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Description 

BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  an  improvement  of 
a  multi-stage  thermosiphon  heat  exchanger  for  use  in  a 
liquefying  plant  wherein  a  fluid  to  be  cooled  is  subjected 
to  precooling  for  liquefaction,  and  more  particularly  to  a 
space-saving  type  and  plate  fin  built-in  type  multi-stage 
thermosiphon  heat  exchanger  which  permits  reduction 
in  the  number  of  pipes  for  a  fluid  to  be  cooled  and  for  a 
refrigerant  and  thereby  permits  reduction  in  size  of  the 
apparatus. 

Description  of  the  Related  Art 

In  a  natural  gas  liquefying  plant  for  liquefying  a  fluid 
to  be  cooled,  e.g.  natural  gas,  there  is  disposed  a  multi- 
stage  thermosiphon  for  precooling  the  natural  gas  to  ef- 
fect  liquefaction.  As  such  multi-stage  thermosiphons 
there  are  known  one  using  a  plate  fin  type  heat  exchang- 
er  50  which  will  be  described  later  in  connection  with 
Fig.  7  and  one  using  a  shell  and  tube  type  heat  exchang- 
er  in  which  a  plurality  of  heat  exchanging  tubes  are  dis- 
posed  in  parallel. 

Description  is  now  directed  to  the  construction  of 
the  typical  plate  fin  type  heat  exchanger  50,  which  is 
illustrated  as  a  perspective  view  of  its  principal  portion 
in  Fig.  5.  As  shown  in  the  same  figure,  plural  plate  fins 
51  formed  in  a  corrugated  shape  and  flat  plates  52  are 
laminated  in  an  alternate  manner,  and  between  the  flat 
plates  52  there  are  formed  to-be-cooled  fluid  flow  paths 
53  and  refrigerant  circulation  paths  54  in  an  alternately 
manner.  A  fluid  to  be  cooled  is  allowed  to  flow  in  a  di- 
rection  same  as  or  opposite  to  a  circulating  direction  of 
a  refrigerant.  In  the  plate  fin  type  heat  exchanger  50,  as 
shown  in  Fig.  6  which  is  a  partially  cut-away  perspective 
view  of  the  heat  exchanger,  a  plurality  of  corrugated 
plate  fins  51  are  disposed  between  the  to-be-cooled  flu- 
id  flow  paths  53  in  a  direction  orthogonal  to  the  flow 
paths.  Further,  partition  plates  55  are  disposed  at  pre- 
determined  intervals  to  define  a  plurality  of  independent 
groups  of  refrigerant  circulation  paths  54,  and  the  refrig- 
erant  is  allowed  to  circulate  in  a  direction  orthogonal  to 
the  flowing  direction  of  the  fluid  to  be  cooled. 

Examples  of  multi-stage  thermosiphons  will  now  be 
described  with  reference  to  Figs.  7  and  8,  in  which  the 
same  reference  numerals  as  above  are  used  with  re- 
spect  to  the  construction  of  a  plate  fin  type  heat  ex- 
changer  used  therein.  Fig.  7  is  a  schematic  diagram  of 
a  plate  fin  heat  exchanger  built-in  type  multi-stage  ther- 
mosiphon  according  to  a  first  prior  art  example,  in  which 
refrigerant  tanks  are  externally  provided.  More  specifi- 
cally,  the  reference  numeral  50  in  the  same  figure  de- 
notes  a  plate  fin  type  heat  exchanger.  In  the  heat  ex- 
changer  50,  a  plurality  of  independent  refrigerant  circu- 

lation  paths  54  formed  between  to-be-cooled  fluid  paths 
53  are  partitioned  by  partition  plates  disposed  in  a  di- 
rection  orthogonal  to  the  fluid  paths  53,  though  not 
shown.  Refrigerant  supply  pipes  62  and  refrigerant  re- 

5  turn  pipes  63  are  in  communication  with  the  refrigerant 
circulation  paths  54  from  three  refrigerant  tanks  61  each 
provided  with  a  refrigerant  supply  port  61  a  for  the  supply 
of,  for  example,  liquid  propane  gas  (hereinafter  referred 
to  as  the  "refrigerant")  and  also  provided  with  a  refriger- 

10  ant  return  port  61b  for  return  of  the  refrigerant  which  is 
in  a  gaseous  or  gas-liquid  state.  Under  this  construction, 
while  natural  gas  (hereinafter  referred  to  as  the  "fluid  to 
be  cooled"  or  "to-be-cooled  fluid")  flows  through  the  to- 
be-cooled  fluid  flow  paths  53  in  the  plate  fin  type  heat 

is  exchanger  50,  it  is  precooled  by  the  refrigerant  which  is 
circulated  in  the  refrigerant  circulation  paths  from  the  re- 
frigerant  tanks  61  through  the  refrigerant  supply  pipes 
62,  then  flows  out  and  is  fed  to  the  next  cooling  process 
(not  shown).  The  refrigerant  in  each  refrigerant  tank  61 

20  absorbs  heat  from  the  to-be-cooled  fluid,  vaporizes  par- 
tially,  and  the  vaporized  refrigerant  is  sucked  from  a  re- 
frigerant  suction  port  61  d,  while  the  remaining  refriger- 
ant  again  stays  as  liquid  within  the  refrigerant  tank  61  . 
As  to  replenishment  of  the  refrigerant  into  the  tank  61  , 

25  it  is  performed  through  a  refrigerant  replenishing  port 
61c. 

