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ABSTRACT

Investigations were conducted on a spark-ignited engine for the concentrations of hydrocarbons (HC) and
carbon monoxide (CO) emitted under idling as well as part-load conditions. The speed ranges of 600-1200 RPM
(no-load) and 1200-2000 RPM (part-load) were studied. Spark timing was varied between 20 degrees BTDC
to 10 degrees ATDC . Concentrations of HC and CO emissions were measured by a portable infrared exhaust
gas analyzer . The study shows that the concentrations of HC and CO emissions in the exhaust manifold can
be reduced by increasing the engine idling speed, raising the coolant temperature, and retarding the spark
timing . Increasing engine speed at no-load conditions would decrease blowby flow rate . During the warm-up
period, both the blowby flow rate and the concentrations of unburned HC & CO would decrease. The
concentrations were correlated in a time-dependent form.

INTRODUCTION

Spark-ignited engines in modern automobiles and light
trucks still constitute a considerable source of air
pollution. The engine exhaust is the source of carbon
monoxide (CO) emissions. The exhaust, the crankcase, the
carburetor, and fuel tank are the sources of unburned
hydrocarbons (HC)

Patterson and Henein™ reviewed the effects of engine
design and operating variables on HC emissions. They
suggested that the effect of any variable should be
considered in the formation of quench regions in the
combustion chamber. A post-quench oxidation would then
take place within the cylinder. Then there would be
further oxidation in the exhaust system.

Many models were developed for the prediction of HC
emissions under normal operating conditions of the engin.
Among those were the models by Agnew and Greenz,
Daniel”, Hicks et al* s Heywoods , Sherman and Blumbergﬁ,
Taba ki et a17, Lavoies, Lavoie et a19, and Yuen and
Servati .

The mechanisms of formation and oxidation of CO were
studied by Newhallu, Keck and Gillespielz, Fenimore and
Moore™>, Hcywoods, and Kataoka and Hirako'*, Newhall'!
found that the rate-controlling reaction are the three-body
radical combination reactions involving H, O,, and HO,,.
The studiesby Keck and Gillespit:12 and DclichatsiosiS
showed that at peak cylinder pressures and temperatures
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equilibration times for CO are so short that the CO
concentration rapidly equilibrates in the burnt gases
downstream of the reaction zone following combustion.
In the above literature most of the work has been done
on spark-ignited engines at normal operating conditions
(cruising mode). The scope of very rich mixtures has-not
received enough coverage although it is prevailing in the
case of traffic jams in congested cities.
This study is concerned with the effect of engine operating
parameters on the concentrations of HC and CO under
idling and part-load conditions. The study also investigates
the effect of engine operating parameters on the blowby
flow rate and both the HC and CO concentrations during
the warm-up period.

EXPERIMENTAL APPARATUS AND PROCEDURES

A four-stroke, four-cylinders, spark-ignited LADA
BA3-2106 engine was used for conducting the experiments.
The engine has a bore of 79 mm, a stroke of 8 mm, and
a compression ratio of 8.5:1. The engine is coupled to a
hydraulic dynamometer of maximum power and speed of
220 KW and 6000 RPM, respectively. The dynamometer
is equipped with a revolution counter and a load cell. A
schematic layout of the experimental set-up is shown in

Figure (1).
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Figure 1. Schematic of apparatus and instrumentation.

Temperature measurements were taken at six locations:
entry and exit of engine coolant, engine oil, engine blowby,
exhayst-gas manifold, and exhaust-gas tailpipe. Shielded
thermocouples of the J-type (iron-constantan) were
assembled, calibrated, and securely installed. The
thermocouples were connected to a multipoint digital
readout through a six-channel selector.

The rate of fuel consumption was measured by using a
fixed volume of fuel and a stop watch. The mass rate of
flow of intake air was measured by using a Taylor-yype
anemometer. The mass rate of flow of engine coolant was
measured by using an orifice meter. The blowby flow rate
(liters/min) was measured by a household gas meter. The
blowby meter was connecte to the crankcase breathing
system.

