J. Czerwinski

School of Engineering and Architecture
Biel
Switzerland

Nanoparticles in the Exhaust Gas
of all IC-Engines?




20D'66'9'} 1 YOUNZ dOYSUOMUNIAWEL MSUMIBZOLQ

‘ssjoiledoueu ay) uo asuanyul Aue SABY J,Uop SUOHEBAUSIUOD

fiesseaau Ajjensn ay) — Usdo.ls} Jo a|dwiexa auj uo moys g Bid pue § DI ay) sy
‘seuibua jasal( ey} Joj uojeisuabal deJ) sjoiued papoddns Ajippe 8y} Joj

10 ‘~auljoseb 1o} sjuabe yoouyyue se sied sabusssed ay} Ul pasn q Ued SeARIPpY

‘sajejnoedoueu Jo uoissiwa pue uolewoj ay) ssaiddns Ajjenueisqns
0} 8|qeun ae ABojouyasy auibus sy Jo sjuswidojarsp UISPOW 8U} UOJSNGLIOD
snoauafoiajay 8y} 0} anp Jey ‘papniouod aq ues )i seuibus |asalp sy o

"auiBus |asaip ay} Jo 8soy} uey) ‘1amo| apnjubeuw Jo sabuel saiy)
1noge ae suibus aujjosed sy} Jo sjunod sjejnoied ay | “¢Wo Jad ssjoiled uoliw |
1O SNjeA |BNSN BU) USAS SPasoXa anfeA s)i pue wu Q| Jo Jejawelp sy} Ag s} auibus

|esalp 8y Joj winwixew ay] “suibus suljosed uispous e pue sulbus [sselp-01-10
SAJOWIOINE UIBpOW B JO BJjoads 92is sapoied sy} o uosiiedwod ay) smoys ¥ Bid
S1eJ [953]( pue auijosen

‘auibue |9s8IQ-|(] SUIYORW UORONJISUOD L1aygal] ayj Yim J aredwod €biI]
"UOISSILUS-NJ Y} O} 0S| SNqUIU0I SIBYOWS ay) Alenoed pue $80inos JsyiQ
"7 Bid ‘|auun} UORN|IP Y} U SSNJEA 8Y) SE UOISSIWS-Nd JO |9A9)|

lejiws e saonpoud Jeo sujosel uispol 7 eyl Jie uonnjip ay) Jo 8snessq ‘Jemo)
sl (Nd) siequnu sjoied Jo [9A8] 8L} UONE|[BISU-SAD U JO [uun) UOAN|IP Su} Ul
1 B4 ‘woo Jad

0001 pue Qo) usamjaq Atea Ajjensn Jle Jusiquie sy ul ssjoied Jo siaquinu ay |
e jusiquy

‘pajuasaldal ale Jeak jsed ay} Jo sjnsal jo ss|dwexs swos Jaded juasaid ayj uj

0p'66'801 UoUNZ dOUSHOMUNIAWET HSUMIBZOVa

JuswiaBpajmoundy <«

Aewwng <«

sauibus suijoseb ayons-y lews <«
del] uopesauabay Ajsnonunuo) <«
SIe9 |989](] pue aUIjoseS) <«

Jle UOHN{Ip PUE SUORIPUOD JualqUIY <

6661 "01-6 1snbny "younz-H13

JUSWBINSEs[\ o edoueN™ doysyHOM

pUBSZYMS ‘ainjoa)yoly pue Bupesuibul Jo [0oyos [aIg
|03U0D uoISSIW Jsheyxg puy

saubu3 uopsnquio) [eulsyul Joy Aloyesoger] syj Jo pesH
D{SUIMIBZY Ue[ J0SS8J0Id

Aq

¢sauibuz-g|
pupy |[e jo se9 jsneyx3y ayj ul
SITOILYVJONVYN




20p'66°8'4 4 YoUNZ OUSHIOMULYIAWET SUMIBZOVQ

"s)insal ay} ysijgnd o} uoissiutiad sy 4o}
puelazZymg ‘uisg “TYMNE — JUSWUOIIAUT JO 89IJ0 |elopo SSIMG o
Auewusg ‘aUleH 69y ‘HAWS puejyosneq J3L00

Auewle ‘uspusjy 908G ‘HAWSD Yuyosibnaziye4 SPH e
'$10J0R.1JU0D 8Y) 0} apnijelb siy ssaidxa 0) 8yl pinom Jouyine ay |
JUSWabpamoudy

'sejoipedoueu ey} Uo aousNyul ou sey [any fe1oeds pajebiseau; sy |

‘|oA9]
-OH 9ISBq 8l JO pue Y 10joe) $589X8 le Jo puadsp suoissiLe asaly | ‘“DOA 8ul
J0 Junowe Jaybly e Aq Jsisuod sauibus asoy) 1o seje|nanedoeu Jo SUOISSIWS 8y |

‘(1opnuspotuiayy)
des} uogies0IpAY sy Jo aouanyul ARadal pue Jesio B Jnqg ‘sjen) Jusiayip
lo} sousiagip Biq ou s1 a1ay) :suonquisip ozis Jo ajduwiexa ue saalb §] B4

‘sajejnoiedoueu
3y Joj osje [eusjod uononpal e sulbus siy) uo sey JsAjejeo-Aem-¢ sy ‘sanjeA
SuoIsSIWa 9Iseq Jamo| Yim uonelsush Jemau e sjuasaidas suibus-tepulfo-z sy

‘syuiod buneltado
Jualagip Je sauibus yjoq Joj siaquinu sajoied pajeibisjul ayy smoys § biJ

