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1.1 Problem descriptor [ 3dfields2a.pde |
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TITLE
’Steady Heat Conduction’

gobooooooobooooobooooobooa

SELECT

Errlim = 1e-3

{ 3dfields2a.pde }

000000 30000000b000000000000000000 Cartesian2[

COORDINATES

Cartesian3
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VARIABLES
temp
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DEFINITIONS
L=0.1 xr0=0.01 z0 = 0.02
k heat = 0 { Thermal conductivity and power density }
in fluxd = 1le6 { Input heat flux density at top }
fluxd x = -kxdx(temp) fluxdy = -kxdy(temp) fluxd z = -k*dz(temp)
fluxd = vector(fluxd x, fluxd.y, fluxd z)
fluxdm = magnitude(fluxd)
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EQUATIONS
div(fluxd) = heat
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EXTRUSION { Parallel surfaces }

]
o

Surface ’bottom’ z

Layer ’iromn’

Surface ’middle’ z = z0 { Interface }
Layer ’copper’

Surface ’top’ z =L

BOUNDARIES OO DOOOOOOO base plane 0000 0000000000000 OOOOOOOOODOO
0000 baseplane 000 00000000000000 20000 extrude000O0O00OD0OOOOO
Ob00o0o00000b surfaceDOOOOOO0OOODOOO0OOOOOOOOOO ’domain’ OOOOO0OOO
’copper’ U0 OODOOOOvoeidOUOUODOOOOODOO0OO0ODOOOOODOODOOODOODO ’cylinder’
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FlexPDFE5 whitepapers

BOUNDARIES
Surface ’bottom’ Natural(temp) = 0 { Insulated }
Surface ’top’ Natural(temp) = -in fluxd { Input flux density }
Region ’domain’ { Full solution domain }
Layer ’iron’ k = 82 { Fe }

Layer ’copper’ void
Start ’outer’ (0, 0)
Natural (temp) = O Line to (L, 0)
Value(temp) = 300 Line to (L, L) to (0, L) to Close

Region ’cylinder’
Layer ’iron’ k = 82 { Fe }
Layer ’copper’ k = 400 { Redefine void to Cu }
Start (L/4+r0, L/4) Arc(Center = L/4, L/4)
Angle = 360 to Close

goboooooooooooooo

PLOTS
Grid(x, y, z)
Contour (temp) on x = y
Contour (temp) painted on x =y
Contour (fluxdm) painted on x = y
Vector (fluxd) norm on x = y
Contour (temp) on y = 0
Contour (temp) on y = L/4
Contour (temp) on x = L/4
Contour (temp) on z = z0 on ’iron’

Contour(temp) on z = 0

END
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1.2 ODOOO
(1) Grid(x, y, 2)
FlexPDEOOOOOOOODO 300000000000 0O0O0O0OOO
Steady Heat Conduction 15:32:45 9/25/08

FlexPDE 5.1.2

LY. 2
(-0.15,-0.43, 30.)

export2a: Grid#2 p2 Nodes=7887 Cells=4834 RMS En= 4.6e-4

(2) Contour(temp) on x = y
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Steady Heat Conduction 15:32:45 9/25/08
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS Err= 4. 6e-4
Integral= 1.701323
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(3) Contour(temp) painted on x =y
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Steady Heat Conduction 15:32:45 9/25/08
o2 L 1 1 FlexPDE 5.1.2
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS Ei= 4.6e-4
Integral= 1.701323

(4) Contour (fluxdm) painted on x =y
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Steady Heat Conduction 15:32:45 9/25/08
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS En= 4.6e-4
Integral= 1915.317



FlexPDFE5 whitepapers

(5) Vector (fluxd) norm on x = y
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Steady Heat Conduction 15:32:45 9/25/08
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS En= 4.6e-4

(6) Contour(temp) on y = 0
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Steady Heat Conduction 15:32:45 9/25/08
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS Eir= 4.6e-4
Integral= 0.649754
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(7) Contour(temp) on y = L/4
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Steady Heat Conduction
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS En=4.6e-4
Integral= 1.465921

