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Description 

This  invention  relates  to  a  fluid  separation  ap- 
paratus  and  is  particularly  concerned  with  the  con- 
trol  of  surges  of  liquids  such  as  oil  or  water  in  such 
apparatus  on  floating  and  moving  vessels  or  ve- 
hicles. 

The  invention  is  principally  directed  to  floating 
oil  production  platforms  where  oil  flows  from  an 
underground  oil  reservoir  via  a  well  to  the  produc- 
tion  platform  where  the  oil  is  separated  from  asso- 
ciated  gas  and  water  present  in  the  reservoir  fluid. 
The  gas  is  normally  separated  and  used  as  fuel 
and  the  remainder  is  either  flared,  exported  or 
reinjected  into  the  reservoir.  The  water  is  separated 
and  treated  to  remove  entrained  oil  and  then  dis- 
charged.  The  crude  oil  is  exported  by  subsea  pipe- 
line  to  either  a  tanker  or  to  shore  by  pipeline. 

The  reservoir  fluid  is  normally  separated  in  two 
separate  phases,  in  situ,  because  the  transfer  of  a 
multi-phase  fluid  through  a  pipeline  to  shore  is 
difficult  because  of  the  high  pressure  drop  in  the 
pipeline  caused  by  "slugging"  of  the  liquids  in  the 
liquid/gas  mixture.  Multi-phase  transfer  is  possible 
in  relatively  short  pipelines  or  flowlines  but  is  un- 
economic  in  longer  pipelines. 

Existing  separators  used  on  floating  vessels  to 
separate  gas,  oil  and  water  from  reservoir  fluids, 
consist  of  a  cylindrical  tank  with  the  oil/gas  inter- 
face  along  the  length  of  the  tank.  During  movement 
of  the  vessel,  due  to  motion  of  the  vessel  because 
of  wave  and/or  wind  action  in  inclement  weather, 
the  tank  is  inclined  in  all  planes  to  varying  degrees 
to  the  horizontal  resulting  in  the  liquid  level  moving 
in  relation  to  the  tank  causing  waves  and 
"sloshing"  of  liquids  within  the  tank.  Existing  tanks 
are  fitted  with  baffle  plates  and  liquid  non-return 
devices  in  an  attempt  to  minimise  the  effect  of  the 
problem  of  the  liquid  movement  and  the  conse- 
quent  reduction  in  efficiency  of  the  gas/oil  and 
oil/water  separation.  Thus  existing  designs  attempt 
to  find  a  solution  to  the  effect  of  the  problem. 

The  present  invention  aims  to  overcome  the 
problem  itself  by  limiting  the  liquid  movement  and 
maintaining  efficient  separation. 

According  to  the  present  invention,  there  is 
provided  apparatus  for  a  moving  vessel  or  vehicle 
for  separating  gases  and  liquids,  said  apparatus 
comprising  a  container  adapted  to  receive  a  mix- 
ture  of  gas  and  liquid  and  including  at  least  two 
tanks  which  are  connected  by  a  plurality  of  tubes 
comprising  a  first  tube  and  at  least  one  second 
tube  located  on  each  side  of  the  first  tube  and 
spaced  therefrom,  each  tube  being  located  in  the 
upper  wall  of  a  first  tank  which  is  located  at  a  lower 
level  than  a  second  tank,  characterized  in  that 
means  are  provided  to  maintain  the  liquid/gas  inter- 
face  at  a  substantially  constant  level  within  each 

tube  so  as  to  reduce  agitation  of  the  liquid/gas 
interface  during  movement  of  the  vessel  or  vehicle, 
said  means  being  located  at  least  in  the  first  tube. 

The  second  tubes  are  desirably  equi-spaced 
5  from  the  first  tube  on  either  side  thereof  in  which 

case  they  are  preferably  of  equal  cross-section  or 
diameter. 

A  device  according  to  the  pre-amble  of  claim  1 
is  shown  in  JP-A-61  242  683.  Preferably,  the 

io  means  for  maintaining  the  liquid/gas  interface  at  a 
substantially  constant  level  within  the  tubes  com- 
prise  a  standpipe  in  the  centre  of  the  first  tube 
having  liquid  level  control  connections  to  ensure 
that  the  level  remains  constant  no  matter  to  what 

75  degree  of  movement  to  which  the  vessel  is  sub- 
jected. 

The  second  tank  may  be  arranged  horizontally 
parallel  to  and  above  the  first  tank  or  it  may  extend 
vertically  above  said  first  tank. 

20  The  first  tank  may  be  larger,  the  same  size  or 
smaller  than  the  second  tank  although  the  first, 
lower,  tank  should  desirably  be  the  larger  of  the 
two. 

