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Water Model Experiment on the Behavior of an Argon Bubble Rising Near the Immersion Nozzle

Tsuyoshi WATANABE and Manabu IGUCHI

Synopsis

: Attack of a large argon bubble onto the meniscus in the continuous casting mold is considered to be one of main causes for the mold powder

entrapment. The immersion nozzle is poorly wetted by molten steel and, accordingly, an argon bubble rising near the immersion nozzle

attaches preferably to it. Its rising velocity has a significant effect on the mold powder entrapment. Water model experiments are carried out

to reveal the rising velocity of an argon bubble rising along the immersion nozzle. Water and air are used as the models for molten steel and

argon gas, respectively. The immersion nozzle is modeled by a cylindrical rod made of acrylic resin. Contact angles chosen are 77°, 110°,

and 144°. An air bubble attaches to a rod of the contact angle of 144°. The rising velocity of the bubble is much greater than that of an air

bubble rising away from the rod. It decreases with an increase in the rod diameter. The drag coefficient also is obtained for estimating the ve-

locity of an argon bubble rising along the immersion nozzle.

Key words : continuous casting; immersion nozzle; argon bubble; mold powder entrapment; interfacial tension; wettability.
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Fig. 1. Experimental apparatus.
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Fig. 2. Water droplet (upper) and bubble (bottom) on plain
plate of different wettability. (The upper and lower
photographs for each contact angle denote a water
droplet and a bubble, respectively. The symbol, X,
means that a bubble cannot remain on the solid
surface due to prevailing effect of buoyancy acting
on the bubble.)

Fig. 3. Rising bubble in water (rod free, ¥,=10cm’). (Photographs were taken successively at a time span of 0.05 s. Time elapsed

from left to right.)
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Fig. 5. Comparison of bubble rising velocity with that rec-
ommended by Clift ef al. (rod free).
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Fig. 6. Rlsmg bubble (rod of 8=110°, D=2.5cm, V=
5cm®). (Photographs were taken successwely at a

time span of 0.05s. Time elapsed from left to
right.)
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Fig. 7. Bubble rising velocity (rod of 8=77°, D=1.0cm).
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Fig. 8. Bubble rising velocity (rod of 6=77°, D=2.5cm).
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Fig. 9. Bubble rising velocity (rod of 6=110°, D=1.0cm).
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Fig. 10. Bubble rising velocity (rod of 8=110°, D=2.5
cm).
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Fig. 11 Rising bubble (8=144°, D=1.0cm, V,=1cm?).
(Photographs were taken successively at a time
span of 0.05 s. Time elapsed from left to right.)
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Fig. 12 Rising bubble (8=144°, D=1.6cm, V;=15cm>).
(Photographs were taken successively at a time
span of 0.05 s. Time elapsed from left to right.)
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Fig. 13. Bubble rising velocity (rod of 6=144°, D=1.0

cm).
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Fig. 14. Bubble rising velocity (rod of 8=144°, D=1.6
cm).
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Fig. 15. Bubble rising velocity (rod of 8=144°, D=2.5

Bl VR E FRHT A 7L T U REOERICE T 2 KE T LES

x Rod free

Q6=77°, D=1.0cm
AG=77°, D=1.6cm
[16=77°, D=2.5cm

© 4=110°, D=1.0cm
Ae6=110°, D=1.6cm
B 6=110°, D=2.5cm

@ 0=144°, D=1.0cm
A 6=144° D=1.6cm
M 6=144°, D=2.5cm

120 7y
2 100 ]
5 ¢ °
e 8000 n
'560 m X g
e 40 H =
; &
5 20
4

0 1

0 10 20 30

Bubble volume Vj (cm?)

Fig. 16. Peak bubble rising velocity.
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Table 1. Peak bubble rising velocity (cm/s).
Volem®) 0=77° 6=110° 0=144°
8 Rod free | D=1.0cm | D=1.6cm | D=2.5cm [ D=1.0cm| D=1.6cm | D=2.5¢m | D=1.0cm | D=1.6cm| D=2.5¢cm
1 26 27 25 24 28 25 26 70 69 48
5 35 37 35 35 38 35 33 88 92 52
10 52 44 40 41 46 40 45 96 79 57
15 54 46 46 50 57 48 52 92 89 69
25 51 62 48 53 61 58 51 101 116 57
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Fig. 17. Assumption of the shape of bubble.
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Fig. 18. Drag coeflicient (§=144°, V,=1cm’, D=1.0 cm).
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Fig. 19. Drag coefficient (6=144°, V,=1cm?®, D=2.5cm).

ORod, 144° @Rod free
3
1,; 25 | D=1.0cm
o
52
g 15 |
[0
3 1 F
e
8 05 f
0
0 10 20 30

Distance from nozzle z (cm)

Fig. 20. Drag coefficient (8=144°, V,=5 cm?, D=1.0 cm).
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Fig. 21. Drag coefficient (9=144°, V,=5cm?®, D=2.5 cm).
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