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. Introduction » Wet coating
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. Introduction » Wet coating

Drying of liquid films

» relaxation or destabilization?

Polymer-based
protective coating

e h~2—10 um

e roughness: 150 nm

Paints, protective and functionalized layers:
defects limit the applications
» what do they have in common? » binary mixture
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- Introduction » Model experiments

Model system: water — propylene glycol
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50 um

x 6, 20 cm
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. Model experiments

Model system: water — propylene glycol

0% 87 %
50 um 50 um

Model system

e key ingredients:
evaporation &

50 % Marangoni stress
-
pa 50 um e set of equations

X 0, 20 cm
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. Introduction » Equations

dv
Py g Tovv Vov=pyg+n Av

dditVJrv. (cyv) =V (Dy Vo)
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. Introduction » Equations

dv
Py g Tovv V-v=pyg+n Av

dCV

dt

+ V- (C\;V):V~ (DV VCv)

dv
peqp tPcv V-v=pcgtac Av

dCL‘1
dt

dC£2
dt
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- Introduction » Equations

%—4— vV.-v=ppg+n Av 1. cy = c(cc,)
‘ + V- ( )=V-(Dy Vo)

=V . v)=V-

dt
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- Introduction » Equations
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- Introduction » Equations

E+ vV.-v=ppg+n Av 1. cy = c(ce,)

d
otV () =V (Dy Vo)

fs=7vrn+Vsy

dv

EJF vV-v=prg+ns Av
d*-FV( v)=V-( Vcz,)
dt a

der,

W'FV( V)—V( \V4 )
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. Outline

Implementations in Basilisk

Instabilities in thin films
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. Implementations » Evaporation of pure liquid

1. Saturation of the vapor: ¢) = ¢

e immersed Dirichlet boundary
condition
e setpoint in the diffusion equation

decy = V- (cp Vo) &=
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. Implementations » Evaporation of pure liquid

1. Saturation of the vapor: ¢) = ¢

e immersed Dirichlet boundary

condition
e setpoint in the diffusion equation

decy = V- (cp Vo) &=

2. Evaporation velocity

peve =—jp =Dy Voy
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. Implementations » Evaporation of pure liquid

1. Saturation of the vapor: ¢) = ¢ Evaporating ¢
e immersed Dirichlet boundary Gl = 7
condition
e setpoint in the diffusion equation - : -
Cs — Cp drop radius
dicy =V — . . .
1oy =V (ov Ve + T in function of time

— analytical model

2. Evaporation velocity
D g * simulation
pLVe = —Jy = DV \Y Cy Eo.s
B
o4
T 3
02
“« —
vl
v 0.0
0 200 400 600
t/o
L, I. Langmuir, Phys. rev., 1918
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. Implementations » Evaporation of mixtures

3. No flux condition
at the interface:

i2,=Dc Ve, =0

G
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o
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. Implementations » Evaporation of mixtures

3. No flux condition Diffusion equation

at the interface:
dice, = V (De Ver,)

D
Iz :DE VC£ =0
2 2 Cr, = Az //cEzdS

Q ° ° fdtC£2—V'(f1‘:DEVC£2)

L -
o
[
[ ]
°
[ ]
[ ]

» face value f;
of the liquid tracer f

A&
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. Implementations » Evaporation of mixtures

3. No flux condition Diffusion equation

at the interface:
dice, = V (De Ver,)

D
JL‘, :DEVCL :0
2 2 & CL2_A2 //ngds

l‘—dth2 =V. (fng VCEQ)

» face value f;
/ of the liquid tracer f

naive way: fr = (f, + f,_1) /2
nice way: VOF reconstruction
Thank Jose-Maria Lépez Herrera
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. Implementations » Evaporation of mixtures

4. Tracer advection: the net allegory

4~ . ® e . .
—_ .__> .
T2 | e f
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. Implementations » Evaporation of mixtures

4. Tracer advection: the net allegory

<« ° Ol © .
°
— —
4 Vg
<« L L4
. °

Advecting c., along
with 7 with vge.

«~ |o]| ° ¢
L]
—_ — .

° .
<« . .

We concentrate the
solute in the next
cell. vg is not a flow.
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. Implementations » Evaporation of mixtures

4. Tracer advection: the net allegory

4~ . L . . 0
—_— R °
Ji o 0 V.. . t
Advecting ¢, along The interface is more
with f with vg. acting as a net.
« [° ° . ©
0, [= SIEE ol . 7 ¢ t
S ... .. °

We concentrate the
solute in the next
cell. vg is not a flow.
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. Implementations » Evaporation of mixtures

4. Tracer advection: the net allegory

4~ . o . . 0
—_— R .
BN AR t1
Advecting ¢, along The interface is more
with f with vg. acting as a net.
« [o° ° . ©
— ;_5 . t2
M ... .. °
We concentrate the Redistribution of the
solute in the next solute of the dry cells.

cell. vg is not a flow.
L] t3
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. Implementations » Evaporation of mixtures

Raoult law

cr
v =c¢s(cpy) =6 —
oL
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. Implementations » Evaporation of mixtures

