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In recent years, numerical simulations of blood flow in arteries have effectively
contributed to understanding the mechanisms of some cardiovascular diseases
and selecting the appropriate treatment scenario. In this study, blood flow in a
real geometry of the thoracic aortic artery of a patient with aneurysm was
numerically modeled. The effect of vessel surface roughness along with flow
regime and various turbulence models on wall shear stress (WSS) and
hemodynamic parameters such as time average wall shear stress (TAWSS),
relative residence time (RRT), and oscillatory shear index (OSI) were
investigated. The simulation results show that the presence of roughness
increases the area of areas with high RRT values. Also, increasing roughness
reduces the area of regions with high TAWSS values. Increasing surface
roughness increase the average pressure inside the vessel. In all the regimes and
models studied in this article, the general pattern of TAWSS distribution is
almost the same. TAWSS has low values in the aneurysm sac region. High
values of OSI are observed around the aortic arch region. Considering the
distribution of hemodynamic parameters, the end regions of the aneurysm sac
and the inner aortic arch in the studied patient are susceptible to atherosclerosis.

DOI: https://doi.org/

© 2024 Published by Qom University of Technology Press.
This is an open access article under the CC-BY 4.0 license.( https://creativecommons.org/licenses/by/4.0/)

* Corresponding author.

E-mail address: mahdi.sahebi@yahoo.com

How to cite this article:


mailto:mahdi.sahebi@yahoo.com
https://modelling.semnan.ac.ir/
https://portal.issn.org/resource/ISSN/2783-2538
https://doi.org/
https://creativecommons.org/licenses/by/4.0/

& s &8T5l 58 55 Ol Sludgen oyl p w655 sildae 136 o) Y

22097 Ol Swoluogen s ulyly w625 Gilwde 53U (o) 2
! o &9 anns 5951

Ml s 5 i Lo prome

oS> Al leMbl
Slopsslle S bS5 85,0 50 09> Ol oo e iload 3 slale o VY PV Erallie il o
33 sl 03,5 (5 g SeoS canlin 3oy (9 L Sl g 039l slas low 2 VORIV alie 6,550
VEY/ BV e 5l

4 Mo jlon o (s i ©,81 5 1 8l aniin S 0 5 oz e ol

_ . . £ reouls 551
Elgl 5 by w25 olyed 40 5 ) o (6 25 il el 00l Joo (g308 & j50 4 a5 S 0PI

N ) WtV (8l ats 2551 i

0 G5 Ggzmen (Seslusged la bl go)lps (b 25 p (Ve slade ‘
. . \ Y . @)lpd (b p 5

ool 43,5 3 (owyp 0590 Slogi Gop paPlE g (o Sl lojco)le0 Lanwgie o o asls

) Nl C S NG

solie shls (ole colue (ili8l cel 65 092y s o lid gileans s gt el e

TAWSS shls ‘f‘y Sy idlS el (6 5 wl)sl Ced D9 (0 RRT YL C_b_“, 3

8 8 el 505 I e 5 ] 3575 35 Y ol

‘W|°M(5w})" dlie L))‘)odSLS’LQJMSLQW")) LSALM)O 09“60‘5)05)°‘]a‘“5"‘°

ooy 3] dueS 4>l 0 TAWSS el (LS Lo,as TAWSS o565 S 5631

oo 4l Jlg> o OSlI YU polae o Joo den jo ol Sl polie lyle

a5 0575 4 4z 3 L0 OS1 (g oline 13l o (525 5 5 99 50 oualie 5]

w50 D)l (SIS ugd g a5l S el (s o Sesliogen sl zall

REGUOWE- u.:j‘)...:uLAJLg)l.o..uMoM o

DOL: https://doi.org/
© 2024 Published by Semnan University Press.
This is an open access article under the CC-BY 4.0 license.(
https://creativecommons.org/licenses/by/4.0/)

S e d i (Soye — B slo (o)l e pul o 50 4o diio—)
ol ibe aed I o oo Jlo j3 585 (gl 1V O

i g i 9 Sig iSUl oy
mahdi.sahebi@yahoo.com

Olnl 8 (o simio oKy (Sl (gwtige 0aSils .
23,5 750 iyl o o)1 sliil ogou o ¢y | 4y oLl


https://doi.org/
https://creativecommons.org/licenses/by/4.0/
mailto:mahdi.sahebi@yahoo.com
mailto:mohammadrezasharifi741@gmail.com

R &S 2l )3 ok gl e I, JLbigw]
o e 5 o DIV 0t o w2 1) il o)l
@ode Slado p o> @b 02 Joe 20 ow)p
Joe a5 wisls lis g aisle, oSh gl a5l
e g ooz 6 5zl el (et o5
Giledae aey jo eole mlbe plo o) b [vAl N
shls 0yl S5 pogas 4 5 b S, 50 93 bz
30 o9y o ploul Dladllas ST aS 0l asice guus o8]
S olns oog Sl B8 Ly mhe s 285 Ll
amy ol 3 sl g ol ey o e ol

ey (o0 10 4 590
Sk sle 0l 5l g plSaa G55 0l 2 nl 2 ogdle
DA cal wbdis Yaars pe gl 4 i sla 5, L
S5 )0 ot G 055 g & oy ol Y
3339790 lo iagh 5l (S p a8 (b ps sle S
@ e gl S, s 0 Olr @sldae A
e AN T wlas 5 ks 50 611 053 Gl pas]
Ol Siledae a5 wil 038 lyie Koo slo gl
G35 555 5o a5l (sl Loguars a2all & j00 4,
55550 > [N 4.y ] el
530 CamBly 5l i8S awain 50 man ol shils 53]

255 8 i o)
2 08 Oz G il ad @l Jodog )0 Ygens
sloyull 51wy e (Slg T pars
Gr oSl opmes il Salusges
sy o5 s RRT) ews il o « (OST) Silss
50 byl ol 0sd e eolawl (TAWSS) Lgis
Aoy cpl Ho b dalgs Bire 385 Ojge 4 dsldl
oylax 5l gablie col osls lis Slibss &y b
@hlo a5+ Y5l hw Glogs Jip a2l b S, o)l
sble wiwe 1.5 Pa | po8 oo by i
IVF] e SO LSes awias a5 Wl (g,kas
@ Sl (Son awgio (B G (Vb polie (pizeen
SNy s ol el g sibesy oo S, JLbigail 4,Y
s LSiS 4 poxie 093 aigh @yl (nl 09l (55 o
Sl By o Lol 53 by [V0] 092 o 55
Sobys )3 09 Ol b (HSend sladow Ll
WS Je (Fwyd a4 willys oo |y o oy (B S
Jae b 51 IVPL )l it 5 gy 2 3l cnlplis

