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Abstract: Idle emissions of unburnt hydrocarbon (HC), CO, CO,, NOx, particulate matter (PM) and noise
measured from multi-cylinder direct injection diesel-fueled engine. The purpose was to evaluate the hazards
collateral to operating the engine at idle speed for long periods. Experiments were conducted at various speeds
(900, 1000, 1200 and 1500 rpm) and for 20 min period. The measurements obtained each 5 min.

The results indicate that increasing idle time increased CO, HC, NOx, PM, and noise, at the same time reduced
CO, concentration. Increasing idle time deteriorated combustion causing lower CO, while the other emissions
increased profoundly. Increasing idle speed improved the combustion and reduced CO, HC, PM and noise
while increased CO, and NOX.
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I.  Introduction

Climate change is an essential issue of concern for the last two decades. Climate change tied to energy
usage and the emissions emitted from fossil fuels combustion. Huge efforts are made to the use of that energy
efficiently and to reduce the emitted carbon dioxide quantity from all the used energy sources [1]. The idle
period for heavy-duty diesel vehicle consumes fuel and emitted emissions that reduce atmospheric quality. Idle
engine operation is crucial to provide the cab heat or air-conditioning that supply the driver comfort. However,
preventing this operation mode or period needs legislation, in addition to public edification for its importance to
air quality [2].

Heavy-duty trucks have been subjected to many valuable improvements to achieve high efficiencies. In
addition to reducing its fuel consumption, within the existing profiles of tractor and trailer operated all over the
world [3, 4, 5 & 6].

One obstacle to defining idle operation impact on air quality and human health is the lack of a
comprehensive tailpipe emissions database that describes these effects. A large number of studies investigated
and quantified idle emissions of heavy-duty diesel vehicles. The primary target of these studies was to
understand the impact of engine speed and load on idle emissions and to evaluate the idle reduction technologies
performance. Mc-Cormick [7] tested the emissions of idle operation of 24 heavy duty diesel vehicles and four
heavy-duty compressed natural gas vehicles. Diesel trucks emitted considerable quantities of HC, CO, NOx, and
PM emissions during idling compared to compressed natural gas trucks. Brodrick [8] tested the engine speed
and loaded impact on idle emissions on a 1999 model year Freightliner truck powered by a 450 horsepower
engine. Increasing the engine speed with air conditioning operated; resulted in increasing emissions of CO,
NOX, and CO,. It also increased the consumed fuel by 70%.

Chaichan [9] reported an increment in idle emissions of CO, HC, NOx, PM, and CO, with adding EGR
to the suction manifold. Idle NOx concentrations increased with time; also, fuel injection control did not have
any effect on CO, concentrations. The study concluded that the usage of the air conditioning in the truck without
increasing engine speed increased the emitted emissions. Increasing the engine speed increased the emissions of
CO, and NOx highly, whereas PM and HC emissions increased by 100% and 70%, respectively.

Idle operation emitted emissions have serious impacts on human health, but truck drivers are
specifically at risk. Their long-term exposure to diesel exhaust increases the hazards of lung cancer [10]. The
recent studies of air pollution inside and outside of trucks at idling indicated an increase in fine particulates
emissions [11, 12 & 13]. The studies verified that the pollutant exposure, when the driver is resting in a truck
with the engine idling has a disruptive of sleep comfortably. Sleep intermittence causes driver exhaustion during
waking hours [14].

Idle reduction includes methods and technologies needed to be provided. Alternatives for cabin heating
and cooling must be taken into consideration. Maintaining the engine and reduce fuel sulfur content, improving
system warming for easy startup. Also, the providing of electricity for other amenities activities can lessen the
engine idle operation at stopping points. Many idle reduction technologies used including onboard direct-fired
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heaters. The off-board stops electrification equipment on the truck that supplies electric power for air
conditioning, heating, and ventilation [15].

In this paper, the idle emissions quantity measurement was the one of primary targets. The examination
of the effect of elevated engine speed and engine idle time on idle emissions was one of the targets. Iraqi
conventional diesel fuel employed in the engine idle period evaluated, also.

Il.  Experimental Setup
2.1 Equipments

Fiat diesel engine used in the tests is direct injection, water-cooled, four cylinders in-line, and naturally
aspirated. Table 1 represents the major specifications of the tested engine. A hydraulic dynamometer is coupled
to the engine to control the applied load. An emissions analyzer type Multigas model 4880 was used to measure
the concentration of regulated emissions (NOx, HC, CO,, and CO).

Emitted PMs collected by a device type Sniffer L-30 (low volume air sampler). PMs obtained by
means of Whatmann-glass micro-filters. These filters weighted before and after the end of sampling operation
period that extend for half an hour every time. At the end of each sampling period, each filter was kept in a
plastic bag provisionally until weighing and analyzing the outcomes.

