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The solid-liquid mass transfer coefficients k; in a gas-liquid-solid three phases agitated vessel were measured with conven-
tional impellers (e.g. Rushton turbine, paddle, and propeller). For the conventional impellers the rotational speed for the
complete suspension Njs changes with the impeller height and gas flow rate. Mass transfer coefficient of the Rushton turbin
impeller, for which the particle suspension was independent of the aeration, is correlated only with Pgv. Mass transfer co-
efficients k; for the Rushton turbine, paddle and propeller impellers were affected by the impeller position.

Keywords: mass transfer coefficients, rotational speed for complete suspension, aeration power consumption, agitation power
consumption, conventional impellers
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Figure 1. Schematic diagram of experimental apparatus.
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Figure 2. Type of sparger used.
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Table 1. Experimental Condition for Impeller Used

Impeller blade number d/D
Rushton turbine 6 0.32
Paddle 4 0.38
Propeller (up-pumping) 3 0.38
Propeller (down-pumping) 3 0.38
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Figure 3. Plot of In(C,/C;) against time for Rushton turbine.
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Figure 6. Effect of power consumption per unit volume on mass transfer coefficient at various flow rates with sparger (C/H=1/2, Propeller

down-pumping and Propeller up-pumping).
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Table 3. Values of Pvj, and Pvjs,.i/Pvjs for the Impellers at Various Clearance

PVjs.air/PVjs [ - ]

Pv;
Impeller ke C/H *
P 4 [W/ms] 0.5 vvm 1.0 vvm 1.5 vvm 2.1 vvm
1/4 27.65 0.61 0.85 2.35 1.25
Rushton turbine O 1/3 22.78 0.60 0.84 2.02 2.49
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1/4 44,17 0.33 0.10 0.12 0.12
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12 38.21 1.06 3.14 2.84 3.26
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12 37.15 5.36 3.54 2.82 3.60
1/4 20.35 3.44 3.13 2.59 3.12
Propeller A 13 3119 32 243 2.18 247
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<] Propeller (up-pumping) 7] PVjs.air/ Pvist &7
=, §71%0] a9 EFFF PyialPyvi7t oS

Table 3°.Z5FE F7]° 3 Pvi7t Zi%“—.ﬂ%
250 7 o]F3H=7= Rushton turbine> &7]%
3, Paddle> 18 o] CHOl &S
Propeller (down-pumping)< {&&] £ o ]
W(C/H=1/4) Pvjs/Pvis/} 1 BT} ZHA] =1L ¢

pure
=)

oAslst HI17 3 M55, 2006

O]];]_.

i

ot gebls o
(C/H=1/2) Pvjsi/Pvis”} 1 BT} 2H7]

T

Q1L Propeller (up-pumping)> C/H7} &
& F vk o5 a7 92

of|A S|8N iy A =
Al == A2 Propeller (up-pumping) o]}, C/HOl &8t Pyja/Pvjs

o] 9Jako| E7|gko] wlebr] WakH|

PN
252

o
de A

VAR FE5

Paddle¥} Propeller (up-

pumping) ©.%Z Rushton turbine, Propeller (down-pumping)< C/H= 1/3
o o F7IFel wet A v2A Yehdts dE At



7] -9 3 348A wmRkEd

o] -4k 4ol 515

Table 4. Impellers with the Highest Pvi and the Lowest Pvji in Various Conditions

C/H Q[vvm] The impellers with the lowest Pvjs The impellers with the highest Pvjs
172 0 Rushton turbine Propeller (up)

173 0 Propeller (down) Paddle

1/4 0 Propeller (down) Paddle

12 1.0 Propeller (up) Propeller (down)

173 1.0 Propeller (down) Propeller (up)

1/4 1.0 Paddle Propeller (up)

172 2.1 Propeller (up) Propeller (down)

1/3 2.1 Propeller (down) Propeller (up)

1/4 2.1 Paddle Propeller (up)
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(down-pumping)7} 2 @ala F7|zAskl JAe] B2 27} wyt
Z el 7RH(C/H=1/4, 1/3) 7-%-°lli= Paddle®] &d3sF3lc) Bt
B71Z2718 A gy F29R) 7 wRkE vl A(C/H=1/2) 73
9ol Propeller (up-pumping) YHAHE Aelghd £58 A9t}
4) Aol o) g5 QA ol OHZF W 255 F717E el

F25HAl Z-8-5= 212 Propeller (up-pumping) ¥ o]t} o]= E7]
7t AR F-AP1EE B9-8 57] whizolth 2 ] d=¥elE OH
7} AL Zo] FI)7F PRl flEtA YERsTh

5) PviZt 37182 QS e dHle]E Pyt B EE Aol
21 (1), (2)° sl F3Poz o]FEhe Lotk

g Al

= AT AFiEt e Aol s Ao ool 212 AL

= =3yh
A7 5

A : total surface area of particles [m’]
Co : initial concentration [mol/m’]
Cp : bulk concentration [mol/m’]
C : clearance between impeller center and vessel bottom [m]
D : vessel diameter [m]
d : impeller diameter [m]
dy, : particle diameter [m]
H : liquid height [m]
k. : mass transfer coefficient [m/s]
N : rotational speed [s'l]
Njs : rotational speed for complete suspension [s'l]
Np : power number [-]
P : power consumption [W/m’]
Pv : power consumption per unit volume [W/m’]
P,, : agitation power consumption per unit volume [W/m’]
P, : agitation power consumption per unit volume [W/m’]
Pvis: Pv at Njs [W/m’]
Sh : Sherwood number [-]
Sc : Schmidt number [-]
t : time [s]
V : liquid volume [m’]
e : energy dissipation rate [W/kg]
p : density [kg/m’]
v : kinematic viscosity of liquid [mz/s]
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