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Elastocapillarity

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

Bulk elasticity 4= Surface energy
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Coulk ™ dOE Csur face ™ d(ﬂ/
E = 3Gy
Elasto-capillary length :

] Y d() < lec Surface energy prevails
N
3G 0 d() > [ ec Bulk elasticity prevails
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Go =50Pa ~=50mN/m — l..=333um 2



Case of viscoelastic fluids

Maxwell fluid with elastic modulus G, and a relaxation time t
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Deceleration 300x
L » )

Drop impact

Upon impact :

Inertial forces mmmp radial expansion of the sheet

5 mm

Stored elastic energy mmm) retraction after maximal expansion

Goal:

- Rationalize the respective role of

Inertia Capillarity Elasticity Dissipation
1, 1 ,
§mﬂgmpact §W7dmg;¢ + %EﬂdGA + Ediss d
)\ — max
do
a4

- Find adequate system



Impact of Newtonian fluid

1, 1, ,
o Onasmall target  3™impact ¥ 3™V nar + VeealGA™ + Eitiss

Silicone oil 5 mPas

N

Q® 4,
h A= 6.2 6.5mm Movie duration 24ms
Silicone oil 350 mPas
dmaX
5 Vimpact = V/29h = 4.22m/s
+—p
d,= 6.5 mm

S. Arora et al, 2017

mmmmm) Dissipation effect due to target



DFOP impact Inverse Leidenfrost effect

Leidenfrost effect Inverse Leidenfrost effect

1 Liquid drop

vapor film
from substrate

Water Drops Dancing on Ice: How
Sublimation Leads to Drop Rebound,
C. Antonini, I. Bernagozzi, S. Jung, D.

Poulikakos, and M. Marengo > Quart:
Phys. Rev. Lett., 2013 @ plate
| —
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Impact of Newtonian fluids

Oh = "o (Oh << 1 Balance between inertia and surface tension
d
m Oh >> 1 Viscous dissipation
7 dmaac LR [m Pas]
= 10° 10* 10? 10°
dma:c (770 —7 O)
1.25 ]
TIore:
1.0.75 - it
v

@ Silicone oil on Target Vv 3
0.25

Glycerol/water on N2
@ Silicone oil on N2

0.00 L : : : 2
10° 10° 10 10 10°
Oh [-]




Impact of Newtonian fluids

1.2 Scaling approach
1.
i— [1- 2P
~0.8 2
, ; mv?,mpact
0.6
Wlth EB ~ TIB nd% (dMax_dO)2
6 d axt ax
0.4 Glycerol/water Max M
@® Silicone oil , ‘
O 10" 10° 10° 10°

OhB [']

On the role of extensional viscosity in the expansion dynamics of thinning viscoelastic sheets
A. Louhichi, S. Arora, C-A. Charles, L. Bouteiller, D. Vlassopoulos , L. Ramos and C. Ligoure
Submited Soft matter, 2019 8



Impact of soft elastic bead

With
dmax
and for A=
0

. Surf t .
Kinetic energy Hriace enerey @ Elastic energy

max expansion

1 1
2 2 2
§mv0 ~ §7T’Ydmax + VieadGoA
ZGC
1
—vo:A\/U,%+U§ L
Us Go'do
Velocity of the free Sound velocity in the
oscillations of a drop elastic medium

Impact of Beads and Drops on a Repellent Solid
3 Go Surface: A Unified Description,
Urp =/ — Ug =4/ — S. Arora, J.-M. Fromental, S. Mora, Ty Phou, L.
P

Ramos, and C. Ligoure
Phys. Rev. Lett., 2018



Impact of soft elastic bead

With
and for

Kinetic energy

~

1

2

d
A — maix
do

Surface energy at .
. Elastic energy
max expansion

) -

max

5 G R §7Tfyd2 + VieadGoA°

Two elastic contributions :
» Surface tension
» Bulk elasticity

Impact of Beads and Drops on a Repellent Solid Surface: A Unified Description,
S. Arora, J.-M. Fromental, S. Mora, Ty Phou, L. Ramos, and C. Ligoure

Phys. Rev. Lett., 2018
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Impact of soft elastic bead

With
and for
bl |
10 L Bulk cla‘micit}'
- domain
~
E P — %
\-; |k Surface elasticity
N domain
Y o 1
s d
0.1 e
10 100
do = 3.7mm Go (Pa)
v = T72mN/m Impact of Beads and Drops on a Repellent Solid Surface: A Unified Description,

S. Arora, J.-M. Fromental, S. Mora, Ty Phou, L. Ramos, and C. Ligoure
Phys. Rev. Lett., 2018 11



Impact of viscoelastic fluids

Reminder

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

De? 1
G'(De) = Go———y  with W=
1+ De Texp
De
GH D — Texp ™ 10ms
Dynamic elasto-capillary length :
T A 21
| 1+ De
Hee(De) =1 |
ec( ) ec De2 :
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Microemulsions
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’ 73

ﬂé}‘ vgﬁ,ﬁ L [
< gr

AW &<
- %’“’%&5 @

radius=6nm

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

Microemulsions reversibly linked
by telechelic polymers,
C,-(PEO);;-C, (n=12, 14, 18)

(
: G():,LL:ZCBT ’:

( Eq I
[ S kpT
, T =Tp €78 "

Impact of Beads and Drops on a Repellent Solid Surface: A Unified Description,
S. Arora, J.-M. Fromental, S. Mora, Ty Phou, L. Ramos, and C. Ligoure 14

