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FlexPDFE5 whitepapers

1.1 Problem descriptor [ vfluidOla.pde ]

gogboooobooboon

TITLE
’Flow Due to a Moving Wall’ { vfluidOla.pde }

ggbobooboobobooboobboooobda

SELECT

Errlim = 1le-5

goboooooboooboodoooooobooobooboobooooooooooooooboooogoon
N-SODO0000000000000000000000020000000 v»,00,0000p00000
goboooooooooooooooooDo

VARIABLES

VX Vy P

O0o0o0o0oOo0oOooOo0oOooOoOoooooOo SIoooOooooooo

GB011 00 pp=1e50000 00 Tambient pressure0 00 0000000000000 O0O0OOOOOO
gooooooOoOo0OO0O0O0O000O0O0O0O0O0O0OO0ON-SOO0O0OO0OO0OO0OOO pOOOOOOOOOODOOO
O0po 0000000000000 O00O0O0»00000000000000000000O000O ambient
pressure U OO OOO0OOO0OOOO0OO0OOO

DEFINITIONS
Lx = 1.0 Ly = 1.0
vx0 = le-3 { Speed of moving wall }
visc = le4d { Viscosity (1) }
dens = le3 { Mass density }
Re = dens*vx0*2*Ly/visc { Reynolds number }

v = vector(vx, vy) vm = magnitude(v) { Speed }

00 GB0122a0000000O0DODOOO (12),(13)0000000OO0OOD0OO0DOOOO0OODOOODODOOOOD
0000000000000 0000O00O (13)0000000oO0oooOoDUooOoO (C=0)0

EQUATIONS { Tagged by dominant variable } { For vanishing Re }
vx: dx(p) - viscxdiv(grad(vx)) = 0
vy: dy(p) - viscxdiv(grad(vy)) = 0
p: div(grad(p)) = 0 { Divergence term neglected }
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BOUNDARIES OO ODOOOOOUOOODDOODODOOOUODUOUODODODOOOUOUOUOUOvw, booobobbbbogoo
00, =000000000v,=0v,000000000000000D00DO0OC0OOC0OOOOOOOOOO
000 Natural(vx) = 0000000000000 0O0OOOO

v

7;5-::0
goooboobooboboobooboobobooboobObooboobboooboobboobobooobog
00o0o00ooooooood pOOD0 OODODOODOODOODOOOODOODOODOOOOOOOOODOO
0 GB012a0000 (14)000000000000DO0O0OODOODOOODOOODOOOOOOODOOOD
ooooooOoooooOdoOoooooooon, =1, 00000000, =-10000000000000

BOUNDARIES
Region 1
Start ’outer’ (-Lx, Ly)

]
o

Natural(vx) = 0 Value(vy) = 0 Value(p)
Line to (-Lx, -Ly) { Left }

Value(vx) = 0 Value(vy) = O Natural(p) = -viscx*div(grad(vy))
Line to (Lx, -Ly) { Lower }
Natural(vx) = 0 Value(vy) = 0 Value(p) = O

Line to (Lx, Ly) { Right }
0 Natural(p)

Value(vx) = vx0 Value(vy) viscxdiv(grad(vy))

Line to Close { Upper }

goboboooboobooooboon

PLOTS
Grid(x, y)
Elevation(vx, vy) on ’outer’ Report(Re)
Contour (vx)
Contour (vy)
Contour (p)
Vector(v) norm
Contour (div(v))

Contour (curl(v)) painted

END
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1.2 ODOODO

(1) Grid(x, y)
FlexPDEOOOUOOOOOOOOOOOOODODOOUOODOOOOODDODOOUOUOODODDOOUODODOOOOO
ggooooo

Flow Due to a Moving Wall 09:45:55 10/29/08
. . . . . . . FlexPDE 5.1.2

%y

0.9+

0.6

0.3

-0.34

0.6

0.9

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS Eir=2¢-15

(2) Elevation(vx, vy) on ’outer’ Report(Re)

v:,v, 000000000000000O00000000000000000000000000000OO0A0
OO0 Reynolds 000000000024 000000000000000000D0O000OODO

Flow Due to a Moving Wall 09:45:55 10/29/08
et FlexPDE 5.1.2

10 3 VX
ON outer

an vy
b vy

~ IS
I
\-\N

—

Distance

exportOla: Gridwl p2 Nodes=1133 Cells=536 RMS Err=2.e-15
Re= 2.000000e-4 Integral(a)= 4.000000¢-3 Integral(by= 0.000000
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(3) Contour (vx)

0000000, 0000000000 0D0O000000000000000O0O0 voUOOOOOOODOO
goooooooooooooooooooooooo

Flow Due to a Moving Wall 09:45:55 10/29/08
- ! ! 1 FlexPDE 5.1.2
VX
0.9 r
: max 1.00
T t 1.00
; 0.95
0.6 L 1 0.90
03 m r m 0.65
1 1 0.60
Ik 0.55
4 ] 0.50
o E Lo 0.45
. h 0.40
i o 0.35
f 0.30
e: 0.25
037 2 o 0.20
i c 0.15
b 0.10
° a 0.05
0.6 4 r min 0.00
‘ Scale =E-3
&
0.9 a L
T T T T T T T
09 0.6 0.3 0 0.3 0.6 0.8
X

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS3 Ei=2.¢-15
Integral= 2.000000e-3

(4) Contour (vy)

yO0ooooooey,000000000000000000000 v, =00000000000 0000
oobooooooooooon

Flow Due to a Moving Wall 09:45:55 10/29/08
: : L ' FlexPDE 5.1.2

vy

0s1 |* r

nax 0.00
a 0.00

min 0.00
06 r

0.3 r

-0.34 r
-0.6- r

-0.84 r

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS Eii=2.¢-15
Integral= 0.000000
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(5) Contour(p)

