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Incompressible/Compressible Flow Analysis over High-Lift Airfoil
Using Two-Equation Turbulence Models

ABSTRACT

The two-dimensional incompressible and compressible Navier-Stokes codes are developed for the computation of
the viscous turbulent flow over high-lift airfoils. Incompressible code using pseudo-compressibility and dual-time
stepping method involves a conventional upwind differencing scheme for the convective terms and LU-SGS scheme
for time integration. Compressible code also adopts an FDS scheme and LU-SGS scheme. Several two-equation
turbulence models (the standard ¢-¢ model, the k-@ model, and k- SST model) are evaluated by computing
the flow over single and multi-element airfoils. The compressible and incompressible codes are validated by
computing the flow around the transonic RAE2822 airfoil and the NACA4412 airfoil, respectively. Both the resulis
show a good agreement with experimental surface pressure coefficients and velocity profiles in the boundary layers.
Also, the GA(W)-1 single airfoil and the NLR7301 airfoil with a flap are computed using the two-equation
turbulence models. The grid systems around two- and three-clement airfoil are efficiently generated using Chimera
grid scheme, one of the overlapping grid generation methods. '
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Figure 2. Velocity Profiles of RAE 2822 on the upper surface (M =0.73, Re=6.5x10°, AOA=2.79)
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Figure 4. Velocity Profiles of NACA 4412 (Re=1.52x10%, AOA=13.87)
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Figure 5. Surface Pressure Coefficients of NACA 4412 (Re=1.52x10%, AOA=13.87)
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Figure 6. Velocity Profiles of NACA 4412 ( Re=1.52x10%, AOA=13.87)
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Figure 7. Surface Pressure Coefficients of NLR 7301 with Flap ( Re=2.51x 10%, AOA=10.1)
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