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Numerical study of the effect of stenotic artery on stress
and blood flow temperature under a constant heat flux

Abstract: One of the most common cardiovascular deseases is stenotic arteries. In this study,
blood flow with different models of viscosity in a stenotic artery with the assumption of a
wall has been investigated. Stenosis geometry is modeled by cosine relation. for The problem
equations including continuity, momentum, energy, Hooke's law for linear elastic material,
and the method (ALE) for fluid-solid interaction are defined and solved as finite element
code. The results showed that the vessel wall had the most displacement near the stenosis
region. Assuming the fluid-solid interaction reduces the wall shear stres. For example, the
maximum wall shear stress in the stenotic region decreases from 2.32 to 2.23 with Carreau
viscosity and from 2.1 to 2 with Newtonian viscosity. It was also observed that applying heat
flux on the outer surface of the vessel wall causes a significant increase in blood flow and the
wall temperature in the stenotic region.

Keywords: Stenosis, non- Newtonian, Blood Flow, Wall Shear Stress, Linear Elastic
Material.

Ghasemi@Kkntu.ac.ir . Jsiws ssins s ™



LA Qusﬂr" ol osled el g Jlo

o9 (Fg Jae b g g s g9 awaie B o plail
Jlad g e a5 wols lias o] Lo ,8 g jlwanaY o
bl SB5 g il o s ol 3 05 ol
S35 cl o oyeS Hlad cdl 4 wid S ass oyl
Ol 50 Ol Gl b dore Suled o bl oo BT plasel
ol g WS ilS S5, dilize ol o 1, cows
50,50 Lol (95 (g e Joo 3 ol oauay ol wssls
IS e Gl e g B Lsle LF] asl oo b, s bl
oy 2 ) S8 asl o olps (05 ey (SI8S
o3liiul b (y93 a3l gy (l 30833, (o) 2 095 OL
iz dolee b (S35 anain 5 Soldl —plSL Jos
5 gyl a5 w8 )T il byl e S gileans glalex
Aok w5y 695 2 05 9 &S ok &5 s alse
2 &5 1 losgama bl Culys yo W S e s LB
S5y gy ln |y 2ibioe o5 42U O o 09> Ol
1 09 Semmé ol ¢ il Ken 5 b L] wels &)l
o)l 3l Gl s jeam 0 (SESF b S, S
Sl b S Jao b 055 Cr) gy al 5o oS
Slapl (K225 51 guyp sl 00 (silwand il
oolainl Gglaie slaasgly 5 sbogypre Joo b (3,5 awain
S9y 2 &yl Syl e Jleel a5 0i8 F am S o] Lais,S
Kb S angly il el salys 6l by e e
S pdge (K8 S 4l o (455 Ol sles el crge
o S8l Sl nl 3 ) 7S 551 0B e e (LS
g Sl b anolie jo e sles pig pé Cdl> oS
as woby plas gl el e b o G Sl
@59 SN Wlge o9 Ol ) 0 S 2552
it el Kes g 6 S ol [Pl 0 s s | Les
Slogs Sl 50 093 Bl @) 2| 085 Sy Dglite Jow
Shoslinl b (K85 awse oy opl )0 20,5 ow,p
aoy s Ve g B e B85 polie by owsinnS dloles
a0 wis S ams byl e S gleans (K85
) iyl ¥igss nd Cuenl oo (Sl (S50 s
GreS 9 (79 5 (8999 LS WS (1 eS 5 970
184S Wauagd o] e w8l oo 3l ojlays oy

SSlSe (i 585

doddo -

il oo e 9 S e 5l (6 )k e (Bgye- B sl Lo
Sssse gz (95 slags lo 5l dised G
O o el oagay cpl bl oo S o)l o o
o3l s (nl 00,5 oo T S8 (1alS 5 5, gy o)l
At Cadl wlgi oo a5 3,188 o0 S 5> Obz 9s2 S
5 o glagiagh oje> (nl yo il S a ) e
S8 5 A Sl ey sly S5US (ptles]
oBiws) S, G959 09> Dbz S el W8S )90
2 sl sy Sl b aasls Wi (09> 05
909> Obz S &5 Ojg0 s AEL Ggje 9 8 (g
ST Wil e oy L35 0,ls5 29y 52 S L )T Ol i
il g asllas bl Gl 2 9,38 (T (55,0 (sl
S osm 55955 pieas Sz o) Sl s 055 bz s
S by ol Som Gl 5o Wilgi oo a5 Conl Silegoge
O ygods |y (S5 ,5 s Sy G el Sen g sexl V] wis
Ly gl 90,8 (o 5560 I jlesliial b alfles]
Jloel 1) Glogh e pn iny Sl oniinl b (53955 (55
8,5 bz polia o 1) 93 Blyzr G, Lol sy
=Sl Bl ey 2 53 505 (610 S w55 Sl S L
4 W azel ol 4 0l 69, 2 S8 ke la
Sige (Siasl Jlzs 5 Gl weps VO (58S 5l
sen, aasl ol Jae 5 ool b ol e 5 2 J Y]
50)S ey S,5 L S5 S o ] s Oz A omby
595 PR L 5P 5 G 90 D jgod dwdid Giagh (nl o
209 Oz oS WS ez bl al gileand Gos
5ol Oygon Caws b o (Jy dilee ply] el
SB ATl )38 a4l jo Conl (o (K585 jlade g jolgin
VO (3,5 5 ¥ julon, cdlo jo Jlis laie a4y ail asils
Sale o 00,8 e aad] Cess by )0 055 Gl ey
by 355 (5l 5 (ALl @l b (095 il o]
leyalan, aile o)lge (S j0 aS 0g ol 51 (Sl a5 s ,S
oo 5l ol g pl)T Joe slra 0 (gla S58,5 L YL
el o 1l an 5 pmolis b Y] o5 oolarul azas]
@ode Oypots |) S, 50 gt ol B, (S5 Gl
5 Ve comginnS Sl S5 hagh (nl )3 53,5 (o) p

