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1.1 Problem descriptor [ transientOla.pde ]
gooboboboboooo

TITLE

’Bar with a Temperature Step’ { transientOla.pde }

000D000o00o0o0oooooDoooooooooDoooo o200 OoDOoDDOUoDOoOOn
gooogo

SELECT
Errlim = 3e-4

oobooooooono

VARIABLES
temp { Temperature }

goboooooooboooooobooOoooOoboOoobOoOoOoOooOoooOoOoOoOobOOoOoOobOboOooboOoOooon
0000000000000 0oO0O00oO000oO000DO0o0oOO0O00oOO0 ADOODODOOODOD 82
O0p-c, 000 787e3-4490000000000000tempex000000000O00O0O

DEFINITIONS
Lx = 1.0 Ly = 0.1
heat = 0 { Heat source }
k = 82 rcp = 7.87e3x449 { Iron parameters }
tempi = 300 tempO = 400 { Initial and boundary temperatures }
fluxd x = -k*dx(temp) fluxd y = -kxdy(temp)
fluxd = vector(fluxdx, fluxd.y) fluxdm = magnitude(fluxd)
temp_ex = (tempi - tempO)*erf [x/(2*sqrt(k*t/rcp))] + tempO
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ooboooobooooooooobOoO0boboocooboooOoOobOoOooooa

INITIAL VALUES
temp = tempi

00000000 (2)U0D0D0CUODOUOODEFINITIONSOO0OOODOOOO fluxd0O00O0O0ODO0OOODO
temp 0000 200000000000000000DOOC0O0O0O

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

gbooobooooboocoobooOoboobo0oboooOoOoboboObOvalveO0ooooOooooooOoo
oobOo0oboboONatwral DOOOODOOOOOOOODOOOOO

BOUNDARIES
Region 1
Start (0,0)
Natural(temp) = 0 Line to (Lx, 0) to (Lx, Ly) to (0, Ly)
Value(temp) = tempO Line to Close

gogboboooboobooboboobooboTIMEDODODOODLOODbOO0ObOo0obDbOoOoDbOoOon

TIME
from O to 3000

oooooooooooooooooooooooobooooDoDoDDDD tempOO0O0O0O0O0O0OO
tempex 0000 elevation 000 0000000000000 OO0OODOO ¢t=10000 300000 1000
gbobO0oO00ob000Ofor...by...to000O0O0OO0ODOOOO0ODOOOODOOODOOOO

PLOTS
for t = 100 by 100 to 3000
Elevation(temp, temp_ex) from (0, Ly/2) to (Lx, Ly/2)

END

1.2 00O0OO
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O00BackDOOOOOOOODOO0OO0O0D0O0O0O0O00D00000000O00O ViewD OO OO Movie
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00000000000 ¢=18000¢t=30000000000000000000000000

(1) Elevation(temp, temp_ex) from (0, Ly/2) to (Lx, Ly/2) at t = 1800

t=18000000000 elevation 000000 O0temp O tempex 0000000000 20000000
goobobbobooobooogobDoboobob 1obobobobobooboobDobOobobobooooo
goobobobobooooooobgon

Bar with a Temperature Step %1621; I 1 ]?: '(1)9§
exPDE 5.0.22

400. temp
from (0, Ly/2)
to (Lx, Ly/2)

a: temyp

380.

360.

temp

340,

320

300 ——= —

0 02 04 06 0.8 1
X

exportOla: Cycle=79 Time=1800.0 dt=173.75 p2 Nodes=191 Cells=76 RMS Err=4.1e-6
Integral(a)= 323.0754 Integral(b)= 323.0579

(2) Elevation(temp, temp_ex) from (0, Ly/2) to (Lx, Ly/2) at t = 3000

tO3o000ooopooooobooooooobooboobooooooooooobooooOooooon
gooboobobooooooooobooobobobobooooooobooboboboboboboooogoo
000000000000 00D00O000000000000000000000000FlexPDEODOOO
goobobobooooooobooboobo
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Bar with a Temperature Step

400,

380.

360.

temp

340,

3z20.

300.

