Particle Image Validation of a Classifier Hydrodynamic Model
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Abstract
The aim of the project documented here is to study the hydrodynamic behaviours observed in an
alumina hydrate classifier. The flow pattern in a classifier influences the sedimentation: large
particles (~ 100 μm) fall towards the underflow under the effect of gravity, while fine particles
(~ 10 μm) are transported by upward flows and are evacuated at the overflow. An efficient
classifier allows for an appropriate particle segregation based on targeted sizes at the overflow
and underflow. In this project the flow pattern is described by a mathematical model of
turbulence with a free surface that is calculated by finite elements using the ANSYS FLUENT
software. The free surface represents the air / water interface of the overflow through the twophase model VOF (volume of fluid). Many turbulence models may be found in the literature. To
select the most appropriate one, an experimental validation is conducted by particle image
velocimetry (PIV), where a thin slice of the classifier tank is illuminated (laser tomography) and
the velocity field is measured with a high-resolution digital camera. This study is carried out in
a 48.3 cm diameter pilot classifier and maps of the fluid velocity field by measuring the velocity
of fine tracer particles representative of the fluid flow. The velocity field favors the k-epsilon
turbulence model which provides, along with the free surface, an accurate representation of the
velocity field in the classifier.
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1.

Introduction

In the Bayer process, classifiers are used to sort precipitated alumina hydrate according to its
particle sizes. Most of the larger particles (80 μm to 140 μm) settle to the bottom of the tank
while most of the finer particles (1 μm to 80 μm) are carried by the upward liquor flows to the
overflow, where they are removed [1] [2] [3]. Ideally the overflow liquor should only contain
solid particles of the targeted sizes, but some other particles may still remain in this overflow.
The sorting performance of classifiers depends on the material physical properties and on their
geometrical configurations and operational mode. Having a relatively simple way of assessing
the efficiency of classifiers would be very useful.
This paper presents a mathematical model which numerically simulates the hydrodynamic
behavior of a classifier, and with which its sorting efficiency could be evaluated. The calculated
flow pattern is validated by comparing it to that measured in a pilot classifier by particle image
velocimetry (PIV) and by comparing the calculated and measured overflow thicknesses.
2.
Experimental Set-up
The tank of the pilot classifier consists of five cylindrical Plexiglas sections having a diameter
of 48.3 cm and a combined height of 1.057 m. Plexiglas is used because of its transparency,
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