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Fig. 1. Relationship between (p; — po) and 1/r at dif-

ferent viscosity ratios M.
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Table 1. Parameter values of different viscosity ratios.

M 3.78 4.23 4.94 5.68 6.19 7.57 9.10

p1 1.9651 2.0812 2.2496 2.4131 2.5202 2.7828 3.0404
Pv 0.5198 0.4917 0.4558 0.4252 0.4070 0.3675 0.3342
g —8.5 —8.7 -9.0 -9.3 -9.5 —-10.0 —-10.5
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Fig. 2. Schematic illustration of the channel structure.
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Fig. 3. (color online) Contact angle at different surface densities.
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Table 2. Displacement efficiency and times at different contact angle.

0 20 40 50 60 75 90 105 130 160
De 0.6552 0.7535 0.8295 0.8951 1.0 1.0 1.0 1.0 1.0

t 73.646 71.208 70.196 63.866 57.896 52.574 44.524 38.796 36.486
Pw 2.5929 2.1210 1.9286 1.6490 1.3623 1.1391 0.9498 0.6697 0.4045

(@)
.1 ] | -~
(b)

I I e

(c)
B4 (MTADEG) REEAA TR (a) 0 = 20°, \AEZEIFHt = 0, 20, 40, 50; (b) 6 = 60°, MAF]H
t =0, 20, 34, 44; (c) 6 = 90°, I\ E|4 ¢t = 0, 20, 24, 36
Fig. 4. (color online) Flow process at different contact angle: (a) 8 = 20°, from left to right ¢ = 0, 20, 40,
50; (b) 8 = 60°, from left to right ¢ = 0, 20, 34, 44; (c) 6 = 90°, from left to right ¢t = 0, 20, 24, 36.
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Fig. 5. Dependency of De and t on the different size

of obstacle A at different contact angle.
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Fig. 6. Flow results of different sizes of obstacle at
contact angle 50°: from top to bottom: Ri/R2 = 0.1,
0.6, 0.8.
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Abstract

The immiscible displacement process in micro-channel, which widely existes in daily life and industrial production, is
an important research subject. This subject is a typical contact line problem involving complicated fluid-fluid interactions
and fluid-solid interactions which have attracted the interest of many scholars. Although the immiscible displacement
in micro-channels has been studied by some researches, the problem is still not fully understood because the mechanism
of the immiscible displacement is very complex. In order to further explain the physical mechanism of immiscible
displacement process in micro-channels, detailed numerical simulations are carried out in a complex micro-channel
containing a semicircular cavity and a semicircular by bulge using an improved pseudo-potential lattice Boltzmann
method (LBM). This model overcomes the drawback of the dependence of the fluid properties on the grid size, which
exists in the original pseudo-potential LBM. Initially, the cavity is filled with the liquid and the rest of the area is
filled with its vapour. The semicircular bulge represents the roughness of the micro-channel. The approach is first
validated by the Laplace law. The results show that the numerical results are in good agreement with the theoretical
predictions. Then the model is employed to study the immiscible displacement process in the micro-channel. The effects
of the surface wettability, the surface roughness, the viscosity ratio between the liquid phase and the gas phase, and
the distance between the semicircular cavity and the semicircular bulge are studied. The simulation results show that
the influence of the surface wettability on the displacement process is a decisive factor compared with other factors.
With the increase of the contact angle, the displacement efficiency increases and the displacement time decreases. When
the contact angle is larger than a certain value, all of the liquid can be displaced from the cavity. At that time, the
displacement efficiency is equal to 1. The above results are consistent with the theoretical prediction that with the
increase of the contact angle, the liquid is easily driven out of the cavity because the adhesion force of the liquid in the
cavity decreases. On the other hand, the influence of the surface roughness on the displacement process is more complex.
The displacement efficiency increases with the radius of the semicircle bulge increasing in a certain range. When the
radius is larger than a certain value, the liquid cannot be ejected from the cavity due to the velocity around the cavity
is too small. Furthermore, the liquid cannot be displaced from the cavity at a small viscosity ratio. As the viscosity
ratio increases, the displacement efficiency increases and the displacement time decreases. As for the distance between
the semicircular bulge and the semicircular cavity, it promotes the displacement process at an early stage. When the

distance exceeds a certain value, it has little effect on the displacement process.

Keywords: immiscible displacement, lattice Boltzmann method, displacement efficiency, displacement
time
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