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3.1 	?eating design IMIUdss arts experience wad 
+s irica1 rules. Many tis s s tug involves oostiy sat ter 
coxsuith exp.riasztstion. Design of cutingc use the 
4igital computer, based on nuserical sineation of ooUdi-
ficaticn, VOuld slisinats s rri*intation aid i*prove yield, 
roll 	accuracy of the casting process. The 
prediction of teaperstu o distribution during soWiticat-
ion is the a ►rtIN stag* for casting design by ecputsr. 

Most of the literature on coputsr simulation of 
beat transfer **tels dsa13 with solS4iSicstion of ratings 
in concerned with two disc ion potlarns tsosuss of the 
coaplezity which tearer diaaneioza1. Met tr f r costar 
sinulation would Satroduce. But in *ct . practice s ii 

at of the esaos l the shape of the casting is such that 
the beat transfer Is three dIsensiOnal aid in such cases 
the results obtained an two dieensJor*1 sodsi say not be 
valid. Za any case a sspaxats ce utrr progras is moose 
cry for three diswl.oa*."i float transfer sizulatios. 

In this light, a thrss thesrisif 	beat transfer andd 
is formulated aid a conputor pr 	e« using a digital 
$aputer 	system to solve heat transfer equations is 
proposed. 
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~Z% !7JZOC3 	Cf' 	Q 

17QD r20aa 

C0D 	 =a CCZic DcoD 
Or 	c? Cltotnm 

COD tbavmo 

011-10 	 c c3 r 	0 Woo oc 	2ccc ty 
L 

ç 	 p c.i I 	p 
cC 	C3C CO o Ci& Zj 

a3D 

1,10 0 °flc 	 (Z? cc 2c' 
30U0 	 Z?I (1V3) 

t Co 	Dc3 t2 	teC 	2 

&X2 Co 	(X1tZtc 
cC Cc31 	c& £ca !'zccn c 

c? tcc 	ci 
tJ 

JZ2L3 ?cDo 

Cl, P  



APPanDIX E 

C 	 *00 C :-:PUTen Pt 0GfA1 

C 	 C01DUCir ! i V I TY t-.E AL. 

t aVTa a/gar-,P~►trr:1 
100 COiT1(UC 

UGAD IQ I . T(L9P 
101 FbS AT!FZ0.0) 

tPtT r P)994*201.241 
201 IFtTCiP 180,l2U2v202p203 
22 C. C."'Ia0o03~4 Q0TE P0I34.3 

(0T090I 
20D IPA Tti P i 610. I2Q4,Z04,ZC0 
204 Cr,,9mQ*0110j*l1G0.PTCt PI.140. 

GOTOD0I 
2o5 IPIVC P"1197.)Z06.206.201 
204 c:' O,022 	IG1po-' C P 	3 e 

COT0%0I 
? INTGi4P»1242,,ba00s200#209 

20o  
G-010501 

Poo Ct o0, 0O 17 * ( TEr4P 1242. )452.9 
COTO5 01 

DOI PUNCH102 DTC1PaC~44 
402 FORMAT A 2l 20 o 01 

GOT0100 
90 r STOP 

Eno 
C 	 000 CCPUTU4 PROGRAM 

C 	5PCC1! 1CitE T t41TAi. 
c c cptIriTti4P1CP 

lCD CON' INUE 
101 POR14AT ( F20*0 ) 

tlCAD10 3, Ttt4P 
1F i TEc4P 1999.20I 201 

23i IP(TE 4P ►940.)a02,202aZOD 
202 CP o0.00406070TEt:P+0s2IDO00 

GOT0D01 
209 IFtTC 4P—UU40.)206,204, 0 3 
204 	 +0.270030 

GOT0901 
2L9 1PIT PI9i.l2pasZQL 20'V 
20a CPS=A*4002020°(TEtP"1I40.)+0oa'91"50 

COTODO x 
207 1 F(TGMP-M1210#44)2t10e200#209 
a00 CP;IcUO DDbo (Tcrp. 14'7,)+0.30B072 

COMO& 
20V IF(1CMP11242.)2109210►a11 
210 CP.'+c4. D a40 (1242 $ —TCr ? ) +0. J I 1 

(kOT0501 
211 CP4a0.D13 

COTOD01 
Lea PU.^4Q4jGZ%TQrPeCX1 

102 VO 4AY ( 2Fa0.0) 
GT010U 

Q &TOP 
Ct'0 

e0~ 

• 4 d 



C 	 000 Cl PUTf1I PR0Gfl4P i•• 

C 	SPCC R F i CMZ.AT iAt40 
C C CPBTCt9/ fCC:P/CGS//, 1AXs #C 

01mans1U~1TtUC 1 sCi3Q1 
nCAD101.J xAZ 

1Q1, F0^.SAT4 IDI 
RCAD10Z (TtJi,JclvJ4A)J 

102 FCY13AT ( C F I O, 4 ) 
t2CAD2QDv (CiJ} ®Jal.J»1AM) 

1017 F0 :AT ( OFl0o4) 
100 C0 4T U UC 

4UCA9 104, TG .P 
104 roeeAT(Faosop 

Fds ctiPT(1 )009#6010001 
GO 1 •PLC L 
con; J:2cJL 1 

1V(TC P-s(JTl)6Qai G2#003 
GAL :~~.UPL:OIC(Jaf-►C(JLII/#TIJRI-TIJLI) 

CP cC (JL)+: LC2C0 (TCi P-9 t Jt. I ) 
G0TQcU1 

O02 4cJL.~ 1 

Q02 PUNCM2Oa,Tc p,Cps 
202 F4AT ( 2F20,Q ) 

WT0Wt 
00S 3ToP 

0 
0. 	Jt34o 	900* 	700 	900 	llODo 
Clio 	.222 	.240 	250 	.266 	472 

C 	 000 CO. PUTER PRQCRAt1 000 

C 	C0 1UCTI41ITit 0AnD 
C C C05TGC /'TCrP/Ctt6tlX1A col*C 

'91C~ tl&ic; tta,c ao1 
ILEAD 101,JAA7~ 

102 FC:I.1AT t A l 
i;GAD102 v 17 t J19JaI vJ.IAZi 

1G2 F02. IAT t 9F10,4) 
CAD149® (CI J)*Jo1,J.iAA1 

10 FOCOAT t 7F10,4) 
100 CQ T1NUt 

RaAD104 DTCrP 
104 FC.IIATtFZO,Q) 

IFtTCKP-t( 1.) 1990#6019001 
601 J1 
002 J2 J.+1 

IPI1Z7sLJ ))oae602.000 
602 4L~ZPCOtClJ~l1-CtJL)li ~' (JA)-TtJ .►I 

Ct'15QC( J~.). LC7 (TEt;P—TtJL) 
GOT©CJ 1 

GU tb.cJL 4 
CIE NU s1CH2202VTCG;P,Q:5 
002 FC ~lIAT (2F20,0 ) 

COTO100 
ODD rTOP 

1500, 

10000 
0004 

0.  t}?o  7000  1000,  1D000  16000 
CORD 

 
0.40 	0.42 	0.65 	0..2 	0460 



APP EnD 1 A a 

C 	 **0 CQ;P'tEn PROGsRAP 000 

C 	INITIAL U4TEnFACE TCt PGRATURE 
C C 11C TO 

DINCt $ 303'CPS(2d) .CCPBf 20 ) 
I AD1,1*fOH rR0H$,CMFsTSTAsWIt4 

11 FOR4AT(OFI4,4) 
READU r TCt;:7,r Tt 4S A4RC 
READ18,JCPS 
READUs(TCP i(4),J'1sJCPS) 
READ U, t CCP$(J) sJvi.JCPSI 

12 FEZIAt4 c15) 
CP ±.aFCP~.1T t TC 4) 
CAL CP$T(TCt4SsJCPS,,TCPS,CCPS,CP$$1 
AcnQiC30CPt waTCa4, 4,RDriSQCPS"SOTCt15 
TQC..D T$TL2 

