Particles encountered in nuclear waste vitrification processes Nuclear glass melt Homogeneous borosilicate glass matrix Seeded with small particles (∼ 10𝜇𝑚) Particles are Platinum-Group-Metals with a much higher density than glass Ruthenium dioxide (𝑅𝑢𝑂 2 ) needles Palladium (coupled models Fluid mechanics for stirred glass: Navier-Stokes equations Temperature transport: Energy equation Electromagnetics for induction: Maxwell equations But PGM particles have significant effects when their local volume fraction increases (because of settling) Viscosity increase Electrical conductivity increase … Need for a supplementary model to compute particles local volume fraction in the melt 𝑪(𝒙, 𝒚, 𝒛, 𝒕) Full thermo-hydraulic numerical simulation of the cold crucible Transport model for particles Transport phenomena included in a one-fluid model Advection by the flowing suspending fluid Hindered settling with Stokes velocity 𝜏(𝐶, 𝑇) (Michaels & Bolger formula) Hydrodynamic diffusion 𝜅(𝑇) Resulting in a single unsteady evolution equation for the particles volume fraction 𝐶 𝛻𝐶 + 𝛻 ⋅ 𝜏𝐠 𝐶 = 𝛻 ⋅ 𝜅𝛻𝐶 Accounting for temperature-dependent transport properties 4 transport parameters, 2 of them strongly depend on glass viscosity 𝜂 Glass melting processes are non-isothermal and glass viscosity depends on temperature | PAGE 6 CEA | SEPTEMBER 7th 2016 Temperature stratification 𝑇 Change in glass viscosity 𝜂(𝑇) (VFT) waste simulant seeded with PGM particles Heat-treated during prescribed settling time without any stirring (𝐮 = 0) Crucible vertically sliced after cooling Laser Induced Breakdown Spectroscopy (LIBS) to measure vertical concentration profiles 𝐶(𝑧, 𝑡) Comparison to the transport model (solved numerically) 𝜕𝐶 𝜕𝑡 + 𝐮 ⋅ 𝛻𝐶 + 𝛻 ⋅ 𝜏𝐠 𝐶 = 𝛻 ⋅ 𝜅𝛻𝐶 Sliced glass sample in the LIBS apparatus 𝐠 Laboratory settling experiments with a nuclear waste simulant (with low computational cost Able to account for PGM settling in glass melts, with temperature stratification Precise 3d imaging gives an insight into the sludge structure Transport model included in 3d simulations of waste vitrification in cold crucibles along with: "Cloud settling" through Rayleigh-Taylor instabilities Percolation model for the electrical conductivity of PGM-laden glass