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Motivation and goals of work

Internal combustion engine emissions are one of the key sources of urban air pollution,
with significant negative impact on human health, notably in densely populated areas.
Emissions limits are increasingly strict, but there is no corresponding improvement to
public health.

Probably the most dangerous component of vehicle exhaust are ultrafine particles, which
have the ability to deposit in lungs and to penetrate through cell membranes into the
organism.

Ultrafine particles are not just a diesel engine problem — they are also emitted
by spark ignition engines — and perhaps at levels not insignificant compared to
latest diesels.

The goal of this study was to investigate the exhaust emissions of particulate
matter from common homogeneous charge spark ignition engines during real-
world operation.

Of particular concern were: a) small engines without electronically controlled fuel
metering and without exhaust gas aftertreatment, and b) automobile engines during
extreme low, high and transient load operation.
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| E';“‘;';"“"": Soucasna situace silnicni dopravy
« Intenzita dopravy i spotieba paliva rostou
« Emise ze spalovacich motorii, zejména velmi jemné ¢astice, se stavaji
jednim z hlavnich problémf vétSiny mést
« Spalovani fosilnich paliv vede k emisim sklenikovych plynd, jejich
nar{istajici koncentrace spojena s rizikem klimatickych zmén
» Zasoby fosilnich zdrojii jsou omezené
« CR i EU jsou energeticky zavislé na jinych zemich
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Narist intenzity dopravy zplisobuje, Ze téméF polovina emisi pevnych
Castic pochazi z mobilnich zdrojt
v Praze doprava vyprodukuje 10,8 Gg (mil. tun) éastic roéné

— to je 14-15x vice 0,7-0,8 Gg/rok ze stacionarnich zdroji
(dle Praha - Zivotni prostFedi 2009)

—o— silniéni nakladni doprava, desitky milionti tunokilometrc

—— prodej motorové nafty, miliony tun
—#—— registrované automobily, miliony

—&— registrované néakladni vozy, statisice

=== podil dopravy na celkowych emisich PM10, desitky procent
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Zdroj data v grafu: Roenka Zivotniho prostFedi, MZP CR, 2007; Centrdni registr motorovych vozidel:

isterstvo dopravy
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- ale ekvivalentni zdravotni riziko? ASSOCIATION.
of California

According to the current particulate matter measurement standards (total mass),

the following three are equivalent: Recent Research Findings:

Health Effects of Particulate Matter and Ozone Air Pollution, January 2004

Tisic Castic sazi Air Pollution Causes Premature Death

i Milion
(elemevn,t' !'lhllk) ALV Attaining the California PM standards would annually prevent about 6,500
nanocastic o organickych .

Jedna « v premature deaths, or 3% of all deaths. These premature deaths shorten lives by

oz priméru 200 nm nanocastic o - 2
anorganicka fuk. ol h riméru 20 nm an average of 14 years. This is roughly equivalent to the same number of deaths
Castice o priméru ve vyfuk. plynec p (4,200 - 7,400) linked to second-hand smoke in the year 2000. In comparison,
2000 nm (2 um) / . 3 motor vehicle crashes caused 3,200 deaths and homicides were responsible for

2,000 deaths (CARE 2002a, and CDHS 2000).
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Mikroskopické pevné castice vznikajici spalovanim
jsou jedna z nejcastéjsich pFicin pfed¢asného amrti.
V Kalifornii zabijeji vice lidi, nez dopravni nehody, a

priblizné stejné jako druhotny cigaretovy koufr.
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“Fine particulate matter (PM2,5) is responsible for significant
negative impacts on human health. Further, there is as yet no
identifiable threshold below which PM2,5 would not pose a
risk. As such, this pollutant should not be regulated in the
same way as other air pollutants. The approach should aim at
a general reduction of concentrations in the urban
background to ensure that large sections of the population
benefit from improved air quality. However, to ensure a
minimum degree of health protection everywhere, that
approach should be combined with a limit value, which is to

be preceded in a first stage by a target value.”
(Smérnice 2008/50/EC, Uvodni ¢ast)
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» Obr. B1.2.3 Celkové a mérné emise ze stacionamich zdroju, Praha, 1984-2009
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» Obr. D3.1.3 Dopravni vykon automobilové dopravy za primérny pracovni den
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Predbézné, orientaéni méfeni emisi ¢astic ze zazehovych motori
béhem realného provozu z hlediska

