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Driving and damping mechanisms of development of radial electric fields and
plasma flows in the plasma boundary region of fusion devices are key elements
to understand the improved confinement regimes in fusion devices.

Both neoclassical (e.g. ion orbit losses) and anomalous mechanisms (i.e.
anomalous stringer spin-up, Reynolds stress) have been considered as
candidates to explain the generation of sheared flows.

In biasing experiments carried out both in TJ-Il stellarator and in Castor tokamak,
the decay times of edge plasma potential and perpendicular flows measured in
the edge plasma region have been investigated when electrode applied potential
is turned off.

Obtained results suggest the importance of anomalous damping rate
mechanisms for radial electric fields and perpendicular flows in the plasma
boundary of stellarator and tokamak plasmas.



Experimental Set-up
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®» TJ-ll is a four-field-period low-magnetic-shear stellarator.
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Experimental results
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Effect of biasing on plasma parameters C

V; profile is strongly modified by electrode bias in the region r/a<0.95, leading to the
formation of a strong radial electric field (up to 10 kV/m).
These results are consistent with the time evolution of the phase velocity observed, which

increases during biasing.
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Effect of biasing on plasma parameters
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Below threshold density plasma potential fully controlled by external biasing.

Above threshold density edge plasma potential profiles are determined not only by external
biasing but also by the electric fields spontaneously developed.

Two different time scales exist in TJ-ll: slow time scale, in the range of the particle
confinement time (10 ms), fast time scale in the range of turbulence time scales (10 — 50 us)
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Effect of biasing on plasma parameters

in the plasma boundary region of CASTOR
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Time evolution of floating potential profiles during the biasing phase (10 — 20 ms)
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Effect of biasing on plasma parameters
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CASTOR: Radial profiles of floating potential and radial electric field in ohmic
(diamonds) and biasing (triangles) phases with different biasing: a) 200 V, b) 100 V
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Decay time scales measured at TJ-Il
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The time evolution of floating potential signals can be fitted to the function
U,(t) = U, ., exp(-tit) + U .

where t is the exponential relaxation time
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Decay time scales measured at TJ-Il C

Decay times might be affected by the presence of sheared flows development near
marginal stability, showing a tendency for longer decay times once edge sheared flows
are fully developed.
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Decay time scales measured at TJ-Il
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Decay times in TJ-Il seem to decrease when going inside the plasma.
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Decay time scales measured at TJ-Il
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Decay times in TJ-Il seem to decrease when going inside the plasma.
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Decay time scales measured at TJ-Il

LABORATORIO NACIONAL de FUSION

ASOCIACION EURATOM-CIEMAT

Decay times in TJ-1l seem not to change with applied electrode voltage (175 - 400 V)
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Decay time scales measured at TJ-Il
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Comparison of probe response to electrode effect biased at 175 V and 400 V
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Decay time scales measured at Castor
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SUMMARY
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®» The similarity between decay time scales measured in TJ-Il and Castor, with different
values of ripple and consequently neoclassical viscosity, suggests the important effect of
anomalous (turbulent) mechanisms in the damping rate of radial electric fields and
poloidal flows in the plasma boundary of tokamak and stellarators plasmas.

®» Results in TJ-Il might be considered as the first experimental evidence of the influence of
sheared flows on anomalous viscosity that can play a role in the bifurcation to the H-
mode. In particular, these results call into a question the interpretation of the appearance
of H-mode windows based on the influence of neoclassical viscosity.

®» Parametric studies of the influence of different plasma regimes (e.g. collisionality,
turbulence correlation times, magnetic configuration) on the damping time of poloidal
flows and radial electric fields are clearly needed.

®» This investigations would help to quantify the importance of anomalous versus
neoclassical mechanisms on the damping physics of radial electric fields and poloidal
flows in fusion plasmas.



