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Abstract

Micron-size mechanical devices are becoming more prevalent, both in commercial applications and in
scientific inquiry. Within the last decade, a dramatic increase in research activities has taken place,
mostly due to the rapidly expanding growth of applications in areas of MEMS(Micro-Electro-Mechanical
Systems), bioengineering, chemical systems, and advanced energy systems.

In this study, we have described the effects of vortex viscosity variation on the flowfields in a
micro-slot between rotating surfaces of revolution using a micropolar fluid theory. In order to solve this
problem, we have used boundary layer equations and applied non-zero values of the microrotation
vector on the wall. The results are compared with the corresponding flow problems for Newtonian
fluid. Results show that the coefficient & controls the main part of velocity v, and the coefficient M

controls the main part of microrotation component ;.
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Fig. 1 Slot between rotating curvilinear surfaces.
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Fig. 3 Distribution of the microrotation component
Q.

-5%4-



054

—~e— 520.0,(*0.0
—o— §m0.0,("0.5
—e— 500,10
—o— 5710, (=00
—— 5=1.0,(70.5
—o— 5=1.0,L%1.0

Uy

0.5 -

-1.0

Fig. 4 Distribution of the velocity component v,.

5=1.0;

~e— 200,300
—— (=00,8=0.5 M
—— =0.0,5=1.0
—o— (=0.5,8=0.0
—— £=0.5,3-0.5
o C=0.5, 5=1.0
—— [=10,50.0
—— =1.0,50.5
—e— (=1.0,5=1.0

s

Fig. 5 Distribution of the microrotation component
2, with s=—1.0.

s=1.0

Fig. 6 Distribution of the microrotation component
£, with s=0.0.

M 1o,

=00

0.5
5=-10

Uy

Fig. 7 Distribution of the velocity component vy

"ol sgtol 1.0Y wE Murd o] Wl u}
£ A SARANY xS a7 $xt sk
o 0 ol wjaf} Aol AFS UEhlod,
b SOl Wk &% 3vle RREE AadE
BEFg vdedded, o) o A dgHeh E2X
AdpE sgtol oY wol uis) Fopgen, ¢}
S7tgel wel 1 AVe £ B3 AV|gE
¥ FA Frtskdoh e r HAASTY 2%
o2 olfoizxl M Mol Wik dFs Aund
Mgkl 7 &5 Wdd A ula FHes
(2% o] F7HHE dveidla Yok o 7]A,
GHAAT(x)7F 02 A s@kt M-S 0] HH
Aol gl wE FAE Jepli, & dAFE
o} #AHY, A TR F2EFF A &
T fBadtgy, AL FHEE 2ola ¢
=

ALz W g7t -1.0, Mol 1.0 wje] g
uld sldes @F Fig 59 =AY 7}
-10012E R ¢F W vk Wel Al B
wako]l wigiel 7 22 FHstn S-S v
. fF32 FHAAM 3] A ALY FF
o] F7tata Jom, FAul ool FIESFE H
S F7rhe %S vedln Aok 28, A 3§
A AARS o d¥er JYTIL 2E&FKoR
AAF olEst vk ghol 109 M EES
Al 2, 9 sE #FAR 5 g A g
Hea Q.0 Wzl 4wl o9 wiste] HFo]
AAE AL & + Ut 7F 1.0d o, F AF
Wi wpbg Wol e £xEg XY o, xPFe

o

-595-



A SALAA 2,9 ¥ QoAA Hu, M
ol 0¥ W(AAAAT x7t 09t 2L ARE B
Q1 tHFig. 5, 6 FZ). Fig. 62 3 WY FAsE= 7
2 71 0, Mo) 1.0¥ wWe] vA AL Q.9
EXE Jehliz glo, s71 1.0d o nis] o1 9
g ZEAAT AL X3 =3, = o
2 AAAe ud Mol WA FHLA Q]
nXE I¥E AWEY, Mgo]l FUMEFE FE
el wlA SHdes Q.9 Fgol ©S FUkE,
T2 A 124 EXFS & F AU, FF9
t 93 go =2#E 2ol gt} Fig. 7&
7zt sof i3 el £ HE 0,9 BEXE Y
Bl dok. v,9] AL viE 89 ¢o) HF
ol A9 LS ¢ F A

