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c********t****i***i****ﬁ‘*****ﬁ*'*ﬁ***i**i**i**ﬁ*tt*tt*fiﬁ*f****ﬁ****i*'.ﬁ**i*t c

PROGRAM CBSHIFLOW

(o}

Cc

Cc

c A FINITE ELEMENT COMPUTER PROGRAM FOR SOLVING EULER EQUATIONS
(o} FOR TWO-DIMENTIONAL INVISID HIGH-SPEED COMPRESSIBLE FLOWS

Cc BASED ON THE CHARACTERISTIC BASED SPLIT (CBS) ALGORITHM

Cc FULLY EXPLICIT,LINEAR TRIANGULAR FINITE ELEMENTS

(o}
C
c
c

*********t*ﬁ*******i************tt*i******’***ﬁ******ﬁii*t*t*ii*i**’ﬁ*ttitti**C

IMPLICIT REAL*8(A-H,0-Z)
INTEGER MXBOU, MXELE, MXPOI
PARAMETER (MXPOI=200000,MXELE=400000, MXBOU=5000)

INTEGER(2) TMPDAYS , TMPMONTHS  TMPYEARS
INTEGER (2) TMPHOURS ,TMPMINUTES ,TMPSECONDS , TMPHUNDS
INTEGER(2) TMPDAYE » TMPMONTHE » TMPYEARE
INTEGER(2) TMPHOURE , TMPMINUTEE , TMPSECONDE , TMPHUNDE

INTEGER IHELP (MXPOI) , IWPOIN (3,MXBOU) ,NCMAX (MXPOI)
INTEGER MATCON (MXPOI, 20) , INTMA (3, MXELE) , ISIDO(4,MXBOU)
INTEGER IELSI (2,MXELE) ,ICOUNT (4) , IHELP2 (MXPOI)
REAL*8 COORD (2,MXPOI) ,GEOME (7, MXELE) , DMMAT (MXPOI)
REAL*8 UNKNO (4, MXPOI) ,UNKN1 (4,MXPOI) ,RSIDO(3,MXBOU)
REAL*8 PRES (MXPOI) »PRES1 (MXPOI) , SOUND (MXPOI)
REAL*8 RHSO (4, MXPOI) , RHS2 (4, MXPOI) ,RHS1 (4, MXPOI)
REAL*8 FXSEC(4,MXELE) ,FYSEC(4,MXELE) , PSWE (MXPOI)
REAL*8 DELTP (MXPOI) , DELTE (MXELE) , WNOR (2, MXBOU)
REAL*8 CONIN(3) ,CINF(5) , THETA (2)
REAL*8 TT1 (MXPOI) ,CINF2(5)

REAL*8 ALEN (MXPOTI) , ABSV (MXPOI) , AMACH (MXPOI)
REAL*8 HA(4) ,HB(4) ,SUMER(4) ,SUMSQ(4)

CHARACTER*4 CV
CHARACTER*40 TEXT ,NAMEl

C *** ENTER INPUT FILE NAME

WRITE(*,1)
1 FORMAT (/, 'BISMINLA HIJROHMAN NIDROGHIM', /)
5 WRITE(*,10)
10 FORMAT(/, 'PLEASE ENTER THE INPUT FILE NAME:')
READ(*, '(A)', ERR=5) NAMEl

C *** OPEN FILE
OPEN( UNIT= 5, FILE= NAMEl , STATUS="'OLD' ,ERR=5 )
OPEN( UNIT= 7, FILE= 'ERROR AV_1 1.EAV', STATUS='UNKNOWN',ERR=5 )
OPEN( UNIT= 9, FILE= 'SOLUTION_1 1.0UT', STATUS='UNKNOWN',ERR=5 )
C *** STORE START TIME

CALL GETDAT (TMPYEARS , TMPMONTHS , TMPDAYS)
CALL GETTIM(TMPHOURS , TMPMINUTES , TMPSECONDS , TMPHUNDS)
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WRITE(7,*) 'START TIME:'

WRITE (7, 15) TMPMONTHS, TMPDAYS, TMPYEARS
15 FORMAT(12, '/', 12.2, '/', I4.4)

WRITE (7, 20) TMPHOURS, TMPMINUTES, TMPSECONDS, TMPHUNDS
20/ [EORMAT (12, 3", T2.2, &% I12.2, 8%, T2.2, ¥ *;R)

C *** READIND NUMBER OF ELEMENTS, NUMBER OF NODES, NUMBER OF BOUNDARY SIDES

READ(5,*) LINES
DO L = 1,LINES
READ(5,2) TEXT
ENDDO !L
READ(5,2) TEXT
2 FORMAT (A)
READ(5,*) NELEM, NPOIN, NBOUN

C *** CHECKING BASIC ARRAY-SIZE ALLOCATION

IF (NPOIN.GT.MXPOI) THEN
WRITE(*,4) NPOIN
4 FORMAT (/, ' PLEASE INCREASE THE PARAMETER MXPOI TO ',16)
STOP
ENDIF
IF (NELEM.GT.MXELE) THEN
WRITE(*, 6) NELEM
6 FORMAT (/, ' PLEASE INCREASE THE PARAMETER MXELE TO ',16)
STOP
ENDIF
IF (NBOUN.GT.MXBOU) THEN
WRITE(*,7) NBOUN
7 FORMAT (/, ' PLEASE INCREASE THE PARAMETER MXBOUN TO ', I6)
STOP
ENDIF

WRITE(*, 25)
25 FORMAT(/, 'THE FINITE ELEMENT MODEL CONSISTS OF :')
WRITE(*,30) NPOIN

30 FORMAT (' NUMBER OF NODES aren——1 6)
WRITE (*, 35) NELEM

35 FORMAT (' NUMBER OF ELEMENTS A 4L6))
WRITE(*, 40) NBOUN

40 FORMAT (' NUMBER OF BOUNDARY = v, T6/)

C *** CALL SUBROUTINE READ INPUT DATA

CALL INPUT (MXPOI ,MXELE ,MXBOU ,NPOIN ,NELEM ,NBOUN ,IOPT ,

& INTMA ,COORD , UNKNO ,ISIDO ,CONIN ,CINF ,NTIME ,
& ISTEP ,TIMT ,ILOTS ,IWRITE ,DTFIX ,CSAFM ,THETA ,
& cc ,TINF ,SOUND ,TT1 ,PRES ,PRES1 ,METHOD,
& CSMOO ,NSMOO ,PINF ,CC2 , PINF2 ,TINF2 ,CINF2 )

wRITE(* *) B S22 S22 SRS SRSt SREE RSttt sttt EE RS N
’

GAMMA = CONIN(1)
GAM1 = GAMMA - 1.0D+00

C *** MARKING THE ELEMENT WITH ONE OR TWO OR NO BOUNDARY SIDES

DO J = 1, NELEM

DOI =1, 2
IELSI(I,J) =0
ENDDO !I

ENDDO !J

DO I = 1, NBOUN
IE = ISIDO(3,I)
IF(IELSI(1,IE).EQ.0) IELSI(1,IE)
IF(IELSI(1,IE).NE.I) IELSI(2,IE)

ENDDO !'I

=L
=1

C *** CONVERT THE VARIABLES TO CONSERVATION FORM

DO IP = 1, NPOIN
DO IA = 2, 4
UNKNO(IA,IP) = UNKNO(1,IP)*UNKNO(IA,IP)
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ENDDO !IA
ENDDO !IP

C *** PRELIMINARY INPUT DATA

CALL PRELIM(MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN, INTMA, NCMAX,
& MATCON, IHELP, ILOTS, COORD ,GEOME, ALEN, DMMAT, ISIDO,
& RSIDO, IWPOIN, WNOR , NWALL)

C *** OBTAIN THE DIRECTION COSINE OF BOUNDARY AND NORMAL WALL VECTOR

CALL GETBOUN (MXPOI ,MXBOU ,NPOIN ,NBOUN ,ISIDO ,IHELP ,RSIDO ,
& IWPOIN ,WNOR ,NWALL ,COORD )
WRITE(*,85)
85 FORMAT (/, 'PREPARED ALL DATA OF FINITE ELEMENT MODEL COMPLETELY',/)

WRITE * *)'*'ﬁ'**ﬁi*********************’*i***i***t**i*****i********'
’

WRITE(*, 90)
WRITE(7,90)

90 FORMAT (/,2X, 'ITERATION NO.', 5X, 'DEL-RHO', 5X, 'DEL RHO-U',5X,
&'DEL RHO-V',5X, 'DEL RHO-E',/)

C i*‘h**'ﬁ*ﬂ**************TIME ITERATIONS START Now **ittﬁ*’****tt*t**'ﬁﬁ**i*ﬁ'*c

NSTEP = 1
DO ITIME = NSTEP, NTIME
INTIME = ITIME - NSTEP + 1
DO IP = 1, NPOIN
DO IA =1, 4
UNKN1 (IA,IP) = UNKNO(IA,IP)
ENDDO !IA
ENDDO !IP
C *%x STEP 1>
C *** CALCULATE OF THE INTEMEDIATE VELOCITIES Ui(*] IN X,Y DIRECTIONS
CALL STEP1 (MXPOI ,MXELE ,MXBOU ,NPOIN ,NELEM ,NBOUN ,
INTMA ,GEOME , DMMAT , UNKNO ,RSIDO ,ISIDO ,
RHSO - ,RHS1 ,RHS2 ,PSWE ,IHELP ,DELTP ,
DELTE ,SOUND ,CONIN ,NCMAX ,ITIME , INTIME,
CINF ,THETA ,FXSEC ,FYSEC ,PRES ,PRES1 ,
cC CSAFM Y, DTFIX , ILOTSp, TT1 ,ALEN ,
NITER ,MATCON,CC2 ,CINF2 )

R

Cl wEx <STRP2>
C *** CALCULATE OF THE PRESSURE (EXPLICIT SOLVER ONLY)

CALL STEP2(MXPOI ,MXELE ,MXBOU ,NPOIN ,NBOUN ,NELEM , INTMA,
& ISIDO ,RSIDO ,GEOME ,DMMAT , UNKNO ,UNKN1l ,RHS1 ,
& RHS2 ' , IELSI ,PRES ',DELTP ,DELTE ,THETA ,NITER )

C **%* <STEP3>
C *** CALCULATE OF THE CORRECT VELOCITES

CALL STEP3(MXPOI ,MXELE ,MXBOU ,NPOIN ,NELEM ,NBOUN , INTMA ,

& ISIDO ,RSIDO ,GEOME ,DMMAT , UNKNO ,UNKN1l , IELSI ,
& RHS2 ,DELTP ,DELTE ,THETA ,PRES ,PRES1 )

C ‘**% STEPL4>
C *** CALCULATE ENERGY EQUATION

CALL STEP4 (MXPOI ,MXELE ,MXBOU ,NPOIN ,NELEM ,NBOUN ,INTMA ,

& GEOME ,UNKN1 ,RHS2 ,DELTE ,FXSEC ,FYSEC ,PRES ,
& ISIDO ,RSIDO ,RHSO ,TT1 ,DELTP ,UNKNO ,INTIME,
& NITER ,DMMAT ,RHS1 )

C *** CALCULATE PRESSURE
C *** APPLY BOUNDARY CONDITION

CALL GETPRES (MXPOI ,MXBOU ,NPOIN ,NBOUN ,UNKNO ,SOUND ,CONIN,

& CINF ,ISIDO ,PRES1 ,CC ,CC2 ,CINF2 )
CALL BOUND (MXPOI ,MXBOU ,NPOIN ,NBOUN ,ISIDO ,CINF ,UNKNO ,
& CINF2 ,NWALL ,WNOR ,IWPOIN ,UNKN1l ,SOUND ,CONIN,

