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SECTION 1
INTRODUCT ION

This volume describes the operation of solidification Model 2 and It provides
documentation of the software associated with the model. Model 2 calculates

the macrosegregation in a rectangular ingot of a binary alluy as a result of

unsteady horizontal axisymmetric bidirectional solidification. A description
of the physics and numerical techniques is in Volume | of this report.

The solidification pregram allows interactive modification of calculatinn
parameters as well as selection of graphical and tabular output. In batcn

mode, parameter values are input in card image form and output consists of
printed tables of solidification functions. The operational aspects of Model

2 that differ substantially from Model! 1 are described in Section 2. A complete
guide for running Model 1 on the Prime 400 system at MSFC is in Volume IIl of
reference 1. Section 2 assumes no familiarity with programming, but it does

assume the reader is familiar with Volume 1.

Section 3 of this report contains the global flow diagrams and data structures
of Model 2. As with Model 1, the primary program documentation is the code
itself. It is assumed that any reader requiring the information in Section 3
thoroughly familiar with the calculation described by Volume 1, with the program
operating characteristics, and with the FORTRAN language.
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SECTION 2
OPERATING GUIDE

The operation of solidification Model 2 is very similar to tha% of Model !.
The input phase and output selection phase operate as for Model 1. The specific
input parameters for Model 2 are described belcw. Output checkpoint control is
a new procedure with Model 2; interactive checkpoint control is described in
Section 2., and batch checkpoint control is described in Section 2.2, The

mechanics of interacting with the Prime system are described in reference 1.

2.1 RUNNINS THE MODEL IN INTERACTIVE MODE

The procedure for logging in te the Prime 400 system, starting the model, and
running the input and output phases is the same as for Modei | with the exception
of the commands for starting Model 2. After logging in, to invoke execution

of Model 2 enter the commands

CO MPS2
SEG #MPS2

Because of the time stepping nature of the unsteady model, the operation of the
calculation phase is unlike the operation of Mode! 1. After the input phase is
complete, the model takes one step away from the chill and then prints the
message shown below.

ENTER T Y0 DISPLAY TABULAR DATA
G TO DISPLAY GRAPNS, : .
(] CONTIN'E TH1S ChSEo
Q TO TERNINATE RUN, OR
N T0 PROCEED Y0 !IXT CASE.
¢
This choice of action is given tgo the user at each checkpoint. Entering a G or
a T will cause the program to go to the output phase in whick the user can select
specific graphical or tabular output from the calculation up to that point.
When the user leaves the output phase, the selection shown above is again
presented. The user can switch freely between tabular and graphical eutput or
ke can continue the calqulation, start a new case or terminate execution. |If

the continue (C) option is selected, the program will display the following.
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TIRE SINCE DEGINNING OF SOLIDIFICATION « §.470506 $EC,

LIGUIDUS ISOTHERR IS ©,795995E-02 CA FROM CHILL
EUTECTIC 1SOTHERA 1§ ~1.95200  CM FROM CHILL.

1 HE NEXT CHECKPOINY IN THE FORWAT ToUALUE
ENTER ES'NER nE l’.xﬁx%stmmm AT THE NEXY CHECKPOINY IM THE FORMAY LeVALUE
OR M EUTECTIC LOCATION AT THE NEXT CHECKPOINT IN THE FORMAY E«VALUE

The checkpoint procedure puts the user In control of the progress of the
calculation. The stopping places specified by the user as checkpoints allow
him to inspect the progress of the calculation or display the current state
of the S/L zone at any point In the solldification process. For convenience
the stopping point may be specified by time, by eutectic front location, or
by liquidus Isotherm location. For example, to set up the next checkpoint at
the instant when eutectic forms at the chill, enter

E=0,

To stop the model when the dendrites first reach the centerline in a mold of
half-width 2 cm., enter

L=2.

To run the solidification through to completion enter a eutectic front position
greater than or equal to the mold half-width.

The unsteady model allows greater flexibility in plot setup than the ateady
model with plot function scales brought under user control. In all cases the
program will calculate a scaling and then give the user the alternative of
proceeding with the calculated scaling or entering a different scale. For
vector plots the scale is a single vector magnitude, for contour plots the
variables are a base level value and an interval between levels, for profile
plots the scale is specified as a range with a remote exponent and the number
of tic intervals. |If a nonzero remote exponent, say 3, is to be used the
actual plot interval bounds should be multiplied by 103 before they are input.
Profile plots over the final solid also require that the user enter the x or
y location of the profile, where x is always the distance from the chill in
cm., and y is the distance from the botton of the ingot in cm. Any number of
profiles can be put on one plot, but the line patterns will repeat after 6.
Example 4.1 shows plot scale input and profile selection.
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2,2 RUNNING THE MODEL IN BATCH MODE

The batch operating procedure is the same as for Model 1 witl. the exception
of some modifications to the input files for specification of checkpoints. The
command which starts execution of the model In batch mode is

CO MPS2,BATCH

Checkpoints are defined on cards immediately following the paramete’ cards,

one checkpoint per card. The ind of the case is denoted by a card with the word
END starting in columin one. The checkpoint card has three flelds. The first
field begins in column | and must be one of the letters T, L or E denoting time,
Ylquidus isotherm position or eutectic front position. The second fizld runs
from column 6 to column 15 with the FORTRAN format E10.3. This field should
contain the value specified for the checkpoint location. The third field

beoins in column 16 and specifies the selection of tabular output to be printed
at the checkpoint. Each column controls one table, with the assignment in the
same order as the interactive tabular output selection shown in example 4.1.

