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ABSTRACT

The purpose of thisthesis is to investigate and evaluate the porosity
characteristics of various wick designed for the highest thermal performance in
miniature heat pipe. Mathematical model has been developed as an efficient tool to
design heat pipe employing the optimization condition between normal working
condition and maximum heat transfer rate. The maximum heat transfer rate at the
optimum void fraction and under operating conditions corresponding to other factors
affecting the behavior of heat pipe can be predicted by using the established model.
Results from calculation have been validated by the actual testing of heat pipe. Heat
pipe performance was tested and heat pipes consist of three sections: the evaporator,
adiabatic section and condenser. Lengths were 31 mm,100 mmand69 mm,
respectively. A sintered wick structure was used. Wicks were made from spherical
copper powder having average diameters of 50, 100, 150, 200, 250 and 300 microns.
Wick thicknesses used were 0.4mm, 0.5mm and 0.6mm. Sintering temperatures varied
from 850°C to 1200°C. The copper powder was inserted into heat pipes made of
copper tube with an outside diameter of 6 mm and length of 200 mm. Wick porosity



was measured as a function of void fraction. It was determined that a wick thickness
of 0.4 mm with spherical copper powder diameters of 50, 100 and 200 microns will
have void fractions of 0.46, 0.507 and 0.535, respectively. For heat pipe with a wick
thickness of 0.5mm using copper powder diameters of 50, 100 and 250 microns, void
fractions are 0.453, 0.483 and 0.521, respectively. And heat pipe with a wick
thickness of 0.6 mm and copper powder sizes of 50, 100, 150, 200 and 300 microns
has representative void fractions of 0.42, 0.43, 0.45, 0.49 and 0.51 respectively. Heat
pipe was filled with water as the working fluid. The test started by supplying heat to
the evaporator section and waiting for the heat pipe to reach it’s a steady state.
Temperatures and other parameters were recorded. After that heat loads were
increased until the maximum (upper limit) heat transfer rate was observed. These
steps were repeated for heat pipes at inclination angles of 0 degrees, -45 degrees and -
90 degrees. Results showed that heat pipe with a wick thickness of 0.6 mm had higher
efficiency than pipes with thicknesses of 0.4mm and 0.5mm. The maximum values of
heat transfer for thicknesses of 0.6mm, 0.5mm and 0.4mm were equal to 80W, 60W
and 35W, respectively. With the wick thickness of 0.6 mm, the optimum void
fraction has been found to be 0.51 with the heat transfer rate of 80W. The inclination
angles of 0, -45 and — 90 degree provided the maximum heat transfer rate of 80 W, 45

W and 25 W respectively. The heat transfer rate, Q, under normal operation can be

also predicted with the error of +10.45% ;
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The maximum heat transfer rate, Q can be also predicted with the error of to
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