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Abstract of Thesis

One of the efforts to improve the accuracy and objectivity of the respiratory diseases detection by lung sound
analysis is by improving our knowledge regarding the sound generation mechanisms. Here, aerodynamic sound
generation studies were performed to reveal the factors affecting the sound generation in tracheobronchial
models. In the beginning, a simplified T-branch model was utilized as a simplification of the airway bifurcating
branching geometry. A constriction was located on the mother branch to recreate a bronchoconstriction of the
airways. The acoustic sound pressure and the flow fluctuation at a point downstream the constriction were
measured while varying the constriction severity and the airflow rates. As results, a clear relationship between
the Reynolds number and the overall sound pressure level was observed. A minimum Reynolds number of 4000 was
required to generate 2 dB sound. The increase of the turbulence strength was also found as the Reynolds number
increase. However, the relationship between the Reynolds number and the turbulence strength was not as clear
as the overall sound pressure level. This may indicates that a single point measurement of the flow fluctuation
may be not enough to describe the relationship between the flow fluctuation and the generated sound. To

regenerate the flow condition in a more realistic geometry, a silicone airway model based on CT-image based
image of an 11 years old boy was constructed. The model is a silicone in a rectangular prism shape with

tracheobronchial cavity. Acoustic pressure of 680 points were measured and mapped when air flowing through
the airway cavity at inspiratory and expiratory direction. This enables us to locate the original aerodynamic
sound sources as fluid moving through the tracheobronchial without considering the complexity of the tissues
and bones in the chest anatomy. It was found that the characteristics of the sound is different between

inspiration and expiration. In expiration, a wide band sound frequency ranging from 1000 Hz to 4000 Hz can
be detected, while in the inspiration, the sound spectra was found in the range of 1000-2000 Hz. However,
similar location distribution of the sound sources were observed. At frequency less than 1500 Hz, the trachea
region show higher sound level compared to the small airways, however, at frequency more than 2000 Hz small
airways are generating higher sound level compared to trachea and main bronchus region. This may indicate
that the generated sound depends on the geometry and the dimension of the airways. To observe the flow condition
relying on the sound generation in the silicone airway model, computational fluid simulations were performed
for the same geometry with the same rate used in the measurement. Calculating the sound source terms based
on the Lighthill acoustic analogy, the locations of the sound sources and the frequency dependency of the
sound sources were observed. Similar results of the sound source distributions between simulations and

experimental measurements were obtained. The sound in the trachea region has lower frequency characteristics
compared to the sound observed in the small airways. The computational simulations show a different flow
condition related to the sound generation in expiration and inspiration. In the expiration case, flow collision,
flow impingement, and flow separation are related to the location of the sound sources. While flow impingement

and flow separation are the main mechanisms contributing in the sound generation in the inspiration maneuver.
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