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ABSTRACT 

 

 

 

 Fluidized beds are widely used by various industries because of low pressure 

drop, uniform temperature distribution, high heat transfer rate and large contact area 

which enhances chemical reaction. It seems that the efficiency of the fluidized bed 

depends on the knowledge of the flow behaviour which are important for scaling, 

design and optimization. In modelling of gas-solid phase, drag force is one of the 

main mechanisms for inter-phase momentum transfer. Therefore in this study, 2D 

model of fluidized bed was developed to study the effect of using various drag 

models over different bed height of H/D ratio such as 0.5, 1 and 2. The drag 

correlations of Gidaspow, Wen Yu, Syamlal-O'Brien, Hill Koch Ladd (HKL) and 

Representative Unit Cell (RUC) are to be implemented using a multiphase Eulerian 

Granular Model (EGM) to simulate the interaction between phases. Simulation of the 

model is be conducted via commercial CFD software ANSYS FLUENT 14. The 

main contribution of this study is to identify the important of bed height during 

gasification process in order to contribute in the development of TNB Research of 

IGCC. From the results obtained show that EGM greatly suitable for dense particle 

flow. As overall, the result shows Wen Yu and Gidaspow drag model are suitable for 

dense fluidized bed application. While for Syamlal-O'Brien drag model is more 

suitable for all range of application. Finally for RUC and HKL can predict highest 

drag at volume fraction which is more likely occur in dense phase. 
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ABSTRAK 

 

 

 

 Fluidized bed seringkali digunakan secara meluas oleh pelbagai industri 

kerana ia mampu memberikan tekanan yang rendah, pengagihan suhu yang seragam, 

kadar pemindahan haba yang tinggi dan kawasan sentuhan besar yang mana dapat 

meningkatkan tindak balas kimia. Oleh yang demikian kecekapan Fluidized bed 

bergantung kepada pengetahuan mengenai sifat bendalir yang mana ia sangat penting 

dalam menentukan skala reaktor, rekabentuk dan pengoptimum sesuatu reaktor. 

Dalam model fasa gas-pepejal, daya seretan merupakan salah satu mekanisme utama 

bagi pemindahan momentum setiap fasa yang berlaku. Oleh yang demikian dalam 

kajian ini, model 2D Fluidized bed telah dibangunkan untuk mengkaji kesan 

penggunaan pelbagai model seretan dengan perbezaan  ketinggian bed mengikut 

nisbah H/D sebagai contoh 0.5, 1 dan 2. Model seretan Gidaspow, Wen Yu, Syamlal-

O'Brien, Hill Koch Ladd (HKL) dan Representative Unit Cell (RUC) akan diguna 

pakai dengan menggunakan Multiphase Eulerian Granular Model (EGM) bagi 

melaksanakan simulasi bagi  mendapatkan kesan interaksi bagi setiap fasa. Simulasi 

model akan dilaksanakan dengan menggunakan perisian CFD komersial ANSYS 

FLUENT 14. Sumbangan utama kajian ini adalah untuk mengenal pasti kepentingan 

ketinggian bed semasa proses pengegasan dalam memberi sumbangan terhadap 

pembangunan penyelidikan TNB mengenai IGCC. Daripada keputusan yang 

diperolehi menunjukkan model seretan bagi Wen Yu dan Gidaspow sesuai 

digunakan untuk aplikasi padat fluidized bed. Manakala bagi model seretan Syamlal-

O'Brien boleh digunakan untuk semua aplikasi. Akhir sekali untuk model seretan 

RUC dan HKL mampu meramal ketinggian maksimum untuk seretan yang berlaku 

pada jumlah kecil dimana ia lebih cenderung berlaku pada fasa padat.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Research Background 

 

 

Fluidized beds are widely used by the chemical, mineral, pharmaceutical, and 

energy industries because of low pressure drop, uniform temperature distribution, 

high heat transfer rate and large contact area which enhances chemical reaction. In 

the chemical industry, fluidized bed reactor is central component of combustion, 

pyrolysis, and gasification.  Local gas holdup circulate in the whole fluidized bed are 

incredibly important hydrodynamic parameters to determine a uniform mass and 

energy distribution and also gasification efficiency. Time average data is more 

meaningful than temporary in the design of commercial-scale fluidized bed. It can be 

said that the efficiency of the fluidized bed depends on the knowledge of the flow 

behaviour which are important for scaling, design and optimization. 

