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The paper presents the results of development of a high-voltage pulse generator that provides formation of a
bipolar low-temperature plasma discharge above the liquid surface. The generator is constructed after the scheme
with an inductive energy store and, as a such energy store, a high-voltage inductor (Ruhmkorff coil) is used. The
generator provides an adjustable pulse repetition frequency from 70 to 500 Hz with a voltage amplitude up to
300 kV at a current amplitude up to 4 A. The generator was tested by the formation of a plasma discharge above the
water surface. It is shown that such a discharge provides an effective purification of water from chemical
(chloroform, etc.) and bacterial (Esherichia coli, Candida albicans et al.) pollution.
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INTRODUCTION

Recently, interest in the research of discharges above
the liquid surface has increased significantly. This is not
only because of the variety of related processes
occurring in the gas above the liquid surface, in the
liquid itself, and at the liquid-gas interface [1]. In the
first place, this interest is due to a physicochemical
effect of discharge upon the liquid, which enables an
effective purification of water from chemical and
bacteriological pollution [2]. For this, in most cases,
high-voltage unipolar pulses with amplitudes up to
30 kV at a pulse duration t <200 ns are used [2, 3]. We
might reasonably expect the discharge with a variable
polarity at higher electric voltage amplitudes to effect
more essentially.

There are known different schemes for high-voltage
pulses formation [4], in which energy from the primary
power supply (Fig. 1) is delivered to the energy store,
and then, transferred to the load by using a commutation
device. Both capacitors and inductors can be used as
energy store.
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Fig. 1. Simplified diagram of a high voltage generator
with an energy store

The purpose of the work is to develop a high-voltage
pulse generator that provides a bipolar plasma discharge
above the liquid (water) surface with Upq <300 kV,
t<50ns and pulse repetition frequency from 70 to
500 Hz.

1. EXPERIMENTAL

A simplified diagram of the generator with an
inductive energy store is shown in Fig. 2. The diagram
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includes the energy store itself (transformer Tr) and a
current interrupter. Energy storage occurs at a smooth
increase in current passing through the primary winding
of the transformer Tr.

S Tr

|
DC Zy

Fig. 2. Simplified diagram of a high voltage generator
with an inductive energy store
(DC — power supply; S — current interrupter;
Z, — generator’s load)

A high-voltage inductor (Ruhmkorff coil) is used as
a transformer. At a supply voltage of 12 V, it allows us
to receive high voltage pulses up to 300 kV.

In the developed generator, two MOSFETSs (metal-
oxide-semiconductor field effect transistor) are used as a
current interrupter (commutation device) in the
transformer’s primary winding. The MOSFET s
controlled by a driving oscillator built on the NE555P
chip (multifunctional precision timer).

The block diagram of the generator is shown in
Fig. 3.

The power supply of the generator is a supply with
regulated from 14 to 30 V DC voltage which is applied
to the transformer’s primary winding through the
oscillator powered through a voltage stabilizer to ensure
the stability of a control signal. A load, that is a
discharge gap of the plasma reactor, is connected to the
transformer’s secondary winding (Fig. 4).
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Fig. 3. Block diagram of a high voltage pulse generator

Fig. 4. Plasma reactor: 1 — liquid; 2 — cell;
3 — pointed metal electrode; 4 — flat electrode

2. EXPERIMENTAL RESULTS

The circuit diagram of a high-voltage pulse
generator is shown in Fig. 5. A voltage stabilizer for
driving oscillator supply is made on the chip IC1.

