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(vi) Evaluation of for Six Stnges: The would produce 

the correct total mass transfer was obtained by comparing the predicted 

steady - state concentrations with the experimental values. The dif-

ferences were then squared and the minimum value used as the indicator 

for the correct The following Table 10 shows the effect of the 

various choices upon the closeness of the experimental and theor­

etical concentrations. 

TABLE 10: EVALUATION OF for SIX STAGES 

Concentrations (Differences)2 

X Difference y Difference 

o:101 0.1096 +0.0133 0.1225 -0.0145 
0.120 0.1036 +0.0073 0 1282 -0.0088 
0.140 0.0984 +0.0021 0.1389 -0.0041 
0.150 0.0963 o.oooo 0.1349 -0.0021 441 
0.155 0.0953 -0.0010 0.1358 -0.0012 244 
0.156 0.0951 -0.0012 0.1360 -0.0010 244 
0.157 0.0949 -0.0014 0.1362 -0.0008 260 
0.160 0.0943 -0.0020 0.1367 -0.0003 409 

Experimental 
0.0963 0.1370 

3.5 Fibonacci Search Calculation 

As an example, assume that it is desirable to find the value of 

FRl for which lfiEC
2
1 is a minimum. Suppose that from preliminary work it 

is known that FR
1 

must lie between 0.0 and 100.0 gms/min. and that € is 

approximately 0.01 gms./min. Then from equation (14), (15), and (16) in 

the main body of this report, the following calculations can be made: 

N 4.785 log (!22 ) - 0.328 max 0.1 
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~ 18.812 

Hence the maximum number of calculations is 18. 

If 11 calculations are used, then 

= 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 E. can be decreased then the limiting fraction of 

1/144 is approached. 

The location of the initial point is calculated as follows: 

- 89 04~1 - 0 6181 - ~4 - 1 - . 

The first calculation is then placed at FR1 = 61.81 while the second is 

put at 38.19. 

Two aspects of this technique should be emphasized: first, the 

range which is optimized is FR1 not I 6EC2 1 ; 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 f~action of the original interval remaining 

after a particular number of experiments or calculations. 



TABLE 11: REDUCTION RATIO toR SEQUENTIAL FIBONACCI SEARCH 

No. of Calcula tions 

or Experiments 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Reduction Ratio 

Lo/Lr 

1 
1 
2 
3 
5 
8 

13 
21 
34 
55 
89 

144 
233 
377 
610 
987 

1597 
2584 
4181 
6765 

10946 
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APPENDIX IV PROGRAN LISTI NGS 

The following pages present the listings of the programs 

used in t he various calculations described in this report. Section 

4.1.1 lists the equilibrium stage calculation which starts at E1 and 

proceeds to ~while 4.1.2 list the alternate method which starts at 

~ and moves up to E1 • Section 4.2 reproduces the program which cal­

culates t he steady-state concentrations from an N·stage model. Section 

4.3 lists the calculation which produces the transient respoiUJe after 

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

~a over a given number of volume displacements. 
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4.1.1 EQUILIBRIUM STAGE CALCULATION E(lJ TO R<Nl 

c 
c 
c 
c 
c 
c 
c 

LIQUID-LIQUID EXTRACTION 
STEADY STATE EFFICIENCY CALCULATION 

FIBONACCI SEARCH 
CALCULATION PROCEEDS FROM TOP TO 

GARY POLLOCK 
LAGRANGIAN INTERPOLATION 

BOTTOM E - R 

MEMORY RESERVATION 
DIMENSION EQEC<30),EQRC(30J,ARA(30l,ARB(30l,ARCC30l 
DIMENSION BEA<30l,BEBC30l,BECC30l,EA<30l,EB<30l,EC(30l 
DIMENSION RA(30J,RB<30J,RC(30J,FE{30l,FR(30) 

c 

DIMENSION FRA<30l,FRB(30l,FRC<30ltFEA<30l,FEB(30),FEC(30l 
DIMENSION FC25l 
COMMON ACTSG 

C SYSTEM DATA 
READ 900,LtM'N 

c 

READ 901,(EQECCIJ,EQRC(Il•I=1,Ll 
READ 902, <ARA< I l ,ARB< I l •ARC( I l t!=l,Ml 
READ 902,(BEA<IltBEB(IltBEC<IJ,I=l,Nl 
READ 903,ACTSGtLIM 
READ 900,NUM,LIMIT 

C FIBONACCI SERIES 
F<1l=1.0 
F(2l=2.0 

c 
c 
c 

c 

DO 5 LLL=3,25 
5 F(LLLl=F(LLL-ll+F<LLL-2) 

DO 100 JJ=l,NUM 

C EXPERIMENTAL DATA 
READ 900,NOtLRPM 

c 

READ 905,EC(ll,RHOE,FFE1 
READ 905,RNC,RHOR,FFRN 
READ 904,SA,SB,sC,RHOS,FFS 
READ 904,FA,FB,FCtRHOF,FFF 
CALL INTERP(N,BEC,BEAtEC( 1 l tEA< 1 l l 
EB<ll=lOO.O-EC<ll-EA(ll 
CALL INTERP(M,ARCtARB,RNC,RNBl 
RNA=lOO.O-RNB-RNC 

C OVERALL MATERIAL BALANCE 
FF=FFF*RHOF 
FS=FFS*RHOS 
FEC1l=FFEl*RHOE 
FRN=FFRN*RHOR 
AA=FF+FS 
BB=FE<ll+FRN 
CC=<AA-BBl/AA*lOO.O 



c 

AAC=(FF*FC+FS*SCl/100 . 0 
BBC=(FE(1l*EC(1l+FRN*RNCl/100 . 0 
CCC=(AAC-BBCl/AAC*100 . 0 

C HEADINGS 

c 

PRINT 950 
PRINT 951 
PRINT 952 
PRINT 953 
PRINT 954 
PRINT 955 
PRINT 956,NO , LRPM 
PRINT 957 
PRINT 958,EA(1J , EB(1) , EC(1),RHOE,FFE1 
PRINT 959,RNA , RNB , RNC , RHOR , FFRN 
PRINT 960,sA , SB,SC , RHOS , FFS 
PRINT 961,FA , FB,FC , RHOF , FFF 
PRINT 962 
PRINT 963 , BB,AA , CC 
PRINT 964 , BBC , AAC , CCC 
PRINT 965 
PRINT 966 
PRINT 967 

C EQUILIBRIUM CALCULATION 
J=O 

c 
c 

10 J=J+l 
CALL INTERP(L,EQEC , EQRC , EC(J) , RC(J)) 
CALL INTERP(M , ARC , ARB , RC(J) , RB(J)) 
RACJl=lOO . O-RC(Jl-RB(J) 
IF(RNC . GE . RC(Jll GO TO 70 

