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ABSTRACT
The development of digital (droplet-based) microfluidic (DMF) devices has received significant attention
due to their importance for chemical and biomedical analyses. The precise control and manipulation of
liquid droplets on a solid substrate is a major requirement for DMF devices. In this study, we propose a
novel strategy to generate continuous droplet motion by combining asymmetric corrugations and
patterned wettability on a vibrating substrate. The time periodic oscillations of the substrate with
asymmetric triangle corrugations provide the input energy to transport a droplet along patterned
stripes. Using dissipative particle dynamic (DPD) simulations, we demonstrate that hydrophobic stripes
on a superhydrophobic substrate create a wettability step, which effectively constrains the droplet
motion along the stripe. Due to the special design of asymmetric triangle corrugations and orientation
of hydrophobic stripes, the proposed strategy enables the transport of multiple droplets with different
initial locations towards a single spot and coalescence into a large droplet. We further identify a
power-law dependence between the droplet velocity and the period of substrate vibration and show
that this function is independent of the droplet size. The proposed droplet transportation strategy can
be potentially useful for the efficient manipulation of liquid droplets in DMF devices.
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1. Introduction

Microfluidic systems involve operation of small volumes of
fluids and can vastly reduce the space and time required for
chemical and biological analyses in numerous applications
[1]. Droplets, the most common form of small-volume fluid,
serve as a straightforward choice of working medium for
microfluidic systems. Digital (droplet-based) microfluidic
(DMF) devices are in the centre of the intensive research and
development of separation and extraction processes. The suc-
cessful operation of DMF devices relies on a thorough under-
standing and precise control of the droplet transport [2].
During the past decades, various methods have been proposed
for the directed transport of liquid droplets. In particular, the
electrowetting on dielectric substrates (EWOD) is self-con-
tained, i.e. it requires no moving parts or fixed channels, and,
thus, it is a feasible method to manipulate droplets in DMF
[2]. EWOD has been successfully applied for the droplet trans-
port [3–5], merging [6–8], mixing [9,10] and splitting [11].
However, a common problem encountered in EWOD is the
so-called electrical breakdown [12,13], which leads to the fail-
ure of EWOD.

Due to the spatial variation of the capillary force [14], temp-
erature [15–17] or wettability [10,18–20] gradients applied
along the substrate can also induce droplet motion along a pre-
ferred direction. Recently, the manipulation of liquid droplets,
using substrate vibration, attracted increased attention due to
the relatively simple set-up and high process flexibility
[10,18,19]. One of the major advantages of the droplet motion

induced by substrate vibration is that droplets can be continu-
ously transported over long distances [21]. Another natural
advantage of droplet transportation, using substrate vibration,
is the enhancement of mixing between two coalescing droplets.
Recent studies [8,9,22] showed that the substrate vibration can
significantly enhance the mixing rate of two fusing droplets.
Previous studies [21] have also demonstrated that the velocity
of transported droplets induced by substrate vibration is size
dependent, which leads to the application of sorting droplets
based on their sizes. Although experiments and simulations
have shown the potential for droplet transportation using sub-
strate vibration, the direction of droplet motion remained
uncontrollable in previous studies. For example, in the previous
study by Tretyakov and Müller [21] using molecular dynamic
simulations, a cylindrical droplet, or a ridge, was considered
and the droplet was shown to move only in one direction, i.e.
the direction perpendicular to the axis of the cylinder. In the
case of a three-dimensional spherical droplet residing on an
asymmetric corrugated substrate, the droplet moves irregularly
on the substrate. Despite extensive efforts, a method for direc-
tionally controllable droplet transport using substrate vibration
is still lacking.

In this work, we propose a novel strategy to transport liquid
droplets along a specified direction on a vibrating substrate pat-
terned with asymmetric corrugations and a wettability step.
The triangular corrugation of the vibrated substrate provides
an input energy to transport the droplet. In addition, the wett-
ability step, introduced by patterning the superhydrophobic
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substrate with a hydrophobic stripe, is used to control the direc-
tion of droplet motion, which is determined by the orientation
of the hydrophobic stripe. Adopting the proposed strategy, we
demonstrate that multiple droplets with different initial
locations can be transported towards a single spot along the
intersecting hydrophobic strips using many-body dissipative
particle dynamic (DPD) simulations. Furthermore, the depen-
dence of droplet velocity on the period of substrate vibration,
droplet size, and stripe width is examined. It will be shown
that the droplet velocity increases with decreasing vibration
period, but it is independent of the droplet size. We identify
a power-law dependence between the droplet velocity and
period of substrate vibration. Moreover, we show that different
orientations of the hydrophobic stripe do not significantly
influence the droplet motion. The results obtained in this
work pave the way for design of the droplet transport methods
using substrate vibration in DMF devices.

