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Combine Lattice Boltzmann and Finite Volume methods for simulating
blood flow and LDL concentration in vessel
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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 Novermber 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

Keywords: relaxation time, SRT, model and FVM has been used for LDL concentration equation. LBM is able

Lattice 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 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.
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Please cite this article using: “awlod okl Jud ©yle 5l Ao (ol 4 gl ) gl

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)


www.sid.ir

OlSed 9 3 elacl

S o3 Jlsddl s ey JUisl 9 ugd by Siwdudh sl 3930 T 9y )ilgs Al S K Y9y Jl 0 Sl

Sl glad (o WSginl gl Yol jo oSlals> a4 bg o b8
o099 ;3 (yeyilyy S by, (2 bl et Dygo 4 ey A
ey s JBla (3055 o 3o pdub o515 S ol ol Y olra
Jlesl @ Gl oo Gzl jlisjse ele AUl SIS glas o
b 51 oges o)Ll (g3lge SalST > oy,55 (2l 5 (6550 Lasl s 0l
&,lse 51 09> Ol ilean Cwlylo 1) ol glse collB et
b 2SS, 5l Sleg 0l Hee 5 035 loyd wix dhanly 4 o5 il
el 8 Sl e g aSill 5l eolainl b iy Bllas] ooy awais
5 SIS b e A Gy 4 5 Ol adlae (sl
J31s 5l yme ol silwannd sy ,0 1998 Jlo 5l [8] Ll Sea
Copols 8,8 Sl 5o b [I] e 5 KB ab g9,h LB a0
9 S e ye (§ilwdned gl eider a0l by, 5l oS ol Syl
Al g, 5l eolaiwl b [10] OYSen g Qg 50,5 colawl pdslasil
iy 83,8 el 1) (95 Seise e Sl 5 Slugi Gl e
oley Jao poll p (93 ol 4 il 4 [11] o Sen 5 150
A3 )5 o Dldllas jo aSh,y K35 Gl bys SOy cwll
leolatwl  cal oas (5,155 LB ol b eyl Sl (g, g5 Gauas
Oigrinsm P8 g0l SYole b alagl 2 (o) p lp (e &S0d
OlRangy azgs 3 90 Jlue S0 5l e JUil 5 &)l > Jlissl asle
oider Al gy bgoae (giludnd uzen 5 02 Ojso 4 )
S by, yo cdale dolae o slra lagl Gragh ;0 0 )S ow) p
pr S 03,8 Alal Oyse 4 Jlgodh s (Saisr 5 mexd (o3
oBaslejl ;o gl Jade 5 0B (Gilwand ejiley SVolae ;o gy
2Ugs bglse jo Jnl sy [13] )5 5 giiigr 20005 anuloe
¥V, dae edgazme 4O peyde ALl yhe, L) i e o Jlw
SHKed g e 50l 18 adllas 0550 1L ol coasl sae g 200
Wiz Gtalyl Gloy Jao b |y ailgial Js> o2 Jil g Jbw 5> [14]
e 1000 ool sas 4 0/1 Vi, due Bdgase (8 peyides AU
Gk 5l S pge ,0 pye sl sasay [18] Glllan g ooly dle Luio,S
aallas )3 353905 (St eitly 4l 5o AlBaiz eyl ooy Jae
Sk ,s 2000 oogamee 4o el sae 9 01001 1y jaden, sae Ul
Coodl slael b g il slael o ogas 4095 o0 4>lge (ill> b [16]
e JUl flae ;o Coedl e 090 o0 divss J> g Il el o5 )5
3000 I 5SasS oyl S gy & Gebme awgi odd (o)
Syo pilins oyle aSh )3 Plaw oS cnl Jo aSinl (rod 2Bl 0
e Jasl i @las ol o il o ol Glaslxe auie 9 b
Sade 4 1) Olawlwe floy )15l a5 058 co cdmlice . Conl 00l o)y
Ozl aed e Bl el AD By 4 e (2P U
330 b 150 cyo jolg, sae g Candl dae 10’ odgazme U (g lwad
30 Caedsl dae Gpo ol a5 CdSG sae cplpln ol A8 5 Ojee
ot 0 ey Jl altes gjloaend il o 10° ag e 5l woe jalsny,
Sl )b dol Gl roydes aSl g, 5l olawl b (cdSS sae l eogase

11 D)Lo.\b 15 )9 1394 O (R0 \-gulio Wi

dondo -1
2 Ol Glrb Gbslon dox 5l g (B, L slags lens 0!
A s g Nad oo ASLD (Gt pslor )0 ae 9 S e Jelge (n Fodes
@ bl e loizh aoe b g iz (g (oldlam Coogae
[1] sl 8 aolsz 50 Loyeo 5 Syo S0 51 iy Jule caiged lsie
Sl (Fae ilon sla)eiS 18 S ) alS S I 5 Sl D950
Sl sl fgh 5 Gl ) e Dlidsd (gl Ban lsie 4 oS
9 &390 50 il pole (Siellie (3 (Sl Sloars, ol Kamgy so
(B9, 9 B slagibon rimly 5l (Socwl a5 (S
Slye & bgye low ool b (lpd ) | oAl 5]
2o Bl o nsfﬁz‘-{)li 20, aloe Sy leas 5 pleS s i
B sy 28 0558, YU 5 (S 5 ) Gby oo s niydllanl galS &
S8 ol wgyleny (nl Jadin Jolie j0 00000 Sluyiie> sl
CBL )3 350 90 e 1alS el (93 o s Dl Sl g ol (b 25
O Sy o 50 llph (plogdoe S jon 5 OLHD 4G 89
ol aile S5 5 awgie Slagl o yiie bl syl g Wil oo
w0 5 4 T ged ol 5 s Cuisls aligs fogl WS
5 e Salibpen cuyps oy slp SlslE Sldlle (5t [2]
o239 85ls 51 5l slasylen dawg 5 S ISE p lagl B
siile Ulszi o el 6ol Vg 0524 ol b 5 cand 4285 aloxi
R

AL peigneed sl bBase oz sl
oy ool ealonts oS5 (Jlgo ) Lowidly JSrsS slo e !
3 0y cdale I mig eaiuS il e (g9, 40 0,0 clale ( dadgs clale
aale> S5 lpaom Jlw jye yo cale J8gn SG g 09 wales Jlow 0oy
Olpd P 9> (o Sy p Soli b 4 (B 1S
CBLE () s alire glaiasdse ;0 )l 60398 9 > ,lad
3575 b ol alpl 1ol Sglite ™ agl s o Mo (s
Gl (N 55 ) pog) rhans jo ad cdale (o e GBS AS o)ls
o jiabesl alol g clalllas a5 LT 5ol axsls 130 (6 low 656l o
Silwad Gyl 3l Gl 0 by Jldod el S Ll o
shls glaoly ;o 093 Bbz 6N enn Slr b Il wsous
2 e bl (pwyp Sl Gl 4 bgrye o palll (esd 9 (85
ool @85 18 R 5l (g ke azxgioyge JlgoJl ©hd ey L]
[7-3]

0Ly Gilwad 5o caslio By, SO (lore 4y eyl aSl b,
SYolae 30 Jo sl 033l B9y S lere &g 0nd ke YL
5 eslaiwl .csl 00,5 g0l Cd iy S>eS Flo slasl o S giul gl
o3l 5 Jlow Sy Plus ;0 Jlow K> Glgie @y (po gy a0l g,
5 kol Sy aw Gl Geider aS (g, ol I8 ldie 4z gs 9550
Sibe (1laslie goae S Jsors slogiy; plo b alio )0 e

1- Atherosclerosis
2- plaque

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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