4 Global Non-Newtonian Importance Factor
5 Walburn-Schneck

! Low Reynolds Turbulence Model
2 Smooth
3 Generalized Newtonian Model



Sl (gmaige 285

SloyleyS 5 S pnge o Oldgl cdale 3 Ca gl gl
DT el a8 31 gl s el
Sy 2,8 b (S8 gyl S, S Giegy cnl 5o
oS S, 5l ealiil b ol 5l s il o 5 Yatal - Jlew
ol Swelus co il cwl sl (gilwand sgaoe Ll
LS, Judo 5 giloand jo 08 51 dasin flicas (o5
22 sl 00l iy pai Lo Silen g (b £ oo @ sla e
S G5 o)l 2 0)ly A5 S abml oo le L
e 5 Glsie 4 095 bz sled 5 )L ey Yol

lats )5 18 gy 5 S 90
LSV URRY S ¢

BS LS P K gamdn a3l Glagh ol o
awae ol cwl sad colaiul VS Bille owgienS
Pl 55l (28,5 4y by e aloles (rizman 5 5553
o)‘ﬁé wl.?r..o [\Y] w‘ o 00)5] wbcb u‘)&o.ﬂbﬁw_!.w

Ll ol 2,8 yie eV S,

Al G dwain ) S

sbo,le oilul yuoren 5 S, (K8 F cwginS dolre
Aoleo .l oo Lo V Joaz 0V JSKG 50 odd esciee

y = (g)(l — (%) (1 + cos (%))) QD)

OhlSen 5 55leS

ok S 53 5 (Faws Sl 4 (93 18, Vb GL > (20
L Sy Joe oolol (nlp a8 (o0 Joo (Hgwi et > @ 5
pas o a Sel —pdly Joe 5 Vb ol 4y 4z
5 Uglle Iv] s b sla Joo (00 i 4 Sl
S IL I Y VI SV P R PV PSR B A L OV
Dope & g W3S sy p $P9S S, S ], S8
23S Siledse clo Sjge 4 S o)l 5 (Fo Sl
0,130 Sy S K85 e il b asis 5 am s lagy]
"0 AR S hBgn Geized g Wb oo RN g5 )0
a5 bl 50 035 oo SHL 5 jeSums 50 Y g 390
0,525 iyt i Sy glasls 5 o Ll il 5, el
lap] 15 o8 (RlaplSe 5 alin SouSu b s> oz e g
b oo Obzr cepm g Vb o)l (o8 25 (il Sen
R o) p )90 S A D90 & (SEESF il I, S5 50
L 95 9 4l Lowl O jso a0 F ) dain idgh ol o aisls
o sl sas (5l Joe (Slugs & ygo 4 Sgs C )
9 ..\.:6)5 dcsls uj) alisee bl Lg‘)" |) JLo).’ o)‘ﬁé G“’)"
OIS 1) 09 i ()] j0 0)lgms (b i o5 S, 5l g
Sy alize slayle; jo a5 0l solice (izmen Laisls
>l S )0 ancdiy o)l (B 5 (Gl e
&l Jlsl (sl e 5 Jlox [a] w8l o slisl K285
2oyl 88,8 cwyp |y (K85 Gl asls g0 S, S 0
hos? g o o)ls b om0 e 41, 55 g
TV 5, 69955 slad 35,8 53batons (o555 Jlomr 53 b
Oygods Al bla ;0 Sy 0)las sbes ¢ ol 5 gl ax 0
(89,9 Sipe byb 0 Al 2,8 JYL polae jo eSS
s ool I8 S Cep b g ol by O jpots Sl
Ol bk (8,5 IS5 5 e a5 085 e b
bl n Grizmen el SIS 250 e g Lod sla Jlg 0
s yu 0,l0 slod alizre lacdle ol Lo g e sl
sblye Ogalm OLL )3 w05 AS (S8 IS8 5 6995
ol Ol ooy Loy b Lo ,S 5o soliiul gl Lidgs oyl
gl 1wl Kan g emlenS [V ] 0l cow 95 b
55 ) Jan 23 b Sl gm0 oeblie

sladae (28 @l ol @l Waged (ouyp 09> Gl

3 Wall Shear Stress

I Normalize Wall Shear Stress
2 Fluid- Structure Interaction



LA QUSJ-G("‘P)LQ-? oyled el (g Jlo
2SS VB JBe i | Giagh cnl s ol

madolro g o Jow pU Y Joao jo il oo oolawl CaSa yie
Dy ol catons os 4l abgs 1o sla

Sl e sldlsles ¥ Jgoo

<o akal sl Jows

(Pa.s) o

n-1
. )
T (T (G C 70 A

T o
u(i =Ky 7
b Ho
R
HH (T o O

bl oy s 5 4N A )5 il alolas o o Jga o
- G 65 @l Bpo 5)lS Aol il e Sl el
2l o g o slos Tp oo @l Sl aloles ,o [VF] wsl
aolre )0 058 g0 (2,8 (wommdis 4> 3 YV Ll oy gl a5
Seelad C il 5 (93 o SPles oo 5 4l 5 Hie ]
dline b3 &0 a5 Sl C 3 g po @ ol oo Lawdly

Lyl 35,5 oo
o = 0.076(e (240 ),) )
$3A-v-Y

&35 s Slp Sy 0)lnd o ()l L oszg a4 azrgi L

O $lr ) 6Pl ol vl Sl oo 5 55 50 Leo

4 &35 dolas oS oo oy g J Ol BlLbI il 5 o5

DAl wsb o pj )90

pCp aa—TvaCp (Ve VT)+V.(-kVT)=0 )
(Sl calae oo cai i AT 5 Cp kegs8 adolas o

DAl ol oo Lo g oy olo)S cud)ls

Sl —Jlow S op 2 -F-Y

9y 3l el g Jhw GiS e 4 bgype dolae J> sy

SGlSe (it 585

Wl awoin a4 bge polie ) Jouo

oj‘&‘
geuipe
mm
19 - Lo) K85 5 oy S, ol
Q€ L) K85 3l S, Jsb
A D) s, ks
(0 (SC) 5, ahaiie prhaws 4y (K85 alatie prhaos o

