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Surface wettability effects on evaporating meniscus in nanochannels 
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A B S T R A C T   

Systematic investigations of self-regulation of evaporating menisci in nanochannels are conducted as a function 
of the surface wettability under various applied heat flux conditions. The simulation system is designed to result 
in steady-state response so that a stable meniscus region can be produced. Non-equilibrium molecular dynamics 
simulations are performed for argon fluid in platinum channels. Depending on the surface wettability and the 
applied heat flux the meniscus can be in the pinned regime or it can recede inside the channel. Adsorbed layer 
formation becomes evident for the latter case. Higher wettability enables the formation of a thicker adsorbed 
layer reducing the radius of curvature of the meniscus and the overall evaporation rate in the channel. Adsorbed 
layer reduces the thermal resistance of the evaporator, providing a higher critical heat flux. While evaporation 
from the adsorbed layer is negligible for macroscopic systems, it can contribute up to 80% of the total evapo
rating mass in nanoscale systems. The current work provides insights into the capillary-driven thin-film evap
oration in ultra-small channels and the findings are meaningful for next-generation thermal management 
systems.   

1. Introduction 

Heat fluxes experienced in high-performance integrated circuits, 
power electronics, and laser diodes can reach several hundreds of Watts 
per square centimeter [1,2]. Several thermal management techniques 
such as immersion cooling, embedded cooling, and jet impingement of 
coolant on chip surfaces have been proposed to address these challenges. 
Although convective cooling can dissipate heat fluxes as high as 1 kW/ 
cm2, it requires large pumping power that results in a low coefficient of 
performance [3,4]. Two-phase flow cooling techniques utilizing the 
latent heat of evaporation can provide a desirable solution for high heat 
flux demands [5]. 

Among the two-phase cooling techniques, thin-film evaporation is 
considered one of the most promising approaches because of its' stable, 
bubble-free nature. However, this process requires continuous liquid 
supply to the thin-film region, which can be established by passive 
capillary pumping techniques [6,7]. Optimal pumping performance re
quires minimizing the viscous effects while maximizing the Laplace 
pressure which is a function of the surface tension and the radius of 
curvature (ROC) of the capillary. Reducing the capillary size can be 
beneficial due to the onset of liquid slip that decreases the viscous drag 

[8], and also controls the ROC. With the onset of micro- and nano- 
fabrication techniques, several researchers have investigated thin-film 
evaporation from nanoporous membranes and nanostructured surfaces. 

Wang and her coauthors have investigated evaporation from nano
porous aluminum membranes and reported heat fluxes above 500 W/ 
cm2 across the interface over a total evaporation area of 0.20 mm2 [9]. 
Different heat transfer regimes are demonstrated and more than an 
order of magnitude change in the dissipated heat flux is observed 
depending on the evaporation regime [10]. Nanoporous silicon mem
brane with a ~100 nm diameter is fabricated and heat fluxes of 665 ±
74 W/cm2 is reported using pentane, which has low surface tension 
[11]. Other liquids like R245fa showed nearly 10 folds enhancement in 
heat dissipation when compared with that of water under the same 
working conditions [12]. Since the meniscus dynamics in nanoscale 
confinements is highly affected by the solid-fluid interactions, effects of 
surface wettability on evaporation was also investigated. Liquid flooding 
over the nanopores was prevented by rendering these surfaces hydro
phobic [13]; and the effects of hydrophilic/hydrophobic evaporator 
surfaces were investigated using a hybrid nanochannel-nanopore design 
[14]. Evaporation fluxes that are 11 times larger than the maximum 
theoretical value obtained by the Hertz-Knudsen model were reported 
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for hydrophilic evaporator surfaces [14]. 
Antao et al. measured the dynamic behavior of the evaporating 

liquid-vapor interface in micropillar arrays using a transient laser 
interferometry technique and reported pinned and receding meniscus 
regimes during the dynamic evaporation process [15]. The maximum 
capillary pressure was reported in the receding regime, which was 
determined by the receding contact angle [15]. Visualization of the 
evaporating liquid-vapor interface revealed that the receding regime 
occurred when the capillary pressure generated at a measured meniscus 
ROC curvature could not balance the viscous loss resulting from flow 
through the micropillar array [16]. The shape of the receding meniscus 
was independent of the applied heat, and only depended on the micro
pillar array geometry and the intrinsic wettability of the material. 
Theoretical investigation of the self-regulation of the shape and position 
of the meniscus in response to different operating conditions showed 
that evaporation from the nanopores was not a locally expressible 
phenomenon. The shape and position of the meniscus affected the 
overall heat and mass flux, and therefore, the interfacial mass flux could 
not be calculated simply using the local pressure and temperature [17]. 
These results showed the prominence of transient meniscus dynamics on 
thin-film evaporation. 

