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STOKES FLOW THROUGH A MICROCHANNEL WITH PROTUBERANCES
OF STAGGERED ARRANGEMENT

Jeong Su Son and Jae-Tack Jeong’

School of Mechanical Engineering, Chonnam National Univ.

In this study, the Stokes flow in the microchannel is analysed where the semicircular protuberances with
constant spacing are attached on the upper and lower walls with staggered arrangement. For the low Reynolds
number flow in microchannel, Stokes approximation is used and the periodicity and symmetry of the flow are
considered to determine the stream function and pressure distribution in the flow field by using the method of least
squared error. As results, the streamline patterns and pressure distributions in the flow field are shown for some
specific values of the size and spacing of the protuberances, and shear stress distributions on the surface of
semicircular protuberances are plotted. Especially, for an important physical property, the average pressure gradient
along the microchannel is obtained and compared with that for the case of in-phase arrangement of the upper and
lower protuberances. And, for the small clearance between the protuberances of upper and lower walls or between
the protuberances and the opposite wall, the average pressure gradient is derived from the lubrication theory and

compared with that of the present study.

Key Words : v}] = % 3l (microchannel),

=FE(protuberance), 57| & (periodic flow), ~%-

£ 5-5(Stokes flow),

&8 o] E(lubrication theory), 22 -5 (two-dimensional flow)

LM E

ING ZHEC A9 vlo]az Awe), 22 949 A=

24E A% vlolaw B4R, wadel} e HF o
sllARER 42 5 vlolARRE el U A7 B

o] &= 1 QIri1-3].
Wang[4,5]2 71 98 Fr7b F714 0% E4hs Ad U]
EEE FEUE AP

o] free aLgste] FHel 2 SIS
@it A 2] o2 e sk el A3k e
o] z}zt F7|H o7 BAE AL gFia =S s
Atk Inasawa et al[6] 732} oH"ﬂ*H nfolA A e
o7k Aat vl Aol thsto] fas vk siAA]
Received: November 6, 2015, Revised: November 16, 2015,
Accepted: November 17, 2015.

* Corresponding author, E-mail: jtjeong@chonnam.ac.kr
DOI http://dx.doi.org/10.6112/kscfe.2015.20.4.109

© KSCFE 2015

3k A, 2o i
Pozrikidis[7]= S o] 9\)11‘ L
e 3o Tk dF9 24w 7 }Zéo a}o]
3-89 W3S 2SI Davis[8]=
singularity method)& ©]-8- ].o% A “‘"‘i ] ==5°| F714
ol mjd® R Q= A9 22k 289 f5S dAs)
%tk Meftah and Mossa[‘)]% A R Edshs A-UEE
TR Ad fEe 542 dI5s9iom, Kish[10]:
Stokes-Brinkman 78 21& o]g-3te] thad d(shell)o] EAIS}
= AYHE ks fres HAsISITE Jeong[111:> A
el st ti oz &8lo] 9l Aol 254 f5e
E207 #4513t} Jeong and Yoon[12], Jeong and Jang[13]
< mlolaEAd uiite] 943 Hdr 799 ojakd AEA
&2, Son and Jeong[14]:> mlo]ARAE el RHIE =
FEo] FUNACE FAF o] ol Age] Ui
& A

B lefoxis, wlo]g gAY o] 2419 Poiseuille -5

=14

=4
o
AEAS



110 / J. Comput. Fluids Eng.

J.S. Son - J.=T. Jeong

2. =X 24 & 8 JA

21 oM 2 3 |SEe

Fig. 1X9] nlo]a=Ad Ho|
o Sl 22k Ad uiFel % 2049 4 g
Fakar Qlr}. wlo]ARA LY wol= 2H0|Y, AE H
By wely EF550] WS q, BEEE A9 7
2boltk. FARlskE flate] ¢ ¥
A o] fol welA ¢k s27] fJd 231E 0
a<min(2,Vb*+4/2) oItk Fig 20] o183t q,b9 A
= Vehigitt 2 % 9910 <a<min(2, V> +4/2,b)
)y Fig. 149 Q58 Y 25850 HAXA ¥ 4
o aidEn, dAMb<a< Vi +4/2)e IFF ==&
B0l M2 HAA A HE AAh EEEEE 9o e
73g-el sk 3 e Ado] v fEo]
Sl gl siA el Algleck

Reynolds =7} v~ 2> AAH-5S edshd, 752 A
g 22 AL 2413 Navier-Stokes B7g2[15]0014 ¥/
& FAIS Stokes WA 02 U} o] vER 4= it

N D)
Vp = puvi )

