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APPENDICES

Appendix A Green’s Theorem

Green’s theorem is presented here. It is very important for finite element
method. The net result is the replacement of a volume integral, whose integrand
typically involves second order derivatives, by another volume integral, whose

integrand now involves only first order derivatives, plus an integral over the surface
that bounds the volume V:

AN KVAV = - PR IVUAY + jjk--dS (Al)

Here, denotes the outward normal to the surface , i dependent variable,

and y is @ known basis function,
Proofof (Al) can be achieved by starting with the identity

Vo= Weg+Weg, (A2)
where Y is a scalar and q is a vector. Now, integrate over region V:

Ev-ygqdv= |vy-qdv + JjV-qdV. (A3)

from Gauss or divergence theorem ( y -wdv = «dS), the left hand side of

(A2), being the volume integral of the divergence of yg, can be replaced by the
surface integral of the component ofyg normal to the surface:

lyqds = £vy-qdv+ £yV-gdV. (Ad)
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Here the vector dS has a magnitude equal to the area dS of a surface element
and a direction the same as the outward normal . Let q = - kVu, note that
VU -0S = (du/dn)ds, and rearrange to give the desired result:

EWiIkvudV =- £ kW eVudV + [yk*-ds. (A5)

The following expansions of the scalar product \i/-Vuwill be needed when
working in the indicated coordinates: rectangular,

wrvo=fA B (A9

and axisymmetric cylindrical coordinate,

ve=i i A7

Other useful formulas involving integrals of first derivatives in rectangular
coordinate are,

'[y—d\/ ~—'[u——dV + Iwn ds,

I/Ygdv =- I ugdv + .[yun de. (A8)

And in axisymmetric cylindrical coordinate,

rir% ldv=-1y dv+uids'
| TfedV=r iufH v+ lyim'ds' <AB)
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Figure Al Geometry for proof of equation (A8)

Here, nx ny, nr, and nz denote the direction cosines between the outward

normal to  and the indicated coordinate directions X y, 1, and z
Proof will be illustrated for the first of equations (A8). Noting that the

volume element is dv = 27irdrcz, start with
M Mardrdz, (A9)
and integrate by parts at constant z
1= 2y dz- I2yur drdz. (A20)
The first term on the right hand side may be rewritten as,
£ 2r(yunrz + £° 27t(yun)r0dz = [yunrds. (All)

The last form being obtained by observing that nrdS equals 2*:ridz and 27iTodz
at the upper and lower limits, respectively. So,



1=K A dv=ii™ds®J [fdv' (Al2)
and (A8) is proved.

After setting v = Lin (A7) and (A8), the following identities are immediately
derived,

1dV=fums — *dv=|un,ds; (AL3)

_rla(durr)dv = jungS (dV'=[un,dS. (A1)
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Appendix B All Program Interfaces

S S S A S i B ) e A i) Y VT LM el BT s e

Figure B1 Form “frmMain”



C:\My cuents\e\thesis\

Click to figure A3

Figure B2 Form “frmInput”

s

Click to
browse
data file
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ol

rrna numn *\ra s " 1
v FEM1 - [Data - C Joc eddy\thes A lug02.txt]

Back 1o Tigure AZ Click to solve:
solutions will show
in figure A4

Figure B3 Form “frmFemWork”
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LAY B WA

Click to clear out
~ picture

Click 'tQ draw
constant line of
dependent variable u

Click 10 set numbe
of constant line to
show in figure A5

Click to simulate Click to draw
results system meshing
(Transient only)

Figure B4 Form “frmResult”



.
ws

~ Default:
line number = 20

Figure B5 Form “frmSetpara”

Click OK and back
to figure Ad
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5

Appendix ¢ All Program Source Code for Each Form and Module
Cl Source Code of Form "frmMain"

Private Declare Function SendMessage Lib " er32" Alias "SendMessageA"
(ByVal hWnd As Long, ByVal wMsg As Long, ByVaI wParam As Long, ByVal [Param
As Any) As Long

Const™ EM UNDO = &HCT

Private Sub MDIForm_Load()
Me.Left = GetSetfing(App.Title, "Settings", "MainLeft", 1000)
Me.Top = GetSetting(App.Title 1 'Settmgs "MainTop", 1000)
Me.Width = GetSettlngJ)A p.Title, "Settings", "MainWidth", 6500)
Me.Height = GetSetting(App.Title, "Settings”, "MainHeight", 6500)

c dLga%NewWork

n

Private Sub LoadNewWork()
Static I1Count As Long
Dim frmD As frmlnput
ICount = ICount + 1
set frmD = New frmlInput
frmD.Caption = "work” & ICount
frmD. Show

End Sub

Private Sub MDIForm Unload’\ﬁCanceI As Integer)
If Me.Win dowState <> vbMinimized Then
SaveSetting ppT|t|e "Settings”, "MainLeft", Me.Left
SaveSetting App.Title, "Settings", "MainTop" Me.Top
SaveSetting App.Title, "Settings", "Ma|nW|dth" Me.width
c dSafveSemng App.Title, "Settings", "MainHeight", Me.Height
n

End Sub

Private Sub thToolBar ButtonClick(ByVal Button As MSComCtILib.Button)
On Error Resume Next
Select Case Button.Key

Case "New"
LoadNewWork
Case n n
mnuEdltCut Click
Case "C ){
mnuEd Copy Click
Case "Past
mnuEd|tPaste Click
End Select
End Sub

Private Sub mnuAboutAbout Click()
frmAbout.Show vbModal, ™e



End Sub

Private Sub mnuEditPaste Click()

On Error Resume Next _
c dASctt;veForm.rthext.SelRTF = Clipboard.GetText
nd Su

Private Sub mnuEditCopy_Click()

On Error Resume Next
: dCSI|Bboard.SetText ActiveForm.rtfText.SelRTF
nd Su

Private Sub mnuEditCut Click()

On Error Resume Nexf

Clipboard.SetText ActiveForm.rtfText.SelRTF
c dAScttl)veForm.rthext.SeIText = vbNullString
nd Su

Private Sub mnuFileExit Click()

