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Div(grad(u)) = 0

O0000C0O0O00 BOUNDARIESOOOOOO 200000000000000000000O
oooooooooooboooo

Start(xl,yl) line to (x2,y1l) to (x2,y2) to (x1,y2) to close
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TITLE oooooooooo

SELECT FlexPDEOOOOOOODOOOOODOOOOOOO
VARIABLES oooooooon

DEFINITIONS coooboooobooooood
EQUATIONS gooooooooooooboooo
BOUNDARIES cobobobooooooooboooooooooon

MONITORS, PLOTS

O000000000DO0DCONTOUR, SURFACE, ELEVATION,
VECTORO OO OOOOOooOo

END

goobgooobogo

Note: 00000000 OO0OOCOOO0OOOOOODOOOODOOOOODOOOODOOOOO
goooooooboboooooobobobooboobboobobooobooDbog
goboobooboobn

ggboobobooobuooboobobooboobooo

{} gobooooboobbooboobboooboon

! gogbogoobooboobbooboobbooboobboo

goboooooooooboooooooooooobooooo

TITLE ’Simple diffusion equation’

{ this problem lacks sources and boundary conditions }

VARIABLES
u

DEFINITIONS

k=3 { conductivity }

EQUATIONS

div(kxgrad(u)) = 0

BOUNDARIES
REGION 1
START(0,0)
LINE TO (1,0)
TO (1,1)
TO (0,1)
TO CLOSE
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PLOTS
CONTOUR (u)
VECTOR (k*grad (u))
END

oobooooooooobooobooooboooooooOoOoobooa
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FlexPDEO OO OOOOOOOOO0O0OOO0OO0O0OOO0O0O0OOOO0OOOO0OOO

O0OOOOO VALUEDO NATURALO OO 20000000C0O00O0OOO

VALUEO O Dirichlet0 0000000000 O0OO0ODODODODOOOOOOOOOOOOOOOOOOO

gogooooo

00000 NATURALOOOOOOOO0OOO0OO0O00000O00O00fwxO 000000 mong
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F2000o00O0’00ooooom

uobooooooOooooboOooboooOooooOoOoOOoO0OobOOoOoobooOoOoOoOoDOOoOoOooDoboa

(0oO0oOoooopboooooood

BOUNDARIES
REGION 1
START(0,0)
VALUE(u) = 0 LINE TO (1,0)
NATURAL(u) = O LINE TO (1,1)
VALUE(u) = 1 LINE TO (0,1)
NATURAL(u) = O LINE TO CLOSE

{ fixed value on bottom }
{ insulated right side }
{ fixed value on top }

{ insulated left side }

VALUE 00 NATURALOOOOOOODOOOOOODOOOO0ObOO0bOobOoooobobooobooo
gobooboobbooboobboobooboo
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e J0I0UIDUDUODUODLUODLDOLOUDODUODO
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FlexPDEOOOOOOOOOOOOOOOOOOOODOODmMOODODOOOOOOOOOO
gobooooooooooboooboo0oooooOooobooooboooooonm

gobooooooOoooobObooboboOoooon
gbobooboboobooboboboboobobobobobobobooboooooo
goboooooooooooobooooboooooooooooooboooooaon
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goooooboobooobobooboobooobooboobbooboobboon
goobobooooooobooboboboooooboobooboboboooobooooon
gogboopbooboobboobooboobbooboobbooboon

MONITORS U OO OOOOOOOO0OOO0OO0O0000O0
gobooooooooboooobooooooOooOoobOoOoOobooOoOoOoooOoOoOooDo
MONITORS U O OO0ODOOOOO0OO0OODODDOOOOO0OO0OODOOO0OOOoObODODDOOOn
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e JIODOODOODOOO
FlexPDE OO0 ”Domain Review” 00 "Run Script” 00 0000000000000 00OO0O
dddddooooooooooooobobobobobobbbbooooodogooooo
O0000000007Save”, 0000 "Saveas” 00000000000 O0OOOOOO
gdddouoooooooooo
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FlexPDEOOOOOOOOOOOOOOOOOOOOOO0OOOOO0OOOO0ODODOOO0OO

QZ—ZDDDDDDDDDD dx(w) 000000000000 DDO00000Oo0oO0oDoOd
00000000020 000 axx(w O0O0O0O00O0O0OOO0DOOO Div, Grad, Curl 00O
gobogbbooboooo

e J0J0DDOODDDD/OUDDODODODODDDOODODUDOODDO O™ ODDODOOODDODO
ooo

e J00J0D0ODDODODODOD{}0DODODODODOODODIDDODODOODOD
gooboboooon

Note: FlexPDEOOOOOOOOOOOOOOOOOOOOOODOUODODODOOOOOOOOO

34 O0O0OO0OO
FlexPDEDODO 20000000000000000000

e JOIDOODOODOODO
e IO DOODDOODOODLDDLDOODOO

OO00000O0O VARIABLESO OO DO OO EQUATIONS OO DOUOODOODOODOODOODO
gbobooo2000b00b00b0boobooboooDoboboooobDobOoboboooboog
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VARIABLES
Phi

EQUATIONS
Div(grad(Phi)) = 0

oobooooooboooobooobooooooooobooOoobooOooooboooDooOooooo
ooooooooooobo0oooooooobo0oobo0ooooooooOoboooDoOoooDoboo
oooooooooOoooooog + 0000000000000

VARIABLES
A,B

EQUATIONS
A: Div(grad(A))
B: Div(grad(B))

ooooooooOobooobOoOooOoOoOoOoOoObocOoOobOoOoOooooOoa

3 DOoOoooooooo

2000000000

2000000000000D00 BOUNDARIESOOOODOOOODOOOOOOOOODOOODO
Uo000o0O0o0oo0O00obOO00OD0REGIONODOODOODOOOREGIONOOOOOOOOOOOO
oobooooooooobooobooOooooOooOoobOoOobobooOooobooooooDooOon

e REGION U0 00U REGION <number>[ [0 O REGION "name"UO DO UODOOOODOOO
goboobobooboobboobooboboo

e J0IDOUDOOUDODODODOREGIONDUIDUDODUODO REGIONODODODODO
goobobobooon

e JUOUREGIONUDUODODODLOOOLOOOLOOOOOOOOOOOOLOOOLODLODODODO
gbobobobooooooooobobobobooobooobooboobobon

U000000000000D0000 LINE, SPLINE, ARCUOOOOODOODOOOOOOODO
0oo0oo0ooooooodn sTARTOODOOOOODOOO0OOO00o0o0O00o0obooo0ooonn
coooooooboooboooobOoooOoOooOoboOoobooooOooOoOoOoOoOboOobOobOOoOoOooon
gboboo0ocLoese0gnogoboobooooog
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e JJ0D00ODODDODOOODDODOOD400 LINEODODODOODODOOOOOO

START(x1,y1)

LINE TO (x2,y1)
TO (x2,y2)
T0 (x1,y2)
TO CLOSE

oobooooooooooboocoobooOooboooOooOoCcOoOOOoOoobOoboOooooooo
gobooooooooboooon

e JO0OOCOOODOOOUDOOOLUDOOOOOOOOODOOOODOOOUDOOOODOOOOO
oooogno

START(r,0)
ARC(CENTER=0,0) ANGLE=360

e OI0DOODOODDOUODLOLODLDOODLOO

START(r,0)
ARC(CENTER=0,0) TO (0,r) { a 90 degree arc }

gobooooooooobooobooooooooooooooooobooooooooon
gobooooooooboocOooboooooooooocoOoooOooooOooooooon
gooo

e U0 DO0UDUODDOODDUODLDbDUODDOUOUODLOUODDbDOUUOUDOO

START "Name" (...)

BOUNDARIES O DO UODOODODOOODLOOODODOODOO

BOUNDARIES
REGION 1
<gboboobooboooo >
REGION 2
<0 20000000000000D0O000O0O00O >

"domain” 0000000000000 O0OOOOOO0DOOOOOOOODOOOOOOOOOOO
oobooooooooobooobooooooOobooOoboOoobooOoOooon
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3.6 OO

oooOO0o2000000000000000000000O00O0O0O0O0O0O0O0O0O0O0O0O0O0OOA0
oobooooooooobooooOooOoOoOooOboOoOobOoOoOoOoOoOoOoOoOoObcOoOoboOoOooon
BOUNDARIES OO OODOODOODOOODOOOOOOO

BOUNDARIES
REGION 1 ’box’ { the bounding box }
START (-1,-1)
LINE TO(1,-1)
TO (1,1)
T0 (-1,1)
TO CLOSE
REGION 2 ’blob’ { the embedded circular ’blob’ }
START ’ring’ (1/2,0)
ARC(CENTER=0,0) ANGLE=360 TO CLOSE

"domain” 00000000 OOOOOOODOOOOOO
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Note: 0000000000000 O0O0OOOOOOOOOOOOOOOOOOOOOOO
coooooooo

