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Fig. 1 Geometry of model A
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Fig. 2 Sagittal view of each model before and after
virtual surgery
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Fig.3 Location of the velocity monitoring line
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Fig. 4 Mesh independence test for the model A
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Tab.1 Pressure drops of nasal airway models

under different flow rates

JEF/Pa
1580
15 L/min 30 L/min 45 L/min 60 L/min

B A 17.5 50.5 101.3 164.3

HR B 15.2 46.1 94 156. 1

R C 17. 4 49.7 99.3 163

B D 14.6 45.9 93.6 158.9
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(a) Airflow velocity distribution of model A on different sections
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(b) Airflow velocity distribution of model B on different sections
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(c) Airflow velocity distribution of model C on different sections
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(d) Airflow velocity distribution of model D on different sections
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Tab. 2 Deposition fraction of particles with Fig. 8 Comparison of the deposition fractions of particles
different diameters in nasal airway models 3.4 RS
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Fig.9 Final locations for the deposited and escaped 10 pm particles for the above four models at the flow rate of 15 L./min
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A study on the evaluation of the virtual surgical effect of inferior turbinectomy
based on gas-solid two phase flow numerical simulation

GAO Wen-xiu', CHEN Xiao-le*', YANG Hui-zhen', TAO Feng”?, SUN Bao-bin?, LU Tong®
(1. School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing 210046 ,China;
2. Department of Otorhinolaryngology,Zhongda Hospital Southeast University, Nanjing 210009, China;
3. Department of Medical Imaging,Zhongda Hospital Southeast University, Nanjing 210009, China)

Abstract: To evaluate the possibility of analyzing surgical outcomes by comparing different virtual
surgery plans for inferior turbinate resection via numerical simulation, the real nasal model (model A) of
a patient with chronic hypertrophic rhinitis was reconstructed, and the geometric structure of model A
was modified by virtual surgery. model B to model D were obtained according to the resection of the
lower margin, the posterior end,and both the lower margin and posterior end of the inferior turbinate,
respectively. In the four airway models, simulations were performed to compare the flow distributions
and particle deposition characteristics. Compared with model A,the maximum airflow velocity in the left
nasal cavity and the difference of airflow velocity distributions in bilateral nasal cavity of model B and
model D are both reduced. Under different flow rate conditions,the pressure drops between the inlet and
outlet of model B and model D are lower than those of model A. The deposition fractions of large
particles in the nasal model was significantly reduced. The deposition fractions in model B and model D
are 14.5% and 14. 8% lower than that in model A for 8 ym particles, respectively. For 10 ym particles, the
reductions in deposition fractions in model B and model D were 14% and 14. 5% ,respectively. The flow
distributions and particle deposition characteristics of model C are similar to those of model A. Model B
and model D can better reduce the nasal airway resistance, alleviate the discomfort caused by the difference of
flow distributions in bilateral nasal cavity,and reduce the deposition fractions of particle in the nasal cavity.

Especially in the nasal septum,nasopharynx and throat, the particle deposition decreases obviously.

Key words: numerical simulation;turbinate hypertrophy;virtual surgery;flow field;particle



