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ABSTARCT: Our molecular dynamics simulation demonstrates that the condensed
nanodroplets can achieve self-jumping off the nanostructured surface driven by the Laplace
pressure difference, which has not yet been experimentally observed. The growth and self-
jumping dynamics of nanodroplets condensed on the superhydrophobic nanostructured surface
with local hydrophilic pinning site are systematically investigated. We reveal that a curvature
difference between the droplet top and bottom is generated due to the confinement of the
groove walls, which leads to a Laplace pressure difference. It increases with growing droplet
and the droplet detaches from the groove valley and finally jumps off when it reaches the
threshold against the pinning force from the hydrophilic pinning site. We find that the
characteristics of the hydrophilic pinning site shows competitive effects on the whole process,
which can be generally divided into incubation and burst stages. Increasing the surface
wettability and size of the pinning site promotes the droplet growth but blocks the droplet self-
jumping in the meantime due to the increased pinning force. We also find that the droplet-
jumping highly depends on the confined portion of the droplet after detaching from the pinning
site and its decrease will diminish the excessive surface energy stored in the droplet, which

makes the converted kinetic energy insufficient to support the jump-off. The present work



sheds light on the fundamental understandings of passive method for condensate removal, self-

cleaning, thermal management, etc.
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1. Introduction

Surface condensation broadly exits in nature and industry [1][2] and is generally categorized
into two modes: dropwise condensation (DWC) and filmwise condensation (FWC). Since
DWC was discovered many decades ago, it has been given significant interest as its heat
transfer coefficient is between 5 and 7 times that found with FWC [3]. DWC cycle starts from
the nucleation of droplets, followed by their growth by either direct condensation or
coalescence, and finally periodic departure from the surface. In this cycle, droplet departure
from the surface has drawn much attention because it is vital to avoid surface flooding and to
maintain efficient DWC [4]-[6]. In most condensing surfaces, droplet departure is commonly
driven by gravitational force, which needs to overcome the contact line pinning force. Many
efforts are paid to reduce the contact line pinning force and accelerate droplet departure,
wherein lubricant-infused surfaces (LISs) have shown competitive advantages for both high-
and low-surface-tension liquids [7]. Anand et al. [8] experimentally observed the remarkable
mobility and the resultant sweeping effect of condensed drops on LISs and the moving speed
of condensed droplets with size of 100 pm are several orders of magnitude higher than those
on identically structured superhydrophobic surfaces. Smith et al. [9] showed that droplets on
LISs have up to three different three-phase contact lines, which results in 12 different
thermodynamic states. Guo et al. [10] revealed that the surface dynamic wettability of droplets
on LISs during condensation process is dissimilar to their static wettability and the consistency
between them is identified in their work. However, the performance of those surfaces highly
depends on the existence of the lubricant but currently its depletion is inevitable, which will

eventually cause LISs to lose their advantage.

Additionally, coalescence-induced droplet jumping is regarded as one of the efficient passive
methods for achieving droplet departure, and lots of investigations have been carried out on its

mechanistic understanding and application [11]-[20]. Boreyko et al. [11] first discovered the



spontaneous droplet removal resulting from the coalescence-induced droplet jumping and
reported a surprising jumping velocity at a speed as high as 1 m/s. Miljkovic et al. [12]
experimentally demonstrated highly efficient jumping-droplet condensation heat transfer on
silanized copper oxide surfaces with a 25% higher overall heat flux and 30% heat transfer
coefficient compared with conventional DWC on cooper surfaces at low supersaturations.
Liang et al. [14] first demonstrated that the coalescence-induced jumping can also happen for
nanoscale droplets although there is large internal viscous dissipation using molecular
dynamics method. Yan et al. [17] developed a visualization technique to systematically study
the effects of droplet size, surface structure, pinning, and liquid property on coalescence-
induced droplet jumping. Shi et al. [20] first used lattice Boltzmann method to study the whole
process of jumping-droplet condensation from nucleation to departure and even took the large
amount of noncondensable gas into account. They found that the diameter and maximum
jumping height of coalesced droplet decrease with the increase of noncondensable gas fraction.
However, limited by coalescence hydrodynamics, the energy conversion efficiency (7) for the
coalescence-induced droplet jumping process was experimentally and numerically reported to
be less than 6%, corresponding to a dimensionless jumping velocity of 0.2-0.3 [21][22].
Meanwhile, previous studies show that the jumping velocity (vj) of a coalescing droplet
decreases with the droplet size increasing (vi~R;%-°) [11], which leads to larger droplets jumping,
induced by coalescence, difficult. Additionally, this jumping process needs at least two droplets
but for size-mismatched droplets, the jumping of coalescing droplet may fail due to the

