HOKKAIDO UNIVERSITY

Title BIMRER ZEE LIEBERSBNICH I 2 [UARREERE
Author (s) BEA, RIEZ

Citation eAmar/dot ora/10. 3811/ nf. 30.367
Issue Date 2016-12-15

Doc URL https://hdl. handle.net/2115/74954

Rights EZFRIIEHERRERERICERET 2

Type journal article
File Information jimf 30(4) 367.pdf

kaido
\;\0\‘ U”/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




B8 2 RIBJREBE LRESHNICE T 2R EREDAET

Observation of Single Rising Bubble in Reduced Pressure Vessel

Simulating Steel Secondary Refining
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KUMAGALI Takehiko

Abstract

The expansion and shape change behaviors of a single rising bubble in a reduced

pressure vessel were observed. The main results obtained are as follows: 1) The aspect ratio, h/w,
of a single rising bubble under reduced pressure is almost the same as that under atmospheric
pressure. However, the width of the rising bubble expanded to 1.4 times, which is larger than the
calculated expansion ratio. This may be explained by the change of the bubble shape while rising.
2) The observed single bubble shapes were ellipsoidal, spherical-cap, and breakup of
spherical-cap. The upward velocity of the bubble increases with the initial volume of the bubble.
The upward velocity also increases as the bubble rises.

Keywords: Vacuum refining, Expansion of bubble, Single rising bubble, Cold model
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Fig. 1 Experimental apparatus.
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Fig. 2 Dumping cup.

Fig. 3 Overview of the outer vessel and the inner vessel.

Table 1 Properties of Silicon oil.
( Shin-etsu Silicone, Shin-Etsu Chemical Co.)

Kinetic viscosity ~ Specific Surface tention
(mm?/s) gravity (-) (mN/m)
KF-96- 1lcs 1 0.818 16.9
10cs 10 0.935 20.1
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Fig. 4 Rising single bubble (101.3kPa, 1.0cm?).

HERL 2N T L7tk ShE AN gl i En <
i, RlED B X CAMORNG OREL 2T

T, Spherical-cap B ZES 5 23, Z DES,
Ak /) &‘E/@)J(Dﬁf)ﬂ te J: @ AR DS E I
BB A 0 IR RER T&@J V3R 2 I
EL Spherical-cap #{Z % 2 L“C ESESAT=M oy
\ZEF L, R CTRAE L, RER {ﬁiﬁbfﬁ/ﬂi
MFITLE LREORINE, Fig. 4 1ZBWT
75/500 sec. Wl OEHRIZAEY T 5,
32 BETICEITHESA L REOFETHEE
WIZ, BeNF%E 1.3 kPa 2T L7250 (R
T ATHIRAE 1.0 cm®, JAHEDKLEE 10 St DH—X
{&J@J:)EI' FEOWE R % Fig.5 IR T, [INOERE
T MAET I v FEIEOE T 101.3 kPa (2B
HBERER EFERT, oy THERR . KRR
IRE) & 4% L7=% . Spherical-cap #Z&E L 7=
(75/500 sec.), Fig.5 123317 % 75/500 sec.DEI4
%@‘z’fﬁbfzﬁ?%fbf% D, ZhUE, K
WITZFOFEREREL D SIZIFHE EFIZ LR
L fiqut @ftfﬁﬂbto_@m\%@@i
WCEOEAR L, (8, ® S TR 5 2 &3 —

(2016) 369



HOBEG0 TR D,

0/500sec 25/500 50/500 75/500 100/500 125/500 150/500

175/500 200/500 225/500 250/500 275/500 300/500 325/500
Fig. 5 Expansion of rising single bubble (1.3kPa, 1.0cm’).
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Fig. 6 Measurement of bubble size and rise distance
from high speed photography image.
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Fig. 7 Comparison of aspect ratio (1.0cm?, 10cSt).
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Fig. 8 Comparison of bubble width (1.0cm?, 10¢St).
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Fig. 9 Comparison of bubble shape (1.3kPa, 1.0cm’).
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Fig. 10 Expansion of rising single bubble (1.3kPa, 0.05cm?).
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Fig. 11 Expansion of rising single bubble (1.3kPa, 0.5cm?).
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Fig. 12 Expansion of rising single bubble (1.3kPa, 2.0cm’).
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Fig. 13 Expansion of rising single bubble (1.3kPa, 5.0cm’).
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Fig. 14 Expansion of rising single bubble (1.3kPa, 10.0cm’).
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Table 2 Relation between observed bubble shape
and the initial volume.
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Fig. 15 Comparison of bubble rising velocity (1.0cm’, 10cSt).
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Fig. 16 Comparison of bubble rising velocity for initial
volume of 0.5cm?, 1.0 cm?, 2.0 cm® (1.3 k Pa,
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Fig. 17 Comparison of bubble rising velocity for initial
volume of 0.05cm?, 1.0 cm?, 5.0 cm® (1.3 k Pa,
10cSt).
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