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Model description of rotating stall boundary in

low-speed axial compressor
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Abstract: Starting from the typical dynamic characteristics of the complete rotating stall
process of low-speed axial compressor, such as catastrophe and hysteresis, by comparing and
analyzing the topological properties, the rotating stall and cusp catastrophic model of catas-
trophe theory were proved similar in spatial topology; then, based on the topological invari-
ance theorem through developing the effective topological mapping method. the topological
mapping relationship of the catastrophe point set between the rotating stall and the cusp cat-
astrophic model was established. The applied effect of the model in two low-speed axial com-
pressors showed that cusp catastrophic model can qualitatively describe the catastrophe, hys-
teresis and bifurcation of the complete rotating stall process of low-speed compressor with
the characteristic of “abrupt stall” under different speed conditions; through the mapping
method developed, the stall points and recovery points obtained by experiment can be entire-

ly mapped to the model line, which means the cusp catastrophic model can accurately de-
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Fig. 1 Nonlinear characteristics of rotating stall

in compressor
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rotating stall
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Table 1 Main design parameters of compressor A
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Fig. 4 Topological structure of compressor B

rotating stall
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Table 2 Main design parameters of compressor B
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