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An investigation of local MHD plasma parameters in flow and characterizations of plasma streams, generated by
different types of plasma accelerators and magneto-plasma compressors, is one of actual and important from point of
view basic plasma dynamics research and plasma applications in different technologies. The present paper devoted to
analysis of magneto-hydrodynamic characteristics of the plasma stream generated by the MPC compact geometry.
Such important parameters as spatial distributions of electric current and spatial distribution of electromagnetic force in
plasma stream, plasma density and velocity in compression zone have been investigated.

PACS: 52.30.Cv, 52.50.Dg, 52.25Xz
INTRODUCTION

As was shown in [1] the average radius and width of
plasma flux tube should decrease along tube to achieved
compression mode of MPC operation. The process of
energy transformation, which passed into MPC channel,
can _be  described by  Bernoulli  equation
E=;*_iﬂ_ini=;mﬂ. this

According  with

equation energy that passed from energy supply system
transforms to kinetic energy of plasma stream in MPC
channel, then, in the compression zone, kinetic energy
should transform to plasma thermal energy and then,
when plasma stream passed through compression zone,
thermal energy should transform to kinetic energy again.

Maximum value of plasma density in compression
zone for compression mode of MPC operation can be
estimated, based on Bernoulli equation. For discharge
current I3 = 400 kA, initial density n=2.10"cm*
maximal density in compression equal
Nac=(1.4...1.6)-10"% cm™.

In present paper described results of experimental
investigations of spatial MHD  characteristics
distributions in compression zone generated by MPC
compact geometry (are/was described).

1. EXPERIMENTAL SETUP

Experiments were caring out in MPC compact
geometry [2-3]. The MPC channel was formed by
coaxial cooper electrodes. The outer electrode (anode)
with outlet diameter 70 mm consists of solid cylindrical
part and output rod structure including 12 copper rods
with diameter of 10 mm and of 147 mm in length. The
solid inner electrode (cathode) has outlet diameter
40 mm. MPC channel width, distance between anode
and cathode surface, decreased along axis, thus flux
tube geometry correspond to requirement for
compression mode of operation.

Condenser bank (90 pF) with voltage up to 25 kV
was used as power supply system of MPC discharge.
Maximum value of discharge current was 500 kA and
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half period duration equal 10 ps. The general view of
MPC is presented in Fig. 1. MPC was installed into
vacuum chamber 40 cm in diameter and 200 cm in
length. All experiments were performed in mode of
MPC operation in residual Helium with pressure from
0.5 to 10 Torr. All experimental results, described in
present paper, were obtained at capacitor voltage 20 kV,
discharge current in MPC channel 420 kA.

Fig. 1 General view of MPC electrode system

Numbers of magnetic probes were applied for
measurements of electric current spatial distribution in
plasma stream. Plasma stream density was measured by
Stark broadening of different spectral lines. Plasma
stream velocity was measured by time flight method
between electric probes, installed on different distances
from MPC output. Rogowski coil and voltage divider
were applied for discharge current and voltage
measurements.

2. EXPERIMENTAL RESULTS

To understand process of compression zone
formation we have to investigate spatial distributions of
electric current and electromagnetic force in plasma
stream generated by MPC. Spatial distributions of
electric current in plasma stream, generated by MPC
was investigated in two modes of operation with
residual helium pressure 2 and 10 Torr. Experimentally
measured spatial distribution of electric current in
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plasma stream is presented in Fig. 2 for MPC mode of
operation with residual helium pressure 2 Torr.

As we can see from this figure maximum value of
electrical current flows outside the MPC channel not
more than (15...20) % of total discharge current.
Magnetic field displacement from near axis region on
distance 5...7 cm from cathode output is discovered.
This effect will used for plasma temperature estimation
from pressure balance equation. Toroidal vortex of
electric current with current value up to 50% of total
discharge current has been observed in plasma stream.
This vortex generated at distance 12...15 cm from MPC

output, when plasma stream passed through
compression zone.
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Fig. 2. Electric current spatial distribution in plasma
stream. Helium pressure 2 Torr, t = 10 us

