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Description 

This  invention  relates  to  an  improvement  in  a 
passive  cooling  system  for  liquid  metal  cooled  nu- 
clear  reactors  having  a  pool  of  liquid  metal  coolant 
with  the  heat  generating  fissionable  fuel  core  sub- 
stantially  immersed  in  the  liquid  metal  pool,  such 
as  the  type  disclosed  in  United  States  Letters  Pat- 
ent  US.A-4,508,677,  issued  April  2,  1985. 

In  the  operation  of  liquid  sodium  or  sodium- 
potassium  metal  cooled  nuclear  reactors  for  power 
generation,  it  may  be  necessary  to  shut  down  the 
fission  reaction  of  the  fuel  to  deal  with  emergencies 
or  carry  out  maintenance  services.  Reactor  shut 
down  is  attained  by  inserting  neutron  absorbing 
control  rods  into  the  core  of  fissionable  fuel  to 
deprive  the  fuel  of  the  needed  fission  producing 
neutrons.  However  decay  of  the  fuel  in  the  shut 
down  reactor  continues  to  produce  heat  in  signifi- 
cant  amounts  which  must  be  dissipated  from  the 
reactor  unit. 

The  heat  capacity  of  the  liquid  metal  coolant 
and  adjacent  structure  aid  in  dissipating  the  resid- 
ual  heat.  However,  the  structural  materials  of  the 
nuclear  reactor  may  not  be  capable  of  safely  with- 
standing  prolonged  high  temperatures.  For  exam- 
ple  the  concrete  of  the  walls  of  the  typical  housing 
silo  may  splay  and  crack  when  subjected  to  high 
temperatures.  Accordingly,  auxiliary  cooling  sys- 
tems  are  commonly  utilized  to  safely  remove  heat 
from  the  nuclear  reactor  structure  during  shut 
down. 

Conventional  nuclear  reactors  have  utilized  a 
variety  of  elaborate  energy  driven  cooling  systems 
to  dissipate  heat  from  the  reactor.  In  many  of  the 
situations  warranting  a  shutdown,  the  energy  sup- 
ply  to  the  cooling  systems  make  the  cooling  sys- 
tems  themselves  subject  to  failure.  For  example, 
pumps  and  ventilation  systems  to  cool  the  core 
may  fail.  Furthermore,  if  operator  intervention  is 
necessary,  there  are  foreseeable  scenarios  in 
which  the  operator  would  be  unable  to  provide  the 
appropriate  action.  The  most  reliable  and  desirable 
cooling  system  would  be  a  completely  passive 
system  which  could  continuously  remove  the  resid- 
ual  heat  generated  after  shutdown. 

Liquid  metal  cooled  reactors  such  as  the  mod- 
ular  type  disclosed  in  U.S-A  4,508,677,  utilizing 
sodium  or  sodium-potassium  as  the  coolant  pro- 
vides  numerous  advantages.  Water  cooled  reactors 
operate  at  or  near  the  boiling  point  of  water.  Any 
significant  rise  in  temperature  results  in  the  genera- 
tion  of  steam  and  increased  pressure.  By  contrast, 
sodium  or  sodium-potassium  has  an  extremely 
high  boiling  point,  in  the  range  of  980  °C  (1800°F) 
at  one  atmosphere  pressure.  The  normal  operating 
temperature  of  the  reactor  is  in  the  range  of  about 
490  °  C  (900  °  F).  Because  of  the  high  boiling  point 

of  the  liquid  metal,  the  pressure  problems  asso- 
ciated  with  water  cooled  reactors  and  the  steam 
generated  thereby  are  eliminated.  The  heat  capac- 
ity  of  the  liquid  metal  permits  the  sodium  or  so- 

5  dium-potassium  to  be  heated  several  hundred  de- 
grees  without  danger  of  materials  failure  in  the 
reactor. 

The  reactor  vessels  for  pool-type  liquid-metal 
cooled  reactors  are  essentially  open  top  cylindrical 

io  tanks  without  any  perforations  to  interrupt  the  integ- 
rity  of  the  vessel  walls.  Sealing  of  side  and  bottom 
walls  is  essential  to  prevent  the  leakage  of  liquid 
metal  from  the  primary  vessel.  The  vessel  surfaces 
must  also  be  accessible  for  the  rigorous  inspec- 

75  tions  required  by  safety  considerations. 
In  the  typical  sodium  cooled  reactor,  two  levels 

of  sodium  loops  are  used.  Usually,  a  single  primary 
loop  and  two  or  more  secondary  loops  are  used. 
The  primary  loop  contains  very  radioactive  sodium 

20  which  is  heated  by  the  fuel  rods.  The  primary  loop 
passes  through  heat  exchangers  to  exchange  the 
heat  with  one  of  the  non-radioactive  secondary 
sodium  loops. 

Upon  shutdown  of  the  reactor  by  fully  inserting 
25  the  control  rods,  residual  heat  continues  to  be 

produced  and  dissipated  according  to  the  heat 
capacity  of  the  plant.  Assuming  that  the  reactor  has 
been  at  full  power  for  a  long  period  of  time,  during 
the  first  hour  following  shutdown,  an  average  of 

30  about  2%  of  full  power  continues  to  be  generated. 
The  residual  heat  produced  continues  to  decay 
with  time. 

