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     This paper reports the findings of our recent experiments on the evaluation of the external axial magnetic field 

effect on the discharge parameters of a magnetoplasma compressor (MPC). The discharge-voltage characteristics 

were obtained for varied magnitudes of an external axial magnetic field produced by a solenoid installed on the 

accelerating channel. Present experiments were carried out with helium (at the initial pressures of 2 and 10 Torr) and 

argon (at the initial pressure of 1 Torr) as working gases at different initial voltages. The external magnetic field 

varied up to 0.4 T. The discharge-voltage characteristics can be altered by the magnitude of the external magnetic 

field, as well as by the geometrical properties of an accelerating channel. 

PACS: 52.40.Hf; 52.70 

INTRODUCTION 

High-current discharges that generate dense plasma 

flows have many applications in different areas of 

studies, including plasma-surface interaction and 

astrophysics. Quasistationary plasma accelerators 

(QSPAs) [1, 2] that are capable of generating powerful 

plasma streams now contain additional external magnetic 

field systems. It allows for studying the effect of an 

additional magnetic field on plasma flow parameters and 

simulating conditions close to those at the divertor plates 

of ITER under transient events [1-3]. A magnetoplasma 

compressor (MPC) is a quasistationary analog of plasma 

focus pinching discharge [4]. MPC generates dense 

plasma flows with pronounced compression zone – a 

specific region of plasma flow with maximum parameters 

of temperature and density, making it a source of plasma 

particles and EUV radiation needed for a number of 

applications [5-7]. Without an additional magnetic field, 

the MPC is able to generate plasma streams with energy 

density in the near-axis region of up to 50 J/cm
2
 and total 

energy of 5.2 kJ [8].  

In order to increase energy parameters further, we 

need to increase the discharge current. However, this can 

lead to a "current crisis" phenomenon characterized by a 

rapid rise of the discharge voltage when the discharge 

current reaches a certain critical value [9], making it 

impossible for greater currents to pass through. Not only 

the current crisis restricts the maximum achievable 

parameters but also damages the electrodes of the 

accelerator.  

This effect can be partially diminished by making an 

external electrode (typically anode) transparent, thereby 

transferring to the mode of ion current transport in the 

accelerating channel. In this regime, which is realized in 

both QSPAs and MPCs, the discharge current is carried 

by ions coming from a transparent external electrode to 

a solid cathode. Further increase in the ions flow leads 

to an increase in a total mass flow rate, reducing the 

speed of a plasma flow. Thus, although the issue with 

the current crisis was partially resolved, even with this 

 

approach, the  maximum  discharge  parameters  are still  

limited as well as the problem with the erosion of the 

electrodes is not eliminated completely.  

Another approach requires using an additional axial 

magnetic field. The results of numerical simulations 

revealed that in the presence of an axial magnetic field, 

the "current crisis" effect could be avoided [10]; 

nonetheless, further research by the same author shows 

that density and temperature noticeably decrease in the 

compression zone when an additional axial magnetic 

field is applied [11]. In the experiments on the MPC of 

compact geometry [12] with the externally imposed 

magnetic field, the following numerical estimations have 

shown that higher temperatures in the compression region 

can be achieved by increasing the magnitude of an axial 

magnetic field. 

In the very first experimental studies with the MPC 

operating in the externally imposed axial magnetic field, 

we paid particular attention to the measurements of the 

electric field radial component, the discharge current, and 

the potential difference [13]. We found that the voltage 

between the MPC electrodes, as well as the part of the 

discharge current flowing outside the MPC channel, 

increases with the increase in the axial magnetic field 

magnitude. This result is compatible with the numerical 

simulations performed in [10].  

However, the integral characteristics of the MPC 

discharge in the additional magnetic field have not been 

studied experimentally yet. Thus, it is still unknown 

whether imposing an axial magnetic field affects the 

discharge parameters. 

In this paper, we report our recent experimental 

results of the measurements of the discharge-voltage 

curves (current-voltage curves), which are an essential 

characteristic of a discharge that shows how the discharge 

voltage changes with the discharge current. The 

experiments were performed for varying values of an 

external axial magnetic field carried out for two working 

gases at different initial pressures. 

This paper is structured in the following order: the 

first section describes the experimental setup and 
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diagnostics equipment, followed by the second section 

devoted to the main experimental findings. The last 

section summarizes the outcomes. 

1. EXPERIMENTAL DEVICE  

AND DIAGNOSTICS 

The accelerating channel of the MPC used in the 

present experiments [14, 15] consists of two coaxial 

copper electrodes. An external electrode (anode) is 

formed by a solid cylindrical part and a conical part 

consisting of 12 rods inclined at 7.5 degrees to the axis 

of the channel. The cylindrical part is 12 cm in diameter 

and 14.5 cm in length. Each rod of the conical part of 

the anode is 14.7 cm in length and 1 cm in diameter. 

