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APPENDIX A
THE PCN INTERFACE

This program analyses ท-nodes network of single liquid HI 
phase at steady state condition where nodes connected by H I 
pipeline segments, pumps, or channels. For The solutions of IS  
pipes and pumps part, the simultaneous nonlinear equations fe|

Click to 
Figure A.2

Click to 
Figure A.7

Figure A.l -Start-
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Figure A.3

Figure A.2 -Enter initial data-
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Click to 
Figure A.4

Figure A.3 -Input pipe data-
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Click to 
Figure A.5

Figure A.4 -Input pump data-

Click to 
Figure A.6

Figure A.5 -Input channel data-
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Click to 
Figure A.7
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Figure A.6 -Input node data-
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Click to 
Figure A.8

Click to 
Figure A.9

Click to 
Figure A. 10

Click to 
Figure A.l 1

Click to 
Figure A.l 1

Figure A.7 -Check data-
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Click to 
Figure A.7

Figure A.8 -Check pipe data-
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Click to 
Figure A.7

Figure A.9 -Check channel data-

Click to 
Figure A.7

Figure A.10 -Check node data-



Click to 
Figure A. 7

Click to 
Figure A. 12

Click to 
Figure A. 13

Click to 
Figure A. 14

Click to 
Figure A. 15

F igureA .il -Edit data menu-
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Click to 
Figure A.l l

Figure A.12 -Edit initial data-

Click to 
previous data

Click to 
next data

Click to 
Figure A.l l

Figure A.13 -Check pipe data-
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Click to 
previous data

Click to 
next data

Click to 
Figure A.l 1

Figure A.14 -Edit channel data-

Click to 
previous data

Click to 
next data

Click to 
Figure A.l 1

Figure A.15 -Edit node data-
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Figure A.16 -Calculate-
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Click to 
Figure A.7

Click to 
Figure A. 19

Click to 
Figure A. 18

Click to 
Figure A.l 1

Click to 
Figure A.2 Click to 

exit program

Figure A.17 -View result ( Initial data)-
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Click to 
Figure A.7

Click to 
Figure A.l 1

Click to 
Figure A.2 Click to 

exit program

Figure A.18 -View result (pipe and pump results)-
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Click to 
exit program

Click to 
Figure A.7

Click to 
Figure A. 18

Click to 
Figure A.l 1

Click to 
Figure A.2

Figure A.19 -View result (Channel results)-



APPENDIX B
SOURCE CODE FOR CALCULATION MODULE

Dim B e t a  As D o u b le ,  D e l t a  As D o u b le ,  Dens As Double  
Dim Pi  As D o u b le ,  pj As Do u ble ,  พ As Double
Dim X As D o u b le ,  Y As Do u ble ,  Co n ver g e  As D o u b le ,  V i s c o s  As Do uble  
Dim A i j c h k  As Do u ble ,  tempA As D o u b l e ,  tempB As D o u b le ,  ED As Do uble  
Dim R i j  As D o u b le ,  P i i  As Do u ble ,  F a c t o r  As D o u b le ,  P i v o t  As Doubl e  
Dim TB As D o u b le ,  LL As Double
Dim A b s I J  As I n t e g e r ,  C o u n ter  As I n t e g e r ,  FR As I n t e g e r
Dim I As I n t e g e r ,  I I  As I n t e g e r ,  I t e r  As I n t e g e r ,  ITmax As I n t e g e r
Dim J As I n t e g e r ,  JJ As I n t e g e r ,  M As I n t e g e r ,  Tm As I n t e g e r
Dim JL As I n t e g e r ,  JH As I n t e g e r ,  Npl As I n t e g e r ,  Nband As I n t e g e r
Dim ILR As I n t e g e r ,  IrowK As I n t e g e r ,  K As I n t e g e r ,  Kst  As I n t e g e r
Dim ID As I n t e g e r ,  i n i _ b y t e  As I n t e g e r ,  d a t _ b y t e  As I n t e g e r
Dim a t _ b y t e  As I n t e g e r ,  c u r p o s  As I n t e g e r ,  N As I n t e g e r ,  N p ip e  As
I n t e g e r
Dim Npump As I n t e g e r ,  NC As I n t e g e r ,  Nchnnl  As I n t e g e r ,  w id  As 
I n t e g e r
Dim T y p e d  As B o o l e a n  
Dim TypeC3 As B o o l e a n  
Dim I n i d a t  As I n i d a t  
Dim I n i B y t e  As I n i B y t e  
Dim N o d eD a tO  As NodeDat  
Dim P i p e D a t O  As P ip eD a t  
Dim Pumpdat() As Pumpdat 
Dim C h n n l d a t () As Chnnldat  
Dim P r e s s D a t O  As P r e s s D a t  
Dim F l o w D a t () As FlowDat  
Dim C h a n n e l D a t O  As ChannelDat  
Dim F F D a t () As FFDat
P r i v a t e  Sub Co m m an d l_ C l i ck ()

