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Contact angle is an essential parameter to characterize substrate wettability. The measurement of contact angle in
experiment and simulation is a complex and time-consuming task. In this paper, an improved method of measuring contact
angle in multiphase lattice Boltzmann simulations is proposed, which can accurately obtain the real-time contact angle at a
low temperature and larger density ratio. The three-phase contact point is determined by an extrapolation, and its position
is not affected by the local deformation of flow field in the three-phase contact region. A series of simulations confirms
that the present method has high accuracy and gird-independence. The contact angle keeps an excellent linear relationship
with the chemical potential of the surface, so that it is very convenient to specify the wettability of a surface. The real-time
contact angle measurement enables us to obtain the dynamic contact angle hysteresis on chemically heterogeneous surface,
while the mechanical analyses can be effectively implemented at the moving contact line.
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1. Introduction

Contact angle usually assesses the wettability of a solid
surface.[1] The contact angle measurement is of utmost im-
portance in many studies that are influenced by the surface
properties. Measurement methods have different applications
in experiment[2–18] and simulation,[19–28] such as contact line
moving,[2] wetting behaviors,[3] capillary phenomena[4] or
diffuse-interface simulations.[22–26]

There are three kinds of methods to measure contact an-
gles in experiment: the sessile drop, the Wilhelmy balance,
and the Washburn capillary rise methods.[5] The initial mea-
surement is the sessile drop method, which is a direct mea-
surement method. This method measures the contact angle
by capturing cross-section of the sessile droplet on the sub-
strate with a high-resolution camera.[6] Extrand and Kumagai
studied contact angle hysteresis on different surface materi-
als by the inclined plate method that is a variant of the ses-
sile drop method.[7] Wilhelmy proposed a new indirect mea-
surement method.[8] In this method, thin sheet of metal coated
with the sample is immersed in the liquid, and its weight and
perimeter of infiltration are calculated to measure the contact
angle indirectly.[8] The method can be used to measure the
contact angle hysteresis by immersing or pulling the thin sheet
from the liquid in uniform velocity.[9] The Wilhelmy balance
method is accurate and objective, contrasting with the sessile
drop method. In the Washburn capillary rise method,[10] con-
tact angle can be also calculated by measuring the height at

which the liquid rises in a capillary that is filled with sample
powder. However, the experimental measurements are usually
complex and time-consuming.[11–18]

Numerical simulation has become an effective tool to in-
vestigate wetting phenomena, as it has a low cost and can cap-
ture more details.[19,20] In the early stage, some scholars used
a goniometer to measure contact angle on the images that were
generated from the simulation data.[21] The image needs to be
derived for each measurement and cannot be carried out on
site, so the scheme is rough and time-consuming. For diffuse-
interface simulations, Ding and Spelt[22] proposed a geomet-
ric formulation of wetting condition to measure contact an-
gle. Lee and Kim[23] used a characteristic interpolation to im-
prove accuracy and stability on this basis. Huang et al.[24] and
Chen et al.[25] proposed an approximation for contact angle in
the pseudopotential model, which achieves the field adjustable
contact angle of nonlinearity and is verified by the spherical
cap method. The spherical cap method is usually adopted to
verify adjustable contact angle in the diffuse-interface simu-
lations, and this method calculates the contact angle by us-
ing the bottom width and height of the droplet if it is small
enough or the gravity is ignored. However, the gravity cannot
be ignored in many cases. Wen et al.[26] proposed a geometry-
based scheme to measure the contact angle at real-time, and
the contact angle can be linearly adjusted by the chemical
potential of the surface in the chemical-potential multiphase
model. When the density ratio of gas phase to liquid phase in-
creases, the accuracy of this scheme can be susceptible to the
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interference of boundary conditions. In this work, we further
improve the scheme to accurately obtain the contact angles at
lower temperatures and larger density ratios.

The remainder of the paper is organized as follows. In
Section 2, the chemical-potential multiphase lattice Boltz-
mann model is introduced. In Section 3, the improved scheme
of contact angle measurement is described. In Section 4,
the measurement accuracy and grid-independence are verified,
and then the present scheme is used to capture the dynamical
contact angle hysteresis and implement the mechanical anal-
ysis at the contact line. Finally, some conclusions are drawn
from the present studies in Section 5.

