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c
c PROGRAM SWFLOW
c
C A FINITE ELEMENT CO! FOR SOLVING
C SHALLOW WATER FLOW .
e .
C IR. SOM
c ' : ENprARmANT
c -ﬂ" OF E c‘-\
C |
: / 78 \
c THE VALUES DEC: HE p \ TATEMENT BELOW SHOULD
c BE ADJUSTED o = "HE PROBLEMS AND TYPES
2 OF COMPUTERS: // .g.I: 14 ﬁ\\\\\
€ MXPOIV = MAXZM BER OF VE ODES IN THE MODEL
c MXPOIP , \TER N NODES IN THE MODEL
c MXELE IN THE MODEL
c

Q00N

[eNeNe!

PARAMETER (YIP 200, MXFLUX=1)

PARAMETER (M2

IMPLICIT REAL*S
DIMENSION COORD (MXH
DIMENSION UVEL (MXPOIV), VVEL
o ol ._-_'f:_: -,
DIMENSIO S
DIMENSION -SOL (MXNEQ) ,_D

{POIV), PRES (MXPOIV), SH(MXPOIV)

INTEGER I T (MXELE JX (MXFL )
INTEGER I (MXPOIV), IBCV (MXPOIV), IBCP(MXPOIV)

ﬁ&ﬁﬁﬂmwmﬁﬁn

OPEN IT=7, FILE=NAMEl, STATUS='OLD', ERR=10)
OPEN (UNIT=9, FILE-'CHE&( ouT', STA&—'NEW'

ammnmum'mma d

READ (7,*) NLINES

DO 100 ILINE=1,NLINES
READ(7,1) TEXT

FORMAT (20A4)

CONTINUE

READ INPUT DATA:

READ(7,1) TEXT
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WRITE(9,104)
104 FORMAT(' NPOIV NPOIP NELEM NFLUX NITER TOL')
READ(7, *) NPOIV, NPOIP, NELEM, NFLUX, NITER, TOL
WRITE(9,105) NPOIV, NPOIP, NELEM, NFLUX, NITER, TOL
105 FORMAT (5I8, F8.2)
IF (NPOIV.GT.MXPOIV) WRITE(6,110) NPOIV
110 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXPOIV TO',6IS5)
IF (NPOIV.GT.MXPOIV) STOP
IF (NPOIP.GT.MXPOIP) WRITE(6,120) NPOIP
120 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXPOIP TO',I5)
IF (NPOIP.GT.MXPOIP) STOP
IF (NELEM.GT.MXELE) WRITE(6,130) NELEM
130 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXELE TO',I5)
IF (NELEM.GT.MXELE) STOP
IF (NFLUX.GT .MXFLUX) '
140 FORMAT(/,' PLEASE IN
IF (NFLUX.GT.MXFLUX)

0) NFLUX
ETER MXFLUX TO',IS)

READ FLUID PROP

READ(7,1) TE!II---".

WRITE (9,134)
134 FORMAT ('
READ(7,*) DE
WRITE (9,135
135 FORMAT (3E12.4)

READ NODAL € , BOUNDARY ¢ _
REQUIREMENT : ES .MUST|BE NUMBERED FIRST
- ¥ \

READ(7,1)
WRITE(9,138)

138 FORMAT(' NODAL IN N (NOI ., U-V-P BC, X-Y COORD, ',

* ' U-V-P V.
DO 150 IP=1,NPOIV :
READ (7, *) I, IBC V([ CP(I);

* (COORD (I, K “éé? ), YW
WRITE (9, 152)
* (COORD (I, K

152 FORMAT (I6,* L
IF(I.NE.IP) m'k z

155 FORMAT(/, ' NODE NO.',
IF(I.NE.IP) ST p

150 CONTINUE

- ﬂ%&k’&%ﬁﬁ“ﬂﬁl”lﬂ‘i

READ(7, 1) TEXT

At IO TR ¢

7,%) I, (INTMAT(I,J), J=1,6)
WRITE(9,162) I, (INTMAT(I,J), J=1,6)
162 FORMAT (718)
IF(I.NE.IE) WRITE(6,165) IE
165 FORMAT(/, ' ELEMENT NO.', I5, ' IN DATA FILE IS MISSING')
IF(I.NE.IE) STOP
160 CONTINUE

N DATA FIL@_S MISSING')

READ FLUX BOUNDARY (FLOW INLET) INFORMATION:

), SH(I), CC(I)

;\—‘ ), SH(I), cc(I)

119
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168

172
170

200

400

410

510

520

READ(7,1) TEXT
WRITE(9,168) NFLUX

FORMAT (' OUTFLOW INFORMATION (ELE NO., 3 NODE NO.): [',

* I4, *'1°')

DO 170 1IB=1,NFLUX

READ (7, *) (INTFLUX (IB,J), J=1,3)
WRITE(9,172) (INTFLUX(IB,J), J=1,3)
FORMAT (418)

CONTINUE

WRITE(6,200) NPOIV, NPOIP, NELEM, NFLUX, NITER, TOL

FORMAT (' THE FINITE ELEMENT MODEL CONSISTS OF:'

NUMBER OF VELOCITY NODES
NUMBER OF WATER LEVEL NODES

1

1l

' |

‘ : F UNDARY

, (BER OF I1 EQUIRED
Ll R Jﬁ;‘

DO 400 1I=1,NPO
SOL(I )
SOL (I+NPOIV)
CONTINUE
DO 410 I=1,NP
SOL (I+NPOIV
CONTINUE

* % * * X *

NEQ = 2*NPO
ENTER ITERAT
DO 500 ITER=1,
RESET THE SYSTEM

DO 510 I=1,NEQ
SYSR(I) =
CONTINUE |
DO 520 I=1
DO 520 J=
SYSK(I,J) =
CONTINUE

WRITE(6,530)

’ /I

’ 16l /l
', 16, /,
'l 16I /l
'I IGI /I
'
1

’ I6I /I
, F6.2 )

120
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ESTABL H ELEMENT MATRIQPS AND ASSEM LE ELEMENT E TIONS
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CALL TRI (NPOIV, NPOIP, NELEM, NFLUX, NEQ,
* VIS, COORD, INTMAT, INTMATF, SYSK,
* SOL, MXPOIV, MXELE, MXFLUX, MXNEQ,

IF (NFLUX.NE.O) THEN

DEN, GRA,

SYSR,
SH, CC)

CALL VELTRACT (SYSR, COORD, INTFLUX, UVEL, MXPOIV,

* MXNEQ, MXFLUX, SOL, SH, SYSK)
ENDIF
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APPLY BOUNDARY CONDITIONS OF NODAL INCREMENTS

WRITE(6,550)
550 FORMAT (8X, ' APPLYING BOUNDARY CONDITIONS OF NODAL',

* ' INCREMENTS' , )
CALL APPLYBC (NPOIV, NPOIP, NEQ, IBCU, IBCV, IBCP,
* SYSK, SYSR, MXPOIV, MXPOIP, MXNEQ )

SOLVE A SET OF SIMULTANEOUS EQUATIONS FOR NODAL INCREMENTS:

WRITE(6,560)
560 FORMAT (8X, ' SOLVING SET O
) ' NODAL INCR )
WRITE(6,570) NEQ

570 FORMAT (8X, ' AL OF 5 NS TO BE SOLVED ) ')
CALL GAUSS(NEQ, S e B
- ———

MULTANEOUS EQS. FOR',

)

580 CONTINUE
RATIO = UP*1
WRITE(6,585)

585 FORMAT(6X, 'C

® FB.2,

RROR OF',
)

587 FORMAT (6X, 'ITERATION.NO.', I16, ' HAS GLOBAL ERROR OF',
* F8.2, ' %' ; )
IF (RATIO.GT.TO

SOLUTION CONVEREED 1 PuEN—PHE—PEOT D=
v,

WRITE(6,590)

590 FORMAT(/, 3 ' *%%x SOLUTION CONVERGED W IN SPECIFIED',
* ' TOLE CE ***', // )
GO TO 700

« S AN ININT

UPDATE‘FODAL SOLUTIONS:

[ o o/
e R UV A
610 I
500 CONTINUE
SOLUTION NOT CONVERGED WITHIN THE SPECIFIED TOLERANCE
WRITE(6,620)
620 FORMAT(/, 3X, ' ??? SOLUTION NOT CONVERGED WITHIN',
* ' SPECIFIED TOLERANCE 2?22?2', // )

700 CONTINUE
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c
o PRINT OUT SOLUTIONS OF NODAL VELOCITIES AND PRESSURES:
c
710 WRITE(6,720)
720 FORMAT (' PLEASE ENTER FILE NAME FOR VELOCITY & PRESSURE',
* ' SOLUTIONS:', / )
READ(5, '(A)', ERR=710) NAME2 '
OPEN (UNIT=8, FILE=NAME2, STATUS='NEW', ERR=710)
WRITE (8,730) NPOIV
730 FORMAT (' NODAL VELOCITY AND PRESSURE SOLUTIONS [', I5,']:'
* //. 2X, 'NODE', 6X, 'U-VELOCITY', 6X, 'V-VELOCITY',
* 8X, 'PRESSURE', / )

ROUND-OFF SOLUTION VALUE OR NEAT OUTPUT:

[eNeNe!

ROFF = 1.E-6
DO 740 IEQ=
VALUE = SOL(IEQ)
IF (ABS (VALUE) .
740 CONTINUE

DO 750 IP=1,
IEQU = IP
IEQV = NPOIV
IEQP = 2*
WRITE(8,760)

760 FORMAT (I6,

750 CONTINUE
DO 770 IP
IEQU = IP
IEQV =
WRITE(8,780)

780 FORMAT (I6, 2

770 CONTINUE

L (IEQP)

nnn

Q
s
o
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5
B
]
H
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o
]

)

800 WRITE(6, .iv

810 FORMAT ('} VIER S WA P PISPLAY:', /)
READ (5, ' (&) " i
OPEN (UNIT : , “BRR=800)
NVAR {l
WRITE(10,820) NPOIP, NELEM, NVAR
820 FORMAT(' NBOER NELEM  NVAR',6 /, 318)
o BRI ERH B WERRT. 5
IEQU = I
o ﬁ"’iﬁﬁ 1%] mbmmmmﬁ | M-
SOL (IEQP)

850 FORMAT(IB, 5E13.5)

840 CONTINUE
WRITE(10,860) NELEM

860 FORMAT (' ELEMENT NODAL CONNECTIONS [', I5, ']l:')
DO 870 IE=1,NELEM
WRITE(10,880) IE, (INTMAT(IE,J), J=1,3)

880 FORMAT (418)

870 CONTINUE
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910

920

930

950
940

960

980
970
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WRITE (6,910)

FORMAT (' PLEASE ENTER FILE NAME FOR U-V DISPLAY:', /)
READ(5, ' (A) ', ERR=900) NAME4

OPEN (UNIT=11, FILE=NAME4, STATUS='NEW', ERR=900)

NVAR = 2

NELEM4 = 4*NELEM

WRITE(11,920) NPOIV, NELEM4, NVAR

FORMAT (' NPOIV NELEM NVAR', /, 318)

WRITE(11,930) NPOIV

FORMAT (' NODAL COORDINATES & U-V SOLUTIONS [', I5, ']:')
DO 940 1I=1,NPOIV

IEQU =

IEQV = NPOIV + I
WRITE(11,950) I, (COORD(
FORMAT (I8, 4E13.5)
CONTINUE
WRITE(11,960) NE

J=1,2), SOL(IEQU), SOL(IEQV)

FORMAT (' ELEMENT ‘ t1:%)
ICE = 1 i
DO 970 1IE=1,

II = INTMAT(

JJd =

KK =

LL =

MM =

NN =

WRITE (11,980

ICE = ICE +

WRITE(11,980)

ICE = ICE +

WRITE(11,980)
ICE = ICE + 1

WRITE(11,980)
ICE = ICE + 1
FORMAT (418)
CONTINUE

SUBROUTINE APPLYBC(NPOIV NPOIP, NEQ, IBCU, IBCV, IBCP,
¢ g5 SYSK, SYSR/ MXPOIV, MXPOIP, MXNEQ )

T IV ATE T TRt -

WITH

= FREE TO CHANGE' (INCREMENT;; COMPUTED) }
ngLZ]inizgfi [iiiiiij)ﬂii iI fgiqgl Eﬁrigj
IMENSION SYSK(MXNEQ,MXNEQ), SYSR(MXNEQ)
INTEGER IBCU(MXPOIV), IBCV(MXPOIV), IBCP (MXPOIV)
APPLY BOUNDARY CONDITIONS FOR NODAL U-VELOCITIES:
IEQL = 1
IEQ2 = NPOIV

DO 100 IEQ=IEQ1l,IEQ2
IEQU = IEQ
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IF (IBCU(IEQU) .EQ.0) GO TO 100

DO 110 IR=1,NEQ
IF(IR.EQ.IEQ) GO TO 110
SYSK(IR,IEQ) = 0.

110 CONTINUE

DO 120 IC=1,NEQ
SYSK(IEQ,IC) = 0.
120 CONTINUE
SYSK(IEQ,IEQ) = 1.
SYSR(IEQ) = 0.

100 CONTINUE

APPLY BOUNDARY CONDITIO! FOR Vo) V VELOCITIES:

IEQ1
IEQ2 = 2*NPOIV
DO 200 TIEQ=
IEQV = IEQ - NE
IF (IBCV(IEQV) .E

I

2
3
H
<
+

=

DO 210 1IR=1,N
IF (IR.EQ. IE(
SYSK (IR, IEQ)
210 CONTINUE

DO 220 IC=1,N
SYSK(IEQ, IC)

220 CONTINUE ‘
SYSK (IEQ, IEQ)
SYSR(IEQ) = O.

200 CONTINUE
APPLY BOUNDARY CONDIA

IEQ1 = 2*NPOIVer. —_—
IEQ2 = NEQw

DO 300 IEQ=TEO

IEQP = IEQ - 2*NPOI
IF (IBCP(IEQP) .EQ.0) GO TO 300

| Eégzgﬁﬁﬂ@mm%’w gl

W"lﬁﬁﬂ‘im UNIAINYAY

NTINUE
SYSK(IEQ,IEQ) = 1.
SYSR(IEQ) = 0.