Phys. Rev. Lett., 2018



Microemulsions

Microemulsions reversibly linked
by telechelic polymers,

C. -(PE0)4c,- C, (n =12, 14, 18)
%‘S\'k\ @ Hydrophilic

® Microemulsion C18
backbone\ 10° . . o ® Microemulsion C12
. °
Y;’? l{\" z;)? [ o

°
: { i 2
@fé\)c Z'A_) {? Hydrophobic 10

De >> 1
Cr,g \@ stickers

De <<'1
radius=6nm 10
50 100 150
, r
r = number of stickers per droplet ¢
® = mass fraction of droplet

Impact of Beads and Drops on a Repellent Solid Surface: A Unified Description,
S. Arora, J.-M. Fromental, S. Mora, Ty Phou, L. Ramos, and C. Ligoure
Phys. Rev. Lett., 2018

15



Go [ Pa]

Microemulsions Ci4

r = number of stickers per droplet

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

=
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e Sol phase
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T[ms]

Microemulsions Ci4 =

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

e Sol phase
71 e Gelphase
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Microemulsions impact = De=;

T

TRaT

10 Pa

De=66 ® Microemulsion C18

® Microemulsion C14

10° é A — Microemulsion C12
@
@
[ )
L7 De >>1
31 Pa 48 Pa 128 Pa 189 Pa
De=0.9 De=1.2 De=2 De=5.3
» 10 \ ceqo ° ’
ST 6% .
10° Q
De << 1
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10-1 De=0.4
0 50 100 150
ro
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Microemulsions impact at v,=4.2m/

Glycerol/water
Silicon oil

C12 phi 3% r8
C12 phi 10% r8
C14 phi 10% r6
C14 phi 8% r8
C14 phi 8% r9
C18 phi 10% r4




= (18 ph110% r4 De=66

. o = (Cl4 ph1i8% 19 De=53
Microemulsions e Cl4bhi 8% 18 Deed

vy - = \/ 2gh Ranging from 1.5 to 5m/s C14 ph1 10% 16 De=1.2
vmpact SIS = Cl4phi8% 16 De=09

C12 ph1 10% 18 De=0.4
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Microemulsions
Vimpact = V 2gh Ranging from 1.5 to 5 m/s

3 G
* 0
U* =/U? + U2 UL = Us = | —
L S
pdo p
3 8
7 7
6 % 6 ; o *
- i I
5 — } S g e Elastic samples
" E 4 S. Arora
— 4 " ; + T > Newtonian fluids
=2 N | < 4 8 o = C18 phi 10% r4
3 ¥ % % I = . . = C14 phi 8% r9
> g B . i - O 2 = C14 phi 8% r8
. it 2 = C14 phi 10% 6
1 . " 1 = C14 phi 8% r6
0 = C12 phi 10% r8
O0 1 2 3 4 5 6 0 ) 10 15 20
Vimpact [m/S] impact/U* 21



Deborah number effect

0.65
0.60
0.55
0.50
= 0.45
0.40
0.35
0.30

0.25

e Elastic samples
S. Arora
Newtonian fluids
C18 phi 10% r4
C14 phi 8% r9
C14 phi 8% r8
C14 phi 10% r6
C14 phi 8% r6
C12 phi 10% r8

De << 1 De~1 De>>1

10 10™ 10° 10" 10°

De [-]
mmm) Viscoelastic effect at De close to 1
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Microemulsions
Vimpact = V 2gh Ranging from 1.5 to 5 m/s

m  C18 phi 10% r4

8 = C14 phi 8% r9
7 = Newtonian fluid
6 B 8 & § @ Simple harmonic motion
5
— | 1
24 “md® + =kd* = constant
Er BEELE 2 2
—F k the spring constant
2
"L e EEE & @ @ y - T o m
1 . maxr — Z — 5 E
0 d
0 1 2 3 4 5 6 ey
by A ——O-
Vimpact [m/S] ‘ max 4 U*
A. L. Biance, F. Chevy, C. Clanet, G. Lagubeau and D. Quéré. On the elasticity of an 23

inertial liquid shock. Journal of Fluid Mechanics, vol. 554, page 47, may 2006.



C18 ph1 10% r4 De=66
M. 1 . Cl14 ph1 8% 19 De=53
1CTOoeImulsions C14 phi 8% 18 De=2
vy — \/ 29h Ranging from 1.5 to 5m/s C14 ph1 10% 16 De=1.2
vmpact SIS C14 phi 8% 16 De=0.9
o C12 ph1 10% 18 De=0.4
;
6 s & & & @
5
24
23
2 -
. . AE & & @ L
1 |
% 1 7 3 4 5 10° . 10 10°
Vimpact [m/S] b

mmm) t__ not constant for samples with De close to 1 24



What's next?

Understand the decrease of t_ .. with the impact velocity

On liquid nitrogen continue the study of the thickness field
and impact of :

C14 Microemulsions

C14 and C18 Microemulsion mixes

Samples from Michel Cloitre

Double dynamic networks from DoDyNet

Model the sheet expansion in collaboration with
Prof. Daniel Read
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icro-emulsion mixture C18-Ci4
phi=3% r=16

o o o o o o
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Micro-emulsion mixture C18-Ci4
phi=3% r=16 compared with phi=3% r8

103

10}

10°

10

G', G" [Pa]

107

O
107 © " i

O O 100% C18 phi 3% r8

O 100% C14 phi 3% r8

| ® 50% C14 + 50% C18 phi 3% r16

10" 10° 10" 10°
o [rad/s]

10
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