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AN INVESTIGATION ON THE EMISSIONS IN A TORCH CHAMBER S.I.E.
BY
M.M.Avad, A.A.Desoky and A.Abdelkhalek
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ABSTRACT

Experimental and theoretical investigations verxre made on a torch
chamber spark ignition engine to determine the effect of some design
and operational parameters on engine emissions. The experjmental study
vas performed using a modifled Deutz-Diesel engine Qeveloped to De a
ftorch chamber spark ignition engine. During this investigation, ftwvo
main design parameters were investigated namely, the connecting pas-
sage shape and the flame leitiation point. In this work three ignition
point location and two dlfferent connecting passage shapes vere inves-
tigated oaver a wvide range c¢f mixture strength, engine speed and
J throttle opening. A mathematical model of compression, combustion and
. exXpansion processes of the torch chamber spark ignition engine has
also been developed. This model aims at estimating the effect of mix-
ture strength on the NO and CO rates of formation in this englne. In
developing the model, experimental data obtained on the same engine
are used. The experimental results reveal=z that, the configuratlon of
the connecting passage has a great effect on emissjions from the torch
chamber S.I.E. It also reveals that, as the spark plug ls extended in-
6ide " the combustion chanber, engine emissiona decrease. The cptimum
case ls reached vhen using a convergent divergent passage caupled with
the extended spark plug. The trends obtained Ffrom *he. mathematlcal

slmulation are in a good agreement vith the experimental one.

4. INTRODUCTION

Air pollutisn LIs one of the great problems that appeared in the
last fev years. Internal combustlon engines are considered to be one
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of the main sources of pollutants, especially the conventlional S.I.E.
The major air pollutants found in the exhaust of the conventional
S.1.E. are, NOx, CO, and HC. Many lnvestlgators try to f£ind out a new
combustion technlque that minimizes exhaust emlssions and gives a goad
fuel economy. Thls can be dane If the new combustlon technlque
achieves the follovwing conditions.

1-Hlgher compression ratio without detonation.

2-Higher combustion efflciency.

3-Extended lean mlsfire limit.

4-Lov combustion temperature sao that, NOx formation may nat increase
and maintaining low CO and HC.

It is known that operating the engine at higher compression
ratia, wlll increase the tendency to detonate. We are confranted with
the problem that, operatlng the engine at lean mixture will decrease
combustion rate due to relatively lowv temperature and increased cycle
variatians. Engines operating at high compression ratios with lean
mixtures are Inherently likely to lead to increased NOx emissions as-
sociated wlth the higher oxygen avallable and nigher mean temperature
levels(l).

To overcome the difficultlies assoclated wlth lean burning 1n
S.I.E., it Is necessary to Increase combustion rates and lmprove igni-
tion performance. This can be done by improving and enhancling the
degree of turbulence wvithin the cambustion chamber at the combustion
time[2]). It 1s necessary to strengthes the mixture near the lgnitlon
point using the technique of tarch chamher englne.

Comkustion characteristics and enqine performance of torch cham=-
ber S.I.E. was studied by Abas(3!. lle investlgated the effects of con-
necting passage shape and spark gap projection on englne performance
and combustion characteristics. He found that wusing the convergent
divergent passage coupled with the extended spark gap projection will
improve engine performance. He found also that the lean misfire limit
(LML) of stable operation of the engline is dependent on the connectlng
passage shape and 1less sensltlve ¢to the location of the lgnition
point.

Flame photographs have been recorded by Sinnamon and Cole(4]
during their investigation of divlded chamber jet ignitlion englne. The
photographs have revealed that, the torch jet which ruches from the
prechamber causes a large increase. in turbulence intensity and in the
rate of mixing in the main chamber. The analysis indicates that, thls
torch jet induced turbulence ls responsible for a 1large \ncrease in
the 1nitlal mass rate of burning and, as a result, shortening of burn
interval.

