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ABSTRACT

Absorption process is widely used in large process installations, however, its only recently
that substantial progress has been made in developing a fundamental understanding of these
processes. Gas liquid absorption can be extremely complex due to the existence of a
deformable interface with varying shapes and motion, transient and multidimensional
behavior, flow instabilities and turbulence, a very complex combination of process
thermodynamics and kinetics, with intricate reaction schemes and complex mass transfer-
reaction coupling, Actual modeling of such systems will contribute substantially in designing
and better understanding of the performance of the process and selecting the optimum
process parameters which is likely to be valuable in the actual opel;ation of industrial
continuous film contactors (CFC). CFC’s find applications in various industrial processes
like absorption, crystallization, evaporation, boiling, distillation, coating and solar
photochemical processes due to their simple and effective means of enhancement in heat and

mass transfer, better control of flow rates and ease of construction.

The present research is mainly focused on carrying out modeling and simulation studies on
gas liquid absorption for different reactive systems in a continuous film contactor. A steady
state two-dimensional model has been developed to simulate the process of gas absorption
inside a CFC. The proposed model couples the chemical interactions to convection and
diffusion of liquid species in all the directions resulting in highly coupled partial differential'
equation of second order and ordinary differential equations of first order. The governing
equations of mass, momentum and energy have been numerically solved with a backward

implicit finite difference method and trapezoidal implicit scheme. The performance of the
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numerical model has been validated with the experimental data of a detergent industry. The
model is able to predict the behaviour of industrial scale film reactor with a reasonable

degree of accuracy.

The applicability of the model has been further examined for the chlorination of n-decane.
The chemical system is found to be highly sensitive and optimization studies have been
carried out for parameter estimation using Genetic Algorithm (GA) technique. The results are

found to be in good agreement with the published literature.

[n another study, the absorption characteristics of CO, removal have been investigated both
experimentally and numerically. An experimental test facility has been designed and
commissioned in order to study the absorption of the CO, in aqueous monoethanolamine
(MEA) solution flowing in the counter current fashion. Effect of gas and liquid flow rates,
MEA concentration and CO; partial pressure has been studied. The mass transfer coefficient
has been estimated and correlated based on the experimental results. It is observed that rate
of absorption is strongly dependent on gas and liquid flow rates and other hydrodynamic

conditions in the reactor.

In order to explore the flow physics of the targeted annular flow, a two dimensional model
using computational fluid dynamics (CFD), volume of fluid (VOF) approach have been
solved under the present experimental laminar flow conditions. The model gives a qualitative

view of falling liquid film and is able to capture the important aspects of the flow patterns
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throughout the entire contactor. The results show a wavy interface for very low liquid and

gas Reynolds number, however the waves observed are of very low amplitudes.

The proposed numerical model has been finally modified according to the CO,-MEA
experimental system. The governing transport equations based on momentum, mass and heat
balance provides a mechanistic interpretation of the experimental results and a means to
predict the gas absorption performance at arbitrary adjustments of operational parameters
such as reactants (gas and liquid) concentration, flow rate of the absorbent, and flow rate of
the gas mixture. The numerical predictions are in good agreement with the present

experimental data.
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