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Abstract: Liquefied natural gas—coupled liquid air energy storage technology can effectively improve the system

round-trip efficiency. However, practical engineering operations inevitably involve frequent start—ups, shut—downs,

and multi—cycle alternating operating conditions. Currently, there is a lack of systematic experimental verification of

the full-

process transient response mechanisms and multi-cycle evolution characteristics of this system under

dynamic operating conditions. Accordingly, a 50 kW-class full-process experimental platform for an external cold

energy—coupled liquid air energy storage system employing split—flow expansion refrigeration was constructed to

investigate its dynamic thermal behavior. In practice, LNG cold energy is first transferred to nitrogen via heat

exchange, and the resulting low—temperature nitrogen is then used for air liquefaction. Therefore, the experiments

directly

employed the low—temperature nitrogen obtained after heat exchange as the external cold source.
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Experimental results demonstrate that the hot start—up strategy fully utilizes the retained low—temperature gradient,

advancing the onset of air liquefaction by 66.7% and significantly reducing the time required to achieve a 91%

steady—state liquefaction yield from 45 minutes to 15 minutes. This shortened the dynamic adjustment duration of

the compressor input power, allowing it to stabilize more rapidly at approximately 91 kW. Furthermore, the system

exhibits a rapid power—generation response during the discharging phase, in which the three expander units can

complete start—up within 5 minutes and steadily output approximately 51.2 kW of electrical power, with a shut-

down response requiring only 3 minutes. Finally, multi-cycle alternating operation enabled the cold—storage packed

bed to gradually establish a stable dynamic thermal boundary. After approximately 15 cycles, the system reached

stable operation, with the main—equipment electric—to—electric round—trip efficiency and system exergy efficiency

stabilizing at approximately 54.2% and 48.2%, respectively.

Keywords: LNG cold energy; liquid air energy storage; experimental platform; packed bed cold storage; dynamic
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Fig. 1 Schematic diagram of the LNG-LAES system based on solid-phase cold storage packed beds
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Fig. 2  Schematic diagram of the LAES experimental platform cooled by low—temperature nitrogen
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Fig. 3 Photograph of the 50 kW LAES full-process experimental platform cooled by low—temperature nitrogen
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Fig. 6 Dynamic characteristic curve of the energy storage process
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Fig. 7 The curve of the shaft power of the expander and the electric power of the generator in the single expander test
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Fig. 8 Variations in the total shaft power and equivalent electric power of the three—stage expander unit during the full-process

discharging test
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Fig. 9 Temperature measuring point arrangement of the cold—storage packed bed and its dynamic thermal response during multi—

cycle operation
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