4. 28

£% 7 gl 4A S vABAE MR 7}3
stol mlA SA FAl0l29 AAS AL
gt vIHEA ARAE, 7 F50 o s
T3ttt '

A FHEA 0,9 2,9 B %ol
T5 $EAET oA JHAPELE FolAE

Yepdidth =& gk FUtE Adde
AQE 57 HAgen, s#ol 09l
ggtol F7HtH A U Aol HA
3 AL Jehdn 0,9 A Mol 98,
v,9 A% odkdl g3 F9EL ¢ F Y3, 7E
FA(x=0 B+ M 50 0¥ F5d B3 &
EAEL Fo] E9 01 Navier-Stokes WAooz
T EET F AU Ad U9 nA A9 IF
< ¥d&9d.

Q.9] A% ogtol SMEFE O FEe 3
FE Holx glon, o JYPo= YLyt 08
Zoz A olFdti, ¢kl 109 ANAFE
oAl g3, AR =7t A4 5 0.9 Wl
09 Wste 9d¥go] AXE AL ¢ F+ Yo £F,
Mgol 371842 F52 U9 0,9 9%l He
Z718i0, 2 AAd n=A BEEIFT. 0,9
A%, o9 ol Ui Aol A9 fuu, @A A

Snid)xe) ulA HAYEe U@ AAzAL
o

A3
A%
=] 4
ohg

g

8 bt ogo o

o

HQl so] Pyl o3 & EXE Holxn g

ol Aeol FEFAS Mt SEARY BS
o7t Ae) gien, gx A wel vA 4

2,9 34%% ¢+ A}
%7

B d3E FHIT 21(BK 2)AME FAE ok
"nEE AW YA 7171 AA A" e A4
stol FeEdon, old @A gHEA A=
Py

rot

1%]

Iz

(1) Eringen, A. C., 1964, "Simple microfluids," Int.
J. Engng. Sci.,, Vol. 2, pp. 205~217.

(2) Eringen, A. C., 1966, "Theory of Micropolar
Fluids,"” J. Math. Mech., Vol. 16, No.l, pp. 1~
18.

(3) Ariman, T., 1971, "On the Analysis of Blood
Flow," J. Biomech., Vol. 4, pp. 185~192.

(4) Nigam, K. M., Manohar, K. and Jaggi, J., 1982,
"Micropolar Fluid Film Lubrication between Two
Parallel Plates with Reference to Human Joints,"
Int. J. Mech. Sci., Vol. 24, No. 11, pp. 661-671.

(5) Papautsky, 1., Brazzle, J., Ameel, T. and Frazier,
A. B, 1999,
Microchannels Using Micropolar Fluid Theory,"
Sensors and Actuators, Vol. A73, pp. 101~108.

(6) Walicka, A., 2000, "Pressurized Flows of A
Micropolar Fluid Between Surfaces of Revolution

The Fixed One and The Rotating One,"
Chemical and Processing Eng., Vol. 21, No 2.

(7 Kim, Y.-J., 1999, "dAlsid S o] &3 479
A F99 w4 SARA fF5 544 @
AT, 7| AgE=E3 BA, AB3A Alss,
pp- 969~977.

(8) Walicka, A., 1994, "Micropolar Flow in A Slot
between Rotating Surfaces of Revolution,” TU
Press, Zielona Goéra.

(9) Rees, D. A. S. and Bassom, A. P., 1996, "The
Blasius Boundary-Layer Flow of Micropolar
Fluid," Int. J. Engng. Sci., Vol. 34, No. 1, pp.
113~124.

"Laminar Fluid Behavior in

-596-



