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CFD ANALYSIS ON THE CHARACTERISTICS FOR FLOCCULATORS
OF VERTICAL PADDLE AND HYDRO-FOIL TYPE
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In the water purification plant, the mixture of water and chemical from the mixing basin enters the
flocculation basin. The rotating flocculators are generally used for the efficient flocculation of dregs. In this paper,
the performance of flocculators of a vertical paddle type, widely used in the typical flocculation basins, and a
hydro-foil type, recently disseminated in the field, are compared with each other by use of the numerical method.
Also the characteristics and the efficiency are analyzed with CFD techniques. The strain rate and the eddy viscosity
are compared for two types to predict the mixing efficiency, and the maximum speed and its location are pursued
from the computed data. The hydrofoil type shows that the eddy viscosity is enhanced 1.66 to 3.03 times larger
than that of vertical paddle type, and also produced 1.87 to 1.95 times larger flocs for each stage. However, the
rapid rotation of hydrofoil may chop the floc to small size due to the higher turbulence intensity. From the result of
computation, the strong and weak points of each type have been analyzed for the decision making.
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Fig. 1 Types of flocculation mixers[5]
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Fig. 3 Flocculation basins
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(b) Vertical paddle type

Fig. 4 Tetrahedral Mesh
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Table 1 Boundary conditions

Inlet Volumetric flow rate : 0.069 m/s
Qutlet Ambient pressure : 0 Pa
Hydro-foil type | Paddle type
. Ist stage 15 rpm 4 rpm
i 2nd stage 11 rpm 1.6 rpm
3rd stage 7 rpm 1 rpm
Wall No-slip condition (smooth)

(b) Vertical paddle type(4 rpm)

Fig. 5 Velocity and streamlines
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(a) Hydro-foil type(15 rpm)

(b) Vertical paddle type(4 rpm)

Fig. 6 Shear strain rate contours
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(b) Vertical paddle type(z = 2,500 mm)

Fig. 7 Velocity contours, vertical section(center)
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(b) Vertical paddle type(z = 4,200 mm)

Fig. 8 Velocity contours, vertical section (flocculator's tip)
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(b) Vertical paddle type(4rpm)

Fig. 9 Velocity contours, horizontal section
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Table 2 Volume integrated eddy viscosity(kg m%/s)

Hydro-foil type Vertical paddle type
1st stage 57.0 344
2nd stage 40.2 154
3rd stage 324 10.7

Table 3 Max eddy viscosity(Pa s)
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Table 4 Maximum velocity(m/s)

Hydro-foil type Vertical paddle type Hydro-foil type Vertical paddle type
1st stage 0.53 1.49 1st stage 1.68 0.51
2nd stage 0.38 0.73 2nd stage 1.28 0.33
3rd stage 0.33 0.59 3rd stage 1.05 0.29
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Fig. 10 Number of Flocs vs. Volume Integrated Eddy Viscosity
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Table 5 Advantage and disadvantage

Stage

1 2 3

Volume integrated
eddy viscosity

hydro foil /

vertical paddle 1.66 | 2.61 | 3.03

Average size | vertical paddle /

195 | 187 | 1.87

of floc hydro foil
Rate of increase of| hydro foil / L.15
total floc volume | vertical paddle 1.04
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Note

This paper is a revised version of a paper presented at the
KSCFE 2016 Spring Annual meeting, Yeosu, May 26-27, 2016.
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