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It is considered the peculiarities of the thermodynamic and transport properties of the nonideal plasma of electrical
pulse discharge in water at pressure range from 1 bar up to 20 bar. The properties are calculated on the base of the two-
temperature model of the thermal plasma. It is shown that the properties of dense water plasma have a pronounced non-
monotone character with sharp pikes in certain temperature and pressure ranges. It is pointed that the temperature
separation are needed to take into account to study the discharges in water.

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

1. INTRODUCTION

The most important influence on the plasma of
electrical pulse discharges in liquid (EPD) have the
processes in a zone of its contact with condensed
medium. At the initial stage of EPD small-scale
irregularities of heat flow distribution were detected on a
surface of channels [1-3]. 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 (RT-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. Because of that the nonideal
plasma of EPD takes place in various dense states. In this
paper it is studied the peculiarities of the thermodynamic
and transport properties of the nonideal plasma of EPD in
water in the pressure range from 1 bar up to 20 bar.

2. PROPERTIES OF THE DENSE
WATER PLASMA

The properties are calculated on the base of the two-
temperature model of the thermal plasma [4-6]. In this
way the plasma state are described by both the

temperature of electrons 7, and heavy particles one T

under certain pressure P .

The algorithm consists of two 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 calculation are carried out, and the following 13
species have been taken into account: ¢, H.O, H.O', H,,
H,', OH, OH', 02, 02", H, H', O, O".

Having been obtained plasma composition, the
thermodynamic and transport properties of plasma can be
calculated. A number of the properties are very interested
in the connection of intended use to model the electric
discharges in water. Therefore it is focused attention upon
such properties.

It should be noted that the comparison with alternative
calculations [7,8] can be made in the one-temperature
approximation only. In this way it is considered the case

when T, = T'. The results are shown in Figs.1-8.
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Fig.1. The molar mass for water plasma. Curve
1 corresponds the calculation under the pressure
p=1bar, 2—p=5bar; 3-p=20 bar; 4—datafrom [7]
under p=20 bar
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Fig.2. The specific heat capacity under constant pressure
of water plasma under p=20 bar. Curve 1 corresponds to
the calculations; 2 — the data from [7]
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Fig.3.The molar heat capacity under constant pressure of
water plasma. Curve 1 corresponds to the calculations
under p=1 bar, 2 —p=2 bar, 3 - p=10 bar, 4 - p=20 bar
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Fig.4.The heat conductivity of water plasma under
p=20 bar. Curve I corresponds to the total conductivity,
2 — the gaseous one, 3 — the electronic one,

4 —the dissociative one, 5 — the ionization one,

6 is the data from [8]
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Fig.5. The heat conductivity of water plasma. Curve
1 corresponds to the p=1 bar, 2 — p=2 bar, 3 — p=5 bar,

4—p=10 bar, 5 —p=20 bar

From Figs.1-8. we can deduced that the properties of
dense water plasma have a pronounced non-monotone
character with sharp pikes in certain temperature and
pressure ranges, and , also, that the calculation of some
properties are in a good agreement with the data from
works [7,8].

The pikes are appeared due to the dissociation and
from others effects. Thus, the viscosity peaks (Figs.7,8)
are caused by the dissociation and the presence of minor
additions of ions in gases at weakly ionization.
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Fig.6. The electrical conductivity of water plasma. Curve
1 corresponds to the p=1 bar, 2 — p=>5 bar, 3 —p=20 bar
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Fig.7. The viscosity of water plasma under p=20 bar.
Curve 1 corresponds to the calculations;
2 — the data from [8]

s A

~ /‘
o/ 2\

0
0 2000 4000 6 000 8 000 10 000 12 000

T,K

Fig.8. The viscosity of water plasma. Curve
1 corresponds to the p=1 bar, 2 — p=2 bar, 3 — p=35 bar,
4—p=10 bar, 5 — p=20 bar

On the other hand the two-temperature case may be
important to study the processes in discharge. The

discrepancy between electron temperature 1, and

gaseous one 7' is appeared due to the action of electric
and magnetic fields on the particles in plasma. The value
of the discrepancy is strongly depended on the kind of
plasma medium and is varied in widely range [4-6].

