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Summary Island control by ECCD: validation & 3D effects
= A self-consistent fluid drift-neoclassical model has been implemented Implementation of a 3D RF current source (J.) in XTOR [5]
In the XTOR-2F full MHD code [1,2] » Propagation along field lines through parallel diffusion: quasi-homogeneous
= Recovers standard neoclassical theory at equilibrium OJRF )
. . . . y . q . — Vf(] JrRE) + X V JRE + X V”JRF
= Evidence of island filamentation at low dissipation ot
= Bootstrap contribution mitigated by ExB flow Validation of stabilization efficiency nge with respect to analytical theory
= Island control by ECCD is modelled [5,6]  Recovers pre_dlcted dependence Vs source width oxr & VS misalignment [fig.7]
e .. . .- « But reduction of nge found in non-circular cross sections
= Stabilization efficiency vs source width & misalignment | | | | Fiip
= Flip instability and RF-driven island (if 3D source & no rotation) L2\ — 0.03 _

1

= Control strategies mitigating misalignment & broad source
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Drift-neoclassical model and insights on NTM drive \ : )
/ 0 I NL-&?’ _
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Nonlinear MHD code XTOR-2F [1] : drift fluid 3D full MHD in a torus. | . (pF_*F Ps) _SFfF s, | e
Neoclassical model [2] : ion flow and bootstrap arise from friction forces Fig.7:Stabilization efficiency  Fig.8 : € - position of X-points Fig9.9 @ RF-driven island size vs
_ VS misalignment. vs time during flip instability. RF deposition (Ige/1,=0.75%).
p(0y+V-V)V = —pV . VV, +IxB-Vp—-V. I, +V-vVV; N | | - |
, V Pe Specific features with a 3D source : island adjusts its phase to enhance its growth
E+VXxB=nJ-—-Jy—Jcp|—d; * Flip instability [6]: the X-point sets in close to the RF source (destabilizing) [fig.8]
- - L - S  RF-drivenisland : when close to a resonant surface, the RF current filament forms
N —1s d;, 3/2m, d, Ul s the X-point of an island [fig.9
Jpe = 2 gy 4+ = PTle gy, S Af—L= | bootstrap current P [11g-9]
) p (n—mnsp) 11— 1)SP B . . .
, | . Island control by ECCD: evaluating various strategies
m, = —m {bb _ 1] . stress tensor In CGL form
2 3 . . . .
, A basic controller has been implemented for radial sweep and modulation
. 'U-”Q g . . . . . . . ]
—Te = —pasisC { [VS + kg (VTS + — B)] VinB _ : )  Radial sweep aimed at mitigating misalignment risk [7]: successfully tested on TCV
. b : pressure anisotropy (p, -p_,) and Asdex-Upgrade during the last MST1 campaigns [see overviews, this conf.]
+E IV % (Ve x B) 4 5V % (Vi x B)] — ke Vi, - V In pe . Modulat_lon almed at mltlgatlng low efﬂmgn_cy assoclated with broad RF deposition
B « Evaluation of best strategy using the resistive MHD model [8] m Not preempted
\ / : O Preempted
Main properties Pree_mptlon o I > OfpeemmERRR mE-
. Equilibrium flux averaged bootstrap current consistent with neoclassical theory [3] | * RISk due to misalignment [9]: mitigation by s sEmmEEEEEEE
« Agrees with analytical estimates [4]; contribution from parallel heat flows [fig.1] radial sweep at the cost of a larger Ix¢ [fig.10] E .
+ Non linear saturation is bursty at low dissipation (y, v) [fig.2] E ChEREEREREEEEOT
. Island shape : droplet like due to drift physics [fig.3] Fig.10 : Preemption capability asa  § EmEmEEO00 O
—— ‘0 v of =0, xf =1 function of RF current and sweep 3
—W!th q, (290/:) ® bs T amplitude 0 -8 ® EEOD0 0D O -
2510°k _-Wlthﬁﬁt qﬁ('IO/u) _ o008k | | | I IS 0 0.02 0.04
o — Rl n=1, —-n=7 & Stabilization (broad source, 8x/W=1.4) [fig.11] re ! 1p
> 0.5  Radial sweep : island reduction without misalignment risk, but less efficient than
well positionned fixed source
« Combined with modulation : full stabilization obtained
| oL w1, B4 « Alternate modulation with the FADIS (FAst Directional Switch) method uses 2
0 02 04 06 08 60 80 100 120x10° '4\? o2 '43 52 '43 52 antennae to obtain a nearly continuous O-point deposition [10]
| Yy | o U | | v v + Quantification by a gain G and a characteristic time T ..
Fig.1 : Flux averaged Fig.2 : Island size; bursty behaviour Fig.3 : Island shape with resistive,
bootstrap current at low g, v with neoclassical model.  drift and neoclassical MHD models. 4 "W "W « W, Island size without control )
Comparison with Rutherford anoroach (o — Vsat — VWmin * W,_,.: minimum width obtained
D - . . . Wt — W * W, : minimum width for fixed, CW source
« Effect of bootstrap current on saturation mitigated by ExB flow perturbation L .
. . \ * T,,,:time for reaching W, )
 Measured by correlation R, .(p) between bootstrap and pressure perturbations | — _ _
- Correlation R,4(p) increases with neoclassical friction y; and with island size [fig.4] | * Overview of stabilization strategies [fig.12] |
- In Rutherford representation, f,. [=1 for reference case] replaced by R, (p)f. * Island control achieved without misalignment risk
« Still weaker effect compared with Rutherford prediction, even for an ad-hoc * Large gain for modulation techniques
implementation of the bootstrap J,.~Vp where R,.(p)=1 * Control time scale reduced with the FADIS alternate modulation scheme
Application to Neoclassical Tearing Mode triggering on Asdex-Upgrade equilibrium Thin RF source (85-/W=0.7) : results qualitatively similar, but no advantage to use
« Correlation R((p) varied by changing %, (~pressure flattening inside the island) modulation techniques (G~1) (see [8]) 5
* (3,2) NTM could be triggered for a seed W, .,~4% — Fixed | ' | |
AUG #30594 »¢ Sweep .
—T , —| ++Modul+sweep Ml Fixed centered
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Fig.4 : Correlation between bootstrap &  Fig.5 : Island size vs effective Fig.6 : (3,2) NTM triggering Fig.11 : Island width evolution following Fig.12 : Gain as a function of
pressure perturbations vs island size. bootstrap current by changing Ry,s(p) via y;,. difterent strategies (top); RF deposition characteristic control time T;..

during the sweep (bottom).
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