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Abstract: The motion of droplets on a super-hydrophobic surface, whether by sliding or rolling, is a hot
research topic. It affects the performance of super-hydrophobic materials in many industrial applications.
In this study, a super-hydrophobic surface with a varied roughness is prepared by chemical-etching. The
adhesive force of the advancing and receding contact angles for a droplet on a super-hydrophobic surface
is characterized. The adhesive force increases with a decreased contact angle, and the minimum value is
0.0169 mN when the contact angle is 151.47°. At the same time, the motion of a droplet on the super-
hydrophobic surface is investigated by using a high-speed camera and fluid software. The results show
that the droplet rolls instead of sliding and the angular acceleration increases with an increased contact
angle. The maximum value of the angular acceleration is 1,203.19 rad/s? and this occurs when the contact
angle is 151.47°. The relationship between the etching time, roughness, angular acceleration, and the

adhesion force of the forward and backward contact angle are discussed.
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1 Introduction

In the industrial field, there are several great potential
applications of super-hydrophobic surfaces. Some
examples include drag reduction [1, 2], lubrication [3],
anticorrosion [4-6], self-cleaning [7, 8], and anti-
icing [9]. As a result, the design, preparation, application,
and theoretical model of super-hydrophobic systems
have investigated [8, 10, 11]. There are many techniques
that can fabricate super-hydrophobic surfaces, which
include sol-gel [12-14], chemical-etching [15-17],
chemical vapor deposition (CVD) [18], anodic-
oxidation [19, 20], and vapor-deposition [21, 22].
Super-hydrophobic surfaces are commonly defined
by having a contact angle greater than 150° and

the rolling angle is less than 10° when the droplet
contacts the solid surface. Although many factors
influence super-hydrophobicity, surface roughness
and surface energy are the dominant factors. To
improve the hydrophobicity, it is necessary to provide
an appropriate surface roughness for the materials
with a low surface energy.

There are many movement models of droplets
on a super-hydrophobic surface. These include
bouncing [23, 24], rolling [25-29], and sliding [30-32],
however, they are controversial [11, 33-35]. Many
researchers consider that the motion of the droplet
on a super-hydrophobic material involves sliding
and the sliding angle is only related to the contact
angle. The sliding angle increases with a decreasing
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contact angle [10, 31, 33, 36]. For instance, Liang et
al. [31] fabricated a super-hydrophobic surface on
high-speed steel by chemically modifying it. For
this super-hydrophobic surface, they found that
the contact angle was 157° and the sliding angle
was 2.8°. Miwa et al. [37] coated heptadecafluorodecyl-
trimethoxysilane onto glass and fabricated a super-
hydrophobic surface with a contact angle of 160°
and a sliding angle of 1° for a 7 mg water droplet.
Feng et al. [38] prepared a super-hydrophobic
surface on a carbon nanotube with a contact angle
of 166° and a sliding angle of 3° for a water droplet.
They believed that an increased surface roughness
and an enlarged air-liquid interface fraction led to
a reduction in the wettability and decreased the
adhesivity on the surface. However, other researchers
have obtained different results. For example, Ning
et al. [32] demonstrated that a dodecafluoroheptyl
methacrylate surface sprayed with silanized nano-
silica had a contact angle of 152.2°, however, the
droplet adhered to the surface. They suggested that
an ultrahigh adhesive force is due to the chemical
composition, especially for hydroxyl groups and
the surface roughness.

On the other hand, other researchers believe that
droplets roll on super-hydrophobic surfaces. Yao et
al. [29] fabricated a super-hydrophobic surface on
silicon wafers. They investigated different droplet
sizes and the contact angle hysteresis impact on the
rolling angle. Their results revealed that the rolling angle
decreased along with an increase in the droplet size
and the spacing between the micropillars. Marmur et
al. [27] investigated the relationship between the
main parameters for super-hydrophobicity. They
determined that the roll angle decreased along with
the increase of contact angle. In addition, they reported
that the droplet cannot roll on the super-hydrophobic
surface when in the Wenzel state. To date, there are a
few studies that focus on the relationship between
the rolling angle, the contact angle, and the adhesive
force that correspond to the advancing contact angle
(ACA) and receding contact angle (RCA). As a result,
the droplet rolling properties for super-hydrophobic
surfaces is not completely understood.

