
CFD prediction of airfoil deep stall performance using
Improved Delayed Detached Eddy Simulations

Niels N. Sørensen 1 and W. A. Timmer 2

1 Department of Wind Energy,Technical University of Denmark
2 Department of Aerodynamic, Delft University of Technology

28-06-2017



Introduction
Background

Why are we interested in deep stall aerodynamics?

� 360 degrees polars are needed for wind turbine aerodynamics.

� Improved understanding of separated airfoil aerodynamics.

� Aeroelastic stability of blades at high AoA.

Wind tunnel experiments are challenged by the con�ict betwe en having a
large chord to obtain high Reynolds numbers and a small chord to have low
blockage.
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Introduction
Measurements
Data from Delft University Low Speed Wind Tunnel, previously reported in:

Some aspects of high angle-of-attack �ow on airfoils for win d turbine application, W.A. Timmer and R.PJ.O.M van Rooij

� Aspect ratio 3.75

The data are corrected using the two-step method of Hackett.
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Computational Setup
EllipSys3D Solver

� We use the EllipSys3D incompressible �ow solver.

� Diffusive terms by second order accurate central differences.

� Convective terms by CDS4 blended with QUICK scheme.

� Transient computations, 2. Order implicit three point backward scheme.

� Reynolds number 0.7 million.

� Turbulence is modeled by the IDDES.

� Transitional computations using Drela-Giles En transition model.

We have studied the DU97-W-300 airfoil.
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Computational Setup
Grid Generation

� Grids are generated by extrusion of a 2D mesh along the span.

� The 2D mesh is generated by the in-house HypGrid2D hyperbolic code.

� The domain extends 50 chords in normal direction.

� The height of the �st cell is 1 :5 � 10� 6 chords.

� The 2D mesh have 384x384 cells in chord-wise and normal direction.

� In span-wise direction we use 96 cells per chord length.

� For a span width of 4 chords, the total number of cells are 56 millions.

� Dynamic in�ow/out�ow selection based on in�ow direction.
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Results
Time History of Chord Normal Force

� The span acts as a �lter on the loads:
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Results
Effect aspect ratio

� The blade span in�uences size of the structures that can form :
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Results
Shedding Frequency

� Frequency based on the drag is twice the shedding frequency

� Shedding frequency 0.16
( Flat plate 90 deg., Fage and Johanson 0.146, Chen and Fang 0.17)
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Results
Lift and Drag

Integral Loads:

� 2D RANS
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Results
Lift and Drag

Integral Loads:

� 2D URANS
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Results
Lift and Drag

Integral Loads:

� 3D IDDES
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Results
Computational Requirements

The cost of the different types of computations are highly different:

� RANS is of the order of minutes on 12 cores.

� URANS 10 minutes on 12 cores.

� IDDES in the order 40 hours on 576 cores for 450 chord passages

The present grid is suited for Reynolds numbers up-to approximately 20
million.
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Results
Unsteadiness of the �ow

Span-wise and chord-wise cuts:
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Conclusion
Conclusions and further work

� RANS and URANS are not capable of providing the necessary accuracy
at high aoa.

� IDDES can predict the deep stall and attached �ow region, ons et of stall
is still not perfect.

� IDDES can provide time history of loads suited for aeroelastic studies.

� The present grid is suited for Reynolds number in the range of up-to
Re 20 millions.

In the future we would like to:

� Look at other airfoil sections.

� Compare with measured shedding frequencies and time history.

� Investigate higher Reynolds numbers.

� Investigate different aspect ratios.

12 of 13 DTU Wind Energy CFD predictions of airfoil deep stall performance
28-06-2017



Acknowledgement
The work is funded by the European FP7 program:

Thanks for listening !

13 of 13 DTU Wind Energy CFD predictions of airfoil deep stall performance
28-06-2017


	Test
	Introduction
	Computational Setup
	Results
	Conclusion



