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<€ 18.812

Hence the maximum number of calculations is 18,

If 11 calculations are used, then

F
B i -
Ly = $— + 32 x 0.0l = I + %EK x 0.01
U "n
= 0.0105

This means that by using only eleven sequential calculations, the final
interval of uncertainty can be reduced to approximately 1% of the
original range. If € can be decreased then the limiting fraction of
1/144 is approached.

The location of the initial point is calculated as follows:

=

_1)11

_ 10, 0.01(-1)"
L = Fl, F “%h = 0,6181

The first calculation is then placed at FR, = 61,81 while the second is

1
put at 38.19,

Two aspects of this technique should be emphasized: first, the
range which is optimized is FRl not |AEC26 ; second, by choosing the
total number of calculations in advance, the program automatically stops
at the predetermined accuracy. This search can also be used on discon-
tinuous functions. The following table 10 shows the power of this search.

The reduction ratio is the fraction of the original interval remaining

after a particular number of experiments or calculations,



TABLE 11: REDUCTION RATIO FOR SEQUENTIAL FIBONACCI SEARCH
No. of Calculations Reduction Ratio
or Experiments Lo/Lr
0 3
7 2
2 2
3 3
4 g
5 8
6 13
b 21
8 3L
) 55
10 89
i 144
12 233
13 277
14 610
15 987
16 1597
17 2584
18 4181
19 6765
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APPENDIX IV PROGRAM LISTINGS
The following pages present the listings of the programs

used in the various calculations described in this report. Section
4,1.1 lists the equilibrium stage calculation which starts at E1 and
proceeds to RN while 4,1,2 list the alternate method which starts at

RN and moves up to El’ Section 4.2 reproduces the program which cal-
culates the steady-state concentrations from an N-stage model. Section
4,3 lists the calculation which produces the transient response after

starting from a steady - state profile and applying a linear change of

KEa over a given number of volume displacements.,
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Lelel

Ay &Y ™Y

90
EQUILIBRIUM STAGE CALCULATION E(1} TO REN)

LIQUID-LIQUID EXTRACTION GARY POLLOCK
STEADY STATE EFFICIENCY CALCULATION - LAGRANGIAN INTERPOLATION
FIBONACCI SEARCH
CALCULATION PROCEEDS FROM TOP TO BOTTOM E =~ R

MEMORY RESERVATION

DIMENSION EQEC(30)sEQRC(30)9sARA(30)sARB(30)sARC(30)
DIMENSION BEA(30)sBEB(30)sBEC(30)sEA(30)sEB(30)sEC(30)
DIMENSION RA(30)sRB(30)sRC(30)sFE(30)sFR(30)

DIMENSION FRA(30)sFRB(30)sFRC(30)sFEA(30)sFEB(30)sFEC(30)
DIMENSION F(25)

COMMON ACTSG

SYSTEM DATA

READ 900sLsMsN

READ 901+ (EQEC(I)sEQRC(I)sI=1sL)

READ 9029 (ARA(I)sARB(I)sARC(I)sI=1sM)
READ 902 (BEA(I)sBEB(I)sBEC(I)sI=1sN)
READ 9034ACTSGsLIM

READ 900sNUMsLIMIT

FIBONACCI SERIES
F(1)=140

F(2)=240

DO 5 LLL=3s25
FOLLLY=F(LLL~-1)+F(LLL~2)

DO 100 JJ=1sNUM

EXPERIMENTAL DATA

READ 900sNOsLRPM

READ 905sEC(1) sRHOESFFE1

READ 905sRNCsRHORsFFRN

READ 904 9SAsSBsSCsRHOSsFFS

READ 904 sFAsFBsFC9eRHOFoFFF

CALL INTERP(NsBECsBEASEC(1)sEA(1))
EB(1)=100,0=-EC(1)=-EA(1)

CALL INTERP(MsARCsARBsRNCsRNB)
RNA=100+0-RNB-=RNC

OVERALL MATERIAL BALANCE
FF=FFF*RHOF
FS=FFS*#RHOS
FE(1)=FFE1*RHOE
FRN=FFRN#RHOR
AA=FF+FS
BB=FE(1)+FRN
CC=(AA-BB)/AA%¥10040



O O VNS

10

L3

5

20

AAC=(FF*FC+FS*SC)/100,0
BBC=(FE(1)*EC(1)+FRN*¥RNC) /10040
CCC=(AAC-BBC)/AAC*¥100,0

HEADINGS

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

950

951

952

953

954

955

956 s NO s LRPM

957

958 sEA(1)sEB(1)sEC(1)sRHOESFFE1
959 yRNA s RNBsRNC s RHOR s FFRN
9609SAsSBeSCesRHOSHFFS

961 sFAsFBsFCsRHOF o FFF

962

963 sBBsAASCC

964 +sBBCsAAC»CCC

965

966

967

EQUILIBRIUM CALCULATION

J=0
J=Jd+1

CALL INTERP(LSEQECSEQRCSEC(J)sRC(J))
CALL INTERP(MsARCsARBsRC(J)sRB(J))
RA(J)=10040=-RC(J)=RB(J)
IF(RNCeGE4RC(J)) GO TO 70

FIBONACCI SEARCH FOR FLOWS

RANGE MAXIMUM
XO0=(FF*FC=FE(1)*EC(1))/RC(J)
IF(X0elLTe0s0) X0=040
FE(J+1)=X0+FE(1)=FF

EA(J+1)=(XO*¥RA(JI+FE(1)*EA(1)=FF*FA) /FE(J+1)
IF(EA(J+1)eGTeBFEA(1) e ANDeEA(JU+1)eGTe040)

