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Experimental study of droplet impact on superhydrophobic
single-slot surfaces
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Abstract: Existing studies of droplet impact dynamics on superhydrophobic surfaces have
predominantly focused on conventional substrates lacking macroscopic geometric features, while
comparatively limited attention has been given to non-conventional surfaces with macro-
structures that are common in practical engineering. In this study, we experimentally investigate
the impact dynamics of droplets on superhydrophobic surfaces featuring a single macroscopic slot.
We systematically examine the effects of the dimensionless slot width (the ratio of the actual slot
width to the initial droplet diameter, 0.09-0.54) and the Weber number (4.03-36.59) on droplet
spreading, retraction, penetration, and fragmentation. Four characteristic regimes are observed—
complete rebound, rebound with partial penetration, fragmentation with partial penetration, and
full penetration— and their corresponding parameter maps are constructed. The maximum
spreading diameter decreases progressively as the slot width increases. By accounting for both the
slot width and liquid penetration height, a modified theoretical model is developed to predict the
maximum spreading coefficient as a function of the Weber number, achieving great agreement
with experimental measurements. Moreover, partial liquid penetration during impact reduces the
effective mass involved in spreading and retraction, leading to a significant reduction in the
droplet—surface contact time.
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Fig. 1 Morphology and wetting property of the superhydrophobic
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Fig. 2 Schematic of the experimental setup
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Table 2 Width of the slot

W/mm wr
0.25 0.09
0.50 0.18
0.88 0.31
1.25 0.45
1.50 0.54
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Fig. 3 Side-view dynamics of complete droplet rebound on a
superhydrophobic single-slot surface
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Fig. 4 Top-view dynamics of complete droplet rebound on a
superhydrophobic single-slot surface
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Fig. 5 Dynamic process of droplets rebounding while partially
passing through the slot
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Fig. 6 Dynamic process of droplet breakup while partially passing
through the slot
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Fig. 7 Dynamic process of droplets totally passing through the slot
WE 75 Bk 5% T8 S5 Bk — b YO, RO A2 SR T b A
J % 3 0 25 IR, AL AL AR S B LR R 82 T )

Oms

2y o B RS I E R, R E R R E BRI K
J1E AR N E Sy B Rg A T A LRI R 8 1 3 3
RE DAS I [ B, f 4 AR Ry e A BB A
22 ®imtTAHEE

Kl 8 JE 7R T AR S A T W 20 25 1 2 (47 9 AH
Bl AT DUAE H, 00 50 8 e i (X3 1) 32 22 Y L AE
LN P TG B A e 4 5 T (V<< 0.31) AR ¥ 5 4A
H(We < 20.336) 76l A, H H 15 575 10 B bl 52 5% 5
JEE 386 KT 328 T PR AIG o YBTR 58 4 5F JE R E CIX 3TV ) U
RATEE KB T5E E (W = 0.45) FH & 05
(We < 23.586) 6l W - AT W5 & 2 18] 1 98030 58 20
[l 58 CIX 35 11D, A g ) A IX 38 CTID (e 3, R 22
DULE 55 T A0 B v S5 B 4 55 FE I S 4K ) A

0.6
ok
*
& .
w04 f
iR
# sk
E
= 02r .
R
o
0 n n n
0 10 20 30 40

FHHH We
A TFE4ARI o TIEBAY Rl % TR ORE * IVIE 4 2iid

B8 RisELBEKEERTINFTAHEER
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Fig. 10 Relationship between the maximum spreading factor and
Weber number for droplets on slots of varying widths (Inset is
the illustration of a droplet at its maximum spreading
diameter)
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