
4.3  Gas-particle interaction

Fig. 4 shows the spatial distributions of gas flow and gas-particle interactions. It can be

seen from Figs. 4(a) and (b) that gas velocity in the centre is much higher than near the

wall. Figs. 4 (b) and (d) on the other hand suggest that gas velocity is low or downward

in a region where the gas-particle interaction force is high. This is because the strong

action of solid phase on gas phase will detour the flow of gas and gas intends to flow

through regions with low resistance .
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3.0 Simulation conditions and method

4.0 Results and Discussion

4.1  Axial solid segregation

Fig.2. Snapshot showing: (left) spatial distribution of 

particles of different sizes; (right) particle velocities in 

axial direction.. 

1.0 Introduction

Numerical methods have been widely used to study gas-solid

flow in fluidization in recent years. The popular mathematical

models proposed thus far can be grouped into two categories: the

continuum-continuum approach represented by two fluid model

(TFM), and the continuum-discrete approach represented by the

so-called combined continuum and discrete model (CCDM) . In

CCDM, the motion of discrete particles is obtained by solving

Newton’s equations of motion while the flow of continuum gas is

determined by the computational fluid dynamics on a

computational cell scale. In this work, a full loop of CFB will be

simulated by use of the simulation technique.

4.2  Core-annulus flow structure

Core-annulus flow structure in a CFB has been extensively reported in the literature and

is characterized by the facts that solid concentration is higher near the wall than in the

center, particles always move upward in the centre but can be either upward or

downward near the wall, and gas velocity is high in the centre and low near the wall. As

shown in Fig.3, this phenomenon can be reproduced by the current model.

Fig.1 Geometry and mesh 

representation of the 

simulated CFB.

2.0 Mathematic model

In CCDM, the equations governing the translational and

rotational motions of particle i in this two-phase flow system are

(1)

and

(2)

And the continuum fluid field is calculated from the continuity

and the Navier-Stokes equations based on the local mean

variables over a computational cell, which are given by

(3)

and

(4) 

The coupling of particle flow and fluid flow at different time and

length scales can be achieved by applying Newton’s third law of

motion at a computational scale.
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To take the advantages of the CFD

development, we have extended our

CCDM code with Fluent as a

platform, achieved by incorporating a

discrete element method code into

Fluent through its User Defined

Functions (UDF). The computational

domain for particle and fluid phases

is same, with the boundary meshes

automatically generated in Fluent for

a considered system.

(a)       (b)     (c)

Fig. 3. Core-annulus flow structure, colored by particle velocity (m/s) in z-direction: (a), 

particle position and velocity; (b) and (c), particle velocities at enlarged scales. 

Solid phase Gas phase

Density (kgm-3) 2500 Type of gas Air

Particle diameter (mm) 0.375-0.5 Density (kgm-3) 1.225

Rolling friction coefficient (mm) 0.005 Viscosity (kgm-1s-1) 10-5

Sliding friction coefficient 0.3 Time step (s) 10-5

Poisson’s ratio 0.3 Cell type hexahedral

Young’s modulus (Nm-2) 107 Number of cells 47590

Damping coefficient 0.3 Velocity (m/s) 5

Time step (s) 10-6 Time step (s) 10-5

5.0 Conclusions

CCDM model has been extended from 2D to 3D and from simple geometry to complex geometry to study a whole loop of CFB. It is shown that the method
can capture the key flow features in CFB, such as axial particle size and concentration segregations and core-annulus flow structure. The information about
the interactions between gas and solid and between particles and wall can also be obtained. The proposed approach offers a cost-effective way to understand
and model complex particle-fluid flow encountered in many industries.

The authors are grateful to ARC for the financial support and to NCI and AC3 for the use of their high performance computational facilities. 

Fig. 5 shows the spatial distribution of time-averaged

contact intensity of particles-wall and inter-particle

interactions. It indicates that the most intensive particle-

wall interactions are on the bottom wall of the fluidized

bed, cyclone apex wall and return leg. Inter-particle

interactions mainly happen at cyclone apex and bottom

wall of the bed.

Fig. 5. Particles-wall (left) and inter-
particle (right) interaction intensity 

distribution. 

Fig. 2 shows the axial solid

concentration and size segregations. It

can be seen that there is a dense bottom

and dilute upper region of the fluidized

bed and larger particles are mainly in

the bottom part of the fluidized bed and

smaller particles in the top part of the

bed. Such phenomena have been well

documented in the literature.

Fig. 4. Gas-particle interaction at t= 0.9s: (a) and (b), gas velocities; (c), porosity; 

(d), gas-particle interaction force per unit volume. 
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