A one in the column corresponding to a table will cause that table to be printed
at the checkpoint, |If the column is blank, the table will not be printed.

Thus, a one in column 17 would cause the final local average composition to be
printed. Any number or combination of tables may be printed at each checkpoint.

Batch cases can be stacked as before, with the case name card for case M
following immediately after the END card of case M-1. A sample batch case is
shown in Section 4.2,

2.3 INPUT PARAMETERS

Described below are the parameters which define a particular case of unsteady
horizontal bidirectional solidification in a casting. The same set of parameters
is used in both interactive and batch modes. The default case is the case

that is built~in to the interactive 1/0 controller: The parameters take on

their defauit values each time interactive execution is initiated. There is

no defauit case for a batch run: all parameters must be specified for each

case. The format for the batch cards is given in Sectiosn 2.2 and reference 1.

Interactive parameter selection and modification is described in reference 1.
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2.3.1 Alloy Specification

The binary alloy Is specified by chemical symbols exactly as is done In Model
1, and Model 2 uses the same data base as Model 1. The default alloy is
Al -k .52Cu.

2.3.2 Solidification Process Parameters

The parameters in this group describe the conditions under which the casting
is made including the mold geometry, the thermal conditions, and the strength
of the gravitational force.

Parameter Description Symibiol Default Limits
Mold half width Xe 2.7 cm xc>0
Mold height L 6.35 cm L>0
Isotherm time exponent q ] q>0
Liquidus coefficient bL 2017 em/sec bL>°
Eutectic coefficient bE .017 ¢m/sec bg>0
Initial separation ag -2, cm aE<O
Gravitational force in g 16 g>0

-y direction

As noted in Section 3.2.2 of Volume |, the unsteady model is limited to cases
in which the temperature of the chill is brought belew the eutectic temperature .

gradually rather than instantaneously. This restriction implies a. must be

E
significantly less than the upper limit shown above. Results for cases with
ag close to zero are not predictable,

2.3.3 Permeability

The permeability model in the unsteady madel is identical to that in the steady-
state model. The default value of v is 6XIO-7 cmz.

2.3.4 Numerica)l Methods Control Parameters

In the majority of cases the parameters in this group should not be changed
from their default values, however operator control of these rzarameters could
be useful in trouble-shooting. The parameters are explained in the discussions

of numerical methods in Volume 1 of this report and Volume | of reference 1.

2-4
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Parameter Description

Number of horizontal
mesh points

Number of vertical
mesh points

Haxkimum number of
pressure iterations

Pressure convergence
eriterion

Fraction of CFL step
to take

Maximum step size
in e

Initial g at chill

M[nimum horizontal mesh size

SOR

SOR
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Default

20

10

200

Limitg
<N, 250

35”3559

Menn”0

SOR
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AxE>0
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: PROGRAMMERS GUIDE
' : 3.1 FLOW DIAGRAMS
; 3.1.1 Global Flow Diagram |
s ! BEG IN i
' H
\ b ) :
L Y
’r ; INPUT | CASE |
e *
} r. o > o 5 .
| f INITIALIZE CALCULATION
l i
. [ «
; i s  ADVANCE SOLUTION 1 STEP
| IN TIME
AR . ‘
NO HECKPOINT |
I il FINISHED O |
) 2
| YES ¥
d INTERACT IVE OUTPUT [
) - TABLES *
1 ~ GRAPHS ,
; BATCH OUTPUT '
- TABLES 3
r oy !
;: %
:
| T FINISHED |
ol R USER SELECTED i
NEXT CASE |
T i
|
.
i
i
!
SR YES
i
INPUT NEXT
CHECKPOINT
3-1
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3.1.2 Caleculation

( BEGIN ) CONTROLLER:
+ INITIALIZE PROCRAN CONSTANTS (INIT)
INPUT SECTION
={_INPUT : )
INITIALIZE CURRENT CASE (INIT)
TAKE 1 STEP AWAY FROM CHILL (START)
el DETERMINE TIME STEP SIZE, At (STEP)
ADVANCE & AND | 1 STEP (STEP)
thap = t, ¥ AL
SET UP MESH,_T, Py C AT T (EVAL) et
EVALUATE K, Cs(Xg)
CALCULATE PRESSURE TIELD AT T
(PSETUP, PSOLVE)
CALCULATE VELOCITY AT T AND
CHECK FOR FRECKLING (VLCTY)
(§UTPUT SECT | ON _:)
FINISHED
NO *"OR USER SELECTED
\Nsxr CASE
3-2
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3.1.3 Input Section

