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Abstract. In this contribution weeport onmodelingunderwater explosiom the framework

of molecular dynamicsCalculations displayed the striking resemblance of the uratierw
explosiors modeled and those abserved irreal pocesses namely, generation of a shock
wave and its expanding; imation of a cavity; disintegrating the shock wave, when reaching
a surface, transforming the cavity into a water crater of an arising water vdi@arsiudying

the structure of shock wavse, a special technique was developtdallowed obsering
theform of a shock wave and estinmgj its velocity. It was found that the shape of a shock
wave is changing with timas if the shock wave disintegrated into two parts.

1. Introduction

Until the present time the study ofiderwater explosions was a privilege of hydrodynamics
wherefor description of an incompressible liquid, havingitoauity and fluidity, as well as
viscosity, one uses the continuity equation #meiNavierStokes eqations. However, 1 is
difficult to solve ths problem by snply writing a complete system of conservation laws in
the form of differential equations and closing defining relations, or by developing unique
computer programs and codés [

Contrary to tiis approab, we have usal molecular dynamics 2] for studying
underwater exsions. The main motive is such: since the accepted methods of studying
fi avealth of phenomena whiccenur e i's not wel | understoodo
reasonable tipg other methods.It should be noted that molecular dynamics has shown its
effectiveness in studies stichphenomenasradiation damage of solidsgfdrmation and
fracture of materials, nucleation, evolution and-seffanization of mlogical structures and
so on P]. The problem of modeling underwater explosisgsing molecular dynamics was
carefully argued ind]. In this contribution weaised the approaatescribedn that article.

2. Computational procedure

In classical molecular dynamics [2], the motion of ategn ofN particles is described with

the help of Newtod squations. There are various numerical schemes for solving the classical
equations of motion, from the simplest Euler methods to the prediciomrector scheme of

high order acaracy. One of thanost common and, at the same time, stable and efficient
approach to the time di scr et ditys \éetlet aigarithm{d] Ne wt o
which was used in the present study as a compromise between speed aagdyacc
Integration of the motiorquations allows findg the trajectries of particles. If the initial

positions and velocities of the particles are given, tlituéen of the system in time depends

only on the potential, which determines the interactieméen the particleAlthoughthere



are a lot of potentials which are used in molecular dynamics calculationge[Bjave chosen
the LennardJones potential. The reasons are given in [3].

Modeling an explosive We restricted ourselves to 2D computer dations. To gain
amore penetting insight into the explosion phenomenon, welwled explosive debris
from further research. For this purpose, we developed a simpleosaseplmodel [3].
A certain number of water particles were placed in a circular area of a given size at
apredeterrmed distance(Fig. 1) Thereafter the particles were subjected to radial
compresion. As a result of changing the distance between particles, the compressed structure
accunulates a large amount of elastic energy. During decompression these particles acqui
enormous velocities, producing an explosion.

Fig. 1. Model of a seHexplosive.

3. Movie
The calculations were doneith a system consisting of B00 particles. An explosive was

inserted into the water after reaching the equilibridem.exampleof the temporal evolution
of underwater explosion is demsirated in Fig2.

Fig. 2. Time evolution of underwater exggion, t = @2 and 1013. Units are in nfh