US-A-4678626  discloses  a  passive  cooling  sys- 
tem  for  liquid  metal  cooled  nuclear  reactors  for 

35  removing  shut  down  decay  heat,  having  a  pool  of 
liquid  metal  coolant  with  the  heat  generating  fis- 
sionable  fuel  core  substantially  immersed  ins  aid 
pool  of  liquid  metal  coolant,  the  passive  cooling 
system  including  a  combination  of  spaced  apart 

40  side-by-side  partitions  in  generally  concentric  ar- 
rangement  and  providing  for  intermediate  fluid  cir- 
culation  and  heat  transfer  therebetween  and  having 
a  reactor  vessel  for  containing  a  pool  of  liquid 
metal  coolant  with  a  fuel  core  substantially  im- 

45  mersed  therein,  a  side  wall  of  the  reactor  vessel 
forming  an  innermost  first  partition;  a  guard  vessel 
substantially  surrounding  the  reactor  vessel  ion 
spaced  apart  relation  having  a  side  wall  forming  a 
second  partition  a  containment  vessel  substantially 

50  surrounding  the  guard  vessel  in  spaced  apart  rela- 
tion  having  a  side  wall  forming  an  outer  third  parti- 
tion  and  a  concrete  silo  substantially  surrounding 
the  containment  vessel  in  spaced  apart  relation. 

Whilst  such  a  passive  system  operates  sat- 
55  isfactorily,  nevertheless  improvements  are  desir- 

able  to  transfer  reactor  decay  and  residual  heat 
from  the  fuel  core  and  liquid  metal  coolant  by 
means  of  the  inherent  thermal  energy  transfer 
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mechanisms  of  conduction,  radiation,  convection 
and  natural  convection  of  fluids  out  to  the  ambient 
atmosphere.  The  improved  system  of  the  invention 
is  basically  passive  and  operates  continuously 
through  the  inherent  phenomenon  of  natural  con- 
vection  in  fluids,  conduction,  convection,  and  ther- 
mal  radiation. 

The  present  invention  provides  a  passive  cool- 
ing  system  for  liquid  metal  cooled  nuclear  reactors 
having  a  pool  of  liquid  metal  coolant  with  the  heat 
generating  fissionable  fuel  core  substantially  im- 
mersed  in  said  pool  of  liquid  metal  coolant,  the 
passive  cooling  system  including  a  combination  of 
spaced  apart  side-by-side  partitions  in  generally 
concentric  arrangement  and  providing  for  interme- 
diate  fluid  circulation  and  heat  transfer  there- 
between,  comprising:  a  reactor  vessel  for  contain- 
ing  the  pool  of  liquid  metal  coolant  with  the  fuel 
core  substantially  immersed  therein,  a  side  wall  of 
the  reactor  vessel  forming  an  innermost  first  parti- 
tion;  a  guard  vessel  substantially  surrounding  the 
reactor  vessel  in  spaced  apart  relation  having  a 
side  wall  forming  a  second  partition;  a  containment 
vessel  substantially  surrounding  the  guard  vessel  in 
spaced  apart  relation  having  a  side  wall  forming  an 
outer  third  partition;  a  concrete  silo  substantially 
surrounding  the  containment  vessel  in  spaced  apart 
relation;  characterized  by  a  first  closed  circulating 
fluid  flow  course  for  recirculation  fluid  coolant  in  a 
recycling  path  intermediate  at  least  two  of  said 
partitions  and  extending  therefrom  upward  above 
the  reactor  vessel;  and  a  second  circulating  fluid 
flow  course  open  to  the  ambient  atmosphere  ad- 
joining  at  least  a  portion  of  the  first  closed  circulat- 
ing  course  extending  above  the  reactor  vessel  and 
consisting  of  at  least  one  downcomer  duct  having 
an  opening  to  the  atmosphere  in  an  upper  area 
thereof  and  at  least  one  adjacent  riser  duct  having 
an  opening  to  the  atmosphere  in  an  upper  area 
thereof,  said  riser  duct  abutting  at  least  a  portion  of 
the  closed  circulating  flow  course  extending  above 
the  reactor  vessel,  the  adjacent  downcomer  and 
riser  ducts  being  joined  together  in  fluid  commu- 
nication  in  their  lower  areas  to  provide  an  open 
circuit  for  the  passage  of  ambient  air  from  the 
atmosphere  into  and  downward  through  the  down- 
comer  duct  and  around  back  up  through  the  riser 
duct  and  out  into  the  atmosphere. 

In  the  event  of  a  reactor  shutdown,  after  the 
control  rods  are  fully  inserted  into  the  fuel  core,  the 
heat  generated  by  the  fuel  rods  is  transferred 
through  the  reactor  vessel  across  an  inert  gas  gap 
to  the  surrounding  containment  vessel  primarily  by 
the  thermal  radiation,  with  a  small  fraction  of  the 
heat  transferred  by  conduction  and  convection  in 
the  contained  inert  gas.  Surfaces  of  high  thermal 
emissivity  provided  on  the  outside  of  the  reactor 
vessel  and  the  interior  of  the  containment  vessel 

increase  the  efficiency  of  the  heat  transfer. 
Heat  is  then  removed  from  the  outside  surface 

of  the  containment  vessel  partly  by  thermal  radi- 
ation  and  partly  by  direct  convection  to  the  circulat- 

5  ing  inert  gas  in  the  primary  closed  circuit  in  the 
passage  between  the  containment  vessel  and  the 
shield.  The  energy  is  then  transported  to  the  at- 
mosphere  by  naturally  circulating  air  in  the  secon- 
dary  open  circuit.  Modular  reactor  vessels  have 

io  approximately  one  third  the  diameter  and  are  about 
the  same  height  as  conventional  nuclear  reactor 
vessels.  In  modular  reactors,  the  ratio  of  the  sur- 
face  area  to  the  power  generated  is  approximately 
three  times  greater  than  the  surface  area  to  power 

is  ratio  in  a  conventional  and  large  reactor.  This  pro- 
vides  sufficient  surface  area  over  which  the  resid- 
ual  heat  may  be  passively  dissipated.  The  highly 
emissive  exterior  surfaces  of  the  containment  ves- 
sel  also  enhance  the  heat  transfer. 

