ON THE INFLUENCE OF ELECTRODE EROSION ON PROPERTIES
OF NONIDEAL PLASMA OF UNDERWATER DISCHARGES

P.D. Starchyk, P.V. Porytskyy

Institute for Nuclear Research of NASU, Kiev, Ukraine
E-mails: starchik@kinr.kiev.ua , poryts@kinr.kiev.ua

It is considered the influence of electrode erosion vapors on the transport properties of a nonideal plasma of
underwater discharges at high pressure. The experimental investigation is presented on erosion evaporation and
penetration into plasma. The transport coefficient set based on the Grad’s method is compared with the data
obtained by using of the Lorentzian plasma theory at the same plasma composition. Also, the calculation data are
considered to be in reference with transport coefficients obtained by using the Chapman-Enskog’ method. It is
pointed that the nonideality effects are needed to take into consideration under calculation of properties of

underwater discharge.

PACS: 52.25.F1,52.25.Qt, 52.27.Fg, 52.27.Gr, 52.50.Nr, 52.70.Kz,52.77.Fv, 52.80.Wq

INTRODUCTION

Over the last decades a substantial growth has
occurred in technological applications and researching
of underwater discharges (arcs and electrical pulse
discharges) [1-5]. The most important influence on the
plasma of underwater discharges has the processes in a
zone of its contact with condensed medium and
electrode processes.

At the initial stage of electrical pulse discharges
(EPD) small-scale irregularities of heat flow distribution
were detected on a surface of channels [1,2].
Development of such perturbations was accompanied
by space modulation of an irradiation intensity, strain of
a surface of channels, drop of conductance of plasma.
These excitations are connected with the development
of Rayleigh-Taylor instability. Thus in EPD it may be
realized the two different regimes of discharges the first
is characterized by developed perturbation and the
second is the discharges without it. On the other hand
the electrode erosion leads to penetration of erosion
products into plasma. All these processes caused the
essential variation of plasma properties and as a
consequence the discharge characteristics are
complicated.

Because of that the nonideal plasma of EPD takes
place in various dense states. Also, that picture is
established in underwater arc discharges. In this paper it
is studied the peculiarities of the transport properties of
the nonideal plasma of underwater discharges due to the
electrode erosion processes.

1. METHOD TO CALCULATE TRANSPORT
PROPERTIES

It is considered the calculation of transport
coefficients (thermal conductivity, viscosity, electrical
conductivity) in dense water plasma with metal
impurities. The most important factors determined the
properties are the following: gaseous and plasma non-
idealities, multicomponent contents. To include the
factors into consideration the combined calculation
procedure is used on the base of the Grad’s method
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[6,7] and Lee-More theory [8]. The non-ideality
corrections to equation of state are made according to
[9-11].The obtained results are compared with the
previous calculations based on the Lorentzian theory
(M) [5,12].

The algorithm of calculation consists of three stages.
At the first time it is needed to obtain the
multicomponent plasma composition under certain
pressure and temperature. This problem leads to the
system of Saha equations with lowering of ionization
energies supplemented by conservation of nuclei and
electric charge. The calculations are carried out, and the
following species have been taken into account: e, Me,
Me,, Me,", Me", Me™, H,0, H,O', H,, H,", OH, OH",
02,02, H H', 0, 0"

Having been obtained plasma composition, the
thermodynamic and transport properties of plasma can
be calculated in the , so-called, zero-density model
(ZM) 1i.e. without consideration of the nonideality
effects. At next stage the nonideality corrections are
included to obtain the set corresponding to the dense
model (DM).

A number of the properties are very interested in
the connection of intended use to simulate underwater
discharges. Therefore it is focused attention upon such
properties.

2. RESULTS AND THEIR DISCUSSIONS

The results of experimental investigation of
discharge are shown in Figs.1-2. The experimental
installation and technique are described in [1,2,5]. One
can see that the evaporated electrode materials penetrate
into plasma channel in dependence on time from the
beginning of discharge pulse. At a whole that caused a
complicated picture of the discharge.

It should be pointed that because the electrode
erosion it is the different zones of plasma channel take
place. In the vicinity of electrode the metal vapors are
dominated in plasma. Otherwise the pure water plasma
takes place far from electrode at initial stage of
discharge. This picture is realized if the exploding wire
initiated the discharge in diameter is smaller than
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40...50 um. That is corresponded to the case of so-
called ‘thin’ wires. If the diameter of wire is large the
metal vapors should be dominated in the plasma
channel.

