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Abstract: This paper aims to provide a comprehensive understanding of the flow characteristics of
the orthogonal blade surface of the booster stage at a low Reynolds number, as well as develop ef-
ficient strategies for boundary layer control. To this end, a blade profile extracted from a certain
section of the orthogonal blades used in a high-load booster stage is modified using a high-preci-
sion parameterization method. Then, numerical simulation is conducted to compare the laminar
separation and transition processes under various blade geometry conditions at Re=1. 0 X 10°.
The mechanisms by which the growth of boundary layers can be controlled through the leading

edge and distribution of pressure gradients are explained. The results show that both the spike
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near the leading edge and front-loaded pressure distribution can effectively suppress the growth of

the laminar separation bubble at a low Reynolds number, thereby reducing the strength of reverse

flow in the near-wall region. Compared to the baseline case, the profile loss is reduced by 12. 4%

and 12.5%, respectively. In addition, the incidence range of low flow losses is also extended.

The superposition of the spike near the leading edge and front-loaded pressure distribution is

found to be more effective in enhancing the aerodynamic performance of the blade, resulting in an

18. 9% reduction in loss compared to the baseline case. These results provide valuable guidance

for the design and flow control of blades in a booster stage operating at a low Reynolds number.

Keywords: low Reynolds number; booster stage; leading edge pressure peak; loading distribution;
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Fig. 1 Cascade-A cascade parameters

F 1 vHA A B SH R A UAT R A 3h Ak

Table 1 Key geometry and aerodynamic parameters of cascade-A

Wit &4 K
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Fig. 2 Four types of cascade diagrams
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on blade surface under different incidence
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Fig. 17 Velocity contours near the wall of suction side of two cascades under i=0°
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Fig. 18 Turbulence level distribution contours near the wall of two cascades under i=0°
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