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Initiation Time of Vortex and its Arrival Time to Impeller under Mechanical Agitation

Shingo Sato, Tatsuya OHMI and Manabu 1GUCHI

Synopsis : Experimental investigations have been carried out on the initiation time of a vortex and its arrival time to the impeller in a mechanically agi-

tated water bath. The vortex initiation time is defined as the period from the start of impeller rotation to the initiation of a vortex, and the vor-

tex arrival time is defined as the period from the start of impeller rotation to the moment at which the vortex arrives at the impeller. Empirical

equations are proposed for the two characteristic times as functions of the rotation frequency of impeller and the geometrical parameters such

as the depth of the water bath and the height of the impeller position.
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Fig. 1. Experimental apparatus.

(a) Vortex initiation

(b) Vortex arrival

Fig. 2. Situations of vortex initiation and vortex arrival.
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Table 1. Classification of vortex types.

Vortex Type Symbol
Undeve loped vortex W
Inclined vortex IsS

( straight shape, stable)

Inclined vortex
( straight shape, IS
intermittently developed)

Inclined vortex
( curved shape, stable) 1CS

Inclined vortex
( curved shape, 1Cl
intermittent!y developed)

Pseudo-vertical vortex PSS
(along the stirrer axis, stable)

Pseudo-vertical vortex
(along the stirrer axis, PSI
intermittently developed)

Pseudo-vertical vortex

(along the center of the bath, PBS
stable)

Pseudo-vertical vortex
(along the center of the bath, PBI
intermittently developed)

Vertical vortex Vs
(stable)

Fig. 3. Photographs of vortex. (a) Pseudo-vertical vortex
(along the stirrer axis), (b) pseudo-vertical vortex
(along the center of the bath), (¢) inclined vortex
(straight shape), (d) inclined vortex (curved
shape).
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Fig. 4. Vortex initiation time. (Centric agitation, D=
150 mm)
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Fig. 5. Vortex shape map. (Centric agitation, D= 150 mm)
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Fig. 6. Vortex shape map. (Offset agitation, D=200 mm)
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Fig. 7. Vortex initiation time. (Offset agitation, D=150
mm)
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Fig. 8. Dimensionless vortex initiation time. (Centric agi-
tation, D=150 mm)
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Fig. 9. Dimensionless vortex initiation time. (Centric agi-
tation, N=300, 600, 900 rpm)
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Fig. 10. Dimensionless vortex initiation time. (Offset agi-
tation, D=150 mm)
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Fig. 11. Dimensionless vortex initiation time. (Offset agi-
tation, N=300, 600, 900 rpm)
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Fig. 12. Vortex arrival time. (Centric agitation, D=150
mm)
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Fig. 13. Vortex arrival time. (Offset agitation, D=150 mm)
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Fig. 14. Dimensionless vortex arrival time. (Centric agita-
tion, D=150 mm)
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Fig. 15. Dimensionless vortex arrival time. (Centric agita-
tion, N=300, 600, 900 rpm)
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Fig. 16. Dimensionless vortex arrival time. (Offset agita-
tion, D=150 mm)
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Fig. 17. Dimensionless vortex arrival time. (Offset agita-
tion, N=300, 600, 900 rpm)
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