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Description 

This  invention  relates  to  a  panel  type  heat 
exchanger  of  the  kind  where  the  fluid  to  be  heated 
flows  from  an  inlet  header  to  an  outlet  header 
internally  through  the  panel  and  receives  heat  from 
a  second  fluid  which  flows  over  the  external  sur- 
face  of  the  panel.  Such  panels  are  usually  con- 
structed  with  separate  internal  flow  passages  ar- 
ranged  side  by  side.  These  individual  identical  flow 
passages  are  fed  from  a  common  inlet  header  and 
they  feed  a  common  outlet  header. 

This  invention  is  concerned  in  particular  with  a 
panel  type  heat  exchanger  in  which  sea  water  is 
the  heating  medium  and  the  fluid,  which  is  required 
to  be  heated,  is  liquified  natural  gas  LNG.  Liquified 
natural  gas,  LNG,  on  being  sufficiently  heated, 
evaporates  to  natural  gas,  NG,  in  gaseous  form. 

A  known  heat  exchanger  panel,  used  for  this 
purpose  is  shown  in  Figure  12,  where  the  panel  1 
is  made  up  of  a  plurality  of  fluid  flow  passages 
arranged  side  by  side  and  fed  from  a  common  inlet 
header  2  supplied  with  LNG,  and  the  array  of 
passages  feeding  a  common  outlet  header  4  from 
which  NG  in  gaseous  form  is  extracted.  Sea  water 
is  employed  as  the  heating  medium  and  is  sprayed 
from  troughs  3  over  the  external  walls  of  the  panel 
1  ,  over  which  walls  the  sea  water  flows  under  the 
influence  of  gravity.  In  each  of  the  identical  internal 
flow  passages  of  such  a  panel,  internal  flow  is 
unidirectional  and  only  the  thickness  of  a  single 
external  panel  wall  separates  the  internal  fluid  from 
the  heating  medium  which  flows  over  the  external 
wall.  If  then  there  is  any  irregularity  in  the  flow  of 
the  sea  water  over  the  outer  surface  of  the  panel 
there  is  a  risk  of  local  icing  and  hence  a  risk  of 
non-uniformity  of  the  internal  flow  in  the  various 
passages  making  up  the  panel.  Such  non-uniform- 
ity  may  lead  to  unwanted  thermal  stress  but  in  any 
event  leads  to  inefficiency. 

Although  some  attempts  have  been  made  to 
ameliorate  these  disadvantages,  for  example  by 
using  indirect  heating  methods,  this  has  resulted  in 
loss  of  efficiency  and  no  optimum  arrangement  has 
yet  been  found.  And  yet  the  panel  type  heat  ex- 
changer  with  sea  water  employed  as  heating  me- 
dium  and  flowing  over  the  outer  surfaces  of  the 
panel,  has  obvious  attractions  due  to  the  simplicity 
of  construction  and  installation  which  it  involves. 

Accordingly  it  is  an  object  of  the  present  inven- 
tion  to  provide  an  improved  panel  type  heat  ex- 
changer,  using  an  external  flow  of  sea  water  over 
the  panel  as  heating  means,  the  new  heat  ex- 
changer  having  simplicity  of  construction  and  in- 
stallation  allied  with  efficiency  in  operation. 

Broadly  stated  the  present  invention  is  con- 
cerned  with  a  panel  type  heat  exchanger  which, 
instead  of  employing  a  construction  where  there  is 

unidirectional  flow  in  the  identical  individual  internal 
flow  passages  of  the  panel,  employs  bi-directional 
flow  of  the  internal  fluid,  by  using  a  construction, 
for  each  of  the  identical  individual  internal  passage- 

5  ways  which  make  up  the  panel,  in  which  a  tube 
which  leads  from  an  inlet  header  holding  LNG,  is 
inserted  in  and  surrounded  by  a  second  tube  lead- 
ing  to  an  outlet  header  from  which  NG  in  gaseous 
form  can  be  extracted.  In  such  a  construction,  the 

io  fluid  flows  in  one  direction  through  the  inner  in- 
serted  tube  and  then  enters  and  flows  in  the  op- 
posite  or  reverse  direction  through  the  second  sur- 
rounding  tube.  The  fluid  flowing  in  the  second 
surrounding  tube  is  then  in  direct  contact  with  the 

75  outer  surface  of  the  inner  inserted  tube,  the  fluid 
becoming  heated  as  it  flows,  the  heat  being  de- 
rived  from  sea  water  flowing  over  the  external 
surface  of  the  panel  in  contact  with  the  outer  wall 
of  the  second  surrounding  tube. 

20  By  this  measure  the  fluid  in  the  inner  tube  fed 
from  the  inlet  header  is  colder  than  the  counter- 
flowing  fluid  in  the  outer  tube  feeding  the  outlet 
header.  Indeed  the  fluid  flowing  in  the  outer  tube 
insulates  from  the  heat  source,  the  fluid  flowing  in 

25  the  inner  tube. 
A  heat  exchanger  of  this  general  type  and 

employing  such  bi-directional  flow  in  inner  and 
outer  tubes,  where  surfaces  exposed  to  internal 
flow  of  fluid  at  low  temperature  are  insulated  from  a 

30  heating  fluid  flowing  externally  of  the  bi-directional 
flow  system,  has  been  proposed  previously  in  US- 
A-2  273  257.  However  in  this  proposal  steam  is 
employed  as  the  heating  medium  and  the  inner 
and  outer  heat  exchange  tube  assemblies  have  to 

35  be  disposed  within  a  steam  containing  shell.  This 
proposal  represents  additional  complications  as 
against  the  simple  sea  water  heated  system  pro- 
posed  according  to  the  present  invention. 

However,  according  to  a  further  feature  of  the 
40  aforementioned  prior  proposal  of  US-A-2  273  257, 

the  heat  exchanger  is  so  constructed  that  the  fluid, 
in  a  condition  when  it  has  already  been  partially 
heated,  then  moves  into  a  chamber  where  it  is  in 
heat  exchange  contact  with  conduit  means  convey- 

45  ing  liquid  fluid  in  a  very  cold  phase.  And  this 
occurs  in  a  region  where  the  heating  medium  is  not 
present  to  provide  a  countervailing  heating  effect 
which  might  offset  the  strong  cooling  effect.  Thus 
the  construction  of  this  known  heat  exchanger  has 

50  the  characteristic  that  the  fluid,  instead  of  being 
progressively  heated  throughout  its  flow  through 
the  heat  exchange  passage,  is  first  heated  then, 
just  as  it  is  about  to  be  discharged,  strongly  cool- 
ed.  This  leads  to  inefficiency  and  the  present  in- 

55  vention  has  for  its  principal  object  to  avoid  this 
disadvantageous  characteristic. 

