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Micro-mixers are vital components of “Lab-on-a-Chip” devices. Their main functionality is the
mixing of two streams with desired quality and at minimum mixing time. In this work, numerical
modelings of some active and passive micro-mixers with innovative designs are reported.
Increasing mixing quality and decreasing mixing time are the design objectives. Our numerical
model features solving the set of non-linear and inter-coupled Poisson-Nernst-Planck-Naiver-
Stokes equations (PNP-NSE) instead of using simplified models like Poisson-Boltzmann (PB).
These equations describe a more realistic model of the physics involved at continuum level by
incorporating diffusion, electro-migration, and convection, which are the dominant phenomena
in electro-kinetic micro-mixers especially those using AC voltage electrodes. The computations
are carried out using Rayan (in-house code). The traditional Poisson-Boltzmann (PB) model
relies on simplifying assumptions and is proven to lose its accuracy in complex geometries
and near active electrodes. On the other hand, the PB model is much less sophisticated and
therefore much less computationally expensive. One of the contributions of this research is
to show that in passive micro-mixers making the obstacles smaller but more numerous
increases the mixing quality (for the case studied by 13%). The other major contribution of
this work is the introduction of the combination of the vertical and horizontal AC electrodes.
This new design creates jets normal to the direction of the mainstream which is responsible for
enhancing chaotic mixing. This results in a stable mixing quality of 99% at 2.7s.
Keywords Lab-on-a-chip; Active-Micro-Mixer; Passive-Micro-Mixer; Vertical Active Electrode

CITATION LINKS

*Correspondence

Address: School of Science & Engi-
neering, Sharif University of Tech-
nology - International Campus Kish
Island, Kish Island, Hormozgan,
Iran. Postal Code: 7941776655
Phone: +98 (76) 44422299

Fax: +98 (76) 44421635

msani@sharif.edu

Article History

Received: September 23,2018
Accepted: January 29, 2019
ePublished: August 12,2019

[1] Electrokinetically driven flow mixing utilizing chaotic electric .. [2] Microfluidic
technologies for miniaturized analysis ... [3] Modeling and simulation of microfluidic chips
for analytical ... [4] Analysis on micro-mixing enhancement through a constriction under
time periodic ... [5] Microfluidic mixing via transverse electrokinetic effects in ... [6] A fast
passive and planar liquid sample ... [7] Numerical analysis of field-modulated electroosmotic
flows in microchannels with arbitrary numbers and ... [8] Advances in electrokinetics and
their applications in micro/nano ... [9] Electroosmotic mixing in ... [10] Microchannel flow
with patchwise and periodic surface .. [11] Numerical simulation for electro-osmotic
mixing under three types of periodic potentials in a T-shaped ... [12] Numerical simulation
for efficient mixing of newtonian and non ... [13] Theoretical and numerical investigations
of an electroosmotic flow micropump with interdigitated .. [14] Active micro-mixers
utilizing a gradient zeta potential induced by .. [15] Numerical simulation of an
electroosmotic micromixer. A SME 2003 International Mechanical Engineering Congress ...
[16] Effects of geometric modulation and surface potential heterogeneity on electrokinetic
flow and solute transport .. [17]| Numerical analysis on electroosmotic flows in a
microchannel with rectangle-waved surface roughness using the Poisson ... [18] Rayan: A
polyhedral grid co-located incompressible finite ... [19] A set of particle locating algorithms
not requiring face belonging .. [20] A lagged implicit segregated data reconstruction
procedure ... [21] Analysis of mixing for electroosmotic flow in micro/nano channels with ...
[22] Electrokinetic and colloid transport ... [23] Comparison of the Nernst-Planck model
and the Poisson-Boltzmann ... [24] Electroosmotic flow driven by oscillating zeta potentials
.. [25] Effects of microchannel geometry on pulsed flow ... [26] Lattice Poisson-Boltzmann
simulations of electro-osmotic flows ... [27]| Transient electroosmotic flow induced by AC
electric field in micro-channel ...

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


https://link.springer.com/article/10.1007/s10404-008-0286-4
https://link.springer.com/book/10.1007/978-0-387-68424-6
http://bibliotecavirtual.unl.edu.ar:8080/tesis/bitstream/handle/11185/258/Tesis.pdf?sequence=5&isAllowed=y
https://link.springer.com/article/10.1007/s10404-011-0856-8
https://www.researchgate.net/publication/227326001_Microfluidic_mixing_via_transverse_electrokinetic_effects_in_a_planar_microchannel
 https://pubs.rsc.org/en/journals/journalissues/lc#!recentarticles&adv
 https://www.ncbi.nlm.nih.gov/pubmed/20668948
https://link.springer.com/article/10.1007/s10404-012-0971-1
https://www.ncbi.nlm.nih.gov/pubmed/15570365
https://www.ncbi.nlm.nih.gov/pubmed/15570365
https://www.sciencedirect.com/science/article/abs/pii/S0255270117311091
 https://www.sciencedirect.com/science/article/abs/pii/S0255270116301453
 https://link.springer.com/article/10.1007/s00542-013-1893-x 
https://www.researchgate.net/publication/231089714_Active_micro-mixers_utilizing_a_gradient_zeta_potential_induced_by_inclined_buried_shielding_electrodes
https://proceedings.asmedigitalcollection.asme.org/proceeding.aspx?articleid=1592869
https://link.springer.com/article/10.1007/s00162-017-0448-7 
https://link.springer.com/article/10.1007/s10404-008-0321-5 
http://scientiairanica.sharif.edu/article_3367.html
https://www.semanticscholar.org/paper/A-set-of-particle-locating-algorithms-not-requiring-Sani-Saidi/f1115f0b3565983861f58ebd0eed69bb78f35763
https://www.sciencedirect.com/science/article/pii/S0021999110001816
https://www.sciencedirect.com/science/article/pii/S0017931014002634
https://books.google.com/books?id=GV95Ycfc8QEC&dq=Electrokinetic+and+colloid+transport+phenomena:&lr=&source=gbs_navlinks_s
https://www.ncbi.nlm.nih.gov/pubmed/17681522
https://www.sciencedirect.com/science/article/pii/S0017931009002944
https://www.sciencedirect.com/science/article/pii/S0093641306000164
https://www.sciencedirect.com/science/article/pii/S0021979705009872
https://www.ncbi.nlm.nih.gov/pubmed/16242138