Currently, super-hydrophobic surfaces with variations
in the surface roughness can be fabricated through
chemical-etching. In addition, the relationships

between the rolling angle, contact angle, and the surface
structure are presently explored. The adhesive force
of the ACA and RCA is characterized by a dynamic
contact-angle measuring device and a tensiometer
with a high-speed camera. The form of motion for a
droplet on a super-hydrophobic surface is observed
with a high-speed camera. At the same time, the
droplet’s motion is studied with visualization technology
by applying fluid software simulations. Based on a
new theoretical model, the influence of the etching
time on angular acceleration is discussed.

2 Experimental
2.1 Swurface fabrication and characterization

The performance of a super-hydrophobic surface
is not only dependent on the surface energy, but
also on the roughness of the surface. Therefore, samples
with a varied surface roughness are fabricated by
etching with hydrochloric acid on aluminum sheets
(99.3%, 120 mm x 50 mm x 4 mm). This is achieved
by using deionized water (DI) and hydrochloric
acid (HCI 30%) with a volume ratio of 4:1, and the
surface roughness is controlled by the etching time.
In order to obtain a clean surface, the aluminum
sheets are cleaned several times in DI by using an
ultrasonic method. Then, the aluminum sheets are
placed in an oven at 100 ‘C for approximately 20 min.
The clean, dry aluminum sheets are then immersed
in a lauric acid ethanol solution (CH3(CH,)10COOH,
0.4 mol/L) at 60 C. The sample is then removed after
6 h. Finally, super-hydrophobic surfaces are obtained
by performing rinsing with DI and drying in a
vacuum oven at 90 'C for 2 h. A field emission
scanning electron microscope (FE-SEM, FEI Quanta
250 FEG, USA) and laser-scanning confocal microscopy
(Zeiss LSM700, Germany) are used to characterize
the surface topography and the surface roughness
of the samples. The chemical composition of the
samples is characterized by using X-ray photoelectron
spectroscopy (XPS Axis Ultra DLD, Kratos Co.,
Ltd., UK). The influence of wettability and adhesion
of the obtained samples for the surface roughness
is investigated by using a video-based optical
system (Dataphysics OCA25, Germany) and a dynamic
contact-angle measuring device and tensiometer
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(Dataphysics DCAT21, Germany) with a high-speed
camera (photron fastcam MiNi 100, Photron Co.,
Ltd., Japan). These technologies can measure the
ACA, RCA, and the apparent contact angle for at
least five different positions in every sample. First,
a droplet with a volume of 3 pL is placed in a metal
circle with a diameter of approximately 2 mm.
Subsequently, the obtained samples are placed on
a stage that can move up and down. The stage
moves up until the droplet (3 pL) achieves contact
with the obtained sample surfaces. The stage then
moves down until the droplet (3 pL) is completely
separated from the sample surfaces. At the same
time, the high-speed camera records the entire
process of the adhesion test for the sample surfaces.
This process can determine the adhesion force that
corresponds to the ACA and RCA, as shown in Fig. 1.

2.2 Simulation setting

To explore whether the droplets are rolling or sliding
on the super-hydrophobic surfaces, the prepared
sample is tilted 15° and the droplet with a radius
of 2 mm is placed on top of the sample. At the
same time, the entire motion state of the droplet is
recorded with a high-speed camera. The high-speed
camera is operated at 2,000 frames per second. In
the numerical simulation, the computational domain
is simplified in Fig. 2. The length, height, and width
of the computational domain are 30, 6, and 3 mm,
respectively. The fluid medium is set as water with a

Object stage

Dataphysics
Fig. 1

Photron fastcamMiNi

density of 998.2 kg/m® and a viscosity of 0.001003 Pa-s.
The grid spacing increases from the walls by an
aspect ratio of 1.1, which results in a structured
mesh; the first distance from the wall is 1 x 107 m.
The velocity of the inlet is set to zero and the outlet
is set as the pressure outlet. In order to verify the
grid independence, the grid number is set as 1E6,
6E6, and 9E6. In comparison to 1E6, the droplet’s
displacement increment is 4.35% for 6E6 and
4.36% for 9Eb, respectively. To save resources and the
computation time, the 6E6 grid is chosen by the
computer as shown in Fig. 2. The volume of fluid
(VOF) model combined with the continuous surface
force (CSF) is selected. In the VOF model, the surface
tension coefficient is set as 0.072 N/m and the contact
angle is set as 169°. In addition, the droplet does not
spread on the surface of the sample and the length of
the contact line is constant. As a result, the dynamic
contact angle has little effect on the movement of
the droplets. To achieve a fast convergence in the
VOF model by combining an implicit solution with
an algebraic multigrid method. This high accuracy
result is obtained by using a second-order upwind
scheme to discretize all of the equations. Continuous
monitoring is performed for the residual continuity,
x-, y-, and z-velocity. All of the residual values are
less than 1 x 10¢ and the solution is assumed to
converge. The other wall surface is set to be symmetric
to reduce the effect of the wall surface on the droplets.
To ensure convergence for the computation, a time

