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Abstract

In operations dealing with particles of large size distribution, tapered fluidized beds
can offer certain advantages over conventional/ cylindrical fluidized beds. In tapered beds,
higher gas velocity ()Véx' the grid cnsures elimination of chances of bed defluidization, while
the lower velocily at the top reduces elutriation. From a designer’s point of view, information
on regimes of operation ( packed bed, bubbling regime, turbulent regime), bed expansion,
particle circulation and gas to particle mass transfer characteristics as a function of gas
velocity is important. Experimental studies in 2-D and 3-D tapered beds on these parameters
arc reported in this thesis.

Observations in the present work are in line with the limited information available on
packed bed pressure drop, minimum velocity for fluidization, bed expansion and solid
circulation in tapered beds. New experimental observations on mass transfer and transition to
fast fluidization regime in tapered beds are reported.

In tapered fluidized beds, the bed behavior depends on equipment variables also, in
addition to system and operating variables. Models for each parameter arc developed, such
that, they reduce to models for cylindrical fluidized beds when apex angle is zero. With such
an approach, equations/correlations are developed for minimum velocity for core fluidization,
bubble hold-up, solid velocity at wall, particle to gas mass transfer and transition velocities

and compared with the experimental results.



CONTENTS

CERTIFICATE
ACKNOWLEDGEMENTS
ABSTRACT

CONTENTS

LIST OF FIGURES

LIST OF TABLES

NOTATION
CHAPTER 1 INTRODUCTION
CHAPTER 2 PRESSURE DROP AND MINIMUM VELOCITY ¥FOR
FLUIDIZATION IN TAPERED BED
2.1 Introduction
2.2 Literature Review
2.3 Experimental
24 Model
2.5  Results and Discussion
2.6 Conclusions
CHAPTER 3 BUBBLE HOLD-UP IN TAPERED FLUIDIZED BEDS

3.1 Introduction

3.2 Literature Review

3.3  Experimental

3.4 Model on Bubble hold-up

3.5  Experimental Observations
, 3.6 Results and Discussion

iv

Page No.
i

it

1il

iv-vi
vii-xv
Xvi-xviii
Xix-xxiv

1

3-48
3

3

15

32

39

48
49-71
49

49

51

56

60

64



3.7
CHAPTER 4

4.1

4.2

4.3

4.4

4.5
4.6
CHAPTER 5
5.1
52
5.3
5.4
5.5
5.6
5.7

CHAPTER 6

6.1
6.2
6.3
6.4

6.5

Conclusions

SOLID CIRCULATION IN TAPERED BEDS
Introduction

Literature Review

Experimental

A Model on Solid Circulation in Bubbling
Fluidized Beds

Results and Discussion

Conclusions

MASS TRANSFER IN TAPERED BEDS
Introduction

Literature Review

Experimental

Method of Calculations

Experimental Observations

Results and Discussion

Conclusions

77
78-104
78
78

80

97
100
104

105-149

134

149

PRESSURE FLUCTUATIONS AND TOTAL CARRY-OVER IN

GAS-SOLID TAPERED FLUIDIZED BEDS
Introduction

Literature Review

Experimental

Discussion

Conclusions

150 - 181

151
173
180



CHAPTER 7

CONCLUDING REMARKS

REFERENCES
APPENDICES
2.1 A Sample Calculation for Chapter-2
3.1 A Sample Calculation for Experimental
Bubble hold-up
3.2 lteration Procedure to Find C,(2-D bed)
3.3  Iteration Procedure to Calculate Z,
(2-D bed)
3.4  Experimental Data on Bubble hold-up
4.1 Experimental Data on Solid Sliding
Veloeity at Side wall
5.1  Experimental Data on Mass Transfer
52 A Sample Calculation Procedure on
on Mass Transfer
ABOUT THE AUTHOR

vi

182-186

187-192

193-233

193

194

195

196

197

209

216

231

234



