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Particle Image Velocimetry Measurements in Nasal Airflow
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Abstract

For the first time, airflow in the nasal cavity of a normal Korean adult is investigated experimentally by PIV
measurement. Nasal airflow can be subdivided into two interrelated categories; nasal airflow resistance and heat and
mass transfer between the air stream and the walls of the nasal cavity. In this study, thanks to a new method for the
model casting by a combination of the rapid prototyping and curing of clear silicone, a transparent rectangular box
containing the complex nasal cavity can be made for PIV experiments. The CBC PIV algorithm is used for analysis.
Average and RMS distributions are obtained for inspirational and expiration nasal airflows. Data for the airflow at the
end of meatuses are obtained for the first time. Comparisons between western and Korean nasal airflows are appreciated
Due to the difference in geometry of the frontal part of nasal cavity, the flow near nares shows the difference.
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Table 1 CPU(Sec.) and mean error(pixel)
7 pixel 15 pixel
CPU Error CPU Error
FULL 119.8 | 0.18115 | 965.6 | 0.28608
HYB S.11 0.17942 | 20.10 0.3277
HPM 1.78 0.21699 3.02 0.5819
NTSS 3.63 0.20765 9.12 0.5263
CBC 4.56 0.12024 4.61 0.23169
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Fig. 1 Numerical solution and synthetic image
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Fig. 2 Coronal CT scan of a male nasal passage (up), 3
dim. Reconstruction image (middle) and
Negative model by RP machine (down)
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Fig. 3 Photo of model filled with water(Upper)
and with Water-Glycerol mixture(Lower)
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(a) Side view ;>f nasal anatomy
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Fig. 5 Nasal Anatomy:
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(b) Instantaneous velocity field
(a) Mean velocity distribution (1024 images)

(c) RMS distribution (1024 images)

(b) RMS distribution (1024 images)

Fig. 7 PIV Results for Airflow of a resting respiration:
Flow rate in the real nose of 125 ml/sec.
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(d) Reduced mean velocity distribution (1024 images)

(e) Mean streamline (1024 images)

(b) RMS distribution

Fig. 6 PIV Results for Airflow of resting inspiration at Fig. 8 PIV Results for airflow of inspiration:
Nasal Septum : Flow rate of 125 ml/sec. Flow rate in the real nose of 1000 ml/sec.
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(a) Raw image

(b) Mean velocity distribution (200 images)

(c) RMS distribution (200 images)

Fig. 9 PIV Results for Airflow of a resting inspiration:
Flow rate in the real nose of 125 ml/sec.
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