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The temperature of nitrogen molecules in streamer discharge in point-to-plane electrode system was determined
by using optical emission spectroscopy. The emission spectra of streamer discharge in air, in a wavelengths range
300...400 nm, were studied. The electronic-vibrational-rotational structure of (0-0) — band emission spectrum of
N?* nitrogen system (C3’HU-B3Hg transitions) was analyzed for different points along streamer propagation in
discharge gap. The gas temperature was calculated on the basis of measurements of relative intensities in the
rotational structure of the spectra. It was shown that gas temperature in the discharge gap varies in the range of
380...730 K. It was noted that for different discharge conditions the gas temperature in vicinity of the anode and
cathode area is higher than in the central part of the discharge gap.
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INTRODUCTION

Investigations of plasma-chemical [1,2] and the

physical processes [3] which occur in the gas discharge
plasma require information about gas temperature
distribution in the discharge gap. In particular it is
important to prevent the spark breakdown which mainly
depends from the value of the gas temperature [4].
There are many methods for measuring the temperature
of particles in gas discharge. Optical emission
spectrometry methods are widely used as they are non-
contact, have no perturbation effects on the object of
study and provide high precision measurements.
In current paper the spectrometric method based on
measurements of relative intensities in the rotational
structure of emission spectrum was used to measure the
distribution of gas temperature in the streamer discharge
in ambient air. The electronic-vibrational-rotational
structure of (0-0)-band emission spectrum of N*
nitrogen system (C°I1,~B°[l, transitions) was analyzed
for different points along streamer propagation in
discharge gap to determine the temperature.

1. EXPERIMENTAL SETUP

Experiments were carried out using the experimental
setup schematically shown on Fig. 1.
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Fig. 1. Schematic diagram for the experimental setup

The optical bench consists of optical discharge cell,
quartz condenser, double dispersion monochromator-
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spectrograph "Solar-Tii" MSDD-1000 equipped with
high-speed photomultiplier tube Hamamatsu R9110. To
provide high spectral resolution in a wavelength range
200...500 nm a double diffraction grating with 2400
grooves per 1mm was used. The reciprocal linear
dispersion of the diffraction grating is 0.41 nm/mm. The
Hamamatsu R9110 high-speed photomultiplier tube has
a spectral bandwidth of 185...900 nm and signal pulse
rise time of 7. =2.2ns. The software PC-Lab2000

allows to acquire the emission spectrum on computer
and visualize the spectrum in real time mode.

2. RESULTS

2.1. INVESTIGATION OF SPECTRAL
CHARACTERISTICS OF THE STREAMER
DISCHARGE

The emission spectra of the streamer discharge
radiation were registered. All the streamers occur in
regime in which they cross the discharge gap.
Measurements were carried out at air pressure of
P=1 atm. The discharge gap was 8 mm. The emission
spectra were registered from the cathode and anode
regions and from central part of the discharge gap along
streamer propagation with the step of 1 mm.

The emission spectrum of the streamer discharge
radiation within the wavelength range of 300...400 nm
is shown on Fig. 2. The obtained spectrum corresponds
to N* nitrogen system [5].
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Fig. 2. The emission spectrum of the streamer discharge
in wavelength range 300...400 nm. The wavelengths of
spectral lines edges and the corresponding vibrational
levels are marked on the spectrum
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Spectral line A = 337.1 nm (C3Hu, v - B3Hg, V"

v'=v"=0 transition) was used to study the rotational
structure of spectra and to determine the rotational
temperature of N,. Selection of this line was caused by
its highest intensity within the investigated wavelength
range.

