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1. General Objectives

The general objectives are referring to the tgstialidation, implementation and
spectroscopic investigation of a plasma ignitiomicke for an internal combustion motor
(EX1000 type) in order to increase the rapidity dnel quality of the fuel combustion,
therefore the reducing of pollutant emissions. Tethod consists in the generation of
one or more successive electrical discharges batwee spark plug electrodes able to
assure a larger and more homogenous volume ofdkenp in the cylinder.

Among the principles mention above the first ons baen proved to be more
effective and easier to set up from a technicahtpoi view. The two ignition sparks are
obtained by interposing between the electrodes déssical spark plug of an auxiliary
electrode.

2. Objectives of the execution phase of the project

a) The improvement of the electronic ignition systérhe study of the opportunity to
implement a supersonic electrical discharge Glidgpe, in addition with the ignition
system.

b) The set-up of the ignition system on the monirdgr motor.

c) The testing of a supersonic electrical disch&gdarc type set up at the outlet of the
exhausted gases path in order to reduce the pailetaissions.

d) The set-up of electrical discharge Glidarc typ® a miniature chamber (made of
guartz or metal) in order to study the combustion.



3. Abstract

The activities of the Romanian partner correspopdanthe 2nd research phase
were:

1. The set-up of a metallic high pressure miniathramber in order to study the
combustion. In a last design phase a pressureglestdc probe set up in the spark plug
body have been used, instead a shock absorbedeylif the explosion in the moment of
ignition.

The initial idea of the real time analysis of tHagma generated by the ignition
spark (using spectroscopic analysis of the lighhal of the discharge through an optical
fiber) has been possible by using a quartz windaaeninto the pressure chamber. The
practical set up of the miniature pressure chamiaerthe task of the French partner and
the design was made in collaboration of both teams.

2. The optimization of the ignition system

The proposed ignition system consists in two coreptsi the two-spark plug and
the power supply. The improvement of the two-sgatdg was made by attaching of a
potential free electrode in a cavity in the insnigtody of the spark plug. The testing set
up of two-spark plug required a pulsed power supipdy use an ignition coil driven by a
microsystem with AT89C2051, which permits the shsfintrol of the pulses and
therefore the possibility to control the ignitiaming of the combustion process. A set of
new software has been used to optimize the quaiicpmbustion by applying signals of
different waveforms to the primary of the igniticoil. The 3 versions that were used
with the variation limits of the electrical paramet are presented in the technical
description bellow.

3. The set-up of the ignition system on the monadgr motor

For the experimental part an EX1000 motor stanceHasen used, provided by
the French partner, from a third part. Therefoeedkperimental inputs consisted only in
the replacement of the classical spark plug wittdauble-spark one. The motor
characteristics and the comparison of the exhausdsdes in the two cases have been
done. Taking into account the experimental dataaiobtl, which didn't emphasize
significant differences, a decision of deep studywi the two spark plugs design and
control pulses of the power supply by spectroscapthods have been taken. A smooth
working of the motor was observed in the case wiwemsparks plug was used. The
implementation of the new power supply on the metand wasn't performed, which had
been caused a substantial change in its functiondsy was announced in the 1st
scientific report, the motor stand communicate wite computer through a serial port,
through which it loaded the mechanical characiesstgnition timing and as a result the
functioning control of the motor.

4. The study of the feasibility of implementatioh @ supersonic electrical
discharge Glidarc type, for the reducing of polhitgases.

The measurement of the pollutant gases of the metbausting didn't reveal
significant differences for classical and two-spphifgs. More, due to the low power of
the mono-cylinder motor of the stand, the set up stipersonic Glidarc was considerate
inopportune, its influence on the noxious gasesssiom would be very difficult to
analyze for the range of the concentration of tkkaasted gases of the motor. In
addition, the stand is equipped with an electrayatem that compensates the low power



of the thermal motor, for a certain load, and lemd modification of the concentration of
exhausted gases (the concentration of the noxiasssgcan't be considered in direct
correspondence with the motor load).

Therefore, the main aim of the research was focusad comparative
spectroscopic analyze of the plasma produced bytypes of spark plugs for different
impulses wave forms of the power supply.

4. Scientific description. Research results ance€@bjes achievement
degree

The experiments were performed on an EX1000 mdsemdsequipped with a
mono-cylinder motor Honda GX31, with fuel injectioantrolled by an electronic system
based on the microcontroller 68HC11. The influentedifferent parameters on the
mechanical characteristics and exhausted gasesostiiop has been studied. The
experiments were made for the classical spark pfupe motor and also for the two-
spark plug. The experimental data have been puddlighan article that is gone to appear
in a journal considered in IEEE Xplore data bagg, [

The first experimental protocol was referring tce tinfluence of the input
parameters of the stand (motor speed, regulatatiggpgnd motor load) on the output
(fuel consumption, exhausted gases compositionsuaned with a Testo 330-2LL probe).

