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ABSTRACT: In the present study, a numerical simulation was conducted to investigate the separation
of blood cells using an integrated dielectrophoretic-photophoretic method in a new microfluidic device.
In this simulation, the migration behavior of human blood cells under laser radiation with a wavelength
of 522 nm and in the presence of fluid flow has been investigated. Studies show that the photophoretic
migration of red cells under the irradiation of laser beam is higher than platelets and other blood cells
so that the magnitude of the applied photoelectric force on the red blood cells has been calculated about
nine times that of the white blood cells under the irradiation of laser beam of 50 . In this separation using
photophoretic forces, red blood cells were first separated from the platelets and white cells. Subsequently,
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using the hydrodynamic forces induced by the fluid on the particles and the dielectrophoretic forces,

the separation of the platelets from the white blood cells was carried out in different branches of the
microchannel. The proposed design, in addition to high separation efficiency, has a negligible cell loss,
so that it can be used as an effective method in many diagnostic processes and medical applications.
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1. INTRODUCTION

Blood transfusion is a necessary treatment that is needed
for replacement of lost blood during diseases such as leukemia,
anemia, and chemotherapy [1,2]. With the advancements in
the field of medical science, blood transfusions are performed
only using the necessary blood components such as platelets,
red blood cells, and white blood cells [3].

Medical devices need to be developed in such a way
that they can completely and efficiently separate blood
into its components. One achievement for such needs is
the photophoresis method in which the migration and
identification of suspended microparticles in a fluid, is
accomplished using the photophoretic forces.

The fundamental principles of the photophoresis
phenomenon were developed by Ashkin [4,5]. This
phenomenon has rarely been used to separate microparticles
in fluids, except for some pioneering works which could sort
or characterize a limited number of particles in the fluid using
their refractive index and size [6,7]. However, the separation
of microparticles and fluid-suspended cells has been extended
to more particles in subsequent studies [8,9].

In previous studies, the separation of blood cells was
more limited to the sorting of platelets or white cells from
whole blood, and the sorting of the whole blood sample to
all of its components was less considered. The difference in
the size of the blood components (platelets, red, and white
blood cells) can significantly affect the separation. Therefore,
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it is necessary to study carefully the effects of microchannel
design, voltage applied to the electrodes and the input rate of
the buffer solution to isolate the whole blood sample.

In this study, continuous separation of the whole blood
sample is performed for utilization in diagnostic processes
and medical applications. For this purpose, blood cells were
irradiated with 532 nm laser beam, and their photophoretic
behavior was observed. Also, the possibility of separation of
red blood cells from other blood cells due to the difference
in photophoretic force applied to them has been investigated.
The white blood cells and platelets were then entered into the
dielectrophoretic section of the microchip and experienced
separation by dielectrophoresis method based on the field
flow fractionation approach at the relatively low voltage (peak
to peak voltage of 3 V).

2. MATERIALS AND METHODS
The governing equation for the blood cells affected by
the drag force (F), the photophoretic force (F,), and the

dielectrophoretic force (F,,,) is in accordance with Eq. (1).

a(mv):Fp +Fpp —F) 1)

In Eq. (1), m and v are the mass and velocity of the cell,
respectively. Previously, the forces mentioned have been
further investigated and described [9,10].

Numerical simulations have been performed to
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Fig. 1. Pathways for the separation of platelets, red blood
cells, and white blood cells from each other

Table 1. The average drag force applied on the red blood
cells versus the mesh size at 1.07 s

Number of the model The drag force

elements (Mesh size) magnitude (N)
{Finer) 29391 2.94x10"
{Fine} 23207 2.65x10"
{(Normal) 19024 2.73x10M
{Coarse) 10517 3.85x10™M
{Coarser) 4392 35.01x10™

continuously separate the whole blood sample into white
blood cells, red blood cells, and platelets. These simulations
were performed in the software of the COMSOL Multiphysics
5.2, in which the photophoretic forces were used to simulate
the effects of laser beams, the dielectrophoretic forces were
used to simulate the effects of applied voltage on the electrodes
and the forces exerted by the fluid on cells were used.

