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ABSTRACT

The present study aims 1o evaluate the emission characleristics for gasoline-fueled vehicles
al idling condition. Factors influencing the formation of emissions at different operating
conditions are examined. The study is focused on the ignition parameters as well as the
mixture quality which are the most important factors affecting the engine perlormance and
emission. A wide range of spark plug gap(0.3- 1.9) mm and ignition timing (1% 19°
BTDC)were employed in the present study. The mixture quality at idling is varicd along the
flammability limit to clarnify its effect on the combustion products concentration, The
measurements were carried out on a specified vehicle. Both the engine speed and combustion
producis concentration were recorded simulianeously. The results indicate the importance of
adjusting the idling condition to optimize the exhaust products.
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1 INTRODUCTION

The emission from vehicles equipped
with spark ignition engines contributes in
raising the poliutants level of atmosphere
and consequently the global environment
[1]. This pushes the scientific society and
authorized institulions to review the
current legislations to reduce the emission
[2-3]. The remarkable increase in the
pollutants comes from the fast growing in
the vehicles production [4]. The other
important sources are the fuel factor,
operating condition and performance and
finally the engine mechanicat condition [5-
6). The later factor was found to be
responsible about considerable emission
parl. [t is believed that, the engine
performance is subjected to decay due to
several factors. The rate of depreciation
and maintenance processes plays the
important role for goverming the engine
performance and emission. So, the present
study is planed to cover this aspect. It is
focused on emission evaluation at idling
condition. Idling speed is the condition at
which the engine runs at no load. The
engine in such case consumes the lowest
rate of fuel consumption and produce
indicated power enough to overcome the
mechanical losses. However, the mixture is
rich to ensure adequate fuel vapor around
the spark plug, which contributes to reduce
the probability of miss-fire occurrence,
According to these conditions, incomplete
combustion i1s expected and the percentage
of CO and UBHC concentration in the
exhaust becomes high. Any misalignment
in the ignition configuration or mixture
formation leads to great variation in
exhaust constituents.

2 LAY OUT OF THE EXPERMINTAL
WORK

The experimental work is carried out on
specified  vehicle to avoid vehicle-to-
vehicle variation comes from different
designs,  operating  conditions  and
maintenance processes. According 1o the
previously mentioned plan of research, the

idling condition is submitied to study 10
clear the governing laclors. [n id}ing mode,
the ignition system as well as the mixture
quality 1s examined according (o the
following sequence. The spark plugs gap is
stretched from 0.3 mm up to 1.9 mm.
Ignition timing is varied from 1| to 19
degree before TDC. Idling mixture valve is
adjusted at different positions in order to
control the excess air factor. Each of the
previous factors is varied separately at the
constancy of the other parameters. The
emissions and engine rotational speed are
recorded  during the  test.  The
measurements are taken al steady slate
condition.

2.1 The Used Vehicle in the Present
Experimental Work

The vehicle used in the present study is
selected (o represent stalistically the
average ol manufacturing year for most
vehicles in Egypt during the period of
study. The wvehicle is Peugeot 305 SR
model 1983. The engine is spark ignited
four strokes, four cylinder in-line and
water cooled. It Is transversally mounted
with front wheel drive technique,

The engine is equipped with manually
operated gear box mounted transversally
and sharing the same oil sump of the
engine. The gear box offers 4 forward
speeds and single reversal speed. The

technical data of the engine are represented
in table [1].
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Table | Technical data of the engine used in the present study

No. of cylinders
Type

Main bearings
Bore x siroke
Bore / styoke ratio
Displacement
Compression ratio
[Fuel system
Aspiration
Calalylic
Converter

Max. output

Max. torque
Coclant

4 inline

S-4

SOHC

8 valves total

2 valves per cylinder
5

78 mm x 77 mm
1.01

1472 ¢ce

92

1 Solex carbureotr
Naormal

Nol installed

75 PS (74.0 bhp) (55.2 kW) @06000 rpm
116.0 Nm @3000 rpm
Water

i~
RS

2.2 Instrumentation

The measurements program is focused
on evaluating the emission characteristics
at different operating conditions. For this
reason, measuring the concentration of
exhaust constituents is essential as well as
the cngine speed. For this purpose,
portable version of infrared gas analyzer is
used during the experimental work. The
gas analyzer is equipped with gas sampling
probe 1o collect the exhaust gas (rom the
muffler. The gas is then filtered and dried
before entering the analyzer. Magnetic
inductive pickup transducer is used also to
measure the engine speed in rpm. It
clipped to any of spark plugs cable in order
to capture the spark signal. The sparking
rate is then considered as linear proportion
to the engine speed.