obiSen 5 (305l (Slo ,LalS Y-0A

Sz ooliie gloyuSie pazmen Gupil o 2 4SS b
Sbiwly 53 (630 Sl Sl 3929 Gal b s iyl
Slal dliwgdy LayuSiog s 53 bWST wi0ys 9 (55902 i3]
Mewl a8 wygo Jhw gy 3 el 5 SN
as ) Jlednd g Jlad s 95 4 IS jsbay layuSiog Sue
‘Jls.s).\.c L_glm).u.&.«.as)i.«.a .))SJ.AL g (50 ﬁ._w.m.' biis| 09
bl oz 0 pblael slal jshiiedy JUlS3)Soe dwsin 4l 5
G 65 arie Jladiue Gy ;5 Sos wjlie 4 Blewl
puSro £98 ol I 3529 LWST Joe 53 (Jlow Grop S240)
Sl ptdion ale 4 VST plojese g 5168 Gilye 4 03l ghyls
SlopuSie 53 I ey (J9Sdge 398 ditus Jlad (sloyuSe
5 35800 AL EhT w3 G BIS o5 LM6lsg ;00 slais 4y Jladyue
sshiiedy bMisl gy g JUIS Jsb (talisl czge T 4 I
SloyuSirogySro 53 39d0 JBI S0 (gy902 e 4
53 philope b ehite 0l 5 @bVI G dbuogey YS! Jlad
33 hagisoe s (2> dSime (595 S bawgs Jlow Ly
L Obyy S olyeds Sty xSl slagbyy w2l gladl
oalatwl 3490 UJSJL«.MJs)S.«.n LS‘.QW 3 )Luu 9 S\ VES RV
olis Byl Jlacl i slogbs, b dunlio ;3 ailaxs,S i3
cobl pezer S lecaie bl Sty xS by,
wlehd I oslatwl o YU wds b ladiged oS ez Jlaul
095 ol Lo 30 51 e SO (slaciond K05 b pulituns

8,91 el
PR O.))lu.«f Cyguody S cwl (5|o.}g.}g: MWSJI
298 b )S0s eylie 4050 8 eslitul 350 lpuSiog e
Seap Sl (Jlw g o)lgns s Sl g poleE cnSy @
cieldao Soysdl @Y Glalag o bpg plale cage Hlgs
&l oKitws &9 ool 5y eddansd (slasg sl .[10159413(_,4
Wl i 5 Lo ;5 98 Jlesl pobaiody (Sl olage sl
Goxd Nlead ansi Jlw 4 eSp gl guizes
23 G e 5 Shey Jale plsiedy Ailgie orelaszse;
o33 bl Jled b¥asl sl Juwe osTneSmd gl
slojldy lade 5y Wlgioe gloy b jusie 5Ly (glasg,usdl
b Sl g5U9S (olo> b g usiie slopuilsys cilide
iile Glolge glao gl 53 11 125,513 oslisil § (upy 3y90
Glel gso5e loaguSIl (558 (izen 5 JUIS awsin
bugi Gl gladiged Guyp puiges 9 33 slagiledse
Jslise 5 2y gloduwain 51 oSy 7 1305lenl wlallhe Gy
MyhlSean g o2 huwgi piie Sy b Jlod glapSiesSao
Gl Sy dbame S5l 2ub ol ol el osd (8y=0
L psito Wil 5Ldg oS Shaus] 39,550l cias 93 olpen 4y b)us
biis| um_\sub_mp @LEA)) RO PV ‘J.«S.u.u el uLc)
30 oadoslaiwl (g3se Juo ] sl esly ioldl %0 U
[elhan 5 o cul gajids-paulsy MhSen 5 52> (s
d.a.wq‘.u L Uﬁlﬁ"’)'%) b alizeo L_;lmmm ).ub 3> g )3
—oswlas Jio gt wali g o5 5ldg jlade b g Bl sl
pes [17]L’)|)L§.Aib 9 Sits™ . slosls )|)§ My dge Li«.’.)—LAMJ)J
Je bwgi JUIS olgas (g5 dasie wigods gilge 3925 53U
&J'sA O)g}é' as ‘A.'i|o.>9A.'| (Gl bb edls> BEIE) Li«.’.)—LAMJ)J
Gt oo 0l 53 el o yuSieg Sre HSlee dgun 9o
Joe bawgl pasie Sy (sladg Sl b Jled (slayusiue asllhae

WAA 3l3y0 A oylad I8 0593

SloruSangSo g9 Mz o3¢ (silwdse
3 oslizal b Jlabpd 5 Jlab (oSS
—)4“9‘5 -&le —Cwdyd -ngbg Yaleo

Syl

MSc (oLl (SLo uals

opi> Hadlipw Oy -l (Gisie oKals Saille udigo 0aSidls
ool S o S

PhD * 6 sa¢e

opi> Hadlipw Oy -yl (Gisie o&adls Sille udigo 0aSidls
ol S o S

PhD sas2w s2wiaxo

Oyl ol by Sisiuo oazils (SilKe wdigo 035l

oS>

Slads 4y ddli-so ool slaolins » il (el 5l 1o pusieg Sie
olej Bl 53 Csllae caasS ly Jluw 40555 b3S T Lol 3,015 1350
laprhb b Jlebye 5 Jleb puSie g5 sz dlie ol 55 ol Lilis]
33 agllhe 3y90 ol (loj LEalS g bS] caiS Giolil ghie 4 alglys
dly pb 4 5 Ghspe w¥blee o bwgi (g33e (gjlwdie lasS )8
elail oty Sl a5 5 oolisd b 5 Syl — gl — il sy — gl
wdyen glronsy dwgn bime olide ;3 &5 w¥slee (pl ewl w)f
S8 3l (62385 Jae 15,5 i )3 |y JsSUse 35l 5 (S uSUl pzlpe
Sy loagysIl b Jlad (Sutipg iUl (slopuSirng o e (a8ls
—oglss Jse pozed oxdisiluosle g gl slapby; daleie il st
3929 1le (6390 53 Az 53 g Wiloads Ly sadoslw wludyd aily v (popss
@b @ ly 35 wdy i Sy (glaag Sl 1 osliiwl 5 dwiia y3 Saamn
@ gase Jo ol 1 ety —ogmlsy Jae Sos Bk 5l timde s
9 o391 yoskw Syl gl —Sih -~ —ggelyy Jie Sl il
ol slosglians 31 (S el Jigliyl e (5342 53 51 0T pulasl 2 (g5l e
&lo vzl edlaiwl b Jedp (slopSiogSus 53 w30 glis phagh
Gead p BMisl cuhS Spogle S oulile oy 4 SeS
Gloagbiws I Kus oSy @l GiglEl WY Jude 4 oadisibe e
s 8l 5 (s390e sladgySIl plojan plosaz Byme gk ol Glel
s9as glaghsd sl czge sz )b ol -l Jb sl sl loj b st
@l il dzl )3 A3(e dgu [y BYST 5 3980 Glel plyz
O o3y gloy il g %A 4y bS] codsS (lB1 g 8l S 5
ol osds Jol> aBY /Y a4 ol bus