In  a  preferred  construction,  the  connecting 
25  tubes  extend  into  the  tanks  and  terminate  in  the 

interiors  thereof.  This  arrangement  minimises  the 
distance  between  the  tanks  thereby  reducing  the 
total  height  of  the  apparatus  and  retaining  sufficient 
hold  up  time  for  variations  in  level  for  adequate 

30  control  combined  with  the  maximum  angle  of  the 
apparatus  to  the  horizontal. 

The  invention  will  now  be  described,  by  way  of 
example,  with  reference  to  the  drawings,  in  which:- 

Figure  1  is  a  diagrammatic  view  of  a  conven- 
35  tional  separation  tank  in  a  horizontal  position; 

Figure  2  is  a  similar  view  to  Figure  1  of  the  tank 
in  an  inclined  position; 
Figure  3  is  a  diagrammatic  side  elevation  of  a 
first  embodiment  of  a  fluid  separation  apparatus 

40  according  to  the  present  invention,  level  main- 
tenance  means  in  first  tube  not  shown; 
Figure  4  is  a  diagrammatic  side  elevation  of  a 
second  embodiment  of  a  fluid  separation  ap- 
paratus  according  to  the  invention; 

45  Figure  5  is  an  enlarged  diagrammatic  fragmen- 
tary  view  of  the  central  connecting  tube  of  the 
apparatus  shown  in  Figure  4; 
Figure  6  is  a  diagrammatic  side  elevation  of  a 
third  embodiment  of  a  fluid  separation  apparatus 

50  according  to  the  invention,  level  maintenance 
means  in  first  tube  not  shown; 
Figure  7  is  a  diagrammatic  side  elevation  of  a 
fourth  embodiment  of  a  fluid  separation  appara- 
tus  according  to  the  invention,  level  mainten- 

55  ance  means  in  first  tube  not  shown; 
Figure  8  is  a  diagrammatic  side  elevation  of  a 
modified  form  of  the  embodiment  shown  in  Fig- 
ure  3. 

2 
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Reference  will  first  be  made  to  Figures  1  and  2 
of  the  drawings  which  show  a  conventional  separa- 
tor  used  to  date  and  in  which  the  separator  con- 
sists  of  a  single  cylindrical  horizontal  tank  1a  with  a 
gas/liquid  interface  2a  over  the  whole  length  of  the 
tank.  When  the  separator  tank  1a  is  inclined,  as 
shown  in  Figure  2,  by  the  pitching  and  rolling 
motion  of  a  floating  vessel  on  which  the  tank  is 
mounted,  the  liquid  level  changes  forming  waves 
3a  which  move  to  and  fro  along  the  length  of  the 
tank  causing  turbulence  and  mixing  the  fluid 
phases  to  be  separated.  To  overcome  this  problem 
baffles  and  non-return  devices  (not  shown)  are 
used  to  try  and  arrest  the  liquid  movement  and  so 
minimise  the  loss  in  separation  efficiency.  Such 
baffles  and  non-return  devices  have  not  however 
proved  to  be  very  efficient  in  practice  and  require  a 
larger  tank  compared  to  a  similar  tank  designed  for 
a  stationary  location. 

In  the  first  embodiment  of  the  fluid  separation 
apparatus  according  to  the  invention  which  is 
shown  in  Figure  3,  the  separator  comprises  two 
horizontal  cylindrical  tanks,  an  upper  tank  1  and  a 
lower  tank  2.  The  upper  tank  is  connected  to  the 
lower  tank  by  three  vertical  downcomer  tubes,  a 
central  downcomer  3  and  two  outer  downcomers  4 
and  5  which  are  equi-distant  from  the  central  down- 
comer  3.  The  lower  tank  2  has  a  boot  6  at  the 
bottom  of  the  tank  with  a  water  outlet  nozzle  7. 

The  two  or  three  phase  mixture,  i.e.  oil,  gas 
and  water  is  supplied  to  the  upper  tank  1  at  the 
inlet  nozzle  8  and  the  velocity  of  the  mixture  is 
decelerated  by  an  arrangement  of  baffles  9  which 
serve  to  separate  the  gas  from  the  liquid.  The  gas 
which  contains  liquid  droplets  passes  through  a 
standard  gas  coalescer  pack  10  which  assists  sep- 
aration  of  the  liquid  content  to  the  required  speci- 
fication.  The  gas  then  passes  onto  an  outlet  mist 
coalescer  1  1  and  can  be  fed  off  through  an  outlet 
nozzle  12. 

The  gas  velocity  along  the  upper  tank  is  de- 
signed  to  allow  the  liquid  droplets  of  a  particular 
specified  size  to  separate  and  fall  to  the  base  of 
the  upper  tank  1  and  then  flow  to  the  lower  tank  2 
down  one  of  the  downcomer  tubes. 