‘SANS UM sajoredoueU Jo Jusainseal ay)
Upm sauibus uopengs @ sbiblig om uo pajebisanur alem saiqissod asay o Ljog

‘uadsy Jen} saj -sjewose pue -Inns [e1oads e S| JusLUsAoIdWI JO aInSeslW Jayjouy

20p"66°8"} 4oUNZ doySHIOMILYIAER HiSuMEZOL]

‘Aousioiye
ybiy e yym XON pue OH ‘00 8anpal o} s|qe st islejed Aem-¢ ay) | = epquie 1y

'8i0j2IngIe0 gjduis LM usAs uoldwinsuod [N} saonpas pue
suolssiwa Jno aulfus saonpai ‘| = epquie 0} Jojaingled pajelado Yol auy} 04U
0} aAjeA ssedAq e Buisn SrH Jo washs Juswdinba-jsod 1s00 mo| pue sjdwis

‘Ksuipieh
1o ‘ainynolife o} saulyoeU JBWS JO UONONPa UOISSIWS JO Pasu & S| alsy ]
soulbua ouijoSeb ay0J}s-p ||[eWiS

JUBJUOD INYINS [8SBIP BU} JO aAldadsiad ainjn) sy} JO MaIA U Wsjqold e aq Jup|noys
11nq ‘Aepoy swsjqoid Aue asned ued jJeym ‘Alessaosu si [an} Jnyins Moj Ao

‘a0e|d saye)} uolelsusbal

SNONUIUOD 8y} -ainssald ¥oeq au) JO aSEIOU] YIM Swie|qosd ou ale alay) e
‘OH pue 00

AjBuolis saonpal pue }sAjejed UoEPIXO Ue e os[e S1o. Wa)SAS - | HD) au} e
‘Ayenb Jie Jusiquie Jo |aAs] 8y} mojeq

10 ‘o) Apusioye A1aa | M9 Ylm paonpal ale sajenolledouBu Jo sjunod ay} e
‘(uonels}a00E 8811) SUOKIPUO JusISUE)

1e pue sjulod Bunelado jje ul Aousioyie uonen|y poob AlsA e sey | HD) 8y} e

:SMOJ|0} Se paziewwwins aq ued s}nsai ay |

"8 PUB 7 SeInbl] oy Ul usAib aie suibus Jiaygai] ays Uo 1 H0 YIm S)nsal swog
‘del) sy} a10jaq 1SA[RIED UOKEPIXO LB SSZI[IIN YOIYM ‘WaISAS SABAOUUI UB S| 1HD

‘uoijelado Jo sinoy G/¢z

abelane uj Jaye sdeyy sjenoied yym synsal poob Alea yym 1se | pleld Aisulyoep
Buiping-1 43 2y} Jo sesuauadxe sy} Jnoge papodal Joyne sy doysyiopm
ajonedoueN-H1 3 1se| 8y} Buung "suoissiwa JUNoY pue -ssew ssjoied ay)

UMOp 39 0} sWia)sAs Juswiealsye seb jsneyxe jusiolie Alea aie sdely ajejnonled
dei] uonelsuabay A[SHonuRuos-149)




0°66°9L ) YoUNZ dOUSHOMALYIAWER PiSUMIBZONG

i }1 Jsuiebe jo| e op ues am Jnq
i SOk <« ¢ shemje :a))1

‘deu} Jo 8Aje1eD yim
pasn Ji ‘sejoiedouBu 8y} 8Se8IoUl J,UOpP SSANIPPE [BloW BY| e

s9|oledoueu
ay} ajeufuwije o} Jusiowe AteA ale 1Y pue sdey sjenoied e

[oA8] uoissiwa sajouedoueu Jaybly Algeiapisuod e eaey
{ELE)
-0H Jaybiy ‘uondwnsuoa jio Jaybiy) ABojouyos) Jepjo yum -
(peoj |iny) uonelado you e -
auibus auljoses) e

Ile Jusiquie Jo abuel ay) ul uoissiwe ssjoledoueu
ay) aney ABojouyos) Jusoal yum sauibus suljoses) e

'€3-01 apnjubew
J0 8buBJ 8U} Ul SI Jfe Jusiquie Sy} Ul UOHELUSOUOD SejdiledouBN e

Krewiung




[wu] Jeyewelp Aypqow

2558888338

—_ ] ¥ i i 1 1 1 1 oo+w-F
- L0+
WARER

Uiy 06
€0+3'}

u/wy 0§

40 aujbuae |suuny uopn)p ul e o

{auuny uopn)ip ul seb jsneyxs

00+3'L

€0+3’}

auljoseb pspesjuou ‘cWo 081 1shjered-Aepn-¢ 1| SoIYSA

sef Jsneyxa Jnoym pue y3m

[auun} uonnpip-SAD 8y} ui eijoads azis sajoned

‘B14

[QLUO/L] uonenuasuod

[;woy|] uonenussuoo

[wu} 1e12werp

13

Lyieq Meyqe) :auibus ‘Japnuspouriay} yjm

0+30°1

1+30°1L

I ¢+30°1

€+340°1

{¢-wo] uonenuasuoo

lejawowreup aulbus uo sjuswainseaw ayj Buunp
Aje Juaiquie ayj ul sjunod ajenajyed




1.00E+07

number concentration dN/dlogDp[cm-3]

1.00E+06

Diesel Emissions with and without Particle Trap
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Matter Engineering
Fig. 4
Comparison of modern automotive engines :
diesel vs. gasoline
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Integrated numbers of particles
in the size spectrum 20-200nm
with CRT-filter, engine: Liebherr D914T
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