It is considered the case when the interrelation

between I, and T is determined by electric field

(Fig.9). Thus, we can see that the value of temperature
discrepancy reaches a large amount in certain temperature
diapasons, and this fact are needed to take into account to
study the discharges in water.
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Fig.9. The calculated values of the discrepancy between
T. and T in thermal water plasma (P =1 bar), for electric
field E=1 V/cm (curve 1), E=2 V/iem (2), E=10 V/em (2),

E=15V/em (3), E=20 V/iem (4)

3. CONCLUSIONS

The properties of dense water plasma of electrical
pulse discharges are essentially depended on the
temperature and pressure conditions. The properties have
a pronounced non-monotone character with sharp pikes in
certain temperature ranges.

The calculations are carried out on the base of the
two-temperature model of the thermal plasma when the
electron temperature differs from the gaseous
temperature. The value of temperature discrepancy
reaches a large amount in certain temperature diapasons.
That fact is necessary took into account under theoretical
study of the electrical pulse discharges in water.
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O CBOMCTBAX HEMJIEAJIbHOM IJIA3MbI UMITYJIbCHBIX SJIEKTPHUECKHX PA3PSJIOB B BOJIE
IL/J1. Cmapuuk, I1.B. Ilopuykuii

PaccMoTpeHBl 0COOEHHOCTH TEPMOAMHAMUYECKUX W TPAHCIIOPTHBIX CBOWCTB HEMJEATbHON IIa3Mbl HMITYJIbCHBIX
JJIEKTPHYECKUX  paspsaoB B auamasoHe jgasiaeHuid  1-20 6ap. CBoiicTBa pacCUMTHIBAIIUCH HA  OCHOBE
JIByXTEMIIEPaTypPHOH MOJEIN TEpMUYECKOM Iulasmbl. [IokasaHO, 4YTO CBOMCTBA MMEIOT DPE3KO BbIPAKEHHBIN
HEMOHOTOHHBIM XapaKkTep B ONPEAENICHHBIX TEMIEPATYpPHBIX [HANa30HAX B 3aBHCHMOCTH OT [JaBJICHUS.
INoguepkuBaeTcsi HEOOXOIUMOCTh IPUHATHA BO BHUMAHHE OTPBIBA TEMIIEPATYp NPU U3YUCHUH IUIa3Mbl Pa3psiioB B
BOJE.

PO BJACTHUBOCTI HEIIEAJIBHOI IJTA3MH IMITYJIbCHUX EJEKTPUUHUX PO3PSJIIB Y BOII
IL/1. Cmapuux, I1.B. Ilopuyvkuii

Po3risitHyTO OCOOMMBOCTI TEPMOIAMHAMIYHHUX Ta TPAHCIIOPTHUX BIIACTUBOCTEH HEiJleallbHOI IUIa3MH IMITYJIbCHUX
EJIEKTPUYHUX PO3pAliB y BoOAl B pmiama3oHi TuckiB 1-20 Gap. BiactuBOCTi pO3paxoByBaluCh Ha OCHOBI
JIBOTEMIICpATyPHOT MOJieNi TepMivHoi tia3Mu. [loka3zaHo, [0 BIACTHBOCTI MAIOTh PI3KO BUPAKEHHIH HEMOHOTOHHUI
XapakTep y OKpEeMHX TEeMIepaTypHHX Jiama3oHax B 3aJIe)KHOCTI Bif THCKy. HaromomeHo HEOOXigHICTH B3ATTS IO
yBard BiIpHBY TeMIIEpaTyp MPH BUBYCHHI IUIa3MH PO3PSIIIB Y BOII.
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