VEY lasl olod o Jlo

7l G 5 (s Lo e

Syge 3 Gowhe OlMbl Wy o b S, 50 e
a9 03,5 wal 2 S, 50 e Gl Selusgesn
WS S (Fgse sl 5lon 4 Cond b it colin
Sline 4 a5 el 951 5, slo s low ) SG Y]
-v] Sl ) 0,193 a5l sidu jo ells IS s
Sl g b 5 oles cands cel a5 Lalge 5l 4
Dy el el 3 LSes 05 oo pamny95] o, Jlos|
g pged el oud LSS S g J S 51 S
(S ot 4 e 48 ol SV LS55 Jstns oS IS
SoASwls T adgl Jolpe 5o [ 98 (oo 59,0l 5
Sy 090 AY cawl Lo 4 5 glime olg0 mlaw
S e 6 gl 0sd e lseal (JLLsail)
5 Se DY O] s g S do iz b oo 5l wilgs
@)l 3575 Ol o meaysil 58y Jliol o5 gle S,
ot ey gl pim asll jakace 4y liams .Cansl 455
sl Gilw 4l pBl b e )lom loyd & S Ll
38l 53 055 bz Sealidgen (pwyp 4 ilise
i S o 1) L ) o 5 Sl sy 55T
g9y Joiml oSs Oy55l ma )il sl oas JT oy
alisee Ll 30 &)l pay5il 50 (Tl g (S5 s
wor 4 ohSes 5 I DY wes nyp )
il Gl o )51 55 50 (53 Gl Sealnagen
sl coes a5 ob las gla) mbs assley,
obej 5 OSh logi (o35 (a3ls aiile (Sealogon
Sial3dl il alslae b ess a4 (RRT) s cuslil
G0 g, leslatul b o) ) 5 connl Lyl a0
Ay ezl 4 e 5T 50 (93 By Swliyogen
Ol S, bame ;5 a5 g)ls ol gl o]
i S ol lis ol a8 ,S (gile Al 1) ses
5Skee 1 (ol ali>dle L5 85 S35 JS 5 5]
S @l b oKen g DS VAl o)ls Sle, gl
sl 53 09% Ol Soelisgen oy ar g0 >
e bylyd cow Sz (S5 Gl oSl ol
eyl 10 50 S (S8,5 a5 wisls lid g aislo
NS 3 S 55 (S e 2 Do 4y (oS 5]
@ goue il ans @l L oS 5 Slg V8] el
5l Sy 50 peysil 5 S8l caym Sl Ll )
35 a5 ol ol lagl LIS als sl oS
slosle @ladlsd Jouilty als Sl o s

i )0 ke Jae ale



& s &8T5l 58 55 Ol Sludgen oyl p w655 sildae 136 o) ¥

&S KeS

Siwdow g o5 WY oleo-Y

o2 5 phl Dogo o8 S5 900 Bz (Gl o
Lo e &Volae a5 sl 00 (g5lo Jow atiis] & 90 4
s L8 5 S e 4

,ol)T ol oY¥olwo -)-Y

(gom s o)l 0l @255 6l Al g (Siwgey S¥oles
IV el 5 ©j50 4 (595 9 pdL o515

op 1

L 0%, (pu)0 W

(6pui) N d(pu;u;) _Jp 6p aru rof ™
ot ax] aXi aX] L

s Jlw by 15 5 JBS

axid] ol oYolee ~Y-Y

wiGbR)QJLWJPﬁWSBQYQMJﬁ
Iyy] el 2T A (WS g (S SYolxe)

6p )
el % (pu )=0

0
at(p L)+ (pu uj)

2(5 o), o
i B, o (-pu;u;)

—t—|u—=+==-
Gx,- Ox; Ox;  0Ox;

O gl odumo lis puu Ohke «(F) doles o

Lyvl 39l Jde 5 Sygo ds b g Cuwl jalgn

— BﬁL 61_11 auk )
P\ o, o, _5" (pk S )

@l )l pemer S5 Sy cle lyd o (s
LYyl ses o asl)) Joud L6

5 0% by sl awse (eSSBS Sl
3,0 025 (g5l a5l Jols  Sulnogan sla il il
ot oode Sllllas 51 o s a5 J> 0 [VA-Y]
b S, awais obol Glp oo ¢ Sl Jow S
3leolaiul b e by oy p ry vl ol 03, 0,00
Lyy] 3,18 5285 g awl IS =S Jya> 10 Gl ohg Couoal
S, logas b 5 10 (55 Ol G5ldans ;9 poe 1SS
5 Sbro Lolul by a5 ol plcd8 @y 5 Soop slo
oS sl ools i cpadey Olalllae gl el LLL
Slbail gloj 4 anly ©j90 4 5> Ol ladoe
I¥E] s)ls oy sl ool b (s i

Gz D30 & ol (oo |, 435wz 0 S el ||
Silwdae sl ST Jgl 0,5 olgie atadS Slallas
Sl (oo oyl Ve 5yl 0 55 bz e
Aol pgo 0,8 eolaiul LLL b y> e sl Joe 5l
) o5 e y3il 9550 50 iy ST an T Allice
o ool &28,5 8 oo 203550 (Sl 58T s
shavan blie j0) ) a8ly 5 380 dwain 4y
Bl B 55 S s 3 B 5 (IS
Maf@lc@u)owdfbudeiulf)w Sl
ol 55 s (525 58,5 a3 s oo ol
350 D) & e ysil & S gl o 95 Ol
LB sle gilom 3 a5 o 3ol a8 518 )
il (Fslite 6l-‘° S5 shlowly (oo 5 mhaw (Sg5e-
Seolisogen cloyiolly asllas 4y ol iagh
5 a9l 4 Mo (glatw @il S 50 (95 by
Oygo 4 lews SOl odel Cans 4 (Bly dwsin S
Sbre Oygo a5 Gl el 485 18 a9 550
Ol o5 B 5o fl pizres Sl 0ol Joo LLL
o 6l sl 48,5 18 anllas & g0 axiis] g0 4
o)y o Sk el vgzrg 4 b (g lar ity IS
9 s Sl o chavgte (B 5 (gzmen (Al
ol bS8 S 18 ) 3550 Slugs (b a3 L0
Sl 0 05 ol S B8 wd Wy e addlls
oz el sl Y Oloj (s G 9 sl @ e



N
0 ok Q)
(Pk) (Pkul) [ K3 ]+ Gy-
Xj
Yk+sk
R e [ R
pw pwu; X_] wan [
Yw+Sw

i 55 adgs sazms i Gy woVolee ol jo
G ol Sl sy glo bol,F 5 56 azas]
Soo Oised Iy s sl @0 aJgs oanms ol
MWl oazas Hlis Y 9 Y e o s |, Ky

oy 4 i 4 50 0bz » o)l 59) 2 gl 5
oo oolaziw! oo C)L.o‘ 0)‘5-.‘.9 uﬁ“l‘s )‘ 2 °)‘9€.~> Q)jleu

Q5 )y (Saeladged b ol )by (o8 o —V-Y

aw lolr Seelusgen e Jolod g wia ln
(TAWSS) o)lg2s (o8 (5 (Sloj (eSle e 22l
RRT) s caldl ley 4 (OSD) Slug oy asls
UL’J} w)g 9 )LAA&Q sl QT » OS)LC ol ool salazw!
b o)l cnl i pos aelol yo il 57513 (o 12 990 55

el Salgs
S Eolis pghe 2 0)ly S98 Sand Sjge o LaS

p= 10)

o9 iz Gl 5l ke Jlw Al 5 (piren
3l g el atie abali S yo Sl iS5 > L
yy] Sgisr iyl py Oygo & LOb ) S

w=VXv an
u..i;l.».‘o (TAWSS) 0)19:{0 ‘5.»).’ u,u.u LS;LA) U&)LA

o)lps 59,y 2 09> Qb bwgs ool Jleel Lbyp 1S

VEY lasl olod o Jlo

7l G 5 (s Lo e

Syl K-8 Jow gl JUissl ¥ oleo \-Y-Y

€) slasls 3 Wl &, 5 K) aasl i (55,0 Aoles
Iyy] Al g3 ) O ygu0 Ay

(pk) (pkul)— ®

6

<+”‘)ak +G+Gy-pe-Yy+S
ox; [ 2% KT Ub~PE-Y MOk

)