& PRES1 ,CC ,CC2 + TINF ,TINF2 ,RSIDO )
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C *** ADD ARTIFICIAL VISCOCITY BASED ON SECOND GRADIRENT OF PRESSURE
IF (CONIN(2).GT.0.0) THEN

CALL ARTVIS (MXPOI, MXELE, NPOIN, NELEM, INTMA, PRES ,CONIN ,
& GEOME, DMMAT, UNKNO, RHS1 , SOUND, ALEN )

DO IP = 1, NPOIN
UNKNO(1, IP)=UNKNO(1,IP)+DELTP(IP)*DMMAT (IP)*RHS1(1,IP)
UNKNO (2, IP)=UNKNO(2, IP) +DELTP (IP) *DMMAT (IP) *RHS1 (2, IP)
UNKNO (3, IP)=UNKNO(3,IP)+DELTP(IP)*DMMAT (IP)*RHS1 (3, IP)
UNKNO (4, IP)=UNKNO(4,IP)+DELTP(IP)*DMMAT (IP)*RHS1 (4, IP)

ENDDO !IP

ENDIF

C *** APPLY BOUNDARY CONDITION AGAIN

CALL GETPRES (MXPOI,MXBOU ,NPOIN ,NBOUN , UNKNO , SOUND ,CONIN,

& CINF ,ISIDO ,PRES1 ,CC : CC2 ,CINF2 )

CALL BOUND(MXPOI ,MXBOU ,NPOIN ,NBOUN ,ISIDO ,CINF ,UNKNO,
& CINF2 ,NWALL ,WNOR ,IWPOIN ,UNKN1l ,SOUND ,CONIN,
& PRES1 ,CC »CC2 , TINF ,TINF2 ,RSIDO )

C *** CALCULATING THE TEMPERATURES

DO IP = 1, NPOIN
TT1(IP) = GAMMA*( UNKNO(4,IP) - 0.5*( UNKNO(2,IP)**2 +
& UNKNO(3,IP)**2 ) /UNKNO(1,IP) )/UNKNO(1,IP)
PRES(IP) = PRES1(IP)
ENDDO !'IP

C *** ESTIMATION OF CONVERGENCE
C *** SHOW SUMMATION SQUARE OF ERROR IN FIRST TIME ITERATION

IF(ITIME.EQ.NSTEP) THEN
DO IQ=1,4
SUMER(IQ) = 0.0D+00
DO IR=1,NPOIN
DIFF = UNKNO(IQ,IR) - UNKN1(IQ,IR)
SUMER (IQ) = SUMER(IQ) + DIFF*DIFF
ENDDO !IR
SUMER(IQ) = DSQRT(SUMER(IQ))
ENDDO !IQ
ENDIF

C *** CHECK SUMMATION SQUARE OF ERROR IN EVERY TIME ITERATION

DO 1Q=1,4
SUMSQ(IQ) = 0.
DO IR=1,NPOIN
DIFF = UNKNO(IQ,IR) - UNKN1(IQ,IR)
SUMSQ(IQ) = SUMSQ(IQ) + DIFF*DIFF
ENDDO !IR
SUMSQ(IQ) = DSQRT(SUMSQ(IQ))
ENDDO !'IQ

C *** SHOW ERROR SUM SQUARE EVERY IWRITE

KKK = MOD (ITIME, IWRITE)
IF (KKK.EQ.0.OR.ITIME.EQ.ISTEP.OR.INTIME.EQ.1) THEN
WRITE(*,105) ITIME, (SUMSQ(IQ),IQ=1,4)
105 FORMAT (4X, 16,5X,E12.6,3(2X,E12.6))
ENDIF

C *** CHECK ERROR IN EVERY TIME ITERATION WITH FIRST TIME ITERATION

IFINAL = 0
DO IQ=1,4

IF(SUMSQ(IQ) .LT.SUMER(IQ)*1.E-6) IFINAL = IFINAL + 1
ENDDO !IQ

IF(IFINAL.EQ.4) THEN
WRITE(*,110)ITIME, (SUMSQ(IQ),IQ=1,4)
110 FORMAT (18,4 (2X,E12.6))
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GOTO 2000
ENDIF

END OF LOOP TIME ITERATION
ENDDO !ITIME
CONTINUE

CALL GETDAT (TMPYEARE , TMPMONTHE , TMPDAYE)

CALL GETTIM(TMPHOURE , TMPMINUTEE , TMPSECONDE , TMPHUNDE)
WRITE(7,*) 'END TIME:'

WRITE (7, 115) TMPMONTHE, TMPDAYE, TMPYEARE

FORMAT (12, /', I2.2, “/Y, T14.4)

WRITE (7, 120) TMPHOURE, TMPMINUTEE, TMPSECONDE, TMPHUNDE
FORMATI(T 2y Yi&"p T2G2y V&Y (E2.25 Wail, T2:2,, M M, R)

PRINT OVERALL TIME USED TO COMPUTE

WRITE(*,121)

FORMAT (/, 'START TIME:')

WRITE (*, 15) TMPMGNTHS, TMPDAYS, TMPYEARS

WRITE (*, 20) TMPHOURS, TMPMINUTES, TMPSECONDS, TMPHUNDS

WRITE(*,125)

FORMAT (/, 'END TIME:')

WRITE (*, 115) TMPMONTHE, TMPDAYE, TMPYEARE

WRITE (*, 120) TMPHOURE, TMPMINUTEE, TMPSECONDE, TMPHUNDE

TRANSFORM CONSERVATION VARIABLES TO STANDARD VARIABLES
DO IP = 1, NPOIN
DO IA = 2, 4
UNKNO(IA, IP) = UNKNO(IA,IP)/UNKNO(1,IP)
ENDDO !IA
ENDDO !IP
OUTPUT FOR RESTART FILE AND NASTRAN AND TECPLOT

CALL OUTPUT (MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN, INTMA,

COORD, UNKNO, ISIDO, CONIN, CINF , NTIME, ISTEP,
TIMT , IWRITE,ILOTS, DTFIX, CSAEM, THETA, PRES,
SOUND, NITER, CSMOO, NSMOO, CINF2, ABSV ,AMACH,
NWALL, IWPOIN )

STOP

END

Ciif*iii*t******’ﬁ****'ﬁ**'h**t***’tﬁ*ﬁ’*‘hi‘.“***ﬁﬁ***i***’******i*************t*c

c

THIS SUBROUTINE READ MESH CONNECTION AND OTHER VALUES INPUT c

Ci*i**“*t**Q**iitii*ﬁ*********i**i***iﬁti‘.iitt"’***t*****t********t*i****t*ti*c

2R e

SUBROUTINE INPUT (MXPOI ,MXELE ,MXBOU ,NPOIN ,NELEM ,NBOUN ,IOPT ,

INTMA ,COORD ,UNKNO ,ISIDO ,CONIN ,CINF ,NTIME,
ISTEP ,TIMT ,ILOTS ,IWRITE ,DTFIX ,CSAFM ,THETA,
cc ,TINF ,SOUND ,TT1 ,PRES ,PRES1 ,METHOD,
CSMOO ,NSMOO ,PINF ,CC2 ,PINF2 ,TINF2 ,CINF2 )

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

INTEGER INTMA (3,MXELE) ,ISIDO(4,MXBOU)

REAL*8 CONIN(3) ,CINF(5) ,CINF2(5) , COORD (2, MXPOI)
REAL*8 UNKNO (4, MXPOI) ,SOUND(MXPOI) ,TT1(MXPOI)
REAL*8 THETA (2) » PRES (MXPOI) , PRES1 (MXPOTI)

REAL*8 TEXT (20)

C *** SPECIFIED THE RELAXATION PARAMETERS FOR VELOCITIES AND PRESSURE
C *** AND NUMBER OF SMOOTING

IOPT =0
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THETA(1) = 0.5
THETA(2) = 0.0
CONIN(2) = 0.5
CONIN(3) = 0.0
ILOTS = -1

CSAFM = 1.0

C ***  READING SPECIFIC HEAT RATIO (GAMMA)

READ(5,1) TEXT
READ(5,*) CONIN(1)
1 FORMAT (20A4)

C *** READING NO.OF STEPS TO BE RUN,NO.OF STEPS AFTER WHICH TO WRITE RESIDUES
C *** FIXED TIME STEP VALUE

READ(5,1) TEXT
READ(5,*) NTIME , IWRITE ,DTFIX

C *** READING FREE STREAM VALUES OF RHO, Ul, U2, P AND MACH
C *** NOTE: PINF IS ANYWAY CALCULATED FROM OTHERS

READ(5,1) TEXT
READ(5,*) (CINF(I),I = 1,5)
READ(5,1) TEXT
READ(5,*) (CINF2(I),I =1,5)

C *** READING THE COORDINATES OF THE NODAL POINTS

READ(5,1) TEXT
DO I = 1, NPOIN
READ(5,*) IP, (COORD(J,IR),J = 1,2)
IF(I.NE.IP) THEN
WRITE(*,5) I
5 FORMAT (/, 'NODE NO.', .I6,' IN DATA FILE IS MISSING')
STOP
ENDIF
ENDDO 'I

C *** READING THE UNKNOWNS (RHO,U1l,U2 AND E)

READ(5,1) TEXT
IF(IOPT.EQ.0) READ(S5,*) RASSUM, UASSUM, VASSUM
IF(IOPT.EQ.1) THEN
DO I = 1, NPOIN
READ(5,*) IP, (UNKNO(J,I),J = 1,4)
IF(I.NE.IP)THEN
WRITE(*,10) I
10 FORMAT (/, "NODE NO.', 1I6,' IN DATA FILE IS MISSING')
STOP
ENDIF
ENDDO !'I
ENDIF

C *** READING ELEMENT CONNECTIVITY

READ(5,1) TEXT
DO I = 1, NELEM
READ(5,*) IE, (INTMA(J,IE),J = 1,3)
IF(I.NE.IE) THEN
WRITE(*,15) I
15 FORMAT (/, 'ELEMENT NO.', I6,' IN DATA FILE IS MISSING')
STOP
ENDIF
ENDDO !I

C *** READING THE BOUNDARY SIDES INFORMATION

READ(5,1) TEXT
DO I = 1, NBOUN
READ(5,*) (ISIDO(J,I),Jd = 1,4)
IF(ISIDO(1,I).EQ.0)THEN
WRITE(*,20)ISIDO(3,1I)
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STOP
ENDIF
IF(ISIDO(2,I).EQ.0)THEN
WRITE(*,20)ISIDO(3,1I)
STOP
ENDIF
IF(ISIDO(3,I).EQ.0)THEN
WRITE(*,20)ISIDO(3,1I)
STOP
ENDIF
IF(ISIDO(4,1I).EQ.0)THEN
WRITE(*,20)ISIDO(3,1I)
STOP
ENDIF
20 FORMAT (/, 'ELEMENT NO.', I6,'ON BOUNDARY SIDE IN DATAFILE IS
&MISSING')
ENDDO !'I

C *** CALCULATING FREE STREAM SPEED OF SOUND, PINF AND TINF

cc DSQRT( CINF(2)**2 + CINF(3)**2 )/CINF(5)
PINF CC**2*CINF (1) /CONIN(1)
TINF = CC**2/( CONIN(1)-1.0D+00 )

Ccc2 DSQRT( CINF2(2)**2 + CINF2(3)**2 )/CINF2(5)
PINF2 = CC2**2*CINF2(1) /CONIN(1)
TINF2 = CC2**2/( CONIN(1)-1.0D+00 )

