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NUMERICAL ANALYSIS ON A SPHERICALLY SYMMETRIC UNDERWATER EXPLOSION
USING THE ALE GODUNOV SCHEME FOR TWO-PHASE FLOW

S. Shin", L.C. Kim’ and Y.J. Kim’

A code is developed to analyze a spherically symmetric underwater explosion. The arbitrary Lagrangion-
Eulerian(ALE) Godunov scheme for two-phase flow is used to calculate numerical fluxes through moving control
surfaces. For detonation gas of INT and liquid water, the Jones-Wilkins-Lee(JWL) equation of states and the
isentropic Tait relation ave used respectively. It is suggested to use the Godunov variable to estimate the velocity of
a material interface. The code is validated through comparisons with other results on the gas-water shock fube
problem. It is shown that the code can handle generation of discontinuity and recovering of continuity in the normal
velocity near the material interface during shock waves interact with the material interface. The developed code is
applied to analyze a sphevically symmetric underwater explosion. Repeated transmissions of shock waves are clearly
captured. The calculated period and maximum rvadius of detonation gas bubble show good agreements with

experimental and other numerical resulls.

Key Words: 454 ©]“d--5(Compressible Two-Phase Flow), 7173 7' (Material Interface), 32K Shock Wave), Z &7}
(Detonation Gas Bubble), JWL 78 2/(JWL Equation of State), Tait *J73-4)(Tait Relation)
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Fig. 1 Distributions of density, velocity and pressure for the
gas-water shock tube(open symbols: Luo et al.[2],
filled symbols: present)
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Fig. 2 Time histories of velocitics of water and air particles
at the material interface
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Fig. 3 Density, pressure and velocity distributions during the
initial phase of the spherically symmetric underwater
explosion
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Fig. 4 Density and pressure distributions during the shock-
material interface interaction phase
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Fig. 5 Pressure distributions during the bubble collapse phase
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Fig. 6 Time histories of calculated bubble radius and
pressure at material interface of the spherically
symmetric underwater explosion
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Table. 1 Comparisons of a period of the bubble collapse and a
maximum radius of the explosion bubble

Period Rmax

(ms) (cm)

Present Calculation 29.6 48.73
Experiment[6] 29.8 46.4
Luo et al.[2] 29.7 48.75
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