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Observation of Single and Continuous Bubbles Rising in Reduced Pressure Vessel

Takehiko Kumacal, Yasuo Kisnimoto, Osamu NAKAMURA, Toshio TAGAWA, Takehiro HiMeENo and Shinichi SHIMASAKI

Synopsis : The expansion and shape change behaviors of a single rising bubble and continuously rising bubbles in a reduced pressure vessel were ob-
served. The main results obtained are as follows:

1) The aspect ratio, w/h, 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 in-
creases with the initial volume of the bubble. The upward velocity also increases as the bubble rises.

Key words : vacuum refining; expansion of bubble; single rising bubble; cold model.
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Fig. 1. Schematic drawing of the experimental apparatus.
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Fig. 2. Reduced pressure vessel (Inner).
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Fig. 4. Overview of the outer vessel and the inner vessel.
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Table 1. Properties of Silicon oil (Shin-etsu Silicone, Shin-Etsu

Chemical Co.).
Kinetic viscosity ~ Specific gravity ~ Surface tention
(mm?/s) =) (mN/m)
KF-96-1cs 1 0.818 16.9
10cs 10 0.935 20.1
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Fig. 5. Deformation of rising single bubble (101.3 kPa, 1.0 cm?,
10 cSt).
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Fig. 6. Expansion of rising single bubble (1.3 kPa, 1.0 cm?, 10
cSt).
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Fig. 7. Measurement of bubble size and rise distance from high
speed photography image.
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Fig. 8. Comparison of aspect ratio (1.0 cm?, 10 cSt).
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Fig. 9. Comparison of bubble width (1.0 cm?, 10 cSt).
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Fig. 10. Comparison of bubble shape (1.3 kPa, 1.0 cm?, 10 cSt).



ThOMWiE b, V, wok LTHEE S L, TR LD,
VIV, =(w/w,) (b/b,)

Z 2T, wiw i3 F O K ie bh, VIV, i3 i o % ik
ERCGEL THKEZILLDKRE S, Th &b, [aEA
I (b/by) %KD, EFIES Z LA RAE L 72, 2 ORER%E
1F & A ERREIERE AR X 01013 kPaDia & ik L T
Fig. 1112789, 101.3 kPaDIGA, KTaIE AN %R
L, WNTHNMNZELZ U 5, Fig9 2 {3 50EiEZ{b &, 1E1F
B L oM 2R Fh 6, ERYIEORIRIRR) k-
K45, ACABERELZTCNDEEZSND, I
THEFODz=150 mm 2T, JEALIEH, 088 2R L 7=,

—J5, B RRIIR A R 1.3 kPa DIGA DR TAE AL
i, 101.3 kPaDHAEIC LB S 7z, XUABIROZH) I
EIN LT, BERERT DD —FkAWRAD %R U, Wi
2T BEAIDz=150 mm TIIHY, 0.73 %R L7z, 2D &
25, KIEPEER L sWEE S, ERICHFEOIEARIEK
T30, WiRkT 25532 OERR X DEHEIC KRS Z L
Bh B,

35 SATHEERICRIFTVHREFENRE

BN % 1.3 kPa, WAHEIREE % 10 cSt& L C, #1H
KTAARFRE % 0.05 em’ & L 72358 O LA OBISE % i mi{§
Fig. 12123 F, X7@BIRIE 1.0 e’ OBE LR D, BIRE
AL (z=57 mm) RERUCTHEMRZ R L, TRIRAMERF L 72 %
¥, Wi EH22 L7z, £72, ERICHE BRICBEL T, &
WEE (h) 13F &AL, XA (w) OAaLHEIAL
720

[, PIHIATE Z 0.5 cm®, 2.0 cm® & U 72354 O 3 f 5
1% % Fig.13, Fig.141Z/89,

KB IRIE, 1.0em DA LR T L, BREENL (2=
82 mm, 91 mm) 7 5 W IAIH 2L |l £ T DR, ¥%Uf Spherical
Cap % /RL 72,

X512, YIARRE A 5.0 em’, 10.0 cm® & U 72354 O %
% Fig.15, Fig. 16 (28T, BRETNZ A7y TN TH—ICHER S

1.1

5 1.0 - o)
el
g :
) é poo ©
C 09 DOM....... 0
I @
Q
g
[$}
£ 08 _
o “
Qo
3 >

07 | @ 1.3kPa

0 101.3kPa
0.6 j
0 50 100 150 200

Distance from the bottom z, mm

Fig. 11. Comparison of bubble thickness (1.0 cm?®, 10 cSt).