X0=X0+0e3
GO TO 13
CALL INTERP(NsBEASBECSEA(J+1)sEC(J+1))

CALCC=(XO*¥RC(JI+FE(L1)*EC(1)=-FF*FC) /FE(J+1)

YO=ABS(EC(J+1)-CALCC)

RANGE MAXIMUM
XN=FF+FS
FE(J+1)=XN+FE(1)=FF

EA(J+1)=(XN¥RA(J)+FE(1)*EA(1)=FF*FA)/FE(J+1)

IF(EA(J+1)«LT«BEA(N)) GO TO 25
XN=XN=1.0
GO TO 20

GO~ TO 15



2%

60

92

CALL INTERP(NsBEASBECSEA(J+1)sEC(I+1))
CALCC=(XN*¥RC(JI+FE(1)*EC(1)=FF*FC)/FE(J+1)
YN=ABS(EC(J+1)~CALCC)

INITIAL PLACEMENT
S2=(XN=X0)*(F(LIMIT=-1)/F(LIMIT))

X1=XN-S2

X2=X0+S2

FE(J+1)=X1+FE(1)~-FF
EA(J+1)=(X1*RA(J)+FE(1)*EA(1)=FF*FA)/FE(J+1)
CALL INTERP(NsBEASBECSsEA(J+1) sEC(J+1))
CALCC=(X1#RC(JI+FE(1)*EC(1)~FF*FC)/FE(J+1)
Y1=ABS(EC(J+1)~-CALCC)

FE(J#1)=X2+FE(1)~FF
EA(J+1)=(X2%¥RA(J)+FE(1)*EA(1)-FF*FA)/FE(J+1)
CALL INTERP(NsBEASBECSEA(J+1)9EC(JI+1))
CALCC=(X2*RC(J)+FE(1)*EC(1)=FF*FC) /FE(J+1)
Y2=ABS(EC(J+1)-CALCC)

SEARCH

LLIM=LIMIT=-2

DO 61 NOFIB=1sLLIM

IFEY1.6E.Y2Y GO TO 60

XN=X2

YN=Y2

X2=X1

Y2=Y1

X0=X0

YO=YO

X1=X0+(XN=X2)

FECJ+1Y=X1+FE (1 )=FF
EA(J+1)=(X1*¥RA(JI+FE(1)*EA(1)=FF*FA)/FE(J+1)
CALL INTERP(NsBEASBECSEA(J+1)sEC(J+1))
CALCC=(X1%#RC(JI+FE(1)#EC(1)~FF*FC)/FE(J+1)
Y1=ABS(EC(J+1)~=CALCC)

IF{XI«LTeX2) GO TO. 61

XX=X1

YY=Y1

X1=X2

Y1l=Y2

X2=XX

Y2=YY

GO TO 61

X0=X1

Yo=Y1

X1=X2

Y1=Y2

XN=XN

YN=YN

X2=XN=(X1-X0)

FE(J+1)y=X2+FEL]L )=FF
EA(J+1)=(X2%¥RA(J)+FE(1)*EA(1)-FF*FA)/FE(J+1)
CALL INTERP(NsBEASBECHIEA(J+1) sEC(J+1))
CALEC=(X2%RC (J}+FE(]L IHEC U1 )~EF*FCY/EEL J¥1)



MM

61

70

T

100

900

Y2=ABS(EC(J+1)-CALCC)
IF(XI.LTeX2) GO TO 61
XX=X1

YY=Y1

X1=X2

Yl=Y2

X2=XX

Y2=YY

CONTINUE

STAGE MATERIAL BALANCE

FRIJ)=(X1+4X2)/2,0

FE(J+1)=FR(J)+FF(1)-FF
EA(J+1)=(FR(J)*¥RA(JI+FE(1)*EA(1)=FF*FA)/FE(J+1)
CALL INTERP(NsBEASBECsEA(J+1)EC(JI+1))
EB(J+1)=10040-FA(J+1)=-EC(J+1)

PRINT CONCENTRATIONS AND FLOWS

FRA(J)=FR(J)*RA(J)

FRB(J)=FR(J)#*RB(J)

FRC(J)=FR(J)*RC(J)

FEA(J)Y=FE(J)*EA(J)

FEB(J)=FE(J)*EB(J)

FEC{J)=FE(Jy%EC(J)

Fi=FE(J)

FZ2=ER{.J)

F3=FEA(J)/100.0

F4=FEB(J)/100,0

Fo=FEC{J)/710040

F6=FRA(J)/100.0

F7=FRB(J)/100.,0

F8=FRC(J)/1004,0

IFIRNC+GEWRC(J}Y) 60 TO 70O

PRINT 968sEA(J) sEB(J)sEC(J) sRA(J) sRB(J)YIRC(J)sF19F29F39F49F59F60
F79sF8

GO TO T1

Fl=FE(J}

F3=FE(J)*EA(J)710040

Fa=FE(J)Y*®EB(J) /10040

Fe=FE (J¥%EC( JY/710040

PRINT 9719EA(J) sEB(J)sEC(J)sRA(I)sRB(J)9RC(J)sF19sF39F4sF5

IF(RNCeGESRC(J)) CALL EFFCY(RNCsRC(J=1)sRC(J)sJ)

IF(RNCeGE.RC(J)) GO TO 100

IF(JeLEsLIM) GO TO 10

PRINT 969sLIM

PRINT 970

CONTINUE

FORMAT STATEMENTS
FORMAT (314)

