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o PROGRAM POTEN2D
- | L
c A FINITE ELEMENT CQMPU 'PROGRAM FOReSOTVING PARTIAL
c DIFFERENTIAL EQUA CINrHr FQRM OFPOLocONeS EQUATION
c FOR TWO-DIMENSIONAL STEADY¥-STATE INVESCID INCOMPRESSIBLE FLOW.
c - :
5 THE VALUES DECLARZR@SN 3 fARAVEIER STATEMENT BELOW SHOULD
¢ BE ADJUSTED ACGOEBINGITOf#ES s 1EE \OF BEMS AND TYPES
o OF COMPUTERS : //
o MXPOI = 0 #, , JODES
e MXELE = MAXIMY B - S LEME HE MODEL
c g b
PARAMETER (MXp@f=c4d,
c
IMPLICIT REAL*8 -
DIMENSION TEXT{20)
DIMENSION COORD (M¥PO POI), P(MXPOI)
DIMENSION SYSK (MKPOT XPOI), V(MXPOI)
DIMENSION UE (MXELE)
CHARACTER*20 NAME1
C
INTEGER INTMAT(MXELE,}:%EEQ#
C =,
c SELECT TYPE ANMIYSTS OF POTENTTAL FTO! 4
- .
2 Y

10 WRITE(6,20) .

20 FORMAT(/, ' ** YPE (IN 2D ***',/,
* g J1.- STREAM FUNCTION I —

‘ 2 - POTENTIAL FUNCTION',//

* ' jIpPTIOV ?2: 50

e v ﬂﬁﬂ?ﬂﬂﬂ‘iwmﬂ‘i

30 WRITE(6
40 FORMAT(/,

FiriadieiidnIan Y18y

REHP TITLE OF COMPUTATION:

N NN

READ(7,*) NLINES
DO 100 ILINE=1,NLINES
READ(7,1) TEXT
1 FORMAT (20A4)
100 CONTINUE

READ INPUT DATA:

Aa A

READ(7,1) TEXT
READ(7,*) NPOIN, NELEM, NREFP
IF (NPOIN.GT.MXPOI) WRITE(6,110) NPOIN
110 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXPOI TO ', IS)



[oNeNe!

oNeNONe!

[oNeNoNe!

IF (NPOIN.GT.MXPOI) STOP
IF (NELEM.GT.MXELE) WRITE(6,115) NELEM
115 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXELE TO ', IS)
IF (NELEM.GT.MXELE) STOP
IF (NREFP.GT.MXREFP) WRITE(6,120)
120 FORMAT(/,' PLEASE CHECK THE PARAMETER NREFP ')
IF (NREFP.GT.MXREFP) STOP

READ FLUID PROPERTIES:

READ(7,1) TEXT
READ(7,*) DEN, GRA

READ NODAL COORDINATES, BO AR ONDITIONS, THEIR VALUES:
REQUIREMENT: MAIN NODES MUS! VUME D FIRST

READ(7,1) TEXT
DO 130 IP=1,NPOIN
READ(7,*) I, ’
IF(I.NE.IP)
135 FORMAT(/, '
IF(I.NE.IP)
130 CONTINUE
READ(7,1) TEXT
DO 140 IE=1,N
READ(7,*) I,
IF(I.NE.IE)
150 FORMAT(/, '
IF(I.NE.IE) STOP
140 CONTINUE
WRITE(6,160)
160 FORMAT(/,' THE F.E
* ' POTENT
READ(7,1) TEXT
DO 170 1IP=1,NREFP
READ(7,*) IREFP
170 CONTINUE

ISSING')

NEQ = NPOIN 4
DO 180 I=1,NE
SYSR(I) = 0.

180 CONTINUE 'j
DO 190 I=1,NEQ=
DO 190 J 1 NEQ

AN Aneningng

200 FORMAT(/ *** THE FINITE ELWENT MODEL %SISTS OF',

ARIR S NENA Y

FOR! UP SYSTEM EQUATIONS
210 FORMAT(/,' *** ESTABLISHING ELEMENT MATRICES AND',
% ' ASSEMBLING ELEMENT EQUATIONS **%*!' )
CALL TRI (NELEM, INTMAT, COORD, SYSK, SYSR, MXPOI, MXELE)

WRITE(6,220)

220 FORMAT(/,' *** APPLYING BOUNDARY CONDITIONS OF NODAL',
* ' POTENTIAL FLOW **%! )
CALL APPLYBC(NPOIN, IBC, POTEN, SYSK, SYSR, MXPOTI)

WRITE(6,230)
230 FORMAT(/,' *** SOLVING A SET OF SIMULTANEOUS EQUATIONS',

140
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i ' FOR POTENTIAL FLOW SOLUTIONS ***! )
WRITE(6,240) NEQ

240 FORMAT (5X,'( TOTAL OF', I5,' EQUATIONS TO BE SOLVED ) ')
CALL GAUSS (NEQ, SYSK, SYSR, POTEN, MXPOI)
CALL CVEL(NPOIN, NELEM, INTMAT, COORD, ICASE,

* MXPOI, MXELE, POTEN, U, V, UE, VE)
CALL PRESS (NPOIN, COORD, IREFP, MXPOI, DEN, GRA,
* U, V, VEL, P)
c
¢ PRINT OUT NODAL POTENTIAL FLOW SOLUTIONS :
c
250 WRITE(6,260)
260 FORMAT(/, ' PLEASE ENTER FILE NAME FOR POTENTIAL FLOW'
* ' SOLUTIONS:' )
READ(5, '(A)', ERR=250) K 3
OPEN (UNIT=8, FILE=NAME2) S ,?e-J" f RR=250)
WRITE (8,270) NPOIN i il
270 FORMAT(' NODAL PO! MFALCRIOW SOLUL B 15, '] -,
* Ils 2%; DE Z i | / )
DO 280 IP=1,NPOI
WRITE(8,290) I VEL(IP), P(IP)
290 FORMAT(I6, E15.6, Mg
280 CONTINUE
c
c PRINT OUT VELO
(el
WRITE (8,300)
300 FORMAT(//, E] N aiE
* //, 2X, 'ELE LY ) R ; ‘o', 1e6x, 'w,
* //) .
DO 310 IE=1,NEL
WRITE(8,320) IE, IMAT(T . ' JE(IE), VE(IE)
320 FORMAT(I6, I10, IH0, oo
310 CONTINUE
(>
STOP
END
c
c _______________________________
c
SUBROUTINE AP MXPOT)
c
¢ APPLY POTENTIZ j OW BOUNDARY CONDITIONS WITH%@ONDITION CODES OF:
c 0 = FREE TO CHANGE (TO BE COMPUTED)
e 1 = FIXED SPECIFIED
¢
e FHEANDNINGINI
DIMENSIO! PO POTEN (MXPOT)
(6

< ARIATHIUNMINYINY

IFG[BC(IEQ) EQ.0) GO TO 100

®)
DO 200 IR=1,NPOIN
IF(IR.EQ.IEQ) GO TO 200
SYSR(IR) = SYSR(IR) - SYSK(IR,IEQ)*POTEN (IEQ)
SYSK(IR,IEQ) = 0.
200 CONTINUE
c

DO 300 IC=1,NPOIN
SYSK(IEQ,IC) = 0.

300 CONTINUE
SYSK(IEQ,IEQ) = 1.
SYSR(IEQ) = POTEN (IEQ)
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QA O 0NaA

NN

100

200

100

300

200

CONTINUE

RETURN
END

SUBROUTINE ASSMBLE (IE, INTMAT, AKC, SYSK, SYSR, MXPOI, MXELE)
ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS
IMPLICIT REAL*8 (A-H,0-2)

DIMENSION AKC(3,3)
DIMENSION SYSK (MXPOI,MXPO

INTEGER INTMAT (MXELE 3)"
NNODE = 3

DO 100 IR=1,NNODE
DO 200 IC=1,NNODE
IROW = INTMAT (I
ICOL = INTMAT (
SYSK (IROW, ICOL)

CONTINUE
SYSR(IROW) = SYS
CONTINUE
RETURN
END ’
: Ak WY
SUBROUTINE GAUSS (N, M, B/Z%;
IMPLICIT REAL*8 (A-H,O-%j
DIMENSION A (MXPOI,MXPOI¥: MXPOT)

PERFORM SCALING
. -, ;
CALL SCALE (N4 E¥ AX J

FORWARD ELIMINZ E ON':
it

aF

PERFORM ACCORDING‘QE‘?RDER OF 'PRIME! FROM 1 TO N-1:

o GUHYINUNINYINT

PERFORM P“lTIAL PIVOTING:

ARRIITANRAN A

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 LOWER LEFT PORTION TO ZERO:

142
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400
100

600

500

1.0

20

DO 400 IE=IP+1,N

A(IE,IP) = 0.

