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Abstract

A novel surface structure comprising dendritically ordered nano-particles
of copper was developed during the duration of this thesis research project.
A high current density electrodeposition process, where hydrogen bubbles
functioned as a dynamic mask for the materials deposition, was used as a
basic fabrication method. A post processing annealing treatment was further
developed to stabilize and enhance the mechanical stability of the structure.

The structure was studied quite extensively in various pool boiling
experiments in refrigerants; R134a and FC-72. Different parameters were
investigated, such as; thickness of the porous layer, presence of vapor escape
channels, annealed or non-annealed structure. Some of the tests were filmed
with a high speed camera, from which visual observation were made as well
as quantitative bubble data extracted. The overall heat transfer coefficient
in R134a was enhanced by about an order of magnitude compared to a plain
reference surface and bubble image data suggests that both single- and two-
phase heat transfer mechanisms were important to the enhancement.

A quantitative and semi-empirical boiling model was presented where the
main two-phase heat transfer mechanism inside the porous structure was
assumed to be; micro-layer evaporation formed by an oscillating vapor-liquid
meniscus front with low resistance vapor transport through escape channels.
Laminar liquid motion induced by the oscillating vapor front was suggested as
the primary single-phase heat transfer mechanism.

The structure was applied to a standard plate heat exchanger evaporator
with varying hydraulic diameter in the refrigerant channel. Again, a 10 times
improved heat transfer coefficient in the refrigerant channel was recorded,
resulting in an improvement of the overall heat transfer coefficient with over
100%. A superposition model was used to evaluate the results and it was found
that for the enhanced boiling structure, variations of the hydraulic diameter
caused a change in the nucleate boiling mechanism, which accounted for
the largest effect on the heat transfer performance. For the standard heat
exchanger, it was mostly the convective boiling mechanism that was affected by
the change in hydraulic diameter.

The structure was also applied to the evaporator surface in a two-phase
thermosyphon with R134a as working fluid. The nucleate boiling mechanism
was found to be enhanced with about 4 times and high speed videos of the
enhanced evaporator reveal an isolated bubble flow regime, similar to that of
smooth channels with larger hydraulic diameters. The number and frequency
of the produced bubbles were significantly higher for the enhanced surface
compared to that of the plain evaporator. This enhanced turbulence and
continuous boiling on the porous structure resulted in decreased oscillations in
the thermosyphon for the entire range of heat fluxes.
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