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Abstract TE 159884

Performance limit, which is a state at which heat cannot be transferred with
isothermal operation condition), of a closed-end oscillating heat pipe (CEOHP) has
been thoroughly studied in this research. Utilizing the CEOHPs with temperature of
evaporator section higher than this state certianly results in tremendous increase of
thermal resistance and deterioration of CEOHP’s container. Capability of prediction
for such limit will be beneficial for all CEOHP designers and users. The research can
be mainly divided into 2 parts: quantitative experiment and quanlitative experiment.
The quantitative part focuses on systematic experiments of effects of all involved
parameters, e.g. size of capillary tube, evaportor length, number of meandering turns,
working fluid properties, inclination anlges etc., on the critical heat flux (Qc) of
performance limit. After a long period of isothermal condition, the limit can be
identified as the point just before the immediate jump of local temperature of
evaporator section. Three values of each parameters are employed in the experiments
with one of which must be a pivotal value. It is found from the experiments that, at
vertical position, aspect ratio deeply affects Qc such that increasing the aspect ratio
results in drastic decrease of Qc. Eftect of capillary size is, the higher the capillary
size, the dramatic increase of Qc can be reallized provided that it is less that the critical
size of CEOHP. Working fluid properties also affect Qc. The higher the number of
meandering turns, Qc slowly decreases. Taking care of all concerned parameters with
the hypothesis of flooding phenomenon in mind, the correlation to predict such
performance limit has been successfully established based on the dimensionless
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The latter part of this research aims to qualitatively study the effect of all concerned
parameters on internal flow pattern: of the CEOHP in order to explain why such limit
occurs and prove validity of the achieved correlation. Internal phenomena at critical
state are also clarified. From all obtained results, it could be concluded as follows;
when more heat is supplied into CEOHP, mean velocity of vapor bubble movement
increases, however, mean length or vapor bubble decreases. Internal flow pattern
changes from only slug flow at isothermal condition to combination of slug flow with
bubbly flow at critical state. The frequency of bubble movement with its amplitude
increase resulting in higher heat flux. At higher heat flux, the flooding phenomenon
intermittently occurs at the entrance of evaporator section. 1f more heat is supplied into
the CEOHP, flooding permanently occurs with dryout at the point just below flooding
phenomenon. The dryout will develop te dry patch expanding to the lower part of
evaporator. Heat flux tends to decrease after dry patch is observed but it cannot be
exactly monitored due to the insulation constraint of this qualitative experiment.
Flooding is clearly identified as a cause of critical state in CEOHP. This supports the
validity of established correlation which based on the flooding scenario. Finally the
research team has proposed the basic mathematical model to predict heta transfer
characteristics of the CEOHP based on the equations of conservation of mass, encrgy
and momentum using the MATLAB program. The model to correctly predict the
performance limit is also one of ultimate goal of our team to reach in very mear future.
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