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Introduction

Condensation Particle Counters (CPC) are intended to give accurate
measurement results for particle number concentrations. The CPC
sucks the aerosol at a constant flow rate through a saturator, a
condenser and an optical detector. Correct measurements require the
knowledge of the effective flow rate of the aerosol through the optical
detector and the counting efficiency. Above the particle size detection
limit the efficiency for the CPC is assumed to be close to one. But high
particle concentrations cause coincidence of several particles in the
detector. This effect causes too low values and is compensated
numerically.

The uncertainties of the above mentioned input quantities have to be
optimized when designing a CPC. From the viewpoint of the
international System of Units (SI) there is no internationally agreed
reference standard for CPC’s available. The question arises of how

Materials and Method (Figure 1)

The aerosol was generated with a Combustion Aerosol Standard
(CAST) with a nominal size of about 100 nm. This setting was kept
constant during the whole measurement lasting over 6 hours. While the
particle size remained the same, the number concentration slowly
decreased by 10 %. This was compensated numerically.

The particle concentration was set downstream the CAST with two
rotating disk diluters in series. This allows to produce particle number
concentrations over two decades.

In a differential mobility analyzer the particle size of 110 nm was
selected. The aerosol was fed to three CPCs simultaneously. Two

close measurement results agree when measured with instruments
from different manufacturers. In this study, the instruments TSI CPC
3022 and Grimm CPC 5.400 are compared.

The aerosol for the comparison was generated by a combustion
aerosol standard (CAST) and the particle mobility diameter was
adjusted to 110 nm with a differential mobility analyser. Using two
rotation disc diluters in series the aerosol concentration was set in the
range between 200 / mL to 10 000 / mL.

In order to avoid deviations due to the flow measurement the
particle counters were supplemented with external aerosol flow
meters. These flow meters compensate the individual flow bias due to
the low pressure at the instrument inlet. The linearity of the diluters
and the linearity of the particle counters were checked with the same
measurement.
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different CPC constructions (Grimm CPC 4.300 and CPC TSI 3022) are Figure 1: Measurement setup for the comparison of the Condensation Particle Counters: Combustion

compared and the variability of two TSI 3022 is demonstrated.

Results and Discussion (Figure 2)

In the first experiment the diluters were set so that the influence of
the particle coincidence was less important (below 1000 mL™"). The
deviation between the two types of CPCs and the deviation from the
concentration calculated from diluter settings (diluter concentrations)
are below 5 %. They are not significant. In Figure 2a all points for low
concentrations lay almost on the straight line with slope 1.

In the second experiment the calibration parameters from the first
experiment were used for the calculation of the higher concentrations
for the diluter settings (up to 10 000 / mL). Figure 2b shows that the
Grimm CPC follows a linear response whereas the two TSI CPC’s
deviate at higher concentrations.

Conclusions

The CPC’s TSI 3022 and Grimm 5.4000 - supplemented with
external aerosol mass flow meters - measured the particle number
concentrations up to 1000 / mL with an agreement within 5 %.

Above 1000 / mL particle coincidence starts to cause losses of
particle counts and at 10 000 / mL deficiencies of up to 10 % were
observed.
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aerosol from CAST is diluted in two stages size selected in a differential mobility analizer (DMA) and fed
to Grimm CPC and two TS| CPCs supplemented with three external mass flow meters (MFM)
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Figure 2: Comparison of the linearity of the diluter and the CPCs at low (2a) and high (2b) concentrations.
The concentrations from the CPCs are shown as a function of the concentration from the diluter settings.
The bars design the standard deviation of the values (each point represents an average of 30 subsequent
measurements), respectively the estimated standard deviation for the calculated diluter concentrations.

References

A. Ankilov, A. Baklanov, M.Colhoun, K.-H. Enderle, J. Gras, Yu. Junlanov, D. Kaller, A. Lindner, A.A.
Lushnikov, R. Mavliev, F. McGovern, A. Mirme, T.C. O'Connor, J. Podzimek, O. Preining, G.P. Reischl,
R. Rudolf, G.J. Sem, W.W. Szymanski, E. Tamm, A.E. Vrtala, P.E. Wagner, W. Winklmayr, V. Zagaynov
(2002) Intercomparison of number concentration measurements by various aerosol parti-cle counters.
Atmospheric Research Vol 62: 177-207.

H. Bartz, H. Fissan, C. Hisper, Y. Kousaka, K. Okuyama, N. Fukushima, P.B. Keady, S. Kerrigan, S.A.
Fruin, P.H. McMurry, D.Y.H. Pui and M.R. Stolzenburg (1985) Response characteristics for four
different condensation nucleus counters to particles in the 3-50 nm diameter range. J. Aerosol Sci. Vol
16: 443-456

G. Sem (2002) Design and performance characteristics of three continuous-flow condensation particle
counters: a summary. J. Aerosol Sci. Vol 62: 267-294

A. Wiedensohler, D. Orsini, D.S.Couvert, D. coffmann, W. Cantrell, M. Havlicek, F.J. Brechtel, L.M.
Russell, R.H. Weber, J. Gras, J.G. Hudson, and M. Litchy (1997) Intercomparison Study of the Size
Dependent Counting Efficiency of 26 Condensation Particle Counters. Aerosol Sci. Techn. Vol 27: 224-
242




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 842.000]
>> setpagedevice