Y oleo —Y

Jols allice Gl (slacSl b s oS> SYolao (i ol o
Sl le 03,5 o sy 5, o)les 5 )l JlEl b
Dgd oo atie yu o] Hlade g dlolas ,o

e g o095 ol V-

Sl iinST o ol 5 58 ol o ol o
S & yg04 peion g L;i».w}.u SYoles (b2 lae Julo

vl st
V-V=0 ™)
DV
p — L yp+vas \»)

Dt

S ey Glid cs S AT o p Vi P 558 O¥oles o

Ol iloamd widlige Jlow 0l 2 3y (Shp 5
039 gode oI5y 1Kl Il sla,lS 5l dsien (o>
sledsSse 5 ok 5l e Ganilimgn S (55 Sl
"0 o (0L llpd o) o jB8) o8 Sl il
SLon 5 binisn IS wede 5 708 SlaslS S
O L, B8 ileand p (Sea Ldly o Jslxe
Sheai er ol L8, e p @lp s )‘ﬁﬁb
Olse @ 53 Ol i abbge bl g e slo T
097 S5 Us5 O)lge 5l (ul (iluand 5o e el il S
O Bl g Lo o Seilen (o 25 508 sloslS
Sl Jae (95 18, galzr (o) Sl Sl 00l s 5l
sy SN0 5l NF] ot ws S s o el il
O3> S S les I (ouli a5 all o JBs (55 vt SVl

! Arbitrary Lagrangian- Eulerian



Sl (i 85

05 = 2Gses — Pstra(es)] am

) u)g.@:\.: as MAMY ‘550 9 Jj‘ 6Lau)L..c GS 9 lIJS

E
Go=——— Ay
2(1+v)
2G,
= Qh9)
Ys=1"2

J> U9y 9 i byl -F

ool lis (55 e sl s ol ey 5 (gumy g0 (glad ¥ S o
DOl o dwaie 85 jgme ¥ S 50 ol jgmre Ll ouls

Heat Flux

bbb vy

Vesse]l Wall

AJLMAMM6MBQ6LQJYJSL

Ol Olee (o2 5 poiiegs 9 (Simgm dolae J> sl

Slde b bl dnwg Sy (5550 b0 oS5 (6995 )0 (09>
Sol )Led 6500 byd (29)3 50 5 4l p e o100 (ks
Lod 568 oy 9 55,80 dobee J> (sl sl ol ools 1,3
byl o5, 9 30 9 sl Ve ol slos 55 (6399 50
il ) JU) Sao iy las Sl JES s
S, oy g )0 (s el ouls Jles! (conl Il
oo Cowl 0l (sl e Sl p Sy ohS O ()l LS
DY £l cslons (25 cglS Y1+ 593 oz 5 <l 2yl

sous Jo —\-F
JomalS g0 Jo 51381 053 )3 hsS &jgods )95 e SYslee

or Slp Sledd o g iy ya dgae plall 0SB j50 4
5 Hges S Joe b lolgms (Lhp GRS I Dla]

OHen 5 55leS

el Ol ax o e igh bulr adily go ' ailal3]
5Bl da Slate ;o a8 Cal opl Glaslre (gonasels
J> lp lpls Ned oo o SYolas o5 ) 0)ld JSA s
p3Y G50 by 93 Teler - Jlows (oled gl S¥olae s
Sy 055 0593 9 57 Ol oS gl )0 (s el
O ool e 50 &5 ey pgd Bbios LSy g0 0
Sz B 5 bal)er gt oo )ly 5 0)lms 5 > Ob>
by p) Dz & yeSde Shye slabyd il S0

:[Y ’] N9l oo
Ve(r™) = Ve(r™), (r* € Ifs) @)
Fs(r) = Fp(r™), (r” € Ifs) ")

9y 4l ST 5 5 0l 5 093 Olr ol g I
Sl Jaw 51eS ) o)lg0 (gilwancs gl all oo o oyl
LS Yee o)lg0 (E) L, Jgde .l oo oolaiul réaé
DN T atlce +1F2 5T (0) Copgmlyy S 5 g0 o 2 g
35,5 0 syp py (A) dolee L Sy eVl o lg0 5 >
[yv]

0%L,
pSF =V. Os ()]

O5 5 bl JouLg 5, o)lene J&s ps <398 dlolas o
PR Saasianl A e S| adlige ol (5 e
AVE Y] Wle jo ) abal) &0t Sen (il g

o = 2G,é&; Q)

Blyzil 25,5 5 VA jgmdd ol 4 5 5 O5 A abal) o
100,50 dwloe b & jgods a5 il o

1

o; = 05 — §tra(as)1 QR
1

o; = & — §tra(es)l QR))

uj)l.uo 1/3tra(05) 9 »‘9 u,u))al.;ols\\ 9 \e h‘s) e
oz oy o 15,8 Ol s tra(eg) g ahasi 0 G jges
Jod akaly A akaly 0 VY g Ve Ll o AL L all o

¢ [sotropic

7 Deviation Stress Tensor
8 Lame parameters

9 Wall Shear Stress

! Moving Mesh

2 Fluid- Structure Interface
3 Linear Elastic

4Young Module

5 Poisson ratio



VEe kT s e epilez oled el (o JLs

l
7
£ 01
i L Current Study
Ny ]

\~ T — - — - Manosh C.Paul |\

(1
1 \\.
J \\‘
] N~
] TN

N

06 + T L
T > S,
] N~
E \.s

Rl

| N

04 + N
: . \\\\

N
E N
. \‘

- \ \

02 Tt . 'u‘
| \

|

-0.05 0 005 01 015 02 025 03 035
Axial Velocity (m/s)

N 7 Ll ¥ S

SBS 4>l )3 95 b ((Hend Sy Joe bl

Sl 00 o

mis

ﬂ

A023

005 01 015 02

S

U] 1 2 3 4

5 S LS s bl 5 055 ol e B S
S sk S5 0ylgrs Cunles g

L (K85 b o Cop oS o o0 las O S0 55lS

abge GRIBD slaasde BB jsbay abie mhaw alS
To 4>l pl )0 S5 o)lps o ol (p e (eizen
Ol Bk 4l nl 5o 93 Ol S Gl A o
piege b Caepe Gl onl g 39 (S G S8 e Sl
ey Azl ;0 50l 4 iy (g9, obml el i