3.7 JOoboooog

Controls 00D DODDD Foooooo "Run Script” 0000000000 FlexPDEO OO
bbb bbb oo oooboboooooo
0000000000000 00000000000000000D0000oDooOoUoooog
gddddoooooooooobobon

ggboodbobooobuooboobboobuoobboobooboon

Region2 00 0000000000000 O0OOOO0OOOOOOOOOOO

0000000000000 0O00O000DO0DO00O00O00O0O00ODO0O0O@O“DODOD
oooo’00oooooo



16 030 000000

00000 MESH.SPACING 0O OO OO Omodifiers0 00000000000 Region20000
gobooboobbooboobboobd

REGION 2 ’blob’ { the embedded ’blob’ }
START(1/2,0)
MESH_SPACING = 0.05
ARC(CENTER=0,0) ANGLE=360
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3 DOOOOOOOOO

ggboobobooboobboobooobooboobbuooboobbooboobboOoo
obobobooooooooooo

FlexPDEOODOOOOOOOOOOO 2000000000000000 10000000000
00000000 DEFINITIONSOOOO0O0O0O0ODOOOOCOCOOO0O00000000 20000
Do0o0DOoO00o0O0o0o0DOREGIONODDOOODOOODOOOOODODOOODO

oo obbobobbbobbobbbtboddddooo oL O
o0oO00000o0o0o0oo0o0oUooooUoUoooooooooooooooooooooooo
0000000000000 O0U0UU0U000000DDUooUoooooooooooooo
OO0O00Oconductord D00 00000000000 OOImsulator000000000O0OOOO
O00000000 insulator 00 0O0O0O0O0ODO 000100000000 conductor 00000
0000 l00o0ooOoOoOoOooooooo

OO DEFINITIONSOOOOOOOOOOOODOOODO"®"OOOOOOO 1000ObObDbO
DEFINITIONS

k=1

tobbodobooboooooooboOooooobooOoboooOoooOoOoOooboOoOo k"oboooooa
ooooo

cooooooooooooocoOoooOoooon
EQUATIONS

Div(-k*grad(phi)) = 0

OO0 Region20insulator0 000000000000 OOOO

REGION 2 ’blob’ { the embedded blob }
k = 0.001
START(1/2,0)
ARC(CENTER=0,0) ANGLE=360

RegionlO conductorD0 0000 k = 100000000000000000O00COOO0OO0OOCOO
coobooooooooooo
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39 DO0OOOOO

goooooobooobobooooooooobooobooooooOooOooobo0d VALUE O
NATURALO OO 20000000C0CC0CO

VALUE O0ODirichlet0 00 0000000000000 000000000000O00O000O
oooooooboooobooobooooooooooooooooobooooooooonn

NATURALOOOOOOOOOODOOOOOOODOOOOOOfwxOODOOOOOOOOOOO
oooooooobooooboobobooooooboooboooobooooooboooDooOooooboo
O0OO0O0OOO0O0OO0OOONATURALOOOOO0OO NeumannO OOOOOOOOOOOOODOOOOO
ooo

Note: NATURALOOOOOOOOOOOO PDEOOOOOOOOOOOOOOOOOOO
000EB2*000000”’0000000000

oobooooooooobooobooOooooooOobOOoOoobooOooooOoboOoOoDoOonoooboo
00000000000000000 VALVE(w=0000000000000000000 u0O
0000000000 PDEOOONATURAL(w=0000000000000w00000000O
ooooocooooono

gbobooooooobooboobooboboooboooDbooboUob0 Iboboooo oo
ooboooboOoooOoOooboOoooOooobOOoOoboCbOOo0obOOoOoOoOoOoUobObDOoOoOoOooDDoOo
gogboobbooboobbooboo

REGION 1 ’box’ { the bounding box }
START(-1,-1)
{ Phi=0 on base line: }
VALUE(Phi)=0 LINE TO(1,-1)
{ normal derivative =0 on right side: }
NATURAL(Phi)=0 LINE TO (1,1)
{ Phi = 1 on top: }
VALUE(Phi)=1 LINE TO (-1,1)
{ normal derivative =0 on left side: }

NATURAL (Phi)=0 LINE TO CLOSE
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VALUE O NATURALO O OOOOODOOOOODOOOOO0OO0ObOObOOobOooboobooooDbo
gogboobbooboobbooboobobooboobbooboobbooboobboon
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CONTOUR cooooooooocoooo
SURFACE Joooooooooon
VECTOR ooboooooooog
ELEVATION oooboooobooooboooo
SUMMARY ooobooooooooooo

gooobobooboobooodoooooobooooboooooboboooooo@ooooonod
goboooooooooboocoooooobooooboooo
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e 000

000000000 k*xgrad(Phi) OO OO0
gooboboooon
gogbooboooboo
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PLOTS
CONTOUR (Phi)
VECTOR (-k*grad (Phi))
ELEVATION(Phi) FROM (0,-1) to (0,1)
ELEVATION (Normal (-k*grad(Phi))) ON ’ring’

PLOTSOUOOO0O0OOOUOODOUOUOOOFPDEOOOOOOODOOOOOOOOOOOOOO
gboboobooooooooobobobobobooooooobooboobobobobooooboo
gboooodb proTstgbOOdOoOOOO MONITORSODOOOOOOOOOOOODOOOOOOO
gbobooooboobobobobooooooobobobobooooboo

PLOTSOCO0O0DOCOO0ODOCOO0ODOOCO0OOOO0O0.poEDODOOOOOOO.PGEOOOODOO
0000000000000 0OD0O0000 FlexpDEDO VIEWOOOOOOOOODOOOOOOO
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MONITORS OO OOOOOOOOOOODOODOO0OOD0OOD MONITORSOODOODOOOODOODOO
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Note: FlexPDEOODOOO GRIDODO HISTORYO OO OOOOOOODOOOOOOOOOO
gbooooooobobobooooooooboboboooo
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gogbooobooboobbooboobboooboobbooboobbobbooboo

TITLE ’Heat flow around an Insulating blob’

VARIABLES

Phi { the temperature }
DEFINITIONS

K=1 { default conductivity }

R =0.5 { blob radius }
EQUATIONS

Div(-k*grad(phi)) = 0
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BOUNDARIES
REGION 1 ’box’
START(-1,-1)

VALUE (Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=0 LINE TO (1,1)
VALUE (Phi)=1 LINE TO (-1,1)

NATURAL (Phi)=0 LINE TO CLOSE
REGION 2 ’blob’ { the embedded blob }
k = 0.001
START ’ring’ (R,0)
ARC(CENTER=0,0) ANGLE=360 TO CLOSE
PLOTS
CONTOUR.(Phi)
VECTOR (-k*grad (Phi))
ELEVATION(Phi) FROM (0,-1) to (0,1)
ELEVATION(Normal (-k*grad(Phi))) ON ’ring’
END

00 2000000000000000O0O0O0ODO0ODOODODOODODO FlexPDEDOODOODOOO
gbobobooooobooboboboboooog
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000000000000000D00000 0.1% 000000000000 00O00O0O0OOO
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oooboooobooooboooo

gbobooooooobooobgobo
SELECT ERRLIM=1e-5
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000000000000 00000FexPDEOODOOOOOO 200000000000000
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goooobooobbobobooooooobbbbooooooobbbooooooobobobDboo
FlexPDEOOOOOODOOOOODODOODOOODOOODOODOOODODODOO0ODOOOOO0OOO
gooooOo0oooO0o0opDOoO0OoboOoOo20000b0C000bDOOOoODOOOODO

e Result = LINE_INTEGRAL(<expression>, <boundary name>)
OO0000000000 <expression>0O0O00O0OO0O0OOODO

Note: BINTEGRAL O LINE_INTEGRALO OO OODO
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e Result = VOL_INTEGRAL(<expression>, <region name>)

OO0000000000 <expression>0O0O0O0O0OO0OOOOO

Note: <region name> 0000000000000 OOCOCOOOOOOOODOO
ggod

Note: INTEGRAL O VOL_INTEGRALOOOOOO

Note: 2D 0000000 OOAREAINTEGRAL O VOL_INTEGRALO OO DO OO
oobo0OzOoOOOO10o00oOoooooooodm

O07Ting 000000000000 wlob’ 000000000 DO0O0OO0O0O0O0DOOOOOOOO
oooooooo

DEFINITIONS
{ the total flux across ’ring’:
(recall that ’ring’ is the name of the boundary of ’blob’)}
Tflux = LINE_INTEGRAL (NORMAL(-k*grad(Phi)), ’ring’)
{ the total heat energy in ’blob’: }
Tenergy = VOL_INTEGRAL(Phi, ’blob’)

gogboobbooboobbooboobobooboobbooboobbooboobboon
000000000000 0000000000000000000ring 0000000000
gooboboooooon

{ the total flux across ’ring’: }
Tflux = LINE_INTEGRAL (NORMAL (-k*grad(Phi)), ’ring’, ’box’)
{ evaluated on the ’box’ side of the boundary }

Note: 3000000000000 0O0OO0O0OOOOOOOOOOOOOOODOOOOOOO
oooboooooooooboboooo

43 00O0OO0O0OOO

FlexPDEOODOOOODODOOOODODODOOOOOODODOOOOOOOODODODOOOOOOOOO
gbobobobobobooooobooboobooboOob ReEPORTOODOODODOOOOOOOO
goood

REPORT <value> AS "title"
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REPORT <value>
Oo000o0ooooonoo
00000 REPORTOOOOOOOODOODODOOOOOOOODOOOODOOODOOOOODOOOO
go00o0oo0o0oooo0ooooooObooboboooboooooOoooooboOoooOboOoa
OO0O0O0O CONTOUROODOUOOUOOO REPORTUHOULOOUOOOOOOOOOOOOOO

CONTOUR(Phi) REPORT(k) REPORT(INTEGRAL(Phi, ’blob’))

oobooooooOooooboooobooooboooOooobooOoOoobooOooono

el Grid#l p2 Nodes=1121 Celle=530 EIVIZ Err= 5.8-5
k= 1000000 INTEGEAL(Phi, hlob%= 0392695 Integral= 1.0093503

44 0000000

gooobobDOoo suMMARYODOOOGODODOOoOOoODOooboboobuoboobooobooo
goboooboobobooobOoobOoo REPORTUOOOOODOOODOODODOODODO
ood

ooboooobooooooooOoOooobOOoOoobObOOoooobOOoOoobOOoOoobObOoOoboDbooo
ooo

oooooooooooboooooogoo

SUMMARY
REPORT (k)
REPORT (INTEGRAL (Phi, ’blob’)) as "Heat energy in blob"
REPORT(’no more to say’)

gogboobbooboobboooboobboooboon

SUMMARY

k= 1.000000
Heat energy inblob= 0392605
ho more to say
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FlexPDEODOOOOOOOOOOOOOOOODOOOOODOOOOOOOOOOOO0O0O0O0O0O0O
oooooooooooooooooboobo 1opbooDoOOOOOOOOOOOOOOOOOOOO
oooooooobooobooooboooo

0000000000000 000 FlexPDEOOOOOOOOODOOODODO STAGEDOOOOO
oooood

DEFINITIONS
Name = STAGED(<valuel>,<value2>,...)

