
1450 J HP in "OPTIONAL CHANGE Of MCHAX 1400),Interval.Tinel FOR F-SER APPROX <or0,0,0) ,Mi
1460 IF Mi.^0 THEN Nch
1470 H=Hi
1480 Interval3!!
14V0 TiMe1=Ti
15J0 Nch^INPUT "OPTIONAL CHANGE OF NUMBER OF F-COEFFB(N) FOR F-SERIES APPROX CorO) ,Ni 
1520 IF Ni=0 THEN Sum!
1530 N=Ni
1540 RF DIM A(N),B(N)
1550 S u m I:SuMl=Sun2=SuM3=0
1560 DISP “ PROGRAM RUNNING “
1570 FOR 1=1 TO M 1580 X(I)=TlMel+(I-l)*Interval 
1590 IF X U X Q  THEN F(I)=0
1600 IF X(I)<0 THEN Minus
1610 s=siN<Pi*x<n/n 
1620 C=COS(PI*X(I)/l)
1630 F < 1) =B0+A (1) )KS+B (1 )*C
1640 Vk2=0
1650 Vkl=l
1660 FOR K=2 TO N
1670 Vk=2*C*Vkl-Vk2
1680 Sk=Vk*S
1690 Ck=Vk*C-Vkl
1700 F (I = F (I ) +A<K )*Sk +B(KX<Ck
1710 VkE'-Vkl
1720 Vkl=Vk
1730 NEXT K
1740 SuMl=5ufii+FU>
1750 S u m 2=Bu h 2+F(I)*X(I)
1760 S u m 3=Su h3+F<I)*X(I)-2
1770 Minus'.NEXT I 
1780 Meon=Surt2/SuMi 
1790 Var=Sun3/SuMi-MeunA2 
1800 Area=Suhl*Interval
1820 PRINT H N ( l ) , -FOURIER CURVE HAS BEEN COMPUTED"
'163B PRINT" *NQ OF READINGS3 " jd, NO OF F-COErFS3 ' ;N

I860 IF 9$="N" THEN Fstore
1870 PRINT LIN<l),"IH,"X(I>","h'(I>°
1880 FOR 3=1 TO H 
1890 PRINT I,X(I),F<I)
1910 p % L L l N P U T  "MUST THE FOUGIER CURVE BE STORED ON TAPE? Y/N",Q$
1920 IF Q$*"N" THEN St 
1930 MAT Y=F 
19 30 Nunber3H 
1950 ToiI$»"N"
1960 CALL Rtd_store 
1970 St:STOP I

1980 ! SUBROUTINE: Rtti_store

2030 ! THIS SUBROUTINE STORES THE RTD CURVE ON TAPE
2020 SUB Rtd .store
2040 COM^SHORT Y(*),INTEGER Nunber,REAL Interval,TiMel.ModetE13,Nor,Mean,Van,Tai1 $ ,C,B 
2050 DIM File$[63 
2060 REDIM Y(Number)
2070 DISP "INSERT THE- RTD DATA STORAGE CASSETTE
2090 INPUT "MUST EXISTING FILES BE DISPLAYED? Y/N",Q$
2100 IF qt="Y" THEN CAT .
2110 INPUT "ENTER. THE FILENAME FOR THE CURRENT DATA",File*
2120 Bytes=4*(Number+i4)
2330 Rec“INT(Bytas/256)+i 
2140 CREATE File*,Re-:
2160 ASSIGN ti TO Filet2160 PRINT ti;Modet,Number.Interval,Timei,Y(*),Nor 
2170 IF <Nor=i) OR (Nor=2) THEN PRINT tijMean,Var 
2380 IF Tailt=“Y " THEN PRINT *1;C,B 
2190 SUBEND I
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PPOO ! SUBROUTINE! Rtd.retrieva
P.BiO !    ’
223° ! THIS SUBROUTINE RETRIEVES A PREVIOUS RTD CURVE FROM TAPE
2240 SUB Rtrl_retrieve
I26S go™ORT"Y(L,INTEGER NuMber.REAL lnlerval,TjMei,Modc$[11,N.r,M,.n,Var,TaU*,C,B
2270 DIM Filti$C63 r.r.^Tr.„
2200 DISP “INSERT THE RTD DATA CASSETTE
2300 INPUT “MUST EXISTING FILES BE DISPLAYED7 Y/N",Qi*
2310 IF Qi$=”Y " THEM CAT23?0 INPUT “ENTER THE FILENAME TO BE RETRIEVED",Fjlet 
2330 ASSIGN *1 TO Filet
2340 READ *1,1 , .2350 READ *1'Modet,Number,Interval,TiMel
2360 REDIM Y(NuMber)
2370 READ *1)Y(*),Nor

gllC pLNT^IN(l),FIIetr^HAS^EEN RETRIFVED“)SPA(S)rMODE IS ";Mode:
2420 PRINT USING Ini}Tine1
2430 PRINT "NUMBER” ")NuMber;SPA<5))