41 CP►11 OFCP 3T (TOL ) 
CALL CP +T( TOLD,jCP~a,TCP5►CCPSsCPSI ) 
Tc~CsOA/( RO1 *oCPtix+RQH *CPSI ) 

pC14CH11 s h4C,TC,D 

21 IF(A0 F# TtE1f-T0LR)-A nC)51a%1v2eZ 
22 toiDU4EtS 

GOT041 
23 11MROH 1*DHP 

TOLDctF 1 t`1 
42 c241cPC '41tTCLO 

CA4L CPST( TOLD*.jCPSsTCPS,CCP&i9CP$I ) 
TNCtSa(4+D)I#RC OCPt x RQH$0CP$II 
PUt4CHZI#1't EI1#T£ti,D 
IFtTNCW-TFIHt24#2G#26 

24 IPIAosc (TNEU-TOLDI-AQRC)Dl t5ls2D 
2D TOLDaTt i 

0T062 
t4 Ca4TSIR°O)/ TSTR-TRIM) 

i O/LTETR-WFU s) 
T5TR+TFIt3)f2o 

49 CP0lcFCP41(T0 ,A) 
C4U. CP$T 4 TOLD#jCP6s TCP$$,CCPS,CP$Z I 
Tnatia(A4C)/ IRQ!^ 9CP+ I+tR~'iH" 'CP St' E f 
IPtADSFI TPEW-'TOLD)-►AOAC}01 #Dl #2T 

27 PU:ICM11 s TtCtt,7O D 
V"DcT l(t 
I,WYC4D 

Dl P(laClil 1s c. u 
VV 6TOP 



APPEODIA a 

C 	 0*o C 3PUT(R PRO At o* 

C 	1t50 DItiCfl$10t~At. SOLIDIFICATION R 0 PE$U(E APPROAC$ 
«GCG4t,4 JOO 	.RUZI6J tt.2 5Or00 
//itiTR,At CXEC FORTRANI8CDa4APi 
C C 1 IIAT T RAnSFER TOO DI Ut 5I AL 6p . i 0I F'Z CAT I04 

D1t4 tt5I0N TG42Lt21) *TN(Z1.21),TCPS(20i.G(P$t20).TCU st24i.CC~4I tZ0l 
CO Ot$ R0K1,R0H$.D1F.TSTR.TFIc4,AQRC 
CO 01'J JCPS,TCP$.CCPS 

1001 F 3AT (OF10,41 
1402 roRitTu6x0 I 
0001 (OR 1AT(Ott TIME 16010.01 

QCADl O1:&0#4MaflOK$,DMFaTSTR.TF1Na'Tt T'R 
iICA01401 s D T,DX,TEr,I w TGq$,AQnC, TtAZ 
flL AD1Q02rttlA4aJSAN,JCPS,JCN5 
READl00l e t TCPSi ~~).N'$ sJCP5) 
tU A01Q01a(CCP&(l i MNal►JCP5) 
RCA0100l, ( TC dS1M) ata1.JCt4S ) 
RaADl00l*(CCt4s(Cri af#°1.JC ) 
T It1EaO r 
TOEGr'TC'in 
DJ'toDXI U. 
003001Ie*a!SA~` 
DO30O14 1, Ict4x 

304,j, TG( I9j).Q TC.t4$ 
003002101 SAR.ItAX 
0t?3 Qi1 Z Jc 1 o 114Aa 

3i3 TG(1,J)Tt4 
CALL TI 1TITE ,T SrTOGO) 
D0300 Jr I$AN r ItA1 

'AL 1 1t~i { I 	I C7 oT1~ 1 t 
I'G(I5iAtd.1 ANjvT aii 
EEO"SORORS, D 
Gi3t 'i(U01.TiMg 

121) .TG( 6.211 ,TO(2,2t1 
PItT10 ,TG(21:a21),TG(19alfl)a '6i1Ye17),TGI1 , ).TGl1a1+ fa''C(10, 
0)tTG1%.0)a 'Ci(2f2) 

n~#t~~~O~~aTGt~"~elY~r~Gt~S3e~~iaT'~3i14r~t`~ta~'Gt~Dat~'~ e~~lba2~"laT+~!~2e~Y 

Tn cDT / ( DA*D Z 
4O11 TV-̂ -C®TIWCIsDT 

034001LD1ajw+AA 
0046 J a l , E WA1t 
Tijo 'GR Y rJ) 
IGt 11IS~Q $2OQ2a20Z1 

\2O1 IF(I"IbAnj2Ca2a202Asa024 
2&t stvt.p-IIlDVVV,aeuDazoz 
2O2  JIL1A)2CO1p2O01V 
Nab wij.i i cA p o aQ 

aCa 5 dP4,i—EWAlt1 	fl. O baS►fl94 
2084 IPt l-INAXl20a7az000oV9V' 
2027 I 'tJ 1,cc }''a2QD'azQ2a 
2020 IF(J-iWA i~2000*2000afl~►9fl 



20 1 CM". CP&T(TIJ,JGPS,TCPS►CCPS►CPSGI 
CALL Ct~:►T(TIJ.JCtj6*TCts~r►CCt3sCP iG) 
UO(4Tc 	G T ti)/1LlO;45*CPO) 
Gt~'I~t~TG€ t rJ~7cI~►I'Gt ~ ►J-1 ~~'~G~t I~1►J~LTG3 I~1.J1•~i,~~T,tJ 
00 TO 4U01 

aooa Uoni*0 
GaTD006 
co TO 4001 

2009 CALL CPST(TIJ►JCPS.I(PS,CCPB►CPSG) 
CALL C4SY(I1,,JCaS.TCt'#CCt' SOCNSG) 
UQfTo(Cr~S G*TZA) i(fl0KS°CP5G 

6RTDOZa*TG(I ,Jcj)fsa.oYGI,100l►. )'*40+ `tJ 
Go TO 4003, 

Z04 CALL CP rTtT1J,JCPSsT(PS,CCP .CPSGI 
CA" Ct45117IJ,JCt45oTCt SDCCFJS,Ct3SGt 
U ►:2To I CG* 13U t1 / I ROH *CP$G1 
OQTD Z.°TG(t sJ 1).TGi 1+1.J)+TGI l-l*J)"4,#T J 

. G0 TO 4001 
2009 (P4G FCP s#TIJI 

Ct;.= 3aFCWI'3Tt T'IJI 
VOttTb ICt G°T ilt I /tRO6 OCP1GI 
DRTDcTGI I ►Js1)+TGI I.J'4)+TG(I+1,J)+TGI 101 RJ)+4o4T IJ 
GO TO 4001 

4OOc CP,4GcPCP:ASt TIJI 
C GofC1T(TIJI 
UI3RTaICta4G#TXX)/IROI1 *CPC GI 
ORTD 6 *TG(I.1►J).4c0TIC! 
0O TO 4001 

ZOO? CP4Go 'CP4SITIJ) 
Ct3HTtQPGa TITiJI 
UGRTaICfi GDTxZI/tROH: DCPI4G) 
OnTDa290TGI IpJ4} l*2o*TGt 1-1#.~)04e*T1 P 
60 TO 4001 

