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Abstract

Inline fluid separation using a swirl element is a recent technology for oil/gas extraction. Centrifugal forces up to 100 times
the gravitational acceleration separate the phases, leaving the heavy phase next to the wall and the light one in the center. The
current study, part of a european project TOMOCON, aims at developing CFD methods in the in-house IMFT code JADIM to
simulate the two phase flow separation. Since the scales are ranging from 1 m (the characteristic length of the device :pipe,
swirl element) to 10−6m which can be the size of the smallest bubbles and drops, choosing the adequate approach between
Euler/Euler and Euler/Lagrange models to simulate the inline fluid separation is one of the crucial parts of the work.
As the Euler/Euler method cannot describe precisely the interface and the bubble/bubble and bubble/fluid interaction which
is one of the important parameters to evaluate the efficiency of the separation, a hybrid Euler/Lagrange approach has been
selected consisting on the following strategy: First both the pipe and the swirl element are simulated using Immersed Boundary
Method (IBM) for solid/fluid interaction, then the Lagrangian solver is used to track the dispersed phase (droplets/bubbles).
Once the separation is done and the coalescence takes place leading to large volume of gas/oil compared to the mesh size, we
switch to the Volume of Fluid (VoF) method to simulate the core inside the heavy phase. The following Navier Stokes equation
summerizes the numerical schemes:

ρ(
∂u
∂t

+ u.∇u) = ρg−∇P +∇.Σ + fIBM + fγ + fLAG (1)

with u the fluid velocity, P the pressure, g the gravity, Σ the viscous stress tensor. fIBM , fγ , fLAG are the volumetric forcing
coming from the IBM, VoF and Lagrangian methods respectively.
• The Immersed Boundary Method (IBM): first introduced by Peskin1 for the simulation of fluid structure interactions is used
here for both the pipe and the swirl element description. It consists in penalizing the fluid by introducing a volumetric force
fIBM . In JADIM a solid volume fraction α is introduced which enables us to reduce the cost of computation and simulate
different fixed and moving obstacles2.
• The Volume of Fluid (VoF): first introduced by Hirt and Nichols3 for interface tracking, it consists in tracking the interface
through the VoF function C (or volume fraction) which equals to 1 in one phase and 0 in the other. The change of C is governed
by the transport equation:

∂C

∂t
+ u.∇C = 0 (2)

The VoF solver in JADIM do not need any interface reconstruction and is based on an FCT solver. The capillary force fγ in
such approach requires a specific treatment to avoid spurious current4.
• The Lagrangian tracking: is used for the description of bubbles having a diameter smaller than the mesh size, the bubbles
are then considered as point force. The two-way coupling Lagrangian solver in JADIM calculates the trajectory of each bubble
based on the forces applied on it (Drag, lift, buoyancy, Added mass, Tchen) and the feedback of the presence of the bubble is
considered in both the mass and momentum equations (e.g. fLAG) for the fluid.
As mentionned before the hybrid CFD method will allow us to switch from the lagrangian tracking of the dispersed phase to a
volume of fluid scheme after the core formation leading to a less computation cost.
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A first illustration of the numerical simulation of a single phase flow through the separator is shown in the next figure. As
expected, the velocity is found to be maximum next to the blades of the swirl element and decreases while the flow is getting
far from it.

Example of streamlines of a single phase flow through the separator.

Numerical simulations of this industrial process will surely help fixing the physical parameters which influence the separation
and control the efficiency. A comparaison with the experimental results from both HZDR using wire mesh sensor and TUL
using electrical tomography will enable validating the models and build a control system for the inline fluid separation.
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