
www.airshaper.com

Introduction to OpenFOAM

Basic course

Legal notes:
- This offering is not approved or endorsed by OpenCFD Limited, the producer of the OpenFOAM software and owner of the OpenFOAM® and OpenCFD® trade marks. OpenFOAM® is a registered trade mark of 

OpenCFD Limited, a wholly owned subsidiary of the ESI Group.
- This content was made in 2014 and may contain incorrect or outdated information. The reader is solely responsible for his or her use of this information and AirShaper cannot be held liable for any damages.
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What is OpenFOAM

• OpenFOAM = Open Field Operation And 
Manipulation

• Open: open source  free to use, open to
customize, …

• Field: can be many things, not just CFD:
– Mechanical stress

– Discrete particles

– Electromagnetics

– …
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Challenges & gains

• Biggest challenges:

– Steep learning curve

– No GUI (graphical user interface)

– Command line input (“terminal” window)

– No link to CAD packages. STL files for meshing.

– No standard workflow from CAD to result

– Not all combinations of solvers are readily
available (e.g. multiphase flow + chemical
reaction)  customization required
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Challenges & gains

• Biggest gains:

– Open source: free, customization, …

– Massive user base (e.g. www.cfd-online.be)

– Compatible with powerful post-processing tools 
(e.g. Paraview)

– Very advanced solver capabilities (2-phase flows, 
combustion, multiple RANS models, LES, …)

– Parallel computing
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Capabilities
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Workflow
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https://www.airshaper.com/
https://www.airshaper.com/
https://www.airshaper.com/


www.airshaper.com

Workflow
• Pre-processing:

– CAD geometry:
• OpenFOAM:

– only blockMesh for very basic shapes

• CAD packages:
– Without internal mesher: export geometry as STL, IGES, STEP, …
– With internal mesher: export mesh directly

– Meshing:
• OpenFOAM – snappyHexMesh

– Very good mesh quality
– Excellent compatibility
– Based on STL (sadly no IGES/STEP support)

• Meshers
– Import STL, IGES, STEP, … depending on the package
– Generate & export the mesh
– Use openFOAM translation tools to convert the mesh
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Workflow
• Pre-processing:

– Challenges:

• No decent open source CAD package available

• Meshing in OpenFOAM - snappyHexMesh:
– Input through STL looses parametrisation

– Logical surfaces are split into smaller ones

– Patch definition is diffcult

• Meshing in 3rd party package:
– Not always free

– Different element types (tet, hex, …)

– Sometimes good coupling with CAD models

– Patch definition requires attention
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Workflow
• Solving:

– This is the core function of openFOAM

– Different solvers for different problems

– Parallel computating: on multiple cores, CPU’s and
even PC’s

– Real-time monitoring of convergens, forces, …

– Results: folders per time step containing field data 
(pressure, velocity, …) for each cell
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Workflow
• Post-processing:

– Visualisation of the field data

• Cut-plots

• Streamlines

• Isosurfaces

• …

– Calculation of extra parameters

• Relative velocities

• Forces (not always easy)

• …

– Performed in ParaView: excellent open source tool
Basic course
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File structure
• “system” directory:

– controlDict: contains the run control 
parameters (start time, time step, data 
output, …)

– fvSchemes: discretisation parameters

– fvSolution: parameters for equation
solver, tolerances, …

Basic course

https://www.airshaper.com/
https://www.airshaper.com/
https://www.airshaper.com/