300 CONTINUE

RETURN
END
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100

200
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SUBROUTINE ASSMBLE ( IE, INTMAT, AKELE, RELE, SYSK, SYSR,
L NPOIV, NEQ, NELEM, MXNEQ, MXELE )

ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS
IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION AKELE(15,15), RELE(15)

DIMENSION SYSK(MXNEQ,MXNEQ), SYSR(MXNEQ)
INTEGER INTMAT (MXELE, 6)

ASSEMBLING SYSTEM STIFFNESS MATRIX

CONTRIBUTION OF COEFFIC CIATED WITH U & V VELOCITIES:
DO 100 I=1,6
DO 100 J=1,6
II INTMAT (IE,
JJ = INTMAT(

LL
SYSK(II,JJd)
SYSK(II,LL)
SYSK (KK, JJ)
SYSK (KK, LL)
CONTINUE

[}

2
8
H
<
&

CONTRIBUTION OF /CO D WITH PRESSURE:
DO 200 1I=1,6
DO 200 J=1,3
II = INTMAT(IE,I)
JJ = INTMAT(IE,J)
K I+ 6
L J + L28
KK = NPOIV 3—id
LL = 2*NPC
SYSK(II,LL) :
SYSK (KK, LL) = SYSK (KK, L AKELE (K, L)
SYSK(LL,II) = SYSK(LL II) + AKELE(L,I)
SYSK(LL,KK) = ®Y¥SK(LL,KK) + AKELE(L,K)

°°“ﬂE]4§J’JVIEJVI§WEJ’lﬂ’§

DO 201 J=1,3

SR UNINENa Y

=J + 12
KK = 2*NPOIV + II
LL = 2*NPOIV + JJ
SYSK(KK,LL) = SYSK(KK,LL) + AKELE(K,L)
CONTINUE

ASSEMBLING SYSTEM LOAD VECTOR

CONTRIBUTION OF VALUES ASSOCIATED WITH U & V VELOCITIES:
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400
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DO 300 I=1,6

II = INTMAT(IE,I)

K =1+ 6

KK = NPOIV + II

SYSR(II) = SYSR(II) + RELE(I)
SYSR(KK) = SYSR(KK) + RELE (K)
CONTINUE

CONTRIBUTION OF VALUES ASSOCIATED WITH PRESSURE:

DO 400 I=1,3
II = INTMAT(IE,I)

K =1+ 12

KK 2*NPOIV + II
SYSR(KK) = SYSR(KK)
CONTINUE

RETURN
END

PERFORM SCA

CALL aSCALE (N

PERFORM ACCORDING ROM 1 TO N-1:

DO 100 IP=1,N-1

PERFORM P2

CALL PIVOTY, Ao
.

‘ [
LOOP OVER EQUATION ARTIN ROM THE ONE THAT CORRESPONDS
WITH THE ORDER OF 'PRIME' PLUS ONE

::Tizmmmsmw 81173

COMPUT NEW COEFFICIENTS;OF THE EQUQEEON CONSIDER

A RARIUANLINER Y

200

400

100

ONTINUE
B(IE) = B(IE) - RATIO*B(IP)
CONTINUE

SET COEFFICIENTS ON LOWER LEFT PORTION TO ZERO:

DO 400 IE=IP+1,N
A(IE,IP) = 0.
CONTINUE

CONTINUE
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600

500

@i 6.0

10

20

QA a

BACK SUBSTITUTION:
COMPUTE SOLUTION OF THE LAST EQUATION:

X (N) = B(N)/A(N,N)

THEN COMPUTE SOLUTIONS FROM EQUATION N-1 TO 1:

DO 500 IE=N-1,1,-1
SUM = 0.

DO 600 IC=IE+1,N

SUM = SUM + A(IE,IC)*X(IC)
CONTINUE

X(IE) = (B(IE) - SUM)/A
CONTINUE
RETURN
END

SUBROUTINE PIVO
IMPLICIT R
DIMENSION A(

PERFORM PARTIZ

JP = IP .
BIG = ABS(A(IP
DO 10 I=IP+ \
AMAX = ABS(A(I,
IF (AMAX.GT.BIG
BIG = AMAX
Jp =1
ENDIF
CONTINUE
IF(JP.N IP)
DO 20 J=I
DUMY
A(JPrJ) 4
A(IP,J) = DUM
CONTINUE l
DUM = B(JP
B(JP) B(IP)

‘”jﬁfﬂ’ﬂ’m&l\ﬂﬁw El’]ﬂ‘i
2"~’QW’}a€tﬂ‘§ﬂa‘HW’r’a‘% HARNY

UBROUTINE aSCALE (N, A, B, MXNEQ)
IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION A (MXNEQ,MXNEQ), B (MXNEQ)

PERFORM SCALING:

DO 10 IE=1,N

BIG = ABS(A(IE,1))
DO 20 IC=2,N

AMAX = ABS(A(IE,IC))

127
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IF (AMAX.GT.BIG) BIG = AMAX
20 CONTINUE

DO 30 IC=1,N

A(IE,IC) = A(IE,IC)/BIG
30 CONTINUE

B(IE) = B(IE)/BIG
10 CONTINUE

RETURN

END

SUBROUTINE TRI(NPOIV, NPOIP, NELEM, NFLUX, NEQ, DEN,
GRA,

TMAT, INTMATF, SYSK, SYSR,
(ELE, MXFLUX, MXNEQ, SH, CC)

EMBLE THEM TO FORM

[eNeNoNe!
]
3
&
£
H
9]
e
£
e
]
e

IMPLICIT RE
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION Y(6,6),
*AI(3,6), ZX(3,6) ! - HMY (3)
DIMENSION AKELE(15,1 ELE(1, FY(6), FI(3)
DIMENSION CC (MXPQIV) e AB , CCELE(3)

F(6,6,3)
N\R IBLE (3), SH(MXPOIV)
SYY (6,6)
l3)
3(6,6)
UG (6, 6)

Pyl 4/
INTEGER INTMAT (MXEL ~INTE . ,3)

SET UP [A] MATRIX BASED-ON TEl ATTONS :

[eNeNe!

P IN———————————==57]
s | B
§§ﬁﬁﬂ?ﬂ8ﬂﬁﬂﬂﬂﬂi
sigf{ﬁaxamtu YRIINYIAY

COMPUTE KINEMATIC VISCOSITY:

Aanna

ANEW = VIS/DEN

LOOP OVER THE NUMBER OF ELEMENTS:

nnan
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DO 500 IE=1,NELEM
FIND ELEMENT LOCAL COORDINATES:

II = INTMAT(IE,1)
JJ = INTMAT(IE,2)

KK = INTMAT(IE,3)
LL = INTMAT(IE,4)
MM = INTMAT(IE,5)
NN = INTMAT(IE,6)
XGl = COORD(II,1)
XG2 = COORD(JJ,1)
XG3 = COORD (KK, 1)
YGl = COORD(II,2)

YG2 = COORD(JJ,2)
¥G3 = COORD (KK, 2)

AREA= 0.5%* (XG2* (Y G3) + XG3*(YG1l-YG2))
IF (AREA.LE.O0.) W

5 FORMAT(/,' !!¥ 15,
* 1 A
L] ! COORDINATES',
* ' ¥ )

SET UP [B] AND [( IATRICES B i NSOR NOTATIONS:

DO 30 I=
DO 30 J=
B(I,J) = 0
c(1,d) =
30 CONTINUE
B(1,1) = 2.%BL
B(2,2) = 2. ‘! | {]
B(3,3) = 2.*B
B(4,2) = B3

Eééiﬁ‘ﬁﬂ’mamwmm

B(6

%Wt&\%ﬂ‘im YAIINYIAY

€(3,3) = 2.*c3

C(4,2) = C3
C(4,3) = C2
C(5,1) = C3
C(5:3) = 'l
C(G:l) = C2

c(6,2) =C1

SET UP [G] MATRIX:
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FAC = AREA/12.

