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(54)  Heat  exchanger  and  manufacturing  method. 

(57)  A  heat  exchanger  (10)  of  the  plate  fin  and  tube 
type  and  a  method  for  manufacturing  such  an 
apparatus.  The  heat  exchanger  (10)  has  a  cur- 
ved  face  (11)  as  may  be  required  due  to  the 
dimensional  constraints  of  the  enclosure  hous- 
ing  the  heat  exchanger.  The  heat  exchanger  is 
constructed  with  single  row  plate  fins  (26)  in 
those  portions  of  the  heat  exchanger  that  will 
experience  relative  motion  between  adjacent 
tube  rows  during  bending  of  the  tubes  to 
achieve  the  curved  face.  Multiple  row  plate  fins 
(25)  are  used  in  those  portions  of  the  heat 
exchanger  where  there  will  be  no  relative  mo- 
tion  between  adjacent  tube  rows  during  tube 
bending.  A  locking  member  (24)  affixed  to  one 
tube  row  receives  an  end  of  a  tube  in  an  adja- 
cent  row  that  is  more  inward,  with  respect  to  the 
center  of  curvature,  during  bending  and  sec- 
ures  the  two  tube  rows  together.  The  use  of 
multiple  row  plate  fins  (25)  and  the  locking 
member  (24)  produce  a  strong  and  rigid  assem- 
bly. 

FIG.2 
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Background  of  the  Invention 

This  invention  relates  generally  to  plate  fin  and 
tube  heat  exchangers  and  methods  for  manufacturing 
heat  exchangers  of  that  type.  Specifically,  the  inven- 
tion  relates  to  a  method  of  manufacturing  a  plate  fin 
and  tube  heat  exchanger  that  has  multiple  rows  of 
tubes  and  a  curved  face  as  well  as  the  heat  exchang- 
er  so  manufactured. 

FIGS.  1A,  1B,  and  1C  provide  illustrations  to  as- 
sist  in  defining  terms  used  in  the  text  of  this  disclo- 
sure.  The  figures  show  schematically  arrangements 
of  tubes  and  plate  fins  that  may  be  encountered  in 
plate  fin  and  tube  type  heat  exchangers.  FIG.  1A 
shows  a  number  of  tubes  01  arranged  in  a  single  row 
02  and  passing  through  stacked  fins  03,  each  of 
which  has  a  single  row  of  holes  to  accommodate  the 
single  row  of  tubes.  This  is  the  arrangement  of  tubes 
and  fins  in  a  single  row  tube,  single  row  plate  fin  type 
plate  fin  and  tube  heat  exchanger.  FIG.  1B  depicts  a 
number  of  tubes  01  arranged  in  two  rows  02.  Each  of 
plate  fins  03  has  a  single  row  of  holes  so  that  two 
stacks  of  plate  fins  are  required  for  the  two  rows  of 
tubes.  This  is  the  arrangement  of  tubes  and  fins  in  a 
multiple  row  tube,  single  row  plate  fin  type  plate  fin 
and  tube  heat  exchanger.  FIG.  1C  depicts  a  number 
of  tubes  01  arranged  in  two  rows  02.  Each  multiple 
row  plate  fin  04  has  two  rows  of  holes  to  accommo- 
date  the  two  rows  of  tubes  so  that  only  a  single  stack 
of  plate  fins  is  required  for  the  two  rows  of  tubes.  This 
is  the  arrangement  of  tubes  and  fins  in  a  multiple  row 
tube,  multiple  row  plate  fin  type  of  plate  fin  and  tube 
heat  exchanger. 

