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Numerical simulation on the flow characteristics of upper airway in
a representative male OSAHS patient

YANG Zhao', LU ZzZhi-ming', SUN Tao', LIU Yong-yi*, GAO Lu’, HUANG Yuan-bo’
(1. Shanghai Institute of Applied Mathematics and Mechanics, Shanghai University, Shanghai 200072, China;
2. Department of Otorhinolaryngology, The 4th Affiliated Hospital of Jiangsu University, Zhenjiang 212002, Jian-
gsu, China; 3. School of Medical Science and Laboratory Medicine, Jiangsu University, Zhenjiang 212013,
Jiangsu, China)

Abstract. Objective To study the flow characteristics of the upper airway and force dynamics of the soft palate
and uvula in a representative male OSAHS ( obstructive sleep apnea hypopnea syndrome) patient during normal
respiration. Methods A CT image-based reliable geometry model of the upper airway was established. Numeri-
cal simulation boundary conditions were determined by clinical data of sleep monitoring, and the low-Reynolds
number turbulence model was adopted to calculate the flow movement during a complete respiration period. Re-
sults The flow characteristics of the upper airway were obviously different in the breathing process of OSAHS
patient. During inspiration, the maximum velocity of airflow in the upper airway reached 9.808 m/s, and the max-
imum negative pressure of airflow reached -78.856 Pa. Backflow districts were found at top of the nasal cavity.

U fas HHE:2012-09-26 ; &[E] HHEF:2012-12-02
EEWB MR ARPEEEREIH (10972093)
BEMEESEYW, 1285, E-mail; zmlu@ shu. edu. cn,



EREMNE $£28% F6H 20135128
616 Journal of Medical Biomechanics, Vol. 28 No. 6, Dec. 2013

The maximum pressure on the soft palate was -10.884 Pa, and that on the uvula was -51.946 Pa. The maxi-
mum shear stress on the soft palate and uvula was 78 and 311 mPa, respectively. During expiration, the maxi-
mum velocity of airflow in the upper airway was 10. 330 m/s, and the maximum negative pressure was
-51.921 Pa. Backflow was observed to appear both at the oropharynx and top of the nasal cavity. Specifically,
clockwise backflow was remarkable at the oropharynx. The maximum pressure on the soft palate was 2.603 Pa,
and that on the uvula was - 18.222 Pa. The maximum shear stress on the soft palate and uvula was 51 and

508 mPa, respectively. Conclusions

Oropharynx is most likely to collapse in the upper airway. Numerical simu-

lation on the respiratory cycle can capture the salient backflow features of the flow field in the upper airway. The
backflow in the upper airway directly affects the forces on the soft palate and uvula and the breathing fluency of

OSAHS patients.

Key words: Obstructive sleep apnea hypopnea syndrome ( OSAHS) ; Numerical simulation; Flow characteristics;

Backflow; Shear stress
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