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On the Collection Efficiency of a Cascade Impactor

——Effect of the Sticking and Recoil Phenomena

Nobuo Havano, Norio Harapa and Tomosada Jyoraki

Abstract

The measurement of dust in chimny stacks and of airborne particles is an urgent matter with respect to

the problem of air pollution. The cascade impactor, originally developed by K. R. May, is a very effective

device for measuring the amount of aerosol particles.

Until now, many investigators have drawn their attention mainly to the collection efficiency of dust particles.

However, the phenomena arising from the recoil action of particles at the target plate remains unclear and,

in connection with the above recoil motion, particles stick to both the surrounding walls and the lower part of

the nozzle block.

In some cases, this causes serious errors in the measurement of collection efficiency, especially when dust has

a wide range of particle sizes.

In this report, we are interested in clarifying these problems and in collecting useful information which might

lead to its resolution.
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Fig. | Schematic diagram of the experimental apparatus
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Fig. 2 Sectional view of the impactor
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Fig. 3 Characteristies of the table feeder
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Table 1 Experimental parameter Table 2 Physical properties of flour
Nozzle Clearance Mean diameter (p) 14
Flow rate diameter Clearance ratio
Q (cm¥fsec) | D, (mm) | L (mm) L/D, Density (g/em?) 1.45
2 1 Bulk density (g/cm?®) 0.42
2 6 3 Angle of repose  (°) 40.3
10 5 N
3 I
6 9 3. RRBERRUER
50 3 ) 3 31 ADBCARENEDNTGDORE
12 . 427 F—NEBTOMNE, WBERELE R
BET IR, AOBLAROERESEE T 2,
15 5
R 4 1
- Flour
4 12 3 = 40t 4
20 5 E
£
2 1 g 30r
2 6 3 &
10 5 = 20
3
3 1 T
T 101
6 2 RS
100 3 9 3 . 1 . . .
0 1 2 3 4 5
12 4 Time, ¢ (min)
15 5 Fig. 4 Inlet dust weight of the impactor against time
4 1
— 20
4 12 3
- Flour
20 ? /'B Mean diameter
9 1 15 o (8):5.4u
S [ (0):8.1u
2 6 3 < .
10 5 ¢ 10} \
5
3 1 E‘
6 2 55
200 3 9 3
12 4 2 -
0 10 0 30 40
15 5 Particle diameter, Dp (p)
4 1 Fig. 5 Particle size distribution of the dust particle;
12 3 Symbol @ and O indicate particle at the exit
4 and the entrance of cyclon respectively,
20 5 Mean size of the particle 8.1y and 5.4u in

above figure correspond to 23.54 and 11.2p in
weight base.
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Fig. 7 Variation of the capture weight and explana-
tion of the collection phenomena
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Fig. 8 Relation of capture and recoil efficiencies
with nozzle velocity; ‘¢=259 sec’ means the
suction duration and also corresponds to the
peroid of one revolution of the table feeder.
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Fig. 9 Variation of the recoil efficiencies to the un-
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(a) In the case of high flow rate
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(b) In the case of low flow rate
Fig. 11 Photographs show the status of impaction to the target plate and of the underside of the

nozzle block
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Fig. 12 Relation between the stick efficiency and
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one revolution of the table feeder.
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Fig. 13 Explanation of the sticking phenomena
inside part of the nozzle block
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