marginal kinetic energy [17].

In recent years, with the fast development of surface-nanomachining and surface-coating
technologies, surface-structured-induced Laplace pressure difference stored within the droplet
has been shown to trigger droplet departure or dewetting transition efficiently [23]-[28]. Lv et

al. [23] reported an in situ spontaneous dewetting transition of condensed droplets on rigid



superhydrophobic pillared surfaces with two-tier roughness driven by the Laplace pressure
difference. They also developed a theoretical expression to predict the Laplace pressure of the
droplet and a model to characterize the critical size of the droplet when transition happens. Aili
et al. [24] manufactured superhydrophobic nanostructured microporous surfaces to manipulate
the droplet growth and jumping. They observed forced self-jumping of stretched droplets in
pores and revealed that the excess surface free energy stored in the stretched droplet surface
benefits this jumping. Sharma et al. [25] shows that the condensed droplets can spontaneously
eject from even irregular, re-entrant, and random macrotextures driven by the Laplace pressure
difference. Recently, Yan et al. [28] demonstrated that the jumping of a single-droplet driven
by the Laplace-pressure contrast within the droplet is a much efficient passive method for
droplet departure and it can achieve an ultra-high 7 up to 50-60%, with a dimensionless

jumping velocity of 0.95.

However, due to the limitation of the observation technique and the difficulty of fully
eliminating coalescence interference, most of previous experimental studies carried out the
investigation about the characterization of the self-jumping of individual droplet without
condensation and just artificially dispensed the droplet. Additionally, with the observation of
the self-jumping of single-microdroplet driven by the Laplace pressure, it has been raised that
if nanodroplet can also achieve self-jumping driven by the Laplace pressure difference stored
within the droplet as viscous forces during droplet bursting becomes more significant in the
nanoscale [28]. Molecular dynamics (MD) method has been widely used to investigate the
surface condensation in nanoscale and provides an effective avenue to overcome the
experimental limitation [29]-[33]. Therefore, in our work, we employed MD method to
demonstrate the effectiveness of Laplace pressure driven single-nanodroplet jumping and
clearly characterize the growth and self-jumping of single condensed droplet on super-

hydrophobic nanostructured surface with local hydrophilic pinning site. Additionally, the effect



of the feature of the pinning site is preliminary discussed here. Our work enriches the
understanding of the droplets self-jumping driven by the Laplace pressure and sheds light on
the achievement of passive method for condensate removal, self-cleaning, thermal

management and so on.

2. Computational methods

In this work, the growth and self-jumping of single condensed droplet on nanostructured
surfaces were investigated using MD method. All the simulations are carried out using
LAMMPS (large-scale/molecular massively parallel simulator) software package [34]. The
simulation model consists of a superhydrophobic nano-groove with a hydrophilic pinning site
and argon-like fluid, as shown in Fig. 1. The overall size of the simulation box measures /. x /,
x [, =80a x94a x142a, where a is lattice constant with @ = 0.392 nm. In the x and y directions,
periodic boundary conditions are employed, while in the z direction, the fixed boundary
condition is used, and the reflection boundary condition is also applied at the uppermost end.
The nanostructured surface is constructed by Pt-like atoms arranged in a face-centered cubic
(FCC) lattice with a lattice constant of 0.392 nm. To save the computational cost, the solid
surface only consists of three layers of Pt-like atoms and one extra layer of Pt-like atoms is
fixed underneath to serve as a frame. In the simulation, the nano-groove has a fixed depth (H)
of 35a and width (W) of 20a but for its hydrophilic pinning site, different sizes (4i) are
introduced (4i = 4a x4a, 8a x8a, and 12a x12a). In this work, all the atomic interactions are

