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Laser-induced gas plasma has gained substantial interest during the past decade
due to its potential industrial applications, such as laser-induced breakdown
spectroscopy, laser ignition, laser propulsion, etc. This thesis is mainly concerned
the simulation of laser energy deposition, the resultant fluid dynamic evolution in
gas by the energy spot as well as gas plasma used in laser-induced breakdown
spectroscopy technology for element trace.

Chapter 1 states the brief introduction to laser-induced gas plasma as well as its
related industrial application technologies. The previous numerical and
experimental researches are also summarized to show the purpose of study in this
thesis.

Chapter 2 theoretically describes processes of plasma generation by laser
irradiation as well as the resultant hydrodynamic evolution: initial release of feed
electrons by maultiphoton ionization, ionization of gas in the focal region of the
laser beam by cascade ionization, absorption of laser energy by gaseous plasma,
rapid expansion of the plasma and detonation formation within laser pulse, and the
propagation of pressure wave into the surrounding gas after laser pulse.

In chapter 3, propagation of pressure wave caused by laser energy disposition in
argon are numerical studied. A model about Nd:YAG laser energy deposition in
argon has been developed for this purpose. It is designed to predict the fluid
dynamic effects of the energy deposition process in quiescent argon. The key
physical processes are captured, including evolution of energy spot shape and
structure, ionization and recombination chemical reactions, evolution of the
pressure wave front and the subsequent fluid movement.

To simulate the propagation of the laser beam in time, the Maxwell equations and
the finite difference time domain method are adopted. The discretization process
of Maxwell equations, disposal of boundary conditions and the incident wave in
FDTD are discussed in detailed in chapter 4. At last the Gaussian beam, which is




usually used for a specified form of the laser beam, is simulated by FDTD.

In chapter 5, the gas kinetic theory and the continuous Boltzmann equation are
firstly introduced. To solve the continuous Boltzmann equation, the lattice
Boltzmann method (LBM) is adopted. The build-up processes of D2Q9 as well as
the universal numerical procedure of LLBM are discussed in detailed. After the
background knowledge, gas plasma produced by laser irradiation is modeled by
Boltzmann equations.

In chapter 6, interaction of laser and existing plasma as well as generation of gas
plasma by laser irradiation is simulated by a hybrid model. Maxwell equations,
which are used to model the propagation of laser, are calculated by the finite
difference time domain method. Employing coefficients of distribution functions,
processes of multiphoton ionization, electron impact ionization and three-body
recombination are included in Boltzmann equations. Using D2Q9 model in LBM,
number densities of particles in plasma can be obtained after solving Boltzmann
equations. For the energy transformation in plasma, the finite volume method is
applied to calculate the macroscopic energy equations directly coming from the
continuous Boltzmann equations.

As one important application of gas plasma produced by laser irradiation,
laser-induced breakdown spectroscopy technology for iodine detection is studied
in chapter 7. Iodine in buffer gases of N2 and air was detected using nanosecond
and picosecond breakdowns of CH3I at reduced pressure. The measurement results
of iodine demonstrated that low-pressure LIBS is the favorable method for trace
species measurement in analytical application. The plasma generation process can
be controlled by the gas pressure and laser pulse width for the larger ionization
and excitation processes of iodine, which is discussed by the intensity ratio of
iodine emission at 183 nm to nitrogen emission at 174.3 nm. The detection limit of
iodine measurement in N2 was 60 ppb in nanosecond breakdown at 700 Pa. lodine
in the buffer gas of air was also detected using nanosecond and picosecond
breakdowns to discuss the effect of oxygen.

Chapter 8 is the summary and conclusion of this thesis as well as some
suggestions for future research.