2. Multiphase lattice Boltzmann method
One of the important applications for the lattice Boltz-

mann method is to simulate multiphase flow phenomena. With
the discrete space, time and velocity, the multiple-relaxation-
time lattice Boltzmann equation can be expressed as[29,30]

fi(x+𝑒iδ t, t +δ t)− fi(x, t)

= −𝑀−1 ·𝑆 · [𝑚−𝑚(eq)]+Fi, (1)

where fi(x, t) is the particle distribution function at time
t and lattice site x, 𝑒i is the discrete velocity vector
and i = 0, . . . ,N. For the D2Q9 model, they are 𝑒 =

[(0,0),(1,0),(0,1),(−1,0),(0,−1),(1,1),(−1,1),(−1,−1),
(1,−1)]. Fi is the body force term, 𝑚 and 𝑚(eq) are
the velocity moments of distribution functions and their
equilibria respectively, 𝑀 is a matrix that linearly trans-
forms the distribution function into the velocity moment,
𝑚 = 𝑀 ·𝑓 , where 𝑓 = ( f0, f1, . . . , f8) for the D2Q9 model,
and 𝑆 = diag

(
0,se,sε ,0,sq,0,sq,sv,sv

)
is a diagonal matrix

of relaxation times. In this study, the relaxation times are
assigned by se = 1.64, sε = 1.54, sq = 1.9, sv = 1/τ .[29,31]

Since the Boltzmann equation assumes no correlation be-
tween particles prior to the collisions, the equation neither in-
cludes the nonideal effect nor describes the phase transition.
The nonideal effect can be evaluated from the free energy prin-
ciple. Following the classical capillarity theory of van der
Waals, the free-energy functional within a gradient-squared
approximation can be represented as

Ψ =
∫ [

ψ(ρ)+
κ

2
|∇ρ|2

]
dx, (2)

where the first term on the right-hand side is the bulk free-
energy density with the density ρ , and the second term de-
scribes the contribution from density gradients in an inhomo-
geneous system, and κ is the surface tension coefficient. The
general equation of state (EOS) and chemical potential are de-
fined by the free energy density,

p0 = ρψ
′(ρ)−ψ(ρ), (3)

µ = ψ
′(ρ)−κ∇

2
ρ, (4)

respectively. The nonideal force can be evaluated from the
chemical potential

𝐹 =−ρ∇µ + c2
s ∇ρ. (5)

The phase transition induced by the nonideal force theoret-
ically satisfies the thermodynamic consistency and Galilean
invariance, which have been confirmed by numerical simula-
tions of static and dynamic fluids.[32]

Solving Eq. (3), we can obtain the general solution of the
bulk free energy density. The famous Peng–Robinson (PR)
EOS is used to model the multiphase system

p0 =
ρRT

1−bρ
− aα(T )ρ2

1+2bρ−b2ρ2 . (6)

Substituting Eq. (6) into Eq. (3) and associating Eq. (4), the
chemical potential of PR EOS is obtained to be[32]

µ
PR = RT ln

ρ

1−bρ
− aα(T )

2
√

2b
ln

√
2−1+bρ√
2+1−bρ

+
RT

1−bρ
− aα(T )ρ

1+2bρ−b2ρ2 −κ∇
2
ρ, (7)

where the universal gas constant R = 1, the attraction pa-
rameter and volume correction are a = 2/49 and b =

2/21 respectively, and the temperature function is α(T ) =[
1+
(
0.37464+1.54226ω−0.26992ω2

)(
1−
√

T/Tc

)]2
,

where acentric factor ω is 0.344 for water. To relate numerical
results to actual physical properties, we define the reduced
variables Tr = T/Tc and ρr = ρ/ρc, in which Tc is the criti-
cal temperature and ρc is the critical density. To improve the
accuracy of the liquid–gas transition region, we use a suitable
equation δ x̂ = kδx, which establishes the connection between
the lattice step δx of the momentum space and the mesh step
δ x̂ of the computational mesh. The calculating results in the
momentum space are translated into the mesh space by an
optional proportional coefficient k. The chemical potential in
the original Eq. (4) is rewritten as[33]

µ̂ = k2
ψ
′(ρ)− κ̂ ∇̂

2
ρ, (8)

where κ̂ is the surface tension coefficient in mesh space. In
this way, the original steep liquid–gas transition region will
become gentler and get more details when the proportional
coefficient is less than 1. The gentle transition region facil-
itates searching for the droplet interface with the geometry-
based mesoscopic scheme and improves the accuracy of con-
tact angle measurement.