"EXP TAIL, Y.c.EXP(-B*,
2460 IF Nor*=l THEN PRINT USING In3;Maan,Var 
2470 IF Nor=2 THEN PRINT USING lM4;Mean,Vor 
2480 IciiIMAGE "FIRST READING AT",M .DDDDDD

2520 SUBEND !

2530 
254 0 
2550 
2560 
2570 
2500 
2590 
2600 
2610 
2620 
2630 
2640 
2650 
2660 
2670 
2680 
2690 
270 0 
2710 
2720 
2730 
2740 
2750 
2760 
2770 
2700 
2790 
2800 
201 0 
2320 
2030 
2840 
2850 
2360 
2670 
2880 
289 0 
2900 
291 0 
2920 
2930 
2940

! SUBROUTINE! PLOT

OPTION BASE 1SHORT XKN),X2(N) ,Y1(N),Y2(N)
Pltr”705
INPUT^'MUST ONLY POINTs'BE^PLOTTED (SAME AXES)? Y/N",Pt
INPUT "INPUT LINE TYPE (0-7! 7=CQNTINU0US,0=NO LINE) ,LIntyp 
Ll$=VALt(INT(Lintyp))6" j"
INPUT11 "INPUTTSYMBOL FOR POINTS (N-NO SYMBOL)",SyMbt 
IF Synb$="N“ THEN SyMb$= ;“
Nn=N
IF PS="Y" THEN Points!
Xlen-250
Ylen=170
Xp=1000+Xlen/.025
Vp=i000+Ylen/,025 , „ v

CALL ScaleCY<*>,Nn,Ylen,Nice,YO ,Ydlv)
Yfc t=80 0/Ydiv
1 CURVE IS PLOTTED IN SECTIONS „
Pointsl1 INPUT “INPUT NUMBER OF SECTIONS FOR PLOT ,Sec 
Nvrt=INr<N/Sec-, O O U  + lREDIM XI(Huh),Y1(Nuh),X2 (Nun),Y2(Num)
Extra=NuH*Sec-N

s is s ;
IF Q$="N" THEN Hex 
IF I»Sec THEN N u h 1=Nu m-E x tro 
IF K S e c  THEN Nunl=NuM 
FOR J-l TO Nu h I

Xl(J)=X(J+(I-1)*NUM)
Y1(J)=Y<J+(I-1)*Nu m )

NEXT J
IF K S e c  THEN Lll
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gy&O IF Fxtro=0 THt'N Lll
2960 FOR J=Nu/ii + i TO Hum
29 V 0 X K
2980 Y KJ )  = 0
2990 NEXT J 
3000 Nunl=NuM
3010 Lll: IF P$="Y" THEN Poinlaa3020 CALL S c a l e (XI(*),NuMl,Xlen,Nice,X0,Xdiv)
3030 Xfct=B00/Xdiv

30VO CALL Trans(Y1(*),Y2(*),Y0,Yfct)
3090 i POINTS ARE NOW PLOTTED

; i ; :  s  : ; : | : ^ L T r L % , . p A % x 2 ( i ) / , % Y 2 ( i , / , P D "

" S u T ^ l l T u S I N G  . K " r P A \ X 2 ( K ) / , % Y a ( K )
3140 NEXT K . „
31S0 OUTPUT Pltr USING »K“}"SMl"
3160 IF Pt==“Y" THEN Nex
3180 ! TITLE IS PLOTTED
3190 Xpl=Xlen*20Ii!S ^ ' i u r  USIKS -K-.-FU.Pfl-.Xpl.-.-.V,.
3220 Nb=-*.S*LEN (Heads)
3I4S OUTPul Pl^r S  ^ ^ L B ^ H e a d k c H R f l S l ^ l P U "
32S0 NexiNEXT I 
3260 SUBEND I

:::: , « « » » * - 1.
3290 OPTION BASF i 
330 0 DIM Acc(8)
3310 Acc(1)=1S 
3320 Acc(2)*20 
3330 Acc(33=2S 
3340 Acc(4)=40 
33S'X Acc<b)=50 
3360 Acc(6)*B0 
3370 Acc(7)=-i00 
3380 Acc<8)-=1S0 
3390 XMax-Xnin»X(l)
340 0 FOR 1-2 TO Nn
3410 X m q x »HAX(Xhax,X(I))
3420 Xnin=MIN(XMin,X(I))
3430 NEXT I
3440 Ndiv=Axlen/2034B0 Xdiv=ARS<(X»ax-Xnln)/Hdlv)

34V0 Iff! 1 IF Xdiv >10 THEN GOTO IFF2 
3480 H-H+i
3490 XdlV=Xdiv*i0
3500 GOTO Iff!
3S10 Iff?:IF Xdiv(*i00 THEN Ok
3520 M=H-i
3530 Xdlv-Xdiv/10
3540 GOTO Iff2
3550 O k !FOR 1=1 TO 7
3560 IF Xdlv<Acc(I) THEN Found
3570 NEXT I
3580 STOP3590 Found iXdiv=Acc<J >/10 H 3600 X0=INT(XMln/Xdiv)#.Xdiv 

