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Simulation of plasma and neutral particles during H gas puffing in the
divertor region of GAMMA 10/PDX using the fluid and kinetic neutral code ais

M.S. Islam?, Y. Nakashima?, S. Ishiguro', A. Hatayama?, K. Hoshino3, H. Hasegawa?, N. Ezumi? and M. Sakamoto? @ -
| | - - BN
INational Institute for Fusion Science (NIFS), Toki, Gifu-509-5292 Japan University of Tsukuba

’Plasma Research Center, University of Tsukuba, Tsukuba, Ibaraki - 305-8577, Japan
3Graduate School of Science and Technology, Keio University, Hiyoshi, Yokohama- 223-8522, Japan

Physical model

The divertor simulation research has been progressed in the west end-cell of GAMMA 10/PDX W plate » The plasma and neutral
for understanding the physics of plasma detachment. This research numerically studies the el SRR AR ML LA RAMELARRRERLARE ) - © particles are solved by
nlasma and neutral particles behaviour in the end-cell of linear fusion device GAMMA 10/PDX using the same mesh.

1-3] by using the LINDA fluid code [4-8]. In this research, the plasma transport is modelled
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by solving the fluid equations while the neutral profile is solved by the Monte-Carlo & o.es * Basic  equations  and
. . . . . y -+ numerical scheme are the
calculation in the self-consistence manner. The neutral test particles (H,) are launched into . i o : same as the B2 code [9]
the H plasma to investigate the plasma-neutral interactions. The source of the neutral particles ' T % The convergence of the
IS assumed to be located on the target plate. The neutral particles are introduced in the bulk 6.01 LINDA code has been
plasma with the cosine distribution. The plasma parameters are updated according to the e validated by carefully
given source profile from the Monte-Carlo calculation. O 0.5 0.4 .15 8.2 0.25 0.3 0.35 f'l checking the residual error.
The aim of the study Is to understand the impact of H neutral particles on the plasma Z (m) H. Gas puff
parameters and energy loss processes. The outcomes are summarized as follows: No. of mesh : radial : 30, axial : 50
» The neutral particles is concentrated near the target plate. . - .
> T P Jget p L % The neutral test particles (H,) are injected on the axis (r=0cm) at Z=10.4
ne ion temperature is reduced near the target plate when gas puffing is performed. . . T
» The ion density increases near the target plate due to the ionization of neutral particle m with the cosine distribution. NS
> T | J iahtlv b e "~ % The H neutral particles are produced by the dissociation of H,.
__qe © S USyHErE S MERUEES Sty 0y Cle [Tt “* The Boltzmann equation has been solved by applying the Monte-Carlo
» The 1on energy loss processes enhance remarkably near the target plate for gas technique to model the neutral particles.
puffing cases. In particular, the charge-exchange loss Is greatly enhanced. < As for the collision process, the null collision method is used [10].
Simulation case: H neutral density is calculated by lm paCt Of gas p uffin gonp lasma param eters
the Kinetic neutral code. Plasma parameters are T; (eV)
calculated based on the followmg three cases. ooa BT T T w adzse | ] [ ] _
C B — I . o e E (a) Case a: WO puff 25 Plasma paramter at r = 0 m . T d liahtlv b
asea .=y puff s T 2o e freauces sligntly by
= o gas puffing cases.
T s « T, reduces significantly in
1.5 X . .
“o.01 e the direction of target
S plate for gas puffing
e T T T T T e ~
Case b e.0a =(b) moderate puff ©T Ccases.

~ a.,.835

* For the higher gas puffing
case (case c), T, reduces
less than 1 eV.

« plasma density increases
near the target plate by
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Energy loss during plasma-neutral interactions: Source and sink terms of fluid equations Comparison between the LINDA and the PIC code

Ion energy source 4 momentum source 25 e at 1;_15 Om ...... : e The outcomes of the LINDA code are consistent with the
il @™ IR A T S G e I density. | W 12 cominuiy” ¢ outcomes of the PIC code [11-12].
: 1 B 3 Z  The following outcomes are shown for both the codes:
5 X, » The parallel velocity increases toward the target plate.
ginp casec Tl © e ST 0 eI ° » The plasma density is decreased toward the target.
. 1.2 S e N £~ T =  The plasma temperatures are reduced toward the target.
x g 8.0 =
Ze.a(m) ;. = 2ty ° electron *‘C_, care —~ 65 3
Case b X 0. 2
Near the target plate: L2 [ momentu = |
v'lon generation: increased by ionization. R 05 05503 055 b4 |
v'lon and electron energy loss: increased by CX g ) -
loss and ionization. s 2 |
v Momentum loss: increased by CX loss. X L F
v’ St > S§% : CX loss dominates the ionization loss. o _ A, _
v E-I relaxation is small because of lower plasma e = 0t
density. Z (m) x (M)
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The plasma and neutral particles are numerically investigated by solving the fluid and kinetic
neutral code In the self-consistence manner to study the plasma and neutral particle
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