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An axial coil accelerator for acceleration of plasma formation having intrinsic magnetic field in the atmosphere is
designed. A problem of a round plasma formation in the atmospheric pressure air is solved by electrical wire explo-
sion where an initial form of an exploding wire corresponded to a ring. A vortex current into the created plasma ring
is inducted by the coil accelerator to generate intrinsic magnetic field of the plasma formation. This process is syn-
chronized with reduction in the magnetic coupling between the plasma formation and the accelerator coil during the

acceleration.
PACS: 52.59.Dk
INTRODUCTION

An energy source is required to convert gas into gas
plasma under atmospheric conditions. The plasma life-
time corresponds to duration of the energy input plus the
plasma relaxation time mainly. The relaxation time un-
der atmospheric conditions typically ranges from nano-
seconds to microseconds depending on size and thermo-
dynamic state of the plasma [1]. Thus the extended
plasma lifetime can be achieved by increasing the dura-
tion of the energy input.

A lifetime extension of gas plasma in the atmospher-
ic pressure air without its confining by an external ener-
gy source has a scientific interest [2-6]. An internal en-
ergy source of a plasma formation can allow growing in
the plasma lifetime. Energy of the plasma formation
stored in a magnetic field is considered as the internal
energy source. A vortex current in a plasma formation
having a round shape was induced to generate an intrin-
sic magnetic field of the plasma ring. An axial coil ac-
celerator is applied for a generation of a vortex current
in a plasma ring.

Design of pulsed plasma inductive accelerators was
described in works [7]. But given accelerators cannot be
used under atmospheric conditions due to problem of
formation of highly ionized gas in a round region.

The aim of this work is to design a discharge plasma
device for pulsed inductive acceleration of the plasma-
ring formation in the atmospheric air. An additional task
is an investigation of conditions when the intrinsic mag-
netic field of the plasma-ring formation rises during the
ring acceleration.

CREATION OF PLASMA RING IN THE
ATMOSPHERIC AIR

We divided a process of a plasma ring formation
having the intrinsic magnetic field in the atmospheric
pressure air into next three stages:

1. Formation of a round plasma region filled with
thermally highly ionized gas in the surrounding atmos-
pheric pressure air;

2. Induction of a current into the created plasma
ring by an axial coil accelerator;

3. Accumulation of energy in the intrinsic mag-
netic field of the plasma-ring during the ring accelera-
tion.
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A problem of a round plasma formation in the at-
mospheric pressure air was solved in the following way.
We use electrical wire explosion to generate plasma in
the air. An initial form of an exploding wire correspond-
ed to a ring. Thus we obtained an electrically-
conducting ring region filled with thermally highly ion-
ized gas.

We designed an experimental scheme to test of the
plasma ring formation in the atmospheric pressure air
(Fig. 1). Type of wiring near electrical connectors 2
corresponded to a twisted pair and then it transformed
into a wire ring 1 to exclude the influence of boundary
effects of the connectors on continuity of plasma ring
formation (see Fig. 1). Copper wires were used. A wire
diameter was 0.1 mm. A diameter of the wire ring was
70 mm. UK-1-100-0.25 pulse capacitor was used as a
pulsed energy source. Its capacitance equaled 0.25 uF.
Breakdown voltage of a passive crowbar switch was
(10 +1) kV.
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Fig. 1. Experimental scheme for testing of the plasma
ring formation in the atmospheric pressure air:

1 — exploding wires; 2 — connectors; 3 — current trans-
former

We registered a front view of the exploding wire
(Fig. 2). We observed a dark region 2 in the center of
the explosion. A shape of the outer high-temperature
region 1 was similar to a ring.

The plasma formation time is determined by a time
delay At of the wire explosion and it is usually several
microseconds. It is necessary to measure the time delay
to synchronize the wire explosion with induction of the
current into thermally ionized plasma.
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Fig. 2. A front view of the exploding wire:

1 — exploding region; 2 — geometric centre
We measured the discharge current to find out the
time delay. The measured result is presented on Fig. 3.
Point on the current curve where there is rapid changing
into a gradient of the discharge current corresponds to
the wire explosion. We found out that the time delay
was At = (300 + 50) ns. We observed that the total dis-
charge time of the wire explosion was about 1 ps. Thus
we assumed that a time difference in explosions of two

wires did not exceed the total discharge time.
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Fig. 3. Current curve of the wire explosion.
The scale is 2000 A/div

It has to note that synchronization of explosions of
two wires forming the ring is determined by wire re-
sistance changing during the explosion. When one wire
starts exploding earlier then another wire it leads to
growth of a resistance of the fist wire. As a result there
is a rise in a discharge current of the second wire. It ac-
celerates an explosion of the second wire.

