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Numerical Simulation of Erosion and Aerodynamic Performance
of Lean Vane in Turbine
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The turbine inlet temperature (TIT) has been increasing to develop the high-efficiency jet engines. Realization

of the high TIT needs a higher-heat-resistant material. Ceramic matrix composite (CMC) is the most promising

candidate, though it is weak for erosion. We have focused on an aerodynamic approach to reduce the erosion damage

for the safety and long lifetime. In this study, we carry out multi-physics numerical simulations for lean vanes to

evaluate the erosion damage and aerodynamic performance change. As a result, lean vanes improve aerodynamic

performance, while they enhance the erosion damage of ductile material. The erosion increase is caused by the

primary and secondary impingements with low impinging angle. Therefore, lean vanes made by brittle material such

as CMC are expected to decrease the erosion damage.
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Table 1 Details of lean parameters

Control section A B C
Span ratio[-] N/A N/A N/A
Original
Rotate angle[deg.] N/A N/A N/A
Span ratio[-] 045 0.50 0.55
CL1
Rotate angle[deg.] 1.0 1.0 1.0
Span ratio[-] 040 0.50 0.60
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Rotate angle[deg.] 1.0 1.0 1.0
Span ratio[-] 0.25 050 0.75
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Fig. 5 Profiles of Original and leaned vanes
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Fig. 6 Comparison of experiment and model prediction on
impingement angle vs. erosion rate
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Table 2 Breakdown of erosion mass

Cutting Deform Total
erosion[-] erosion[-] erosion [-]
Original 0.722 0.278 1.000
CL1 0.747 0.284 1.032
CL2 0.747 0.284 1.031
CL3 0.748 0.283 1.031
CL4 0.764 0.286 1.050
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CL6 0.730 0.282 1.012
CL7 0.727 0.281 1.008
CL8 0.731 0.281 1.013
RCL1 0.744 0.270 1.015
RCL2 0.745 0.266 1.010
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Fig. 21 Effect of impingement angle on erosion mass
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Fig. 24 Erosion depth on suction surface
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