IF(IOPT.EQ.0) THEN
DO IP = 1, NPOIN
UNKNO(1,IP) = RASSUM
UNKNO(2, IP) = UASSUM
UNKNO(3,IP) =»VASSUM
UNKNO(4,IP) = TINF/CONIN(1) + 0.5*( UASSUM**2 + VASSUM**2)

TTL (IP) = TINF
SOUND (IP) = .CcC
PRES (IP) = (SOUND(IP)**2)*UNKNO(1,IP)/CONIN(1)
PRES1 (IP) = PRES(IP)
ENDDO !IP

DO IB = 1, NBOUN
DO\ IBB. =1, 2
IP = ISIDO(IBB,IB)
IF(ISIDO(4,1IB) .EQ.3) THEN

UNKNO(1,IP) = CINF2(1)

UNKNO(2,IP) = CINF2(2)

UNKNO(3,IP) = CINF2(3)

UNKNO(4,IP) = TINF2/CONIN(1)+0.5* (CINF2(2)**2
& +CINF2(3)**2)

TT1(IP). = TINE2

SOUND(IP) = CC2

PRES (IP) = (SOUND(IP)**2)*UNKNO(1,IP)/CONIN(1)
PRES1 (IP) = PRES (IP)

ENDIF
ENDDO !IBB
ENDDO !IB
ENDIF

IF(IOPT.EQ.1) THEN
DO IP = 1, NPOIN

TT1(IP) = CONIN(1)*( UNKNO(4,IP) - 0.5* (UNKNO(2,IP)**2
& +UNKNO(3,IP)**2) )
PRES(IP) = ( CONIN(1)-1 )*UNKNO(1l,IP)*TT1(IP)/CONIN(1)
PRES1 (IP) = PRES(IP)
ENDDO !IP
ENDIF
CLOSE(5)
END

C *******i*************t*****t*****'ﬁ*****ﬁi*ii'******************ﬁ***t**c

(o3 SUBROUTINE PRELIMINARY , CALCULATE AREA , LUMP MASS C

C **i******'ﬁ*****ﬁ*ttﬁﬁit****t*'kﬁfi*******i'.**t***ii**iﬁﬁ******'ii**ﬁ#c

SUBROUTINE PRELIM(MXPOI,MXELE, MXBOU, NPOIN, NELEM, NBOUN, INTMA, NCMAX,



& MATCON, IFLAG, ILOTS, COORD ,GEOME, ALEN, DMMAT,
& ISIDO ,RSIDO, IWPOIN ,WNOR ,NWALL )

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

INTEGER INTMA (3,MXELE), MATCON (MXPOI,20), NCMAX (MXPOI)
INTEGER IFLAG (MXPOI) ,IHLEP2(MXPOI)

INTEGER ISIDO(4,MXBOU), IWPOIN (3, MXBOU)

INTEGER MXPOI, MXBOU, NPOIN, NBOUN,IB,IPOIO,IPOIl

REAL*8 GEOME (7, MXELE) , COORD (2, MXPOI) , ALEN (MXPOI) , DMMAT (MXPOI)
REAL*8 X(3),Y(3),PNXI(3),PNET(3)

REAL*8 RSIDO (4, MXBOU)

REAL*8 WNOR (2, MXBOU)

REAL*8 DX, DY, RL

C *** OBTAIN NODES ASSOCIATED WITH EACH NODE

IF(ILOTS.NE.-1) THEN
DO IP = 1, NPOIN
CALL IFILLV(IFLAG, NPOIN, 0)
NCMAX (IP) = 0
DO IE = 1, NELEM
DO IK =1, 3
IKP = INTMA(IK, IE)
IF(IKP.EQ.IP) THEN
IK1 = IK + 1
IF(IK1.GT.3) IKl1 = IK1l - 3
IKP1 = INTMA (IK1, IE)
IK2 = IK1 + 1
IF(IK2.GT.3) IK2 = IK2 - 3
IKP2 = INTMA(IK2,IE)
IF(IFLAG(IKP1l) .NE.1) THEN
IFLAG(IKP1l) = 1
NCMAX (IP) = NCMAX(IP) + 1
MATCON (IP,NCMAX (IP)) = IKP1
ENDIF
IF(IFLAG(IKP2) .NE.1) THEN
IFLAG(IKP2) =1
NCMAX (IP) = NCMAX(IP) + 1
MATCON (IP, NCMAX (IP)) = IKP2

ENDIF
ENDIF
ENDDO !IK
ENDDO !IE
ENDDO !IP
ENDIF
C OBTAIN [dNi/dX] = bi/2A , [dNi/dY] = ci/2A

DATA PNXI/-1.0D+00, 1.0D+00, 0.0D+00/
DATA PNET/-1.0D+00, 0.0D+00, 1.0D+00/

DO IELEM = 1,NELEM

DO INODE = 1,3
IN = INTMA (INODE, IELEM)
X (INODE) COORD (1, IN)
Y (INODE) COORD (2, IN)

ENDDO !INODE

X21 = X(2)-X(1)

X31 = X(3)-X(1)

Y21 = Y{(2)=Y(1)

Y31 = ¥(3)-Y(1)

RJ = X21*Y31-X31*Y21

RJ1 = 1.0D+00/RJ

XIX = Y31*RJ1

XIY = -X31*RJ1

ETX = -Y21*RJ1

ETY = X21*RJ1

DO IN = 1,2
RNXI = PNXI (IN)
RNET = PNET (IN)
GEOME (IN, IELEM) = XIX*RNXI + ETX*RNET
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C

C*ﬁiﬁ

C * ko

GEOME (IN+3, IELEM) = XIY*RNXI + ETY*RNET
ENDDO !IN
GEOME (3, IELEM) -( GEOME(1,IELEM) + GEOME(2,IELEM) )
GEOME (6, IELEM) = -( GEOME (4,IELEM) + GEOME (5, IELEM) )
GEOME (7, IELEM) = RJ
ENDDO !IELEM

OBTINE MINIMUM THE CHARACTERISTIC HEIGHT OF EACH NODE

DO IP = 1, NPOIN
ALEN(IP) = 1.0D+00

ENDDO !'IP
DO IE = 1, NELEM
Do T = i1, ‘3
IP = INTMA(I,IE)
ANX = GEOME (I, IE)
ANY = GEOME (I+3,IE)
HEIGHT = 1.0/DSQRT (ANX*ANX + ANY*ANY)
ALEN(IP) = MIN( ALEN(IP),HEIGHT )
ENDDO !I
ENDDO !IE

OBTAIN THE LUMPED MASS MATRIX [M]

CALL RFILLV(DMMAT, NPOIN, 0.0D+00)
DO IELEM = 1, NELEM
RJ = GEOME (7, IELEM)
RJ6 = RJ/6.0D+00
DO INODE =1, 3
’ IN = INTMA(INODE, IELEM)
DMMAT (IN) = DMMAT (IN) + RJ6
ENDDO ! INODE
ENDDO !IELEM
DO IP = 1, NPOIN
DMMAT (IP) = 1.0D+00/DMMAT (IP)
ENDDO !'I
END

*ﬁ*****iitﬁi*'ﬁ**ti**'*ﬁQﬁii*"fﬁﬁﬁt'i'**ﬁ***iﬁ****************tt***ﬁit**c

OBTAIN DIRECTION COSINE OF BOUNDARY NORMAL WALL AND LENGHT OF WALL Cc

ﬁiiQ’*ﬁii****ﬁ***iﬁﬁtﬁ’*i***t*i*ﬂt*t*i*ttﬁ*'t*i***********ﬁt*****i’**ﬁ***c

SUBROUTINE GETBOUN (MXPOI,MXBOU, NPOIN, NBOUN, ISIDO,IHELP, RSIDO,
& IWPOIN, WNOR, NWALL, COORD )

IMPLICIT REAL*8 (A-H,0-2)
INTEGER ISIDO(4,MXBOU), IWPOIN(3,MXBOU), IHELP(MXPOI)
REAL*8 RSIDO(3,MXBOU), WNOR(2,MXBOU) ,COORD(2,MXPOI)

CALL IFILLV(IHELP, NPOIN, O0)
CALL IFILLM(IWPOIN, 3, NBOUN, 0)
CALL RFILLM(RSIDO, 3, NBOUN, 0.0D+00)

FIND DIRECTION COSINE

DO IB = 1, NBOUN
IPOIO = ISIDO(1,IB)
IPOI1 = ISIDO(2,IB)
DX = COORD(1,IPOI1l) - COORD(1,IPOIO)
DY = COORD(2,IPOIl) - COORD(2,IPOIO)
RL = DSQRT (DX*DX+DY*DY)
RSIDO(1,IB) = DY/RL
RSIDO(2,IB) = -DX/RL
RSIDO(3,IB) = RL
ENDDO !IB

NWALL = 0
DO IN =1, 2
DO I = 1, NBOUN
IF(ISIDO(4,I).EQ.2) THEN
NN = ISIDO(IN,I)
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JJ = IHELP(NN)

= NN
=1

b

IF(JJ.EQ.0) THEN
NWALL = NWALL + 1
IWPOIN(1,NWALL)
IWPOIN (2, NWALL)
IHELP (NN) = NWALL

ELSE
IWPOIN(3,JJ) =

ENDIF

ENDIF
ENDDO !I

ENDDO !IN
C *** FIND NORMAL WALL VECTOR

DO IW = 1, NWALL
IB = IWPOIN(2,IW)
IB2 = IWPOIN(3,IW)
ANX1 = RSIDO(3,IB)*RSIDO(1l,IB)
ANY1l = RSIDO(3,IB)*RSIDO(2,IB)
IF(IB2.NE.O) THEN

ANX1 = ANX1 + RSIDO(3,IB2)*RSIDO(1,IB2)
ANY1 = ANY1l + RSIDO(3,IB2)*RSIDO(2,IB2)

ACH = RSIDO(1,IB)*RSIDO(1,IB2)
IF(ACH.LT.-0.2) THEN
ITRAIL = IW
WRITE (*,*) IWPOIN(1,IW)
WNOR(1,IW) = 0.0D+00
WNOR (2, IW) = 0.0D+00
GO TO 300
ENDIF
ENDIF
ANOR = DSQRT (ANX1*ANX1 + ANY1*ANY1)
ANX1 = ANX1/ANOR
ANY1l = ANY1/ANOR
WNOR(1, IW) = ANX1
WNOR(2,IW) = ANYl
300 CONTINUE
ENDDO !IW
END

+ RSIDO(2,IB)*RSIDO(2,IB2)

,' IS TRAILING EDGE'

Ci*i’******#**tii*i*'ﬁ*****"h**i'ﬁ‘ﬁ’*****i*i*it’****t*'t***t*********it***i****iic

Cc SUBROUTINE FILL VALUE IV IN TO VECTOR {LV} FOR INTEGER VECTOR [0

C**'*********ﬁ*f*ﬁi**i************'ﬁiﬁ****it'f*ﬁ****'ﬁ**f*****iﬁ**ﬁ*ttii*******c

SUBROUTINE IFILLV(LV,NL,IV)
IMPLICIT REAL*8 (A-H, 0-2)
INTEGER LV (NL)
DO J = 1,NL

LV(J) = IV
ENDDO !J
END

C***ﬁ*i*'*tt**i**ﬁ***t****'ﬁ********Q**ﬁ*ﬁttﬁ'ﬁ***'ﬁ*i‘ﬁ"*ﬁi*t*******ﬁ****ﬁ**i***c

c SUBROUTINE FILL VALUE K INTO MATRIX [MA] FOR INTEGER MATRIX Cc

C*****t**ﬁ*ttﬁfﬁtﬁ***t**t*ﬁ*ﬁ*i*iﬁiﬁ***i'.'ﬁt'ﬁ********if**'*t***fﬁ**’**tt*ﬁ**ﬁ***c