Several researchers conducted molecular dynamics (MD) simulations 
of thin-film evaporation processes [18–21]. However, most of these 
studies utilized a flat liquid thin-film region heated from the bottom 
while a surface on the top was cooled at the same rate. These compu
tational studies totally ignored the capillary pumping that feeds the thin- 
film. As a result, they either observed transient evaporation of the thin- 
film, or they maintained a steady evaporation process by removing the 
evaporating molecules. While the former approach is difficult to char
acterize due to its transient nature, the latter approach produces a vapor 
concentration gradient that results in lyophilic surfaces with higher 
evaporation fluxes than expected. Overall, deleting the evaporating 
atoms results in higher mass flow rates than expected. 

Proper investigations of thin-film evaporation should include the 
capillary pumping that feeds the evaporation process and at the same 
time, be able to create steady transport with stable liquid-vapor in
terfaces in the evaporator/condenser sections of the domain. In [22], we 
investigated evaporation and condensation from a liquid argon sand
wiched between two parallel plates by adding and removing equal 
amounts of heat from the evaporator and condenser regions of the 
channel, respectively. This computational system allows self-regulation 
of the vapor-liquid interface with respect to different operating condi
tions by continuously pumping liquid to the thin-film region. The vapor 
molecules move towards the condenser region and eventually condense 
to maintain a steady operation. An important finding in [23] was the 
discovery of evaporation from the adsorbed layer, which was not re
ported before. This new phenomenon can shed light on the reasons for 
the high evaporation rates reported in recent experiments [11,14]. In a 
proceeding study, we introduced an energy-based interface detection 
method that eliminates the need to use an arbitrary density cut-off value 
to determine the liquid-vapor interface [24]. This new method results in 
smooth liquid-vapor interfaces that are not affected by the typical 
density fluctuations near the surfaces, and it properly models the thin- 
film regions near the solid-liquid-vapor trijunction [24]. 

The objective of the current study is to investigate the surface 
wettability effects on the evaporating meniscus under different heating/ 
cooling (H/C) conditions. For simplicity, we use argon fluid and plat
inum walls and consider van der Waals interactions between the fluid- 
fluid and fluid-surface atoms. Using such a simplistic computational 
approach, we present the dynamics of thin-film evaporation and 
observed self-regulation of the meniscus region and formation of the 
adsorbed layer as a function of the surface wettability and applied heat 
fluxes. Thermal performance of the evaporator is also investigated and 
thermal resistance and maximum critical heat flux are presented. 

2. MD simulation details 

We simulated phase-change driven argon flow between two parallel 
platinum plates separated with a 3.92 nm distance using three- 
dimensional MD simulations. Dimensions of the simulation domain 
are set as 31.360 × 5.096 × 3.724 nm in the lateral (x-), vertical (y-), and 
longitudinal directions (z-), respectively. Perspective and the side view 
of the MD simulation domain with its physical dimensions are shown in 
Fig. 1. LAMMPS (Large-scale Atomic/Molecular Massively Parallel 
Simulator) is used as the MD solver [25]. Periodic boundary conditions 
are employed in three directions. The thickness of the solid walls is 
0.588 nm. The nanochannel consists of 4 layers of Pt molecules and has a 
face-centered cubic structure (FCC) using a lattice constant of 3.92 Å. 
The (1,0,0) plane of the wall is facing the fluid, and the outermost wall 
atoms are fixed in their original lattice location, resulting in a constant 
simulation domain volume. Embedded-atom method is employed for the 
interatomic forces of Pt atoms [26]. 

Interactions between the fluid-fluid and fluid-wall molecules are 
modeled using the truncated Lennard-Jones (LJ) 12–6 potential given by 
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where ε is the depth of the potential well, σ is the molecular diameter, r 
is the molecular distance. We utilized σAr=0.34 nm, σPt=0.27 nm, 
σAr−Pt=0.3085 nm, and εAr=0.01042 eV [27]. For faster calculations, 
the LJ interactions utilized a cutoff distance of rc = 3σAr. The 
argon‑platinum interaction parameter εAr−Pt, is directly related to the 
wettability of the surface [27,28]. Here we selected εAr−Pt = 0.0055798 
eV and increased this value to 3εAr−Pt and 5εAr−Pt to investigate the ef
fects of fluid-solid interaction potential on thin film evaporation. 

