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Abstract: The effects of atmospheric pressure of the site of installation of a centrifugal two-stage heavy
medium separator is of crucial importance because the pressure difference between the medium input and
the sink output streams is adjusted by the back pressure rings. However, contrary to the dense medium
cyclone, the raw feed ore into this separator is sluiced without pumping. In this research, the effect of
atmospheric pressure on the flow pattern inside the Tri-Flo separator is investigated using the computaional
fluid dynamic (CFD) simulation. Therefore, the volume of fluid (VOF) model and discrete phase model
(DPM) were used for the calculation of the diameter of the air core and the behavior of solid particles,
respectively. Reynols stress model (RSM) was used for turbulence modeling. Simulations were performed
in three different atmospheric pressure including 1, 0.86 and 0.64 atm, representing the site of installation at
sea level and heights of 1250 meters and 3500 meters above the sea level, respectively. The CFD simulation
results showed that the change in atmospheric pressure has some effects on the flow fields, macroscopic
parameters and the performance of the Tri-Flo separator. The results of simulation were validated against
the experimental data achived using the transparent laboratort Tri-Flo separator. The fluid velocity in output
streams and the size and the pattern of air core were used for validation. The decrease in Ecart propale error
(Ep) of the separator and increase in the medium recovery were observed, when the atmospheric pressure
was decreased. However, the effects were in the margin of 2%. According to the results of this research,
the Tri-Flo separator can be used in different elevations from the sea level, without serious problem in the
operation regime.

Keywords: CFD simulation, Atmospheric pressure, Dicrete phase model (DPM), Dense medium
separation (DMS).
INTRODUCTION

Dense-medium cylindrical separators are extensively used for mineral processing and coal preparation.
These separators offer a more precise separation in comparison with the other types of gravity separators.
The centrifugal two-stage heavy medium separator comprises two Dynawhirlpool separators in series. The
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medium enters the separator from the medium inlet ports under constant pressure. Heavier particles migrate
toward the wall of the separator and exit from the upper tangential outlet of sink. The light product discharge
from the float port. The flow in a centrifugal two-stage heavy medium separator is very complicated due to
the presence of swirling turbulence, an air core and particle segregation. It involves multiple phases including
the water, air, magnetite and coal particles having different densities, sizes and other properties. Therefore,
the efficient mathematical models are needed for the study and the prediction of the flow behaviour inside
the separators. The past few years have seen remarkable progress in the CFD-based numerical modelling of
the classification cyclones and DMCs [1-3]. Belardi et al. simulated the flow field in a two-stage cylindrical
cyclone, using the RSM turbulence model and VOF multiphase model and they calculated the velocity
field in the separator. In that research, the air core interface formed in the internal axis of the cylindrical
sections was also identified and illustrated [4]. There are not, however, computational investigations in the
literature related to the effect of atmospheric pressure on the centrifugal two-stage heavy medium separator.
Considering the more complex geometry of this separator in comparison with DMC and classifying cyclone,
the CFD simulation is assumed to be an effective tool for better understanding of separator behaviour.

METHODS

An experimental setup including a two-stage cylindrical separator that was made of transparent Plexiglas
and the complementary components such as two tanks, pumps and instruments were manufactured to
perform the physical experiments. The medium (water) in the polyethylene tanks was pumped by the
centrifugal pumps into the cylindrical separator through medium inlets. The medium flows were adjusted
by the control valves. The air core pattern and size were recorded using a high speed camera. In simulation
studies, the effect of atmospheric pressure on the flow pattern of the separator was evaluated in three levels
(1, 0.86 and 0.64 atm). The current computational model is based on a 3D geometry. In the simulations,
uniform velocity boundary condition is used for the medium inlets. In feed and float outlets, the atmospheric
pressure with an air volume fraction of 1 is applied. This enables the simulation to generate the air-core by
suction of the air from these outlets. The velocity and pressure coupling was selected using NITA (Non-
Iterative Time Advancement) and fractional step scheme. The PRESTO (Pressure Staggering Option), a
pressure interpolation scheme reported to be useful for predicting the highly swirling flow characteristics
prevailing inside the separator, was adopted. The second order upwind scheme was used to calculate the
momentum, turbulence dissipation, and Reynolds stresses. The residuals was set at 10-5 for all equations.
The time step was selected as 1.3x10* for all simulations. The simulation process continued until the mean
pressure drop and air core geometry did not change significantly with more iterations.

FINDINGS AND ARGUMENT

It is necessary to ascertain the validities of the accuracy of the mathematical models and solution methods
used in this study. To this end, the simulation and experimental results are compared. The output velocities
at sink and float streams, and the diameter and shape of the air core were used for validation. the deviation
of the simulation results is about 6% or less and the output velocities were simulated precisely. there is a
good agreement between the air core pattern in experimental condition and simulation. The deviation of the
air core size in the first and second stages were 4.3% and 5.2%, respectively.

The flow pattern inside the separator is as follows: An outer layer of water that flows upward along the
wall and surrounds a water that flows downward, which in turn encompasses a downward air core. With
decreasing the atmospheric pressure from 1 atm to 0.64 atm, the medium recovery and the flow split ratio
1.96% and 1.52% were increased, respectively. One of the results of CFD simulation was the reduction
in pressure drop and Euler number with increasing the internal tubes diameter. One of the results of CFD
simulation was the reduction in head with decreasing the atmospheric pressure at rougher stage of the
separator (Figure 1).

The tangential velocity increases radially toward the separator wall. In vicinity of the separator wall,
the tangential velocity decreases from inlet toward outlet in each stage. Results show that there exists a
pressure gradient along the radial direction and the pressure decreases from the wall toward the centre line.
In general, the separation mechanism can be explained logically based on the flow dynamics. The balance
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Figure 1. Head in rougher and cleaner stages under different atmospheric pressure

between pressure gradient force and centrifugal force on each particle determine the pathway of the particle
into the sink or the float stream. The particle reports to the float stream when the pressure gradient force is
larger.

Figure 2 shows the Ep and offset of the centrifugal two-stage heavy medium separator. the Ep decreases
with decreasing the atmospheric pressure.
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Figure 2. Ep and offset under different atmospheric pressure
CONCLUSIONS

A computational fluid dynamics simulation of the centrifugal two-stage heavy medium separator was
carried out using the RSM and VOF models to investigate the effect of the atmospheric pressure. To our
knowledge, this is the first report of the effects of the atmospheric pressure on the separator behaviour
using three dimensional CFD simulation. A CFD model of separator was developed and validated against
experimental data. The evidence from this study suggests that a two-way vortex flow forms in the separator:
an initial external spiral flows upward and is discharged through sink ports. The back flow medium from
the upper part of the separator forms a secondary internal downward spiral and is discharged through the
float port. The lower atmospheric pressure leads to decreased Ep, and at the same time an increased medium
recovery, the flow split ratio and offset. 1.23% reduction in Ep was observed when the atmospheric pressure
was decreased from 1.0 atm to 0.64 atm.
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