OOO000STAGEDO DO OUOOOOOUOODOOO0OCOO000O0O00000000000 "name"d
oooboooooboooooooboooooboono

STAGEDU U D DOOUOOoobooobbbooobbuooobbuooobooobbbooobboo
oboboooooooooobobobobooboooooooboobobooD

Note: 000OO0OU00O0OCOUUODOCOOUOOOUOOOUUODOOUOOOUOOODOOOO
gobooboobooobooboooboobboobbooboobbooboo

STAGEDU D UOUOUUObOUODbOobOOooOoobobOobobouoobobobobuoboboboooooo
oo0o00o0ooobOooO0ob0obobooobOooooobOobobooooog

coboobOoboooboOoOobOOoOrIsTORYOOOOOOOOOO0OOO00O0o0oo00oooo00oon
cobOoO0ooOobooobooobooobOOoooOobobOOobOOoOoOooOoboOO HIsTORYODOOODOO
oooooooooogooon

0000 insulator 00000000000 COOInsulator 00000000000 ODOOO0O
OobOOoOob0oboooooooOoOobDOoOoooOosTaGeDO O OOO0OO0OOO0O000D0O00DOO0O0DOO
ooooobooooooogooboboboboOooooooooDbDOobDOob0booOooOoooooo
STAGED OO DODOOODOOOO

DEFINITIONS
Kins = STAGED(0.01, 0.1, 1, 10)
{ Notice that the STAGED specification must appear at the initial

declaration of a name. It cannot be used in a regional redefinition. }
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REGION 2 ’blob’ { the embedded blob }
K = Kins

START(R,0) ARC(CENTER=0,0) ANGLE=360

HISTORY(Phi) AT (0,-R)

O000000000D00000D00 FlexPDEODOODDOODOODO HISTORYOOODOOODO
oooo
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gogboobbooboobbooboobobooboobbooboobbooboobboon
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XCYLINDER XCYLINDER(’Z’,’R’)
YCYLINDER YCYLINDER(’R’,’Z’)
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VOL_INTEGRALO OO INTEGRALOOOOOOO 2.y 0000OCODOCODOOOCOOCOOOO
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00000 200000000000000000000000D00000000O0O0O’ox’00
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gogboobboobooboobboobooboboobooboon

TITLE ’Heat flow around an Insulating Torus’

COORDINATES
YCYLINDER
VARIABLES
Phi { the temperature }
DEFINITIONS
K=1 { default conductivity }
Rad = 0.5 { blob radius (renamed)}
EQUATIONS
Div(-k*grad(phi)) = 0
BOUNDARIES
REGION 1 ’box’
START(0,-1)
VALUE (Phi)=0 LINE TO (2,-1)
NATURAL (Phi)=0 LINE TO (2,1)
VALUE (Phi)=1 LINE TO (0,1)
NATURAL (Phi)=0 LINE TO CLOSE
REGION 2 ’blob’ { the embedded blob }
k = 0.001

START ’ring’ (1,Rad)
ARC(CENTER=1,0) ANGLE=360 TO CLOSE
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PLOTS
CONTOUR (Phi)
VECTOR (-k*grad (Phi))
ELEVATION(Phi) FROM (1,-1) to (1,1)
ELEVATION (Normal (-k*grad(Phi))) ON ’ring’
END

uobooooooOoooobOoOoOobooOooboooOoOoOOoOoOoOOoOOobOoOoOoOoooOoo
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Joddd0o0o0oo0oOoooooooooooboon
TIME <start> TO0 <finish>
Jd0d0d0o0o0o0o0o0ooooooobobobobobOobObOoObOO00000000o0o0oooooooooD

oboooooooooboooboooooooOoOobOoOoobooOooooocOoOoDOoOooooa
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FOR T = <t1> <t2> BY <step> TO <t3> ..

coooOooooocoOooboooOoOooOoOoO0oOoObocOoOobOOo0oOoOoOoOoOoODObCOb0ObOOoOoOooon
ooobooooooooooo

Div(k*grad(Phi)) = c*dt(Phi)
0000000000000 000DO000D000D0D0O0Dsin(l)0D0000O0O0OOODOOO

000o00o0o0o0ob0o 30000obuoboobooeIsTORYDODODODODOODOODODOobOOooDbOoDoo
gooo

TITLE ’Transient Heat flow around an Insulating blob’

VARIABLES
Phi (threshold=0.01) { the temperature }
DEFINITIONS
K=1 { default conductivity }
c=1 { default heat capacity }
R =1/2
EQUATIONS
Div(-K*grad(phi)) + C*dt(Phi) = 0
BOUNDARIES
REGION 1 ’box’
START(-1,-1)
VALUE(Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=0 LINE TO (1,1)
VALUE (Phi)=sin(t) LINE TO (-1,1)
NATURAL (Phi)=0 LINE TO CLOSE
REGION 2 ’blob’ { the embedded blob }
K = 0.001
c=20.1
START (R, 0)

ARC(CENTER=0,0) ANGLE=360
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TIME O TO 2*pi

PLOTS
FOR T = pi/2 BY pi/2 TO 2*pi
CONTOUR (Phi)

VECTOR (-K*grad (Phi))
ELEVATION(Phi) FROM (0,-1) to (0,1)
HISTORIES
HISTORY(Phi) AT (0,r/2) (0,r) (0,3*r/2)
END

0000 (¢t=2-7) 00000000000 HISTORYOOOODODOOOODODOOOOO

Trare ierd Heat flonar sronard an el g blob 22:02:15 552305
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Trdegral=-0453430
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TITLE ’Modal Heat Flow Analysis’

SELECT
modes=4
VARIABLES
Phi { the temperature }
DEFINITIONS
K=1 { default conductivity }
R =0.5 { blob radius }
EQUATIONS
Div(k*grad(Phi)) + LAMBDA*Phi = 0
BOUNDARIES
REGION 1 ’box’
START(-1,-1)
VALUE (Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=0 LINE TO (1,1)
VALUE (Phi)=0 LINE TO (-1,1)
NATURAL (Phi)=0 LINE TO CLOSE
REGION 2 ’blob’ { the embedded blob }
k=0.2 { This value makes more interesting pictures }

START ’ring’ (R,0)
ARC(CENTER=0,0) ANGLE=360 TO CLOSE
PLOTS
CONTQOUR (Phi)
VECTOR (-k*grad (Phi))
ELEVATION(Phi) FROM (0,-1) to (0,1)
ELEVATION (Normal (-k*grad(Phi))) ON ’ring’
END

FlexPDEOOOOOOOOODOOOOOOOOOOOOOOOOOODOOO

e 0D O0UODUODDOODOUODLDbDODDOUODLO

e J0I0UIDUODODODODLDOLOOOOODOODO
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e LAMBDAODODUODOODODODOOOODOO

ob0d2000000b00b0obobooooooooboooooo
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SUMMARY
REPORT (lambda)
REPORT (integral (phi))

gogbooobobooboobooboooobdg

Modal Heat Flow Analysis 22:15:55 5/23/05
FlexPDE 5.0.0

Eigenvalues:

Mode 1:lambda= 2.076144 integral(phi}=-3.408079
Mode 2:lambda= 3.431960 integral(phi)=-4.340801e-6
Mode 3:lambda= 5.704378 integral(phi)}=-1.050399
Mode 4:lambda= 6.752271 integral(phi)= 9.194491e-4
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EQUATIONS
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Div(-k*grad(Temp)) + Source = 0
Natural(Temp) = DO0OO00O0O00O0O = normal(-k*grad(Temp))

Note: 000000 O0DOOOOODODODOOOOOOOODODOODOOOOOOOOO
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dx (-k*dx(Temp)) + Source = 0
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REGION 1 ’box’

START(-1,-1)

VALUE (Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=Phi LINE TO (1,1)
VALUE(Phi)=1 LINE TO (-1,1)

NATURAL (Phi)=Phi LINE TO CLOSE
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F1 = -K1%dn(T) = -(T2-T1)/R
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F2 = -K2%dn(T) = -(T1-T2)/R = -F1
goboooboobbooboobobe2ebooboorygbboobooboboobboon
gbobooboooooooom
goooboogoo

div(-K*grad(T)) = H
gobodboboobooobooboobooo

Natural(T) = -K*dn(T)
ooobooooo
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TITLE ’Contact Resistance on a heated blob’

