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SECTION 1|
INTRODUCT ION

Velume Il documents the software developed for the solidification model. This
volume provides a link between the calculations described in Voilume | and the
FORTRAN code, primarily in the form of global flow diagrams and data structures.
Considerable effort was expended in the design phase of the task to provide a
code that is well structured, easily readable, and essentially self-documenting.
Hence the minutia of the code need not be repeated here: indeed, such redundancy
is best umitted because it can only provide an opportunity for discrepancy.

A complete listing of the solidification code is in Appendix A.

It is assumed that the reader of this volume is familiar with the calculation
described by Volume |, with the program operating characteristics as described
by Volume 1], and with the FORTRAN language.
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i SECTION 2
| FLOW DIAGRAMS
] 2.1 GLOBAL FLOW DIAGRAM
w
R et
B 1
| l
INTERACTIVE OR BATCH
| — INPUT |
' (1 CASE) |
INPUT |
SECT!ON l
BATCH
| AND NO NEW . |
| CASE? |
| |
-—_——————- Y -
! INITIALIZE CALCULATION |
CALCULAT ION |
SECTION l |
| ITERATE TO SOLUTION |
BRSNS o ===
l
| INTERACT IVE OUTPUT I
- TABLES |
| - GRAPHS
, BATCH OUTPUT |
- TABLES
SECTION |
| I
| |
g | INTERACT IV l
: USER SELECTED |
| QIT?
P | l
. | |
3{ e e e e s s —— — ——— —— —— — —— —— —— —1
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:
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2.2 CALCULATION SECTION
CONTROLLER: Main

BEGIN

INITIALIZE PROGRAM CONSTANTS (INIT)

Y

TEST FOR BATCH OR INTERACTIVE MODE (INIT)

|

C—.INPUT SECT ION )4
y

SET UP MESH, T, p_, AND C (INIT)

!

CALCULATE INITIAL ESTIMATED SOLUTION (EST,PERM)

!

CALCULATE A AND B (PSETUP)

!

SOLVE PRESSURE EQUATION (PSOLVE)

v

CALCULATE V' (VLCTY)

'

SET STABLE = TRUE IF 3T/3t + V'VT>0 (FRECKL)

Y

CALCULATE g, AND K (LFRAC, PERM)

Y

SET AGAIN = TRUE IF g, HAS NOT CONVERGED (SSICON)

TRUE

STABLE AND AGAI

CALCULATE MACROSEGREGATION (MACSEG)

OUTPUT SECTION )
our )

2-2
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2.3 INPUT SECTION

'

T

CONTROLLER:

INITIALIZE INPUT ARRAYS
(INCON)

INITIALIZE TERM!NAL
CONTROL SYSTEM
(1ACTI)

;

NO BATCH? YES

PUT 1D PAGE ON SCREEN
AND GET CASE TITLE
(1ACTI)

'

GET ALLOY
(1ACT1)

'

CALLED FROM:

READ CASE TITLE
(BATCHI)

END OF FILE?Z

READ AND PRINT ALLOY

(BATCHI)

y

ACCESS ALLOY DATA BASE
(ADB) . '

ACCESS ALLOY DATA BASE

(ADB)

!

¥

GET REMAINING PARAMETERS
(1ACTY)

(BATCHI)

READ AND PRINT REMAINING PARAMETERS

INPUT ERRORS

YES

INCON
INIT

IN THIS
CASE?

EXTRACT PARAMETER VALUES

FROM INPUT ARRAYS
(INCON)

Y

CONVERT TO CGS UMITS
(INCON)
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2.L OUTPUT SECTION

NO

YES

" CONTROLLER: OUTCON
CALLED FROM: Main

PRINT TABLES
(ADISP) RETURN

— GET USER SELECTED ACTION

G Q N T

(GPHCON)

ITEM # OF
FUNCTION TO PLOT

Y

GET USER SELECTED ACTION
(GPHCON)

ITEM k OF
PLOT TYPE

CALCULATE NEAT SCALING (SCALE)

INITIALIZE PLOT,PUT ON LABELS(SETPLT)

y

PUT ON PARAMETER BLOCK (GPHBLK)

'

DRAW AXES (AXES)

'

GET USER SELECTED ACTION |

PLOT PROFILES OR VECTORS
(HPROFS, VPROFS, VECPLT)

r—

—— — — — — —— —— —— ——— —— ——

2-4

~
I
I
;
|
|
I
I
|
l

-

GET USER SELECTED ACTION|-P
(OUTCON)

ITEM # OF
FUNCTION TO DISPLAY

¥

DISPLAY TABLES
ON SCREEN

(ADISP)

PLOT CONTROLLED BY HPROFS, VPROFS, OR VECPLT
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SECTION 3
MODULES

3.1 ALPHABETICAL LIST OF MODEL 1 SUBROUTINES

The list below contains only the modules that were written specificaily for the

solidification model.
Sections 3.2 and 3.3.
details of the programming, including calling sequence descriptions, are in

the program comms:ts,

NAME
ADB

ADISP
AXES
BATCHI
EST
FRECKL
GPBLK
GPHCON
HPROFS
1ACTI
INCON
INIT
LFRAC
MACSEG
MSG
OUTCON
PERM

PSETUP

PSOLVE

¢

SECTION

{nput

Output
Output
Input
Calculation
Calculation
Output
Output
Output
Input

Input
Calculation
Calculation
Calculation
Calculation
Output
Calculation

Calculation

Calculation

Of f-the-shel f routines used by the model are listed in
The purpose of each routine is described briefly below;

FUNCT 10N

Retrieve phase diagram, densities and viscosity from
alloy data base.

Displays any array on the screen or in printed form.
Draws and labels axes on all plots.
Controls batch mode card input,

Calculates initial estimated solution (see Vol I, 4.3).

Sets flag if freckling condition detected (see Vol I, 4.10).

Puts parameter block on plot,

" Controls interactive graphics,

Controls horizontal profile plots.
Controls interactive input,

Controls input section,

Initialization routine,

Calculates g, (see Vol I, 4.7).

Calculates E; (see Vol 1, 4.9),

Puts any brief message on terminal screen,

Controls output section.

Calculates permeability according to equation (1.3.6.10).

Calculates K} and B and sets up boundary
conditions (see Vol I, 4.4 and 4.5).

Solves the pressure equatidﬁ (see Vol 1, 4.5)

3-1

s Wbt Wbt e 1o ot o masd B mawy  ond O ATl e B mtrda A ™




DL S

x

wr

e e

T ———— v

NAME SECTION FUNCTION
SCALE Output Calculates neat scales for plots.
SETHOL Input Sats up long hollerith arrays.
SETPLT Output Initializes all plots and puts on labels,
SSICON Calculation Controls convergence to steady-state solution

(see Vol |, 4.8).
VECPLT Output Controls plocs of vector fields.
VLECTY Calculation Calculates velocity (see Vol 1, 4.6),
VPROFS  Output Controls vertical profile plots.
WAIT Gutput Waits for the operator to enter a P
3.2 PRIME SYSTEM ROUTINES
The following routines from the Prime system library are called by the
solidification model. Documentation is available in the Prime Corporation
Document, "FORTRAN Programmer's Guide'', PDR 3057.
NAME CALLED BY FUNCTION
DATESA BATCHI, 1ACTIL Returns current calendar date,
SEARCH ADB Used to rewind data base file because PFrime

FORTRAN REWIND does not work,
TIMESA BATCHI, IACTI Returns current wall-clock time,
3.3 TEKTRONIX ROUTINES
The following routines from the Tektronix software libraries control the
terminal and provide basic plot capability. They are documented in the
Tecktronix, Inc. reports "Plot-10 Terminal Control System User's Manual'’,
Document No. 062-1474-00 and "'"Plot-10 Advanced Graphing Il User's Manual',
Document No. 062-1530-00. ‘]
NAME SYSTEM FUNCTION
ANMODE TCS Switches to alphanumeric mode for use of FORTRAN 1/0. '
AOUTST TCS Outputs alphanumeric data through Terminal

Control System,

3-2
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NAME
BELL
BINITT
CHECK
CHRSIZ
cpLOT
CSIZE

DLINMX,
DLIMY

DRWABS

DSHABS

DSPLAY
DWINDO

GRID
INITT
LINE

LINHGT,
LINWDT

MOVABS
NEWPAG
NPTS

SLIMX,
SLIMY

TERM

XFRM,
YFRM

SYSTEM

TCS
AGS-11
AGS-11
TCS
AGS-11
TCS
AGS-11

TCS

TCS

AGS-11

TCS

AGS- 1\
TCS
AGS-11

TCS

TCS
TCS
AGS-11

AGS-11

TCS

AGS-il

FUNCT | ON

Rings terminal bell,

Initialize plot common area,

Sets parameters in plot common area,
Sets character size.

