claim  6  and  claim  9  of  forming  a  heat  exchanger 
element  as  claimed  in  claim  1. 

Embodiments  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example,  with  particular  refer- 
ence  to  the  accompanying  drawings,  in  which: 

40  Figure  1  is  a  perspective  schematic  view  of  a 
length  of  heat  exchanger  element  embodying 
the  principles  of  the  present  invention, 
Figure  2  illustrates  a  length  of  extruded  multi- 
port  tubing  used  in  making  the  heat  exchanger 

45  element  of  the  present  invention, 
Figure  2A  is  an  enlarged  perspective  view  of  a 
portion  of  the  extruded  multi-port  tubing  shown 
in  Figure  2, 
Figure  3  illustrates  the  extruded  multi-port  tub- 

50  ing  of  Figure  2  compressed  at  areas  along  its 
longitudinal  length, 
Figure  4  illustrates  the  extruded  multi-port  tub- 
ing  of  Figure  3  provided  with  fins  in  accordance 
with  one  embodiment  of  the  present  invention, 

55  Figure  5  is  a  sectional  view  taken  along  the  line 
5-  5  of  Figure  3, 
Figure  6  is  a  sectional  view  taken  along  the  line 
6-  6  of  Figure  3, 
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Figure  7  is  a  simplified  representation  of  the 
heat  exchanger  element  shown  bent  in  a  ser- 
pentine  pattern  to  form  a  heat  exchanger  unit, 
Figures  8  and  9  are  enlarged  sectional  views 
illustrating  how  different  length  fins  are  pro- 
duced  at  the  heat  exchanger  pass  portions  and 
return  bend  portions,  respectively, 
Figures  10  and  10A  are  diagrammatic  views  of 
apparatus  adapted  for  producing  the  heat  ex- 
changer  elements  including  cutting  fins  on  the 
extruded  multi-port  element  illustrated  in  Figure 
3, 
Figure  11  is  a  fragmentary  view  of  a  portion  of 
the  heat  exchanger  tubing  provided  by  the 
present  invention,  illustrating  the  fins  produced 
in  the  pass  portions  and  return  bend  portions 
thereof, 
Figure  12  is  similar  to  Figure  9  but  illustrates  the 
fins  formed  in  the  return  bend  portions  being  cut 
off, 
Figure  13  illustrates  a  finned  heat  exchanger 
element  for  forming  a  heat  exchanger  unit  pro- 
vided  in  accordance  with  a  second  embodiment 
of  the  invention, 
Figure  14  illustrates  an  extruded  multi-port  tub- 
ing,  prior  to  skiving,  for  use  in  producing  a  heat 
exchanger  unit  in  accordance  with  a  further  em- 
bodiment  of  the  invention, 
Figure  15  is  an  enlarged  sectional  view  of  a 
return  bend  portion  of  the  tubing  of  the  heat 
exchanger  element  of  Figure  14, 
Figure  16  is  a  simplified  representation  of  the 
heat  exchanger  tubing  shown  in  Figure  14,  illus- 
trating  the  relationship  of  the  increased  inner 
wall  areas  of  the  tubing  on  opposite  bends,  and 
Figures  17  and  17A  are  simplified  representa- 
tions  of  apparatus  for  producing  a  heat  exchang- 
er  element  in  accordance  with  a  further  embodi- 
ment  of  the  invention. 

Referring  to  Figures  1  and  2,  there  is  shown  a 
heat  transfer  element  18.  The  heat  exchanger  ele- 
ment  is  shown  as  one  end  portion  of  an  elongate 
tubular  member  19.  The  heat  exchanger  element 
18  embodies,  in  general,  an  elongate  tubular  body 
portion  20  having  elongate  fins  21-26  projecting 
outwardly,  in  rows,  from  elongate  rib  portions  27, 
28  and  29  on  the  upper  surface  30  of  the  tubular 
member  19.  The  rib  portions  27-29  extend  longitu- 
dinally  of  the  tubular  member  19  in  parallel  spaced 
relation  to  one  another.  Similarly,  a  second  plurality 
of  fins  21a-26a  depend  downwardly  from  the  lower 
surface  30a  of  the  tubular  member  19  from  rib 
portions  27a,  28a  and  29a  on  the  lower  surface  30a 
of  the  tubular  member.  The  heat  exchanger  ele- 
ment  18  is  symmetrical  about  a  plane  drawn 
through  its  longitudinal  axis.  Thus,  the  second 
group  of  fins  21a-26a  is  a  mirror  image  of  the  fins 
21-26  formed  on  the  upper  surface  of  the  tubular 

member  19. 
Referring  to  Figures  1,  2  and  2A,  the  heat 

exchanger  element  18  is  preferably  formed  from  a 
suitable  length  of  tubular  stock  shown  in  Figures  2 

5  and  2A,  which  may  be  a  multi-port  extruded  tubular 
member  of  aluminium  or  other  suitable  heat  con- 
ducting  material.  The  tubular  member  19  includes 
three  openings  or  passageways  33,  34  and  35 
which  extend  longitudinally  through  the  tubular 

io  member  19.  The  upper  surface  30  of  the  tubular 
element  19  has  outwardly  projecting  rib  portions 
27,  28  and  29  from  which  the  fins  21-26  are  formed 
by  a  skiving  process  in  a  manner  to  be  described. 
Similarly,  the  lower  surface  30a  of  the  tubular 

is  member  19  has  outwardly  projecting  rib  portions 
27a,  28a  and  29a  from  which  the  fins  21a-26a  are 
formed.  The  shape  of  the  free  end  or  projecting 
portion  of  the  fins  is  determined  by  the  shape  or 
configuration  of  the  rib  portions.  Thus,  the  fins  may 

20  be  straight  edged,  curved  edged,  apertured,  etc., 
as  determined  by  the  configuration  of  the  rib  por- 
tions. 

Finned  heat  exchanger  elements  of  this  type 
are  generally  made  in  substantial  lengths,  such  as 

25  for  example,  30,  40  or  50  foot  (9.1  m,  12.2  m  or 
15.2  m)  lengths.  After  the  fins  have  been  formed, 
the  tubing  is  bent,  typically  in  a  serpentine  pattern 
as  shown  in  Figure  7,  to  provide  a  more  compact 
configuration  for  the  heat  exchanger  unit.  After 

30  bending,  the  heat  exchanger  element  18  defines  a 
heat  exchanger  unit  having  a  plurality  of  parallel 
extending  pass  or  cross  portions  41,  41a,  41b,  etc., 
interconnected  by  return  bend  portions  42,  42a, 
42b,  etc.,  at  opposite  ends. 

