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The evaporation characteristics of self-rewetting fluids have attracted much attention in recent years. However,
the evaporation dynamics as well as the underlying evaporation mechanism of self-rewetting fluid droplets
has not been well understood. In this paper, we numerically investigate the evaporation performance and the
dynamic behavior of self-rewetting fluid droplets on chemically patterned surfaces using a thermal multiphase
lattice Boltzmann model with liquid-vapor phase change. First, it is shown that a self-rewetting fluid droplet
can spontaneously separate into two droplets during its evaporation on a hydrophilic surface with a hydrophobic
stripe, while no separation occurs during the evaporation of a conventional fluid droplet. The positive surface
tension gradient of the self-rewetting fluid is found to play an important role in the spontaneous separation of the
self-rewetting fluid droplet during the evaporation. Meanwhile, the separation behavior of the self-rewetting fluid
droplet can effectively increase the length of the triple-phase contact line, which leads to a significant increase
in the evaporation rate as compared with that of a conventional fluid droplet. Moreover, by investigating the
evaporation performance of self-rewetting fluid droplets on chemically stripe-patterned surfaces with different
values of the widths of the hydrophilic and hydrophobic stripes, it is found that the stripe width and the
initial location of the droplet significantly affect the dynamic behavior and the evaporation efficiency of the
self-rewetting fluid droplet. For different relative positions between the droplet and the stripes, the droplet may
spontaneously separate into two or three droplets and achieve much better evaporation efficiency when the stripe
width is within an optimal range.
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I. INTRODUCTION

Droplet evaporation is a fundamental phenomenon in na-
ture and plays a very important role in many industrial
applications, such as coating [1], inkjet printing [2], desali-
nation of sea water [3], and spray cooling [4]. Understanding
the underlying physical mechanism of droplet evaporation and
enhancing the evaporation efficiency are of great significance
for these applications. Generally, the evaporation of droplets
on a surface is significantly influenced by various factors [5],
including the structure and the chemical composition of the
surface, the physical properties of the working fluid [6–8],
etc. Therefore, the design of the evaporation surface and the
choice of the working fluid are very important for improving
the evaporation heat transfer performance.

In the literature, some efforts have been made to understand
the mechanism of droplet evaporation on chemically patterned
surfaces, which showed that the droplet evaporation on a
chemically patterned surface usually exhibits unique shape
and droplet dynamics as compared with that on a homo-
geneous surface, such as irregular contact surfaces, pinning
of contact lines, and indeterminate contact angles [9–12].
In 2009, Bliznyuk et al. [13] investigated the asymmetric
glycerol droplet shapes on chemically patterned surfaces. The
equilibrium shape as well as the unique scaling behavior of

*Corresponding author: qingli@csu.edu.cn

the contact angles was observed owing to the well-defined
small droplet volume. Afterward, they presented experimental
results on the spreading of glycerol droplets on chemically
patterned surfaces [14] and found that the liquid was “pushed”
in the direction parallel to the stripes. In addition, the “squeez-
ing” mechanism of the droplet was observed. Following the
study of Bliznyuk et al., Jansen et al. [15] investigated the
evaporation of droplets on a vertically stripe-patterned sur-
face through experiments. It was found that the droplets were
elongated on the vertically stripe-patterned surface, and the
evaporation of the elongated droplets was faster than spher-
ical droplets because the elongation plays an important role
in the diffusion process, which leads to a reduction of the
total evaporation time. Additionally, Li et al. [16] numerically
investigated the pinning and depinning mechanism of the
contact line during droplet evaporation on chemically stripe-
patterned surfaces.

The aforementioned studies were focused on conventional
fluids, for which the surface tension usually decreases with
the increase of the temperature, leading to a negative surface
tension gradient (dγ /dT < 0) and resulting in a surface flow
that is directed from the region of lower surface tension (hot
region) to the region of higher surface tension (cold region).
In 2005, Abe et al. [17] carried out a pioneering study on self-
rewetting fluids. In comparison with conventional fluids, the
relationship between the surface tension and the temperature
of self-rewetting fluids is nonlinear [18]. For self-rewetting
fluids, the surface tension decreases with the increase of the
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temperature when the temperature is lower than a critical
value, and then increases when the temperature is higher
than the critical value. The positive surface tension gradient
(dγ /dT > 0) of self-rewetting fluids can induce an inverse-
thermocapillary flow as compared with conventional fluids,
i.e., a flow from the cold region to the hot region of the inter-
face. The corresponding Marangoni convection is expected to
overcome other forces to drive the cold liquid to the hot region
[19]. Therefore, the evaporation performance and the dynamic
properties of self-rewetting fluids are usually different from
those of conventional fluids [20–22].

Some studies have been conducted on the evaporation of
self-rewetting fluids. For instance, Lim et al. [23] investi-
gated the inverse-thermocapillary effect in an evaporating thin
liquid film of self-rewetting fluids. They demonstrated that
the positive surface tension gradient of self-rewetting fluids
induces the inverse-thermocapillary flow and found that the
inverse-thermocapillary effect can enhance the evaporation
rate. Yang et al. [24] studied the effects of self-rewetting
fluids on the evaporation mode. They found that the self-
rewetting fluids are conducive to increasing the microscopic
critical contact angle and the energy barrier of the contact
line, which reduces the rate of the thin-film thickness variation
and affects the evaporation performance. Sefiane et al. [25]
investigated the evaporation heat and mass transfer in open
microchannels using self-rewetting fluids. The “contact an-
gle shift” phenomenon of self-rewetting fluids was observed,
which indicates a more efficient heat transfer process of a
heated self-rewetting fluid meniscus.

Although the local changes at the triple-phase contact
line during the evaporation of self-rewetting fluids have been
observed in previous studies, little attention has been de-
voted to the dynamic behavior and the associated evaporation
enhancement mechanism of self-rewetting fluid droplets dur-
ing evaporation on chemically patterned surfaces. With the
rapid development of computational technology, computa-
tional fluid dynamics (CFD) has become an important method
for studying liquid-vapor phase change problems. Compared
with experiments, numerical simulations can provide more
details of the fluid dynamics during the phase change pro-
cesses. In the past three decades, the lattice Boltzmann (LB)
method has been developed into a very efficient and reliable
numerical method [26–31], which has been widely used in the
simulations of droplet evaporation. In order to carry out the
numerical simulations of self-rewetting fluids, an important
treatment is to tune the surface tension of the working fluids.

In 2013, Li and Luo [32] proposed an efficient approach to
tune the surface tension in the pseudopotential multiphase LB
method [33], which is one of the most popular multiphase
methods in the LB community. Subsequently, Xu et al. [34]
and Fei et al. [35] extended Li and Luo’s approach to the
three-dimensional (3D) space by using the D3Q15 and D3Q19
lattices, respectively.

