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Abstract

The saturated state of density and space potential fluctuations has been studied in the
electron cyclotron resonance heating (ECRH) plasma of the helical axis stellarator TU-Heliac
using Langmuir probe techniques. These fluctuations are low-frequency and coherent.
Mode structure are measured for two typical magnetic configurations having different
rotational transform ¢. The result are: (i) a ratio of toroidal number # to poloidal number m
is nearly equal to rotational transform ¢ (¢~n/m); (ii) k,, is very small as compared with k.
(k./k,, = 40~10000): (iii) a helicity of the fluctuations corresponds with the field line.
Radial profile of fluctuation level and a relation between magnetic field strength and the
frequency spectrum are measured experimentally. In particular the frequency spectrum are
taken account of £ X B plasma rotation. These experimental results are compared with four
instability model (flute, ballooning, Kelvin-Helmholtz, and drift). Consequently it is
appeared that the collisional drift instability model is appropriate to explain the parameter
dependence of the fluctuation in TU-Heliac. Cross field diffusion due to the fluctuation is
roughly estimated and it is suggested that diffusion coefficient calculated from the fluctuation

is more than half of the diffusion coefficient of ECRH plasma in TU-Heliac.
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Fig.1 Top view of the TU-Heliac and the locations of
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Fig.2 A cross section of a computed vacuum magne-
tic surface with the configuration A and the cold
probe array at toroidal angle ¢ = 0°. Half cir-
cle in this figure indicates the cross section of
the center conductor coil. The axis of ordin-
ates Z represents distance from the equatorial
plane of the center conductor coil. The axis of
abscissas R represents distance from the cen-
ter conductor coil. In this figure, average
radius and rotational transform of each magne-
tic surface are also represented. There is 8/5
rational surface in this configuration.
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Fig.3 A cross section of computed vacuum magnetic
surface with the configuration B at toroidal
angle ¢ =0°. The axes of below right repre-
sent average radius and rotational transform of
each magnetic surface. There are 3/2 and 8/5
rational surface in this configuration.

O TNANYT v 2 ORI A%

The Japan Society of Plasma Science and Nucl ear Fusion Research

FER, JbBfb

DREIEZB I - 7.

&7 —TIEE— ORI EICEEL, 172
O ASH 2ms TO TSI — T DA F vEHER
DEFICFVIIVT 4 v —%0l), ZBERGO
ArPHH LT, BEE7—) ZEBHRICK ) B

WAy, AHZE %R 7o (85 R 12 500Hz T
Ho). B, MHEECO W, BEAD 7O

—TNLDEFOI L, FhEN20DES % E
ATHMEEZRD, Aot LEbLELI L
T, taAyy, Ko FIVEREROMHEES
KB,

By/1c =3.12 x 1077 (T/A), I./RH,= 0.40,
MHZZE 1,53 < ¢ < 1710, (R A &3 5)
¥ O By/I.=3.13%x 1077 (T/A), I./RH,=
0.34, [MIEZE#1.46 <, Z1.610EA (FAL B
ET ) (MERIFOES IHA A D2 %, BAL
BA1.8% THhVy, 1ZIT% L. WAHNIIE T
W B A PR S FCAL A 238/5, FRfr B A53/2 KX U°8/5
THhb.) DERMD S b, B P r (8
WM 4>0 a4 ¥ ¢=0° 22.5° 45°

1.80 i T 4 T 5 1 T T ¥
1.70 .
£
L
[}
o
g
= 1.60 7
c
Q
I3
o
o
1.50}- L -
T — lc/RH0=0.40
===~ Ic/RH0=0.34
1.40 Il L | 1 1 1 1
0.00 . 0.02 0.04 0.06

Average radius (m)

Fig.4 Profile of rotational transform with configuration
A and B. Two configurations have different
rotational transform (configuration A:l./RH,=
0.40, configuration B: I. /RH, = 0.34).
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(a) Fluctuation in the ion saturation current and its spectrum with configuration A. Dominant
(b) Fluctuations in the ion saturation current and their

spectra with configuration B. Dominant frequency components are 7.5kHz and 10.5kHz.
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with configuration B. ’

(a) The profile for poloidal angle.

Dominant frequency components (f=7.5 ~
8kHz and 10.5kHz) are common at any poloidal
angies.

(b) The profile for toroidal angle.

Dominant frequency components (f=7.5 ~
8kHz and 10.5 ~ 11kHz) are common at any
toroidal angles.
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7kHz and 10kHz) on a magnetic surface whose
average radius is » = 0.039m with configuration
B.

(a) The profile for poloidal angle.

Poloidal modes of each frequency component: f
=7kHz ism =2, f= 10kHz is m = 3.

(b) The profile for toroidal angle.

Toroidal modes of each frequency component: f
= 7kHz is»n = 3, f= 10kHz is n = 5.
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Fig.8 Profile of ion saturation current fluctuation ( 7s/
Is) along Z = Om at ¢ = 0° with configuration A.
(for f= 10kHz, m = 2 fluctuation component)
Solid line represents m =2 fluctuation profile
calculated from drift instability theory for cylin-
drical geometry. In this figure, profile of ion
saturation current and its Gauss fitting curve are
also represented.
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Profile of ion saturation current fluctuation ( Is/
Is) along Z = Om at ¢ = 0° with configuration B.
(In this figure, profile of ion saturation current
and its Gauss fitting curve are also
represented.)

(a) f=T7kHz, m = 2 fluctuation component.

(b) f= 10kHz, m = 3 fluctuation component.
Solid lines of each figure represent m = 2 and
m = 3 fluctuation profile calculated from drift in-
stability theory for cylindrical geometry.
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Fig. 12 Propagation direction of fluctuation in a cross
section of a magnetic surface at toroidal angle
¢ =0°. Electron diamagnetic drift direction
corresponds with propagation direction of fluc-
tuation but is contrary to E X B drift direction.
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Fig. 13 Frequency of fluctuation (configuration A, m =
2) versus k,, (wave number of fluctuation along
a magnetic field) . Effect of E X B drift is
taken away from measured frequency. Two
solid lines represent frequencies calculated on
T. = 5eV and 7eV from drift instability theory for
cylindrical geometry.
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