C FIBONACCI . SEARCH FOR FLOWS 
c 
C RANGE MAXIMUM 

X0=(FF*FC-FE(1l*EC(1ll/RC(J) 
IF(XO . LT . O. Ol XO=O . O 

c 

13 FE(J+ll=XO+FE(1l-FF 
EA(J+ll=(X0*RA(Jl+FE(1l*EA(1l-FF*FAl/FE(J+1l 
IF(EA(J+1l • GT . BEA(1l . AND . EA(J+1l . GT . Oe0) GO TO 15 
XO=XO+O e3 
GO TO 13 

15 CALL INTERP(N,BEA,BEC,EA(J+1l,EC(J+1l) 
CALCC=(XO*RC(Jl+FE(ll*EC(1l-FF*FCl/FE(J+1l 
Y0=ABS(EC(J+1l-CALCC) 

C RANGE MAXIMUM 
XN=FF+FS 

20 FE(J+ll=XN+FE ( 1J - FF 
EA(J+ll=(XN*RA(Jl+FE(1l*EA(ll-FF*FAl/FE(J+1l 
IF(EA(J+1) . LT . BEA(Nl) GO TO 25 
XN=XN-1 . 0 
GO TO 20 
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c 

25 CALL INTERP(N , BEA , BEC , EA(J+ll , EC(J+l l) 
CALCC=(XN*RC(Jl+FE(ll*EC(ll-FF*FCl/FE(J+ll 
YN=ABS(EC(J+ll-CALCCJ 

C INITIAL PLACEMENT 
S2=(XN-XO)*(F(LIMIT-1J/F(LIMITJ) 

c 

Xl=XN-52 
X2=X0+S2 
FE(J+ll=Xl+FE(lJ-FF 
EA{J+l)=(Xl*RA(JJ+FE(ll*EA(ll-FF*FAJ/FE(J+ll 
CALL INTERP(N , BEA , BEC,EA(J+ll t EC(J+ll) 
CALCC=(Xl*RC(Jl+FE(ll*EC(li-FF*FCl/FE(J+ll 
Yl=ABS(EC(J+li-CALCC) 
FE(J+lJ=X2+FE(lJ-FF 
EA(J+ll=(X2*RA(JJ+FE(ll*EA(ll-FF*FAJ/FE(J+ll 
CALL INTERP(N,BEA , BEC , EA(J+ll , EC(J+ll I 
CALCC=(X2*RC(Jl+FE(ll*EC(ll-FF*FCl/FE(J+ll 
Y2=ABS(EC(J+ll-CALCCl 

C SEARCH 
LLIM=LIMIT-2 
DO 61 NOFIB=l t LLIM 
IF(Yl . GE . Y2l GO TO 60 
XN=X2 
YN=Y2 
X2=Xl 
Y2=Yl 
XO=XO 
YO=YO 
Xl=X0+(XN-X2J 
FE(J+l)=Xl+FE(lJ-FF 
EA(J+ll=(Xl*RA(J)+FE(ll*EA(li-FF*FA>IFE(J+l) 
CALL INTERP(N , BEA , BEC , EA(J+lJ , EC(J+lll 
CALCC=(Xl*RC(JJ+FE(ll*EC(lJ-FF*FCl/FE(J+ll 
Yl=ABS(EC(J+ll-CALCCJ 
IF(Xl . LT . X2) GO TO 61 
XX=Xl 
YY=Yl 
Xl=X2 
Yl=Y2 
X2=XX 
Y2=YY 
GO TO 61 

60 XO=Xl 
YO=Yl 
Xl=X2 
Yl=Y2 
XN=XN 
YN=YN 
X2=XN-(Xl-X0) 
FE(J+li=X2+FE(li-FF 
EA(J+lJ=(X2*RA(J)+FE(ll*EA(lJ-FF*FAl/FE(J+ll 
CALL INTERP(N , BEA t BECtEA(J+ll t EC(J+lll 
CALCC=(X2*RC(Jl+FE(ll*EC(l)-FF*FCl/FE(J+ll 
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c 
c 

Y2=ABSCECCJ+1l-CALCC) 
IFCX1 . LT .X 2l GO TO 61 
XX=X1 
YY=Y1 
X1=X2 
Y1=Y2 
X2=XX 
Y2=YY 

61 CONTINUE 

C STAGE MATERIAL BALANCE 

c 

FR(J)=(X1+X2)12 . 0 
FE(J+1)=FR(J l +FE(1)-FF 
EA(J+1l=CFR(J)*RA(Jl+FEC11*EA(1l-FF*FA)/FE(J+1) 
CALL INTERPCN t BEA t BEC , EA(J+1l t EC(J+1l) 
EB(J+1l=100 . 0-EA(J+1l-EC(J+1l 

C PRINT CONCENTRATIONS AND FLOWS 
FRA(J)=FRCJ)*RA(J) 
FRB(Jl=FR(Jl*RB(J) 
FRC(J)=FR(J)*RC(J) 
FEA(J)=FE(Jl*EA(J) 
FEB(J)=FE(Jl*EBCJ) 
FEC(Jl=FE<Jl*EC(J) 

c 
c 
c 

c 

F1=FE(Jl 
F2=FR(J) 
F3=FEA(Jl/100 . 0 
F4=FEB(Jl/100 . 0 
F5=FEC(Jl/lOO . O 
F6=FRAUl/100 . 0 
F7=FRB(J)/100 . 0 
FS=FRC(J)/100 . 0 
IFCRNC . GE . RC(Jl l GO TO 70 
PRINT 968tEAUl t EB(J) t EC(J) t RA(J) t RB ( Jl ' RC(Jl ' Fl t F2 t F3 t F4 , F5 t F6 t 

1 F7 t F8 
GO TO 71 

70 F1=FE(J) 
F3=FE(Jl*EA(J)/100 . 0 
F4=FE(Jl*EB(J)/lOO . O 
F5=FE(Jl*EC(Jl/100 . 0 
PRINT 971 , EA<Jl , EB(J) , EC(J) t RA(Jl t RB(J) ' RC(J) t F1 t F3 t F4 t F5 

7 1 I F ( R-N C • G E • R C ( J l l CAL L E F F C Y ( R N C ' R C ( J- 1 ) ' R C ( J l ,J l 
IFCRNC . GE . RC(J) l GO TO 100 
IF(J . LE eLIMl GO TO 10 
PRINT 969 t LIM 
PRINT 970 

