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1.1 Problem descriptor [ econduction0la.pde |
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TITLE

>Two Insulated Tubes’ { hconductionOla.pde }
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SELECT
Errlim = 3e-4

goboobogobod

VARIABLES

temp { Temperature }
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DEFINITIONS
r0 =0.1 d4d=20.15 rl1 = 0.5
k = 0.03 { Thermal conductivity }
heat = 0 { Power density }

fluxd x = -k*dx(temp) fluxd.y = -kxdy(temp) { Heat flux density }

fluxd = vector(fluxd x, fluxd_y) fluxdm = magnitude(fluxd)
f_angle = sign(fluxd_y)*arccos(fluxd x/fluxd m)/PI*180

obo0ooobOob0oboob0obo0 tempO000O0O0O0OO0OOOOCOOODEFINITIONSOOOOOOOOOO
O00temp 0000 200 PDECCOODOOOOOOOOO

EQUATIONS
div(fluxd) = heat { 2nd order PDE in temp }

0000000000000 00o00O00000O0O0O00000D 2000000000000 Dirichlet O
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BOUNDARIES
Region 1
Start ’outer’ (0, -rl) Value(temp) = 273 { Frozen soil }
Arc(Center = 0,0) Angle = 360 to Close
Start ’left’ (-d - r0, 0) Value(temp) = 323 { Exclude left hot water tube }
Arc(Center = -d,0) Angle = 360 to Close
Start ’right’ (d - r0, 0) Value(temp) = 353 { Exclude right hot water tube }
Arc(Center = d,0) Angle = 360 to Close

goboooooooooooooo

PLOTS
Grid(x, y)
Contour (temp) Surface (temp)
Vector (fluxd) norm
Contour (f_angle)
Contour (fluxd_x) Contour (fluxd_y) Contour (fluxd_m)
Elevation(normal (fluxd)) on ’outer’
Elevation(-normal (fluxd)) on ’left’ { Outwards from tube }

Elevation(-normal (fluxd)) on ’right’

END
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS Eri=2.1e-4
(2) Contour (temp)
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Integral= 214.5205



FlexPDFE5 whitepapers

(3) Surface(temp)
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS En=2.1e-4
Integral= 214.5205

(4) Vector (fluxd) norm
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS En=2.1e-4
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(5) Contour (f_angle)
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Integral= 0.029992
(6) Contour (fluxd_x)
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS Eri=2.1le-4
Integral=-1.092173¢-3
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(7) Contour (fluxd_y)

o0oo0o0ooo fO0yOOOO0O0OOOOOODOOOOO

Two Insulated Tubes 18:48:40 6/26/08
L FlexPDE 5.0.22
fluxd_y
max 153
047 I 15.0
D 14.0
c 13.0
B 12.0
A 11.0
0o L z 10.0
v 0.00
u 5.00
= 0 [ t 4.00
s 3.00
1 2.00
q 1.00
P 0.00
o -1.00
-0z F n -2.00
m =3.00
1 -4.00
Ik -5.00
1 -6.00
1t -7.00
0.4+ r h: -8.00
¢ 0.00
f: -10.0
H -11.0
T T T T T d: -12.0
04 0.2 0 02 04 c: -13.0
b -14.0
X a -15.8min
exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS Eni=2.1e-4
Integral= 1.114830e-3
(8) Contour (fluxd m)
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS Eri=2.1le-4
Integral= 4.062162
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9) Elevation(normal (fluxd)) on ’outer’
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS Eri=2.1e-4
Integral= 12.22460

(10) Elevation(-normal (fluxd)) on ’left’
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS En=2.1e-4
Integral=-2.805808

(11) Elevation(-normal (fluxd)) on ’right’
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exportOla: Grid#2 p2 Nodes=1725 Cells=820 RMS Eri=2.1le-4
Integral=-9.415437
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2.1 Problem descriptor [ econduction01b.pde ]
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0000 heonductionOla.pde 00O OOOOOOODOOOOOODOOODOODODODOOD 100000
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TITLE

’Heated Semi-Circular Rod’

SELECT
Errlim = 3e-4

VARIABLES

temp { Temperature }

10

{ hconductionOlb.pde }
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DEFINITIONS
Lx = 0.1 Ly =0.1 r0 = 0.05
k { Thermal conductivity }
heat { Power per unit volume }

fluxd x = -k*dx(temp) fluxdy = -k*dy(temp) { Heat flux density }
fluxd = vector(fluxd x, fluxd y) fluxdm = magnitude(fluxd)

EQUATIONS
div(fluxd) = heat { 2nd order PDE in temp }
BOUNDARIES
Region 1 k = 3.5 heat =0 { Granite, default }

