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Abstract: Hydrocyclones are the most efficient used classifiers in the grinding circuits. Hydrocyclones
are normally modeled and simulated using empirical models. These models can only be used within the
range of the experimental data from which the model parameters have been derived. Computational fluid
dynamics (CFD) is a powerful tool in simulating fluid flow in hydrocyclones. This research work deals with
3D simulation and modeling of fluid flow in a single phase hydrocyclone using CFD. The main simulation
steps include preparing the geometry, meshing it, defining the properties of the materials involved, and
setting the boundary layer and conditions. The experimenal data measured in a laboratory hydrocyclone
were used for validation of the model. The simulation results indicated that the tangential velocity increased
traversing towards the core, before decreasing at the interface with the air core. The liquid axial velocity
inside the hydrocyclone varied from -1.59 m/s to 6.52 m/s. The axial velocity is a result of two swirling
flows, the inner upward flowing inside the air core and the outer downward flowing near the cyclone
wall. The liquid axial velocity inside the hydrocyclone varied from -5.58 m/s to 5.46 m/s. The LES model
showed the least error on predicting the velocity profiles, the air core dimensions (7.8%), the pressure drop
(7.52%) and the mass split ratio to overflow (0.18%). The effect of various geometric (spigot diameter,
vortex diameter and cone angle) and process (feed flow rate) parameters on tangential velocity of the fluid
was investigated.

Keywords: Hydrocyclone, Simulation, Modeling, Computational Fluid Dynamics (CFD).

INTRODUCTION

Hydrocyclone is the most commonly used classifier in mineral processing plants that utilizes centrifugal
force to accelerate the settling rate of particles. A typical hydrocyclone consists of a cylinderical section
joined to a conical section with a discharge tube (Figure 1). The feed is introduced under pressure through
the feed entry generating a swirling flow inside the hydrocyclone. As a result an air core is developed along
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the cyclone axis, connected to the atmosphere theough the apex and vortex finder. The coarse particles are
directed towards the wall due to the action of centrifugal force and discharged through the apex, while the
fine particles are carried upwards through the vortex finder to the overflow [1].

Hydrocyclones are routinely modeled and simulated using empirical equations. These models can only
be used within the range of the experimental data from which the model parameters have been derived.
In recent years, significant progress has been made in the mathematical modeling of hydrocyclones using
computational fluid dynamics (CFD). CFD provides a means of predicting velocity profiles and pressure
fields under a wide range of design and operating conditions [2-9]. This research work deals with 3D
simulation and modeling of the fluid flow in a single phase hydrocyclone using CFD.

METHODS

Hsieh’s experimental results were used to validate the simulation of velocity profiles [10]. In this study,
a single-channel dual-beam, 35-m W He—Ne laser-Doppler was used to measure the velocity profiels. The
configuration of the tested hydrocyclone is shown in Figure 1 and its dimensions are listed in Table 1. A
three-dimensional structured mesh consisting of 1174623 cells was applied. An inlet velocity boundary
condition type and an inlet flow rate of 1.3 kg/s were defined at the inlet. Pressure outlet boundary
condition types were specified at both hydrocyclone discharge orifices, at which a standard atmospheric
pressure condition was prescribed. A noslip wall boundary condition was assigned at all hydrocyclone
wall boundaries. Navier-Stokes equations for incompressible flows along with the appropriate turbulence
models were used to predict the tangential and axial velocity profiles [11-13].

Table 1. CFD hydrocyclone model dimensions
Component Size
Hydrocyclone diameter (mm) 75
Inlet area (mm?) 25%20
Cylinder length (mm) 75
Vortex finder diameter (mm) 25
Vortex finder length (mm) 50
Spigot diameter (mm) 12.5
Cone angle (%) 20

Figure 1. Configuration of desgined

FINDING AND ARGUMENT

Of the tree velocity components, tangential and axial velocities are more significant and higher in order
of magnitude than radial velocity. The predicted tangential and axial velocity profiles at a distance of 60mm
from the top of the hydrocyclone are shown in Figure 2. The tangential velocity increases towards the
core of the hydrocyclone, before decreasing rapidly at the interface with the air core. The axial velocity
determines the flow split ratio between the overflow and underflow streams. There is a envelop of zero
axial velocity inside the hydrocyclone which divides the sysyem into the outer downward flowing and the
inner upward flowing fluid. The axial velocities increase by traversing towards the centeral air core and the
hydrocyclone wall. Figure 3 presents the predicted pressure field inside the hydrocyclone. The values are
relative to an atmospheric pressure of 101325 Pa.

Figure 4 compares the axial and tangential velocity predictions made with the three turbulence models
(RNG, RSM, LES) against the experimental data obtained from Hsieh’s work [10]. The predictions were
done at different locations (60mm and 120mm from the top). The results indicate that the LES model tracks
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the axial and tangential velocities much more closely than the other turbulence models even in the air core
and wall boundaries. The LES model shows the least error on predicting the velocity profiles, the air core
dimensions (7.8%), the pressure drop (7.52%) and the mass split ratio to overflow (0.18%).

Figure 5 presents the effect of different variables (feed flow rate, spigot diameter, vortex diameter, cone
angle) on the predicted tangential velocity profiles. The results reveal that the tangential velocity increases
with increasing the inlet flow rate (from 0.4 to 3 kg/s). This is due to the increased swirl flow generated
by the feed stream which causes an increase in centrifugal force field [4]. The tangential velocity of flow
reduces with an increase in the spigot size (from 11 to 15 mm). This is owing to the increased water split
ratio and decreased pressure drop as well as the air core development in the hydrocyclone [9]. As the vortex
finder increases (from 22 to 25 mm), the tangential velocity decreases in particular in the central area of
hydrocyclone. This can be explained by the drop in the pressure difference across the hydrocyclone and the
rise in the air core size [5]. The effect of cone angle was studied by using three hydrocyclones with cone
angles ranging from 15 to 25°. It should be noted that the conical section length reduced correspondingly
from 116 to 67mm. The tangential velocity increases with increasing the cone angle especially in the
vicinity of the air core interface. The pressure drop reduces and water split ratio increases with increasing
the conical part length or decreasing the cone angle. The lower pressure drop yields a lower tangential
velocity inside the hydrocyclone.

Tangential Velocity at X=60 mm Axial Velocity at X=60 mm
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Figure 2. Predicted tangential and axial velocity profiles (X=60 mm)
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Figure 3. Simulation of pressure field of hydrocyclone
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CONCLUSIONS AND RECOMMENDATION

3D simulation and modeling of the flow in a single phase hydrocyclone was conducted using CFD.
The tangential and axial velocity profiles at different locations inside the hydrocyclone were successfully
predicted using different turbulence models. The LES was found to be the best model in tracking the
axial and tangential velocities. The simulation results indicated that the tangential velocity increased with
increasing the inlet flow rate and cone angle and reducing the spigot and vortex finder sizes.
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