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Abstract

Fusion reactor research and development via a half-century has progressed to a validation of
engineering and physics of nuclear burning as a source of energy generation through the
construction of ITER. Although "steady state operation (SSO)" is an indispensable prerequisite for a
reactor, the immediate goal of ITER is 400 seconds. In SSO the circulation control of the fuel
particles will be the subject of challenging studies due to plasma wall interaction, though it is not a
problem in pulsed operation. The present study is aimed at clarifying the particle circulation in three
systems, core, boundary, and first wall. Elementary processes, the system interaction, a circulation
model, and control of the particle circulation, are subjects to build the foundation for SSO. For this
study the viewpoint of "Physics and macro control of particle circulation in a multi hierarchical
complex-open system" is introduced. The elucidation of the circulation in each system and the
mutual interference leads to the key macro control of the whole system.
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Fig.1 Contour maps of poloidal magnetic flux: (a) a
standard inboard limiter configuration generated with 28
GHz ECH and (b) an inboard poloidal field null
configuration with 8.2 GHz ECH.
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Fig. 2 Higher order moments s and & of the intensity PDF
p(x). Inverse gradient scale length of intensity is shown in the
third panel. Radial regions representing the intensity gradient
region and near scrape off layer are denoted in solid white

and black lines, respectively.
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Fig.3 Discharge parameters for typical SSTO (#27396).
a. plasma current and linear density, b. H2 and He
pressures, c. gas balance R and Ha, d. total pressure and
AG pressure, e. wall temperature (°C) and ion saturation
current, f. permeation flux for PDP 4,6,7 (Ham™2s™), g.

incident flux (Ham?2s™).
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Fig. 4 (a) Line-integrated electron density, (b) plasma
current, and (c) toroidal velocity right after substantial
gas injection. (d) Distribution of toroidal velocity. (e)
Mach numbers at the far-SOL in poloidal (red) and

toroidal (blue) directions.
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