00 pbOO0OO0OO0OO0OO0OO0OO0OO0OO0O0O0O0O00OO0O0OOp=000C00C0O0OCOOOOOOO

Flow Due to a Moving Wall 09:45:55 10/29/08
| . . I FlexPDE 5.1.2

0.5+ r
max 0.00

a 0.00
min 0.00

0.3 r

03 L

0.9 L

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS Er= 2.e-15
Integral= 0.000000

(6) Vector(v) norm

oo oo0O000000000DOCOO0OnermO0000O0O0O0O0COODOOOOCOOOOOOOOO
gobooooo

Flow Due to a Moving Wall 09:45:55 10/29/08
! ! FlexPDE 5.1.2

<

1. r

100
0.93
0.90
0.85
0.80

0.70
0.63
0.60
0.55
0.50
0.45

035
0.30
0.25
0.20
0.15
0.10
0.05
0.00

-0.54 r

Scale =E-3

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS Eir= 2.e-15
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(7) Contour(div(v))

divipv) 0000000000 00000O0Scale=E-16000000000000000000 div(v)=0
oobooobooooboooooboooooboo

Flow Due to a Moving Wall 09:45:55 10/29/08

FlexPDE 5.1.2
div(v)
4 B

08 max 4.35
q: 4.00
i 3.50

06 o 3.00
m 2.00
1 1.50
Ik 1.00

03 ] 0.50
i 0.00
h -0.50
“ -1.00

A Q f: -1.50

¢ -2.00
d: -2.50
©: -3.00
b -3.50

037 a: -1.00
min -4.46
Scale =E-16

-06

0.9+

T T T T T T T
0.9 -0.6 -03 0 03 0.6 0.3

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS Ei=2.¢-15
Integral= -3.054090e-17
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(8) Contour(curl(v)) painted

curllv) 000000000 DO0OO0DO0O0O0O0OODODO —54000000000000000000000O0
ooooon

1
curl(v), = (V xwv), = éin}) 57{11 -dl
- c

goboooboocoobooooboooo

O—vwo-2Le _ W0 _ 5 4
2L, - 2L, 2
gobooooboobooboboon
Flow Due to a Moving Wall 09:45:55 10/29/08
. . . . . I . FlexPDE 5.1.2
cul(v)
05
-4.99960
-4.99980

-5.00000
-3.00020
-5.00040

i

0.6

Scale =E-4

0.3

-0.3

-06

-0.84

T T T T T T T
0.9 -0.6 -03 0 03 0.6 0.3

X

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS Eir=2.e-15
Integral= -2.000000¢-3
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2 Cese2-0000000O

0000000000000000000
0000000000000000000 Fl
000 Casel 0000000000000
0000 p=46p, 0000000 p=00
00000000000

0000000000000000000 p=&p T p=0
0000000000

5 + + + -
_ 9P 2 9

vw—an(w y) b
vy =0

oo0/0000o00002w 000000
O0D0O0U0O0OOFexPDECDOOOOOOO
gboooooooooooboooooo
gobooooooocoooon

2.1 Problem descriptor [ v£1uid01b.pde ]

oobooooooooooon

TITLE
’Pressure-Driven Flow through a Channel’ { vfluidO1b.pde }

gboboobooboobobooboonboboo

SELECT

Errlim = 1e-5

0000000000000 Casel000O0O0O0O00O0Ov, 00000 ThresholdOODOOOOOOOOO
O0O0O0OFexPDEDODOCOOOOOD Errlim00000000000COOO0ODOOODOOOOOOODOOO
ooooodv,=0000000000000000000000O000000O000O0O00O0O00O000
00000000000 OThresholdOOO0OO0OO0ODOOO0OOOOOOOOOOCODOOOOOOOOOOO
oooo

VARIABLES
VX

vy (Threshold = le-5)
p
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00o00o0oOoU0o0ooOoU0o0oooUOooooo SIocooOooooooo

Casel 00 Reynolds 00D OODODO GB01220000 (5) 00 v, 00D0OO0ODODOOODDOODODOODO
gbobboobooooooooooboobooobooobooo0o v, 0000000O0globalmax OO OO0
000 Reynolds 00000000000 OOODOOOOODO

DEFINITIONS
Lx = 1.0 Ly = 1.0
visc = le4d { Viscosity }
delp = 100 { Driving pressure }
vx_ex = delp/(2+Lx)/(2xvisc)*(Ly~2 - y~2) { Exact solution }
dens = 1e3 { Mass density }
Re = dens*globalmax (vx)*2*Ly/visc { Reynolds number }
v = vector(vx, vy) vm = magnitude(v) { Speed }

00 GB0122a 000000000000 (12),(13) 0000000000000 (13)0000000000
Casel 00000000000 (C=0)0

EQUATIONS { Tagged by dominant variable } { For vanishing Re }

vx: dx(p) - viscxdiv(grad(vx)) = 0
vy: dy(p) - visc*div(grad(vy)) = 0
p: div(grad(p)) = 0 { Divergence term neglected }

BOUNDARIES U0 000000 O0OOOOOOOOODOOOOOOO0OOOOOOOUUd p=dp, 00
p=00000000000000000000O000OO Natural(vx) = 0000000

v

?if =0
000000000000000000D000000 Natural(p) 000000 GB012a0 OO0 (14) 00
gooooono

BOUNDARIES
Region 1
Start ’outer’ (-Lx, Ly)
Natural(vx) = 0 Value(vy) = 0 Value(p) = delp
Line to (-Lx, -Ly) {In }

