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ARTICLE INFORMATION ABSTRACT

Original Research Paper Early diagnosis of hypertensive diseases such as cancer plays an essential role in preventing disease
Received 13 October 2017 progression. The main cause of death from cancer is the reappearance of the disease due to the release
Accepted 14 December 2017 of tumor cells in the blood of the patient. Among the various methods that have been devised for
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vatiable Dniine & “anuary monitoring blood in recent years, the techniques based on micro-scale flow have specially been

considered. The development of these methods has led to the emergence of microfluidics laboratories

l’fAei}é\:voo;ﬁusiaics on the chips, which their main advantages are low prices and simplicity. Since the particles’ sizes are

Bio particles Separation different in the flow of blood, the direction of these particles in the micro-channels will vary due to the

Lab on a chip different forces, and therefore they can be analyzed to the design of bio-microchips. In the present

Inertia study, a two-phase flow containing spherical particles with the dimensions of blood cells was
considered, and the forces affecting the particles of this current, including the lift forces and drag forces,
were studied using COMSOL software. For this purpose, a micro divergent channel was designed and
the effect of ratio of the outlet width to the inlet width (Aspect Ratio) as an effective geometric
parameter in the biological particle separation was analyzed. The study of the effect of particle
dimensions and various geometric parameters of the channel on bio-particles separation are the main
goals of this research. The results show that by increasing the Aspect ratio, focusing of the larger
particles would increase at the outlet of micro-channel.
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12 Shear induced lift force

% Rotation induced lift force

4 saffman lift force or slip shear induced lift force
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* Circular Tumor Cells(CTCs)
2 metastasis

% Invasive

4 CT Scan & PET Scan

® Lab on a Chip

® Active

’ Passive

& Low throughput

® Label free

0 Aspect Ratio
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Fig. 2 Shear induced lift force [15]
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Fig. 3 Left to right rotation induced lift force and Saffman lift force
[19]
bl Sl (5955 9 00 Cusly 4 o iy Sl U i) (sl 3 S
[19]

241

Cw (1) sabal o o)l wSe sabal; (D) JUIS' (Slgponn jhd o )lez
ghie )3 Jlw Sy oy Slo Umax (Jlw (S8 p w0 )les i oy
U Sgyiep b o its alaiio b sans 90 JUIS (gl el JUIS
Sydse 28 H es3g9 (2o b pln
_ CwpUiaxa® )
w e

adS 5o JUB 5,500 0 Cepe g8 (S 45 0gd azgl Wb
Jesl b a5 el Jlo ol cl IS8 gt (Jipnd s,
9 WS et S g (ke (JU slaghy) )3 (21 slag s
Rzl o oy walS JlogS (65 Cueal Sl pw ] ey
Ol 5l (A6 oy 1y JW8 slagtsy 5o S gilule s oull
Slaghy, ) Serm @iy G gl WS e sk (2l
S bz laee Some 5l llis ol g Sgem 5l Olrebl 5 Jlb e
Ol b ol B gl (Adu ;0 &5 (egdge g walys Uy See

el 0als 4zl 5y

e g9 -2-1-2
el S gt (Jlad et Glapics 10 ) Gl 0 e a8
OB ply 5 95 oo 28 Flitte slace p 093 Bib 90 ) 0,5 Gl ple
S Sl o a5 wlce day 0)d Byl g0 jo jlad B (g
S 2y JUS 5550 5l 90 S (2 JS) d580 03 il
@ 13 b ages 5 b gy ol 45 555 s oualive il s bao gy
alal, ) 5 5yl oS sabaly JUIS Slg o b g peitins sakad,
U ahaie o Jlow ey piSTas Umax 3 J&s p i g0 Cs
g, 4 bl e SIS 222 5l g nl 45 358 4z Wb ol
S (Shly (nl o Col iy A 255 @ salal; @ilhe) b
5 i a0l e g 50 ol e 4y 00,8 e el Cd oo

Re = pUH/p (2
— Cspuélaxa3 (3)
s H

oSl i (5950 9 iS5 3 (LU cid (590 -3-1-2

2 el Glagly coym b5 G0 Suogy) 22 by S
S 3 UKD 50 055 gsha 55y 2 B S5z pas (5 L S 2
OB Loll g sl (Vb mhans )3 ey I eSSl gl 50 Bl
dlae ol sl (Vb o 53 L83 51 i (il o 5o L8 Jgip
dwle (4) abal, Bllae a5 05,5 0 0,5 » FR Cid (59,0 ol cels
ey fd 508 Co g Up (Jlw bz S Uraalal) nl )3 095 o
[19]ailise 0,8 (25 2 sl