35  The  tubular  member  19  used  for  forming  a 
heat  exchanger  unit  has  a  wall  thickness  of  ap- 
proximately  0.020  inch  (0.52  mm)  or  less,  or  about 
0.010  inch  (0.25  mm)  less  than  that  possible  for 
comparable  prior  art  heat  exchanger  units.  This  is 

40  achieved  in  accordance  with  the  invention  by  con- 
trolling  the  matter  in  which  fins  are  cut  in  the  return 
bend  portions  of  the  heat  exchanger  element  in 
such  a  way  as  to  provide  at  return  bend  portions 
an  effective  wall  thickness  of  about  0.030  to  0.035 

45  inch  (0.76  -  0.89  mm)  for  the  heat  exchanger 
element,  the  additional  0.010  to  0.015  inch  (0.25  - 
0.38  mm)  wall  thickness  being  provided  by  the  rib 
material  from  which  the  fins  are  cut.  Thus,  in  for- 
ming  the  heat  exchanger  element  18,  portion  31 

50  and  31a  of  the  upper  and  lower  surfaces  30  and 
30a,  respectively,  of  the  tubular  member  19  are 
compressed  slightly  prior  to  cutting  the  fins.  As 
shown  in  Figures  3  and  4,  fins  21-23  are  longer  in 
vertical  extent  than  fins  24-26  because  rib  portions 

55  from  which  the  fins  24-26  and  24a-26a  are  cut  are 
thinner  due  to  the  compression  of  the  tubular  mem- 
ber  in  return  bend  areas.  These  compressed  sur- 
face  portions  31  and  31a  are  provided  in  the  area 

3 
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of  return  bends  of  the  heat  exchanger  element  18 
and  provide  increased  wall  thickness  in  such  areas 
by  having  a  portion  of  the  rib  material,  about  0.010 
to  0.015  inch  (0.25-0.38  mm)  thick,  pushed  in- 
wardly  on  both  the  upper  and  lower  surfaces  30 
and  30a  of  the  tubing  for  a  length  equal  to  the 
return  bend  lineal  space.  This  results  in  a  residual 
wall  thickness  in  the  return  bend  portion  preferably 
at  least  approximately  0.030  -  0.035  inch  (0.76-0.89 
mm)  in  thickness  which  is  greater  than  the  0.020 
-0.025  inch  (0.51-0.64  mm)  thickness  for  the  pass 
portions  of  the  tubing. 

Referring  to  Figure  5,  the  extruded  multi-port 
member  has  an  upper  wall  portion  51  ,  a  lower  wall 
portion  52,  and  side  walls  53  and  54.  Two  inter- 
mediate  walls  55  and  56  extend  vertically  between 
the  upper  and  lower  wall  portions  51  and  52  and 
divide  the  centre  portion  of  the  tubular  member  into 
three  channels,  defining  the  three  openings  33-35 
through  the  tubular  member.  In  a  typical  embodi- 
ment,  the  thicknesses  "a"  of  the  wall  portions  51- 
56  in  the  extruded  multi-port  tubular  member  19 
are  0.020  inch  (0.51  mm)  and  the  thicknesses  "b" 
of  the  rib  portions  27-29  (and  27a-29a),  prior  to 
skiving,  are  0.065  inch  (1.65mm).  Cutting  lines  49 
and  49a,  represented  by  dashed  lines  in  Figure  5, 
indicate  the  depth  to  which  the  ribs  27-29  and  27a- 
29a  are  cut  to  form  the  fins  21-26  and  21a-26a 
during  the  skiving  process. 

Referring  to  Figures  3  and  6,  in  the  com- 
pressed  portions  31  and  31a,  which  form  the  return 
bend  portions  42,  42a,  42b,  42c  of  the  heat  ex- 
changer  element  18,  the  upper  and  lower  surfaces 
of  the  tubular  member  19  have  been 
"compressed"  into  the  centre  portion  of  the  tubing 
by  an  amount  in  the  order  of  0.010  -  0.015  inch 
(0.25-0.38  mm)  and  preferably  about  0.010  inch 
(0.25  mm)  so  that  the  cutting  lines  49  and  49a  are 
located  outwardly  from  the  centre  of  the  tubular 
member  19  a  distance  so  as  to  define  a  wall 
portion  having  an  effective  thickness  "c"  of  about 
0.030  -  0.035  inch  (0.76-0.87  mm)  and  preferably 
about  0.030  inch  (0.76  mm)  for  the  return  bend 
areas  42,  42a,  42b,  42c  etc.  Compressing  a  portion 
of  the  rib  material  27-29,  27a-29a,  inwardly  from 
both  the  top  and  bottom  surfaces  30  and  30a  of  the 
tubular  member  19  in  the  return  bend  areas  31, 
31a  results  in  slightly  shorter  fins  in  the  return  bend 
area,  as  illustrated  in  Figures  1  and  4.  However, 
this  is  of  no  consequence  because  the  fins  are  not 
effective  in  the  return  bend  areas. 

Tubular  members  having  shapes  other  than 
rectangular  and  having  fewer  or  more  than  three 
openings  extending  longitudinally  therethrough  may 
also  be  provided. 

Referring  now  to  Figures  2,  2A  and  3,  in  mak- 
ing  the  heat  exchanger  element  18,  a  tubular  mem- 
ber,  such  as  tubular  member  19  and  embodying 

the  rib  portions  27-29  and  27a'-29a'  extending  the 
full  length  thereof,  is  first  formed  by  an  extrusion 
process  or  in  any  other  suitable  manner.  The 
length  of  extruded  multi-port  tubular  stock  19,  Fig- 

5  ure  2,  is  then  compressed  for  a  length  equal  to  the 
return  bend  lineal  space  as  at  areas  31  and  31a 
shown  in  Figure  3. 

The  tubular  element  19  is  compressed  at  the 
return  bend  portions  by  a  crimping  apparatus  60, 

io  shown  by  way  of  example  as  part  of  the  skiving 
apparatus  used  to  cut  the  fins  in  the  tubular  mem- 
ber.  The  crimping  apparatus  60,  shown  in  Figure 
10  mounted  on  one  end  of  a  guide  65  for  the 
tubular  member,  includes  a  pair  of  jaws  61  and  62, 

is  shown  in  Figure  10A,  having  centre  channels  61a, 
62a,  shaped  to  receive  the  tubular  member  shown 
in  dashed  lines  in  Figure  10A,  with  its  ribbed  centre 
portion  19'  located  in  the  channels  61a,  62a  and 
with  its  flange-like  side  portions  19"  located  be- 

20  tween  opposing  raised  end  walls  61b,  62b.  The 
jaws  61  and  62  are  driven  toward  one  another,  by  a 
suitable  drive  mechanism  (not  shown),  compress- 
ing  the  portion  of  the  tubular  member  located 
therebetween,  to  define  the  return  bend  portions  of 

25  reduced  outer  diameter  as  shown  in  Figure  6.  The 
operation  of  the  crimping  apparatus  60  is  synch- 
ronised  with  that  of  the  cutting  apparatus  to  form 
the  compressed  areas  on  the  tubing  element  at 
each  of  the  return  bend  areas,  automatically,  as  the 

30  tubing  is  advanced  through  the  guide  65  to  the 
cutting  apparatus. 