CONTINUE

CONTINUE

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,I
CONTINUE

X(IE) = (B(IE) -
CONTINUE
RETURN
END

SUBROUTINE PIVO
IMPLICIT REAL*
DIMENSION A (MXPO

PERFORM PARTIAL PIV,
L]
Jp = IP
BIG = ABS(A(IP,IP)) |
DO 10 I=IP+1,N
AMAX = ABS(A(I,IP)) T
IF (AMAX.GT.BIG) THEN&4 s

BIG = A X
Jp =1 "F-

ENDIF Y

CONTINUE =

IF(JP.NE.IP) | [THE
DO 20 J=IP,N =
DUMY = A(Jp, J)
A(JP,J)

2;;$I§sﬁm ANYNTNYNT

B(JP) - B P)

@M’}Tﬁﬂﬂimuﬁﬂﬂﬂ’lﬁﬂ

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

PERFORM SCALING:

DO 10 IE=1,N

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

AMAX = ABS(A(IE,IC))
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20

30

10

5

10

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

DO 30 IC=1,N

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

B(IE) = B(IE)/BIG

CONTINUE

RETURN

END

SUBROUTINE TRI(NELEM, INTMAT, COORD, SYSK, SYSR, MXPOI, MXELE)

ESTABLISH ALL ELEMENT MATE 35§ ANDSASSEMBLE THEM TO FORM
UP SYSTEM EQUATIONS \ ’

INTEGER INTMAT (
LOOP OVER THE
DO 500 IE=1,NELE!

FIND ELEMENT L

II = INTMAT(IE,]
JJ = INTMAT(IE,
KK = INTMAT(IE,3)

XG1l = COORD(II,1)
XG2 = COORD(JJ,1)
XG3 = COORD (KK, 1)
YG1 = COORD(II, 2)
YG2 = COORD( )
YG3 = COORD(

AREA= 0.5* (X v.
IF (AREA.LE.O. )™ W

RE1-ve2))

FORMAT (/,"' !!! E-RO- . 55

% ' HAS NEGATIVE OR ZERO AREA ', /, —

* --- CHECK F.E. MODEL FOR NODAL COORDINATES'
w2 NODAL CONNE ONS

j‘““ﬂﬂﬁ"‘”ltlﬂﬁﬂﬂ'lﬂ’i

1 = YG2 “YG
B2 = YG3 - YG1
B

FRIBINTUNRINYINY

c3 § xe2 - xc1

DO 10 1I=1,2
DO 10 J=1,3
B(I,J) = 0.
CONTINUE

B(1,1) = Bl
B(1,2) = B2
B(1,3) = B3
B(2,1) = C1
B(2,2) = C2
B(2,3) = @3
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30
20

110

100

500

100

150

B(I,J) =B
BT (J,1I) B
CONTINUE
CONTINUE

ELEMENT [K] MATRIX:

DO 100 1I=1
DO 100 J=1,
AKC(I,Jd) = 0.
DO 110 K=1,2
AKC(I,J) =
CONTINUE
AKC(I,J)
CONTINUE

[}

ASSEMBLE THESE ELEMENI NATE FORMLSYSTEM EQUATIONS:
CALL ASSMBLE (IE, MXELE)

CONTINUE

CALCULATE VELOCITY OFEA ‘ : AL, SOLUTIONS

IMPLICIT REAL*8 (A-H,0-% f%

DIMENSION COORD(MXPOI, +~—POTE]
DIMENSION U(MXPOI)

, UE(MXELE), VE(MXELE)

INTEGER INT

DO 100 I=1,NE
UE(I) = 0. 1l

0. /
ONE (I)

% ’“ﬁmmmwmn's
%WQWﬁwﬁﬁﬁaﬂaﬂaﬂ

DO 150 I=
IE=1,NELEM

u(I)
V(I)

FIND ELEMENT LOCAL COORDINATES:

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

XGl = COORD(II,1)
XG2 = COORD(JJ,1)
XG3 = COORD (KK, 1)
YG1l = COORD(II,2)
YG2 = COORD(JJ,2)
YG3 = COORD (KK, 2)
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AREA= 0.5%* (XG2* (YG3-YG1l) + XG1* (YG2-YG3) + XG3*(YGl-YG2))

IF(AREA.LE.O.) WRITE(6,5) IE
FORMAT (/, ' {11 ERROR !!! ELEMENT NO.',6 IS5,
* ' HAS NEGATIVE OR ZERO AREA ', /,

' --- CHECK F.E. MODEL FOR NODAL COORDINATES',
' AND ELEMENT NODAL CONNECTIONS ---' )
F(AREA.LE.O.) STOP

Bl = YG2 - YG3
B2 = YG3 - YG1 -
B3 = YG1 - YG2
Cl = XG3 - XG2
C2 = XG1 - XG3
C3 = XG2 - XG1

POTEN1 = POTEN(II)
POTEN2 = POTEN (JJ)
POTEN3 = POTEN (KK)

IF (ICASE.EQ.2)
UE(IE) = ((C1l*E
VE(IE) = ((-B1*PQ§
CONTINUE

2.*AREA)
) )/ (2.*AREA)

COMPUTE THE ELEN

IF(ICASE.EQ.1) GO
UE(IE) = ((-B1*E
VE(IE) = ((-C1*POT
CONTINUE f

))/ (2.*AREA)
POTEN3)) / (2.*AREA)

COMPUTE NODAL VELOC

I E—iﬁ-:l_ﬂ_L § LOCITY:

E )l

U(II) = U(II) + UE(
U(JJ) = U(JJ) ™

U(KK) = U(KKM G UE(IE)
V(II) = V(II

V(JJ) = v(JJ) o
V(KK) = V(KK) + (1
ONE(II) = ONE(F# + 1.
ONE (JJ) = ONE(JJ)‘\»

ONE (

mmﬁuzﬁmmwmm

DO 600 I— ,NPOIN

AR RAETINANEARY -

= U(I)/ONE(I)
V(I) = V(I)/ONE(I)
CONTINUE

ROUND-OFF SOLUTION VALUES FOR OUTPUT:

ROFF = 1.E-6
DO 700 TIEQ=1,NPOIN
VPOTEN = POTEN (IEQ)

VALUEU = U(IEQ)
VALUEV = V(IEQ)
IF (ABS (VPOTEN) .LT.ROFF) POTEN(IEQ) = O.
IF (ABS (VALUEU) .LT.ROFF) U(IEQ) = 0.
IF (ABS (VALUEV) .LT.ROFF) V(IEQ) = 0.
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700 CONTINUE

RETURN
END

SUBROUTINE PRESS (NPOIN, COORD, IREFP, MXPOI,
. U, Vv, VEL, P)

CALCULATE PRESSURE OF ALL NODAL SOLUTIONS
IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION COORD (MXPOI,2),
DIMENSION U(MXPOI), V(MXE

DO 100 I=1,NPOIN
P(I) = 0.
100 CONTINUE

VREF SQRT ((U(
YREF = (COORD (IR

COMPUTE THE NODA

CONST = ((VREF*VR
DO 200 I=1,NPOI
H = COORD(I,?2)
VEL(I) = SQRT( (U (I*UMT)
P(I) = DEN*GRA* (@ONS]
200 CONTINUE

ROUND-OFF SOLUTION VA

ROFF = 1.E-6

DO 300 IEQ=1,NPOIN

VALUEP = P(IEQ)

VALUEVEL = VEDW{EG

IF (ABS (VALUER) T —————P

IF (ABS (VAL
300 CONTINUE

RETURN
END

DEN, GRA,

------------- AUt InEMIngIng
ARIAATUUMINYAE
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10
20

100

11.0

115

120

PROGRAM POTEN3D

A FINITE ELEMENT COME 4% VING PARTIAL
DIFFERENTIAL EQUATION OF=POISSON.'S EQUATION
FOR THREE-DIMENSIONAI] ; ; WILSCID INCOMPRESSIBLE FLOW.

THE VALUES DECLAREQR BELOW SHOULD

BE ADJUSTED ACGORDINGH LHE JST D BEMS AND TYPES
OF COMPUTERS:

MXPOT = MaxaMom wvEEd OF N
MXELE = MAXIMU] e ks

PARAMETER (MXPf 1480, d’;_—'

IMPLICIT REAL*8
DIMENSION TEXT{20)
DIMENSION COORD (
DIMENSION SYSK (MXPO
DIMENSION U(MXPOI),
DIMENSION UE (MXELE)Y, V&
CHARACTER*20 NAME1l, NA

INTEGER INTMAT (

WRITE (6,20)
FORMAT (/, ' DPLHAS
READ(5, '(A)', BRR=10 T
OPEN (UNIT=7, FLIE=NAME1, STATUS='OLD', ERR=10}..

