
CFD Analysis of the Header of a Finger-Type
Slug Catcher

Frank M. Bos, Hans J. Bos

Dynaflow Research Group B.V.
Houtsingel 95, 2719 EB, Zoetermeer, the Netherlands.

Tel: +31 (0) 79 3615150
Email address: frank.bos@dynaflow.com

Abstract

The flow in the header of a finger-type slug catcher is analysed using CFD techniques. In order to design
a high performance finger-type slug catcher, it is necessary that the fluid flow in the inlet header manifold
is evenly distributed among the different fingers. Dynaflow performed a detailed flow analysis by means of
Computational Fluid Dynamics using the proven OpenFOAMr code. Different configurations are defined
and compared using the time-averaged mass flow at the finger inlets. The proposed configuration, using
a variable pipe diameter, leads to a large misdistribution in time-averaged mass flow. A constant and
increased pipe diameter was found to promote the mass flow balance. Additionally, by applying an extra
split in the main header pipe, the equal flow distribution is significantly increased.

1. Introduction

The function of a (finger-type) slug catcher is the
separation of gas and liquid under a variety of two-
phase process conditions. The inflow conditions
may range from steady stratified two-phase flow to
highly unsteady slug flow where the slug catcher
must be able to absorb sustained in-flow of large
liquid volumes at irregular intervals.

The slug catcher receives a mixture of production
gas and liquid condensate from the main pipeline
into the slug catcher inlet header. In order to pro-
mote stratified flow in the fingers, the relatively
high average flow velocity in the main pipeline
needs to be reduced as much as possible in the slug
catcher. This is achieved by increasing the total
available cross-sectional area from the inlet cross-
section to the combined cross-sectional area of all
fingers. Figure 1 reflects the proposed configura-
tion, where the area increment is done in two steps
by means of an intermediate inlet manifold. The
incoming two-phase mixture is distributed while
flowing downwards through the downcomers over
the different fingers. In the fingers, gravity acts
as the driving force for liquid gas separation.

For optimal efficiency it is very important that
the mass flow distribution along the finger pipes,
see figure 1, is equally distributed. Analytically,
this is the case. However, the flow through the
manifold is unsteady, turbulent and subjected to
viscous effects, like boundary and shear layers. It
is important to assess the flow in the header mani-
fold in detail, such that design modifications may

Figure 1: Computational mesh of the proposed configuration
of the inlet header manifold.

be made, leading to a more uniform mass flow
distribution along the fingers and down comers.
Dynaflow successfully performed a detailed CFD
analysis in order to understand the flow in the
manifold and address some design modifications.

2. Problem and Methods

The incompressuble, turbulent flow in the inlet
header manifold is governed by the Navier-Stokes
equations (Ferziger & Peric, 2002), given by:

∇ •u = 0, (1)

and
∂u

∂t
+ ∇ • (uu) = −∇p

ρ
+ ν∇2u. (2)
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Figure 2: Velocity contours for the proposed header manifold
configuration.

In order to solve the Navier-Stokes equations, a
computational mesh is generated. Figure 1 shows
the computational mesh, containing polyhedral
cells, for the proposed design with variable pipe
diameter. A symmetry plane is used through the
middle of the header. In order to solve the Navier-
Stokes equations, boundary conditions need to be
specified for the inlet, the symmetry plane and the
finger outlet boundaries.

At the inlet, the flow velocity is specified, while
the gradient of the pressure is set to zero. Further-
more, at the symmetry plane, the flow velocity
perpendicular to this plane is set to zero, no flow
is possible through this plane. Additionally, the
relative pressure at the outlet boundaries is set to
zero, such that the flow velocity will be calculated
accordingly. The time-averaged mass flow at the
finger outlets is calculated by a multiplication of
the gas density and the volume flux through these
boundaries. The used mesh resolution was 50000
finite volume cells. The flow is solved using the
open-source framework OpenFOAMr, which has
been used extensively in industry (Jasak, 2009;
Jasak & Tuković, 2004; Jasak et al., 2004; Weller
et al., 1998).

In order to study the mass flow distribution along
fingers, we considered a worst case with the largest
gas flow velocity. The values used are U=18.7
m/s and ρ=15.331 kg/m3 for the inlet velocity
and the reference density. This results in a mass
flow of about 216 kg/s , which need to be dis-
tributed along 12 fingers. Therefore, in the ideal
situation, a uniform distribution of the mass flow
at the finger outlets of about 18 kg/s is obtained.

3. Results and Discussion

The variable pipe diameter causes accelerations
in the flow, such that a large velocity variation
occurs in the main header pipe. This is shown,

Figure 3: Velocity contours for the final modified header man-
ifold configuration.

Figure 4: Time-averaged mass flow at the finger outlet
boundaries.

using velocity contours, in figure 2. Different de-
sign modifications were studied in order to find a
configuration with low velocities and equally dis-
tributed mass flow for the finger outlet bound-
aries. The final design configuration is shown in
figure 3, which is characterised by an increase in
pipe diameter in combination with an additional
split in the main header pipe. It is shown that
the velocities are lower and evenly distributed.
Additionally, figure 4 shows the time-averaged
mass flow at the finger inlet boundaries. The time-
averaged mass flow varies around 18 kg/s with a
deviation of 2 kg/s , which is considered to be a
large improvement compared to the initial config-
uration. It should be noted that in all cases the
erosion velocity occurs, especially in the first pipe
before the bend. Therefore, material reinforce-
ments may be necessary at these regions. The
extra split in the main header pipe results in a
more uniform distribution of velocity and mass
flow accordingly. So, significant improvement is
already made by applying an extra split in the
main header pipe. Additional gain can be ob-
tained by optimising the outer inlet pipe, towards
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the main header pipe.

4. Conclusions

Dynaflow successfully performed a CFD analy-
sis of the inlet header manifold of the finger-
type slug catcher using the open-source framework
OpenFOAMr. The gas flow is solved for different
configurations based on the initial design, which
uses variable sizes of the piping. The mass flow
at the finger inlets is highly misdistributed in the
original design configuration. Almost backflow
occurs at certain fingers. A design modification
where the inlet header manifold has an increased
and constant diameter improves the mass flow dis-
tribution significantly. The mass flow distibution
in the inlet header manifold is further improved
by applying a split in the main header pipe.
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