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Abstract

To operate a fluidized bed reactor most efficiently, one needs to have a good
understanding of the hydrodynamics inside the bed as well as a good understanding of
the mixing and segregation patterns that occur if the bed is multi-component. Many
studies have been carried out in an attempt to address these issues, and the findings
have contributed to make a variety of processes more efficient. However, since fluidized
beds are an opaque medium, it remains difficult to experimentally investigate
hydrodynamics and mixing/segregation patterns without significant trade-offs. This
study discusses experimental efforts aimed at understanding mixing and segregation in

multi-component cold-flow fluidized bed reactors.

A non-invasive measurement technique called X-ray computed tomography (CT)
has been used to experimentally investigate mixing and segregation in 3D fluidized
beds. New analysis tools for quantifying the bed “mixedness” and level of segregation in
a fluidized bed were developed. The method and analysis techniques are explained in
detail. The fluidization gas flow rate, particle size, particle density, mixture ratio, fluidized
bed size, and the humidity of the gas stream can have a significant effect on the level of
segregation of the fluidized bed. The newly developed analysis tools have been proven
to represent the varying levels of segregation sufficiently and have been found to be

superior to previous introduced measures.



Chapter 1 Introduction

1.1 Motivation

Fluidized beds have been used in industry since the early 20" century for fuel
production and other applications. They feature many positive characteristics such as
uniform temperature distribution, high heat and mass transfer rates, etc., that makes it
interesting for industrial applications. Although they have been widely used, fluidized
beds as a whole are still poorly understood because of the complexity of gas, liquid and
solid interactions. Extensive research in areas such as the hydrodynamics and

mixing/segregation patterns are necessary to efficiently utilize fluidized beds.

Fluidized beds are usually used for drying processes or chemical conversion
processes through heat addition and/or a catalyst. In rare cases they are also used for
segregation processes. In all cases, the efficiency of the process is determined by the
relative contact area between the different media. Therefore, the more even the material

is dispersed, the more efficient the process.

Academic approaches to better understand the operation of these vessels have
been found to date back as far as 1955 [1]. Ever since then a lot of different studies
have been carried out with varying objectives, mostly addressing specific applications.
However, since fluidized beds are an opaque medium, trade-offs need to be made to
allow for measurements. In general, measurement techniques can be divided into
invasive and non-invasive measurement techniques. Invasive measurement techniques

can give insight into a variety of parameters inside the bed when operated, but, due to



their nature, have the potential of altering the processes and behavior of the bed. Non-
invasive measurement techniques have the advantage of not interfering with the
fluidized bed, but have often been found to yield unsatisfying results or required other
trade-offs that altered size, shape, or operating parameters of fluidized beds typically
found in industry. As an example, several researchers use optical means to record
experimental data [2-6] but, in order to make the fluidized bed transparent, they focused
on only a very thin 2D fluidized bed. In this case, valuable information can be gathered
with the trade-off of highly increased wall effects and lowered particle-particle

interactions.

Studies have also been conducted using computational fluid dynamics models
(CFD) for fluidized beds [3, 7-13]. However, since experimental data is very limited, the

accuracy of these models is too.

To further improve the usage of fluidized beds in industrial applications and assist
the computational development of these facilities, detailed experimental data from 3D
fluidized beds gathered through measurements that do not alter the behavior are

necessary.

Therefore, this study shows an approach on gaining experimental data on mixing
and segregation of multi-component 3D fluidized beds using X-ray CT scans as a non-
invasive measurement technique. The method has been built upon the successful
completion of earlier studies aimed at the hydrodynamics of single component beds
using the same measurement means, conducted by Heindel et al. [14, 15], Franka et al.

[16-19] and Drake and Heindel [20, 21].



1.2 Objectives

The objectives of this study are to develop a measurement technique for mixing and
segregation in multi-component fluidized beds and to provide accurate experimental
data that can be used for verification of computational models. To accomplish this, the

following tasks have been identified:

1) Identify parameters that influence mixing and segregation in fluidized beds
through a literature review and preliminary experiments by means of visual
observation.

2) Conduct preliminary experiments with X-ray CT scans to validate system
capabilities.

3) Develop a method to visualize fluidized beds in terms of material distribution
using X-ray CT scans.

4) Develop algorithms to analyze material distribution from the CT scans of fluidized
beds.

5) Develop methods to characterize the level of “mixedness” in fluidized beds based
on material distribution.

6) Complete studies over a range of flow and particle size conditions.



Chapter 2 Literature Review

This chapter discusses aspects of fluidized beds and their operation that are related
to this particular research. The first part