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Fig. 2 A schematic diagram of the optical measure-
ment system.
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Fig. 3 Experimental illustration for the underwater
explosion of high explosives.
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Table 1 Constants of Mie-Griineisen equation of state
(po =Initial density:c=Sound velocity:
s=Constant;y =Griineisen gamma)

Material p, (kg/nf') c(m/s) s 7
Copper 8930.0 3940.0 1.489 1.96
PMMA 1181.0 2260.0 1.816 0.75
Water 1000.0 1489.0 1.786 1.65
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Fig. 4 A streak photograph obtained by the cylinder

expansion test.
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Fig. 5 Comparison of experimental data of expan-
sion tube test(QO)and numerical results(A)
and curve fitting deduced by this paper.
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Fig. 6 Comparison of P—p data for SEP obtained by
the cylinder expansion test and curve fitting
deduced by this paper.
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Table 2 Contants of JWL of SEP

A(GPa) B(GPa) C(GPa) R2 w E(J/ke)
364.9937 2.309774 0.092861 4.30 1.00 0.28 1.099x 10*
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Fig. 7 Expansion of copper tube obtained by
numerical calculation,
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Fig. 8 A streak photograph obtained in underwater
explosion of high explosive.
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Fig. 9 Comparison of wave diagrams obtained by
the explosion of high explosive in PMMA
tube fulled with water.
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Fig. 10 An experimental wave diagram obtained in
water at the instance when the detonating
gas impinges on water.
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Table 3 Curve fitting parameters for the propagating of underwater shock wave

A (sec) A:(sec) As(sec)

Bi(sec™") B.(sec™) B.(sec™)

1.329%10 * | 2.347x10° | —2.63x 10"

5.8187x10° | 2.1472x10° | 3.0176 x 10°
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Fig. 11 The changes of the underwater shock wave
velocity since the detonating gas impinges
on water.
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On underwater shock wave generated by underwater explosion of high
explosives (1)

Equation of state of detonating products and underwater shock wave

by Shigeru ITOH, Shiro KUBOTA, Akio KIRA, Shiro NAGANO
and Masahiro FUJITA

When we apply underwater shock waves for various metal processing, as an explosive
forming, punching of metal plates, a suitable controlling of the underwater shock wave is

necessary. In order to achieve this controlling, the characteristics of the underwater
shock wave have to be fully cleared. The behaviors of the underwater shock wave occur-

red by the underwater explosion of the high explosive are investigated by a high speed
phototechnique and by a numerical method. We obtained the JWL parameter through a
simple cylinder expansion test for the high explosive, We simulated the copper tube expan-
sion test of high explosive using this JWL parameter. The numerical results quite well

agree with the experimental results. The underwater explosion of the high explosives in
PMMA tube are also carried out. The numerical results of the underwater explosion are

compared with the experimental results. The fine agreement between the experimental
and the calculational results are also obtained.
(*Department of Mechanical Engineering, Faculty of Engineering, Kumamoto
University 2—39—1 Kurokami, Kumamoto 860, Japan)
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