The  separated  liquid  at  the  inlet  end  of  the 
upper  tank  1  flows  down  to  the  lower  tank  2  under 
gravity.  A  weir  20  is  located  between  the  down- 
comers  3  and  4  to  reduce  any  overflow  of  liquid 
further  along  the  upper  tank  1  due  to  a  sudden 
surge  of  inlet  fluid.  Once  in  the  lower  tank,  the 
liquid  flows  along  the  tank  at  a  low  velocity  to 
enable  the  water  and  oil  to  separate  and  the  water 
to  collect  in  the  bottom  of  the  tank  2  and  flow  to 
the  water  boot  6. 

The  liquid  can  flow  through  a  standard  coales- 
cing  pack  13  to  aid  separation  of  the  oil  and  water. 
The  oil  flows  over  a  second  weir  14,  which  is 

provided  as  a  precaution  against  a  build-up  of 
water  flowing  to  the  oil  outlet,  and  out  through  an 
oil  outlet  nozzle  15.  The  water  is  collected  at  the 
nozzle  7  of  the  boot  6. 

5  The  three  phase  fluid  is  normally  supplied  to 
the  inlet  8  of  the  separator  at  a  constant  rate  and  a 
liquid  level  is  established  and  controlled  so  that  the 
level  is  within  the  height  of  the  downcomer  tubes. 
Under  normal  pitch  conditions,  the  liquid  does  not 

io  flow  into  the  upper  tank  1  and  the  gas  does  not 
flow  into  the  lower  tank  2.  Typically  the  level  would 
be  controlled  between  30%  and  70%  up  the  central 
downcomer  tube  3.  When  the  vessel  is  level,  the 
liquid  level  in  all  three  downcomer  tubes  is  the 

is  same.  When  the  separator  is  inclined  due  to  pitch- 
ing  of  the  vessel,  the  liquid  levels  in  the  down- 
comer  tubes  4  and  5  rise  and  fall  by  the  same 
amount  so  that  the  only  movement  of  liquid  which 
takes  place  is  that  in  the  tubes  4  and  5  and  is  the 

20  difference  in  volume  between  the  high  and  low 
points  in  the  downcomer  tubes  4  and  5  plus  a 
slight  movement  of  the  liquid  meniscus  in  the  cen- 
tral  tube  3.  Therefore,  the  large  horizontal  move- 
ment  of  liquid  in  a  conventional  separator  is 

25  changed  to  a  small  vertical  movement  of  liquid  in 
the  separator  of  the  present  invention.  There  is 
thus  little  agitation  at  the  interface  between  the 
liquid  and  gas  or  between  the  oil  and  water  and 
separation  between  the  phases  is  not  impaired. 

30  The  only  sloshing  of  liquid  in  the  separator  is 
contained  within  each  downcomer  tube  and  the 
small  area  involved  means  that  the  waves  formed 
are  insignificant.  In  order  to  ensure  that  the  level  of 
liquid  is  maintained  within  the  downcomer  tubes, 

35  the  Normal  Liquid  Level  (NLL),  the  High  Liquid 
Level  (HLL)  and  the  Low  Liquid  Level  (LLL)  are 
established  and  measured  within  the  height  of  the 
tubes.  The  liquid  hold-up  between  the  HLL  and  LLL 
levels  is  normally  15  to  30  seconds  to  enable  the 

40  oil  outlet  control  valve  to  react  to  sudden  changes 
in  flow  rate  to  or  from  the  vessel.  Therefore  the 
total  volume  of  the  three  downcomers  is  designed 
to  contain  15  to  30  seconds  of  liquid  inflow.  The 
height  of  the  downcomer  tubes  is  set  so  that  no 

45  liquid  enters  the  upper  tank  and  no  gas  enters  the 
lower  tank  under  normal  vessel  pitch  conditions. 
The  outer  downcomer  tubes  4  and  5  can  extend 
into  the  lower  tank  2  at  19  and  thus  reduce  the 
distance  between  the  upper  and  lower  tanks. 

50  If  the  liquid  should  reach  the  High  High  Liquid 
Level  (HHLL),  due  to  blockage  of  the  liquid  outlet, 
the  inlet  feed  is  automatically  shut  down.  The  hold- 
up  time  between  the  HLL  and  the  HHLL  is  normally 
between  30  and  60  seconds,  therefore  the  HHLL  is 

55  set  in  the  bottom  of  the  upper  tank  1  .  Baffles  20a 
can  be  located  in  the  bottom  of  the  upper  tank  1  to 
reduce  the  sloshing  of  the  liquid  along  the  upper 
vessel  during  this  situation.  A  central  channel 

3 
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through  these  baffles  assists  drainage  of  any  liquid 
to  the  lower  tank  2  via  the  downcomer  tubes. 

The  Low  Low  Liquid  Level  (LLLL)  which  can 
occur  if  the  incoming  fluid  is  stopped  or  the  outlet 
control  valve  malfunctions,  is  one  minute  liquid 
hold-up  volume  below  the  LLL.  During  pitching  with 
the  liquid  level  at  the  LLLL  there  will  be  a  sloshing 
within  the  lower  tank  2  which  will  reduce  the  sepa- 
ration  efficiency  severely  but  the  sloshing  effect  will 
be  limited  to  within  the  lower  tank  2. 

