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1/ RUP~1 EX EC FORTGCL G 
IIFORT.SYSIN DO * 
C THIS IS A JNE-nl~FNSIONAL Q-COOE ADAPTED F~OM ONE WRITTEN BY 
C JOHN O. ERKMAN OF SRI, WHO MDDELED AFTE~ ONF WRITTE~ BY 
C ~ARK WILKI~S OF LRL. AN APPRDXIMATE DESCRIPTION CAN BE FOUND 
C IN "COMPUTATIONAL PHYSICS. VOL. III," EDITED BY ALDER AND 
C FERNBACH AND ROTENBERG 
C THE PROBLEM IS SET UP IN SUBROUTINE "DECIDE." 
C THE MEANING OF KEY SYMBOLS IS DESCRIBED THERE. 

C 

c 

( 

c 
C 
C 

C 
C 
C 

C 

C 

C 

C 

C 
C 

9 

~ 52 

COM M 0 N I C II n NIH ( 9 t , B UR N I q t , U 9) ,D X I 9) ,S 1 , R'i 0 ( Q I 
COMMON IC2TIMEI TI~ES,CYCLE,DELT,DTN,DTMX,TLIMAI3001,JCRIT, 

1 TQUlT,TAU 
CO~MON IC3CTRLI COUNTS,JSTAR,JPE,JPR,JQUIT,LAST,CYCLES 
COMMON IC4FL:JW! J13001,V(300),X(300t,Q(3001,P1300),E(3001,QA,VN, 

1I.1ASS( 300) ,CSP( 300 I 
CDMM~N IC7GNRLI ALP,OPTIDN,CONA,CQ,LEFTP 

INTEGER H,BURN,S,Sl,ZDN,CYCLE,CDUNTS,CVCLES,ALP,OPTION,H2,HSl,HS, 

1 RURNS, HS2 
REAL L,MASS,LINEAR,LEFTP 

C ALL DEC IDE 
THE FOLLOWING no LOOPS ENDING AT STATEMENT q CALCULATE THE 
P8SITION OF THE J'TH CELL IN CM AND ITS MAS~ IN GRAMS. RHn(s)= 
DENSITY OF RFGIO~ S IN GRAMS/CC. 
DO 9 S=2,51 
H S 1 = H ( S- 1 t + 1 
HS2=H(SI 
DO 9 J=HSl,HS2 
XIJ+1 )=X(JI +DX( SI 
~ASS(J)=(X(J+l)*·ALP-X(J)**ALPI*RHO(S) 

THF VARIABLES I~ THE FOLLOWIN~ F8UR WRITE STATEMENTS HAVE BEEN 
DEFINED IN SUB~OUTINE DECIDE. 
WRITE(6,951tALP,DELT,DTMX,CONA,CQ 
WRITE(6,952ICYCLES,CnUNTS,JQUIT 
FOR MAT I ' 0' , ' C Y C L E 5' , 6 X, 'C 0 UN T S ' , 6 X , ' J QUI T ' /I 6 ,4 X , I 6 , " x , I 6 I 
WRITE(6,957IS1,(~URN(SI,S=2,Sll 
WRITE(6,961ITAU,LEFTP,U(1),OPTION 

IF (OPTION.EQ.b) CALL FLIER 
IF (nPTION.NE.61 JSTAR=5 

CALL WR I TE 1 

CQSQ=CQ**2 
CQSQ4=4.0*CQSQ 
LINEAR=l.O+CONA+CONA 
"TIMES"=T, THE TIME VARIABLE, MFASUREn FROM ZERO. 
TIMES=O.O 
CYCLE=O 
"JCRtT"=NO. OF SPACE CELL FOR WHICH TLl~AIJ) HAD ITS M[NIMU~ 

VALUE IN THE PREVIOUS CYCLE. 
JCR IT=O 

1 
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C "LAST" IS AN INTEGER CONTROL PARAMETER WHICH DIRECTS THE 
C SUBROUTINE "WRITE" TO PERFORM A TERMINAL cn~PUTATION AFTER THE 
C INTEGRATION HAS BEEN COMPLETED. 

L AST=O 
C "DTN" IS THE VALUE OF "DElT" CALCULATED IN THE CYCLE BEFORF LAST. 

DTN=DELT 
DEL TI=DEl T+DEL T 

C-----START OF TI~E LOOP 
C PPEAK=MAXIMUM VALUE OF PRESSURE CALCULATED IN PREVIOUS CVCLF.. 