In  manufacturing  a  typical  plate  fin  and  tube  heat 
exchanger,  such  as  may  be  used  in  an  airconditioning 
or  refrigeration  system  or  in  an  engine  cooling  system, 
U-shaped  or  hairpin  tubes  are  inserted  into  holes  in 
the  fins  and  tubesheets  until  the  open  ends  of  the 
hairpin  tubes  protrude  beyond  one  of  the  tubesheets. 
The  walls  of  the  tubes  are  then  expanded  radially,  us- 
ing  a  tube  expander,  to  make  firm  contact  between 
the  fins  and  the  tubes  and  tubesheets  to  ensure  good 
heat  transfer  and  structural  strength  and  rigidity.  The 
open  ends  of  the  hairpin  tube  legs  are  also  expanded 
radially  to  a  greater  diameter  than  the  remainder  of 
the  tube  to  form  a  bell  or  socket.  Short  U-tubes,  or  re- 
turn  bends,  nipple  connections  from  a  header  or  a 
combination  of  return  bends  and  header  nipples  are 
then  inserted  into  the  belled  ends  and  secured  by  a 
suitable  process  such  as  welding,  brazing  or  solder- 
ing  to  form  a  closed  fluid  flow  path  or  paths  through 
the  heat  exchanger.  Some  plate  fin  and  tube  heat  ex- 
changers  may  not  use  hairpin  tubes  but  are  com- 
prised  of  single  tubes  each  making  a  single  pass 
through  the  plate  fin  stack.  This  may  be  the  case,  for 
example,  when  it  is  desired  to  have  a  relatively  large 
number  of  separate  flow  paths,  or  circuits,  through 
the  heat  exchanger. 

The  above  process  works  well  in  manufacturing 
heat  exchangers  having  but  a  single  row  of  tubes  or 
heat  exchangers  that  have  flat  faces,  where  the 
finned  region  of  the  tubes  remains  straight  in  the  com- 

5  pleted  heat  exchanger.  Many  heat  exchanger  de- 
signs,  however,  call  for  multiple  rows  of  tubes  in  order 
to  achieve  sufficient  heat  transfer  area,  and  thus  ade- 
quate  heat  transfer  performance,  in  the  heat  ex- 
changer  within  the  constraints  of  overall  size  limita- 

10  tions.  In  addition,  it  is  not  unusual  for  other  design 
considerations  to  call  for  a  heat  exchanger  having 
other  than  a  flat  face.  An  example  of  such  a  consid- 
eration  would  be  where  the  heat  exchanger  must 
have  a  certain  face  area,  to  satisfy  heat  transfer  re- 

15  quirements,  yet  must  fit  inside  an  enclosure  that  does 
not  have  sufficient  room  to  accommodate  a  flat-faced 
heat  exchanger  of  the  requisite  size.  In  such  a  situa- 
tion,  it  is  common  to  configure  the  heat  exchanger 
with  one  or  more  curves  in  its  face  to  reduce  one  or 

20  more  of  its  maximum  dimensions  so  as  to  be  able  to 
fit  into  a  given  enclosure. 

In  plate  fin  and  tube  heat  exchangers  having  mul- 
tiple  rows  of  tubes,  it  is  desirable  that  a  single  plate 
fin  be  configured  to  have  as  many  of  the  rows  of  tubes 

25  laced  through  it  as  possible.  This  configuration  is  de- 
sirable  not  only  for  ease  of  assembly  but  also  because 
using  multiple  row  plate  fins  prevents  relative  motion 
between  the  rows  of  tubes  and  contributes  to  the  rig- 
idity  and  strength  of  the  completed  heat  exchanger. 

30  To  manufacture  a  plate  fin  and  tube  heat  ex- 
changer  having  a  curved  face,  the  tubes  must  be  bent 
into  the  desired  curved  shape.  If  hairpin  tubes  are 
used,  the  hairpin  legs  are  usually  bent  in  the  plane  in 
which  the  hairpin  bend  lies  rather  than  in  a  plane  per- 

35  pendicular  to  the  plane  of  the  bend  so  that  the  bend 
is  not  distorted  and  so  that  the  ends  of  the  hairpins 
remain  even. 

