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Particle-fluid interaction inside a beater mill
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In this work a trajectory study of copper ore particles through a fan mill was performed with the use of
a commercial CFD code, ANSYS Fluent, coupled with DEM (Discrete Element Method). Particles of different
sizes were analysed. Results highlight ore behaviour, fluid flow conditions and mark places requiring geometrical
improvements.

1. Introduction

Particle-fluid interaction plays a grand role in high speed comminution of ore. Any im-
provements made into this process have an immense impact on cost reduction. Standard ball
mills have been known to take up to 50% of the ore production process’s energy requirement
[1]. Fan mills on the other hand seem to compete in energy efficiency whilst achieving high
internal fluid velocities due to a spinning flywheel with its axis of revolutions normal to the
flow. After hitting the flywheel the particles are shed upward into a filter, where particles small
enough are passed further on towards the next process. Particles considered too big are recir-
culated back onto the flywheel. The analysis of particle trajectories allows for insight in the
current design of fan mills and provides ground for further improvements. With high internal
flow velocities a particle-fluid coupling is required to simulate the appropriate behaviour of the
ore. This was achieved with a CFD-DEM coupling which has been used in simulations and
validations of particulate flow in a channel [2], fluidized beds [3] and slurry flow [4]. Addi-
tionally it has successfully been tested against analytic and experimental data [5].

2. Methodology

The fluid was considered compressible and the flow turbulent. Particle volume fraction
were taken into consideration during calculations. Additional required equations of state, tur-
bulence and energy are not presented here.
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The equation of continuity and momentum conservation for multiphase flow are shown in (1),
(2) while the governing equation for the particle’s motion is presented in (3). In these equations &
is the phasic volume fractions, u is the velocity of the fluid, g gravity, p density, p, pressure and
subscript p denotes the particle’s equivalent while ¢ denotes the equivalent for a particular phase.
Moreover 7 is the stress tensor, deg is the approximated drag force and F . represents addi-
tional forces (ex. contact, coupling, pressure gradient). A two-way CFD-DEM coupling was used.
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3. Simulation

The flow calculations were conducted for the full mill. Afterwards boundary condition
profiles were passes over to each individual subdomain and particles were added. This was
made possible due to a modular geometry connected with interface surfaces. For any particular
domain approximately 2000 particles of different size were studied, which were injected after
the flow conditions stabilized. Figure 1 shows this for the flywheel domain during operation.
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Fig. 1. Result obtained for flywheel domain, fluid velocity (left) [m/s],
particles coloured by diameter (right) [m]

4. Results and major conclusions

e Particles tend to leave the flywheel domain with an outer side dominance.
e Bigger particles show a tendency to remain near the inner-middle side of the outlet.
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