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Abstract Breathing is the most common but essential actvitiiuman body. People can't leave without breathiig breathable
air quality around the occupant should be mainthihgh to avoid the respiratory diseases transomssThis paper reports an
experimental study on the flow behavior of breaghactivity produced by a thermal manikin. Measumetsavere performed in the
breathing zone of the manikin by employing particteage velocimetry (PI1V) system, and the temporal apatial distributions of
breathing airflows both with and without the contwez boundary layer (CBL) was characterized by uding phase averaging
approach. In addition, a quadruple decompositiothatology extended from proper orthogonal decontjprs{(POD) was adopted
to divide the instantaneous flow fields of breathftow into four parts, the flow characteristics wsll as cycle-to-cycle variations
upon each part studied respectively. The resultsvetl that the breathing flow at different phasessented different flow behavior
during breathing process. CBL had a larger influegneirea and played a key role in promoting the ugwaread and transmission of
exhaled contaminants, which cause the inhaled fi@inly come from more the lower chin region anccklthe contaminants inhaled
from other directions, thus reducing the risk deation. It was found through the POD results t6&1 enlarged the scale and
magnified the energy of coherent structures attiiesition stage between expiration and inspiraterd the large scale coherent

structures were dominant and made more contribtitidhe contaminant dispersion in the entire biiegtprocess.
Keywords Breathing flow; Flow behavior; Particle image vefoetry; Convective boundary layer; Proper orthogaie@omposition

1. Introduction

Nowadays, modern buildings are constructed withighit and thermal insulated construction materigitsm the
viewpoint of energy conservation, which can cams®or air pollution when insufficient consideratiohthe ventilation
aspects. Therefore, indoor air quality (IAQ) hasdyee a rising concern for public health as peopénd an increasing
amount of their time indoors along with exposureeataminants. The contaminants involved in indmiorguality can
be considered as particles, droplets or substacmet®ined in the air that may affect occupantsithda the indoor
environment. Exhalation flows produced by respinatactivities of an infected person, such as biagthcoughing and
sneezing, can carry pathogens that are responf@iblthe infectious disease transmission, and th#icpes/droplets
carrying the infectious agents exhaled by the apates individual can be inhaled by other close pearis, thus
generating a risk of infection.

Over the past few decades, both experimental angerical research has been widely carried out tdysthe flow
characteristics and contaminant dispersion forowarirespiratory events in different indoor enviremts. Marr et al. [1]
conducted particle image velocimetry measuremeantthé breathing zone of a thermal breathing mani&imd the
PIV results in the exhalation part were presenttdacking of quantitative measurements in thelatien part. Ozcan et
al. [2] measured mean velocity data around the loéadreal-life size breathing thermal manikin fieo breathing' case
and 'continuous exhalation' case by employing gariimage velocimetry and described the physicaictire of the
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