READ TITLE OF COMBUEATION:

oo LU ANENTNYINT

DO 100
READ(7,1) ™ TEXT

I RINTUNRIINYAY

RE]P INPUT DATA:

READ(7,1) TEXT

READ(7,*) NPOIN, NELEM, NREFP

IF (NPOIN.GT.MXPOI) WRITE(6,110) NPOIN

FORMAT (/,' PLEASE INCREASE THE PARAMETER MXPOI TO ', IS5)
IF (NPOIN.GT.MXPOI) STOP

IF (NELEM.GT.MXELE) WRITE(6,115) NELEM

FORMAT (/,' PLEASE INCREASE THE PARAMETER MXELE TO ', I5)
IF (NELEM.GT.MXELE) STOP

IF (NREFP.GT.MXREFP) WRITE(6,120)

FORMAT (/,' PLEASE CHECK THE PARAMETER NREFP ')

IF (NREFP.GT.MXREFP) STOP
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a0

READ FLUID PROPERTIES:

READ(7,1) TEXT
READ(7,*) DEN, GRA

READ NODAL COORDINATES, BOUNDARY CONDITIONS, THEIR VALUES:
REQUIREMENT: MAIN NODES MUST BE NUMBERED FIRST

READ(7,1) TEXT
DO 130 IP=1,NPOIN .
READ(7,*) I, IBC(I), (COORD(I,K), K=1,3), POTEN(I)
IF(I.NE.IP) WRITE(6,135) 1IP
135 FORMAT(/, ' NODE NO.',6 I5, ' IN DATA FILE IS MISSING')
IF(I.NE.IP) STOP f
130 CONTINUE
READ(7,1) TEXT
DO 140 IE=1,NELEM
READ(7,*) I, |

IF(I.NE.IE) OREs — L e ——

150 FORMAT(/, ' ELEMENT NO f DATALETLE,.TS MISSING')
IF(I.NE.IE) ST ﬁ::*mﬁh\‘\

140 CONTINUE r ; oy .

WRITE(6,160)
160 FORMAT(/,'
* 1
READ(7,1) TEXT
DO 170 1IP=1,NR
READ (7, *)
170 CONTINUE

NEQ = NPOIN

DO 180 1I=1,NEQ

SYSR(I) = 0.
180 CONTINUE

DO 190 1I=1,NEQ

DO"190 J=1,NEQ

SYSK(I,J) = 0.
190 CONTINUE

L
S -

WRITE (6,200) {NB
200 FORMAT(/,' *+** 9gm SPOF ', 15,
* : NODE?IA

W

ESTABLISH ALL ELEMENT MATRICES AND ASSEMBLE THEM TO FORM
FORM UP SYETEM EQUAEBONS

wec A EL A NN T 8NN3

210 FORMAT(/ qu*** ESTABLISHING ELEMENT MATRICES AND'
ASSEMBLING ELEMENT EQUATIONS =

ARSIy T Y

220 FOﬂkAT(/,' *** APPLYING BOUNDARY CONDITIONS OF NODAL',
* ' POTENTIAL FLOW ***! )
CALL APPLYBC(NPOIN, IBC, POTEN, SYSK, SYSR, MXPOI)

WRITE(6,230)
230 FORMAT(/,' *** SOLVING A SET OF SIMULTANEOUS EQUATIONS',
* ' FOR POTENTIAL FLOW SOLUTIONS **%! )
WRITE (6,240) NEQ
240 FORMAT (5X,'( TOTAL OF', IS5,' EQUATIONS TO BE SOLVED )')
CALL GAUSS (NEQ, SYSK, SYSR, POTEN, MXPOI)
CALL CVEL(NPOIN, NELEM, INTMAT, COORD,
* MXPOI, MXELE, POTEN, U, V, W, UE, VE, WE)
CALL PRESS(NPOIN, COORD, IREFP, MXPOI, DEN, GRA,
* U, V, W, VEL, P)
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PRINT OUT NODAL POTENTIAL FLOW SOLUTIONS:

250 WRITE(6,260)
260 FORMAT(/, ' PLEASE ENTER FILE NAME FOR POTENTIAL FLOW'
* ' SOLUTIONS:' )
READ(5, '(A)', ERR=250) NAME2
OPEN (UNIT=8, FILE=NAME2, STATUS='NEW', ERR=250)
WRITE(8,270) NPOIN
270 FORMAT (' NODAL POTENTIAL FLOW SOLUTIONS [',IS5,']:‘',
* //., 2X, 'NODE', 3X, 'POTENTIAL FLOW', // )
DO 280 IP=1,NPOIN
WRITE(8,290) 1IP, POTEN(IP), U(IP), V(IP), W(IP), VEL(IP), P(IP)
290 FORMAT(I6, E15.6, E15.6, E15 @15.6, E15.6, E15.6)
280 CONTINUE !

PRINT OUT VELOCITY OF.El
WRITE(8,300) NE
300 FORMAT(//, ' VELOCLILw@F=E :v,

* //., 2X, "BEEMENGS 6 X 2 e, 18X, W,
* 1sx, 'w', //

DO 310 IE=1,NEL

WRITE (8,320)
320 FORMAT(I6, I10, I
310 CONTINUE

VE(IE), WE(IE)
16.6)

STOP
END
SUBROUTINE APPLYRBC (NPOI !, :""' EE!E ] C SYSR, MXPOI)

APPLY POTENTIAL FLOW BO -2;'\""
0 = FREE TO CHANGH:ATL
1= FIii:

IMPLICIT REA;‘f

DIMENSION SYSKQD . POI)

INTEGER IBC (MX%EOTI)

DO 100 IEQ=1,NPO
ngl"mﬁm‘a“iﬁltl’m‘i
DO 200

IF(IR.EQ. GO TO 200

%ﬁﬁrﬁ Thsifmrne e

DO 300 IC=1,NPOIN
SYSK(IEQ,IC) = 0.

300 CONTINUE
SYSK(IEQ,IEQ) = 1.
SYSR(IEQ) = POTEN(IEQ)

100 CONTINUE

RETURN
END

ONS WITH CONDITION CODES OF:
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200

100

300

200

400
100

SUBROUTINE ASSMBLE (IE, INTMAT, AKC, SYSK, SYSR, MXPOI,

ASSEMBLE ELEMENT EQUATIONS INTO SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,0-2Z)
DIMENSION AKC(4,4)
DIMENSION SYSK(MXPOI,MXPOI), SYSR(MXPOI)

INTEGER INTMAT (MXELE,4)
NNODE = 4

DO 100 1IR=1,NNODE

DO 200 IC=1,NNODE

IROW = INTMAT(IE, IR)
ICOL = INTMAT(IE,IC)
SYSK (IROW, ICOL)
CONTINUE
SYSR(IROW) = SYSR
CONTINUE

RETURN
END

SUBROUTINE GAUSS
IMPLICIT REAL*
DIMENSION A (MXPO
PERFORM SCALING

CALL SCALE(N, A, B
FORWARD ELIMINATION !
PERFORM ACCORDING TO QRDERM ,,. ~-.,-_ 1 TO N-1:

DO 100 IP=1 .

PERFORM PARTI i

CALL PIVOT (N, ‘_jl, MXPOI, IP

LOOP OVER EACH EQ‘AEN STARTING FROM THE ONE THAT CORRESPONDS

oo FTHE T a'mw gIN3

DO 200
RATIO = A E IP)/A(IP,IP)

MXELE)

R N RINTUUNIINGIA Y

00 IC=IP+1,N

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

BACK SUBSTITUTION:
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600

500

10

20

20

30

10

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(IE,IE)
CONTINUE
RETURN
END

SUBROUTINE PIVOT (N,
IMPLICIT REAL*8
DIMENSION A (MXPO

PERFORM PARTIAL P

JP = IP ¢
BIG = ABS(A(IP,IB
DO 10 I=IP+1,
AMAX = ABS(A(I,IP
IF (AMAX.GT.BIG)

BIG = AMAX
Jp =1

ENDIF

CONTINUE
IF(JP.NE.IP) THEN
DO 20 J=IP,II
DUMY = A(JP,J)
A(JP,J) = A(IBgJ)
A(IP,J) = DUM¥=
CONTINUE |

DUMY = B (Jp)%
B(JP) = B(IP) m
B(IP) = DUMY
ENDIF

RETURN

PERFORM SCALING:

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

DO 20 IC=2,N

AMAX = ABS(A(IE,IC))

