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The reduction of anthropogenic greenhouse gas emissions requires carbon capture from exhaust gas
streams as well as its utilization and storage. One promising technology for capturing the greenhouse
gas is carbon dioxide (CO2) absorption in gas-liquid contactors with falling film absorbers. In fluid film
absorbers a thin, gravity-driven liquid film is in contact with a concurrently or countercurrently flowing
exhaust gas stream while falling down a vertical or inclined plate. Through the modification of the
surface structure of the absorber’s backplate, the capturing performance can be improved by introducing
eddies into the film to enhance mixing. Thus, the interfacial mass transport between the involved phases
is intensified.

To assess the optimization potential, a simplified geometry is analyzed using an in-house code, based
on the OpenFOAM Volume-of-Fluid (VoF) library TwoPhaseFlow introduced by Scheuffler et al.[1].
Thereby, the liquid film and gaseous CO2 are modeled and the two-phase interface is captured with the
VoF Methode. An appropriate model for the interfacial mass transfer is implemented into the existing
code [2]. The corrugations on the backplate of the absorber are modeled using the Immersed Boundary
Method (IBM) enabling the application of the adjoint optimization method to the given problem. The
adjoint method is derived based on the time-averaged flow equations, so the temporal fluctuations are
considered for the primal equations only and their derivatives are neglected for the computation of
the adjoint variables. The sensitivity map computed from the primal and adjoint variables provides
information on the change of the surface structure with respect to the chosen objective and constraints.
In the conference contribution we will present the details of simulation setup and optimization tool and
also report on the preliminary results of the optimization application.

(a) Experimental Setup [3] (b) Preliminary numerical results for periodic domain
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