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Basic Characteristic of Swirl Motion in Tapered Bath Agitated by Gas Injection

Yosuke KOsakA, Yoshiaki UEDA and Manabu IGUCHI

Synopsis : A tapered bath agitated by bottom gas injection showed two types of swirl motions; shallow-water wave type and deep-water wave type. The

occurrence conditions of the swirl motions were experimentally determined. Empirical equations were proposed for the period and amplitude

of the swirl motions of the deep-water wave type. The numerical results for the period and amplitude were in good agreement with the values

calculated from the empirical equations even for much larger scale vessels than that used for experiments. This fact suggests that the empiri-

cal equations are applicable to real scale baths.
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Fig. 1. Experimental apparatus.
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Fig. 2. Occurrence region of swirl motion.
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Fig. 3. Swirl motion of deep-water wave type.
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Fig. 4. Flow chart of swirl motion (1 period).
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Fig. 5. Period of swirl motion.
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Fig. 7. Comparison of amplitudes between Eq. (5) and
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Table 1. Numerical condition.

Case A | B | C

Numerical scheme kgi

Grid points 24901

Time step (s) 1.00x10%]  1.00x10°] 1.00x107

Ds (m) 0.14 1.4 56

Db (m) 0.10 1.00 4.00

H. (m) 0.07 0.70 2.80

d ,; (m) 2.00x10°% 2.00x107% 8.00x107

Liquid water

Gas air

Contact angle (deg.) 77

0, (m*s) 1.00x10%|  2.83x107? 1.00
1.43x10%]  3.14x102 1.26

H./Ds 0.5

We (-) 0.05 4.00 78

0.102 4.92 124

Re (-) 2.38x10°|  6.86x10°| 5.96x10°

5.92x10°]  7.48x10%| 7.17x10°

t=20.12s

t=20.23s

t=20.34s

Fig. 9. Snapshots of swirl motion for case A with O, of
1.00X10™*m?%/s (3D view). ‘
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merical results.
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Fig. 11. Definition of amplitude in numerical simulation
for case A with Q, of 1.00X10™*m"s.

- (A

Fig.11(a)ld Case AlZB W THEMB R A EHIREIZE - 72
BOy=0DxzWiEXTHD, ThEDYIaLb—Y 3V
HWRORBERD 72, KA1, BHP0ETRLTHED, K
RO REFE M & RIKFERUCEEER A 5 0.1D, 8 L T Line

627 I



I 528

$% &8 Tetsu-to-Hagané Vol. 91 (2005) No. 8

I, Line 2% 5| &, 15260 T5EF&DE24,  *
Fig 11(b)D L HISWE L 72 & 2 5 0,=1.00X10*m*/s T
24,,,=0.028m, 0,=1.43x10"*m’s T 24,,,=0.030m & 7% -
7zo Fig 12D K S IZRTAR DO REME & IZIFFE CE % & - 72,
¥ 72, Case B, Case CD X H IZFE BT K X XOFHRIC
HUTEEEERTH 72, ZOHERBR» SRIEZ KD, X
(5)L B U228 D% Fig1312m ¥, R(5)IIRIEDEE
H% £10%DRETHEMTE 2, ZOBE» S EREL N

0.09
Hy/D=0.500
0.06
E
N o
003 | ¢®°
@®  Numerical results
O  measured (caseA)
—  Eq.0)
0 1 L L
0 200 400 600 800
0, (X10°m’/s)

Fig. 12. Comparison of amplitudes between measured and
numerical results.
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