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Transportationand Energy sectors

Shipping Aviation

Road transportation Industrial processes

VHigh fossil fuel dependency
VPollutant emissions
VNoise
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Responsible for 
Climate Change

Urgent need of 
decarbonization



Strategiesfor decarbonization

Improving combustion 
technologies

Use of synthetic or 
e-fuels

3IC Engines Aeroengines Gas Turbine Hydrogen Ammonia SAF



Strategiesfor decarbonization

New combustion 
technologies

Use of synthetic 
(low-carbon) fuels

Combustionplaysa central role in energy
conversionsystems
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Combustionis a complexmultiphysicsproblem

Ç Liquidfuel atomizationanddroplet formation occursat smallerscalesthan turbulence

Ç Fuel sensitivityand pollutantsrequirea high-level descriptionof chemistry

Ç SomepollutantsNOx, PAHsand soot evolvewith slow time scales

Ç Treatmentof turbulence/ chemistryinteractionsat conditionsof relevancefor engines

Physics

V Fuel injection
VAtomization
VEvaporation
V Ignition
VCombustion
VPollutants

Multiscale, 
multiphase& 
multiphysics

LES & DNS with HPC

Combustionsimulationswill stronglybenefit
from Exascalecomputers

Spray flamesimulationof OMExat ECN Spray A conditions, Mira et al., ICEF2021-67745. 
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What is CoEC?
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CoECconsortium

Ç 3 supercomputing centers (BSC, JSC, NCSA)

11 partners from 5 EU member states 
(with Switzerland & UK)
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CoECtechnological pillars

Combustion science

Generation of advanced 
simulation methodologies for 
turbulent multiphase reacting 

flows 

HPC algorithms for 
combustion

Exa-enabling combustion 
simulationcodes developed 

from new algorithmsand 
data processing and analysis 

tools

EU HPC 
combustion codes

Representative European 
Combustion Simulation 

codes with advanced 
users and industry
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FromSectorsto Challengesand Demonstrators
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8 x EACs 13 x ECDs



Application-oriented codes

YALES2

AVIP

JAGUAR

DISCO

Alya

AVBP

PRECISE_UNS

CIAO

Nek5000

CLIO

OpenFOAM
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CoECincludes the flagship codes 
used by Industry and academia

11 
Flagship 
codes
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CoECproject structure

WP3. Dissemination 
and communication.

WP2. Services and 
sustainability

WP5. Exascaletechnologies

WP7. Applications

WP4. Simulation methodologies

WP6. Data processing 
and analysis
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Combustionmethodologiesin CoEC(WP4)
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Combustionmethodologiesin CoEC(WP4)

4.1 High-order methods 

Sod2D: SpectralFinite Elements(SEM)with

entropy-stable stabilization model and

operator splitting to the convectiveterms

of the compressibleNavier-Stokessystem.

Nek5000/NekRS: r-
adaptativityin Nek5000 and 
NekRS, and high-order 
spectral interpolation for 
arbitrary Lagrangian-Eulerian 
mesh motion..

Jaguar: In-housesolver developedby CERFACS
and ONERA. It is based on the Spectral
Difference Method with unstructured meshes
andh-p adaptation. It runson both CPU/GPU.



Combustionmethodologiesin CoEC(WP4)

4.2 Error estimator for dynamic mesh adaption

Params
ɝὼ ρπ‘άȟɝὼ υππ‘ά
Ὤ ρ, white iso-lines = constant number of cells

Error on the laminar flame speed

Gradient and hessianerror estimators
for meshparametrization

CRSB burnerwith YALES2 Featuredetectionbasedon level
set of heat release

Metric

Meetricsand errorestimatorsin a spray flame



Combustionmethodologiesin CoEC(WP4)

4.3 Adaptive chemistry and UQ of chemistry reduction

NekRK: Fast kernels for chemistry, thermo and 
transport for CPU and GPU architectures. 

GPU

Reactions computed individually to avoid storing 
intermediate results and reduce register pressure 

Smaller registers compared to CPU

TRAC: Tabulated reactions for Dynamic Adaptive 
Chemistry for on-the-fly chemistry reduction. 



Combustionmethodologiesin CoEC(WP4)

4.3 Adaptive chemistry and UQ of chemistry reduction

Reduced-order modelling and clustering

DNS 143 modes
143 modes 
2 clusters

VROM for chemistry based on DMD

VClustering through LPCA

VPCA-based Cell Agglomeration ςP(CA)2

DNS P(CA)2



Combustionmethodologiesin CoEC(WP4)

4.4 Eulerian-Eulerian and Eulerian-Lagrangianmethods for particle transport

CIAO: SootmomentslibraryMOMIC 

and HMOM on C++ stand-alone 

library
ITV Soot 

(libsoot.a)

Closure

(libclosure.a)

DSMLib: Discrete SectionalMethod Library for

soot formationusingCPU/GPU.

Nek5000: Soot Plugincompatible with LAV 

plugin for Nek5000 

CLIO: Preferentialdiffusionmodelfor soot formation in CMC.

Le = 1
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Coria RouenSpray 
BurnerCRSB(CORIA)

ApplicationcasesCoEC(WP7)

High-pressureh2-enriched natural gas 
(DLR)

TU DarmstadtIC-
engines(TUDa)

Metal particles
(TU/e)

H2-swirl stabilizedflames
(TU Berlin)

Delft Adelaide 
Flame III ISF 
workshop

Cambridge RQL 
(UCAM) 
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ApplicationcasesCoEC(WP7)
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