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Numerical simulation of micro/nano magnetic particles movement in
bloodstream considering interaction of particles
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Controlling the path of drugs movement is one of the processes that can effectively aid in treating a
Received 09 January 2017 variety of diseases. For example, in chemotherapy, a small fraction of a drug is delivered to cancer cells
Accepted 25 February 2017 and other amounts can cause destruction of healthy tissues of body, as a result, before destruction of

Available Online 23 April 2017 tumors, the body might be destroyed. Hence tumors cannot be removed from the body completely. If it

is possible to control the path of drugs, tumors could be removed with the least injury. One of the ways

Keywords:

Magnetic Drug Targeting through which movement of the drugs could be controlled is Magnetic Drug Targeting(MDT). In this
Micro/Nano Magnetic Particles project, movement of magnetic particles and their interactions would be inspected in the blood with
Multiphase Flow consideration of a constant magnetic field gradient. After introduction of governing equations and

Blood Stream presenting a good model for the forces between particles, these processes are be simulated in the Fluent

software. The model that is used is a vein with 8 mm diameter. The simulation was done from the time
of injection over an 8 cm length of the vein. The base fluid is blood which is considered as a non-
Newtonian fluid. Distribution of magnetic particles in the base fluid has been governed by multiphase
approach. Simulation results show that residence time of the drug in the presence of magnetic field
increases, which in turn increases the possibility of drug absorption.
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Fig. 3 Contours of velocity and static pressure in the center plane of the
tube at 05S

5o 058 salamd )0 Ssbiwl jlad (G 5 S o (Al sl Judgp 3 &
@L.o Sdao

Ph&%%é Volume Fraction

P h&%%g Volume Fraction

—

1

Fig. 4 Contours of volume fraction in the center plane, from beginning
of the injection until complete withdrawal of particles

oS 75,5 b Gy s 5l alisee wllasd 1o 4y Slge (gozme oS 4 S50
Sk Ao o

311

S pae b e ojlso j0 a5 el 5e80) 358 (g5 sl g0 il
9 69959 lp 9 el osd Sl SO jhuasl LA (295 0 g
1wl ) g0 4y 0dd 4id S a5 0 Cae

— (=) 14

b osigd 35, Jlw by S Judgn stralna b, ol &8
[13] Wi cows ar o)fs by dlgd o o a8

7S gl 58 sl g By Aol odls Larasi (6955 50 uizes
lonl a8 08 Gilaancd 1) By Olsn U005 asuie wb 5 (oo
(b oz S AT et 00,5 0y gy Bl oS
b a3 5 15,5 0.005

Sciond 5 SIS o o Ghle (sl ot ools 5 e
A Jlosl 1580 0 5 5 SBligds SwS 4 5 et

(i Lalrd podle ilioe 1,35 98 5l (sluand 4SSl 4y azg L
3o Sl Goy5 3l Gl (Bgrke 9 L llpd ples oS adgl ld o Lo
gy B3P 3l G &l Sl ileand pslie Gl sl il e
balyd 4 085 E9rd 5l G 45 2die om0 I8 (nl b g 0b salys
ssr ) GRSslr cuz ANl R GaSS e el Sl o0 b
2 B bl Hlaee (6099 @ Olyr ciSik 5 Jeisl slallas
o loenss plos o wilons Jlac! (55855 51 JUIS b coslasl &y (slalols
Oy 2l Sed e g Cewlons colital T CewsVl pgs 450 i
b oo adgl uas 4y e 3 S 6 luae 4y oaslendl
Silwaand 5l Jol> i -3-3
5 0l ke SISl gasdlhe (giluas 51 Lol Gas Sl 4 a5 L
Sl Spglme jd DS ES e g abe gl n (S slagi
a a8 0gd plil plagiluand U ol ol 5 e il oo ongacal
S o s 3 ke o g |y it slaceand Sl e o] a8
Gy 5l S (Sl JLad g S pe g Tl )3 polaie cpoy 280
sl e Gy 5 U adsl bulyd Sible a5 wlouds o051 3 U5 4o
sttt Slacend plod (6555050 b 93 0 DS le S5 e
sohie 45 S 0 el ool 00,51 4 S 0 8 Ceond [0 0as )5S
L sloannd 8)90 99 )3 &S > e 9 Wl ey 2 (s AT saslllae
Sz Oy30 90 @ 0 oS Cusl sud e0ysl (T g g (je RS 5o
B USs o sl o 428 5,05 0 B3 iy 3 5 Sl it s
Sl S k0 b giluand 90 g oads Al , OIS oy Sl gaslllas 4
Sz T IS 50 plol i ol o 00 )91 (ol (6505 ka0 (e g i
99 2 Ol 51 (AL LS p o)ly (e 9y Sl e sosaline
o3l L g ES 5> Sz 55 Gl Sur JLSe el oo gl (gslarcs
OalS el b g oS > g B 0 Ko by /0 Lol

€85 ki g0 5 iy e gedy ez e g0 e 0y

Ll 003
oS it -4

olasi g 55 (Slalxe slaasis b J> aSd Plasul pwyp sl

35505 olon & Wl 15 i Sl 5 a5 U boame iy (sakie

' UDF
2 Second order upwind

4 ojlos 17 0993 1396 45 (oo Suille wise



03171 S uld y3 9 S3ealr e T plua

D3 s QSed 33 525 M )3 b Ugd VLD VO 93L/9 a0 uubline )3 Sy ()l dud

Phgi%g Volume Fraction

<l

Phase 2 Volume Fraction
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the magnetic field gradientis  / in the opposite direction of motion
b) the magnetic field gradientis /  in direction of motion
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Fig. 5 Contours of volume fraction in the center plane at a)
with considering weight effect b) without considering weight effect
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Fig. 6 Contours of volume fraction in the center plane at a)
with considering diffusion effect b) without considering diffusion effect
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Fig. 9 Contours of volume fraction in the center plane at with
considering interparticle forces a) simulation performed in the past [14]
b) simulation performed by this article with the use of analytical
formulation and dividing the domain into subdomains
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Fig. 8 Contours of volume fraction in the center plane at
from beginning of the simulation in different grids a) mesh with 42850
grid cells b) mesh with 210547 grid cells c¢) mesh with 482355 grid
cells
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