Value(vx) = 0 Value(vy) = O Natural(p) = -viscx*div(grad(vy))

Line to (Lx, -Ly) { Lower }
Natural(vx) = 0 Value(vy) = 0 Value(p) = O
Line to (Lx, Ly) { Out }

Value(vx) = 0 Value(vy) = 0 Natural(p) = visc*div(grad(vy))
Line to Close { Upper }

10
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goboooooooooocoooo

PLOTS
Grid(x, y)
Elevation(vx, vy) on ’outer’ Report(Re)
Contour (vx)
Contour (vx - vx_ex) Report(globalmax(vx))
Contour (vy)
Contour (p)
Vector(v) norm
Contour (div(v))

Contour (curl(v)) painted

END

22 DO0OO

(1) Grid(x, y)

FlexPDEOOOOOOOOOOOOOOOOOOOODODODOOOOOOOOOOOOOOOOOOOOOO

ggooooo

Pressure-Driven Flow through a Channel
. | . .

0.5+

0.6

0.3

-0.3+

-06

-0.84

T T T T T T T
0.9 -0.6 -03 0 03 0.6 0.3

X
export0lb: Grid#l p2 Nodes=1133 Cells=536 RMS En= 1.e-10

11

=y

15:19:45 10/30/08
FlexPDE 5.1.2
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(2) Elevation(vx, vy) on ’outer’ Report(Re)

v,0, 000000000000000O0O0O0v, 000000000O00DO00O0O0OOOO00DO0O0O00O0
goooooooooooooogooooooooooooooooooooooooooo0odey, 00
0000000000000 ReynoldsOO be-40000000000000OOOOOODO

Pressure-Driven Flow through a Channel

o4
25

Distance

export0lb: Grid#l p2 Nodes=1133 Cells=536 RMS Eir=1.e-10
Re= 5.000000e-4 Integral(a)= 6.666204¢-3 Integral(b)= 0.000000

(3) Contour (vx)

X
ON outer

vy

15:19:45 10/30/08
FlexPDE 5.1.2

z00000 000000000000 0000000C0000O00O0 OC0O00O0DOO0O0O00O0DO0OO0OO0

goboooooooono

Pressure-Driven Flow through a Channel

15:19:45 10/30/08
FlexPDE 5.1.2

0.9+

0.6

0.3

-0.34

—
g
ks
%
s
2 B e E—
o

0.9

exportOlb: Grid#l p2 Nodes=1133 Cells=536 RMS Eir=1.e-10

Integral= 6.664815¢e-3

@ e

d:
c:
b:
a

min

Scale =E-3

1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
Oe-4
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(4) Contour(vx - vx_ex) Report(globalmax(vx))

FlexPDEOOOOD 0, 0000000000000 0OODOScale=E-11000000000000000

0000000000000000 02, 00000 25e-300000000000C00O

Pressure-Driven Flow through a Channel

0.9

0.6+

0.3+

-0.34

<06+

-0.8

exportOlb: Grid#l p2 Nodes=1133 Cells=536 RMS Err=1.¢e-10
globalmax(vx)= 2.500000e-3 Integral=-3.003233¢-12

(5) Contour (vy)

yOoooov,00000000000O00000O00O000

Pressure-Driven Flow through a Channel

0.9

0.6+

0.3+

-0.34

-0.6

-0.8

exportOlb: Grid¥1l p2 Nodes=1133 Cells=536 RMS En=1.e-10
Integral= 4.720321e-14

13

15:19:45 10/30/08
FlexPDE 5.1.2

a g

Scale =E-11

258
240
210
1.80

1.20
0.90
0.60
0.30
0.00

-0.30
-0.60
-0.90
-1.20
-1.50
-1.80
-2.10
-2.34

15:19:45 10/30/08
FlexPDE 5.1.2

Scale =E-13

321
3.00
2.70
240
.10

1.50
1.20
0.90
0.60
0.30
0.00

-0.30
-0.60
-0.90
-1.20
-1.50
-1.80
-2.10
-2.40
-2.67
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(6) Contour(p)

O0pOd0dOoboOoOoOoODOOOCOOOOOO0O00O0O0 1000000 O0CCOOOOOOO0O0OOOOOOOO
goobooooo

Pressure-Driven Flow through a Channel 15:19:45 10/30/08
! ! 1 ! 1 FlexPDE 5.1.2
P
057 [ max 100.
t: 100.
E 095.0
1 90.0
0.6 I q 5.0
n 70.0
03 r m 65.0
1 60.0
IN 5.0
] 50.0
= 0. L i 45.0
h 40.0
B 35.0
f: 300
e: 250
037 T 20.0
©: 150
b 10.0
a 5.00
-0.6- r min 0.00
0.9 T F

exportOlb: Grid#l p2 Nodes=1133 Cells=536 RMS En=1.e-10
Integral= 200.0002

(7) Vector(v) norm

gboodoo0000000000O0CO0O0nermO0000000O0C00O0OO0OOCOOOOOOOOO
goboooooooobobooobooooooooooo