Following a similar shape, an internal electrode 

(cathode) consists of both cylindrical and conical parts 

as well. A solid cylinder-like part of the cathode is 

20.8 cm in length and 6 cm in diameter, while a 12 cm-

long conical part with an outlet diameter of 3 cm has a 

hollow at its end acting as a divertor for impurities 

coming from the main plasma flow. 

A system of capacitor banks triggered by a vacuum 

spark gap supplies the MPC discharge. The total 

capacitance of the capacitors system is 90 μF, with a 

maximum voltage reaching up to 30 kV. The MPC 

system of the electrodes is placed inside a solenoid that 

produces an axial magnetic field in the accelerating 

channel. The inner diameter and the total length of the 

solenoid are 15 and 17 cm, respectively. Fig. 1 shows a 

general view of the entire system involving the solenoid 

with the MPC accelerating channel inside. 

 

 
 

Fig. 1. MPC with a solenoid 
 

The solenoid can generate an axial magnetic field 

with the maximum magnitudes in the range of 0.05 and 

0.4 T inside the MPC channel. Fig. 2 [13] illustrates the 

axial distribution of the axial magnetic field Bz in the 

accelerating channel. A capacitor bank with a total 

capacitance of 700 μF supplies the solenoid. The 

complete system of the MPC with the solenoid is 

installed in the 40 cm-wide vacuum chamber of 2 m in 

length.  

The MPC device operates in the regime with 

residual gas at different pressures in the vacuum 

chamber. In our experiments, we used helium (2 and 

10 Torr) and argon (1 Torr) as working gases for plasma 

creation during the discharge. 

In order to measure the current-voltage curves, we 

varied the input voltage from the supplying system in 

the range of 10 and 20 kV.  

We used the Rogowski coil and high-voltage 

dividers to measure the total discharge current and 

voltage, correspondingly. 

 
Fig. 2. Distribution of axial magnetic field Bz along the 

axis z inside the accelerating channel obtained at a 

capacitor’s voltage of 1 kV 
 

2. EXPERIMENTAL RESULTS 

We conducted a set of experiments dedicated to the 

evaluation of the external magnetic field effect on the 

discharge-voltage (current-voltage) curves of the MPC 

discharges on different gases at varying pressures. Fig. 3 

presents the typical waveforms of the discharge current 

and voltage measured during the discharge on helium 

(2 Torr) with the externally imposed magnetic field of 

0.26 T. Oscillations of the discharge current have at 

least three half-periods. The first half-period of the 

discharge current is approximately 8…10 μs, while the 

discharge duration reaches as high as 30 μs. Up to the 

moment of the first half-period, the discharge is already 

stable and has reached its typical parameters. 

 
Fig. 3. Typical waveforms of the discharge current Id 

and discharge voltage for helium at 2 Torr, external 

magnetic field of 0.26 T, and input voltage of 20 kV 

 

Current-voltage curves showing the relation between 

the discharge current and the discharge voltage between 

the electrodes were obtained for the discharges in 

helium (Fig. 4) and argon (Fig. 5). For the following 

plots, we selected the maximum values of the discharge 

current and corresponding discharge voltage reached at 

approximately 5 μs of the discharge. In the case of 

helium at the initial pressure of 2 Torr (see Fig. 4, a), 

higher discharge voltages were obtained when no 
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external magnetic field was applied (the solenoid was 

switched off). With the external magnetic field of 0.4 T, 

the highest value of the discharge voltage (at 20 kV of 

input voltage) drops roughly 11 % of that with no 

magnetic field imposed. The external magnetic field of 

0.13 T corresponds to the highest discharge current of 

362 kA. 

Conversely, with a higher initial pressure of helium 

(see Fig. 4,b) and, therefore, a higher mass flow rate, the 

discharge voltage increases when the external magnetic 

field of 0.4 T is imposed. However, it is still lower than 

in the previous case because the discharge voltage is 

inversely proportional to a mass flow rate [9]. It is 

worth noting that compared to the old curve obtained 

before the installation of the solenoid, the discharge 

voltage rises with the increasing external magnetic field 

except for the case with 0.13 T. This possibly indicates 

that the discharge voltage does not depend linearly on 

the magnitude of an external magnetic field, as opposed 

to what had been obtained before.  

 
a 

 

 
b 

 

Fig. 4. Comparison of the current-voltage curves 

obtained for He (2 Torr) (a) and He (10 Torr) (b). The 

latter includes the current-voltage curve obtained 

during past experiments before the solenoid was 

installed 

 

Moreover, the current-voltage curve with no 

magnetic field does not utterly coincide with the old 

result. This difference must have resulted from the 

change of the geometrical parameters of the channel 

caused by the cylindrically shaped solenoid installed on 

it. Such an effect of the solenoid channel should be 

taken into consideration. 