FAC2 = 2.*FAC
G(1,1) = FAC2
G(3,3) = FAC2
G(1,2) = FAC
G(1,3) = FAC
G(2,1) = FAC
G(2,3) = FAC
G(3,1) = FAC
G(3,2) = FAC
SET UP [I]

AFAC = AREA/60.
AFAC2 = 2.*AFAC

AFAC6 = 6.*AFAC
AI(1,1)= AFAC6
AI(1,2)= AFAC2
AI(1,3)= 2"
AI(1,4)=
AI(1,5)=
AI(1,6)=
AI(2,1)=
AI(2,2)=
AI(2,3)=
AI(2,4)=
AI(2,5)=
AI(2,6)=
AI(3,1)=
AI(3,2)=
AI(3,3)=
AI(3,4)=
AI(3,5)=
AI(3,6)= AFAC

SET UP [HMX]
HMX (1) =

HMX (2)
HMX (3)

SET UP

HMY (

Qmﬁi‘iﬁxﬁumﬁﬁ%ﬁ’m d

FACTOR*4 .
F6 = FACTOR*6.
F12 = FACTOR*12.
F24 = FACTOR*24.
F120 = FACTOR*120.

F(1,2,1) = F12
F(1,3,1) = F12
F(ll4ll) = F6

mmmmmw BN
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F(1,5,1)
F(1,6,1)
F(2,2,1)
F{2,3,1)
F(2,4,1)
F(2,5,1)
F{2;6,1)
E(3,3,1)
F(3,4,1)
F(3,5,1)
F(3,6,1)
F(4,4,1)
F(4,5,1)
F(4,6,1)
F{5.5;1)
F(5,6,1)
F(6,6,1)
DO 40 I=
DO 40 J=
F(J,I,1)
40 CONTINUE

F24
F24
F24
F4
Fé6
F4
F12
F24

Fl2

LU e T e (| | 1 | | | | | | | O I | O (A (A
"‘J
w»

F(1,1,2)
F(1,2,2)
F(1,3,2)
F(1,4,2)
F(1,5,2)
F(1,6,2)
F(2,2,2)
F(2,3,2)
F(2,4,2)
F(2,5,2)
F(2,6,2)
F(3,3,2)
F(3,4,2)
F(3,5,2)
F(3,6,2)
F(4,4,2)
F(4,5,2)
F(4,6,2)
F(5,5,2)
F(5,6,2)
F(6,6,2) = F

DO 50 1I=1,6 .‘

w.ﬂymwamwmm

ey

3

non
e
i

50 CONT

aﬁﬁﬁaﬁmmumwmaﬂ
F(l 4,3) =
F(1,5,3) = F12
F(1,6,3) = Fé6
F(2,2,3) = F24
F(2,3,3) = Fl2
F(2,4,3) = F12
F(2,5,3) = F4
F(2,6,3) = F6
F(3,3,3) = F120

F(3,4,3) F24
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F(3,5,3) = F24
F(3,6,3) = F6
F(4,4,3) = F12
F(415'3) = F6
F(416(3) = F4
F(5,5,3) = F12
F(5,6,3) = F4
F(6,6,3) = F4
DO 60 I=1,6
DO 60 J=I,6
F(J,I,3) = F(I,J,3)
CONTINUE

EXTRACT ELEMENT NODAL U, V, P:

UELE (1)
UELE (2)
UELE (3)
UELE (4)
UELE (5)
UELE (6)
VELE (1)
VELE (2)
VELE (3)
VELE (4)
VELE (5)
VELE (6)
PELE (1)
PELE (2)
PELE (3)
SHELE (1)
SHELE (2) =SH (JJ
SHELE (3) =SH (
CCELE (1) =CC(II)
CCELE (2) =CC(JJ)
CCELE (3) =CC (KK)

SOL(II)
SOL (JJ)

SETUP U, V,\P r
UELEB = (U V Y )
VELEB = (VELB{(1) '
PELEB = (PE 1) +PEL ELE

SHELEB (s E(1)+SHELE(2)+SHELE(3))/3

CCELEB = (CCELE (@) +CCELE (2) +CCELE (3) ) /3.

comﬂ el agfobthie vl o rricr ok

EXL(l, = 2./720. *AREA1?4

Gimwﬁﬁiwmﬂmaﬂ

XL(l 5) = 2./720.*AREA*6.
EXL(1,6) = 2./720.*AREA*6.
EXL(2,1) = 2./720.*AREA*4.
EXL(2,2) = 2./720.*AREA*24.
EXL(2,3) = 2./720.*AREA*4.
EXL(2,4) = 2./720.*AREA*6.
EXL(2,5) = 2./720.*AREA*2.
EXL(2,6) = 2./720.*AREA*6.
EXL(3,1) = 2./720.*AREA*4.
EXL(3,2) = 2./720.*AREA*4.
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EXL(3,3)
EXL(3,4)
EXL(3,5)
EXL(3,6)
EXL(4,1)
EXL(4,2)
EXL(4,3)
EXL(4,4)
EXL(4,5)
EXL(4,6)
EXL(5,1)
EXL(5,2)
EXL(5,3)
EXL(5,4)
EXL(5,5)
EXL(5,6)
EXL(6,1)
EXL(6,2)
EXL(6,3)
EXL(6,4)
EXL(6,5)
EXL(6,6)
DO 901

DO 901

TRAN = 0.

DO 902
DO 902

TRAN = TRAN . ;

902 CONTINUE
CAB(IA,I
901 CONTINUE

NN NDNODNDNNDNDDNDNNDNODNDNDNDNDNDNDNDNDNDN
4 S

~

N

o

é

*

N

IA=
IB=1,6

I=1%
J=1,6
JELEB**2 . )//CCELEB**2.)

SHELEB ) #A (I2 VA o ) \\\
B) - o \\ !

COMPUTE  [SXX], o) TRICES:
DO 100 IA=1,6
DO 100 1IB=1,6
CXX = 0. j
CYY = 0. -
CXY = 0. X
CYX = o.
DO 110 1I=1, lﬁ
DO 110 =1
DO 110 K=1,
DO 11
CYY = K)
CXY = CXY + A(IA I)*C(I, )*A(IB L)*B(L K)*G(J K)
AN ﬁﬁ mm%ﬁ H’i aY
8XY (IA,IB) = ANEW*CXY
SYX (IA,IB) = ANEW*CYX
SYY(IA,IB) = ANEW*CXX + 2.*ANEW*CYY
100 CONTINUE
COMPUTE [HX] AND [HY] MATRICES:
DO 150 IA=1,3
DO 150 1IB=1,6

CX = 0.