Computer

Schematics of the process used to measure the adhesive force.

e friotion (water)
00 01 02 03 04 05 06 07 08 08 10
" —

Superhydrophobic surface

Fig. 2 (a) Computational initialization and computational domain. (b) Enlargement of the grids for the cross-section.
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step size (At) of 1 x 10 s is used, and the other
parameters are set to the default values.

3 Results and discussion

Figure 3 shows the surface topographies of the samples,
which have different etching time and are decorated
with lauric acid. A great number of micro- and/or

samples. At the same time, with an increase in the
etching time, the number of micro- and/or nano-scale
structures increased. The surface roughness of the
sample varies with the etching time. The surface
with a lauric acid coating has a gradually increasing
surface roughness from 9.734 to 12.307 um along
with an etching time from 1 to 15 min. The surface
roughness drastically increases to 20.406 pm as the

nano-scale structures appear on the surface of the  etching time further increases to 25 min (Fig. 4).

5 J %, 0 v T ] 3 B 1
Fig. 3 SEM images of the surface morphology with hierarchical structures fabricated using different etching time of (a) 1 min, (b)
5 min, (¢) 10 min, (d) 15 min, (¢) 20 min, and (f) 25 min, respectively.
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Fig. 4 Three-dimensional (3D) topographic profiles for different etching time: (a) 1 min, (b) 5 min, (c¢) 10 min, (d) 15 min, (e)
20 min, and (f) 25 min, and (g) the surface roughness of the sample as a function of the etching time. RSa and RSc represent the
average surface roughness and mean of the height, respectively.
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The average deviation RSa height of the randomly-
textured surfaces for all of the surfaces is defined
by Egs. (1) and (2):

1 Nx N‘/

RSa = NN 71[Z(xl,y] RSc] (1)
y i=lj=
N, N,

RSC— ZZZ (X, ;) (2)
y i=1j=1

where N, and N, represent the number of pixels in
the x- and y-directions, respectively. x;=0-1.5 mm,
y;=0-1.5mm, and Z is the vertical distance from the
substrate of surface. The results are shown in Figs.
3(a)-3(f). The main reason for the fast increase in
the roughness is that a large amount of heat is
released from the reaction with an increased etching
time. This promotes an increase in the reaction rate;
therefore, the surface roughness drastically increases
as the etching time increases from 15 to 25 min.
Two examples of wetting models for a droplet in
contact with rough surfaces include the Wenzel
model and the Cassie-Baxter model [39, 40].

cost) =rcosd, (3)
cosz9=/15(1+cosﬁe)—1 (4)
A+ A, =1 (5)

where 6 represents the apparent contact angle; 6,
represents the contact angle on the smooth surface;
A represents the area fraction of the liquid—solid
interface; A, represents the area fraction of the

liquid-gas interface; and r represents the non-
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dimensional surface roughness, which is the ratio
of the real surface area to the projected surface area.
According to Eq. (3), when the surface roughness
increases, hydrophobic surfaces tend to become
more hydrophobic (6, > 90°). To investigate how the
roughness affects the property of a super-hydrophobic
surface, the samples are modified with lauric acid
to decrease the surface energy to improve the contact
angle on a smooth surface (6, = 98°); the results are
presented in Fig. 5(a). According to Egs. (3)—(5), when
the surface roughness increases, the contact area of
the droplet with the solid surface decreases. Hence,
increasing the surface roughness will cause more
air to remain on the surface. Under the action of low
surface energy, it is difficult for the droplet to enter
the structure and exclude air from the structure.
Therefore, the liquid—solid contact transforms into
a liquid-gas contact. The area of the liquid-gas and
the contact angle of the droplet increases along with
increasing the roughness. The maximum contact angle
and the area fraction of the liquid-gas interface are
151.47°+1° and 85.28%, respectively, which occurs at
25 min. These results are displayed in Fig. 5(b). The
standard deviation (s,;) of the sample for the apparent
contact angle is calculated using Egs. (6) and (7).