Open A p p .P a t h  & "\"  & K e e p . T e x t 1 . Tex t  For B i n a r y  As #1
Open A p p .P a t h  & " \ P r e s s . d a t "  For B i n a r y  As #2
Open A p p .P a t h  & " \ F l o w . d a t "  For B i n a r y  As #3
Open A p p .P a t h  & " \ F F . d a t "  For B i n a r y  As #4
Open A p p .P a t h  & " \O p e n F l o w .d a t"  For B i n a r y  As #5

' Read t h e  i n i t i a l  d a t a  
Get #1 ,  1, I n i d a t  
Get #1 ,  29 ,  I n i B y t e

1 Read t h e  p i p e  d a t a
i n i _ b y t e  = I n i B y t e . i n i P i p e
ReDim P i p e D a t ( I n i d a t . N p i ) As P ip eD a t
d a t _ b y t e  = L e n ( P i p e D a t ( 1 ) )
a t _ b y t e  = I n i B y t e . i n i P i p e
For I = 1 To I n i d a t . N p i

a t _ b y t e  = d a t _ b y t e  * (I -  1) + i n i _ b y t e  
Get #1 ,  a t _ b y t e ,  P i p e D a t ( I )

Next
Read t h e  pump c o e f f i c i e n t  d a t a



I f  I n i d a t . N p m  > 0 Then
i n i _ b y t e  = I n i B y t e . in iPump
ReDim Pumpdat( I n i d a t . Npm) As Pumpdat
d a t _ b y t e  = L e n ( Pumpdat(1 ) )
a t _ b y t e  = I n i B y t e . in iPump
For I = 1 To I n id a t .N p m

a t _ b y t e  = d a t _ b y t e  * (I -  1) + i n i _ b y t e  
Get #1 ,  a t _ b y t e ,  Pumpdat(I )

N ex t  I 
End I f

' Read t h e  Chann el  d a t a
I f  I n i d a t . N c h  > 0 Then

i n i _ b y t e  = I n i B y t e . i n i c h n n l
ReDim C h n n l d a t ( I n i d a t . N c h )  As C hnnldat
d a t _ b y t e  = L e n ( C h n n l d a t ( 1 ) )
a t _ b y t e  = I n i B y t e . i n i c h n n l
For I = 1 To I n i d a t . N c h

a t _ b y t e  = d a t _ b y t e  * (I -  1) + i n i j o y t e  
Get #1 ,  a t _ b y t e ,  C h n n l d a t ( I )

Next  I 
End I f

' Read t h e  node d a t a
i n i _ b y t e  = I n i B y t e . i n i N o d e  
ReDim N o d e D a t ( I n i d a t . N )  As NodeDat  
d a t _ b y t e  = L e n ( N o d e D a t (1 ) )  
a t _ b y t e  = I n i B y t e . i n i N o d e  
For I = 1 To I n i d a t . N

a t _ b y t e  = d a t _ b y t e  * (I -  1) + i n i _ b y t e  
Get #1 ,  a t _ b y t e ,  N o d eD a t ( I )

Next  I
' S t a r t  t o  c a l c u l a t e

N = I n i d a t . N  
V i s c o s  = I n i d a t . V i s  

Dens = I n i d a t . D e n s  
N p ip e  = I n i d a t . N p i  
Npump = In id a t .N p m  

Nc hnnl  = I n i d a t . N c h  
ITmax = I n i d a t . I m a x

NC = Npipe  + Npump + Nchnnl
ReDim P r e s s D a t ( N )  As P r e s s D a t
ReDim FlowDat(NC) As FlowDat
ReDim ChannelDat(NC) As ChannelDat
ReDim FFDat( Np ip e)  As FFDat
ReDim C(N, N) As I n t e g e r ,  F R i (N pip e )  As I n t e g e r ,

F R j (N p ip e )  As I n t e g e r ,  I I I (N C)  As I n t e g e r ,  Irow(N) As I n t e g e
J h i g h ( N )  As I n t e g e r ,  JJj(NC) As I n t e g e r ,  J l ow (N)  As I n t e g e r ,  
NDowChn(N) As I n t e g e r ,  t (N )  As I n t e g e r ,
TypeFF(N, N) As I n t e g e r ,  TOpen(N) As I n t e g e r

ReDim A(N, N) As Do uble ,  AF(N) As Do u ble ,  A l p h a (N, N) As D o u b l e ,
B(N, N) As Do uble ,  D(N, N) As Do u ble ,  Dep(N, N) As D o u b l e ,  " 
Dp(N) As Do u ble ,  DPP(N) As Do u ble ,  e ( N ,  N) As Do u ble ,
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F (N + 1,  N + 1) As Do u ble ,  F_F (N, N) As D o u b le ,
f loww(N)  As Do uble ,  F R i j ( N  *~N) As D o u b le ,  L(N, N) As D o u b le ,
O ty p e (N ,  N) As Do u ble ,  P(N) As Do u ble ,  Q(N, N) As D o u b l e ,
Q i j ( N  * N) As D o u b le ,  S igma(N)  As D o u b le ,  Tch(N,  N) As Do u ble ,
v(N)  As Do u ble ,  Wch(N, N) As Do u ble ,  Z(N) As Doubl e

