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Transport simulation for the electron and ion temperature profiles is performed in helical plasmas by using
the heat diffusivity models and the quasilinear flux models [S. Toda et al., Phys. Plasmas 26, 012510 (2019)] for
the electron and ion heat turbulent transport. The turbulent transport for the nonlinear simulation results can be
evaluated by these models. The high-7; and low-T; plasmas for the discharge in the Large Helical Device (LHD)
are studied, where the ion temperature gradient mode is unstable. The electron and the ion temperature profiles
of the dynamical simulation results do not contradict with those of the experimental results in the LHD. For the
plasmas of the LHD in this study, the transport simulation results by the diffusivity models and the quasilinear
flux models for the heat transport to reproduce the nonlinear simulation results in the allowable errors are found
to explain the experimental results for the temperature profiles.
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1. Introduction

A quantitative prediction of turbulent transport [1, 2]
is one of the most important issues to realize magnetic fu-
sion energy. Recently, a large number of gyrokinetic sim-
ulations of the turbulent transport in toroidal plasmas have
been performed [3-9]. The gyrokinetic analysis results in
tokamak [10-12] and helical [13, 14] plasmas have been
studied with the experimental results. In tokamak plas-
mas, the transport simulation, which is directly coupled to
gyrokinetic analyses, is globally performed [15, 16]. The
gyrokinetic simulation for helical plasmas consumes much
larger computer resources than those for tokamak plasmas,
because the former requires a large number of mesh points
along field lines to resolve helical ripple structures. Since
it is still not easy to couple the nonlinear gyrokinetic simu-
lation with an integrated transport simulation code for heli-
cal plasmas [17], the predictive model, which can quickly
reproduce the nonlinear simulation results, is highly de-
manded.

The modeling of the turbulent transport in helical plas-
mas has been advanced. The gyrokinetic local flux tube
code GKYV code [18] has been used to investigate the ion
temperature gradient (ITG) mode and zonal flows in the
Large Helical Device (LHD) for studying the turbulent
transport [13]. The gyrokinetic simulation in the adia-
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batic electron condition is performed for the high and low
ion temperature plasmas in the LHD of the shot number
88343 [19]. The reduced model for the ion heat diffusiv-
ity was constructed [14] by the simulation for the adiabatic
electron approximation. This reduced model is the func-
tion of the linear growth rate for the ITG mode and the
zonal flow decay time [20,21]. The ion heat diffusivity
model for the kinetic electron response was shown in heli-
cal plasmas [22]. The heat diffusivity models for the elec-
tron and ion heat transport, and the quasilinear flux mod-
els for the particle and heat transport have been proposed,
where the larger number of the wavelength in the wider
wavelength region than those in [22] is taken [23]. How to
apply the reduced model of the turbulent ion heat diffusiv-
ity in the adiabatic electron condition to the transport code
has been shown in helical plasmas [24]. It is a challenging
task to perform dynamical transport simulation by using
the gyrokinetic transport model due to the wide range of
the ion turbulence time scale for the gyrokinetic simula-
tion (10 us) and the time scale for the transport simulation
(~ 100 ms) in the LHD.

In this study, the dynamical transport simulation is
performed in helical plasmas by use of two kinds of the
reduced models for the kinetic electron response (heat dif-
fusivity and quasilinear flux models). The ion heat diffu-
sivity model is installed into the integrated transport code
for simulating evolutions of the plasma profiles in the LHD
when the additional modeling by the normalized charac-
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teristic length for the ion temperature gradient, R/Ly, is
used [24]. The additional modeling of the quantity related
with the mixing length estimate and the zonal flow decay
time in the diffusivity models, which are the linear gyroki-
netic simulation results, is explained in Sec. 3. Here, R is
the major radius, Ly, = -7/ Ti’ and the prime denotes the
radial derivative. Electron heat diffusivity model is adopted
to the transport simulation for the additional modeling by
R/Ly,. Electron quasilinear flux model is also installed to
the transport simulation codes by the ratio of the electron
quasilinear heat flux to the ion quasilinear heat flux, where
the ion heat flux is evaluated by the heat diffusivity model.
In the high-T; and low-T; plasmas, the ion temperature pro-
files of the dynamical transport simulation by use of the
ion heat diffusivity model for the kinetic electron response
are compared with the LHD experimental result. In the
low-T; plasmas, the magnetic field configuration is shifted
further inward than in the high-7; plasmas. The generation
of zonal flows can be enhanced in the inward shifted con-
figuration [25]. The electron temperature profiles of the
transport simulation results by the electron heat diffusivity
model and the quasilinear flux model are also compared
with the experimental observation result in the LHD.

