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- Introduction » Wet coating

e various applications Deposition

e various substrates methods

e mixture liquid film » coating t curtain
el

Yy o ’

slot die

=

glass plates flexible substrates knife

roll

1%#1

glass fabrics
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. Introduction » Wet coating

Drying of liquid films

» relaxation or destabilization?

v

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

n Recherche is prohibited 4/28
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- Introduction » Marangoni flow

Fluctuation of evaporation
water — ethanol

€

_—
—_

Y+
evaporation: ethanol
Yeth < Ywater

local increase of the tension
» healing

herche is prohibited 5/28
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- Introduction » Marangoni flow

Fluctuation of evaporation
water — ethanol

€

_—
—_

Y+
evaporation: ethanol
Yeth < Ywater

local increase of the tension
» healing

water — polymer

evaporation: water
Vpol < VYwater

local decrease of the tension
» break-up
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- Introduction » Simplification

Evaporation-induced Marangoni flows

e evaporation | S,

. ° © 5 € °
e Marangoni stress C o °
» no particle, no polymer v

no thermal transfer
» both have to be
implemented in Basilisk

e I i 6/28
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. Outline

Modeling
Evaporation equations
Marangoni stress
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. Modeling » Evaporation equations

In the liquid and the vapor,

transport equation: & Vo
de S
E—FV‘(CV):V'(DVC) L1 "L, .
at the interface,
on the vapor side: on the liquid side:
oy = ¢cs(czy) jB2 =0 not evaporating
pLNT = —jB j?l = pr vz evaporating
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- Modeling » Marangoni stress

Capillary force

vt
dFy = (v t)(s) — (v t)(s + ds) ’It/_\b
d
fs = d—(V t)
° Lapl
dry aplace pressure
fs=vrn+ ds t Marangoni stress

generalized in 3D:

fs=7xn+Vsy
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- Evaporation: six steps

(1) saturation at
the interface

(6) Raoult's g (2) interface

e velocity

P )

@ removal of the

' no fl
evaporating 5‘5 @ cond?t)i(on

\ (5) ’;racers /

advection

compound
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- Outline

Pure liquid
Immersed boundary condition
Interface velocity
Exemples: drop & film
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. Pure liquid » Two steps

(1) saturation at

the interface \

(6) Raoult's g (2) interface

law velocity
- )
(B)
(5) removal of the g} @) o flux

evaporating \ e e
compound .‘_’/ /
\ @ tracers

advection
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. Pure liquid » Immersed boundary condition

e saturation of the vapor
concentration at the interface

» immersed Dirichlet boundary
condition, no ghost cell
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- Pure liquid » Immersed boundary condition

e saturation of the vapor
concentration at the interface

» immersed Dirichlet boundary
condition, no ghost cell

e reset the concentration at
each step: not sufficent
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concentration

0.8

o
o

o
~

o
)

0.0
0

— dtpa = 1073
— dtnax = 0.1

10
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- Pure liquid » Immersed boundary condition

e saturation of the vapor
concentration at the interface

» immersed Dirichlet boundary
condition, no ghost cell

e reset the concentration at
each step: not sufficent

» setpoint in the diffusion
equation

SVI - CONFIDENTIAL Disclosure or reproduction without prior written permission of Saint-G

concentration

0.8

o
o

N
>

o
N

0.0
0

— dtpay = 1073
— dtnax=0.1

— setpoint, dtp. = 10
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- Pure liquid » Interface velocity

pev=—j =Dy Vo

ritten permission of Saint-Gobain Recherche is prohibited 14/28
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. Pure liquid » Interface velocity

pevz = —j9 =Dy Vo

e need to offset the computation of
the vapor gradient

AN e
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. Pure liquid » Interface velocity

pcvr =—j) =Dy Vo

e need to offset the computation of
the vapor gradient

if cell[] or cell[-1] € T
ur.x = V c.x[s(n.x),0];

\
“\—

—— —
A

i

14/28

SVI - CONFIDENTIAL Disclosure or reproduction without prior written permission of Saint-Gobain Recherche is prohibited



. Pure liquid » Interface velocity

pevz =—j) =Dy Vo o
0.35

e need to offset the computation of 030
the vapor gradient 025

0.20

0.15

0.10

— perfect circle

005r — o averaging

0'08.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

4 x
I
- —% if cell[] or cell[-1] €
v ur.x = V c.x[s(n.x), 0];

14/28
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. Pure liquid » Interface velocity

pLNT = _JB =Dy Vey 0.40
0.35

e need to offset the computation of
the vapor gradient 025

e weighted average between o

0.15

— perfect circle

neighbor vapor cells

0.10 3
— no averaging

0051 — weighted averaging

J %60 005 010 0.15 020 0.25 0.30 0.35 040
4 x

I
o —% if cell[] or cell-1] €

v ur.x = |n.x| V c.x[s(n.x), 0]

L + |n.y| V c.x[s(n.x),s(n.y)];

14/28
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. Pure liquid » Exemples: drop & film

§

“~

o

§

<

“

5 5 Ac
R2=R2-2D=C¢
p
10
— confined model
08} e simulation
o
~ 06
E1s
I
¥ o4t
0.2t
0.0 . . . . .
0 100 200 300 400 500 600
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. Pure liquid » Exemples: drop & film