VARIABLES
Phi {
DEFINITIONS
K=1
R =0.5
H=0
Res = 0.5
EQUATIONS
Div(-k*grad(phi))

BOUNDARIES
REGION 1 ’box’
START(-1,-1)

VALUE (Phi)=0

the temperature }
default conductivity }
blob radius }

internal heat source }

contact resistance }

=H

{ cold outer walls }

LINE TO (1,-1) TO (1,1) TO (-1,1) TO CLOSE
REGION 2 ’blob’ { the embedded blob }

H=1

{ heat generation in the blob }

START ’ring’ (R,0)

CONTACT(phi) =
ARC(CENTER=0,0)
PLOTS
CONTOUR(Phi)
SURFACE (Phi)

-JUMP (phi) /Res
ANGLE=360 TO CLOSE

VECTOR (-k*grad (Phi))
ELEVATION(Phi) FROM (0,-1) to (0,1)
ELEVATION(Normal (-k*grad(Phi))) ON ’ring’

END

FlexPDEOOOOOOODOOOOOsurfaced 0000000000 DOOOOOODOOOOOO

ggno
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exd: CGrid#l p2 Hodes=1249 Celle=570 EMS Er= 1.3e-4
Trdegral= 0304871
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CONTACT (phi) = 0*JUMP(phi)

gogboooobooboobobooboobboooboobbooboobbobobooboo

Note: JUMPOODOOOOOOOOOOOOODOOOOOOCOOOOOOOOOOOOOOOO
gboooooobooboboboboooooog
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JUMP(V) 000000000 VOOO CONTACTOODOODOODDODOOODODODODOOOOooooOo
gboboboooooooobooboboobooo
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TITLE ’Contact Resistance as a heat source’

VARIABLES

Phi { the voltage }

Temp { the temperature }
DEFINITIONS

Kd = 1 { dielectric constant }

Kt =1 { thermal conductivity }

R =0.5 { blob radius }

Q=0 { space charge density }

Res = 0.5 { contact resistance }
EQUATIONS

Phi: Div(-kd*grad(phi)) = Q

Temp: Div(-kt*grad(temp) =
BOUNDARIES

REGION 1 ’box’

START(-1,-1)

VALUE(Phi)=0 { grounded outer walls }
VALUE(Temp)=0 { cold outer walls }
LINE TO (1,-1) TO (1,1) TO (-1,1) TO CLOSE
REGION 2 ’blob’ { the embedded blob }
Q=1 { space charge in the blob }
START ’ring’ (R,0)
CONTACT (phi) = -JUMP(phi)/Res
{ the heat source is the voltage difference times the current }
NATURAL (temp) = -JUMP(Phi)“~2/Res
ARC(CENTER=0,0) ANGLE=360 TO CLOSE
PLOTS
CONTOUR (Phi) SURFACE (Phi)
CONTOUR(temp)  SURFACE(temp)
END
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COORDINATES OO0 OO CARTESIAN1, CYLINDER1, SPHERE1 DO 0O ODOODOOOOO

00o0oo0oO0ooodooo 10oooooooog

START(0) LINE TO (5)

gooboboooooobooboboboboooooboobobobobooobooobogoo
gbobobooooooobooboboboboobooboboobobOb POINT VALUE,
POINT LOADOOOODOODOODOO

START(0) POINT VALUE(u)=0 LINE TO (5) POINT LOAD(u)=1

10000000 ELEVATIONO HISTORYO O DODUODOOOODOODOODOOOOOO
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TITLE ’Heat flow through an Insulating shell’

COORDINATES
Spherel
VARIABLES
Phi { the temperature }
DEFINITIONS
K=1 { default conductivity }
Rl =1 { the inner reservoir }
Ra = 2 { the insulator inner radius }
Rb = 3 { the insulator outer radius }
R2 = 4 { the outer reservoir }
EQUATIONS

Div(-k*grad(phi)) = 0

BOUNDARIES
REGION 1 { the total domain }
START(R1) POINT VALUE(Phi)=0
LINE TO (R2) POINT VALUE(Phi)=1
{ note: no ’Close’! }
REGION 2 ’blob’ { the embedded layer }
k = 0.001
START (Ra) LINE TO (Rb)
PLOTS

ELEVATION(Phi) FROM (R1) to (R2)
END
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Note: SURFACED U D DO0OO0OO0OD0 200000000000000000O0O0ODCDOOOO
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EXTRUSION
SURFACE ’Bottom’ z=0
LAYER ’Everything’
SURFACE ’Top’ z=1

ggoboobobooboobobooboobbooboobbooboobbooboobbOoo
Ub0b0obo0oo0oobooouobOobO Everything’ OO0OODODODOOOOO

ooboooooooooboocoobooboooboooo
EXTRUSION z=0,1

00000db0o0ob0bO0o0o0b0o0o0bO0o0ob0bO0o0o0DbD0o0ODDbOoOooODbOoDDbDOoOO z2=0
O”SURFACE 1’00000C0CDO 20000 z=10"SURFACE 2’00000000OOOO

goboobooboboobooobooboobbooboobbooboobbooboon
000000ooooO0oboboo0ob0o 2000000Db0000D0OO00ODO0ODODODOODbDOOOOODOO
gbooboooooooboobobobooooboooooboobobobobobooooooooDoo
goo

Surface 2 "Top"
\

\\
Layer |
"Everything"

¢

/

!
!

Surface 1 "Bottom"

Region 1 Repgion 2 Region 1
"bUX” "blclb" "bDX"

O0O00O0blob’ 000000 Everything’ 00000000000000000O00O0OOO
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EXTRUSION

SURFACE "Bottom" z=-1/2
LAYER "Underneath"

SURFACE "Can Bottom" z=-1/4
LAYER "Can"

SURFACE "Can Top" z=1/4
LAYER "Above"

SURFACE "Top" z=1/2
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— Surface 4 "Top"

Layer 3 "Ahowe"
— Surface 3 "Can Top"

Layer 2 "Can"

— Surface 2 "Can Bottom"

Layer |
"Undemeath”
: — Surface 1 "Bottom"
Region 1 Region 2 Region 1
"BDX" "BlDb" “BDX"

ooooo9oooOoOoDOOoOODOODOOODOOODOOOCOOO 10000000000000A0
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OO0O00000000000000000D000000CO0O0000 extrusiondO0000O0O
ooooooooooobooobooooo

0000000000000 REGION O extrusion 00 LAYERO OO OO OODODODOOODODOO

(4 OJO0oooon

20000000000 blobOOOOOO blobOOOOREGIONDOOOOODOODOOODODOO
goooooo 3ooooopooopoooboooo

oobboooolb LAYEROOODODODOOOoooObObOoooobboooobbOoOoo LAYER
gboboooooobooobobobo

REGION 2 ’blob’ { the embedded blob }
LAYER ’Can’ K = 0.001
START ’ring’ (R,0)
ARC(CENTER=0,0) ANGLE=360
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00000 LAYEROOOOOOOOOOOoOoooooooooooooooooooo 2000
oboboobobobooboobooboobobooboobooboobooboOobOO rReEGIONDODODOO
000000000 LAYEROOOOUOOOO0OO0OO 300000 compartmentd 0000000
goo

00000 6000000000000 Region, Layer000000000000O0

3 "Blob" / "Above" "Bow' S VAbove"

k.=0.001

1 Unden
Blob" / "Underneath

00000 BOUNDARIES OO OOODOOOOOO0OOOOO0O0O0O0O0O00O00O000C00000d
ooboooooooooboooooooo

BOUNDARIES

REGION 1
params(1,all)
{ parameter redefinitions for all layers of region 1 }
LAYER 1
params(1,1)
{ parameter redefinitions restricted to layer 1 of region 1 }
LAYER 2
params(1,2)
{ parameter redefinitions restricted to layer 2 of region 1 }
LAYER 3
params(1,3)
{ parameter redefinitions restricted to layer 3 of region 1 }

START(,) .... TO CLOSE { trace the perimeter }
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REGION 2
params(2,all)

{ parameter redefinitions for all layers of region 2 }

LAYER 1
params(2,1)
{ parameter redefinitions restricted to layer 1 of region 2 }
LAYER 2
params(2,2)
{ parameter redefinitions restricted to layer 2 of region 2 }
LAYER 3
params(2,3)
{ parameter redefinitions restricted to layer 3 of region 2 }
START(,) .... TO CLOSE { trace the perimeter }
{ ... and so forth for all regions }
(5 0000

gboovoipOoooOOoOoOOoOOoOooOoooooboOoocOoboOoboOooooOOn LAYERO
O000000000000000000D0OO0O0OcompartmentT1] Region, LayerD 0 00O
oooooooooooooooooooo

REGION 2 ’blob’ { the embedded blob }
LAYER ’Can’ VOID
START ’ring’ (R,0)
ARC(CENTER=0,0) ANGLE=360
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"Blob" 4 VAbowe" "Bow" S Vsbove"

S— m "Box" /
Blob" / "Undermeath

00000000 ”Samples | Misc | 3DDomains | 3D_Void.pde”’00 00 O0O0OO

76 OJOOOOOO

oooOooOoOoO0O 200000000000000000000000000A0 extrude 00O
00300000000000000000 LIMITED REGIONOOOOOOOODOODOOOOO
uooboooooboooobooobooooooboOooon