2. Heat Diffusivity and Quasilinear

Flux Models

In this section, the electron and ion heat diffusivity
models and the quasilinear models for the particle and heat
transport are shown to reproduce the nonlinear gyrokinetic
simulation results [23]. These models are constructed for
the high-T; (¢ = 2.2s) and low-T; (t = 1.8,1.95) plasmas
in the LHD shot number 88343 [19]. The ITG mode is un-
stable in this article, because the real frequency is negative
and the mode rotates towards the ion diamagnetic direc-
tion.

The electron and ion heat diffusivity models are rep-
resented by

inodel ~ A1€£B|g .
GB A =By 1 rB;,’ (D
X,’ 2¢ t TZF /-L ¢
and
model :
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where x% (=p?v;/R) is the gyroBohm diffusivity,
L(E f (5/,-()_ /l~<§)d1~<y) is the quantity related with the mix-
ing length estimate and 7zr (= 7zr/(R/v;)) is the nor-
malized zonal flow decay time [20, 21]. Here, y; (=
Y&,/ (7i/R)) is the normalized linear growth rate of the ITG
mode, INcy(z kyp;) is the normalized poloidal wavelength,
where v; (= VT;/m;) is the ion thermal velocity and p;
(= myv;/(eB)) is the ion gyroradius. The coefficients are
given by A;, = 1.3 x 10, Ay, = 2.0, A}; = 2.6 x 10?, and
Ap; = 1.8 X 10. The exponents are shown by Bj, = 0.30,

By, = 0.62, B3, = 0.63, B;; = 0.66, By; = 3.1, and
B3; = 0.26. The coefficients in the ion heat diffusivity
model (2) are different from those in [22], because the
simulations are performed in the high-7; and low-T; plas-
mas for the discharge #88343 in this article and only in
the high-T; plasmas for [22]. With the much lower com-
putational cost, the heat diffusivity models enable us to re-
produce the nonlinear simulation results by use of linear
simulation results.

The quasilinear flux models for the particle and heat
transport are shown as

f{in
5 ks ~ model ~
= Cr f T {18 ) dks, ©)
(ecv)

and
Alin
Amode, ‘,I~<V ~ model ~
Qe = Cy, f = (16, P) dky, )

(1)

for the species j, where the quantities with the superscripts
lin represents the linear simulation result. Here, the tilde

~ represents the normalization of the energy and particle

fluxes by the values of nTivt,-p% /R? and nv,,-pi2 /R?, respec-
tively. The coeflicients Cy, = 0.78, Co, = 0.58, and
Cr = 0.73. The quasilinear fluxes are proportional to the
the product of the linear response function and the nonlin-
ear electrostatic potential fluctuation. The model function
with the mixing length estimate and the zonal flow decay
time

<| 5 |2>model _ qu(?l}y/icg)aql
b Cor + 757 1y IR

&)

The parameters are determined as Cy; = 1.0 X 102, Cp =
9.2x 107*, a1 = 0.54, @;o = 0.12 and azr = 1.6. For the
particle and heat transport, the linear simulation results of
the quantity related with the mixing length estimate and the
zonal flow decay time reproduce the nonlinear simulation
results by the quasilinear flux models.

In Sec. 5, the transport simulation for T, and 7T; is per-
formed by the heat diffusivity and quasilinear flux mod-
els. The radial profile of T; is predicted only using the
ion heat diffusivity model (2). The radial profile of T,
is predicted using the electron heat diffusivity model (1)
and the quasilinear flux model for the electron heat trans-
port (4). The value of QZZ;M is obtained from the ratio of
Qyrodel | Gynodel - yhere QT;IM is evaluated by the ion heat

eql iql
diffusivity model (2).