Fig.  8  shows  the  construction  of  a  shell  and  tube 
heat  exchanger  type  thermosiphon  according  to  a  sec- 
ond  example  of  the  prior  art,  in  which  a  refrigerant  tank 

30  71  is  disposed  horizontally.  Though  not  shown,  a  plural- 
ity  of  refrigerant  tanks  71  are  connected  in  series 
through  a  to-be-cooled  fluid  pipe  72  to  constitute  a  multi- 
stage  thermosiphon.  Within  each  refrigerant  tank  71  is 
disposed  a  tube  bundle  70  having  a  to-be-cooled  fluid 

35  flow  path  comprising  a  plurality  of  bent  tubes  which  are 
in  communication  with  both  an  inlet  port  71  a  formed  on 
one  end  side  for  the  admission  of  natural  gas  as  the  fluid 
to  be  cooled  and  an  outlet  port  71  b  formed  on  an  oppo- 
site  end  side  for  the  discharge  of  the  natural  gas  after 

40  precooling.  The  tube  bundle  70  is  immersed  in  a  refrig- 
erant  which  has  been  introduced  from  a  refrigerant  sup- 
ply  port  70c.  Therefore,  the  fluid  to  be  cooled  flowing 
into  the  tank  through  the  inlet  port  71a  is  cooled  while 
passing  through  the  to-be-cooled  fluid  flow  path,  then 

45  passes  through  the  fluid  pipe  72  connected  to  the  outlet 
port  71  b  and  flows  into  the  thermosiphon  located  on  the 
downstream  side,  in  which  the  fluid  is  again  precooled. 
The  thus-precooled  fluid  which  has  flowed  out  from  the 
outlet  port  71  b  of  the  thermosiphon  located  as  the  last- 

so  stage  siphon  on  the  downstream  side  is  fed  to  the  next 
cooling  process. 

In  the  plate  fin  heat  exchanger  type  multi-phase 
thermosiphon  according  to  the  first  prior  art  example  de- 
scribed  above,  the  refrigerant  tanks  and  the  plate  fin 

55  type  heat  exchanger  are  arranged  separately. 
Consequently,  it  is  necessary  to  provide  refrigerant  sup- 
ply  pipes  and  return  pipes  for  the  circulation  of  the  re- 
frigerant  between  the  refrigerant  tanks  and  the  heat  ex- 

25 

30 

35 

40 

45 

50 

2 



3 EP  0  607  006  B1 4 

changer,  thus  inevitably  resulting  in  increase  in  the  size 
of  such  a  multi-stage  thermosiphon.  Further,  the  pres- 
sure  of  the  refrigerant  becomes  low  due  to  pressure  loss 
in  such  pipes,  so  that  the  boiling  point  of  the  refrigerant 
rises  and  the  cooling  performance  of  the  multi-stage 
thermosiphon  is  deteriorated.  For  ensuring  a  predeter- 
mined  cooling  performance,  therefore,  it  is  required  to 
increase  the  size  of  the  multi-stage  thermosiphon.  This 
problem  remains  to  be  solved. 

In  the  shell  and  tube  heat  exchanger  type  thermosi- 
phon  according  to  the  second  example  of  the  prior  art 
described  above,  since  the  flow  path  of  the  fluid  to  be 
cooled  is  formed  within  each  refrigerant  tank,  it  is  not 
necessary  to  use  such  refrigerant  supply  pipes  and  re- 
turn  pipes  as  in  the  first  prior  art  example.  However,  the 
shell  and  tube  type  heat  exchanger  is  inferior  in  the  heat 
exchange  performance  to  the  plate  fin  type  heat  ex- 
changer.  In  addition,  it  is  necessary  to  use  a  pipe  for  the 
flow  of  fluid  to  be  cooled  from  an  upstream-side  refrig- 
erant  tank  to  a  downstream-side  tank.  Thus,  like  the  first 
conventional  example,  an  increase  in  the  size  of  the 
multi-stage  thermosiphon  is  unavoidable.  Further,  since 
the  fluid  to  be  cooled  undergoes  a  phase  change,  that 
is,  it  is  condensed  into  a  two-phase  flow,  it  is  necessary 
that  the  two-phase  flow  of  the  fluid  flowing  from  an  up- 
stream-side  refrigerant  tank  to  a  downstream-side  tank 
through  the  to-be-cooled  fluid  pipe  be  flowed  in  a  uni- 
formly  distributed  state  through  the  downstream-side 
thermosiphon.  However,  such  uniform  distribution  of  the 
two-phase  flow  is  extremely  difficult  and  so  there  is  a 
fear  of  deterioration  in  the  cooling  performance  of  the 
multi-stage  thermosiphon.  This  problem  also  remains  to 
be  solved. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  aims  to  solve  the  above-men- 
tioned  problems. 

