
Dynamic transport study taking account of the
slowing down effect on the neutral beam injection (NBI)
heating is applied to the high ion temperature plasma
with an ion internal transport barrier (ITB) obtained by
carbon pellet injection in LHD. The transient increase
of ion heating is clarified during the density decay phase
just after the carbon pellet injection by considering the
slowing down effect. The dynamic transport analysis
also includes the change in heat flux due to the change
of kinetic energy inside the plasma with the time scale
of the global energy confinement time, which is required
to investigate the heat and momentum transport during
the transient phase more exactly1).

In the transport analysis of the NBI heated plasma
in LHD, the NBI heating profiles are obtained by the
FIT-3D code 2), where the steady-state solution of the
Fokker-Planck equation is solved based on the birth pro-
file of fast ions calculated by the Monte-Carlo method
with the radial redistribution of fast ions due to prompt
orbit effects. Since the FIT-3D code gives only a steady-
state solution, a correction due to the slowing down pro-
cess is necessary to evaluate the heat flux in the tran-
sient phase just after the onset of the NBI especially in
the low density discharge, where the slowing down time
is comparable to the confinement time. Figure 1 shows
the comparison between the corrected absorbed power
to electrons and ions, PSD

e and PSD
i , and that of the

steady-state solution from the FIT-3D code, PST
e and

PST
i . The corrected absorbed power clearly shows that

there is a gradual increase of absorption power especially
to the ions just after the onset of the NBI.

Fig. 1: Time evolution of (a) absorbed powers to elec-
trons and ions in the steady-state and corrected with
slowing down effect, PST

i,e and PSD
i,e , and the steady-state

and the corrected input torque, FST
i,e , FSD

i,e .

Fig. 2: (a) The ion heat flux normalized by the electron
density as a function of the ion temperature gradient
inside the ion ITB region (reff/a99 ∼ 0.31) and outside
the ion ITB region (reff/a99 ∼ 0.77), respectively. (b)
The momentum flux normalized by the electron density
and bulk ion mass as a function of the toroidal velocity
gradient is also plotted at reff/a99 ∼ 0.31.

The result of the dynamic transport analysis on the
heat and momentum transport is shown in Fig. 2. It
is found that there is a significant improvement of the
ion heat transport in the core region at reff/a99 ∼ 0.31
(inside the ion ITB) during the transient phase (χi de-
creases from 3.2 m2/s to 1.9 m2/s), whereas no clear
improvement (along the line with constant thermal dif-
fusivity of 1.4 m2/s in Fig. 2(a)) is observed near the
plasma edge at reff/a99 ∼ 0.77 (outside the ion ITB) as
shown in Fig. 2(a). On the other hand, there is no in-
crease of the electron temperature gradient even when
the electron heat flux is increased. The ion heat trans-
port is improved (the thermal diffusivity is reduced) even
the heat flux is increasing in the core, although there is
no improvement of the ion heat transport near the edge.
After the formation of the ion ITB, the degradation of ion
heat transport starts from the edge region (t=4.65 sec)
and propagates to the core. The mechanism of the edge
transport degradation and its propagation to the core is
not clear yet in this experiment. Further study on the
turbulence and its propagation is necessary. The mo-
mentum flux (Pφ) is normalized by the electron density
and bulk ion mass and plotted versus the radial gradient
of toroidal velocity (Vt) as shown in Fig. 2(b). The ve-
locity gradient in the core increases due to the reduction
of viscosity (μφ), while the edge velocity gradient is al-
ways small due to the parallel viscosity. It is also shown
that the momentum confinement is also improved during
the transient phase (μφ decreases from 7.0 m2/s to 2.2
m2/s) as well as the ion heat confinement.
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