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End Wall Boundary Layer Suction Method for Performance Enhancement

and Flow Field Regulation of Transonic Compressor Cascades

TANG Jie, MENG Fanjie, GONG Chaoxuan, LI Jingyin, GUO Penghua

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

Abstract: Addressing the inconsistency between the flow in the transonic blade cascade and the
two-dimensional flow observed in wind tunnel tests, this study focuses on the transonic cascades
of a certain F-class heavy-duty gas turbine. A 5 mm wide suction slot is proposed to investigate
the impact of different endwall suction positions and suction flow rates in the attached layer
suction scheme on the aerodynamic performance and flow field structure of the transonic cascade
through numerical simulation. This study analyzes and compares the control effects of different

schemes on the separation in the corner region. Simulation results indicate that endwall suction
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can effectively remove a large amount of low-energy fluid inside the passage. After suction, the
overall total pressure loss coefficient of the cascade decreases, static pressure ratio increases, and
the axial velocity density ratio (AVDR, set as Aypg) is controlled around 1, significantly reducing
the high-loss region (w=>0. 2) in the exit passage. The control of corner separation is effective,
weakening the effects of corner vortices and concentrated separation vortices, increasing the flow
passage area, and improving the flow field quality. By comparing suction schemes at different
suction positions, it is observed that the suction slot scheme near the trailing edge, at 60% of the
axial chord length from the leading edge, achieves the best aerodynamic performance, with a
14.4% increase in static pressure ratio after suction, the best two-dimensional flow consistency,
and the weakest corner separation. After suction, the shock wave intensity near the endwall
increases, the overall extent of the wake decreases, three-dimensional effects are reduced, and
the boosting capability is enhanced. Comparing suction schemes with different suction flow rates
reveals that with higher suction flow rates, the cascade’s Aypg can be maintained around 1, with
a higher static pressure ratio, while the change in outlet flow angle and total pressure loss
coefficient is minimal, and corner separation is weaker. Therefore, in transonic compressor
cascades, the suction scheme along the chord and near the trailing edge can control the flow field
under higher suction flow rates, enhance the aerodynamic performance of the cascade, control corner
separation, and align the cascade flow with two-dimensional flow patterns.

Keywords: transonic cascade; boundary layer suction; corner separation; aerodynamic performance
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Table 1 Detailed geometric parameters of the planar cascade
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Fig. 1 Structure and definition of cascade
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Table 2 Parameters of each suction scheme
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Fig. 2 Schematic diagrams of each suction scheme model
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Fig. 5 Verification of numerical calculation method
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