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Abstract

Compact and efficient energy conversion systems for power production, heating, and
cooling will be critical in the future as available energy resources diminish and the negative
environmental externalities associated with traditional fossil fuels increase. To realize
significant efficiency gains, a wholistic approach is needed that leverages fundamental
insights for component and system design and optimization. This presentation will discuss
approaches to improve the performance of heat and mass exchangers for large- and small-
scale energy systems and will show how enhancement strategies can affect the overall
system efficiency.

For large power plant systems, the cooling requirements account for about 38% of
freshwater withdrawals in the United States, which can lead to thermal pollution and result
in tensions in water-stressed areas. Air-cooled condensers (ACCs) can nearly eliminate
the need for freshwater in power plants, but air is a relatively poor heat transfer medium
and dry-cooled plants are plagued with lower efficiencies than their wet-cooled
counterparts. The first portion of this presentation will evaluate the use of novel heat
transfer enhancement devices to improve the performance of dry-cooled power plants.

For smaller energy systems such as residential heating and air conditioning, researchers
have recently been studying the use of mini- and microchannel heat exchangers for
enhanced heat transfer. Microchannel heat exchangers have the potential to drastically
decrease the size and cost of energy systems, but they often underperform due to flow
maldistribution. Maldistribution can be particularly acute when a two-phase mixture
enters a heat exchanger header, which is difficult to address because the flow phenomena
in these situations are poorly understood. The second portion of this presentation will
discuss distribution characteristics in microchannel heat exchangers and propose
strategies to improve their performance.
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