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The results of the spark channel expansion simulation in various gases such as hydrogen, oxygen and nitrogen 

have been presented. Difference in thermodynamic properties of the various gases has been taken into account. In-

fluence of a type of gas on the discharge current, the spark resistance, the energy deposited in the spark and the spark 

gas-dynamic expansion has been found out. Influence of initial species concentration in mixture of nitrogen, hydro-

gen and oxygen on detonation initiation by spark discharge has been discussed. 
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INTRODUCTION 

A study of a spark channel expansion in various gas-

es, such as hydrogen, oxygen and nitrogen, is of practi-

cal interest. This is due to an application of mixtures of 

these gases with various initial species concentration in 

the detonation technology where detonation initiation 

produces by a spark discharge [1]. A separate study of 

the spark channel expansion in hydrogen, oxygen and 

nitrogen allows revealing a tendency of a change in the 

species concentration for the detonation initiation by 

spark discharge. 

It is important to determine the energy deposited into 

the spark channel and parameters of the shock wave 

generated by the spark discharge to analyze the detona-

tion initiation process [2]. Also, a study of the process of 

detachment of the shock wave from the conductive spark 

channel is required. Investigations of these processes are 

carried out both theoretically and experimentally [2, 3]. 

In this work, the study is carried out by numerical mod-

elling. 

Numerical models presented in works [4, 5] are de-

signed to study the spark discharge evolution. When 

these models are used to investigate the spark expansion 

in various gases, it requires taking into account the dif-

ferences in the thermodynamic and chemical properties 

of the gases. It is also necessary to take into account the 

specific features of radiation heat transfer in various 

gases [6], that requires a huge array of specific experi-

mental data and leads to a significant complication of 

numerical models. Therefore, in this work, we used a 

previously developed numerical model of the spark 

channel expansion in various gases, intended for engi-

neering calculations with an acceptable accuracy, where 

a consideration of the radiation heat transfer was simpli-

fied [7]. The validation of the model was carried out in 

works [6, 7]. 

The objective of this study is to compare a spark 

channel expansion in hydrogen, oxygen and nitrogen. 

A NUMERICAL MODEL OF THE SPARK 

CHANNEL EXPANSION 

Spark channel expansion was simulated by the gas 

dynamic equations (continuity, momentum and energy) 

for a dissociating gas expressed as [3] 
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where ρ is the gas density; u is the velocity, p is the 

pressure,  is the internal energy of gas per the mass unit 

of gas, kТ is the heat conduction coefficient, E is the 

electric field strength in the discharge channel column, σ 

is the plasma conductivity in the channel, Wem is the 

discharge energy radiation loss, r is the radial coordi-

nate, t is the time, T is the temperature, yi is the molar 

concentration of the i-th species, i is the chemical reac-

tion rate of the i-th species (O, O2; H, H2; N, N2). 

Details of the total numerical model, boundary con-

ditions and the simulation procedure are presented in 

works [3]. 

Difference in thermodynamic properties of the vari-

ous gases was taken into account. So, specific heat ca-

pacity Cp
0
 at constant pressure, species molar enthalpy 

H
0
 and species molar entropy S

0
 are defined as: 
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where amk are coefficients which were taken for various 

gases [8]. 

Difference in a molar mass of the various gases was 

considered in the state equation. 

Non-equilibrium chemical kinetics was considered to 

simulate dissociation/association process in hydrogen, 

oxygen and nitrogen (Table 1).  
 

Table 1 

Reactions, rate coefficients in cm
3
, mol and s 

and activation energy in [cal/mol] 

No. Reaction A n E 

1 O + O +M ↔ O2 + M 1.2·10
17

 -1 0 

2 H + H + M ↔ H2 + M 1·10
18 

-1 0 

3 N2 + M ↔ N + N + M 8.508·10
25

 -2.25 225 

Where M is a third body (O, O2; H, H2; N, N2). 

The rate coefficients were found out by equation 
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where    
i

iki yM ; αki are third-body collisions 

coefficients for various species (Table 2). 

The reverse reaction rate is calculated from the for-

ward rate and the equilibrium constant. 
 

Table 2 

Third-body collisions coefficients αki for species 

Species O2 O H2 H N2 N 

Collisions coefficients 1 1 1.7 1 1 1 
 

A local thermal equilibrium model was applied to 

evaluate the electrical conductivity of gas in the region 

where the gas temperature exceeds 8000 K. The conduc-

tivity of the gas located outside this region was neglect-

ed. So, Saha ionization equation was used for the calcu-

lation in singly ionized gas (hydrogen) and doubly-

ionized gas (nitrogen and oxygen), where the following 

degeneracy of states gi for the atoms and ions and ioni-

zation energy Ii were used (Table 3). 
 

