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Abstract

The objective of this research is to experimental study in the heat transfer characteristics of
closed-loop oscillating heat pipe (CLOHP) which control the flow direction of working fluid by itself.
Closed-loop oscillating heat pipe with non-uniform diameter (CLOHP/NUD) consists of alternative of
two different capillary diameters through the pipe length. The effect of temperature, number of turn,
type of working fluid, diameter ratio and length ratio on the heat transfer will be studied. The
evaporator section of CLOHP/NUD is heated by hot silicone oil. The condenser section of
CLOHP/NUD is cooled by mixture of water and ethylene glycol at 1:1 by volume. The evaporator,
adiabatic and condenser temperatures will be recorded to observe the direction of working fluid inside
CLOHP/NUD. The temperature and mass flow rate of cooling media at inlet and outlet condenser
section will be recorded to calculate the heat transfer. The experimental process is started by
supplying the silicone oil at evaporator section, then the temperature at all position will be recorded

when the system reach the steady state.

The mathematical model is established from governing equation, which consists of continuity
equation, momentum equation and conservation of energy. The boundary and physical conditions
from the previous study will be used. The domain of working fluid inside the CLOHP/NUD is divided
to three parts; they are vapor plug, liquid slug and liquid film. Three assumptions of the modeling are;
the pressure drop at the bend is small, the liquid is non-compressed and perfect gas is included.
Solution for all of basic governing equations has been determined by the explicit finite element

method except the solution of momentum equation of liquid slugs was obtained by implicit finite



element method. The result of the simulation program shows the vapor and liquid flow patterns and

the heat transfer rate.

From the experimental results, it was found that the circulation of working fluid inside
CLOHP/NUD can be controlled; result in the heat transfer rate of CLOHP/NUD has higher than
conventional CLOHP. The heat transfer rate will increase when the length ratio decrease; due to the
pressure drop of the connecting point and the number of connected point was small. The maximum
heat flux was 20.85 kW/m’ at 0.2 of the length ratio and the working fluid as R123. While, at 1.0 of
the length ratio had only 15.49 kW/m’ heat transfer rate. Heat transfer of CLOHP/NUD with R123 as
working fluid had higher than ethanol and water. The non-uniform diameter of CLOHP causes of the
one direction circulation. The vapor flow to the condenser in the bigger tube and the liquid will flow

backward to the evaporator section in the small tube.

The modeling result shows the pattern of vapor and liquid movement consistent with the
definition of conventional CLOHP. The numerous liquid slugs were found at the condenser section.

The heat transfer rate from the model was 32.49 % different from the experimental result.
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