After  the  return  bend  portions  42,  42a,  42b, 
42c,  etc.,  have  been  defined  on  the  extruded  multi- 
port  tubular  member  19,  the  fins  21-26,  21a-26a, 

35  are  formed  using  a  skiving  process  by  apparatus 
known  in  the  art. 

Referring  to  Figure  10,  in  making  a  fin  type 
heat  exchanger  thus  far  described,  the  fins  are  cut 
or  gouged  from  the  rib  material  at  opposite  sides  of 

40  the  tubular  member  19  by  apparatus  of  the  type 
known  in  the  art,  and  may  be  similar  to  that  shown, 
for  example,  in  US-A-4,330,913.  However,  the  ap- 
paratus  in  controlled  in  a  manner  to  be  described 
to  provide  the  particular  fin  configuration  and  length 

45  in  the  cross  or  pass  portions  and  in  the  return  bend 
portions. 

Referring  to  Figure  10,  the  apparatus  includes 
two  cutter  bars  63  and  64  each  of  which  is  oper- 
atively  connected  to  a  suitable  mechanism  68  and 

50  69  for  forming  the  fins.  Preferably  the  width  of  the 
cutter  bars  63  and  64  corresponds  to  the  width  of 
the  tubular  member  (Figure  5)  to  enable  fins  to  be 
cut  from  all  three  rib  portions  at  the  same  time. 
However,  each  cutter  bay  may  comprise  three  sep- 

55  arate  cutters,  which  may  be  fixed  or  adjustable,  to 
provide  fins  aligned  in  rows,  or  staggered  relative 
to  one  another.  Also,  a  single  cutter  can  be  used, 
and  moved  sidewise  across  the  lateral  extent  of  the 

4 
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tubular  member  as  well  as  along  its  longitudinal 
extent,  as  is  known  in  the  art.  The  mechanisms  68 
and  69  are  identical  in  construction  except  that 
they  are  mirror  images  of  each  other  and,  there- 
fore,  parts  of  the  mechanism  69  which  are  identical 
to  corresponding  parts  of  mechanism  68  are  in- 
dicated  in  the  drawings  with  the  same  reference 
numerals  as  the  corresponding  parts  of  the  mecha- 
nism  68,  but  with  the  suffix  "a"  added  thereto. 

The  mechanism  68,  Figure  10,  which  operates 
on  the  upper  surface  30  of  the  tubular  member, 
embodies  an  elongate  substantially  rectangular- 
shaped  cutter  slide  70  slidably  mounted  on  the 
bottom  portion  of  a  substantially  inverted  U-shaped 
stationarily  mounted  cutter  guide  71  for  longitudinal 
reciprocation  therethrough.  The  cutter  guide  71  has 
a  plurality  of  pins  72  mounted  on  the  opposite  side 
walls  thereof  and  projecting  into  the  elongate 
grooves  73  formed  in  the  respective  opposite  sides 
of  the  cutter  slide  70  and  extending  the  length 
thereof  for  mounting  the  slide  70  in  the  cutter  guide 
17. 

The  mechanism  68  also  includes  a  substan- 
tially  inverted  U-shaped  cross-head  74  movably 
mounted  therein  for  vertical  reciprocation  relative  to 
the  cutter  slide  70.  The  cross-head  74  embodies 
two  vertically  extending  side  walls,  only  one  of 
which  is  shown  and  given  the  reference  number 
75,  disposed  on  opposite  sides  of  the  slide  70,  the 
side  walls  each  having  cam  slots  77  disposed 
therein,  only  the  cam  slot  77  in  side  wall  75  being 
shown  in  the  drawing.  Pins  78,  only  one  of  which  is 
shown  in  the  drawings,  are  mounted  in  the  op- 
posite  sides  of  the  slide  70  and  project  outwardly 
through  respective  ones  of  the  cam  slots  77  in 
such  position  that  vertical  reciprocation  of  the 
cross-head  74  is  effective  to  reciprocate  slide  70 
longitudinally  through  the  guide  71  by  reason  of 
the  engagement  of  the  pins  78  with  the  side  walls 
of  the  cam  slots  77. 

The  apparatus  further  includes  a  guide  65  for 
the  tubular  member  19  for  longitudinal  movement 
of  the  tubular  member  19  therethrough.  The  guide 
65  is  disposed  in  position  to  effectively  support  the 
tubular  member  19  in  position  for  the  aforemen- 
tioned  cutting  or  gouging  operations  of  the  cutter 
bar  63  on  tubular  member  19. 

The  operational  mechanism  69  is  the  same  as 
that  for  mechanism  68  except  that  mechanism  69 
is  disposed  below  the  tubular  member  19  and 
operates  on  the  lower  surface  30a  thereof. 

In  the  skiving  operation  for  the  embodiment  of 
the  heat  exchanger  element  18  shown  in  Figure  1, 
the  length  of  the  stroke  of  the  cutter  bars  63  and 
64  is  the  same  for  the  fins  21-23,  21a-23a,  in  the 
pass  or  cross  portions,  and  for  the  fins  24-26,  24a- 
26a  in  the  return  bend  portions,  of  the  heat  ex- 
changer  element.  However,  because  the  upper  and 

lower  surfaces  of  the  tubular  element  19  are  com- 
pressed  in  the  regions  31,  31a  which  define  the 
return  bend  portions  in  the  longitudinal  tubular 
member,  slightly  shorter  fins  occur  at  the  reduced 

5  bend  return  areas.  This  is  illustrated  in  Figures  8 
and  9.  Figure  8  illustrates  a  fin  21  cut  from  a  rib  27, 
and  dashed  line  82  defines  the  path  of  travel  of  the 
cutter  bar  in  cutting  the  next  fin  22.  Dashed  line  49 
represents  the  cutting  line.  Figure  9  illustrates  a  fin 

io  24  cut  from  a  compressed  portion  of  rib  27,  and 
dashed  line  82'  defines  the  path  of  travel  of  the 
cutter  bar  in  cutting  the  next  fin  25.  Because  the 
depth  of  rib  material  above  cutting  line  49  is  less 
for  the  compressed  rib  area  (Figure  9)  than  for  the 

is  uncompressed  rib  area  (Figure  8),  the  fins  24,  25 
etc.  are  shorter  than  fins  21,  22  etc.. 

After  the  fins  21-26,  21a-26a  have  been  cut  for 
the  entire  length  of  the  tubular  member,  the  tubular 
member  24  is  bent  in  a  serpentine  fashion  to  form 

20  the  heat  exchanger  unit  as  illustrated  in  Figure  7, 
which  has  an  inlet  18a  and  an  outlet  18b  located  at 
the  same  end  of  the  heat  exchanger  unit  for  con- 
nection  to  a  source  of  coolant. 