160

150

[eNeNe!

170

[eNeNe!

CY = 0.
DO 160
DO 160
CX = CX
CY = CY

134

I=1,6
J=1,3
+ A(IB,I)*B(I,J)*G(J,IA)
+ A(IB,I)*C(I,J)*G(J,IA)

CONTINUE
HX (IA,IB) = CX*GRA
HY (IA,IB) = CY*GRA
CONTINUE

THEN THE CORRESPONDING TWO MATRICES ON THE UPPER RIGHT ARE:

DO 170 .
DO 170

HXT (IB,IA) = -HX(IA,IB)
HYT (IB,IA) = -HY(IA,
CONTINUE

COMPUTE

DO 200
DO 200

CABGXUG =

CAGBXUG
CAGBYVG
CABGYVG
CABGXVG
CABGYUG
DO 210
DO 210
DO 210
DO 210
DO 210
CABGXUG

*

*

*

*

*

*

210

200 CONTINUE

c

*

*

CAGBXUG

CAGBYVG

CABGYVG

CABGXVG

CABGYUG

CONT
ABGX

IA=1,3
IB=1,6

ALL MAT INERTIA TERMS:

IA

' @

HREPHEPPIFPDOQgOOOI
. e . [urgye

N

~ s s~~~

w o

1

L,M) *F(I,J,M) *UELE (K)

*F (I,J,M)*UELE (K)

HeTEd

&

L 1 - 4 . ,M) *VELE (K)

K5k 7

* ‘,J,M) *VELE (K)
I

3
:
!

XVG
(IA,I)*A(IB,J)*A(K,L)*B(L,M)*F(I,J,M)*VELE (K)

ci%iiﬁﬂ ﬁwﬂq ‘fT 43 *UELE (K)

N4+ 0+ 0+ 0+ 0+ TERGHN
POy

A,

AGBXUG (IA, IB) = CAGBXUG

‘ I
G (

HEN TR 9 A NYN A Y

GYUG (IA,IB) = CABGYUG

DO 220
DO 220
GXX(I,J)
GYY(I,J)

ALX(I,J)

I=1,6
J=1,6
= ABGXUG(I,J) + AGBXUG(I,J) + AGBYVG(I,J) + SXX(I,J)
+ CAB(I,J)
ABGYVG(I,J) + AGBYVG(I,J) + AGBXUG(I,J) + SYY(I,Jd)
+ CAB(I,J)
ABGXVG(I,J) + SXY(I,Jd)
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ALY (I,J) = ABGYUG(I,J) + SYX(I,J)
220 CONTINUE

SET UP [2zX], [ZY] AND [Q]

DO 600 IA=1,3
DO 600 IB=1,6
AJMBGX=0.
AJMBGY=0.
DO 610 I=1,6
DO 610 J=1,3
AJMBGX = AJMBGX+A (IB,I)*HMX (IA)*AI(J,I)* (SHELE (J)+PELE(J))
AJMBGY = AJMBGY+A(IB,I)*HMY (IA)*AI(J,I)* (SHELE (J)+PELE(J))
610 CONTINUE
ZX (IA,IB) = AJMBGX
7Y (IA, IB) = AJMBGY
600 CONTINUE
DO 700 IA=1,3
DO 700 IB=1,3
BJMBGX=0.
BJMBGY=0.
DO 710 I=
DO 710 J=
BJMBGX = 133 1A,d)*UELE (I)
BJMBGY AT |
710 CONTINUE
Q(IA,IB) =
700 CONTINUE

THEN THE ENT EQS. IS:
DO 230 I=1,15

DO 230 J=1,1

AKELE(I,J) = 0.

230 CONTINUE

DO 240 1I=1,6
DO 250 J=146
AKELE (I e oll L)
AKELE (I+6, ﬁf
AKELE (I
AKELE(I+6 J H

250 CONTINUE
DO 260 J=1,3d 4

CONngumwmwmm

240 CONTI

Mﬁﬁﬂnimuwwawﬂﬂaﬂ

LE(I+12 J+6) = ZY(I,Jd)
270 CONTINUE
DO 280 I=1,3
DO 280 J=1,3
AKELE (I+12,J+12) = Q(I,J)
280 CONTINUE

BEGIN COMPUTING THE RESIDUALS ON RHS OF ELEMENT EQS.:

DO 300 I=1,6
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310

320

300

360

370

350

410

400

‘TERM2 =

136

TERM1 =
TERM2 =
TERM3 =
TERM4 =
TERMS =
TERM6 =
DO 310 J=1 6

OOOOOO

TERM1 = TERM1 + ABGXUG(I,J) *UELE (J)
TERM2 = TERM2 + ABGYUG(I,J) *VELE (J)
TERM4 = TERM4 + SXX(I,J)*UELE(J)
TERM5 = TERMS5 + SXY(I,J)*VELE(J)
TERM6 = TERM6 + CAB(I,J)*UELE(J)

CONTINUE
DO 320 J=1,3

TERM3 = TERM3 + HXT(I,J)
CONTINUE

FX(I) = TERM1 +
CONTINUE

DO 350
TERM1 =

TERM3 =
TERM4 =
TERMS =
TERM6 =
DO 360
TERM1 =
TERM2 =
TERM4
TERM5 =
TERM6 =
CONTINUE
DO 370 J=1,3
TERM3 = TERM3 +
CONTINUE
FY(I) = TERM1
CONTINUE

TERM5+TERM6

DO 400 I=1,3
TERM1 = 0

DO 410 J=1,'E

TERM2 = 0
TERM1 = TERM1 ‘3(1 ,J) *UELE(J

P ﬂfﬂ’ﬁw 21N

CONTI

TR RN FH AN I 8

420

430

420 1I=1,6
RELE(I ) = -FX(I)
RELE (I+6) = -FY(I)
CONTINUE
DO 430 1I=1,3
RELE(I+12) = -FI(I)
CONTINUE

ASSEMBLE THESE ELEMENT MATRICES TO FORM SYSTEM EQUATIONS:
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CALL ASSMBLE ( IE, INTMAT, AKELE, RELE, SYSK, SYSR,
* NPOIV, NEQ, NELEM, MXNEQ, MXELE )

500 CONTINUE

RETURN
END

SUBROUTINE VELTRACT (SYSR, COORD, INTFLUX, UVEL, MXPOIV,
* MXNEQ, MXFLUX, SOL, SH, SYSK)

IMPLICIT REAL*8(A-H, 0-2)

DIMENSION SYSR (MXNEQ Y ¢ MXNEQ)
DIMENSION COORD (MXPOIV, FLUX, 3)
DIMENSION UVEL (MXE (MXPOIV), R(3,3)

DO 10 I=1,MXFL
FIND BOUNDAR(

JJ=INTFLUX (I, 2
KK=INTFLUX (
X1=COORD (JJ,
X2=COORD (KK,
Y1=COORD (J

DX=X2-X1
DY=Y2-Y1
DL=SQRT (DX*DX+DY*D

CALCULATE VELOCLT¥TRACTION TH) INTO DOMAIN:

