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Objectives

Identify the relevant dissipation involved in the sheet expansion
dynamics on a repellent surface and on targets.

Rationalize the respective roles of inertia, capillarity, elasticity and
dissipation on the impact process.

Study the elasto-capillary effects on the mechanical deformation by
impacting droplets of transient networks.



Context - Drop impact

Deceleration 300x

Upon impact : o

Inertial forces mmmp radial expansion of the sheet

Stored elastic energy mmmp retraction after maximal expansion

Goal:

- Rationalize the respective role of

Surface Bulk

elasticity elasticity

bx + B, + EBuk + Episs = cst

Inertia Dissipation



Drop impact Part 1 - repellent surface
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Drop impact Part 1 -Viscoelastic Samples

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

(g Hydrophilic
“ﬁ‘\ % ‘ backbonei\\‘,\!\.
ZDQ ) Hydrophobic
) {(VA § {? stickers

i? radius=6nm

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

Decorated wormlike micelles

® = mass fraction of surfactant
o = mole fraction of amphiphilic polymer (PEO)

Adapted from Schubert, B.A., The rheology and microstructure of
charged, wormlike micelles. Ph.D. Thesis, 2003, University of
Delaware, Newark. 5



Drop impact Part 1 -Viscoelastic Samples

Micro-emulsions Wormlike micelles
Name Go [Pa]| 7 [ms]|no [Pas]| De | | Name Go [Pa]|7 [ms]|ny [Pas|| De
M14g8r9 189 | 8 | 15 1531 IWMe700.9 | 73 2 | 0.146 |0.36
Mldgsrs 128 1 6 1 077 1 2 1 IwM@9a2 64 | 1 | 0.031 [0.16
M1491076 48 D 0.23 | 1.2 T

_ De = 4=
M14¢87r6 31 4 0.12 0.9

M1201078 194 2 0.39 0.73




Drop 1mpact Part 1 - repellent surface
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Glycerol-Water 71y = 1to 813 mPas

Silicone oil

No = 5to 970 mPas .



Drop impact Part 1 - Energy balance

Kinetic energy

l

EK -+ E,}, -+ EBulk -+ EB = cst

for d >> d




Drop impact Part 1 - Energy balance

Surface elastic energy

L

1—6md2 -+ EF}, + Fpuk + Eg = cst

for d >> d



Drop impact Part 1 - Energy balance

Bulk elastic energy

1 1 l

1—6md2 —+ §7T’}/d2 —+ EBu]k + EB = cst

for a neo-Hookean solid with a cylinder shape
of homogenous thickness and for d>>d

d

a“ - - - e e e e S .
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Drop impact Part 1 - Energy balance

Biaxial dissipation

1 1 VG l

72 2 2
1—6md —|—§7T’}/d + 2 d” 4+ Ep = cst
Dissipation function
o Npel - 1od
By = [ [ pdvd ~ $=mE =55

3 " 5 | For Newtonian fluids :
Ep ~ WBW% o (1@) dt: B = 6770
0 |

"Biaxial extensional viscous dissipation in sheets expansion formed by impact of drops of Newtonian and non-Newtonian fluids"

A. Louhichi, C-A. Charles, T. Phou, D. Vlassopoulos, L. Ramos, and C. Ligoure, 2020, Physical Review Fluids (Vol. 5, No. 5) 11



Drop impact Part 1 - Energy balance

o1, V@), &t (10d)
—md —|—§7rfyd | d —|—€/0 dt = cst

16 d2 d ot

T —1
.eNS.O OS. Estimation of the strain rate:
s — lod
d Ot
¢ .
+ 0 max o dt
E =
tmax

o [rad/s]



Drop impact Part 1 - Equation of motion

Loyl VG d [ (10d)
16md 27rfyd i d —|—77]37r6 : ey dt = cst
1. 03 2V G e,
cmd+ BT g4 (ry+ ) d=0 G TEE
8 6 d2 dO GGH(E)
B = g

Second order nonlinear ordinary : :
: . : - Numerical resolution
differential equation
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Drop impact Part 1 -
Underdamped Harmonic Oscillator

Numerical resolution
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Conclusions Part 1

v" Successful building of a set-up allowing one to eliminate the viscous shear dissipation.

v" Impact of samples with viscoelastic properties and evidence of a nontrivial combination of
viscosity, bulk and surface elasticity.

v" Interpretation of the experimental results by modeling the drop impact dynamic by a free
harmonic oscillator subjected to biaxial dissipations that depends on the expansion.
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Drop 1mpact Part 2 Impact on target
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sheets” submitted to J. Fluid mech.




