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The performance of various technologies like micro-heat pipes, lab-on-a-chip processes, 

ink-jet rapid prototyping etc. depends on efficient distribution of liquid and vapor through 

the solid surface utilized in each process. Encountered solid surfaces are not smooth, for 

example, a heat pipe wick or a fuel cell membrane, which in turn influences the liquid 

flow. The shape of the solid surface can be tailored to improve the fluid distribution, 

which in turn increases the efficiency of such devices. The transport processes that occur 

at the small length scales are greatly influenced by the interfacial forces, for example, the 

capillary force or the surface tension at the solid liquid surface that primarily govern the 

fluid distribution. However, there is a lack of relevant theories as well as relevant data for 

such systems, particularly at a microscopic level and further understanding is required for 

this subject.  

 The objective of the work presented in the proposed thesis is to experimentally 

study and enhance the microscale transport processes occurring at the contact line region 

of a liquid corner meniscus on rough and porous solid surfaces. An experimental system 

was designed to microscopically study the phase change processes that occur across the 

liquid-solid interface. High-resolution optical reflectivity/interferometry based data 

analysis techniques were developed to study equilibrium and non-equilibrium state 

behavior of liquid films at thickness smaller than 100 nm.  

Three systems were studied; (a) completely wetting fluids on porous coatings (b) 

partially wetting fluids on rough and structured coatings and (c) completely wetting fluids 

on rough coatings. Atomic force microscope, SEM and ellipsometry were utilized to 

obtain detailed characterization of the prepared surfaces. Surface morphology features 



were obtained from a height-height correlation function that was based on the data 

generated by the AFM. The obtained surface morphology parameters were tied to the 

properties of the meniscus at the contact line. On a porous coating we studied drying of a 

high porosity coating that has an interconnected porous matrix. Pentane drying from the 

NPS pores had an exponential dependence on time. Evaporation from the pores also 

influenced the evaporative heat transfer from the sidewall meniscus, which also leads to 

instabilities.   

On partially wetting rough surface we compared three SiO2 coatings with 

different shapes that included a nanorods coating that has spacing between the nanorods. 

Surface roughness of the coatings leads to enhanced wetting and in turn improves the 

phase change heat transfer. The porous nature of nanorods coating increased the 

condensation heat transfer due to presence of a composite liquid-NPS film however, the 

thermal resistance of this film results in a decrease in evaporative heat transfer.  

Our results for completely wetting films show a direct relationship between the 

wetting properties of the liquid and the underlying surface properties. The length of the 

contact line region of the liquid meniscus was increased as a result of the surface 

roughness. Since the underlying roughness alters the surface potential, the shape of the 

meniscus and in turn, the resulting capillary and disjoining pressure forces also changes. 

The resulting capillary and disjoining pressure forces on a structured surface alter the 

evaporative heat transfer of the sidewall meniscus. 