SUBROUTINE IFILLM(MA,NA,NELEM, K)
IMPLICIT REAL*8 (A-H, 0-2)
INTEGER MA (NA, NELEM)
DO J = 1,NELEM
DO I = 1,NA
MA(I,J) =K
ENDDO !'I
ENDDO !J
END

C*****ti*t'h****'ﬁ**ﬁ***ﬁ***ﬂ**'ﬁ'ﬁ*t*****t***'ﬁ*ﬁ*'.*'*****ﬁ'ﬁ**ﬁt*i*tit***it******c

Cc SUBROUTINE FILL VALUE C IN TO VECTOR {A} FOR REAL VECTOR

C

Ct*****************ﬁ*************i*’**t*t**i*****’**’**i**ﬁ*t****ﬁ**'*’*******C

SUBROUTINE RFILLV(A, NA, C)
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IMPLICIT REAL*8 (A-H,0-2)
REAL*8 A(NA)
DO I =1, NA
A(I) = C
ENDDO !I
END

Ctt*ttﬁt*ﬁrtﬁ*iﬁ*’ﬁﬁ*ttﬁﬁtti*i**tiiwﬁtti***a'******t*tt******t*t**t*tt********c

(04 SUBROUTINE FILL VALUE CM INTO MATRIX [A] FOR REAL MATRIX C

Ctiiﬁitiitit’t*Q*'ﬁ'ﬁ’**i**'ﬁiﬁttiﬁt*t*i*"ii*ﬁt’*ii*ﬁﬁiﬁiﬁttiiﬁti*iﬁiﬁ*t**ti*c

SUBROUTINE RFILLM(A, NA, MA, CM)
IMPLICIT REAL*8 (A-H,0-2)
REAL*8 A(NA,MA)
DOI =1, NA
DO J =1, MA
A(I,J) = CM
ENDDO !J
ENDDO !'I
END

Ciﬁﬁt'**!#ﬁﬁﬁiﬁtﬁﬁﬁ*'it'ﬁtiiitﬁ*'ﬂ*****'ﬁi’Iii*fiiﬁ*i***t*i*ﬁ****h*i**t*f*tt**ttc

o} SUBROUTINE STEP 1 CALCULATES INTERMEDATE MOMENTUM IN X,Y DIRECTION (04

C********t**’*ﬁ**’**’********ﬁ'i***f***i"ﬁ*‘I*Q'h"ﬁ*'ﬁ’*ﬁ*'l**i**’*t***ﬁ**tﬁ*i*i*i*c =

SUBROUTINE STEP1 (MXPOI, MXELE, MXBOU , NPOIN, NELEM, NBOUN ,
INTMA, GEOME, DMMAT , UNKNO, RSIDO, ISIDO ,
RHSO , RHS1 , RHS2 , PSWE , IHELP, DELTP ,
DELTE, SOUND, CONIN , NCMAX, ITIME, INTIME,
CINF , THETA, FXSEC , FYSEC, PRES , PRES1 ,
cC , CSAFM, DTFIX , ILOTS, TT1l , ALEN ,
4

NITER, MATCON,CC2 CINF2)

R

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

INTEGER INTMA (3,MXELE), ISIDO(4,MXBOU) , NUMBER (MXPOI)
INTEGER MATCON (MXPOI, 20), NCMAX(MXPOI) , IHELP(MXPOI)
REAL*8 ALEN (MXPOI) , GEOME(7,MXELE) , DMMAT (MXPOI)
REAL*8 UNKNO (4, MXPOI), RSIDO(3,MXBOU) , RHSO(4,MXPOI)
REAL*8 RHS1 (4, MXPOI) , RHS2(4,MXPOI) ;. PSWE (MXPOI)
REAL*8 DELTP (MXPOI) , DELTE (MXELE) » SOUND (MXPOI)
REAL*8 CONIN(3) s ICINFE(S5) , THETA(2)
REAL*8 FXSEC (4,MXELE), FYSEC(4,MXELE) , PRES (MXPOI)
REAL*8 PRES1 (MXPOI) , TT1(MXPOI) » \CINF2(5)

C00 = 0.0D+00
CSAFE = CSAFM

C *** CALCULATES PRESSURE FROM VELOCITIES AND TOTAL ENERGY

c CALL GETPRES (MXPOI, MXBOU, NPOIN, NBOUN, UNKNO, SOUND, CONIN,
c & CINF, ISIDO, PRES , CC ,CC2 ,CINF2 )

C *** CALCULATES THE CRITICAL TIME STEP FOR ALL THE NODES

IF(ILOTS.NE.-1) THEN
CALL ALOTIM(MXPOI, MXELE, NELEM, NPOIN, ILOTS, INTMA, CSAFM,
& DTFIX, UNKNO, DELTP, DELTE, SOUND, GEOME, PRES ,
& CONIN, ALEN , NCMAX, MATCON)
ELSE
DTFIX2 = DTFIX
CALL RFILLV(DELTP, NPOIN, DTFIX)
CALL RFILLV(DELTE, NELEM, DTFIX2)
ENDIF

C *** CALCULATES THE CONVECTIVE COMPONENT FOR (*) VELOCITIES
C *** AND STABILIZING TERMS

CALL RFILLM(RHS2, 4, NPOIN, CO00)

CALL ADVECT( MXPOI, MXELE, NPOIN, NELEM, INTMA, GEOME, UNKNO,
& DELTE, RHS2, FXSEC, FYSEC, THETA, PRES )



CALL ADVSIDE (MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN, RSIDO,
& UNKNO, RHS2, FXSEC, FYSEC, ISIDO )

C *** ADD ADVECTION COMPONENT AND MULTIPLY BY INVERSED MASS
C *** UPDATE THE SOLUTION.

DO IP = 1, NPOIN
UNKNO(2,IP) UNKNO(2,IP) + DELTP(IP)*DMMAT (IP)*RHS2(2,1IP)
UNKNO(3,IP) = UNKNO(3,IP) + DELTP(IP)*DMMAT (IP)*RHS2(3,IP)
ENDDO !'IP
END

(A E SRS s ittt sttt sttt ittt ittt ittt sttt i ittt i sttt sttt sttt s od

(o] SUBROUTINE CALCULATES PRESSURE FROM VELOCITIES AND ENERGY C

C***i*ﬁiﬁi*'*t*it*tii*,f'Qi'**t’***itii*ﬁi’tii*i*ti*ﬁ***ﬁ*t*it**ﬁit*****tt****c

SUBROUTINE GETPRES (MXPOI, MXBOU, NPOIN, NBOUN, UNKNO, SOUND,
& CONIN, CINF, ISIDO, PRE , CC,CC2,CINF2 )

IMPLICIT REAL*8 (A-H,0-2)
INTEGER ISIDO(4,MXBOU)

REAL*8 PRE (MXPOI), UNKNO(4,MXPOI), SOUND (MXPOI)
REAL*8 CONIN(3), CINF(5) ,CINF2(5)

GAM = CONIN(1)
GAM1 = GAM - 1.0D+00
PINF = (CC**2)*CINF(1)/GAM
PINF2= (CC2**2)*CINF2(1)/GAM
DO IP = 1, NPOIN
PRE(IP) = GAM1*( UNKNO(4,IP) - 0.5*( UNKNO(2,IP)**2
& +UNKNO (3, IP)**2 ) /UNKNO(1,IP) )
ENDDO !IP :
DO IB = 1, NBOUN
DO IBB =1, 2
IP = ISIDO(IBB,IB)
IF(ISIDO(4,1IB).EQ.1) THEN
PRE(IP) = PINF
ENDIF
ENDDO !IBB
ENDDO !IB

DO IB = 1, NBOUN
DO IBB =1, 2
IP = ISIDO(IBB,IB)
IF(ISIDO(4,1IB).EQ.3) THEN
PRE (IP) = PINF2
ENDIF
ENDDO !IBB
ENDDO !IB
END

C*****t**i****ﬁﬁt***********ﬁi*i*i**ﬁ***ﬁ*ﬁ't***ﬁ****ﬁi****ti**i**t***t*ttt'*ic

(o] SUBROUTINE CALCULATES THE CRITICAL TIME STEP FOR ALL NODES C

Cﬁ**!*****ﬁ**f**t****ﬁ*****t***itii*’*iﬁ*#"*tt**iiiﬁ**iﬁ*ﬁ***********i******tc

SUBROUTINE ALOTIM(MXPOI, MXELE, NELEM, NPOIN, ILOTS, INTMA, CSAFM,
& DTFIX, UNKNO, DELTP, DELTE, SOUND, GEOME, PRES ,
& CONIN, ALEN , NCMAX, MATCON)

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

INTEGER MPOI
PARAMETER (MPOI=200000)

INTEGER INTMA (3,MXELE), NCMAX (MXPOI) , MATCON (MXPOI, 20)

REAL*8 VMOD (MPOTI) , UNKNO(4,MXPOI), DELTP(MXPOI)
REAL*8 DELTE (MXELE) , SOUND(MXPOI) , GEOME (7,MXELE)
REAL*8 PRES (MXPOI) , CONIN(3) » ALEN (MXPOI)

REAL*8 VNORM (MPOI) , PNEW(MPOI) , RHONEW (MPOI)
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IF(ILOTS.LE.-1) THEN
DTFIX2 = DTFIX*2.0
CALL RFILLV(DELTP, NPOIN, DTFIX)
CALL RFILLV(DELTE, NELEM, DTFIX2)
RETURN

ENDIF

DO IP = 1, NPOIN
UVEL = UNKNO(2,IP)/UNKNO(1,IP)
VVEL = UNKNO(3,IP)/UNKNO(1,IP)

VMOD (IP) = DSQRT( UVEL*UVEL + VVEL*VVEL )
ENDDO !IP
DO IP = 1, NPOIN

DELTP(IP) = 1.0E+06

VNORM(IP) = 0.0D+00

PNEW (IP) = 0.0D+00

RHONEW (IP) = 0.0D+00
DO IK = 1, NCMAX(IP)
IKK = MATCON(IP, IK)
VNORM(IP) = VNORM(IP) + VMOD (IKK)

PNEW(IP) = PNEW(IP) + PRES (IKK)
RHONEW (IP) = RHONEW(IP) + UNKNO(1, IKK)
ENDDO !IK

VNORM (IP) = VNORM(IP)/NCMAX (IP)
PNEW(IP) = PNEW(IP)/NCMAX (IP)
RHONEW (IP) = RHONEW (IP)/NCMAX(IP)
SOUND(IP) = DSQRT (CONIN(1)*PNEW(IP)/RHONEW(IP))
ENDDO !IP
DO IE = 1, NELEM
IP1 = INTMA(1,IE)
IP2 = INTMA (2, IE)
IP3 = INTMA(3,IE)
CMAX = MAX( SOUND(IP1l);, SOUND(IP2),SOUND(IP3) )
VMAX = MAX( VNORM(IP1l),VNORM(IP2),VNORM(IP3) )
VMAX = VMAX + CMAX
ALOTI = (ALEN(IP1)/VMAX)
DELTP(IP1) = MIN(ALOTI,DELTP(IP1))
ALOTI = (ALEN(IP2)/VMAX)
DELTP (IP2) = MIN(ALOTI,DELTP(IP2))
ALOTI = (ALEN (IP3)/VMAX)
DELTP (IP3) = MIN(ALOTI,DELTP(IP3))
ENDDO !IE
DO IE = 1, NELEM
IP1 = INTMA(1l,IE)
IP2 = INTMA(2, IE)
IP3 = INTMA(3, IE)
DELTE (IE) = (DELTP(IP1)+DELTP(IP2)+DELTP(IP3))/3.0
ENDDO !IE
DO IP = 1, NPOIN
DELTP (IP) = CSAFM*DELTP (IP)
ENDDO !IP
IF(ILOTS.EQ.0) GO TO 700
RETURN
700 DTSML = 1.0D06
DO IP = 1, NPOIN
DTSML = MIN (DTSML, DELTP (IP))
ENDDO !IP
DTBIG = 1.0D06
DO IE = 1, NELEM
DTBIG = MIN (DTBIG, DELTE (IE))
ENDDO !IE
CALL RFILLV( DELTP, NPOIN, DTSML)
CALL RFILLV( DELTE, NELEM, DTBIG)
END

