
COMBINED NON-SELF-MAINTAINED DISCHARGE IN AIR FOR

GENERATING OF CHEMICALLY ACTIVE PARTICLES

Ardelyan N.V., *Bychkov V.L., Gordeev O.A., *Klimov A.I.

MSU, 119992, Vorobievy Gory, *IVTAN, 127412, Izhorskayal3/19, Moscow, Russia; E-mail:
bychvl@orc.ru

DISTRIBUTION STATEMENT A
Approved for Public Release

Distribution Unlimited

Introduction

Development of plasma technologies for problems of external and internal gasdynamics is

impossible without the detailed studies of different discharge types both self maintained and

non- self maintained improvement. These questions were discussed in many scientific forums

recently. In particular, the longitudinal and transversal gas discharges in air were studied in air

flows [1-3] for their applications in applied problems of external and internal aerodynamics

(ignition of flammable mixtures in air flows). In Ref [4] a combustion of hydrocarbon fuel under

plasma assistance of formarions has been studied. In [5] the combined discharge in a supersonic

air flow has been studied.

Works [3,5] have shown that main plasma parameters (electron concentra-tion Ne, and

electron temperature Te) can be independently varied in wide ranges in the non-self maintained

and combined discharges. This discharge property allows to selectively excite different

molecules and create different radicals in the incident gas flows. Important property of these

discharges is connected with a possibility of independent variation of a strength of an external

electric field and of velocities of generation of plasma components by fast particles. The present

paper is devoted to an investigation of active particle generating possibility in the plasma in

conditions of the experiment [5] (external electric field strength is E-640 V/cm, electron flux at

the -30 keV and current density of 0.12-0.27 A/cm 2, typical size of investigated area 20-30 mm)

in a supersonic air flow (Mach number M-1,2-1,6, static pressure Pst= 16 Torr) of our

investigations are compared with other possible modes of air excitation.

The combined discharge model

A consequent discharge model has to include a large number of components and plasma

chemical reactions in plasma which have to be considered mutually with electric circuit. This

approach requires solution of a system of stiff differential equations of particle balance, electron

energy and gas temperature, see for example as it is done in [3,6]. On a basis of such a model we
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have undertaken plasma parameters for the combined discharge in air in external electric field at

the parameter E/N--1.13.10-15 V.cm 2 (113 Td) and 3 .10-15 V.cm2 (300 Td) at pressures P=16, 20

and 200 Torr at the gas temperature K=300 K.

The following particles were included into the model: fast and plasma electrons J, e,

positive ions 0', N', 0', NO', N', negative ions 0-, 0-, 03, neutrals o,N, NO,

vibrationally N,(v), 02(v) (v=l), and electronically excited states M , N

Nt2(B'B7I) of molecules. Electron temperature Te was calculated on a basis of rate constants

(direct and reverse) of electron-molecule processes obtained by application of the package [ 12].

Gas temperature was calculated with using of energy defects of plasma chemical reactions. Rate

constants of plasma chemical reactions were chosen from [7-11, 13]. During typical gasdynamic

times we disregarded processes of thermal conductivity and diffusion of particles. Values of the

electric field strength and of excitation by the fast electrons were considered to be constant

during calculations.

In Fig. 1-4 one can see results for standard conditions of the experiment [5]. At that we

used the average velocity of excitation by the fast electrons over the electron range (the reduction

factor for the excitation velocity is W= 1 W/cm3 = 6.25- 1018 eV/(cm3.s)).

In Fig. one can see the temporary evolution of the electron and gas temperatures in the

combined discharge. In Fig.2 one can see the temporary evolution of the concentrations of

charged particles. In Fig.3 one can see the temporary evolution of the excited particles in the

plasma, and in Fig4 the concentrations of oxygen atoms, 0, and molecules NO.

Parameters in figures are represented in the following units: temperatures are in 100 K,

concentrations of particles are in 1012 cm-3, time is in microseconds, pis.

Obtained results show that there takes place decreasing of 02 molecule concentrations in

the plasmachemical reactions. Simultaneously takes place generating of 0 atoms and later the

transformation of these atoms to NO molecules in reactions with N atoms.
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Fig.l. Temporary evolution of temperatures in the plasma of the combined discharge

(temperature - in 100 K, time in ps).
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Fig.2. Evolutions of charged particle concentrations in the combined discharge plasma: e-
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Fig.3. Evolutions of the excited particle concentrations in the combined discharge plasma:
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Fig.4. Evolutions of concentrations of atoms 0 and molecules NO in the combined discharge

plasma (concentrations are in 1012 cm-3, time is in pIs).



The concentrations of 02, 0 and NO are considerably higher than those of charged particles and

of electronically and vibrationally excited 02 molecules. Hence Namely 02, 0 and NO particles

can play the key role in combustion processes at addition of a hydrocarbon fuel to the plasma to

a mixture. The combustion processes can be essentially retarded at accumulation with the

decrease of 02 and 0 concentrations.
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Fig.5 Evolution of concentrations of atoms 0 and molecules NO in the combined discharge in

the absence of the excitation by fast electrons (concentrations are in 1012 cm 3 , time is in jis).
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Fig.6. Evolutions of concentrations of atoms 0 and molecules NO in the combined discharge at

low excitation by fast electrons.
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Fig.7 Evolutions of concentrations of atoms 0 and molecules NO in the combined discharge at

strong excitation by fast electrons
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Fig.8 Evolutions of excited particle concentrations in the combined discharge at strong excitation

by fast electrons

In Fig. 5-7 one can see the temporary evolution of atoms 0, molecules NO, excited and

neutral particles at weak and strong (with respect to the standard one presented in Fig. 1-4) levels

of the gas excitation by the fast electrons in the combined discharge.

