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NOMENCLATURE

) © Air density [kg/m?]

Po :  Reference air density [kg/m?]

uy : Absolute fluid velocity component in direction z; [m/s]
Tij : Stress tensor components

t : Time [sec]

H . Total enthalpy [J]
F,; + Diffusion energy flux in direction z;

p :  Piezometric pressure [N/m]

S; : Momentum source [kg'm/s]

S, : Mass source

S, : Energy source

x; : Cartesian coordinate

9i  Acceleration of gravity [m/s?]

L :  length of the feature [m]
Ra; : Rayleigh Number

Gr : Grashof Number

Pr ¢ Prandtl Number

g Gravitational acceleration [m/s?]

B cubical expansion coefficient

Ty . Surface temperature of fin

Teo Temperature of fluid to stay off the fin
v : coefficient of kinematic viscosity [m?*/s]
h : convective heat transfer coefficient
Nup, ¢ Nusselt number

v
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ABSTRACT

Cooling Characteristics of a Heat Sink for LED Headlight
used in Passenger Cars

Yu, Jae Yong
Advisor : Prof. Yang, Seemoon
Department of Automotive Engineering

Graduate School of Industrial Technology

Heat sinks are the commonly used devices for enhancing heat transfer
in electronic components. An optimal of design of heat sinks is
influenced by various geometrical parameters such as fin length, fin
thickness, number of fins, base plate thickness, space between fins, fin
shape etc. Also, the design of an optimal heat sink requires a complete
knowledge of all heat transfer characteristics between the heat source
and the ambient air and thus it is essential to fully understand the
effects of given boundary conditions such as applied heat fluxes and
approach air velocities on cooling characteristics of the heat sink. The
objective of this thesis is to investigate the cooling characteristics of a
heat sink for LED headlight used in passenger cars. To this end, this
thesis deals with the experimental and numerical analysis of the heat
sink heated at constant heat fluxes with/without air flow applied.

In the experiments, heat was transferred at a constant heat flux
(ranging from 9974 W/m? to 16860 W/m?) through the bottom of a heat
sink for natural convection mode. For forced convection mode, the
bottom of the heat sink was heated at fixed heat flux of 16860 W/m?
while air flow velocity ranging from 2m/s to 6 m/s was applied around

the heat sink. Measured temperature on pre-selected locations of the

Collection @ chosun



heat sink was in good agrement with numerically predicted one.
Experimental and numerical results indicate that the convective heat
transfer coefficient for natural convection mode was decreased with
increasing the heat flux applied to the bottom of heat sink, lowering the
cooling capabilities. On the other hand, the convective heat transfer
coefficient was found to significantly increase with air flow velocities,

enhancing the cooling capabilities.

VI
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Figure 2.1 Images of a headlight assembly and a heat sink
used in this study
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TG,

(a) Cross-sectional view of the heat sink

(b) Perspective view of the heat sink

Figure 2.4 Location of thermocouples attached to the heat sink
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Figure 2.6 Air flow control through the DC-motor PWM
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Figure 2.7 Measured temperature of the heated surface on a
thermoelectric generator with air flow with respect to time
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(a) heat transfer rate with voltages
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(b) heat transfer rate with air flows

Figure 2.9 Measured heat transfer rates as a function of time

Table 2.1 Thermal properties of aluminum used for the heat sink [9]

Properties in 300K

p cp k o 10°

(kg/m®) (J/kg.K) (W/m.K) (m*/s)

2702 903 237 97.1
— 16 —
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Figure 2.10 Boundary condition given at the bottom of the heat sink
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(a) with 12 volts applied
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(c) with 6 volts applied
Figure 3.1 Measured temperatures at pre-selected location
on the heat sink
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Table 3.1 Summary of average temperature of the heat sink
for applied voltages

Applied voltages [V] Average Temperature [°C]
6 56.6
9 83.6
12 88.9
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CHOSUM UNIVERSITY

(a) Perspective view of temperature distributions for heat sink

(b) Perspective view of temperature distributions for heat sink

Figure 3.2 Computed temperature distributions of the heat sink
with 12 volts applied
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(a) Perspective view of temperature distributions for heat sink

(b) Perspective view of temperature distributions for heat sink

Figure 3.3 Computed temperature distributions of the heat sink
with 9 volts applied
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CHOSUN UNIVERSITY

(a) Perspective view of temperature distributions for heat sink

(b) Perspective view of temperature distributions for heat sink

Figure 3.4 Computed temperature distributions of the heat sink
with 6 volts applied

_23_

€*/Collection @ chosun



b

(a) Temperature contour with 9 V applied (b) streamline with 9 V applied

pe

P

(a) Temperature contour with 6 V applied (b) streamline with 6 V applied

Figure 3.5 Surface temperature contours and streamlines
for all given conditions
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Figure 3.6 Convective heat transfer coefficient plotted
as a function of heat flow
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(a) with 2 m/s applied
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Figure 3.7 Measured temperatures at pre-selected location
on the heat sink
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(c) 6m/s
Figure 3.8 Computed temperature distributions of the heat sink with air

flow applied
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Figure 3.9 Surface temperature contours and streamlines
for all given conditions
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Figure 3.10 Convective heat transfer coefficient plotted
as a function of air flow
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