ReDim R e (N, N) As Do uble ,  F i j ( N ,  N) As D o u b le ,  Qin(N)  As Do uble
1 S e t  a l l  p a r a m e t e r  a s  z.ero 

For I = 1 To N
P ( I )  = 0 
t ( I )  = 0
V ( I )  = 0Z I) = 0S i g m a ( I )  = 0 

Dp( I ) = 0 
DPP(I) = 0 

AF ( I ) = 0 
TOpen(I)  = 0
For J = 1 To N

A ( I , J) = 0
B ( I , J) = 0
C ( I , J) = 0
D ( I , J) = 0
e ( I , J) = 0
M I , J) = 0

F _ F ( I , J) = 0
A l p h a ( I , J) = 0

N ex t  J 
N e x t  I

1 P r e p a r e  p i p e  c o e f f i c i e n t  and s e t  c o n n e c t i o n  m a t r i x  o f  
For C o u n t e r  = 1 To Npipe

D ( P i p e D a t ( C o u n t e r ) . N i ,  P i p e D a t ( C o u n t e r ) .Nj)
( C o u n t e r ) . D

L ( P i p e D a t ( C o u n t e r ) . N i ,  P i p e D a t ( C o u n t e r ) .Nj)
( C o u n t e r ) . L

F _ F ( P i p e D a t ( C o u n t e r ) . N i ,  P i p e D a t ( C o u n t e r ) . N j ) 
( C o u n t e r ) . FF

e ( P i p e D a t ( C o u n t e r ) . N i ,  
( C o u n t e r ) . R o u g h

T y p e F F ( P i p e D a t ( C o u n t e r ) . N i ,  
( C o u n t e r ) . TFF

c ( P i p e D a t ( C o u n t e r ) . N i ,
N ex t

P i p e D a t ( C o u n t e r ) . N j )  

P i p e D a t ( C o u n t e r ) . N j ) 
P i p e D a t ( C o u n t e r ) . N j )

p i p e ( c  = 1) 
= P ip e D a t  
= P ip e D a t  
= P ip e D a t  
= P ip e D a t  
= P ip e D a t  
= 1

' P r e p a r e  pump c o e f f i c i e n t  and s e t  c o n n e c t i o n  m a t r i x  o f  pump (c = 2) 
I f  Npump > 0 Then

For C o u n t e r  = 1 To Npump
A ( P u m p d a t ( C o u n t e r ) . N i ,  Pu m p d a t ( C o u n t er ) . N j ) = Pumpdat  

( C o u n t e r ) . A
B ( P u m p d a t ( C o u n t e r ) . N i ,  Pu m p d a t ( C o u n t er ) . N j ) = Pumpdat  

( C o u n t e r ) . B
c ( P u m p d a t ( C o u n t e r ) . N i ,  Pu m p d a t ( C o u n t er ) . N j ) = 2 

Next  
End I f
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' P r e p a r e  c h a n n e l  d a t a  
I f  Nchnnl  > 0 Then

For C o u n t e r  = 1 To Nchnnl  
c ( C h n n l d a t ( C o u n t e r ) . N i ,  

W c h ( C h n n l d a t ( C o u n t e r ) . Ni ,  
( C o u n t e r ) .พ

L ( C h n n l d a t ( C o u n t e r ) . N i ,  
( C o u n t e r ) . L

F _ F ( C h n n l d a t ( C o u n t e r ) . N i ,  
( C o u n t e r ) . FF

D e p ( C h n n l d a t ( C o u n t e r ) . N i ,  
( C o u n t e r ) . Dep

T c h ( C h n n l d a t ( C o u n t e r ) . N i ,  
( C o u n t e r ) . T c h  

Next  
End I f

C hnnldat
C hnnldat
C hnnldat
C hnnldat
C hnnldat
C hnnldat

(Counter)
(Counter)
(Counter)
(Counter)
(Counter)
(Counter)

• Nj)  
.Nj)
• Nj)
• Nj)  
■ Nj)
• Nj)

= 3
= Ch n n ld at  
= Ch n n ld at  
= Ch n n ld at  
= Ch n n ld at  
= C h n n ld a t

' P r e p a r e  Node d a t a
For C o u n t e r  = 1 To N

z ( N o d e D a t ( C o u n t e r ) . NNo) = N o d e D a t ( C o u n t e r ) . z 
p ( N o d e D a t ( C o u n t e r ) . NNo) = N o d e D a t ( C o u n t e r ) . p 
I f  N o d e D a t ( C o u n t e r ) . Type <> 0 Then

t ( N o d e D a t ( C o u n t e r ) . NNo) = N o d e D a t ( C o u n t e r ) . Type  
I f  N o d e D a t ( C o u n t e r ) . Type = 2 Or N o d e D a t ( C o u n t e r ) . Type =

3 Then
I f  N o d e D a t ( C o u n t e r ) . D ir  = 1 Then 
V ( N o d e D a t ( C o u n t e r ) . NNo) = N o d e D a t ( C o u n t e r ) . Flow  
E l s e :  V ( N o d eD a t ( C o u n t er ) .N N o )  = -NodeDat

