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The numerical investigation of the formation of chemically active components and a change in the thermody-
namic parameters of the spark discharge at the values of the initial pressure of water vapors 10° and 0.4-10° Pa was
carried out. The formation domains of OH, O, H, H,0,, HO,, H,O components have been determined. It is estab-
lished that the initial pressure of water vapors produces certain influence on the formation of chemically active

components in the spark discharge.
PACS: 52.80.Wg, 52.80.Tn, 51.50.+v

INTRODUCTION

The electrohydraulic discharge found a wide appli-
cation for different technological processes [1, 2]. Pres-
ently, the electrohydraulic technology is intensively
developed in the field of pulse electrochemistry. Such a
development is related to the search of new energy-
efficient methods used for the media treatment that are
alternative to the chemical methods. Special attention is
paid to the production of chemically active components
that can be used for the disinfection and treatment of the
drinking water and waste water and for the textile bleach-
ing and can change the acidity of the treated media.

Therefore, the search of energy-efficient methods of
the impact on liquids for the purpose of the formation of
chemically active components in the spark discharge is
of great interest. It is known [1, 3, 4] that a change in
the initial pressure of the liquid results in a change of
the development dynamics of the gas-vapor cavity that
results from the electrohydraulic discharge. However,
the issue of influence of the initial pressure on the for-
mation of chemically active components in the electro-
hydraulic discharge requires additional studies. The
underwater spark discharge is actually developed in the
water vapor; therefore it is enough to carry out the in-
vestigation of the formation process of chemically ac-
tive components in the spark discharge in the first ap-
proximation in the vapor-filled area.

The purpose of this paper is to carry out the numeri-
cal investigation of the influence produced by the initial
pressure of water vapors on the formation of chemically
active components in the spark discharge.

1. NUMERICAL MODEL OF THE
DEVELOPMENT OF THE SPARK
CHANNEL IN WATER VAPORS

The model described in [5, 6] was used for computa-
tions. We assumed that a local thermodynamic equilib-
rium was established in the area of the current-
conducting channel. Outside the current-conducting
channel the computations were done using the equations
of nonequilibrium chemical kinetics [7].

The spark channel expansion process is described by
the following equation system:
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where p is the gas density, u is the velocity, p is the
pressure, € is the internal gas energy per the mass unit of
gas, kr is the heat conduction coefficient, £ is the elec-
tric field intensity in the current channel gap, o is the
channel plasma conductivity, Qe is the radian loss of
the discharge energy, r is the radius coordinate, 7'is the
gas temperature, y; is the molar concentration of the i-th
component (H,0, H, O, OH, H,0,, HO,); a')i is the rate
of change in the concentration of the i-th component of
the mixture due to chemical reactions.

Electrical processes in the discharge circuit and in
the current channel were described by the following
equations:
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where L is the equivalent induction of the discharge
circuit, 1 is the discharge current, R, is the equivalent
active resistance of the discharge circuit, R is the cur-
rent channel resistance, C is the electric capacitance of
the capacitor, Uy is the initial voltage of the capacitor
charge, I is the current channel length; r, is the current
channel radius.
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For initial conditions the following distribution of
thermogas dynamic parameters in the computation area
was prescribed:

p(r)|t=0 = Po: T(I‘)‘ 1o = Vo’ U(I’)‘ t=0 =0.

Numerical investigations were carried out for two
values of the initial pressure in water vapors, in particu-
lar po; = 10° Pa and pg, = 0.4:10° Pa. To provide vapor-
ous state of water under considered pressure values in
the computation area the temperature at the zero time
was taken equal to To =473 K for both cases. The pa-
rameters of the discharge circuit were equal to C = 2 uF,
Ug=25kV, L=3puH, R.=0.10hm. The discharge
channel length was equal to 5 mm (I = 5 mm).

