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An influence of initial gas pressure on energy deposited by spark discharge in nitrogen during the spark channel
expansion is evaluated. Influence of the pressure on efficiency of energy deposition and emitted energy in a dis-
charge channel is simulated. Dependencies of dynamic of energy input and an energy correlation coefficient on the
pressure are found out. It was suggested to use an average value of the correlation coefficient to model a load of
spark channel by the any initial pressure when a spark load is formed by atmospheric conditions.
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INTRODUCTION

Spark discharge is widely used at different technolo-
gies where initial discharge conditions are various. An
influence of initial pressure on breakdown voltage at
spark discharge is well known. For example, Paschen's
law gives dependence of a breakdown voltage on initial
pressure and gap length at short-gap spark discharges.

Initial pressure influences on a spark channel expan-
sion happens after the breakdown, too. It was found out
that growth in the initial pressure causes an increase in
deposited energy [1 - 3]. But there is a problem to find
out dependence function of spark energy inputted in a
gas-discharge channel and initial gas pressure due to low
measurement accuracy.

Accuracy of measurement of energy deposited in
spark channel is important factor to evaluate minimum
ignition energy [4]. It was found out that a gas pressure
rise leads to a decline of the minimum ignition energy
due to growth in combustible gas density [5]. But the
pressure rise produces an increase in spark efficiency
too [2]. Thus during an investigation of the minimum
ignition energy by spark discharge it needs to divide
influences of this processes.

Additional difficult task is an evaluation of energy
loses caused by anode and cathode voltage drops to ex-
tract energy inputted in spark gas channel from total
energy dissipated by the spark. Researches do not ex-
clude near electrode process often [6, 7] that leads to a
rough evaluation of the minimum ignition energy.

A spark channel evolution, which happens after
breakdown, depends on discharge current mainly. The
discharge current determines by a discharge circuit in
turn. Thus, simulation of spark channel evolution by
influence of the discharge current allows avoiding influ-
ence of near electrode process on a spark energy calcu-
lation.

We simulated a spark channel evolution by various
initial pressures to evaluate an influence of initial pres-
sure on an energy deposition into gas during the spark
expansion and to find out a correlation coefficient be-
tween the pressure and deposited energy growth.
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THE NUMERICAL MODEL OF A SPARK
CHANNEL EXPANSION

Energy deposited in a cylindrical spark channel can
be calculated by equation

0, = H2nr6i2drdt , (1)

where o is the gas conductivity; i is the current; 7 is the
radial coordinate; ¢ is time.

A radial distribution of conductivity and electrical
current are changeable during the spark expansion. It is
possible to use simulation tools to investigate spark pa-
rameters evolution.

We summarized and simplified results of previous
researches to create a numerical model of a spark chan-
nel expansion to simulate discharge process in gas by
various initial pressures when only electric circuit pa-
rameters (R, L, C) and the discharge gap length are giv-
en[8-12].

The setup was simplified to a one-dimensional prob-
lem in cylindrical symmetry where only radial depend-
encies were modelled. A system of gas dynamic equa-
tions (continuity, momentum and energy) was solved for
the multicomponent chemically reactive gas mixture,

written as
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where p is the gas density; u is the velocity; p is the
pressure; € is the internal energy of gas per the mass unit
of gas; kr is the heat conduction coefficient; E is the
electric field strength in the discharge channel column,
Wen 1s the discharge energy radiation loss; T is the gas
temperature; y; is the molar concentration of the i-th
component (N, N,), and o, is the rate of change of con-
centration of the i-th component of the mixture due to
chemical reactions.
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Equations of non-equilibrium chemical reactions and
gas state equations were used, too.

Application of the previous model [8 - 12] is limited
by a plasma state of gas in the discharge channel, when
the gas is highly ionized. The transition of air plasma from
a highly ionized to a weakly ionized state occurs at a tem-
perature in the range of 9000...10000 K at atmospheric
pressure. It is known that the gas temperature in stationary
arc plasma can be 5000...6000 K. Therefore, the previous
model does not allow investigating the transition from
spark to stationary arc discharge. To expand the field of
the model application when the gas temperature decreases
up to 5000 K, we used in this work the equation of plasma

conductivity, written as
n

c=282-10"— | 3
Nvo,, +n,06 ,
where n, is electron number density; o, is the transport
cross-section of the elastic collisions of the electrons
with the neutral plasma components; o, is the Coulomb
collision cross-section; N is the number density of neu-
tral components; v is a thermal velocity of electrons.