In this work, by using a 3D thermal multiphase LB model
based on the D3Q15 lattice [34], we aim at numerically inves-
tigating the evaporation performance of self-rewetting fluid
droplets on chemically patterned surfaces, so as to provide an
understanding of the dynamic behavior and the evaporation
enhancement mechanism of self-rewetting fluid droplets on
chemically patterned surfaces. The rest of the present paper is
organized as follows. In Sec. II, a 3D thermal multiphase LB
model with liquid-vapor phase change is introduced. Numeri-
cal investigation of the self-rewetting fluid droplet evaporation
on chemically patterned surfaces is conducted in Sec. III,
with a focus being placed on the spontaneous separation be-
havior of the self-wetting fluid droplets and the associated
evaporation enhancement mechanism on chemically patterned
surfaces. Finally, a brief summary is given in Sec. IV.

II. METHODOLOGY

Using a multiple-relaxation-time (MRT) collision operator,
the LB equation, which governs the evolution of the density
distribution function, can be written as follows:

fα (x + eαδt , t + δt )

= fα (x, t ) − �

�αβ

(
fβ − f eq

β

)∣∣
(x,t ) + δt Fα (x, t ), (1)

where fα is the density distribution function, f eq
α is the equi-

librium density distribution function, x is the spatial position,
eα is the discrete velocity in the α th direction, t is the time, δt

is the time step, Fα denotes the forcing term in the discrete ve-

locity space, and
�

�αβ = (M−1�M)αβ is the collision matrix,
in which M is a transformation matrix and � is a diagonal
relaxation matrix. Besides the MRT version, an entropic ver-
sion [36] of the pseudopotential multiphase LB model has also
been demonstrated to be capable of significantly enhancing its
numerical stability at high Reynolds and Weber numbers.

The three-dimensional 15-velocity (D3Q15) lattice is
adopted in the present work, i.e.,

eα = c

⎡
⎣0 1 −1 0 0 0 0 1 −1 1 −1 1 −1 1 −1

0 0 0 1 −1 0 0 1 −1 1 −1 −1 1 −1 1
0 0 0 0 0 1 −1 1 −1 −1 1 1 −1 −1 1

⎤
⎦, (2)

where c = 1 is the lattice constant. Correspondingly, the relaxation matrix is given by � =
diag(sρ, se, sς , s j, sq, s j, sq, s j, sq, sv, sv, sv, sv, sv, sxyz ). The improved pseudopotential multiphase LB method with tunable
surface tension proposed by Li and Luo [32] has been extended to the D3Q15 lattice by Xu et al. [34]. By multiplying Eq. (1)
with the transformation matrix, the right-hand side of the LB equation can be rewritten as follows:

m∗ = m − �(m − meq) + δt

(
I − �

2

)
S + δt C, (3)
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where m = Mf and the equilibria meq are given by

meq = ρ
(
1,−1 + |v|2, 1 − 5|v|2, vx,− 7

3vx, vy,− 7
3vy, vz,

− 7
3vz, 2v2

x − v2
y − v2

z , v
2
y − v2

z , vxvy, vyvz, vxvz, 0
)T

.

(4)

The forcing term S and the source term C are given by [34],
respectively,

S =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0

2v · F + 6σc|F|2
ψ2δt (s−1

e −0.5)

−10v · F
Fx

− 7
3 Fx

Fy

− 7
3 Fy

Fz

− 7
3 Fz

4vxFx − 2vyFy − 2vzFz

2vyFy − 2vzFz

vxFy + vyFx

vyFz + vzFy

vxFz + vzFx

0

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

C =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0
4
5 se(Qxx + Qyy + Qzz )

0
0
0
0
0
0
0

−sv (2Qxx − Qyy − Qzz )
−sv (Qyy − Qzz )

−svQxy

−svQyz

−svQxz

0

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, (5)

where the variables Qxx, Qxy, Qxz, Qyy, Qyz, and Qxz are calcu-
lated by

Q = σκ

G

2
ψ (x)

14∑
α=1

ωα[ψ (x + eαδt ) − ψ (x)]eαeα, (6)

where ψ (x) is the pseudopotential and the parameter σκ is
used to tune the surface tension. The macroscopic density and
velocity are defined as, respectively,

ρ =
∑

α

fα, ρv =
∑

α

eα fα + δt

2
F, (7)

where F is the force exerted on the system. For single-
component multiphase flows, the interaction force in the
pseudopotential multiphase LB method can be expressed as
follows:

F = −Gψ (x)
14∑

α=1

ωαψ (x + eαδt )eα, (8)

where G is the interaction strength and ωα are the weights,
which are given by ω1−6 = 1/3 and ω7−14 = 1/24. As seen
from Eq. (8), in the present work the standard stencil is
utilized for the pseudopotential interaction force. Here it is
worth mentioning that one can also employ a more isotropic
stencil [37,38], which can reduce the spurious currents around
the phase interfaces in the cases of multiphase flows at large
density ratios.

By employing the Chapman-Enskog multiscale analysis,
it can be found that the aforementioned pseudopotential
multiphase LB model recovers the following macroscopic
equations [34]:

∂ρ

∂t
+ ∇ · (ρv) = 0, (9)

∂ (ρv)

∂t
+ ∇ · (ρvv) = −∇ · P + ∇ · �, (10)

where � is the viscous stress tensor and P is the pressure
tensor; they are given, respectively, by [34]

� = ρν[∇v + (∇v)T] + ρ

(
ξ − 2

3
ν

)
(∇ · v)I, (11)

P =
[
ρc2

s + Gc2

2
ψ2 + Gc4

12
(1 + 2σκ )ψ∇2ψ

+ 2σcG2c4|∇ψ |2
]

I + (1 − σκ )
Gc4

6
ψ∇∇ψ, (12)

where ν is the kinematic shear viscosity, ξ is the bulk vis-
cosity, I is the unit tensor, and cs = c/

√
3 is the lattice sound

speed. The last term on the right-hand side of Eq. (12) deter-
mines the surface tension.

The pseudopotential ψ (x) plays an important role in the
pseudopotential multiphase LB method and can be taken as
ψ (x) = √

2(PEOS − ρc2
s )/Gc2 [33], where PEOS is a nonideal

equation of state. In the present work, we utilize the Peng-
Robinson equation of state, i.e.,

pEOS = ρRT

1 − bρ
− αϕ(T )ρ2

1 + 2bρ − b2ρ2
, (13)

ϕ(T ) = [1 + (0.374 64 + 1.542 26ω − 0.269 92ω2)

× (1 −
√

T/Tc)]2, (14)

where a = 0.457 24R2T 2
c /ρc and b = 0.0778RTc/ρc. The pa-

rameter ω = 0.344 is the acentric factor and Tc is the critical
temperature. According to Ref. [33] and the relationship
between a and the interface thickness, in the present LB
simulations we choose a = 3/49, b = 2/21, and R = 1.

