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Numerical Analyses of Single Rising Bubble in a Viscous Fluid in an Enclosure

Toshio Tacawa, Yohei ANzal and Takehiko KUMAGATI

Synopsis

: Numerical analyses have been carried out for a single rising bubble flow in a viscous fluid. It is assumed that both liquid and gas phases are

the Newtonian fluid and viscous dissipation is neglected. The dimensionless governing equations for axisymmetric and three-dimensional co-

ordinate systems have been successfully solved using the fractional step method combining with the level set method. The present numerical

results exhibit fairly good agreement with experimental results in terms of the bubble shape and rising velocity.
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Fig. 1. Schematic model at the initial state of computation.
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Table 1. Computational conditions.

Initial bubble volume, V' 0.05cm? | 0.5cm? 2 cm’ 5cm?
Initial equivalent diameter of 457 mm | 9.85 mm | 15.6 mm | 21.2 mm
bubble, d
Density ratio, p 800
Viscosity ratio, 500
Laplace number, I” 3.40%10° | 7.32x10° | 1.16x10° | 1.58x10°
Galilei number, G 4.00x10° | 4.00x10* | 1.60%10° | 4.00x10°

0.100 (axisymmetric cases)

Thickness of interface, k& 0.167 (3D cases)

Number of meshes
(R*Z) (axisymmetric cases)
(XxYxZ) (3D cases)

75%300 (axisymmetric cases)
96x96x192 (3D cases)
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(a) 2D axisymmetric computation (b) 3D computation

Fig. 2. A series of the bubble shape for the initial bubble volume
0.05 cm®. Time interval is 0.02.
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(@) 2D axisymmetric computation (b) 3D computation

Fig. 3. A series of the bubble shape for the initial bubble volume
0.5 cm®. Time interval is 0.01.
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Fig. 4. A series of the bubble shape for the initial bubble volume
2.0 cm®. Time interval is 0.005.

33

PR SN B DRV R e L2 H— XS B § 2 B AT

L EMERL TS, ZOEKLI ST 5 &, Ak Tho
T2 Bl BRI I3AE TS REH R 2 2 O CRT & Fi -
T 5, XA K& & Figd 5 T, Xd LA#E Tk
TRTCHIDS FREF R & S RIGETR TR W AR L TV 5
2, AR OO TE, HTOEWSRRZT 5N, il
HMFREIEL TR, RiiE ERT 2 1c o< RIS & B fdEiA
BRENZDIH L, ZWIGEHR T LA 512 oh&i
BIRO =TGSR R 65, ZOBEIZKRDEHIIZEZLS
N3, KJAOYIIRRA KX OIEAIE, VA L XBRK
LAY, [IBIRRHMENZLL v & S h 5 #&0IRTE
23T 5 TORMIZAREL 0, iR cideh%
MIELTWBDITH L, “RITHIT CIEEEARE TZh
FRETE WAL EEDbRh S, DITOMBRTIE, i FR
R DOFEFIZOWTE R T 5,

Fig.6 13, PSR K@k &, 20023 )i %,
¥ 5713 Stokes DI ABIEL (Bl FRRICH T B HiAR) &R
o KD DIEN DA%k 5 &, K0 nFEEkE, (F
IEERRIE A 2 5> T B D DH 5, Figs (a) TIEER
O i & O BIRITH S 2213318 X 10° T d - 72, Fig.6
(b) TIXIERICIESIZ4121.278 X 10°TH » 72, D D &7
RREIZHHI L TR TEE N ZEN R EL BB 2 Ehibh b,
ZOESIZEIMMOTERE OGNS BT HIZITED D & <K
VF b, AR EN B LI, (a) OEAITODNTEN
ZEZDWTHRIRTL 2 iR A B,

Table 2. Computational results for the rising velocity.

Initial bubble volume, V' | 0.05cm® | 0.5 cm?® 2 cm? 5cm’
fliiSi:lg ; AX‘SZ;?:;‘*‘“C 20.5 cm/s | 22.2 cm/s | 27.5 cm/s | 32.9 cm/s
velocity o
bubble, Wi, 3D cases 17.6 cm/s | 22.2 cm/s | 27.4 cm/s | 32.8 cm/s
Reynolds | Axisymmetric | g3 ¢ 219 429 698
number, cases
Reyp 3D cases 80.4 218 428 696
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(@) 2D axisymmetric computation (b) 3D computation

Fig. 5. A series of the bubble shape for the initial bubble volume
5.0 cm’®. Time interval is 0.002.
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Fig. 7. Comparison of the bubble shape without or with taking
into account volume expansion for the case of initial
bubble volume 2.0 cm®. Time interval is 0.005.
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Fig. 6. An instantaneous contours of the pressure, the Stokes stream function and the bubble shape.
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Fig. 8. Comparison of the bubble shape for the several
initial bubble volumes. The left hand side indicates
experimental photographs and the right hand side
indicates the numerical 2D views.
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Table 3. Comparison between Grace’s and present results.

Initial bubble volume, V' | 0.05cm’® | 0.5 cm?® 2 cm? 5cm’
Initial equivalent diameter
of bubble, 457mm | 985 mm | 15.6 mm | 21.2 mm
E6tvos number, EO 9.56 44.4 111 206
Morton number, Mo 9.86x10°

Computed Reynolds
number, Re,,, 93.8 219 429 698

Predicted Reynolds

number, Re, 95 220 410 700
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Fig. 9. Grace’s classification of bubble behavior together with
the present four results.
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