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Numerical computation of
pulsed laser ablation phenomena by thermal mechanisms

Bukuk Oh, Dongsik Kim
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Abstract

High-power pulsed laser ablation under atmospheric pressure is studied utilizing numerical and
experimental methods with emphasis on recondensation ratio, and the dynamics of the laser induced vapor
flow. In the numerical calculation, the temperature pressure, density and vaporization flux on a solid substrate
are first obtained by a heat-transfer computation code based on the enthalpy method, and then the plume
dynamics is calculated by using a commercial CFD package. To confirm the computation results, the probe
beam deflection technique was utilized for measuring the propagation of a laser induced shock wave.
Discontinuities of properties and velocity over the Knudsen layer were investigated. Related with the analysis
of the jump condition, the effect of the recondesation ratio on the plume dynamics was examined by
comparing the pressure, density, and mass fraction of ablated aluminum vapor. To consider the effect of mass
transfer between the ablation plume and air, unlike the most previous investigations, the equation of species
conservation is simultaneously solved with the Euler equations. Therefore the numerical model computes not
only the propagation of the shock front but also the distribution of the aluminum vapor. To our knowledge,
this is the first work that employed a commercial CFD code in the calculation of pulsed ablation phenomena.
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z Vertical axis of flow domain [m]
a Absorption coefficient for aluminum [1/m]
a, Absorption coefficient for plasma [1/m]
p - Recondensation ratio
At - Increment of time for calculation [s]
¥ - Specific heat ratio
Yo - Density [kg/m’]
Subscript
amb: ambient
air: air

al: aluminum
0: on liquid surface
1: at the edge of Knudsen layer
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Fig. 1 The change of velocity, pressure, temperature,
and density through the Knudsen layer.
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Fig. 2 Physical sketch for laser interaction with
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Fig. 4 Temporal variation of the target surface
temperature.
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Fig. 5 Time of propagation of the shock wave for
various laser fluences. (a) F=1.77, (b) 5.09, (¢) 7.76
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Fig. 6 Variation of (a) pressure, (b) temperature at the
edge of Knudsen layer for different fluences.
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