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ABSTRACT 

 

The study of interfacial phenomena in the three-phase contact line region, where 

a liquid-vapor interface intersects a solid surface, is of importance to many equilibrium 

and non-equilibrium processes. However, lack of experimental data on microscale 

transport processes controlled by interfacial phenomena has restricted progress. This 

thesis includes a high resolution image analyzing technique, based on reflectivity 

measurements, that accurately measures the thickness, contact angle and curvature 

profiles of ultrathin films, drops and curved menisci. In particular, the technique was 

used to emphasize measurements for thicknesses, δ < 100 nm, while studying δ < 2.5 

µm. Using the “reflectivity technique”, we studied fluid flow and heat transfer in a 

wickless, miniature heat pipe, a device which will be a very effective passive heat 

exchanger in a microgravity environment. The heat pipe is based on the Vertical 

Constrained Vapor Bubble (VCVB) concept. The broad objective was to increase the 

efficiency of the miniature heat pipe by enhancing the liquid flow towards the hotter 

region. This was achieved by understanding and manipulating the wetting and spreading 

characteristics of the liquid on the solid surface. By using a binary mixture (98% pentane 

and 2% octane by volume) instead of either pure pentane or octane, we were able to 

achieve a significant increase in the microscale phase change heat transfer. The 

experimental work was supported by numerical studies to understand the physics of the 

system at microscopic scale. 

In addition, using the reflectivity technique, we enhanced our understanding of 

interfacial phenomena in the contact line region. Experiments included flow instabilities 



in HFE-7000 meniscus on quartz (System S1), the spreading of a pentane (System S2 

and S3), octane (System S4) and binary mixture menisci (System S5) during 

evaporation. The main objectives of the work are to present a new experimental 

technique, new observations, new data, and the use of a simple control volume, 

continuum and Kelvin-Clapeyron models to discuss the results. In addition, the interplay 

and importance of the microscopic fundamental forces, i.e., van der Waals forces, 

capillary forces and Marangoni stresses, during evaporation of the wetting fluids on the 

quartz surface is emphasized.  

 