Drop impact Part 2 - Targets of different sizes
vo = \/2gh = 3.7 m/s

Slowed down 200x d,=5mm

mmmmm) Effect of the target

diameter on shear dissipation?




Drop impact Part 2 - Viscous fluids

vo = v/2gh = 3.7 m/s A= Umas

dO W  Water n =1 mPas
10 ——/7M —r——————r——r—————— 7 95% Glycerol-Water n,=309 mPas
91% Glycerol-Water n =268 mPas
¥ 87% Glycerol-Water n,=145 mPas
8r | ¥ 85% Glycerol-Water n,=55 mPas
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6F W% " ; - - W 80% Glycerol-Water n =34 mPas
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Q 4 *g w g # " e ™ 22% Glycerol-Water n =1.5 mPas
%
! N g - o
Al Yok %
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
d. [mm] 18



Drop impact Part 2 - Shear dissipation

3
2d, d(t) o

nt
P

bmax ") = 58
ES — / / ﬁg’ygd‘/dt \\ /
0 VShear hI ﬁi ?::v

With = s Vi = Ty inf(A(0), 6(0)

What part of the sheet is actually sheared ?

The whole thickness, h(t)
or the viscous boundary layer, 6(t) ?
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Drop impact Part 2 - Shear dissipation

t, t* tax = (1)
N /()
5 ? ? D Vot
0 < h 0=h 0> h

d> .
t<t*  Vsnear = % 6(t) Y = %

d> :
t>t*  Vspear = % h(t) Yy = %
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Drop impact Part 2 - Shear dissipation

Negligible

mvind= [ [ 1 z ]
Fo =901 / —dt / dt
=1 ), st %

: 1/5
’03778936%) /

Esﬁﬂ'd%\( 4]



Drop impact Part 2 - Biaxial viscosity vs Shear

& [ (1d(d)\ e .
EB ~ ’I]Bﬂ'— (—Q) dt ES — / / novzd-‘/dt
6 0 d dt 0 VShear
For Newtonian fluids : g = 619
v 3d3
by ~ ’IT’I]Od[Q}’UO Ey ~ wd5 ( Onjcg )
N
: EB . do I
' — =~ 2Re 3/5 (—) !
: S dT ' Reynolds number :
------------------- Re — vodop

Mo

22



Drop impact Part 2 - Biaxial viscosity vs Shear
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mmmmm) Dissipation dominated by

shear for Newtonian fluids
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Drop impact Part 2 - Targets

Viscous fluid : Inviscid fluid :
Ex = E, + Es Ex =E,
1/5 i L)
mpdove _ T (WP d / Tty T
2 6 — ’Y i 708 T 48 9 6 2 max,inv

\ 3 dma}{ /
d —
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Drop impact Part 2 - Targets
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1.2

Drop impact Part 2 - Targets
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Drop impact Part 2 - Targets
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Drop impact Part 2 - Targets
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Conclusions Part 2

v" Progressive introduction of shear dissipation with targets of different
diameters.

v" Accounting of the effect of the target diameter on shear dissipation during
Newtonian sheet expansion for low viscosity Newtonian fluids.

v’ Identification of two regimes for the expansion on targets.

v' The expansion of shear thinning fluids (PEO solutions) does not change
with the target size.
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What is next ?

v Analyze of the evolution of the rim with time for different viscosities on
liquid nitrogen and targets.

v" Impact of saliva droplets on targets (preliminary experiments).

v Manuscript writing.
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