The exact difference method proposed by Kupershtokh et
al.[34] was used to incorporate the nonideal force incorporated
into lattice Boltzmann equation as an external force, which is
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simply equal to the difference between the equilibrium distri-
bution functions before and after the nonideal force acting on
the fluid during a time step

Fi = f (eq)
i (ρ,𝑢+δ𝑢)− f (eq)

i (ρ,𝑢), (9)

where δu = δ t𝐹 /ρ . The macroscopic fluid velocity is rede-
fined as the average momentum before and after the collision
𝑣 = 𝑢+δ t𝐹 /(2ρ).

3. Mesoscopic contact angle measurement
3.1. Chemical-potential boundary condition

In our simulations, the periodic boundary condition is
used in the horizontal direction and the halfway bounce-back
scheme is employed at the bottom boundary and top bound-
ary. The surface wettability is adjusted by chemical poten-
tial, which is an essential parameter coupled to the density
gradient. We further used the five-point central difference
method[33,35] with fourth order accuracy to calculate the gra-
dients, which involves 5 lattice nodes,

u′i =
4
3

ui+1−ui−1

2h
− 1

3
ui+2−ui−2

4h
, (10)

where ui represents the density or chemical potential on the
lattice node xi, h is a lattice unit. Compared with the origi-
nal three-point central difference method, the five-point cen-
tral difference method is beneficial for calculating the density
gradient. However, the five-point central difference method
requires more neighboring nodes, which means that the sub-
strate’s chemical potential boundary condition needs two rows
of solid nodes. The purple area represented the solid nodes
(y = 0 and y = 1) in Fig. 1, their densities are calculated by
neighboring nodes from the following equation:

ρ (xs) =
∑ωiρ (xs +𝑒iδt)sw

∑ωisw
, (11)

where ωi is the weight of the corresponding direction in D2Q9
model, xs+𝑒iδt represents the adjoining nodes and sw denotes
a switching function. For the first layer of solid nodes (y = 1),
if xs +𝑒iδt is a fluid node, sw = 1; otherwise, sw = 0. For the
second layer of solid nodes (y = 0), if xs +𝑒iδt is the node ap-
pearing on the first layer, sw = 1; otherwise, sw = 0. On the
other hand, the chemical-potential gradient reflects the inter-
action between the fluid and the wetting surface. The present
model directly assigns a specific chemical potential to the solid
nodes (y = 0 and y = 1). In this way, the five-point central dif-
ference method can be used to calculate the density gradient
and the chemical-potential gradient.

3.2. Improved contact angle measurement

There are two problems to be solved in accurately calcu-
lating the contact angle. One is to find out the liquid–gas inter-
face located exactly, and the other is to search for the location

of the three-phase contact point. The liquid–gas interface is
defined by the contour line where the density is equal to the
mean density of the gas phase and liquid phase. This interface
divides the liquid node and gas node in the transition region of
the droplet. The liquid–gas transition region becomes gentler
due to Eq. (8), the position of the droplet interface is easily
obtained by the linear interpolation[26]

𝑥= 𝑥g +
ρm−ρ(𝑥g)

ρ(𝑥l)−ρ(𝑥g)
𝑒, (12)

where 𝑥l and 𝑥g represent the liquid and gas node of liquid–
gas link respectively; ρm is the average of the gas density and
liquid density; 𝑒 describes the direction from gas to liquid.
The original measurement method seeks the three-phase con-
tact point (black spot “a” in Fig. 1) on the first layer of fluid
node (y = 2) by Eq. (12) as well as the interface of the droplet
on the second layer of fluid node (y = 3). The contact an-
gle can be determined by the line connecting these two points
and the horizontal positive direction.[26] However, the density
distribution of the first layer of fluid node (y = 2) adjacent to
the substrate will tend toward the droplet center due to the in-
fluence of boundary condition. It leads the accuracy of the
contact angle measurement to decrease.
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Fig. 1. Schematic diagram of three-phase region of droplet in substrate.
Rainbow area is transition region of droplet, and black points are liquid–gas
interface of the droplet. Black spot “a” represents three-phase contact point
in previous method.[26] Two blue circles are intersections of liquid–gas in-
terface and lattice lines. Red line passing through two blue circles intersects
substrate at red spot “b”, which is three-phase point in the present method.