395801 Lot puSpng puSin (Jlod juSsag San dly (g5 olSitales] Ameflganls
Jled (s39as

WYY/ bl )l
WAV gy s
msani@sharif.edu : Jyiuw osiuag”

dodds -\
Yy Sie ple )3 g pSaidz glacddy pol glaglo
Slodie) 5 Glu) Gladls dewgl g &S oud Jols
5 ol JUl exd sladulad sile egiie g e3uS
9 Aol (g9, oLi,.f.’«glA)'T Mewd oas DNA  gawlss yue
slacalll b (oleolliws gol> Gldad (slopiumgSee
b oS siied Szs5 hun slal s cadgeess sSUsS
o2l 2 Gl g pee izl 5 G Blals JI5 g s Yoy S
G55 5 gy LW &5 sited opSiogSie olKiws
53 3850, ae Blagype Hlal Ll 5 ySSTly g ndiges
S2oS slal g gl oml &5 debar 9o slal b slagleyz
9550 slsl 53 Jige BWST oy ol 4wl 5u2b)le JUK

pde SiilSe udige (gl - rale dolinle



YDA .51 oslitiol y Jlabyst 5 Jlab (oSeitpuog SN (slmpuSsog,Ssa g3 Ay (5330 (55l

o wlitie U Jawihisn e¥slee g5 )l js5ie wYslee

Sl il jlatie sisiwd IS5 (98 SiplysS g hsyue
b B B s ) lapsy wbale 2555 45 (1) psmlsy dalas ]

dalso 53 e s a4 yls LS 395 canly oo 3 3l3T

5 cwl g cbale Hlade oyglewsd Ban (V) Sib-cwdy
9 oSsiwlpsl dilee I (cérer wile) wew glue
ogwlay dbleo 51 (xSl wpzlpe wylie) oSl Jauiliy
2 505 Gob 9,60 W @ o wbile gyglewsa gl
Jrdliy 9 3L I QB 3 g wbale (uSgiul 55l dslee
Olae oyglemnay jshiied dblee culy o ;3 (S0l
0l 3 Lo gy BLEI ool 2 ogde .l 5L 390 s yu
S0 58 |y 39250 SinlysS (5550 bl Jlee!
ooies-ogulgy Jao ei¥alas -Y-¥

i sleosasy (S S9d0 188 e gwlsy Jae 5
(Jlw olbyz o883 ) SoyS)l eyzles 5 (JoSUse
&s8 ol 3 og¥e 9 ladzo S8 olgad JUS )3 |y Lagygs @598
le oylgud p dgae e 53 aclde SuSUl @Y s lagygs
9 Lol 4 azgi ) cwl calir dad Jao 53 baggy 22595
Jo ldbslae bagsy @isi sl cadfonn (olgy S5y
95 4 Jawdliy plase SGSS b ysSie Jae w¥slze adas
ISt 5 250 @ Gigsw 9 (L)) Giasd Jawily ¢lase

7ip =0 )
) 2nyze ze
Vey = sinh (—1/}) (@)
€€ kg
ze
FEOF = 2nyze sinh (k 1/}) Vi + ¢) *)
BT
ou; 6(puluj) P 9%y
— Y
ezq,
n" = exp (——¢> S
kpT
ezq, )
n =exp|—— Q)
P (kBT v

lo3g iUl 51 oL (Sgsm NSl Jawsly @ (F) dlslze
5 0391 F9y3 GS Jawdliy @ajss P () dbslzo 55 el
L Lo Jawiliy) JUIS 0 3gee bl 53 Jawiliy gjoi See
oY) w3 plas |y (JUBs,Sae gl (555 Syl Jailiy
iy slade 4 s Ly Jawndliy @wlie By 53 cul S5 4
oS sl 3oy yiSI 5558 Frop (3sBe @ olses s
2 3o glid ey gliae p oo &l AL wlpdl
slagg sbais wble g9 N7 g Nt () g (A) wYslwe
o 5 GBI SuisIl Jawsiliy Jlade @y azgi b Gale 5 oo
9o dalzo b (555 4dsl Jusliy glaieay
oeiidorgulsy 9 Sl yi-gwloy Jio duglio -¥-Y
A2 5l 3sde camliio poslsrpouwlsy wisles 53 &S jsbplen
LT84l )8y @Yslae o 43Sy SiubsS g3ae J>
Aleige gilweslw (gzsi B e @l g o
Wﬂ%‘d%'% e¥slee 3 cadeslitwl  (slagilweskw

Modares Mechanical Engineering

Ll leig ool 39290 Yo 4y dzgi b Sil- - gulsy
9 (G LS)LMJ‘JM 09 ‘)Lf L’)ﬁ' 3 el 03ly uaL»alH 39>
S b g Jledpt (slmyuSreg Sao diged Liz 330 3 of Zlis
Jled g5 ;5 BBl g seulg Sl oapay bauwgs LT 53 Jlow Sleay
OBl cusl osdr el usie Sl b (s ySUl gl
wislze dhuwgds Jawlg xSl gl =8l Seid Sedise
wYslzo )3 9d e ol eSsiwl- gl Sili- s - gguly
Ho¥se 3585 9 Jlw cdren (oSl wpzlee 0udyS3
Sl Y (658U 53 S0 5 )38 5 lojed gty
oles yilo asllhe ;3 580 S 53 lagsy sy 5 caclie
GSils 15 i g 455ke w¥slee j oslitul b anlllae 350 3z
d= 5 ogde ol 45 Sos sloca bl 51 silosds Jao (182011,
Sud by aSud osldiul @ lgie paSsiwl- gl wYslee
w¥slee Jol5 oadhsS J> 5 T ezssiz slsle oo
oslatl el uizmas 5 Szl gl 9 Sili- - ggmlyy
o cal 53 B 4S5 ol 35 olil repiler osmlsy Jae |
Wl oo SialosS' 5 039y Gyt Sily- e e pygunlsy @¥slae
shz 4298 BB e 4 ]y Jo al8 el ol 5 el (593
5ok Sro wile Slsyd 5 agjlwesle zly jobay S0
S &595 0898 4 e o NSl w2 lee 9 wdpen (LIS,
caldr desd Jio als @23o8 31 AU o)lons p dgec g 5
wislze Jo U wg)ie L8 4 (peiy-pgwly Jae siilo)
5 dse ool 2U3y8 w50 jaS Gilulxe dije Ly g yesle
Jod b8 3> adgl wlusyd o o3guxo 5 lag;lweslw
Coge (Said g ke glaSion cwl Gpy e
—ogwley Jio dlaz Sl joSie sladie wds azgi LB Glals
—oguwlsy wYsle 1 oslaiwl (gl ol )3 Nsdie iy
S lopuSag e 53 boadsl gl puSgil gl g Sily- iy
Owizman Ll 485 wyg0 uate §Udy (slasg Ul b Jled
hb 3 S gl SO sba ST ilge I esliial
3 Gl g (6390 (sla3g Sl (5 pS)50 5 Jlednt (slayuSie
o3 5l olgioe b Jed glapSie b s dbime S
Spadys IS ol slos 9193

wlisyd g eSl> w¥aleo -¥

oSyl 19l 9 Sl cundyi-ggulsy w¥slas -1-¥

‘J.Jgf @Yslee Oln}m ‘J.> 4,3[3.); [KLRYS (S)LMJ‘JJ.A dlie L’)ﬁ' 33
221l oaid dulyl yu5 o