100 CONTINUE 

C FORMAT STATEMENTS 
900 FORMATC314l 
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c 

c 

901 FORMAT(2F6.2l 
902 FORMAT(3F6 . 2) 
903 FORMAT<F6 . 1 , I3l 
904 FORMAT(5F6 . 3) 
905 FORMAT(3F6 . 3l 

950 FORMAT<43X , 47HLIQUID-LIQUID EXTRACTION EFFICIENCY CALCULATION/) 
951 FORMAT<60X,12HSTEADY STATE///) 
952 FORMAT<48X,36HSYSTEM = WATER - ACETIC ACID - MIBK//) 
953 FORMAT<61X , 9HA - WATERl 
954 FORMAT(61X , 8HB - MIBKl 
955 FORMAT<61X , 15HC - ACETIC ACID//) 
956 FORMATC51X , 8HRUN NO . I3,10X , 5HRPM =I4//) 
957 FORMAT( 6X,22X , 1HA,19X , 1HB , 19X , 1HC,13X,13HDENSITY-GM/ML'8X , 

1 11HFLOW-ML/MIN/l 
958 FORMAT<13X , 2HE1 , F16 . 3 , 4F20 . 3l 
959 FORMAT<13X , 2HRN , F16 . 3 , 4F20 . 3l 
960 FORMAT<13X,2HS , F16 . 3 , 4F20 . 3l 
961 FORMAT(13X , 2HF , F16 . 3 , 4F20 . 3/l 
962 FORMAT<57X , l7HMATERIAL BALANCES/) 
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963 FORMAT<29X,11HTOTAL OUT =F7 . 3 , 10X , l0HTOTAL IN =F7 . 3,11X , 9HBALANCE 
l=F7 . 2l 

964 FORMAT<29X,11HHAC OUT =F7 e3,10X , l0HHAC IN =F7 . 3,11X,9HBALANCE 
1=F7 . 2/!l 

965 FORMAT(53X , 29HCALCULATION PROCEEDS FROM TOP///) 
966 FORMAT(17X,26HCONCENTRATIONS-WT PER CENT,40X , 12HFLOWS-GM/MIN/l 
967 FORMAT< 9X,2HEA,6X,2HEB,6X,2HEC , 6X , 2HRA,6X,2HRB,6X,2HRC,9X , 2HFE, 

16X,2HFR,6X,3HFEA , 5X , 3HFE B,5X,3HFEC,5X,3HFRA'5X,3HFR B,5X,3HFRC//l 
968 FORMAT<5X,6F8 . 3,3X,8F8 . 3//) 
969 FORMAT(56X , l6HERROR-MORE THAN I3,6HSTAGES///l 
970 FORMAT ( 1H1 l 
971 FORMAT<5X,6F8 . 3,3X , F8 . 3,8X , 3F8 . 3//l 

STOP 
END 

SUBROUTINE INTERP<JK,x,Y , XA , YAl 
DIMENSION X(30l ,y (30) 
YA=O . O 
IF((X(1l-X(2)l . GT . O. Ol GO TO 804 
DO 805 II=1,JK 
IF«XA-X<IIll . LE . O. Ol GO TO 806 

805 CONTINUE 
804 DO 809 II=l , JK 

IF((X(lll-XAl . LE . O. O) GO TO 806 
809 CONTINUE 
806 IFCII . LE . 3l GO TO 807 

IF<II . GE .< JK-2)) GO TO 808 
MM=II-3 
MMM=II+2 
GO TO 810 

807 MM=1 



MMM=6 
GO TO 810 

808 MM=JK-5 
MMM=JK 

810 DO 801 I=MM , MMM 
PROD=Y(I) 
DO 800 J=MM , MMM 
IF(J . EQ . I) GO TO 800 
PRO D=PROD*(XA-X(J))/{X(I)-X(J)) 

800 CONTINUE 
801 YA=YA+PRO D 

RETURN 
END 

SUBROUTINE EFFCY(A , B, C, Jl 
COMMON ACTSG 
FRACT=(A-8)/(C-8) 
Z=J-1 
YY=Z+FRACT 
EFF=l OO . O*YY/ACTSG 
PRINT 802 , EFF , YY 
PRINT 803 
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80 2 FORMAT(33X , 12HEFFICIENCY = F7 . 3,10X , 31HNUMBER OF THEORETICAL STAGE 
lS = F6 . 3!) 

803 FORMAT(1Hll 
RETURN 
EN D 
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4•1•2 EQUILIBRIUM STAGE CALCULATION R(NJ TO E<ll 

c 
c 
c 
c 
c 
c 
c 

LIQUID-LIQUID EXTRACTION 
STEADY STATE EFFICIENCY CALCULATION 

FIBONACCI SEARCH 
CALCULATION PROCEEDS FROM BOTTOM 

GARY POLLOCK 
LAGRANGIAN INTERPOLATION 

c 
c 

c 
c 

c 
c 

c 

TO TOP R .... E 

MEMORY RESERVATION 
DIMENSION EQEC(30J,EQRC(30J,ARA(30J,ARB(30J,ARC(30l 
DIMENSION BEA(30l , BEB(30l ,BEC(3 0 l •EA(30l ,EB(30l •EC(30l 
DIMENSION RA(30l,RB<30J,RC(30J,FE(30J,FR(30l 
DIMENSION FRA(30J,FRB(30J,FRC(30l 'FEA(30J,FEB(3 0l ,FEC(30l 
DIMENSION F(25l 
COMMON ACTSG 

SYSTEM DATA 
READ 900,L,M•N 
READ 901,(EQEC(l),EQRC(Il,I=1•Ll 
READ 902, (ARA( I l ,ARB( I l ,ARC( I) d=1,M) 
READ 902,(BEA(IJ,BEB<IJ,BEC(IJ,I=1,Nl 
READ 903,ACTSG,LIM 
READ 900,NUM,LIMIT 

FIBONACCI SERIES 
F(1)=1.0 
F(2l=2.0 
DO 5 LLL=3,25 

5 F(LLLl=F(LLL-1l+F(LLL-2l 

DO 100 JJ=1,NUM 

C EXPERIMENTAL DATA 
READ 900,NO,LRPM 

c 

READ 905, ENC,RHOE,FFEN 
READ 905,RC(1J,RHOR,FFR1 
READ 904,SA,SB,SC,RHOS,FFS 
READ 904 ,FA,FB,FC,RHOF,FFF 
CALL INTERP(N,BEC,BEA,ENC•ENAl 
ENB=lOO .O-ENC-ENA 
CALL INTERP(M,ARC,ARB,RC(1) ,RB(l) l 
RA(1l=100.0-RB(l)-RC<ll 