a) Technickych moznosti proveditelnosti takového méreni

b) Funkce méfici aparatury

¢) Vztahu mezi méficim rozsahem a méfenymi hodnotami

d) Celkového mnoZstvi emitovanych Castic

e) Orientacni indikace velikosti emitovanych castic
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Mérici fonizacni komora
- kalibrovana pro méreni celkové
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[Vojtisek, Journal of the Air & Waste Management
ssociation, 61, 2011, 126-134]
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nefelometr
- kalibrovan pro méreni celkové
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[VojtiSek, Society of Automotive Engineers Technical Paper
Series, 2001-01-3641 (2001) a 2009-24-0148 (2009)]
P s méFeni

pi
rgravimetrickou depozici na filtr

10 1 T — T TTT1m _, 100 E3y =EEE=1I T
) F - ~0.01g/kWh =, i 5
H with DPF i A
El N § N
% 1T g A
£ L |4 s WES=cIE=E=E =St 2=
3 [ 3 €5

g
£ — 141 g &
g A B P
= Fl o ] g 1= e = =
2 x Diesel fuel without @
H DPF (R2 = 0.974) £
g + Diesel fuel with DPF =
2 (R2 = 0.945) g
01
01 1 10 100
total PM length by EEPS [m/cm3] PM emissions by standard gravimetric method [g/h]

Vo -ROAD PARTICULATE MATTER EMISSIONS FROM HOMOGENEOUS CHARGE SPARK IGNITION ENGINES— KOKA 2011
**
Kated: & . x - & o - . * L *
g o ¥ yozidel a motord Skoda Fabia, zaZzehovy motor 1,4 MPI Skoda Fabia — benzinovy motor 1,2 HTP * [/f& *
Tocmsa umarsa bt L0
.
[ Ryclost pm/ny I
100 —— emise NOx [ma/s] 500 Toto je vyjezd z Prahy
90 71 emise HC [mg/s] i as0 | t timastské
% 50 ||| —amise 0o [mg/e] vl wo e a cesta po pfiméstské
=8 7 350 T arterialni komunikaci
Ex o0 —*ﬂmi T 300 £
2 s Pt | 250 g Jizda po mésté — 0,7 az 2
22 40 T 20 § litry benzinu za hodinu
] -
cf % ! T [ 05 || wvlastni® spotFeba motoru a
° (T o prislusenstvi
[ [ (jen 1-2 litry na 100 km na
17:15:00 17:25:00 ¢ 17:35:00 /17:45:00 17:55:00 "pohon“ Vozidla)
| I—
. ; ; 100 —— Rychlost [km/h] 500
Jizda ustalenou rychlosti g0 [ e ine 450
(Fidic se snazil, jinak se T 80 || — emise CO [mg/s] 400
e A =5 =
takto prilis nejezdi) TE 70 350 2
E é 60 300 £
A E 5 50 250 8
Toto je cesta po Praze g2 L] l ! | bl m | RG]
P £33 30 1 ! I | 150 §
PO MiStNich  cp | &2 s et
komunikacich ® o 0
(nikoliv po obchvatu) o o
16:25:00 16:35:00 16:45:00 16:55:00 17:05:00

Vojtisek et al.: ON-ROAD PARTICULATE MATTER EMISSIONS FROM HOMOGENEQUS CHARGE SPARK IGNITION ENGINES— KOKA 2011




(pokusna méfeni)
_—

Skoda Fabia, zaZzehovy motor 1,4 MPI

Katedra
vozidel a motori
Fakula strojnl
Technicka univerzia v Liberci

Jizda po letisti — 10000
ustalené rychlosti
a akcelerace

PM [ugls]
——PM [mgim3)
— kmfh GPS

2

road speed fkm/h]

PM mass emissions [ug/s]
3

PM in raw exhaust

12:15:00 12:25:00 12:35:.00 12:45:00 12:55:00 13:05:00
6 PM emissions
6 . .

5 b e o sach o] Okar_nzma spc_)treba

. roportonal o the paliva a emise v
_ a4 nstantanecus PI1 Pttt
g ¥, zavislosti na
E, E, okamZité rychlosti a
51 1 zrychleni — pfi
5o H kych zrychlenich
50 0 vysokych zrychlenicl
g1 'g -1 jsou emise Castic
®2 2 nelimémé vyssi nez

3 3 spotfeba paliva

-4 -4

0 20 40 80 100 120  140| 0 20 40 60 80 100 120 140
vehlcle speed [km/h] vehicle speed [km/h]

N-ROAD PARTICULATE MATTER EMISSIONS FROM HOMOGENEQUS CHARGE SPARK IGNITION ENGINES— KOKA 2011

o [ Katedra Skoda Favorit, 1.3-liter carbureted gasoline engine — ;
& e s s NOFMal and aggressive driving up a hilly road

