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1.1 Problem descriptor [ econductionOla.pde |

goboooooooooon

TITLE

’Conduction in a Rectangular Plate’

{ econductionOla.pde }

OO0000O000ooOoO00oooO00oboooOooooOoOoooOoo0200bDO00DO0DDODOO0ODOOUODOO

O00 10°500000

SELECT

Errlim = 1le-5

ooooooooood

VARIABLES

U { Electric potential }
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DEFINITIONS
Lx = 0.5 Ly = 1.0
cond = 5.99e7 { Conductivity of Cu }
Ex = -dx(U) Ey = -dy(U) E = -grad(U) Em = magnitude(E)
Jx = cond*Ex Jy = cond*Ey J = cond*E Jm = magnitude(J)

{ Electrical current density }

Uex = y/Ly*1.0 { Exact solution for 1.0V }

00000000000000U0U 0000000000000 00DEFINITIONSOOODODODO0O00O0OO
oouoooo 200 PDEOOOOODOOOOODOO

EQUATIONS
div(J)=0 { 2nd order PDE in U }

gobobbooooobobboooouoboooooooboovalvedgoogoooboboboogooo
Natuwral U0 0O0O0OD0OO0OO0O0OO0OO0OO0OOOO

BOUNDARIES
Region 1
Start (-Lx, 0)
Value(U) = 0 Line to (Lx, 0)
Natural (U) Line to (Lx, Ly) { Insulated, Ex = Jx = 0 }
Value(U) = 1.0 Line to (-Lx, Ly)
Natural (U)

]
o

]
o

Line to Close { Insulated }

goboooooooooooooo

PLOTS
Grid(x, y)
Contour (U) Surface (U)
Vector (E)
Contour (Jx) Contour (Jy) Contour (Jm)

Contour (U - U_ex)

END
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(3) Surface(U)

00 U(x,y) DOO0ODDOO0ODOODOO0ODOOODOODOOOOODDODOOODOOOOD

Conduction in a Rectangular Plate 11:28:04 6/20/08
FlexPDE 5.0.22

U
(-1.7.-3.62, 30.)

1.00
0.95
0.90
0.85
0.80

0.75
0.70
0.65
0.60
0.55
0.50
0.45
0.40
035
0.30
0.25
0.20
0.15
0.10
0.05
0.00

exportOla: Grid#l p2 Nodes=1133 Cells=536 RMS En=3.e-15
Integral= 0.500000

(4) Vector (E)
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(5) Contour (Jx)
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(6) Contour (Jy)
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(7) Contour (Jm)
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(8) Contour (U - U_ex)
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2.1 Problem descriptor [ econductionO1b.pde |

0000 Casel 00000 econductionOla.pde OO OOOODO

TITLE

’Conduction in a Trapezoidal Plate’ { econductionOib.pde }

SELECT

Errlim = 3e-5

VARIABLES

U { Electric potential }
DEFINITIONS

L1 =05 L2 =0.25 Ly =1.0

cond = 5.99e7 { Conductivity of Cu }

Ex = -dx(U) Ey = -dy(U) E = -grad(U) Em = magnitude(E)
Jx = cond*Ex Jy = cond*Ey J = cond+*E Jm = magnitude(J)

{ Electrical current density }

EQUATIONS
div(J)=0 { 2nd order PDE in U }

BOUNDARIES
Region 1
Start(-L1, 0)
Value(U) = 0 Line to (L1, 0)

Natural(U) = 0 Line to (L2, Ly) { Insulated }
Value(U) = 1.0 Line to (-L2, Ly)
Natural(U) = 0 Line to Close { Insulated }
PLOTS
Grid(x, y)

Contour (U) Surface (U)
Vector (E) norm

Contour (Jx) Contour (Jy) Contour (Jm)

END
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(3) Surface(U)
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Conduction in a Trapezoidal Plate
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(4) Vector (E) norm
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(5) Contour (Jx)
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3.1 Problem descriptor [ econductionOic.pde |

