https://doi.org/10.46813/2021-131-057

INFLUENCE OF LONGITUDINAL MAGNETIC FIELD IN THE MPC
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The paper is devoted to experimental measurements and analysis of parameters of the plasma streams generated
by magnetoplasma compressor (MPC) upgraded with an external axial magnetic field. Influence of the external axial
magnetic field of 0.24 T on helium plasma streams (P=2 Torr) has been studied. The measurements of average
electron density distributions were performedboth with and without an external axial B-field. Distributions of
plasma electron density N, (L) were measured with spectroscopy in the plasma stream and in the compression zone

using Stark broadening of He | and He Il spectral lines. Plasma-surface interaction processes were also analyzed.
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INTRODUCTION

Magnetized plasma streams are of particular interest
for basic plasma dynamics research and also for various
technological applications, such as prospective sources
of high energy beams and radiation in wide wavelengths
[1], testing of fusion reactor materials with high energy
loads [2-4], surface modification and improvement of
material properties [5-7].

Optimization of operation modes of plasma device
for providing effective variation of plasma parameters is
an important aspect in plasma technologies, fusion
science and engineering. For instance, experimental
regimes of MPC plasma facility operation define
theproperties of generated dense plasma flows of
different ions with the ability of effectively varying the
specific energy loads at plasma exposure of materials
[8, 9].

MPC has been studied in our laboratory since 2007
operating in various working modes and using different
working gases [10-12]. Now it has been upgraded with
additional external magnetic field with the aim to
increase the plasma parameters that requires higher
discharge current. According to available numerical
simulations, the external magnetic field should help to
overcome the effect of the “current crisis” [13].

Our first experimental studies of the MPC operation
with external axial magnetic field were described in
[14]. Particular attention was paid to the measurements
of the electric field, the discharge current, and the
potential distribution changes.

In this paper, we report our experimental results on
the influence of additional magnetic field on the plasma
density behavior in compressed plasma stream and also
in front of the target surface during the plasma-surface
interaction.

ISSN 1562-6016. BAHT. 2021. Nel(131)

EXPERIMENTAL SETUP AND
DIAGNOSTICS

The MPC upgraded with a magnetic coil that has
been installed in the accelerating channelis shown in
Fig. 1.

Fig. 1. MPC accelerating channel with installed
solenoid

The length of the magnetic coil is 17 cm, and the
inner diameter is 15 cm. This coil is supplied from
acapacitor bank with a total capacitance of 700 pF. It
can provide inside the MPC channel an axial magnetic
field up to 0.4 T that decreases two fold at the channel
outlet. Fig.2 illustrates the distribution of axial
magnetic field B, inside the MPC accelerating channel.

The MPC is installed in the 2-meter long vacuum
chamber with diameter of 40 cm. The MPC discharge is
supplied by a capacitor bankwith a stored energy of
28 kJ (at 25 kV).

For measurements of the plasma streams parameters
complex of optical diagnostic consisting of diffractional
spectrometer DFS-452 and monochromator MDR-23
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was in use. These measurements are integrated along
the observation chord as well as over discharge time.
Piezo-detectors, bolometers, local copper calorimeters,
electrical and magnetic probes have been also used in

addition to spectroscopy for plasma parameters
measurements.
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Fig. 2. Distribution of axial magnetic field B, inside the
MPC accelerating channel

DISTRIBUTIONS OF PLASMA ELECTRON
DENSITY IN MPC WITH AN EXTERNAL
MAGNETIC FIELD AND WITHOUT IT

During these experiments the capacitor bank was
charged up to 20 kV. The maximum value of the
discharge current acieved 400 kA with a half period of
10 ps. Helium chosen as the working gas, the vacuum
chamber was filled by Heunder residual pressure of
2 Torr. This operation mode was analyzed earlier in [11,
12]. Measurements were performed either with external
magnetic field (B = 0.24 T) or without it (B =0 T).