Start ’outer’ (-Lx, -Ly) Value(temp) = 273
Line to (Lx, -Ly) to (Lx, Ly) to (-Lx, Ly) to Close
Region ’steel’ k = 45 heat = 1.0e6 { Steel rod }
Start ’rod’ (-r0, 0)
Line to (xr0, 0)
Arc to (0, r0) to Close

PLOTS
Grid(x, y)
Contour (temp) Surface (temp)
Contour (temp) painted on ’steel’
Vector (fluxd) norm
Contour (fluxd m) painted
Elevation(normal (fluxd)) on ’rod’
Elevation(normal (fluxd)) on ’outer’

Report (PI*r0°2/2*1e6) as ’Heating power’

END
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(2) Contour (temp)
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exportOlb: Grid#3 p2 Nodes=2214 Cells=1071 RMS Eir=1.4¢-4
Integral= 13.66016
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(3) Surface(temp)
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exportOlb: Grid#3 p2 Nodes=2214 Cells=1071 RMS En= 1 4e-4
Integral= 13.66016

(4) Contour(temp) painted on ’steel’
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exportOlb: Grid#3 p2 Nodes=2214 Cells=1071 RMS En= 1 4e-4
Integral= 1.787485
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(5) Vector (fluxd) norm
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(6) Contour (fluxd m) painted
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exportOlb: Grid#3 p2 Nodes=2214 Cells=1071 RMS En= 1 4e-4
Integral= 319.5024
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(7) Elevation(normal (fluxd)) on ’rod’
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exportOlb: Grid#3 p2 Nodes=2214 Cells=1071 RMS En= 1 4e-4
Integral= 3934.117

(8) Elevation(normal(fluxd)) on ’outer’
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exportOlb: Grid#3 p2 Nodes=2214 Cells=1071 RMS En= 1 .4e-4
Heating power= 3926.991 Integral= 3920.174
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Report (PI*r0~2/2*1e6) as ’Heating power’
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Natural(temp) = 50*(temp - 273)
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3.1 Problem descriptor [ econduction0lc.pde |

0000 hconductionOlb.pde OO OOOOOOOOOOOOOOO

TITLE

’Heated Semi-Circular Rod, Convection’ { hconductionOic.pde }
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BOUNDARIES
Region 1 k = 3.5 heat = 0 { Granite, default }
Start ’outer’ (-Lx, -Ly) Natural(temp) = 50*(temp - 273)
Line to (Lx, -Ly) to (Lx, Ly) to (-Lx, Ly) to Close
ORegion ’steel’ OO00O0O0O0OOOOOO

pLOTSUODOODODOO0ODO0ODOO0ODO0ODDbOO0ODbO0ODDO0OD ElevationJOOOooogg

PLOTS

Elevation(temp) on ’outer’

END
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exportOle: Grid#3 p2 Nodes=1865 Cells=902 RMS Eri=1.4¢-4

17



FlexPDFE5 whitepapers

(2) Contour (temp)
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exportOle: Grid#3 p2 Nodes=1865 Cells=902 RMS En=1.4¢-4
Integral= 17.86987

(3) Surface(temp)
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exportOlc: Grid#3 p2 Nodes=1865 Cells=902 RMS En=1.4e-4
Integral= 17.86987
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(4) Contour(temp) painted on 'steel’
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(5) Vector(fluxd) norm
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exportOle: Grid#3 p2 Nodes=1865 Cells=902 RMS Eri=1.4¢-4
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(6) Contour(fluxd_m) painted
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exportOle: Grid#3 p2 Nodes=1865 Cells=902 RMS Ei=1.4e-4
Integral= 339.3424
(7) Elevation(temp) on 'outer’
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Heated Semi-Circular Rod, Convection 16:42:15 6/27/08
FlexPDE 5.0.22
420. temp
a ON outer
\ a: temp
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temp
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exportOle: Grid#3 p2 Nodes=18635 Cells=902 RMS Ei=1.4¢-4
Integral= 296.9374
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(8) Elevation(normal(fluxd)) on 'rod’

o0o00ooO0o0oo0oU0LoO0O0D fFOODDOO0DDOODOOOOOOOOOOOOOOOOOOOOOO
39370000000O0o00ooon

Heated Semi-Circular Rod, Convection 16:42:15 6/27/08
) FlexPDE 5.0.22

4

normal(fluxd)

) ON rod

a: normal(fluxd)

normal(fluxd)
IS

A=

0. 5 10. 15 20. 25

Distance o2

exportOle: Grid#3 p2 Nodes=1865 Cells=902 RMS En=1.4¢-4
Integral= 3937.475

(9) Elevation(normal(fluxd)) on 'outer’
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Heated Semi-Circular Rod, Convection 16:42:15 6/27/08
3 FlexPDE 5.0.22

normal{fluxd)

