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This paper reports the outcomes of recent experiments on the assessment of the external longitudinal
magnetic field effect on the discharge characteristics and the main plasma stream parameters of the magnetoplasma
compressor (MPC). The MPC device has been upgraded with the solenoid installed on the accelerating channel.
Present experiments were carried out with helium as a working gas (P = 2 Torr) at a voltage up to 20 kV. The
magnetic field varied up to 0.3 T. The additional longitudinal magnetic field exerts significant influence on the
potential difference, the radial component of the electric field in the vicinity of the MPC electrodes and the electric

currents that flow outside the MPC accelerating channel.
PACS: 52.40.Hf; 52.70

INTRODUCTION

Quasi-steady-state self-compressed plasma flows
were discovered theoretically [1-4] and observed
experimentally [5-13]. The main fundamental principle
of the quasi-steady-state plasma flows is a transition to
the mode of operation when a discharge current is
carried by ions in a profile channel. In that case,
the current-carrying ions should be injected from
an anode (outer electrode) surface into the accelerating
channel to support discharge current and compensate
an electric potential jump, and then they should be
absorbed by a cathode (inner electrode) surface. The
additional injection of the ions from the anode side for
supporting the discharge current increases a total mass
flow rate and, as a result, leads to a decrease in a plasma
stream velocity.

One of the ways to avoid a potential jump formation
in the near-anode region is to add an external magnetic
field. Therefore, ions start to rotate such that they stay
within the near-anode volume instead of moving away.
Thus, the potential jump becomes compensated.

The feasibility of the transsonic quasi-steady-state
plasma flow without the potential jump formation has
been shown [1-4]. A longitudinal magnetic field causes
a rotational plasma motion gradually intensifying it; as a
result, the plasma density increases near the outer
electrode. An external magnetic field has a significant
influence on the Hall Effect [4]. Therefore, the current
crisis phenomenon in the plasma accelerator can be
weakened.

This paper introduces the first stage of
the experimental studies on the MPC operation with
the external longitudinal magnetic field.

1. EXPERIMENTAL DEVICE
AND DIAGNOSTICS

The MPC facility has been recently upgraded with a
solenoid (Fig. 1). It is set up on the MPC accelerating
channel and supplied by a capacitor bank with a total
capacitance of 700 pF. Fig. 2 shows a schematic view of
the MPC electrode system inside the solenoid where
curves depict magnetic field lines.
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Fig. 1. Experimental device: schematic view of MPC accelerating channel with installed solenoid (a):
1 — conical part of cathode; 2 — conical part of anode; 3 — solenoid; 4 — gas valve.
Picture of the MPC channel with the solenoid inside the vacuum chamber (b)
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Fig. 2. Magnetic field lines of the solenoid inside the MPC accelerating channel

The MPC channel [5] is formed by a road-type
cylindrical anode with an outer diameter of 8 cm and
a solid conical cathode with an outer diameter of 3 cm.
The solenoid, which produces a longitudinal magnetic
field, is 17cm in length with the inner diameter
of 15cm. The strength of the magnetic field
is 0.05...0.25 T at the entrance of the MPC channel and
decreases twofold at the channel output (Fig. 3). The
magnetic field varied up to 0.3 T. The MPC is installed
into the vacuum chamber that is 200 cm in length.
The diameter of the vacuum chamber is 40 cm.

The MPC device operates under the mode with
residual gas at different pressures. For the first
experimental step, we chose the MPC mode of
operation with helium as a working gas at a pressure of
2 Torr. This mode is thoroughly researched and well-
established [5; 9-11]; moreover, the compression rate up
to 200 has been obtained successfully.
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Fig. 3. Distribution of the external longitudinal
magnetic field H, along the axis z

The Rogowski coil and high voltage dividers were
used for measurements of total current and a discharge
voltage. We applied different probe techniques such as
electric probes and internal magnetic probes to measure
a local electric field radial component E, and a self-
induced magnetic field H,. The average statistical error
of the probe measurements was up to 10...15 %. Present
experiments were performed at a voltage up to 20 kV
and a discharge current up to 400 kA.

2. EXPERIMENTAL RESULTS

We started by investigating the effect of the external
magnetic field on the electric field radial component E,
in the plasma stream outside the MPC accelerating
channel.
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The signals were obtained at a distance of 9 cm and
a radius of 1.5cm from the MPC electrode system
at a voltage up to 15 kV. Fig. 4 compares typical signals
without external magnetic field with the signals
obtained under conditions when the external magnetic
field of 0.26 T was applied.
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Fig. 4. Typical waveforms (a) of discharge current Ig,
electric field radial component E, and self-induced
magnetic field H, without external magnetic field;
the E, signals (b) with H,=0.26 T and without external
magnetic field

These experiments highlighted that the local
characteristics of the plasma streams outside the MPC
channel, such as the electric field radial component E,
and the electric currents, would be sensitive to the
influence of the external magnetic field.

Fig. 5 shows a set of the typical signals of the
electric field radial component E, retrieved within the
thin near-anode layer (z 1cm) at a radius
of 2cm under different values of the external
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longitudinal magnetic field. In this case, the discharge
voltage was 20 kV.

a.u.
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Fig. 5. Comparison of the typical E, signals without
external magnetic field to the signals with H, varied up
t00.3T (@) and H,=0.3 T (b)

The most remarkable result to emerge from the
findings is that the increase in the external magnetic
field strength can be considered to have contributed to
the increase in the local electric field strength within
the near-anode layer. As follows from the figures shown
above, with the external magnetic field of 0.3 T,
the local electric field radial component E, is roughly
2 times higher. From this, we can conclude that the
external longitudinal magnetic field may affect the
plasma velocity. It remains to prove experimentally that
such influence can lead to a rotational plasma motion
within the outer electrode region of the MPC.
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Fig. 6. Potential difference Uy increases with the
external magnetic field

Consider Fig. 6, which plots the electric potential
difference between the MPC electrodes Uy measured
during discharge versus external longitudinal magnetic
field. It is crucial to note that the Uy increases with the
value of the imposed magnetic field. This lends support
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to previous findings in the investigation of the two-
dimensional steady-state plasma flows [4].