25

WHEHPAR R NE LA 5 5a0Bis

0/500sec 25/500sec  50/500sec 75/500sec  100/500sec  125/500sec  150/500sec
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Fig. 12. Expansion of rising single bubble (1.3 kPa, 0.05 cm’,
10 cSt).
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175/500sec  200/500sec ~ 225/500sec  250/500sec ~ 275/500sec  300/500sec  325/500sec

Fig. 13. Expansion of rising single bubble (1.3 kPa, 0.5 cm?, 10
cSt).
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175/500sec  200/500sec  225/500sec ~ 250/500sec  275/500sec  300/500sec  325/500sec

Fig. 14. Expansion of rising single bubble (1.3 kPa, 2.0 cm?, 10
cSt).
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Fig. 15. Expansion of rising single bubble (1.3 kPa, 5.0 cm®, 10

cSt).
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Fig. 17. Comparison of bubble rising velocity (1.0 cm?, 10 cSt).

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

175/500sec  200/500sec ~ 225/500sec ~ 250/500sec ~ 275/500sec ~ 300/500sec ~ 325/500sec

Fig. 16. Expansion of rising single bubble (1.3 kPa, 10.0 cm’,

10 cSt).
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Fig. 18. Comparison of bubble rising velocity for initial volume
of 0.5 cm?, 1.0 cm?, 2.0 cm? (1.3 kPa, 10 cSt).

Table 2. Relation between observed bubble shape and the initial volume.

Initial volume (cm?)

0.05 0.5 1.0

2.0 5.0 10.0

Bubble shape Ellipsoidal Spherical cap

Spherical cap

Spherical cap Break up (spherical cap) Break up (spherical cap)
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Fig. 19. Comparison of bubble rising velocity for initial volume
0f 0.05 cm?, 1.0 cm?, 5.0 cm? (1.3 kPa, 10 cSt).
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Fig. 20. Shape regimes and observed bubbles in this study (c.f. R.
Clift et.al: Bubbles, Drops and Particles, (1978), p.27).
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Fig. 21. Observed continuous bubble behavior (Qg = 2.5 cm?¥/s, water).

27

99 N



I 100

$% & 88 Tetsu-to-Hagané Vol. 101 (2015) No. 2

KLU, 20%F FHFT3DICK L, 182 kPa TIEXIID S
RICK DRENEE I NS, HIZ45kPaTIE, FREEL
e RRMEIZ K 2R OZEE A BERE S 7z, BENE &G /
2 &0 AR EAARBERIZIE, BESBIZE T LTW3
728, WELETRABERESIKZS ko728 D Ebh
%,

4. #EER

RERRNIZENT, H—F X OdEREE» L5 55
Dkl KOE2#E L, LTO/MRER,
DIRETICENTRONAH—-XUD T 2X7 b, w
WBHIEOLA S IZIXE—Td - 72, F EhXanEid 14
FRIEL 7228, Th&k D VRS 3HRERIIZE L
2o TPRENZIFRILED ERZE N L2 6, Kndik
DOFIE R 72N, F LI XTADIEAD WA LT %
N B,

2) H—SIE OB THERE X - 50EIR L, Ellipsoidal %Y,

Spherical cap i %5 & UF Spherical cap 2353449 % D 378

28

HMToH 0, 5d EASE SYINa R RA R Z NI E S
<, O LELODZ MG B L 72 W EF O
HH XA EAFAGI & 7 <, HIERNZIREICH 0,
HOFNIGDFEEH A+ Tl <, ZWADTFEIZHE S IR
2l KORRIRICE 2 LB A 6N %%, ThoDF
GG il 21213, SHROELZHMAOER
%

X 73

1) Hela i - g si, MOAERE, 3, (1997), 11, 13.

2) = Athr], B.G.Thomas : BREEFHINIE 2 mad 2, H ARk
W, WAL, (1999), 241

3) M.Iguchi, Z.Morita, T.Kuranaga, S.Kotani, H.Ueda and T.Chihara:
CAMP-ISIJ, 6(1993), 1049.

4) M.Iguchi, Z.Morita, H.Ueda and T.Kuranaga: CAMP-ISIJ, 6(1993),
7(1994), 267.

5) M.Iguchi, Z.Morita, H.Kawabata, T.Chihara, T.Takanashi, H.Ueda
and T.Kuranaga: CAMP-IS1J,7(1994), 1098.

6 ) T.Tatsuoka and K.Ito: CAMP-ISIJ, 7(1994), 1100.

7) R.Clift, J.R.Grace and M.E.Weber: Bubbles, Drops and Particles,
Dover Civil and Mechanical Engineering, New York, (1978), 27, 173.

8 ) T.Tagawa, Y.Anzai and T.Kumagai: Tetsu-to-Hagané, 101(2015), 101.