The current-voltage curves for argon with the initial 

pressure of 1 Torr (see Fig. 5) demonstrate a similar 

pattern as those of the latter case: the most pronounced 

difference in the discharge voltage value is observed 

between the old curve and the curve obtained with no 

field.  

 

Fig. 5. Comparison of the current-voltage curves 

obtained for Ar (1 Torr) at varied external magnetic 

field and the curve obtained during past experiments 

before the solenoid was installed 

Fig. 6 compares the instantaneous electric power of 

the discharge of two regimes of operation with the same 

mass flow rate: argon (1 Torr) and helium (2 Torr) at 

20 kV of input voltage. As it follows from the plots 

above (see Fig. 4,b, and Fig. 5), when the mass flow rate 

is the same, the highest value of the discharge voltage 

reaches approximately 3.36 kV when 0.4 T of the 

external magnetic field is applied to the discharge in 

helium at the initial pressure of 10 Torr. This 

corresponds to the instantaneous discharge power of 

about 1200 MW. 

 
Fig. 6. Instantaneous discharge power for Ar (1 Torr) 

and He (10 Torr) at 20 kV of input voltage 
 

CONCLUSIONS 

A possible effect of an external axial magnetic field on 

the current-voltage curves of the MPC discharge has 

been studied experimentally. The discharge current, and 

the voltage between the MPC electrodes, were measured 

for different magnitudes of the external axial magnetic 

field and working gases by changing the value of the 

input voltage. Our findings demonstrate that the current-

voltage curves of the MPC can be altered by the 

magnitude of the external magnetic field. The effect 

caused by the change in the geometrical properties of a 

channel should also be taken into account in further 

research. Therefore, future investigation of the MPC 

discharge behavior in the presence of an external axial 

magnetic field is of extreme importance. 
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ПАРАМЕТРЫ РАЗРЯДА МАГНИТОПЛАЗМЕННОГО КОМПРЕССОРА: ВЛИЯНИЕ ВНЕШНЕГО 

ПРОДОЛЬНОГО МАГНИТНОГО ПОЛЯ 

Д.Г. Соляков, Ю.Е. Волкова, А.К. Марченко, М.С. Ладыгина, В.В. Стальцов, Ю.В. Петров, 

В.В. Чеботарёв, Т.Н. Меренкова, В.А. Махлай, Д.В. Елисеев 

Представлены результаты экспериментов по изучению влияния внешнего продольного магнитного поля 

на параметры разряда магнитоплазменного компрессора (МПК). Вольт-амперные характеристики были 

получены для разных значений внешнего продольного магнитного поля, которое создаётся соленоидом, 

установленным на ускорительный канал МПК. Эксперименты проводились с использованием гелия (при 

начальном давлении от 2 до 10 Торр) и аргона (при начальном давлении 1 Торр) в качестве рабочих газов 

при разных начальных напряжениях. Внешнее магнитное поле менялось до 0,4 Тл. Вольт-амперные 

характеристики могут меняться в зависимости от величины внешнего продольного магнитного поля, а также 

от геометрических параметров ускорительного канала. 
 

ПАРАМЕТРИ РОЗРЯДУ МАГНІТОПЛАЗМОВОГО КОМПРЕСОРА: ВПЛИВ ЗОВНІШНЬОГО 

ПОЗДОВЖНЬОГО МАГНІТНОГО ПОЛЯ 

Д.Г. Соляков, Ю.Є. Волкова, А.К. Марченко, М.С. Ладигіна, В.В. Стальцов, Ю.В. Петров, 

В.В. Чеботарьов, Т.М. Меренкова, В.О. Махлай, Д.В. Єлісєєв 

Наведено результати експериментів з вивчення впливу зовнішнього поздовжнього магнітного поля на 

параметри розряду магнітоплазмового компресора (МПК). Вольт-амперні характеристики було отримано 

для різних значень зовнішнього поздовжнього магнітного поля, що створюється соленоїдом, який 

встановлено на прискорювальному каналі МПК. Експерименти було проведено з використанням гелію (за 

початкового тиску від 2 до 10 Торр) та аргону (за початкового тиску 1 Торр) у якості робочих газів за різних 

значень початкової напруги. Зовнішнє магнітне поле змінювалося до 0,4 Тл. Вольт-амперні характеристики 

можуть змінюватися залежно від величини зовнішнього поздовжнього магнітного поля, а також від 

геометричних параметрів прискорювального каналу. 