‘ CONTROLLER:  INCON
INITIALIZE INPUT ARRAYS CALLED FROM: INIT
(INCON)
INITIALIZE TERMINAL | o VES
CONTROL SYSTEM | READ CASE TITLE |l
(1ACTI) (BATCHI)
PUT ID PAGE ON SCREEN VES STop
AND GET CASE TITLE
(1ACT1)
l NO
READ AND PRINT ALLOY
GET ALLOY (BATCHI)
(1ACT1) ‘

'

ACCESS ALLOY DATA BASE
(ADB)

'

GET REMAINING PARAMETERS
(1ACTH)

ACCESS ALLOY DATA BASE

(ADB)

K

!

READ AND PRINT REMAINING PAI.AMETERS

(BATCHI)

INPUT ERRCRS

EXTRACT PARAMETER VALUES

FROM INPUT ARRAYS
{ INCOW)

'

CONVERT TO CGS UNITS
(INCON)

3-3

YES

IN THIS
CASE?

[

A

[T | S



S - L - - S kT
f B ~ ' ~
: :

i

; 3.1.4 OQutput Section

BESREL,

" CONTROLLER: TMCON
CALLED FROM: Maln

e

YES

baid
ity |
e el e

PRINT TABLES
. f NO
. L
4
r ] »  GET USER SELECTED ACTION et
- A
| i 6 Q Cy T
[ .
. E
i .
, 2 p GET USER SELECTED ACTION |g—— . .| GET USER SELECTED ACTION}-E
| (GPHCON) (TABCON)
‘ ; ITEM # OF ITEM # OF |
A FUNCTION TO PLOT FUNCTION TO DISPLAY
y i ?
} 1 GET USER SELECTED ACTION DISPLAY TABLES ]
, (GPHCON) ON SCREEN
| 91 ITEM 4 OF (ADISP) |
§ PLOT TYPE |
] CALCULATE NEAT SCALING (SCALE) |
.
r y N 7 —1 | '
@ : INITIALIZE PLOT,PUT ON LABELS (SETPLT) : : }
i 3 ‘
i 1 I l PJOT CONTROLLED BY CTR, HPROFS j
: : ) N ’ i
. | PUT ON PARAMETERl?LOCK (GPHBLK) | VPROFS, OR VECPLY i
x ' |
- | DRAW AXES (AXES) | é
SR I l | “
V 1 | [oLoT conTours, PROFILES OR VECTORS l |
& | [(CTR, HPROFS, VPRCFS, VECPLT) | &
T L _ é
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3.2 ALPHABETICAL LIST OF SUBROUTINES

The list below contains only the modules that were written specifically for the
solidification model.

Off-the~shelf routines used by the model are listed In

Sections 3.2 and 3.3 of reference |, The purpose of each routine Is described

briefly below; detalls of the programming, Including calling sequence descriptions,

are in the program comments.

NAME
ADB

ADISP
ALRUIN

AXES
BATCH|
COORD

CTR
CTRBOX
CTRDRW
CTRLAB
DISKC
DISKI

DISKO
EVAL
GPBELK
GPHCON
GRIDCN
GRIDXE
HPROFS
IACTI
INCON
INIT
MASSCK
MSG

SECTION
1/0

170
170

Graphics
1/0
Calculation

Graphics
Graphics
Graphics
Graphics
1/0
i/0

/0
Calculation
Graphics
Graphics
Calculation
Calculation
Graphics
1/0

1/0
Calculation
1/0

1/0

FUNCTION

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

Displays any array on the screen or in printed form.

Gets interactive input that may be either alphanumeric
or pumerical.

Draws and labels axes on all plots.
Controls batch mode card input.

Calculates isotherm posftions and coordinate
transformation,

Controls contour plots.

Logic for contouring over given rectangular region.
Draws contour [ine elements.

Labels contour level values.

Performs various control functions on disk files.

Retrieves final solid data from temporary disk for
use by graphics routines.

Writes final solid data on temporary disk.
tvaluates specified functions at current time.
Puts parameter block on plot.

Controls interactive graphics.,

Conirols size of computational grid.

Sets up computational grid.

Controls horizontal profile plots.
Controls interactive input.

Controls input section.

Initialization routine.

Monitors conservation of mass.

Puts any brief message on terminal screen.

3-5
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: NAME
{ PERM
4 PSETUP

PSOLVE

SCALE

|
E }, SETHOL
3

SETPLT
START

STEP
TABCON
TMCON
VECPLT
VLCTY
S VPROFS
3 WAIT

S B .