According  to  this  invention  there  is  provided  a 
panel  type  heat  exchanger  for  heating  a  fluid  in 
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liquid  phase  and  converting  the  fluid  to  its  gaseous 
phase,  the  panel  being  of  the  kind  in  which  the 
individual  passages,  which  are  arranged  banked 
side  by  side  to  make  up  the  panel,  are  each 
constituted  by  a  tube  which  is  fed  with  fluid  in  the 
liquid  phase  from  an  inlet  header,  this  tube  being 
disposed  inserted  within  an  outer  surrounding  tube 
which  discharges  the  fluid  in  its  gaseous  phase  to 
an  outlet  header;  and  in  which  a  heating  medium  is 
caused  to  flow  over  the  external  surfaces  of  the 
panel  to  impart  heat  to  the  fluid  flowing  internally 
thereof,  the  fluid  flowing  first,  in  one  direction, 
through  the  inner  tube,  and  then  emerging  there- 
from  into  the  outer  tube,  and  then  flowing,  in  the 
opposite  direction,  along  the  outer  tube  towards  its 
discharge  to  the  outlet  header; 

and  the  invention  is  characterized  in  that  the 
heating  medium  is  sea  water  while  the  fluid  which 
is  being  heated,  and  converted  from  its  liquid 
phase  at  cryogenic  temperature  to  its  gaseous 
phase  at  atmospheric  temperature,  is  natural  gas, 

and  in  that,  in  order  to  prevent  significant  cool- 
ing  of  the  internal  fluid  flow  after  it  has  already 
been  heated  to  achieve  the  gaseous  phase, 

heat  insulation  is  provided,  firstly,  in  the  form 
of  a  jacket  applied  to  the  inlet  header,  and  sec- 
ondly,  in  the  form  of  an  insulating  sleeve  applied  to 
the  external  surface  of  the  inner  tube  in  a  region 
within  the  surrounding  outer  tube,  where  the  inner 
tube  is  supplied  with  natural  gas  in  its  liquid  phase 
from  the  inlet  header. 

The  present  invention  starts  out  from  a  panel 
type  bi-directional  flow  heat  exchanger  as  set  out 
above.  However  it  provides  a  construction  calcu- 
lated  to  prevent  significant  cooling  of  the  fluid  once 
it  has  already  been  heated  to  achieve  gaseous 
form. 

Accordingly  an  important  feature  of  this  inven- 
tion  is  firstly  that  the  inlet  header,  containing  LNG 
is  provided  with  heavy  insulation  to  prevent  heat 
loss,  and  secondly  that  region  of  the  inner  tube 
which  is  physically  adjacent  the  region  of  the  outer 
surrounding  tube  where  it  approaches  its  discharge 
to  the  outlet  header,  is  also  provided  with  means 
for  reducing  heat  transfer  between  the  two  separate 
oppositely  directed  fluid  flows.  If  a  feed  pipe  is 
employed  to  convey  LNG  from  the  inlet  header  to 
the  inner  tube  this  feed  pipe  will  be  afforded  an 
insulating  jacket  or  sleeve  also. 

Such  insulating  measures,  which  are  taken  in 
the  cold  region  of  the  inner  tube,  at  its  inlet  region 
and  adjacent  the  discharge  region  of  the  outer 
tube,  where  it  is  desirable  to  inhibit  heat  transfer 
due  to  proximity  of  LNG  still  at  cryogenic  tempera- 
ture,  are  essentially  in  the  form  of  an  insulating 
jacket  or  sleeve  located  to  prevent  significant  cool- 
ing  of  the  fluid,  already  heated  to  achieve  its  gas- 
eous  phase,  as  it  flows  towards  the  NG  outlet 

header. 
Additionally,  there  may  be  further  insulation  in 

the  form  of  a  sheath  spaced  around  the  inner 
immersed  tube  to  define  an  annular  compartment 

5  surrounding  the  immersed  tube  in  this  cold  region, 
this  compartment,  defined  and  confined  by  the 
sheath,  being  occupied  by  a  minor  part  of  the  fluid 
flowing  in  the  outer  surrounding  tube. 

Additionally  to  the  above,  guide  vane  means 
io  may  be  employed  whereby  the  heating  medium, 

that  is  the  sea  water  flowing  over  the  external 
surface  of  the  heat  exchanger  panel,  will  be  applied 
specifically  to  the  exterior  of  the  outer  surrounding 
tube  in  any  region  thereof  which  is  liable  to  lose 

is  heat  adversely  to  the  cold  liquid  flowing  within  the 
inner  tube,  or  where  heat  may  be  lost  due  to 
proximity  of  the  inlet  header  containing  LNG  at 
cryogenic  temperature,  or  where  heat  may  be  lost 
due  to  proximity  to  LNG  when  flowing  through  a 

20  feed  pipe  interconnecting  the  inlet  header  with  the 
inner  tube. 

Some  or  all  of  the  tubes  employed  may  be 
finned  tubes,  the  fins  being  internal  or  external. 
Helical  vanes  may  be  provided  in  the  fluid  flow 

25  path  to  impede  and  control  fluid  flow. 
These  and  other  objects,  as  well  as  advanta- 

geous  features  of  the  present  invention  will  be 
apparent  by  reading  detailed  descriptions  for  the 
preferred  embodiments  according  to  the  present 

30  invention  with  reference  to  the  accompanying  dia- 
grammatic  drawings,  wherein 

Figures  1  through  Figure  9  are,  respectively, 
explanatory  views  of  the  vertical  cross  sections 
illustrating  preferred  embodiments  of  a  panel 

35  type  heat  exchanger  according  to  the  present 
invention. 
Figure  1a  is  a  partially  enlarged  vertical  sec- 
tional  view  showing  another  embodiment  of  the 
invention  as  shown  in  Figure  1  . 

40  Figures  10  and  11  are  comparative  graphic  dia- 
grams  illustrating  the  temperature  for  each  of 
sea  water,  LNG  and  NG  depending  on  the  heat 
loss  allowed  in  a  heat-exchanging  panel;  and 
Figure  12  is  an  explanatory  perspective  view  for 

45  a  known  type  of  heat  exchanger. 
The  essential  characteristics  of  the  invention 

will  be  described  with  reference  to  Figures  1,  10 
and  11  of  the  drawings,  the  other  figures  of  the 
drawings  showing  various  other  versions  of  heat 

50  exchanger,  all  of  which  embody  such  essential 
characteristics. 

Referring  now  to  Figure  1,  this  shows  a  panel 
type  heat  exchanger  as  one  preferred  embodiment 
according  to  the  present  invention,  in  which  a  plu- 

55  rality  of  heat  exchange  fluid  flow  passages  are 
arranged  side  by  side  in  parallel  to  constitute  a 
heat-exchanging  panel  disposed  vertically.  These 
identical  individual  passages  (only  one  of  which  is 

3 
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shown  diagrammatically  in  the  drawings)  are  fed 
from  a  common  LNG  inlet  header  12  and  the 
passages  feed  a  common  NG  outlet  header  14. 

Each  heat-exchanging  passage  has  an  outer 
tube  10  of  predetermined  length  and  inner  diam- 
eter  and  closed  at  a  lower  end,  and  an  inner 
immersed  tube  11  inserted  therein.  In  Figure  1,  the 
lower  end  opening  of  the  inner  immersed  tube  11 
is  situated  near  the  bottom  of  the  outer  tube  10, 
while  the  upper  end  of  the  inner  tube  11  is  con- 
nected  with  the  LNG  inlet  header  12  for  allowing 
LNG  to  be  introduced  and  flow  downwardly,  and 
the  upper  end  of  the  outer  tube  10  is  closed.  The 
NG  outlet  header  14  is  fed  by  way  of  an  NG 
discharge  pipe  13  connected  to  the  outer  tube  10 
below  the  LNG  inlet  header  12. 