20  The  invention  thus  provides  an  improved  pas- 
sive  cooling  system  for  liquid  metal  cooled  nuclear 
reactors  for  the  removal  of  decay  and  sensible 
heat,  in  particular  an  indirect  cooling  system  for  the 
passive  cooling  of  such  reactors  comprising  a  core 

25  of  fissionable  fuel  substantially  immersed  within  a 
pool  of  liquid  metal  coolant. 

In  general,  the  improved  passive  cooling  sys- 
tem  for  liquid  metal  cooled  nuclear  reactors  pro- 
vides  an  intermediate  closed  cooling  circuit  con- 

30  taining  an  inert  fluid  heat  transferring  medium, 
which  obstructs  a  release  of  liquid  sodium  coolant 
escaping  from  the  reactor  vessel  and  deleterious 
contact  of  the  sodium  with  the  cooling  medium 
vented  out  into  the  atmosphere  for  heat  dissipation. 

35  The  heat  removing  system  can  be  entirely  passive, 
operating  continuously  by  the  inherent  phenom- 
enon  of  natural  convection  in  fluids,  conduction, 
convection,  and  thermal  radiation.  Decay  and  sen- 
sible  heat  produced  during  shut  down  is  removed 

40  by  the  passive  system  utilizing  a  combination  of 
sequential  fluid  circuits  including  a  closed  circulat- 
ing  flow  course  containing  an  inert  fluid  medium 
and  an  open  circulating  flow  course  utilizing  am- 
bient  air  which  safely  expels  the  removed  heat  out 

45  into  the  atmosphere. 
In  the  accompanying  drawings: 

Figure  1  is  a  schematic  illustration  of  a  liquid 
metal  cooled  nuclear  reactor  plant  in  cross-sec- 
tion; 

50  Figure  2  is  a  schematic  illustration  of  a  liquid 
metal  cooled  nuclear  reactor  plant  in  cross-sec- 
tion  showing  a  variation  of  the  invention; 
Figure  3  is  an  exploded  view  illustrating  in  detail 
a  portion  of  the  composite  side  structure  of  the 

55  variation  shown  in  Figure  2; 
Pool-type  liquid-metal  cooled  reactors  have 

sufficient  surface  area  to  accommodate  dissipation 
of  residual  heat  during  reactor  shutdown  events. 
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Overall,  the  reactor  system  has  a  relatively  small 
heat  capacity.  The  problem  remaining  is  to  dis- 
sipate  the  residual  heat  without  significantly  dam- 
aging  the  containment  structures.  A  completely 
passive  cooling  system  eliminates  reliance  on  en- 
ergy  driven  pumps  and  fans  and  the  need  for 
operator  intervention.  At  the  same  time,  the  con- 
tainment  vessel  itself  must  not  be  structurally 
modified  due  to  the  size  constraints  on  modular 
reactors,  and  the  necessity  of  a  smooth,  unper- 
forated  tank  structure  to  prevent  any  areas  where 
stresses  might  accumulate.  Strict  inspection  re- 
quirements  also  require  that  the  containment  vessel 
be  simple  to  inspect  both  during  manufacture  and 
erection  of  the  structure. 

Referring  to  Figure  1  of  the  drawings,  an  em- 
bodiment  of  a  pool-type,  liquid  metal  cooled  nu- 
clear  reactor  plant  10,  comprises  a  reactor  vessel 
12,  typically  consisting  of  an  cylindrical  tank  posi- 
tioned  with  its  longitudinal  axis  extending  vertically 
upright,  and  having  an  open  upper  end  provided 
with  a  removable  cover.  Reactor  vessel  12  contains 
a  pool  of  liquid  metal  coolant  14,  such  as  sodium 
metal,  with  a  heat  producing  core  of  fissionable  fuel 
16  substantially  immersed  within  the  liquid  metal 
coolant  pool  14  for  heat  transfer.  Fission  action  of 
the  fuel  and  the  rate  thereof  is  governed  by  neu- 
tron  absorbing  control  rods  18  moving  out  from  or 
into  the  fuel  core  16. 

The  reactor  vessel  12  is  enclosed  within  a 
concentrically  surrounding  guard  vessel  20  in 
spaced  apart  relation.  A  preferred  embodiment  in- 
cludes  a  collector  cylinder  22  encircling  substan- 
tially  the  length  of  the  guard  vessel  20  in  spaced 
apart  relation.  A  containment  vessel  24  concen- 
trically  surrounds  the  collector  cylinder  22  with  the 
guard  vessel  20  and  reactor  vessel  12,  in  spaced 
apart  relation.  A  concrete  silo  26  houses  the  con- 
centrically  combined  and  spaced  apart  arrange- 
ment  of  containment  vessel  24,  collector  cylinder 
22,  guard  vessel  20  and  reactor  vessel  12. 

Preferably  the  concrete  silo  26  is  substantially 
buried  into  the  ground  to  the  extent  that  its  con- 
tained  reactor  vessel  12  and  adjoining  vessels  and 
cylinder  are  located  at  least  below  the  ground 
surface,  shown  in  the  drawings  as  28.  Locating  the 
liquid  metal  containing  reactor  vessel  below  ground 
surface  precludes  the  escape  of  any  liquid  metal 
regardless  of  any  loss  of  integrity  of  the  plant. 

This  arrangement  of  these  combined  compo- 
nents  in  surrounding  or  encircling  and  spaced  apart 
positions,  provides  for  their  respective  cylindrical 
side  walls  forming  a  series  of  partitions  with  inter- 
mediate  spaces.  Specifically,  a  space  30  between 
the  partitions  comprising  the  side  walls  of  reactor 
vessel  12  and  guard  vessel  20;  a  space  32  be- 
tween  the  partitions  comprising  the  side  walls  of 
the  guard  vessel  20  and  collector  cylinder  22;  a 

space  34  between  the  partitions  comprising  the 
side  walls  of  the  collector  cylinder  22  and  contain- 
ment  vessel  24;  and  a  space  36  between  the 
partitions  comprising  the  side  walls  of  the  contain- 

5  ment  vessel  24  and  the  concrete  silo  26. 
In  a  preferred  embodiment  of  the  invention 

wherein  the  above  combined  components  are  cir- 
cular  in  cross-section  and  concentrically  surround 
or  encircle  one  another,  the  intermediate  spaces 

io  30,  32,  34  and  36  are  each  substantially  annular  in 
cross-section. 

