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Effect of Heat Transfer Fluid Flow Direction on the Thermal Performance of Vertical
Shell-and-Tube Heat Storage Tanks Containing Phase Change Material During
Charging and Discharging Processes

A. Shafiei Ghazani
A. H. Gholamzadeh

Department of Mechanical Engineering, Sahand University of Technology, Tabriz, Iran

Department of Mechanical Engineering, Sahand University of Technology, Tabriz, Iran

Abstract

In this study, using numerical simulation, the effect of the heat transfer fluid flow direction on the thermal performance of a vertical
shell-and-tube storage tank containing phase change material (PCM) was investigated during the charging and discharging
processes. Three different shell thicknesses, but with the same volume, were considered. The results showed that with a decrease in
shell thickness, due to the increased length and heat exchange surface area and the reduction in thermal conduction resistance within
the PCM, the melting and freezing times decreased. Specifically, by reducing the shell diameter from 2.2 cm to 1.9 cm, the melting
time decreased by 32% and the freezing time by 39%. It was also concluded that although changing the flow direction from
downward to upward during melting reduces the total melting time by 15.9%, the downward flow direction, due to its better
performance in storing sensible thermal energy, exhibits a higher rate of thermal energy storage. A similar result was obtained for
the freezing process, where upward flow showed better performance in energy discharge.

Keywords: Energy Storage, Energy Discharge, Phase Change Material, Vertical Shell-and-Tube, Flow Direction, latent heat.
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