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The processes in the discharge circuit of a powerful high-voltage pulse installation with three multi-gap spark gaps op-
erating in parallel are experimentally investigated. Oscillograms of voltage and current pulses at the load in the form
of three reactors are obtained with running water. The discharge processes are compared when using in the discharge
circuit three multi-gap dischargers and three reactors connected in parallel, on the one hand, and one such discharger
and one reactor on the other. The regimes of synchronous discharges in gas bubbles were obtained in three reactors,
which ensured the complete inactivation of the E.coli in water with an initial concentration of 10° CFU/cm3 (CFU is a
colony-forming unit). References 5, figures 4, table 1.

Keywords: nanosecond discharge in a gas bubble, a high-voltage pulse plant, pulse power, a spark discharger (gap),
disinfection of water in a stream, a reactor - a discharge unit.

Introduction. The disinfection and purification of water by electric discharges have been the subject
of growing research interest in recent years [1, 2]. It was experimentally shown that with an increase of the
input power the water purification rate has increased however, the energy efficiency has decreased [3]. It was
shown in [3] also that with an increase in the current density over the permissible one the process of quench-
ing of OH radicals with a characteristic lifetime of ~1 ms intensifies. Therefore, to create industrial plants for
water purification and disinfection, it is necessary to increase the total power introduced into the load (reac-
tors) by distributing it between the reactors so that the current density and power in each discharge unit do
not increase. Thus, with an increase in plant productivity, the number of electrical discharge nodes (reactors)
should increase. In this case, one high-voltage pulse generator can operate on such a number of several reac-
tors whose total impedance is Z,,>2Z,, where Z, is the internal impedance of the generator.

The purpose of this work is to create a high-voltage pulse installation for disinfecting water in a
stream using nanosecond discharges in gas bubbles with a rated pulse power of up to 3 MW and
experimental study with its help the possibility of complete inactivation of indicative microorganisms with a
high initial concentration in the
water, that must be disinfected.

Distinctive features of
the experimental plant. The
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transistor switch 7, consisting of four parallel-connected IGBT - transistors of the type IRG4PHS50UD.
Switching energy is carried out when the transistors are in the process of opening in the switch 7. The dura-
tion of the open state of the key T'is 110 ps. D, are the reverse diodes of the IGBT key built into transistors;
C..>1 nF is the capacitance of the "emitter-collector" of the IGBT key; R, is the resistance of the measuring
shunt; R,,;=300 Ohm, R,,=60 60 Ohm - matching shunt resistances, R;,=2.5 Ohm; C,, C, are the capacitan-
ces of the high-voltage and low-voltage arms of the capacitive voltage divider CDV (C;=2,7x10"*F,
C»=20,4x10 F, division ratio ky ~7650) with matching resistance R,=50 Ohm; C,<<C,.<<C. In the electri-
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cal circuit of each of the three discharge nodes (reactors) C,, R, are the capacitance and nonlinear active re-
sistance of the discharge gap in the gas bubble, and C, R are the capacitance and nonlinear active resistance
of the water layer between the discharge gap (DG) and the grounded electrode. The pulse transformer PT is
represented by the magnetization inductance L, and the leakage inductances L, L;, of the primary and sec-
ondary windings of PT, respectively. L. is the inductance of a high-voltage discharge circuit (excluding PT
and inductances of L, reactors). Cj, is the peaking capacity, SD is the peaking multi-gap spark discharger
(MG SD). The capacitance C;,,=150 pF is composed of six KVI-2 capacitors with a capacity of 100 pF each
for a voltage of 20 kV.

The disinfecting effect of the created plant with three discharge units and three peaking MG SDs
operating in parallel was experimentally verified in this work. Spark dischargers (spark gaps) operate in the
air at atmospheric pressure. The discharge nodes provide discharges in gas bubbles in the water.