The  guard  vessel  20,  the  collector  cylinder  22, 
containment  vessel  24  and  concrete  silo  26  are 
each  provided  with  upward  projecting  continuations 

is  or  walls  extending  above  the  uppermost  portion  of 
the  reactor  vessel  12,  and  up  beyond  the  ground 
level  28.  Thus  the  annular  spaces  32,  34  and  36 
formed  intermediate  the  continued  partitions 
formed  by  the  extended  side  walls  of  the  combined 

20  components  extend  above  the  heat  producing  reac- 
tor  and  its  enclosing  vessel  12,  namely  a  wall  38 
continuing  from  the  guard  vessel  20,  the  wall  40 
continuing  from  the  collector  cylinder  22,  the  wall 
42  continuing  from  the  containment  vessel  24  and 

25  the  upper  portion  of  the  wall  44  of  the  concrete  silo 
26. 

These  extensions  from  the  vessel  side  walls 
continue  or  otherwise  provide  the  partitions  which 
define  the  intermediate  spaces  32,  34  and  36.  The 

30  space  36  intermediate  the  extended  wall  of  the 
containment  vessel  24  adjacent  to  the  upper  por- 
tion  of  the  reactor  vessel  12  and  extending  upward 
therefrom,  and  the  upper  wall  44  portion  of  the 
concrete  silo  26  is  divided  by  partition  46  extend- 

35  ing  substantially  the  height  of  the  silo  upper  wall 
44.  Partition  46  provides  for  fluid  communication  at 
its  lower  end  between  the  divided  portions  of  inter- 
mediate  space  36. 

In  the  embodiment  shown  in  Figure  1  the 
40  space  30  intermediate  the  reactor  vessel  12  and 

guard  vessel  20  is  filled  with  an  inert  gas,  such  as 
argon,  and  sealed.  The  guard  vessel  20  and  inter- 
mediate  inert  gas  serves  as  a  protective  measure 
against  the  occurrence  of  a  break  of  the  reactor 

45  vessel  12  and  in  turn  leaking  of  liquid  metal  coolant 
such  as  sodium. 

The  space  32  intermediate  the  guard  vessel  20 
and  the  collector  cylinder  22  is  in  fluid  communica- 
tion  with  the  space  34  intermediate  the  collector 

50  cylinder  22  and  the  containment  vessel  24  at  both 
their  lower  and  upper  extremities.  This  arrange- 
ment  of  connecting  intermediate  spaces  32  and  34, 
forms  a  closed  circulating  fluid  flow  course  48  for 
recirculating  a  heat  transporting  fluid  coolant  in  a 

55  recycling  path,  including  a  riser  duct  50  having  a 
portion  in  contact  with  a  substantial  surface  area  of 
the  guard  vessel  20  side  wall,  and  a  flow  return 
downcomer  duct  52.  The  heat  transporting  fluid 

4 
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coolant  is  preferably  an  inert  gas  such  as  nitrogen. 
The  space  36  intermediate  the  containment 

vessel  extended  wall  42  and  concrete  silo  upper 
wall  portion  44  which  is  divided  by  partition  46, 
forms  a  second  circulating  fluid  flow  course  54 
which  is  open  to  the  ambient  atmosphere.  Circulat- 
ing  fluid  flow  course  54  comprises  a  riser  duct  56 
which  adjoins  a  portion  of  the  closed  circulating 
fluid  flow  course  48,  such  as  the  upper  portion  of 
downcomer  duct  52  for  heat  transfer,  and  a  down- 
comer  duct  58.  The  downcomer  duct  58  is  pro- 
vided  with  an  opening  62  to  the  surrounding  at- 
mosphere  and  riser  duct  with  opening  60  to  the 
surrounding  atmosphere  whereby  ambient  air  can 
be  drawn  in  through  opening  62,  pass  down 
through  duct  58,  then  back  up  through  duct  56, 
adjoining  an  upper  portion  of  the  closed  fluid  flow 
course  48,  and  out  though  opening  60. 

In  operation,  heat  produced  by  the  fuel  is  con- 
veyed  to  the  reactor  vessel  12  by  the  natural 
convection  of  the  liquid  metal  coolant,  then  trans- 
ferred  mainly  by  thermal  radiation  across  the  inert 
gas  containing  space  30  to  the  guard  vessel  20. 
The  heat  is  absorbed  by  the  inert  gas  contained  in 
the  riser  duct  50  which  is  in  contact  with  the  outer 
surface  of  a  portion  of  the  guard  vessel  20,  and  is 
carried  along  in  the  closed  circulating  fluid  course 
48  due  to  the  added  heat  inducing  a  natural  draft 
within  the  riser  duct  50.  The  circulating  fluid  with 
the  added  heat  continues  around  through  the 
downcomer  duct  52  adjoining  the  open  circulating 
fluid  course  54  and  gives  up  the  heat  to  the  cooler 
air  within  riser  duct  56.  Thus  the  increased  heat 
induces  a  natural  draft  within  the  riser  duct  56  of 
the  open  circulating  fluid  course  56  whereby  the 
heat  augmented  air  is  vented  into  the  atmosphere 
through  opening(s)  60,  expelling  the  heat,  while 
drawing  cool  replacement  air  in  through  opening  62 
and  down  through  downcomer  duct  58  then  up 
through  riser  duct  56  to  continue  the  heat  evacu- 
ation  process.  At  the  same  time  continued  emis- 
sions  of  heat  from  the  fuel  core  and  transfer  to  the 
inert  gas  contents  of  the  closed  circulating  fluid 
course  48  perpetuates  the  cycling  of  the  heat  car- 
rying  fluid  through  the  closed  course  continuously 
carrying  away  the  heat  and  passing  it  on  to  the  air 
in  the  open  circulating  fluid  course  54  for  dissipa- 
tion  into  the  ambient  atmosphere. 

