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This dissertation explored methods for the characterization of solid D-T fuel homogeneity for inertial
confinement fusion (ICF), using the refractive index distribution measurement and thermofluid simulations
of the solidification process

In the First chapter, the current situation of the global energy industry and nuclear fusion was analyzed
the principles of fusion reaction and overview of ICF were introduced briefly, and the objective of the
dissertation was clarified. Nuclear fusion is a promising energy source for electricity generation in the
future. ICF is an approach to confine plasmas. A critical technology for ICF is the design and manufacture
high—quality solid deuterium (D)-tritium (T) fuel targets. This study was performed to contribute to improving
the performance of fuel targets.

The Second chapter explained the basics/issues of ICF fuel target and this study’s background. ICF primarily
uses the solid D-T fuel pellets as target. The cryogenic properties of hydrogen isotopologues are essential
in target fabrication. Isotopologue fractionation can cause inhomogeneous distribution of D and T in the solid
layer, leading to a deterioration in the implosion process. It is a detrimental issue, but it has not received
sufficient attention. To address this issue, firstly, it is necessary to characterize the degree of homogeneity,
and then the mechanism of composition distribution during solidification needs to be deeply understood,
finally, methods of fuel homogenization can be explored based on the mechanism. This study explored methods
for the characterization of homogeneity for solid D-T fuel layer, using optical measurements of the refractive
index distribution and thermofluid simulations of the solidification process

The Third chapter showed a simple, accurate, and non—destructive method for the characterization of hydrogen
isotopologue mixtures at cryogenic temperature by using the refractive index distribution measurement to
evaluate the compositional distribution and homogeneity. To evaluate without tritium decay effects, hydrogen
(Hy) and deuterium (D;) were prepared for measurement, serving as a quasi—experiment for D-T measurement. The
experiments investigated the temperature and wavelength dependence of the refractive index for hydrogen
isotopologues, and the spatial homogeneity of the H-D mixture. This chapter detailed the experimental approach,
devices used, validity and reliability of the devices, the data collection and analysis process, and analyzed
findings compared with literatures. Experiment results showed that H and D were spatially inhomogeneous in
solid H-D, verifying that the effect of isotopologue fractionation existed, proving that the method of
characterization using refractive index distribution was effective. This characterization method has the
potential to characterize of solid D-T fuel for ICF in the future

The Fourth chapter presented thermofluid simulations of hydrogen isotopologue mixture during solidification
process, performed to investigate the mechanism behind component distribution and to analyze the factors
affecting the homogeneity. A numerical simulation was conducted to model inhomogeneity formation during the
solidification of hydrogen isotopologue mixtures in a 3D wedge—shaped cavity. The simulations revealed
inhomogeneities in Hy—Dy, Do—T,, and D;—DT-T, mixtures during solidification. For an Hy~Dy mixture, the simulation
reproduced the experimental results, validating the computational model. Furthermore, the simulation predicted
the homogeneity on a 3D model of the solid D-T target, revealing that the ratio of Dy and T, in D-T gas deviated
significantly from the ideal 50:50 ratio. These findings are expected to contribute to improving the target
manufacturing process and refining ignition predictions.

In the Fifth chapter, the conclusion of this dissertation was provided
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