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Spartan/Augustus  Code

Spartan:

Augustus:

JTpak:

UMFPACK:

LINPACK:

BLAS:

Package Description

SPyN, 2T + Multi-Group, Even-Rarity
PhotonTransmrt Padkagewith v=c cor-
rections

P1 (Di usion) Padkage

Krylov Subspac#erative Soher Pakage
(by JohnTurner,ex-LANL)

Unstructured Multifrontal Solher Padk-
age (an IncompleteDirect Methad by
Tim Davis, U of FL)

Direct Dense Linear Equation Solher
Padkage

BasicLinearAlgebraSubprograms
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Metho d Overview: Spartan
Energy/TemperatureDiscretization

{ Sohes2 T + Multi-Group Even-Rarity Equations
{ CanyokeTe andT; togetherto male 1 T

{ Canuseasingle-groupadiationtreatmen to malke3 T
AngularDiscretization

{ UsesSimpli ed SphericaHarmonicy SPp

{ Candoa P4 (di usion-like) solution
SpatialDiscretization

{ SPp decouplesquationgnto mary di usion equations

{ Diusion equationsaaresohedby Augustus
Temporal Discretization

{ Linearizedmplicit discretization
{ Equialert to onepassof a Newtonsolhe
{ Iteration strategy:

Sourcateration

DSA acceleration
LMFG acceleration
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Metho d Overview: Augustus
SpatialDiscretization

{ Morelasymmetriali usion discretization

{ Supprt Operatorsymmetricdi usion discretization
Temporal Discretization

{ BadkwardsEulerimplicit discretization
Matrix Solution

{ Krylov Subspacé#erative Methads
JTpak: GMRES,BCGS, TFQMR
Preconditioners:

JTpadk: Jacobi,SSOR|LU

Low-orderversionof Morel or Support Operator
discretizationthat is a smaller,symmetricsystem
andis sohed by CG with SSOR(from JTpad)

{ IncompleteDirect Methad - UMFPACK
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Simplied Spherical Harmonics (SPy)
Even-Parit y Equation Set

Radiationtransport equations:

1@ V! t _ s e .
c@ ™t mot gmg= got Byt
1@ ! 5 ! ¢! Ly
E@ mg*t mr mgt g mg= Cmg

form=1,M,andg = 1,G.
Temperatureequations:
@'.
Cvié = (Te Ti)+Qj; i’
@e 0
Ceg’ = (T Ta+Qer 5§ g8
g=1
where
m:g = Even-pariy pseudo-angulanergyintensity;
!
m:g = Even-pariy pseudo-angulanergycurren;
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Simplied Spherical Harmonics (SPy)
Even-Parit y Equation Set (cont)
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Diusion (P71 Equation Set:

Which canbe written

%+r'|:'+ =S

! !
F = Dr + ]

Where

= Intensity

F! = Flux

D = Di usion Coe cient
= Time Derivative Coe cient
= Remaeal Coe cient

S = Intensity Sourcelerm

J! = Flux SourceTerm
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Algebraic Solution

Main Matrix System(AsymmetricMethad):

{ Asymmetric{ must usean asymmetricsoler like
GMRES,BCGSor TFQMR

{ Sizeis (3n¢ + np=2) squared

{ Maximum of 7 non-zeralemets per row
Main Matrix System(Support OperatorMethad):

{ Symmetric{ canuseCG to sole
{ Sizeis (3n¢ + np=2) squared

{ Maximum of 9 non-zeralemets per row

Preconditionerfor Krylov Spacemethals is a Low-
OrderMatrix System:

{ Assumeorthogonal:drop out minor directionsin
ux terms

{ Symmetric{ canusestandardCG solher
{ Sizeisn¢ squared

{ Maximum of 5 non-zeralemets per row
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Problem Description
Mesh:

{ Kershav,fr;zg Meshoverlcm 1cmarea
{ Gridsize-51 51= 2601nodes,2500cells

Physics:

{ Two temperature,P1 run
{ Noremwal orsourcesIq
{ Initial temperatureof 1P = 0:05623418eV

BoundaryConditions:

{ Blak-body sourceat 1keVatz = 0cm
{ Vacuumboundaryconditionat z = 1 cm
{ Re ective boundariesatr = Ocm andr = 1cm

PhysicalConstatts:

{ No scattering

{ Absorption,emissionand total crosssectionsde-

nedvia = 30T, cm 1

{ Specic heatcorrespndsto an ideal gaswith a
densiy of 3 g/cc anda = 1, giving a value of
Cv = 0:431046]erks/cnilk eV
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Problem Description (cont)

Opacity Evaluation:

{ Nodeopacities= Averageof neiglbor faces

{ Faceopacitiese\aluatedat averageof cell cener
temperatures

{ Vacuumboundaryfaceopaciy equalto cellcener
opaciy

{ Bladk-body sourc#ooundaryfaceopaciy evaluated
at sourcgemperature

SolutionMethads:

{ Morel Asymmetric Methad, Supprt Operator
Method

{ UMFPACK soler - anincompletadirect methal

{ Time steplimited sothat the norm of the relative
change®f Tmat, Tr, and arekeptlesshan0.03

{ Temperature o or setto 0.056keV
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Results

Morel AsymmetricMethad

{ Decreasingntensity (like an intensity sink) starts
whenwave reatesskewed part of the mesh

{ Fix-up: whenradiationtemperaturedipsbelav the
temperature o or, uselow-ordersthiemen that cell

{ Fix-up eliminategpositive o -diagonalsin matrix,
whidh would guararee a positive solutionif done
over ertire mesh

{ Fix-up wassuccessfulproblemrunsuntil steady-
state

{ All plotsarefromthis methal
Supprt OperatorMethad

{ Instabilities:

grov without boundfrom roundo values
locatedat the skewed parts of the mesh
beginatt 6 10 / sh,beforethe wave has
readiedthe area

couldbe a cading error?

{ Fix-up hasnoe ect
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Plotting Anomaly
Actual Mesh(Cell Nodes)

JJJJJJJ

In orderto plot cortour lines,the cell certers are treated

like node values. This givesan irregularboundaryshaye,
but you shouldconsidethat a plotting anomalyonly:
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Results: Time = 2.0 sh
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T,ag Time-Dep endent Results

t = 0:1sh t = 02sh

t = 04 sh t = 0:6sh

t = 0:8sh t = 1:0sh
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Tag Time-Dep endent Results (cont)

t = 20sh

t = 4:.0sh

t = 6:0sh

t = 3:0sh
t = 5:0sh
t = 7:0sh
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Tmat Time-Dep endent Results

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

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

t = 0:8sh t = 1:0sh

17 of 20



Tmat Time-Dep endent Results (cont)

t = 20sh

t = 4:.0sh

t = 6:0sh

t = 3:0sh
t = 5:0sh
t = 7:0sh
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Steady-State Results: Time = 29.6 sh

Trad

Tmat
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Results Discussion

Di culties (instabilitiesandintensity sinks)aregener-
atedby both methals

A x-up for the Morel AsymmetricMethad was suc-
cessful

No solutionfor the Supprt OperatorMethad hasbeen
foundsofar

For the Morel AsymmetricMethad:

{ 2808%ime steps34.92hours,4.47s/ time stepon
SunUltra SPFARC 1 Model170neededo maodel32
shalesof realtime

{ Cortoursarerelatively at for the time-degnden
solution,completelyat for the steady-statesolu-
tion

Future Work

Parallelversion
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