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Elastocapillarity

+ What is it ? ‘
Ability of capillary forces to deform a material

Bulk elasticity 4= Surface energy

3 2
Coulk ™ dOE Csur face ™ d07
E = 3Gy
Elasto-capillary length :

l 8% d() < [p Surface energy prevails
€C T o, v
SGO d() > lec Bulk elasticity prevails

Go = 1000Pa ~v =50mN/m —l..=1Tum
Go =50Pa ~=50mN/m — l..=333um 2



Case of viscoelastic fluids

Maxwell fluid with elastic modulus G, and a relaxation time t

2 1
G' = Gy wr) S owith W= ——
]_ —|— (CLJ’T) Tea;p
Trel 2
De = , B De
Teap GDe) = Co e

Dynamic elasto-capillary length :

1 + De?

lec
D€2 De << 1 lec(De) = De2

Surface elasticity

effects can play a role
at much largerd,

De >> 1 lec(De) — lec

lec(De) = e



D I'Op impact MQVie duration 39.7ms

Upon impact :

[nertial forces ™) radial expansion of the sheet ~ 6.5mm -

Impact of a water droplet on a small target

Stored elastic energy =) retraction after maximal expansion

Goal:

- Rationalize the respective role of # Inertia
% Elasticity
» (Capillarity
» Dissipation

- Find adequate system



Impact of Newtonian fluid

* Onasmall target x= maz
do Silicone oil 5 mPas

\‘do

=
>
1

6.2 6.5mm Movie duration 24ms

Silicone oil 350 mPas

dmax
$ Vimpact = V 29h = 4.22m/s
—p
d. = 6.5 mm
S. Arora et al, 2017 : 6.5mm Movie duration 18m

mmmmm) Dissipation effect due to target



DI’Op impact [nverse Leidenfrost effect

Leidenfrost effect Inverse Leidenfrost effect

vapor film
from substrate

C. Antonini et al., Phys. Rev. Lett., 2013



Impact of Newtonian fluids

Oh — Tlo Oh << 1 Balance between inertia and surface tension

vV pydo

d’ dmax 1-5§
dmaaz (770 — O) 125-

[ g

Oh >> 1 Viscous dissipation

o] : - ]
0.5 _ w Glycerol/water on Target '
1 @ Silicone oil on Target v + ]

v
Glycerol/water on N2 v ij
| @ Silicone o1l on N2 ®
— 10° 10° 10" 10° 10

Oh [] /



Inverse Leidenfrost effect :

Jl/ Liquid drop ]l Liquid drop
on -ll
N
hl 5 Si > Quartz
Wafer ® plate
\\ q —
N oS
yd N . \.ight panel N
N, Gas Lig. N, Lig. N,

S. Arora et al, 2017




Inverse Leidenfrost effect :

Set up improvement

Before

S. Arora et al., 2017

=» Enables semi- =» Enables the analysis of

automatic analysis the sheet thickness field
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Sheet thickness field
Water - Glycerol 93% 365 mPas

Thickness Field Water-Glycerol 97.5% - t=0.15ms
700 1 - t=0.30 ms
J t=0.45ms
600 = t=0.60 ms
J » t=1.19ms
= t=1.79ms
5007 - t=2.39ms
1 t=2.98 ms
400 - = t=3.58 ms
J t=4.18 ms
£ 300 _
.5 i t=5.37ms Thickness Field Water-Glycerol 97.5%
N t=5.97 ms
200 * t=6.57ms 0.9 . e m s osoem
1 v =42m/s 087 -
100 + impact
0.7
0 - 0.6 - -
B > 0.5 4 [ ]
-100 T T T T T 1 04 -
0 2 4 6 8 10
0.3 4
r [mm] -
0.2 T T T T T T T T
0 1 2 3 4 5 6 7
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Sheet thickness field

Beer-Lambert law : € = molar extension coefficient (L.molt.cm™)

[ = thickness (cm)