Water,  in  particular  sea  water,  overflows  from 
water  spray  troughs  15,16  situated  opposed  to 
each  other  at  the  sides  of  the  panel  below  the  NG 
discharge  pipe  13  and  below  the  LNG  inlet  header 
12  and  the  water  flows  over  the  outer  surfaces  of 
each  outer  tube  10  which  constitutes  the  exterior  of 
the  heat-exchange  panel. 

Further,  the  immersed  tube  11  is  covered  with 
a  heat  insulating  sleeve  17  at  its  outer  surface  at  a 
region  extending  over  a  predetermined  length  from 
its  junction  with  the  LNG  inlet  header  12  to  a 
position  below  the  water  spray  troughs  15,16  and 
below  the  NG  exit  pipe  13.  The  LNG  inlet  header 
12  is  also  covered  with  a  heat  insulator  jacket  18. 
LNG  supplied  is  partially  heated  with  NG  while  it 
flows  downwardly  from  the  inlet  header  12  through 
the  inner  immersed  tube  11  till  it  leaves  the  lower 
end  opening  of  the  inner  tube  11.  The  flowing 
direction  is  then  reversed  and  the  fluid  flows  up 
along  outer  tube  10  over  the  inner  inserted  tube. 

The  partially  heated  LNG  is  heated  further  dur- 
ing  its  upward  flow  through  the  annular  passage 
between  the  outer  tube  10  and  the  inner  tube  11 
and  it  is  delivered  by  way  of  the  NG  discharge 
pipe  13  connected  to  the  upper  portion  of  the  outer 
tube  10  and  fed  to  the  outlet  header  14  as  NG  in 
gaseous  form  at  a  normal  temperature. 

In  this  invention  and  as  is  shown  in  the  em- 
bodiment  of  Figure  1,  the  inner  tube  11,  to  which 
LNG  at  a  cryogenic  temperature  is  supplied  from 
the  LNG  header  12  is  covered  for  a  predetermined 
required  upper  portion  of  the  external  surface 
thereof  with  the  heat  insulating  sleeve  17  to  prevent 
lowering  of  the  temperature  of  NG  near  the  NG  exit 
disposed  in  adjacent  therewith. 

The  effect  of  this  important  measure  will  now 
be  described  with  reference  to  Figures  10  and  11. 

As  is  indicated  diagrammatically  in  Figure  10, 
when  the  requisite  surface  of  the  inner  tube  is  not 
covered  with  insulation  such  as  the  insulating 
sleeve  17,  the  temperature  of  NG  flowing  in  the 
outer  tube  and  approaching  discharge  to  the  outlet 

header  is  lowered  near  the  NG  discharge  pipe  13 
due  to  proximity  with  LNG  at  cryogenic  tempera- 
ture  flowing  into  the  inner  tube  11.  The  effect  of 
this  is  shown  in  Figure  10.  In  contrast,  and  as 

5  shown  in  Figure  11,  if  the  insulating  sleeve  17  is  in 
place,  strong  cooling  adjacent  its  discharge  is  pre- 
vented  and  the  temperature  of  NG  is  elevated  as 
high  as  a  temperature  close  to  that  of  the  sea 
water. 

io  In  the  embodiment  of  panel  type  heat  exchang- 
er  of  Figure  1  ,  since  each  individual  heat-exchang- 
ing  passage  is  constituted  as  an  immersed  tube 
arrangement,  with  sea  water  as  the  heat  medium, 
the  heat  exchange  to  the  LNG  at  a  cryogenic 

is  temperature  is  conducted  not  directly,  but  by  way 
of  the  NG  flowing  in  the  annular  passage  between 
the  immersed  tube  11  and  the  outer  tube  10  and, 
accordingly,  ice  deposition  to  the  surface  of  the 
outer  tube  10  can  be  reduced  and  the  size  of  the 

20  evaporating  device  can  be  decreased  due  to  the 
increase  of  the  heat  conduction  area. 

If  ice  deposition  is  reduced,  the  amount  of  sea 
water  as  the  heat  medium  to  be  supplied  can  be 
decreased,  which  enables  remarkable  savings  of 

25  electric  power  consumed  by  sea  water  pumps. 
Further,  since  the  LNG  inlet  header  12  for 

supplying  LNG  at  a  cryogenic  temperature  is  situ- 
ated  higher  than  the  troughs  15,  16,  it  is  possible  to 
hinder  the  heat  of  sea  water  from  reaching  the  LNG 

30  inlet  header  12,  and  the  flow  rate  is  improved  while 
calorie  hunting  between  the  various  heat-exchange 
passages  is  reduced. 

Further,  since  the  heat-exchanging  passage  is 
constituted  on  the  immersed  tube  principle,  the 

35  internal  fluid  moves  along  a  U-shaped  flow  channel 
with  fluid  being  supplied  from  the  lower  end  of  the 
inner  immersed  tube  11  into  the  surrounding  outer 
tube  10,  and  then  rising  in  the  outer  tube  to  dis- 
charge  by  way  of  the  connection  13  to  the  outlet 

40  header  14.  This  U-shaped  or  bi-directional  flow 
promotes  gradual  heating  which  in  turn  promotes 
stable  fluid  flow. 

As  shown  in  Figure  1A,  in  addition  to  the 
insulator  17  covering  the  outer  periphery  of  the 

45  upper  portion  of  the  inner  tube  11,  a  sheath  17a 
may  be  disposed  around  the  outer  periphery  of  the 
inner  tube  11  in  such  a  manner  as  to  form  a 
predetermined  space  between  the  sheath  and  the 
inner  tube  so  that  the  space  within  the  sheath  may 

50  be  occupied  by  a  portion  of  the  NG  derived  from 
LNG  thereby  acting  as  an  insulator  and  preventing 
the  NG  reaching  pipe  13  from  being  overcooled. 

For  the  above  heat  insulating  sheath  17a  any 
formation  can  be  adopted,  if  it  is  formed  to  accom- 

55  modate  a  portion  of  the  flow  of  NG  derived  from 
LNG.  For  example,  the  sheath  may  be  formed  to 
define  a  flow  passage  which  varies  in  size  between 
the  inlet  side  and  the  outlet  side  of  the  sheath  to 

4 
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enable  NG  to  stay  therein  for  a  short  while  and  any 
known  material  such  as  aluminium,  thermosetting 
resins,  stainless  steel  or  like  may  be  used  for 
formation  of  the  sheath  which  is  to  be  secured  to 
the  inner  tube  11  by  welding  or  bolting. 

Figure  2  shows  another  embodiment  of  a  panel 
type  heat  exchanger  according  to  the  present  in- 
vention,  in  which  a  heat-exchanging  panel  having 
the  same  constitution  as  that  previously  described 
with  reference  to  Figure  1  is  disposed  upside- 
down,  that  is,  an  LNG  header  12  is  disposed  at  the 
lower  end  of  the  panel,  an  NG  exit  header  14  is 
disposed  therealong  in  the  same  way,  while  no 
header  tanks  are  disposed  near  the  water  spray 
troughs  15,  16  disposed  in  the  upper  portion  of  the 
panel. 

LNG  supplied  is  partially  evaporated  under 
heating  with  NG  to  be  described  later  while  it 
uprises  from  the  inlet  header  tank  12  in  the  inner 
tube  1  1  till  it  leaves  the  upper  end  opening  of  the 
inner  tube  11  and  reverses  its  flowing  direction  in 
the  upper  end  of  the  outer  tube  10. 