Plots a curve (Must follow call to DSPLAY).

Returns dimensions of a character in raster units.

Set the data values corresponding to the plot
window: they determine the scale of the plot,

Generates a line from the current beam position
to the raster coordinate given in the parameter
list.

The same function as DRWABS, except the line is
dashed.

Displays axes and curve on screen.

Sets correspondence between user coordinates
and virtual window,

Draws axes,
Initializes the Terminal Control System,

Sets a dashed line pattern for use by CPLOT,

Determine the height or length of a block of text,

Moves the beam to a given point,

Clears the screen,

Tells CPLOT how many points are on curve.
Sets the virtual window,

identifies terminal hardware type to Terminal
Control System.

Set form of major tic marks,

-
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NAME

XLEN,
YLEN

XLoc,
XLOCTP

XMTCS,
YMTCS

XNEAT,
YNEAT

XTiCS,
YTICS

XZERO,
YZERO

YLOC,
YLOCRT

e e GF e b onn s s

SYSTEM

AGS-1!

AGS-{ 1

AGS-1 |

AGS-11

AGS-11

AGS-11

AGS-11

Set

Set

Set

Set

Set

Bola s e

FUNCT I ON

length of major tic marks,
locations of the x-axes.
the number of minor tic mark intervals,

the '""neat" tic mark condition,

the number of major tic mark intervals,

the zero-suppression flag for tic mark values.

locations of the y-axes.

S e
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SECTION &

KEY PROGRAM SYMBOLS

A description of all common block items is at the end of subroutine INIT.

PROGRAM
SYMBOL

A
ALNAM

AVCS

B

CL

cLg
DCLDT
DCLDTM
DGLDTM
DRHDC
DRHDTM
DTDTM
DTDX
DX
DXM

) 4
DYM
GAMMA
GL
GRAV
KK
MAXSSI

MAXSOR

i

COMMON

BLOCK

/PRSSEQ/
/ALLOY/

/PRYS/
/PRSSEQ/
/PHYS/
/ALLOY/
/ALLOY/
/PHYS/
/PHYS/
/ALLOY/
/PHYS/

/PROCSS/ -

/PROCSS/
/MESH/
/PROCSS/
/MESH/
/PROCSS/
/PMBLTY/
/PHYS/
/PROCSS/
/PHYS/
/8S1/
/SOR/

BT o R S

DEFINITION
{See Volume |, Section 2)

A

Element | is the hollerith solvent name.
Element 2 Is the hollerith solute name.

CS
B

¢

C

o
dCL/dT
BCL/at
BgL/Bt
dpL/ch
aleat
oT/ot = ¢
oT/ox = G
Ax

X ~Xg

Ay

SSi

X X X w

SOR

4-1
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PROGRAM

SYMBOL

NI
NJ

P
RHL
RHLE
RHS
RHSE

TE
To

v

COMMON
BLOCK

/MESH/
/MESH/
/PHYS/
/PHYS/
/ALLOY/
/ALLOY/
/ALLOY/
/PHYS/
/ALLOY/
/ALLOY/
/PHYS/
/ALLOY/
/MESH/
/MESH/

- i At e i B i By e X

DEFINITION
(See Volume I, Section 2)

<|

u
X, (x-xE)/(xL-xE)

Y, Y/L

2
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SECTION 5
PROGRAM CONFIGURATION 0N THE PRIME

The procedures described in this section are used to maintain the program on

the Prime 400 system.

e BN R

5.1 COMPILATION

If the FORTRAN source code is stored in a file named MPSI.PGM, then it can be

& .

compiled by entering the command

5 .

FTN MPSI.PGM 2/500

? 5.2 LOADING

The Prime utility for loading and running segmented programs in SEG. It can

“ be used to build a run file as follows:

‘ SEG

| LO #MPSI
o LO B_MPS!.PGM
- L1B VAPPLB

‘ LIB TCS500
L1B

SAV

Q

5.3 EXECUTION COMMAND FILES

R After the run file #MPSI has been built, the program can be executed by entering
the commands described in Volume l1i. The execution is set up and controlled by

& two command files listed below:

Command File MPSI - Command File MPSI|.BATCH
] OPEN ICARD 1 1 OPEN CARDS 1 1
u OPEN M1.D.B 3 1 OPEN M1.D.B 3 1
, CO -END OPEN PRINT 2 2
T SEG #MPS!
| c123
CO -END
’ !ﬁ CARDS is a disk file containing the batch card input, and ICARD contains the
: single word INTERACTIVE. CARDS or ICARD is accessed by the program via FORTRAN
| Ii logical unit number 5. MI1.D.B is the alloy data base accessed via logical unit
lg 5-1
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number 7. PRINT is the batch printed output written on logical unit 6.
No printed output is generated by an interactive mode run.
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’ i . €0003) ¢
! (0004) € CONTROLLER FCR CALCULATICN OF "MACRCSEGRECATION IN A CASTING
. t0005) C -
: €0006) C MPS SOLIDIFICATION MODEL 1 12/79)
i, togoTy C s -
‘ T ; (o008 C + DEVELOPED FOR MARSHALL SPACE FLIGHT CENTFR
} ' (0009) C BY THE GENERAL ELECIRIC COes HUNTSVILLE GPERATIONS .. ..
: o (0010) ¢ OF THE SPACE CIVISICON.
t0011) C e e e e
op (0012) ¢ ¢ A DESCRIPTION OF THE FOCEL IS IN THE GE COCUMENT
] (0013 ¢ . . ey e e ,
; ol (0G14) C MPS SOLIUIFICATION MODEL -
| €001%5) ¢ . ~. YOLUME 12 .. FORMULATION
, s (001¢) ¢ VOLUME TI: SOFTWARE DOCUMENTATION
| . .. ¢6017y ¢ VOLUME I11: OPERATING MANUAL
o (0018 ¢
bos .. €0019) Ce===-- crcemrercremcerecrenenen= ceseccercencccmccnceana T
; - (0020) C
‘ ] too21) LOGICAL AGAINy FIRSTy STABLE .. oo .
- t6022) ¢
i : €0023) C INITIALIZE PROGRAM /7 GO .TO NEXT CASE — .. ...
es : €0024) ¢
; i €0025) FIRST= .TRUE, .. e+ e s v
; . €0026) 200 CALL INIT C(FIRST)
] 0027y ¢ .
a o (0028) C ITERATE TO THE SCLUTION CF THE NCALINEAR STEADY STATE &
' | ‘ €0C29) C SOLVE FOR PPESSUPEs VELGCITY AND FRACTION LIGUIC.
. : (0C30) € EST CALCULATES THE INITIAL ESTIMATED SOLLTICN.
(0031) C ITERATION CONTROL PROVIDLCD BY SUBRGULTINE SSICON.
ez (0032) ¢
| €0033) STABLE= «TRUE. e e e e
b €0034) CALL EST
€0035) CALL SSICON ¢ 1, AGAIN ) e
' il €0036) 500 CONTINUE .
3 €0037) ¢ ... e e eoeremen 2 st —
@ , too3e) CALL PSETUP
€0039) CALL PSOLVE e e e
e (0Ca0) C
z (0041) CALL VLCTY . e e e
- €0042) CALL FRECKL (STABLE)
.. €0043) ¢ e
o ' (0044) CALL LFRAC
J €0045) C . e e e -
‘ (00a6) CALL SSICON € 24 AGAIN )
(00AT) 1F (AGAINLAND.STABLE) GO TO.S00 . .. .
T } t0oag) C
Pl €0049) C CALCULATE THE MACROSEGREGATION .o i o
a | (0050 C
i €0051) CALL MACSEG e e e
:I’ ‘ (0052) C
1 €0053) C OUTFUT PRINTED TABLES AND PLOTS . ..
1 (0054) C
{ - ¢€005%5) CALL OUTCON (FIRST)
i i (0056) C .
| (0057 FIRST= oFALSE. - e —
€0058) €0 TC 200
(0059 ¢C e - _—
]? €0060) END
ORIGIN AL PAGE IS
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(0061)
$0062)
(0063)
(0064)
€006%)
(006€)
(0067)
(0068)
(0068)
€0068)
(0068)
(0068)
(0068)
€0068)
(0068)
(0068)
t0de8)
(0068)
€0068)
(0068)
€0068)
(0068)
€0068)
(0068)
(0068)
€0068)
(0068)
(0068)
€0068)
(6068)
(0068)
(0068)