2. Simulation methods

The typical size of liquid droplets in DMF is less than 1 mL;
thus, the motion is difficult to measure experimentally. Alterna-
tively, various simulation methods were widely used to study
the dynamics and statics of droplets in contact with chemically
heterogeneous or corrugated substrates, for example, molecular
dynamic simulations [23–29] and continuum fluid mechanic
simulations [30,31]. Atomistic simulations can resolve the
fluid dynamics at the atomic level, but the time and length
scales are restricted to at most tens of nanometres and nanose-
conds, respectively. In the opposite limit, continuum models
can address problems on larger time and length scales. How-
ever, a common difficulty encountered in the continuum
approach is the stress singularity at the three-phase contact
line of a liquid droplet in contact with a solid surface [32,33].
Moreover, it is difficult for grid-based Navier–Stokes solvers
to directly use the interface-tracking algorithms [34].

For the specific problem considered in the present study,
only mesoscopic structures of molecules and their collective
behaviour are of particular interest. Therefore, coarse-grained
(CG) simulation models can be used as an efficient simulation
tool to capture the correct dynamics of fluid on large spatial and
temporal scales, beyond the capability of conventional atomis-
tic simulations [35,36]. CG simulations drastically simplify the
atomistic dynamics by eliminating fast degrees of freedom,
while retaining a coarse particle-based description. A single
CG particle represents an entire cluster of atoms. In addition,
CG interactions also have soft interaction potentials, allowing
for larger integration time steps. In comparison with

continuum models, CG simulations are grid-free and par-
ticle-based, thus naturally avoiding the stress singularity at
the three-phase contact line [34]. The many-body DPD [37]
is one of the most popular CG methods successfully used to
investigate the droplet behaviour on solid substrates [38–43].

The particles in many-body DPD simulations interact with
pairwise forces. The governing equations of particle motion
are given by [36,44]

d2ri
dt2

=
∑
i=j

(FCij + FDij + FRij) (1)

where ri is the position of particle i, and t is the time. FCij , F
D
ij and

FRij are the conservative, dissipative and random forces experi-
enced by any two particles i and j. The conservative term con-
sists of an attraction and a density-weighted repulsion part:

FCij = −AabvC(rij)eij + Bab(�ri + �rj)vd(rij)eij (2)

where Aab . 0 is the strength of an attractive force with the
interaction range rc, i.e. vC(rij) = (1− rij/rc) for rij ≤ rc and
vC(rij) = 0 for rij . rc. Here, αβ denotes the interaction
between liquid (l) particles or solid (s) and liquid (l) particles.
Bab . 0 is the strength of density-weighted repulsive force
with the interaction range rd , i.e. vd(rij) = (1− rij/rd) for
rij ≤ rd and vd(rij) = 0 for rij . rd . The local density �ri at
the location of particle i is measured by the average
�ri =

∑
i=j

vr(rij), where

vr = 105/(16pr3d)(1 + 3rij/rd)(1− rij/rd)
3 for rij ≤ rd and

vr = 0 for rij . rd . The conservative force between particles
is responsible for the thermodynamic behaviour of the system.

The dissipative force is given by

FDij = −gvD(rij)(eij · vij)eij (3)

where g is the strength of dissipative force and rij is the
distance between particles i and j. eij = (ri + rj)/rij is the unit
vector in the direction from particle j to i. The vector
vij = vi − vj is the velocity difference. The weight function is
vd(rij) = (1− rij/rd)

2 for rij ≤ rd and vd(rij) = 0 for rij . rd .
The random force is defined as

FRij = dvR(rij)jijDt
−1/2eij (4)

where jij is the Gaussian random number with zero mean and
unit variance, and d is the strength of the random force. The
relations d = 2gkBT and vD(r) = [vR(r)]

2 ensure that the
strengths of dissipative and random forces satisfy the fluctu-
ation–dissipation theorem [45,46], where kB is the Boltzmann
constant and T is the temperature of system. Therefore, the dis-
sipative and random forces act effectively as a thermostat that
maintains the temperature of system at a specified value. If
the system becomes too ‘hot’, the dissipative force will domi-
nate and cool the system, whereas in too ‘cold’ system the ran-
dom forces will dominate and the system temperature will
increase. Thus, the specific forms of the dissipative and random
forces will define an equilibrium state.

