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Part	  1	  

Applica2ons:	  
FLASH	  Simula2ons	  of	  Astrophysics	  

&	  Valida2ons	  of	  HEDP	  
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Astrophysical	  Applica2ons	  

	  

	  



q  An application code, composed of units/modules   

q  Particular modules are set up together to run different physics problems 
q  Astrophysics 
q  High-energy-density physics 
q  Incompressible Navier-Stokes (GWU) 

q  Fortran, C, Python, … 
q More than 1.2 million lines of code, 75% code, 25% comments 

q  Very portable, scales to tens of thousand processors 

FLASH	  Basics	  
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❑  Hydrodynamics,	  MHD,	  RHD,	  hybrid	  
PIC	  

❑  Equa'on	  of	  States	  (Gamma	  laws,	  
mul'gamma,	  Helmholtz)	  

❑  Nuclear	  Physics	  and	  other	  local	  source	  
terms	  

❑  External	  gravity,	  Self-‐gravity	  

❑  Par'cles:	  ac've	  and	  passive	  

❑  Material	  Proper'es	  

❑  Cosmology	  

FLASH	  Capabili2es	  

q  Advancing	  1T	  (single	  temperature),	  2T	  	  	  	  	  
(dis'nct	  ion	  +	  electron),	  and	  3T	  (ion+	  
electron	  +	  radia'on	  temperatures)	  in	  
HD	  and	  MHD	  

q  Implicit	  thermal	  conduc'on	  and	  flux	  
limited	  mul'-‐group	  radia'on	  diffusion	  
with	  HYPRE	  

q  Mul'-‐material	  support:	  EOS	  and	  
opaci'es	  can	  combine	  tabular	  and	  
analy'c	  models	  for	  different	  materials	  

q  Laser	  Ray	  Tracing	  for	  energy	  deposi'on	  

q  Preliminary	  hybrid	  par'cle-‐in-‐cell	  
capability	  (only	  in	  uniform	  grid)	  

q  Ability	  to	  represent	  rigid	  bodies	  inside	  
the	  flow	  

Astrophysics	   HEDP	  
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HEDP	  Applica2ons	  

LULI/Vulcan	  experiments:	  
B	  field	  genera2on/
amplifica2on	  

Magne2zed	  Noh	  

Laser	  Slab	  

Rigid	  body	  strctures	  	  



B	  Field	  Genera2on	  Experiments	  at	  LULI	  
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laser	  grid	  

spherical	  	  
target	  
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Sources:	  
•  	  Gregori	  et	  al.	  Nature	  2012	  
•  	  Fatenejad	  et	  al.	  HEDLA	  2012,	  
•  	  Tzeferacos	  et	  al.	  HEDLA	  2012	  
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A blast wave is generated which initially travels at 
~100 km/s but slows over time
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B	  Field	  Genera2on	  Experiments	  at	  LULI	  

Source:	  Tzeferacos	  et	  al.	  HEDLA	  2012	  



Part	  2	  

Divergence-‐Free	  Fields:	  
A	  New	  Upwind	  Constrained	  Transport	  	  

(CT)-‐MHD	  Algorithm	  
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Two	  USM	  Method	  Papers	  

2D	  paper,	  JCP,	  2009	  

3D	  paper,	  submi;ed	  to	  JCP,	  2012	  
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Four	  (Three	  +	  One)	  CT	  Methods	  

q  CT	  scheme	  by	  Balsara	  and	  Spicer,	  JCP,	  1999:	  

q  	  	  	  	  	  CT	  scheme	  by	  Gardiner	  and	  Stone,	  JCP,	  2005	  

q  MEC	  (modified	  electric	  field	  construc'on)	  scheme	  by	  Lee	  and	  Deane,	  JCP,	  
2009	  

è	  These	  three	  CT	  approaches	  ALL	  fail	  for	  a	  special	  case	  of	  field	  loop	  
advec-on!!!	  

q  …	  and	  a	  new	  upwind	  biased	  MEC	  scheme,	  Lee,	  JCP,	  2012,	  submiced	  

εz
c
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1.	  CT	  by	  Balsara	  &	  Spicer	  (BSCT)	  

q  CT	  scheme	  by	  Balsara	  and	  Spicer,	  JCP,	  1999:	  

2nd ICM Workshop, University of Michigan, Aug 29-31, 2012 �



Lack	  of	  Upwind	  Considera2on	  in	  BSCT	  

q  CT	  scheme	  by	  Balsara	  and	  Spicer,	  1998:	  

q  Consider	  u>0,	  và0:	  
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q  CT	  scheme	  by	  Balsara	  and	  Spicer,	  1998:	  

q  Consider	  u>0,	  và0:	  

q  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  is	  the	  only	  E	  term	  in	  the	  	  
	  	  	  	  	  	  	  upwind	  direc'on!	  

