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Harmful exhaust components and particles mass andumber emission during
the actual drive of a passenger car in accordanceitly the RDE procedure

The article presents toxic exhaust components amisseasurement results as well as solid particlessrand number. The test
involved a direct gasoline injection engine, in whispecial attention should be paid to the partitedanumber emission. Small
diameters of nanoparticles make them particuladypgerous to human health. Nowadays, vehicle engiresanstantly improved and
modernized as a result of the need to meet existihgust gas emission standards. One of the few tealetermine the actual content
of toxic and harmful compounds in the exhaust gés#dse RDE (Real Driving Emissions) procedure, bguirements of which apply
from 2016 for new vehicles, and from 2019 will apgplall registered passenger cars. The RDE procedioes not replace the WLTP
(World Light-Duty Vehicle Test Procedure), but céenpents it. The tests on the dynamometer are segzthfeom external conditions
such as traffic volume or congestion and are nstifficient indicator of emissions in real traffioraitions.
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1. Introduction Table 1. Basic engine technical data
Nowadays, vehicle engines are constantly improvet a| Engine type spark-ignition
modernized as a result of the need to meet existihgust Displacement [cr} 1197
gas emission standards. One of the few ways tordiete the I'\r'fggtti’s; ‘:f Cg"“derS/"alves 4l 1§r$a'9ht)
actual content of toxic and harmful compounds éekhaust péwer [k\X/? 77
gases is the RDE (Real Driving Emissions) procediiie | Maximum torque [Nm] 160
requirements of which apply from 2016 for new védsc | Gearbox automatic/DSG

and from 2019 refer to all registered passenges. tacreas-
ing the popularity of engines powered by directofiae
injection system on the global market resulted rplified
emission of particles with small diameters to ttraasphere
[1]. This is directly related to the risk to humiagalth, as it is
impossible or very difficult for the organism tameve parti-
cles with a diameter of less than 100 nm [5].Tlsigsof
particulate filters is standard for compressiontign en-
gines, but for gasoline engines it is still an ai@de ana-
lyzed. The tests on the engine test bench areategairom
external conditions such as traffic or congestiod are not
a sufficient indicator of emissions in real trafonditions.
The RDE procedure does not replace the WLTP testlfiV
Light-Duty Vehicle Test Procedure), but is a suppat to
it. The results of hydrocarbons and carbon oxidass&on
during the discussed studies were published inparate
article [2]. This publication, in addition to data particle 3. Research methodology
mass and number emission, presents the resultaseogs
exhaust components in the form of nitrogen oxides$ ear-
bon dioxide emission measurements.

Fig. 1. Research object

3.1. Measuring equipment
The equipment from the PEMS group was used for the
tests, which contained a number of analyzers ferhidwrm-
2. Research object ful compounds measurement such as: carbon dioxide
The examined object was a vehicle from the LDWCOQ), carbon monoxide (CO), hydrocarbons (HC), solid
group, equipped with a spark-ignition engine withedt particulates in mass (PM) and number (PN) range. (E)
fuel injection of a displacement of 1197 tproduced in [3]. The apparatus before the test was calibratiél stand-
2015 (Fig. 1). The basic technical data of the mmgs ard gases according to the procedure providedéynénu-
shown in table 1. The tested vehicle had highligaie  facturer. Moreover, just before the vehicle left fioe route,
ment, which could have an impact on fuel consummptiothe equipment was zeroed in the ambient air, 4o azake
due to the increased Weight Compared to the bm(pe the _obtained results independent of the backgr(mmhm-
ment, mainly caused by additional comfort systewisich  Ination.
affects the vehicle's air resistance.
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Fig. 2. SEMTECH DS analyzer: a) device view, b)ratien diagram

Particulate measurements are particularly impor@ant
modern vehicles with spark-ignition engines anedifuel
injection. Research on their impact on human hdatthto
the introduction of limits, at the beginning of theass, and
then the number of particulates for compressiofitimm
engines. From September 2017, the limit of particien-
bers also applies to vehicles with SI DI engines: this
reason, it is required to use two analyzers — osed uo
determine the mass and the other to the number 3kig

a)

b)
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Fig. 3. Equipment used for measuring particulateghie range of: a)
number and dimensional distribution — EEPS TSI 3@)Goncentrations
— AVL MSS [3]

3.2. RDE route

The requirements for the RDE route are strictlyirge.
It consists of three driving cycles: urban, extrbam and
highway (Fig. 4).