Thermal  performance  studies  of  the  system 
indicate  that  the  maximum  average  core  sodium 
outlet  temperatures  for  a  decay  heat  removal  tran- 
sient  is  about  615  °C  (1140°F)  which  is  well  below 
the  current  ASME  service  level  temperature  limit  of 
650  °C  (1200°F)  based  on  nominal  calculations. 

An  alternative  embodiment  of  this  invention  is 
illustrated  in  Figure  2  and  3  of  the  drawings.  The 
concentrically  arranged,  spaced  apart  combination 
of  components  comprise  the  reactor  vessel  12  sur- 

rounded  by  the  guard  vessel  20  which  in  turn  is 
surrounded  by  the  containment  vessel  24,  and  all 
are  enclosed  within  the  concrete  silo  26. 

The  space  30A  between  the  reactor  vessel  12 
5  and  the  guard  vessel  20  contains  a  multiplicity  of 

baffles  64  extending  between  the  partition  provided 
by  the  side  wall  of  the  reactor  vessel  and  the 
partition  provided  by  the  side  wall  of  the  guard 
vessel.  The  baffles  64,  which  are  generally  radially 

io  aligned  or  perpendicular  to  the  partitions  provided 
by  the  vessel  walls,  divide  the  intermediate  space 
30A  into  a  plurality  of  channels  66  which  commu- 
nicate  with  each  other  at  their  lowermost  end. 

The  closed  circulating  fluid  course  48  of  this 
is  embodiment  includes  the  channels  66  extending 

intermediate  the  partitions  formed  by  the  side  walls 
of  the  reactor  vessel  12  and  guard  vessel  20,  and 
baffles  64.  Alternate  channels  66A  comprise  riser 
ducts  50  and  alternate  channels  66B  comprise 

20  downcomer  ducts  52  which  respectively  are  in  fluid 
communication  with  their  corresponding  segments 
of  the  closed  circulating  fluid  course  48  through 
orifices  68  and  70. 

Thus,  the  inert  gas  of  this  embodiment  cycles 
25  through  the  closed  circulating  fluid  course  48  trav- 

eling  down  through  downcomer  52  through  flow 
openings  or  orifices  68  into  a  plurality  of  the  al- 
ternating  channels  66B  and  under  baffles  64  and 
up  into  channels  66A.  Heat  is  absorbed  from  the 

30  reactor  vessel  wall  which  induces  a  natural  draft 
and  the  fluid  flow  carries  the  heat  up  the  alternate 
channels  66A,  through  orifices  70  and  continuing 
up  riser  duct  50,  where  the  carried  heat  is  given  up 
to  the  adjoining  open  circulating  fluid  course  54, 

35  then  around  through  downcomer  52.  The  adjoining 
open  circulating  fluid  course  54  then  expels  the 
transported  heat  out  into  the  atmosphere. 

This  embodiment  provides  for  more  efficient 
heat  transfer  from  the  reactor  vessel  12  to  the 

40  closed  circulating  fluid  course  48  through  the  elimi- 
nation  of  the  relatively  high  thermal  resistance  at- 
tributable  to  the  inert  gas  body  whereby  the  pri- 
mary  mechanism  of  heat  transfer  therethrough  is 
radiation. 

45  The  described  constructions  accordingly  pro- 
vide  an  effective  barrier  or  protective  "wall"  of  inert 
gas  intermediate  the  liquid  sodium  coolant  and  any 
radioactive  contaminates  entrained  therein  and  the 
circulating  ambient  cooling  air  carrying  away  heat 

50  for  dissipation  which  is  vented  out  into  the  at- 
mosphere.  Thus  in  the  event  of  a  breach  of  the 
double  walled  reactor  vessel  with  leakage  of  the 
liquid  sodium  coolant  therefrom,  the  intermediate 
inert  gas  barrier  precludes  a  release  of  radioactive 

55  material  out  into  the  atmosphere  through  the  cir- 
culating  air  and  the  potential  for  any  high  and 
distractive  energy  releases  from  a  reaction  of  the 
highly  reactive  liquid  sodium  with  air  and  water 

5 
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vapor. 

Claims 

1.  A  passive  cooling  system  for  liquid  metal  cool- 
ed  nuclear  reactors  (10)  having  a  pool  (14)  of 
liquid  metal  coolant  with  the  heat  generating 
fissionable  fuel  core  (16)  substantially  im- 
mersed  in  said  pool,  the  passive  cooling  sys- 
tem  including  a  combination  of  spaced  apart 
side-by-side  partitions  (20,  22,  24,  26)  in  gen- 
erally  concentric  arrangement  and  providing 
for  intermediate  fluid  circulation  and  heat  trans- 
fer  therebetween,  comprising: 

a  reactor  vessel  (12)  for  containing  the 
pool  of  liquid  metal  coolant  with  the  fuel  core 
substantially  immersed  therein,  a  side  wall  of 
the  reactor  vessel  (12)  forming  an  innermost 
first  partition; 

a  guard  vessel  (20)  substantially  surround- 
ing  the  reactor  vessel  (12)  in  spaced  apart 
relation  having  a  side  wall  forming  a  second 
partition; 

a  containment  vessel  (24)  substantially 
surrounding  the  guard  vessel  (20)  in  spaced 
apart  relation  having  a  side  wall  forming  an 
outer  third  partition; 