In  a  multiple  tube  row  heat  exchanger  having  a 
curved  face,  the  tubes  in  a  row  on  the  inside  of  the 

40  curve  must  have  a  lesser  radius  of  curvature  than 
those  on  the  outside  in  order  for  the  rows  to  remain 
parallel  after  bending.  As  a  result,  a  point  on  one  tube 
that  is  directly  opposite  a  point  on  an  adjacent  tube  in 
a  different  row  before  bending  will  not  be  opposite 

45  that  same  point  after  bending.  If  a  curved  face  multi- 
ple  tube  row  heat  exchanger  were  to  be  constructed 
by  assembling  multiple  row  fins  on  to  tubes,  then  ex- 
panding  the  tubes  and  thus  fixing  the  fins  to  the 
tubes,  then  bending  the  tubes  to  the  desired  curve, 

so  the  relative  motion  between  points  on  adjacent  tubes 
in  different  rows  would  distort  and  probably  tear  the 
fin  material  along  the  portion  of  the  tubes  that  are 
curved. 

One  method  of  preventing  distortion  of  the  fins  is 
55  to  bend  the  tubes  before  expanding  them.  Before  ex- 

pansion  the  fins  can  be  made  so  that  there  can  be 
slippage  between  the  tubes  and  the  fins,  thus  avoid- 
ing  fin  distortion  and  tearing. 
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However,  the  usual  method  of  expanding  tubes  in 
a  heat  exchanger  is  by  driving  an  expansion  tool 
(known  in  the  industry  as  a  "bullet")  attached  to  the 
end  of  a  rod  through  the  tube.  This  method  is  not  suit- 
able  for  expanding  curved  tubes.  There  are  methods  5 
of  expanding  a  curved  tube,  such  as  by  forcing  a 
round  ball  through  the  curved  tube  by  fluid  pressure, 
but  such  methods  possess  serious  drawbacks  in  time 
required,  equipment  complexity  and  scrap  rates. 

What  is  needed  is  a  method  of  making  a  multiple  10 
tube  row,  curved  face  plate  fin  and  tube  type  heat  ex- 
changer  that  allows  the  use  of  conventional  rod  and 
"bullet"  tube  expansion  machines  and  yet  will  produce 
a  heat  exchanger  with  adequate  rigidity  and  strength. 

15 
Summary  of  the  Invention 

The  present  invention  is  a  method  of  manufactur- 
ing  a  curved  face,  multiple  tube  row  plate  fin  and  tube 
heat  exchanger  and  the  heat  exchanger  so  manufac-  20 
tured. 

In  practicing  the  method,  suitable  plate  fins  and 
either  straight  single  pass  tubes  or  hairpin  tubes  hav- 
ing  straight  legs  are  prepared.  Then  an  end  locking 
member  is  placed  on  a  tube  or  tubes  in  the  row  that  25 
will  be  toward  the  outer  face  of  the  completed  heat  ex- 
changer.  These  tubes  are  longer  than  their  more  in- 
ward  neighbors  because  they  must  bend  through  a 
greater  radius  of  curvature  during  the  bending  step  to 
follow.  Then  the  plate  fins  and  tubes  are  assembled  30 
so  that  single  row  plate  fins  are  located  on  a  certain 
region  or  regions  of  the  tubes  and  multiple  row  plate 
fins  are  located  on  another  region  or  regions  of  the 
tubes.  Single  row  plate  fins  are  located  on  the  tubes 
where  there  will  be  relative  motion  between  points  on  35 
tubes  in  adjacent  tube  rows.  Multiple  row  plate  fins 
are  located  on  the  tube  where  there  will  be  no  relative 
motion  between  points  on  tubes  in  adjacent  tube 
rows.  The  tubes  are  then  expanded  to  produce  a 
close  fit  with  the  fins.  The  finned  tubes  are  then  bent  40 
to  produce  the  desired  curvature  of  the  finished  heat 
exchanger.  As  the  tubes  bend,  the  tubes  in  the  inner 
tube  row  move  relative  to  the  tubes  in  the  outer  tube 
row  and  an  end  or  ends  of  a  tube  in  the  inner  tube  row 
enters  a  receiving  aperture  in  the  locking  member  af-  45 
fixed  to  the  outer  tube  row.  The  locking  member  then 
holds  the  ends  of  tubes  in  the  inner  and  outer  tube 
rows  in  a  fixed  position  relative  to  each  other  and  pre- 
vents  relative  motion  between  the  two  rows.  The  mul- 
tiple  row  plate  fins  as  well  as  the  action  of  the  locking  50 
member  provide  for  increased  rigidity  and  strength  in 
the  finished  heat  exchanger. 

