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Performance Conversion Method for Real-Gas Centrifugal Compressors

DUAN Yafei, ZOU Hansen, CHEN Han, LIU Dan, WANG Zhiheng, XI Guang

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To address the accuracy degradation in similarity conversion for centrifugal compressors
operating at variable speeds caused by real gas properties, a similarity conversion method named
TREED is proposed. This method uses the head coefficient and polytropic efficiency as similarity
criteria and integrates the enthalpy-efficiency inverse derivation of outlet properties with density-
corrected flow rate. First, the outlet enthalpy under variable-speed conditions is obtained based
on the assumption of an equal head coefficient. Next, through iterative matching of the polytropic
efficiency with that of the original operating condition, the outlet thermophysical properties are
determined. Finally, the flow rate calculated from the complete flow similarity theory is corrected
using the inlet and outlet densities. A comparative study between the TREED method and existing
conversion methods is conducted using numerical simulation results of a centrifugal compressor with air
and R134a as working fluids. Compared with the existing optimal conversion method, the TREED
method improves the conversion accuracy by about 20% for ideal gas and by up to 136 % for real
gas. TREED significantly improves the similarity conversion accuracy for real-gas compressors over
a wide range of speeds and flow rates, demonstrating promising prospects for engineering applications.
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methods with target speed
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for R134a as working fluid
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