modeled by the Lennard-Jones (LJ) potential:

qo(r)=4{(§jn —(%ﬂ (1

where 7 is the intermolecular separation, ¢ and ¢ are the energy and length characteristic

parameters, respectively. For the interaction between fluid atoms, e4=0.0104 eV and g5= 3.40



A. For the interaction between solid atoms, &5 = 0.521875 eV and oy = 2.475 A. Between solid
and fluid atoms, e = fey and o = 0.91ay, where f is fluid-solid bonding strength parameter
indicating the surface free energy, or equivalently the surface wettability. A larger value of S
suggests higher surface free energy and stronger surface wettability. According to our previous
work [35], #= 0.1 is chosen to describe the interaction between atoms of superhydrophobic
nanostructured surface and fluid atoms. For the interaction between atoms of local pinning site
and fluid atoms, fis chosen to be 0.4 and 1.0, representing hydrophilic and superhydrophilic
sites, respectively. For the convenience of later expression, the amphiphilic nanostructured
surfaces are labeled as = (0.1, 0.4) and = (0.1, 1.0) and the surface wettability of the pinning
site is noted by £. For all interactions, the potential function is truncated at the cut-off distance

re = 3.5a4, beyond which atom interactions are ignored.

All the simulations are performed with a time step of 5 fs. In the equilibrium stage, the saturated
vapor molecules at 7= 115 K are uniformly arranged in the simulation system and the initial
2.5 ns guarantees the system to reach a thermal equilibrium state using a Berendsen thermostat.
Afterwards, the surface temperature is suddenly decreased to 84 K to initiate the occurrence of
condensation. Simultaneously, a vapor supply region with a thickness of /. /14 is arranged at
the uppermost end, where the temperature and density are maintained at a saturation state. For
the fluid except for those in the vapor supply region, the added thermostat is removed and only

NVE ensemble is employed.



Vapor supply region

Vapor supply region

Fig. 1. (a) Schematic of the computational model. Superhydrophobic solid atoms are in blue, hydrophilic solid
atoms are in yellow, and fluid molecules are in red. (b) Front view of the simulation system. (c) Top view of the

nanostructured surface. H and W represent the depth and width of nano-groove.

3. Results and discussion

3.1 Growth and Self-jumping

To clearly characterize the growth and self-jumping dynamics of single condensed droplet on
the nanostructured surface, the nanostructured surface with = (0.1, 0.4) and 4; = 4a x4a is
chosen here and finally a condensed droplet with radius of 7.5 nm is observed self-jumping
from the nanostructured surface. This successfully proves, using MD method, that droplet self-
jumping driven by the Laplace pressure difference is also efficient for nano-sized droplet. The
snapshots of fluid condensation dynamics are shown in Figure 2a and correspondingly the
trajectory of the droplet centroid in the z direction (z.) is collected (see Figure 2b). On the basis
of observations, we generally divide the condensation process before the droplet self-jumping

from the nanostructured surface into two stages: incubation and burst stages.
(1) Incubation stage