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

DO 30 IC=1,N

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

B(IE) = B(IE)/BIG

CONTINUE

=" Ul INYNINYINT

_________ R e ——

s Ingnat
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RETURN
END

SUBROUTINE TET (NELEM, INTMAT, COORD, SYSK, SYSR, MXPOI, MXELE)

ESTABLISH ALL ELEMENT MATRICES AND ASSEMBLE THEM TO FORM
UP SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,0-2Z) s
DIMENSION COORD (MXPOI,3), SYSK(MXPOI,MXPOI), SYSR(MXPOI)
DIMENSION AKC(4,4), B(3,4), BT(4,3)

INTEGER INTMAT (MXELE, 4)
LOOP OVER THE NUMBER OF"
DO 500 IE=1,NELE
FIND ELEMENT LOG

II = INTMAT(IE,
JJ = INTMAT(IE,2)
KK = INTMAT(IE,
LL = INTMAT(IE, 4

XG1 = COORD(II
XG2 = COORD(JJ,1)
XG3 = COORD (KK, 1
XG4 = COORD(LL,
YG1 = COORD(II,2)
YG2 = COORD(JJ,2)
YG3 = COORD (KK, 2)
YG4 = COORD(LL,2)
ZG1l = COORD(II,3)
ZG2 = COORD(JJ, 3)
ZG3 = COORD (KKw3)
7G4 = COORD (L8 .
VOL = ((XG2*Y§3g c"d XG3*ZG2*YG4)

+ (XGa*YE2%ZEG G4 XG1*ZG3*YG4)

+ (XG3*YG1¥4G4 C1*ZG3) + (XG4*ZG1*YG3)

+(XG1*YG2A4G4) - (XG1*ZG2*YG4) - (XG2*YG1*ZG4d + (XG2*ZG1*YG4)

+(XG4*YG1*ZG2) - (XG4 *ZGL*YG2) - (XG1*YG2*ZG3) + (XG1*ZG2*YG3)

+(XG2*YG1*Z@EB M XG2*ZG1*YG3) MUNC3I*YG1*ZG2) + (XG3*ZG1*YG2) )

mﬂlémﬂ BYINEAN
A SHARI B TETA

= (XG2*YG3*ZG4) - (XG2*ZG3*YG4) - (XG3*YG2*ZG4)
+ (XG3*ZG2*YG4) + (XG4 *YG2*ZG3) - (XG4 *ZG2*YG3)

A2 = - (XGl*YG3*ZG4)+ (XG1l*ZG3*YG4) + (XG3*YG1*ZG4)
- (XG3*ZG1*YG4) - (XG4*YG1*ZG3) + (XG4*ZG1*YG3)
A3 = (XG1*YG2*ZG4) - (XG1*ZG2*YG4) - (XG2*YG1*ZG4)
+(XG2*ZG1*YG4) + (XG4 *YG1*ZG2) - (XG4*ZG1*YG2)
A4 = - (XG1l*YG2*ZG3) + (XG1*ZG2*YG3) + (XG2*YG1*ZG3)
- (XG2*ZG1*YG3) - (XG3*YG1*ZG2) + (XG3*ZG1*YG2)
Bl = - (YG3*ZG4)+ (ZG3*YG4)
+(YG2*ZG4) - (2G2*YG4)
- (YG2*ZG3) + (2G2*YG3)
B2 = (YG3*ZG4)- (ZG3*YG4)

- (YG1*2G4) + (2G1*YG4)
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20

110

+(YG1*2G3) - (ZG1*YG3)
- (YG2*2ZG4) + (ZG2*YG4)
+(YG1*ZG4) - (ZG1*YG4)
- (YG1*ZG2) + (ZG1*YG2)
(YG2*ZG3) - (2G2*YG3)
- (YG1*ZG3) + (2G1*YG3)
+(YG1*2G2) - (Z2G1*YG2)
(XG3*2G4) - (ZG3*XG4)
- (XG2*ZG4) + (ZG2*XG4)
+ (XG2*2G3) - (ZG2*XG3)
- (XG3*ZG4) + (2ZG3*XG4)
+(XG1*2G4) - (ZG1*XG4)
- (XG1*ZG3) + (2G1*XG3)
(XG2*ZG4) - (2G2*XG4)
- (XG1*ZG4) + (ZG1*XG4)
+(XG1*2G2) - (ZG1*XG:
- (XG2*2ZG3) + (ZG2#XC

B3

B4

Cil

Cc2

W]

N
w
i}

@]
S
Il

=
[
I

1
™
]
w

*
%]
@Q
NS
+
£y

+(XG2*YG4) ’
- (XG2*YG3) + (YG#

(XG3*YG4
- (XG1*YG4) +
+ (XG1*YG3 )t
- (XG2*YG4) + (
+(XG1*YG4) -

|}
N
I

D3

L)
=
1]
=
(9]
N
*
[
@
w
1

B(1,1) = Bl
B(1,2) = B2 -
B(1,3) = B3 A

B(1,4) = B4 ‘ﬂ
B(2,1) = C1
B(2,2) = C2
B(2,3) = C3
B(2,4) = C4

B(3,4) =

ARINININUNINAY

CONTINUE

ELEMENT [K] MATRIX:

DO 100 J=1,

AKC(I,J) = 0.

DO 110 K=1,3

AKC(I,J) = AKC(I,J) + BT(I,K)*B(K,J)
CONTINUE

AKC(I,J) = VOL*AKC(I,J)
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100 CONTINUE

ASSEMBLE THESE ELEMENT MATRICES TO FORM SYSTEM EQUATIONS:

CALL ASSMBLE (IE, INTMAT, AKC, SYSK, SYSR, MXPOI, MXELE)

500 CONTINUE

RETURN
END

100

150

* * ok *

SUBROUTINE CVEL (NPOIN, NELEM COORD,
MXPOI, MXELE} V, W, UE, VE, WE)

CALCULATE VELOCITY O SOLUTIONS
IMPLICIT REAL*8 (2 ki

DIMENSION COORD (MXPQ POTEN (MXE NE (MXPOT)
DIMENSION UE ( . 17""3; “: LE )
DIMENSION U (MXPO rifﬂev b

INTEGER INTMAT (MX#

DO 100 I=1,NELEM
UE(I) = 0.
VE(I) = 0.
WE(I) = 0
CONTINUE
DO 150 I=
U(I1) =
V(I)

W(I)

ONE (I)
CONTINUE

NPOI

I

1,
0.
0.
0
0

LOOP OVER THE :w: i

DO 500 IE=1, 'ii'

FIND ELEMENT Lo:} CO®
|

II = INTMAT(IE,1)

JJ = INTMAT(IE,2) ‘

fﬁiiﬁ?ﬂﬁﬁ?ﬂﬂﬂ‘iﬂﬂ’m‘i |

XGl = COO (I1,1)

AWERINIUNRINYINY

Yelq_ COORD(II,2)

YG2 = COORD (JJ,2)

YG3 = COORD (KK, 2)

YG4 = COORD (LL,2)

ZGl = COORD(II,3)

ZG2 = COORD (JJ,3)

ZG3 = COORD (KK, 3)

ZG4 = COORD(LL, 3)

VOL = ((XG2*YG3*ZG4) - (XG2*ZG3*YG4) - (XG3*YG2*ZG4) + (XG3*ZG2*YG4)
+(XG4*YG2*ZG3) - (XG4*ZG2*YG3) - (XG1*YG3*ZG4) + (XG1*ZG3*YG4)
+(XG3*YG1*2G4) - (XG3*ZG1*YG4) - (XG4*YG1*ZG3) + (XG4 *ZG1*YG3)
+(XG1*YG2*ZG4) - (XG1*ZG2*YG4) - (XG2*YG1*ZG4) + (XG2*ZG1*YG4)
+(XG4*YG1*ZG2) - (XG4*ZG1*YG2) - (XG1L*YG2*ZG3) + (XG1*ZG2*YG3)
+(XG2*YG1*ZG3) - (XG2*ZG1*YG3) - (XG3*YG1*ZG2) + (XG3*ZG1*YG2) )
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* Ve

IF(VOL.