Brief  Description  of  the  Drawings 
55 

The  accompanying  drawings  form  a  part  of  the 
specification.  Throughout  the  drawings,  like  refer- 
ence  numbers  identify  like  elements. 

FIGS.  1A,  1Band  1C  depict  schematically  differ- 
ent  heat  exchanger  tube  and  plate  configurations  to 
illustrate  the  definition  of  certain  terms  used  in  this 
disclosure. 

FIG.  2  is  an  isometric  view  of  a  heat  exchanger 
manufactured  by  the  method  of  the  present  invention. 

FIG.  3  is  a  top  elevation  view  of  a  portion  of  a  heat 
exchanger  at  one  intermediate  stage  of  manufacture. 

FIG.  4  is  an  isometric  view  of  a  portion  of  the  hair- 
pin  bend  end  of  a  heat  exchanger  at  the  same  inter- 
mediate  stage  of  manufacture  illustrated  in  FIG.  3. 

FIG.  5  is  an  isometric  view  of  a  tube  locking  mem- 
ber  used  in  the  heat  exchanger  of  the  present  inven- 
tion. 

FIG.  6  is  a  top  elevation  view  of  a  portion  of  the 
hairpin  bend  end  of  a  completed  heat  exchanger. 

FIG.  7  is  an  isometric  view  of  a  portion  of  the  hair- 
pin  bend  end  of  a  completed  heat  exchanger. 

FIGS.  8  and  9  are  schematic  diagrams  of  another 
heat  exchanger  configuration. 

FIG.  10  is  a  schematic  diagram  of  still  another 
heat  exchanger  configuration. 

FIG.  11  is  a  flow  or  block  diagram  of  the  method 
of  the  invention. 

Description  of  the  Preferred  Embodiment 

Note  that  the  drawings  illustrate  and  the  following 
description  is  of  the  manufacture  of  a  heat  exchanger 
having  hairpin  tubes.  The  method  of  the  invention 
may  also  be  used  to  manufacture  heat  exchangers 
having  single  pass  tubes,  as  one  skilled  in  the  art  will 
easily  comprehend. 

FIG.  2  depicts  an  overall  view  of  a  heat  exchanger 
manufactured  according  to  the  teaching  of  the  pres- 
ent  invention.  The  figure  shows  curved  plate  fin  and 
tube  type  heat  exchanger  1  0  almost  but  not  complete- 
ly  assembled.  Remaining  to  be  done  to  complete  the 
heat  exchanger  is  to  join  return  bends,  header  nipples 
or  a  combination  of  return  bends  and  header  nipples 
to  open  tube  ends  22  to  form  a  complete  closed  fluid 
flow  path  or  paths  through  the  heat  exchanger.  Heat 
exchanger  10  is  of  the  multiple  tube  row  type  having 
outer  face  11  and  inner  face  12.  Heat  exchanger  10 
has  both  single  row  and  multiple  row  plate  fins  on  its 
hairpin  tubes.  Region  13  of  the  heat  exchanger,  which 
lies  between  tubesheet  23  and  the  beginning  of  the 
curved  portion  of  the  heat  exchanger  faces  contains 
multiple  row  fins.  The  remainder  of  the  finned  portion 
of  the  heat  exchanger,  region  14,  has  single  row  plate 
fins.  Locking  members  24  are  located  at  hairpin 
bends  21  of  the  heat  exchanger. 

