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Model of propagation of silver ablation jet  
after exposure of a nanosecond laser pulse

In the Anisimov – Luk’yanchuk model, the following spherically symmetric model is proposed to describe 
the dynamics of expansion of an ablative jet into a vacuum [4]:
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where Ψ t( ) – dimensionless function, describing the magnitude distribution of the leading edge of a spherical jet; 
R t( ) – dependence of the spherical jet radius on time; R0 – initial radius of the jet; u0 – initial velocity of jet 
propagation; E – initial internal energy of the jet vapor; M – mass of jet vapor.

At work [13], processes accompanying the laser ablation of metal (Pb, Zn, Cu, Ni, Ag, Au, Pt) targets  at 
atmospheric pressure were studied. Parameters of laser pulses are: duration 20 ns, energy in pulse 200 –300 mJ, 
power density 108–109 W/cm2. Using experimentally determined data [13]: u0 = 7.1 km/s; the average mass 
removed per pulse, М = 0,15 ⋅ 10– 8 kg. Value E = 1.5 mJ is calculated using data [14] on the characteristic 
value of ablative loading of metals (the share of the energy of the affected radiation converted into the kinetic 
energy of the jet). At fig. 1, the solid curve corresponds to the substitution of the set initial data for silver ablative 
jet in (1). However, as it was noted at [12], this approximation gives a highly inflated jet size for lead ablative jet 
in comparison with experimental data [13] (which is not surprising, given the orientation of this approximation 
to the expansion of jet in a vacuum).

The better effect can be obtained by using the spherically symmetric approximation based on a modifica-
tion [12] of the Taylor – Sedov model [15], which was originally used to describe the movement of the front of an 
explosive shock wave in buffer gases. The Taylor – Sedov approximation considers the case of propagation of 
a spherical shock wave in an ideal gas with a constant heat capacity. The source of expansion is a short-term point 
energy release, and the wave amplitude is so high that the initial (before the explosion) parameters of the buffer 
gas can be ignored. A characteristic feature of the consideration of the jet propagation process is the existence of 
an initial spherical cloud, i. e. the initial problem ceases to have a point character of energy input into the system. 

This requires a corresponding transformation of the Taylor – Sedov relation to the form (2), where the mo
vement of the shock wave front is determined by two-dimensional parameters: the explosion energy E and the 
initial density of the buffer gas ρg [12]:
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Fig. 1. Silver ablative jet propagation models


