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Abstract: Constant-pressure compressed air energy storage (CAES) is a key technology for
mitigating renewable energy fluctuations and enhancing grid flexibility. One of its key features
lies in achieving stable storage pressure through the synergistic operation of variable-volume
sealing and external pressure compensation mechanisms. This paper reviews the research
progress of variable-volume sealing technologies for constant-pressure CAES, elucidates the
operating principles of constant-pressure CAES and the critical role of variable-volume
sealing, and systematically summarizes four mainstream sealing approaches: hydrostatic
pressure sealing, piston sealing, bladder sealing, and pressure-bearing membrane sealing.
The mechanisms, structural characteristics, technical advantages, and key challenges of each
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approach are analyzed in detail. The analysis reveals a clear evolutionary trend from rigid-
contact sealing to flexible isolation sealing and further toward intelligent adaptive sealing.
Flexible sealing technologies, represented by bladder and pressure-bearing membrane
sealing, are identified as the primary development direction for low-loss, long-life constant-
pressure air storage, owing to their low friction loss, excellent sealing adaptability, and
structural simplicity. This paper further outlines the development trends of variable-volume
sealing technologies and proposes that future research should focus on: (1) developing novel
composite materials with high strength, high hermeticity, and fatigue resistance to extend
performance limits; (2) investigating multiphysics coupling mechanisms and dynamic
responses under high-pressure and large-temperature-difference conditions to establish
accurate life prediction models; (3) developing state-aware intelligent control strategies for
adaptive regulation and early fault warning; and (4) conducting full life-cycle reliability
assessments and cost - benefit analyses to facilitate large-scale engineering deployment.

Keywords: Constant-pressure compressed air energy storage; Variable-volume sealing;

Hydrostatic pressure sealing; Piston sealing; Bladder sealing; Pressure-bearing

membrane sealing
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Table 2 Comparison of key performance indicators of four sealing technologies
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Table 3 Key Evaluation Indicators and Test Methods
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