We designed a special coil accelerator (Fig. 4). The
wire ring 1 was axially located over an inductor 2. The
inductor was connected with a capacitor C, via a switch
K,. The switch was turned on simultaneously as the ring
conducting region was formed to accelerate the plasma
ring. During the acceleration a dynamic energy ex-
change happens between the capacitor, the inductor, and
the ring due to magnetic and electric coupling. The
plasma acceleration causes a reduction in a mutual in-
ductance of the inductor and the ring. We try to achieve
the fast reduction in the mutual inductance when a ring
current is maximal to store energy of a magnetic field in
the plasma ring.

A total capacitance of the capacitor C; equalled
2.7 uF. The capacitor was charged to a voltage of
30 kV. Copper wire of a rectangular cross section of
(1.5%x4) mm? was used to make the coil. Number of turns
of the single-layer coil was 6.
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Fig. 4. Experimental scheme of an axial coil acceler-
ator: 1 — exploding wire; 2 — coil; 3 — current trans-
former; 4 — dielectric layer; G — generator;

Ky, — switches

The coil wire was isolated by fluoroplastic film. An
inner coil diameter was 40 mm. An outer coil diameter
was 80 mm. The coil inductance was (1850 + 50) nH.
The active coil resistance was 0.026 Q. We measured a
discharge current in the inductor circuit without connect-
ing any load to the circuit to determine a total circuit
inductance. The total inductance was 2.25 pH.

The ring exploding wire acceleration was investigat-
ed using video cameras. Images of a light-emitting re-
gion motion in the atmospheric pressure air are given on
Fig. 5. A wire expansion was supersonic during the ex-
plosion. Then we observed a motion of a light-emitting
region from the inductor. Speed of the motion was sub-
sonic and it equaled to 50 m/s during the electromagnet-
ic acceleration. A lifetime of the region was above
10 ms.
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Fig. 5. Images of a light-emitting region motion in the
atmospheric pressure air

A detachment of plasma formation from the inductor
was observed (Fig. 6).

We suggested that there was accumulation of energy
in the intrinsic magnetic field of the plasma-ring during
the ring acceleration because the ring lifetime differed
by one order of magnitude with duration of the inductive
acceleration.

A simplified numerical model of the accelerator was
developed to find out conditions when the energy of
magnetic field stores in the ring. A circuit model of a
pulsed inductive accelerator is presented (Fig. 7).
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Fig. 6. A view of the plasma formation above the coil
R; Swut.h
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Fig. 7. Circuit model of a pulsed inductive accelerator

We used differential equations (1) - (5) of transient
process in electrical circuits including magnetic cou-
pling of the inductor and the ring to investigate the ac-
celerator. A system of equations was written as [2]

di dm

Ri, + (L, +L1)—+C’1I|dt+Md—+V| = —=0,(1)
Ri,+L Je iy Mg @)
dt dt dz
. dM
f: . _' 3
[ s @)
v =m*[fdt, (4)

where M is a mutual inductance; f is Lorentz force; R is
a resistance; Ly is a circuit inductance; L; is a coil in-
ductance; L, is a ring inductance; C is a capacitance; i is
a current; V is a velocity of the ring; t is time; z is axial
coordinate; m is weight of the ring.

Values of circuit and coil inductances and resistor cor-
responded to measured data. A plurality of non-stationary
process such as gas-dynamic expansion, ionization, vapor-
ization, dissociation, radiation happens during the ring
explosion and inductive acceleration. Thus it is a problem
to predict changing into the ring inductance, resistance
and weight. We varied with these values to investigate a
possible influence of the ring evolution on the acceleration
process. The ring explosion causes the initial ring veloci-
ty. We varied with the initial ring velocity too. A mutual
inductance depended on a current distance between the
coil and the ring.

Energy accumulated in the intrinsic magnetic field of

the plasma-ring was calculated by equation
=2

IZ
Q=L 5)

Initial conditions assume that the capacitor is
charged and an initial capacitor voltage is Uy = 30 kV.
There is no initial current in the circuit.

A calculated ring inductance was L, = 95 nH by the
next ring dimension. An outer ring diameter was 80 mm.
An inner diameter was 60 mm. A ring height was
10 mm. Influence of the ring resistance on discharge
current in a ring loop was investigated when the ring
weight was 1 mg. The simulation data is presented on
Fig. 8.

We observed from the simulated data that there was
a current oscillation during the first stage of the acceler-
ation.
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Fig. 8. Time dependence of the ring current by the dif-
ferent ring resistance

The duration of this stage was about 200...300 ps.
The energy of magnetic field accumulated in the ring
loop at the end of the first stage. Then an exponential
decrease in the discharge current happened during the
second stage. The duration of the 2™ stage was depend-
ed on the ring resistance. Thus we can assume that a ring
plasma lifetime is related to the ring resistance.