——
{

o

¥
3

PROGRAM

[ rr SYMBOL

AE
AGC
SR ALNAM

e

7

2 BE, BL
cL
cLg
i DCLDT
DRHDC
DTDTM
DTM
DX
DET
EPR

| - |

SECTION

Calculation
Calculation

Calcuiation

i/0

1/0

Output
Calculation

Calculation
1/0

1/0

Output
Calculation
Output
OQutput

3.3 KEY PROGRAM SYMBOLS

COMMON
BLOCK

/PROCSS/
/SLZONE/
/ALLOY/

/PROCSS/
/SLZONE/
/ALLOY/
/ALLOY/
/ALLOY/
/SLZONE/
/MESH/
/MESH/
/MESH/
/ALLOY/

FUNCT{ON

Calculates permeabllity.

Calculates K, and B and sets up boundary
conditions (see equations 1.3.4.4 to 1.3.4.11)

Solves the pressure equation (see reference 1,
Vol. 1, 4.5)

Calculates neat scales for plots,
Sets up long hollerith arrays.
Initializes all plots and puts on labels.

Takes first step away from chill. (See Vol. 1,
Section 4.3)

Advances g, and | one step (see Vol 1, Section h.4)
Controls tabular output

Controls display checkpoints and time-varying 1/0.
Controls plots of vector fields,

Calculates velncity.

Controls vertical profile plots.

Waits for the operator to enter a P.

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

DEFINITION
(See Volume 1, Section 2)
bl

|

Element 1 is the hollerith solvent name.
Element 2 is the hollerith solute name.

bes by

L

Cs

dCL/dT
dpL/dCL
T/t = €
At

Ag

&n

K

B[~ .

I T G
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PROGRAM
SYMBOL

ET
FLAC
GAMMA
GL
GMY
HMOLD
KK

NI

NJ

P
QLE
RHL
RHLE
RHS
RHSE

TE
™

WMOLD
X
Y

XE, XL

XI

COMMON
BLOCK

/MESH/
/SLZONE/
/PMBLTY/
/SLZONE/
/PROCSS/
/PROCSS/
/PMBLTY/
/MESH/
/MESH/

/SLZONE/
/PROCSS/
/SLZONE/
/ALLOY/
/ALLOY/
/ALLOY/
/SLZONE/
/ALLOY/
/MESH/
/SLZONE/
/PROCSS/
/MESH/
/HESY/
/PROCSS/
/MESH/

DEFINITION
(See Volume ), Section 2)

n
cs(xE)

e XL

€

3.4 PROGRAM CONFIGURATION ON THE PRIME

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

the Prime 400 system.

3.4.1

If the FORTRAN source code is stored in a file naned MPS2.PGM, then it can be

Compilation

compiled by entering the command

FTN MPS2.PGM 2/500

3-7
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3.4.2 Linking

The Prime utility for linking and running segmented programs in SEG. It can
be used to bulld a run file as follows:

$EG
LO #MPS2

LO B_MPS2.PGM
LiB VAPPLB
LIB TCS500
LiB

SAV

Q

3.5 EXECUTION COMMAND FILES

After the run file #MPS2 has been built, the program can be executed by entering
the commands described in Section 2. The execution is set up and controlled by
two command files listed below:

Command File MPS2 Command File MPS2.BATCH
OPEN ICARD 1 1 OPEN CARDS 1 1
CO -END SEG #MPS2

cl123

CO «END

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
logical unit number 5. Other files used by the program are M1.D.B, the data
base file; DISK, the temporary disk storage file; and PRINT the batch printed
output file. M}.D.B is accessed via logical unit number 7, DISK is on logical
unit number 8, and PRINT is on logical unit 6. No printed output is generated

by an interactive mode run.

3-8
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SECTION 4
SAMPLE CASES

4.1 INTERACTIVE CASE

The case shown here is the Al=i4,5% Cu case that the Interactive model will run

I f none of the input parameters are changed from thelr default values. This
case demonstrates the use of the checkpoint control to run the case through
completion, and several output options thzt are new with the unsteady model,

Any of the non-vector functions can be displayed on a contour plot, the one
shown Is contours of final composition over the entire ingot. Note that the
location of the function maximum and minimum are marked on the plot by an x

and an o. The base level, E; = 4,5% Cu in this case, is drawn with a heavy
line, lLevels below the base level are drawn with dashed lines and those above
are drawr, with solid lines. Every fifth level is drawn with a heavy line. The
selection of the base level and the interval between levels is under user control
as shown on the plot selection page preceeding the sample contour plot. The
next plot is horizontal profiles of final composition, using the defauit scaling
showing the selection of three profiles. The last plot is vertical profiles

of final composition, illustrating the change in plot scale., In addition to

the plots shown here, all plots that were available in the steady-state model
are also avallable in the unsteady mode!. The final output for this case is

the tabular display of the metal mass balance and the solute mass balance at

the end of solidification.
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N¢TERIALS PROCESSING IN SPACE
N# CROSEGREGATION IN A CASTING INGOT

