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Abstract

In the present paper, numerical sessile tests on chemically textured surfaces in 2D and 3D are
simulated. The Lattice Boltzmann method coupled with pseudo potential model is used for the
simulations. A modification of the fluid-solid potential is proposed using materials’ intrinsic
contact angle in order to control locally the wetting properties of a surface composed of
different materials. The effect of the wetting potential and the wetting properties of chemically
textured surfaces are discussed regarding to the simulations’ results and compared to some
common theoretical approaches of wetting on textured surfaces.
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Introduction

In the nature, surfaces have roughness and/or coating patterns at small scale (Barthlott et al.
2017). Among them, some have shown interesting wetting properties like self-cleaning property
for the lotus leaf (Zhang et al. 2016), drag reduction property for the shark skin (Zhang et al.
2011), optical functions (Niu et al. 2015), and so on. The development of surface texturing
process over the last years allows the manufacturing of infinity of textures inspired by natural
surfaces. As example, the reflectance principle of butterfly scales is copied to make a gas sensor
(Jiang et al. 2014). Biomimicking the lotus effect to remove dust on solar cell panel is proposed
in (Latthe et al. 2019). Being able to define precisely the behavior of a liquid in contact with a
textured surface has a wide range of applications: transportation, coating, textiles, medical field
and electronic devices (Bizi-Bandoki et al. 2011; Ge et al. 2014; Belaud et al. 2015; Mielczarek et
al. 2016; Vera et al. 2017; Shin et al. 2018).

The first work trying to explain the phenomenon of wetting and its physical origin was done by
Young in 1805 (Young 1805). He proposed to define wetting as the equilibrium of three
domains: liquid, gas and solid. This representation of wetting was proposed for perfectly
smooth and chemically homogeneous surfaces. He defines the term of contact angle (CA) which
is still used to define wetting property of a surface. Subsequently, authors try to handle
heterogeneities of surface. Wenzel (Wenzel 1936) proposed an upgrade of Young’s law for
rough surfaces and impregnated surface case. This case corresponds to a surface impregnated
by liquid and it is called “Wenzel state”. Cassie-Baxter (Cassie and Baxter 1944) proposed an
upgrade of Young approach for a surface composed of different materials, which correspond to
a chemical heterogeneous case. Cassie-Baxter extended this approach by replacing a material by
gas to represent rough surfaces with gas trapped under the droplet. This case is called “Fakir
state” or “Cassie state”.

Those previous classical models have been discussed and improved these last years. Some
experiments tend to show that the triple line, defined as the domain where liquid, gas and solid
meet, has a role on droplet’s spreading (Extrand 2003; Gao and McCarthy 2007). One common
point of those studies is the use of contact angle hysteresis instead of Young’s static contact
angle (de Gennes 1985). The hysteresis of contact angle (CAH) has different origins (Erbil 2006)
and it is a range of static angles for a motionless triple line. Texturing surfaces makes
heterogeneities and consequently changes surface’s CAH. The motion of the triple line has been
the subject of small-scale studies (Choi et al. 2009; Dubov et al. 2012) showing the strong
anisotropy of wetting on textured surfaces and exposing the difficulty to predict wetting
behavior on textured surfaces.

Actually sessile test is used to measure CA of a liquid static droplet on a surface. However,
manufactured textured surfaces can have patterns of 10 to 100um (Pionnier et al. 2018; Divin-
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Mariotti et al. 2019). At this scale, classical sessile test cannot measure exactly the position of
the triple line and the impregnation rate in porosities. Moreover, the sessile test provides a
static measurement so spreading rate can’t be measured. Thus, to avoid those experimental
limitations a numerical simulation tool has been developed. In addition to anticipating
spreading on a surface, simulating wetting can lead to a better understanding of spreading
mechanisms that are a source of disagreement in the literature (Erbil 2014). Various approaches
are proposed in literature and summarized in (Sui et al. 2014). Authors combine computational
fluid dynamics (CFD) and interface tracking method. Interface tracking methods allow the
capture of the position of the fluid-fluid interface during spreading process and provide CA
measurement (Sui et al. 2014). Fluid-fluid interface tracking methods are various. They can be
separated in two categories: sharp interface or continuous interfaces. Volume-of-fluid (VOF)
(Renardy et al. 2001; Zhang et al. 2017), level-set (LS) (Sussman et al. 1999; Spelt 2005;
Solomenko et al. 2017; Bruchon et al. 2018) and front-tracking (Unverdi and Tryggvason 1992)
are common sharp interface method. Diffuse interface (DI) (Cahn and Hilliard 1958; Yue and
Feng 2011) is a continuous interface method. Continuous interface method is interesting in
some cases because it is possible to simulate a multi-component or multi-phase system with a
transition of fluids properties.