23



94

901 FORMAT(2F6e2)
902 FORMAT(3F6e2)
903 FORMAT(F6e1ls13)
904 FORMAT(5F643)
905 FORMAT (3F6e3)

950 FORMAT (43Xs47HLIQUID-LIQUID EXTRACTION EFFICIENCY CALCULATION/)

951 FORMAT(60Xs12HSTEADY STATE///)

952 FORMAT (48Xs36HSYSTEM = WATER - ACETIC ACID - MIBK//)

953 FORMAT(61Xs9HA - WATER)

954 FORMAT(61Xs8HB = MIBK)

955 FORMAT(61X915HC - ACETIC ACID//)

956 FORMAT(51Xs8HRUN NOe I3910Xs5HRPM =14//)

957 FORMAT ( 6X922X91HA919X91HBs19Xs1HC913Xs13HDENSITY-GM/ML 98X
1 11HFLOW-ML/MIN/)

958 FORMAT(13Xe2HE19F16e394F2063)

959 FORMAT(13X9s2HRNsF16e3s4F20e3)

960 FORMATI(13X9s2HS sF1l6e394F2043)

961 FORMAT(13Xs2HF sF1l6e394F2043/)

962 FORMAT(57Xs17HMATERIAL BALANCES/)

963 FORMAT(29Xs11HTOTAL OUT =F7¢3¢10Xs10HTOTAL IN =F743911Xs9HBALANCE
1=F7.2)

964 FORMAT(29Xs11HHAC OUT =F7e¢3910X910HHAC 1IN =F7e3911Xs9HBALANCE
1=F o 2/ 7)

965 FORMAT(53X9s29HCALCULATION PROCEEDS FROM TOP///)

966 FORMAT(17X9s26HCONCENTRATIONS-WT PER CENT940Xs12HFLOWS-GM/MIN/)

967 FORMAT( 9Xs2HEA s6X9s2HEBs6Xs2HECs6X92HRAI6X s 2HRB 96X e 2HRC 99X 9 2HFE s
16X9s2HFRs6Xs3HFEA95X93HFERs5X s 3HFECs5X9s3HFRAs5Xs3HFRBs5X 9 3HFRC/ /)

968 FORMAT(5Xe6F8e393X98F8e3//)

969 FORMAT(56Xs16HERROR-MORE THAN I3+6HSTAGES///)

970 FORMAT (1H1)

971 FORMAT(5X9s6F8e393X9sF86398X93F8e3//)

STOP
END

SUBROUTINE INTERP(JKsXsYsXAsYA)
DIMENSION X(30)sY(30)
YA=060
IF((X(1)=X(2))eGTe0s0) GO TO 804
DO 805 II=1sJK
IF({XA=X(I1))eLE«OeO) GO TO 806
805 CONTINUE
804 DO 809 II=1sJK
IF((X(II)=-XA)eLEeOeO) GO TO 806
809 CONTINUE
806 IF(ITeLEe3) GO TO 807
IF(114GEe(JK=2)) GO TO 808
MM=11-3
MMM=T11+2
GO TO 810
807 MM=1



MMM=6
GO TO 810

808 MM=JK-5
MMM=JK

810 DO 801 I=MMsMMM
PROD=Y (1)
DO 800 J=MMsMMM
IF(JeEQeI) GO TO 800

9h

PROD=PROD* (XA=X(J) )/ (X(I)=X(J))

800 CONTINUE
801 YA=YA+PROD
RETURN

END

SUBROUTINE EFFCY(AsBsCsJ)
COMMON ACTSG
FRACT=(A=-B)/ (C-B)
Lad=1
YY=Z+FRACT
EFF=10040%YY/ACTSG
PRINT 802sEFFsYY
PRINT 803
802 FORMAT(33Xs12HEFFICIENCY =
1S = F6e3/)
803 FORMAT(1H1)
RETURN
END

F7¢3910X931HNUMBER OF THEORETICAL STAGE
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EQUILIBRIUM STAGE CALCULATION RGN} TO E€L)
LIQUID-LIQUID EXTRACTION GARY POLLOCK
STEADY STATE EFFICIENCY CALCULATION - LAGRANGIAN INTERPOLATION
FIBONACCI SEARCH
CALCULATION PROCEEDS FROM BOTTOM TO TOP e
MEMORY RESERVATION

DIMENSION EQEC(30)sEQRC(30)9sARA(30)9sARB(30)sARCI(30)
DIMENSION BEA(30)sBEB(30)sBEC(30)sEA(30)sEB(30)sEC(30)
DIMENSION RA(30)sRB(30)sRC(30)sFE(30)sFR(30)

DIMENSION FRA(30)9FRB(30)sFRC(30)sFEA(30)sFEB(30)sFEC(30)
DIMENSION F(25)

COMMON ACTSG

SYSTEM DATA

READ 900sL sMsN

READ 901+ (EQEC(I)sEQRC(I)sI=1sL)

READ 902 (ARA(I)sARB(I)sARC(I)sI=1eM)
READ 902+ (BEA(I)sBEB(I)sBEC(I)sI=1sN)
READ 903 sACTSGsLIM

READ 900 sNUMSLIMIT

FIBONACCI SERIES
F(1)=140

F(2)=2.0

DO 5 LLL=3s25

FlLEL Yy=FUEEL =1 =FOKlL=2)

DO 100 JJ=1sNUM

EXPERIMENTAL DATA

READ 9004NOsLRPM

READ 905s ENCsRHOEsFFEN

READ 9054RC(1)9sRHORsFFR1

READ 9049SAsSB9SC9RHOSSFFS

READ 904 4FAsFBsFCesRHOFsFFF

CALL INTERP(NsBECsBEASENCSENA)
ENB=100+0-ENC-ENA

CALL INTERP(MsARCsARBsRC(1)sRB(1))
RA(1)=10040-RB(1)-RC(1)