In the simulation, the Reynolds number is very small
(Rek1), and therefore, the creeping flow module is used
to simulate the fluid flow. This simulation is also based on
finite element analysis in two dimensions in which the third
dimension (Z) is ignored. Because the fluid flow rate in the
third dimension is negligible and the geometric length in this
dimension is smaller than other dimensions.

In Fig. 1, pathways for the separation of platelets, red, and
white blood cells within the microchannel, can be seen. In this
Figure, blood cells are first introduced into the microchannel
through Inlet 3. Then, red blood cells were separated from
other blood cells following exposure to laser irradiation with
power of 0.82 W and diameter of 184.8 pm. Because the
red blood cells under this irradiation, have shown greater
photophoretic efficiency and horizontal migration speed than
other blood cells.

After separation the red cells from other blood cells,
white blood cells and platelets have entered the region of
the electrodes. In this region, due to the different effects of
dielectrophoretic forces on the white blood cells and platelets
and after applying voltage to the electrodes, the white cells
and platelets have also been separated from each other and
have been removed from Outlets 3 and 4, respectively.
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Fig. 2. The magnitude of the applied dielectrophoretic force
on the white blood cells versus the time

3. RESULTS AND DISCUSSION

Table 1 shows the average drag force applied to the red
blood cells versus the mesh size when the blood cells have
passed through the laser irradiated area (1.07 s). According
to this Table, when the number of the model elements is very
large (4392 elements), the magnitude of the average drag force
is 35.01x10** Newton (N). However, for the greater number
of elements, the magnitude of the drag force is reduced so
that for the normal, fine and finer grid sizes, the magnitude
of the drag force is independent of mesh with an uncertainty
of 1x10"* N.

Fig. 2 illustrates the fluctuations of the applied
dielectrophoretic force on the white blood cells due to the
application of nonuniform electric fields. As shown in Fig.
2, no dielectrophoretic force is applied to the cells until 0.47
seconds. Gradually, as the cells approach the electrodes zone
(0.47 s to 2 s), the slope of the diagram increases so that the
cells experience the most magnitude of the dielectrophoretic
force in the regions near the first and last electrodes. After 2
seconds, the graph slope tends to zero again.

4. CONCLUSIONS

In this paper, the scheme of separation of different blood
cells using the integrated dielectrophoresis-photophoresis
method in a new microfluidic device is discussed in which
separation of the blood cells based on their size is performed
using the fluid forces, the photophoretic forces and the
dielectrophoretic forces. The proposed microchip provides
a simple structure in which the peak to peak voltage of 3 V
is used. The proposed design is applicable to other types of
microfluidic devices so that it can be used in medical and
diagnostic processes as a laboratory chip. Future microfluidic
devices should have simple structure, high separation
efficiency, low cellular damage, and reasonable costs.

REFERENCES

[1] E. Bakker, M. Qattan, L. Mutti, C. Demonacos, M. Krstic-
Demonacos, The role of microenvironment and immunity
in drug response in leukemia, Biochimica et Biophysica Acta
(BBA)-Molecular Cell Research, 1863(3) (2016) 414-426.

[2] I. Ridulescu, D. Candea, A. Halanay, Optimal control analysis of
a leukemia model under imatinib treatment, Mathematics and
computers in Simulation, 121 (2016) 1-11.

[3] J.-L. Cheng, S.-F. Han, Y.-Q. Li, Y.-P. Chu, Y.-M. Sun, J.-E Guo,
An experimental study on RBC count and serum potassium



O. Zahedi Siani et al., Amirkabir J. Mech Eng., 53(Special Issue 1) (2021) 161-164, DOI: 10.22060/mej.2019.16068.6280

concentration changes during compression transfusion of WBC-
removal whole blood, Chinese Nursing Research, 2(2-3) (2015)
89-92.

[4] A. Ashkin, Atomic-beam deflection by resonance-radiation
pressure, Physical Review Letters, 25(19) (1970) 1321.

[5] A. Ashkin, Forces of a single-beam gradient laser trap on a
dielectric sphere in the ray optics regime, Biophysical journal,
61(2) (1992) 569-582.

[6] T. Imasaka, Y. Kawabata, T. Kaneta, Y. Ishidzu, Optical
chromatography, Analytical Chemistry, 67(11) (1995) 1763-1765.

