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Application of Navier-Stokes Equations
to the Aerodynamic Design of Axial-Flow Turbine Blades

H.T. Chung, K.S. Chung, J].Y. Park, J.H. Baek,
B.I Chang and S.Y. Cho

The design method for transonic turbine blades has been developed based on Navier-Stokes
equations. The present computing process is done on the four separate steps, i.e., determination
of the blade profile, generation of the computational grids, cascade flow simulation and analysis
of the computed results in the sense of the aerodynamic performance. The blade shapes are
designed using the cubic polynomials under the control of the design parameters. Numerical
methods for the flow equations are based on Van-Leer’'s FVS with an upwind TVD scheme on
the finite volume. In the present study, numerical simulation has been done to investigate the
effects of the design parameters on the aerodynamic performance of the axial-flow turbine blades.
Applications are made to the VKI transonic rotor blades. Computed results are analyzed with
respect to four parameters and compared with the experimental data.
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Fig. 1 Independent design parameters for blade
profile
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Table 1 Summary of design parameters for blade profile

No Description Symbol

01 Airfoil Radius R

02 Axial chord Cx

03 Tangential chord Ct

04 Unguided turning angle n

6 Inlet Blade Angle Bin

06 Exit Blade Angle Bout

07 Number of Blade N

08 Inlet upper wedge angle E4in

09 Inlet lower wedge angle Eiin

10 Exit wedge angle -

11 Leading edge radius Re

12 Trailing edge radius Rre

13 Throat o
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Table 2 Values of design parameters by reverse design
for VKI blades

Design parameters | Input values Unit
Cx 55 mm

G 30.04 mm

€4in 1745 deg

€in 165 deg

Rie 29 mm

Bin 30.65 deg

B 61 deg

n 292 deg

R‘m 15 mm

pitch 40.28 mm
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