PLASMA DYNAMICS AND PLASMA WALL INTERACTION
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Installation of the coaxial quasi-steady high-current one-stage plasma accelerator with a longitudinal magnetic field
is created. The lead experiments have shown an opportunity of realization of the discharges, formation of the ionization
front and generation of the plasma streams at the presence of a longitudinal field in the accelerator channel. The current-
voltage characteristics of the discharge at the presence and absence of a longitudinal field are measured. It is established
that a weak longitudinal field does not render the appreciable influence on the integrated characteristics of discharge in
the accelerator with the rod anode in an ion current transport regime.
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1. INTRODUCTION

One of actual problems of the modern plasma physics
is the creation of the powerful plasma accelerators which
are capable to generate the plasma streams with the
average directed energy of ions up to tens keV and with
the full energy capacity up to tens MJ. The research of
such streams is of the great importance for the solution of
problems of the plasma injection in the thermonuclear
installations, of the interaction of plasma with a surface,
of realization of the various technological applications,
and also for creation of the electrojet plasma engines.

The main principles of the coaxial quasi-steady
plasma accelerators (QSPA) are stated in works [1-2]. In
the two-stage QSPA systems it was offered to carry out
the regular ion current transport by means of the special
blocks of the anode and cathode transformers to
overcome the near electrode irregularities, in particular, to
eliminate the near anode jump of potential. The numerous
experiments on the QSPA [3-6] have confirmed as a
whole the basic ideas realized in the given installations.
The mechanism of the plasma acceleration in all QSPA is
based on the Ampere force and the use of the mainly
azimuthal component of a magnetic field in the basic
stream of the QSPA second stage and in the small coaxial
plasma accelerators forming the QSPA first stage. For
today the QSPA problems still assume the researches of
the some principle questions of plasma dynamics.

The new direction of the QSPA researches is
connected with introduction of a longitudinal magnetic
field in the system of the plasma accelerator. The
theoretical and numerical models of the plasma dynamics
in a three-component magnetic field are at present
developed and the bases of the QSPA theory with a
longitudinal magnetic field are created [7-10]. The
additional longitudinal field opens the new opportunities
to operate the plasmadynamic processes in the QSPA
channel, to overcome the phenomenon of the current
crisis, to solve the near electrode problems and the
problems of the additional isolation of the design
elements from the high-energy plasma streams.

The separate experiments [6] on the two-stage QSPA
have been carried out earlier to investigate the influence
of the channel geometry and of an external magnetic field

on a compression zone. Now the new QSPA installation
with a longitudinal magnetic field is created in the
laboratory of the pulse power systems at the Institute for
Innovation and Fusion Research. The installation consists
of the one-stage coaxial plasma accelerator and the
system of coils with a current to create an additional
longitudinal field. The first experiments are carried out on
the given installation to investigate an influence of a
longitudinal field on the discharge characteristics, the gas
ionization and near electrode processes [10].
2. EXPERIMENTAL INSTALLATION

The plasma accelerator with the coaxial electrodes and
the system of rings to create of a longitudinal field is
schematically represented on Fig. 1. The rod anode serves
as the external electrode of the accelerator. Eight rods are
in the regular intervals located at diameter. The cathode in
a working zone has the form of the rotation ellipse. The
length of the cathode profiled part is equal 62 cm, the
maximal diameter of ellipse in critical section is 48 cm.

The accelerator is placed at an end face of the working
chamber with the current-bringing cables and with the
system of the gas pulse pump. The length of the working
chamber is equal 70 cm, the diameter is 40 cm. The
working chamber through a gate valve is connected to a
receiver which has a volume in 30 times more chambers
that allows to pump out it quickly enough.
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Fig. 1. The scheme of accelerator

The gas moves into a gap between the anode and
cathode filling it regularly. When a voltage arises between
the electrodes of the accelerator we observe a breakdown
of gas, the ionization front is formed and the appeared
plasma is accelerated in a longitudinal direction due to the
Ampere force. The gas inflow system allows to vary the
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gas flux within the limits of 0.5...20 g/s. The standard
technique of the definition of the gas flux based on the
measurement of dependence of the dynamic pressure p(t)

of gas filling the interelectrode gap from time was used.
The mass flux of gas can be calculated by means of
the formula 12 = S p(t)/V where the cross-section square

of an interelectrode volume is S, the velocity of the gas
outflow is V' . The dynamic pressure of gas was measured
in work by means of the pressure gauge on the basis of
the piezoceramics. The gauge was located in an
interelectrode gap. Hydrogen is used as the working gas.

