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Analysis of particle balance in long duration discharge
beyond 1 h with hot wall on QUEST
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Introduction

To realize nuclear fusion power plants based on
magnetic confined plasma devices, steady state
operation (SSO) of the devices is one of the crucial
issues. QUEST, which is a middle sized spherical
tokamak of 0.64m/0.4m in major/minor radii, and
0.25 T in toroidal magnetic field, is mainly
operating to focus on particle balance control with a
hot wall being a fraction of approximately 40% of
plasma facing wall (PFW). In this presentation, we
report typical progression of particle balance in
long duration discharges beyond 1 h, and plausible
explanation is proposed based on hydrogen barrier
between plasma-induced deposition layer and
substrate made of atmospheric plasma played
tungsten (APS-W).
Experimental Apparatus

The hot wall (Fig. 1) was installed on QUEST
since 2014 autumn/winter (A/W) campaign. The
hot wall is composed of 24 x 2 heater-cooling
panels on top and bottom conical areas as shown in
Fig. 1 and is sharing 7.6 m>. The surface temperture
can be controlled in the range of room temperature
(RT) - 673K. The surface on plasma facing side is
covered with APS-W of 0.1mm in thickness.
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Fig. 1 Left: Schematic view of the de5|gned hot wall,
Right: A photo of the hot wall viewing from plasma
side in the vacuum vessel of QUEST.

Experimental results

The longest duration discharge of 1h55min was
obtained with the hot wall controlling its
temperature at 393K by 40kW, 8.2GHz microwave
power. It should be noted that after 4000s, no H,

fueling was done
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Fig. 2 Waveforms of injected, evacuated, wall
stored H in the longest duration discharge. The dot
and dash line indicates the calculation result based
on the hydrogen barrier model.

Although the plasma density (~1x10"m? and
current (~5kA) was extremely low, the limiter
configuration with aspect ratio of 1.8 was formed.
Intensity of H,, 14, was kept constant in a feedback
manner as possible, because Iy, is a good indicator
to control the amount of depositing H flux to PFWs
It found that we lost the control of Iy, after
apprOX|mater 4000s and the less-controllability of
plasma density induced a drastic plasma
modification around 6900 s. In the discharge, the
closed-flux surface could not be maintained and the
plasma shifts to an electron cyclotron resonance
(ECR) heating plasma. The wall stored hydrogen
atom (H) was estimating from the time-integration
of the difference between in-coming and out-going
H flux into the plasma forming vessel. The dotted
and dashed line in Fig. 2 is a model calculation of
wall stored H based on hydrogen barrier model
proposed previously . The model calculation is
well-fitted to the experimental data except the
period from 3000s to the end of the discharge
during which very few fuel H, gas was injected.
This is mainly caused by gradual increase of PFWs
temperature due to radiation, charge exchange
neutral, and non-absorbed RF. The details will be
discussed in the presentation.
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