In the present method, the interface of the droplet is still
found by Eq. (12). We choose another two layers of fluid
nodes (y = 3 and y = 4) for seeking the interface of the droplet
(two blue circles in Fig. 1). These two layers of fluid nodes
has a stable value due to the distance from the solid border.
The three-phase contact point (red spot “b” in Fig. 1) is deter-
mined by linear extrapolation from these two blue circles. In
this way, the extrapolated three-phase contact point will also
have a stable value and not be affected by the boundary condi-
tion. It overcomes the deficiencies of the original method and
further improves the accuracy of contact angle measurement.
The contact angle is determined by the red line in Fig. 1 and
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horizontal positive direction. The following simulation shows
that the present method is more accurate and effective.

4. Simulation and discussion
A series of simulations is performed to verify the effec-

tiveness of the improved contact angle measurement. Con-
trasting with the spherical cap method, the measurement ac-
curacy of the droplet’s contact angle on a horizontal surface is
evaluated in an environment without gravity. Then, the grid
independence of the present scheme is verified by changing
drop sizes on different wetting surfaces. The dynamical con-
tact angle hysteresis is captured to verify the real-time of the
present scheme. Finally, because the microscopic contact an-
gle reflects the mechanical equilibrium in the three-phase con-
tact region, the present scheme is used to achieve mechanical
analysis.

4.1. Verification of the measuring accuracy

In this subsection, droplets on a horizontal surface with
a specific chemical potential are simulated, and the relations
between contact angle of the droplet and chemical potential
at multiple temperatures are analyzed. The computational do-
main is a rectangle with the length Dx = 2000 lattice units and
the width Dy = 500 lattice units. The density of the flow field
is initialized as follows:[36]

ρ(x,y) =
ρg +ρl

2
+

ρg−ρl

2
tanh

[
2(r− r0)

W

]
, (13)

where ρg and ρl are the gas and liquid coexistence densities
obtained using Maxwell’s equal area method,[37] and the ini-
tial interface width is W = 10. The initial radius of droplet
is r0 = 60 lattice units and r =

√
(x− x0)2 +(y− y0)2, where

x0 = Dx/2 and y0 = r0 + 2. Without gravity, the shape of
the droplet on a horizontal surface is a spherical cap, and the
contact angle is conveniently calculated by the droplet base
L and height H. The radius of the droplet is calculated from
R0 = (4H2 +L2)/8H and then the spherical cap method eval-
uates the contact angle from the formula tanθ = L/2(R0−H).

Figure 2 shows the variations of contact angle with chem-
ical potential, which are measured at temperature Tr = 0.7
from hydrophilic surface to hydrophobic surface. Here a pro-
portional coefficient k is 0.2 for the present method, while a
proportional coefficient is not taken into consideration in the
original method, specifically, k is set to 1. Thus, the liquid–gas
transition region becomes gentler, the chemical potential for
the same contact angle changes in the present model contrast-
ing with the original model.[26] In Fig. 2, the upper axis and
bottom axis represent the range of chemical potential for the
original model and the present model, respectively. The results
of the original mesoscopic measurement and spherical cap
method are linearly related in general (see pink line and green

line in Fig. 2). However, the contact angles that measured by
these two methods are obviously bent when the droplet is lo-
cated on the hydrophilic surface and superhydrophobic sur-
face, which indicates that these two methods have limitations
and deficiencies. In contrast, the contact angle that is mea-
sured by the improved scheme has a better linear relationship
when it is less than 60◦ or larger than 165◦. Meanwhile, we
use the relative L2-norm[38] to analyze the available results and
verify the relative error of the two mesoscopic measurement
methods. At the temperature Tr = 0.7, the error of the origi-
nal method is 0.0359, and the error of the improved method
is 0.0121. This demonstrates that the present scheme is more
accurate than the original one.
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Fig. 2. Relationship between the contact angle and the chemical potential
of substrate. Top axis is the chemical potential range of original method.[26]

Temperature is Tr = 0.7 and proportional coefficient is k = 0.2.
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Fig. 3. Relationship between chemical potential of substrate and contact an-
gle at (a) Tr = 0.6, with density ratio being about 850, and (b) Tr = 0.5, with
density ratio being about 3200. Red line denotes result of black points linear
fitting. Proportional coefficient is k = 0.1.
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The present scheme can also obtain accurate contact an-
gles at lower temperatures and larger density ratios. Figure 3
shows that the contact angle and chemical potential still have a
nice linear relationship at Tr = 0.6 and Tr = 0.5. The liquid–gas
phase density ratio is larger than 1000 in the natural environ-
ment. The liquid–gas phase density ratio in Fig. 3(b) is more
than 3000, so the present scheme can measure the contact an-
gle under larger density ratios. The nice linear relationship
means that the method can adjust the surface wettability con-
veniently according to actual requirements.

