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Internal Kink mode I

Contour maps of[log(
∫ |~E|2dV)]−1 in the complex frequency space

(n = 1，q0 = 0.7，qa = 3).

*+,-

*+,.

Displacement in the radial direction

p.11



Extension of Transport Analysis

• Level of Analysis :

◦ Diffusive transport equation: Flux-Gradient relation
◦ Fluid-like transport equation: Flux-averaged fluid equation (plasma rotation,

transient phenomena)
◦ Kinetic transport equation: Bounce-averaged Fokker-Plank equation

• Diffusive transport equation : V: Volume, ρ: Normalized radius, V′ = dV/dρ

◦ Particle transport

1
V′
∂

∂t
(nsV

′) = − ∂
∂ρ

(
〈|∇ρ|〉nsVs− 〈|∇ρ|2〉Ds

∂ns

∂ρ

)
+ Ss

◦ Heat transport

1
V′5/3

∂

∂t

(
3
2

nsTsV
′5/3

)
= − 1

V′
∂

∂ρ

(
V′〈|∇ρ|〉3

2
nsTsVEs− V′〈|∇ρ|2〉nsχs

∂Ts

∂ρ

)
+ Ps

◦ Current diffusion

∂Bθ
∂t

=
∂

∂ρ

[
η

FR0〈R−2〉
R0

µ0

F2

V′
∂

∂ρ

(
V′Bθ

F

〈|∇ρ|2
R2

〉)
− η

FR0〈R−2〉〈J · B〉ext

]
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High βp mode

• All conditions are the same as those of L mode except κ = 1.5 and Ip = 1 MA,
therefore we compare neoclassical models on the same profile .

• On-axis heating of 10 MW is switched on at t = 1sduring one second.

• Resistivities are similar to each other.

• Magnitudes of bootstrap currents are very different although graphic forms
resemble respectively.
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Difference due to Neoclassical Transport Models

• We carry out transport simulations on each neoclassical model on the same
initial condition in the high βp mode.

• The profiles below are electron and ion temperature ones at t = 2 s.

• Quite a good agreement in the electron temperature profile.

• The reason the ion temperature near the axis in NCLASS is relatively low
may be the strong influence of the neoclassical thermal diffusivity whose
value is almost double in comparison with others.
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Modeling of ETB Formation

• Transport Simulation including Core and SOL Plasmas

• Role of Separatrix
◦ Closed magnetic surface ⇐⇒ Open magnetic field line
◦ Difference of dominant transport process

• Radial Electric Field
◦ Poloidal rotation, Toroidal rotation
◦ Polarization current
◦ Poisson equation

• Atomic Processes
◦ Ionization, Charge exchange, Recycling



Transport Model

• 1D Transport code (TASK/TX) Ref. Fukuyama et al.

• Two fluid equation for electrons and ions
◦ Flux surface average
◦ Coupled with Maxwell equation
◦ Neutral diffusion equation

• Neoclassical transport
◦ Included as a poloidal viscosity term
◦ Diffusion, resistivity, bootstrap current, Ware pinch

• Anomalous transport
◦ Current diffusive ballooning mode
◦ Ambipolar diffusion through poloidal momentum transfer
◦ Perpendicular viscosity



Model Equation (1)

• Fluid equations (electrons and ions)
∂ns

∂t
=− 1

r
∂

∂r
(rnsusr) + S s

∂

∂t
(msnsusr)=−1

r
∂

∂r
(rmsnsu2

sr) +
1
r

msnsu2
sθ + esns(Er + usθBφ − usφBθ) − ∂

∂r
nsTs

∂

∂t
(msnsusθ)=− 1

r2

∂

∂r
(r2msnsusrusθ) + esns(Eθ − usrBφ) +

1
r2

∂

∂r

(
r3nsmsµs

∂

∂r
usθ

r

)

+FNC
sθ + FC

sθ + FW
sθ + FX

sθ + FL
sθ

∂

∂t

(
msnsusφ

)
=−1

r
∂

∂r
(rmsnsusrusφ) + esns(Eφ + usrBθ) +

1
r
∂

∂r

(
rnsmsµs

∂

∂r
usφ

)

+FC
sφ + FW

sφ + FX
sφ + FL

sφ

∂

∂t
3
2

nsTs=−1
r
∂

∂r
r
(

5
2

usrnsTs − nsχs
∂

∂r
Te

)
+ esns(Eθusθ + Eφusφ)

+PC
s + PL

s + PH
s



Model Equation (2)

• Neutral Transport
∂n0

∂t
= − 1

r
∂

∂r

(
−rD0

∂n0

∂r

)
+ S 0

• Maxwell equations
1
r
∂

∂r
(rEr) =

1
ε0

∑
s

esns

∂Bθ

∂t
=
∂Eφ

∂r
,

∂Bφ

∂t
= −1

r
∂

∂r
(rEφ)

1
c2

∂Eθ

∂t
= − ∂

∂r
Bφ − µ0

∑
s

nsesusθ,
1
c2

∂Eφ

∂t
=

1
r
∂

∂r
(rBθ) − µ0

∑
s

nsesusφ



Transport Model (1)

• Neoclassical transport
◦ Viscosity force arises when plasma rotates in the poloidal direction.
◦ Banana-Plateau regime

FNC
sθ = − √πq2nsms

vTs

qR
ν∗s

1 + ν∗s
usθ

ν∗s ≡
νsqR
ε3/2vTs

• This poloidal viscosity force induces
◦ Neoclassical radial diffusion
◦ Neoclassical resistivity
◦ Bootstrap current
◦Ware pinch



Transport Model (2)

• Turbulent Diffusion
◦ Poloidal momentum exchange between electron and ion

through the turbulent electric field
◦ Ambipolar flux (electron flux = ion flux)

FW
iθ = − FW

eθ

= − ZeBφniDi

[
− 1

ni

dni

dr
+

Ze
Ti

Er − 〈ωm〉
ZeBφ

Ti
−

(
µi

Di
− 1

2

)
1
Ti

dTi

dr

]

• Perpendicular viscosity
◦ Non-ambipolar flux (electron flux , ion flux): µs = constant × D

• Diffusion coefficient (proportional to |E|2)
◦ Current-diffusive ballooning mode turbulence model



Modeling of Scrape-Off Layer Plasma

• Particle, momentum and heat losses along the field line
◦ Decay time

νL =





0 (0 < r < a)
Cs

2πrR{1 + log[1 + 0.05/(r − a)]} (a < r < b)

◦ Electron source term

S e = n0〈σionv〉ne − νL(ne − ne,div)

• Recycling from divertor
◦ Recycling rate: γ0 = 0.8
◦ Neutral source

S 0 =
γ0

Zi
νL(ne − ne,div) − 1

Zi
n0〈σionv〉ne +

Pb

Eb

• Gas puff from wall
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Typical Profiles

DTB = 0
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