The method based on pulsed electric discharges in gas bubbles inside water is one of the most
promising methods for disinfection and purification of water. The discharges generate a series of high-
intensity factors, including OH radicals, atomic oxygen, ozone, hydrogen peroxide, broadband radiation that
contains ultraviolet light, and other factors that disinfect and purify water. The method can be used for the
preparation of drinking water, for disinfection and purification of water in swimming pools, municipal water,
wastewater, the water of various industries, etc. Fig. 2 shows a block diagram of the plant implementing this
method. The plant consists of a low-impedance generator / of high voltage pulses, compressor 2, pump 3,
pipeline 4 with a diameter of D=40 mm with running water, made of insulating material. The plant includes
also three branch pipes 5 with a diameter of D;,=40 mm, through which insulation hollow cases 6 without a
bottom are inserted and fixed there. Cases 6 are made combined with high-voltage conductors — pointed elec-
trodes 7 in isolation and with tubular gas pipelines 8. The plant contains also a grounded electrode 9 in each
of the three discharge units. This electrode is made in the form of a metal cylindrical ring with a hole in its
side surface for the location of the case 6 in the pipeline 4. KaxubIit pa3psaHbIil y3ell COCTOUT U3 DJICKTPOa
7 B TBEP/OW M30JILMU, KOHYMK KOTOPOTO HE M30JMPOBaH, Kopiyca 6 3 XapaKTepHbIM BHYTPCHHUM JIMHEH-
HBIM pa3MepoM S=2,8 cM, ra3zomnpoBoja &, anekTpoaa 9 u ciios BOAbl BHYTPH TPyOOIpoBoa 4 1o maTpyo-
KoM 5 u okoiro Hero. Each discharge unit consists of an electrode 7 in solid insulation, the tip of which is not
insulated, a case 6 with a characteristic internal linear size $5=2,8 cm, a gas-pipe 8, an electrode 9 and a water
layer inside the pipe 4 under and around the branch pipe 5. The branch pipes 5 may have caps (Fig. 2 not
shows caps) with the
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ence of three MG SDs working in parallel, and three separate discharge units on water treatment in the
stream. The operation of the dischargers in parallel is complicated by the short connection of their main elec-
trodes to each other, to which three water treatment units are connected. Such a connection provides a guar-
anteed connection of each MG discharger to any discharge unit. However, such a connection increases the
likelihood of operation only one or two out of three spark dischargers at the overheating of the electrodes in
the MG SDs. To avoid overheating, each MG SD is cooled by a separate fan.
F1g 3 shows a photo of three MG SDs working in parallel (Fig. 3, @) and a photo of a pipeline for
— treating water in a stream with three
branch pipelines, three discharge units
and an end valve (Fig. 3, b). The multi-
gap spark dischargers provide nanosec-
ond fronts of voltage and current pulses
in the load - in reactors with discharges
in gas bubbles in the water and layers of
water under the bubbles.

a Fig. 3 b
Experimental results. Fig. 4 shows the waveforms of voltage pulses (curves /) and current (curves
2) for a variant of operation of a plant with one reactor and one MG DS (Fig. 4, a) and for a variant with
three reactors connected in parallel and with three MG DSs included in parallel, (Fig. 4, ). When using three
my ] T LE ML B 2R reactors in parallel, the active resistance of load
.dﬂl "FM” e decreases approximately three times, the total ca-
f i ;\lﬂ ‘ pacity of the water layers in the reactors increases,
0 N e i M i O R the oscillation period increases (see Fig. 4), and the
U ] quality factor of the discharge circuit increases
; o Pl compared to using of one discharge unit (reactor).
iy o=t mm ne mweswowe Therefore, the amplitude of the oscillations on the
a Fig. 4 b voltage waveform increases, they occur closer to a
zero line. The oscillation period increases due to an increase in the total capacity of the water layers between
the discharge gaps (DGs) with discharges in gas bubbles and grounded electrodes. The amplitude of the
current pulse increases more than twofold with a decrease in its duration at the base by about 5 times (from
250 ns to 50 ns). It is necessary to take into account the increase in the switching time of the MG SDs with a
decrease in the total load resistance - the active and capacitive resistance of the water layers in three reactors
connected in parallel and the resistance of the emerging discharge channels in gas bubbles that connected in
series with the corresponding water layers in the reactors (see Fig. 1). The shape of the current curve from
aperiodic with superimposed oscillations in Fig. 4, a transforms into a triangular shape in Fig. 4, b, close to
the shape of the critical discharge. In Fig. 4, b, several waveforms of voltage and current are superimposed
on each other to show the repeatability of the signals. An experimental check at a pulse repetition rate of
more than 2000 pulses/s showed the reliable operation of three MG SDs in parallel with pulse current ampli-
tudes up to 100 A and pulse voltage amplitudes at the discharge units of about 30 kV. The characteristic
pulse durations, in this case, were 20—30 ns (see Fig. 4). The rated power Pp of the plant in the pulse when
working on three reactors in parallel is up to P,=Up*Ip=30000 V*100A=3*10° W=3 MW.

