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Wall-Resolved LES Analysis of Complicated Three-Dimensional Flow Phenomenon
with Shock Wave in a Transonic Axial Compressor Rotor
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A large-scale Wall-Resolved Large Eddy Simulation (LES) has been conducted for a transonic axial compressor rotor,
NASA Rotor 37. By using a very fine computational grid of 1.1 billion points for a single passage and a high resolution
scheme based on a 6th-order compact interpolation, the fine vortex structure in the turbulent boundary layer was
resolved, and the interference between the shock wave and the blade boundary layer, and the boundary layer separation
due to the shock wave interaction were clearly captured. The comparison with the experimental result and the steady
RANS simulation result showed that the total pressure rise was overestimated on the hub and casing side in the LES
result. This is due to the shortage of the approach section of turbulent boundary layer on the end-wall surface, and the
undeveloped turbulent boundary layer flowing into the rotor passage affects the occurrence of the secondary flow and

the intensity of the tip leakage vortex.
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Table1 Specification of test compressor

Blade number 36
Radius of tip at leading edge 252mm
Aspect ratio 119
Solidity at tip 1.288
Tip clearance 0.356mm (0.45% span)
Hub-tip ratio 0.7

at design
Tip speed 454m/s (17,188.7rpm)
Total pressure ratio 2.106
Massflow 20.19kg/s
Choke massflow 20.93kg/s
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Fig.5 Boundary layer velocity profiles and law of the wall
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Fig. 7 Pitchwise distribution of relative Mach number at 20% chord position (station 2)
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Fig.8 Pitchwise distribution of relative Mach number at compressor exit (station 4)
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Fig.9 Distribution of density gradient in instantaneous flow field
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