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Study on Shock Wave Propagation urider Saltwater Sealed
in Aluminum Containers

Akihisa ABE** and Hideki KAWASAKI

*¥ Graduate School of Science and Technology, Kobe University:.
5-1-1 Fukaeminami-machi, Higashinada-ku, Kobe -shi. 658-0022 Japan

The present paper reports the experimental and numerical study of shock wave propagation
under saltwater sealed in aluminum containers. This study is the fundamental research on shock
sterilization for development of ship's ballast water treatment technique. In the experiment we
carried out the impact experiment with a gas gun to generate strong shock waves in saltwater. We
confirmed that no leakage of saltwater from the aluminum container was obtained after shock events.
The shock pressure fluctuations were measured with piezofilm gauges. Several hundred MPa
pressure behind the first shock wave under the saltwater was obtained by the experiments. The FEM
simulation, using the Johnson-Cook model for aluminum material and the Tait equation for salt-
water, was carried out in order to predict the shock phenomena in both aluminum and saltwater. The
computational results showed the states of stress and pressure in the container and indicated good
agreements with the experimental results on the first shock pressure profiles at the impact velocities
less than 200 m/s qualitatively and quantitatively.
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Fig.1 Experimental apparatus: A = High pressure reservoir, B
= Launch tube, C = Projectile, D = Impact chamber, E = Coil,
F = Target container, G = Catcher, H = Oscilloscope, I =

Vacuum pump
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Fig2 Sectional diagram of the container : the hatching area
shows saltwater
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Fig.3 Assembly of the target holder
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Table 1 Material values of aluminum, coefficients and

constants for the Johnson-Cook model
Density (kg/m®) 2785
Young modulus (MPa) 72000
Elastic shear modulus (MPa) 26500
Poisson’s ratio 032
Griineisen parameter 200
C,(MPa) 4524
C,(MPa) 457.1
G 1.085% 107
N 03572
M 1.131
Tret(K) 660.37
Troon(K) 299.15

Table 2 Material quantities of ABS resin

Density (kg/m’) 1170
Young modulus (MPa) 2300
Poisson’s ratio 038
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Fig4 Arrangement of objects for numerical simulation
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Fig.5 Computational grid models
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TFig 6 Boundanies of the atuminum contaimer: A = Incident
boundary, B = Reflecting boundary, C = Inner boundary, D
= Outer boundary
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Fig.7 Impact velocity vs. incident pressure at a point in
saltwater near the incident boundary
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Fig.8 Pressure distributions in the container (V, = 962 m/s)
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Fig.9 Comparison between experimental and computational
pressure fluctuations
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Fig.10 Experimental pressure fluctuations obtained by using
different configuration of impactor
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Fig.11 Impact velocity vs. peak pressure of the first shock
wave in saltwater
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Fig.12 Negative pressure behind the first shock wave vs. the
impact velocity
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saltwater area obtained from the numerical calculation
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