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Abstract

The performance of centrifugal compressors is limited by two conditions: surge and choke, which not only
lead to a sharp decline in pressure ratio and efficiency but may also cause blade damage. The stall phenomenon
fundamentally arises from the mismatch between the gas incidence angle and the diffuser vane angle under
off-design conditions, which triggers flow separation on the suction surface of the vanes, leading to the for-
mation of low-energy fluid regions that block the flow path. To suppress flow separation and widen the
stability margin, this paper proposes an improved diffuser structure based on a kind of leading-edge slot. This
approach addresses the narrow stable operating range of conventional diffusers and has been applied to the
Radiver impeller. Numerical simulations demonstrate that the proposed method effectively enhances diffuser
performance. To precisely optimize the geometric parameters of the triangular slots, this study introduces a
Blockage model to quantify the flow path obstruction level, with the optimization objectives set as near-surge
and near-choke conditions. An automated optimization is performed using the NSGA-II multi-objective ge-
netic algorithm. Detailed analysis of the optimized design (OP) reveals that introducing appropriately sized
slots at the leading edge significantly expands the compressor’s stable operating margin and effectively sup-
presses boundary layer separation within the diffuser under both near-surge and near-choke conditions. This
study also demonstrates that utilizing Blockage as an optimization objective can effectively characterize the
system’s stability margin, offering a new perspective and a reliable methodology for the aerodynamic opti-
mization design of centrifugal compressors.
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