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Research on Flow Control and Optimization of Recirculation Casing
in Centrifugal Compressors

JIN Hongze, LIU Xueguang
(College of Power and Energy Engineering, Harbin Engineering University, Harbin, China, Post Code; 150001 )

Abstract: To expand the stable operating range of centrifugal compressors, a centrifugal compressor with
a design pressure ratio of 4. 8 was investigated under standard atmospheric conditions. Comparative analy-
ses of flow field characteristics and aerodynamic were conducted using ANSYS CFX for three configura-
tions, such as smooth wall (SW) , vaneless recirculation casing ( Vaneless RCT) , and vaned recircula-
tion casing with negative pre-swirl vanes ( Vaned RCT). The investigations reveal that the recirculation
casing (RCT) effectively reduces the incidence angle in the low-span region. Mixing between the recir-
culating flow and the mainstream broadens the tip-region flow carrying capacity, reduces the tip loading,
and suppresses interactions among the shock, tip leakage vortex and channel vortex. Compared with the
SW, the RCT configuration demonstrates 5% to 7% improvement in mass flow rate range. Vaned RCT
exhibites enhanced suction effects on the blockage zone induced by the tip leakage vortex and channel
vortex, effectively mitigating suction-side flow channel blockage caused by strong adverse pressure gradi-
ents. Based on the Vaneless RCT, the Vaned RCT achieves 4.3% increase in maximum pressure ratio
and 2% extension of the mass flow rate range. However, flow separation and mixing losses associated
with the recirculation casing generate additional entropy production, reducing the pressure rise capability
at the same mass flow rate.

Key words: centrifugal compressor, recirculation casing treatment, negative pre-swirl vane, tip leakage

vortex, suction, entropy generation rate
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