OVERALL MATERIAL BALANCE
FF=FFF*RHOF

FS=FFS*RHOS
FEN=FFEN*RHOE
FR(1)=FFR1*RHOR

AA=FF+FS

BB=FEN+FR (1)
CC=(AA-BB)/AA*¥10040
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10

13

ES

20

AAC=(FF#FC+FS*SC) /10040
BBC=(FEN*¥ENC+FR(1)*RC(1))/100,0
CCC=(AAC-BBC)/AAC*¥100.,0

HEADINGS

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

950

951

952

953

954

955

956 sNO s LRPM

957

958 sENASENBIENCsRHOESFFEN
959sRA(1)sRB(1)sRC(1)9sRHORsFFR1
960sSAsSBsSCsRHOSSFFS

961 sFAsFBsFCsRHOF sFFF

962

963 +sBBsAALCC

964 sBBCsAACHCCC

965

966

967

EQUILIBRIUM CALCULATION

J=0
J=Jd+1

CALL TNTERP(LSEQRCsEQECIRC1I)sEC(IY)
CALL INTERP(NsBECsBEASEC(J)sEA(J))
EB(J)=100.0-EA(J)=EC(J)
TFLENCWLE«EC(J)) GO TQ TO

FIBONACCI SEARCH FOR FLOWS

RANGE MINIMUM

IF(X0.

LTe0e0) XO0=040

X0=(FS*SC-FR(1)*RC(1))/EC(J)
FR (J#+1 ) =X0+FR({L)~FS

RB(J+1)=(XO*¥EB(J)+FR(1)*RB(1)-FS*SB)/FR(J+1)
IF(RB(J+1)eGTeARB(1)eANDeFR(J+1)eGTe040)

X0=X0+043
GO TO 13
CALL INTERP(MsARBSARCsRB(J+1)sRC(I+1))

CALCC=(XO*EC(J)+FR(1)*RC(1)=FS*SC)/FR(J+1)

YO=ABS(RC(J+1)=CALCC)

RANGE

MAXIMUM

XN=FF+FS
FR(J+1)=XN+FR(1)=FS

RB(J+1)=(XN*EB(J)+FR(1)*¥RB(1)-FS#SB)/FR(J+1)

IF(RB(J+1)eLT<ARB(M)) GO TO 25
XN=XN=1e0
GO TO 20

GO TO 15



25

60

98

CALL INTERP(MsARBSARCsRB(J+1)sRC(J+1))
CALCC=(XN*¥EC(J)+FR(1)*RC(1)=FS*SC)/FR(J+1)
YN=ABS(RC(J+1)~CALCC)

INITIAL PLACEMENT

S2=(XN=X0)* (F(LIMIT=1)/F(LIMIT))

X1=XN=-52

X2=X0+S2

FR(J+1)=X1+FR(1)=FS
RBIJ+1)=(X1*EB(J)+FR(1)*RB(1)=-FS*¥SB) /FR(J+1)
CALL INTERP(MsARBSARCsRB(J+1) sRC(J+1))
CALCC={XI%*EC(JY+FRLA1)1¥RC(1)=FS*¥SCI/FR(J+1)
Y1=ABS(RC(J+1)=CALCC)

FR(J+1)=X2+FR(1)-FS
RB(IJ+1)=(X2*¥EB(J)+FR(1)*¥RB(1)=FS*SB)/FR(J+1)
CALL INTERP(MsARBSARCIRB(J+1)sRC(I+1))
CALCC=(X2#EC(J)+FR(1)#RC(1)=FS*SC)/FR(J+1)
Y2=ABS(RC(J+1)-CALCC)

SEARCH

LLIM=LIMIT-2

DO 61 NOFIB=1sLLIM

IF(Y1leGEsY2) GO TO 60

XN=X2

YN=Y2

X2=X1

Y2=Y1

X0=X0

YO=YO

X1=X0+(XN=X2)

FR(J+1)=X1+FR(1)=FS
RB(J+1)=(X1*¥EB(J)+FR(1)*RB(1)=FS*SB)/FR(J+1)
CALL INTERP(MsARBsARCyRB(J+1)sRC(JI+1))
CALCC=(X1#EC(J)+FR(1)%#RC(1)=-FS*SC)/FR(J+1)
Y1=ABS(RC(J+1)-CALCC)

IF(X1lelTeX2) GO TO 61

XX=X1

YY=Y1

X1=X2

Yl=Y2

X2=XX

Y2=YY

GO TO 61

X0=X1

YO=Y1

X1=X2

Yl=Y2

XN=XN

YN=YN

X2=XN=(X1-X0)

FREJ+HL¥=X2+FR (1 )=~FS
RB(J+1)=(X2*EB(J)+FR(1)*RB(1)~-FS*SB)/FR(J+1)
CALL INTERP(MsARB9ARCsRB(J+1)sRC(I+1))
CALCC=(X2*EC(J)+FR(1)*RC(1)=-FS*SC)/FR(J+1)
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70

i,

100

900
901

1

Y2=ABS(RC(J+1)-CALCC)
IF{X1leLTeX2) GO.TO' 61
XX=X1

YY=Y1

X1=X2

Y1l=Y2

X2=XX

Y2=YY

CONTINUE

STAGE MATERIAL BALANCE

FE(J)=(X1+X2)/2.0

FR(J+1)=FE(J)+FR(1)=FS
RB(J+1)=(FE(J)*EB(J)I+FR(1)#RB(1)-FS*SB)/FR(J+1)
CALL INTERP(MsARBSARCRB(J+1)sRC(J+1))
RA(J+1)=100,0-RB(J+1)=RC(J+1)

