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A Simulation Study on Fluid Flowing in Micro Pump
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Abstract The technology of joining BT (Biotechnology) with NT (Nanotechnology) must be rapidly arranged in 21c.
Specially, the technical value is important more and more since the research about MEMS, which synthesizes BT and
NT, is variously proceeding on the wide fields. This study by simulation shows the Fluid-Flow within micro Pump
used in Bio-MEMS technology through Fluent Program. Namely, this experiment shows the most suitable external
conditions and Pump Model within micro Pump by observing the flow of fluids as to the conditions of pressure,
temperature and Model when the Fluid flows within micro Pump. We saw the variousness of pressure and temperature
as to the existence of Chamber through examining by reference of Fluid-Flow. In the case of the existence of Chamber,
the variousness of pressure and temperature is less than in the case of the non-existence of Chamber. By this
simulation, we know that the Pump, which has a Chamber, affects the Fluid-Flow less than that. So we can say that it
is necessary for us to design the Pump which has a Chamber.

Key Word : Nano-technology, MEMS, simulation, micro Pump, CFD, Fluent, Gambit

1.M 2 F7b olFAR L glE AR

Zh= o]ie] 77| va‘Z— k. A& %ra, AR, L& =

VoA RS B8 vA AA7NA AZTIeE vlo] 7= ety e IS AR|EY, A ZztE
Holo] 283 Bio-MEMS(Bio Micro Electro ¢l &&-0] 7F—o}t}~ Aol et oA E B0, & HH
Mechanical System)= A2 BTHHA 7|&3) Ao ol & A Fo| HAHL uf, A HAAE 2] £
g8 2 288 7I5A ke T (too)EA I FoA g 5 e A9 B4 A74AE AAE $0 F A5
o] #o}A 7} 9tk Bio-MEMSE 719 Al&dHa= 2 7igge A9 o2 *gﬂrvﬂin‘ 2 o]@e] ga}
e N2E A F2E FoT 3, ookt 2ok Y 523 A 4A olslT 5 UL Aotk BA e
o AEFEY /714 ¥F dFE Qs itk <o) AT Eo] sisdlng u]go] M7y,
ZEEME 71E MEMSO B4 mEl, B2 £29 AFE AHY A dE ASes Fgo]| sHsdlt)
7V 2 A 7led 71 9% 27 BA, #7130l EF AR AjFd =& v golu} 18] iee &
AME 2=t A2o] Wa g gich ojeddt ofulge] 7} Utk A, ¥ fA] Belulgo] 7aFin A,
T B33 Bio-MEMS Fopol tfgh 212 FExjel A AFHE 1A BFE ¢ glens IFE 2o
Haste Aol g3, 2] YRl 71E:e st

A e o AR A A FINE Aok BT ke

rlo
r)~l
_1}.4.
Sk
;’f-,
>
»
o
W o

233



A8 eA

AE7|4A 28] =R A Al3E A48, 2002

AFIAYG 7HEEAY EFsle AR dol Fexw
AA A §ES- Al7ho] Wl A Q= Aj7de] B A
o] gt} ole oy v FFE vfECE Bio-
MEMS 712 AlE T2 E (Genome Project)Z 3l
guE A7 FA ) g et R AEF &
23 2E 98 BTHY &3¢ A 34 7Ie2 &
2 w2 Sloh. o]# @ Bio-MEMS7IE 5 A
ARg-shs HlA Pumpd] AFE SicE 3HE A ¥
o] f-52 FE2 Computer Simulationd E3l 3
YA o2 Yol 3, Pump Wollx 9] RS 47
sto] HHe] AL Yoplaix g} old AL
2HE o AAFAGE AlEH oS T8 Pumpd]
NFEST 229 4F 5 o8 71 F 27049 o}
2 A34E 97k AL 58 uE sRIY go
2 2 dFddMe CAD Z2I39l Gambit T2
S AMgSke] AREEZALE= Model2 modeling 3 ¥
Fluentg ©]&3le] 74 Pump Woll 22& 9] 25
9} 9t f& 5 ot 2o W vl Pump W
A fAEHe] WHSE FAete A 2L F
ohf51zt Fhrt.