0000 Case200 00000000 econductionO0lb.pde 00000000 OODOOOOOOODOO

TITLE

’Conduction in a Trapezoidal Plate, PDE Test’ { econductionOlc.pde }
DEFINITIONS

eqn = div(J)
PLOTS

Contour (eqn) as ’Residual’

Elevation(Jy) from (-L1, 0) to (L1, 0)

Elevation(Jy) from (-L2, Ly) to (L2, Ly)

END

32 0000

(1) Contour(eqn) as ’Residual’

div(J)DOOOOOOD 0000000000000 0O00DOO0O0O0O0O0DO0ODOD O0O0DOOODODOOO0ODO
gooog

13
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Conduction in a Trapezoidal Plate, PDE Test
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(3) Elevation(Jy) from (-L2, Ly) to (L2, Ly)
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4.1 Problem descriptor [ econduction01d.pde |

Case2 00000 econductionOlb.pde 000000000 OO0OOOOOO

TITLE

’Radial Conduction in a Foil’ { econduction01d.pde }

SELECT

Errlim = 3e-5

VARIABLES
U { Electric potential }
DEFINITIONS
rl1 =0.2 r2 =1
cond = 5.99e7 { Conductivity of Cu }
Ul =1.0 { Voltage }
Ex = -dx(U) Ey = -dy(U) E = -grad(U) Em = magnitude(E)
Jx = cond*Ex Jy = cond*Ey J = cond*E Jm = magnitude(J)

{ Electrical current density }

EQUATIONS
div(J)=0 { 2nd order PDE in U }
BOUNDARIES
Region 1
Start(r2, 0) { Outer }
Value(U) = 0 Arc(Center = 0,0) Angle = 360
Start(rl, 0) { Exclude }

Value(U) = Ul Arc(Center = 0,0) Angle = 360

PLOTS
Grid(x, y)
Contour (U) Surface (U)
Vector (E) norm

Contour (Jx) Contour (Jy) Contour (Jm)

END
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(3) Surface(U)
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(4) Vector(E) norm
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(5) Contour (Jx)
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(7) Contour (Jm)
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5.1 Problem descriptor [ econductionOle.pde |

TITLE

’Constricted Rectangular Plate’ { econductionOle.pde }
SELECT

Errlim = 3e-4
VARIABLES

U { Electric potential }

DEFINITIONS
L=1.0 d4d=0.3
cond = 5.99e7 { Conductivity of Cu }
Ex = -dx(U) Ey = -dy(U) E = -grad(U) Em
Jx = cond*Ex Jy = cond*Ey J = cond+*E Jm = magnitude(J)

magnitude (E)

{ Electrical current density }

EQUATIONS
div(J)=0 { 2nd order PDE in U }

BOUNDARIES
Region 1
Start ’boundary’ (-L, -L)
Value(U) = 0 Line to (L, -L)
Natural(U) = O { Insulated }
Line to (L, -d) to (d, -d) to (d, d) to (L, d) to (L, L)
Value(U) = 1.0 Line to (-L, L)
Natural(U) = O { Insulated }
Line to (-L, d) to (-d, d) to (-d, -d) to (-L, -d) to Close

Jx,Jy, ImUJ0000000000D000000000 painted0 00000000 OOO0OCOODOOO
gooogooo

PLOTS
Grid(x, y)
Contour (U) Surface (U)
Vector (E) norm Surface (Em)
Contour (Jx) painted Contour (Jy) painted Contour (Jm) painted

Elevation(U) on ’boundary’ Elevation(Jm) on ’boundary’

END
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52 0O0O0O0O
(1) Grid(x, y)

FlexPDED Errlim 000000000000 0D0DO0O0O0DOOO0O0OOO0O0DODOOO0O0OOOODODOOO
000000000000 00«“Grid#3’000000000000000000000O000Oregriddingd
o20000000000000000O0O0OO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O0O

Constricted Rectangular Plate 19:17:38 6/23/08
| . . . . . . FlexPDE 5.0.22

Yy
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0.6

0.3+

-0.3

-06

-0.84

T T T T T T T
0.9 -0.6 -03 0 03 06 09

X
exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS Err= 1 .8e-4

(2) Contour (U)

