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EXHAUST EMISSIONS MEASURED UNDER REAL TRAFFIC CONDI TIONS
FROM VEHICLES FITTED WITH SPARK IGNITION AND COMPRE SSION
IGNITION ENGINES

The tests performed under real traffic conditiomsvide invaluable information
on the relations between the engine parametersicleelparameters and traffic
conditions (traffic congestion) on one side and éxbaust emissions on the other.
The paper presents the result of road tests obthinean urban and extra-urban
cycles for vehicles fitted with different enginespark ignition engine and
compression ignition engine. For the tests a pdeamission analyzer SEMTECH
DS. by SENSORS was used. This analyzer providése omeasurement of the
concentrations of exhaust emission components wehile in motion under real
traffic conditions. The tests were performed iry ¢iaffic. A comparative analysis
has been presented of the obtained results fockeshwith individual powertrains.

BADANIA EMISJI ZWI AZKOW TOKSYCZNYCH SPALIN W WARUNKACH
RZECZYWISTEJ EKSPLOATACJI W RUCHU DROGOW YM Z SAMOCHODOW
WYPOSAZONYCH W SILNIKI ZI | ZS

Badania wykonywane w rzeczywistych warunkach edtgulpp dostarczaj
cenne informacje na temat zalesci miedzy parametrami pracy silnika,
parametrami jazdy samochodu, jak rowniwarunkami drogowymi (naieniem
ruchu) a emisj zwigzkéw toksycznych spalin. W artykule przedstawiognikiv
badai drogowych uzyskane w cyklu miejskim, wykonane ptgazdéw
wyposaonych w silnik benzynowy i silnik o zaptonie samoogm. Do pomiaréw
tych wykorzystano mobilny analizator spalin SEMTEGS. firmy SENSORS. Jest
to analizator, ktéry umiiwia badanie sgzeri zwigzkOw szkodliwych spalin on-line
podczas jazdy samochodem w rzeczywistych warunkiasgowych. Badania
drogowe wykonano w ruchu miejskim. Przedstawion@lizn poréwnawcz
uzyskanych wynikéw badla
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1. INTRODUCTION

The need to reduce exhaust emission and fuel cqutsamby transport means has led
to development of several concepts of powertraingecent years. Engineers have pinned
their hopes on hybrid powertrains and fuel cellewéver, presently fuel cells seem
impossible to be used on a large scale. It maystimated that this solution will be in use
in approximately 20-30 years. A solution, whiclgiste commonly used in vehicles now is
a hybrid powertrain i.e. a combination of a comlmmstengine and an electric one.
Presently, the majority of car manufacturers in wald offer such vehicles or conduct
research on hybrid powertrains and in many cabeggsearch is considerably advanced. It
can be expected that in a few years’ time the oo and sale of passenger cars
equipped with hybrid powertrains will increase sfigantly. However, one should also
note that intensive research is carried out orirtipgovement of combustion engines with
spark ignition and compression ignition which wik probably used for many years to
come as the main type of powertrains for passecgey and other means of transport. A
dynamic development of transportation, a quick ghow the number of vehicles in Europe
led to changes in the traffic. The cities are ggttnore congested, driving parameters of
vehicle are different (lower average speed, a tashare of the acceleration phase in the
total time). In light of the above, tests in redlihg cycles under real road conditions gain
importance [1-6]. Such tests provide the opporutit learn the impact of a variety of
driving parameters and traffic conditions on thbaust emissions.

2. TESTING METHODS

The tests were performed on two passenger carsdiffdérent powertrains. The first
vehicle was equipped with spark ignition enginee teecond was equipped with
compression ignition engine. The basic data oftéiséed cars are given in table 1 and the
view of the car is presented in figure 1.

Tab. 1. Characteristics of the vehicles used itstes
Vehicle 1 Vehicle 2

Data of the power unit Sl engine fuelled | Cl engine, 2.0 df
with petrol and LPG, | power — 137 kW
3.3 dmi, power - 130

kW
Mileage 140 000 km 25 000 km
Model year 2000 2009
Exhaust aftertreatment system TWC Oxidation catalyt

converter +DPF

Exhaust emissions tests (CO, HC, N®M, CQ) were performed in real operating
conditions of the vehicle in traffic in the city Bozna. Tests were hot start. The vehicle
route during the tests is shown in figure 2. Thegth of the route was 12.71 km, it was
diversified and included a typical urban sectiond @m extra-urban section, where it was
possible to drive at highway speed (with maximuraespof 120 km/h). The extra-urban
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section was 5.5 km long. As shown in figure 2, lgregth of the vehicle route during the
road test was similar to the length of the vehiolgte in the NEDC test. The time of drive
in road tests, approximately 1200 s, was similah&time of drive in the NEDC test.
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Fig. 2. The marked road used for the testing oheghemissions [created by
www.GPSVisualizer.com]