1 ... unload program .-
Unload Me

End Sub

Private Sub mnuFileNew_Click()
On Error Resume Next
Unload frmFemwork
Unload frminput
Unload frmResult
Unload frmSetPara
Unload frmSlug
LoadNewWork

End Sub

C2 Source Code of Form "frmlnput”

Private Sub cmdOK Click]q1
| f OptImPort = True Then
If Txtbox.Text = "" Then ,
~ MsgBox "!'l' Please enter file name (or browse) or select create
data file.", vbExclamation

se
Me.Visible = False
frmFemwork. Show
End If
Else , . . .
EdMISPBOX "IIThis part is not available now", vbExclamation
n

End Sub



Private Sub CmdBrowse_click()

With DlgCommonDialog|
1 DialogTitle = " i)en"
.CancelError = False
Filter = "Text Files |*.txt"
.ShowOpen .
If Len(.FileName) = 0 Then
Exit Sub

n
sFile = .FileName
End With _
Txtbox.Text = sFile
Me.Caption = sFile

End Sub

Private Sub Optlmport click()
Txthox.Enabled = True
End Sub

Private Sub OptCreate click()
Txtbox.Enabled = False
End Sub

C3 Source Code of Form "frmFemWork"
Option Explicit

Private ALPHAQ As Double
Private BCTYPE() As Integer
Private BETAQ As Double
Private BNODEO As Integer
Private COORDS As Integer
Private DT As Single
Private E As Inte(ier
Private ELEMS As nte?er
Private EMATL() As Integer
Private EPS As Double
Private ES() As Integer
Private ETYPE() As Integer
Private F() As Double
Private FVAR As Boolean
Private GO As Double
Private GVAR As Boolean
Private |, J As Integer
Private K() As Double
Private KVAR As Boolean
Private NBSEGS As Integer
Private NELEMS As Integer
Private ND() As Boolean



Private NNODES As Integer
Private NODEQ As Integzer
Private NTOT L(% As Integer
Private PICSCALEX1 As Single
Private PICSCALEX2 As single
Private PICSCALEYL As single
Private PICSCALEY2 As single
Private PRNTFR As Integzer
Private SEGTYPO As Integer
Private SMATLé) As Integer
Private SSTATE As Boolean
Private SIVAR As Boolean
Private S3VAR As Boolean
Private TMAX As qule
Private u(f As Double
Private UL() As Double
Private X() As Double
Private XMAX As Double
Private XMIN As Double
Private Y() As Double
Private As Double
Private YMIN As Double

Private _Sub Draw_mesh() . )
' . This subroutine is to draw mesh in picture hox ...

! 1| 1" ™ r)p« '3_TM ™

PICSCALEXI =XMIN - Abs(0.05* (XMAX - XMIN
PICSCALEX2 = XMAX +Ab 0.05* (XMAX - XMIN
PICSCALEYL = (YMIN + VI [ 24 - Abs(PICSCALEX1 - PICSCALEX2) | 2#
PICSCALEY2 = (YMIN + VI [ 2# + Abs(PICSCALEXL - PICSCALEX2) [ 2#
I:_136|0Mesh.ScaIe (PICSCALEX1,” PICSCALEY1)- (PICSCALEX2, PICSCALEY?)
PICSCALEYL =YMIN - Abs(0.05* (YMAX - YMIN
PICSCALEY2 =YMAX + Abs(0.05* (YMAX - YMIN
PICSCALEXL = (XMIN + X [ 2# - Abs(PICSCALEY1 - PICSCALEY?2) | 2#
PICSCALEX2 = (XMIN + X | 2# + Abs(PICSCALEY1 - PICSCALEY?2) | 2#
EdP||]gMesh.Sca|e (PICSCALEXL,” PICSCALEY1)- (PICSCALEXZ PICSCALEY?)
N
[f COORDS = 1 Then PicMesh.S

cale 2PICSCALEX1, PICSCALEYZ;-
PICSCALEX2, PICSCALEY1

... start drawing loop ...
For E = 1 To NELEMS

PicMesh.Line (X(NODE(L, E))1 Y(NODE(L, E
_ " (X(NODE (2. E)), Y(NODE(2 E
PicMesh.Line (X(NODE (2. E))1 Y(NODE(2 E
_ " (X(NODE (3. E)J, Y (NODE (3 E
PicMesh.Line (X(NODE (3. E)}. Y(NODE (3 E

X(NODE(L, E))1 Y(NODE(L E

Next E
End Sub



Private Sub CmdBack Click()
Unload Me
frmInput. Show

End Sub

Private Sub CmdSolve_Click()
1 ... start calculation module & show frame result ...

Call Calculation.MainProg(ALPHA, BCTYPE, BETA, BNODE, COORDS, DT
ELEMS, EMATL, EPS, ES, ETYPE, F, FVAR, G. GVAR K, KVAR
NBSEGS, NELEMS, ND, NNODES, NODE, NTOTEL. PICSCALEXI,
PICSCALEX21 PICSCALEY1, PICSCALEY2, PRNTFR, SEGTYP, SMATL,
SSTATE, SIVAR, S3VAR, TMAX, , UL, X, V)

Unload Me

End Sub

Private Sub Form_Load()
"Data - " 3 sFile
. Open specific data file for inputdata and then close file

Me. Caption

Open SFile For Input As &1
Call Datalnput
Close #1

... Call subroutine show all system information in table
Call DataShow

... Call subroutine to preview system meshing in picture hox ...
Call Draw_mesh

End Sub

Private Sub
Dim DAT(10)

DataShow0
As string

... Format all labels in frame
IbIProblem.Caption = "PROBLEM: & NAME TITLE
Labell.Caption = "Coordinate: & COORDS
Label2.Caption = "Error: & EPS
Label3.Caption  "Steady state: 1 I str (SSTATE)
Label4.Caption  "Element Type: 1 & Str (ELEMS)
Label5.Caption = "K Variation: 3 Str (KVAR
Label6.Caption = "F Variation: 3 Str (FVAR
Label7.Caption = "G Variation: " & Str (GVAR
Label8 .Caption  H#rl Variation:  $ Str(SIVAR
Label9.Caption _ "S3 Variation: & Str (S3VAR
If Not SSTATE Then

Labell4 .Caption = "DT._ " § Str(DT)

Labell5 .Caption = "PRTFR: " § strT(PRNTFR)
: OILlafbell6 .Caption = "TMAX: " % str (TMAX)
n

. show element information in table named "GrdElem



formattm% and headmg the table

For 1 =0 To GrdElem.Cols
GrdEIem.CoIAIJdgnment(I) =
GrdElem.ColWidth(l) =950

Next |

DAT(0) = "No."

