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Abstract: In this paper, the interaction mechanism between the solid-liquid—gas interface phe-
nomenon caused by nanostructure and surface wettability and boiling heat transfer is described, and
the heat transfer theory of single wettable nanostructure surface and mixed wettable nanostructure
surface is proposed. Through molecular dynamics simulation, the thermodynamic model of the
wettable surface of nanostructures is established. The nanostructures are set as four rectangular
lattice structures with a height of 18 A. The solid atoms are platinum atoms, and the liquid atoms
are argon atoms. The simulation results show that with the increase of surface hydrophilicity of
nanostructures, the fluid temperature increases significantly, and the heat transfer at the interface is
enhanced. With the increase in surface hydrophobicity of nanostructures, the atoms staying on the
surface of nanostructures are affected by the hydrophobicity, showing a phenomenon of exclusion,
and the evaporation rate in the evaporation area of nanostructures is significantly increased. In addi-
tion, the mixed wettable surface is influenced by the atomic potential energy and kinetic energy of the
solid surface, and when compared with the pure wettable surface under the nanostructure, it changes
the diffusion behavior of argon atoms on the nanostructure surface, enhances the heat transfer phe-
nomenon compared with the pure hydrophobic surface, and enhances the evaporation phenomenon
compared with the pure hydrophilic surface. This study provides insights into the relationship
between the vapor film and the heating surface with mixed wettability and nanostructures.

Keywords: boiling heat transfer; nanostructure; kinetic energy; potential energy; wettability

1. Introduction

The field of microelectronics has undergone significant advancements in recent years
due to rapid technological progress; the integration of electronic devices has jumped
at a rate of 40-50% every year, and the scale of micro/nanodevices tends to microns
and nanometers. As the surface area to volume ratio has increased, the influence of
various interface characteristics and surface forces on devices has become dominant [1].
Among them, temperature is one of the main causes of mechanical negative effects in the
traditional sense. In the microsystems, its interface effect is more sensitive to the friction heat
and working condition temperature in the movement process. Furthermore, the process
of converting liquid into gas through a heated surface involves a temperature-driven
mechanism whereby thermal energy is transferred to the liquid, leading to its vaporization.
This transformation is facilitated by the movement of liquid through buoyancy, which
acts as a carrier for the resulting vapor. This phenomenon is called the Leidenfrost liquid
suspension effect and is caused by boiling heat transfer [2—4], which makes the temperature
as the nanobubbles intervene in the solid-liquid interface medium. At the same time, the
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resistance produced by gas in the friction process of micro-nanodevices is far less than that
of liquid, thus successfully converting the negative thermal effects into available energy
resources [4-6].

