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ABSTRACT

In the present work we show the advances in the  embedded Eulerian-PFEM multi-phase model
developed for the analysis of gas-liquid interaction problems. The basic idea of the approach consists
in modelling the liquid using a moving grid model (Lagrangian PFEM), while adopting a fixed grid
(Eulerian) one for the gas [1,2].  This combination allows accurate tracking of the liquid domain
deformation and enables natural representation of the material discontinuity across the liquid/gas
interface.  One  particular  class  of  the  problems the  approach is  advantageous  for  is  droplet-gas
interactions. Droplet dynamics is an important class of multiphase problems found in many natural
and engineering applications. Rain droplets on leaves, ink jets in printers or liquid droplets in fuel
cells flow channels are just a few examples. A distinguishing feature of the droplets is the presence of
surface tension, which plays a particularly important role at the sub-millimeter scale.

For such problems, the Embedded-PFEM approach also facilitates modelling the  surface tension,
which can be applied as a surface force on the boundary Lagrangian mesh. Implementation of an
implicit surface tension model allows for improvement in the stability of the model in terms of the
critical time step [3].

An  additional  challenge  is  faced  when  modelling  the  contact  of  droplets  with  solid  surfaces.
Predicting the motion of the contact line, which is the gas-liquid-solid interface, remains a challenge
from both the physical and numerical modelling points of view [4,5]. Here a dissipative force term
that accounts for friction losses between the liquid and the solid phases is added within the PFEM
model. Including this term is paramount to avoid over-predicting contact line velocities in wetting
phenomena analysis.

The different stages in the model development are shown here, including numerous validation tests
and examples of engineering relevance taken from the field of polymer electrolyte fuel cells [6,7,8].
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