Referring  to  Figure  11,  in  one  heat  exchanger 
25  element  18  which  was  constructed,  the  height  of 

the  fins  21-23  (and  21a-23a)  in  the  cross  portions 
of  the  heat  exchanger  element  18  is  0.441  inch 
(11.2  mm)  and  the  height  of  the  fins  24-26  (and 
24a-26a)  in  the  return  bend  areas  is  0.340  inch 

30  (8.64  mm).  The  thickness  of  the  fins  in  the  cross 
portions  and  the  return  bend  portions  is  0.0085 
inch  (0.22  mm).  In  this  embodiment,  wherein  the 
rib  portions  are  0.065  inch  (1  .65  mm)  thick  prior  to 
skiving,  the  length  of  the  stroke  made  by  the  cut- 

35  ting  blades  63  and  64  is  1.169  inches  (29.69  mm) 
at  a  cutting  angle  of  3°  relative  to  the  longitudinal 
axis  of  the  tube.  Each  return  bend  portion  is  three 
inches  (76.4  mm)  in  length  and  contains  forty-eight 
fins,  16  fins  per  inch  (25.4  mm). 

40  Referring  to  Figures  12-13,  there  is  illustrated  a 
simplified  representation  of  a  heat  exchanger  ele- 
ment  18'.  In  this  embodiment,  the  increased  resid- 
ual  thickness  in  the  wall  of  the  return  bend  portions 
is  provided  by  changing  the  depth  of  cut  of  the  fins 

45  24'-26',  24a'-26a'  in  the  area  of  the  return  bends 
relative  to  that  for  fins  21  '-23',  21a'-23a'  in  the 
"cross"  element  areas  during  the  skiving  operation. 
As  illustrated  in  Figure  13,  in  the  return  bend 
portions  31  and  31a,  rib  portions  which  are  of  a 

50  thickness  of  0.065  inch  (1.65  mm)  are  cut  to  a 
depth  0.010  inch  (0.25  mm)  less  than  for  the  rib 
portions  which  are  cut  to  provide  the  fins  at  the 
"cross"  section  areas.  Thus,  for  a  tubular  element 
having  an  inner  wall  thickness  of  about  0.020  - 

55  0.025  inch  (0.51-0.64  mm),  the  effective  wall  thick- 
ness  in  the  return  bend  portions  31  and  31a  is 
about  0.030  -  0.035  inch  (0.76-0.89  mm). 

Referring  to  Figure  12,  because  fins  are  not 

5 
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effective  in  the  return  bend  areas,  the  upper  por- 
tions  of  the  fins  24-26  may  be  cut  off  as  illustrated 
in  Figure  12  using  a  separate  cutting  operation  as 
is  known  in  the  art. 

The  depth  of  cut  is  raised  at  the  return  bend 
portions  at  both  the  upper  and  lower  surfaces  of 
the  tubular  element  19  by  adjusting  the  length  of 
the  cam  stroke  of  the  cutter  bars  63  and  64  of  the 
apparatus  shown  in  Figure  10,  which  can  be  used 
to  form  the  fins  21  '-26'  and  21a'-26a'.  This  is  done, 
for  example,  by  limiting  the  vertical  stroke  of  the 
member  74  or  limiting  the  travel  of  the  cam  78 
shown  in  Figure  10.  For  example,  the  stroke  of  the 
cutter  bar  is  limited  to  the  two  positions  required  to 
cut  the  "cross"  fins  21  '-23',  21a'-23a'  and  the 
return  bend  fins  24'-26',  24a'-26a'.  The  cutting 
apparatus  (Figure  10)  is  programmed  to  sequence 
all  the  return  bend  locations  as  required. 

Alternatively,  the  depth  of  the  cut  provided  in 
the  return  bend  areas  31  and  31a  may  be  adjusted 
by  changing  the  path  of  travel  of  the  cutter  bars  63 
and  64  (Figure  10)  by  controlling  the  hydraulics 
which  drive  the  reciprocating  member  74  up  and 
down.  Thus,  the  stroke  can  be  maintained  constant 
by  moving  the  cutting  assembly  relative  to  the 
tubular  member. 

Referring  to  Figures  14-16,  there  is  shown  a 
further  embodiment  for  an  extruded  multi-heat  ex- 
changer  element  18"  in  which  the  width  of  the 
tubing  at  one  side  thereof  in  the  return  bend  por- 
tion  95  is  increased  alternately  on  the  upper  sur- 
face  91  and  lower  surface  92.  The  thickened  wall 
portion  93  of  the  return  bend  is  located  at  the 
tension  side  94  or  outer  surface  when  the  heat 
exchanger  tubing  is  bent  into  the  serpentine  pattern 
to  form  the  completed  heat  exchanger  unit.  As 
shown  in  Figure  14,  the  upper  surface  91  of  the 
tubular  member  has  return  bend  portion  95  of  an 
increased  thickness,  and  at  the  complementary  re- 
turn  bend  portion  indicated  at  96,  the  lower  surface 
of  the  tube  has  an  increased  wall  thickness.  It  is 
possible  to  provide  the  opposing  side  walls  at 
points  95a  and  96a  with  a  thinner  wall  portion  at 
the  compression  side  of  the  heat  exchanger  tubing 
formed  when  the  tubing  has  been  bent  in  serpen- 
tine  fashion. 

In  the  embodiment  for  the  heat  exchanger  ele- 
ment  18"  shown  in  Figure  14,  the  length  of  the 
stroke  of  the  cutting  bar  is  maintained  constant  as 
the  fins  are  cut,  but  the  cutting  tools  are  raised  to  a 
height  of  about  0.010  -  0.015  inch  (0.25-0.38  mm) 
and  preferably  about  0.010  inch  (0.25  mm)  for 
cutting  fins  in  the  return  bend  areas  95  and  96. 

The  safe  effect  can  be  achieved  by  moving  the 
workpiece  relative  to  the  cutting  tools.  Referring  to 
Figures  17  and  17A,  skiving  apparatus,  similar  to 
that  shown  in  Figure  10,  for  cutting  fins  on  a  length 
of  multiport  tubing  89  includes  a  guide  65  and  a 

pair  of  cutting  tools  63  and  64  which  are  disposed 
on  opposite  sides  of  the  tubing  89.  In  this  embodi- 
ment,  the  cutting  tools  63  and  64  are  driven  toward 
and  away  from  respective  surfaces  91  and  92  of 

5  the  tubing  as  the  tubing  is  advanced  through  the 
guide  65,  the  cutting  tools  63  and  64  being  ad- 
vanced  with  the  length  of  the  cutting  stroke  being 
maintained  constant,  as  the  cutting  tools  are  driven 
between  a  retracted  position  and  an  extended  posi- 

io  tion  whereat  the  tips  of  the  cutting  tools  reach 
respective  cutting  lines  101  and  102.  In  this  em- 
bodiment,  the  workpiece  89  is  moved  up  and  down 
relative  to  the  cutting  tools  63  and  64,  at  the  return 
bend  areas,  such  as  areas  95  and  96  (Figure  17A), 

is  to  cut  deeper  on  one  side  and  more  shallow  on  the 
opposite  side.  For  example,  with  reference  to  Fig- 
ure  17,  in  forming  the  thicker  wall  portion  97  at 
return  bend  96,  the  workpiece  is  positioned  upward 
relative  to  the  cutting  tools  63  and  64  so  that 

