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Packed beds and multiphase flows are two common features of industrial processes such as
furnaces [1] and reactor vessels [2], and yet the combination of the two is sparsely covered by
the literature on numerical modelling. Further applications include wave action on harbour
breakwaters [3] and multi-fluid flows in rock beds [4]. 

In  this  presentation,  we  describe  our  efforts  is  to  improve  upon  the  multiphase  porous
modelling  capabilities  in  the  OpenFOAM® toolset.  These  developments  comprise
improvements  to  the  handling  of  free  surfaces  on  non-orthogonal  meshes,  as  well  as  a
numerical  method for  handling  arbitrary heterogeneous porosity fields,  possibly including
discontinuities,  without  introducing instabilities  or  spurious oscillations.  This  allows for a
general porosity distribution to be specified as just another field..

For the two-fluid (free-surface) modelling the volume of fluid (VoF) method is used with the
HiRAC [5] interface capturing algorithm. Flow through the porous medium is modelled using
the volume averaging scheme of Whittaker [6] and Ergun's standard model of porous drag [7].
Accepted values from literature are  used to determine the empirical  drag coefficients  [8].
Consistent inter-cell interpolations are derived which allow for discontinuities in porosity and
density (across the liquid-gas interface) to co-exist without introducing numerical oscillations
or instabilities.

The  application  of  the  derived  numerical  scheme  is  demonstrated  for  realistic  3D  test
problems involving wave impact  on harbour structures and metal tapping from a smelter.
Setup  of  the  porous  zones  is  particularly  flexible,  achieved  here  using  the

funkySetFields utility.
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