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Concentrate competences in HPC, numerical 
methods, modelling to tackle scientific problems

GLOBAL CHANGE ALGO-COOP CFD

3 scientific teams

Partners
TOULOUSE

Research center focused on 
training and technology transfer 
using High performance computing 
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The AVBP Code

• Compressible Navier-Stokes Finite Element Solver 

• Unstructured multi-element grids 

‣ Arbitrary Lagrangian-Eulerian Method for moving grids 

‣ Automatic Mesh adaptation 

• Large Eddy Simulation 

• Up to 3rd order space and time numerical scheme  

• Reduce and Analytically Reduce chemistry  

• Two-phase flow modelling ( Eulerian and Lagrangian approaches) 

• Perfect and Real Gas Thermodynamics  

• Characteristic Boundary conditions 



4

The AVBP Community 

• An Open Science Code :  

‣ access for research and non-compete activities  

๏ TU Munich, TU Berlin, ETHZ, University of Sherbrooke, VKI, CNRS 

(CORIA, IMFT, EM2C, LMFA) 

‣ Industrial own usage upon bilateral agreements:  

๏ GRTgaz, Total Energies, CNES, SAFRAN, AIRBUS  

• 30 contributors annually  

• 30-40 papers annually 
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The AVBP Code

• 500k lines of code  

• SPMD parallel approach / Domain decomposition method 

‣ Fortran 2003/C  

‣ MPI 1 and 3  

‣ Full GPU offload for Reactive gaseous - static grid case - NVIDIA and Cray AMD 

systems(*) 

• Multi-physics coupling via CWIPI (ONERA)  

‣ Thermal  

‣ Radiative  

‣ Structure  

• AI
* non reactive as 2023-06-15 , work in progress 
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High Performance computing

Focus on Performance of legacy codes and 

prototyping disruptive technologies towards 

exascale and beyond

 VSR 

PRACE 

EuroHPC

 T1-GENCI Code Porting and  

Optimisation

Early adopters  

Hero simulations

Graviton

Ponte Vecchio 

(Prototype)

Aurora

BSC

Fringe technologies

CERFACS

Partner systems 
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EPYC

Stefan Gröning, Justin S Hardi, Dmitry Suslov, Michael Oschwald, “Injector-driven combustion instabilities in 

a hydrogen/oxygen rocket combustor", Journal of Propulsion and Power, Volume 32 [560-573] 2016 

https://arc.aiaa.org/doi/abs/10.2514/1.B35768
https://arc.aiaa.org/doi/abs/10.2514/1.B35768
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Strong scaling and portability
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Parallel GPU support (OpenACC)
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DGEN Windarm 
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High fidelity simulation of a wind turbine

Dabas et al
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80 windturbine farm demonstrator

X30 gain in time to solution using AMD GPUs

Mesh : 

21.373.984 nodes  

124.288.877 cells

Dabas et al
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Adaptative Mesh 

[6] Daviller G., Dombard J., Staffelbach G., Herpe J. & Saucereau D. « 

PredicDon of Flow SeparaDon and Side-Loads in Rocket Nozzle Using Large-

Eddy SimulaDon ». Int. J. Comp. Fluid Dyn. 2020. 

Physics informed Static mesh generation: TIC Nozzle Automatic Mesh adaptation : Safety simulations 

Meziat et al

Daviller et al
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Co-simulation learning 

[1] https://www.cerfacs.fr/avbp7x/

CNN/GNN inference

❖ CWIPI 

❖ MPI 

AVBP+PhyDLL

DL 

MPMD (Multiple Program Multiple Data) 
mpirun –n 16 EXECAVBP : -n 2 python dl.py COUPLING  

Interface
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AI and simulation 

• Replace sub grid-scale combustion model with AI

DNS : resolved 
flame front

LES : missing 
wrinkling

SGS slot-burner

(  …,         !̄         , …)

Classical 

computations 
Charlette model

(  …,         ¯̇"     , …)

Progress-variable

Reaction-rate

Convolutional 

Neural Net 

(CNN)

input output

SGS flame wrinklingΞ !̄ 

Update ¯̇" = Ξ̄ ˙ "(!̄)

C. Lapeyre et al., Training convolutional neural networks to estimate turbulent sub-grid 

scale reaction rates, Combustion and Flame, Volume 203, 2019, Pages 255-264.

[2] V. Xing et al., Generalization capability of convolutional neural 

networks for variable variance and reaction rate subgrid-scale 

modeling, Energies, 14(16), 2021.
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• Encouraging results  

•  

CLASSICAL

AVBP+PhyDLL

CLASSICAL

  AVBP+PhyDLL

Serhani et al
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Thank you for your  attention

Potier et al

Dabas et al

Dabas et al


