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GLOBAL STABILITY OF STELLARATOR CONFIGURATIONS

L. Garcia
Universidad Carlos 1ll. 28911 Leganés, Madrid. SPAIN

The MHD stability of stellarator configurations is examined using a set of resistive MHD
equations derivetbr 3D generalconfigurations. Up to nowthe calculation of globanodes
has been based on formulationdtwd ideal MHDenergy principle immagneticcoordinates [1,
2]. Here, we develop formalism to solvehe full MHD equations foeither ideal orresistive
modes.

We begin with the usual compressible MHD equations, namely
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where the magnetic field and the velocity are written in terms of potertiédsthe electrostatic
potential,/” is the specific heats ratio, and the mass depsity assumed to be constant.

The MHD equations aresolved in toroidalgeometry, and we useiagnetic Boozer
coordinates [3] based dhe equilibrium as coordinatystem.The gaugdor the potentials is
chosen to be

A, =Q,=0. (6)

We study first the equations in the pressure convection nsit@) with the assumption
w= 0. By taking the curl othe linear momentum balance equation multiplied byjahebian,
we obtain:

% =-Jg0yg xOp+ /g0 % (,/gI x B, 0

whereU = p,,/g0 % (\/Ev).

With the preceding specifications and the definitiéps- - (the poloidal magnetiiux
function), A, = -x (the toroidal magnetic flux function§?, = -@ (the poloidal stream function),
andQ, = -/ (the toroidalstreamfunction), the equationshat aresolvedare (indimensionless
form):
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In Egs. (8)-(17), all lengths are normalizedtie minorradiusa, the resisitivity and the
pressure to their equilibrium value at the magnetic axis, the magnetic field to the vacuum field at
the magneti@xis, and thetime to theresistive diffusiortime 1, = p,a’/n, S = /1, is the
Lundquist number, and,, = R(1,0,)"*/B, is the poloidal Alfvén time.

We assume pgerfect conducting walboundary condition athe plasma edgeo(= 1).

This implies the following boundary conditions:

BP(1) =vP() =a(®) = p()) =0. (18)

To solveEqgs. (8)-(13),the perturbed quantities are expanded~aurier series in the
generalized poloidal and toroidahgles.The equations are time-advanagging the numerical
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method described in Refs. [4, 5] for tokamakise problem isnow more complex due to the
coupling of different toroidal mode numbers sitice equilibrium contains natnly n = 0 but

all the multiples of the number of field periods.

We also considethe incompressible limit. By taking the curl of the lin@aomentum
balance equation, we obtain:
ﬂz@ﬂx(JxB), (19)
ot
where U = pm\@]lxv. Egs. (11), (12are change@ccordingly, andeq. (13) is nolonger
needed since the pressure does not appear in the system of equations.

We have studied theleal stability of an LHD equilibriunwith a 15-cm inwardshift.
Details of this magneticconfiguration can bdound in Ref. [6]. The equilibriumpressure

distribution isp = po(l— ([/2)2, with ¢y a normalized poloidal fluxWith this profile, relatively

stronginstabilities whichare localized near = 2/3 canappear.Since LHD has 10field
periods,there aresix different mode families generated by the beating of equilibrium and
perturbation[2]. Here, weanalyze the stability of the = 2, 8, 12, 18,... family. Good
convergence is obtained by includimg= 0, 10, 20equilibrium components in the calculation.
When the number of fielgeriods is highgach (, n) component resonant ihe plasma is
weakly coupled to Fourier componentstioé same familyalso resonantyut with differentn-
value.

Fig. 1 showsthe mode structurtor then = 2 mode. In this caséhe resonantin = 2
components are included in the calculation, but the resaaBtcomponents are not. Fig. 2 is
the same as Fig. 1 for tine= 38 mode.

The growth rate of then = 2 modevs. (3, is shown in Fig. 3 foboth the pressure
convectionlimit and the incompressible limit. Thesultsare compareavith thoseobtained
using the stellarator expansion [6]. The dependentgeafrowth rate with n is shown inFig.

4. The difference between the full equations and the stellarator expansion is due to the coupling
with othern-values in the family. When only time= 0 equilibrium components are included in
the calculation, the results are very similar.
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Fig. 1. Dominant poloidal components of the n = 2 Fig. 2. The same as Fig. 1 for the n = 38 mode.

mode for the equilibrium with3, = 4% (pressure

convection limit).

008 rrrrrrrprrrrrrr rorT 008 rrrrrrrrrprrr T rrrT
| ® Pressure Conv. o i - ]
| ® Incompressible P N . " u ]

-oor 71 008w e e e o]

°
s o © - ! ° i
2 B [ J - . 2 B ¢ 4
< 0.04_— & | 7 S 0.04_— 7
- [ ] u - - @ -
s & i i

0.021 ° 1 0.02, .
- " - - ® Pressure Conv
- n - - m  Stell. Expansion

O 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 2 4 6 8 10 0 10 20 30 40
B, (%) n

Fig. 3. Growth rate vsg for the different models.
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Fig. 4. Growth rate vs n for the pressucenvection

limit and the stellarator expansioi{= 4%).