The analysis of the Stark-broadening spectral lines is
one of the widely used plasma diagnostics techniques,
especially formonitoring of the plasma electron density
[15]. Distributions of plasma electron density N, (L)
were obtained in the plasma stream and, in particular, in
compression zone using Stark broadening of He | and
He Il spectral lines after the procedure of instrumental
broadening exception (AA; = 0.2 A). Fig. 3 shows the
comparison of experimental and theoretical shapes of
the He Il (4685 A) and He | (4471 A) spectral lines.
Presumably spectral lines of different ionization stages
characterize different parts of plasma stream, so analysis
of both contours provides more complete data about
plasma density [15, 16]. It must be pointed out that the
fitting result includes only the purely Lorentz
component of the spectral lines contour, excluding
Gaussian one. It is easy to see that the experimental and
theoretical data have a good agreement. It can indicate
thatour experimental conditions correspond to the local
thermodynamic equilibrium.

To determine the effect of the additional magnetic
field on the evolution and magnitude of the plasma
electron density, experimentally obtained half-width
values of the working gas spectral lines were used to
acquire the spatial distributions of N, in MPC plasma
stream both with and without B-field. Fig. 4 shows that
for the He I spectral line (4471 A), which characterizes
the neutrals in plasma, there are no changes in the value
and behavior of the N.. In this case the density near the
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electrodes (L = 0 cm) and at the distance of 10 cm from

them are equal — N, = 1.5-10'° cm?® and only at

L = 4...6 cm electron density is twice higher.
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Fig. 3. Typical wave forms and fitting results (Lorentz
component) of He I (4471 A) (a) and He 11 (46854)(b)
in plasma stream with B=0.24
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Fig. 4. Spatial distributions of plasma electron density
Ne (L) in MPC with axial magnetic field
B=024TandB=0

In absence of an external magnetic field, the
behavior of the electron density evaluated from the He
11 (4685 A), which characterizes the dynamics of single
ionized helium atoms, significantly differs from the N,
(L) when an additional magnetic field is turned on.
Namely, the value of N, = 2:10" ecm®* at B =0T
exceeds twice the density with a magnetic field
B=0.24T — N, = 1-10" cm™ for distances up to 6 cm
from electrodes. But further, sharp decrease to
N, = 0.85-10* cmoccursat the distances of 6 to 9 cm
from the electrode system of MPC. This can be
explained by the fact that ions of different ionization
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stages characterize different spatial layers of the plasma
stream. Thus, the analysis of the electron density
distributions showed that an external magnetic field in
the MPC channel is not affecting the averagedensity of
helium neutrals. However, the density of single charged
ions, which are more sensitive to the influence of the
magnetic field, increased twice.

Nge BEHAVIOR DURING PLASMA-
SURFACE INTERACTION

Studies of plasma-surface interaction were carried
out using stainless steel target with a diameter of 2 cm
that was located at the distance of 6.5 cm from the outer
electrode of MPC. Measurements of electron density
distributions near exposed surface were performed on
the base of emission spectra of the plasma stream
interacted with target. Results for MPC regimeswith
external magnetic field are presented in Fig. 5.
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Fig. 5. Different parts of emission spectra
3875...4150 4 (a) and 4175...4500 A (b) of plasma
stream near the steel target in the presence of an
external magnetic field B=0.24 T

Analysis of plasma radiation spectra showed that in
addition to the spectral lines of the working gas He |
(3888; 4026; 4471 A) and He II (4685 A) a number of
impurity spectral lines — N 11 (3995; 4041; 4237; 4432;
4447 A), C 11 (4267; 4325 A), N 1II (4097; 4103 A)
have been identified. It should be noted that nitrogen
was selected as a small diagnostic dope for more precise
measurements whilecarbon is appeared as a result of
sputtering of target material.

Fig. 6 shows comparison of N, spatial distributions
in a free plasma stream and near the steel target exposed
by the plasma in regimes with  magnetic field
B=024T (a) and without it (b) accordingly. The
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electron density dynamics, as determined from He
spectral lines profiles, remains almost the same
((1.5....2) -10" cm™®) until L = 5 cm, where the
influence of target becomes noticeable and the electron
density increases twice.

But N, value determined from the impurity spectral
lines (N II) is higher because it corresponds to the
central part of plasma stream, in contrast to one
evaluated from helium, which is attributed to the
periphery.
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Fig. 6. Spatial distributions of plasma electron
density near the stainless steel target and in a free
plasma stream in MPC in the presence of an external
magnetic field B=0.24T (a)and B=0T (b)

At the distance of 3 cm from the electrodes, where
effect of the target presence is not yet appreciable, there
is a slight decrease from 8 to 5-10" cm™. N, that
estimated from N 11 spectral lines is about 1-10* cm=.
This indicates that the spectral lines of impurity
elements characterize the core dense part of the plasma
stream in MPC. In the case when magnetic field is turn
off (see Fig. 6,b), it is seen that the density values rather
similar, but its spatial behavior differs.

