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Abstract

The physical phen mena involved in the interaction of CO, laser-
generated plasma plume vith a buffer gas are studied experimentally. The
plume dynamics in the sresence of an amb; nt as is very intriguing
physics. The expansion « [ a laser-produced pl sm: in the presence of an
ambicent gas leads to inte al plume structures, plun:c splitting, sharpening,
confinement, etc. are distinguished three distinet pres.ure regimes using fast
photography, each of wl ch is characterized b. pa: (cular behavior of the
plume. At low absolute ressure, the plume xpa Is freely without any
external viscous force. | nage analysis technic e i used to measure the
tempcrature of plasma iniiiated above the surfac. of target metal. The image
technique depends on two-color analysis (o get the . mperature distribution
in the plasma plume, which was measured spa'ially. It was found that the
maximum plume temperature of stainless steel s vac., um case was 47300 K,

In addition, at the same sonditions in the aluminum the temperature was
6300 K with power densi: / 107,

A mathematical scl:2me of plasma-initiated thermal coupling hus been
implemented. The implerientation yields the temporal distributions of the
thermal flux which reacl.ss the metal surface, from which the spatial and
temporal temperature pre iles can be calculated. The model has shov.n that
the temperature of ey aporiting surface is determined by the balance b tween
the absorbed power «ind i ¢ rate of energy loss due to evaporation. Wl en the
laser intensity assumed as 10-10° W/em?, the temperature of vapor could
increase beyond the critical temperature of metal, then the plasma ig nition,
i.e. plasma will be ignited above the metal surface.

The plasma density is analysed at different values of vapor

temperature and pressure using Boltzmann code for calculation of elzctron

distribution functici.. This analysis is used to determine the te.aporal
ated with pdfFactory trial version www.pdffactory.com
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heat flux is proved to vanish at high plasma density. Accordingly, the
temporal and spatial distribution of temperature profiles within the s..iid

metal are modeled depending upon the net heat flux that reached the tar et
surface.

It is found that the results using the model of the present v rk
together with the explicit solution techniq e, are in fair agreement with the
present experimental resulis.

Electron density distribution (plumez lifetime) is also simulated. | hc
simulation yields the temporal and spatiz| distributions of electrons « ler
plasma formation above the surface. Thz electron is moving with <. ift
velocity in the reverse direction to the incident laser beam. This mod.! is
solved using the finite difference method with explicit scheme.

Stainless steel, uluminum, and copper are selected as target: to
represent metallic material of diverse physical and thermal properties.

When the plasma initiation above th2 metallic surfaces irradiated . ith
laser fluxes, it is concluded that the heat flux, which reaches the mat. - ial

surface is badly attenuaied at a high of plasma density.
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