Numerical Simulation of Turbulent
Two-Phase Channel Flows

Figure 1: Liquid-gas interface disturbed by a turbulent co-flowing gas
flow

Introduction

Liquid films, which flowing parallel to a turbulent gas flow,
experience shear stresses at the liquid-vapor interface are
considered in this project. This can lead to instabilities in the
liquid film like wave formation as well as film rupture and droplet
detachment [1-3]. Furthermore, it is known that the turbulent
gas flow and the deformation of the liquid-vapor interface
influences heat transfer in the system [4]. These effects are
investigated numerically in this project.

Methods

The observed film deformations depend strongly on the relative
velocity of the two fluids. The higher the velocity difference the
stronger the growth of film deformations. Additionally, the
structures become more irregular at higher velocities. Droplets
might detach from the film or film rupture can occur. The
conducted simulations show the exact size and shape of the film
deformations by applying an adaptive mesh refinement strategy
at the liquid-vapor interface. The computational load is
distributed by a load-balancing technique. This was not possible
in previous investigations.

Results

Previous results showed that at moderate gas velocities and in
regions with a highly disturbed interface the wall temperature is
high, where the flow velocity close to the wall is low and the the
temperature is low, where the flow velocity is high. The wave
formation in the film leads to better mixing and increases the
heat transport [7]. New investigations are targeted at
quantifying the heat transfer from the wall to the liquid and the
vapor. It has been found that the heat transfer to the vapor
increases significantly when the film interface is disturbed.
Additionally, it has been found that higher film deformations can
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be observed for thicker films.

Outlook

Further investigations are necessary, which will also include the
effect of evaporation of the liquid in to the ambient gas
phase.The computational framework is built on OpenFOAM's
standard multiphase solver inter-DyMFOAM but has been
extended with an iso-surface reconstruction heat transfer and
evaporation modeling. [5-6] The high computational demand of
two-phase turbulent channel flows requires parallelisation with
up to 128 cores and can only bedone on the high performance
cluster.
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