+MG"MC CP: SoFCPt4 I TIJI 
Ct'AGv CNATt T x.l.i 
) fToICN,WG*T)U) ftr,0.4 4#CP IGI 
L RT0c'2,*tG( I►J-3)cTG(1l1sJ)+TCI 13o0J) '400'T1  
CU TO 4001 

ZQ44 CP GoFCP 4$ t T tJ I 
+J,"4GcFCtr iT(T'$J) 
CALL CPLT ITlJsjCPS+~;CPS►COPS►CPSG) 
(AU. C4S7 IT1J►JCta&.TCr &►CCras►CNSGI 
UCRTo TL(J (ROM: °CPSG*AOH OCP'.*G I 
G~3T? ~e CtdSG~TCs~ I ,J) .'Ct. *TGI l ►1,J)+tCtj +(r c 03oTC1 I►J u 

11C4BGf;-Ci'~t%)0T(I 19J+41)-4*0 tCtiv'c`4CC i OI T'Y4 
G0 TO 4901 

20x0 CP:CI tTtJ) 
CCt:3T(TIJ) 
CALL (PSI (TIJ. jCPS►TCPS►CCPS,CP ) 
CALL C 46T tTIJvjC,t4S.TCN6oC(;NSsCN6GI 
UtTc(4,°T3 )f( , 4MS*CPSG4t1 	 OCP G) 
UFiTgo~.c?CC~~G~~Gt I•aoJia*t ~C~a:aG~Ct`~'~G)#Y~at I ►J~1y~~Ct:.~Ga~o~Cc~5G~~1'~,~ 
GO TO 4001 

2011 La4adFCG:tbt TI,!! 
Cr; Gar CL1T(TIJI 
(Au. CV67 ITIJ*JCPS.TCPSsCCPS,CPSCI 
CALL CCI&T (TIJ*JCP6PTCt4S►CC SsCWUGJ 
U3nTct2*oTAA)tIAOM60CPSG*Rt iV,OCPAG 
Get aCr~aG*TGII-1oJ1$Ct t4GOTG4 t 1 +J1*(CRSC#Cry ,GIDTG(IvJ-1J-2e0fCtaSCrs 

1Ct .G)QTIJ 



4031 T U I,JlcUDt2TOUATD4TZJ 
ITT(Ti SU-TDCG)OOO ,6001.c002 

6002 CcrT IIUf 
P2It TOQal.TOCG 

4Goi T3GGcT8,l.G,TET1 
P21tTiOU1,TGI21p3 ),TG(Z9,Z1)sT1 7ria#,t4(1eZ3).T (14.31).1t1 10. 

1221),TGI6.21),TG ,31! 
PRINT'IOOIeTGtZ1e21l sTG(19.1 oTGI1ia1T ).tGt1 ,1 i sTG(14.1 ).TGI10. 

1101.TG(6.6).TG4$.2) 
P ItT1001, TG(1 ,1TIs 'Gt1 sZTle'Tt U4,17)pTGt1O,1T)e16I~ s)9tet`G(2.1T 

6O0 Ci 1TUUUL 
00DUO4Ic1,ICiAZ 
D48 004 J d e I tlAA 

OU04 ':G(1,J)°TC1I I.J1 

9Vç STOP 
GM~D 

SUMOUTICIC TIt1TITCVaA^,,TCf4$vU4Etjl 
0lNai~S10 TCP6(22p).CCP$(20) 
CC C3 i2Q~:r et~O~1got2 CarTSTi rTFT1 eACt3+ 
Ct.~.'3 , CPSaTCPSaCCPS 
CP:° $'CPS TLv 
CALL CPvTITaojCP&,TCPS.CCPS«CPSSI 
A~[~i t MCP► ; 

 
TC+R0H$*CP$0 T8 

T0~.D sTSTf 
41 CP IfoPCPyTITCi,.DI 

CI U, CP6T( TCLDeJCPSerCP$,cCP5,,CP51) 
TODUcA/ I GC oCPi I+fQHSoCPSI 
WG[Yt DVQT6Tifl2Z,21e21 

21 WAGS I T"Etl-T0LDI-A0QCi03o51,U. 
ZRQ.t~~THt3 

C'01061  
$D Cc".10K.IODt2 

43 	IcPCP T4 TGI.D# 
CALL CP3T( TGLDe jCPS.TCPS,CCPSsCPai ) 
TC 	 IA*~ )/tt:~£ CP+ I iQlS CAS!! 
WIT Ct'TPIc $4,28,24 

34 :WIA L tTMCt+T0iD)•AG2C)01o51e2 
2t T0400T UZt 

007042 
26 CotT T D)/I1STR~►TFltUi 

c'J/(V57C•TPIt`)I 
T0. (TSTn+TFIG!}/2• 

6D GP►-IIc~TCP.'3TITCL0) 
CALL CP31tTCLO,JCPSDTCPti.CCPS.(PGi) 
TC L{ Q I AC)  
IP(ADS(Tt wti-TQLD)"ACfC1>1,,51.2? 

37 ToLoct av 
COTA4D 

D1 CC'3TINUG 
r; 7un.n 
LD 

Pu:3CTIo.4 'CPG T(Ttt~P) 
i*T"c l9c 9e2411zQ1 

202 CP oQo~3~GU6O7 	P ► , 1 000 



C-00DO1 
Z8 1FIT8I3j0.14rt?(o20 
204 CPcS} a000t97( T 	-3J4O, ) O.274if."rC 

COT 00 I 

2Q4 tp: a0~G0080 4 f 	P114t1 i.9.297 0 
COTOIO A 

all CP 4c 0, 9, 3 
Doi FCP 1TaCi':4 
9Dfl fCTURJ3 

t 

EueROUTItuz CPST, TEtP,J kAXOT,CoCPS# 
D1t4Ef SIONYt2OrIC!t2Ot 
IF(Tat P—T4 UI )999,601.001 

601 J1.°8 
002 JV+J +1 

1 'iTEt4P—TtJ[3i#6Q2s602.603 
60,E i1.C~'C#ICI,J3I-Ct„II.II/t `tJigi"TZ.I1~,,II 

CP5eC( JL)s$LCPC,11' Ct;. -TIJL1 
GOTO999 

60 JL'J +1 
1P(J .—JUM0a2i 999,90P 

999 fCTUR 
CND 

&Uaf0UTWE Ch3TJTE P*X4AX*T►C*CAS) 
DItEUS1OJ T 20)vcf2OI 
Ft 	P*TI I) f 94grGi 	~tll. 

001 «t 01 
Goa J2cJL+Z. 