- 3610 IF XO+NiivYXdiv >=Xnax THEN 3800
3620 IF Nicti=3 THEN 3780 
3630 FOR Jj=2 TO 0 STEP -2 
3640 OUTPUT Xfiint USING "HDD.DE )XMin 
3650 Xnin$I5-J j,5-Jj3 = "0"

. 3660 XMln*[S,S]="0"
3680 IF Xnin<0 THEN X n l n $ t N d ,N d 1=VAL$(VAL(XMln>CNd.Hdl)H)
3690 X0=VAL(Xnin%)
3700 IF XO+Ndiv*Xdiv>=Xnax THEN 3800
3710 IF Nlce=2 THEN 3780
3720 NEXT Jj



3730 IF Hica»i THEN 3730 
374Q IF NiceOO T! IN STOP 
3750 Xdiv*(Xmox-X. /Ndiv 
3760 Xdiv=DROUND<Xdiv,3) 
3770 SUBEXIT 
3780 1=1+1 
3790 GOTO Found 
390 0 SUBEND I

3810
3820 
3830 
3840 
3890 
3860 
3870 
3880 
3890 
3900 
3910 
3920 
3930 
3940 
' 930 
3960 
3970 
3980 
3990 
4000 
4010 
4070 
4030 
4840 
4050 
4060 
4070 
4080 
4090 
4100 
4110 
4120 
4130 
4140 
4150 
4160 
4570 
4180 
4190 
4200 
4210 
4220 
4230 
4240 
4280 
4260 
4270 
4280 
4290 
4300 
4310 
4320 
4330 
4340 
4350 
4360 
4370 
4380 
4390 
4400 
441 0 
4420. 
4430 
4140 
4450 
*160 
4470 
4480 
4490 
4500

"K")"CP",Xlnc,",",Ylnc,'')PR0,

SU3 AxJ*(Xory^l*n,Minl^Diul^ ̂

DIM TitSUS]
Min=MinI 
Div=Dlvl 
m*=TJ.ti$
Pltr-705 
Len=Llen ',025 
M=INT(Uen/20>

Xinc=800«(l-Xory)
Ylnc=800*xopy 
IF Xory-0 THEN T$=";XT"
IF Xory=l THEN T$=";Yf"
F°0UTPUTTpItr USING “K";”PH-,Xlnc,K,H,Yinc,Tli 
NEXT IXinc=LenM-Xory>
OUTPUT*P11p1*USING "K" J "PA",Xinc, ", " ,Ylnc, * jPU)PA0 ,0 
IF Xopy=i THEN GOTO Laby 
Labx iXlnc»-2.5 

Yinc*“i 
DiS=*l,0 j *
GOTO Lab 

LabytXinc=~5.7 
Ylnc=~.2S 
Di$="0,lj"

Iab:OUTPUT Pltr USING 
M*M+iXinc=800$(l-Xary)
Yinc=800C>'opy 
L=MlnR=Mln+(M-l)*Diu 
Hi=HAX<ABS<L)>ABS(R))
Lo=t1IN(ABS(L) ,ABS(R))
IF I *R(0 THEN t.o=Div 
IF Lo=0 THEN ' 5=Oiv 
IF L 5T(Hl/Lo))=5 THEN E_notat 
E=IHT(LCT(Lo))
IF (L»)-.D AND (Hi<99999)
FOR 1*1 TO MLobel=lMln+(I-l)*Div)/10 E 

IF LabelOO THEN 4290 
FMT$="XD.D"
GOTO 4350
N=INT(LGT<ABS(LabeV-/ J+l 
IF N>»0 THEN 4330 
FMt$»"M.DDD"
GOTO 4350
irN<23l5E3'FhM:FMT*6" '6RPT»("0",3-N)
OUTPUT Lab6 USING FMt*;Label 
LI=LEM(Lab$)

NEXT I
IF E=0 THEN 4440 
Tit$"Tl1*&" x 10"
Tit$*TRIM$(Tll$>

THEN E*0

L3=LEN<Tit$>
Xp*L*n/2*(l»Xory)
Yp=l en/2Y.Xdpy
OUTPUT Pltr USING "K")"PA",Xp, 
Xinc— ,*Xory-Ll/2*(l-X*ry'

i Tp



a  .KrrDi%Di*rLB%Tit,
1 : : ^ % ^ % : ^  .K.rco.o,,,:;"
4570 FIXED 045H0 E5=VAL$(E)&CHRt<3)

I  BEE EE EIEBE,.
4630 SUBEXIT
4640 E notat;FLOAT 2

4690 NEXT I 
4700 STANDARD

4730 o S l P U ^ p L r  JSING "K"rPU:PA0,0"
4740 SUBEND !

r  ^  ^  PLor^
4770 OPTION BASE i 
4780 MAT X2=X 
4790 MAT X2=X2-(X0) 
4800 MAT X2=X2*(Xfct> 
48i 0 MAT X2=X2+(,5> 
4820 MAT X2=INT(X2) 
4R%n SUBEND !

