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Abstract — It was found that mixing patterns suddenly changed at an impeller rotation speed in a dished bottom vessel
with dual Rushton turbines. Two isolated mixing regions like doughnuts rings generated at a low rotational speed and
three isolated mixing regions generated at a higher speed. This phenomenon was observed at the mixing condition in
transition area, where the power number with baffle was the same as that without baffle. We found a phenomenon in
which the flow state in a dish-bottom agitation tank equipped with a two-stage Rushton turbine blade changes at a
certain rotational speed. In the laminar flow region, the isolated stable donut rings were formed even when the rotational
speed was changed, and no specific variation in the mixing pattern was observed. In the transition region, the two
isolated thick unmixed donut rings do not change even if the rotation speed is changed in the flat bottom vessel, whereas
in the dished bottom vessel, when the rotation speed is 450 rpm, the two isolated thick unmixed donut rings are changed
to three isolated thin donut rings and then improved mixing. In the dished bottom vessel, in the range of Re=138~178,
the isolated ring-shaped unmixed region appeared in three places and the size was also large. But in the flat bottom
vessel, the isolated thick ring-shaped unmixed region appeared in two places in Re=116~176 and the size was also
small. It appeared in two places, and the size was also small. The condition in which this phenomenon is observed is a
transition region, and it was found that when the baffle plate is attached, the power number starts to increase compared
to when the baffle plate is not present. In addition, when the mixing Reynolds number exceeded 300 and a slight
turbulence was mixed in the flow state, the disconnection of these flow pattern was resolved and the mixture was
completely mixed.
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Fig. 1. Dimension of experimental vessels.
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Fig. 2. Mixing Pattern in laminar flow area for dished bottom vessel.
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Fig. 3. Comparison of mixing pattern between dished and flat bot-
tom vessels (Dimensionless agitation time =750, Viscosity =
0.4 Pa-s, Density = 1337 kg/m®).
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Fig. 4. Transition of mixing pattern for dished bottom at dimensionless agitation time = 750.
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Fig. 5. Transition of mixing pattern for flat bottom at dimensionless agitation time = 750.
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Fig. 6. Visualization of flow pattern (Dimensionless agitation time = 750, Viscosity = 0.4 Pa-s, Density = 1337 kg/m3).
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Fig. 7. Power correlation of dual impeller for dished bottom vessel.
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Nomenclature

b : height of impeller blade [m]

C, :position of lower impeller [m]

C,  :position of upper impeller [m]

D : vessel diameter [m]

d : impeller diameter [m]

H  :liquid depth [m]

N : impeller rotational speed [s™']

Np  : power number (= P/(pN°d)) [-]

P : power consumption [W]

Re  :Impeller Reynolds number (= Nd’p/m) [-]

Y7 : liquid viscosity [Pa-s]
P : liquid density [kg/m®]
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