 

Based on Joachim Lundberg et al (2008), drag and gravity are the mainly 

dominating conditions in the momentum equation of the granular phase. The use of 

different drag models significantly affect the flow of granular phase by influence the 

predicted bed expansion and particle concentration inside the dense phase bed. Thus 

it depends on better control of the fluidization process which highly demands a better 

understanding of fluidized bed hydrodynamics. 
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Eulerian granular modelling (EGM) approaches based on the two fluid model 

have been thought as the most suitable choice when simulating the hydrodynamics of 

fluidized beds. In these approaches, gas-solid interactions are modelled via the inter-

phase of drag model. On other word, selection of a drag model plays significant role 

for any multiphase flow approach. Due to its high significance, this occurrence was 

frequently investigated by other researcher . The main goal of these study was to get 

an optimum drag model for better fluidized bed hydrodynamics. Therefore drag force 

is one of the dominant mechanisms for inter-phase momentum transfer. 

 

 

1.2 Research Objective 

 

 

The main objective of this study was focused on modelling and simulating 

fluidized bed of TNBR IGCC using commercial CFD code ANSYS FLUENT which 

can determine the influence of using different drag model on the behaviour of 

fluidized bed. In addition it also will determine the effect of interaction between 

particles and momentum transfer between phases in the aspect of pressure. Therefore 

this paper will be studied using different bed height which corresponded to H/D such 

as 0.5, 1, and 2. Simulation will be conducted in 2D geometry due to the lack of 

computer resources such as memory and processor speeds. 
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1.3 Problem Statement 

 

 

As we know, IGCC is an alternative industrial application which can reduce 

carbon emission under pre-combustion approach. However there are few issues and 

problem still arises in IGCC. Therefore failure to access in obtaining scaling, design 

and optimization of fluidized bed reactor was due to the lack of knowledge about the 

flow behaviour of fluidization. 

 

It seems the problem occur in TNBR gasifier pilots was unable to determine 

the occurrence of the transition regime of fluidized bed. As the objective meaning of 

the changing parameter is not known until the further research was needed. Thus 

with the application of drag models its considerably impacted the flow of the 

granular phase.  

 

 

1.4 Research Hypothesis 

 

 

Due to the linear nature of the complex bed hydrodynamics, it is also possible 

that the model accounting for the frictional force between the particles cannot 

reproduce the effective viscosity of the dense phase in the areas involved particles 

transport, such as bubble wake. Fractional flow of air through the fluidized bed 

actually intercept in the region of dense phase, up just near the surface of the wall, a 

small void is large since the packing of particles close to the wall is not as effective 

as in most of the bed. Indirectly, it will reduce the flow through the crossing dense 

phase bulk and reduce the drag forces between gas and solid phases and also will 

reduce the velocity of the particle. 
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1.5 Scope of Research 

 

 

The scope of this research is focused on simulating the bed height over 

different drag model on 2D geometry. The drag model which are going to be 

implement are Syamlal-O'Brien, Gidaspow, Wen Yu, Hill Koch Ladd (HKL) and 

Representative Unit Cell (RUC). Simulation of the model will be conducted via 

commercial CFD software such as ANSYS FLUENT 14. Further simulation will be 

conducted to determine the prediction of drag force in fluidized bed over bed 

expansion and also will focus on user defined function (UDF) of HKL and RUC as 

additional drag model which is not include in software. 

 

 

1.6 Significant of the Study 

 

 

The significance of this study is to identify the important of bed height during 

gasification process. Furthermore the success of this study will contribute in the 

development of an IGCC gasifier with high efficiency of energy production, low in 

production cost and safe to use environmentally. 
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1.7 Theoretical Framework 

 

 

The following is the theoretical framework related to the study of drag model 

using different bed height for the gasifier. 

 

Figure 1.1: Mind mapping of theoretical of framework 

 

 

1.8 Dissertation Organization 

 

 

This study consists of 6 chapters starting with Chapter 1 which explains the 

background of the study. In Chapter 2 we described the theory used in this study, and 

the research done so far in connection with this study. Studying the hydrodynamic 

behaviour of a fluidized bed is a necessary step for the analysis the process. Detailed 

methodology and analysis is presented in Chapter 3 including flowchart, 
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identification of research variable, equation used by ANSYS FLUENT, collection 

and analysis of data, and also the accuracy and correctness of this study is being 

checked. However in Chapter 4 we used modelling to simulate drag model and 

illustrate the results of the simulation in term of the effect of different bed height. In 

this chapter also we discussed on the result obtained. Conclusion are summarized in 

Chapter5. We also give some recommendation for future improvement in order to 

optimize the gasifier of fluidized bed. 
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