5 FORMAT (
*
L 4

IF (VOL

Bl = -(

+(

=i

B2 = (

* =

+(

B3 = -

+(

-

B4 = (

-

+(

Cl = (

* -

+(

c2 = -(

* +(

% =

€3 = |

* =i

+(

C4 = -

+(

=

D1 = -(

R,

* ={

D2 = (

=

+(

D3 = -(

+(

=3

D4 = (

=

* +(

POTEN1

POTEN2

POTEN3

POTEN4

156

6.
LE.O0.) WRITE(6,5) IE
/,' !'!! ERROR !!! ELEMENT NO.',6 IS5,
' HAS NEGATIVE OR ZERO VOLUME ', /,
' --- CHECK F.E. MODEL FOR NODAL COORDINATES',
' AND ELEMENT NODAL CONNECTIONS ---' )
.LE.O.) STOP

YG3*ZG4) + (ZG3*YG4)
YG2*2G4) - (2G2*YG4)
YG2*ZG3) + (2G2*YG3)
YG3*ZG4) - (ZG3*YG4)
YG1*Z2G4) + (Z2G1*YG4)
YG1*ZG3) - (ZG1*YG3)
YG2*ZG4) + (ZG2*YG4

YG1*ZG2) + (ZG1+
YG2*2ZG3) - (Z

XG1*2ZG3) + (2
XG2*2ZG4) -
XG1*ZG4
XG1*2G2) - (
XG2*2ZG3) +
xc1+ze3) Mz
XG1*2ZG2) + (2 P
XG3*YG4) + (V¥ 4) o
XG2*YG4) - (YG2 4G T
XG2*YG3) + (YG2¥XG @
XG3*YG4) - (YG3*XG4 )T =
XGL*YG4) + (YGL *XGhattid A 243
XG1*YGIN ( =N
XG2*Y (3
xG1*ych
xo1 v :
XG2+YG3) JIFG2+XE
XG1*YG3) #¥G1+XG3)
XGl*YG2)—(%?1*XG2)

%J’J‘VIEI‘VI'B'W 81173

EN(LL)

ARAFNTHNAINYA Y

UE(!E)

VE (IE)

*

WE (IE)

*

COMPUTE

U(II) =
U(JJ) =
U (KK)
U(LL) =
V(II) =

= ((B1*POTEN1) + (B2*POTEN2) + (B3*POTEN3) + (B4 *POTEN4) )
/ (-6 .*VOL)
((C1*POTEN1) + (C2*POTEN2) + (C3*POTEN3) + (C4*POTEN4) )
/ (-6.*VOL)
((D1*POTEN1) + (D2*POTEN2) + (D3*POTEN3 ) + (D4 * POTEN4) )
/ (-6 .*VOL)

NODAL VELOCITIES FROM ELEMENT VELOCITY:
U(II) + UE(IE)
U(JJ) + UE(IE)
= U(KK) + UE(IE)
U(LL) + UE(IE)
V(II) + VE(IE)
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500

650

600

IF (ABS (VALUEW) .

700

100

*

V(JJ) = V(JJ) + VE(IE)
V(KK) = V(KK) + VE(IE)
V(LL) = V(LL) + VE(IE)
W(II) = W(II) + WE(IE)
W(JJ) = W(JJ) + WE(IE)
W(KK) = W(KK) + WE(IE)

W(LL) = W(LL) + WE(IE)
ONE(II) = ONE(II) + 1.
ONE(JJ) = ONE(JJ) + 1.
ONE (KK) = ONE(KK) + 1.
ONE (LL) = ONE(LL) + 1

CONTINUE

DO 600 I=1,NPOIN
IF(ONE(I).EQ.0.) WRI
FORMAT (' *** WARNING
IF(ONE(I) .EQ.0.)

U(I) = U(I)/ONE(I
V(I) = V(I)/ONE(I)
W(I) = W(I)/ONE (
CONTINUE

ROUND-OFF SOLUTIONGVA

ROFF = 1.E-6
DO 700 IEQ=1,NPg
VPOTEN =
VALUEU =
VALUEV =
VALUEW =
IF (ABS(VPOTEN) .LT.}
IF (ABS (VALUEU) . LT ROF
IF (ABS (VALUEV) .LT.RO

CONTINUE

RETURN
END

8
SUBROUTINE PRE fJ-POIN, COORD, IREFP, MXPOI, D&N, GRA,

u, vV, W, VEL, P)

‘a W
AR ANENTNYINT
IMPLICIT -H,0-2)
DIMENSION "~ COORD (MXPOI, 3), MXPOI)
AROATNSH NFNTEI S
AN P ae
P(f§ =o.
CONTINUE
VREF = SQRT( (U(IREFP) *U(IREFP) )+ (V(IREFP) *V (IREFP))

+ (W (IREFP) *W (IREFP)))

YREF (COORD (IREFP,2))

COMPUTE THE NODAL PRESSURE:

CONST = ((VREF*VREF)/ (2.*GRA))+YREF

DO 200 I=1,NPOIN

H = COORD(I,2)

VEL(I) = SQRT((U(I)*U(I))+(V(I)*V(I))+(W(I)*W(I)))
P(I) = DEN*GRA* (CONST- ( ((VEL(I)*VEL(I))/(2.*GRA))+H))

157
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200 CONTINUE
ROUND-OFF SOLUTION VALUES FOR OUTPUT:

ROFF = 1.E-6
DO 300 IEQ=1,NPOIN

VALUEP = P(IEQ)
VALUEVEL = VEL(IEQ)
IF (ABS (VALUEP) .LT.ROFF) P (IEQ) 0.

IF (ABS (VALUEVEL) .LT.ROFF) VEL(IEQ)
300 CONTINUE

RETURN
END

AULINENINeINg
ARIAATAUNN TN
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PROGRAM NAVIER2D

G NAVIER-STOKES
SSIBLE FLOWS.

A FINITE ELEMENT COMP
EQUATION FOR TWO-DIMER

THE VALUES DECLARE L P ER“STATEN BELOW SHOULD

BE ADJUSTED ACCORDING 3 B OF PROBLEMS AND TYPES

OF COMPUTERS: .
MXPOIV
MXPOIP
MXELE

MAXIMU A ES. IN THE MODEL
: THE MODEL

a0 000 Qa0 G0 a O

o
PARAMETER (MXPQ 5=T000,, MXPLE=2 MXFREE=1)
PARAMETER (MXNEQ=2 o

IMPLICIT REAL*8%(A

DIMENSION COORD (MXPOIL
DIMENSION UVEL (MXPOI
DIMENSION SYSK (MXNEQ
DIMENSION SOL (MXNEQ
CHARACTER*20 NAME1l, NA

INTEGER IN
INTEGER 1IB

10 WRITE(6,20)
20 FORMAT(/,' PLEASH EN
READ(5, ' (A)',ERR+10) NAME )
OPEN (UNIT=7, FILE=NAME1l, STATUS='OLD', ERR=10)
OPEN (UNIT=9, FILEiﬂ CK.OUT', STATYS-'NEW')

READ TITﬂU@EHWEW]‘SWEﬂﬂ‘i

READ (7, *) NLINES
O 100 ILTNE=1,NLIN

1DﬁM’1ﬁﬂﬂ‘§mmﬂ‘1’mﬂ’lﬁﬂ

100

READ INPUT DATA:

N

READ(7,1) TEXT
WRITE(9,104)

104 FORMAT (' NPOIV NPOIP NELEM NFREE NITER TOL")
READ (7, *) NPOIV, NPOIP, NELEM, NFREE, NITER, TOL
WRITE(9,105) NPOIV, NPOIP, NELEM, NFREE, NITER, TOL

105 FORMAT(5I8, F8.2)

IF (NPOIV.GT.MXPOIV) WRITE(6,110) NPOIV

110 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXPOIV TO',I5)
IF (NPOIV.GT.MXPOIV) STOP
IF (NPOIP.GT.MXPOIP) WRITE(6,120) NPOIP
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160

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 (NFREE.GT.MXFREE) WRITE(6,140) NFREE

140 FORMAT(/,' PLEASE INCREASE THE PARAMETER MXFREE TO', IS5)
IF (NFREE.GT.MXFREE) STOP

READ FLUID PROPERTIES:

READ(7,1) TEXT
WRITE(9,134)
134 FORMAT (' DENSITY VISCQ
READ(7,*) DEN, VIS, )
WRITE(9,135) DEN, VI

135 FORMAT (3E12.4) é
READ NODAL COORDINAE: : CO@HEIR VALUES:

REQUIREMENT: MAIN 5 ] MBERER, FIRST

READ(7,1) TEXT

WRITE(9,138)
138 FORMAT (' NODAL I 2 y U=V

* ' U-V-P, e L - )

DO 150 1IP= : -

READ (7, *)

*

WRITE(9,152)

* (C
152 FORMAT (I6, 314,

IF(I.NE.IP) WRIT
155 FORMAT(/, ' NODE

IF(I.NE.IP) STOP
150 CONTINUE

PRES (I)

(I), PREs(I)

ISSING')