After treating the water in the stream with discharges in gas bubbles, the pulses shown in Fig. 4, b,
within 35 seconds at a pulse repetition rate of f,,~2400 p/s, complete inactivation of E.coli bacteria was
achieved. The results of the analyses are shown in the table. The seeding by indicative microorganisms -
E.coli bacteria and analyzes of treated and control water samples were carried out in the specialized enter-
prise “Sanepidservice” (Kharkiv, UA). The initial seeding (bacterial concentration, number of bacteria per
unit volume) of both the experimental and control samples was 10° CFU/cm® (CFU — colony forming units).
This is a very high concentration, at least 100 times higher than the maximum concentration of E.coli bacte-
ria in real dirty wastewater.

Name of indicator, Regulatory documentation for test Research re-
units of measure methods sult
Determination of total coliforms in drinking water or coli-index in pool water and wastewater
Experimental sample E.coli 10° (CFU/cm’) Methodical instructions # 10.2.1-113- 0
CFU - colonies forming units 2005 approved by the order of the Min-
(water treatment by electric discharges in gas bubbles) istry of Health of Ukraine from
Control sample E.coli 10° (CFU/cm’) 03.02.2005, No. 60 10°
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An important characteristic is the specific energy consumption of W, for disinfection [5]. To reduce
the obtained value W,,.~660 W*h/m’ in this plant, at an initial concentration of E.coli of 10° CFU/cm’, there
is a significant reserve. If the initial concentration decreases by a factor of 100, a corresponding additional
decrease in W,,. should be expected. The total concentration of E.coli in the treated (experimental) sample
turned out to be zero, while in the control sample the concentration (the seeding) remained equal to
10° CFU/em’.