: (0068)
i €0068)
©. (6068
€0068)
: (0068)
€0068)
(0068)
€(0068)
€0068)
€0068)
(0068)
€(0068)
€0068)
(0068)
€0068)
€0068)
(0068)
€0068)
€0068)
(0068)
(0068)
(0068)
(0068)
€0068)

=+ . €0068)
(0068)
€006€3)
€0068)

SUBROUTINE INIT (FIRST) N . - —— er g

- . . o o —y 17 2 ——— i —t b B o s

SUBRCUTINE INIT (FIRST) e e — e e v  on e
c .
C PROGRAM INITIALIZATIONe ANAEXT CASE LCGIC - e
c
c—-----—----—----- - S D D D s D D S D TP U R D G D D D D P D D T D D R D NS R D R R e P N A D P TR R D G T -
c FIRST C(INPUT) TRUE DURING FIRST CASE.

‘ - LOGICAL FIFSTY ' -
c ----- - e w ar W > W -y ey N S GG G WA IS ED D O IS A - e SSRGS W DD R DD D TR G AR G E
C COMMON BLOCKS Cem (SEE INIT FOR DOCUMENTATIOC
c
COMMON /MESH/ X(50)%¢ XXCEO)e DXe ICIMe Nle NIMe NIPe -
L] Y(50)e YY(50)e DYy JDI¥e NJe NJMe NJUF
COMMON /PHYS/ 7(50050’0 CL(SC;SU" DCLDTM, | '
. RHLC(E0950) e DRHUTMy CLCECeSE0)y DGLOTM(E0eS0) e -
L PU52¢520%¢ V(2¢ECeEN) e AVCS (D)
N KK(50450) '

REAL KK

COMMON /PROCSS/ DXMe DYM, ' -
. GRAVe GFORCE - e . o o
. CTOTMe DTDX

COMMCN ZALLGYZ ALNAF(Z2)y ALREF(204%)e 2DBHEF(2Q)
* TLOe CLOe TEe CEy DCLCTo EPRo
L] RHLOe DRHDCe RFLEs RESEe RFESy
* visc-
INTEGER ALNAMe ALPEFs ADNBREF

COMMON /PMBLTY/Z GAMMA

COMMGON /FRSSFEQ/ A€2452e52)y E(E2+72) 0
: DPDYO(50)e CPCYL(5D)e CFDXE(E0)

COMMON /SOR/ XCFle YCFle XCF29 YCFZe CCFo .- .-
» PITe MAXSOPe EFSSORe ESOR]
INTEGER P17 . ; . -

COMMON /8S1/ MAXSSIe EPSSSI . -

COMMCN /CNTRL/ MCDELe BATCHq : e ;
. PRCSAe NCMy RINF
. - LOGICAL BATCH . ... S

COMMON /SCR/ SCR1I(2+50¢50)e¢ SCR2(100) w e e P

COMMON 710/ CARDy PRNTs CRTs ADBU, .. ce— .
TITLEC2042)
- - TYFE(25)6 LNC1Ce25)e NLNe LUCSe25)e NLU -
PGHPR(20¢5) 9 KLYS(2545)e RVLUL325), . |
IFMT10106)e RFMT1C10)s FMT2(5), ——
IFMTAC1R)e RFMT4(20G) e FFTS (T
en . .~ FMTBCCZ)g FMTA4(2)y TIFMT(16), ——— -
NLSCRN
- = s — .. INTEGER CARDe FRNTey CRTe ADDU ._ . ...
INTEGER TITLEs TYPE, PGHOR a
2 ee.-. .DIMEASION IVLU(Z42%) S
EQUIVALENCE (RVLLJIVLU) :
. - INTEGER RFMT1le FMT2¢ RFMT4,4 FMTS B A,
INTEGER FMTHO0e FMTA4e TIFMT |

e am e e e et e . - N
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SUBRCUTINE IANIT (FIRST) © e e m et ———— e - . - -
ks .- ' - -
(0068) C e R - - ———— s e
(0068) COMMON /GRAPH/ HSCRAe VSCRNo Fho Vi
€0068) . HWLe HURe VELe VWU : .
(0068} ” HCHe VCHe
(0068) . PBLK(Se10)¢ NPBLoe NPBCH D
€0068) INTEGER HSCRN¢ VSCRN¢ HWy VW
€0068) INTEGER HWLe HUWRe VLo VWU ————————
€0068) INTEGER WCFe VCF
(0068) . INTEGER FBLK v - -
(0058) (o L L I L L L L L Y P L P P R TR L L L LY P L LTy
(0069) C . C e e rmeee e ——— - -
(0070) IF C(«NOT.FIRST) GO TO 100
(0071) € X .- - - o
€0072) C INITIALIZE FIXED COMMON PARAMETERS
€0073) [ . e . . - .. -
(0074) C « /MESH/ :
€0075) IDIM= S¢ - -
(0076) JOIM= €
€0677) C = /CNTRL/ i - e s
(0078) MODEL= 1 -
€0079) PRCSN= 1.E~7 - o e
(0080) NCH= &
€0081) RINF= 1.E37 6 st ot Ao o 3+ i ..
' (0682) NMSG= 20
€0083) C ~ 10/ Chwe B e T r—— o St ¥ -—
€0084) CARD= §
€0085) PRNT= € i e s o - e
(0086) CRT= 1 :
(0087) ADBU= 7 - — e
(0088) NLSCRN= €4
(0089) C » /GRAPH/ - — . ———— o
€0090) * HSCRN= 1024
(0091) VSCRN= 781 e e o
(0092) HW= 734
(0093) VW= §75 C it e e . e .
(0094) C
€0095) € TEST FOR BATCH OR INTERACTIVE MODE -
(009¢) C
(0097 READ (CARDe50) MODE o e rmm
(0098) 50 FORMAT (AS) ‘
(0099) BATCH= (MODE oNEe AHINTE)D --
(0100 ¢
€0101) C GET INPUT . s o et et 1 e
(0102) C
(0103) 100 CALL INCON (FIRST) can e e v————— et e
(0104) C
€0105) C ASSIMILATE IAPUT DATA v — v me———————— 1t 3y -
(0106) C
- (0107) C » MESH @ e 8 0 ot o e e e
(0108) NIM= NI-1 .
(0109 NIP= NI} ol b mma it s ke a6 -
(2110 OX= DXM/FLOATI(NIM)
(0i1l) D0 200 I=14NI e o e o e e
(0112) X(I)= FLOAT(I=1)* DX
- €0113) XXCI¥= (XCI)=XC1))/ CXM oo .- . e————— e
(0114) 200 CONTINUE
(0115) NJM= NJ=-1 . - ———— ——— S ———
(0116) NJP= NJe*1
(011 7) DY= DYM/FLOATI(NUM) —— o e o o e e
(0118) DO 2%0 J=1.NJ