2.4 g

B ATE ¥ 19 Aoz 83" AFEHS /K
GambitZ} Fluent T2IH-8 AME-3ted AHP3I5AT).

HAZ Gambit Program® ©]-&3le A3zl k=
T2 1, 2, 3y Modelingh(ZE 4, 5, 6).

Modeling3t F2E ©]8-3t] Mesh7|8E ©]&3}d

H 1. @FE AR 2 A" Program

AHg-E PHE AL Ay Zzay
‘Windows 2000 Gambit V4.0
CPU Pentium I 1Ghz Program
SCSI+IDE HDD 50G Fluent V5.3
RAM 768, VGA 32MB Program
I 0.2mm o.6mm
/AI tmm \
1.2mm

2] 1. Model 19] Structure.

234

Mesh2}& @th2d 7, 8, 9).

Mesh2l 2 & wjol= AR e A7) 3 2 =
2 58 2Ed FYe gt $49% Modeldl Zone
< AR 3 49E H4UL .msh FileE A7t
Gambit Programoi|41€] Modeling®} Groupd”g 2ol
s AA ALE 45tk 3D Fluent Program©.=2
Modeling3} .msh FileZ B#]Et). WA AFfA AL
442 Scale® ¥Fo] F3L Defineg 531 Boundary
Condition 43& & ¥, 3D A& s7] 98t e
g 87 &, A% Modelo] A2 AR Silicon,
N Water) 5 ARSI, Aol AM-E IYPEE
AP RE, 4¥, F% 53

=

k)

* e
kN £ T
3 ¢
. "‘
. S s
N, - *
" = . ’
L8 I’ 5, 5 ‘l'
[ 9 oy
U 4
G Sonon ™", : s,
; . o .
"
;
/ \
'3
i
32 2. Model 29] Structure.
% 1. 2mns g
l 0. ram
o P -
s o T > v 0. 300
. 7 \"s e J—
O Amm 0.3mm|
2} o.sme ya ™, -
.'/ N - b

8| 3. Model 39] Structure.

33} 4. Gambit Program2 ©]-8-§ Modeling.



SimulationS %3 u)4 PUMP WollAe] FAlEE A+

1% 5. Gambit Program?- ©]-8-3+ Modeling.

3% 6. Gambit Programe- ©]-8-§ Modeling.

O3 7. Model 12] Mesh.

A4 & Definee EE 3 o7 71x Hse 84
of & ALt Solvers HETH *HA GO E AEAHE ¢
ste] AT ewEe] B8 89l Iterations F-3
doleE dr).

Iteration 2Pl sl Aozl HolEE DisplayS %
st} AlEdeld AdFAge] gHes A o] 3
a3 SlEg ot fAle] 35S dEs. ¢
<59} sl W xjolE FAsted 22 A9 AdE

235

18| 8. Model 2¢] Mesh.

1% 9. Model 32] Mesh.

Foldt), o2 Eagloz =Y F730) Modeldl
e A= BAste] 2 2L AEFLE 758
T Utk A ASE FHEAEL2 AA WA 2
stk 7 Sl A7) Wi 2= A A
L% 365°CE 71FEe2 QAPHYE 4+, - 2.5°CE 3o
ARBHL A} =g A FF 42 85 mmHg
= 113324 PaolA 130 mmHg = 17331.9 Pa® 4%
sle] AYsl dEes 499 £ 03 m/sE IA
st A3l He] 83 2L I AT
YUz e H,09 gE= 443
3.8 o

11332.4Pa°l A1 ¢] modeld 44 2%(36°C, 36.5°C,
39°C)%k Wistell W& HE ollAe SxHIE Bl -
AT 28 109149 2o] Model 194 &%
H3l A= w9 v)AEA YRS 34°Ce) 36.5°CAlA
= A9 WHalr) gy 39°CHlA Blua e en
3= HAt) Inletd} Outletd] &%7F =4 Vet oH
PumptlFolMe o 252 BT Model 2904
34°ColA vmA gL SxHslE #Ed £ gt



