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ABSTRACT

The transition regime of nanoparticles that is the size range approximately between 10
nm and one micrometer is not quite well understood in a theoretical sense, especially
concerning coagulation. For this problem there exist mainly two approximations at the
end of this range, one of statistical thermodynamics and one deduced out of the
Einstein approximation for the Brownian motion. Both together can be expressed as
coagulation kernel in the Smoluchowsky equation in the transition regime by
interpolation.

At the same time this regime is most important for combustion generated nanoparticles
as well as they have a long residence time in the atmosphere, and time evolution is not
a standard measuring procedure up to now. -
To fill this gap an aerosol coagulation coefficient measurement device (CMD) is being
developed to measure systematically the coagulation coefficient, which corresponds to
the coagulation kernel of the Smoluchowsky equation. By means of this a more precise
and mobile measurement of the coagulation coefficient comes into reach, with the
future goal to establish it as standard measurement quantity.

INTRODUCTION

A main topic for air pollution and health risk are combustion generated nanoparticles.
These are typically found in the above described transition regime. There are still
open questions about the residence time in the atmosphere and the laws of growth.
Their theoretical background is extremely complex. Experimental investigations of
particle evolution are available for special cases of aerosols and a limited number of
physical quantities only. The basis description for this process is done by the
Smoluchowsky (1917) equation. For the kernel, which is basically described by the
coagulation coefficient, there exist mainly two approximations each valid at the border
of the transition regime. One is based on statistical thermodynamics, the other on the
Einstein approximation for the Brownian motion (Friedlander 2000). For the transition
regime a semi empirical interpolation formula first accomplished by Fuchs (1989) is
used.
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Hence measurement of physical quantities in the transition regime is both important
for understanding the underlying physics and the atmospheric processes. The aim of
the work is to investigate the coagulation process in the transition regime in a
systematic and flexible way, as there exists no standard measuring procedure for
measuring the coagulation of atmospheric nanoparticles.

EXPERIMENTAL

Only in the 90 ties the DMA (differential mobility analyzer) technology, also known as
SMPS (scanning mobility particulate sizer) was used commercial. This made possible
to measure a new quantity the size distribution measurement of nanoparticles,
typically in the transition regime. The enhancement of this approved technology leads
to the CMD, by which the coagulation coefficient can be measured.
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Fig. 1 Number size distribution and relative humidity measurement of atmospheric
diluted exhaust gas in a long residence tube

But how can this be accomplished? And what is the advantage of such a system? Only
the method investigated shall be sketched. Let me begin with a preliminary
investigation. One method to determine the coagulation coefficient is to measure the
decrease of particle concentration in a long tube. The result of such an experiment is
shown in Fig. 1 in terms of a SMPS measurement for preliminary coagulation
experiments of a diesel exhaust. A VW Bus was used, which was investigated in the
course of the lab exercises under atmospheric dilution conditions. First an initial total
number concentration was tuned by the distance to the exhaust pipe. Later on this
number concentration was measured in a long tube at different distances from the
exhaust location (Om, 3m, 6m 9m). At the same time the relative moisture was
measured in the exhaust gas. This quantity decreased with time, as the experiment can
be regarded as one under cold-start condition. In addition together with coagulation,
which leads to a decrease of the total