Pressure-Driven Flow through a Channel 15:19:45 10/30/08
. i . FlexPDE 5.1.2

1.4 L

W
2.60
- S
2.20
— 2.00
1.80
4 L 1.60
03 1.40
1.20
1.00
0.80
0.60
0.40

0.00
Scale =E-3

-0.5 r

exportOlb: Grid#l p2 Nodes=1133 Cells=536 RMS En=1.e-10

14
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(8) Contour(div(v))

divipv) 0000000000 O0O000DODO0O0OOODOOODOOO

Pressure-Driven Flow through a Channel 15:19:45 10/30/08
. . L . . . L FlexPDE 5.1.2
div(v)
057 [ max 271
n: 2.70
m 2.40
064 L 1 2.10
] 1.50
i 1.20
h 0.90
034 r z 0.60
f 0.30
e 0.00
d: -0.30
) 0. L ¢ -0.60
b 0.90
a: -1.20
nin -1.34
-037 [ Scale=E-12
06 F
09 F

exportOlb: Grid#l p2 Nodes=1133 Cells=536 RMS En=1.e-10
Integral= 1.203622¢-12

(9) Contour(curl(v)) painted

curl(v) 0000000000 O0OOOOOOOOOOOUOOOOODODOOOODOOOODOOOOODOOOO
gobooooon

Pressure-Driven Flow through a Channel 15:19:45 10/30/08
s s . s s s . FlexPDE 5.1.2
cul(v)

05 r
5.00
4.50
4.00
0.6+ L 3.50
3.00
2.50
2.00
1.50
03 1.00
0.50
0.00
-0.50
- 0.7 r -1.00
-1.50
2.00
2.50
034 L 3.00
-3.50
-4.00
4.50
064 L 5.00

Scale =E-3
08 r

exportOlb: Grid#l p2 Nodes=1133 Cells=536 RMS En=1.e-10
Integral= -4.883082¢-9

15
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3 Cese3-00000000000O000OOO0O [1]

000 GBOllOOOOOOOOOOO
gobooobobooobboobobo i
gobooooboooboooooboog v

p=5p
0000000000000000C = p=0
0000 GB012aD OO0 (13)00000 = —f —
1 2 3
000000000000000000

1 b
go0o0ooooobooooboooon f
A 4

3.1 Problem descriptor [ vfluidOic.pde ]

ooooboooooooon
TITLE
’Viscous Flow through a Constricted Channel’ { vfluidOic.pde }
ooooooooOoOoOoOOOOOObOOOOO
SELECT
Errlim = le-4
ooooooooooo
VARIABLES

VX Vy P

000000O000oooO00ooo0o0oooooooo SIocooooooooo
oobooo0ooooo0o0o0ooooo0o00doob0 n00000000 z000y00000 ng,n, 0
0000000000000 00O0OnO0OO0OO0AOOOO

n = (ng,ny,) = (cosd,sinf)

U00z000y0000000000 e.,e, 0000000000 normal 0000000000000
On0d0000000DOO0ODOOOOOOOO

normal (e,) = cosf normal (e,) = sinf

Doooooooooooooood ng,ny O

n, = normal (e,) n, = normal (e,)

gobooooboobooobobooobo

16
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DEFINITIONS
Lx = 1.0 Ly =1.0
coef = 0.5 { Constriction coefficient }
visc = le4d { Viscosity }
delp = 100 { Driving pressure }
dens = 1e3 { Mass density }
Re = dens*globalmax (vx)*2*Ly/visc { Reynolds number }

v = vector(vx, vy) vm = magnitude(v) { Speed }

unit_x = vector(l, 0) { Unit vector fields }

unit_y = vector(0, 1)

nx = normal (unit _x) { Direction cosines }
ny
natp = visc*(nx*div(grad(vx)) + nyxdiv(grad(vy)))

normal (unit_y)

{ Natural boundary condition for p }

00 GB012200000000000OO (12),(13)0000000O0O00DO0O0O (13)D00DO0O0ODOOD
000000000 (C=0)0000000000

EQUATIONS

vx: dx(p) - viscxdiv(grad(vx))

vy: dy(p) - viscxdiv(grad(vy))
p: div(grad(p)) = 0

BOUNDARIES OO UOODODOOUOUOODOUOUOODOOOOOOOOOOOOOO0OOOOOOn p=4dp, 00000
p=000000000000000000000000O Natural(vx) = 0000000

v

?if-::O
0000000000000 00000000000 Natural(p) DOOOOO GBO12a0000 (14)|:|D
goooooad

BOUNDARIES
Region 1
Start ’outer’ (0, Ly)
Natural(vx) = 0 Value(vy) = 0 Value(p)
Line to (0, -Ly)

delp {In }

Value(vx) = 0 Value(vy) = O Natural(p) = natp { Lower }
Line to (Lx, -Ly) to (2*Lx, -Ly*coef) to (3*Lx, -Ly*coef)

Natural(vx) = 0 Value(vy) = O Value(p) = O { Out }
Line to (3#*Lx, Ly*coef)

Value(vx) = 0 Value(vy) = O Natural(p) = natp { Upper }
Line to (2#Lx, Ly*coef) to (Lx, Ly) to Close

17
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goboooooooooocoooo

PLOTS
Grid(x, y)
Elevation(nx, ny) on ’outer’ as ’direction cosines’
Contour (vx) Report(Re)
Contour (vm)
Vector(v) norm
Contour (p)
Contour (div(v)) painted
Contour (curl(v)) painted
Elevation(vx) from (0.5%Lx, -Ly) to (0.5%Lx, Ly)
Elevation(vx) from (2.5%Lx, -Ly*coef) to (2.5%Lx, Ly*coef)

END

32 0O0O0O

(1) Grid(x, y)
FlexPDEOODOOOOODOOOOOODODOOOODOODODOOOOODOO0OOOO0O0ODO 300000000000
g0 looooooooo0ooobo0ooooooooooooDooooooOooDboooo