The temperature equation can be derived from the local
balance law for entropy. For nonideal fluids, by neglecting
the viscous heat dissipation, the governing equation for the
temperature field is given by

∂t T = −v · ∇T + 1

ρcV
∇ · (λ∇T ) − T

ρcV

(
∂ pEOS

∂T

)
∇ · v,

(15)

where λ is the thermal conductivity and cV is the specific heat
at constant volume. The second-order Runge-Kutta scheme
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FIG. 1. The simulated surface tension (in lattice units) for a con-
ventional fluid and a self-rewetting fluid, respectively.

is employed to solve Eq. (15). The isotropic central schemes
are applied for the spatial discretization. For a quantity φ, the
spatial gradient of φ and the Laplacian of φ are evaluated
by the following second-order isotropic difference schemes,
respectively,

∂iφ(x) ≈ 1

c2
s δt

∑
α

wαφ(x + eαδt )eαi, (16)

∇2φ(x) ≈ 2

c2
s δ

2
t

∑
α

wα[φ(x + eαδt ) − φ(x)], (17)

where cs = c/
√

3 is the lattice sound speed. The weights wα

are given by w1−6 = 1/9 and w7−14 = 1/72. The capabil-
ity of this 3D thermal multiphase LB model for simulating
liquid-vapor phase change has been numerically validated in
Ref. [11] by testing the well-known D2 law for droplet vapor-
ization.

In the present study, the saturation temperature is taken as
Tsat = 0.86Tc, which corresponds to the liquid density ρL ≈
6.5 and the vapor density ρV ≈ 0.38. All the quantities are
taken in lattice units (l.u.), i.e., the units of the LB method,
which are based on the lattice constant c = δx/δt = 1. Us-
ing the above thermal LB model, a conventional fluid can
be simulated by directly taking the parameter σκ in Eq. (6)
as σκ = 0; the results are shown in Fig. 1. From the fig-
ure it can be seen that when σκ = 0 the simulated surface
tension for the conventional fluid decreases with increasing
the temperature. To mimic the surface tension variation of a
self-rewetting fluid, the parameter σκ in Eq. (6) should vary
with the temperature. Specifically, for the self-rewetting fluid,
the simulated surface tension is taken as 0.04 in lattice units
at Tsat and 0.065 at 0.88Tc. In addition, it is assumed that
the surface tension of the self-rewetting fluid follows a linear
distribution between Tsat and 0.88Tc, as shown in Fig. 1. In
other words, for the simulated self-rewetting fluid, the surface
tension increases linearly with the increase of the tempera-
ture. The trumpet-shape arrangement adopted in Fig. 1 for
the surface tension distributions of the conventional fluid and
the self-rewetting fluid is mainly based on the experimental
observation in Ref. [39].

x

y

z Hydrophilic 
Hydrophobic

W

FIG. 2. Schematic overview of a droplet placed on a hydrophilic
surface with a hydrophobic stripe.

III. NUMERICAL RESULTS AND DISCUSSION

A. Spontaneous separation of a self-rewetting fluid droplet
during its evaporation on a hydrophilic surface

with a hydrophobic stripe

In this section, the evaporation behaviors of self-rewetting
fluid and conventional fluid droplets on a hydrophilic sur-
face with a hydrophobic stripe are numerically investigated.
The sketch of the evaporation surface is shown in Fig. 2,
where the red stripe is hydrophobic but other regions are
hydrophilic. The contact angles of the hydrophilic and hy-
drophobic regions are chosen as θphi ≈ 50◦ and θpho ≈ 130◦,
respectively. Our simulations are performed in a rectangu-
lar domain Lx×Ly×Lz = 160×160×6 l.u.3. In simulations of
this section, the width of the hydrophobic stripe is fixed at
W = 20 l.u. The kinematic shear viscosity is taken as ν = 0.1
and the specific heat at constant volume is set to cV = 2.0
[11]. The nonslip boundary condition is applied at the bottom
surface (the solid wall). The open boundary condition is used
at the top boundary and the periodic boundary condition is
employed in the x and y directions.

At the initial time step, a hemisphere droplet with a di-
ameter of d0 = 50 l.u. is placed on the center of the heating
surface and the center of the droplet is located at the mid-
dle of the hydrophobic stripe. The initial temperature of the
computational domain is taken as Tsat. The bottom of the
domain is the heating surface and its temperature is given
by Tb = Tsat + �T , in which the wall superheat is taken as
�T = 0.02Tc.

The dynamic behavior of a self-rewetting fluid droplet
during its evaporation on the hydrophilic surface with a
hydrophobic stripe is displayed in Fig. 3. To quantify the
numerical results, we have measured the contact length be-
tween the droplet and the heating surface in the middle x-z
cross section and the contact length between the droplet and
the hydrophobic stripe in the middle y-z cross section; they
are denoted by Dx and Dy in Fig. 3(a), respectively. The
measured results are shown in Fig. 4. At the initial state,
a hemisphere droplet is placed on the heating surface with
the contact angle of 90◦, which is larger than θphi ≈ 50◦ but
smaller than θpho ≈ 130◦. Hence, the contact line sitting on
the hydrophobic stripe generates an unbalanced Young’s force
toward the center of the droplet, while the contact line sitting
on the hydrophilic region yields an unbalanced Young’s force
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(a) 1000 tt (b) 6000 tt

(c) 7000 tt (d) 10000 tt

FIG. 3. 3D and vertical views of a self-rewetting fluid droplet during its evaporation on the hydrophilic surface with a hydrophobic stripe.
(a) t = 1000δt , (b) 6000δt , (c) 7000δt , and (d) 10 000δt .

toward the outside. As a result, the droplet would spread
on the hydrophilic region of the surface, but shrink on the
hydrophobic stripe, which can be seen by comparing Fig. 3(a)
with the initial droplet state in Fig. 2. Meanwhile, a liquid
bridge is formed in the middle of the droplet and gradually
gets narrower during the evaporation, as shown in Fig. 3(b).
Correspondingly, the length of the triple-phase contact line
is significantly increased as compared with that in Fig. 3(a),
which can be seen from the vertical views provided in these
two figures. The elongation of the triple-phase contact line is
beneficial to enhancing the droplet evaporation and increasing
the evaporation rate. We refer to the aforementioned stage as
stage I of the whole evaporation process. For such a stage,
from Fig. 4 we can see that the contact length Dx increases and
the contact length Dy decreases due to the droplet spreading
and shrinking on the hydrophilic and hydrophobic regions,
respectively.