20  cutting  tool  63  cuts  deeper  into  the  upper  surface 
91  of  the  tubing  and  cutting  tool  64  cuts  less 
deeply  into  the  lower  surface  92  of  the  tubing.  In 
forming  the  thicker  wall  portion  93  at  return  bend 
95,  the  workpiece  is  positioned  downward  relative 

25  to  the  cutting  tools  63  and  64  so  that  cutting  tool 
63  cuts  less  deeply  into  the  upper  surface  91  of 
the  tubing  and  cutting  tool  64  cuts  more  deeply 
into  the  lower  surface  92  of  the  tubing.  At  a  pass 
portion,  the  workpiece  is  positioned  intermediate 

30  these  two  positions.  Thus,  in  forming  the  fins  at  the 
return  bend  areas,  such  as  areas  95  and  96,  the 
workpiece  is  moved  downwardly,  in  forming  return 
bend  95,  and  upwardly,  in  forming  return  bend  96, 
relative  to  the  cutting  tools  which  continue  to  be 

35  driven,  to  an  extended  position  at  which  their  tips 
reach  the  cutting  lines  101  and  102,  respectively. 
Thus,  a  thicker  wall  portion  93,  and  shorter  fins 
103,  are  produced  at  return  bend  95,  at  the  upper 
surface  91  relative  to  the  lower  surface  92.  Simi- 

40  larly,  at  the  complementary  return  bend  area  96,  a 
thicker  wall  portion  97  and  shorter  fins  103'  are 
produced  at  the  lower  surface  92  relative  to  the 
upper  surface.  By  selection  of  the  tubing  and  the 
amount  of  vertical  movement  of  the  workpiece,  a 

45  heavier  wall,  in  the  order  of  0.030  inch  (0.76  mm) 
can  be  provided  on  the  compression  side  of  the 
bend  with  a  wall  thickness  in  the  order  of  0.020 
inch  (0.52  mm)  on  the  opposite,  tension  side,  for  a 
given  return  bend  area. 

50 
Claims 

1.  A  heat  exchanger  element  comprising  an  elon- 
gate  tubular  member  intended  to  be  bent  at 

55  predetermined  locations  along  its  length  to  de- 
fine  a  plurality  of  pass  portions  (41,  41a-c)  and 
a  plurality  of  integral  return  bend  portions  (42, 
42a-c)  each  interconnecting  a  pair  of  adjacent 

6 
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pass  portions,  said  tubular  member  having  an 
upper  wall  (51),  a  lower  wall  (52)  spaced  from 
and  extending  generally  parallel  to  the  upper 
wall  and  first  and  second  side  walls  (53,  54) 
and  being  provided  with  at  least  one  passage- 
way  (33-35)  extending  therethrough  between 
first  and  second  ends  thereof  and  integral  fins 
(21-26)  cut  by  a  skiving  process  and  longitudi- 
nally  spaced  apart  from  each  other  along  said 
upper  wall  so  as  to  project  outwardly  from  said 
tubular  member  and  having  a  predetermined 
depth  of  cut,  characterised  in  that  said  fins  (21- 
26)  cut  by  said  skiving  process  from  said  up- 
per  wall  are  arranged  in  first  groups  and  sec- 
ond  groups  having  different  depths  of  cut,  said 
first  groups  of  fins  (24-26)  being  provided  at  at 
least  said  predetermined  locations  where  the 
upper  wall  is  intended  to  form  the  outer  wall  of 
the  return  bend  portions,  said  second  groups 
of  fins  (21-23)  being  provided  at  pass  portions 
defining  locations  intermediate  said  predeter- 
mined  locations,  the  depth  of  cut  of  said  skived 
fins  being  such  that  the  thickness  of  at  least 
said  upper  wall  (51)  is  greater  between  the 
bases  of  said  first  groups  of  fins  and  the  inner 
surface(s)  of  said  upper  wall  than  between  the 
bases  of  said  second  groups  of  fins  and  the 
inner  surface(s)  of  said  upper  wall. 

2.  A  heat  exchanger  element  according  to  claim 
1  ,  characterised  in  that  further  integral  fins  are 
cut  by  a  skiving  process  from  said  lower  wall 
and  are  arranged  in  alternately  positioned  third 
and  fourth  groups  of  fins  (21a-26a),  said  third 
groups  of  fins  (24a-26a)  being  provided  at  at 
least  said  predetermined  locations  where  the 
lower  wall  is  intended  to  form  the  outer  wall  of 
the  return  bend  portions. 

3.  A  heat  exchanger  element  according  to  claim 
2,  characterised  in  that  said  first  groups  of  fins 
(24-26)  and  said  third  groups  of  fins  (24a-26a) 
are  provided  at  each  of  said  predetermined 
locations. 

4.  A  heat  exchanger  element  according  to  claim 
1,  characterised  in  that  said  tubular  member 
(19)  defines  a  rib  portion  (27)  on  the  outer 
surface  of  its  upper  wall  (51),  said  fins  (21-26) 
of  said  first  and  second  groups  being  cut  from 
said  rib  portion,  and  the  depth  of  cut  (49)  of 
said  rib  portion  at  said  predetermined  locations 
being  more  shallow  than  the  depth  of  cut  of 
said  rib  portion  at  locations  intermediate  said 
predetermined  locations. 

5.  A  heat  exchanger  element  according  to  claim 
4,  characterised  in  that  the  base  of  the  rib 

portion  (27)  at  said  predetermined  locations  is 
located  beneath  a  fin  cutting  line  (49)  extend- 
ing  through  the  base  of  the  rib  portion  at  said 
locations  intermediate  said  predetermined  lo- 

5  cations  whereby  the  thickness  of  said  upper 
wall  at  said  predetermined  locations  is  in- 
creased  by  an  amount  corresponding  to  the 
thickness  of  the  base  of  said  rib  portion  lo- 
cated  beneath  the  cutting  line  (49). 

10 
6.  A  method  of  forming  a  heat  exchanger  element 

according  to  claim  1,  comprising  the  steps  of 
feeding  an  elongate  extruded  tubular  member 
longitudinally  past  a  cutter  and  reciprocating 

is  the  cutter  forwardly  and  rearwardly  toward  and 
away  from  an  outer  surface  of  the  tubular 
member  at  an  acute  angle  thereto  and  cutting 
into  the  surface  thereof  during  the  forward 
movement  of  the  cutter  in  a  skiving  action, 

20  thereby  to  form  said  integral  fins,  characterised 
in  that  the  travel  of  the  cutter  relative  to  the 
tubular  member  prior  to  at  least  some  of  the 
forward  movements  of  the  cutter  is  varied 
thereby  to  produce  said  first  and  second 

25  groups  of  fins  having  different  depths  of  cut. 