According  to  the  present  invention  there  is  provided 
a  multistage  thermosiphon  heat  exchanger  including: 

a  cooling  cylinder  having  on  one  end  side  thereof 
an  inlet  port  for  the  admission  of  a  fluid  to  be  cooled 
and  on  an  opposite  end  side  thereof  an  outlet  port 
for  the  discharge  of  the  fluid,  the  interior  of  said  cool- 
ing  cylinder  being  partitioned  by  partition  walls  dis- 
posed  between  said  inlet  port  and  said  outlet  port 
to  form  a  plurality  of  independent  refrigerant  tanks 
each  having  a  refrigerant  supply  port  and  a  refrig- 
erant  suction  port;  and 
a  plate  fin  type  heat  exchanger  disposed  within  said 
cooling  cylinder  and  extending  through  said  parti- 
tion  walls  and  across  said  refrigerant  tanks,  each 
partition  wall  being  hermetically  sealed  to  said  heat 
exchanger  where  it  passes  through  said  partition 
wall,  said  heat  exchanger  having  a  fluid  flow  path 
for  allowing  the  fluid  to  be  cooled  to  flow  from  said 
inlet  port  to  said  outlet  port  and  also  having  refrig- 

erant  circulation  paths  for  circulating  a  refrigerant 
inside  said  refrigerant  tanks. 

The  present  invention  is  based  on  the  idea  that 
if  such  a  long  plate  fin  type  heat  exchanger  as  in  the 

5  first  prior  art  example  described  above  is  disposed 
within  a  cooling  cylinder  having  a  plurality  of  refrig- 
erant  tanks,  not  only  it  becomes  unnecessary  to 
provide  refrigerant  supply  and  return  pipes  or  fluid 
pipes  for  stage-to-stage  connection,  but  also  be- 

10  comes  no  longer  necessary  to  perform  uniform  dis- 
tribution  of  a  two-phase  flow,  thus  making  it  possible 
to  reduce  the  size  of  the  multi-stage  thermosiphon. 

Typically  the  plurality  of  independent  refrigerant 
is  tanks  are  arranged  either  vertically  or  horizontally. 

In  the  multi-stage  thermosiphon  heat  exchangers  of 
the  present  invention,  a  plate  fin  type  heat  exchanger 
extends  within  the  cooling  cylinder  through  partition 
walls  (via  hermetic  seals)  which  partition  the  interior  of 

20  the  cylinder  into  plural  refrigerant  tanks.  Therefore,  like 
the  first  conventional  example,  it  is  not  necessary  to  pro- 
vide  a  pipe  for  the  flow  of  fluid  to  be  cooled  from  an  up- 
stream-side  refrigerant  tank  to  a  downstream-side  tank, 
nor  is  it  necessary  to  provide  refrigerant  supply  pipes 

25  and  return  pipes  for  communication  between  the  refrig- 
erant  tanks  and  the  refrigerant  circulation  path  in  the 
heat  exchanger.  Further,  since  the  to-be-cooled  fluid 
flow  path  in  the  heat  exchanger  is  in  communication  with 
both  the  inlet  and  outlet  ports  for  the  fluid  to  be  cooled 

30  of  the  cooling  cylinder,  a  two-phase  flow  of  the  fluid  to 
be  cooled  is  sure  to  be  distributed  uniformly. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

35  Fig.  1  is  a  schematic  sectional  view  of  a  built-in  type 
multi-stage  thermosiphon  plate  fin  heat  exchanger 
according  to  an  embodiment  of  the  present  inven- 
tion; 
Figs.  2(a)  and  2(b)  are  enlarged  detail  views  of  a 

40  portion  indicated  at  A  in  Fig.  1  ; 
Fig.  3  is  an  enlarged  detail  view  of  a  portion  indicat- 
ed  at  B  in  Fig.  1  ; 
Fig.  4  is  a  schematic  sectional  view  of  a  built-in  type 
multi-stage  thermosiphon  plate  fin  heat  exchanger 

45  according  to  another  embodiment  of  the  present  in- 
vention; 
Fig.  5  is  a  perspective  view  of  a  principal  portion  of 
a  known  plate  fin  type  heat  exchanger; 
Fig.  6  is  a  partially  cut-away  perspective  view  there- 

50  of; 
Fig.  7  is  a  schematic  diagram  of  a  built-in  type  multi- 
stage  thermosiphon  plate  fin  heat  exchanger  ac- 
cording  to  a  first  prior  art  example;  and 
Fig.  8  is  an  explanatory  construction  diagram  of  a 