When the contact angle of the droplet is close to 0, the hydrophilic surface shows
spontaneous diffusion [7,8]. When the liquid contact angle is greater than 150°, the surface
is called a superhydrophobic surface, which has an obvious high contact angle and contact
angle hysteresis, providing the self-cleaning ability of the surface, enabling the gas to stay
on the surface and reducing the fluid flow resistance [9]. Extensive research has shown
that surface wettability and nanostructure play a crucial role in boiling evaporation heat
transfer [10]. The number of vaporization cores, growth and growth processes, temperature
and pressure changes in phase transformation, and energy conversion caused by phase
transformation in the explosive boiling process are key problems for industrial applica-
tions. Rapid heating of liquid working substances, such as bubble column isobaric heating
technology and capillary isobaric heating technology, can reduce the requirements for
impurities, dissolved gases, surface cleanliness, etc. In addition, the application of laser
heat sources with nanoscale electric pulse heating and laser pulse heating has opened up
new engineering and technical applications. However, up to now, with the continuous
development of micro-nanoelectronic devices, traditional thermodynamic theory is not
applicable to the micro-state. Compared with the difficulties of experimental research,
by resolving the molecule/atomic interaction force, the invention of the molecular dy-
namics approach offers a way to watch and investigate the phase change process at the
nanoscale, which has been extensively acknowledged and used [11,12]. Wang et al. sim-
ulated the process of liquid film evaporation and explosive boiling on a single wettable
surface through molecular dynamics, focusing on the superheat and Kapitza thermal re-
sistance differences that trigger explosive boiling under different liquid film thicknesses.
The concept of critical thickness explains the controversial issues between nanoexplosive
boiling and classical nucleation theory and has a better theoretical understanding at the
microscopic level [13]. Zhou et al. studied the bubble nucleation process of liquid argon on
different wettability surfaces by using MD simulation, noticed the dynamic bubble behav-
ior and bubble nucleation position at various wall temperatures., discussed the interface
differences between solid-liquid—gas on different wetted surfaces, and they discovered
that bubble nucleation frequently took place in the wall’s hydrophobic region at low wall
temperatures and that as wall temperature increased, the bubble location progressively
shifted from the hydrophobic zone to the hydrophilic zone [14]. Diaz et al., respectively,
studied the difference between surface wettability and surface structure in terms of heat
flux. Hydrophilic surfaces and hydrophilic structures may promote boiling and have the
maximum heat flux, as demonstrated by the slow rise in overheating that eventually led to
the onset of nucleate boiling and the transfer of the critical heat flux (CHF) to the membrane
boiling state [15]. Focusing on the first step of nucleation boiling, Zhang et al. examined
the behavior of liquid film bubbles on smooth surfaces vs nanostructured surfaces, and
discovered that nanostructured surfaces are favorable to local bubble nucleation and may
considerably increase nucleation boiling [16]. Through MD, Seyf et al. investigated the
impact of several nanomaterials (including silver and aluminum) on the explosive boiling
of liquid argon film on the nanostructure. The findings demonstrated that the conical
nanostructure, mostly because of its size, considerably improved the heat transfer efficiency
between solid and liquid but had no impact on the material [17]. Fu et al. compared
the phase transition process of nanostructured copper plates at three different heights
with that in the plane during rapid boiling, and the findings demonstrated that when
the height of nanostructures rose, the liquid’s equilibrium temperature on the surface of
high-temperature copper plates also increased [18,19]. Zhao et al. studied the bubble
nucleation and heat transfer performance of groove surfaces with different wettability,
compared the differences of three-phase contact lines on different groove surfaces, and
provided insights for the nucleation of nanobubbles on the structural surface [20]. In order
to explain how bubble nuclei develop on various wetted substrates, Chen et al. used a
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model based on the conflict between atomic potential energy and atomic kinetic energy.
The findings demonstrated that the grooves significantly influenced bubble nucleation
in two ways: by increasing the effectiveness of heat transmission and by sustaining the
first bubble nucleus [21]. Jo et al. studied the boiling wetting phenomenon of hydrophilic
and hydrophobic surfaces without microscale roughness. Based on the bubble analysis
results, when the microstructure does not exist, the stable change of wettability will lead
to completely different boiling states. In addition, at low heat flux, hydrophobic surfaces
provide better nucleate boiling than hydrophilic surfaces [22,23]. Wang et al. established a
molecular dynamics model of subcooled boiling of copper plate, liquid water, and gaseous
water and discussed the nanobubbles' generation and condensation process under different
wall superheat temperatures. The simulation structure shows that with the increase of wall
superheat, the nanobubbles become rich and the condensation behavior becomes more
rapid. This process tends to converge horizontally on the flat copper plate surface. On
the contrary, on the surface of nanostructures, the nanostructured cavities are more likely
to induce condensation to incline to vertical convection [24]. Based on different materials
and manufacturing methods, Li et al. discussed the difference in critical heat flux and
heat transfer coefficient between different micro and nanostructure morphologies. The
research shows that the structure gap or porous material pore in the nanostructure is easy
to cause obvious negative pressure, which provides an additional heat and mass transfer
mechanism [25]. Wu et al. established the pool boiling model of copper plate and water,
showing the distribution and proportion of different wettability by adjusting the smooth
copper plate, and discussing the boiling heat transfer process of different wettability [26].
Cao [27] et al. focused on the change between liquid and gas, and pointed out that in
the molecular dynamics simulation of rapid boiling of the copper substrate and argon
liquid, when the thickness of argon liquid was far greater than 1 nm, the wettability had
no significant effect on the change of gas-liquid interface. Liang [28] et al., studied the
evaporation and condensation process of fluid in the microchannel by molecular dynamics
method, and discussed the heat transfer process between the evaporation surface and
the condensation surface of the microchannel by changing the substrate temperature in
both instantaneous and periodic ways. The accuracy of the model is confirmed, and it is
shown that the evaporation and condensation process is mainly through diffusion rather
than convection.