Simulations started with Maxwell-Boltzmann velocity distribution 
for all atoms at 110 K. The Newton's equation of motion for each atom is 
integrated with 5 fs time steps using the Verlet algorithm. First canonical 
ensemble (NVT) is imposed for 10 ns to reach an isothermal state at 110 
K by using the Nose-Hoover thermostat. This is followed by applying 
microcanonical ensemble (NVE) on Ar atoms for another 10 ns, while 
keeping the Pt atoms at 110 K using the same thermostat. At the end of 
this second stage, two stable menisci form at the channel tips as shown in 
Fig. 1c. It is important to indicate that the thermophysical properties of 
liquid argon in nanoconfinements can be significantly different than that 
of bulk fluids [8]. The total number of Ar atoms in each wettability case 
is carefully selected to keep the quality factor constant. Having the same 
density, temperature and quality factor for Ar fix the initial thermody
namic state for each investigated case. To fix the thermodynamic state 
for all simulations, the numbers of vapor and liquid atoms were calcu
lated by a posteriori simulation and the total number of argon atoms is 
precisely reiterated to have the same mixture quality value. In this 
context, the total number of Ar molecules in the simulation increased 
with increasing wall-fluid interaction parameters. The number of Ar 
atoms used in the simulations is 4200, 4885, and 5045 for εAr−Pt, 3εAr−Pt, 
and 5εAr−Pt cases, respectively. The nanochannel consists of 6400 Pt 
atoms. 

In the third stage, nonequilibrium MD (NEMD) simulations are car
ried out for 30 ns by applying equal energy addition and extraction to 
the evaporator and condenser zones of the channel, respectively. The 
added/extracted energy levels varied from 5 nW to 14 nW for each case. 
In order to avoid axial heat conduction through the walls, Pt molecules 
in the middle regions of the nanochannel were not allowed to vibrate (i. 
e., thermally frozen) but allowed to have LJ interactions with the 
neighboring Ar atoms. The simulation system goes through transients 
and reaches a steady-state within the initial 10 ns. Last 20 ns of the 
NEMD simulations are used to obtain 1 million independent samples for 
time-averaged temperature, density, kinetic energy, potential energy, 
and velocity distributions in the domain. The data is processed using 
rectangular prism bins extending Δz = 3.724 nm in the longitudinal 
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direction. Wall temperatures such as evaporator and condenser are 
evaluated using bins with Δx = σPt and Δy = 3σPt, while the fluid 
properties are calculated using rectangular bins with Δx = σ

7 and Δy = σ
7. 

A liquid density of 1180 kg/m3 is maintained at the channel 
centerline, which drops to 48 kg/m3 for the vapor phase across an 
interface region with a typical thickness of ~2 nm. The 3εAr−Pt and 
5εAr−Pt cases result in similar interface locations where the εAr−Pt case 
yields an interface closer to the channel tips. The liquid density profiles 
obtained at the middle of the channel (y-y axis in Fig. 1) is presented in 
Fig. 2b. Density fluctuations within 3σAr distance from the walls increase 
in magnitude with increased εAr−Pt values. The channel height used in 
this study is large enough to obtain a constant density region at the 
channel center for each wetting case. 

The exact location of the liquid/vapor interface has paramount 
importance in evaporation studies. Most previous researchers used 

arbitrary density-cutoff values to determine the interface location. 
However, this approach suffers from density oscillations near the walls. 
In [24], we defined the liquid-vapor interface for monatomic fluids at a 
location where the kinetic energy (KE) of the fluid molecules first 
exceeded the magnitude of the total potential energy (PE) exerted on 
them by their neighboring atoms. This concept is implemented using 
bin-based calculations, where KE is a function of the local temperature, 
and the magnitude of the PE depends on the local density and the LJ 
interaction parameters. For fluid atoms near the solid boundaries, PE 
imposed on the fluid molecules by the walls is also included in 
calculations. 

