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Abstract 
 
Advances in micro-fabrication technologies have led to the recent miniaturization of many 

energy systems such as microchannel heat sinks, micro-evaporators, micro-condensers, 

micro-fuel cells, and micro-chemical reactors etc. For optimal design of these micro-systems, 

it is important to understand microscale transport processes occurring in these systems. As 

the characteristic length of the system becomes smaller, gravitational force is negligible 

compared with surface tension force, and interfacial effects such as wettability and roughness 

effects play major roles in many transport processes. For flow boiling in microchannels, the 

size effect leads to large-amplitude temperature and pressure oscillations which may result in 

early burnout. Methods of enhancing nuclear boiling and delaying critical heat flux by 

modifications of surface wettability and microstructures are discussed. For condensation 

flow in microchannels, stratified flow no longer appears and intermittent flow becomes the 

predominant condensation flow pattern. Recent advances in numerical simulation of boiling 

and condensation heat transfer in microchannels by the lattice Boltzmann (LB) method will 

be summarized. Pore-level simulations based on LB method on water droplet formation in 

gas diffusion leading to flooding problems in fuel cells will be presented. 
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