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Continuous growth of CO, emission is one of the most important threats of today’s
power industry. Among the methods currently being developed for carbon capture and storage
(CCS) the post-combustion capture is the most preferred option. With this approach the flue
gases are being sent through the absorber where CO; is separated by chemical absorption with
the use of aqueous amine solution flowing countercurrently. Both phases pass through the
packed bed where most of the chemical reaction occurs due to the enlarged contact area
between phases.

The present paper reports on the numerical-experimental project aimed at building the
CFD model of CO, capture process, the complex phenomenon including hydrodynamics of
gas-liquid two-phase flow in porous region, chemical reaction and thermal effects due to its
exothermic character. The model simulates the small-scale installation being ready for use.
The Re values based on the gaseous phase inside the entire absorber decide about the laminar
flow character.

The model was developed in ANSYS FLUENT as a 2D axi-symmetric and unsteady.
The Eulerian/Eulerian approach was implemented to describe the two-phase countercurrent

liquid volume fraction [%] liquid velocity magnitude [m/s] static pressure [kPa]

. 1.00 .ﬂu"‘dsource ll.jJr .ﬁ_(]

0.77 1.24 48
0.58 @ 0.93 3.6
o
N
[%2)
>
o
0.38 =1 0.62 24
0.19 0.31 1.2
4

0.00 . gas source 0.00 0.0 I

Fig. 1. Contour maps of liquid volume fraction (left), velocity magnitude (in the middle)
and static pressure (right) inside the absorber column
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flow with the phases interactions simulated by Naumann-Schiller formula. The porous region
was modelled using the momentum sink described by the Darcy’s inertial loss coefficients.
The pressure inlet and outlet boundaries were chosen at the bottom and top of the column,
respectively, to drive the flow and allow the phases to freely leave the domain. The gas phase
enters the absorber column at its bottom, while the liquid is realised from the mass source
located just above the porous region. These types of boundary conditions have been found as
the most effective in terms of convergence of the solution (Xu et al., 2008).

As a first step the hydrodynamics of the 2-phase isothermal flow of non-reacting fluids
has been studied. Water and air material properties were used as first approximation. Figure 1
shows some preliminary results of the flowfield in the form of contour maps. The
distributions of three parameters are presented, i.e. volume fraction of liquid phase (on the
left), velocity magnitude of liquid (in the middle) and static pressure (on the right). From the
volume fraction (VF) distribution it is seen that the water is released from the source and
enters the porous region (above the source water does not occur). Inside the porous region the
VF is constant, while just below the liquid content dramatically drops down as a result of its
acceleration due to the gravity force (see the velocity contour map). The static pressure
distribution inside the domain shows clearly that the pressure drops only in porous region.

The model has been then extended by implementing exothermic reaction of chemical
absorption of carbon dioxide by monoethanolamine (MEA), the most common amine sorbent
for CCS purposes (Alie et al., 2005). The chemistry was modelled by laminar finite-rate
model using Arrhenius expression to compute the chemical source term. According to
Faramarzi et al., 2010 the chemistry of aqueous CO,-MEA system may be approximated by a
single-reaction mechanism of carbamate formation with negligence of the secondary routes
(i.e. water ionization, hydrolysis and ionization of dissolved water, MEA protonation and
others). The preliminary results of simulations have shown the physically sound behaviour of
the system with CO, absorption rates at expected levels and satisfying temperature
distribution in the absorber column. Further studies are, however, required to tune the model
and verify its relevance for varying operating conditions. The special focus should be on
chemistry of reacting media being the essential for the adequate modelling of CO, capture by
chemical absorption.
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