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Underwater Explosion and Equation of State for a Product Gas

Shigeru ITOH, Akio KIRA, You NADAMITSU,
Shiro NAGANO, Masahiro FUJITA and Takashi HONDA

An interaction between underwater shock waves and expansion waves occurred by the expan-
sion of a product gas is investigated by both experimentally and by numerical simulation. Cylindri-
cal high explosives are used in the experiments. Streak photographs and framing photographs are
taken by a high-speed camera using a conventional shadowgraph system. When the cylindrical high
explosive detonates in the water, an underwater shock wave is occurred and the product gas expands
as the detonation wave propagates. Due to the expansion of the product gas, an expansion wave
occurs and interacts with the underwater shock wave. The strength of the underwater shock wave
is strongly effected by the expansion waves which changes its configuration. The attenuation process
of the underwater shock wave is investigated theoretically using a method of characteristics. Using
this theoretical work, it is possible to obtain the parameters of the Jones-Wilkins-Lee (JWL)
equation of state for the product gas. The numerical results obtained by using the JWL parameters
are compared with the experimental results. Good agreement between them is confirmed in the case

of the underwater explosion of cylindrical high explosives.

Key Words: Shock Wave, Method of Characteristics, Equation of State, Detonation. Numerical
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Fig.1 An illustration of the flxed coordinates
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Fig.4 A series of framing photographs
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Fig.5 An example of a streak photograph
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Fig.6 Configurations of the underwater shock wave
and the boundary between the product gas and
the water near the front of detonation wave
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Table 1 JWL parameters of high explosive

TYPE | A (GPa) | B(GPa) | R1 | R w
old 365.0 2.31 43100 |0.28
new 376.4 2.15 441100 0.28
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Fig.7 Pressure and density in the product gas
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Fig.8 Underwater shock wave configurations obtained
by both a new and an old JWL parameters
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Fig.9 Configurations of the underwater shock wave
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Fig. 10 An X-! wave diagram obtained in short SEP
cylinder (¢ =30 mm, L=30 mm)
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Fig.11 An »-{ wave diagram obtained in long SEP
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Fig. 12 Configurations of the underwater shock wave
and the boundary between the water and the
product gas
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Fig. 13 Pressure distribution of underwater shock
wave
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