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Introduction

Neoclassical Tearing Modes (NTM) are part of the major MHBtaility that should be
avoided in a fusion reactor, for causing confinement degi@dar disruption. It consists of a
magnetic island that is metastable, i.e. it is linearly lgt@nd grows to a large size when fed by
a primary mode. This metastable nature explains why bottsthe of the non linear threshold,
and of the coupling to the primary mode that provides the ,saegicrucial. In recent years,
the threshold in performance for exciting a NTM has been shimancrease significantly with
plasma rotation and flow shear, and the role of flow shear omthasic stability rather than
on the primary mode has been pointed out [1, 2, 3]. On the ¢idwed, theoretical works do not
provide a clear explanation for this observation, and gahygpredict that flow shear has a weak
effect [4] or is destabilizing for magnetic islands in subiv&nic flows [5, 6]. A stabilizing ef-
fect of flow shear has however been found using MHD modelsniataperturbations parallel
to the magnetic fielddBy, oV, # 0), either above a threshold in the magnetic Prandit num-
ber Prm=iov/n in cylindrical geometry [7], or without viscosity in torcadlgeometry due to
toroidal curvature and mode coupling [8]. The general pectrising from experimental stud-
ies is that velocity shear acts in a similar way as magnetaishn the)’ stability parameter,
thanks to a coupling between the plasma flow and the resiafpee at high Prm. In the present
work, we investigate this issue, which is crucial for extigping to ITER, by computing the

*See the Appendix of F. Romanelli et al., Fusion Energy Camfee 2008 (Proc. 22nd Int. FEC Geneva, 2008)
IAEA, (2008)
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non linear threshold of the (2,1) NTM for a typical JET Advadclokamak discharge using the
full MHD code XTOR [9], where, in addition to geometrical eéits, anisotropic heat transport

and bootstrap current perturbation are described.

Critical island width for (2,1) NTM in plasma with flow
The critical island width is calculated by inserting in aatiig plasma a seed island of in-
creasing size. Here, the plasma is forced to rotate by &fnigtith a prescribed toroidal velocity
source. Important parameters for this study are the magRedindtl number Prm#v /n, and
the ratio of resistive to confinement timas/1e = tox . /n (with x, the transverse heat dif-
fusivity), which is about 150 in the experiment. In the talali direction, the Prm calculated
from momentum balance by TRANSP is large (I%'ﬁ*m 100), and itis generally considered to
result from turbulence, resulting wy / x;, ~ O(1) [10]. In the perpendicular direction, viscos-
ity is about 2 orders of magnitude lower with Pfth~ Z2,/m/mef (with Z the ion charge,
B = uope/B?) (figure 1). The fact that 3D magnetic perturbations devetginly in the per-
pendicular direction suggests that it is the small colhsioviscosity that matters, but the role of
parallel perturbations highlighted in reduced MHD simiglas points towards an important role
of the large toroidal viscosity. With the isotropic visdydhat we have at present in our model,
we will vary Prm between these two values in order to deteerfithere exist conditions where
rotation shear can have the stabilizing effect on (2,1) NTikt ts observed experimentally.
The velocity shear length,, is defined as/L =
a/wadw/dRwith w =V, /R, Rthe major radius at the JET Pulse N'72668, =75
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magnetic shear), all evaluated git= 2. Refeering to ° Of;) 1

the database of DIII-D (2,1) NTM threshold scan ihigure 1:Prm from momentum balance
flow shear [1], this corresponds to a situation whefERANSP), and collisional for different
the criticalBy should be about 40% higher than in thi@n charges.

non rotating case, which represents a significant im-

provement in the NTM stability.

In the absence of externally driven plasma flow, the modedkéetal island width for the
(2,1) NTM is determined by the balance between curvatutglstation and bootstrap drive,
and was found to be around 5% of the minor radius [11].

A first series of simulations have been performetkgte = 600, corresponding to a perpen-
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Figure 2:Critical island width vs velocity Figure 3:Critical island width vs velocity
shear atipx, /n = 600. shear atipx, /n = 150.

dicular heat diffusivity 4 times higher than in the expermtébut x| /. = 108 for all cases).
We find that rotation shear has a destabilizing effect indaeviscosity case (i.e. the critical is-
land width decreases witlyL,), and that it has no significant effect @,i; at Prm=2100 (figure
2). Flow shear has therefore a destabilizing effect on thB (&land at low Prm, in agreement
with results from the standard reduced MHD model. High vs#tyomitigates the destabilizing
effect of flow shear, as found with reduced MHD models inatigdparallel perturbations.

For tpx . /n at the experimental levekg/ 1 ~
150), we find that the effect of flow shear on the
(2,1) NTM is negligible at low Prm. This situa- = Effectof rotation on (2,1) NTM_

Hox,/Mm
tion may be comparable with the one computed in ggo
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globallyWgyit, and for Prma= 100, the NTM thresh-
) . ) o Figure 4:Summary of the effect of rotation
old is seen to increase slightly within the range of
on the (2,1) NTM threshold.

experimental rotation shear (figure 3).
The results of simulations are summarized in figure 4, whieeeefffect of rotation shear
on theWgit is plotted in the (Prmppx . /n) domain. Situations with low viscosity are clearly

incompatible with experimental observations, and a higisipla viscosity, Pria 100, is needed
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for producing the favourable effect of rotation on NTM threkl that is observed.

Conclusion and perspectives

We have addressed the question of the dependence of thé\{EM kritical island width on
plasma rotation, and we have focussed in particular on tleeofgolasma viscosity, which is at
the moment the explanation for the increasing NTM stabikitih rotation shear. Our simula-
tions confirm that plasma viscosity plays an important rate can compensate for the other-
wise destabilizing effect of plasma rotation. We find thahigh Prm, the (2,1) NTM threshold
can be (slightly) increased by plasma rotation, and itslveesealue is increased. If expressed
in the form of aA’ effect in Rutherford equation, this leads to an increasg\athreshold (and
a decrease of saturated islands) with rotation shear,aimgilwhat is seen experimentally for
g < 1 discharges [3]. In ITER, lower resistivity is expected tdune larger Prm. However, it
is not obvious that parallel perturbations would matter lovarotation plasma, in which case
the low Prm results would apply to low rotation (ITER) and higim results to high rotation,
thus strengthening the critical island dependence oniootat hese uncertainties remain to be
clarified in order to gain confidence on the extrapolationiéR, and they motivate the imple-
mentation of a more advanced viscosity tensor (includingaropy) in the MHD model.
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