X= (6)
S, = (7)
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Fig. 5 (a) X-ray photoelectron spectroscopy of the as-prepared samples. (b) The theory [40] and measurement of the contact
angle for a droplet plotted on the left y-axis and the gas-liquid contact-area ratio plotted on the right y-axis as a function of the

etching time.
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where (x1, x5, x3, --+, xn) represents the contact
angle of the sample, X represents the mean value
of these observations, and N represents the number
of observations of the sample. The deviation is
mainly caused by an uneven roughness.

During the actual conditions, since the surface is
not atomically smooth or chemically homogeneous,
a droplet will have contact angle hysteresis when
contacting the surface, which determines whether
the droplet rolls easily or not on the surface. As
demonstrated in Fig. 6, the contact angle hysteresis
decreases along with an increase in the etching time.
This is mainly because the contact radii of the droplets
on the sample decreases with an increase in the
apparent contact angle. The vertical distance from
the center of the mass to the surface of the sample
rises with an increasing apparent contact angle.
Therefore, the sample is slightly inclined and the
droplet will roll on the sample’s surface under the
action of gravity as depicted in Fig. 6. The ACA,
RCA, and the rolling angle are 155°, 149°, and 5.8°
for an etching time of 25 min, respectively. The
ACA (6a) can be calculated from the apparent
contact angle () and the RCA (6k), which was put
forward by Tadmor [41], and it was experimentally
confirmed by Chibowski and Terpilowski [42] by
using Egs. (8)-(10).

0 — arc cos 74 €080, +15 cos by ®)
o+
. 3 1/3
sin” @
A= A__ ©)
2-3cosf, +cos” 0,
3 1/3
sin” 6,
1y = B 3 (10)
2-3cosfj +cos” G;

In Fig. 1, the stage is slowly raised and then the
object stage extrudes the droplet. The adhesive
force and ACA will change along with the rising
object stage and the adhesive force corresponding
to the ACA is obtained by the high-speed camera.
When the object stage arrives at the highest point,
the object stage is slowly lowered. Then, the object
stage draws the droplet and the adhesive force,
and RCA will change as the object stage is lowered.
As a result, the adhesive force corresponding to

the RCA using the high-speed camera can be
obtained. The absolute value of the adhesive force
corresponding to the ACA decreases along with an
increase in the etching time. The contact radii for
the droplets on the sample also decrease with an
increase in the etching time. The minimum values
for the adhesive force and the radius are 0.0425 mN
and 0.217 mm, respectively, as demonstrated in Fig. 7.
However, the adhesive force per unit of length
increases with an increase in the etching time; the
maximum value is 0.031 mN/mm as presented in
Fig. 6(a). This increase occurs because the apparent
contact angle increases along with the increase in
the etching time for a low surface energy condition.
This can trap a substantial amount of air along the
super-hydrophobic surface. The entrapped air prevents
water from contacting the surface of the sample
and this leads to a reduction in the wettability and
a decreased adhesivity of the surface. Therefore,
the roll angle decreases along with the increase of
etching time, as presented in Fig. 6(b), however,
the resistance of the water contact surface will increase.
The variation in the adhesive force corresponding
to the RCA and the contact radii for the droplets
on the sample with the etching time are the same.
This is because the superficial area becomes enlarged
with an increased surface roughness, and the surface
roughness increases along with an increase in the
etching time. The actual contact area of the droplets
on the sample surface increases along with an
increase in the apparent contact angle when the
water completely contacts the sample surface at the
same contact radii. Therefore, the adhesive force
per unit length corresponding to the RCA increases
with an increase in the etching time. The minimum
value of the adhesive force and the radii are 0.0169 mN
and 0.1199 mm, respectively, as demonstrated in
Fig. 6. The maximum value is 0.022 mN/mm, as
illustrated in Fig. 6(a).