[7] A. Hirai, H. Monjushiro, H. Watarai, Laser photophoresis of a

single droplet in oil in water emulsions, Langmuir, 12(23) (1996)
5570-5575.

[8] M. Zabetian, M.S. Saidi, M.B. Shafii, M.H. Saidi, Separation of
microparticles suspended in a minichannel using laser radiation
pressure, Applied Optics, 52(20) (2013) 4950-4958.

[9] H. Monjushiro, Y. Tanahashi, H. Watarai, Laser-photophoretic
migration and fractionation of human blood cells, Analytica
chimica acta, 777 (2013) 86-90.

[10] P. Gascoyne, J. Satayavivad, M. Ruchirawat, Microfluidic
approaches to malaria detection, Acta tropica, 89(3) (2004) 357-
369.

HOW TO CITE THIS ARTICLE

DOI: 10.22060/me;j.2019.16068.6280

O. Zahedi Siani, M. Zabetian Targhi, M. Sojoodi, M. Movahedin, Numerical Study on the
Complete Separation of Blood Cells using the Integrated Dielectrophoretic-Photophoretic
Method in a New Microchannel, Amirkabir J. Mech Eng., 53(Special Issue 1) (2021) 161-164.

163






FY+ B 5FO0 St VY- JL»A Al 0)19 c)low; oY 0,93 5&_{»)&9 (AR Au)w
DOI: 10.22060/me;j.2019.16068.6280

4zl gy il eoliwl b (Fe slashw Job5 (g5lulua 59) gous axlllan
W JUl g 5Soro S5 0 (w5 9997 99— yuww 5 989 5 60

fo.g.;bs.o 0 ygaio ‘Véow Cgo f"vcs’éjla Oldmls e “‘ss’L,.wa o) al

Ol (ol 5 myde o olBils (Sl st 0aSiiils !

2l (I ek 5 oSS oSl i oSl

Ol el eyl e yde a5 olBils ¢ analS 5 5y (susdige oSl T
Ol Ol (mpde Sy olSils ¢ Sy pole ouSiails T

162910 Az ;U
IVAA- V-V il o
YWAA--F-- 916 50
VWA= 521 iy

VFAA-- Yoo A s, @l

goalS Slols

Az )b g, 3l ool b (Js5 s sho (gilulaz (o) Sz (900 (gilutnd S ol anlllas o A
Sl 8 wgluand (pl jo sl oo &l sz Jlsg ;S olSnd S )0 s 55395 98- rns 5589 yiSl 50
Lol 8,5 )18 gy 23550 oo DLy s 50 5 OYY NM 90 Jobo b )5 andl (2l coi (] S95 (sl S5k
S sk 500 5SSl ) il b 5 50,8 sla oo S350 g o 0o LS U 1
S Sl ol pl 2 Q0902 13 S5z (595 708 ladshe 103 )ly S5 )585i58 (59,3 45 (SIS @ Censl Lt (S

338 ladsho bl oS5)585558 (slag o 5l (6 S0 b (siluliz ol o ol drlons B0 M 5d 5 gl )
Bk o0y (Sealisogyann (glog i iy 5l ool b aslsl 1o 5 sl oads (g3lulaz st gloJsbos g oSl
el JUlS 9 Se aliten (slaasLs 1o dnds (slaJobo 5ol (3lulizr S0 989 5SUss (slvg i 9 2,5 0 Jlows

e 3389 2SN 5
e 55995 88

(Pl S

i o 14358 & 1l o ol 25 A sl g3 (5L ol S s opDe a5, s bl 4235

Sged oolinl (S35 sl )5 5 sarsds slaanld il sl 1 e B3, Slye 4 o

ok bl
JU'5,Se

STy g9y 3l oolaul b Jlew 5o (3lae ly05,S0 ol
gbiss plxl )5l g

0015 Anaagi |y umms 985553 gy solts Jgal [# 5 0] s
Yl 9,0 Olydg S (gilulaz Cpz G0 4 oy ol el
Slass wlaislys a5 pllig BT (B 55 4 el 0l a8 5 1S &
Sy gy 3 03] 3 olial b 1y o (3950 103 31 9050
Jeol LA 5 VT anls silecspe by et lag] Tg
Sldlae jo (Ylhw [0 Glre o sle 5 Ol)3 e (g5lulos
Dy gl cand o 001y puoss 1,3 5l (6 in slows 4y gam

