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Can OpenFOAM be directly used 
to simulate 

Atmospheric Boundary Layer (ABL) related 
problems? 

• Open Source CFD code

• No Licensing Costs

• Includes many modules, among them a wind turbine siting module 

• Interesting questions regarding its usage:
• How fast (easy) -
• How accurate  – can the relevant CFD results be accomplished

• In this case compared relative to performance of EllipSys3D
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Methods in the Numerical Approach
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• Navier-Stokes (NS) Equations

• RANS k-eps. Turbulence closure
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Wall modeling approaches I

• Atmospheric roughness approach (Richards and Hoxey) 

• k-equation boundary condition 
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Wall modeling approaches II

6 21 February 
2013



DTU Wind Energy, Technical University of Denmark

Wall modeling availability 
in 

EllipSys3D and OpenFOAM
and 

Solver Parameters used
EllipSys3D OpenFOAM v.1.7.1 OpenFoam v.2.1.1

Richards and 
Hoxey Model

X X

Nikuradse’s 
Model

X X
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• Same solver parameters used in both OpenFOAM and EllipSys3D
• QUICK scheme used in RANS equations
• SIMPLE algorithm utilized for pressure correction
• Same final convergence level obtained
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Grid Generators

•HypGrid (EllipSys3D, OpenFOAM)

• It creates a 3D structured hexahedron volume meshes using a 
hyperbolic marching scheme, based on orthogonality and cell 
volume from a 3D terrain grid surface definition.

•SnappyHexMesh (OpenFOAM)

• It creates a 3D unstructured meshes based on 3D terrain 
surface definition (STL format) and iteratively build up a 
volume mesh upon it. 
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Askervein Test Case – HypGrid mesh

9 21 February 
2013



DTU Wind Energy, Technical University of Denmark

Askervein Test Case – SnapyHexMesh grid
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Askervein Case 
Results
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Askervein case – Computational times
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Bolund Test Case – HypGrid mesh
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Bolund Test Case – SnappyHexMesh grid
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Bolund Test Case – Speed Up Results  
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Bolund Test Case – TKE results 
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Bolund Test Case – Computational times
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Conclusions
• Mesh Generation

• HypGrid (HG) – Developed for EllipSys3D, works in 
OpenFOAM with certain adjustments.

• SnappyHexMesh (SHM) – has reasonable capability and 
flexibility for ABL flows, but very difficult to use. Especially grid 
layers near the ground difficult (in many cases impossible) to 
make.

• Accuracy
• Very good general agreement between OpenFOAM and 

EllipSys3D. 
• Askervein case – runs on identical grid gave almost identical 

results, both regarding the speed up and TKE.

• Computational time
• EllipSys3D is app. 2-6 times faster in obtaining results of 

similar level of accuracy on grids of similar size, utilizing the 
EllipSys3D default grid sequencing procedure

• OpenFOAM SHM based computations found to be 3.5-7 times 
faster (Askervein case) and 1.8-9.8 times faster (Bolund case) 
then HG based calculations
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