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Introduction and the aim of the work

Fluid-solid two-phase flow occurs in many
chemical engineering processes, such as in
fluidization, pneumatic conveying, drying or catalytic
cracking. Modelling and simulation are an effective
way to understanding these processes and the detailed
simulation studies can provide economic and
environmental benefits. The quick development in
information technology allows us to get a numerical
solution of the detailed phase level models in a
reasonable time because of the efficient methods and
high performance of computers are available for the
numerical solution of the models.

The aim of my dissertation is the model-based
study of chemical engineering systems, in which |
used the methods of computational fluid dynamics
(CFD) at the model developing and simulation studies.
In some cases | used a commercial program package,
in which the flow model and the numerical method
can be chosen for the solution of the given problem. In
other cases the numerical solution of the model
equations were performed by self-developed
programs.

Additionally, | used, the residence time
distribution analysis method, particle tracking and
compartment modelling. The most frequently used
modelling method was the immersed boundary
method, which is a popular method that is used in the
direct numerical simulations. This method allows
detailed, particle level description of the systems. The



results are shown in five case studies. They are: 1. the
hydrodynamic study of a biomass gasification reactor
by analysis of the residence time distribution, 2.
evaluation of the mixing performance of a multijet
mixer using data from the particle tracing study, 3.
particle level modeling and simulation of a fluidized
particle, 4. modelling and simulation of the saturation
of adsorbent particle, and 5. settling a solid particle in
Newtonian fluid.

New scientific results (theses)

1.1 developed a new method based on residence
time distribution analysis using computational
fluid dynamics and a compartmental model to
study the hydrodynamic behavior of the
equipment with complex geometry. The residence
time distribution curve obtained by using the
heuristic compartmental model is in good
agreement with the curve obtained by the
detailed CFD model.

a)A three-dimensional CFD simulator of a biomass
gasification device is developed, which is suitable
for studying residence time distribution of systems
with multiple inlets.

b) Using a compartmental model which is based on
ideal flow units | showed that the hydrodynamic
behavior of the detailed CFD model can be
reproduced. With the application of the



compartmental model we got a tool for the
calculation of the residence time analysis with
significantly less computational cost.

Related publications: 6., 10., 18.

2.To evaluate the performance of continuous
mixers, | defined a multi-aspect mixing measure
and used it to develop an evaluation method. The
advantage of the developed method is that in
contrary to the traditional simulations based on
the solution of the component balance equation,
only the stationary velocity field has to be used
for the calculations.

a)l developed metrics of mixing to define the
mixedness. These metrics are applicable to qualify
static and jet mixers.

b) | defined the concept of local coverage, which
can be used to qualify the mixer by interpreting the
local coverage to the whole outlet boundary.

c) | developed a calculation method that is suitable
for determining the mixing performance of mixers
based on the position data of the marked phase
elements using the stationary velocity field
obtained by the flow simulation.

Related publications: 1., 13.

3.Models using the immersed boundary method
based on the direct numerical simulation
modeling approach are developed for particle
level modelling of two-phase flow including the



phase interactions for different processes such as
fluidization, adsorption and sedimentation.

a)A simulator of a two-phase system, including a
fluidized particle is developed in which the gas-
solid interaction is calculated by the immersed
boundary method. The algorithm of the calculation
Is usable to calculate the moving of a solid particle
considering the properties of the surrounding flow
field.

b) | developed a particle level model to simulate the
adsorption process on the surface of an adsorbent
particle. | constructed a flow model of a two-phase
system containing the adsorbent particle based on
the immersed boundary method. The flow model
IS completed with a component balance for the
component to be adsorbed and first-order Kinetics
describing the adsorption process. The developed
method makes it possible to determine the degree
of saturation of the adsorbed components on
different surface elements of the particle.

c)l also developed a particle level model based on
the immersed boundary method that can calculate
the sedimentation of a solid particle in Newtonian
fluid. The simulator is suitable to calculate the
moving of the solid particle in still fluid based on
the properties of the surrounding flow field.

Related publications: 3., 7., 8., 9., 11., 12, 14., 15,,
16.,17., 19., 20.



Utilization of the work

The developed methods and simulators introduced
In the dissertation are suitable for model-based study
of one-phase or fluid-solid two phase systems. They
are usable to study the processes in detail.
Development of experimental devices to measure
physical processes has a great importance in model
validation, since it is essential part of the model
development.

The developed models and the introduced methods
In the case study of biomass gasification reactor are
applicable for examining the hydrodynamics of other
systems with multiple inlets.

The metrics developed to characterize mixing in
the case of a multijet mixer can be used to qualify the
mixing performance of other continuous mixers.

The advantage of particle level models of fluid-
solid two-phase flow is that we can get detailed
information about the motion and other relevant
properties of the particles in the solid phase.
Knowledge about the particle level properties is
important to understanding the behavior of the whole
particle population, which forms the basis of the entire
modeling of the whole system. The particle level
properties can contribute to the understanding of
multiphase systems, and thus to their more economic
operation.
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