40 PPEAK=O.O 
C TLIMB=TlIMA(JCRIT)=MINIMUM VALUE OF TLIMA(J). 

TlIMB=l.O 
T IMES=TIt-1ES+DEL T 
CVClE=CYCLE+l 

50 J=l 
S=2 
Jl=2 
JT=3 
pt EFT=O. 0 

C COMMENT EVALUATE P FOR FIRST CEll A~D U AND X ON lEFT BOUNDARY 
GO TO (51,52,53,54,60,60),OPTION 

51 tF(TIMES .LE. TAU) PlEFT=LEFTP 
GO TO 60 

57 IF(TIMES .LE. TAU) PLEFT=«-TIMES/TAU)+l.O)*LEFTP 
GO TO 60 

~3 PlFFT=LEFTP*EXP(-0.46*TIMES) 
54 CONTI NUE 
60 IF ( AL P. E Q. 1 ) U ( 1 ) = - ( ( P ( 1 )+Q ( 1 ) - PL EFT) f( X ( 2 ) - X ( 1) , , * V, 1 t *OE LT I +U (1 ) 

XA=U( 1 )*OEL T+X( 1) 
C-----START OF J-LOOP 

C 

10 IF(J.GT.H(S)) S=5+1 
18 OENU=(X(JT)-X(Jl) )/V(Jl)+(X(Jlt-X(J))/V(J) 
19 U(Jl)=(DElTI*(P(J)-P(Jl)+Q(J)-Q(Jl))l/OENU+U(Jl) 
80 X ( J ) = XA 

XA=OElT*U(Jl)+X(Jl' 
I F (J • EQ • H ( S 1 ») X ( J 1 ) = X A 
I F ( A B S CU ( J 1 " • LT. 5. OE - 5 ) U' Jl ) = o. 0 
VN=(XA**AlP-X(J)**AlP)/MASS(J) 
DElU=U(Jl)-U(J) 
DELX=XA-X( J) 

C-----GET Q FOR SHOCK 
C "QA"=NEW VALUE OF ARTIFICIAL VISCOUS STRESS; Q(J) IS "OLD" VALUE. 

R7 QA=-DELU*(CQSQ*ABS(DELU)+CONA*CSP(J))/VN 
IF(QA .LT. 0.0) QA=O.O 

C "TLIMA(J)=TIME P~RAMETER USED IN CALCULATING THE VALUE OF DElT 
C FnR THE NEXT TIME STEP. "AT THIS POINT VN, THE NEW VALUE OF 
C SPECIFIC V3LUME, AND QA ARE AVAILABLE, SO THE INFORMATION REQUIRED 
C FOR CALCULATING PRESSURE IN CELL J,PCJt,ENE~Gy,F(Jt, ETC. IS AT 
C HAND. THESE CALCULATIONS ARE MADE IN SUBROUTINES B_EQST(S,J), 
C WHICH ARE ENTRV POINTS IN 8_INIT(S). CONTROL IS TRANSFERRED Tn 
C SUBROUTINE EQSTCS,J), AND FROM THIS IT IS TRANSFERRED TO THE 
C APPROPRIATE B_EQSTCS,J). 

TLJMA'Jt=DELX/(LINEAR*CSP(J)+CQSQ4*ABSCDELU)) 
CALL EQSHS,J) 
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IF(ABS(PIJtt .LE. 1.OE-5) PIJ'=1.0134E-6 
VIl)=VN 
OIJ)=OA 
IF(TLIMAIJ).GE.TLJMB) GO TO 129 
JCRIT=J 
TLIMB=TLIMA(J) 

129 IFIP(Jt+Q(Jt.LE.PPEAK) GO TO 131 
PPEAK=(P(Jt+Q(J't 

PAGF 

C "JPMAX" (S THE VALUE OF J FOR WHICH PPEAK TAKES ITS MAXIMUM VALUE. 
JPMAX=J 

131 J=J+l 
Jl=J+l 
JT=Jl+l 

C "JSTAR" IS A VALUE OF J AHEAD OF THE WAVE FRONT AT WHICH COMPUTING 
( STOPS PREPARATORY TO AOVANCING TIME BY ANOTHER INCREMENT. JSTAR 
C IS ADVANCED BY UNITY WHE~EVER PARTICLE VELO:ITY, U(JSTARt, 
C BECOMES NON-NEGLIGIBLE. 

IF(J.LE.JSTAR+l) GO TO 70 
(-----TEST TO ADVANCE JSTAR 

IF(ABS(U(JSTAR+l»).GT.l.OE-5) JSTAR=JSTAR+l 
IF«CYCLE.EO.CYCLES).OR.(TIMES.GE.TOUITt.OR.(J.EQ.JOUIT)tGO TO 1~9 
IF(CYCLE.GT.IO)COUNTS=20 

C TO CHANGE FREQUENCY OF PRINT-OUT, A STATEMENT CAN BE I~SERTED 

C HERE: "IF (CYCLE.GT. Kt COUNTS=MN" W~ERE "K" AND "MN" ARE 
C INTEGERS TO BE CHOSEN BY THE PROGRAMMER. 