3. EXPERIMENTAL EQUIPMENT

In order to measure the concentration of toxic commgls in exhaust gases a portable
analyzer for exhaust emissions tests SEMTECH DSIBMSORS company was used [7].
The analyzer allowed for the measurement of harmduhpounds concentration with the
simultaneous measurement of the flow rate of thkaest gases. Exhaust gases were
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introduced to the analyzer as a probe maintaiiegeémperature of 18¢C then the particle

matter was filtered out (compression ignition eeyiand the exhaust probe was directed to
the flame-ionizing detector (FID) where HC concatitn was measured. Then the exhaust
gases were cooled down to temperatureoﬂ and the measurement of concentration of

NOyx (NDUV analyzer), CO, C®(NDIR analyzer) and &followed in the listed order. Itis
possible to add data sent directly from the vehiiégnostic system to the central unit of
the analyzer and make use of localization signe® @GRble 2). In the tests measurements of
emissions were used and also, for the purpose mpanson, signals from an on-board
diagnostic system were recorded, e.g. engine spead, vehicle speed, temperature of
inlet air. Some of these signals served to speiifg density maps presenting participation
of operating time of the vehicles in real operatonditions.

Tab. 2. Characteristics of a mobile exhaust analpfeMTECH DS

Parameter name Measurement method Accuracy
1. Emissions

(6{0) NDIR, range 0-8% +3%

HC FID, range 0-10.000 ppm 2%

NOx = (NO + NO2) NDUV, range 0-2500 ppm +3%

Cc02 NDIR, range 0-20% +3%

02 Electrochemical, range 0-25% +1%

2. Data storage capacity Over 10 hours at 1 Hzaladaisition rate
3. Vehicle interface SAE J1850 (PWM), SAE J1979 (VPW)
capacity ISO 14230 (KWP-2000)

ISO 15765 (CAN), ISO 11898 (CAN)
SAE J1587, SAE J1939 (CAN)

191°C
- - FID
——ySample line __,| Filter 3 HC -
chiler ,
4°C !
v :
NDIR NDUV '
4==02 S —— L= 1
CO, CO NOy = NO+NO,  |!
Control management ' |
OBD GPS Wireless LAN

Fig. 3. A diagram of a mobile analyzer SEMTECH Bghaust gas flow channels (===
and electrical connections circled (- - -)
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4. THE TEST RESULTS

Measurements of exhaust emission (CO, HCx M@d CQ) as well as measurements
of the flow rate of the exhaust gases were mada thie use of a portable analyzer.
Moreover, basic operating parameters of engingbenfested vehicles were recorded (e.qg.
engine speed, engine load). Figures 4 and 5 prawest frequently used ranges of
operation of the tested engines, i.e. ranges ofrtbst frequently used engine speeds and
engine loads. Figure 4 presents the share of aperat a spark ignition engine during the
test and figure 5 presents the share of operatiom fcompression ignition engine. In the
case of a powertrain with a compression ignitiogies, a broader range of the most
frequently used engine speeds and loads is visillecomparing the operation of
powertrains equipped with a spark ignition and enpession ignition one may observe
that during the test the spark ignition engine afezt mainly within the range of low loads
(up 40% of maximum load) in the entire range ofiragpeed, whereas the compression
ignition engine operated in a narrower range ofremgpeed and mainly within the range of
medium and low loads (0—70% of maximum load).
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Fig. 4. Characteristics of the share of engine sisegnd engine load during the test, spark
ignition engine
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Fig. 5. Characteristics of the share of engine sisegnd engine load during the test,
compression ignition engine

Figure 6 presents results of exhaust emission témtsvehicles with different
powertrains. The lower value of the g@®missions/fuel consumption was observed for the
vehicle with the compression ignition engine, theission of CQ was lower by

approximately 50% as compared to the vehicle eeappith a spark ignition engine. In
the case of emissions of CO and HC, the higheregalvere observed for the vehicle with a

spark ignition engine. The emissions are considgralgher that for the vehicle with a
compression ignition engine.
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Fig. 6. Exhaust emission in vehicles with differemgines during tests under real traffic
conditions

5. CONCLUSIONS

The tests showed differences between exhaust emis§iom vehicles with different
powertrains under real traffic conditions. As farthe problem of ecology is concerned,
most favorable results were obtained for the vehwith a compression ignition engine,
which is characterized by considerably lower exhausission as compared to powertrains
using spark ignition engines. Presently one mayrassthat owing to favorable ecological
properties, vehicle with compression ignition emgwill probably be most frequently used
on the roads. Such vehicles should mainly be usedies, which are characterized by high
intensity of traffic. It should be noted that thagticle presents only selected test results
which are a part of a more extensive research grogdating to measurement of exhaust
emission under real traffic conditions. Furtheeipretation of the test results is planned in
next publications issued upon completion of thgquio In authors opinion the test should
be completed with PM measurement, it will be négps$n research project.
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ABBREVIATIONS

CLD — Chemiluminescent Detector
DPF — Diesel Particulate Filter

FID — Flame lonization Detector (HFID — Heated FID)
FTP75 — Federal Test Procedure
GPS - Global Position System

LAN — Local Area Network

LPG - Liquefied Petroleum Gas
NEDC — New European Drive Cycle
NDIR — Non Dispersive Infra Read
NDUYV — Non-Dispersive Ultra-Violet
OBD - On Board Diagnostic

TWC — Three Way Catalyst