55  built-in  type  multi-stage  thermosiphon  shell  and 
tube  heat  exchanger  according  to  a  second  prior  art 
example. 
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DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

Plate  fin  heat  exchanger  built-in  type  multi-stage 
thermosiphons  embodying  the  present  invention  will  be  s 
described  hereinunder  with  reference  to  Figs.  1  to  4  at- 
tached  hereto.  Since  the  constructions  of  the  plate  fin 
type  heat  exchangers  used  in  the  following  embodi- 
ments  are  similar  to  that  of  the  plate  fin  type  heat  ex- 
changer  described  above  in  the  prior  art  examples,  the  10 
components  common  to  both  will  be  indicated  and  out- 
lined  using  the  same  reference  numerals  as  in  the  prior 
art  examples. 

Fig.  1  is  a  schematic  sectional  view  of  a  plate  fin 
heat  exchanger  built-in  type  thermosiphon  according  to  15 
an  embodiment  of  the  present  invention,  Figs.  2(a)  and 
2(b)  are  enlarged  detail  views  of  a  portion  A  in  Fig.  1, 
and  Fig.  3  is  an  enlarged  detail  view  of  a  portion  B  in 
Fig.  1  .  In  Fig.  1  ,  the  reference  numeral  1  denotes  a  cool- 
ing  cylinder  which  is  long  vertically.  The  cooling  cylinder  20 
1  is  provided  at  the  upper  end  thereof  with  an  inlet  port 
1a  for  the  admission  of  a  fluid  to  be  cooled  and  at  the 
lower  end  thereof  with  an  outlet  port  1  b  for  discharge  of 
the  fluid.  Between  the  inlet  port  1a  and  the  outlet  port 
1  b  are  disposed  two  partition  walls  1c,  1  c  to  define  three  25 
refrigerant  tanks  2,  2,  2.  These  tanks  are  each  provided 
with  a  refrigerant  supply  port  2a  and  a  refrigerant  suction 
port  2b. 

Within  the  cooling  cylinder  1  is  disposed  a  plate  fin 
type  heat  exchanger  50  having  the  same  construction  30 
as  that  referred  to  above  in  connection  with  the  prior  art. 
In  the  heat  exchanger  50,  which  extends  through  the 
partition  walls  1c,  1c  hermetically  sealably  in  such  a 
state  as  will  be  described  later,  flow  paths  53  of  a  fluid 
to  be  cooled  are  in  communication  with  the  inlet  port  1  a  35 
and  outlet  port  1b  through  bent  pipes  1d.  These  bent 
pipes  each  have  a  bent  portion  in  which  the  pipe  is  de- 
formed.  More  specifically,  the  cooling  cylinder  1  and  the 
partition  walls  1c  are  made  of  carbon  steel,  while  the 
plate  fin  type  heat  exchanger  50  is  formed  of  an  alumi-  40 
num  alloy,  and  thus  there  is  a  great  difference  in  thermal 
expansion  between  the  two.  For  this  reason,  the  multi- 
stage  thermosiphon  must  have  a  construction  which 
permits  absorption  of  such  difference  in  thermal  expan- 
sion.  To  this  end,  the  bent  pipes  1dare  used.  Refrigerant  45 
circulation  paths  54  in  the  plate  fin  type  heat  exchanger 
50  are  partitioned  in  three  with  partition  plates  (not 
shown)  disposed  in  corresponding  positions  through  the 
partition  plates  1c,  1c.  Therefore,  the  refrigerant,  indi- 
cated  at  C,  which  has  been  supplied  from  the  refrigerant  so 
supply  ports  2a  and  is  staying  in  the  refrigerant  tanks  2, 
absorbs  heat  from  the  fluid  to  be  cooled  in  the  refrigerant 
circulation  paths  54,  thereby  vaporizes  partially,  and  the 
vaporized  refrigerant  is  sucked  from  the  refrigerant  suc- 
tion  ports  2b,  while  the  remaining  refrigerant  stays  again  55 
as  liquid  within  the  tanks  2.  The  fluid  to  be  cooled  which 
has  entered  from  the  inlet  port  1a  and  is  flowing  toward 
the  outlet  port  1  b  is  cooled  while  flowing  through  the  flow 

paths  53  by  the  refrigerant  thus  circulating  through  the 
refrigerant  circulation  paths. 