Recent research has shown that wettability and nanostructure are favorable for the
formation of nanobubbles and improved heat transmission [29-31]. A large number of
studies have focused on pure wettable surfaces or single structural surfaces to reveal
the impact on boiling heat transfer efficiency and surface bubble nucleation, while less
consideration has been given to the coupling effect of mixed wettability surfaces and mixed
structural surfaces. Research on the impact of surface on boiling heat transfer has gotten
more complicated recently due to the rise in coupled surface features. At present, the
influence of the coupling of nanostructure and mixed wettability on bubble nucleation and
enhanced heat transfer is not clear. At the same time, the change of vapor film caused by
the gas-liquid phase transition in the boiling process was ignored.

In this study, the difference between the coupling effect of nanostructure and mixed
wettability on the temperature response of heated surface liquid is focused. Based on the
method of molecular dynamics, a surface model with a rectangular lattice is established.
At the same time, four different wettability (pure hydrophilic, pure hydrophobic, and two
mixed wetted) are given to the nanostructure surface. The pool boiling phenomenon in
the model is observed, and the heat transfer efficiency of solid-liquid—gas three-phase
is analyzed. According to the motion state of liquid mass, the nucleation phenomenon
of nanobubbles is judged. The molecular motion state under four surfaces is visually
tested through the complete boiling evaporation process. The atomic potential energy
and atomic kinetic energy explain the differences between different nanostructures and
wettable surfaces. The thermal mechanism of the coupling effect of nanostructure and
mixed wettability under explosive boiling was explored at the nanoscale.
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2. Models and Methods

In order to more intuitively describe the physical state of molecules under boiling
heat transfer, a 80 A(x) x 80 A(y) x 300 A(z) simulation box was created, as shown in
Figure 1. The simulation box comprises solid, liquid, and gas phases, with the liquid and
gas phases consisting of argon atoms (in blue), and lattice constants of 5.77 A and 32.87 A,
respectively. According to the arrangement rule of face-centered cubic (FCC; 111), the liquid
atoms are distributed above the solid surface, and the gas atoms are distributed above the
liquid atoms, which together constitute the gas-liquid environment of the whole boiling
model. The solid atoms are platinum atoms, which are arranged according to face-centered
cubic (FCC; 111) to form different structures with a lattice constant of 3.92 A, as shown
in Figure 1b. In order to restore the physical structure of the metal heating surface more
realistically, the solid platinum surface is set as a three-layer atomic arrangement structure,
the bottom Fixedlayers (purple) wall samples migrate and deform, and the Heatsource
(green) in the middle layer is the heat source that generates heat flux, the upper layer is
the Reallayers (red for hydrophilic and yellow for hydrophobic) through which heat is
conducted to the argon fluid.

X
et > Z=300A L=80A
la LY L
.= i .01- ’ C=L-2(a+b)
o) . ’ a=b=16A
N A
. Y Y

Fixed layers Heatsource Real layers

@) (b)

H=18 /=0 H=18 /=1 H=18 /=0.51 H=187=0.49

Surface 1 Surface 2 Surface 3 Surface 4

(©)

Figure 1. Boiling heat transfer models of different nanostructured wetted surfaces, (a) three-
dimensional view of surface 3, (b) dimensional schematic diagram of surface 3, and (c) schematic
diagram of four surfaces.