a  concrete  silo  (26)  substantially  surround- 
ing  the  containment  vessel  (24)  in  spaced 
apart  relation;  characterized  by 

a  first  closed  circulating  fluid  flow  course 
(48)  for  recirculation  fluid  coolant  in  a  recycling 
path  intermediate  at  least  two  of  said  partitions 
and  extending  therefrom  upward  above  the  re- 
actor  vessel; 

and  a  second  circulating  fluid  flow  course 
(54)  open  to  the  ambient  atmosphere  adjoining 
at  least  a  portion  of  the  first  closed  circulating 
course  (48)  extending  above  the  reactor  vessel 
and  consisting  of  at  least  one  downcomer  duct 
(58)  having  an  opening  (62)  to  the  atmosphere 
in  an  upper  area  thereof  and  at  least  one 
adjacent  riser  duct  (56)  having  an  opening  (60) 
to  the  atmosphere  in  an  upper  area  thereof, 
said  riser  duct  (56)  abutting  at  least  a  portion 
of  the  closed  circulating  flow  course  (48)  ex- 
tending  above  the  reactor  vessel,  the  adjacent 
downcomer  and  riser  ducts  (58,  56)  being 
joined  together  in  fluid  communication  in  their 
lower  areas  to  provide  an  open  circuit  for  the 
passage  of  ambient  air  from  the  atmosphere 
into  and  downward  through  the  downcomer 
duct  and  around  back  up  through  the  riser  duct 
and  out  into  the  atmosphere. 

2.  The  passive  cooling  system  according  to  claim 
1  ,  further  comprising: 

a  collector  cylinder  (22)  substantially  encir- 

cling  the  guard  vessel  (20)  in  spaced  apart 
relationship  having  an  encircling  wall  forming 
another  partition  intermediate  said  guard  and 
containment  vessels  (20,  24). 

5 
3.  The  passive  cooling  system  for  liquid  metal 

cooled  nuclear  reactors  of  claim  2,  wherein  the 
reactor  vessel  (12),  guard  vessel  (20),  collec- 
tion  cylinder  (22)  and  containment  vessel  (24) 

io  are  each  circular  in  cross-section,  of  respec- 
tively  increasing  diameter  and  concentrically 
arranged  with  their  side  walls  providing  spaced 
apart  partitions  forming  annular  intermediate 
areas  (30,  32,  34,  36)  therebetween. 

15 
4.  The  passive  cooling  system  according  to  any 

one  of  claims  1  to  3,  comprising: 
a  multiplicity  of  baffles  (64)  extending  be- 

tween  the  first  and  second  partitions  formed  by 
20  the  side  walls  of  the  spaced  apart  reactor  and 

guard  vessels  (12,  20)  dividing  the  space  (30) 
intermediate  said  partitions  into  several  chan- 
nels  (66)  for  fluid  circulation  and  in  open  com- 
munication  adjacent  to  the  lowermost  portion 

25  of  said  vessels  whereby  the  fluid  circulating 
channels  are  interconnected. 

5.  The  passive  cooling  system  for  liquid  metal 
cooled  nuclear  reactors  of  any  preceding 

30  claim,  wherein  the  reactor  vessel  (12)  is  lo- 
cated  substantially  buried  below  ground  lever 
(28). 

6.  The  passive  cooling  system  for  liquid  metal 
35  cooled  nuclear  reactors  of  claim  5,  wherein  the 

concrete  silo  (26)  substantially  surrounding  the 
buried  reactor  vessel,  extends  up  beyond  the 
ground  level. 

40  7.  The  passive  cooling  system  for  liquid  metal 
cooled  nuclear  reactors  of  claim  6,  wherein  the 
containment  vessel  (24)  comprises  a  wall  (42) 
extending  up  beyond  the  ground  level  and 
includes  a  closing  cover  over  the  buried  reac- 

45  tor  vessel. 

Patentanspruche 

1.  Passives  Kuhlsystem  fur  Flussigmetall-gekuhl- 
50  te  Kernreaktoren  (10)  mit  einem  Pool  (14)  aus 

Flussigmetall-Kuhlmittel,  wobei  der  warmeer- 
zeugende  spaltbare  Brennstoffkern  (16)  im  we- 
sentlichen  in  den  Pool  eingetaucht  ist,  wobei 
das  passive  Kuhlsystem  eine  Kombination  von 

55  im  Abstand  angeordneten  Seite-an-Seite 
Trennwanden  (20,22,24,26)  in  einer  im  allge- 
meinen  konzentrischen  Anordnung  aufweist 
und  fur  eine  Zwischenzirkulation  des  Fluids 
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und  Warmeubertragung  dazwischen  sorgt,  ent- 
haltend: 

einen  Reaktorbehalter  (12),  der  den  Pool 
aus  Flussigmetall-Kuhlmittel  enthalt,  wobei  der 
Brennstoffkern  darin  im  wesentlichen  einge-  5 
taucht  ist,  wobei  eine  Seitenwand  des  Reaktor- 
behalters  (12)  eine  innerste  erste  Trenwand 
bildet, 

einen  Sicherheitsbehalter  (20),  der  den 
Reaktorbehalter  (12)  im  Abstand  im  wesentli-  10 
chen  umgibt  und  eine  Seitenwand  aufweist,  die 
eine  zweite  Trennwand  bildet, 

einen  Containment-Behalter  (24),  der  den 
Sicherheitsbehalter  (20)  im  Abstand  im  we- 
sentlichen  umgibt  und  eine  Seitenwand  auf-  is 
weist,  die  eine  dritte  Trennwand  aufweist, 

einen  Betonbehalter  (26),  der  den  Contain- 
ment-Behalter  (24)  im  Abstand  im  wesentli- 
chen  umgibt,  gekennzeichnet  durch 

