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ARTICLE INFORMATION ABSTRACT
Original Research Paper The aim of this paper is to investigate the Low-Density Lipoproteins (LDL) mass transfer in vessel
Received 24 May 2015 walls using the Lattice Boltzmann Method (LBM). High Schmidt number of LDL leads to numerical
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‘available Online 01 November 2015 instability of LBM. In order to solve this problem, LBM and finite volume method (FVM) are

combined. In this hybrid method, the blood velocity field is solved by LBM using the single
relaxation time, SRT, model and FVM has been used for LDL concentration equation. LBM is able

Keywords: . ) . .

Lailtvivce Boltzmann Method to simulate flow and mass transfer for the Schmidt number, Sc, up to 3000 only if the time
Hybrid Method consuming multi relaxation time is used. However, the proposed hybrid method suggested in this
LDL article can be used to solve the problem for Sc as high as 107. Good agreement between our results

Schmidt number obtained from the hybrid simulation and the available results in the literature and noticeable

decrease in CPU time compared with when the LBM is used for both flow and mass transfer,
indicates the ability of the hybrid method. Finally, the hybrid method is used to simulate the mass
transfer of LDL particles and investigate the effective factors for increasing the surface
concentration, such as the size of LDL particles, wall suction velocity, wall shear stress, Newtonian
and non-Newtonian fluids behavior and change of concentration boundary layer with various
Schmidt number.

Please cite this article using: Samled o0l b <yl 5l Al cwl 4 gl ) ol
A. Torabi, M. Alafzadeh, E. Shirani, M. Nili-Ahmadabadi, Combine Lattice Boltzmann and Finite Volume methods for simulating blood flow and LDL concentration in vessel,
Modares Mechanical Engineering, Vol. 15, No. 11, pp. 253-262, 2015 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1394.15.11.33.9
https://mme.modares.ac.ir/article-15-6712-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-22 ]

[ DOR: 20.1001.1.10275940.1394.15.11.33.9 ]

Ubed 9 (213 plocl

S0 3 I3l Bbd ey JUil 9 g Ul Silwdah Slys 3930 eT 9 (ye jiles ASuls (S )5 Y9, Il 0 Skl

Slowlone Lad o (WS ginl ol Vsl jo plrale 4 by o oz e
o399 10 (e ils dSed (b9 (20l (b Oy50 4 eilsy a5
(o s Bl (3055 o g pdl o515 S gl gl Y olas
sl 4 (lgioe eizpe ol jL50)50 el 4SS Sl slas o
Sk 3oges oylal (s3lge MalS” Jo o sl GBI 5 (5550 Ll pd o0l
lye 5 0sF Gl oleand cwlls 1) (ol ghlge el 93
L b, 5l Sleg 0l see 5 Gogr Gloyd wizr dauly 4 a5 Wil oo
sl 30 Sl e e aSil 5l eolainl b pdyBllas] 9 ooy dwais
5 SIS by peils aSGA By 4 93 bz adlhe (ol
J31s 5l y3me 0l it ane 50 1998 JLo 51 [8] il Koo
Cools 288 Ja o b [9] iliSen 5 SUB as g8 B Az
5 S e 5o Silwaned sl (peisr 4SS g 51 0l Sl
A g, 3l eoliiwl b [10] o, Ken g g .ais,S ooliiwl s slasl
oip W0 Lo 1) (555 Sei et et 5 Slug Gl (e
ooy Jae obl 2 93 o i3 (sileands 4 [11] )liSen 5 1390
A3 5 oo Dldllas jo aShy K35 b bys SOy cwll
shosliiwl . ual oad (5)035 (A8 @l b (o jtlgr &S0 gy w9 Gl
Oigrindm (paS gl SVl b olagl > (owyp lp e aSeh
OlSaegR az gl 3 50 Bluwe ;500 5l s o2 JUil 5 o> Jlish asbe
s e (Sl aie [12] o) Sen 5 Sogedd ail o
Bt gy b sove silwaned Guizmen 5 0y Ojge @ ) Jlss !
Obyy o bkt dolee o glras lagl Ghagh 10 0 puyp ey
S 00,5 WLl Oygo 4 I Jl D)8 (Sarr 5 geaS eyl a0
2o orl e g wd ileand ey SVl 0 (95 e
bloes yo Jlasl eagay [13] ol)5en 5 stibss 10003 dnlons oKyl
4 o3gaome )3 (yejiley Al g, L Iy JRdSe lasoe 5o Jlow (2690
g om0l 18 aalllas 0550 1 L plp coel sae 3 200 5004,
oloy Jae b 1y wlsil Joo p2 JUl 5 Jlw ol [14] ol Sen
ool 00e 5 OIL 5005, sue sgame ;o pejder aSud ailfais il
2 e JEsl s [15] o) 5es g ool; Mo 10305 w,,» 1000
Siloted el as o allaiz Jal)l ol Jae Gayb 5l 1) S s
03950 4 Caosl S0€ g 0/001 Sl jagin, sae Ul adlas o aioges
Vol Sy o sl opeider dad sl o0 4235 Ll e 2000
Sl olael 1o (ogas a4 05 00 azlye Gl b [16] (jseno a8 50l
5O Sl das 000 o0 Al o (6,l0LL Gl (T et Slael U g
oolg ASh Ghyy 4 (e by oad owyp ey JlES fles
Sl > Pl 55500l U Senl pad ailioe 3000 1 5 Sz ss
lio pl )3 08lce 0L (Slule 4t 0 9 (o) Bro piliue (roily:
S glos, woS 5 5l eslial b Jlgo !l ol aye JEnl alies
Oley JB (nl 45 095 o0 onalive . Send 0l (o p S9uome pa> g (e
ool eyiler Al By, A Comd (2P BB lade 4 ) Sl
s, sae g ool dae 107 sogame U (gjludncds fuizpd copd 0
ol o5 SISy sue oyl soed €55 ©,50 330 5 150
s siluarcs b 108 a5 i wcul jalsn) 5o Sl sue
s aSed by, Sl eslitul b 2SS a5l esgase (ol )3 gy Jli]
ool b (glalins iz o @&l 50 098 o0 ploil a5 Conl L (sl s

