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The purpose of this study is to develop a numerical
model for accurate description of the target material
displacment both due to cratering flow and due to ex-
pansion of ejecta through the atmosphere

The model is based on the SOVA multi-material
hydrocode [1], which allows considering strong hydro-
dynamic flows with accurate description of the bounda-
ries between different materials. In order to simulate
the stage of crater modification a model of strength is
included into the SOVA. According to [2] I use the
model of Bingham fluid. Temporal acoustic fluidiza-
tion [3] is also taken into account. About one hundred
thousand passive tracer particles are used to follow the
motion of a soil within the target.

A principal point of the model is a mechanism of
solid and melted ejecta transformation into discrete
particles [4]. An equation of state and phase equilib-
rium curve are used to determine a thermodynamic
state of ejected material. In order to transform solid
ejecta into discrete particles it is necessary to deter-
mine a size distribution of ejected particles. Following
[5] I use a power-law relation

N(m)=Cm-b,
where N(m) is the cumulative number of fragments of
mass equal to or greater than mass m, exponent b
commonly ranges between 0.8 and 0.9, C is a constant
defined by a total ejected mass. A mass of the biggest
fragment  mm is determined from statistical strength
theory [6]. In the case under consideration the basic
relation of this theory can be written in the form:

(p/p0)=(m0/mm)a,
where p is the maximum pressure experienced by
ejected mass, p0 is the maximum pressure near the
boundary of excavated crater, m0 is the mass of the
largest intact block in the ejecta blanket. The values of
p0 and p are determined by numerical simulations, m0
is determined by the relation

m0=0.8M0.8 ,
where M is the total ejected mass [5]. For melted ejecta
the size of the largest fragment is assumed to be 1-
3 cm. This model assumes that the mass of the largest
fragment mm is different for different parts of ejecta.
The largest fragments are ejected from the periphery of
excavated crater  and from near surface spall zone. Any
other ejecta size distributions derived from other theo-
ries or/and observations can be easily included into the
model.

The following evolution of ejecta is described as a
motion of discrete particles interacting with the gas [1].

Very large, unique fragments are considered sepa-
rately. All information about ejected particles is con-
served by markers. This allows calculating ejecta dis-
tributions at different distances from the crater both for
all fragments or for specific particles (i.e., melted,
shock modified, ejected from specific depth, etc.).

The model was applied to study a vertical impact of
a 1 km in radius spherical asteroid on the granite sur-
face at 20 km/s. ANEOS equation of state [7] and ta-
bles [8] were used to describe thermodynamical prop-
erties of impactor/target materials and air.

Fig. 1. Trajectories of selected particles in the target (initial
positions are shown by circles). Thick gray line shows tran-
sient cavity when it reaches a maximum depth.

Fig.1 shows material displacement in the target.
Some portions of soil escape from the crater for large
distances. Initial positions of these particles define an
excavated crater. Other excavated material can fall
within the area of final crater and slump to the transient
cavity during the process of crater modification (col-
lapse). A great mass of the target material is displaced
for a long distance, but remains within the crater and is
not excavated.

Fig.2 shows ejecta distributions 200 s after impact.
On the right red dots show selected particles of melted
material; green dots show shock-modified material
(i.e., material, which experiences the pressure of 15-
40 GPa during the impact process); blue dots show
ejected fragments, which do not experience pressure
above 15 GPa.

On the left different colors mark particles of differ-
ent sizes. Ejecta consisted of discrete particles forms a
permeable ejecta curtain. Expanding vapor penetrates
through this curtain outward and carries away small
ejecta particles. Large fragments are not subjected to
action of expanding vapor and move ballistically. This
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Fig.2. Ejecta distribution 200 s after impact.  All distances are in km.

Fig.3. Temperature T  and relative density ρ/ρ0(h)   distributions 200 s after impact. All distances are in km.

leads to radial separation of ejecta by particles’ sizes
and changes trajectories of small particles.

Large fragments are blown around by a mixture of
vapor and small melted particles, because at the mo-
ment of ejection melt is concentrated near internal
boundary of ejecta curtain. Some melted particles can
deposit at the surface of large stones and form objects
similar to melt covered bombs which were found near
the Popiguy crater and in some other places [9].

Fig. 4.  The thickness h of ejecta blanket.
At high altitudes all ejecta moves ballistically. It is

not so in dense atmospheric layers near the ground.
Heavy stones fall ballistically, but small particles settle
slowly and form a base wave near the ground. We can
see vertical and horizontal separation by particles'
sizes. Ejecta settling occurs in strongly disturbed at-

mosphere, which experiences large-scale oscillations
induced by impact.

Fig.3 shows temperature and density distributions
at 20 s. Expanding vapor  generate strong shock in the
upper atmosphere. Shock heated air expands upward;
this leads to adiabatic cooling of the air and formation
of dense air cap above the impact site.

The thickness of ejecta blanket at any surface S
(Fig.4) is determined as a sum of volumes of all parti-
cles, deposited on this surface, divided by surface area.
Dark spots correspond to the places of secondary im-
pacts of large fragments (probable secondary craters).

The results of numerical modeling show strong
separation of different parts of ejecta in space, which in
turn, strongly influences the final distribution of de-
posited ejecta.
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