B wh - e .
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SUBRCUTINE INIT (FIRST) e e o oot i o oot ot e 4 wa v mmmies el
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oy

€(0119) YCJ)= FLCATCU=10® OY . oco. .o ]
€(0120) YY(J)= (YCJ)=Y(1))7 DYV
. €0121) 250 CONTINUE S i
{ (0122) € = TEMPERATUKEs DENSITYs LIOUID COMPOSITION ;
: €0123) TLO= TE ¢ (CLO-CE)/DCLDT . . L —
(0124) CTOX= (TLO=-TE)/DXM ) ;
~ 0125) DCLOTM= GCLDT « CTOTY SO Y5>/
_ : €0126) RHLC= RHLE ¢ DRHDCe (CLC=CE) «bq%p
| ‘ €0127) ORHDTM= DRHDC * DCLDIM R ot - —
€012¢) D0 300 J=1eNJ % :
(0129) DO 3C0 I=14N1 . e e e -p“?-—“ ——
, (0130) TC1edd= TE * DTDXed XCI)=X(1) ) S :
s ' . (01312 CLCIouU= CE ¢ DCLOTOC. TETod=TC1odd ) o e o RAELL
A (0132) RHLCIeJd= RHLE ¢ DRPCC*( CL(IeJ)=CLC14d) ) O
(0133) 300 CONTINUE e e R Nl o
(0134) C & SOR MESH-DEPCNDENT COEFFICIENTS
€(0135) COF= o5¢ (DX#e2) » (DYww2) /(DXa#2 ¢ DY#02) .. e
(0136) XCF1= .5¢ CCF/ DX |
(0137 XCF2= CCF/ (DXw»s2) = . .. - amm—— n  se s o b —
€0138) YCF1= o5+ CCF/ DY .
€(0139) YCF22 CCF/ CCY®®2) o oo oo e e
~ : (0140% C ;
(0141) RETURN e - —

€0142) Cme-cmmeme--- T cememan —————

€0143) C COMMON DOCUMENTATION .. -

€0144) C /MESH/ X HORIZONTAL MESH POINTS (CM) = DISTANCE FFOM XF.o iy
a (0145) ¢ XX NORMALIZED MCSH POINTS = (X=XE)/Z(XL=Xt), i
i (0146) C ox HORIZONTAL MESH SIZ2E (CM). L
. (0147) ¢ IDI¥ X CIMENSION OF ALL ARRAYS.
(0148) ¢ NI NUMBER OF X MESH POINTS IN CURRENT CALCULATION.
7 t0149) ¢ NIMWNIP NI=1¢ NIel
! t0150) C Y VERTICAL HESH PGINTS (CM) = FHRYSICAL DISTANCE
- (0151) ¢C . FROM BOTTGM OF MUSHY 2CNE.
(0152 ¢ YY NORMAL IZED MESH FOINTS = Y/L.
. t0153) ¢ oY VERTICAL MESH SI2E (CM)e.
i (0154) ¢ Jolv Y CIMENSION OF ALL ARRAYS,
. (0155) ¢ NJ NUMBER OF Y MESE.POINTS IN CURRENT CALCULATION,.
‘ (0156) C NUMeNJP  NU=19 NJ*1
: (0157) C /PHYSZ? T TEMPERATURE FIELC fDEG C)a - I
! €0158) C cL LIGUID COMPOSITION (WT FCT sohurt). ’ .
: .€0159) ¢ DCLDTM  PARTIAL OF CL WRT TINME. R —
(0160) ¢ RHL . LIGUID DENSITY (GM/CMe«3), |
] . tolel1) ¢ DRHCTM  PARTIAL OF RHL WRT TIME. - —
! . t0162) ¢ 6L VCLUME FRACTION LIGUID. . b
' . . €0163) C DGLDTM  PARTIAL OF GL WRT TIME. ST,
t0l6a)d ¢ P MODIFIED PRESSURE (DYhtS/CM'-n)- 3
g (0165) C v VELOCITY (CM/S)e . —— .
! t0166) ¢ AvVCS FINAL LOCAL AVERAGE COMPOSITION (w7 FCT SOLUTED.
‘ (o167 ¢ KK PERMEABILITY (CMwe2) .. e e e
i (0168) C /PPOCSS/ DxXM WIDTH OF MUSHY Z20NE (CM), :
i (0169 C DYM MEIGHT OF MUSHY ZONE (CM). - .
J‘ t0170) ¢ GRAV ACCELERATION CUE TO GRAVITY IN THE ~Y CIRECTION.
. (0171) ¢ (CP/S*e2)y PCSITIVE DOWNWARD, e
.. | (0172) ¢ GFORCE  GRAV IN UNITS CF F=980.66 CM/Se#2,
i ; t0173) ¢ USED ONLY FOR.1/Ce - - . ww - —
'8 ' (0174) ¢ DTOTM PARTIAL OF TEMPERATURE WRT TIME (DEC C/S)e
ST - (0175) ¢ DTOX PARTIAL OF TEMPERATURE WRT X. (DEG.C/CKle. I
— €0176) C /ALLOYZ ALNAM ALLOY NAME (ALPHANUMERIC). .
5 , (0177 < ALREF SGURCES OF ALLOY CATA (ALFHANUMERIC). -
4 t0178) € ADBREF ALLOY CATA BASE IDENTIFIER CALPHANUMCRIC).
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(0179
(0180)
(0161}
(0182)
(0183)
(0184)
(0185)
(0186)
(0187
(0188)
(0189)
(0190)
(0191
(0192)
(0193)
(0194)
(0195)
(0196)
(0197)
(0198)
(0199)
(0200)
(o201)
(02022
(0203)
(0204)
(0205)
(0206)
(0207
(0208)
(0209)
(0210
(0211)
(0212)
(0213)
(0214)
(0215)
(0216)
(0217)
(0218)
(0219)
(0220)
(0221)
(0222)
(0223)
(0224)
(0225)
(0226)
(6227)
(0228)
€0229)
(0230)
(0231)
(0232)
(0233)
t0234)

- $(0235)

(0236)
(0237)
(0238)

e m——

SUBROUTINE INIT (FIRST)

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnﬁnnonnonnnnnnnn

o -

710/

/PHBLTY/
/PRSSEG/

/S0RYZ

arermre Wby .