NN, FE v v = (u,0) 2 EREH, X9 B
SEdE 2 TREEY RN Sue) Tow pe
2 Qe

u=%, v = *de) 3
oy ox

A 3= A @ "sta, pE A g o

0
1 a 2

Fig. 2 The range of @ and b used in the analysis

53} 7+ biharmonic equations TESHAl T

a2 9%\
Vi = vV =5+ L5 =0 @
ox oy
EEEE Al]Y o] 200l|BE frv BE oo R
F7] 2691 F71rEe] Aok WA, f58F vy E 2
o thalo] 717} 2691 Fourier F<r{16]2 AN = 9low,
r=0°A tBYS T 5dTE o 2ol =5
T Sl
M
P(x,y) = Ay+ By + Coyz-i-Doy3
> 5
+ Y F (y)cos 2= 2

n=1 b

o71M, diA dode WE (0<z<b, —1<y<1HE

A B A, =02 T A 9F A @l dys

W o 2ol F,(y) ol dig g alo] fojxint
Fy) = 2X0F, + X, F,(y) = 0 ©)

2 ©9 8 F,(y) = vt 2ol aded

F,(y) = A, cosh),y+ B,sinh)\ y
+ C,ysinh\ y+ D ycosh\y @



STOKES FLOW THROUGH A MICROCHANNEL WITH PROTUBERANCES::: Vol.20, No.4, 2015. 12 / 111

FEEF Y(zy)= (/2,000 dete] Aol o dis] oS olFaL S7] wieel y >0 ¥ BAEA

Y(zy) = —¢b—z.—y) ®) i)y 2280 ¥ (2’ +(y—1)° = d’)

AAEA 2 ©®2 A Gl Fesd 4,=C =02 Y(zy) =1, %(x,y) =0 (L)
e S glow, kgt o] vk 5= Stk for 0=z <min(ab)

F,(y) = (=1)""'E, (—y) ©) i) A = (y = 1)

G(z,1) =1, Z—(m) —0

4 @& 4 Ol 483K nol E5 (n=135.-)9 R ()
W B, =D, =001, no] AF(n=246,)%4 o 4,

— ¢, =00 At} w}a}xa A 5l UER fERSE o 2 (10)9) FEIFA AAZAA (1lab)S Hgshd T
3} o] vpehd 4 9l Sgore] FHlE nHARS] tigt W ale] Uehis), of
n=1%E N7K2 f3k8t 2] 02 Aktruncation)d}o]

V(a,y) = By+ Dy EJT}-’FE Uehgd 4 (129 2o A ASe] dojlrh
+ i (4, cosh\,y+ C ysinhA y)cosA, z BAEAA (120 @N+2)708 RS B, D07
weids- O B, CpiD, (n=1.2--Npo] E3E] 9tk
* 2 (BsinhAyt Dycoshh,loosi,z UASRES 7] glate] AAY Raks] B Aol st

o AAzA (125 488 5 A ARk Sske] 73t
AW, By, Dys Ay, -1 By G5 Dy (n=1,2,3,-) & MoNe] ARke FaPH 2071] WA o] =EHTh

AAEA 0 REE Fallof & A daEolth oI 2M > 4N+29] o WA Fof vAF9]

= FHslw, 2219 AFE HideR= WH(method of least

2.2 %‘ﬁl—{l Etl AII7:||AI- error Squared) 17 ;G%O]—O% BO’DO’AQH*17BQH7CYZN*17

AAZACE wlolarAgd WHy EEEC] EHoA<] Dy, (n=1,2,---,Ny& AT o714 N=100°" F4]
Js

&2 (no-slip condition)S AG3TE FFETF7F (b/2,0)e  AXto] ST

av—1 2
By+Dy'+ Y (A4, coshh y+ CysinhA y)cosh,z + (B,sinh\, y+ D, ycosh\ y)cosA,z = 1
n=1,3,5," n=24,6,-
for 2*+(y—10°=d> (12a)
2N—1 2N
( N7 A, (4, coshh, y+ Cysinh\ y)sinhA z + A, (B,sinhA, y+ D ycoshA y)sinh\, x| < cosf
n=1,3,5, n=24.6,-
aN-1
+(BU +3D, + E [/\”Ansmh/\ y+ G, (sinh\,y+\,ycosh), y)lcosA, z
=1,3,5,
2N
+ [/\ancosh)\ y+ D, (coshA,y+ ), ysinh\, y)lcosA, @ | X sinf = 0 for 2> +(@y—1)>=d*> (12b)
=226,
2N—1 2y
B +D, + Y, (A,cosh)\ +C sinh), )cosh,z + (B,sinhA, + D, cosh), ) cosh, z = 1 for a<z<b (l2)
n=1,3,5- n=2,4,6,-
aN—1 2
B, +3D, + Z [/\nAnsmh)\ +C, (Smh/\ +A,coshA, ]COS/\ r + [/\,LB”cosh)\ +D, (cosh/\ + A, sinhA, )]cos/\ =0
n=135,- n="216,-

for a<z<b (12d)



112 / J. Comput. Fluids Eng.

J.S. Son - J.=T. Jeong

04

0.

]

0.2

-0.

)

-0.2 -02

-0.

=

U
9

-04 -04

-0.

o

-0.6 -0.6

o

-0.8 -0. -0.8

0 02 04 0.
(a) (b) ©

Fig. 3 Streamline pattern for b= 0.9, (a) a= 0.5, (b) a = 0.75,
(c) a=0.92(Av = 0.1 in main stream and A = 0.002
in viscous eddies)
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