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Abstract: An efficient cooling system is essential for the electronic packaging such as a high-luminance

LED lighting. A special heat transport technology,

Pulsating Heat Pipe (PHP),

can be applied to the

cooling of LED lighting. In this paper, the operational characteristics of the PHP in the imposed thermal
boundary conditions of LED lighting were experimentally investigated. The experimental PHP was made
of copper tubes of internal diameter of 2.1 mm. The working fluids of ethanol, FC-72, water, acetone and

R-123 were chosen for comparison.

The results showed that an optimum range of charging ratio exists

for high cooling performance: 50% for most of the fluids. Among the five working fluids, water showed
the highest heat transfer rate of 260 W. Two distinguished characteristics of pulsating direction were

identified. [t is also identified that high vapor pressure gradient is one of key parameters for better heat

transfer performance.
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Fig. 1. Schematic of closed-loop tvpe pulsating heat
pipe.

Fig. 2. Construction of 30 W explosion-proof LED light
cooling system using pulsating heat pipe [11].
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Fig. 3. Schematic of experimental apparatus.
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Table 1. Experimental parameters.

Diameter 2.1 mm
Channel 16 channel (8 turns)
Incline 90°, (Bottom heat)
Temperature H%‘%pg ngl_{pg
Working Ethanol, FC-72, water,
Fluids Acetone, R-123
Charging {
ngm 0-70 vol.%
Water Slow 1 LPM 05 LPM

Table 2. Physical properties of saturated fluids at 1 atm.

Properties Ethanol FC-72 Water Acetone R-123
Toer L 78.3 56.6 100 58.1 218
pr, kg/m’ 57 1600 958 749 1457
pe, kg/m’ 1.57 1343 0.60 227 6.47
crnk]/kgK  2.580 1102 4217 2204 1.023
Hy, kJ/kg 9600 94.8 2257 501.4 170.2
k. W/mK 0153 0.054 0.68 0.15 0.076
nmPass 0.441 0425  0.282 0.235 0.404
0, mN/m 17.46 8.35 58.91 18.79 14.84
Derit, mm 3.07 1.47 5.01 320 2.04
ddl. 14 265 062 28 635
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