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Momentum source

# Turbines, wind mills, marine turbines
® Combustion turbines

Structure loading

® Thermal load (fatigue, deformation, ...)
® Hydraulic load (deformation, fretting, cavitation, ...)
® Hydro-Chemical action (corrosion, erosion, fouling, ...)

Energy transfer

® Nuclear primary circuit coolant
® Steam generator

® Water/steam Secondary circuit
® Cooling towers

Safety analysis
| Fire
® H2 explosion

Energy storage
® CAES

Environmental release and dispersion

® Pollutants in atmosphere
® CO2 capture
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Application fields in safety, optimization, design assessment
Nuclear pressure vessel, pipes and fuel assemblies

Fossil fired furnaces

Turbomachinery

Heat exchangers and thermodynamic cycles

Fire and safety

Innovative power generation systems, impact on the environment

Scientific fields

Single and two-phase flow modelling, heat and radiative transfer
Chemical engineering and combustion

Applied meteorology and atmospheric impact

Fluid - structure interaction

Numerical analysis

High performance computing

Experimentation
® Measurement techniques, design and exploitation of test-rigs

Code development and maintenance
® Physical modelling, numerical analysis, validation, platform integration
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Thermalhydraulics for nuclear components

® MEDOC/PCC: head losses in steam generators

® HYBISCUS: nuclear power plant vessel for plant life time extension
® CARERRA: vortex aspiration in nuclear primary circuit

® MANIVEL: velocity measurement in nuclear fuel assembly

Two-phase flows modelling
s MEDOC/CHAPTAL: bubbly flows

Thermodynamics
® MICRO: performance of innovative heat exchangers

Hydraulic load and vibration
® MOCHE: hydraulic load and vibration of nuclear fuel assemblies

Cavitation
# EPOCA: cavitation

Chemical engineering / thermalhydraulics
® PERFIDE: deposition and fouling phenomena (eg. steam generator)

Fire safety
® MILONGA: disfunction of electrical equipments in nuclear power plants

Environment
® METEO: meteorological equipment for on site measurements
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Code_Saturne: general-purpose CFD tool

Single phase thermalhydraulics
Combustion

Chemical analysis and advection
Atmospheric phenomena
Cooling towers

Turbomachinery

NEPTUNE_CFD: two-phase CFD

® Two phase flows, especially steam-water flows

THYC: PWR cores and steam generators / heat exchangers

® Porous media
® Empirical correlation system

SYRTHES: thermal analysis for structures
® Conduction and radiative transfer analysis

MAGIC: fire simulation

® Zonal code for fire safety analysis
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Synergies with other EDF R&D Departments

Economy and Analysis of
Power Generation Systems

Networks: analysis of intermittent energies

Structural Analysis and Acoustic

Fluid Mechanics,
Power Generation
and Environment

Core Physics, Information
Technologies and Scientific
Computing

Core physics: energy source term
Scientific computing: simulation platform
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Structure analysis: fluid excitation

Materials and Structure
Analysis of Components

Corrosion: deposition & entrainment of particles
Thermal fatigue

National Laboratory for
Hydraulics and Environment

Hydraulics: climate change
Environment: particle deposition



Stalff

® 145 permanents
108 Research Engineers
= 43 Doctors
= 4 HDR (supervise PhDs without academic supervision required)
10 PhDs directly hired on a fixed term contrat (CIFRE grant)

® Senior Research Engineers

® Turbomachinery flow Jean-Francois Combes
& Applied Mathematics for CFD Jean-Marc Hérard

& Coal Philippe Jaud

® Turbulence Dominique Laurence

& Climate Systems and Forecast Sylvie Parey

Communication

® 43 publications
® More than 40 publications in conferences

Financial resources

® 5700 KeE: Direct purchases
® 400 k€: Investments
® 1 300 K€: Fundings (sources other than EDF SA)
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2008-portfolio

Renewable Energies
Environment

_E_nergy trahsport network and

Fossil fired power generation
Energy management

Information

: Others
Technologies

Total: 30 kEuros Nuclear field
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Title kEuros Domain

Nuclear PWR life time 2 864 Nuclear

Towards zero release fossil fired power plants 2 028 Fossil fired power gen
NEPTUNE (steam water flows for PWR nuclear plants) 1 952 Nuclear

GV-SCOPE (Nuclear heat exchangers) 1 937 Nuclear

TITANS - (Code_Saturne and SYRTHES) 1 920 Nuclear

AREA (Release and impact of fossil fired plants) 1 429 Fossil fired power gen
IMPEC (climate change) 1 129 Management d'énergies
Virtual Thermal Powerplant 1 084 Fossil fired power gen
Heat exchanger leakage under pressure 1 075 Nuclear

BIOGAME : Biomass 1 069 Renewable energies
DV GMPP (Nuclear pump life time) 977 Nuclear

MADRAS- 'Nucelar assemblies under hydraulic loading) 904 Nuclear
COMPOSANT CEUR (Nuclear core thermalhydraulics) 751 Nuclear

Innovation 741 Others

Fire 738 Nuclear
MOFPHET-C:(Chemical and thermalhydraulics loadings) 723 Nuclear

AOC - Axial offset anomaly in nuclear cores 672 Nuclear

CERAMHYC (EPR thermalhydraulics) 629 Nuclear
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® |81: Industrial Reactive and Multiphase Flows
Isabelle Flour