The simulation method chosen for this article is lattice Boltzmann method (Benzi et al. 1992)
coupled with multi-component model (Shan and Chen 1994) because it allows to handle very
easily all forms of solids and fluid-solid interactions without significant impact on the
computation time. In addition, the computation time is low for this method because it can be
parallelized on GPU. Lattice Boltzmann Method has been used for wetting simulation (Huang et
al. 2007; Kubiak et al. 2011; Gong et al. 2017; Pravinraj and Patrikar 2017) and gives interesting
results for both chemically and topographical textured surfaces. In the present research work,
the simulation on chemically textured surface is tested and a fluid-solid potential computation is
proposed. Section 1 presents the numerical method and its application to wetting studies.
Section 2 exposes the results of validation tests. Section 3 and 4 present results for 2D and 3D
simulation on flat and chemically textured surfaces for various textured patterns and their
comparison with classical theoretical approaches to wetting on textured surfaces.
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1. Numerical Method

1.1 Lattice Boltzmann Method

The lattice Boltzmann method relies on Boltzmann equations at mesoscopic scale to define the
behavior of a fluid (Benzi et al. 1992). In a phase-space system composed of all possible
positions x and momenta v, the probability of particles distribution of a fluid is f. f corresponds
to the number of particles dN at a time t in a small element d3xd3v centered in (x,v). If a
system is composed of different components, there are N; and f; for each componenti. The
general equation which describes the evolution of f in the phase-space system is:

Of +v-Vif +a-Vof =Q(f,f) (1)

Where the term a corresponds to the acceleration of particles induced by external forces. The
term v -V, f leads to the particles transportation. Q(f, f) is the collision term explained
afterwards.

The collision term Q(f, f) represents the evolution of f over the phase-space system at each
step of time At. The main model used is Bhatnagar-Gross-Krook (BGK) approximation
(Bhatnagar et al. 1954) presented in (2) where the collision is driven by a non-equilibrium
function. This non-equilibrium function depends on a maxwellian equilibrium distribution
function called f,,, at a given point in space and at a given temperature, and it occurs at a rate

771 related to the viscosity of the fluid.

1
O, f) = — (feg = f) )

The function presented in Eq.1 is discretized in space and speed in a regular lattice. Resulting g,
the particle distribution function discretized in the regular lattice. The evolution of the discrete
distribution function of particle g in an element of space x for a discrete velocity e, in time t
following Boltzmann discrete equation is expressed in Eq.3 as:

1 e
Ja(Xx + e At t + At) = g, (x,t) — - (ga(x, t) — g (x, t)) + F(x,t) (3)

With F representing the external forces and 7 the relaxation time given by BGK collision
operator model (Bhatnagar et al. 1954). Referring to (Qian et al. 1992), the discrete scheme
used for 2D simulations is the so-called D2Q9 model, which means 2 dimensions and 9 discrete
velocities (Fig.1a). For the 3D simulations, the D3Q15 model is chosen (Wolf-Gladrow 2000),
which corresponds to 3 dimensions and 15 discrete velocities (Fig.1b).
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Figure 1: a) lattice scheme D2Q9, b) lattice Scheme D3Q15

For each element of space x the density p and macroscopic velocity u are determined for m the
number of discrete velocities:

PO = Y ga(x,0) @
1 m
u(x, t) 3 p(x, t) ;ga(x: t) T €q (5)

The equilibrium distribution function from the local Maxwellian equilibrium function at a time t
(Bhatnagar et al. 1954):

2 2
3e U +9(eau) _u > 6)

9%(x,t) = w, p(x,t) <1 +—

c2 2c 2c?

With ¢ the sound speed in lattice and w,, is the weight for a D2Q9 scheme (Qian et al. 1992):

(7)

And the discrete velocities for a D2Q9 scheme (Qian et al. 1992):

( 0,0), @ =0
4 c (cos (a—1) ] sin [(a -1) —]) a=1to4 (8)
L\/Ec (cos [(Za -9) Z],sin [(Za -9) ZD' a=5to8
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The lattice constant c is set as 1 such as ¢ = Ar _ Ly 1 (Krliger et al. 2017).

