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Fig. 1. (color online) The typical contact state of water droplet on solid surface: (a) Hydrophilic surface;

(b) hydrophobic surface; (¢) hydrophilic surface surrounded by hydrophobic surface.

R (1) 3K, R RER AT AR A /D, RE
T AE A T /KR F A A1 K. FHAS R SR T e A4 R A %
HANE 1 () s IROG I 2R KA TR 2R T (P9 #B 925
KB X3k, SMNDEEK X)), ARG # 2 8L L 7
P B A A 2 R DG 51 R /RORH 1) 3 T TR
BRI 1 (a) Bras KR, 7K = ARl
LR R B H Ml K DX, Ry S BN NS K 3R T
PR E (B 1 (o) HIRES 1 KRR S B 1 (a) 55
R, X RSN 61); ZIREKFARKTE 1 (a)
I, 7R = A Ak ZoRE [FII 52 A R DX 3k i,
SRR ZR IR A PR RRAE SR B R AL, R IR
R Bl A 5 IR (B 1 () HOIRES 2 7K AR
HEL (b) 85K, X Rl N 05).

FEHE 1 (c) B KR A2 R FF AN Bh, 1 #2
i (PAR) 3G KRR, He = AR A 2R Ak 32 0 iR 2%
YEFREPAE, B (1) sUERGL. db AT HEH, K =4

FE A 2 A A SR /KA [R) AL B 461 R

Yass — Vsih < 7Y €08 0" < Ygsh — Vsn, (2)
R, O MR A, KRS AR L. R,
0" B2 YT N

Y

EH, oy > ’Ysls[M], ﬁﬁcosflw >
cos 1 e, T B 00, KT

v
0. UL, SR AT 18] 2 T AT LA S AR 45 i A i i

Ab = 91’mx — 91 ~ 92 — 91, (4)
SCHR R AQ ALK B /KR 1R 2 1T 2 15 B R B R

KA.
B, UK R L b e ERS 52
AP KA, BT DL [ AR SR T

134701-2


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

¥ 38 % 3k Acta Phys. Sin.

Vol. 65, No. 13 (2016) 134701

FEAF I B = AR A 2 52 5P 7 5% R AR E A ik
PRI AR, BV I MR SR KO R T, R i S
UK RARFV /AU ) A7
T4, LR B KR 8] R T PR RS R ik £
i Ja, BEr AR ORISR SR I B I IS S A V) A B
41177 (capillary force) 191, HEIE N
F = Ly(cosfgr — cos By ), (5)

R, FONBMI; LRGN ~ R T 5K
735 Or, Oa 73 AN AL BE T LA 5 IR A AR EE A,
X L7336 R A 2R R /KR 18] 2R T )
B 0,5, (= 01) FUERKILAA 0], (= 02).

2.2 [FIBIGIF

ERSFAT6.2 mm x 25.4 mm 1% V5 5
b, MG R P X BLAR 5 mm (S5 B KR A) R T

(B2 (c)): 1) WIXEAK, SMX B, T 7K
BEMIRE; 2) WX K, SMXSEK, HTAE
ARl o, B K DX H R W R KR
2 (Ultra-Ever Dry, Ultratech A &, 2[H), JEEZ)
10 wm, FREHIREE 2 2.4 wm, 20l 2 165°,
P ik 707 I £ 25 SRAK XSO 06 s T,
e 2 220, 8 2 (d) AR BRI AL T4 i
(SEM), Ze AT BENLIRAN K & G50 I i K 2
THT, A5 A ' B 2 T

B2 (a) ML 2 (b) 70990 A AS RAR AR B 7 RS
YAE 1) A1 2) A 10 2 B /KR ) 26 T L F) e e B A7
TEAS. el I, 4 fioh £ B KR /S AR R
TG R, T H AR A 2 5N 46 27 TSR i /K 38 5t
Ab: KRR 10 pL 3G N30 50 pL i, $E A
23.5° % 167.5%; LA H 5 uL ¥ N 25 uL,
Bzl ff1 1 13.5° Hm 1 82.5°.

B2 SRE/KAR AR SRR 4R (a) SRR/ 152 T KR BEAIRAS; () SR B AH 8] 2R <R AR 3
() SREUKFHMIR AR (d) SRE/KAHRIAL SEM B; (e) SRB /KA )22 M UBE 7 80R
Fig. 2. Contact angle test on hydrophilic and hydrophobic patterned surfaces: (a) Contact angle test of

liquid droplet on hydrophilic surface surrounded by hydrophobic surface; (b) contact angle test of bubble

on hydrophobic surface surrounded by hydrophilic surface; (c¢) schematic diagram of a hydrophilic and

hydrophobic patterned surface; (d) scanning electron microscope test figure of the test model; (e) large scale

gas layers traped by wettability difference under water.
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Table 1. Contact angle list of test samples.