Many investiqations have been done by Adams[5,6) on the torch
chamber S.I.E. to study the generatlng of combustion turbulence, op-
timum torch chamber volume and orifice diameter. He also computed the
combustion wave thickness, turbulence characteristics time and the ef-
fect of nozzle orientation on combustion rate, engine performance and
engine emlssions. A prechamber, named the turbulence generated pot
(TGP), wa3s developed by Noguchi et al(?) to extend the effectlve LML
and to increase flame propagation velocity. They found that these
parameters are depending on the confiquratfon of the TGP and also on
the spark plug locatlon. They alsa proveda that when the jet flame from
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the TGP creates a strong turbulence in the main chamber, the result
vill be a high flame speed and a reduction in NOx emissions.

The present work aims to study the torch chamber as a means of
controlling engine exhaust emissions. This work lnvemtigates the ef-
fect of flame initiation point, connecting passaqe shape and other en-
gine operating parameters that affect englne kexhaust emissions. The
experimerital vork is directed to clarify the £ffect of the above men-
tioned parameters on the engine emisslons. A mathematical model has
also been developed to study the effect of equlivalence ratlo on englne
eni{ssione. A comparison betveen calculated and measured NOx and CO
trends are made and dlscussed. The results presented in this paper and
more detaileld of the experimental procedure are from referencel8].

2-EXPERIMENTAL SETUP AND PROCEDURES

The experiments were carried out at the Army Research Center,
Flg.{1l) shows a schematic dlagram for the experimental setup. It was
built to verify the possibilities of variation of connecting passage
shape, spark gap projection and engine operating conditions. The setup
also verified accurate measurements of engine data and exhaust emis-
sions. The engine used (s a modified Deutz-Diesel engine. It is a four
stroke, four cylinder, overhead valves, air cooled with a 11 cm. bore,
14 cm. stroke and with a swlrl chamber in the cylinder head. It (s
nodified to be a torch chamber S.1.E. v)th compression ratio of 9:1.
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Fig, (1) Schematic Diagram Of The Experimental Set-up

The intake manifold was modified to achieve unirorm mixture dis-
tributicn between cylinders. 350 a new one was provided to the engine
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having a central posltlon for the carb
fitted with an electric heating for the
charge temperature to be 30 oC:2.
selected according to the engine air fl
dltion. An adjustable needle valve was
nozzle to control manually the mixture
The englne was modified to be a 3.
tion system was used. The dlstrlbutor
and provided wlth a centrifugal and vac
rapid setting of optimum ignition tilmin
ferent electrode 1lengths were used.

3.5, 8 and 13 mm. The third one wvas developed for

The modifled cylinder head
is shown in Fig.(2).1t consists
of unscavenged spherical shaped
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uretor and it was adopted to be
charge and controlling the
A conventional carburetor was
ov requirement at extreme con-
fitted to the original maln-Jjet
strength.
I.E. A conventlonal sparxk igni-
used ls of contact breaker type
uum spark advance which asslsts
g. Three spark plugs wlth dif-
The electrode lengths used vere
is work.

swvlrl chamber casted in the cyl-
inder head with 28.22 cc volume
vhich represents 34.7% of the
clearance volume (after modifl-

cation). 1It is connected to the

main chamber with a cylindrical
straight passage of9mm.diameter, .

20 mm. length and 300 inclinat- NG
ion to the piston crown. 1t is RN

fltted with a spark plug ln the
original location of the heating
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plug. Two different connecting
passage shapes were used, the
original cylindrical one and ¢
convergent divergent nozzle with
a 9 mm. throat and 190 divergent
angle. Fig.(3) shows the canfiqui
ations of the two
passage used.
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Englne speed was monltored dlrectly from a magnetic plek-up In
cennection with a 60 teoth gear vheel fixed on the dypnamometer input
shaFt. The engine tarque was measured by a fluld frictlon dynamometer
having maximum capacity of 715 Kp.m and maximum speed of 6400 rpn. The
percentage of {throttle opaning was displayed by mesane ef analogue {in-
dlcatoer. The exhaust gas temperature was measured uaing a chrom-alumel
thermocouple fi{xed on Ethe exhaust manifeld, attached to analogue In-
dicatecr. Enginae exhaust emlsslons vere measured using Beckman gas
analyzers. The systenm 15 sultable for analyzing hot exhauat gases. The
gases vwhich can pe analyzed are CO, CO2, NOx, HC, and 02. The HC emla-
slon is anmlyzed at 188 oC {dew point =2700C).