3TEST PROCEDURES

Studying the emission characteristics
from the wvehicles require intensive
measurements  program  at  different
operaling condition. The selected vehicle is
cquipped with  previously mentioned
measuring instruments. The gas analyzer
and its accessories are mounted in the rear
seal of the passenger cabinet. Rechargeable
power supply and printer are the most

important attachment( to the analyzer. Gas
sampling probe with 3 m long is inserted
inside the muffler, where its other terminal
is connected to the gas analyzer through
the window of the rear door. Magnelic
inductive transducer is clipped also to the
spark plug cable to measure the engine
rotational speed, Before  starting
measurements, the following precautions
are taken into account.

- The engine is warm enough before
starling measurements and  runs
steadily at standard idling
configuration.

- All electric accessories like electric
fan, lights and radio-casselle are
switched off.



M. 23 A. A.Elzahaby, A. H. Bawady, A. E. Kabeel, S. A. Wilson & A. S. ElDabua.

4 RESULTS AND DICUSSION

In the present work, the following
standard configuration for idling condition
is as fallows.

Table 2 Standard idling configuration

Item value

Spark timing 10° BTDC

Spark gap 0.8 mm

Fuel adjusting valve position | 30 % from valve stroke
A atidling 0.96

N 764 rpm

Fuel octane Neo. S0

These values represent the recommended
optimized  configuration  from  the
manufacturer. During the experimental
work, these values are varied individually
1o examine their effect on the engine
emission and performance. The results are
presented and discussed in the following
seclions.

4.1 Effect Of Ignition Properties

Ignition process for the fresh reaciant
mixture is essential for initiating the
combustion process in the proper time and
rate.  The energy of spark transferred
directly to the combustible mixture. Most
of this energy consumes for raising the
kinetic energy of the reactant molecules, If
the energy is high enough, the collision of
activated molecules break the chemical
bonds of the reactants and exothermic
reaction begins. As result a self-sustained
and propagating flame kemel is produced.
[n case of low spark energy, the collision
between reactant molecules becomes too
weak to break the bond energy in order to
start the reaction. This Jeads to miss fire or
partially bumed mixture and highly
concentration of unburned hydrocarbon
exisls in the exhaust products. It is obvious
from previous researches [ 7-13 ] that, the
ignition quality plays an important role for
governing the engine emission and
performance. The potential difference,
instantaneous currant, spark timing and
duration and the gap between the
clectrodes represent the most imporiant

factors affecting the ignition phenomenon.
The potential difference across the
electrodes and spark duration depend
mainly on the design of the ignition system
and the properties of the elements used. So
the main variation in ignition system
performance comes from the change in
spark efectrode gap which is affected
directty by the operation and maintenance
processes. The other goveming factor is
the ignitton timing, which plays an
important  role for optimizing the
combustion process. These (wo parameters
and their effects on the emission level are
studied in this work.