3. Results and discussion 

Overall, 24 NEMD simulations are carried out to investigate the 

Fig. 1. a) The perspective view and b) side view of the MD simulation domain with pertinent dimensions. The 3D channel geometry extends 3.724 nm in the 
longitudinal (z-) direction. Argon and platinum molecules are shown with gray and orange spheres, respectively. The figure also shows the evaporator and condenser 
regions of the domain, where constant heat addition and subtraction are applied, respectively. This creates a 2D steady flow system with evaporating meniscus and 
condenser regions. c) Formation of two stable menisci during the microcanonical equilibrium simulation. 

Fig. 2. Density distributions along the a) x-x and b) y-y axis for different wall fluid interaction potentials during the microcanonical (NVE) ensemble stage. Figure a) 
and b) uses a ribbon cut with ~3.5 σPt thickness in x- and y- direction. 
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evaporating meniscus in nanochannels. A schematic description of self- 
regulation of evaporating meniscus for wetting cases is shown in Fig. 3. 
When the interfacial pressure difference is relatively small, the meniscus 
is pinned (Region I) to the tip of the nanochannel. This is also called as 
the pinned regime in experimental studies [15,16]. Upon increasing the 
energy input rate, the radius of curvature (ROC) in the evaporator zone 
starts to decrease, and the meniscus shifts from the pinned region to the 
receding regime (Region II) in order to compensate for the pressure drop 
inside the nanochannel [15]. ROC stays nearly the same in the receding 
regime, whereas the meniscus adjusts its axial position and recedes 
further into the channel upon increasing the energy rate. Region III in
dicates the superheated absorbed layer regime where the evaporating 
meniscus passes the heating zone. Therefore, heat transfer in this regime 
occurs between the heated Pt walls and the adsorbed layer. This evap
orating meniscus description is mostly valid for highly wetting cases, in 
which, the adsorbed layer formation is evident under the receding 
regime. For low wall-fluid interaction potentials, the adsorbed layer may 
not form at all, and the system may quickly switch from the pinned 
regime to complete dry-out once the heating rate is increased beyond a 
certain level. 

Fig. 4 presents comparisons of evaporating meniscus profiles for 
three different wetting cases obtained at three different heating/cooling 
(H/C) rates. The first, second and third rows in the figure present the 
evaporating meniscus profiles for the εAr−Pt, 3εAr−Pt, and 5εAr−Pt cases, 
respectively. The effect of H/C is presented while applying 5 nW, 8 nW 
and 10 nW for each case. The evaporating meniscus profiles are in the 
pinned region for all wetting cases at 5 nW H/C. Increasing the H/C to 8 
nW, the higher wettability cases (3εAr−Pt, and 5εAr−Pt) present different 
evaporating meniscus regimes than the εAr−Pt case, where the evapo
rating meniscus shifts from pinned to the receding regime, displaying 
adsorbed layer formation. Further increasing the H/C to 10 nW, the 
meniscus recedes more into the channel and adsorbed layer elongates as 
shown in the right panel. The 5εAr−Pt cases produce a thicker adsorbed 
layer, which prolongs the transition from pinned to the receding regime 
compared to the 3εAr−Pt case. Whereas the εAr−Pt case has weaker po
tential energy near the wall and adsorbed layer is not formed in the 
simulations as seen in the top row of the figure. Column-based com
parison of the receding meniscus position in Fig. 4 show non-monotonic 
relationship of wall-fluid interaction strength. In order to investigate 
this, the kinetic and potential energies of the evaporator section and y-y 
plane (channel middle) are investigated next. 

Fig. 5a presents the kinetic and potential energy distributions inside 

the evaporator region shown with a gray box in the right panel of Fig. 4. 
Since the kinetic energy is a function of the local temperature of argon 
molecules, the kinetic energy values are nearly constant and has a 
positive value. On the other hand, energy-well induced by the LJ in
teractions lead to attractive (negative) potential energy. Higher wall- 
fluid interaction strength creates higher potential energy near the wall 
resulting in a thicker adsorbed layer, and therefore, smaller ROC as 
shown in Fig. 4. The potential energy profiles obtained in the y-y axis (at 
channel middle) are shown in Fig. 5b. Unlike the 3εAr−Pt and 5εAr−Pt 
cases, the εAr−Pt case does not exhibit a potential energy peak near the 
wall. The potential energy peaks near the walls are larger inside the 
channel than the evaporator regions, since the fluid molecules in the 
channel are surrounded by walls and high-density liquid molecules. 
However, fluid molecules in the evaporator region neighbors the walls, 
and Ar molecules in the adsorbed layer and vapor regions of the domain. 
Based on our definition of the interface at the location where the KE of 
molecules first exceeded the magnitude of the local PE, the exact loca
tions of the interface for different wetting cases in Fig. 4 right panel can 
be associated with the results shown in Fig. 5a. In the middle of the 
channel, the local KE of Ar molecules are always smaller than the local 
PE magnitude. Therefore, the local KE distribution is not shown in 
Fig. 5b. 