R(2,2) =DL¥(¥VE
R(2,3) =DLA(#
R(3,2) =DL* (¥

R(3,3) =DL* (UVEL (JJ)

ASSEMBLING VEwE[‘Y TRACTION INTO SYSTEM LOAD VECTOR

eaas rate s 2R L)

* (SOL (2 POIV+KK) +SH

R ETYN A

ASSEMBLING STIFFNESS MATRIX ASSCIATED TO VOLUME FLOWRATE
SYSK (2*MXPOIV+JJ, 2*MXPOIV+JJ) =SYSK (2*MXPOIV+JJ, 2*MXPOIV+JJ)
*
ggéizglMXPOIV+JJ,2*MXPOIV+KK)=SYSK(2*MXPOIV+JJ,2*MXPOIV+KK)
*
;iéizglMXPOIV+KK,2*MXPOIV+JJ)=SYSK(2*MXPOIV+KK,2*MXPOIV+JJ)
*+R(3,2)

SYSK (2*MXPOIV+KK, 2*MXPOIV+KK) =SYSK (2*MXPOIV+KK, 2*MXPOIV+KK)

137
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PROGRAM SWCONC

iy
THE VALUES D : . ARAMETER \T MENT BELOW SHOULD
[ THE PROBLEMS AND TYPES

OF COMPUTERS:
MXPOIT =
MXELE

E MODEL
N THE MODEL

PARAMETER (MXE
PARAMETER (MXNEQ

IMPLICIT REAL*8 (A-
DIMENSION COORD (MXE
DIMENSION “UVE
DIMENSION+ #L
DIMENSION | SYSK
DIMENSION :'t‘

DIMENSION (MXPOIT), ZETA
CHARACTER*20° NAME1l, NAME2, NAME3 NAME4

- u%@'ﬂ YISO

11 WRITE

B et Sﬁn'i'mmaa

20 qi‘ORMAT(/, PLEASE ENTER THE INPUT FILE NAME:',

READ(5, ' (A) ',ERR=10) NAME1l
OPEN (UNIT=7, FILE=NAMEl, STATUS='OLD', ERR=10)

READ TITLE OF COMPUTATION :
READ(7,*) NLINES

DO 100 ILINE=1,NLINES
READ(7,1) TEXT

1 FORMAT (20A4)
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100 CONTINUE
READ INPUT DATA:

READ(7,1) TEXT
READ(7, *) NPOIT, NELEM, NFLUX

IF (NPOIT.GT.MXPOIT) WRITE(6,110) NPOIT

110 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXPOIT TO',I5)
IF (NPOIT.GT.MXPOIT) STOP
IF (NFLUX.GT.MXFLUX) WRITE(6,120) NFLUX

120 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXFLUX TO',IS5)
IF (NFLUX.GT.MXFLUX) STOP
IF (NELEM.GT.MXELE) WRITE (6

30) NELEM
130 FORMAT(/,' PLEASE INCREASE P‘ ETER MXELE TO',I5)
IF (NELEM.GT.MXELE) TO
S\
o
o ———

READ(7, *)

, THEIR VALUES:

DO 150 1IP=
READ (7, *) i
* (COORD(I, - /(] VE] ‘\, TEMP(I), FLUX(I),

* SH(I), ' \\\
IF(I.NE.IP) 3 .
155 FORMAT(/, ' NODE P A FILE IS MISSING')
IF(I.NE.IP) STOP ]
150 CONTINUE
READ ELEMENT NOD

READ(7,1)f;37TT______________________T_‘

DO 160 IE=1;NELE
READ(7I*) ' (IN AT Ny = 13)

IF(I.NE.IE) WRIZE(6,165) IE

- R ETRY AT IM YT

160 CONTI

RTATTS U UNINGNa Y

170 IB=1, MXFLUX
READ(7,*) (INTFLUX(IB,J), J=1,3)
170 CONTINUE
START THE COMPUTATION:

WRITE(6,200) NPOIT, NELEM, NFLUX

200 FORMAT (' THE FINITE ELEMENT MODEL CONSISTS OF:', /,
* ' NUMBER OF NODES =', Is, /.,
* ' NUMBER OF ELEMENTS &' T6; /i



nnan

[eNeNe!

[eNeNe!

Qa0

C

C
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203

510

520

540

550
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* ! NUMBER OF HEAT FLUX BOUNDARY =', 16 )

NEQ = NPOIT

ISHOW = 1

DO 500 NT=1,NDT

TIME = NT*DT

WRITE(6,203) NT, TIME

FORMAT ( 'TIME STEP NO.',I16,4X,'TIME=',F12.2,/)

RESET THE SYSTEM EQUATIONS:

DO 510 1I=1,NEQ
SYSR(I) = 0.
CONTINUE

DO 520 1I=1,NEQ
DO 520 J=1,NEQ

SYSK(I,J) =
CONTINUE
1 \‘%55 =
ESTABLISH 2 SSEI MENT EQUATIONS:
WRITE (6,540 k
FORMAT (8X, AND',

*

CALL TRI (NPOI - NE : CON, CV, UVEL, VVEL,

* AK ,

” (N ?.\ DT, SH, ZETA )
CALL RECUR (NE —ab YS SAKCV,

& i NEQ)

APPLY BOUNDARY CONDI i INCREMENTS :

WRITE (6,55
FORMAT (8 . " DDIVING BOI] A =OF NODAL' .

CALL APPLYB@\!POIT, NEQ, e TEMP,-@

* SYSK, SYSR, MXPOIT, MXNEQ )
CALL HEATFLUX‘S!SB, COORD, INTFLUX, FLUX, MXPOIT,

CAUATE DT ...,

*

AR SR M T

570

710
720

ITE(6,570) NEQ
FORMAT (8X, ' ( TOTAL OF', IS5,' EQUATIONS TO BE SOLVED ) ')

CALL GAUSS (NEQ, SYSK, SYSR, TEMP, MXNEQ)
PRINT OUT SOLUTIONS:
IF (NT.NE.1l) GO TO 202

WRITE (6, 720)
FORMAT (' PLEASE ENTER THE OUTPUT FILE NAME:')
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READ(5, '(A)', ERR=710) NAME2
OPEN (UNIT=8, FILE=NAME2, STATUS='NEW', ERR=710)
202 CONTINUE

IF ((MOD(NT,NSHOW) .EQ.0) .OR. (NT.EQ.1)) THEN

WRITE(8,201) NT, TIME
201 FORMAT ('TIME STEP NO.',I6,4X, 'TIME=',6F12.2)

WRITE(8,730) NPOIT

730 FORMAT (' NODAL TEMPERATURE SOLUTIONS [', I5,'l:',
% /, 2X, 'NODE', 6X, 'TEMPERATURE', 6X,'U-VELOCITY',
* 6X, 'V-VELOCITY', 8X, 'PRESSURE', /)

DO 750 IP=1,NPOIT
IEQT = IP
WRITE(8,760) IP,
760 FORMAT(I6, E16.6)
750 CONTINUE
ENDIF

500 CONTINUE

STOP
END

SUBROUTINE APPL¥BC E ) TEMP,
' 5 ' MXNEQ )

