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In hypervelocity impacts of asteroids or comets on the surface
of a planetary body, depending on the impact velocity, part or
all of the projectile material and some of the target material can
be vaporized and expands as a dense gas cloud [6, 8]. Purely
hydrodynamic treatment using an equation of state valid for
thermodynamic equilibrium [9] does not cover the case when
the vapor is quenched into a metastable state before conden-
sation sets in. During the expansion, density and pressure fall
by many orders of magnitude, making it difficult to treat the
process with conventional hydrodynamic algorithms. Here,
for expansion into vaccuum, an analytical solution due to Zel-
dovich and Raizer [3] is used to approximate hydrodynamics.
In the presence of an atmosphere, a numerical solution based
on a second-order accurate Godunov method with van der
Waal’s equation of state is constructed.

After the poineering work of Raizer [1] who investigated
the fate of condensation products of an iron meteroite expand-
ing into vacuum, only few authors have studied the problem
of condensation in impacts (e.g. O’Keefe and Ahrens [2]).
Qualitatively, the main theoretical results of Raizer stayed un-
changed. The conventional view of the order of events during
condensation is as follows (see [3], e. g.):

� the adiabate of the vapor reaches the coexistence curve,
the vapor becomes saturated, further expansion along
the gas adiabate leads to supercooling

� at some critical degree of supercooling, the nucleation
rate becomes high enough that a large number of critical
nuclei of the new phase forms

� nucleation terminates, and clusters grow into droplets
of macroscopic dimensions, the gas pressure drops

� at some moment, the flux of molecules at the surface of
the droplets is so low that the degree of condensation
freezes, a non-zero mass fraction of gas remaining

In this work, a numerical solution of the kinetic equations for
moments of the size distribution of growing droplets and of the
energy equation is presented. It is demonstrated that the above
order of events is a too simplistic scenario and that nucleation
events in impact-generated vapor appear several times at dif-
ferent temporal and spatial scales. The degree of supercooling
follows a complicated oscillating pattern on a logarithmic time
scale, see fig. 1. In this way, several ’generations’ of droplets
are formed, with very different final dimensions. The distri-
bution of sizes such is no more dominated by a single scale,
but rather characterized by several ’generations’ of droplets
of different characteristic sizes (each time a new ’generation’
appears, the r.m.s. size of droplets decreases, because the
older and large drops are outnumbered by finer, newly-formed
droplets, see fig. 2).

Thermodynamic conditions at the moment of the various
nucleation events are very different, in terms of temperatures
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and pressures. The density distribution is the only input re-
quired for the kinetics and adiabatic evolution of the liquid-
vapor mixture, since no back-reaction of condensation on hy-
drodynamics is assumed. This is justified, if the degree of
condensation reaches large values at rather late times, only. If
an atmosphere exists, more detailled considerations are neces-
sary because of the density gradient in the atmosphere and the
role played by the atmospheric shock. Condensation begins in
a layer near the boundary of the original vapor material with
the swept-up atmospheric gas (the shock wave is travelling
ahead of this zone). The geometry of shock-wave propaga-
tion in the atmosphere is complicated (see fig. 3), because the
vertical density gradient hinders lateral propagation and leads
to acceleration vertically upward, see Newman et al. [7], e.
g. Here, Lagrangean tracer particles are used to derive the
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comoving mass density and the temperature where the coexis-
tence curve is crossed, these variables being the input for the
nucleation kinetics, and no back-reaction of condensation on
the further hydrodynamic evolution is assumed. No detailled
model for the release of gases in the course of crater formation
is made, however, since the density and pressure scales in the
crater and in the expanding vapor are too different to allow a
combined treatment. Results are available for different sizes
of impactors, to investigate scaling properties. The kinetic
equations used here follow from the classical Becker-Döring-
Zeldovich theory of nucleation (e.g. Frenkel [4], or Abraham,
[5]). A system of ordinary differential equations is obtained,
that gives the time evolution of the degree of condensation and
of several moments of the droplet size distribution. The kinetic
equations are in a form that allows to incorporate more general
droplet models (other than the capillarity approximation used
by Zeldovich and Raizer [3]).

Figure 3: Logarithmic pressure contours, att = 6:825s.
log10P in Pascal. Contour interval� factor of 4:4377. Ini-
tial conditions: uniform hemisphere of5 km radius, specific
energy corresponding to [9], isothermal (exponential) atmo-
sphere. Note the excellent resolution of the shock wave by the
Godunov method.
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