® |83: Single Phase Flow and Heat Transfer
Fredéric Archambeau

® |84: Vibration and Thermalhydraulics of Heat Exchangers and Nuclear Cores
Antoine Guelfi

® |85: Turbomachinery Flows
Michel Guivarch

® [87: Innovative Power Generation Techniques & Thermochem ical Engineering
Bruno Carlotti

m |88: Applied Meteorology and Atmospheric Environment
Damien Bilbault

mAG: Secretariat
Jocelyne Goergen
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27 permanents, 7 PhD students
2 experimental facilities

Reactive flows: fossil fired plants performance and nuclear safety

® Combustion modelling at local scale (Code_Saturne)
® Chemical / Thermalhydraulics modelling (PERFIDE facility)
® Fire safety (MILONGA facility, codes MAGIC and Code_Saturne)

Two-phase flow modelling at the local scale

® NEPTUNE project (EDF/CEA/AREVA/IRSN)
® CFD modelling (CHF, DNB, PTS, Valves, Cavitation, ...)
® [agrangian and Stochastic Modelling

Development and maintenance of numerical tools
# Multiphase CFD (NEPTUNE_CFD)

® Fire safety (MAGIC, Code_Saturne)

® Combustion modelling at local scale (Code_Saturne)

Experimental facilities
® PERFIDE: deposition and fouling phenomena (eg. steam generator)
® MILONGA: disfunction of electrical equipments in nuclear power plants

Partners
# CEA, AREVA, IRSN, GDF, Air Liquide, SNECMA, ONERA, EDF Polska ..
® EPRI, LECIME Paris, LEMTA Nancy, IMP Gdansk, IMF Toulouse, LCD P0|t|ers CORIA Rouen, Polish Univ,, ...
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25 permanents, 3 PhD students
1 experimental facility

Industrial studies

® Safety, availability and life time of the nuclear plants
® Thermal aspects of the nuclear fuel cycle

® Thermalhydraulics of Generation IV nuclear reactors

Development and maintenance of numerical tools
® Single-phase CFD (Code_Saturne)
® Thermal analysis and radiative transfer (SYRTHES)

Scientific fields -
® Thermal analysis, thermalhydraulics, turbulence, radiative transfer —
® Fluid / structure thermal and hydraulic interactions

® Numerical analysis for flow modelling

® High performance computing

Experimental facility
® HYBISCUS: nuclear power plant vessel for plant life time extension

Partners
® AREVA, CEA, IRSN, CETIM, U. Manchester, LEA Poitiers, U. Bordeaux, U. Paris VI, ...
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26 permanents, 1 PhD student
4 experimental facilities

Nuclear Reactor Core - Primary circuit
® 2-phase thermalhydraulics design and safety studies (CHF, AOA, NK/TH coupling)
® Numerical tools: CATHARE, THYC, NEPTUNE_CFD

Heat exchangers : steam generators, condensers and cooling towers
® 3D thermalhydraulics performance and safety (vibration) studies
® Numerical tools: GEVIBUS, THYC, Code_Saturne |

Fluid Structure Interaction development
® GEVIBUS dedicated to FIS simulation in steam generators
® Code_Saturne / Code_Aster coupling for local FSI modelling

Experimental facilities

® Heat Echanger head loss

® Bubbly flow modelling in tube

® Velocity measurement in fuel assemblies

® Hydraulic loading and vibration on fuel assemblies and control rod structures
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16 permanents, 1 PhD student
2 experimental facilities

EDF team for aero-turbine expertise

® Analysis of vendors offers, reception test
® Performance evolutions, out of nominal regime use
® On-demand analysis for EDF fleet

EDF team for pump hydrodynamic analysis

® Thermal loading, erosion, cavitation

® Methodology for qualification

® |ntegration of the pumps in their environment
® On-demand analysis for EDF fleet

And also
® Hydraulic turbines, windmills, marine energy

Key know-how
® | ocal 2-phase measurements, component and local scale numerical modelling

Partners
® CIRT, ONERA, LMS Poittiers, ...
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23 permanents

Innovative techniques
® Clean coal, wind, biomass, CO2 capture and sequestration, electricity storage ...

Thermochemical enginnering

® Caracterization of the fuels and of their combustion (Coal, fuel, biomass) to control the combustion
products (ashes, atmospheric pollutants, ...)

® Chemical engineering and process modelling for the treatment of gas (CO2 capture, depollution
systems, de-salt, ...)

Partners

® EPRI, ARMINES, CENER, ANR
® European projects: DOWNWIND (wind off shore), CESAR (CCS), BIOSNG (Biomass energy)

® LGRE, LSGC, FRIF,
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20 permanents + 3 PhD students
Experimental installations for meteorology and emissions
Common laboratory with EDF-R&D / ENPC: CEREA

Forecast: meteorology and climate
Atmosphere physics and meteorology measurements
Characterization of emissions

Coupled effects: Fluid / Transport / Chemical engineering
Impact on environnement (deposition, inhalation)
Modelling tools: Code_Saturne, POLAIR3D, ...

Partners: ENPC, IER, ...

Environmental impact of power generation plants

® All time scale - No forecast modelling development

Performance prediction

Scale desaggregation

Meteorological hazards, extreme events, statistical extrapolation and climate modelling
Partners: Orsay, CERFACS, MétéoFrance, IPSL, ...
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