3. Additional Modeling of Turbulent
Heat Diffusivities
In this section, how to install the heat diffusivity mod-
els is explained to a transport simulation. This method
is same as the case for the adiabatic electron [24]. The
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Fig. 1 The radial profiles of (a) the density, (b) the electron and
ion temperatures and (c) the safety factor are shown for
the high-T; plasmas.

linear analysis is done using the GKV code for the addi-
tional modeling of the turbulent heat diffusivities, before
the dynamical transport simulation. For reducing a com-
putational cost, the additional modeling is needed for £ in
terms of the physical parameter which is included in the
transport codes. The characteristic length of the ion tem-
perature gradient is considered to be the important parame-
ter for the ITG instability. The parameter Ly, is considered
to be more sensitive to the electron and ion heat fluxes than
the electron temperature gradient scale length for the ITG
mode studied here. As the function of the ion temperature
gradient scale length Lz, the parameter £ is additionally
modeled by
R R

L—a@)(L—ﬂ—L—n), (6)
where Ly, is the normalized critical ion temperature gra-
dient for the ITG instability and p is the radial position
normalized by the minor radius.

To find the critical ion temperature gradient, the de-
pendence of L on R/Ly, is examined [8] with all plasma
parameters fixed except the ion temperature gradient in
the region 0.14 < p < 0.80. When we examine the lin-
ear growth rate of the ITG mode, the radial profiles of (a)
the density (), (b) the electron (7,) and ion temperatures
(T;) and (c) the safety factor (g) are used in Fig. 1 for the
high-T; plasmas. Figure 2 shows the radial profiles of (a)
the density, (b) the electron and the ion temperature, and
(c) the safety factor for the low-T; plasmas. The electron
temperature profile is same as the ion one for the low-T;
plasmas. This simulation is performed for the three di-
mensional equilibrium field configuration with R = 3.75m
(the high-T; plasmas) and R = 3.6 m (the low-T; plasmas),
using the plasma profiles explained here in the VMEC
calculation. The slope a(p) and the critical ion tempera-
ture gradient Ly, depend on the values of Ly (= -T,/T)),
L,(= —n/n’) and the safety factor, which change due to
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Fig. 2 The radial profiles of (a) n, (b) T, and T}, and (c) ¢ are
used for the low-T7; plasmas.

1.0 - - 10 : - . v
(a) (b)

=038 " 8r
= ®

0.6 6

0.4 ] 4t

4
0.2 - 2+
0.0 0

0.0 0.2 04 06 08 p 10 0.0 02 04 0.6 08 p 10

Fig. 3 The radial dependence of (a) a(p) and (b) R/Lr, is shown
with the filled circles for the high-7; plasmas. The curves
represent the fitting function with respect to the radial po-
sition p.

the radial positions. We calculate the linear fitting func-
tion (6) at each radial point and obtain the critical values
of R/Ly,, R/Lt,, where L becomes zero. The slope (a)
a(p) in terms of R/Ly, and the critical ion temperature gra-
dient, (b) R/Ly, are obtained in Fig.3 (the high-T; plas-
mas) and Fig.4 (the low-7; plasmas). In the dynamical
simulation, the plasma profile, for example, the ion tem-
perature or the electron temperature, is fixed at the initial
state in shaded region 0.8 < p < 1.0. When we calcu-
late the value of the ion heat diffusivity in the integrated
transport code, the fitting functions of a(p) and R/Ly, are
used as a(p) = 0.19 — 0.96p + 6.6p> — 9.4p> + 4.3p* and
R/Ly. = 2.6+2.5p+6.5p for the high-T; plasmas. For the
low-T; plasmas, the functions of a(p) and R/Ly, are used as
a(p) = 1.9+4.0x10p-3.4x1020%+1.1x103p* - 1.1x103p*
for p < 0.5, a(p) = 9.6 x 10 - 5.7 x 10%p + 1.3 x 10°p> for
p>05andR/Ly. =4.7-33x10p+ 1.5 x 10?p? = 2.0 X
10?0 +8.5x 10p* in the dynamical transport simulation. In
Fig.4 (a), a jump around p = 0.5 is found. This is because
L is fitted with the linear function (6) in terms of R/Ly,. In
the region p < 0.5, the values of R/Ly,, which are close to
the critical gradient, are taken, when a(p) is evaluated. The
stiffness is strong, when R/Ly, is close to R/Ly,, so that
the value of a(p) becomes large. In the region p > 0.5, we
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Fig. 4 The radial profiles of (a) a(p) and (b) R/Lr, is shown with
the filled circles for the low-T; plasmas. The curves repre-
sent the fitting function with respect to the radial position
0.
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Fig. 5 The radial profiles of 7z are shown with the filled circles
for the (a) high-T; and (b) low-T; plasmas. The curves
represent the fitting curve for the zonal flow decay time.