FIGS.  3  and  4  show  respectively  a  top  elevation 
view  and  an  isometric  view  of  portions  of  a  multiple 
tube  row  heat  exchanger  at  a  intermediate  stage,  be- 
fore  the  tubes  are  bent  to  the  desired  curvature,  of 
manufacture.  Because  it  is  usually  desired  that,  after 
bending  the  face  of  the  heat  exchanger,  the  hairpin 
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ends  of  the  tubes  in  both  rows  be  even  and  because 
the  radius  of  curvature  of  the  bends  in  the  tubes  in  the 
outer  row  must  be  greaterthan  the  bends  in  the  tubes 
in  the  inner  row,  the  hairpin  tubes  in  the  outer  row 
must  be  longer  than  the  tubes  in  the  inner  row.  Thus, 
at  this  stage,  hairpin  tube  210,  being  longer,  extends 
beyond  hairpin  tube  211.  In  assembling  the  compo- 
nents  of  the  heat  exchanger,  locking  member  24  is 
first  place  on  the  hairpin  bend  end  of  tube  210.  Then, 
a  separate  stack  of  single  row  plate  fins  26  are  located 
on  each  of  tubes  210  and  211  in  region  14,  which  en- 
compasses  the  portion  of  the  face  of  the  heat  ex- 
changer  from  the  hairpin  bend  end,  through  the  por- 
tion  of  the  face  in  which  there  is  relative  motion  be- 
tween  points  on  tubes  in  the  outer  row  and  points  on 
tubes  in  the  inner  row  during  the  tube  bending  proc- 
ess  to  the  location  on  the  face  where  region  13,  in 
which  there  is  no  relative  movement  between  the 
tubes  during  bending,  begins.  Then,  in  region  13,  a 
single  stack  of  multiple  row  plate  fins  25  are  located 
on  the  two  tube  rows. 

FIG.  5  shows  locking  member  24  in  detail.  Mem- 
ber  24  has  holes  31  through  which  the  legs  of  tube 
210  are  inserted  during  assembly.  Holes  31  are  sized 
such  that  tubes  may  be  easily  inserted  during  assem- 
bly  but  allow  for  firm  contact  between  the  tubes  and 
member  24  when  the  tubes  are  expanded.  Locking 
member  24  also  has  receiver  slot  32,  the  function  of 
which  will  be  described  below. 

After  locking  members  and  plate  fins  have  been 
assembled  on  to  the  tubes,  and  while  the  tube  legs 
are  straight,  the  tubes  are  expanded,  so  that  there  is 
firm  contact  between  locking  members  and  tubes  and 
plate  fins  and  tubes. 

After  tube  expansion,  the  tubes  are  bent  so  that 
the  face  of  the  heat  exchanger  takes  on  the  desired 
curvature. 

FIGS.  6  and  7  show  respectively  a  top  elevation 
view  and  an  isometric  view  of  portions  of  a  multiple 
tube  row  heat  exchanger  after  the  tubes  are  bent  to 
the  desired  curvature.  The  hairpin  bend  ends  of  tubes 
210  and  211  are  now  even.  Due  to  relative  motion  be- 
tween  the  tubes  during  bending,  the  hairpin  bend  end 
of  tube  211  has  entered  receiver  slot  32  (FIG.  5)  in 
locking  member  24.  Locking  member  24  now  serves 
to  maintain  the  inner  and  outer  tube  rows  of  heat  ex- 
changer  10  fixed  with  respect  to  each  other  and  thus 
contributes  to  the  strength  and  rigidity  of  the  finished 
heat  exchanger. 

