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Turbulent transport in fusion plasmas poses a limit to the performance of present-day exper-

iments. While for a long time neoclassical transport was the dominant energy-loss channel, in

modern stellarators, turbulent transport is the dominant transport channel. Reducing transport

is possible through optimization routines. Now, the further optimization of stellarators focuses

on suppressing turbulent fluctuations [1, 2]. This procedures aim to reduce the strength of mi-

croinstabilities by exploiting the three-dimensional freedom of the magnetic field. Current state-

of-the-art turbulence models are mainly based on extrapolations from linear physics. Yet, the

nonlinear character of turbulence calls for the inclusion of the mechanisms responsible of turbu-

lence saturation. We focus on developing a transport model that includes zonal flows, which are

known to be saturation mechanisms of ion-temperature-gradient (ITG) -generated turbulence

in tokamaks [3]. The banded structure of zonal flows has a turbulence shearing effect, which

results in a major reduction of transport levels.

We investigate ITG turbulence in two different configurations of Wendelstein 7-X using the

gyrokinetic code GENE [4, 5]. We find that as turbulence enters a strongly-driven regime, i.e. at

high temperature gradients, zonal flows play a decreasing role in regulating transport levels. We

also discuss how a strong localization of the turbulent mode, provided by curvature and local

shear, leads to weaker production of zonal flows. Using these geometric quantities – curvature

and local shear – we propose the underlying quantity of connection length as a measure for

zonal-flow efficiency. These results will help improve the accuracy of transport models.
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