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Surfaces which manifest superhydrophobic 
properties during water condensation have a 
potential to dramatically enhance energy 
efficiency in power generation and desalination 
systems. The use of these coatings is predicted to 
significantly increase the heat transfer rate during 
dropwise condensation by promoting the formation 
of nearly spherical microscale droplets, which 
become highly mobile as a result of coalescence 
events. However, only a few surfaces with 
macroscopic water contact angles above 150 
degrees retain their ultra-water repellant 
properties during water condensation. Thus far, the 
development of such “properly designed” 
superhydrophobic surfaces has been fortuitous, not 
driven by an understanding of the underlying 
physical processes. 
 
This talk will cover the development of several 
novel electron microscopy methods for quantitative 
nano-to-microscale imaging of water condensation. 
The recent use of these techniques to elucidate the 
complex relationship between nanoscale surface 
roughness, mechanism of individual droplet 
formation, and macroscale condensation dynamics 
will be presented. The development of quantitative 
design guidelines for robust superhydrophobic 
surfaces intended for condensation applications 
enabled by this new fundamental insight will be 
described. Finally, the remaining obstacles to 
industrial use of superhydrophobic surfaces and 
opportunities for nanoscale imaging of 
thermofluidic processes will be identified.   
 

Konrad Rykaczewski is a MIT research scientist 
based at the National Institute of Standards and 
Technology (NIST). He received BS, MS, and PhD 
degrees in Mechanical Engineering from the 
Georgia Institute of Technology. After 
completing his PhD in 2009 under the direction 
of Prof. Andrei Fedorov, he spent two years as a 
National Research Council postdoctoral fellow at 
NIST. The primary focus of his research is 
development of nanoengineered surface 
technologies for enhancing the efficiency of 
thermal systems in a variety of industries 
including energy, water, gas and oil, and 
transportation. Dr. Rykaczewski’s expertise 
includes quantitative nanoscale imaging of 
thermo-fluidic processes and scalable 3D 
nanofabrication. To date, his work has resulted in 
28 journal publications and has been highlighted 
by ACS Nano, Nanowerk, MIT and Georgia 
Tech News. He received the 2009 Semiconductor 
Research Corporation Inventor Recognition 
Award, and completed National Research 
Council postdoctoral and G. W. Woodruff 
graduate fellowships. Dr. Rykaczewski has also 
co-organized symposium dedicated to in situ 
electron microscopy in gas and liquid 
environments at the 2012 Microscopy and 
Microanalysis conference and is currently co-
organizing the 2013 FIB/SEM workshop at 
Harvard University.   
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