Note  that,  although  single  rowf  ins  are  used  in  re- 
gion  14  of  heat  exchanger  10  (FIG.  2),  the  drawing 
shows  face  11  to  be  straight  for  a  significant  portion 
of  its  length  in  that  region.  Nonetheless,  single  row 
fins  must  be  used  throughout  region  14,  because 
there  will  be  relative  motion  between  points  on  adja- 
cent  tube  rows  throughout  that  region,  even  the  por- 
tion  that  remains  straight  after  the  bending  operation. 

After  bending,  the  assembly  of  the  heat  exchang- 

er  is  completed  by  joining  return  bends  and/or  header 
nipples  to  the  ends  of  the  hairpin  legs  to  form  closed 
fluid  flow  paths  through  the  heat  exchanger. 

The  heat  exchanger  depicted  in  FIG.  2  and  de- 
5  scribed  above  has  a  configuration  like  the  letter  "J"  or 

"L"  with  a  single  curve  in  its  face.  Other  heat  exchang- 
er  configurations,  having  more  than  one  curve  in  a 
face  are  possible.  FIGS.  8  and  9  depict  schematically 
heat  exchanger  50,  before  and  after  bending.  Heat 

10  exchanger  50  has  a  "C"  or  "U"  shaped  face.  Multiple 
row  plate  fins  may  be  used  in  that  portion  53  of  the 
heat  exchanger  in  which  there  is  no  relative  motion 
between  points  on  adjacent  tube  rows  during  bend- 
ing.  Single  row  plate  fins  are  used  in  those  portions 

15  54  of  the  heat  exchanger  where  there  is  relative  mo- 
tion  during  bending.  Locking  members  64  may  be 
used  at  both  ends  of  the  heat  exchanger. 

A  heat  exchanger  having  more  than  two  tube 
rows  is  also  possible.  FIG.  10  depicts  schematically 

20  another  heat  exchanger  70,  having  three  rows  of 
tubes,  after  bending.  Where  there  is  relative  motion 
between  tube  rows  when  bending,  in  portion  74,  sin- 
gle  row  plate  fins  are  used.  Where  there  is  no  relative 
motion  when  bending,  in  portion  73,  multiple  row  plate 

25  fins  can  be  used.  A  suitable  locking  member  81,  or 
members,  fix  the  ends  of  hairpin  tubes  81  with  re- 
spect  to  each  other  after  bending. 

FIG.  11  shows  the  method  of  the  invention  in  a 
flow  or  block  diagram.  In  the  step  indicated  in  block 

30  101,  the  tubes  for  the  heat  exchanger  are  prepared 
for  assembly  by  cutting  to  the  required  length  and,  if 
necessary,  bending  into  a  hairpin  shape.  In  the  step 
at  block  102,  the  plate  fins  are  prepared  by  suitable 
processes  such  as  stamping  and  cutting.  Both  single 

35  row  and  multiple  row  plate  fins  are  prepared.  In  the 
step  at  103,  one  or  more  locking  members  are  instal- 
led  atone  end  e.g.,  in  a  heat  exchangerthat  uses  hair- 
pin  tubes,  at  or  near  the  hairpin  end.  At  block  104,  the 
plate  fins  are  stacked  in  preparation  for  lacing  the 

40  tubes  through  them.  A  tubesheet  may  also  be  pre- 
pared  and  positioned  so  that  it  will  support  the  tubes 
at  the  end  of  the  heat  exchanger  that  is  opposite  the 
end  that  will  have  the  locking  member  or  members. 
At  block  105,  the  tubes  and  plate  fins  are  assembled 

45  together  by  lacing  the  tubes  through  the  plate  fins. 
The  lacing  is  done  so  that  single  row  plate  fins  cover 
the  portions  of  the  tubes  on  tube  rows  where  there 
will  be  relative  motion  between  points  on  adjacent 
tube  rows  during  a  subsequent  bending  step.  Multiple 

so  row  plate  fins  cover  the  portions  of  the  tubes  in  all 
tube  rows  where  there  will  be  no  relative  motion  be- 
tween  points  on  adjacent  tube  rows  during  bending. 
At  block  106,  the  tubes  laced  into  the  plate  fin  stacks 
are  expanded  radially  using  a  suitable  expander  so 