C OVERALL MATERIAL BALANCE 
FF=FFF*RHOF 
FS=FFS*RHOS 
FEN=FFEN*RHOE 
FR(1l=FFRl*RHOR 
AA=FF+FS 
BB=FEN+FR(ll 
CC=(AA-BBl/AA*lOO.O 



c 

AAC=<FF*FC+FS*SCl/100.0 
BBC=<FEN*ENC+FR<1l*RC(1)l/100.0 
CCC=<AAC-BBCl/AAC*100.0 

C HEADINGS 

c 

PRINT 950 
PRINT 951 
PRINT 952 
PRINT 953 
PRINT 954 
PRINT 955 
PRINT 956,NO,LRPM 
PRINT 957 
PRINT 958,ENA,ENB,ENC,RHOE,FFEN 
PRINT 959,RA<1l,RB<1l,RC(1),RHOR,FFR1 
PRINT 960,SA,SB,SC,RHOS,FFS 
PRINT 961,FA,FB,FC,RHOF,FFF 
PRINT 962 
PRINT 963,BB,AA,CC 
PRINT 964,BBC,AAC,CCC 
PRINT 965 
PRINT 966 
PRINT 967 

C EQUILIBRIUM CALCULATION 
J=O 

c 
c 

10 J=J+1 
CALL INTERP(L,EQRC,EQEC,RC(J),EC(J)) 
CALL INTERP(N,BEC,BEA,EC(J),EA(J) l 
EB<Jl=100.0-EA(Jl-EC(J) 
IF<ENC.LE.EC(Jll GO TO 70 

C FIBONACCI SEARCH FOR FLOWS 
c 
C RANGE MINIMUM 

c 

IF<XO.LT.O.O) XO=O.O 
XO=<FS*SC-FR<1l*RC(lll/EC(J) 

13 FR<J+1l=XO+FR<1l-FS 
RB<J+1l=<X0*EB(J)+FR<1l*RB<1l-FS*SBl/FR(J+ll 
IF<RB(J+1l.GT.ARB(1l.AND.FR(J+1l.GT.O.Ol GO TO 15 
XO=X0+0.3 
GO TO 13 

15 CALL INTERP(M,ARB,ARC,RB(J+1),RC(J+1ll 
CALCC=<XO*EC(Jl+FR<1l*RC<1l-FS*SCl/FR(J+1l 
Y0 =ABS(RC(J+1l-CALCCl ' 

C RANGE MAXIMUM 
XN=FF+FS 

20 FR<J+1l=XN+FR<1l-FS 
RB(J+1l=<XN*EB(Jl+FR<1l*RB<ll-FS*SBl/FR(J+1l 
IF<RB(J+lleLT.ARB(Ml l GO TO 25 
XN=XN-1.0 
GO TO 20 
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c 

25 CALL INTERP(M , ARB , ARC , RB(J+ll t RC(J+ll l 
CALCC=(XN*EC(Jl+FR(ll*RC(1l-FS*SCl/FR(J+1l 
YN=ABS(RC(J+1J-CALCCJ 

C INITIAL PLACEMENT 
S2=(XN-XOJ*(F(LIMIT-1l/F(LIMIT J J 

c 

X1=XN-S2 
X2=X0+S2 
FR(J+1J=X1+FR(1J-FS 
RB(J+1l=(X1*EB(Jl+FR(1l*RB(1l-FS*SBl/FR(J+1l 
CALL INTERP(M , ARB , ARC , RB(J+1l , RC(J+1l l 
CALCC=(X1*EC(J l +FR(1J*RC(1J-FS*SCl/FR(J+1l 
Y1=ABS(RC(J+1l-CALCCJ 
FR(J+1J=X2+FR(1J-FS 
RB(J+1J=(X2*EB(JJ+FR(1l*RB(ll-FS*SBl/FR(J+1l 
CALL INTERP(M , ARB , ARC,RB(J+1J , RC(J+1l) 
CALCC=(X2*EC(Jl+FR(1l*RC(1J-FS*SCJ/FR(J+1l 
Y2=ABS(RC(J+1l-CALCCJ 

C SEARCH 
LLIM=LIMIT-2 
DO 61 NOFIB=1 , LLIM 
IF(Yl . GE . Y2l GO TO 60 
XN=X2 
YN=Y2 
X2=X1 
Y2=Y1 
XO=XO 
YO=YO 
X1=X0+(XN-X2l 
FR(J+1l=X1+FR(1J-FS 
RB(J+1J=(X1*EB(JJ+FR(1l*RB(1l-FS*SBJ/FR(J+ll 
CALL INTERP(M , ARB , ARC,RB(J+1l , RC(J+1 J l 
CALCC=(X1*EC(Jl+FR(1l*RC(1J-FS*SCJ/FR(J+1l 
Yl=ABS(RC(J+ll-CALCCl 
IF(X1 . LT . X2J GO TO 61 
XX=X1 
YY=Y1 
X1=X2 
Y1=Y2 
X2=XX 
Y2=YY 
GO TO 61 

60 XO=X1 
Y0=Y1 
X1=X2 
Y1=Y2 
XN=XN 
YN=YN 
X2=XN-(X1-X0l 
FR(J+ll=X2+FR(1J-FS 
RB(J+1l=(X2*EB(Jl+FR(1l*RB(1J-FS*SBl/FR(J+1l 
CALL INTERP(M , ARB , ARC , RB(J+1l , RC(J+1l l 
CALCC=(X2*EC(Jl+FR(ll*RC(1J-FS*SCJ/FR(J+1l 
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c 
c 

Y2=ABS<RC(J+1l-CALCC l 
IF(X1 . LT . X2l GO TO 61 
XX=X1 
YY=Y1 
X1=X2 
Y1=Y2 
X2=XX 
Y2=YY 

61 CONTINUE 

C STAGE MATERIAL BALANCE 

c 

FE(J)=(X1+X2l/2 . 0 
FR(J+ll=FE(J)+FR<ll-FS 
RB(J+ll=(FE{Jl*EB<Jl+FR(l)*RB<ll-FS*SB)/FR(J+1l 
CALL INTERP<M , ARB , ARC , RB(J+1l , RC(J+1l l 
RA<J+1)=100 . 0-RB<J+1 l -RC(J+1) 