Levels  above  the  HHL  and  below  the  LLL  are 
abnormal  and  the  hold-up  times  between  the  HHL 
and  HHLL  and  between  the  LLL  and  LLLL  are  to 
enable  operators  to  take  corrective  action  before 
the  plant  shuts  down.  The  number  of  occasions 
when  this  situation  occurs  is  few  and  considered 
acceptable  when  compared  to  the  saving  in  size, 
weight  and  cost  of  the  separator. 

Control  of  the  liquid  levels  may  be  effected  by 
means  of  the  embodiment  shown  in  Figures  4  and 
5.  The  average  level  in  the  central  downcomer  tube 
3  remains  the  same  at  all  times  and  is  the  average 
of  the  levels  in  the  two  outer  downcomer  tubes  4 
and  5  so  that  an  internal  level  standpipe  16,  lo- 
cated  down  the  centre  of  the  downcomer  tube  3,  is 
used  for  level  control  instruments  for  the  gas/liquid 
interface.  The  standpipe  16  has  an  upper  liquid 
level  controller  connection  17  and  a  lower  liquid 
level  controller  connection  18. 

In  the  embodiment  of  Figures  4  and  5,  the 
liquid  levels  in  the  downcomer  tubes  are  shown  at 
High  Liquid  Level  (HLL),  Normal  Liquid  Level  (NLL) 
and  Low  Liquid  Level  (LLL).  The  dotted  lines  shown 
in  Figure  5  indicate  the  various  liquid  levels  when 
the  separator  is  inclined  at  a  6°  pitch  in  either 
direction. 

If  the  quantity  of  separated  water  is  small  then 
the  water  can  be  collected  in  the  boot  6  at  the 
liquid  outlet  7.  The  liquid  levels  in  the  boot  6  (see 
Figure  4)  can  be  located  to  control  the  water  flow 
rate.  This  can  be  effected  using  a  standpipe  21 
having  two  liquid  level  control  connections  at  the 
upper  level  22  and  lower  level  23.  The  separated 
water  flows  along  the  bottom  of  the  lower  tank  2  to 
the  boot  6.  The  formations  of  waves  between  the 
liquid/water  interface  will  be  small  and  of  low  fre- 
quency,  compared  with  the  waves  set  up  between 
the  gas/liquid  interface,  because  the  difference  be- 
tween  the  density  of  the  liquid  and  water  is  rela- 
tively  small.  Only  a  small  degree  of  mixing  will 
occur. 

If  the  mixture  contains  a  significant  quantity  of 
water,  then  a  third  horizontal  tank  24  can  be  in- 
stalled  below  the  lower  tank  2  as  shown  in  Figure 
6.  This  third  tank  24  can  be  connected  by  three 
downcomer  tubes  25,  26  and  27  so  that  the  Liquid 
Levels  (LL)  and  movement  of  the  liquid  when  the 
vessel  is  pitching  will  be  similar  to  that  herein- 

before  described  for  the  gas/liquid  interface.  In  this 
case,  gas  is  collected  in  the  tank  1  ,  oil  in  the  tank  2 
and  water  in  the  tank  24. 

The  dimensions  of  the  tanks  and  downcomer 
5  tubes  are  selected  to  effect  an  efficient  separation 

of  the  three  phase  fluid. 
The  upper  tank  1  is  designed  to  separate  the 

liquid  droplets  from  the  gas.  The  gas  velocity 
through  the  tank  is  determined  by  standard  correla- 

io  tions  to  specify  the  liquid  droplet  size  removal  and 
limit  the  liquid  carry  over  with  the  gas.  Various 
commercially  available  coalescing  and  liquid  sepa- 
ration  devices  can  be  used  to  assist  the  liquid 
separation  from  the  gas. 

is  The  majority  of  the  liquid  flow  to  the  lower  tank 
will  be  via  the  first  downcomer  which  will  be  dimen- 
sioned  to  ensure  the  maximum  liquid  rate  that  can 
flow  by  gravity  without  backing  up  into  the  upper 
tank. 

