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Fig. 1. A schematic diagram of the initial position of a

droplet in a shear flow.
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Fig. 2. Interface profiles of droplet in shear flow under dif-

ferent Ca number.
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Fig. 3. Relation between Ca number and the deformation

parameter of droplet.

3.1.2 HERBRKER® EOFHILRE

R T AR SCEUE TR AE A R i 5T
R AT S T BEARL T (A 1T A L SR ) AT
1T TEUERH. ASGEIS Wang %544 1 Li 4141 A
RS, 78 T = 0 I %), — P E 28 0.5 mm
FEEDE R LR ETE— K/ 2 mmx 1 mm
Yy BRI R RS PO B T B A A T
B R4, TR R B A, i ZE A A
R I A 45 F. WIAHZ BRI L pa/ ) =
5, FMiKk 7 o = 0.01. C-H HFEFPRFImEERE W=
4, PR M= 0.1.

ASCAE 401x 201 RIS T, Xl fa sl 0 =
30°, 60°, 90°, 120°F1 150°FBRAE AL b # 1-7k
T ) P A S BRI TEUE TR, JF 548+ Boltz-
mann JHE>RFEG 4 F5EA% T Boltzmann 7k 49)
JITEAS R ZE R TX L, AN 4 fis. M43 0 <
90°HT, FH T [ AR T REAF X4 g, (1A T 2 i
BT, VR PAATD U B 20 198 2 1520 2 % 3 1) ) L
R IE R ERIEIE i AL AR M, S455ffh 0 > 90°

F, [P T RE AR IR, [ AR 5 v R e P A 2
flidipuke S MK NSO A SRR SO A
VAFE R FHAS SCRELAR B P 5 291 A 42 fk £ -5 SRR
SERI N — B, A A A R (B TR A TR 22/
T 10 AU T AN SRR AR R A AR BRI I 1 5
EpE oy d e T

180

o
150 f e s

N

/

120

- //

90 | . »

g \
/ )

Numerical contact angle/(°)

60 \l
// —— Exact
30k v < Wang et al. (2015)
/ v Liet al. (2023)

s e Present
i 1 1 1 1 1
0 30 60 90 120 150 180

Exact contact angle/(°)

0

4 S AR A EEAS DL G SR MR (B RN STk [44, 45) IS EE
Fig. 4. Comparisons between numerical contact angle with

exact contact angle and published data [44, 45].
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Fig. 5. Schematic diagram of symmetric cross microchannel

structure.
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Fig. 6. Droplet generation process in cross microchannels under different capillary numbers Ca.
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Fig. 7. Droplet shape in a cross microchannel at t*= 7.2 under different viscosity ratios.
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Fig. 10. Droplet shape in a cross microchannel at t* = 7.2 under different eccentricity values.
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Abstract

Droplet microfluidics technology possesses significant potential applications in chemical analysis, biological
detection, and material preparation. Passive droplet generation method can rapidly achieve droplet formation
by using the geometric characteristics of microchannels and shear flow. As a typical structure, the influences of
fluid parameters and symmetry differences in cross microchannels on the droplet generation process have not
been fully studied. Therefore, this paper uses the lattice Boltzmann method to numerically simulate droplet
generation in symmetric and asymmetric cross microchannels, thereby systematically analyzing the action
mechanisms of capillary number, viscosity ratio, and microchannel symmetry. First, this study verifies the
computational reliability of the numerical model through two classic cases, i.e. the droplet deformation under
planar shear flow and stationary droplets on ideal solid surfaces. Then, this work focuses on studying the three
flow stages in symmetric cross microchannels, i.e. interface immersion stage, shear-induced breakup stage, and
the droplet migration and coalescence stage, and analyzes the synergistic mechanism of capillary number and
viscosity ratio. In the symmetric cross microchannel structure, the capillary number is the main factor
determining the droplet size in the cross microchannel. With the increase of the capillary number, the surface
tension gradually weakens, causing the liquid bridge at the droplet neck to break more easily and generate
droplets. In contrast, the effect of the viscosity ratio on the droplet size is relatively small, but it can suppress
the generation of sub-droplets and improve the uniformity of droplets by adjusting the viscous resistance of the
continuous phase. On this basis, this study further quantifies the influence of microchannel symmetry on the
droplet generation process in cross microchannels. In the asymmetric cross microchannel structure, the
microchannel deviation breaks the flow symmetry and weakens the cooperative shearing effect of the oil-phase

fluid on the immersion structure of the water-phase fluid. When the microchannel deviates within the centerline

* Project supported by the Fund for Fostering Talents of the Shenzhen Science and Technology Innovation Commission,
China (Grant No. RCBS20221008093107026), the National Natural Science Foundation of China (Grant Nos. 12302361,
12402328), the Open Fund Project of the Key Laboratory of Icing and Anti/De-icing of CARDC (Grant No. TADL20220302),
the Shenzhen Natural Science Foundation, China (Grant No. JCYJ20240813094221028), the Department of Science and
Technology of Guangdong Province, China (Grant Nos. 2025A1515010156, 2025A1515012960, 2023B1212060001), and the
Shenzhen Key Laboratory of Complex Aerospace Flows, China (Grant No. ZDSYS201802081843517).

1 Corresponding author. E-mail: yup6@sustech.edu.cn

134701-10


mailto:yup6@sustech.edu.cn
mailto:yup6@sustech.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 13 (2025) 134701

range of the water-phase microchannel, the droplet size increases significantly with the increase of the
microchannel deviation. This is mainly because the oil-phase fluid on the side far from the deviation first
squeezes the immersion structure of the water-phase fluid, and then the oil-phase fluid near the deviation side
exerts a secondary squeeze on the immersion structure, causing the neck liquid bridge of the immersion
structure to continuously elongate and the shear position to shift along the microchannel deviation direction.
When the microchannel deviation exceeds the centerline position of the water-phase microchannel, the interface
fracture of the water-phase immersion structure mainly relies on the double squeezing effect of the oil-phase
fluid and the surface tension of water-phase fluid, and the droplet size tends to be stable. The relevant research
results lay a theoretical foundation for microchannel design and fluid parameter regulation in droplet

microfluidics and thus further promote the application and development of droplet microfluidic technology.

Keywords: droplet generation, multiphase flow, lattice Boltzmann method, diffuse interface method,

microfluidic technology
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