APPLY BOUNDARY by NG FOR NODAL INCREMENTS
WITH CONDITION CODES™
0 = FREE TO COMPUTED)

1 - FIXED-AS SPECTFIED | TS FIXED AS ZERO)
, £
IMPLICIT §

Y
DIMENSION r ’ EMP (MXPOIT)

INTEGER IBiH(MXPOIT) ﬁ
APPLY OUNDAR; GONDITIONS:
;gﬁuﬂ?ﬂﬂﬂ§W81ﬂﬁ

DO 100 IEQ=IEQ1l, IEQ2

sﬁmmmm ARINYIA

110 IR=1,NEQ
IF(IR.EQ.IEQ) GO TO 110
SYSR (IR) =SYSR(IR) -SYSK(IR, IEQ) *TEMP (IEQ)
SYSK(IR,IEQ) = 0.
110 CONTINUE

DO 120 IC=1,NEQ

SYSK(IEQ,IC) = 0.
120 CONTINUE

SYSK(IEQ, IEQ) = 1.
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SYSR(IEQ) = TEMP(IEQ)
CONTINUE

RETURN
END

SUBROUTINE ASSMBLE ( IE, INTMAT, AKELE, RELE, SYSK, SYSR,
NPOIT, NEQ, NELEM, MXNEQ, MXELE )

ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,O

INTEGER INTMAT (MXELE,3)
ASSEMBLING

DO 100 I=
DO 100 J=1,
II = IN

CONTINUE
ASSEMBLING

DO 101 1I=1,3}4
DO 101 J=1,3
II = INTMAT(IE,]
JJ = INTMAT(IE,J)
SYSR(II,JdJ) =
CONTINUE ..

RETURN
END

SUBROUTINE GAUSSKN, A, B, X, MXNEQ)

Mﬁmﬂmwm Exondeh 3

PERFO%’I SCALING:

Q%@%ﬁ@ﬂﬁﬁ%&ﬁﬂﬂﬂ?ﬁﬂ

FORWARD ELIMINATION:

PERFORM ACCORDING TO ORDER OF 'PRIME' FROM 1 TO N-1:
DO 100 IP=1,N-1

PERFORM PARTIAL PIVOTING:

CALL PIVOT(N, A, B, MXNEQ, IP)
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300

200

400
100

600

500

LOOP OVER EACH EQUATION STARTING FROM THE ONE THAT CORRESPONDS

WITH THE ORDER OF 'PRIME' PLUS ONE:

DO 200 IE=IP+1,N
RATIO = A(IE,IP)/A(IP,IP)

COMPUTE NEW COEFFICIENTS OF THE EQUATION CONSIDERED:

DO 300 IC=IP+1,N

A(IE,IC) = A(IE,IC) - RATIO*A(IP,IC)
CONTINUE

B(IE) = B(IE) - RATIO*B(IP)
CONTINUE

SET COEFFICIENTS ON ER \LE PORTION TO ZERO:
DO 400 IE=IP+1,N
A(IE,IP) = O.
CONTINUE
CONTINUE
BACK SUBSTITUT

COMPUTE SOLUT

SUM =

DO 600 IC=IE+

SUM = SUM + A(IE,

CONTINUE

X(IE) = (B(IE)

CONTINUE

RETURN

END

SUBROUTINE OT(N, A, B, MXNEQ,
IMPLICIT REAL*8 (A H,0-2)
DIMENSION A (MXNEQ,MXNEQ), B (MXNEQ)

mmﬂ wity gtie |9 WE 171

"E&ﬁf‘i‘iﬁu YRIAINYIAY

EF( AMAX.GT. BIG) THEN

10

BIG =

Jp = I
ENDIF
CONTINUE

IF(JP.NE.IP) THEN
DO 20 J=IP,N
DUMY = A(JP,J)
A(JP,J) = A(IP,J)
A(IP,J) = DUMY
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30
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CONTINUE

DUMY = B(JP)

B(JP) = B(IP)

B(IP) = DUMY
ENDIF

RETURN

END

SUBROUTINE SCALE(N, A, B, MXNEQ)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION A (MXNEQ,MXNEQ), B (MXNEQ)

PERFORM SCALING:

DO 10 IE=1,N
BIG = ABS(A(IE,1)

AMAX = ABS(A

CONTINUE
DO 30 IC=1
A(IE,IC) =
CONTINUE
B(IE) = B(I
CONTINUE
RETURN

END

SUBROUTINE TRI ! {, TCON, CV, UVEL,
* VVEL, A SC,| SYSAKCV,

* TEMP, MXBOIT, M XNEQ, DT, SH, ZETA )
ESTABLISH MBLE THEM TO FORM
UP SYSTEM | Ef

——— -
IMPLICIT REX Y
DIMENSION DRD y r,* VEL (MXPOIT)
DIMENSION C( XNEQ, MX] SYSAKCV (MXNEQ, MXNEQ) , TEMP (MXNEQ)

DIMENSION C ,3), AKCV (3, 3)
DIMENSION IT), ZETA(MX&B;T), SHELE (3) , ZETAELE(3)

mﬂwwamwmm

LOOP O R THE NUMBER OFquEMENTS

TR UAIINYIAY

IND ELEMENT LOCAL COORDINATES:

II = INTMAT(IE,1)
JJ = INTMAT(IE,2)
KK = INTMAT (IE,3)

XG1l = COORD(II,1)
XG2 = COORD(JJ,1)
XG3 = COORD (KK, 1)
YG1 = COORD(II,2)



YG2 COORD (JJ, 2)
YG3 = COORD (KK, 2)
AREA= 0.5% (XG2* (YG3-YGl) + XG1* (YG2-YG3) + XG3*(YG1l-YG2))
IF(AREA.LE.0.) WRITE(6,5) IE
5 FORMAT(/,' !!! ERROR !!! ELEMENT NO.',6 IS5,
' HAS NEGATIVE OR ZERO AREA ', /,
'  --- CHECK F.E. MODEL FOR NODAL COORDINATES',
* ' AND ELEMENT NODAL CONNECTIONS ---' )
IF(AREA.LE.O0.) STOP

Bl = (YG2 - YG3)
B2 = (YG3 - YG1)
B3 = (YGl - YG2)
Cl = (XG3 - XG2)
C2 = (XGl1 - XG3)
C3 = (XG2 -

SHELE (1) =
SHELE (2)
SHELE (3)
ZETAELE (1) =
ZETAELE (2)
ZETAELE (3) =
UAV (UVEL(II
VAV = (VVEL (3
SHAV = (SH(
ZETAAV = (ZETA

C(1,1) = DEN*C

C(1,2) =

C{1,3) =

c (2 ' 1) = ?-‘J{: o

c(2,2) = A/ aia S

c(2,3) = =

C(3,1)_ _ . _. gt - >

c(3,2) = o. P =

C(3.3) = DEN*CV*ARBAZZ:*1. 4%

AKCV ( i 3 ) ‘-.h‘..4- ,“I;IIJ;IEJ-;I"‘==-
* +DEN*CV/ 6 .* (UAV*B1+V ‘mig'AAV+SHAV)*

* (B1*B1l* (ZETAE ) AELE (2) +SHELE (2) )
*+B1*B3* (ZETAELE (3) +SHELE
*4+C1*C1* (ZETAELE (1) +SHELE (1) ) +C1*C2* (ZETZ

*+CI*C3* (ZETAEIﬂH +SHELE (3)))
g%i
(

AKCV (
* (B1*B2# + 15)4B2* ( (2) ¥SHELE (2) )
*4B2*B3*(ZETAELE (3) +SHELE(3) )
*4C1*C2* (ZET 1) +SHELE (1) ) +C2*C2*{ZETAELE (2) +SHELE (2) )
iy Rl iR
(1, TGON/4 . (EI#*B3+C1*C3
!