C"ﬁ'ﬁt***********t*******ﬁ*ﬁittﬁ*****ﬁ**t*i*‘h*ﬁ*iiﬁﬁﬁtﬁ****tt*******it**ti*****c

Cc SUBROUTINE CALCULATES ARTIFICAIL DIFFUSION BASED ON SECOND GRADIENT (o

c*ﬁﬁ*ﬁ******i*t'ﬁt*‘k****t**t****t*tﬁt****'ﬁ*"ﬁ‘l'i*tﬁfﬁ’******Q*t*t***t**ﬁt****i*c

SUBROUTINE ARTVIS (MXPOI, MXELE, NPOIN, NELEM, INTMA, PRES, CONIN,
& GEOME, DMMAT, UNKNO, RHS1 , SOUND, ALEN )

IMPLICIT REAL*8 (A-H,0-2)
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INTEGER MPOI, MELE
PARAMETER (MPOI=200000, MELE=400000)

INTEGER INTMA (3, MXELE)

REAL*8 PRES (MXPOI) , CONIN(3) , GEOME (7,MXELE)
REAL*8 DMMAT (MXPOI) , UNKNO(4,MXPOI), RHS1 (4,MXPOI)
REAL*8 SOUND (MXPOI) , ALEN (MXPOI) , DSPDX (MELE)
REAL*8 DSPDY (MELE) , DSPDN(MELE ) , DPDX(MPOI)
REAL*8 DPDY (MPOI) , UNKEL (4, 3) , GEO(6)

REAL*8 SN (3) , UVEL(3) , VVEL(3)

REAL*8 PRX (3) , AREA3 (MPOI)

CALL RFILLM(RHS1, 4, NPOIN, 0.0D+0)
CALL RFILLV(DPDX , MXPOI, 0.0D+00)
CALL RFILLV(DPDY , MXPOI, 0.0D+00)
CALL RFILLV(DSPDX, MXELE, 0.0D+00)
CALL RFILLV(DSPDY, MXELE, 0.0D+00)
CALL RFILLV(DSPDN, MXELE, 0.0D+00)
CALL RFILLV(AREA3, MXPOI, 0.0D+00)

DO IE = 1, NELEM
AR3 = GEOME(7,1E)/6.0D+00

bOI = 1, 3
IP = INTMA(I,IE)
DO J =T1,.53
JP = INTMA (J,IE)
DPDX(IP) = DPDX(IP) + AR3*GEOME (J,IE)*PRES (JP)
DPDY(IP) = DPDY(IP) + AR3*GEOME (J+3, IE) *PRES (JP)
ENDDO !J
ENDDO !I
ENDDO !IE
DO IP = 1, NPOIN-
DPDX (IP) = DMMAT (IP)*DPDX(IP)
DPDY (IP) = DMMAT (IP)*DPDY (IP)
ENDDO !'IP

DO IE = 1, NELEM
IP1 = INTMA(1,IE)
IP2 = INTMA(2, IE)
IP3 = INTMA(3,IE)
DSPDX (IE) = GEOME (1, IE)*DPDX(IP1) + GEOME (2, IE)*DPDX (IP2)
+GEOME (3, TE) *DPDX (IP3)
DSPDY (IE) = GEOME (4, IE)*DPDY(IP1l) + GEOME (5, IE)*DPDY (IP2)
+GEOME (6, IE) *DPDY (IP3)
DSPDN(IE) = DSQRT (DSPDX (IE)**2 + DSPDY (IE)**2)
ENDDO !IE
DO IE = 1, NELEM
AR = GEOME(7,IE)/2.0D+00
ALSUM = 0.0D+00
DOI =1, 3
IP = INTMA (I, IE)
UNKEL(1,I) = UNKNO(1,IP)
UNKEL(2,I) = UNKNO(2,IP)
UNKEL(3,I) = UNKNO(3,IP)
UNKEL (4,I) = UNKNO(4,IP) + PRES(IP)
UVEL(I) = UNKEL(2,I)/UNKEL(1,1I)
VVEL(I) = UNKEL(3,I)/UNKEL(1,1I)
SN(I) = SOUND(IP)
PRX(I) = PRES(IP)
GEO(I) = GEOME(I,IE)
GEO(I+3) = GEOME(I+3,IE)
ALSUM = ALSUM + ALEN(IP)
ENDDO !I
VN1 = DSQRT( UVEL(1)**2 + VVEL(1)**2 )
VN2 = DSQRT( UVEL(2)**2 + VVEL(2)**2 )
VN3 = DSQRT( UVEL(3)**2 + VVEL(3)**2 )
VELN = MAX(VN1, VN2, VN3)
CMAX = MAX(SN(1), SN(2), SN(3))
VELMAX = VELN + CMAX
PBAR = ( PRX(1) + PRX(2) + PRX(3) )/3.0D+0
ALSUM = ALSUM/3.0D+00
DRDX=UNKEL (1, 1) *GEO (1) +UNKEL (1, 2) *GEO (2) +UNKEL (1, 3) *GEO (3)
DRDY=UNKEL (1, 1) *GEO (4) +UNKEL (1, 2) *GEO (5) +UNKEL (1, 3) *GEO (6)



DUDX=UNKEL (2, 1) *GEO(1) +UNKEL (2, 2) *GEO (2) +UNKEL (2, 3) *GEO(3)
DUDY=UNKEL (2, 1) *GEO (4) +UNKEL (2, 2) *GEO (5) +UNKEL (2, 3) *GEO(6)
DVDX=UNKEL (3, 1) *GEO(1) +UNKEL (3, 2) *GEO (2) +UNKEL (3, 3) *GEO(3)
DVDY=UNKEL (3, 1) *GEO (4) +UNKEL (3, 2) *GEO(5) +UNKEL (3, 3) *GEO(6)
DHDX=UNKEL (4, 1) *GEO (1) +UNKEL (4, 2) *GEO (2) +UNKEL (4, 3) *GEO(3)
DHDY=UNKEL (4, 1) *GEO (4) +UNKEL (4, 2) *GEO (5) +UNKEL (4, 3) *GEO (6)
CONST = AR*CONIN(2)* (ALSUM**3) *VELMAX*DSPDN (IE) /PBAR
po1=1, 3

IP = INTMA(I, IE)

RHS1(1,IP) = RHS1(1,IP) - CONST*

& (DRDX*GEO(I) + DRDY*GEO(I+3) )
RHS1(2,IP) = RHS1(2,IP) - CONST*

& (DUDX*GEO(I) + DUDY*GEO(I+3) )
RHS1(3,IP) = RHS1(3,IP) - CONST*

& (DVDX*GEO(I) + DVDY*GEO(I+3) )
RHS1(4,IP) = RHS1(4,IP) - CONST*

& (DHDX*GEO (I) + DHDY*GEO(I+3) )
ENDDO !'I

ENDDO !IE

END
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cﬁ*t*t*’****i*i*ﬁ**iﬁ***,**********ﬁ****i’*****ﬁ*t**ﬁf******ﬁ***t*******'ﬁﬁ***t*c

(o] SUBROUTINE CALCULATES THE CONVECTIVE COMPONENT FOR (*) VELOCITIES

(&

C**Q***i*'ﬁ'ﬁ'ﬁ***ﬁ************-ﬁ*****‘k*****‘ﬁit*'ﬁ*f**ﬁiQ*i*'ﬁ*t**ﬁ*ttt*’ﬁ***ﬁ***ﬁ*ic

SUBROUTINE ADVECT (MXPOI, MXELE, NPOIN, NELEM, INTMA, GEOME, UNKNO,
& DELTE, RHS2, FXSEC, FYSEC, THETA, PRES )

IMPLICIT REAL*8(A-H,0-2)
INTEGER INTMA (3, MXELE)

REAL*8 .GEOME (7,MXELE) , 'UNKNO(4,MXPOI), DELTE (MXELE)
REAL*8 RHS2 (4,MXPOI) FXSEC(4,MXELE), FYSEC(4,MXELE)

’
REAL*8 THETA (2) , UNKEL(3,3) , FXEL(3,3)
REAL*8 FYEL(3, 3) , VELOC(2,3) , GEO(6)
REAL*8 FXME (3) , FYME(3) , DVFEL(3)
REAL*8 FXMSE (3) , FYMSE(3) , AM1(3,3)
REAL*8 AM2 (3, 3) , NODE (3) , PRES (NPOIN)

DO IE = 1, NELEM

AREA = 0.5D+00*GEOME (7, IE)

DPDX = 0.0D+00

DPDY = 0.0D+00

DO IN =1, 3
IP = INTMA(IN, IE)
NODE (IN) = IP
GEO(IN) = GEOME (IN,IE)
GEO(IN+3) = GEOME (IN+3,IE)
DPDX = DPDX + GEO(IN)*PRES (IP)
DPDY = DPDY + GEO(IN+3)*PRES(IP)

DO IA = 1,3
UNKEL (IA, IN) = UNKNO(IA,IP)
ENDDO !IA
ENDDO !'IN

VELOC(1,1) = UNKEL(2,1)/UNKEL(1,1)
VELOC(1,2) = UNKEL(2,2)/UNKEL(1,2)
VELOC(1,3) = UNKEL(2,3)/UNKEL(1,3)
VELOC(2,1) = UNKEL(3,1)/UNKEL(1,1)
VELOC(2,2) = UNKEL(3,2)/UNKEL(1,2)
VELOC(2,3) = UNKEL(3,3)/UNKEL(1, 3)
DO IUNKN = 2, 3
FXME (IUNKN) = 0.0D+00
FYME (IUNKN) = 0.0D+00
ENDDO !IUNKN
DO INODE=1l, 3
FXEL (2, INODE) = VELOC (1, INODE) *UNKEL (2, INODE)
FXEL (3, INODE) VELOC (1, INODE) *UNKEL (3, INODE)
FYEL (2, INODE) VELOC (2, INODE) *UNKEL (2, INODE)
FYEL (3, INODE) = VELOC (2, INODE) *UNKEL (3, INODE)
DO IUNKN = 2,3
FXME (IUNKN) = FXME (IUNKN)+FXEL (IUNKN, INODE)
FYME (IUNKN) = FYME (IUNKN)+FYEL (IUNKN, INODE)



ENDDO !IUNKN
ENDDO !INODE
DO IUNKN = 2, 3
DVFEL (IUNKN)
DO INODE = 1,
ANX =
ANY =
DVFEL

ENDDO !INODE
ENDDO ! IUNKN
C *** ADD STABILIZING TERMS

Ul = ( UNKEL(1,1)
U2 = ( UNKEL(2,1)

U21 = U2/U1
U31 = U3/Ul
AM1(2,2) = U21
AM1(3,3) = U21
AM2(2,2) = U3l
AM2 (3, 3) U31
DO IUNKN 253
FXMSE (IUNKN)
FYMSE (IUNKN)
FXMSE (IUNKN)
FYMSE (IUNKN)
ENDDO ! IUNKN
FXMSE (2) = FXMSE(2)
FYMSE(2) = FYMSE(2)
. FXMSE(3) = FXMSE(3)
FYMSE(3) = FYMSE(3)
DO IUNKN=2, 3