20  The  flow  through  the  lower  tank  will  be  deter- 
mined  to  ensure  sufficient  residence  time  to  enable 
water  droplets  of  a  certain  size  to  separate  from 
the  liquid  and  collect  in  the  bottom  of  the  tank, 
thereby  determining  the  water  content  of  the  liquid 

25  phase. 
The  pitching  movement  of  the  vessel  will  im- 

pose  a  vertical  movement  of  liquid  in  the  down- 
comer  tubes  and  the  displaced  liquid  will  travel 
through  the  lower  tank  between  the  two  outer 

30  downcomer  tubes  and  effect  an  increase  and  de- 
crease  in  velocity  to  the  liquid  flowing  through  the 
tank  depending  on  the  degree  of  pitch  and  liquid 
rate.  However,  the  change  in  velocity  is  so  small 
that  there  is  negligible  reduction  in  separation  effi- 

35  ciency. 
The  rolling  motion  of  the  vessel  will  have  little 

effect  on  the  liquid  in  a  cylindrical  tank  as  the  bulk 
of  the  liquid  will  remain  in  the  same  physical  loca- 
tion  with  the  tank  moving  around  the  liquid.  Only 

40  the  liquid  close  to  the  tank  wall  will  be  moved  due 
to  friction  between  the  liquid  and  the  wall.  If  a 
coalescing  plate  section  is  within  the  liquid  volume, 
the  liquid  within  the  plates  will  be  physically  moved 
but  only  within  the  plates.  There  will  be  a  slight 

45  disturbance  of  liquid  entering  and  leaving  the  plat- 
ed  section  bit  the  effect  on  the  separation  effi- 
ciency  is  considered  to  be  small.  There  will  also  be 
a  relative  movement  between  the  liquid  in  the 
downcomer  tubes  and  the  bulk  liquid  in  the  tank 

50  but  this  disturbance  is  also  considered  to  have 
minimum  effect  on  the  separation  efficiency. 

By  having  two  individual  separator  tanks  con- 
nected  by  downcomer  tubes,  it  is  possible  to  di- 
mension  the  two  tanks  as  separate  items.  It  is  not 

55  essential  that  both  tanks  should  be  horizontal  and 
Figure  7  shows  an  embodiment  of  a  fluid  separator 
apparatus  according  to  the  invention  in  which  the 
gas/liquid  separation  is  carried  out  in  a  vertical 

4 
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upper  tank  28  and  the  liquid/water  separation  is 
carried  out  in  a  horizontal  lower  tank  29.  The  two 
tanks  are  connected  by  three  downcomer  tubes  30, 
31  and  32  with  a  vent  from  the  top  of  the  central 
downcomer  tube  31  and  outlet  downcomer  tube  32, 
so  that  the  liquid  levels  HLL,  NLL  and  LLL  are  free 
to  move  to  minimise  liquid  movement  and  also 
enable  adequate  level  control  to  be  effected.  At  the 
same  time  the  distance  between  the  downcomer 
tubes  is  reduced  thus  minimising  the  height  of  the 
downcomer  tubes  to  limit  the  effect  of  the  pitch  of 
the  vessel. 

The  fluid  separator  apparatus  of  the  present 
invention  has  a  number  of  advantages  in  that  it  is 
smaller  and  lighter  compared  with  the  existing  de- 
sign  of  separators  currently  used  for  the  same 
duties  and  in  the  same  environmental  conditions. 

The  weight  of  the  apparatus  of  the  present 
invention  is  estimated  to  be  70  to  80%  of  existing 
designs  with  a  corresponding  reduction  in  cost. 
The  base  support  area  is  less  than  existing  separa- 
tors,  although  the  overall  height  is  greater.  In  gen- 
eral  terms  the  improved  separator  is  more  compact 
and  efficient. 

The  location  of  conventional  separators  have  to 
be  as  near  as  possible  to  the  centre  of  gravity  of 
the  moving  vessel  or  vehicle  to  minimise  the  effect 
of  the  motion  of  the  vessel  on  separation  efficiency 
whereas  the  improved  separator  according  to  the 
present  invention  can  be  located  virtually  anywhere 
on  the  carrying  vessel  or  vehicle  with  the  minimum 
effect  on  separation  efficiency. 

The  term  "vessel"  where  used  in  this  specifica- 
tion  is  intended  to  cover  any  apparatus  or  installa- 
tion  which  is  capable  of  movement  in  any  direction 
or  combination  of  directions  and  includes  ships, 
drilling  or  production  platforms,  boats,  barges  or 
any  other  floating  vessels  as  well  as  moving  equip- 
ment  or  vehicles  including,  for  example,  road  tank- 
ers. 

The  term  "tank"  where  used  in  this  specifica- 
tion  is  intended  to  cover  any  container  having  any 
suitable  shape  and  configuration  and  intended  to 
contain  any  liquid  or  gas  at  any  pressure. 

The  invention  is  not  restricted  to  the  above- 
described  embodiments  but  modifications  and  vari- 
ations  may  be  made  without  departing  from  the 
scope  of  the  invention.  For  example,  the  down- 
comer  tubes  need  not  have  the  same  cross-sec- 
tional  area  but  may  differ  in  area  if  desired.  It  is 
also  not  essential  that  the  outer  downcomer  tubes 
be  equi-spaced  from  the  central  tube  although  this 
is  preferred.  Further,  five  or  even  more  downcomer 
tubes  may  be  provided  between  the  upper  and 
lower  vessels  if  desired.  In  a  further  modification, 
the  boot  6  may  be  dispensed  with  if  the  water 
outlet  nozzle  7  is  located  on  the  base  of  the  lower 
tank. 

