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On measurement of neutral gas temperature
In the plasma of a spark plug

The temperature of neutral gas in the piasma of spark in the spark piug is determined from the distribution of intensities of
spectra) lines in fine rotational structure of band spectrum. Spark plug was placed in a pressure vessel with nitrogen. All processing

of nitrogen molecular spectra performed on a computer.

1. Determination of temperature
from the vibration-rotation spectrum

A temperature of a neutral gas in a plasma can
be determined from the distribution intensity of
spectral line in hue rotational structure of a band
spectrum [1]. The corresponding temperature is
called a rotation one. The expression for the dependen-
ce of the intensity 7 of a spectral line on rotational
guantum number 7 in the vibration-rotation spectrum
[1] can be modified to the form
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where A (with sufficient accuracy for a considered
band) is a constant, 7' is a quantum number of internal
rotation for upper energy state, -9 is determined by
Honl-London's equations [1] for individual branches
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where 7" is a quantum number of internal rotation
for lower energy state, A A, c are Planck's and
Boltzman's constants and light velocity in vacuum,
respectively; 7?7 is rotational constant of upper vibra-
tion state specific of a given molecule.

The dependence of In(7/5)) on 8'-7'(7'+1) s
linear of the type y = A'XXx, where A' is the y-
-intercept of the line, A is its slope; therefore:
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If the slope is determined experimentally, the
temperature T could be calculated from the formula:

Ir-c
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A more detailed description of numerical calcu-
lations of the temperature will be presented below.

2. Experimental

A block diagram of the experimental equipment
s shown in fig. 1.

W

Fig. 1 Block-diagrams of experimental

set-up: AX — accumulator; ZF — system of

plug ignition, 7W — pressure vessel for spark

plug; F — bomb of N2; Oi, O2 — optical

systems in front of spectrograph; FF —
spectrograph

A sparking process has been used as a generator
of spark discharge. From many known sparking
systems, one of the most advanced, namely thyristor
sparking, has been selected [2]. This system achieves
the best parameters required and enables the simple
electrical control of spark start.

The grating spectrograph of PGS-2 type has been
used. Experiments were performed in the area of the
1st diffraction order with reciprocal linear dispersion
7,4 [A/mm]. Spectrum was registrated on the photo-
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graphic piate and subscquentiy processed by a
recording microphotometer.

3. Measurements

The structure of N. band 380.5 nm (0-2 band
of the 2. positive group) has been investigated. This
band was selected for measurements because its
individual lines were the best resolved ones in the
observed spectrum, and they were not overlapped
by the lines of adjacent bands. 0-2 band cf N. is
comprehensively described by HERZBERG [1]. His
monography presents also the values of vibrational
and rotational constants for N. molecule. Since
the 0-2 band covers the wavelength range from 735.0
to 381.0 nm, blue light sensitive photographic plate
has been used.

Exposure time varied from 45 minutes up to
2 hours, according to the parameters of sparking
system.

Examples of spectra are presented in Ag. 2.

In order to identify a line in a band spectrum
the branch (R, P or 0 to what the line belongs and
the rotational quantum number of the line must be
known.

Fig. 2. Examples of spectra: a) vibration transitions:

b) vibration transitions: 1-0, 0-0, 0-1; frequencies: 40 Hz, 50 Hz, 100 Hz; p =

0-0, 0-1,1-3, 0-2; pressures— 6.5 atm, 5.0 atm, 3.0atm,/=

0/; MMiMwe/w?:? o/ weMfra/ lempera/Mre..

It is advasible that the intensity of line of individual
branches be known. By means of a computer
programme [3] we have calculated distributions of
intensity in P, P,  branches for several bands of N2
molecular spectrum and for different temperature. The
kind of the calculated intensity distributions helped
us to identify observed lines. It has been shown, that
well resolved part 0-2 band (the region of wavelengths
shorter than 7~ in Ag. 3) corresponds solely to the
branch R. It has been observed that towards the
head of the band, the minima between lines are
increasing (see Ag. 3). This is caused by a overlapping
of the R and P branches. This region is not suitable
for measurement of temperature.

Within the spectral range suitable for the measure-
ment the wavelength, and consequently, rotational
guantum number for each of the observed lines, was
determined. Quantum number of internal rotation is
the Arst entry for the computer. Relative intensity
of a corresponding line is the second (and the last)
necessary entry for the computer.

Relative intensity of the line was obtained by
means of a characteristic curve of photographic
plate assuming that the optical density is known. The
characteristics curve, i.e. a plot of optical density
values ™ vs. logarithm cf intensity 7 [4], is deAned if

160 Hz.
1 atm
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coordinates of the points /i,7?, C and D on 6g. 4
are known.

Characteristic curve was constructed from the
spectrum photographed through a 6-stage iiiter with

n

Fig. 4. Characteristic curve of spectral plate
BLAU RAPID

the known transparencies of individual stages. From
this spectrum a suitable line was selected along which
a microphotometer record was performed. Then log
7 was computed for a given optical density & Long 7
determined from experimental data by means of
characteristic curve was calculated in a computer.

