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Abstract

To explore the feasibility and application value of liquid air energy storage (LAES), we developed
an experimental device to convert liquid nitrogen into high-pressure nitrogen; and the converted high
pressure can be used for power generation. In this device, liquid nitrogen is pressurized by high
pressure nitrogen and injected into a closed boiler containing an aqueous solution; after the liquid
nitrogen is mixed with the aqueous solution, there is a rapid heat exchange continuously pressurized
until thermal equilibrium. The results show rapid pressurization of the vapourization process and
downstream pressurization above the injection pressure due to liquid nitrogen consumption. During
the injection process, once the liquid nitrogen comes into contact with water, it will vaporize very
rapidly. If the injection is not completed in time, the vaporized nitrogen will flow back, and the final
boiler pressure will decrease. Hence, the injection time of liquid nitrogen is a crucial parameter for
system operation. In this study, an injection model based on gas dynamic theory was developed to
accurately simulate the injection process. By utilizing experimentally obtained heat transfer power,
the model can predict the optimal injection time and final boiler pressure at the optimal injection time.
The experimental results indicate incomplete injection is more likely to occur when the injection
pressure is low. As the injection pressure increases, the heat transfer power also increases. However,
the increase in heat transfer power imposes limitations on the duration of the injection time. Therefore,
achieving the desired final boiler pressure requires the appropriate combination of injection pressure
and corresponding injection time. The ultimate goal of this study is to maximize the work output per
unit of liquid nitrogen, i.e., injecting more liquid nitrogen into the same space, which will increase
the heat absorption of the liquid nitrogen and the work output. The relationship between injection
pressure, heat transfer power, and injection time explored in this paper provides a valuable guide to

improving liquid nitrogen boost.

Keywords: cryogenic fluids, direct contact heat transfer, energy storage, pressure booster, gas

dynamics
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