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Introduction

Significant modifications of transport properties have beleserved at the plasma edge in
several tokamaks [1]-[4] by stochastization of the magritid with ergodic divertors (ED).
On the one hand, an essential increase of the particle andraesport has been found in the
very outer region where the perturbation from ED is strongugh. This is induced by the trans-
fer along perturbed field lines inclined with respect to stulibed magnetic surfaces. On the
other hand, a region with a very steep temperature profileeshaced transport was observed
in a deeper plasma zone. Such a modification is most probablyded by the reduction of
the transport perpendicular to the field lines under coonigtiof a relatively weak stochasti-
zation. In the present work a coherent approach to modeg¢ théscts from stochastization is
presented. A semi-analytical model for the effective tpamscoefficients is developed, which
includes the effects of flows both along stochastic fielddiaed perpendicular to them induced
by the most important drift microinstabilities. These doieints are incorporated into the trans-
port code RITM in order to simulate the modifications in rdgbafiles of plasma parameters

provided by ED. Results of calculations for Tore Supra ankTER are presented.

Effective transport coefficients in a stochastic magnetic éld

The magnetic field perturbation from ED includes normallyradd spectrum of Fourier
harmonics with different poloidal and toroidal multiplieis m and k. They generate chains
of magnetic islands at the positions of the resonant magsetifaces with the safety factor
g = m/k. The overlap of neighbouring island chains is charactdrtaethe Chirikov parame-
ter o, the ratio of the island width to the radial distance betwagjacent resonant surfaces.
If g, > 1, the field lines are stochastized and experience chastadiements in the radial
direction. This behaviour is described by the Kolmogorawkh L, and field line diffusiv-
ity Dg, [5]. With known Ly, D, the heat conductivitx, and particle diffusivityD , per-
pendicular to field lines one can estimate the effectivealatansport coefficients [2, 5, 6].

Thus, according to Ref.[6k,;; = K| émax@ndDg¢¢ = D | Ymax With {max and Ymax being the
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g = [1—exp(-x)]/[exp(3x) — 1], { = 2Dg K /LK, {n = 24(DF|CS/DL)2, K, being the
parallel heat conductivitygs = ,/(Te—i—Ti) /m the ion sound velocity. N the charged parti-

cle temperatures and the ion mass.

Anomalous transport perpendicular to field lines

In order to determine the perpendicular transport coefftsie, andD , we apply a quasi-
linear approximation by describing typical edge drift neignstabilities including drift-Alfven,
drift resistive and drift resistive ballooning modes. Thedltransport and Maxwell's equations
are linearized with respect to small perturbations of pparameters assumed in the form
X = X(I)exp(ikyy —iwt), whereky is the wave vector in the direction perpendicular to the
unperturbed field lines on magnetic surfacesthe frequency and the functiox takes into
account a smooth variation of the amplitude in the directiatong the field lines arising due

to toroidal geometry. The linearization results in thedwling set of relations:
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Whereﬁ,\ZL,VeH,_?,qB, EH andB; are the perturbations of the particle density, perpendicul
ion and parallel electron velocities, current densitycttestatic potential, parallel electric and
radial magnetic fields, respectivelg;is the elementary charge,the speed of lightme the
electron massye the collision frequency of electrons with ior\sﬂ; is the plasma velocity along
stochastic field lines computed according to Ref. [6]. Efjs(%) are combined in a dispersion
relation betweeiky andw [7] and the mode with the highest growth rate- Im(w) is selected.
The actual level of is then adjusted by taking into account the effect of thealaglectric field
shear [8]. Finally, the contributions of drift modes to tih@nsport coefficients are determined

according to the improved mixing length approximation [9].

Transport code RITM
The transport model described above has been incorponatiedhe 1.5D transport code

RITM providing the computation of the radial profiles of @ifént plasma parameters[10]. The
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densities and fluxes of the main and impurity neutral pasicivhich enter the plasma volume
through the separatrix, are computed by solving kineticaéiqus in a diffusion approxima-
tion. The densities of electrons and impurity ions are aeit@ed from corresponding continuity
equations by taking into account the particle sources dueniaation of neutrals. The radial
distribution of the particle source due to neutral beamcitpa is taken from the experimental
data. Presently the RITM code allows to consider all chagjates of He, C, O, Ne, Si and
Ar impurities. The density of the main ions is found from th&agi-neutrality condition. The
electron and main ion temperatures are determined from ¢laé thansport equations which
include convective and conductive transport losses, akatrd impurity radiation, ohmic and

additionaly heating by neutral beams and radio

waves. The transport coefficients in RITM are de2d K1 019m'ﬂs'1)
termined by taking into account both the neoclas= |
sical and anomalous contributions. Additionally to, 5|
the edge transport considered above the latter in1- |

cludes specific core ion temperature gradient and

0.5}
trapped electron microinstabilities. Several mecha-

nisms for the suppression of these instabilities, e.g.91 1,‘2 1,4 16
by the radial electric field shear, density gradient,

diamagnetic flows, are taken into account. This p('e:r'-gure 1: Perpendicular and effective heat

mits to simulate both L- and H-mode conditions b(g,onductlvnles computed with the present
the RITM code[11]. transport model forp = 0.87 in Tore

Supra with ED [2].
Results

Figure 1 shows the variation of the perpendicular and effedteat conductivitiess, and
Ko, computed for the Tore Supra plasma parameters [2] at thiigrop = 0.87 where a
pronounced increase of the temperature gradient has beed feith ED. One can see that
the effective heat conductivity is reduced by a factor of 2 af,, ~ 1.5 corresponding to the
experimental conditions. This reduction is caused by tleedese irk |, occurring due to sev-
eral reasons. First, through the temperature decreasedchyghe plasma cooling in the outer
region with strong stochastization, the gyro-Bohm coedfitj generally characterizing anoma-
lous losses, drops. Second, the increase of the tempegaahient activates important channels
for turbulence suppression, diamagnetic flows on magnetiases and shear of the radial elec-
tric field.

Figure 2 demonstrates the effect of the Dynamic Ergodic v DED) [4] on the H-mode
like plasmas in TEXTOR. The solid curves display the resulitsined without effects from the
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DED magnetic field perturbation and the broken ones - frorautations with stochastization
characterized by a_, being by 2 times larger than that found in field line mapping.

Without DED a pronounced edge transport bar-

rier develops witha exceedingac near the sep- 25 ' " aw/oDED ’\

aratrix. This can cause ELM activity. The barrier 2 o with DED

is destroyed and a transition to the L-mode condi- a,w/o DED -
y 15f \

tions occurs when DED is activated. These results

are in line with observations on TEXTOR where the 1

switch on of the DED led to the suppression of the.5

. . . ; 4/"0..‘““‘ %
strongH, spikes observed during the H-mode like o with DED ~ % P
: : . 0.8 0.85 0.9 0.95 1
phase. Simultaneously the time averagkdsignal
was growing up to its level in the L-mode. Figure 2:a andac, for TEXTOR L- and
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