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Fig. 1. The electrical schematic diagram of the pulsed

current generator.
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Fig. 2. The schematic diagram of the coaxial target

unit in the experimental setup.
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Fig. 3. The beam path diagram of the optical diag-

nostic system.

BOCIRET IR < )8 22 J5 7T A2 5 SO L PR
FISZOta 2 . FERI s v B 7> R (50% &
U5 50% [, IAHEZE TT AR K T M SUEs

185203-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 185203

Wr. JJA8G 2k R EV R BRI 4. HE2
BUR R MBR Af (f RNEHERERE) 7B R 45
&)@ 22\ J) VAR 9 T 7 od B 1) PR B 350 DRt B
BB EERE. &R 2 IR IETE R B S TR
B 2% 2R A, )55 B TR O IR g
TR LT A E, HAri Ry, < 1. m%EL
A Z A e R o, KA En, > 1.
Bl APTR, sk 175522 5 5 TR AR R 1) S M
#r, ik E s 1 s e SRt T DAEARNL R . AR
M, &2 fE R B E TR E/EH T W
WA, o0t iE SR 18 ) D P EA R AN
g, [FBR, 2R 3 1 AT il SRad T AR, T
e A IMRITH ] DR EARREUR. Rk, R)ESE
B TR 22 4% 53 A AN RUG F- TH P A e
LW RGN HEEN 15—20 pum. ik B R A
LW R G R 5 % SiE B 47 o) 3 3o K 7 G A A
2 DGH35 .

WOt JT 1) PR iR AHAIL

K4 TN REUREE
Fig. 4. The schematic diagram of the knife-edge

schlieren diagnostic.
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Fig. 5. The typical waveforms for electrical explosion
of 2 cm-long, 15 pm-diameter aluminum wire: (a) In

vacuum; (b) in air.
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Fig. 6. The time evolution for resistance of the ex-

A

ploding aluminum wire: (a) In vacuum; (b) in air.
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Fig. 7. The dependence of the dwell time for exploding
aluminum wire in air on the initial charging voltage of

the primary energy-storage capacitor.
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Fig. 8. (color online) The shadowgram for electrical

explosion of 15 pm-diameter, 2 cm-long aluminum wire

at different times: (a) In vacuum; (b) in air.
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the wire surface at the instant of voltage breakdown.
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Fig. 10. (color online) The schlieren images for ex-

ploding aluminum wires: (a) The schlieren image for
exploding aluminum wire in vacuum at 35 ns; (b) the
schlieren image for exploding aluminum wire in air at
231 ns (arrow 1 for shockwave front, arrow 2 for the
high-gradient front of the high-density core, arrow 3
for the high-gradient front of the plasma, arrow 4 for

the compressed air layer).
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Fig. 11. The expansion trajectory of the shockwave

front for the exploding aluminum wire in air.
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Abstract

The characteristics of the electrical explosion of aluminum wire in a vacuum and in the air are investigated. The
process of energy deposition is derived from the typical voltage and current waveforms. The energy deposited into the
aluminum wire at the instant of voltage breakdown is very important for estimating the state of the metal wire. Energy
of ~2.8 eV/atom is deposited into the aluminum wire in a vacuum at the instant of voltage breakdown. However, the
current flowing through the load for the electrical explosion of aluminum wire in the air decreases to zero gradually after
the onset of the phase explosion, coming into the dwell stage. Energy of about 6 €V /atom is deposited into the wire at the
instant of voltage breakdown for exploding aluminum wire in the air. Temperatures of 0.9 eV and 0.4 €V are estimated
for exploding aluminum wires in a vacuum and in the air according to the experimental data combined with the transport
coefficient model. The dwell stage is a significant feature for exploding aluminum wires in the air. The dependence of the
dwell time on the initial charging voltage of the primary energy-storage capacitor is derived. The dwell time decreases
from 95 ns to 17 ns with the increase of the initial voltage from 13 kV to 17 kV. The optical diagnostic equipment with
high spatial and temporal resolution is constructed by a 532 nm, 30 ps laser probe. The shadowgram demonstrates the
expansion trajectories of the high-density products in different media. The expansion velocities of the high-density core
for exploding aluminum wire in a vacuum and in the air are 1.9 km/s and 3 km/s, respectively. The energy deposition
into the aluminum wire near the electrode region is slightly higher than in the middle region due to the polarity effect,
which is analyzed by the distribution of the radial electric field on the wire surface. Because the explosive emission of the
electrons is suppressed substantially by the air, the structure of the energy deposition for exploding aluminum wire in
the air is more homogeneous. The structures of the energy deposition and the expansion trajectory of the shock wave are
analyzed. The schlieren diagnostic is used to translate the exploding products with different refractivities. The schlieren
images for exploding aluminum wire in a vacuum show that the metal wire is exploded into two-phase structure, i.e., the
low-density high-temperature corona plasma surrounding the high-density low-temperature core. However, the schlieren
images for exploding aluminum wire in the air demonstrate that in addition to the core-corona structure, the channels of
shock wave and compressed air layer are formed. The expansion trajectory of the shockwave front is derived according

to the optical diagnostics.

Keywords: electrical explosion of single wire, Z-pinch, core-corona structure, optical diagnostic

PACS: 52.80.Qj, 52.70.Kz DOI: 10.7498/aps.66.185203

* Project supported by the National Natural Science Foundation of China (Grant Nos. 51322706, 51237006, 51325705) and
the Program for the Top Young and Middle-aged Innovative Talents of Higher Learning Institutions of Hebei, China (Grant
No. BJ2017038).

1 Corresponding author. E-mail: zgshi@mail.xjtu.edu.cn

185203-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.185203

	1引    言
	2实验装置及原理
	Fig 1
	Fig 2
	Fig 3
	Fig 4


	3实验结果与分析
	Fig 5
	Fig 6
	Fig 7
	Fig 8
	Fig 9
	Fig 10
	Fig 11


	4结    论
	References
	Abstract