At At
1.2 Wetting simulation with Lattice Boltzmann Method
Wetting is the study of a liquid on a solid surrounded by gas (Fig.2) and can be modelled by a
three body system composed by two fluids and one solid. For each fluid composing the system,
a distribution function is needed. For the solid, a no-slip boundary condition has to be applied.

Figure 2: numerical system

To handle interactions at the interfaces, Eq.3 has to be adapted to wetting study. The external
force F(x,t) used in Eq.3 includes two forces, the fluid-fluid force F; 5z applied at the fluid-fluid
interface and the fluid-solid force F,45, applied at the fluid-solid interface. Because there are
two fluids, the liquid ¢ and the gas &, each fluid has its own external force (Sukop and Thorne
2010) respectively F;, which correspond to Eq.9, and F5.

Fo(x: t) = FO'B' + Fads,a (9)

To model the fluid-fluid interaction, the pseudo-potential model of Shan Chen (SC) (Shan and
Chen 1994) is chosen. Therefore, the first term in Eq.9 becomes Eq.10:

Frs(0) = ~Gostho (X)62 ) wath(x + e0)e (10)
a=1

With G, the coupling potential and 1, the effective mass (Chen et al. 2014) expressed as:

_Ps(®)
lpa(x) = p0,0’ (1 —e Poo > (11)
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The bulk density of the component o is pg . The original form of effective mass is limited to low
density ratio systems (up to 10) (Chen et al. 2014) so it cannot handle a density ratio of 1000 like
water-air system. In this case, the models proposed in (Bao and Schaefer 2013; Chen et al. 2014)
based on the equation of state of the system can be used.

Martys-Chen model (MC) (Martys and Chen 1996) is applied in order to control the fluid-solid
interaction. Consequently, the second term in Eq.9 becomes:

Fads,a(x) = _gads,alpa(x) z (‘)as(x + ea)ea (12)
a=1

The term guqss is the fluid-solid potential and s(x + e,) is a geometrical parameter which
returns O if the site x + e, is liquid and 1 if the site is solid. In addition, in order to get closer to a
more classical wetting approaches, Sukop et al. (Sukop and Thorne 2010) proposed to express
the interaction potential g,45 as a function of the wetting parameter 8, by the following
equation:

= %ﬁcose
gads,a - 2 e (13)

0, is the equilibrium contact angle for a perfectly smooth and chemically homogeneous surface
and it correspond to Young’s contact angle.

1.3 Wetting Potential

The expression (Eq.13) of the fluid-solid force works for homogeneous surfaces but it can not
handle a surface composed of two materials. For this case, there are two equilibrium contact
angles, one for each material composing the surface. A model combining Martys-Chen model
(Martys and Chen 1996) and Sukop et al. model (Sukop and Thorne 2010) and applicable to
chemically textured substrates was not found in the literature. The authors have decided to
modify MC model for the case of a substrate composed of different materials and to keep Eq.13
where the potential is function of the contact angle of the substrate.

Consequently, Eq.12 has to be expressed locally and thus take into account a surface with
different fluid-solid interactions due to different materials. We propose therefore another
expression of Eq.12 where the fluid-solid interaction potential is expressed locally:

m
Fagss () = —o(0) ) 0ol (x + e)eg
a=1

(14)

With A corresponding to the local fluid-solid interaction:
Ax +ey) = s(x +ey) Gaasoi (X + eq) (15)
7
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And

g —
Yads,oi = %Cosgint,i (16)

Thus, the potential g,4s 4 is function of the fluid-fluid potential g,z and the intrinsic contact
angle ;. ; of each material bordering a fluid element (Fig.3). The intrinsic contact angle is the
contact angle which describes the only static contact angle reached for a perfectly flat and
chemically homogeneous surface for a material (Extrand 2006). For example, if we use the D2Q9
scheme in Fig.3 the fluid-solid interaction force (Eq.14) becomes:

| Faas,c(xa) = Yo (X4) * Gaase * (w4 + w7€7 + wgeg)

Faas,o(xg) = ¥(xp) * [gads,a,l * (w4e4 + W7€7) + Jadsa2 * ((Uses)]

Fads,a(xc) = P(xc) * [gads,a,l * (wye;) + Yads,o2 * (weeq + wses)]
Faas,o(xp) = Y(Xp) * aas,2 * (wae4 + w767 + wgeg)

(17)

- s o N
< < <o [

~\ ~\ ~ -
L9 L L® o

Bint,1 Bint,2

Figure 3: lattice fluid node A has every solid neighbor of the specie 1, B and C nodes are transition
nodes, 0;y¢ 1 and 0, , are computed in g, 45 5; and node D is only specie 2 dependent.