The  partially  evaporated  LNG  is  further  heated 
while  it  flows  downwardly  through  an  annular  pas- 
sage  between  the  outer  tube  10  and  the  inner  tube 
1  1  and  is  then  delivered  by  way  of  an  NG  exit  pipe 
13  connected  below  the  outer  pipe  10  to  the  NG 
exit  header  14  as  NG  at  a  normal  temperature. 

Since  the  heat-exchanging  panel  having  the 
same  constitution  as  that  shown  in  Figure  1  is  used 
upside-down,  substantially  the  same  effects  can  be 
obtained. 

Figure  3  and  Figure  4  each  show  a  further 
embodiment  of  a  panel  type  heat  exchanger  ac- 
cording  to  the  present  invention  and  the  illustrated 
device  has  the  same  constitution  as  that  previously 
described  with  reference  to  Figure  1  and  can  pro- 
vide  similar  effects,  excepting  that  the  upper  end  of 
an  inner  tube  11  is  protruded  from  the  closed 
upper  end  of  an  outer  tube  10  and  the  upper  end 
of  the  inner  tube  1  1  is  covered  with  a  heat  insulator 
17,  and  that  an  NG  exit  header  tank  14  is  situated 
above  an  LNG  inlet  header  tank  12  in  the  embodi- 
ment  shown  in  Figure  4,  while  an  NG  exit  header 
14  is  situated  substantially  at  the  same  height  as 
that  for  the  LNG  inlet  header  12  in  the  embodiment 
shown  in  Figure  3. 

Figure  5  shows  a  further  embodiment  of  a 
panel  type  heat  exchanger  according  to  the  present 
invention,  in  which  a  plurality  of  heat-exchange 
passages  formed  by  immersed  tube  structures  are 
arranged  in  parallel,  to  constitute  a  heat-exchang- 
ing  panel  disposed  vertically.  An  LNG  inlet  header 
and  an  NG  exit  header  are  disposed  to  the  upper 
portion  of  the  panel. 

Each  of  the  heat-exchanging  passages  com- 
prises  an  outer  tube  10  of  the  predetermined 
length  and  inner  diameter  and  closed  at  the  lower 

end  thereof  and  an  immersed  inner  tube  1  1  shorter 
than  the  outer  tube  10  and  inserted  into  the  outer 
tube  10.  The  lower  end  opening  of  the  inner  tube 
1  1  is  situated  close  to  the  inner  bottom  of  the  outer 

5  tube  10,  while  the  upper  end  of  the  inner  tube  11  is 
situated  spaced  below  by  a  predetermined  dis- 
tance  from  the  upper  end  of  the  outer  tube  10,  and 
the  upper  end  of  the  outer  pipe  10  is  connected 
with  an  NG  exit  header  14,  so  that  NG  can  be 

io  delivered. 
An  LNG  inlet  header  12  is  disposed  at  a  pre- 

determined  position  below  the  NG  exit  header  14 
and  is  connected,  by  way  of  an  LNG  feed  pipe  23 
connected  passing  through  the  outer  tube  10,  to 

is  the  upper  portion  of  the  inner  tube  1  1  . 
The  LNG  feed  pipe  23  and  the  LNG  inlet 

header  12  are  entirely  covered  with  a  heat  insulator 
jacket  18. 

Water  overflown  from  water  spray  troughs 
20  15,16  disposed  opposed  to  each  other  below  the 

NG  exit  header  14  flows  downwardly  along  the 
outer  surface  of  each  of  the  outer  tubes  10  con- 
stituting  the  heat-exchanging  panel,  while  water 
overflown  from  a  water  spray  trough  16A  also  flows 

25  below  the  LNG  inlet  pipe  23. 
Further,  a  scattering  preventive  guide  plate  19 

is  disposed  circumferentially  on  the  heat  insulator 
18  for  the  LNG  inlet  pipe  23  such  that  water 
overflown  from  the  water  spray  trough  16  below  the 

30  NG  exit  header  14  is  not  sprayed  on  the  side  of  the 
LNG  inlet  header  12. 

LNG  supplied  is  partially  evaporated  under 
heating  with  NG  to  be  described  later  while  it  flows 
downwardly  from  the  inlet  header  12  through  the 

35  inner  tube  11  and  the  flow  rate  hunting  and  the 
calorie  hunting  to  each  of  the  heat  exchanging 
pipes  can  be  prevented. 

Further,  since  the  heat-exchanging  passage  is 
constituted  with  an  immersed  tube  arrangement, 

40  NG  can  be  supplied  in  a  U-shaped  flow  channel  in 
which  NG  is  supplied  from  the  lower  end  of  the 
inner  tube  11  into  the  outer  tube  10,  uprises  in  the 
passage  and  then  exits  externally  from  the  upper 
end,  so  that  a  pressure  loss  in  the  passage  is 

45  increased  to  stabilize  the  gas  flow. 
As  is  stated  above,  the  feed  pipe  23  is  fully 

insulated  and  furthermore,  in  the  open  rack  type 
evaporating  device  in  this  embodiment,  the  inner 
tube  1  1  ,  to  which  LNG  at  a  cryogenic  temperature 

50  is  supplied  from  the  LNG  header  tank  12,  is  cov- 
ered  for  the  required  upper  portion  thereof  with  a 
heat  insulating  sleeve,  such  as  the  sleeve  17  of 
Figure  1  ,  to  prevent  lowering  of  the  temperature  of 
NG  near  the  NG  discharge  disposed  adjacent 

55  thereto. 
Referring  more  specifically,  in  the  device  hav- 

ing  the  construction  as  shown  in  Figure  5,  the 
temperature  of  NG  is  not  lowered  near  the  upper 

5 
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discharge  end  of  the  inner  tube  1  1  but  is  elevated 
as  far  as  a  temperature  approximate  to  that  of  the 
sea  water  as  shown  in  Figure  1  1  . 

Figure  6  shows  another  embodiment  of  a  de- 
vice  according  to  the  present  invention,  in  which  a 
heat-exchanging  panel  having  the  same  construc- 
tion  as  that  previously  described  with  reference  to 
Figure  5  is  disposed  upside-down,  that  is,  an  NG 
exit  header  14  is  disposed  at  the  lower  end  of  the 
panel,  while  no  header  tanks  are  disposed  near  the 
water  spray  troughs  15,  16  disposed  in  the  upper 
portion  of  the  panel. 

LNG  supplied  is  partially  evaporated  under 
heating  with  NG  to  be  described  later  while  it 
uprises  from  the  inlet  header  12  in  the  immersed 
inner  tube  11  till  it  leaves  the  upper  end  opening  of 
the  inner  tube  1  1  and  reverses  its  flowing  direction 
in  the  upper  end  of  the  outer  tube  10. 

The  partially  evaporated  LNG  is  further  heated 
while  it  flows  downwardly  through  an  annular  pas- 
sage  between  the  outer  tube  10  and  the  inner  tube 
11  and  it  is  then  delivered  by  way  of  an  NG  exit 
header  14  as  NG  at  a  normal  temperature. 

Since  the  heat-exchanging  panel  having  the 
same  construction  as  that  shown  in  Figure  5  is 
used  upside-down,  substantially  the  same  effects 
can  be  obtained. 

