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A critical materials issue for all nuclear reactor systems, including Generation IV reactors, is the degradation of thermal conductivity due to irradiation damage.  For instance, the ever-decreasing thermal conductivity of the nuclear fuel due to increasing porosity can eventually lead to overheating of the central part of the pellets during use.  In this work, we perform mesoscale computer simulations in order to better understand how porosity as well as microstructural evolution (i.e., grain growth) effect the thermal conductivity of nuclear fuel as well as structural materials.  

Phase field modeling is used to simulate grain growth in polycrystalline systems containing finely dispersed voids of varying size and volume fraction that induce a pinning effect on grain boundary migration [1].  At any specific time step, the overall temperature distribution of the microstructure throughout time is determined by solving a variable-conductivity Poisson equation, in which grain boundary and void regions are assigned reduced and zero conductivity, respectively.  The finite difference method using a rectangular grid of several million points is used to discretize the governing equations and the solution is obtained using massively parallel computing.  
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