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Numerical Analysis of Rising Bubble in Reduced-pressure Environment

Takehiro HiMENo and Takehiko KumaGal

Synopsis :

In order to give appropriate assessment of designed systems for secondary refining processes, the predictive methods with computational fluid

dynamics are strongly desired. In the present study, a numerical method, called ‘CIP-LSM’ (CIP based Level Set & MARS), was developed

to simulate incompressible and compressible two-phase flows including surface tension and gravity effect. With the developed code, the dy-

namic behavior of bubbles rising in a liquid pool under reduced-pressure condition were tried to be simulated. As to the bubble shape, rising

velocity and volume expansion, good agreement was obtained between the computed results and corresponding experiments.

Key words: free-surface flows; bubble; secondary refining; RH; CIP-LSM.
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(a) Deffused interface due to
numerical dissipation
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Fig. 1. Dissipation of VOF due to numerical viscosity.
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Fig. 2. Experimental set-up®. Test vessel and damping cup.
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Fig. 3. Computational domain.
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Fig. 4. Computational grid on horizontal plane.
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Fig. 5. Dynamic deformation if rising bubble. Case 1: P,= 1.0 atm, ;= 5.0 cm?, 10 cSt: Big bubble in ambient pressure.
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Fig. 6. Dynamic deformation if rising bubble. Case 2: P,=0.013 atm, ;= 1.0 cm?, 10 ¢St : Small bubble in reduced pressure.
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Fig. 7. Rising velocity against to bubble position. Fig.

Case 2: P,=0.013 atm, V;= 1.0 cm?, 10 cSt.
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8. Volume Expansion against to bubble position.
Case 2: Py=0.013 atm, V;= 1.0 cm?, 10 cSt.
Case 3: Py=1.0 atm, V/,= 1.0 cm?, 10 cSt.
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Fig. 9. Re-construction of Interface; Tangential plane of zero
level set and the interpolation of H, in ¢ -direction based
on MARS'™.
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Fig. 10. Normal vector #g of interface calculated from the
distribution of ¢'.
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Table 2. Physical properties X in Eq.(23).

Physical properties X
p : Density p
C, : Specific heat at constant p pC,
Cs : Sound velocity (pCH!
B : Volume expansion coefficient B
" : Viscosity coefficient w!
K : Heat conductivity k!
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(if |, | < 0.50: AL )
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