Figure  7  shows  a  device  according  to  a  further 
preferred  embodiment  of  the  present  invention,  in 
which  a  plurality  of  heat-exchanging  passages  each 
of  an  immersed  tube  structure  are  arranged  in 
parallel  to  constitute  a  heat-exchanging  panel  dis- 
posed  vertically.  An  LNG  inlet  header  and  an  NG 
exit  header  are  disposed  above  the  panel. 

Each  of  the  heat-exchanging  pipes  has  an  out- 
er  tube  10  of  predetermined  length  and  inner  diam- 
eter  and  closed  at  a  lower  end  and  an  immersed 
inner  tube  11  inserted  therein,  in  which  the  lower 
end  opening  of  the  inner  tube  1  1  is  situated  to  the 
inner  bottom  of  the  outer  tube  10,  while  the  upper 
end  of  the  inner  tube  1  1  is  connected  with  an  LNG 
inlet  header  tank  12  for  allowing  LNG  to  be  intro- 
duced  and  flow  downwardly,  and  the  upper  end  of 
the  outer  tube  10  is  closed  by  the  header  tank  12. 

A  helical  ribbon-shaped  heat  conduction  pro- 
moter  30  having  a  predetermined  twist  is  inserted 
into  the  inner  tube  11,  and  a  helical  heat  conduc- 
tion  promoter  31  with  a  predetermined  pitch  is 
inserted  into  an  annular  passage  between  the  inner 
pipe  11  and  the  outer  tube  10. 

An  NG  exit  header  14  is  disposed  by  way  of  an 
NG  exit  pipe  13  connected  to  the  outer  tube  10 
below  the  LNG  inlet  header  12. 

Water  overflown  from  water  spray  troughs 
15,16  runs  down  the  surfaces  of  the  heat-exchang- 
ing  panel. 

Further,  the  inner  tube  11  is  covered  with  a 
heat  insulator  17  at  its  outer  circumferential  surface 

over  a  predetermined  length  from  the  junction  with 
the  LNG  inlet  header  12  to  a  position  below  the 
water  spray  troughs  15,16  below  the  NG  exit  pipe 
13. 

5  LNG  supplied  is  partially  evaporated  under 
heating  with  NG  to  be  described  later  while  it  flows 
downwardly  from  the  inlet  header  12  through  the 
immersed  inner  tube  1  1  till  it  leaves  the  lower  end 
opening  of  the  inner  tube  11  and  reverses  its 

io  flowing  direction  at  the  inner  bottom  of  the  outer 
tube  10. 

The  partially  evaporated  LNG  is  heated  further 
during  its  uprising  through  an  annular  passage  be- 
tween  the  outer  tube  10  and  the  inner  tube  11  and 

is  it  is  delivered  by  way  of  the  NG  exit  pipe  13 
connected  with  the  upper  portion  of  the  outer  tube 
10  to  the  NG  exit  header  14  as  NG  at  a  normal 
temperature. 

In  the  open  rack  type  evaporating  device  of 
20  this  embodiment,  Figure  7,  since  the  heat-exchang- 

ing  pipe  is  constituted  with  an  immersed  inner  tube 
arrangement,  sea  water  as  a  heat  medium  and 
LNG  at  a  cryogenic  temperature  conduct  heat  ex- 
change  not  directly  but  by  way  of  NG  in  the 

25  annular  passage  and,  accordingly,  ice  deposition  to 
the  surface  of  the  outer  tube  10  can  be  reduced 
and  the  size  of  the  evaporating  device  can  be 
decreased  due  to  the  increase  of  the  heat  conduc- 
tion  area. 

30  Accordingly,  since  the  ice  deposition  is  re- 
duced,  the  amount  of  sea  water  as  the  heat  me- 
dium  to  be  supplied  can  be  decreased,  which 
enables  a  remarkable  saving  in  the  amount  of 
electric  power  consumed  by  sea  water  pumps. 

35  Further,  since  the  LNG  inlet  header  12  for 
supplying  LNG  at  a  cryogenic  temperature  is  situ- 
ated  higher  than  the  troughs  15,  16,  it  is  possible  to 
hinder  the  heat  of  sea  water  from  intruding  to  the 
LNG  inlet  header  12,  and  the  flow  rate  hunting  and 

40  calorie  hunting  to  each  of  the  various  heat  ex- 
changing  passages  making  up  the  panel  can  be 
reduced. 

By  inserting  the  heat  conduction  promoters  30, 
31  respectively  into  the  inner  tube  1  1  and  the  outer 

45  tube  10,  agitation  and  turbulence  can  be  caused  to 
the  fluid  passing  through  the  tubes,  so  that  heat 
conductivity  between  LNG  in  the  inner  tube  1  1  and 
NG  in  the  outer  tube  10  can  be  improved  remark- 
ably.  Further,  by  making  a  difference  in  the  perfor- 

50  mance  between  the  heat  conduction  promoters  30 
and  31  at  the  inside  and  the  outside  of  the  inner 
tube  11,  for  example,  by  changing  the  twisting  or 
pitch,  NG  in  the  outer  tube  10  can  be  set  to  a 
required  temperature  thereby  preventing  the  ice 

55  deposition  to  the  surface  of  the  outer  tube  10. 
Further,  since  the  heat-exchanging  passage  is 

constituted  by  an  immersed  tube  arrangement,  NG 
can  be  supplied  in  a  U-shaped  flow  in  which  NG  is 

6 
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supplied  from  the  lower  end  of  the  immersed  inner 
tube  11  into  the  outer  tube  10,  uprises  in  the  pipe 
and  then  exits  externally  from  the  upper  end,  so 
that  a  pressure  loss  in  the  pipe  is  increased  to 
stabilize  the  gas  flow. 

Furthermore,  in  the  open  rack  type  evaporating 
device  of  this  embodiment,  Figure  7,  the  inner  tube 
11  to  which  LNG  at  a  cryogenic  temperature  is 
supplied  from  the  LNG  header  tank  12  is  sur- 
rounded  for  the  required  upper  portion  thereof  with 
the  heat  insulator  17  to  prevent  lowering  of  the 
temperature  of  NG  near  the  NG  exit  disposed  in 
adjacent  therewith. 

Figure  8  shows  an  evaporating  device  as  a 
further  embodiment  according  to  the  present  inven- 
tion,  in  which  a  plurality  of  heat-exchanging  pipes 
each  of  a  double-walled  tube  structure  are  ar- 
ranged  in  parallel  to  constitute  a  heat-exchanging 
panel  disposed  vertically.  An  LNG  inlet  header  and 
an  NG  exit  header  are  disposed  above  the  panel. 

In  each  of  the  heat-exchanging  passages,  an 
immersed  inner  tube  21  shorter  than  an  outer  tube 
20  is  inserted  into  the  latter.  The  tube  20  is  of 
predetermined  length  and  inner  diameter  and 
closed  at  the  lower  end,  in  which  the  closed  lower 
end  of  the  inner  tube  21  is  situated  to  the  inner 
bottom  of  the  outer  tube  20. 

Further,  small  apertures  21a  each  of  predeter- 
mined  inner  diameter  are  disposed  to  the  lower 
portion  of  the  inner  tube  21  with  area  of  disposition, 
pitch  and  number  being  optimally  selected.  The 
upper  end  of  the  inner  tube  21  is  situated  below 
and  spaced  apart  by  a  required  distance  from  the 
upper  end  of  the  outer  tube  20,  and  the  upper  end 
of  the  outer  tube  20  is  connected  with  the  NG  exit 
header  24,  so  that  NG  can  be  delivered. 

