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Navier Stokes equation0j| A{

Boundary 1 : n-(u,v)=0 [Slip/Symmetry]

Boundary 2 : set u=0, v=1 [v is the vertical velocity (Inflow/Outflow velocity)]
Boundary 3 : t-(u,v)=0, p=0 [Normal Flow/Pressure]

Boundary 4 : u, v=0 [No slip]
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Boundary conditions

Physics / Boundary setting 0| A 2X|9] ZH0| SH AAZAHE 4=

=~ o

[OF

FC}

¥ FEMLAB - Geoml/Incompressible Navier-Stokes (ns) : [Untitled]

Eile Edit Options [raw Physics Mesh Solve Postprocessing MuMiphysics Help
DEES ‘2B L AL RI=2@ PPt tnedp ?
[ ]
® < 5
3 T T T T T T T T T T T
° A
l/
= |
25+ g
E ¢ Boundary Settings - Incompressible Navier-Stokes (ns)
T
|
i I 1
15+ 4
1
05
[ ] [Ceoncet ] [C2omr ]
ok 4
i 1 i 1 i i i i ¥
-25 -2 A5 -1 05 0 05 1 15 2 25
Updeting rectsngle with lsbel ‘RI". ]
Initialized mesh consists of 252 eleents.
Ret ined mesh consists of 1008 elements. ~
(-153,2588) GRID [EGUAL [ Memory, (211 248)




olve

Solve

% Figure | - FEMLAB T
Eile Edit QOptions Draw Physics Mesh Solve Postprocessing Multiphysics Help
He8RT 2L M4 DFES i mak Abs 24=2(B|POp+ Thma 0| ?
Velooty field = Surtace: Velocly ekl Max 1485
< < 3 |€
T T T T T T T T T T o . !
*
25
L 2
b &
7z
. 2
08 -
15 8
305 o
§ ‘ :
>
or - 0s 4
0 2
05
~
25 2 45 05 ] [ 1
M 0
IR -3 :cisac Yasssnssiunsnsosdininasalssainsafasnins . = R
- 2 : H : * H : H : Nunber of degress of freedon: 4729 -
Solution tive: 4.781 s
0 00s 01 018 02 ~025 03 03s 04 045 0s & lon Uss s unef ined at (1, 0.5) =
o (.08 [ EQUAL [Snap |Memeey: 223124 8)




Flow in microfluidic device

Model navigatorOj A| Dimensiong 2DZ HH 1
Chemical engineering module — Momentum balance — Incompressible Navier
Stokes — Steady state analysis& A4Sl 'OK.

X FEMLAB - Geom!/Incom vier-Stoke: e
Eile Edl Qplio s Daw Phuslns Mesh Sn!ve Enstpncassing Multiphysics Help
D& 'alk Abs 24=C @ PP 4+ Tamed ?
[! 3 < >
T T T T T T T T T T T T T
= A
/
o 25
.
./
u “ B
‘ Model Navigator
> 15
New | Model Library | User Modets | Settings
Space dmension: 20 v
1L . i
= 4 Cremical Enginesring Module -~ (hemaal Em“m"‘
# ) Energy balance Module
# | Mass balance e
05| - ernunwmce .
@ Erirkman Equstions
# ® Comprossbio Euler
# ® Darcy's Law
o # @ K-Epsion Turbulence Model
- ® rwu sble Navier-Stokes
St Descrption
L] Yan iert analys Incompressible isothermal fluid flow
051 + .N:n-lcihemd?'l:vw
& Non-Newtonan Flow Steady-state snslysis in 20
3 JP o 30 v
~
A " " L
<) 25 2 <, Dependert varaties uvp
R Appication mode name  ns
Adding rectangle with lsbel R1’. ]
Jement -, P
Ubdat ing rectangle with Isbel ‘RI'. = Logronge -F, 4 - || Matphysics |
v
(3172,-0890) GRD [EQUAL ok || conce | fr2387208)




Geometry

R1I2 05*12,R222*04 2| 27|2 =lC}

% FEMLAB - Geom1/Incompre

ble Navier-Stokes (ns) : [Untitled]

File Edit Options [Draw Physics Mesh Solve Postprocessing Multiphysics Help
DEHS SR ALL(RA=2|DPLIt 00 ?
o
oM. . 51
O 1 T T T T T T T T T T T T T T T T 7

08| 4

= |

e
= / 086 -
~
88| = oar 1
+ Ie
Gl 02 .
i)
@ ot 4
@
@ 02 R 4
=
o 04 ]
D
’ Rl

08 - <
1]
'

