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Abstract

Correct understanding of impurity transport processes in fusion plasmas is one of the most
important research subjects to realize stable energy production by nuclear fusion plasmas.
Numerical simulations are widely used to investigate the impurity transport and its effects in
fusion plasmas, such as the cooling of core plasma or the mitigation of plasma heat load onto
device walls. In order to improve the impurity transport simulation, we have developed a new
numerical model to simulate the thermal force acting on Kinetic test-impurity particles. The
thermal force is caused by Coulomb collisions with plasma ions if the background plasma has
temperature gradient. The impurity transport across the magnetic field by thermal force has not
been taken into account in the existing kinetic impurity transport simulation codes so far.

Chapter 1 summarizes the motivation and the research subject.

Chapter 2 describes the Kkinetic transport model of charged test particles in plasmas.
Coulomb collisions are modeled as random walk process in the velocity space, and background
plasma ions with temperature gradient are modeled by the distorted Maxwellian velocity
distribution.  Averaging all collisions between the test impurity particle and the plasma ions, the
thermal force is analytically derived.

Chapter 3 presents a new numerical model of the thermal force in unmagnetized background
plasma, by using the Binary Collision model (BCM) to simulate Coulomb collisions. Efficient
algorithm to randomly sample plasma ion velocities from the distorted Maxwellian has been
newly developed. This model is equivalent and applicable to the simulation of thermal force
along magnetic field line in magnetized plasmas.

Chapter 4 extends the model to the case of magnetized background plasmas. By adopting
more extended distorted Maxwellian, we have succeeded, for the first time, to kinetically
simulate the thermal force due to temperature gradient perpendicular to the magnetic field.
Such BCM-based model can be applied to more sophisticated impurity transport simulations
including dynamic changes of background plasmas due to interaction with the impurities.

On the basis of the study done in Chapter 3 and 4, another new thermal force model based on
the Fokker-Planck (FP) collision approximation has been developed in Chapter 5. The FP
approximation realizes more rapid calculation as far as the trace impurity limit holds. The
validity of the model has been checked by comparison with the results obtained in Chapter 4.

Chapter 6 summarizes the conclusion. Our new model has succeeded to simulate the thermal
force due to the parallel and perpendicular temperature gradient. Numerical impurity transport
simulation in fusion plasmas will be further improved by implementing our model.




