MODELLING OF PLASMA MOTION RESPONSE INDUCED BY AN
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In addition to the analysis of magnetic perturbation amplitudes [2] a detailed investigation of the plasma motion
affected by this external helical magnetic perturbation is carried out near the HYBTOK-II main resonance surface.
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1. INTRODUCTION

Direct observations of tokamak plasma responses to
an externally applied rotating helical magnetic
perturbation have been performed on a small tokamak
HYBTOK-II (R=0.4m, a=0.11m) in order to clarify the
process of penetration of this external magnetic
perturbation into tokamak plasmas [1]. The radial profiles
of the radial and poloidal magnetic components of the
penetrating external field were measured using a small
magnetic probe inserted into the plasma. A comparison of
the theoretical treatment [2] with these HYBTOK-II
experiments shows a good qualitative agreement. In the
present paper a more detailed theoretical study of the
HYBTOKA-II experiments is made.

2. MODEL

A model of a current carrying cylindrical plasma,
whose axis is taken as the z direction, is used. The

external axial magnetic field B, is large in comparison
with the poloidal magnetic field By, produced by the
axial current. The perturbation values depend on the
azimuthal angle @ , the coordinate z ( k=n/R ) and the
time 7 as exp [i(mH—kz— a)t)] , m and n are poloidal
and toroidal numbers, respectively, R plays the role of
the tokamak major radius, @ is the frequency of the

external perturbation. The investigation is based on the
equations for perturbations of radial components of

plasma velocity V. and magnetic field B, (see [2])
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In Egs. (1), (2) the terms kVZ and kB, (kr<m)

are neglected, p is the plasma mass density and 0y is

the parallel conductivity. We included the poloidal plasma
rotation connected with an equilibrium radial electric field

E,, and the plasma

homogeneous velocity V' _, .

toroidal rotation with a

We assume that the

equilibrium quantities are slowly varying. Recall that the

ion gyroviscosity tensor 7;

; compensates the drift

diamagnetic effect (see, e.g., [3,4]).

In this paper only the main HYBTOK-II resonant
mode (m/n=6/1) is investigated, when the value of
F(r) is equal to zero, F(l”

,es)=0 , on the main

resonance surface Vs =8 .5 cm where

q( m) 6/1 (qlr )—rBzglRBHO ).
The typical HYBTOK-II parameters are used: the

toroidal magnetic field B, = 0.27 T, the plasma current

1 p= 5 kA, the edge eclectron  density
n,=1.5 10" m™> and the electron temperature
T, =25ev.

3. RESULTS AND DISCUSSION

Recall [2] that for the considered HYBTOK-II
experiments the resistive effects dominate in a broader
region than that defined by the Alfven resonances.

In Egs. (1), (2) we neglect the ion diamagnetic drift.
As a result, Egs. (1), (2) contain only the Doppler shifted

frequency ¢ as a key parameter. In Figs. 1-3 the results
of calculations for three Doppler shifted frequencies f '
=10, 30 and 40 kHz are presented. For /=30 kHz we take
the skin depth value ¢ =1 cm. Note, that results of the
calculations depend on the local values of Z eff

In Figs.la,d, 2a,d, 3a,d the radial profiles of B;,H

amplitudes and their phases ¥ B, , are shown. These re-

sults are in a good qualitative agreement with HYBTOK-II
experimental measurements ([1], Case I). The gap in the

The
minimum value of this gap is shifted to the plasma depth

profile of |B,| is clearly visible near =7, .

from the surface 7=7,, . Some attenuation of |B :|
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Fig. 1. The resonant zone size, 1 I cm, is approximately two times magnetic island width. Two vortexes are
observed per one poloidal period of the magnetic perturbation

and amplification of |By| for 7>7,, may be
explained by not only sideband modes occurring, but also
by the non-resonant J excitation.

Figs. 1b,e, 2b,e, 3b,e show the radial profiles of the

velocities ¥ , . Because |B)| grows towards the
antenna, | V:| has a finite value at the plasma edge.

In Figures 2b, 3b |V | ~0.4 km/s at r>10 cm.

In Figures le, 2e, 3¢ the maximum values of | V, | are
max |V | ~2-3 km/s. The value of |V | grows, when

" drops. For example, max | V| ~10 km/s for f =1
0
kHz.