7.  A  method  according  to  claim  6,  characterised 
in  that  said  varying  the  travel  of  the  cutter 
includes  changing  the  length  of  the  stroke  of 

30  the  cutter  in  the  direction  of  the  reciprocation 
prior  to  at  least  some  of  the  forward  move- 
ments  of  the  cutter. 

8.  A  method  according  to  claim  6,  characterised 
35  in  that  said  varying  the  travel  of  the  cutter 

includes  changing  the  height  of  the  path  of 
travel  of  the  cutter  relative  to  the  surface  of  the 
tubular  member  prior  to  at  least  some  of  the 
forward  movements  of  the  cutter. 

40 
9.  A  method  of  forming  a  heat  exchanger  element 

according  to  claim  1,  comprising  the  steps  of 
feeding  an  elongate  extruded  tubular  member 
longitudinally  past  a  cutter,  reciprocating  the 

45  cutter  forwardly  and  rearwardly  toward  and 
away  from  the  outer  surface  of  the  tubular 
member  at  an  acute  angle  thereto  and  cutting 
into  the  surface  thereof  during  the  forward 
movement  of  the  cutter  means  in  a  skiving 

50  action,  thereby  to  form  said  integral  fins, 
characterised  in  that  the  relative  positioning 
between  the  tubular  member  and  the  cutter  is 
varied  during  the  cutting  operation,  thereby  to 
provide  wall  portions  of  different  thickness  for 

55  the  tubular  member  in  a  direction  along  the 
length  of  the  surface  thereof. 

10.  A  method  according  to  claim  9,  characterised 

7 
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in  that  the  cutter  includes  first  and  second 
cutting  tools  positioned  at  opposite  sides  of  the 
tubular  member,  and  in  that  said  varying  of  the 
relative  positioning  between  the  tubular  mem- 
ber  and  the  cutter  includes  positioning  the 
tubular  member  alternately  closer  to  the  first 
cutting  tool  and  to  the  second  cutting  tool  to 
provide  wall  portions  of  different  thickness  al- 
ternately  on  the  opposite  sides  of  the  tubular 
member  along  the  longitudinal  length  thereof. 

Revendicatlons 

1.  Element  pour  echangeur  de  chaleur,  compor- 
tant  un  corps  tubulaire  allonge  destine  a  etre 
cintre  en  des  endroits  predetermines  menages 
sur  sa  longueur  pour  definir  une  pluralite  de 
portions  de  passage  (41,  41a  -  c)  et  une  plura- 
lite  de  portions  cintrees  de  retour  integrees 
(42,  42a  -  c),  chacune  d'elles  reliant  une  paire 
de  portions  de  passage  adjacentes,  ledit  corps 
tubulaire  comprenant  une  paroi  superieure 
(51),  une  paroi  inferieure  (52)  espacee  de  et 
generalement  parallele  a  la  paroi  superieure  et 
des  premiere  et  deuxieme  parois  laterales  (53, 
54)  et  etant  pourvue  d'au  moins  un  passage 
(33  -  35)  qui  le  traverse  entre  ses  premiere  et 
deuxieme  extremites  ainsi  que  d'ailettes  inte- 
grees  (21  -  26)  usinees  par  une  operation  de 
decolletage  et  espacees  longitudinalement 
I'une  de  I'autre  de  long  de  ladite  paroi  supe- 
rieure  de  fagon  a  etre  saillantes  vers  I'exterieur 
a  partir  dudit  corps  tubulaire  et  ayant  une 
profondeur  d'usinage  predetermined,  caracteri- 
se  en  ce  que  lesdites  ailettes  (21  -  26)  usinees 
dans  ladite  paroi  superieure  par  ladite  opera- 
tion  de  decolletage  sont  arrangees  en  des  pre- 
miers  groupes  et  des  deuxiemes  groupes  qui 
presentent  des  profondeurs  d'usinage  differen- 
tes,  lesdits  premiers  groupes  d'ailettes  (24  - 
26)  etant  prevus  dans  au  moins  lesdits  en- 
droits  predetermines  oil  la  paroi  superieure  est 
destinee  a  former  la  paroi  exterieure  des  por- 
tions  cintrees  de  retour,  lesdits  deuxiemes 
groupes  d'ailettes  (21  -  23)  etant  prevus  dans 
les  endroits  definissant  des  portions  de  passa- 
ge  situes  entre  lesdits  endroits  predetermines, 
la  profondeur  d'usinage  desdites  ailettes  usi- 
nees  etant  telle  que  I'epaisseur  d'au  moins 
ladite  paroi  superieure  (51)  est  plus  grande 
entre  les  bases  desdits  premiers  groupes  d'ai- 
lettes  et  la  (les)  surface(s)  interieure(s)  de  ladi- 
te  paroi  superieure  qu'entre  les  bases  desdits 
deuxiemes  groupes  d'ailettes  et  la  (les) 
surface(s)  interieure(s)  de  ladite  paroi  superieu- 
re. 

2.  Element  pour  echangeur  de  chaleur  suivant  la 

revendication  1,  caracterise  en  ce  que  des 
ailettes  integrees  supplementaires  sont  usinees 
dans  ladite  paroi  inferieure  par  une  operation 
de  decolletage  et  sont  arrangees  en  des  troi- 

5  siemes  et  quatriemes  groupes  d'ailettes  dispo- 
ses  en  alternance  (21a  -  26a),  lesdits  troisie- 
mes  groupes  d'ailettes  (24a  -  26a)  etant  prevus 
dans  au  moins  desdits  endroits  predetermines 
ou  la  paroi  inferieure  est  destinee  a  former  la 

io  paroi  exterieure  des  portions  cintrees  de  re- 
tour. 

3.  Element  pour  echangeur  de  chaleur  suivant  la 
revendication  2,  caracterise  en  ce  que  lesdits 

is  premiers  groupes  d'ailettes  (24  -  26)  et  lesdits 
troisiemes  groupes  d'ailettes  (24a  -  26a)  sont 
prevus  dans  chacun  desdits  endroits  predeter- 
mines. 

20  4.  Element  pour  echangeur  de  chaleur  suivant  la 
revendication  1,  caracterise  en  ce  que  ledit 
corps  tubulaire  (19)  definit  une  portion  nervu- 
ree  (27)  sur  la  surface  exterieure  de  sa  paroi 
superieure  (51),  lesdites  ailettes  (21  -  26)  des- 

25  dits  premiers  et  deuxiemes  groupes  etant  usi- 
nees  dans  ladite  portion  nervuree,  et  la  profon- 
deur  d'usinage  (49)  de  ladite  portion  nervuree 
auxdits  endroits  predetermines  etant  moins 
grande  que  la  profondeur  d'usinage  de  ladite 

30  portion  nervuree  aux  endroits  situes  entre  les- 
dits  endroits  predetermines. 

