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NIFS Joint Research Meeting
on
Plasma Facing Components, PSI, and Heat/Particle Control

June 27, 1997

National Institute for Fusion Science

T. Yamashina (Hokkaido University)

Abstract

The LHD collaboration has been started in 1996. Particle and heat control is
one of the categories for the collaboration, and a few programs have been
nominated in these two years. A joint research meeting on PFC, PSI, heat and
particle meeting was held at NIFS on June 27, 1997, in which present status of
these programs were reported. This is a collection of the notes and view graphs
presented in this meeting. Brief reviews and research plan of each program are
included in relation to divertor erosion and sputtering, impurity generation,
hydrogen recycling, edge plasma structure, edge transport and its control, heat

removal, particle exhaust, wall conditioning etc.

Keywords: plasma facing components, PSI, particle exhaust, heat removal,

edge transport
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Flashing during Long Pulse Discharge
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Collector Probe

TEM specimen holder
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Energy Distribution of Neutral H in TRIAM-1M
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Modification by Long Duration Plasma

TR-10, I,=20kA, <n.>=2x10"/m", t;=78.4min (5 shots)
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Plasma-side

Electron-side
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Re-Deposited Impurity Layer

TR-10, 1,=20kA, <n.>=2x10"¥/m" t;=78.4min (5 shots) , Al(P-side)

® Bhstering and Exfoliation (role of hydrogen gas)
= impurity source > disturb long duration discharge
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High Flux Beam Experiment

in Osaka University

. Chemical Erosion
o Flux dependence
o Temperature dependence

@ Erosion< Radiation Enhanced Sublimation

oFlux dependence
oTemperature dependence
~ oInsident angle dependence

® Recycling and Retention
Dynamic Retention

oSimulation for Retention
oPebble Divertcr Concept

Supra-high T"efnperamre‘ Engineering Laboratory
Graduate School of Engineering . Osaka Univ.
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Irradiation Condition

« Chemical Erosion . * Radiation Enhanced Sublimation
5 keV Deuterium beam 5 kV Argon beam equivalently 0.5 keV Deuterium
~1x1022 D /m?2s : ~1x1021 Ar/im2s > 5%1022 D /m2s
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Beam experiments

 Osaka Univ. \“{‘ﬁq\
(Beam experiment) A PISCES }
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Sputtering vield (atom/particle)

¢
TEXTOR
MAXIMUM CHEMICAL ODITE
SPUTTERING TORE SUPRA ¢
10-2 Lol e veend el HHMMWMMl el 1ot
1017 1018 L 1020 102! 1022 1023

Flux [atom / m2s]

Flux dependence of the maximum chemical sputtering yield

H(@) and D({) at energies between 250 and 2000 eV from ion beam experiment and plasma experiments.
The dashed curve extraplating the high fluxes in taken from an empirical formula.
Our data at 1x1022/m?s is also plotted.

Supra-high Temperature Engineering L(zbararory
: Graduare Schogl of Engineering. Qsaka Ustiv.

) S RS,
A Pyrolytic graphite
@ Isotropic graphite
4- Reference Data f1][ ‘ a
1 I I I 1 :
1016 1017 1018 1019 1020 1021 [02
Flux [Ar /m2s]

RES vyield as a fanction of incident flux SkeV Ar beam.

Soli¢ line is fitting to our data in the flux range above 1x10° /m%s.
The reference data{arbitarary unit) were taken for pyrolytic graphite at 1820K.
The reference data are normalized by physical sputtering yield so that their absolute vajues

. s
are almaost the same as those of our data at a flux of 3x10 /m3s.

[1]V.Philipps et al., J. Nucl. Mater. 155-157(1988) 319

F N Supra-high Cemperature Engineering Laboratory g
v Graduate School of Engineering, Osako Univ. g
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Dependence of incident flux on hydrogen retention. -
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(2] J. W. Davis et al., J. Nucl. Mater. 176&177 (1990) 992
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Temperature dependence on active hydrogeﬁ and trapped hydrogen &
retention at the two different flux cases of (a) 1x1018H/m2s (Iow flux)

and (b) 4x1023 H/m?2s (high flux)

£\ Supra-high Temperature Engineering Laboratory
2 Y Graduate School of Engineering. Osaka Univ. je




Drop Controller

New
Pebbles

Separation Stage

Pebble Curtain

4
i
!
|

| Erovded
. Pebbles
+ Heat Exchanger

Supra-high Temperature Engineering Laboralory
Graduate School of Engineering. Osaka Univ. g

Pebble Diverter Concept II

Regeneration
Stage

Fuel and Impurity Gas «——

I |




Summary

The chemical sputtering at the high flux of 1x1022 /m2s is
investigated by the beam apparatus,and the yield is estimated to
be from 0.03 to 0.04 which value is nearly same value measure
by Tokamak experiments.This result may support the flux

dependence as ¢ 0.1,

The flux dependence of the RES yield for isotropic graphite in
the high flux region of more than 1x1020 Ar /mZs is represented
as ¢ -0.26 while the weak flux dependence of RES yield is-

observed as ¢ -0-07 to ¢ -0.08 in the low flux region less than
1x1029 /m?Zs.

In the hydrogen retenton,the detrapped rate becomes
predominant in comparison with the trapped rate as increasing
the incident flux. Active hydrogen will play a dominant role for
the recycling and the retention during the operation of fusion
reactor.

® When we can understand and evaluate the surface condition in
high flux beam experiments, the control over the erosion and
recycling /retention will be achieved for long term operaticn for
reflection to fusion system.

Supra-high Temperature Engineering Laboratory
Graduate School of Engineering.Osaka Univ, gf
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Backscattering Energy Spectrum of Mouoenergetic Hydrogen Ions from

Elemental Targets
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_ CT Parameters

Particle inventory

85x%10%-1.7% 10"

Plasma density
(Mass density)

§x 104 -1%x10%m>

R (8.4-17 mg/m3)

Fueling of JFT-2M inventory  4.3-8.6 %
Mass 14 -28 ug
Quter radius - 0.055m

Inner radius 0.024 m
Length 0.18m )
Volume 1.7x10°m>
Average magnetic field 1T |
Magnetic energy 680 J

velocity 200 - 600 km/s
Electron temperature 20 eV

Major radius

1.3l m

Minor radius

0.35m (D-shape, k=1.4) |
0.28 m (Divertor Configuration)

Plasma volume

4m’

Average density (n,) 5% 10" m”
Peak density (N peqi) 1% 10%°m?
Particle inventory (N1 2 x 10%

Toroidal field on axis 12-22T

Electron temperature

IkeV (H-mode), 2.2keV (ECH) _

Zeﬂ"

2-3

Plasma thermal energy |

30 kJ (H-mode)

Plasma current

0.5 MA (D-shape)

I

0.3 MA (Divertor Configuration)
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