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L ynamics

Graphic shows a glass lined mixing vessel with a
retreat blade impeller. The color denotes the velocity
magnitude in the vessel.
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he efficiency of mixing oper-

ations frequently boils down

to designing an agitator that

will provide the required
level of mixing in as short a time as pos-
sible. The most common approach,
building a scale model and performing
physical experiments, introduces delays
into  the lead-time predictions.
Computer simulation has been slow to
take root in this area because of the dif-
ficulty of modeling the complex flow
created by the impeller.

Several recent approaches provide
dramatic improvements in simulating
flow in an agitated system. An inves-
tigation of the advantages and disad-
vantages of these new modeling
options shows that the latest compu-
tational fluid dynamics (CFD) soft-
ware provides excellent accuracy, well
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within the range of error of experi-
mental methods.

Mixing time is usually the critical
parameter in determining the efficien-
cy of an agitated system. It is common
to use correlations derived from
experimental mixing time when
designing an agitator. Correlations
have many limitations, however.
Usually the experiments are per-
formed using a small-scale vessel, and
the impeller geometry is not exactly
the same as that used in the full-sized
tank. Most correlations are based on
measurements with single impellers,
while multiple impeller systems are
commonplace on production tanks.
Another problem is that the feed loca-
tion relative to impeller location may
be different in the laboratory and
large-scale systems. Because of these

and other factors, significant inaccu-
racies are normally found in blend
time predictions.

The Potential of CFD

CFD has long had the potential to
improve the agitator design process
by allowing engineers to simulate the
performance of alternative designs on
the computer, eliminating the guess-
work in trying to match the tank and
internals, the scale and the fluid prop-
erties. CFD involves the solution of
the governing equations for fluid
flow, heat transfer and chemistry in
tens or hundreds of thousands of
computational cells in the defined
flow domain. The use of CFD enables
engineers to obtain solutions for prob-
lems with complex geometry and
boundary conditions. A CFD analysis
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