
Reasons for Proposing a New 
Benchmark

• M3D and NIMROD results from 1st benchmark agree 
with each other but not with experiment.  Better fidelity to 
experiment should yield better validation.
– Replace current source with loop voltage.
– Replace pressure source with ohmic heating.
– Use a much more realistic profile for κ⊥.
– Allow resistivity to track evolving temperature profile.
– Use constant Prandtl number.

• Beginning with an analytically specified equilibrium will 
make it possible to publish the benchmark as a standard 
test problem available to other nonlinear MHD codes.



Specification of Analytic Equilibrium

3.1741 V  (implies q0 ≈ 0.82)Loop voltage VL

2.0Effective ion charge ZEFF

0.042 T·mVacuum value g0 of R·BT

0.1α Parameter in pressure equation*

2.5 × 10-4 (implies n0 = 1.8 × 10-19 m-3)Normalized central pressure µ0p0

100 eVCentral temperature (Te=Ti)

0.25Triangularity δ

1.35Ellipticity κ

0.247 m  (aspect ratio = 1.38)Minor radius a

0.341 mMajor radius R0

ValueQuantity
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Use equilibrium code to solve Grad-Shafranov equation, with profile of heat 
conduction coefficient χ computed self-consistently to keep temperature constant 
given profile, energy supplied by applied VL.



Form of New Equilibrium

qmin = 0.8023 Minimum value: 9.21 × 10-6

Old case: pkkk ≡ 9.09 × 10-4
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Transport Coefficients
• Evolving Spitzer resistivity η(x,t)∝T-3/2  with cutoff 100x 
initial central value; initial central S = 1.94×104.

• Constant Prandtl number 10 (evolving axisymmetric 
viscosity).

• Perpendicular heat diffusivity κ⊥ read from self-consistent 
steady state computed with equilibrium code; central 
value renormalized to about 2.03 m2/s to maintain 
steady-state.

• Parallel heat conduction as in previous case (vTe = 6 vA).



Conservation properties

Renorm. factor=1.0



n=1 eigenmode
Velocity stream function U C = -RJφ Temperature

1,1 mode;  γτA ≈ (1.415 ± 0.0005) × 10-2



n=2 eigenmode
Velocity stream function U C = -RJφ Temperature

2,2 mode;  γτA ≈ (3.9 ± 0.5) × 10-4?



n=3 eigenmode
Velocity stream function U C = -RJφ Temperature

3,3 mode;  stable



Nonlinear results
24 planes, 81 radial zones, sym 5 on 144 Franklin cores
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1st peak = 2.64e-5
at t =1252.19



Nonlinear Mode History
24 planes, 81 radial zones, sym 5 on 144 Franklin cores



Nonlinear Conservation



Poincaré Plots

t = 987.80; qmin = 0.8022 t = 1109.55; qmin = 0.7965



Poincaré Plots

t = 1207.05; qmin = 0.7955 t = 1244.55



Poincaré Plots

t = 1252.05; qmin = 1.0329 t = 1357.05; qmin = 0.9953



Poincaré Plots

t = 1452.05; qmin = 0.9518 t = 1531.43; qmin = 0.9211



Temperature History

t = 987.8

t = 1252.68

t = 1452.05



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