READ ELEMENT NODAL COM
L
READ(7,1) TREXE
WRITE(9,157) N
157 FORMAT (' ELE
DO 160 IE=1,NEL
READ (7, *) I, ‘INTMAT(I J), Jd=1, 6)
WRITE(9,162) I, (iPTMAT(I ,J), J=1,
162 FORMAT (

s i 9 L8 W %J 71? WEL Mo

IF(I.NE. I STOP
160 CONTINUE

@ﬁ'}ﬁv@vﬂﬁﬁ#%ﬁﬂ? NY1Q Y

(7 1) TEXT
WRITE(9,168) NFREE
168 FORMAT (' OUTFLOW INFORMATION (ELE NO., 3 NODE NO.): [',

* I4, l]l)
DO 170 1IB=1,NFREE
READ (7, *) (INTMATF (IB,J), J=

WRITE(9,172) (INTMATF (IB,J),
172 FORMAT (41I8)
170 CONTINUE

WRITE(6,200) NPOIV, NPOIP, NELEM, NFREE, NITER, TOL
200 FORMAT (' THE FINITE ELEMENT MODEL CONSISTS OF:', /,
' NUMBER OF VELOCITY NODES =, Is, /,
* " NUMBER OF PRESSURE NODES =", 16, /,
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400

410

510

520

530

540

550

560

570

* ' NUMBER OF ELEMENTS =', 16, [/,
* ' NUMBER OF OUTFLOW BOUNDARY =, 16, /,
* ' WITH NUMBER OF ITERATIONS REQUIRED =', I6, /,
* ' OR SPECIFIED STOPPING TOLERANCE =', F6.2 )

DO 400 I=1,NPOIV

SOL (I ) = UVEL(I)
SOL (I+NPOIV) = VVEL(I)
CONTINUE

DO 410 I=1,NPOIP
SOL (I+NPOIV+NPOIV) = PRES(I)
CONTINUE

NEQ = 2*NPOIV + NPOIP

ENTER ITERATION LOOP:

DO 510 1I=
SYSR(I) =
CONTINUE
DO 520 I=1,NEQ
DO 520 J=1,NEQ
SYSK(I,J) = 0.
CONTINUE

WRITE (6,530)
FORMAT (/, 3X,
* I16, ':')
ESTABLISH ELEMENT ENT EQUATIONS
WRITE (6,540) — =
FORMAT (8X, ' ESTABLISHINGELEMENG AND',
* 1 \ S 1

CALL TRI (NPO N J EN,
vISHCR SYEK, SYSR,
SOL, i s XNEQJ! )

W

i¥

APPLY BOUNDARY CO%PITIONS OF NODAL INCREMENTS

Ff g ANINI WHINT

' INCREMENTS'

W"‘iﬁ@ﬁ%ﬂ%ﬁw@iﬁ WA Y

SOH‘E A SET OF SIMULTANEOUS EQUATIONS FOR NODAL INCREMENTS:

WRITE(6,560)
FORMAT (8X, ' SOLVING SET OF SIMULTANEOUS EQS. FOR',

* ' NODAL INCREMENTS' )
WRITE(6,570) NEQ
FORMAT (8X, ' ( TOTAL OF', IS5,' EQUATIONS TO BE SOLVED ) ')

CALL GAUSS (NEQ, SYSK, SYSR, DSOL, MXNEQ)
CHECK FOR CONVERGENCE :
UP = 0.

DOWN = 0.
DO 580 1I=1,NEQ
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nan

ERROR = DSOL(I)
up = UP + ABS(ERROR)
VALUE = SOL(I)

DOWN = DOWN + ABS (VALUE)

580 CONTINUE
RATIO = UP*100./DOWN
WRITE(6,585) RATIO

585 FORMAT (6X, 'CURRENT SOLUTION HAS GLORAL ERROR OF',
* F8.2, ' %' )
WRITE(9,587) ITER, RATIO

587 FORMAT (6X, 'ITERATION NO.', I16, ' HAS GLOBAL ERROR OF',
* F8.2, ' %' )
IF (RATIO.GT.TOL) GO TO 600 '

SOLUTION CONVERGED WITHIN 'THE IS FIED TOLERANCE

WRITE (6,590) . b
590 FORMAT(/, 3X, ' LUTIO @ N SPECIFIED',
* ' TOLERANCE * : J == )
GO TO 700
600 CONTINUE

UPDATE NODAL SO

DO 610 1I=1,NEQ
SOL(I) = SOL(I
610 CONTINUE
500 CONTINUE

SOLUTION NOT CO / i 2D, TOLERANCE

WRITE (6,620)
620 FORMAT(/, 3X, '
* ' SPECIFIED

700 CONTINUE
PRINT OUT SOLWEIONS

710 WRITE(6,720) P
720 FORMAT (' PLEASETE] § SSURE',
X ' SOLUTIONS: ', |
READ(5, '(A)', =710) NAME
OPEN (UNIT=8, FILE AME2, STATUS= 'NEW' ERR=710)
WRITE(8,730) NPOE

TR Ing
ﬁ“ﬁ RSl ng &

40 IEQ=1,NEQ
VALUE = SOL (IEQ)
IF (ABS (VALUE) .LT.ROFF) SOL(IEQ) = 0.
740 CONTINUE

DO 750 1IP=1,NPOIP
IEQU = IP
IEQV = NPOIV + IP

IEQP = 2*NPOIV + IP

WRITE(8,760) IP, SOL(IEQU), SOL(IEQV), SOL(IEQP)
760 FORMAT (I6, 3E16.6)
750 CONTINUE

DO 770 IP=NPOIP+1,NPOIV

IEQU = IP
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780
770

800
810

820

830

850
840

860

880

870

900
910

920

930

950
940

960

980

*

IEQV = NPOIV + IP
WRITE(8,780) IP, SOL(IEQU), SOL(IEQV)
FORMAT (16, 2E16.6)

CONTINUE

CREATE DATA FILE FOR GRAPHIC DISPLAY (FEPLOT) :

WRITE(6,810)
FORMAT (' PLEASE ENTER FILE NAME FOR U-V-P DISPLAY:', /)
READ(5,'(A)', ERR=800) NAME3

OPEN (UNIT=10, FILE=NAME3, STATUS='NEW', ERR=800)

NVAR = 3

WRITE(10,820) NPOIP, NELEM, NVAR

FORMAT (' NPOIP  NELEM
WRITE (10,830) NPOIP
FORMAT (' NODAL COORDI
DO 840 1I=1,NPOIP
IEQU = I

IEQV = NPOIV + I
IEQP = 2*NPOIV +
WRITE(10,850) T

J), SOL(IEQV),

FORMAT (I8, S5E1
CONTINUE
WRITE(10,860)
FORMAT (' ELEME
DO 870 IE=1,NELE
WRITE(10,880)
FORMAT (418)
CONTINUE

WRITE (6,910) - .
FORMAT (' PLEASE ENTER o e SPLAY: ', /)
READ(5,' (A)', ERR=90Q) 2

OPEN (UNIT=11, FILE=NAl

NVAR = 2 .
NELEM4 = 4*NELEM
WRITE(11,920)

FORMAT (' NBo#{ NELEM  NUVAR', /, arg)
WRITE (11,930) | " ‘
FORMAT (' NODAE=COC )

DO 940 1I=1,NPO1V
IEQU = I J
IEQV = NPOIV + I
WRITE (11,950) I, ®(@eRD(I,J), J-1/@¥, SOL(IEQU), SOL(IEQV)

igﬁ%@ﬂg@ NUNINEINT
d

WRITE (11
FORMAT (' EMENT NODAL CONN%?TION Ly

ARAEINIUNAINGY

INTMAT(IE 2)
= INTMAT(IE 3)
= INTMAT (IE,4)
INTMAT (IE,5)
= INTMAT (IE,6)
WRITE (11,980) ICE, II, NN, MM
ICE = ICE + 1
WRITE(11,980) ICE, JJ, LL, NN
ICE = ICE + 1
WRITE(11,980) ICE, KK, MM, LL
ICE = ICE + 1
WRITE(11,980) ICE, LL, MM, NN
ICE = ICE + 1
FORMAT (418)

§§5§

163



(6

[oNoNeNONONe!