4.2. Verification of grid independence

Verification of the grid independence is crucial in the re-
sults of numerical simulations. The contact angles of a series
of droplets whose radii vary between 50 and 300 lattice units
on five different wettability substrates are measured. As shown
in Fig. 4, the contact angle measured by the present method is
almost constant even though the radius of droplet keeps grad-
ually increasing under the same chemical potential, which is
consistent with the previous result.[26] We further analyze the
results quantitatively, and the variance is about 0.2167. The
results demonstrate that the present method is stable and grid-
independent.
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Fig. 4. Verification of contact angle independent of radius on wetting sub-
strates, with proportional coefficient k = 0.2 and temperature Tr = 0.6.

4.3. Dynamic contact angle hysteresis

The roughness and chemical heterogeneity of the solid
surface unavoidably lead to contact angle hysteresis.[39,40] In
this subsection, we simulate a droplet on an inclined plate with
alternant hydrophobic patterns and hydrophilic patterns to ex-
hibit contact angle hysteresis. The contact angles on both sides
of the droplet are asymmetric due to the effects of gravity and
the slope angle of the plate. When the droplet slides along the
inclined plate, the contact angle on one side that the contact
line retracts to the inside of the droplet is called the reced-
ing angle θR, and another side is the advancing angle θA. As
the slope angle of the plate gradually increases, the advancing
angle grows and the receding angle decreases. It leads the ad-
vancing angle or receding angle to leave the initial position if

the droplet is unstable. The simulations are applied to a chem-
ically heterogeneous surface with a slope angle of 15◦, whose
hydrophilic region and hydrophobic region have the contact
angles 60◦ and 120◦, respectively. The initial droplet radius is
r0 = 60 lattice units and its macroscopic diameter is 0.06 cm.
The droplet macroscopic density is 1 g/cm3 and the gravita-
tional acceleration is |G|= 980 cm/s2.

Figure 5(a) shows the variations of contact angle hystere-
sis during the stick-slip motion of the droplet. It can be clearly
seen that the contact angle hysteresis changes periodically be-
tween 0◦ and 60◦. The reason for these variations is that ad-
vancing angle and receding angle have a time-phase difference
when the droplet moves. In the droplet stick-slip motion pe-
riod, the advancing angle θA appears as a trough, and the re-
ceding angle θR appears as a peak when corresponding three-
phase contact line crosses the hydrophilic–hydrophobic junc-
tion. Meanwhile, the position of the three-phase contact line
matches the position of the peak and trough well, which are
shown by the orange line of Fig. 5(b) and the green line of
Fig. 5(c). The improved scheme can also real-time measure
the contact angle hysteresis from the simulation results.
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Fig. 5. Stick-slip motion of droplet on surface of alternant hydrophobic
pattern and hydrophilic pattern, showing time-dependent (a) contact angle
hysteresis, (b) advancing contact angle and its position, and (c) receding
contact angle and its position.

4.4. Mechanical analysis on moving contact line

Mechanical analysis is an essential part of simulating the
state of a droplet on an inclined substrate.[41] The deforma-
tion of the droplet in the three-phase contact region leads to
the unbalanced Young’s force, which (per unit length) can be
expressed as[42,43]