Particulate matters (PMs) concentrations determined by the equation:

PM in (ﬁ) —W2Wi 406
m- Vi (1)

Where: PM = the concentration of particulate matters in (ug/m?).
w; = filter weight before the sampling period in (g).

w, = filter weight after the sampling period in (9).

Vt = the drawn air total volume (m°)

The equation to evaluate Vt is:

Vt=Q, -t @

Where: Q= Elementary and final air flow rate through the device (m?/sec).
t = sampling time in (min).

Table 1 Tested Engine Specifications

Engine type 4ceyl., 4-stroke
Engine model TD 313 Diesel engine rig
Combustion type DI, water cooled, natural aspirated
Displacement 3.666 L
Valve per cylinder Two
Bore 100 mm
Stroke 110 mm
Compression ratio 17
Fuel injection pump Unit pump
26 mm diameter plunger
Fuel injection nozzle Hole nozzle
10 nozzle holes
Nozzle hole dia. (0.48mm)
Spray angle= 160°
Nozzle opening pressure=40 Mpa

Precision sound level meter equipped with microphone type 4615 was used to measure overall sound pressure.
A standard calibrator meter type pisto phone type 4220 used to calibrate the tests noise level meter.

1.2 The used fuel

The commercial Iraqi diesel used as engine fuel in this work. Iraqgi diesel fuel is well known by its high
sulfur content (it was 10000 ppm sulfur in the present tested fuel). Also, it has a moderate cetane number (49 in
the present work).

2.3 Error analysis

The reliance potential of the tests outcomes is represented by measurement accuracy. The calibration of
the used measuring equipments defined the error sources, and then the uncertainty in this study can be
determined. Table 3 lists the measuring equipment and its accuracies. The uncertainty can be defined by the
equation [16]:

DOI: 10.9790/1684-12132934 www.iosrjournals.org 30 | Page



Practical Investigation of the Environmental Hazards of Idle Time and Speed of...

@)

Where:
€er: outcomes uncertainty.
R : function includes variables or R=R (V1, V, ..., V).
e;: variable uncertaintyarange.
R

The partial derivative ¥+ represents results sensitivity to a single variable. Then, the uncertainty for the recent
investigation results was:

o _ [(0.045)? + ()2 + (0.07)? + (0.95) + (0.98)% + (1.24)% + (0.7)2]"'5 12366 0
R +(0.022)?% + (1.09)2 ' ?
The uncertainty result confirms the achieved accuracy in the measurement of more than 95% of the

present study. All tests repeated three times at least to lessen random errors in the results. The results average for
each test recorded along with more than 95% confidence.

2.4 Tests Procedure

The engine was left to run about 10 minutes without any load until the cooling water, and lubricant oil
reached 75°C. After that, the engine was made to run at constant speeds of 800, 1000, 1200 &1500 rpm.
Exhaust emissions CO,, CO, HC, NOx, PM, and noise measured at intervals of 5 minutes each. The readings
obtained for 20 minutes in each test. This time selected about the fact that this engine idling time is possible in
practical life in Baghdad city and other Iragi governorates due to checking points and traffic strangulations.

I11.  Results And Discussions

The effect of engine runs time with various idle speeds on the emitted emissions studied. CO, CO,, HC,
NOx, PM and noise emissions considered. Fig. 1 shows time effect on CO, concentrations for tested speeds.
CO, concentrations increased until 10 min timing, and then it started to reduce till 20 min. At 1000 rpm, CO,
concentration increased gradually to reach its maximum value at 10 min operation time, and then it began to
decrease. The figure results indicate that after engine operation more than 10 min at idle speed the combustion
deteriorates. CO, reduction means higher CO and HC concentrations resulted from this bad combustion. By
comparing the emitted CO, for the studied engine speeds with that resulted by 900 rpm, it can be seen that an
increment in these concentrations at 1000 rpm with about 29%. CO, decreased with about 22 and 10.7% for
1200 and 1500 rpm respectively.

Fig. 2 represents the time and idle speed effects on CO concentrations. CO emissions from diesel
engine are low during normal operation but at idle its behavior changed. At 900 rpm, CO concentration started
at high levels, and it declined until it reached its minimum values near 10 min timing. After 10 min operating,
these concentrations began to increase. At 1000 and 1200 rpm, CO concentrations reduced to reach its minimum
value around 5 min then it increased to 20 min. While at 1500 rpm, it reached its minimum value around 20 min
operations. CO, deterioration means that the combustion is poor, so instead of complete combustion with no CO
concentrations, CO increased. The CO increment is due to the following:
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Fig. 1, the effect of time and engine idle speed on emitted CO, concentrations

DOI: 10.9790/1684-12132934 www.iosrjournals.org 31 | Page



Practical Investigation of the Environmental Hazards of Idle Time and Speed of...