4 8 4 0  I SUBROUTINES r_store

%  m l p ^ i m l R T ' T H E  F-COEEF DATA CASSETTE"
"ENTER THE FILENAME FOR THE F-COEFFS" ,Fil.,

4930 Bytes=4*<2*N+I2)
4940 Rec=INT(Bytes/256)+l 
4950 CREATE Files,Rec
IKS ̂ NT%KMlnxlrKl,TiM«I,N,T,BO,A(%),B($)
/toon BIIBFiVB

4990 ! SUBROUTI1 . i F_retrieve
5000 ! ------------------------

isis L  =ISsS KS^KSt1™  F-COEFF D M A  CASSETTE-
5070 INPUT "ENTER THE FILENAME TO BE RETRIEVED",Fl)«$
5080 ASSIGN *1 TO File*
5090 READ 41,i , u t nn5100 READ *J}H,Interval,Tinei,N,T,BO
5110 REDIM A(N),B(N)

I  s m s m m s F r '
5160 SUBEND !
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APPENDIX X I . 5
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PROGRAM: P_HIX
THIS PROGRAM SOLVES FOR THE PARAMETERS OF A SIMPLE RECYCLE MODEL 
WITH GAMMA DISTRIBUTIONS IN BOTH LOOPS,
BY MINIMISING F=SUH<A(K>-A_e-pCK))*2 +SUM(B(K)-B_exp(K))
TWO OR MORE PAIRS OF F-COEFFS CAN BE USED 
MINIMIZATION SUBROUTINE “ZXMIN" MUST BE LINKED !

80 ! MAIN PROGRAM

U S  S 1” ™  :<12S>,»aL I-A.MBIFS K S D E D  BY SUB F.n
130 DIM X<4),H(10),G(4),W(i2),A_exp(125),B_exp<i25)

190 IF Nfi=0 THEN Ind
210 REDIM K(Nf) ,A(Nf),B(Nf),A_expvNf),B_exp<Nf),A_e(Nf),B_e(Nf)
220 MAT A_e=A_exp 
230 MAT B e=B_exp 
24 0 FOR J=i TO Nf 
250 K(J)=J
260 NEXT J
280 lndl°iNPUT “INPUT NO OF INDIVIDUAL PAIRS OF F-COEFFS",Nf 
290 REDIM K(Nf),A(Nf),B(Nf),A.e(NF),B_e(Nf)
300 INPUT "INPUT THE No.s OF THE F-COEFFS CK(*)3 ,K(¥>
310 FOR J=1 TO Nf
320 ft_e{J)=A_axp<KCJ>>
330 B_e(J)=B_exp <K(J>)
340 NEXT J 
350 !360 I CALLING VALUES FOR Zxnin
370 Cal: N=4 ! 4 PARAMETERS
380 Nsiq=3 ! DIGITS OF ACCURACY OF PARAMETERS
390 Maxfn=70 0 ! MAXIMUM 700 EVALUATIONS OF F
410 INPUT "INPUT INITIAL ESTIMATES OF THE 4 PARAMETERS",X(1),X(2),X(3),X(4)
420 X(3)=X(3)*'100
440 DISP SPACi7>; PROGRAM RUNNING **********"
450 CALL ZxMin(N,Nsig,Maxfn,Iopt,X(*),H(*>,G<*),F,W<*),Ier)
460 X(3)=Xt3)/100
470 X(4)=X(4>/10
480 Meon2=(C1-X<1)3*Mean-X(2))/X(l)
490 Volfrac=X(2)/< Ci-X(i))*hean)
50 0 R=XCi)/(l-X(i))
510 !
520 ! PRINTOUT OF RESULTS
530 PRINTER IS 7,1,WIDTH!130)
550 PRINT- LIN(S),"SUM OF SQUARES-HAS BEEN MINIMIZED"
560 PRINT "PARAMETERS*"jX(i);SPA(2);XC2)jSPA(2);X(3))SPA(2))X (4)
570 PRINT "MEAN IN REG 2=" ;Mean2 „,jtx 0580 PRINT ,1VARIANCE/MEAN'‘2= REG 1: " ; X(3)/X (2) "2 j " REG u! )XC4)/Mean*- 
590 PRINT "VOL FRAC OF REG l=";Volfrac
610 PRINT "GRADIENTS*";G(1)%PA(2);G(2);SPA(2);G(3);SPA(2);G(4)
620 PRINT "FINAL FUNCTION VALUE*“}F
630 PRINT “NO. OF FUNCTION EVAlCATIONS*";W(2)
t :  ^ p 5 T ^ : s r : p ' : r T ; : : ^ - c S : : i r ; i ^ [ A Y E D  FOR COMPARISON?
660 IF Q$="N" THEN Sio
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670 FIXED 5 
680 PRINT LIN<5)
670 PRINT SPA<7))“K ”;SPA<ll)j"A_exp(K)"jSPA(9);"A(K)"jSPft<?);”B exp<K)*;SPA(?);"B(K)M 
700 FOR J=i TO Nf -
750 PRINT K(J)jSPA<7)}A_e<J);SPA(7)jA(J)jSPA(7))B e (J)jSPA(7)lB(J)720 NEXT J 
730 •!
740 ! STORAGE OF THEORETICAL F-COEFFS ON TAPE
750 St o: IF Nf1=0 THEN STOP
760 INPUT "MUST THEORETICAL F-COEFFS BF STORED ON TAPE? Y/N",Q$
770 IF q$="Y" THEN CALL F_store(M,Interva1,TiHel,Nf,T,B0 exp,A(*),B(*))
780 STOP !