The electric scheme of the accelerator is presented in
Fig. 2. The power of the basic discharge of the accelerator
includes a section of the condenser battery C. The maximal
working voltage on the condenser battery is equal
U, =5 kV . The maximal discharge current makes 100 k4 .
The characteristic dependences of the discharge current and
voltage on the time and also the current derivative on the time
are presented in Fig. 3. These data allow to measure such
parameters of the discharge as the inductance L, and the

active resistance of the plasma volume R,. As a first

approximation it is possible to consider these parameters not
dependent on time. We wuse following relation
Up(t):Rp Ip(t)+Lp dlp(t)/d t . As result we find for

hydrogen R, =0.01(Om) and L, =18-107° (Hn) taking

into account the obtained dependences. The found discharge
parameters allow to choose in turn the parameters of the coils
to maintain a longitudinal magnetic field of the required value.
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Fig. 2. Electric scheme of accelerator: R, L.—resistance and
inductance of the cable; R}, and Ly, mark the coils

3. CALCULATION OF COIL PARAMETERS

OF A LONGITUDINAL FIELD SYSTEM

To provide the necessary value of a longitudinal
magnetic field and its coordinated change together with
an azimuthal magnetic field it has been decided to
connect the coils of a longitudinal field in parallel a
discharge gap. The corresponding section of an electric
circuit is represented the dashed curve in Fig. 2 where we
have [y (t):ﬁlp (t) and f = const . We place I}, into

the second Kirchhoff’s law for a contour including a
discharge branch and the coils of a longitudinal magnetic
field. As a result we obtain the relations of the active
resistance R, = R, / B and inductance L, = L, /B in
the system of a longitudinal magnetic field. We can find

the parameters of the system determining the value
a=H;/H,. If a<<l the inductance of an external

longitudinal field system is small enough. Therefore it has
been decided to use a magnetic system close to a system
of the Helmholtz coils (Fig. 1) instead of a long solenoid.
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Fig. 3. The current, the current derivative and voltage
of discharge

The azimuthal component of a magnetic field in the

H(p(t):,uo Ip(t)/27rr. In turn the value of a

longitudinal magnetic field in the vicinity of the middle
part approximately can be found by means of the relation

H,()=NuyI;R*4 where A=R2+n2) 2, uyis
the magnetic constant, N is the ring number of one coil,

R is the coil radius, /% 1is half of a distance between the
coils.  The following  approximate  expression

Ly= 14.8-10_97ZR(cm)N2(Hn) is connected the ring

number of one coil with its inductance. The inductance of
system is equal Lz =2 L at a consistent connection of

coils. Using the resulted relations it is possible to
calculate the ring number in the coil
N=0.07-Lp(an)-r-R-A/a. If a=0.1, h=35cm

and R =4.3 cm then each of two coils should consist of

one ring at the consistent connection. The comparison of
the oscillograms of a discharge current and the Helmholtz
coil current has shown that they are well coordinated.
4. THE INTEGRATED CHARACTERISTICS
OF DISCHARGE
The current-voltage characteristics of the discharge
were under construction at the time moment
corresponding a maximum of a discharge current for the
various values of a mass flux m. The characteristics
corresponding to the greater flux are more to the right, i.e.
discharge resistance is in inverse proportion to a flux. The
dependence of a voltage on a current is close to linear. It
corresponds to the known results according to which the
current crisis is absent in classical understanding in
accelerators with the rod anode and continuous cathode.
The current-voltage characteristics of the discharge at
m=0.7 (g/s) in the absence and the presence of the
longitudinal magnetic field /, =0.1 H , are presented in

Fig. 4. It is shown that within the limits of measurement
errors a weak longitudinal magnetic field does not
influence on current-voltage characteristics of discharge.
In a sense the current-voltage characteristics are the
integrated parameters of the discharge. In such treatment
the obtained result will be coordinated with the
conclusions of the work [10]. In the given work it has
been shown that an integrated plasma stream through a
surface (r=r,,0<z<1) of the penetrate anode
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the plasma flux in the accelerator channel and the
integrated parameter of exchange &, :|n'1a|/rh

practically do not vary in a ion transport regime in the
presence of a longitudinal field. It has appeared that the
decrease of the normal or radial component velocity of
the plasma inflow V. is observed at an introduction in a

system of a longitudinal field simultaneously with
increase in density in a vicinity of the anode due to the
arising rotation. Thus the longitudinal field does not
worsen the integrated parameters of the accelerator.
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Fig. 4. Current-voltage characteristics of discharge:
m- H,=0, A-H,;=01H,

The weak longitudinal field allows to change the
plasma dynamics in a vicinity of electrodes not rendering
the appreciable influence on the basic stream. This result
has been obtained for the plasma stationary streams
calculated by a relaxation method in view of that the
characteristic flight time ¢, of system and relaxation time

is significantly lower than the time interval corresponding
to a discharge ¢ p in the quasi-steady systems (¢, <<t ) ).