LIMITED REGIONO O OUextrude 100000000000 OOOOOOOOOOOOOOOO
0000000000000 0000000000000O0000layersDODOOOODODOO
LIMITED REGIONO 0000000 ODODODODODODODODODODODODODODONOOOOOD DO surfacesd
000000000 LIMITED REGIONODOOOOOOOOOOO0O0O

U0 LIMITED REGION D OO D OODO

LIMITED REGION 2 ’blob’ { the embedded blob }
LAYER ’Can’ K = 0.001
START ’ring’ (R,0)
ARC(CENTER=0,0) ANGLE=360 TO CLOSE

O00000000000000”Above’0”Underneath”0000000000000OOOO
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(7 OOoDOOoOobDoon

20000000000 CONTOUR, SURFACE, VECTOR, GRIDO OO ODOODOOOOOOOOOOO
ooooooooOoocoobooobooOoooon

jJoooooo3ooooooooooooo0ooooooooooooooooooOooonn
oboooooobooooboooboooooooooorony obooooooooaoood
ooo

PLOTS
CONTOUR(Phi) ON x=0

Note: ONOOODOOOOODOOOOODODOOOODODOOOO
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GRIDOOOOOOOOOOODOOOOOO0ODOOOOOOOOOOOOOOOOODOOODOOOO
ooo

GRID(x,z) ON y=0
0000000 FlexPDEODOOOOOOODOOOODODODOOOODODODODOOOOODOOOOO
0000000000000 000b000b000o0bO00b0bO0o0bO00oo0oOooOooDODOoOoobooOoa
000000300000 compartmentsD 0000000000000 O0O0OOOOOGRIDOO0O

oobooooooooobooobooooooOooOooboo0oobooooooocOoOoDOoOoOoooa
ooooooooon

78 3DOODOODOODOOODOO

oo00oO0oooo0oooo 3bU00O0oO0O0O0ooOo00oooO0o0ooooo0n

TITLE ’Heat flow around an Insulating Canister’

COORDINATES
Cartesiand
VARIABLES
Phi { the temperature }
DEFINITIONS
K=1 { default conductivity }
R =0.5 { blob radius }
EQUATIONS
Div(-k*grad(phi)) = 0
EXTRUSION
SURFACE ’Bottom’ z=-1/2
LAYER ’underneath’
SURFACE ’Can Bottom’ z=-1/4
LAYER ’Can’
SURFACE ’Can Top’ z=1/4

LAYER ’above’
SURFACE ’Top’ z=1/2



7.8 3DO0O0OD0OOOOOOOOO 69

BOUNDARIES

REGION 1 ’box’
START(-1,-1)
VALUE (Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=0 LINE TO (1,1)
VALUE (Phi)=1 LINE TO (-1,1)
NATURAL (Phi)=0 LINE TO CLOSE

LIMITED REGION 2 ’blob’ { the embedded blob }

LAYER 2 k = 0.001 { the canister only }
START ’ring’ (R,0)
ARC(CENTER=0,0) ANGLE=360 TO CLOSE
PLOTS
GRID(y,z) ON x=0
CONTOUR(Phi) ON x=0
VECTOR (-k*grad (Phi)) ON x=0
ELEVATION(Phi) FROM (0,-1,0) to (0,1,0) { note 3D coordinates }
END

Extrude 00 0000000000000 O00COO0O0OOOO0OOOOOODO OO0OOOOODOO
ooboboooooooobooooboooboooooooooo

pLoTsOO0OCOOCOCOOOOOOOOCOOO 3SOOOOOOOOOOODOOOOn
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Heat flonar aronard an Benalating Candcter 225718 552305
PR N T SR FlexPDE 5.0.0

- ¥
o - oo

Zexd: OridH2 p2 Hodes=11378 Cells=7507 EME Er= 3.Te-4

Heat flonar aronard an Benalat i Candcter 21:35:07 552305
P S S S T FlexPDESOD
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Zexd: CridH2 p2 Hodes=10955 Cell=T262 FMIET=3 fe-4
Trdegral= 1000002
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Heat flonar aronard an Benalat i Candcter 21:35:07 552305
T A S T FlexPDESDD

3 i
ongﬂﬁm

0 5+

z
=
1
ETTEETT

LINN I R B B B B B B E B B R R B B EE B B B S
=
ka
[

LIS B E S B B SO S S B B D H S S B NS B B B B B
-l 43 1] 0z |

'y
Zexd: CridH2 p2 Hodes=10955 Cell=T262 FMIET=13 fe-4

(9 ODOoOoOoOoooo300on
300000000000000000002000000000000000000000

e 20000000 DO00O0O0ILODOOODDDOOOUDODOD extrudeD0OODOOOOO
gobooooooooooon

e LAYER <number>, 0000 LAYER <name> U 0000000000O0000000O0O
ooboooooooooboocOoOooocOooboooboooo

e Extrude 00000000000 OOOOOOODODOOOODODODOOODOD 20000000
gobooooooooobooooboooobooooooOoocooooooobooooooooon
0000 SURFACE <number>, 00O SURFACE <name> O 0O0O0O0OO0O0OOOOO

oooooooboooobooobooooooOoocOoOoboOooooOoooocOoOooDooOooooa
ooooobooOovs'sobobooboooboobooooobooooboooogow"boboooooo
oooboodoobooooboooooooooooooooooooooooooooooooon
00000000 /O0O0o0o00O0o00OO0O00O00O00D0oU0DDOOOOoODOOwWw'ODOooooo
ooobooooooon
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z[1,4)

s[2.1] s(1.1]

0000000 /O0D00D0O000D0O000DO0O0O0DOO000DOO0O0OODOOOODO

BOUNDARIES
SURFACE 1
s(all, 1) { boundary conditions on surface 1 over full domain }
SURFACE 2
s(all, 2) { boundary conditions on surface 2 over full domain }
{...other surfaces }
REGION 1
SURFACE 1
s(1,1) { boundary conditions on surface 1, restricted to region 1 }
SURFACE 2

s(1,2) { boundary conditions on surface 2, restricted to region 1 }

START(,) { -- begin the perimeter of region m }
w(l,..) { boundary conditions on following segments of sidewall
of region 1 on all layers }
LAYER 1
w(1,1) { boundary conditions on following segments of sidewall
of region 1, restricted to layer 1 }
LAYER 2
w(1,2) { boundary conditions on following segments of sidewall

of region 1, restricted to layer 2 }
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LINE TO
{ segments of the base plane boundary with above BC’s }
LAYER 1
w(1,1) { new boundary conditions on following segments of

sidewall of region 1, restricted to layer 1 }

LINE TO
{ continue the perimeter of region 1 with modified boundary
conditions }
TO CLOSE
REGION 2

SURFACE 1

s(2,1) { boundary conditions on surface 1, restricted to region 2 }
SURFACE 2

s(2,2) { boundary conditions on surface 2, restricted to region 2 }

START(,) { -- begin the perimeter of region m }
w(2,..) { boundary conditions on following segments of sidewall of
region 2 on all layers }
LAYER 1
w(2,1) { boundary conditions on following segments of sidewall of
region 2, restricted to layer 1 }
LAYER 2
w(2,2) { boundary conditions on following segments of sidewall of

region 2, restricted to layer 2 }

LINE TO ....
{ segments of the base plane boundary with above BC’s }
LAYER 1
w(2,1) { new boundary conditions on following segments of sidewall

of region 2, restricted to layer 1 }

LINE TO ....
{continue the perimeter of region 2 with modified boundary conditions}

TO CLOSE
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20000000000000O0O00O00DOOO0OOO0O0ODO0O0ODOOODOOODOODO
goboobboobooboobbooboobbobbOdUREGION 1 O0D0DOO0ODODOO
ggboodoobooboobboobobooboobboobuoobboobooo

booooooooobooocbooobodbotTcan"OOOOO0OOOOOOODOOOOODOOO
gooooooo 3oooooooOoOoOoOoOooOoopoOooooooooboo

gbobobobobobobobobooobobobob’Can Bottom?, ’Can Top? OO OO
gbobooooobobobooboobouob0ob0oboboooobo0Db REGION 200000000
OOOODOOODOREGION 200 00D00O0ODO SURFACEODDUOUODOODOODOODOODO
ood

O0O0O0OOO0OOOOO0OOOOREGION 200000 extrude 00000000 Can’ DOOODOO
goobbboooobbi0o0o0ob LAYEROOUOODODODOOOO REGION 200000000
goboobogood

BOUNDARIES OO OOOOOOODOOOOOOOOO0OOO0

BOUNDARIES

REGION 1 ’box’
START(-1,-1)
VALUE (Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=0 LINE TO (1,1)
VALUE(Phi)=1 LINE TO (-1,1)
NATURAL (Phi)=0 LINE TO CLOSE

REGION 2 ’blob’ { the embedded blob }

SURFACE ’Can Bottom’ VALUE(Phi)=Tcan

SURFACE ’Can Top’ VALUE(Phi)=Tcan

{ parameter redefinition in the ’Can’ layer only: }
LAYER 2 k = 0.001

START ’ring’ (R,0)

{ boundary condition in the ’Can’ layer only: }

LAYER ’Can’ VALUE(Phi)=Tcan

ARC(CENTER=0,0) ANGLE=360 TO CLOSE
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710 DOOODOOO

