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FOREWORD

A large fraction of the worldwide efforts to demanstrate the feasibility of ob-
taining fusion energy by magnetically confined plasmas is centered around large
tokamaks devices and, in a smaller scale, helical systems. This narrowing of the
zessazch scope has had the sdvers efects by putting down ol the offts of uni-

imowm devices which are not yet entirely explored, (2) encoursging initiatives to
explore new ideas, (3) encouraging eforts ta study the details of tokamak physica
using small devices, (4) encouraging fusion research in countries with smaller fi-
nancial rescurces, and finally () encouraging the upbringing of young reseatchers
in this field

The main objective of the IAEA Technical Committer Mesting on Research
Tolameks is to provide a forum to review the research efforts going o in all the
small devices scattered around the world. This forum is also the proper place to
start discussing a worldwide collaborative research effort using small devices.

“The realization of this Meeting had a relative success, as shown In fire details
Ly the review done expertly by Dr. Tom Todd, from Culham Laboratory.

O thaniksfor al the participants who made this mesting an important event
in South America, especially to Dr. Todd for his revies:

“hese procesdings contains manuscripts which were retyped excellently by
RmaOm:mF G. Jordio. Our thanks for bes expert work.

Campinas, August 1, 1996.

Altair A de Assis



STATIONARY TURBULENT STATES OF
COMPETING INSTABILITIES

F. Spineanu and M. Vlad
Institute of Atomic Physics
Bucharest, Romania

1 Abstract

The stationary plasma state at the tokamak edge is represented as the alternance
of two types of instabilities in the strong turbulent regime. An analytical de-
scription is proposed for the case of the dissipative drift wave turbulence replaced
intermittently by the resistivity gradient driven turbulence.

2 Introduction

The transport at the tokamak plasma edge is determined by the strong turbulent
evolution of various instabilities[1]. The frequency and wavenumber spectra show
that the fluctuations have, on the average, the diamagnetic frequency (w ~ w,)
and long wavelength (ks < 5cm™') and also show that they have strong incoherent
character, with large broadening in both w and k-space (6w ~ w, 6K, ~ K ). Two
types of electrostatic instabilities have frequently been invoked to explain these
features: dissipative drift wave instability[2] and resistivity gradient driven insta-
bility (modified by including the radiative cooling and the gradient of the effective
charge)[3,4]. Comprehensive theoretical descriptions are available for these insta-
bilities. When the theoretical results are compared to the measurements|5] one
is led to conclude that none of these particular models is able to explain the full
set of experimental characteristics. Only a certain ”combination” of theoretical
predictions from both instabilities would provide a satisfactory picture.

The idea which we propose in this work is to consider the following picture:
the drift wave turbulence and the V77 - turbulence alternatively dominate the dy-
namics of the plasma in the finite region of interest and they replace one another
in a series of switches which apparently is random. The measured plasma turbu-
lence should consist in a superposition of the individual characteristics, projected
out through this series of jumps.

This is often the case for dynamical systems: if the phase space is divided
in two attarctors, the system’s evolution consists of a sequence of ”laminar”
states representing motion on one or another of attractors, interrupted by jumps
between them.



3 Individual characteristics of the two types of
turbulence

The diseipative drift instability i driven by the relaxation of the equilibrium den-
sity gradient and is destabilized by electron collisions. The basic noalinear treat-
renk{2] wses the continuity and the parallel momenturn balancs for the inertialess
slectrons. The linear part in the resulting equation for the nonadisbatic com-
ponent of the density fuctustion consists in the curvature drift and the parallel
viscous diffusion and the nolineer part is due to the £ B convection of the fluc-
tuation by its own field. The gradient-of-resistivity-driven instability in described
by the Ohm'daw, the vorticity equation and the squation for the evolution of the
resistivity. The strong stabilizing mechanism is the parallel thermal diffusicn
Foc both instabilities analytical trestment of the strong turbulence regime ex-
ists, based on the direct-h i i lizaticn of the triplet
nonlinearity appesring in the equation. for the two-paint correlation(23]. This
results in the effective replscement of the ponlinearity by a diffusion operator
with the coefficiont inhomegeneous in the relative coordinate. The correlations
‘Tuarve & finite life-time 7a(z-, . i ions contains
Tow waves with very hort wavelength which could discriminate (and separate)
two initially very closs fiuid elements, This approach perrmitted to identify the:

the current density Buctuations and that the strong stabilizing linear mechanism
of 7 i much less effective. A spatial scale of the gr-turbulence Tesults from
condition[3]:

this.
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I the spatial extension of the potential correlation is Ay the Fo-turbulence
ean saturate leading to a diffusion cosfficient with & weak dependence on Xy ¢
D~ x73"™. The existance of a condition for the onset of T-turbulence suggests
4 slightly different perzpective cn the alternance of the to types of instabilities -
we chall hat the drift wave i d, with
switches to n-turbulence.

4 Statistical approach to intermittency

Fullowing a general treatment 6] we consider a time series of symbals & € 0,1 and
the probaability of & scquence p{si, .- 8. In particularu(s, &) = 8 5,.., 5, con-
sists of j-1 states of typen followed by & state 5’ and we introduce the canditional
probability p(s/w,(s,#)) = terezp(~W,(j)) for s = 0. o' = 1, and ple/s) = tuw
for 8= 1. The main idea is to construct and squivalent model of a gaz of interact-
ing particles on a 1-D lattice. The interaction energy U is defived by: exp(-U(e.s'
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are introduced in order to calculate the average of a quantity Q-
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The explicit expression for fin(x+) can be obtained considering m *particles”s;

at sites § an an available “space”of 5 sites, and with relative distan “Then
DulPg)= r{T™), vith the mateix T cefced bye
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PO [ws(0,1)) ~ 57, (r > 1) which gives: p(0 =
< exp(=W(3)),p(0,1) = a,p(1,1) = b, .m.n): 1 J‘M‘ Lwﬁmr,m.

15 to obtain an explicit expression for the function ¥(g) = liticnsemm <
my/ < 1>, whete m, is the number of "particles of type 17

Wlg) = [ +oeflr = 1) +wil—g) ()
for r > 3w is a positive constant), { is the Riemann function. The functian
W(q) is an order parameter, expressing the fraction occupied by phase *1" in the

sulﬂnuc:n q has the formal meaning of a temperature, its variation allowing us
o chtain states which are dominated, for example, by the phase "17.

5 Physical mechanism at the onset of the in-
termittency

;u showed in [3] Tr-turbulence exists only when the "decoupling condition”is

X1k A%/ L3 ~ Dic/ 8% ~ EBols/(LyBoda) (6)

(The notations are those of (3]). The radial space scale Ay is required. Also, at

saturation, the time scale of the power transfer is defined by:
Toy = LoBadi/(LsEo) (U}

ar



The drift wave turbulence makes possible these values (in the particular range
of Reynolds number of order unity, - compatible with the saturated state of -
turbulence). The slow time scale of the drift wave turbulence evolution should
permit the existence of a real solution of the equation:

7o (BxiRe) = o ®

or
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for X_ = Ag. Here R, = D%(Rq)*(An.)*D77, [2]. For usual magnitudes of

the parameters above, we obtain Agx ~ 1 cm. The 77-turbulence theory provides
a similar value Ak ~ 1 also confirmed by the numerical simulations.

In conclusion, the drift wave turbulence can provide , in particular regimes,
the parameters required for the »decoupling condition”of 77-turbulence. The
drift wave turbulence is always close to such a regime and it can be driven in it
(thus making possible a real solution to the equation above) by the slow variation
of the local equilibrium parameters.

In(K;3(8*X? +
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