I 0 ¢ = molar concentration (mol.L?)
elc = lOg 7 |, = Initial gray value
| = gray value

Water + Nigrosine 1.19 g/L
0.2 A |

A

e=1/Cslope=2661Lcm 'mol™

1 10 11



30

Sheet thickness field /#ﬂ\‘

Water - Glycerol 22% 2 mPas ¢

154

d [mm]

o

Thickness Field Water-Glycerol 22%

400 = t=1.79ms 0 2 4 6 8 10 12 14
i = t=2.39ms t [ms]

350 A = t=2.98 ms
t= 3.58 ms
= t=4.18 ms
t=4.78 ms
t=5.37 ms
t=5.97 ms
t=6.41 ms

=42 m/s |

_ Rim  Vineao _ y
N g | DT
50' N,

0 5 10 15

h [um]

o1 110
r [mm] 12



Sheet thickness field

% 2 mP
Water - Glycerol 22% 2 mPas
. . —A—r=0.12mm
Thickness Field Water-Glycerol 22% —amrzosmm
—A—r=15mm
—A—r=2mm
—A—r=25mm
—A—r1=3mm
300 A 2 —A—r=35mm
—A—r=4mm
At —A—r=45mm
AA* —A—r=5mm
A A A —A—r=55mm
—A—r1=6mm
‘A:g’ r=6.5mm
200 4 42k Siors7mm
= IR
= “A::m; e
< AAAAA::: * —A—r=95mm
Addaa * A—r=
AAAAAAﬁﬁiiig __:;18gmm
A .
100 A AAA;\AAAA:::A¥¥¥¥§‘ :iﬂ?:m
24 ‘ =12 mm
$420244224243 £22084,, Cart12g
flﬁA:f ,\’\AR’RR*Aakﬂkgxﬁ%ﬁa***& —A—|r'=13.mmm
v =4.2m/s
impact
0 T T T T T T 1 —
2 3 4 5 6 7 Eloo—_
=

s d s 2 4

>

P> > PR
2N AN dd g 2d 2

>p

t [ms]



Sheet thickness field

254

Water - Glycerol 93% 365 mPas z-

!
15

7
104 &

542

Thickness Field Water-Glycerol 93% . =179 ms ; : T 5

300 7 - t=2.39ms ([ms]
= t=2.98ms

m"'h. t= 3.58 ms
= t=4.18 ms
t=4.78 ms
t=5.37 ms
t=5.97 ms
t=6.57 ms

= t=7.16 ms
= t=7.91ms| ,

200

\ =4.2 m/s -
impact ]

100 ~

h [um]

-1.5

100 .

h [um]

LR | T T L T T L
0.1 1 10

r [mm] 14



h [um]

Sheet thickness field

Water - Glycerol 93% 365 mPas

Thickness Field Water-Glycerol 93%

300 ~

200 +

100 -

—A—r=0.12 mm
—A—r=0.5mm
—A—r=1mm
—A—r=15mm
—A—r=2mm
—A—r=25mm
—A—r1=3mm
—A—r1=3.5mm
—A—r=4mm
—A—r=45mm
—A—r1=5mm
—A—r=55mm
—A—r=6mm
r=6.5mm
—A—r=7mm
r=7.5mm
r=8mm
—A—r1=8.5mm
—A—r1=9mm
—A—r=95mm
—A—r=10 mm
r=10.5mm
r=11mm
r=11.5mm
—A—r=12mm
—A—r=125mm
—A—r1 =13 mm

a */A\\
sl

2

3 4 5156 7 8
t [ms]



What's next?

@ Study the thickness field at short times and at the center of
the sheet.