0000000000000000000000000 FlexPDEOOODOOOOOOOOOOO
oobooooooOooooboOoobooOooooOoboOooboOooon

e 3000000000000 0D00000000extrude00000000B00O0O0O0OO
oobooooooooobooooooOoOoOoOoOoOoOoobOoOoOom

e J0O0D0O00OODOOOOUODOOOODOODODODOOODODODOOODODDOOOODO
gbobOoobooooooooboboboobooobooooooooboboooooboooo
obobooboboobooboobooocoooooboooooooOooboooboooooooo

o |L_oooo—1 m

e JO0O0OO0OODOOODOOOOOOOOOOOOOOOODOOOOOmMOOOOOOOO
ooboooooooooboo X, MINOOOOOO0ODOOO00O0

oobooooooooobooobooooooooobooooooooooocoooogn

ooboooooooooboooboboocoobooooooa

Z

Zcenter + sqrt( R"2 -- x72 -- y~2)
ggno
Z = Ztop -—- R + sqrt(R"2 -- x72 —- y~2)

e JO000IODOOOOOOOOOOOOOODOOOOODOOOOOOUDOOOOOOODOO
extrusion O OO0 —100 100000000

o IO DO0ODLOODDOsqrtdboboobobOo0obOo0bbOOonDDOg

oobooocoooOooooboOooboooo

TITLE ’Heat flow around an Insulating Sphere’
COORDINATES

Cartesian3
VARIABLES

Phi { the temperature }
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J000ogoognod

DEFINITIONS
K=1 { default conductivity }
R =0.5 { sphere radius }

{ shape of hemispherical cap: }
Zsphere = sqrt(max(R"2-x"2-y~2,0))
EQUATIONS
Div(-k*grad(phi)) = 0
EXTRUSION
SURFACE ’Bottom’ z=-
LAYER ’underneath’
SURFACE ’Sphere Bottom’ z
LAYER ’Can’
SURFACE ’Sphere Top’ z
LAYER ’above’
SURFACE ’Top’ z=1
BOUNDARIES
REGION 1 ’box’
START(-1,-1)
VALUE (Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=0 LINE TO (1,1)
VALUE (Phi)=1 LINE TO (-1,1)
NATURAL (Phi)=0 LINE TO CLOSE
LIMITED REGION 2 ’blob’ { the embedded blob }
LAYER 2 K = 0.001
START ’ring’ (RSphere,0) ARC(CENTER=0,0) ANGLE=360
TO CLOSE
PLOTS
GRID(y,z) on x=0
CONTOUR(Phi) on x=0
VECTOR (-k*grad (Phi)) on x=0
ELEVATION(Phi) FROM (0,-1,0) to (0,1,0)
END

-max (Zsphere, 0)

max (Zsphere,0)
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oooooo0Oooo0o0oo0o0oooooooooooooooo0 z=0000000000

goboooooooooooon

Heat flovr aronmd an Fenalating Sphere 21%:}{%%.‘;253303

1% onx=l

.

n:ﬂg
-
=
=

0 i -

F)

'R

e ot

E R R ey H e
==
Falz
=4

Z
)
1
T T T T 1 1 T 1 T 17 T 17T

-ﬂ'il{ T

LIRS LI N [ BN S N B B EN S B NN N B SN B N
L 46 435 1} ' oo 'L
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Zewd: Oriddl p2 Hodes=12525 Cells=2188 FMES Eox= 3 3e-4
Trdegral= 2.000023

ooooo3sooooooOoOoODOOODOOODOOOCOOOCObO 200000000000000A0
oooooooooooooon
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711 300000000

30000000000000000000000000000 300000 volume compart-
mentsUO0O0O0000O0O0O0O0OCOOO

e Result = VOL_INTEGRAL(<integrand>)
0000000000 integrand J00O0OO0O0OO0OO

e Result = VOL_INTEGRAL(<integrand>, <region name>)
U00b0b000o00o0o0oD0obOdbO integrand DO00OODOO0OOOO

e Result = VOL_INTEGRAL(<integrand>, <layer name>)
Uoobo0bobooooboobobO0bO integrand DO00OO0DOOO0OOOO

e Result = VOL_INTEGRAL(<integrand>, <region name>, <layer name>)
OO0O0oOoOoOOoOOoOOoOOOOOO0O0 300000000 integrandODOOODOOODOOO

e Result = VOL_INTEGRAL(<integrand>, <region number>, <layer number>)
0000000000000 000000 300000000 integrand00O0O0O0O0O
ugno

ooooOoOoOoOOOOO0O0OOOOODO0O0O0OO0O0OO0OO0OO0OO0OOOO0OOOOOOOFlexPDEOO
ooobooooooooboOooooooooobooobobo0ooooooooboooDoboOoooDoo
cooooooooooooon

e Result = SURF_INTEGRAL(<integrand>)
U000O00b0b00000000 integrand 000000 O0OODO

e Result = SURF_INTEGRAL(<integrand>, <surface name> [, <layer name>] )
O0000 extrusion 0000000000 ODODOO integrand D00 O0O00OOOCOO
0000000000000 0000000000o00o0o0o0on

e Result = SURF_INTEGRAL(<integrand>, <surface name>, <region name>
[, <layer name>] )
O0000 extrusion 0 0000000000CO0O00O0D0OD integrand00000O
oooooOoooo0ooobooOoooooOooooOooDboOooooooooDoo

e Result = SURF_INTEGRAL(<integrand>, <region name>, <layer name>)
oobo0ooOo00ooooobO0oobobo 300000000000000 integrand OO0
oo00o0oooO0o0oooo3000000oo0o0ooooo
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e Result = SURF_INTEGRAL(<integrand>, <boundary name>
[, <region name>] )
0000000000000 0 extrude0 00000000000 00000O0O00O0OOO
00000000 integrand 0000000 O0DOOOCOCOOO0OOOOOCOOOOOO
0000000o0o0oo00ooooooooooooooooooooooooooon
ooooooooooooooooooooooo

e Result = SURF_INTEGRAL(<integrand>, <boundary name>, <layer name>
[, <region name>] )
0000000000000 bD extrudeO0OODOODOODODOODODODODOODDOOOOO
0000000000 integrand 000000000 OCOO0O00OODODOOOOOOOO
goboooooooOooobooOoOobOo0oOooOoOoOoooOoOoO0oDOoO0obDboOoOoooooo
goooo0o0oooOooooOoOooooooooooo

Note: 0D0O0DO0OD0ODODOODO”Samples | Misc | 3D_Integrals.pde”’0 0000
googo

uoboooooooooboOooboooOoOooOooOoOobOOoO00oOoboOoobooOoOoOoOoDOOoOoOoba
oobooooooboooobooboboooooon

TITLE ’Heat flow from an Insulating Canister’
COORDINATES
Cartesian3
VARTABLES
Phi { the temperature }
DEFINITIONS
K=1 { default conductivity }
R =0.5 { blob radius }
S=0
EQUATIONS
Div(-k*grad(phi)) = S
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EXTRUSION
SURFACE ’Bottom’ z=-1/2
LAYER ’underneath’
SURFACE ’Can Bottom’ z=-1/4
LAYER ’Can’
SURFACE ’Can Top’ z=1/4
LAYER ’above’
SURFACE ’Top’ z=1/2
BOUNDARIES
REGION 1 ’box’
START(-1,-1)
VALUE(Phi)=0 LINE TO (1,-1)
NATURAL (Phi)=0 LINE TO (1,1)
VALUE(Phi)=1 LINE TO (-1,1)
NATURAL (Phi)=0 LINE TO CLOSE
REGION 2 ’blob’ { option: could be LIMITED }
LAYER 2 k = 0.001 { the canister only }
S=1 { still the canister }
START ’ring’ (R,0)
ARC(CENTER=0,0) ANGLE=360 TO CLOSE
PLOTS
GRID(y,z) on x=0
CONTOUR(Phi) on x=0
VECTOR (-k*grad(Phi)) on x=0
ELEVATION(Phi) FROM (0,-1,0) to (0,1,0)
SUMMARY

REPORT (Vol_Integral(S, ’blob’,’can’)) AS ’Source Integral’
REPORT (Surf_Integral (NORMAL (-k*grad (Phi), ’blob’,’can’)))

AS

’Can Heat Loss’

REPORT (Surf_Integral (NORMAL (~k*grad(Phi))))

AS

’Box Heat Loss’

REPORT (Vol_Integral(S, ’blob’, ’can’)-Surf_Integral (NORMAL (-k*grad(Phi))))

AS ’Energy Error’

END
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gobooooooooooooo

Heat floer fToen v Bumlating Cadster 2143021 502305
T T S S S FlexPDE 5.0.0

0%

0 i -

'R

E D D by e Y S s
-l
=
=

LIRS LI N [ BN S N B B EN S B NN N B SN B N
L 46 435 1} ' oo 'L
by

ZexS: OridHE p2 HModes=19613 Cellse=13056 EMS Eo= 5.5-4
Tdegral= 7.383371

gogbooobooboobboobooboo

SUMMARY

Source Integral= 0.392690
Can Heat Loss= 0.392680
Box Heat Loss= 0.392680
Energy Error= 1.048038e¢-5

Note: 00000000000 OO0ODDO0ODOOOOOOOOODODOODOOOOO
Area_Integral(Phi) 0O OOOOOOOO
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712 00ODO0O0OOODODOO

goboooooooooboooboooobooooooboooooooooooooooooonod
oobooooooooobooooboooooooooon

O00extrusion 000000000000 O00ODOOOODOOOOOOOOOOODOOOUODODOO
goobooon

ub0o0o0oobOoO0O0obocOOobOOo00n0 oN <thing>0OO0OOOOOOOOODOOOOOOO
gg
CONTOUR(Phi) ON ’Sphere Top’ ON ’Blob’