C PRINT CONCENTRATIONS AND FLOWS 
FRA(Jl=FR<Jl*RA<Jl 
FRB(J)=FR<Jl*RB(J) 
FRC(J)=FR(Jl*RC<Jl 
FEA(J)=FE(J)*EA(Jl 
FEB(Jl=FE<Jl*EB<Jl 
FEC(Jl=FE<Jl*EC(J) 

c 
c 
c 

c 

F1=FE<Jl 
F2=FR(J) 
F3=FEA(J)/100 . 0 
F4=FEB(Jl/1 0 0 . 0 
F5=FEC(J)/100 . 0 
F6=FRA(J)/100 . 0 
F7=FRB(Jl/100 . 0 
F8=FRC(J)/100 . 0 
IF<ENC . LE . EC(Jl) GO TO 70 
PRINT 968 , RA(J) , RB(J) , RC(J) ' EA(J) ' EB(J) • EC(J) ,F2 , Fl,F6,F7,F8 • F3• 

1 F4 , F5 
GO TO 71 

70 F2=FR(J) 
F1=FE<Jl 
F6=FR(J)*RA(Jl/100 . 0 
F7=FR<Jl*RB<Jl/100 . 0 
F8=FR<Jl*RC(J)/100 . 0 
PRINT 971,RA (Jl , RB<Jl ,RC(J) , EA<Jl , EB(J) , EC(J) , Fz , F6,F7 , F8 

71 IF<ENC . LE . EC<Jl l CALL EFFCY<ENC , EC(J-1) ' EC(J) ,J) 

IF<ENC . LE . EC {Jl l GO TO 100 
IF<J . LE . LIMl GO TO 10 
PRINT 969,LIM 
PRINT 970 

100 CONTINUE 

C FORMAT STATEMENTS 
900 FORMAT<3I4l 
901 FORMAT<2F6 . 2) 

99 



c 

c 

902 FORMAT(3F6 . 2) 
903 FORMAT!F 6. 1 , I3l 
904 FORMAT!5F6 . 3l 
905 FORMAT(3F6 . 3l 

950 FORMAT(43X,47HLIQUID-LIQUID EXTRACTION EFFICIENC Y CALCULATION/) 
951 FORMAT!60X , 12HSTEADY STATE///) 
952 FORMAT!48X , 36HSYSTEM = WATER - ACETIC ACID - MIBK / /) 
953 FORMAT(61X , 9HA- WATERl 
954 FOR MAT(61X , 8HB - MIBK) 
955 FORMAT(61X , 15HC - ACETIC ACID / /) 
956 FORMAT<51X t 8HRUN NO . I3 , 10X , 5HRPM =I4//l 
957 FORMAT( 6X , 22X t lHAt l9X , lHB , 19X t lHC , l3X tl 3HDENSITY-GM/ML t 8 Xt 

1 11HFLOW- ML/MIN/l 
958 FORMAT!13X t 2HEN t F16 . 3 , 4F20 . 3 ) 
959 FORMAT!13X , 2HRl , Fl6 . 3 , 4F20 . 3) 
960 FORMAT <13X,2HS , F16 . 3 , 4F20 . 3 l 
961 FOR MAT!13X t 2HF t F16 . 3 ,4 F20 . 3/) 
962 FORMAT!57 Xt 17HMATERIAL BALANCES/) 

100 

963 FORMAT{29Xt11HTOTA L OUT =F7 e3 t 10X , 10H TOTAL IN =F7 . 3 , 11X t 9HBALANCE 
1=F7 . 2 ) 

964 FORMAT {29X , 11HHAC OUT =F7 . 3 t 10X , 10HHAC IN =F7 . 3 , 11X t 9HBALANCE 
l=F7 . 2/Il 

965 FORMAT!51X , 32HCALCULATION PROCEEDS FROM BOTTOM / //) 
966 FORMAT(l7Xt26HCONCENTRATIONS-WT PER CE NT,4 0X , l2HFLOWS-GM/MIN/) 
967 FOR MAT!9X,2HRA , 6X , 2HRB t 6X t 2HRC,6X t 2HEA , 6X t 2HEB , 6X , 2HEC t 9X t 2HFR t 

1 6X , 2HFEt6X , 3HFRA , 5X t 3HFRB t 5Xt3HFRC t 5X , 3HFEA , 5X t 3HFEBt5X t 3HFEC/ /l 
968 FORMAT!5X t 6F8 . 3 t 3X , 8F8 e3// ) 
969 FORMAT!56X t 16HERROR-MORE THAN I3 t 6HSTAGES/ / /) 
970 FOR ~.ilAT ( lHll 
971 FORMAT!5X,6F8 . 3 t 3X , F8 . 3 , 8X t 3F8 . 3 / /l 

STOP 
END 

SUBROUTINE INTERP!JK , Xt Yt XA t YAl 
DIMENSION X{30) , Y(3 0 ) 
YA=O . O 
IF! (X(ll-X!2l ). GT . O. Ol GO TO 804 
DO 805 II=1,JK 
IF! ! XA- X!II)) . LE . O. O) GO TO 806 

805 CONTINUE 
804 DO 809 II=1 , JK 

IF({X!IIl-XA l. LE . O. Ol GO TO 806 
809 CONTINUE 
806 IF!II . LE . 3l GO TO 807 

IF!II . GE . !JK-2ll GO TO 808 
MM=II-3 
MMM=II+2 
GO TO 810 

807 MM=l 



MMM=6 
GO TO 810 

808 MM=JK-5 
MMM=JK 

810 DO 801 I=MM t MMM 
PROD=Y<Il 
DO 800 J=MM , MMM 
IF<J . EQ . Il GO TO 800 
PROD=PROD*<XA-X(Jl )/(X <Il-X<Jl l 

800 CONTINUE 
801 YA=YA+PROD 

RETURN 
END 

SUBROUTINE EFFCY<A , s , C, Jl 
COMMON ACTSG 
FRACT=<A-Bl/ ( C-Bl 
Z=J-1 
YY=Z+FRACT 
EFF=100 . 0*YY/ACTSG 
PRINT 802 , EFF , YY 
PRINT 803 

101 

802 FORMAT(33X , 12HEFFICIENCY = F7 e3 , 10X , 31HNUMBER OF THEORETICAL STAGE 
1S = F6 . 3/) 

803 FORMAT<1H1l 
RETURN 
END 



c 
c 
c 

102 

TRANSIENT MODEL STEADY STATE CONCENTRATIONS 

TRANSIENT MODEL RUNGE-KUTTA-GILL GARY POLLOCK 

DIMENSION EQXR(30J , EQYE(30 ), X(40l , y ( 40) , V(40J , RK(40l , EK(40l , 
1 RQ ( 40 l , EQ ( 40 l , WR ( 40 l , WE ( 40 l , TX ( 40 l , TY ( 40 l 