In what follows, we used the DPD units to express all phys-
ical quantities, i.e. length in rc, energy in kBT and mass in m.

Table 1. The parameters in DPD units used in the present study.

Parameters Symbol Value

Particle density r 6.00
Cut-off radius of attractive force rc 1.00
Cut-off radius of repulsive force rd 0.75
Time step Dt 0.01
System temperature kBT 1.00
Amplitude of white noise d 6.00
Attraction parameter All −40.00
Repulsion parameter Bll = Bsl 25.00
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The quantities in Equations (2–4) are taken from the work by Li
et al. [34] and they are listed in Table 1. To validate the simu-
lation methods and parameters used in the algorithm, Li et al.
[34] compared the simulation results and theoretical predic-
tions of the translation speed of droplet on a substrate with a
wettability gradient. It was shown that the simulation results
agree well with the theoretical predictions, which indicates
the reliability of the simulation model used in the present
work. These parameters were also successfully used in other
works to study the droplet behaviour on substrate [37,47–49].

The reduced DPD units are directly correlated to the phys-
ical units by mapping the density, viscosity, and surface tension
of the DPD liquid to the real liquid. Using the same parameters,
Lin et al. [49] mapped the liquid in DPD simulations to 80 w/w
% glycerol/water solution. The mapping between the physical
and DPD units are l physical = [l]× lDPD. Then, the scaling
factor, [l], for basic units are [l] = 6.2349× 10−5m for length,
[l] = 4.8219× 10−11 kg for mass, and[t] = 7.3322× 10−5s
for time. The viscosity and surface tension of the liquid droplet
are 4.93 and 7.28 in the DPD units, respectively. The typical
velocity of droplet is 0.01, which leads to the Capillary number
(the ratio of viscous and surface tension effects),
Ca ≈ 6.8× 10−3.

The simulation set-up is presented in Figure 1. It can be seen
that the substrate is structured with periodic triangular corru-
gations. The strength of attractive force between the liquid
and wall particles can be used to tailor the wettability of the
liquid drop residing on the substrate [34,49]. In our work,
the substrate is composed of a superhydrophobic surface (red
region in Figure 1) patterned with a hydrophobic stripe (yellow
region in Figure 1). Therefore, a sharp wettability step exists at
the boundary of the hydrophobic stripe, which is used to guide
the motion of the droplet. The density of the substrate is 12.
No-slip boundary conditions are enforced by imposing
bounce-back reflection condition when liquid particles pene-
trate into the wall [50]. The substrate is vibrating vertically,
i.e. in the y-direction according to y = a sin (vt). The ampli-
tude of the vibration is set as a = 1.0. When the substrate is
vibrating, the droplet is moving along the stripe as shown in

Figure 1, which is consistent with the previous study [21].
The periodic boundary conditions are applied along both the
x and z directions. The gravity is also included in our simu-
lations and its magnitude is 8.45× 10−4 in DPD units. Thus,
the typical Bond number (the ratio of the gravity and surface
tension) is Bo ≈ 0.28. A modified velocity-Verlet algorithm
[36] is adopted for the numerical integration of the DPD
equations with the time step Dt = 0.01 and the variable fac-
tor l = 0.5. All simulations were carried out using the open-
source MD code, LAMMPS [51].

3. Results and discussion

3.1. Contact angle of droplet at asymmetrically
corrugated substrate

In our work, we used the wettability step to guide the droplet
motion. Therefore, we first investigate the wetting properties
of a droplet in contact with a chemically homogeneous but
asymmetrically corrugated substrate. The geometrical features
of the substrate are shown in Figure 1. In our set-up, the wett-
ability, measured by the apparent contact angle of droplet, is
tuned by changing the magnitude of the attractive force, Asl,
between the droplet and substrate particles. To measure the
equilibrium apparent contact angle at a given strength of the
attractive force, the contour of droplet is obtained from the
time-averaged droplet density distribution. Then, the contact
angle is measured by fitting the droplet contour near the
three-phase contact line using a circle function. Figure 2
shows the apparent contact angle of the droplet the directions
perpendicular and parallel to the substrate corrugations. It can
be observed in Figure 2 that the contact angle in both directions
decreases with increasing Asl. Moreover, the contact angle in
the direction perpendicular to the substrate corrugations
depends linearly on the magnitude of the attractive force, Asl .
Interestingly, this linear dependence is consistent with the
results of molecular dynamic simulations where the strength
of attractive interaction is controlled by the interaction energy
of the Lennard-Jones potential [52].

