alternatives HETEROGENEOUS CALCULATIONS

Impossible to simulate an entire pellet with its heterogeneities  In general, the heterogeneity's dimension is small compared to the pellet dimension: 
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  High-cost numerical simulation  Microstructural observations: the heterogeneities are reproduced in the whole pellet  Modeling using random medium with the following mathematical properties: Theory of the integral span o Depend on the desired precision o Example: MOX fuels • Precision 10% → 100µm
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  Good properties: no edge effect Thermic example o Periodical thermal conductivity λ(x) o Periodical heat source q(x)  Development of the solution Variable of interest: temperature o Low variations  Goal: identification of the equivalent material properties Homogenization for mechanical problems  Variable of interest: displacement derivatives (ε) and stress (σ) o High variations  Goal: identification of the equivalent material properties, and the stress field at the micro-scale VER software offers tools for multi-scale calculations and regroups the research studies done in this domain Date Commissariat à l'énergie atomique et aux énergies alternatives EXAMPLES (MECHANICS) Better representation of MOX microstructure*  Standard MOX: random elements  New MOX fabrication: random functions  Transition between microprobe images to numerical REV o Statistical tools  Local mechanical behavior: elasto-viscoplasticity  Homogenization using Non uniform Transformation Field Analysis (NTFA) 12 New MOX fabrication Standard MOX *A. El Abdi, Génération de milieux aléatoires continus périodiques et calculs mécaniques par FFT, CFM2019 Date Commissariat à l'énergie atomique et aux énergies alternatives EXAMPLES (MECHANICS) Cristal viscoplastic modeling of UO 2 fuel*  Micro-mechanical behavior law based on dislocation glide 13 *L. Portelette, Analyse des mécanismes de glissement des dislocations dans l'UO2 à l'aide de la modélisation multi-échelles comparée à l'expérience, PhD thesis 2018 Micro-mechanical behavior law based on dislocation glide  Comparison between experimental and simulated stress fields 14 *L. Portelette, Analyse des mécanismes de glissement des dislocations dans l'UO2 à l'aide de la modélisation multi-échelles comparée à l'expérience, PhD thesis 2018 Rotation of the crystalline network: Simulation under Loss of Coolant Accident(LOCA) transients conditions  Predict the fragmentation of the HBS, to be compared to heat treatment tests 15 *C. Esnoul, Comportement à rupture du combustible des Réacteurs à Eau Pressurisée, par une approche micromécanique, en conditions accidentelles, (VER) > λ eq (KAERI)  Reason : uncertainty on λ Mo ? Impurities ?  In order to obtain KAERI's results: λ Mo = λ Mo /2.25 Date Commissariat à l'énergie atomique et aux énergies alternatives DETAILED EXAMPLE (THERMICS) 18 Other possible reasons: o Interruption of the conductive heat path? o Lost Mo fractions in form of clusters? o Non conductive porosities?  REV simulation with interruption of the heat path and porosities  REV simulation with interruption of the heat path and porosities  No influence on λ eq  Despite the obstacles, the flux passes: o Through the connected metallic phase o By the UO 2 /Mo exchange which is perfect  Imperfect heat exchange between the phases? Contact resistance? Mo clusters? Anisotropic medium?