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Lid driven cavity

∇ ⋅ 𝐮𝐮 = 0
inside the cavity,



OpenFOAM and MFEM
• OpenFOAM

• Open source CFD library
• Meshing capabilities
• simpleFoam solver
• openfoam.org

• MFEM
• Finite element method
• Higher order solutions
• Navier-Stokes miniapp
• MFEM.org
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https://openfoam.org/
http://mfem.org/
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Vortices

Streamlines in a  typical 
steady-state flow

Visualization of vortex 
detection algorithm

• Vortices are regions of 
rotational motion

• White lines trace locations 
of no velocity in horizontal 
or vertical directions

• Red dots represent 
vortices
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Experiment design with Merlin

https://github.com/LLNL/merlin

🌀🌀

Mesh Solve Vortex 
detection

(Some solutions for 
various geometries)

https://github.com/LLNL/merlin
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Results

MFEM (low resolution) OpenFOAM (low resolution) OpenFOAM (high resolution)
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• Conclusions
• Vortices
• Challenges

• MFEM
• OpenFOAM

• Future work
• Machine Learning

• Vortices
• Big Navier-Stokes data set

• Complex Geometries
• Improved Merlin Workflows
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Conclusion and Future Work

5 vortices6 vortices4 vortices



Disclaimer
This document was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor Lawrence Livermore National Security, LLC, 
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability 
or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States government or Lawrence Livermore National 
Security, LLC. The views and opinions of authors expressed herein do not necessarily state or reflect 
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