0 G -
5 00+ 5 o) =

0 (+ )68 +C, (G C5,G)-
6xj n s, 6xj le 1 AT L3 5p

Cng I +S8

A b aad W sz (65,80 adg Gk (SYolro ol o
adg Gp wes oo plis | (ke oy slo (JL01S
ot Y Gl by ) o0U (San] s 65,0
Sl Oz sy o515 OBl A0 bla] Slleg
iy 4 O 300 b ool CppyCsp ¢ Cy

A Aol 5l A6 sl

wkoe syl e (21,5 L) aas] an;jSan,
Iyy] S5 o0 Al ) O jg0

K2 )
m=pCu—

oo b le ol ogsn cal 5o ol ool G oS

6,=1.3 ;=1 «C,=0.09 <«Cp,=1.92
IYy] sl oass a3 8 (ks 0 C,=1.44 4

5 ,0iliwlK-0 Joe (gl JUl &Y oleo Y-Y-¥

Jo 5l @ iy MWl F5 g K oaasl acs 5l
IYY] T oo sy 5 &¥olas

i )0 ke Jae ale



! i O8] s3T50 93 Ol Sealussen slo gl e 625 Gildae 756 o) 0 7

Lo (o LS olod (Gl 00 05 i Jow ¥ S

) sk (z YL

S e 3 e s kbt e siledoe sl
Gl Joo ey S5 el (Y USK0) wad ooly (5503
S5 okz 5 79> ) 4o Al dnwg Gl 580
79 o 08 ol Sbleg il e ol eS|
el samlice Bl ousiader asiol oY) JSCo ;0 098 o0

FYOYY - AV0-£8 slo Ll slaws b (gouy aSol oy
BRRGSWISKWARW SR S P23 RPN A S & SR SRR RA A
o O30 hise slo S (6l Jo3 0yl (2>
Ldwain bl o Ol mls @ g b .c8 5 )3
S VoTET L S VYYEY VAV e Lol sl
aSld olawd b odwais @S (o ol caslice U

20,5 Ol > aolsl gl BV

Oyge 4 g Sl e Gloj o3k S o S sle S,
[vo] Sgds o0 dmwle 53

1 T
TAWSS = — f [Twldt A2)
T 0

s o 4 cal 5lxe (OSD) Slogs (o p a3l
Ol (el (pl 09d (oo odlitul (Sgse (5 b
So> s, olns poadlesl SBn 25 5 Glug
Sgis0 dawle pj Dyge 4 g WS o (5 pSojlul |

[vo]
T —
1 [ Ty dt
051=§(1——| v 7 |) 13)
Jy ITwl dt

OSI 3 TAWSS &ljil sl)ls RRT) (cond cslil o
[vol coul aculons LB 15 &)go 4 g Sl

1

RRT =
(1 — 2 x 0SI) x TAWSS a4

G Al g wddd (5 jlwdon —F-Y

CT- pglai 5 (o awain obml ol el o
4l Sl b FA 5,0 G sla S, 4 by 1 SCAN
i il Jue lp i anid Sl il
Ly CT-scan pglas ((V) JSb) ol oo solazul
Ll ol 51 sl e gommo a5 g ooy (o5ls o MIMICS l581 0 5
bla ol Glaitew ailead bos dwass caims | Sud
Joe o3l Glp g 0als o)l Solidworks 1330 s 5 a
(Y USS) el 48,5 1,8 oolatusl 0590 (gom dw cwdi
ICEM CFD 331 6 5 5l cwii Jow (o aSiads (gl
ANsys 158l a5 5l eolaiwl b (giladoe ol colal

Lol oals plsl Fluent 12



Liogie 55 el b whaw 5 (€/D=0.25%) ,teg,Ss
(€/D=0.50%) yiog, Ko V++

5 (o Ol S ) (63959 550 Ll -F S8
GLd e (9>

Pl 5l Jo el romiw 5l oy dlies () Soj o8
Sl gl amd 0D a8 Sl s e VS Ll Gl
J> s o5 Canlosd plonil oo p Culy (B 45 2 iz
6 xS ojlail (Sealogen sloyal)l (09wl 5l S
@S (g 99 pom 4532 5l e e 432 ok j0 0ud
95 ol 5l esloaile (Bl ek o w4 pg 43 2
4>,z 4 by Gidgh (nl 5o 0ad 5155 @bl eled

ool B s3loant o)l

Ol 5o edliiul 9y5e (go0e by, &S Cwl S8 LB
ol 2 85 oadpizie adllas 5 30 St Rty
o 50 sl ghls D yg8T) jemmelony dwaie Glea
59 el 0030,5 i Lel dailoas ploxil (j95 3 Sl ol
axgi b .ol oad ol goas Joe el woladllas ol
woue Jo sy ples 5l 5 ol Graghy o &S0l 4
alie GoauaSed 5 (Sosd Slakie sje Lulys
P A Ba goae Jow jliel (g oo el ool eolaul
[y o YV ety oldlas a4 sl b 1) allie ol

e g @b Y

Sy O (e 2 Ske) Lwgie polie (B) JS
C"“"“ el """‘)-“’ 6‘)’3 ‘) gs‘b JS.....) v J?—“’ ) )‘9—.'.0
2 pabilan wmse ol ol e sl Jas 5

30 Slpess o Joe solad [0 gl co cunlin (B) S

VET bl o opled o Jlo

7l G 5 (s Lo e

A (G aSh T IS

S yol)ly plw 9 5500 dusl ps ( Jlw (plg5 -0-Y
S ilw dd

I by b WSl e o b
Saaliss 4558y ol 00l 5,8 p=1060kg /m?
6‘).: | 00 4.»3; ).’a.: B u20.0035 paS UP
kg Saasl Jas g0 5 ebl bz 5l by w2,
DYyl et oas sslizul s Jastul K- 4 8 lasts]
S e dads pa,s e LB Gl el il Sl
797 98399 S bl pd (F) K4 Cenlon a3 5
o ‘gs*;é‘S 0 6)-.5 o)"..\.ﬂ sl ools quMJ‘ » ‘) «_:)53]
Ire] sos o plias s JSew SO sl eyl >
Sle 63955 Slr polre (25 S0 byt (F) U5 50
Jlosl 1yzo (2,5 sl pslas Lid (550 by 5 Oyl
The G 85 A Sile 4l Jsb o sl oad
el oats 435 L 1o s OF, caliee byl b canslie
s & e o ol il b Al 4 axg b
@ Cond ) 65 nl Ol (o0 Sl precdie VY gt
G E ) doyd (i dny (o g 4 D58 il lad
wd)S k5o o bulyd oS le @€/D) Hld cnl 4
@a.w ‘(8/D=0%) Sr) O lo c]a.w )| AJJ)L:.C 0
00 b plr sp bwgte gl b cSleSe 6p) b

