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• The EXCELLERAT CoE is a 
single point of access for 
expertise on how data 
management, data analytics, 
visualisation, simulation-driven 
design and Co-design with high-
performance computing (HPC) 
can benefit engineering, 
especially in the 
aeronautics, automotive, 
energy and 
manufacturing sectors.

EXCELLERAT CoE
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The goal of EXCELLERAT is to enable 
the European engineering industry to 
advance towards Exascale technologies 
and to create a single entry point to 
services and knowledge for all 
stakeholders of HPC for engineering:

Industrial end-users

ISVs

Technology and HPC providers

Academics

Code developers

EXCELLERAT CoE
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In a holistic approach, EXCELLERAT analyses and

optimises eight core codes according to the engineering lifecycle.

Alya
Neko
Coda
AVBP
ElmerFEM
FLEW 
m-AIA
OpenFOAM

EXCELLERAT CoE

Application in 

7 Use Cases 
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EXCELLERAT SERVICE PORTAL

Application Software

Tools

Datasets

Consulting

Training

Materials

https://www.excellerat.eu/
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Partners
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Determination of requirements

Development of full scale 3D 
simulation package for synthetic
diagnostics in nuclear fusion reactors:

• Taking into account full 3D 
geometry of nuclear fusion reactor 
(tokamak)

• Parallelization of field line tracing 
codes to estimate power loading on 
tokamak wall

• Demonstrate high scalability of 
thermal modelling package to 
estimate temperature distribution 
on tokamak’s inner wall 

• Parallelization of optical simulations 
to obtain camera signal from 
temperatures

Fig. 1: Example of tokamak structure (WEST).

Fig. 3: Poloidal cross-section of WEST tokamak with contours of 
magnetic flux and main inner components of the tokamak.
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Progress monitoring

• Parallelisation and scaling of field line tracing codes of particles conducted along 

magnetic field lines to estimate power loading on tokamak wall
• Particle tracing through magnetic field lines
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• Calculation of power deposition on tokamak inner walls

• Based on impact angle of field line and different plasma parameters

𝑞||𝑠 𝑟 = 𝑞||,𝑜𝑚𝑝 exp −
𝑅−𝑅𝑚

𝜆𝑚
(parallel heat flux based on outer midplane point - OMP)

𝑞⊥ Ψ =
𝐹𝑃𝑙𝑜𝑠𝑠

2𝜋𝑅𝑚𝜆𝑚𝐵𝑝𝑚
𝐁. 𝐧 𝑒𝑥𝑝 −

Ψ−Ψ𝑚

𝑅𝑚𝜆𝑚𝐵𝑝𝑚
(single exponential profile) Fig. 1: Example of field line trace from target object 

(triangles).

Fig. 2: Outer midplane 
point is located on intersection of
Z-plane, going through plasma

centre, and first separatrix.

Fig. 3: calculation of heat fluxes 
on divertor baffle (tokamak 
inner wall).
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Progress monitoring

• Scalability of thermal modelling package to model 
first wall
• Steady state (ElmerFEM)/transient (OpenFOAM)

a) b)

c)

d)

Fig. 1: (a) Heat fluxes (from FLT simulation) (b) Corresponding temperatures 
(OpenFOAM) (c) cross-section of ITER first wall (d) corresponding dimensions of 
ITER frst wall

• Scalability of optical simulations
• Use of ray tracing algorithms (codes Raysect, Minerva,…)
• Take into account full 3D field of distributed 

temperatures and calculate corresponding radiance on 
the IR cameras in fusion reactors

Fig. 2:Example of camera view in the ITER tokamak
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• Scalability of digital twin of processes in fusion reactor:
• Test case is given for integration of 3D magnetic field to calculate stream

flow of particles
• Thermal modelling of large 3D structures taking into accout time and space

dependent heat fluxes from plasma
• Optical simulations of millions of rays to generate camera output based on 

surface radiation and reflections
• Cases strive towards more detailed simulation setups and more efficient 

workflow execution to acquire simulation results that will better explain 
physical processes around the inner wall during the fusion reactions and 
improved workflow execution that will drastically shorten time to solution of 
this computations and therefore pave the path towards real-time control of 
fusion reaction, which is needed for stable fusion.

Output generation



Hvala!

Projekt EuroCC 2 financira Evropska unija. Financiran je s sredstvi Skupnega evropskega podjetja za visokozmogljivo računalništvo (EuroHPC 
JU) ter Nemčije, Bolgarije, Avstrije, Hrvaške, Cipra, Češke republike, Danske, Estonije, Finske, Grčije, Madžarske, Irske, Italije, Litve, Latvije, 
Poljske, Portugalske, Romunije, Slovenije, Španije, Švedske, Francije, Nizozemske, Belgije, Luksemburga, Slovaške, Norveške, Turčije, 
Republike Severne Makedonije, Islandije, Črne gore in Srbije v okviru sporazuma o dodelitvi sredstev št. 101101903.