SGlSe (it 585

dwlee e glae slaws o 1) e s ) oylge Cwlis
S0ges y0 a5 jshailen Lpuoly ioled ¥ SS Jloged 10 5 00503
dae YO« v 5l Slsbre sbo Jolo olaxi =8y el dgpuine
e 5000 b il blE o e jlogas Ly Se;0 AP
Sy alre Glp GRegh onl o W Wl Slog,

el 00 soliwl YV e o v slows L e )1 calises

48000 Elements
— — — 37000 Elements
----- 25000 Elements
- — = = 10000 Elements
....... 6000 Elements

WSS (Pa)

-36 -30 -24 -18 -12 6 12 18 24 30 36

Slwloee sla Jolo slawi Lo lgns oy (i jloges ¥ IS
Sglaie

o i ~Y—F

Jgsls g3ae 138 053 L Joby gl JI (o jLtel jolareay
Jbw 22 L 09> Ol sSde Giagh )0 ol sileand
oS (KBS LIS 5 e Sy 3 i 5 SISy
Al 0 e ol Cope il sal pwyp (ol
O Jloged g ol oad dunlie [KaSs b cdl> g0 j0 (58
SIS mls ceul aseine oS jshailen el oael F S o
Sqaome S gy 5l ol 5 e V] asl e Sl s
sgamme ladl Ubg, 51 JsmnslS 1531 o5 ST o o0y ooliciu

S oo oolaiul OYolee J> (6l



Sl (i 85

53 ShA Gl pgtiege Ol o 4 58 e b

.MOGA t) 0)13.10

y

L” B - “

vilo A3R2

315 320 325 330 335 340

Sly oS0 Sl L b S, 0)le 5 oe5 Gl les Ol si A
0 (Se i goles o

olas Syoyles g e by o Gl A S o
8,5 4l o cnl (asin a5 jsbles (Cosl 0alds ools
P Talrlr Sl ade 5 03 Olz ce e SRl e
3w Aol Jg wb o JralS 55 sles «s5 5l alolas
g aloS S Jdoas wo)lgms (35,0 egatar S5
5 3,0 (5 by (5,135 3 \cui'..SL.a) Shle (o ey b asl
Lod a2 50 Sl s 097 0Lz 4 )l JUil oo B
Slos 0 g | cwl Bl olidl e le ol o
S Gl (219 ple 4 Cond oS5 0l Sem gl
69,9 &, L aS cwl o pl s slasl ol Ll axsl
JEsl ces,d e b, YL Ce o Jdo @ sl ol o
P LS S gex balplo o)l 093 plyr 4 658
b oo ol (e yob 4 5, o)le glos szl oy
S, S Feb sbly jo o Glr Cepe A ISS 0

S 00 00l u“l-"-’

Power- Law
------- Newtonian
- - - - Carreau

----- Einstein
E
>
-36 -30 -24 -18 -12 -6 O 6 12 18 24 30 36
X (m)

oy B S L s ol e Sl o33 4 JS5
o)|9,g.) I Q‘jjl.:f& é)‘)? )Li'; 9 w)J alise Lgl.&:J.\.o

OHen 5 55leS

e

-
y v 055 A6l6 Us
} 100 200 300 400 500

035 Cosee 098 G 5 05 Ol 50 B G Sl £ S
Ho cx I LS, 0l &

Olyadd (P Gien 45 09 o0 odwline F S 4y a5 L
Ty 0dpnS Olpdi w0 7y (K85 Al jo hp F
3)lo Coeal o0 &5 @b (Howi et c i slaoe sln 0
St 8, 4l pl o Wlg e 9> coy) ST
SJos gy b oaslsl o s lis ogs I (6 I35 )
FUSS 008 o0 ey bl o s LS, (e
2 Sy o)lnd aed)ly i 98 (RS S ge OIS (eizren
o e 5 9555 Al ol oo Sl (K585 el
s b s (b el el el il o (5 Gl
205 4l pl j0 5, o lux slao;lul

4 3
vo 107 4 porxi0d MM

5 Sl 25,5 6550 B 9 s bz Jlad Ol VS

e i Jow b

S5l B 5 0% bz Jlad Ol s wsy, ¥ S (o

ol sl o o0l Lt K585 4 4 SV S
Sals (K85 4l po lid el jasine JSG 0 a8 5k
(Fopralal) g a4l onl o S Gl az g L aS Whie
30 S, 0)les o el adttie uored 09 G e BB
Sl azg b oS wboe Gl 655 S8y (S5 4l
900 il b wles Jdo a0 S5 Sgym o)l (ol 08
b oled gl (035 50 S 0l )0 bios (b o

3 Convection Term
4 Conduction Term

1'VVon Mises Stress
2 Elastic Strain Energy Density



LA Qusﬂr" ol osled el g Jlo

Y USS o pmles solainl B 25 &l ey sl o
ouds 0ol i 5 04190 5 5> b, wled b sles

ES

Power- Law
------- Careau

- = = = Newtonian
----- Einstein

WSS (Pa)

- 5

£

....................

W
i T T A\ cafaah
24 20 -16 ‘12 8 -4 0 4 8 12 16 20 24

X (m)

boys 00 (35,51 e sl s Ol el V) IS5
o lges > Sly shS O Sl L 5 cryd calizes cla Jow

297
327
Carreau
............. Newtonian
- — — - Einstein 325

— -+ — Power- Law

TK

7 PRI B ST BT B
1

24 -18 ‘12 -6 0 6 12 18 24
X (m)

O S35 Loylgs 10 e by Led Olyoss Jloged VY S
Sl oS0 Gyl L g co i e slaJoe b sy

o)lxo

spkilen WS oo Groa [ A S8 ,gulS VY S jloged

Sl s (S35 el 4 o5 ol slos el 2l o
o Aol (g 098 o0 8l 5 (ilo 4z 0 F 090> )0 uguacne
b Gl Lo 9> ol Sy pal L (S5
(Sl Joo sl Lo ioli8l aS 0gd oo cvnlin ioli8l asg,