On  the  other  hand,  also  between  the  plate  fin  type 
heat  exchanger  50  and  the  partition  walls  1c  it  is  re- 
quired  to  absorb  the  difference  in  thermal  expansion. 
Means  for  absorbing  such  thermal  expansion  difference 
will  be  understood  well  by  reference  to  Figs.  2(a),  2(b) 
and  3.  More  specifically,  as  shown  in  Fig.  2(a),  a  through 
hole  of  a  large  diameter  is  formed  in  one  partition  wall 
1c,  while  a  through  hole  of  a  small  diameter  is  formed 
in  the  other  partition  wall  1c,  then  collar-like  flanges  3, 
3  of  large  and  small  diameters,  respectively,  are  provid- 
ed  on  the  outer  periphery  of  the  heat  exchanger  50.  A 
bellows  ring  4  is  interposed  between  one  flange  3  and 
the  associated  partition  wall  1c  and  the  contact  portion 
between  the  bellows  ring  4  and  the  flange,  as  well  as 
the  contact  portion  between  the  bellows  ring  4  and  the 
partition  wall  1c,  are  fusion-welded.  Alternatively,  as 
shown  in  Fig.  2(b),  the  lower  portion  of  a  bellows  ring  4 
is  fusion-welded  to  the  partition  wall  1  c,  while  the  upper 
portion  thereof  is  fusion-welded  to  the  outer  peripheral 
surface  of  a  sub-flange  3a  wh  ich  is  clamped  to  the  flange 
3  with  bolt  6  and  nut  7  through  a  packing  5,  and  the  nut 
7  and  the  sub-flange  3a  are  fusion-welded  to  each  other 
in  order  to  ensure  hermetic  seal.  As  to  the  other  flange 
3,  it  is  clamped  to  the  partition  wall  1c  with  bolt  6  and 
nut  7  through  a  sheet  packing  5  put  on  the  flange  sur- 
face,  and  the  head  portion  of  the  bolt  6  and  the  partition 
wall  1  c  are  fusion-welded  together  for  ensuring  hermetic 
seal. 

Such  clamping  work  for  the  flange  3  and  the  parti- 
tion  wall  1c  is  performed  by  inserting  a  clamping  tool 
such  as  a  spanner  or  the  like  into  the  cooling  cylinder  1 
through  a  manhole  (not  shown)  formed  in  the  cooling 
cylinder,  or  by  a  worker  who  has  entered  the  cylinder  1  . 
The  reason  why  through  holes  of  different  inside  diam- 
eters  are  formed  in  the  partition  walls  1c,  1c  is  because 
of  consideration  given  to  mounting  of  the  plate  fin  heat 
exchanger  50  to  the  cooling  cylinder  1  .  Further,  in  a  cer- 
tain  particular  length  of  the  cooling  cylinder  1  and  in  or- 
der  to  facilitate  the  assembling  of  the  heat  exchanger 
50,  etc.,  there  may  be  adopted  a  construction  wherein 
both  end  plates  le  are  made  detachable,  while  the  cool- 
ing  cylinder  1  is  divided  and  then  coupled  using  flanges. 

Thus,  the  bellows  ring  4  is  used  for  absorbing  the 
difference  in  thermal  expansion  between  the  cooling  cyl- 
inder  1  and  the  plate  fin  type  heat  exchanger  50.  How- 
ever,  without  using  such  thermal  expansion  difference 
absorbing  means,  there  may  be  adopted  a  construction 
wherein  a  seal  ring  is  provided  between  the  inner  pe- 
ripheral  surface  of  the  through  hole  formed  in  a  partition 
wall  1c  and  the  outer  peripheral  surface  of  the  associ- 
ated  flange  3  to  effect  a  hermetically  sealable  sliding 
contact,  or  a  construction  wherein  the  cooling  cylinder 
1  is  divided  at  its  longitudinal  center  and  then  coupled 
integrally  through  a  bellows  pipe  of  a  large  diameter,  or 
a  construction  wherein  the  partition  wall  1c  is  made  as 
thin  as  possible  so  as  to  permit  an  elastic  deformation 

4 
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of  the  partition  wall  itself.  The  difference  in  thermal  ex- 
pansion  can  be  absorbed  by  any  of  these  means. 

The  following  description  is  now  provided  about  the 
operation  of  the  plate  fin  heat  exchanger  built-in  type 
multi-stage  thermosiphon  constructed  as  above.  The 
fluid  to  be  cooled  flows  into  the  cooling  cylinder  1 
through  the  inlet  port  1  a  formed  at  the  upper  end  of  the 
cylinder,  then  passes  through  the  bent  pipe  1  d  and  flows 
into  the  to-be-cooled  fluid  flow  path  53  in  the  plate  fin 
type  heat  exchanger  50.  On  the  other  hand,  the  refrig- 
erant  C,  which  has  been  poured  into  each  refrigerant 
tank  2,  is  circulating  while  partially  vaporizing  from  be- 
low  to  above  through  the  refrigerant  circulation  path  54. 
Consequently,  the  fluid  which  has  entered  the  flow  path 
53  is  cooled,  passes  through  the  bent  pipe  1  d  and  flows 
out  from  the  outlet  port  1  b  formed  at  the  lower  end  of 
the  cylinder. 

