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Extended Abstract

The study of heat transfer in bubbly flows is of great interest in many industrial applications, and especially the ones
using boiler systems (such as solar power plants or nuclear reactors). The CEA aspires to create a numerical nuclear reactor
which requires a great knowledge of two phase flows. In order to improve our understanding of accidental scenarios, the
study and the modelling of complex dynamics and heat transfer of bubbly flows is necessary.

In order to achieve these objectives, numerical simulations are conducted at different scales. The most precise one is
the DNS (Direct Numerical Simulations), and the quicker simulation is at the system scale. In this work an original
approach is chosen: the DNS will provide reference data for Euler-Euler models (two-fluid Reynolds Averaged Navier-
Stokes), thus resulting in a relatively quick way to resolve heat transfer in turbulent bubbly flows, with a precision
inherited from DNS.

The direct simulation of such turbulent bubbly flows, with discontinuities of properties and interfacial transfers, is
itself a great challenge, prior to the Euler-Euler modelling. Once this challenge tackled, a reliable statistical database can be
produced from the numerical experiments of swarms and bubbly channel flows. So far, as a first step towards more
complex boiling flows, simulations are performed without phase change nor mass transfer. As there is no influence of the
temperature on the momentum field (passive scalar), multiple thermal fields can be computed using the same momentum.

The front-tracking method is used to manage the bubbles’ interfaces. This method was chosen because of its great
performance with multi-phase flows, and of the good results obtained in modelling the forces in such flows [1]. The scalar
fields are represented on a structured and uniform Eulerian mesh (hexaedric cells, MAC scheme). The one-fluid
formulation [2] is used to solve the temperature field with some adjustments made at the interface to tackle issues in mixed
cells.

The simulations considered target bubble swarms and turbulent bubbly channel flows. This presentation demonstrates
the performance of this algorithm in comparison to other DNS benchmark in the literature: Panda [3] (pure diffusion
around a spherical inclusion), Kawamura [4] (single-phase channel flow) and Dabiri and Tryggvason [5] (bubbly channel
flow). Then, original results in bubble swarm simulations are presented for various thermal properties. The issue of
producing high-quality and high-order statistics in bubble swarms is addressed. Actually, a perfect steady-state cannot be
achieved as the temperature difference between phases continuously decreases in time due to the interfacial heat transfer.
Three time phases can be distinguished : in the first period wake are not interacting, then the interactions starts and lastly
the temperature difference becomes not significant. Finally, the measurement and analysis of heat transfer between the
bubbles and the fluid in turbulent conditions are discussed.

In a future work, the issue of thermal modelling will be addressed. the database will be progressively increased by the
study of the influence of the bubble Reynolds number, bubbles’ deformation, and thermal parameters.
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