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Abstract. Numerical model of the flow phenomena in the flotation machine is presented in the
paper. The process of flotation consists of a nhumber of phenomena which provide serious
numerical difficulties. These include rotation, multiphase flow, foam formation etc. To the
knowledge of authors, there is no complete numerical model available for the flotation
machine. The long term task of the project is to develop the model of processes taken place in
the flotation machine. Such a model would be very helpful designing these machine or during
their modernization. In the paper, a two-phase flow of water and air in the flotation cell is
analysed. For this purpose the commercial package ANSYS-Fluent was employed. The
Interfacial Area Concentration method was used to model the two phase flow.
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1. INTRODUCTION

Flotation is a process commonly used in various branches of industry to separate one
constituent of minerals from the other. The flotation process of the water suspension of fine
minced minerals is accomplished by the flotation machines (flotation cell, figure 1), which
operate based on the differences of wettability of mineral particles. The main element of the
machine is aerator (figure 2) consisting a rotor and stator, which are located in a special tank.
The rotor is applied for mixing the water suspension of fine minced minerals (flotation pulp),
as well as for dispersion of the flotation air in the pulp. The flotation air is delivered to the
machine by the rotor axis. The air bubbles flowing in the pulp collide with mineral particles
and create the aggregates with particles of selected minerals (hydrophobic particles attached
to bubbles) called the flotation froth. The froth is lighter than water. As a result, material of
lower wettability is transferred by the froth to the surface of the flotation pulp and removed by
skimming device.

Complex multiphase flow phenomena take place in the considered flotation cells,
namely aeration of the flotation pulp, mixing of water, air bubbles and mineral particles,
creation of the flotation froth and its separation from the bulk mixture. The solid, liquid and
gaseous phases interact with each other and they all participate in the flotation process.
Modelling such a process was impossible in the past. Designing the flotation machines was
based on empirical formulas and experience of the designers.



Figure 1. Typical flotation machine.

air inlets
=g

Figure 2. Aerator of the Denver flotation machined®lled in the paper.

Nowadays, numerical simulations of flotation pheeoa have become possible due
to sufficiently powerful computational machines, igfh allow to employ for this purpose
sophisticated Computational Fluid Dynamic (CFD) kzages, e.g. FLUENT or CFX. First
attempts to modelling the flotation process ushng €FD packages can be noticed in the last
decade. The results of those are reported in fitexrae.g. [2, 3, 5, 7]. There are even some
thematic sessions regarding the simulations offltitation phenomena (e.g. [7]) organized
during the conferences devoted to numerical madghnultiphase industrial flow processes.
Unfortunately, these first attempts provide ratsenplified models of partial phenomena
taking place during the flotation. Thus, there sti# a lot of problems to be solved in this
field. Due to mentioned complexity of phenomenagdsiling the flotation process using the
CFD is still a very challenging task.

The paper deals with preliminary results of modegllihe processes that take place in a
flotation cell. At this stage they relate to thead®n process of water in the flotation cell, i.e.
two-phase flow of bubbles in mixed water is consede Presented figures show selected
fields of velocity and air volume fraction obtainéa the domain of the aerator of the
experimental flotation machine mod@INSYS-Fluent [1] CFD package was employed in the



investigations. The computations were performedgighe Multiple Reference Frame (MRF)
model of rotating elements, as well as the Inteafakrea Concentration (IAC) [4inodel for
the transport phenomena of the air-water mixtliree numerical model was validated using
PIV measurements.

2. MATHEMATICAL MODEL

The fluid flow in the flotation machine experiencasmplex physics, and this reflects
in the mathematical expressions. The featureseofithv are:

* three dimensional flow,

* turbulent flow,

* multiphase flow,

* unsteady state

The phenomena in the flotation machine are destiiye

. continuity equation,

. momentum equation,

. turbulence model,

. rotation model,

. species transport model,
. foam formation model.

At this stage of investigations only the aeratioocess of water in the flotation cell is
considered. The multiphase flow is simplified t@tphases, namely water and air.

Taking into consideration the above simplificatiche governing equations can be
presented as follows:

. continuity equation;

. momentum equation:

. multiphase flow description;
. turbulence model.

It is assumed hereafter that all distinguished ghame mathematically treated as
interpenetrating continua. Since the volume of asghcannot be occupied by the other
phases, the fields for all variables and properéies shared by the phases and represent
volume-averaged values, as long as the volumeidradf each of the phases is known at
each location. Volume fractiongx() represent the space occupied by each phasehand t
laws of conservation of mass and momentum ardfisatisy each phase individually.

The volume fractions are assumed to be continuonstibns of space and time and
their sum is equal to one. Conservation equationgdch phase are derived to obtain a set of
equations, which have similar structure for all fhieases. These equations are closed by
providing constitutive relations that are obtairfemim empirical information. Based on the
local value ofa,, the appropriate properties and variables willabsigned to each control
volume within the domain.

In the momentum conservation equation the phenorspecific to multiphase flows,
such as lift forces, virtual mass forces or intgoac forces between phases should be
considered.