C 

C 

C 

IF(MOD(CYCLE,COUNTSt.NE.O) GO TO 180 
GO TO 170 

169 LAST=l 
170 JPB=l 

JPE=JSTAR+2 
CALL WRITE 

lAO DTNH1=0.6*TLIMB 
IF(DTNHI/DELT.GT.l.l) DTNHl=l.l*OELT 
tF(DTNH1.GT.DTMXt DTNHl=OlMX 
DTN=DELT 
DELT=DTNHI 
DELTI=DTN+DF.LT 
GO TO 40 

951 FORMAT(IHl,6X,3HALP,9X,4HDELT,11X,4HDTMX,11X,4HCONA,12X,2HCQ/7X,ll 
-,4F15.6) 

957 FORMAT(lHO,8X,2HS1,5X,8H8URN() •• /8X,I2,9X,915/2X) 
961 FORMAT(lHO,5X,3HTAU,16X,5HLEFTP,14X,4HUll),15X,6HOPTI0N/3EI9.8,I8) 

FND 
SUBROUTINE DECIDE 

COMMON ICIlONI H(9),BURNt9),l(9),DXI9),Sl,RHOI9) 
COMMON IC2TIMEI TIMES,CYClE,DElT,DTN,OTMX,TlIMA(3001,JCRIT, 

1 TQUIT,TAU 
COMMON IC3CTRLI COUNTS,JSTAR,JPE,JPB,JOUIT,lAST,CYCLES 
COMMON IC4FlOWI U(300),V(300),X(300t,Q(300),P(300t,EI300t,QA,VN, 

1 MASS(300),CSPI300) 
COMMON IC7GNRlI AlP,OPTtON,CONA,CQ,lEFTP 
DIMENSION lONI9t 
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INTEGER H,BURN,S,Sl,lON,CYCLE,COUNTS,CYCLES,ALD,OPTION,H2,HSl,HS, 
1 BURNS,HS2 

REAL L,MASS,LINEAR,LEFTP 
C 
C CHOOSE GEOMETRY. ALP IS AN INTEGER LABEL WHICH IS TO BE SET 
C ACCORDING TO THE GEOMETRY OF THE PROBLEM. 
C X IS THE EULERIA~ SPACE COORDINATE. THE INITIAL VALUE AT T=O 
C OF THE LEFT BOUNDARY OF CELL 1 IS SET HERE. THE POSITIONS OF 
C OTHER CELL BOUNDARIES ARE CALCULATED IN MAIN FROM THE NUMBER OF 
C ZONES A~D THE OI~ENSIONS OF THE PROBLEM. 
C FOR CYLINDRICAL AND SPHERICAL PROBLEMS, LEFT BOUNDARY IS 
C INTERPRETED AS INNER BOUNDARY. 
C ALP = 1 FOR PLANE GEOMETRY 
C ALP = 2 FOR CYLENDRICAL GEOMETRY 
C ALP = 3 FOR SPHERICAL GEOMETRY 

ALP=1 
C-----CHODSE COORDINATES OF FIRST CELL 

X(l)=O.O 
C-----NUMBER OF REGIONS PLUS ONE (NOT TO EX:EEO ql 
C THIS PROGRAM CAN BE RUN WITH SEVERAL ~EGIONS OF DIFFERENT 
C MATERIALS. THE NUMBER OF SUCH REGIONS JS DENOTED BY AN INTEGER 
C S1-1. THIS PECULIAR CONVENTION ARISES BECAUSF OF A CHARACTERISTIC 
C OF FORTRAN--ZERO INDICES ARE NOT ALLOWED. EACH DISTINCT REGION IS 
C DENOTED BY AN I~TEGER LABEL S. S=2 IS THE LEFT-MOST REGION, S=3 
C THE NEXT TO THE RIGHT, ETC. UP TO SI. 
C EACH REGION IS DIVIDED INTO A NUMBER OF SPACE ZONES OR CELLS, 
C ZONeS). THE NUMBER OF CELLS UP TO AND INCLUDING ~EGION S 
C (STARTING wITH THE LEFTMOST REGION) IS H(S)=SUM(ZON(K), 
C K=2 TO S, INCLUSIVE. 

S1=2 
C-----MATERIAL IN REGIONS 
C "RURN(S)" IS AN INTEGER LABEL WHICH DEFINES THE MATERIAL OF 
C REGION S. 
C BURNfS) = 1 FOR EXPLOSIVE 
C BURN(S) = 2 FOR VOID 
C BURN(S) = 3 FOR LIQUID 
C BURN(S) = 4 FOR SOLID 
r. BURN(S) = 5 FOR PHASE TRANSITION 

