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parameter of supercooling θ =
−T T
T
eq

eq
, where Teq is the temperature of the thermodynamic equilibrium for the 

given volume and pressure (temperature along vapor binodal line on the phase diagram separating stable and 
metastable states [8]).

Further, with a sharp increase in the degree of supersaturation of vapor, there is a bulk formation of conden-
sation centers («etching» of nuclei), which due to the «sticking» of vapor molecules begin to grow in size. Acce
lerated formation of liquid drops in vapor due to the release of latent condensation energy stops the growth of the 
supercooling parameter and causes its decline. In this case, the process of nuclei formation, which is extremely sen-
sitive to the degree of supersaturation, stops and in the future only the enlargement of the formed droplets occurs.

Due to the continued rapid expansion of the jet at this stage, gradual decrease in the number of acts of 
«sticking» of vapor molecules to the nuclei can be obtained, and subsequently we can observe their complete 
cessation. In this case, the degree of vapor condensation x (the ratio of the number of vapor atoms in the liquid 
phase to their total number) is stabilized, which corresponds to the so-called «quenching» of droplets [9]. Thus, 
in contrast to the equilibrium static condensation scenario, when the vapor is in a state of thermodynamic equi-
librium at all stages, the maximum achievable degree of condensation in the case of rapid adiabatic expansion 
of the jet can be significantly less than 1 (in practice, x = 0.1– 0.3 [4]).

The temperature dynamics in the center of the silver ablation jet (ξ = 0) is shown in fig. 3, a, where you can 
see these patterns. Initially, this parameter follows the Poisson adiabate and the value Tc = 2901 K corresponds 
to the moment when the Poisson adiabate intersects with the saturation adiabate. After reaching this value, 
the vapor becomes supersaturated and conditions for nuclei formation are created. The temperature in the jet 
center deviates from the Poisson’s adiabate at the moment of bulk «etching» of nuclei (at Te = 1232 K), corre-
sponding to the maximum supercooling of vapor.

Described above process of dynamic condensation of silver ablative jets can also be graphically represented as 
passing of the three spatial concentric spherical waves in the expanding vapor-plasma cloud from the periphery 
to the center. There are «saturation» wave (corresponding to the moment of crossing the adiabatic Poisson 
curve with adiabatic saturation curve at the phase diagram of vapor), wave of nuclear «etching» (the moment 
of greatest supercooling) and the «quenching» wave (stabilization of the degree of condensation of the vapor) 
[4; 8]. To evaluate the spatial-temporal characteristics of the «saturation», «etching» and «quenching» waves, 
it is proposed to use the relations [8; 12] taking into account the jet expansion model (2):
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Fig. 3. Dynamic condensation in silver jets:  
a – temperature dynamics in the center of the silver ablation jet (ξ = 0);  

b – wave fronts of dynamic condensation