2.2. MEASURING THE N, ROTATIONAL
TEMPERATURE

Measurements of relative intensities of rotational
lines at (0-0)-band of N** nitrogen system were carried
out in the wavelength range 334...336 nm (Fig. 3) with
high spectral resolution in wavelength (AA~0,0125 nm).
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Fig. 3. Rotational structure of C*11,(0)-B°I1,(0) band.
Spectrum obtained from vicinity of point anode.
Parameters of the streamer discharge: applied voltage
U = 8.9 kV, the average discharge current 1= 37 uA

The P, Q and R branches of electronic-vibrational-
rotational (0-0)-band of N,** were identified from
obtained spectrum (see Fig. 3). The rotational single
lines of R-branch are clearly visible at Fig. 3. The (R;)
numbers at Fig. 3 indicate on the rotational quantum
numbers for given rotational transitions. It is important
to note that due to high spectral resolution in
wavelength, the groups of triplets were identified [6].
Each of triplets (R;) caused by different spin projections
on the axis of the nitrogen molecule.

To determine the rotational temperature of N, it is
necessary to use only a spectral range in which there is
no considerable superposition of the spectral lines and
the intensity of R-branch dominates on intensities P and
Q branches. Analysis of the spectrum (see Fig. 3) shows
that only single lines of R-branch with rotational
quantum numbers J=20...29 can be used for
calculation the N, rotational temperature.

The intensity of rotational line is given by the following
equation [7]:

B, B.J (J +1)
()~ A —5-S exp| ——=——— |, o))
) kT, Y p[ KT, J
where S,.;. — the Henley London intensity factor [8];

A — transition wavelength; F(J')=B,J (J +1)- the
energy of rotational levels of the molecule; 7', —
rotational temperature; Be' — rotational constant; J' —

rotational quantum number of the upper energy level;
k — Boltzmann constant.
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Equation (1) was obtained with assumption of
Boltzmann distribution of the rotational levels
population. The relationship between the experimentally
measured line intensity and the rotational temperature
7', of the excited state of the molecule can be used to
determine the rotational temperature value. The relation
(1) can be used for determining the rotational
temperature only in case when the linear dependence
1(4) _on F(J") exists in the experiment. It is very
A8,
important to observe that linear dependence during the
experiment. If the linear dependence violates we can not
use the equation (1) for determining the rotational
temperature.
Analysis of the emission spectra that were registered
from different points along streamer propagation
allowed to determine the distribution of the rotational
temperature in discharge gap. The typical distribution of
the N, rotational temperature in discharge gap is
presented at Fig. 4.
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Fig. 4. The distribution of the N, rotational temperature
in discharge gap. Streamer discharge. Air pressure P =
1 atm. Discharge gap 8 mm, applied voltage
U = 7.6 kV, the average discharge current | = 45 u4,
current pulse repetition rate T = 56 us

Fig. 4 shows that the rotational temperature in
discharge gap varies from 380 to 730 K. The gas
temperature in the discharge gap has maxima in vicinity
of the anode and cathode area. In the central part of the
discharge gap, the gas temperature doesn’t exceed
400 K and then gradually increases to the cathode
direction. It is necessary to note that such trend
preserves at entire range of applied voltages in burning
regime when streamers cross the discharge gap.
Generally the relationship between the measured
rotational temperature 7', and the gas temperature Tq
depends on the time of establishment of local
temperature equilibrium. In the case when the frequency
of collisions v, of excited molecules with gas molecules
is much higher in comparison with the frequency of
spontaneous emission Vg, the relation fr:Tg can be
used [9]. Estimations, for typical conditions of our
experiments, show that the time between collisions of
molecular nitrogen in the ground state N,(X* %y equals
to  t=1N=MV= 0.19:10°. A-mean free path, V,—
thermal velocity of molecules. Collision cross-section
was taken as 0=4.31-10"° [10], the radiative
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lifetime of N,(C°1,) according to [11] equals to T,
=1/vs= 37-10°. As the result for streamer discharge at
atmospheric pressure the relation t,>> 1. is realized and
the relation 7', = T, takes place regardless of the
mechanism of excitation and deactivation of CI1, state.
Therefore the distribution of rotational temperature that
is shown at Fig. 4 corresponds to the distribution of the
gas temperature along the track of streamer propagation
in discharge gap.

CONCLUSIONS

The emission spectra of the N** nitrogen system for
streamer discharge in air in the wavelength range
300-400 nm were studied. Distribution of emission
intensity in electronic-vibrational-rotational bands, that
correspond to C°[, — B°I, transitions of molecular
nitrogen, was analyzed.