In order to analyze the coupling effect of different wetting methods on boiling heat
transfer under nanostructures and endow nanostructures with different hydrophilic—
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hydrophobic wetting characteristics, four different surface structures were designed, as
shown in Figure 1c. The four surfaces have nanostructures. The height of the nanostructure
is set as H (A), and surface 1 is a pure hydrophilic nanostructure surface. Surface 2 is a pure
hydrophobic nanostructure surface. Surface 3 is a mixed wettability nanostructure surface,
the substrate surface is hydrophilic, and the nanostructure is hydrophobic. Surface 4 is also
a mixed wettability nanostructure surface, the substrate surface is hydrophobic, and the
nanostructure is hydrophilic. In order to distinguish these four surfaces more intuitively,
the wetting ratio (A), namely the ratio of hydrophobic nanosurface area to the total contact
area, is proposed. It is worth pointing out that the nanostructures on the surface 1-4 are
three-dimensional square matrix structures, showing regular arrangement. The width of
nanostructures is equal to the spacing of nanostructures. In addition, surfaces 14 are also
a square structure; in other words, in the X direction and the Y direction, the nanostructure
surface has the same view and value. According to the values given in Figure 1b, the
wetting ratio of the four surfaces can be obtained by calculating the contact area of the
wetted surface, where A is 0, 1, 0.51, and 0.49, respectively.

To prevent atom loss, a specular reflection is set on the top of the simulation box,
and periodic boundary conditions are set in the X and Y axes directions, so there is no
loss of energy and momentum, only the exchange between atoms. As the most famous
interaction potential in MD simulation, Lennard Jones (L]) interaction potential is often
used to describe the interaction between gas and liquid molecules. Previous research
work shows that L] potential can make a relatively accurate description of argon atom
pairs [12,21], which is described as follows:

P Ar-Ar (7’) =4ear-ar [(O—A:,W) " - (UA:IM)é] 1)
@pt-pt(r) = 4€ppt [(UP:Pth B (UP:Pt)j 2

where € and ¢ express the interaction strength and the interaction radius. The interaction
between argon platinum atom pairs is related to the wettability of the solid-liquid interface.
In order to accurately reduce the hydrophilic-hydrophobic wetting characteristics in the
model, a new Lorentz Berthelot combining rule is adopted, as shown in the equation:

@ ar-pi(r) = 4ce arpy [(UA;_H ) v (w)é} (3)

r

where the cutoff distance of the potential function is set at » = 404,.4, = 13.62 A, and ¢
is detailed in Table 1 as the potential energy coefficient to adjust the surface wettability.
The contact angle is usually pointed out to characterize the wetting characteristics of the
surface. In this study, the contact angle of the hydrophilic surface (red) is 65°, and that of
the hydrophobic surface (yellow) is 113°.

Table 1. Values of various L] parameters.

Molecules e (eV) o (A)

Argon-Argon (Ar-Ar) 0.010438 3.405
Argon-Platinum (hydrophilic, ¢ = 1) (Ar-Pt) 0.060486 2.990
Argon-Platinum (hydrophobic, ¢ = 0.66) (Ar-Pt) 0.004175 2.990
Platinum-Platinum (Pt-Pt) 0.351 2.574

The velocity Verlet algorithm was used to solve the nanoparticle motion equation.
This calculating in the following way [32]:

r(t+ At) = r(t) + v(t) At + ﬁF(t)Atz 4)
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o(t + At) = o(t) +ﬁ[F(t) + E(t+ At)]At (5)

where f is the integration time step, at any given time ¢, the position vector, velocity vector,
and acceleration vector of an atom are represented by r(t), v(t), and F(t), respectively. The
time step used in this study is At = 0.001 ps, and it is used to update the particle locations
and velocities.