-, S

Fig. 1 Wall induced lift force [15]
[15]0 g0 cuind (g5, 1 JSi

01 o less 18 0951397 ORIV 30 Sule Swiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.39.6
https://mme.modares.ac.ir/article-15-5875-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-14 ]

[ DOR: 20.1001.1.10275940.1397.18.1.39.6 ]

Uled 9 I Jauew

JUU 9,50 03 (ow pdal Sl o3l by Gy <o) (s )bwlaa 3= 93 silwddwe

\
0.8f \
0.6 \
0.4
0.2

0.2
-0.4
-0.6
0.8 \

-0.5 2y/H 0 0.5
Fig. 4 lift Coefficient based on Schonberg & Hinch Diagram [22,23]
[23,22] s 5 5 il Jloges bl caind o i 4 S

9 Jbw J& p Jlw Sy U alal) ol 50 a5 095 0 (B yre (0 -10)

Vu=20 (&)l-10)
ou Y
—+ Ww.Vu = ——p+uV2u («-10)
at p

G5 B )0 5 DS e (g R sl FISY G, Sl ool b
2 o) pas by (JUIS (595,0 p0 el (g4l anug Ce iy Glae
S e b plp (293 JLad g patine (63959 JLad (JUB o)l

dU, 18u CpRe -
dUp _ 18 CoRes (y y, 9(r =p)
dt  ppa* 24 Pp
1pd(u—"U,) R
20T d e
Pp t — a1)

9>ly e Ly oy o lid (11) sl gl saboxr

0,3 (ot S yas o> jsi; REs 9 00 o0 Co el )3 >

Galor 00,5 oo arulre REs= (pa(u —up))/pt ©j50 4 o5 ol

Bro ) D3 o5 prr @ azg b aS Coul (g )slid g9y aloles pgo

Sl 5l A6 a5 Tglre oz o ol ey salez 00,5 o0 L

olas cnl p)loz salox Db oo Sl Cul 0,5 Sl )3 Jlw (33,5
ol gyl i glag s (goaisles

JU9 o (Sw9 (S3lw S -4
oy A 85 ey, Sea 20 55 slakd b 0,5 g5 el Sl oyp Sl
3 W 55098 OIS e sladshe 5 508 Slae kS ol 4 S
Gyt sl 00 43,8 L 0 1 oz Slaseds 55 JSS obal L JUIS

[15] sl o o0liztal yigs 5 5 Lo cgabaul, 31 e JUIS Jsb (stmmslona
iuH?

= (12)
CLp Umaxa

FS>sS wlyd [2413] o )Kes 5 (Seipllh oldlae wlal

O TS AVEURC F N FYCURCT SYTRCH [ PUICHUNCIPPICOU PSRN 1
O g pSeeS Dl (85 a0 b JUBT gl it (Gabes
ol oas (b 12 salaly gillas ¢ 25,5 Sd kb 4y ax g b olel
aalss 5 Vb lanl Jisy 2SS @l b gy a5 cl and
ol 00y ool JUIS idu 90 ;0 sawlxe sl (12) saba, 51).04
o Ll oyl 5l O &5 yob oles (conl oo ao)ji 1 Jogaz jo UT b as

el jo 0y i 5l AU cad g el cdd glagyd oed e
e L g 5eml gy plo b auslio o ¥l See glao S
Liwly, o 0 by i g o)lps Cid (59,5 g0 a5 sl 51 [19] ol
oylg8 311, O3 o)les cad (595 38 )5 o 0,lg Dglate slacgs o Ll
Wl oo 0)l5d o ay JUIT 5550 5 1) D)3 (o8 cbed 9505 5 590
Pyol 5 [20] Jld 5 9 00,5 dnslona 5,05 55 (nl Al o8 el (55900
' stind p l oolitul b g Sole 4 9,5 90 ol a4 wisls olzs [21]
Fiy o gabal;y @b o)l 51 (250 cbd (59508 a5 Lz e Jga JB
ol 50 [13] JU b 5 0SSl o lgs (Soop ,o L /8
caz 1y (8) walnl, slisl ool oo 5l Alols 8 g 6,5 i @ alal,
S o o by onl jo Wogel (Byme gy 90 ol anly ale
bokasye g ouoin ulyo G2 5 G1 g Gop £ dme wurd 7 (i
CLLT, (B2G1 + BrGy) ojle olyioe widlin O3 oo ol>al>

