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t t Abstract

A surface is characterized as superhydrophobic when the contact angle it forms with a water
droplet is above 150A and its hysteresis angle
effect of the surface tension of a liquid in relation to the adbdsrces of the droplet with the

surface, while the hysteresis angle represents the uniformity of the surface. To achieve
superhydrophobicity, it is necessary to have an appropriatgriggoy which will minimize

the contact of the surface with the deipand a low surface energy of the surface, which will

reduce the adhesive forces with the droplet.

In recent yearssuperhydrophobization of surfaces lthawn the attention of the scientific
community due to its potential for application in many industrial and technological sectors, and
particularly because of the possibilities it offers in terms of energy saving and optimization of
existing processes. Spécally, the icephobic properties that superhydrophobization provides

to wind turbineor aircraftblades result in the reduction of asymmetric stresses and, therefore,
maintenance requirements, while simultaneously increasing their operational intervals
Additionally, the superhydrophobization of ship hulls contributes to the reduction of resistance
during sailing, avoidance of algae adhesion, and consequently, reduction in the need for dry
docking and simultaneous fuel savings. The superhydrophobizatidouid transport pipes

results in the reduction of friction developed between the liquid and the pipe, thus minimizing
the energy required for their transport. Finally, the most significant contribution of
superhydrophobicity to global energy savingsd aenvironmental protection lies in the
improvement of heat transfer in exchangers and condensers used in power generation plants.
The production of electrical energy contributes more than any other activity to the consumption
of fossil or nuclear fuels, aking even a small improvement in the efficiency of the power
generation thermodynamic cyélespecifically the Rankine cydehave tremendous
implications for fuel savings. As an example, it is mentioned that optimizing the power
generation efficiency of a0® MW lignite station from 40% to 40.1% results in a reduction of

over 19,000 tons annually in coal consumption, which translates into a significant
environmental benefit. The optimization of energy production facilities through
superhydrophobic surfaces is achieved through the condensation of steam coming from the
turbine as discrete droplets on the surfaces of the heat exchanger, which serves as a condenser
in the Rankinecycle. The typical steam condensation on metallic surfaces occurs in the form
of a water film which binds the surface and adds additional thermal resistances during the heat
transfer released during condensation. In contrast, the form of condensation as discrete, highly
mobile droplets increases the availability of the exchanger foreiuctindensation and reduces

the thermal resistances posed by the creation of a water film on the cold pipes of the exchangers.
To achieve condensation in the form of discrete droplets, the substrates on which condensation
occurs must have low surface eneand a small contact area with water. The low surface
energy forces the shape of the droplet to approach spherical, because the intermolecular forces
within the droplet overcome the forces that develop between it and the surface. Minimizing the
contact aea increases the mobility of the droplets and, therefore, the frequency of their
departure from the surface.

In this direction, the current Doctoral Thesis involves the construction and characterization of
superhydrophobic surfaces on metallic substrates for their use in heat exchangers. Specifically,
the objectives of the work are:

a) the construction of superhydrophobic surfaces on metallic and polymeric substrates that are
resistant to thermal and/or hydrolytic stress,

[XII]



b) the achievement of steam condensation in the form of discrete droplets on metallic
superhydrophobic surfaces, in order to improve the performance of heat transfer during the
phase change of steam.

For the construction of the superhydrophobic surfaces, two different approaches were followed,
which are based on the necessary criteria for achieving superhydrophobicity. The first approach
includes the creation of hierarchical structuring on metallicstsates and the subsequent
reduction of their surface energy, while the second involves the coating of a thick hydrophobic
film and the subsequent creation of an appropriate topography on it.

Structure of the Dissertation

Chapter 1 describes the basic concepts of wetting as well as the usefulness of superhydrophobic
surfaces in various industrial and technological applications.

In the first half of Chapter 2, a literature review is conducted on the methods of fabricating
superhydrophobic surfaces on metallic substrates, based on the two approaches mentioned
above. The second half of tikhapter focuses on the fundamental concepts of condensation,
such as nucleation, filwise condensation, the development of discrete droplets, and heat
transfer models. It then analyzes various techniques that have been used to enhance
condensation and hetansfer during phase change, as well as design rules for surfaces and
factors that can reduce the efficiency of condensation.

Chapter 3 describes the experimental setups used for the construction and characterization of
surfaces, as well as arrangements for the control of condensation and heat transfer during phase
change. The same chapter presents the basic concepts of swtiategy with roughness and
describes the Monte Carlo simulation method.

Chapter 4 deals with the experimental procedure that was followed for the construction of
superhydrophobic surfaces through the first approach, namely the creation of roughness on a
metallic substrate and the subsequent reduction of its surface energsdiRgthis approach,
microstructuring on the aluminum surface is carried out through chemical etching, while
nanostructuring through the boehage process Following the creation of topography, the
characterization of the surfaces was performed throlgiergation with scanning electron
microscopy, metrological analysis of the SEM images of the surfaces, and through the
development of code that represents the topography. Subsequently, the surface energy of the
surfaces was reduced through the coating with hydrophobic films, using teshsigeh as
plasma deposition, spin coating, impregnation of PTFE solutions, as well as gas phase
deposition.

In Chapter 5, the condensation of hot steam on surfaces constructed based on the first approach
was performed, where their resistance was tested, the diameters of droplet departure from the
surfaces were measured, and the phenomenon and the form of etiodewsre observed.
Depending on the behavior of the surfaces during condensation, further optimization was
carried out with respect to their topography and the techniques for reducing surface energy.
Subsection 5.3 analyzes the impact of the topograpbtgralensation through the combination

of observing the phenomenon and metrological analysis of the topographies. In this chapter, a
critical ratio of the distance of the microstructures to the distance of the nanostructures is
introduced for achieving dpwise condensation on hierarchically structured surfaces. At the
end of Chapter 5, the heat transfer measurements on the more durable surfaces of the first
approach are presented, on which steam condenses in the form of droplets.
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Chapter 6 describes the construction of superhydrophobic surfaces according to the second
approach, namely the coating of a thick hydrophobic film and the subsequent creation of
suitable topography on it. Initially, the creation of topography on the fimugh plasma
etching with oxygen is described, as well as various methods that were tested to enhance and
restore superhydrophobicity after etching. Later in the chapter, the creation of topography
through the technique of thermal nanoimprinting, whichs weaarried out on various
hydrophobic materials, is described.

In Chapter 7, the condensation of hot steam on the surfaces of the second approach is described
and analyzed, where their resistance was checked, the diameters of droplet departure from the
surfaces were measured, and the phenomenon and the form of etiodewsre observed.
Subsequently, in this chapter, the results of the heat transfer during the phase change on the
more durable surfaces of this approach are analyzed.

Finally, Chapter 8 presents the conclusions of this dissertation and suggestions for future
research.
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