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Fluid mixing is a unit operation that reduces the degree of non-uniformities of fluid properties such as viscosity,
concentration, temperature, and so on. Mixing is a key factor of many operations in the chemical, pharmaceutical, food,
paint, and many other process industries. Thus, the success of these process industries depends on the effective mixing
system. Furthermore, with the rapid development of the process industries, the scopes of mixing are also increasing.
Therefore, there is an ongoing demand for improving the design of the mixing equipment.

For this purpose, this research investigated the fluid mixing process in a stirred tank with a newly designed conduit-
type mixer. The conduit-type mixer is a blade-free mixer and constructed with L-shaped channel. The rotation of the
conduit-type mixer generates a rotating jet flow from its channel due to the centrifugal force. The mixing process of the
rotating jet is identically different from the conventional blade-type mixer. The fluid mixing process in the rotating jet
flow produced by the conduit-type mixer has been compared with the fluid mixing process by the conventional fin-type
mixer (flat-blade mixer).

The investigation has been carried out based on the results of three different experiments and numerical simulation.
In this process, the fluid mixing process of the conduit-type mixer has been visualized by the flow visualization with
particle tracer technique. In order to measure the local concentration behavior and to calculate the mixing time, a
concentration measurement was carried out by using image intensity of dyed water. Particle image velocimetry (PIV)
and large eddy simulation (LES) were performed to measure the velocity profile on the flow field.

Flow visualization experiment showed that the fin-type mixer generates a pair of closed circulation loop around the
mixer and the mixing at the bottom corner is poor, consequently, large sedimentation was observed at the bottom corner
of the tank. In case of the conduit-type mixer, a wider circulatory flow pattern stirs the fluid over a vast area of the
tank. This is because of the rotating jet flow which can stir the fluid from the long distance of the tank. For this reason,

the sedimentation at the bottom corner was small. Therefore, the flow visualization results suggest that the conduit-



type mixer has the advantage to mix the fluid uniformly in space. The mixing time of the conduit-type mixer is slightly
longer than that of the fin-type mixer because it requires a longer initial time to produce the wider circulatory flow
pattern, which was confirmed by concentration measurement and flow visualization.

Large eddy simulation (LES) presents a similar flow pattern of the flow pattern obtained from the visualization
experiment. The particle image velocimetry (PIV) and large eddy simulation (LES) results were validated by
comparison with phase-averaged velocities for each other.

The trailing vortices issued by the blade tip of the fin-type mixer has moved outward from the mixer by inducing
radial velocity between them. In a short distance, they form a circular vortical structure by reconnecting with the co-
rotating vortices from the different blades. This circular vortex becomes unstable and breakdown, in a short time. The
radial flow degenerates due to this quick dissipation of the vortices, resulting in a closed circulation loop around the
mixer and a circular flow near the tank wall was observed. The closed circulation loop and the circular flow are the
reasons for poor mixing, which was observed in the flow visualization experiment (large sedimentation in the bottom
corner of the tank). Furthermore, the quick dissipation of the circular vortical structure provides a high turbulent kinetic
energy (tke) near the fin-type mixer, however, in the far field the tke is low for the fin-type mixer. In other words, for the
fin-type mixer, the mixing or exchange rate of fluid is high near the mixer, but mixing is poor in the far field.

On the other hand, the rotating jet of conduit-type mixer produces a counter-rotating vortices pair at the vicinity
of each nozzle outlet. The generated co-rotating vortices from the different nozzles have been continuously merging
together and forming one spiral-shaped vortex tube. In a meridional section of the spiral-shaped vortex tubes, the reverse
von Karman vortex street has observed. The counter-rotating vortices of reverse von Karman vortex street migrate
in the outward direction with self-induced velocity and induces outward velocity between them. In this process, the
spiral-shaped vortex tube migrates the jet flow in the outward direction for which the jet flow travels in a long distance
and generates a wider circulation. Compared with the fin-type mixer, the conduit-type mixer generates larger mean
kinetic energy (mke) and smaller turbulent kinetic energy (tke) near the mixer. The merging of the co-rotating vortices
produced by the different rotating jet of the conduit-type mixer continuously provides the tke to the long distance. As a
result, the decreasing rate of the tke is very low for the conduit-type mixer. Moreover, the convection of the tke is high
because of the high mke of the conduit-type mixer. For this reason, in the far field, the tke generated by the conduit-type
mixer is larger than by the fin-type mixer. This means that mixing in the far field is effective by the conduit-type mixer.

Therefore, the mixing by the conduit-type mixer is favorable for the uniform mixing process.
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