The HC and CO emission concentrations were measured
by a portable infrared exhaust gas analyzer connected to
the exhaust tailpipe. The accuracy of measurements was +
5 ppm for HC and + 0.05% for CO.

The engine was started and warmed up untill it reached
steady-state operational conditions. The speed was
adjusted to the required value. The idling speed range of
600-1200 RPM was investigated for no-load conditions
while the speed range of 1200 to 2000 RPM was
investigated for a constant torque of 50 N.M. The required
engine load was obtained through the dynamometer
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controls. The following quantities were routinely me:
during each test:

- Engine speed, - Engine load, - Spark timing, -
rate of flow of fuel, - Mass rate of flow of engine coola,

- Engine coolant temperature, - Blowby flow rate,
Blowby temperature and pressure, - Engine
temperature (sump),

- Exhaust manifold temperature, - Intaked
temperature, - Exhaust tailpipe temperature and pressur,

- HC emission concentration, - Co emissin
concentration

The following quantities were then clculated for ead
run:

- Mass rate of flow of intake air, - Air-fuel ratio, - Ratt
of energy release, - Brake power, - Brake specific ful
consumption, - Brake mean effective pressure, - Brak
thermal efficiency

\

RESULTS AND DISCUSSIONS
Fuel Economy
Figure (2) shows the effect of engine speed on the ra

of fuel consumption at no load for various spark timing
It appears from the figure that the rate of fu
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consumption increases with the increase in speed for the
iding range of 600-1200 RPM. This increase in fuel
consumption is to overcome the increasing friction. On the
other hand, the figure shows that the rate of fuel
consumption decreases as the timing is advanced from 10
degrees ATDC to 20 degrees BTDC. The improvement in
fuel economy may be attributed to the increase in the
indicated work of the engine. As the spark is advanced,
the rate of pressure rise decreases and the gas pressure
attains higher values during the expansion stroke. This

means a resulting increase in the work integral f PdV.
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consumption (BSFC) is presented in Figure (3) for the
constant part-load torque of 50 N.m and various engine
speeds. The figure shows that the effect of spark timing on
BSFC is more infuential than the effect of speed. If the
spark timing is retarded from 20° BTDC to 10° ATDC,
the BSFC may increase by over 15%. On the other hand,
the speed change from 1200 to 2000 RPM increases the
SBFC by 8% only.
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Figure 3. Fuel economy at part-load conditions (torque =

50 N.m).
Hydrocarbon Emissions

Figure (4) shows the effect of both spark timing and
engine speed on the concentration of hydrocarbons (HC)
emitted at zero-torque operation. It appears that the HC
concntration would decrease by retarding spark timing as
a result of the increase in exhaust temperature and the
associating promotion of HC oxidation. As for the effect
of engine speed on HC emissions, the figure shows that
the higher the speed, the lower the HC concentrations
would be. The increase in engine speed improves the
combustion process within the cylinder by increasing
turbulent mixing and eddy diffusion. This promotes
after-oxidation of the quenched layer that contains most of
the unburned HC. Inaddition, a higher exhaust port
turbulence at higher speeds promotes oxidation reactions
through better mixing within the exhaust system.
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igure 5 shows that by advancing the spark timing, the

HC emissions would increase for the constant torque of 50
N.m. On the other hand, the increase in speed would
reduce the HC concentration.
The effect of engine coolant temerature on the HC
emission concentration was investigated for the coolant
temperature of 45-75 °C at zero-torque conditions and
65-90 °C at the constant torque of 50 N.m. It was
observed that the HC emission concentration would
decrease slightly by increasing the coolant temperature.
The results show that the HC emissions at idling
conditions are roughly double their values at the part-load
torque of 50 N.m. This is because the combustion
temperature (and subsequently the exhaust temperature)
is higher at part load than no load. The results of the
present study show that the exhaust temperature ranged
between 300 and 725° for part-load operation.
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Figure 5. Hydrocarbon emissions at 50-N.m torque.
Carbon Monoxide Emissions