NN

NN

970

110
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100
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220

200
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CONTINUE

STOP
END

SUBROUTINE APPLYBC (NPOIV, NPOIP, NEQ, IBCU, 1IBCV, IBCP,
SYSK, SYSR, MXPOIV, MXPOIP, MXNEQ )

APPLY BOUNDARY CONDITIONS BEFORE SOLVING FOR NODAL INCREMENTS
WITH CONDITION CODES OF:

0 = FREE TO CHANGE (INCREMENTS COMPUTED)

1 = FIXED AS SPECIFIER (@ EMENTS FIXED AS ZERO)

IMPLICIT REAL*8 (A-H,Q=Z
DIMENSION SYSK(MXND~EM¥

INTEGER  IBCU (MXPQdimoM (MX LB CRMRPOTV)
APPLY BOUNDARY

IEQ1 Bl
IEQ2 = NPOIV
DO 100 IEQ=IEQ
IEQU = IEQ
IF (IBCU(IEQU) .EQ

1}

DO 110 1IR=1,NEQ
IF(IR.EQ.IEQ) G
SYSK(IR,IEQ) =
CONTINUE

DO 120 IC=1,NEQ
SYSK(IEQ,IC) = 0.
CONTINUE
SYSK(IEQ,IEQ) = 1.
SYSR(IEQ) = ".
CONTINUE "z
APPLY BOUNDARY

IEQ1
IEQ2 =

s ﬁﬂ%ﬂ'ﬂﬂﬂ‘i‘w gIN3

IF(IBCV(I‘QV) EQ.0) GO TO 2

@Mﬁ%ﬁmwmmaﬂ

INUE

NPOIV + 1

DO 220 1IC=1,NEQ
SYSK(IEQ,IC) = 0.
CONTINUE
SYSK(IEQ,IEQ) = 1.
SYSR(IEQ) = 0.

CONTINUE

APPLY BOUNDARY CONDITIONS FOR NODAL PRESSURES:

IEQ1
IEQ2

2*NPOIV + 1
NEQ

1]



Q pEeNo!

[oNeNONONS!

QNN

310

320

300

DO 300 IEQ=IEQ1l,IEQ2
IEQP = IEQ - 2*NPOIV
IF (IBCP(IEQP) .EQ.0) GO TO 300

DO 310 1IR=1,NEQ
IF(IR.EQ.IEQ) GO TO 310
SYSK(IR,IEQ) = O.
CONTINUE

DO 320 IC=1,NEQ
SYSK(IEQ,IC) =
CONTINUE
SYSK(IEQ, IEQ)
SYSR(IEQ) = O.

1.

CONTINUE

RETURN
END

SUBROUTINE ASS

ASSEMBLE ELEMENT

IMPLICIT REAL*8%(A-
DIMENSION AKELE (

. DIMENSION SYSK (MXNEg

100

200

INTEGER INTMAT (MXE
ASSEMBLING SYSTEMisg
CONTRIBUTION OF COEFFICI
DO 100 I=1,
DO 100 J=1,

II = INTMAT(
JJ = INTMAT (IE

K =1+ 6
L =J + 6
KK = NPOIV + II
LL = NPOIV_+ JJ

= iy zm*a'w gIN3

K(KK, J = SYSK(KK,JJ) + AKELE (
SYSK(KK LL) = SYSK(KK,LL) + ‘KELE(K L)

mmmmummma d

DO 200 I=1,6
DO 200 J=1,3
II = INTMAT(IE,I)

JJ = INTMAT (IE,J)

K =1+ 6

L =J + 12

KK = NPOIV + II

LL = 2*NPOIV + JJ

SYSK(II,LL) = SYSK(II,LL) + AKELE(I,L)
SYSK(KK,LL) = SYSK(KK,LL) + AKELE(K,L)
SYSK(LL,II) = SYSK(LL,II) + AKELE(L,I)
SYSK(LL,KK) = SYSK(LL,KK) + AKELE(L,K)
CONTINUE

)

s WITH U & V VELOCITIES:
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ASSEMBLING SYSTEM LOAD VECTOR
CONTRIBUTION OF VALUES ASSOCIATED WITH U & V VELOCITIES:

DO 300 1I=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 ASSO TH PRESSURE:

DO 400 1I=1,3
II = INTMAT(IE,I)
K I + 12

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

RETURN
END

SUBROUTINE GAU
IMPLICIT REAL*8 (
DIMENSION A(

PERFORM SCALING:
CALL SCALE(N, A, B, |
FORWARD ELIMINATION:
PERFORM ACCORDY

DO 100 IP=1,‘§{,

PERFORM PARTIAL*Euvo'

i

CALL PIVOT(N, A, i. MXNEQ, IP)

i ol HIREATHYIA T

DO 200 IE IP+1,N

TRIFIIIMA AN A

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 LOWER LEFT PORTION TO ZERO:

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

CONTINUE
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600

500

10

20

20

30

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(IE,
CONTINUE
RETURN
END

SUBROUTINE PIVO
IMPLICIT REAL*8
DIMENSION A(M

PERFORM PARTIA

Jp = 1IP
BIG = ABS(A(IP
DO 10 I=IP+1,N
AMAX = ABS(A(I,
IF (AMAX.GT.BIG)

BIG = AMAX

Jp =1
ENDIF
CONTINUE

IF(JP.NE.IP) THEN _
DO 20 J=IP,N -

DUMY = A(J
A(JP,J) h
CONTINUE -

DUMY = B(JP)
B(JP) = B(IP) -
B(IP)

ﬂ‘HEl’JVIEWI?WH’m’i

ﬁﬂ‘iﬁ"ﬂﬂiﬁl’a‘*&lw]?ﬂmﬁﬂ

NSION 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))

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

DO 30 IC=1,N

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

B(IE) = B(IE)/BIG
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CONTINUE
RETURN
END

SUBROUTINE TRI (NPOIV, NPOIP, NELEM, NFREE, NEQ, DEN,

VIS, GRA, COORD, INTMAT, INTMATF, SYSK, SYSR,

SOL, MXPOIV, MXELE, MXFREE, MXNEQ )

ESTABLISH ALL ELEMENT MATRICES AND ASSEMBLE THEM TO FORM
UP SYSTEM EQUATIONS

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION COORD (MXPOIV
DIMENSION SYSR (MXNEQ) )
DIMENSION A(6,6), B30 i F(6,6,3)
DIMENSION UELE (6) /¥ .

DIMENSION SXX (6, pesGtaEnt ) , | 6,6)
DIMENSION HX(3,6), k3 Q;; X :
DIMENSION ABGX R
DIMENSION ABGYV J
DIMENSION GXX
DIMENSION AKELE

o, 0

INTEGER INTMAT (
SET UP [A] MATRTX

DO 10 1I=1
DO 10 J=1,
A(I,J) =0
CONTINUE
Afl,1) = I
A(2,2) = 1
A(3,3) = 1.
A(4,4) = 4.
A(5,5) = 4
A(6,6) = 4
A(1,5) = -1.
A(l,6) = -1.
A(2,4) = -1.
A(2,6) = —1.
A(3,4)
A(3,5)

- @Mﬁ ’lﬂ&lﬂ‘iw g7

ANEW = VIS/DEN

apmwwwm'mmaﬂ

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,S)
NN = INTMAT(IE,6)

XG1 COORD(II,1)
XG2 COORD (JJ, 1)
XG3 = COORD (KK, 1)
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YG1 COORD (1T, 2)
YG2 COORD (JJ, 2)
YG3 = COORD (KK, 2)
AREA= 0.5%* (XG2* (YG3-YG1l) + XG1*(YG2-YG3) + XG3*(YG1l-YG2))
IF(AREA.LE.O.) WRITE(6,5) IE
FORMAT (/, ' 11 ERROR !!! ELEMENT NO.',6 IS5,

' HAS NEGATIVE OR ZERO AREA ', /,

'  --- CHECK F.E. MODEL FOR NODAL COORDINATES',
& ' AND ELEMENT NODAL CONNECTIONS ---' )
IF(AREA.LE.O.) STOP

[0}

AREA2 = 2.*AREA
Bl = (YG2 - YG3)/AREA2

B2 = (YG3 - YG1l)/AREA2
B3 = (YGl - YG2)/AREA2
Cl = (XG3 -

XG2) /AREA

C2 = (XG1 -
C3 = (XG2 -

SET UP [B] AND [Cl. NOTATIONS :
DO 30 1I=1,6

DO 30 J=1,3

B(I,J) = 0.

C(I,J) = 0.

CONTINUE

B(1,1) = 2.*Bl1

B(2,2) = 2.*B2

B(3,3) = 2.*B3

B(4,2) = B3

B(4,3) = B2

B(5,1) = B3
B(5,3) = Bl

B(6,1) = B2
B(6,2) = Bl
C(1,1) = 2.*C1
C(2,2) = 2.%*C2
C(3;3) = 2.*
C(4,2) = C3 le
C(4,3) = €2
Cc(5,1) = C3
€(5,8) = €1
c(6,1) = c2
€(6;2) = €L
‘o u
T AR INENINEING
FAC = /12. | ‘ )
FAC2 = 2.*FAC :

LT, 1Tas ¢ o o/
[ ‘ | L
ARIAINTUARIING1AY
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 [F] MATRIX BASED ON TENSOR NOTATIONS:

FACTOR = 2.*AREA/5040.

