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Critical Suspension Condition of Particles
in a Shaking Vessel of Solid-Liquid System
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<Abstract>
Shake mixing has been widely used in cell culture. The
mixing performance for shake mixing, however, has not been
reported quantitatively. The critical circulating frequency and
the power consumption for complete suspension of particles,
based on the definition of Zwietering, were measured in a
shaking vessel containing a solid-liquid system. The critical
suspension frequency was correlated by the equation from
Baldi's particle suspension model modified with the physical

properties of the particles., Critical suspension frequency was
correlated as following ;

0.58 d,"% (gdo/ p1) s e
Ny = D05 dn.r?“ 004

The power consumption at the critical suspension condition
in the shaking vessel was less than that in an agitated
vessel with impeller.

Key Words : Critical Suspension Condition, Crilical circulating
frequency, Complete suspension, Agilation,
Mixing, Solid-Liquid System
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Table 1. Experimental Conditions

This Work Zwetering
D[m] 0,140 ~0.206 0.154~0.60
d(m) 0.01~0.04" 0.05~0.224"

v [m?-s™ [0.9%10°~66x107|0.39%10°~1.11X107
o 1lkg-m™) 997 ~ 1260 790 ~ 1600
p olkg-m™ 1140~ 2490 2160 ~ 2600
dpl gm] 460~ 3760 125~8500

X[wit%] 0.1~20 0.5~20

* ! Circulating diameter " : Impeller diameter
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Fig. 2. Photograph of particle suspension stLate.
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Fig. 3. Sketch of particle suspension patterns.
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Fig. 7. Comparison of suspension power of shaking
agitation with that of impeller agitation at
critical suspension condition.

Table 2. Experimental Conditions

Kamei et. al. Chudacek
Dlm] 0.173 1.0
d(m] 0.08 0.33

v [m*-s™'] 0.9%107° 0.9x10°
o ulkg-m™] 1000 1000
0 olkg-m™] 2845 2650
dplm] 460 290
X[wt%] 16 16
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NOMENCULATURES

D : shaking vessel diameter
d : circulating diameter

Qinips -
d, ' particle diameter

F: : Froude number(=N’D/g)
g . gravitational acceleration
H : liquid height

impeller diameter

323858

[m-s°]

[m]

P



A=A ZE kol A ] zbe] H-f-8F ghAl =

[m-s']
[s7']

circulating frequency for

k . mass transfer coefficient
N : circulating frequency

Ne¢ © critical

mixing [s™]

Njs critical  circulating frequency for
compelete suspension [s™]

Np : power number (=P/p N°D°) | -]
P : power consumption (W]

Py  power consumption per unit volume

of liquid (= P/(x /AD’H)) [W-m"]

Pvis suspension power consumption per
unit volume of liquid [W-m"’]

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

X ! particle weight percent [wt96]

4 o density difference(=pp—p1) [kg-m *

¢ . dissipated power per unit mass of liquid

[W-kg ']
o,p1 ! liquid density [kg-m™]
0, ° paticle density [kg-m™"
¢ . viscosity |Pa-s]
v @ kinematic viscosity of liquid (m%-s™"]
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