O extrusion 00 ’Sphere Top’ OOOOODOO’Blop’ OOODOODOOOOOOOO PRi0DODOO
gobooboobooboob

CONTOUR (NORMAL (-K*GRAD(Phi))) ON ’Sphere Top’ ON ’Blob’ ON ’Can’

oobooooooOoooO0oboooobOooOoOoOoOoOobcOoOobOOoO0oOooOooooOobcOoOoDOOoOoOooDooboo
ooboboooooooobD’can’ DOOODOOOODOOODOOODOO

ob0o0O0o0oNy <name> 00000000000 O0O0COOCOOODOOOODOOOOO
ooooooooboogoooDo

ON REGION <number> U 0000000000 COOO0O0O0OOO0OOCOOOCOOOO

ON SURFACE <number> 00000000000 O0OD0DOOODOODOOODOOODOOODOO

ON LAYER <number> 00 0O0O0O0O0O0O0OOODOODOOODOOOODOOODOOO

gbobooooboobooboobooboboboooobDobobobooooboDOobobO pLoTs
gjodddooooooogbboboboboobobbobobbbbbobbobobooboooooougao
gobooobooboooobooobooboooboooboobbooboobooboboooboDbo
Ubo0bO0oo00o0000 SURFIINTEGRALOOOOOOOOOOO0DOODO

CONTOUR (NORMAL (-K*GRAD(Phi))) ON ’Sphere Top’ ON ’Blob’ ON ’Can’
REPORT (surf_integral (NORMAL (-k*GRAD(Phi)) ,’Sphere Top’,’Blob’,’Can’))
AS ’Surface Flux’
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Heat floer aronmd an Bunalating Sphere
uq: o -
1 i—ré
uq: | Y
E 1

TT T T T T T T T T T T T T T T [ T T T T [T 1T
a4 4 1} o od
X

Zewd: Oriddl p2 Hodes=12525 Cells=2188 FMES Eo= 3 3e-4
Surface Fhe 9.625084e-8 Sud_Bdegral= 89609050

21:56:0% 553305
FlexPDE 5.0.0

S

ON Can

T1l a: -7
T min -713

I
L foak =F-4

'T‘.f'f?'j‘f’.“.‘?g
s

TR ey R g P S H T
Fa
L
=

OO000000000O0 7e40000000000000C00000DOODOOO0O0O0O 9.6e-8
0b0o00ooo0obobboobOoDb ERRLIM=0.001 00000000000 OOOOODOOOOO
O0000007surf Integral”’0 0000000 89%e-60000000DODODOODOOOOO
gboboboooogoboobobobobooooooobobobo






85

080

oo

FlexPDEOOOOOOOOOOOOOOOOOOOOOOODOOOODOOOODOOOODOO
goo

goboooooooooboooboooobooooobooooooooooooooonoood
oooo3oo0oo

e 1I00DDOUNDODOOUDDOOODDOOOsurrogate variableD 0O OO0 OO
VARIABLES
Xm = MOVE(x)

e IO DOODDODDOODOO
EQUATIONS

dt (xm) = umesh

e IO DOO0ODOODLOODDODO
BOUNDARIES
START (0,0) VELOCITY(xm) = umesh

0000000000000 D0D000000000000000000EQUATIONSDOOOO
0000000000000 0U0O0OOFlexPDEODDOOOOODOOOOOOODOOOODOUDOO
0000000 ALEO D OO Arbitrary Lagrange/Eulerian model0 D00 0000O0000ODO
O0o00oo0o0oooO0oO0ooOo0oO0ooOoU0oOoooUoooooo

e J00DOO0ODDOOODODOODODODOOOODOODODODODODDODDDODODDDOFlex-
PODEOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOO
gobooooooooobobooooboooom

e JO00DDODODDODODOODDOODODOODODOODOODOODODODODOD integrity 0 OOOOO
00000000 0ooooooddbulk metionD OO OOOOOOOOCOOO
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e J00OCOOO0OOOOOOOOOLOOOOUODOOOODOOOOOOOODOOOODO

8.1 D0ODOOOOOOoOoO

oobooooooooobooobooooooooobOoOoOooboOooboooOoOoDooOoOooDooo
oooboooooooooooooon

000000000 Rm=054025co8(t) 0000000000 OODOOOOODOOOOOOO

goooogagon

ooooocoooocooooon

VARIABLES
Phi
Xm
Ym

MOVE (x)
MOVE (y)

00o0o0o0ob0obOobOO EQuATIONS U000 0bOO0bOuobooobobobobobooboobooog
ooobooooobooobooobooooooboooboooboooooooom

Div(Grad(Xm))
Div(Grad(Ym))

BlobO0OOOOOOOOOOODODOOOOOOOORODOOODODOOODOOOOODODOOODODOO
ooooo

VELOCITY (Xm)
VELOCITY (Ym)

-0.26xsin(t) *x/r
-0.25xsin(t)*y/r

gogooooog

gogboooboboobuoobbooboboobooboboobuoobbuooboobbooboo

VARIABLES
Phi
Xm = MOVE(x)
Ym = MOVE(y)
Um
Vm
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Uob0oo00000O0000 EQuaTIONSODOO00DbOO0O000oO00Ooo0oobcOooon

dt (Xm)
dt (Ym)

Um
Vm

goboooobooodoobooobooooboooooooooooooobooooooooon

div(grad(Um))
div(grad(Vm))

0
0

BlebOOOOOOOOOOOOOOOOOODOOOOODOOOO

VALUE (Um)
VALUE (Vm)

-0.25*sin(t) *x/r
-0.25%sin(t) *y/r

0o0o00o0o0o0oooo0oooo00oooo0oooooooooooooooOdblobO
gbobobobooooobooboboboooooobooboDbo

VELOCITY (Xm)
VELOCITY (Ym)

Um
Vm
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TITLE ’Heat flow around an Insulating blob’
VARIABLES

Phi { the temperature }

Xm = MOVE(x) { surrogate X }

Ym = MOVE(y) { surrogate Y }

DEFINITIONS
K=1 { default conductivity }
RO = 0.75 { initial blob radius }
EQUATIONS
Phi: Div(-k*grad(phi)) = 0
Xm: div(grad(Xm)) = 0

Ym: div(grad(Ym)) = 0
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BOUNDARIES
REGION 1 ’box’
START(-1,-1)

VALUE (Phi)=0
VELOCITY (Xm)=0 VELOCITY(Ym)=0
LINE TO (1,-1)
NATURAL (Phi)=0
LINE TO (1,1)
VALUE(Phi)=1
LINE TO (-1,1)
NATURAL (Phi)=0
LINE TO CLOSE

REGION 2 ’blob’ { the embedded blob }
k = 0.001
START ’ring’ (R,0)
VELOCITY (Xm) = -0.25%sin(t)*x/r

VELOCITY (Ym) -0.25*sin(t) *y/r
ARC(CENTER=0,0) ANGLE=360 TO CLOSE
TIME O TO 2#pi
PLOTS
FOR T = pi/2 BY pi/2 TO 2#*pi
GRID(x,y)
CONTOUR (Phi)
VECTOR (-k*grad (Phi))
ELEVATION(Phi) FROM (0,-1) to (0,1)
ELEVATION(Normal (-k*grad(Phi))) ON ’ring’

END
Flashplayer 00 0 0000000000000 O0O0O000O0OO0O00OOO00O0OOOO0OOOO

oobooooooOooooboooboooooooa

Samples | Moving Mesh | 2D_Position Blob.pde

Samples | Moving Mesh | 2D Velocity Blob.pde
e Samples | Moving Mesh | 3D_Position Blob.pde
e Samples | Moving Mesh | 3D_Velocity Blob.pde
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goooo

gogboobobooboobbooboobobooboobbuooboobboobboobboo
gboboboooobooboobobobooooooboboboo

gooo

goboboobooon
SELECT NGRID = <number>

gooooOoOoOoOoOoOOODOOOOOOOODOOOOOOOOOOOOOOOOO NGRIDO
obobooooooobdoboobooboooooocoooboooooooooonooboOonboond
coooooooocoobooooOoooOoooOooboOoom

goooogdg

goooboboboboooboobubobO0bOO MESH.SPACING, MESHDENSITY O D OOO
O0OOO0OOMESH SPACINGUOOUOOOOUOODOODOODUODUODUODOMESHDENSITYOOOOOO
gogboobobooboobbooboobpbooboobbooboobbooboobboOoo
obob0ob0oooooob0ob0ob0obobobo0ooobO0bDO0bO0obO0Obn MESH_SPACING,
MESHDENSITYU OO OUOODOOOOODOODDOOOOOOooboobLboobbooboboooo
gboboboooooboobobobooooooooon

MESH_SPACING, MESH DENSITYO OO OOOOOOOOOOOOCOOOOOOOO0OOOO0O00D0O0
ooooDo
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UooboooooboobobOooooooboOo pEFINITONSODOOOOOOOODODOOOOOO
gogboobbooboobbooboobobooboobbooboobbooboobboon
000000000200 /3000000000000000000DO0O0ODO200/300000
gbobobobooooood

oobobooooooocOobooooooobooooO0DbO0O0n0OOMESH_SPACING, MESH DENSITY OO
oobooooooboooobooobooooboooooboooooooooooooooooood
ooboooooooooboocooobooooono

