TH/P3-14

Multi-Scale MHD Analysis of Heliotron Plasma in Change of Background Field

K. ICHIGUCHI, S. SAKAKIBRA, S. OHDACHI (National Institute for Fusion Science, JAPAN), B.A. CARRERAS (BACV Solutions Inc., USA)

24" | AEA Fusion Energy Conference, October 8-13, 2012, San Diego, USA

ABSTRACT [

Basic Equations for Nonlinear Calculation } [ Numerical Results }

Nonlinear MHD Dynamics Calculation : NORM code (K.lchiguchi, et al., NF (2003) 1101)

Basic Equations : 3-Field Reduced MHD Equations for
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Necessity of Multi-Scale Scheme

In the magnetic axis swing operations, equilibrium quantities change
due to the background field change.

Time evolutions of both perturbed and equilibrium quantities
must be treated simultaneously.

ti ti+1 t
1. Equilibrium at t=ti is calculated with the NORM result. (P):,¢i; Roaz,i [0y Feq,

dominant, consistent
with the experiment.
Deviation of the peak
position and signs of
L sidebands indicate the

mode is like an
Infernal mode.

The mode is
destabilized because

2.0

1.5

1.0

Magnetic hill is
enhanced in the
change of
background field.
The enhancement
destabilizes the
Infernal-like mode.
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A multi-scale scheme has been developed.
(K.lchiguchi, B.A.Carreras, NF (2011) 053021)

Basic idea of the multi-scale scheme :

Application to LHD Plasma

» The partial collapse observed in the magnetic axis swing operation in the LHD experiments
Is analyzed with a nonlinear MHD simulation incorporating a multi-scale numerical scheme.

» The simulation result qualitatively identifies the collapse mechanism.
The enhancement of the magnetic hill due to the change of the background magnetic field
destabilizes the (2,1) infernal-like mode.
The nonlinear saturation of the mode causes the partial collapse of the core pressure.
On the contrary, the plasma is stable for the fixed background field.
These properties are consistent with the experimental results.

Equilibrium calculation : Free boundary (Rlim=4.6m) and FCT constraint
Variation of Rvax . From Rvax=3.60m at t=0, to Rvax=3.50m at t=63500rtA

Heating profile  Q(p) = Qo(1 — p?)8-2
Dissipation parameters : S =107, » =1.0,x; = 1.0 x 1075, x; = 3.0 x 1074

Carry out Long time-scale calculation every time interval of Short time-scale calculation

Short time scale :Continuous calculation of perturbation dynamics with the NORM code
Long time scale : Update of 3D static equilibrium with the VMEC code
Incorporating change of pressure and 1 profiles due to the dynamics.
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