MCDEL B

UNIDIRECTIONAL SOLIDIFICATION OF A BINARY riLOY
UNSTEADY SOLUTIQM

PLANAR I1SOTHERNS nscrwum NUSHY 2ONE

ISOTHERA MOVENENY INP

TERPERATURE c.nanxem ASSUHED

NO CONVECTION IN BULK LIQUID

ISOTROPIC PERMEABILITY Ke GANMAXGLEZZA

ENTER CASE TITLE (UP TO 8 CHARACTERS)

i‘b00..00.0(Qi..l.....ll.‘.!.‘il.ll..ll..l..0‘..00.....‘..'...i....‘...t‘lllll

ALLOY

SOLUEATs AL
SOLUTES cu UEIGHT PERCENTH 4.520E 09

SNTER A TO CHANGE ALLCY OR P TO PROCEED.

ALLOY DATA 3aSE - DATA BASE REVISED 4,3¢-80

SOURCE OF INFORFATION FOR AL -CU 0.00CE-Q1 TO J3.30QE 0! UT, PCT. CU
PHASE DIAGRAM - NM.C. FLENINGS AND G. MEREO, MET TRANS, VOL 239, 1567, P 1449,
DENSITIES - R. REMRABIAN, M. KEANE AND M.C. FLENINGS, TRANS TRS-AINE,

voL 1, 1979, P 1239.
VISCOSITY - R. NEHRABIAN, M. KEANE AND M.C. FLERINGS, TRANS TAS-AINE,

vot t, 1979, P 1209.

PHASE DIAGRAN

TERPERATURE-CORMPOSITION SLOPE -2.B80£-31 PCT SOLUTE » DEGC C
EQUILIBRIUN PARTITION RATIO 1.720€-01
EUTECTIC COMFOSITION J.300€E 81 PCT SOLUTE
EUTECTIC TERPERATURE 5.480€ 082 DEG €
DENSITIES
CONPOSITION-DENSITY SLOFE 2.670£-02 (CM/Cnzx3) ¢~ PCT SOLUTE
SOLID DEMSITY 2.620E @0 cn/Cnsil
LIQUID EUTECTIC DENSITY 3.220E 00 GnsCnxs)
SOLID EUTECTIC DENSITY 3.430E @08 GhsCNr2)

VIsSCosiTY J.eeCce-02 GM/(CrISEC)

;NTER P TO PROCEED

R Y S A P 4T 7 ] K it v e eee s e e e e
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AL

4,.6000 cu
SOL!DIFICQTION PROCESS PARANETERS

NOLD (NRLF) VIDTH 8.700E 06

HOLD HEIGH 6.356E 00
ISOTHERM TIHE EXPONENT (Q) 1,000 00
L1GUIDUS ISOTHERM COEFFICIENT (BL) {.700E-08
EUTECTIC SOTHERM CO£FFXC!ENT (BE) 1.706E-00
INITIAL ISOTHERN SEPARATION (AE) -g.:::& =:

PR 3 F AT 1

ENTER ITEM NUMBER TO CHANGE, OR
P 10 PROCEED

P

GRAVITATIONAL FORCE

SOLIDIFICATION NODEL 8 9140108

THU, JAN 89 10681

(CH)
(cH)

(CA/SEC)
(CM/SEC)
(CH)

AL

PERMEABILITY MODEL PARAMETERS
i GANRA

ENTER ITEM NUNBER TO CHANGE, OR
P TO PROCEED

4.5004 Cu

SOLIDIFICATION MODEL @ 100100

6.600E-0?

THU, JAN 89 1083

(CNx2d)

AL

4.5000 Cu

NUNERICAL NETHODS CONTROL PARAMETERS

1
8
3
4
5
6
?
8

ENTER gTEH NUMBER ;0 CHANGE. oR
P

et T b - N T S

NUNBER OF HORIZONTAL MESH POINTS a0
NUMBER OF VERTICAL MESH POINTS 16
HBAXIMUN NURBER OF PRESSURE ITERATIONS a6
PRESSURE CONVERGENCE CRITERION 1.,000E-04
FRACTION OF CFL STEP TO TAKE S.OOOE-.I
BAXIMUN STEP SIZE IN XE S00E-01

INITIAL VOLUME FRACTION LIgUID AT CHILL 9-.005-01

BINIMUN HORIZONTAL MESH S

OCEED.

SOLIDIFICATION MODEL 8 Miesie8

THU, JAN B9 1084

{+, ]

LN, ety S T D N

B
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CALCULATIOH IN PROGRESS FOR CASE

-

AL 45600 CU SOLIDIFICATION MODEL 8 00100108 THU, JAN 8% 1084

LY

TINE STEP SIZE PRESSURE CYCLES XE %L
1.88234 0.000040 1 ~1.06800 9.319908E-01

DISPLAY TABULAR DATA, :
DISPLAY GRAPHS |

ENTER T 10

G T0

C TO CONTINUE THIS GASE, :
Q10

N TO

Bt w R NI

TERRINATE RUN, OR
PROCEED TO HEXT CASE.