Dgad ol (Cdd o p2)

_ (B2Gy + ByGy)pUfxa® ®)

H2
U sl alal; ol sl ke S5 S5 50,51 Cows 4 a5 Sl

£

CL oy 0591 Cowd 4 sl [22] gin 5 S 95l Jlagas 5l el Jlgis
©oas Jm hg,y 5l eolaisl b [23] 0,50 g gil> 0gh e eoliiul
G jsb & adlys 5 a8)S S s Jlagel cnl (gl (Sl Tk
JB5,85e (K855 5l s S ok (sl S o g Al | i o0
L s g0 (byme ZZAIH & j50 4 a5 U ,had 4y 0,0 ,d o il
2 oold gl cad copo b4 IS Joges il (Z<1) SO 5l xS
ot ail)) @l aly 2 g JouslS 131 o5 5l oalitul b oS gl b >
3 oo Ol |y sl 0 s 3 3L [22] e 5 S pisSl (saliws @
i ool JU 39,5 (2ye H g 05 (o858 CanBse Y loged
5 Sesl o b gl (Y=0) JUI 3550 50 b (lagyei aiylyy o5 o
F Srr sl @ S50 5l pas 90 L Y20) JUS VL e ol
o S5op b (CL20) wib ool Cos a4 il o obp Sl (59,05
JUS 55 e o 4 0Ty cojles i Bl ot Qe b woylps 4y o))
JUS il i gl s prad 45 el gos (CL<0) 555 0
98 JUI 55 50y S 3908 o JIS (e 4y el il 50 (y<0)

Ohd oS o a3

(Seolindg;oun slog i Jlasl 5 (g9 p93 (98 alomwg 4 )3 25 >
(0 -9) b (1 -9) c¥olas Spgo & Sy o s o5 658 JI,S3
S o Cepu £ (Dl S e ce s Up O¥0lae ol )0 058 o0 Jlos!
@ g ol ol Dy 0)d pyo 3550 KoM oSy ol 1 ol)3 syl
g0 byme | = 8IIp,a® /15 & 50

du.
p_ . ;
my— = f(—pl + 1) ndo +mpg (&J1-9)
z
d.n2
(dt 2 f (X = Xem) X [(=PI +7) - n]do (-9
b

5 (W -10) sleakl, &jge 4 Jlw bz salolee Guien

3 Laminar-in-flow
4 Virtual mass force

01 o)lests 18 0931397 ORIV 3 Sulle Swiiie

1 Super position
2 Direct Numerical Solution(DNS)

242


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.39.6
https://mme.modares.ac.ir/article-15-5875-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-14 ]

[ DOR: 20.1001.1.10275940.1397.18.1.39.6 ]

Uled 9 I Jauew

JUU 9,50 03 (ow pdal Sl odlaiawl by Gy <) ()bwlan (532 93 Gilw e

L 1,1y JUIS s el 520 0.00837 5 a Sw 200 olagl b s
o3l 4y a8 el oo Juato (6,550 puitivs JUIS 45 4> 10 15 gay4l;
b e slazel 420 0.00209

JUU s e wlasine -2-4
odds oolaiwl JguolS 1581 o5 sais e Josle 51 JUIS onsie sl p
Sl IS8 (o g IS8 (e Glaplll w8 5 5l a5 g0 cnl 4 el
Gh e Slasein 2 Jauz [ .ol oads solatwl ) e o JUIS (gaiy i

o] 00 oé){‘ ‘JUS

@B g5
6999 (28 0 SISy ais b odg,See s 5l vae 20 (g ol o
sl 0.005 Ly s Llopls b agl 3 Sl sojl sl g wind ba, JUIS
SaSTy el osd gyl JUS kil 5y Jsb o O3 auie
w857 Gladss Glhe (463 L pln ole) Gloj ojl sledl po )8
o DSy sl oad 03,51 109,50 20 55 b L IS (gl i
5)l5 (8) sabnl, Bllae Slyd C5 > sy dges Cuz o anly ca