Simulated data of Lorentz force accelerated the ring

is presented on Fig. 9. The ring resistance was 0.1 mQ.
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Fig. 9. Time dependence of the Lorentz force

We observed from the simulated data that electro-
magnetic acceleration of the ring happened during the 1%
stage. The Lorentz force reduced at the end of the 1%
stage due to dumping of an oscillating discharge current
and decrease in the mutual inductance.

We cannot predict using the designed numerical
scheme an influence of air resistance to the ring motion
on the energy accumulation. So the inertia force was

varied to investigate the influence.
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Fig. 10. Time dependence of the ring velocity

Simulated data of the ring velocity when the ring
weight was 100 mg and the ring resistance was 0.1 mQ
is presented on Fig. 10. A maximal value of the velocity
corresponded to experimental value. The simulation data
for this case is presented on Fig. 11.

The energy of magnetic field accumulated in the ring
loop too. A simulated total discharge time is practically
the same as an experimental time of intensive irradiation
of plasma formation.
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solved by an explosion of electrical wire having a round
shape. An axial coil accelerator was used to induce a
current into the created plasma ring.

Conditions when the intrinsic magnetic field of the
plasma-ring formation rises during the ring acceleration
have been investigated. It has been found out that a ring
plasma lifetime rises when the ring resistance falls.
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AKCHAJIBHBINA MHAYKTUBHBIN YCKOPUTEJb IIJIASMEHHOT'O KOJBIIA B BO3JIYXE
ATMOC®EPHOI'O JABJIEHUSA

K.B. Kopvimuenxo, B.®. bonwx, O.JI. Pesunxun, C.I. bypakoeckuit, A.Il. Mecenxo

PazpaboTana TeXHHKa CO3AaHUA U YCKOPEHUS TIa3MEHHOTO (pOPMHUPOBAHMS ¢ COOCTBEHHBIM MAarHUTHBIM I10JIEM
B arMoc(epHoil cpene. B ocHOBY pa3pabOTaHHON TEXHHWKH MOJIOKEHO (POPMHUPOBAHHE Ta3oIUIA3MEHHON Cpeabl B
BUJIE KOJbLIa B aTMOC(EPHOH cpelie IyTeM 3JIEKTPUYECKOTro B3PhIBAa MPOBOAHMKA B BHJE KOJbIA, MOCIEAYIOLIETO
MHIYLIMPOBAaHUS BUXPEBOTO TOKA B Ta30IIa3MEHHON Cpezie NMpH IMOMOIIHM MHAYKIMOHHOTO YCKOPHUTENS U obecrede-
HHE YCJIOBUH JUISl HAKOIUIEHUS] SHEPIMH MarHUTHOTO TI0JISI B TUIa3MEHHOM (DOPMHPOBAHMH ITyTEM €r0 3JIEKTPOANHA-
MHYECKOT0 YCKOPEHUS, UTO 00ecleunBaeT ocaadlieHne MarHUTHOM CBSI3M MEXIY IUIa3MEHHBIM (pOpMHUpOBaHHEM U
UHIYKTOPOM YCKOPHTEIIS.

AKCIAJBHUAW THAYKIIMHAN MTPUCKOPIOBAY IIJTIA3SMOBOI'O KLJIBIIA B ITIOBITPI
3A ATMOC®EPHOI'O TUCKY

K.B. Kopumuenxo, B.®. bonwx, O.JI. Pesinkun, C.I'. Bypsakoecvkuit, O.11. Mecenko

Po3pobnena TexHika CTBOpEHHS Ta MPUCKOPEHHS IIa3MOBOro (popMyBaHHS 3 BIIACHWM MAarHiTHHM IOJEM B aT-
MochepHOMY cepenoBHIIi. B 0cHOBY po3po0i1eH0i TeXHIKN MOKIaeHO (GOPMYBaHHS Ta30IIa3MOBOTO CEPEIOBHIIA Y
BUTJIISI/II KUTBII B aTMOC(EPHOMY CEepEIOBHIN IIISIXOM €JIeKTPUYHOTO BHOYXY MPOBIAHMKA y BUIIIA KiJbIId, MOJ1a-
JBIIOTO 1HAYKYBaHHS BUXPOBOTO CTPYMY B T'a30IUIA3MOBOMY CEPEIOBHII 32 TOTIOMOTOI0 1HAYKIIITHOTO MPHUCKOPIO-
Baya Ta 3a0e3redeHHs] yMOB Ul HAKOMYEHHS €Heprii MarHiTHOTO MOJIS B IJIa3MOBOMY (DOPMYBaHHI IUIIXOM HOTO
eJIEeKTPOANHAMIYHOTO TMPUCKOPEHHS, 110 3a0e3Meyye MocIa0IeHHsI MarHiTHOTO 3B 53Ky MIX IIa3MOBUM (OpMYBaH-
HSIM Ta IHIYKTOPOM IPUCKOPIOBaYa.
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