TX=O . O 
TY=O . O 
READ 900 , L 
DO 10 J=1 , L 
READ 901 , EQEC , EQRC 
EQYECJl=EQEC / (100 . 0-EQECl 

10 EQXR(JJ=EQRC/(100 . 0-EQRCl 
READ 900 , NDA TA 
DO 200 K=1 , NDATA 
READ 900 , NOS TG E 
M=NOSTGE 
N=M+1 
NN=M+2 
READ 910 , VWR , VWE , VV 
STGN=M 
DO 15 I=2 , N 
WECIJ=VWE/STGN 
WR(Il=VWR/STGN 

15 VCil=VV / STGN 
READ 910 , DT , TLIM 
READ 910 , AKE , F , S 
IFCTLIM . GT . 51 . 0l GO TO 20 
READ 910 , XIN , XOUT , YIN , YOUT 
DFX=CXIN-XOUTJ/CSTGNl 
DFY=CYOUT-YINl/(STGNl 
X(ll=XIN 
YC2l=YOUT 
DO 16 J=2 , N 
XCJJ=X(J-ll-DFX 

16 Y(J+1l=Y(Jl-DFY 
YCN+1l=YIN + 0 . 00001 
XCNl=XOUT 
GO TO 25 

20 DO 21 I=2 , N 
X( I-1 l=TX( I-ll 

21 Y(Il=TYCil 
25 T=O . O 

PRINT 923 
PRINT 924 , M 
PRINT 925,VC2l dLIM , AKE 
PRINT 926 , WEC2 l , s 
PRINT 927 , WR(2) , F 
PRINT 928 , XIN , XOUT 
PRINT 929 , YOUT , YIN 

100 IFCM . EQ . l) PRINT 9lld , X(l),CY(IJ , X(I)d=2 , NJ,Y(NNl 
IFCM . EQ . Zl PRINT 912d , X(l),(Y(I) , X(!) d =Z , Nl , Y(NNl 



IF(M.EQ.3) PRINT 913,T,X(l),(Y(Il , X(I) , I=2 , N) , Y(NN) 
IF ( M • EQ • 4) PRINT 914 ,r 'X ( 1 ) ' ( Y ( I l , X ( I ) , I= 2, N) , Y ( N N) 
IF(M . EQ . 5l PRINT 915 , T,X(lJ ,( y( I) , X( IJ , I=2 , NJ , Y(NNl 
IF(M . EQ . 6) PRINT 916 , T,X(l)dY(IJ,X(Ild=2,NJ , Y(NNl 
IF(M . EQ . 7l PRINT 917 , T, X(lJ,(Y( Il , X( IJ,I=2,NJ,Y(NNl 
IF(M . LT . Sl GO TO 30 
IF(M . GE . Sl PRINT 918 , T 
PRINT 919 , X(l) , (Y(IJ , X(Il,I=2 , NJ , Y(NN) 

30 CONTINUE 
DO 50 I=2,N 
CALL INTERP(L , EQXR , EQYE , X(IJ , YY) 
AA=AKE*V(Il* (Y Y-Y(Ill 
RK(Il=DT*(F*X(I-1l-F*X(Il-AAl/WR(I) 
EK( I l=DT*(S*Y( I+l l-S*Y( I l+AAl/WE( I l 
X ( I l =X ( I l +RK ( I l I 2 . 0 
Y ( I l = Y ( I l +E K ( I ) I 2 . 0 
RQ( I l=RK( I) 

50 EQ( I l=EK( I l 
DO 51 I=2 ' N 
CALL INTERP(L , EQXR , EQYE , X(I) , YYl 
AA=AKE*V(Il*(YY-Y(I)) 
RK (I l =DT* ( F*X (I -1 l -F*X ( I l -AA l /WR ( I) 
EK(Il=DT*(S*Y( I+1l-S*Y( Il+AAl/WE( Il 
X ( I l =X ( I l + ( 1 . 0-1 . 0 I SQR T ( 2 . 0 l ) * ( R K ( I ) -RQ ( I l l 
Y ( I l = Y ( I l + ( 1 • 0-1 . 0 I SQR T ( 2 • 0) ) * ( E K ( I l -EQ ( I l ) 
RQ( I )=(2 . 0-SQRT(2 eOl l*RK( I l+(- 2 . 0+3 . 0/SQRT(2 . 0l ) -lf-RQ( I) 

51 EQ( I l=(2 . 0-SQRT ( 2 . 0l l*EK( I )+(-2 . 0+3 . 0/SQRT ( 2 . 0 l l* EQ( I l 
DO 52 I=2'N 
CALL INTERP(L , EQXR , EQYE , X(IJ,YYl 
AA=AKE*V( Il*(YY-Y(l l) 
RK( I) =DT*( F*X( I-1 l-F*X( I 1-AAl /WR( I) 
EK(Il=DT*(S*Y(I+1l-S*Y(Il+AAl/WE(IJ 
X ( I ) =X ( I l + ( 1 • 0+ 1 . 0 I SQR T ( 2 . 0 l l * ( R K ( I ) -RQ ( I l l 
Y ( I l =Y (I ) + ( 1 • 0+ 1 . 0 I SQRT ( 2 • 0 l l * ( E K ( I l -EQ ( I l ) 
RQ(Il=(2 . 0+SQRT(2 . 0l l*RK(I)-(2 . 0+3 . 0/SQRT(2 . 0l l*RQ(Il 

52 EQ(Il=(2 . 0+SQRT (2.0l l*EK(IJ-(2 . 0+3 . 0/SQRT(2 . 0l l*EQ(Il 
DO 53 I=2 , N 
CALL INTERP(L , EQXR,EQYE,X(IJ , YYl 
AA=AKE*V( Il*(YY-Y(Il l 
RK( I l=DT*(F*X( I-1 l-F*X( I )-AAl/WR( I) 
EK( I) =DT*( S*Y( I+l l-S*Y( I l+AAl /WE( I) 
X( I l=X( I J+RK (I l /6.0-RQ( I l 13.0 

53 Y ( I)= Y (I l +EK ( I ) I 6 . 0-EQ ( I ) I 3 . 0 
T=T+DT 
IF(T . LT . TLIM . AND . TLIM . LT . 51 . 0l GO TO 30 
IF(T . LE . TLIMl GO TO 100 
IF(TLIM . GT . 51 . 0l GO TO 200 
DO 60 I=2 , N 
TX( I-1 )=X( I-1 l 