Php = —"L= EnAe Q)
ou;  9(puu;) _ 0P N 0%y,
P o ox; T ox; uaxjxj
oy ou, ™
PIi=Pr oy, 0x; ax
on; . = z,en D=
TV (niu — DV, — v¢> ™

oS5l 55l (ggulsy dslae cadyiay () 9 (V) () w¥slze
Jawily gajei P @V¥sloe ool 55 e SGl-cuwdy g
o € () dalse y3 exdiciy ) ST Hb B P Sy
while n; (eIl b e d g e puiVly Zi (Jlw 23,88
S p Ui P ey slap slaailge U lej t ol g2 GJse
Joww @led T g opejitlyy ol kg o (g 3985 o Dy ol

Volume 19, Issue 8, August 2019



obiSen 5 (3Ll (Slo jlalS Y45

alie (Co=)/Y) JolS bMisl cdile lgicds Copg sl
b () by ol <10 by olsan z b ;5 IS 5 wbe
lodisS bWis| xoys JUIS )lg0s s s9ee (sliasly 55 (5 S IS0
9y plojse plaiedy bYST ploj aiSe GIIS 1) S0usG b
bW 035l g yden b osdibglie Jluw z9y3 U puiro 38es

ROMESVPTER GRS

33 J> Uy -¥
Sili- i yi-gamlay S w¥sles o johieds Gimgly ol 5o
okl 85l ad gly 8 55 &5 ssbglen (uSsiwl sl g
dgdo e Sbue p wY¥slse LS)L‘”M ol ouds oslaiwl
SilodiunsS 9 Joosw iy b jlid-cepmw SinlsS cwl
el 42 S Jlacl oS by, brwsd dyan whle
834 J> gy iuliiel -\-¥
390 53 ROlhSan 9 Ly g33e slad> b duolio dluogay
G 90 Jled puSie S 390 50 P71 Jladps yuSue SO
b il o Jre puSan slaimsb (glad | US55 counl i3 S5
Jdedpe el 53 g L=0ee pm H=0. pm sl wlasie
b 2615l b ordbhe Suimd bl el oas o3l L
Sty eayl p=10005 8> o8
2 N
) ol 65 S Jaily 1=0.9%107 =
drailiy olshS Jlaie 5 euslSYVF b iy Les p=-50 mV
\' \'
Or— g Ve — alio b edle 93 53 JUB sk sl 53 (o2)1>
RO ﬁé)f)').ﬁ oslasiwl .))940

< >
<€ >

L
oo (sl Jlody juSiog Ko olsmb (sled (V JS&

@¥slae 5l oslitel b dlus 2615MSen 5 Gy dstlas
2bls3 Ll 45 aSl 4 dzgi b Ll 0ad Jso iy (gl
oispgwlss seboren 9 Sib-cwdyi-gaulyy wYslee Jo
LYY S o é)‘.u el odd oslaiwl LQ;T 89 b 3l eyls |y
33 eadoalaglis cepw HIged 390 dulyl adgl (ghiS balyi
by 3 e Ul el X jeme sl )3 g ) laged
Jo Glol gl @b 53 6hla saddmolone yalie sl JULS
Slol olys @ Lol 38 e samlie o sebolen .xilesd
3gh 0 @Ysleo (5w 935l Jols é)l.u o ol sl Cogo
—adyi Jao il «Sejud SidelS (sled e dudsay ol ra
L 39,8l Hlez bwgh oS (Jled Sy Sue sled ¥ U5 53
olasl 1y LMl Jae P7lg)lgys illie slaghus hrwsliy
wlatiie Bgl dallbe b .cwl osd odly Hlad simde
Le=Fo0 pm L=Wee pym H=Y. pm Jld pwSo ol ol
JUE o 93 5 LT (65508 o 9 39,5801 93 o aleold

WAA 3l3y0 A oylad I8 0593

WS e sl =8ly Sujud @ cand | lalhs g laegsgase
07,2324 G 33 5 4y oS

odds 03l (lid (3) g (A) wislse yd a5 jgblan gy 3595 -)
2l ol LI b gl oad aidS i s Ll eypod
&g wslse p3 Jhw ey glae I 8L Lagg Jlil -¥
9 pafiue U 5y ausys ool ccwl o w)f 0303l (g
bl o5 hclae Sosdl aY cwlks &5 Ghyd 4 Ll bl
ke 313 3925 uwain Sz 45 53lg0 53wl Joud LB
5 sigp LYl jghiiads JUIS L5 byl (gladbine s puSiSe
Sx5B wiile) Gileg S b 3925 wygo 53 jsbien
@Y dzgi hU lhcele b (J2d glapmsSio 53 g sl
o> s cowo 51 JBI Uoye b dulio ;s ciclae (S Sl
390 alS et gwlsy wludyd b (g jlede 5l

Gl @Y oS sade 08 peslspsmly Jie > -F
L g o398 yige o2 595 JUB ol 9 Y oylses 95 aclae
crelis o s3ylg0 13 500 eyl 4 )l Sldgren S0sSs
Tuo y38de Jio bl Szg8 JUB (ope 4 o jsSde 4y
RO

duiss e (V) Gl oSl Juudly plalS -F
$S5 e a3 (V) 2yl Jamiliy oloahS 51 by (Kol
Spo lagg while p o2 Sl iy 256 51 5 bk
sl o Hlas

53 hid Gl Syl Jadly 5 g wdile Glol wlynss -0
3 ol whasd g end 4 i,y JUIS  sgee (sl
el 035 183 Gyo JUIS Job (gl

) s3ae J> a8 oesdsy gmlsy @¥slae ;3 39250 wilusys
Olase 3230 &S (6390 53 Iy MiS 50 ool (4295 LB lade 4
o BB dwsin ;5 whusi b balsS sy wle 4 ey
g o awlS Jao ol bwgi sselewnsds bt oo I il
plad sl ol Sil-cudyi-pgwlsy JoS Jso 5o
2 ey plise 330 dlaz I o=8ly Sjud S AL sleesya
whle Gioll p o2 (oSl Jawily 236 g wdbile
2 U Jsb 53 9 ploj 4 cawd lapgs whalé whunst g bgg
3950 435S ka3

byast o3l g Jlaw (slodisS cdale F-y

JUE 51 ooy 5 g bl 4T3 Job 53 Jlw sladisS wiale
25139 0 dslne wdyan-3ii (]S dbay, 5|

% +V.(c@i—DVe;) =0 (%)
D g ciepo glase U oJluw 6365 oo wdile ¢; (V) iy
el (J9ge Gl ol

olad ) bMisl (gyg0 9 HSlee & e slayielly 1 Se
101505 (s dawls yu5 iy 51 4 el bYaS] 035L a3 50

Q)
J«upper surface I _ I d
Lo lowr surfacce €~ Colay
LYasl eyl = |1 - e ik 100
lower surface Co ~ Cwldy

