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• Gasifier:
 Types of gasifiers used commercially:

Introduction

U.S. Department of Energy,  Clean Coal & Natural Gas Power Systems, 
www.fossil.energy.gov/programs /powersystems/gasification/index.html, May 25, 2010 

Heat, Pressure, Steam
Feedstock CO+H2 (Syngas)

Counter‐current fixed bed Fluidized bed 

Co‐current fixed bed Entrained flow
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• Fluidized Bed Reactor:
 Solid particles

 Become suspended
 Behave as though they were a fluid

Introduction

http://en.wikipedia.org/wiki/Fluidized_bed
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 2006 Multiphase Workshop‐ postulated a set of near‐midterm,
mid‐term, and long‐term research needs to attain a significant
development in the design, operation, and troubleshooting of
multiphase flow devices in fossil fuel processing plants.

 Despite previous efforts on gas‐solid flows in a fluidized bed, bed
dynamics and particle scale motions are still poorly understood

 A majority of past experimental and computational efforts have
been focused on the behavior fluidized bed with spherical
particles whereas in most fossil‐fuel processes the particles are
often non‐spherical

Background
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Project Objectives

Objective 1: To Obtain Full‐Field Visualization of Motions of Non‐
Spherical Particles

Objective 2: To Evaluate Drag Force on Non‐Spherical Particles

Objective 3: To Incorporate Experimental Data for Non‐Spherical
Particles in Computational Code (MFIX and FLUENT)
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Year 1:
 Task 1: Development of Algorithm for Detection of Non‐Spherical Geometries,

Particle Pair Identification, Trajectory, and Velocity Components
 Task 2: Design of the Experimental Setup: Production and Categorization of Non‐

Spherical Particles
 Task 3: Integration of the Imaging Instrumentation and Diagnostics with the

Experimental Setup
Year 2:
 Task 4: Terminal Velocity Determination of Free Falling Non‐Spherical Particles
 Task 5: Map fluidization velocities in bed
 Task 6: Obtain Drag Relations for Non‐Spherical Particles
Year 3:
 Task 7: Modeling of Pressure Drop and Velocities in Fluidized Bed for Particles
 Task 8: Implement Experimental Drag Relations Using Numerical Model

Tasks‐ Overview
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Overview
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• Experimental Method
– Experimental Setup
– Particle Production and Categorization
– Experimental Benchmarking
– Drag force measurements

• Computational modeling
– Benchmarking with experimental data
– Drag model development
– Implementation into FLUENT/MFIX

• Results
– Comparisons with Computational Data

Outline
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Experimental Method
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Outline
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Experimental Method

Spherical
Mean Diameter = 1 mm

Non‐spherical
Mean Diameter = 0.9‐1 mm
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Experimental Method

Hydraulic Compressor
Sieve Shaker and Sieves
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Sphericity – Roundness of a 3D object 

Experimental Method
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Sphericity – Roundness of a 3D object 

Experimental Method

  Volume of the Particle
Volume of the Circumscribed Sphere

  Diameter of Particle
Diameter Circumscribed by Sphere

  dsv

dv

Volume Diameter  dv 
6 Vol


3

Surface Volume Diameter  dsv 
dv

3

ds
2

Surface Diameter  ds 
Ap



Sieve Mean 
Diameter (mm)

Sphericity Using 
Method 1

Sphericity Using 
Method 2

0.92 0.5 0.48

0.92 0.72 0.69

0.92 0.93 0.90
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• Experimental Method
– Experimental Setup
– Particle Production and Categorization
– Experimental Benchmarking
– Drag force measurements

• Computational modeling
– Benchmarking with experimental data
– Drag model development
– Implementation into FLUENT/MFIX

• Results
– Comparisons with Computational Data

Outline
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Experimental Method

• Spherical particles at different bed heights

Vmf
Predicted (m/s)

Vmf
Measured (m/s)

0.4 0.39

0.36

0.4

0.4

0.43
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Experimental Method
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Experimental Method
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Experimental Method
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Experimental Method
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Boundary No. Boundary Condition

1 Moving Wall

2 Pressure Outlet

3 Pressure Outlet

4 No‐Slip Wall

Experimental Method
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Results Numerical Experimental

Re 1058 1081

CD 0.55 0.58

Experimental Method
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Outline
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Computational

Governing Equations:

• Volume Fraction

• Continuity Eqn.

