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The Airflow Characteristics in a 3D Airway Model Based on CT
Images

DANG Hangyu, XU Yi
(Institute of Biothermal Science and Technology, University of Shanghai for Science and Technology, Shanghai
200082, China)

Abstract; Objective To discuss the mass transfer of low temperature gas in the lung bronchus, so as to provide
a theoretical basis for the implementation of hypothermic ventilation cooling non-heart-beating donor (NHBD) lung
program. Methods A real airway model was reconstructed based on human lung CT images, and the computation-
al fluid dynamics (CFD) method was used to investigate the airflow characteristics inside the airway during recipro-
cating ventilation. The effect of ventilation frequency (0.5, 0.25, 0. 125 Hz) on bronchial flow was also studied.
Results The flow in the airway showed complex three-dimensional (3D) flow characteristics during reciprocating
ventilation. The flow in different areas of the airway was different during inhaling and exhaling; the irregular
bronchial geometry had an important effect on its internal flow; when the ventilation frequency decreased from
0.5 Hz to 0. 125 Hz, the thickness of flow boundary layer would increase, and the mainstream velocity in different
areas of the airway was enhanced to different degrees. Conclusions The real airway model based on CT 3D recon-
struction was more accurate than the ideal circularity tube model in showing the bronchial flow. The research
findings have an important guiding significance to optimize the hypothermic ventilation cooling NHBD lung technique.
Key words: airway; three-dimensional reconstruction; non-heart-beating donor ( NHBD ) ; passive breathing;
numerical simulation
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Fig.1 Reconstructed 3D airway model and schematic diagram of

section position
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Fig.2 Distributions of endobronchial dimensionless velocity
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distribution, (b) Streamline distribution
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Fig.3 Distributions of dimensionless velocity and velocity vector

across different sections of the airway at 0.5 Hz

(a) Inspiratory process, (b) Expiratory process

H PR AR PR 11 T BE T 0 A% , 07 T BE T AR e
DX, e b BE R B X, PR SR A —
PB4 1) L BE T RS, re b BE T
JRRE X, WS O I AT LUK B, W RO
AT 2.3 P77 “UGR BRI ORII U,
T 2 FE 2 A B v B 0 ) A7 A e , A L
B THT FRF 22T A3 e ol 74 10 AN IR O AR TR 2 ) 8 3
DX K PR I T 7 BE T R 22 )90 e U 5 0P et
TE7e T BE T O AR E X, WU, i 3 76 b
BETIRUTAFAE 1A A1 JE % FO 3 i , 6645 L BE i
WL R ARG X, IR, AT 3 DU A 2 T B
THT BRI A 1 AR A e , 5 008 3 DX A 72 B
T A TR
Hhy Zefili b AT 4 0T R 6 B I I A R
S A AL, b 4 7R ORI RN A A
TR, WU, A S BE TR S 4 e S B
T 4 DX 5 22 PN R 5 TR, AN 5% D7 1) A [
P e ) S5 5 T o 3 X Y o3 Ok bR PR
RTET 6 7RIS AFAE U0, 7 T T BE ThT B 2T F) 3

Y G AT AT (Bl s R A o R i L D o =
TRKAY PN B, TR PR AT, B R R
Me, AT DA & B TET 6 AL B 4 A A E WS

SREE AT it b R AT S AT R AT 7 ) A A
JE ISR AT AT AL WS 5 R 7 BIRAEE R
Vi, AR ARTE 5 A1 7 B SREBAEAEIE | SR T
TAERA 53 /1N, X A3 A S AL /N, AN BT
A it P DX = A T R 55 E A DX B A
AR R P B 7 A v o T AR A A
TN

XTUE 1 BT S A o U E AT A5
0.5 Hz B T ~ IV o LA 3R < B (LI 4)
ATLAR I, o3 SCRR AT (9 o 43 A0 3 S 4% . RAORN
WP, S 4 XA 1 90 8 40 A 22 57 0 3, AS T
A VA Wi e S i TR~ N < N D i R w12
S, A SCERETR AR AR 25T B 1 AMIGEE X, HiT
TR Tk A b — RS R X
BEMDE AN S A WZ R TR A N — MR &
WAEST A AR bl BT LR AN ] 5 3 1
JEARFEAAHIE

2

R

(@ |A

(b) M5
4 05 HzHZSENXNBEELENEEZE

Fig.4 Dimensionless velocity distributions of the airway in

bifurcation area at 0. 5 Hz (a) Inspiratory process,

(b) Expiratory process
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Fig.6 Distributions of the center line dimensionless velocity across different sections of the airway
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