DAT(L) = "type"

DAT(2) = "# of node

DAT(3) = "Material"

DAT4 = n n

DATS = nren

DAT6 = n n

DAT(7) = "nodel"

DAT(8) = "node2"

DAT(9) = "node3"

GrdElem .Row = 0

For I =0 To 9
GrdElem.Col =
? FElem Text = DAT(I)

Grd
For

show element information ...
Elem.Rows = NELEMS +

E =1 To NELEMS

GrdElem. Row =

DAT(0) = Str(E%

DAT(1) = str(E YPE(E%

DAT(2) = str NTOTELé )

DAT(3) = str(EMATL(E))

DAT(4) = Format(K(E),  "0.00E+00"

DAT(5) = Format(F(E), "0.00E+00"

DAT(6) = FormatBG E), "0.00E+00"

DAT(7) = Str(NODE(1, E

DAT(8) = Str(NODE(2, E

DAT(9) = Str(NODE(3, E

For I'=0To 9
GrdElem.Col = |
GrdElem.Text = DAT(l)

Next |

t E

show nodal information in table

table formatting and heading ...
GrdNode

f Not SSTATE Then .Cols =4

or I =0 To .Cols -1

Ali nment(l) =4
width(l) = 700
0
0

Text = "No."
Col =1
IfC |(COORDS = 1) Then «Text = "X"
L0 =
!&COORDS = 1)r Then 1 Text = "y"
ot SSTATE Then

named "GrdNode" ...

Else .Text = "r"

Else 1 Text = "z"
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Col =3
I Text = "initial
End If
.Rows = NNODES + 1
show nodal information ...
For | = 1 To NNODES
Row
Col
Text = |
Col =1
Text -2F0rmat (x(I), "#0.0000"
),
en

Col
Text = Format(1( "#0.0000"

11 (Not SSTATE]
Col =3

I Text = Format
End If
Next |
End With

Y(l
hen
( (1)1 "0.000E+00")

. show houndary information in table named "GrdBond" ...

F:' table formattmg and headlng
or
G dBond Co ent(l). = 4
dBond Colwm =

ond ColWidth(5 900
ond. CoIW|dth 900

"element"
"hnodel"
"bnode2"

yp

O
pd
—
(F5]
T T T T

DAT(6
GrdBond.Row = 0
For 1| =0 To 6
GrdBond.Col =1
GrdBond.Text = DAT(I)
Next | _ _
... show boundary information ...
GrdBond.Rows = NBSEGS + 1
For | = 1 To NBSEGS

DAT(0) = |
DAT(1) = ES(()B
DAT(2) = BNODE(11 |
DAT(3) = BNODE(2, |
DAT(4) = BCTYPE(l
I (BCTYPE(I) ='1) Then
DH@B = Format(UL(BNODE(L, 1)), "0.00E+00")
Elself é CTYPE(I) = 32] Then
DAT(5) = Format(ALPHA(I), "0.00E+00")
‘) DAT(6) = Format(BETA(I), "0.00E+00")
Se
DAT(5) =
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DAT(6) =

End |f

GrdBond Row = |

For J =0 To 6
GrdBond.Col =)
GrdBond.Text = DAT(J)

Next J

Next |

End Sub

Private Sub DatalnputO
Dim AA As Double

Dim BB As Double

Dim NONE As string

Dim NTOT As Integer

On Error GoTo ERROR1
input system variable ...

Line Input #1, NAME_TITLE
GoSub Skipline

NONE = Input(9, 12
COORDS = Val(lnpuf(11, #1))
NONE = Inputll #1)
EPS = Val(Input(ll, #1))

= Input(ll, #1)
KVAR = CBool(Val(Input(1l, #1)))
NONE = Input(ll, #1)

NONE = [nput(ll
GVAR = CBool(Val(In
NONE = Input(l
SSTATE = CBoo
NONE = Input(l
If Not SSTATE The
DT = Val(Input(11, #1))
NONE = Tnput(1l; #1)
PRNTFR = Val(Input(ll, #1))
NONE = Input(ll, #I)
TMAX = Val(In ut(ll #1))
NONE = Input(lL, #1)

End |f
SIVAR = CBoaol( Val(llnput (11, #1)))
NONE = Input(l R

S3VAR = CBooI Val(lnput (11, #1)))
NONE = Input(l

al(Inp

FVAR = CBool(Val(Input(ll, £1)))
al(Inp
|

CLells = Val nfutéll, #1))
NONE = Input(l, #1
NELEMS = Val({Input(ll, #1))
NONE = Input(ll, #1)
NNODES = Val(Input(l1, #1))
NONE = Input(1l, #1)
NBSEGS = Val(lnput(ll, #1))
NONE = Input(2, #1)



... Redimension for dinamic variables ...
ReDim ALPHAENBSEGS) As Double

ReDim BCTYP éNBSEGS) As Integer

ReDim BETA(NBSEGS) As Double

ReDim BNODE(41 NBSEGS) As Integer

ReDim EMATL(NELEMS) As Integer

ReDim ES(NB EGSE) As Integer

ReDim ET PEENEL MS) As Integer

ReDim F (NELEMS) As Double

ReDim G (NELEMS) As Double

ReDim KB ELEMS) As Double

ReDim ND(NNODES) As Boolean
ReDim NO Eé8, NELEMS) As Integer
ReDim NTOTEL(NELEMS) As Integer
ReDim SEGTYP(NBSEGS) As Integer
ReDim SMATLBNBSEGS) As Integer
ReDim  (NNODES) As Double

ReDim UL(NNODES) As Double

ReDim X(NNODES) As Double
ReDim Y (NNODES) As Double

Sol=
=
=
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Next |

NONE = Input(2, #1)
Next E

in_pl(J)é nodal information ...
XMIN = 04

kip

(" =Val(Input(10, #1))
ine maximum and minimum X and Y ..
hen XMAX =
Ren XMIN :Xé
h

= miirwm
o
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input boundary information ...
| = 1 To NNODES
ND(I) = False
Next I~
GoSub Skipline
For | =1 To NBSEGS
NONE = Input(5, #1
SEGTYP(l) = Input(5, #1)
|

For

—,OO— 5 — —

SklEHne
or | =1To 4
Line Input #1, NONE
Next |
Return

ERROR1

MsgBox "An error occures in reading data file, please check file"
vbhExclamation
Unload Me
End Sub

C4 Source Code of Form "frmResult'
Option Explicit

. Declare global variable for use in this form ...