A  further  modification  is  illustrated  in  Figure  8 
of  the  drawings  in  which  the  outer  downcomer 
tubes  4  and  5  terminate  at  their  lower  ends  in  right- 
angled  bends  34  and  35  respectively  which  face 

5  away  from  each  other  and  towards  the  respective 
ends  of  the  lower  tank  2.  This  arrangement  has  the 
effect  of  minimising  the  piston  effect  of  the  liquid 
up  and  down  the  downcomer  tubes  owing  to  hori- 
zontal  movement,  or  horizontal  component  of 

io  movement,  of  the  liquid.  This  modification  may  be 
applied  to  any  one  of  the  embodiments  shown  in 
Figures  3,  4,  6  or  7  of  the  drawings.  Alternatively  or 
in  addition,  a  restriction  in  the  form  of  a  plate  with 
holes  or  a  like  baffle  may  be  installed  in  each  of 

is  the  downcomer  tubes  in  order  to  restrict  the  ve- 
locity  of  liquid  in  said  tubes. 

The  invention  also  extends  to  floating  or  mov- 
ing  vessels  or  vehicles  equipped  with  the  above- 
described  apparatus. 

20 
Claims 

1.  Apparatus  for  a  moving  vessel  or  vehicle  for 
separating  gases  and  liquids,  said  apparatus 

25  comprising  a  container  adapted  to  receive  a 
mixture  of  gas  and  liquid  and  including  at  least 
two  tanks  (1,  2)  which  are  connected  by  a 
plurality  of  tubes  (3,  4,  5;  30,  31  ,  32)  compris- 
ing  a  first  tube  (3,  31)  and  at  least  one  second 

30  tube  (4,  5;  30,  32)  located  on  each  side  of  the 
first  tube  (3,  31)  and  spaced  therefrom,  each 
tube  being  located  in  the  upper  wall  of  a  first 
tank  (2)  which  is  located  at  a  lower  level  than  a 
second  tank  (1),  characterized  in  that  means 

35  are  provided  to  maintain  the  liquid/gas  inter- 
face  at  a  substantially  constant  level  within 
each  tube  so  as  to  reduce  agitation  of  the 
liquid/gas  interface  during  movement  of  the 
vessel  or  vehicle,  said  means  being  located  at 

40  least  in  the  first  tube  (3,  31). 

2.  Apparatus  according  to  claim  1,  wherein  said 
second  tubes  (4,  5;  30,  32)  are  equi-spaced 
from  the  first  tube  (3,  31)  on  either  side  there- 

45  of. 

3.  Apparatus  according  to  claim  2,  wherein  the 
second  tubes  are  of  equal  cross-section  or 
diameter. 

50 
4.  Apparatus  according  to  any  preceding  claim, 

wherein  the  means  for  maintaining  the 
liquid/gas  interface  at  a  substantially  constant 
level  within  the  tubes  comprise  a  standpipe 

55  (16)  in  the  centre  of  the  first  tube  (3)  having 
liquid  level  control  connections  (17,  18)  to  en- 
sure  that  the  level  remains  constant  no  matter 
to  what  degree  of  movement  to  which  the 

5 
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vessel  or  vehicle  is  subjected. 

6.  Apparatus  according  to  any  one  of  claims  1  to 
4,  wherein  the  second  tank  (28)  extends  verti- 
cally  above  the  first  tank  (29). 

7.  Apparatus  according  to  any  preceding  claim, 
wherein  the  first  tank  is  larger  than  the  second 
tank. 

8.  Apparatus  according  to  any  preceding  claim, 
wherein  the  tubes  extend  into  the  tanks  and 
terminate  in  the  interiors  thereof. 

9.  Apparatus  according  to  any  preceding  claim, 
wherein  a  third  tank  (24)  is  provided  which  is 
located  below  the  first  tank  (2)  and  connected 
to  it  by  a  plurality  of  further  tubes  (25,  26,  27), 
a  first  (25)  of  said  further  tubes  being  located 
in  the  upper  wall  of  the  third  tank  (24)  and  at 
least  one  further  tube  (26,  27)  being  located  on 
each  side  of  and  spaced  from  the  first  of  said 
further  tubes  and  also  being  located  in  the  said 
upper  wall  of  the  third  tank  (24). 

10.  The  use  of  the  apparatus  claimed  in  any  one 
of  the  preceding  claims  in  a  floating  or  moving 
vessel  or  vehicle. 