TIME SINCE BEGINNING OF SOLIDIFICATION = 1.88834 SEC.

LIQUIDUS ISOTHERM IS 0.318998E-"1 CH FRAM CHILL,
EUTECTIC ISOTHERW IS -1.96804 CM FRON CHILL.

ENTER EITHER THE TIME OF THE NEXT CHECKPOQINT IN THE FORMAT TeUALUE
OR THE LIQUIDUS LOCATION AT THE REXT CHECKPOINT IN THE FORMAT LeUALUE
OR THE EUTECTIC LOCATION AT THE MEXT CHECKPOINT IN THE FORMAT E-UALUE

— ——— w—

EeB.7

NEXT CHECKPOINT UILL BE AT T = 276.470 SEC., XL = 4.60008 cHh., XE » £.80008 cn. '

S TR T T T T e .

TINE STEP SIZE  PRESSURE CYCLES XE #L
2.82354 8.041170 19 -4.8E200 8.470007E-01
4.23527 1.41176 17 -1.02200 v. T10006E-01 7
5.29408 1.05882 15 -1.01080 9.98003E~01 :
6.617698 1.32352 14 -1.88760 0.11R499
8.27200 1.6544¢ 23 -1,859038 0.140624
9,65066 1.37867 EH] -1,83504 0.164961
11.2591 1.60844 24 -1,80860 0.101405 .
13,1356 1.87652 g5 -1,77669 223305 4
14,7776 1.64195 26 -1.74878 9.261818 3
- - ~ L4 [ Y
. - - A -
- L] Y - -
£45.521 £.01839 88 8.17385 4,17306
247.381 1.85952 88 8.80546 4,80647
249.101 1.71989 27 8.83476 4,83479
250.958 1.85784 28 8.86688 4.86688
252.653 1.69482 28 B.896189 4.89640
254.199 1.54596 B4 8.38138 4,38138
255.894 1.69484 85 8.36019 4,36910 ;
257,410 1.51577 86 8.37695 4,37695
258.765 1.35549 a4 2.30900 4.39900
260.284 1.51878 88 2.42488 4,48488
261.601 1.31729 82 B8.44781 4,44781 4
262.744 1.14233 14 B. 46663 4,46663
264.070 1.32634 15 B.48918 4,4898 :
265.168 1.0901¢ 16 8.50770 4.58770
266.856 9.895791 9 2.62894 4.53894
267.169 1.11380 10 8.54187 4,64187 :
267.982 0.812863 1¢ 8.55569 4.56569 ;
268.575 0.59291¢ 10 8.56677 4.56677 :
269.008 6.432339 16 8.67311 4.57311 3
SOLIDIFICATION COMPLETE. §
ENTER T TO DISPLAY TABULAR DATA, 1
G TO DISPLAY GRAPHS,
Q TO TERMINATE RUN, OR
. o H TO PROCEED TO MNEXT CASE. [
- -1 ORIGINAL PAGE IS ]
. I POOR QUALITY :3

ey ]

P
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AL 4,500 (U SOLIDIFICATION MODEL @ 00105100 THU, JAN B9 108}

Q , FUNCTION TO PLOT PLOT TYPE

3
i 28828838888 $/1 20NE pEeiitteis] { UVERTICAL PROFILES
s 1 VELOCITY 8 HORIZONTAL PROFILES
| & PRESSURE) P-Pd 3 UVECTOR Fikid
" 3 PRESSURE - BULK HYDROSTATIC P 4 \ONTOU
k 4 ERACTION LiauI
o 5 FLOV
) ﬁ ¢ SOLoTEFLov
t i 2588282222 INGOT 288882808
? FINAL LOCAL AVERAGE COMPOSITION

8 VOLURE FRACTION EUTECTIC

ENTER ITEM NUNBER OF FUNCTION TO PLOT, OR
P YO PROCEED.

l

)

|

' ENTER ITEN MUNER OF PLOT TYPE
}

|

FUNCTION RINIRUM = @.774  FUNCTION MAXIMUR » 6.3¢
THERE VILL BE 8 LEVELS SPACED AT INTERUALS 0.500000 ABOUT A DASE LEUEL OF 4.50000
ENTER 7 T0 PROCEED MITH THESE LEVELS, OR

C YO CHANGE LEVELS .