Fig. 6 shows the evaporating meniscus profiles for 5εAr−Pt case at 
different H/C rates. The interfaces in the condenser region remain flat, 
and are not shown in the figures. Initially, the meniscus is pinned to the 
channel tip at 5 nW. With increasing the supplied energy rate, the liquid- 
vapor interface moves into the channel (receding regime II), revealing 
the adsorbed layer. The adsorbed layer has a thickness of nearly 3σAr at 
this fluid-wall interaction potential. For the 7, 9 and 10 nW cases the 
meniscus is within the evaporator region of the simulation domain. 
Therefore, the added energy heats both the meniscus and adsorbed layer 
regions of the fluid at these H/C rates. As stated earlier in Section 2, 
walls in the middle section of the channel are thermally frozen so that 
axial conduction through the Pt walls is eliminated. This was done on 
purpose to ensure that all added heat would transfer through Ar and 
eventually be removed by the condenser region on the walls. Otherwise, 
the axial conduction through the channel would be the most dominant 
heat transfer mechanism in the simulations. For H/C rates larger than 10 
nW the meniscus region moves towards the channel middle, resulting in 
heat transfer between the Pt walls and thin adsorbed layer (region III in 
Fig. 3). The thickness of the adsorbed layer continuously decreases with 
the increased energy rate. MD simulations after 14 nW failed due to dry- 
out of nanochannel, where the evaporating meniscus receded nearly to 
the middle of the channel. 

Evaporator temperature (Tev), condenser temperature (Tcon), vapor 
temperature (Tv) and the thermal resistance of the evaporator region 
(Rth) are given in Table 1. The thermal resistance of the evaporator re
gion is expressed as; 

Rth =
Tv − Tev

Ėin  

where Ėin is the supplied energy rate. The vapor temperature is calcu
lated using 0.82 nm thick vertical slabs in the vapor region located on 
the left side of the evaporator region. The averaged thermal resistance 
values for εAr−Pt, 3εAr−Pt, and 5εAr−Pt cases are calculated as 3.47, 1.49, 
and 1.29 K/nW, respectively. Thermal resistance decreases with 
increased surface wettability due to better heat transfer between the 
solid and fluid molecules at the interface. For a given H/C in the system, 
lower evaporator and higher condenser temperatures are calculated for 
the 5εAr−Pt case. This shows that the higher wall-fluid interaction po
tential can supply higher superheat temperatures (Tev − Ts) that are as 
high as 93.92 K, delaying the dry-out of the device. On the other hand, 
the εAr−Pt case shows a slower transition from pinned (I) to the receding 
regime (II). Increasing heating further results in dry-out. Table 1 iden
tifies regimes II and III with light and darker filled boxes, respectively. In 

Fig. 3. Schematics of the pinned (I), receding (II) and superheated adsorbed 
layer (III) evaporating meniscus profiles in nanoconfinements. Red arrows 
indicate the evaporator zone. Initially, the meniscus is pinned at the tip of the 
nanochannel. Increasing the energy rate, the meniscus starts to recede into the 
channel (II) revealing the adsorbed layer. In this region, heat is transferred from 
walls to both adsorbed layer and meniscus, whereas in the superheated 
adsorbed layer region (III) heat transfers mainly onto the adsorbed layer. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
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regime III the evaporator temperature increases faster than the vapor 
temperature, leading to a higher evaporator thermal resistance for all 
cases. 

