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ABSTRACT

This thesis aims to study the heat transfer characteristics of a closed-end
pulsating heat pipe (CEPHP) at any inclination angle. The principles, basic governing
equations and the conditions of the real phenomena inside the CEPHP in the visual
study were applied to the model to evaluate the heat flux of the CEPHP. Moreover,
the calculated results were compared to the data in the experiment in both the
quantitative and qualitative part to confirm the accuracy. This mathematical model
also investigated the effect of the evaporator temperature and the inclination angle on
the heat transfer characteristic of the CEPHP.

In order to clearly observe the internal flow patterns, the CEPHP was made of a
Pyrex glass tube, which was especially-designed so as to be able to inspect all parts of
the CEPHP. An electric heater was employed to transfer heat onto the side of the
CEPHP and heat was released by a cooling fluid. It was found from the operating
cycle that: after supplying heat to evaporator section, nucleate boiling was observed
inside liquid slug at the wall of the tube. Small bubbles departed from the wall and
expanded both axially and radially. These vapor plugs gained more buoyancy force
and pushed the liquid slug upward to release heat at the condenser section. Due to the
high compress force of vapor plug, the liquid slug flowed down as liquid film. The

length of liquid slug was gradually decreased, finally the vapor plug merged with



another plug forming long vapor. Simultaneously, the short and long vapor plugs
which released heat at the condenser section condensed and flowed down as liquid
film. The liquid film flowed down to accumulated at the lower bend. If the vapor plug
occupied at the lower bend, it would separate into 2 small vapor plug, but in case that
the liquid slug occupied there, the liquid film simply increased the level of liquid slug.
It was also noted that the fast movement of working fluid from the evaporator to
condenser section occurred at the inclination angles of 60-80 degree from horizontal
axis or highest evaporator temperature.

The mathematical model was established from the governing equation
(conservation of mass, momentum equation and conservation of energy) of the
working fluid inside the CEPHP and solved by the finite difference method (explicit
and implicit scheme). Moreover, the results from the visual study were added to the
model such as, the flow of the liquid film, the accumulation of liquid at the lower
bend and new bubble generation. This model showed the good dynamic movement of
the vapor and liquid and all the phenomena from the model showed the same results
as the visual study. Moreover, the mathematical model showed that the heat transfer
had a fairly good tendency. The difference in the heat flux from the experiment to the
model was about 13%and the maximum heat flux was obtained at an inclination

angle of about 60-80° from horizontal.
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