&

S

[

EN}ER DASE LEVEL

EgsTER LEVEL INTERUAL

FUNCTION MINIMUM = 0.774  FUNCTION MAXIMUN = 6.2
, THERE WILL BE 17 LEVELS SPACED AT INTERUALS 0.250000 ABOUT A DASE LEVEL OF 4.50000

ENTER P TO PROCEED UX‘I’H THESE LEVELS, OR
0 CHANGE LEVE

snshiy
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M 4t SOLIDIFICATION MODEL 8

FUNCTION TO PLOT

1382213871 $/L ZONE 888808288
1 VELOCIT¢
: PRESSM £t P-Po
3 PRESSUPE ~ IUuK HYDROSTATIC P
4 fMYXON LI
] S FLOV
) SOWYE FLON
is5813118 __S883B33888R
? FINAL LOCAL Mkm CONPOSITION
8 UOLUME FRACTION EUTECTIC

ENTER lﬁl mggcg OF FUACTION YO PLOT, OR

Evm:a ITEM NURBER OF PLOT TYPE

RININUM FUNCTION UALUE IS 0.774600
MAXIRUM FUNCTION UALUE 1§ §.20838

- et N~

105100 THU, JAN R0 10N

r X711 g

PLOT TYPE

VERTICAL PROFILES
HORIZONTAL PROFILES
VECTOR FIELD
CONTOURS

AUTOMTIC SCALING YIELDS PLOT RANGE! 2,540 TO  6.508 UITH REMOTE EXPONENT

B MAJOR TIC INTERVALS
ENTER P TO PROCEED UITH AUTORATIC SCALING, OR
LOVER BOUND OF PLOT INTERVAL.
SNYER Y UALUE OF PROFILE OR P 70 PROCEED.
gﬂl’gg Y WLUE OF PROFILE OR P YO PROCEED.
[]

EN;ER Y UALUE OF PROFILE OR P TO PROCEED.

FE’NTER Y VALUE OF PROFILE OR P TO PROCEED,

h-7
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M Ase SOLIDIFICATION HODEL 8

FUNCTION TO PLOT

8331881118 $/L 206 B283R3ER2S
1 EL OIW
E 1 PP
3 Pl“illt = BULK HYDROSTATIC P
4 FRACTION LIOUID
§ NASS FL
6§ SOLUYL FLOM
ettt} XNGOT 233X88380%
7 FINAL LOCAL AVERAG om 1TI0M

8 VOLURE FRACTION WT!CY!C
ENTER 1TEN NUMBER OF FUNCTION 10 PLOT, OR
P YO PROCEED.

E'ﬂ’!l ITER RUMDER OF PLOT TYPE

RINIMUM FUNCTION VALUE 1S 0.774000
MAYINUM FUNCTION VALUE 15 §5.20038

AUTOMATIC SCALING YIELDS PLOT RANGES 2.500 10
OVER 8 MAJOR TIC INTERVALS

ENTER P TO PROCEED UITH AUTOBAYIC SCALING, OR
LOUER BOUND OF PLOT INTERVAL.

gN;ER UPPER BOUND OF PLOT INTERUVAL.
ENT_ER REMOTE EXPONENY

EMER NUMBER OF BAJOR TIC INTERVALS,

FINAL SOLID FORMED BETUEEN X «-0,188741E-04 AND X = 2.70000 CA. FROM CHILL.

gNI'ER X VALUE OF PROFILE OR P TO. PROCEED.

gNTER X VALUE OF PROFILE OR P TO PROCEED.
ENTER X UALUE OF PROFILE OR P TO PROCEED,
k-9
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p
00100108 THU, JAN 09 1684

PLOT TYPL

WITICA {IOF!L"
!ZONYk FROZILES

P X4 Lo

6,500 UITH REMOTE EXPONENT

. YT




\—E§4, ol Ol
035 809°692 = ANl
. TIELSy = X 116452 « 3X
e 2 —
TIIRD MONs HO 008°T = X
£31M08 13¢ IR) HOILISOMOI DI TWI0T T4
™s'S ”ni's L ] [} A4 ] "s'r L L L M [ 1924 St
¥ — | & m b 1 — ) h 1 n L m 1 L 'c.
] / ;
| ™~
| - ~ ,
— / l&oﬂ
] M 0:
- - pS§*2 -
500°2-«WN L10°8 K
L1070 ¢ ’
08" <0
5 88°T ~ALINWND < -
L0-340"9 ~Viivd
N3 E°9 =1HOIM QoW ~
NJ 22  sWIQIA Q10
— ~ —18°€
- / —20°S
- / - (W) A
AN
— T T T T 1 S— T se's
| 188% 68 NV ‘DHL 0180108 B 13304 NOIIWAL4IZI0S 9 "0y ™
] 1 5 2
] I =] =3 = J { 2 | oot ] [ Srtapiaie [ Smwtemens+ | [ Womermeceier} L Sreemet-d [ S ] e e} [ et} « f Sons
= ) mae o  ONETL s g . . e N o L e o - L e ]




s

TeY

e g

f sttt
i

(Ll 1 -1 Dol L R 0], [od

T e T -
fetin
P | g

Sy

| el ¥

Sritihanys |

.

¥

£

Uy

f remoniivt o

T™U, JAN B9 108§

45000 SOLIDIFICATION MODEL @

BASS BALINCE TABLES

FINAL LOCAL MEMQE CONPOSITION
FRACTION EUTECT2

VOLURE FRACTION L 10U1D

LOCAL AVERAGE SOL!D COWSXTION
VELOCITY

PRESSURE (P-PO)

PRESS(RE = BULK HYDROSTATIC P

TERPERATURE
LIWID CWOSI?!ON
D DENSITY
PRESS\RE EQUATION COEFFICIENTS

ENTER ITEN NUMBER OF TABLE TO DISPLAY, OR
P TO PROCEED.

