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Abstract: Effects of pin-perforation shape on the thermal enhancement factor of pin-fin heat sink via
numerical simulation are presented here in this study. The material for the pin-fin heat sink is assigned
to be an aluminum alloy, and the shape of the pin fins on the heat sink is circular. The heat source
generating 45 W of heat flux is placed on the bottom of the heat sink. The inlet air temperature and
velocity are 300 K and 5.2 m/s, respectively. The numerical air-flow model of steady turbulent main flow
follows the standard k — ¢. Four pin-perforation shapes on pin fins are diamond, triangular, hexagonal,
and circular of which all share the same ratio of the air/heat-sink interfacial surface area (ISA) to the
total volume of the heat sink (TVH) of approximately 0.54 mm™. The lowest to highest Nusselt number
(Nu), which represents the convective heat transfer efficiency, is found in diamond-perforation,
triangular-perforation, hexagonal-perforation, and circular-perforation pin-fin heat sink, respectively. The
lowest to highest pressure drop (AP), which signifies the hydraulic friction loss due to airflow restriction
caused by pin-fin heat sinks, is found in circular-perforation, hexagonal-perforation, diamond-perforation,
and triangular-perforation pin-fin heat sink, respectively. Lastly, the thermal enhancement factor (TEF), a
ratio of the convective heat transfer efficiency to friction loss, from the lowest to highest are diamond-
perforation, triangular-perforation, hexagonal-perforation, and circular-perforation pin-fin heat sinks,
respectively. The circular-perforation pin-fin heat sink is shown to yield the highest TEF which is 43.1%

higher than that of the pin-fin heat sink without pin-perforation.
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