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Abstract

This research aims to analyze the heat transfer phenomena of a boiling process
inside a thermosyphon heat pipe operating under ultrasonic wave. We has illustrated
the relationship between convective heat transfer coefficient and temperature of inlet
heat transfer fluid (water) at evaporator section, and heat pipe’s inclination angle to
horizontal line.

The experimental study was carried out using three types of working fluids;
water, methanol and acetone. The copper heat pipe has 2.75 cm inside diameter, 120
cm long, 0.13 cm thickness and without fin. It composes of 50 cm evaporator section,
20 cm adiabatic section and 50 cm condenser section. Ultrasonic wave generating
frequency in the range of 8 kHz to 14 kHz was applied to the bottommost of the
evaporator section. Heating and cooling of evaporator and condenser sections was
done by circulating hot and cold water through the jacket of heat pipe. Temperature of
hot water representing heat source was varied from 50 °C to 80 °C. The filling ratio of
working fluid was 50% and 100%.

The experimental results showed that ultrasonic wave could increase
convective heat transfer coefficient of evaporator section up to 400% maximum, when
inlet water temperature was 50 °C. However, at higher inlet water temperatures, the
use of ultrasonic was not significantly improving internal heat transfer coefficient.
The best ultrasonic frequency for heat transfer enhancement was 8 kHz. Moreover,
the inclination angle about 30 degree resulted in the highest performance.

Empirical models were developed based on experimental results to predict the
boiling thermal resistance of heat pipe, in case of with- and without- ultrasonic waves
(Z;, and Z,,,, ) for methanol, acetone and water. The models below can predict

the boiling thermal resistance inside heat pipe quite satisfactory.
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The use of ultrasonic helps to increase convective heat transfer coefficient as
well as heat transfer rate at the evaporator of thermosyphon heat pipe. Especially, in
case of operating temperature at evaporator lower than boiling point, the improvement

of heat transfer rate is significant. In contrary, at temperature reaches boiling point,
ultrasonic wave could not enhance heat transfer rate.