Private
Private
Private
Private
Private
Private

BNOD

) As Integer

COORDé As Integer
|, J As Integer
LINENUM As Integer
N As Integer
NBSEGS As™ Integer



Private NELEMS As Integer
Private NNODES As Integer
Private NODEWqE As Integer
Private SSTATE As Boolean
Private STEP As qule
Private (& As Double
Private UIN As Single
Private UMIN As Double
Private UYAX As Double
Private X{) As Double
Private Y() As Double

Sub PrepareData(Pl, P2, P3, P4, P5 P6, P7, P8 P9 PICSCALEXL,
PICSCALEX2, PICSCALEY1, PICSCALEY?)
. This subroutine is to get all result from calculation module
and prepare them to exhibit in table or even simulate ...

Yo Get thelse individal data ...

nS Ss P3
NNODES = P4
SSTATE = P5

... Set dimension for individual data ...
ReDim NODEES NELEMS) As Integer

ReDim BNOD |g4 NBSEGS) As Integer

ReDim  (NNODES) As Double

ReDim X(NNODES) As Double

ReDim Y(NNODES) As Double

... Get value node. bnode, X andy ..
For | =1 To NELEMS

FO&ODE? P2 ee )

Next J ’
Next |

For | =1 To NBSEGS
] =1To3
BNOIJ)E(J, ) =PT({J, )

For | = 1 To NNODES
) = P8(l)
= P9 (1)

. Set scale for picture hox ...

If COORDS = 1 Then

” EICGraphlc Scale (PICSCALEX1, PICSCALEY2)- (PICSCALEX2, PICSCALEY1)

PicGraphic.Scale (PICSCALEXL, PICSCALEY1)- (PICSCALEX2, PICSCALEY2)
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End If

oL Set general properties
If SSTATE Then

CmdSimul.Enabled

CmdContU.Enabled

End If _

Me.Caption = "Result - " & sFile

. Set line number of constant to be shown ...
Call SetPara(20)

Report numerical data in table ...
Call ReportData

Show system meshing in picture box ...
|| DrawMesh(0, 0, 0)
Il DrawBoundary

False
True

[epleply
> ]

End Sub

Private Sub DrawBoundary()
... draw boundary segments ...
PicGraphic.DrawWidth™ = 2
ForPI_ (:3 : Tho' NI_B'SEGS EX}BNODE(} l}; YEBNODEEM IH)
icGraphic.Line , , -
o 2, 1))

X(BNODE(2, | BNODE
Next | _
PicGraphic.DrawWidth = 1
End Sub
Prlvate Sub DrawContUO
. This subroutine is used to draw constant line of = UN
' at specific colour of R(red), G(green), and B(blue) ...

Dim BLUE As single
Dim E As Integer
Dim GREEN As single
Dim N1 As Integer
Dim N2 As Integer
Dim N3 As Integer
Dim RED As Sln?Ie
Dim UN As Double
Dim XN(2) As Double
Dim YN(2) As Double

For | =1 To LINENUM

UN = | * STEP
set color parameter for each line

If UN <= UIN [ 4% Then
BLUE = 2554#
GREEN 6#255# *4¢ * UN [ UIN

EIseIf UIN | 4# < UN And UN <= UIN [ 2# Then

LUE = 255# * (1# - (UN * 4% | UIN - 14))
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GREEN = 255#
RED =

= 04
Elself UIN / 2# < UN And UN <= UIN * 3# [ 4# Then
BLUE =0#
GREEN = 255#
RED = 255# * (UN * 4# | UIN - 2#)

H E. 0
GREEN = 255¢ * (1# - (UN * 4% | UIN - 3#))
RED = 2554
End If
UN = UN + UMIN
... start to draw line ... o
1 ... find which element has equal to UN inside and then draw

constant UN line ...
For E = 1 To NELEMS

IJ\II = NOD

N2 = NOD 5 }

N3 = NODE
. if any two ed?es in elemen _ (triangular element) has value of
UN We can in eU)olate to find constantline of thatUN...

|f >£N )|) < UN And N N2>2 Ncla)r gmz U’>\I UN mtij) Ul\} > U(N2)) Then

i il (SVZJ -U(N?)))-

YNQ) = Y( ) t (Y(N2) - Y(NI)) ((&Jz) g (N(H)n))

EndJIt‘:J i

TSI By Uy " > 0
YN(J) = Y(N2) + (Y(N3) - Y(N2)) (l%N3) _(N(%\)&)z).

e 1f

IfnJ = 2 Then
XN()) = X(N3) + (X(N1) - X(N3)) k (UN” _(N3'\)l%_1/)
YN() = Y(N3) + (Y(NI) - Y(N3)) k (LéNl)- _(Na(milg)

End |f ’

P'ibGDraanNhilcinLeingthi( eﬁéf' Co1Iou LS YN(2))

Next E GBRED,  GREEN
Next |
End Sub

Sub DrawMesh(BLUE, GREEN, RED)

Dim E As Integer
... This subroutine is to draw mesh in picture box ...
PicGraphic.Cls



For E=1 To N\HB\B

PicGraphic.Line (X(NODE(1, E ,YFSNODE 1, E%E% XENODE 2, E
_ o Y (NODE(2, E))), GagzD, GREEN, BLUE
PicGraphic.Line (X(NODE(2, E))! YéNO Eéz, E&E% XSVO E(3, E
, o Y(NODE (3, E))), RGB(RED, GREEN, BLUE
PicGraphic.Line (X(NODE(3, E))1 YéNO Eé3, Ek&% XéNO E(1, E)
Y(NODE (1, E))), RGB(RED, GREEN, BLUE)
Next E
End Sub
Private Sub CdeIem_CIqu
1 ... Clear picture 7in picture hox ...
PicGraphic.Cls
End Sub

Private Sub CmdContU_Click() _ _
‘... After click botton “"draw cont ", this subroutine prepare data
to draw constant line of dependent variable, which including

1 value of  foe each line (UN) and its colour ..

