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ABSTRACT

The objective of this study is to investigate the cooling characteristics of a heat sink for an LED headlight
used in passenger cars. To this end, this study conducts the experimental and numerical analysis of the heat
sink heated at constant heat fluxes without air flow applied. In the experiments, heat was transferred at a
constant heat flux through the bottom of a heat sink. The measured temperature on pre-selected locations of
the heat sink was in good agreement with the numerically predicted one. The experimental and numerical
results indicate that the convective heat transfer coefficient for the natural convection mode was decreased by
increasing the heat flux applied to the bottom of heat sink, lowering the cooling capabilities.
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Fig. 1 Schematics of experimental apparatus
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Fig. 4 Measured temperature of the heated surface on a

thermoelectric generator as a function of time

(c) with 6 volts applied
Fig. 5 Measured temperatures at pre-selected location

on the heat sink
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Table 2 Summary of average temperature of the heat
sink for applied voltages

Applied voltages [V]  Average Temperature ["C]

6 56
9 83
12 88

(c) with 6 volts applied

Fig. 6 Computed temperature distributions of the
heat sink
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Fig. 7 Convective heat transfer coefficient plotted as T, Stress tensor components

a function of heat flow
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t : Time [sec]

H . Total enthalpy [J]

F) n, - Diffusion energy flux in direction x;
S; : Momentum source [kg-m/s]

S, Mass source

S, : Energy source

z; . Cartesian coordinate

9i  * Acceleration of gravity [m/ 32]

L . length of the feature [m]

Ra; @ Rayleigh Number

Gr @ Grashof Number

Pr @ Prandtl Number

g Gravitational acceleration [m/s”]
B . cubical expansion coefficient

Ts ¢ Surface temperature of fin

T, : Temperature of fluid to stay off the fin

v © coefficient of kinematic viscosity [m?*/s]
h : convective heat transfer coefficient
Nu, : Nusselt number
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