Co < JUIS a5 330 (sliwly 53 Llme wdile € (V) abaly s
S L g yhio palio j1 S hls &5 biis| eue wdile ylyica

pde SiilSe udige (gl - rale dolinle



YR ol aslitiol by byt 5 Jlad (oSstiguos iU slopuSyos Sas g5 a1z 53¢ (53kofae

—/—— Present PB
—O—— Present PNP
| ] Results due to Luo PB

150 gy o s 5 Ar A gl 1 50l 55l ey J305 (¥ Jagas

asllbe 90 .\)I}A -¥

Jledpue 5 Jlad 03lgils 93 s 51 aleyuSang Sue asdlas ¢l 5
olosaz 5 byt (loyrSiing ;e 53 &lse 53l Gy Saa
5 SIS S any 90 9 bk (Jled g9 )3 g sl
iy S el 0 03l Lt e S IS (sled ¥ IS
e g b gyl sac sl W] dhidoo (6399 95 Jols
oledsz 5 dwsim adgl oal el sadbgle Jluw 290> 9
el oad bl MghlSea 5 92 51 2)b ool glesg sl
sl 53 G 236 juSie 3Slec )3 bYES] dbie (5518
5 Jod sladigas ;5 Hh1 se whnsi eled 3180 aylsS
sl gazmen K05 ylse 5 aidS Jlacl dliize ol 55, Jledpus
35 (W) B ope ilosds (88 plesy S8 Lols> 5 JUIS
RON ISR SUEICINR SN

Inlot Top 0.25W 05w

2w | LY. w 2w
i _L:—!-I bW

4
Inlat Bottam Aty

slayl e & o s (sl pSes Sao Lol olsols (¥ JS5

byt sloJio - ¥
w2y & RbSeSS I o Jedne glyeSie
s 33 &lo (L8 a0 bl Pl laay pikiolen,s
Gl o3l LT pletz o 5 gilge ol Ll Gl
oloriz 3 4l puSae FUSE 53 g anlss ISl Laks
).u.&.:.a el o o3ly ULI.MJ dasdlao 390 (_glm).u.&.«.a 3 &i'sA
sobieds ly wdls )3 5 @ile s929 g A -F S oleds
5Y ol oad 4id)S JB5 )5 3ylse K03 b dunlie sl 2y
ot 4 JSJibts gile Sy ) lagad ¥ oled puSne
sohaiedy bWS] dhadzo g 53 yilegSuelds Job g yiog SV
ol 5o lmLS)STBJ 5G9 ccwl sads ol 8 Lebai o sl
Sl 4 JSbane 5SzsS gile ez jl slitel dsllhe
sshieds Lz prue 53 yileg)SaeF g yilegySaeh «yileg SuelY
&Blo o palyld 5l Gab jlad wdl (ials 5 el Glalisl

Modares Mechanical Engineering

ol oad 4SS )5 g )SaeAY g yegSuelde iy
S 35 b D71 aalllae Gk oxbse (Susd bubid
ity =0.9x10° 5 (Spaliys sl p=1000-5
69 Sl Jawily Go=-75mV (L)) oyls33 (59, Sy
Jaie 5 T=298/16K Loy (h=YOmV olgss (slmag,iS

sse 1000~ L JUIS Job (sl 15 o2yl Jpmsliy oloslS
ROWPrER SR EW|

3E-05 [
E —~A—— Present PB
— —O—— Present PNP
B | | Results due to Wang PB
2E-05 [
> E Ex=500 V/m
1E-05 |
of= L
- I 1 1 I
0 0.25 0.5 0.75 1
Y
(261 iy« bogaye ulit 5 ol (s3ludse o 3900 (1 l3gad
AA < L
—— I
|
E |
YWy = 3 I H
I——l___
X,u I
VA,
< i ] >

e gl 28 5o S oylszb sles (Y IS5

G 933 e3laiul by 5 by 5 baogs 8 390 siile e
33 e Hlaged ccwl osd Jm g Jae oaiySY Slel wYsleo
5 PTlat asllhe b g ghswl ArA ghis jl X je=e gl
Ul g 39 sa odnlive 45 jgbplan .l 00 duclio ¥ l3ges
Jo 95 gl e bligy ) oselsgzgty Wbl 39,0
3923 el azgi JlE Sil-cawdi-gamle 5 peila gl
Wl ams 5 & 33860 laalyS sloul cage 39S
olz GBS eS8 chzr SYS 5 g Ghie ey b (leosgase
Glel olz @l se ghile g dxuid 53 5 e 3925 4
e (IS (Siwgny 4 dzgi b Jus paed 4 nbe plals
YU 53 edslewndy polis .S Ty Gialisl JUIS 3She 53 gl
Gilwosly cows 3l g ansls Gl 26 27l eslellae 3y b ShelS
o Sy slaghsy b Setuwgys)l Sz b lilus
sl by gaes 51w Gida 3 golel ol » dese
a8 o 39290 slagb gl 5 lyuSies Sae sla>lb

AL Aolg>

Volume 19, Issue 8, August 2019



obiSen 5 3Ll (Slo jlals Yo5¥

Jie alie oSl 5 (Sond balid g Layiebly s ol

sl 00 48, 135 3 Jladpue
95 Jold &5 by Jao plsicds I -0 S 55 B ojleds juSo
S S b S YL (e 55 eadla yusio Ly b 39Sl i
33 5 oladdt yuSo ol oad 8,5 a5y (g e Sy 51
S ol )3l Glgly ol )3 ailsls 3ylse 5l o -0 JSb
W8S )8 Gunny Hse 3 oS &lse 5 395U 6 pSHLE (Jlad
e asllbe ool 53 Sbods! sl S Eylge Il
gz 390 gl 55y Gdsas wygody Lasgusdl ol
caols gl 7 -0 IS8 Y gled juSie 53wl gl Sl
Sy eygot 3V JSB A olads juSie 55 g Al laz ez
i A ylodd yuSire 53wl o 03l 518 88l (slaag Sl b
09,5 93 53 (o9 SeaVO Job 4 Sl 39yiSUl) 398Ul sae

A yusie Sy ghls eaddpamo

wony g 2l -F

oy 8 g (siaed 51 Joiiwl-)-¥

5 olsas pslna s cielie (oSl iU Y JSts edeay
SosgyiSIl g o)lsas (59 Ll pizen 5 Jlw gliyz wS)>
s by omsy ol 3eed € wleie wlal Sbs|
CSlgiSome G AudSed pshiegnn ey Gldsy JoS
P S s o jshplen b asi paldler g58 51 aisly L
Hlgas p dgee sliwly 53 (GaudSuls cwwl oads esls L
a5l S 1 il gy ol 55 3die yipmte
sy 53 Jsbao 10 (55 5l5 5 aslhe ielio (SiSU 4Y
vl canlio SOl Giclide Y U515 53 oylgud 3 dgac
A el

sadeslauwl asl,lizle gsudSus (5 JS&

B a0 S g Glej e 51 JMil daalllae jabiyren
sladshe s b sxbads slodSed plao 5l aiS
51 Vil delllas jolaieds ONSY g FYAIE (FISAA JFAYS)
|y aSed 4 gl (Siudly eac FYOIE (sla ol Slass (aSud
) ol Giley B slaojlail las 31 53 Siley o8 (sl ol i
bl ) Pl o8 castlan g (uyy 51 e 48lileer/ o) g
sl 3SzsS Gile sbeplS b ples Wipe Lois Gl «
A ol (g 5ko s delsl (gl 3903