9 Sy Nl g o plial by 18,50 5ol onl 3l Gty
S585558 (7 leee Sy DS loolizal Lol 5 lao Blas

2 Refractive index

doddio —)
a5l a5 cal (Swiy camosls s SO e Jla!
(SopS wile (Kb llyd (b s iy Cess 5l e (0l
Silocse oopsln 1) Slays (soed 5 055 b cselS )l
o JEBl (S pole 0 4285 S0 slacd i L[V
57 328 sledshe iile (355 LS 590 1yl Sl eslanl Ly Ladd
b ecnlple [F] 0,8 o plowl el 5 (155 dies (sloshes
Ol e wileiy a8 ols arwg glags A |y (Sag sleolliws
3k S aled (silelaz ol ewijlo slizl oy fse 5 Jols 5k

Syrlee o1 30 45wl oo ! 989598 b9,y (2lesls iz ST

1 Photophoresis
zabetian@modares.ac.ir :=Lilse sosgs sainysi

(Creative Commons License) oo o (Sosis 31 Luilacd o allie oyl .ol 00 0010 1S ol ol8ils ol )Ll ay 126 B g S ot g5 4y el (358>
Auileyd s hittps:/www.creativecommons.org/licenses/by-nc/4.0/legalcode ol 5l uilucd cpl bz gl sl 48,5 )8 Loy o 2 10 BY NG

o0


https://www.creativecommons.org/licenses/by-nc/4.0/legalcode

Y B ROD o NVFer Sl ) o 0l DY 090 «SilSo cwdige &y i

Ol o3l o381 b oads (gilulas oS slass >l oyl
olSs S, (V- A) DAL 31 5 ool go gl (S 2SI
38 ok jlanin slashe silulaz 6l 939 7Sl
10 .09 00 ool s yge Gy xSUI 51 T jo aS Wi S &Ll a5
ool o 1) olSss 3 Cilies s b 90 cdallan oyl
Lol sl anglie ;K00S0 b 08 5 seiw sladole slulox 25
o aid 8l o e

2L oo (599,975 STV VY) [Val ol)sen 5 534
Lg JlwgSoe olliws S 8 b s5lulaz lenily 5, 1)
S8 palesl 3550 S y939 2S5 gdlo 5 L3l (slag s 5l osliul
L ofiws (gjlulaz Hleaily a5 woww, 4t cpl @ Loy sl
VAN Y] e 5 (55 0l g talS 2L Jslome 5 al3
slaglire Jlesl ol Bl Jolone 25 5 ogdle a5 wisls las
slayelly Wil e 5o ofws Sl U (b 5 (S Sl
il o gk 5 3 lulaz anTyd 50 (5 5

g 599 o 3l ookl L (Y e+ A) [TV o) an o Ll
el g9 308 sladshe @ls 5 o3lr G558 xSlss
ivged glulir o5 3l (s  oosll (5> 08 (sla sl
a5 Sl el 5l oS b adlhe oyl s oslalas
iy 5 hlisee S B 93 50 (Fslem oS Jale s D j90
b oy 2958060 gy (Jl cnl b sl oo plol g8 o0
3 Wlgies il el e sbelSius ) eslina
W) 09> 8 5 e SladsdS ey Glojes il e
b9y d9d By fge (S92 aw nl ol ol BT s

D95 ¢ 0k Ol CanSls SSS (e 989 58N

o8 Lo slaslids 5l oolinul b &3 gilucs e o] o a5 ool
Cusgasme p lgi e by, cnl 45 dlye g e (V1 0) [YY]
] 36 (sl o5l GOSN il 1 e cloolEis
3599 58Ul 60 oK o (Vo)) [YY] o) K g il
e gilulaz sl 0l Gl Sl S5 2 (e
S Sla ok adlllas cnl 3 a4z ST S &Ll S JolS aiges