( C o u n t e r ) . Flow
End I f  

End I f  
End I f

Next
1 Compute c o n s t a n t  c o n v e r s i o n  u n i t  from t h e  f l o w  r a t e  ( B r i t i s h  U n i t )  

B e t a  = Dens /  144
F a c t o r  = 32 * 12 A 5 /  ( P i i  A 2 * 144 * 3 2 . 2  * ( 7 . 4 8  * 60) A 2)

' Compute c o n s t a n t  c o n v e r s i o n  u n i t  from t h e  f l o w  r a t e  (SI)
' B e t a  = 9 . 8 1  * Dens /  ( 1 . 0 1 3 2 5  * 10 A 5)
1 P i i  = 3 . 1 4 1 5 9 2 6 5
' F a c t o r  = 32 * 10 A 15 /  ( P i i  A 2 * (3600)  A 2 * 1 . 0 1 3 2 5  * 10 A

' Compute Bandwidth  
Nband = 0 
For I = 1 To N

For J  = 1 To N
I f  (C (I ,  J) <> 0) Then

I f  A b s ( I -  J) > Nband Then 
A b s I J  = A b s ( I  -  J) 
wid = A b sIJ  

End I f  
End I f  

Next  J 
Nband = wid  

Next  I



' S e t  l o w e r  and up per  l i m i t  o f  e a c h  column  
For I = 1 To N

I f  1 > I -  Nband Then 
J l o w ( I )  = 1

E l s e :  J l o w ( I )  = I -  Nband
End I f
I f  N < I + Nband Then 

J h i g h ( I )  = N
E l s e :  J h i g h ( I )  = I + Nband
End I f
JL = J l o w ( I )
JH = J h i g h ( I )
T y p e d  = F a l s e :  TypeC3 = F a l s e  
For J = JL To JH 

I f  I <> J  Then
D(J, I) = D (I , J)
e ( J , I) = e ( I , J)
L(J , I) = L ( I , J)

F F ( J, I) = F F ( I , J)Wch(J, I) = Wch( I , J)Type FF (J, I) = T y pe FF (I ,  J)
I f  C ( I , J) == 1 Then

C ( J f I) = C ( I , J)
Alpha (J/ I)  = F a c t o r  *

End I f
I f  C ( I ,  J) = 3 Then C (J,  I)  = C ( I ,  J) 

End I f
I f  C ( I ,  J) = 1 Or C ( I ,  J) = 2  Then T y p e d  
I f  C ( I ,  J) = 3 Then TypeC3 = True
I f  T y p e d
End I f  
I f  TypeC3
End I f  
I f  T y p e d
End I f

Then
TOpen(I) = 0
Then
TOpen(I)  = 2
And TypeC3 Then
TOpen(I) = 1

Next  J 
N ex t  I

I * * * * ** ***  s t a r t  t h e  I t e r a t i o n  ** ** ** *** **  
For I t e r  = 1 To ITmax
' S e t  a l l  e l e m e n t  o f  F ( i , j )  = 0 

Npl = N + 1
For I = 1 To N 

For J = 1 To Npl  
F ( I ,  J) = 0 

N ex t  J 
Next  I

' S e t  l o w e r  and up per  l i m i t  o f  e a c h  row 
For I = 1 To N

/  ( ว (J,  I )

True



62

JL = J l o w ( I )
JH = J h i g h ( I )

' C h e c k i n g  t y p e  o f  node  
I f  t ( I )  <> 1 Then

F ( I ,  N p l ) = - V  (I)
For J = JL To JH
I f  J <> I Then

I f  C (J ,  I)  = 1 Then
Y = P(J )  -  P ( I )  + B e ta  * (Z(J)  -  Z ( I ))
I f  t ( I )  = 3 Then 

F (1/  I)  = 1 
F ( I ,  J) = - 1
F ( I ,  Npl)  = v ( I )  * A b s ( v ( I ) )  * A l p h a (J ,  I )  * F_F

(J ,  I )  + Y
E l s e

I f  Y <> 0 Then 
I f  Y < 0 Then

F ( I , J) = 0 . 5  * S q r ( - 1  /  ( A l p h a (J ,  I )  *
F _ F (J , I )  * Y))

F ( I , I) = F ( I , I)  -  0 . 5  * S q r ( - 1  /
( A l p h a (J ,  I )  * F_F (J ,  I)  * Y ) )

F ( I , Npl)  = F ( I , Npl)  + S q r ( - Y  /  ( A l p h a ( J ,
I )  * F _ F (J , I ) ))

E l s e
F _ F ( J ,  I )  * Y))
(J ,  I )  * F _F (J ,  I )  * Y) ) 
I)  * F _ F (J , I ) ))

F ( I , J) 
F ( I ,  I)  

F (I / Npl)
End I f  

End I f  
End I f

= 0 . 5  * S q r (1 /  ( A l p h a ( J ,  I )  *
= F ( I ,  I)  -  0 . 5  * S q r (1 /  (Alpha  
= F ( I ,  Npl)  -  S q r (Y /  ( A l p h a ( J ,

