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[M3D project)

Multilevel 3D Project Simple
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Plasma Simulation . understand the physics.
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MHD

model

e Solves MHD equations.

POV/OL + pv-VV = —Vp + JxB + V3V

0B/t = -VXE, E=(-vxB+nd),

| ap/ot + V-(pv) = 0

J=VxB

op/ot + v-Vp = —ypV-v + pV-x V (p/p)

The fast parallel equilibration of T is modeled
using wave equations;

[

3T /ot = s Blp-Vu
duft=sBVT + vVl

s = wave speed/ va

Two-fluid MH3D-T

» Solves the two fluid equations
with gyro-viscousity and
neoclassical parallel viscousity terms in a torus.

» Equations
VEVi — Vr = e—Vg + Jy/en,

(v,; = BXVP, /(enB’), vi=vi+J/en

pav/ot + pv-Vv + p(vi-V)vi=-Vp + IxB - b-VII;,

3B/t = -VxE, E=(-vxB +nJ)- ViP./en - b-V-Tle,
J= VxB,

dpfdt + V-(pv;) = 0,

ap/ot + v-Vp = —pVv + pVxVu(p/p)
—~V{-Vp + (1/en)d- VP
— V-V + yp.d-V(1/en)

P /ot + V-V Pe= —yPYV-v +p V¥, (Pe/p)
+ (1/en)d VP, — vPV-(ve- J /en)



GK Hot Particle /MHD Hybrid MH3D-K

* Fluid equations

' pavfdt + pv-Vv = -Vp —(V:-Py ), + JxB (Pressure coupling)

or
" povidt + pv-Vv = —Vp + (VB - Jp) B + ¢, V<B
(Current coupling)

iB/it=-VxE, E= vxB-n(J—Jp), J=VxB
Apfat + V-(pv) = 0

apft +v-Vp = Vv + pVeeV (p/p)

= Gyrokinetic equations for energetic particles

dR/dt = u[ b + (U2)b X (b-Vb) ] + (142)b X (LVB - gE/m),

du/dt = —[ b + (Wb X (b-Vb) ] - (LVB - gE/m).

GK Particle lon / Fluid Electron Hybrid

» Pressure coupling

pov/odt + pv-Vv = —V-Pi — VPe + JxB
CGL
=-V-Pi —VIIi —VPe + JxB

CGL

V-Pi
VIIi

. from particles following GK eqgns.
fluid picture as 2 fluid egns,

or from particles.

* Fluid electrons

E=-VexB +nd+ V:-Pe/ne

= -VexB +nd+ VPe/ne + bb-V:Ile/ne
oBfiot = -VxE, J=VxB

Pe eqgn currently, but P, and P, eqgns are planned.



NSTX Soft X-ray arrays
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2D steady state with toroidal sheared flow

Quasi neutrality: rV.NV +N.P-J" B=0
MHD: N.P=NP

Atthemagneticaxis. J B=0
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2D steady state with toroidal sheared flow

Quasi neutrality: rV.NV +N.P-J B =0
L

~ =~ —CG
NeP = N.P

+NeP
=pl  +(P-PR

)P +P g
MHD Hot Particle/MHD 2-Fluids
2-Fluids with Neocl .clos.

|on Particle/Electron Fuid
Particles or Phase-space fluids



Density profile
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Density profile

Two-Fluids
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Linear Eigenmodes
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Experiment

NSTX #104144

Soft X-ray Data
Fluctuations
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|IRE : Disruption
«Stochasticity as shown before.
L_ocalized steepening of pressure
driven modes as shown here
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VT profile evolves with reconnection




2" crash phase




r and P peak in theisland




Probable saturated steady state










Summary

MHD, Two-fluids, and Hybrid levels of M3D are used for ssimulation
studies of NSTX.

Non-MHD effects do not cause major changes to 2D steady states
with flow in the cases studied.

The relative density shift relation holds both in the ssmulation and
experiment, with the centrifugal force of the hot component incl uded.

Toroidal sheared rotation reduces linear growth of internal kink,
moves the mode inboard, and give mode rotation comparable to the
peak plasma rotation.

Toroidal shear rotation can saturate the internal kink, except that the
rotation profile itsalf evolves with reconnection. Therefore the flow
source rate Is an important factor.

Another way toroidal sheared rotation can give saturation of internal
Kink is by causing density peak inside the island.

| RE:Disruption can occur at least in two ways; due to stochasticity,
and due to localized stegpening of pressure driven modes.