choose the values of R/Ly,, which are far from the critical
gradient, so that the value of a(p) is small. The fitting of £
with the other functions is for the future study.

The zonal flow decay time 7zr [21], which only de-
pends on the magnetic field structure, is examined in the
radial region 0.1 < p < 0.8. The radial profile of the zonal
flow decay time 7zr is shown in Fig.5 (a) for the high-T;
plasmas. The fitting function for the zonal flow decay time
for the high-T; plasmas 7,z = 2.3 + 2.5p — 4.3p? is used
throughout the transport simulation for the high-7; plas-
mas, because the field configuration is fixed throughout the
simulation. The radial profile of the zonal flow decay time
Tz is shown in Fig. 5 (b) for the low-T; plasmas. The fit-
ting function for the zonal flow decay time for the low-T;
plasmas 777 = 1.7+ 1.3 x 10p — 4.4 x 10p%> + 5.9 x 10p> —
2.9 x 10p* is used. Note that this modeling for £ and the
fitting function for the zonal flow decay time is applicable
to the magnetic field structure used here and the fixed pro-
files of the density and the electron temperature. It is found
that the additional modeling for £ and 7z reproduces the
results of the reduced models for the turbulent electron and
ion heat diffusivities, (1) and (2).

4. Additional Modeling for
Quasilinear Flux Models
The quasilinear flux model for the particle and heat
transport is shown in Egs. (3) and (4). The ratios of the
quasilinear flux models by use of the GKV-X code is de-
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Fig. 6 For the (a) high-T; and (b) low-T; plasmas, the radial pro-
files of Q"’”d”’ /Q’"”d“’ and Tif;'j”d“’ /Q;ﬁ’q”,d“’ are shown with
the filled mrcles and the boxes, respectively. The solid
curves represent the fitting functions for the radial pro-
files of Qmodel/Qmode[ and T l-*n;adel/Qi_nadd.

eql iql iql

termined by Eqgs.(3) and (4). In the dynamical simula-
tion, the ion heat flux is evaluated from the ion heat dif-
fusivity model, because how to apply the ion heat diffu-
sivity model to the transport code was already shown [24].
The radial profiles for the ratios of the quasilinear elec-
tron heat flux model to the quasilinear ion heat flux model
for the high-7; and low-T; plasmas are shown with the
filled circles in Fig. 6 (a) and Fig. 6 (b), respectively. Fig-
ure 6 (a) and Fig. 6 (b) indicate the radial dependences of

F’""d‘"l / Q’”"‘M for the high-7; and low-T7; plasmas with
the boxes respectively The curves in Fig. 6 represent the
fitting functions for the radial profiles of Q7! Q’”"‘M

and Trmodel/Qmodel' The ratios of anZZdeZ/Q:n;ldel

T; l"gwde’ / QT;"E’ are directly evaluated by the linear gyrokl—
netic simulation results. To obtain the values of Q’e’f;’ld” and
f;”lode’ , the denominator QZ’;IM is needed to be evaluated by
the ion heat diffusivity model (2). The additional modeling
for the quasilinear flux models is found to well reproduce
the results of the quasilinear flux models for the turbulent
electron heat and particle fluxes.

5. Transport Analysis by Heat
Diffusivity and Quasilinear Heat
Flux Models
Now, the transport dynamics of the electron or ion

temperature is studied using the modeled heat diffusivi-

ties and the modeled quasilinear heat fluxes, when the inte-
grated transport code, e.g., TASK3D [17] is performed. In
this study, the time evolution of the density is not solved,
because the analysis of the particle source for the experi-
mental condition is not available in the TASK3D at present.