According  to  the  plate  fin  heat  exchanger  built-in 
type  multi-stage  thermosiphon  of  the  above  embodi- 
ment,  as  described  above,  the  plate  fin  type  heat  ex- 
changer  50  extends  within  the  cooling  cylinder  1  her- 
metically  sealably  through  the  partition  walls  1c,  1c 
which  partition  the  cooling  cylinder  into  three  refrigerant 
tanks  2.  Therefore,  unlike  the  foregoing  first  convention- 
al  example,  it  is  not  required  to  provide  refrigerant  sup- 
ply  and  return  pipes  for  the  circulation  of  refrigerant  be- 
tween  each  refrigerant  tank  and  the  refrigerant  circula- 
tion  path  54  in  the  heat  exchanger  50.  Further,  unlike 
the  foregoing  second  conventional  example,  it  is  no 
longer  necessary  to  provide  a  pipe  for  the  flow  of  the 
fluid  to  be  cooled  from  an  upstream-side  refrigerant  tank 
to  a  downstream-side  refrigerant  tank.  Thus,  since  var- 
ious  pipes  can  be  omitted,  the  reduction  in  size  of  the 
multi-stage  thermosiphon  can  be  attained  and  it  is  pos- 
sible  to  greatly  reduce  the  mounting  space  for  the  ther- 
mosiphon.  Moreover,  unlike  the  second  prior  art  exam- 
ple,  it  is  not  necessary  to  give  consideration  to  uniform 
distribution  of  a  two-phase  flow  and  it  is  possible  to  pre- 
vent  the  rise  in  boiling  point  of  the  refrigerant  which  is 
caused  by  pressure  loss,  so  there  is  no  fear  of  deterio- 
ration  in  the  cooling  performance  of  the  multi-stage  ther- 
mosiphon.  Additionally,  as  shown  in  Fig.  1,  if  a  droplet 
removing  function  is  imparted  to  each  refrigerant  tank  2 
by  providing  a  droplet  removing  device  D  at  the  gaseous 
refrigerant  outlet  portion  of  each  refrigerant  suction  port 
2b,  it  becomes  unnecessary  to  use  a  gas-liquid  separa- 
tor  which  is  for  preventing  the  entry  of  droplets  into  a 
compressor,  thus  greatly  contributing  to  the  simplifica- 
tion  of  the  liquefying  plant. 

The  multi-stage  thermosiphon  described  above  is 
of  an  opposite  flow  type  wherein  the  flowing  direction  of 
the  fluid  to  be  cooled  and  the  circulating  direction  of  the 
refrigerant  are  opposite  to  each  other.  The  technical 
idea  of  the  present  invention  is  also  applicable  to  a  par- 
allel  flowtype  multi-stage  thermosiphon  wherein  an  inlet 
port  1  a  for  the  fluid  to  be  cooled  is  provided  at  the  lower 
end  of  the  cooling  cylinder  1  ,  while  an  outlet  port  1  b  for 
the  fluid  after  cooling  is  provided  at  the  upper  end  of  the 

cylinder,  and  the  flowing  direction  of  the  fluid  to  be 
cooled  and  the  circulating  direction  of  the  refrigerant  are 
parallel  with  each  other. 

A  plate  fin  heat  exchanger  built-in  type  multi-stage 
5  thermosiphon  according  to  another  embodiment  of  the 

present  invention  will  now  be  described  with  reference 
to  Fig.  4.  As  will  be  seen  well  from  the  same  figure,  the 
construction  of  the  multi-stage  thermosiphon  according 
to  this  embodiment  is  different  from  that  of  the  previous 

10  embodiment  in  that  the  cooling  cylinder  1  is  disposed 
horizontally  and  that  refrigerant  circulation  paths  54  in 
the  plate  fin  type  heat  exchanger  50  are  different  as  will 
be  described  below. 

According  to  the  construction  of  the  refrigerant  cir- 
15  culation  paths  54  in  this  embodiment,  as  shown  in  the 

partially  cut-away  perspective  view  of  Fig.  6  already  re- 
ferred  to  in  connection  with  the  prior  art,  a  plurality  of 
corrugated  plate  fins  51  are  arranged  between  flow 
paths  53  of  the  fluid  to  be  cooled  so  as  to  be  orthogonal 

20  to  these  flow  paths,  whereby  the  refrigerant  is  circulated 
in  a  direction  orthogonal  to  the  flowing  direction  of  the 
fluid  to  be  cooled. 

Of  course,  the  difference  in  thermal  expansion  be- 
tween  the  cooling  cylinder  1  and  the  plate  fin  type  heat 

25  exchanger  50  is  absorbed  by  the  same  thermal  expan- 
sion  difference  absorbing  means  as  that  used  in  the  pre- 
vious  embodiment. 