60 aL+~P1:~i CIJR1*Ct, LI1/t t't~tFl1 	1 J'I.II 
Ct`4 aCtJL!+&LOi CoIT t P'T(J1~II 
19 TO 1099 

('GZ •II.cJL+1 
IPtJ ,~►, t AU442a99V*999 

9£'9 C T U3UC 
(2QIU1ll3 
C1D 

EUi1CT I O PCPt-:$ IAC ? 
WI TCt PI 999.221 &T20I 

Z)a IctTP4O.)2O2,2O2.2O~3 
232 CpiQOQ0OOcQ1oTE42,0,213Q0Q 

crooI 
203 Ic'4TC~ 1140. 3d4*x04.20 
204 CGS.G00GkJ3EU7 ( TCtP94Oo )O.27O0D0 

2O WLT:2)2oc,,206.2QY 
CP:1csU, G 32U2Ccs 1'EF:' 11400 1 GOw$9130 

20P IPIYG:aa'D.44120.200e$09 
200 CP ueDD 0tTCt4P.4197a1+0650 072 

C3T0301 
zoo I!T4yc~P—Ea4a. 2IAeaIO 2n 
ZEO CP..OQ,334 (AZ4I.*T'C ')00..f13 

(OTO3U1 
211 CF; cO. 1D 
Dot PCK13QCF"3 
949 Ct 1INUCI 



100. 1700 1242. 4497. .0009 .5 1350. 77. 1,► .25 
300.  500.. 700.s 900. 1400. .222 .240 .255 , .266 ..272 300.  7000 1000. 1300. 1400 0 
0040 0.42 0045 0.52 0,61 

4500. 	26 i~ 
.276 

1o0. 
0.84 

RETURN 
END 

FUNCTION FCNMT(TEMP) 
IFI TEMP) 999.201,201 

202 IF(TEW 18x.1202 *202#209 
262 CNNf*0.0)05$*TEMp.134, 5 
203 IFI TE IP "$40. )204,204,ZO5 
204 CNM.0,02161*(1$Q."4EMP)+440, 

6070501 
205 1Ft TEMPfl97.) 204 ,204, Z07 
206 CNM.o.c'zef+~(b106-ramP1*19s. 

GO10so 1 
207 iFt TEMP 4242.12049204#209 
204 CN)4 1.5 3* ( 1197...TEMP) +121.7 

6070501 
209 CNN•0.00774*ITE$P 1242* 1#5299 

GOT0501 
$01 FCNMTOCKM 
999 CONTINUE 

CETURJI 
AND 

/1 exec A.N1 EDT4 P) 
!' 
I, EXEC 
1690 *0001 
21  14 
0• 

* I?O 
0. 
0.99 



APPEW1 ti 4 

C 
	 0 CO.1PUTER P(OGRAM e* 

C 	TLO DIMENS1011A1. SO1P1DZ4 ZCATIOU tt0DD 1tD APPROACH 
//hCSAO6 JOB ,RU270JIt,150500O0 
//RA S4 CXEC FORTRANtCCD.t4AP3 
C C HAT TRAn$FCf TtjQ O1t4CH$IC~At.. 6 .EDI5TCATIC 

DIt4E~1 ION TGi2lo2litTN(alo221)DTCPS(2o)sCCPSt2olaTCNStZOI#c+ st$Oi 
1001 P '1ATI0 10,4) 
1002 FQRt4AT i 61 ) 
0001 FORMATION T I iC I s.P zO.D 

R ADIOQ1, OP4Mst:OH$.DHP T$TR.TF1thTaTti 
READ 1001.DT*DX, TEM AvTC 43,AGaC r Tt4AX 
RCAi)1002s1PA*sl$At3oJCPS,JCt4 $ 
ACAD1001 st TCPS4pi trial..JCP $ ) 
(CA91001,4CCPStN),Na1,CPS) 
t3tA~WD01 tTCNS4ti).ttolsJC. Sl 
a AD1001t4C PdSir4I a#WeI'JCttG 1 
TIiICo0. 
(ur 6¢T IT TR 
DXCD:C/ 1,2,E 
t D001101*1$AN 
D03U01,JcI,It1AA 

201 To(IoJ)aTEMS 
QL1 0 Zio#5At .0 Alt 

D002 TOt I t J I o "FED 
Pt2UNT0D0L TIss1. 
P`tIHT100191 '421 11 ' itl9 241 GtI val19TO~f10 aI1~i'Ot24# 11vT 410 

1211 oTcu 6*21 i,TG(2,21 i 
A~itidTl#10~,aTGi~l~~li+~~'~i#~4ok4ia~`Ot1T~1~ioTCat3~o~~i~'~Gtl#el,4i*T'+~t~ii~, 

11Q1 iT0(6v6i vTOt2oZ ) 
a~1t~Tlq#i~~'~Oil~ol7joTG{ loot.~'#~~`C~i~~s~~iraT0E~0~&~i e~"Ot4~~~'isT'!Dt~t~'~ 

if 
T U oUI titDX*DXi 

0040011 o1.It~AZ 
004Q01 JD 1 o fllAA 
T1JoTG( EsJ) 
1F4 j1)i9,2GG2,20a1 

eta 31 Its t t-t 40412022 020 o 2024 
~2O2 1P(J1 ) 9 9S~Qdtl#?c~ ti De?8 
2u 1VQ—ItiAAi20t 1.X04,0999 
a32 !V4J) oVQ,2010,24 4 

wt gz000,ocov 
aJ23 IFtJ—IC~ATti C;~i7e 91~E+94J#? 

207 E~tJ—EitJ~ 9f~LtOp~ 0 n 

2W1 CALL CP6T(TEJ•JCP3.TCP,5%CCPS,CP: Gl 
CALL CTt TIJeJCt`l5QTCmvoCC :c *CCa8Gi 
U3fZY ( CC 01U) /t 	0C'5G1 
(~~#I'C#oT~'ii IsJ~•l~f~~`0# I aJ+JIl4YGtEo~eJ1GTGlt*'I4t,lI•*4~~'Ta+f 
CO TO 4t 4 



84x2 u3t1TcO. 

lr8 TO 4001 
2G3D CALL CPST(T1JsJCPs..TCPSeCCPr,CPS ) 

CAU. Ct45TtTIJ9JCF35,TC15,CCt4S,,Ct35Gi 
tl~~l~~lC~f3rs~T~i/~[~aM,"~s~CPb41 	 . 
( TDc 2, T6(1,J.1)+2,OT (1*~ sJ ).4.*TjJ 
C to 4001 

aa.*4i, CALL CPST(TIJ,JCP&,TOPS:CCP5,CPSG) 
CAS.. CnSTIT1J+JCt~1a*TCt ,CCIS,CRN$Gl 
UORTD 4 Cn$GOT Vt I jf QOH$*CPSG) 
Ci~~I~Q~'e►~'~~5t X a,1~j,11e~1'GI I~'1~J1~'iCs~ I''1m.1I~'4o~1'1J 
60 TO 4001 

2400 CP Gcs€~CPt S(TIJ) 
+Ct:~w 	 CT # T 1J I 
tf~}ttTatCt' G'T Uf1!1R H CP3GI 
C1 'Ci TGC 1 sJ,3I+TGI IbJs2)+TG+b.J)+TGt I :J1 4.oTIJ 
CO To 4001 

,Q40 CPt1GCFCPN$(TIJ) 
cGcPCfaat4 T 1J ) 
U&TcICf fGDTXiI}'IROM1OCP1GI 
W1T 4.° `G(t".., )-4,°1tJ 
CO TO 4001 

2007 CP:•G~+FCP45( TIJ) 
as 6 F+ 	 CIIJl 
U3UTc ICIMOOT (XI/IROP 4 (PNG) 
CQTDc2,t `G11sJ+, I.Z.*T0(11.J)-4.*TIJ 
Go TO 4002. 

