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Abstract

In this study computational fluid dynamics (CFD) approach was used to study mixing in an Indus-
trial gold leaching tank. The objective was to analyze the extent of mixing in the tank by producing
visual images of the various mixing zones in the tank domain. Eddy viscosity plots that charac-
terise the extent of mixing in the tank were generated in the flow field obtained by an Eulerian-
Eulerian approach. The extent of mixing was found to be greatest in the circulation loops of the
impeller discharge region and least at the top and bottom portions of the tank. Trailing vortices
that contribute to some level of mixing were identified in between the impeller blades. This ap-
proach could be used to enhance optimum design of mixing vessels and to eliminate the need for
pilot plants.
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1. Introduction

Mixing by turbulent agitation plays a very important role in most industrial reactors including metallurgical
reactors that are used during mineral processing. The main aim of mixing is to provide mass transfer of material
to promote better contact between reactor contents in order to obtain the required product quality in the shortest
possible time [1] [2]. However, due to improper reactor design, mixing operations in many industrial systems
are either inefficient or more than enough. This leads to poor product quality and overconsumption of energy
that eventually results in high production costs [3] [4]. The primary cause is the lack of understanding of the
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mixing process which could be attributed to the complex nature of impeller-induced flows in stirred vessels
equipped with baffles [5] [6]. Therefore, there is the need for in-depth studies of mixing operations to determine
mixing efficiency and overall performance of mixing vessels. A good understanding of mixing operations in
stirred vessels will enhance optimal design and help modify existing processes which could lead to minimum
capital and running costs.

Residence time distribution (RTD) analysis has been established as the best experimental method to study the
flow and mixing properties of any stirred vessel [7] [8]. Although the RTD method has been employed by most
researchers including [9]-[13] to study the hydrodynamics of flow systems, the approach is not capable of pro-
viding explicit and detailed picture of the flowfield and thus the locations of the various mixing zones in stirred
tanks. Therefore information from the RTD approach is not sufficient to completely understand the mixing
process.

As a contribution to the understanding of mixing operations, the current study presents a comprehensive pic-
ture of the mixing process in stirred tanks. It provides visual images and data that are needed to address the
problems associated with design and process scale-up of mixing systems. This was achieved by resorting to
CFD which involves solving the macroscopic balance equations that describe fluid flow in a system [also known
as the Navier Stokes (N-S) equations]. In stirred tanks, the N-S equations are limited to the mass and momentum
equations. These equations were used in an earlier study conducted by [14] where appropriate CFD Models were
employed to generate the flowfield in an industrial gold leaching tank. As a continuation, the current study was
carried out with the objective to simulate the mixing zones in the flowfield generated in the previous investiga-
tion. Specifically, visual images of the various mixing zones were produced in order to analyze the extent of
mixing in the tank.

2. Methodology
2.1. Computational Domain

The computational domain used for the simulation is an industrial gold leaching tank of 3000 m® volume. It is
equipped with three baffles spaced uniformly around the vessel periphery as shown in Figure 1. Mixing is by
mechanical agitation of two hydrofoil impellers, type A310 mounted on a shaft concentric with the axis of the
vessel. Detail description of the domain and all the relevant dimensions, such as tank height and diameter, im-
peller diameter and clearance, are given in [14]. The MRF approach divides the computational domain into an
inner region, in which the governing flow equations (continuity and momentum) are solved in a rotating frame-
work and an outer region, in which the equations are solved in a stationary frame work [15].

Figure 1. Schematic diagram of computational domain.
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2.2. Computational Models

The computational models and their mathematical expressions used in this study are well explained in [14]. An
Eulerian-Eulerian multi-fluid model was used to simulate multiphase flow where the liquid and solid phases are
all treated as different continua, interpenetrating and interacting with each other everywhere in the computation-
al domain. The turbulent kinetic energy and turbulent energy dissipation rate were simulated using the most es-
tablished standard k —¢ model because of its simplicity, low computational requirement and good conver-
gence for complex turbulent flows [16] [17]. The movement of the impeller in the tank region was simulated
using a multiple reference frame (MRF) approach. The simulation was performed using Fluent 6.3 solver where
a control-volume-based technique was used to convert the general scalar transport equations to algebraic equa-
tions and then solved numerically using the pressure-based solver with segregated algorithm.

