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Abstract: High-/ultra-high-pressure compressors are key power equipment in numerous fields
such as hydrogen energy, hot isostatic pressing, and hypersonic wind tunnels. In response to the
challenges of safety, reliability, and efficiency faced during ultra-high-pressure gas compression,
a full-chain investigation—{rom the fundamental theory of ultra-high-pressure compression
thermodynamic processes to the key technologies for product development—has been conducted
by the team led by professor Peng Xueyuan at Xi’an Jiaotong University. Through the study of
the influence of gas-containing hydraulic oil compressibility on compressor thermodynamic
processes, the calculation method for volumetric efficiency has been revised. By investigating the

leakage mechanism and tribological behavior of sealing structures under extreme loads, the
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patterns affecting seal-ring wear have been revealed. Furthermore, by researching compressor
operating-state identification methods, several non-destructive techniques for acquiring dynamic
p-V diagrams have been developed. Based on these core technological breakthroughs, a 90 MPa
hydrogen compressor with fully independent intellectual property has been successfully
developed, which exhibits a discharge temperature 20 °C lower and a volumetric efficiency more
than 15% higher than comparable domestic and international products. Additionally, the localization of
320 MPa-class ultra-high-pressure nitrogen compression equipment has been achieved, and it has been
designated for service in a national large-scale experimental facility. A non-destructive health-
management system for high-/ultra-high-pressure compressors has also been developed and
successfully deployed at hydrogen refueling stations for the Beijing Winter Olympics. Looking
forward, further research will be directed toward higher pressures, broader operating conditions,

intelligent operation and maintenance, and lifetime prediction, thereby advancing the independent

development and industrialization of high-end gas compression equipment in China.
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Fig. 1 Structural schematic of the diaphragm compressor
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Fig. 2 Structural diagram of the cylinder in a liquid-driven

piston compressor
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Fig. 3 Cycle of a high-pressure diaphragm compressor
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