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Abstract

TASK/TR is a diffusive transport code based on the current diffusive ballooning mode model and has successfully
reproduced an internal transport barrier (ITB) in the high βp mode and in the reversed shear configuration. Using this
code, we have examined the difference of various neoclassical transport models and the effect on the behavior of the
ITB.
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1. Introduction

The formation of an internal transport barrier (ITB) has
been observed in various operation conditions on major
tokamaks. The observation of improved core plasma
confinement has facilitated the study of the mechanism of the
ITB formation. One of the theory-based transport model [1]
developed is the current diffusive ballooning mode (CDBM)
model which is derived from the self-sustained turbulence
theory and successfully described the formation of the ITB
in high βp plasmas and in the reversed magnetic shear
configuration [2]. This model predicts the reduction of the
thermal diffusivity χCDBM where the magnetic shear s is weak
or negative and the normalized pressure gradient α becomes
large. On the other hand, various neoclassical models of the
bootstrap current have been developed. Since the bootstrap
current plays a significant role in forming the ITB and has
the possibility to allow us to achieve a long-time operation in
tokamaks, it is important to understand the behavior of the
models in tokamak simulation. We have implemented those
models such as NCLASS [3], the approximate formulas by
Sauter [4] and Hinton & Hazeltine model [5] into the one-
dimensional transport code, TASK/TR, and we examine the
difference of the profiles amongst these models in the case of
the ITB.

2. Diffusive transport code, TASK/TR

We solve the transport equations as follows:
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where V is the plasma volume, ρ is the normalized minor
radius, V ′ = dV/dρ, VEs = VKs + (3/2)Vs, VKs is the heat pinch,
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Vs is the particle pinch, F = RBφ , 〈 〉 represents a magnetic
surface average, Ss and SEs are the source terms, and a
subscript s denotes particle pecies. Other notations are
standard.

The CDBM transport model [2] includes the effects of
E × B shear stabilization. In this paper, however, we neglect
it for simplicity.

We have carried out tokamak transport simulations using
the thermal diffusivity derived from the CDBM model

χCDBM = CF( s, α, κ m) α 3 /2 c2

ωpe
2

vA

qR (4)

where the normalized pressure gradient α ≡ –q2R(dβ/dr),
magnetic shear s ≡ (r/q)(dq/dr), magnetic curvature
κm ≡ –(r/R)(1 – 1/q2). The factor F(s, α, κm) represents the
reduction due to weak or negative magnetic shear and large
Shafranov shift. The explicit expression of F is given in Ref.
[2]. The coefficient C is adjusted that the confinement time is
consistent with the ITER89-P L mode scaling for typical
plasma parameters. The present CDBM model does not
distinguish the thermal diffusivities of electrons and ions. The
transport coefficients are expressed as a sum of the
neoclassical contribution χNC and the anomalous contribution
χCDBM. Therefore, the thermal diffusivity of the electron and
ion are:

χe = χNC,e + χCDBM (5)

χi = χNC,i + χCDBM (6)

In this paper, the above coefficient C is set to be 12.

3. In the case of the L mode

In order to clarify the difference amongst the bootstrap
current models, we set up the typical L mode profiles by

assuming a certain model and starting from given initial
profiles. Then we calculate the bootstrap current density and
the resistivity profiles with various neoclassical models. The
equation of continuity is not calculated because we focus on
a thermal transport and make the difference of the models
clearer.

We use the following plasma parameters, R = 3 m, a =
1.2 m, κ = 1, B = 3 T, Ip = 3 MA, ne(0) = 0.5 × 1020 m–3 and
Te(0) = Ti(0) = 1.5 keV. In addition we select NCLASS to
calculate the profile. In this calculation, on-axis heating of 10
MW is switched on at t = 1 s, and the profiles at t = 2 s are
compared. In Fig. 1, we make a comparison amongst the
Wilson model [6], the Hinton and Hazeltine model [5], the
Sauter model [4] and NCLASS [3] in terms of the bootstrap
current and the neoclassical resistivity in the L mode. As the
neoclassical resistivity, we use the Hinton and Hazeltine
model, the Hirshman, Hawryluk and Birge model [7], the
Sauter model and NCLASS.

