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New Developments in Ejecta Modeling in the FLAG Code
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Summary: A model of ejecta formation, transport and interactions is being developed as a PIC-
type model in the Lagrangian-ALE hydrocode FLAG. Computed production rates, particle
properties and dynamics (particle drag) are as expected, and code predictions are being validated
against experiments.

We present the ongoing development and implementation of a mass ejection package, or “ejecta model,”
in the FLAG hydrocode. Following shock propagation into a material and reflection at its free surface,
conditions may be sufficient to induce phase changes, damage, or fragmentation at the surface [1-2], and
to eject a cloud of solid particles or liquid droplets—ejecta—from the surface.

Modeling such phenomena in a continuum hydrodynamics code challenges the assumptions underlying
the numerical approximations made in the hydrodynamics. The representative scales for the particulate
matter are often much smaller than the representative scales for the bulk material producing the ejecta.
However, this scale separation allows for statistical descriptions of ejecta that are compatible with
continuum mechanics.

Earlier work [3] documents early stages of the ejecta modeling effort in the FLAG [4-6] hydrocode.
FLAG computes continuum mechanics solutions for fluid and solid materials in a Lagrangian or
Arbitrary-Eulerian-Lagrangian (ALE) framework. To model ejecta in FLAG, a hybrid particle-continuum
representation was defined that allows for coupling with continuum materials on large (bulk) scales; this
is similar to well-known PIC methods [7]. Numerical models were developed and implemented for
particle production (sourcing) as well as for solving the particle equations of motion. The humerics were
shown to conserve mass, momentum and energy, and preliminary results were given for modeling drag
and volume effects.

The ejecta source model includes components that evaluate criteria (thresholds) for ejecta production,
calculate production rates, and generate computational particles with initial sizes and velocities sampled
from user-specified statistical distributions. Each computational particle represents one or some (possibly
large) number of physical particles with approximately equal sizes, trajectories and thermodynamic states.
The donor surface experiences recoil forces when mass is ejected, and the code ensures conservation of
mass, momentum and energy.

The ejecta production threshold is based on the acceleration of the donor surface, but is modified as a
function of surface conditions such as damage or melt state.

Although the ejecta production rate is typically specified by the user, we have recently implemented a
new production rate model developed by Chitanvis [8].

The space into which the ejecta move may be occupied by a “background” fluid, with which the particles
interact dynamically and thermodynamically. To model thermodynamic interactions (pressure and
temperature relaxation), an “ejecta phase” is created as an alternate description of the same matter that is
represented by the ejecta particles, and that fluid phase is treated as a component of a continuum mixture
with the background fluid.

On the other hand, dynamic interactions (drag forces) with the background fluid are treated in the particle
description, with a Reynolds-number-dependent drag force that depends on particle size and velocity
relative to the fluid. We have verified that this model matches analytic solutions to a test problem
proposed by Cloutman [9].
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The FLAG ejecta model is being compared with experimental determinations of mass ejection rates and
velocities [10], and early results are encouraging.

References

[1] J. R. Asay, “Material ejection from shock-loaded free surfaces of aluminum and lead,” Technical
report SAND76-0542, Sandia National Laboratories (1976).

[2] W. T. Buttler, D. M. Or¢, D. L. Preston, K. O. Mikaelian, F. J. Cherne, R. S. Hixson, F. G. Mariam,
C. Morris, J. B. Stone, G. Terrones, D. Tupa, “Unstable Richtmyer-Meshkov growth of solid and liquid
metals in vacuum,” under consideration for publication in J. Fluid Mech.

[3] J. Fung, A. K. Harrison, S. Chitanvis, J. Margulies, “Ejecta source and transport modeling in the flag
hydrocode,” Technical Report LA-UR-11-04992, Los Alamos National Laboratory (2011). Presented at
International Conference on Numerical Methods For Multi-Material Fluid Flows, Arcachon, France,
September 5-9, (2011).

[4] D. E. Burton, “Exact conservation of energy and momentum in staggered-grid hydrodynamics with
arbitrary connectivity,” Technical report UCRL-JC-104258, Lawrence Livermore National Laboratory
(1990).

[5] D. E. Burton, “Consistent finite-volume discretization of hydrodynamics conservation laws for
unstructured grids,” Technical report UCRL-JC-118788, Lawrence Livermore National Laboratory
(1994).

[6] E. J. Caramana et al., “Construction of compatible hydrodynamics algorithms utilizing conservation of
total energy,” J. Comp. Phys. 146 227-262 (1998).

[7] M. J. Andrews and P. J. O'Rourke, “The multiphase particle-in-cell (MP-PIC) method for dense
particle flows,” International Journal of Multiphase Flow 22 [2] 379-402 (1996).

[8] S. Chitanvis, unpublished notes, Los Alamos National Laboratory (2010).

[9] L. D. Cloutman, “Analytical solutions for the trajectories and thermal histories of unforced
particulates,” Am. J. Phys 56 7 (1998).

[10] W. T. Buttler, R. T. Olson, private communication (2011).

Acknowledgments

We acknowledge computational support and analysis by Jeremy Margulies, discussions with Shirish
Chitanvis, and experimental data and images and explanatory information from William T. Buttler and
Russell T. Olson.

Los Alamos National Laboratory is operated by the Los Alamos National Security, LLC, for the National Nuclear
Security Administration of the U.S. Department of Energy under Contract DE-AC52-06NA25396.

ya

yay
- Los Alamos

——EsTag ———

Page 2 Session 6: Material Ejecta, Spallation, and Damage



	*Los Alamos National Laboratory


<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts false

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 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

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