4.1.1 Effect Of Spark Plug Gap

Effect of spark plug etectrode gap is
studied in the present work. The gap is
stretched from 0.3 mm up to 1.9 mm.
Figure 1 represents the measured results
showing the effect of spark plug gap on the
gngine speed and emission at idling
condition. In case of narrow gap between
the spark plug electrodes, the resistance of
the gap media is reduced. The electric
current breaks the gap insulation rapidly
before the inductive currant attained its
peak value. The eleciric current 15 then
flows through the gap at relatively low
potential  difference  representing a
condition that leads to reduce the energy of
the resultant spark. Consequently the
energy transferred to the combustible
mixture becomes less than or equal to the
minimum ignition energy required to start
reaction. For this reason, the probability of
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miss firc occurrence increases constituling
a condition, which rellects on reducing the
engine speed and causing highly increase
in unburned hydrocarbon as shown in the
figure. On the other hand, the resultant
flame kernel (if exist) has relatively low
temperature so it quenched rapidly, and
leaving the most of fresh mixture
unburned. The little part of burned mixture
produces lower concentration of carbon
oxides represented in CO and CO;
decrease as shown in Figs.(i) and (2},
respectively . As spark plug gap increased,
higher energy spark ts obtained. The size
and energy of the resultant flame kernel
becomes suitable for producing self-
sustained and propagating flame {ront, So,
the combustion quality is umproved angd
great  reduction in  unbumed HC s
obtained. The slight increase in CO
indicates the increase in carbon oxidization
rate. Al wide gap the power density of the
spark along the resultant plasma cylinder
becomes too low. The repetition rate of
ignition loses its uniformity and the cyclic

40 1200
[ —— HC
* | —a— Speed
Q 304  —e— co [0
€
a.
& 20, - 600
o
p |
X 404
" 10 300
I
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00 04 08 1.2 186 20
Spark plug gap, mm
Fig. 1 Effect of spark plug gap on HC
and CO concentration.
4.1.2 Effect Of Spark Timing
Spark timing is one of the most
important  parameters  affecting  the
emission formation. It contrels the

beginning of combustion and cansequentiy
the reaction kinetics, which in {um govemns
the rale of pressure and temperature rise
inside the cylinder during that period. At

Engine speed, rpm

CO, 0,%
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variation tends to increase. Corresponding
reduction in rotational speed is obtained as
shown in the figure. Further increase in
spark gap lcads lo increase the insulation
of the gap beyond the capability of the
potential difference to break it and the
ignition cannot be occurred in such case.

It is obvious from the results that the
optimum gap lies between 0.7 mm and |
mm. At that gap, the engine speed reaches
its peak value which means tower cycle-to-
cycle variation and emissions of both
unburmed HC and CO are in the acceptable
level.

It 15 noticed from the experiments that
when the spark gap becomes below 0.3
mm the ignition is off and the engine fall 10
run. When stretching the gap beyond 1.9
mm the engine runs very rough and the
cychic vanation especially in rotational
speed and products concentration becomes
very high. This condition 1s not acceptable
within the standard configuralions.

04 Ea 1?2 1?6
Spark plug gap, mm
Fig. 2 Emission of CO; and O; at

at different spark gap.

20

idling cendition, the mixture tends to be
rich and its kinclic cnergy inside the
combustion chamber s low. These
conditions lead to reduce the flame speed
during its propagation. Beside, the
combustion delay for rich mixture is
longer. These reasons give the adjustment
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of (iring angle an exceptional importance.
The angle at the end of combustion
depends on several parameters such as
sparking angle, delay period, flame speed
and spark location which govern the flame
travel distance. The angle at the end of
combustion is expressed mathematically as
follows.

6, =0+ mjﬁ+A9d D)
“f

it is obvious from the engine performance
that combustion must be completed within
narrow range after TDC. In other word,
this angle must be fixed as much as
possible at idling condition. Any shift of
such angle from its optimum value leads to
reduce effective work done of the thermal
cycle and consequently reduce the thermal
efficiency. Equation (1) shows the ability
for controlling the time of combustion
termmination by the proper selection of
firing angle.

Figure 3 shows the effect of spark timing
on the idling speed. When advancing the
spark timing, combustion starts earlier and
the rate of pressure rise increases. The
result is increasing in the work done per
cycle and consequently engine power. As
the external torque remains unchanged, the
increase in engine power leads 1o a
corresponding increase in idling speed as
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Fig. 3 Variation in idling speed with

respecl to spark timing
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shown in Fig. (3). On the other hand,
retarding the spark timing leads to reduce
the peak temperature of the cycle, which in
tumm  cantributes  the  reduction  of
dissociation rate of CO; 1o form CO as
follows.

|
CO,==2C0+20, ()