CPOXE

XCFl1eXCF2
YCF1leYCF2

CCF

PIT L

/ss1/

JCNTRL/

/SCR/

MAXSOR

EPSSCR
ESORI

MAXSSI
EPSSSI
MODEL
BATCK

PRCSEN
NCV

RINF
SCR1
SCR2
CARC
PRNT
CRT
ADBU
TITLE
TYPE
LNy NLN
LUGNLY
PGHOR
KEYS
RVLL

FMT §

wet-a 4 @ e L ms e L R I A ‘e s s st e e arie BT

N G e GmN VY i, Y A il S A o SO 0 52 . e e—— R

~a - ea 4t ww —p R . — Pey. B —

LIOUIDUS TEMPERATURE AT COMPOSITION CLG (DEG C)o -
BULK LIGUID COMPOSITION (WT PCT SOLLTD).
EUTECTIC TEMFERATURE (CEG Cho . -
EUTECTIC COMPOSITION (WT FCT SOLUTED.
SLOPE CF PHASE CIAGRAM LIDGUIDUS (PCY SCLUTE/DEG C)
EGUILIBRIUM FARTITION RATIO.
DENSITY OF BLLK LIGUID (GH/CMeed), - . e
PARTIAL OF RHL WRT CL (GM/CMev3 / FCT cOLUT[)o
LIGUIDN EUTECTIC CENSITY (GM/CMee3), - —
SOLID EUTECTIC DENSITY (GN/CFead),
SOLID ALLOY CENSITY (GF/CMea3), - ot —
VISCOSITY OF LIGUIC (GM/(CMeE)),
PERMEABILITY  CCEFFICIENT (CMan2), b e
COEFFICIENT OF GRAC(F) IN PRESSURE FGUATION.
CONSTANT TERM IN FRESSLRE EQUATION. —_
PARTIAL OF PRESSLRE WRT Y AT BCTTCF CF INGOTo
PARTAL OF PRESSURE WRT Y AT TOP OF IANGCT,. . --
PARTIAL OF P WRY X AT EUTECTIC ISOTHEKM,
COEFFS OF-X CEFIVATIVE TERMS.- IN PRTSSURE EGNe -
COEFFS OF v CERIVATIVE TERMS IN PRYSSURL EQN,
COEFFICIENT CF CGNSTANT TERM IN PRESSURE EQNe
AFYER Cix'L TO FECLVITa ANUMBER OF PRESSURE
ITERATIONS USED.
MAXIMUM NUMBER OF ITERATIGNS ON SOLUTICN OF
PRESSURE EGUATION (SOR TECHNIGUE), -
MINIMUM CCNVERGENCE CRITERION FOR SOR TECHNIGUE,.
SOR CONVERGENCE CRITERION DURING CURRENT STEADY
STATE ITERATION. SET IN SSICON.
MAXIMUY NUVBER CF ITERATIGNS OMN STEALY
STATE SOLUTIGN.
CONVERGENCE CRITFRION FOR STEADY STATE SCLUTICA.
MODEL NUMBER FOR IDENTIFICATION PURFOSESe
TRUE FOR BATCH MODEe. - e
FALSE FOR INTFRACTIVE VODE.
1.C«N WHERE -N IS THE PRECISTCN OF THE MACHINE.
NUMBER OF CHARACTERS THAT CAN BE STOREEC IN AN
INTEGERe (DEFALLT LENGTH) -
LARGEST FLOATING FOINT NUMRER IN MACFHIANE.
SCRATCH AREA e - . i
SCRATCH AREA 2. :
LOGICAL UNIT NUMEER FOR CARD INPUT, . : -
LOGICAL UNIT NUMFER FOR PRINTED OUTFUT.
LUGICAL UNIT NUMIER OF CRY FOR INTERACTIVE
1/0 AND GRAPHICAL CUTFLT.
LOGICAL UNIT NUMFER OF JNFUT ALLOY DETA HASE,.
TWO LINE ALPHANUMERIC TITLE USED ON ALL CUTPUT.
TYPECK) IS.THE TYPE OF THE KTH INPUT VARIABLE.
1 INTEGER
2 REAL USSR -
LN(3=NLNsK) IS TEHE ALPFANUHERIC NAME OF THE KTH
INPUT VARIABLE.
LUCI=-NLUK) IS THE ALPFANLNEPIC UNITS CESCRIPTION
OF THE KTH IKRFUT VARIBLE.
PCHDR(1=204¢J) IS THE ALPHANUMERIC HCAULER FOR THE .
JIH PAGE (INTERACTIVL) OR PARAGRAPH (RATCH) OF INFLi
KEYSC(TeJ) IS THE INDEX IN TYPESGLN+LUGKVLU OF THE -
ITh VARJARLE IM THE JTE PAGE /PARAGRAFH OF INPUT. §
RVLU(1+2¢3¢K) FREt THE VALUEe LOWER EOUNDe AND :
UPPER HOUNDe RESFECTIVELYe OF THE KTF INPUT VARIALL
THE ARRAYS WITH F¥T IN THEIR NAMES ARE FORMAT
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i N
j~ l SUBROUTINE INIT (FIRST) e e e e ot e e o e . . e
. 3 - e e
3 ' €0239) ¢ : STATEMENTS SET UP IN INCONe . I -
(0240) € NLSCRN  MAXIMUF NUMBER OF LINES THAT FI1T ON THE CRT SCREEN.
- €0241) C /GRAPH/ HSCRN WIOTH CF CRT SCRFEMN IN RASTER UNITS .
;i (0242) ¢ VSRCN MEIGHT OF CRT SCRFEN IN RASTER UNITS.
; (0243 ¢ HU o VM HORTIZONTAL oVERTICAL RASTEK LENGTH OF FLOT WINCOW.
(0240) ¢ HWLoHWR HORIZONTAL RASTER COORDINATE OR LEFToRIGHT SIDE
; 0245) ¢ OF PLOT WINDOM. v -
i (0246) ¢ VMLoVWU VFRTICAL RASTER COORDINATE OF LOWERGUPPER SIDE
! (0247) ¢ OF PLOT VINDOW. -
€0248) C PBLK PARAMETER BLOCK FCR PLOTS.
. €0249) ¢ nPEL NUMBEF. OF LIAES IN PARAMETER RLOCKe
02500 ¢ NPRCH NUMBER OF CHARACTERS PER LINC IN PAREMETER BLOCK.
€0251) C-==sc=ecemceeemecccmcmcecee seeemessomeseeseceseseseeeeceseecce-eeo-c- --
(0252) END
PROGRAM SIZ2ES  FROCEDURE = 000631 LINKAGE - 000217. . .STACK - 000030 -
0000 ERRORS [CINIT D>FTN-REV1S5.3)
i -
; ; T e |
! %
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SUDROUTINE EST et e b e e wan ——— e .o
- '-' '
(0253) SURROUTINE EST - s - —— o et o memn
(0254) ¢ .
€0255) C INITIAL ESTIMATED PRESSUREe GL AND CCGLOTY,
(025uv) C EXACT SOLUTION FOR CASE WITH PLARAR ISOTHERMS,
€0257) C LINEAR VARJATION OF RHLe CL AND T IN THE MUSHY 20NE. . “eem
(0258) C AND NO GRAVITATIONAL FORCE.
(0259 ¢ ) g c—e -
(0260) C(Cewrwcremcccrnccucnrrrrrercsecrce e rr s s s srer cC s e et c s s c .
(0260 C COMMON BLOCKS A (SFE INIT FOR LOCUMENTATION
(0260) Cremrmercccvmcccnc e rerrncs e e r s e rrr e c s C e e e P RS r e e P s C Car L ts s e e
(0261) C : i e e s b e vy . .-
(0262) C GL+ OGLDTMs VELOCITIES,
(0263) C . . - - v e
(0264) €= =1e/7 (1.-EPR)
(0265) GLC= (RHS/RHSE =1e¢) * CP##€ . - o e e e =
(0266) GLLC= CLOeef + GLT
(0267) GE= (CE**E ¢ GLCYI/GLC .. .. e - . -
. (0268) C '
! (0269) DO 200 I=1.NI e — . —— e
. (0270 DO 2060 J=14NV -
(0271) GLCIoJ)= (CLCIo4JIe2E ¢ GLC)/SLD » - - -
(0272) DGLOTM(T oJ) = Ex (GL(Tod)® (RHSF/RHS~1. )'GE)' DELDT¥/ CLt1eJ)
(6273) Veleloud= € (GLET9U)*(RHS=RHLEIsJ))I*GE*(RHSE=-RHS)Y )/
(0274) . (RHLCI9J)eGLCI9dJ)) D)» DTOTM/DTDX
(0275) V(2eleJ)= Do wr e e i m e e —
(0276) 200 CONTINUE
(0277 ¢ e e e —— .
10278 C PERMEABILITY
(0279) C Cme v e e e e
(0280) CALL PERM
(0281) C .- C - -
(0282) C ESTIMATED PRESSURE FIELC. ( P- PO~ RHL'GRAV'(L Y) )
0253) C e e e i —— -
iJ284) DO 300 J=1eNJ
. (0285) PINTI*leJ*1)= 0.
P (0286) FI= ¢ =-VISC*GL(NI OJ)/KK(NIQJ) ,' V(IQNYOJ)
. (0287 00 300 II=2¢NI e mm—— e e -
(0288) I= NI=ITe1
(0289) FIP= F1 — -
€0290) Fi= ¢ -VISC'GL(IQJ)/KK(I'J} )' Vilel o)
(0291) PCI*1eJe1)= F(I+2¢J¢l)= oSx(FI+FIP)=CX
(0292) 300 CONTINUE
(0293) ¢ cmh e ——— — s - -
(0294) RETURN
(0295) END e e ——— .
PROGRAM S]ZE: FPCCEDURE - 000456 LINKAGE - 000120 STACK - (00022
0000 ERRORS [CEST SFIN-REV1S.3) o i e o
i

