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Abstract: Reducing energy losses from building walls can be an important part of energy
resource management. Here, various structures of building roofs are investigated in order to
find the best structure to reduce energy waste. Four different structures in which phase
change materials (PCM) are tested and compared. The effect of various parameters, including
Stefan and Rayleigh numbers, which depend on the difference between the inside and
outside design temperature of the building, has been investigated. In order to study the
problem, the Navier-Stokes equations, as well as the energy equation through the solid
structure of the roof and the equations related to melting process and energy transport for
phase change materials applied in the roof structure, have been solved. The outcomes mainly
show that using one block of PCM in the roof structure leads to faster melting compared to
multiple layers. A 200% increase in the melting speed is achieved when a single PCM block is
located right above the hot boundary. Adding a hollow brick between the hot source and the
PCM block leads to the highest thermal resistance. It is also shown that increasing Rayleigh
and/or Stefan numbers enhances the heat transfer, PCM melting and melted PCM flow
intensity. The melting speed increases 4 and 8 times on average when Stefan number is
changed from 0.01 to 0.12, for Rayleigh number of 104 and 106, respectively. Also, for low
Stefan number, the melting speed is almost 100% higher on average when Rayleigh number is
raised from 104 to 106. the average Nusselt number can be doubled in the optimal
configuration when Rayleigh number is increased from 104 to 106, for high Stefan number.
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