Sanghe Slatie 2 Joaer
Table 2 Mesh Descriptions

SHloke Toy

0.8494 CopieS Lansgio
14308 e sl Ll
2080 iy sl
1092 Sy Slaplall

1000
800
600
400 )
200——

0
2007
-400
-600
-800

-1000

-1200

um

0.9 0.95 1 1.05 11 1.15 x10*
[T

Fig. 7 Distribution of 5 micrometer particles on the out-let of channel
in the third second

3 il ;o JUIS (795 50 sres S B 0ld me T S5

0;9 0.95 1 1.05 1.1 1.15 x10*

Hm
Fig. 8 Distribution of 20 micrometer particles on the out-let of channel
in the third second

3 b jo JU (9,5 58 (559,500 20 O3 55 8 Sl

2 Expansion
3 Uniform distribution

243

Ored 4 el (S0 Dz JUT S 13 Loy @il (Soe WL
haie (U (blasl 25w saila) F ghaie a0 ey 95 j5kaie
B 2 o (JUSg,See sleth B ghaiie 5 (1515 iou e s4ile) G
P S 858 (i Gl 5 0gdoe salie ol oad o)
ool JUd et sl 50 Jyens S5 o8 Sl S (g0t JUITg e

JUU g ol s> lasin -1-4
3955 3)ly sl el oad 00,91 1 Jgaz 10 )b,z g dwain JolS cledll
ool oolaiuwl gie g S0l Gloges 5l S p oly cad (sg 5
e boply g ol Led g5 byd 5 (e e byd [22]
b bao,lgss el yd 8 o yoams o (6lyy onsl 0 428,513 35 Sy yhnes]
S JUS 5 Sn i iy load 58 elos) 50 Ly

Al

Fig. 5 Geometry of micro channel

JUIS g ,Sen 5tsiin 5 JSio

0.05[
0.045

0.04
0.035

0.03
0.025

0.02
0.015

0.01
0.005} //
o/ : ; \ : \

0 20 acign %
Fig. 6 Velocity Profile in F, G and B cross sections
B yGF ose ablin 1o Jlow oo o 20555 6 JSB

Velocity magnitude (m/s)

JUU Awdin g uli)—" Slasin l Js»
Table 1 Specification of fluid and channel geometry

Sode JUIS dsiia g Jlo Slaseinn

1000 kg/m? Jlw J5>
le-3 Pas s Soliys (s 4555

20 um 5555 geyd skab

> Hm S (5o

1019 kg/m? 555 od S
1060 kg/m? SasS g0y S

200 pm A) JUE 39,5 2

800 um B JUS oy e

8.37x 1073m ©) JUls sl Sisy Jsb
(B/2-Al2)cos(0)/sin(6) D) JUIS &l,5ly e Jsbo
15 deg O) JU85 sl

2.09%x 1073m €) JUS sl sy Jsb

15 Ol g, dus

 Bounce

01 o less 18 0951397 ORIV 30 Sule Swiie


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.39.6
https://mme.modares.ac.ir/article-15-5875-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-14 ]

[ DOR: 20.1001.1.10275940.1397.18.1.39.6 ]

Uled 9 I Jauew

JUU 9,50 03 (ow pdal Sl o3l by Gy <o) (s )bwlaa 3= 93 silwddwe

09 0095 1 1.05 11 x10°
um

Fig. 10 Distribution of 20 micrometer particles in micro-channel in the
0.3 second

03 e 55 JUIS 15 (553,50 205,555 10 S

sl iy (rog e 20) 11555 DS el (ol b Sgd o
3 Jgiz o dlie Sll> 4 0 JUI s3555 @ (795 P Slatie

ST P e il L aS alil e 002 B (5099 50 0als by, )3

1000
800
600
400
200

-200F
-400
-600
-800
-1000
-1200!
-1400

085 09 0095 1 1.05 1.1x10°

800
600
400
200¢

pm

-200-—
-400
-600
-800
-1000
-1200

0.9 0.95 1 1.05 1.1 x10°

(b)