AN e e e eaw LT




masmnn

oz

SUBROUTINE FRECKL (STABLE) e hemi a o b oo » e i ——
(0296) SUBROUTINE FRECKL (STABLE)D vt e R+ e ——————
(02971 ¢
€0298) C CHECKS FOR THE TYPE OF INSTABILITY THAT CAUSES THE FORMATION - e
t0299) C CF FRECKLES CR A-SEGREGATES.
t0300) ¢ . -
(0301) C THE INSTABILITY OCCURS WHEN THE FLLIC VELCCITY IS GREATLR THAN
(0302) C THE ISOTHERM VFLOCITY SO THAT GENDF1TE KEMELTING OCCURS. —_—
(0303) ¢
(0304) C DCTY/DCTIME) = PARTLAT)I/PARTL(TIME) ¢ V+GRAD(Y) oCTe O -
(0305 ¢C
(0306) (r-remcvemrecccscnrecccrr s s e rcnccr s e e R s e A e e et e s r et an
(0307 ¢ STABLE (OUTPUT) TRUF IF NO INSTABILITY DETECTEC.
£0308) LCGICAL STABLE . - — e
(0309) C------------3-------------°-------------------------------------------
€0309) C CONMON BLOCKS U £ A S 1 9 8 § FCR COCUPENTATIOh
(0309) (Ce==-crecncecrcucmrecnecere rcc o rec e e r s e e S r e e e s e e~ an- emeoes
(0310) € e e mamev—— e . : - ——
(0311) STABLE= «TRUE.

- (0312 ¢ C . - e
(0313) DO 200 J=1NJ -
€0314) DO 200 I=1e¢N1 : . e i . .. ¢ e
(0315) - STABLE' STABLE <AND.
t0316) Yu oNOToC DTDTMOVI1oIed)*DTLX wGTe 0o ) e e . -
(0317) 206 CONTINUE
(6318) C ‘ . o e -

(0319) IiF (eNOT.STABLE) CALL MSGH 80. fOHCALCULATION ABCRTEC - FLOM IN<1
(03290) *BILITY LEADING YO FRECKLE FORMATION CETECTED. )
(0321) C
(0322) RETURN .- e e ———— . . R
(0323) END
PROGRAM SIZE: PRCCECURE = 030154 LINKAGE = G0O0O0AO STACK = 200316
0000 ERRORS [CFRECKLDFTN-REV1%,.,3)
. —— o e et e e e e = X - 1
- - e - ——— — e
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SUBROUTINE LFRAC v e e e ee— v h 32 e o
— L. —. e » v - -
(0324) SURROUTINE LFRAC M- e -
(032%) C
€0326) € CALCULATES LOCAL VOLUME Fanctxou L1GUID, . e
€0327) C INTEGRATE LOCAL SOLUTE REDISTRIBUVTICN EGUATION FRon LIGulDUS
(032H) € TO XCI) ALONC CONSTANT Yo ASSUMES STEADY STATE SOLUTICN,. e
(c329) ¢ » _
(0330} Crormeccccccncmnccconn s rrr rr e e e r e e S SR e R e R R C S Rt R e e D .
(0330) € COMMON BLOCKS (SEE IMNIT FOR COCUMENTATIC!
(0330) Crececcecccccnencccancecsrcsrnrrresmcbreae e ren s reran e e e———
(03%1) ¢
(0352! € CALCULATE FFACTION LIOUID AND .DGLDTM. - - - .. S ——
(03333 ¢ _
- (033s%) €= =14/ (1e=~EPR) - -~ — - . T
(033%5) ¢
€0336) DO 200 J=1sNJ N e e
(0337 EI= €2 ¢ RHLUNT ¢JI/FHS Do € 1o ¢ VI1gNIoJ) «DTOX/CTLTM )
(0338) GLINIsJ)= 1. e et e =k a s e
(0339) DGLDTM(NI 4 = Ex- (GL(NI.J)ICL(NI,J))- pCLD TH
(0340) C — et e e - B e ——
(0341) DO 200 I1I= 2'"! .
(0342) 12 Ni=]19+1 - : . - -
(0343) Ell= €}
(0344) EI= E8 ¢ RHLUTGJU)/RHSE Do ( 1¢ ¢ VErelo I TCX/CTCTN ) .
(0345) GLUTgJU)= GLUT414U)s ( CLUTGUI/CLIT®14d) Dw( JSe(EI¢EIY) )
(0346) COLDTM(T4JU)= EI* (GL(I4J)/CL(I4uU))s CCLDTM - e
(0347) 200 CONTINUE
(0348) C . . e,
€0349) C CALCULATE NEW PERMEARILIVIES.
(0350 ¢ e e e e -
€0351) CALL PERM
(0352) C e e s e e
(0353) RETURN
(0354) END ey g ee— -
PROGRAM SIZE: FPROCEDURE = 000252  LINKAGE ~ 000074 STACK = 000020
0000 ERRORS [ CLFRAC >FTN=-REV1E.3) e e e e -
. QQ( - - e e e .- e e
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(0355)
€0356)
(0357
(0358)
€0359)
(0360)
(0360)
103607
(0361)
(0362)
(0363)
(0364)
(0365)
(0366)
C03ET)
(0368)
(0369)
(0370)
(0371)
(0372)
(0373)
(0374)
(0375)
(0376)
o377
(a378)
(0372)
(0380)
PROGRA

SUBROUTINE MACSEG L vt et — b e —
SURROUTINE MACSEG . S —— — v e tm——

c 4

C CALCULATE THE LOCAL AVERAGE COMPOSITION OF THE FINAL SOLID.
C STEADY STATE FORMULATION,

c . - -

Cococncccacns - e 5 - S D R D W R D AP S R P R s G T N A W D S S A L X T

C COFMON BLOCKS - S

..~ -CSEE INIT FOR COCUMENTATIOM

c--------—n------- A D D W G 4 P D R P D R S DD KR AP D EL TR AR ISP D SN R WP T W D P P SR W ST ED AD R TR b M WP W B8 - - -

C e rm 3 o v e < st b -

DO 300 J=1eNJ
c - oo, .
C INTEGRATE SOLID INTERFACE COMPOSITION OVER DENDRITIC GROWTHe
C [T . - .
csSi= 0.
C . .. —rn
DO 200 I=2+N1
CSI= CST ¢ EPReEo(GLCTI¢JINCLUTGUI*GL(I-1oU)eCL(]I=14d))0
« CALOGC(GL (I oJ))~ALOGIGL(I=19J)))
CONTINUE v e emmaes e e - .

P ee e o e bk mmmm e v

- ro b

— > e -

o weme - e -

200
c

C INCORPORATE ELTECTIC CCMFOCSITICN .
c

e vee aee semmtm— —— -

AVCS (J)= (RHS#CSI ¢ RHSE#GL(144)eCE) /
. (RHS*(1e=-GL(14J)) ¢ RHSE*GL(1eu))
CONTINUE .

