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THREE-DIMENSIONAL FLOW COMPUTATION AND PERFORMANCE
CHARACTERISTICS ANALYSIS OF PROPELLERS FOR WATER TREATMENT MIXER

Y.G. Bae, D.H. Kim, S.T. Hwang and Y.J. Moon"

School of Mechanical Engineering, Korea Univ.

In this study, the characteristics of water treatment mixer with various propeller profiles are numerically
invesitgated. The computation was conducted by solving the incompressible Navier-Stokes equations on unstructured
tetrahedral elements with k-& turbulence model. It was found that the spreading angle and swirl magnitude of the
jet are important factors for the mixer efficiency, since they clearly characterize the propeller and the frontal
surface area of the propeller but not so much affected by the skew angle if it exceeds 30 degrees. The casel and
case2 models are found to show the best propeller efficiency. The case2 with low blade angle, however, requires the
lowest power input for the same discharge capacity as the casel.
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Fig. 1 Mixer propeller profiles
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Fig. 2 (a) Schematic of computational domain and (b) grid with
detailed view
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Fig. 3 Schematic of water tank with a mixer immersed
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Table 1 Domain dependency test

Discharge
Torque | Thrust Pin
N (| Cammeity | |,

(m’/min)

Type | RPM

Water

tank | 1790 | 57 | 1668 3.42 1040.2 | 46.6%

Opening| 1750 | 56 | 1565 | 342 | 10329 43.7%
| cylinder

Rake angle Blade hub angle

Skew angle

(a) casel

(b) case2

(c) case3
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Fig. 4 Types of propellers
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Fig. 5 Axial velocity reduction along the centerline
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Table 3 Perfi f vari f 11
Table 2 Propeller specifications able 3 Performance of various types of propelier
Dlscharge

Diameter | Propeller | Skew | Rake Blade Type | RPM | Lorque | Thrust aci Piy n,

Type (mm) | area ratio | angle(®) | anlge(°) | hub angle(°) P (N*M) | (N) ?/mlg W) ’
Casel 190 0.42 40 16 50 Casel | 1750 | 10.9 | 356.6 3.0 2047.9 | 43.4%
Case2 183 0.44 77 13 28 Case2 | 1750 | 7.5 | 261.2 2.8 1367.1 | 42.5%
Case3 228 0.33 35 9 36 Case3 | 1750 | 43.2 |1011.0 3.8 7921.6 | 40.4%
Cased 222 0.29 38 5 60 Case4 | 1750 | 77.5 11206.0 49 14203.1] 37.6%
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(a) casel (b) case2

(d) cased

(c) case3

Fig. 6 Swirl contours
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Fig. 8. Definition of jet spreading angle
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Table 4 Jet spreading
Axial velocity Spreading angle
Type reduction ©)
Casel -0.632 28
Case2 -0.702 37
Case3 -0.851 38
Cased -0.861 48
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