60 TY(Il=Y(I) 
200 PRINT 920 
900 FORMAT(2I4l 
901 FORMAT(2F6 . 2l 
910 FORMAT(10F8 . 4l 

10 3 



911 FORMAT(10X , F8 . 2 , 10X , 2(4Xt2F14 . 4ll 
912 FORMAT(10X , F8 . 2 t 8X , 3(3X t 2Fl3 . 4ll 
913 FORMAT(10X,F8 . 2 t 6X t 4(3X t 2F11 . 4l l 
914 FORMAT(7X , F8 . 2 , 6X t 5 ( 3X t 2F9 . 4 l l 
915 FORMAT(5X , F8 . 2 , 6X t 6(2X t 2F8 . 4l l 
916 FORMAT(5X t F7 . 2 , 6X t 7(2X t 2F7 . 4l l 
917 FORMAT(1X , F7 . 2 t 3X t 8(1X t 2F7 . 4ll 
918 FORMAT(10X,F8 . 2l 

104 

919 FORMAT(24X , F11 e 4 t F9 . 4 , F11 . 4 t F9 . 4 t F11 . 4 t F9 . 4 t F11 . 4 t F9 . 4 , F11 . 4 t F9 . 4l 
920 FORMAT(lH1l 
923 FORMAT(35Xt51HIDEALLY MIXED NON-EQUILIBRIUM STAGE TRANSIENT MODEL/ 

1//) 

924 FORMAT(51Xt18HNUMBER OF STAGES = t l3//) 
925 FORMAT(20X t 4HV = t F7 . 2,22X t 6HTLIM = t F7 . 2 , 23X t 5HKEA = t F7 . 3/l 
926 FORMAT(20X t 4HWE =tF7 e2 t 58X , 5HS = t F7 . 3/l 
927 FORMAT(20Xt4HWR = t F7 . 2 t 58X , 5HF = t F7 . 3//l 
928 FORMAT(35X,6HXIN =tF8 . 4,23X t 6HXOUT = t F8 . 4/l 
929 FORMAT(35Xt6HYOUT = t F8 . 4 t 23X t 6HYIN = t F8 . 4//l 

STOP 
END 

SUBROUTINE INTERP(JK t Xt Y,XA , YAl 
DIMENSION X(30) , Y(30) 
YA=O . O 
IF( (X(1J-X(2JJ . GT . O. Ol GO TO 804 
DO 805 II=1 , JK 
IF((XA-X(IIll . LE . O. Ol GO TO 806 

805 CONTINUE 
804 DO 809 II=1 , JK 

IF( (X(IIJ-XAJ . LE . O. Ol GO TO 806 
809 CONTINUE 
806 IF(II . LE . 3l GO TO 807 

IF(II . GE . (JK-2ll GO TO 808 
MM=II-3 
MMM=II+2 
GO TO 810 

807 MM=1 
MMM=6 
GO TO 810 

808 MM=JK-5 
MMM=JK 

810 DO 801 I=MM t MMM 
PROD=Y(Il 
DO 800 J=MMtMMM 
IF(J . EQ . I l GO TO 800 
PROD=PROD*(XA-X(J)J/(X(IJ-X(J) l 

800 CONTINUE 
801 YA=YA+PROD 

RETURN 
END 



4 . 3 

c 
c 
c 

10 5 

TRANSIENT MODEL TRANSIENT RESPONSE 

TRANSIENT MODEL RUNGE-KUTTA-GILL GARY POLLOCK 

DIMENSION EQXR C30l , EQYEC30l , XC4 0 J , y(4 0 ) , V(40) , RKC40l , EKC40l , 
1 RQ ( 40 l , EQ ( 40 l , WR C 40 l ' WE C 40 l JTX ( 40 l ' TY ( 40 l 

TX= O. O 
TY=O . O 
READ 900 , L 
DO 10 J=1 , L 
READ 901 , EQEC , EQRC 
EQYE(Jl=EQEC/C100 . 0-EQECJ 

10 EQXRCJJ=EQRC/(100 . 0-EQRCl 
READ 900 , NDATA 
DO 200 K=1,NDATA 
READ 900 , NOSTGE 
M=NOSTGE 
N=M+1 
NN=M+2 
READ 910,VWR , VWE , VV 
STGN=M 
DO 15 I=2,N 
WECil=VWE/STGN 
WRCIJ=VWR/STGN 

15 VCIJ=VV/STGN 
READ 910 , DT , TLIM 
TTLM=TLIM-DT 
DKE=0 . 056*DT/15 . 48 
IFCTLIM . GT . 51 . 0 l READ 910 ' F ' S 
IFCTLIM . GT . 51 . 0l GO TO 20 
READ 91 0 , AKE'F'S 
READ 910 , XIN , XOUT , YIN , YOUT 
DFX=CXIN-XOUT)/CSTGNl 
DFY=CYOUT-YINl/CSTGNl 
X(1l=XIN 
YC2l=YOUT 
DO 16 J=2 , N 
XCJl=X(J-1l-DFX 

16 YCJ+1l=YCJl-DFY 
YCN+1l=YIN + 0 . 00001 
XCNl=XOUT 
GO TO 25 

20 DO 21 I=2 , N 
XCI-1l=TX(I-1l 

21 YCil=TYCil 
25 T=O . O 

PRINT 923 
PRINT 924 ' M 
PRINT 925 , V(2J , TLIM , AKE 
PRINT 926 , WEC2l , s 
PRINT 927 , WR C2l , F 



PRINT 928 ,XI N ,XOUT 
PRINT 929,YOUT,YIN 

100 IF(M . EQ . l) PRINT 911d,X(1J,(Y(IJ,X{IJd=2,NJ,Y(NNJ 
I F ( M. EQ . 2 l PRINT 912 'T 'X ( 1 l ' ( Y ( I l ' X ( I l , I= 2 'N l 'Y ( N N l 
IF<M . EQ . 3l PRINT 913 ,T, X(l),{Y(IJ , X(Ihi=2 , f\l) ,Y( NNl 
IF ( M. EQ . 4 l PRINT 914 ' T 'X ( 1 l ' ( Y ( I l ' X ( I l , I= 2 ' N l ' Y ( N N l 
IF(M . EQ . 5l PRINT 915,T , X( 1 l ,(Y( I l ,X( I l d=2,Nl ,y(NNl 
IF(M . EQ . 6J PRINT 916,T•AKE , X( 1l ,(Y( I J , X( I h I=2 , Nl , Y(NN) 
IF(M . EQ . 7l PRINT 917d,X( 1 l ' (Y( I l , X( I J, I=2,NJ , y( NNJ 
IF(M . LT . Bl GO TO 30 
IF(M . GE . Bl PRINT 918,T 
PRINT 919,X( 1 l, (Y( I l , X( I l 'I= 2 • Nl ,Y(NNJ 