According to the classical nucleation theory (CNT), surface condensation is a nonspontaneous

process and only when the Gibbs free energy barrier is overcome could a nucleus survive and



develop into a droplet. The lower the free energy barrier, the more easily the surface
condensation happens. Based on our previous study [35], larger £ can diminish the Gibbs free
energy barrier and promote the onset of surface condensation. Thus, after the surface
temperature drops from 115 to 84 K, a droplet nucleates from the hydrophilic pinning site and
then smoothly grows. Due to the confinement from the superhydrophobic groove walls in the
x-z plane, the growth of droplet in this plane is squeezed and naturally deformed to a pancake
shape instead of a circular shape (see ¢ = 35 ns in Figure 2a). Comparatively, the droplet freely
grows in the y-z plane parallel to the nano-groove and its shape remains nearly circular (see ¢
= 35 ns in Figure 2a). During this process, the whole droplet is embedded in the groove and the
radii of curvature for the bottom interface (Ry(¢)) and top interface (Ri(¢)) of the droplet are
nearly same, as illustrated in Figure 2c. The top interface of the condensed droplet continuously
moves upward with a constant contact angle (&(¢)) and R(f) due to the occurrence of
condensation, see in Figure 2d and 2e. Gradually, the upper front of the growing droplet
emerges from the groove and the emerging part frees from the constraint of the groove (see t =
107.5 ns in Figure 2a). When the triple-phase contact line of the top interface reaches the groove
edges, the baseline for 4(¢) changes from the vertical plane of the groove wall to the horizontal
plane of the groove top (see Figure 2c), which leads to a significant drop in &(¢) in Figure 2e.
Subsequently, the emerging part of the condensed droplet can also freely grow in the x-z plane.
In this stage, z. smoothly increases as the droplet grows (see Figure 2b). The measured widest

length of the droplet (Lmax) in the y-z plane also steadily increases (see Figure 3).

(2) Burst stage

As seen in Figure 2a, after the triple-phase contact line of the top interface reaches the groove
edges, the droplet top grows with pinned contact line at the sharp groove edges during the

following condensation process. Gradually, we observed that Lmax starts decreasing due to the



shrinkage of the droplet in the y-z plane (see Figure 3). The reason of this is that the droplet top
can not only freely grow and expand in the y-z plane but also in the x-z plane, which makes it
recover to a spherical shape due to surface tension. Since then, the growth of the droplet moves
to the burst stage and () and R(¢) start increasing obviously (see Figure 2d and 2¢). In contrast,
Ry(7) remains small, and its change is not significant due to the confinement of the groove wall.
Thus, as the droplet grows further, a Laplace pressure difference (AP = o(1/Ry — 1/Ry), where
o is the liquid-vapor surface tension of fluid) is built up in the deformed droplet due to the
curvature difference. Consequently, an upward force is generated and gradually increases by
this Laplace pressure difference. Due to the existence of the local hydrophilic site, there is a
strong pinning force preventing the detachment of the droplet from the valley of the groove
and the droplet bottom is gradually stretched in the z direction. When the droplet top grows to
a certain size, the upward force can overcome the significant pinning force and the deformed
droplet can detach from the valley of the groove. After detaching from the valley of the groove,
the increase rate in the number of condensed molecules (N) of the droplet dramatically
decreases, as shown in Figure 4. This is because phase change is a nonspontaneous process,
and the cooling effect mainly results from the local hydrophilic site. Once the droplet detaches
from the local hydrophilic site, vapor molecules is difficult to condense to liquid molecules due
to the high Gibbs free energy barrier for condensation on a superhydrophobic surface. Thus,
we can conclude that the droplet growth mainly occurs before the droplet detaches from the
local hydrophilic site and the final size of the self-jumping droplet is affected by the feature of

the local hydrophilic site.