The whole simulation was divided into two stages. First, the whole domain was
always maintained in the micro canonical (NVT) ensemble (constant number of atoms,
constant volume and constant temperature). A Langevin thermostat was used to adjust the
temperature of argon atoms. The two layers above the platinum wall (hot layer and real
layer) used the velocity rescaling method to control the temperature of the whole system
to be kept at 90 K to achieve thermal equilibrium. The whole process lasted for 0.3 ns.
In the second stage, in order to more accurately reduce the heat transfer process of solid,
liquid, and gas, the temperature control of liquid and gas was carried out after relaxation,
but only for the heat source layer. At the same time, the temperature input of the heat
source layer was changed, giving a significant temperature rise to the whole boiling model,
and the temperature rose from 90 K to 298 K after relaxation. We then kept, observed
and counted the atomic motion law and thermodynamic transfer in this state. The data
collection was once every 100 ps until the end of the simulation. The process lasted for 3 ns.
All simulation processes were completed by open-source code lammps simulation, and
system visualization was completed by ovito.

3. Results and Discussion
3.1. Movement and Distribution of Argon Atoms

Four different nanostructure wetted surfaces S1, S2, S3, and S4 were simulated to
better understand the influence of the coupling effect of the nanostructure and mixed
wettability on enhanced boiling heat transfer under different conditions, which represent
pure hydrophilic textured surfaces (H = 18, A = 0), pure hydrophobic structure surfaces
(H =18, A =1), hydrophilic substrates and hydrophobic nanostructures (H=18, A = 0.51), as
well as hydrophobic bottoms and hydrophilic nanostructures (H = 18, A = 0.49), respectively.
Figure 2 shows the boiling of argon atoms on four surfaces and the distribution of vapor film
movement at 298 K. As shown in Figure 2, in the initial state, the liquid layer completely
covered the wetted surface of the nanostructure. With the occurrence of boiling heat
transfer, the liquid atoms were affected by temperature, overcoming the influence of
surface interaction, and began to diffuse. They experienced four stages: natural convection,
nuclear boiling, transition boiling, and stable membrane boiling. The bubbles gradually
fuse and expand until the solid-liquid two phases are completely separated. The whole
simulation region is now separated into three sections: the liquid layer floating above,
the middle vapor layer, and the adsorbed liquid layer on the top of the nanostructure.
Observing the vapor layer indicated by the red circle in the figure, it can be found that
the liquid layer rises rapidly when the pure hydrophilic surface is 0.2 ns, but due to the
influence of the hydrophilic texture surface, argon atoms are deposited on the textured
surface in a large area, and the number of rising liquid atoms was less visible than other
surfaces; At 0.8 ns, the liquid layer on the pure hydrophobic surface increased significantly;
on surface 3 (A = 0.51), an obvious argon vapor layer appears at 0.2 ns. At this time, the
hydrophilic bottom was covered with a thin layer of argon atoms, and the number of argon
atoms around the hydrophobic texture was small; on surface 4 (A = 0.49), the rise of the
liquid layer occurred at 0.3 ns. At this time, a large number of atoms were accumulated on
the textured surface, and the vapor layer was not obvious.
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Ons 0.1ns

Figure 2. Snapshot of rapid boiling process on surfaces 1—4.

