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Fig.1 Geometry of mixing vessel

Table 1 Geometry of cone type draft tube

No. Dpr[m] dpr[m] afrad] Hpr[m]
1 0.120 0.0700 5n/12 0.0925
2 0.120 0.0527 Tn/18 0.0925
3 0.156 0.0700 13n/36 0.0925
4 0.120 0.070 /6 0.0144
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Fig. 2 Mixing pattern of turbulent vessel without baffle in
turbulent region. (Re=18,000)
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Fig. 4 Mixing pattern of turbulent vessel with cone type
draft tube (No. 2) in turbulent region. (Re=18,000)
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Fig. 3 Mixing pattern of turbulent vessel with cone type
draft tube (No. 1) in turbulent region. (Re 18,000)
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Fig. 5 Mixing pattern of turbulent vessel with cone type
draft tube (No. 3) in turbulent region. (Re=18,000)
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Fig. 6 Mixing pattern of turbulent vessel with cone type
draft tube (No. 4) in turbulent region. (Re=18,000)
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Table 2 Mixing time and power consumption for various
condition

Without Standard Cone type draft tube

baffle baffle  No.1 No.2 No.3 No.4
tmls] 462 5.3 281 289 218 198
Np[-] 0.60 4.4 16 18 19 1.9

P W -m?¥ 107 78.4

288 324 338 338
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(a) with cone type draft tube

(b) without draft tube

Fig. 7 Visualization of flow pattern in mixing vessel (a)

with and (b) without cone type draft tube
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Fig. 8 Effect of cone type draft tube on power consumption
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Nomenclature

b =height of impeller blade [m]
By = baffle width [m]
C  =clearance between impeller and bottom [m]
d  =impeller diameter [m]
dpr = upper diameter of cone type draft tube [m]
D  =vessel diameter [m]
Dpr = lower diameter of cone type draft tube [m]
H =liquid depth [m]
Hpr = height of cone type draft tube [m]
Kra = volumetric mass transfer coefficient [sY
n = impeller rotation speed [sY
Np = power number (=P/pnd®) [
P = power consumption [w]
P, = power consumption per unit volume W+ m?]
Re = impeller Reynolds number (=d%np/u) [
tn = mixing time [s]
T  =shaft torque [N+ m]
Z = clearance between draft tube and bottom [m]
1 = liquid viscosity [Pa - s]
p = liquid density [kg - m3]
a = angle of cone type draft tube [rad]

Literature Cited

Furukawa, H., Y. Kato, Y. Tada, S. T. Koh and Y. S. Lee;
“Power Consumption of Mixing Vessel with Draft
Tube,” Kagaku Kogaku Ronbunsyu, 39, 9-12
(2013)

Hiraoka, S., N. Kamei, Y. Kato, Y. Tada, H. G. Cheon and T.
Yamaguchi; “Power Correlation for Pitched Blade
Paddle Impeller in Agitated Vessels With and
Without Baffles,” Kagaku Kogaku Ronbunsyu, 23,
969-975 (1997)

Kamei, N., S. Hiraoka, Y. Kato, Y. Tada, H. Shida, Y. S. Lee,
T. Yamaguchi and S. T. Koh; “Power Correlation
for Paddle Impellers in Spherical and Cylindrical
Agitated Vessels,” Kagaku Kogaku Ronbunsyu, 21,
41-48 (1995)

Kamei, N., S. Hiraoka, Y. Kato, Y. Tada, K. lwata, K. Murai,
Y. S. Lee, T. Yamaguchi and S. T. Koh; “Effect of
Impeller and Baffle Dimensions on Power
Consumption under Turblent Flow in an Agitated
Vessel with Paddle Impeller,” Kagaku Kogaku
Ronbunsyu, 22, 249-256 (1996)

Kato, Y., Y. Tada, K. Urano, A. Nakaoka and Y. Nagatsu;
“Differences of Mixing Power Consumpiton
between Dished Bottom Vessel and Flat Bottom
Vessel,” Kagaku Kogaku Ronbunsyu, 36, 25-29
(2010)

Mixing Performance of a Cone-Type Draft Tube
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To improve mixing performance, a cone-type draft tube based on the wind lens used in a wind power plant was

proposed. Observation and measurement of the mixing pattern and power consumption with the cone-type draft

tube revealed that it provided better mixing with lower power consumption.