1.3 Lattice Boltzmann algorithm

The system is known at a time t and its state at ¢t + At is computed. This computational stage is
performed by three successive steps. The first step computes physical quantities from the
entering distribution functions and the velocities in each element of the lattice. Thus, Eq.4-5,
Eq.10 and Eq.14-16 are computed, and correspond to the density, velocity and interaction
forces at the interfaces. Then the second step which is the collision step (Eq.3 right part)
consists of determining the new particle distribution in each element through the lattice. Finally
the third step is related to the transfer of particles to neighbor elements (Eq.3 left part). And it
is named the streaming step.

https://mc03.manuscriptcentral.com/ecmf
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v
Computation of physical
quantities
(density and velocities)

7N

Collision
Computation of new
particles distribution

Streaming
Transfert of particles Nt
following discrete velocities <| e |>

Figure 4: LBM algorithm scheme and the corresponding g, (red arrows) in the lattice.

Boundary conditions are applied between collision step and streaming step. The boundary
condition at wall is a no slip condition. The half-way bounce-back boundary condition scheme is
used. It consists of returning particle transferred into the wall in their opposite direction in a
single step of time (Fig.5) (Krliger et al. 2017).

t t+0.5At t+At

y i'/
< ® o &
‘;

by

) r

Streaming

Collision

Figure 5: Half-way Bounce Back scheme
This algorithm is parallelizable, which makes it possible to perform computations on a Graphical
Processing Unit (GPU). For this paper, the computations are performed on a NVIDA Quadro
P5000 graphic board. Thus, the average time for a 2D simulation is 1 min for the 15,000
iterations to reach steady state. This time can increase for textured surfaces where it can take
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up to 2 minutes to do 35,000 iterations before the final state. For 3D simulations, it takes
around 3 min to reach final state in 20,000 iterations.

2. Numerical Validation

2.1 Validation of fluid-fluid interface

To validate the fluid-fluid interaction model (Eq.10), 2D and 3D tests are computed. These tests
consist of verifying the geometrical convergence and volume conservation of a system at
equilibrium composed of the liquid and the gas which were initially out of equilibrium. The
equilibrium state of a liquid surrounded by gas is a spherical droplet (Laplace 1805) so that, to
realize the non-equilibrium initial state, the shape of the liquid is imposed: squared for 2D
simulation and cubic for 3D simulation. Then, LBM algorithm is computed up to the equilibrium
state and computations are performed with single precision for more efficient time saving
thanks to GPU parallelization.

Therefore, the numerical simulations carried out to model the validation test is in a lattice of
200*200 lattice unit (lu) in 2D and 200*200*200 [u in 3D. The liquid is initially a square with a
side size of 100 lu for 2D (Fig.6a) and is a cube with a side size of 100 lu (Fig.6c) for 3D. The final
state is presented in Fig.6b and in Fig.6d. In addition, the shape and the volume loss are
characterized in Fig.7.

a) 2D Intial state b) 2D Final state
200 200
150 - 150 1
E) 3
2100 A 2100 A
X X
© ©
> >
50 1 50 A
O T T T 0 T T T
0 50 100 150 200 0 50 100 150 200
x-axis (lu) x-axis (lu)
) 3D Initial state d) 3D Final state

Figure 6: 2D and 3D simulations of a droplet surrounded by gas

10
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The root mean square roundness deviation parameter presented in Eq.18 (AR,,,s) (1SO 12181-
1:2011) is used to quantify the circularity of the simulated droplet at equilibrium state.

1 2T
AR, s = o f AR? d6 (18)
0

With AR; the difference between the mean radius and the local radius: R,eqn — Riocai-

The measurements of AR, show that the circular shape of the final droplets in 2D and 3D is
achieved since AR,.,;,s = 0.08 for 2D simulation and AR,.,,,c = 0.02 for 3D simulation. Hence, for
both simulations, the loss of volume is lower than 5% (2% loss for 2D and 4% for 3D). To
conclude, the fluid-fluid interaction model can be validated for the two configurations of the
present study.

