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There are two 3 D effects (symmetry and topology)
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3D effect in toroidal plasma
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3D effect on parallel and perpendicular viscosity
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Ripple loss produce non-ambipolar flux and Er
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suppression of ripple loss by Er in the plasma with e-ITB

Peaked Te profile in Large radial electric NC transport is suppressed much
the plasma e-ITB field (Er) is produced below the turbulence transport
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K.lda et al., Phys. Rev. Lett. 91 (2003) 085003.

3D effect of ripple loss on heat transport (enhancement of thermal diffusivity) was not
observed because of the self-organized radial electric field in the 3D configuration.

3D effect on heat transport = negligible
3D effect on particle transport = Er and screening = important on impurity transport
3D effect on momentum transport = enhance parallel viscosity 2 mean and zonal flow



Toroidal flow damping due to parallel visocisty
Dy =myng[- p, P dv /dr +p® (v, /T)(EE) - py v, |

v, (km/s)

Anomal(.)us Non-diffusive Neoclassical
perpendicular (.. parallel
VIScoSIty viscosity \
50 T T - I L A U
: | ] Z [ ]
40 _ﬁ <170, 3p MY ] wf w (18m?/s) \ .
i ] I =03
o |y (18m?/s) g0 :_\/ ]
0l E; wru  (3.5mY/s)

i

10 F

i M//ﬂfl_ (3. 5m2/3) —_ __
0 P R R N . ol - . X:
0 01 02 03 04 05 06 U
0.0 0.2 0.4 , 0.6 0.8 1.0 ¥, (P=02) (m™) 0.0 0.2 0.4 0.6 0.8 1.0
. P .
Small ripple configuration Large ripple configuration
- V ies << Vcal(NC) 2 Vines™ Vcal(NC)

In the configuration of small ripple the anomalous perpendicular viscosity is
dominant in the plasma core ( p <0.6) even in helical plasmas

K.lda et al., Phys. Rev. Lett. 67 (1991) 58



Coupling between toroidal and poloidal flow
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Relation between poloidal and toroidal flow
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Difference between tokamak and helical system
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Tokamak : negative E. = counter spontaneous flow V=1.3E /B,
Helical : positive Er = counter spontaneous flow V=0.16E /B,
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3D effect on impurity
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Topology bifurcation

Magnetic island
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Because the heat flux parallel to magnetic field is much larger than Heat flux perpendicular
to magnetic field.

2. Plasma flow and radial electric field

Because plasma flow and radial electric field is sensitive to magnetic topology.




Transport near the magnetic 1sland

Large Er shear is observed at the

boundgry of magnetic island __ What is the transport near the magnetic island?
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Damping of toroidal flow
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Damping of toroidal flow and large velocity shear at the
boundary of magnetic island are observed both in
tokamak and stellarator = This is good example of

0 02 0.4r/a 0.6 0.8 topology 3D effect.

K.lda et. al., Phys Rev Lett 109 (2012) 065001



Magnetic island and
stochastization

The direction NBI 1s exchanged from
co- to counter-direction

Decrease of magnetic shear causes
“nesting magnetic 1sland” or *
stochastic region” near the rational
surface of 1ota = 0.5

Depending of the rate of decay of
magnetic shear, two states are
observed

1) magnetic island formation

2) stochastization
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Heat pulse propagation by Modulation ECH

modulation ECH is applied to study the heat pulse propagation in the Te flat region
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The modulation power (square of
amplitude) drops at r/a ~ 0 and
increases at r/a ~ 0.5
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Flattening of modulation power suggests that heat pulse propagates radially
faster than the transport time scale determined by thermal diffusivity ye.



Two pattern of
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Summary

There are two 3D effects

1 Symmetry : tokamak< helical = ripple and viscosity

2 Topology: 2D closed flux surface < 3D magnetic field strucutre
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heat transport?
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transport

=
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3D effects contribute reduction of impurity but not reduction of heat transport because of
flow damping and also suppression of ELM trough change in transport and Er (flow)



