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1. Introduction

A Dilution of V n,-Inward Pinch || FY7-drift
fuel D-T plasma.

Edge
(SOL-Divertor)

A Disturb fusion ExB drift

Reactions.
V B drift

(O Reduce heat load
on divertor plates °

e, .. .
. @™~ Impurity particles
=> Useful for divertor development ®

« Correct understanding of impurity (imp.) transport
In SOL/Divertor region is important for developing fusion devices.

* Focus on Neo-classical transport of high-Z impurities.



1. IWP vs. TSE

-- Classical (CL) & Neoclassical (NC) cross-field imp. transport:
Inward Pinch (IWP) vs. Temperature Screening Effect (TSE) [1]
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Fig 1. Simple Torus Magnetic Field
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-- NC transport theory is
established under closed B
configuration.



1. Purpose of Study
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test impurity particles.
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Fig 1. Simple Torus Magnetic Field

Other transport processes such as ExB drift or
anomalous diffusion are not considered in this study.



2. Neoclassical Impurity Transport Theory

Theory Ne r 1
I',-e V n V., T
<VZ-eF>NC=< a5 = 2¢2 2D, " [|0.9—20.59 -2
nZ | nf) Tb |
derived based on Ref. [1]. NC IWP  NC TSE
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. * B.g. plasma in Pfirsch-Schluter regime .
'+ Collisional for.ce on impurity "R, =n,F,, =09 my,m, (Vs.. _Vz) +1.89n,V,T, :

from plasma ions : T,z !
.« Effective charge state D Zyp=(ne; +ne;) €] =2

NC Mechanisms of NC IWP & NC TSE => next...




2. Mechanism of NC IWP

More Impurities In

Less Impurities Out
@ Vi

Fig 2. Neoclassical Inward Pinch
(NC IWP)
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1. Under V n_& diamag. drift flow V ,A
Pfirsch-Schluter plasma flow arises,

2q o0 dp, (B
vPs Dsafer oS gﬁ.(_J p, =nT,
' n,e,B dr \B), ’

to fulfill v-(n,V,) = V-(n,V,,, + 7,V =0.

2. PS flow drives imps. toward the top.

3. More imps. on Top of cross-section,
less imps. on Bottom.
Near Top, mag. drift VVE Inward,
Near Bottom, VVE QOutward.

4. Unbalanced contribution of each VVE&

=> Net radial INWARD flow of imps.
NC IWP.




2. Mechanism of NC TSE

1.Under V T, & diamag. heat flux q, ,,
Pfirsch-Schluter heat flux arises,
ps. I, ﬂ [B]
qb.|| T ebB gsafeg! d?' B ,
with the assumption that

V'(qb)=v‘(q2,if:1mg+qb|| ) 0.

Less Impurities In

2. PS heat flux generates

parallel thermal force [4] F', « —q,, .

3. More imps. on Bottom,
less imps. on Top.

@ &' g " 4.Unbalanced V'Baveraged
=> Net radial OUTWARD flow of imps.

NC TSE.

Fig 3. Neoclassical Temperature
Screening Effect (NC TSE)



3. Simulation Model

for NC Transport
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Step 1: INPUTS

Test Particle Parameters:
m,Z v,V

Background Parameters:
my, 2, ,n, 1,,Vn, VT, v,
Magnetic field: B

El b! b)

l B,n,, T, Vn, VT,

/

Step 2:

B.g. density correction (CL TWP)
=>n =n(rp) [3]

B.g. heat flux (CL TSE) [4]

==q= q, ™ q, + q,

B.g. Pfirsch-Schluter flow
=>VFS  (NCIWP)[1]

B.g. Pfirsch-Schluter heat flux
=>q"% (NC TSE) [1]

V0, q, VS, g7

Fig. 4: Flowchart of the model.
The steps 1- 5 are iterated at
every collision event of

each test particle

Y

Step 3:
Specify Deformed Maxwellian
Distribution for B.g. Ions
=>one v, from f_(v,)
Coulomb Collision by
Binary Collision Method [35]
= Ava Coll
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Step 4: Cyclotron motion
Buneman-Boris method [6] => Av &~

v, Ay ol Ay Gyro
a’ a 7 a

Step 5: Time evolution

t => t+ At
v, (tHAf) = v (t) + Av “©l+Ay S
r (tFAf) = r (1) + v (DA
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OUTPUTS



Step 3: - .
( Speel;ify Deformed Maxwellian \ 3 D|St0 I‘ted Maxwelhan
Distribution for B.g. Ions fOr BaC kg rou nd plasma
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4. Test Simulation of NC Transport, Closed B-field
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4. Test Simulation of NC Transport, Closed B-field

TABLE |: TEST SIMULATION I, PARAMETERS
Test Impurity Particle Species W4
Initial Impurity Velocity va Maxwellian of 100 eV
No. of Test Impurity Particles N 2000
B.g. Plasma lon Species D™
B.g. Plasma lon Density nb 5x10"m3
B.g. Plasma Temperature 100eV

B.g. Density Gradient Vn
B.g. Temperature Gradient VT

Given at each case
Given at each case

B.g. Plasma Flow except for PS Flow 0 m/s

Magnetic Field Strength B about3 T

Collisionality Pfirsch-Schluter regime
Simulation Time Step At 9.04x10%s

Total Calculation Time 0s<t<0.07s

(a) IWP > TSE

V. T, =-300eV/m-e, (=3T;).

(b) TSE > IWP
vJ.HfJ =_2;{1{]3“m‘3 .Er(= 4”&): vl”ﬁ :_].[]HI II]_J "E'r (: 2??!:) vlﬂb = _lﬂzﬂ

V. I, =—600eV/m-e, (=61,). V, I, =-300eV/m-e, (=3T,).

(c) Cancel (IWP = TSE)
m”™ e, (=2n,),



| W/O Limiter, Closed B-field |
(@a)IWP>TSE  (b)TSE>IWP (c) Cancel (IWP = TSE)
V., =-2x10"m>-e (=4n,), V,n, =—10"m" -e (=2m,), V,n,=—10"m"-e (=2n,),

V,T, =-300eV/m-e,(=3L,). V, T, =—600eV/m-e, (=6T;). V T, =-300eV/m-e, (=3T,).




| W/O Limiter, C

losed B-field

(a) IWP > TSE

(b) TSE > IWP

(c) Cancel (IWP = TSE)

V. n,=—10"m™ -e,(=2n,),

eV/m-e, (=37}).

, , “+Particle Position

Simulation results =
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5. Conclusion and Future plan

In a torus background plasma in Pfirsch-
Schluter collisionality, our kinetic model can
simulate the NC IWP and TSE.

Important improvement in transport modeling!

Implement in IMPGYRO code Is underway.

Aiming for more reliable analysis and
suggestion to efficient way of impurity control
In fusion devices!
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