Introduction

It has been observed that the toroidal flow and its
shear are important for plasma confinement and
MHD stability in many experiments.

In the future reactor, NBI heating is not enough to
make the toroidal flow because of its high density
and large size.

Another method to drive the toroidal flow is
required.

Recently, the spontaneous toroidal flows driven by
ECH has been observed in many tokamak and
nelical devices, e.g. JT-60U, LHD, HSX.

n LHD, when ECH was applied into the NBI heated
olasma, the profile of the toroidal flow was
changed largely.

In this study, we investigate the behavior of
energetic electrons by ECH, whose return current
may generate JxB force to drive the toroidal flow.
The toroidal precession motions of trapped
energetic electrons generate the averaged toroidal
flow. The friction due to toroidal precession
motion of electrons gives rise to the collisional
force.

We evaluate both torques and the toroidal flow
velocity generated by these torques of the LHD
experiment.

Typical plasma parameters

| = NBlon
Temperature (T, T,) 5.0 keV
Density(n,) 1.5X 10 m3
magnetic field 2.85T
maghnetic axis 3.60m
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Results
Velocity distribution
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Energetic electrons can be found outer / inner

regions apart from the heating point (r=0.1~0.2) .
The radial electron flux makes ion return current.

JxB * collisional torque

The JxB torque is a consequence of radial ion return
current, in response to radial electron current.
Therefore we evaluate toroidal torque J xBg. Also
the collisional torque is evaluated as the change of
momentum due to collisions.

axisymmety configuration

v When the magnetic

0.05 s . . . .
| —callson]| configuration is axisymmetry,
0025 —=total the JxB and collisional
(\JE 1 . .
S .L torques of energetic particles
- y

cancel each other. [M.N.
ROSENBLUTH, F.L.HINTON,

NF,(1996)].
We can see the cancellation
of the two in ECH.
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LHD configuration
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PLASMA SIMULATOR

Comparison of
Toroidal flow

We consider a LHD size cylindrical plasma, and
calculate the 1D-diffusion equation of the toroidal
flow

v _ lg (rDa—V> +

a5 = o 5 (Tecu + Tngr + INnTV)

where D : radial diffusivity, T : (JxB, NBI, friction,
NTV) torque. Tyqy iS given as

m;n; R
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Beff

Intv = —myng ) (RV) HIl = Hti"pa

and we ignore the offset term this time.

The toroidal viscosity in CHS was approximately
formulated and evaluated [K.Ida and N.Nakajima Phys.
Plasmas (1997)] . According to the paper, we set the
value of the viscosity, ., is 10° order.

Balanced NBl + ECH modulation
Bt=-1.375T, Rax=3.6m
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