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Table 1 Experimental conditions

Charge depthﬁ1 Charge weight Stéhdoff J Scaled disfé;lée

R(m) R*W' (m-kg™")

.0 2.15
2.0 | 3.42
| 2.0 4.31
| 3.0 6. 46
4.0 8. 61
0. 20 0.43
0. 30 0.65
0.50 1.08
L0 | 171
1.0 l 1.71
2.0 | 2.52
2.0 2.52
2.0 2.99
2.0 2.99
2.0 | 3.2
2.0 ‘ 3.42
20 4.30
3.0 | 5.13
3.0 5.13
4.0 6.84

4.0 6. 84
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Fig. 2 Example of shock waver profile
Charge weight; 200(g), Stand off; 1(m)
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Table 2 Expenmental results

Shock wave | Bubble pulse
Case | Puw = 6 i B E, LW T, ,Eb_, i Pm,,, ; I, W
((MPa) | (us) 1 MJ-kg") | (Pas-kg™™)  (me) | (MJ) | (MPa) | (Paeke™)
1 @ 17.9 67.11 0.81 1 3280 117.9 | 0.187 | 3.66 7880
2 10.7 83.1 0.85 1820 144.1 10.330 © 1.89 3280
3 7.77 69.3. 0.76 1660 1 116.0 : 0.170 | L 75 2820
4 518 7.2 07T . 1120 ‘ 116.0 | 0.170 | 1.17 - 1670
5 3.63: 84.3 i 0.78 \ 829 {116.1 0,170 ! 0. 989§ 1000
7 01101 | 380 0.76 | 12220 | 108.50.205.10.6 | 37900
8 6.8 | 50.5 0.79 | 8950  107.9 |0.203 7.42 | 24250
9 - 3.0 70.3 0. 80 6690 ©108. 4 0.204 ' 4.68 13910
10 21.0 78.6 0.79 3510 136. 6 0 408 * 3.31 8390
11 14.8 . 100.3  0.80 2330  183.8 0.995 2.26 5230
12 14.4 [106.8 0.80 | 2400 | 183.8 | 0,995 249 ; 5160
13 1 121 | 94.5  0.82 | 2060 f 155. 6 { 0.603 210 | 4610
14 12.4 @ 88.9 0.82 ! 2020 ‘ 155.8 | 0. 606 2.03 | 4590
15 ' 10.5 832 0.8 1810 1136.1/0.404  1.60 | 4290
16 10.0 85.4 0.77 1810 136.1 0.401 1.78 4090
17 7.66 82.0 0.77 1500 . 108.4 \0 204 1.57 3530
18 6.47 8.7 0.76 | 1220 |135.9|0.402: 1.22 = 2680
19 - 670 8.2 0.79 | 1230 I 135.8 {0.401 | 1.01 : 2640
20 484 9.1 0.77 | 930 [136.2 0.405 0.77 | 1830
21 4.83 83.8 . 0.78 950 | 135.9 | 0. 402 | 0.90 | 1840
Poos Maxlmum shock wave pressure, 0 ; Characbenshc time,
E,; Shock energy, I, +W™"*; Scaled shock wave impulse,
T,: Bubble period, E,; Bubble energy,
P_.p: Maximum 1st bubble pulse pressure,
Lo * W™%; Scaled bubble pulse impulse
Tab!e 3 Similitude equatlon of emulsion exploswe
Charge depth D (m) 2 ; 4
Equatlon factor \ K L a K ' a
Puss (MPa) | 43 ' -1.1 | 4l ] -1.1
Pones (MPa) | 6.7-0.92 5.8 -0.91
Lp-w'® (Pars-kg'’) - 6520 | -0.96 5945  -0.96
Lo w” (Pa-s- kg""‘) 17530 -1.0 115100 - -1
Similitude equation form s Y=K(R-W~ I’3‘)
Y Pooe Paass Iup* W2, Iy W77
0DE— 2 EANEHRETHY, t=140msfHiLilH L=l DR—R5 4 2 D7AFRAEHU~DEFYD 7
35 E— 2 EANRE 1 AT NI N R TChHSB, =Y MIBH SRRV, A=) Y —ORIERE
A —OREEHL, L TRET BIb~— EEHRBEERE LRS- ATA AT R4
254 H10MPavwA FAMicA 7y b LT, MPalz/2 > T3, Thbh, 4MPal2ED<A T

VDF-TFEE Ht % —ORERMIT IS ESRE & 0E ZA~D KY 7 "R LTVWS, ZDfks, k=Y
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(b) Magnifiying bubble pulse
measuerd by VDF-TFE sensor

Fig. 3 Example of bubble pulse profile
Charge weight ; 200(g), Stand off ; 1(m)
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Fig. 6 Relation between scaled impulse of shock wave
and scaled distance
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Precise measurement of bubble pulse by pressure sensor using fluoropolymer

Kenji MURATA”", Katsuhiko TAKAHASHI", Yukio KATO", and Koichi MURAI™

To understand the effects of underwater explosion phenomena, as in the case of shock forming, it is

necessary to accurately measure bubble pulses, as well as underwater shock waves. In the measure-

ments of underwater explosion phenomena by a tourmaline sensor, a shift of baseline to negative
pressure in the bubble pulse after the passage of shock wave is observed. The shift of the baseline
makes the precise quantitative measurements of bubble pulses difficult. It is demonstrated that the
pressure sensor using fluoropolymer can maintain the baseline of bubble pulse at the zero value after

the passage of the shock wave.

Precise measurements of peak pressure and impulse of the bubble pulse, as well as the underwater
shock waves, were performed by the pressure sensor using fluoropolymer. The experimental results
show that the peak pressure of bubble pulse is about 10-30% of the peak pressure of shock wave, but
the impulse of bubble pulse is about 1. 5-2. 5 times bigger than that of shock wave, in the measured
scaled distance range. This is due to the fact that the duration of the bubble pulse is about ten times

longer than that of the shock wave.
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