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1- Abstract

In this article, turbulent-gas two-phase in a fluidized bed is
investigated and solved. In order to study the above effect,
a reactor with different shapes and geometries has been
considered and the effect of reactor shapes on the
expansion volume of the solid bed has been investigated.
The fluidized bed reactor is a type of reactors that can be
used to perform multiphase chemical reactions, as well as
in the field of producing gasoline and other fuels, many
polymers such as rubber, vinyl chloride, polyethylene and
styrene, nuclear energy units, burning coal, water
purification units, The catalytic cracking process is also
used as a dryer. In the inclined fluidized bed, the fluid
velocity increases, which increases the product recovery
and removes the dried product from the bed. The velocity
of phases and particles inside the bed also increases and
shows changes in the velocity profile of the solid.
Increasing the column diameter decreases the axial solids
velocity and smaller particle sizes have more discharge.
Increasing the height of the bed reduces the static pressure
and increases the frictional pressure. For this purpose,
computational fluid dynamics is considered as a useful tool
and the most likely method for correct prediction and
optimization. In the present research, due to the
expensiveness of the experimental method and the lack of
equipment, numerical solutions were used.

Keyword: Multiphase flows, gas-solid, fluidized bed
reactor, turbulent flow, gas dryers

2- Introduction

Gas-solid fluidized bed reactors are widely used in various
biomass thermochemical processes due to their
advantages, such as efficient gas-solid contact, high heat
transfer rates, and uniform temperature distribution. To
facilitate the fluidization of biomass particles and enhance
process efficiency, an inert medium or catalyst is
introduced. However, the addition of an inert medium or

catalyst can lead to complex fluid dynamics within the
fluidized bed due to mixing and separation phenomena.
Mixing and segregation are competing mechanisms that
govern particle distribution and flow patterns. Circulating
fluidized bed reactors are commonly employed for gas-
solid reactions in the energy industry and are classified
based on fluidization regimes. However, the concept of
fluidization involving circulating gas-solid density is not
well understood, which poses a challenge to its
commercial application.

To improve understanding, an investigation was
conducted on circulating gas-solid dual fluidization. Solids
mixing in fluidized beds heavily depends on bubble
movement. Bubbles formed at the bottom rise, carrying
particles upward, and distribute them upon bursting. The
particle transport mechanism and particle diffusion
mechanism are the primary models used to quantify solids
mixing in fluidized beds. However, limited research has
been conducted on the effect of bubble motion on solids
mixing in binary particle systems.

Various types of reactors and operating conditions can
give rise to different multiphase flow behaviors.
Multiphase flows involve interactions among different
physical phases, such as gas, liquid, and solid, each
responding to external forces and mutual interactions. For
instance, solid particles of the same material but varying in
size can be considered different phases, as each size group
exhibits a distinct dynamic response to the flow field.

3- Basics and Methods

3-1 Computational Fluid Dynamics (CFD)
Computational fluid dynamics (CFD) has emerged as a
powerful tool in fluid mechanics, enabling the prediction
of fluid flow, heat transfer, and chemical reactions through
mathematical modeling. As a specialized branch of fluid
mechanics, CFD employs numerical methods to solve a
broad spectrum of flow-related problems, providing
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invaluable engineering insights for design optimization
and troubleshooting.

3-2 Problem Definition,
Methods

This study aims to numerically investigate turbulent solid-
gas two-phase flow in a fluidized bed. Different reactor
geometries will be modeled to examine the effects of
parameters such as particle size, reactor shape, inlet
velocity, and initial porosity on solid bed expansion. The
model assumes an incompressible solid phase and air.
Initially, the particles are spherical, uniform in size, and at
rest, forming an optimal height within the bed. A vertical
cylindrical channel is employed, with the air phase
entering from the bottom to initiate fluidization.

The utilization of three-dimensional (3D) geometry has
become an integral component in the construction of

Conditions, and Solution

i

CUNm = a NN WWDARENO

computational grids for numerical simulations. In the
given context, a hexagonal structure is employed to
generate a computational grid comprising 880 thousand
cells. This approach is notable for its numerical solution,
which remains independent of the cell number and
dimensions, a desirable characteristic for ensuring reliable
and consistent results.
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Fig. 1. Schematic geometry of the problem
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Fig.2. Volume fraction of biomass, speed 0.1 m/s, 15 seconds
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Fig.3. Comparison of bed pressure drop with fluid bed column height for inlet air
velocity of 0.1 m/s
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Fig.4. Volume fraction distribution in the conical inlet

4- Results
4-1- Examining the effects of different input speeds

The present study investigates the behavior of a solid gas
fluid bed under varying inlet gas velocities through a
hydrodynamic simulation. The Eulerian multiphase model
was employed to capture the complex interactions between
the gas and solid phases within the column.

The computational results with the experimental and
simulated results are shown in Figure 3, which behaves
according to the computational data.

4-2- Examining the effects of reactor geometry

The problem will be examined from a geometrical
perspective. Factors like reactor shape and gas flow rate
are crucial in fluidization reactor design. Reactor shape
maintains particle-gas contact speed during fluidization.
Gas flow rate affects the formation of fluid patterns. The
study uses a three-dimensional cylinder reactor geometry
shown in Figure 4.

5- Conclusion

It is obvious that the minimum fluidization speed has
increased in steep inlet conditions. Regarding the effect of
geometry, this type of fluidized bed leads to higher values
of product recovery and lower values of accumulated mass
because the higher air-drying speed increases the
movement of particles within the bed. Increasing the
erosion effect leads to the removal of the dried product
from the bed. The velocity of the phases in the center area
is higher than near the wall. The velocity profile of the
solid in the fluidized bed increases at the beginning and
then decreases with the decrease of the amplitude and
shows an oscillatory behavior. This means that for a given

initial state, the velocity reaches a maximum only once
after the onset of liquefaction. Compared to other phases
in the cylindrical column, the velocity of the gas phase is
the maximum in the column. Smaller particles move faster
than larger particles under the same conditions in the fluid
bed. The axial solid velocity in the small diameter column
is higher than the large diameter column. Smaller particle
size has more bed discharge than larger particle size. Static
pressure decreases with increasing bed height. By
increasing the height of the bed, the frictional pressure
drop in the wall has decreased. Frictional pressure drop is
a strong function of fluid velocity, as the pressure drop is
greater for high fluid velocity. The energy input to the
system increases with the velocity of the liquid, and the net
energy difference, which must account for the energy lost
in the system, increases with both the gas velocity and the
liquid velocity. The axial velocity of the solid along the
radial coordinate for the column has been verified by
experimental work. Also, the ratio of bed expansion and
liquid retention for different particle sizes is also consistent
with experimental works.
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