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Experiments vs CFD: Who is at fault? 

The flow past flatback airfoils  
(with and without flow control) 
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3D, unsteady and unstable wake 

The flow past flatback airfoils 

Challenges 
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3D, unsteady and unstable separated flow 

The flow past flatback airfoils 

Challenges 
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• Pressure measurements on wing surface and trailing edge 

• Pressure wake rake  

• Stereo PIV and hot wire measurements in the wake 

• Re = 1.5M, AR = 2.0 

• TE thickness = 0.1c  

The flow past flatback airfoils 

Experimental Set-up 
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• In-house solver, MaPFlow  

• Unsteady RANS and IDDES simulations on the same grid 

• SA model 

• Farfield at 100 chords 

• Symmetry conditions at the side boundaries 

• Varying computational domain Aspect Ratio 

 

The flow past flatback airfoils 

Numerical Set-up 

Stereo PIV grid Coarse numerical mesh Fine numerical mesh 

5M cells 25M cells 
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Forces – Lift: �� > �. ā to capture formation of 3D separated flow (Stall Cells)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – AR study: How much is enough? 
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Forces – Lift: �� > �. ā to capture formation of 3D separated flow (Stall Cells)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – AR study: How much is enough? 
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Forces – Drag: The higher the better, still quite far off 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – AR study: How much is enough? 

What causes the drag reduction at high AoA? 
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Forces – Drag: �ý ≥ 1 for oblique shedding, vortex dislocations etc 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – AR study: How much is enough? 
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Vortex Shedding:  

• Dominant vortex shedding frequency does not depend on AR. 

• Predictions (þ� = 0.21) a bit lower than the experiment (þ� = 0.24) 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – AR study: How much is enough? 
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• Yes, for trends 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – Is URANS at all useful? 
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• Not for wake studies 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – Is URANS at all useful? 

IDDES URANS 



Presentation title 

• Altering the wake structure leads to significant drag reductions 

 

 

 

 

 

 

 

 

 

 

 

 

The flow past flatback airfoils 

Results – What does IDDES reveal for the drag reduction mechanism? 

No Control New Device 
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The flow past flatback airfoils 

Results – What causes the drag reduction at high AoA? 

0deg – �� ≅ �. �Ā 12deg – �� ≅ �. �ÿ 

Secondary instability in the wake changes at high AoA.  
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Thank you! 

 

 

Questions?  


