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Numerical investigation of flow fields in stirred vessels with
novel combined inner and outer agitators

SUN Hui, PAN Jiazhen
(School o f Mechanical and Power Engineering , East China University of Science and Technology » Shanghai 200237, China)

Abstract: Based on the basic principle of sliding grid method, a new concept of sliding period was proposed
and used to simulate the flow fields in stirred vessels with novel combined inner and outer agitators which
are rotating in opposite directions. This work was compared with dual pitched paddles and anchor
agitator. The velocity fields, mean velocity components, rates of velocity change, shear rates and axial
circulation capability were analyzed. The results showed that the use of the concept of sliding period could
reduce the CPU time to a certain degree. By using the novel combined inner and outer agitators, the radial
and axial flows were strengthened. The combined inner and outer agitators could improve the flow fields
near the vessel wall, and work better for pseudo-plastic fluid than Newtonian fluid. In addition, the shear

strength and axial circulation capability of combined inner and outer agitators were higher than dual pitched

paddles.
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Fig. 1 Sliding period illustration for combined

inner and outer agitators
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Fig. 2 Configuration of combined

inner and outer agitators
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Table 1 Physical parameters of working medium, rotating speed of agitators and Reynolds numbers
Agitators & Density Viscosity Rotating speed
working medium /kg e m? /Pass /r e min ! Reynolds numbers
pitched paddles fluid 1 1000 6.302 N=100 Re=20. 00
fluid 2 1020 K=19.25kg+s" 2 «m ', n=0.623 N=100 Re=20. 00
fluid 3 1053 K=56.70 kg+ s 2 em ', n=0.469 N=150 Re=20. 40
combined agitators fluid 1 1000 6.302 N;=100, N,=—20 Re;=20. 00, Re,=10. 47
fluid 2 1020 K=19.25kges"2+m ', n=0.623 Ni=100, N,=—20 Re;=20.00, Re,=7.78
fluid 3 1053 K=56.70 kg *+ s" 2 «m~ ', n=0. 469 N;=150, No=—30 Rei=20.40, Re,=7.03
anchor fluid 1 1000 7.35 N=50 Re=20. 00
fluid 2 1020 K=19.25kg+s" 2 em ', n=0.623 N=45 Re=21.17
fluid 3 1053 K=56.70 kg + s 2 em ', n=0.469 N=66 Re=20. 94
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(a) pitched paddles

(b) combined inner and outer agitators

(¢) anchor

Fig. 3 Velocity vector plots in longitudinal

section of different agitators
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Fig. 4 Comparison of mean velocity components at different height among different agitators
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Table 2 Pumping number of different agitators
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Working Pitched Combined Combined
medium paddles inner agitator  outer agitator
fluid 1 (n=1.0) 0.23 0.29 0. 26
fluid 2 (n=0.623) 0.25 0.31 0. 24
fluid 3 (n=0.469) 0. 26 0. 31 0.24
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