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Abstract. The ignition sparks generated by thes@tas spark plug do not always assure a fast and
complete combustion of the mixture hydrocarbon-Bior this reason we propose a new type of
double spark plug using two simultaneous dischaggrserated by a pulsed high voltage power
supply. This work presents the spectroscopic aizabfsthe plasma generated by the classical spark
plug in comparison with three electrode spark pkigplied with trains of pulses containing one or
two pulses with variable width. The experimentsénéeen done in air at normal pressure. Because
the spectra obtained are clear, stable and repeatatvas possible to determine the temperatures i
the plasma column using a spectroscopic diagnostithod based on the OH UV molecular band
spectra.

1. INTRODUCTION

The efficiency and the quality of an ignition syatéor internal combustion
motors require a fast and complete burn of the fydrocarbon-air mixtures at
high pressure. It was proved that the reducingxbhast emissions of the engines
can be obtained using a low concentration of hyaitmans in the mixture with air,
which leads to a lower fuel consumption, [1] andirareasing of the combustion
quality needs a more important energy providedh¢ospark, [2].

The ignition system proposed consists in the geioeraof an electrical
discharge between the spark plug electrodes, ablessure a larger and more
homogenous volume of the plasma in the engine a@gtinNakamura, [3], has
proposed to use more ignition points for a cylindguipped with several classical
spark plugs and he noticed that the combustion ecy®lolves faster, the
compression ratio of the motor increases and tle puxture of hydrocarbons
reduces the concentration of some pollutants.

Taking into account the conclusions mention abowew ignition system has
been proposed and tested in a high pressure atoredO bars), on an engine
testing stand (EX1000 type), [4, 5]. The systemsisia in a double spark system,
with three electrodes, that uses two simultane@asks generated by a 100 Hz
pulsed high voltage power supply, Figure 1. Thst falectrodel, is connected at
the high voltage, the secorg],at the ground and the thir8, located between the
two others, free of potential. The power supplydui® the experiments uses an
ignition coil (VW AG type) driven by a micro-systerhased on AT89S52
microcontroller. It permits to choose the pulseation time (fixed at 1.6 ms in our
working conditions), but also the shift control thfe pulses and therefore the
possibility to control the ignition timing of thembustion process.



Lens

Spectrometer
ACTON

g

Computer

Tgnition coil

Power supply

Figure 2 - Experimental set-up for
spectroscopic analysis

- '.. : -,.~_;;
Figure 1 - Double spark plug.

2. EXPERIMENTAL SET-UP AND RESULTS

The spectroscopic analysis of the spark electdlharges was made in air
at atmospheric pressure using the experimentalipethown in Figure 2: the
plasma image is focused using quartz lens, directtp the inlet slit of a
spectrometer ACTON 750i (750 mm focal length) epgeib with intensified CCD
camera. The exposure time was set to 10 ms torateegn one period of the
process, but to increase the signal to noise ratie, accumulated on 100

acquisitions.
The spark plug was placed on a step by step metbriable. Then three
distinct areas of the discharges can be study®idesee Figure 1. | — the spark

plug inner electrode; Il — area near by the wasinelr Il — between the washer and
the ground electrode of the spark plug. The emiitdtt was spatially integrated
on the corresponding region shown in white boxesigure 3: on can observe that
the spark ignites almost always in the same positamd on can consider that,
during a complete record (100 accumulations), @airplasma zone was studied.
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Figure 3 — Observed zonet,{= 10 ms; 100 acc.)



In order to determine the rotational temperaturthefplasma, a method based
on comparison between experimental and theoretmational structure of the
molecular emission spectra of the OH band at 306188, [6], has been used.
S.Pellerinet al. [6] have shown that (assuming excitation equilibriin the
plasma, and knowing the spectral line intendify; for a given rotational
temperaturel’ (e.g. 3000 K)) the experimental spectrum intenkityof the same
lines for the rotational temperatufecan be determined using the equation:

QY err
nm — Inm (l)
Q(T)

whereQ(T) is the partition functionk, — the energy of the state andkgz — the

Boltzmann constant and— the temperature.

The line emitted by hot gases are broadened berdiit effects, but in our
experimental conditions, broadening of spectraédirresults mainly from the
convolution of the emission spectrum with an expental apparatus function,
which is supposed to be Gaussian with a full watthalf maximunmii,

Then, the comparison of experimental data with talgese of theoretical
spectra taking into account the values Tofand 44, allows evaluating the
rotational temperature in the plasma sources. dedatly, an accurate
determination of the rotational temperature canpbgormed from the ratio of
several head bands or isolated lines chosen in [6]:

- In a first stage of the spectroscopic diagnostethod, the offset, considered as
linear, was extracted from the experimental spedtyausing Origin software,
Figure 4. The spectra are then normalized witHitleeG; 1.

- Considering the result, the experimental apparétaction was determined by
analyzing the peak&., 4, and 4, (See Figure 4) that can be considered like
relatively well-isolated. Each of the three pealeswexamined by matching with
a Gauss profile (See Figure 5), obtaining a meatcalpapparatus function
Al app=0.026 nm.

- Rotational temperature is then evaluated usirgy rditios Rj=I/lg; between
amplitudes of peakky, o, 122 andl,, advised in [6] identified on Figure 4, by
interpolation of data given by S.Pelleghal [6].
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Figure 4 — Typical recorded spectrum Figure 5 - Evaluation of the apparatus

with the extraction of the offset function using Gauss profile.



Rotational temperatures obtained in the three rdiffe areas of the double
spark plug, are presented in Table 1. We can rut the value of rotational
temperature decreases from zone | to zone lll. Tais be explained by a higher
thermal exchange between the spark and the envimoinm

Spectra R Temperature Average value
(K) of the
temperature (K)
| - in the vicinity of the spark plugs centrdl R;=1,53 2700
electrode R14+=1,08 2700 2800
R,,=1,07 3000
Il — above the washer Ri,=1,44 2500
R14+=1,07 2700 2500
R,,=0,82 2300
Il — between the washer and the body df R;,=1,05 1700
the spark plug R1,=0,99 2200 1967
R,,=0,79 2000

Table 1. Average values of the rotational tempeeator each area

3. CONCLUSIONS

The experimental tests and analyze have demordstitzde the ignition device
with double spark, that assure a greater volumgismharge, are applicable in real
working conditions in the case of an internal costlzun motor.

Regarding the spectroscopic analysis, the sperratable and repeatable and
we have verified that the light intensity of theadp increases with the pulse
duration. The error in calculating the rotatiorethperature can be reduced by the
elimination of the background noise and by choosihghe apparatus function.
However, more intense thermal stress of the spdulg [n its upper part is
considered for its construction in order to inceeés reliability in operation.
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