oS 5lg 5l gslulas (gl olSiws ol e a8 3 Las o e

9  Opacity parameter
10  Field Flow Fractionation (FFF)

Oloie A e 585598 g, 5 Cuimmed .l sa sols yLis Loy
Slyd9,5e @ilelz g nle sl jo Syzlee slml by, S
g ol e ol gl [NV el sas ol @Vl 9,0 40 Glae
Elad 5 Sty el 90 52 5l (b 55 ST ,58598 e
Sty Sl o (555 5l o0l L K, 5855 68 yloat] 5 Al o 0,
o3l o3 3590 50 S0 Bk 5l VY] sl e e BB
S g a8 LA 0 Wb Ty Sl alpd w55
o8 obeS Sl b ces s S eieied LS, olse ()
olized i Sl oo 5595 Jl ool LDV 5 VYT 0,5 e 138
62955 Ol g 08 8 eoliinl 5550 558 Q3 &,S (6l Wil o0
4 |) o).S 6)9.» ‘SB'LQ"""‘ wj..o 9 u.....&..u u.a)..a 9.) J.Q ‘”‘3’(5"
22 sl 093 10T 6Ll bl oo SO lgie

S 5L bdsle by Sld Wl e &5 650 ()
sy ;o (Sap sbolliws ol syl 1o 5 0050 (gjlwlax
Ohs) 5d &ly se ol eaijle slizl 4 g5 JolS diged g5lulax
IXGPLESERS U’“"B) ASJ W)y)”..ﬂl(_go ol fw)ysfﬁldd
Prre 3 88 (S 69y p &S whbes DS (g3lucd pe 039> 5
ol S o Jlae gy s S 8 E gy e (S lage
S8 > S g 09 b9y (rl )3 il e ) Sl 1o 93
Sbal et Jlw 9 b3 (2ls> 0 9 355 o0 el (Sl
Plom g ol ay (Kias Lobeol unsy 9395801 gs V0] o5 oo
Ol cpd g (20,08 gp0) Old Ela lams (S Sl
oo Jlael 3y o LuilS 3 woyd S Sl Lol o oo Sl
Aok cazr T gl e D ele o )ls Lasg 2SIl
DL 615 o )15 oolitul 850 00 S5 sla el )l (S 5

Lwgm Gilwlaz jolaie 4 (Y4 +A) [Vv] OLen g e
Sl po 5% Jasg Koo oS0 Sy o g JalS digas 5l oS
M 51 L 50 iz Cgz olfiws ol i) b
50 0,8 oo ool YV MHZ il5 8 0 Ve Vool b 5L,

Mie scattering

Extinction coefficients
Complex refractive index
DiElectroPhoresis (DEP)
Permittivity

Electrical conductivity
Clausius-Mossotti (CM) factor
Microfluidic

OO\ U W

101



Y B ROD Clo Vv Jlo ) 059 0l DAY 0,90 «SilSo  cwdige &y il

o989 5SJl6s (g, b slulaz g wilesss 3 (il all i,
56g) o5 5ty Jleel jo 1) by lawe CanSll 0,504, 5 (e

.Jd‘oo)f 4,25 (¥ V Sy 4y Al

g, g olge -¥
Jo 5555 VY

o ools ylas L3 Slalllas o 55 ol 5 s 45 jebolen
Slog e oyl Slag e S 90 4 45 Tjalgn s S0 el
Jhw S5 g9 (aris Cuz Wl e Sedoe iy S
ey sae 08 18 colaiul 5)5e Iy Se olKiws J&ls
Ivsl gt oo cio s (1) alaly b Bollas

_pry
y7]

Re M
Qe X8yl JBx padlobe 5o a5k
s () o oy Ui Jows S JUS o W
O9° osle.;? Sidbige (10 0) Pas) Jlw T (Seels 4 j95ag
SzsS jlsn; sue g bl g sl g5 il s Ko olKins
W JUS 5,800 Szs8 200 Jedoar cnl s wilse (R <414 F)
Ivy] st o €
Spdse Sz a boe ToSsal b s by s
sabls o 5 (Re<Y) cul S8 ol jo 505, sae o
wle) W3 (9, (Wi Sz el b YL ajeSns L
ol o DYV (Seilsag oiSUlg e 5 Sy S sl IS
S5 oSy gy blie 0 wrul by o addlas
sl SVolae o syl Ceand 5l Glsise sonlply e
Sl Sel Gz p @S SVolae 35 Lhgeia (S gl
A Gre 2R L) e Gl Gln (Swgn dolae 5 patiogs sl
il ge (V) 5 (V) loalal, b gl (ol slog s 5|