/ ON outer
7

a: normal(fluxd)

normal(fluxd)
o
[
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exportOle: Grid#3 p2 Nodes=1865 Cells=902 RMS En=1.4¢-4
Heating power= 3926.991 Integral= 3922.303
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gooooo

gobo0ooboOaA 0000 y0000000ODOOODOOOODOOODOCOOODOODO anisotropicdO
gogbooopobooboobobooboobooobuooboobboo

o (e GE )+ 5 (Mten G ) =t @)

00000 FlexPDEOOOOOOOOOOOOO

goboooooobobooooobbogooo l
dbodyoobooboobuoooboon y 31

gboooooooboooodbez000O0ODOO - i
gobbooobbooobbooobboon P

OO0 POOOD 0000000000000
coooobooboboobooboocboooooo

10000000000000000000000 'Y = = Yhal
000000000 0°CO00DN0000NO kx=0.14 %
00D0000000000000000000 | ky=0.35
00D0z00000000 k, =0.140y000

00000k, =03500000000000 -0 0°C

goboooooboo

4.1 Problem descriptor [ hconduction01d.pde |

U000 hconductionOla.pde DUOOUODOODOOOOO

TITLE

’Anisotropic Conduction in Wood’ { hconduction01d.pde }

SELECT

Errlim = 1le-4

VARIABLES
temp { Temperature }
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DEFINITIONS 00000000000 k,,k, 00000000000 0O0DO0O 200w =0.0010000
ooo

DEFINITIONS
L=0.1 w=0.001
kx = 0.14 ky = 0.35 { Thermal conductivity of pine wood }
heat = 0 { Power per unit volume }
fluxd x = -kx*dx(temp) fluxdy = -ky*dy(temp) { Heat flux density }
fluxd = vector(fluxd x, fluxd.y) fluxdm = magnitude(fluxd)

000000000 4)0D0oobbooooD

EQUATIONS
dx (~kx*dx(temp)) + dy(-ky*dy(temp)) = heat

00000000000000000D0 Natural(temp) = -1000000000000000000000O

BOUNDARIES
Region 1
Start ’outer’ (-L, -L)
Value(temp) = 273 Line to (L, -L)
Natural (temp) = O Line to (L, L) to (w, L)
Natural (temp) = -1000 Line to (-w, L) { Heater flux }
Natural (temp) = O Line to (-L, L) to Close

pLoTSUUpoonoooobooboobbooboobboooboubt zoomgoogoooooog

PLOTS
Grid(x, y)
Contour (temp) Surface (temp)
Contour (temp) painted zoom(-0.1*L, 0.8*L, 0.2%L, 0.2xL)

Vector (fluxd) norm

END
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42 0000

(1) Grid(x, y)
000000000 200000Grid4A3 0000000000000 0O0O00O0O0OOO0OO0OO

Anisotropic Conduction in Wood 09:45:14 6/30/08
2 . . L . . . L FlexPDE 5.0.22

%y

e-2

exportOld: Grid#3 p2 Nodes=2016 Cells=971 RMS En=4.1e-5

(2) Contour (temp)

gboboobooooooobobooboooooooobooooooooobOooboooooboooooooboaon
goboooboooooboooobooooooooooo

Anisotropic Conduction in Wood 09:45:14 6/30/08
2 . . ! ! FlexPDE 5.0.22
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exportOld: Grid#3 p2 Nodes=2016 Cells=971 RMS En=4.1e-5
Integral= 11.03429
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(3) Surface(temp)

00 T(r,y) 0ODODODODOODOOODOODOODOO

Anisotropic Conduction in Wood 09:45:14 6/30/08
FlexPDE 5.0.22

temp
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exportOld: Grid#3 p2 Nodes=2016 Cells=971 RMS En=4.1e-5
Integral= 11.03429

(4) Contour (temp) painted zoom(-0.1*L, 0.8%L, 0.2xL, 0.2%L)

goobooooboooobooooboOooobboooboooboooobobooooboboboooboooon
(-0.1L,0.8L) 0000 02L000 02000000

Anisotropic Conduction in Wood 09:45:14 6/30/08
o2 ! ! 1 1 FlexPDE 5.0.22
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99 L zoom(-0.1"L, 0.8*L, 0.2'L, 0.27L)
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exportOld: Grid#3 p2 Nodes=2016 Cells=971 RMS En= 4.1e-3
Integral= 0.113394
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(5) Vector (fluxd) norm

00000 fO0OO0O0O0OO0OO0O0DOOOOOOO0DODOOOOOOOOOOOOOOOOOOOOOOOOO
oobooooboooooo

Anisotropic Conduction in Wood 09:45:14 6/30/08
! ! FlexPDE 5.0.22
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exportOld: Grid#3 p2 Nodes=2016 Cells=971 RMS En=4.1e-5
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