DEN*CV/6.* (UAV*¥B3+VAV*C3) -TCON/12./AREA/ (ZETAAV+SHAV) *
* (B1*B3* (ZETAELE (1) +SHELE (1) ) +B2*B3* (ZETAELE (2) +SHELE (2) )
*4+B3*B3* (ZETAELE (3) +SHELE (3) )
*4+C1*C3* (ZETAELE (1) +SHELE (1) ) +C2*C3* (ZETAELE (2) +SHELE (2) )
*4+C3*C3* (ZETAELE (3) +SHELE (3) ) )
AKCV(2,1)= TCON/4./AREA* (B1*B2+C1*C2)
* +DEN*CV/6 . * (UAV¥B1+VAV*C1) -TCON/12./AREA/ (ZETAAV+SHAV) *
* (B1*B1* (ZETAELE (1) +SHELE (1) ) +B1*B2* (ZETAELE (2) +SHELE (2) )
*4+B1*B3* (ZETAELE (3) +SHELE (3) ) '
*4C1*C1l* (ZETAELE (1) +SHELE (1) ) +C1*C2* (ZETAELE (2) +SHELE (2) )

(2)+SﬁELE(2))
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500 CONTINUE

*4+C1*C3* (ZETAELE (3) +SHELE (3)))

AKCV(2,2)= TCON/4./AREA* (B2*B2+C2*C2)

*+DEN*CV/6 . * (UAV*B2+VAV*C2) -TCON/12 . /AREA/ (ZETAAV+SHAV) *
* (B1*B2* (ZETAELE (1) +SHELE (1) ) +B2*B2* (ZETAELE (2) +SHELE (2) )
*4+B2*B3* (ZETAELE (3) +SHELE (3) )

*4+C1*C2* (ZETAELE (1) +SHELE (1) ) +C2*C2* (ZETAELE (2) +SHELE (2) )
*4+C2*C3* (ZETAELE (3) +SHELE (3) ) )

AKCV(2,3)= TCON/4./AREA* (B2*B3+C2*C3)

*+DEN*CV/6 . * (UAV*B3+VAV*C3) ~-TCON/12 . /AREA/ (ZETAAV+SHAV) *
* (B1*B3* (ZETAELE (1) +SHELE (1) ) +B2*B3* (ZETAELE (2) +SHELE (2) )
*+B3*B3* (ZETAELE (3) +SHELE (3) )

*4+C1*C3* (ZETAELE (1) +SHELE (1) ) +#C2*C3* (ZETAELE (2) +SHELE (2) )
*4+C3*C3* (ZETAELE (3) +SHELE (3) ) )

AKCV(3,1)= TCON/4./AREA* (B1*B3+C1*C3)
*+DEN*CV/6 . * (UAV*B1+VAV*C1) 4TCON/12 . /AREA/ (ZETAAV+SHAV) *
* (B1*B1* (ZETAELE (1) +SHELE 1#B2* (ZETAELE (2) +SHELE (2) )
*+B1*B3* (ZETAELE (3) #SHELE (3)

*4+C1*C1l* (ZETAELE (1) + LE ( “‘-"ETAELE(2)+SHELE(2))
*4C1*C3* (ZETAELE T

AKCV(3,2)= TCO ; :
* +DEN*CV/6 . * (UZ JAV#C2) + TCON AREA/ (ZETAAV+SHAV) *
* (B1*B2* (ZETAELE ()" ’; LB2*B2* (ZETAELE (2) +SHELE (2) )
*+B2*B3* (ZETABBE (3 ;f N
*4C1*C2* (ZETAELEAL ) #6HELE (1)) +G2%C2* (ZETAELE (2) +SHELE (2) )
*4+C2*C3* (ZETABLE ( ) N .

AKCV (3, 3) = TCO} (B3#E
*+DEN*CV/6 . * (UAV*B2 + VA} ~TCON/: : ZETAAV+SHAV) *
* (B1*B3* (ZE £ (1) #SHELE(1) ) #B2#B3* ( ZETABLE (2) +SHELE (2) )
«+B3*B3* (ZETAELE (3)/+SHELE (3) )}

*4+C1*C3* (ZETABLE ( HELE (1) ) 4C2+C3% (2 E (2) +SHELE (2) )

ASSEMBLE THESE E ICE "ORM SYSTEM EQUATIONS:

V, SYSC, SYSAKCV,
MXNEQ, MXELE )

*

RETURN
END
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0 l0D (=22 (L h3C T

IMPLI T REAL*8 (A-H, qu)

Qe SRSRIMEATUY A Y

DO 10 I=1,MXFLUX
FIND BOUNDARY LOCAL COORDINATES:

JJ = INTFLUX(I,2)
KK = INTFLUX(I, 3)
X1 = COORD(JJ,1)
X2 = COORD (KK, 1)
Y1l = COORD(JJ,2)
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Y2 = COORD (KK, 2)

CALCULATE LENGTH OF BOUNDARY:

DX = X2 - X1

DY .= ¥2 - Y1

DL = SQRT (DX*DX + DY*DY)

ASSEMBLING HEAT FLUX INTO SYSTEM LOAD VECTOR:

SYSR (JJ) =SYSR (JJ) +FLUX (JJ) *DL/2.
SYSR (KK) =SYSR (KK) +FLUX (KK) *DL/2.

10 CONTINUE

RETURN
END

SUBROUTINE

PERFORM MAT \k\‘i A(I,J)] [B(J,K)]

IMPLICIT RE
DIMENSION

DO 10 IR=
DO 10 1IC=1,K
C(IR,IC) =0
DO 20 1ISs=1,
C(IR,IC) = C(3
20 CONTINUE
10 CONTINUE

RETURN
END

SUBROUTINE RECU SY -=, SYSAKCV,

* 4 2 B E m

APPLY RECURRENCE-RELATIONS

;ﬁzﬂﬁﬁ&%ﬂﬁﬁ N2 —

RR (MXNEQ, MXNEQ) SYSAKCV (MXNEQ MXNEQ) , TEMP (MXNEQ)

mﬁﬁﬁﬂmwnwmaﬂ

1 ONTINUE
DO 2 I=1,NEQ
DO 2 J=1,NEQ
SYSK(I,J)=SYSC(I,J) /DT
2 CONTINUE
DO 3 I=1,NEQ
SYSR(I)=0.
3 CONTINUE
DO 4 I=1,NEQ
DO 4 J=1,NEQ
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RR(I,J)=SYSC(I,J)/DT-SYSAKCV(I,J)
4 CONTINUE
CALL MULMAT (RR, TEMP, SYSR, NEQ, NEQ, 1)

AULINENTNEINS
AMIAINTUNNINGA Y
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