Figure 1. (Colour online) The perspective view of the model. d = h = 4 are the width and height of the triangle groove. W is the width of the hydrophobic stripe.
The blue spheres denote the liquid droplet. The isolated blue spheres are the vapour atoms of the liquid droplet. The red and yellow spheres are the particles of the
superhydrophobic and hydrophobic substrates, respectively.
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For the weak attractive force between the droplet and sub-
strate particles, i.e. 5&Asl&20, surface corrugations do not
induce anisotropic wettability. By contrast, for larger attraction
force, i.e. Asl�20, the droplet preferentially wets the substrate in
the direction parallel to the orientation of substrate corruga-
tions. In this case, the apparent contact angle is larger in the
direction perpendicular to the substrate corrugations (see
Figure 2).

In our study, the wettability step is introduced by the hydro-
phobic stripe on the superhydrophobic substrate. From
Figure 2, the strength of attractive force between the liquid par-
ticles and hydrophobic stripe particles is Ah

sl = 20, which cor-
responds to a value of the contact angle of about 135◦. By
contrast, the strength of attractive force between the liquid par-
ticles and superhydrophobic particles is Ash

sl = 5, which corre-
sponds to a contact angle of about 167◦. As a result, the
wettability step with the difference in the apparent contact
angle of ≈ 30◦ is created to prevent the droplet from moving
across the boundaries of the hydrophobic stripe. The demon-
stration of the proof of concept for the droplet motion along
the hydrophobic stripe is presented in the next section.

3.2. Droplet transport along the hydrophobic stripe

In this section, we present the simulation results for the droplet
motion on the vibrating substrate by monitoring the position of
its centre-of-mass (COM) along the x- and z-directions.
Figure 3 shows the time evolution of droplet COM in the x-
and z-directions, while the substrate vibrates in the y-direction
with the period, p = 20. The cases of homogeneous and pat-
terned substrates are compared in order to demonstrate that
the presence of a hydrophobic stripe induces a preferential
direction of motion on a vibrated substrate. It can be seen in
Figure 3 that the x-component of the COM increases with
time for homogeneous and patterned substrates, indicating
that the substrate vibration induces droplet motion in the +x-
direction. It can be further noticed that the time evolution of
the x-component of COM is not represented by smooth and
monotonic lines, suggesting that the instantaneous velocity of
the droplet is not a constant. The mechanism of droplet

motion, induced by vibration of an asymmetrically corrugated
substrate, was examined by Tretyakov and Müller [21]. It was
shown that as the substrate moves upwards, it pushes the dro-
plet and forces it to move to left (‒x-direction). When the sub-
strate moves downwards, the substrate pulls the droplet and the
droplet tends to move right (+x-direction). During a vibration
period, the pulling effect is greater than the pushing effect,
which leads to the net droplet motion in the +x-direction.

As shown in Figure 3, in the absence of the hydrophobic
stripe, the z-component of COM oscillates widely around the
initial position, namely, the droplet moves irregularly along
the z-direction as it is transported along the +x-direction. In
contrast, for the substrate patterned with a hydrophobic stripe,
the z-component of droplet COM oscillates around the initial
value with a small amplitude. The apparent oscillation of the
z-component occurs because the width of hydrophobic stripe
is larger than that of droplet in contact with the substrate,
which results in periodic motion of the droplet from one
edge of the stripe to another. The oscillation of the COM z-
component indicates that the wettability step at the edge of
hydrophobic stripe prevents the droplet motion along the z-
direction. The results in Figure 3 demonstrate that the presence
of a hydrophobic stripe on an asymmetrically corrugated,
superhydrophobic substrate induces unidirectional motion of
the droplet when the substrate is vibrated, while in the absence
of the stripe, the droplet motion becomes irregular. It can be
further noticed in Figure 3 that the instantaneous x-component
of COM is larger for the substrate with a hydrophobic stripe
than without the stripe, i.e. larger average velocity of the droplet
on the substrate with a hydrophobic stripe.