• Momentum Eqns.

the rate of momentum transfer between 
the gas and solid phase per unit volume

Drag Force
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• Spherical Particles
• Two popular drag models were tested:
Gidaspow et al. (1992)

 Gidaspow, D., Bezburuah, R., and Ding, J., “ Hydrodynamics of 
Circulating Fluidized Beds, Kinetic Theory Approach,” Proceedings of 
the 7th Engineering Foundation Conference on Fluidization, 
Engnieerign Foundation, Brisbane, Australia, 1992, pp. 75‐82.

Syamlal and O’brien (1989)
 Syamlal, M., and O’Brien, T., “Computer Simulation of Bubbles in a 
Fluidized Bed,” AIChE Symposium Series, Vol. 85, 1989, pp.22–31.

Computational
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• Gidaspow et al. (1992)

Computational



cSETR
POWERING INNOVATION THROUGH DIVERSITY

• Syamlal and O’Brien (1989)

Computational
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Wall

Pressure Outlet

Velocity Inlet

Computational

Sphericity Loose Packing Dense Packing
0.25 0.85 0.8
0.3 0.8 0.75
0.35 0.75 0.7
0.4 0.72 0.67
0.45 0.68 0.63
0.5 0.64 0.59
0.55 0.61 0.55
0.6 0.58 0.51
0.65 0.55 0.48
0.7 0.53 0.45
0.75 0.51 0.42
0.8 0.49 0.4
0.85 0.47 0.38
0.9 0.45 0.36
0.95 0.43 0.34

1 0.41 0.32

Voidage

Bed Section

Gas Void Fraction (εg) 0.41

Gas Velocity (vg) 0 ‐ 1.5 m/s

Yang W.C., "Handbook of Fluidization and Fluid-Particle Systems",Marcel
Dekker Inc, Madison Aveneu, New York 2003
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Computational

Spherical Particles
Bed Height 5.0 cm
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• Experimental Method
– Experimental Setup
– Particle Production and Categorization
– Experimental Benchmarking
– Drag force measurements

• Computational modeling
– Benchmarking with experimental data
– Drag model development
– Implementation into FLUENT/MFIX

• Results
– Comparisons with Computational Data

Outline
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Computational

ϕ range from 0.47 – 0.92 

Haider A., and Levenspiel O., “Drag Coefficient and Terminal Velocity of Spherical and Non-Spherical 
Particles”, Powder Technology, 1989, Vol. 58, pp. 63-70.



cSETR
POWERING INNOVATION THROUGH DIVERSITY

0.1

1

10

100

1 10 100 1000

D
ra
g 
Co

ef
fic
ie
nt

Reynolds Number

Drag Coefficient Vs Reynolds Number/Sphericity 0.47

Exp

New Model

Computational



cSETR
POWERING INNOVATION THROUGH DIVERSITY

0.1

1

10

100

1 10 100 1000

D
ra
g 
Co

ef
fic
ie
nt

Reynolds Number

Drag Coefficient Vs Reynolds Number/Sphericity 0.58

Exp.

New Model

Computational



cSETR
POWERING INNOVATION THROUGH DIVERSITY

• Experimental Method
– Experimental Setup
– Particle Production and Categorization
– Experimental Benchmarking
– Drag force measurements

• Computational modeling
– Benchmarking with experimental data
– Drag model development
– Implementation into FLUENT/MFIX

• Results
– Comparisons with Computational Data

Outline



cSETR
POWERING INNOVATION THROUGH DIVERSITY

Computational
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Outline
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Results

Comparison of bubbling behavior 
at times t = 2, 5, 7s

Solid‐phase volume 
fraction

Solid particles velocity field



cSETR
POWERING INNOVATION THROUGH DIVERSITY

Results

• Non‐spherical particles had higher voidage fractions (ε)
• Particle bed weights were measured: spherical particles 

with the same bed heights contained higher mass then 
the non spherical particles. 
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Results

Non‐Spherical Particles with new drag model comparison
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• Fluidized bed design & experimental setup
– Benchmark tests 
– High‐Speed Imaging
– Drag Measurements

• Development of computational model
– Benchmark tests 

• Empirical drag model 
– Development
– Implementation

Summary and Highlights to Date
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 Complete comparison of results to existing models
 Spherical and non‐spherical

 Completion of Implementation of Drag Model in MFIX
Comparison with experiments

Follow Up Efforts

Holtzer A., and Sommerfeld M., “New Simple Correlation Formula for the Drag Coefficient of Non-
Spherical Particles”, Powder Technology, Vol. 184, 2008, pp. 361-365
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