BURN(2)=5 
C-----SET OPTION 
C "OPTION" IS A~ INTEGER LABEL WHICH DESCRIBES THE TYPE OF PROBLEM 
C TO BE SOLVED. IF OPTION=1,2, OR 3, T~E PROBLEM IS ONE IN WHICH 
C A SPECIFIED PRESSURE IS APPLIED TO THE LEFT HAND BOUNDARY. IF 
C OPTION=5, AN EXPLOSIVE REGIO~ IS INCLUDED AND ITS DETONATION 
C PROVIDES THE DRIVING FORCE. OPTION=b MEANS THAT THE FIRST REGION 
C (S=2) IS A FLYER PLATE WHICH HAS JUST COLLIDED WITH THE SECOND 
C REGION (S=3) AT THE START OF THE PROBLEM. WHEN THIS HAPPENS, 
C EACH CELL IN REGION 1 (S=2) IS GIVEN THE FLYE~ PLATE VELOCITY 
C U(l), EXCEPT THE ONE ADJACENT TO REGION 2(S=3) THIS CELL AND THE 
C FIRST CELL IN REGION 2 (S=3) ARE GIVE~ VELJCITIES U(1)/2 FOR 
C SMOOTHING PURPOSES. WHEN OPTION~l, THE TI~E DURATION, TAU, OF 
C THE APPLIED PRESSURE MUST BE SET. FOR A CONSTANT PRESSURE APPLIED 
C AT T=O, SET TAU EQUAL TO A LARGE NUMBER, SAY 500 (MICROSECONDS). 
C FOR OPTION=2, TI~E TAU IS THE TIME AT WHICH THE APPLIED PRESSURE 
C EQUALS ZERO IN A LINEAR RAMP. OPTION=3 HAS A BUILT-IN TIME 
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( (ONSTANT. THE PEAK APPLIED PRESSURE IN EACY CASE IS "LEFTP" IN 
C MEGABARS. 
C OPTION = 1 GIVES SQUARE PULSE 
C OPTION = 2 GIVES LINEAR PULSE 
( OPTION = 3 GIVES EXPONENTIAL 
( OPTION = 4 UNASSIGNED 
( OPTION = 5 GIVES NO PUlSE (FOR EXPLOSION' 
( OPTION = 6 GIVES NO PULSE (FOR FLYER PLATE) 

OPT InN= 1 
(-----IF OPTION = 1 OR 2, SET TAU 

TAU=500.0 
C-----IF OPTION = 6, SET Ull) IFOR FLYER PLATE) 

U(l)=O.O 
(-----IF OPTION = 1,2, OR 3, SET LEFTP IPRESSURE ON LEFT BOUNDARY) 

L EFTP=0.200 
(-----VIS(OSITY COEFFICIFNT (CQ FOR QUADRATIC AND (ONA FOR LINEAR) 

(ONA=0.1 
CQ=2.0 

(-----LENGTH OF RUN MAY BE DETERMINED BY SETTING ANY OR ALL OF NEXT 
( WHE~ CYCLE=(Y:LES OR TIMES=TQUIT OR J=JQUIT, COMPUTATION WILL 
C STnp, WHICH EVER OCCURS FIRST. 
C J IS THE INTEGER LABEL OF THE SPACE CELLS. J=1 AT THE LEFTMOST 
C CELL OF THE LEFT~OST REGION A~D RUNS TO HISl), THE RIGHTMOST CELL 
( OF THE RIGHTMOST REGION • 
( CYCLES= NUMBER OF INCREMENTS IN Tt~E 
( TQUIT (PROPAGATION TIME) 
( JQUIT (NUMBER OF LAST CELL) 

CYCLES=100 
TQUtT=260 
J QU IT=25 
JQU IT=250 

C-----THE NUMBER OF ZONES IN REGION K IS ZONCK) 
ZON(2) =50 

(-----THF THICKNESS OF REGION K IN CM. IS LCK, 
L(2)=5.0 

C-----DELT IS STARTING VALUE FOR DEL TAT 
C "OELTAT" IS THE TIME-INCREMENT FROM ONE CYCLE TO THE NEXT, 
C ~ICROSECONDS. 

DELT=.05 
C-----DTMX IS UPPER LIMIT FOR DEL TAT 

DTMX=.05 
(-----PRINTOUTS OF CYCLES IS MODULO COUNTS 
( "CDUNTS" CONTROLS PRINTING. IF COUNTS=5, THE STANDARD FLOW 
( VARIABLES U,P,Q,E,V, ETC. ARE PRINTED OUT EVERY FIFTH (YCLE, ETC. 
e FREQUENTLY "CDUNTS" IS SET =1 IN "DECIDE", THEN AFTER THE FIRST 
C FEW CYCLES INCREMENTED TO 10 OR 20. 

COUNTS=l 
( HIS) IS AN INTEGER LABEL EQUAl TO THE NUMBER OF SPACE CellS TO 
( THF LEFT OF ANO INCLUDING REGION S. 

