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K. S. Suslick and Flannigan D.J., Annu Rev Phys Chem., 59, 659-83. (2008)
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* Neg.: Erosion, noise, efficiency decrease.

* Pos.: Chemical reactions, wastewater
treatement, medical procedures,...

https://en.wikipedia.org/wiki/Cavitation

* Acoustic cavitation = rarefactions in soundwaves
* Impurities in liquid = lowering cavitation
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LABORATOIRE DES ECOULEMENTS
GEOPHYSIQUES ET INDUSTRIELS

Microfluidic cavitating flow

* Smooth surfaces and absence nucleation sites

* Flow hysteresis

F. Ayela et al., Physical Review E, 88, 043016 (2013)
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* Metastable flow single phase flow

AP (bars)

* Steady state two-phase flow
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Microfluidic channels

Pyrex glass

M. Medrano et al., Phys. Fluids 23, 127103.
F. Ayela et al., Oil Gas Sci. Technol 72, 19 (2017) (open access).
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* Pyrex/Silicon/pyrex or
Silicon/pyrex hybrid system

* Micromachining and DRIE
process

* Anodic bonding of glass to silicon

EHT =2000kv  100pum
WD = 10mm

Institut NéoliNanofab
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XYZ motion control of sample

Ti:Sapphire laser + frequency
doubling = tuneable range of
pulsed excitation light

* Long working distance
objective i

« Confocal setup = confined o

acquisition volume

TN

* Detection =2
monochromator and EMCCD

1pm x 1pm X Spm
voxel
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Temperature sensitive nanoprobes

Chemical stabilisation
of the dye

- improves quenching by reducing
non-radiative transition
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APTES \l
ni, TEOS

- Covalently bound dyes
- Variety of dyes can be encapsulated (FITC, RBITC,...)
~ 400 flourophores per nanoprobe

- Zeta potential control

- Colloidal stability control Fluorescein - FITC

M. Martini et al., J. Phys. Chem. C,113 (41), 17669.
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e Raster scanning and recording spectrum.
* Steady state two phase flow

* 3D confinement of acquisition volume.
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Luminescence intensity mapping = temperature measurements

Detection
(monochromator and CCD)

Dichroic mirror

Confocal setup with pinhole
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lpm X 1pm x Ratiometric intensity measurements (A/B ratio) =
Spm temperature information 8/12



Luminescence intensity mapping =2 Void fraction

440nm
I Detection
I (monochromator and CCD)
Dichroid mirror
Confocal setup with pinhole P

LWD Objective

Bubble in flow

@

Twophase Nanofluid flow

Intensity map = Void fraction map
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Temperature mapping in microchannels with fluorescein nanoprobes
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Temperature map Intensity / Void fraction map



*  Multiple 2D mappings
performed at different
heights in channel.

3D flow characterisation

temperature (°C)

~— Scanning planes

Glass cover z
Silicon channel |’

<

| 3D temperature mapping I

| 3D void fraction mapping |
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Conclusions

Ratiometric intensity measurements =
temperaure and void fraction mapping of
cavitation flow.

Confocal setup = Confined acquisition volume
— 2D and 3D flow characterisation.

Indications of strong thermal effects in cavitating
flow.

Perspectives

Hydrodynamic cavitation radical yield by
chemiluminescence intensity measurements.

D. Podbevsek et al., j.ultsonch., 43, 175-183 (2018).
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