. Clear picture and draw mesh first
Call DrawMesh(150, 15.. 1=0

... find value of  (UN) for each line
UIN = (UMAX - UMIN)
STEP = UIN / (LINENUM + 1)

... draw constant  lines by call subroutine "DrawContU" ..
Call DrawContU

1 ... draw system bounbaries ...
Call DrawBoundary

End Sub

Private Sub CmdMesh Click()

' ... Show system meshing in picture box ..
Call DrawMesh(0, 0, 0)
Call DrawBoundary

End Sub

Private_Sub ReportDataO, _ S

1 ... This subroutine is to report node information in table named
1 "GrdResult" ...

.., Table heading ...

With GrdResult

.Row = 0

.Col =0

1 Text = "No. of node
Col =

Col =1
If " (COORDS = 1) Then



1IText = "X"

1 Col =2

I Text = "y"
Else

Text = "r"

1 Col =2

Text = "7°
End If

.Rows = NNODES + 1

For | =0 To .Cols - 1
.ColAlignment(l) = 4

ext |

Show number of node and value of x and y for each node ..

For | =1 To NNODES
Row I
Col = 0
Text = |
Col =1
Ee>|<t :2Format(X(|)1 "#0.0000"
0] =
Text = Format(Y(l), "#0.0000"

Next |

End With
End Sub

Sub ShowSol(SWITCH, T, TCOUNT, PI)
Dim N As Integer

* .., Add new column to table "GrdResult" and give format ...
With GrdResult
N= .Cols +1
1 Cols = N
ColAlignment (N - 1) =4
Col =N -1
Row = 0
Select Case SWITCH

Case 1
Text =" at t=" &T
Case 2 _
1 Text = "solution
End Select

tions into table ...

IText = Format( (1), "0.0000E+00")
Next |

1 ... find umin and Umax ...
UMAX = U(I
UMIN = (1
For | =1 To NNODES
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[f U(l) > UMAX Then UMAX = U
< U The I
Next |
End With

. for transient problem, all solution will be kept in table
?rdInV|sTabIe for simulation ..
If Not SSTATE Then
With grdInvisTable
.Rows = NNODES + 1
1 Cols = .Cols + 1

«Col = .Cols - 1
For | = 1 To NNODES
Row =1
Text = (I)
Next |
End With
End |
Fe0|fy label to presen t value of for different color
Labell.Caption  Format(U M "0.000E+00")
Label2.Caption  Format - UMIN) * 3%  4# + UMIN, "0.000E+00")
Label3.Caption Format UMHd / 2#UMIN, "0.000E+00")
Label4.Caption  Format UNHN | 4¢  UMIN, "0.000E+00")
Label5.Caption FormatU "0.000E+00")
3nd Sub

Private Sub CmdSetPara_Click()
frmSetPara.Show
frmSetPara.txtNumber.Text = LINENUM

End Sub
Sub SetPara(Pl).
Get setting parameter ...
LINENUM = PI
End Sub

Private Sub CmdSimul_Click()
.. when start, sef other bottons to be deactivate
If Cmdsimul.Caption = "Start simulate” Then
Cmdsimul.Font.Bold = True
Cmdsimul.Caption = "Stop"
CmdSetPara.Enabled = False
CmdClear.Enabled = False
CmdMesh.Enabled = False

' ... Read injtial lJO) from grdinvisTable before show ...
With grdlnﬁlsTabIe
F 1 To NNODES

or | =
.Row
(1) al(.Text)



Next |

End With
UIN = (UMAX - UMIN)
STEP = UIN / (LINENUM + 1)
N=20

‘ . start simulate by start clock ..
tmeClock.Enabled = True

Else
1 ... when want to stop, activate other bottons ...

Cmdsimul.Font.Bold = False
Cmdsimul.Caption :"SwrtS|mMaw
CmdSetPara.Enabled = True
CmdClear.Enabled = True
CmdMesh.Enabled = True

' .. stop simulate b{ stop the clock ..
tmeClock.Enabled = Fals
End If
End Sub

Private Sub tmeClock Timer()
' ... Clear picture and draw mesh first
I»., 50,

‘... draw constant lines by call subroutine "DrawContU"
Call DrawContU

" ... draw system bounbaries ..
Call DrawBoundary

" ... read new data for show next time step
With grdInvisTable
If N< Cols - 1 Then N=N+1Else N=1

«Col = N
For | =1 To NNODES
.Row =
U) = Val(.Text)
Next
End VVHh
End Sub

C5 Source Code of Form "frmSetPara"

Private Sub cmdDefault Click()
txtNumber.Text = "20"
End Sub
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Private Sub cmdOK Click()
Call frmResult.SetPara(Int(Val(txtNumber.Text)))
Unload Me

End Sub

C6 Source Code of Module "Calculation”
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk * kkk * *ﬁ&********* %
||~k* # T*

¥ This module contains all calculation steps. o
|***********************************************************************

Option Explicit

Private | As Integer
Private J As Integer
Public NAME TITLE As String
Public sFile As string

Sub MainProg(ALPHA, BCTYPE, BETA, BNODE COORDS DT, ELEMS, EMATL,
EPS ES ETYPE F. FVAR GVAR, KVAR, NBSEGS
NELEMS, ND, NNODES, NODE NTOTEL P|CSCALEX1 PICSCALEX2,
PICSCALEYI, PICSCALEY2, PRNTFR, SEGTYP, SMATL, SSTATE,
siVAR, S3VAR, TMAX, UL, X Y)

1 ... Set local variable ...