Figure (6) shows the effect of both engine speed and
spark timing on the concentration of carbon monoxide
emitted from the engine at idling conditions. CO emission
concentration is reduced slightly at higher engine speeds
because exhaust port turbulence would increase and
promote exhaust system oxidation. By advancing the spark
timing at zero-torque conditions the CO emissions arises
from an increase in exhaust temperature which enchances
CO oxidation. For the same reasons, Figure (7) show that
by increasing the speed under a constant torque of 50
N.m, the CO concentration would decrease slightly. As the
spark timing is advanced the CO emissions would
increase.

As for the effect of engine coolant temperature on the
CO emission, the results show thatlower coolan!
temperatures cause higher CO concentrations. However
this effect is not asw significant as the effects of sparl
timing and engine speed.
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Blowby Rate and Emissions

It was observed

that the rate of blowby decreases with

increasing the engine speed. The speeds of 600 to 1200
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RPM were investigated. No significant effect was caused
by advancing the spark timing. The blowby flow rate was
measured from the time of engine starting to the time
when the steady state operation is reached at no load. The
results show that the rate of blowby decreases with time
due to the worm-up of engine parts. As the engine
temperature increases, the gap between piston rings and
the cylinder walls becomes smaller, and the rate of blowby
decreases.
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Figure 8. History of blowby hydrocarbon emissions during
engine warm-up.

Figure (8) and (9), respectively, show the hydrocarbon and
carbon monoxide concentrations in the blowby during the
warm-up period. The figures show that both the HC and
CO emissions decrease with time due to the increase in
combustion temperature which improves HC and CO
oxidation. Based on experimental measurments of HC and
CO emissions of engine blowby, correlations were
developed between both HC and CO concentrations and
time elapsed during the warm-up period at zero torque as
follows:

[HC] = 34.45 EXP (- 0.0106 t) @)

[CO] = 0.1927 EXP (- 0.0112 t) )
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Where [HC] and [CO] are the HC concentration and
CO concentration, respectively, in part per million (PPM)
and t is the time elapsed in minutes from the engine
start-up. The above correlations apply for 800 RPM idling
speed and TDC timing.

TORQUE =0
800 RPM
o.zz# 0 TDC
o
) "
QL 018
o X ° S
O °
O o014 ¢
>
n -
3
2 0.1 -
= L
0.06 .l]lv‘lll'lli
O S5 10 15 20 25 30 35

Time Min
Figure 9. History of blowdy carbon monoxide emissions
during engine warm-up.

The present results show that if the warm-up period was
cut down to 20 minutes, a 29% reduction in the
cumulative CO emissions was achieved ( i.e , to about 606
milligrams) while a 30% reduction in the HC emissions
was recorded (i.e, to about 6.16 milligrams).

CONCLUSIONS

The effects of various operating parameters on the
concentrations of unburned hydrocarbons and carbon
monoxide emissions of a spark-ignited engine were
investigated under the conditions of no load and part load
for very rich mixtures (10 <AF <13). The following are the
conclusions of the investigations:

1. The concentrations of HC and CO emissions in the

exhaust manifold can be reduced by increasing the
engine idling speed, rsising the coolant temperature,
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and retarding the spark timing.

2. While the increase in idling speed reduces the blowby
flow rate, it was found that spark timing has no
significant effect on this flow rate.

3. The HC and CO emission in the blowby werc
correlated for the warm-up period at zero torque a
follows:

[HC] = 34.45 EXP (- 0.0106 1)
[CO] = 0.1927 EXP (- 0.0112 1)

Where [HC] and [CO] are the concentrations of HC and |
CO, respectively, in PPM, and t is the time elapsed in
minutes from the engine start-up. |
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