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Various Gas–Solid Fluidized Beds

Fast fluidization 
provides  
1. enhanced heat and 

mass transfer 
2. independent control 

of gas and particles
3. high productivity
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Escudero, David Roberto, "Bed height and 
material density effects on fluidized bed 
hydrodynamics" (2010). Graduate Theses and 
Dissertations. 11656.



Applications

CalcinationFCC

Coal and biomass Combustion

Coal and biomass Gasification

Gas absorption
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CFB apparatus

Reactions:

Gas flow
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Ug

Gs=
𝑀𝑠

𝑆∗𝑡

 Gas-reactant
Particles-catalyst
FCC

 Gas-reactant A
Particles-reactant B 
Gasification, Combustion

The gas-particle interaction is crucial 
for the reactor performance.

https://www.youtube.com/watch?v=EB0r6A5VxFU



Clusters influence the gas-particle interaction in the 
particle level.
Heat and mass transfer, back mixing, residence time….

Gas-particle interaction
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ClusterIndividual particles

Li, H., Xia, Y., Tung, Y., & Kwauk, M. (1991). 
Micro-visualization of clusters in a fast 
fluidized bed. Powder Technology, 66(3), 231-
235..
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Drag models in CFD
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Operating conditions

Summaries of operating conditions
Gas density (kg⁄m3) 1.225
Particle density (kg⁄m3) 1500
Particle diameter (μm) 67
Superficial gas velocity (m⁄s) 2-9
Particle circulation rate (kg⁄m2∙ s) 50-700
Particle-particle restitution coefficient 0.95
Specularity coefficient 0.0001
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• The transient E-E approach coupled with the kinetic theory of granular flow



Boundary conditions
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Summary of CFD cases for simulation
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Conclusions 

• A cluster-driven drag calculation model is applied into the Eulerian-
Eulerian two-fluid model to numerically study the gas-solids circulating
fluidized bed riser.

• Statistical data of the particle clusters such as cluster diameter, average
solid concentration of clusters, and the portion of solids in form of
clusters are collected by image processing & wavelet analysis, and are
employed into the drag calculation of clusters.

• Improvements are made by employing more realistic properties of
clusters in the cluster-driven drag calculation, such as a good agreement
of the axial solids holdup profile with the experimental data and a
better agreement of local solids distribution especially in the wall region
of the riser.
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