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Introduction

Practicalaerosol samplingin workplaces and the atmospheric environment involves the uscof devices of
complex shapewith entryorifices whose orientation (0) with respect to the windcan rangeover the full
360°. For such systems, simplemodels of aspiration efficiency like thosedeveloped for thin-walled
samplers are inadequate for describing samplingperformance. Models basedon considerations of the
flowaboutbluffbodieswith aspiration haveenabled progress to be made, both in semi-empirical
modelling and in numerical simulations (as reviewed by Vincent, 1989and 1995). However, further
progress requires newexperimental data by reference to whichimproved models can bedeveloped.

Flow studies

Windtunnelexperiments wereconducted, usinga simple2-dimensional cylindrical samplerwith a slot
entryand a 3-dimensional spherical samplerwitha singlecircularentry, The aim was to generatenew
information aboutthe natureof the air flowaboutblunt samplers as a function of wind speed (u),
samplingflowrate (Q), samplergeometry and - mostimportantly - orientation with respect to the wind
direction (0). Flowvisualization was carriedout using a modified version of the 'smoke-wire'method,
enablingthe visual identification of the positions of flow stagnation on the surface of the samplerbody
whichdefine the dividingstrcamsurface between the air whichis aspirated and that whichpassesby
outside the sampler. The datawereobtained in the formof the widthof the stagnation region, described
by S for the 2-dimensional caseand bySI and S, for the spherical case. Typical resultsare plottedin
Figures1 and 2 as functions of 0 for a singlevalueof the non-dimensionalised flowrate parameter, ;c­
QlDcULc.. 0.07 for the cylindrical sampler(where D, .. 3 em is its diameter and L, .. 25 em its length)
and ;. - 4Ql1rUD/ - 0.16 for the spherical sampler(where D. co 6.35 em is its diameter). Alsoshownon
thesegraphsare the corresponding curvescalculated fromtheory(forconditions wheretheory currently
exists). Agreement with experiment is quitegood, evenfor Bas largeas 140°.

Figure t - Cylinder
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For the Cylindrical sampler, measurements werealsomade of the nearwakevortex shedding frequency (I),
usinga fine hypodermic needle inserted into the nearwake region and connected to an electronic
micromanomcter. As shown in Figure3 for the cylindrical sampler at U lIZ 4.5 mls and a Reynolds
number (Re)of 9450.the non-dimensional Strouhal number (Str=DJ'/U) is seento be strongly dependent
on ;~ and (J. Thismayhaveinteresting effects on particle transport in the aerosol sampling situation.
Suchvortexshedding wasprominent for the cylindrical body,but muchweaker (and hence neglected) for
the spherical body.

0.26 1.5
0.25 1.4 'leur••

v••.••,.. • • • N"
1.3

v· •••,.
• 0-"'" I: ..... /0.24 • a.20.,. 1.2 .....

0.23 •
a .at __

f.1

Ii! ; ! J: I .. I I I I• a ... .,. 1.0
0.22 a_M.,. 0 .9

~
a· .. .,. 0° 0.8 ~ II hI0.21 • a.1I.,. -.

• aeto.,. 0 0.7
0.20 0.8
0.19 0.5

0.4
0.18 0.3
0.17 0.2

0.1
0.16 0.0

0 30 eo gO 120 150 180 0 30 60 90 120 150 180

e· 0-

Aspiration dliciency

Measurements ofaspiration efficiency were conducted usingpolydisperse test aerosols generated from
ArizonaRoad Dustfor the spherical sampler (where the diameter of the sampling orifice was0.635 cm
andQ... 5 IImin). The aspirated particles weredetected as a function of particleaerodynamic diameter
(d.) usingan aerodynamic particlesizer CAPS), and were plotted as a function of D. The resultsfor
particles with d. =1and S um, and for U=4 mis,are shown in Figure4, in the formof the ratioCICo
where C, is the sampled concentration at the angle (Jand CQ that for 0 =0°. These results showclearly
that, forparticles large enough to exhibit inertialbehaviour, Cleo (representing aspiration efficiency)
fallsprogressively for ()in the rangeup to 90°and then risesthereafter. The results in Figure4 are in
quitegoodagreement with the semi-empirical models for aspiration efficiency at (J=90°and 180°
proposed by Tsai and Vincent (1993).

Concludingremarks

Suchstudies arc sheddingnewlight on the types of theoretical model that mightbe developed for the
moreadequate description ofaspiration efficiency. In the first instance, it appears that relatively simple
potential flow models mightbe applicable, evenfor largesampler orientations with respect to the wind.
The development ofsuch models aims eventually to enable moreeffective futureprogress in the design of
newpractical samplers consistentwiththe latestparticle size-selective, health-related sampling criteria
and in the interpretation of practical results obtained usingcurrent devices.
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