Impact of a compound drop
on a solid surface
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Inkjet printing

Design of surfaces, Aircraft (damage, icing),
windows, clothes, ...

Chen, L., Xiao, Z., Chan, P. C. H., & Lee, Y.-K. (2010). Static and dynamic characterization of
robust superhydrophobic surfaces built from nano-flowers on silicon micro-post arrays.
Journal of Micromechanics and Microengineering, 20(10), 105001.

Sprays: Cooling, Coating,
Painting, Combustion

0

3D printing, Printing functional materials
Bio-printing: tissues, organs
-le. New printing technologies (metals, high viscosities, ...




Impact of a drop containing a bubble

Silicone Oil 10 ¢St Silicone Oil 10 ¢St

45 cm 150 cm
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Applications: Thermal Barrier Coatings

(3)

Fig. 3. SEM photos of the hollow spherical particles of
a specially prepared YSZ powder. (a) — general view
of the particles, (b) — cross-sectional cut of the
particles.

Fig. 4. Irregular YSZ splats formed as a consequence
of jet gas emission at the periphery of flattening hollow
droplet.

Solonenko, O. P., Mikhalchenko, A. A., & Kartaev, E. V. (2005). Splat formation under YSZ hollow droplet impact onto substrate. In

18/06/2019 Proceedings of the International Thermal Spray Conference (ITSC-2005) (pp. 1-6). Basel, Switzerland: ASM International.
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Numerical simulations

“
h
i ‘
Vj Maximum Jet
velocity

Jet velocity

h P/ p V2

[T 7777777777 777777777777

Sp*/dz

Level of refinement: 10 (21° cells in each direction)
-> 210*¥D /L = 491 cells per drop diameter
L/D =2.08, h/D =0.478
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Simulations

Silicon oil 10 cst Silicon oil 10 cst

D=2.75mm,V =4.59m/s D=2.75mm,V =4.59m/s,
6 =0.0175D, D, =0.5D, Re=1010
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Vertical jetting velocity

0.57 \’_\/\/
0 -
_Vi=1.503m/s
0 Vi=2.584m/s
l Vi=3.199m/s
17 —V.=3.732m/s
_Vi=4.130m/s
15 , |  |—Experiment Silicon oil 10 cst
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The relation between maximum jet velocity and
different film thickness. When 6* < 0.1, the maximum

jet velocity decreases at the increasing of film thickness.

But after 6* > 0.1, the situation is the opposite.
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Bubble vertical position

2

Marie-Jean THORAVAL

e
——
—_—

Burst, impact and maximum jet velocity
time of different film thickness
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Modellir;g
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Comparison with experiments
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® Silicone oil 10cSt
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s = Water
= Model
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Interpretation:

* Bubble size

* Bubble vertical position
* Compressible effects

* Non-axisymmetry

* Bubble and drop shape
e .7
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Effect of drop shape
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Super-fast jet!

V= 4.4
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Bubble bursting in a drop
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Impact of a water-in-oil compound drop

A
\

D
vw=1 ¢St 3
pw =998 kg/m
@ ow= 72 mN/m
oil vo=5 cSt
po =913 kg/m
6o =20 mN/m

glass,
hydrophilic/hydrophobic




Impact of a water in oil compound drop

_volume water

e \/olume ratio o =
total volume

coaxial needle

e Weber number  we= (%P * (1~ 0)p]DV?

* Variation of impact velocity
by varying impact height

glass,
hydrophilic/hydrophobic

{ |
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Core drop rebound

Impact on a
hydrophilic surface

w ‘

7.7 ms 13.7 ms 18.2 ms

Drop diameter: 2.3 mm
Volume ratio: 0.9

Drop diameter: 2.3 mm V=0.7m/s

Volume ratio: 0.3 We =54

V=24m/s Capture rate: 20 000 fps
We =631 Display rate 60 fps

Capture rate: 20 000 fps
Display rate 30 fps Marie-Jean THORAVAL
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Core drop rebound
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core-substrate contact, transition
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Breakup of the lubricating oil layer?

Drop diameter: 2.3 mm

Volume ratio: 0.3

Capture rate: 20 000 fps

Impact heights (clockwise): 45 cm, 48 cm, 60 cm
Weber number (clockwise): 835, 884, 1080 eanT




Breakup of the lubricating oil layer?

Q) o=, (d) e (b)

6~0°

Drop diameter: 2.3 mm
Volume ratio: 0.3
Capture rate: 20 000 fps

h =45 cm, We = 835 h =48 cmm, We = 884
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h =45 cm

h =48 cm
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Water core-substrate contact

0.5 ms 1.3 ms 3.9 ms 6.2 ms 7.9 ms 10.0 ms 15.0 ms
a

h=45cm
vV =2.76 m/s
We =871

vV =12.84m/s
We = 922

4 . ¥ B<<90°
core spreads

core sticks to substrate

Marie-Jean THORAVAL
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Effect of wetting properties

single-drop multiple-drop water-substrate
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Position of the inner drop

Compound drop falling through air
Drop produced with coaxial needle,
volume ratio = 0.2




Drop production (position control)

Coaxial needle Microinjection needle

AN
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Model for core drop dynamics
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Core drop rebound
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Impact of a drop containing a particle
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1 particle in the drop!

Drop: water

D=3.35mm
Dp = 0.8mm

H=2cm
No separation

pp = 7800 kg/m?
8
H=20cm
T ResT
u H=50cm

Particle shifting

H=40cm
Mushroom jet




Critical separation velocity
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Critical separation velocity
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Splashing velocit
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Splashing velocity
Q
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Particle separation threshold

V, <0.77m/s

letting afte B bble bursting

Bubble entrapment

Drop size: Dy = 3.20mm  Particle size: D, = 1 mm

Sideway shifting of the particle due to air drag Velocity of particle: 1 Particle density: p,=7.8

----- o

18/06/2019 Marie-Jean THORAVAL Drop size: Dy = 3.28 mm  Particle si%Dp = 0.7 mm

Velocity of particle: 1, Particle density: p,=7.8




Effect of particle wetting
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Liquid focusing
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Impact of compound dro
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