0.6 0.8
X

temp
from (0, Ly/2)
to (Lx, Ly/2)

a: temp

16:45:19 7/1/08
FlexPDE 5.0.22

exportOla: Cycle=84 Time=3000.0 dt=34587 p2 Nodes=177 Cells=70 RMS En=4.2¢e-6
Integral(a)= 329.7880 Integral(b)= 329.6881
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2.1 Problem descriptor | transientO1b.pde ]

0000 transientOla.pde DO OOOODOO

TITLE
>Temperature Step in Bar’ { transientOlb.pde }

SELECT

Errlim = 1le-4

VARIABLES

temp { Temperature }
DEFINITIONS

Lx = 1.0 Ly = 0.1

heat = 0 { Heat source }

k = 82 rcp = 7.87e3%449 { Iron parameters }
fluxd x = -k*dx(temp) fluxd y = -kxdy(temp)
fluxd = vector(fluxdx, fluxd.y) fluxdm = magnitude(fluxd)

gobodoooooobooooooooon

INITIAL VALUES
temp = 200 + 200*ustep(x - Lx/2) { Unit step function }

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

gooobobOobobo0obooooboboooooboboobobNatural DOODOODOODOOOODOO
0000000000000000GBO01 00 OD0D00N0O0ND00N0O0ND00N0O0oOoUoooon

BOUNDARIES
Region 1
Start (0,0)
Natural (temp) = O
Line to (Lx, 0) to (Lx, Ly) to (0, Ly) to Close

TIME
from O to 100000
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gobooobooooooooobOocOoboboocooboooooOoobooOon

PLOTS
for t = 10, 30, 100, 300, 1000, 3000, 10000, 30000, 100000
Elevation(temp) from (0, Ly/2) to (Lx, Ly/2)
Contour (temp) painted

END

22 DO0OO

obboooooboooboboOobooobobO for...by...to00O00O0O0O0O00OODOOODOOOOOOCOOO
000000000 00000000 ElevationOOOOOContour 00000 18000000000
gobooooooooboooobooooo

(1) Elevation(temp) from (0, Ly/2) to (Lx, Ly/2) at t = 100

2000000000000 10000000000000O0O0O0O0O0ODOOOOOOOOOOOOCOODO
00o00o00ooooooooogoo200°0coooboooooo

Temperature Step in Bar 11:23:55 7/8/08
FlexPDE 5.0.22

temp
300 from (0, Ly/2)

to (Lx, Ly/2)
360,
330. /
300. /
270, //

240,

a: temp

temp

210.

—a

0 0.2 0.4 0.6 0.8 1
X

export0lb: Cycle=112 Time=100.00 dt=8.5194 p2 Nodes=738 Cells=339 RMS Ei=3.e-5
Integral= 299.7649
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(2) Contour (temp) painted at t = 100

t=10000C000C00O0O0OO0O0OO0OOOOOOOO0OoOoOoOoooOooo

Temperature Step in Bar 11:23:55 7/8/08
06— : FlexPDE 5.0.22

temp

410,
400,
390,
380,
370,
360,
330,
340,
02 330.

0.4 s

\IH

310.

270.
260,
250.
240.
230.
02 " 220.

200.
190.

0.4 L

X

exportOlb: Cycle=112 Time=100.00 dt=85194 p2 Nodes=738 Cells==339 RMS Eir=3 e-3
Integral= 29.97648

(3) Elevation(temp) from (0, Ly/2) to (Lx, Ly/2) at t = 100000

t=10000000000000000000000D0O0O0OD0OOO0OO0ODOO0OO0ODOODODOOODOn
gog

Temperature Step in Bar 11:23:55 7/8/08
FlexPDE 5.0.22
259 temp
from (0, Ly/2)
to (Lx, Ly/2)
289 a: temp
25977
2 29976 -
25976
28975 I 1
I £
29975
0 02 04 06 0.8 1
X

exportOlb: Cycle=276 Time=1.0000e+5 dt=10025. p2 Nodes=155 Cells=60 RMS Err=4.e-11
Integral= 299.7647
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(4) Elevation(temp) from (0, Ly/2) to (Lx, Ly/2) at t = 30000

(3)00000000000¢=3000000000000000000000Movied000O00OO0DOOOO
0000 3)000b00O0U00O0D 40000000 0DDU00OLO0OOO0DDUOOLUODDOODUOOOOOOD
00000 tempO000000D0O00DOODOODOOOOOO0OO0O0299.6200 2999100000000
000000000000 SOU00UO0O0DO0U0O0D0O0O0DO (1))ODDO0 20000 400000000000
goboooooooooooooood

Temperature Step in Bar 11:23:55 7/8/08

FlexPDE 5.0.22
temp
/ from (0, Ly/2)
to (Lx, Ly/2)

a: temp

299

259.85

299,

temp

259.75

2997

259.65

0 0.2 0.4 0.6 0.8 1
X

exportOlb: Cycle=214 Time=30000. dt=412.42 p2 Nodes=232 Cells=95 RMS Ei1=4.5¢-6
Integral= 299.7647
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3.1 Problem descriptor [ transientOlc.pde |

