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ARTICLE INFO ABSTRACT

phase change material (PCM)-based thermal energy storage systems. The examined factors
Article Type include fin spacing, incorporation of aluminum oxide (Al,03) nanoparticles into the PCM, fin
Original Research material (aluminum, copper, titanium), and enclosure geometry (rectangular, square,
triangular, and parallelogram). Reducing fin spacing improved heat transfer during early
melting stages; however, excessively small spacing (e.g., 5 mm) restricted natural convection,
reducing the melting rate in later stages. Optimal performance was achieved with aluminum
fins at 7.5-10 mm spacing, balancing conduction and convection. Adding Al,03 nanoparticles
increased the PCM’s effective thermal conductivity and reduced total melting time by up to
5%. Fin material analysis showed that aluminum and copper, due to higher thermal
conductivities, outperformed titanium. Aluminum fins offered the best compromise between
performance, weight, and cost. Enclosure geometry also played a significant role: the
rectangular design yielded the shortest melting time, reducing it by 60% compared to the
square, 44% compared to the triangular, and 34% compared to the parallelogram enclosures.
This improvement is attributed to better fin distribution and more efficient natural

Article History convection flow within the rectangular chamber. Overall, the results provide practical
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Fig. 2 Various studied geometries

Table 1 Studied cases
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Case Number of Fins Fin pitch (z) Fin length (h) Fin thickness (t)
1 3 40 25 4
2 6 20 25 2
3 12 10 25 1
4 16 7.5 25 0.75
5 24 5 25 0.5
o Sjudg0ys (oly> ¥ Jgaz
Table 2 Thermophysical Properties of the Materials
Material properties Lauric acid Aluminum Al203 Copper Titanium
Density (kg/m?) 885 2700 3600 8978 4850
Thermal conductivity (W/mK) 0.14 130 36 381 544.25
Specific heat capacity (J/kgK) 2390 900 765 387.6 7.44
Coefficient of thermal expansion (1/K) 0.0008 - 0.0000085 - e
Dynamic viscosity (Pa.s) 0.0059 e e e e
Melting/freezing temperature (K) Stees L
321.35
Latent heat (J/kg) 187210 e e e e
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Fig. 3 Mesh configuration used in the simulations
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