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Introduction Dynamic Ergodic Divertor (DED) coils have been proposed to study
an effective heat exhaust, edge cooling, impurity screening, plasma confinement and
stability at the plasma boundary (see motivation in Ref.1 and detailed description of
DED coils for TEXTOR tokamak in Ref.2). Here, we discuss possibility using DED
coils as an antenna to produce additional heating and plasma flow by Low Frequency
(LF) fields (f = 5 — 10kHz) to modify relevant parameters at the plasma bound-
ary. We analyze the dissipation and the penetration depth of LF fields at the ra-
tional magnetic surfaces ¢, = M/N where ¢, = 3 — 5 is safety parameter near the
plasma boundary. The coils are represented as an ideal helical antenna with current,
Jeo = Jéff’”) 6(r — b) expli(M6 + N( — wt)] and poloidal/toroidal wave numbers M /N
depending on coil feeding!™?. Finally, we make first estimations of the poloidal and
toroidal forces driven by the DED-coils in TEXTOR tokamak and Dynamic Ergodic
Limiter in Tokamak Chauffage Alfvén Brésilien (TCABR) plasmas.

Here, two dimensional numerical kinetic® and MHDM codes developed for calcula-
tions of wave excitation and dissipation in Alfvén range of frequency in axissymmetric
tokamaks are used for the analyses. The kinetic code calculates the distribution of
electro-magnetic fields, wave dissipation profiles, and the impedance of the helical an-
tenna for a given real frequency w of the generator and toroidal wavenumber N of antenna
in two ion-species magnetized plasmas with circular concentric magnetic surfaces. Only
two poloidal sideband Fourier harmonics are considered in plasma equilibrium parame-
ters. Pseudo-toroidal coordinates (defined by R = Ry + 7 cosf, ¢, and Z = r sinf) are
used, where Ry is the major radius of the cross-section of the plasma column, of minor
radius a. A multi-fluid MHD model is used in ALTOK code with two dimensional
inhomogeneity of plasma parameters and arbitrary cross-section of tokamak magnetic
surface. LF fields and dissipation are calculated using 69x64 radial/poloidal mesh points
and taking into account the Shafranov shift. The MHD model includes the natural
electron-ion collisional dissipation and electron inertia in the parallel component of di-

electric tensor that is valid for analyses of LF dissipation in the cold collisional plasmas
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k:”vTe < w, Ve;. The Krook form of the collision operator used in the perpendicular com-
ponent of dielectric tensor, eq, & €11 & (1 4 Viep/w)(c/ ca)?, produces the ion collision
dissipation (ion viscosity effect). The absorption profile is calculated via W (r) = (j E)in
both codes. The poloidal and toroidal components (Fy = FrRyM/rN) of the momentum
transfer force can be calculated via the value of LF field absorption Fy = W(r)N/(Row).
Plasma parameters and LF fields. To model conditions of LF field dissipation
and ponderomotive forces induced by DED coilsl! in the frequency range (1-10 kHz)
in tokamak plasma, we assume circular magnetic surfaces with simple fitted profiles of
the plasma quantities: B = 2.2T, a = 0.64 m; Ry = 0.61 m, antenna surface radius
b = 0.184 m, wall radius d = 0.23 m for TEXTOR; and B = 1.1T, a = 0.18 m,
Ry = 0.61 m, b = 0.184 m, d = 0.23 m for TCABR. The temperature profile is
Tei = Teaol(1 — (r/a)?)®r + 0.044], where the central electron and ion temperatures
are Teo/Tyo = 1800/900eV and ar = 4 for TEXTOR, and 500/180eV, ar = 2 for
TCABR, respectively. The electron density profile is given by n, = ng[(1—72/a2)%9+40.1]
with ng = 6.10"/m? for TEXTOR and no = 3.10'°/m3 for TCABR. The ion den-
sity n; is satisfied to the requirement of charge neutrality, n; = n.. The current pro-
file is taken from the temperature profile according to Spitzer resistivity, and the val-
ues of safety parameter are ¢g = 0.85,¢(r = 42) = 5,¢, = 5.9 for TEXTOR, and
go =1.1,q(r = 15.3) = 3, ¢, = 4.4 for TCABR, respectively.

The conditions for validity of kinetic and MHD codes are satisfied in a periferical
region with width approximately equal one third of minor radius, for a frequency band

(cold plasma) that is determinated by inequalities,
k”UT,- << k‘”’UTe <wr k}”CA; or k”UT,- << Vy, k}”UTe <w=r k‘“CA < Vg (1)

In this case, the slow quasi-electrostatic wave has a very short wavelength and dissipates
because of collisions near mode conversion point at the plasma boundary. Both codes
demonstrate that total LF field dissipation strongly diminishes with growing poloidal and
toroidal wavenumber for the same resonant magnetic surface. In Fig.1a-f, the density,
dissipated power and radial electric field are calculated with the cylindrical kinetic code
for different coil combinations [M/N] in TEXTOR. In this case, we have two local Alfvén
wave resonances at the rational magnetic surfaces, kj = 0. We can also observe that LF
field dissipation, which is localized in two mode conversion points for low [M/N] (d), is

overlapped for high M, N in Fig.1f.
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Fig.1a-f. Plot of total dissipated power (a-c), and their density and the radial electric field (d-f) in a.u.

for different coil combinations [M/N] in TEXTOR: (a,d) [5,4/1]; (b,e) [10£1/2] and (c,f) [20+1/4].

To analyze the poloidal mode coupling effect produced by toroidicity, we calculate LF

fields and dissipation for 10 kHz frequency and [M/N] = 3/1 coil configuration using

the MHD code. In Fig.2-3, we present the distribution of the radial electric field and

dissipation over the TCABR cross-section. Here, we can observe that the mode coupling

effect produces additional dissipation in M + 1-sideband harmonic resonances (¢ = 2, 4).
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Fig.2. Plot of the radial and poloidal electric field in a.u. over minor radius (r/a high field side) for
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f =10kHz and [3/1] coil combinations in TCABR
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Fig.3. Plot of dissipated power and radial electric field (mazimum is in red and minimum is blue) over

TCABR cross-section in the same conditions as in Fig.2.

The same effect is found in the MHD calculations for TEXTOR with [M/N] = 5/1 coil.
Balancing the poloidal component of the driving forcel® with poloidal neoclassical

viscosity in the collisional regime and the toroidal component with confinement losses,
Fy = M3iXneo (Vo — kri), FC=minixcVe; Xneo = 1.5(vmi/ Ro)® /v, x¢ =~ a*/(a — 7)*7g

where kvr; is residual plasma rotation and 75 is the energy life time, we can estimate
the toroidal and poloidal flow velocity about 2-5 km/s for the absorption density about
0.5W/cm?® at the resonant magnetic surface.

Conclusion. The analysis of the poloidal/toroidal forces driven by the low frequency
fields induced by DED-coils in TEXTOR and TCABR plasmas shows that
e the ion collision viscosity play fundamental role in low frequency field dissipation;
e toroidicity effects produce strong poloidal mode coupling between the sideband local
Alfvén resonances;
e the momentum transfer force produced by 20 kW of LF dissipation can drive toroidal
and poloidal flow about 2-5 km/s in TEXTOR and 5-10 km/s in TCABR at the resonant
magnetic surface.
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