V.(pU)=0 ™)

Reynolds number (Re)

Dynamic viscosity

Laminar

Creeping flow

Stokes flow

MicroElectroMechanical Systems (MEMS)

NG W N

Tov

Ers (Ve VU Joleo aicin a0 aiciy 5Lg) 0,5 oo ool
ol Lt 355 311, (eSS 5 AAA%) Vb skl

e Jlhws See 3stiws (YY) [YF] o Sen 5 L
oolatul Ly a5 wis S il ba Job SG3 5989 2SUlso (s5luloz sl
Sl K0S 5l 1 080 g 0ad; Il sladiges aiiwilys ] 5
solitwl S i8Il o Sl 51 slolas cpl Gl o] oS
4y 55 00 ol Loy e 4y JUIS 3 Sero JLasil Jows o oS i 5 s
9 S 9be0 B35 2 (e 999 5 SUIs 9,809
(e o929 55063 gy 6555 L (VAN [Vl IS
4 5250, aalllas DU ;L3 L (505 SIS (6 Ks (59) o350 2
5 s (B Glsie @ |y gel DS Bl iz Sy s
ol (Jl o 4y 000,52l og xSUl 4y ouls Jlasl 5Ly
o3B89S0 3509, 5l 93 0 Shee o a5 (S5 989 2Slso
(posions 515 £o5 5l ookl Jodo 4 8355 0 0500 O350 2 (e
st ° NP oe (nl &S WS oo BT ) (YL s slajlg e
IS 5lg doso sl 40 c0nd Jols (sle 5 ol

b e g sl sl L3 ol s
51 g Span 55 S s sl oo b oS3l (53l
Slodshe 1S, silobir b s S tigai s5locie
S ol 5 5 drg 3y30 S s sl ol 5 53
(o sk 5 b Joho SO) (So5 c52 4w Gl sojla]
g aws j13 b cod g BB sk 4l ilelae Wl
3, o Sl 55,5 085 L 558 slaallas o3 3,0
sl Bl Jolne (6399 £ 5 oy i8Il 4 oy Jloel 515 o5l
)97 mh 4 (o> oS diges ilulax

L S9> ol diges saimwgn ilulos wsllas ol o

plol (Sip glos )l 5 canseid slaasTd o (5,50 00 Ban
23 4t b cod Set sl Jsbe ol sl (nl 6l 025 (o0
osnlin ba)] Si y58358 118 5 i S 1,8 OYY M g0 Jsbo L
s 308 Gdsbe gilulazr Gl (izmen sl 00y S
s ly S 553 55 S o 2 sig (slaJsbe 5o
sl 8,5 )13 )29 )90 (S5 Sl sk plo 4 S gl
S99y (i 3l LS 5 i lasl (T 51 g

1 reservoir-based DiElectroPhoresis (rDEP)



Y B ROD o NVFer Sl ) o 0l DY 090 «SilSo cwdige &y i

el 008 L5 G o b Jgles 8,1 51 Jles

S H9998 (5 9% YT
5 5 o g ool Bales Sl 4y aoms o a5 (gleyd
5SSl Gy slapl @ 9 £55 90 9 xS0 LB L Lo
2 oy oSy Sl 59, ] 08 oo w2 |, TLS (s
So oS Sosl > 0 b g S (0 3)l5 95 ) 5d o5 Ll cex
& n PP g s axdl S0 Jore Ceow a1y 0,5 (LIS
sdobe ilalaz cqx adllae (ol )5 S (o0 i laygisd
Sl 0ol oaliinl Soo il (59 3l (So> Slashe ;s 5l 08
ol Lae 055 o0 X5 55 S5 ,589598 (59,0 o] 4 ol 4y &5
Ly i abauly 4 a5 aBb o 558 paiioge )0 Ol et @l )3 9
3)ly (F,)) S5 ,589368 (555 Zal 00 bl 0,3 Lags )55 iy
b Ceload g8ly )5 5in S50 50 &5 ( Sz (59,5 055 p 0ad
o 3l (5255 95 cnl 18] 25 g0 iy 5 (8) ala 51 ool
oS 1) 55 e 50 &y Jsho b g 0)3 a5 Al oo (o>

P 2 pnr?