As shown in Fig. 8, the radius of the sphere (R)
decreases with an increase in the contact angle,
and the minimum value is 2.007 mm for an apparent
contact angle of 151.47°+1°. The contact radius of
the droplet on the surface of the sample (r) decreases
with an increased apparent contact angle; the minimum
value is 0.958 mm for an apparent contact angle of
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Fig. 6 (a) ACA, RCA, and the theoretical RCA [42] are plotted on the left y-axis, and the adhesive force per unit of length for

the RCA and ACA is plotted on the right y-axis as a functio

n of the etching time. (b) The contact radii for the droplets

corresponding to the ACA and RCA are plotted on the left y-axis and the rolling angle is plotted on the right y-axis on the

surface sample as a function of the etching time.
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Fig. 7 (a) Schematic of the process used for measuring the apparent contact angle and the adhesive force corresponding to the

RCA () and ACA (V) at different etching times: (b) 5 min, (c) 1

151.47°+1°. The droplet on the surface can be regarded
as a solid hemisphere with a very small bottom shape,
which is small enough to ignore the deformation
that is caused by gravity. In the ideal case, there
are no hysteretic phenomena for the contact angle;
the advancing angle and the receding angle have
an equivalent value. The R increases when the droplet
contact surface of the sample increases. For droplets
with a given mass (m), the r of the contact circle varies
with an apparent contact angle. The relationship
between R and r can easily be deduced by mathematical
methods as shown in the following equations:

SR pg=mg (11)

TSINGHUA
N UNIVERSITY PRESS

0 min, (d) 15 min, (e) 20 min, and (f) 25 min, respectively.

1/3

R’=Kij(2—3cos€+cos3 )| xR (12)

r=Rxsind (13)

For a given uniform sphere, the center of the sphere
(point H) coincides with the center of the mass
(point H') and the radius (R’) of the droplet (Fig. 8).
However, if the bottom of the droplet is flattened,
the center of the sphere and the center of mass is
different. Figure 8 shows alternative cases for a
droplet on a hydrophobic surface (6 >90°) where
h<0. In Fig. 8, OH' represents the height between the
center of the mass and the surface of the solid, and
O represents the apparent contact angle. In addition,
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Fig. 8 (a) Centers of the sphere and mass. (b) The vertical position of the mass center from the sample’s surface is plotted on
the left y-axis. The contact radius with the sample’s surface and the sphere of the droplet is plotted on the right y-axis as a

function of the contact angle, respectively.

h represents the distance from the center of a sphere
to the surface of a solid surface. The distance between
the two centers and the mass center can easily be
deduced by a mathematical method as shown by
the following equations:

dV =nx(R*-h*)dh (14)
V= jfnx(Rz —h?)dh (15)

R 2 12

[ hxmx(R? = 1?)dh
HH'=~'— (16)
jhm(R2 —h?)dh

OH'=HH'-h (17)
h=Rcos® (18)

4—(1+c05¢9)2
OH' = Rx (19)

4><(2+c059)

Therefore, the vertical distance from the mass
center to the sample’s surface increases with the
apparent contact angle; the maximum value is
1.783 mm at an apparent contact angle of 151.47°+1°.

As demonstrated in Fig. 9, the displacement of
the droplet rapidly increases over the same time
interval of 0.0625 s, except for the etching time of
1 min. The moving displacements of the droplets on
the surface of the sample are 0, 2.66, 8.97, 10.83,
11.05, and 11.69 c¢cm at a time interval of 0.3125 s.
This corresponds to an etching time of 1, 5, 10, 15,
20, and 25 min, respectively. The moving displacement
of the simulation is 2.02 cm at a time interval of

0.125 s. The moving displacement of the droplet is
1.85 cm at an etching time of 25 min. These results
show that the simulation is correct. As presented
in Fig. 9, the angular velocity increases with an
increased etching time at the same displacement.
The angular velocities are 85.22, 287.66, 345.67,
353.87, and 374.67 rad/s at a time interval of 0.3125 s,
which corresponds to etching time of 5, 10, 15, 20,
and 25 min, respectively. The resistance torque is
decreased with an increase in the etching time; the
minimum value is 0.091 mN-mm for an etching time
of 25 min. In contrast, the angular acceleration
increases with an increasing etching time; the maximum
value is 1203.19 rad/s? as demonstrated in Fig. 9.
Because a droplet rolling on the super-hydrophobic
surface must overcome the torques generated by the
receding and advancing contact angles on the sample
surfaces, if the gravitational torque is smaller than
the sum of the torques generated by the hysteresis
angles, the droplet will stay on the surface of the
sample, as illustrated in Fig. 9(a). In contrast,
according to Eq. (20), as presented in Fig. 9, the
angular acceleration will increase with a decrease
in the sum of the torques generated by the hysteresis
angles. Therefore, the angular velocity of the droplet
will increase faster on the super-hydrophobic surface.
According to Egs. (21)—(24), and as shown in Fig. 10(a),
the calculated value is consistent with the measured
value.

