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Application of centrifugal filter to aerosol size distribution measurement
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ABSTRACT : In the present work, the centrifugal filter proposed by the authors was applied to

classify aerosol particles followed by the detection of total mass or number concentrations so as to

measure the size distribution of aerosol particles. The structure and operating condition of the

centrifugal filter were optimized in order to attain sharp separation curves with various cut-off

sizes between 0.3 and 10 mm. The aerosol penetrating the centrifugal filter at various rotation

speeds was measured with a photometer to determine the total mass concentration. The virtue of

this system is that the cut-off size is varied just by scanning the rotation speed of filter and that it

can be applied to the measurement of high concentration aerosols without dilution by choosing an

appropriate filter medium. As a result, the centrifugal filter was successfully applied to measure

the size distribution of solid particles in size ranging from 0.3 to 10 mm.
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Figure 1. Structure of centrifugal filter

Table 1. Design parameters of centrifugal filter for
aerosol classification.

Volumetric flow rate of aerosol, Q [L/min] 7

Inner radius of filter, Ry [mm] 10
Outer radius of filter, R, [mm] 40
Filter depth, L [mm] 40
Maximum rotation speed, o [rom] 3000
Particle size range measured, D, [um] 0.3-10
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Figure 2. Separation curves of centrifugal filter for
various fiber sizes of filter (uoD 2.5cm/s; QD 7
L/min).
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Table 2. Physical properties of polyurethane foam

filters.
Filter 1 Filter 2
Fiber diameter, D¢ [um] 140 240
Thickness, L [mm] 40
Area density, W [g/m?] 132
Packing density, a [-] 0.03
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Figure 4. Experimental setup for: (a) classification
performance test of centrifugal filter and (b) cross-
sectional image of filter.
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Figure 5. Collection efficiency of monodispersed PSL
particles through centrifugal filter as a function of
rotation speed at u0 D 2.5 cm/s.
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Figure 6. Comparison of collection efficiency of
centrifugal filter consisting of 140 mm and 240 mm
fibers.
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Figure 7. 50% cut-off size of centrifugal filter as a
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Figure 9. Picture of loaded filter with JIS-11 and the
placement of loaded filter upstream of clean filter for
particle reentrainment measurement
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Figure 10. Reentrainment of particles from dust loaded
filter with the change in filtration velocity.
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Figure 13. Comparison of size distributions of JIS-11
measured by centrifugal filter, AAS, and OPS.
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