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Bubble examples/scale

Localized energy deposition in liquids where
bubbles play roles:
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Why bubbles are important?

- Bubble collapse results in large pressure increase
- Shock waves
- Surface material splashing
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Bubble formation theory

Still not widely used
Radiation absorption often wrongly neglected

Underwater localized energy deposition (0D) implemented in MATLAB
GRC Model Highlights
* Bubble is treated as a thermodynamic system whose state is set by
P, TandR
* Spherical bubble dynamics in a compressible liquid (Keller-Kolodner*
model)
e Heat loss mechanisms include radiation and vapor
condensation/evaporation
e Pressure computed using ideal gas law with dissociation
e Acoustic pressure rise in surrounding liquid is calculated Ambient liquid
e Radiative heat flux computed for specified pressure, temperature and
bubble size — lookup tables generated for given ranges of above
parameters
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Bubble formation theory @
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Bubble formation model

Model assumptions
1) The contents of the bubble are homogeneous and in thermodynamic equilibrium.
2) The gasin the bubble obeys the ideal gas law, with modifications to account for the fact that G e e e

. . . . . . . Liquid Radiative loss used to return
water vapor in the bubble is dissociated. lonization is neglected. evaporated liquid into bubble
3) The bubble is optically thick, wherein emissivity of the bubble was calculated using the Rosseland Plesma
. . . Electrode
weighting approach, which calculates a frequency averaged photon mean free path. - Un-absorbed
radiative loss
4) A dissipation length was assumed to calculate the fraction of emitted radiation absorbed by the Powgd;.ted
. into arc channel
surrounding water. ‘ L
ondensation/evaporation
5) Mass flow from evaporation and condensation - model by Schrage. Gl
6) Thermal loss from the bubble due to conduction into liquid was ignored
Model validation
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Laser ablation in liquids

1. Early stage - laser energy absorption, material
ejection, plume formation

2. Intermediate stage - plume expansion, SWs
propagation, cavitation bubble development,
oscillations

Plume

3. Late stage - Bubble collapse, plume mixing
with the liquid, NP coalescence/aggregation
processes.

Pressure on the target:

-from laser heating : SW propagation in the target and rarefaction wave (tensile
pressure) is formed behind

-from the backscattering plasma plume: additional heating and pressure

-from the collapsing cavitation bubble and water micro-jet =1 LABORATOIRE
& nuseRr cuien

On nanoparticle formation by laser ablation in liquids
TE ltina - The Journal of Physical Chemistry C, 2011
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Laser ablation in liquids

-bubble formation (liquid)

-confinement=> different ablation threshold and yield
-shock wave formation

What are the roles of laser, plasma and of cavitation
bubble?

Rsb—R3 T T 12
. . . _ 3 n na — e _
Confinement by liquid R, (t)=1\R,, + e a— {t - sm( - t)” '

Vogel et al., J. Acoust. Soc. Am. 100(1), 1996

=>Hydrodynamic modeling « Gold target in water
» 2T semi-empirical equations
of state (for metal, gold here)

* EOS for water 6 LABORATOIRE
I(t)=l,exp(-4In2 t2/t?), 1=200fs, 800 nm, |, =2, 3, 4, 5 x 1013 W/cm? </ HUBERT CURIEN



Laser ablation in water

crXst,

Bubble radius/ pressure vs time: examples of bubble behavior

Experiment
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Figure 7. (@) Temporal evolution of the cavitation bubble on gold (upper picture series) and aluminum target (lower picture series) immersed in water at a

theoretical, incident laser fluence of 313 Jcm 2

spherical=1.0) as a function of time. Au=red squares, Al= purple circles.

Mark-Robert Kalus,Stephan Barcikowski,and Bilal Ggkce How the Physicochemical Properties of the Bulk Material Affect
the Ablation Crater Profile, Mass Balance, and Bubble Dynamics \ . )
Full Paper

During Single-Pulse, Nanosecond Laser Ablation in Water -
Chemistry—A European Journal doi.org/10.1002/chem.202005087

. (b) Temporal evolution of the cavitation bubble volume and (c) calculation of the bubble sphericity (hemi-
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Temperature, kK

10 4

—

Spallation (material fragmentation due to expansion)
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M.E. Povamnitsyn, T.E. Itina, P.R. Levashov,K.V. Khishchenko, K. V. (2013). Mechanisms of nanoparticle
formation by ultra-short laser ablation of metals in liquid environment. Physical Chemistry Chemical

Physics, 15(9), 3108-3114.
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Pore coalescence
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fracture
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Fragmentation criterium

crlo

Energy minimization | comenession

P, = (6p*coe)l/3

TIME
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!
SPALL TIME (tg)

D. Grady, J. Mech. Phys. Solids 36, 353 (1988).
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Bubble MD simulations

Water njlolecules
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Fig. 9 Normalized bubble volumes Q(t) versus time for the different particle velocities u, and bubble diameters D: (a) D = 5nm, u, = 1.0, 15,2.0,2.5,3.0
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Summary and future work

OB

 Cavitation bubbles are important phenomena to account when there is a localized
large energy deposition in liquids

* Bubble formation theory exists and provides good insight into bubble dynamics

« Large pressure at the bubble collapse stage results in surface material splashing,
shock waves both in liquids and surface materials

* MD simulations of bubble formation have recently been successful

* Future work can focus on a creation of a comprehensive model for laser ablation in

fluids accounting for a cavitation bubble effect

1=1 LABORATOIRE
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Questions?

General Electric Global Research is hiring!

Splitting into 3 centers: GE Healthcare, GE Aerospace, GE Vernova

Contact: seleznev@ge.com
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