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Thesis Summary

In order to realize the power generation by the nuclear fusion, the ITER is being constructed in France
under the international collaboration project of seven parties. For the ITER and the subsequent demo
reactor, tungsten (W) is considered as the most feasible material for plasma-facing components (PFCs).
The performance of the fusion core plasma is influenced by the impurities coming out from the PFCs.
The concentration of W impurities in the core plasma causes radiation cooling of the core plasma and
the dilution of the plasma density. The ITER expects its maximum tolerance of a concentration of W
1.0x10° as a ratio between the W impurity density and the core plasma density. Therefore, it is
indispensable to understand W impurity transport process in the plasma and to establish a method to
control its transport. In this thesis, aiming to develop the reliable impurity transport code which can be
used for designing fusion reactors, Monte-Carlo heavy metal impurity transport code IMPGYRO has
been improved and applied to the predictive W transport simulation of the ITER.

In Chapter 1, the introduction of this study is given. The basic concept of tokamak fusion reactors, the
influence of the core concentration of the W impurities on the core plasma performance, and transport
process of the W impurity are explained.

In Chapter 2, the physical model of the multi-species plasma transport code SOLPS-ITER and the W
impurity transport code IMPGYRO, which are used in this study, is explained.

In Chapter 3, the W impurity transport process parallel to the magnetic field line is discussed by
focusing on the effects of the thermal force and the friction force. The results show that the transport
direction of the W impurities is mainly determined by the balance between the friction force and the
thermal force. Under such a process, the W impurities have been transported towards upstream region
of the edge plasma and then penetrate into the core plasma.

In Chapter 4, the detailed analysis of the W penetration process into the core discussed in Chapter 3
has been performed. The model improvement of the IMPGYRO code has been achieved by
implementing the cross-field neoclassical transport model into the IMPGYRO code. The perpendicular
flux of W has been examined by comparing a conventional guiding center model and the improved
IMPGYRO. The perpendicular flux of W from IMPGYRO tend to be larger than those from the guiding
center model. The result suggests that the core penetration of W possibly takes place by the
neoclassical transport.

In Chapter 5, the predictive simulation of the W impurity transport in the ITER operation scenario has
been performed. The W impurity transport has been compared between different typical ITER operation
scenarios, (A) the high recycling state, and (B) the partially detached state in the outer divertor plate,
calculated by the SOLPS-ITER code. In both cases, W impurities are sputtered from the baffle region.
However, none of the sputtered W impurities manage to penetrate into the core. On the other hand, in
the high recycling state, the W impurities sputtered from the region near the strike point have been
transported to the upstream towards the core region. The important information of W impurity transport
for the ITER plasma operations has been achieved.

In Chapter 6, the achievements obtained by this study are summarized.




