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Evaluation on the Cooling Performance to Design Heat sinks for LED lightings
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In comparison with some other light sources, LED has merits such as increased life expectancy,
fast response, pollution free, and high energy efficiency. Lately, due to development of LED with
high brightness and capacity, LED has widely used in many industrial fields such as automotive,
aviation, display, transportation and special lighting applications. Since the high heat generation
of LED chips can cause a reduction in lifetime, degradation of luminous efficiency, and variation
of color temperature, studies have been carried out on the optimization of LED packaging and
heat sinks. In this study, experiments on measuring the heat generation rate of LED and the
cooling performance of a heat sink were carried for analyzing the thermal characteristics of LED
lighting system in free convection. From the results, dimensionless correlation on the cooling
performance of heat sink in natural convection was proposed with Nusselt number and Rayleigh
number as a guideline for designing cooling device of LED lightings.
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71543 B= Volumetric thermal expansion coefficient, K™!
v = Coefficient of kinematic viscosity, m%/s

Nu = Nusselt number

Ra = Rayleigh number 1. ME

Pr = Prandtl number
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(a) Schematic diagram of experiment

(b) Cooling block and PCBs
Fig. 1 Experimental set up for measuring the heat flow
rate of LEDs
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Table 1 Experimental results for heat generation rate of
LED
Temperature( C) 26.5 | 42.0 | 51.0 | 62.8
Input voltage(V) 219 | 21.6 | 214 | 212
Input energy(W) | 39.42 | 38.88 | 38.52 | 38.16
Generated heat(W) | 33.38 | 29.89 | 31.22 | 31.27
Heat generationrate | 0.84 | 0.77 | 0.81 0.82
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Fig. 2 Heat generation rate and input voltage at various
temperature
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(b) Velocity vector of natural convection flow

Fig. 4 Analysis result on the thermal characteristic of heat
sink
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Fig. 5 Experimental set up for measuring the cooling
performance of heat sink
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Table 2 Experimental results for cooling performance of

heat sink
Heat flow Temp. Heat transfer
rate(W) | difference(C) coefficient (W/m2K)
12.7 14.7 34
14.9 16.6 3.5
19.8 21.0 3.7
22.4 22.6 3.9
26.8 25.9 4.0
32.5 29.1 4.4
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Fig. 6 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
Heat flow rate(W) Nu Ra

12.7 17.9 3.87E+06
14.9 18.7 4.41E+06
19.8 19.6 5.51E+06
22.4 20.5 5.95E+06
26.8 21.5 6.80E+06
32.5 232 7.61E+06
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Fig. 7 Nu number versus Ra number
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Fig. 8 Estimated surface area for cooling with respect to
heat flow rate and temperature difference (air
temperature 303K, L = 140mm)
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