Patentanspruche 

1.  Vorrichtung  zur  Trennung  von  Gasen  und  Flus- 
sigkeiten  fur  einen  sich  bewegenden  Hohlkor- 
per  oder  ein  Fahrzeug,  die  aus  einem  Behalter 
besteht,  der  so  ausgelegt  ist,  dal3  er  eine  Mi- 
schung  aus  einem  Gas  und  einer  Flussigkeit 
aufnehmen  kann  und  aus  mindestens  zwei 
Tanks  (1,2)  zusammengesetzt  ist,  die  uber 
eine  Anordnung  von  Rohren  (3,  4,  5;  30,  31, 
32)  miteinander  verbunden  sind,  die  aus  einem 
ersten  Rohr  (3,  31)  und  zusatzlichen  weiteren 
Rohren  (4,  5;  30,  32),  zumindest  aber  einem 
weiteren  Rohr  besteht,  die  jeweils  an  einer 
Seite  des  ersten  Rohres  (3,  31)  und  von  die- 
sem  raumlich  getrennt  angebracht  sind,  wobei 
jedes  dieser  Rohre  an  der  oberen  Wand  des 
ersten  Tanks  (2)  angebracht  ist,  der  sich  unter- 
halb  des  zweiten  Tanks  (1)  befindet,  dadurch 
gekennzeichnet,  dal3  Hilfsmittel  vorgesehen 
sind,  damit  die  Flussigkeit/Gas-Trennschicht 
innerhalb  jedes  Rohres,  zumindest  aber  in 
dem  ersten  Rohr  (3,  31)  auf  einem  im  wesentli- 
chen  konstanten  Pegel  gehalten  ist,  urn  das 
Schutteln  der  Flussigkeit/Gas-Trennschicht, 

welches  durch  die  Bewegung  des  Hohlkorpers 
oder  Fahrzeugs  verursacht  wird,  herabzuset- 
zen. 

5  2.  Vorrichtung  nach  Anspruch  1,  dadurch  ge- 
kennzeichnet,  dal3  die  zusatzlichen  Rohre  (4, 
5;  30,  32)  jeweils  an  einer  Seite  des  ersten 
Rohres  (3,  31)  angebracht  sind  und  in  Bezug 
auf  dieses  erste  Rohr  aquidistante  Abstande 

w  aufweisen. 

3.  Vorrichtung  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  dal3  die  zusatzlichen  Rohre 
den  gleichen  Querschnitt  oder  Durchmesser 

is  aufweisen. 

4.  Vorrichtung  nach  mindestens  einem  der  voran- 
gehenden  Anspruche,  dadurch  gekennzeich- 
net,  dal3  die  Hilfsmittel,  urn  die 

20  Flussigkeit/Gas-Trennschicht  innerhalb  der 
Rohre  auf  einem  im  wesentlichen  konstanten 
Pegel  zu  halten,  ein  Standrohr  (16)  beinhalten, 
das  sich  in  der  Mitte  des  ersten  Rohres  befin- 
det  und  Verbindungen  (17,  18)  zur  Kontrolle 

25  des  Flussigkeitspegels  besitzt,  urn  sicherzu- 
stellen,  dal3  der  Pegel,  unabhangig  davon,  wel- 
chem  AusmaB  an  Bewegung  der  Hohlkorper 
oder  das  Fahrzeug  unterworfen  ist,  auf  einem 
konstanten  Wert  bleibt. 

30 
5.  Vorrichtung  nach  mindestens  einem  der  voran- 

gehenden  Anspruchen,  dadurch  gekenn- 
zeichnet,  dal3  der  zweite  Tank  (1)  horizontal 
angebracht  und  parallel  uber  dem  ersten  Tank 

35  (2)  angeordnet  ist. 

6.  Vorrichtung  nach  einem  der  Anspruche  1  bis 
4,  dadurch  gekennzeichnet,  dal3  der  zweite 
Tank  (28)  vertikal  uber  dem  ersten  Tank  (29) 

40  angebracht  ist. 

7.  Vorrichtung  nach  mindestens  einem  der  voran- 
gehenden  Anspruche,  dadurch  gekennzeich- 
net,  dal3  der  erste  Tank  groBer  als  der  zweite 

45  Tank  ist. 

8.  Vorrichtung  nach  mindestens  einem  der  voran- 
gehenden  Anspruche,  dadurch  gekennzeich- 
net,  dal3  die  Rohre  in  die  Tanks  hineinragen 

50  und  in  deren  Innenraumen  abschlieBen. 

9.  Vorrichtung  nach  mindestens  einem  der  voran- 
gehenden  Anspruche,  dadurch  gekennzeich- 
net,  dal3  ein  dritter  Tank  (24)  vorgesehen  ist, 

55  der  unterhalb  des  ersten  Tanks  (2)  angebracht 
ist  und  mit  diesem  durch  mehrere  weitere 
Rohre  (25,  26,  27)  verbunden  ist,  wobei  ein 
erstes  Rohr  (25)  in  der  oberen  Wand  des  drit- 

5.  Apparatus  according  to  any  preceding  claim, 
wherein  the  second  tank  (1)  is  arranged  hori- 
zontally  parallel  to  and  above  the  first  tank  (2).  5 

6 
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ten  Tanks  (24)  angebracht  ist  und  zumindest 
ein  weiteres  Rohr  (26,  27)  jeweils  an  einer 
Seite  des  ersten  Rohres,  raumlich  von  diesem 
getrennt  angebracht  ist  und  dieses  weitere 
Rohr  ebenfalls  in  der  oberen  Wand  des  dritten 
Tanks  (24)  angebracht  ist. 

