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Porosity dependence of thermal conductivity in UO 2 nuclear fuels

BACKGROUND AND KEY ISSUE

Limits of classic conductivity UO 2 laws o Example of two UO 2 fuels with the same % porosity o Description of UO 2 fuels with only the % total porosity is not adequate to describe the thermal behaviour of these fuels. 
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  Determination of a new thermal behaviour law which gives the influence of porosity (shape, orientation and network) on thermal conductivity for non-irradiated UO 2 Two porosity types classified by pore morphology embedded into an urania matrix o Two different descriptions of the studied material have been considered. Study of the characteristic dimensions of both porosity types  Spatial scale separation between both porosity families o Opportunity to study separately the influence of each family Study of the influence of the spherical porosity κ(c s ) Study of the influence of the filamentlike porosity κ(c l ) Study of the influence of porosity 𝜿(𝒄 𝒔 , 𝒄 𝒍 ) = 𝜿 𝒄 𝒔 𝜿(𝒄 𝒍 ) C. MAXWELL, A treatise on electricity and magnetism, 1873 ** H. L. DUAN et al., Phys. Rev. B 73(17): 174203(13), May 2006 𝜿(𝒄 𝒔 , 𝒄 𝒍 ) = 𝜿 𝒄 𝒔 𝜿(𝒄 𝒍 ) SES 2018 | J. MEYNARD | PAGE Study of the influence of the lenticular porosity κ(c l ) Penny-shaped inclusions Disk-shaped cracks Study of the influence of the spherical porosity κ(c s ) « Diluted medium » model for spherical pores equiprobably distributed in the matrix (first-order approximation of Maxwell model*) Diluted medium » model** for penny-shaped pores equiprobably distributed in the matrix (first-order approximation in 𝑐 𝑙 𝜔 ) Diluted medium » model*** for disk-shaped cracks equiprobably distributed in the matrix 𝜿 𝝆 𝒇 = 1 -8 3 𝜌 𝑓 𝑰 *** B. SHAFIRO et M. KACHANOV, J. Appl. Phys., Vol. 87, No. 12, 2000 penny-shaped inclusion model Penny-shaped inclusion model more representative than the classic conductivity UO 2 law Remaining model/experience bias which does not allow a distinction between UO 2 fuels based on their thermal behaviour Evaluation of the representativeness of the "penny-shaped" model SES 2018 | J. MEYNARD | Development of the penny-shaped inclusion model which is more representative than classic UO 2 laws  The modelling of porosity dependency of thermal conductivity in UO 2 nuclear fuels is improved. o The penny-shaped inclusion model is not sufficient to discriminate different UO 2 nuclear fuels.  Necessity to improve modelling Work in progress o Finalization of the disk-shaped crack model  Determination of the crack density 𝜌 𝑓  Evaluation of the representativeness of filament-like pores by disks o Evaluation of filament-like pore interconnectivity with additional porosity