To cuver the experimental lnvestlgatlons, the mixture strength
were changed from rich (#=1.1) to lean misfire llmit. Englne speed vas
changed from 1000 to 2200 rpm. The tests were classlflad iInto two
sex{es. Tn the flirst serles of tests, stralght passage wvas used
coupled with the cyllnder head arrangements A and B, Flg.(3). Hhile in
the second serles of tests the canvergent divergent nozzle was used
coupled with the arrangements € and D, Fig.(3).

3.EXPERT L ULTS D _DISC S

The results of the redts are collected and displayed grophlcaliy
as a four famllles of curves, For each camblnatlen A,B,CsDh, (Flg.(3}y,
engine emisslons of NOx, CO and HC are meaaured and recorded fgr d{f-
terent operating ccndirtlions. Shaown Lln these famllles of curves axe the
effect of equivalonce pzatlio, bmep, engine sBpeed and throttle opening
on englne emlsslons, The test englne was adopkted for optimum itgnition
advance all-over the tests. :

Snhown in Fligs.{4)through(6}? Aare comparatlve curves of engine
emigsians of NOx, CO and HC as a function of equivalence ratio at Eull
throtkle, variable Load and enginz speed of 1000 rpm. [t is clear from
these flgures that the increase of spark gap projection tepds to
decrease englne emisslons of NOx, CO and HC, comparling cambinatlon A
vith B and C vith D.The same advantages appear vhan using lean mnixture
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The convergent divergent passage has the same advantages, comparing
combination B with D. Combination D satisfies the lower engine emis-
slons all-over equivalence ratios examlned. The <relatlve galns ob-
tained when using combination D instead of A has been noticed to in-
crease as the mixture becomes Jeaner. Jt Is also clear from the
results that wusing convergent divergent passage makes it possible to
run the engine at relatively lean wmixture, ¢=.7 with less exhaust
emiaslons,

F{ga.(7)through(9) show the effects of bmep on engine emissions
vhen using lean mixtures,¢=.8 and 0.7. 1t is clear from these figures
that as bmep Increases NOx increases vwhile CO and HC decreases. It can
be also seen that further extension of spark gap projectlon, Xeeplng
the bmep constant, lead to decrease engine emissions. The use of con-
vergent divergent passage has the same advantages. Also use of com-
bination D Qives the lower values of engine emissions for all values
of bmep teated. The result also shovw that running the engine with con-
vergent divergent passage at__leaner. mixtnre @é= 7 lead to a further

decrease in engine emissions
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Flgs. (7)through(9%) Engline Emisslons As a Function Of bmep

The influence of engine speed on exhaust emissions is shown 1in
Flgs. {10)through(12). These relations are recorded at Eull throttle,
variable load and at equivalence ratios of 0.8 and 0.7. It can be seen
from these figures that as engine speed increases NOx emisslon 4in-
creases while CO and HC decrease., It is also noticed that further ex-
pPanding of the spark gap projection inside the torch chamber, keeping
engine speed constant, will decrease engine emissians. The use of con-
vergent divergent passaqge gives less engine emissions. The relative
gain obtained when using combination D instead of A increases as en-
gine speed increases.

Figs.(l13)through(1l5) show the influence of throttle opening on
engine emissions. Combination O 1s wsed with full,3/4,and 1/2 throttle
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Flgs. (13)Jthrough{1l5) Englne Emissianas As A Functlon O0Ff Thrattle
Openina

vpening and 0.8 equivalence ratia wvith variable engine speed and load.
Fig.{13) shev that as the throttle opening 4s decreased, HNOx emission
decreases, vhile Figs(l4)and{l5) shov that as the throttle openlng ls
decrecased the 1IC and CO emlasions increase.,
The resclts described above demonstrate
emissions decrease as the spark gap proiection extends 1rside the
torch chamber. Thls may be explained as follows; the spark gap belng
extended 1ln the torch chamber, the amount of unburned mlxture escap:ing
from the torch chamber Llnko the maln chamber during the early stage of
combustlon are reduced. Using the cxpanded spazk plug will {nitfiate

