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The objectives of this project were to study the thermal performance, to study the
effects of various parameters on the thermal resistance of the closed-loop pulsating heat pipe
under centrifugal acceleration (CLPHPuUCA), and to establish the correlation to predict the
thermal performance of the CLPHPuCA. Recently, the CLPHPuUCA has been officially renamed
as the rotating closed-loop pulsating heat pipe (RCLPHP) and this name will be used instead
beyond this point. The RCLPHPs used in this project were made from a long copper capillary
tube of which the inner diameters were 1.5 and 1.78 mm. They were bent into undulating turns
with 11, 22, and 33 turns in the vertical plane around the circumference of a shaft of a test
section which was driven through belt and pulley drivetrain by a DC motor. Rotational speeds of
the RCLPHP were controlled and measured by the speed controller and speed sensor,
respectively. The rotational speed was varied to generate various centrifugal accelerations of
0.5, 1, 3, 5, 10, and 20 times of the gravitational acceleration. The evaporator and the
condenser section lengths were kept in the same length in each test set consisted of 50 and
100 mm. The RCLPHPs were evacuated and individually filled with R123, ethanol, and water as
working fluid with the filling ratio of 25, 50, and 75% of total volume inside the heat pipe.
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Electrical annular-plate heaters of which input heat rate was controlled and measured by a
heater controller and Watt meters, respectively, were used as a heat source of the evaporator
section. The input heat rates were varies from 24 to 42, 86, 132, and 174 W. The condenser

section releases the heat to surrounding air of which temperature was controlled constantly at

25+1 °C by the split-type air-conditioning system. The experiment started after input heat rate
and rotational speed of the shaft were adjusted. When steady state was reached, electrical
power supplying to heaters was measured and actual input heat flux could be calculated. In the
meantime, the temperature at each point was recorded. Thermal performance, which was
analyzed in a term of the thermal resistance per unit area, was consequently obtained. It could
be found from the studies that when the centrifugal acceleration, and the input heat rate
increased, the thermal resistance decreased, the thermal performance increased. On the other
hand, when the evaporator section length, the inner diameter, the latent heat, and number of
turns increased, the thermal resistance increased, the thermal performance decreased.
Moreover, the most suitable working fluid’s filling ratio was found to be 50% by total volume.
Nine groups of dimensionless parameters involving in the thermal performance of the RLPHP
were determined by the Buckingham Pi Theorem analyses. Thermal performance, which was
analyzed in a term of Kutateladze number, was finally obtained. When Froude number, Karman
number, Bond number, and Prandtl number increased, Kutateladze number increased, thermal

performance increased. On contrary, when Jacob number, aspect ratio, number of turns,

(cpATe_C/Diz(Dz), and (kATe_C/Di4O)3p) increased, Kutateladze number decreased, thermal
performance decreased. According to the studies on effects of various parameters and the
analyses on effects of dimensionless parameters on the thermal performance of the RCLPHP,
the correlation to predict the thermal performance of the RCLPHP has been established with the
percentage standard deviation of error of £14%. The basic knowledge and the correlation
established from this project were expected to be very useful to any heat pipe designers, people
involving in heat pipe manufacturing industries, and heat pipe researchers, who concerned in

heat-releasing applications of RCLPHP on various turbo-machineries or rotating devices.

Keywords: rotating closed-loop pulsating heat pipe, centrifugal acceleration,

thermal performance, thermal resistance, correlation
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