0 5000 10000 15000 20000 25000
-20
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80
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time (units of t)

co
nt

ac
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h 
(l.

u.
)

I II II I

FIG. 4. Variations of the contact lengths Dx and Dy [see
Fig. 3(a) for definitions] with time during the evaporation of a self-
rewetting fluid droplet on the hydrophilic surface with a hydrophobic
stripe.

Furthermore, stage II starts when the self-rewetting fluid
droplet spontaneously separates into two small droplets,
which occurs as the liquid bridge breaks at t ≈ 6400δt . Cor-
respondingly, the contact length Dy is rapidly decreased to
zero, as seen in Fig. 4, and there is a sudden decrease of
Dx due to the breakup of the liquid bridge, which can also
be observed by comparing Fig. 3(c) with Fig. 3(b). After
the droplet separation, the two small droplets spread on the
hydrophilic regions, which leads to an increase of the length
of the triple-phase contact line and an increase of Dx in
stage II, as shown in Fig. 4. Later, in stage III the two small
droplets gradually evaporate with the triple-phase contact
lines moving toward the center of each droplet. Accordingly,
the contact length Dx, which consists of two parts after
the droplet separation, is gradually decreased, as shown in
Fig. 4.

For comparison, Fig. 5 displays the evaporation process of
a conventional fluid droplet on the hydrophilic surface with
a hydrophobic stripe. By comparing Fig. 5(a) with Fig. 3(a),
we can see that in the early stage of the evaporation process
(t = 1000δt ), the shape of the conventional fluid droplet is
similar to that of the self-rewetting fluid droplet, which is
expected since in the early stage the droplet has not been
significantly heated by the bottom surface. However, as time
goes by, obvious differences can be observed between the
evaporation behavior of the conventional fluid droplet and
that of the self-rewetting fluid droplet. Particularly, the ma-
jor difference lies in that the self-rewetting fluid droplet can
spontaneously separate into two small droplets, while the con-
ventional fluid droplet cannot achieve spontaneous separation
during the evaporation, as seen in Figs. 5(b)–5(d).

Owing to the spontaneous separation during the evapo-
ration, the self-rewetting fluid droplet has a much longer
triple-phase contact line than the conventional fluid droplet.
For example, Figs. 3(d) and 5(b) provide the snapshots at
the same time step and it is obvious that the triple-phase
contact line in Fig. 3(d) is much longer than that in Fig. 5(b).
The elongation of the triple-phase contact line can effectively
increase the evaporation rate and reduce the total evaporation
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(a) 1000 tt              (b) 10000 tt

(c) 20 000 tt (d) 40 000 tt

FIG. 5. 3D and vertical views of a conventional fluid droplet during its evaporation on the hydrophilic surface with a hydrophobic stripe.
(a) t = 1000δt , (b) 10 000δt , (c) 20 000δt , and (d) 40 000δt .

time. Figure 6 shows the variations of the nondimensional
droplet volume with time during the evaporation processes
of the self-rewetting fluid droplet and the conventional fluid
droplet on the hydrophilic surface with a hydrophobic stripe.
As seen in the figure, the evaporation of the self-rewetting
fluid droplet is much faster than that of the conventional
fluid droplet. Quantitatively, the maximum evaporation rate
of the self-rewetting fluid droplet is about twice that of the
conventional fluid droplet and therefore the evaporation time
of the self-rewetting fluid droplet is about one-half of that of
the conventional fluid droplet.

Actually, according to the aforementioned numerical re-
sults, we can find that the spontaneous separation of the
self-rewetting fluid droplet during the evaporation is mainly
caused by two factors, i.e., the spreading of the droplet on
the hydrophilic region and the shrinking of the droplet on
the hydrophobic stripe. In the remainder of this section, we
shall explain how the spontaneous separation occurs during
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FIG. 6. Variations of the nondimensional droplet volume with
time during the evaporation processes of the self-rewetting fluid
droplet and the conventional fluid droplet on the hydrophilic surface
with a hydrophobic stripe.

the evaporation of the self-rewetting fluid droplet on the hy-
drophilic surface with a hydrophobic stripe. Figure 7 gives
the schematic diagrams of the variations of the surface ten-
sion during the evaporation of a self-rewetting fluid droplet
and a conventional fluid droplet on a uniformly hydropho-
bic surface, respectively. Specifically, Fig. 7(a) depicts the
equilibrium state of a droplet on the uniformly hydrophobic
surface under the isothermal condition without heating, in
which θe is the intrinsic contact angle of the hydrophobic
surface. Point A in Fig. 7(a), which is a point located at
the liquid-vapor interface and close to the bottom surface,
is selected as a typical point for analyzing the variation of
the surface tension. Moreover, Fa in Fig. 7(a) is the surface
tension exerted by the liquid above point A, which is parallel
to the liquid-vapor interface [40]. Similarly, Fd is the surface
tension exerted by the liquid below point A and the direction
of Fd is opposite to that of Fa, as shown in Fig. 7(a). When the
droplet reaches its equilibrium state on the surface under the
isothermal condition, Fa and Fd are equal in magnitude but
opposite in direction.

After heating, the positive surface tension gradient
(dγ /dT > 0) of the self-rewetting fluid and the negative
surface tension gradient (dγ /dT < 0) of the conventional
fluid will lead to different variations of the surface tension,
as shown in Figs. 7(b) and 7(d) for the self-rewetting fluid
and conventional fluid droplets, respectively. For the self-
rewetting droplet, after heating, the temperature of the liquid
below point A is higher than that of the liquid above point A.
As a result, Fd is gradually larger than Fa since the surface
tension of the self-rewetting fluid increases with increasing
the temperature. Accordingly, the component of the resultant
force in the x direction points to the inside of the self-rewetting
fluid droplet so that point A moves toward the center of the
droplet, which causes the droplet to be deformed from the
spherical shape, as illustrated in Fig. 7(c). After the droplet
deformation, the dynamic contact angle (θd) is smaller than
the intrinsic contact angle of the hydrophobic surface. There-
fore, at the triple-phase contact line there should exist an
unbalanced Young’s force Fu = γ (cos θd − cos θe ) (per unit
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FIG. 7. Schematic diagrams of the variations of the surface tension during the evaporation of a self-rewetting fluid droplet and a
conventional fluid droplet on a uniformly hydrophobic surface, respectively.

length) that it is oriented in the direction of the liquid phase, as
shown in Fig. 7(c). As a consequence, the triple-phase contact
line will move toward the center of the droplet so that the
contact line will shrink on the hydrophobic surface during the
evaporation.

However, for the conventional fluid droplet, after heating,
the surface tension Fd gradually becomes smaller than Fa

when the temperature increases, as illustrated in Fig. 7(d).
Therefore, the component of the resultant force in the x di-
rection points to the outside of the conventional fluid droplet
so that the dynamic contact angle θd becomes larger than
the intrinsic contact angle θe, which yields an unbalanced
Young’s force Fu toward the outside of the conventional fluid
droplet, as shown in Fig. 7(e). Consequently, the triple-phase
contact line moves toward the outside of the droplet and the
conventional fluid droplet spreads on the hydrophobic surface.