that the englre exhaust
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the flame kernel approximately Ln central position, thus a spherical
flame development may be obtained. This may decrease the combustion
duration and consequently decrease the unburned mixture escaping via
the connecting passage. Moreover, moving the !gnitlon polnt towvards
the center of the combustion chamber, the residual gas arcund the
spark gap are well scavenged, thls asslsts goed 1gnltabllity of the
mixture and extends the LML. This may be due to the expected rise in
temperature of the center electrode tip. This 1a (nduced by the elon-
gated heat rejection path. Thus, 1t may be assumed that the LML was
extended due to the decrease In the guenching effect on the flame ker-
nel.

The effect of the geometrical shape of the connecting passage is
clarified comparing the results obtained when using combination B and
C. These results conclude that the use of convergent divergent passage
instead of the straight one improves the engine emisslons. This may be
due to improved turbulent motion generated by the flow through the
nozzle. This result agrees with the result obtained by Shapirol(9].
Abas{3! in his experiments on the same engine showed that the use of
the convergent divergent nozzle extends the LML, enhance turbunlent
generation and achieve fasrer burning rate. A survey to these results
reveals that, the use af convergent divergent passage coupled with the
extended spark gap proajection wlll decrease combustlon duratian,
decrease combustion temperature and enhance turbulent generation.
These will decrease engine exhaust emissions of NOx, CO and HC.

The effects of operating parameters examined may be summarized as
follows, it is possible to run the torch chamber S.I.E. at relatively
lean mixture with gains in fuel economy and engine emissions. Thls ad-
vantage may be due to,the lncreased turbulence created with the torch
chamber to compensate for the lowver burning velocity of the lean mix-
ture. The combustion of lean mixtures will result in low combustion
temperature, which may not support NOx formation while malilntaining
lover cO and HC emissions. The influence of engine speed on emissions
can be explained as feocllows; MAs the engine speed increases, the mix-
ture turbulence is increased and this will increase the burning rate
and good mixing of the fuel and air. Conseqyently a reduction 1in HC
and CO emissions may results. Also as the engine speed is increases,
the peak cyllnder pressure increases with a corresponding lncrease 1n
peak temperature, This high temperature coupled with its duration are
conductive to NOx formation. The influence of throttle opening is
that, a3 the throttle cpening is decreased NOx decreases whlle HC and
€O increase. This may be due to the decrease in bmep and combustion
temperature as the throttle opening is decreased. Also the turbulence
motion and the combustion rate decreases. These will tend to decrease
NOx and increase CO while give a chance to guench HC.

4-THEORETICAL ANALYZ1S

The primary purpose of the present work is to develop a simple
combustian madel for predicting the pressure and temperature vs
crankangle diagrams and the NO and CO emissions rate of formation. The
analysis is made by means of the pressure vs crankangle diaqram, ex-—
perimental rate of combustion and cptlmum ignltion timing which are
measured on the same engine as an input data to the model. 1In this
study the effect of equivalence ratio on NO and CO rates of formation
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2re examined. The basic kinetic, encrqy and chemlcal equilibrijum equa-
ticns are taken into accourt.

The torch chamber $.1.E. is treated as a two thermodynamic sub-
systems (pre- and main chambers systems) coupled by mutual mass £low.
The working fluid prior to ignition 13 considered to be a non reacting
homogeneous mixture of fuel vapor plus air. The. compression process is
assumed to be adiabativ. Initially the mixture ls assumed to be at at-
mospheric pressure Aand temperature ard a volume of 1496.46 cc, { the
cylinder vplume). The compression begins at BDC and 1ls treated in an
incremertal manner, a 2 degree crankangle lncrement is adopted. Before
tne end of this process, the combustion is assumed to srtart at a
specified MRT spark timing. The function of this process is to deter-
mine the initial conditions }in both systems before combustion.

