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Evaluation of gas-liquid interface area of rising bubbles by multiphase incompressible-flow solver
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In order to investigate gas transfer phenomena through the interface of multi phase fluids, a close look at the
interface is necessary. This paper discusses a method to obtain estimated interface curve in volume of fluid method,
which is originally not good at accurate definition of exact interface curve. This paper proposes estimation methods
of exact interface which is nearly equivalent to evaluation methods of interface area, one of which utilizes equivalent
volume of half a quarter of sphere, the other deter minds equivalent cut plane of the computational cell. In the
former method, the interface area is evaluated from the volume ratio of the fluid, assuming that the shape of the
fluid volume is half a quarter of sphere. In the latter method, a cutting plane is obtained according to the volume
ratio and normal vector of the interface. The accuracy of those methods are investigated in the case of evaluating
primitive shapes such as sphere, spheroid, and torus with different resolutions. The investigation showed higher
accuracy in equivalent cut plane method. Those methods are applied to evaluation of interface area of rising

bubbles.
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Fig. 1: Estimation of surface area using equivalent half
a quarter of sphere
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Fig. 2: A case where assumption of an equivalent half
a quarter of sphere is not applied
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Fig. 4: Division of fragment volume into tetrahedrons
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Fig. 5: Division of polygon into triangles

Tab. 1: Ep, of volume with different number of subcells
(Number of cell is 323)

’ Number of subcells ‘ Er ‘
43 0.086 (%)
103 -0.011 (%)
163 -0.0078(%)
243 0.0038 (%)
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Tab. 2: Ep1 of sphere volume and number of cells

Number of cells ‘ Erq ‘
43 0.84 (%)
83 0.12 (%)
163 0.0050 (%)
323 -0.011 (%)
643 0.0081(%)
1283 0.0018 (%)
2563 0.00019 (%)
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Tab. 3: Comparison of E; of surface area of sphare
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Tab. 5: Comparison of Ey; of surface area of spheroid

Number of cells ‘ Epr1(Case A)(%) ‘ Ep1(Case B)(%) ‘

’ NUmber of cells ‘ Ep1(Case A)(%) ‘ Er1(Case B)(%) ‘

43 28.1 17.4 43 26.0 -19.1
83 18.8 2.73 83 24.8 -0.60
163 -2.02 1.41 163 -4.50 0.42
323 -2.35 0.13 323 8.58 -0.25
643 -0.70 0.79 643 1.61 0.20
1283 -6.07 0.65 1283 -2.8 0.35
256° -9.27 0.56 2563 -2.70 0.25
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Fig. 6: Size of spheroid
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Tab. 4: Ep; of spheroid volume and number of cells

Number of cells ‘ Erq ‘
43 -0.86 (%)
83 -0.11 (%)
163 0.011 (%)
323 -0.0036 (%)
643 0.0074(%)
1283 0.00088 (%)
2563 0.00021 (%)

Fig. 7: Size of torus
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Tab. 6: Ep1 of torus volume and number of cells

Number of cells ‘ FErq ‘
43 2.04 (%)
83 0.78 (%)
163 0.29 (%)
323 0.054 (%)
643 0.023 (%)
1283 0.0076 (%)
2563 0.0025 (%)
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Tab. 7: Comparison of Ey; of surface area of torus

Number of cells ‘ Epr1(Case A)(%) ‘ Ep1(Case B)(%) ‘

43 -44.7 -2.46
83 134 1.08
163 8.28 0.24
323 -0.29 1.43
643 -5.68 0.46
1283 -5.14 0.36
2563 -6.7 0.43
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Tab. 8: Computational condition (Two bubbles)

Domain 5 x 5 x 20[cm3]
Number of cells 80 x 80 x 320
Density of liquid 1000[kg/m”]
Kinematic viscosity of liquid | 1.289x1075[m? /s]
Density of gas 1.0[kg/m”]
Kinematic viscosity of gas | 1.289x10~4[m?/s]
Surface tension 10 [mN/m]
Initial location of bubble (2.5,2.5,4.0)[cm]
Initial location of bubble (2.5,2.5,6.3)[cm]
Initial diameter of bubble 1.875[cm]
Time interval 2.5x1074[s]
Number of time steps 2400

22

S*

0 0.1 0.2 0.3 0.4 0.5

time(sec)

Fig. 8: Time histories of dimensionless area of interface
in bubble collision
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Tab. 9: Computational condition (A group of bubbles)

Domain 20 x 20 x 60[cm®]

Number of cells 96 x 96 x 384
Density of liquid 1000[kg/m”]

Kinematic viscosity of liquid | 1.0x1075[m?/s]
Density of gas 1.0[kg/m”]

Kinematic viscosity of gas 1.0x1075[m? /s
Surface tension 7.2 [mN/m]

Initial diameter of bubbles 1.39[cm]
Time interval 2.0x1073[s]
Number of time steps 200

S*
o
1

0 005 01 015 02 025 03 035 04

time(sec)

Fig. 9: Time histories of dimensionless area of interface
in rising bubbles
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Tab. 10: Computational condition (A large group of
bubbles)

Domain 40 x 40 x 160[cm?]
Number of cells 160 x 160 x 640
Density of liquid 1000[kg/m3]
Kinematic viscosity of liquid | 1.0x10~%[m?/s]
Density of gas 1.0[kg/m”]
Kinematic viscosity of gas 1.0x1075[m? /5]
Surface tension 10 [mN/m]
Initial diameter of bubbles 2.0[cm)]
Number of bubbles 9700
Time interval 5.0x1074[s]
Number of time steps 180

S*
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0 0.01 0.02 0.03 0.04 0.05

time(sec)

Fig. 10: Time histories of dimensionless area of inter-
face in rising bubbles
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(a) Overall (t= 0.0(s))

& e

(a) t= 0.0(s)
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1
K

(c) t=0.12(s) (b) t=0.15(s)

Fig. 11: Snapshots of bubble collision

(¢) Zoom in (2) (t = 0.045(s))

Fig. 13: Snapshots of a large group of rising bubbles
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(e) t = 0.30(s) (f) t = 0.35(s)

Fig. 12: Snapshots of rising bubbles
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