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Abstract: In order to explore the type of underground cavern with compressed air energy storage from the
perspective of thermodynamics, a numerical model of the first inflation and pressurization process of the cavern
considering turbulence, heat transfer and real air characteristics is established, by using the computational fluid
dynamics (CFD) method. The effects of different length-diameter ratios and inlet diameters of inflatable pipes on
temperature rise of gas and lining materials in the cavern and the temperature distribution in the cavern are
studied, and the control measures are put forward for the local high temperature phenomenon in the cavern. The
main conclusions are as follows. When the length-diameter ratio is small (large tank gas storage), the temperature
distribution in the cavern is relatively uniform. With the increase of the ratio of length to diameter (tunnel-type gas
storage), the temperature distribution in the cavern appears stratification phenomenon, and the extremely high
temperature zone appears at the end of the cavern (stuffy top effect). The temperature rise of the steel plate sealing
layer is the largest in the process of inflation and pressurization of the cavern, the temperature change of the
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concrete lining is small, and the surrounding rock is almost not affected by temperature change in the cavern.
Reducing the inlet diameter of the inflatable pipe can reduce the temperature in the cavern to a certain extent and
promote the outward heat transfer. For the annular tunnel type cavern, the proposed improved inflation method
can make the temperature distribution in the cavern uniform, avoid the stuffy roof effect, and provide a useful

reference for engineering design.
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Fig.1 Schematic diagram of geometric structure of the
underground caverns for compressed air energy storage
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Tab.1 Geometric parameters of the underground cavern

K do/m Li/m L/m Di/m KAz Li:Di
A 1.0 18 40 20 0.9
B 1.0 39 57 16 2.4
C 1.0 55 71 14 3.9
D 1.0 80 94 12 6.7
D 0.6 80 94 12 6.7
D> 15 80 94 12 6.7
D3 2.0 80 94 12 6.7
E 1.0 120 132 10 12.0
F 1.0 150 161 9 16.7
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Fig.2 Schematic diagram of mesh generation for the
underground caverns for compressed air energy storage
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Fig.3 Verification of grid independence of the underground
caverns for compressed air energy storage
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Tab.2 Parameters used in calculation

MR EmEEI(kgm3) RO kgl KD SMAK/(WmT KDY

R 7800 500 45.0
A 2500 837 1.4
Bl 2700 1000 35
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Fig.4 Temperature changes of the gas in the carven
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Fig.5 Temperature distribution in the carven
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Fig.6 Temperature changes of the lining material and
surrounding rock
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Fig.7 Temperature changes of the gas in the carven
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Fig.9 Schematic diagram of geometric parameters of the
circular underground air storage caverns
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Fig.10 Changes of temperature variation in the
circular carven
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Fig.11 Temperature distribution in the circular carven
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Fig.12 Schematic diagram of improved layout for inflation
pipelines in circular underground carvens
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Fig.13 Schematic diagram of temperature variation change
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Fig.14 Schematic diagram of temperature distribution in
the circular carven after improvement
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Fig.15 Schematic diagram of velocity vector in the circular
carven after improvement
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Fig.16 Schematic diagram of temperature distribution in
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