3.2. Surface Dynamics Analysis and Nucleation of Nanostructures

In order to more accurately describe the coupling effect of different nanostructure
wetted surfaces on argon atoms, Figure 3 shows the changing trend of kinetic energy,
potential energy and x-axis density of argon atoms on the nanostructure surface in the
evaporation region of 10 A above the wall at 1 ns. Kinetic energy (Ke) refers to the ability
of argon atoms to move due to interaction on the wetted surface. The higher the speed,
the greater its kinetic energy. Potential energy (Pe) refers to the energy generated by the
interaction between molecules, which is divided into repulsion force and attraction force.
The stronger the hydrophilicity is, the greater the absolute value of the surface potential
energy is. As shown in Figure 3a,d, the potential energy values on the pure hydrophilic
surface 1 and the mixed wetted surface 4 are —0.2 ev and —0.16 ev, respectively. The Pe
values of these two surfaces are similar in the whole surface area. Interestingly, the argon
atom density and potential energy on the nanochannels of the pure hydrophilic surface 1
show an obvious symmetrical opposite trend (marked by the green box in the figure). As
shown in Figure 3b,c, the potential energy value on the pure hydrophobic surface 2 and the
mixed wetted surface 3 tends to be close to 0, and the attraction to atoms is smaller, so that
the surface hydrophobicity is a reasonable explanation for describing this phenomenon. In
addition, the argon atom density in the hydrophobic region is significantly lower than that
in the hydrophilic region. It is worth pointing out that under the action of nanostructures,
the two wettability surfaces are limited by surface pits, showing different nucleation states.
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The hydrophilic surface is covered with an adsorbed liquid layer, and the nucleation of
nanobubbles is in the center of the pit. The bubble nucleation on the hydrophobic surface
is on the wall, and there are more bubble nucleation points. The adsorption liquid layer
and gas nucleation point under the mixed wetting surface appeared at the same time.
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Figure 3. Kinetic energy, potential energy, and x-axis density of argon atoms in the evaporation zone
of the surfaces, (a) surface 1, (b) surface 2, (c) surface 3, (d) surface 4.

3.3. Thermodynamic Analysis

Figure 4 shows the temperature changes of platinum and argon atoms on the wetted
surface of nanostructures during boiling. As shown in Figure 4a, when the temperature of
the heat source layer changes, the upper platinum atoms respond quickly to the temperature
change, reach the target temperature of 298 K stably within 0.1 ns and float up and down in
a small range, which is precisely due to the continuous heat transfer between the platinum
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surface and argon atoms. As shown in Figure 4b, the temperature change of argon atoms
after boiling heat transfer is described. Affected by the wall heat source, argon atoms
receive temperature transfer from the heat source from the wetted surface, which conforms
to the typical boiling heat transfer curve. The black, red, blue, and green arrows point
out the time and temperature changes when surface 14 explosive boiling occurs. At this
time, large-scale gas-liquid phase transition begins to occur. An obvious feature is that the
liquid atoms evaporate into clusters and separate from the wall, the gas layer replaces the
liquid to fill the nanostructured surface, and the temperature rise process of argon atoms
begins to slow down. The reason for this phenomenon is that the heat transfer effect of
gas is far lower than that of liquid. In order to compare the heat transfer differences of
different wettable surfaces under nanostructures, the wall superheat (AT) is defined, which
represents the difference between the heated wall temperature and the explosive boiling
temperature of the liquid, surface 1 (H = 18, A = 0) explosive boiling begins at 0.22 ns,
when the liquid temperature is 204 k and the wall superheat AT1 =94 K. AT2 =165 K,
AT3 =142 K, AT4 = 114 K represent surface 2, surface 3, and surface 4 respectively. For
four surfaces, the value of AT increases with a decrease in ratio (A). In other words,
the hydrophilic surface provides more favorable conditions for the explosive boiling of
nanofilms than the hydrophobic surface.

350 350
m AT1=94K
150 AT4=114K
300 300 4 ‘;,‘, AT3=142K
g g 140 ATZ:VgﬁK
£ 250 £ 2504 " S
= 2 —
3 £
£ 200 2200 -
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Times (ns) Times (ns)

(a) (b)

Figure 4. Temperature changes of platinum and argon atoms on the nanostructured wetted surface
under 298 K temperature input: (a) platinum atom (b) argon atom.

