ik B2 B ¥ H &K R
Energy Storage Science and Technology

[ XXXX

ARAERAESEATER=ZSMERENRERECNE

XN, RpRHE®S, Bt BARIRY, £ER0, i
CrPgRsE — MOt R IR A ], BRI 7522 710043; 27 BORFE A 1R Fe T, Wit
T 315211 P AR T A SR =, WL T 315211 CUR e AL UTE RN
BRA®, WS SREEIE 0113000

W B AEHTEIRAAEATESE A (CAES) B F 6 R EEANE, F+EILEZTRANH 2GR
¥, AI LT Peng-Robinson A AR EF42, B2 THETRE KA Y R-FABSHMAER, Z4BTT
TR E AT CAES R FIREGMERIE. Bl L, 247 ARAAAKEX TREGRBASHE, R E4E
WR AR R, S REY, SHXCAESHTRE ANNMMATEFARTARTAET AL, BEFHNT
AEBREEFEENMRATRERBULTRAENNZERA, SRR LARILDT~8m/s, HHR%BEN
it (0.5m/is) 4914 ~1645; FE N TA-FHREEM Y 128.3CHZ80.4°C, KbaHh 37.3%; =AREZ R
EmHE, BEAZHEBRBEERAFHBEZNGERTER . LERKERLA KABKAIREREIZ AL
XA AR, HTHZEIKCAES AE 7 R MAACR AR E, S HAALAN KB 24 higET72 hit,
TR B EIEAENE Y H 21%; % 0.1~0.3 MPa kAN A S Kt 1 hiEKE 26 hit, &R EE(EMRE
&#14.0°C. B, Rl “BREXAALAN K. BRKENEA AR FE” 69 CAESF R A H4x Kk,

R AT AN, X CAESIHE; TAEN; TAAA; B4R

doi: 10.19799/j.cnki.2095-4239.2026.0706

FESES: TKO02 XEktRERE: A NERES: 2095-4239 (XXXX) XX-1-12

Temperature evolution of compressed air energy storage
caverns under different initial charging modes

LIU Xiaogang', XU Dongye*®, HAN Yun*, XIA Caichu**, JIN Shengyao®®, YUAN Zili’
("China Railway First Survey and Design Institute Group Co., Ltd, Xi'an 710043, Shaanxi, China; Institute of
Rock Mechanics, Ningbo University, Ningbo 315211, Zhejiang, China; *°Ningbo Key Laboratory of Energy
Underground Structure, Ningbo University, Ningbo 315211, Zhejiang, China; “Sonid Left Banner Yuanchu
Technology Co., Ltd, Xilin Gol League, Inner Mongolia 011300, China.)

Abstract: To accurately characterize the temperature evolution in compressed air energy
storage (CAES) caverns under different charging modes and achieve effective control of
cavern temperature rise, a coupled thermo-fluid numerical model accounting for the
gravitational effect on air was developed based on the Peng-Robinson real-gas equation of
state. The model was used to systematically elucidate the mechanism by which gravity affects
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the temperature field in a CAES cavern. The temperature-rise characteristics under different
charging modes were then investigated, and corresponding thermal regulation strategies were
proposed. The results show that the gravitational effect on air cannot be neglected when
numerically simulating the thermal response of a vertical-tank CAES cavern. Air density
differences induced by temperature gradients, together with gravity, substantially enhance air
circulation within the cavern, increasing the air velocity near the vertical walls to 7-8 m/s,
approximately 14-16 times the value obtained when gravity is neglected (0.5 m/s).
Consequently, the peak volume-averaged air temperature decreases from 128.3°C to 80.4°C,

representing a reduction of 37.3%. The spatial distribution of air temperature also becomes
more uniform, and the difference between the temperature in local high-temperature regions
and the volume-averaged air temperature is significantly reduced. Extending the initial

charging duration and adopting a staged charging mode with a lower charging rate at the low-
pressure stage both effectively reduce the peak air temperature and the temperature-rise rate.

When the initial charging duration increases from 24 h to 72 h, the peak volume-averaged air
temperature decreases by approximately 21%. When the charging duration in the low-
pressure range of 0.1-0.3 MPa is extended from 1.0 h to 2.6 h, the peak air temperature

decreases by approximately 14.0°C . Accordingly, a temperature-rise regulation strategy
combining an extended initial charging duration with a reduced charging rate at the low-

pressure stage is proposed for CAES caverns.

Keywords: compressed air energy storage; vertical-tank CAES cavern; gravitational effect on
air; initial charging; temperature-rise characteristics
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Fig. 1 Variations in air density and thermal
conductivity with temperature at different pressures:
(a) density; (b) thermal conductivity.
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Fig. 2 Computational model and mesh generation
for the vertical-tank-type compressed air energy
storage cavern: (a) computational model;
(b) longitudinal section.
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Fig. 8 Evolution of the temperature field inside the
cavern with the gravitational effect of air neglected:
(a) 0.5 h into the initial charging process; (b) 7 h into
the initial charging process; (c) at the end of the
seventh charging cycle
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Fig. 9 Evolution of the temperature field inside the
cavern with the gravitational effect of air taken into
account: (a) 0.5 h into the initial charging process; (b)
7 h into the initial charging process; (c) at the end of
the seventh charging cycle
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Fig. 11 Variations in the air temperature inside the cavern under the stepwise charging mode: (a)~(c) average
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