Moreover, Fig. 8 displays the schematic diagrams of the
variations of the surface tension during the evaporation of a
self-rewetting fluid droplet and a conventional fluid droplet
on a uniformly hydrophilic surface, respectively. Similar to
Fig. 7(a), Fig. 8(a) also shows that Fa and Fd are equal in
magnitude but opposite in direction under the isothermal con-
dition. After heating, as shown in Fig. 8(b), the self-rewetting
fluid droplet Fd is gradually larger than Fa with the increase of
the temperature. Hence, the component of the resultant force
in the x direction points to the outside of the self-rewetting
fluid droplet so that point A moves in the direction of the
outside of the droplet. Correspondingly, as shown in Fig. 8(c),
the dynamic contact angle θd is larger than the intrinsic contact
angle θe of the hydrophilic surface, which leads to an un-
balanced Young’s force Fu toward the outside of the droplet.
As a consequence, the triple-phase contact line moves toward
the outside of the droplet, which causes the self-rewetting
fluid droplet to spread on the hydrophilic surface. In contrast,
for the conventional fluid droplet, as shown in Fig. 8(d), the
component of the resultant force in the x direction points to
the inside of the conventional fluid droplet, which makes the

dynamic contact angle θd smaller than the intrinsic contact
angle θe. Therefore the unbalanced Young’s force Fu points
to the inside of the droplet and the triple-phase contact line
shrinks on the hydrophilic surface, as shown in Fig. 8(e).

By comparing Fig. 8 with Fig. 7, some differences can be
observed. The change in the dynamic contact angle caused by
the positive surface tension gradient of the self-rewetting fluid
results in a favorable unbalanced Young’s force, which not
only promotes the spreading of the self-rewetting fluid droplet
on the hydrophilic surface but also promotes the shrinking of
the self-rewetting fluid droplet on the hydrophobic surface.
However, for the conventional fluid droplet, the change in the
dynamic contact angle caused by the negative surface tension
gradient leads to an unfavorable unbalanced Young’s force,
which is not conducive to the spreading of the droplet on
the hydrophilic surface and the shrinking on the hydrophobic
surface. In other words, during the evaporation on the afore-
mentioned hydrophilic surface with a hydrophobic stripe, the
positive surface tension gradient of the self-rewetting fluid
droplet promotes its shrinking on the hydrophobic stripe and
its spreading on the hydrophilic region, which consequently
causes the spontaneous separation of the self-rewetting fluid
droplet during the evaporation on the hydrophilic surface with
a hydrophobic stripe. Conversely, the negative surface tension
gradient of the conventional fluid droplet prevents it from
shrinking on the hydrophobic stripe and spreading on the
hydrophilic region, which suppresses the appearance of the
spontaneous separation.

B. Evaporation performance and dynamic behavior
of self-rewetting fluid droplets on chemically patterned

surfaces when the droplet center is located at the middle
of a hydrophobic stripe

In this section, the evaporation performance and the
dynamic behavior of self-rewetting fluid droplets during
the evaporation on chemically stripe-patterned surfaces are
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FIG. 8. Schematic diagrams of the variations of the surface tension during the evaporation of a self-rewetting fluid droplet and a
conventional fluid droplet on a uniformly hydrophilic surface, respectively.

numerically investigated. The chemically heterogeneous sur-
faces patterned with hydrophilic and hydrophobic stripes are
illustrated in Fig. 9, where the red stripes are hydrophobic
while the yellow stripes are hydrophilic. The contact angles of
the hydrophilic and hydrophobic stripes are chosen as θphi ≈
50◦ and θpho ≈ 130◦, respectively. In addition, in this section
we investigate the cases in which the droplet center is located
at the middle of a hydrophobic stripe (see Fig. 9). At the initial
state, a hemisphere droplet with a diameter of d0 = 50 l.u.

is placed at the center of the bottom surface. The widths of
the hydrophilic and hydrophobic stripes are denoted by Wphi

and Wpho, respectively. All other simulation parameters and
the boundary conditions are the same as those used in the
previous section. Also, to ensure the periodicity of the chem-
ically stripe-patterned surfaces, Lx is adjusted according to
the values of Wphi and Wpho. Furthermore, to show the details
of the droplet dynamic behavior more clearly, the displayed
domain is chosen as Nx×Ny×Nz = 2.4d0×2.4d0×1.2d0 with
the droplet being located at the center of the displayed domain.

Wpho

WphiW hW
WphiWW

x

y

z

FIG. 9. Schematic overview of a droplet placed on a chemically
stripe-patterned surface with the droplet center being located at the
middle of a hydrophobic stripe.

Figure 10 shows the variations of the normalized evap-
oration time t∗

e of the self-rewetting fluid droplet with the
normalized hydrophilic stripe width W ∗

phi when the normalized
hydrophobic stripe width is taken as W ∗

pho = 0.12, 0.4, and
0.72, respectively. The normalized evaporation time is defined
as t∗

e = te/tphi, where te is the total evaporation time of the
self-rewetting fluid droplet on a chemically stripe-patterned
surface and tphi is the total evaporation time of the self-
rewetting fluid droplet on a uniformly hydrophilic surface
whose intrinsic contact angle is θphi ≈ 50◦. The normalized
hydrophilic stripe width W ∗

phi is defined as the ratio of the
hydrophilic stripe width Wphi to the initial droplet diameter
d0. Similarly, the normalized hydrophobic stripe width W ∗

pho
denotes the ratio of the hydrophobic stripe width Wpho to the
initial droplet diameter d0. As shown in Fig. 10, the variation
of the normalized evaporation time with the hydrophilic stripe
width exhibits a similar trend under the three different widths
of the hydrophobic stripes. To be specific, the normalized
evaporation time t∗

e first decreases rapidly with the increase
of the normalized hydrophilic stripe W ∗

phi and then achieves
a relatively stable development after reaching its minimum
value, which corresponds to an optimal chemically stripe-
patterned surface that can provide the fastest evaporation for
the self-rewetting fluid droplet. For example, when W ∗

pho is
taken as 0.4, the minimum evaporation time and the fastest
evaporation is achieved in the case of W ∗

phi = 0.6.
Figure 11(a) displays some snapshots during the evapora-

tion of the self-rewetting fluid droplet in the case of W ∗
pho =

0.12 and W ∗
phi = 0.12. For this case, there is no droplet sep-

aration due to the fact that the widths of the hydrophobic
and hydrophilic stripes are much smaller than the initial
droplet diameter d0. Under such a condition, the self-rewetting
fluid droplet shares similar evaporation dynamics with a
conventional fluid droplet [9,10,13–15]. The typical pinning-
depinning or stick-slip phenomenon of the contact lines is
also observed in this study. Besides, from Fig. 10(a) it can
be found that for the case of W ∗

pho = 0.12 and W ∗
phi = 0.12 the

normalized evaporation time t∗
e is about 1.52, indicating that
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FIG. 10. Variations of the normalized evaporation time t∗
e with

the normalized hydrophilic stripe width W ∗
phi when the normal-

ized hydrophobic stripe width is taken as W ∗
pho = 0.12, 0.4, and

0.72, respectively. The snapshots shown in this figure are taken at
t = 6000δt .

the evaporation of the self-rewetting fluid droplet in this case
is much slower than that on a uniformly hydrophilic surface,
which is expected since the self-rewetting fluid droplet mainly
spreads on the hydrophilic stripes and the narrow hydrophilic

stripes cannot provide enough space for the spreading of the
droplet.

