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One of the focused problems in airway flow simulation is pulmonary airways modeling. There are two
kinds of Lung models, one is created anatomically based on bronchial data and the second is realistic
model which is created based on CT scan images. Unfortunately the cause of deviation between scan
data and 3D CAD model or simplification, the result model is different from real pulmonary airways.
Anatomical models are simplified and realistic models based on CT scan have major limitation and
deviation in the capturing resolution and smoothing stage of make out the 3D model. The lung shape is
unsmoothed naturally and the first vital things should be concerned, are cartilage rings as macro-scale
roughness. The presented work compares the airflow in both common and modified Horsfield model by
cartilage rings in the terms of time averaged wall shear stress which is important in engineering of Cell-
Fluid Interactions (CFI). It is shown that cartilage rings affected the trachea and second generation of
branches so neglecting the cartilage rings is not reasonable.
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12 Acute respiratory distress syndrome (ARDS)
%8 Infant respiratory distress syndrome (IRDS)
¥ Ventilator induced lung injury (VILI)
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Fig. 1 Tracheobronchial tree model, from Alzahrany and Banerjee
(2105) [16].
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Fig. 3 The hybrid triangular/tetrahedral-prism mesh: a) Top view b)
Front view c) Close to cartilage crest.
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Fig. 2 Normal geometry of Horsfield model and new geometry with
cartilage rings in trachea.
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Fig. 5 Part of the 3D triangular/tetrahedral grid of the stenosis model.

590 Gl Hlade les (Kuasl Gk bl e Veles (il Joe glaSus
ol 00 0318 J118 (63555 40 00,0 6.18 Ly o S

L alio )0 Giogsy cnl 50 gymd Jao b J> @l o5 jshailes
S s Sl Sty Lol 01020 Joo LLES (g0 Jo 5 (025 gl
et o9 Bl e oo (LS B JSA 50 wead S5 ) (555 e b o
By 59, 2 ey 50 5 Agd dwain IS8 (nl 55 008 092y o]
b0 e Awdi® (55 y dulin (gly SET Al b el o0 a5
St @l 5 5 [35] 0, 5 o (st BT s sl
3 BN 255 Caadly Sl it e o @B L 6 UKo o ol
SRR ppuge: St JYNE SRR N T S
Ohimy Oizre g (28ly Sl ) o 0l o lime (05 255
ol Wlgge ol Glz 5o 25,5 Glsl jo yiinr Sy
ol 00l (69500 e s Bl ey S

w9 oo -7
S sl el lodzmn Sl I (oniis 0y 50 (S 5 Jelos
phl cdls 5l 138 5 by o atasl 31 Sl s a0 b CancdlS pge ool
30 g By ity Sl ay Sasl oS maw 5L g aasl 4
JeSzd L5 a Las g LS e s ool pl)T )by a5 Siloj b

ol IS5 lp el (b (Ghp A5 9 39800 05 Sl 550 4

4.5

-
—

N e
L]

¥ Vi
o
T

. Exp. Ahmed & Giddens

T

1.5 LES, Luo et al. \
——————— WMLES- Presented study ¥
1= o = Gicometry of stenosis
53— s

ol 'l AT I i I 1. | I I - 1 |
105 0 05 1 15 2 25 3 35 4
Position-X(m)

Fig. 6 Comparison of presented result with experimental [34] and
numerical result [35].

PS5 dexl oy ml b ol Jiegh 0 o Jo il anslie 6 o
[38] olen 5 o s29e J= 5 [34]