Ll (B e 92,8 Joe 50 9 (0 5eS

SGlSe (it 585

Sy S5 4l )0 b 0 4SSO 4 azrg L

ol Loy o s Gl 0o 00 5l G 05 0b>
bl e g el LSS o) iz o Jow b sl
slcail L) olite gy o> ol cepw (S5
g Lo 3l b aS gl Jaw b Jlo (gl .auS oo JLos alize
e (K855 51 Gy Jladte 4 alold e p el B 25
P Gy w0 T 2 )5 Joe o L*-')-“-' Bl cpl oS oo
P S sl alol ;.55 c0 iy 035 el b g, ()
cory) @lize oo b (93 Gl LA (e Ol

Lol 0dd dglie

YAV
Power- Law
----- Newtonian 80
------- Carreau
— — — Einstein 70

P (Pa)

~~~~~
Seaa.

.....
e S

Mmoo St

—_——
_———

-~
~~.

- e g

.- =,

—_— -
—~——

-1p8 -168 -138 -108 -78

X (m)

Leaoys B (S5 L o5 oz i Slyesis fogei 1+ JS5
oylg0 y0 Olg bSO Sl b g C i) alie sl Jow

30 Hlad sl oads ool flad Ve IS jo oS jeblen

gl i b oS 09h 0 SLSL Sl s (S5 4l
ol Gy Bl cpl o Joip adaly 91 IS Cae o Dl s
Olyais Cod azje a5 S8l Glgs o Ve JSE logad
VY USCS o el i jlad ol s o5l ail o ce
Olyaid Wiy, el ol ools las Lo i Ol s W,
8,5 Al o ol ojlail aS amo s ylid oyl Ly
Oili8l aigy 3l oo mal38l e pu ojlasl ol Sl oS b
45 Seotd Ol on Sae e Slid Jloged g 0)lpnd (LB p
Ol o a0 Sl (o &5 @b &S (S sla s 5o
hp A e Wl e (KB 4l gl G e
oS Egoge ol 57 UKD 4y azgi Loy aaleS i fie )l

Sl e G el G 85 Sless (K85 4l o



Sl (i 85

(85 el o aSams o s VE S loges Jle sl
oo b Gl > lg pla I S A 42 )0 VY sgu> Les
bl (85 Glie b Lo Rl Gl 285 Az g
30 ey Giali8l sl Lol gy ST dslal jo o)l i
@bl olal A0 S8 )3 oS o0 oy 2 ) SIS 4l
ool s dal e 15 0 25 L S ol
ostian Lial3dl a5 50,5 o blatul V0 UK el ons
o)lpd bl Gl Wl o (SBS 4l )3 09> (L
oo b 093 by S a5 JSO L alie )5 3580 S
s it sl o e 5| Gy sl S

WIS e (6,8 a1, 2l ol o S,

O-00007
UTOUUOT

] — -+ — Power- Law
N\
0.00(]06 +

Einstein

| ] - = = = Newtonian

0.00005 1 |
|

090804 -
L ;

------------- Carreau

Displacement (mm)

e S35 LS, sy o)lss bl e Jlogei 10 UK
15 ly sk 0 ) s 5 eyl il gla o b o
o)|%o

a5l WS, o)l 4 esly Gop il 4 axg b
Ol ogle Coenl K8 sl jo s Ol s wdige
olis Iy oyles jo il Sl loged V8 SE jo jelaie

el 00 00l

OHen 5 55leS

326
-——-— 0.
%Y+ 1
324 1 ,
..... %() + , ~ <
— — = %Y ; AEN
322 ;

TK)

N ~. I I
316 ~. .
N -
316 1~ --7
<
T~ —~
II”III“I“II“II”II“II“II“el‘—ArlI“II“I“II“III“””””I“”I””I”“
8 -7 6 -5-4-3-2-10123 4526 78
X (mm)

Glras,o b sl - Jlhaw 50 sled Sl s Jlogad VY S
Sy ol 0 ()l b g (S58)5 Dgline

S5 0)lmd 5 09 Ol sy sled Slpss AT S o

45 35 oo odaline NV S 4y ax g5 b .l 00l o0ls yLias
aal) (K85 jlade Wl L ot obr sles Ol
Doy Ve g0 (Ve sl K35 ol sl o)l it
8,5 Al o Lo Sl ax 0 F 5 ALY dg00 Cud gy

244
S
------- Einstein
Newtonian
----- Carreau

- - — Power- Law

TK

24 -20 -16 -12 -8 -4 0 4 8 12 16 20 24

SBS LS, 0,10 Ggym phaw slos Oy loges VF S
Pl eSO Sl i g oy Gl sl oo b s jo B

o)|5.3'.>

(B9 (1,5 o 50 48 Cenl IV T JSL &5 0 iregee
GRIB S el oo eeiS oo )y I 0)lns 4 (Sl e
old (58,5 4mU )T )2 45 sl 0 o e s 5o SSU



VEe e ol 5 e ez ool ol o Jo

------- Carreau

Carreau- No Wall
= = = = Newtonian

,‘-\ — — — Newtonian- No Wall
!

WSS (Pa)

Lo, 0 (K85 Lojlas b (s Olysd Jloges VY S
o,lg0 yo Olg olST O Sl JLs g C ) alize slo Jowe

PR LS 98 o0 caaline WV KD & azgi b (rizren
Y Y 5l olas oy i lade diion (SS9 Sy
Al oo oS (do )0 0 sg0x) ISl

S S Az -F

Sy Sa o ol BLblojles 5 s> olyz oiegi ool 5
Lo o ey iz gladae (28 L (SBS sl
O (i85 g0)l00 ;0 mpe o p Dy shS O 2l Sl
oo 3l el s ygliws S Al gy oy
el 00 g p25 3 50 Jlaitl 4 g8

JB Gl (K85 axl 0 5, Sopm ghe gl
5 ol co i sl ae 5o Lo ol b o slaba>dle
aeS Sl Co i) Jow ;0 gax 0 VY L._,)_q_‘jwu_,_,},_,
Slp S Som g sles Gaal8ladl e a2 3 VYD g
2Bl Sede Wlgi oo (BT (o g LA

- i 553,85 ol g olanl blis jo 5o lgs jo i
slel akass jo JWb VV/Y i aien o)l 1) Jlade o 3
5 JBGL F10 1 Jlade S g Sl co i Jaw by (8,5
Bl oo il ca ) Jae b g (85 LG akais

SGlSe (it 585

P

1
T

Power- Law

"""" Carreau

- = = = Newtonian

----- Einstein

Stress (N/m"2)

slaJae Lo, e (S3,5 L o Ol jloges V8 S
o)lesn 1o Bly oLS A Syl (Lo g Co ) calise

SB,5 AT 0gd oo Bl 4SSl Cass N E USG5
Gl L gy cnl 295ien ) o)l 53 (T Gl ey
o 0 SlgFen S p Gl Jdsay am b cnl jo 558
ol y3 A5 (K3 S I iy lBds (slabaii y3 el oo 5
5 ol A opl (585 B U e wboe IS
"o G5 Gl s Toaze (K15 bl Al ) s
3,95 b aS v o lid bla opl o s Olypss e
A OT 5l polee Cal Wisdioe i Jeie (8,5 slecdl
8,5 slls slas, o Sap ple jo a5l died;)]
y3 o>l Jed 5l slaleys ol YU i gl bl
pas g ygax Sl g0y wojles by VY S o
uaJB Mﬁ‘ AY JSJ::)Q ] 00 ey uj) 0)15.3..) )9&
Ol s b b e Glagileand )5 pdyllaslo)lns
soboles .l s ool lis 8.5 sl oS, jo 9>
iy el - Jlew JiiSwe 5 08 0ed oo cdlin aS
YIVY a5 YIYY 511y 05 co il Loyl o o jlade
-J%e ;o B plaes o Gals ISl (do)s Vo sgu>)
Cool @lamsde b Cwls L oojlgs sl sbbS, g5l
—S ) 0 b K8,5 5y a5 da o0 odaline B9 0594y .0,
g g0 3] s o)laen b Lol slo



Sl (i 85

artery with cone shape of stenosis in various stenosis
angles, Computer Methods and Programs in
Biomedicine, pp. 105434, (2020).

[7] Jahangiri, M., Saghafian, M., Sadeghi, M. R., Effect
of six non-Newtonian viscosity models on
hemodynamic parameters of pulsatile blood flow in
stenosed artery, Journal of Computational and
Applied Research in Mechanical Engineering, vol. 7,
no. 2, pp. 199-207, (2018).

[8] Malota, Z., Glowacki, J., Sadowski, W., Kostur, M.,
Numerical analysis of the impact of flow rate, heart
rate, vessel geometry and degree of stenosis on
coronary hemodynamic indices, BMC cardiovascular