2. SIMULATION RESULTS
AND THEIR DISCUSSION

Fig. 1,a,b give the distributions of the molar concen-
tration of the components H, O and OH and the thermo-
dynamic radius parameters of the spark channel that are
obtained after 2 us from the beginning of the spark ex-
pansion at different initial pressures of water vapors:
por = 10° Pa and po, = 0.4-10° Pa. It should be noted that
the three regions are available, in particular the region
of the current-conducting channel, the region between
the channel and the shock wave front and the region
before the shock wave front. Independently of the initial
pressure of water vapors the region of the current-
conducting channel shows the prevalence of atomic
hydrogen and oxygen. As the initial pressure of water
vapors is increased an increased concentration of atoms
is observed in this region at the same time from the be-
ginning of the discharge development. It results from a
decrease in the spark expansion velocity as the initial
pressure of water vapors is increased and the gas density
drop velocity is decelerated. When the gas temperature
reaches 7 ~16000...13000 K, dissociation reactions
prevail in this region. Therefore, atomic oxygen and
hydrogen cannot be used at such temperatures for the
purpose of changing the acidity of the gas discharge
medium.

In the region between the current conducting chan-
nel and the shock wave front the gas temperature is re-
duced to the ambient temperature. In this region chemi-
cally active components H, O, OH, H.0, HO, are
formed that can affect a change in the chemical compo-
sition when reacting admixtures are present in water
vapors. As the initial pressure rises the maximum con-
centrations of chemically active components are also
increased.

As for the computations the reduction in pressure by
2.5 times results in a decrease of the maximum concen-
trations of the OH component by a factor of 1.4 to 2
(Fig. 2). As the initial pressure is decreased the radial
width of the region between the current-conducting
channel and the shock wave front remains actually in-
variable by the same time from the beginning of the
channel expansion. However, due to an increase in the
radial coordinate the region volume in which a change
in the chemical composition of the medium can occur is
increased.
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Fig. 1. Distribution of the molar concentrations of H, O,
OH components taking into consideration the changes
in thermodynamic parameters in the computation region
at a time point of 2 us.: a — at initial pressure of vapors
p1 = 10° Pa; b — at initial pressure of vapors
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Fig. 2. The distribution of the molar concentrations of
the OH radical in the computation region. 1, 2 at a time
t=01us; 1,2ata time t = 2 us. The solid line gives
the relationship at initial vapor pressure p; = 10° Pa;
and the dashed line corresponds to the initial vapor
pressure p, = 0.4-10° Pa
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Fig. 3,a,b gives the formation of chemical compo-
nents H, O, OH, H,0, HO, at a time t =2 us from the
beginning of the spark channel expansion.
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Fig. 3. Distribution of the molar concentrations of H,O,
H, O, OH, H,0,, HO, components in the computation
region at a time t = 2 xs: a — at initial vapor pressure
of p1 = 10° Pa; b — at initial vapor pressure
of p, =0.4:10° Pa

The obtained distribution shows that in the case of
the availability of admixtures a change in the chemical
composition of the medium can mainly be provided by
chemically active components H, O, OH, because their
concentration exceeds that of H,0,, HO, components by
a factor of 1 or 2.

An efficiency of the use of the spark channel energy
to change the chemical composition of the medium is an
important issue. As the spark channel progresses a por-
tion of the discharge energy is lost in the discharge
channel, in particular connecting wires, and the internal
resistance of the capacitor. To have a prevailing portion
of the discharge energy released in the spark channel we
must use the discharge circuit with the active resistance,
which is much less than the spark resistance. The com-
putation data of the spark channel obtained at a different
initial pressure of water vapors are given in Fig. 4,a. It
follows from the obtained data that the calculated active
resistance of the discharge circuit must not exceed
5...10 mOhm.