Figs. lc, 2c, 3c show the magnetic island m/n=6/1
position and contour plots of the plasma fluxes (the

arrows show the direction of motion) in the poloidal
cross-section ( A@=m/3 ) near the main resonance

surface 7,

time this picture rotates as a unit. The calculated width of
the magnetic island is approximately 0.5 cm. When the
Doppler shifted frequency @ increases, the resonant
zone (resistive layer) size increases with respect to the
magnetic island width. The plasma vortexes occur. The
plasma moves across the resonant surface inwards
(outwards) of the discharge near O-point (X-point) of the
magnetic islands (compare with [5]). The last statement is
not concerned with the plasma inside four vortexes.
Sideband modes of m/n=5/1 and m/n=7/1 are resonant at

rres=7 ¢m  and rres

. 8 .5 cm for a certain moment of time. In

=9 .5 cm | respectively. For

the wide resonant zone in a toroidal plasma a strong
coupling between m and m # 1 modes through the plasma
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Fig.2. The resonant zone size, 1 2 cm, is approximately four times magnetic island width. Two vortexes are still
observed per one poloidal period of the magnetic perturbation
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Fig.3. The resonant zone size, 1 3 cm, is approximately six times magnetic island width. Formation of four
vortexes is observed per one poloidal period of the magnetic perturbation. Note, four vortexes per one
period were also observed during the stability analysis of the resistive tearing eigenmodes (see, e.g. [8])

motion is possible (see, e.g.,[6]). The effect on the
poloidal rotation profile of an external rotating helical
magnetic perturbation was observed near resonant
surfaces in the HYBTOK-II experiment [7], but more
detailed experiments are needed.

In Figs.1f, 2f, 3f the 2-D profiles of the perturbed

current density J, are presented. Here J_ ~10-15
kA/m?,
In the figures the values of B, ,, V. ,and J

are normalized to the values B, “(r,,),
_ pvacy | vac

VrA_Br / Hop |r=rm and Br (”res)/ﬂo Vres

respectively.

In Figs.1-3 the situation £~ >0 is presented. For [
<0 (Eq.(3)) the same radial profiles of |B :9| are
observed, the values of Re V' and Im V', change the

sign, and the phases ¥ B, , decrease now towards the

plasma depth.

4. CONCLUSIONS

The present calculations reproduce not only the radial
profiles of amplitudes [2] but also the phase radial
profiles of externally induced magnetic perturbations in
the HYBTOK-II experiments.

The plasma vortexes with opposite direction of
rotation are found per one poloidal period of the external
perturbation ( A@=m /3 ). The cases with two vortexes
and the formation of four vortexes per one poloidal period
are considered.
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MOJEJTUPOBAHMUE OTKJIMKA IIVIA3MbI, UTHAYHHUPOBAHHOI'O BHEIIHUM BUHTOBBIM
BO3MYIWEHHWEM B TOKAMAKE HYBTOK-II
HU.M. Ilanxkpamos, A.Al. Omenvuenko, B.B. Onvuanckuii
JIOIONHUTENBHO K aHAM3Y aMIUIMTY/l MarHUTHBIX BO3MYIIEHHH [2] BBINOIHEHO AETaIbHOE UCCIIEI0BaHUE JBIKEHUI
IUIa3MbI 110 BOSHeﬁCTBHCM OTOT'0 BHEHIHETO BHUHTOBOI'0O MAarHWUTHOTO BO3MYUICHUSA BOJIM3M TJIaBHOM pC3OHaHCHOﬁ
noBepxHocTd B HYBTOK-II.

MOJEJIOBAHHSA BIATI'YKY IIVIAZMU, IHAYKOBAHOI'O 30BHIIIHIM OBEPTOBUM I'BUHTOBUM
3BYPEHHSAM Y TOKAMAII HYBTOK-II
IM. Ilaukpamoes, A.Al. Omenvuenko, B.B. Onvuwiancokuii
JonatkoBo 10 aHaNi3y aMILIITYZ MAarHiTHUX 30ypeHb [2] BHKOHAHO JeTajbHE NOCHIKEHHS PyXy IUIa3MH, IO
BHKJIMKAHO IIMM 30BHIITHIM TBUHTOBHM MAarHiTHUM 30ypEeHHSIM MOOJIU3Y TOJI0BHOI pe3oHaHcHoi noBepxHi B HYBTOK-II.
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