00000DO0000D0000U000 U(x,y)0DODOOODODOOODOOODOODODODOOODOOOOD
goboooobooooooooobooobooooooooooboooooboboooboOooooog
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Constricted Rectangular Plate 19:17:38 6/23/08
| . . FlexPDE 5.0.22
U
057 [ max 1.00
/\ us
' t 95
06 " . r ;
r
/ o 0.70
03 e r n 0.65
L m 0.60
1 0.55
[ — k 0.50
Ho k Fod 04
i 1 0.40
i — h 0.35
——— P
03 £ ij_// T 0.20
\/ / / d: 0.15
c c: 0.10
d b: 0.05
-0.6- ¢ r a: 0.00
\—/ / min 0.00
b
0.8 r
T T T T T T T
0.9 06 03 0 0.3 0.6 0.9
X
exportOle: Gridw3 p2 Nodes=1495 Cells=700 RMS Enr= 1 8e-4
Integral= 1.580028
(3) Surface(U)
00 U(x,y) D0OD0ODOODOOOOOOOOOOO
Constricted Rectangular Plate 19:17:38 6/23/08

FlexPDE 5.0.22

U
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0.65
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SO 1Y o ke ke 2 A D)
SR A RSN RENS

exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS Ei=1.8¢e-4
Integral= 1.580028
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(4) Vector (E) norm

000000 ED00O000O0000000000O0nerm000000000000000000000
000D0D00000000000D000000D0000000D000000D00000000000000
(5)000D00000

Constricted Rectangular Plate 19:17:38 6/23/08
. L FlexPDE 5.0.22

0.5 ﬂ\
¢
R

2.00
1.90
1.80

1.60

=
I
—
1
=]

140
1.30
1.20
110
1.00
0.90

} 0.60
0.50

[ Sow 0.40

NN 0.30

N

N

N

!

F

I

0.20
0.10
0.00

-0.5

exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS Eur= 1 8e-4

(5) Surface (Em)
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FlexPDE 5.0.22
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exportOle: Grid#3 p2 Nodes=14935 Cells=700 RMS En= 1 8e-4
Integral= 0.989374
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(6) Contour (Jx) painted
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Constricted Rectangular Plate 19:17:38 6/23/08
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exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS En=1.8e-4
Integral=-23712.98

(7) Contour (Jy) painted
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. . ! ! ! FlexPDE 5.0.22

Iy

0.9
1.00
0.50
0.00

-0.50

-1.00

-1.50

-2.00

-1.50

-3.00

-3.50

-4.00

-4.50

-5.00

-5.50

-6.00

-6.50

-7.00

-7.50

-8.00

-8.50

-9.00

0.6

0.3

-0.37

-0.6
Seale =E7

-0.94

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

X

exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS Eir=1.8¢-4
Integral=-5.376364e+7
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(8) Contour(Jm) painted
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Constricted Rectangular Plate 19:17:38 6/23/08
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exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS En=1 8e-4
Integral= 5.926353¢+7

(9) Elevation(U) on ’boundary’

000000 UuU0o0oooooooooooooooo

Constricted Rectangular Plate 19:17:38 6/23/08
FlexPDE 5.0.22

1 U
a \ ON boundary

: a\ all

: |

4 £, B 1
0 2 4 6 8 10

Distance

exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS Ei= 1.8e-4
Integral= 5.400052
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10) Elevation(Jm) on ’boundary’
y

000000 |J|oo0o0o0Oo000o000000000000000000000000O0D00o0DoOoo0D

gooooo

Constricted Rectangular Plate

19:17:38 6/23/08
FlexPDE 5.0.22

&7

Jm
ON boundary

a:Jm

Jm

4 %/F‘ \/’ A

4 £,

0 2 4 6.

