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In  less  than a  decade,  OpenFOAM®  (www.openfoam.org)  became a  major  simulation 
platform for research related to flow and transport in porous media at various scales of 
interest.  OpenFOAM®  is  an  open-source  Computational  Fluid  Dynamics  package  that 
solves a large spectrum of partial differential equations. OpenFOAM is a versatile scientific 
package that can solve both single and multiphase flow at the pore-scale (Navier-Stokes) 
and at larger scales (Darcy). 

OpenFOAM®  includes  solvers  for  a  wide  variety  of  flows  including  multiphase  flow, 
turbulent flow, complex and non-Newtonian flow, and reactive flow. Thanks to its numerical 
efficiency, OpenFOAM can model flow processes in the exact three-dimensional geometry of 
a rock sample – an approach known as Digital Rock Physics. One of the major assets of 
OpenFOAM® is the possibility to customize the source code and implement new models 
based on partial differential equations. 

This short course aims at discovering this simulation platform through a series of lectures 
and live demonstrations. Most of the exercises concern porous media physics either at pore-
scale  or  at  Darcy's  scale.  Beyond  this  objective,  the  course  is  also  an  introduction  to  
computational microfluidics and Digital Rock Physics. 
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Introduction to open-source computational fluid dynamics 
using OpenFOAM® technology

Objectives: 
• Introduction to the simulation platform OpenFOAM®

• Run existing tutorials and adapt them to your needs
• Program your own solver based on the OpenFOAM® library
• Motivate you to use OpenFOAM for your own research

Schedule: 
 General introduction to OpenFOAM®

 First simulations (setup a case, run a case, post-process with ParaView or Gnuplot): 
◦ General structure of an OpenFOAM case
◦ Heat diffusion

 Single-phase flow at the pore-scale
◦ Lid-driven cavity flow
◦ Poiseuille flow in a pore-throat 

 Complex mesh generation with OpenFOAM®

◦ How to mesh complex geometries with snappyHexMesh?
◦ Flow past a cylinder
◦ Scalar and particulate transport in a pore-space

 Immiscible two-phase flow at the pore-scale
◦ Lid-driven cavity flow
◦ Poiseuille flow in a pore-throat 

 Program partial differential equations with OpenFOAM®

◦ General organisation of an OpenFOAM® application
◦ Basics of OpenFOAM programming

 Heat transfer in porous media with OpenFOAM®

◦ Program a « Darcy » solver
◦ Heat transfer in porous media

Prerequisite:
Familiarity with the basis of fluid dynamics, and flow in transport in porous media

Each student will use its own laptop to run the simulations. This is the student responsibility to 
install OpenFOAM version 11 from www.openfoam.org before coming at the summer school. 
Installation instruction are found in  www.openfoam.org.

There are different version of OpenFOAM online. It is crucial that you install 
OpenFOAM version 11 from www.openfoam.org 

Period: 8 daily sessions of 2:30h each (from 2:00pm to 4:30pm)

2/3

This offering is not approved or endorsed by OpenCFD Limited, producer and distributor of the OpenFOAM 
software via www.openfoam.com, and owner of the OPENFOAM® and OpenCFD® trade marks.

http://www.openfoam.org/
http://www.openfoam.org/
http://www.openfoam.org/


About the instructor: Cyprien Soulaine is an Associate Scientist at CNRS, the French National 
Centre for Scientific Research, working at the Institute of Earth Sciences of Orléans. Cyprien has a 
PhD in  fluid  dynamics  from the  Institut  de  Mécanique  des  Fluides  de  Toulouse,  France.  His 
research interests concern the modeling of flow and transport in porous media at pore-scale and its 
translation to larger scales. He is considering processes that occur over a wide variety of scales 
ranging from nanometers to kilometers. They include multiphase flow, complex and non-Newtonian 
flow, reactive transport modeling, and superfluid. Cyprien uses OpenFOAM® since 2009 for its 
own research. He is at the origin of several numerical tools based on this library to solve complex  
physics in porous media at the pore-scale and at larger scales. He delivered OpenFOAM® training 
classes to more than a hundred students, researchers, and engineers both in academia and industry.
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