(8) Contour(temp) on x = L/4
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS En= 4.6e-4
Integral= 1.464096
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FlexPDE 5.1.2
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(9) Contour(temp) on z = z0 on ’iron’

oooooo0O0O000000000000300000 300°KOOOOO0O0O0O00oooooo0ooooo
goboooooooboooooboono

Steady Heat Conduction 15:32:45 9/25/08
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS Eni= 4.6e-4
Integral= 3.180208

(10) Contour(temp) on z = 0
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Steady Heat Conduction 15:32:45 9/25/08
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export2a; Grid#2 p2 Nodes=7887 Cells=4834 RMS En=4.6e-4
Integral= 3.142470
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2.1 Problem descriptor [ 3dfields2b.pde ]
goobobobooooo
TITLE
>Transient Heat Conduction’ { 3dfields2b.pde }

goboooobooooboooooboooobooo

SELECT

Errlim = 1le-3

0000boo3000000o0obo0ooooo0o0ooo0o000000n Cartesian2d

COORDINATES

Cartesian3

goboooooooo

VARIABLES
temp
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gobooobooooboooooobooono

DEFINITIONS
L=0.1 r0=20.01 z0 = 0.02
k rcp heat = 0 { Thermal parameters }
in fluxd = 1e6 { Input heat flux density at top }

fluxd x = -kxdx(temp) fluxdy = -kxdy(temp) fluxd z = -k*dz(temp)
fluxd = vector(fluxd x, fluxd.y, fluxd z)

fluxdm = magnitude(fluxd)

f_angle = sign(fluxd_y)*arccos(fluxd x/fluxdm)/PI*180

ooo00ooooo0oooooooooo 3e°eKooooooooooo

INITIAL VALUES
temp = 300

ooboooooooooon
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EQUATIONS
div(fluxd) + rcp*dt(temp) = heat

00000 extrusion 00000003

EXTRUSION { Parallel surfaces }
Surface ’bottom’ z = 0
Layer ’iron’
Surface ’middle’ z = z0 { Interface }

Layer ’copper’

Surface ’top’ z = L

11
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BOUNDARIESO OO OOOOODO baseplane 0000000000000 OOOOOOOOO

BOUNDARIES
Surface ’bottom’ Natural (temp) = 0 { Insulated }
Surface ’top’ Natural(temp) = -in fluxd { Input flux density }
Region ’domain’ { Full solution domain }
Layer ’iron’ k = 82 rcp = 7.87e3%449 { Fe }

Layer ’copper’ void
Start ’outer’ (0, 0)
Natural (temp) = O Line to (L, 0)
Value(temp) = 300 Line to (L, L) to (0, L) to Close

Region ’cylinder’
Layer ’iron’ k = 82 rcp = 7.87e3%449 { Fe }
Layer ’copper’ k = 400 rcp = 8.96e3%385 { Redefine void to Cu }
Start (L/4+r0, L/4) Arc(Center = L/4, L/4) Angle = 360 to Close

gobooobooooooogooodTIMEODDOOOOOOO0o0oO0ooo0oo0oo0aoon

TIME
0 to 1e3

oooooooooooooooOoboOoobob00tdz=y000000DODOO 010000 1000000
ooboooooooooo

PLOTS
for t = 0.1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 100,
200, 500, 1000

Contour (temp) painted on x =y

END
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coboboooooboooboooobooooooboooboooooooooonn

OO0 1roooo0OO0C0cO0O000ooooooooon t=0.1,60,10000 30000000000000000
ooooo
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(1) Contour(temp) painted on x =y at t = 0.1
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export2b: Cycle=12 Time= 0.1000 dt=0.0116 p2 Nodes=16056 Cells=10335 RMS Err= 1.6e-4
Integral= 1.319827

(2) Contour (temp) painted on x = y at t = 60
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export2b: Cycle=91 Time= 60.000 dt=2.7713 p2 Nodes=7989 Cells=4888 RMS Err=2.9¢-4
Integral= 1.563973
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(3) Contour(temp) painted on x = y at t = 1000
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12.4 - temp
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export2b: Cycle=124 Time=1000.0 dt=187.33 p2 Nodes=7989 Cells=4892 RMS En= 3.e-4
Integral= 1.701785
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