28} eks 1A A)38 A4, 2002

Model (2) 34°C 365°C 39°C

Model (3) 34°C 365°C 39°C
32| 10. 11332.4Pa%l1419] ModelE 223},

Model (3) 34°C 36.5°C 39°C
38 11, 17331.9PacllA12] Modeld &3}

Inlet} Outlet, Chambertl] ollA] Ajdoe ¥e &5 3o w& 25¥3E vw - FFsidchad 1),
Hals #FT 5 AT Model 39041% Model 298 Model 1914 948 11332.4Pa oA9] =S} H)
FAFSHAl 34°Col A4} Inlet? Outlet, ChamberollA $& &) H|4 7& 2522 Jepde ¢ 5 AQch 2
2ERIE B2 2} ol2lgt vlAE Ashs A o] ) - HA

4= 17331.9PalX 2] 7} Modeld A4 =3z H <o Wsle] ¥ g3o] glis Ae= B3Th Model 29

236



Simulationg E3}+ w4l PUMP Wolx 9] A58 d¢

Model 39141E 11332.4PadAig} ml=g %E—E-E%—
#EA3. 01” ore] Model 19149} mhzky

gol] Wiyt 2xolle 28] B ¥
RHo=z B},

11332.4 PaollA 9] AP Lewigle)] o3l A¥erw

i)
S FA %‘81%

Model (1) 34°C

Model (2)34°C

Model (3)34°C
J8 12, 11332.4Pa* 9] Modeld Fluid 3},

36.5°C

3H(34°C, 36.5°C, 39°C)oll WM& Z} Modeld /52 &
E-8 v #AZ3NT. 29 1200149 7] Model 19
MNe RE 2% £y 5943t 528 & 4 9J9r}
HEZ Yo s50] WHE & ¢ ATt Model 29
Model 30 FmEe] S0 aAs FTEHOE

20
=
I

1

Model (1) 34°C

36.5°C

39°C

Model (3) 34°C
T8 13. 11331.9Pa*r1 2] Model¥ Fluid¥ 3},

237

36.5°C

39°C



#Zs19 . PumpelAl Chamber7} $l= 73-%-(Model
1E Fluid® #30] HE 3712 Inlet F-oMe =7
A3 Qutlet FHollM e wEd e & 4 ik 284y
Chamber7t & 73-$-(Model 2, Model 3)¥= Model 1
3 74l Inletd Outletd W53 @io] FAPAH
ChamberlolM & &£=7F 8X= RS & + ok

17331.9PaciF 2] 2 /sle] oj2 2TW3l(36°C,
36.5°C, 39°C)oll W2 ZF Model¥ #%5<9 &S H]
A - FEAFHATHEE 13).

Model 1, Model 2, Model 3 25 11332.4Pac A <]
5o TEF FYN EXE RYS ¥ 5 stk o=
Y 2o v - oA} nprviAlz A
Al ARt #E(11332.4Pa, 17331.9Pa)atol] &M e
A Wz}t gle-g dFEEse] W Fhiddx - 3
oA & 4 Sl

2EE 34°C2 IAHYE 9 Z+ Modeld ¥
(11332.4Pa, 17331.9Pa)¢] ¥3E A3l 2y
14). Model 1914 11332.4Pas} 17331.9PacllA Y
3 EXE JEpU) Inle® WEAFAM ] ho] &
%8I Outlet®: 82 WolFS B = it} o] &

£ 2% W3 HaeM el BY B2 ot e W}
7t &x¢] W3E opy|dchs AL & & Utk Model
29} Model 39M4%= 4o} Model 1| Bobes ZAg
InleZAAE 4ol J<538t2L ChamberdlA #HE &

Model (1) 11332.4Pa 17331.9Pa

17331.9Pa

Model (3) 11332.4Pa 17331.9Pa
3 14. 34°CY W] Model'd +=ws]

Outlerl M= 2 H3p7} 22 Aoz Yyt
2E 36.5°CoM Y gEHEE 2259tk Model
1, Model 2, Model 394 % 25 34°ColAle) A=}