E l s e l f  C(J ,  I)  = 2 Then
พ = P(J)  -  P ( I )  + A (J ,  I )  + B e t a  * (Z(J)  -  Z ( I ) )
I f  พ > 0 Then

I f  P(J)  <= P ( I )  Then
F (I , J) = 0 . 5  * S q r (1 /  ( B (J ,  I )  * พ))
F ( I , I)  = F ( I , I)  -  0 . 5  * S q r (1 /  ( B (J ,  I )  *

พ) ) F ( I , Npl)  = F ( I , Npl)  -  S q r (พ /  B ( J ,  I ) )
F ( I , Npl)  = F ( I , Npl)  -  S q r (A (J,  I )  /  B ( J ,  I ) )

End I f  
End I f

E l s e l f  C ( I ,  J) = 2 Then
พ = P ( I )  -  P(J)  + A ( I , J) + B e t a  * ( Z ( I )  -  Z ( J ) )
I f  พ > 0 Then

I f  P ( I )  <= P(J)  Then
F ( I , J) = 0 . 5  * S q r (1 /  ( B ( I ,  J) * พ))
F ( I , I)  = F ( I , I)  -  0 . 5  * S q r (1 /  ( B ( I ,  J) *

พ) )
F ( I ,  Npl)  = F ( I ,  Npl)  + Sqr (พ /  B ( I ,  J) )
F ( I , Npl)  = F ( I , Npl)  + S q r (A ( I , J) /  B ( I ,  J ) )
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End I f  
End I f  

End I f  
End I f  
Next  J

E l s e
F ( I ,  I)  = 1 

End I f  
N e x t  I

' Use t h e  s u b r o u t i n e  SGEM(Speacia l  G u e s s i a n  E l i m i n a t i o n  Method)  t o  
s o l v e d
' t h e  e l e m e n t  o f  c o e f f i c i e n t  i n  banded m a t r i x  
GoSub SGEM

For 1 = 1  
AF (I )  
Dp (I)  
Dp ( I)  P(I) 

N ex t  I

To N 
= 1 / 3  
= F ( I , N + 1)
= Dp(I)  * AF(I)  
= P ( I )  + Dp(I )

' Check f o r  c o n v e r g e n c e  
C o n verg e  = 0 
For I = 1 To N

D e l t a  = Dp(I)
I f  A b s ( D e l t a )  > Converge  Then 

Co n ver g e  = A b s ( D e l t a )
End I f  

Next  I
' C a l c u l a t e  f l o w  i n  a l l  p i p e s  

For I = 1 To N 
f l o w w ( I )  = 0 
For J = 1 To N 

Q ( I ,  J) = 0 
N ex t  J 

N ex t  I
For I = 1 To N 

JL = J l o w ( I )
JH = J h i g h ( I )
For J = JL To JH 

I f  J <> I Then
' compute  f l o w r a t e  i n  c a s e  o f  p i p e l i n e  

I f  C ( I ,  J) = 1 Then
X = ( P ( I )  -  P(J)  + B e t a  * ( Z (I )  -  Z ( J ) ) )  /  

( A l p h a d ,  J) * F_F ( I , J) )
I f  X <> 0 Then 

I f  X > 0 Then
Q (I ,  J) = Sqr(X)

E l s e :  Q( I , J) = - S q r ( - X )
End I f  

End I f
1 i n  c a s e  o f  pump

E l s e I f  C(J ,  I)  = 2 Then
พ = P(J)  -  P ( I )  + A (J,  I)  + B e t a  * (Z(J)  -  Z ( I ) )
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Pi = P ( I ) + B e ta  * Z ( X)
Pj = P(J )  + B e t a  * Z(J)
I f  w > 0 Then

I f  Pj > Pi  Then
Q ( I ,  J) = - S q r (A (J,  I )  /  B ( J ,  I ) ) 

E l s e :  Q( I , J) = - S q r (พ /  B ( J ,  I ) )
End I f  

End I f

E l s e l f  C ( I ,  J) = 2 Then
พ = P ( I )  -  P(J )  + A ( I , J) + B e t a  * ( Z ( I )  -  Z ( J ) )  
Pi  = P ( I )  + B e ta  * Z( I )
Pj = P(J)  + B e t a  * Z(J)
I f  w > 0 Then

I f  Pi  > Pj Then
Q (I ,  J) = S q r (A ( I , J) /  B ( I ,  J ) )

E l s e :  Q (I , J) = Sqr(W /  B ( I ,  J ) )
End I f  

End I f  
End I f  

End I f  
Next  J 

N e x t  I
' C a l c u l a t e  n e t  f l o w  a t  e v e r y  node  

For I = 1 To N 
JL = J l o w ( I )
JH = J h i g h ( I )
For J = JL To JH

I f  A b s ( Q ( I ,  J ) ) <> 0 Then
f l o w w ( I )  = f l o w w ( I )  + Q (I ,  J)

End I f
Next

Next
I f  Nc hnnl  > 0 Then GoSub Ca lC han ne l :

