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During the Impulse Plasma Deposition (IPD) process of surface engineering plasma is generated in the working gas
due to a high-voltage high-current discharge, ignited within an interelectrode region of a coaxial accelerator. A
continually growing demand for deeper understanding of the process was the reason to investigate the plasma flow
phenomena numerically. The paper reports computational studies of the IPD accelerator with internal cathode. The
detailed structure of the discharge region was described by a two-dimensional, two-fluid magnetohydrodynamic
approach. In particular, the presented computations suggest the paraboloidal shape of discharge region for device work
with the internal cathode. It has been found that for the considered IPD discharge parameters plasma dynamics differs
from commonly accepted pattern of concave current-sheet for negative polarization of electrodes (rod cathode and

external tube anode).
PACS: 52.30.-q, 52.58.Lq

1. INTRODUCTION

The impulse plasma generated by the electric
discharge can be used in surface engineering for
synthesizing various materials and depositing coatings as
thin layers. During the Impulse Plasma Deposition (IPD)
process [1], [2] plasma is generated in the working gas
due to a high—voltage high—current discharge, ignited
within an inter—electrode region of the coaxial accelerator.
At the outlet of the device, plasma consists of the ionized
atoms of the working gas and the eroded electrode
material.

In our earlier study [3] we proposed a physical model
of dynamic phenomena in the IPD accelerator. According
to this model, at the initial stage of the odd phases of
accelerator work (first and third half—period of the electric
discharge, with internal anode) a rapidly rising electric
current flows across the back wall insulator and an axially
symmetric electric current sheet forms on the insulator
surface. Current flowing within this layer induces an
angular magnetic field behind. Plasma spreads out in the
form of a dynamically moving electric current sheet
which is accelerated by the Lorentz force, induced by the
interaction of the current with its own magnetic field.
Since the strength of magnetic field decreases
proportionally to the radius, the current carrying layer
acquires a paraboloidal shape causing the plasma flow
toward the external electrode just as a snow plow does.

The schematic pattern of the described discharge
region for internal anode is presented in Fig. 1. One can
distinguish the three regions in the discharge space
between the electrodes: undisturbed gas in the front, an
intermediate plasma region of discharge and a magnetic
piston next to the insulator. The even phases of
accelerator work (second and fourth half—period with
internal cathode) occur with the change of electrodes
polarization. Experiments [4] carried out in plasma
devices with the central cathode suggest significant
differences in the discharge pattern caused by polarity
change. The current sheet should be more then twice as
thick as that formed with the internal anode, not so well

defined and almost perpendicular to the channel walls. Its
shape was described as concave, which causes plasma to
gather on the moving interface and the motion to
decelerate significantly.
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Fig.1. Schematic patterns of the discharge region for
positive and negative polarization of electrode system

2. COMPUTATIONAL STUDIES

The two—dimensional MHD approach has been
applied to investigate the sweeping of the working gas by
the moving layer, as well as the details of phenomena that
take place behind the discharge region. The modified and
extended version of code [5] originally evaluated by
D.E. Potter [6] for the modelling of Plasma—Focus
devices has been applied. Equations are solved
numerically on a fixed Eulerian mesh by using a second—
order of an approximation two-step modified Lax—
Wendroff scheme. During the computational studies
attention was concentrated on the plasma dynamics for
the accelerator work with internal cathode (negative
polarization of electrodes). Sequence of calculated plasma
parameter distributions for investigated problem is
presented in Fig. 2 in comparison with referential case of
positive polarization.
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Fig.2. Sequence of calculated plasma parameters distributions for the IPD accelerator (C = 100 uF, U = 6 kV, working
gas — hydrogen at p= 20 Pa) for t = 12 us. Electrodes’ length — 10 cm, the internal electrode radius — 0.7 cm and the
outer electrode radius — 3.7 cm). Solution for internal cathode presented on the left, for internal anode — on the right,
values of magnetic field normalized (for internal cathode multiplied by —1)

99



One can observe the differences in plasma dynamics
caused by the polarization of electrodes. During the radial
phase of accelerator work width of the current sheet for
internal cathode is more then twice as thick as that formed
with the internal anode, pinch column is shorter and the
temperatures of electrons and ions are significantly lower.
Nevertheless, the shape of discharge region is
paraboloidal, as for the case of the rod anode and external
cathode.

For the positive polarization of electrodes in the
region of acceleration outlet one can observe a separation
of the plasma front. Two structures are separated because
of the significantly higher velocities of forehead portion.
This phenomenon is absent for discharge with internal
cathode (compare the axial velocities in Fig. 2).

3. CONCLUSIONS

Results of the presented above computational studies
lead to the following conclusions.

- The diffuse character of current sheet for accelerator
work with internal cathode was verified.

- For negative electrode polarization (rod cathode and
external anode) pinch column is shorter, plasma
density is higher and the temperatures of electrons and
ions are significantly lower.

