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SPATIALLY RESOLVED HYDRODYNAMICS OF NIR LASER BREAKDOWN REGION IN TAP WATER AND ETHANOL
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Laser breakdown in water is of considerable interest due to its potential application to on-line analysis of contaminants. Optical breakdown in tap water and ethanol induced by an Nd:YAG laser radiation (intensities 0.1-1.0 GW/cm2) was visualized and measured by applying the optical diagnostic techniques (532 nm @ 6 ns) with temporal a few nanosecond and spatial a ten micron resolution. The research was focused on the earlier stages of time, just after the end of heating laser pulse (1064 nm @ 6 ns). 

It was observed non-hydrodynamic mechanism of the propagation of optical discharge – the wave of breakdown, which front moves towards the focusing singlet. Only a small part of the laser pulse supports the opposite moving front of the optical discharge. 

Impurities play an important role in the process of optical breakdown in gases, liquids and transparent solids, where they easily initiate plasma formation. Numerical experimental data show on the mechanism of breakdown initiated by inclusions in the liquids. The surfaces of the inclusion particles begin to evaporate and at the same time the expanding motion of the vapors is strongly restricted by the surrounding water. This leads to a high pressure in the region that supports the ionization avalanche.    

Representative Schlieren, shadow and interferometric imaging results show that in at short time delays the laser spark column is filled with small luminous micro-balls of different diameters. It is believed that the process of avalanche ionization is responsible for the arising the luminous ball over an inclusion particle. A few nanoseconds later cavities appear. These are probably a result of a thermal explosion of the inclusion’s vapors forcing the surrounding water outside the cavity. In their turn the cavities generate spherical micro waves. Both the cavities and the associated shockwaves evolve in time, and their dynamics was studied for longer times. 

The axial spatial characteristics of a laser spark column and laser pulse energies absorbed in the spark were measured on the base of numerical analysis of cavities arising over inclusions. Anomalously long laser spark column in the liquids was observed. Novel non-probability criterion of the laser breakdown threshold was suggested as the pulse energy which generates laser spark of negligibly small length.
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