Fig. 1. Electrode plumes from copper electrode under
pulse discharge in water
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Fig. 2. Spectra of pulse discharge in water initiated by
copper wire with diameter 20 um at voltage 20 kV.
Cases are a) the distance between electrodes 1=50 mm,
the time after initiating t=12 us, b) I=10 mm, t=12 us,
) I=50mm, t=110 p.

An example of properties calculations is shown in
Fig.3. One can see that the properties of dense water
plasma are strongly depended on the plasma
composition, temperature and pressure range.

It should be mentioned that the plasma composition
is the same that it is allowed to compare both the Grad
method approach with the Lorentzian theory. The
results have a similar character at normal pressure. On
the other hand at higher pressure the essential
discrepancy takes place. One can be deduced that the
effects of nonideality have influence on the transport
coefficients mainly in more dense conditions and the
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Lorentzian theory is suitable to calculate the transport
properties of multicomponent plasma at relatively low
temperature and normal pressure.
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Fig. 3. Electrical conductivity of dense water plasma
with copper impurities H;O-Cu (99:1) at p =200 bar.
Curves 1-LM, 2- ZM, 3-DM

CONCLUSIONS

Thus, because the electrode erosion it is the different
zones of plasma channel take place.

The properties of dense water plasma of underwater
discharges are essentially depended on the plasma
composition, temperature and pressure conditions. The
calculations are carried out on the base of the Grad’s
method including the nonideality effects. The
nonideality effects are needed to take into consideration
under calculation of properties of underwater discharge
at high pressure.

The obtained results confirm the conclusion of paper
[12] that the Lorentzian theory is suitable to calculate
the transport properties of multicomponent plasma at
relatively low temperature and normal pressure. Also, it
should be born in mind that Lorentzian plasma model
on the one hand takes into account the kinetic effects
and on the other hand is characterized by relative
simplicity, which allows its use for direct computation
of the properties of plasma in the simulation of arc and
pulse underwater discharges at normal pressure.
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O BJIMSIHUHU SPO3UU DJIEKTPOJOB HA CBOMCTBA HEUJEAJIBHOM MJIA3MBI
MOJABO/HbIX PA3PSIJIOB

ILJI. Cmapuux, II.B. Ilopuykuii

PaccmoTrpeHo BiusiHHE MaTepualna 3JIEKTPOAOB HAa TPAHCIOPTHBIE CBOWCTBA HEUAEAIbHOMN MIa3Mbl MOABOJHBIX
paspsnoB. IlpencTaBieHbl KCIIEPIMEHTAIBHBIE PE3yIbTATHl O MPOHUKHOBEHWH MPOAYKTOB 3PO3HH 3JICKTPOIIOB B
IUTa3MEHHBIA KaHaM paspsna. TpancrmopTHble K03((PUIIHEHTHI, KOTOPBIE PACCUUTHIBAINCH HA OCHOBE MeTona ['pana,
CPaBHUBAIOTCS C pe3yJIbTaTaMH, OJYyYEHHBIMH, HCXO/S U3 JIOPEHIIEBOM TEOpUH, IPU OJAMHAKOBOM COCTABE ILIa3MBbI.
[onuepknBaercss HEOOXOIUMOCTh TPHHATHA BO BHUMaHHE 3(PQEeKTOB HEHWJEanbHOCTH NHpPU pacyeTe CBOWCTB
MTOJIBOJTHBIX Pa3psIOB.

PO BILIMB EPO3Ii EJIEKTPO/IB HA BJACTUBOCTI HEIJEAJIBHOI IJIA3MH IIJIBOJHUX
PO3PSI/IIB

IL/1. Cmapuux, I1.B. ITopuybkuii

PosrisiHyTOo BIUIMB Marepiasy €NeKTpOXiB Ha TpPaHCIIOPTHI BIIACTHBOCTI HEIJEANbHOI IUIa3MH ITiIBOJHHUX
po3psaniB. IlpencraBneHo eKcrepUMEHTaIbHI PE3yNbTaTH PO MPOHWKHEHHS MPOAYKTIB €po3il eNeKTpPOmiB IO
IUIa3MOBOTO KaHaly po3psaxy. TpaHcmopTHi Koedimientw, mo Oynmu pospaxoBaHi Ha OCHOBI Mertomy Ipena,
HOPIBHIOIOTBCS 13 pe3yJIbTaTaMH, sIKi IPYHTYBaJMCsS Ha JIOPEHLEBii Teopii, 3a OJHAKOBUM CKJIQJIOM IIJIa3MH.
HaronomreHo Ha HEOOXiTHOCTI B3SITH 1O yBaru e(eKTH HEINCaNTbHOCTI IiJi Yac PO3pPaxyHKY BIACTUBOCTEH
T IBOTHUX PO3PSIIB.
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