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ABSTRACT

The objectives of this study are as follows: to study the heat transfer
characteristics of a closed-loop pulsating heat pipe (CLPHP) at maximum heat flux
state (MHF state); to study the internal flow patterns of a closed-loop pulsating heat
pipe at maximum heat flux state, at which the heat pipe cannot transfer heat properly;
and finally to analyze the study results together in order to establish a mathematical
model predicting the maximum heat flux and the maximum heat flux state of the
closed-loop pulsating heat pipe. The study was divided into two parts. First, a
quantitative experiment, with the tested CLPHP made of a long copper capillary tube,
which focused on the precise heat flux at any operational state. Second, a qualitative
experiment, with the tested CLPHP made of a long transparent high temperature glass
capillary tube, which focused on the phenomena inside the tube at any operational
state.  Variables such as evaporator section length, number of meandering turns,
internal diameter and working fluid type were experimentally varied. It can be
concluded from the study that the CLPHP reaches the MHF state due to dry-out of the
liquid film at the evaporator section. However, this occurs due to different causes
according to an orientation of the CLPHP. In a case of a vertical CLPHP, the dry-out
occurs because the vapour velocity is higher than the critical value, thus the heat

transfer mechanism consequently changes from counter-current slug-train to co-
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current annular flow. In the case of a horizontal CLPHP, the dry-out occurs because
the lower surface tension at high temperature associates with the gravitational force
domination, thus, the internal flow pattern changes from slug-train to stratified flow.
In addition, it was found that, although the above mentioned variables do not affect to
the cause of the MHF state, they do affect the performance limit of the CLPHP.
When number of meandering turns, the internal diameter or the latent heat of
evaporation increases, the maximum heat flux increases. On the contrary, when the
evaporator section length increases, the maximum heat flux decreases. Both parts of
the study can be analyzed together in order to establish the mathematical model in a
correlation form to predict the maximum heat flux of the vertical and horizontal
CLPHP as follows:
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