
gas, particles and solids

clean
gas

moving
bed

gas and entrained particles

filtred
gas

Pr
oc

es
s 

in
d

us
try

Fluent NEWS fall 2003 S9

filtration

Pr
oc

es
s 

in
d

us
tryGas-Solids

Systems 
By Heshmat Massah and Srinivasa Mohan, Fluent Inc.

Granular filters, which are used
to separate particles from a gas
flow, have attracted a great deal

of interest in comparison with other fil-
ter technologies, such as electrostatic pre-
cipitators, because of their operational
simplicity, low operating costs, and insen-
sitivity to high temperatures and abra-
sive environments. Their limitations include
a low efficiency for sub-micron particle
interception, and an increased pressure
drop with filtration time. The recently
patented Novel Mobile Granular Bed Filter
(NMGBF) is a hybrid device that main-
tains the advantages of granular filters
while minimizing the drawbacks.1,2 

The flow field in the NMGBF consists
of a high-speed gas jet, sparsely loaded
with particles 50 microns or less in size,
and a slowly moving flow of dense fil-
ter material. During the design phase,
the Eulerian granular multiphase model
in FLUENT was used to simulate the 
complex flow in the device. It provid-
ed a wealth of technical information that
went beyond the classical theoretical 
and experimental development program,
and helped guide the optimization of
the filter geometry.

In the first phase of the simulation
work, FLUENT was used to model the
single-phase aerodynamic profile of the
air in the empty filter (without the mov-

ing bed). This allowed the scale-up design-
er to easily visualize the characteristics
of the main flow distribution, including
the importance and location of turbu-
lence in the filter when geometry
modifications were made. Key param-
eters were also obtained, such as the fluid
residence time, flow split, velocity pro-
file, and pressure drop.

Granular multiphase simulations
were carried out for steady and unsteady
operating conditions. The particle-
laden incoming gas flow was modeled
as the primary phase, using composite
properties, and the moving filter mate-
rial (with d = 500 µ and ρ = 2650 kg/m3)
was modeled as the secondary phase.
The results, including volume fraction
profiles and pressure oscillations during
operation, showed good qualitative agree-
ment with experimental measurements.
The results were used to optimize the
filter design and guide efforts to scale-
up the device. ■
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Gas-solid flows have been modeled
in FLUENT for many years using the
discrete phase model (DPM) and the

Eulerian granular multiphase (EGM) model.
Simulations have been performed success-
fully on cyclone separators, solids transport
equipment, fluidized beds, filtration systems,
sedimentation devices, and solids suspension
systems. The DPM has recently been
enhanced to account for time dependent flows,
parallel processing, particle concentration, par-

ticle-particle interaction, wall erosion, and par-
ticle size effects. The EGM model, which takes
into account the solids pressure and uses kinet-
ic theory to compute the granular viscosity,
now has the flexibility to work on unstruc-
tured meshes. These advances further
enhance FLUENT’s ability to model complex
gas-solids flows. See the accompanying 
article for one example of how the EGM has
been put to use to develop a unique filtra-
tion system. ■

Air bubbles rising in a fluidized bed
with internal heat exchanger tubes
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Diagram of the NMGBF

Air velocity profile after inlet geometry
optimization (to reduce turbulence)




