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Lecture Outline

Ç Research Approach and the Materials 

Environment;

Ç Plasma Physics ðMaterials Science Analogies;

Ç The new kid on the block: Multiscale Modeling;

Ç A few Basics: collision cascades. Defects & 

Microstructure;

Ç Surface and Bulk Phenomena;

Ç Fundamental Equations and Algorithms;

Ç Modeling Challenges and Limitations.
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Material -Plasma Interfacing

Material

Surface

Plasma 

Edge

Plasma

Core

Material

Bulk

ÇAb initio;

ÇMD

ÇKMC

ÇDD

ÇRate Theory

ÇFEM

ÇVFTRIM;

ÇREDEP

ÇHEIGHTS

ÇBPHI-3D

ÇUEDGE-2D

ÇTransport;

ÇTurbulence;

ÇMHD;

ÇConfinement;

ÇIslands, 

Stability & 

Oscillations.

Cracks
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Correspondence & Analogy

Phenomenon Plasma Material

Density & Degrees of 

Freedom per cm3

Ç1014 - 1016
Ç1023

Forces ÇLong-range: Coulomb, 

Electromagnetic

ÇShort-range: Atomic > Pair, 

Many-body

ÇLong-range: Elastic

Particle Methods ÇParticle-Particle (P-P);

ÇParticle-Field (PIC);

ÇKMC

ÇParticle-Particle (MD);

ÇParticle-Field (DD-FEM);

ÇKMC, Lattice MC, Event MC.

Transport & 

Continuum

ÇCollisions & Fokker-Planck;

ÇFluid, MHD

ÇReaction Cross-sections;

ÇTurbulence

ÇMicrostructure Evolution & 

Fokker-Planck*;

ÇElasticity;

ÇRate Theory;

ÇPlasticity

Instabilities ÇSpace: Islands, Coherent 

Structures;

ÇTime: Oscillations, Disruptions

ÇSpace: Self-organization, 

segregation;

ÇTime: shear bands, cracks.

*H. Huang and N.M. Ghoniem, "Formulation of a Moment Method for n-dimensional Fokker-Planck Equations", 

Phys. Rev. E, 51, 6: 5251-5260, 1995. 
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Correspondence & Analogy

Electromagnetics Dislocation Dynamics

Magnetic intensity Strain

Magnetic induction Stress  

Current density Incompatibility tensor

Permeability Elastic constants

Vector potential Stress function

Current Burgers vector

Maxwellôs Equation:                                  Incompatibility

Equation:
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Approach and Materials 

Environment - MFE

Approach

Ç Predictive;

Ç Physics-Based;

Ç ComputationalDesignof Materials;

Ç Experimentally-verifiable at ScaleInterfaces.

Environment

Ç Heat Flux : FW ~1 MW/m2; Divertor ~5 �±15

MW/m2

Ç NeutronFlux : ~ 3 �±5 MW/m2

Ç Particle Flux : Divertor ~1021-1022 m-2s-1

ÇMechanicalLoads: Pressure~ 2-5 MPa