@ Study the shape of the rim

Viscosity /

"'-"- '.\1"".‘"'1
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Impact of soft elastic bead

With

and for

Two elastic contributions :

» Surface tension
» Bulk elasticity

do = 3.Tmm
v =T72mN/m

(4]

ec

[ ,d (mm)

0.1

10 ¢

Kinetic energy

N\

Surface energy at .
. Elastic energy
max expansion

| /

1 1
2 2 2
5 MUy §7wdmax + VoeadGoA
\ — dma:c
- do
Bulk elasticity i
domain ]

domain

Surface elasticity

10

100

S. Arora et al, 201
G, (Pa) 7 17




Impact of viscoelastic fluids

Reminder

Maxwell fluid with elastic modulus G, and a relaxation time t

2
De Trel

(De) Ol—I—D62 t De

Texp

Texp ~ 10ms
Dynamic elasto-capillary length :

18



Im
pa
ct
of
Vi
1S
coel
a
Stl
C
fl
ui
id

S

F.
ixed
G

A

(D

e) ~
}
250\/

1

1
_I_
2

\
D 3
%\\\\
\
=

G
, (P2)

. E

\



M iC roce mUI S i OI1S Microemulsions reversibly linked

by telechelic polymers,
C.-(PEO)4c.- C, (n =12, 18)

o S e P \
ﬁ@ : [ | GO — ,UkBT :

‘\ l
' stickers

o

radius=6nm

r = number of stickers per droplet
® = mass fraction of droplet

20



M iC roce mul S i OI1S Microemulsions reversibly linked

by telechelic polymers,
C.-(PEO)4c.- C, (n =12, 18)

v ,{\f% i
ﬁé\}\s%g ;IJ?.- )% ‘\Hylj;oﬁhobic 1()0?])e>1 ﬁ a Kk K KK -
SEimgd . _

10tk * @ Microemulsions C, |

"‘F [ ]
%1;? /%\5 ) ~ [ Y Microemulsions C,,
‘ ks 12
{% 035)’\% j . De ~1
\- 10° + De<1 ®ef L2%0e® © o ]

radius=6nm N T T SR

r = number of stickers per droplet
® = mass fraction of droplet S. Arora et al, 2017
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Go [ Pa]

Microemulsions Cig

r = number of stickers per droplet
® = mass fraction of droplet
r @ = total polymer fraction

0=15%
0=12%
0=10%
d=8%
0=6%
0=3%

134

® Sol phase
12 4

® Gel phase
11 1

10

9 (] (] [ °
8 ° ° ° °
7] ° ° ° °
6 ° O 0 °
54 ° ) ° °
4 ° ° ° °
3 ° ° ° °
24 ° ° ° °
1 ; ; ; ; ; ; ; ; ; ; .
0O 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16
phi
[ ]
® e
o ‘o
e O ¢
%o

1200
= 9GO .
400+ ® 8GO0 1000
m 7 GO
® 16 GO
3004 | . 560 - . 800 -
= ~ 600
200 - - = N
= 400 -
- | - | 0
100 .
. 200
] | ]
] |
04 I u 0
T T T 1
0 5 10 15
o[ %]

3Pa

T T
10 20 30 40 5

ro

< Gg < 1070Pa

T T
0 60 70 80 90 100 110 120 130 140 150
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T[ms]

Microemulsions Cig

r = number of stickers per droplet

® = mass fraction of droplet
r @ = total polymer fraction

10 -
| = 19tau
= r8tau u
9_
| m 7 tau
= 16 tau .
81| = r5tau . "
) [ ]
7_
0 - [} [
| |
54 =m
= ]
E | | - ]
44 = [
]
T T T T T T T T T T T T T T T T T T T T T 1
3 4 5 6 7 8 9 10 11 12 13

o[ %]

T[ ms ]

1 e sol phase
71 e Gelphase

9 ° ° [ °
8—- ° ° ° °
7—- ° ° ° °
- 6: ° ® J °
5—- ° ° ° °
4—- ° ° ° °
3: ° ° ° °
2: ° ° ° °
l_- IIIIIIIIIIIIIIII
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
phi
b=15%
e H=12%
° $=10%
o H=8%
® H=6%
107 o ¢$=3% °
1 [ ] ....
o @ 0 o
[ J PY °
.. Y : ® [
14
T T 1
0 50 100 150
ro

dms < 17 < 13.4dms mmd De ~ 1
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Microemulsions €12 and C14 phi
=10% r=8

