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The OpenFOAM software and how can we model MSRs

We will have a look on:

• What is OpenFOAM?

• Introduction to Finite Volumes methods

• How is structured an OpenFOAM case and solver?

• Installation of OpenFOAM
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What is OpenFOAM?

• OpenFOAM is an open-source C++ library for numerical simulation in continuum mechanics, 

i.e., is used to solve (coupled) PDEs and ODEs

• Open-source environment, the source code is available, and you can customize it

• Field Operation and Manipulation: all the tools required to discretise and solve transport 

equations on a geometry domain are available.

• Multiphysics simulation capabilities: CFD, Computational heat transfer and  conjugate heat 

transfer, combustion and chemical reactions, multiphase flows and mass transfer, neutronics 
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Introduction on FV

The purpose of any discretisation practice is to transform one or more partial 

differential equations into a corresponding system of algebraic equations. 

Taken from Joel Guerrero, Finite Volume Method: A Crash introduction. https://wiki.openfoam.com/Theory_by_Joel_Guerrero 

Published under: CC BY-SA license 6
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Introduction on FV

• P is the centroid of the corresponding CV

• N is the centroid of the neighbor CV

• d is the distance from P to N

• f is the control volume face

• Sf is the face area vector pointing outwards 

from the control volume, normal to the face 

with magnitude equal to the area of the face
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Taken from Joel Guerrero, Finite Volume Method: A Crash introduction. https://wiki.openfoam.com/Theory_by_Joel_Guerrero 
Published under: CC BY-SA license

Two ingredients: domain discretization and equation discretization

The domain is divided in control volumes Vp where the solution is calculated by 

integrating the PDE over Vp.



Introduction on FV

8

Taken from Joel Guerrero, Finite Volume Method: A Crash introduction. https://wiki.openfoam.com/Theory_by_Joel_Guerrero 
Published under: CC BY-SA license

Two ingredients: domain discretization and equation discretization

ϕ 𝐱 = ϕP + 𝐱 − 𝐱𝐏 ⋅ ∇ϕ P
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theorem to convert the 

volume integrals into 
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Introduction on FV

Linear interpolation

(central differencing)

. II order accurate

. May create oscillatory solution

Upwind differencing

. I order accurate

. Bounded solution

. Diffusive
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Taken from Joel Guerrero, Finite Volume Method: A Crash introduction. https://wiki.openfoam.com/Theory_by_Joel_Guerrero 
Published under: CC BY-SA license

Convective flux

ϕf = fxϕP + 1 − fx ϕN

fx =
f N

P N
=

𝐱f − 𝐱N
𝐝

ϕf = ൝
ϕf = ϕP for ሶF ≥ 0

ϕf = ϕN for ሶF < 0



Introduction on FV

Diffusive flux

Linear interpolation

(central differencing)

. II order accurate

. Truncation error introduced due to the  

mesh non-orthogonality
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Taken from Joel Guerrero, Finite Volume Method: A Crash introduction. https://wiki.openfoam.com/Theory_by_Joel_Guerrero 
Published under: CC BY-SA license
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Introduction on FV
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Taken from Joel Guerrero, Finite Volume Method: A Crash introduction. https://wiki.openfoam.com/Theory_by_Joel_Guerrero 
Published under: CC BY-SA license

Time discretisation
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Euler explicit (very bad)

. I order accurate

. Possibly unstable

Euler implicit

. I order accurate

. Stable

. Leads to a linear 

system

Crank Nicholson

. II order accurate

. Stable

. Leads to a linear 

system



Introduction on FV

The time discretisations lead to a linear system to be solved
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Taken from Joel Guerrero, Finite Volume Method: A Crash introduction. https://wiki.openfoam.com/Theory_by_Joel_Guerrero 

Published under: CC BY-SA license
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OpenFOAM case

How to perform simulation with OpenFOAM:

1) Select the solver, i.e., the modelling

2) Case preparation

• Geometry and mesh

• Initial and boundary conditions

• Physical models/parameters

• Discretization

• Solver parameters

• Simulation parameters

3) Post-processing

• Visualization

• Data analysis
14
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OpenFOAM solver

ቐ

∇ ∙ 𝐮 = 0
𝜕𝐮

𝜕t
+ 𝐮 ∙ ∇ 𝐮 = ν∇2𝐮 −

∇p

ρ0
+ 𝐅

Let’s take a laminar fluid dynamics problem…
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Physical modelling = Incompressible Navier – Stokes equations

Which is the structure of an hypotetical OF solver for Incompressible NS?



OpenFOAM solver

26

pimpleFoam

pimpleFoam.C

UEqn.H

pEqn.H

createFields.H

correctPhi.H

setRDeltaT.H



OpenFOAM solver
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pimpleFoam

pimpleFoam.C

UEqn.H

pEqn.H

createFields.H

correctPhi.H

setRDeltaT.H

Time 

loop 

3 loops in the main solver file



OpenFOAM solver
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pimpleFoam
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p-U

 loop 

3 loops in the main solver file



OpenFOAM solver
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pimpleFoam

pimpleFoam.C

UEqn.H

pEqn.H

createFields.H

correctPhi.H

setRDeltaT.H

pCorr

 loop 

3 loops in the main solver file



OpenFOAM solver
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pimpleFoam

pimpleFoam.C

UEqn.H

pEqn.H

createFields.H

correctPhi.H

setRDeltaT.H

Equation 

mimicking

𝜕𝒖

𝜕𝑡
+ 𝐮 ⋅ 𝛁 𝒖 − 𝜈Δ𝒖 + 𝛁𝑝 = 0



OpenFOAM solver
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pimpleFoam

pimpleFoam.C

UEqn.H

pEqn.H

createFields.H

correctPhi.H

setRDeltaT.H

No real pressure eq. in the NS



OpenFOAM solver
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pimpleFoam

pimpleFoam.C

UEqn.H

pEqn.H

createFields.H

correctPhi.H

setRDeltaT.H

SIMPLE

steady-state

PIMPLE

transient

Pressure velocity coupling



openfoam.com
openfoam.org

I am curious about OpenFOAM… but which version? 

First steps with OF

33

This is the version we will 

use OpenFOAM-v2312

IMPORTANT

If you want to use an available solver or take features from available solvers 

for your own solver, be very careful and select the right OF version!



First steps with OF
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Can I use it on my computer?

OpenFOAM runs natively on Linux systems… 

MAC, or the Linux subsystem for 
Windows can be used



How to install it?

First steps with OF
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Windows

macOS

Linux

Download Ubuntu 

and then install 

OpenFOAM

Download Docker 

with OpenFOAM 

distribution

Install directly 

OpenFOAM



Learn OpenFOAM – Presentations and tutorial from OF wiki

First steps with OF

36

https://wiki.openfoam.com/index.php?title=%223_weeks%22_series

https://wiki.openfoam.com/index.php?title=%223_weeks%22_series


Questions?
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