disorders, vol. 18, no. 1, pp. 132, (2018).

[9] Biglarian, M., Computational investigation of
stenosis in curvature of coronary artery within both
dynamic and static models, Computer methods and
programs in biomedicine, vol. 185, pp. 105170,
(2020).

[10] Jamali, M. S. A., Ismail, Z., Simulation of Heat
Transfer on Blood Flow through a Stenosed
Bifurcated Artery, Journal of Advanced Research in
Fluid Mechanics and Thermal Sciences, vol. 60, pp.
310-323, (2019).

[11] Keyhanpour, M., Ghasemi, M., Numerical Analysis
of Hyperthermia on the Damage of cancerous Tissue
by injection of Magnetic nanoparticles under the
Influence of External Magnetic Field, Journal of
Mechanical Engineering, vol. 49, no. 4, pp. 213-221,
(2019). (in Persian)

[12] Shuib, A., Hoskins, P., Easson, W., Experimental
investigation of particle distribution in a flow through
a stenosed artery, Journal of mechanical science and
technology, vol. 25, no. 2, pp. 357-364, (2011).

[13] Fox, R. W., Mc Donald, A. T., Introduction to fluid
mechanics, John Wiley and Sons Inc., New Jersey,
United States, (1985).

[14] Bessonov, N., Sequeira, A., Simakov, S.,
Vassilevskii, Y., Volpert, V., Methods of blood flow
modelling, Mathematical modelling of natural
phenomena, vol. 11, no. 1, pp. 1-25, (2016).

[15] Soulis, J. V., Giannoglou, G. D., Chatzizisis, Y. S.,
Seralidou, K. V., Parcharidis, G. E., Louridas, G. E.,
Non-Newtonian models for molecular viscosity and
wall shear stress in a 3D reconstructed human left
coronary artery, Medical engineering & physics, vol.
30, no. 1, pp. 9-19, (2008).

[16] Hund, S. J., Kameneva, M. V., Antaki, J. F., A quasi-
mechanistic mathematical representation for blood
viscosity, Fluids, vol. 2, no. 1, pp. 10, (2017).

OHen 5 55leS

5 piege Rl carge (ST Al o s Rl
i (i 005 e 4l (pl 10 S5 eles olbxl
Ablge Slg i) Jaw b g feg,Soe /P bl
3o Al 0 S s Sl g Co i aliBe sla Jow
i e g Sl 25k o SIS 5 555
Ol 5 (e )5 (Sl cil GJae j3 S b
3o 4l jo ey Sl (Jlie gl 098 co canlie

Ol Jae bg 4l e /Y (Sl car ) oo b (K88
el 4l e o/ 0 Dg0>

s o il Jdoay ‘Gi.s)f BN VR LR PR E
by az)0 0 Lo (ial3dl G St 09 o0 oalie (95 0l >
oy Joe by az )3 VIO o1 Jlaie o 50 g 92,15 c ) Joa
ks Sl

o)l Gy i Ghals el pdy Bllasil o)l (258
O e dinion (e cr ) Jae b Jle sl 00,5 0
@ VWY 5l )5 card by JSWb ¥V a Y Slojles (o5
e Lials Il YTy

&l -V

[1] Paul, M. C., Larman, A., Investigation of spiral blood
flow in a model of arterial stenosis, Medical
engineering & physics, vol. 31, no. 9, pp. 1195-1203,
(2009).

[2] Ahmed, S. A., Giddens, D. P., Pulsatile poststenotic
flow studies with laser Doppler anemometry, Journal
of biomechanics, vol. 17, no. 9, pp. 695-705, (1984).

[3] Ghalichi, F., Deng, X., De Champlain, A., Douville,
Y., King, M., Guidoin, R., Low Reynolds number
turbulence modeling of blood flow in arterial
stenoses, Biorheology, vol. 3, no. 4, pp. 281-294,
(1998).

[4] Sarifuddin, Chakravarty, S., Mandal, P., Layek, G.,
Numerical simulation of unsteady generalized
Newtonian blood flow through differently shaped
distensible arterial stenoses, Journal of medical
engineering & technology, vol. 32, no. 5, pp. 385-
399, (2008).

[5] Bhatnagar, A., Shrivastav, R. K., Malli, Singh, A. K.,
A numerical analysis for the effect of slip velocity and
stenosis shape on non-newtonian flow of blood,
International Journal of Engineering, vol. 28, no. 3,
pp. 440-446, (2015).

[6] Yan, S. R., Zarringhalam, M., Toghraie, D., Foong,
L. K.  Talebizadehsardari, P., Numerical
investigation of non-Newtonian blood flow within an



LA Qusﬂr" ol osled el g Jlo

Computational and mathematical methods in
medicine, vol. 2015, pp. 613-623, (2015).

[22] Buriev, Kim, T. D., Seo, T. W., Fluid-structure
interactions of physiological flow in stenosed artery,
Korea-Australia Rheology Journal, vol. 21, no. 1, pp.
36-49, (2009).

[23] Nejad, A. A., Talebi, Z., Cheraghali, D., Shahbani-
Zahiri, A., Norouzi, M., 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,
vol. 154, pp. 109-122, (2018).

[24] Karami, F., Hossainpour, S., Ghalichi, F., Numerical
simulation of low-density lipoprotein mass transport
in human arterial stenosis—Calculation of the
filtration velocity, Bio-Medical Materials and
Engineering, vol. 29, no. 1, pp. 95-108, (2018).

SGlSe (it 585

[17] Waite, L., Fine, J., Applied biofluid mechanics.
McGraw-Hill Education, New York, United States,
(2017).

[18] Keyhanpour, M., Ghasemi, M., Numerical Analysis
of Heat and Mass Transfer of Magnetic Nanoparticles
in a Non-Newtonian Blood Flow, under Influence of
Magnetic Field, Fluid Mechanics & Aerodynamics
Journal, vol. 7, no. 2, pp. 19-31, (2019). (in Persian)

[19] Keyhanpour, M., Ghasemi, M., The Influece of
Magnetic Heat Sources on Damage of Cancerous
Tissue, Modares Mechanical Engineering, vol. 18,
no. 5, pp. 163-171, (2018). (in Persian)

[20] Raback, p., Ruokolainen, J., Lyly, M., Jarvinen, E.,
Fluid-structure interaction boundary conditions by
artificial compressibility, in ECCOMAS
Computational ~ Fluid Dynamics  Conference,
Swansea, Wales, United Kingdom, September 2-4,
(2001).

[21] Jahangiri, M., Saghafian, M., Sadeghi, M. R.,
Numerical study of turbulent pulsatile blood flow
through stenosed artery using fluid-solid interaction,



ISSN: 1605-9719