5. CONCLUSIONS
Installation of the coaxial plasma accelerator for
research of influence of an additional longitudinal magnetic
field on the electric characteristics of the discharge and on
the parameters of a plasma stream is created.

The current-voltage characteristics of the discharge are
measured in the absence of a longitudinal magnetic field
for the various values of the gas mass flux. The
parameters of the coil are calculated and the system of a
longitudinal magnetic field is created. The scheme of
connection provided the synchronous change of a
longitudinal field and own azimuthal field of plasma.

The  measurements of the  current-voltage
characteristics of the discharge for the fixed gas mass flux
are lead in the presence of an external longitudinal
magnetic field within the limits of 10 % from the own
azimuthal magnetic field of the discharge. It is found that
the weak longitudinal magnetic field does not render the
appreciable influence on the current-voltage characteristic
of the accelerator with the rod anode.
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SKCHNEPUMEHTAJIBHOE UCCJIIEJOBAHUE SJIEKTPUYECKUX XAPAKTEPUCTHUK PA3PSAIA
B KBABUCTAIIMUOHAPHOM IIVIASMEHHOM YCKOPUTEJIE C TPOJOJBbHBIM MAI'HUTHBIM ITOJIEM
A.H. Ko3nos, C.II. /lpykapenko, H.C. Knumos, A.A. Mockauesa, B./I. Ilookosvipos

Co3naHa ycTaHOBKa KOAKCHAIEHOTO KBA3UCTAallMOHAPHOTO CHILHOTOYHOTO OJHOCTYIICHYATOTO IUIA3MEHHOTO YCKOPHTENS
C NPOJOJBbHBIM MarHUTHBIM mojeM. IIpoBeleHHbIE IKCIEPUMEHTHI NPOJEMOHCTPUPOBAIN BO3MOXKHOCTh OCYLIECTBICHUS
paspsoB, GopmupoBaHUs (POHTA MOHM3AUMU U T€HEPALMH MOTOKOB IUIA3Mbl IPH HAJIWYMU MIPOIOIBLHOTO HONS B KaHaie
yckopurens. V3MepeHbl BOJBTAMIIEPHBIE XapPaKTEPUCTUKU pas3psia MpU HAIMYMM U OTCYTCTBHUHM IIPOJOJIBHOTO IIOJIS.
VYcraHoBneHO, 4TO cadoe MPOIOIBHOE M0JIe He OKa3bIBAeT 3aMETHOTO BIMSHHS Ha MHTETPANIbHBIE XapaKTEPUCTHKHU pa3psiaa B
YCKOPHTEJIE CO CTPEHEBBIM aHOJIOM B PEKMME HOHHOT'O TOKOIIEPEHOCa.

EKCHHEPUMEHTAJIBHE JOCTIAKEHHS EJJEKTPHYHUX XAPAKTEPUCTHUK PO3PAAY
Y KBA3BICTAHIOHAPHOMY IUIASMOBOMY ITPUCKOPIOBAYI 3 IOJOBXKHIM MATHITHUM IIOJIEM
A.M. Koznos, C.I1. /lpykapenxo, M.C. Knimos, A.A. Mockauoea, B.J/I. Ilookosupoe

CTBOpEHO yCTaHOBKY KOAKCiaJbHOTO KBa3iCTAI[IOHAPHOTO CHIBHOCTPYMOBOTO OJHOCTYIIEHEBOTO  IIITa3MOBOTO
IIPUCKOPIOBaYa 3 OJOBXHIM MarHiTHUM IosieM. IIpoBeIeHO eKCIIEPUMEHTH, SIKi IPOJEMOHCTPYBAIIM MOMKIIUBICTb 31 CHEHHS
po3psaiB, GopmyBaHHS GPOHTY i0HI3aMil i reHepallii MOTOKIB MIa3MH 32 YMOBH iCHYBaHHS MOJ0BXHBOIO MarHiTHOTO TOJS B
KaHall NpHUCKOproBada. BuMipsiHI BOIbTaMIIEPHI XapaKTEPUCTUKU PO3Psly HpPU HAsBHOCTI Ta BiACYTHOCTI HOJOBXXHBOIO
noinst. BeranoBnero, mo crabke MOJOBKHE MOJIE€ HE CTBOPIOE 3HAYHOTO BIUIMBY Ha iHTETPallbHI XapaKTEPUCTHKH PO3DSAAY B
IPUCKOPIOBAUi 31 CTPHIKHEBUM aHOJOM B PEXUMI 10HHOI'O CTPYMOIIEPEHOCY.
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