First, the time evolution of 7; or T, is studied in the high-

T; plasmas. The dynamics of the radial T); profile for the

species j is simulated by solving the dlffusmn equation as

(3 19
&(Enrj)z Vo (V'Q)) + Pusj + P, @)

where V is the plasma volume, V' = dV/dp. Here,
Ppxe = =Py, Ppyi = Ppy and Py, is the absorbed power
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Fig. 7 The radial profiles of the electric field for the (a) high-T;
and (b) low-T; plasmas is shown.

for the species j, where Pj, is the heat exchange term. The
heat flux Q; is setas Q; = — <|Vp|2>n(,\/j +)(1;’EO)6Tj/6p,
where /\/]Y EO i the neoclassical diffusion coefficient for the
species j and <> represents the magnetic surface aver-
age. The neoclassical diffusion coefficient is derived from
DGN/LHD database with the low-g limit (8 = 0) [26].

For the dynamical simulation for the T; profile, the T;
profile of the experimental results for the high-7; plasmas
is used for an initial state. The turbulent ion diffusivity y;
is evaluated by substituting the fitting functions for £ and
Tzr in Eq. (2). The profile of the radial electric field E, is
derived from the ambipolar condition at the initial plasma
state. The positive E, is experimentally observed in the
region 0.8 < p < 1.0 for the high-T; plasma in the LHD
of #88343 [19]. Therefore, the largest positive radial elec-
tric field is chosen from three solutions of the ambipolar
conditions, which is shown in Fig.7 (a), where the three
solutions of the ambipolar radial electric field are found in
the radial region 0.52 < p < 0.89. For the low-T; plasmas,
one solution of the negative radial electric field for the am-
bipolar condition is obtained in Fig. 7 (b). The radial pro-
files of the density and the electron temperature are fixed,
which are shown in Fig. 1. This is because the profiles of
the density and the electron temperature are considered to
be almost stationary in the experimental results [19]. Since
the ion temperature profile is also considered to be nearly
stationary in the experimental results [19], the radial profile
of the ambipolar electric field is assumed to be fixed in this
study. The value of the ion temperature is fixed at the ini-
tial state in the shaded region 0.80 < p < 1.0, because the
modeling for the turbulent heat diffusivities is performed
in the region 0.14 < p < 0.80. At the initial state, the ra-
dial profile for the absorbed power of ions, Py; is calculated
using TASK3D and is fixed throughout the simulation and
we use the fixed g profile in Fig. 1 (¢).

We show the simulation results for the kinetic elec-
tron response of the stationary ion temperature profile with
the solid line in Fig. 8 (a), for comparison with the exper-
imental result. The dashed and dotted lines indicate the
profiles of T; for the simulation result in the adiabatic elec-
tron condition and the experimental results for the high-T;
plasmas, respectively. In the adiabatic and kinetic electron
conditions, the simulation results for the T; profiles show
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Fig. 8 (a) The T; profiles for the high-T; plasmas are shown. The
solid line and the dashed line represent the ion tempera-
tures for the simulation results in the kinetic and the adi-
abatic electron conditions, respectively. The dotted line
indicates the experimental results at r = 2.2 s in the LHD.
(b) The radial profiles of the ion neoclassical and turbu-
lent diffusivities for the high-7; plasmas are shown. The
filled circle and the blank box represent the neoclassical
and turbulent diffusivities, respectively.

the good agreement with the experimental result. The ion
energy flux at p = 0.65 in the case with the experimental
T; profile is about four times larger than that in the case
with the simulated 7; profile at a stationary state. The ion
heat flux with the ion temperature gradient reduced by 20%
from the experimental result is comparable to that by the
stationary state for 7; for the transport simulation result at
p = 0.65. Therefore, the stiffness is found to be strong
in this case. The simulation result for the adiabatic elec-
tron condition shows better agreement with the experimen-
tal result than that for the kinetic electron response in this
case. However, it is predicted that the simulation result
for T; with the kinetic electron agrees with the experimen-
tal result better than that with the adiabatic electron for
the high-7; plasmas in the other shots for the LHD [27].
Since the gyrokinetic transport models used in this arti-
cle are proposed under the assumptions that there are still
unintroduced effects, e.g., E X B shearing effects, which
may improve the prediction of the 7; profile, the simula-
tion model should be improved. The stationary profiles of
the turbulent and neoclassical diffusivities are also shown
in Fig. 8 (b). The filled circles and the boxes represent the
ion turbulent and neoclassical diffusivities. The ITG mode
is destabilized in the radial region 0.10 < p < 0.8. The
turbulent transport is dominant compared with the neoclas-
sical transport in the radial region 0.52 < p < 0.80, where
the positive electric field is chosen.