The share of the traveled distance of individuagjes in
the whole test is about 33% (Table 2). The rid& tplace
in the afternoon, which allowed to avoid excesdnadfic
congestion.
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Fig. 4. The research route in accordance with tbegqulure RDE

Table 2. RDE cycles data

Urban Extra-urban Motorway
Average speed [km/h] 25.62 73.83 112.99
Drive duration [s] 4812 949 812
Distance [km] 34.25 19.48 25.52

4. Research results

4.1. Urban cycle

During the 80-minute drive in the urban cycle, oden
oxide emission values were obtained in accordarittethe
emission standards, according to which the testddcle
was homologated (Fig. 5a). Fuel consumption waslageg
throughout the entire cycle (Fig. 5b). Driving irban areas
limits the possibility of C@ emissions reducing due to
congestion and obtaining average speeds of 25 las/in
the case of the test run (Table 2).
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Fig. 5. Measured compounds emission per secoridOg)b) CQ

The increased emission of particulates mass inithan
cycle could be caused by the cold start of therengi the
beginning of the tests (Fig. 6b). Despite the latgalue of
all the test stages, the result is still below lin@ts in the
approval standard (Table 2). The increased numbsola
particles with small diameters results from dired injec-
tion, which promotes their formation (Fig. 6a).
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Fig. 7. Measured compounds emission per secoridOg)b) CQ

Fig. 6. Solid components of exhaust gases: a)gniumber concentra- a)
tion, b) particle mass
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With reference to the homologation standard oftés-
ed vehicle, the admissible value was not exceededht
compounds in the exhaust gases (Table 3).

concentration [1/cm’)

Table 3. Specific distance emissions results duaimgrban cycle

2
5
8

Specific distance emission during an urban Euro 6b standard
cycle FESF PN PP PSS e
NOy [g/km] 0.12 0.06 Channel diameter [nm]
CO; [g/km] 226.74 - b) 0,0045
PM [mg/km] 0.000952 0.0045 000202
PN [1/km] 5e10 6ell ? 0,003 ‘
£ 0,0025 1 "
4.2, Extra-urban cycle % 0002 l
The shortest stage of the research was the extexur 5 0,0015 “‘ J i ! ‘
cycle. During the cycle, the driver drove a diseumt 19 £ oo )LJ Ll f‘ " L* ‘lw,v"\ | )."" / ‘m
0,0005 ‘J \ - IPLRRE' \“ IA

km. In the initial phase of the test, lower speegse main-
tained, which reflects the lower emission of nigng 0 200 400 600 800
oxides, the formation of which is promoted by rapatel- Time [s]
eration. In the final stage of the cycle, the driweoved
from the extra-urban area towards the motorway,clhi Fig. 8. Solid components of exhaust gases: a)griumber concentra-
allowed to achieve higher speeds, thus increasiiy N tion, b) particle mass
emissions (Fig. 7a). The same trend can be obsénvint
case of C@ which is directly connected to fuel consump-
tion (Fig. 7b).

A three-fold reduction in solid particles mass esiun
in relation to the urban cycle was observed (Hm. 8t this
stage of the research, the engine warmed up, winich

‘nﬂ\‘ 'Yy L \ |

1000

The emission of nitrogen oxides reached a valudasim
to that determined in the Euro 6b homologation dsiah
(Table 4). The number of particles in relationhe tlistance
was the smallest relative to the other parts oRDE test.

Table 4. Specific distance emissions results duaimgxtra-urban cycle

proves the fuel combustion conditions. As a resftilthe — — -
engine's achievement of an appropriate operatimpeea- Specific dlstanL(l::eb:m:ssglc;n during an extfa- Euro 6b standard
ture, the time needed to evaporate the fuel has beert- 4
ened, due to which the emitted particulates numniizs NO [g/km] 0.057 0.06
been increased (Fig. 8a). CO; [g/km] 134.6 -

PM [mg/km] 0.000396 0.0045

PN [1/km] 3e9 6e1l
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4.3. Motorway cycle The effect of increased fuel consumption can beadt
Due to the speed characterizing the motorway angssi for the specific distance emission of the partirganum-

its duration was the shortest. The initial stagehef cycle ber, which significantly approached the limit valagthe

was characterized by higher speeds. At some moiritiets Euro 6b standard (Table 5). Increasing the avespged to

vehicle has reached a speed of 130 km/h. This dausise 113 km/h caused an increase in temperature indhwus-

in temperature in the combustion chamber, and cpresg- tion chambers and exceeding the limit value ofogim

ly an increase in the emission of nitrogen oxidéig.(9a). oxides emission.