SHlo (cwdien 4yl
DOI: 10.30506/MMEP.2021.136591.1856 o) Seilso oy luwaigen (pozl sole ds pi
ISME
oW (Saolod (g ilwands (gigy 4 ylad (6 5gumu gl Judexd . L
‘S) La).\.w

calises slasidn 4 (25T Sl 0926 § &)lya JUESH & 5 e s dodayjs w090 JLasil iagsy ol 4o touuSs

Glesls
SHlSe pwaige ouSiils
‘)xLi‘; S e SO oKisls

Sl 52 Sl Eolns el 00 (53 s (S5m0 5T 0,5 5l o 18l S S lee B Sy S 0 O

oM&ﬁlj)oyﬁpumé|Mu)yd.aowd)mwwjboa)ﬂ)sb.ayiwfwblf‘bbb
33, o Sl s el s duslin fpcdn G L g daxdllae (g 251 Lew o calize slo il b 56 0l
[CalChendia:) LR O T R 9 Soyoe! S%) p) SOyl

Sl o0l pidS

08| lid IS (sgmils

ey oo Sy Sl 4 08 lae 5 090 des Bld 5l g Jols bayl il 50,0 £5,5 51 e 4280 g0 5l eSS

By | e 4B Sl 5l jieS Wb e elabl Slidee (Sly Koo slaidu 4 (15T Colpw 5 6 S gl Caa 297 (o
ol ly s Ve o flaws 9 £/ sloo Ml sSlas ) Kes 5 2 gl b bosls avglas 0,.5 ploxl a8 i) b s
ABde Lnld iz (Leg% S e
’ Jsse
Losg s o0 Ll (25T (65he amd Sl 8 35m 5T g0 (5 5ludnds locdly sl 03lg
g sole allio

VR Y/Y bl
VE- L ANA Sy

Mohammad Reza
Assari”

Associate Professor,
Faculty of Mechanical
Engineering,
Jundi-Shapur
University of
Technology, Dezful

Golshan
Zadehnobarak
MSc Student

Mohsen Parvar
MSc Jundi-Shapur
Research Institude,
Dezfu

Train fire analysis by dynamic fire simulation method

Abstract: A fire accident of a passenger train from Tehran to Ahvaz has been numerically
simulated. In this study, emission patterns, temperature distribution and the other parameters
have been investigated after the start of the fire. The transient governing equations have been
solved by Pyrosim software for different scenario based on mass fraction of products, unused
fuel and other fire parameters. The results are compared with an actual case. The results
showed that less than two minutes after the start of the fire, the conditions inside the wagon
reached a critical situation in terms of temperature, smoke and visibility. To prevent the fire
from spreading to other parts of the wagon, firefighting operations must be performed in less
than four minutes.
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Analysis of instability of a turbine engine’s rotary dram
under compressive and thermal loads

Abstract: Buckling is one of the main causes of breakdown in thin wall structures, so the
possibility of buckling should always be considered in design and analysis. In this research,
instability of a rotating drum in a turbine engine with several rows of blades attached to its
external environment is analyzed. The rotary drum structure is a thin-walled conical structure
that is subjected to a variety of mechanical and thermal loads. The rotary drum is modeled as
a conical structure and analyzed in the Abaqus finite element software and verified by
theoretical relations. The stresses applied to the structure are determined, and the buckling
coefficients, or eigenvalues, are extracted, and the stability of the drum structure and its
associated factors are discussed. The results of the analysis show that the effect of thermal
loading on the buckling of the drum structure is greater than external pressure loadings. In
the cone drum the critical stress is 710 MPa and the maximum working stress is 660 MPa.

Keywords: Turbine engine, Rotary drum structure, Mechanical and thermal loads, Structural
Analysis, Instability analysis.
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Investigation of the effects of slip velocity and
temperature jump on the internal flow at microchannel

Abstract: Abstract: Microchannel is a small and efficient heat exchanger which, by
combining some features such as high heat transfer coefficient, low fluid volume required
and small weight and dimensions, is a very efficient tool in the field of heat transfer purposes.
In this article, the slip velocity and temperature jump on the internal flow of the microchannel
are investigated. The results show that in each Reynolds number, the slip velocity increases
the velocity near the wall, while decreasing the maximum velocity in the center line. The
velocity distribution in the microchannel (slip velocity) becomes wider compared to the
quantum flow. The velocity in the center line (maximum velocity) decreases with each
Reynolds number as the sliding velocity increases. The maximum velocity during the
developed flow decreases by about 25% as the Knudsen number increases to 0.1, but this
effect is greater on higher Reynolds numbers. In Knudsen numbers and different temperature
jumps, increasing slip velocity and temperature jump has a decreasing effect on the
temperature at each section. Curved microchannel acts as a direct microchannel. Increasing
the nanofluid volume fraction Increases the local Knudsen number at slip-flow and non-slip-
flow regime.

Keywords: Microchannel, Slip Velocity, Temperature jump, Nano scale, Nusselt Number.
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Application of meta-heuristic algorithms in Bushehr
nuclear power plant optimization with exergy analysis
approach to couple a desalination plant

Abstract: This research has been carried out with the aim of thermodynamic optimization
of Bushehr nuclear power plant with the approach of exergy analysis for the connection of
