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Lecture Outline

Research Approach and the Materials

Environment;
Plasma Physics 0 Materials Science Analogies;
The new kid on the block: Multiscale Modeling;

A few Basics: collision cascades. Defects &

Microstructure;
Surface and Bulk Phenomena;
Fundamental Equations and Algorithms;

Modeling Challenges and Limitations.
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Material -Plasma Interfacing

Material
Bulk

C Ab initio;
CMD
C KMC

=

Cracks

CDD

C Rate Theory

CFEM

Material
Surface

=

Plasma
Edge

CVFTRIM:;

C REDEP
CHEIGHTS
CBPHI-3D

C UEDGE-2D

=

Plasma
Core

C Transport;

C Turbulence;
C MHD;

C Confinement;

C Islands,
Stability &
Oscillations.
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Correspondence & Analogy

Phenomenon

Plasma

Material

Density & Degrees of
Freedom per cn¥

C1014- 101

C 1023

Forces

C Long-range Coulomb,
Electromagnetic

C Shortrange Atomic > Pair,
Many-body

C Long-range Elastic

Particle Methods

C ParticleParticle (PP);
C ParticleField (PIC);
CKMC

C ParticleParticle (MD);
C ParticleField (DD-FEM);
C KMC, Lattice MC, Event MC.

Transport & C Collisions & FokkefrPlanck; C Microstructure Evolution &
Continuum FokkerPlanck;

C Fluid, MHD C Elasticity;

C Reaction Crossections; C Rate Theory;

C Turbulence C Plasticity
Instabilities C Spacelslands, Coherent C Space Seltorganization,

Structures;
C Time: Oscillations, Disruptions

segregation;
C Time: shear bands, cracks.

*H. Huang and N.M. Ghoniem, "Formulation of a Moment Method fdimensional FokkePlanck Equations”,
Phys. Rev. 51, 68 5251:5260, 1995.




Correspondence & Analogy

Biot.Savart Electromagnetics Dislocation Dynamics
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Contour G



Approach and Materials
Environment - MFE

Environment

C Heat Flux: FW ~1 MW/m? Divertor ~5 #5 Approach
MW/m? C Predictive

C NeutronFlux: ~3 5 MW/m? C PhysicsBased

G Particle Flux: Divertor ~10°-10°* ms* C ComputationalDesignof Materials;

rﬁ,ls’j MechanicalLoads Pressure~ 2-5MPa C Experimentallyverifiable at Scalelnterfaces
uclA
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