PR ppe—

300
€

——— vt 6w @ % —— v wem

RETURN . ——
END
PROCEDLRE = 000221

M SIZED LINKAGE - 0000€C STACK = C00024

0000 ERRNRS [KMACSEGIFTN~REV1Sc31
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(0381)
(0382)
€0383)
(0384)
(038%5)
(0385)
(038S)
(0386)
(0387
(0388)
(0389)
(0390)
(0391)
€0392)
(0393)
€0394)
(0395)
PROGR AM
0000 ERR

- P L e R L P e R L T D I

BRCUTINE PLRM e e e e e+ e

SUGROUTIAE PERM
C : .
C PERMEABILI'Y AND POROSITY MODELS S -
C

c---m-----------—---------------------.--------------—---------------—.

C COMMON DLOCKS (SEE INIT FOR DOCUMENTATIC
Crremcaccncarmna= P L T Y 1) - D . T D S e R S e T P P D P WD R S P W T s ey
c

C ISOTROPIC MODEL S . RS

C

am e - - S

P e L L pm——

DO 2C0 J=1eNJ S S .o s

DO 200 I=14N1

KKCIgd)= BMINIC GAMMA® GLCIou)as2y-GAMMA ) - A
200 CONTINUE -
c v —— — v

RE TURN

END e e —_— e .
S1ZE:  PROCEDURE = 000067 LINKAGE - 000040 STACK = C09014
ORS [CPERM D>FTN-REV15.33 - - e e e
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SUBROUTINE PSETUP

€0396) SURROUTINE PSETUP — .. T,
€0397) ¢ .

€0398) C CALCULATES COEFFICIFNTS OF PRESSURE EQUATON. -
€0399) C SETS UF BOUNCARY CONDITICNS THAT DEPEND ON SOLUTION VARIEBLES.

(040> ¢

(0401) (ememmcemeccecemesesc-sestee--eesessss--seseees=esosscesesscecemseaane
(0401) C CONMON BLOCKS e . ee— . ASEE INIT FOR COCUMENTATIO!
(0401) (e-=-=c-esmececececcommcccmesccerscccsecssmcesscsecemesmesesmme-mceocs --
(0402) C STATEMCNT FUNCTIONS e e e e . —
(0403) C

€0404) SFLIPsJPY= KK(IPyJP)e RHLLIP4JP)/ VISC . . e
(0405) ¢ ‘

(0406) ASFCIPsJUP)= ALOGC SECIPGUP) ) oo o oo e S
(0407 ¢

(0408) BSF(IPsJP)= ALOGL SFCIPyJP)* RFLUIFeCF) ). ... ... e
(0409 C

(0410) C-==--- T B cmmmecmm—————— B L T TPy
(0411) C

(0412) C X=-DERIVATIVE CONTRIBUTIONS . e
(0a13) ¢ -
€0414) DO 250 J=1e4NJ e e e
(0415) ACle2y Je1)= ( ASF(TeJ)=AST (1eJ) 2/ DX

(0416) ¢ e et e e e e = —
(0A1T7) 00 200 I=24NIM

(0418) AClei+leJU+1)z ( ASF(1414JI-ASF(I=-14J) )/ (Z¢+DX)

(0419) 260 CONTINUF

(04200 C . - ) . 3
€0421) AC19NIPy L4122 ¢ ASF(NI¢J)=ASF(NI=14J) )/ DX

(0422) 250 CONTINUE - e e

(0423) ¢

(0424) C Y-DERIVATIVE CONTRIBUTIONS AND REMAINING TERMS e
(0425) C )

(0426) DO 350 I=1.NT e s . -
(0427 AC291419Z 12 ( =ASF(Le3)44s 4ASF (192)-2.4ASF(Is1) 1/ (20+DY)
(0428) ¢ e e - .
(0429) BC1+192 )= GRAV* REL(Is1)s

(0430) . € =BSF(I93)464a2LSF(Is2)=240BSF(T41) )/{2.4DY) =
(0431) . € 1./SFCTg1) )0

(0432) . { (RHL(I41)-FFS)I+COLCTM(T91) ¢ GLC(I41)4CRHDTF )
(0433) B(I+192)= B(I+142) ~RHL(NIe1)#GEAV+A(2¢]+142) -
(0438) C et e e . ; e e
(6435) DO 300 J=24NJM

(0436) AC2¢ 1419 Ue1)z it ASF(I9Je1)=ASF(Ied=1) )/ .(2440Y) e e
(0437) ¢

(0438) BCI+1eJ+1)= GRAV* RHL(Iolde. . _ . . _._. e,
€0439) . ( BSF(IleJe1)=PSF(Jed=1) ¥/(2.40Y) =

(0440) . € 1./SFCTed) O

(0441) . ¢ CRHL(I9J)-RHS}aCGLDTM(Ted) + GL(Tou)«CRHCTE )
(0442) BC1s19U41)= BCIo1ed*1) -RHLCNIGJ)oGRAV*AC29T¢2ed+1) . —_
(0443) 300 CONTINUE

(0444) ¢ e . —_—
(0445) AC29T41eNJPI= ( 3owBASFCToNU) ~20a ASFCToNJ-10+ASF(ToNJ=2) )/ (244C
(0446) C e o s e e . e
(04AT) BCI+14NJUP)= GRAVe RHL(I4NJ)#
- (0448) @ o . € 2eeBSF(IeNJI=84sESFCIoNJ=-1)+BSFCIeNI=2) 1/.(2.2DY)
€(0449) . € 1./SFUIGNJ) Do

(0450) . € CRHLCTGNUI=RHSILGLDTM(LoNJ) + GLCTNJ)*DRHDTH )
(0451) BCI#1eMUP) = ECI+1oNJIP) =RHLCNI oNJ) «GRAVAC24141 ¢NJP)

(0452) 350 CONTINUE R .
(0453) €
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SUBROUTINE PSETUP . . et e vena o e awcre e mma 4 - — 1 -

€0454) © EUTECTIC SHRINKAGE GOUNDARY CONDITION-- . oo e s,

(0455) C
(0456)
(0AST)
€0458)
(0459) 500
(0460) ¢
(0461)
(0462) ¢
$(0463)
(04EN)
(0465)
(0466) 600
(0467 ¢
(0468)

(0469) C=-~-~
€ PROGRAMHING NOTFS s e e m e e ame e .
C » A AND B ARE STORED ON THE EXTENDED MESH. SEE NOTES IN

SUBROUTINE FSOLVE.

(0470)
(0471)
t0a72) C
(0473 C
(0A74)

PROGRAM SI1ZE?

W — . 5 sp——

.

