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Effect of Funnel Angle and Wettability on Swirling Flow of Liquid in the Funnel

Hideki ONO-NAKAZATO, Toshihiro TANAKA, Atsushi OKAMOTO, Michimasa AONO, Tateo Usul, Shinichiro YOKOYA and Shigeta HARA

Synopsis :

The application of the swirling flow by funnel to the steel refining process has been expected. In order to generate the swirling flow effective-

ly and to maintain stably, it is necessary to examine the optimum conditions from various viewpoints, such as the shape of the funnel. In ad-

dition, it is necessary to clarify the effect of the wettability between the solid surface and the liquid on the swirling flow. Using mercury or

water, the swirling flow in the funnel has been observed, and the effect of the funnel angle and the wettability on the swirling flow has been

investigated. The swirling flow by funnel is formed stably when the funnel angle against the horizontal surface is larger than 60° in spite of

the wettability of the funnel with the liquid. When the funnel angle becomes smaller, such as 30°, the swirling flow is affected by the wetta-

bility of the funnel. When the wettability between the funnel and the liquid is poor, the stable swirling flow cannot be obtained because of the

slip of the liquid on the inner-surface of the funnel. A model calculation for molten iron has also been conducted on the effect of the wettabil-

ity on the swirling flow. In regard to the liquid flow of the vertical direction, the liquid flows downward at the surface side of the liquid and

upward at the vicinity of the funnel. When the wettability of the inner surface of the funnel with the liquid is poor, the liquid flows more in-

tensely. This may be one of the causes that the swirling flow is difficult to be stabilized when the wettability is poor.

Key words : steelmaking; swirling motion; efficient mixing; potential energy; funnel; angle; wettability.
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Fig. 1. Schematic cross section of experimental apparatus.
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Fig. 2. Schematic cross sections and dimensions of the funnels used in the present study.

Table 1. Experimental conditions.

Liquid Inner surface of the funnel Funnel angle
(a)8=30" [(b)6=60" |(c)B=280"
Mercury No treatment (Case A) O O
No treatment (Case A) O O O
Ground on a polishing board of No.1500 (Case B) O
Water Ground on a polishing board of No.1000 (Case C) O
Ground on a polishing board of No.800 (Case D) O
Coated by wax (Case E) @] O O
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Fig. 3. Dimension of the funnel used in the present simu-
lation.
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(b) Case B

(c) Case C

(d) Case D

(e) Case E
(Contact angle : 130°)

Fig. 4. Shape of the water droplets on the PVC plates used
in Cases A to E.
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Fig. 5. The variation of the swirling flow of water with
time in the case of 6 (funnel angle)=30°.
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Table 2. The formation possibility of the stable swirling
flow by water in the case of 6 (funnel angle)=30°
and the wettability of the inner surface of funnels

with water.
Case ' Case A CaseB CaseC CaseD  CaseE
The formation possibility of| ~ © O O A A
the stable swirling flow | (High) (60~40%)(60~40%) (Low)  (Low)
Wettability Good P Poor
(Contact angle) (57% (1309

* : The details of Cases A to E are shown in Table 1.

Fig. 6. The swirling flow of mercury in the case of 8 (fun-
nel angle)=60°.
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Fig. 7. The variation of the swirling flow of mercury with
time in the case of 8 (funnel angle)=30°.
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Fig. 8. The simulation results of the distribution of molten iron and air in the funnel.

Fig. 9. The simulation results of the tangential velocity in the funnel.
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