0000 transientOla.pde DO OOOODOO

TITLE

’Transient Conduction in Cu/Fe’ { transientOlc.pde }

SELECT

Errlim = le-4

VARIABLES

temp { Temperature }

DEFINITIONS
Ix=1.0 Ly =0.1
heat = 0 { Heat source }
k rcp { Iron parameters }

fluxd x = -k*dx(temp) fluxd y = -kxdy(temp)

fluxd = vector(fluxdx, fluxd.y) fluxdm = magnitude(fluxd)
tempi = 300 tempO = 500

INITIAL VALUES
temp = tempi

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

000 BOUNDARIESOOOUOODOOOODORegion 1000000000000 O0O0OODOOOODOOOO
O0OD00ORegion ’copper’ UOOOOOOOOOO0OOOOO0O0O0O0O0O0O0O0O0DO0C

BOUNDARIES

Region 1 k = 82 rcp = 7.87e3%449 { Fe, default }
Start (0,0)

Natural(temp) = O Line to (Lx, 0) to (Lx, Ly) to (0, Ly)
Value(temp) = tempO Line to Close
Region ’copper’ k = 400 rcp = 8.96e3%385 { Cu }
Start (0,0)
Line to (0.2xLx, 0) to (0.2*Lx, Ly) to (0, Ly) to Close

TIME
from O to 10000

10
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goboooobooooooooobOoOoOoOOoOoOobOoOoOoOoOoOoOoOoOoOoOoOoOOoOobObOboOoOobOoOonon
gobooobooOo 00Db0O00O00O00OOOOO0DOO0

PLOTS
for t = 10, 30, 100, 300, 1000, 3000, 10000
Elevation(temp) from (0, Ly/2) to (Lx, Ly/2)
Elevation(fluxd x) from (0, Ly/2) to (Lx, Ly/2)

oooooooooboOosb0oooboobobobo00ooooDoOob0ob0O0oOn wistoryOOOOOOO0OOO
gobooooo

HISTORIES
History(temp) at (0.1xLx, Ly/2) at (0.2xLx, Ly/2)
at (0.3xLx, Ly/2) at (0.4%Lx, Ly/2)
at (0.5%Lx, Ly/2)

END

32 0O0ODO

(1) Elevation(temp) from (0, Ly/2) to (Lx, Ly/2) at t = 1000

t=10000000000000000000000DOOO0OCOOOOO00000OO0OODODOODODOOOO
ooboO00b0 z=0200000000000000000000

Transient Concuction in Cu/Fe 14:56:48 7/8/08
510 FlexPDE 5.0.22
temp

from (0, Ly/2)
to (Lx, Ly/2)

480,
450. \\
420,

390.

a: temp

temp
/

360.

330.

-
Ll

300.

X

exportOle: Cycle=175 Time=1000.0 dt=75.796 p2 Nodes=303 Cells=132 RMS Err=1.1e-5
Integral= 360.9987

11
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(2) Elevation(fluxd x) from (0, Ly/2) to (Lx, Ly/2) at t = 1000

00oo0oO0ooo0oooo0o 0000 f,0000000000000000O000O0O0C00000
gobooooooooboooobooooo

Transient Conduction in Cu/Fe 14:56:48 7/8/08

4 FlexPDE 5.0.22
7 fluxd_x
from (0, Ly/2)
to (Lx, Ly/2)
5 a fluxd_x
5.
4.
4
£
=]
3
2,
i T ]
1 1 [ +
a\
[ul
0 02 04 0.6 08 1

X

exportOlc: Cycle=175 Time=1000.0 di=75.796 p2 Nodes=303 Cells=132 RMS En=1.1e-5
Integral= 27302.15

(3) History(temp) at t = 10000

0000 ¢t=100000000 HistoryJOODOODOOOODDOOODDOO0OO0DODOOODDOOODO a,b,c,d,e
gobooooboooooooooobOoOoOooOOoOoOobOOoOoOoOoOoOoOoOoOoOoO0ObOOoObOObOOoOoDbOoOonoon
ooboooooog

Transient Conduction in Cu/Fe 14:56:48 7/8/08
FlexPDE 5.0.22
R e o I HISTORY
[ E—
480 b 1: temp
I
/ /
450 ( —
a/
420 f
g /
= 3w /
360 /
330 / [ ¢
300
0 2 4 6 3 10
T e3

exportOle: Cycle=206 Time=10000. dt=755.86 p2 Nodes=187 Cells=76 RMS Err=2.1e-6

12
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4 Cased-00000O200000

000000000 10000000000 20
000D00D000000000D00ooOo 2
000000000000 00000000000
00000000000000000000000
000000000000 00000000000
00000000000000000000000 Glass | Fiber
0000000000000000000 300°K O
00000000 0000000 : Ei : -—

