Potential flow and averaged Wake Induced Fluctuations (WIF) Wake Induced Turbulence due to interactions and instabilities of wakes (WIT) Unsatisfactory models Modelling conclusion : Bubble turbulence cannot be modelled as a kinetic energy source

Numerical setup

Physical setup Bubble swarm in a flow initially at rest Fixed bubble simulation → Spring force periodicity in x,y,z Different predefined population of bubbles Computation in typical reactor condition based on DEBORA experiments (freon 24 bar) Re b = 1176 and Eo = 0.59 A Front-Tracking algorithm One-fluid equations are solved on an Eulerian / Cartesian mesh Interfaces are tracked on a Lagrangian mesh Validated by comparison with works of J.Lu and G.Tryggvason HPC calculations → ≈ 80 millions of cells → ≈ 1.000.
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Extension to full space

Multiply by phase indicator function :
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Local scale (DNS) / Averaged scale (RANS)

Local instantaneous description
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φ k = χ k φ k TX χ k TX Two-fluid averaged formulation Note α k = χ k TX Dα k ρ k u k k Dt = -∇ α k P k k + α k ρ k g + ∇. α k τ k k + ∇. α k k k -(p k n k -τ k .n k ) .
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  the interfacial force exerted on phase k M l + M v = σκnδ i TX antoine.ducluzeau@cea.fr | | PAGE 7 → to avoid coalescence (No contact line models) Limited Reynolds number → moderate resolution of the mesh → Unreachable industrial conditions for bubble columns → Reachable industrial conditions for bubble swarms Models extracted from the DNS need a posteriori validation on experiments in reactor conditions antoine.ducluzeau@cea.fr | | PAGE 8 Overview

  

  

  

  

  

  

  

  

  

  

  

  

  

Exemple with the dissipation tensor

With DNS → post-treatment of all the statistical correlations in order to find scaling laws for the interfacial production, the dissipation etc...