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1 Preliminary remarks

The Institut fur Gefahrstoff-Forschung -IGF- performed comparative measurements be-
tween a direct-reading ultrafine particle measurement device, the Philips Aerasense Na-
noTracer (hereafter referred to as “NanoTracer”), and a Scanning Mobility Particle Sizer
(hereafter referred to as “SMPS”), TSI Inc., in the technical facility of IGF in Dortmund at
26.5.2009.

In this report a detailed description of the NanoTracer instrument is purposely not given
-as the instrument is still in the process of optimization and adaptation. A complete de-
scription of the instrument is available from the Aerasense group at Philips Research
Eindhoven. The instrument was used as provided.

The NanoTracer infers from its measurements a number-averaged particle diameter
dp.av @nd an integral particle number concentration N within the limits of its measurement
range. The NanoTracer is designed for measuring airborne particles above 10 nm in di-
ameter, which is usually equivalent to a measurement in the 10 — 400 nm particle size
range. Larger particles are also measured but will not normally give a significant contri-
bution to the measured signals. The 10 — 400 nm particle size range is also measured
by the SMPS device used in this comparison experiment (see below).

2 Procedure

The comparative measurements have been performed at the diesel test stand of the
IGF’s technical facility in Dortmund.
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2.1 Description of the test stand

The diesel test stand consists of the following main components:
e Diesel engine (aerosol generator),
e Diluting tunnel,

e Sedimentation chamber.

Butterfly valve
) | Y \
— |
Sedimentation ¢——Dilution tunnel - 21 m - O
chamber
ab. 23 m?
Exhaust air

Diesel engine

2.2 Principle of the aerosol generation

The aerosol generated by the diesel engine is passed into the dilution tunnel via a but-
terfly valve by which it can be varied in concentration. In the tunnel it is:

a) homogenously diluted with ambient air and
b) cooled to room temperature.

Within the whole volume of the sedimentation chamber under stationary conditions a
constant and homogenous concentration of diesel particulate matter/ultrafine particles is
generated within a few minutes. This has been demonstrated in several previous large
inter-comparisons and experiments (see e.g. Dahmann, 1997).

The concentration in the tunnel and subsequently in the chamber can be varied across a
very large range by means of the butterfly valve and deduction of a defined partial en-
gine exhaust flow under an otherwise constant ambient air flow into the dilution tunnel.
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2.3 Experimental design and description of experiments

To avoid diffusion losses before the aerosol enters the respective instruments the Na-
noTracer, as well as the SMPS-device, were placed inside the sedimentation chamber
(centre of the room). This set-up guaranteed an identical aerosol concentration entering
both devices as well as minimizing their mutual influence. For orientation purposes a
Condensation Particle Counter (CPC), TSI Inc., was additionally placed into the sedi-
mentation chamber. The data generated by this instrument were not used in the follow-
ing as the aerosol concentrations were in some cases found to be outside the CPC’s
'specified measurement range.

The SMPS device (DMA Model #3080, CPC #3010) was operated in a particle diameter
range between 9.82 nm and 414 nm for a total scan time of 180 s (scan-up-time = 150 s,
scan-retrace time = 30 s).

A total of 5 different aerosol concentrations were generated within the sedimentation
chamber for typical measurement durations of 12 to 15 minutes, respectively, enabling 4
or 5 scans under the conditions of the respective aerosol generation to be carried out
(see chapter 3, “n”). Though a modification of the diesel engine itself with respect to e.g.
the engine load would have been possible, it was avoided for the experimental set-up
described in this report in order to limit the effort. The resulting aerosols consequently
did not vary very much with respect to their particle size distribution.

Measurement 1: Motor runs Complete engine exhaust is fed out of the system
Measurement 2: Motor stopped Blank conditions, inlet of ambient air only
Measurement 3: Motor runs Butterfly valve 10 mm opened

Measurement 4: Motor runs Butterfly valve closed

Measurement 5: Motor runs Butterfly valve 20 mm opened

For the complete description of the aerosol conditions used in the experiments see Ap-

pendix A which gives the particle number concentrations and the mean diameters rec-
orded by both instruments over the course of the experiments.
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3 Measurement results

TSI performs a so-called diffusion correction taking into account diffusion losses within
the SMPS device (Diffusion Correction, “dc”) as well as possible multiple charging of
aerosols (Multiple Charge Correction, “mcc”) in its SMPS software.