A  ribbon-shaped  heat  conduction  promoter  30 
having  a  predetermined  twisting  is  inserted  into  the 
inner  tube  21,  and  a  spiral  heat  conduction  pro- 
moter  31  with  a  predetermined  pitch  is  inserted 
into  an  annular  passage  between  the  inner  tube  21 
and  the  outer  tube  20. 

An  LNG  inlet  header  22  is  disposed  at  a  pre- 
determined  position  below  the  NG  exit  header  tank 
24  by  way  of  an  LNG  inlet  pipe  23  connected 
passing  through  the  outer  tube  20  to  the  upper 
portion  of  the  inner  tube  21  . 

The  LNG  inlet  pipe  23  and  the  LNG  inlet  head- 
er  tank  22  are  entirely  covered  with  a  heat  insulator 
28,  and  insulating  means  such  as  the  sleeve  17  of 
Figure  1  will  be  provided  on  the  tube  21  at  its  inlet 
region. 

Water  overflown  from  water  spray  troughs 
25,26  disposed  opposed  to  each  other  below  the 
NG  exit  header  24  flows  downwardly  to  the  outer 
surface  of  each  of  the  outer  tubes  20  constituting 
the  heat-exchanging  panel,  while  water  overflown 
from  a  water  spray  trough  27  also  flows  below  the 

LNG  inlet  pipe  23. 
Further,  a  scattering  preventive  guide  plate  29 

is  disposed  circumferentially  on  the  heat  insulator 
28  for  the  LNG  inlet  pipe  23  such  that  water 

5  overflown  from  the  water  spray  trough  26  below  the 
NG  exit  header  24  is  not  sprayed  on  the  side  of  the 
LNG  inlet  header  22. 

LNG  supplied  is  introduced  from  the  inlet 
header  22  by  way  of  the  LNG  inlet  pipe  23  into  the 

io  inner  pipe  21,  caused  to  flow  downwardly  in  the 
pipe  21  and  then  evaporated  under  heating  with 
NG  uprising  through  the  annular  passage  between 
the  outer  tube  20  and  the  immersed  inner  tube  21. 
Since  LNG  in  the  inner  tube  21  and  NG  in  the 

is  outer  tube  20  are  mixed  directly  by  way  of  the 
small  apertures  21a  disposed  in  the  lower  portion 
of  the  inner  tube  21,  and  efficient  heat  exchange 
can  be  conducted  by  the  heat  conduction  promot- 
ers  30,  31  disposed  to  the  inside  and  the  outside  of 

20  the  inner  pipe  21  to  provide  advantages,  for  exam- 
ple,  of  making  the  heat  exchanging  passage  shor- 
ter  and  smaller. 

The  thus  obtained  NG  at  a  low  temperature  is 
further  heated  while  it  uprises  through  the  annular 

25  channel  between  the  outer  tube  20  and  the  inner 
tube  21,  further  uprises  beyond  the  upper  end  of 
the  inner  tube  21  and  is  then  delivered  to  the  NG 
exit  header  24  connected  with  the  upper  end  of  the 
outer  pipe  20  as  NG  at  a  normal  temperature. 

30  Further,  in  the  device  in  this  embodiment,  the 
NG  exit  header  24  is  disposed  spaced  apart  above 
by  a  predetermined  distance  from  the  upper  end  of 
the  inner  tube  21,  to  which  LNG  at  a  cryogenic 
temperature  is  supplied  from  the  NG  inlet  header 

35  22,  so  that  heat  exchange  does  not  take  place, 
even  indirectly,  with  respect  to  LNG  at  a  cryogenic 
temperature  to  prevent  the  lowering  of  the  NG 
temperature. 

Figure  9  shows  a  still  further  embodiment  of  a 
40  device  according  to  the  present  invention.  In  this 

embodiment,  a  heat-exchanging  panel  having  same 
constitution  as  that  previously  described  with  refer- 
ence  to  Figure  7  is  disposed  upside-down  such 
that  an  LNG  inlet  header  12  is  disposed  at  the 

45  lower  end  of  the  panel,  an  NG  exit  header  14  is 
also  disposed  therealong  and  no  header  tanks  are 
disposed  near  water  spray  troughs  15,16  disposed 
in  the  upper  portion  of  the  panel. 

LNG  supplied  uprises  from  the  inlet  header  12 
50  through  the  immersed  inner  tube  11  incorporating  a 

heat  conduction  promoter  30,  in  which  LNG  in  the 
inner  tube  11  and  NG  in  the  outer  tube  10  are 
mixed  directly  by  way  of  small  apertures  11a  dis- 
posed  in  the  upper  portion  of  the  inner  tube  1  1  ,  so 

55  that  heat-exchange  can  be  conducted  efficiently  to 
obtain  the  similar  effects  as  described  with  respect 
to  the  embodiment  shown  in  Figure  7. 

7 
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In  the  various  embodiments  of  the  invention, 
when  the  insulating  sleeve  17  (which,  according  to 
the  invention,  is  disposed  over  the  required  length 
of  the  upper  portion  of  the  inner  tube  11,  21)  is 
removed,  the  temperature  of  NG  is  lowered  near 
the  NG  exit  pipe  13,  23  as  shown  in  Figure  10. 

In  contrast  and  as  shown  in  Figure  11,  the 
temperature  of  NG  is  elevated  close  to  a  tempera- 
ture  to  that  of  the  sea  water  if  effective  insulating 
means,  such  as  the  insulator  sleeve  17,  is  in  place. 

Claims 

1.  A  panel  type  heat  exchanger  for  heating  a  fluid 
in  liquid  phase  and  converting  the  fluid  to  its 
gaseous  phase,  the  panel  being  of  the  kind  in 
which  the  individual  passages,  which  are  ar- 
ranged  banked  side  by  side  to  make  up  the 
panel  (1),  are  each  constituted  by  a  tube  (11, 
21)  which  is  fed  with  fluid  in  the  liquid  phase 
from  an  inlet  header  (12,  22),  this  tube  being 
disposed  inserted  within  an  outer  surrounding 
tube  (10,  20)  which  discharges  the  fluid  in  its 
gaseous  phase  to  an  outlet  header  (14,  24); 
and  in  which  a  heating  medium  is  caused  to 
flow  over  the  external  surfaces  of  the  panel  (1) 
to  impart  heat  to  the  fluid  flowing  internally 
thereof,  the  fluid  flowing  first,  in  one  direction, 
through  the  inner  tube  (11,  21),  and  then 
emerging  therefrom  into  the  outer  tube  (10, 
20),  and  then  flowing,  in  the  opposite  direction, 
along  the  outer  tube  (10,  20)  towards  its  dis- 
charge  to  the  outlet  header  (14,  24); 

characterized  in  that  the  heating  medium 
is  sea  water  while  the  fluid  which  is  being 
heated,  and  converted  from  its  liquid  phase  at 
cryogenic  temperature  to  its  gaseous  phase  at 
atmospheric  temperature,  is  natural  gas, 

and  in  that,  in  order  to  prevent  significant 
cooling  of  the  internal  fluid  flow  after  it  has 
already  been  heated  to  achieve  the  gaseous 
phase, 

heat  insulation  is  provided,  firstly,  in  the 
form  of  a  jacket  (18,  28)  applied  to  the  inlet 
header  (12,  22),  and  secondly,  in  the  form  of 
an  insulating  sleeve  (17)  applied  to  the  external 
surface  of  the  inner  tube  (11,  21)  in  a  region 
within  the  surrounding  outer  tube  (10,  20), 
where  the  inner  tube  (11,  21)  is  supplied  with 
natural  gas  in  its  liquid  phase  from  the  inlet 
header  (12,  22). 