Figure 11(b) shows some snapshots of the droplet evapora-
tion on the chemically stripe-patterned surface in the case of
W ∗

pho = 0.12 and W ∗
phi = 0.8. In comparison with Fig. 11(a),

in Fig. 11(b) the spreading space of the droplet on the hy-
drophilic stripes is considerably increased, which leads to
a significant increase in the contact line length of the self-
rewetting fluid droplet during the evaporation. Meanwhile,
the spontaneous separation phenomenon of the self-rewetting
fluid droplet is observed in this case, which occurs at t ≈
240 00δt . For this case, the normalized evaporation time t∗

e is
around 0.8, as seen in Fig. 10(a), which implies that the evap-
oration rate of the self-rewetting droplet on the chemically
stripe-patterned surface is significantly enhanced compared
with that on a uniformly hydrophilic surface, as the elongation
of the triple-phase contact line and the spontaneous separation
of the droplet can enhance the evaporation heat transfer. When
W ∗

phi > 0.8, the normalized evaporation time of the droplet is
almost unchanged [see Fig. 10(a)] because the hydrophobic
stripes on both sides of the droplet have no effect on the
droplet spreading when the width of the hydrophilic stripes
is relatively large.

As the normalized hydrophobic stripe width is increased
to W ∗

pho = 0.4, different dynamic behaviors can be observed
during the evaporation of the self-rewetting fluid droplet, as
shown in Fig. 10(b). To further illustrate the influences of
the hydrophilic stripe width on the evaporation performance
and the dynamic behavior of the self-rewetting fluid droplet,
some snapshots of the self-rewetting fluid droplet evaporation
under three different normalized widths of the hydrophilic
stripes, namely, W ∗

phi = 0.2, 0.6, and 1.0, are displayed in
Fig. 12. From Fig. 12(a) it can be seen that when the nor-
malized hydrophilic stripe width is small (W ∗

phi = 0.2), the
droplet is confined in the middle of two hydrophobic stripes
so that the spreading of the droplet is restricted, which leads
to the normalized evaporation time of t∗

e > 1, as seen in
Fig. 10(b), indicating that in such a case the evaporation of the
self-rewetting fluid droplet on the chemically stripe-patterned
surface is much slower than that on a uniformly hydrophilic
surface.

When the normalized width of the hydrophilic stripes is
increased to W ∗

phi = 0.6, the droplet can spontaneously sepa-
rate into two small droplets during the evaporation, as shown
in Fig. 12(b). The spontaneous separation of the droplet can
effectively increase the length of the triple-phase contact line.
Accordingly, in comparison with the case of W ∗

phi = 0.2, a
significant decrease in the normalized evaporation time can
be observed in the case of W ∗

phi = 0.6 [see Fig. 10(b)]. Fur-
thermore, as shown in the middle panel of Fig. 12(b), after the
spontaneous separation of the droplet, the two small droplets
are elongated in the direction parallel to the stripes due to the
confinement effect of the hydrophobic stripes on both sides of
the small droplets and this deformation increases the length of
the triple-phase contact line to a certain extent, thus increas-
ing the evaporation rate. As a result, the self-rewetting fluid
droplet achieves the minimum normalized evaporation time
in the case of W ∗

phi = 0.6, which can be viewed as the opti-
mal normalized width of the hydrophilic stripes when W ∗

pho =
0.4. As the normalized hydrophilic stripe width is further
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(a) pho 0.12W , phi 0.12W

(b) pho 0.12W , phi 0.8W

FIG. 11. Snapshots of the self-rewetting fluid droplet evaporation on chemically stripe-patterned surfaces in the cases of W ∗
pho = 0.12 with

W ∗
phi = 0.12 and 0.8, respectively. From left to right: t = 7000δt , 140 00δt , and 240 00δt , respectively.

(a) pho 0.4W , phi 0.2W

(b) pho 0.4W , phi 0.6W

(c) pho 0.4W , phi 1.0W

FIG. 12. Snapshots of the self-rewetting fluid droplet evaporation on chemically stripe-patterned surfaces in the cases of W ∗
pho = 0.4 with

W ∗
phi = 0.2, 0.6, and 1.0, respectively. From left to right: t = 7000δt , t = 140 00δt , and t = 230 00δt , respectively.
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FIG. 13. The effects of the hydrophobic stripe width and the
hydrophilic stripe width on the evaporation time of the self-rewetting
fluid droplet on the chemically stripe-patterned surfaces. For these
81 cases, the droplet center is initially located at the middle of a
hydrophobic stripe.

increased, the hydrophobic stripes on both sides of the droplet
have nearly no effect on the evaporation, as seen in Fig. 12(c).
The left-hand and middle panels of Fig. 12(b) clearly show
that the confinement effect of the hydrophobic stripes on both
sides of the droplets elongates the triple-phase contact line.
However, there is no such an effect in Fig. 12(c). As a result,
the evaporation rate is relatively reduced and the normalized
evaporation time of the droplet is slightly increased, as seen in
Fig. 10(b). Moreover, by comparing Figs. 12(b) and 12(c) with
Fig. 11(b), we can see that the droplet spontaneous separation
occurs much earlier in Figs. 12(b) and 12(c) than in Fig. 11(b)
owing to the increase of the hydrophilic stripe width, which
explains why the cases of Figs. 12(b) and 12(c) yield much
lower evaporation time than that of Fig. 11(b).

When the normalized hydrophobic stripe width further
increases to W ∗

pho = 0.72, from Fig. 10(c) we can see that
the normalized evaporation time t∗

e rapidly decreases with
increasing W ∗

phi and reaches its minimum value in the case
of W ∗

phi = 0.48, and then a slight increase is observed in the
evaporation time for W ∗

phi > 0.48. Hence, W ∗
phi = 0.48 is the

optimal normalized hydrophilic stripe width when the nor-
malized hydrophobic stripe width is taken as W ∗

pho = 0.72.
In addition, the dynamic behavior of the self-rewetting fluid
droplet in Fig. 10(c) is similar to that in Fig. 10(b), but
the minimum value of the normalized evaporation time in
Fig. 10(c) is slightly larger than that in Fig. 10(b). Moreover,
according to Figs. 10(a)–10(c), we can find that the optimal
normalized hydrophilic stripe width, which corresponds to
the minimum evaporation time, is gradually decreased as the
hydrophobic stripe width increases.