2nd ICM Workshop, University of Michigan, Aug 29-31, 2012 �



Lack	  of	  Upwind	  Considera2on	  in	  BSCT	  

q  CT	  scheme	  by	  Balsara	  and	  Spicer,	  1998:	  

q  Consider	  u>0,	  và0:	  

q  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  is	  the	  only	  E	  term	  in	  the	  	  
	  	  	  	  	  	  	  upwind	  direc'on!	  
	  
q  Numerical	  	  
	  	  	  	  	  	  Oscilla-ons!	  

q  This	  is	  true	  in	  
	  	  	  	  	  	  	  most	  CT	  schemes!	  
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2.	  Gardiner	  &	  Stone’s	  CT	  (GSCT)	  

q  The	  method	  is	  consistent	  for	  plane-‐parallel,	  grid-‐aligned	  flows:	  
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2.	  Gardiner	  &	  Stone’s	  CT	  (GSCT)	  

q  The	  method	  is	  consistent	  for	  plane-‐parallel,	  grid-‐aligned	  flows:	  
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upwind	   downwind	  
2nd ICM Workshop, University of Michigan, Aug 29-31, 2012 �



3.	  Standard-‐MEC	  (LD-‐MEC)	  

q  3rd	  order	  modified	  electric	  field	  construc'on	  (standard-‐MEC),	  Lee	  &	  Deane,	  
JCP,	  2009:	  
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3.	  Standard-‐MEC	  (LD-‐MEC)	  

q  3rd	  order	  modified	  electric	  field	  construc'on	  (standard-‐MEC),	  Lee	  &	  Deane,	  
JCP,	  2009:	  

Only	  
upwind	  
term!	  
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4.	  New	  Upwind-‐MEC	  (U-‐MEC)	  

q  New	  upwind	  biased	  modified	  electric	  field	  construc'on(upwind-‐MEC),	  Lee,	  
JCP,	  submiced,	  2012	  
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BSCT	  &	  GSCT	  
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LD-‐MEC	  &	  BSCT	  with	  Upwind	  
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4.	  New	  Upwind-‐MEC	  (U-‐MEC)	  

q  New	  upwind	  biased	  modified	  electric	  field	  construc'on(upwind-‐MEC),	  Lee	  
2012:	  

High	  Order	  Terms!	  
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U-‐MEC	  
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BSCT,	  LD-‐MEC	  &	  U-‐MEC	  

q  Small	  angle	  advec'on	  of	  the	  3D	  field	  loop:	   θ = tan−1(0.01) = 0.573
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LD-‐MEC	  &	  U-‐MEC	  

q  Small	  angle	  advec'on	  of	  the	  3D	  field	  loop:	  
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Conclusions	  

q  Part	  1:	  Applica-ons	  
q  FLASH	  has	  been	  extended	  to	  simula'ng	  HEDP	  lab	  experiments	  
q  Valida'ng	  lab	  experiments	  using	  simula'ons	  is	  doable	  but	  hard	  
q  If	  successful,	  simula'ons	  can	  provide	  strong	  support	  in	  experimental	  

design,	  data	  analysis	  through	  extensive	  diagnos'cs,	  and	  serve	  as	  a	  
powerful	  tool	  for	  predic've	  science!	  

q  Part	  2:	  Algorithms	  
q  A	  small	  angle	  field	  loop	  advec'on	  test	  reveals	  a	  special	  care	  for	  CT	  in	  

conven'onal	  Godunov	  schemes	  based	  on	  1D	  Riemann	  solves	  
q  An	  upwinding	  scheme	  can	  improve	  handling	  numerical	  dissipa'ons	  in	  

preserving	  circular	  symmetry	  for	  the	  small	  angle	  advec'on	  
q  Alterna'vely,	  a	  genuinely	  mul'dimensional	  Riemann	  solves	  (Balsara,	  

2010)	  can	  be	  used	  
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Thanks!	  
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q  ICM	  supersonic	  turbulence!!!	  
q  Rigid	  body	  structures,	  PPM,	  MC	  limiter	  on	  characteris'c	  variables	  with	  

HLLC	  on	  400x400	  	  