Relief from the pinning site, the droplet top expands more quickly and the whole droplet fast
moves upward due to the significant Laplace pressure difference and subsequently self-jumps
from the nanostructured surface (see Figure 2a). Correspondingly, the increases in z. and R;

become more significant, especially after detaching from the groove valley (see Figure 2b and
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2d). From the energy point of view, due to the confinement of the groove, the condensed droplet
is deformed, and its surface area is larger than the spherical droplet having the same volume,
which leads to the existence of excess surface energy stored in the droplet. After the droplet
detaches from the local pinning site, a big part of the excess surface energy converts into kinetic

energy, which makes the droplet achieve self-jumping.
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Figure 2. (a) Snapshots of the growth and self-jumping of single condensed droplet from the nanostructured
surface with = (0.1, 0.4) and 4; = 4a x4a. Here only fluid atoms are shown, and the focused condensed droplet
is marked in green, and the rest fluid atoms are in red. (b) Trajectory of the droplet centroid in the z direction (zc).
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(c) Schematic of the droplet growth and burst process. (d) Radius of the curvature for the top interface (Rt) of the

condensed droplet. (¢) Contact angle for the top interface of the condensed droplet (&).
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Figure 3. The widest length of the droplet (Lmax) in the y-z plane parallel to the nano-groove.
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Figure 4. Number of condensed molecules (N) of the focused droplet.

3.2 Jumping velocity

To identify the self-jumping velocity, the velocity of the condensed droplet centroid in the z-
direction (v,) is collected and shown in Figure 5a. It can be seen that v, essentially fluctuates
around 0.005 A-ps! before the droplet detaches from the groove valley. The fluctuation and
much small nonzero v, mainly results from the thermal motion of the droplet molecules and
the occurrence of condensation [14]. Here, the droplet can be seen static before the droplet
detachment from the groove valley occurring. This also shows that due to the pinning effect
from the local hydrophilic site, the upward flow from the droplet bottom due to the Laplace
pressure difference is accommodated by the static droplet top. The droplet top behaves like an

inactive momentum sink and the excessive surface energy makes no direct contribution to
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upward kinetic energy. As the droplet top continuously grows larger and establishes a sufficient
favorable Laplace pressure difference to overcome the pinning force, the deformed droplet
detaches from the groove valley with v4 = 0.0381 A-ps! (see Figure 5a). Following the droplet
detachment from the groove valley, v, continuously increases significantly as the large
excessive surface energy partly converts to kinetic energy and the upward momentum appears
after lacking impedance of the pinning force. The stretched droplet bottom quickly adjusts to
circular shape, meanwhile the deformed droplet quickly moves upward and tries recovering to
a spherical shape. Before the triple-phase contact line of the bottom interface arrives at the
groove edges, the droplet bottom moves upward with nearly constant shape and at the same
time the droplet top still expands continuously, which leads to the increase in Laplace pressure
difference. As a result, v, significantly increases (see Figure 5a and 5b). As seen in Figure 5b
and Sc, after the triple-phase contact line of the bottom interface arrives at the groove edges,
the contact line of the bottom interface is pinned at the groove edges and the droplet bottom
slowly moves upward, thus Ry(?) increases and the curvature difference between the droplet
bottom and top significantly decreases. In terms of energy conservation, during the pinning
time at the groove edges, the deformation of the droplet is much small, and the stored excessive
surface energy is small, so part of the kinetic energy turns to viscous dissipation, which is
significant in nanoscale. Therefore, it is observed that v, starts decreasing before the droplet
completely departs from the nanostructured surface. Finally, the condensed droplet departs the
nanostructured surface with v, = 0.0643 A-ps’!, which is regards as the jumping velocity (vj) in
our work. Note that the droplet-jumping velocity is defined as the instantaneous velocity when
the droplet completely detaches from the nanostructured surface here, in other words, there is
no contact between the droplet atoms and surface atoms. Therefore, the maximum velocity is
not the jumping velocity in our work as there are still point contacts between the condensed

droplet and the groove edges in the view from the x-z plane. After self-jumping from the
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nanostructured surface, the droplet has a spherical shape and there is no excessive surface

energy stored in the droplet. Due to the viscous dissipation, v, decreases gradually.
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Figure 5. (a) Temporal evolution of velocity of the condensed droplet centroid in the z direction (v;).
(b) Snapshots of dynamical process about droplet moving in the groove after detaching from the
groove valley. (c¢) Schematic showing droplet pinning phenomenon after detaching from the groove

valley.

