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Abstract: To investigate the influence of thermal stress induced by rapid cyclic gas charging
and discharging on the stability of compressed air energy storage (CAES) caverns in salt
rock, a numerical model was established using COMSOL Multiphysics software based on the
a Salt Rock CAES Power Station project in Shandong Province. The study focuses on
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analyzing the evolution law of the air temperature field inside the cavern under different
injection-production rates and long-term operation, as well as the response characteristics of
the temperature field, stress field and displacement field of the surrounding rock under the
action of thermal stress. The results show that the temperature evolution inside the salt cavern
presents a staged characteristic transitioning from a heat accumulation stage to a heat
balance stage. The injection-production rate is positively correlated with the temperature
difference and peak temperature inside the cavern, and a high injection-production rate
significantly intensifies the thermal disturbance and cyclic thermal stress effect. Thermal
stress reconstructs the stress state of the surrounding rock, leading to stress concentration at
the interface between salt rock and interlayers. The compressive stress is significantly
counteracted or even converted into tensile stress, which notably increases the risk of tensile
failure at the interface, and this risk rises with the increase of injection-production rate. The
superposition of thermal stress and internal pressure stress further aggravates the
deformation of the surrounding rock. After 30 years of operation under four injection-
production rates, the maximum displacement of the surrounding rock increases by 7.79% -
11.36%. Both the displacement increment and growth rate rise with the increase of injection-
production rate, and the maximum displacement is always concentrated in the roof area of the
cavern. The research findings reveal the stability evolution mechanism of salt rock CAES
caverns under the action of injection-production thermal stress, which can provide a
theoretical basis and engineering reference for the optimization of injection-production
schemes, long-term safe operation and risk prevention and control of salt rock storage
caverns.

Keywords: compressed air energy storage; injection-production cycle; temperature; thermal

stress; stability
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Fig. 3 Temperature Change in the Cavity After 1 Year of Operation
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Fig. 4 Temperature Change in the Cavity After 10 Years of Operation
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