PRINT CONCENTRATIONS AND FLOWS

FRA(J)=FR(J)*RA(J)

FRB(J)=FR(J)*RB(J)

FRC(J)=FR(J)#RC(J)

FEA(JY=FE(J) ¥EAL(I)

FEB(Jd)=FE{J)*EB(J)

FECHJ)=FE(JIREC (J)

Fl=zFE(J)

F2=FR(J)

F3=FEA(J)/100.0

F4=FEB(J)/7100.0

F5=FEC(.J) /10040

F6=FRA(J)/1000

F7=FRB(J)/100.0

F8=FRC(J)/10040

IFIENCeLESEC({J)) GO TG 70

PRINT 968 sRA(J) sRB(J) sRC(J)9sEA(J)sEB(J)9EC(J)9sF29F19sF69sFTsFB8sF3y
F4sF5

GO TO 11

F2=FR(J)

Fl=FE(J)

F6=FR(J)*RA(J) /10040

F7=FR(J)*RB(J)/10040

F8=FR(J)*RC(J)/100.0

PRINT 971sRA(J)sRB(J) sRC(J)sEA(J) sEB(J)sEC(J)9sF29F69FT9F8

IF(ENCOLE«EC(J)) CALL EFFCYIENCIECQEI=1Y3EC(J) )

IF{ENCoLESEC(JY Y GO TO 100

LECJSLEEGL TMY. 60 TO TO

PRINT 969sLIM

PRINT 970

CONTINUE

FORMAT STATEMENTS
FORMAT (314)
FORMAT (2F6e2)

99



100

902 FORMAT(3F6e2)
903 FORMAT(F6els13)
904 FORMAT(5F6e3)
905 FORMAT(3F6e3)

950 FORMAT (43Xs47HLIQUID-LIQUID EXTRACTION EFFICIENCY CALCULATION/)

951 FORMAT (60Xs12HSTEADY STATE///)

952 FORMAT (48Xs36HSYSTEM = WATER - ACETIC ACID - MIBK//)

953 FORMAT(61Xs9HA — WATER)

954 FORMAT(61Xs8HB - MIBK)

955 FORMAT(61X915HC - ACETIC ACID//)

956 FORMAT(51X98HRUN NOe I39s10Xs5HRPM =14/7/)

957 FORMAT ( 6X922X91HA19Xs1HB919Xs1HC913Xs13HDENSITY-GM/ML 98X
1 11HFLOW=-ML/MIN/)

958 FORMAT(13Xs2HENsF1l6e394F2043)

959 FORMAT(13Xs2HR1sF1l6e394F2043)

960 FORMAT(13Xs2HS sF1l6e394F2043)

961 FORMAT(13Xs2HF sF16e394F20e3/)

962 FORMAT(57Xs17HMATERIAL BALANCES/)

963 FORMAT (29Xs11HTOTAL OUT =F7e3s10X910HTOTAL IN =F7¢39s11Xs9HBALANCE
1=F7e2)

964 FORMAT (29Xs11HHAC OUT =F7e3910X9s10HHAC 1IN =F7¢3911X9s9HBALANCE
1=2F T2/ /)

965 FORMAT (51X9s32HCALCULATION PROCEEDS FROM BOTTOM///)

966 FORMAT(17Xs26HCONCENTRATIONS-WT PER CENT 40X s12HFLOWS-GM/MIN/)

967 FORMAT(9X s2HRAs6X92HRB 96X s2HRCs6X s 2HEAs6X s 2HEBs 6 X9 2HEC99X 9 2HFR »
1 6X s 2HFE s6X s 3HFRA35X s 3HFRB 35X s 3HFRC 95X s 3HFEA 95X s 3HFEB s 5X9 3HFEC/ /)

968 FORMAT(5Xs6F8e393X98F8e3//)

969 FORMAT (56X916HERROR-MORE THAN 13+s6HSTAGES///)

970 FORMAT (1H1)

971 FORMAT(5Xs6F8e393XsF86398X93F8e3//)

STOP
END

SUBROUTINE INTERP(JKsXsYsXAsYA)
DIMENSION X(30)4Y(30)
YA=0.0
IF((X(1)=X(2))eGTe0s0) GO TO 804
DO 805 II=1sJK
IF((XA=-X(II))elLE«eOeO) GO TO 806
805 CONTINUE
804 DO 809 II=1sJK
IF((X(IT)=XA)eLEeOeO) GO TO 806
809 CONTINUE
806 IF(ILeslEs3) GO TO 807
IF(I1]1+GEs (JK=2}) GO TO 808
MM=I1-3
MMM=T1+2
GO TO 810
807 MM=1



808

810

800
801

802

803

MMM=6

GO TO 810

MM=JK=-5

MMM=JK

DO 801 I=MMsMMM
PROD=Y (1)

DO 800 J=MMsMMM
IF(JeEQeI) GO TO 800
PROD=PROD* (XA=X(J) )/ (X(I1)=X(J}))
CONTINUE

YA=YA+PROD

RETURN

END

SUBROUTINE EFFCY(AsBsCsJ)
COMMON ACTSG
FRACT=(A=-B)/(C~-B)

Z=J-1

YY=Z+FRACT
EFF=10040%YY/ACTSG

PRINT 802sEFFsYY

PRINT 803

101

FORMAT (33X 12HEFFICIENCY = F743910Xs31HNUMBER OF THEORETICAL STAGE

1S = F6e3/)

FORMAT (1H1)
RETURN
END
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102

GARY POLLOCK

DIMENSION EQXR(30)sEQYE(30)9sX(40)sY(40)sV(40)9sRK(40)9EK(40)
RQ(40)sEQ(40) sWR(40) sWE(40) s TX(40)sTY(40)