The driving oscillator is built on the chip IC2 that
discharges the capacitor C1 when the voltage across it
has reached a certain level. Capacitor C1 charging
occurs according to the linear law given by the current
stabilizer. A current stabilizer is built on the transistor

VT1, the crystal stabilizer diode VD1 of 4.7 V, and
resistors R1, R2, and R3. The variable resistor R3
provides control of the current value at the capacitor C1
charging, the time of its charging to a specified voltage
and, consequently, the pulse repetition frequency. Then
a signal from the capacitor C1 goes through the buffer
stage, built on the transistor VT2, to the transistors VT3
and VT4 which control the current in the transformer‘s
Tr primary winding. As the capacitor C1 is charging,
the current through the transformer‘s Tr primary
winding gradually increases. When a prescribed level
on the capacitor C1 is reached, the transistors VT3 and
VT4 block and that results in arising of a self-induced
EMF in the transformer‘s primary winding. The
magnitude of this EMF depends on the current through
the transformer‘s primary winding at the instant when
the transistors VT3 and VT4 are blocking , and on the
time interval of their blocking. In this case, a high
voltage pulse is induced in the transformer‘s Tr
secondary winding.

Current in the discharge gap of the plasma reactor is
controlled by a voltage drop across the resistor R15 (see
Fig. 5), and voltage in the discharge gap is controlled
by a voltage drop across the resistor R28, which is a
part of the high-voltage resistive voltage divider R16 —
R28. These signals from R15 and R28 are delivered to
the digital oscilloscope DO and recorded by it.

Figs. 6 and 7 show the oscillograms of voltage and
current in the discharge gap "metal tip — liquid surface”
at atmospheric pressure for one of generator modes. In
Fig. 6, oscillograms represent the periodicity in change
of the discharge electrical characteristics. According to
them, voltage across the gap is bipolar (i.e. changes its
sign during the period) and duration of the period is ~
5 ms that corresponds to a frequency of = 200 Hz.

High bipolar voltages in the discharge gap and large
discharge currents are observed during short time
intervals t<50ns. They are recorded by an
oscilloscope (see Fig.7) with much shorter sweep
duration than for the oscillograms shown in Fig. 6.
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Fig. 5. Circuit diagram of a high-voltage pulse generator
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Fig. 6. Oscillograms of voltage and current in the discharge gap (periodic signal)
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Fig. 7. Oscillograms of voltage and current in the discharge gap (during discharge initiation)

The image of a discharge, formed in the plasma
reactor under such conditions, is shown in Fig. 8. The
discharge "spreads™" over the liquid surface that might
indicate its nonlocal effect on the liquid.

Fig. 8. Photo of discharge in the discharge chamber.

Exposure time — 40 ms; thickness of the liquid in the

cell — 15 mm; distance between the pointed electrode
and the liquid surface — 10 mm

The constructed bipolar high-voltage pulse
generator was tested by processing water with a
280 ppm initial content of dissolved chloroform.
Concentration of CHCI3 in solutions, before and after
processing, was determined by gas chromatography-
mass spectrometry using the Agilent 7890AGCSystem.

After processing at U = 75kV, | = 0.5 A during
20 min, chromatographic and mass spectrometric
studies showed that the chloroform content decreased
by 67 %, i.e. there is a significant destruction of
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chloroform molecules in water. Processing of water
with various microorganisms (for example, Esherichia
coli, Candida albicans et al.) results in complete
bactericidal purification of water [5] at the initial
bacterial  content ranging from 1.5.10° to
1.5-10° CFU / ml.

CONCLUSIONS

A simple generator of high-voltage bipolar pulses is
developed and, as an inductive energy store, the
Ruhmkorff coil is used in it. The generator produces
pulses with U, =300kV, t<50ns and pulse
repetition frequency from 70 to 500 Hz.

Electronic control of the current interrupter in the
Ruhmkorff coil primary circuit provides good
repeatability of high-voltage pulses.

An adjustable DC supply, in the primary circuit of
the energy store (Ruhmkorff coil), and electronic
control of the current interrupter make it possible to
regulate the high-voltage amplitude over a wide range.