3.4. Evaporation Rate of Nanostructure Wetted Surface

Figure 5a—d shows the numerical density changes of the liquid layer in the z-axis of
the surfaces in the time periods of 0 ns, 0.1 ns, 0.2 ns, 0.3 ns, 0.5 ns, 1 ns, 2 ns, and 3 ns.
The simulation results show that the density change of the liquid layer above the heated
nanosurface shows a consistent change law. With the increase in temperature, a large
number of liquid layers evaporate and converge into small clusters, and the maximum
value of the numerical density decreases rapidly and moves up the z-axis. For the pure
hydrophilic nanostructure surface, more heat is transferred to the structure surface to
produce a gas-liquid phase transition. The maximum value decreases by 50% at 0.1 ns,
and the liquid layer reaches its highest point at 0.3 ns. For the surface of pure hydrophobic
nanostructures, the maximum value of the number density changes more gently. In order
to more accurately analyze the evaporation phenomenon of the liquid layer on different
wetted surfaces, the area of 10 A above the nanostructure is defined as the wall evaporation
area (described by the red dotted box). According to the numerical density value given in
Figure 5, the evaporation rate is defined as the ratio of the number of argon atoms in the
evaporation region at each moment to the initial number of atoms in the evaporation region.
The specific value is given in Figure 6. In all cases, the evaporation rate of liquid atoms on
the surface of nanostructures increases significantly with the increase in temperature. The
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maximum evaporation rate of surface 1 (H =18, A = 0) at 0.28 ns was 90.2%; on Surface 2
(H =18, A =1), the maximum evaporation rate was 96.3% at 1.53 ns; on surface 3, (H = 18,
A =0.51) of the maximum evaporation rate is 98% at 0.31 ns; on Surface 4, (H =18, A = 0.49)
reached the maximum evaporation rate of 88.5% at 0.38 ns. It is worth noting that the argon
atom evaporation rate of the pure hydrophobic surface was significantly higher than that of
the pure hydrophilic surface. For the mixed wetted surface with A = 0.51, the time to reach
the maximum evaporation rate was only 1/5 of surface 2, and the maximum evaporation
rate was 13.7% higher than surface 1.
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Figure 5. Number density changes of four surfaces at different times: (a) surface 1, (b) surface 2, (c)
surface 3, and (d) surface 4.
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4. Conclusions

The main objective of this study is to investigate the thermal theory behind solid—
liquid—-gas interface phenomenon that occurs on heated surfaces with nanostructures
and wettability. The study uses molecular dynamics simulation to explore how surfaces
with different nanostructures affect boiling evaporation heat transfer and to evaluate and
compare the phase transition processes of argon vapor films on four different wetted
nanostructures. The study also examines surface dynamics, heat transfer characteristics,
and evaporation rate. The key findings of the study are summarized as follows:

1.  The pure hydrophilic nanostructure surface requires a significantly lower surface
superheat for the gas-liquid phase transition to become evident compared to the
pure hydrophobic nanostructure surface. It is worth pointing out that the hydrophilic
surface responds quickly to the temperature change; the fluid temperature rises
rapidly, reaches the critical point of gas-liquid phase change faster, and enhances the
heat transfer.

2. Due to the increase of surface hydrophobicity, the atoms staying on the solid surface
are affected by kinetic energy and potential energy, showing a repulsion phenomenon.
The change of atomic number density in the evaporation area of the solid surface is
called the evaporation rate. The change in evaporation rate confirmed that the force
of pure hydrophobic nanostructure surface on argon atoms was weak, so more argon
atoms diffused from the surface, and the evaporation rate was significantly improved.

3.  Further research shows that the capillary transmission is enhanced on the mixed
wettability nanostructure surface, and the wettability is limited by the surface pits.
The efficiency of three-phase heat transmission between solid, liquid, and gas is
improved when compared to pure hydrophobic surfaces, and when compared to
pure hydrophilic surfaces, the rate of evaporation and the formation of nanobubbles
are encouraged.
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