10.  Vorrichtung  nach  mindestens  einem  der  voran- 
gehenden  Anspruchen,  dadurch  gekenn- 
zeichnet,  dal3  sie  in  schwimmenden  oder  sich 
bewegenden  Hohlkorper  oder  Fahrzeugen  be- 
nutzt  wird. 

Revendications 

1.  Appareil  pour  un  navire  en  mouvement  ou  un 
vehicule  en  mouvement  pour  separer  des  gaz 
et  des  liquides,  cet  appareil  comprenant  un 
recipient  apte  a  recevoir  un  melange  de  gaz  et 
de  liquide  et  comportant  au  moins  deux  reser- 
voirs  (1,  2)  qui  sont  relies  entre  eux  par  une 
pluralite  de  tubes  (3,  4,  5;  30,  31  ,  32)  compre- 
nant  un  premier  tube  (3,  31)  et  au  moins  un 
deuxieme  tube  (4,  5;  30,  32)  situes  de  part  et 
d'autre  du  premier  tube  (3,  31)  et  espaces  de 
celui-ci,  chaque  tube  etant  situe  dans  la  paroi 
superieure  d'un  premier  reservoir  (2)  qui  est 
situe  a  un  niveau  inferieur  a  celui  d'un  deuxie- 
me  reservoir  (1), 
caracterise  en  ce  que  des  moyens  sont  pre- 
vus  pour  maintenir  I'interface  liquide/gaz  a  un 
niveau  sensiblement  constant  dans  chaque 
tube,  de  maniere  a  reduire  I'agitation  de  I'inter- 
face  liquide/gaz  pendant  les  mouvements  du 
navire  ou  du  vehicule,  ces  moyens  etant  situes 
au  moins  dans  le  premier  tube  (3,  31). 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
lesdits  deuxiemes  tubes  (4,  5;  30,  32)  sont 
equidistants  du  premier  tube  (3,  31)  de  part  et 
d'autre  de  celui-ci. 

5.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  le  deuxieme 
reservoir  (1)  est  dispose  horizontalement,  pa- 
rallelement  au  premier  reservoir  (2)  et  au-des- 

5  sus  de  lui. 

6.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  1  a  4,  dans  lequel  le  deuxieme  reser- 
voir  (28)  s'etend  verticalement  au-dessus  du 

io  premier  reservoir  (29). 

7.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  le  premier 
reservoir  est  plus  grand  que  le  deuxieme  re- 

15  servoir. 

8.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  les  tubes  se 
prolongent  dans  les  reservoirs  et  se  terminent 

20  a  I'interieur  de  ceux-ci. 

9.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  un  troisieme 
reservoir  (24)  est  prevu  en  etant  situe  sous  le 

25  premier  reservoir  (2)  et  relie  a  celui-ci  par  une 
pluralite  d'autres  tubes  (25,  26,  27),  un  premier 
(25)  de  ces  autres  tubes  etant  situe  dans  la 
paroi  superieure  du  troisieme  reservoir  (24)  et 
au  moins  un  des  autres  tubes  (26,  27)  etant 

30  situe  de  chaque  cote  du  premier  de  ces  autres 
tubes  et  espace  de  celui-ci,  et  etant  aussi  situe 
dans  ladite  paroi  superieure  du  troisieme  re- 
servoir  (24). 

35  10.  Utilisation  de  I'appareil  revendique  dans  I'une 
quelconque  des  revendications  precedentes 
dans  un  navire  flottant  ou  en  mouvement,  ou 
dans  un  vehicule  en  mouvement. 

40 

3.  Appareil  selon  la  revendication  2,  dans  lequel 
les  deuxiemes  tubes  ont  une  section  transver- 
sale  egale  ou  un  diametre  egal.  45 

4.  Appareil  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  les  moyens 
pour  maintenir  I'interface  liquide/gaz  a  un  ni- 
veau  sensiblement  constant  dans  les  tubes  50 
comprennent  un  tuyau  vertical  (16)  au  centre 
du  premier  tube  (3),  ce  tuyau  ayant  des  rac- 
cords  (17,  18)  de  controle  du  niveau  liquide 
pour  assurer  que  le  niveau  reste  constant,  quel 
que  soit  le  degre  de  mouvement  auquel  est  55 
soumis  le  navire  ou  le  vehicule. 
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