einen  ersten  geschlossenen  zirkulierenden  20 
Fluidstromungskreislauf  (48)  zum  Umwalzen 
des  Fluidkuhlmittels  in  einer  Ruckfuhrungs- 
bahn  zwischen  wenigstens  zwei  der  Trennwan- 
de  und  der  sich  von  dort  nach  oben  uber  den 
Reaktorbehalter  erstreckt,  25 

und  einen  zweiten  zirkulierenden  Fluidstro- 
mungskreislauf  (54),  der  zu  der  umgebenden 
Atmosphare  offen  ist,  wenigstens  an  einen  Teil 
des  ersten  geschlossenen  zirkulierenden  Kreis- 
laufs  (48),  der  sich  uber  den  Reaktorbehalter  30 
erstreckt,  angrenzt  und  aus  wenigstens  einem 
Abwartskanal  (58),  der  eine  Offnung  (62)  zur 
Atmosphare  in  seinem  oberen  Bereich  auf- 
weist,  und  wenigstens  einen  benachbarten  Auf- 
wartskanal  (56)  aufweist,  der  eine  Offnung  (60)  35 
zur  Atmosphare  in  seinem  oberen  Bereich  auf- 
weist,  wobei  der  Aufwartskanal  (56)  an  wenig- 
stens  einem  Teil  des  geschlossenen  zirkulie- 
renden  Stromungskreislaufes  (48)  anliegt,  der 
sich  uber  den  Reaktorbehalter  erstreckt,  wobei  40 
die  benachbarten  Abwarts-  und  Aufwartskanale 
(58,56)  in  ihren  unteren  Bereichen  miteinander 
in  Fluidverbindung  stehen,  urn  einen  offenen 
Kreis  fur  den  Durchtritt  von  Umgebungsluft  aus 
der  Atmosphare  in  und  nach  unten  durch  den  45 
Abwartskanal  und  wieder  zuruck  durch  den 
Aufwartskanal  und  nach  drauBen  zur  Atmo- 
sphare  zu  sorgen. 

2.  Kuhlsystem  nach  Anspruch  1,  wobei  ferner  ein  so 
Kollektorzylinder  (22)  vorgesehen  ist,  der  den 
Sicherheitsbehalter  (20)  im  Abstand  im  we- 
sentlichen  umschlieBt  und  eine  UmschlieB- 
ungswand  aufweist,  die  eine  weitere  Trenn- 
wand  zwischen  den  Sicherheits-  und  Contain-  55 
mentbehaltern  (20,24)  bildet. 

3.  Kuhlsystem  nach  Anspruch  2,  wobei  der  Reak- 
torbehalter  (12),  der  Sicherheitsbehalter  (20), 
der  Kollektorzylinder  (22)  und  der  Contain- 
mentbehalter  (24)  jeweils  einen  kreisformigen 
Querschnitt  mit  entsprechend  zunehmendem 
Durchmesser  und  in  einer  konzentrischen  An- 
ordnung  aufweisen,  wobei  ihre  Seitenwande  im 
Abstand  angeordnete  Trennwande  bilden,  die 
dazwischen  ringformige  Zwischenbereiche 
(30,32,34,36)  bilden. 

4.  Kuhlsystem  nach  einem  der  Anspruche  1  bis 
3,  enthaltend: 

mehrer  Leitanordnungen  (64),  die  sich  zwi- 
schen  den  ersten  und  zweiten  Trennwanden 
erstrecken,  die  durch  die  Seitenwande  der  im 
Abstand  angeordneten  Reaktor-  und  Sicher- 
heitsbehalter  (12,20)  gebildet  sind  und  den 
Raum  (30)  zwischen  den  Trennwanden  in 
mehrere  Kanale  (66)  fur  eine  Fluidzirkulation 
und  eine  offene  Verbindung  neben  dem  unter- 
sten  Abschnitt  der  Behalter  teilen,  wodurch  die 
Fluidzirkulationskanale  miteinander  verbunden 
sind. 

5.  Kuhlsystem  nach  einem  der  vorstehenden  An- 
spruche,  wobei  der  Reaktorbehalter  (12)  im 
wesentlichen  vergraben  unterhalb  der  Erdober- 
flache  (25)  angeordnet  ist. 

6.  Kuhlsystem  nach  Anspruch  5,  wobei  der  Be- 
tonbehalter  (26),  der  den  vergrabenen  Reaktor- 
behalter  im  wesentlichen  umgibt,  sich  uber  die 
Erdoberflache  hinaus  erstreckt. 

7.  Kuhlsystem  nach  Anspruch  6,  wobei  der  Con- 
tainmentbehalter  (24)  eine  Wand  (42)  aufweist, 
die  sich  uber  die  Erdoberflache  hinaus  er- 
streckt  und  einen  VerschluBdeckel  uber  dem 
vergrabenen  Reaktorbehalter  aufweist. 

Revendicatlons 

1.  Systeme  de  refroidissement  passif  pour  reac- 
teurs  nucleaires  (10)  refroidis  par  un  metal 
liquide,  comportant  une  piscine  (14)  de  metal 
liquide  refrigerant,  le  coeur  (16)  de  combusti- 
ble  fissible  generateur  de  chaleur  etant  subs- 
tantiellement  immerge  dans  ladite  piscine,  le 
systeme  de  refroidissment  passif  comprenant 
une  combinaison  de  cloisons  (20,  22,  24,  26) 
disposees  cote  a  cote  et  espacees  I'une  de 
I'autre  suivant  un  arrangement  concentrique 
d'une  fagon  generale  et  assurant  une  circula- 
tion  de  fluide  intermediaire  et  un  transfer  de 
chaleur  entre  elles,  comprenant  : 

