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Advances in finite volume and lattice Boltzmann method simulation of melting in latent heat thermal 
energy storage systems 

Modeling and numerical simulation for solid-liquid phase-change problem has become an active area in the last several 
decades due to its wide applications in energy systems as well as thermal manufacturing, building systems and in thermal 

energy storage systems. Phase-change thermal energy storage systems can store thermal energy while being subjected to heat 
input and then release it to the environment over a long period of time. Therefore, they are especially suitable for space 
applications involving pulsed power loads, such as a large amount of heat rejection from a power cycle in a short period 
of time. Advances in numerical simulation of natural convection controlled melting for latent heat thermal energy storage 
system which has been systematically investigated by our group. An interfacial tracking model is developed to simulate melting 
in an enclosure with presence of natural convection. It obtains the melting front location by calculating energy balance at 
solid-liquid interface and is a simple and convenient method to solve the solid-liquid phase-change problem. It combines 
the advantages of the both deforming and fixed grids methods and can handle natural convection-controlled melting and 
solidification problems. Melting in porous media within a rectangular enclosure with presence of natural convection is also 
simulated using the interfacial tracking method. Convection in the liquid region is modeled using the Navier-Stokes equation 
with Darcy’s term and Forchheimer’s extension. A hybrid lattice Boltzmann and finite volume model is proposed to solve the 
natural convection controlled melting problem. Lattice Boltzmann Method (LBM) is applied to solve the velocity field while 
the temperature field is obtained by the Finite Volume Method (FVM). Three-dimensional melting problems are investigated 
numerically with Lattice Boltzmann method (LBM). Multiple-Relaxation-Time (MRT) models are employed to simplify the 
collision term in LBM and temperature and velocity fields are solved with double distribution functions, respectively. 
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