The revealed interrelation between the electric field
intensity in the spark channel gap and the formation of
chemically active components in the spark channel is of
great interest. A decay of initial pressure results in a
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decrease of the electric field intensity that occurs at the
same time after the beginning of the discharge devel-
opment (see Fig. 4,b). For the computation option the
difference in the electric field intensity is within one
order (Fig. 5). We assume that the regularity of a de-
crease in the maximum concentrations of chemically
active components with a drop of the initial pressure in
water vapors is mainly caused by thermal gas dynamic
processes that exert influence on nonequilibrium chemi-
cal processes and the field intensity affects this process
through a change in the quantity of energy released into
the spark channel.
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Fig. 4. Spark channel resistance (a) and electric field
intensity in the spark channel gap (b) at different initial
water vapor pressures: solid line —10° Pa, and dashed

line—0.4'10° Pa
Treatment of the medium by the irradiation is one of
the most useful applications of the underwater spark
discharge. This paper delves into the investigation of the
influence produced by the initial water vapor pressure
on the quantity of energy radiated by the spark dis-
charge.
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Fig. 5. The quantity of energy radiated by the spark
discharge at a different time from the beginning of the
discharge development: at initial pressures of water
vapors 10° Pa (solid line),and 0.4-10° Pa (dashed line)
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CONCLUSIONS

The numerical investigation of the formation of
chemically active components in water vapors for two
pressure values of water vapor p;=10°Pa and
p2=0.4-10° Pa has been carried out. It has been estab-
lished that the formation of chemically active compo-
nents occurs in the region of the current conducting
channel and in the region between the channel and the
shock wave front. The availability of admixtures shows
that a change in the chemical composition of the medi-
um can mainly be provided by chemically active com-
ponents A, O, OH. It is shown that the drop in pressure
by 2.5 times for the computation option results in the
decrease of the maximum concentration of the OH
component by 1.42 times. A volume of the region in
which a change in the chemical composition of the me-
dium can occur is increased at lower pressures. It has
been established that the quantity of energy radiated by
the spark discharge is decreased with the pressure drop.
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YUCJIEHHOE UCCIIEJOBAHUE HAPABOTKU XUMHWYECKHN AKTUBHBIX KOMIIOHEHTOB
B NCKPOBOM PA3PAJIE B ITAPAX BO/IbI

/I.B. Bunnuxos, K.B. Kopvimuenxo, A.B. Caxyn

[IpoBeneHO YHCICHHOE HCCICIOBaHNE HAPAOOTKA XUMHUYCCKH AKTUBHBIX KOMIIOHCHTOB U M3MEHEHHS TEPMO/IH-
HAMHYECKUX MapaMEeTPOB HCKPOBOTO Pa3psiaa MPH 3HAYCHUAX HAYAIBHOTO JaBIICHUS ITAPOB BOMIBI 10° 1 0,4-10° Ia.
Omnpenenensl obmacTu obpazoBanus kommnoHentoB OH, O, H, H,0,, HO,, H,O. BbisiBIeHO BIUSHUE HAYAILHOTO
JTABJICHUS [TAPOB BOJBI HA HAPAOOTKY XMMHYCCKH AKTHBHBIX KOMIIOHEHTOB B HICKPOBOM paspsiJie.

YHUCEJBHE JTOCIKEHHS HATIPAIIOBAHHA XIMIMHO AKTUBHUX KOMIIOHEHTIB
B ICKPOBOMY PO3PAAL Y BOAAHIN ITAPI

/I.B. Binnikos, K.B. Kopumuenxo, A.B. Caxyn

[IpoBeneHo yncenbHEe NOCTIKSHHS HAMPAIIOBAHHS XIMIYHO AKTUBHUX KOMITOHCHTIB 1 3MIHHM TEPMOJAUHAMIYHUX
mapaMeTpiB iCKpOBOro po3psdy MpH 3HAYCHHSX M0YATKOBOTO THCKY BoAstHOi mapu 10° ta 0,4-10° [Ta. Busnaueno
obnacrti yrBopenns komnonentis OH, O, H, H,O,, HO,, H,O. BusiBieHO BIUIUB MOYATKOBOTO THUCKY BOJSHOI Mapu
Ha HATPAIIOBAaHHS XiMIYHO aKTUBHUX KOMITOHEHTIB B iCKPOBOMY PO3PSIIi.
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