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Mixing and agitation are the unit operations those are widely used in various fields. An
agitation vessel in which an agitation impeller is rotated by an electric motor and a static mixer
are known as for typical devices. Agitation impellers are continuously developed for mixing
various fluids in a short time, though many types of impellers have been used and many
researches have been reported. On the other hand, requirement of static mixers are increased
though they are not widely used as agitation impellers. In particular, it is pointed out that
evaluation methods of mixing performance of static mixers are not established until now. The
purpose of this study is to develop a new agitation impeller and a new static mixer based on the
MSE (Multi-Stacked Elements) structure with complex fluid passes by stacking two types of
mixing elements and propose an evaluation method for mixing characteristics of static mixers.

In chapter 1, importance of mixing operation is described and an outline of agitation impellers
as a typical technology is summarized at first. In particular, features and problems of an
agitation impeller which takes fluids into inside are described. Then, an outline of static mixers
is described and features of mixers are summarized. Further, previous reports on evaluation of
performance of static mixers are described and the subjects of this study are clarified.
Furthermore, expected performance of a newly developed agitation impeller and static mixer
based on the MSE structure is predicted on the basis of differences in constructional feature to
conventional technologies. Needs of development of the evaluation method for a mixing
performance of static mixers is also clarified. Finally, the purpose of utilization of a fluid flow
inside of the device based on the MSE structure and features of this study are described and
clarification items of this study and construction of this report are explained.

In Chapter 2, a power consumption and a mixing time of the MSE impeller were measured and
compared to a conventional agitation impeller. Mixing performance of the MSE impeller is
improved by increment of a number of stacking elements. The upward flow from the bottom of
mixing vessel to the hollow portion at the center of the impeller and the high-speed discharged
flow from side of the MSE impeller were confirmed by measurements of the flow condition
around the impeller by PIV (Particle Image Velocimetry). Further, a number of dividing and
combining mainly affects to the power consumption of the MSE impeller by measurements of
power consumption for the various shape of mixing elements with different design parameters.
The fluid condition around the MSE impeller and in the mixing vessel was studied in
consideration with results of power consumption measurements and by numerical flow analysis.
The result shows that the MSE impeller can control flow characteristics inside of the impeller by
changing such as a shape and a number of stacking mixing elements.

In Chapter 3, a pressure loss of the MSE static mixer that is a major parameter for an
application to an actual equipment is measured and studied in comparison with a conventional
static mixer. The pressure drop of the MSE static mixer can be decreased by the shape and a
number of the mixing elements, though it was larger than that of the conventional static mixer.
The suitable construction of the mixer for promotion of mixing performance becomes clear in
consideration of the fluid condition in the MSE static mixer based on the results of pressure loss




measurements and numerical flow analysis.

In Chapter 4, newly defined five indexes in this study are explained. Those are Mixing rate
(M), Medium concentration (Ryned). Maximum concentration (R’ .. Largeness of dense mass (1),
and Deviation rate (Dev). An injected fluid with fluorescent pigment was supplied to a main
water flow at the upstream of the static mixer and cross-sectional images at the downstream of
the mixer were analyzed and evaluated quantitatively using above indexes. The result shows
that the MSE structure is effective for promotion of mixing performance. Besides, the MSE static
mixer also can control flow characteristics inside of the mixer and mixing performance by
changing such as a shape and a number of the mixing elements as same with the MSE impeller.
It was also shown that the indexes can evaluate quantitatively by the same method to various
injected fluids with various viscosity or solubility to water.

In Chapter 5, industrial applications of the MSE devices are described. The MSE static
mixer is feasible from the economical viewpoint for dilution of liquid flocculants with water
though the amount of liquid flocculants is slightly increased. Improvement of esterification
efficiency in BDF production and the advantages of application to a stirring rotator are described
for the MSE impeller.

In Chapter 6, Chapters 2 to 5 are summarized and needs of evaluation method for static
mixers and future prospects of the MSE devices in industrial application are described.

The academic significance of this study is to propose new mixing structure which utilizes a
fluid flow inside of the device based on the MSE structure through development and evaluation
of the devices. In addition, this study contributes to development of experimental methods in the
field of mixing and agitation by the evaluation method of mixing performance and its
standardization. The industrial significance of this study is that the MSE impeller and the
MSE static mixer can be applied to fluids mixing in various industrial fields and adapted to
development of other devices.
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