So, the verification of the condition when there is a
prevalence of Coulomb collisions over electron colli-
sions with the neutral components, previously used in
the model [4 - 7] for calculating the conductivity region,
is excluded at the modified model.

The numerical model was previously validated in a
few works [2 - 4], where various total energy, gas and
circuit parameters were applied.

INVESTIGATION OF INITIAL PRESSURE
INFLUENCE ON ENERGY DEPOSITION
IN SPARK DISCHARGE

We applied a capacitor bank with a total capacitance
of C=0.1 pF and inductance of L = 2 pH in the calcula-
tion. The charge voltage was U, = 30 kV. The circuit re-
sistance was 1 Q. For initial conditions the computation
region was filled with molecular nitrogen. The initial gas
temperature was 7o = 300 K. The initial gas pressure was
in the range of 0.1...1 MPa. A gap length was 1 mm.

Results of pressure, temperature and conductivity
distributions at different time are presented (Figs. 1 - 3).
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Fig. 1. Pressure distribution at time of 1, 3, and 8 us

by the initial pressure of 1 and 5 atm

It is observed that increased initial pressure causes
the delayed spark expansion. Increased gas conductivity
by the high initial gas pressure happens due to increased
gas temperature in the discharge channel. A delayed
expansion takes place both at a shock wave front and at
a conductive channel.
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Fig. 2. Temperature distribution at time of 1, 3,
and 8 us by the initial pressure of 1 and 5 atm
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Fig. 3. Conductivity distribution at time of 1, 3,

and 8 us by the initial pressure of 1 and 5 atm
Time histories of deposited energy and efficiency are
given on Fig. 4. It is observed that initial pressure
growth leads to a rise in the deposited energy and the
efficiency. But an energy growth coefficient does not

equal a pressure growth coefficient.
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Fig. 4. Time histories of deposited energy and efficiency
by the initial pressure of 1 and 10 atm

10° . ; ;
G
o
2 107! i
ks ) 10 atm
et -d L _
i 10
g=2 1 atm

10.3 1 ] ]

(M 2 4 & g
Tirme [ps]

Fig. 5. Time histories of spark resistance by the initial
pressure of 1 and 10 atm
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It was found out that the initial pressure influences
on a discharge current slightly. Thus, a fluctuation of
deposited energy at the various initial pressures is
caused by changing into the spark resistance. Result of
spark resistance simulation is given on Fig. 5.

We evaluated a correlation between the pressure
growth and the deposited energy rise. A dynamic corre-
lation coefficient was used, written as

k=de(t)/Qd1(t)ﬂ 4)
where Q,, is the deposited energy by the initial pressure
p at time t; Qg is a deposited energy at time ¢ by the
initial pressure of 1 atm.

Dependence of the correlation coefficient on the ini-
tial pressure is presented on Fig. 6. It is observed that
the correlation coefficient is variable during the spark
expansion. A maximum value of the correlation coeffi-
cient achieves initially. The coefficient is not linearly
proportional to the pressure growth.
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Fig. 6. Time histories of the correlation coefficient
by the initial pressure of 2, 3, 5, and 10 atm

An average value of the correlation coefficient can
be applied to model a load of spark channel by the any
initial pressure when a spark load is formed by atmos-
pheric conditions. For example, the correlation coeffi-
cient by the initial pressure of 10 atm is about £ = 1.7.
Thus, the length of the spark gap formed in the atmos-
phere can be increased in 1.7 times to simulate the simi-
lar load when the initial pressure grows in 10 times.
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Fig. 7. Deposited energy comparison

Deposited energy comparison when the initial pres-
sure is 10 atm by the gap length of | mm and when the
initial pressure is 1 atm by the gap length of 1.7 mm is
presented on Fig. 7.

Dynamic of energy input plays a significant role. We
investigated an influence of the initial pressure on the
dynamic of energy deposition. Relative deposition rate
was used, written as
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where Ogmax is the total deposited energy by the corre-
spond initial pressure.