e 50 S5k Joe alme



& s &8T5l 58 55 Ol Sludgen oyl p w655 sildae 136 o) A

A 4l jo By G5 AT gk a4l LSS
Aol ead ol ‘57-‘54 30 ol Cew als cle
saplice muun 5551 51 o g B g (F JSb 4y a5 L) FoYY
gl 2L 0l > jgee galie )5 de (295 0 395 o
95 Lol azlge (S L) (lyz e ol poss b
L}”"S AM.“'“ )d 9 C«CJ.M: u.o‘)B‘ (oo 03 QLA 69»09.4
I, TAWSS 5l 65 S, sooe polis k-8 Jow a5
Jwe s k-0 Joo mls a5 Jb 0 05 o S
A Sglite K0S b Sy O ygeo 4 b ol T oy
2 s (g5 GBI L 05 oo et SO o s L
polie gl g colus 3l k-0 gk-g Joo g0 2
Glo gl 45 (6 y5b 4y w5 oo 42sls TAWSS (oYL
el Lo 1, YU TAWSS olie gyl (g5 055,50
Slowl datee |, S wilgs o TAWSS zalS a5 Lxl
ools 4y azxgi L 1M VIS 8ls Chas o9 ansd
kil (5 pgas @ g pun el S (F) JSS o

At 0l 3l O iie dine

V) | /7 ¥
274 0{/- “ [ ‘o .//
- a - . - 4 .

o

(TAWSS) le; uSloo b o lgss o0 25 = IS5
oSS S5 50

5 Ol o5 Zesl (5)lre (OSD) Slogs b L
V) IS a0 (oo plas 1y (o8 JSs S5 (b jo (S
2l iz gl Joe 612 OSD glogs 5 a5Ls
oanline as jghiles aos oo lis ]y o8 S S b

sl Joo ;0 OSI sl onds o Liaw polie 05 oo
L s R0 b s M e slo sl s

ey Gl b 0l yS o)les (o0 (55 Jangie olie
PLols oy ggose (ol ols cillas (69959 b=
Jlesl (s (a5 g Sy LoS (s albasly (28,57 s
sl Joo ol anslin .o S amgy b 0 o)lgs0 a5 00l
o ol 4zt ol (0) S jo pl)T g sl calise
Sy bwgie oy G5 5xSlee Hlade o YL oS 090
SR (53959 A8y A & bgy e 0o 0 9 K€ Joe
R 555 ey 4o Al e sl (UT=451Y) o
e 515 i YL cK-E Jae j8 lawgie (i 5
I g el Joe b ond (o Gy Lo (o3 55
Sg92g pae Sl o] k- Joe s i 3 e
S 4 o035 by K0 5 6l T sl Joo b es 5
Olee bangie (o JSEERlialy Grizes aiis
dion Oloj o ddaJae Slplas p2 50 5 9 Slo mhaw
bogio Gy G5 aS 25l o0 (aRie (699,9 S
boanalie jo ol e 1 iy Slo mhaw sl o)lss
b i K@ Jas 50 85 g0 4 el 5 ohans
@t o] ke 5l 5 i 1Y Bl o o)lsss Lawste
O IV g ey Sen B (505 Lawgie gl L ) e
ol g See Ve bawgie (6 g1 L py a5l 5
clw olo bawgte by 15 K€ Jas )0 (eizen
bogie gl b 5 o slp o Jlade 5 i 7Y Gl
el b gl 515 e TNF g ey e B0 55
o (L gedge (pl el jlag Se Ve agie (5 )
b 58 a5 el (b > 5551 p e (55 U
& gy el aalgs aslsl o as Sla oy SSTL

BB S Gyl

(TAWSS) o)l (oo p 25 Sboy (nSSke () S50
S g odnlice and o nlis |y o8 JSew G Jsb o
Loyl eSile (35 02598 (IS 6ol o Joe (soles jo oS



S5 I L el Kog o Jos b ond (s e
J;mlfdgoae‘k-cojk-s Jde 90 ;2 0 xhaw
Jaie &4 RRT (oYL polie ljls ~lg TAWSS

Al oo Sy (Sl

o8 U 5 5 RRT) s caalil ls -A S

6‘)“3 L§>‘9" ol S 3y GJ awlie S 6‘)—.’
Joaz ;0 S mhaw 4 cos yil il SOl gog00me lade
-0 o Joaz oyl o S jshailen Lol oals &Il (V)
s TAWSS (L polie gl (>l colue gl
P e 65 GRlBI L (V=2 7D) g (+=+/0) sosgazs
C‘J"“’ S L}VJ‘)S‘ L»TAWSS YL ﬁ.)L'o'.a st‘o 6>|5;'
Slidos (B b S D50 @ gad50 (nl dioe oS
saaline b d.g:ﬂ RSN Iyl Sl glstran yiin
5 Jeo Q%.‘ JURTYRAW) a5 OSlI 259 6L®)|o9,o.3
«/Y-) O8] <YL ﬁoL&c 6|)|o L>’>‘5" aS RYSg 3l
k-m 3 k-¢ Joe 90 ;2 0 mhaw 605 GlBEI L (.0
(_gYLg ﬁoL&A 6‘)“5 L§>‘9" o .43564 \.\.».: u...&:lf
S omliell k-0 9k-8 Joe 90 2 0 () - -00) RRT
TAWSS &9 el 36 A8 e low il v
sl )l § Sy cde swiin ;9 RRT 5 OSIL

S gy p e Slallhe s pge b (g
ot y35] €55 L OSI j0lie o a5 cosl 0,8 ol SIS
solie L 2lg .[Y’V]o)b 3529 oiivws dlal; C»)gﬂ
) S 0 g ) g oy was 4 slo b ,> YL OSI
5 e Jlpd (Ghp G 4 prie & ALS (oo 429
Sy g o) xies YL OSI L (g 098 oo Sluss

At o 55

VE Y sl ¢ oplods ¢ Jls

7l G 5 (s Lo e

oS el ol el S i L5 Lo e soled 0 azel]
o ;5 05l ugd 4>l s> 0 OSH 1 (VL ol
b cwand 5l S 2y ol ol (e cline b Juw
OSI 5o YU 0,25 (o0 2 5 b | o9l 4uS” A5lo
S s ol @Bk 5 by o Sles 5l Sl
ol e o)ls by (315 5l (Slas ol over ol
bli Wiy 0 TAWSS coS jlaie ol jap 4 CoaS
1 o9 4550 5 Sy S5 Jlaiol 5 (sl s
oayo (V) JS& 5l a5 johailan pixon vl ws REC R
2 OS5I YL polie s olsi Colus 0ol o
3 i 555 015 ol ol Joe 3l i ko o

5,0 O8I 5 s lobias 136 ) g el K€ Jow

o 2 awgr ool dw i (RRT) cod il o
@l (M) J58 55 (8o (nl )0 (o2 990 o Joo
oayd a5 jghailen sl ouls ool las L84S > SO
ARaSe b alizes sla Joe )3 CoeS (nl plie w09l (o0
polae b Hledalii g la Jow den jo Lilai)ls GBS
@ g0 (nl 05 (g0 000 D)l Lusd 0 RRT (oW,
pas 5l las a8 el (>l cpl 0 YL OSH og2g Judo
ol 4 azgi bl (g cnl jo 0l e cex
U5l Y sl rgo wilsi oo W s sla OSI
e i ol s o5 ol I¥) 553 5,
RRT (VL 0l o 56l S 2ty 50 (> 5 (50 50

