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Enhancing the thermal conductivity of phase change materials (PCMs) is attracting attention for renewable energy applications such as solar, geothermal and wind energy. The use of energy storage can significantly improve the efficiency of renewable energy systems due to their intermittent nature. Latent heat thermal energy storage is a particularly attractive technique due to its high capacity and its ability to store energy at near constant temperature corresponding to the phase transition temperature of the PCMs. Among the PCMs, paraffin wax has been widely investigated and selected for latent heat thermal energy storage applications due to its characteristics of high latent heat, chemical stability, less super-cooling, non-corrosive, and low vapor pressure.  However, most paraffin waxes have an unacceptably low thermal conductivity (e.g. paraffin: ~0.25 W/m oC). This has severely limited the application of current PCMs for high power, transient and large scale systems and is one of the major challenges facing energy industries such as renewable energies and waste heat recovery. The present work aims to overcome this undesirable property by manipulating metal fillers including nickel (Ni) nanoparticles/nanowires within the paraffin wax to improve its thermal conductivity.  The column structure of Ni fillers in paraffin wax was formed by exposing it to a uniform magnetic field while the temperature of the composite was maintained above the melting temperature of paraffin wax and then cooling down the materials quickly to its solidification temperature. The formation of magnetic dipoles in Ni fillers and the induced moments interacting with each other leads to the formation of columns of particles/nanowires under the external magnetic field. It was found that the column structure formed depends on several parameters such as strength of magnetic field, material and geometry of particles, and viscosity of melted PCMs. In addition, a finite element method is also developed to investigate the motion phenomenon for Ni fillers suspending in a non-magnetic fluid under a uniform magnetic field. The correlation between thermal conductivity, magnetic processing parameters and filler column structures will be presented in this paper.
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