H(lI = 0 
DO 12 S=2, SI 
DX(S) = lIS)/FlOATlZONlS., 

12 HIS)=H(S-l) + 10N(S) 
(-----CALl ROUTINES TO SET INITIAL REGIONS 
C AT THIS PDINT CONTROL IS TRANSFERRED TO B_INIT(S) FOR S=2 TO SI, 

5 
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C WHERE _ [S AN [NTEGER FROM 1 TO 5, CORRESPONDING TO THE VALUE 
C OF BURN(S). FOR EXAMPLE [F Sl=4 AND BURN(ZI=l, BURN(31=4, AND 
C BURN(41=3, THEN Bl[NIT(Z), B41NITC31, B3INIT(4) ARE CALLED IN 
C TURN; I.E., THE NEXT THREE STATEMENTS WOULD BE: "CALL BIINIT(21", 
C "CALL B4tNIT(31", "CALL B3INITC4,". 

C 

C 

C 

C 

C 

C 

c 

C 

CALL B5INtT(ZI 

RETURN 
102 FORMAT (10141 
906 FORMAT(Z3131 
907 FORMAT(7(14F5.2/1) 

END 

101 
102 
103 

104 

105 

106 
107 
108 
109 

SUBROUTINE EQST(S,JI 

COMMON ICllONI H(91,BURNC9I,LC91,DXC9I,Sl,RHOC91 
COMMON ICZTIMEI TtMES,CYCLE,DELT,DTN,DTMX,TLIMA(3001,JCRIT, 

1 TQUIT, TAU 
COMMON IC4FLOWI U(300I,VC300',X(300I,QC300),P(300),E(300I,QA,VN, 

1 MASS(300I,CSP(3001 

INTEGER H,BURN,S,Sl,lON,CYCLE,COUNTS,CYCLES,ALP,OPTION,H7,HSl,HS, 
BURNS, HSZ 

BLJRNS=BURN(S) 
GO TO (lOl,lOZ,l03,104,105,106,107,108,109),BURNS 
CALL BIEQST(S,J) 
RETURN 
CALL B3EQSTCS,JI 
RETURN 
CALL B4EQST( S, J I 
RF.TURN 
CALL B5EQST (S, J I 
RETURN 
RETURN 
RETURN 
RETURN 
RETURN 
END 
SUBROUTt NE FL I ER 

COMMON ICllONI H(9),BURN(9.,L(9),DX(9I,Sl,R~DC9) 
CO~MON IC3CTRLI CDUNTS,JSTAR,JPE,JPB,JQUIT,LAST,CYCLES 
COMMON IC4FLOWI U(3001,V(3001,X(300I,~(300.,PC3001,E(300I,QA,VN, 

1 MASS(300),CSP(300) 

INTEGER H,BURN,S,Sl,lON,CYCLE,COUNTS,CYCLES,ALP,OPTtON,HZ,HSl,HS, 
1 BURNS, HSZ 

REAL L,MASS,LINEAR,LEFTP 

JSTAR=H( Z'+2 
H2=H(ZI 
DO 43 J=1,H2 

43 U(J+l)=U(l) 
U(H2+11=O.5*U(HZ+11 

.. 

• 
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RETURN 
END 
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SUBROUTINE R11NIT (SI 

119 

PAGE 

C THIS SUBROUTINE IS A nU~MY WHICH AllOWS FOR FUTURE EXPANSION 
GO TO 12 
ENTRY BIEQST(S,JI 
GO TO 101 

12 CONTINUE 
101 CONTI NUE 

RETURN 
END 
SURROUTINE B3INIT (SI 

C THIS SUBROUTINE IS A DUMMY WHICH ALLOWS FOR FUTURE EXPANSION 
GO TO 14 
FNTRY B3EQST(S,JI 
GO TO 121 

14 CONTINUE 
121 CONT I NUE 

RETURN 
END 
SUBROUTINF B41NIT (SI 

C THIS SUBROUTINE IS A DU~MY WHICH ALLOWS FOR FUTURE EXPANSION 
GO TO 13 
ENTRY B4EQST(S,JI 
GO TO 90 

13 CONTINUE 
90 CONTI NUE 

RETURN 
END 
SURROUTINE B5INIT(SI 

C THIS SUBROUTINE [S WRITTEN SPECIFICALLY FOR IRON WITH A SHOCK-
C INDUCED PHASE TRANSITION. 
C THE PARAMETERS ARE DEFINED IN APPENOIX II OF "EQUATION OF STATE 
( IN SOLIDS," BY G. E. DUVALL, G. R. FOWLES, AND Y. HORIE, SUMMARY 
C REPORT ON CONTRACT NO. OA-04-200-AMC-I102(XI, BALLISTICS RESEARCH 
C LABORATORY, ABERDEEN PROVING GROUND, MD., FEB., 1967. 
C 

COMMON IC1l0NI HC9},BURN(9),l(9),OX(9),Sl,RHO(91 
COM~ON IC2TIMEI TIMES,CYClE,OELT,DTN,DTMX,TLIMA(300) ,JCRIT, 

1 TOU IT, TAU 
COM~ON IC4FLOWI U(3001,V(3001,XC300),~(3001,P(300),E(300),QA,VN, 

1 MASS(3001,CSP(300) 
COMMON IC5THERI TMP(300),ENT(300) 
COMMON ICbTEMPI ET,PT 
COMMON IB5DATAI VO(91,Al,A2,A3,DV(91,TAUQ,NSA(300),PM,GAMMl(9), 

