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To understand consistently the MHD dynamics of
the magnetically confined plasma in the increase of beta,
it is necessary to examine a continuous evolution of the
plasma. In this case, we have to treat the time evolution
of the perturbation and the equilibrium simultaneously.
For this purpose, we have developed a multi-scale MHD
simulation scheme based on the reduced MHD equations.
In the previous version of the scheme!, effects of the
diffusion of the background pressure and the continuous
heating were not, taken into account. Thus, we have im-
proved the scheme so as to include these effects.

In the present scheme, the pressure P is decomposed
into the average and the oscillating parts as

P(p.8,¢:t) = (PY(pst) + Plp,8, (). (1)

The angle bracket and the hat indicate the average and
the oscillating parts, respectively. Then, the equation for
{P) in the reduced MHD equations is given by
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Here [y, 2] denotes the Poisson bracket. The diffusion
operators A, and V‘Tl? are defined as

Af = (R%YVL- (%)2Vif (3)
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respectively, where R/Ry denotes the normalized major
radius. The operators of V| and V) are perpendicular
and parallel differential operators, respectively. The fac-
tors of £ and x| are the perpendicular and the parallel

and

VIEr =V : (4)

heat conductivities, respectively. The heat source term
Q is added in Eq.(2).

In this formulation, we treat {P) as the background
equilibrium pressure. Hence, Eq.(2) can be regarded as
a transport equation for the background pressure. The
equation consists of the convection term, the perpendic-
ular and the parallel diffusion terms and the heat source
term. These terms correspond to the anomalous diffu-
sion due to the nonlinear turbulence, the classical heat
diffusion and the continuous heating for the background
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pressure, respectively. By using the equation, we can fol-
low the dynamics of the background pressure incorporat-
ing the continuous heating and the background diffusion.
The equation (2) is incorporated in the NORM code?.

The scheme is applied to the analysis of the low-beta
inward-shifted LHD plasma. The beta value is increased
as shown in Fig.1. Self-organization of the pressure pro-
file is obtained as a result of the frequent interaction of
the weak interchange modes which are resonant at the
different surfaces. The resultant pressure profile is shown
in Fig.2. The continuous heating and the background dif-
fusion are crucial for the frequent weak activity. In the
time evolution, the reconstruction of a global pressure
gradient and the reduction of the mode amplitude are
seen as beta increases. This tendency indicates a stable
path to a high beta regime, which has been achieved in
the experiments.
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Fig. 1: Time evolution of beta values.

Fig. 2: Bird’s eye view of total pressure profile at ¢t =
80,00074.
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