Distance

exportOle: Grid#3 p2 Nodes=1495 Cells=700 RMS En= 1.8e-4

Integral= 1.738796e+8

6 Caseb-200000000000000
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000000000 00FePDEOOOOOO
goboooboooboobbooobooon
gobooooboobobooobooobooo
gooooobooobboooooobooog
gobboooboooooobooobooon
gooodooodoooooboogoUu=1000
00ooooDooooo U=00000000
goboooboobobooobooobooo
good

Case2 0 econductionOilb.pde 0O OO OO
goobooboboon

-1

-1 u=0
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6.1 Problem descriptor [ econduction01f.pde |

TITLE

’Conduction in a Rectangular Plate(Cu/Fe)’ { econduction01f.pde }

SELECT
Errlim = 3e-4

VARIABLES
U { Electric potential }

DEFINITIONS OO OD0OO0OO00O00000000 condd0000000O0000O0O0O0O0O0O0O0O0O0O ’iron’
oobooobooooooooobodbob condOO0O00O0O0O0OOOOOOODOOODOOO

DEFINITIONS
Ix =1 Ly =1.0
cond = 5.99e7 { Conductivity of Cu }
Ex = -dx(U) Ey = -dy(U) E = -grad(U) Em = magnitude(E)

Jx

cond*Ex Jy = cond*Ey J = cond*E Jm = magnitude(J)
{ Electrical current density }

J_angle = sign(Jy)*arccos(Jx/Jm)/PI*180

EQUATIONS
div(J)=0 { 2nd order PDE in U }

BOUNDARIES DO DOOOOOO0OO0O0O0O0O0D0ODO Regionl1 DOOOOOOO Region ’iron’ OO OO
gobooooocooboooo

BOUNDARIES
Region 1 { Entire domain }
Start ’boundary’ (0, -Ly)
Value(U) = 0 Line to (Lx, -Ly) to (Lx, 0)
Natural (U) Line to (Lx, Ly) to (0, Ly) { Insulated }
Value(U) = 1.0 Line to (-Lx, Ly) to (-Lx, 0)
Natural (U)

]
o

]
o

Line to (-Lx, -Ly) to Close { Insulated }

Region ’iron’ cond = 1.03e7 { Iron region }

Start (-Lx, -Ly) Line to (Lx, -Ly) to (Lx, 0) to (-Lx, 0) to Close
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Ex, Ey, Jx, JyQUOOOO00OO0O0O0O00D0O0O0 zoomOOOOOOOOOOOOOOOOOOODOCOODOO
gobooooooooboboooobo

PLOTS
Grid(x, y)
Contour (U)

Elevation(U) on ’boundary’

Elevation(normal(J)) on ’boundary’

Vector(J) norm

Contour (J_angle) painted

Contour (Ex) painted zoom(-Lx/2, -Ly/2,

Contour (Ey) painted zoom(-Lx/2, -Ly/2,

Contour (Jx) painted zoom(-Lx/2, -Ly/2,

Contour (Jy) painted zoom(-Lx/2, -Ly/2,

END

6.2 0O0ODO

(1) Grid(x, y)

Lx,
Lx,
Lx,
IL5%

Ly)
Ly)
Ly)
Ly)

“Grid#4’0 000000000000 000O000O000DOO0O0OO0 3000000000000 0ODOO

oo

Conduction in a Rectangular Plate(Cu/Fe)
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0.3

-0.34
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-0.8+

AN
Ay,

TAVAY
N

</

R

12:47:06 6/24/08
FlexPDE 5.0.22

exportOlf: Grid#4 p2 Nodes=2056 Cells=981 RMS Err=1.9¢-4
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(2) Contour (U)

0000000000000 0000 U(r,y) 00O0ODOODO0OD0ODOOO0OOD0OOODOOODOOOOODOOOOO
oobooobooooooooobOocOoOooboOoobOoOooobooOoooon

Conduction in a Rectangular Plate(Cu/Fe) 12:47.06 6/24/08
L L L 1 FlexPDE 5.0.22
u

08 max 1.00
u 1.00
t 0.93
0.90

0.6 r
o 0.70
034 r n 0.65
m 0.60
1 0.55
k 0.50
= 0. L 1 0.45
1 0.40
h 0.33
3 0.30
f: 0.25
039 roe: 0.20
d: 0.15
[ 0.10
b 0.05
-06 r a 0.00
min 0.00