Table 3  

Degeneracy of states and ionization energy in [eV] 

Parameter g
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Value 9 4 9 2 1 4 9 6 

1
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.1
1
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1
3

.6
 

1
4

.5
4

 

2
9

.6
0

5
 

 

A capacitor discharge was investigated. Thus, a se-

ries RLC-circuit with a variable spark resistance was 

calculated. A capacitance of C = 0.1 µF, an inductance 

of L = 2 µH and a circuit resistance of Rc = 1 Ω were 

applied. The charge voltage was UC = 30 kV. The total 

energy was 45 J. A spark gap length was 1 mm. Circuit 

parameters were the same for various gases. 

Energy of 2.2 mJ was deposited in the region with 

radius of 0.1 mm by time of 10 ns to form a narrow con-

ductive spark channel. Than energy deposition depended 

on the discharge current. 

SIMULATION RESULTS 

A current for discharges in the various gases is pre-

sented in Fig. 1. It was found out that the current did not 

depend significantly on a type of gas for the considered 

discharge circuit. 

 

Fig. 1. The discharge current over time for various  

gases 

The similar discharge current happened because the 

difference in the spark resistance in case of various gas-

es was not high and the average spark resistance was 

lower than the circuit resistance and the inductive reac-

tance. 

 
 

Fig. 2. The spark channel resistance over time for dis-

charges in nitrogen (1), hydrogen (2) and oxygen (3) 

 

So, the oscillation period is about Tosc = 2.9 µs (see 

Fig. 1). The inductive reactance is L
T

X L




2
≈ 4.3 Ω 

and the circuit resistance is 1 Ω. For comparison, the 

average spark resistance is about 0.01 Ω (Fig. 2). 

The energy deposited in the spark channel over time 

at the calculated circuit for discharges in nitrogen, hy-

drogen and oxygen is shown in Fig. 3. It is observed an 

increased energy deposition for discharge in hydrogen in 

comparison with discharges in nitrogen and oxygen. The 

difference is especially high during the first semi period 

of the discharge. 

The energy difference between discharges in hydro-

gen and nitrogen at 1.4 μs exceeds 10 % and the differ-

ence between discharges in hydrogen and oxygen is 

about 20 %. But during a further spark evolution, the 

energy difference between discharges in hydrogen and 

nitrogen reduces. 
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Fig. 3. The energy deposited in the spark channel over 

time for discharges in nitrogen (1), hydrogen (2),  

and oxygen (3) 

 

Results of the pressure history into the spark channel 

for discharge in the various gases are given in Fig. 4. 

 

 
 

Fig. 4. Distribution of pressure along the radial coordi-

nates at time of 1, 2, and 4 µs for discharges in nitro-

gen, hydrogen and oxygen 

 

It is observed that the intensity of a shock wave gen-

erated by spark discharge depends on a type of gas. The 

highest pressure ratio in the shock wave front at the 

same time corresponds to the spark expansion in oxy-

gen. The lowest pressure ratio is exceeded for the dis-

charge in hydrogen. So, a maximum of the pressure is 

about 4 MPa at time of 1 µs for the discharge in oxygen 

and the maximum is about 1.2 MPa at such a time for 

the discharge in hydrogen. According to the gasdynam-

ics theory, the pressure rise Δp at the intensive shock 

wave is calculated by an equation 

2
11

1

2
up 


 ,    (6) 

where γ is a heat capacity ratio, ρ1 is gas density, u1 is a 

shock wave speed. 

Thus, a reason of the pressure ratio reduction for the 

discharge in hydrogen is connected with the low density 

of hydrogen in comparison with the density of oxygen or 

nitrogen. So, the density of oxygen is 16 times higher 

than the density of hydrogen at standard conditions. But 

the reduced density is compensated by the increased 

shock wave speed for the discharge in hydrogen. So, the 

shock wave speed is about 4000 m/s at time of 1 µs for 

the discharge in oxygen and the wave speed is about 

2000 m/s at such a time for the discharge in hydrogen. 

Thus the shock wave speed increased by 2 times and we 

have a well correlation of the pressure rise by equation 

(6) with change the density and the wave speed. 

Comparison of the temperature distribution during 

the spark expansion in the various gases is given in 

Fig. 5. A rise in intensity of the spark channel expansion 

causes a fall in the gas temperature. 

 
Fig. 5. Distribution of temperature along the radial 

coordinates at time of 1, 2, and 4 µs for discharges in 

nitrogen, hydrogen and oxygen 

 

So, a maximum of temperature located near axis of 

the spark channel is about 19.000 K at the time of 1 µs 

for discharge in oxygen. The radius of the current-

conducting channel is about 2 mm at such a case. For 

comparison, a maximum of temperature is about 

9.000 K for discharge in hydrogen at the time of 1 µs 

and the channel radius is about 4.5 mm. But during the 

spark expansion the gas temperature is variable in a 

wide range for discharges in nitrogen and oxygen, fall-

ing from 15.000...19.000 K at time of 1 µs to 

9.000...11.000 K at time of 4 µs. For discharge in hy-

drogen, the temperature of the current-conducting chan-

nel is from 8.500...9.500 K at time from 1 to 4 µs. 