700¢
600
500
400
300
200
100

E .00 S
200 I
-300}
-400
-500
-600
-700
-800}
-900
-1000

0.95 1 1.05 1.1 x10*
um

01 o)lests 18 0931397 ORIV 3 Sulle Swiiie

039 009 b g ld o jelid IS e 4y sl eass 5 o)l I)S
RO PRV NS JPIE N K PSS PR |

59 ladss ;o JU Jsb p0 LS s 5535 ouyn sokie @
20 5 (550,500 5 g0)d gly i 4 0.3 gasl o )3 coadse 10
Oy iS>eS ol as oo)f‘_g.o sapliv .ol ool oo)ﬂ (8 yng ,Sn
FS=gS Gld A e aee 5005 b ojlps a4 'l ,e cawsYl
A galal)) 35,5 o 55l5 01530 5l (5 yeS i (59,

G JUS 55,0 Lt ) B Sa s S S 2y
o,lil 4 jebylan i) oo JUIS oy 0 095 Jolay salais 4y wo)lgns
30 O3l S gS SIS 4y ead 0)ly S 0)lgns Cad (g9, e @ 0l
aly jo anies 5605 b o)les 4 (I, S 4 G s Job
plos jo Loyis o)les i (g oS Joou il cod 5 SzsS olyd
58 S P Ewy (§0095we 4O « g, )0 g Nloads oaiST, JUK sla isy
PSPVRICI I PYSUCIS TP IR VUL JCH PPUR TK JRURCH R N IR N
(Sl Jolas bl 305 & a8 L S o by et JUIS (635 50 blis o
sblse paax 4 Dl gilelax Gy ey ol SS,n ol)d
WIS 9> Sl ple 4 S 6 5S ) Glaolail a5 (5 905 (I35
2858 5158 oolail 090 Wilgi 0

"9 P re 4 JUIS (5999 (P58 Commd sk gy =175
G938 & (T P S Sl S geyn ssbiie & i3l 5o
Clocens b 15l JUlSySee K gjloliz cuiS 0 (BIA) JUIS
el 3B g el ot (sl dae JpumelS Jl8le 5 o alisa (slag e
53 8 ln (JU (795 o D)3 Taamin (699,94 (795 L2 S
w5 ooled oS cel 53 & o3 el o aslllas (s g,Ses 20 55 63
il oo BIAZA s 6l (A0 B 7 slo ) o8 cond [0 oy )
St g proly Gaumlio jslie 4 bl o (A=200um 4 B=800um)
Gl s g oal ad)F L 0 sue 5 (634,5 ;0 )3 slaws (Bl s
12 5 11 lodSs oy b ool ot ail)) BIA Gliks oo

800
600
400
200

-400
-600
-800
-1000
-1200

09 095 1 1.05 1.1 x10%
um

Fig. 9 Distribution of 5 micrometer particles in micro-channel in the
0.3 second

0.3 asb ;o JUIS [0 (550,500 Dl 2595 9 S

! Up-stream segment
2 Aspect Ratio
% Focusing

244


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.39.6
https://mme.modares.ac.ir/article-15-5875-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-14 ]

[ DOR: 20.1001.1.10275940.1397.18.1.39.6 ]

Uled 9 I Jauew

JUU 9,50 03 (ow pdal Sl odlaiawl by Gy <) ()bwlan (532 93 Gilw e

800
600
400

00— —
0777 ’
200 —— — - -

-400
-600
-800:
-1000
-1200

Hm

0.9 0.95 1 1.05 1.1 x10*

um
=
o o
Soo
T
[
|
I
I
1
|

0.95 1 1.05 Tl 1.15x10*

um

©

Mm
800
600
400
2000

um
o
I
[
@

-200-
-400
-600
-800
-1000

0.95 1 1.05 1.1 x10*Hm

um
(d)

Fig. 12 20 micro meter particles' stream line in channel with different

aspect ratio (a=2,b=4,c=8,d=10)

& 23 P o b JUS 0 5503500 20 1,3 58 o s 12 JSC
(a=2,6=4,0=8,=10) o 5 & (BIA) Sglizce (539,

D3 e S e a4 e S Cnl RIS Sl o (0] Sl s
45 85 Al lgoe bl o w0 S e 151y U (2o m 0 S5
(il oz Ghice O3 Ll cwain ol b 151y e JUIS

Wgd a3 3 IS0 cgy ol gilelas o LIS 6 15l lgre 4y ailes oo

e S 4g8 -7

(Um) JUS" 39,5 2 ¢ A
(Hm) JUS 25> 250
(HmM) JUlS™ plasl Gise Jsbo
(Hm) JUS" 6151y (i Jsbo
(Hm) Juls' ;L3