Dim A(5000) As Double

Dim B(5000) As Double

Dim 1ER As Inte%

Dim NBAND As Integer

Dim T As Single

Dim TCOUNT As Integer

‘... Set dimension for local dinamics variable

ReDim AG(3, 3, NELEMS) As Double

ReDim AK(3, NELEMS) As Double

ReDim DELTA NELEMS) As Double

ReDim DIAGg NODES) " As Integer

ReDim L([NB EGS As Double

ReDim NTOTBS(NBSEGS) As Integer

ReDim PHI(NN DEM) As Double

ReDim RBAR NELEMS) As Double

ReDim UNEW(NNODES) As Double

.. Prepare form "frmResult" for show data and result ...
With frmResult

.Show
Call PrepareData(COORDS, NBSEGS NELEMS, NNODES, SSTATE, NODE,
BNODE, PICSCALEX1, PICSCALEX2,
_ PICSCALEYI PICSCALEY2)
End With

. Determine semibandwidth NBAND & vector DIAG
Call Matrix(DIAG, NBAND, NELEMS, NNODES, NODE, NTOTEL)



- - -

——

10

Examine element geometry, find areas or volumes

* DELTA(E), boundary-segment lengths or areas L( ),

Call

|'f'

and constant parts of conduct|V|ty and genera-

t|0n cagacnKv submatric
Geom(A BNODE, COORDS DELTA, ELEMS, ETYPE, L, NBSEGS,

NELEMS, NODE, RBAR X, Y)

Is problem steady state or transient?

(SSTATE) Then

Assemble matrices A & B and the vector PHI .

“Call AsembKA, AG, AK, ALPHA, B, BCTYPE, BETA, BNODE, COORDS,
DELTA, DIAG, DT, ELEMS, EMATL, ETYPE, F,_ G, K, L,
NBSEGS, NELEMS, NNODES, NODE, NTOTBS, NTOTEL, PHI,
RBAR, SEGTYP, SSTATE, X, Y)

Compute solution of simultaneous eguations

~ Call 'NewVal(A, B, DIAG, EPS, 1ER, NBAND, ND, NNODES, PHI,

SSTATE, . UNEW, UI)
If (IER = -1) Then Exit Sub
Call PrtSol (2, NNODES, UNEW)
Call Fluxes(ALPHA, BCTYPE BETA  BNODE, DELTA,_ ES, F, G, K
NBSEGS, NELEMS, NODE, NTOTBS, SEGTYP, SMATL, _
_ UNEW, X, Y)
Exit Sub

Else

s Bnitialize time, print starting values ...
TCOUNT =

Call PrtSoI(l NNODES, T, 1, )

... Increment time ...

T=T+0DI
TCOUNT = TCOUNT + 1
Compute and print new values
Call AsembKA, AG, AK, ALPHA B, BCTYPE, BETA, BNODE COORDS
DELTA. DIAG, DT, ELEMS, EMATL, ETYPE, L.
NBSEGS, NELEMS, NNODES, NODE, NTOTBS, NTOTEL PHI,

call NewVal(A, B, DIAG, EPS, 1ER, NBAND, ND, NNODES, PHI,
SSTATE, , UNEW, UI)
If (1ER = -1) Then Exit Sub
It [Int(InTCOUNT | PRNTER) * PRNTFR) = TCOUNT) Then
all' PrtSol(l, NNODES, T, TCOUNT, UNEW)

... New solutions become old ones
For | =1 To NNODES

(1) = UNEW(I)
Next |

' it 2 ..
T < TMAX - DT [ 2#) Then GoTo 10

Private Sub Matrix(DIAG, NBAND, NELEMS, NNODES, NODE, NTOTEL)
Dim E As Integer



Dim IMAX As Integer

Dim NTOT As Integer

Dim _LAST As Integer _ _

* This subroutine determines the following:

' 1. Semibandwidth NBAND of the matrices A & B
' 2. The vector DIAG

‘... Determine semibandwidth NBAND (excluding diagonal)
NBAND = 0

" ... Examine all elements for maximum difference in nodal numbers
For E = 1 To NELEMS

NTOT = NTOTEL(E)
IMAX = NTOT -1
For I =1 T(l) IWT NT
= |+
If Abs(NODE(!, NODE I E&EE> NBAND TRI%HDI-E\I(BJANE)i
Next J
Next |
Next E
" ... Determine the vector DIAG ...
DIAG(1) =1

LAST ‘= 1 + NBAND
For | = 2 To NNODES
DIAG() = LAST+ | - Max(l, | - NBAND) + 1
LAST = DIAG(T) + Min(NNODES, | + NBAND) - |
eX

End Sub

Private Sub Geom(AG, AK, BNODE, COORDS, DELTA, ELEMS, ETYPE, L,
NBSEGS, NELEMS, NODE, RBAR, X, Y)

Dim Al, A2, A3 As Double

Dim AGLOCL(3 3) As Double
Dim AK12, AK13. AK23 As Double
Dim BI, B2, B3 As Double

Dim CI. C2, C3 As Double

Dim E As Integer

Dim NI, N2 As Integer

1) = 0.166666666666667
AGLOCL(1, 2) = 0.083333333333333
AGLOCL(L, 3) = 0.083333333333333
AGLOCL(2, 1) = 0.083333333333333
AGLOCL(2, 2) = 0.166666666666667
AGLOCL(2, 3) = 0.083333333333333
AGLOCL (3, 1) = 0.083333333333333
AGLOCL(3, 2) = 0.083333333333333
AGLOCL(3, 3) = 0.166666666666667

= 1) Then

If (ELEMS = .
.. Examine each element in turn ...



