
ENE 503 – Computational Fluid Dynamics 

 

WEEK 7: COMPRESSIBLE MODELLING 

 

COMPRESSIBLE MODELLING: 

 

 Contents: 
 

- The turbulent flow past a transonic airfoil at a nonzero angle of attack is 

modelled and simulated by using the Spalart-Allmaras turbulence model. 

- The simulations are conducted by using the same boundary conditions specified 

in the Tutorial. The same mesh configuration is also employed. 

- Parametric study is conducted at different Mach numbers and viscosity ratios 

as below: 

Simulation 1. Mach Number: 0.8; Turbulent Viscosity Ratio: 10 

Simulation 2: Mach Number: 1.0; Turbulent Viscosity Ratio: 10 

Simulation 3: Mach Number: 1.2; Turbulent Viscosity Ratio: 10 

Simulation 4: Mach Number: 1.2; Turbulent Viscosity Ratio: 30 

- Comparative studies for the above simulations are performed by reproducing the 

below indicated results: 

 

1. Pressure Contours 

2. Velocity Magnitude History 

3. Drag Coefficient Convergence History 

4. Lift Coefficient Convergence History 

5. Moment Coefficient Convergence History 

6. XY Plot of y+ Distribution 

7. Contour Plot of Mach Number 

8. XY Plot of Pressure 

9. XY Plot of x Wall Shear Stress 

10. Contour Plot of x Component of Velocity 

11. Plot of Velocity Vectors 

 

 



 Comparisons: 
 
1 - Pressure contours: 

       

(a)                                                                       (b) 

       

 (c)                                                                 (d) 

Figure 1. Pressure contours a) Simulation 1; b) Simulation 2; c) Simulation 3; d) 

Simulation 4 

2 - Velocity magnitudes 

 

Figure 2. The velocity magnitude obtained for each simulation 



3 - Drag history 

 

 

Figure 3. The drag history obtained for each simulation 

 

4 - Lift history 

 

 

Figure 4. The lift history obtained for each simulation 

 

5 - Moment coefficient 

 

 

 

 

 



 

Figure 5. The lift history obtained for each simulation 
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