FXSEC (IUNKN,IE) =

+ UNKEL(1,2)
+ UNKEL(2,2)
U3 = ( UNKEL(3,1) + UNKEL(3,2)

= 0.0D+00
3
GEO (INODE)
GEO (INODE+3)
(IUNKN) = DVFEL(IUNKN) + ANX*FXEL (IUNKN, INODE)
+ANY*FYEL (IUNKN, INODE)

+ UNKEL(1,3) )/3.0
+ UNKEL(2,3) )/3.0
+ UNKEL(3,3) )/3.0

= 0.0D+00
= 0.0D+00
= FXMSE (IUNKN)+AM1 (IUNKN, IUNKN) *DVFEL (IUNKN)
= FYMSE (IUNKN) +AM2 (IUNKN, IUNKN) *DVFEL ( IUNKN)

) *DPDX
) *DPDX
) *DPDY
) *DPDY

+ AM1(2,2)*( 1.0-THETA(2)
+ AM2(2,2)*( 1.0-THETA(2)
+ AM1(3,3)*( 1.0-THETA(2)
+ AM2(3,3)*( 1.0-THETA(2)

FXMSE (IUNKN) *DELTE (IE) *1.5

FYSEC (IUNKN, IE) = FYMSE(IUNKN)*DELTE(IE)*1.5

ENDDO ! IUNKN
AREA = AREA/3.0D+00
DO IN = 1,3

IP = NODE(IN)
ANX = GEO(IN)*AREA
ANY = GEO(IN+3)*AREA
DO IA\=.2, 3
RHS2 (IA,IP) = RHS2(IA,IP)+ANX*FXME (IA)+ANY*FYME (IA)
-ANX*FXSEC (IA,IE) -ANY*FYSEC (IA, IE)
ENDDO !IA
ENDDO !IN

ENDDO !IE

END

C*i**’t*'ﬁ*******i***i*t**i***t*‘ﬁ***ﬁﬁ********ti'ﬁii***************i****t********c

c CALCULATES SIDE CONTRIBUTION TO CONVECTIVE TERM FOR (*)VELOCITIES c

Cftit*******ﬁ*i*t*****ﬁi*******************i**********************i*i*********c

SUBROUTINE ADVSIDE( MXPQI, MXELE, MXBOU, NPOIN, NELEM, NBOUN,
& RSIDO, UNKNO, RHS2, FXSEC, FYSEC, ISIDO )
IMPLICIT REAL*8(A-H,0-2)

INTEGER ISIDO(4,MXBOU), NODE(2)

REAL*8 RSIDO(3,MXBOU), UNKNO(4,MXPOI), RHS2(4,MXPOI)
REAL*8 FXSEC (4,MXELE), FYSEC(4,MXELE), UNKEL(3,2)

REAL*8 VELOC (2, 2) . FN(3,2) , FXSI(3,2)

Cl6 = 1.0D+00/6.0D+00
DO IS = 1, NBOUN
INDEX = ISIDO(4,1IS)

ALENG = RSIDO(3,IS)*Cl6
ANX = RSIDO(1,IS)*ALENG
ANY = RSIDO(2,IS)*ALENG
IE = ISIDO(3,1S)

DO IN =1, 2
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IP = ISIDO(IN,IS)
NODE (IN) = IP
DOIA=1, 3

UNKEL (IA, IN) = UNKNO(IA,IP)

ENDDO !IA
ENDDO !IN
VELOC(1,1) = UNKEL(2,1)/UNKEL(1,1)

VELOC(2,1) = UNKEL(3,1)/UNKEL(1,1)
VELOC(1,2) = UNKEL(2,2)/UNKEL(1,2)
VELOC(2,2) = UNKEL(3,2)/UNKEL(1,2)
FXSI(2,1) = UNKEL(2,1)*( ANX*VELOC(1,1)

+ ANY*VELOC(2,1)

)
FXSI(2,2) = UNKEL(2,2)*( ANX*VELOC(1,2) + ANY*VELOC(2,2) )
FXSI(3,1) = UNKEL(3,1)*( ANX*VELOC(1,1) + ANY*VELOC(2,1) )
FXSI(3,2) = UNKEL(3,2)*( ANX*VELOC(1,2) + ANY*VELOC(2,2) )
FN(2,1) = 2.0*FXSI(2,1) + FXSI(2,2)
FN(2,2) = 2.0*FXSI(2,2) + FXSI(2,1)
FN(3,1) = 2.0*FXSI(3,1) + FXSI(3,2)
FN(3,2) = 2.0*FXSI(3,2) + FXSI(3,1)

DO IN = 1, 2
IP = NODE(IN)
DO IA = 2, 3
RHS2 (IA,IP) = RHS2(IA,IP)-FN(IA,IN)
& +ANX*FXSEC (IA, IE)
& +ANY*FYSEC (IA, IE)
ENDDO !IA
ENDDO !IN
ENDDO 'IS
END

Cti*****i******t_*t**i*it***itt***i**ﬁi******ﬁ******t***t***********tti********c

(o} SUBROUTINE STEP 2 CALCULATES DENSITY (EXPLICIT SOLVER) c

C*****i**t*******ﬁ*****iﬁ**'ﬁﬁ*i***ﬁ'ﬁ‘ﬁﬁ**ﬁ******'ht**i*'l‘*ﬁ********i‘*ﬁ*i******’ﬁ*c

SUBROUTINE STEP2 (MXPOI, MXELE, MXBOU, NPOIN, NBOUN, NELEM,
& INTMA, ISIDO, RSIDO, GEOME, DMMAT, UNKNO,
& UNKN1, RHS1 , RHS2 , IELSI, PRES , DELTP,
& DELTE, THETA, NITER )

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

INTEGER INTMA (3, MXELE), ISIDO(4,MXBOU), IELSI (2,MXELE)
REAL*8 RSIDO(3,MXBOU), GEOME (7,MXELE), DMMAT (MXPOI)
REAL*8 UNKNO (4, MXPOI), UNKN1(4,MXPOI), RHS2(4,MXPOI)
REAL*8 PRES (MXPOI) , DELTP(MXPOI) , DELTE (MXELE)
REAL*8 RHS1 (4,MXPOI) , THETA(2) , RHSP(3)

REAL*8 ELRHS (3)

C **x*

CLEAR MATRIX [RHS2] BY FILL ZERO IN THIS MATRIX

CALL RFILLM(RHS2, 4, NPOIN, 0.0D+00)

DO IELEM = 1, NELEM

C *** EVALUATES THE VELOCITY TERMS ON RHS FOR DENSITY EQUATION

CALL GETRHS (MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN,
& INTMA, ISIDO, IELSI, RSIDO, GEOME, UNKNO,
& UNKN1, THETA, ELRHS, IELEM )

C *** EVALUATES THE PRESSURE LAPLACIAN ON RHS OF DENSITY EQUATION

CALL PRHP (MXPOI,MXELE,MXBOU,NPOIN, NELEM, NBOUN, ISIDO,
& INTMA, IELSI, GEOME, RSIDO, PRES , DELTE, RHSP,
& IELEM )
C
DO/ T = 1., 3
IP = INTMA(I,IELEM)
RHS2(1,IP) = RHS2(1,IP) + RHSP(I)*THETA(1l)
& +ELRHS (I)
ENDDO !I

ENDDO !IELEM
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C *** MULTIPLY BY INVERSED MASS AND TIME STEP FOR ALL NODES
C *** UPDATE THE SOLUTION

DO IP = 1, NPOIN
UNKNO(1,IP) = UNKNO(1l,IP) + DELTP(IP)*DMMAT (IP)*RHS2(1,IP)

ENDDO !'IP
END

C*ﬁﬁ'*i'***********ﬁﬁ**tﬁ**'ﬁ*'***'ﬁ*'**ﬁ**’**t******i***ﬁ*ﬁ****iti*i****ﬁ**ﬁ’ﬁ*c

(o] SUBROUTINE EVALUATES THE VELOCITY TERMS ON RHS FOR DENSITY EQUATION c

Ci**"ﬁ*i*ﬁ*****ﬁ****’f***ti*t*****t**i'ﬁ*'ﬁ**t***'h*'.i'ti‘**‘ﬁ*******ﬁ**************c

SUBROUTINE GETRHS (MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN,
& INTMA, ISIDO, IELSI, RSIDO, GEOME, UNKNO,
& UNKN1, THETA, ELRHS, IELEM )

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

INTEGER INTMA (3,MXELE), ISIDO(4,MXBOU), IELSI(2,MXELE)

REAL*8 RSIDO(3,MXBOU), GEOME(7,MXELE), UNKNO(4,MXPOI)
REAL*8 UNKN1 (4, MXPOI), THETA(2) , ELRHS(3)
REAL*8 ELUKN (3, 3) , ELUKN1 (3, 3)

C *** CALCULATES VELOCITES FIRST TWO TERMS IN STEP 2 EQUATION
C *** EQ 10 IN SHOCK CAPTURING PAPER

DO INODE = 1, 3
IP = INTMA (INODE, IELEM)
DO IU = 2, 3
ELUKN (IU, INODE) = (1.0 - THETA(1l) )*UNKN1(IU,IP)
& +THETA (1) *UNKNO(IU, IP)
ELUKN1 (IU, INODE) = UNKN1 (IU,IP)
ENDDO !IU \
ENDDO ! INODE
VELOl = 0.0D+00
VELO2 = 0.0D+00
DO JNODE = 1, 3
VELOl = VELOl + ELUKN (2, JNODE)
VELO2 = VELO2 + ELUKN(3, JNODE)
ENDDO ! JNODE

@
DO INODE = 1, 3
ELRHS (INODE) = 0.0D+00
JNODE = INODE + 3
ELRHS (INODE) = ELRHS (INODE) + GEOME (INODE, IELEM) *VELO1
& +GEOME (JNODE, IELEM) *VELO2
ELRHS (INODE) = ELRHS (INODE) *GEOME (7, IELEM) /6.0
ENDDO ! INODE
o

DO ISI=1,2
IS=IELSI(ISI,IELEM)
IF(IS.NE.O) THEN

INDEX=ISIDO(4,1IS)

ALENG=RSIDO(3,IS)/6.0D+00

ANX=RSIDO(1, IS)*ALENG

ANY=RSIDO(2, IS)*ALENG

IP=ISIDO(1,1IS)

DO INODE=1, 3
IF(IP.EQ.INTMA (INODE, IELEM)) THEN

ID1 = INODE
GO TO 60

ENDIF

ENDDO !INODE

PRINT *, 'ERROR IN SIDE CONTRIBUTION'

PRINT *, IELEM

STOP

60 CONTINUE

ID2 = ID1+1

IF(ID2.GT.3) ID2 = ID2 - 3

IP1 = INTMA(ID1,IELEM)

UP = ELUKN1(2,ID1)

VP = ELUKN1(3,1ID1)
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ANORV1 = UP*ANX + VP*ANY
IP2 = INTMA(ID2,IELEM)
UP = ELUKN1(2,ID2)

VP = ELUKN1(3,1ID2)
ANORV2 = UP*ANX + VP*ANY
ELRHS (ID1) ELRHS (ID1)
ELRHS (ID2) ELRHS (ID2)