790 l SUBROUTINE! FUN
BID !
820 ! THIS SUBROUTINE CALCULATES FUNTION F FOR GIVEN PARAMETER VALUES X(#>
830 SUB F u n ( N , X m  ,F>
840 OPTION BASE i
050 COM INTEGER K ,REAL Nf,T,A_e(K),B e (*),A OK),B(»),Mean 
860 DIM Adlf(Nf),Bd if(Nf)
670 P=X(i) i
380 Meonl=X(2> l
890 Varj =X(3>/100 !
900 Vnr2=X(4)/iO |
95 0 Meon2=<(i-P >*Mean-Meani)/P !
920 Nl=MeaniA2/Vorl I
930 N2=Mean2'2/Var2 j
940 RAD
950 FOR J=i TO Nf
960 Freq=K(J)fPl/T
970 Rl=SQR(l + (Freq)KMeanl/Nl)A2>
980 R2=S0R(i + (Freq*Hean2/N2) ■'2’>
990 Thetal=ATN(FreqKHeanl/Ni)
1000 Theta2“4TN(Freq*M*ci,2/N2>
1010 Den=Rl AL2*N1)*R2' <2»N2)-2*P*RlANl*R2''NH*C0S(Nl*Thetai+N2#Theta2)+P'-21020 NuMe=(l-P)*R2AN2
1030 A<J)”l/T»Nune*(RlANi#R2AN2$SIN(Nj*TheIa5.)+P*SIN(N2*Theta2))/Den 
1040 B< J) = l/T*Nune»:(RiANi*R2AN2*C0S(Nl*Thstal)-P*CUS!N2iklhe1o2) )/Den1050 NEXT J 
1060 MAT Adlf=A-A_e 
1070 MAT Bdi f=B—B e 
1080 Dota=DOT(Ad if,Adif)
1090 DoTb=DOT(Bdif,Bdif)
1100 F=Dota+Cotb 
1150 PRINTER IS 7,1,UIL.H(130)
1120 FIXED 5
1530 PRINT X<1),X(2),X(3>,X(4),,F 
1140 STANDARD 
1560 PRINTER IS 16 
1160 SUBEND !

5 5 70 I SUBROUTINE: F store
1180 I -------------- ------
1190 !
1200 ! THIS SUBROUTINE STORES THE E-COEFFICIENTS ON TAPE
1210 SUB F_store<M,Interval,TiMel,N,T,BO,A(*),B<*))
1220 OPTION BASE 1
1230 M S P  "INSERT THE F-COEEF DATA CASSETTE"
1240 PAUSE
1260 INPUT "ENTER THE FILENAME FOR THE F-COEFFS",FI)e$
1260 Bytes=8*<2*N+6/
1270 Rer=IN)(Bytes/C56)+l 
1280 CREATE Filet,Red 
1290 ASSIGN *1 TO Fi)e$
1300 PRINT tl)M,Interval,Tinel,N,T,BO,A(*>,B<<:)
1310 SUBEND I

RECYCLE FRACTION 
MEAN RES TIME OF REGION 1 
VARIANCE OF REGION i 
VARIANCE OF REGION 2 
MEAN RES TIME OF REGION 2 
EQUIVALENT NUMBER OF CSTRs
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i320 ! SUBROUTINI? : F_retr ieve
1330 ! ---------- -----------
1350 ! THIS SUBROUTINE RETRIEVES FOURIER COEFFS FROM TAPE
1360 SUB F_retr leve <M, In ter* val ,Tj.nei , N, T,B0 , A(£>, 3< *))
1370 OPTION BASE 1
1380 DISP "INSERT THE F-COEFF DATA CASSETTE"
1390 PAUSE1400 INPUT "ENTER THE FILENAME TO BE RETRIEVED",FjIe$
1410 ASSIGN 1=1 TO File*
1470 READ *1,11430 READ ti;M,Interval,Tinel,N,T,B0 
1440 REDIM A(N),B(N)
1450 READ *j;A(*),B(*)1460 PRINT LIN<1),File$j"HAS BEEN RETRIEVED";SPA(5);"NO OF READINGS-";M 
1470 PRINT *TIME1=";TiMel;SPA(5);"INTERVAL=";Interval 
14,80 PRINT “NO OF F-COEFFS=" ;N}SPA(S); "2T=" ;2»T 
1490 SUBEND !
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PROGRAM: P_DISP
THIS PROGRAM SOLVES FOR THE PARAMETERS OF A SIMPLE RECYCLE MODEL 
WITH AXIAL DISPERSION IN BOTH LOOPS,
BY MINIMISING F=SUM< A(K)-A exp(K))"2 +SUM(B (K )—B_exp(K)> A2 .
TWO OR MORE PAIRS OF F-COEFFS CAN BE USED 
MINIMIZATION SUBROUTINE "ZXMIN" MUST Bfc LINKED !