3.3. The droplet velocity along the hydrophobic stripe

In the previous section, we demonstrated the feasibility of the
droplet motion along a hydrophobic stripe using a vibrating

Figure 3. (Colour online) The time evolution of centre-of-mass of the droplet in the
x- and z-directions, while the droplet is transported in the x-direction. The period
of substrate vibration, p = 20. The diameter of the droplet is D ≈ 20. The nota-
tions ‘with h-stripe’ and ‘without h-stripe’ indicate that the substrate is patterned
with a hydrophobic stripe and homogeneous, respectively. The width of hydro-
phobic stripe is W = 20.

Figure 2. (Colour online) The apparent contact angle of the liquid droplet in con-
tact with chemically homogeneous but asymmetrically corrugated substrate. The
up-right and down-right panels are the snapshots of the liquid droplet parallel and
perpendicular to asymmetrical grooves when the magnitude of the attractive force
is Asl = 30 (the rightmost two points in the left panel).
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substrate patterned with asymmetric corrugations. In this sec-
tion, we investigate the dependence of velocity of the droplet
COM on the droplet diameter, the period of substrate vibration,
and the width of the hydrophobic stripe. The results are shown
in Figure 4. We considered two values of the droplet diameter
D ≈ 20 and 15. The hydrophobic stripe width is W = 10, 15
and 20 for D ≈ 20, while for the droplet size D ≈ 15, the stripe
width is W = 15. The period of the substrate vibration varies
from p = 10 to 50. It can be seen in Figure 4 that the velocity of
the droplet COM decreases with increasing vibration period,
which is consistent with the results of the previous MD study
[21]. The velocity of the droplet is determined by the energy
input per unit time injected into the droplet due to the substrate
vibration. The input energy per unit time, i.e. input power, Pin,
can be expressed as [21]

Pin = 1
p

∫p
0
vsyF

s(t) · nydt (5)

where vsy(t) and Fs(t) are the velocity of the substrate and the
total force exerted by the substrate on the droplet, respectively.
The velocity of the substrate, vsy(t) �

1
p
, decreases as the period

of the substrate vibration increases, leading to a reduced COM
velocity. Moreover, Pin is proportional to the contact area (A)

between the droplet and the substrate because Fs(t) scales
with the number of solid–liquid interactions. The value of A
can be measured by the area in the xz-plane within the three-
phase contact line. As the width of the hydrophobic stripe
increases from W = 10 to W = 15 for D ≈ 20, the contact
area increases from A ≈ 78 to A ≈ 176, resulting in larger
input power, consequently, larger velocity of the droplet. For
the caseW = 10, the velocity of COM is too small to be ident-
ified accurately in our simulations for the vibration periods
p = 40 and 50 (see Figure 4). When the width of the hydro-
phobic stripe increases from 15 to 20, A remains the same.
As a consequence, the velocity of droplet COM is unchanged
for the droplet diameter, D ≈ 20, as shown in Figure 4.

For the droplet diameter D ≈ 20 with the hydrophobic
stripe width,W = 20, and the diameter D ≈ 15 with the stripe
widthW = 15, the velocity of droplet COM is nearly the same
for a given period of substrate vibration. The range of vibration
periods considered in our study corresponds to the large
vibration period regime reported in the previous study [21].
In the large vibration period regime, the ratio, Pin/A, does
not depend on the droplet diameter, which leads to the same
droplet velocity regardless of the droplet size. It is interesting
to note that the relationship between the velocity of COM

Figure 4. (Colour online) (a) The time-averaged velocity of the centre-of-mass of droplets, vcom vs. the period of substrate vibration, p for different droplet sizes, D, and the
stripe widths,W. The error bars represent the standard deviation of the instantaneous velocity of the centre-of-mass during the time interval of 104. The dashed green line
is a power-law fitting. (b) The same data replotted on the log–log scale.

Figure 5. (Colour online) (a) The three-dimensional view of the simulation model. The angle u is used to denote the orientation of the hydrophobic stripe. (b) The velocity
of droplet centre-of- mass, vcom, for different u. The error bars are the standard deviation of vcom during the time interval of 104.

MOLECULAR SIMULATION 37



and the period of substrate vibration can be well described by
the power-law function, vcom � pb with b ≈ −1.1 (see
Figure 4). A similar power-law dependence between the input
power per contact area and the vibration period can be
obtained from the data reported in the previous study [21].
Moreover, the power-law exponent, b ≈ −1.2, in the previous
study is consistent with the fitting value in our work. The
underlying mechanism of the power-law dependence will be
clarified in the future.

