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OpenFOAM is a free and open source flow solver that has recently attracted a lot 

of attention both in the wind industry and research community. However the cost of 

a flow solver is not only the license cost but also the human cost (meshing time, 

and tuning the solver) and the computational cost (meshing and running the 

simulation). The purpose of this study is to compare it with EllipSys on a complex 

terrain case, focusing on those two aspects as well as on the solvers accuracy.  

The mesh generator of OpenFOAM, SnappyHexMesh is used and compared with  

the mesh generator of EllipSys, HypGrid. HypGrid meshes can also be used with 

OpenFOAM.  

The flow solvers OpenFOAM6 and EllipSys4,5 are compared on the atmospheric 

flow over terrain test cases of Askervein. Both solvers are run with the steady state 

Reynold Averaged Navier Stokes (RANS) k-epsilon turbulence model. One of the 

main modelling differences in-between the two solver is the law of the wall 

function. OpenFOAM uses a Nikuradse’s2 sand roughness length model, while 

EllipSys uses Richard & Hoxey’s1 surface roughness.  

It is found that Nikuradse’s2 model introduces an error dependent to the first cell 

height. To mitigate this error the first cell should be at least ten times larger than 

the surface roughness. It is nonetheless possible to obtain very close results 

between EllipSys and OpenFOAM. 

Two meshing strategies are investigated, using HypGrid3 and SnappyHexMesh. 

HypGrid is found to give consistently smaller meshes than SnappyHexMesh. Both 

mesh generator produce meshes that can perform accurately on the Askervein test 

case. SnappyHexMesh is however found to be difficult to use on very complex 

terrains. 

OpenFOAM is found to be consistently about 10 times slower than EllipSys on 

similar mesh sizes. However, OpenFOAM could potentially be tunned-up with a 

deeper knowledge of the flow solver inputs. 

OpenFOAM has been successfully validated on the Askervein test case, and 

compared with EllipSys. OpenFOAM and EllipSys are found to perform equally 

well when used with their respective mesh requirements. 

Even thought OpenFOAM is coded with Nikuradse law of the wall for rough 

surfaces, which is known to be inconsistent and problematic in many CFD 

packages, inaccuracy is only observed in the first few cells (vertical direction) of 

the computational domain. 

In order to overcome this law of the wall inconsistency issue, it is suggested as a 

future work, to implement new wall boundary conditions based on Richard and 

Hoxey’s profiles in OpenFOAM. 

The snappyHexMesh utility has proven to have its potential when observing its 

fairly good agreement with respect to measurements and to the simulations 

performed with EllipSys and OpenFOAM on the HypGrid mesh. Nevertheless, the 

utility has its limits, as many problems are encountered when meshing the 

relatively shallow Askervein hill. Moreover, it is found difficult to maintain the total 

amount of cells to a reasonably low value because of the maximum aspect ratio 

limitation of the background mesh. 
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EllipSys4,5 and OpenFOAM6 are run using the same turbulence model (RANS 

steady state k-epsilon), using a QUICK scheme and a SIMPLE pressure solver 

and a multigrid solver. 

The two flow solvers use two different wall functions. The Richard & Hoxey’s 

formulation, used by EllipSys, is working best for a first cell height of yp < 0.5 y0.  

The Nikuradse’s formulation, by OpenFOAM, is inconsistent: the inlet formula, 

based on the roughness length is different from the log-law obtained using the wall 

function, which is based on the ks formulation. To mitigate the error, the first cell 

height should be roughly yp > 10 y0. 

 

Askervein meshed with HypGrid Askervein meshed with SnappyHexMesh 

EllipSys: Richard & Hoxey1 OpenFOAM: Nikuradse2 

EllipSys uses structured meshes, while OpenFOAM can use both structured and 

unstructured meshes.  

OpenFOAM comes with a meshing tool called SnappyHexMesh. One restriction of 

OpenFOAM meshes is that the cells aspect ratio should be close to one. The 

larger the aspect ratio, the slower OpenFOAM converges, and the larger is the 

numerical error.  

EllipSys does not have restrictions on cells aspect ratio. It uses an hyperbolic 

mesh generator that takes advantages of this feature and creates smaller meshes. 
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