2
P cw

) )
0,8 Bale Laome CunSS oy My Oy Pkl nl o
Soxdge ;3 )i gip glad @ D 0 55 Sy Cropd gk 7
2l pyiage 4 Slygh 55 ot plendly O 5 aiges
I8 S )989598 (S95 (B yme )3 S5 (59,5 00 S Al
Bl oo Jlow Larzeo ;0 D p2les Jl> 3V Ce b g conl i8S
Jow Sl 5l pslie (595 o e )3 0,5 nl S e o
Censl 0 o0nals (F) Ty (595 cpslie 5525 (el 55 (o0 13
IYA] 05 oo Girogs (#) alasl, b
F, =6murv )

9 S5 5989598 slog i Jolws 31 (59,5 0,8 e oo by Ll jo

1 Scattering force
2 Gradient force
3 Drag force

oA

V.{—pfl+,u(VU+(VU)T)_§Iu(V.U)}+F =0

Som F g axly jousb I (Pa) Jlow JLid ppcVolas cpl )0

N .
m

9> ok )95 V-V

08 S 69y A Sy &S 30 ee Gl Hig g (9B
lBiws G 0 0,8 oyl et pgiage Slens oy 5 L Joles
Olpes 75 (g Son ablin, S )0 adlior g o (Slaite
o pgd Ol esliial LIy (G995 sladshe poiioge Sl s
Sl (07> (S9580 (£P 989598 S50 SIS H13 (o) 990
4 (St ol Olee 5 92300 8 055 U Co |y 0)0 <5 o oS
9> Jobo b s axsl )65 5 5l 9 3 S5 (551 M
o> oy 5l 603 €95 5 o9 SIS o
S Ol G50 5 9230 418 536 Coi ]y 0)3 08 > a5 sy o
Lo 0)ls o] BLbI Jlw 5 Jshos pleo (89,08 gy SO 4y
Jlasl Loy 3 ol 535 7 555 i csla oo T e
b Ol S oo BT 2y (S 55 955 (0l Oliee &5 WS (o
5 sk o 5l lobas s 15 shae s slosbo s
) ey 339598 g0 gy 5 (F) Ly (5558 53U o oS
abaly b gllas cool €85 15 (Fppp ) sy 25050 5 (F,
abb se (F)

d
—(mv)=F, +Fp,, —F,

49
dt

Lral j9) 0,5 Sy 5 pyr i 4 Vi M(T) alal) o

Gyt swyn g0 0 53 slag i asll jo il oo (Jsho
g oo 0310y g 485 )8

JisS Sogo @ (Kiwgn g pyiiage Yol aslllas (nl o

b she 2 ool o)ly o> slag s 5 Wsdoo J> Jbw sl

Sl pE 2 50 (Gee999 2SS 9 G585 slog )

Lo Joko 5B L atwsny 51 SitlysS o 5 cnl a5 9305 (o0l

4 00l 3y slog s 5l aS Lol 4 aBl oo 48,4 )90 4



Y B ROD Clo Vv Jlo ) 059 0l DAY 0,90 «SilSo  cwdige &y il

S wlize sl gl SO S0 9 (Ko 58 olgS ) Jgu

Tablel . The physical and dielectric properties of the different blood cells
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Fig.1 . Real part of the Clausius-Mossotti factor for white cells, red cells, and platelets in a fluid medium with an electrical
conductivity coefficient of 0.055 Hz
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Fig.2 . Pathways for the separation of platelets, red blood cells, and white blood cells from each other
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Table2 . The average drag force applied on the red blood
cells versus the mesh size at 1.07 s
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Fig.3 . Model validation, a) Comparison of the calculated particle velocity by numerical solution and experimental results b)
Comparison of the migration paths of white and red cells using numerical and experimental results
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Fig.6 . The magnitude of the applied dielectrophoretic force on the blood cells versus the time a) The magnitude of the
applied dielectrophoretic force on the white blood cells b) The magnitude of the applied dielectrophoretic force on the
platelets
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Fig. 7. The position of white blood cells versus the time
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