Next, we examine the velocity of droplet COM for different
orientations of the hydrophobic stripe with respect to the sur-
face corrugations. The hydrophobic stripe orientation is
defined by the angle, θ, shown in Figure 5(a). The diameter
of the droplet is D ≈ 20 and the period of substrate vibration
is p = 20. It can be seen in Figure 5 that the velocity of
COM remains nearly unchanged as the orientation of the
hydrophobic stripe, u, increases from 0◦ to 50◦. It should be
commented that this is a useful feature of our droplet transpor-
tation strategy, since the change in the orientation of the
hydrophobic stripe does not significantly slow down droplet
motion.

3.4. Continuous transport of multiple droplets

The advantage of the proposed strategy is that the direction of
droplet motion can be controlled by the orientation of the
hydrophobic stripe and asymmetric corrugation of the sub-
strate. In this section, we demonstrate that multiple droplets
with different initial locations can be transported towards
the same location and coalesce into large droplets. Figure 6
illustrates a series of snapshots of three droplets initially
located at different positions on the substrate and transported
to the intersection. The mirror-symmetric corrugation of sub-
strate is constructed as triangle shapes with the normal vector

of hypotenuse pointing to left (right) in the left (right) side of
the substrate (see Figure 6). Three hydrophobic stripes form a
‘Y’ shape track (see Figure 6). The width of the two branches
is 15, and the angle between the two branches of the ‘Y’ track
is 60◦. The width of the horizontal hydrophobic stripe is 20.
The droplets 1 and 2 are initially located at the up-left and
down-left sides of the substrate. The diameter of droplets 1
and 2 is D ≈ 15. A relatively large droplet with diameter,
D ≈ 20, is initially located on the mid-right of the substrate.
Forced by the substrate vibration, three droplets simul-
taneously move towards the centre of the substrate, as
shown in Figure 6(b). Due to fluctuation of the initial
COM velocities, the droplets 1 and 3 first come in contact
with each other and coalesce into one large droplet at the
centre of the substrate, as shown in Figure 6(c). Then, the
droplet 2 joins the coalesced droplet and, finally, all droplets
coalesce into the large droplet (Figure 6(d)). As the mixing
proceeds, the substrate continuously vibrates to enhance the
mixing rate without allowing the coalesced droplet to move
to another location. As is evident from Figure 6(d), the
fluid particles from the three droplets become thoroughly
mixed inside the coalesced droplet.

The direct droplet transport method enables generation of
continuous motion of the droplet. The amplitude of the sub-
strate vibration is small (10 mm), leading to insignificant
vibration of the whole platform. By combining the asymmetric
corrugations and patterned wettability on a vibrating substrate,
multiple droplets can be transported to the same location. The
asymmetric corrugations and patterned wettability can be man-
ufactured outside cleanrooms and operated without special
equipment. Such method can be used to transport droplets in
affordable, open-channel microfluidic devices for various appli-
cations. To efficiently transport the droplet, the frequency of
substrate vibration needs to be relatively high, which may

Figure 6. (Colour online) A series of consecutive snapshots of three droplets with different initial locations moving towards the centre of the substrate and coalescing
with each other at the intersection.
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restrict applications in certain cases where vibration should be
avoided.

4. Conclusion

We proposed a novel strategy to generate directed droplet
motion along a hydrophobic stripe using periodic vibration
of a substrate with asymmetric corrugations. Using many-
body dissipative particle dynamic (DPD) simulations, we first
investigated the static wetting properties of a liquid droplet
on an asymmetrically corrugated, homogeneous substrate.
We find that the dependence of the apparent contact angle
on the attractive interaction parameter between liquid and
solid particles is well described by a linear function. Moreover,
a spatial variation of the interaction parameter can lead to a
large wettability step on the substrate, which effectively restricts
the motion a liquid droplet within a stripe. We further demon-
strated that the asymmetric, triangle corrugation of a vibrated
substrate induces droplet motion, while the wettability contrast
along the stripe determines the direction of its motion. In
addition, we found that the droplet velocity increases with
decreasing substrate vibration period, but it is nearly indepen-
dent of the droplet size and hydrophobic stripe orientation. A
power-law dependence between the droplet velocity and the
vibration period was also identified. Using our strategy, we
showed that multiple droplets at different initial locations can
be transported along intersecting hydrophobic stripes towards
a single spot for mixing. The numerical results obtained in
this work open the possibility for the design of efficient
methods for the vibration-induced droplet transport in DMF
devices.
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