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Open post-doc position - Aix-Marseille Université

Numerical smulation of an oxide-metal model system

Contact

Mickaél ANTONI Starting : before end of 2015
Aix-Marseille Université, CNRS, MADIREL Net salary : 2000 €

Centre Scientifique de Saint Jérdme Location : MADIREL (madirel.univ-amu.fr)
141, Traverse Charles SUZINI Duration : 2 years

13013 Marseille - France
Tel : 3349113551841
E-mail : m.antoni@univ-amu.fr

I ntroduction

Nuclear power production regularly returns to beadlines in particular when News put focus on the
ageing of nuclear power stations and on the riskevere nuclear accidents. The nuclear safetyeerlgla
priority in the nuclear field and is nowadays thajon concern at all stages of industrial developimaesign,
construction, operations and dismantling. Thisudek the consideration of potential accidents antkgtion
of the populations. Important efforts are therefa@ncentrated on containment technologies of highly
radioactive materials and in particular on theritéon between corium and concrete containmest phe
goal of this Post-Doc is to contribute to this ityi with CFD numerical simulations of the hydrodynics
and energy transfer in a model corium bath in otdeprovide new insights in the understanding @& th
thermal boundary conditions at corium/concrete svall

Conducting tests in prototypical materials (uramidioxyde UQ and molten steel), has demonstrated the
existence of metal phase segregation phenomenadnostopic proportions and the absence of grawitali
stratification. This is reflected in particular blye appearance of configurations in which the melalse is
preferably close to the concrete walls of the dontant pits. This anisotropy in the distributionasfemical
species leads to a significant change in heatfgabstween walls and molten metals. It may inipaldr lead
to a strongly inhomogeneous alteration of the aitd would thus introduce to additional constraints, yet
taken into account in the models.

Objectives and elements of the Post-Doc work program
This research project will be conducted along ssv&@eps corresponding each to an increasing lefvel
complexity. The system in question will consistaoimodel mixture of three phases, two condensedaand
gaseous one, in a two dimensional geometry witrodeé1Corium Bath (MCB). An in house Volume of Fluid
program will be used. The initial condition will msist in 50 droplets (metal) and bubbles (air) ooatinuous
phase with specific temperature and boundary ciomdit Inductive heating and concrete alteration mait
considered.
- The VOF program available at MADIREL should bepid to three phase systems and the treatmertsof f
interfaces improved. Specific techniques for tleatiment of parasitic currents should be implemented
- The Navier-Stokes equation modified by capilleoptributions should then be used for the calootetif the
hydrodynamics in the MCB in isothermal conditions.
- The formation of oxides at the metallic dropleterfaces should be described with the aim to adctor
thermo-solutal effects and changes in interfaeiasion at metal/oxide interfaces.
- The final phase of this project should focus loertnal aspects. The temperature field in the MCa tzaat
transfer at the boundary walls should be descHiyeithe integration of the heat equation.

Required expertise

The candidate should have a solid expertise inalordevelopment and in Volume of Fluid Techniques.
An experience in numerical modeling of multiphagstems and capillary phenomena would be appreciated
The candidate should be able to actively contriiotehe understanding of model limitations, alduoris
validation and critical analysis of numerical outpuAn experience in program parallelization woalso be
appreciated.
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Fast overview of the experimental framework of this post-doc.

Nuclear accidents above INES Level 7 imply sevenmabe of reactor cores. One of the consequences
is the partial (or total) meltdown of the reacteessels due to the loss of the main cooling systdra.molten
mixture under consideration here, the corium, cissf reactor structural materials and chemicatipets. A
fraction of these latter is generated by the imtiiva of corium with the concrete containment pitst
containment barrier before soil and ground watettanmination. This high temperature mixture will rifgdhe
thermo-mechanical properties of concrete. DesmtE gerformances at room temperature, concretestoauw
critical behaviors at high temperature. In suchations, it is essential to rapidly cool down tlogiem and to
simultaneously prevent steam explosion due to skgesnechanical loading of the containment. MolRare
Concrete Interaction (MCCI) involve complex proassharacterized by generation of gaseous phases)dl
and solutal convection in a bubble-agitated méiyspgco-chemical evolution of the corium bath wittwale
solidification temperature range (of the order @Q K) and last but not least concrete ablation.

The understanding of the concrete ablation prdfilthhe VULCANO-ICB tests of DTN/STMA/LPMA
is the main scientific goal of this project. Dueth® specific properties of uranium dioxide, expents with
prototypic materials are absolutely necessary. Togium Concrete Interaction (ICB) program has been
elaborated to this end in the frame of national imtelnational collaborations (EC, EDF, SUEZ, IRSDEA).
Twelve experiments have been carried out in the WEWMCANO facility with prototypic corium and
sustained heating. Although reduced in size, thé& &EILCANO facility allows the simulation of corium-
concrete interactions representative of reactog sétgations. These experiments started in 2007stlhdaise
important fundamental questions. As an examplet-tgs$ analysis evidenced unexpected concretei@blat
profiles and phase separation effects where thalldraction appears to be concentrated in spetations
of the container. Both phenomena are still nofyiy understood.

Two types of concretes, representative of readtsr pave been used: “siliceous” concretes (SC with
63% w/w SiO2, 16% w/w CaO) and “lime-siliceous” cogte (LSC, 26% w/w SiO2, 42% w/w CaO).
VULCANO-ICB test section consist in half cylindes§ height (resp. diameter) 25 cm (resp. 15 cm) magd
with temperature sensors providing measures ofiabl&inetics (see figure 1). An inert zirconia Welbses the
half cylinder to mimic cylindrical symmetry. A plams arc furnace is used for the melting and synghefsithe
oxide mixtures (Zr@ SiO, and FgOs) that are further transferred into the concretaet@ioer. Overall,
VULCANO-ICB experiments demonstrate the existenfce o
1 — An important radial ablation kinetics for SCdaam less pronounced one for LSC. Experimental ialplat

profiles for SC and LSC are plotted in the figure.
2 - A phase separation for both SC and LSC withahrddminant wetting structures along the ablatattiete
walls instead of a metal-oxide stratified distribat
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Left: Schematic front view of the VULCANO-ICB teseédcion. The maximal melt load is 60 kg. Right : tiemolution of ablation
profiles for SC and LSC concretes.

From the numerical point of view, the simulationnofiltiphase systems in nuclear facilities is fardo
the object of important algorithmic developmentise Thain problem in this context is the precise dpgon of
free stiff interfaces and capillary forces. The wiamions planned in this Post-Doc project will fescan the
hydrodynamics in the oxide bath with the aim toegaccess to relevant temperature and heat flowlgsait
the bath/concrete boundaries.