2000 CP : m CPhI$tT'IJI 
Ct 4G+ fCfh1TtT3JI 
U; RTot+CI4400TX3 itIRQi44*CPI4G) 

t,J )+1`G( i+1,J+TG( 	pJ)4.*flJ 
CO to 4001 

2000 MCP; doFC P4S.( T I J ) 
Ct Gat Cty T4?IJI 
CALL CP6T ITIJ,JCP5PTCP$+CCP$.CP5GI 
CALL CP3ST ITtJ*,ICMS*TCt Sv+ CM6.CMSGI 
UQaToT2 AttROt45oCPSC4fOM~OCPAG) 
CRTDt2.*Cf$G*TG( I-1wJ)+2.*Cr:nG*To1I+1,J)+4CNSG+C14r.G10TG11,J-1)+ 

1 i C45G+C t 1G I ° TG (I , J~ ) 4, o 4 i~$G~*CfL: G T I J 
( TO 4001 

2010 CP:#GoFCPt4&(TiJ) 
CcGcFCt T!TIJ) 
CALL CPST (TLJ.JCP5,TCP59CCP0,CP6Gt 
CALL CT (TIJ*jCf4S,TC1 S,CCMS#Ct4&G? 
V3RYo i 4. G1` )1 ! l t . ~t~M~~CP G~►.' ~?li CP G I 
UflTOn2o*COTG(1" ~JI tCt3wG~CtL~:Gt ?GtIeJ+ :—iCr:: G }• Gt}S,Ai1 T1J 
GO TO 4O1 

211 CPc 3aFCPn3I'1IJ) ctc:.GQcct.:4TITIJ) 
CALL CP&&1 tTi 1Jo jCP3.TCP,CCP sCPGG) 
CALL Cra&T I1IJ. jCf)Se TC4Sc CCf:SsC~.~SG) 
U3 2To 42 o +Ti t! t H5O(P50*CiO 4 O(PiG I 
1 1U3CtsaGOYGC E—aoJ► f: ,a 'C►110 ►JIoICf :~G~Cr~:~ti~ Y+GtI aJ~1I-a.~1Cra C 

1Ctiw GI*TIJ 
44101 T8 1eJlptJ)'fT*3fTD+TIJ 

IF,TIt4E TU G)4QOD#6QQI.D6002 
b~si~2 CC:11 r uri 



PRI TOOQ1~TCEG 
CO T0CGmTDtO+T1T6 

P1r T1QOZeTGt2I,ZlisTG(iVs2 i.TGI17,Z1),TG(3J.ZU►TG1l►21?,TGUO, 
21),TG(O►2i ) sT12,2. i 
P~3It~T~U4taTC~t21►dli►~'G~lf~~~4}i►TGtl~~d~TisTGll~f~l~i ►~'+4st?►4►~~ti~►TG~Ip► 
.&Q) ,TGC6.!i3.TG(2,2) 
~'i~EC~T~t3fl~sTGlITT►1.7isI'Gt15e13IvTGt~4~~Yi►T+~~k~li►~71 a~tGtt~s~?'i►TGt~si►7~ 

6)O c6 IT I $J 
DODOC4I*1s 4AX 
DO3Oa4dcI►Ii4AX 

3OO4 TG(I,J)OTfN(I,J! 
I P CT I ~E-TMAX I Di GI,,9c 99 oc 99 

At c' SLOP 

$u&ROUTIF4E cPSTtTg P.J MMaT,c,C? i 
DI ENSIO4T(2a)►CC2Q) 
IFITet P'TUUii999►G41►4OI 

GC 1 Alm & 
002 JR*JL+1 

IPCTC4P TtJR})6oZ,b42►G0 1 
002 SLOPC0#C(JRJ.C(JLii/(TtJU 14(JL)) 

CP5rCtJL1$5.CPtj(TL' -TtJL)) 
GOT0999 

407 
IFI Jl.—Ji3A)) OO2s999►9' 9 

VV V rC TUn{'I 

$UGROUT1tE CtiST(T P►,AIX*T►C*Ct4 i 
D14E"LGt4 Ti20i►Ct201  

11 i' 9q s~4Q1 s#SOI, 
601 J .Dt 
003 JaoJ&,+1 

1P(TEMP+ TtJRt1bo2e6QZrcti3 
OG2 OLO o(C(JRI—C(JL.))/CTtJR)4T(JL)) 

CtOCt 
GO TO 999 

GQ } JL.°alt+ I 
IG{JL-J:4pl it i2#4lD'Ds9gfl . 

ECGTUi I'4 
LCD 

I WWCTIC:3 FCPz:&iTCt Pi 

a48 1GtTC:: V4?o )2J2►2 2920D 
2Q CP3.QQCôO7oT-2+O.Z11OOO 

GOTO O1 
2O It iTUCIP- .140,~i2049aQ4aROD 

4 CJC 	OOO O7LOt?CG,P-94Od)+O 2700 0 
QOT®ilV 

4D H7ITct 2.1197,i8GG►~QGs 9T 
204 co QOO2O u C Y P—1 Ia► i 60$28 L0 

EOTOBQ 1 
207 IF(TCrwP-►UUZ9.44) 2OQ►20OsZO9 
200 CPO( TGrPi4197ai+G,30DO72 

GOTaDa 1 

C ,1'11'1 if 	7 Il-,ivr,rr7v A, n..- 



209 tFITEtIP-1242.)210.210,2U 
210 CPi4~►0.9$4*f 1242~,*~TEV.Pi'~O.tl i9 

G0T0DO 
911 CP0c0.3Y3 
:►0i F(P &aCP0 
9c9 C.T i W$G 

f CT WWW 
C, 0 

FUXT1Oi4 FCIU47iTE99) 
WiT 4P)99 ,X1,241 

201 IF(TCWP-b&Q# 12029ao2,ao3 
202  
Eon I F I TEPP-610. p 2O4.204.Z0'D 
204 C10i * 1161* l I0~}, 'T1# J +1'0. 

COT0501 
40 3FITgt4P-UcT,)206.206 *7 
206 Ct t1~0Z 6 I61p.-T P 	A 

O IT01O 1 
207 It't T gP—IR42, )200,200.209 
zco 

+ 0T003 

G0TO 0I 
DOI FM TcCt t4 
999 CONTINUE 

fETUR1 
E 4D 

CC isefED1(MMAP$ 
P 
► c*ac 
16'). 	103. 	170. 	1Z2. 

 

00301 .25 ISDOO  770 
21 14 0 7 

	

0. 	303* 	D00. 	7000 

	

.370 	.222 	*240 	0255 

 

0.  9Q0.  700,E  10000 
l 59 	0.40 	0.42 	0.4  

	

1397. 	*0006 
10  .25 

 

9C0.  1100.  1500•  2000. 
#266 	.272 	.2276 	.298 

	

1300. 	1600. 	loco. 