Slie (5992 (bl 929 b (2l cnl 5o gD (oo oy
45,90 5.5 RRT laée OSI jogo YU JJs 4 TAWSS
oloul dxiie (g cpl ol lare W a5 4islos .l
RRT ,iolie a5 05 oo 0ay0 JSo 5l ain 95 ansd

polie 5l i 55 T g pll by 5l i k-0 Jaw o

i )0 ke Jae ale



&l i &)l 51 58 (55 Ol Selindgen ol )b p i 525 Sibdoe 756 o) 2

sl Lxe o3k elyl sl K-g aasl K- aas] K- aas] K- azas] K- aasl K-
WSS Slo g | €p5b €50k O g O sl | ©spb
O+ Yoo lo - Voo
g S ag S g S ey Se
— /0 \Y/FYY \RYAAMA VY/ZAYY. \Y/AY. \ /8N \Y/YYY. \Y/YET.
/0N AR 7ARYA YO/AY/ \tZi2 VA YY/AN/. YE/007. \WVAY A \EYARZA
T'?l:\)N)SS ARV \RYAS A YV/f. YY/YN/. \AZAYA AR VYA YAAY/. YE/ANT.
a
\/0-Y \RVARYA \Y/YN/ \Y/0 -7 \Y/- 87 \RVAAVA AUAY/ VAR WA
Y-00 \Y/VEY. \ATARVA Y\/YYY YA/AYY. \AVARVA \RVAN WA /207
YA YAN/ANY. INZAARA INZZ XA I YATYA Yv/f./ YA/ Y. A\RYAR ¥4
oSl L v YEAYY YO/YY. Yo/ss. YaseYy. vasray. Ya/q..
LVASSRVIN AR ZARVA \VY/AQY. \FZARVA \FZARVA YY/\ANT. YY/OMNT. Y /NS
-\ L\ 72V VA LY VARV LY VAV VA qyv/af. g/ LYZARVA 07447
RRT
(Pa™1) . . . ‘ . . .
\ +—00 Y/avy/. \VZ/ VA \/AY. Y/ ¥/ A/ RWA Y/vay. f/e\/

e YU RRT b sl ae S S ol
(A JSo @ ag5 b I L[FY] el sl cdaas ooss

oS Syl LB g g gl anS oLl (s
Slas 4 sl s cdal axias siiwa YU RRT 6l )l

PSR RONRR SV RN IRV SRR ST AR
oeizen [F] ol (2al5 0l OSI YL TAWSS
dxiws OSI S48 Jlows polia g (P VD 51 2aS)
U5 ez g by olel cnl e [F1 ] s O olxl

I v 4 e il Sl sasein o5 lils 2ly colas i =Y Jgo

1y ol bl 6 i i bl At 40 5 SISk
S8, s calioo JB3; cnl e 3590 )0 gt
e bl s g eyl S0 iV slaals S
2 S yy Ol (V) Jgaz ol paw Sl
1) dilise slo 525 b K0 Juo 50 J> dwsin ol
AsSled 20 (o gl Cdd a5 > Gl ol o
o S50 Sole) des ;3 W0eb e 0y Jsu 5l S
Oliee (2ol 358 o0 05 52 (RI8 b (S ys Oliee
Olie (Rl 4z 55 9 (6351 S8l alS el (S
oyl SIS gl 8 a0 g e i
By en JLad Zdl GalS tel ggerme )3 55 RH

9yl Sl Gdle p Fse Jelse 51 (Ko (e slad
Joaz 0,ls Cewnl Lol alie o Lid il e oy
2 Oz b 69,5 3D S, Job yo jlas <l (V)
Jled el bgie g UT=2/\Y tT= /oA Glagls;
0 ooplin a5 jshilan s o plis 1) as > Jeb o
S Hlad 8l a0l jlad cél aw j gl el
aasl gl Jae o las cdl 5l maS pll by jo onds
syl slaals 3 51 ol (Kan] 15U gedge (pl .l
@000 oo Hlis |y a5l 4S99 dlawly 4 oo
<l 55 il b K- 5 K-8 Jas 50 52 50 (sl 0pdle
Yoare a5 Sl Jl> o pl i o o Grals Lud
b 625 GRIPIL gl (49,0 (b2 wsle ol L]



AR =l uge 5 s 0 Lojaeme
Bedn iy Sy peliw ;5 Gl Lawgie
O 9,5 B 69959 5) S awsgia o =t/T - AVHT= ¢ oA oloj o jLad il =Y Jgo
i anslk-g | aaslk-g azasl k- aaTk- | aaslk-o
L N raslkes 5 L[y L Loy L
e e L L - . L
O%) ) o S b S b cJa«a Sk S b
FregSe FregSe Slo o9, S0e O Frog e
tT=-,-A YAA- Pa v.vy Pa YaAY Pa Yaff Pa YAAY Pa YAOY Pa YAY-Pa
tT=-,\v vva Pa oy Pa avy Pa fay Pa vAY Pa vsA Pa va¥ Pa
bgie
\vy Pa \vo Pa v#4 Pa vov Pa \fY Pa \fy\ Pa \f. Pa
IS
B 4t > il sla by o e sl 605 b K-o RS PP-SW JPE g PR
Joe t1l 12 t3 t4 t5 t6
CJC‘“" k'(D N ) K R -y -\
9£/9Y S VVA/YY S INGARS SVIYAS YAXY S Y-/8Y'S
Slo
st ko - R 0 0 0 0
Y/¥Y S VVS/E0 S IRVNES NGRS YV/AS S Y./0\'S
Fg S O
S VY/AS s YABY s”) AAY s”) YWy s~ vonas
PRTSCERRE
TS, ood o b S 0)l00 595 0 olge (B (o S5 axpi-¥

L3S 1B (o 3590 (Snlindgen sla el (s
K- s k-0 S2asl Jao g0 5l LT ol (55 2 opdle
@b jo )0l (ohy (A5 me b ool 58

O (Gloj Lamsgio iy 0 Ly i e b
5 (OSD) Slog oy asls (TAWSS) o g oy
S 90 Seolsdgen sl il )by (RRT) JPESRLIVL I P

VEY lasl olod o Jlo

Oyl S5 0900 50 05 el Gl adlle ool o
88 I3 oae o 9550 eyl (sl (sl At
S ol G o sl Sl eolall L Sy anais
5 Ok med) Sl adlle cul jo ol Zlsial (Wl e
s 5 5 gy 3 45) 5 s 55

i )0 ke Jae ale



&l i &)l 51 58 (55 Ol Selindgen ol )b p i 525 Sibdoe 756 o) 2

bogi 0ad (S iy polie I iy 5 o
6‘)“-\‘ (5*>|95 ol C_‘a.u; S u..ubﬁ‘ L -V
b oo Gl RRT oYL polis

