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processes. The wide variety of commercially-availabie

impellers practically guarantees that optimal agitation can
be provided for any process. However, the difficulty arises in
choosing the best impeller from the myriad that are available.
Equipment manufacturers provide expert guidance in this area,
but it is advantageous if design, development, and process engi-
neers have a fundamental understanding of the impeller choices
that face them

The process objective of agitation is the primary factor
influencing impeller selection 2. These objectives include blending
of miscible fluids, convective heat transfer, solids suspension,
contacting immiscible fluids, and numerous other functions.
Physical properties, primarily viscosity, also play a key role in
impeller selection, with different impeller designs being used in
laminar, transitional, and turbulent operation.

The flow pattern generated by an impeller is closely related to
the impeller's ability to meet process objectives. Flow patterns are
broadly grouped into the axial and radial types, which are
illustrated in Table 1 (p41). In general, the axial flow pattern is
optimal for flow-sensitive operations such as blending, heat
transfer, and solids suspension, while the radial flow pattern is
best suited for dispersion operations that require higher shear
levels than are provided by axial-flow impellers. The axial flow
nattern of the selection table corresponds 10 a down-pumping
impeller orientation. Up-pumping axial flow is also encountered
industrially, but only in specialised applications.

There are a multitude of highly-specialised impellers available to
the chemical processing industries. This paper will focus only on
those with the broadest applications. The impellers that will be
discussed are shown in Table 1. Note that all impellers are
intended to rotate clockwise when viewed from the top of the
tank. The selection table shows various impeller styles, their flow
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pattern, preferred usage, and power number and
pumping number information.

Pitched-blade turbines

Pitched-blade turbines are multi-purpose impellers that
generate a mainly axial flow pattern, but with substantial radial
and tangential components. The geometries of pitched-blade
turbines are highly-variable, with the four-bladed, 45° P-4 shown
in Table 1 being the most common. This impeller has a turbulent
power number (N, = P/N3D5) of approximately 1.25 (see Notation
p42).

Because they are relatively efficient at generating flow, pitched-
blade turbines are most often used in miscible fluid blending,
solids suspension, and convective heat transfer operations. When
placed near a free liquid surface, pitched-blade turbines can also
create a surface vortex, particularly when baffling is reduced or
eliminated. Thus, these impellers are well-suited for drawdown of
floating solids or liquids and for incorporation of gas from the
vessel headspace. Although pitched-blade turbines do not
produce high shear rates, they are sometimes used for dispersion
of immiscible fluids.

High-efficiency impellers

Two high-efficiency impellers are shown in Table 1. The narrow-
blade HE-3 is typically used in only a three-blade configuration
while the wide-blade Maxflo T is used in three, four, five, and six-
blade versions. These impellers generate highiy-axial flow
patterns.

The turbulent power number of the HE-3 is of the order of 0.27,
while that of the Maxflo T is typically somewhat higher depending
on the number of blades and blade angle. Because of their
sensitivity to the pressure head against which they must pump, the
power and pumping numbers (N, = Q/ND?) of high-efficiency
impellers are influenced by geometric parameters such as off-
bottom clearance and impeller diameter to tank diameter ratio3.

High-efficiency impellers provide maximum pumping capacity
while minimising energy dissipation. Energy dissipation is
minimised by using profiled blades that reduce vortex generation
on the trailing edges of the blades which in turn reduces form
drag. Therefore these impellers are optimal for low-viscosity
blending, convective heat transfer, and solids suspension —
applications that are sensitive to the flow generated by the
impeller.

In addition, wide-blade high-efficiency impellers are often used

39

The Chemical Engineer












