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The PIV Measurements on the Respiratory Gas Flow in the Human Airway
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Abstract

The mean and RMS velocity field of the respiratory gas flow in the human airway was studied
experimentally by particle image velocimetry (PIV). Some researchers investigated the airflow for the mouth
breathing case both experimentally and numerically. But it is very rare to investigate the airflow of nose
breathing in a whole airway due to its geometric complexity. We established the procedure to create a
transparent rectangular box containing a model of the human airway for PIV measurement by combination of the
RP and the curing of clear silicone. We extend this to make a whole airway including nasal cavities, larynx,
trachea, and 2 generations of bronchi. The CBC algorithm with window offset (64 64 to 32x 32) is used for
vector searching in PIV analysis. The phase averaged mean and RMS velocity distributions in Sagittal and
coronal planes are obtained for 7 phases in a respiratory period. Some physiologic conjectures are obtained. The
main stream went through the backside of larynx and trachea in inspiration and the frontal side in expiration.
There exist vortical motions in inspiration, but no prominent one in expiration.
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(d) Flow passage after washing out by water

Fig. 1 Human airway anatomy and the flow passage
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Table 1 Physiological and experimental condition

Size Flowrate Period

Human Airway 1 125 ml/sec | 3 sec

Experimental Model 1 54.2 ml/sec | 7 sec

1000

500

flow fate(m Hs)

-500

-1000

Fig. 3 Selected tidal volume for one period from Fig.1 and
a CAD drawing of Cam

Fig. 4 Pumping system
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Fig. 5 Experimental set-up
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(a) Mean velocity distribution (Phase 5, Coronal View)

(d) Mean velocity distribution(Phase 1-8, Sagittal View)

Fig. 6 PIV results for nasal airflow during inspiration
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(b) RMS value near center sagittal plane

Fig. 8 PIV results for airflow in Larynx

fou 1t e les

Fig. 7 PIV results for airflow in Pharynx, Larynx, Trachea : Fig.9 Results for airflow in Bronchus : Velocity
Velocity distribution in cross section distribution in cross section
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Fig. 10 Results for airflow in Bronchus
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