MESH_SPACING, MESH DENSITY U DO OOOOOOOOODOOODOOOOOOO0ODbOOObOO0O0
B‘0000000’000000000000000000000DOO0O0O0OO0

REGION 2  ’blob’ { the embedded ’blob’ }
MESH_DENSITY = 50*EXP(-50%(x"2+y~2))
START(1/2,0)

ARC(CENTER=0,0) ANGLE=360

gogboobbobobooboobbooboobobooobooba

1&-”‘

Waly it
iy
L

000000000 ”Samples | Misc | Mesh Control | Mesh_Spacing.pde’[
"Samples | Misc | Mesh_Control | Mesh Density.pde”00 000000
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0000000000000 0000FlexPDEOOOOODOOOOOOOOOODOOODOOOOO
oobooooooboooobbooooboooooobooobbooooboooooboooooDboOoooDooboo
ooboooooobooooboooboooobooooobooooooooooooooonoood
oobooooooooobooobooOoobooooobOoOoobooOoobooOooOoOoDoOonoooboo
oooooooooooboOoooooooooooon

Note: 0000000000 DO0OOODODOOOOOOOODODOOODOOOODOODOO
gooobgoobooobooboobboboboooobobooobooboboDbog
gbobobooomuooooooooboboboboooooooboboDbooog
gooooboobbobotooooooooooboobbbobooooooooobboobooDo
OOREGIONS OO OO FEATURES O OO OOOODOODOODOO

OO0000000000 FRONT, RESOLVEOOOODOOOOOCOCOOOOOO00O0
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FlexPDEOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOODOOO
gobooooooooobooobooooooog

EXPORT O OO

0000000000000 000O07EXPORT’O0OOPPRINT’ O 00 O0OOOOODOOOOOOO
oboooooboooboobdoboboobobobooboobooobooooooooooooboDbOoDo
00000000 FexPDEOOODOOOOODOOOOOOOODOOOOELEVATIONSODOO
HISTORIESOOOOOODOOOOOOO0OD z-,y-, 2-000000000000000000O0AO
oooobooobooobooboooobom2b0000b0000000O00O0DObO0O0O0ODO
coooboooobooboooboooobooooooooo

FORMATOOOOO

EXPORTOOOO0O0O0OO0O0O0O0O0O0O0O000O00O00000O00O FORMAT "string"OOOOOOO
ooooooooooobooon

U0dbO00b EXPORTU PRINTOOUODDODODODOODOODLDOODOODDODODOODOO
1000000000000 0000000D <string>00000000000000O00COO

o "#'JUUODDOODLUOODLDOLODOODLDbOOODODO

o "#"J 00 0DODODOODOODOUOOLODUODODD™sDDUDDODOODODO
ooo
o#x, #y, #z U U#t U 0D UDODOOLOOOODOODOODOODODOO
o#100#0 00000000 ODOODOODODODLOLOODOOODOO
o#bJ00OO0O0ODOOODDOO
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o#rJ00000COOO0OCOOOOOCOODOOOOODOOOOODOOOOODOOOO
ooooooooon
ocO0bOOO0OOOOOO# OODOOOOOOOOOOOODOOOODOOOODOO

0000000 ”export_format”, "export_history’0 0000000

FORMATO DD DODDODOOOOOOOooObbOOOOooooooooobbobbbbboooooog
oooo""o"j"0000000000020000000000000000000000DO
000o0oooo {}000000000000000000000DO0OO0ODOoDOOoOoOOooOOon
oo oooobobobobobbbbbbbboddUUUUUUo o
ood

goooodg

uboboobooooooboobOooocobOob0ooOobO TABLEOOOOOOOOOOOOOO0O0d
O0O0O0b0O00b0O0000 EXpORTOOOOOO coNTOURUDOOODOOOOOOOOOO0O0O0d
goobObO00o0ooobbb0O0o0bb0o00o0bO0ObDbO0 FORMAT "string"00OQOO0DOOO
ooo

00 FlexPDEOOOOOOOOOOOO

FlexPDEO OO OOOOOOOOOOOOO0OO0O0OOO0O0O0O0OO0OO0O0O0OOO0O0OO0OO
TRANSFERO OO UOOOOUOOOOUOODOOOOOO0O0OOO0OOO ASCIIOOoOoOooooon
O0000000 FlexPDEOOOOOODODO TRANSFEROOODOOOOOOOOOOOOOOO
oobooooooboodoobooobooooooooOobOo0oooOooobooooooDooOooooa
OOOOOTRANSFEROOOOOOOOOODOOOOOOOOCOOO0OOOOOOOOOOOOO0OO0
ooooooooog

TRANSFEROOOOOOODOOOO TECPLOTOOOOOOOOOOOOO0DOOO00O00O TRANSFER
gooooOoOoOoOoOooOoOoooo 2000300000000000000000TECPLOTOO
0000000 10000000000000000O000000 ASCITOOOOOoOOOoOO
Cob00o00obOCoO0b0O0O00oDOCcO0b0O0O00DOCc0O0O0O0O0ODOTRANSFEROOOOODOOOOOO
coobooooboobobooooboooooooooooa
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FlexPDE O third-party 00 000 0000000000000 000OO0O0O0O0O0OO0OOOO
oobobDoooboooooobooooooooboooooboooboogceoNTOUROOOODOOO
oo0ooO0oO0o0oo0O0o0o0oO0o0O0OO00O0OO000O0O0O00000000 CDF, TECPLOT, VIK O 3
ooooocoooood

CDF

CDF(argl [,arg2,...] ) O0O0OO0OO0OO0OO0OO0OO0OOnetCDF v3 0 OOOOOOOOOOCDF
0 ”common data format”0 O O O O O SlicerDicer (www.visualogic.com) 000000 DODO
O0000ooooooooooooCbFO0000OoOoU0ooDoooooooooooooon
000 www.unidata.ucar.edu/packages/netcdf 100000000

ChFoooooooo0oooooooooooooooooo0oooooooooooooon
ggoboboooobbooobbboooobbbooobbbooobbbooobDbboog
gboboboooooooboobobobooboob zooMOOOooooooDOD

CDFOO0OO0O0OO0OO000000O0O00O0OD zooMOOOO”0N SURFACE’D 0O O0OOOOOOO
oo ogg poINTSUOUOUOUOUOUOUOUOUOUOUUOUUUDLDUDUOLOOOO
000000000 OUOO0O0OYSELECT CDFGRID=n"0000000000O0ODODOCCOOOOOO
0000000000000 0oo0Dd0 n00000D0O0O0OD0O0OO0DOO0OODOOOOOD 50
god

gboboooooooobobobobobooboobooboobobobobobobooooooo
O0000D0”<problem>_<sequence>.cdf’0000FILENDOOOOODOOOOOODOOOOO
obooboboooogonog

TECPLOT

TECPLOT(argl [,arg2,...] ) O00O00000O0O0TecPlot 000000000 O0OOOO

TecPlot 0000000000000 O0O0O0OO0OOODOOOOOOOOOOFIexPDE OO
oo0oo0oDoOoO0o0oooooooO0oooDObO zZooMODO POINTSODOOOOOODODOOO
toooooooooooooobooOooODOOOOOOOOCCOOCOOCOOOOOOOOO
OO0OTecPlot DOODDOOODOOOCOOODDOOODDOODODOODOOODDOOODOOODOOOOOO
ooodoooobooobooboooofboOoooooooooooooooooobobobooonoa
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0”<problem>_<sequence>.dat”0000OFILEOO0ODOOOOODOOOOOOOOOOOOO
goboobod

TecPlot 00000000000 www.amtec.comOOOOOOOOO

VTK

VTK(argl [,arg2,...] ) 000000000 Visual Tool KitOOOOOOOOOOOOODO
viKO0O0O0O0OoOOoOooooooooooooooooooooooooooooooooooo
000000000 Visls (www.11lnl.gov/visit) D000 VIKOODOODODODODODOODODO
ooooooooooooooooooooooooooooooooooooooooon
FlexPDEOODODOOOODOOOOODOOOOOOOOOO zooMOO POINTSOOOODOOOOO
ooooooooooooooooooooooooooooooooooooooooo0o00
00 FlexPDEO DO OOOOOOOOOOOOOODOOOOOOOOOOOODODOOOOOOOO
0000000000000 0000000000000O”<problem>_<sequence>.vtk”[
OOCOFILEODOOOOOOOODOOOOOOOOOOOOOOOOOOOO

VIKOO0O0O2000000000000000000030000000000000300
000000000 0O0o0UoOoOoOoUoUooogog VIKLINODOOOOOoOoooo

VTKLIN(argl [,arg2,...] ) 000000000 VIKOOOOOOOOOOFexPDEOOO
goool1ooo0o0O0O0O0OoOoOoOoooooobobooo

VIKOOOOOOOOOOO public.kitware.com/VIK/O0 OO0 OOOOOO

0

ooooocoooocooboooooon

e Samples | Misc | Import-Export | Export.pde

e Samples | Misc | Import-Export | Export_Format.pde
e Samples | Misc | Import-Export | Export History.pde
e Samples | Misc | Import-Export | Transfer_Out.pde
e Samples | Misc | Import-Export | Transfer_In.pde

e Samples | Misc | Import-Export | Table.pde

Note: 0000000 DO0OO0OOOODOOOOOOOO PDE Solutions Inc. 0OO00OOO
cooboooooooooboonoo
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