F4 = FACTOR*4.
Fé6 = FACTOR*6.
F12 = FACTOR*12.

F24 = FACTOR*24.
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F120 = FACTOR*120.

F(1,1,1)
F(1,2,1)
F(1,3,1)
F(1,4,1)
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)
F(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 1I=
DO 40 J=
F(J,I,1)
CONTINUE

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)

L (| | | | | (| | | Y | A | S | A 1}

==

= F4

F120
Fl2
Fi2
Fé6
F24
F24
F24
F4
F6 =
F4
F12

F4
F4
F6
F12
F120
F12
F24
F6
FRES

F2£7
F12%=

F6

!

F12

;xﬂﬁﬂ?ﬂﬂﬂ?ﬂﬂﬂﬂﬁ

F(6,6,2)

F12

ARIRINTNNNINYAY

INUE

F(1,1,3)
F(1,2,3)
F(1,3,3)
F(1,4,3)
F(1,5,3)
F(1,6,3)
F(2,2,3)
E(2,3,3)
F(2,4,3)
F(2,5;3)
F(2,6,3)
F(3,3,3)

F24
F4
P12
F4
Fl2
Fé6
F24
Fl12
F12
F4
Fé6
F120
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F(3,4,3) = F24
F(3,5,3) = F24

F(3,6,3) = F6
F(4,4,3) = F12
F(4,5,3) = F6
F(4,6,3) = F4
F(5,5,3) = Fl12
F(5,6,3) = F4
F(6,6,3) = F4

DO 60 1I=1,6

DO 60 J=I,6
F(J,;1,3) = F(1,J,3)

60 CONTINUE

EXTRACT ELEMENT NODAL

UELE(1) = SOL(II)
UELE (2) = SOL(JJ)
UELE (3) = SOL(KK)
UELE(4) = SOL(LL). .
UELE (5) = SOL(
UELE (6) = SOL (NN)
VELE (1) = SOL(
VELE(2) = SOL(JJ
VELE (3) = SOL
VELE (4) = SOL(LL+
VELE (5) = SOL(
VELE (6) = SOL(
PELE(1) = SOL(II+
PELE(2) = SOL(J
PELE(3) = SOL(

COMPUTE  [SXX]

DO 100 IA=1,
DO 100 1IB=1,
CXX = 0.
CYY = 0.
CXY = 0.
CYX = 0.
DO 110 I
DO 110 J
DO 110 K
DO 110 L=
CXX = CXX
CYY = c (
CXY = ) %@ ik
CYX = cqu, A(IA,I)*B(I,J *A(IB,L)*C(L,K)*G(J,
110 CONTINUE

QWW&WW MY

IA IB) = ANEW*CXX + 2.*ANEW*CYY
100 CONTINUE

COMPUTE [HX] AND [HY] MATRICES:
(SAME AS MATRICES ON THE LOWER LEFT OF LINEAR EQS.)

DO 150 1IA=1,3

DO 150 1IB=1,6

CX = 0.

Cy = 0.

DO 160 1I=1,6

DO 160 J=1,3

CX = CX + A(IB,I)*B(I,J)*G(J,IA)
CY = CY + A(IB,I)*C(I,J)*G(J,IA)
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160

150

170
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CONTINUE
HX (IA,IB) = CX/DEN
HY (IA,IB) = CY/DEN
CONTINUE

THEN THE CORRESPONDING TWO MATRICES ON THE UPPER RIGHT ARE:

DO 170
DO 170
HXT (IB,IA)
HYT (IB, IA)
CONTINUE

IA=1,3
IB=1,6
-HX (IA, IB)
-HY (IA, IB)

DO 200
DO 200
CABGXUG
CAGBXUG
CAGBYVG
CABGYVG
CABGXVG
CABGYUG
DO 210
DO 210
DO 210
DO 210
DO 210
CABGXUG
5§
CAGBXUG
1
CAGBYVG
1
CABGYVG
1
CABGXVG
1
CABGYUG
1

IB

non

N%‘TH

,M) *UELE (K)

+ A(IA,I)
CAGBYVG
+ A(IA,I)*A( “inf
CABGYVG

+ A(IA,I) '“ﬁEba'
= c---g G
+ A(T . K - G*VELE (K)
= CABEY lf]i

+ A(IA

I,J,M)*UELE (K)

,J,M) *VELE (K)

*A( I,J,M)*VELE (K)

UELE (K)

210 CONTINUE

200

ABGXUG (IA,IB)
AGBXUG (IA, IB)
AGBYVG (IA, IB)

ABGYVG (I
ABGXVG (I
ABGYUG (I

CONTINUE

wqaﬁﬂizuum'mmaﬂ

g.mamwmm

I J) = ABGXUG(I,J) + AGBXUG(I,J) + AGBYVG(I,J) + SXX(I,J)
GYY(I J) = ABGYVG(I,J) + AGBYVG(I,J) + AGBXUG(I,J) + SYY(I,J)
ALX(I,J) = ABGXVG(I,J) + SXY(I,J)
ALY (I,J) = ABGYUG(I,J) + SYX(I,J)
220 CONTINUE
THEN THE MATRIX (15X15) ON LHS OF THE ELEMENT EQS. IS:
DO 230 1I=1,15
DO 230 J=1,15
AKELE(I,J) = 0.
230 CONTINUE
DO 240 1I=1,6
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250

260
240

270

310

320

300

360

370

350

380

410

DO 250 J=1,6
AKELE(I ,J ) GXX(I,J)
AKELE (I+6,J+6) = GYY(I,J)
AKELE(I ,J+6) ALY (I,J)
AKELE(I+6,J ) = ALX(I,J)
CONTINUE

DO 260 J=1,3

AKELE(I ,J+12) HXT(I,J)
AKELE (I+6,J+12) = HYT(I,J)
CONTINUE
CONTINUE

DO 270 1I=1,3
DO 270 J=1,6
AKELE (I+12,J )
AKELE (I+12,J+6)
CONTINUE

i
£
™
8

[}

BEGIN COMPUTING

DO 300 I
TERM1 0
TERM2 = O.
TERM3 = 0.
0
0

TERM4 =
TERMS = 0.
DO 310 J=1,6
TERM1 = TERM1
TERM2 TERM2
TERM4 = TERM4
TERMS5 = TERME +
CONTINUE

DO 320 J=1,3
TERM3 = TERM3 +
CONTINUE

FX(I) = TERM1
CONTINUE

DO 350 I
TERM1 = 0
TERM2 = 0.
TERM3 = 0.
TERM4 = 0
TERM5 = 0.
DO 360 J=1,6

TERM1 = TERM? + A‘alhs(l J) *UELE (J9*
TERM2

TERM4

CONTINUE

@ﬁ%ﬁ’ﬂﬁ?ﬂ&lﬁﬂﬂmﬁﬂ

= TERM1 + TERM2 + TERM3 + TERM4 + TERM5
CONTINUE

DO 380 1I=4,6

FY(I) = FY(I) + GRA*AREA/3.
CONTINUE

DO 400 1I=1,3

TERM1 = O.

TERM2 = 0.

DO 410 J=1,6

TERM1 = TERM1 + HX(I,J)*UELE(J)
TERM2 = TERM2 + HY(I,J)*VELE(J)
CONTINUE

m;@wﬁ’mﬁmwmnﬁ
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FI(I) = TERM1 + TERM2
CONTINUE

THUS THE RESIDUAL VECTOR ON RHS OF ELEMENT EQS. IS:

DO 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) 0, FORM SYSTEM EQUATIONS:

CALL ASSMBLE( IE, INJ “:h' gfip, SYsk, sysw,
LENG MGIE Q8 MXELE )

NPOIV,
CONTINUE

RETURN
END

M)

AULINENTNEINS
AR TN TN



wa a a 3
U5z I IneHwUS

UIANIITIT qITANIAAND Mandleuf 16 @oufuoIou WNsANT1Y 2518
ﬁ%ﬂﬂ%ﬂqmmﬁ dusamsanyilSaaimnssumdasiuga @3N suATeana n1a
F3rINssUIAIeINa AAZIMINTSUMAAT BTN ANIdeueuuny leTimsdnm 2539
Anuine lurangasIAINISUMAATUNITUNA nnir3ranssuniona amginangsy

4 o a @ A =2
TN IWIAINTUNNIINGI0Y Wollmsfnui 2542

AuEINgNIneng
ARIAINTUNNINGAE



	รายการอ้างอิง
	ภาคผนวก
	ประวัติผู้เขียน

