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Effect of geometric structure on the thermodynamic performance of
S-CO, centrifugal compressor

ZHAO Fulong' > TIAN Youyou' > TIAN Ruifeng' > HU Chaoying’ LIU Kai' *

( 1.College of Nuclear Science and Technology Harbin Engineering University Harbin 150001 China; 2.Heilongjiang Provincial Key
Laboratory of Nuclear Power System & Equipment Harbin Engineering University Harbin 150001 China; 3.CRRC Zhuzhou Electric
Locomotive Co. Ltd. Zhuzhou 412000 China)

Abstract: Centrifugal compressors are the core components of the supercritical carbon dioxide ( S-CO,) Brayton cy—
cle and their internal structure and flow heat transfer mechanism are complex. Therefore this study conducts one—
dimensional and three-dimensional numerical simulations on MW-evel S-CO, centrifugal compressors to investigate
the effect of multiple structures on the performance of S-CO, centrifugal compressors. Based on this model a linear
weighted sum method is used to quantitatively study the thermodynamic performance caused by changes in five dif-
ferent structural parameters of the compressor. The results show that the back bend angle of the blades and the
length of the vaneless diffuser have the greatest effect on the performance of the centrifugal compressor followed by
the number of blades the length of the splitter blades and the tip clearance. Additionally increasing the number
of blades can improve the power capacity and pressure ratio of the impeller but too much will reduce efficiency.
The pressure ratio and efficiency of the centrifugal compressor decrease with the increase in blade tip clearance
within the 0. 25~0. 75 mm range. The optimal splitter blade length coefficient in this paper is 0. 74. The findings of
this study can provide a reference for the subsequent design of centrifugal compressors in the S-CO, Brayton cycle
system.

Keywords: S-CO,; centrifugal compressor; linear weighted method; geomeltric sensitivity; thermodynamic proper—

ties; geometric structure; Brayton cycle; flow and heat transfer
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