5.  Element  pour  echangeur  de  chaleur  suivant  la 
revendication  4,  caracterise  en  ce  que  la  base 

35  de  la  portion  nervuree  (27)  auxdits  endroits 
predetermines  est  situee  sous  une  ligne  (49) 
d'usinage  des  ailettes  qui  s'etend  a  travers  la 
base  de  la  portion  nervuree  auxdits  endroits 
situes  entre  lesdits  endroits  predetermines, 

40  I'epaisseur  de  ladite  paroi  superieure  auxdits 
endroits  predetermines  etant  de  ce  fait  accrue 
d'une  quantite  correspondant  a  I'epaisseur  de 
la  base  de  ladite  portion  nervuree  situee  en 
dessous  de  la  ligne  d'usinage  (49). 

45 
6.  Procede  pour  fabriquer  un  element  pour 

echangeur  de  chaleur  suivant  la  revendication 
1  ,  dans  lequel  on  fait  passer  un  corps  tubulaire 
allonge  extrude  longitudinalement  devant  un 

50  outillage  de  coupe,  on  deplace  I'outillage  de 
coupe  en  un  mouvement  alterne  de  va-et-vient, 
vers  I'avant  et  vers  I'arriere,  en  direction  d'une 
surface  exterieure  du  corps  tubulaire  sous  un 
angle  aigu  par  rapport  a  celui-ci  et  on  usine 

55  dans  la  surface  de  celui-ci  pendant  le  mouve- 
ment  d'avance  de  I'outillage  de  coupe  en  une 
action  de  decolletage,  pour  former  ainsi  lesdi- 
tes  ailettes  integrees,  caracterise  en  ce  que  le 
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emplacement  de  I'outillage  de  coupe  par  rap- 
port  au  corps  tubulaire  avant  au  moins  certains 
des  mouvements  d'avance  de  I'outillage  de 
coupe  est  modifie  pour  produire  ainsi  lesdits 
premiers  et  deuxiemes  groupes  d'ailettes  pre- 
sentant  des  profondeurs  d'usinage  differentes. 

7.  Procede  suivant  la  revendication  6,  caracterise 
en  ce  que  ladite  modification  du  deplacement 
de  I'outillage  de  coupe  comprend  une  variation 
de  la  longueur  de  la  course  de  I'outillage  de 
coupe  dans  la  direction  du  mouvement  alterne 
avant  au  moins  certains  des  mouvements 
d'avance  de  I'outillage  de  coupe. 

8.  Procede  suivant  la  revendication  6,  caracterise 
en  ce  que  ladite  modification  du  deplacement 
de  I'outillage  de  coupe  comprend  une  variation 
de  la  hauteur  du  chemin  de  deplacement  de 
I'outillage  de  coupe  par  rapport  a  la  surface  du 
corps  tubulaire  avant  au  moins  certains  des 
mouvements  d'avance  de  I'outillage  de  coupe. 

9.  Procede  pour  fabriquer  un  element  pour 
echangeur  de  chaleur  suivant  la  revendication 
1  ,  dans  lequel  on  fait  passer  un  corps  tubulaire 
allonge  extrude  longitudinalement  devant  un 
outillage  de  coupe,  on  deplace  I'outillage  de 
coupe  en  un  mouvement  alterne  de  va-et-vient, 
vers  I'avant  et  vers  I'arriere,  en  direction  de  la 
surface  exterieure  du  corps  tubulaire  sous  un 
angle  aigu  par  rapport  a  celui-ci  et  on  usine 
dans  la  surface  de  celui-ci  pendant  le  mouve- 
ment  d'avance  de  I'outillage  de  coupe  en  une 
action  de  decolletage,  pour  former  ainsi  lesdi- 
tes  ailettes  integrees,  caracterise  en  ce  que  la 
position  relative  entre  le  corps  tubulaire  et  I'ou- 
tillage  de  coupe  est  modifiee  pendant  I'opera- 
tion  d'usinage,  pour  menager  ainsi  des  por- 
tions  de  paroi  d'epaisseurs  differentes  pour  le 
corps  tubulaire  dans  une  direction  orientee  sui- 
vant  la  longueur  de  la  surface  de  celui-ci. 

10.  Procede  suivant  la  revendication  9,  caracterise 
en  ce  que  I'outillage  de  coupe  comprend  des 
premiers  et  des  deuxiemes  outils  de  coupe 
places  de  part  et  d'autre  du  corps  tubulaire,  et 
en  ce  que  ladite  modification  de  la  position 
relative  entre  le  corps  tubulaire  et  I'outillage  de 
coupe  comprend  le  positionnement  du  corps 
tubulaire  en  alternance  plus  pres  du  premier 
outil  de  coupe  et  plus  pres  du  deuxieme  outil 
de  coupe,  pour  menager  des  portions  de  paroi 
d'epaisseurs  differentes  alternativement  sur  les 
cotes  opposes  du  corps  tubulaire  suivant  la 
direction  longitudinale  de  celui-ci. 

Patentanspruche 

1.  Warmeaustauscherelement  bestehend  aus  ei- 
nem  langlichen,  an  vorbestimmten  Stellen  ent- 
lang  seiner  Lange  zur  Bildung  mehrerer  Durch- 

5  gangsteile  (41,  41a-c)  und  mehrerer  damit  ein- 
stuckiger,  jeweils  ein  Paar  nebeneinanderlie- 
gender  Durchgangsteile  verbindender  Umkehr- 
bogen  (42,  42a-c)  umbiegbaren  Rohrglied,  wel- 
ches  eine  Oberwand  (51),  eine  davon  beab- 

io  standete  und  allgemein  parallel  dazu  verlaufen- 
de  Unterwand  (52)  sowie  erste  und  zweite  Sei- 
tenwande  (53,  54)  aufweist  und  mit  mindestens 
einem  zwischen  seinen  ersten  und  zweiten  En- 
den  hindurchlaufenden  Durchgang  (33-35)  und 

is  mit  integrierten,  durch  einen  Abstechvorgang 
geschnittenen  Rippen  (21-26)  versehen  ist,  die 
entlang  besagter  Oberwand  mit  einer  vorbe- 
stimmten  Schnittiefe  langs  so  voneinander  be- 
abstandet  sind,  da/S  sie  von  besagtem  Rohr- 

20  glied  nach  au/Sen  vorstehen,  dadurch  gekenn- 
zeichnet,  da/S  besagte,  durch  diesen  Abstech- 
vorgang  geschnittene  Rippen  (21-26)  in  ersten 
und  zweiten  Gruppen  verschiedener  Schnittiefe 
angeordnet  sind,  wobei  diese  ersten  Rippen- 

25  gruppen  (24-26)  mindestens  an  jenen  vorbe- 
stimmten  Stellen,  wo  die  Oberwand  die  Au/Sen- 
wand  der  Umkehrbogenteile  bilden  soil,  und 
diese  zweiten  Rippengruppen  (21-23)  an  Berei- 
che  zwischen  diesen  vorbestimmten  Stellen 

30  definierenden  Durchgangsteilen  vorgesehen 
sind,  wobei  besagte  abgestochene  Rippen  so 
tief  geschnitten  sind,  da/S  die  Starke  minde- 
stens  jener  Oberwand  (51)  zwischen  den  Wur- 
zeln  jener  ersten  Rippengruppen  und  der  bzw. 