Application of the developed high-voltage bipolar
pulse generator to produce a low-temperature plasma
discharge above the liquid surface has demonstrated a
high efficiency of detoxification and disinfection of
water.
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HUCIIOJBb30BAHUE BUITOJIAAPHOI'O IIJIASMEHHOI'O PA3PAJIA HAJI HOBEPXHOCTBIO
JKUJKOCTH JIJIS1 OUMCTKHU BOJIbI OT XUMHUUYECKUX U BAKTEPUAJIBHBIX 3ATPSISHEHU

B.A. JIecnoii, A.A. Tapan, I1.A. Komo3zunckuii, A.I1. Kuchuuwin, O.B. IToowmueanosa,
C.I' Tapan, A.A. Bykapes, /I.A. Opanckan

IIpencraBiaensl pe3yapTaTsl pa3pabOTKH HMMITYIBCHOTO BBICOKOBOJIBTHOTO T€HEpaTopa, OOECIIeUHBAIOIIETO
(dbopMupoBaHre OWIIOIAPHOTO HHU3KOTEMIIEPATYPHOTO IIIa3MEHHOTO paspsiia HajJ IOBEPXHOCTBHIO JKHUAKOCTH.
I'eneparop mocTpoeH IO cxeMe C HHIYKTUBHBIM HAKOIUTEJIeM 3HEPrHH, B KadecTBE KOTOPOTO HCIOJB3yeTcs
BBICOKOBOJIBTHBIH MHAYKTOp (Karymika Pymkopda). ['eHeparop obecrieunBaeT peryimpyeMylo 4acToOTy CIEJI0BaHUs
nMmiyiabcoB 70...500 I'm ¢ ammintynodt HanpsbkeHuss 1o 300 kB npu ammmuryne Toka ao 4 A. IlpoeaeHo
onpoOoBaHNe pabOTHI FeHepaTopa IPH CO3IaHUM IUIA3MEHHOTO pa3psaaa HaJ MOBEPXHOCTHIO Boxbl Ilokazano, uTo
Takoit paspsn obecrieunBaeT 3G HEKTHBHYIO OUYUCTKY BOJABI OT XUMHYECKHX (XJ0opodopma H Jp.) U OaKTepuabHbIX
(Esherichia coli, Candida albicans u np.) 3arps3HeHHi.

BUKOPUCTAHHS BIITOJISAPHOI'O IIVIABMOBOI'O PO3PAAY HAJI IIOBEPXHEIO PIIUHU
JJI1 OYNINEHHA BOAU BIJA XIMIYHUX TA BAKTEPIAJIbHUX 3ABPYIHEHD

B.O. JIecnou, A.O. Tapan, I1.A. Komozuncokuit, O.11. Kucnuyun, O.B. Iloowiusanosa,
C.I: Tapan, A.O. Bykapes, /].A. Opancovka

HaBeneHo pesynabraté po3poOKH IMITYJIECHOTO BHCOKOBOJIBTHOTO TeHeparopa, 1o 3abesnedye (opMyBaHHs
OIMOJISIPHOTO HU3BKOTEMIIEPATYPHOTO IUIA3MOBOTO PO3psITy HaJ TOBEpXHEI pinuHu. ['eHepaTop moOymoBaHWi 3a
CXeMOIO 3 IHAYKTHBHMM HaKOIMYyBa4eM €HEprii, 110 BUKOPHCTOBYETHCS SIK BUCOKOBOJBTHHH 1HIYKTOpP (KOTYIIKa
Pymkopda). I'eneparop 3abesneuye peryinboBaHy 4YacTOTy Mpoxo/pkeHHs iMmmnynabciB 70...500 'y 3 amrutitynoro
Harpyra 10 300 kB npu amrtityni ctpymy 1o 4 A. IlpoBeseHo BUnpoOyBaHHs poOOTH TeHeparopa IpH CTBOPEHHI
TUIA3MOBOTO PO3pPSIy HAJ MOBEpXHEIo BoAu. [loka3aHo, mo Takuil po3psy 3a0e3neuye eeKTHBHE OYMIEHHS BOIU
BiJl XiMiyHHX (xJ0poopmMa Ta iH.) Ta GakrepianbHux (Esherichia coli, Candida albicans ta iH.) 3a0pyqHeHb.
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