* Phop V
I f  C o n verg e  < 0 . 0 0 0 0 1  Then 

c u r p o s  = 1 
For I = 1 To N

P r e s s D a t ( I ) . Ni = I 
P r e s s D a t ( I ) . p = P ( I )
Put #2,  c u r p o s ,  P r e s s D a t ( I )  
c u r p o s  = S e e k (2)

Next
E x i t  For ' I t e r  

End I f
GoSub ApproxFF

P r o g r e s s B a r l . V a lu e  = I t e r  * 100 /  ITmax
N ex t  I t e r
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Tm = 0 
FR = 0
For I = 1 To N

For J  = I To N 
I f  C ( I ,  J) = 1 Then 

Tm = Tm + 1 
I I I(T m) = I 
JJj(Tm) = J
ร  ะ ï
FRj (FR) = J
F R i j (FR) = F _ F (I , J)

End I f
I f  C ( I ,  J) = 3 Then 

Tm = Tm + 1 
III (Tm)  = I 
JJj(Tm) = J 

End I f
N ex t  J 

Nex t  I •
I f  C o n verg e  > 0 . 0 0 0 0 1  Then

L a b e l 3 . C a p t i o n  = " i t e r a t i o n s  g a v e  no c o n v e r g e n c e "  
MsgBox "The i t e r a t i o n s  g a v e  no c o n v e r g e n c e  ", 48,  

C o n v e r g e n c e  r e p o r t "
E l s e l f  I t e r  = 1 Then

L a b e l 3 . C a p t i o n  = " i t e r a t i o n  ga ve  c o n v e r g e n c e "
E l s e :  L a b e l 3 . C a p t i o n  = " i t e r a t i o n s  g a v e  c o n v e r g e n c e "  

End I f
c u r p o s  = 1 
For I = 1 To N

P r e s s D a t ( I ) . Ni  = I 
P r e s s D a t ( I ) . P = P (I)
Put #2 ,  c u r p o s ,  P r e s s D a t ( I )  
c u r p o s  = S e e k (2)

Next
Put t h e  c a l c u l a t e d  d a t a  t o  f i l e s  

c u r p o s  = 1
I f  c ( I I I  (M) , JJ j  (M) ) = 1 Or c ( I I I  (M) , JJ j  (M) ) = 2 Then 

F lo w D a t ( M ) .N i  = III (M )
F l o w D a t (M). Nj = JJj(M)
F l o w D a t (M).Q = Q ( I I I ( M ) , J J j ( M ) ) 
c u r p o s  = S e e k (3)
Put #3 ,  c u r p o s ,  FlowDat(M)

E l s e l f  C ( I I I (M) ,  J J j ( M ) ) = 3 Then 
C h a n n e l D a t (M) Ni = III (M)
C h a n n e l D a t (M).Nj = JJj(M)
C h a n n e l D a t (M).Q = Q ( I I I ( M ) ,  J J j ( M ) )
C h a n n e l D a t (M). Dep = D e p ( I I I ( M ) ,  J J j ( M ) ) 
c u r p o s  = S e e k (5)
Put #5 ,  c u r p o s ,  ChannelDat(M)
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End I f
Next
c u r p o s  = 1 
For M = 1 To FR

F F D a t (M).Ni  = FRi(M)
F F D a t (M).Nj = FRj(M)
F F D a t (M). F i j  = FRij(M)
Put #4 ,  c u r p o s ,  FFDat(M) 
c u r p o s  = S e e k (4)

Next
C l o s e  #1 ,  #2 ,  #3,  #4 ,  #5 
P r o g r e s s B a r l . V a l u e  = 100 
I f  I t e r  > ITmax Then I t e r  = ITmax 
L a b e l 2 . C a p t i o n  = I t e r

C a l c u l a t e . V i s i b l e  = F a l s e
' U n lo a d  Me
V i e w R e s u l t 2 . V i s i b l e  = True  
E x i t  Sub
I * * * * * * * * * * * * * *  End o f  main program * * * * * * * * * * * * * * * * * * * * * *
SGEM :
' s t a r t  L-U D e c o m p o s i t i o n  l o o p  

Kst  = 1
For K = 1 To N

ILR = K + Nband 
I f  ILR > N Then 

ILR = N 
End I f  
P i v o t  = 0 
J = Kst
For I = K To ILR

I f  A b s ( F ( I ,  J ) ) > A b s ( P i v o t ) Then 
P i v o t  = F ( I , J)
Irow(K) = I 

End I f  
N ex t  I
I f  P i v o t  = 0 Then

MsgBox "Some p i v o t  = 0,  Cannot p r o c e e d  an y m ore ."  
(13)  + C h r (13)

+ " P l e a s e  c h e c k  your d a t a . " ,  48,
C l o s e  #1 ,  #2,  #3,  #4 ,  #5 
Unlo ad  Me
P i p i n g 6 . V i s i b l e  = True  
E x i t  Sub

End I f
' N o r m a l i z e  p i v o t  row e l e m e n t  

Npl = N + 1 
IrowK = Irow(K)
For J = K To Npl

F (IrowK, J) = F (IrowK, J) /  P i v o t  
N ex t  J
I f  K <> IrowK Then 

For J = K To Npl  
Tm = F (K, J)