When advancing the spark {iming, both the
combustion temperature and the engine
speed increase leading to a remarkable
enhancement in the turbulent mixing
process for the reactants. The homogeneily
degree of the combustible mixture is then
increased and the rate of oxygen
consumption during the reaction increases
leaving lower conceniration of O; in the
exhaust products as shown in Fig (4). The
figure shows also the refation between the
low concentration of oxygen and the
appearance of HC in the exhaust gases. In
spite of the multiple sources of unburned
hydrocarbon, the excess air factor and
distribution  of oxygen inside the
combustion chamber stay the important
player which assigns the rate of formation,
specially at idling condition. The lower the
concentration of oxygen the greater the
concentration of HC as shown in Fig(4). It
is clear from the figure that, the over

advance in ignition timing exhibits
considerable HC level.
212
—— HC/|
| — h— CO- 10
!
| % 0218 ¢
WB )
o)
1
12
T v T v ~— 0
20 15 10 5 0
Spark timing °8TDC

4 Effect of spark timing on exhaust

species concentration at idling
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4.2 Effect Of Mixture Quality

At the idling condition, the mixlure is
rich enough to enable fast starting, reduce
warm-up period and to ensure stable
operation during the no load running. The
fuel system in the present tlest engine
contains Solex carburetor. [t contains two
valves 10 adjust the mixture quality at
idling. The first valve {air valve) is used to
control the upstream pressure of the fuel
behind the idling orifice. The valve
consists of threaded pin and bush with
bypass air venl. When turming the threaded
pm counterclockwise, it increases the area
of air vent aliowing the atmospheric air
stream to flow and break the fuel flow
through the orifice. The adjustment of this
valve depends on assigning the number of
turns of the treaded pin relative to the
maximum  effective number of turns as
follows.

MNeav
Air valve position = AL {00 % .(3)

a vﬂiax

Where Nav represents the number of
thread tums CCW for opening and CW for
closing the air vent. While Nav

FHEN
represents the maximum effective number
of thread tums. The second is the fuel
valve, which used to throttle the area of
fuet discharge. The fuel valve is a threaded
pin with tapered end. When tuming the
valve CCW, the tapered end moves a
distance from the tapered valve secat
aliowing wide area for fuel to flow through
the orifice. The fuel valve position is
assigned as the same procedure as in air
valve position. This is represented
mathematically as follows.

NV 100 %)

ALY

Fuel valve position =

Where Nfv is the number of thread tums
of the valve pin from lhe closing position

to the current position. Nfv, s the

maximum number of thread turns available
in the pin. The function of each valve
differs from the other. Increasing the air
valve position breaks the flow of the fuel.
The same action on the fuel valve position
leads to increase the flow of fuel. In the
present work, three air valve posilions
were selected 1o study its effect on the
mixture formation and consequently the
resultant emission. These are 10, 30 and
50% respectively. The effect of fuel valve
position is examined along its entire range
(from 0 to 100%). At each position for air
and fuel valves, the engine idling speed is
measured and the concentration of exhaust
emission 1s recorded also. The air gap of
the spark plug and the spark timing
remains unchanged according the basic
standard configuration as in table [4]. It is
noticed from the rvesults that, the effective
fuel valve posilion lies between 30 and
60% as shown in Figs.(5-9). [t was found
that, when the fuel valve position being
less than 30%, the flow of fuel is highly
throttled and the resultant mixture becomes
less than the flammability limits. When the
fuel valve position is extended more than
60% the discharge area of the fuel flow
altains its maximum value and it becomes
constani. Through the effective range of
the fuel valve, gradual increase in fuel
valve position leads to enrich the mixture
and enhance the combustion stability, This
reflects  on  reducing the unbumed
hydrocarbon and the oxygen
concentrations. On the other hand the rich
mixlure is responsible (o increase both CO;
and CO level. The air valve position offers
slight effect on the emission as shown in
the figures. Deccreasing the air valve
position leads to corresponding increase in
the fuel flow rate and consequently
enriches the mixture. This mixture quality
is responsible to the partial burning of the
fuel inside the combustion chamber and
consequently increases HC and CO level
as shown in the figures. It is obvious from
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the resulls that, the idling speed responds
to the fuel flow rate represented by the (uel
valve position as shown in Fig (10). When
the excess air factor goes down to rich
zone, the engine speed comes to its peak
value. Further decrease in excess air factor
contnbutes for slowing the flame speed.
The pressure and temperature inside the
cylinder are then decreased and the final
work done and engine speed are also
decreased. Figures (11-17) represent the
correlations of exhaust constituents and
cxcess air factor. It is clear from these

