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This paper presents analysis of compression zone formation in plasma streams generated by compact
magnetoplasma compressor operating with argon and helium. The main aim for this investigation is characterization
of plasma in compression zone in dependence on initial concentration of working gas. The initial concentration was
changed by variation of residual gas pressure in vacuum chamber. The mass flow rate was kept constant. It was
possible due to 10 times difference between He and Ar masses. Thus, decrease of residual pressure from 10 Torr for
helium till 1 Torr for argon allows keep the mass flow rate in spite the initial density value decreases in 10 times.
The temporal and spatial distributions of plasma density were measured in plasma stream and in the compression
region in both cases. It was shown with spectroscopy that plasma density in compression region increased up to
3.5 times with decreasing initial concentration in 10 times. The obtained result is in agreement with analytical
estimation that follows from the Bernoulli equation. Plasma dynamics in compression region is also discussed.

PACS: 52.70.Kz; 52.59.Dk; 52.50.Dg; 52.30.-q; 52.25.Xz.

INTRODUCTION

Interest for study of compressed magnetized plasma
dynamics is caused by dense plasma streams
applications for development of radiation sources,
studies of fundamental features of plasma surface
interaction, simulation of space events accompanied by
generation of plasma jets, novel plasma technologies,
etc.

As follows from [1] plasma flow in MPC channel
and average plasma streams parameters depend on

. . ]
discharge current Iy and mass flow rate M =M¢a—?

where M; — ion mass and n — density. Discharge voltage
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in this case can be expressed as Ug~ “/ M and average
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stream velocity is vV~ “/M . Thus, discharge voltage

and plasma stream velocity do not depend on initial gas
concentration if mass flow rate is kept constant with
changing ion mass. At the same time maximum value of
plasma density in the compression zone should strongly
depend on initial gas concentration. As follow from the
Bernoulli equation the maximum value of plasma

density in compression zone can be estimated as:
=1
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Tol  where ny — initial

density (concentration) of working gas, y — adiabatic
coefficient, Cpo and Cy - Alfven and thermal velocity
in the input part of MPC channel respectively. For
adiabatic compression of atomic gas (y=5/3) maximum
value of plasma density in the compression zone depend
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Ho is azimuthal magnetic field produced by discharge
current, T and ny — temperature and concentration in the
input cross section of MPC channel. Temperature T, is
close to the room temperature for neutral working gas.
First results of experimental investigations of MPC
operation with gases of different masses, but with the
same mass flow rate are described in [2]. It was shown,
that dependencies of energy density on discharge
current in near axis region as well as average in time
values of plasma stream density and velocity practically
not influenced by initial gas concentration. The results
of plasma stream density measurements close to the end
of MPC electrodes, in compression zone with no time
resolution were presented too. Based on these time
integrated measurements we can conclude that value of
plasma density in near axis region only weakly depends
on initial gas concentration. The position of
compression zone, where plasma density are maximal,
is found to be much more sensitive to the initial
concentration. Namely, compression zone is moved to
larger distance from MPC channel with decreasing
initial working gas concentration.

The main aim of present studies was analysis of
spatial and temporal dependencies of plasma stream
density in compression zone as function of initial
concentration for chosen mass flow rate value.

EXPERIMENTAL INSTALATION AND
DIAGNOSTICS

Discharge gap in MPC [3-7] is formed by two
conical copper electrodes. Central solid electrode is
cathode and outer rod-shaped electrode — anode. The
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anode consists of cylindrical solid section (120 mm in
diameter and 145 mm in length) and conical section
formed by 12 rods of 10mm in diameter and 147 mm in
length, that inclined at 7.5° to the system axis. The
cathode consists of cylindrical section (60 mm in
diameter and 208 mm in length) and a 120 mm-long
solid conical part with output diameter of 30 mm. MPC
is installed to vacuum chamber with diameter 42 cm and
length 130 cm. Vacuum chamber is pumped by turbo-
molecular pump with speed of 500 I/s.