To further illustrate the effects of the hydrophilic stripe
width and the hydrophobic stripe width on the evaporation
performance of the self-rewetting fluid droplet on the chem-
ically stripe-patterned surfaces, 81 cases are considered by
varying the widths of the hydrophilic and hydrophobic stripes.
The results of the normalized evaporation time of these cases
are displayed in Fig. 13. The 81 cases can be classified into
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FIG. 14. Variations of the normalized evaporation time t∗
e with

the normalized hydrophilic stripe width W ∗
phi when the normalized

hydrophobic stripe width is taken as W ∗
pho = 0.12, 0.24, and 0.6,

respectively. For these cases, the droplet center is initially located
at the middle of a hydrophilic stripe. The snapshots shown in this
figure are also taken at t = 6000δt .

four groups based on the normalized evaporation time of
the droplet. As shown in Fig. 13, when W ∗

pho is close to 1.0
or W ∗

phi � 0.3, the normalized evaporation time is basically

055104-11



YUE YU, ZHUOHUI YIN, QING LI, AND SHI TANG PHYSICAL REVIEW E 106, 055104 (2022)

FIG. 15. Snapshots of the self-rewetting fluid droplet evaporation on the chemically stripe-patterned surfaces in the case of W ∗
pho = 0.12

and W ∗
phi = 0.44 with the droplet center being initially located at the middle of a hydrophilic stripe. From left to right: t = 7000δt , 140 00δt ,

and 230 00δt , respectively.

larger than 1.0 because the spreading of the droplet is re-
stricted and no droplet separation occurs in the cases of this
group. For the cases marked with the triangles, the spreading
space of the droplet becomes larger and in some cases of this
group the droplet can spontaneously separate into two small
droplets, although the separation may occur at the late stage of
the evaporation, which elongates the triple-phase contact line
and leads to a decrease of the normalized evaporation time in
comparison with the cases of the first group. Furthermore, in
all the cases of 0.28 � W ∗

pho � 0.84 and W ∗
phi > 0.4, the self-

rewetting fluid droplet can spontaneously separate into two
small droplets during the evaporation and therefore achieve a
higher evaporation rate. Moreover, the cases represented by
the circles fall into the fourth group (also the best group),
which not only ensures the spontaneous separation of the
self-rewetting fluid droplet but also elongates the contact line
length of the small droplets after the droplet separation, thus
providing a very low normalized evaporation time of 0.7 <

t∗
e � 0.72. Specifically, the lowest normalized evaporation

time (t∗
e ≈ 0.702) is achieved in the case of W ∗

pho = 0.56 and
W ∗

phi = 0.5, namely, the case denoted by point B in Fig. 13.

C. Evaporation performance and dynamic behavior
of self-rewetting fluid droplets on chemically patterned

surfaces when the droplet center is located at the middle
of a hydrophilic stripe

In this section, we turn our attention to the cases in which
the droplet center is initially located at the middle of a hy-
drophilic stripe. The simulation parameters are basically the
same as those used in the previous section except for the
adjustment of the initial location of the self-rewetting fluid
droplet on the chemically stripe-patterned surfaces. Figure 14
displays the variation of the normalized evaporation time t∗

e

of the self-rewetting fluid droplet with the normalized hy-
drophilic stripe width W ∗

phi under three different widths of
the hydrophobic stripes. From the figure we can see that
that the variation of the normalized evaporation time shows
a similar trend when the normalized hydrophobic stripe width
is taken as W ∗

pho = 0.12 and 0.24. Specifically, Figs. 14(a) and
14(b) show that the normalized evaporation time t∗

e decreases
rapidly with increasing W ∗

phi until it reaches a minimum value
smaller than 1.0, and then the normalized evaporation time
basically increases with the increase of W ∗

phi. However, for
the cases of W ∗

pho = 0.6, the normalized evaporation time is
always larger than 1.0 [see Fig. 14(c)] regardless of the choice
of the hydrophilic stripe width, although the variation of the

normalized evaporation time also exhibits a trend of first
decreasing and then increasing after reaching its minimum
value.

For the cases of W ∗
pho = 0.12, when the hydrophobic and

hydrophilic stripe widths are both much smaller than the
initial droplet diameter, the evaporation dynamics of the self-
rewetting fluid droplet is similar to that of the cases in which
the droplet center is initially located at the middle of a hy-
drophobic stripe. From the left-hand snapshot in Fig. 14(a),
we can see that in the case of W ∗

pho = 0.12 and W ∗
phi = 0.2 the

spreading of the droplet is restricted due to the confinement
effect of the hydrophobic stripes on the two sides of the
droplet. Correspondingly, the normalized evaporation time is
larger than 1.0, indicating that the droplet evaporation in this
case is slower than that on a uniformly hydrophilic surface. As
the width of the hydrophilic stripes increases, the spreading
space can be enlarged as shown in Fig. 15 for the case of
W ∗

pho = 0.12 and W ∗
phi = 0.44, from which we can see that

the droplet is elongated in the direction perpendicular to the
stripes during the main evaporation process. Meanwhile, the
shrinking of the triple-phase contact line on the hydrophobic
stripes can be observed in Fig. 15. However, in such a case
the hydrophobic stripes are too narrow to support the spon-
taneous separation of the self-rewetting droplet. As a result,
the normalized evaporation time is still very close to 1.0,
as seen in Fig. 14(a). When the hydrophilic stripe width is
further increased, the elongation of the droplet in the direction
perpendicular to the stripes becomes gradually weaker, which
can be observed by comparing the middle and the right-hand
snapshots in Fig. 14(a). Accordingly, the evaporation rate
is reduced to a certain extent and a slight increase can be
observed in the normalized evaporation time.

