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The present study addresses the complex issue of flow control in tokamak plasmas. Flow

shaping in large size magnetized plasmas is not easily achievable with external momentum

sources. Flows are rather determined by intrinsic physics that combine competing turbulent

and collisonal effects in presence of 3D magnetic perturbations. Usually those effects are han-

dled separately in numerical simulations. In this work, they are treated on an equal footing,

which allows addressing possible synergies for the first time. To this aim, both analytical theory

and gyrokinetic simulations with the GYSELA code [1] are used. The methodology consists

in three steps. First, GYSELA simulations with only neoclassical contribution and including

non-axisymmetric magnetic perturbations are successfully compared to the neoclassical theory

[2]. Secondly, in simulations of Ion Temperature Gradient driven turbulence without magnetic

perturbation, turbulent momentum transport is analyzed and compared with available models of

turbulent transport [3, 4]. Finally, all effects are self-consistently accounted for to assess the re-

sulting flow. As expected – although never confirmed up to now by means of self-consistent first

principle numerical simulations – magnetic braking due to the magnetic perturbation prevails

over turbulence above a critical amplitude of perturbation. Moreover, interplay mechanisms be-

tween magnetic braking and turbulent momentum drive are addressed. The main mechanism

is the enhancement of the rotation-driven radial electric field shear E ′
r when this perturbation

is present. This effect indirectly results in a significant change in magnitude of the turbulent

stress tensor – quite sensitive to E ′
r. Conversely, the turbulent intensity is only mildly affected

in our simulations. All in all, turbulence-dominated L-mode plasmas are expected to overcome

the neoclassical effects. Edge flows however are likely to be dominated by magnetic braking in

H-mode.
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