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There is great interest in the driving mechanism of
the spontaneous toroidal flow and the momentum trans-
port physics to control the toroidal flow profiles con-
nected to the stabilization of a resistive wall mode. In
the large helical device (LHD) the toroidal flow profiles
in high ion temperature discharges have been clearly ob-
served with the charge exchange spectroscopy (CXS).
Recently, a perpendicular neutral beam injector with the
beam energy of 40 keV and positive ion sources (P-NBI)
has been installed in LHD, while the neutral beam in-
jectors with negative ion sources (N-NBI) injected tan-
gentially had been installed. Central ion temperature
is achieved over 4keV with steep gradient in the pro-
file of the neutral beam heated plasma. The N-NBI
injected tangentially can drive toroidal flow, while the
P-NBI injected perpendicularly is used for the CXS as a
probe beam. The ion temperature, toroidal flow velocity,
poloidal flow velocity, and intensity of charge exchange
emission from carbon impurity are measured with the
CXS.

In order to achieve the plasma with steep gradi-
ent in ion temperature profile, a cylindrical carbon pel-
let is injected to the plasma sustained with the neu-
tral beam heating. The ion temperature increases up
to 4keV and become higher than the electron tempera-
ture (3.2keV) at the plasma center. In the high ion tem-
perature discharges, the ion temperature profile becomes
peaked with steep gradient at middle of the plasma ra-
dius, while the electron temperature is moderately in-
creased toward the center.

Figure 1 shows the profiles of toroidal flow veloc-
ity in the plasma with co and counter dominant injec-
tion of the tangential neutral beams with taking into
account the energy dependence of charge exchange cross
section V. Although there are some of differences of the
magnetic field configuration and the time of the neu-
tral beam injection between the co dominant injection
(B = —2.75T, R,; = 3.60m) and the counter dominant
injection (B = 2.723T, R4, = 3.63m), the achieved ion
temperature is identical and 4 keV at the center of the
plasma. The ion temperature gradient at middle of the
plasma radius (R = 4.0m) is changed from 1.26keV/m
at 2.14s to 6.02keV/m at 2.44s in the co dominant in-
jection, and from 2.24keV/m at 2.04s to 5.26keV/m at
2.34s in the counter dominant injection. There are steep
gradients in the ion temperature profiles after the ion
temperature rise.

The direction of toroidal flow near the plasma center
is consistent with the direction of the momentum input
by the tangentially injected neutral beams. It should be
note that the toroidal flow at middle radius of the plasma
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is always driven in the co-direction and this is caused
by the contribution of the toroidal flow driven with the
ion temperature gradient 2. The strong toroidal flow is
driven in the co dominant injection where the toroidal
flow driven with the ion temperature gradient is parallel
to that driven by the neutral beams, while the toroidal
flow is small in the counter dominant injection where the
toroidal flow driven with the ion temperature gradient is
anti-parallel to that driven by the neutral beam injection.
The toroidal flow driven with ion temperature gradient
becomes one of dominant components of toroidal flow in
the high ion temperature discharges in LHD.
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Fig. 1: Profiles of toroidal flow velocity in the case of
(a) co-dominant injection case and (b) counter-dominant
injection case.
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