3.3 Local pinning site

According to the abovementioned results, the local hydrophilic pinning site plays an important
role in the growth and self-jumping of the droplet. Therefore, the effects of the surface
wettability and size of the local pinning site on the whole condensation process is preliminary

discussed here.

First, with a fixed pinning size of 4; = 12a x12a, hydrophilic (= 0.4) and superhydrophilic
(f= 1.0) pinning sites are introduced. The condensation process is compared in Figure 6. Note
that the time (7), the number of condensed molecules of the droplet (V) and the radius of the
droplet top (R:) in the x-z plane are also listed for different snapshots. The start of the burst
stage, detachment point, and self-jumping point are specially marked with subscripts b, d and
J, respectively. Generally, droplets evolve from pinning sites due to their high surface free
energy. As the droplet top emerges from the groove, the droplet top starts freely expanding,
but the droplet bottom is confined in the groove and gradually stretched. Finally, the droplets

detach from the groove valley due to the large Laplace pressure difference in the droplets.
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Different from the droplet originating from the pinning site with £ = 0.4, which departs the
nanostructured surface by self-jumping, the droplet evolving from the pinning site with = 1.0
does not depart from the nanostructured surface after detaching from the groove valley and
stays on the groove top surface. According to our previous study [35], increasing £ can promote
the occurrence of condensation as it lowers the Gibbs free energy barrier. Thus, the droplet
growth for the case with £ = 1.0 is faster than that for the case with 4= 0.4, and the burst and
detachment of the droplet for = 1.0 case start earlier than those for £ = 0.4 case (see Figure
6). But simultaneously the pinning force from the pinning site also increases with the increase
in A, which means that the droplet top needs to grow larger to have a higher Laplace pressure
difference to make itself detach from the groove valley and meanwhile the droplet bottom is
stretched more significantly. This is why Mg and Ry for = 1.0 case are observed to be much
larger than those for = 0.4 (Na = 37812 and Ru = 73.7 A for = 0.4 case; Na = 75559 and
Ru=98.6 A for =1.0 case). According to abovementioned results, the droplet growth nearly
stops after detaching from the groove valley, which also proves in these cases. N is nearly
constant after droplet detaching from the groove valley and the little fluctuation is due to the
thermal motion of fluid molecules. Thus, the final detached droplet on the surface with = 1.0
is larger than that on the surface with £i= 0.5 due to lower Gibbs free energy barrier for the
former situation. Additionally, it can also be found that for larger £, the droplet bottom is
stretched more dramatically before the droplet detaches from the groove valley; it takes
significantly longer time to detach from the groove valley after the droplet starts bursting even
though the droplet top grows faster for larger 4. It lasts 17.0 ns from 82.5 to 99.5 ns for A=
0.4 case and 48.7 ns from 38.5 to 87.2 ns for = 0.1 case. Due to the pinning effect, part of
the droplet keeps pinned on the local hydrophilic site thus N drops after the droplet detachment

occurs. For larger £, the pinning effect is stronger, and the droplet can even be pinched off as
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the droplet detachment occurs, then the obvious remainder of the droplet will contract and
continue growing (see Figure 6b) from the pinning site. Because of the pinch-off and dramatic
stretch of the droplet bottom, the detached droplet has small part squeezed in the groove for
larger ficase, which leads to less excessive free surface energy. Therefore, there is no sufficient
kinetic energy converted for the droplet on the surface with larger £ to support it self-jumping
from the surface. Base on those findings, we can conclude that the droplet self-jumping relies
on the confined portion of the detached droplet and its decrease can reduce the excessive
surface energy stored in the droplet and even make droplet self-jumping from the structured

surface fail.

