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W. W. Szymanski, Makio Naito, Chikao Kanaoka, Hidehiro Kamiya

A multi-stage virtual impaction surface impactor (VIS impactor), which was originally developed by
Szymanski for ambient air sampling, was modified to conduct an in-stack measurement of particulates from
a stationary source. We carried out separation experiments using model aerosol which was composed of
coal fly ash and air, and the classification performance of VIS impactor was evaluated. The separation data
using a conventional cascade, impactor and a cyclone were also compared and the applicability of these three
devices for in-stack measurements of PMio/PM,s mass concentration in flue gas from statmnary sources |
was investigated. The conventional cascade impactor overestimated PMzs concentrations owing to the oc-
currence of particle bounce-off at the collection plates. VIS impactor clearly showed good classification per-
formance over the wide range of dust concentratmn (1~25mg/m®) being independent of the mass of

collected dust.

Keywords Aerosol, Cascade impactor, Grease, Separation efficiency, Virtual impactor
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Fig. 3 Cross—section dizgram of VIS impactor for
PMu/PM:s sampling in stack of stationary sources
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Fig. 4 Schematic diagram of enlarged-impaction
part of VIS impactor
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Table 1 Major characteristics of VIS impactor

. | PM,, separation part | PM.s separation part
Number of nozzles 6 6
Acceleration nozzle diameter, D, 3.9 mm L5 mm
Collection nozzle diameter, D, 51mm 2.0mm
Separation distance, S 3.5mm 2.5mm
Length of acceleration nozzle’s throat, Lo Smm 4mm
-Total flow rate, & ' : . .
(ambient condition) 12.51/min 1L.51/min
Minor flow rate, ¢ . .
(ambient condition) 1.0¢/min 12{/min
Diameter, Dy X Length, L 72 mm X 148 mm
(65 ) - 469
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Fig. 5 Picture of VIS impactor for PM../PM:s sampling
in stack of stationary sources
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Sampling time: 30min
Dust concentration: I8 mg/m?
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Table 2 . SEM images of particles collected on PMips and PMzs collection stage.
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Fig. 12 Relationship between sampling time and particle
weight collected on PMys.s collection stage of
VIS impactor and cascade impactor
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Nomenclature

Cc : Cunningham's correction factor - {-) d,so_:' equiprobable cut size (m)

D, :acceleration nozzle diameter {mm) s ¢ particle size at partial separation efficiency is_ 75%

D, :collection nozzle diameter (mm) (m)

Dy -1 diameter of VIS impactor ‘ (mm) dws : particle size at partial separation efficiency is 25%

d, : particle diameter (m) (m)
ﬁﬁi:]:%xnm
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S :separation distarice

L :length of VIS impactor (mum) {mm)
Lo :length of the acceleration nozzle's throat (mm)  Su :Stokes’ number ' (=)
&» :total flow at ambient condition {/min) U :velocity through acceleration nozzle (m/s) l
@, :minor flow at ambient condition {I/min) 7 :viscosity {Pa-s)
@: : major flow at ambient condition {/min) ° nw : partial separation efficiency {(-)
g: :mass base distribution of fine perticle {—=) - p, :particle density {kg/m®)
g» :mass base distribution of collected particle () X :sharpness of classification (-
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