55  that  firm  mechanical  contact  is  made  between  the 
tubes  and  the  locking  member(s)  and  between  the 
tubes  and  the  plate  fins  and,  if  one  is  used,  the  tube- 
sheet.  This  step  may  also  include  forming  belled  ends 
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on  some  or  all  of  the  tubes.  At  block  107,  the  face  of 
the  heat  exchanger  is  bent  to  the  desired  curvature. 
During  this  step,  an  end  of  a  given  tube  row  will  move 
with  respect  to  its  neighbor,  and  tube  ends  in  an  inner 
row  can  be  made  to  engage  with  the  locking  mem-  5 
ber(s)  installed  in  the  step  described  at  block  103.  In 
the  step  described  in  block  108,  the  return  bends, 
header  nipples  or  a  combination  of  return  bends  and 
header  nipples  are  joined  to  the  tube  ends  to  form  one 
or  more  closed  fluid  flow  paths  through  the  heat  ex-  10 
changer.  At  the  completion  of  the  work  indicated  at 
block  108,  the  heat  exchanger  is  completed  and 
ready  for  installation  in,  for  example,  an  air  condition- 
ing  system. 

15 

Claims 

1  .  A  method  of  manufacturing  a  heat  exchanger  (1  0) 
of  the  plate  fin  and  tube  type,  said  heatexchang-  20 
er  having 

a  curved  face  (11), 
multiple  rows  of  tubes  (21),  with  each  said 

row  having  an  end, 
a  region  in  which  single  row  plate  fins  (26)  25 

cover  said  tubes  and 
a  region  in  which  multiple  row  plate  fins 

(25)  cover  said  tubes, 
comprising  the  steps  of: 

assembling  said  tubes  and  plate  fins  so  30 
that 

single  row  plate  fins  cover  those 
portions  of  said  tubes  where,  during  a  subse- 
quent  bending  step,  points  on  one  said  tube  row 
will  move  relative  to  points  on  an  adjacent  tube  35 
row  and 

multiple  row  plate  fins  cover  those 
portions  of  said  tubes  where,  during  a  subse- 
quent  bending  step,  points  on  one  said  tube  row 
will  not  move  relative  to  points  on  an  adjacent  40 
tube  row; 

placing  a  row  locking  member  (24) 
on  a  tube  (21)  in  a  first  row  of  tubes,  said  locking 
member  having  a  tube  receiver  (32),  at  a  prede- 
termined  distance  from  said  end;  45 

expanding  said  tubes;  and 
bending  said  tubes  to  form  the  desired 

curve  of  said  curved  face  heat  exchanger  and, 
while  bending  said  tube  rows,  engaging  a  tube  in 
a  second  row  of  tubes  in  said  tube  receiver.  50 

2.  A  heat  exchanger  of  the  plate  fin  and  tube  type 
manufactured  according  to  the  method  of  claim  1  . 

3.  A  heat  exchanger  of  the  plate  fin  and  tube  type,  55 
said  heat  exchanger  having 

a  face  that  has 
a  curved  portion  and 

at  least  one  straight  portion  and 
multiple  rows  of  tubes, 

comprising: 
single  row  plate  fins  covering  at  least  that 

portion  of  said  tube  rows  that  are  curved; 
multiple  row  plate  fins  covering  at  least 

one  portion  of  said  tubes  that  are  straight;  and 
a  locking  member  affixed  to  a  tube,  by  ex- 

pansion  of  said  tube,  in  a  first  tube  rowand  having 
a  receiver  that  slideably  engages  an  expanded 
tube  in  an  adjacent  tube  row. 

4.  The  heat  exchanger  of  claim  3  in  which  said  re- 
ceiver  of  said  locking  member  slideably  engages 
at  least  one  paid  of  said  expanded  tubes  in  said 
adjacent  tube  row. 
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