Fig. 7a presents the channel mass flow rate for all cases as a function 
of the supplied energy rate. The channel mass flow rate is calculated 
using the axial fluid velocity and density at the y-y axis (middle of the 
channel). Hollow symbols in the figure show the pinned regime, while 
the solid symbols show regimes II and III. Mass flowrate for the εAr−Pt 
case is larger than the other two cases, and it increases nearly linearly 
with the supplied energy. However, this system transitions from the 
pinned regime to regimes II and III very quickly and results in dry-out 
beyond 11 nW. In the receding regime, the variation of the mass flow 
rate is slightly affected by the energy addition rate. Capillary pumping 
decreases in this regime, and the adsorbed layer transport increases. 
Contrary to the previously published MD studies on thin-film evapora
tion, higher wettability cases create a thicker adsorbed layer with 

reduced capillary pumping that results in a lower mass flow rate in the 
nanochannel. A closer look at the adsorbed layer profiles using 5εAr−Pt in 
Fig. 6b, the ratio of the adsorbed layer thickness to a channel height is 
45% and 25% at 10 nW and 14 nW H/C, respectively. 

Fig. 7b presents the total and adsorbed layer mass flowrates for the 
5εAr−Pt case for H/C values in 10 nW to 14 nW range. The adsorbed layer 
mass flow rate is calculated using the local fluid velocity and density via 
a control volume analysis, as described in detail in [23]. The evaporating 
meniscus is in the receding regime and mass flow rate of the channel 
decreases with increasing the energy rate. When the evaporating 
meniscus further recedes into the channel, the transmission probability 
of Ar vapor from the interface to the channel outlet decreases. This leads 
to a decrease in the capillary transport. Moreover, the contribution of 
the mass transport through adsorbed layers is increasing with the 
increased energy rate. The reason for this is the transition between the 
receding regime (II) to the superheated adsorbed layer regime (III). 

Fig. 4. Evaporating meniscus profiles as a function of the heating rate and wall-fluid interaction potential. The meniscus profiles are pinned for the εAr−Pt case and 5 
nW heating case (first row and first column, respectively). Increasing the wall-fluid interaction potential increases the adsorbed layer thickness, resulting in a smaller 
evaporation area and thus smaller ROC. Left sides of the vertical lines show the evaporator zones in the Pt walls. 

Fig. 5. (a) Kinetic (dashed lines) and potential energy (solid lines) distributions in the evaporator region. (b) Potential energy distributions along y-y axis at channel 
middle. Increasing the wall-fluid interaction potential results in a greater potential field near the wall. The wall effects diminish typically 3σAr away from the wall 
resulting in flat potential energy profiles at the channel middle. Typical molecular sizes are also shown in the right figure to indicate the scale. 
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Fig. 6. The liquid-vapor interface at the evaporator section for the 5εAr−Pt case at various supplied energy rates. Transition from the pinned to receding to su
perheated adsorbed layer regimes is presented. 

Table 1 
The vapor, evaporator and condenser temperatures, and evaporator thermal resistance as a function of the applied H/C rate for 
the εAr−Pt, 3εAr−Pt and 5εAr−Pt cases. The white, gray and black boxes indicate the interfaces in the pinned (I), receding (II), and 
superheated adsorbed layer (III) regimes, respectively. Further increasing of H/C beyond region III results in dry-out. 
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Primarily in regime III, the meniscus moves closer to the channel middle 
and more than 80% of the mass transport is due to evaporation from the 
adsorbed layer, which is a unique aspect of thin-film evaporation from 
nanochannels. 

4. Conclusions 

MD simulations are performed to explore self-regulation of the 
evaporating meniscus under different wall fluid interaction potentials 
using various heating/cooling (H/C) rates. We found that the evapo
rating meniscus shape highly depends on the wall-fluid interaction 
parameter. The adsorbed layer formation becomes evident when the 
meniscus recedes into the channel, especially for wetting fluids. 
Adsorbed layer reduces the thermal resistance in the evaporator, 
providing a higher critical heat flux. Evaporation rate is calculated by 
evaluating the mass flow rate through the channel. Higher wettability 
cases create a thicker adsorbed layer followed by reduced capillary 
pumping and lower mass flow rates. The evaporating meniscus profiles 
for the 5εAr−Pt case are investigated and the transition from pinned to the 
superheated adsorbed regime is displayed in detail. The channel mass 
flow rate and mass transport through the adsorbed layer is presented in 
the superheated adsorbed layer regime. While evaporation from the 
adsorbed layer is neglected in macroscopic studies, the adsorbed layer 
transport can contribute up to 80% of the total evaporating mass in 
nanoscale systems. The results of this study provide significant insights 
for self-regulation of the shape and position of the evaporating meniscus 
in response to various operating conditions in nanochannels and 
emphasize the importance of adsorbed layer transport in ultra-small 
confinements. 
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