1. At the beginning of combustion, the combustion chamber is cool causing fuel partial evaporation and
uncompleted combustion.

2. With idle period continuing, combustion chamber temperature increased, and better engine combustion
achieved.

3. With idle time and fuel injection continued, the quantity of partially burned fuel increased causing higher
CO concentrations.

The results indicated that the increments in CO concentrations were -32, 2.7 and 22% for 1000, 1200
and 1500 rpm compared with that emitted at 900 rpm. At 1000 rpm the lowest CO concentration was achieved.
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Fig. 2, the effect of time and engine idle speed on emitted CO concentrations
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Fig. 3, the effect of time and engine idle speed on emitted HC concentrations

Fig. 3 declares the impact of idle time and engine idling speed on HC concentration. Idle HC emissions
from diesel engines, in general are small in comparison to their gasoline counterparts because of high diesel
engine combustion efficiency. Idle HC emissions, in some cases, were so small that they could not even
detected accurately. HC concentrations reduced with time at 900 rpm till 10 min operation and then it increased
gradually. Increasing idling period increased these concentrations. At 1000 rpm, HC concentrations increased
till 10 min operation and then it reduced. For 1250 rpm the concentrations increased all the time. At 1500 rpm
HC concentrations reduced to 15 min operation and then, it increased with a high rate. When the vehicle
stopped, and no load subjected on the engine, the combustion chamber cooled, and uncompleted combustion
take place increasing HC concentrations. The engine became warmer with idle period continued which reduced
HC concentration. The emitted HC concentrations were increased by 130, 227 and 279% for engine idle speed
100, 1200 and 1500 respectively compared with 900 rpm emitted HC.

Idle NOx exhibited a total contrast to the idle CO and HC emissions behavior. NOx concentrations
increased with time increasing as Fig. 4 represents. At 900 rpm, NOx concentrations are the lower rate of all
other idling speeds. Increasing idle speed means increasing combustion chamber temperatures which result in
higher NOx. The concentrations measured in the present tests are greater than any regulated legislation as Euro
3, 4 or 5 or American Tier 3 or 4. The emitted NOXx concentrations were increased by 19, 33.9 and 54.98% for
engine idle speed 100, 1200 and 1500 respectively compared with 900 rpm emitted HC.
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Fig. 4, the effect of time and engine idle speed on emitted NOx concentrations

Idle PM emissions from the diesel engines are minuscule, especially for the later model year vehicles.
Fig. 5 clarifies the effect of idle time and speed on PM concentrations. PM concentrations increased at low
speeds due small combustion chamber temperatures. Increasing idling speed increased combustion chamber
temperatures causing lower PM. For idle period from 10 to 20 min, PM concentrations increased for all speeds
indicating combustion deterioration. The maximum concentrations resulted at 900 rpm stating the hazards from
operating the engine idle speed at low ones. The results showed that the decrements in PM concentrations were
25, 40 and 53% for 1000, 1200 and 1500 rpm compared with that emitted at 900 rpm. At 1500 rpm the lowest
PM concentration was achieved.

Engine noise increased at low idle speeds and reduced at high ones as Fig. 6 illustrates. At low speeds,
engine vibration increased causing higher noise accompanied with low lubrication for rotating parts. At high
engine idle speed, the block vibration reduced as well as lubrication of moving parts increased. The results
illustrate that the decrements in engine noise were 32, 33.5 and 33.6% for 1000, 1200 and 1500 rpm compared
with the 900 rpm engine noise. At 1500 rpm the lowest engine noise was achieved.
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Fig. 5, the effect of time and engine idle speed on emitted PM concentrations
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Fig. 6, the effect of time and engine idle speed on emitted noise
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IV.  Conclusions
The effect of idle time and engine idling speed were tested using multi-cylinder direct injection diesel

engine. The results indicate that increasing idle time increased CO, HC and NOX, and reduced PM and noise.
Increasing idle time deteriorated combustion causing lower CO, while the other emissions increased profoundly.
Increasing idle speed improved the combustion and reduced CO, HC, PM and noise while increased CO, and
NOX. Increasing engine speed enhanced combustion resulting in higher CO, concentration, but it also increases
combustion temperature that led to higher NOx.
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Notation

IT injection timing

CN cetane number

]| direct injection

HC unburnt hydrocarbon

Cco carbon monoxide

CO, carbon dioxide

NOXx nitrogen oxides

dB decibel

LCV Lower calorific value
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