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Studies on the Damage Formation Mechanisms of
Submerge Explosion on Fish-I.

Characteristics of Pressure Wave in Body Cavity
of Fish

Satoshi UMEZAWA, Seiji SAKAGUCHI, Osamu FUKUHARA,
Masaru Fujiva and Terushige Ozawa

It was shown in a previous paper (Sakacucui et al. 1976) that the harmful effects of
underwater explosions to several fishes was correlated to energy flux density of underwater
pressure waves, even if the pressure wave form of the explosion was different.

In the present paper, some experiments were carried out to investigate the dynamic
responses of underwater explosion in the abdominal cavities of the marine fishes, Seriola
quinqueradiata, yellowtail, red sea bream, Chrysophrys major, rock fish, Sebasticus marmoratus,
greenlings, Hexagrammos otakii, sea eel, Astroconger myriaster and file fish, Navodon modestus.
Electric detonator and concrete crackers (CCR) were used as explosion sources. The
following results were obtained:

1) Electric detonator and CCR show quite different forms of underwater pressure wave,
but are a similar form in the abdominal cavity, and those on both lobes of the liver
and kidney also show a similar trend.

2) The peak pressure of pressure wave in the abdominal cavity decreased to about 10% of
the underwater pressure wave for the electric detonator, and about 50% for CCR.

3) Different forms of the underwater pressure waves were observed for electric detonator
and CCR, however, the peak pressure in the abdominal cavity is correlated to energy
flux density in the underwater pressure wave.

4) The reduction in the peak pressure of the underwater pressure wave found in the

abdominal cavity did not differ greatly between the species of fishes examined.
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Fig. 1. The pressure guage used in this experiment.
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Fig. 2. Operational procedure to insert the pressure guage to abdominal
inside of the examined fishes.
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Fig. 3. Block diagram of pressure measurement system.
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Fig. 4. Examples of wave form of underwater explosion both in the water and
in abdominal cavity, the kidney and liver observed in the yellowtail.
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Fig. 5. Relationship between peak pressure of underwater pressure wave and
that of pressure wave in the abdominal cavity of the yellowtail. The
values shown as the open and closed circles are measured on the kidney,
those of squares are on the left lobe of liver and triangles for the right.
CCR, concrete cracker; E.D., electric detonator.
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Fig. 6. Relationship between energy flux density of underwater pressure wave
and peak pressure, impulse and energy flux density in the abdominal
cavity of the yellowtail. Symbols in the figure are same as the Figure 5.
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Fig. 7. Examples of wave form of underwater wave and pressure
waves in the abdominal cavity, left lobe of liver in various
fishes; A, underwater; B, C. major; C, S. marmoratus; D, H.
otakii ; E, N. modestus; F, A. myriaster.

Table 2. Rise time and pulse width of pressure wave in abdomonal
cavity by electric detonator.

. Rise time Pulse width . Rise time Pulse width
Species (us) (us) Species (ns) (us)
Red sea bream 450 1,370 File fish 290 630
Greenlings 420 1,340 Sea eel 400 790
Rock fish 480 870 ”
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Table 3. The records of measurement of peak pressure and energy
flux density in the abdominal cavity and that of underwater
pressure wave for various fishes.

Pressure wave in the
Ulf}eizg—veat@gve abdominal cavity
Species p (left lobe of liver)
P’ Ef P (P/P’%100) Ef
Red sen b 39.8 149 | 393 (9D 62.0
e a1
sea bre 35.2 141 4.53 (129 74.1
Greenti 39.8 149 3.76 (9.4) 34.4
re
eniings 35.2 141 420  (11.9) 45.0
39.8 149 4.56  (11.5) 45.5
Rock fish ,
ock His 35.2 141 3.80  (10.8) 35.5
File fish 33.4 138 3.82 (9.9 27.5
38.4 138 4.31 (112 36.5
Sea eel
| 383 140 3.7 (9.8 28.3
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