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It is shown that the most important influence on the plasma of electrical pulse discharges in liquid have the processes
in a zone of its contact with condensed medium. The investigations of growth of corrugations are conducted which arise
on an interface between both the plasma channels of electrical pulse discharges and limiting it liquid. It is shown that the
growth of perturbations caused by Rayleigh-Taylor instability are nonlinearly saturated. It is established the
interconnection between both the pointed perturbations and the parameters of a dense plasma of discharge channel.
PACS: 47.20.Ma, 52.27.Fg, 52.50.Nr, 52.77.Fv, 52.80.Wq, 83.60.Wc

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.
In existing theoretical models of EPD a stream of energy
on a wall of the channel and backflow of the evaporated
substance were considered homogeneous [1-3]. But at the
initial stage of EPD small-scale irregularities of heat flow
distribution were detected on a surface of channels [4,5].
Development of such perturbations was accompanied by
space modulation of irradiation intensity, strain of a
surface of channels, drop of conductance of plasma. One
from reasons it is established further by comparison of a
strain of a surface of plasma channels of EPD with
outcomes of simulation on the basis of a solution of the
task to development of Rayleigh-Taylor instability (RT-
instability). RT-instability in similar conditions was
investigated with usage of the numerical methods for a
problem of laser thermonuclear synthesis [6-8]. In this
paper it is studied the influence of the pointed
perturbations on properties of the dense plasma of the
EPD channel in liquid.

2. GROWTH OF PERTURBATIONS ON THE
PLASMA-LIQUID INTERFACE

Experimental investigations of processes under
electrical discharges in water were conducted on the
experimental setup where the discharge was created in the
chamber filled with water (see [5-8]). To initiate the
discharge an explosive wire was used that had allowed us
to localize the position of appeared plasma channel. The
evolution of plasma channel was recorded through the
window by the optical system and the high-speed
photochamber.

Observation of development of perturbations of a
surface of plasma column is carried out by photography of
the bit channel by a fast-track photographic camera. For
visualization of a channel surface is applied highlightings
by an oblong exterior radiant (flashlight valve). The
discharges with various rate to input of an energy were
researched. In the Table the characteristics of certain
types of discharges are presented: R1 is fast, R2 is
average, R3 and R4 are sluggish.
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The characteristics of the discharges

Type of R1 R2 R3 R4
EPD
Parameters
C, uF 15 15 15 15
L, uUH 0.47 0.47 0.47 1.55
U, kV 30 20 10 30
[, mm 40 40 40 100
Lnar, KA 160 105 50 95
o,(Qldm)”’ 750 600 460 300
Toax , kKK 38 33 30 20

Here C is a electrical capacity in circuit, L is a full
inductance, U, is the applied voltage, / is the length of a
discharge gap, I is the measured maximal current, O is
the estimated mean specific electrical conductivity, T is
the estimated maximal temperature in the channel.

The experimental studies have revealed the
occurrence of the various kinds of the instabilities of the
contact interface, the part from which can be related to the
type of the instability of deflagration waves, others to
Rayleigh-Taylor ones of an ablative interface.

The perturbations look like ripple on a channel
surface, which amplitude reaches 0.2-0.5 mm (5-10 % to
radius). Is retrieved, that their development depends on
conditions of initiation and rate to input of an energy in
EPD. Spectrum of space harmonics of perturbations is
bounded above by values of a wave vector &=100-150cm
'. Filing of the extension of the channel is realized by
photography by the camera in the condition of slot-hole
development. The computer handling of these data allows to
allocate boundary of the channel and to receive time
dependence of radius, velocity of the extension and
acceleration of a wall of the channel. It is possible to select two
different phases of development EPD that are phase of
acceleration, when acceleration & to a surface is directed to
the direction towards liquid (& > 0), that encloses the
channel, and phase of deceleration, for that of acceleration is
directed towards plasma (& < 0). The duration of an
acceleration phase 2.2 - 6 s is less than a first halfperiod of an
electrical current (10 ps) in discharge (Figs.1,2).
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Fig. 1. The expansion of the channel radius R: curve |
corresponds to the discharge type R1, 2 - R2, 3 - R3
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Fig.2. The acceleration of the discharge channel
interface. The values recalculated from the experimental
data: a) curve 1 corresponds to the discharge R,
2-R2,3-R3; b)-4-R4

Fig.3 shows the evolution of perturbation on the
interface. We can see that after the fast growth the
saturation of the interface instability are observed. The
similar effect is also found by numerical simulations for
the case of inertial confinement [7].