80 ! MAIN PROGRAM
100 !
110 OPTION BASE 1 ___ _120 COM INTEGER K (125),REAL Nf,T,A_e(125),B_e<125),A(125),B(125),Hean !VARIABLES NEEDED BY SUB Fun 
130 DIM X(4),H(10),G(4),W(12),A_exp<125),B_exp <125)
140 PRINTER IS 16ISO PRINT LIN(i),TAB(30)jCHR$(27)j"«dD“;"PROGRAM. P_DISP"lCHR$(27);“&d8"
160 CALL F retrjieveCM,Interval,Tinel,Nf,T,B0_exp,A_expv.),B_exp(*))
170 INPUT “INPUT MEAN OP E-CURVE",Mean
180 INPUT “MUST THE FIRST Nf PAIRS OF F-COEFFS BE USED? INPUT Nf (or 0>“,Nfi
190 IF Nfi = Q THEN Ind 
20 0 Nf=Nf(
210 RED1M K (Nf> ,A(Nf),B(Nf),A_exp(Nf),B_exp(Nf),A_e(Nf>,B_e(Nf)
220 MAT A e=A_exp 
230 MAT B e=B_exp 
240 FOR J=1 TO Nf 
250 K<J)=*I
260 NEXT S
270 GOTO Gal
280 Ind; INPUT “INPUT NO CF INDIVIDUAL PAIRS OF F-COEFFS",Nf 
290 REDIM K(Nf),A(Nf),B(Nf),A_e(Nf),B_e(Nf)
300 INPUT "INPUT THE No.s OF THE F-COEFFS tK(*)J“,K(#)
310 FOR J=1 TO Nf
320 A_e(J)=A_exp(K(J))
330 B e(J)=B_exp(K(J> >
340 NEXT J 
350 !
360 I CALLING VALUES FOR Zxrtln
370 Cali N=4 I 4 r ARAhETERS
380 Nsjg=3 I DIGITS OF ACCURACY OF PARAMETERS
390 Haxfn=700 I MAXIMUM 700 EVALUATIONS OF F
40 0 lopt=0
410 INPUT "INPUT INITIAL ESTIMATES OF THF 4 PARAMETERS",X(1),X(2);X(3),X(4>
420 X(3)=X(3)*100
430 X(4)=X(4)*10
440 DISP SPA(17))“********** PROGRAM RUNNING **********"
450 CALL Zxrtln(N,N'Ug,Maxfn,Iopt,X(*>,HOlO,G(*),F,W(*),Ier)
460 X(3)»X(3>/100
470 X(4)=X(4)/10
480 Hean2='(l-X(i))*Mean-X(2))/X(i)
490 lilspl«X<3)/(24X(2)"2)
50 0 Iiisp2=X(4 )/(2#Mean2'>2)
510 Volfrnc=X(2)/((i-X(i))*Mean)
520 R=X(l)/(i-X(l))
530 !
540 I PRINTOUT OF RESULTS
-550- PRINTER IS-7,i,W!D7H(139)
560 FLOAT 5
570 PRINT LIN < 5),"SUM OF SQUARES HAS BEEN MINIMIZED"
580 PRINT “PARAMETERS-"}X(1>)SPA(2))X(2>}SPA(H>}X(3)}SPA(2);X(4)
590 PRINT “MEAN IN REGION 2=";HeanL
600 PRINT "VARIANCE/(MEAN'2)= REG 1: " jX(3)/X(2)"Pj" REG 2:";X(4)/Hean2"2
610 PRINT "DISP NUMBERS= REG 1:";Dlspl;" REG 2:";Disp2
620 PRINT "VOL FRAC OF REG i=“;Volfrac
630 PRINT "RECYCLE RATIO”")R
64 0 PRINT "GRADIENTS”")G(1)jSPA(2)jG(2))SPA(2);G (3);SPA(2);G(4)
650 PRINT "FINAL FUNCTION VALUE”";F
660 PRINT "NO. OF FUNCTION EVAl UATIONS” ";W(2)
670 IF lerOO THEN PRINT "ERROR PARAMETER” " ;Ier680 INPUT "MUST EXP AND THEOR F-COEFFS BE DISPLAYED FOR COMPARISON? Y/N“,Qt 
690 IF q$="N“ THEN Sto 
700 FIXED 5
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10
20
30
40
50
60
70

PROGRAMt P_DXSP
THIS PROGRAM SOLVES FOR THE PARAMETERS OF A SIMPLE RECYCLE MODEL 
WITH AXIAL DISPERSION IN BOTH LOOPS,
BY MINIMISING F=SUM< A<K)-A exp (K)) A2 -t-SUMIB<K>-B_exp <K > )A2,
TWO OR MORE PAIRS OF F-COEFFS CAN BE DSHD 
MINIMIZATION SUBROUTINE "ZXMIN" Ml'~T BE LINKED !

