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1. Introduction
Biomass is recognized as a vital renewable energy source
worldwide. Mixing and segregation of the biomass
particles and bed material play a crucial role in the
gasification process of the fluidized bed. A good mixing
of these particles improves the quality of the synthesized
gases emitted from the biomass gasification process.
Limited experimental and numerical studies have been
conducted to evaluate the optimal mixing conditions of
biomass and bed material in the bubbling fluidized bed.
This study aimed to investigate the effects of wall
boundary conditions for solid phases and the restitution
coefficient of the particles on the mixing behavior of
biomass (rice husk) and bed material (silica sand) in the
bubbling fluidized bed reactor. In this study, the effect of
three wall boundary conditions for solid phases was
investigated including free slip (@ = 0), partial slip (¢ =
0.5), and no-slip (@ = 1) on the time-averaged volume
fraction and velocity of solid particles in the bubbling
fluidized bed. Then, the effect of the restitution
coefficient on the time-averaged volume fraction and
velocity of biomass (rice husk) and bed material (silica
sand) particles in the bubbling fluidized bed was studied.
For this study, the equations governing the Eulerian
multiphase flow approach were solved along with the
kinetic energy theory of solid particles in laminar air flow
using computational fluid dynamics by finite volume
method with Ansys Fluent software V.17.2.

2. Modeling

The primary phase of air was utilized as the fluidized
agent, while the two granular solids of rice husk and sand
were employed as the biomass and the bed materials,
respectively. Figure 1 shows a schematic of a mixture of
rice husk and silica sand particles in a two-dimensional
bubbling bed under study. The diameter of silica sand
particles was 440 um with the density of 2600 kg/m3.
The diameter of rice husk particles was 1540 ym and its
density was 950.6 kg/m3. At the inlet boundary of the
fluidized bed reactor, air (fluidization agent) without
particles entered the bed from the reactor floor with a
uniform velocity of 0.79 m/s. Therefore, at the inlet, the
volume fraction of the solid phases of rice husk and silica
sand was zero. In the walls, the no-slip boundary
condition was used for the gas phase and the Johnson and

Jackson slip boundary condition was utilized for the solid
phases. At the reactor outlet, the outlet pressure
(atmospheric pressure) was applied. Also, the bed was
initially filled to a height of 0.2 m with particles of silica
sand and rice husk with a volume fraction of 0.5133 and
0.0867, respectively.

0.155m

Pressure outlet

0.4m

Silica Sand ¢

Rice husk @

Figure 1. The schematic of mixing the rice husk and
silica sand particles in the bubbling fluidized bed
reactor studied

3. Solution procedure

In Ansys Fluent software, Eulerian multiphase flow
equations are solved, correlated, and separated such as
momentum equations, co-pressure equations, and volume
fraction equations of different phases. By solving the
equations separately, the Ansys Fluent software uses the
Phase Coupled SIMPLE (PC-SIMPLE) algorithm for
pressure-velocity correlation. PC-SIMPLE Algorithm is
an extended form of a SIMPLE algorithm for a multi-
phase current approach. In this research, for the unsteady
formulation, a second-order implicit scheme was used,
while the second-order scheme was utilized for the
discretization of volume fractions and momentum. The
simulation time was 30 s with an averaging time of 25 s
(5-30 s). For better convergence and stability in this
study, the time step of 0.0001 was used. The maximum
number of iterations per time step was 200 iterations. The
convergence criterion for the maximum residuals
between the two iterations was 0.001.

Effect of specularity coefficient on the mixing behavior of rice
husk and silica sand particles in bubbling fluidized bed

The specularity coefficient for the granular flow
determines the impact fraction causing the momentum
transfer to the walls. The value of the specularity
coefficient is from 0 to 1. Three coefficients of specularity
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were investigated including free slip (@ = 0), partial slip
(@ = 0.5), and no-slip (@ = 1) without changing other
parameters. In this study, air inlet velocity, volume
fraction, and particle density were assumed to be
constant. Moreover, the restitution coefficients between
sand-sand, rice husk-rice husk, and rice husk-sand
particles were 0.9, 0.6, and 0.6, respectively.

Effect of restitution coefficient on the mixing behavior
of rice husk and silica sand in bubbling fluidized bed .
The restitution coefficient between solid phases indicates
the interactions of particles in the fluidized bed. It causes
momentum changes and energy fluctuations during
interactions between phases. The restitution coefficient
affects bulk viscosity, solid pressure, and shear stress of
the solid phase. In this study, three types of rice husks
were selected. Three restitution coefficients were
investigated between rice husk (biomass) and silica sand
(bed material) particles on the mixing behavior of rice
husk and silica sand in the bubbling fluidized bed. The
partial slip coefficient was used for both solid phases. Air
inlet velocity, particle volume fraction, and particle
density were assumed to be constant. For this study, the
restitution coefficient of sand-sand particles was 0.9 as a
constant, and the restitution coefficient of sand-rice husk
and rice husk-rice husk particles were 0.6, 0.7, and 0.9,
respectively.

4. Conclusion

This study investigated the effects of wall boundary
conditions for solid phases. Using the Eulerian multi-
phase approach along with the kinetic theory of granular
flow, the restitution coefficient between solid particles of
rice husk and silica sand on the mixing process of biomass
(rice husk) and bed material (silica sand) in the bubbling
fluidized bed was discussed. We studied the time-
averaging distribution of the velocity of rice husk and
silica sand particles, the time-averaging distribution of
volume fraction of rice husk and silica sand particles, and
pressure drop. To assess the effect of specularity
coefficient, three specularity coefficients were
investigated including free slip (@ = 0), partial slip (¢ =
0.5), and no-slip (@ = 1). It was revealed that the volume
fraction of rice husk and silica sand particles in the walls
and the core of the bed was higher than the partial slip and
no-slip in the case of free slip (¢ = 0). Examining the
pressure drop in the fluidized bed showed that in free slip
conditions, the pressure drop was 8.09% and 14.2% less
than partial slip and no-slip, respectively. The time-
averaging profile of velocity and volume fraction of rice
husk and silica sand particles was different in free slip
conditions (@ = 0) from no-slip (@ = 1) and partial slip (@
= 0.5). In the case of the partial slip, the highest velocity
of rice husk and silica sand particles was observed. As a
result, by increasing the velocity of the rice husk and the
silica sand particles, a more uniform mixing occurred
between the rice husk particles and the silica sand. Then,
the effect of the restitution coefficient of particles was
investigated. For this study, the restitution coefficient of
sand-sand particles was 0.9 as a constant, and the
restitution coefficient of between sand and rice husk
particles and rice husk-rice husk particles were 0.6, 0.7,

and 0.9, respectively. It was indicated that with
decreasing restitution coefficient between particles, the
velocity of rice husk and sand particles increased by about
9%, while the pressure drop decreased by about 22%. It
was also observed that with decreasing the restitution
coefficient, the velocity of rice husk and silica sand
particles, as well as the inelastic collisions increased.
Therefore, the mechanical energy dissipation due to the
collision of rice husk and silica sand particles increased,
increasing the mixing of rice husk and silica sand
particles.
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