Figure 16 displays some snapshots of the self-rewetting
fluid droplet evaporation in the cases of W ∗

pho = 0.24 with
three different normalized widths of the hydrophilic stripes.
When the normalized hydrophilic stripe width is relatively
small (W ∗

phi = 0.2), the pinning phenomenon of the contact
line can be observed in Fig. 16(a) in the direction perpendic-
ular to the stripes, while in the direction parallel to the stripes
the contact line shrinks on the surface. These phenomena are
similar to those shown in Fig. 11(a). As the hydrophilic stripe
width is further increased to W ∗

phi = 0.4, the spreading space
is enlarged for the droplet. Owing to the droplet spreading
on the hydrophilic stripes and the droplet shrinking on the
hydrophobic stripes, two liquid bridges can be found in the
middle panel of Fig. 16(b). As the evaporation proceeds, the
two liquid bridges become narrower and narrower, and finally
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(a) pho 0.24W , phi 0.2W

(b) pho 0.24W , phi 0.4W

(c) pho 0.24W , phi 0.6W

FIG. 16. Snapshots of the self-rewetting fluid droplet evaporation on the chemically stripe-patterned surfaces in the cases of W ∗
pho = 0.24

with W ∗
phi = 0.2, 0.4, and 0.5, respectively. For these cases, the droplet center is initially located at the middle of a hydrophilic stripe. From left

to right: t = 5000δt , 130 00δt , and 200 00δt , respectively.

break, which causes the droplet to be separated into three
small droplets, as shown in the right-hand panel of Fig. 16(b).
Due to the spontaneous separation behavior of the droplet, the
evaporation rate is enhanced and the normalized evaporation
time of the droplet is considerably reduced as compared with
other cases [see Fig. 14(b)].

Note that, although the droplet can spontaneously sepa-
rate into three small droplets in the case of W ∗

pho = 0.24 and
W ∗

phi = 0.4, its normalized evaporation time (t∗
e ≈ 0.833) is

relatively larger than that of the case shown in Fig. 12(c),
in which the droplet separates into two small droplets during
the evaporation. This is because the droplet separation occurs
much earlier in the case shown in Fig. 12(c) than that in
Fig. 16(b). When the width of the hydrophilic stripes further
increases, the edge of the droplet in the x direction is initially
located at the two hydrophobic stripes near the central hy-
drophilic stripe. During the evaporation process, the droplet
rapidly shrinks toward the central hydrophilic stripe in the x
direction and is elongated on the central hydrophilic stripe in
the y direction, like a liquid finger, as shown in Fig. 16(c).
In other words, in the case of W ∗

pho = 0.24 and W ∗
phi = 0.6

the evaporation of the droplet mainly occurs on the central
hydrophilic stripe. As a result, the normalized evaporation

time is significantly increased in comparison with the cases
of W ∗

pho = 0.24 and W ∗
phi = 0.4, as seen in Fig. 14(b). Fur-

thermore, for the cases displayed in Fig. 14(c) with relatively
large widths of the hydrophilic stripes, the droplet dynamics
is similar to that shown in Fig. 16(c). Correspondingly, the
normalized evaporation time of these cases is also larger than
1.0.

In this section we have also simulated 81 cases so as
to clearly illustrate the influences of the hydrophilic stripe
width and the hydrophobic stripe width on the evaporation
time of the self-rewetting fluid droplet on the chemically
stripe-patterned surfaces with the droplet center being initially
located at the middle of a hydrophilic stripe. The results are
summarized in Fig. 17, in which the investigated cases can
be classified into three groups according to the evaporation
time of the droplet. By comparing Fig. 17 with Fig. 14, we
can see that in Fig. 17 the region that corresponds to t∗

e � 1
is much narrower as compared with that in Fig. 14. Partic-
ularly, it can be seen that, when W ∗

pho > 0.3, all the cases
lead to t∗

e > 1. This is mainly because, for the cases with
the droplet center being initially located at the middle of a
hydrophilic stripe, the droplet will rapidly shrink toward the
central hydrophilic stripe when the hydrophobic stripe width
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FIG. 17. The effects of the hydrophobic stripe width and the
hydrophilic stripe width on the evaporation time of the self-rewetting
fluid droplet on the chemically stripe-patterned surfaces. For these
81 cases, the droplet center is initially located at the middle of a
hydrophilic stripe.

is relatively large, and then the droplet will be concentrated
on the central hydrophilic stripe during the evaporation. The
cases denoted by the squares yield the normalized evaporation
time of 0.9 � t∗

e � 1, while the circles represent the best
group which corresponds to the normalized evaporation time
of 0.8 < t∗

e < 0.9 resulting from the spontaneous separation
of the self-rewetting fluid droplet into three small droplets
during the evaporation. In addition, the lowest normalized
evaporation time is achieved in the case denoted by point C
in Fig. 17.

IV. CONCLUSIONS

In this paper, we have numerically investigated the
evaporation performance and the dynamic behavior of self-
rewetting fluid droplets on chemically stripe-patterned sur-
faces using a thermal multiphase LB model with liquid-vapor
phase change. First, the different dynamic behaviors of a self-
rewetting fluid droplet and a conventional fluid droplet during
their evaporation on a hydrophilic surface with a hydrophobic
stripe were studied and the associated separation mecha-
nism was explored. It is found that the self-rewetting fluid
droplet can spontaneously separate into two droplets during its

evaporation on the hydrophilic surface with a hydrophobic
stripe, while no separation occurs during the evaporation of
the conventional fluid droplet. The spontaneous separation of
the self-rewetting fluid droplet during the evaporation is found
to be caused by two factors, i.e., the spreading of the droplet
on the hydrophilic region and the shrinking of the droplet on
the hydrophobic stripe. The positive surface tension gradient
of the self-rewetting fluid droplet results in a favorable unbal-
anced Young’s force, which not only promotes its spreading
on the hydrophilic region but also promotes its shrinking on
the hydrophobic stripe. However, the negative surface tension
gradient of the conventional fluid droplet prevents it from
shrinking on the hydrophobic stripe and spreading on the
hydrophilic region, which suppresses the appearance of the
spontaneous separation during evaporation.

Then, by varying the widths of the hydrophilic and hy-
drophobic stripes as well as the initial location of the
droplet, we have explored the evaporation mechanism of
self-rewetting fluid droplets on chemically stripe-patterned
surfaces. It is found that both the stripe width and the initial lo-
cation of the droplet have significant influence on the dynamic
behavior and the evaporation efficiency of the self-rewetting
fluid droplet. For different relative positions between the
droplet and the stripes, the droplet may spontaneously sepa-
rate into two or three droplets when the stripe width is within
an optimal range. Correspondingly, the evaporation time can
be significantly reduced as the separation of the self-rewetting
fluid droplet can effectively increase the length of the triple-
phase contact line and enhance the evaporation heat transfer.
When the droplet is initially located at the middle of a hy-
drophobic stripe, the spontaneous separation is found in all the
cases of 0.28 � W ∗

pho � 0.84 and W ∗
phi > 0.4. However, when

the droplet is initially located at the middle of a hydrophilic
stripe, there are only a few cases that can lead to sponta-
neous separation. We believe that the present study would
be useful for understanding the evaporation characteristics of
self-rewetting fluid droplets on chemically patterned surfaces.
In future work, attention will be paid to some more complex
surfaces, such as patterned surfaces with cross stripes.
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