une  cuve  (12)  de  reacteur  pour  contenir  la 
piscine  de  metal  liquide  refrigerant,  une  paroi 
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laterale  de  la  cuve  (12)  de  reacteur  formant 
une  premiere  cloison  la  plus  interieure: 

une  cuve  (20)  de  protection  entourant  sen- 
siblement  la  cuve  (12)  de  reacteur  en  en  etant 
espacee  et  comportant  une  paroi  laterale  for-  5 
mant  une  seconde  cloison; 

une  cuve  (24)  de  confinement  entourant 
substantiellement  la  cuve  (20)  de  protection  en 
en  etant  espacee  et  comportant  une  paroi  late- 
rale  formant  une  troisieme  cloison  exterieure;  10 

un  silo  (26)  en  beton  entourant  substantiel- 
lement  la  cuve  (24)  de  confinement  en  en 
etant  espace;  caracterise  par: 

un  premier  trajet  ferme  (48)  d'ecoulement 
de  fluide  de  circulation  pour  une  recirculation  is 
de  fluide  refrigerant  dans  un  circuit  de  recycla- 
ge  entre  au  moins  deux  desdites  cloisons  et 
s'etendant  depuis  ces  dernieres  vers  le  haut 
au-dessus  de  la  cuve  de  reacteur; 

et  un  second  trajet  (54)  d'ecoulement  de  20 
fluide  de  circulation,  ouvert  a  I'atmosphere  au 
voisinage  d'au  moins  une  partie  du  premier 
trajet  ferme  (48)  de  circulation  s'etendant  au- 
dessus  de  la  cuve  de  reacteur  et  consistant  en 
au  moins  un  conduit  descendant  (58)  compor-  25 
tant  une  ouverture  (62)  debouchant  vers  I'at- 
mosphere  dans  sa  zone  superieure  et  au 
moins  un  conduit  ascendant  adjacent  (56) 
comportant  une  ouverture  (60)  vers  I'atmos- 
phere  dans  sa  zone  superieure,  ledit  conduit  30 
ascendant  (56)  aboutissant  a  au  moins  une 
partie  du  trajet  ferme  (48)  d'ecoulement  de 
circulation  s'etendant  au-dessus  de  la  cuve  de 
reacteur,  les  conduits  ascendant  et  descendant 
adjacents  (58,  56)  etant  raccordes  I'un  a  I'autre  35 
en  communication  de  fluide  dans  leurs  zones 
inferieures  de  maniere  a  constituer  un  circuit 
ouvert  pour  le  passage  de  I'air  ambiant  en 
provenance  de  I'atmosphere  penetrant  dans  le 
conduit  descendant  et  s'ecoulant  vers  le  bas  a  40 
travers  ce  conduit  et  revenant  vers  le  haut  par 
le  conduit  ascendant  et  sortant  dans  I'atmos- 
phere. 

2.  Systeme  de  refroidissement  passif  selon  la  45 
revendication  1  ,  comprenant  en  outre  d'un  cy- 
lindre  collecteur  (22)  entourant  substantielle- 
ment  la  cuve  (20)  de  protection  en  en  etant 
espace  et  comportant  une  paroi  d'encercle- 
ment  formant  une  autre  cloison  entre  lesdites  so 
cuves  (20,  24)  de  protection  et  de  confine- 
ment. 

3.  Systeme  de  refroidissement  passif  pour  des 
reacteurs  nucleaires  refroidis  par  un  metal  li-  55 
quide  selon  la  revendication  2,  dans  lequel  la 
cuve  (12)  de  reacteur,  la  cuve  (20)  de  protec- 
tion,  le  cylindre  (22)  collecteur  et  la  cuve  (24) 

de  confinement  ont  une  section  droite  circulai- 
re  d'un  diametreaugmentant  respectivement  et 
sont  disposes  concentriquement  avec  leur  pa- 
rois  laterales  constituant  des  cloisons  espa- 
cees  formant  entre  elles  des  zones  interme- 
diaires  annulaires  (30,  32,  34,  36). 

4.  Systeme  de  refroidissement  passif  selon  I'une 
quelconque  des  revendications  1  a  3,  compre- 
nant  une  multiplicity  de  chicanes  (64)  qui 
s'etendent  entre  les  premiere  et  seconde  cloi- 
sons  formees  par  les  parois  laterales  des 
cuves  espacees  (12,  20)  de  reacteur  et  de 
protection  et  divisent  I'espace  (30)  entre  lesdi- 
tes  cloisons  en  plusieurs  canaux  (66)  destines 
a  une  circulation  de  fluide  et  en  communica- 
tion  ouverte  au  voisinage  de  la  partie  la  plus 
basse  desdites  cuves,  grace  a  quoi  les  canaux 
de  circulation  de  fluide  sont  relies  entre  eux, 

5.  Systeme  de  refroidissement  passif  pour  des 
reacteurs  nucleaires  refroidis  par  un  metal  li- 
quide  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  la  cuve  (12)  de 
reacteur  est  placee  de  fagon  sensiblement  en- 
terree  au-dessous  du  niveau  (25)  du  sol. 

6.  Systeme  de  refroidissement  passif  pour  des 
reacteurs  nucleaires  refroidis  par  un  metal  li- 
quide  selon  la  revendication  5,  dans  lequel  le 
silo  (26)  en  beton  entourant  susbtantiellement 
la  cuve  enterree  de  reacteur  s'etend  vers  le 
haut  au-dela  du  niveau  du  sol. 

7.  Systeme  de  refroidissement  passif  pour  des 
reacteurs  nucleaires  refroidis  par  un  metal  li- 
quide  selon  la  revendication  6,  dans  lequel  la 
cuve  (24)  de  confinement  comprend  une  paroi 
(42)  s'etendant  vers  le  haut  au-dela  du  niveau 
du  sol  et  comprend  un  couvercle  ferme  sur  la 
cuve  de  reacteur  enterree. 
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