2.  A  heat  exchange  panel  according  to  claim  1, 
and  wherein  there  is  applied  around  the  inner 
tube  (11,  21)  a  sheath  (17a)  to  define  an  an- 
nular  compartment  around  the  inner  tube, 
which  compartment  is  occupied  by  a  part  of 
the  fluid  flowing  in  the  outer  surrounding  tube 

(10,  20). 

3.  A  heat  exchange  panel  according  to  either  of 
claims  1  or  2,  and  wherein  a  feed  pipe  (23) 

5  supplying  LNG  from  the  inlet  header  (12,  24) 
to  the  inner  tube  (11,  21)  is  insulated  by  a 
jacket  or  sleeve  (28)  in  order  to  hinder  heat 
transfer  to  the  fluid  once  it  has  been  heated  to 
reach  its  gaseous  phase. 

10 
4.  A  heat  exchange  panel  according  to  any  one 

of  claims  1  to  3,  and  wherein  guide  plate 
means  (19,  29)  are  employed  to  guide  the  flow 
of  the  sea  water  over  the  exterior  surfaces  of 

is  the  panel  (1)  in  regions  liable  to  be  affected  by 
heat  loss  due  to  the  proximity  of  flow  of  cold 
liquid. 

5.  A  heat  exchange  panel  according  to  any  one 
20  of  claims  1  to  4,  and  wherein  some  of  the 

tubes  employed  have  internal  or  external  fins 
in  order  to  control  fluid  flows  and/or  to  promote 
heat  exchange. 

25  6.  A  heat  exchange  panel  according  to  any  one 
of  claims  1  to  5,  and  wherein  helical  vanes  are 
employed  in  one  or  both  of  the  inner  and  outer 
tubes  in  order  to  control  fluid  flows  and/or  to 
promote  heat  exchange. 

30 
7.  A  heat  exchange  panel  according  to  any  one 

of  claims  1  to  6,  and  wherein  the  inner  tube 
(11,  21),  at  its  end  where  fluid  emerges  to  flow 
into  the  outer  tube  (10,  20),  is  provided  with 

35  small  openings  (21a)  in  order  to  control  fluid 
flows  and/or  to  promote  heat  exchange. 

Patentanspruche 

40  1.  Ein  Warmetauscher  vom  Doppelwandrohr-Ta- 
feltyp  zur  Erwarmung  eines  Fluids  in  der  flus- 
sigen  Phase  und  zur  Umwandlung  des  Fluids 
in  seine  gasformige  Phase,  wobei  die  Tafel 
von  der  Art  ist,  bei  welcher  die  einzelnen 

45  Durchlasse,  welche  zum  Aufbau  der  Tafel  (1) 
reihenweise  Seite  an  Seite  angeordnet  sind, 
jeweils  durch  ein  Rohr  (11,  21)  gebildet  sind, 
dem  das  Fluid  von  einem  EinlaBverteiler  (12, 
22)  aus  in  der  flussigen  Phase  zugefuhrt  wird, 

50  und  dieses  Rohr  in  ein  auBeres  es  unigeben- 
des  Rohr  (10,  20)  eingesetzt  ist,  durch  welches 
das  Fluid  in  seiner  gasformigen  Phase  zu  ei- 
nem  AuslaBverteiler  (14,  24)  abgefuhrt  wird, 
und  bei  dem  ein  erwarmendes  Medium  dazu 

55  veranlaBt  wird,  uber  die  auBeren  Oberflachen 
der  Tafel  (1)  zu  flieBen,  urn  Warme  auf  das  in 
ihrem  Inneren  flieBende  Fluid  zu  ubertragen, 
wobei  das  Fluid  zuerst  in  einer  Richtung  durch 

8 
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das  innere  Rohr  (11,  21)  flieBt  und  dann  aus 
diesem  austretend  in  das  auBere  Rohr  (10, 
20)  stromt  und  dann  in  der  entgegengesetzten 
Richtung  in  dem  auBeren  Rohr  (10,  20)  in 
Richtung  zu  seinem  Austritt  in  den  AuslaBver- 
teiler  (14,  24)  flieBt, 
dadurch  gekennzeichnet,  daB  das  erwarmende 
Medium  Meerwasser  ist,  wahrend  das  Fluid, 
welches  erwarmt  und  aus  seiner  flussigen  Pha- 
se  bei  kryogenischer  Temperatur  in  seine  gas- 
formige  Phase  bei  Atmospharentemperatur 
umgewandelt  wird,  Erdgas  ist 
und  daB,  urn  eine  signifikante  Abkuhlung  des 
inneren  Fluidflusses,  nachdem  er  schon  soweit 
erwarmt  ist,  daB  er  die  gasformige  Phase  an- 
nimmt,  zu  vermeiden,  eine  Warmeisolation  vor- 
gesehen  ist,  und  zwar  erstens  in  Form  einer 
am  EinlaBverteiler  (12,  22)  angeordneten 
Ummantelung  (18,  28)  und  zweitens  in  Form 
einer  isolierenden  Hulse  (17),  die  an  der  auBe- 
ren  Oberflache  des  inneren  Rohres  (11,  21)  in 
einem  Bereich  innerhalb  des  umgebenden  au- 
Beren  Rohres  (10,  20)  angeordnet  ist,  wo  dem 
inneren  Rohr  (11,  21)  das  Erdgas  in  seiner 
flussigen  Phase  vom  EinlaBverteiler  (12,  22) 
aus  zugefuhrt  wird. 

2.  Eine  Warmetauschertafel  nach  Anspruch  1  ,  bei 
welcher  urn  das  innere  Rohr  (11,  21)  herum 
ein  Gehause  (17a)  zur  Abgrenzung  eines  ring- 
formigen  Zwischenraums  urn  das  innere  Rohr 
herum  angeordnet  ist,  wobei  der  Zwischen- 
raum  von  einen  Teil  des  in  dem  auBeren  um- 
gebenden  Rohr  (10,  20)  flieBenden  Fluids  ge- 
fullt  ist. 

3.  Eine  Warmetauschertafel  nach  Anspruch  1 
oder  2,  bei  welcher  ein  flussiges  Erdgas  vom 
EinlaBverteiler  (12,  24)  zum  inneren  Rohr  (11, 
21)  hinleitendes  Zufuhrungsrohr  (23)  durch 
eine  Ummantelung  oder  eine  Hulse  (28)  isoliert 
ist,  urn  die  Warmeubertragung  auf  das  Fluid 
zu  verhindern,  wenn  es  soweit  erwarmt  ist,  daB 
es  seine  gasformige  Phase  erreicht. 

4.  Eine  Warmetauschertafel  nach  einem  der  An- 
spruche  1  bis  3,  bei  welcher  Fuhrungsplatten- 
Mittel  (19,  29)  verwendet  werden,  urn  den  FluB 
des  Meerwassers  uber  die  auBeren  Oberfla- 
chen  der  Tafel  (1)  in  Bereiche  zu  fuhren,  die 
leicht  einem  Warmeverlust  aufgrund  der  Nahe 
des  Flusses  von  kalter  Flussigkeit  ausgesetzt 
sind. 