2000 | ¢ airvalve position 10 %
' a air vaive position 30 %:
1500 1 | & arvalve posilion 50 %
£
=3
2 1000+
&)
T
500+
0 T T T T
0 20 40 60 80 100

Fuel valve position %

on HC emission.

14
12 4
104
& gl
ON
o 8
41 [ o Air valve position 10 %
2 O  Airvalve posilion 30 %
0 | & Alrvalve posilion 50 %
0 20 40 60 80 100

Fuel valve position %
Fig. 7 Effect of idling fuel valve
position on CO; emission

CO%
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figures that, the lowest HC and CO
emissions are obtained atA =1.2. The
highest CO; concentration was found to be
al the same excess air ratio, which 1s
analogous to the maximum combustion
efficiency. However, il is not convenient to
start the engines at such ratio especially at
cold environment. So it is recommended 1o
run the engine at rich mixture, but not so
far from the stoichiometric condition,
whereas the A value can be selected
according to the desired CO and HC levels.

© Air vaive posiion 10 %/

O Air valve position 30 %

a A valve position 50% 5 e

60 80

40
Fuel valve paosition %
Fig 5 Effect of idling fuel valve position  Fig. 6 Effect of idling fuel valve position

0 20 100

on CQO emission.

{ & Air valve position 10 %:
¢ 01 Air valve position 30 %,

a Air valve posttion 50 %

20 40 60 80
Fuel valve position %

100

Fig. 8 Effect of idling fuel valve position

on O, emission
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Fig. 17 Relation between CO emissions with

oxygen concenlration at exhaust at
different fuel and air valve positions.

The results of emission charactenstics
represented in Figs.(11-17) are used to
correlate both HC and CO as function of
excess air factor A in form of 2™ order
polynomial equations, given as follows.

HC Concentration:

HC (ppm) = 4802 = 7623 A + 3277 A2 (5)
CO Concentration:

For L < 1.25

CO % =50-T1%+243 A2(6)

for A > 1.25

CO% = 0
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Fig. 16 Relation between O, emission

and idling speed at difTerent
fue!l and air valve position.

These correlations can be used to adjust
the excess air factor required to obtain
desired level of emission.

5 COCLUSION
In the present work series of experimenis
were conducted to clarify the effect of
ignition parameters and mixture quality on
the emission characteristics from gasoline-
fueled engine. The engine runs at idling
condition, whereas both the engine speed
and species concentration of exhaust gases
were recorded. The results indicate the
following
- The optimum spark gap lies between
0.8 and 1.0 mm. No significant change
in emission has been obtained beyond
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this hmit, furthermore; a reduction in
spark igniter life time is expected due
to the comresponding increase in the
spark potential. At narrow gap, the
spark becomes too week to establish
complete combustion, so a great
emission of unburned HC (s recorded,
- The results show the signiftcant
increase  in HC emission when
advancing the spark timing. On the
other hand delaying the spark leads to

reduce the idling speed and rough
running is observed.

The mixture quality at idling condition
exhibits a  great influence in
controlling the exhaust emission. In
spite of low emission were recorded at
the stoichiomelric condition, the idling
condition needs rich mixture for fasl
starting and stable operation. The
results enable assigning the cxcess air
factor according to the allowable
emission level.

NOMENCLATURE | L
_symbol definition unit
N Engine speed pm
s Flame travel distance m
u Flame speed m/s
0. End of combustion angle rad
0, Ignition angle rad
A8, Delay period rad
Engine angular speed, = 27N /60 rad/s
A A F
Excess air factor ( /F)/(A/ )ST
ABBRIVIATIONS
Cw Clock wise

CCw Counter clock wise
TDC Top dead center

HC Hydrocarbons

UBHC Unbumed hydrocarbons
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