Spatial distributions of electromagnetic force
F=-[j» H] in plasma stream were calculated based

on electric current distributions. The result is presented
in Fig. 3.
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Fig. 3. Electromagnetic force spatial distribution in
plasma stream. Helium pressure 2 Torr, t = 10 us

Each vector shows electromagnetic force direction
only and not corresponds to the force value. As we can
see plasma stream can be separated on four different
areas. The first one is area r<2.5 cm and z<16 cm where
plasma stream decelerate and compress in axis
direction. The second area r<2.5 cm and z>16 cm is area
where plasma stream accelerated, but still compress in
axis direction. The third area r>2.5 cm and z<16 cm is
area where plasma stream decelerated, but moved in
vacuum chamber wall direction. Finally, forth area
r>2.5cm and z>16 cm is area where plasma stream
accelerated and moved to vacuum chamber wall
direction. Thus, we can expect compression zone
formation at distance 5...7 cm from cathode output.

The spatial distribution of electric current in plasma
stream changed when residual helium pressure
increased up to 10 Torr. The total value of current that
flows in plasma stream, increased up to 30% of total
discharge current. Magnetic field displacement in near
axis region close to MPC output and toroidal current
vortex in plasma stream not observed.

Plasma densities in near axis region for MPC mode
of operation with pressure 2 and 10 Torr as function of

124

distance from cathode output for time of moment t=10
ps from discharge ignition are presented in Fig. 4.

As we can see from Fig. 4 plasma density strong
depends on pressure in vacuum chamber and on
distance from cathode output. Maximum plasma density
up to (2...3)-10"® cm™ was measured at helium pressure
2 Torr at distance 5...7 cm. When helium pressure in
vacuum chamber increased up to 10 Torr maximum
plasma density decreased up to (6...8)-10"7 cm™.
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Fig. 4. Plasma density distribution
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Time dependencies of plasma density at a distance 5
cm from cathode output are presented in Fig. 5. As we can
see from this picture compression zone with density more
than 10" cm™ forms starting from t = 8 us in mode MPC
operation with helium pressure 2 Torr. Then, plasma
density keeps value (2...3).10" cm” during 20 ps. It
demonstrates quasi-steady-state mode of compression zone
formation. Compression zone forms and situated in a
distance 3...5 cm from cathode output. In MPC mode of
operation with helium pressure 10 Torr compression zone
start forms close to cathode output and plasma density
decreased with time from (2...4).10"® cm™ at time t = 5 pus
t0 (0.5...1).10" cm™ at t =35 ps.
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Fig. 5. Time dependencies of plasma density

The velocity of different parts of plasma stream in
different distances from MPC output was estimated by
time of flight between several double electric probes
that was installed along vacuum chamber.

As was discovered the velocity of plasma stream of
different parts strong depends on MPC mode of
operation and distance from MPC output. For time of
moment t = 10 us from discharge ignition the velocity
of plasma stream at distance 1...3 cm from cathode
output is equal (2...3).10" cm/s. Then, at distance
4...7 cm from cathode output where plasma stream
densityreached maximum value stream velocity
decreased up
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to 10° cm/s. Then, the stream velocity weakly increased
along axis and reach value (8...10)-10° cm/s at distance
22...30 cm from cathode output.

3. DISCUSSION AND CONCLUSIONS

As was discovered, the magnetic field displaced
from compression zone and plasma density in
compression zone reach value (2...3):10'® ¢cm™. Thus,
plasma temperature in compression zone can be
estimated, based on pressure balance equation and it
value T = (T.+T;) = (60...100) eV.

Experimentally there was found that plasma density
in compression zone decreased with increasing residual
gas pressure, in another words, with increasing initial
density (ny) in the input cross section of MPC channel.
As follow from Bernoulli equation maximal value of
plasma density in compression zone depends on
discharge current and initial density as ey \-:';j:,
where T, — initial temperature. As we have seen from
experimental data, plasma density in compression zone
decreased in 3...4 times with increasing initial gas
pressure in vacuum chamber in 5 times.

Experimentally there was discovered that plasma
stream parameters, namely: the density, the velocity and
the magnetic field, strong depend on distance from
cathode output. As follow from Bernoulli equation,
energy that passed from capacitor bank to MPC channel
will transform to three different parts: to kinetic energy
of plasma stream, or plasma thermal energy, or the
energy of magnetic field, or their mix (Fig. 6).

