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Two-dimensional development of the Ziokovich method to simulate the melting
process of phase change material with nanoparticles
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Abstract

The use of latent heat in the phase change process is one of the most important methods in the energy storage or control of thermal processes. Phase
change materials with high latent heat are one of the best ways to store thermal energy. The present study aims to develop a one-dimensional Zikovich
model with a numerical investigation of the effect of adding nanoparticles with high thermal conductivity to phase change materials in the presence of
the fin and two-dimensional conditions. The effect of using nanoparticles on the thermophysical properties of PCM will also be considered with the
help of existing relationships. On the other hand, by dividing the computational field into two parts consisting of PCM and fin, the governing
equations are extracted separately. In this regard, after extracting the two-dimensional energy equation and applying the effects of phase change, an
explicit equation is obtained to calculate the temperature and liquid fraction. The process of validating numerical results is done by analytical
relationships in one-dimensional conditions and two-dimensional numerical results. It was observed that adding nanoparticles in combination with
each other, is much more efficient than using them one by one. It is worth mentioning that the project was executed by coding in the Fortran
programming environment. To simplify the governing equations, the effects of natural convection have been neglected. The main challenge in
implementing the numerical process of the model is to determine the start and end time of the melting process in each node and modify the governing
equations to correct the position of the melting front.
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