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Numerical Simulation of Gas-Liquid Two-Phase Flow in Porous Structures

with Various Wettability
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Abstract

Gas-liquid two-phase flows in porous structures are simulated by the lattice

Boltzmann method for two-phase fluids with large density differences, in which the wetting
boundary condition on solid walls is incorporated. The behavior of the liquid phase penetrating
the hydrophobic and hydrophilic microchannels is investigated. The curvature radius and the
average height of the liquid phase in equilibrium are calculated, and found to be in good
agreement with the theoretical predictions. In addition, the behavior of the liquid phase in porous
structures with various porosities is simulated for hydrophilic and hydrophobic cases. From these
results, it is found that the liquid phase in the porous structure is transported from the hydrophobic
to hydrophilic regions, and that the liquid tends to penetrate in locally narrow spaces owing to the

effect of large pressure gradient.

Keywords: Lattice Boltzmann method (LBM), Two-phase flow, Wettability, Porous structures,

Porosity
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Fig.1 Nine-velocity (2D9V) model.
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Fig. 2 Concave and convex boundaries on a body.
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Fig.3 Computational domain of penetrating liquid
between parallel plates.
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Fig. 4 Liquid shapes between parallel plates with
various static contact angles in equilibrium
for gAx = 4.00X10°: (a) hydrophilic case
(OBw = 77°) ; (b) hydrophobic case (fy =
100°).

Fig. 5 Definition of curvature radius R and of average

height z of liquid phase.
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Fig.6 Comparison of the present results with the
theoretical prediction for (a) hydrophilic case
(6w = 77°) and (b) hydrophobic case (Ow =
100°) : e, calculated results ; —, theoretical
prediction [17].
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Fig. 7 Computational domain of a porous structure
with porosity ¢ = 0.75.

Fig. 8 Liquid shape in the porous structure at the
equilibrium state.
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Fig. 9 Liquid shape and velocity vectors in the
hydrophilic region of the porous structure at
a certain time.
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Fig.10 Fractions of liquid and objects at the initial
and equilibrium states. ; —--- , Initial
(Liquid + objects) ; —— , Equilibrium

(Liquid + objects) ; I , Hydrophilic
objects ; 1 , Hydrophobic objects.
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Fig. 11 Computational domain of a porous structure
with porosities &= 0.68 (left half) and ¢, =
0.84 (right half). The porosity of the whole

domain is £ = 0.76.

Fig.12 Liquid shape in the porous structure at the
equilibrium state for hydrophilic case (Gyw =
68°).

Fig.13 Liquid shape in the porous structure at the
equilibrium state for hydrophobic case (Ow
=110°).

322 ZEHERDELGIEHICETHHREDES)
RPN TRPTAIC 22 BRI & W R & /)
SV Z B & RiTHT & RIEROFHR 247 - 72, Fig.

Japanese J. Multiphase Flow Vol. 24 No.5 (2011)



(b)

Fig. 14 Pressure distribution in the porous structure

at a certain time ; (a) hydrophilic case (Ow =
68°) ; (b) hydrophobic case (fw = 110°) .
The pressure contour interval is 2.5 X 107,
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Nomenclature
B : height of liquid phase [-]
c : characteristic particle speed [m/s]
¢ : particle velocity [-]
E; : constants  in equilibrium  distribution
functions [-]
fi : particle velocity distribution function for
an order parameter [-]
g : particle velocity distribution function for a
multicomponent fluid [-]
g : gravitational acceleration [-]
h; : particle velocity distribution function for
pressure [-]
h$Y  : equilibrium distribution function for 4; [-]
L : characteristic length [m]
L, L, : domain size [-]
n : direction normal to body [-]
Oh : Ohnesorge number [-]
p . pressure [-]
R : curvature radius of liquid phase [-]
s : direction tangential to body [-]
t : time [-]
to . characteristic time scale, L/U [s]
u : current velocity of a multicomponent fluid
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u* : predicted velocity of a multicomponent fluid

[-]
U : characteristic flow speed [m/s]
w : distance between parallel plates [-]
x,y  : Cartesian coordinates [-]
z : average height of liquid phase [-]
Greek letters
Yw : wetting potential [-]
Ap : Laplace pressure [-]
Ax : lattice spacing [-]
3 : porosity [-]
Ow : static contact angle [°]
Kp : constant parameter determining the width
of interface [-]
U : viscosity [-]
p : density [-]
Po : reference density [kg/m’]
o . interfacial tension [-]
7 : relaxation time for 4; [-]
@ : order parameter representing an interface
[-]
H : reference order parameter [-]
Subscripts
G : gas phase
k, : number of grid point normal to body
ks : number of grid point tangential to body
1 : left region
L : liquid phase
max : maximum value
min  : minimum value
r : right region
o : Cartesian coordinates, (x, )
Superscripts
m : number of iteration
* : predicted
SE X
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