Fu = γ
(
cosθ − cosθeq

)
, (14)

where γ represents the liquid–gas surface tension, and θ is the
dynamic contact angle. In the case where the liquid–gas tran-
sition region is located on a homogeneous surface, θeq is the
static contact angle of surface. If the liquid–gas transition re-
gion is located at the junction of the hydrophobic-hydrophilic
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stripes, the equilibrium contact angle is evaluated from the
modified Cassie–Baxter equation[43]

cosθeq = rϕd cosθs1 +(1−ϕd)cosθs2, (15)

where θs1 and θs2 are the static contact angles correspond-
ing to the two homogeneous regions, respectively. r refers
to the roughness of the wetting surface (r = 1 for a smooth
surface). In the context of two-dimensional diffuse interface
model,[44] the width of the liquid–gas transition region can be
described by the total length of the isodensity lines. Therefore,
ϕd (1−ϕd) refers to the ratio of the length of the isodensity
line on the surfaces with contact angles of θs1 (θs2) to the total
length of the isodensity lines.
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Fig. 6. Time-dependent unbalanced Young’s force in advancing angle re-
gion, with purple line representing hydrophobic region, green line denoting
hydrophilic region, and panels (a)–(d) showing contact line of the advancing
angle region located at different positions.

In our simulation, mechanical analysis is conducted with
the contact angle hysteresis at the same time. Therefore,
the initialization parameters are the same as those in Subsec-
tion 4.3. Figure 6 shows the variation of unbalanced Young’s
force in the advancing angle region during the stick-slip mo-
tion of the droplet. When the three-phase contact line is lo-
cated on a hydrophobic surface (see Fig. 6(a)), the unbalanced
Young’s force FA in the advancing angle region gradually ap-
proaches to zero because the front part of the droplet turns
back into shape after a sharp fluctuation, and fluctuates around
zero. The advancing angle is affected by the depinning of the
receding angle at this time, figure 6 shows that the FA has
a small peak at about 0.05 s, which also has a similar phe-
nomenon to the counterpart in Fig. 5(b). Then, the contact line
moves on the junction of the hydrophobic–hydrophilic regions
(see Fig. 6(b)), which results in the deformation of three-phase
contact region and the change of dynamic contact angle. Thus,
FA increases sharply in a short time. When the contact line
continues to move to the hydrophilic surface (see Fig. 6(c)), FA

gradually decreases with the dynamic contact angle falling off.
It is worth noting that the unbalanced Young’s force exhibits a
negative peak between spot “c” and “d” in Fig. 6 because the
contact line experiences resistance from the hydrophobic sub-
strate. The FA goes in the opposite direction and the value is

negative when the dynamic contact angle is less than the equi-
librium contact angle in the advancing region of the droplet.
Finally, the droplet enters into the next period when the con-
tact line crosses the junction of the hydrophobic-hydrophilic
regions (see Fig. 6(d)).

The variation of unbalanced Young’s force FR in the re-
ceding angle region is shown in Fig. 7, and its overall trend is
similar to the counterpart in Fig. 6. When the receding angle
region is located on a hydrophilic surface (see Fig. 7(a)), the
contact line moves slowly and uniformly because the droplet
gravity component and substrate resistance maintain the equi-
librium of local force . The force FR can stay at zero for a long
time in this period. When the contact line crosses the junction
of the hydrophilic–hydrophobic region, a sharp increase in dy-
namic contact angle leads to a change of FR. The rear contact
line of the droplet slides quickly across the hydrophobic sur-
face and enters into the next hydrophilic surface. The time of
mechanics change matches the time at which the contact an-
gle hysteresis occurs well. It indicates that the present method
can measure dynamic contact angle and conduct the conduct
mechanical analysis in real time.
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Fig. 7. Time-dependent unbalanced Young’s force in receding angle region,
with purple line representing hydrophobic region, green line denoting hy-
drophilic region, and panels (a)–(d) showing contact line of receding angle
region located at different positions.

5. Conclusions

The contact angle is of great importance in simulating
multiphase flow. In this work, the original geometry meso-
scopic contact angle measurement is improved. The extrapola-
tion method that finds the three-phase contact point overcomes
the local deformation of the flow field in the three-phase con-
tact region and further improves the accuracy of contact an-
gle measurement. The results show that the method has good
linearity and versatility, and effectively improves its accuracy
. Verification of the grid-independence indicates that the im-
proved measurement method can be applied to most droplet
sizes. Since the present scheme is real-time, one can easily
capture the dynamical contact angle hysteresis when a droplet
moves on a chemically or physically heterogeneous surface.

054701-6
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Meanwhile, the microscopic contact angle reflects the me-
chanical equilibrium in the three-phase contact region, and the
mechanical analysis is performed when contact angle hystere-
sis occurs. This scheme is expected to be used to measure the
contact angle in complex multiphase flow field.
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