- Results of the MHD modelling suggest the
paraboloidal shape of discharge region for the IPD
accelerator work with the internal cathode. It has been
found that for the considered discharge parameters

plasma dynamics differs from commonly accepted

pattern of concave current-sheet for negative

polarization of electrodes [4], the shape of discharge
region is paraboloidal — as for the case of the rod
anode and external cathode.

Plasma parameters in the region of the electrodes'
front head are very important for the quality of the
coatings. Thus polarization of electrode system becomes
one of the most important parameters of a compound—
material synthesizing phase for the IPD process.
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CPABHUTEJIbHBIN MI'Jl AHAJIN3 PABOTHI UITH IIJTASMEHHOI'O YCKOPUTEJIS
C PA3JIMYHOM MOJAPHOCTBIO JIEKTPOJI0B

M. Pabunckui, K. 30ynex

[Ipu wumnynscHoMm mna3meHHoMm HambuleHunn (MIIH) mnasma reHepupyercss w3 pabodero rasza BCIIEACTBHE
BBICOKOBOJIFTHOI'O CHJIBHOTOYHOT'O Pa3psza B MEXAIEKTPOIHON 00JIaCTH KOAKCHAJIBHOTO ycKopuTens. Bospacraromue
HOTpe6HOCTI/l TMOHMMaHUA NPOUCXOAAIINX IMMPOLECCOB B IMJIa3MEHHOM MOTOKE CTUMYJIMPOBAJIN NPOBCACHNUEC YUCIICHHOTO
MojenupoBanus. JlaHHas paboTa MOCBsAIIEHa KOMIBIOTEpHBIM uccienoBanusiM WITH yckoputens ¢ BHyTpeHHHM
JIEKTpoJIOM—KaTonoM. JleTanbHass CTpPyKTypa paspsgHOil o0jacTu omnucaHa B NPHOJIMKEHWH JBYMEPHOU
JBYKUIKOCTHOW MAarHUTOTHIPOJAMHAMUKH. B 4acTHOCTH, NpeJCcTaBlICHHBIE pacyeThl PEKOMEHIYIOT I1apadoIndecKyto
TEOMETPUIO pa3psgHOM oOjacT mpu paboTe ¢ BHYTPEHHHM 3JEKTpogoM—KaronoM. [lokasaHo, d9ro Juis
paccmarpuBaembix MITH pa3psmoB nuHaMMKa IU1a3Mbl OTIMYAETCS OT OOMIETIPHHATON (HPOPMBI BOTHYTOTO TOKOBOTO
CJIOSI IPY OTPHULIATENBHOHN TOJISIPHOCTH 3JIEKTPOAOB (CTEPKHEBOW KaTOJl ¥ BHEIIHSAS TPyOa- aHO.).

MOPIBHSUIBHUI MI'Jl AHAJII3 POBOTH IITH IVIA3BMOBOI'O IIPUCKOPIOBAUA
3 PI3HOIO MOJIAPHICTIO EJIEKTPOJAIB

M. Pabincokuii, K. 30ynex

[Ipn immynscHoMy 1masmoBoMy HamwmoBaHHi (IITH) mnmasma renepyerbcss 3 poOodoro rasy  yHacIHioK
BHCOKOBOJIFTHOTO ~TOTY)KHOCTPYMOBOT'O DO3pSAY B MDKENEKTPOAHIH 001acTi KOAaKCIAJIbHOTO IPHUCKOPIOBAYa.
3pocrarodi moTpeOM 3pO3yMiHHS IPOILECIB, IO BiNOYBAIOTHCS Y IUIA3MOBOMY MOTOII, CTHMYJIOBAIH TPOBEACHHSI
YHCeTbHOTO MonemoBaHHA. JlaHa poOoTa MpHCBAYeHAa KOMITIOTEpHUM pocmimkeHHsM IITH mnpuckoproBaga 3
BHYTPIIIHIM EIEeKTPOIOM-KaToqoM. JleTampHa CTPYKTypa poO3psOHOi oONacTi ommcaHa B HAaOMWKEHHI TBOBHMipHOI
JIBYPIAMHHOI MAarHIiTOTiAPOJWHAMIKH. 30KpeMa, MPeICTaBlieHI PO3paxyHKH PEKOMEHAYIOTh MapaboiidHy TeoMeTpiio
po3psaHOI 06macTi mpu poOOTi 3 BHYTPIMHIM enekTpoaoM-karonoM. [lokazaHo, mo mns posrmsaytux IITH pospsanis
OUHAMIKAa TUIa3MH BigpPI3HAETHCS BiJl 3arajJbHONPUHAHATOI (OPMH YBITHYTOTO TOKOBOTO INapy IpH HETaTHBHIN
HOJIIPHOCTI €JIeKTPO/IiB (CTPYIKHEBUH KaTOJ 1 30BHILIHS TPYOa - aHON).
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