For the dynamical transport simulation for the 7, pro-
file, the radial 7. profile of the experimental results for
the high-7; plasmas is used as an initial state. The tur-
bulent electron diffusivity y,. is evaluated by substituting
the fitting functions for £ and 7zr in Eq.(1). In another
case, the turbulent electron diffusivity y,. is estimated by
the ratio of the quasilinear electron heat flux model to the
quasilinear ion heat flux model, where the quasilinear ion
heat flux model is estimated from the ion heat diffusivity
model. Note that the change of the electron temperature
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Fig. 9 The radial profiles of 7, for the high-7; plasmas are
shown. The solid line and the dashed line represent the
electron temperature profiles for the simulation results,
using the heat diffusivity model and the quasilinear flux
model, respectively. The dotted line indicates the experi-
mental results for the high-7; plasmas.

gradient in the time evolution is not included for the mod-
eling for y, in this study. The radial profiles of the den-
sity and the ion temperature are fixed, which are shown in
Fig. 1. The profile of the radial electric field in Fig. 7 (a) is
also kept throughout the simulation. The value of the elec-
tron temperature is fixed at the initial state in the shaded
region 0.80 < p < 1.0. At the initial state, the radial
profile for the absorbed power of electrons, Py, is cal-
culated using TASK3D and is fixed. The simulation re-
sults of the stationary electron temperature profiles by us-
ing the electron heat diffusivity model and the quasilinear
flux model are indicated with the solid line and the dashed
line in Fig. 9, respectively. The dotted line represents the
experimental results of the T, profile for the high-T; plas-
mas. The simulation results for the both cases agree well
with the experimental results in the region 0.3 < p < 0.8.
However, the value of T, of the simulation result becomes
larger than that of the experimental result in the region
0.0 < p < 0.3, because the modeling for the turbulent
transport by the linear simulation results is performed in
the region 0.46 < p < 0.80 and the time change of the elec-
tron temperature gradient is not included for the modeling
for y. in this study. If the electron temperature gradient is
included in the modeling for y., the electron heat diffusiv-
ity becomes larger even for the ITG mode and the value
of the electron temperature is predicted to be smaller. In
both cases of the simulation results, the electron neoclas-
sical transport is dominant compared with the electron tur-
bulent transport in the most radial region. The ITG mode
becomes unstable in the region p > 0.2.

Next, the time evolution of 7; or T, is studied in
the low-T; plasmas. The dynamical simulation for 7; is
performed, where the ion temperature profile shown in
Fig. 2 (b) is used for the initial state. The radial profiles of
nand T, in Figs. 2 (a), (b), and the electric field in Fig. 7 (b)
are fixed throughout the simulation. We show the simula-
tion results of the stationary ion temperature profile with
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Fig. 10 (a) The T; profiles for the low-T; plasmas are shown. The
solid line represents the 7; profile for the simulation re-
sult. The dotted line indicates the experimental results
at + = 1.8s in the LHD. (b) The radial profiles of the
ion neoclassical and turbulent diffusivities for the low-T;
plasmas are shown. The filled circle and the box indicate
the neoclassical and turbulent diffusivities, respectively.

the solid line in Fig. 10 (a), for comparing with the exper-
imental result (the dotted line) for the low-T; plasmas. It
is found that the simulation result for the low-T; does not
contradict with experimental result. For the adiabatic elec-
tron condition, the ITG mode is unstable only in the re-
gion p > 0.6 [28]. Therefore, the dynamical simulation
for the adiabatic electron approximation is not performed
in the low-T; plasmas. Figure 10 (b) indicates the radial
profiles of the turbulent and neoclassical diffusivities. The
ITG mode becomes unstable in the radial region p > 0.24.