+ Chr 
"Error"



67

F(K, J) = F ( IrowK, J)
F ( IrowK, J) = Tm

Next  
End I f  
I I  = K + 1 
JJ  = Kst
For I = I I  To ILR

A i j c h k  = - F ( I , JJ)
For J = JJ  To Npl

F ( I , J) = F ( I , J) + A i j c h k  * F (JJ ,  J) 
Next  J 

N ex t  I
Kst  = Kst + 1 

Next  K
' End o f  L-U D e c o m p o s i t o n  Loop
' Back s u b s t i t u t i o n  

I I  = N
For I = 2 To N 

I I  = I I  -  1 
ID = I I
TB = F ( I I , Npl)
ID = ID + 1 

For JJ  = ID To N
TB = TB -  F ( I I , JJ) * F ( J J ,  Npl)

Next  JJ
F ( I I ,  Npl)  = TB

Next  I
R e t u rn  
E x i t  Sub
ApproxFF ะ

P i i  = 3 . 1 4 1 5 9 2 6 5  
For I = 1 To N

For J = 1 To N
Q(1/  J) = 0 

R e ( I ,  J) = 0 
F i j  ( I ,  J) = 0 

Next  J 
N ex t  I
For I = 1 To N 

JL = J l o w ( I )
JH = J h i g h ( I )
For J = JL To JH 

I f  J <> I Then
I f  TypeFF ( J,  I)  = 1 Or T y p e F F d ,  J) 

I f  C ( I ,  J) = 1 Then
Y = ( P ( I )  -  P(J )  + B e t a  * (Z{

( A l p h a ( I ,  J) * F _ F ( I , J) )
I f  Y <> 0 Then 

I f  Y > 0 Then
Q ( I ,  J) = Sqr(Y)

E l s e :  Q( I , J) = - S q r ( - Y )
End I f

= 1 Then 
I)  -  Z ( J ) ))  /
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' f o r  B r i t i s h  u n i t
R e ( I ,  J) = 1 5 8 . 9 9  * Dens * A b s ( Q ( I ,  J ) ) /  ( P i i

* D ( I ,  J ) )
' f o r  SI
1 R e ( I ,  J) = 1 1 1 . 1 1 1  * Dens * A b s ( Q ( I ,  J)

* V i s c o s  * D ( I ,  J ) )
1 f o r  RE > 4000

I f  R e ( I ,  J) > 4000 Then
ED = 0 . 2 6 9  * 12 * e ( I , J) /  D ( I ,  J) 
R ij  = 2 . 1 8 5  /  R e d ,  J) 
tempA = Log (ED + ( 1 4 . 5  /  R e d ,  J) ) ) 
tempB = Log(ED -  (Rij  * tempA))
F i j  ( I ,  J) = ( - 1 . 7 3 7  * tempB) A ( - 2 )  

E l s e l f  R e d ,  J) < 2000 Then 
F i j  ( I ,  J) = 16 /  Re ( I ,  J)

E l s e :  F i j  ( I ,  J) = F _ F ( I ,  J)
End I f  

End I f
E l s e :  F i j  ( I ,  J) = F _ F ( I ,  J)
End I f

E l s e :  F i j ( I ,  J) = F _F ( I , J)
End I f  

End I f  
Next  J 

Next  I
1 R e t u rn  v a l u e  F i j  t o  FF 
For I = 1 To N 

JL = J l o w ( I )
JH = J h i g h ( I )
For J  = JL To JH 

I f  J <> I Then
I f  C(J ,  I)  = 1 Then

F F  ( J , I)  = F i j  (J,  I)
End I f  

End I f  
Next  J 

Nex t  I
R e t u rn
I * * * * *** **  End o f  s u b r o u t i n e  ApproxFF ** ** * * * * * * * * * * *

I * * * * * * * * * * *  S u b r o u t i n e  C a l c u l a t e  Depth * * * * * * * * * * * * * * *  
C a l D e p t h :

dz = A b s ( Z (I)  -  Z (J) )
พ = Wch( I 1 J)
f l o  = Q ( I , J) * 0 . 1 3 3 7  /  60
FF = F _ F ( I , J)
LL = lTi , J)
Dept  = D e p d ,  J)
T1 = 4 * ( 3 2 . 2 )  * dz * พ ' '  3 
T2 = 0
T3 = - 1  * 4 * LL * FF * f l o  A 2 
T4 = - 1  * 2 * LL * FF * พ *  f l o  A 2

V i s c o s  

/  ( P i i
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A1 = T2 /  Tl
A2 = T3 /  Tl
A3 = T4 /  Tl
QQ = 1 / 9 * ( - 3 * A2 + 0)
RR = 1 / 54 * (0 + 27 * A3
gramm = QQ ~ 3 -  RR A 2 
I f  gramm > 0 Then

B e « .  *  A t M - X x 1/  S q r U x  .  Xx * 1 , 1 * 2 * At„  (1)
d e p l  = - 2  * Sqr(QQ) * C o s ( B e e t a  /  3) -  0
dep2 = - 2  * Sqr(QQ) * C o s ( B e e t a  /  3 + 2 /  3 * P i i )
dep3 = - 2  * Sqr(QQ) * C o s ( B e e t a  /  3 + 4 /  3 * P i i )