1 FRACT2(3001,Vl(3001,XEQC3001,VP,V2 
C VP = SPECIFIC VOLUME AT WHICH HUGONIOT INTFRSECTS PHASE BDRY 
C 

C 

INTEGER H,BURN,S,Sl,lON,CYCLE,COUNTS;CYCLES,ALP,OPTION,H2,HSl,HS, 
1 BURNS,HS2 

REAL l,M,lINEAR,lEFTP 

GO TO 14 
ENTRY B5EQST(S,JI 
GO TO 121 
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C 
C ENTRY POINT TO INITIALIZE BURN 5 •••••••••••••••••••••••••••••••••••• 
C 
C 

c 

C 

14 RHO(S)=7.84 
Al=1.667 
AZ=3.4 
A 3=0.0 
DV(St=-.004 
PM=.130 
CVl=.45E-05 
CVMIX=.46E-05 
GAMMl(Sl=1.6 
EO=O.O 
TO=300.0 
OPOTMX=-6.5E-05 
TAUO=3.0 

VO(S'=l.O/RHO(St 
VP=VO(St/(1.O+(-Al+SORT(Al •• Z.+4.0.AZ.PMII/(Z.O.AZl' 
V2=VP+OV(S) 
WRITE(6,960' ~HO(S"Al,AZ,A3,OV(S),PM,CVl,DX(SI,CVMIX,GA~Ml(S),EO, 

1 TO,OPOTMX,TAUD,H(S),l(S) 
CSPS=.5 
HSl=fH(S-l)+l) 
HS2=H(SI+Z 
00 39 J=HSl,HS2 
V(JI=VO(St 

3'\ U(J+it=O.O 
Q(Jt=O.O 
PfJI=1.0134E-6 
TlIMA(Jt=DELT 
CSP(JI=CSPS 
V l( J t =VO ( S I 
FRACT2(JI=O.O 
E(J)=O.O 
ENT(Jt=O.O 
PIP ( J I =TO 
NSA(J)=l 
XEO(J)=O.O 

39 CONTINUE 
RETURN 

C ENTRY POINT TO SET EQUATIONS OF STATE FOR RUR~5 ••••••••••••••••••••• 
C 

1Zl NSW=NSA(J' 
GO TO (ZZO,ZZZ',NSW 

C-----MATERIAL IS IN PHASE 1 
2Z0 FTAMl=(VQ(S"VNt-l.O 

PT=Al·ETAMl+AZ·ETAMl··Z 
CSPfJI=(Al.VOfSt+2 •• AZ.VO(S).(VO(S"VN-l.'+3 •• A3.VO(S'.(VOfS"VN-

1 1.) •• 2. t ••• 5 
ET=E(J)-O.5.(P(J'+PT+QA+Q(J)).(VN-V(J'. 
IF(ABS(PT'.lT.l.OE-5IPT=O.O 
IF(PT.GE.PM.CALll~IX(S,JI 

8 
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C 

C 
C 
C 

C 

C 
C 

P(J)=PT 
E (J) = ET 
RETURN 

DUVALL 

222 CALL lMIX(S,J) 
E (J) = ET 
P(J)=PT 
RETURN 

121 

PAGE 

q~O FORMAT(lHO,5X,3HRHO,12X,2HAl,12X,2HA2,12X,2HA3,12X,2HDV,12X,2HPM, 
1 llX,3HCVl,12X,5HDX(S),/lX,8E14.6,/lHO,4X,5HCVMIX,9X,5HGAMMl,llX, 
2 2HEO,12X,2HTO,lOX,6HDPOTMX,11X,4HTAUO,11X,4HHCS),1IX,4HLCS),I 
36El4.6,4X,I1,3X,El4.6) 

END 
SUBROUTINE lMIXCS,J) 

