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Abstract: For the unique incidence problem in the wind tunnel experiments of the transonic
compressor cascade, by conducting experimental measurements and numerical simulations under
different inflow Mach number and back pressure condition, this study elucidates the formation
mechanism of the uniqueness in the inlet flow field of the cascade under the subsonic and
supersonic inflow conditions, and analyzes the impact mechanism of the static pressure ratio on
the cascade flow states and shock wave structures. The research results indicate that under low
back pressure conditions, the shock wave within the transonic cascade exhibits a dual shock wave

pattern, characterized by a leading edge detached shock wave and a passage normal shock wave.
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As the back pressure increases, the position of the passage shock wave gradually moves forward
and eventually merges with the detached shock wave to form a single shock wave pattern. Under
supersonic inflow conditions, the inlet flow field parameters are influenced by shock wave-
expansion wave systems and present a wave distribution. The measuring position of the inlet flow
parameters should be at least 50% chord length distance from the leading edge of the cascade.
Theoretical analysis reveals that the unique incidence phenomenon of the transonic cascade can be
extended to high subsonic inflow conditions, but with different physical mechanisms. In
supersonic states, the inlet airflow angle depends on the inflow Mach number and the geometric
shape of the cascade inlet, whereas in subsonic states, the angle depends on the inflow Mach
number and the throat area of the cascade. As the static pressure ratio increases, the transonic
cascade operation undergoes the transition from a blocked state to a spilling state and eventually
to a design state, with the total pressure loss coefficient decreasing monotonically from 0. 175 to
0. 082 at the incoming Mach number of 1. 10, with a decrease of more than 50%. The results of
the cascade variable back pressure experiments indicated that the three-dimensional effects of the
flow field were enhanced when the static pressure ratio exceeded 1. 379, which affected the
periodicity of the cascade flow, and the cascade trailing edge throttle plate interfered with the
These findings aid in comprehending the variations in the

measurement of wake parameters.

transonic compressor cascade’s operation state, shock wave structure, and unique incidence flow

58 &

field. They can also serve as guidance for transonic cascade experiments.
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Fig. 1 Definition of transonic compressor cascade parameters
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Table 1 Transonic compressor cascade major parameters
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Fig. 2 Variable density linear cascade wind tunnel and test

cascade in capsule
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Fig. 3 Schematic diagram of test cascade
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Fig. 4 Throttle system of the test cascade
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Table 2 Transonic cascade wind tunnel parameters
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Fig. 5 Schematic diagram of computation domain and grid
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Table 3 Five different grids for grid independence study
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Table 4 Comparison of experimental and numerical calculation results of transonic cascade performance
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Fig. 7 Transonic cascade shock patterns and blade surface pressure coefficient distribution at different Mach numbers
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