	

0.52 	0.00 	0.04 



APPIU DYX 9 

C 	 °'° C09PUTER PROGRAM 004 

C 	THREE DIM— $I0t'.A1. SOLIDIF1CAT2OU V (PERtt WNTAL. CASTING 
i/tLGARG JOG 	,RU278Jis 1a e$O,9O 
/t► ^TfAtz CiEC.. FORTRI . (DCD44AP) 
C C HEAT Tl4N15PgR THREE DItEN$IONAt SOLIDIFICAT1O4 

DIt4CHSIOf3 TOLD42O 32,21),T 1EU(ZO.31,27)rRC►M(2),JS13l,f&4D! 
i~2I4 S1O4 TCPS(20),CGPS(2O),TCt4S(2Ot.CC S 2OI 

ICO] VOMATUUcIDt 
002 FGR4AT (OP10,41 

1OO13 FQRNAT(INOvOR TIME I4&F 10.53 
1036 F r. t4AT I 1 K , .13F'To 1) 
1009 FOR ATt1ZsI5a4CX6.O! 
1006 FO AT I U2090I 

RCADIOOlo XonYef; ZotE#J1~rJ2#J3oJ4tKlod 2oKbe aP#1t3 
PwtINTIOOIP~XvhYoN4*11*JlvJ2#J3oJ4 #K1#K2*KD#LP~r60 
R1ADl0Q1 a (JSU S) v1 S(f&S) aN5a1.DI 
PRI T2O01e tJSUUS1 et a(NS),t 5 1e3 t 
READ 1001,JCP5#JCf S 

REA01OO2,T AN,TMET 
PRINT1G42sT5AN*TME1 
READ 2004 POT vDJ(, tf4AX 
PrUt4TlO06.DT.DXTTt AX 
RCAD ZQO2,1 T(PSI N) .fol vJCP$) 

READ1002 o(CCPSltØ ,t401,JGPSI 
PRI ET100201 CPS(N) 0hol#jCPSI 
RCAD1OO2,(TCN$tt4I.4 1.J s ) 
CPI#$TL0O2,tTC#4S(p),Ms l,JCNS) 
AEAO1002 r ICCNSttii 0901s4C1S) 

ROAD1002,ROH(]I,ROHi2.1 
PRINTEOQ2.RONUU)PR0$i2) 

C 	ONE FOR BARD*Tt1G F0a 09TAL 
C 	IffITIAL TC P t ATURE CALCULATIO 

DXDXI 14 
TIr4CaO. 
003001 1c1,4) 
D43001 Jol ot'y 
003031 l a1PflZ 
IPT hG1O 12)G© To 2001 
1RtJ.LToJ2,GKvJ,,GTQJ4i 6Q TO 2001 
IW I t oGT. D) 60 TO 2001 
I(I GT©It2eAftDaj,GTeJ2) G4 TO 2001 
Fl MeGT KleAr:D*j*GT*JD 1 00 TO 2001 

rCLD(I.JvM)aTrET 
t,wTO3lO?2 

2031 Tc.D t I o J• tc) b TSAta £U2 2 Cti.;sp I1avE 
PWdt3T1G0DoTM:G 
GOD(J02 C3&n1o9 
J2 JatfS) 
C.pcG$("5) 
PZIOTI,0040tTGLDtlojp m)tKolot4zI 
PQIt T1004o(TCLD( 1eJgmP) aJ°1 afaY) 
PRI4T2O04otT'OLD(,IrJPatP),Ic1i W) 



D002 

1000 

C 

4000 
a o7 

C 
100 

101 

102 

10s 

104 

IOD 

13 

CCF T / b utt ) 

CC TIr3UC 
LC+L+1 
LOGIC TO CALCULATE FURTHErf T h-PCflATIRC8 
T!~aacT IGUC+AT 
IF(TI9C.GC.Tt~AX) 00 TO 9999 
PRIt3T100'D,L9CC.4,,DT.DA,TlME 
003O3 ! 11,t2 
1)0 O 1 Jal rt'.1Y 
UO }003 t(altrnZ 
UCcTOLD(I,J,t) 
IFIt.G TnIl! 60 TO 8000 
IFtJ.LT.J1o0RsJf GT,,4) G0 TO 2006 
IF(K.GT.t $) GO TO 2006 
1F( .GT.t~2.At~D,J.GT.J2) 60 TO 2006 
1F#tC.GT.C1.AND.j.GT.J33 G0 TO 2006 
VlATc2 
GO TO 2007 
t1ATcl 
CO+ T1f4UC 
CALL Ct .NDY(11C#FIAT*J+ t`45* `Ct O*CC S*C tl 
CALL SRHI1(UCOMAT',JCP$,TCP$,CCpSsCP) 
IFIMAT.EO.11 G0 TO 4005 
INTCRFACa START 
CONTINUE 
IF(l.r01l) GO TO 201 
IF'(J.E0,J6ANQ.,.CQ.L3i 00 TO 
1F(J,EO.J4.AtD*6LTKu G0 106 
IF(J.LCoJ3) CO TO 10,E 
1FteEOI1) 00 TOD 
1F(Ma .T.Kll 00 TO 4 
y0 TO 2000 
IFI JotdC.J 3 t 60 TO 10D 
1F(.CO.t 2) 00 TO 0 
IFlK*LT9K2*AftD*K*GT*X~li 00 TO 6 
1F(K*CQ. '►1) 40 TQ I 
IR(K,LT*Kl) 60 104 
CO To 2tl0D 
IP(J.LCoJ2) GO TO 104 
1F(K.C4.it2) GO TO 9 
IFtt~.LT.tt2} 60 10 4 
G0 TO 2009 
IF(J.t E. J2) CO TO 109 
d'(ta.Cu.t9) GO TO 9 
IV(MoLT.C~4.A(;D*r*GT*921 GO TO 0 
fF(r**,.00ot 2# GO TO 7 
IV(M*LT.h2) CO TO 4 
(•Z1 TO 2Q9 
.G(J.LC.Jl l CO TO 106 
1Gtt..CQ•GU1 Cc TA zD 
I F (t . L T. t3) CO 104 
C3 TO 2033 
I~(J.i E•Jl) GO TO 2MM9 
1Fl,*.CO.C.ip Cr.) 10 a 
IGtrr.GT.f 9t CO TO 2 
CO TO 2009 
1G{I.GT.I1) CO TO 200D 
IP(JQCO.J4,Afl8.mcaGoKj) CO TO 11 



1PtJ.CQ•J4.A{.D;tt.LT.LU) CO TO 12 
1PIJ.LC.JD) GO TO 202 
I61t .CQaJl# CO TO 10 
IF(tt.LT.L1) GO T02COD 
co TQ 2009 

202 1 F (J. C. J$) 60 TO 20$ 
WF(L•CQst2) GO TO 11 
IPIK*LT* 22,At4D.t,GT•K11 CO TO U 
lF(M*EQ*MlJ C4 TO 1 
IF(M.LT.i 1J CO TO 200D 
GO TO 2QQ 

208 1P(J.LC.JZ) GO TO 204 
LRtt~#CQ«.t 2) GO TO to 
TFtt.4Tst21 GO TO 2GOD 
6Q TO ROOD 

204 JF(J*0U*J2) GO TO 20 
1Ftti.CO.tUy [0 TO Al 
IF'!l ,4.T*MB*Af,'0*K C T.C~► 164 TO 12 
IP(M.CO* 1 GO TO 1$ 
1F(t~,.#.P.t 21 04 TO ZDOD 
GO TO 2000 

,%t1D IPI J•1»C«Jl) +0 TO 206 
INKOE0.LU 1 GO TO 10 
IF#t(,1T.K) CO TO 2000 
00 TO 2000 

206 JPtJ.G.JZ GO TO 2000 
lFtl ,g!Q, l coTo D 
iFtt •UT.KS1 60 TO 9 
00 TO 2000 

I COliti UC 
CA .k, COt"4# 'I C#1•JCPI ►:TCt *CCIIS#CtIOI 
CALL $PHiT(UC*I*J 'S•TCPSpCCPStCP$J 
VA2O./( ,o cHt1t tA. E?) 12)CP► 
Ul~Ci'~~a# ~`tit►9t 1*~1, sJ~~►+t#~'~3'~,G►! 1 sJ4►1 t~l~!#~OiQt 1 •~1~~#1 1—~o~UC1 
~i~~W• ~~ t ~t3S~C~t t aa! T~~,D 1 t~3 +~J r t~ I ~Tta►4#7t 1 ~J4~ ~~ ~ t3'til.~►1 t +~J s tt«,1 ~ ~►~.~4~+~ 1 