3. Results and Discussions

A mixing process requires sufficient input of energy which is readily available in a turbulent flow. In stirred
tanks, turbulent diffusivity is the simplest approach for quantitative analysis of turbulent flows and mixing in
general. Turbulent diffusion is usually described by a turbulent mass diffusion coefficient (Dy), determined by
the turbulent Schmidt number (S) as given in Equation (1).

My
Sy = 1
-y )
where p, is the turbulent (eddy) viscosity. S measures the relative diffusion of momentum and mass due to
turbulence and is of the order of unity in all turbulent flows. According to [18] S is an empirical constant that is
relatively insensitive to the molecular fluid properties, hence little reason to alter the default value of 0.7. It fol-
lows from Equation (1) that for a constant density ( p) fluid, Dy is directly proportional to |1, . Therefore in the
present study, eddy viscosity plots have been used to analyse the extent of mixing in the tank.

Representative contour plots of turbulent eddy viscosity representing the extent of diffusion (mixing) in the
tank are displayed in vertical and horizontal planes as shown in Figure 2 and Figure 3 respectively. The plots
show varying magnitudes of eddy viscosity throughout the solution domain where the diffusive effect is greatest
in the circulation regions and least at the top and bottom portions of the tank. Most of the mass and momentum
transfer occur within the vortex core due to high levels of turbulence within the circulation regions resulting in
high degree of mixing especially in the primary circulation loop as shown in Figure 2(a). However, in the
strong impeller discharge [14] (the region between the two impellers) the extent of mixing is relatively low.
Even though the flow velocity is greatest in the impeller discharge, the flow in this region is similar to plug flow
hence low level of mixing.
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Figure 2. Contours of turbulent viscosity [kg/ms] in vertical plane (a) at 0°; (b) between impeller tips and baffles.
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Figure 3. Contours of turbulent viscosity [kg/ms] in horizontal plane: (a) between top and upper impeller; (b)
upper impeller position; (c) midway between two impellers; (d) lower impeller position; (e) 0.5 M from bottom of
tank.

Figure 2(b) shows a vertical plane through the vortex region between the impeller tips and baffles where the
extent of mixing is more highlighted. The high level of mixing in this region is attributed to baffle-vortex inte-
raction resulting in intense flow dispersion.

Eddy viscosity plots in horizontal planes represent the mixing levels at various depths in the tank. Figure 3(c)
highlights the region of highest extent of mixing occurring in the primary circulation loop of the strong impeller
discharge. A significant degree of mixing is observed in between the impeller blades as shown in Figure 3(b).
This brings into mind the effect of small vortices that trail each impeller blade. Trailing vortices [19] are attri-
buted to the high turbulent kinetic energy produce by the blades. The trailing vortices contribute to some level of
mixing in the high velocity region of the impeller discharge and at the top section of the tank away from the im-
peller shaft. Mixing at the bottom of the tank is mainly due to the dispersive effect of the secondary circulation
loop located near the wall and baffles as shown in Figure 3(e).

It is also observed that at the boundaries of the circulation loops the eddy viscosity values decrease gradually
into the surrounding fluid zones especially in the axial direction. This clearly indicates some amount of flow
exchange between different mixing compartments and confirms results obtained by [13] and [20] using an RTD
Approach and a Compartment Model Approach (CMA) respectively.

The approach used in this study could therefore serve as a tool to validate hydrodynamic investigations con-
ducted by tracer experimentation and other methods such as the CMA. More importantly, it eliminates the need
for pilot plants to predict the mixing performance of stirred vessels as the choice of design features such as im-
peller type, number of impellers and impeller clearances that are necessary to achieve optimum mixing can eas-
ily be made by CFD simulation.

4. Conclusions

Contours of turbulent eddy viscosity, representing the extent of mixing in stirred tanks, were plotted in the flow

fields of a gold leaching tank that was generated by an Eulerian-Eulerian approach. The following conclusions

were made on the extent of mixing in the tank.

e Mixing was not uniform throughout the tank as indicated by varying magnitudes of eddy viscosity in the
tank domain.

e The extent of mixing is greatest in the circulation loops of the impeller discharge region and least at the top

and bottom portions of the tank.
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Small vortices were observed trailing each impeller blade. They were responsible for some level of mixing
in the high velocity region of the impeller discharge and at the top section of the tank.

The approach used in this study gives a comprehensive picture of the mixing process in stirred tanks that will
enhance optimum design of mixing vessels.
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