Viscous Flow through a Constricted Channel 15:57:11 11/6/08
! ! ! ! L L L FlexPDE 5.1.2

157 i %y

0.5

-0.5+

exportOle: Grid#4 p2 Nodes=2930 Cells=1411 RMS Eir= 8.¢-5

18
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(2) Elevation(nx, ny) on ’outer’ as ’direction cosines’

0o0000o ng,n, 0000000000000 O0OOOOOOOO

15:57:11 11/6/08

Viscous Flow through a Constricted Channel
FlexPDE 5.1.2

direction cosmes

o ON outer
anx
06
c —a
0
=
E
-]
7
=
B
g [ 5 5 2 2
Z
2
<
4
2
-0
K
-06
0 5
2

Distance

exportOle: Grid#d p2 Nodes=2930 Cells=1411 RMS Ein= 8.e-5
Integral(a)= -6.765422e-16 Integral(b)= 0.000000

(3) Contour(vx) Report(Re)

00000, 000000000000 0DO0O00DOO00DOO0O0O00O0O000O00O000O00O0O0OO0O0O0OO0
oobooooboooooo

Viscous Flow through a Constricted Channel 15:57:11 11/6/08

. . . . FlexPDE 5.1.2
159 VX
nax 1.61
P 1.60
o 1.50
1 n 1.40
I 110
] i 1.00
03 H 0.0
h 0.80
3 0.70
f 0.60
- o e: 0.50
d: 0.40
¢ 0.30
b 0.20
a 0.10
05 min 0.00
Scale =E-3
1A
154

exportOle: Grid#4 p2 Nodes=2930 Cells=1411 RMS Ei= 8.e-5
Re= 3.211986e-4 Integral= 3.311974e-3

19
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(4) Contour (vm)

000000»00O0O0OOO0ODOD0OO0ODOODOD0O0ODODO0ODOOO 3)0D000ooOo

Viscous Flow tlrough a Constricted Channel 15:57:11 11/6/08
. . . . . . . FlexPDE 5.1.2
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X
exportOle: Grid# p2 Nodes=2930 Cells=1411 RMS En= 8.e-5
Integral= 3.316553¢-3
(5) Vector(v) norm
0000000000000
Viscous Flow through a Constricted Channel 15:57:11 11/6/08
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v
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Scale =E-3
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exportOle: Grid#d p2 Nodes=2930 Cells=1411 RMS Ein= 8.e-5
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(6) Contour(p)
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Viscous Flow through a Constricted Ch

annel
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o

exportOle: Grid#d p2 Nodes=2930 Cells=1411 RMS En= 8.e-3

Integral= 246.7497

(7) Contour(div(v)) painted
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<05

exportOle: Grid#4 p2 Nodes=2930 Cells=1411 RMS Ein= 8.¢-3
Integral=-1.922591e-3
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(8) Contour(curl(v)) painted

curllv) 0O0O0O0ODDOOOODOOO

Viscous Flow tlrough a Constricted Channel 15:57:11 11/6/08
. . . . L L L FlexPDE 5.1.2

159 B curl(v)
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Scale =E-3

exportOlec: Grid# p2 Nodes=2930 Cells=1411 RMS En= 8.e-5
Integral= 1.396223¢-7

(9) Elevation(vx) from (0.5%Lx, -Ly) to (0.5%Lx, Ly)

00000000000 000 v O elevation 0000000000000 00O0O0O0O 2.06e-30000
goboooooooooodobodoooooooooooogooood

Viscous Flow tlrough a Constricted Channel 15:57:11 11/6/08
o4 FlexPDE 5.1.2
VX
15 from (0.5"Lx, -Ly)
“ to (0.5%Lx, Ly)
avx
12
5
¥
5.
3
0 T
1
0.9 06 03 0 03 0.6 0.9
Y

exportOlc: Grid# p2 Nodes=2930 Cells=1411 RMS En= 8.e-5
Integral= 2.063499¢-3
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(10) Elevation(vx) from (2.5%Lx, -Ly*coef) to (2.5xLx, Ly*coef)

O00000000000000000 vy 0 elevation0000000000000000000 2.54e-40
0000 (9ooOoo0o0oo00ooOU0000DLO0000OD00O0O0U0L00ODUOO0DO0ODO0OOODODDOOODOOOOD
ooboooooog

Viscous Flow tlrough a Constricted Channel 15:57:11 11/6/08
5 40 FlexPDE 5.1.2

VX
from (2.5"Lx, -Ly"coef)
35 to (2.5"Lx, Ly*coef)

vy

30.

L \
\

04 02 0 02 04
v

exportOlec: Grid# p2 Nodes=2930 Cells=1411 RMS En= 8.e-5

Integral= 2.539111e-4
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4 Cased-00000O0DOOODODOOOOOO [2]

Case300000000000000

div(v) 0 0000000000000 v A
0000 (13000 GB012a0 00000
0000000 CO000000000 T

000000000000000 CO0 x
000000000000000000 p=0
00000000000 = — ; H—

-f *
1 -

4.1 Problem descriptor [ vf1luid01d.pde |

Case30 00000 vfluiddlc.pde DOODOOODODOOODODODODODODOO

TITLE
’Constricted Channel with Divergence Term’ { vfluid01d.pde }

0000000000000 000000 3000000000000 00000 C=130000000
gooogo

EQUATIONS
vx: dx(p) - viscxdiv(grad(vx)) = 0
vy: dy(p) - visckxdiv(grad(vy)) = 0
p: div(grad(p)) - 1le3*visc/Ly~2*div(v) = 0

PLOTSOOOOOOOOOOOOOOCOOOCOOOCOOODO 1O0O0O0O0O0O0O

PLOTS

Contour (div(v))

