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Nuclear fusion energy is a promising candidate as a new energy resource. One issue for
magnetic-confinement fusion reactors is enormous amount of particle and heat loads onto the
machine inner-walls which are transported through the Scrape-Off-Layer (SOL) region. To control
these loads, improvement of SOL plasma transport simulation, especially three-dimensional (3D)
modeling, is highly required. However, there are several unique characteristics of SOL plasmas
which has to be modelled and stably calculated in the simulation; 1) Different transport mechanism
depending on the direction to a magnetic field, 2) Different dominant mechanism between the
transport of particles, momentum, and energy, and 3) Presence of sheath at the wall imposing
complex boundary conditions. A finite volume scheme has mainly been used for the 2D modeling of
SOL plasma, however, it is difficult to be extended to a 3D geometry with taking into account the
above-mentioned unique characteristics. Therefore, the purpose of this study is to develop a new
3D simulation scheme using pseudo fluid particles.

Chapter 1 describes the background, the purpose, and the significance of this study. Chapter 2
introduces basic equations for the plasma and neutral particles in the SOL.

Chapter 3 discusses boundary treatments of the Monte-Carlo scheme (MC) in detail. By calculating
one-dimensional (1D) diffusion equation, some different boundary treatments are compared and
validated. Suitable treatments for Dirichlet and Neumann boundary conditions are suggested for
each.

Chapter 4 introduces the Lagrange scheme (LG), a scheme with pseudo fluid particles transported
by convection. Since MC is a statistical scheme, its applicability to convective problems is unclear.
For this reason, MC is examined by being applied to a convective-dominant problem. The result
indicates that MC obtains unphysical numerical solution due to its explicit treatment of the pressure
gradient term. On the other hand, the result of LG shows effectiveness of the semi-implicit
treatment of the pressure gradient term.

Chapter 5 describes numerical algorithm and results of the Lagrange—Monte-Carlo scheme
(LG-MC) which combines LG and MC. After validating the scheme in a 1D geometry, the code is
extended to a 3D cylindrical geometry. The applicability of LG-MC to a 3D geometry is confirmed.
Chapter 6 concludes the thesis, with giving future steps of this study.




