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Abstract: To understand the particle migration and deposition patterns within the high-pressure
turbine, numerical simulations, in conjunction with user-defined functions (UDF) and dynamic
mesh techniques, were performed for the first stage vanes of a high-pressure turbine in real
engine conditions. The effects of inlet swirl on the particle deposition, flow fields, aerodynamic
losses and heat transfer coefficients within the vane passage were investigated. Results reveal that
the inlet swirl has significant impacts on the particle migration and deposition patterns, and most
importantly, the deposit distribution patterns on two adjacent vanes become imbalanced.
Increasing particle temperature only changes the deposit rate, but not the deposition pattern.
Since the vane gains additional material after deposition, the flow-path area of the turbine passage
becomes smaller, generating relatively higher Mach numbers. Additionally, the change of the

airfoil profile may further lead to an increase in aerodynamic losses at the passage exit. In the
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presence of inlet swirl, not all deposits could generate higher heat transfer coefficients on the

vane. The heat transfer characteristics are determined by the combined effects of inlet swirl and

deposit pattern

Keywords: aero-engine turbine; particle deposition; aerodynamic loss; heat transfer coefficient;

dynamic mesh
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Fig. 1 Tllustration of solving process for particle deposition effects in turbine vane passage of aero-engine
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Fig. 2 Computation model of cascade, and inlet swirl and

dimensionless total pressure at turbine inlet
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Fig. 4 Validation of turbulence models
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Fig. 5 Migration patterns and flow streamlines within turbine

vane passage under various incoming flow conditions
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Fig. 6 Deposition patterns on the vanes under various

incoming flow conditions
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Fig. 7 Deposition patterns on the vanes at different particle

temperatures
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different particle temperatures
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turbine vane passage exit
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