3D simulation of fluid-fluid interface

2D simulation of fluid-fluid interface sliced at x=100
200 200
== Static shape = Static state
175 4 *** Theoretical shape AR/ms: 0.08 175 4 *** Theoretical shape AR/ ms: 0.05
Evoi- 0.02 Evolt 0.04
150 1 150 1
—~ 125 —~ 125
= =
2 100 A L 100
X X
© ©
> 75 4 N 75
50 50
25 - 25 -
0 T T T 0 T T T
0 50 100 150 200 0 50 100 150 200
x-axis (lu) y-axis (lu)

Figure 7: Circularity and volume conservation in 2D and 3D simulation and comparison to
optimized shape (Laplace 1805).

2.2 Validation of fluid-solid interface

We now propose to validate the fluid-solid interaction model (Eq.14-16) by a numerical test of
the sessile test under Young’s law condition (Young 1805). The sessile test is commonly used for
determine the wetting properties of a surface. A liquid spherical droplet surrounded by gas is
dropped tangentially to the interface without initial speed. The final state of the simulation is
supposed to give the equilibrium contact angle of the surface.

For 2D test, the size of the lattice is 500*500 [u and the droplet has a radius of 100 lu. In 3D the
system has a lattice of 250*250*250 [u and the droplet has a radius of 50 [u. A wide range of
material is tested and presented in Table.1. The variable which changes at every simulation is

11
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the intrinsic contact angle of the surface and it corresponds to its Young contact angle. This
modification occurs in Eq.14-16. The contact angles tested vary from 67° to 112° depending on
the tested material in Table 1. For both 2D and 3D simulations initial states and final states on
PA6.6 and PDMS are exposed Fig.8. Contact angles resulting from the simulation are plotted in
Fig.9 as a function of the intrinsic contact angle applied to the substrate. In addition, in order to
measure the correlation between the simulated and the inputted contact angles, the r-squared
parameter is computed with the following equation (Eq.19):

pe o g 200=9? (19)

(i — ¥)?

With y; the simulated contact angle, y the intrinsic contact angle of the surface and y the mean
value of the contact angle.

12
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Figure 8: a) initial state for 2D and 3D simulation, b) 2D final state on PA6.6 for 2D and 3D
44 simulation, c) 2D final state on PDMS for 2D and 3D simulation.
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2D simulation on flat surface

3D simulation on flat surface

PDMS.. PDMS.
110 1 o _ o
. o’«v 110 Q‘.ﬁ"
& &
_ 100 @ puma _ 100 # P
o o ’
2 2
© . © :.
S 90 & ep g 904 ‘
g @ 1050 A g % p“ng A
] X2 CrNi 19 11 S '
S .:. oo S :, iBZSCer 1911
& 80 @ xa0cria 2 80 4 @ x40cria
Q"..PET .Q".PET
701 0 X8 CrNis 18 9 70 1 .ﬁ" X 8 CrNiS 18 9
@ PA6,6 @ PAG,6
7'0 8'0 9'0 1(')0 1 ]'.0 7'0 8'0 9'0 1 (')0 1 iO
Instrisic contact angle(®) Instrisic contact angle(®)
Figure 9: Validation results for 2D and 3D simulations
) Intrinsic
Materials References contact angle (°)
Polyamide PA6,6 67
Stainless Steel X 8 CrNiS 18 9 70
Polyethylene Terephthalate PET 76
Stainless Steel X 40 Cr 14 80
Acrylonitrile Butadiene Styrene ABS 84
Stainless Steel X2CrNi1911 84
Aluminium alloy 1050 1050 A 88
Polypropylene PP 90
Polymethyl Methacrylate PMMA 100
Polydimethylsiloxane PDMS 112

Table 1: Solid simulated

The measurement of the r-squared parameters for 2D and 3D simulations show that the

simulation are resulting a contact angle similar to the inputted one with a r-squared value

https://mc03.manuscriptcentral.com/ecmf
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higher than 0.974 in both cases. To conclude, the fluid-solid interaction model can be validated
for the two configurations of the present study.

