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Fig. 1. Schematic diagram of plasma assisted construction

of asymmetric wetting Janus fiber membrane process.

2.2 MR-t

AT KB s A B s SOROK, R
Fl COMSOL Multiphysics % H1 ¥ #H - 245
RUXHHAE Janus 21 4Ef5 e n) i iz aof R A T4
P TE. TP ERL, d il o #, &
FALFE Navier-Stokes J7 2 | #2217 #2 Ml Cahn-
Hilliard 7.

Navier-Stokes J5#¢:

ou

pop + o V)u=V-(=p-I+7)+ Fu+pg, (1)

196801-2


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 2 3R Acta Phys. Sin. Vol. 74, No. 19 (2025) 196801

b, w BT EE, m/s; p MR, kg/m?;
p HIET], Pa; Fy Ve RAEPIAR A T L ) 2R 15k
J1, Ny o ARERE RN Ty ik &, Pa; )& 507 5K & ;
g NE IR, m/s2.
RSN e
pV-u=0. (2)
K HAH 3 125 B % LT, %S N Cahn-Hilliard
i
%f—i—u-VgD:V-zg);Vih (3)
X, ARG BRI B, N; e, JJy 5010 V5 B 45
S8, my v NI R, ms ke o WA B A
o AR . ER g (1) 2L (2) XEREEG
u, SRIGIRA (3) HORAFAIAIAY, T 2 AT 2 PIAH
IR ARTR B
TERIT R, & RS, WA AKX,
RSB RSP E. i, SRR ER
1.225 kg/m3, ZEFE N 1.789 x 1075 Pa-s; IIH 1%
JEBEHN 998.2 kg/m?, FHEE M 1.003 x 1073 Pass, %
10K J32 72 mN /m. ISR 2200 9 A O = Y
S0, F O HNGE 9.8 m/s2, Janus £ 4 [ )
BEZAT R TCHE S, IR BE R il A 50 01| U R K 2
i FERl P S N R P

(a)4_

3L <«<—Open border Gas

phase
Liquid
1k phase
Janus membrane

ok UUUUUUUUUUUUUL&UUUUUUUUUUUUUUUUU
Hydrophilic side

Hydrophobic
Y side

Y/mm

Open border —»

o 1 2 3 4 5 6 7 8 9

X/mm

(b)

P2 WRTE Janus £F 4k K E [0 2 107 B RS (a) 5
P& %l 73 (b)

Fig. 2. Simulation model (a) and grid division (b) for direc-
tional transport of droplet in Janus fiber membrane.
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Fig. 3. Wetting state and water contact angle on hydro-

phobic side (a) and hydrophilic side (b) of plasma assisted

construction of Janus fiber membrane.

SR BB B AER A, T R S
FE Janus £F 2 JRE [0) 12 SE U0 45 S 70 L SeiE.
WKl 4 s, WEFE Janus £F 48 B K M i 4 4tk
BRIV, b5 2 EAR I 238 205K, B2 W
964805 2 5K 25t TR 5 S5 LI )
s BOE R S A R &

RIS HEE S, i Janus £F4E 135K )59
b, R T R AN AT USRS B R TE SR K
M RIS, anl&l 5 B, WA 2 28 15E 2 K
M, 24 Rt 5 5 45 R — 3

S SriE Janus ZF 2 J5 3 ] 11E W o AR ) E )
s FeE, ARUPTAE T B M T /SR KM
) Janus £F4ERE, FRFC T W F T T R e Eg
AR, Gl 6 Fron. g5 R R IR T LA S il E g S
PSR iE , HAEWRR A 0 iz 52 iU, /KT

196801-3


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 74, No. 19 (2025) 196801

(@

Hydrophobic

!

Hydrophilic

"""'"“'“““““ ““"“"""" e T

(b)
Hydrophobic
Hydrophilic

P4 s g K B 20 K 0 iz AR 1 05 B AL R (a

) B S UG W I

Fig. 4. Simulation evolution process (a) and experimental monitoring results (b) of droplet self—transport from hydrophobic side to

hydrophilic side.
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Fig. 5. Simulation evolution process (a) and experimental monitoring result (b) of droplet spreading on the hydrophilic side.
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Fig. 6. Experimental monitoring result (a) and simulation evolution process (b) of droplet overcoming gravity transport from hydro-
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Fig. 7. Force analysis during droplet directional transport: (a) Force distribution of droplet movement from the hydrophobic layer

to the hydrophilic layer of Janus fiber membrane; (b) force distribution of droplet movement on the hydrophilic layer of Janus fiber

membrane.
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Fig. 8. Numerical simulation results of unidirectional transport of droplets in Janus fiber membranes with different HoL'T, HiLT,
and DD.
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Table 1.  Water contact angle and pore gap parameters

of Janus fiber membrane under different wettability gradi-

ents.
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Fig. 9. Simulation results of droplet kinetic characteristics on Janus fiber membranes with different wetting gradients: (a) Variation

in upper contact point displacement of droplet; (b) variation in lower contact point displacement of droplet; (c) variation in spread-

ing diameter of droplet.
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Fig. 10. Simulation results of droplet kinetic characteristics on Janus fiber membranes with different pore gaps: (a) Variation in up-

per contact point displacement of droplet; (b) variation in lower contact point displacement of droplet; (c¢) variation in spreading

diameter of droplet.
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Abstract

The asymmetric wetting Janus fiber membrane exhibits many unique properties when interacting with

liquids due to its significant difference in wetting properties on both sides. Therefore, it has broad application

prospects in fields such as microfluidics and biomedicine. The directional transport of droplets is one of the key

functions of Janus fiber membranes, and its transport mechanism and regulation rules are crucial for practical

applications. However, there is currently insufficient research on how wettability gradient and pore structure

regulate the directional transport behavior of droplets. In this study, a two-phase flow phase-field model is
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established, and the reliability of the model is validated through droplet transport experiments conducted on
plasma-assisted fabricated Janus fiber membranes. Building on this foundation, the directional transport
behavior of droplets within the membrane is systematically investigated. The results show that the spontaneous
transport of droplets from hydrophobic side to hydrophilic side is driven by a synergistic effect of surface free
energy gradient, Laplace pressure difference, and capillary force. It is found that hydrophobic layer thickness,
hydrophilic layer thickness, wettability gradient, and pore structure are key factors in regulating transport
efficiency. Compared with traditional structures, Janus fiber membranes with wettability gradients can
significantly improve the directional transport speed of droplets, and the wettability of the hydrophilic side
shows a significant positive correlation with transport velocity. Although increasing pores can accelerate droplet
transport, it simultaneously reduces the steady-state spreading area on the hydrophilic side. This study provides
an important theoretical basis for optimizing the Janus fiber membrane structure and achieving efficient and

precise fabrication of droplets.

F1: Laplace force

F: Capillary force

Liquid Fg: Hydrostatic pressure
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