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  The effect of thermal conductivity on resistive ballooning 
modes in high beta LHD plasmas has been investigated by 
MHD simulation in order to clarify how high beta plasmas 
are obtained in LHD experiments. In our previous studies, 
one-fluid model is numerically solved by MIPS code1) and 
an isotropic thermal conductivity was assumed. Here the 
normalized thermal conductivity was assumed to be 10-7 and  
the corresponding realistic value is about 1m2/s under the 
condition such that  a〜 0.5m, R0〜 3.65m, B〜 1T, 
Te=Ti=0.5keV, n=4×1019m-3, where a, R0, B, Te(Ti) and n 
are minor radius, major radius, magnetic field, electron(ion) 
temperature and plasma density, respectively. Therefore, the 
thermal conductivity used in the simulation is same order as 
the anomalous transport coefficient observed in experiments. 
From the simulations, it is found that the central pressure 
significantly deceases at the saturated state although the 
resistive ballooning modes are destabilized in the peripheral 
region. 
 In this study, the dependence of the thermal conductivity 
on the resistive ballooning modes has been investigated.  
Fig. 1 shows the dependence of the (m,n)=(0,0) component 
of the pressure at the saturated state on the thermal 
conductivity where m (n) is poroidal (toroidal) mode 
number in the Boozer coordinates. Here the MHD 
equilibrium is constructed by HINT2 code2) and the central 
beta value is assumed to be about 7.4%. Although there is a 
tendency to suppress the reduction of the central pressure as 
the thermal conductivity increases, the resistive ballooning 
modes influence the core region even though the thermal 
conductivity is unrealistic large value. Thus, the simulation 
results under the isotropic thermal conductivity do not agree 
with the experimental results. 
  In realistic plasmas, the thermal conductivity is 
anisotropic and the thermal conductivity parallel to the 
magnetic field line is extremely larger than one 
perpendicular to the magnetic field line. Since the 
ballooning modes are destabilized in the outer torus, the 
large thermal conductivity parallel to the magnetic field line 
may suppress the resistive ballooning modes. In this study, 
the effect of the parallel thermal conductivity on the linear 
growth rate of the resistive ballooning modes has been also 
investigated. For simplicity, a periodic condition is imposed 
at φ=0 and φ=2π/10 where φ is the toroidal angle. 
Thus, only the harmonics of n=10, i.e. n=10, 20,..., are 
analyzed in the simulation. Form the simulation, most 
unstable mode is n=10 and the dependence of the linear 
growth rate on χ‖/χ⊥  is shown in Fig. 2 whereχ‖ and 
χ ⊥   are the parallel thermal conductivity and the 
perpendicular one, respectively. Although the linear growth 
rate slightly increases forχ‖/χ⊥〜106, the liner growth 
rate significantly reduces when χ‖/χ⊥ is larger than 106. 

Thus, the largeχ‖ has a stabilizing effect for the resistive 
ballooning modes in LHD plasmas.  The effect of the 
parallel thermal conductivity on the saturation level for the 
full torus will be investigated near future. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Dependence of the pressure profile at the 
saturated state on the isotropic thermal conductivity. 

 
 
 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Dependence of the linear growth rate of the 
resistive ballooning mode with n=10 on the ratio of 
parallel thermal diffusivity to perpendicular one. 
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The effects of shear flow on the magnetohydrody-
namics (MHD) property of the LHD plasmas are studied
by using three-dimensional numerical codes. In the ex-
periments, the mode rotation is ordinary phenomena in
the observation, and the rotation is often utilized for the
identification of the mode numbers of MHD phenomena.
In this case, it is assumed that the plasma is in the satu-
ration phase of MHD modes and the global structure is
rotated in the poloidal and toroidal directions. However,
in the numerical analysis of the MHD phenomena in the
LHD, such rotation of the global structure has not been
explicitly analyzed. Thus, in this research, we carry out
the numerical simulation of an LHD plasma incorporat-
ing the plasma flow and we reproduce the mode rotation
[1].

At first, we calculate a static equilibrium, and then
we follow the time evolution of the MHD dynamics. In
the dynamics calculation, we incorporate a finite poloidal
flow in the initial condition. The HINT code [2] and the
MIPS code [3] are utilized in the equilibrium and the dy-
namics calculations, respectively. In order to analyze the
change of the global structure, we utilize a configuration
that is unstable against the interchange mode. We em-
ploy the parabolic profile of P = P0(1 − ρ2)(1 − ρ8) for
the equilibrium pressure and the axis beta of β0 = 4.4%,
where ρ denotes the normalized square root of toroidal
magnetic flux. The profile of the flow is chosen to be
close to an experimental data.

In this equilibrium, the interchange mode grows lin-
early and saturated nonlinearly. The mode generate lo-
cal vortices around the resonant surface so as to generate
high and low pressure regions. In the saturation phase,
the structure corresponding to the mode numbers ap-
pears in the pressure profile. In the case of finite flow of
which the kinetic energy is similar to the saturation level
of the no flow case, the m = 2/n = 2 structure genera-
tion is observed. Figure 1 shows the time evolution of the
bird’s eye view of the pressure profile in the horizontally
elongated cross section. When we focus on the phase
change of the high pressure region we can recognize the
rotation of the structure. In the simulation without the
flow, such rotation were not observed. That is, the rota-
tion of the global mode due to the poloidal plasma flow
is reproduced. We will advance such analysis so as to
observe the rotation for longer time and compare with
the experimental data more precisely in future.

(a)

(b)

(c)

Fig.1. Time evolution of total pressure for Vθ/VA = 10−2

at t = (a) 420τA, (b) 440τA and (c) 460τA.
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