01

300°K

0.1
000000000000000000 temp 00 | Hot Steel
0 threshold = 0.1 0000000000000
000000000000 0000D0O0000D0O0
0000000000000 0000000000 -0
00o00oooono

4.1 Problem descriptor [ transient01d.pde |

U000 transientOla.pde DODOOOOONO

TITLE
>Transient Heating of Steel Bar’ { transient0Old.pde }

SELECT

Errlim = 1e-3

oooOOOoOOoOoOOoOoOob0 temp000ogo 010000000000 O0O0O0O0O0O0O0O0OOO

VARIABLES
temp (threshold = 0.1) { Absolute tolerance }

0000000000D00000 20em x20em0 000000000 2e0mx2/3em0000000O0OODO
000o0o0D ler000000O000O0DOOO0OODOOOOOOOOODOOOOOOOODOODOO0OO
gog

13
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DEFINITIONS
L = 100e-3 LO = 10e-3
heat { Heat source }
k rcp { Heat parameters }
tempi = 300 { Initial and boundary temperatures }

fluxd x = -kxdx(temp) fluxd .y = -kxdy(temp)

fluxd = vector(fluxd x, fluxd.y) fluxdm = magnitude(fluxd)
power_d = 1le7 { Power density }

power = (2*L0)*(2+L0/3)*power d { Power from bar }

ooooooo300°eKooooo

INITIAL VALUES
temp = tempi

gopDo0o0ooooooooooooooooooog

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

U000 BOUNDARIES OO OOOOOOORegion 1000000000000 0O0O0O0O0O0O0O0DOCOOOO
O0OD0O0ORegion ’steel’ 0O O0O0OO0OO0OOO0O0O0OOOO0ODOOOOOOOOOOON

BOUNDARIES
Region 1 heat = 0 k = 0.5 rcp = 2¢6 { Glass fiber, default }
Start(-L,-L)
Value(temp) = tempi Line to (L, -L) to (L, L)
to (-L, L) to Close
Region ’steel’ heat = power.d k = 45 1rcp = 3.5e6
{ Stainless steel }

Start(-LO, -L0/3) Line to (LO, -L0/3) to (LO, LO/3)
to (-LO, LO/3) to Close

TIME
from O to 1le6

oobooooboooobooooobOoOoobOoOooboOoOooobooOooooOoOoOoOobOoOobobOboOooboOoOooon
goboooooooo

14
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PLOTS
for t = 100, 300, 1e3, 3e3, 1le4, 3e4, 1leb, 3eb5, 1eb6
Contour (temp)
Contour ((temp - tempi)*rcp) Report(powerkt)
Contour (temp) zoom(-5*%L0O, -5*%LO, 10%LO, 10%LO)

END

42 0OO0OO

gobooooooooooooboooooogn

(1) Contour (temp) at t = 100

t=1000000000000000000000000 300°KOOOOODO

Transient Heating of Steel Bar 17:45:10 7/8/08
-2 : : L L FlexPDE 5.0.22
temp
5.4 L
max 439
B: 435,
A 430
425
&7 - 420
415

350

1 5

1 340

-6, r h: 335,
o 330.

f: 325,

€ 320

g L d: 315,
€ 310.

b 305

: ‘ ‘ : : : : a: 300

9 -6 3 1} 3 3 9 min 300.

-2

exportOld: Cycle=84 Time=100.00 dt=18.746 p2 Nodes=2213 Cells=1076 RMS En= 2.3¢-4
Integral= 12.05324

15
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(2) Contour(temp) at t = 1000
t=100000000000000000000000 780°KOODOOOOODO

Transient Heating of Steel Bar 17:45:10 7/8/08

-2 1 1 FlexPDE 5.0.22
= temp

8.4 L
max 787,
q 780
P 750
6 L o 720
k 600
3 r ] 570
1 540
h 510
o 480
S 0 L f 430
€ 420
d 390.
© 360,
b 330
-3 [ a 300
min 300.

