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Open-source software in NS&T
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▪ Growing activities on open-source codes and open-access data

▪ Open-source and collaborative software development increasingly 
perceived as an effective way to stimulate synergies, avoid work duplicates, 
involve a broader community, multiply V&V efforts, and, ultimately, 
accelerate innovation

▪ Often encouraged in publicly-funded projects (e.g., Euratom)
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▪ Several examples
• OpenMC
• OpenMOC
• Raven
• Dakota
• Salome
• Code_Saturn
• Code_Aster 
• Dragon
• OpenModelica
• …
• Several OpenFOAM-based tools
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OpenFOAM

C
. F

io
rin

a 
  

6

▪ What is OpenFOAM?
• OpenFOAM = Open Field Operation And Manipulation
• Essentially a large, well organized C++ library for PDE solution
• “over 80 solver applications that simulate specific problems in engineering”
• ~10k to 20k estimated users worldwide
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OpenFOAM for NS&T 
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▪ Several attractive features of OpenFOAM as multi-physics library:
• Intuitive finite-volume formulation
• Includes advanced and verified CFD solvers
• Parallelism and geometric flexibility (unstructured mesh)
• Based on C++
• Object-oriented: high-level “fail-safe” programming of new solvers, streamlined 

distribution to other institutions, and straightforward coupling between solvers

fvm::ddt(IV,flux[energyI])- fvm::laplacian(D,flux[energyI])= S
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OpenFOAM for NS&T 
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▪ A wealth of applications in the last 2 decades, and growing
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PBMRs and 
HTRs 

MSRs

FHR

SFRs

https://docs.google.com/file/d/1eKUkkoeH0XbRVXPAZTc2O5CZGsmBtVPo/preview
https://docs.google.com/file/d/1Ig04LfqVSt0WS_-DP-s-f6fzcX5uzgw_/preview
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Activities at the EPFL/PSI
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▪ The GeN-Foam multi-physics solver:
• First attempt for a general OpenFOAM-based solver for reactor analysis, built 

upon previous efforts on HTRs ad MSRs
• Developed to complement legacy codes with more flexibility (unstructured 

meshes, parallel scalability, implicit coupling, code tailoring)
• Solves for: neutronics (point kinetics, diffusion, SP3, SN), single- and two-phase 

thermal-hydraulics (fine or coarse mesh), core deformations

Multi-physics 
modelling of the 
MSRE

Core flowering in a SFR Assembly windows in a 
SFR

The Argonaut reactor
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▪OFFBEAT: OpenFOAM Fuel BEhavior Analysis Tool
• A new-generation fuel performance code
• Transient and steady-state 
• Multi-dimensional, from 1.5-D to 3-D
• Parallel scalability

PCI and missing 
pellet surface

Pellet eccentricity 
in the HBRP exp.

Validation against 
the IFA-432 exp.
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▪GeN-Foam
○
○

○

○ bution” via IAEA ONCORE initiative before summer 2021

▪OFFBEAT
○
○
○
○

https://gitlab.com/foam-for-nuclear/GeN-Foam/-/tree/develop
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The ONCORE initiative: overview
▪

▪
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https://nucleus.iaea.org/sites/oncore/SitePages/Home.aspx


The ONCORE initiative: in practice
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The ONCORE initiative: ongoing activities
▪
▪
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The ONCORE initiative: get involved
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mailto:carlo.fiorina@epfl.ch


Thank 
you

Carlo Fiorina


