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Introduction

Diesel engine exhaust particulate matter (DPM) pose a potential threat to public health. Tightened regulations have caused a great reduction of DPM emissions because much effort has been taken into the
development of new diesel engines and exhaust gas after treatment systems.

Background

While determining the particle size distribution in the exhaust of modern heavy-duty vehicles with an SMPS (Scanning mobility particle sizer), often two modes appear: The nucleation mode in the area around
10 nm, which consists before or without oxidation catalysts usually of un- and/or partly burnt hydrocarbons (from fuel and engine oil). As well as the accumulation mode in the area between 40 and 80 nm, the
actual soot mode. The nucleation mode is strongly influenced by the type of sampling, especially by the dilution. When falling below a certain dilution ratio, the hydrocarbons can nucleate homogeneous. In
addition ash particles, which came from the engine oil, can serve as condensation particles. The toxicological effect in the lung may differ based on the different composition and solubility of that of the soot
mode. Both modes should separate valued become therefore with respect to their toxicological effect [1-5].

Experimental: SMPS Measurements in Diesel Exhaust

For Particle Size Measurements in Diesel Exhaust of Heavy Duty engines on a test bench a SMPS System (TSI 3936, LDMA) has been used. The dilution was carried out with an micro tunnel (partial flow
dilution system (NOVA Microtrol 5) according to the legal regulation.

Results: Particle Size Distribution Measurements
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172
——214

dN/d log (Dp) [Partikel/cm® 10 '] * Verddnnung

10 160
Elektrischer Mobilitatsdurchmeser [nm]
Influence of the dilution ratio on the particle

size distribution (constant engine point)
16

—o —5
10 15 [l
—25
_35 Fa =
40 a5
50 55 L
60 65
70 75
—80 85
£y 95
105 110
120 min

=

5

s

dN/dlog (Dp) [*10° Partikel/cm®]

°

1000

10 100
Elektrischer Mobilitétsdurchmesser [nm]

Long time behavior of the particle size distribution
in one ESC point(7) after the PM-KAT-system

Influence of different fuel sulfur contents and an oxidation

The nucleation mode is influenced by:

engine operating parameters and supplies
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The different factors influencing the nucleation mode can be
summarized in the following figure. There you can clearly see
the strong influence of the nucleation mode by the sampling
conditions, the engine operating parameters and exhaust gas
after treatment devices.

It exists endeavor to establish a new additional emission limit
of sides of the EU for the diesel exhaust. Next to the well
known and in the last years drastically tightened particle mass
limit, the establishment of a particle number limit is presently in
the discussion. There are many open questions?

« Is there a correlation between mass and number

« Is there a correlation between health effects and number
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Discussion and Conclusions
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What about the nucleation mode particles
« What about sampling artifacts (i. e. ash)
« What about the chemical composition of both modes

So it is questionable which relevant information this additional
particle number limit will bring.

For the determination of this new particle number limit, a costly
particle sampling and treatment is necessary to separate the
solid from the volatile particles.

This is far from real world conditions.

Literature

[1] Burtscher, H. "Physical characterization of particulate emissions from diesel engines: a review." Journal of Aerosol Science 36(6): S.896-932, 2005

[2] Mohr, M., L. W. Jaeger, et al. "Einfluss von Motorenparametern auf die Partikelemission." MTZ Motortechnische Zeitschrift 62(9): S.686-692., 2001

[3] Kittelson, D. B.,"Engines and Nanoparticles: A Review.", Journal of Aerosol Science , 29, 5/6, S.575-588, 1998

[3] Grabe, T., Bechmann, O. “Sinnvoller Einsatz moderner Partikelmesstechnik in der Motorenentwicklung”, 4.Internationales Forum Abgas- und Partikelemissionen, Ludwigsburg, Marz 2006

[4] Gruber, M., ,Charakterisierung partikelférmiger Emissionen beim Dieselmotor und Untersuchung von VerminderungsmaRnahmen®, Dissertation, TU Wien, 2002

[5] Rothe, D., ,Physikalische und chemische Charakterisierung der Ruf3partikelemission von Nutzfahrzeugdieselmotoren und Methoden zur Emissionsminderung®, Dissertation, Technische Universitat
Minchen, 2006 http://nbn-resolving.de/urn/resolver.pl?urn=urn:nbn:de:bvb:91-diss20060407-1550074583

10th ETH Conference on Combustion Generated Nanoparticles Ziirich 2006