80 ! MAIN PROGRAM
100 !
120 COM^INTEGER K(12S>,REAL Nf,T,A_e(125),B_e(125),A(125),B(125).Mean !VARIABLES NEEDED BY SUB Fun 
130 DIM X<4>,H(10),GC4),W(12),A_exp(125),B_exp(125)
140 PRINTER IS 16
ISO PRINT LIN<1),TAB(30>;CHRS(27)j”£.dD"}"PROGRAM, P_DISP")CHR$(27>j“6dS“
160 CALL F retrieve(M,Tnterval,Tirtel,Nf,T,BQ_exp,A_exp(*),B_exp(*))
170 INPUT "INPUT MEAN OF F-CURVE",Mean
180 INPUT “MUST THE FIRST Nf PAIRS OF F-COEFFS BE USED? INPUT Nf (or 0>",Nfi
190 IF Nfi=0 THEN Ind 
20 0 Nf=NfI
210 RED1M K(Nfj ,A(Nf ),B(Nf),A_exp(Nf),B_exp(Nf),A„e(Nf),B_e(Nf)
220 MAT A e=A_exp 
230 MAT B e=B_exp 
240 FOR J=i TO Nf 
250 K(J)=J 
260 NEXT J
270 GOTO CoI
280 Ind: INPUT “INPUT NO CF INDIVIDUAL PAIRS OF F-COEFFS",Nf 
290 REDIM K(Nf>,A(Nf),B(Nf),A„e(Nf),B_e(Nf)
300 INPUT “INPUT THF No.s OF THE F-COEFFS CK(#>I",K(#>
310 FOR J=1 TO Nf
320 A e(J)=A exp(K(J))
330 B e(J)=B exp(K(J))
340 NEXT J 
350 !
360 I CALLING VALUES FOR ZxMln
370 Cali N=4 ! 4 rARAHETERS
380 Nsig=3 I DIGITS OF ACCURACY OF PARAMETERS
390 Maxfn=700 I MAXIMUM 700 EVALUATIONS OF F
400 lop t=Q
410 INPUT “INPUT INITIAL ESTIMATES OF THF 4 PARAMETERS",X(1),X(2);X(3),X(4>
420 X(3)=X(3)*100
430 X(4)-X(4)*10
440 I)ISP SPA(17) ; "********** PROGRAM RUNNING KMMttt**”
450 CALL Zx«in(N,Nsig,Haxfn,Iopl,X(«),H(*),G(*),F,U(*),Ier)
460 X(3)=X(3)X100
470 X(4)=X(4)/10
480 Mean2=<(i-X(1))*Mean-X(2))/X(1)
490 Dispi=X(3)/(2*X(2>A2>
500 Dlsp2=X(4)/(2*Mean2A2)
510 Volfrac=X(2)/((1-X(1))*Mean)
520 R=X(l)/(i-X(i))
530 !
54 0 I PRINTOUT OF RESULTS
550- PRINTER IS- 7,1,NIDTH(130)
560 FLOAT 5
570 PRINT LIN(5),"SUM OF SQUi RES HAS BEEN MINIMIZED"
580 PRINT "PARAMETERS-'"jX<1))SPA(2))X (2);SPA(2))X (3)jSPA(2)jX(4)
590 PRINT "MEAN IN REGION 2=";Meon2
600 PRINT "VARIANCE/(MEAN"2)= REG 1 t“jX(3)/X(2)"2)" REG 2:";X(4)ZMean?A2
610 PRINT "DISP NUMBERS3 REG 1:";D Ltpi)" REG 2:"jDisp2
620 PRINT "VOL FRAC OF REG i="jVolfrac
630 PRINT "RECYCLE RATIO3 ")R
640 PRINT "GRADIENTS3";G(i))SPA(2)jG<2);SPA(2)jG(3)jSPA(2)jG(4)
650 PRINT "FINAL FUNCTION VALUE3 "}F
660 PRINT "NO. OF FUNCTION EVAlUATIONS3 ";W(2)
670 IF lerOO THEN PRINT "ERROR PARAMETER3 '1 J ler680 INPUT "MUST EXP AND THEDR F-GOEFFS BE DISPLAYED FOR COMPARISON? Y/N“,QS 
690 IF q$3“N" THEN Sto 
700 FIXED 5
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710 PRINT LIN(S)7?0 PRINT SPA<7);"K-;SPA(11);"A_exp(K>";SPA(9)j"A<K>";SPA<9> j'B exp(K> ";SPA(9);-BCK)" 730 FOR J=1 TO Nf7A0 PRINT KCJ)jSPA(7))A_e<J);SPA(7);A(J);SPA(7);B e <J ) :SPA'?);B (J )
750 NEXT J 
760 !
770 ! STORAGE OF THEORETICAL F-COEFFS ON TAPE
780 Sto: IF Nf1=0 THEN STOP
790 INPUT "MUST THEORETICAL F-COEFFS BE STORED ON TAPE? Y/N",Q$
800 IF B$=“Y" THEN CALL F_store<M,Interval,TiMel,Nf.T,B0 exp,A<*).B(*))
810 STOP !