11 o) louis A5 )9 1394 O (RIS Julxn Wi

doddo -1
S Olere 4 Sbyd Glag e dlaz 5l 5 (B9, 8 slags Lo 059 !
S5 ged g Nad oo AL (63 geloz 0 je 9 T pe elge (nSodes
ay bl poi eloizh (Jame b g oz (g 2l Cusgase
[1] a2lor 28 golyz )0 oo 5 500 DO I iy hole ciges e
el (G §)lom sla, 1B Sty oS g U 5 cSlil & 9,5
Slindos o eyl o lats) G Slindon 5l gl Bus lyie 4 &S
5 Sigls e aly psle (Sigllie (3 (Sl laars) ] Kiwghy s
G955 9 B slagilen el Sl S ol wds I8 S
Sl & byye low ool b (mlpd ) | s ASs 3]
e Ol o gﬁf?zdyi 28, aloe Sy e 55 (plsS s S
B ey L2 58, VU 5 5(S 5 0) Gyt o iz s piscillasl ialS o
85 sl wylon (nl Fadiin Jolie jo 098 Sles0e> sl
8L o 050 (eS| Rl el o3 ol s Dl g sladl (b
O S e 0 lalyh (nlogdioe A j9n g Glrb A 959
Splys asle S5 g bawgte Sl p 5o i Lol el sasy Wlgs o
w30 5 b T lged Dl 5 s Cadsls aligs Loyl s
5 e Sealndger (quyp 5 o sl Sl Slalllae (556 [2]
o35Sy 5T 5 Gl slaslon drwsi 5 65 ISE p lagl ik
osile Ulsz o &3] oyselrm 60l Vg Sszg ol b g el a3 ol
e

A LMl eSgpend  Shd Sl Taee oy GlaSDL
gy ool ety oS5 (Jlso ) Lowidly JSsS slo e )
50 0,8 adale sl iy eaisS 18 Jlass (gg, 40 0,3 clale ( odadgs clale
aolg> IS8 Hlgem Jlw ye jo lile g SG g g walys Jlew 0oy
Olps Sesp e (o S 0 Splis b 4 Bk )88
clale (5 pan aliZe glacuadse 10 les (633588 5 ()95 Lad
S35 4 b ol calpliy sl Sslite ™ pag) o o Pland b
Conl (S 55 S egd o jo ad cdale o e GBS S 5l
b jiabesT alosl g clalllas a5 LT 5ol axils 130 (6 low (6,5l o
Sibwad Gy 5l Glbys o Gl el el ISin sl oy o
shls sloplyd 3 093 Glir G owsn ln el IRl (gous
2550 Syilly (cyy el (lyz a4 bgrpe slo el )y (e 5 (S8 S
ol 85 15 Hladme Sl (g ke axgivyge Jlgol ©lyd ey Jlal
[7-3]

Ol Gilwad 5o caslio By, Ko plsre 4 eyl Al s
S¥oles g3ae o sl ooilin (he) e Olaie 4 g 0l ke YL
3l eolaiwl el 00,8 (g0l Cd iy S>eS Flo olacl o S giwl gl
o3lw 9 Jlow Sep JBlaws 5o Jlow S (lyie 0 Gajder 40D g
5 kol STy aw Sl ey D Jhgy 0l I8 (liire az gl 950
Sl (1 iadle so0e o Jgare slogsy; slo b anglie )5 nge

1- Atherosclerosis
2- plague

3- Artery

4- Aortic

5- Carotid artery
6- Coronary artery

7- Femoral

8- Low Density Lipoprotein (LDL)
9- Lipid

10- Lumen
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