Raoult law

Ccr
v =c¢s(cpy) =6 —
oL

Fast diffusion
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- Implementations » Evaporation of mixtures

Raoult law
cr
oy =cs(cp)=cs—
PL
Fast diffusion Moderate
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. Implementations » Evaporation of mixtures

Raoult law
c
oy =cs(cp)=cs—
PL
Fast diffusion Moderate

Slow
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. Implementations » Evaporation of mixtures

Raoult law
cc
oy =cs(cp)=cs—
pL
Fast diffusion Moderate Slow

surface tension
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. Implementations » Evaporation of mixtures

Raoult law Péclet number
e ve R
CV — CS (Cﬁl) — CS p_LI Peg g gﬁ
Fast diffusion Moderate Slow
Pes =103 Peg =2 Peg = 102
water — ethanol paint
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- Implementations » Marangoni stress

Capillary force
vt

dF, = (vt)(s) — (vt)(s + ds) vt
fs = du(r1) v

fs =vrn+dsyt Laplace pressure

generalized in 3D: Marangoni'stress

fs=~vkn+ Vgy
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- Implementations » Marangoni stress

Capillary force, two formulations

\M\i

Fo=(vt)(s) — (vt)(s + As) /

fs=yrn+Vsy ~

Brackbill formulation
Brackbill, Kothe, Zemach, 1992
Seric, Afkhami, Kondic, 2017

e (g is added to make it volumetric
e not easy to evaluate the surface gradient Vg
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- Implementations » Marangoni stress

Capillary force, two formulations o
p
Fo=(vt)(s) — (vt)(s + As) g
_ vt
fs=vrn+Vsy d

Brackbill formulation

Brackbill, Kothe, Zemach, 1992

Seric, Afkhami, Kondic, 2017

e Jg is added to make it volumetric

e not easy to evaluate the surface gradient Vg

Integral formulation
Abu-Al-Saul, Popinet and Tchelepi, 2018

e already discrete
e well-balanced and momentum conservative
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. Instabilities » Simulations & lubrication

Evaporation of a liquid mixture layer with Marangoni stress
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. Instabilities » Simulations & lubrication

Evaporation of a liquid mixture layer with Marangoni stress

BN —
E———— e

horizontal velocity
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. Instabilities » Simulations & lubrication

Evaporation of a liquid mixture layer with Marangoni stress

—

horizontal velocity

Growth rate w in function of Pes = 7p/7¢

high ve
moderate vg
low vg

e agreement at small Péclet
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. Instabilities » Simulations & lubrication

Evaporation of a liquid mixture layer with Marangoni stress

O

horizontal velocity

Growth rate w in function of Pes = 7p/7¢

high ve
moderate vg
low vg

e agreement at small Péclet

e cross-diffusion limited at
high Péclet: 77 = 7p + 77 th
dashed line
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- Conclusion » Links toward the sandbox

Phase change

header file for pure liquid

examples: static, oscillating, falling, and blown drops
additional header file for mixtures

mwe: diffusion in a domain, advection with respect to a
phase change velocity

example: digitations at slow solute diffusion

Marangoni stress

header files: straight line or circle arc extrapolations
capwave mwe

contact angles with straight line or circle arc extrapolations
mwe with adaptive mesh

Marangoni flow example
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http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/elementary_body.h
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/1_elementary_body/static_drop.c
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/1_elementary_body/vibrating_drop.c
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/1_elementary_body/falling_drop.c
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/1_elementary_body/blown_drops.c
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/mixtures.h
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/2_diffusion_within_a_domain/translation_mwe_multigrid.c
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/3_non_solenoidal_advection/leeway_redistribution.c
http://www.basilisk.fr/sandbox/qmagdelaine/phase_change/4_mixture_evaporation/high_peclet_drop.c
http://www.basilisk.fr/sandbox/qmagdelaine/marangoni/integral_vof_quasi1D.h
http://www.basilisk.fr/sandbox/qmagdelaine/marangoni/integral_vof_quasi1D_circle.c
http://www.basilisk.fr/sandbox/qmagdelaine/marangoni/capwave_integral.c
http://www.basilisk.fr/sandbox/qmagdelaine/marangoni/contact_line.c
http://www.basilisk.fr/sandbox/qmagdelaine/marangoni/contact_circle.c
http://www.basilisk.fr/sandbox/qmagdelaine/marangoni/adaptive_mwe.c
http://www.basilisk.fr/sandbox/qmagdelaine/marangoni/marangoni_test.c
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- Conclusion » Further work

Phase change

e Stefan flow and recoil pressure
» Cécile Lalanne & Jose-Maria Fullana

e Embedded boundaries would ensure more precise conditions
» Alexandre Limare & Christophe Josserand

Marangoni stress

e switch between height functions

e extend to 3D

e jump of the tangential viscous stress
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. Conclusion » Viscous stress jump

Close up on a simulation
horizontal velocity 2

[A] = A, — Ay

o: stress tensor

Tangential stress continuity: [tgn] =Vsv-t
» Oty = p2 (Oruply, + Onutly) — p1 (Ocunly + Onuely)

Normal stress continuity: [ngn| =~k
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