P g Lhp 5 e 6 4 azg b A

sl 2l 5 iy (Ple (Sleg Ly

\Y

axlas U"‘ )‘ OM] Cowd A @L..: STV d,d}.?u LJ"‘ L) o

25 A 5 O yse 4 Bl e )

615 65§.” o o LSLQ JM ‘SALA.) ).)
(TAWSS) o)l50 lawgio iy (25 &0595
Al 50 oy S lawgie ol GLSG L ,8

Lol b polde gl M)?-"] POy

)

S sl dntns 00 gy slew 43 Oyl TAWSS slie iolidl el gun 95l jga> =Y
A (59> PP ST SR CTRCIPLI S
oS 2ol (5 RRT g5 4 azgs b -4 053 o o1 5] 8
Solom dxins Syl (S g 5 a5 K- gkog Jos g0 10 ;0 lans 605 Gal8l b -7
it il s GV olie Gl ole calae <@
e 4o ,Ld C8l ralS cel f""**?.)ﬁj °5’.'9'\ . Oed oo ‘JTAWSS
65V Lagte JLid Jlow ot 48 5 00d o, s> 5 OS5 oVl polia o Juo aan o =¥
WS (o0 425 355 S 093 ) b 25 5955 (50 0ualie &8 ugd 4l
05120 banwgie (o G5 el (55 Gl L <)) )5 OS5 (s loline 530
o 0L5 ) 090 bawsie JLa8 5 095 (0 oS @Y olie b (2l claly 5 b Jas aen o -0
Dy o ormee 5 D9l Gesd 0 RRT
9 (o0 000 a8l dunS Suty (g5
&=y

Ezzati, Majid, Ziad Obermeyer, loanna Tzoulaki, Bongani M. Mayosi, Paul Elliott, and David A. Leon.
"Contributions of risk factors and medical care to cardiovascular mortality trends." Nature Reviews

Tyfa, Zbigniew, Damian Obidowski, Piotr Reorowicz, Ludomir Stefanczyk, Jan Fortuniak, and Krzysztof
Jozwik. "Numerical simulations of the pulsatile blood flow in the different types of arterial fenestrations:
Comparable analysis of multiple vascular geometries." Biocybernetics and Biomedical Engineering 38,

Kursun, Burak, Levent Ugur, and Gokhan Keskin. "Hemodynamic effect of bypass geometry on
intracranial aneurysm: a numerical investigation." Computer methods and programs in biomedicine 158

Algabri, Yousif A., Surapong Chatpun, and Ishkrizat Taib. "An investigation of pulsatile blood flow in
an angulated neck of abdominal aortic aneurysm using computational fluid dynamics." Journal of

Imai, Tasuku, Takashi lzumi, Haruo Isoda, Kenta Ishiguro, Takashi Mizuno, Tetsuya Tsukada, Asuka
Kropp et al. "Factors influencing blood flow resistance from a large internal carotid artery aneurysm
revealed by a computational fluid dynamics model." Nagoya Journal of Medical Science 81, no. 4 (2019):

[1]
Cardiology 12, no. 9 (2015): 508-530.
[2] Labrosse, Michel R., ed. Cardiovascular mechanics. CRC press, 2018.
[3]
no. 2 (2018): 228-242.
[4]
(2018): 31-40.
[5]
Advanced Research in Fluid Mechanics and Thermal Sciences 57, no. 2 (2019): 265-274.
[6]
629.
[7]

Rafiei, Ashkan, and Maysam Saidi. "Aneurysm geometric features effect on the hemodynamic
characteristics of blood flow in coronary artery: CFD simulation on CT angiography-based model."
Medical & Biological Engineering & Computing 60, no. 12 (2022): 3357-3375.



(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

\'Y =l uge 5 s 0 Lojaeme

Jafarzadeh, Sina, Arsalan Nasiri Sadr, Ehsan Kaffash, Sahar Goudarzi, Ehsan Golab, and Arash
Karimipour. "The effect of hematocrit and nanoparticles diameter on hemodynamic parameters and drug
delivery in abdominal aortic aneurysm with consideration of blood pulsatile flow." Computer Methods
and Programs in Biomedicine 195 (2020): 105545.

Abbasi, Mohammad, Amin Nadimian Esfahani, Ehsan Golab, Omid Golestanian, Nima Ashouri, S.

Mohammad Sajadi, Ferial Ghaemi, Dumitru Baleanu, and A. Karimipour. "Effects of Brownian motions
and thermophoresis diffusions on the hematocrit and LDL concentration/diameter of pulsatile non-
Newtonian blood in abdominal aortic aneurysm.” Journal of Non-Newtonian Fluid Mechanics 294
(2021): 104576.

Reed, Dwayne, Colin Reed, Grant Stemmermann, and Takuji Hayashi. "Are aortic aneurysms caused by
atherosclerosis?.” Circulation 85, no. 1 (1992): 205-211.

Owen, David G., Torsten Schenkel, Duncan ET Shepherd, and Daniel M. Espino. "Assessment of surface
roughness and blood rheology on local coronary haemodynamics: a multi-scale computational fluid
dynamics study." Journal of the Royal Society Interface 17, no. 169 (2020): 20200327.

Yi, Jie, Fang-Bao Tian, Anne Simmons, and Tracie Barber. "Impact of Modelling Surface Roughness in
an Avrterial Stenosis." Fluids 7, no. 5 (2022): 179.

Wang, Lulu, Xudong Jiang, Kejia Zhang, Kai Chen, Peng Wu, and Xiaogiang Li. "A hemodynamic
analysis of energy loss in abdominal aortic aneurysm using three-dimension idealized model." Frontiers

in Physiology 15 (2024): 1330848.

Li, Zhongyou, Lijuan Hu, Chong Chen, Zhenze Wang, Zhihong Zhou, and Yu Chen. "Hemodynamic
performance of multilayer stents in the treatment of aneurysms with a branch attached.” Scientific
reports 9, no. 1 (2019): 10193.

Ebrahimi, Sina, Iman Mirafzal, Ali Rahbary, Amir Shamloo, and Tahoora Naseri. "Optimization of nano-
microparticle size and shape on wall-interaction: a human case study on an abdominal aortic
aneurysm." Engineering Applications of Computational Fluid Mechanics 17, no. 1 (2023): 2236166.
Kalipcilar, Alp, and Huseyin Enes Salman. "Hemodynamic effects of intraluminal thrombus burden in
an idealized abdominal aortic aneurysm." Journal of the Brazilian Society of Mechanical Sciences and
Engineering 45, no. 10 (2023): 508.

Wang, Haifeng, Daniel Balzani, Vijay Vedula, Klemens Uhlmann, and Fathollah Varnik. "On the
potential self-amplification of aneurysms due to tissue degradation and blood flow revealed from FSI
simulations.” Frontiers in Physiology 12 (2021): 785780.

Wen, Jun, Jiarong Wang, Liging Peng, Ding Yuan, and Tinghui Zheng. "Hemodynamic analysis of hybrid
treatment for thoracoabdominal aortic aneurysm based on Newtonian and non-Newtonian models in a
patient-specific model.” Computer Methods in Biomechanics and Biomedical Engineering 26, no. 2
(2023): 209-221.