Jledssé slaJao -Y-¥

Jlayi (glommSan 33 o 55 35 bl ,5ulS ¥ S o
Foojlads puSao 53 gl dac ai (al8)l3 bl oads ooly (liss
Ko @ i o s 5 JolS s (S5, 6l o3 -V S

WAA 3l3y0 A oylad I8 0593

olid 39 7 -F S8 55 45,z 5 4w £33 slapuSie .l S

ilosss =>lhb a.]Lo 4 g i L yobiocends Lilosds o3l

kg ¢ A . g

Pt e (o8 b eadifae (S 5 (Sasd byhd
.\

ol 555 LSS iy B=2X0T = (Selins ezl

dawily glslS jlade g T=vaars K Loy Jy=-vamV (L))

as)S 13 eslisl yge P b JUIS Job (slial) 53 (2l

el

| |
B | u |
| |
.l kel | I_ —| - I—
z S
¥ o oo (0 ) et S (] Jlabyet slapeSas sy (F JS
Fo)w)u&n(b\”o)wy&n(a
Jls5 (sla Jae —Y-¥

oy aid)S Jha3 55 Jlod sloyuSie (sl a=llbae ol )3 o5 g,
oools i s pite 5y b GolmagysUl 51 esliul .l
oy ISz 13ty U g iUl ol ool bas| alaioes
69 eeBiGr 9 w9l sl )3 (e 30 395 o8
31 gyl plosaz Loy 51 Jso ol 53 5yls ol Ly
U5 )3l 485 )18 oy 330 &S el (550 (slayially

sl o o3l L Jl (slmpSne Soxilad O

I L
—I—J‘_‘I— [ | |

c
2Sso(o O oled yuSie (Al b glayuSis o)lsmib sled (O JSB
A oyl yuSa(d Y oyleds yuSuo (2 # oplosds

loag,iSI)y 398Ul 05) 93 sl & gusie Wy (55X
os)f(Ez 09;(5)3“5‘.'3 5 E1 os)fé.,i‘m Lf.]) U osd yasie
¥ = 7.5sin(100t + E2 o5,5 5 Y = 7.5sin(100¢t) E1
FERENCER T TIUNRE ST RSNV PEER P

pde SiilSe udige (gl - rale dolinle



Yot .l ool by Jlabyus 5 Jlab o Saitguos 10 (slopuSsog Soa g3 Az (5330 (55l

100

90

80

~
o

[o2]
o

EN
o

w
o

n
o

o

Mixing Efficiency (%)
[
o

o

1 3 4

2
Mixers Number
20y cunzyy Jlobyut (sl pnSao bW o33l (Y jlagad

dles sl Jie -¥-¥

o 5l Guo il gl S slepidn 5 & sbplea
9 BWST o3jls 2 ladg Sl plossz 33U uy e Jl2d (lopuSn
5 &lae @alyhd 230 ol 5wl b glojesse
e39ame ;3 AIES 8 uyn pge s Jled (slauSie
ol Jled slapsas s3se (lodse (Simghy wleMbl
x93l 9 Sih-cwdyi-paulyy w¥slee gl (g jewl-g Sl
wale yg5l8 3980 IS Ml 15 )3 byl @l puSsil
a3 51 ey 8PS 53 Ceyiay A L O pjlad Jled glapuSie
sl 03 03,57 S bS] 6lag iUl (3903l 31 ailie/ VO

L 39yl sas 5lez 3938) bl -8 IS 55 O oylad juSe
Syl juSpe by duglio s calibze gy b (5 pite Sl
WolS' bas] abiims 53 3,Skee pSadir g i)l Y IS5 )
0351500 31 iS55 o5 & -8 S5 5 sl juSse ;3 sl S5gid
pll sday dhizme ;3 bW ccl gilge pS)54 5 Jlad
o)lodd yuSre dy o pluSa plej 3 o bglie Jluw (g osid
G954 S Jl )y (xS ey bl -8 IS 0
A Sels> Gy oz behs 4y dzgi byl ol e el

] 0.1 2 0.3 0.4 0.5 .6 i Lk 4.9 1

<l

90)MM(900)MW(J|Jwﬁﬁgbﬁl&)ﬂg(‘\dﬁﬁ
A oyl yuSn (3 Y oylos JuSn (2

Modares Mechanical Engineering

A S 45 ssbilan yol ol wde cal di8l Liolil LypuSo
ccenl 005 0315 i F g ¥ oylads glaySanse oliys bk (gl
Cud & GBI (@ilse yidoy slaed 6pShE Ll Gl
L ek ool aSee sl glyz bohs 5y (g tien
igds didual @0 b Gl 5 gl 51 lapisn (39aiSo3

9o bS] (alisl e

.
.HI

L L1

(&Y oylodds juSoo (@) oyl yuSin (& J@a;pm,;mﬂv‘}m
¥ oylods puSn (3 ¥ gylodds yuSao

z N
@ Y oleds puSae (29 ) olad uSee (W 3 glyz bshs (A JS&
¥ ojlods juSn (3 ¥ gylods yuSao

e () il 31 ol L LS o35l (oS aspy sokiieds
23 puSpe ojlad caifiay 3 dsolxe (29,5 ghle (g3, bV
o obolan LY luie ooyid cul ond osygl ¥ lsges
OeS 9 BOY Jlado b F ojlad yuSue 4 bsape 039,50 ;U]
4 O)g}é' ROWIIL7S o )|.&.§A ('R} o)Lo..i'J ).I.MS.LA EY bsg).o OT)L&.KA
O 530 5 sl 00 LYESI BV (il58] cargo SzoF @ilo 35
cunl oy el by S35 @le So LY olad S
5 @3l Jlabpd £ (slapuSiao LIS o35l 35500 sl

Al andls Jled go3 lapsSae b (4295

Volume 19, Issue 8, August 2019



obiSen 5 (53T3l Lo )lials vorF

oley waie 53 350 slail o5 (5|4.'|9§4.3 A oslodds S .l
2 2hb ool el cawy culi g %A bl a4 by
SlaalsS bl @ i LasgiU LBl 5 3500 (5255
e G b Bl (slaalsS 5 jigs LIS jshieds (53500

el 035 o 255

z S
ey Sl agailad Il anlicy wdiS I gy olyz bshs (W JSb
GV glods juSao (7 F oladh JuSiw (@ O gylodd JuSwe (& )fbﬁl.'f:}l