OTt COfi3 tUI.0 ) 
Tc it I,J,LtIDVARoUTOT+UC 
GO TO OD 

2 CC~ITIiaUC 
CALL CC 4DY#UC,1,JCt $,TCt,s,CCca5,COD) 
CAL SPP31T4VCrx,JCPSaTCP5*(CP$,CPO) 
VAfD4.l43.ht (1)*CP k4 d(2)1RCPf 
U1cCt1SOiTOLDt1,1►J$ Li¢1OLD# I*J-1att1-,j,4UC! 
Uac0.DO*C6.CMlotTOUD( t v4#M- )+TQLD( I* 1,J9f) ) 
UD04*50 4CUO+Cn!atTOLDtI#J*iPK3+TCLQt3#J*Kea►-A.' UCI 
UT0TcCQ..*0 t U1.U2,U3 I 
TT. ,' ( I#J •t ) oVAioUTQT+UC 
GO TO 	D 

D CO.1= I UG 
(ALL CO DTtUC•1•JCt1 i*TCn6,CCCJ3ac 5f 
CALL OPt-iZTtUCr1,JCP6*TCP5,CCPS,CPaI 
I'ACc4.l t Doanal t 1 ) QcP6+r N42) *CP I 
UloCO Ott'GLDII*'ItJ*K)+TCLD#isJoM*I►•2•OUCI 
UB~J• ~ICCS~Cty►siTQLD(1-1eJrt ib0TCL041fJ—b*K)I 
US%~t~•3~t~t~S*CC3l~t ~QLDt I ~J~1~t~1+~'PCLp# I;d~~C~~ i~4a~ilC f 
UTOTcC4t3* (l11+Uu4U0 

Is J, G ) c JAroUTo T+UC 
GO TO D3OD 

6 cQ» i1t~ua 



CALL CO JDY4UC*x,JCN4U#TCN5►CCrt$,Ct sI 
CALL : PHIT(UCo1,JCPb.TCPS.CCP ,CP$) 
VAfc2./1RQHl1)OCP$RQH(2)0CPI 
U1cCfi B t TGLU ( I-1, Jrt) "4JC ) 
UZaCt3S ( TOLD( I.  
US*C*SorCtrs+C iolTOLDItsi-to .l+TOL,Dtt 

UTOToCOn* t U1+U24 US+U4 ) 
T EU4I,Jot ibVARnt#TDT+UC 
Go TO Duo$ 

0  M 

•J.K+1)-4o0UC) 

coruuc 
CAi,t CO DX{UC*1*JCNSpTC1 Sv Ctia,CtU id 
CAL SPH Z T (UC,1, JCPS,, TCP$,CCPS,CP5I 
VAACO.,d 1.*ROHI I I'CPS+ OH4Z ) GCP1 
ulaCm$OtTOLDtt*l#J*Kf*TO D(IoJ¢lvi,)*TULD1IoJoK*ll -3*OUCI 
U200*90dCqS+Ct33oITOLOiI-19JOKI+dQLDItPJ--oil)+TOLDIIOJ K-lI*D*OVCI 

TrCU4 I s J oK) mVARoUTGT+UC 
GO TO ►OOD 
CC lTIl3UC 
CALL CQP~DY(U(o1,JCt.1SoTC4S CCUS,Ct3$) 
CALL 6PMIT4UCoZsJCP +oTCPsoCCP$,CPSI 
VA1 04o / 4 3o*RGH41 ) vCP8+UGH42) OCP ) 
UIOCt3S*4 TOLOtlo-j.J~r4G3!.TQLD(I oJ+l,t{,I-'+ *OU() 
U200*00IC $+Ct4tot TOLD(I-1949 )+T LDt I rJ-I#K) 
U 	+~ C r CNd # 3pt~t3 I s~.10 - 1 ItJLOt 1 vJ fr4o+RUC 
UTOTaCONG t U1+V2 pU) } 
T E t4 I oJoKl +VAR*UTOT+UC 
0Q TO 300,1 

7 CONTINUE 
CALL COt4DT t UC,1 JC$S oTCt4S, CI $,Cf35 ) 
CALL SPMiT4UCDL .JCPSoTCPS CPSoCPS1 
'BARriO0 1 # 7*'RQH(I 	PS+fOH(a") *CP, 
UIaCC 84 ! TC3t,t t I+I, sJ e3 ! I 
UZ=QoD*IC4$.CM)*1TOLDi I IoJ.4i+TOLD4 
IJ90Uo 9O) Cf'ni.o,IDQT TOLD i I oJo I OKO* TOLD ) 
UTOTcCO1 * 4 UZ.UZ+Ui 
Tt3C i t I ,, J of j c VAAoUTOT,UC 
GO TO DQO, 

0 CQ.~3TIPUE 
CALL COt YtUCo3.JCt4S,TC4S9CCt&,CMW 
CALL &PHITIUCsi,JCPS.TCPS#CCPS,CPSI 
VAl C4, / t D.*ROH (1) OCP5+RCH ( Z) o'CP I 
UlcCtU O 4 TQLO (i s,p'j at1 +TQLD( 
u2~~J~ ~tC Sa+CC3 at~CL©# 14.J. 	 TOLD( 

UTOTcCO *tu1$u2eua i 
Tt L t3I I v J wtU oVAt *UTQ7+UC 
G ► TO DLL) 

P CQ.'~ T 1C 
CAULCQ ~DY t uC o I, JC~36 a TCrss,CCt $sCW i f 
CALL 6PHIT4UCoa,JCPSoTCP5oCCPbsCP3i 
VAAc2o/(tOH(1)*Cp1*1©H4R oCP) 
4tCt Ot TOLD$ d,J.4 ref-41C) 
UZ Ct3$O( 104,041 ej+1.tJ JC) 
UtacO.L*'lC S+(r)o(TOLDiI-loJo# )+TOL.D! 
4aU,90(C(~ (t )otTQ4DdIo.irKol$*TOLD 

UTATcCO00 ( U b.U2,oU3.u4 ► 

J#IoJotc,3) f 
I.J,1—kl *t,UCI 

I 

a,J.3 44 fr4oOUC) 



Train I #J`t J©VAflQUTOT+UC 
CIO TO D()Q ? 