Moradicheghamahi, Jafar, Jaber Sadeghiseraji, and Mehdi Jahangiri. "Numerical solution of the Pulsatile,
non-Newtonian and turbulent blood flow in a patient specific elastic carotid artery." International Journal
of Mechanical Sciences 150 (2019): 393-403.

Etli, Mustafa, Gokhan Canbolat, Oguz Karahan, and Murat Koru. "Numerical investigation of patient-
specific thoracic aortic aneurysms and comparison with normal subject via computational fluid dynamics
(CFD)." Medical & Biological Engineering & Computing 59 (2021): 71-84.

Qiu, Yue, Jiarong Wang, Jichun Zhao, Tiehao Wang, Tinghui Zheng, and Ding Yuan. "Association
between blood flow pattern and rupture risk of abdominal aortic aneurysm based on computational fluid
dynamics." European Journal of Vascular and Endovascular Surgery 64, no. 2-3 (2022): 155-164.
Perinajova, Romana, Joe F. Juffermans, Jonhatan Lorenzo Mercado, Jean-Paul Aben, Leon Ledoux, Jos
JM Westenberg, Hildo J. Lamb, and Sasa Kenjeres. "Assessment of turbulent blood flow and wall shear
stress in aortic coarctation using image-based simulations.” Biomedical engineering online 20, no. 1
(2021): 84.

Kabir, Md Alamgir, Kausari Sultana, and Md Ashraf Uddin. "Performance of k- and k-¢ Model for
Blood Flow Simulation in Stenosed Artery." Ganit: Journal of Bangladesh Mathematical Society 40, no.
2 (2020).

Bahrami, and Firoozi. "The effect of wall shear stress and oscillatory shear index on probability of
atherosclerosis plaque formation in the natural left coronary artery tree." Scientific Journal of Biomedical
Engineering 9, no. 3 (2015): 293-303

Sepehr, and Niazmand. "Another non-Newtonian and blood pulsation study on the
hemodynamics of flow in blood clots.” in the 11th fluid dynamics conference, (2008): [Persian

In].

Arzani, Amirhossein. "Accounting for residence-time in blood rheology models: do we really need non-
Newtonian blood flow modelling in large arteries?.” Journal of The Royal Society Interface 15, no. 146
(2018): 20180486.

VEY b« oyl e Jlo (e ) (S5l Joe alme



6l a8l 951 53 (93 b Seslidgen sla el )l » e 625 Gildae 756 (o) 0 A

[27]

[28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Faraji, Amir, Mahdi Sahebi, and Sadjad SalavatiDezfouli. "Numerical investigation of different viscosity
models on pulsatile blood flow of thoracic aortic aneurysm (TAA) in a patient-specific model." Computer
Methods in Biomechanics and Biomedical Engineering 26, no. 8 (2023): 986-998.

Dong, Jingliang, Zhonghua Sun, Kiao Inthavong, and Jiyuan Tu. "Fluid—structure interaction analysis of
the left coronary artery with variable angulation." Computer methods in biomechanics and biomedical
engineering 18, no. 14 (2015): 1500-1508.

Li, Zongze, and Wenbin Mao. "A fast approach to estimating Windkessel model parameters for patient-
specific multi-scale CFD simulations of aortic flow." Computers & Fluids 259 (2023): 105894,
Caballero, A. D., and S. Lain. "Numerical simulation of non-Newtonian blood flow dynamics in human
thoracic aorta." Computer methods in biomechanics and biomedical engineering 18, no. 11 (2015): 1200-
1216.

Gonzalez-Urquijo, Mauricio, Raul Garza de Zamacona, Ana Karen Martinez Mendoza, Miranda Zamora
Iribarren, Erika Garza Ibarra, Marcos David Moya Bencomo, and Mario Alejandro Fabiani. "3D
modeling of blood flow in simulated abdominal aortic aneurysm." Vascular and Endovascular
Surgery 55, no. 7 (2021): 677-683.

Lin, Shengmao, Xinwei Han, Yonghua Bi, Siyeong Ju, and Linxia Gu. "Fluid-structure interaction in
abdominal aortic aneurysm: effect of modeling techniques.” BioMed research international 2017, no. 1
(2017): 7023078.

Pirola, S., Z. Cheng, O. A. Jarral, D. P. O'Regan, J. R. Pepper, T. Athanasiou, and X. Y. Xu. "On the
choice of outlet boundary conditions for patient-specific analysis of aortic flow using computational fluid
dynamics.” Journal of biomechanics 60 (2017): 15-21.

Carvalho, Violeta, Nelson Rodrigues, Ricardo Ribeiro, Pedro F. Costa, José CF Teixeira, Rui A. Lima,
and Senhorinha FCF Teixeira. "Hemodynamic study in 3D printed stenotic coronary artery models:
Experimental validation and transient simulation.” Computer methods in biomechanics and biomedical
engineering 24, no. 6 (2021): 623-636.

Soulis, Johannes V., Olga P. Lampri, Dimitrios K. Fytanidis, and George D. Giannoglou. "Relative
residence time and oscillatory shear index of non-Newtonian flow models in aorta.”" In 2011 10th
international workshop on biomedical engineering, pp. 1-4. IEEE, 2011.

Alastruey, Jordi, Nan Xiao, Henry Fok, Tobias Schaeffter, and C. Alberto Figueroa. "On the impact of
modelling assumptions in multi-scale, subject-specific models of aortic haemodynamics." Journal of The
Royal Society Interface 13, no. 119 (2016): 20160073.

Faraji, Amir, M. Sahebi, and S. S. Dezfouli. "Heart rate effect on blood flow hemodynamics in a patient
with a thoracic aortic aneurysm: numerical study.” Journal of Applied Mechanics and Technical
Physics 65, no. 3 (2024): 465-475.

Numata, Satoshi, Keiichi Itatani, Keiichi Kanda, Kiyoshi Doi, Sachiko Yamazaki, Kazuki Morimoto,
Kaichiro Manabe, Koki Ikemoto, and Hitoshi Yaku. "Blood flow analysis of the aortic arch using
computational fluid dynamics." European Journal of Cardio-Thoracic Surgery 49, no. 6 (2016): 1578-
1585.

Tan, F. P. P., A. Borghi, R. H. Mohiaddin, N. B. Wood, S. Thom, and X. Y. Xu. "Analysis of flow patterns
in a patient-specific thoracic aortic aneurysm model." Computers & Structures 87, no. 11-12 (2009): 680-
690.

Les, Andrea S., Shawn C. Shadden, C. Alberto Figueroa, Jinha M. Park, Maureen M. Tedesco, Robert J.
Herfkens, Ronald L. Dalman, and Charles A. Taylor. "Quantification of hemodynamics in abdominal
aortic aneurysms during rest and exercise using magnetic resonance imaging and computational fluid
dynamics." Annals of biomedical engineering 38 (2010): 1288-1313.

Blagojevi¢, Milan, Aleksandar Nikoli¢, Miroslav Zivkovié, Milorad Zivkovi¢, and Goran Stankovié. "A
novel framework for fluid/structure interaction in rapid subject-specific simulations of blood flow in
coronary artery bifurcations." Vojnosanitetski pregled 71, no. 3 (2014).

