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The Model 8535 DUSTTRAK™ Environmental Enclosure utilizes an 
external omni-directional aerosol inlet to collect and direct particles into the 
desktop versions of the TSI DUSTTRAK™ II, DUSTTRAK™ II HC and 
DUSTTRAK™ DRX Aerosol Monitors. The design of the inlet maximizes 
the aspiration efficiency of aerosol particles in wind conditions ranging 
from calm air to wind speeds of 22 mph. 

Defining Aerosol Aspiration Efficiency 
Aspiration efficiency is defined as the fraction of particles that are sampled, 
compared to the total number of particles actually present in the air. An 
aspiration efficiency of 1.0 means that all particles are sampled. Aspiration 
efficiency is size dependent. The larger the particle, the more likely it is to 
escape sampling because momentum effects prevent it from following the 
flow streams. Smaller particles follow the flow stream more easily, and are 
sampled with higher efficiency. 

Our knowledge of aerosol mechanics allows us to make predictions about 
the aspiration efficiencies of an inlet sampling in either calm or moving air. 
The mathematical models used to predict efficiency assume the use of a 
thin-walled cylindrical probe which is bent into the direction of the wind. 
To correctly apply these mathematical models to the TSI inlet, knowledge 
about why particle losses occur is necessary. Losses can be attributed to 
gravitational settling, particle impaction, and sub- or super-isokinetic 
effects. 

Sub-isokinetic sampling takes place when ambient wind speed is greater 
than the sampling velocity found at the inlet point of the aerosol sampler. 
This creates a high-pressure area in front of the inlet and causes the flow 
streamlines to diverge around it. Extremely small particles (less than 1.0 
micron) have low momentum and follow the streamlines. Larger particles 
that have more momentum will have a tendency to remain traveling in the 
same direction and enter the sampler rather than follow the streamline 
around it. This can cause the larger particles to be artificially sampled, 
resulting in a mass concentration reading that is higher than the true value. 
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Super-isokinetic sampling can result in the disproportionate sampling of the 
smaller particles. The errors caused by super-isokinetic sampling are 
negligible for the Model 8535 because these small particles have very low 
mass and contribute very little to mass-based measurements made by a 
photometer (like the TSI DUSTTRAK™ II, DUSTTRAK™ II HC, or 
DUSTTRAK™ DRX Aerosol Monitors). 

8535 Inlet Aspiration Efficiency Test Results 
The aerosol inlet mounted on the 8535 DUSTTRAK™ Aerosol Monitor 
Environmental Enclosure was tested in an aerosol-generating wind tunnel to 
measure its aspiration efficiency characteristics. The wind tunnel generates  

 

aerosolized glass beads with a broad size distribution. Under the controlled environment used in these 
experiments, a stable aerosol concentration could be maintained for long periods of time. A TSI 
Aerodynamic Particle Sizer® Spectrometer (APS™) was used to count the number of particles being 
sampled by the 8535 inlet over a period of 1 minute. The true particle count (reference) was 
determined using a thin-walled bent tube sampler and mathematically adjusted to account for particle 
losses due to isokinetic sampling and particle impaction through the ninety degree bend. The APS was 
switched between the two samplers 11 times to statistically minimize any small fluctuations in aerosol 
concentration. The aspiration efficiency was calculated by taking the ratio of the particles sampled 
through the 8535 inlet to the particles sampled through the reference inlet. This same process was 
repeated for varying wind speeds of 5, 10, 14.1, and 22.4 mph. During all measurements, the inlet 
flow rate was maintained at 1.7 liters per minute, which is the flow rate used by the TSI DUSTTRAK™ 
II, DUSTTRAK™ II HC, or DRX Aerosol Monitors. The entire test set up is shown below in Figure 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 - Inlet Characterization Aerosol Wind Tunnel 
 
The results obtained from this research show that the Model 8535 inlet samples all particles specified 
by the PM10 standard up to wind speeds of 22 mph. 

Close-up of 
inlet assembly

Aerosol enters 
here through 360 
degree inlet slot 

Parallel HEPA Filters 

APS 
Compressed Air Line Heat Lamp 

Bead Hopper 

Humidifier

Neutralizer

Beads sucked 
into air line

Gear driven by 
variable speed 
motor 

Turbulence Grid

Mixing Board

Aerosol 
Introduced into 
Tunnel 

Blower 

Reference Sampler 
and 8535 Inlet 

Filter 

Filter



-3- 

0

5

10

15

20

25

30

35

Food Gas Motel

Jan
Feb
Mar
Apr
May
Jun

DUSTTRAK Environmental Enclosure Model 8535
 Aerosol Inlet Efficiency at Various Wind Speeds

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 2 4 6 8 10 12 14

Particle Diameter (micrometer) 

In
le

t A
sp

ira
tio

n 
E

ffi
ci

en
cy 5 mph

10 mph
14.1 mph
22.4 mph
Poly. (5 mph)
Poly. (14.1 mph)
Poly. (10 mph)
Poly. (22.4 mph)

 

 

 



 

 

TSI Incorporated – 500 Cardigan Road, Shoreview, MN 55126 U.S.A  
USA Tel: +1 800 874 2811  E-mail: info@tsi.com  Website: www.tsi.com  
UK Tel: +44 149 4 459200  E-mail: tsiuk@tsi.com  Website: www.tsiinc.co.uk  
France Tel: +33 491 95 21 90 E-mail: tsifrance@tsi.com  Website: www.tsiinc.fr  
Germany Tel: +49 241 523030 E-mail: tsigmbh@tsi.com  Website: www.tsiinc.de  
India Tel: +91 80 41132470 E-mail: tsi-india@tsi.com  
China Tel: +86 10 8260 1595 E-mail: tsibeijing@tsi.com  
 
Contact your local TSI Distributor or visit our website www.tsi.com for more detailed specifications. 

 
7/08 (A4)                    Copyright © 2008 by TSI Incorporated                    Printed in U.S.A 

 
 


	Defining Aerosol Aspiration Efficiency
	8535 Inlet Aspiration Efficiency Test Results


<<
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