Therefore,  the  fluid  to  be  cooled  which  enters  the 
cooling  cylinder  1  through  the  inlet  port  1  a  of  the  cylinder 

30  is  cooled  while  flowing  through  the  to-be-cooled  fluid 
flow  path  53  in  the  plate  fin  type  heat  exchanger  50,  then 
flows  out  from  the  outlet  port  1  b.  That  is,  the  fluid  to  be 
cooled  is  cooled  by  the  circulation  of  the  refrigerant 
which  flows  from  below  to  above  through  the  refrigerant 

35  circulation  paths  54  orthogonal  to  the  flow  paths  53  and 
returns  into  the  refrigerant  tanks  2.  Also  in  this  embod- 
iment  there  are  attained  the  same  effects  as  in  the  pre- 
vious  embodiment  because  it  is  not  necessary  to  pro- 
vide  refrigerant  supply  and  return  pipes  and  pipes  for 

40  the  flow  of  the  fluid  from  upstream-  to  downstream-side 
refrigerant  tank. 

Although  multi-stage  thermosiphons  each  having 
three  refrigerant  tanks  have  been  described  above, 
these  are  mere  embodiments  of  the  present  invention 

45  and  hence  the  scope  of  the  technical  idea  of  the  inven- 
tion  is  by  no  means  limited  thereby.  Further,  changes  in 
design,  etc.  may  be  made  within  the  scope  not  departing 
from  the  technical  idea  of  the  present  invention. 

According  to  the  plate  fin  heat  exchanger  built-in 
so  type  multi-stage  thermosiphon  in  the  first  to  third  as- 

pects  of  the  present  invention,  as  set  forth  hereinabove, 
there  is  used  a  cooling  cylinder  having  a  plurality  of  in- 
dependent  refrigerant  tanks  formed  by  partition  walls 
disposed  between  inlet  and  outlet  ports  of  fluid  to  be 

55  cooled  within  the  cooling  cylinder,  and  a  plate  fin  type 
heat  exchanger  extends  hermetically  sealably  through 
those  partition  walls.  Consequently,  it  is  no  longer  nec- 
essary  to  use  refrigerant  supply  and  return  pipes  and 
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pipes  for  the  fluid  to  be  cooled  which  have  been  essen- 
tial  to  the  conventional  multi-stage  thermosiphons.  As  a 
result,  the  rise  in  boiling  point  of  the  refrigerant  which  is 
caused  by  pressure  loss  is  prevented,  there  is  no  fear 
of  non-uniform  distribution  of  a  two-phase  flow,  and  it  s 
becomes  possible  to  attain  the  reduction  in  size  of  the 
multi-stage  thermosiphon,  thus  greatly  contributing  to 
the  improvement  in  the  cooling  performance  of  the  ther- 
mosiphon  and  to  the  reduction  in  the  mounting  space 
thereof.  10 

Claims 

1.  A  multi-stage  thermosiphon  heat  exchanger  includ-  15 
ing: 

2.  A  multi-stage  thermosiphon  heat  exchanger  ac- 
cording  to  claim  1  ,  wherein  said  plurality  of  refriger- 
ant  tanks  (2)  are  arranged  vertically. 

3.  A  multi-stage  thermosiphon  heat  exchanger  ac- 
cording  to  claim  1  ,  wherein  said  plurality  of  refriger- 
ant  tanks  (2)  are  arranged  horizontally. 

des  Fluids,  wobei  das  Innere  des  Kuhlzylinders 
(1)  mittels  zwischen  dem  EinlaBanschluB  (1a) 
und  dem  AuslaBanschluB  (1b)  angeordneter 
Trennwande  (1c)  unterteilt  ist,  urn  eine  Mehr- 
zahl  unabhangiger  Kaltemittelbehalter  (2)  zu 
bilden,  die  jeweils  einen  Kaltemittelzufuhran- 
schluB  (2a)  und  einen  Kaltemittelabsaugan- 
schluB  (2b)  haben,  und 
einem  im  Kuhlzylinder  (1)  angeordneten,  sich 
durch  die  Trennwande  (1c)  und  iiber  die  Kalte- 
mittelbehalter  (2)  erstreckenden  Platten-  und 
Rippenwarmetauscher  (50),  wobei  jede  Trenn- 
wand  (1c)  hermetisch  an  dem  Warmetauscher 
(50)  abgedichtet  ist,  wo  dieser  die  Trennwand 
(1c)  durchdringt,  und  wobei  der  Warmetau- 
scher  einen  Stromungspfad  (53),  der  es  dem 
zu  kuhlenden  Fluid  ermoglicht,  vom  EinlaBan- 
schluB  (1a)  zum  AuslaBanschluB  (1b)  zu  flie- 
Ben,  und  Kaltemittel-Zirkulationspfade  (54)  zur 
Zirkulation  eines  Kaltemittels  in  den  Kaltemit- 
telbehaltern  (2)  hat. 

2.  Mehrstufiger  Thermosiphon-Warmetauscher  nach 
Anspruch  1  ,  wobei  die  Mehrzahl  Kaltemittelbehalter 
(2)  vertikal  angeordnet  ist. 

