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Fig.1 Diagram of experimental configuration for energy measurements by
underwater detonation technique.
1. Pulse generator 2. Piezo amplifier 3. Digital memory
4. Interface for paper tape output 5. Paper tape puncher
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Fig.2 Transducer device for measurements of the pressure of a shock wave

in water.
1. Brass holder of transducer 2. Connector of a transducer to cable
3. Transducer 4. Cable
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Table 1 Summary of experimental conditions and results. Data in parenthesis are pressumed

value due to unknown density of explosives.
of 2 m.
No.6 detonator plus 5g booster charge.

All data are measured at the depth
In the initiator system, ‘c’ means the No.6 dctonator and 'c+5g’means the
Charge weight does not include the weight
of detonator and booster. S-1 and S-2 slurry are water-gels contained Hydrazine Nitrate.

Charge Charge | Initiator |Detonation | Bubble| Peak Water tomospheric
No.| Explosive | Weight Density | System | Velocity | Pulse |Press | Temp |Density| Press. | Temp.

() (g/cc) (km/sec) | (msec)( (atm) [ (C) |(g/cc) |(aaHg)| (C)
1| Detonator 22.2 | 19.7| 21.0 | 1.001 | 752.8|19.0
2 | Sheet 10 an ¢ 50.2 | 45.6] 19.6 | 1.004 | 750.2]18.2
3 losi 30 c - 59.0| 19.6 | 1.004 | 750.2]18.2
4 | SXPIOSIve 30 c 74.2 | 63.1 19.6 | 1.004 | 750.2]18.2
5 PETN 10 09 |c 66.0 | 45.6) 21.0 [ 1.001| 752.8]19.0
6 10 c 91.2 | 52.8| 19.6 | 1.004] 750.2/18.2
7 | (powder) 30 c 94.3| - | 19.6]1.001] 752.8]/19.0
8 70 c 118.0| - | 19.6 |1.001] 752.8(19.0
9 70 c 118.8 | 78.7| 19.6 [ 1.004| 750.5/17.0
1 130 c 150.4 | 152.7| 20.2 | 1.001] 752.8]19.0
12 220 c - |155.3| 20.2|1.001| 753.5/18.5
13 220 c 177.2 | 176.0| 20.2 | 1.001} 753.9]10.5
14 350 c 208.8 | 109.3| 19.6 | 1.004 747.8]18.2
15| 10 1.60 | c+lg 7.18 54.4 | 47.6] 20.2 | 1.001| 753.9]20.5
16| &Y 9.8 1.59 | c+2g 7.18 55.7 | 51.8]| 19.6 | 1.001| 750.5|17.0
17 | (pressed) 30.1 1.61 | ¢+3g 7.18 77.9 | 63.1| 20.2|1.001| 753.9}20.5
18 30.3 1.61 | c+3g 7.19 77.8 | 53.8| 19.6 | 1.004| 750.517.0
19 70 1.60 | c+5g 7.18 103.9 | 75.6 20.2|1.001| 753.9| 20.5
20 130 1.60 | c+5g 7.18 128.9 | 139.8] 20.2 | 1.001| 753.9(20.5
21 220. 3 1.58 | c+10g 7.18 154.4 | 168.2] 20.2 | 1.001| 753.9] 20.5
22 340.6 1.58 | c+10g 7.18 181.3 | 196.7] 19.6 | 1.004| 747.8]18.2
24 10.5 1.54 | c+3g 6.75 47.7 | 40.4| 19.6 | 1.004] 750.5|17.0
25 | TNT 30 1.52 | c+3.4g| 6.69 69.2 | 45.6] 20.2|1.001| 753.5|18.5
26 | (cast) 30 1.54 | c+4g 6.75 63.0| 43.5| 20.2 | 1.001] 753.9(20.5
27 69.7 1.5 | c+3.3g| 6.8 90.1 | 43.5{ 20.2 | 1.001 753.5| 18.5
28 69.9 1.56 | c+6g 6.81 84.9| 45.6] 19.6 | 1.004| 750.5]17.0
29 125.1 1.58 | c+3g 6.87 84.2 | 46.6] 20.2|1.001] 753.5(18.5
30 124.9 1.54 | c+lig 6.7 103.6 | 49.2] 20.2|1.001| 753.9] 20.5
2 200.1 1.57 | c+10g 6.84 140.4 | 113.9] 20.2 | 1.001| 753.9] 20.5
B e 30 (1.08) | ¢ (3.8) 67.1 54.9| 19.6 | 1.004| 747.8| 20.5
3q| ™ 51.3 c 8.3 | 63.1] 19.6]1.004| 750.2|18.2
35 | (slurry) 90.5 c 99.2| 69.4| 19.6] 1.004] 750.2]18.2
3% 104 c 100.8 | 68.3| 19.6}1.004| 750.6]17.0
37 200 c 143.9 | 142.3| 19.6 | 1.004] 750.6|17.0
38 300 c 167.3 | 152.7| 19.6 | 1.004| 750.2|18.2
39| S-lslurry | 107 121 | ¢ 5.0 114.2] 77.6| 20.2| 1.001| 753.9] 20.5
40| S-2slurry | 109 1.16 | ¢ 5.0 121.9| 72.5| 19.61.004| 750.5|17.0

( Aluminum)
41 ] 91.4 (1) | e (5.1) 119.3| 76.6] 19.6{1.004| 750.6/17.0
42 | Kohzmite#2)|  g9.0 c 17.9{ - | 19.6|1.004| 750.6]17.0
43 193, c 163.3 | 155.3] 19.6|1.004| 750.2]18.2
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Fig.3 Period of the first bubble oscillation
measured at 2m depth of water(PETN).
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water (PETN)
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Table 2 Summary of estimated energies. 7,* is corrected bubble pulse period by eq. (5) to 760
mmHg atmospheric pressure. Value of E, and E, does not include the energy of deto-

nator and booster charge.