TX=0e0

TY=0.0

READ 900sL

DO 10 J=1sL

READ 901+EQECSEQRC
EQYE(J)=EQEC/(10040—-EQEC)
EQXR(J)=EQRC/(10040-EQRC)
READ 900sNDATA

DO 200 K=1sNDATA

READ 900sNOSTGE
M=NOSTGE

N=M+1

NN=M+2

READ 910sVWRsVWEsVV
STGN=M

DO 15 I=2sN
WE(I)=VWE/STGN
WR(I)=VWR/STGN
V(I)=VV/STGN

READ 910sDTsTLIM

READ 9105AKEsF»sS
IF(TLIMeGTe510) GO TO 20
READ 910sXINsXOUTsYINsYOUT
DFX=(XIN=XOUT)/(STGN)
DFY=(YOUT=YIN)/(STGN)
X(1)=XIN

Y(2)=YOUT

DO 16 J=2sN
X(J)=X(J=-1)-DFX
Y{J+1 )=y (J)=BFY
Y(N+1)=YIN + 000001
X(N)=X0UT

GO TO 25

DO 21 I=2sN
X(I-1)=TX(I-1)
YE1)=TY(T)

T=060

PRINT 923

PRINT 924 sM

PRINT 9255V (2)sTLIMyAKE
PRINT 926sWE(2) S

PRINT 927sWR(2)sF

PRINT 928 s XINsXOQUT
PRINT 929sYOUTsYIN

IF(MeEQel) PRINT 911 sToX(1)o(Y(I)sX(I)sI=2sN)sY(NN)
IF(MeEQe2) PRINT 912sToX(1)s(Y(I)aX(I)sI=2sN)sY(NN)



30

50

ol

52

53

60
200
900
901
910

IF(MeEQe3) PRINT 913sToX(1)s(Y(I)sX(I)sI=2sN)sY(NN)
IF(MeEQe4) PRINT 9145sToX(1)o(Y(I)aX(I)sI=2sN)sY(NN)
IF(MeEQe5) PRINT 9159TaX(1)s(Y(I)sX(I)sI=2sN)sY(NN)
IF(MeEQe6) PRINT 9165sToX(1) o (Y(I)sX(I)sI=2sN)sY(NN)
IF(MeEQe7) PRINT 917oToX(1)so(Y(I)sX(I)sI=2sN)sY(NN)
IF(MelLTe8) GO TO 30

IF(MeGE«8) PRINT 918sT

PRINT 919sX(1)s(Y(I)sX(I)sI=2sN)sY(NN)

CONTINUE

DO 50 I=2sN

CALL INTERP(LSEQXRsEQYEsX(I)sYY)
AA=AKE*V(I)*(YY=Y(I))
RKAI)=DT*(F*X(I=1)=F*X(I1)=-AA)/WR(I)
EK(I)=DT*(S*Y(I+1)=-S*Y(I)+AA)/WE(TI)
X(I)=X(I)+RK(I)/20

YLIYy=Y{Iy+EK(1)/2e0

RQ(I)=RK(I)

EQ(I)=EK(I)

DO 51 I=2sN

CALL INTERP(LSEQXRSEQYEsX(I)sYY)
AA=AKE*V(I)*(YY=-Y(I))
RKI)=DT*#(F®*X(I-=1)-F*¥X(I)~AA}/WRI(T)
EK(I)=DT#*(S*Y(I+1)=~S*Y(I)+AA)/WEI(T)
X(I)=X(I)1+(1e¢0-1e60/SQRT(2.0))*(RK(I)=RQ(I))
Y(I)=Y(I)+(1e0~-140/SQRT(20))*¥(EK(I)=EQ(TI))
RA(IN=(260-SQRT(2e0) ) #RK(I)+(=260+3e0/SQRT(240))*RQ(1)
EQ(I)=(240-SQRT(20) ) *EK(I)+(=2s04340/SQRT(2,0))*FQ(T)
DO 52 I=2sN

CALL INTERP(LSEQXRSEQYEsX(I)sYY)
AA=AKE*V(I)*(YY=Y(I))
RKOI)=DT*(F*X(I-1)=F*X(I)=AA)/WR(TI)
EK(I)=DT#(S*Y(I+1)=-S*¥Y(I)+AA)/WE(I)
X(I)=X(I)+(1e0+140/SQRT(20))*(RK(I)=RQ(I))
Y(I)=Y(I)+(1e0+1e40/SQRT(20))*(EK(I)=-EQ(I))
RQ(I)=(240+SQRT(260))%¥RK(I)=(2e0+360/SQRT(240))*RQ(T)
EQ(I)=(240+4SQRT(260) ) *¥EK(I)=(2s0+340/SQRT(2+0))*EQ(T)
DO 53 I=2sN

CALL INTERP(LsEQXRSEQYEsX(I)sYY)
AA=AKE*V(I)*(YY=Y(I))
RK(I)=DT*(F*X(I=1)=F*¥X(I)—AA)/WR(I)
EKCI)=DT*{S*Y(-I41)~8%Y ( I )+AA)/WETT)
X(I)=X(I)+RK(I)/640-RQ(I)/340
Y(I)=Y(I)+EK(I)/6e0-EQ(I)/340

T=T+DT

IF(TeLTeTLIMeANDeTLIMeLTe51¢0) GO TO 30
IF(TeLEeTLIM) GO TO 100

IF(TLIMeGTe5140) GO TO 200

DO 60 I=2sN

TXE T=1e)=XA{ I'=~1}

TY(IM=Y(1)