Our calculations show that the existence of fast electron excitation in the combined

discharge can essentially change times of active radicals 0 accumulation and decreasing of the

02 molecule concentrations, i.e. to realize the selective impact to the accumulation of the

chemically active particles in the plasma.

Discussion

Obtained results show that in conditions of the experiment [5] in the combine discharge the

generation of active particles takes place. At that the strong excitation of the media can lead to

quick transformations of active radicals (0) to other particles (NO), which are not of great

interest from the point of view of plasma assisted combustion. So there is a question if the



process of 0 atoms transformation to molecules NO is important in case of gas discharges with

strong excitation of molecules, say in discharges with high parameter E/N - 3 -10-1' V.cm2 (300

Td).
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Fig.9 Temporary evolution of 0 and NO concentrations at strong excitation in the glow

discharge at 20 Torr
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Fig.10. Temporary excitation of excited molecules at strong excitation in the glow discharge at

20 Torr
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Fig.11 Temporary evolution of 0 and NO concentrations at strong excitation in the glow

discharge at 200 Torr
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Fig.12. Temporary evolution of excited molecules at strong excitation in the glow discharge at

200 Torr (concentrations are in 1012 cm-, time is in gs).

We have calculated temporary evolutions of excited and chemically active particles in

these conditions. One can see from Fig.9-12 that in the case of the glow discharge at high E/N

values the quick transformation of atoms 0 into NO also takes place, and even more sharp

decreasing of 02 molecule concentrations is observed. So it can be supposed that namely the

processes with these particles, but not with excited ones, put limits to the temporary ranges of

applicability of glow discharges with the strong molecule excitation to the combustion problems.

Condusions

On a basis of the combined discharge model it was revealed that this discharge can realize

the selective generation of atoms 0, molecules NO and decreasing of 02 molecule concentration

in the plasma.

Note that independent variation of the E/N value and the rate of fast electron-gas excitation

W in the combined discharge allows to optimize the stimulating combustion processes in a flow.

It was shown in the presented work that the transformation of the oxygen atoms 0 into

molecules NO and sharp decreasing of the 02 molecule concentrations at strong discharge -gas

excitation (high values of EIN parameter) puts limits to typical times of their application for the

combustion problems.

References

1. Bychkov V.L., Grachev L.P., Esakov I.I., Deriugin A.A. and others. Numerical and

experimental investigation of supersonic flow around blunt body at the existence of the

longitudinal discharge. Preprint of Keldysh Institute of Applied Mathematics, RAS, 1997, X2

27, Moscow.

343



2. Chernikov V., Dvinin S., Ershov A., Shibkov V., Surkont 0., Timofeev I., Van Wie D.

Parameters and peculiarities of the transversal gas discharges in supersonic flows. AIAA-

2001-3085. 32 nd AIAA Plasmadynamics and Lasers Conference and 4&h Weakly Ionized

Gases Workshop 11 - 14 June 2001. Anaheim, CA.

3. Ardelyan N., Bychkov V., Gordeev 0, Ershov A., Timofeev. Peculiarities of transversal

discharge in a flow as non self maintained in air. International Symposium Thermochemical

and plasma processes in aerodynamics. Saint-Petersburg 15-19 July 2002, Holding

Company Leninets P. 138-146.

4. Klimov A.I. External and internal plasma assisted combustion. Ibidem. P. 173-178.

5. Klimov A., Bityurin V., Vystavkin N., Kuznetsov A., Sukovatkin N, Vasiliev M,

ManokhinA. Supersonic airflow around model E with plasmoid created by combined

discharge. The 5-th intern. Workshop on Magneto Plasma Aerodynamics for Aerospace

Applications. Abstracts. Moscow 7-10 April 2003. IVTAN. P.33-35.

6. Ardelyan N., Bychkov V., Chuvashev S., Kosmachevskii K., Malmuth N. Modeling of

plasmas in electron beams and plasma jets for aerodynamic applications. AIAA-2001-3101.

32nd AIAA Plasmadynamics and Lasers Conference and 4 1h Weakly Ionized Gases Workshop

11-14 June 2001. Anaheim, CA.

7. Zarin A.S., Kuzovnikov A.A., Shibkov V.M. Freely localized microwave discharge in air.

Moscow. Neft i gas. 1996.

8. Akishev.Yu.S., Deriugin A.A., Karalnik V.B., Kochetov I.V., Napartovich A.P., Trushkin

N.I. Experimental Studies and Numerical Simulation of Glow Constant Current Discharge of

Atmospheric Pressure. Fizika Plasmy. 1994. V. 20. N. 6. P. 571-584.

9. Eliasson B., Kogelschatz U., J. de Chimie Physique. 1986. V.83. P.279.

10. Maetzing H. Chemical Kinetics of Flue Gas Cleaning by Irradiation with Electrons. Adv. in

Chemical Physics. V. LXXX/Ed. by I. Prigogine and S.A. Rice. ISBN 0-471-53281-9 ©

John Wiley & Sons, Inc. (1991).

11. Kostinsky A.Y., Matveev A.A., Silakov V.P., Plasma Sources. Sci. Tech. 1992. V.1. N.3.

P.207.

12. Gordeev O.A., Khmara D.V. Package of programs of kinetic properties of gas discharge

plasma. Matematicheskoe modelirovanie. 2001. V. 13.N.9. P.3-22.

13. Konovalov V.P., Son Degradation spectra of electrons in gases. In Collection of works

Khimia Plazmy. Ed. Prof. B.M.Smirnov, V. 14, Moscow, Energoatomizdat, 1987, C. 194 -

227.