The combustion process starts when the spark plug Is fired at MBT
spark timing. The process is treated in an incremental manner, a 2
degree crankangle increment being adopted. Each successive increment
in crankangle comprises four steps, as_shown in Fig.(16). These four
steps ara; o T - e T

Un BURNT Z0lU&
JAURNT Z(LTB

pP(IG) 1
v{IC; 1
s(ref O\, ~ @ 1
TBA 1
£Bs
YBA (—- |
f 4’% W |
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153 Step - Compreealon or eIpansion 2 ad Stapi~ The Pistnp Stope
ocouras Cezbuation ¢ccurecd
~ Thermodynamic Prepertiean - Botimate (T)ediebatic
are avaluatad and Chemicml Coamp-~
osition of Product
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i PBL
PUA LETY
) MBA
4 - Th
P
A\ —/// MASS PLOW
1 \r——- 1l
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13I8 gtapi- Ineteantenscus mixing 422 Steps- Evalumts avereg prosaure
and aguality of burnl for esoh chamher
zop propartiee ~ Mads flo» from heighar

presasure Yo lower one

~ Correctlion of the burnt
and upburat 1opee of the
two ebemberd propertiag

Fig. (16) Analysis Of Combustion Process where;
MUA, TUa, PUA and VUA are mass, temperature, pressure and volume
of unburnt gas in the prechamber, MBA, TBA, PBA and VRAA are mass
temperature, pressure and volume of burnpt gas,
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1-Compression or expansion occurs as the piston moves up or down-ward.
Thermodynamic properties of the gases in both systems are evaluated.

2-At the spark timlng, combustion occurs in a spec!fled fraction of
the mixture. The adiabatlc flame temperature and the chemlcal equi-
librium of the product species of CO, €02, 02, H2, H20, OH, H, O, N
and N2 are calculated.

3-Instantanecus mixing of the total burnt 2one 1ls allowed and average
pressure and temperature are evaluated.

4-An aqui-steady mass flow through the connecting passage as a result
0of the pressure difference between the two systems is allowed, then
a correction is made for the thermodynamic propertles.

The new adlabatic flame temperature of the burnt zone is calculated

and the rate of NO and CO formation is estimated. This process ends

vhen all the mass of the reactant are burned early in the expansion

process.

The expansion process is assumed to be adiabatic and 1is treated
in an incremental manner, a 2 deqree crankangle increment is again
adopted. The process starts at TDC and ends at the ¢time of exhaust
valve opening. During this process and after the combustion ends, each
crankangle increment comprises two steps. These two steps are, expan-
sion due to piston motion, followed by mass flow through the torch
opening. The rate of NO and CO formations are predicted taking into
account the flux transfer through the torch aopening. The combusticn
gases are assumed to be in chemical eguilibrium at the appropriate
pressure and temgperature.

The kanetic mechanism proposed for NO calculation is the extended
Z2eldovish nechanism which comprises the following reactlons(10];

N2 + O ===>NO + N K1=1.4*10**)14exp(-37900/RT) cc/mol.sec (1}

Q
N
+
z
Al

== NO + O K2=6.4*%10%*Texp(-3140/RT| cc/mol.sec (2)
N + OH === NO + H K3=4%1D%**)3 cc/mol.sec (3)
The rate of NO formation is predicted wusing the following relation

taking into account the flux due to mass flow through the torch
opening;

d(NOo) MNO {1-B*#*2)*R1 d(NQ)
----- = 2%——p—= X —mmmmmmme oo~} mmmmm - (4)
dt (1-K*B) dt t

Where; MNO is the molecular weight of NO, \s the gas denslty=PV/RT,

B=NO/Noe, K=R1/(R2+R3), (A(No)/dt}t £flux of NO through torch
opening, RI=K1l([OJe[(N2)e, R2=X2[NOJe[a]e and RI=K3[NOJe(H]e
Using the tenperature, pressure and equilibrium values of 0, H2, 0Q2,
OH and H at the end of each crankangle increment, kinetic NO formation
is calculated by integrating of equation(4). The initial valuve for NO
at spark tinming is assumed to be zero.
To calculate the kinetic CO formatiaon, 1t 1is assumed that at
spark timing:- all the carbon In fuel 1s converted to CO whlch is sub-
sequently oxidized to CO02 during the combustion process vlia the fol-
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loving reaction[ll};
CO ¢ QH z===F C02 + H Kd4=3%107€3%pyp{-F00/RT)? cc/mol.sec (5)

and the CO formatjon rate Is ralculated by Integrating of the follow-
ing relation;

