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Fig. 1 A schematic illustration of aquarium
technique.
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Fig. 2 A streak photograph obtained by the under-
water explosion of PBX. The streak speed is
S5mm/ps. The notation WS and DW indicate
the history of the propagtion of the under-
water shock wave and the detonation wave
respectively.
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Fig. 4 A distance-time wave diagrams for PBX.
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Fig. 3 A streak photograph obtained by the under-
water explosion of SEP. The streak speed is
2em/ps. The notation WS and DW indicate
the history of the propagtion of the under-
water shock wave and the detonation wave

respectively.
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Fig. 5 A distance-time wave diagrams for SEP.
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Table 2 Curve fitting parameters for the propagation of the underwater shock wave,

Ai(sec) Az(sec) As(sec) Bi(sec™!') | Bz(sec™!) | Ba(sec™')

PBX [3.794x1074(2.233x107%]—2.53x10-% 2.397x102? | 2.817x10% | 3.550% 10’

SEP [3.633x10°*}1.744%x10°%|—2.68x10"%] 2.239x10% | 2.847x10° | 2.950 x 107
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Fig. 6 The velocity change of the front of the under-
water shock wave obtained by the under-

water explosion of PBX.
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Fig. 7 The velocity change of the front of the under-
water shock wave obtained by the under-
water explosion of SEP.
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Fig. 8 Impedance maching method for PBX
and SEP.
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Table 3 The velocity and the pressure of the underwater shock wave.

PBX SEP
U(m/sec) | P(GPa) | U(m/sec) | P(GPa)
Experiment 7240 23.3 5320 11.4
Calculation 6920 21.7 5270 11.3
Impedance matching 7074 22.1 5420 11.9
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Fig. 9 Comparison of framing photographs and a pressure contour maps obtained by numerical calculation

for PBX.
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Fig. 10 Comparison of framing photographs and a pressure contour maps obtained by numerical calculation
for SEP.
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Fig. 11 The profile changes of the underwater
shock wave obtained by the numerical
calculation for SEP.
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Optical study of underwater explosion of high explosive

by Shigeru ITOH*, Akio KIRA®, Shiro KUBOTA®, Shiro NAGANO*
Masahiro FUJITA®, Katsuhiko TAKAHASHI**, Kenji MURATA**
and Yukio KATOH**

Phenomena of the underwater explosion of high explosives are investigated by optical
measurements. Two kinds of explosives are used in the experiments. One is a plastic bond-
ed explosives (PBX) whose detonation wave velocity is 8400 m /sec and density is 1750kg
/of, the other is a safety explosives (SEP) with a detonation wave velocity of 6970 m /sec
and density of 1310kg/ o' . Cylindrical configurations of the explosives are tested in a water
tank. A common shadow graph system is used to take streak and framing photographs. We
also simuilate these underwater explosions using the Arbitrary Lagrangian-Eulerian (ALE)
method to compare with the experimental results. When the detonation wave impinges on
the water, the velocity of the underwater shock wave reaches its peak value, then it im-
mediately decays exponentially. Using this peak value of the velocity, we can calculate the
pressure at the Chapman-Jouguet point by the impedance matching method. The framing
photographs confirm that the configuration of the underwater shock wave becomes
spherically immediately, owing to the effects of the expansion wave occurred by the expan-
sion of the product gas.

(*Department of Mechanical Engineering, Faculty of Engineering, Kumamoto
University 2—39—1 Kurokami, Kumamoto, 860, Japan
**NOF Corporation, Aichi Works, Taketoyo Plant, Kitakomatsudai, Taketoyo-
cho, Aichi 470-23, Japan)
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