! Wall Modeled

6 o leib 17 0951396 D93 ety o )30 Splle (i

ez adle pgast (g s oo 08> de2s Jbls a4y aS Caul oals ools
4wy aalys 003020 510 o ob alas o Suasl cod oz
Cge aS hagh pl 50 P g s oy bl pae cle 4y )b en
0392 635 0 2l9m loely 2 35 a3 g Adoo (Slowlne 4D o> 1
Llod (59,9 50 (o il Gol &jgo 4y 0ol Bl dwais ol il !
U550 6L (69,9 asles yo [ Sua sl ol aSnl @ arg b .l oads
ol (699)5 cmwlie Jlacie (5,51 Cway sl 10 coul J3E 5T oL
20 ,15.10.7 5 3 1 Sua sl glacsos b i po ol > cipgls
aS oh Jo L Joum 50 0ald astine 20 (695,5 byd Lol en oo
535S (595,55 4led (gl 9oy T (Sua sl ol b J> ol olis mls
5 o 00 o polie oogamme jo Jo arals IS o1, Suasl cias
55 ol 5l o co Gty w0 20 iSTas B 10 o S [31] )| Ko
U alas (58955 ;0 J> aslol 1o dwain g0 ,o gl (Suasl ool oyl

Ll 00 00l

o lis! -6
s.»._l.c4._044)‘5-.:))465))40'.\4615/..4‘.\4@)7@@'.‘45..\4‘diuld.\byl;
s, lzel (gl oolanul collB s IS pwdis Joe 4w iws pas
099y 6ol Olaie Cle pad Ay B cod Gy 1) b ipgh S0 (o
@radd j1owi)38 (b (08 @ L) (i Ol do g iledse
duslie 10,000 5 1000 osgaze jo olajalen ;) g b iigym ojlasl sga> (o
S5 gy o=l 51 B83,32] asilosls lai 1) 0g3 (s03s J> o g Ailes,S
oolitul agh cpl fyezen ol3T laals 5 Jaw 5l eolatwl b cwdis o)L,
= [34] 505 5 oenl vy alBlilo;l IS ol oo sl wiles S
Sl oads plosl J> 30 2000 jaden, 50 e g8le 5 jlad 4 slalg (g5,
A ool call Ll cpl ol 00gs Loul S (glls 095 Jawg jo alg) a5
Byl i gi ol 50 ala e Jue dn 00l 00933l By ad slalisl
Ceizmed g 3OS g dex] LSy ool all)l Jae aiilen adg) anain
ol jo Lads ady dwaie a5l a4 daxgi b .ol 00 pues 5 [36] oy
95 o= 5l omte B ogas 10 iz (i W 08 2Rl Jow Jsb
5 IS 50 a5 el oas Jok 7,700,000 g0 40 aSiis sloJolo sloss
09 §aSed 5l oo (b Jelod )0 o g, wiles 398 00 0y
25 doe Lol sleanls 5 e (gilwand g, b eolinl lojls

ST 9 8099 Sie Ll sleeols Ll 1 Jeua
Table 1 The boundary condition parameters in inlet and outlets

Re Q(kg/s) V(m/s) Sire bl
5176 1.158e-03 47 $%99
Percent of Q (%) ST
14.1274 Lojlods (s>
6.3839 20 )los (75
4.6993 Bo)lods (79>
20.2453 4ol (9>
23.2304 Sojleds (79>
9.6054 Bo e (>9,>
10.7285 To)lods (29>
10.9798 8o Lot (9>
206


https://dorl.net/dor/20.1001.1.10275940.1396.17.6.19.9
https://mme.modares.ac.ir/article-15-1953-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1396.17.6.19.9 ]

SU)9) s Jexo 93135 53 ru»lS

RANS-LES (533080 (b9 (5 )b 31 0 3ikuol by w5 Slo 0y )3 b sdy b 186

1.8
L6 :_ ——— — Modificd model right side line of trachca
141

= F N i

< 1af L bl i, i

| I i P i

% 4k A T B

w LF Pps Tyl 4

7] N I n o= H I »

=0 O - O O O -

Zosk | L B iy o

I S W A OO T O

8 F G T L I S T I

= I v | - TRt [T [

206F LA I I T S T

S bE Rt gt

S S S A O O
oAb Gl R i oRE pak D5

R Wiy g w g
02F % g GG R
i VN T

il (NP A | I
0.46 0.5 0.52 0.54

Position-Y(m)

Fig. 9 Distribution of time average wall shear stress on the line 11 in
modified model.
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modified model.
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Fig. 11 Distribution of time average wall shear stress y component on
the line 11 in modified model.
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Fig. 12 Distribution of time average wall shear stress y component on
the line 10 in modified model.
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