T O 0O w

245

800
600!
400f
200¢

200
-400;
-600!
-800"
-1000}

0.95 1 1.05 19 x10*

0
pm
(d)
Fig. 11 5 micro meter particles' stream line in channel with different
aspect ratio (a=2,b=4,c=8,d=10)

@ 7o P8 S b JUI )0 (55009 ,800 5 D)3 08 o e 11 SO
(a=2,0=4,0=8,d=10) s 5 & (BIA) cslicce (5355

S (JUIS S e 0 Sld i mes ol @5 4 5 9955 &
(12-d 512-C slo JSo) wloads Guaie [0S )3

S 5 Aol 9 S 6
S ilelaz jslate 4 4l 55, » oRalesl 5l (slaigad Ghmghy ol o
Sl bl 53 285 I8 cyp 3500 a9 ,See 20 55 Sl b (e
b gl JgmalS 138l 5 5l eslinul L 15Ty JUIS 5,00 53 Jlow

b oS ol gl gl o qs e alolisinly jskio 4
(S (G (092 Sootew) (ol Sl 5o el 9)00 (i
ool byl balg, b gillae Dlyd 5 bagys 59,5 35lg b s )10 SlS 00
Syge Sy Shd a8 ud ssalie (JUB cale (SLb L e
JUE (s 5o ol 5,e5 5 00,8 b 1) Jsline (sl ys carlllas
O gez Slo (JUB (29,5 50 @S 333 (omyp 305 (o0 Dglite
P4 (29 P e Gl el 3l JUS S ey 555
235 IR aalllas 500 Gy S silelbr udS p JUS 095

7o o e glacnd o 151y U 5 s (oo Slasie 3 Jgax
BIA) 59,5 4

Table 3 Geometric parameters of micro divergent channel at various
aspect ratio (B/A)

B/A B(um) A(um) S
2 800 400 a
4 800 200 b
8 800 100 c
10 800 80 d

1000}
800!
600!
400"
200¢
g OF
< .200F
-400-
-600;
-800;
-1000!
-1200!

-1400: : .

0.9 1 1.1:%10*
pm

01 o less 18 0951397 ORIV 30 Sule Swiie

@



https://dorl.net/dor/20.1001.1.10275940.1397.18.1.39.6
https://mme.modares.ac.ir/article-15-5875-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-14 ]

[ DOR: 20.1001.1.10275940.1397.18.1.39.6 ]

Uled 9 I Jauew

JUU 9,50 03 (ow pdal Sl o3l by Gy <o) (s )bwlaa 3= 93 silwddwe

[2] S. Paget, The distribution of secondary growths in cancer of the breast, The
Lancet, VVol. 133, No. 3421, pp. 571-573, 1889.

[3] C. Alix-Panabiéres, K. Pantel, Circulating tumor cells: Liquid biopsy of
cancer, Clinical Chemistry, Vol. 59, No. 1, pp. 110-118, 2013.

[4] K. Pantel, C. Alix-Panabiéres, Circulating tumour cells in cancer patients:
Challenges and perspectives, Trends in Molecular Medicine, Vol. 16, No. 9,
pp. 398-406, 2010.

[5] M. P. Lee, M. J. Padgett, Optical tweezers: A light touch, Journal of
Microscopy., Vol. 248, No. 3, pp. 219-222, 2012.

[6] K. Dholakia, T. Cizmar, Shaping the future of manipulation, Nature
Photonics, Vol. 5, No. 6, pp. 335-342, 2011.

[71 M. Hejazian, W. Li, N. T. Nguyen, Lab on a chip for continuous-flow
magnetic cell separation, Lab on a Chip, Vol. 15, No. 4, pp. 959-970, 2015.

[8] J.S.Jeong, J. W. Lee, C. Y. Lee, S. Y. Teh, A. Lee, K. K. Shung, Particle
manipulation in a microfluidic channel using acoustic trap, Biomedical
Microdevices, Vol. 13, No. 4, pp. 779-788, 2011.

[9] P. K. Wong, C.Y. Chen, T. H. Wang, C. M. Ho, Electrokinetic bioprocessor
for concentrating cells and molecules, Analytical Chemistry, Vol. 76, No. 23,
pp. 6908-6914, 2005.