0.9 r

export0lf: Grid#4 p2 Nodes=2056 Cells=981 RMS Err= 1.9¢-4
Integral= 2.522192

(3) Elevation(U) on ’boundary’

oo Uuoo0ooooo0o0o0o0o0o0o0o000oooooboo0 U=1000000=00000000000
ooo

Conduction in a Rectangular Plate(Cu/Fe) 12:47:06 6/24/08
FlexPDE 5.0.22
1 T T U
ON boundary
al
! v
06
] / \
04 \
0
0. w
0 1 2 3 4 5 5 7 H i

Distance

exportOlf: Grid# p2 Nodes=2056 Cells=981 RMS Err= 1.9¢-4
Integral= 4.581405
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(4) Elevation(normal(J)) on ’boundary’
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Conduction in a Rectangular Plate(Cu/Fe)

8

normal(Ty

normal(Ty

ON boundary

a: normal(T)

12:47.06 6/24/08

FlexPDE 5.0.22

Distance

e\meOlf G11d‘*4 p2 Nodes=2056 Cells=981 RMS Err= 1.9¢-4

(5) Vector(J) norm
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exportOlf: Grid# p2 Nodes=2056 Cells=981 RMS Err= 1.9¢-4
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(6) Contour (J_angle) painted

oooooooo JOoOooooooooooooooooooo

Conduction in a Rectangular Plate(Cu/Fe)

J_angle
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exportOLf: Gridi#d p2 Nodes=2056 Cells=981 RMS En=1.9e-4
Tnteeral=-178.8187

(7) Contour (Ex) painted zoom(-Lx/2, -Ly/2, Lx, Ly)
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Conduction in a Rectangular Plate(Cu/Fe)
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exportOlf: Grid#4 p2 Nodes=2056 Cells=981 RMS Er=1.9e-4
Integral= 0.295421
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(8) Contour(Ey) painted zoom(-Lx/2, -Ly/2, Lx, Ly)
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exportO1f: Grid#4 p2 Nodes=2056 Cells=981 RMS Er=1.9e-4

Integral=-0.363177

(9) Contour(Jx) painted zoom(-Lx/2, -Ly/2, Lx, Ly)
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Integral= 9334926.
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(10) Contour (Jy) painted zoom(-Lx/2, -Ly/2, Lx, Ly)
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export0lf: Grid#4 p2 Nodes=2056 Cells=981 RMS Err= 1.9¢-4
Integral=-7205419.
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7.1 Problem descriptor [ econduction01g.pde |

Caseb 0000000000 econduction0lf.pde 000000000000 OOOOOOOOOODOODO
oooo

TITLE

’Conduction in a Plate with an Elliptical Insert’ { econductionOlg.pde }

BOUNDARIESOODOOODODO Region ’iron’ DO UOOOOOOOO0OCOOO0O0O0OO ArcOOD0O0OOO0DOO
gobooooboooooooooboOooobobooob «00y0OO0O0OO0OO0OOOO0ODOOOODOOOODO

BOUNDARIES

Region ’iron’ cond = 1.03e7 { Iron region }
Start (Lx/5, 0)
Arc(Center = 0,0) to (0, Ly/2) to (-Lx/5, 0) to (0, -Ly/2) to Close

PLOTS
Grid(x, y)
Contour (U)
Vector(J) norm
Contour (J_angle)

Contour(J_angle) on ’iron’

END

72 00O0OO
(1) Grid(x, y)

FlexPDEOOOOOOOOOOODOOODOOOOOOOOOOOO
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Conduction in a Plate with an Elliptical Insert
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exportOlg: Grid#3 p2 Nodes=2167 Cells=1038 RMS Enr=1.9¢-4

(2) Contour (U)
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Integral= 1.999996
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(3) Vector(J) norm
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exportOlg: Grid#3 p2 Nodes=2167 Cells=1038 RMS Err= 1.9¢-4

(4) Contour(J_angle)
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