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The lattice Boltzmann method for gas-liquid two-phase fluids with large density ratios

is applied to bubble flows rising in a two-dimensional porous structure. The dynamic

behavior of a single rising bubble in collision with a solid body is simulated for different

Morton and E6tvos numbers. As the Morton and E6tvds numbers are increasing, the

bubble tends to be easily deformed and broken up into a couple of bubbles. The method

is also applied to a problem of bubble flows in a channel including many rectangular

bodies. It is seen that complicated coalescence and separation of the bubbles occur at a

pore scale in the structure. These simulations indicate that the method is applicable to

multiphase fluid flows through complex geometries.
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Fig.1 Computational domain for problem of a single rising

bubble in collision with a rectangular body.
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Fig.2 Shape map of a single rising bubble for Morton and

E6tvis numbers.*!) The circles indicate the present cases.
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Fig. 3 Time evolution of a single rising bubble in collision
with a rectangular body for pr,/pc = 50, M = 1.6x10™%, and
E = 0.92 (case I). The dimensionless time t* = tV/ D, where

V is the averaged inflow vertical velocity at £*=1.27 x 1072,
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Fig.4 Velocity vectors and density contours around a rect-
angular body for pr,/pg = 50, M = 1.6 x.10™%, and E = 0.92
(case T). The dimensionless time t* = tV//D, where V is the

averaged inflow vertical velocity at t* = 1.27 x 1073,
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Fig.5 Time evolution of a single rising bubble in collision
with a rectangular body for pr/pc = 50, M = 1.6 x 107",
and E = 9.2 (case II). t*

inflow vertical velocity at t* = 6.65 x 1072

= tV/D, where V is the averaged
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Fig.6 Velocity vectors and density contours around a rect-
angular body for pr/pe = 50, M = 1.6 x 107!, and E = 9.2
(case II). t* = tV/D, where V is the averaged inflow vertical

velocity at t* = 6.65 x 1072,
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Fig. 7 Time evolution of a single rising bubble in collision
with a rectangular body for p1./pa = 50, M = 1.6 x 10°, and
E = 92 (case III). t*
vertical velocity at ¢* = 6.57 x 1072,

= tV/D, where V is the averaged inflow

(d) t*=5.11 x 1072 (e) t*=5.84 x 1072 (f) t*=6.57 x 1072

Fig.8 Velocity vectors and density contours around a rect-
angular body for pr,/pe = 50, M = 1.6 x 10%, and E = 92
(case I1I). ¢*
velocity at t* = 6.57 x 1072,

=tV/D, where V' is the averaged inflow vertical
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Fig.9 Computational domain for the problem of many ris-
ing bubbles through a porous structure consisting of rect-
angular bodies. The circles represent bubbles at the initial

state.
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(a) t*=7.28 x 1072 (b) t*=2.18 x 10™*

Fig. 10 Time evolution of many rising bubbles through
a porous structure consisting of rectangular bodies for
pL/pc = 50, M = 1.25 x 1073, and E = 1.15. ¢* = tV/D,
where V is the averaged inflow vertical velocity at ¢* =
2185107

(b) £°=2.18 x 107!

Fig. 11 Velocity vectors and density contours in a porous
structure for p/pg = 50, M = 1.25 x 107*, and E = 1.15.
t* = iV/D, where V is the averaged inflow vertical velocity

at t* =2.18 x 1071,
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(a) t"=0.666 (b) t"=1.55

Fig. 12 Time evolution of many rising bubbles through
a porous structure consisting of rectangular bodies for
pr/pc = 50, M = 1.25 x 10*, and E = 115. t* = tV/D,

where V is the averaged inflow vertical velocity at ¢ = 1.55.

(a) "=0.666

Fig. 13  Velocity vectors and density contours in a porous
structure for p[,/[.v(-; =50, M = 1.25 x 10%, and E = 115.
t* = tV/D, where V is the averaged inflow vertical velocity

at t* = 1.55.
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