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ABSTRACT

This thesis work studies the performance of a wire-on-tube heat exchanger
using an oscillating heat pipe as an extended surface under the natural convection and
forced convection conditions. The unit was oriented in the horizontal and vertical
directions, and the effects of parameters such as tube diameter and tube and wire
pitches were considered in the analysis.

The first part investigates performance of a wire-on-tube heat exchanger that
uses an oscillating heat pipe as an extended surface under natural convection. The
results were compared with those of a conventional wire-on-tube unit. The heat
exchanger exchanges heat between hot water flowing inside the tube, which was
varied from 50 to 85 °C, and the surrounding ambient air at 25 °C. The tested unit was
installed in the horizontal and vertical directions. The effects of tube diameter and
tube and wire pitches on thermal performance were considered. The results showed
that the performance of the heat exchanger with an oscillating heat pipe was slightly
higher than that of the conventional wire-on-tube heat exchanger. It was also found
that the air-side performance of the heat exchanger was directly proportional to the
tube diameter and tube and wire pitches. Moreover, when the heat exchanger was
installed horizontally, its performance was approximately 15-20% higher than that of
the unit in the vertical installation. A heat transfer model for evaluating the heat
exchanger performance is also developed, and the results agreed well with the

experimental data.



The second part was visual study on physical phenomena inside the closed-
loop oscillating heat pipe (CLOHP) when using as a wire fin for a wire-on-tube heat
exchanger operating under natural convection was investigated in this work. The
tested CLOHP was a capillary tube made of glass tube having internal diameters of 1
and 2 mm. The glass capillary tube was attached to the copper tube panel. The tube
pitch of the tube panel was varied between 30, 40 and 50 mm. R123, acetone and
methanol were used as working fluids with 50% filling ratio. The tube panel was
placed in both horizontal and vertical orientations. It was found that R-123 could boil
easier than acetone and methanol because of its low boiling point. Moreover, it was
found that the Bond number played an important role in controlling the flow of
bubbles inside the capillary tube.

The third part investigates performance of a wire-on-tube heat exchanger that
uses an oscillating heat pipe as an extended surface under forced convection. The
results were compared with those of a conventional wire-on-tube unit. The
experiments for this heat exchanger were performed in a wind tunnel by exchanging
heat between hot water flowing inside the tube, which was varied from 40 to 80 °C,
and the air stream flowing across the external surface while the inlet air temperature
was kept constant at 25 °C. R123 was selected as a working fluid of the oscillating
heat pipe. The results show that the performance of the heat exchanger with the
oscillating heat pipe was slightly higher than that of the conventional wire-on-tube
heat exchanger. It was also found that the fin efficiency of the heat exchanger was
directly proportional to the tube diameter and tube and wire pitches. A heat transfer
model for evaluating the heat exchanger performance was also developed, and the

results agreed well with the experimental data.
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