CONCLUSIONS

Influence of an external magnetic field on the
distributions and values of plasma electron density has
been studied. A magnetic coil generating an axial
magnetic field 0.24 T has been installed in the MPC
accelerating channel to affect the plasma streams
dynamics and its parameters.

Obtained spatial distributions of the averageplasma
electron density in free plasma stream and in the
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vicinity of the exposed steel target allowsevaluation of
the energy density distribution in plasma stream and
specific energy load to the target surface during the
plasma-surface interaction.
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BJIMAHUE IMPOJOJIBHOTI'O MATHUTHOTI'O ITOJIAA B KAHAJIE MITIK HA UHTEI'PAJIBHY IO
IVIOTHOCTD IINTASMEHHOI'O ITIOTOKA

A.K. Mapuenxo, O.B. buipxa, B.A. Maxnan, U.E. I'apxywa, C.C. I'epauienxo,
JLI. Conakos, I0.E. Bonkoea, /I.B. Enucees, K. Hosakoseckaa-Jlanzep

[IpencraBneHsl 3KCIEpUMEHTATBHBIC U3MEPEHHS M aHAIN3 MapaMeTPOB IUIA3MEHHBIX ITOTOKOB, F€HEPHPYEMBIX
MarHuTOIIa3MeHHbIM KoMmmpeccopom (MIIK), koTopsiit GbUT OCHAIlCH BHEIIHAM MAarHUTHBIM TojieM. M3ydeHo
BiMsiHME BHemHero MmarHutHoro mnosisi 0,24 Tn Ha motoku renmueBoit miasmel (P=2 Topp). Ilpencrasnenst
MIPOCTPAHCTBEHHBIC PACHPEICICHHUS IEKTPOHHON IIOTHOCTH IUIa3Mbl KaK C BHEIIHUM MarHUTHBIM IIOJIEM, TaK U
6e3 Hero. Pacmpenernenus d5eKTpoHHO# MmiaoTHOCTH Tasmbl N (L) mMogydeHs! W3 MITAPKOBCKOTO YIIHPEHHS
cnekrpaipubix JuHuit He | u He 1l. Taxxe npusenenst wsmepenus pacnpenenenuii N (L) npu Hajeranuu
m1a3MeHHoro nortoka MIIK Ha MUIIEHb U3 HEPXKABEIOLIEH CTalN.

BIIJIUB MMO3JOBKHBOI'O MATHITHOI'O ITOJIA B KAHAJII MIIK HA IHTEI'PAJIBHY
I'YCTUHY IINIABMOBOT'O IOTOKY

A.K. Mapuenxo, O.B. Bupka, B.O. Maxnau, I.€. Iapkywa, C.C. I'epawenxo,
JI.I. Conakos, I0.€. Bonkosa, /I.B. €Enucecs, K. Hosaxoecvka-JIanzep

[IpencraBneHo exCHepUMEHTaIbHI BUMIPIOBAHHS Ta aHANI3 HMapaMeTpiB IUIa3MOBHX HOTOKIB, IO T€HEPYIOTHCS
MarsiromiaasmMoBuM komipecopoMm (MIIK), sikuit 6y0 OCHAIEHO 30BHIIIHIM MarHiTHEM I0jeM. BHBUEHO BILIMB
30BHiIHBOr0 MarHiTHOTO mona 0,24 Tn ma mortokm remieBoi mmasmu (P=2 Topp). IlpeacraBieHo mpocTopoBi
PO3MOMIMN €JIeKTPOHHOI TYCTHHHM IIa3MU SK i3 30BHIIIHIM MarHiTHHUM ToJieM, Tak i 0e3 Hporo. Posmominu
enekTpoHHoi rycturu mia3Mu N, (L) oTpuMaHo 3i ITApKiBCEKOTO PO3LIMPEHHS crieKTpanbHuX JiHiit He | ta He 1l.
Takosx npencrasneHi BumiproBanss poznoainiB N, (L) npu Hanitansi mamoBoro notoky MIIK Ha craneBy MillleHb.
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