3. 2D simulation on chemically textured surfaces

It is now proposed to simulate wetting on chemically textured surfaces using the Eq.14 and to
compare the results with theoretical wetting models. Different materials have been tested
previously (section 2.2) and, in order to obtain the greatest difference between the contact
angles, two are sectioned: PA6.6 (67°) and PDMS (112°). Thus, substrate with two materials is
numerically generated (Fig.10), dark-gray is PDMS and light-gray is PA6.6. Four configurations
are tested for different size of domains ¢ = 10, 20, 40 and 100 lu (Fig.10). The size of the lattice
is 300*300 [u and the initial shape of the liquid is a circle with a radius of 75 lu where the initial
position is initially tangent to the surface.

c C

H E BN
300 lu

Figure 10: Scheme of generated substrate.

300 300
a - b =
) c=10 ) c=20
200 - 200 -
0 u
= 150 o X 150
> >
100 - 100 -
50 50
0 0
0 100 200 300 0 100 200 300
X-axis X-axXis
300 300
C d
250 A ) c=40 250 A ) c=100
200 - 200 -
82} v
% 150 4 X 150
> >
100 - 100 -
50 50
0 0
0 100 200 300 0 100 200 300
X-axis X-axis

Figure 11: 2D simulation of sessile test on chemically textured surface.
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The contact angle measured for the final state of each simulation is presented in Table.2 and is
always comprised between the specific contact angles of the chosen materials. Table 2 also
presents a comparison between the measured values and the theoretical values calculated with
Eq.20, the Cassie model (Cassie and Baxter 1944).

cosB, = f; cos 0, + f,cos6, (20)

With f; the PA6.6 surface fraction, f, de PDMS surface fraction, 8; the contact angle of PA6.6
and 6, the contact angle of PDMS.

c(luy| f1 f2 | 6, (Cassie) | 6, (Simulated)
10 | 0.52]0.48 88.5 88
20 | 0.56 |0.44 87.1 99
40 0.6 | 04 85.1 90

100 | 0.67 | 0.33 82.2 113

Table 2: Numerical results for 2D simulation

The differences between the Cassie model and the numerical simulations (Table 2) tend to show
that Cassie model is less and less verified by increasing the size of the domainsc. On the
contrary, when the size c is the largest (Fig.10d), the simulated contact angle is equal to the
intrinsic contact angle of the material under the triple line. Assuming that the wetting
phenomenon depends on the positions of the triple ling, it is notable that for ¢ = 10, 20 and 40
triple lines are stuck at the border between the PA6.6 and the PDMS. These positions of the
triple may explain that the final contact angle is between 67° and 112°. Furthermore, the
phenomenon modeled when ¢ = 100 has been experimentally observed by Gao and McCarthy
(Gao and McCarthy 2007) and Extrand (Extrand 2016). The validity of the theoretical approaches
of Cassie (Cassie and Baxter 1944) and Gao (Gao and McCarthy 2007) are questioned and
deserves further investigations.

4. 3D simulation on chemically textured surfaces

It has been shown that the simulation of wetting in 2D systems gives interesting results that
challenge theoretical models. Hence, it is necessary to look numerically at the behavior of a
droplet on a chemically textured surface to see if in 3D there are still deviations from theoretical
approaches. We therefore propose to simulate in 3D the wetting on chemically textured
surfaces. The systems simulated have a size 250%250*250 [u with a spherical droplet of 75 lu
radius. A sessile test is numerically performed so that, at the initial state, the droplet is tangent
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to the surface without initial speed. As presented in Fig.9, surfaces are made of two different
materials, PA6.6 and PDMS. Four different simulations are shown in Fig.12. The final state is
achieved for a static droplet and then, geometrical properties measured on the droplet
simulated are presented in Table3. Cases A, B and C are first compared because they have
similar setup with different size of chemically textured surface. Those cases permit to observe
the effect of the size of the textures on the wetting properties of the surface. The surface in
case A has the smallest band width (¢ = 10) and the case C has the largest band width (¢ = 50).
In addition, for case C and case D the surface is the same but the droplet is initially centered on
the opposite domain. It shows the influence of the chemical properties of the substrate on the
initial contact area. Case C is for the hydrophilic initial contact area and case D is for the
hydrophobic initial contact area.

The parameters used to compare wetting on different surfaces are:

e the size of the spreading measured by the wet area of the surface,

e the ratio of the wet area on hydrophilic domain over the wet area on hydrophobic
domain (Ap;/Ano),

e the number of hydrophilic domain in contact with the droplet Ny;,

e the AR,,,; parameter (Eq.18),

the maximum and minimum contact angle measured.