Riccardello Jr, Gerald J., Darshan N. Shastri, Abhinav R. Changa, Kiran G. Thomas, Max Roman,
Charles J. Prestigiacomo, and Chirag D. Gandhi. "Influence of relative residence time on side-wall
aneurysm inception." Neurosurgery 83, no. 3 (2018): 574-581.

Smithee, Isaac, and Stephen P. Gent. "Computational fluid dynamics modeling of blood as a
heterogeneous fluid." In Frontiers in Biomedical Devices, vol. 40789, p. VO01TO8A008. American
Society of Mechanical Engineers, 2018.

Sedeh, Shahab Naghdi, and Davood Toghraie. "The thermal performance of five different viscosity
models in the kidney blood vessel with multi-phase mixture of non-Newtonian fluid models using
computational fluid dynamics." Archive of Applied Mechanics 91, no. 5 (2021): 1887-1895.

Lopes, D., Hélder Puga, J. Carlos Teixeira, and S. F. Teixeira. "Influence of arterial mechanical properties
on carotid blood flow: Comparison of CFD and FSI studies.”" International Journal of Mechanical
Sciences 160 (2019): 209-218.



[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[58]

[56]

[57]

[58]

[59]
[60]
[61]
[62]
[63]

[64]

[65]

V0 =l uge 5 s 0 Lojaeme

Miller, Karol, Hozan Mufty, Alastair Catlin, Christopher Rogers, Bradley Saunders, Ross Sciarrone, Inge
Fourneau et al. "Is there a relationship between stress in walls of abdominal aortic aneurysm and
symptoms?." Journal of surgical research 252 (2020): 37-46.

Martens, T. "Blood flow simulation in carotid arteries with computational fluid dynamics." Bachelor's
thesis, University of Twente, 2022.

Lin, Shengmao, Xinwei Han, Yonghua Bi, Siyeong Ju, and Linxia Gu. "Fluid-structure interaction in
abdominal aortic aneurysm: effect of modeling techniques.” BioMed research international 2017, no. 1
(2017): 7023078.

Nejad, A. Abbas, Z. Talebi, Danial Cheraghali, A. Shahbani-Zahiri, and Mahmood Norouzi. "Pulsatile
flow of non-Newtonian blood fluid inside stenosed arteries: Investigating the effects of viscoelastic and
elastic walls, arteriosclerosis, and polycythemia diseases." Computer methods and programs in
biomedicine 154 (2018): 109-122.

Tabakova, Sonia, P. Raynov, N. Nikolov, and St Radev. "Newtonian and non-Newtonian pulsatile blood
flow in arteries with model aneurysms." In Advanced Computing in Industrial Mathematics: Revised
Selected Papers of the 10th Annual Meeting of the Bulgarian Section of SIAM December 21-22, 2015,
Sofia, Bulgaria, pp. 187-197. Springer International Publishing, 2017.

Fatahian, Esmaeel, Naser Kordani, and Hossein Fatahian. "The application of computational fluid
dynamics (CFD) method and several rheological models of blood flow: a review." Gazi University
Journal of Science 31, no. 4 (2018): 1213-1227.

Zakaria, Mohamad Shukri, Farzad Ismai, Masaaki Tamagawa, Ahmad Fazli Abdul Azi, Surjatin
Wiriadidjaya, Adi Azrif Basri, and Kamarul Arifin Ahmad. "Computational fluid dynamics study of
blood flow in aorta using OpenFOAM." Journal of Advanced Research in Fluid Mechanics and Thermal
Sciences 43, no. 1 (2018): 81-89.

Mendez, Vincent, Marzio Di Giuseppe, and Salvatore Pasta. "Comparison of hemodynamic and structural
indices of ascending thoracic aortic aneurysm as predicted by 2-way FSI, CFD rigid wall simulation and
patient-specific displacement-based FEA." Computers in biology and medicine 100 (2018): 221-229.
Dwidmuthe, P., C. S. Mathpati, and J. B. Joshi. "CFD simulation of blood flow inside the human artery:
aorta." In 45th National Conference on Fluid Mechanics and Fluid Power (FMFP), Bombay, India, Dec,
pp. 10-12. 2018.

Tdger, Johannes, Matthew J. Zahr, Nicolas Aristokleous, Karin Markenroth Bloch, Marcus Carlsson, and
Per-Olof Persson. "Blood flow imaging by optimal matching of computational fluid dynamics to 4D-flow
data.” Magnetic resonance in medicine 84, no. 4 (2020): 2231-2245.

Cho, Kwang-Chun, Hyeondong Yang, Jung-Jae Kim, Je Hoon Oh, and Yong Bae Kim. "Prediction of
rupture risk in cerebral aneurysms by comparing clinical cases with fluid—structure interaction
analyses." Scientific reports 10, no. 1 (2020): 18237.

Perinajova, Romana, Joe F. Juffermans, Jos JM Westenberg, Roel LF van der Palen, Pieter J. van den
Boogaard, Hildo J. Lamb, and Sasa Kenjeres. "Geometrically induced wall shear stress variability in
CFD-MRI coupled simulations of blood flow in the thoracic aortas." Computers in Biology and
Medicine 133 (2021): 104385.

Liu, Haipeng, Linfang Lan, Jill Abrigo, Hing Lung Ip, Yannie Soo, Dingchang Zheng, Ka Sing Wong et
al. "Comparison of Newtonian and non-Newtonian fluid models in blood flow simulation in patients with
intracranial arterial stenosis." Frontiers in physiology 12 (2021): 718540.

Eulzer, Pepe, Monique Meuschke, Carsten M. Klingner, and Kai Lawonn. "Visualizing carotid blood
flow simulations for stroke prevention.” In Computer Graphics Forum, vol. 40, no. 3, pp. 435-446. 2021.
Rahma, Ahmed G., Khaled Yousef, and Talaat Abdelhamid. "Blood flow CFD simulation on a cerebral
artery of a stroke patient.” SN Applied Sciences 4, no. 10 (2022): 261.

Simédo, Mariana, Jorge M. Ferreira, Antonio C. Tomas, José Fragata, and Helena M. Ramos. "Aorta
ascending aneurysm analysis using CFD models towards possible anomalies." Fluids 2, no. 2 (2017): 31.
Levitzky, Michael G. "Using the pathophysiology of obstructive sleep apnea to teach cardiopulmonary
integration." Advances in Physiology Education 32, no. 3 (2008): 196-202.

Cherry, Erica M., and John K. Eaton. "Shear thinning effects on blood flow in straight and curved
tubes." Physics of Fluids 25, no. 7 (2013).

Marcinkowska-Gapinska, Anna, Jacek Gapinski, Waldemar Elikowski, Feliks Jaroszyk, and Leszek
Kubisz. "Comparison of three rheological models of shear flow behavior studied on blood samples from
post-infarction patients.” Medical & biological engineering & computing 45 (2007): 837-844.

Silveira, Matheus, Rudolf Huebner, and Tulio Pinho Navarro. "Pulsatile blood flow in the thoracic aorta
and aneurysm: a numerical simulation in CAD-built and patient-specific model." Journal of the Brazilian
Society of Mechanical Sciences and Engineering 39 (2017): 3721-3728.

VEY b« oyl e Jlo (e ) (S5l Joe alme



! s &5l e 51 )0 (55 Ol Seslinsgen slo el )l v 525 @ildow 136 ()