As we can see plasma accelerated in MPC channel
up to velocity v=(2...3).10" cm/s, so, the energy
transformed to stream kinetic energy. Then, in
compression zone the stream velocity decreased up to
10° cm/s, or less, but plasma density and temperature

increased up to (2...4)10" c¢cm™ and (60...100) eV
respectively, so kinetic energy transformed to thermal
energy. When plasma stream passed through
compression zone thermal energy transformed to kinetic
energy and energy of magnetic field with formation of
toroidal current vortex ( see Fig. 6). Finally, the energy
of toroidal current vortex converted to plasma stream
kinetic energy.
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Fig. 6. Energy transformation and plasma parameters
for different stream parts
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MI'I XAPAKTEPUCTHUKU OBJIACTU KOMITPECCHUU IVIASMEHHOI'O ITOTOKA, TEHEPUPYEMOI'O MIIK

B.B. Yebomapes, T.H. Yepeonuuenko, /1.B. Enucees, U.E. I'apkywma, A.H. Ko3znoe, H.B. Kynuk,
M.C. Jlaovizuna, A.K. Mapuenxo, 1.H. Mopzans, 10.B. Ilempos, /I.I. Conaxos, B.B. Cmanvyos

Hccnenosanue nokanpHelx MI'J] nmapameTrpoB Iulasmbl B IIOTOKE U XapaKTEPUCTHK ILJIA3MEHHBIX IIOTOKOB,
TEHEPUPYEMBIX Pa3IUMYHBIMU BUIAMU IUIa3MEHHBIX YCKOPUTEIEH U MarHUTO-IUIa3MEHHBIX KOMIIPECCOPOB, SBISAETCS
aKTyaJlbHOM (yHIamMeHTanbHOW 3amadeld ¢(u3MkM IU1a3Mbl. Hacrosmas pabora MOCBSIEHAa aHAIM3y MAarHHUTO-
TUAPOJVMHAMUYECKUX XapaKTepUCTUK IUIa3MEHHOro Mortoka, reHepupyemoro MIIK. Beumn uccienoBaHbl Takue
Ba)XKHBIE NAPAMETPBI, KaK POCTPAHCTBEHHBIE PACIPEAEICHUS MIEKTPUUECKOI0 TOKA U 3IEKTPOMArHUTHOW CHIIBI B
IJIa3MEHHOM IOTOKE, INIOTHOCTD IIa3Mbl U CKOPOCTb B 30HE KOMIIPECCUU.

MIJI XAPAKTEPUCTUKH OBJIACTI KOMITPECII IJIASMOBOI'O IIOTOKY, 1110 TEHEPYEThCSI MIIK

B.B. Yeoomapwos, T.H. Uepeonuuenxo, /1.B. €nicees, 1.€. apkywma, A.M. Koznos, H.B. Kynuk,
M.C. Jlaouzina, A.K. Mapuenko, A.1. Mopzane, 1O.B. Ilempos, /I.I. Conaxos, B.B. Cmansyos

Jocnimkenns nokaneHux MIJ[ mapaMeTpiB Iia3Mu B MOTOLI Ta XapaKTEPUCTHK IUIA3MOBHUX IIOTOKIB, IO
TeHEPYIOThCSl PI3HUMM BHJAaMH IUIA3MOBUX IPHCKOPIOBAYIB i MarHiTO-IJIa3MOBHX KOMIIPECOPIB, € aKTYaJIbHOIO
(¢yHmamMeHTaNbHOIO 3a7adero Qi3uku 11a3Mu. JlaHa poOoTa NpHCBSYEHA aHali3y MarHiTo-TiIpOJUHAMIYHHX
XapaKTEePUCTHK IUIa3MOBOTO IIOTOKY, siIKMi reHepyerscst MIIK. Bynm mocnmimkeHi Taki BaXJIMBI MapameTpu, SK
IPOCTOPOBI PO3IOIUIN EIEKTPHUYHOTO CTPYMY Ta €JICKTPOMATHITHOI CHJIM B IUIa3MOBOMY IOTOLIi, T'YCTHHA IIa3MH
Ta MBUAKICTBY 30HI KOMIIPECIi.
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