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Spartan/Augustus Code
Package Description

Spartan: SPN , 2 T + Multi-Group, Even-Parity
PhotonTransport Packagewith v=c cor-
rections

Augustus: P1 (Di�usion) Package

JTpack: Krylov SubspaceIterativeSolverPackage
(by JohnTurner,ex-LANL)

UMFPACK: UnstructuredMultifrontal Solver Pack-
age (an IncompleteDirect Method by
Tim Davis, U of FL)

LINPACK: Direct Dense Linear Equation Solver
Package

BLAS: BasicLinearAlgebraSubprograms
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Metho d Overview: Spartan
� Energy/TemperatureDiscretization

{ Solves2 T + Multi-Group Even-Parity Equations

{ Canyoke Te andTi togetherto make 1 T

{ Canusea single-groupradiationtreatment to make3 T

� AngularDiscretization

{ UsesSimpli�ed SphericalHarmonics| SPN

{ Cando a P1 (di�usion-like) solution

� SpatialDiscretization

{ SPN decouplesequationsinto many di�usion equations

{ Di�usion equationsaresolvedby Augustus

� Temporal Discretization

{ Linearizedimplicit discretization

{ Equivalent to onepassof a Newtonsolve

{ Iteration strategy:

� Sourceiteration
� DSA acceleration
� LMFG acceleration

4 of 20



Metho d Overview: Augustus
� SpatialDiscretization

{ Morelasymmetricdi�usion discretization

{ Support Operatorsymmetricdi�usion discretization

� Temporal Discretization

{ BackwardsEuler implicit discretization

� Matrix Solution

{ Krylov SubspaceIterative Methods

� JTpack: GMRES,BCGS,TFQMR
� Preconditioners:

� JTpack: Jacobi,SSOR,ILU
� Low-orderversionof Morel or Support Operator

discretizationthat is a smaller,symmetricsystem
andis solvedby CG with SSOR(from JTpack)

{ IncompleteDirect Method - UMFPACK
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Simpli�ed Spherical Harmonics (SPN )
Even-Parit y Equation Set

Radiationtransport equations:
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� m;g = Even-parity pseudo-angularenergyintensity;
� !
� m;g = Even-parity pseudo-angularenergycurrent;
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Simpli�ed Spherical Harmonics (SPN )
Even-Parit y Equation Set (con t)
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Di�usion (P1) Equation Set:
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Where

� = Intensity
� !
F = Flux

D = Di�usion Coe�cient

� = Time Derivative Coe�cient

� = Removal Coe�cient

S = Intensity SourceTerm
� !
J = Flux SourceTerm
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Algebraic Solution

� Main Matrix System(AsymmetricMethod):

{ Asymmetric{ must usean asymmetricsolver like
GMRES,BCGSor TFQMR

{ Sizeis (3nc + nb=2) squared

{ Maximum of 7 non-zeroelements per row

� Main Matrix System(Support OperatorMethod):

{ Symmetric{ canuseCG to solve

{ Sizeis (3nc + nb=2) squared

{ Maximum of 9 non-zeroelements per row

� Preconditionerfor Krylov Spacemethods is a Low-
OrderMatrix System:

{ Assumeorthogonal:drop out minor directionsin

ux terms

{ Symmetric{ canusestandardCG solver

{ Sizeis nc squared

{ Maximum of 5 non-zeroelements per row
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Problem Description

� Mesh:

{ Kershaw, f r ; zg Meshover 1 cm � 1 cm area

{ Grid size- 51 � 51= 2601nodes,2500cells

� Physics:

{ Two temperature,P1 run

{ No removal or sources

{ Initial temperatureof
4p

105 = 0:05623413keV

� BoundaryConditions:

{ Black-body sourceat 1 keV at z = 0 cm

{ Vacuumboundaryconditionat z = 1 cm

{ Re
ective boundariesat r = 0 cm and r = 1 cm

� PhysicalConstants:

{ No scattering

{ Absorption,emissionand total crosssectionsde-
�ned via � = 30T � 3

mat cm� 1

{ Speci�c heat correspondsto an ideal gaswith a
density of 3 g/cc and a = 1, giving a value of
Cv = 0:4310461jerks/cm3/keV
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Problem Description (con t)

� Opacity Evaluation:

{ Nodeopacities= Averageof neighbor faces

{ Faceopacitiesevaluatedat averageof cell center
temperatures

{ Vacuumboundaryfaceopacity equalto cellcenter
opacity

{ Black-body sourceboundaryfaceopacity evaluated
at sourcetemperature

� SolutionMethods:

{ Morel Asymmetric Method, Support Operator
Method

{ UMFPACK solver - an incompletedirectmethod

{ Time steplimited sothat the normof the relative
changesof Tmat , Tr , and � arekept lessthan 0.03

{ Temperature
o or setto 0.056keV
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Results

� MorelAsymmetricMethod

{ Decreasingintensity (like an intensity sink) starts
whenwave reachesskewedpart of the mesh

{ Fix-up: whenradiationtemperaturedipsbelow the
temperature
o or, uselow-orderschemein that cell

{ Fix-up eliminatespositive o�-diagonalsin matrix,
which would guaranteea positive solutionif done
over entire mesh

{ Fix-up wassuccessful:problemrunsuntil steady-
state

{ All plotsarefrom this method

� Support OperatorMethod

{ Instabilities:

� grow without boundfrom roundo� values
� locatedat the skewedpartsof the mesh
� beginat t � 6 � 10� 7 sh,beforethe wave has

reachedthe area
� couldbe a codingerror?

{ Fix-up hasno e�ect
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Plotting Anomaly
Actual Mesh(Cell Nodes)

Dual Mesh(Cell Centers)

In order to plot contour lines,the cell centers are treated
like node values. This givesan irregularboundaryshape,
but you shouldconsiderthat a plotting anomalyonly.
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Results: Time = 2.0 sh

Tr ad

Tmat
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T r ad Time-Dep endent Results

t = 0:1 sh t = 0:2 sh

t = 0:4 sh t = 0:6 sh

t = 0:8 sh t = 1:0 sh
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T r ad Time-Dep endent Results (con t)

t = 2:0 sh t = 3:0 sh

t = 4:0 sh t = 5:0 sh

t = 6:0 sh t = 7:0 sh
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T mat Time-Dep endent Results

t = 0:1 sh t = 0:2 sh

t = 0:4 sh t = 0:6 sh

t = 0:8 sh t = 1:0 sh
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T mat Time-Dep endent Results (con t)

t = 2:0 sh t = 3:0 sh

t = 4:0 sh t = 5:0 sh

t = 6:0 sh t = 7:0 sh
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Steady-State Results: Time = 29.6 sh

Tr ad

Tmat

19 of 20



Results Discussion

� Di�culties (instabilitiesandintensity sinks)aregener-
atedby both methods

� A �x-up for the Morel AsymmetricMethod wassuc-
cessful

� Nosolutionfor theSupport OperatorMethod hasbeen
foundsofar

� For the MorelAsymmetricMethod:

{ 28089time steps,34.92hours,4.47s/ time stepon
SunUltra SPARC 1 Model170neededto model32
shakesof real time

{ Contoursarerelatively 
at for the time-dependent
solution,completely
at for the steady-statesolu-
tion

Future Work

� Parallelversion
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