Model (1) 11332.4Pa 17331.9Pa

Model (2) 11332.4Pa 17331.9Pa

Model (3) 11332.4Pa 17331.9Pa
15.36.5°CY ™ Model'd w3},

17331.9Pa

17331.9Pa

Model (3) 11332.4Pa 17331.9Pa

2] 16. 39°CY wl Modeld =3},



Simulationg 3 U4l PUMP WollX 2] §A38 A+

Inlet} OutletollA18] FopA|IL ThA] YojRol uweiA]
e W yehs AL 7 229 gl B
dqME & 4 Uk 1)z LxEd wE zHe] ¥
BEE 1A Zvke RE ¢ F AU

2% 39°ColX 9] Qtee) wWalE ATt Model
1), Model 2), Model 3)°1A] RE 2% 34°C8} 36.5°C]
A9 Azte) FUI HEE B FUTHaE 16). 4
2] 2%(34°C, 36.5°C, 39°C)ollH 2] BEE E3lo] 2%
wislo] uhZ o] W3lE A &Y & fldh

=2

[==

4.4

AHNX Chamber®] %} Inlete] Hx|Hs}e]| w}
& WH3}E YolRgUt}. Chamber’t = PumpilAe
Chamber7} §1 Pumpel vlsiA t2dsist A4 ek
St ol InletiRolA FYUHE Waterd] =€
Outlet® & W2+ Water®] ¥4&©] Chamber7} = %
71 gl AS-9 BinE o zpo|rt AA velrdS ¢
T ATE ol= Chamber’t Yl At Inletol] A9
& =S PumpE AUHA ThA] WolXHEA,
Outlet-2ollX & Inleti-23} ¥ wd o] XA B
2ol & B 4 Ut 22y Chamber7} 1= Pump®
A5 hleclM9] ¥& 4HWSP} ChamberS A4t
WA A FolA] Outlete 2 L& w9] o] Inletol
Mgl st vsFe] BoF, o 2E9 ALE
A2 Qo] & XM E &E T3 w2 Zlo
2 JEltern ole mug Wgo)rls siRRE £t
2 AFY 5 Y FRO= o] FolXHA vl
s 257t SR & F AU 0§ Ro} =&
Modelo] W& WS 9] wisio) vlwd o J3ks
A B22E & F Uy £l hnletf o)A 9}
Chamber7} 1= 7%l Chamber?] Outf-EolA &
A £27F F7HEE #R1 T ¢ itk Axdsle 9
9 IHLEE FA3HUT Pump®] Z %ot Chamber

L.

L.

239

o] fFol FHAQlo] dATE & = Uk B A4
Chamber7} 1= Pump?} #-H]9] 550 o] AL
% 4 A2 EZ ChamberZt Yl Pump?} Chamber
7F 9= Pumpell H]3] £-838 & 5 Ut

n_)'|_|

o

i

[1] FFY, “AAFAG, =AESH t)GAL 23 A)24,
263-290 (1994).

[2] Gambit Tutorial/User Guide, Fluent Co, 1998.

[3] Fluent Tutorial/User Guide, Fluent Co, 1998.

[4] Gambit 2.0 Training Notes, Fluent Co, 2002.

[5] Fluent 6.0 Training Notes, Fluent Co, 2002.

[6] A%3, +94, 193 “TAFU gL VoA

& 3h9)=8 2001.

gAld#, BioMEMSS} Nanobiotechnology®] $-8,

2001.

A8, s “UH IR 9 vio] 237, §F R

Kakila R

235, 239, J¥5 “FE=E 9

Atel&lu|t]o], 2000.

Ol5E, “AAIZ Hit-= FAG T, AEHH, 1996.

FR7)enSU SR “d - /A Al EH AT

A9, ZAE, AN, 8¢ X5, “SMART 4

ZH 39 Jdd) dAASS 93 33 /F

84", A48 3= Fluent User's Group Meeting

Proceedings, 1999.

AR, AFe, AEA, “2ek) &€ HEY a4

o #g CFD A& #§¢ A7, #|43] 3= Fluent

User's Group Meeting Proceedings, 1999.

599, “BAl FAEA g BA /A A2

ALt AT A HIE AGE, A E 3 2

71z A% teb, 3digte 874 T8, 1995.

P. Bradshaw and T. Ceveci, “Momentum Transfer in

(7
(8]

}

(91 i id R L
(101
{11

[12]

(13]

[14]

[15]
Boundary Layer”, Hemisphere, 1977.