It is well known that a major energy deposition hap-
pens during the first semi period of the discharge. It is
found out that the pressure rise causes a further increase
in energy deposited during the first semi period (Fig. 8).
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Fig. 8. Time histories of the discharge current and the
deposition rate by the initial pressure of 1 and 10 atm

Spark discharge is used as lighting source often. We
simulate an initial pressure effect on emitted energy
(Fig. 9). It is observed that pressure growth leads to a
rise in the emitted energy. Moreover, a growth coeffi-
cient of the emitted energy is higher than a growth coef-
ficient of the deposited energy by the similar pressure
growth coefficient.
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Fig. 9. Time histories of the energy emitted by spark
channel by the initial pressure of 1 and 10 atm

Relative emission efficiency was introduced to eval-
uate a part of energy emitted from a spark channel, writ-
ten as

R, =20 10005,
de (t)

where Q,,,(?) is the emitted energy during the time inter-

val ¢ by the correspond initial pressure.

Simulation result of the relative emission efficiency
is given on Fig. 10.
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Fig. 10. Time histories of the relative emission
efficiency by the initial pressure of 1 and 10 atm
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We observe that maximum emission efficiency
achieves after the first discharging period of the oscilla-
tion.

CONCLUSIONS

An influence of initial pressure on an energy deposi-
tion into gas during the spark expansion was evaluated
by simulation of a spark channel evolution at various
initial pressures. It was found out that a fluctuation of
deposited energy at the various initial pressures is
caused by changing into the spark resistance. The initial
pressure growth leads to a rise in the deposited energy
and the efficiency. But an energy growth coefficient is
lower than a pressure growth coefficient.
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YUCJEHHOE NCCJIEJOBAHUE BJIMSHUSA HAYAJIBHOTI'O JABJIEHUSI HA BBO/I JHEPT UM
B UICKPOBOM PA3PS/ B A30TE

K.B. Kopvimuenxo, P.C. Tomaweeckuii, U.C. Bapwamoesa, /I.1I1. /[younun, A.A. Jlucuax, B.A. /lunoesoi

HccnenoBaHo BIMSIHAE HAYAIBHOTO JABJICHHS ra3a Ha SHEPTHIO, BRIACISIEMYIO HICKPOBBIM Pa3psAIoM B a30Te MPH
pacuImpeHny NCKpOBOTO KaHaja. Paccunrano BiIusHUE AaBieHUs HA 3()()EeKTHBHOCTh BBEIACHUS W M3IIyUSHUS dHEP-
THH B KaHaJle pa3psaa. BEIABICHB 3aBHCHMOCTH AWHAMUKH 3HEPTOBBOAA M KOA((PHUIIMEHTa SHEPTETHIECKOI Koppe-
JSOAW OT AaBieHns. [IpemmoskeHo MCIoIp30BaTh cpeiHee 3HaueHHe K03 duItmenTa Koppesuy i MOAETHPOBa-
HUS Harpy3KH HCKPOBOTO KaHAJIA TIPH JIFI0OOM Ha4aJIHHOM JIaBICHUH Ha HCKPOBOM Harpyske B aTMocdepe.

YU CEJBHE JOCJIJI)KEHHS BILIUBY HOYATKOBOI'O TUCKY HA BBEJIEHHS EHEPITi
B ICKPOBHUW PO3PSAJI B A30TI

K.B. Kopumuenko, P.C. Tomaweecovkuii, I.C. Bapwamoesa, /1.11. /lyoinin, A.A. Jlicnak, B.O. /lunoeuii

JocinijpkeHo BIUIMB IIOYAaTKOBOTO THCKY I'a3y Ha €HEprito, 0 BUIUIETHCS ICKPOBUM PO3PSIIOM B a30Ti IIPH PO3-
IMUpEHH] iCKpOBOro KaHamy. Po3paxoBaHO BIUIMB THCKY Ha €(DEKTHBHICTH BBEICHHS 1 BUIPOMIHIOBAHHS €HEpTii B
KaHaJl po3psny. BussieHo 3anexXHOCTI JUHAMIKKA €HEproyBOJy 1 KoedilieHTa eHepreTHYHOI KOpeJsilii Bifl THCKY.
3anpornoHOBaHO BUKOPHUCTOBYBATH CEpEIHE 3HAUEHHS Koe(illieHTa KOPeNsIii Ui MOJIETIOBAaHHS HaBaHTAKEHHS
ICKpPOBOTO KaHaJTy NpH Oy/Ib-sIKOMY II0YaTKOBOMY THCKY Ha ICKDOBOMY HaBaHTa)kKE€HHI B aTMocdepi.
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