For E =1 To NELEMS
Nl = NODEd, E
N2 = NODE(2, E
N3 = NODE(3, E
AL = X(N2) * Y(N3) - X(N3) * Y(N2
A2 = X(N3) * Y(NI) - X(NI) * Y(N3
A3 = X(NI) * Y(N2) - X(N2) * Y(NI)
BL = Y(N2) - Y(N3
B2 = Y(N3) - Y(NI
B3 = Y(NI) - Y(N2
Cl = X(N3) - X(N2
C2 = X(NI) - X{(N3
C3 = X(N2) - X(NI 5
Compute element areas and mean radii
DELTA(E) = 0.5 * (Al + A2 + A3

If (COORDS ='2) Then RBAR(E) J (X(Nl) £ X(N2) + X(N3)) | 3¢

AK(1, 1, E CI A2
AK(2, 2, E :82*2+C2A2
AK(3, 3, E) =B} A2 +C3 "2
AK12 = Bl * B2 + Cl * C2
AK(1, 2, E) = AKI2
AK(2, 1, E) = AK12
AK13 = Bl * B3 + Cl * C3
AK(1, 3, E) = AKI3
AK(3, 1, E) = AKI3
AK23 = B2 * B3 + C2 * C3
AK(2, 3, E) = AK23
AK(3, 2, E) = AK23
For J =1 To 3
For | =1 To 3
If (COORDS =2) Then AK(l, J, E) = AKT(I' J. E) * RBAR(E)
AK(1, J, E) = AK(11 ) | (4% * DELTA(E))
AG(l, J, E) = AGLOCL(I, J) * DELTA(E)
Next |
Next J
Next E

... Find Tengths L() of boundary segments...
For =1 To NBSEGS

NI = BNODE{ll L
N2 = BNODE(2
NextL() = SQr(((X(NL) - X(N2)) *2) + ((Y(NI)  Y(N2)) * 2))
Else
End If
End Sub

Private Sub PrtSol(SWITCH, NNODES, T, TCOUNT, )

1

This subroutine prints the prevailing solutions
(steady state or transient) at all nodes.  For
transient problems, the values of time is also printed

14



' togiether with the prevailing solutions at all nodes.
' Values of SWITCH have the following meanings:

' 1. Initial values and transient solution

' 2. Steady-state solution

... All steps to show result are in subroutine "ShowSol" in
' form "frmResult"
Call frmResuItShowSoI(SWITCH T, TCOUNT, )

End Sub

Private Sub Asembl(A, AG, AK, ALPHA B, BCTYPE, BETA BNODE, COORDS,
DELTA, DIAG, DT, ELEMS, EMATL, ETYPE, F, G, K L,
NBSEGS, NELEMS, NNODES, NODE, NTOTBS, NTOTEL, PHI,
RBAR, SEGTYP, SSTATE, X, Y)

' Ths subroutme constructs the coefficient matrices

' A &B, an he r|gr d side vector PH

' ... Decl arat|0ns or Iocal variables ...

Dim CI, C2 As Double

Dim DI As Integer

Dim E As Integer

Dim GEDT As Double

Dim IL, , JL As Integer

Dim IMAX As Integer

Dim AS Integber

Dim KE As |

Dim MI (2, 2&1 As Double

ReD|m rhars(NBSEGS) As Double

Mld 1) =24

MI(L, 2) = 1#

MIE(2, 1) = 1#

MI(2, 2) = 2#

‘... For stead % state, divisor DT in GEDT is one ...
If (SSTATE) Then DT = 1#

' Zero out matrices A & B and vector PHI ...
IMAX = DIAG(NNODES)
To IMAX

For | =
A(l) = 0#
B(l) = 0#
Next |
For I = 1 To NNODES
PHI(I) = 04
Next |

i Modify A and PHI for S3 boundary segments ...
éELEMS = 1)[ Then
orIf 0 NBSEGS

BCTYPE ="3) Then

[ = BETA() ¥ L() | 2

C7 = ALPHA() < L()
f (COORDS = 2) Then

For IL =1 To 2



= BNODE&IL, )

17 (CO0RDS = 1)Then PHI(
If ECOORDS 23Then PHIEI}

DI = DIAG(I)[
For JL =1 To 2
J = BNODE(JL, )

[f "(COORDS =1) Then A(1)) = A(lJ) + C2 * Ml
If (COORDS =2) Then A(lJ) = A(l]) + C2 * M1
(XD + rbars(

Next JL
Next IL
End If
Next

... Conductivity & generation/capacity terms for AK & AG ...
For E = 1 To NELEMS

S 1, | DT
1 NQDTOT l NTOTELE)E])
For IL = 1 To NTOTEL(E)
| = NODE(IL, E)
DI = DIAG(I)
For JL = 1 To NTOTEL(E)
N NODE(JIJ_, )
+

=Dl +J -1
A( ) =A() +AK(L, JL, E) * KE
1T (co0RDS = 2) Then AGHL 1L, B = AG(IL, JL_
*(X(0) X((’E) + 3% * RBAR(E))-/ 54
B( ) =B(lJ) +AG(IL, JL, E) * GEDT
Next L
Next IL

' ... GENERATION TERMS FOR VECTOR PHI ...
For E =1 To NELEMS

For IL =1 To 3
| = NODE(IL, E
[f (COORDS = 1) Then PHI(I) = PHI(l) + F(E) * DELTA(E) |/ 3#
[f (COORDS = 2) Then PHI(I) = PHI(l) + F(E) * DELTA(E) | 3#
* (X(X) + 3# * RBAR(E)) | 44
Next IL
Next E

MsgBox “"specific element type is not yet implemented in ASEMBL",
vbExclamation

Private Sub NewVal(A, B, DIAG, EPS, 1ER, NBAND, ND, NNODES, PHI,
, CSTATE, , UNEW, U1) ,

. This subroutine computes the new solutions at the
_ end of a time step, using the fully implicit method ...
Dim DI As Integer
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Dim 1J As Inteﬂer
Dim JLOW, JHIGH As Integer

Form LHS coefficient matrix and RHS vector, adjusted for known
Dirichlet values ..

For | =1 To NNODES
JLOW = Max(L, I - NBAND)
HicH - Ml(r}gNNODES, |+ NBAND)

DI = DIAG
If Not ND( ,
. a non-Diri

I n
.. Case of 'a non ch
For J = JLOW To JHIGH
=Dl +1J - |

' AU LBy
[ Not SSTATE The

) The
: let node ...