A oylads puSao

Jl
. [N ]
c

o S
(@ 0 slaids oo (@l 4l (lojunse 53 ey ojlil Hguls (1 JS&
A o)lads puSn (3 Y gyloss JuSo (7 5 oylos juSo

[ ——— Mixer No.5
L —O—— Mixer No.6
[ —<—— Mixer No.7
[ —O— Mixer No.8

Mixing Efficiency (%)
3 3 = 3

IS
el
T

30 e e T
0 025 05 075 1 125 1.5 1.75 2 225 25 275 3
Time (s)

AL 0 osledis Jlab (sl yuSie bS] 035l (£ 43903

WAA 3l3y0 A oylad I8 0593

wngody hid 393580l p58) 7 -3 JSb Y gled uSue
Jled slopuSie Ko 0 cund g8 L8 bVas I (g350e
Glol plsz 2 d9ac (sliwly 53 RBalsS g e jlne5y
A olad juSoe Phb w9 (55 oal sl o390 sl
—3 USG50 oS (1358wl sad ((gdgec g (583 (slaag zxSUl)
9 a8 g Sl CuSyi 51 eslaswl ccwl ead odly lds o
ol bzl gloj (ials g bWST cudnS ilisl czse (s330e
RO

olad Ve IS8 3 A L0 olad Jlob glayusin plyz bohs
ki (59§J| U S0 S bz bghs delllao . silosdds osls
Gl Ve IS )3 38 8 Gy 30 3 pbled g ssdalxl
osly glid (81 39, hadd) O oylad juSo iy bshs
RO P W

1 353 e laps wbile 4ol S 3 35550l (60518
oadsll lae de3e Gl adds 39Sl G 4l
(JUlg,Se suwgd 53 Glel pliyz esiiSiasy gladg Sl buwss
2 250 Jlw 395 g lagg e3gi el St Coge
29 Gl 9 YL LIes » peles laAlsS O olads S
sloee -1 IS s sleads slul plys b sjlse sl
ol el glled 35 5s550 glaylgas » pules o LuSaS Jhow
2 390e liwly )3 US55l G eadsll Jw glace
S0 S 5 aiS eSS bS] Jas 4 5 33,500 )b5 ol
el oads sy lid b)ﬁfuo 3vx) a_'||940)'| S5 gled S &
Jhw slace 51 G306 Syi laalsS (1bauss cage gilge
Wl Jee ol ilesd JSzsS glaalsS 4 o -0 S
L o it ol oy ol s Glalidl ]y ekt 9 b
LYS| gloy piali8l 9 plyz ey GialS oS 31y ohas 4y 39>
oS8 0l el sz o s )3 gilge 3925 4 42gi b
z -0 U5 ol cwz g dses wyged Jleb (lasg sl
@3see gl 5 JiSad 4 bl ladlyS el bl
olid 395 51 (cul 48)S 18 T it )3 395501 &5 (gloylss)
S 53 B3l g (63308 (sliwly 53 Lol (¢SS . tims e
okl 2989 4 lasg Sl plodaz wde dy 3 =N S A o)les
Iy LW yol oylgd 55035 53 liyz 9 dgae sloailsS el
055 95 Glel gl » d9ae sliwly ;5 g9z wnlaie Jagud
@ oadSid GBI ladlyS aipele KosSs @ ) Jhw
A ojlads yuSao aiglaise SwS oabbylie Juw gy zos>
Yo ol dallho 3 ,lbodsl sl 39 (boag Sl 39381 L
5 BT cadsS Ghalidl pge caje 33 (Sh1s a5 wed)S 8 uy
pSan ey 55100 490l duglie el b¥as! gle ials
2oSan 53y (655698 Jlw sl N IS 3 A g Y oogleds
Giclde pSh3 yol ool cde amsie plis ¥ oled
39580 Gille sy WISz sl b S ol 81 (glasg il
ileals Gialsl sl o 3 1y gy S SVl (s3gac

G AU O syled Jlad sloyuSio YS! o3l F lagel ;s
33 0 slads S ol osd o3ly lid g dwl=e (V) dlaly
oo @le sl sy %A LY 4 apl¥ ol
Jiws (slaosgs I amy L35 ISl o cunl ligSay e
BT o3l 3gie sumlice &5 sebylan 3 315 |y oadibylie
ol U8 oS jobplan & ojlads juSse .9y amlgis b lude o
4 oadbglie Jluw U wiSe Spo |y o0k glejese o
oduwy %A bWis| a4 aslir/y ;) o 9 o2l 51wy 9>

pde SiilSe udige (gl - rale dolinle



Y50 .51 oslitiol y byt 3 Jlab (oSeitpuog SN (lmpuSrog,Ssa g3 A (5330 (55l

(oss3) Saligaslg yiSIl (5905 Jl3 Fgor
s 9 Glob ez xy

G g cule sl pudl z
Gl padle

(kgmst) (Seolins eyl U
(kgm) &= p

(edg) o=)l5 Ssdl plase ®

(edg) Gl (Ssl lase Y

(edg) (L)) oylsas SSIl Jawadliy %
Jste Sousdl (g3 wals €

(€m™3y 5T )b B Pr

&lio
1- Chen C, Cho CC. Electrokinetically driven flow mixing
utilizing chaotic electric fields. Microfluidics and
Nanofluidics. 2008;5(6):785-793.
2- Hardt S, Schonfeld F. Microfluidic technologies for
miniaturized analysis systems. Switzerland: Springer;
2007.
3- Kler PA. Modeling and simulation of microfluidic chips
for analytical applications [Dissertation]. Santa Fe,
Argentina: National University of the Littoral; 2010.
4- Lim CY, Lam YC. Analysis on micro-mixing
enhancement through a constriction under time periodic
electroosmotic flow. Microfluidics and Nanofluidics.
2012;12(1-4):127-141.
5- Lynn NS, Henry CS, Dandy DS. Microfluidic mixing via
transverse electrokinetic effects in a planar
microchannel. Microfluidics and Nanofluidics.
2008;5(4):493-505.
6- Melin |, Giménez G, Roxhed N, van der Wijngaart W,
Stemme G. A fast passive and planar liquid sample
micromixer. Lab on a Chip. 2004;4(3):214-219.
7- Chao K, Chen B, Wu J. Numerical analysis of field-
modulated electroosmotic flows in microchannels with
arbitrary numbers and configurations of discrete
electrodes. Biomedical Microdevices. 2010;12(6):959-
66.
8- Zhao C, Yang C. Advances in electrokinetics and their
applications in micro/nano fluidics. Microfluidics and
Nanofluidics. 2012;13(2):179-203.
9- Glasgow I, Batton ], Aubry N. Electroosmotic mixing in
microchannels. Lab on a Chip. 2004;4(6):558-562.
10- Erickson D, Li D. Microchannel flow with patchwise
and periodic surface heterogeneity. Langmuir.
2002;18(23):8949-8959.
11- Cheng Y, Jiang Y, Wang W. Numerical simulation for
electro-osmotic mixing under three types of periodic
potentials in a T-shaped micro-mixer. Chemical
Engineering and Processing-Process Intensification.
2018;127:93-102.
12- Shamloo A, Mirzakhanloo M, Dabirzadeh MR.
Numerical simulation for efficient mixing of newtonian
and non-newtonian fluids in an electro-osmotic micro-
mixer. Chemical Engineering and Processing: Process
Intensification. 2016;107:11-20.
13- Barman U, Sen AK, Mishra SC. Theoretical and
numerical investigations of an electroosmotic flow
micropump with interdigitated electrodes. Microsystem
Technologies. 2014;20(1):157-168.
14- Lin JL, Lee KH, Lee GB. Active micro-mixers utilizing
a gradient zeta potential induced by inclined buried
shielding electrodes. Journal of Micromechanics and
Microengineering. 2006;16(4):757.
15- Chen H, Zhang Y, Mezic I, Meinhart C, Petzold L.
Numerical simulation of an electroosmotic micromixer. A