PRINT 920

FORMAT (214)

FORMAT (2F6e2)

FORMAT(10F8e4)

193
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911 FORMAT(10XsF842910X92(4Xs2F14e4))
912 FORMAT(10XsF8e298X93(3Xs2F1364))
913 FORMAT(10XsF8e296Xs4(3Xs2F1164))
914 FORMAT(T7XsF8e2s6X95(3X92F%e4))
915 FORMAT(5XsFB8e296X36(2X92F844))
916 FORMAT(5X9sF7e2s6X97(2X92FTe4&))
917 FORMAT(1XsF7e293X38(1Xs2F7e4))
918 FORMAT(10XsF842)
919 FORMAT(24X9F1104’F9049F1104!F9049F11049F9049F11.4’F9049F1104’F904)
920 FORMAT(1H1)
923 FORMAT(35Xs51HIDEALLY MIXED NON-EQUILIBRIUM STAGE TRANSIENT MODEL/
1/27)
924 FORMAT(51Xs18HNUMBER OF STAGES =513//)
925 FORMAT (20X s4HV =9F7e2s22X96HTLIM =9F7e2923X9s5HKEA =9sF743/)
926 FORMAT (20X s4HWE =9F7e2958X95HS =9FT7e3/)
927 FORMAT(20Xs4HWR =9F7e2958Xs5HF =sFT7e3//)
928 FORMAT(35Xs6HXIN =9F8e4923X9s6HXOUT =9FB8e4/)
929 FORMAT(35Xs6HYOUT =9FBe4923X96HYIN =sF8e4//)
STOP
END

SUBROUTINE INTERP(JKsXsYsXAsYA)
DIMENSION X(30),Y(30)
YA=060
IF((X(1)=X(2))eGTe0e0) GO TO 804
DO 805 II=1sJK
IF((XA=X(II))eLEeOsO) GO TO 806
805 CONTINUE
804 DO 809 II=1sJK
IF((X(II)=XA)elLEsOsO) GO TO 806
809 CONTINUE
806 IF(Il.LEs3) GO TO 807
IF(I1eGEslJK=2)) 6O TO 808
MM=11-3
MMM=TT1+2
GO TO 810
807 MM=1
MMM=6
GO TO 810
808 MM=JK=5
MMM=JK
810 DO 801 I=MMsMMM
PROD=Y (1)
DO 800 J=MMsMMM
IF(JeEQeI) GO TO 800
PROD=PROD* (XA=X(J))/(X(I)=X(J))
800 CONTINUE
801 YA=YA+PROD
RETURN
END
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GARY POLLOCK

DIMENSION EQXR(30)sEQYE(30)sX(40)sY(40)sV(40)9sRK(40)sEK(40)

RQ(40)9EQ(40) sWR(40)sWE(40)sTX(40)sTY(40)

TX=0e0

TY=0,0

READ 900sL

DO 10 JU=1sL

READ 9014+EQECSsEQRC

EQYE(J)=EQEC/(100.0-EQEC)
EQXR(J)=EQRC/(10040-EQRC)

READ 900sNDATA

DO 200 K=1sNDATA
READ 900sNOSTGE
M=NOSTGE

N=M+1

NN=M+2

READ 910sVWR s VWFsVV
STGN=M

DO 15 I=24N
WE(I)=VWE/STGN
WR(I)=VWR/STGN
V(I)=VV/STGN

READ 910sDTsTLIM
TTLM=TLIM=DT
DKE=04056%DT/15448

IF(TLIMeGTe510) READ 910sFsS
IF(TLIMeGTe510) GO TO 20

READ 910sAKEsF S

READ 910sXINsXOUTsYINsYOUT

DFX=(XIN=XOUT)/(STGN)
DFY=(YOUT=YIN)/(STGN)
X(1)=XIN

Y(2)=YOUT

DO 16 J=2sN
X(J)=X(J=1)=-DFX
Y{J+1)=Y(J)=DFY
Y(N+1)=YIN + 0,00001
X(N)=X0UT

GO T 26

DO 21 I=2sN
X(I-1)=TX(I-1)
YOId=TY( 1I)

T=0.0

PRINT 923

PRINT 924sM

PRINT 925V (2)sTLIMsAKE
PRINT 926sWE(2)sS
PRINT 927 sWR(2)sF
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PRINT 928 s XINsXOUT
PRINT 929sYOUTsYIN

100 IF(MeFQel) PRINT 911 TeX (1) (Y(I)eX(I)sI=2sN)sY(NN)
IF(MeFQe2) PRINT 9120ToX(1)s(Y(I)aX(I)eI=2sN)sY(NN)
IF(MeEQe2) PRINT 913sToX(1)s(Y(T)sX(TI)sI=2sN)sY(NN)
IF(MeFQe&4) PRINT 9149ToX(1)s(Y(I)aX(I)sI=2sN)sY(NN)
IF(MeFQe5) PRINT 9150TsX (1) (Y(I)eX(I)sI=2sN)sY(NN)
IF(MeFQe6) PRINT 9169TsAKEsX (1) s (Y(TI)eX(I)sI=29N)sY(NN)
IF(MeFQe7) PRINT 9170TeX(1)o(Y(I)oX(I)sI=2sN)sY(NN)
IF(MelLTe8) GO TO 30
IF(MeGEe8) PRINT 918sT
PRINT 919X (1)s(Y(I)sX(I)sI=2sN)sY(NN)