desalination plant and the production of freshwater at the lowest possible cost. After exergy
analysis and determination of destruction, gray wolf optimizer and particle swarm algorithms
have been used to optimize the system. The performance of these algorithms in solving the
Rastrigin function has been evaluated and the main problem has been solved with the superior
algorithm to find the optimal temperatures and pressures. Then, a multi-stage distillation
desalination unit with a Thermo vapor compressor with a capacity of 24,000 cubic meters
per day has been connected to one of the outlet flows of the low-pressure turbine. The results
showed that the highest rate of irreversibility and loss with 1510.50 MW belongs first to the
reactor and then to 144.50 MW to the steam generator. The cost of producing fresh water in
optimal conditions of the power plant is estimated at $ 1.18 per cubic meter.

Keywords: Bushehr nuclear power plant, Desalination plant, Exergy, GWO, PSO.
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Investigation of carbon nanotubes on mechanical
properties of polymer composites

Abstract: In the present study, the effect of adding carbon nanotubes on the tensile and
flexural behavior of basalt fiber reinforced epoxy composites was investigated. In the first
step, in order to better interact the nanotubes with the epoxy surface, their surface
modification was performed. Surface-modified carbon nanotubes were applied at different
weight percentages relative to the matrix (0.1%, 0.3%, and 0.5%) and then the resulting
mixtures were used as a matrix in the fabrication of basalt fiber-reinforced composites. In
order to investigate the effect of adding carbon nanotubes on the mechanical behavior of
composites, three-point tensile and flexural tests were performed on them. The results show
that, firstly, the highest effectiveness of surface-modified carbon nanotubes on tensile and
flexural strength is obtained in composites containing 0.3% by weight. Secondly, the positive
effect of carbon nanotubes in a certain amount on flexural strength is greater than the effect
of the same amount on the improvement of tensile strength. Energy was obtained in a sample
containing 0.3% by weight.
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Abstract: The prefix "meta" in "metamaterial” is the Greek word, which means beyond
the material. Therefore, metamaterials have properties beyond natural materials. The
properties of these materials are not affected by the material from which they are
composed, however, their properties depend on their structure. This particular structure in
metamaterials is produced by the repetition of similar components or arrays called cells.
Therefore, metamaterials have a very complex structure. As a result, the high ability of
additive manufacturing to fabricate complex structures has drawn attention to this
technology. There are different types of metamaterials that are generally divided into four
groups, each of which is widely used in various fields, including defense, automotive,
aerospace, and medicine. The purpose of compiling this article is to get acquainted with
the types of metamaterials, different cells, applications, and methods of manufacturing
these materials comprehensively and categorized. This article also specifically examines
the application of metamaterials in the automotive industry.
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4 Electron Beam Melting (EBM)
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1 powder Bed Fusion

2 Selective Laser Sintering (SLS)
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A review of the parameters affecting the resonance of the
tire cavity and its control strategies

Abstract: The noise, which originates from vibration, is significant because it directly affects
the quality of human life. One of the essential sources of car noise is tire noise, which
becomes prominent by reducing engine and exhaust noises and electrifying cars, and part of
it is initiated from the resonance of the tire cavity. In this article, the resonance of the tire
cavity was studied, and the primary purpose is to determine the parameters affecting the
resonance of the tire cavity and its control solutions of the source of noise and transmission
path into the car cabin. Notably, the two problems addressed have not been investigated
simultaneously in previous studies. In the present work, for the first time, the tire cavity
resonance control solutions are examined and the resonance transmission path into the car
cabin. Furthermore, the pros and cons of such an examination were classified as well. The
research method is descriptive in which after collecting, studying, and analyzing articles and
published researches in the field of tire cavity noise, the concepts, principles, processes, and
achievements of each research have been categorized and analyzed. These studies are
necessary to investigate and control the effect of tire acoustic cavity resonance on the acoustic
environment inside the car cabin.

Keywords: Tire cavity resonance, Vehicle tire noise, Resonance phenomenon, Noise control
solutions, Tire excitation.
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