[10] F. Gielen, A. J. deMello, J. B. Edel, Dielectric cell response in highly
conductive buffers, Analytical Chemistry, Vol. 84, No. 4, pp. 1849-53, 2012.

[11] N. Pamme, Continuous flow separations in microfluidic devices, Lab on a
Chip, Vol. 7, No. 12, pp. 1644, 2007.

[12] T. E. Kagalwala, J. Zhou, |. Papautsky, Continuous size-based separation of
Microparticles in straight channels, Proceedings of 14th International
Conference on Miniaturized Systems for Chemistry and Life Sciences,
Groningen, Netherlands, 3-7 October, 2010.

[13]J. Zhou, P. V. Giridhar, S. Kasper, |. Papautsky, Modulation of aspect ratio
for complete separation in an inertial microfluidic channel, Lab on a Chip,
Vol. 13, No. 10, pp. 1919-1929, 2013.

[14] M. Yamada, M. Nakashima, M. Seki, Pinched flow fractionation:
Continuous size separation of particles utilizing a laminar flow profile in a
pinched microchannel, Analytical Chemistry, Vol. 76, No. 18, pp. 5465-5471,
2004,

[15]J. M. Martel, M. Toner, Inertial focusing in microfluidics, Annual
Review of Biomedical Engineering, Vol. 16, No. 1, pp. 371-396,. 2014.

[16] H. Amini, W. Lee, D. Di Carlo, Inertial microfluidic physics, Lab on a Chip,
Vol. 14, No. 15, pp. 2739-2761, 2014.

[17] G. Segré, A. Silberberg, Behaviour of macroscopic rigid spheres in Poiseuille
flow Part 1. Determination of local concentration by statistical analysis of
particle passages through crossed light beams, Journal of Fluid Mechanics,
Vol. 14, No. 1, pp. 115-135, 1962.

[18]J. Zhou, I. Papautsky, Fundamentals of inertial focusing in microchannels,
Lab on a Chip, Vol. 13, No. 6, pp. 1121-1132, 2013.

[19]J. Zhang, S. Yan, D. Yuan, G. Alici, N. T. Nguyen, M. Ebrahimi Warkiani,
W. Li, Fundamentals and applications of inertial microfluidics: A review,
Lab on a Chip, Vol. 16, No. 1, pp. 10-34, 2016.

[20] B. P. Ho, L. G. Leal, Inertial migration of rigid spheres in two-dimensional
unidirectional flows, Journal of Fluid Mechanics, Vol. 65, No. 2, pp. 365-
400, 1974.

[21] E. S. Asmolov, The inertial lift on a spherical particle in a plane Poiseuille
flow at large channel Reynolds number, Journal of Fluid Mechanics, Vol.
381, No. 4, pp. 63-87, 1999.

[22] J. A. Schonberg, E. J. Hinch, Inertial migration of a sphere in Poiseuille flow,
Journal of Fluid Mechanics, Vol. 203, No. 6, pp. 517-524, 1989.

[23] C. Liu, C. Xue, J. Sun, G. Hu, A generalized formula for inertial lift on a
sphere in microchannels, Lab on a Chip, Vol. 16, No. 5, pp. 884-892, 2016.

01 o)lests 18 0931397 ORIV 3 Sulle Swiiie

(KQ) 0,5 p = m
JRUSTIRRYS Re
) oo t
ms?) ce y u
(M) &l,5 Eandye X,Y
JUS 58 4y 03 ylad o VA
(m) Ju&' Jsb L
(Hm) &,3 las a
S c
Sedles 2ol k
(kgmis2?) Lus p
g mdle
Jow on g 14
Jlo (Seiloss (495 v
AR Ay o B
kgms™h) Jlow (Saolod 4% 5% u
kgm?) Js> p
LRET S
0 pyz S CM
Jbw sasin
R CIPPRVERNEY h
33 godsles i
3 o les j
Ao max
0,3 (Sharin p
s S 5550 s
0,3 4 Jlow (g Sy sf
olped uid 595 w
&xlp-8

[1] M. Cristofanilli, Circulating tumor cells, disease progression, and survival in
metastatic breast cancer, Seminars in Oncology, Vol. 33, No. 9, pp. 9-14,
2006.

246


https://dorl.net/dor/20.1001.1.10275940.1397.18.1.39.6
https://mme.modares.ac.ir/article-15-5875-fa.html
http://www.tcpdf.org

