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Pulsed plasma jets are often used in various technical and scientific applications and can be 

formed by using a capillary discharge with an evaporating wall (CDEW) [1-5]. The CDEW is 

a powerful pulsed plasma-dynamic discharge whose plasma is created in a dielectric 

cylindrical channel filled to facilitate electrical breakdown by a metallized powder. In this 

case, the pulsed electric current flows through the cylindrical channel and forms a dense hot 

plasma in it, which flows through the output section of the CDEW, having a high emissivity. 

We modelled a two dimensional plasma array based on series connected capillary discharge. 

Each capillary device is composed a CDEW. Numerical simulation is performed and spatial 

distributions of pressure, temperature, velocity and Mach number in a pulsed capillary 

discharge jet and a system of pulsed jets at different instants of time are obtained. The 

structure of an underexpanded supersonic jet that expires from the working channel of the 

CDEW is investigated. 

 

One of the applications is magneto-inertial fusion [6-9]. A special case of such vortex 

structures is a plasma toroidal vortex [10-12] or a circular vortex. One of the main and 

important properties of the toroidal vortex (TV) is that it passes in an unbounded medium 

before its decay large distances in comparison with a cloud (plasma, gas, liquid) of the same 

size as the vortex. Thus, the distance traveled to the TV before its decay can reach a value 

depending on their initial parameters (the initial radius of the TV). 

 

The detailed mathematical model is presented in [13-14]. Figs. 1-2 show two-dimensional 

spatial distributions of density, temperature, and pressure at time t = 58.2 µs for W0 = 2.7 kJ, 

10kd =  mm, 1P∞ =  atm. As we can see from the spatial distributions shown in Fig. 1-2, at 

the initial stage (by the time 58,2t =  µs), the primary toroidal vortex structures originate and 

develop. 
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Fig. 1. Radial distribution of density and temperature in a pulsed jet of a capillary discharge 

passing through the center of the accelerating vortex at the time 58,2t =  µs ( 0 2,7W = kJ, 

10kd = mm, 1P∞ =  atm) 
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Fig. 2. The longitudinal distribution of pressure and temperature in a pulsed jet of a capillary 

discharge (passing through the axis of symmetry of the plasma formation) at the time 

moment 58,2t =  µs ( 0 2,7W = kJ, 10kd = mm, 1P∞ =  atm) 
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This process occurs as follows: when the velocity perturbations reach several percent of the 

longitudinal velocity v (t, r, z) at the center of the jet, nonlinear effects begin to appear and the 

shape of the expiring pulse jet is highly wraped which leads to the turning and formation of 

primary vortex structures. 

 

 
Fig. 3. The spatial position of Al erosion fumes in a pulsed jet of a capillary discharge at the 

time moment t = 58,2 µs ( 0 2,7W = kJ, 10kd = mm, 1P∞ =  atm) 

 

 

Fig. 4. The spatial distribution of the Mach number in a pulsed jet of a capillary discharge at 

t = 94,6 µs ( 0 2,7W = kJ, 10kd = mm, 1P∞ =  atm) 
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The value of the degree of non-calculation n significantly changes over time (approximately 

2 times: from 140 to 60), which leads to correction ( ( )-1a aR r n γ≈ ) of the transverse 

dimensions of the hanging barrel-shaped shock waves. These UW are caused by the "piston" 

of the plasma Al injected through the slice of the capillary discharge channel. 
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