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Action of intensive irradiation, electron-beam or laser, initiates a whole set of thermo-physical 
and mechanical processes in the irradiated metal, including melting, cavitation and 
evaporation of melt due to its heating and action of tensile stresses. Origin of tensile stresses 
is the next: an impulse of irradiation creates a heated zone with high pressure at first [1,2], 
then the substance of this zone expands due to the pressure gradients, and, after than, under its 
own inertia reaching a negative pressure level. The negative pressure (tensile stresses) makes 
liquid metastabel and subjected to cavitation. Growth and coalescence of vapour cavities lead 
to fracture of metal in liquid state and to ablation of the irradiated surface material in the form 
of mixture of liquid drops and vapour; all it is accompanied by phase transitions. 
 
We present a computational model of cavitation and fracture of the metal melt and its 
implementation to the problem of ultra-short intensive irradiation. The model treats irradiated 
metal as a two-phase medium which can be a singly connected liquid (solid) with (or without) 
vapour cavities–on the first stage of evolution; and a singly connected vapour with liquid 
drops–on the last stage. The model deals with flow parameters averaged on the scales much 
longer than the size of phase inclusions (cavities or drops) and the distance between them. 
 

 
Fig. 1. Simulation results for uniform tension of liquid aluminum: pressure versus current 
deformation (left panel) and maximal achieved negative pressure (dynamic tensile strength) 
versus strain rate at deferent temperatures (right panel). Markers: 1–the experimental result 
[3] and 2–the molecular dynamics simulations [4] for corresponding temperatures. 
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The one-velocity approximation is used. The equations set consists of the motion equation for 
mixture and equations for density, internal energy and volume fractions of both phases. 
Thermo-fluctuation nucleation of cavities and they viscous growth are considered, as well as 
the energy and mass exchange between phases. The most important parameter is the surface 
tension coefficient, which is taken from [5]. The model can predict the dynamic tensile 
strength of metal melts (Fig. 1) and can describe the processes in the irradiated metal (Fig. 2) 
and sizes of metal particles [6] ablated from the irradiated surface. 
 

 
Fig. 2. Temperature (left panel) and stress (right panel) fields in copper under the action of 
high-current electron irradiation with parameters, corresponding to SINUS-7 accelerator [2]. 
“A”–high pressure zone, “B”–the running stress wave with the precursor “C”, and “D”–
cavitation in melt as a result of its tension. 
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