P1 = Penetration through the impactor inlet

P2 = Penetration through the bi-polar neutralizer and internal plumbing

P3 = Penetration through the tubing to the Differential Mobility Analyzer (DMA) and CPC
P4 = Penetration through the DMA
.P5 = Penetration through the CPC

The total penetration through the system (Pg) is therefore Pg = P1xP2xP3xPaxPs.

For the SMPS device the corrected and uncorrected measurement results will be dis-
played below.

The diagrams also display the standard deviations of the measurement results. It should
be noted that the standard deviations in all cases also reflect inhomogeneities of the test
aerosol which can play a role when the aerosol concentrations were changed, i.e. for the
very first experiment in any of the measurements described below (see Appendix A for
details). In this respect the direct-reading NanoTracer instrument is more prone to reflect
this effect compared to the “integrating” SMPS with a recording time of 4 minutes.
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4 Discussion

The SMPS and the NanoTracer show a very good correlation with respect to particle
number concentrations. Software corrections for the SMPS results only have a marginal

influence (see figure 2; R?> 0.99 in both cases).

Correlation: total concentration
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Figure 1 (Correlation total particle number concentration, SMPS without mcc)

Correlation: total concentration

1,0E+06

8,0E+05
R?=0,9924 /
6,0E+05 /

4,0E+05
/ ‘/
2,0E+05

— /

0,0E+00 2,0E+05 4,0E+05 6,0E+05 8,0E+05 1,0E+06
SMPS with mcc

NanoTracer

Figure 2 (Correlation total particle number concentration, SMPS with mec)

When the average/mean particle diameters are compared, the mathematical correction

of the multiple charging shows a larger effect when the two devices’ results are corre-
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lated. (,SMPS without mec*: R? = 0,955 (Figure 3), ,SMPS with mcc* R2 = 0,77)). This is
undoubtedly related to the fact that only a small variation of the aerosol composition/size
distribution was realized in the experiments. Therefore a proper correlation cannot really
be done here and the correlation diagram can only give a rough indication about the re-
lation between the two instruments . Random factors will have a large influence on cor-
relation coefficients. A detailed discussion about the findings in this respect will therefore
not be performed.

Correlation: mean diameter
2 =
65.00 R? = 0,9554
60,00
= L 4
8 55,00 /
% /
S 5000 //
45,00 "
40,00
40,00 45,00 50,00 55,00 60,00 65,00 70,00
SMPS without mcc
Figure 3 (Correlation mean particle diameter, SMPS without mcc)
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Figure 4 (Correlation mean particle diameter, SMPS with mcc)
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A recent comparison of 4 different mobility particle sizers under comparable conditions
resulted in number concentration correlations of R? between 0.995 and 0.999. [Asbach

et al. 2009]
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5 Summary

The experiments show very promising preliminary results with respect to the determina-
tion of particle number concentrations when ultrafine combustion aerosols like diesel
particulate matter are concerned. The direct reading measurement of number concentra-
tions where these types of aerosols are the dominant aerosol constituents does not
seem to be a problem with the Philips Aerasense NanoTracer device. Correlations with
R?> 0.99 with respect to the currently mainly used instrument for the detailed measure-
ment of particle number concentration distributions are quite satisfactory.

When average particle diameters are concerned, the correlation gets less well defined
due to the encountered limited variation in particle sizes, but can still be described as
sufficient. This can also be said because it can be safely assumed that the determination
of number concentrations will probably be more important than exactly determining the
average particle diameters.

It must be stressed that all findings described in this report are only valid under the side
parameters/conditions (e.g. type of aerosol, temperature and humidity) applied in the re-
spective experiments. Whether the general tendencies described here are also valid un-

der different circumstances can currently only be assumed.

Messung und Berichtserstellung:

Instituy/fiir |G, hrstoff-

Forgchyng
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Appendix A: Measurement results and description of the aerosols
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