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Introduction

In fusion plasmas heat transport is deleterious, therefore transport barrier (TB) generation
is a key performance indicator. The spontaneous generation of a transport barrier is due to the
interplay between turbulence and zonal flows (ZF). Turbulent eddies can transfer energy via non
linear coupling to ZF that tend to store it for long time scale. On the other hand the efficiency of
the energy transfer between turbulence and zonal flows can vary and different transport regimes
have been observed. Two opposite regimes have been identified: (1) fully turbulent, where one
can retrieve an homogeneous turbulence distribution and ZF are weak, (2) zonation, where the
ZF dominate and the turbulence is damped. In many dynamical systems one can observe these
various regimes, from oceans to planetary atmosphere [1].
We present here an analytical work on the interaction between turbulence and ZF reducing our
model to a limited number of modes. The results are then compared with those obtained via a
2D fluid code. The role of non linear coupling in the ZF generation and saturation is defined

and appears crucial in the transition from turbulent to zonation regime.

Zonal flow source and sink: study of three modes coupling
Departing from the charge conservation equation, in an isothermal plasma, in the cold ions
limit and in the case of absence of interchange forcing, the vorticity equation is derived as

following
AW + [pW]=v A W+J (1

where W is the vorticity W = A} ®, x and y, the space coordinates corresponds to the poloidal
angle and radial direction, J is the parallel current loss. The convective turbulent transport
[@,W] = 9:(W(—0,®)) + dy(W (D)) competes with the small scale diffusive transport with
coefficient v. The loss term is defined as < J >,= 0. Averaging along the flux surfaces, there

is no current loss in parallel direction and the zonal flows V; = d, < & >, evolution can be

rewritten as

8;Vz + axRS - VAXVZ =0 (2)
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