For the dynamical transport simulation for the 7, pro-
file, the T, profile of the experimental results for the low-
T; plasmas is used as an initial state. The radial profiles
of the density and the ion temperature are fixed, which are
shown in Fig.2. The profile of the radial electric field in
Fig. 7 (b) is also fixed throughout the simulation. The sim-
ulation results, using the electron heat diffusivity model
and the quasilinear flux model, of the stationary electron
temperature profiles are shown with the solid line and the
dashed line in Fig. 11, respectively. The dotted line indi-
cates the radial profile of T, of the experimental results
for the low-T; plasmas. The T, profiles of the simulation
results are found to be comparable to the experimental re-
sults in the low-T; plasmas. The electron temperature is
larger than the experimental results except the 7, values in
the region 0.7 < p < 0.8 by using quasilinear flux model.
As explained above, it is predicted that the inclusion of
the electron temperature steepening in the modeling for y,
decreases the value of the electron temperature. Both the
diffusivity and the quasilinear flux models for the electron
heat transport predict almost the same 7', profiles in Figs. 9
and 11. Therefore, it may be considered that the quasi-
linear flux model is not needed, because the quasilinear
flux formulation is more complicated than the function of
the diffusivity models. However, it is predicted that the
electron heat diffusivity model can not be obtained for the
flattened T, profile, which is different from Figs. 1 (b) and
2 (b). In fact, the particle diffusivity model is not shown for
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Fig. 11 The radial profiles of T, for the low-7; plasmas are
shown. The solid line and the dashed line represent the
electron temperatures for the simulation results, using the
heat diffusivity model and the quasilinear flux model, re-
spectively. The dotted line indicates the experimental re-
sults at 7 = 1.8 s in the LHD.

the flattened density profile which is typical for the LHD.
This is because it is difficult to obtain the accurate values of
the effective particle diffusivity. The quasilinear flux model
for the particle transport can be obtained even for the flat-
tened density profile [23]. The quasilinear flux formulation
enables us to model the particle and heat transport for the
flattened density and temperature profiles. The quasilinear
models are not directly introduced to the transport simula-
tion in this article. The quasilinear model for the electron
heat transport is calculated by QZZ;M / QZ’;[‘M , where Q;f’;ldd
is evaluated by the ion heat diffusivity model (2). The sim-
ulation study using the quasilinear models in this article is
the preparatory one for the transport simulation, where the
quasilinear flux models will be directly installed. In both
cases of the simulation results, the electron neoclassical
transport is larger than the turbulent transport in the radial
region p < 0.7. The ITG mode is unstable in the region
p > 0.6.

6. Summary

The dynamical transport simulation is performed for
the turbulent transport by use of the heat diffusivity and
the quasilinear flux models based on the gyrokinetic sim-
ulation results and the neoclassical transport by use of
DGN/LHD database. The ion heat diffusivity model is
used to evaluate the ion heat transport for the dynamical
simulation of the ion temperature. In the kinetic electron
condition, the T; profile of the simulation result is in agree-
ment with that in the experimental result for the high-T;
and low-T7; plasmas in the LHD of the shot number 88343.
The T, profile of the simulation results is found to be com-
parable to the experimental results for the high-7; and low-
T; plasmas, when the electron heat diffusivity model and
electron quasilinear flux model are used. The inclusion
of the electron temperature gradient for the ITG mode in
the modeling of the electron heat transport is for the fu-
ture study. The promising method [24] of a low compu-

tational cost for adapting the gyrokinetic turbulent trans-
port model to a transport code is used. It is found that
the temperature profiles by the transport simulation, where
the reduced models which reproduce the nonlinear simu-
lation results are used, are comparable to the experimen-
tal results. Note that the heat diffusivity and the quasi-
linear models are shown by studying the ITG mode us-
ing the specified plasma profiles and field configurations
in the high- and low-T; #88343 plasmas. The heat dif-
fusivity and the quasilinear flux models have been stud-
ied using the other plasma profiles and field configurations
in the LHD [27]. The particle quasilinear flux model is
needed for the transport simulation of the density evolu-
tion. The study of the particle source/sink in the LHD is
under way. The dynamical simulation results for the den-
sity profile will be reported in another article.
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