Next

: SFJVQ banded system of simultaneous equations using Gaussian
elimina

tron ...
Call Gelb(PHI1 A, NNODES, 1, NBAND, EPS, 1ER)

... Simultaneous equations not solvable ...
If (1ER = -%) Then _ o
sgBox "Simultaneous equations not solved.", vbCritical
Exit Sub _
... Possible loss of accuracy in GELB ...
Elself (LER <> Q) Then o o
Ms?Box "VVarnlng: possible loss of significance at elimination step
Pro?ip S not solved.", vbCritical
n

For | = 1 To NNODES
UNEW(I) = PHI(I)
Next |
End Sub

Private Sub Fluxes(ALPHA, BCTYPE, BETA_ BNODE, DELTA_ ES, F, G, K
NBSEGS, NELEMS, NODE, NTOTBS, SEGTYP, SMATL

X, Y |
. Subprogram for dgte{mining the fluxes through the boundary
segments (positive into the medium)



' ... Declarations for local variables ...
Dim BI, B2, B3 As Double

Dim Cl, C2, C3 As Double

Dim DX, DY As Double

Dim E As Integer

Dim ERROR As Double

Dim GEN As Double

Dim Q As Double

Dim ~ As Inte%

Dim 11 As Doub

Dim NI, N2, N3 As Integer
Dim SMALLO As Double

Dim SUMGEN, SUMNEG, SUMPOS As Double
Dim TYPE (3) As string
Dim UBARAs Double

TYPE_ 1 = "Dirichlet"
= "Insulated”
BB 13 Z Mt
SUMNEG = 0#
SUMPOS = 0#

... Examine each boundary segment in turn ...
For =1 To NBSEGS
... Seqment belongs to linear triangle ? ...
If (SEGTYP () = 1) Then
| = BNODE(1,
J = BNODE(2,
DX = X(I) - X(J)
DY:YJ - Y(I)
X A2+ DY A2)

(v}
o
B NI R I PR RN T BN A B
<<
=
(&S]

{Né) * (Ba+ S‘:lDY + c3+* 5 I&B

... Check for
Elself éECTYPE() = 2) Then
: Otherwise, boundary condition is mixed ...

5 - (BETA() SALPHA() * () + () W) *L

sulated-type boundary condition ...

2 * DY + Q2

(24 *
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SUMNEG = SUMNEG + Q

se

SUMPOS = SUMPOS + Q
End If

' ... Segment does not belong to a linear triangle
ST«

Next
' . Total of element generation rates
SUMGEN = 0#
ForUEAﬁ L N%LDEI%A? E (NODE ) (NODE(3, E))) [ 3#
= + ,
é é éLTA(Q)

GEN UBAR) *D
SUMGEN = S MGEN GEN
Next E
ERROR = SUMGEN + SUMPOS + SUMNEG
End Sub

Private Sub Gelb(R, A M N, MUD, EPS, IER)
Dim MC As Integer
Dim MJ As Integer
Dim ML As Integer
Dim MR As Integer
Dim MZ As Integer
Dim MA As Integer
Dim NM As Integer
Dim IC As Integer

Dim ID As Integer
Dim | As Integer
Dim |1 As Intet};er
Dim IDST As Integer
Dim ILR As Integer
Dim JJ As Integer
Dim J As Integer

Dim K As Inte(\;er
Dim KST As In eqer
Dim PIV As Double
Dim TB As Double
Dim TOL As Double

On Error GoTo ERRORL

“ .. Test on wrong input parameters ...
If (MUID < (L))DThen GoTo ERRORL
MC =1+ M 2

f M+1-2*M>0) Then GoTo ERRORL

pare in egrer parameters

z§§§§

I\/UD
- 1
W + 1)) | 2
- ML¥ ML+ L) T2

=

ER3EE
==
== »

L I I O BB B

=
=
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. Move elements backward and search for absolutely ?reatest
element (not necessary in case of a matrix without lower

c08|agonalﬂ

= 0#

(MUD > 0) Then

J = MA

MA - MZ

1B
PIV > 0) Then PIV = TB

J =11 -1

—_
(o]

eros in first MU rows (not necessary in case Mz=0) ...
?E > () Then

... Generate test value for singularity ..
TOL = EPS * PIV

§t%rt decomposition loop ..



IV > 0) Then

0) Then ID = ID

... Test on 3|n%ular|ty .

[f (PIV <= 0) Then Goto ERRORL
If (LER = 0) Then

Iff(PIV - TOL <= 0) Then I1ER

|
= 1 | A())

Pivot row reduction and row
side r ...

v

Pivot row reduction and row
matrix A ...

ction ...
Then

" § o

For | = 1I To ILR
In matrix A ...

-1
Then ID = ID -

6l

-1

1
~
—

interchange in right hand

interchange in cofeeicient

J]

Nz
A() + PIV * A(J))



J =
For JJ =1 To NM Step M
R(JJ) = RJ) + PIV * R())
] =1 +M
Next JJ
Next |
i T(Lf- 0) The» IC . IC - 1
ID = K- MR
If (ID > 0) Then KST = KST - ID
Next K o
... end decomposition loop ...
1 ... back substitution ...
Ié (IVI%- 1 <= 0) Then Exit Sub
||<|ST =MMA+ML-I\/C+2
For | =2 To M
KST = KST - MC
=10 -1
J =11 - MR
If (J > 0% Then KST = KST + ]
For J =11 To NM Step M
[]7* 1C; 2
ID =
For JJ = KST To MZ
ID =D + 1
TB = TB - A(JJ) * R(ID)
Next JJ
R(J) = TB
Next J
If (IC - MC<0) Then IC = IC +1
Next |
Exit Sub
L. error return ...
ERROR1
1ER = -1
End Sub

Function Max(A,  B)

. subfunction used to find maximum value of Aand B ...

If A >B Then
Max = A

Max = B
End If
End Function



Function Min(A, B) , o
' hfunction used to find minimum value of Aand B ...

If A <B Then
Min = A
Else
Min =
End If

End Function

C7 Source Code of Module "Complementary"

N * kk ok kk *k *A hkk ok kkkk kkkkk *
. y . .
L]

** This module is used for other complementations of program.

Public fMainForm As frmMain

Sub MainQ _
Set fMainForm = New frmMain
fMainForm. Show

End Sub

*

*%
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