- 2.0*ANORV1 - ANORV2
- ANORV1 - 2.0*ANORV2

ENDIF
ENDDO !ISI

END

*ii*ﬁ***i*ti***’ﬁ*******tﬁ*tﬁ**i**ﬁﬁ*********ii**ﬁ*******t’t*iiﬁ***t***ic

SUBROUTINE EVALUATES THE PRESSURE LAPLACIAN ON RHS OF DENSITY EQUATION C

*ti**ﬁ**t*****iitiﬁ*ﬁ**’t’*#tttiiﬁi’****titt’**ﬁ*i*fﬁ*i*****ttt***ﬁ*****c

SUBROUTINE PRHP (MXPOI,MXELE, MXBOU, NPOIN, NELEM, NBOUN, ISIDO,

INTMA, IELSI, GEOME, RSIDO, PRES , DELTE, RHSP,
IE )
IMPLICIT REAL*8 (A-H,0-2)
INTEGER ISIDO(4,MXBOU), INTMA(3,MXELE), IELSI(2,MXELE)
REAL*8 GEOME (7, MXELE) , RSIDO(3,MXBOU), PRES (MXPOI)
REAL*8 DELTE (MXELE) , RHSP(3) =k (3), B(2)

AR = GEOME(7,IE)/2.0D+00

DO LOK =1, 3
IM = INTMA(LOK, IE)
P(LOK) = PRES (IM)
RHSP (LOK) = 0.0D+00

ENDDO !LOK
B(1l) = 0.0D+00
B(2) = 0.0D+00

DO LOK =1, 3
IN = INTMA(LOK, IE)
B(1) = B(1l) + GEOME(LOK, IE)*P(LOK)
LOK1 = LOK+3
B(2) = B(2) + GEOME(LOK1, IE) *P (LOK)
ENDDO !LOK
B(1l) = B(1)*DELTE(IE)
B(2) = B(2)*DELTE(IE)
DO LOK =1, 3
LOK1 = LOK + 3
IN = INTMA(LOK, IE)
RHSP (LOK) = RHSP(LOK) - AR*( GEOME (LOK, IE)*B(1)
+GEOME (LOK1, IE) *B(2) )
ENDDO
END

!LOK

**ﬁ***ﬁ*t*ii*******t****’t********i***’**t*****t**i******ﬁ****i**t*ﬁt***c

THIS SUBROUTINE VELOCITY CORRECTION STEP c

*i****ﬁ*i*t****ti****i**ﬁ**ﬁ**'ﬁ****ﬁ’ﬁ*i*iﬁ******ﬁ*ﬁ*i*i*t*ﬂ****t**t***c

SUBROUTINE STEP3 (MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN, INTMA,
ISIDO, RSIDO, GEOME, DMMAT, UNKNO, UNKN1, IELSI,
RHS2 , DELTP, DELTE, THETA, PRES , PRES1 )

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

INTEGER INTMA (3,MXELE), ISIDO(4,MXBOU), IELSI (2,MXELE)

REAL*8 GEOME (7,MXELE) , RSIDO(3,MXBOU), UNKNO(4,MXPOI)

REAL*8 UNKN1 (4,MXPOI), DMMAT (MXPOI) , RHS2(4,MXPOI)

REAL*8 DELTP (MXPOI) , THETA(2) , PRES (MXPOI)

REAL*8 PRES1 (MXPOI) , DELTE (MXELE)

DO IPOIN = 1, NPOIN
DO IUNKN = 2, 3
RHS2 (IUNKN, IPOIN) = 0.0D+00
ENDDO ! IUNKN
ENDDO !IPOIN
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C *** CALCULATE PRESSURE TERM2 IN THIRD STEP

&
&

C *** MULTIPLY BY INVERSE

CALL CORRECT (MXPOI,

INTMA,
PRES1,

DO IP = 1, NPOIN

DO IU = 2,
DT

MXELE, MXBOU, NPOIN, NELEM, NBOUN, ISIDO,
IELSI, UNKNO, RSIDO, GEOME, THETA, PRES ,
RHS2 )

MASS MATRIX AND TIME STEP AND UPDATE THE SOLUTION

3 "
= DMMAT (IP)

RHS2 (IU,IP) = RHS2(IU,IP)*DT*DELTP(IP)
UNKNO(IU,IP) = UNKNO(IU,IP) + RHS2(IU,IP)

ENDDO !IU

ENDDO !'IP

END

C'ﬁﬁ'ﬁt‘ﬁ‘.tﬁ‘ﬁ***t*it"i*****fﬁ*'ﬁﬁt**i****'iﬁ***iﬁﬁ**"ﬁ‘ti't******i******ﬁ*ﬁ**ﬁi****’*c

SUBROUTINE MOMENTUM CORRECTON STEP

C*'**,ﬁ*ﬁﬁ**t**ﬁ****f*ﬁ**t*t*t**'ﬁ*'ﬁ'ﬁ‘ﬁﬁ*'ﬁ***'**ttﬁ******i*ﬁ****ﬁ**i**tii*’***tc

C

&
&

SUBROUTINE CORRECT (MXPOI, MXELE,MXBOU, NPOIN, NELEM, NBOUN, ISIDO,

IMPLICIT
INTEGER
REAL*8
REAL*8
REAL*8

DO IELEM

INTMA, IELSI,UNKNO,RSIDO,GEOME, THETA, PRES ,
PRES1, RHS2)

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

INTMA (3,MXELE), ISIDO(4,MXBOU), IELSI (2,MXELE)

RSIDO (3, MXBOU), GEOME (7,MXELE), THETA(2)
PRES (MXPOI) , PRES1(MXPOI) , RHS2(4,MXPOI)
UNKNO (4, MXPOI) , ELRHS (3, 3) » ELPRS(3)

= 1, NELEM

AREA = GEOME (7, IELEM) /2.0D+00

DO INODE =
Ip

1,73
= INTMA (INODE, IELEM)

ELPRS (INODE) = (1.0-THETA(2))*PRES(IP)

+THETA (2) *PRES1 (IP)

ELRHS (1, INODE) = 0.0D+00
ELRHS (2, INODE) = 0.0D+00

ELRHS (3, INODE)

0.0D+00

ENDDO !INODE

DO IUNKN =

]

IDIME = IUNKN - 1

DO

INODE = 1, 3
KNODE = INODE + (IDIME-1)*3
DO JNODE = 1, 3
ELRHS (IUNKN, INODE) =ELRHS (IUNKN, INODE)
+GEOME (KNODE, IELEM) *ELPRS (JNODE)
ENDDO !JNODE

ENDDO !INODE
ENDDO ! IUNKN

DO IUNKN =
DO

2; 3
INODE =1, 3

ELRHS (IUNKN, INODE) = ELRHS (IUNKN, INODE) *AREA/3.0

ENDDO !INODE
ENDDO ! IUNKN

DO ISI =1
Is

o 2

= IELSI(ISI,IELEM)

IF(IS.NE.O) THEN

INDEX = ISIDO(4,1IS)
ALENG = RSIDO(3,1IS)/6.0
ANX = RSIDO(1,IS)*ALENG
ANY = RSIDO(2,IS)*ALENG
IP = 1ISIDO(1,1S)
.DO INODE =1, 3
IF(IP.EQ.INTMA (INODE, IELEM)) THEN
ID1 = INODE
GO TO 8
ENDIF
ENDDO !INODE
PRINT *, 'ERROR IN SIDE CONTRIBUTION'

C
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STOP
8 CONTINUE
ID2 = ID1 + 1
IF(ID2.GT.3) ID2 = ID2 - 3
ELRHS (2,ID1) = ELRHS(2,1ID1)

& -(ELPRS(ID1)*2.0 + ELPRS(ID2) )*ANX
ELRHS (2,1ID2) = ELRHS(2,1ID2)

& - (ELPRS(ID2)*2.0 + ELPRS(ID1) )*ANX
ELRHS (3,1ID1) = ELRHS(3,1ID1)

& -(ELPRS(ID1)*2.0 + ELPRS(ID2) )*ANY
ELRHS (3,1ID2) = ELRHS(3,1ID2)

& -(ELPRS(ID2)*2.0 + ELPRS(ID1) ) *ANY

ENDIF g
ENDDO !'ISI

DO INODE =1, 3
DO IU = 2, 3
IP = INTMA (INODE, IELEM)
RHS2 (IU,IP) = RHS2(IU,IP) + ELRHS(IU,INODE)
ENDDO !IU
ENDDO !INODE
ENDDO !IELEM
END

Cﬁﬁﬁﬁt'h*ﬁ*****ﬁ*‘h‘.*iﬁ*t*****tti*ﬁi*iﬁt*****t******ﬁ'***f*'ﬁ*'ﬁ**itt**i***ﬁf**ﬁt*c

C SUBROUTINE STEP4 CALCULATES ENERGY EQUATION C

Cﬁ‘ﬁt*******’***’iﬁ*'ﬁ***t'k******itﬁt*'i**itii****'ﬁﬁt*'.********i*****i*******’**c

SUBROUTINE STEP4 (MXPOI, MXELE, MXBOU,NPOIN,NELEM, NBOUN, INTMA,

& GEOME, UNKN1,RHS2, DELTE, FXSEC, FYSEC, PRES, ISIDO,
& RSIDO, RHSO,TT1, DELTP, UNKNO, INTIME, NITER, DMMAT,
& RHS1)

IMPLICIT REAL*8(A-H,0-2)
INTEGER INTMA (3,MXELE), ISIDO(4,MXBOU) ,NODE3(3)
REAL*8 GEOME (7,MXELE), RHS2(4,MXPOI), DELTE(MXELE), DELTP (MXPOI)
REAL*8 UNKN1 (4,MXPOI), UNKNO(4,MXPOI),FXSEC(4,MXELE)
REAL*8 FYSEC(4,MXELE), RHS1(4,MXPOI)
REAL*8 PRES (MXPOI), RSIDO(3,MXBOU), RHSO (4,MXPOI)
REAL*8 DMMAT (MXPOI), TT1(MXPOI)
C *** CALCULATES CONVECTIVE AND STABILIZING TERM IN ENERGY EQUATION

CALL ENERCON (MXPOI, MXELE,NPOIN, NELEM, INTMA, GEOME, UNKNO,

& RHS2, DELTE, FXSEC, FYSEC, PRES )
CALL ENERSID(MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN, ISIDO,
& RSIDO, UNKNO, FXSEC, FYSEC, RHS2 , PRES )

C *** MULTIPLY BY INVERSE MATRIX
C *** UPDATE SOLUTION

DO IP = 1,NPOIN

UNKNO (4, IP) = UNKNO(4,IP) + DELTP(IP)*DMMAT (IP)*RHS2(4,IP)
ENDDO !IP
END

C'ﬁ*’*i**i***ﬁ*i"ﬁ***’****i****tit******‘ﬁ***ﬁ*******'ﬁ*'ﬁ*i***iﬁ*i**i*ﬁ*ﬁ***’*****c

c SUBROUTINE COMPUTES THE CONVECTIVE COMPONENT OF ENERGY EQUATION (o]

C***t'ki*f*****l‘t'ﬁ********‘ﬁt**fit**ti’i**'ﬁ'ﬁ**ﬁﬁt**‘.i&i**'ﬁ******itﬁi***ﬁ**’***i*c

SUBROUTINE ENERCON( MXPOI, MXELE, NPOIN, NELEM, INTMA, GEOME, UNKNO,
& RHS2, DELTE, FXSEC, FYSEC, PRES1 )

IMPLICIT REAL*8 (A-H,0-2)
INTEGER INTMA (3, MXELE) , NODE (3)

REAL*8 GEOME (7,MXELE) , UNKNO(4,MXPOI), RHS2(4,MXPOI)
REAL*8 DELTE (MXELE) FXSEC (4,MXELE), FYSEC(4,MXELE)