Capacitor bank with capacity 80 uF and maximum
voltage 40 kV was used as power supply system for
MPC discharge. The main part of present experiments
were performed at voltage up to 25 kV. Maximum value
of discharge current was 450 kA and discharge half-
period 10 ps. Argon and helium with different residual
pressure in vacuum chamber was used as working
gases. Parameters of plasma streams, generated by MPC
were varied by changing of discharge current (voltage
on capacitor bank), by sort of working gas and by
residual pressure in vacuum chamber.

Rogovski coil and voltage divider were used for
discharge current and voltage measurements. Local
copper calorimeter was used for energy density
measurements in  plasma stream.  Spectroscopy
measurements were performed using visible light
spectrometer DFS-452 and monochromator MDR-23
coupled with an electron-optical converter (EOC). The
measurements were performed along the plasma stream
axis at different distances from the MPC. Spatial and
temporal dependencies of electron density were
measured from quadratic Stark broadening of Ar Il and
He 11 species spectral lines. Stark broadening was
calculated from full widths of experimental lines taking
into account instrumental and Doppler broadening
mechanisms [8, 9]. The spatial resolution in axis region
was about 1 cm. Temporal resolution was about 1 ps.
Scheme of optical diagnostics is shown in Fig. 1.
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Fig. 1. Scheme of optical diagnostics

Fig. 2 shows typical waveform of discharge current,
signal from photodiode in visible wave-range and
synchronization peak for switching EOC in different
time moments during the discharge in MPC.
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Fig. 2. Typical signals of discharge current, visible
emission and EOC synchronization

EXPERIMENTAL RESULTS

As follows from MHD model of plasma flow in
MPC channel, the discharge voltage should decrease
with increasing mass flow rate and it does not depend
on initial working gas concentration. Dependencies of
discharge voltage on discharge current for four different
initial conditions are shown in Fig. 3. Both variation of
residual gas pressure (initial concentration) and sort of
working gas has been performed.
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Fig. 3. Voltage-ampere characteristics of discharge in
MPC for two different mass flow rates

These dependences were measured for two different
mass flow rates: first one is operation with helium
(2 Torr) or argon (0.2 Torr) and second is with helium
(10 Torr) and argon (1 Torr). Atomic masses of helium
and argon differ in 10 times. Thus in such a way, mass
flow rate is kept constant if initial concentration (in
another words initial residual pressure) differs in
10 times too. As follows from presented measurements,
discharge voltage depends on mass flow rate only and it
does not influenced by initial working gas concentration
if the mass flow rate is the same.

Important differences in plasma stream parameters
are observed close to MPC output in near axis region.
Fig. 4 presents radial distributions of energy density in
plasma stream, that measured at the distance of
6...7cm.
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Fig. 4. Radial distributions of energy density in plasma
stream for two different initial concentrations

At the periphery (for radius r > 3...4 cm) radial
dependences of energy density for different pressures
are similar At the same time energy density in axis
region for two different initial gas concentrations are
differ in 2 times. So, initial concentration made
influence on plasma parameters in near axis region with
average diameter of 2...4 cm.

Plasma density distributions along the axis are
shown in Fig.5 for time moment 10 us from the
discharge ignition for two different initial
concentrations corresponding to the same total mass
flow rate. It should be noted that maximum value of
plasma density in compression zone increased from
0.9x10" cm™ to 3.3x10" cm™ with decreasing initial
concentration in 10times. As follows from the
Bernoully equation [1] maximum value of plasma
density in the compression zone should depend on
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Fig. 5. Plasma density distributions along axis

of discharge current Iy and initial temperature T,
practically, within accuracy of the measurements, are
not changed with variation of initial concentration in
present experiments. Thus, maximum value of plasma
density increased in 3.7 times and this is in good
agreement with the theoretical estimations. It was
discovered in previous investigations [2] that the
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position of compression zone and its size depends
strongly on initial gas concentration. Position of
compression zone moved from MPC cathode output for
1.5..2cm and the length of compression zone
increased from 3...3.5cm to 10...12cm, i.e. in
2.5...3times with decreasing initial working gas
concentration in 10 times.

