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ne of the oldest unit operations
o in the chemical process indus-
tries (CPI), mixing has long
been considered more of an art than a
science. Although many rules of thumb
and correlations of overall parameters
have been developed to analyze and
evaluate a mixing system, scaleup from
a laboratory or pilot unit to a commer-
cial plant is still risky. Processes that
are sensitive to nonhomogeneities in a
mixture pose special problems because
the correlations do not take the local
effects into account.
Increasingly, designers of various

A laser-Doppler velocimetry system
(above) consists of a laser source, a mix-
ing tank (not shown) and an impeller

types of mixing equipment are turning
to modern tools for flow analysis and
visualization, such as computational
fluid dynamics (CFD), laser Doppler
velocimetry (LDV) and particle image
velocimetry (PIV). Such quantitative
design methods based on a fundamen-
tal understanding of the microscopic as
well as macroscopic changes in the
chemical and physical processes in the
mixture are proving to be more effec-
tive than the traditional approaches.
Increased understanding of mixing
is leading to more-reliable and opti-
mized designs for stirred-tank reactors,
for example. The sizes of these produc-
tion vessels widely employed in the CPI
can be quite small (30 L in pharmaceuti-
cal product development) or huge (two
million liters in mining operations).
Because reactor design is often criti-
cal to the efficiency, operation and safe-
ty of a process, errors resulting from a
lack of understanding of the mixing

fundamentals can be costly. For exam-
ple, the U.S. CPI are estimated to lose
between $1 and $10 billion annually in
productivity due to improper design of
stirred reactors [7].

CFD, LDV and PIV permit in-depth
analysis of the fluid mechanics and lo-
cal mixing inside a stirred vessel. This
leads to better process performance,
lower failure rates, and eventually to
increased productivity. Elaborated be-
low are the basics of CFD, LDV and
PIV, and the implications of their use in
mixer design.”

Putting lasers to work

The first step to a better understanding
of mixing lies in the accurate mapping
of the flow field. Various experimental

*This article forms Part 1 of a series on the latest in mixing
technology. Forthcoming articles will focus on the use of
automated ledge-based systems for optimizing mixer
performance, and state-of-the-art design procedures for
mixing equipment.





