DO 500 J=1sNJ -
DPOXECJ)= =C(RHST-RHLC(1¢JII/RHL(Yod) e (-DTDTH/DTDI) ]
. (=V]ISCe GLC1eJ)/ KK(1leJ) 3 . - - PP —
CONTINUE

an—n Sk w8 MRS e sam e embames 43 (XTI L e a

C HOUNDARY CONDITIONS AY TOP AND BOTTOH

DO 6GC0 I=14NI

DPCYGCId= (RHL(NT¢1 )=RHLCIel ))e GRAV - SO
CPOYLCID= (RHLUNI¢NJI-KHLCI4NJ))® GRAV

CONTINUF - v—

—— o g S T

RETURN U

e e g, M bt Wt Ao G i | e @ Taah PN ey 2 e eeh ERER e e —

END T —— s -~
PRCCEDULRE = 002021 LIhKhG( - 000140 STACK - 000060
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‘ SUBROUTINE PSOLVE  ...... o e aame e e e e e e e s
C0475) SUBROUTINE PSOLVE et s e e amn o smmmrmn s e
(0476 C
(0ATT7) C SOLVES 2-D LINCAR ELLIPTIC CQUATION OF FORM (D#e2)P ¢ As(DIP ¢ B =.0
(0AT8) C SUCCESSIVE OVERRELAXATION VFRSION
(0A79) C . -
(04B0) (==wmm—reeccecmccaea- —————— Lt L T L L LT L PR T
C(0&B0) C COMMON DLOCKS vime . = wm -ASEE INIT FOR nocuncnrutxu
C0AB0) Cm===-- mememeemee——m———————— e i e T L L L L L E P P
C0481) C LOCAL DECLAFATIONS e e e e -
(0482) LOGICAL OCONV
C0AB3) REAL LHMAX e e ——— e . .
€0484) (-~mcccenmew= L e it meemmm e e ————— --
(04B5) C . e am e —— s e et san R,
(0486) PIT= ¢
(04A8T) PCUT= 1eE=-3* ABSt PC2oNJUF) ) . .o mmon . . R
(0488) NCHK= 12
€0489) OMEGA= 14375 e e eamva e wemeen s C e e
€0490) OCONV= .FALSE.
i (0491) OPTO= 0. cn . I . . e e e v
i €0492) ¢ . :
; (0493) 200 PITz PITel e e ame e e -
M (0494) TEST= 0.
' {0495) POELP= DELP D I . ..
’[ €0496) DELP= 0. .
(0A9T) € L e e mrmem e e e .
; €(0498) C UPOATE NEUMANN CONDITIONS
I 0459 ¢ e e
: €0500) DO 220 I=14NI
; (0501) PClelgNU92)= P(I+14NJ) ¢ 2.e0¥w DPDYL(D)
: €(0502) P(I+sly1)= PC1e1¢43) ~ 2,+DY« DPFDYOCI)
! (0503) 220 CONYINUE e e een ..
€0504) " DO 240 Jz1l4VJ
€0505) Pllede1)= PU3eJel) = 2,+DX* DPOXE(Y)
, (0506) 240 CONTINUE
1 { . 40507 C - v s ———— . -
? t (0508) C CALCULATE NEW P
(0509) € . - .— . R
(0510) DO 300 J=24NJP
€0511) DO 300 I=2NI e e e e -
l €0512) OLDP= F(Ied)
(0513 PCleUd= (1.-0MECAY® P(Ied) e
€0514) . N OMEGA® € (XCFDeXCFI+AC14Iodd s PCI+1eu)e
(0515) » e e AXCF2=XCF10AC1 ol oUd) s P(I=10od)e R
(0516) . CYCF2eYCF1aA(2¢I o) * Flledel)e
. €0517) N . CYCF2=YCF1leA(24T4d))* Flled=1)e
' C(0518) » CCFaBtTgu) )
! (0519) IF ¢ (AUS(P(IeJ)) «GTe FCUT) oANDe CAHSCOLOP) oGTe FCUT) «ANDe
] €0520) . (PCIyJ)*OLDP «GTe Cod )
(0521) «TEST= AMAXY (TESTe | . e -
(0522) . 204 ABS(P(Yed)=0LDF)/ CADSCP (I od))*ARS COLOPYY )
(0523) DELF= DELF + ABSC PCIed)=OLEP ) .o oo e om .
€0524) 300 COMNVINUE )
: t0525) ¢ e s e o —_ e
! (0526) C DETCRMINE OPTIMAL OMEGA
! ¢0%27) ¢ . e e et e o oo ee
(0528) IF (GCONVY GO TO 400
< (0529) IF ¢ MODCPIT (NCHK).NE.O ) GO TC 400 e e e m— e e mon 1o
- €0530) LBMAXZ CELPZ PDELP
g ¢€0531) IF ( LUMAX oLTe o499 ) €O TO 25C e e e 2 e e
(0532) IF ¢ FITe LQe NCHK ) GO TO 400
5
!&; s
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SUBROUTINE PSOLVE Cm ammre b meemmest e e s —i——— & & eabee - s e .-

(0533)
(0534)
(0535)
{0536)
(0537
(0538)
10539)
€0540)
(0541)
(0542)
(0543)
(0544)
(0545)
(0546)
(0547
(0548)
(0549)
€0550)
(0551)
(0552)
(0553)
(0554)
(0555)
€0556)
€0557)
(0558)
€0559)
(0560)
€0561)
(0562)
(0563)
(0564)
(0565)
(0566)
€ase?)
(0568
(0569)
(0570)
{0571)

PROGRAM SIZ2C:

350

OO0 N

400

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c

e Mmoo w e wee e - e - - -

OCONV= oTRUE. -
IF ¢ OPTOLNE<Os ) OMEGA= OPTO® oC5402:-0PT0)

GO TO 400 e T e . -
POFTC= OFTC

OPTO0= 24/ (1¢¢ SCRT( 1e=(LEMAX+CVEGA=1¢)ow2 /7 (LEMAXOMEGA®e2) )
OMEGA= OPT0- (2.=-0PTC)/4,

IF ( POPTOCFCele ) GO TO 400 . oo oo o o o B
OCONV= ¢ AGS (OPTO=POPTO)/ €20=0PTO) oLTe ¢05 )

IF (CCONV) OMEGA= OPTO S - e

TEST CONVERGENCE

. - TR r—e s

IF ¢ TESTSLTLESORI ) GO 7O 500
IF € PITeLTeMAXSOR ) GO—~TO 200 - - — e ccrerme cmeem = - o

CALL MSG( 36¢ 36HPRESSURE ITERATION DID NOT CONVERGE )

CONTINUE . ) et me—am s
RETURN : .

PROGRAMMING NOTES e i e e
* EXPANDED MESH - AN EXTRA ROW OR COLUMN.1S ADDED 1C EACH ERGE

OF THFE SGUARE ARRAY IN ORDER TOC FACILITATE INMPLEMENTATION OF
THE NEUMANN BOUNCARY CONCITIONS. THE PRESSURE VALUES IN THE
FICTITICUS CELLS OUTSICE THE TRUE MESH ARE UPDATED AFTEP EACH
SOR ITERATIONe FOR AN ARRAY STCRED ON THE EXPANCELD MESH THC
ELEMENT WITH INDICES (I+14J+1) CCRRESFONDS TC ThE FUNCTIGN
EVALUATED AT THE TRUE MESH PGINT (XCIdeY(J))e

- DIRICHLET CONDITIONS = THE DIFICHLET RCUNDARY CCACITICN

IS IMPLIMENTED RY STORING THE FUNCTION VALUF IN THE P ARRAY IN
SUCRCUTINE INITe THE VALUES OF F ALONG THE EDGES WITH DIRICHLET
CONDITIOMRS ARE NOT CHANGED IN FSOLVE CR ELSEWHERE

CONVERGENCE - THIS VERSICN TESTS THE MAXIMUM RELATIYE CHANGE

IN PRESSURE AT INTERIOR POINTS. S e

END oo . . .
FROCEDURE = 0019017 LINKAGE - 000153

STACK = 000034

0000 ERRORS [<PSOLVEDFTN~-REV1S,3] ¢ e s ot 1 ne w4 et o L .
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(0572
(0573)
(0574)
(0575)
(0576)
t0S77)
- 40578)
(0579)
€0580)
(0581)
(0582)
(0583)
(0584)
(0584)
(0584)
(0585)
(0586)
(oss”
- €0588)
(0589
€0590)
(0591)
(0592)
(0593)
(0594)
(0595)
(0596)
(6597
(0598)
(0599)
(06090)
(0601)
(0602)
(0603)
(0604)
(0605)
(0606)
(0607)
(0608)
(0609)
(0610)
(0611)
(0612)
(0613)
t0614)
(0615)
(0616)
(0617
(0618)
$0619)
(0620)
(0621)
(6622)
(0623)
(0624
$0625)
(0626)
(0627)
(0628)
(0629)

...... 