I f  d e p l  > 0 Then
D e p ( I , J) = d e p l  * 12

E l s e l f  dep2 > 0 Then
D e p ( I , J) = dep2 * 12

E l s e l f  dep3 > 0 Then
D e p ( I , J) = dep3 * 12

End I f
d e l  = (Abs(RR) t- S q r ( - 1  * gramm)) A (1 /  3)
D e p ( I ,  J) = (-•1 * Sgn(RR) * ( d e l  + QQ /  d e l )

End I f

- 0 - 0

12

R et u rn
t * * * * * * * * * * * * * *  End £0 S u b r o u t i n e  Ca lD ep th  * * * * * * * * * * * * * * *
t * * * * * * * * * * * * * *  S u b r o u t i n e  Ca lCha nne l  * * * * * * * * * * * * * * * * * * * * * * *  
C a l C h a n n e l ะ
1 D e f i n e  t h e  f l o w  i n  t h e  u p s trea m  c h a n n e l  

For I = 1 To N
I f  TOpen( I ) = 1 And f l o w w ( I )  < 0 Then 

For J = J l o w ( I )  To J h i g h ( I )
I f  C ( I ,  J) = 3 Then

Q (I ,  J) = A b s ( f l o w w ( I ))
GoSub Ca lDepth :
GuessD = D e p ( I ,  J)

End I f
Next  

End I f
Next

' C a l c u l a t e  t h e  f l o w  r a t e  and d e p t h  a t  e a c h  c h a n n e l .
For I = 1 To N 

Q i n ( I )  = 0 
NDowChn( I ) = 0  
For J = J l o w ( I )  To J h i g h ( I )

I f  C ( I ,  J) = 3 Then 
I f  TOpen(I) = 2 Then 

I f  Z (I)  > Z (J) Then 
O t y p e ( I ,  J) = -1  
NDowChn(I) = NDowChn(I) + 1 

End I f  
End I f  

End I f  
N e x t  J 

N ex t  I



For I = 1 To N 
JL = J l o w ( I )
JH = J h i g h ( I )
I f  TOpen(I)  = 2 And NDowChn(I) > 1 Then 

For J = JL To JH
I f  C ( I ,  J) = 3 Then 

I f  Z (X) < Z(J)  Then
f l o w w ( I )  = f l o w w ( I )  + Q(J,  I)  

End I f  
End I f  

Next
Q i n ( I )  = f l o w w ( I )
GoSub B r a n c h i n g :

E l s e l f  NDowChn(I) = 1 Then 
For J  = JL To JH

I f  C ( I ,  J) = 3 Then 
I f  Z ( I )  < Z(J)  Then

f l o w w ( I )  = f l o w w ( I )  + Q(J ,  I)  
End I f  

End I f  
Next
For J = JL To JH

I f  c ( I , J) = 3 Then 
I f  Z ( I )  > Z(J)  Then

Q (I ,  J) = A b s ( f l o w w ( I ))
GoSub Ca lDepth :
GuessD = D e p ( I ,  J)

End I f  
End I f  

Next  
End I f  

N ex t  I
Ret u rn

• ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★ ★  ร ) t i n .0 B r a n c h i n g  Tif*^**********************  
B r a n c h i n g :

Qkeep = Q i n ( I )
Dkeep = GuessD /  3 
F i x l  = I
NDC = NDowChn( F i x l ) 
i j k  = 0 

Do
Qkeep = Q i n ( F i x I )
NDC = NDowChn(Fixl)
For J  = JL To JH

I f  O t y p e ( F i x I ,  J) = - 1  Then
I f  NDC > 1 Then

ร 1- ไ ^ ไ ? ! ,  -  . I J I I  .  4 .  (W ch IF ix I ,  J) 
* D e p ( F i x l , J) /  12) A 3 

Denom = 2 * L ( F i x I ,  J) * F _ F ( F i x I ,  J)
* (2 * D e p ( F i x l , jT /  12 + W ch ÎF ixI ,  J ) )  

Q ( F i x I ,  J) = Sqr(Num /  Denom) * 60 /  0 . 1 3 3 7  
Qkeep = Qkeep -  Q ( F i x I ,  J)
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N DC = N DC -  1 
E l s e  :

Q ( F i x I ,  J) = Qkeep 
GoSub Ca lDepth:
D l a s t  = D e p ( F i x I ,  J)

End I f  
End I f  

Next  J
I f  A b s ( D l a s t  -  Dkeep) < 0 . 0 0 0 0 1  Then

I f  O t y p e ( F i x I ,  J) = - 1  Then 
Sum = Sum + D e p ( F i x I ,  J) 

End I f
Next
Dkeep = Sum /  NDowChn(F i x l )

End I f
i j k  = i j k  + 1
I f  i j k  = 100 Then E x i t  Do

Loop U n t i l  A b s ( D l a s t  -  Dkeep) < 0 . 0 0 0 0 1
R et u rn

End Sub
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