CONCLUSIONS

1. As anticipated, our preliminary experiments
demonstrate that the additional longitudinal magnetic
field causes a noticeable influence on the processes near
the MPC electrodes.

2. Inasmuch as this paper presents a pilot study to
investigate whether the main discharge characteristics in
the MPC channel change in the presence of the external
magnetic field, particular attention is paid to the
measurements of the electric field radial component, the
discharge current, and the potential difference.

3. The potential difference Uy increases with
the increasing of the external magnetic field (consistent
with [4]).

4. The part of the discharge current that flows
outside the MPC channel increases (good agreement
with the QSPA operating with the discharge current less
than 50 KA [6]).

5. In our future study, we intend to concentrate on
the investigation of the MPC discharge characteristics
under the conditions of the imposed longitudinal
magnetic field.

6. Furthermore, the extensive research on the MHD
parameters in the presence of the additional magnetic
field is necessary to extend our knowledge of the
dynamic processes in the plasma streams generated by
the MPC.
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XAPAKTEPUCTHUKU PA3PAJA B YCKOPUTEJIBHOM KAHAJIE MIIK B TIPUCYTCTBHUH
BHEIIHEI'O TPOJAOJBHOT'O MAI'HUTHOI'O ITOJIA

A.I'. Conakos, I0.E. Bonkoea, T.H. Yepeonuuenxo, U.E. I'apxywa, M.C. Jladvicuna, A.K. Mapuenko,
10.B. Ilempos, B.B. Yebomapée, B.A. Maxnait, B.B. Cmansyos, /I.B. Enuceee, C.A. Tpyouanunos

IIpencraBneHbl pe3yiabTaThl HOBBIX O3KCIEPUMEHTOB II0 M3YYECHUIO BIHSHUS BHEIIHErO IPOJOIHHOTO
MarHuTHOTO IIOJII HA XapaKTEepUCTHKH pa3psAAa M OCHOBHbIE IIapaMeTphl IUIa3MEHHBIX IOTOKOB B
MarauTorasMeHHoM kommpeccope (MIIK). MIIK MonepHu3upoBaH COJEHOMJIOM, KOTOPBI YCTAaHOBJIEH Ha
YCKOPUTENBHBIH KaHal. OKCIepuMeHThl mnpoBomwinch Ha remun (P =2 Topp), paspsaHoe HampspKeHUE
nocturano 20 kB. MaruutHoe mosie BappupoBanock 10 0,3 Ta. [lonomHUTENsHOE NMPOAOIBHOE MAarHUTHOE IIOJIE
OKa3bIBAaET CYIIECTBCHHOE BIMSHHUE HA PA3HOCTH ITOTCHINANIOB, PAANAIBHYIO COCTABIIIOIIYIO HJIEKTPHUECKOTO MO
B OKpecTHOCTH 31ekTpoAoB MIIK u Ha snekTpuueckue TOKH, MIPOTEKAtoIINe BHE yCKOpUTENIbHOro kaHaina MITK.

XAPAKTEPUCTHUKH PO3PANY B IPUCKOPIOBAJIBHOMY KAHAJII MIIK 3A ITPUCYTHOCTI
3O0BHIINHBOTI'O NO3J0B’KHHBOI'O MATHITHOTI'O ITOJIA

A.I'. Conakos, IO.€. Bonkosa, T.M. Yepeonuuenxo, 1.€. I'apxywma, M.C. Jladuzina, A.I'. Mapuenko,
1O.B. Ilempoes, B.B. Yebomapwvos, B.O. Maxnaii, B.B. Cmansyos, /I.B. €Eniceecs, C.A. Tpyouaninos

HaBezieHO pe3yJsibTaTH HOBHX €KCIIEPHMEHTIB 3 BUBUCHHS BIUIUBY 30BHIIIHBOTO MTO3/10BXHBOI'O MarHiTHOTO HOJIS
Ha XapaKTePUCTHKH PO3PSy Ta OCHOBHI IapaMeTpW IUIa3MOBUX MOTOKIB y MarHiTOIUIa3MOBOMY KOMIIpECOpi
(MIIK). MIIK MonepHi30BaHO 3a JIOIIOMOTOI) COJICHOI/Ia, BCTaHOBJICHOTO Ha IPHUCKOPIOBAJHHOMY KaHaJIi.
Excniepumentn nposezeno Ha renii (P = 2 Topp), po3psnna Hampyra csrana 20 kB. MaruiTHe 1moJie 3MiHIOBaJIOCS
1o 0,3 Ti. JlomaTkoBe MO370BXKHE MArHITHE TI0JIE iCTOTHO BIDIMBA€E HA PI3HHUITIO MOTEHIIIANIB, padiadbHy CKIIAOBY
SNIEKTPUYHOTO Toisd 1mobnm3zy enekrponis. MIIK Ta Ha eNexkTpu4yHI CTPyMH, IO TPOTIKAalOTh 11032
MpUCKOpIoBasIbHOr0 kKaHaity MITK.
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