CONCLUSIONS

Dynamics of plasma streams, generated by MPC
operating with gases of essentially different mass is
investigated. Helium and argon was used as working
gases. The value of residual pressure was varied from
0.2 Torr to 10 Torr to keep total mass flow rate
constant, changing initial gas concentration.

It was found that discharge parameters, namely volt-
ampere characteristics Uqy(ly) are determined by total
mass flow rate only. It was obtained that energy density
in plasma stream, measured at the distance of 6...7 cm
from MPC output, not depended on initial concentration
for radiuses r > 3...4 cm. Energy density in near axis
region, on the contrary, strongly influenced by initial
concentration. It increased in 2 times with decreasing
residual pressure. The average radial dimensions of
compression zone estimated from the measured radial
distributions energy density in plasma could be
evaluated as 2...2.5cm, and this size is slowly
increased with increasing initial concentration.

The value and distributions of plasma density in
compression zone are strongly affected by initial
concentration. Experimentally it was shown that plasma
density in compression region increased in
3.5...3.7 times with decreasing initial concentration in
10 times. This result is in agreement with analytical
estimations of plasma density from MHD model.

Experiments demonstrate that region with maximal
density has shifted to the distance of 1.5...2 cm from
electrodes with decreasing of working gas initial
concentration. The length of compression zone
increased in 2.5...3times with decreasing gas
concentration in 10 times, but the radial size remained
practically unchanged.

Thus mechanism to control the value of plasma
density in compression zone and it spatial position and
dimension was discovered in present experimental
studies that provided the same level of mass flow rate
and discharge current values with variation of initial
working gas concentration.
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O®OPMHUPOBAHUE 30HbI KOMIIPECCHHA B IIJIASMEHHBIX IIOTOKAX MIIK ITPH PABOTE
HA T'A3AX C PABHBIMH MACCAMH

A.K. Mapuenko, M.C. Jlaovicuna, U.E. I'apkywa, FO.B. Ilempos, /I.I. Conakos, T.H. Yepeonuuenxo,
B.A. Maxnaii, B.B. Yebomapes, B.B. Cmansyos, /I.B. Enucees, B.U. Kpay3

Craresi mocBsillieHa aHaIu3y (OpMHUPOBaHMS 30HBI KOMIPECCHH B IUIa3MEHHBIX IIOTOKaX, I'€HEpUPYEMbBIX
KOMITaKTHBIM MarHuToIuiasMeHHbIM Kommpeccopom MIIK, ucnone3ys B kauecTBe pabodero rasa aproH W Teiuil.
OCHOBHOM LI€NbI0 JAHHOW paboThI ABJSUICS aHAIU3 NMapaMETPOB IJIa3MbI B 30HE KOMIPECCUU U UX 3aBUCUMOCTH OT
HavyallbHOM KOHIEHTpalMu pabodero rasa. HadanpHas KOHIEHTpauusi HM3MEHSJIACh IMyTEM BBIOOpA BEIMYHMHBI
JIaBJICHUs] OCTAaTOYHOTO Ta3a B BaKyyMHOH Kamepe. MaccoBBI pacxoj Tra3a OCTalics MOCTOSHHBIM, Omaromaps
10-kpaTHoil pa3HHUIle Macc aproHa M renus. TakuM o0pa3oM, yMeHblIeHne octaTtouHoro aasineHus ¢ 10 Topp s
renus 1o | Topp a1 aproHa mo3BosseT coOepedb MacCOBBIN Pacxo/l IPH YMEHBIICHUN HaYaJIbHOW KOHIICHTPAIMU B
10 pa3. BpemeHHBIE W NPOCTPAaHCTBEHHBIC PpACIPEACICHUS 3JICKTPOHHOW IUIOTHOCTH IUIa3Mbl B 0OOJacTH
KOMIIPECCHH OBUIM M3MEPEHBI A ABYX ciydaeB. CIIEKTPOCKONHMYECKHE H3MEPEHHs IOKa3ajld, YTO IIOTHOCTh
IUIa3MBI B 00JIaCTH CHKAaTHS YBENUUYMIAch B 3,5 pa3a MpH yMEHbBIICHNH HAa4aJlbHOW KOHIEHTPAaLMKM pabodvero rasa B
10 pa3, 4TO cormacyercst C aHAINTHYECKHMH OLEHKaMH W3 YypaBHeHUs bepuymnn. Takke mnpeacTaBieHbI
WCCIIEIOBaHMS TMHAMUKA [UIa3MBbl B 30HE KOMIIPECCHH.

