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Appendix B starts on page 225 (not page 235)
Appendix C starts on page 235 (not page 245)
Appendix D starts on page 260 (not page 258)
Appendix E starts on page 282 (not page 280)
Appendix F starts on page 286 (not page 284)
Appendix G starts on page 303 (not page 301)

2) Page 25

Equation 10 should read:

5 * ln 042 +41\ , where i =] and 2
T2
3) Page 25

Equation 11 should read:

C=C*+__0 exp [-(InT - In Tm)ZJ
Tese V2T 282




I)

II)

STUDY OF EBULLATED BED FLUID DYNAMICS

FINAL PROGRESS REPORT
SEPTEMBER, 1980, TO JULY, 1983

TABLE OF CONTENTS

ABSTRACT
INTRODUCTION
OBJECTIVES AND SCOPE OF PRESENT WORK

Task 1: Model Validation
Task 2: Bubble Dynamics Studies
Task 3: Gas/Liquid Mixing
Gas Mixing
Liquid Mixing
Catalyst Mixing
Task 4: Model Implementation

III) AMOCO COLﬁ—FLOW EXPERIMENTS: BED EXPANSION AND

1v)

V)

PHASE HOLDUPS

Equipment and Procedures

Experimental Conditions and Data Collection

Data Analysis and Results
Phase Holdup and Other Hydrodynamic Parameters
Catalyst Bed Expansion

AMOCO COLD-FLOW EXPERIMENTS: RADIAL UNIFORMITY OF
PHASE HOLDUPS

Review of Prior Work

Equipment and Procedure

Experimental Conditions and Data Collection
Data Analysis

Results and Discussion

AMOCO COLD-FLOW EXPERIMENTS: AXIAL SLURRY DISPERSION

Background

Review of Liquid Dispersion in Multi-Phase Fluidization

Gas/Liquid Systems
Gas/Slurry Systems
Gas/Slurry/Solid System
Reacting Systems

Tracer Selection

Bench-Scale Experiments and Results

(Continued)

bz
‘:
(1

~ NN~V [« &»

= W o wWw oo

12
13
13
14
14

15

15
16
16
17
18
18
19
20



VI)

VII) HYDROCARBON RESEARCH, INCORPORATED, PDU EXPERIMENTS

TABLE OF CONTENTS

Du Pont Stadis-450

Mobay Blue ZV Dye

Thiophene
Pilot Plant Testing of Thiophene as a Tracer
Equipment
Pilot Plant Results and Discussion

Data Collection
Data Analysis

Conclusions
BUBBLE DYNAMICS

Experimental System
Description of the Apparatus
Fluids and Solids

Bed Expansion and Pressure-Drop Measurements
Bed Expansion Measurements
Pressure-Drop Measurements

Light Beam Probe and Bubble Breakup Model
Description of the Light Beam Probe
Results of the Light Beam Technique
Equilibrium Bubble Size Model

Bubble Breakup and the Critical Particle Size

Holography
Description of Holographic Technique
Holographic Analysis System
Results

Resistivity Probe

Summary

Recommendations

Samples and Data Collection
PDU Operating Conditions
Liquid Samples
PDU Reactor Effluent Composition
Catalyst Samples
Gamma-~Ray Scan

Density and Viscosity of PDU Reactor Liquid Slurry Samples

Data Transformations
Gas Velocity
Slurry Velocity

Catalyst Bed Expansions

Phase Volume Fractions

Mass Absorption Coefficients for the PDU Fluid

Dynamics Tests

{Continued)

33
33
33

33
34
35

37
37
38
39
40




TABLE OF CONTENTS

Page
Volume Fractions 40
Discussion 41
Comparison with Cold-Flow Pilot Plant Tests 42
VIII) MATHEMATICAL MODEL 43
Review of the Bhatia-Epstein Model 44
Model Parameters 45
Cold-Flow Tests 46
Application to HRI PDU-10 Tests 48
Comparison of PDU and Cold-Flow Pilot Plant Model Results 50
1X) MODEL APPLICATION 50
X) CONCLUSIONS 51
ACKNOWLEDGMENTS 52
REFERENCES 53
NOMENCLATURE 58
TABLES 60-113
FIGURES 114-206
APPENDIX A: CATALYST BED EXPANSIONS AND PHASE HOLDUPS 207
FOR RUNS 218-224
APPENDIX B: LIQUID DISPERSION DATA ANALYSIS 235
APPENDIX C: VISCOSITY AND DENSITY OF H-COAL PDU LIQUID 245
SLURRY SAMPLES: BATTELLE INSTITUTE FINAL REPORT
APPENDIX D: VISCOSITY AND DENSITY OF H-COAL PDU LIQUID 258
SLURRY SAMPLES: OAK RIDGE NATIONAL LABORATORIES
FINAL REPORT
APPENDIX E: CALCULATION: FORCE TO SUSPEND A CATALYST PARTICLE 280
APPENDIX F: 1I/1I0 DATA FOR PDU~10 FLUID DYNAMIC TESTS 284
APPENDIX G: PREDICTION OF RICHARDSON-ZAKI PARAMETERS FOR 301

PDU EXPERIMENTAL MODELING



