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Abstract: To enhance the aerodynamic performance and reduce flow losses of centrifugal impellers, a
numerical study is conducted to explore the effects of biomimetic arc-shaped micro-grooves, inspired
by shark skin micro-grooves and implemented through computer numerical control machining
technology. The study focuses on the pressure and suction surfaces of the impeller blades.
Different sizes of biomimetic arc-shaped micro-grooves are strategically placed at 50% of the blade
height to determine the optimal groove size for improving the performance of the centrifugal
impeller. Subsequently, the optimal-sized micro-grooves are arranged at regular intervals along
the blade height to assess the influence of the number of micro-grooves on the flow field and overall

performance of the impeller. Furthermore, varying quantities of biomimetic arc-shaped micro-grooves are
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simultaneously positioned at different blade height intervals to further examine their impact on the
aerodynamic performance. The numerical results reveal that micro-grooves with a relative width of 2%
and a depth of 5% are identified as the optimal dimensions for enhancing the performance of the
centrifugal impeller. Arranging 13 and 16 micro-grooves with intervals of 7% and 6% of the
blade height on the pressure and suction surfaces, respectively, yield significant improvements in
By

concurrently incorporating the optimal-sized micro-grooves in optimal quantities on both the

the flow distribution at the impeller’ s exit section and result in reduced flow losses.

pressure and suction surfaces, the aerodynamic performance of the centrifugal impeller is further
enhanced. Under the design conditions, the isentropic efficiency improves by 0. 63%, and the
pressure ratio increases by 0. 40%. This study provides valuable insights for the design
optimization and computer numerical control machining of centrifugal impellers.

Keywords: centrifugal impeller; bionic arc micro-groove; computer numerical control machining;
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Fig. 1 Shark skin cross-sectional contour curve
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Fig. 2 Schematic diagram of bionic arc micro-groove

structure on blade surface
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Fig. 4 Partial schematic diagram of single channel grid and

bionic arc micro-grooves
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Fig. 5 Grid independence verification
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dimensions of micro-groove arranged at 50% blade

height on the pressure surface
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Fig. 9 Comparison of the flow field on the impeller between
the prototype blade and micro-grooves arranged at

50% blade height on the pressure side
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Fig. 14 Performance curves of impeller with different
numbers of micro-grooves arranged on blade suction

surface
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Fig. 15 Local pressure distribution at the impeller
outlet with different numbers of micro-grooves

arranged on the suction surface of the blade
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Fig. 17 Comparison of performance curves of the impeller
between micro-grooves arranged simultaneously on

the pressure and suction sides and the prototype blade
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Fig. 18 Comparison of the flow field at the impeller outlet
between micro-grooves arranged simultaneously on the

pressure and suction sides and the prototype blade
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