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Volume pixel modeling of nasal air conditioning function based on medical images
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This work describes a new approach to simulate the airflow and
air-conditioning in the human nasal cavity using voxel-based modeling. Voxel-based simulation of
steady and unsteady flow was performed to resolve the flow and temperature fields. The results were
verified by comparison with the experiments. It was found that this method enables high-speed and
stable grid generation for complicated shapes of the nasal cavity and is useful for analysis of
transitional flow and various functions in the nasal cavity.



CFD Computational Fluid Dynamics

CFD
CFD
CFD
CFD
1 CT
1(a) CT
0.65x 0.65 mm 1 mm 3D Amira ver. 5.2 EFI Visualization
Sciences Group
1(b)
mm
90x 71x 146 mm
1(0)
0.05 mm

50%

u|oo..7!5!
0 [0lg/s| o :Fluid

- 0 JT &:Solid
0209 1| 1| \r-
/Boundary Volume rate
Ranndina
@ (b) ©



FFV-C Frontflow / violet Cartesian ver.2.1.5, RIKEN

30 m/s 0.1
590 840 1900
2400
8.0x 107 s CFL Courant-
Friedrichs-Lewy 0.4 RC Server Calm 111
2000, Real Computing, inc. :
hp180260
2
3 in-
Vivo m in-vivo 20
mm 30

e CFD  wmmmm Experiment

36
N T O = N
e
E32 0] Thgenl
= 20 | ~-0-- CFD (L)
5 -0~ CFD (R)
= —®— CFD (average)
= = 28 | in-vivo Experiment
I .
25 Temperature [°C] 34 Lindeman et al. 2002
26

0 10 20 30 40 50 60 70
Distance from nostril [mm]

3 in-vivo [



break-up
100.00 ms 100.25 ms 100.50 ms 100.75 ms 101.00 ms

o I 10000

vorticity magnitude [s!]

1.0x 1072

1.0x 1073

1.0x 1074

1.0x107°

1.0x107°

Spectral dencity [m?/s?]

1.0x 1077

1.0x 1078

1.0x107°
100 1000 10000 100000

Frequency [Hz]
5 Point 1 2

[1] Nasal mucosal temperature during respiration, J. Lindemann, R. Leiacker, G.
Rettinger, T. Keck, Clin. Otolaryngol., 27, 135-139, 2002.



56
2018
37 43
DOl
10.11239/jsmbe.56.37
Kimura Shinya Sakamoto Takashi Sera Toshihiro Yokota Hideo Ono Kenji Doorly Denis J. 22(3)
Schroter Robert C. Tanaka Gaku
Voxel-based modeling of airflow in the human nasal cavity 2019
Computer Methods in Biomechanics and Biomedical Engineering 331-339
DOl
10.1080/10255842.2018 1555584
Kimura Shinya Miura Shuta Sera Toshihiro Yokota Hideo Ono Kenji Doorly Denis J. Schroter -
Robert C. Tanaka Gaku
Voxel-based simulation of flow and temperature in the human nasal cavity 2020
Computer Methods in Biomechanics and Biomedical Engineering 1-8

DOl
10.1080/10255842.2020.1836166

6 0 1

Shinya Kimura, Takashi Sakamoto, Toshihiro Sera, Kenji Ono, Gaku Tanaka, Denis J. Doorly, Robert C. Schroter

Comparative study of grid generation methods for the simulation of nasal airflow during a sniff

8th World Congress of Biomechanics

2018




2018

2018

29
2018

31
2018

32

2019




31

2020

(Sera Toshihiro)

(40373526) (17102)
(Ono Kenji)
(90334333) (17102)

Imperial College London




