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Abstract: To address the selection of load materials for the shockwave technology based on
underwater electrical wire explosion, the discharge and shockwave characteristics of explosions of
aluminum and copper wires with the same length and initial resistance is investigated. A pulsed
current source with an initial stored energy of approximately 53. 5 k] is used to drive four sets of
aluminum and copper wires for electrical explosion. The load voltage, circuit current, and shock
wave pressure waveforms are measured during the discharge process, and the electrical power,
deposited energy, and shock wave impulse density are calculated. The experimental results show
that aluminum wire explosions exhibit a faster phase transition process, while copper wire
explosions demonstrate higher peak voltage, peak electrical power, and faster breakdown/
ionization, but lower plasma conductivity. The deposited energy during the phase transition is
similar for both materials, but aluminum wires accumulate more energy after the voltage peak,
resulting in greater total deposited energy. Compared to copper wire explosions, aluminum wire

explosions produce shock waves with 1%—9% higher peak pressure, 55%—87% higher impulse
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density, and 33%—62% higher energy density in 4 groups of comparative experiments.

Keywords: underwater electrical wire explosion; load material; discharge characteristic; shock

wave
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Fig. 1 Layout diagram and schematic circuit diagram of

experimental setup
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Table 1 Diameter, mass, initial resistance, and atomization

of aluminum and copper wires

Be HE/ B/ FIEREEH/  ThHAERE/
mm mg e k]
Al 1. 20 305. 4 2343.1 4.1
Cu-1 0.96 648. 5 2321.0 3.8
Al-2 1. 60 542.9 1318.0 7.3
Cu-2 1.27 1135.0 13262 6.7
Al3 1.80 687. 1 1041.4 9.2
Cu-3 1.43 1439.0  1046.0 8.5
Al-4 2.00 848. 2 843.5 11.4
Cu4 1.59 1779.1 846. 1 10.5
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Fig. 2 Waveforms of voltage, current, power, and energy deposition for electrical explosions
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Table 2 Energy deposition during different discharge processes

in electrical explosions

ETRE E /K] E,/k] E/Kk]

Al-1 5.7+0.3 24.8+0.9 30.5+£1.0
Cu-1 5.1+0.2 15.440.6 20.5+0.7
Al-2 9.0=+0.4 30.1+0.5 39.1+0.4
Cu-2 8.3+0.3 20.3£1.0 28.6+1.2
Al-3 8.5+0.7 21.6+1.3 30.1+0.9
Cu-3 8.840.7 17.340.5 26.1+0.3
Al-4 12.440.8 13.240.9 25.6+t1.4
Cu4 9.340.9 11.440.3 20.7+0.6
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Fig. 3 Pressure waveforms of shock waves generated by electrical explosions
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Table 3 Peak pressure of shock waves generated by

electrical explosions

P VE{H R J7 /MPa

41 cm Ab 60 cm Ab
Al-1 18.6+0.3 10.240.1
Cu-1 17.92£0.2 9.94£0.2
Al-2 19.840.2 11.0+0. 2
Cu-2 18.240.2 10.140. 2
Al-3 17.140.5 9.7+0.2
Cu-3 16.9+0.3 9.44+0.2
Al-4 14.740.5 8.640.3
Cu-4 14.040.6 7.9£0.4
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Table 4 Energy deposition parameters during the vaporization

process in electrical explosions

e il 1k 2
L e A & AR B/ o

e VIR /K] - U R/

(kJ« g™ B B

(kJeg ' eps

AlFl - 3.0670. 04 10.040. 1 3.7240.08
Cul  2.140.2 3.240.3 2.5040. 20
A2 6.6+0.2 12.1+0.4 2.1940.03
Cu-2 5.140.3 4,540.2 1.1040. 10
A3 6.2+0.2 9.140.3 1.10240. 02
Cu3  7.140.6 4.940.4 0.3940.01
Al4 10.140.6 11.9+0.8 0.59+0. 06
Cu-4 8.140.7 4.540.4 0.174£0.02
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Table 5 Impulse density and energy density of shock waves

generated by electrical explosions at 41 cm

R W/ (Pa - s) REEFE/ (k] » m %)

Al-1 754.2457.8 2.3+0.1
Cu-l 402.1£6.6 1.4940.04
Al-2 786.6+E34.4 2.940.1
Cu-2 495.0415.8 1.8440.02
Al-3 681.6415.1 2.13+0.08
Cu-3 437.3%+21.4 1.5940. 02
Al-4 605.1£18.6 1.6240.08
Cu-4 380.5%45.9 1.0=£0.1
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