08 -

v
1 L L L L L ) L . ) L L M L . I N
16 14 12 A 08 06 04 02 0 02 04 06 08 12 14 18

Adding rectsngle with label 'R2°. A
Updating rectangie with label ‘R2".
Updating rectangle with labal "R2°. v
(0,-04) |criD [EcuaL [snap | [ [souo Memory. (25.4/23.9)




ible Navier-Stokes (ns) : [Untitled]

Elle Edit Qptions Draw Physics Mesh Solve Postprocessing Multiphysics Help
DEEE :mak|ALs24=2|@ 2Lt vanndm?
. 1€ )i_
~
08
06
04
02 I
0
02
04
a6
08
' b4
’ 46 14 42 E] 08 06 04 02 0 02 04 06 08 1 12 14 15
Ref ined mesh consists of 3504 elements. "]
Initialized mesh consists of 219 elements,
Ref ined mesh consists of 676 elements. v
(0803, -00363) [ feaual || [ [Memery: (277 129.9)




Physics

'Physics / Subdomain settings’ 0| A{ model!2
2ot A E 12

A= Ol
Chns

ZH el =0 XA
10| Z[RAC}.

Y. FEMLAB -

Geom|/Incompressible Navier-Stokes (ns) : [Untitled]

Eile Edit Qptions [Draw Physics Mesh Solve Postprocessing Muliphysics Help
DEE& 2R ALL 24A=2 @ PP Pt Thnadp ?
- L >
. T T T T T T T T T T T T T 3
< 08
o
.
/ o8+ Subdomain Settings - Incompressible Navier-Stokes (ns) ~
L)
'_H 04 - Pl TIuE T (-l p(Tu+(TU) )]+ F 1
= .vYus0
02 -
Sutdoman seloction Priysics | in | Element
0 _ A || | Pud properties snd sources/sinks
’ R —
024 _— Quantity  ValueExpression Description
o 1 Density
~ n | Dynemic viscosty 1
al b Volume force, x-dir
ed a =
i O oy r_ 0 ‘olume force, y-dir ]
[9) Active it deman
o8t -
[Cok ] [[concet | [ ey |
A 1 L 1 1 n n L L I n n I n 1 s b
16 14 A2 1 08 06 04 02 0 02 04 06 08 1 12 14 16
Adding rectangle with label "R2". A
Updating rectsngie with isbel "R2".
Updating rectangle with label ‘R2°. ~
(1.41,.0148) [cRID [EQUAL [ [ Memory: (24.7 /23.9)

Z M Reynolds No.7}



Boundary conditions

Boundary settingQjj Al AAZTHE

oIz ofgfuictol ~AMSF £ E S 1, AZAIZIY SIBlo| $ES -12 o1,
HotEol @ EZ =1E Normal flow/Pressure = 0 @2 &

LIH X| = No slipe 2 47-5}ISILCt.

| Y FEMLAB - Gaom1/Incompressible Navier-Stokes (ns) : [Untitied Hﬂg

Eile Edit Options Draw Physics Mesh Solve Posiprocessing Multiphysics Help
DEFEHS I BA L ALL A= @ PPt Y@ ?
Iﬂ . 12 T >
- A
4 LT
o
B
/7 08 |-
L}
rag 04
Boundary selection Boundary condtions
02
1 h ~ Boundary condiion infiow Cutflow velocky
Quantity Valuefxpression Description
or 2
A Uy 0 x-velocty
Yo 1 y-velocty
a2+ —1 |85 a Py Pressure
[T setect by group
04
[ ntericr boundaries
08
(o [Ccomcet | [ aoety |
08 -
v
7 " L " L s . s . i L s L s s L s L
18 14 12 1 08 08 04 02 0 02 04 08 08 1 12 1 16
Ref ined mech consists of 3504 elemnts. A
Initialized mesh consists of 219 elements,
| Ref ined mesh consists of 876 elements. M
(-0.463,0709) GRID [EQUAL Memory. (27 6 /239)




Result

Solve

% FEMLAB - Geom!/Incompressible Navier-Stokes (ns) : [Untitled]
Ele Edit Qptions Draw Physics Mesh Solwe Bostprocessing Multiphysics Help
DFEHEG t Ak ALs R23=2|0 PP+ T P
=] Surtace: Velocty fiekd M 3651
< < 2 35
o ; 5
*
i . :
-
08
e
. t 25
04
02
{2
0
02 P 115
04
1
08
08 5
A
v
486 14 42 4 08 08 04 02 0 02 04 08 08 1 12 14 18
M 0
Valus: 3.6458%2, Expression: Uns, Positicn: (0, 0) A
Mumber of degrees of freedon: 4180
Solution time: 3.563 s v
(-04,-08) [ EQUAL [SNaP | [ [ Mervory: (26.7 1239)