5.  Eine  Warmetauschertafel  nach  einem  der  An- 
spruche  1  bis  4,  bei  welcher  einige  der  ver- 
wendeten  Rohre  innere  oder  auBere  Rippen 
aufweisen,  urn  den  FluidfluB  zu  steuern 

und/oder  den  Warmeaustausch  zu  unterstut- 
zen. 

6.  Eine  Warmetauschertafel  nach  einem  der  An- 
5  spruche  1  bis  5,  bei  welcher  helixformige  Leit- 

flachen  in  den  inneren  und/oder  auBeren  Roh- 
ren  verwendet  werden,  urn  den  FluidfluB  zu 
steuern  und/oder  den  Warmeaustausch  zu  un- 
terstutzen. 

10 
7.  Eine  Warmetauschertafel  nach  einem  der  An- 

spruche  1  bis  6,  bei  welcher  das  innere  Rohr 
(11,  21)  an  dem  Ende,  wo  das  Fluid  austritt, 
urn  in  das  auBere  Rohr  (10,  20)  einzustromen, 

is  mit  kleinen  Offnungen  (21a)  versehen  ist,  urn 
den  FluidfluB  zu  steuern  und/oder  den  Warme- 
austausch  zu  unterstutzen. 

Revendicatlons 
20 

1.  Echangeur  de  chaleur  du  type  a  panneau,  des- 
tine  a  chauffer  un  fluide  en  phase  liquide  et  a 
mettre  le  fluide  en  phase  gazeuse,  le  panneau 
etant  du  type  dans  lequel  les  passages  indivi- 

25  duels  qui  sont  agences  cote  a  cote  en  une 
rangee  pour  constituer  le  panneau  (1),  sont 
constitues  chacun  d'un  tube  (11,  21)  qui  est 
alimente  en  fluide  en  phase  liquide  par  un 
collecteur  d'entree  (12,  22),  ce  tube  etant  inse- 

30  re  a  I'interieur  d'un  tube  exterieur  (10,  20)  qui 
I'entoure  et  qui  decharge  vers  un  collecteur  de 
sortie  (14,  24)  le  fluide  en  phase  gazeuse;  et 
dans  lequel  un  milieu  chauffant  est  amene  a 
s'ecouler  sur  les  faces  exterieures  du  panneau 

35  (1)  afin  de  communiquer  de  la  chaleur  au 
fluide  qui  s'ecoule  a  I'interieur  du  panneau,  le 
fluide  s'ecoulant  en  premier  lieu,  dans  un  pre- 
mier  sens,  dans  le  tube  interieur  (11,  21),  et 
sortant  ensuite  de  celui-ci  vers  le  tube  exte- 

40  rieur  (10,  20),  et  s'ecoulant  ensuite,  dans  le 
sens  oppose,  le  long  du  tube  exterieur  (10,  20) 
vers  sa  decharge  vers  le  collecteur  de  sortie 
(14,  24); 

caracterise  en  ce  que  le  milieu  chauffant 
45  est  de  I'eau  de  mer,  tandis  que  le  fluide  qui 

est  chauffe,  et  qui  passe  de  la  phase  liquide  a 
temperature  cryogenique  a  la  phase  gazeuse  a 
temperature  atmospherique,  est  du  gaz  natu- 
re!  , 

50  et  en  ce  que,  afin  d'eviter  un  refroidisse- 
ment  significatif  de  I'ecoulement  du  fluide  inte- 
rieur  quand  il  a  deja  ete  chauffe  pour  atteindre 
la  phase  gazeuse, 

une  isolation  thermique  est  disposee,  en 
55  premier  lieu,  sous  forme  d'une  enveloppe  (18, 

28)  appliquee  au  collecteur  d'entree  (12,  22) 
et,  en  deuxieme  lieu,  sous  forme  d'un  man- 
chon  isolant  (17)  applique  a  la  surface  exte- 

9 
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rieure  du  tube  interieur  (11,  21)  dans  une  re- 
gion  situee  a  I'interieur  du  tube  exterieur  qui 
I'entoure  (10,  20),  ou  le  tube  interieur  (11,  21) 
est  alimente  en  gaz  naturel  en  phase  liquide 
par  le  collecteur  d'entree  (12,  22).  5 

2.  Panneau  d'echange  de  chaleur  selon  la  reven- 
dication  1,  et  dans  lequel  une  gaine  (17a)  est 
appliquee  autour  du  tube  interieur  (11,  21)  afin 
de  definir  un  compartiment  annulaire  autour  du  10 
tube  interieur,  compartiment  qui  est  occupe 
par  une  partie  du  fluide  qui  s'ecoule  dans  le 
tube  exterieur  (10,  20)  qui  entoure  I'autre  tube. 

3.  Panneau  d'echange  de  chaleur  selon  I'une  is 
quelconque  des  revendications  1  ou  2,  et  dans 
lequel  une  tubulure  d'alimentation  (23)  qui 
amene  au  tube  interieur  du  gaz  naturel  liquefie 
venant  du  collecteur  d'entree  (12,  22)  est  iso- 
lee  par  une  enveloppe  ou  un  manchon  (28)  20 
afin  d'empecher  un  transfert  de  chaleur  au 
fluide  des  lors  qu'il  a  ete  chauffe  pour  atteindre 
la  phase  gazeuse. 

4.  Panneau  d'echange  de  chaleur  selon  I'une  25 
quelconque  des  revendications  1  a  3,  et  dans 
lequel  des  moyens  de  plaques  de  guidage  (19, 
29)  sont  employes  pour  guider  I'ecoulement 
de  I'eau  de  mer  sur  les  surfaces  exterieures  du 
panneau  (1)  dans  des  regions  qui  pourraient  30 
etre  affectees  par  une  perte  de  chaleur  due  a 
la  proximite  de  I'ecoulement  de  liquide  froid. 

5.  Panneau  d'echange  de  chaleur  selon  I'une 
quelconque  des  revendications  1  a  4,  et  dans  35 
lequel  certains  des  tubes  employes  compren- 
nent  des  ailettes  interieures  ou  exterieures  afin 
de  regler  des  ecoulements  de  fluide  et/ou  de 
favoriser  un  echange  de  chaleur. 

40 
6.  Panneau  d'echange  de  chaleur  selon  I'une 

quelconque  des  revendications  1  a  5,  et  dans 
lequel  des  aubes  en  helice  sont  employees 
dans  I'un  ou  I'autre  des  tubes  interieur  et  exte- 
rieur  ou  dans  I'un  et  I'autre  afin  de  regler  des  45 
ecoulements  de  fluide  et/ou  de  favoriser  un 
echange  de  chaleur. 

7.  Panneau  d'echange  de  chaleur  selon  I'une 
quelconque  des  revendications  1  a  6,  et  dans  so 
lequel  le  tube  interieur  (11,  21)  comporte,  a 
son  extremite  a  laquelle  un  fluide  sort  pour 
s'ecouler  vers  le  tube  exterieur  (10,  20),  de 
petites  ouvertures  (21a)  afin  de  regler  des 
ecoulements  de  fluide  et/ou  de  favoriser  un  55 
echange  de  chaleur. 
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