REAL*8 UNKEL (4, 3) , FXEL(3) , FYEL(3)
REAL*8 VELOC (2, 3) , ENTAO(3) , GEO(6)
REAL*8 PRX(3) , PRES1 (MXPOI)
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DO IE = 1, NELEM
AREA = 0.5*GEOME (7, IE)
DO IN =1, 3

IP = INTMA(IN, IE)
NODE (IN) = IP
GEO(IN) = GEOME(IN,IE)

GEO(IN+3)= GEOME (IN+3, IE)
VELOC (1, IN) = UNKNO(2,IP)/UNKNO(1,IP)
VELOC (2, IN) = UNKNO(3,IP)/UNKNO(1,IP)
DO IA =1, 4

UNKEL (IA, IN) = UNKNO(IA,IP)

ENDDO !IA

PRX(IN) = PRES1(IP)

ENTAO (IN) = ( UNKEL(4,IN) + PRX(IN) )
ENDDO !IN

FXME = 0.0D+00

FYME = 0.0D+00

DO INODE=1, 3
FXEL (INODE) = VELOC (1, INODE) *ENTAO (INODE)
FYEL (INODE) = VELOC (2, INODE) *ENTAO (INODE)
FXME = FXME + FXEL (INODE)
FYME = FYME + FYEL(INODE)

ENDDO !INODE

DVFEL = 0.0D+00

DO INODE = 1, 3
ANX = GEO(INODE)
ANY = GEO(INODE+3)

DVFEL = DVFEL + ANX*FXEL(INODE) + ANY*FYEL (INODE)

ENDDO !INODE

RHO = (UNKEL(1,1)+UNKEL(1,2)+UNKEL(1,3))/3.0
UVEL = (UNKEL(2,1)+UNKEL(2,2)+UNKEL(2,3))/3.0
VVEL = (UNKEL(3,1)+UNKEL(3,2)+UNKEL(3,3))/3.0
Ul = UVEL/RHO

U2 = VVEL/RHO

C *** SECOND ORDER CONTRIBUTION

FXMSE = 0.0D+00
FYMSE = 0.0D+00
FXMSE = FXMSE + Ul1*DVFEL
FYMSE = FYMSE + U2*DVFEL

C *** STORE FOR SIDE CONTRIBUTION

FXSEC(4,1IE) = FXMSE*DELTE(IE)*1.5
FYSEC(4,1E) = FYMSE*DELTE(IE)*1.5

C *** NOW DISTRIBUTE

AREA = AREA/3.0D+00
DO IN =1, 3
IP = NODE(IN)
ANX = GEO(IN) *AREA
ANY = GEO(IN+3)*AREA
RHS2(4,IP) = RHS2(4,IP) + ANX*FXME + ANY*FYME
& -ANX*FXSEC (4, IE) -ANY*FYSEC (4, IE)
ENDDO !IN
ENDDO !IE
END

C**t********'ﬁ**’**t*ii*********i***i*ii***i**tti***ii***Q*****ﬁiit**ti****t**ﬁc

(o} SUBUBROUTINE COMPUTES THE BOUNDARY SIDES CONTRIBUTION FOR ENERGY

C

Ci*'ﬁ****t***ﬁ***‘h******************t*tt***t*ﬁﬁ***ﬁ*********i****ﬁ*****i*****ﬁ*c

SUBROUTINE ENERSID( MXPOI, MXELE, MXBOU,NPOIN, NELEM, NBOUN, ISIDO,
& RSIDO, UNKNO, FXSEC, FYSEC, RHS2 , PRES1 )

IMPLICIT REAL*8(A-H,0-2)
INTEGER ISIDO(4,MXBOU), NODE(2)

REAL*8 RSIDO(3,MXBOU), UNKNO(4,MXPOI), FXSEC(4,MXELE)
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REAL*8 FYSEC (4,MXELE), RHS2(4,MXPOI) , UNKEL(4,2)
REAL*8 FXSI(4,2) , FN(4,2) , ENTAO(2)
REAL*8 VELOC (2, 2) , PRES1 (MXPOI)

Cl6 = 1.0D+00/6.0D+00
DO IS = 1, NBOUN
INDEX = ISIDO(4,IS)
ALENG = RSIDO(3,IS)*Cl6
ANX = RSIDO(1,IS)*ALENG
ANY = RSIDO(2,IS)*ALENG
IE = ISIDO(3,1IS)
DO IN=1, 2
IP = ISIDO(IN,IS)
NODE (IN) = IP

DO IA = 1,4
UNKEL (IA,IN) = UNKNO(IA,IP)
ENDDO !IA
ENTAO (IN) = ( UNKEL(4,IN) + PRES1(IP) )
ENDDO !IN
VELOC(1,1) = UNKEL(2,1)/UNKEL(1,1)
VELOC(1,2) = UNKEL(2,2)/UNKEL(1,2)
VELOC(2,1) = UNKEL(3,1)/UNKEL(1,1)
VELOC(2,2) = UNKEL(3,2)/UNKEL(1,2)
DO IN =1, 2

QQ = ANX*VELOC(1,IN) + ANY*VELOC (2, IN)
FXSI(4,IN) = ENTAO (IN)*QQ
ENDDO !IN
FN(4,1) = 2.0*FXSI(4,1) + FXSI(4,2)
FN(4,2) = 2.0*FXSI(4,2) + FXSI(4,1)
DOIN=1, 2
IP = NODE(IN)
RHS2(4,IP) = RHS2(4,IP) - FN(4,IN)
& +ANX*FXSEC (4, IE) + ANY*FYSEC (4, IE)
ENDDO !'IN
ENDDO !IS
END

C t*i‘k*********‘l*i*i'ii’**ﬁ’*t*******'ﬁ**'***'tﬁ*****iit**ﬁﬁttt*****'*******i'ﬁ*ﬁ c

Cc SUBROUTINE APPLIES SUPERSONIC BOUNDARY CONDITION C

C **********i*****iﬁi**********'ﬁ****ﬁ*ﬁiiﬁ*'ﬁtt‘ﬁ*iﬁﬁ***********ﬁ***i*****i*** C

SUBROUTINE BOUND (MXPOI ,MXBOU ,NPOIN ,NBOUN ,ISIDO ,CINF ,UNKNO ,
& CINF2 ,NWALL ,WNOR ,IWPOIN ,UNKN1l ,SOUND ,CONIN ,
& PRES1 ,CC L , TINF ,TINF2 ,RSIDO )

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

INTEGER ISIDO(4,MXBOU) , IWPOIN (3, MXBOU)

REAL*8 UNKNO (4, MXPOI) , UNKN1 (4, MXPOI),CINF(5),CINF2(5)
REAL*8 WNOR (2, MXBOU) ,RSIDO(3,MXBOU),CONIN(3), SOUND (MXPOI)
REAL*8 PRES1 (MXPOI)

C *** SUPERSONIC INFLOW BOUNDARY CONDITION

PINF = (CC**2)*CINF(1)/CONIN(1)
PINF2= (CC2**2)*CINF2 (1) /CONIN(1)

DO IB = 1, NBOUN
DO IN = 1, 2
IP = ISIDO(IN,IB)
IF(ISIDO(4,IB).EQ.1) THEN
UNKNO (1, IP) = CINF(1)
UNKNO (2, IP) = UNKNO(1,IP)*CINF(2)
UNKNO (3, IP) = UNKNO(1,IP)*CINF(3)
ENDIF
ENDDO !IN
ENDDO !IB
DO IB = 1, NBOUN
DO IN = 1, 2
IP = ISIDO(IN,IB)
IF(ISIDO(4,IB).EQ.3) THEN
UNKNO(1,IP) = CINF2(1)
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UNKNO (2, IP) = UNKNO(1,IP)*CINF2(2)
UNKNO (3, IP) = UNKNO(1,IP)*CINF2(3)
ENDIF
ENDDO !IN
ENDDO !IS

C *** INVISCID WALL BOUNDARY CONDITION

DO IW = 1, NWALL
IP = IWPOIN(1,IW)
ANX = WNOR(1, IW)
ANY = WNOR (2, IW)
FN = UNKN1(2,IP)*ANX + UNKN1(3,IP)*ANY
RN = UNKNO(2,IP)*ANX + UNKNO(3,IP)*ANY
RN = RN - FN

FN = 0.1D+00*FN

UNKNO(2,IP) = UNKNO(2,IP) - (RN+FN)*ANX

UNKNO(3,IP) = UNKNO(3,IP) - (RN+FN)*ANY
ENDDO !IW

C *** SYMMETRY BOUNDARY CONDITION

DO IB = 1, NBOUN
IF(ISIDO(4,1IB).EQ.4) THEN
RANX = RSIDO(1,IB)
RANY = RSIDO(2,IB)
DO IN =_37 2
IP = ISIDO(IN,IB)
US = -UNKNO(2,IP)*RANY + UNKNO (3, IP)*RANX
UNKNO (2, IP) = - US*RANY
UNKNO(3,IP) = US*RANX
ENDDO !IN
ENDIF
ENDDO !IS

C *** SUPERSONIC ENERGY INFLOW BOUNDARY CONDITION

DO IB = 1, NBOUN
DO IBB =1, 2
IP = ISIDO(IBB,IB)
IF(ISIDO(4,IB).EQ.1) THEN
ENER1 = TINF/CONIN (1)
ENER2 = 0.5*( CINF(2)**2 + CINF(3)**2 )
ENER = ENER1 + ENER2
UNKNO (4, IP) = CINF(1l)*ENER
ENDIF
IF(ISIDO(4,1IB).EQ.3) THEN
ENER1 = TINF2/CONIN (1)
ENER2 = 0.5*( CINF2(2)**2 + CINF2(3)**2 )
ENER = ENER1 + ENER2
UNKNO(4,IP) = CINF2(1)*ENER
ENDIF
ENDDO !IBB
ENDDO !'IB
END

C'ﬁi***’******t"i*tt**************#**********i*‘.**t**t****************ﬁ********c

C WRITE THE OUTPUT AFTER PRESCRIBED NUMBER OF ITERATIONS (04

c*********'ﬁ*******t***i****************i*t‘ﬁt***'k**ﬁ***ﬁ**ﬁ*ﬁi***'ﬁ**tﬁ*****ﬁ**ic

SUBROUTINE OUTPUT (MXPOI, MXELE, MXBOU, NPOIN, NELEM, NBOUN, INTMA,
COORD, UNKNO, ISIDO, CONIN, CINF , NTIME, ISTEP,
TIMT , IWRITE,ILOTS, DTFIX, CSAFM, THETA, PRES,
SOUND, NITER, CSMOO, NSMOO, CINF2, ABSV ,AMACH,
NWALL, IWPOIN)

a2 BB o)

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

INTEGER ISIDO(4,MXBOU), INTMA(3,MXELE),IWPOIN (3,MXBOU)
REAL*8 COORD (2,MXPOI), UNKNO(4,MXPOI), CONIN(3)
REAL*8 CINF(5) , THETA(2) » SOUND (MXPOI)

REAL*8 PRES (MXPOI) , HH(8) , CINF2(5)



REAL*8 AMACH (MXPOI) , ABSV(MXPOI)
C *** WRITE THE SOLUTIONS OF THE PROBLEM

WRITE (9, 1) NPOIN ]
1 FORMAT(' NODAL VALUES SOLUTIONS [',I6,']:')

WRITE (9, 2)
2 FORMAT(/,' NODE RHO U
& v E )

DO IP = 1,NPOIN
WRITE(9,3)IP ,UNKNO(1,IP),UNKNO(2,IP),UNKNO(3,IP),UNKNO(4,IP)
3 FORMAT (X, I6,4X,4(3X,E16.8))
ENDDO !'IP

coa
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