4. Calculation
of rotational temperature

As it was mentioned above, the rotational tem-
perature can be calculated from the equation (4).
Using 7?'7'(7'+I) as abscissa, and In7/,S) as ordinate
we can constructed a plot from the experimental data.
Rotational temperature T can be then determined
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from the slope of the line obtained. The slope of the
line and, consequently, the temperature, was determ-
ined by computer employing the least-square-method.
Example of calculated resultes and the plot of 7/.5)
vs. 77 7' (/'+1) dependence are presented in fig. 5.

5. Experimental results

Temperature of spark has been measured for
different values of spark ignition frequency and of gas
pressure in the spark-gap. The frequency varied from
40 to 250 Hz (lower frequencies roughly correspond
to high revolutions of engine). Gas pressure was
changed from 1.0 to 8.1 atmospheres. Energy 7t on
spark-gap electrodes (evaluated from the voltage on
capacitor with known capacity) varied from 24 to
97 mWs. The spark plug employed was that of PAL
14-7 type.

Results are presented in tables 1-4, and figs. 6
and 7.

Table 1
Dependence T(p) by /= 160 Hz, 15=
= 80 mWs, plot 1
p [atm] 1.0 3.0 5.0 6.1
T[K] 2100 2600 3000 2200
Table 2

Dependence T(p) by /=40 Hz,
A= 80 mWs, plot 2

p [atm] 3.0 5.0 6.5

T PG 2700 3300 1400



Z. Chorvdtova, R. Hajossy

H<' I/

1289.8480  1380.4571  1471.0663 1561.6754  1652.2846

Fig. 5. Example of calculation of temperature, and plot constructed by computer

6. Conclusion

1. From a relatively large amount of computed
plots it follows that In (7/5)) vs. B'-J'(J3"+1) is really
a linear dependence. This fact proves that presented
theoretical approach is suitable for the measurement
of the plasma temperature between the electrodes
of a spark plug.

2. The mean temperature during the spark life
has been determined.

3. The values of the temperature varied within
the interval 1200-3000 K depending on the experimen-
tal conditions.

In-L CHART !
-0.6858
-0.6616
-0.6131
-0.5889
-0.5646
-0.5404
-0.5161
-0.4919
-0.4676
-0.4434
).1930 836.8022 927.41 13 1018.0205 1108.6297 1199.2388
P(2) = -.00026328
**x*  TR= 2373.3472 X ***
Table 3
Dependence TQ?) by /=100 Hz#
E = 97 mWs, plot 3
p [atm] 3,0 5.0 7.0
T [K] 1300 1500 1800
Table 4
Dependence T(p) by ~ = 1.0 atm,
E = 97 mWs, plot 4
/[H z] 40 50 100 150 200 250
T[K] 1200 2400 2300 2000 1800 2750

Fig. 6. Plot of spark temperature T vs. gas

pressure
V- F = 80 mWs,/= 160Hz; 2 - ~ - 80 mWs,
/= 40Hz; 3- F = 97mWs,/= 100 Hz
W
n w ™ WC 700 ™ 7/zl

Fig. 7. Piot of spark temperature Tvs. sparking frequency
(tab. 4)

18

4. The dependence of T on the pressure exhibits
a maximum. Physical reasons for the maximum are
yet unknown.

5. Errors of individual measurements were trea-
ted according to the theory of errors [5]. Deviations
of individual measurements reached approximately
7%. Only in a few cases the error was higher than
10%, but it did not exeed 15%.

6.  Certain inaccuracy of the method presented is due
to neglecting the triplet structure of rotation spectrum
(the structure can be seen in the spectrum record).

7. 1t follows from the measurements that in-
creasing pressure is accompanied by the increasing
intensity of a continuous spectrum superimposed
upon the discrete one. The method of rotational
temperature can be employed in measurement of
temperature up to the pressures of 10 atmospheres of
N:. At higher pressures the temperature has to be
evaluated from the continuous spectrum.

8. The data found in the available literature refer
only to the temperature of spark plug electrodes, the
proper temperature of plasma channel between the
electrodes being not given. The method of rotational
temperature enables to determine this parameter.
It may be used when different types of spark plugs are
to be compared.
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V3mMepeHWe TeMnepaTypbl UHEPTHOrO rasa
B M/a3Me 3anajibHol CBeum

OnpefeneHa TemnepaTypa WHepTHOro rasa B Masme
3anasibHOl/i CBeYM Ha OCHOBe pacnpefeneHns ChneKTpabHbIX
JINHWI B TOHKOW BpaLLaTe/ibHOM CTPYKTYpe MOI0OCHOT0 CreKTpa.
3ananbHasA cBeya 6Oblna NMoMelleHa B HarmopHOM cocyfje B ar-
Moctepe asoTta. AHanM3 MOMEKYNSAPHbIX CMEKTPOB BbIMoJI-
HEH C npumeHeHnem 3LIBM.
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