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Abstract
Liquid Air Energy Storage (LAES), characterized by its large-scale energy storage capacity and geographical flexibility, represents a promising solution to address the intermittency and volatility of renewable energy. In the 

construction phase of a LAES power station, the pre-cooling procedure for the cold energy storage fluid and its corresponding tank assumes critical significance, as it profoundly impacts both the round-trip efficiency and the 
overall economic viability of the station. Hence, it is crucial to pre-cool the tanks and pipelines to the appropriate temperatures. In this study, liquid nitrogen spraying is used to pre-cool the storage tank, and the pre-cooling model 
is established. In addition, this study analyses the effects of the pre-cooling rate, ambient temperature and wind speed on liquid nitrogen consumption.

Fig 1. The tank structure diagram.

 This study proposes an energy model for the pre-cooling process of tanks and analyses the effects

of pre-cooling rate, ambient temperature and wind speed on liquid nitrogen consumption

 As the pre-cooling rate increases from 2.0 K/s to 4.0 K/s, liquid nitrogen consumption decreases

from 678.46 tons to 623.68 tons.

 As ambient temperature rises from 5°C to 30°C, liquid nitrogen consumption increases from

591.51 tons to 655.13 tons.

 The influence of wind speed on liquid nitrogen consumption is minimal.

Results and Conclusion

The cooling capacity required to cool the gas inside the tank:
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The cooling capacity to cool the inner wall of the tank and ceiling:
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The cooling capacity to cool the insulation materials:
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The cooling capacity to offset heat leakage:

𝑄௟௘௔௞ = 𝑄௕௢௧௧௢௠ + 𝑄௪௔௟௟ + 𝑄௧௢௣

The cooling capacity of the liquid nitrogen input:
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The temperature of the pre-cooling process:
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Fig 2. The liquid nitrogen consumption under different pre-cooling rate, ambient temperature and wind speed.