35  den  Innenflache(n)  jener  Oberwand  grosser  als 
zwischen  den  Wurzeln  jener  zweiten  Rippen- 
gruppen  und  der  bzw.  den  Innenflache(n)  jener 
Oberwand  ist. 

40  2.  Warmeaustauscherelement  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da/S  weitere  integrier- 
te  Rippen  durch  einen  Abstechvorgang  aus 
besagter  Unterwand  geschnitten  und  abwech- 
selnd  in  dritten  und  vierten  Rippengruppen 

45  (21a-26a)  angeordnet  sind,  wobei  diese  dritten 
Rippengruppen  (24a-26a)  mindestens  an  jenen 
vorbestimmten  Stellen,  wo  die  Unterwand  die 
Au/Senwand  der  Umkehrbogenteile  bilden  soil, 
vorgesehen  sind. 

50 
3.  Warmeaustauschelement  nach  Anspruch  2, 

dadurch  gekennzeichnet,  da/S  diese  ersten  (24- 
26)  und  dritten  Rippengruppen  (24a-26a)  an 
jeder  der  besagten  vorbestimmten  Stellen  vor- 

55  gesehen  sind. 

4.  Warmeaustauschelement  nach  Anspruch  1, 
dadurch  gekennzeichnet,  da/S  besagtes  Rohr- 
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glied  (19)  ein  Rippenteil  (27)  auf  der  Au/Senfla- 
che  seiner  Oberwand  (51)  begrenzt,  wobei  be- 
sagte  Rippen  (21-26)  jener  ersten  und  zweiten 
Gruppen  aus  diesem  Rippenteil  geschnitten 
werden  und  die  Schnittiefe  (49)  dieses  Ripp- 
enteils  an  besagten  vorbestimmten  Stellen  fla- 
cher  als  die  Schnittiefe  dieses  Rippenteils  an 
Bereichen  zwischen  besagten  vorbestimmten 
Stellen  ist. 

5.  Warmeaustauscherelement  nach  Anspruch  4, 
dadurch  gekennzeichnet,  da/S  die  Wurzel  des 
Rippenteils  (27)  an  besagten  vorbestimmten 
Stellen  unter  einer  Rippenschnittlinie  (49)  liegt, 
die  sich  durch  die  Wurzel  des  Rippenteils  an 
jenen  Bereichen  zwischen  besagten  vorbe- 
stimmten  Stellen  erstreckt,  wodurch  die  Starke 
jener  Oberwand  an  besagten  vorbestimmten 
Stellen  urn  einen  Betrag  vergro/Sert  wird,  wel- 
cher  der  Starke  der  Wurzel  jenes  unter  der 
Schnittlinie  (49)  liegenden  Rippenteils  ent- 
spricht. 

6.  Verfahren  zur  Herstellung  eines  Warmeaustau- 
scherelements  nach  Anspruch  1  ,  bei  dem  man 
stufenweise  ein  langliches  stranggepre/Stes 
Rohrglied  langs  an  einem  Schneidemesser 
vorbeifuhrt  und  das  Schneidemesser  unter  ei- 
nem  spitzen  Winkel  vorwarts  und  ruckwarts  zu 
einer  Au/Senflache  des  Rohrglieds  hin  und  von 
dieser  weg  hin-  und  herbewegt  und  wahrend 
der  Vorwartsbewegung  des  Schneidemessers 
durch  einen  Abstechvorgang  in  die  Rohrober- 
flache  zur  Bildung  besagter  integrierter  Rippen 
einschneidet,  dadurch  gekennzeichnet,  da/S 
man  den  Weg  des  Schneidemessers  bezuglich 
des  Rohrglieds  vor  zumindest  einigen  der  Vor- 
wartsbewegungen  des  Schneidemessers  ver- 
andert,  urn  dadurch  besagte  erste  und  zweite 
Rippengruppen  mit  verschiedenen  Schnittiefen 
herzustellen. 

9.  Verfahren  zur  Herstellung  eines  Warmeaustau- 
scherelements  nach  Anspruch  1  ,  bei  dem  man 
stufenweise  ein  langliches  stranggepre/Stes 
Rohrglied  langs  an  einem  Schneidemesser 

5  vorbeifuhrt  und  das  Schneidemesser  unter  ei- 
nem  spitzen  Winkel  vorwarts  und  ruckwarts  zu 
einer  Au/Senflache  des  Rohrglieds  hin  und  von 
dieser  weg  hin-  und  herbewegt  und  wahrend 
der  Vorwartsbewegung  des  Schneidemessers 

io  durch  einen  Abstechvorgang  in  die  Rohrober- 
flache  zur  Bildung  besagter  integrierter  Rippen 
einschneidet,  dadurch  gekennzeichnet,  da/S 
man  die  relative  Positionierung  des  Rohrglieds 
und  des  Schneidemessers  wahrend  des 

is  Schneidvorgangs  verandert,  urn  dadurch  die 
Wandteile  verschiedener  Starke  fur  das  Rohr- 
glied  in  einer  Richtung  entlang  der  Lange  des- 
sen  Oberflache  zu  erhalten. 

20  10.  Verfahren  nach  Anspruch  9,  dadurch  gekenn- 
zeichnet,  da/S  das  Schneidemesser  erste  und 
zweite,  an  gegenuberliegenden  Seiten  des 
Rohrglieds  angeordnete  Schneidwerkzeuge 
enthalt  und  da/S  besagte  Anderung  der  relati- 

25  ven  Positionierung  des  Rohrglieds  und  des 
Schneidmessers  eine  Positionierung  des  Rohr- 
glieds  abwechselnd  naher  am  ersten  Schneid- 
werkzeug  und  am  zweiten  Schneidwerkzeug 
einschlie/St,  urn  dadurch  Wandteile  unter- 

30  schiedlicher  Starke  abwechselnd  auf  gegen- 
uberliegenden  Seiten  des  Rohrglieds  entlang 
dessen  Lange  zu  erhalten. 

35 

40 

7.  Verfahren  nach  Anspruch  6,  dadurch  gekenn- 
zeichnet,  da/S  besagte  Anderung  des  Schnei- 
demesserwegs  einen  Wechsel  der  Hublange  45 
des  Schneidemessers  in  Richtung  der  Hin- 
und  Herbewegung  vor  zumindest  einigen  der 
Vorwartsbewegungen  des  Schneidemessers 
einschlieCt. 

50 
8.  Verfahren  nach  Anspruch  6,  dadurch  gekenn- 

zeichnet,  da/S  besagte  Anderung  des  Schnei- 
demesserwegs  einen  Wechsel  der  Hohe  der 
Schneidemesserwegstrecke  bezuglich  der 
Oberflache  des  Rohrglieds  vor  zumindest  eini-  55 
gen  der  Vorwartsbewegungen  des  Schneide- 
messers  einschlieCt. 
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