Analysis and closure verification of multiphase turbulence models for gas -liquid flows

N. Panicker1, A. Passalacqua1,2, R. O. Fox2
1 Department of Mechanical Engineering, Iowa State University, Ames, Iowa, USA
2 Department of Chemical and Biological Engineering, Iowa State University, Ames, Iowa, USA

[bookmark: _GoBack]Abstract
Disperse turbulent gas-liquid flows are often encountered in chemical processes, hence an accurate prediction the turbulent features of these flows is very important to facilitate the design, the optimization and the scale-up of equipment operating with these flows. 
In the present study we propose and investigate two types of k – ω turbulence models: a two-equation k – ω model for the fluid phase, modified to account for the presence of the disperse gas phase by means of source terms in the equations of the model, and a four-equation k – ω model, which accounts for a detailed description of the exchange of turbulent quantities between the phases. Both high-Reynolds and low-Reynolds number forms are discussed. 
The values of the model coefficients is determined by means of meso-scale direct numerical simulations (Fox, 2014), and the dependency of the model coefficients on the flow conditions and on the loading of dispersed phase is investigated. The computational domain for meso-scale direct numerical simulation is constituted by a three-dimensional column with squared cross-section. Periodic boundary conditions are applied to the sides of the column to avoid wall effects, while air is fed at the bottom, and pressure is fixed at the top.
The predictive capabilities of the models are investigated considering both a bubble column flow and a multiphase turbulent vertical pipe flow (Monrós-Andreu et al., 2013; Troshko and Hassan, 2001, Pfleger et al., 2001). The numerical results obtained with the proposed k – ω models are compared to experimental data, and to the numerical predictions obtained with established k – ε models (Lahey Jr., 2005; Behzadi et al., 2004).
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