----- = KIOHI(H] + ~-=-=--= (6)

The pzoduct temperature, preasure and the concentration of the specles
are assumed to remain as predlcted from trke £full equllibrium model.
Thus by using the carbon conaervation equatlon;

(CO) + (cc2) = ({cO)e + (CO2)e (7)

The <Co0 levels through out the combustlion and expansion processes are
computed.

S-THEQRETICAL KRESULTS AND DISTUSSIONS

The computed results lnclude, NO and CO rates of formatsion, pres-
sure, Ltemperature and mass transfer history through the torch opening
Eor both pre and main chambers. The program wad executed for four
values of equivalence ratio namely 1.1, 1.0, 0.9 and 0.8 and an englne
speed of 1500 rpm. The results were collected and Aalsplayed as tvo
sets ot curves. In the first set historzles of pressure, temgerature,
nass flow through torch opening and NO & CO wvs. crankangle are
presented. Trhe second set of curves are a ccmparison between the com-
putad and measured valuea of NO & CO emissions.

Shown in Figs.(17})through(26}) are computatiaonal curves of pres-
sure, temperature, mass flow and NO & CO emlssions vs, crankangle
The results are dlsp_ayed for the cornpression, combustion and expan-
sion phases at an equivalence ratios of 1.1 and 0.8. Fias.{17)and(18)

T

CRANK ANGLE CRANK ANGLE

Flgs(17)and(18)Presauce History of Auxillary and Main Chambers at Equ-
ivalence Ratios of 1.1 and .68 Respictlvely.
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show the pressure histories for both chambers. 1t is clear from these
flgures that, as the mixture becomes leaner, the peak pressure 1ln both
chambhers decreases, anrd the peak predsure in the main chamber 1s
greater than that of the prechamber. IL in also noticed that the rate
of pressure decrease during the expanslon process is faster in Che
main chamber than that in the prechamber.

Flgs.(19)and(20) shaow the temperature vs. crankangle dlagrams for
both chambers at eguivalence ratios of 1.1 and 0.8, 1t can be =een
from these Elgures that, the temperature levels are alwaya higher in
the maln chamber than that in the torch chamber. Also, the maximum gas
temperature through the cycle 1is reached in the main chamber. The
results conclude also that, the rate of temperature decrease in the

_main_chanber is more rapid than that in the prechamber.
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Figs.(l9)and(20)Temperature History for Auxiliary and Haia Chambers at
Equivalence Ratios of 1.1 and .B Respectively.

A history of the mass transfer through the torch opening at
eguivalence ratios of 1.1 and 0.8 is shown in Figs.(2l)and(22). It is
clear from these figures that, early during the combustion process,
rass t:apsfer.occy:s_ﬁrpm_ aip to prechamber due to the piston motion.
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qus.(21)and(22)nass Flow Through Torch Opening vs Crank Angle Degrees

at Bguivalence Ratlios of 1.1 and .8 Respectively.
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As the pressure in the prechamber rises due to combustlon and exceeda
the pressure in the main chamber a reverse flowv through the torch
opening accurs. Ags the combuztion in the maln chamber starts, the rate
of mass transfer from pre to maln chamber decreases. As the pressure
in the wmain chamber exceeds the pressvure In the prechamber, mass
transfer from maln to prechamber. During expanslon process, as the
presgure in the maln chambher decreases dua to piston motlon, the rate
of mags traasfer decreases.