6. L

-84 a r

%
T
T T T T T T T
9 6 3 [} 3 6 9
X e-2

exportOld: Cycle=101 Time=1000.0 dt=161.64 p2 Nodes=2321 Cells=1130 RMS Err=3.1¢e-4
Integral= 12.61975

(3) Contour(temp) at t = 10000

t=1000000000000000000000CC0O0O00O0000000O0O0O0ODOODOOOOOO0O0O000
00000o0oooooogo 1ecKoooooooooo

Transient Heating of Steel Bar 17:45:10 7/8/08
-2 : : L L FlexPDE 5.0.22

temp

? max 1.27
t 1.25
s 1.20

6 | I 1.15

3 r m 0.90
1 0.8
k 0.80
] 0.7

el 0.+ L 1 0.70

h 0.65
[ 0.60
f 0.55
e: 0.50

-3 [ d: 0.45
¢ 0.40
b 0.35
a 0.30

-6, r min 0.30
Scale =E3

9.4 L

exportOld: Cycle=116 Time=10000. dt=1611.9 p2 Nodes=2321 Cells=1130 RMS Err= 2.¢-4
Integral= 17.23620

16
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(4) Contour (temp) at t = 1eb

t=100000 0 0000000000000

Transient Heating of Steel Bar 17:45:10 7/8/08
-2 . . L L FlexPDE 5.0.22

temp

.- L
max 1.43
W 1.40
v 1.35
u 1.30

51 rot 1.25

3 r P 1.05
[ 1.00
n 0.03
m 0.90

] 0 L 1 0.8

k 0.80
] 0.7
1 0.70
h 0.65

-3 [ e 0.60
f: 0.55
e: 0.50
d 045

6. r C: 0.40
b 0.35
a 0.30
min 0.30

5.+ L
Scale =E3

T T T T T T T
9 6 3 [} 3 6 9
X e-2

exportOld: Cycle=131 Time=1.0000e+5 dt=20293. p2 Nodes=2313 Cells=1126 RMS Err=1.9¢-4
Integral= 19.81117

(5) Contour(temp) at t = 1le6

t=1000000 0000000000 O0OO0DM) 00000000 DOOOOOOODOOODOODOOODO
000000 1430°KO000O

Transient Heating of Steel Bar 17:45:10 7/8/08
-2 : . L L FlexPDE 5.0.22

temp

s max 143
w 140
v 1.35
u 1.30

&7 ot 1.25

3 r r 103
0 1.00
n 0.03
m 0.90

= 0 L 1 08

k 0.80
1] 0.7
1 0.70
h 0.65

34 [ o 0.60
f: 0.55
e: 0.50
d 0.45

6. r e 0.40
b 0.35
a 0.30
min 0.30

9.4 L
Scale = E3

T T T T T T T
9 6 3 [} 3 6 9
X e-2

exportOld: Cycle=142 Time=1.0000e+6 dt=2.0293e+5 p2 Nodes=2313 Cells=1126 RMS Err=1.9¢-4
Integral= 19.81061
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(6) Contour (temp) zoom(-5*L0, -5+L0O, 10*L0, 10*L0) at

t

= leb6

000000000000 (b)00000D0000D00O0O0U000ODO0O0D0ODO0O0DOO0DOOODOOOD

goboobooboboobooboobooo

Transient Heating of Steel Bar

o . . . .
o] L
2 L
EEEE F
2 L
a L

-2

temp

17:45:10 7/8/08

FlexPDE 5.0.22

zoom(-5"L0, -5*L0, 10*L0, 10*L0}

max

Scale =E3

143
1.40
135
1.30

exportOld: Cycle=142 Time=1.0000e+6 di=2.0293e+5 p2 Nedes=2313 Cells=1126 RMS En=1.9¢-4

Integral= 7.804686

(7) Contour ((temp - tempi)*rcp) Report(power*t) at t =

1000

gooooobobobobooboobobobuoboobobbo0obO0bUOReport OO O0OODODODO
000000000000 (powerxt) 0000000000 ODOt=10000000000000000

gogod

Transient Heating of Steel Bar
o \ | . .

ES

T
0
< e-2

(temp - tempi)'rep

17:45:10 7/8/08
FlexPDE 5.0.22

max
T
q
P

o mgE S

©
b
a

min

Scale = E9

1.71
1.70
1.60
1.50

L.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
0.00

exportOld: Cycle=101 Time=1000.0 dt=161.64 p2 Nodes=2321 Cells=1130 RMS En=3.1e-4
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FlexPDFE5 whitepapers

(8) Contour((temp - tempi)*rcp) Report(powerx*t) at t = le6

oo0ooo0t¢t=100000000000000000000O0CO00O0OOOOOOOOOCOOOOOOOOO0
0000000000000 00000000000ONatural(temp) = 00000000000000OO
oooooooooboooooo

Transient Heating of Steel Bar 17:45:10 7/8/08
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exportOld: Cycle=142 Time=1.0000e+6 di=2.0293e+5 p2 Nedes=2313 Cells=1126 RMS En=1.9¢-4
power*t=1.333333¢e+9 Integral= 1.584615e+7
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