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Outline

• M3D code
• NSTX
• 2D steady state with toroidal flow
• Linear eigenmodes with and without flow
• 3D nonlinear evolution with and without flow 
• IRE
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2D steady state with toroidal sheared flow
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2D steady state with toroidal sheared flow
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MHD        Hot Particle/MHD          2-Fluids
2-Fluids with Neocl.clos.

Ion Particle/Electron Fuid
Particles or Phase-space fluids  
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MHD Two-Fluids

Hybrid Hybrid
0.2h hP P ⊥P ;1.2h hP P ⊥P ;



Hybrid

Hybrid
0.2h hP P ⊥P ;

1.2h hP P ⊥P ;
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Linear Eigenmodes



MA=0

Ωm=0

MA=0.2

Ωm=0.13

On the mid-plane
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IRE :  Disruption

•Stochasticity as shown before.
•Localized steepening of pressure
driven modes as shown here.
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Vφ profile evolves with reconnection
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2nd crash phase
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ρ and P  peak in the island
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Probable saturated steady state
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Summary
• MHD, Two-fluids, and Hybrid levels of M3D are used for simulation 

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 simulation and 

experiment, with the centrifugal force of the hot component included.
• 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 itself 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.

• IRE:Disruption can occur at least in two ways; due to stochasticity, 
and due to localized steepening of pressure driven modes.
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