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Topics	  

	  @	  Passive	  shutdown	  of	  burning	  plasmas	  

	  @	  Possibility	  of	  TF	  coil	  quench	  at	  the	  ex-‐VV	  LOCA	  



RAILS	  code　 	  
Transient	  plasma	  analysis	  for	  safety	  OperaFon	

EvaluaFng	  interacFon	  between	  Fusion	  
Plasma	  and	  Plasma	  Facing	  Components.	  
*	  Similar	  with	  SAFALY,	  AINA	  codes.	  	

Density	  &	  Temperature	  change	  

Impurity	  transport	

Temperature,	  state	  change	

Heat	  flux	

RadiaTon	  
transport	

What	  happens	  to	  the	  reactor	  before	  its	  “inherent”	  shut-‐down?	  



RAILS　Plasma	  model	  (0-‐D	  Power	  balance)	

RadiaTon	  power	  goes	  to	  Blanket.	
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Details	  of	  the	  Plasma	  model	

D	  &	  T	  conTnuity	
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RAILS	  　SOL/DIV	  model（Point	  model	  +	  impurity）	
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Plasma	  –	  Wall	  modeling	
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RAILS　wall	  impurity	  model	

Surface	  evaporaTon	  rate	
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Comparison	  between	  Carbon	  and	  Tungsten	
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Behavior	  of	  Divertor	  wall	  (C	  and	  W)	  at	  LOCA	
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Behavior	  of	  Divertor	  wall	  (C	  and	  W)	  at	  LOCA(2)	

Carbon	
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Cooling	  tube	  temperature	  (increase	  of	  heat	  flux)	

MelTng	  of	  tungsten	  surface	  at	  >	  25	  MW/m^2,	  while	  copper	  is	  sound.	  
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Cooling	  tube	  temperature	  (	  LOCA)	

Cupper	  coolant	  tube	  reached	  melTng	  point	  	  faster	  than	  tungsten	  surface	  reached	  melTng	  point.	  
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Loss	  of	  impurity	  gas	  puff	  at	  divertor	  region	

Loss	  of	  impurity	  gas	  puff	  =>	  Wall	  temperature	  increase	  
=>	  RadiaFon	  by	  impurity	  gas	  =>	  New	  thermal	  equilibrium.	
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Ex-‐VV	  LOCA	  only	  at	  the	  shielding	  blanket	

What	  is	  the	  difference	  between	  LOCA	  at	  BLK/DIV	  and	  LOCA	  at	  Shield?	

TF	  coil	
Shield	  +	  VV	  +	  BLK	

Increasing	  
Nuclear	  Heat	

quench	

Plasma	  
terminaTon	

Decreasing	  
cooling	  	

Impurity	  
generaTon	

Plasma	  
terminaTon	

Ex-‐vessel	  LOCA	

TF	  coil	 FW	

Shield	  
Pressure	  drop	

BLK/Divertor	  
Pressure	  drop	

Loss	  of	  coolant	  from	  shield	  blanket	  may	  trigger	  the	  quench	  at	  
the	  TF	  coil.	  The	  quench	  can	  be	  a	  wide-‐area	  quench	  not	  local.	



Nuclear	  heaFng	  rate	  with	  and	  without	  water	  at	  
the	  shield	  blanket	  of	  Slim-‐CS	

Shielding	  Blanket(70cm)	  
(F82H:water	  =	  7:3)	  

normal	

LOCA	

0.2	  mW/cc	

50	  mW/cc	



Nuclear	  heaFng	  rate	  at	  the	  TF	  coil	  as	  a	  funcFon	  
of	  residual	  coolant	  at	  the	  shield	  blanket	

LOCA	 normal	



Temperature	  change	  of	  the	  TF	  coil	  as	  a	  funcFon	  
of	  residual	  coolant	  at	  the	  shield	  blanket	

Full	  LOCA	

20%	  residual	  LOCA	

normal	



Summary	
@	  A	  new	  code	  system	  RAILS	  is	  under	  development	  for	  the	  safety	  
analysis	  related	  with	  plasma	  and	  PFCs.	

@	  Safety	  features	  have	  been	  compared	  between	  carbon	  and	  
tungsten.	  	  In	  the	  carbon	  case	  the	  sublimaTon	  might	  be	  
dominant,	  and	  in	  the	  tungsten	  case	  the	  melTng	  might	  occur.	

@	  In	  the	  LOCA	  the	  melTng	  of	  the	  cooling	  pipe	  might	  take	  place	  
within	  a	  few	  seconds,	  while	  it	  takes	  >	  10	  seconds	  for	  the	  melTng	  
of	  the	  tungsten	  surface.	

@	  In	  the	  case	  of	  the	  LOCA	  only	  at	  the	  shielding	  blanket,	  the	  
remarkable	  reducTon	  of	  the	  neutron	  shielding	  performance	  
might	  raise	  a	  problem	  of	  the	  TF	  coil	  quench.	