3.  Mehrstufiger  Thermosiphon-Warmetauscher  nach 
Anspruch  1  ,  wobei  die  Mehrzahl  Kaltemittelbehalter 
(2)  horizontal  angeordnet  ist. 

Revendications 

1.  Echangeur  de  chaleur  a  thermosiphon  a  plusieurs 
etages,  comprenant  : 

un  cylindre  de  refroidissement  (1  )  ayant  sur  un 
premier  cote  d'extremite  de  celui-ci  un  orifice 
d'entree  (1a)  pour  I'admission  d'un  fluide  de- 
vant  etre  refroidi,  et  sur  un  cote  d'extremite  op- 
pose  de  celui-ci  un  orifice  de  sortie  (1b)  pour 
I'evacuation  du  fluide,  I'interieur  dudit  cylindre 
de  refroidissement  (1)  etant  cloisonne  par  des 
parois  de  cloisonnement  (1c)  disposees  entre 
ledit  orifice  d'entree  (1  a)  et  ledit  orifice  de  sortie 
(1  b)  de  maniere  a  former  une  pluralite  de  reser- 
voirs  de  refrigerant  independants  (2)  ayant  cha- 
cun  un  orifice  d'amenee  de  refrigerant  (2a)  et 
un  orifice  d'aspiration  de  refrigerant  (2b)  ;  et 
un  echangeur  de  chaleur  de  type  a  plaques  a 
ailettes  (50)  dispose  a  I'interieur  dudit  cylindre 
de  refroidissement  (1)  et  s'etendant  a  travers 
lesdites  parois  de  cloisonnement  (1  c)  et  au  tra- 
vers  desdits  reservoirs  de  refrigerant  (2),  cha- 
que  paroi  de  cloisonnement  (1c)  etant  herme- 
tiquement  etanche  au  dit  echangeur  de  chaleur 
(50)  lorsque  celui-ci  passe  a  travers  ladite  paroi 
de  cloisonnement  (1c),  ledit  echangeur  de  cha- 

50 
Patentanspriiche 

1.  Mehrstufiger  Thermosiphon-Warmetauscher,  mit 

einem  Kuhlzylinder  (1)  mit  einem  endseitigen  55 
EinlaBanschluB  (la)  zum  EinlaB  von  zu  kuhlen- 
dem  Fluid  und  einem  AuslaBanschluB  (1b)  an 
einer  gegenuberliegenden  Seite  zur  Abgabe 

a  cooling  cylinder  (1)  having  on  one  end  side 
thereof  an  inlet  port  (1a)  for  the  admission  of  a 
fluid  to  be  cooled  and  on  an  opposite  end  side  20 
thereof  an  outlet  port  (1b)  for  the  discharge  of 
the  fluid,  the  interior  of  said  cooling  cylinder  (1  ) 
being  partitioned  by  partition  walls  (1c)  dis- 
posed  between  said  inlet  port  (1a)  and  said  out- 
let  port  (1b)  to  form  a  plurality  of  independent  25 
refrigerant  tanks  (2)  each  having  a  refrigerant 
supply  port  (2a)  and  a  refrigerant  suction  port 
(2b);  and 
a  plate  fin  type  heat  exchanger  (50)  disposed 
within  said  cooling  cylinder  (1)  and  extending  30 
through  said  partition  walls  (1  c)  and  across  said 
refrigerant  tanks  (2),  each  partition  wall  (1c)  be- 
ing  hermetically  sealed  to  said  heat  exchanger 
(50)  where  it  passes  through  said  partition  wall 
(1c),  said  heat  exchanger  (50)  having  a  fluid  35 
flow  path  (53)  for  allowing  the  fluid  to  be  cooled 
to  flow  from  said  inlet  port  (1a)  to  said  outlet 
port  (1  b)  and  also  having  refrigerant  circulation 
paths  (54)  for  circulating  a  refrigerant  inside 
said  refrigerant  tanks  (2).  40 
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leur  (50)  ayant  un  trajet  d'ecoulement  de  fluide 
(53)  permettant  au  fluide  devant  etre  refroidi  de 
s'ecouler  dudit  orifice  d'entree  (1  a)  au  dit  orifice 
de  sortie  (1b),  et  ayant  egalement  des  trajets 
de  circulation  de  refrigerant  (54)  pour  faire  cir-  s 
culer  un  refrigerant  a  I'interieur  desdits  reser- 
voirs  de  refrigerant  (2). 

2.  Echangeur  de  chaleur  a  thermosiphon  a  plusieurs 
etages  selon  la  revendication  1  ,  dans  lequel  ladite  10 
pluralite  de  reservoirs  de  refrigerant  (2)  sont  dispo- 
ses  verticalement. 

3.  Echangeur  de  chaleur  a  thermosiphon  a  plusieurs 
etages  selon  la  revendication  1  ,  dans  lequel  ladite  15 
pluralite  de  reservoirs  de  refrigerant  (2)  sont  dispo- 
ses  horizontalement. 
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