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Abstract: To ensure proper functioning of electrical and mechanical systems, cooling devices are of great importance.
A heat sink is the most common cooling device used in many industries such as the semiconductor, electronic
instrument, LED lighting, and automotive industries. To design an optimal heat sink, the required surface area for heat
radiation should be calculated based on an accurate expectation of the heat flow rate in the target environment. In this
study, the convective heat flow characteristics were numerically investigated for a vertically installed typical heat sink
and a horizontally installed one in free convection using ANSYS CFX. Comparative experiments were carried out to
reveal the quantitative effect of the installation direction on the cooling performance. Moreover, the result was analyzed
using the dimensionless correlation with the Nusselt number and Rayleigh number and compared with well-known
theories. Finally, it was observed that the cooling performance of the vertically installed heat sink is approximately
10~15% better than that of the one in natural convection.
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Table 1 Specification of heat sink

Dimension of base

200mm x 140mm

Height of fin 41.5mm
Thickness of fin 2mm
Pitch of fins 7mm
No of fins 20
Material Aluminum

(a) Horizontally installed

A

(b) Vertically installed

Fig. 1 Installation direction of heat sink
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(c) Surface temperature

Fig. 2 Predicted flow and temperature profile of
vertically installed heat sink
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Fig. 3 Predicted flow and temperature profile of the
horizontally installed heat sink
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Fig. 5 Heat transfer coefficient and temperature
difference at various heat flow rate
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Table 3 Ra versus Nu at various heat flow rate
Installation Heat flow Nu Ra
direction rate (W)
11.95 21.54 3.15E+06
18.41 23.07 4.29E+06
Vertical 23.21 24.95 5.00E+06
ertica 25.81 24.83 4.83E+06
28.14 25.81 5.84E+06
34.32 26.49 6.91E+06
12.66 17.90 3.87E+06
14.95 18.74 4.41E+06
Horizontal 19.76 19.57 5.51E+06
22.37 20.55 5.95E+06
26.84 21.53 6.80E+06
32.53 23.24 7.61E+06
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