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1. Introduction 

 
Underwater electrical wire explosion (UEWE) is 

widely used to research warm dense matter (WDM), 

nano-powder synthesis, and reservoir stimulation [1-3]. 

UEWE offers advantages such as a clear water-plasma 

boundary and the generation of radially uniform high-

energy dense plasma [4]. 

The clear water-plasma boundary allows for precise 

measurement of average plasma density. In previous 

studies, a high-speed framing camera is used to image the 

boundary [4, 5]. However, the framing camera has a 

limited matrix size of 128 × 8 pixels, making it difficult 

to evaluate axial uniformity. 

An intensified CCD (ICCD) is a charge-coupled 

device (CCD) combined with an image intensifier. An 

ICCD has a much larger matrix size of 1024 × 1024 

pixels compared to that of framing camera. Thus, it is 

possible to evaluate the axial uniformity of the plasma 

and obtain a clear image of the exploding wire. 

This research aims to evaluate a shadowgraph imaging 

system using an ICCD for underwater electrical wire 

explosion. 

 

2. Methods 

 

Fig. 1 shows a pulsed discharge system and a 

shadowgraph imaging system using an ICCD. 

The imaging system consists of a LED light source, 

F/4 lenses for focusing and collimation (300 mm focal 

length), an aperture, an optical filter, and an ICCD 

(Andor, iStar 334T). The LED light source emits light 

with a center wavelength 660 nm and a FWHM of 20 nm. 

The light is focused by the focusing lens and filtered by 

the optical filter at 660 nm with a FWHM of 10 nm to 

allow a moderate level of self-emission. The resolution 

of ICCD is ∼ 4.2 nm/pixel . The imaging time is 

controlled by a digital delay generator (BNC, model 575). 

Copper wires and titanium wires, each with a diameter 

of 50 μm , were discharged by a 5 μF  capacitor. The 

lengths of the copper and titanium wires were 4.5 cm and 

3 cm respectively. The initially charged voltage were 2.5 

kV and 3 kV for copper wires, and 2.5 kV for the 

titanium wire. Shadowgraph images were captured at 

onset of rapid current rise as shown in Fig. 2, indicating 

the transition of the exploding wire into vapor states. The 

corresponding imaging times were 5.5 μs  and 5 μs  for 

copper wires with initially charged voltages of 2.5 kV 

and 3 kV respectively, and 9 μs for the titanium. 

 

 
 

Fig. 1. Pulsed discharge system and shadowgraph 

imaging system using an ICCD. 

 

 
Fig. 2. A typical waveform of an exploding wire. The 

blue vertical line indicates an imaging time. 

 

3. Results and Discussion 

 

 Fig. 3 presents shadowgraph images of exploding 

copper and titanium wires. The water-plasma boundary 

of the exploding copper wires appears almost axially 

uniform. For the copper wire with an initially charged 

voltage of 3 kV, a straight shock wave front is observed. 

Despite the overall axial uniformity, some bright and 

illuminating areas are observed. This instability is called 

as electrothermal instability (ETI) and is commonly 

observed when the initial energy deposition rate is too 

low to induce the transition of exploding wire to a 

supercritical state [6]. Therefore, the imaging system has 

enough pixel size and spatial resolution to get the water-

plasma boundary and evaluate the axial uniformity. 
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Fig. 3. Shadowgraph images of copper wire with initially 

charged voltages of (a) 2.5 kV and (b) 3 kV. 

 

Fig. 4 presents the shadowgraph image of the 

exploding titanium wire. The axial uniformity of the 

exploding wire is low due to ETI, resulting in a higher 

presence of bright areas compared to the case of copper 

wires. This arises from the difference of thermodynamic 

and electric properties, such as vaporization enthalpy and 

electric conductivity, between copper and titanium. Thus, 

the constructed imaging system is sufficient at observing 

the difference in the development of the exploding wire 

between different metals. 

 

 
 

Fig. 4. Shadowgraph image of the titanium wire with 

initially charged voltage of 2.5 kV. 

 

4. Conclusions 

 

The shadowgraph imaging system using an ICCD for 

underwater electrical wire explosion was evaluated. The 

constructed imaging system has enough pixel size and 

spatial resolution to capture a clear water-plasma 

boundary and observe axial uniformity. This imaging 

system is useful to obtain accurate measurements of the 

average density of the exploding wire and explore the 

difference in the development of the exploding wire 

between different metals. 
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