Fuel consumption was uniform, increased comparetthe¢o

extra-urban cycle, adequate to the need to acHiayeer Table 5. Specific distance emissions results duaimgxtra-urban cycle

speeds and increased air resistance(Fig. 9b). Specific emission during a motorwa Euro 6b standard
cycle
a) NO [g/km] 0.057 0.06
CO; [g/km] 134.6 -
PM [mg/km] 0.000396 0.0045
PN [1/km] 3e9 6ell

4.4. Total RDE test
During the total RDE test, fuel consumption reacthes
highest values at the end of the stage, which mastire-

b) sponds to the motorway's movement (Fig. 11b). This-e
sion of nitrogen oxides in the initial and finalgsge of the
test corresponds to the specificity of moving ibam and
motorway conditions, which was confirmed during the
discussion of individual stages of the test (Fitp)l

a)

Fig. 9. Measured compounds emission per secoridOg)b) CQ

Despite warming up the engine and reaching thet righ

operating temperature, the emission of particuhasss is

greater than during extra-urban drive, becausevéécle

uses more fuel to maintain the set speed (Fig..10bg

increase in fuel consumption is associated witlinarease b)
in the particulate number emission and has an impac

their dimensional distribution (Fig. 10a). Compatedthe

other stages, an increase in particle diametemwte.

a)

Fig. 11. Measured compounds emission per secordiOg)b) CQ

The dominance of small diameter particles throughou

the test confirms the low impact of the conditiamsvhich

b) the vehicle moves (Fig. 128a). The formation o tiype of
particles is mainly caused by the type of fuel étign in
a given engine type. Emission of particulate massssoci-
ated with increased fuel consumption in the fimst phase
(Fig. 12b).

Along with the RDE test procedure, the conformag-f
tor (CF) was introduced, amounting to 2. After teikithe
factor into account, the permissible value of mjgo oxides
emission for the entire test was exceeded (TableN6)
exceeded value for other compounds.

Fig. 10. Solid components of exhaust gases: alcfgmrtumber concentra-
tion, b) particle mass
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a)

Particle number concentration [1/]

b)

Fig. 12. Solid components of exhaust gases: alcfmrtumber concentra-
tion, b) particle mass

Table 6. Specific distance emissions results duaimgxtra-urban cycle

6. Summary

Current legal regulations force vehicle manufactite
apply exhaust aftertreatment systems. The testeidleavas
not equipped with a particulate filter, which resdlin in-
creased emission of small particle sizes. They posgecial
threat in urban areas because they have a negafraet on
human life and health. The introduction of a liroit the
number of particulates was necessary, which isicoefl by
the results of tests in which the mass emissiosobd parti-
cles is several times lower than the permissiblaeyavhile
their number reaches a similar order of magnitodé@é limit
specified in the Euro 6b standard. Nitrogen oxidg@ssion
was exceeded during motorway cycle, which was ggba
caused by the increased temperature in the corohusti
chamber due to the need to maintain high vehicedpFuel
consumption was adequate to the conditions spetific
a given cycle. The highest values of carbon dioxidds-
sions have been registered for urban cycle, in lwthe use
of methods to reduce fuel consumption is the mdftult
due to the occurrence of congestion and increasedigncy
of acceleration and deceleration of the vehiclee Tdrge
number of particles with small diameters is a plnegaon
characteristic of this type of engines, thereftis hecessary
to improve the exhaust gas aftertreatment systemhsadapt
them to the manufactured vehicles. Research intrafiic
conditions is currently the best method to vetifiy bperation
of exhaust aftertreatment systems and to deterth@nactual

Specific distance emission during a mot Euro 6b standard
torway cycle
NO, [g/km] 0.09 0.06
CO; [gkm] 188.12 -
PM [mg/km] 0.000521 0.0045
PN [/km] 1.6e1l 6ell emission of harmful and toxic exhaust components.
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