®OPMYBAHHS 30HU KOMITPECII B IIVIASMOBHUX ITOTOKAX MIIK ITPU POBOTI HA TA3AX
3 PI3BHUMHU MACAMMU

I'.K. Mapuenxo, M.C. Jladuzina, I.€. I'apkywa, 10.B. Ilempos, /I.I. Conaxos, T.M. Yepeonuuenxo,
B.0. Maxnaii, B.B. Yebomapuvos, B.B. Cmanvyos, /I.B. €Enucces , B.1. Kpay3

CraTTs mpHCBSYECHA aHANi3y (OPMYBaHHS KOMIIPECIHHOI 30HM B IUIa3MOBHX IIOTOKaX, LIO T'€HEPYIOTBHCA
KOMIIAKTHAM MarHiTOIIa3aMOBUM KomrpecopoM MIIK, BHKOPHCTOBYHOUYH B SKOCTI poOOYOro rasy aproH Ta reiii.
OCHOBHOIO METOI0 pOOOTH € aHaNi3 MapaMeTpiB IUTa3MH B 30HI KOMIIpecii Ta iX 3aJeXHICTh BiJ IMOYaTKOBOI
KOHIIeHTpalii pododoro rasy. [louaTkoBa KOHLEHTpaLis 3MIiHFOBANAcs 3a JOMOMOTOI0 3MiHH THCKY 3aJIHIIKOBOTO
ra3y y BaKyyMHii kamepi. MacoBUi po3Xij ra3y 3aiumaBcs MOCTIHHNM, 3aBASKH 10-pa3oBiil pi3HHII MK MacaMu
aprony Ta reinito. TakuM 4YHHOM, 3MEHIICHHS 3amumKoBoro Tucky 3 10 Topp mns remiro mo 1 Topp mis aprony
JI03BOJIsIE 30€perTd MacoBHH PO3XiJ B TOW Yac sSK 3HA4YEHHs I0YATKOBOi KOHIEHTpalii 3MeHmyeTbes B 10 pasis.
YacoBi Ta MpOCTOPOBI PO3MOALIM ENEKTPOHHOI T'YCTHHM IUIa3MH BHMIPIOBAIMCH B 30HI KoMIpecii st 000x
BUNaJKiB. YacoBi Ta MPOCTOPOBI PO3MOAIIM T'YCTHHHM IUIa3MH OYJHM BHMIPSIHI B IJIa3MOBOMY IIOTOL Ta 30HI
komIipecii 000x Bumnaakax. CHEKTPOCKOMIUHI BUMIpIOBAaHHS MOKa3alu, 10 €JIEKTPOHHA I'yCTHHA IUIa3MH B 30HI
KoMITpecii 30iIbLIyeThest B 3,5 pasu MpH 3HMKEHHI I10YaTKOBOI KOHUeHTpawil B 10 pasiB, 1m0 y3roOJDKYeThCs 3
aHAJITUYHUMU OL[IHKaMHU 3 piBHsHHS bepHyiuti. Takox mociipKyBasacs TMHaMIKa I1a3MH B 30HI KOMIIpeCii.
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