All the logarithmic profiles of the neoclassical resistivity
are rather good agreement, while the profile of the bootstrap
current are not. The radial dependence of JSau is similar with
that of JWil while the magnitude of JSau is twice as much as
that of JWil. We can also find a similar tendency between JNCL

and JH&H.

4. In the case of the high βp mode

Now we consider in the high βp mode. The plasma
parameters and initial conditions are the same as those of L
mode except κ = 1.5 and Ip = 1 MA. Since Ip is lower than
the previous case, the poloidal beta becomes as high as unity
and the bootstrap current is strongly enhanced.

Figure 2 indicates that all the bootstrap current profiles
have similar shapes, but their magnitudes are significantly

Fig. 1 Time dependence, temperature and q profiles, bootstrap current profile and logarithmic scale profile of neoclassical resistivity
with NCLASS as typical neoclassical model in the L mode.
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different. The elongation κ contributes to enhance the
difference. That is because we have not rigorously included
the elongation effect in the calculation of the poloidal mag-
netic field βp comprised in the formulas of JSau, JH&H and JWil.

In order to investigate the difference of the ITB
formation, we have carried out a transport simulation on each
model with the same time sequence with those in Fig. 2. We
show electron/ion temperature profiles at t = 2 s in
Fig. 3. We have quite a good agreement in the electron
temperature profile. The reason the ion temperature near the
axis in NCLASS is relatively low may be attributed to the
strong influence of the neoclassical thermal diffusivity whose

value is almost double in comparison with others.

5. In the case of the reversed shear

configuration

We also make a comparison in the reversed shear
configuration. The plasma parameters and conditions are the
same as those of the high βp mode. We show the results of
the NCLASS model. The plasma current Ip is kept constant 1
MA for the first 1 s, then ramped up to 3 MA during the next
1 s, and kept to 3 MA for the last 1 s. The on-axis heating of
10 MW is switched on at the beginning of the current ramp
up.

Fig. 2 Time dependence, temperature and q profiles, bootstrap current profile and logarithmic scale profile of neoclassical resistivity
with NCLASS as typical neoclassical model in high βp mode.

Fig. 3 (a): Electron temperature profile in the high βp mode at
t = 2 s.

Fig. 3 (b): Ion temperature profile in the high βp mode at t =
2 s.
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The plasma profiles at t = 3 s and the time evolution are
shown in Fig. 4. It is clear that the position of the ITB
shoulder in Fig. 4(c) corresponds to that of the peak of the
bootstrap current JBS near ρ = 0.4 in Fig. 4(b) and the position
of the ITB foot corresponds to that of the bottom of the safety
factor q near ρ = 0.6 in Fig. 4(a). The current ramping up
and the heating cause an increase of the bootstrap fraction fBS

~ 0.4 shown in Fig. 4(a). Accordingly, it results in the hollow
shaped q profile, which produces the negative shear. Therefore
the negative shear s and steep pressure gradient α would
suppress the turbulence and lead to the reduction of the
thermal diffusivity. The above-mentioned factors would be
important for the formation of a strong ITB in the reversed
shear configuration.

In comparison with previous calculations with Hinton,
Hazeltine model, the magnitude of the bootstrap current with
NCLASS is larger and the profile is broader. The magnitude
of the safety factor is globally larger. On the other hand, the
neoclassical thermal diffusivity near the axis is also notably
larger.

Fig. 4 (a) Time evolution of the plasma current, and radial profiles of (b) the current density, (c) the electron and ion temperature at
t = 3 s and (d) the safety factor including a time evolution in the reversed shear configuration.

6. Conclusion

We made a comparison amongst the four bootstrap
current models, and we found that the neoclassical resistivity
is similar to each other, but the bootstrap current profile has
large divergence and the relation of the magnitude, JNCL >
JSau > JH&H > JWil, usually holds.

In the high βp mode, each model enabled us to reproduce
the ITB at the same position, but the ion temperature in the
case of NCLASS was lower because of the large neoclassical
ion thermal diffusivity. Using NCLASS, we also reproduced
the formation of the strong ITB in the reversed shear
configuration.
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