Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering)

Cite this as: Lei XIE, Qiang DU, Guang LIU, Zengyan LIAN, Yaguang XIE, Yifu LUO, 2023. Investigation
of flow characteristics in a rotor-stator cavity under crossflow using wall-modelled large-eddy simulation.
Journal of Zhejiang University-SCIENCE A (Applied Physics & Engineering), 24(6):473-496.
https://doi.org/10.1631/jzus.A2200565

Investigation of flow characteristics In a rotor-stator
cavity under crossflow using wall-modelled large-
eddy simulation

Key words:

Wall-modeled large-eddy simulation (WMLES);
Rotor-stator cavity; Flow instability


https://doi.org/10.1631/jzus.A2200565

Secondary air system in CFM 56 engine Reduced-order modelling: flow network
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LPC—Low Pressure Compressor, HPC—High Pressure Compressor. HPT— High Pressure Turbine;
L.PT—ILow Pressure Turbine; VBV—Variable Bleed Valve, VAFN—Variable Area Fan Nozzle

« Secondary air system plays a vital role in modern gas turbines.

Reduced-order fluid network approach is widely adopted in secondary air system designing process

« Cavities are important components in the system.



Turbine rotor-stator cavity —) Hot gas ingestion
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Turbine cavity is a typical type of rotor-stator cavity
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Hot gas ingestion severely affects the operation of the jet engine
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Research aims: complex flow characteristics and reduced-order modelling of the turbine cavity



Basic flow in rotor-stator cavity
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Complex coupled flow in turbine cavity
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Coupled turbine mainstream flow and cavity De-couple the pre-swirl effect of the turbine guide
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Importance of Kelvin-Helmholtz instability in the
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Sealing flow concentration in the cavity Velocity shearing and K-H vortex observed in the cavity rim region

» External ingress is drastically underestimated by the RANS approach;
» Velocity shearing is observed at the cavity rim due to the guidance of the turbine vane blade;
« K-H instability is induced by the velocity shearing;

 Radial inward and outward flow induced by the K-H instability influenced the ingress process.




Large scale flow structures inside the cavity
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Large-scale flow structures observed in the cavity Determination of the speed and number of the flow structures

« Large scale flow structures are observed in the cavity;
« The number and speed of the flow structure lobes can be determined using phase lag and main
frequency of the pressure oscillations;

 The phase lag between two adjacent structures can be determined by cross-correlation, and the

main frequency of the pressure oscillation is determined by FFT.