THIS SUBROUTINE SUITABLE FOR COMPRESSION PHASE ONLY 

cnM~ON ICIIONI HIQ),BURNC9),L(9),DX(91,Sl,RHO(Q) 
COMMON ICZTIMEI TIMES,CYCLE,DELT,DTN,OTMX,TLIMA(300),JCRIT, 

I TQUTT,TAU 
COMM~N IC4FLOWI U(300),VC3001,X(300),Q(300),P(300),E(300),OA,VN, 

1 MASS(300),CSP(300) 
COMMON IC6TEMPI ET,PT 
COMMON IB5DATAI vn(9),AI,A2,A3,DV(9),TAUO,NSA(300),PM,GAMM1(9), 

1 FRACT2(3001,Vl( 300) ,XEQ(300) ,VP,VZ 

INTEGER H,BURN,S,S1,lON,CYCLE,COUNTS,CYCLES,ALP,OPTION,HZ,HSl,HS, 
, BURNS, HS2 

REAL L,MASS,LINEAR,LEFTP 

NSA(JI=2 
XO=FRACTZ(J) 
XEQO=XEQ(JI 
CA=TAUO*DELT 
IF(VN.GT.VP) GO TO Z 
IF (VN.GT.V21 GO TO 3 
XEON=l.O 
GO TO 6 

Z XEON=O.O 
GO TO 6 

3 XEQN=l.O+lVN-VZ)/DVlS) 
6 CONTINUE 

XN=(XO*(1.O-CA/Z.O)+0.5*(XEQD+XEQNI*CAI/{1.+CA/Z.OI 
IF(XN.LT.O.O) XN=O.O 
VT= VN-XN*DVlSI 

· EMUI=IVO(SI/VTI-I.O 
PT=Al*EMUl+AZ*EMUl**Z. 
CSP(JI=IAl*VOIS)+2.*AZ*VOlS)*CVOISI/VN-1.1+3.*A3*VOCSI*(VO{SI/VN-

1 1.1**2.)**.5 
ET=E(JI-0.5*(PT+P(JI+QA+Q(J)*CVN-V(J) ) 
V U J )=VT 
FRACT2(J)=XN 
XEQlJ)=XEQN 
RETURN 

9 
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SUBROUTI NE WR ITE 
COMMON ICll0NI H(9),BURN'9I,L(9),DX(91,Sl,~HOe9J 
CnMMON ICZTIMEI TIMES,CYCLE,DELT,DTN,DTMX,TLIMA(300I,JCRIT, 

1 TQUIT,TAU 
COMMON IC1CTRlI COUNTS,JSTAR,JPE,JPR,JQUIT,LAST,CYCLES 

PAGE 10 

COMMON IC4FLDWI Ue300J,Ve300I,XI300I,Qe3001,p(300I,E(3001,QA,VN, 
1 MASS(300),CSpe3001 

COMMON IC5THERI TMPe300J,ENTe300J 
COMMON IC7GNRLI ALP,OPTION,CONA,CQ,LEFTP 
COMMON IB5DATAI VOeql,A1,A2,A3,DV(91,TAUO,~SAe3001,PM,GAMMle9J, 

1 FRACT2(300),Vl(3001,XEO(300),VP,V2 

INTEGER H,BURN,S,Sl,lON,CYCLE,COUNTS,CYCLES,ALP,OPTION,H2,HSl,HS, 
RURNS, HSZ 

REAL L,MASS,LINEAR,LEFTP 

GO TO 14 
ENTRY WR ITE 1 
GO TO 121 

14 WRITE(6,302J 
WRITEC6,304JTIMES,DElT,DTN,CYClE,JCRIT 
WRITEC6,306) 
S=2 
IF( JPB.EQ.l .ANO. JSTAR.GT.HCZJ+I0 I JPB=H(2) 
DO 330 J=JPB,JPE 
IFCJ.GT.HCS)' S=S+1 

3 10 WR [ TE C 6, 31B ) J, U C J • , V C J ) , P (J ) , E ( J J ,Q C J J ,F R AC T 2 C J ) , V l( J. ,X ( J. , T MP C J I 
I,TlIMA(J) 

~ 30 CONTI NUE 
C-----NEXT TWO STATEMENTS (COMMENTS) ARE TO BE USED IF GRAPHING IS DESIRED 

CAll MANUAl(1.2S*lEFTP,O.1 
CAll GRAPH1ep,JPEI 
IF(lAST.EO.IICALl EXIT 
RETURN 

121 WRITEe6,8621 
DO 46 J =1,2 

46 WRITE(6,962IJ,U(JI,VeJI,PIJ),EeJI,QeJI,FRACT2eJI,VlIJ),XeJJ, T 
-MPeJ',TLIMAeJI 

00 57 S=2,S1 
HSl=H( SI-l 
HS2=HeS)+2 
DO 57 J=HSl,HS2 

57 WRITE(6,962JJ,UeJI,VIJI,p'J),EeJI,Q'J),FRACT2eJJ,Vl(JI,XeJI, T 
-IIIPCJI,TlIMAeJI 

RETURN 
302 FORMAT(IHll 
304 FnRMAT(10X,6HTIME= ,E14.8,4X,6HDELT= ,E14.8,4X,5HOTN= ,E14.8,4X,7H 

-CYCLE= ,15,4X,7HJCRIT= ,I5/5XI 
306 FDRMAT(2X,IHJ,6X,lHU,9X,lHV,9X,IHP,9X,lHE,9X,lHQ,7X,6HFRACTZ,6X, 

1 2HV1,9X,lHX,9X,3HTMP,6X,5HTLIHAI15X) 
31B FORMAT(14,BF10.6,F7.1,~13.51 
A62 FOR~ATC2X,lHJ,6X,lHU,9X,lHV,9X,lHP,9X,lHE,9X,lHQ,7X,6HFRACT2,6X, 

