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Fig. 1. The steady shapes of the droplet on the flat and inclined wall with different wettability, the contact angles

are 60°, 90°, 120° from left pattern to the right.
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Fig. 2. The schematic of the droplet movement in the

bifurcating micro-channel.
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Fig. 3. (color online) The effect of wettability on

the droplet dynamics in the bifurcating micro-channel:
(a) 8 =150°, (b) 6 = 45°.

M IR TR LAE B P S R
TR E SO TE NI B R M BT A X SRk BT
18 T%, 343 T 2 G PR E S8 T8 BE b AN B 0K H
(TR v AT TR Rt Tt o s 2 s
A, AR BT R R RUST 2 B ik A 10 38 o v 38
K. DRI, B T PR 8R0S 7K A A R~ Y0 A A )
RIZR, FE4 TR IAE 7o b, FRATTHRE B [ 4 fik /71 V€
N 150°.

204701-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 20 (2016) 204701

0.49

0.48 t

0.47

0.46

0.45

0.44

V/Vy

0.43 | 5
0.42 |
0.41}

0.40 °©

0.39 ' ' ' : : :
20 40 60 80 100 120 140 160

0

B4 R A TR AR AR RSO, Vg SR A
SRR, S S A A

Fig. 4. The effect of wettability on the daughter
droplet volume, Vg represents the volume of the initial
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Fig. 5. (color online) The effect of capillary number on
the droplet dynamics in the bifurcating micro-channel:
(a) Ca = 0.15; (b) Ca = 0.5; (c) Ca = 3.0.
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Abstract

The droplet dynamic in a bifurcating micro-channel, as one of the basic multiphase problems, is frequently encoun-
tered in the fields of science and engineering. Due to its great relevance to many important applications and also its
fascinating physical phenomena, it has attracted the increasing attention in the past decades. However, this problem
is still not fully understood since it is very complicated: the droplet behaviors may be influenced by several physical
factors. To clearly elucidate the physics governing droplet dynamics in a bifurcating micro-channel, a detailed numerical
study on this problem is conducted. The present investigation is based on our recently developed phase-field-based
lattice Boltzmann multiphase model, in which one distribution function is used to solve the Cahn-Hilliard equation,
and the other is adopted to solve the Navier-Stokes equations. In this paper, we mainly focus on the effects of the
surface wettability, capillary number and outlet flux ratio on the droplet dynamics, and the volume of the generated
daughter droplet is also presented. The numerical results show that when the capillary number is large enough, the
droplet behaviors depend critically on surface wettability. For the nonwetting case, the main droplet breaks up into two
daughter droplets, which then completely suspend in the branched channels and flow towards the outlet. While for the
wetting case, the main droplet also breaks up into two daughter droplets at first, and then different behaviors can be
observed. The daughter droplet undergoes a secondary breakup, which results in part of droplet adhering to the wall,
and the remaining flowing to the outlet. The volume of the generated daughter droplet is also measured, and it is shown
that it increases linearly with contact angle increasing. When the capillary number is small enough, the droplet remains
at the bifurcating position, which does not break up. Finally, we also find that the outlet flux ratio affects the rupture
mechanism of the droplet. When the outlet flux ratio is 1, the droplet is split into two identical daughter droplets. When
the outlet flux ratio increases, an asymmetric rupture resulting in the generation of two different daughter droplets, will
be observed. However, if the outlet flux ratio is larger enough, the droplet does not breakup, and flows into the branched
channel where the fluid velocity is larger. Here we define a critical outlet flux ratio, below which the droplet breakup
occurs, and above which the droplet does not break up. The relationship between the capillary number and the critical

outlet flux ratio is examined, and it is found that the critical outlet flux ratio increases with capillary number increasing.

Keywords: lattice Boltzmann method, droplet, micro-channel
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