WX RF/mm WX CA/(°) 4MX CA/(°) IEEMER AG/(°)

14 10 x 35 165.1 80.4 84.7
24 20 x 10 22.1 22.1 0

3# 20 x 10 165.1 110.3 54.8
44 20 x 10 165.1 80.4 84.7
S5 20 x 10 165.1 61.4 103.6
67 20 x 10 165.1 22.1 144.0
TH# 15 x 35 165.1 80.4 84.7
8# 20 x 35 165.1 80.4 84.7
9# 5% 6 165.1 80.4 84.7

(a) (b)
Flow (yw
" .

B3 (MTIRGE) S B EIRE  (2) PIV AR5 R
(1, wiE; 2, WIeh; 3, UK 4, Sth; 5, Bokds); (b) <
JERLI 2

Fig. 3. (color online) Schematic diagram of experimen-
tal setup: (a) Layout of PIV (1, test section; 2, test
sample; 3, gas layer; 4, light sheet; 5, laser); (b) test

area.
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Fig. 4. Failure process of gas layer under tangential flow.
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Fig. 5. The variation of critical flow velocity Vi under
different wettability difference A6.
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Fig. 6. The plot of the critical flow velocity V- under

different gas layer thickness.
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Fig. 7. Comparison of distance-resolved evolution of

velocity with different mean flow viscosity.
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Abstract

Superhydrophobic surfaces with micro- and nano-scale structures are conducible to maintaining a gas layer where
prominent slippage effect exists. It has been demonstrated that the drag reduction of superhydrophobic surface increases
with growing the fraction of the gas-water interface and the rising of the thickness of gas layer. Whereas a large thick
gas layer on the superhydrophobic surface collapses easily under tangential water flow. Here, we present a new method
to maintain large-scale gas layer by creating hydrophilic patterns at the superhydrophobic surface, on which the binding
force of air on the solid surface can be caused by wettability difference. Through testing the states of gas layer trapped
on surfaces with wettability differences equal to 54.8°, 84.7°, 103.6° and 144.0° in apparent contact angle, respectively,
the conditions of maintaining gas layer are mainly considered. We demonstrate that the critical velocity, over which
the gas layer begins to collapse under the tangential water flow, is positively correlated with the thickness of the gas
layer and the wettability difference between the superhydrophobic area and hydrophilic area, however, this is negatively
correlated with the width of the gas layer in the crosswise direction. It is noteworthy that even a centimeter-scale gas
layer can be kept steady in ~0.9 m/s through this method. Furthermore, an obvious slip velocity up to ~25% of bulk
velocity is observed at the gas-water interface, through measuring the velocity profile above the 0.6 cm-long, 0.5 cm-wide
and 0.15 cm-thick gas layer by using the PIV technology. We anticipate that this novel method of gas entrapment under

water will effectively widen the applications of superhydrophobic surfaces for drag reduction.

Keywords: superhydrophobic surface, hydrophilic surface, gas layer, slip
PACS: 47.85.1b, 47.55.Ca DOI: 10.7498/aps.65.134701

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51335010, 51109178), the Fundamental
Research Funds for the Central Universities, China (Grant No. 3102015ZY017), and the Seed Foundation of Innovation
and Creation for Graduate Students in Northwestern Polytechnical University, China (Grant No. Z2016055).

t Corresponding author. E-mail: huhaibao@nwpu.edu.cn

134701-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.134701

	1引 言
	2水下大尺度气膜封存机制
	2.1 润湿阶跃束缚三相接触线原理
	Fig 1

	2.2 原理验证
	Fig 2


	3切向水流下润湿阶跃封存气膜性能 测试
	3.1 试验方法
	Table 1
	Fig 3

	3.2 结果与分析
	3.2.1 切向水流下亲疏水相间表面气膜封存 过程
	Fig 4
	3.2.2 润湿阶跃对水下气体封存能力的影响
	Fig 5
	3.2.3 气膜尺寸对水下气体封存能力的影响
	Fig 6
	3.2.4 气膜界面上滑移速度
	Fig 7


	4结 论
	References
	Abstract