R SRR L i e g, T gy




F POOR QUALITY

000000
50064
83336
50000

URIGINAL PAGE IS

SOLUTE Mads
n)
2.10074
05880
000008
457T000C

0.000000
-9.160984

. ¥
| EL o f B oE z
| B g e N W n W

| 43

R TT (ETR. TL r By, S

SOLIDIFICATION MOBEL 8
MASS BALANCE AT TI
i At e R

LIGUIDUS 1SOTHERN

LIGUINUS 1SOTHERR
EUTECTIC 1SOTHERN

FINAL SOLID
FLOY THROUGH
ToNE
o
20ME
IN_THROUOH
OUT THROUGH

4,.5000 14V
= CUMILATIVE FLOU THROUGH LIGUIDUS

CURRENT BULK MELT CONTENTS

INITIAL ROLD CONTENTS
INITIAL MOLD CONTENTS

CURRENT MOLD CONTENTS
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k.2 BATCH CASE

This example shows the same Al-4.5%Cu case as example 4.1, except It is for
zero gravity and it is run In batch mode., Note that output is at checkpoints
only and only of current function values. This, to get a table of final
composition across the ingot the user must set up a checkpoint card at each

value of x. where data is required. The deck used to run this case s shown

below, InEthis there are three checkpoints. At the first final composition

and volume fraction solid across the S/L zone when Xg = 0 (chil) face) are
selected by putting one's in columns 17 and 19. At the second only final
composition is printed, and at the third final composition and fraction eutectic

are printed.

BATCH
lﬂTCH EXAMPLE

4.5

2.7 MOLD HALF WIDTH (CN)

2'35 gOLD HEIGHT (CM)

017 BL

NIy BE

-2. E

0, GRRU!TV (G)

6.E-7 GANMA (CHE3E)

20 NUMBER OF HORIZONTAL HESH POINTS
3 NUNBER OF VERTICAL NESH P

a0l MAXINUM NUMBER OF PRESSURE ITERGTIONS
1.E-4 PRESSURE CONUERGENCE BOUND

.5 FRACTION OF CFL STEP

.é atX!HUH STEP IN XE

4 NININUN NI

E . {11

E ) 1

E | 11

END

h-13
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{MATERIALS PROCESSING IN SPACE
MACROSEGREGATION IN A CASTING INGOT

MODEL @2
3 UNIDIRECTIONAL SOLIDIFICATION OF A BINARY ALLOY

T UNSTEADY SOLUTION
* PLANAR I1SOTHEPAS, RECTANGULAR MUSHY 20NE
X 1SOTHERM NROVEMENY INPUT
¥ TEMPERATURE GRADIENT ASSUNED
x NO CONVECTION IN BULK LIQUY"

X 1SOTROPIC PERMERBILITY Ke GAMMARGLESR

AL 4.5000 Cu SOLIDIFICATION NMODEL @B 09155130 THU, JAN B9 1984

1BRTCH EXANPLE

ALLOY DATA BASE - DATA BASE REVISED 4/30/80

SOURCE OF INFORMATION FOR AL ~-CU 0.000E-01 TO 3,300E o4 UT, PCT. CU
PHASE DIAGRAN - N.C. FLEMINGS AND G. NEREQ, MET TRANS, UOL 239, 1967, P 1449,
DENSITIES - R, MEHXABIAN, M. KEANE AND M.C. FLEMINGS, TRANS TMS-AIME,

VoL {, 1979, ¥ 1209,

VISCOSITY - R. HENRABIAN, M. KEANE AND M.C. FLEMINGS, TRANS TMS-AIME,

VoL 1, 1970, P 1209,

PHASE DIAGRAM
TEMPERATURE-COMPOSITION SLOPE *2 BoﬂE 01 PCT SOLUTE 7 DEG C
EQUILIBRIUR PARTITION RATIU 728
EUTECTIC COMPOSITION 3 309E 01 PCT SOLUTE
EUTECTIC TEMPERATURE 5.480E 62 DEG C

DENSITIES
COMPOSITION-DENSITY SLOPE 2.670E-02 (GM/CH333) ~ PCT SOLUTE
SOLID DENSITY 2.620E 00 GM/CMIx3
LIQUID EUTECTIC DENSITY 3.220F 00 GM/CMxx3

3.400E 00 GM/CMI%3

SOLID EUTECTIC DENSITY

VISCOSITY 3.000E-02 GM/(CM25EC)
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SECTION 5
I REFERENCES

" 1. A. L. Maples and D. R. Poirier: "MPS Solidification Model", Volumes
I, 1) and |11, General Electric Report No. 80HV007, July, 1980,
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