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A numerical simulation and field observation study of tobacco PM2.5
transport for the CCU campus under winter environmental conditions
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Abstract

PM2.5 is one of the major components of tobacco smoking air pollutants. This study used field observations and
numerical simulation to inspect the mechanism of cigarette pollutant transportation and the air pollution trajectories in
the Hwa-Kang campus under the background northeasterly wind during the wintertime. We used the computational
fluid dynamics (CFD) model (Chen, 2018) to simulate the interaction between the background mean flow and the
obstacles (campus buildings). According to the model outputs, we can get the ultra-high-resolution surface wind
information of Chinese Culture University's Hwa-Kang campus under the background northeasterly environment.
Those wind fields were used to discuss the characteristics of tobacco PIM2.5 horizontal advection within the campus.
Based on the CFD model outputs analysis, we set up a campus observation experiment with airboxes instruments and
compared it with the trajectory analysis of the numerical simulation. Those airboxes were compared to the Taiwan
Environmental Protection Administration (EPA) air quality monitoring station and show that the airbox observation
data have a highly positive correlation with official operational data. The precision and accuracy of the airboxes are up
to the level that can provide good measurement data.



We used a stick of bumning incense as a particle pollutant source with fan-induced background mean-flow to
represent the mechanism of cigarette pollutant transportation. This idealized experiment shows the efficiency of cigarette
pollutant transportation through the diffusion process is much slower than the advection (convection) process. It means
the horizontal advection is the prime process of tobacco PM2.5 transportation. The observation experiment and the
numerical trajectory analysis indicated that the major source of cigarette pollutants is the smoking area. The tobacco
pollutants can be transported downstream within a few minutes. Overall, in the Hwa-Kang campus, the wind came
from the north and transported the cigarette pollutant produced in the smoking area to the south (Da-Xian Building) in
the wintertime. The observation experiment shows that the wash-out process plays an important role in reducing the
concentration of PM2.5. However, we also notice that the change of human activities can also let the source of cigarette
pollutants be closer to the building on rainy days.
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