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TOPICS

•DIII-Ddischarge097741—background

MHDnonlinearcodesareusefulinanalyzingexperimentaldata.

•BenchmarkNIMROD/M3D:resistiveMHD,preliminarystudies

–Linearn=1modegrowthrate

–Nonlineardissipativerelaxation

•M3Dtwo-fluidnonlinearrelaxation

•NIMRODMHDrelaxation(Carl)



DIII-Ddischarge—background

•ExperimentalstudyoflowbetatearingmodeonsetinDIII-D

(M.S.Chu,R.J.LaHaye,M.E.Austinetal.,Phys.Plasmas9,4584(2002).

–Limitedplasma.

–Welldiagnosed,analyzed.Lowbetachosentoeliminateneoclassicaleffects.

–OriginallychosenforM3Dtolookattwo-fluidsimulationmodels,withDylan

Brennan.

–BackgroundtofutureNTMstudies?

•Dischargewascontinuallyheatedandtheplasmacurrentraisedinductively

untila2/1islandappeared(grew,locked,plasmadisrupted).Chuetal.found

that2/1tearingmodeonsetcorrelatedwellwithchangeofthe2/1mode∆
′

parameterfromnegativetopositive.(∆
′
fromPEST3code.)



Originalearlytimeequilibriumreconstructionhadincreasingtoroidalcurrent

densitynearplasmaedge.

RJφpq



•NonlinearrelaxationwithM3D(idealMHDandwithresistivity/ionviscosity)

foundthattheidealMHDequilibriausedbytheoriginalstudywerenotgood

MHDsteadystates.Rapidlyself-destructed.

RJφpĨ



•D.Brennanmadenewreconstructions,smoothingthetoroidalcurrentdensity

neartheplasmaedgeandmakingedgecurrentnearzero.Newequilibriawere

stableunderM3Drelaxation.

RJφ•But,nowthe2/1∆
′
ispositivebeforethe2/1

islandappears.

•Furtheranalysis,matchingthePEST3idealMHD

outerregionsolutionto(oneof)Glasser-Greene-

Johnson(1975)resistiveinnerregionsolutions,

showsthattheresistiveMHDgrowthrateissta-

bleatearlytimebeforeislandappears,unstable

atlatertime.

•Analysisiscontinuingontheeffectoftoroidal

modecouplingon2/1islandinMHDandtwo-

fluid,includingtheongoingcentralsawteeth.



M3D/NIMRODBenchmarkslookgoodsofar

•Resultsarepreliminary.Studiesjuststarted.

•Easytestsfirst.RelativelysmallS=10
4
,PrandtlnumberPM=1(ion

viscosity*S).

•Goodagreementonthenumbersshowsthatthedifferentnormalizationsinthe

twocodesareunderstood.

Therearesomedifferencesinthecodemodels/assumptionsthatwehavetried

tominimize.

•TEST1:LinearresistiveMHDmodewithtoroidalmodenumbern=1.

NIMRODγ=0.011τ
−1
A,M3Dγ=0.0077.(Notfullyconverged.)

Modeeigenfunctionslookquitesimilar(notshown).



TEST2:NonlinearMHDresistive/viscousrelaxationoftheidealMHDequi-

libriumatS=10
4
.

q-profileevolution

t(10
−4

sec)r/a=0.1r/a=0.9

NIMRODM3DNIMRODM3D

00.930.942.542.47

0.51.021.022.742.61

1.01.171.172.952.83

1.51.331.353.203.01

2.01.491.483.503.41

Preliminarynumbers,interpolatedfromdifferenttimesinM3D,NIMROD.

(τA=3.46×10
−7

sec,2sec'600τA).

•NIMRODandM3Dusedifferentdefinitionsforrelativeminorradius.Difference

islargeratlarger/a,wheremagneticshearq
′
(r)isalsolarge.Tobechecked.

•qorapidlyrisesaboveunityatthisS.Transitorym=1,n=1modeseen.

Higherm=4,5growlater.



•Profilesalsoagreewell(t=2×10
−4

sec;NIMRODonleft,color).
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•MaxRJφ'1.35isclose.

•Maxvφ/vA'1.4×10
−4

.

NIMRODslightlysmallerthan

vφ/vA'1.4×10
−4

M3D;

consistentwithNIMROD’s

non-slipvelocitybcwitha

high-viscositybndylayervs

M3D’stangentialslipbc.



•M3Dtwo-fluidrunwithsmalltwo-fluidstrengthH=1/(ΩciτA)=c/(ωpiR)=

0.002.ActualH'0.025.

•OverallevolutionissimilartoMHD,buttherearedifferences,asexpected.

Transitory4/3modeappearsintwo-fluid,lessvisibleinMHD.

Plasmaflowpatternsaredifferent(eg,poloidal[ion]flowstreamfunctionU).

2FMHD



•Problemswithcomputertime.

Haven’tbeenabletorunM3Dtwo-fluidseriouslysincespring.

•NERSCSeaborgslowsincelastyearbeforeAPS-DPP.

–ResponsewenttopracticallyzeroatbeginningofJuly2004.

–SeptemberandOctober,M3Dbrokenbyproblemswithcompileroptimiza-

tion(turningonoptimizationgavewronganswers!).

FixedlastweekinOctbyNERSCACTS/PETScpeople.

Forfirsttime,SeaborgandCheetahM3Dgaveidenticalanswersto18sig-

nificantdigits(after10timesteps)!(Note:JinChenportedPETSc2.1.6

toCheetah.)

But,lastweekrecompilinggavestrangenumbersagain...

•M3Dsituationiscomplicatedbecausewecheckedinamajorrevisionjustbefore

theSeptemberOSupgradeonSeaborg.


