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ABSTRACT 

At the heart of the operational principle of any system or device are conservation laws that govern the 

conservation of mass (overall and individual components or species), momentum (linear and angular), 

energy, and charge. The movement of these quantities due to various mechanisms is broadly referred to 

as transport phenomena. The behavior of most engineering systems is dictated by the complex coupling 

between various transport processes. While transport processes are often described by macroscopic 

constitutive relationships, depending on the length and times scales, macroscopic laws may be invalid, and 

one may have to rely on more fundamental theories, such as Boltzmann’s particle theory to model transport 

phenomena. In this seminar, the benefits of large-scale computations of coupled transport phenomena will 

be demonstrated through selected engineering applications: fuel cells and batteries (mass, energy, 

charge), chemical vapor deposition of semiconductors (mass, momentum, energy), catalytic reactors 

(mass, momentum, energy), thermal transport in semiconductors (energy, charge), solid-state Peltier 

coolers (energy, charge), and sunlight capture (energy).  
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