Modares Mechanical Engineering

(S Syt -0

Jo Jo bwgs bt 9 Jd glapSie aellbhe ol 5
D8 n 390 Szl 5asl 5 Sili-cund - (ygulsy wYslze
@ a2si b peptlsrpsmlsy @l gilwosks I eslil . las)S
Gl g S cumle b Pluw g9 ool 3 Juo wlus)d
—29l 5 Skl - gamlyy @¥slae cwl (&L 55 gl
230 @ a2y by cacliae sl Y s laggy plall puSoiul
b Sl wpele 5 Gidy cdpen glapille glojen
SzoS @ile wiz I oslistul Jladpt puSise 53 A0 dmlxe
Wb Jro @ cowd %Y s3lail 4 | b S gile S sl
gilse 51 oslitul Sy Jlos sladie 55 cal osls il
o315 3916 %A% U 1y biis] codsS Jled slosg iUl g SzsS
35 sl @il alil AulE/Y 4y 3 bS] Lo« Julie 13 g
oal 53 ailodgs Al bisl lej 3 %A oS Jled asly Jae
S 8wy e 5 laag Sl alide plessz Ghagk
w0 daallho JLgds! sl o5 gaaz Glagahb 5 S el
cwl bY¥us! dadse (§d90c (_glmo)bg.) 3 Ub.)s):ZSﬂ LS)Af)')B
ol 55 oadorsdS slaalsS Gaeldgzgd g yusi ol
sles Susp Jlw sloce by biusl ahine ggac
Zos> &l 33 Gl 23U GBI (ladilsyS uizen 90
S 4 Glils i Phb ol Jels axs als gl
At ASBYTY s %39 b

O iyl o olSails )5 gy ol 1ilaya8 g ST
25 | hend el atbdy ol S oz Gllall o
liolone” olSisle] iluslone wllSiel 1 eslisul b sl
oo (g8 I dhwgpay oS wilead st "gusm
3950 13ya8 o ialesT

o=l 53 sxdall wledbl sgd 0 Vel dliwg s 1 ENSlaganls
osllinl caley b o3gs Bty colles Jols Limghs
(6555 alonn 3 0535 5 5 ol 035 sl sl GV 5 ool
ol odis ol

3 oady Sy wiledMbl jy (=8l (yled g4i mub :gilie (Sylsd
3la8 3g>g dlio ¢yl

Stmghlacsio o355 (gl odiungi) oiiuggi  pqu
& (pgd  odwagd)  H(%0%) e on)K/ Gl
(B o oSl Glel  Samgil el g dedio
(%) SoS Sty c(pguw o kiuenssd)

5 oBuiungd 39250 @llSel I Gimghy ol )3 rlle @ilie
oslaswl S opie Gl o sy -y Sisieo ol&als
wolais| 13T ol ‘algﬂ &l L_g)iﬁb Hlo glie el oni

Cubigiys =1

e cunyd

(kgmts2) sLis
(0285) Los
(456 1 5i0) ey

& N5 v

(M?s™) GJsSUge 3983 o ps D;
(M%) g 465 wbale JB> n;
(4 )lej t

(L6 X 107°C) auly 4 e

(1.38 X 107K 1) (yosdes culi kg
Jlw 4055 il Ci

Volume 19, Issue 8, August 2019



obiSen 5 53biT5ls Slo lials Y55

potential. International Journal of Heat and Mass
Transfer. 2014;75:135-144.

22- Masliyah JH, Bhattacharjee S. Electrokinetic and
colloid transport phenomena. Hoboken, New Jersey:
John Wiley & Sons; 2006.

23- Park HM, Lee JS, Kim TW. Comparison of the Nernst-
Planck model and the Poisson-Boltzmann model for
electroosmotic flows in microchannels. Journal of Colloid
and Interface Science. 2007;315(2):731-739.

24- Park HM, Choi Y]. Electroosmotic flow driven by
oscillating zeta potentials: Comparison of the Poisson-
Boltzmann model, the Debye-Hiickel model and the
Nernst-Planck model. International Journal of Heat and
Mass Transfer. 2009;52(19-20):4279-4295.

25- Goullet A, Glasgow I, Aubry N. Effects of
microchannel geometry on pulsed flow mixing.
Mechanics Research Communications. 2006;33(5):739-
746.

26- Wang ], Wang M, Li Z. Lattice Poisson-Boltzmann
simulations of electro-osmotic flows in microchannels.
Journal of  Colloid and Interface Science.
2006;296(2):729-736.

27- Luo WJ. Transient electroosmotic flow induced by AC
electric field in micro-channel with patchwise surface
heterogeneities. Journal of Colloid and Interface Science.
2006;295(2):551-561.

WAA 3l3y0 A oylad I8 0593

SME 2003 International Mechanical Engineering
Congress and Exposition. Washington, DC: American
Society of Mechanical Engineers; 2003.

16- Bera S, Bhattacharyya S. Effects of geometric
modulation and surface potential heterogeneity on
electrokinetic flow and solute transport in a
microchannel. Theoretical and Computational Fluid
Dynamics. 2018;32(2):201-214.

17- Kang S, Suh YK. Numerical analysis on
electroosmotic flows in a microchannel with rectangle-
waved surface roughness using the Poisson-Nernst-
Planck model. Microfluidics and Nanofluidics.
2009;6(4):461-477.

18- Sani M, Saidi MS. Rayan: A polyhedral grid co-located
incompressible finite volume solver (part I: basic design
features). Scientia Iranica. 2010;17(6):443-455.

19- Sani M, Saidi MS. A set of particle locating algorithms
not requiring face belonging to cell connectivity data.
Journal of Computational Physics. 2009;228(19):7357-
7367.

20- Sani M, Saidi MS. A lagged implicit segregated data
reconstruction procedure to treat open boundaries.
Journal of Computational Physics. 2010;229(14):5418-
5431.

21- Nayak A. Analysis of mixing for electroosmotic flow
in micro/nano channels with heterogeneous surface

pde SiilSe udige (gl - rale dolinle



	843-FP
	text-843