The N, rotational temperature for different regions of
discharge gap was obtained by measurements of relative
intensities in the rotational structure of (0-0)-band of
N?* emission spectrum. It was shown that the gas
temperature on the needle anode (642 K) and flat
cathode (726 K) is higher than the gas temperature in
other regions of the discharge gap. In the middle of the
gap the temperature reaches a minimum (380 K).
Theoretical calculations and estimations were made and
the correlation between the N, rotational temperature
and the gas temperature was demonstrated. It was
shown that at the typical conditions of experiments the
N, rotational temperature equals to the gas temperature.
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PACIIPEAEJIEHUE TEMIIEPATYPBI 'A3A B CTPUMEPHOM PA3PSAE B BO3AYXE
O.B. boaomos, B.U. I'onoma, C./1. I'ypmoeoit

IIpoBeneHs! nccIe0BaHUS KaTOJOHAIPABICHHOTO CTPUMEpPA B PEXKHUME 3aMBIKaHUSA UM Pa3psIHOTO IPOMEXYTKa
0e3 mepexoaa B HMCKPOBOW MpoOOH. 3apernucTpupoBaHbl CIEKTPHl MU3IYUYEHHUS BTOPOH MOJIOKHUTEIHHOW CHCTEMBI
azora B quanazone uidH BosiH 300...400 M B Bo3ayxe. C MOMOLIBIO aHaIM3a BpallaTEIbHOW CTPYKTYpHI CIIEKTpa
a3oTa OIpejelieHa BpalaTesbHas TeMIepaTrypa MOJIEKyYJ a30Ta B pa3HbIX ydacTkax ( ¢ maroM | MM ) pa3psiiHOTO
npoMexyTka. [loka3aHo, YTO BpallaTeNbHBIE TEMIIEPATYphl ra3a Ha WIOJIbYaTOM aHOJE M IIJIOCKOM Karoje
NPEBBIIAIOT TEMIEPaTypy ra3a B CEpeAMHE pa3psJHOTO NPOMEKyTKa. [IpoBeieHBI OLEHKH M OIpeaeseHa
B3aMMOCBSI3b MEK/y BPAIIATEIILHOM TeMIIepaTypoi MOJIEKYJI a30Ta M TEMIIepaTypoii rasa.

PO3MNOAIJI TEMIIEPATYPU I'A3Y B YCTPUMEPHOMY PO3PS I B ITIOBITPI
O.B. bonomos, B.1. I'onoma, C/I. I'ypmoeoi

[IpoBexeHo HOCTiKEHHS KaTOAOCIPAMOBAHOTO CTPUMEpPA B PEXXHUMI 3aMHUKAHHS M PO3PSAHOTO MPOMIKKY 0e3
nepexony B iCKpOBUH MpoOidi. 3apeecTpoBaHO CIEKTPU BHUIPOMIHIOBAHHS JAPYTOi MO3WTHUBHOI CHUCTEMH a30Ty B
niana3zoHi poBxuH XBWiIb 300...400 HM y TOBITpi. 3a JOMMOMOTOI0 aHaJi3y 00epTAIbHOI CTPYKTYPH CIIEKTpa a30Ty
BH3HAaUeHAa 00epTalbHA TeMIlepaTypa MOJIEKYJ a30Ty B Pi3HHX MisHKAX ( 3 KPOKOM 1 MM ) pO3pSIAHOTO MPOMIXKKY.
[NokazaHo, mo oOepTanbHi TEMIIEpaTypy Ta3y Ha ror4acToMy aHOJ 1 IIIOCKOMY KaToJli IepPEeBUILYIOTh TEMIIEPATYPy
rasy B CEpeAMHI PO3PSIHOTO NPOMDKKY. [IpoBeseHO OIHKM 1 BH3HAYEHO B3a€MO3B'A30K MK 00€pTaIBHOIO
TEMITEpaTypOIO MOJIEKYJI a30Ty 1 TEMIEpPaTypolo rasy.
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