§

~ -~

=
~
~~
~
~~
~

e N

§

hoo = ho — 285 /2L
oco — 10 P

T
2 _ g —ophC A
R* = — — cD
0 € hbox X — L t
14 P
1.0
— confined model 1.000 — infinite box model
0.8 o simulation 4 - open box model
0.998 e simulation
@ " N
~ L 1
g0 g
£ 0.99%
‘ ©
%o | =
0.994
02 i
0.992
0.0 . , , 5 ,
0 100 200 300 400 500 600 0 10 20 30 40 50 60 70
time time
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- Outline

Mixtures
No flux condition
Tracer advection
Removal
Raoult's law
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- Mixtures » Four steps

(1) saturation at
the interface

(6) Raoult's g (2) interface
law velocity

K R
(5) removal of the
evaporating

compound <l
\ @tracers /

advection

‘ @ no flux

condition

n Recherche is prohibited 17/28
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- Mixtures » No flux condition

r N
°
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. Mixtures » No flux condition

¢ No diffusion of the liquid tracers He, *
through the interface @’—‘9. o *
e basic idea: set the diffusion coefficient T o« o °

to zero outside of the liquid

n Recherche is prohibitec 18/28
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- Mixtures » No flux condition

e No diffusion of the liquid tracers
through the interface

e basic idea: set the diffusion coefficient / f;
to zero outside of the liquid

» face value of

%:V-(DVC), with //cdSNch2
dc 5 . dc
//dtdS:/DVc-ndL then A fdt:Z:Afvac-n
fd—C—V (fD V¢)
dt f
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. Mixtures » No flux condition

if nothing is done

D.x = D[;
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. Mixtures » No flux condition

if nothing is done first attempt

D.x= D, if f >0, Dx=D,
else D.x =0
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. Mixtures » No flux condition

if nothing is done first attempt

D.x= D, if f >0, Dx=D,
else D.x =0

SVI - CONFIDENTIAL Disclosure

current code

D.x = Dg ff
thanks to

Jose-Marial
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- Mixtures » Tracer advection

e tracers must not be left behind : S

Receding interface

Leaving tracer behind

cherche is prohibited 20/28
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. Mixtures » Tracer advection

e tracers must not be left behind : =5

e already implemented in Basilisk AR

e need to advect the quantity field ¢ ol o °
instead of ¢ Receding interface

Clean advection
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- Mixtures » Removal

Amount to remove: s = pu-n/dt

e u-n can be computed using different
approaches

n
e currently, none of them leads to a stable / /
interface u

» diffusion & advection of one compound,
deduction of the evaporating compound:

C£1 = ].—ng

herch s prbiit 21/28
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. Mixtures » To close the circle: the Raoult’s law

At the interface, the Dirichlet condition has to be changed:

L

Cy = GCs (Cﬁl) = GCs
oL

n Recharch s prbiitd 22/28
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. Mixtures » To close the circle: the Raoult’s law

At the interface, the Dirichlet condition has to be changed:

cr
Cy = GCs (Cﬁl) =cs —
Pr
Evaporation of a mixture drop
Fast diffusion Slow diffusion

aint-Gobain Recherche is prohibited 22/28
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- Mixtures » To close the circle: the Raoult’s law

Evaporation of a mixture drop

1.05
Peclet number:
1.00
vz
Pe, ~
DC R 0.95
wn
Dy Acy 5 0.9
Peﬁ ~N — — ®©
L PL

Pe, <« 1: well mixed
Pe, > 1: slower
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® Pe=10"3
e Pe=1

200 400 600 800 1000 1200 1400 1600
time
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Some stability issues at large Peclet:

0.8

0.7¢

0.6+

05¢

>

03

0.2

0.1

0.41

Mixtures » To close the circle: the Raoult’s law

[ — Pe =1, dtya = 10
[ — Pe =2, dtma = 10
I — Pe =2, dtma = 0.1

0.
%.0 01 02 03 04 05 06 07
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|
1
Marangoni stress in Basilisk i
;
|
\
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- Marangoni stress in Basilisk

Capillary force, two formulations vt
_ -
Fo=(vt)(s) — (vt)(s + As) /
fs=~vkn+Vsy Y:/

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

n Recherche is prohibitec 26/28
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- Marangoni stress in Basilisk

Capillary force, two formulations vt
- Vel
Fo=(vt)(s) — (vt)(s + As) /
fs=vkn+ Vgy Y:/

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

Initial formulation
Abu-Al-Saul, Popinet and Tchelepi, submitted

e already discrete
e well-balanced and momumtum conservative

cherche is prohibitec 26/28

SVI - CONFIDENTIAL Disclosure or




Conclusion
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. Conclusion

» Binary or more complex mixtures

e evaporation-induced instability
e ubiquitous in industrial processes

n Recherche is prohibited 28/28
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. Conclusion

» Binary or more complex mixtures

e evaporation-induced instability
e ubiquitous in industrial processes

» Evaporation in Basilisk

e most of the work is done
o stability issues at large Peclet

B 28/28
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- Conclusion

» Binary or more complex mixtures
e evaporation-induced instability
e ubiquitous in industrial processes
» Evaporation in Basilisk
e most of the work is done
o stability issues at large Peclet
» Marangoni in Basilisk
¢ a guiding line to follow
e hope for a well-balanced and
conservative description of the
surface tension

— 28/28
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