mgxsin px OH' > 2(Fycp +Fpcy)[ /27 sin 0.d 0 (20)
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T=1Ixa (21)
i _J'RMdh (22)
" 2
a=Ro? (23)
7 =mgxsin pxOH'=2(Fycp +Fpcy)[ /77 sin 0 do
(24)
sin g = k 21X (25)
mg
) 5 3 3

9m~(2—-3 cosd+cos” 6) sin px gp
k= > x - (26)

T 6 sin 6
mgsing - F, =ma, (27)

where a, I, w, g, a,, ¢, 7, Frca, and Faca are the
angular acceleration, moment of inertia, angular
velocity, gravity acceleration, sliding acceleration,
inclination angle, torque, the adhesive force per
unit of length corresponding to the RCA, and the
adhesive force per unit of length corresponding to
the ACA, respectively.

If the droplets are sliding on the super-hydrophobic
surfaces. By considering Figs. 9, 10, and Eq. (27),
the sliding resistance force (F,) can be calculated.
As shown in Fig. 11(a), the resistance force decreases
with an increasing etching time; the minimum
value is 0.004 mN for an etching time of 25 min.
The resistance force is much lower compared to
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©
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8 ® ® ® ®
() a

the sum of the values of the adhesive force per
unit length of the RCA and ACA, as shown in
Fig. 6(a) and in accordance with Eq. (24). Therefore,
the k is calculated by Eq. (26) when the droplet
begins to slide on the surface sample, as shown in
Fig. 11(a). Then, F, can be calculated according
to k, as presented in Fig. 11(a). We determined
that F, is larger than the experimental resistance
force. This is because when the droplet slides on
the sample’s surface, the droplet’s translation
motion occurs relative to the sample. Therefore,
the contact area will participate in friction resistance,
however, the droplet will roll on the surface of the
sample. Thus, the resistance force will only be
produced at the contact line of the droplet with the
sample surface. This greatly reduces the drag of the
droplet motion. Therefore, the droplets will roll
due to very small external forces. Hence, the
droplets rolling on the surface must occur at a
higher contact angle surface, however, the surface
with higher contact angles is not sufficient for
droplet rolling because it is not only related to the
contact angle, but also the chemical composition of
the sample surface. The droplet will roll on the
surface when the gravitational torque is greater
than the sum of the torques generated by the
hysteresis angles. Conversely, the droplet may
remain on the sample’s surface or it may slide.
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Fig. 9 Different displacements of a droplet on the surface of the sample at different time measured by a high-speed camera: (a)
1 min, (b) 5 min, (¢) 10 min, (d) 15 min, (e) 20 min, and (f) 25 min, respectively; (g) simulation and (h) displacement of a

droplet as a function of time.
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(a) k is plotted on the left y-axis and the experimental and theoretical [43] sliding resistance force is plotted on the

right y-axis as a function of the etching time. (b) The acceleration is plotted on the left y-axis and the sliding resistance force is

plotted on the right y-axis as a function of the etching time.

4 Conclusions

In order to study the droplet motion on super-
hydrophobic surfaces, super-hydrophobic surfaces
with a varied surface roughness were fabricated and
the resistance force for rolling on the rough surfaces
was evaluated. In the highly hydrophobic region,
the resistance force for rolling decreased with an
increasing contact angle, which is considered to be
dependent on the surface roughness. Microstructural
observations revealed that the surface structure
can trap air, which is important for decreasing the
rolling resistance force.

For the droplet’s motion on the surface, an equation
is proposed to describe the relationship between the
rolling resistance force and the contact angles on
the super-hydrophobic surfaces with a varied surface
roughness. The results calculated based on this
equation agree well with the experimental results.

At the same time, the adhesive force that corresponds
to the ACA and the RCA is measured with a
dynamic contact angle measuring device and a
tensiometer with a high-speed camera. This study
proved that the droplet on the super-hydrophobic
surface has a rolling motion. This study is only
applicable to a droplet super-hydrophobic surface
with low adhesion. However, the relationship between
the entrapped air stability and the adhesive force
of the ACA and the RCA at different velocities, still
need a lot of studies, when the super-hydrophobic
surface placed in the flow field.
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