The 8th European Congress on Computational Methods in Applied Sciences and Engineering
ECCOMAS Congress 2022
5-9 June 2022, Oslo, Norway

Energy-conserving discretization of the pressure-free two-fluid
model for one-dimensional flow in ducts

J.F.H. Buist!?*, B. Sanderse!, S. Dubinkina®, R.A.W.M. Henkes?** and C.W.
Oosterlee®

I Centrum Wiskunde & Informatica (CWT), Amsterdam, The Netherlands
Corresponding author: J.F.H. Buist. E-mail address: j.f.h.buist@cwi.nl
2 Delft University of Technology, Delft, The Netherlands
3 Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
4 Shell Technology Centre Amsterdam, Amsterdam, The Netherlands
° Utrecht University, Utrecht, The Netherlands

Keywords: multiphase flow, energy-conserving discretization, finite volume method

The pressure-free two-fluid model (PFTFM) [1] is a recent reformulation of the one-
dimensional two-fluid model (TFM) for stratified flow in ducts, in which the pressure
is eliminated through intricate use of the volume constraint. This removes the pressure
Poisson equation and all constraints from the model formulation, making the PFTFM
more amenable to analysis, at the cost of requiring knowledge of the volumetric flow rate.
For the discrete initial boundary value problem, this eliminates the need for solving the
pressure Poisson equation, and significantly reduces the computational cost.

In this work, we show the novel result that this pressure-free model can be formulated
in an energy-consistent manner, and we determine how to choose the free parameter of
the model (the volumetric flow rate) in such a way that the model is momentum and
energy-conserving.

Furthermore, we extend our energy-conserving spatial discretization of the TFM [2], in
the form of a finite volume scheme, to the PFTFM. We propose a specific discretization
of the volumetric flow rate that yields discrete momentum and energy conservation.

Our numerical experiments confirm that the discrete energy is conserved for different
problem settings, including sloshing in an inclined closed tank, and a traveling wave in
a periodic domain. The solution matches the TFM solution closely, with reduced com-
putation time, and with more precise momentum and energy conservation. Furthermore,
having removed the non-conservative pressure term while keeping energy conservation,
the new model is an important step towards an entropy-stable formulation of the TFM.
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