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Abstract — The oxygen transfer rate at the liquid surface of the reciprocally shaking vessel was studied. The required
power of the reciprocally shaking vessel was not proportional to the shaking frequency, unlike the rotational shaking
vessel, and the liquid level suddenly fluctuated greatly at a certain frequency as the flow pattern in the vessel was a left
and right wave flow different from that of the rotational shaking that has a rotational flow. The effect of the shaking
frequency on the required power in the reciprocally shaking vessel was very complex, such as less power required than
the rotational shaking vessel when the shaking frequency is more than 3 s!, but the required power for the range of the
generated rotational flow in the reciprocally shaking vessel could be correlated with the equation that was reported for
the rotational shaking vessel. The & a (mass transfer capacity coefficient) in the reciprocally shaking vessel also increased in a
complex pattern because the required power for shaking was not consumed in a simple pattern, unlike & a in the
rotational shaking vessel, which increases linearly with increasing frequency. The &; a of the reciprocally shaking vessel
was larger than the 4 a of the rotational shaking vessel, and as the & a value increased, the difference between them
increased sharply. As a result, the oxygen transfer rate in the reciprocal motion was greater than that of the rotational
motion, and could be correlated with the required power per unit volume.
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Fig. 1. Schematic diagram of the experiment.
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Fig. 2. The effects of frequency on mixing power consumption.
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Fig. 4. The effects of frequency on mass transfer capacity coefficient. (a) Reciprocal shaking vessel, (b) Rotational shaking vessel
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Nomenclature

C, :initial concentration [mol/m?]

C, :bulk concentration [mol/m’]

: saturated bulk concentration [mol/m?]

D :vessel diameter [m]

d : amplitude [m]

Fr  :Froude number (= N*D/g) [-]

H  :liquid height [m]

kia :mass transfer capacity coefficient between vapor & liquid [s]
N : frequency [s7']

Np  :power number (=P/pN°D) [-]

N,, :frequency generating stabilized rotational flow [s™']
N,; :frequency disappearing stabilized rotational flow [s]
P : required mixing power [W]

Py :required mixing power per unit volume [W/m?]

Re  :Reynolds number (=Nd */v) [-]

t : time [s]

v : liquid kinematic viscosity [m?/s]
p : liquid density [kg/m’]

€ : natural frequency of vessel [s']
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