30 CONTINUE
DO 50 I=2sN
CALL INTERP(LSsEQXRSEQYEsX(I)sYY)
AA=AKE®*V(I)3#(YY=Y(TI))
RK(I)=DT#(F*¥X(I-1)=F#X(I)=-AA)/WR(I)
EK(I)=DT*(S*®Y(I+1)=S*Y(I)+AA)/WE(I)
X{Tr=X(T)Y+RK(1) /240
Y(I)=Y(I)+EK(I)/240
RQ(I)=RK(I)

50 EQ(I)Y=EK(I)
DO 51 I=2sN
CALL INTERP(LSEQXRsEQYEsX(I)sYY)
AA=AKE®V(I)*(YY=Y(I))
RK(I)=DT*(F¥X(I-1)~-F*¥X(I)=AA)/WR(I)
EK(I)=DT#(S*Y(I+1)=S*Y(I)+AA)/WE(TI)
XCI)=X(I)4(1e0-160/SQRT(20))*(RK(I)=-RQ(I))
Y{I)=Y (1401 40-10/SQRT(260) ) *(EK(T)=EQ(TI))
RA(I)=(2e0-SQRT(2e0) ) *¥RK(IN+(=2404+340/SQRT(2s0))*RQ(T)

51 EQ(I)=(2e0-SQRT(2e0))%EK(I)+(—24C+340/SQRT(240))*EQ(TI)
DO 52 I1=2sN
CALL INTERP(LSEQXRsEQYEsX{(I) YY)
AA=AKE#*V(I)*(YY=Y(I))
RK(I)=DT#(F*X(I-=1)=F*X(I)=AA)/WR(I)
EK(I)=DT#(S*Y(I+1)=S*Y(I)+AA)/WE(TI)
X(I)=X(I)+(1e0+1e0/SQRT(2e0))%¥(RK(I)=RQ(I))
Y(I)=Y(I)+(1e0+1e0/SQRT(20))*¥(EK(I)=EQ(I))
RA(I)=(2e0+SQRT(2e0) ) #¥RK(I)=(2e0+340/SQRT(20))*¥RQ(T)

52 FQ(I)=(2e0+SQRT(2e0) ) *¥EK(I)=(240+3e0/SQRT(20))*EQ(])
DO 53 I=2sN
CALL INTERP(LSEQXRSEQYEsX(I)sYY)
AA=AKE*V(I)3#(YY=Y(I))
RKOI)=DT#(F*#X(I=1)=F*X(I)=AA)/WR(I)
EK(I)=DT#(S*¥Y(I+1)=-S*¥Y(I)+AA)/WEI(T)
X{I)=X(I)+RK(I)/6e0-RQ(I1)/340

53 Y{IL)=Y(I)Y+EK(I)/6e0=EQ(I1) /340
IF(TLIMeGT651e06ANDeAKEeLTe0e212) AKE=AKE+DKE
T=T+DT
IF(Tel TaTTLMaANDe TLIMsLT«51«0) GO TO 30
IF(TeLEeTLIM) GO TO 100
IF(TLIMsGT«510) GO TO 200
DO 60 I=2sN
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TX(I=-1)=X(I-1)
&80 TY I Y=Y (L)
200 PRINT 920
900 FORMAT(214)
901 FORMAT(2F6e2)
910 FORMAT(10F8e4)
911 FORMAT(10X9sF8e2910Xs2(4Xs2F14e4))
912 FORMAT(10XsFB8e298X93(3X9s2F13e4))
913 FORMAT(10XsF8e236X94(3X9s2F11e4))
914 FORMAT(7XsFB8e296X95(3X92F944))
915 FORMAT(5XsF8e296X96(2X92F8a4))
916 FORMAT(1XsFT7e292X9F5e395Xs7(2X92F76e4))
917 FORMAT(1XeF74293Xs8(1X92F744))
918 FORMAT(10XsF8e2)
919 FORMATI(24XsF1le49FQebt9F11eb49F9eb49F11etoF9eltsFllettsF9ettsFllebtsF9e4)
920 FORMAT(1HI1)
923 FORMAT(35Xs51HIDEALLY MIXED NON-EQUILIBRIUM STAGE TRANSIENT MODEL/
Tz £
924 FORMAT(51X918HNUMBER OF STAGES =+13//)
925 FORMAT (20X 9s4HV =9FT7e2922X96HTLIM =9F742923Xs5HKEA =9F7e3/)
926 FORMAT(20Xs4HWE =9F762958X95HS =9FT7e3/)
927 FORMAT(20Xs4HWR =9F7e2958Xs5HF 29F 73/ /)
928 FORMAT(35Xs6HXIN =93F8e4923Xs6HXOUT =9FB8e4/)
929 FORMAT(35Xs6HYOUT =9F8e4923Xes6HYIN =9F8e4//)
STOP
END

SUBROUTINE INTERP(JKsXsYsXAsYA)
DIMENSION X(30),Y(30)
YA=040
IF((X(1)=X(2))eGTe0s0) GO TO 804
DO 805 II=1sJK
IF((XA=X(II))eLE«OeO) GO TO 806
805 CONTINUE
804 DO 809 II1=1sJK
IF((X(II)=XA)eLFeOeO) GO TO 806
809 CONTINUE
806 IF{LI+LE«3) GO.TOABOT
IF(11eGEs (JK~2)) G0 TO 808
MM=11-3
MMM=TT1+2
GO - TO &10
807 MM=1
MMM=6
GO TO 810
808 MM=JK-5
MMM=JK
810 DO 801 I=MMsMMM
PROD=Y (1)
DO 800 J=MMsMMM
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IF(JsEQeI) GO TO 800
PROD=PROD* (XA=X(J))/(X(I)=X(J))
800 CONTINUE
801 YA=YA+PROD
RETURN
END
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