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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.
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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? 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 uF, 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 B, in the
accelerating channel. A capacitor bank with a total
capacitance of 700 uF 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.
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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.
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Fig. 2. Distribution of axial magnetic field B, 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 ps, while the
discharge duration reaches as high as 30 ps. Up to the
moment of the first half-period, the discharge is already
stable and has reached its typical parameters.
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Fig. 3. Typical waveforms of the discharge current Iy
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 us 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.
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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
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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.
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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.
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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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IHAPAMETPBI PA3PAJJA MATHUTOIVIASMEHHOI'O KOMIIPECCOPA: BJIIMAHUE BHEHTHEI'O
MMPOJOJBHOI'O MAI'HUTHOI'O ITOJIA

JLI. Conakos, IO.E. Bonkosa, A.K. Mapuenxo, M.C. Jlaovizuna, B.B. Cmanvyos, IO.B. Ilempos,
B.B. Yeoomapés, T.H. Mepenkosa, B.A. Maxnaii, /I.B. Enucees

IIpencraBneHsl pe3yabTaThl SKCIIEPUMEHTOB 110 W3YYEHHIO BIMSHUS BHEIIHETO NMPOJOIHHOTO MAarHUTHOTO MOJIS
Ha IapaMmeTpsl paspsja MarHutorasMeHHoro kommpeccopa (MIIK). Bombr-ammepHble XapaKTepHCTHKH ObLTH
TIOJTYYEeHBI JUIA Pa3HBIX 3HAYEHHH BHENIHEro IPOAOJIBHOTO MAarHUTHOTO TIOJISi, KOTOPOE CO3JaéTCsl COJICHOMIOM,
YCTAaHOBJICHHBIM Ha ycKopuTenbHbIH kaHan MIIK. DkcnepuMeHTHl IpOBOIMIINCH C HCIIONb30BAHHEM TelHs (IIpH
HavaxpHOM JaBiieHuH oT 2 10 10 Topp) u aproHa (mpu HavansHOM gaBieHur 1 Topp) B KadecTBe paboOYMX ra3oB
IIPU pasHbIX HavyaJbHBIX HANpsDKEHWAX. BHemHee MarauTHOE mojie MeHsuioch 10 0,4 Tin. Bosbr-ammepHbie
XapaKTEPUCTUKU MOTYT MEHSTHCS B 3aBUCUMOCTH OT BEJIMYHMHBI BHEIIHETO MPOJOIEHOTO MAarHUTHOTO TIOJIS, @ TAKXKE
OT F€OMETPHUYECKUX TTAPaMETPOB YCKOPUTEIILHOTO KaHaa.

HAPAMETPH PO3PAAY MATHITOIIJIABMOBOI'O KOMITPECOPA: BIIJIMB 30BHIIIHBOT' O
MNO310B)KHBOI'O MATHITHOTI'O ITOJISL

J.I. Conakos, 10.€. Bonkosa, A.K. Mapuenxo, M.C. Jlaouzina, B.B. Cmanvyoe, 10.B. Ilempog,
B.B. Yeoomapuvos, T.M. Mepenkosa, B.O. Maxnai, /I.B. Eniceee

HaBeneHno pe3ynpraTH €KCHEpUMEHTIB 3 BUBYEHHS BIUIMBY 30BHIIIHBOTO MO3/I0BXKHBOI'O MAarHiTHOTO MOJSI Ha
napaMmeTpu po3psay MarHiToriazmoBoro kommpecopa (MIIK). Bonbr-amiepHi XapakTepHUCTHKH OYJIO OTPHMAaHO
JUISL pI3HMX 3Ha4€Hb 30BHIMIHHOTO MO3J0BXXHBOTO MAarHITHOTO TMOJS, IO CTBOPIOETHCS COJICHOINOM, SKHH
BCTaHOBJIEHO Ha IpuckoproBagbHoMy kKaHaii MIIK. ExciepumenTtu Oyiio npoBeieHO 3 BUKOPUCTAHHSAM Telliio (3a
oYaTKoBOro THCKy Bix 2 1o 10 Topp) Ta aprony (3a nouatkoBoro Ticky 1 Topp) y sikocTi poOoUmX rasiB 3a pisHHX
3HAYEHb I0YATKOBOi HAaNpyry. 30BHIIIHE MarHiTHe nose 3MiHoBasocs 10 0,4 Tn. Bonbr-amnepHi XapakTepucTuku
MOXYTh 3MIHIOBAaTHCSA 3aJI€KHO BiJ BEIWYMHHW 30BHIIIHBOTO MO3/0BKHBOTO MArHITHOTO IIONS, a TaKOX BiX
reOMETPUYHHX [TapaMeTpPiB MPUCKOPIOBAILHOTO KaHAITY.
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