Results of the density history into the spark channel 

for discharges in nitrogen, hydrogen and oxygen are 

presented in Fig. 6. 

 

Fig. 6. Distribution of gas density along the radial co-

ordinates at time of 1, 2, and 4 µs for discharges  

in nitrogen, hydrogen and oxygen 

 

The density distribution allows analyzing a detach-

ment of the shock wave from the current-conducting 

channel because a region of the low density corresponds 

to the channel and a region of the density rise reflects a 

location of the shock wave. It is observed that the de-

tachment process is accelerated for discharge in hydro-

gen if we compare this process for discharges in nitro-

gen and oxygen. 

Distribution of gas conductivity along the radial co-

ordinates at the various times for discharges in nitrogen, 

hydrogen and oxygen is presented in Fig. 7. 

It is observed reduced gas conductivity for discharge 

in hydrogen in comparison with the conductivity for 

discharge in nitrogen and oxygen. The reduced conduc-

tivity caused by the decreased gas temperature in the 

current-conducting channel. 

The obtained results allow determining an influence 

of initial species concentration in mixture of nitrogen, 

hydrogen and oxygen on detonation initiation by spark 

discharge.



 

168                                                                                                                                                            ISSN 1562-6016. ВАНТ. 2020. №6(130) 

 

Fig. 7. Distribution of gas conductivity along the radial 

coordinates at time of 1, 2, and 4 µs for discharges in 

nitrogen, hydrogen and oxygen 

 

Growth in the hydrogen concentration leads in par-

ticular to a rise in the energy input by spark discharge. 

An intensive detachment of the shock wave from the 

current-conducting channel for discharge in hydrogen 

promotes to start the oxidation chemical reactions. 

CONCLUSIONS 

Numerical investigation of spark channel expansion 

in hydrogen, oxygen and nitrogen allows determining 

changes in the energy deposition and the spatial distribu-

tion of the thermodynamic gas parameters during the 

spark evolution. It was found out that the current did not 

depend significantly on a type of gas. An increased en-

ergy deposition happens for discharge in hydrogen in 

comparison with discharges in nitrogen and oxygen. The 

highest pressure ratio in the shock wave front at the 

same time takes place for the spark expansion in oxygen 

and the lowest pressure ratio is exceeded for the dis-

charge in hydrogen. A rise in intensity of the spark 

channel expansion causes a fall in the gas temperature. It 

is observed reduced gas conductivity for discharge in 

hydrogen in comparison with the conductivity for dis-

charge in nitrogen and oxygen. 

The obtained results can be used to determine an in-

fluence of initial species concentration in mixture of 

nitrogen, hydrogen and oxygen on detonation initiation 

by spark discharge. 
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СРАВНЕНИЕ РАСШИРЕНИЯ ИСКРОВОГО КАНАЛА В ВОДОРОДЕ, КИСЛОРОДЕ И АЗОТЕ 

К.В. Корытченко, Ю.В. Кашанский, О.В. Черкашин, Д.Ю. Белюченко, А.В. Максимов, А.И. Никорчук, 

П.В. Черненко
 

Представлены результаты моделирования расширения искрового канала в различных газах, таких как во-

дород, кислород и азот. Учтено различие в термодинамических свойствах различных газов. Выявлено влия-

ние типа газа на разрядный ток, искровое сопротивление, энергию, вложенную в искру, и газодинамическое 

расширение искры. Обсуждено влияние начальной концентрации частиц в смеси азота, водорода и кислоро-

да на инициирование детонации искровым разрядом. 

 

ПОРІВНЯННЯ РОЗШИРЕННЯ ІСКРОВОГО КАНАЛУ У ВОДНІ, КИСНІ ТА АЗОТІ 

К.В. Коритченко, Ю.В. Кашанський, О.В. Черкашин, Д.Ю. Белюченко, А.В. Максимов, А.І. Нікорчук, 

П.В. Черненко
 

Представлені результати моделювання розширення іскрового каналу в різних газах, таких як водень, ки-

сень і азот. Враховано відмінність y термодинамічних властивостях різних газів. Виявлено вплив типу газу 

на розрядний струм, іскровий опір, енергію, вкладену в іскру, і газодинамічне розширення іскри. Обговорено 

вплив початкової концентрації частинок y суміші азоту, водню і кисню на ініціювання детонації іскровим 

розрядом. 


