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ABSTRACT

This thesis addressed the performance limit of a closed end oscillating heat
pipe (CEOHP) by the three following procedures: 1) an investigation of the heat
transfer characteristics at critical operation; 2) a visualization study of the internal
flow phenomena at critical operation; and 3) establishment of a mathematical model.

The focus of this study is a systematic investigation of how heat transfer
characteristics behave at the critical operating condition as the evaporator section
length, Le, the internal diameter, D, number of meandering turns and the working
fluid are varied. It was found that the critical heat flux transferred in a CEOHP with a
long evaporator section is lower than that one with a shorter evaporator section. In
terms of the influence of the dominant working fluid property, higher latent heat
associated with higher critical heat flux. With respect to the internal diameter of the
tube, it was found that as the internal diameter increased, the critical heat flux
increased. The experimental data were used to correlate the relationship between the
critical heat flux and these three parameters and the results for horizontal installation

and vertical installation, respectively, were found to be



. 1.127 1.417 05 -1.32
Kug 53680 x| 20|« SPATL Di{w}
Le hfg G

and

.-0.92 -0.212 570 0.25 1306
Kugy =0.0002x| 2 | x| SPAT| | p o -¢,) x|1+| 22
Le hfg S Pl

The standard deviations of experimental results from these correlations were £18 %
and +£29%, respectively.

The effects of internal diameter and evaporator section length on the internal
flow pattern at critical operation were observed from CEOHPs which were made from
pyrex glass tube. R123 was used as the working fluid. It was found that the main
mechanism that limits the performance of a CEOHP is the flooding phenomenon
caused by retardation of the condensate return from the condenser section to the
evaporator section. With the condensate liquid being blocked dryout occurred below.
It was observed that the flow pattern of the fluid at critical operation depends on the
magnitudes of the internal diameter and the evaporator section length. Based on an
evaporator section length of 50 mm, an annular flow pattern was observed in a small
diameter (1 mm) tube while a churn flow pattern was observed in a larger diameter
(2mm) tube. The experimental data showed that the critical heat flux in a CEOHP
with smaller diameter is lower than for a larger diameter. This may be explained by
the observation that the annular flow pattern, as occurred in a smaller diameter tube,
had long vapor slugs with thin film which could lead to flooding more easily as more
heat was applied. Based on 2 mm tube and evaporator length of 150 mm, the flow
pattern at critical operation was annular flow. Therefore, it seems that annular flow
occurred in the tube with large aspect ratio (Le/D) and churn flow occurred in the tube
with small aspect ratio. The larger aspect ratio corresponded to lower critical heat
flux.

From the quantitative and visualization study, a mathematical model was
established. The principles of pipe friction flow, basic conservation equations, the
Wallis condition equation, which indicated flooding phenomena causing dryout, and a
finite difference scheme were applied in the model to evaluate the heat transfer rate of
CEOHP at critical operation. From the mathematical model, heat transfer rates of

CEOHP at critical operation in bottom heat mode for various conditions were



Vi

calculated and compared to experimental values. It was found that the heat transfer
predicted from the model agreed with experimental values within +30.6% standard
deviation.

From all three parts of this research, it may be concluded that, in the range of
the experiment, higher critical heat flux was obtained from CEOHPs with smaller
aspect ratio using working fluid with higher latent heat of vaporization. Accordingly,
to increase the performance limit, one should design the CEOHP to have a small
aspect ratio (but must not too small to violate the limitation condition). Furthermore, a

working fluid with high latent heat of vaporization should be chosen.
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