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INTRODUCTION

- Wideaplicationof fluidizedbeds in industrial

processes

- Complexmultiphaseflowneedtobemodeled

- Gas-solidandsolid-solidinteractions

- Theoricalmodels



OBJECTIVES

- Studythreedifferentapproacheson the fluid

dynamicsofagas-solidflow

- Gidaspowdraglaw;

- LatticeBoltzmannbaseddraglaw;

- KineticTheoryofGranularFlow.



STUDY CASE

Figure 1. Laboratory scale CFB work of Samuelsberg et al. (1996)

Experimental Apparatus:



STUDY CASE

Operational Conditions:

0.36ms-1

- Maingasinletvelocity= 0.71ms-1

1.42ms-1

- Secondarygasinlet=0.05ms-1

-Allsolidisrecicled

-Ambienttemperature



STUDY CASE

Figure 2. Geometryused for the simulations

Geometry :

16 cm

32 cm

48 cm



STUDY CASE

Figure 3. Details of the mesh at: (a) exit; (b) secondary entry; (c) and (d) radial grid 

Mesh : 

īHexahedral

ī 279.000 c.v.

īy+ 11 - 30

(a) (b)

(c) (d)



MATHEMATICAL MODELING

Flow:

īTridimensional

īTransient

īGas-solid

īTurbulent

Multiphase Flow Model:

īEulerianïEulerian

Turbulence Model:

īGas: -

īParticulate: none (laminar)

Drag correlations:

īGidaspow 

īBenyahia-Syamlal-OôBrien (2006)

Main Caracteristics



MATHEMATICAL MODELING - Transport Equations

Continuity

where: 

Gas phase:

Particulate phase:

Momentum

Gas phase:

Particulate phase:



MATHEMATICAL MODELING - Constitutive Equations

Drag correlation - Gidaspow

The drag coeficient  (Cd):

Where:



MATHEMATICAL MODELING - Constitutive Equations

Drag correlation ïLattice Boltzmann based

where

The dimensionless drag force is given by:

with: 

The drag coeficient  (Cd):



MATHEMATICAL MODELING - Constitutive Equations 

And the coefficients:



MATHEMATICAL MODELING - Constitutive Equations

KTGF

where

Solidbulkviscosity(Lunetal. 1984): 

The solid phase pressure:

Theradial distribution(LunandSavage1986):

Solidshearviscosity(LunandSavage1986): 

Granular Temperature(DingandGidaspow 1984):

(Lunetal. 1984)

(Johnson andJackson 1987)

where



MATHEMATICAL MODELING ïInitial and Boundary Conditions 

- Initialbedheight: 0.05m

Initial Condition

Boundary Condition

- Main inlet: Constant gas velocity

- Secondary inlet: 
Constant gas velocity

Solid entry function 

- Exit: Opening 

- Wall:
Gas ïno-slip

Solid ïfree-slip



RESULTS AND DISCUSSIONS

vsup= 0.36 m s-1

h = 0.16 m h = 0.32 m

h = 0.48 m



RESULTS AND DISCUSSIONS

vsup= 0.36 m s-1 - Particulate Volume Fraction

KTGF

Extended HKL

h = 0.16 m h = 0.32 m h = 0.48 m

h = 0.16 m h = 0.32 m h = 0.48 m


