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Estimating the Reduction Amount of the High Level Particulate
Matter Concentrations, Caused by External Transport, by Operating
Air Cleaning Tower Buildings or Cleaning Devices Installed on

Vehicles in Urban Ambient Air
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The effectiveness of the direct ambient air cleaning devices such as the fine particle cleaning tower buildings or

vehicle installed filter devices is assessed in the metropolitan Seoul area for the periods of the highly polluted air entrain from
abroad. A conceptual model similar to the traditional box model is derived to analyze the dynamics of the particulate matter
concentration averaged over the modeling domain, here the metropolitan Seoul with those cleaning devices applied. The
effectiveness of the devices is sensitively dependent upon the wind speed and mixing height: the lower the mixing height
and the lower the wind speed are, the greater the effects are. The overall performance of the cleaning tower buildings is
estimated fairly poor, for number of million orders of units are required to reduce the ambient air dust concentration level
down to 1/10 of the initial ambient value during night, while number of ten million orders of units, required for day time. The
vehicle installed devices appears to be the better option. When the devices are installed to all 200,000 commercial vehicles
registered in Seoul, the ambient dust concentrations are reduced by 39% under the calm wind conditions in night, which is

about the maximum possible reduction.

Key words: Box model, Particulate matter, Ambient air cleaning devices
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Fig. 1. Normalized concentrations versus normalized time
for various inflow rate.
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Fig. 2. Normalized final concentration and concentration
reduction versus normalized inflow rate.
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Table 1. Results summary for 10,000 units of the air cleaning towers.
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Hiix=1.5km Hinix=0.1Tkm Hiix=1.5km Hpnix=0.1Tkm
Device cleaned flow rate (Fg, m*/s) 0.463x 101
Inflow rate (F, m%/s) 0.111x10%% 0.738x 1097 0.252x10%% 0.168x 10197
Initial concentration (C/Cg, %) 100.0 100.0 100.0 100.0
Concentration, 6 hours elapsed (C/Cg, %) 99.6 94.5 99.2 88.4
Concentration, 12 hours elapsed (C/Cg, %) 99.6 94.1 98.7 83.1
Concentration, 18 hours elapsed (C/Cg, %) 99.6 94.1 98.5 80.6
Concentration, 24 hours elapsed (C/Cg, %) 99.6 94.1 98.4 79.4
Final concentration, infinite hours elapsed (C/Cg, %) 99.6 94.1 98.2 78.4
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Fig. 7. Example of devices installed on the bus in England (KBS, 2019).

Table 2. Results summary for devices installed on the commercial cars only.

Mean wind (2.2 m/s) Calm wind (0.5 m/s)
Meteorological conditions High Mix.(Day)  Low Mix.(Night) ~ High Mix.(Day)  Low Mix.(Night)

Hpmix=1.5km Hpmix=0.1km Hpmix=1.5km Hmix=0.1km
Device cleaned flow rate (Fg, m>/s) 0.107x10+%7
Inflow rate (F, m%/s) 0.111x10%% 0.738x10%%7 0.252x10%% 0.168x 10797
Initial concentration (C/Cg, %) 100.0 100.0 100.0 100.0
Concentration, 6 hours elapsed (C/Cg, %) 99.1 87.9 98.1 75.6
Concentration, 12 hours elapsed (C/Cg, %) 99.0 87.3 97.1 66.5
Concentration, 18 hours elapsed (C/Cg, %) 99.0 87.3 96.5 63.0
Concentration, 24 hours elapsed (C/Cg, %) 99.0 87.3 96.2 61.8
Final concentration, infinite hours elapsed (C/Cg, %) 99.0 87.3 95.9 61.0
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Table 3. Results summary for devices installed on the all cars.
Mean wind (2.2 m/s) Calm wind (0.5 m/s)
Meteorological conditions High Mix.(Day)  Low Mix. (Night) High Mix.(Day)  Low Mix. (Night)
Himix=1.5km Hpix=0.1km Hiix=1.5km Hpix=0.1Tkm
Device cleaned flow rate (Fg, m*/s) 0.168x 10108
Inflow rate (F, m%/s) 0.111x10%% 0.738x10+%7 0.252x10*% 0.168x 10197
Initial concentration (C/Cg, %) 100.0 100.0 100.0 100.0
Concentration, 6 hours elapsed (C/Cg, %) 87.5 30.6 74.8 9.2
Concentration, 12 hours elapsed (C/Cg, %) 86.9 30.6 65.5 9.1
Concentration, 18 hours elapsed (C/Cg, %) 86.9 30.6 62.0 9.1
Concentration, 24 hours elapsed (C/Cg, %) 86.9 30.6 60.8 9.1
Final concentration, infinite hours elapsed (C/Cg, %) 86.9 30.6 60.0 9.1
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