In Figure 1 is presented the informational flux &mel work principle of the motor
for each of the four times.
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Figure 1 — Schematic of EX1000 test stand



In Figure 2a is presented the theoretical curviheffuel consumption function of
the motor speed, for different position of the raigulator. In Figure 2b is presented the
experimental curve. The position of the air reguiatetermines the combustion mixture
air/hydrocarbons.
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Figure 2 —Evolution of the fuel consumption funatiof the motor speed

In Figure 3 is presented a comparison of the faesamption for the two types of
spark plugs.
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Figura 3 — The comparison of the fuel consumptarttie two types of spark plugs.

In Figure 4 presents the evolution of fuel constiompfunction of the load degree
of the motor for 2 different positions of air regtdr.
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Figure 4 — The evolution of fuel consumption fuootof the load degree of the motor for
2 different positions of air regulator.

The graphic representations of the characterishase been possible by
experimental data acquisition from the mechanidaracteristics of the motor as is
presented in Figure 5 for the motor loads up to 4.
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Figure 5 — The evolution of the fuel consumptiarpsl and motor speed for different
load degrees

On can conclude that the fuel consumption anddleue of the motor decrease
with the air increasing in the combustion mixturBhe fuel consumption varies
insignificantly with the motor load degree, whichdue to the electronic compensation of
the motor power the stand is equipped with.

The two-spark plug didn't increase the fuel constion in comparison with the
classical spark plug.



The motor had a fuel injection system but it wagojuipped with a catalytic
system for exhausted gases treatment. The probe thadmeasurements in real time
when the readings were stabilized.

In Figure 6 is presented the evolution of the @ygoncentration function of pressure
regulator position for 3 different motor speeds.
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Figure 6 —The evolution of the oxygen concentration functidipressure regulator position for
3 different motor speeds.

The experimental data showed a decreasing of ®ygem concentration in
correspondence with the increasing of the loacedp@d regulator position of the motor.

The double-spark plug dimensional is smaller tlansual one, which made
difficult to shape it. The ground electrode was twuimake place for the potential free
electrode fixed in a cavity drill in the ceramicsudator between the high voltage and
ground electrode. The potential free electrode masle from a washer cut and then
shrinks on its place between other two electrotteshe end the washer was welded in
place, Figure 7.

The spectroscopic analysis of the spark electrits¢tharges was made in air
using the experimental set-up shown in Figure 8.
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Figure 7 —Double-spark plug Figure 8 — Spectrogcoasurement set up



In the first phase the spectroscopic analysisdea in the 3 regions of the spark
discharge, Figure 7, for one width controlled pyBje Image of the spark is transmitted
to the spectrophotometer ACTON 750i (750 mm) egedpwith a CCD camera through
a quartz window and an optical fiber. The expositione was set at 10 ms and for 100
acquisition spectra. The spark plug was positiarethe step-by-step moving device and
the light emitted by the spark was spatially ingegd for each of the 3 regions defined by

thee-electrodes, Figure 9.

On can observe that the sparks ignite mostly enséame place and therefore on
can consider that for a complete recording (10Quaedations) a similar plasma zone

have been studied.

In order to determine the rotational temperaturéhefplasma a method based on
the comparison of the theoretical and experimestraicture of the emission spectra of
OH band from 306.357 nm have been used [3].

After background noise removing and using the woetimention above the

following results have been obtained, Figure 18, &able 1.
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Figure 10 — Spectra recordetout offset

Tabelul 1.Average values of the temperature for each arest (fiethod)

Spectra R Temperatur| Average value of the
e temperature (K)
(K)
| - in the vicinity of the spark | R1=1,53 2700
plugs central electrode R14=1,08 2700 2800
R22=1,07 3000
Il — above the washer Ri=1,44 2500
R14=1,07 2700 2500
R2,=0,82 2300
[Il — between the washer and theR;,=1,05 1700
body of the spark plug R14=0,99 2200 1967
R22=0,79 2000




The results calculated with the Method | have be@mnpared with the results calculated
with a similar method, [4], Table By using the second method correspondence between
values reported in Table 2 and rotational tempeseatMas done by using tables for
different values of delta, which is in this case flulse width at half amplituda & 0,031
nm).

