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The heart of a thickener is its feedwell. The feedwell performs two main functions, firstly to dissipate
feed momentum and distribute feed slurry across the entire mud bed. Secondly, it acts as a mixing
vessel for flocculation. Designing a feedwell to perform both tasks is challenging. With tools such as
CFD (computational fluid dynamics), significant advances have been made in the understanding of
thickener and feedwell performance. The reward from such understanding is better performance with
higher throughput, higher underflow density, lower flocculant consumption and improved overflow clarity.

The two feedwell functions of momentum dissipation and flocculation are not necessarily mutually
exclusive, just separate functions. However, they are functionally linked by turbulence. The same
turbulence that dissipates the feed momentum also provides mixing for feed dilution and flocculation.
Consequently, a feedwell contains a number of elements to promote turbulence, ranging from baffles,
vanes, shelves or rapid expansions in the flow cross-sectional area. However, both momentum
dissipation and flocculation are highly sensitive to these elements, and it is often a case where more
results in less. Oversized baffles, for example, may stall the flow and cause the feed to short-circuit
rapidly out of the feedwell. This is where tools like CFD can really help understand and customise
designs to achieve improved performance.

Flocculation is, in essence, a “mixing problem”, first requiring the feed slurry and dilution water to be
mixed, followed by diluted slurry with flocculant solution, resulting in flocculant adsorption onto the
particle surface and subsequently particle-particle collision and aggregation. However flocculation does
not respond well to the usual engineering approach to mixing, i.e. aggressive impellers driven by
high-powered motors. This leads to irreversible aggregate breakup, where the aggregates won’t re-form
without the addition of more flocculant. Slow and steady wins this particular race - we want our flocs
stirred (gently) but not shaken.

Keeping the feed in the feedwell is also a significant challenge, and more so with large diameter
feedwells and at high feed solids. A high concentration feed slurry may have a density of 1200 kg m=3, i.e.
200 kg m-3
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The Outotec Vane Feedwell™ (Figure 1, top left) is the culmination of a number of years of R&D into
feedwell design and optimisation. It is based around a dual zone design, where the upper zone
dissipates most of the momentum and creates turbulence for mixing. Holding the feed stream in a
swirling pattern in the top of the feedwell results in good flow symmetry to the lower zone where the
more gentle shear rates promote good aggregate growth. Benefits from this design include:

* Reduced flocculant use (20% at one mineral sands operation)
= Improved thickener operabililty
= Improved thickener capacity

= Maximised water recovery

= Improved underflow density

= Improved overflow clarity
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Figure 1: Geometry and surface flows, Vane Feedwell™ [upper LHS), no vanes [upper RHS), no
deflector cone [lower LHS] and no vanes or deflector cone [lower RHS)

Many Vane Feedwells™ are now operational, with documented performance improvements when
retrofitted. The performance of the Vane Feedwell™has been so impressive at sites that it is now the
global standard for Outotec feedwells.

The high performance of the Vane Feedwell™ is due to the subtle interaction of various design
elements. To demonstrate this, a case study was run using CFD to reveal this behaviour and the
function of each of the elements.

Four separate simulations (Figure 1) were run beginning with a standard Vane Feedwell™, with
subsequent runs progressively removing various elements. The 8.5m feedwell is in a 50m pre-leach
thickener and receives 3900 m3 h-' of a 23% w/w feed that requires dilution to 12% w/w for efficient
flocculation.

Figure 2 shows elevation views of the flow pattern and solids concentration through the feedwell. The
reduction in performance as each of the design elements (vanes, deflector cone) is successively
removed is immediately obvious. The Vane Feedwell™ (upper LHS] has good solids retention with the
majority of the feedwell near the desired 12% w/w required for efficient flocculation.
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Figure 2: Elevation views of flow and solids concentration. Vane Feedwell™ [upper L HS] and progressively
removing the vanes (upper RHS), deflector cone (lower LHS] and both [lower RHS]

Removing just the vanes as per the second simulation (upper RHS] clearly reduces the feedwell's
performance. The solids are not as well dispersed, with increased short circuiting and reduced discharge
symmetry; note the increased discharge to the left. Retaining the vanes but removing the deflector cone
(lower LHS] has a more dramatic effect. Without the discharge cone, a significant dilution flow comes up
from below (note upward flow on right of the feedwell) displacing the solids from the feedwell and reducing
the effective residence time. With neither vanes nor discharge cone (final simulation) the performance is
further reduced, with most of the feed simply plunging rapidly from the feedwell and colliding with the top of
the bed.

Figure 3 shows the elevation views of the shear rate distributions for the same four simulations. The shear
rate is generally associated with turbulence levels, and some shear is required for momentum dissipation
and for mixing. However, the shear rate should be moderate (~60 s7') and uniform. In particular, high shear
rates should be avoided late in the aggregation process, e.g. on feedwell exit, because this can irreversibly
break up the aggregates formed in the feedwell and hence inhibit settling rates.

Figure 3 shows the importance of the vanes and deflector cone in achieving good feedwell performance. The
vanes increase the shear rate in the top part of the feedwell and improve the symmetry overall, resulting in
moderate shear rates throughout and in the deflector region in particular. Removing the vanes (upper RHS])
allows more of the feed momentum to travel to the lower part of the feedwell increasing the exit shear rate.
Removing the cone allows a recycle stream to come up into the feedwell on the right of both lower figures.
This increases the overall flow through the feedwell and, consequently, also shear rates. Of more concern
is the unbroken dense slurry stream exiting the feedwell on the left plunging towards the bed with
unnecessarily high shear rates.

Applying the knowledge

Armed with this greater understanding and knowledge, what can CFD capability like this do in the practical
application of thickener technology? For one, new designs are specifically customised for particular sites
and duties. Alternatively, the likely improvements of retrofitting Vane Feedwells™ into existing units can be
assessed. CFD modelling can try ‘what if’ scenarios and reduce the risk of installing new plant. Outotec’s in-
house CFD team in Perth is able to accurately simulate in advance what will or won’t work for their clients.
This capability, combined with decades of experience in supplying thickeners is particularly useful in
interpreting key parameters such as mixing, flocculation, energy dissipation and shear rates.
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Figure 3: Elevat/bn views of flow and shear rates, Vane Feedwell™ ([upper LHS] and progressively
removing the vanes (upper RHS), deflector cone [lower L HS] and both [lower RHS].

Conclusion

The Vane Feedwell™ is the result of a number of years work, using tools such as CFD, to make a
step-change improvement in feedwell performance. This CFD knowledge can be applied to client
projects to truly optimise their thickeners and take the guesswork out of feedwell design options. The
creation of dual zones in the feedwell by the selected addition of shelf, vanes and other baffle systems

gives a step-change improvement in performance over more rudimentary historical designs. A case of
more /s more.

Dr Alex Heath is a CFL ana modelling specialist in Outotec’s Global Thickener Support [GTS) group,
based in Perth. The Global Thickener Support group has been responsible for major thickening
innovations and optimisations around the globe. Alex has 14 yrs experience in the minerals
processing industry, 10 of which were working with the CSIRO P266 Thickener Project [lincluding
fluids modelling). Alex has a BSc [Chem] from Curtin University and a PhD [Engineering] from
Murdoch, and has served an apprenticeship [mechanic, HDJ in a previous lifetime.

If you would like more information, click here to contact

alex.heathfdoutotec.com
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