For the effect of the size of local pinning site, with a fixed pinning £ of 1.0, condensation on
the nanostructured surface with pinning sites of 4; = 4a x4a and 4; = 12a x12a are compared
in Figure 7. Comparing #, f4, Ny and Ny, it can be seen that for pinning sites with 4 =1.0, the
increasing pinning size can also promote the droplet growth, but this results from increasing
the effective heat transfer area where condensation can occur instead of lowering Gibbs free
energy barrier. Similar to increasing /3, the total pinning force gets larger as the pinning size
increases. Thus, as the pinning size increases, the droplet top needs to grow larger to make the
droplet detach from the groove valley; the droplet bottom is stretched more significantly; the
confined portion of the detached droplet decreases significantly, which also leads to the self-

jumping fail.

16



(a) f=04 A;=12ax12a Detachment

Incubatiorg ) Burst | ; Departure

1=33.0ns t,= s;:s ns =994 ns 13=99.5 ns 1=99.7 ns 4=100.1 ns 1=102.9 ns
N=8621 N, =29813 N=238190 N, =37812 N=37760 N;=37562 N=237872
Ry, =384A R=73.1 A Ry=737A R=745A R;=79.0 A R=80.6A

(b) A=1.0 A;=12ax12a Detachment
Incubation Burst | o Nondeparture

1=15.0 ns 1,=38.5ns 1=87.1ns 13=87.2 ns 1=87.3 ns 1=289.6 ns 1=93.0 ns
N=12549  N,=33853 N=78142 N,=75559  N=75350 N=175754 N=75915
Ry=415A R=979A Ry=986A R=990A R=1004A R=1015A

Figure 6 Condensation dynamics on nanostructured surface with local pinning site of (a) £ = 0.4 and (b) 4 =1.0.
The size of the pinning sites (4i) is both 12a x12a. ¢, N and R: are time, number of condensed molecules for the
droplet and the radius of the droplet top in the x-z plane, respectively. Subscripts b, d, and j represent the start of

the burst stage, detachment point and self-jumping point, respectively.
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Figure 7 Condensation dynamics on nanostructured surface with local pinning site of (a) 4i = 4a x4a and (b) 4i =
12a x12a, where is the Ai pinning size. The surface wettability of the pinning sites (£) is both 1.0. #, N and R are
time, number of condensed molecules for the droplet and the radius of the droplet top in the x-z plane, respectively.

Subscripts b, d, and j represent the start of the burst stage, detachment point and self-jumping point, respectively.

4. Conclusions

In this work, the growth and self-jumping dynamics of single condensed droplet on
superhydrophobic nanostructured surface with a local hydrophilic pinning site have been
investigated using MD simulations. Our work proves that self-jumping of condensed droplet
driven by the Laplace-pressure is effective for nano-size droplet, which has not been previously
observed by experiment. In our simulation, a single droplet first evolves from the hydrophilic
pinning site and grows in the nanogroove. As its top emerges from the nanogroove, the droplet
top gradually grows with pinned contact line at the groove edges and freely expands both
laterally and axially down the groove length, but its bottom is still confined in the nanogroove.
This deformation leads to a curvature difference between the droplet top and bottom and a
Laplace pressure difference is built up in the droplet. When the pressure difference reaches to
a certain value, the upward force generated by the pressure difference can overcome the pinning
force from the hydrophilic pinning site, which leads to the droplet detaching from the groove
valley and finally self-jumping from the nanostructured surface. In this process, droplet growth
mainly occurs in the time before the droplet detaching from the groove valley. Additionally,
the effects of the surface wettability and size of the pinning site are also preliminarily discussed.
Our results show that the hydrophilic pinning site with larger £ and size can promote the
droplet growth but also make the self-jumping harder due to the increase in the total pinning
force. The self-jumping of the condensed droplets lies on the confined portion of the detached

droplets from the groove valley and its decrease will reduce the excessive surface energy stored
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in the droplet, which leads to less kinetic energy converted and it cannot support the droplet

self-jumping from the nanostructured surface.
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