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ABSTRACT

This thesis aims to study the effect of inclination angle on performance limit
of closed-end oscillating heat pipe (CEOHP) by quantitative experiment to investigate
the heat transfer characteristics at critical operation at any inclination angles. Then,
the cause of performance limit of inclined CEOHP is examined by visualization
study. Finally, the mathematical model to predict the critical heat flux of inclined
CEQOHP is established.

From a study of the effect of inclination angle on performance limit of closed-
end oscillating heat pipe by varying the inclination angle, the evaporator section
length, the internal diameter and working fluid were varied. It was found that the
inclination angle of operation affected the critical heat flux. The critical heat flux
increased as the inclination angle decreased. After that, the critical heat flux would
decrease as the inclination angle would be lowered to horizontal orientation. The
maximum critical heat flux is occurred in the range of 50-70 degree of horizontal
position. From the visual study, it was found that the cause of performance limit at the
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horizontal orientation was the initial dry-out because the insufficient condensed liquid
film was supplied to the evaporator section since the beginning of operation. At the
inclination angle of 5-90 degree, the cause of performance limit was dry-out due to
the flooding phenomena at the entrance of the evaporator section. The critical heat
flux transferred in a CEOHP with long evaporator section length was lower than that
transferred in the one with shorter evaporator section length for all orientation of
operation. Moreover, the internal diameter of the CEOHP had an effect on the critical
heat flux. The CEOHP with long internal diameter brought about greater critical heat
flux than that with shorter internal diameter for all orientation of operation. The latent
heat of vaporization also affected the critical heat flux of CEOHP. The working fluid
with high latent heat of vaporization had more critical heat flux than that with lower
latent heat of vaporization at any inclination angles.

From the quantitative and visual studies, a mathematical model was established.
From the establishing mathematical model to predict the critical heat flux at an
inclination angle between 10° to 90°, the equation to predict a ratio of the critical heat
flux at an inclination angle between 10° to 90° to the critical heat flux at a vertical

plane was obtained as

e _1 75sin 5 +0.80/cos £ 0.75
qc,90°

where the critical heat flux at a vertical plane (qcoo) could be calculated from
Kutateladze’s equation at a vertical plane of Katpradit et al. (2005). When comparing
the data of the critical heat flux at any inclination angles gained from the prediction
together with the results from the data of quantitative experiment, it appeared that a

standard deviation from experimental data was +27.67%.
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