: A ,
Cases Barld(m)d th | \et area (lu?) A:; Npi | ARypps 92'},3" QE'QS”
A 10 11726 1.16 6 2.48 113 67
B 25 10602 1.47 2 7.78 113 68
C 50 15004 1.93 2 9.61 112 66
D 50 10740 2.19 1 10.74 | 113 66

Table 3: Geometrical properties of the droplet simulated in fig.12

For each simulation, a wide range of angles is measured, but the extreme angles correspond in
each case to the angles of the PA6.6 and PDMS.

As expected for cases A, B and C, the ratio Ay; /Ay, is higher than 1, which implies that the
wetting is favored on hydrophilic area. In addition, it is observed that the ratio increase with the
increase of the size of the band. Smaller are domains, smaller is the ratio. The AR,,,,s parameter
is small for the case A and increase witch cases B and C.

For cases C and D, the wetting is different even if the textured surfaces are the same, which
shows that the initial position of the droplet influences its static state. The transition
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hydrophobic to hydrophilic or opposite occurs for a spreading through x-axis, y-axis in not
bounded by a change of material so y-axis is homogeneous. Both droplets for cases C and D
have a transition but in the first case (C), the transition is from hydrophobic to hydrophilic and
for the second case (D) transition is hydrophilic to hydrophobic. It is observed that the transition
from hydrophobic to hydrophilic is favored against the transition from hydrophilic to
hydrophobic.

It is stated that the size of the bands is related to circularity and the better the circularity, the
smaller the bands are. Therefore, wetting has a higher anisotropy for a larger chemically
textured domain and, on the contrary, for small bands, seems to reduce the spreading
deviations and is closer to Cassie's theory. In addition, if the initial domain is hydrophilic, the
transition during spreading from a hydrophilic to a hydrophobic surface appears to force the
droplet to spread only in the hydrophilic domain. Further, if the droplet is initially on a
hydrophobic surface it will also leak from the hydrophobic domain into the hydrophilic domain
and spread there.
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Figure 12: 3D simulations on chemically textured surfaces

https://mc03.manuscriptcentral.com/ecmf

19



oNOYTULT D WN =

Experimental and Computational Multiphase Flow

5. Conclusion

A numerical tool has been developed in order to simulate wetting on chemically textured
surfaces. This tool is based on lattice Boltzmann method which allows the use of local
interactions between fluids and solids. For this reason, chemically textured surfaces are easier
to implement in the method. Because wetting is a three body system, two fluids are simulated,
the liquid and the gas, and in contact with a solid. Initially, the Martys-Chen model (Martys and
Chen 1996) combined with the Sukop et al. model (Sukop and Thorne 2010) was used, but a
modification was proposed in order to be able to simulate wetting on surfaces with different
chemistries while keeping their intrinsic contact angle as a simulation parameter.

The fluid-fluid interaction model is verified by the simulation of the perfect equilibrium state for
a two-fluid system. Volume and shape are verified and validated. Then fluid-solid interaction
model has been verified by the simulation of sessile tests for different chemically homogeneous
surfaces. For the range of materials tested as substrates, the final state contact angles simulated
are corresponding to the contact angle initially imposed to the simulation.

2D and 3D simulations on chemically textured surfaces are tested. It is observed that for 2D
simulations, some theoretical approaches and the simulations have different results. The Cassie
(Cassie and Baxter 1944) model is approached for small band size textured substrates and
models of Extrand (Extrand 2003) and Gao (Gao and McCarthy 2007) are more effective for
larger band textured surfaces. Thus, through simulation and by taking into account the chosen
interaction model, it has been shown that simulation and theoretical approaches can be
compared in order to better understand wetting.

A high anisotropy of wetting is observed for 3D simulations. It has been shown that initial
contact areas properties have an influence on droplets’ spread so that on their final state. It is
observed that the hydrophilic domain promotes spreading compared to the hydrophobic where
spreading is refrained. According to the observations and simulations on chemically textured
surfaces, the size of each domain has an effect on the spreading and, by extension, to the static
state. It is observed that the transition from hydrophobic to hydrophilic surface is mainly driving
the spreading and, at the opposite, the transition from hydrophilic to hydrophobic is blocking
the spreading. More in-depth studies are ongoing to understand these exposed phenomena.
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