. E E Eiot (=0Q) Ey/Q
No.| Explosive TE b s tot note
P B (msec) | (eal/g) |Ccal/g) | (eal/p) %)
1| Dectonator 2.2 | 271.5 | 233.3 - - for 1 detonater
2| Sheet 1.668| 48.1 | 292.0 | 211.8 690.5 42.3
4| explosive 72.7 | 341.4 | 174.3 676 §0.5
5| PETN 1.668| 64.5| 716.7 | 268.5 1246 57.5 low accuracy of E, due
7| (powder) 93.0 | 730.3 - - - to low pressure
9 119.9 | 681.0 | 213.0 1109 61.4
1 149.0 | 723.9 | 356.2 1410 51.3
13 175.6 | 715.7 | 321.6 1340 53.4
14 205.8 | 739.2 | 333.8 1387 53.3
15| Tetryl 2.091| 51.3| 356.5 | 257.2 957 37.2
17 | (pressed) 74.7 | 3N.7 | 176.7 793 46.9 low accracy of E, due
19 100.9 | 402.0 | 162.7 794 50.6 to low pressure and
incomplete detonation
20 126.4 | 4344 | 255.1 1036 42.0
21 151.3 | 448.6 | 243.7 1025 43.8
22 177.5 | 475.8 | 248.4 1065 44.7
24| TNT ) , . ! .
39.2 | 266.4 | 196.8 418.9 61.2 Incomplete detonation due
2% 57.3] 166.2 | 61.25 308.8 53.8 to weak initiation
2 80.0] 196.9 | 68.3 356.8 5.2
30 98.3| 208.0| 93.1 421.6 49.3
32 136.9 | 361.2 | 114.4 631.1 57.2
33| Iremite 1.460| 65.3| 346.9 | 139.8 483 51.2
34 84.8 | 320.3 99.9 499 64.2 low accracy of E, due to
35 97.7| 260.1 | 100.0 456 61.4 low pressure and incom-
36 99.3 | 256.4 | 9.8 426 60.2 plete detonation
37 142.1 | 404.0 | 219.0 774.4 52.2
38 165.2 | 431.4 | 183.2 747.8 57.7
39! S-1 Slurry | 1.570| 1130 3727 | 127.8 608. 4 61.3
40| S-2 Slurry | 1.570 120.3| 441.9 | 157.1 730.4 60.5
41| Kohzmite |1-694| 117.7| 492.8 | 169.9 835.3 59.0
43 161.3 | 618.6 | 258.9 1131.1 54.7

EANRRTCHBONNLF R IA¥—E, tH 2z
FNE— EyRULT R & — E & Table 2i2F+,
Eiot 2R L O RDILDOTH S,
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Fig.5 Peak pressure vs reduced of under-
water detonation.
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results of hydrodynamic calculation.
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Table 3 Summary of estimated encrgies. Eyo; of KH is calculated value by Kihara- Hikita

equation of state,

B (=OQ
Explosive po a E; E, Ei/Q (cal/g)
(g/cc) (cal/®) (cal/g) %) this work ref. KH
PETN 0.9) |1.668 | 725.2 337.2 52.6 1378+40 1385} 1468
14502
Tetryl 1.60 | 2.091 | 452.9.| 249.1 43.5 104220 10473 1385
11073 | Q045)*
Iremite 1.08 | 1.460 | 417.7 201.1 54.9 761.1£20 - -
KoHzmite#2 |(1-1) [ 1.694 | 618.6 258.9 54.7 1131 1144% -

ref. ' G. Bjarnholt, R. Holmberg Sixth Symp. on detonation 540 (1976)

ref. 2 Donna Prica, Chem. Rev., 59, 801, (1959)

ref. 3 Arm. Res and Development Fstb. Rep., (S) 4/56

note* Calculated density of explosive is 1.0g/cc
ref. * IRAKEN > F7 vy, k3
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AR IHARBSBREMGS L PELES H#
IHOBBIC L » TiTbhi, FE (W) BB LK
AEHTHREMBRIGH SheFicg <S5,

X B

1) R.H.Cole, " Underwater Explosions”, Prince-

ton Univ Press, Princeton, New Jersey, USA
(1978)

2) G.Bjarnholt, R. Holmberg. Sixth Symposium
(International) on Detonation, 540, (1976)

3) M. H. Rice, J. M. Walsh, J. Chem. Phys, 26,
824 (1957)

4) C. L.Mader, "Compressible Numerical Cal-
culations of Underwater Detonations’, Los
Alamos Scientifie Laboratory Report LA 45
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The Precise measurement of the Energy of Explosives
by underwater detonation

by Katsumi TANAKA?*, Masatake YOSHIDA*
Kuniaki YONEDA** and Yojiro MIZUSHIMAX*, ***

There exist several uncertainties in the measurment of the energy by the un-
derwater detonation of a high explosive because of the experimental condition
which affects the dissipation of the energy of shock waves. In this work, a tech-
nique of the energy measurement by underwater detonation, especially concerning
the eavaluation of the eénergy of the shock wave and that of the bubble pulse, has
been studied. Experiments have been performed for charges of PETN, Tetryl, TNT,
Iremite water gels and Kohzmite No.2. These results show a good agreement with
both values obtained by using the heat of explosion measured by the bomb calo-
rimeter and values from' the theoretical calculation.

This technique will be applicable to all underwater detonation under various
conditions.,

(* National Chemical Laboratory for Industry, Yatabe Higashi 1—1,
Tsukuba, Ibaraki.

** University of Tokyo, Faculty of Engineering, Reaction Chemistry,
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***Present Address, Tokai University, Faculty of Marine Science and
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