Elevation(natp) on ’outer’

END
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42 0O0O0O0O
(1) Grid(x, y)

FlexPDEOODOOOOODOOOODODOOOODOOOODOOOODOOOOOD 2000000000

Constricted Channel with Divergence Term 18:16:54 11/7/08
L L L L ] ] ] FlexPDE 5.1.2
159 I o=y
1 L
0.5 F
- 0.4 F
05 F
Z1. F
157 F
i T | T T T T
0 05 1 15 2 25 3
X

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS Err= 8 .2e-5

(2) Elevation(nx, ny) on ’outer’ as ’direction cosines’

000000 ng,n, 000000000000 O0O0OOOOOOO0O

Constricted Channel with Divergence Term 18:16:54 11/7/08
FlexPDE 5.1.2
- direction cosines
a ON outer
ar nx
06
. A
0
04— - = T =

direction cosines

-0.6

Distance

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS Eir= 8.2e-3
Integral(a)= -1.743397¢-16 Integral(b)= 0.000000
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(3) Contour(vx) Report(Re)

zU00000 0000000000000 DOOOOOODLDOOOODODOOOOOOODOOOODOO
000000 2000000000000000000 ReynoldsOO 1.57e-40000000000000
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Constricted Channel with Divergence Term
|

18:16:54 11/7/08

. . . . . I FlexPDE 5.1.2
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inax 7.84
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d c k 5.00
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. = — | h 3.50
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f 2.50
U —
o o B ¥ e 2.00
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exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS En= 8.2e-3
Re= 1.567851e-4 Integral= 1.571037e-3

(4) Contour (vm)

000000 »000000O0D0OO0DOO0O0ODOOODODODO 3)DO0O0OOOOO

Constricted Channel with Divergence Term
. | | .

18:16:54 11/7/08

1 1 1 FlexPDE 5.1.2
154 v
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b 0.50
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Scale =E-4
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T T T T T T T
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X

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS Eir= 8.2e-3
Integral= 1.579834e-3
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(5) Vector(v) norm

dboo00000b0o0o0oboob0ooobooooobooboobobooooobooooboooooan
gooo

Constricted Channel with Divergence Term 18:16:54 11/7/
L L ! : FlexPDE 5.

0.5

-0.54
Scale =E-4

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS Ei= 8.2e-3

(6) Contour(p)
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ooooocooo

Constricted Channel with Divergence Term 18:16:54 11/7
- ! ! ! 1 1 1 FlexPDE 5.1.2
1.5 F »
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el 0.+ i L 1 450
h h 40.0
o 35.0
1 f: 30.0
H @ ’ f ? e: 250
0.5+ b Food 200
©: 15.0
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exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS Ei= 8.2e-3
Integral= 353.1297
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(7) Contour(div(v))

divip) 0000000000000 DO0O0O0O0O0 000000 DO0D0O0O0O0O0OD0ODOO0OODO0OOODODO
ooooon

Constricted Channel with Divergence Term 18:16:54 11/7/08
. . . I L L FlexPDE 5.1.2
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Scale =E-3

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS Ei= 8.2¢-3
Integral=-2.543914¢-6

(8) Contour(curl(v)) painted

curllv) 0O0O0O0DDOOOODOOO

Constricted Channel with Divergence Term 18:16:54 11/7/08
. . h . 1 . . FlexPDE 5.1.2

157 r cul(v)
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-0.54

r Scale =E-3

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS En= 8.2¢-3
Integral=-9.189233¢-9
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(9) Elevation(vx) from (0.5%Lx, -Ly) to (0.5xLx, Ly)

00000000 DO0O0O000 v O elevation 00 0000000000000 O0O0O0O 52540000
gbobobobooooooboboboboooobooobobobobo

Constricted Channel with Divergence Term 18:16:54 11/7/08
3 FlexPDE 5.1.2

40,

vx
a from (0.5'Lx, -Ly)
to (0.5%Lx, Ly)

35.

avx

30.

25
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A%

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS En= 8.2¢-3
Integral= 5.251317e-4

(10) Elevation(vx) from (2.5%Lx, -Ly*coef) to (2.5%Lx, Ly*coef)

000000000000 000000 vy 0 elevation00000000000000C000O0O0O 5.23e-40
0000 9oooooooooooooo
Constricted Channel with Divergence Term 18:16:54 11/7/08

o FlexPDE 5.1.2
g

VX
from (2.5"Lx, -Ly*coef)
to (2.5"Lx, Ly"cocf)

avx

0.4 0.2 0 02z 04
Y

exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS Eir= 8.2e-3
Integral= 5.225472e-4
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(11) Elevation(natp) on ’outer’

good g—ﬁDDDDDDDDDDDDDDDDD natp00 20000000000000000000OO

ooboooooooooo

Constricted Channel with Divergence Term 18:16:54 11/7/08
FlexPDE 5.1.2
natp
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exportOld: Grid#3 p2 Nodes=3839 Cells=1870 RMS En= 8.2e-3
Integral=-20.18720
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5 Caseb-000000000O0DODOOOO

0000000000000 00000000000000O0000000D00D000 CasedDOOOO
00000000 CoooO00ooo0Od le3000000ODOOOOO

|

1

=
n

5.1 Problem descriptor [ vfluidOle.pde ]
ggboboooboobboobooboobbooboo
TITLE

’Channel with a Lateral Cavity’ { vfluidOle.pde }

OobooooboOobbodooo0obO0OdObO0OErrlin = 1e-30000000000000000O0O00OO0
oobobooooooooobooooboocoooo