1 2HV1,9X,lHX,9X,3HTMP,6X,5HTLIHAI12XJ 

• 
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962 FORMAT(I4,8F10.6,F7.1,EI3.5' 
3 FORMAT(IHO,2X,6HTIME= ,EI4.8,4X,5HUFS= ,Fl4.8,4X,5HXFS= ,E14.8,4X, 

-7HCVCLE= ,I4,3X,1HJPMAX= ,14,3X,7HJCRIT= ,14f2X) 
END 
SUBROUTINE GRAPH4(A,B,C,D,N) 

COMMON IC3CTRLI COUNTS,JSTAR,JPE,JP6,JQUIT,LAST,CVCLES 
COMMON fC4FLOWI U(300),V(300),X(300),Q(3001,P(300),E(3001,QA,VN, 

1 MASS(300),CSP(3001 
COMMON IC7GNRLI AlP,OPTION,CONA,CQ,LEFTP 

REAL l,MASS,LINEAR,lEFTP 
nIMENSION A(NI, B(N), C(N), O(N), POINT(41, GRAPH(l221 
DATA POINT/IHA,IHB,IHC,lHOI 
nATA MSWTCH,BLANK,PERIOD/O,lH ,IH.1 
M=4 
IFOISWTCH.EQ.I) GO TO 50 
AMAX=D(11 
AMIN=D(1) 
00 1 1=1, N 
IF(AMAX.LT .D( I)) AMAX=D(l1 

1 IF(AMIN.GT.D(lI) AMIN=O(l) 
GO TO 2 
ENTRV GRAPH3(A,B,C,N) 
M=3 
IF(MSWTCH.EQ.l) GO TO 50 
AMAX=C(I) 
AMIN=C(1) 

2 DO 3 1=1, N 
IF(AMAX.LT.C(I)) AMAX=C(II 

3 IF(AMIN.GT.C(l)) AMIN=C(J) 
GO TO 4 
ENTRV GRAPH2(o\,B,N) 
M=2 
IF(MSWTCH.EQ.l) GO TO 50 
AMAX=B(l) 
AMIN=B(l} 

4 DO 5 1 =1 ,N 
IF(AMAX.lT.B(I)) AMAX=B(I) 

5 IF(AMIN.GT.B(Il) AMIN=B(I) 
GO TO 6 
ENTRV GRAPH1(A,N) 
M=1 
IF(MSWTCH.EQ.11 GO TO 50 
AMAX=A(l. 
AMIN=A(l) 

6 DO 1 1=1, N 
IF(AMAX.LT.A(II) AMAX=ACI) 

1 IF(AMIN.GT.A(I)) AMIN=AClI 
50 SC=(AMAX-AMIN)/120. 

WRITE(6,100) AMIN,AMAX,SC,(PERIOO,I=1,1211 
100 FORMAT(IHl,17HRANGE Of GRAPH IS,F15.8,8H THROUGH,F15.8111X,11HSCAL 

lING FACTOR IS,F15.811105X,21Hllllllllllllll1111111/15X,lllHllllll1 
2111222222222233333333334444444444555555555566666666661777777177888 
3888888R9999999999000000000011l11111112/6X,120H12345678901234567890 



1* 
1* 
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4123456789012345678Q01234567890123456789012345678Q01234567890123456 
57890123456789012345678QOlZ34567890/5X,lZlA11 

DO 8 l=l,N 
DO 17 J=1,121 

17 GRAPHCJ)=BlANK 
GO TO C9,10,11,lZ),M 

12 K4=COCI)-AMINI/SC+1. 
IFCK4.lT.0.OR.K4.GT.122) K4=122 

11 K3=CC((I-AMIN)/SC+l. 
IF(K3.LT.O.OR.K3.GT.1ZZ) K3=122 

10 K2=CB(I)-AMINt/SC+l. 
IF(K2.lT.0.OR.K2.GT.122) K2=122 

q K1=(A(It-AMIN)/SC+l. 
IF(Kl.lT.0.OR.K1.GT.122) Kl=122 
GO TO (13,14,15,16),M 

16 GRAPHCK4)=POINT(4) 
15 GRAPH(K3)=POINTC3) 
14 GRAPH(K2)=POINTCZJ 
13 GRAPH(Kl)=POINT(l) 

IF(GRAPH(121t.NE.RlANKJ GRAPHC120J=GRAPHCIZ1) 
WRITEC6,10It I,CGRAPHCIlt,Il=1,120J 

101 FORMAH2X,I3,lH., 120AlJ 
B CONTINUE 

MSWTCH=O 
RETURN 
ENTRY MANUAl(A1,A2J 
AMAX=A1 
AMIN=A2 
M SWTCH= L 
RETURN 
END 

• 

• 
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