Tabelul 2.Average values of the temperature for first areagad method)

Spectra G (a.u.) | Temperature| Average value of
(K) the temperature (K
| - in the vicinity of the spark| Gg/ Get= 2700 2750
plugs central electrode 0,57
G1/ Get= 2800
0,52

On can observe that the values obtained with thi two methods differ
insignificantly. The results obtained have beeretakito account for the double spark
plug design and used on the test stand. On the b#rel the study performed seems to
be original and conclusive, therefore a comparisetween the plasma of the sparks of
the two types of spark plugs have been made. Ti#y dtave been performed on the
classical spark plug divided in 3 regions and thelbde-spark divided on 5 regions, for 3
types of pulses wave forms Figure 11a and 11b.
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Figure 11. Pulses wave forms with variable timeation

The power supply designed uses the microcontrdllEB9S52 that permit the
control of some external devices in the same timelpulse (ex. The control of the
spectrophotometer camera) and in the same timeitsetme width control of the pulses.
Even the signal period were 10 ms the power supply generate pulses of variable
period impose by an external sensor (inductive @en$ the motor). Three different
software have been created as follows:

a) one pulse with period variable between and Z8mfFigure 11a);
b) two pulses per period with the variable pausetbetween themi{;=At;=1.6 msec,
At, = (0, 6.5) msec, Figure 11b)



c) two pulses per period, the first one of const@dmation (0.9 msec), the time gap
between them (1 msec) and the second one of vardinationAt; = (0, 6.5) msec,
Figure 11b.

The double spark plug have been divided in 5 regminstudy as shown below:
| — inferior part of the high voltage electrodd,—Ithe superior part of the potential free
electrode, Il — inferior part of the potential éreelectrode, IV — the middle distance
between the potential free electrode and the gralectrode, V — superior part of the
ground electrode. Adding to this 5 regions the aviorms types of pulses we have
obtained a lot of spectra that are to be analyrelam basis of the results that will be
obtain we look forward to publish at least 2 sdfenpapers.

The data analysis is referring to the identificatas the species formed in plasma
(molecular spectra, atomic spectra), Figure 1yrder to compare them function of the
region of the signal acquired and the wave formthefpulses. In addition the diagnostic
of the plasma will be taking into account
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Figure 12 —Elements identification starting frore tiecorded spectra

The diagnostic part of the plasma consists ingiediminary calculation of the
rotational temperature starting from the OH baminft306.357 nm, [3, 4], and from the
molecular bands of N (end band at 391.4 nm) and N2 (end band at 33W)] Rigure
13. Also, the rotational temperature calculatiomgsa different method, the vibration
temperature and species density will be perfornddThere will be used the band ends
of the second positive system dbrresponding to PRAv = 0 at 337.1 nm, P2Av = -1 at
357.5 nm, P3 Av = -2 at 380.4 nm, P4Av = -3 at 405.94 nm and P%v = -4 at 434.36
nm, Figure 13. The determination of the Boltzmahagram in order to obtain the
rotational and vibration temperature of the speaitisbe also taking into account.
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Figure 13 — The identification of the;idolecular species

5. Annex 1

In order to extend our collaboration the Frenchne had manufactured a high
pressure chamber, Figure 14.
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Figure 14 —The high pressure chamber

With the high pressure chamber a spectroscopitystfi a combustion mixture
and a chromatographic analyze of the exhausted gapessible to be performed.
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6. Conclusions

The novelty of the research project consists & tdchnical solution proposed,
double-spark plug, and also the spectroscopic dstgnalong the spark length that was
performed.

The experiments performed on the motor test staade demonstrated the
applicability in real condition of the double spgokug. This new type of spark plug
provides a longer and a bigger volume of the platimah assures a better combustion
process.

The physical and chemical investigations that havebe done on the high
pressure chamber by the partners involved in tbggr must confirm the quality of the
combustion, main by chromatography analyze of #imested gases.

Up to now, the same fuel consumption and the sathausted gases composition
of a one cylinder motor for both classical and det#park plugs have been
demonstrated. Never the less, the spectroscopigzenamphasized differences in the
nature of the species formed in plasma (identificadn the light length of the spectra)
but also in their energy (by comparison of the aiagé of elements).

On the experimental results, after the data wilpbecessed, two more paper will
be published having the subject the plasma diagnosrThis diagnostic consists in the
rotational and vibration temperature of the pagBobf the plasma and also their density.
First will analyze the influence of the region wldhe signal is taken on the plasma
characteristics and the second one will studyrifiaence on the plasma of the waveform
and the pulses duration.

The two partners involved in this project have lessad a schedule for the further
activities, in which two French students will bevatved. A Romanian graduate student
(Technical University "Gh. Asachi" lasi, Romanidjeady working on the project that
will start a phd. thesis in cooperation with Unisigy of Orleans in 2011.

In January - February 2011 the project direatil make a visit at University of
Orleans (Bourges) as an invited professor wherevitlecoordinate the experiments
concerning the physical and chemical analyze ofcmmbustion in the high pressure
chamber, equipped with all the measurement systdrhs. future phd student will
participate in February next year in the LaboratGiREMI - Site de Bourges under an
ERASMUS fellowship. The results he will obtain inig research activity will be the
basis of his dissertation thesis.

In the same time the Pl of the two research teastisapply for a European
Project FP7, in which 2 more partners will be imeal, from Czech Republic and Poland.
The discussion will be finalized up to the endlhef year.
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