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Abstract: In order to improve the exergy efficiency and energy density of the heat accumulator to
meet the demand of the compressed air energy storage system, this paper proposes a one-dimen-
sional liquid-solid two-phase dimensionless model based on the normal state of unsteady-state heat
transfer by comprehensively considering the packing surface heat transfer and internal heat con-
duction and combining the advantages of the Schumann’s model and mixed diffusion model. The
influences of packing radius, density, specific heat capacity, thermal conductivity and length-di-
ameter ratio of the heat accumulator are investigated and the accumulator design is optimized.
The results show that in the heat storage subsystem of SOLAR ONE power station, the optimal
radius of the heart accumulator packing is 1 mm, and the optimal length-diameter ratio of the heat

accumulator is 3 ¢ 1; increasing the packing density and specific heat capacity can linearly improve
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the density of energy stored in the heat accumulator, but will lead to a decrease in its regenerative
efficiency; as for the influence of the thermal conductivity of the packing on the efficiency of the
heat accumulator, there is a critical point. In the heat storage subsystem of SOLAR ONE power
station, the critical thermal conductivity of the packing is 2 W/(m « K), and when the thermal
conductivity of packing is less than 2 W/(m » K) ., increasing the thermal conductivity of packing
can significantly improve the regenerative efficiency. Finally, this paper employs the layered de-
sign and uses the optimal length-diameter ratio to improve the exergy efficiency of the heat ac-
cumulator by 1. 4% and the net exergy release efficiency d by 20. 2% through adding cast iron particle
layers with a height proportion of 5% and a particle radius of 5 mm at the upper and lower ends of the
heat accumulator under the condition of controlling the minimum cast iron particle layer thickness. The
research conclusions and optimization methods proposed in this paper can provide theoretical guidance for
the selection and optimization design of packed bed heat accumulator.

Keywords: compressed air energy storage; heat accumulator; numerical simulation; optimization
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Fig. 1 Structure diagram of tank
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Fig. 3 Influence of filling material radius on the system
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