,0; H’“ﬂ‘ E‘* ﬁ\

] w Glycerol/water on N2

] @ Silicone oil on N2

1 m Microemulsion C12 on N2 %
| m Microemulsion C14 on N2

0.25 +———rrr——rrrrr—
10° 107 10" 10° 10" -«

Oh []

v
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What's next?

@ On liquid nitrogen study the thickness field and impact of :
C14 Microemulsions
C14 and C18 Microemulsion mixes
Double dynamic networks from DoDyNet

© Model the sheet expansion with Daniel Read

25



Simple model from Daniel Read

9 .
° * Experiment ] ¢ Experiment
Model ® Model
84 ‘ 8
. p
7 7
| L]
6 6
[=] 'a‘ p
T 5- E, 5
E %
N
41 44
34 3]
b |
24 24
1 ' I ! I ' I ! I ' I ! 1 T T T T T T T T T T T 1
00 02 04 06 0.8 1.0 1.2 0.0 02 0.4 06 0.8 10
n [Pa.g] n [Pa.s]
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Simple model from Daniel Read

339 mPas 485 mPas

¢ Experiment + Experiment
7 Model 4 Model
6
54 3
o 4 .
P‘ O
S 3
3+ 5
2_
1 .
© 6 .IS 1IO ‘1‘5 ZI) IE 3!) T T T T T T T T 1
5 o} 5 10 15 20 25 30 35 40
tims] t [ms]
658 mPas
+ Experiment
Model
3
o 27
T
1
T T T T T T T T T T T T T d
0 5 10 15 20 25 0 27

t[ms]
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Sheet thickness field
Water - Glycerol 22% 2 mPas

Thickness Field Water-Glycerol 22%

= t=0ms
= t=0.15ms
= t=0.30ms
= t=0.45ms
= t=0.60 ms
= t=1.19ms
= t=1.79ms
= t=2.39ms
= t=2.98 ms
t= 3.58 ms
= t=4.18 ms
t=4.78 ms
t=5.37 ms
t=5.97 ms
t=6.41 ms

=4.2 m/s

impact

VN,

0.8
0.6
0.3
0.2

0.0
-1

t[ms]
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Sheet thickness field
Water - Glycerol 93% 365 mPas

Thickness Field Water-Glycerol 97.5% - t=0.15ms
700 1 - t=0.30 ms
J t=0.45ms
600 = t=0.60 ms
J » t=1.19ms
= t=1.79ms
5007 - t=2.39ms
1 t=2.98 ms
400 - = t=3.58 ms
J t=4.18 ms
£ 300 _
.5 i t=5.37ms Thickness Field Water-Glycerol 97.5%
N t=5.97 ms
200 * t=6.57ms 0.9 . e m s osoem
1 v =42m/s 087 -
100 + impact
0.7
0 - 0.6 - -
B > 0.5 4 [ ]
-100 T T T T T 1 04 -
0 2 4 6 8 10
0.3 4
r [mm] -
0.2 T T T T T T T T
0 1 2 3 4 5 6 7
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Sheet thickness field
Water - Glycerol 93% 365 mPas

1.2
—1t=0.15ms
—1=0.45ms
1.0 H t=0.75 ms
—t=1ms
—+t=1.34 ms
t=1.64 ms
0.8 -
(b}
=
©
i 0.6 -
©
O]
0.4 -
0.2 -

! | ! | ! | ! |
0 100 200 300 400
. . 32
Distance (pixels)



Sheet thickness field
Water - Glycerol 93% 365 mPas

0.15 ms 0.3 ms

1 ms 1.34 ms

0.45 ms

1.64 ms



