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Abstract

Recent steep increases in energy prices, combined with ongoing political unrest in major oil-producing regions and concerns over sustainable fossil fuel production rates, have brought renewed urgency to energy conservation measures and the use of renewable energy sources.  With a significant fraction of primary energy ultimately utilized in the form of thermal energy, thermal energy storage is a critical enabling technology both for improvements in energy efficiency and for effective use of solar energy.  Remarkably, even though the use of thermal storage is commonplace, it is incorporated into nearly every water heater in the United States for example, the technology is not well developed.  One part of the reason for this state of development is that the underlying thermal exchange processes are complex, both multi-dimensional and intrinsically time-dependent.  However, we have shown that understanding and controlling the thermal mixing transients in these devices provides the key to unlocking significant improvements in performance.  Our analysis and experiments have shown that sizable increments in performance are possible not only for the simplest sensible storage configuration, a stratified vessel, but also for indirect storage devices with and without simultaneous energy transfer.  The application and import of this insight therefore extends from solar thermal systems to heat pump and fossil-fuel fired water heaters.  In addition, the basic principle has application to convective enhancement in compact heat exchangers.  In this context, recent numerical and experimental results demonstrating desirable thermal-hydraulic performance will also be briefly reviewed.
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