30 CONTINUE 
DO 50 I=2,N 
CALL INTERP(L,EQXR,EQYE,X(IJ,YYJ 
AA=AKE*V(Il*(YY-Y(I l l 
RK(Il=DT*(F*X(I-11-F*X( IJ-AAJ/WR(I) 
EK(Il=DT*(S*Y(I+1l-S*Y( IJ+AAl/WE( Il 
X(Il=X(IJ+RK(Il/2 . 0 
Y ( I l =Y ( I l +EK ( I l I 2 . 0 
RQ(Il=RK(IJ 

50 EQ(IJ=EK(IJ 
DO 51 I=2,N 
CALL INTERP(L,EQXR,EQYE,X(IJ,YYl 
AA=AKE*V(Il*(YY-Y(Ill 
RK (I l =DT* ( F*X (I -1 l -F-l<-X ( I l -AA l /WR (I l 
EK ( I l =DT * ( S* Y ( I+ 1 l -S*Y ( I l +AA l /WE ( I l 
X ( I l =X ( I l + ( 1 • 0-1 • 0 I SQR T ( 2 . 0 l l * ( R K ( I l - RQ ( I l l 
Y ( I J = Y ( I l + ( 1 • 0-1 . 0 I SQR T ( 2 • 0 l l * ( E K ( I l -EQ ( I l l 
RQ<Il=<2 . 0-SQRT !2.0ll *RK(Il +(- 2 . 0+3 . 0/SQRT!2 . 0l l*RQ(Il 

51 EQ(IJ=(2 . 0-SQRT ( 2 . 0ll*EK(IJ +(- 2 . 0 +3 . 0/SQRT(2 . 0l l*EQ(IJ 

DO 52 I=2•N 
CALL INTERP(L,EQXR,EQYE,X( Il , yy) 

AA=AKE*V( Il*(YY-Y(I l l 
RK( I l =DT*( F*X( I-1 l-F*X (I J-AAl /WR( I l 
EK<Il=DT*(S*Y(I+1l-S*Y(IJ+AAl/WE<IJ 
X( I l=X( I J+( 1 . 0+1 . 0/SQRT(2 . 0l l*(RK( I l-RQ( I l) 
Y ( I l = Y ( I J + ( 1 . 0+ 1 . 0 I SQRT ( 2 . 0 J l * ( EK ( I l-EO ( I l l 
RQ(IJ=(2 . 0+SQRT (2. 0l l*RK(IJ-(2 . 0+3 . 0/SQRT(2 . 0ll*RQ(I) 

52 EQ(IJ=(2 . 0+SQRT ( 2 . 0l l*EK(IJ-(2 . 0+3 . 0/SQRT(2 . 0ll*EQ (Il 
DO 53 I=2,N 
CALL INTERP(L , EQXR,EQYE,X( Il ,YYJ 
AA=AKE*V( I l*(YY-Y( Ill 
RK(I l=DT*(F*X(I-11-F*X( IJ-AAl/WR( IJ 
EK( I l=DT*(S*Y( I+l l-S*Y( I J+AAJ /\,</E( I l 
X (I l =X( I l+RK (I l 16 . 0-RQ( I l /3 . 0 

53 Y< I l =Y( I J+EK (I l /6 . 0-EQ( I J 13 . 0 
IF(TLIM . GT . 5l . O . AND . AKE . LT . 0 . 212l AKE=AKE+DKE 
T=T+DT 
IF(T . LT . TTLM . AND . TLIM . LT . 51 . 0) GO TO 30 
IF<T . LE . TLIMl GO TO 100 
IF(TLIM . GT . 5l . Ol GO TO 200 
DO 60 I=2,N 

106 



TXC I-1 )=XC I-1 l 
60 TY(Il=Y(Il 

200 PRINT 920 
900 FORMATC2I4l 
901 FORMAT<2F6 . 2l 
910 FORMATClOF8 . 4) 
911 FORMATC10X,F8 . 2,1 0X,2(4X , 2F14 . 4) l 
912 FORMATC1QX,F8 . 2,8X , 3C3X,2F13 . 4l l 
913 FORMAT(10X,F8 . 2,6X , 4C3X , 2F11 . 4)) 
914 FORMATC7X,F8 . 2 , 6X , 5C3X , 2F9 . 4l l 
915 FORMATC5X,F8 . 2 , 6X , 6C2X , 2F8 . 4ll 
916 FORMATC1X,F7 . 2 , 2X , F5 . 3 , 5X , 7C2X,2F7 . 4l l 
917 FORMATC1X,F7 . 2,3X , 8C1X , 2F7 . 4ll 
918 FORMATC10X,F8 . 2l 

107 

919 FORMATC24X,F11 . 4 , F9 . 4 , F11 • 4,F9 . 4 , F11 . 4 , F9 . 4 , F11 . 4,F9 . 4 , F11 . 4 , F9 . 4l 
920 FORMATClHll 
923 FORMAT<35X , 51HIDEALLY MIXED NON-EQUILIBRIUM STAGE TRANSIENT MODEL/ 

1//) 
924 FORMATC51X , 18HNUMBER OF STAGES = , !3//l 
925 FORMAT(20X,4HV = ' F7 . 2,22X,6HTLIM = ' F7 . 2 , 23X,5HKEA ='F7 . 3/l 
926 FORMAT<20X , 4HWE = , F7 . 2 , 58X , 5HS = , F7 . ?/l 
927 FORMAT(20X,4HWR = , F7 . 2,58X , 5HF = , F7 e3//l 
928 FORMAT<35X,6HXIN ='F8 . 4,23X , 6HXOUT = ' F8 . 4/l 
929 FORMAT(35X,6HYOUT =,F8 . 4,23X,6HYIN = , F8 . 4//l 

STOP 
END 

SUBROUTINE INTERPCJK,x , Y, XA , YAl 
DIMENSION X(30) , Y(30l 
YA=O . O 
IFCCXC1l-X(2JJ . GT . O. Ol GO TO 804 
DO 805 II=1,JK 
IFCCXA-XCIIll . LE . O. Ol GO TO 806 

805 CONTINUE 
804 DO 809 II=1 , JK 

IFCCXCIIl-XAl . LF . O. Ol GO TO 806 
809 CONTINUE 
806 IFCII . LE . 3l GO TO 807 

IF<II . GE . CJK-2ll GO TO 808 
MM=II-3 
MMM=II+2 
GO TO 810 

807 MM=1 
MMM=6 
GO TO 810 

808 MM=JK-5 
MMM=JK 

810 DO 801 I=MM , MMM 
PROD:~:Y(!) 

DO 800 J=MM , MMM 



IF(J . EQ . I l GO TO 800 
PROD=PROD*(XA-X(J l )/ (X(I l -X(J l l 

800 CONTINUE 
801 YA=YA+PROD 

RETURN 
END 
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