SELECT
Errlim = 3%1e-3

gboboobogobod

VARIABLES

VX
vy
p
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0000000000000 000000n,,n, 000000000 Case300000000

DEFINITIONS
Lx = 1.0 Ly = 1.0
visc = 0.1 { Viscosity }
delp = le-6 { Driving pressure }
dens = 1e3 { Mass density }
Re = dens*globalmax (vx)*2*Ly/visc
v = vector(vx, vy) vm = magnitude(v) { Speed }
unit_x = vector(l, 0) { Unit vector fields }

unit_y = vector(0, 1)

nx =

ny =
natp

C =

n

n

le

ormal (unit_x)

ormal (unit_y)

{ Reynolds number }

{ Direction cosines }

visc*(nxxdiv(grad(vx)) + nyxdiv(grad(vy)))

{ Natural boundary condition for p }

S

gobooooood

EQUATIONS
vx: dx(p) - viscxdiv(grad(vx)) = 0
vy: dy(p) - viscxdiv(grad(vy)) = 0
p: div(grad(p)) - C*visc/Ly~2*div(v) = 0

BOUNDARIES O OO OOOOOODOOOO0OO0OOOO0OO0O0O0OO0O0O0O00O0C040

BOUNDARIES

Region 1

Start ’outer’ (0, Ly)

Na

Va

Na

tural(vx) = 0 Value(vy) = 0 Value(p)

Line to (0, 0)

lue(vx) = 0 Value(vy) = O Natural(p)

Line to (Lx, 0) to (Lx, -Ly) to (2*Lx,

to (2xLx, 0) to (3*xLx, 0)
tural(vx) = 0 Value(p) = 0
Line to (3*Lx, Ly)

Value(vx) = 0 Value(vy) = 0 Natural(p) =

Line to Close

32
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goboooooooooocoooo

PLOTS
Grid(x, y)
Vector(v) norm Report(Re)
Contour (vm)
Vector(v) norm zoom(Lx, -Ly, Lx, Ly)
Contour (p)
Contour (div(v))

Contour (curl(v)) painted

END

52 DOO0OO
(1) Grid(x, y)
FlexPDEOOOOOOOOOODOODODODODODDOODOODOOOOOOODO 10D00D00O0ODOOO

Channel with a Lateral Cavity 14:3 11:42 11/13/08
. . . . I L L FlexPDE 5.1.2

137 i Xy
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T T T T T T T
Q 0.5 1 15 2 2.5 3

X
exportOle: Grid#2 p2 Nodes=826 Cells=385 RMS En= 0.0022
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(2) Vector(v) norm Report(Re)

bvo000ob0coboboooooobooboboooboobooooboboboooobobooooooooboon
00000000000 0000D00000OReynolds00O 9.2e-300000000000000000

Channel with a Lateral Cavity
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exportOle: Gridw2 p2 Nodes=826 Cells=385 RMS Eu1=0.0022
Re= 9.203154e-3

(3) Contour (vm)
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FlexPDE 5.1.2
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Channel with a Lateral Cavity 14:31:42 11/13/08
- - : FlexPDE 5.1.2
159 vm
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P 1 2.40
M:__*/\W,_O//\“\\__/p{ h 2.10
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Scale =E-7
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X

exportOle: Grid#2 p2 Nodes=826 Cells=385 RMS Eir= 0.0022
Integral= 9.393237e-7
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(4) Vector(v) norm zoom(Lx, -Ly, Lx, Ly)
goobobobobooooooboobobobobo

Channel with a Lateral Cavity
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SRSy

exportOle: Grid#2 p2 Nodes=826 Cells=3835 RMS En=0.0022

(5) Contour (p)

ggdpbbbooboobboobod

Channel with a Lateral Cavity

15 Foop

Scale =E-7

2.10
2.00
1.90
1.80
170
1.60
1.50
L40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

14:31:42 11/13/08

FlexPDE 5.1.2

o

L

1 y ¥
Pk ( q
r a
0.5 L L 1
m
h
{

b

a =~a

=3
[
f
T

a
min

[

0 0.5 1 15 2.5 3
X

exportOle: Grid#2 p2 Nodes=826 Cells=385 RMS Err= 0.0022
Integral= 2.001872¢-6
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(6) Contour(div(v))

divipv) 0000000000000 DO0O0O0O0ODO0ODODOO0O0ODOOOD

Channel with a Lateral Cavity

157
1.4
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o
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1.4
157

: : : : | |
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X

exportOle: Grid#2 p2 Nodes=826 Cells=385 RMS En=0.0022
Integral= 5.864949¢-9

(7) Contour(curl(v)) painted

curl(v) 00 00O0ODOOOOODOOO

Channel with a Lateral Cavity

154
14
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> 0
034
1
154

T T | T T T
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X

exportOle: Grid#2 p2 Nodes=826 Cells=385 RMS Er=0.0022
Integral= 2.031645¢-9
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max

q:
P
o
n
m

e

oo e

R

E

Scale =E-6

cul(v)

0.90
0.60

0 }J(I

-0.30
-0.60
-0.90
-1.20
-1.50
-1.80

227

14:31:42 11/13/08
FlexPDE 5.1.2

Scale =E-6

2.10
1.80
1.50
1.20
0.90
0.60
0.30
0.00

-0.30
-0.60

-1.20
-1.50
-1.80
-2.10
-2.40
-2.70
-3.00
-3.30



FlexPDFE5 whitepapers

6 Case6- 0000000000 OOOOOO [3]

Case3, 40 0000000000000 DOOOO0DODOOODOOOODODOOOOOOODOOOOOOOOOO
ooboooobooooooooobooobooooboooooobooono