Thus, the perturbations on the discharge interface are
the essential features of EPD, and it is obvious its have an
influence on the properties of the discharge. To establish
this correlation we are carried out the directed studying of
the influence of the perturbation on the discharge plasma
properties.
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Fig. 3. The evolution of the discharge channel interface
for the discharge R2
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Fig4. The resistance of the discharge channel:
a) EPDs (Uy=20 kV, 1=30 mm) initiated by the plain and
inhomogeneous exploding wires: curves 1-IEW
d;=0.16 mm, d,=0.008 mm, Al=1.9mm; 2—-PEW
d=0.08mm; 3 - PEW d=0.16 mm;

b) EPDs (Uy=32.6 kV, =50 mm) initiated by the plain
and curved exploding wires: curves 1 - CEW d=0.16 mm;
2—-PEW d=0.16 mm



3. PROPERTIES OF DENSE DISCHARGE
PLASMA

To study the resistance of discharge channel it is
used the EPDs initiated by the plain, inhomogeneous and
curved exploding wires. The plain wires (PEW) and
curved ones (CEW) are characterized by only the
diameter d, and inhomogeneous wires (IEW) are did by
the two diameters of corrugations d,,d, and its lead Al.

From the experiments (Fig.4) it follows that the
discharges with the directed corrugations have the sharply
different properties of plasma from the plain discharge
case. There is for both the inhomogeneous and curved
types of perturbations. Also, it should be mentioned that
the increasing of the discharge gap play a second-order
role for plasma properties. These results take the
possibility to the directed creation of EPD with the certain
properties.

4. CONCLUSION

The properties of dense plasma of electrical pulse
discharges in liquid are essentially depended on the
presence of the corrugations of discharge channel.

The most important perturbations of discharge
channel are caused by the Rayleigh-Taylor instability at
initial stage of discharge. The perturbations of plasma-
liquid interface are non-linearly saturated that, in turn,
leads to the stabilization of the temperature in discharge
channel.

The perturbations of discharge channel interface
caused the inhomogeneity of a dense discharge plasma.
That fact is necessary took into account under theoretical
study the electrical pulse discharges in liquid.
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OB YCTOMYMBOCTHU IMMOBEPXHOCTH PA3JIEJA MEXY IJIOTHOM IMJIA3MOM M )KUJIKOCThIO
P DJIEKTPHYECKOM UMITYJIbCHOM PA3PSJIE B )KUJIKOM CPEJIE

ILJ. Cmapuuk, I1.B. Ilopuyxui

PaccMoTpeHO mPOCTPaHCTBEHHO-BPEMEHHOE pa3BUTHE HEyCTOMYMBOCTH Panes-Talinopa mnoBepxHOCTH
pazzena MexIy IUNIOTHOM HeuAeanbHOM IJIa3MOM U KUAKOCTBIO IIPU MUMITYJIbCHOM JIEKTPUYECKOM pa3psle B XKHUIKOH
cpene. IlokazaHo, 4TO, 3a MCKIIOUEHHMEM HAyalbHOM CTaauMW pas3pslia, pPa3BUTHE BO3MYLIEHMH YyKa3aHHOW
MTOBEPXHOCTH HACBIIIACTCS, BCICACTBAE YEro IOBEPXHOCTh CTaOMIM3UpyeTcs. YKa3aHHBIC BO3MYIICHHS HMCIOT
CYIIECTBEHHOE BIIMSHHME Ha CBOMCTBA IUIa3Mbl Pa3psIHBIX KAHAIOB, YTO MOXET OBITH MCIOJIB30BAHO JUIS CO3JaHUS
HMMITYJIbCHBIX Pa3psa0B B )KUIKOCTH C 33laHHBIMH CBOMCTBaMH.

PO CTIMKICTh IIOBEPXHI PO3MOALTY MIK I'VCTOIO IIVIA3MOIO TA PIMHOIO
IIPHU EJIEKTPUYHOMY IMITIYJIBCHOMY PO3PsAI B PIIKOMY CEPEJOBUIIII

I1I./I. Cmapuux, I1.B. Ilopuubkuii

Po3risiHyTO IpOCTOpPOBO-YacOBHH PO3BUTOK HecTilkocTi Penes-Teitiopa moBepxHi po3moaily MiX T'yCTOO
HEl/leaJIbHOKO IIJIa3MOI0 Ta PIAMHOI0 NPH IMITYyJIbCHOMY €JIEKTPUYHOMY pO3psii y pinkomy cepenosumii. [Tokaszano,
110, 32 BUKJIIOYEHHSM IIOYaTKOBOI CTalil po3psiy, PO3BUTOK 30ypeHb BKa3aHO! IMOBEPXHI HACHYYETHCS, BHACIIIOK
4YOro MOBEpXHs CTa0iumi3yerhcs. BkazaHi 30ypeHHS MaroTh CYTTEBHIl BIUIMB Ha BIIACTUBOCTI IUIA3MH PO3PSIHUX
KaHaNiB, 0 MOXKe OYTH BHKOPHCTaHO U OJEPXKaHHS IMITyJBCHUX PO3PSAIIB B PiAWHI 3 Hamepex BH3HAYCHUMH
BIIACTHBOCTSIMU.
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