10 Ca.:3T t r4UE 
CALL CotiDY(UC,I,JCU$*TCMS CCNSvCrJ$) 
CALL. $PHIT(UCs1,JCPSeTCPS,CCP$eCP5) 
VAQr2. /'t 1tOI C l )0CPS*POK42)*(P) 
UlcC90 (TOLDt I *Jvt(Z )''UC) 
U20Cf3S*t TOLDEI+r„Jv&0ll"U+C) 
U~~U,~~~t C~~~rCcJiJt~QLOt 1~~ ~JrtL1+TtJL~'~ I~1~Jeit~ ) • 
UC~Ro~~tCJ`JS~rC~lall'QLt?t I a.~~~~at~)~TOLatI aJ-1+~a~)~As~UC) 
UTOToCWO I UZU2.UI4U41 
Trace I DJ)cVA(UT+OT+UC 
GO TO DODO 

CALL CQr1PY(UCv I,JCttSDTCR$ bCCUS«CMS 
CALL 'rPNITtUC,1*JCP€~vTCPSeCCP,L CPS) 
VAQc4a/t O G:1I1)*CP +RO$(2)*CPI 
U1cCfSOI TOLD(I.. $lit )+TCLO! I,Jv[t+3) 29 UC) 
1~2~QQ ~~tCi`3a~tJIJt'Ct}1.Qt t~Ee.~at~)aT+p~,DI I~1~Jo~) i 
U~1o1J~ ~Q ?! Cq~~CtJ) t~ t I`4~.fl t t o J~d r 3L )~ TOt.L?t 1 ~J c►~C•?~ ~~4 ~ ~1C ) 
UTOTcCO2*IU1$U2cUD) 
T4EW(L$J*Af*VAR4 UTOT+VC 
GO TO DODD 

U 
CALL. CONDV(UCoI*JC`3SoTCNS,CCt &oCtt$} 
CA" SPHIT(UCOI,JCP$sTCPS*CCP$PCPS) 
VAtc2*dt(1014IlI*CP$,fOe4[e )*PI 

U2C)$c#' OLQd,j+IlI )*U ) 

U4z')*ICMS.(11) (TOLDtIoJDt+l)*TOLCItoJD~t 1I #*UC! 
UTQTz'COi' QtULU2++D+U4 
TaCdt I,Jen)cVAR*UTOT+U( 
GO to Door 

LB CC3T I UC 
CALL C©:Jp' titCr+1,~JCNSoTCNSsCCr3S*C~JS) 
CALL a PNITIUC,1OJCPS,TCP$,CCPS CPb) 

UJ.QCt °tYCLD(IeJ4,C)#TCLO(I.J$t~*» ).2b°UC! 
UZ . Otr 	o(TOLDII,J )OTQLD(i+I J,t ) 

UTOTcCOfOIUI+U2+VD) 
TT4EV( I,JsK)cVARoUT©T 'UC 
GO TO DUOS 
ItTCRFACG CO PLETE 

ROOD CO TIPUG 
IF( E.CQ.1)UL, Io2oTOLD(2.JvM) 
IFII*GTolaAfv'0aI LT*VA)UL oT0LJ) I"11•JDC)*TOW(1+1,Jbt,) 
IRt IoaO.t3A)ULROTOLDtnX—l*J,K)*TSAi 
iFIJ.CO.1) QcTCL0IIs2st)+TSA~J 
IFI J,GT.1,At D0J.LT*RY )VUDotOLRt 1 oJ•b otU+TCLD( I $ J¢%DLL,) 
IRCJ,CO. YlUUDcyOLDG t onY-Log) 'T 5At 
XPIGCQCQ®1) CO TO 2QO3 
F( oGTo1.A©a l.To1i&)UPCoTOLDI I eJot 1)+TCL C I *JD4J 

jF(toCOeIJx)VF3oTOU)t t JrrJZ'd)T5A4 
GO to 2QO9 

2002 .IFIJoCCoJIoANDoJoLGoJG) GO xa 200D 
UF0aTQLD(I oJQ2) *TSAt: 
Go TO 2004 

2u 	Et~'t1oGE'*loAt+1D010LC0ll) GO TO ZC(K 



UFl*TOL0lI.J►2).TSAN 
60 TO 2009 

2004 UF4*TOL J(I •J,2 ),T$ET 
2009 CO4T1NUL 

UTOTAC CN* (  
VAR.CN/tRD$(MAT)*CP) 
TNEMI I ►J►X)aVAR,UTQT,VC 

3003 CONTINUE 
PRINT IGUS#K►UAR*UT0T. JC*T EWti I1►Jl►K3l 
PRINT 100Ti►MAT►ttptlUMAT),TSAf►TMET►TNEQ(I1sJ3,KZ) 
IP(LGE*LPI CC TO 2008 

500 0Q304 I sI ,NX 
103004 Jwl*DIY 
LO 3G4 Ka1.NZ 

3004 TOi.Dl 1►J.K) aTAZ4(19J#Kl 
Go TO 600 

2038 PRINI 1D+ 3,T1MS 
D03f~05 NS•1,3 
JP#J5(NS) 

PRIMT1i )4►(TNEW(I.►JP*K)►$slsNZI 
PRIt4T1QD4r l T #E$l,l pJ►KP) ►Jal,NY) 
PR1r4'1C0+a•tTI :WlI►JP.KP)olol* 4Xl 

3Q05 ACONTLi tt 
Log 
60 TO Soo 

'00 CONIINU[ 
.O TO 1OCQ 

9999,'STOP 
END 

SU$RCt*T I t z cc ;y (UC ► 3AT *Ja4AX .1.  C i.CN ) 
DIM&ISIOt Tl201,C(0) 
GO TO (1 i►2J) ottAT 

to 3f'(UC-Tl1)) i99,GD1s601 
601 J•1 
802 JROJL+l 

IFIUC—T(JR)) OZ►602*603 
632 tLOPE*ICIJR)-CtJLI)/ATtJR)—T(J14) 

CN*C(JLJ4$L47C*(UC -T(JL) ) 
60 TO 699  

603 J1.eJL,►1 
IF( JLJ?4AX eoa . 99►b99 

699 CONTINUE 
RETURN 

20 If 1~1C) 999.W.OI►x01 
201 lFWC-I,9 ►.I242#2l2►219 
202 CN•~J.U3J53'UC+134.5 
203 IF(UC.6IJr) 4►234saC5 
204 CN*0.41161* UGu,-UC)+140, 

GO TO 929 
ti5 LFlt9c-119'.1446►: Q6#iQ7 
206 t.N•U.022631(61O -4JC $+135, 

GO TO 999 
207 IP(UC*1242.)203,208►249 
208 C$ 1. 3'(1197.-uCI;123►7 

60 TO 999 
209 CN%V*-+0774etUC-1242.)+ 2.9 

60 TO 999 
999 CWITINUE 



RETURN 
9*0 

fU$*OUTINL 1pNZTIUCsNAT,JMAX9T,C,CP) 
DI$EN$IQN T(ZO),C(20) 
60 TO I AU,20),MAT 

10 1P ( uC-111)) 699.6010601 
601 .h 1 
402 JR=JL+1 

If (UC-Ti JR) 02,4Q2,6O3 
602 4LOPC■iC(J l"C(J6))i(T(,JR)'T iJL)l 

CPaC(JL)+$iLOPE*(WC-T(JL) i 
60 TO 699 

603 JL.JL+ 1 
IF I JL MAX) 8O2,99,699 

ee9 C:ONTJt4L E 

20 IFIUC)999,201,201 
201 IP(UC"940•)2029202,208 
232 CP•U,u0006Q?;UC+O.213 

GO TO 999 
205 IF (UC-114U.)204 .TU4, 2(I5 
04 Cis■U,t3liQ1U75*IuC-944. )+Z).270058 

C0 TO 999 
L03 IF(UC-4197. )208,,206.2#7 
206 CPwQ# V 00202. i UC .1140. )+O.291!58 

00 TO 999 
207 ZF(UC"1219.44)208►204s209 
208 CP=u.336*(UC'1197,)*U*309072 

60 TO 999 
209 IF(UC-12 2w  )210,21Qv211 
210 CP*O.334'I124Z.•►X)*0.3 ,3 

r 60 TO 999 
212 CP*Q.818 
999 CONTINUE 

RETURN 
END 

l/ EX LC NKEDTIMAP* 

I, E €C 

+ 
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