The size and distribution of the discrete phaseatemge rapidly due to mass transfer
between phases, expansion or compression due ssupeechanges, coalescence, breakage



and nucleation mechanisms. The Population Balanodem[6] ideally captures these
phenomena, but due to the need of solving severasport equations it is computationally
expensive. The interfacial area concentration msdems to be attractive the alternative to
population balance model. It uses single transpquation per secondary phase. It can be
especially recommended for bubbly flows in liqush phenomena in floatation machine it
suits perfectly.

The transport equation for the interfacial areaceotration can be described as
follows [1, 4]:

D m
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were Zp is the interfacial area concentratica, is the gas volume fractio p, stands for the
gas densityd, for its velocity, m, is the mass transfer rate into the gas phase pevalome.
Ssc and S, are the coalescence sink terms due to randomiookisand wake entrainment,
respectively S, is the breakage source term due to the turbulenpect. The source terms
can be evaluated using Hibiki-Ishii or Ishii-Kim ohels.
ANSYS-Fluent 13.0 commercial package was employed to solve tystem of
equations. The solver utilizes control volume methodonvert the governing differential
equations into algebraic ones.

3. MODEL VALIDATION

Multiphase models of complex processes require ydwaalidation. This can be
accomplished comparing results of simulations ajaRrperimental ones. For this purpose, a
physical model of flotation machine was build. Theoeity measurements were performed
with the utilization of PIV (Particle Image Velocetry) technique. To make it possible, the
container of laboratory machine was made from parent material. The construction of the
model allows for flexible adjustment of both vekyoof the rotor and the amount of delivered
air bubbles. The measurement plane is lightenedhbyldser lamp which allows for the
observations of fluid with seeds or bubbles with thigh speed camera. The pictures taken
from the camera are then processed with a sopdistic software which outputs the
distributions of fluid velocity in the selected aré'he laboratory stand is shown in Figure 3
and the selected measurement plane is presentEdjune 4. The presented next velocity
fields relate to this plane.

Using the technique mentioned above, the measutemanfluid velocity were
gualitatively and quantitatively compared with tthstributions obtained from the numerical
model. The velocity measurements were averageceitirtie interval of 3s. The results in the
form of the projection of velocity vectors onto arizontal frame are presented in Figure 5.
The vertical axis of the rotor is located in the epleft hand side of the picture. As it can be
noticed, the maximum value of horizontal velocigctor component does not exceed 0.75
m/s. It can also can be observed, that the directfdluid flow is opposite to the direction of
rotor movement. The same manner is visible in thmerical results, which are shown in
Figure 6. Also, the velocity values obtained numedly and experimentally are comparable.
The difference between values of velocity obtainedherically and experimentally in the



considered planes outside of the aerator compngbs the range of the measurement error.
This proves that the numerical model of the similase flow in the flotation cell is correct.

Figure 4. Measurement plane.
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Figure 5. Distribution of velocity — PIV.
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Figure 6. Distribution of velocity — numerical rétsu
4. NUMERICAL EXAMPLE

The numerical results presented in this sectioateeio a Denver type experimental
flotation cell D12. Its aerator is shown in Figu2e The goal of this investigation was to
examine the possibility of using the InterfacialeArConcentration model to simulate the
process of transport the water and air mixture the two-phase flow in the flotation cell. As
mentioned previously, ANSYS FluehB.0. commercial package was applied for this pgepo
The computational domain and mesh are shown inr&igu The mesh consists of about
1 200 000 polyhedral elements. The MRF techniquplemented in FLUENT has been
employed due to existence of rotating and statipreéements in the model (rotor of the
aerator and remaining elements). The steady statem) has been achieved as an asymptotic
one, when solving an unsteady problem.



The following boundary conditions were prescribed:

. no slip wall boundary condition on the walls of taek and aerator,
. rotation speed of the rotor 30 rad/s,

. free surface at the top of the tank,

. mass flow rate at the air supply.

As the initial condition, the fluid was assumed®motionless.

Figure7. Computational domain and polyhedral mesh.

Selected results are shown in Figure&1 Distributions of the air volume fraction on
selected surfaces are presented in Figures 8 anth&§ seem to be physically correct. The
highest values of the air volume fraction were ol&d in the aerator. The maximal values are
located in positions observed in practise.

Velocity vectors of water in the domain of the aeraare shown in Figure 9. Their
distribution is also in qualitative agreement witie one observed in the experimental
flotation cell. The comparison of the interfaciaéa concentration and air volume fraction on
the horizontal plane crossing the aerator is pitesein Figures 10 and 11. Domains of higher
values of the IAC are generally visible in domamfisncreased values of air volume fraction,
which seems to be reasonable.
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Figure 8. Air volume fraction on selected surfaces



Figure 10.
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Figure 11. Interfacial area concentration on thezoatal plane crossing the aerator



5. FINAL REMARKS

The obtained results of modelling two phase flowtloé¢ water-air mixture in the
experimental flotation cell D12 using ANSYS Fludr®.0 package are satisfactory and they
encourage further investigations. The results ofutations are generally in qualitative
agreement with experimental observations. Satsfaaonvergence has been achieved when
solving the problem transiently to obtain an asyotiptstationary solution. The models used
for the considered process require father validgatior this purpose, measurements will be
carried out in the near future using the specialijt experimental unit. The measurements
worked out on this unit was employed to validatespnted in the paper single phase model.
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