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Abstract: The impact of liquid droplets on surfaces has fascinated scientists for over a century, motivated by a variety of applications
such as additive manufacturing, spray cooling, and more recently, epidemic prevention and control. Previous research has shown that
when water droplets gently impact a superhydrophobic surface, they can shoot out a small diameter but extremely high velocity jet,
called a singular jet. Pure water is one of the most widely used working fluids in industry. However, the evolution of their internal
flow field structure, velocity vector, and pressure distribution have yet to be fully studied. The impact and singular jet behaviors of
droplets on superhydrophobic surfaces are investigated using a high-speed imaging system. We prepared Newtonian working fluids
with viscosities of 0.9-27.7 mPa.s by proportioning the glycerol /water solution. Using the nanosilica deposition technique,
superhydrophobic surfaces were prepared with a static contact angle of approximately 158°. To simulate the impact process of
droplets on superhydrophobic surfaces, a numerical model was constructed based on finite element scheme coupled with a level-set
method. The simulation and experimental results showed good agreement. The impact conditions for the occurrence of the singular jet
behavior of viscous fluid droplets are summarized. The experimental results showed that when pure water droplets hit
superhydrophobic surfaces in the lower We number range, entrained bubbles can be observed, which also directly lead to the
occurrence of a singular jet. However, when the viscosity of the droplet is greater than 14.2 mPa « s, even if the impact velocity is

enhanced (We > 100), the singular jet behavior no longer appears. From the We-Re phase diagram, it can be observed that the
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singular jet behavior mainly occurs in the region with Re = 700—1 000. The range of We numbers for the singular jet is wider. However,
no singular jet phenomenon occurred in the regions where Re < 300 or Re > 1100. The experimental results also showed that the
viscous force reduced the maximum jet velocity of the droplet, which caused the jet velocity to become flat. The numerical simulation
results indicate that the singular jet is related to the cavity formation during the retraction stage of the impact droplets. Moreover, a
larger pressure concentration area was found at the center of the droplet when the singular jet occurred. The interfacial morphology
between the gas and liquid at the bottom of the cavity inside the droplet was significantly affected by changes in the viscosity. The
gas-liquid interface at the bottom of the cavity could change from an upward convex into a downward concave shape with the increase
in viscosity. Therefore, an upward jet cannot be formed. The simulation results showed that the surface tension is in the opposite
direction, while the curved gas-liquid level at the bottom of the cavity is reversed. In combination with the experimental and
numerical simulation methods, the generation and regulation mechanisms for the singular jet of viscous fluid droplets were

determined. Regulating the viscosity of the working fluid significantly influences the singular jet behavior when the droplets impact

superhydrophobic surfaces. This study provides a theoretical basis for the regulation of droplet dynamics.
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Fig. 1 Experimental setup for droplet impacting

on the superhydrophobic surfaces
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Table 1 Properties of working fluids

Weight / Density / Viscosity / Surface Tension /
wt.% (kg * m?) (mPa - 5) (mN + m™)
0 997 0.9 71.8
10 1024 1.15 69.7
20 1048 1.54 67.8
30 1074 2.16 66.5
40 1100 3.18 65.7
50 1127 5.04 64.9
60 1151 8.83 64.6
67 1174 14.2 64.3
75 1196 27.7 63.6

2 HfE iR

ATCRE T ACH AR A IR BT 1%, AL T alk
YA T B BE T B SR . B 3 gt T
BB R TR0 BRI AREE R,
Vi AR AR TH S W Ja e BT o ] B T AR 1 5 A%
P, JRIDFBE NI QRN

|

! Axial symmetry

Open
‘ boundary
Air
Impact
Droplet velocity
Vv

|
| Wetted wall

B3 i B g K R B v AR R S
Fig. 3 Numerical model of a droplet impacting
on the superhydrophobic surface
FEH T R AN IR S Ty RE A Bl i fE
ik, Hal (DL (2) i

Veu=0 (1)
p(@_qu u- Vju =
ot
V e[-PI +n(Vu+(Vu)" )]+ pg+F,
Kb, PONERE, w B, PNIEJ), I R4
FEME, & NFEIJJIASE, F,OhRIMK . F, 38
TSN R R (3) Hahs iR G
E, =V« (oI -nn"))5) 3)
Kb, n AFER, o NRINK I RE, 5 MK
AT
VR T B [ 1) B A R 52 B R 1 5
BET BT 526 3t T sk A
F

wall

2

=o|n,, —(ncosd)]s —%u (4)

A, mg,, WEENE R, 0 4 21Nl S %
filffi, BT B T FAE I 5
0, Blu « n,, =0, gt Fmmr2ann, £
¢ =010 AH ¢ =1 L POLFEF, X @ bR BOR AR
SE AT ST (R 7

O e NG= | Vp—p(l - ) 2L
o V=N FV¢ ¢ ¢ﬂvﬂ} 6)
Kb e WM IERESH, 7 A E TR S HL
G IALE S 5 FE (6) X HEAT - Ab BE .

0 P<—¢,
L9 (7
¢= 2+28+2nsm(8j e<p<e, (6)
1 p=¢
AR AH IR R AN B kA -
P=pH +(p2 _p1)¢ (7
n=n+,—n)¢ 3

b, o NSAHEEE, o WA S, 0 ARAAH
BOEE, m NRAIERIE . AWFFUIEIR 6(x, 1) =05 254y
£ B ERAR ST

Shy B Y8 i R o A AR T ) AR A . x4l
K LA We = 8.8 4 i Gt /K B THT ¥ 2 (2.0 ms)
[F45 (3.8 ms). S (5.5ms) LLAZ[A5 (12.0 ms)
G FRAT B E AR ST . K] 4 AT B
i, ZEMRREG S R S MEER S R T R
TP —3k.

2 AH B RLAL) 5 B o B ) A K, R
LH SISy NN L) 1| 7 W= 57 NP s 9 R e
R I 7K B TR P BSOS R B AT T s TG G PRS0
WKl 5 s, 28 5i% 30 337,51 399, 80 458, 142 999
DU AN [i) Do) A T e A9 — TP (R A2 1) o S A T 4
ST, AR R IISIERR . B TP £ 80 458 FiI



128 b B X @ L &

2023 4F

W E 142 999 iR ZEAR/N,  DRIHON ORE & 2R T
B, AKEBOEFRE 80 458 .

Experiment results Simulation results

=2.0ms

ofle <&

=3.8ms

R

=5.5ms

-

= 120me

Bl 4 4K L We = 8.8 fiich i 5 /K B [
AR FE AR G AL X L

Fig. 4 Comparison of the numerical simulation results

and experiment results when pure water droplet

impacting on a superhydrophobic surface at We = 8.8
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Fig. 6 Snapshots of DI water droplets impacting on the superhydrophobic surface at various We (scale bars represent 1 mm)
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Fig. 8 Snapshots of Newtonian fluid droplets with different viscosities impacting

on the superhydrophobic surface at We = 5.0 (all of the scale bars represent 1 mm)
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Fig. 11 Numerical simulation results of 60 wt.% glycerol
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