Conclusions. The experimental high-voltage pulse plant with a rated pulse power of 3 MW was cre-
ated and successfully tested, in which the disinfection of water in a stream is carried out using nanosecond dis-
charges in gas bubbles. Complete inactivation of E. coli bacteria with an initial concentration of 10° CFU/cm3
in water (CFU - colony forming units) was achieved In the flow mode of treatment at a water flow rate of 120 1
/' h. The method of water disinfection using nanosecond discharges in gas bubbles is promising for industrial
applications and can successfully replace or supplement ozonation and ultraviolet treatment.
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BbICOKOBOJIbTHASI YCTAHOBKA UMITYJIbCHOM MOIIHOCTHIO 3 MBT JIJ151 OBE33APAKHBA-
HUs BOJbI B IIOTOKE ITPHU ITIOMOIII HAHOCEKYHIHBIX PA3PSI/IOB B I'A3OBbBIX ITY3bIPAX
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DKCnepumMeHmanbHo UCCIe008aHbl NPOYECcyl 8 PA3PAOHOU Yenu MOWHOU 8blCOKOBOIbMHOU UMNYIbCHOU YCMAHOBKU C
Mpemsi MHO203A30PHbIMU PA3PAOHUKAMY, pabomatowumu 6 napaiieiv. 11oayyensl 0cyunioepammobl UMRYIbCO8 HANpPsi-
JICEHUST U MOKA HA HAZPY3Ke 6 8ude mpex peakmopos ¢ npomounou 600ou. IIposedeno cpagnenue paspsaonbix npoyec-
CO8 NPU UCNOAL3IOBAHUU 8 PA3PAOHOU Yenu mpex MHO203A30PHbIX PA3PAOHUKOE U MPeX PeaKmopos, 6KIOUEHHbIX 8 Na-
panneib, ¢ 0OHOU CMOPOHDL, U 0OHO20 MAKO20 PA3PAOHUKA U 0OOHO20 PeaKmopa ¢ Opy2oli cmopoHul. B mpex peaxmopax
NOLYUEHbL PENCUMbL CUHXPOHHBIX PA3PSI008 6 2A306bIX NY3bIPAX, obecneuusuue noanyio unakmusayuto E.coli 6 6ode ¢
ucxoonoii konyenmpayueti 10° KOE/cm® (KOE — kononueo6pasyiowas edunuya). bubn. 5, puc. 4, tabn. 1.

Knrouesvle cnrosa: HaHOCEKYHIHBIN pa3psii B Ta30BOM ITy3bIpe, BBICOKOBOJIbTHAS UMITYJIbCHASI YCTAHOBKA, HMITYJIbCHASI
MOIIIHOCTh, UCKPOBO# pa3psIHUK, 00€33apaKMBaHKEe BOJIbI B TOTOKE, PEAKTOP — Pa3psIHbII y3ei.
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BUCOKOBOJIbTHA YCTAHOBKA IMITYJIbCHOIO MNOTYZKHICTIO 3 MBT JVI51 3BHE3APAKEHHSA
BOAU Y TOTOLI 3A JOITOMOI'OIO HAHOCEKYHJIHHUX PO3PAAIB Y TA3OBHUX BYJIbBKAX
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Excnepumenmanvro 0ocniosceno npoyecu y po3psaoHOMY KO NOMYHCHOI BUCOKOBOILIMHOI IMIYIbCHOI YCIMAHOBKU 3
mpbLoMa 6a2amo3a3opHUMU PO3PAOHUKAMU, WO npayloioms 6 napaneisb. Q0epicano ocyunocpamiu IMRYIbCie Hanpyau
ma cmpymy Ha HABAHMAdICEHHI Y 6U2NA0I MPbOX PEaKmopie 3 nPomouHol0 6000i0. [Ipoeedeno nopieHaAHHA pO3PAOHUX
npoyecie nio 4ac GUKOPUCMANHA Y PO3PAOHOMY KoL MPbox 6a2amo3a30pHux po3PAOHUKIE | MPbOX peaKkmopie, GKaoye-
HUX 8 napanenw, 3 00H020 OOKY, Ma 00HO20 MAKO20 PO3PAOHUKA | 00HO20 peakmopa 3 iHuoz2o 60ky. B mpvox peaxmo-
PAX 00epAHCAHO PeNCUMU CUHXPOHHUX PO3PAOIE 6 2a308ux OYIbKax, AKi 3abe3nequnu nogny inakmusayiio E.coli y 600i 3
guxionoro konyenmpayicro 10° KYO/enm® (KYO — kononicymeopioioua odunuys). biém. 5, puc. 4, tab. 1.
Knrwouoei cnosa: HaHOCEKYHTHUI pO3psiI B ra30Biil OyJIbIli, BUCOKOBOJIBTHA IMITYJIbCHA YCTaHOBKA, IMITYJIbCHA ITOTYX-
HICTB, ICKpPOBHMH PO3PSIHUK, 3HE3apaXKEHHS BOAM Y TIOTOLIl, PEaKTOp — PO3PSAHUH BY30II.
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