Flgs.(23)and(24) il1lustrates the NO rate of formatlon In Dboth
chambers at equivalence ratios of 1.1 and 0.8. It is clsar that in
early combustlon the N0 rate of farmatlon le greater in the main cham-
bper than that in the prechamber. It is also noticed that the formatlion
of NO is freezes later during the expanslon process at a tsmperatures
of 1950X and 1500K at equivalence ratios of 1.1 and 0.3 respectively.
1t can alzo be seen that, at the end of the expanslion process, NO
slightly decreases in the prechamber and increases in the main cham-
ber. The resulta concluded also that the NO levels decreases as the
m]lxture becomes leaner.
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Figs.(23)and(24)Kinetic Nu Rate of Farmation vs C‘a“§ Angle Ded
Equivalence Ratlos of 1.1 and .B Respectlvely.

Flgs.(25)and(26) lllustrates the history of CD formation. It is
clear from these flqures that the rate of CO formation Iln the main
chamber s greater than that in the prechamber. 1t is also noticed
that’'the CO formed ln the case of rich mixture ls greater than that of
the lean mixture.

In Figs.(27)Jand(28) a comparison between the measured and calcu-
lated values of NO and CO emissions are made. From these curves it can
be concluded cthat, the calculated walue at NO is higher than the
measured one. It is also noticed that the difference between the cal-
culated and measured values increases at lean mixture. This may be due
to neglecting the temperature gradient through the burned gases. The
same trends are ocbserved for the calculated and measured values of CO.



M. 90  M.M. Awad, A.A. Desoky and A. Abdetkhaick

- \ B cae— - —_ I
£ 1 3|
—_ ) — ) —m— e |—— it ¥
St - I
B ;5 (
z ! 2 a |
B - [/ % (
- / T / =« (
= 2| — - [—|—|— — | S
5 o 2
¥ yas F1 | / s/
=3 u [ /!
w o B “-'/‘ N
a —{;7"' :
ol
D6 )BD ) 160 4ng Y 180 e L0 - 500
CRAMK ANGLE CRANK ANGLE

Figs.(25)and(26)Xinetlc CO Rate of Farmation va Crank Angle Degrees at
Eguivalence Ratins of 1.1 and .B Respectively.

| |

1200 ——— =
T CALCULATED
\\\\X MEASURED
3 1/

] ] I ,/ : \ Y
CALCI.'JTEI‘J/ \ QL___

MEASLAEO —
800 . N— |— 1
1

|
|
600 0
1 19 09 0.8 07 " 0 09 0% 07
ECLAYALENCE RAT(D EQUIVALENCE RATI0

NOw (ZPm]
1~3
co (/)

Figs.(27)and(28)Comparison of Computed and Heasured NO and CO Respect-
ively vs Equivalence Ratioc.

The theoretical results show that, the greatest part of the emis-
sion is generated in the main chamber. This may be due to the higher
temperature levels iIn the main chamber. Also, the fErees of NO occurs
during the expansion process where the temperature is low, This may be
due to the small effect of temperature in calculating reactlon con-
stant KI1,K2 and KJ. The sllght lncrease and decrease in NO amd CO in
the main and prechamber respectively can be attributed to the [Elow
through the orifice from the prechamber. The emission trends obtalned
from the model at the four equivalence ratios examined here agree wlth
the measured values.

E-CONCLUSIDNS
The experimental results give the following concluslions;

1-The use of convergent dlvergent passage and extended spark gap proj-
ection inside the prechamber decreases the englne emissions allover
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the range of experiments examined.

2-These advantages are still gained at part load with the cylinder
head combination D.

3-TLc connecting passage shape has'a great effect om LML of stable op-
eratian, while the LML 13 less sepsitlve to ignition point location.

Studying the calcuylated ratea of emlssions formation reveal that,

1-The main chamber is responslble for the formation of the greatest
part of engine ewissions,

2~The equivalence ratio effecta the NO and CO emission rate of form-
ation.

HOHMENCLATURES
30C bottom dead center
bmep brake mean effective pressure

c degree centigrate
cc cubic centimeter
K1 reaction constant

LML lean misfire limit

BT maximum advance fox best torque
rpm revolution perx minute

S.I.E spark ignition englne

TDC top dead center

L equivalence ratio
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