Skoda Favorit - normal driving Skoda Favorit - aggressive driving

120 6000 120 6000
5000 w0 ] s 4 5,000
- = 7l AJ N 5 §\§§ EiIR| 5 —
5 40005 | | £ 801 I & — F 1 a0 E
= gl nd i¥ig LFanpLyr e
HE 300E| | § 0 “?%’e §igis —M 1500 £
& & | 3755 % { H
3 F ol oo S o B
g g —e—nm | k] 8
ol § oo
° ol 4.
2130 2140 241 2142 2143 2144 2045 2046 asa s zise 257 215 2159

computer time [hmm] computer time [y

Skoda Favorit - normal driving Skoda Favorit - aggressive driving

F

PM [mg/mol exhau

2139 2140 2141 2142 2143 2144 2145 2146 2154 2155 215 2157 2158 2159
computer time [nhimm]

computer time [hhnm]

o Ktera Skoda Favorit, 1.3-liter carbureted gasoline engine —
bhrbegid aggressive and normal freeway driving

Tochnickd univerzta v Librcl

road speed [km/h]

5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000
500

engine rpm [Uimin]

2200 2210 2211 2212 2213 234 2295 2216 207 2218 2219 2220 2221 conoierime

PM [mgimol]

2209 2210 2211 2212 2213 2214 215 2216 207 2218 2219 220

22221 computer time [hhamm]

N-ROAD PARTICULATE MATTER EMISSIONS FROM HOMOGENEQUS CHARGE SPARK IGNITION ENGINES— KOKA 2011

Skoda Octavia, zazehovy motor s pfimym
vstfikem (DISI)

——PM [mg/m3]

FM{ging, NOx [, copg

8:15:00 8:35:00 8:55:00 9:15:00 9:35:00 9:55:00 10:35:00

CO [%]  ——+— PM [MQ/M3] e NOX [ppm/100]  ——— road speed [kn/hl | 540

PMIgTE, NOX [T, COPq
IS

e F L A

11:50:00

12:10:00 12:30:00 12:50:00 13:10:00

ROAD PARTICULATE MATTER EMISSIONS FROM HOMOGENEOUS CHARGE SPARK IGNITION ENGINES— KOKA 2011

= Katedra
vozidel a motori
N Fakutta strojni
Technicka univerzita v Liverci

Riding lawnmower
TCP 102, Castelgarden,
Italy, mfg. in 2001,
4-cycle gasoline

Mowing family house lawn

PM length is relative units per kg of fuel
All other data is in grams per kg of fuel
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"o M vozidel a motori
Fakuta st
Technicks unverzia v Lberc

Chainsaws
Stihl 029 (top)
Stihl MS361 (bottom)

Cutting firewood (logs)
On-board system mounted
on accompanying tractor

Chain saw 2-cycle
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? vozidel a motori
Favuta sroni
Tochickd cntorzta v Liberc

Chainsaws
Stihl 029 (top)
Stihl MS361 (bottom)
2-cycle gasoline
Cutting firewood (logs)
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on accompanying tractor

Chain saw 2-cyde
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o I Vorider a motord
vozidel a motos L.
Forta st Zaveéry

Tochnickd univerzta v Librcl

Byla pr d pr ori ¢ni méfeni vyfukovych emisi Castic ze
zazehovych motoréi béhem realného provozu.
MéfFeni byla provedena na tfech automobilech a ¢tyfech malych motorech (zahradni traktor,
dvé motorové pily a kfovinorez).

MéFeni byla provedena pfenosnym zafizenim umisténym na méfeném vozidle, v pfipadé
ruéné nesenych strojl (pily, kfovinofez) na doprovodném vozidle.
Byla sledovéna celkova hmotnost (nefelometr) a celkova délka (ionizacni komora) castic.

Méfeni prenosnym zafizenim byla vyhodnocena jako technicky proveditelna.
Namérené hodnoty byly v Fadu setin az jednotek gramu castic na kg paliva, coz je
zpravidla vyssi, neZ u vznétovych motorii vybavenych zachycovaéem pevnych
&astic (DPF), ale zpravidla nizsi, neZ u vznétovych motori srovnatelné velikosti a
technologie.

Presnost méfeni u zazehovych motordl nebyla kvantifikovana, nebyla k dispozici spolehliva
referencni metoda.

hledem k malé r hu méFeni a prozatim neovéiené presnosti méFici
aparatury je nutné tato méreni povaZovat za orientaéni, naméfené hodnoty vsak

potvrzuji, Ze problémem emisi astic ze zaZzehovych motori je tfeba se zabyvat.
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xvm [ Katedra _
vozi
Technicka univeraia v Liverc

Falula siojnt

MéFeni emisi z malych motort
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Podékovani

| Foto pro zamysleni: Utlum automobilové
dopravy a podpora pési a cyklistické
dopravy, Manhattan, New York




