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Fig. 2 Measuring system for underwater explosion experiment.
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Fig. 3 Plot of pressure vs. time in the underwater expsion of No.6 detonator (6D) and detonationg

cord (DC) of various lengths.
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Table 1 Results of underwater explosion of cylindrical charges initiated by detonator No.6.
Run Tube Sample 7T, E, [/ P E, Peak Exper.
No. Sample Dia. Leng. wt. Width  Date
(ee] [e0] (g] [ms] [kJ1 [usec] [kg/cd] [kJ] [ms)
09 PETN 100% 5 10 1.5503 36.0 4.05 - - - - 87112724
10 PETN100% 5 20 2.8234 41.9 6.39 - - - - 87112124
11 PETN100% 5 30 4.7226 46.8 8.90 - - - - B7N12/24
338 PETN100% 3 10 0.57 29.05 2.13 50 12.8  0.98 0.040 88/01/16
39 PETN100% 3 20 1.23  32.4 295 59 13.5 1.84 0.045 88/01/16
41 PETN100% 3 30 - 34.35 3.52 63 19.0 2.27 0.078 88/01/16
40 PETN100% 3 40 2.33  36.5 4.22 131 11.4 2.07 0.040 88/01/16
4 PETN100% 3 40 2.31 36.50 4.22 127 11.6 1.98 -  88/01/16
12 PETN100% 2 10 0.2472 30.50 2.46 - - - - 8112/24
13 PETN100% 2 20 0.4677 26.85 1.68 - - - - 87112124
14 PETN100% 2 30 0.7612 28.30 1.97 - - - - 872/4
15 PETN100% 2 40 0.9645 28.80 2.07 - - - - 87N12/24
31 PETN90% 4 40 4.15 426 6.71 - - - - 88/01/16
37 PETN9% 3 40 2.22 339 3.38 85 11.8  1.41 - 88/01/16
30 PETNS80% 6 40 8.48 55.4 14.76 120 21.0 8.08 -  88/01/16
36 PETNB80% 4 40 4.27 43.0 6.9 119 15.7  3.76 - 88/01/16
43 PETNS80% 3 10 0.51 27.05 1.72 48 1.1 0.72 - 88/01/16
42 PETN80% 3 20 0.92 29.70 2.27 48 12.1  0.90 - 88/01/16
45 PETNB80Y 3 40 2.38 3.1 3.75 127 11.6 1.98 - 88/01/16
47 PETN70% 6 40 16.229 60.0 18.75 87 74.3 13.87 - 88/01/26
43 PETN70% 4 40 8.60 48.9 10.05 9 4.4 575 - 88/01/26
48 PETNG60% 6 40 12.882 31.7 2.77 20 48.6 1.70 —  88/01/26
49 PETNG60% 4 40 7.739 23.3 1.10 23 25.6 0.53 - 88/01/26
42 TNT 100% 6 40 7.7 47.0 9.01 101 3.8 3.29 - 88/01/26
49 TNT 100% 4 40 3.42 39.1 5.19 62 22.7 1.51 - 88/01/26
28 Dtnt. cord -— 200 - - - - - - - 88/01/16
29  Ditnt. cord - 150 - - - - - - - 88/01/16
27 Dtat. cord - 100 - - - - - - -~ 88/01/16
33 Dtnt. cod - 75 - - - - - - - 88/01/16
35 Dtnt. cod - 75 - - - 33 29.6  4.82 0.230 88/01/16
26 Dtnt. cod ~— 50 - - - 94 19.3 4.78 0.130 88/01/16
32 Dtnt. cord - 25 - 37.8  4.69 34 26.7 3.44 0.050 88/01/16
34 Dtnt.cod - 10 - 32.05 2.8 33 1722 1.49 - 88/01/16
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Fig. 4 Plot of pressure vs. time for the underwater explosion of
PETN cylindrical charge in 3mz¢ PVC tube.

Table 2 Calculated A?.

Length of Velocity of Sound velocity Peak width
detonationg detonating of water calc. obs.

cord cord
Xm D misec Cw m /sec mSeC m8ec
0.25 6500 1465 0.059 0.050
0.25 6500 2200 0.052 0.050
0.50 6500 1465 0.158 0.130
0.50 6500 2200 0.131 0.130
0.75 6500 1465 0.285 0.230
0.75 6500 2200 0.226 0.230
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Table 3 Net E/W for the underwater explosion of
cylindrical charge in PVC tube.

Explosive  diameter EJW EIW.%
o kl/ g k)/ g
100% PETN 5 1.653 1.653
100% PETN 3 1.428 1.428
1002 PETN 2 1.016 1.016
90% PETN 4 1.354 1.504
50% PETN 3 '1.032 1. 147
80% PETN 6 1.612 2.015
80% PETN 4 1.361 1.701
80% PETN 3 1.118 1.376
70% PETN 6 1.088 1.554
70% PETN 4 1.018 1.454
60% PETN 6 0.130 0.217
60% PETN 4 0 0
100% TNT 6 1.029 -
100% TNT 4 1.199 -
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The Detonationg Propagation of the Cylindrical Charges
by the Underwater Explosion.

by Fumio HOSOYA*, Yuji WADA**, Takehiro MATSUNAGA**
Yoshiaki KANEKO***, Rong-Hai Liu****, Masamitsu TAMURA**
Tadao YOSHIDA**

The energy of shock waves and pulsating waves generated by the underwater explo-
sion of samples can be measured simultaneously to evaluate the propagation of the detona-
tion of unstable compounds.

The samples used in this experiment were powdered pentaerythritol tetranitrate
(PETN) with and without water, powdered trinitrotoluene (TNT) and the detonationg
code. These powdered samples were put in a polly vinyl chloride (PVC) tube.

A sample of 70% PETN and 30% water, and the dried TNT showed a propagation of ex-
plosion for the cylindrical charges with a diameter of 4mn and 6mm according to the shock
wave shape.

The 60% PETN having 40% water showed non — propagation of explosion because of
the small area and the narrow width of the shock wave peak shape.

The propagation or non —propagation of explosions are shown by the width and energy
of the shock waves produced by a cylindrical shaped charge which was 40m in length.

The bubble energy of the explosives of 100% PETN showed that there was no propaga-
tion of explosion for diameters of PVC tube of less than 2m. The bubble energy of the ex-
plosives of 80% PETN showed that there was no propagation of explosion for diameters of
PVC tube of less than 3.

The bubble energies of 100% PETN in a cylindrical charge of 400mm in length and in
diameters from 3tm to 6mn are shown to be from 1.15 to 2.02k])/g, at which values, their pro-
pagation of explosion is inferred from the shock wave shape. The bubble energies of 100%
TNT in a cylindrical charge of 400m in length and in diameters of 4rm and 6 =z are shown
to be from 1.20 and 1.03k]/g, at which values their propagation of explosion are inferred
from the shock wave shape.

If the PETN was diluted by 40% water, the cylindrical charge with a diameter of 6mm
did not react at all, which knowledge might be of use for transporting PETN with its water.

(*Technology Development Center, Hosoya Kako Co., Ltd. : 1847 Ohsawa,

Sugao, Akigawashi, Tokyo 197, Japan
**Department of Reaction Chemistry, Faculty of Engineering, Tokyo University :
Hongo Bunkyou-ku, Tokyo 113, Japan
***Asa Laboratory, Explosive Division Nippon Kayaku Co., Ltd. : Sanyo—cho,
Asa-gun, Yamaguchiken 757, Japan
****Chemical Engineering Department, East China Institute of Technology : 200
Xiao Ling Wei, Nanjing, China)
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