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Abstract. Objective To establish a comprehensive method combining physical model experiment and numerical
simulation for studying airflow state of upper respiratory tract. Methods Based on CT medical images published
online, a three-dimensional (3D) model of human upper respiratory tract was reconstructed. Based on 3D
printing technology, an experimental model of the upper respiratory tract was established and the flow process of
respiration was measured. A numerical simulation model was created based on the meshing of upper respiratory
tract model and the turbulent Realizable k-¢ model. Results Firstly, the result of numerical simulation was com-
pared with the experimental conditions, and good agreement was achieved. The numerical simulation results
showed that the airflow in respiratory process was in a parabolic shape; the distribution of flow field, pressure on
wall and vortex structure were different between inspiratory and expiratory phases; there were air residues in the
upper and lower nasal passages during the respiratory exchange process. In addition, the effects of airflow on
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physiological environment of the upper respiratory tract were preliminarily analyzed through the steak line,

pressure field and vortex structure distribution. Conclusions

The method proposed in this paper has the

characteristics of pertinence, rapidity and accuracy, which gives full play to the advantages of reliable physical

experiments and fine numerical simulation, and is applicable for studying different problems of the upper

respiratory tract in different cases, with a high value for personalized diagnosis and treatment in clinic.

Key words: upper respiratory tract; three-dimensional (3D) reconstruction; three-dimensional (3D) printing;

physic experiment; computational fluid dynamics (CFD)
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Fig.1 Three-dimensional reconstruction process
(a) CT image, (b) Original 3D model, (c¢) Sinus

removal model, (d) Final model
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Fig.2 Details of printing model and experiment

(a) Blocking of physical model, (b) Section

surface, (c¢) Assembly of experimental model.
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Fig.3 Comparisons between experiments and numerical simulation (a) Left nostril flux, (b) Right nostril flux, (c¢) Left/right

nostril flux ratio
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Fig.5 Pressure distribution on the wall of upper respiratory tract

(a) Peak expiratory time, (b) Peak inspiratory time
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Fig.6 Distribution of vortex in the left upper respiratory tract (a) Peak expiratory moment (1=0.8s),
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(b) Peak inspiratory moment (1=3.3 s), (c) Breathing exchange moment (:1=2.4 s)
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