Y |
1 4
1 "
VX0
f f —
1 2 3
X
—
- 4

6.1 Problem descriptor [ v£luid01f.pde ]

gogboooobooboon

TITLE
’Uniform Velocity of Injection’ { vfluid01f.pde }

0000000000000 000000000Case3, 400000000000000000O0OOO0O
gooo

SELECT
Errlim = 3*1e-3

gboboobogbod

VARIABLES

VX
7y

P { Pressure minus ambient }
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00000000000 0000000O0Case3, 40000000000000000O0O0OOOOOOO
O0000000Dw, 000 Reynolds 00O ODOO0O0OOO0OODOOOOODOOOOOOOOODOOOCO
goboooboooobooooooboogoo

DEFINITIONS
Lx = 1.0 Ly = 1.0
coef = 0.5 { Constriction coefficient }
visc = 1.0 { Viscosity }
vx0 = le-5 { Input velocity }
dens = 1e3 { Mass density }
Re = dens*vx0*2+Ly/visc { Reynolds number }
v = vector(vx, vy) vm = magnitude(v) { Speed }
unit_x = vector(l, 0) { Unit vector fields }
unit_y = vector(0, 1)

nx = normal (unit x) { Direction cosines }
ny = normal (unit_y)
natp = visc*(nx*div(grad(vx)) + ny*div(grad(vy)))
{ Natural boundary condition for p }

C = 1e3

gobooooood

EQUATIONS
vx: dx(p) - viscxdiv(grad(vx)) = 0
vy: dy(p) - visc*div(grad(vy)) = 0
p: div(grad(p)) - Ckvisc/Ly~2*div(v) = 0

BOUNDARIES OO OOODOOOOOOOOO0OOOCOO0OOOOO0OO0OOOOO0DOCOOO0 pOOOOOOOOODO
0000000000000 000O00000ODO0O000 Dirichlet OO0 p=0000000000000OO
gobooooooooboooob pbooboOoO0ooooOOoooboboOooon

BOUNDARIES
Region 1
Start ’outer’ (0, Ly)
Value(vx) = vxO Natural(vy) = O Natural(p) = natp { In }
Line to (0, -Ly)

Value(vx) = 0 Value(vy) = O Natural(p) = natp { wall }
Line to (Lx, -Ly) to (2#Lx, -Ly*coef) to (3xLx, -Ly*coef)
Natural(vx) = O Natural(vy) = O Value(p) = O { Out }

Line to (3*Lx, Ly*coef)
Value(vx) = 0 Value(vy) = O Natural(p) = natp { wall }
Line to (2#Lx, Ly*coef) to (Lx, Ly) to Close
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goboooooooooocoooo

PLOTS
Grid(x, y)
Elevation(vx) from (0, -Ly) to (0, Ly)

Elevation(vx, 0.1xdy(vx)) from (3%Lx, -Ly*coef) to (3%Lx, Ly*coef)

Elevation(p) on ’outer’
Vector(v) norm Report(Re)
Contour (vx)

Contour (vy)

Contour (vm)

Contour (p)

Contour (div(v))

Contour (curl(v)) painted

END

6.2 0O0ODO

(1) Grid(x, y)
FlexPDEOODOOODOODOODOOODOOOOOODODOO

Uniform Velocity of Injection

157 i %y

16:17:23 11/17/08
FlexPDE 5.1.2

0.5

-0.5+

exportOlf: Grid#2 p2 Nodes=1069 Cells=502 RMS Eur= 0.002
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(2) Elevation(vx) from (0, -Ly) to (0, Ly)

000oooopoooooO0», 0000000000000 0le-5000000000DODO0OCODBOO0OO0
gooboboboooooobooboboboo
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exportOlf: Grid#2 p2 Nodes=1069 Cells=502 RMS Eur= 0.002
Integral= 1.966406e-5

(3) Elevation(vx, 0.1*dy(vx)) from (3%Lx, -Ly*coef) to (3xLx, Ly*coef)
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exportOlf: Grid#2 p2 Nodes=1069 Cells=302 RMS Eir= 0.002
Integral(a)= 2.206723e-5 Integral(b)= 1.010871e-12
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(4) Elevation(p) on ’outer’
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exportOlf: Grid#2 p2 Nodes=1069 Cells=502 RMS Eir= 0.002
Integral= 3.005123e-3

(5) Vector (v) norm Report(Re)
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exportOlf: Grid#2 p2 Nodes=1069 Cells=502 RMS Eur= 0.002
Re= 0.020000
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(6) Contour (vx)
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exportOlf: Grid#2 p2 Nodes=1069 Cells=502 RMS Ei= 0.002
Integral= 6.604811e-5
(7) Contour (vy)
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exportOlf: Grid#2 p2 Nodes=1069 Cells=502 RMS Eir= 0.002
Integral= 8.780332e-8
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(8) Contour (vm)
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exportOlf: Grid#2 p2 Nodes=1069 Cells=302 RMS Eir= 0.002
Integral= 6.749368e-5

(9) Contour (p)
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exportOlf: Grid#2 p2 Nodes=1069 Cells=302 RMS Eir= 0.002
Integral= 1.504806e-3
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(10) Contour (div(v))
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exportOlf: Grid#2 p2 Nodes=1069 Cells=302 RMS Eir= 0.002
Integral= 2.214190e-6

(11) Contour(curl(v)) painted
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exportOlf: Grid#2 p2 Nodes=1069 Cells=502 RMS Eur= 0.002
Integral=-2.986452¢-7
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