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Aerodynamic Optimization of High Pressure Turbine Rotor

Using Spline Surface Non-Axisymmetric Endwall Profiling
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Abstract: To enhance the aerodynamic efficiency of high-load turbine stages, a spline surface-
based non-axisymmetric endwall profiling method is developed. Based on this parametric profiling
method, combined with efficient intelligent optimization algorithms and validated numerical
simulation techniques., an optimization framework for designing non-axisymmetric endwalls in
turbines is established. Taking a high-pressure turbine stage with a low aspect ratio as the study
object, with efficiency as the optimization objective and the mass flow rate as a constraint
condition, the non-axisymmetric endwall optimization design is conducted under the stage
environment and engine operating conditions. The results show that compared with the reference
design, the total efficiency of the turbine stage is increased by 0. 26% after the optimization
design. The non-axisymmetric endwall changes the pressure distribution near the lower endwall

of the rotor blade, and the pressure coefficient at the suction side of the rotor blade is significantly
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improved compared with the reference design. This reduces the lateral pressure gradient in the

blade passage and suppresses the secondary flow in the passage. The non-axisymmetric endwall

changes the vortex system structure in the blade passage. Compared to the reference design, the

non-axisymmetric endwall causes the horseshoe vortex’s pressure side leg to migrate along the

pressure side in the blade passage before merging into the passage vortex near the passage outlet.

This lowers the intensity of the passage vortex, which then reduces aerodynamic losses and

improves turbine stage efficiency.

Keywords: high pressure turbine; non-axisymmetric endwall; aerodynamic performance;

optimization design
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Fig. 1 Schematic diagram of control point for modeling
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Table 1 Turbine key parameters
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Fig. 4 Schematic diagram of experimental system
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Fig. 5 Numerical and experimental results comparison
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Fig. 6 Aerodynamic optimization design framework
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