820 I SUBROUTINE! FUN

840 !
850 ! THIS SUBROUTINE CALCULATES FUNTiON F FOR GIVEN PARAMETER VALUES X<#>
860 SUB Fun(N,X(*),F)
870 OPTION BASE 1
680 COM INTEGER K (£),REAL Nf,T,A e(*;,B e<*>,A<*>,B<*>.Mean 
890 DIM Adif(Nf),Bdif(Nf)
900 P=X(1)
910 Meanl=X(2)
920 Var1=X(3)/100 
930 Var2=X(4>/10
940 Mean2=( (1-P )»!Men;i rteanD/P 
950 Al=MeanlA2/Var1 
960 A2=Mean2A2/Var2 
970 RAD
980 FOR J=1 TO Nf 
990 Freq=K<J}*PI/T 
100 0 Bl=2$MeanlA3YFreq/Varl 
1010 B2=2*Mean2A3*Freq/Var2 
1020 R1=(A1A4+B1A2 ) '.25
1030 R2=(A2A4+B2A2)A .25
1040 Thet al=.SYATN(Bl/AiA2)
1050 Theta2=,5*ATN(B2/A2A2 )
1060 AIphal=RlfCOS(Thetal)
1070 Alpha2=R2fC0S(Theta2)
1080 Betal=Ri.tSIN(Thetal)
1090 Beta2=R.^SIN(Theta2>
11 GO Aol.=Al~Alphal 
11x0 Aa2=A2-Alpha2
1180 Den=l-2*P*EXP(Aai+AaZ)*COS(Betal+Beta2)+PA2*EXP(2*Aal+2*Aa2)1130 NuMe=(1-P)YEXP(Aal)
1140 A(J)=l/TYNuheX(F:N(Betal)+P*EXP(Aal+Aa2)*SIN(Beta2))/Den
1153 B(J)=l/T*Nume*(CnS(Betal)-P*EXP(Aal+Aa2)*COS(Beta2))/Den 
1160 NEXT J 
1170 MAT Ad if=A-A_e 
1180 MAT Bdif=B-B e 
1190 Bota=DOT(Adlf,Adlf)
1800 Dotb=DOT(Bdif,Bdif)
1210 F=Dota+Dotb 
1220 PRINTER IS 7,1,UIDTH<130)
1230 FIXED 5
1240 PRINT X(i),X(2),X(3),X(4) , ,F 
1250 STANDARD 
1260 PRINTER IS 16 
1270 SUBEND !

1280 I SUBROUTINE! F store
1290 ! -------------- ------
1300 !
1310 ! THIS SUBROUTINE STORES THE F-COEFFICIENTS ON TAPE
1320 SUB F_st ore (M, Inter val,Tine i,N,T, 60 ,A< *>. BCt:>)
133 0 OPTION BASE 1
1340 M S P  "INSERT THE F-COEEF DATA CASSETTE"
1350 PAUSE
1360 INPUT "ENTER THE FILENAME FOR THE F-COEFFS", Filet 
1370 Bytcs=8*(2*N+6)
1380 Rec=INT(Bytes/2S6) + l 
1390 CREATE Filet,Rec 
1400 ASSIGN *1 TO Filet
1410 PRINT 4i)M,Interval,Tirtei,N,T,B0,A(#>,B(*)
1420 SUBEND !

I RECYCLE FRACTION 
! MEAN RES TIME OF REGION 1 
! VARIANCE OF REGION 1 
! VARIANCE OF REGION 2 
! MEAN RES TIME OF REGION 2
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1430 t SUBROUTINE! F retrieve
1440 ! -------------- ----------
14E.0 !
1460 ! THIS SUBROUTINE RETRIEVES FOURIER COEFFS FROM TAPE
1470 SUB F retrieve<H,Interval,TiMel,N,T,BO,A(*)
1400 OPTION BASE 1
1490 DISP "INSERT I HE F-COEFF DATA CASSETTE"
1500 PAUSE
1510 INPUT "ENTER THE FILENAME TO BE RETRIEVED".File!.
1520 ASSIGN *i TO File*
1530 READ $1,1
1540 READ $1;M,Interval,Time1 ,N,T,B0 
1550 REDIM A(N),B(N)
1560 READ *ijA(S),B(*)
1570 PRINT LIN(l).File*;"HAS BEEN RETRIEVED")SPA(5);"NO OF READINGS^"jH 
1580 PRINT "TIMEl=";TiMeijSPA<5);"INTERVAL™"jInterval 
1590 PRINT "NO OF F-COEFFS™")N)SPA(5);“2T=")2*T
1600 SUBEND !



APPENDIX X I . 7

10 ! PROGRAM: P_PASS
20 !
30 ! THIS PROGRAM SOLVFS FOR THE PARAMETERS OF THE "BYPASS MODEL"
40 ! BY MINIMISING F=SUM(A(K)-A exn<Kl)A2 +SUM(B(K )-B_exp(K ))A2
50 ! TWO OR MORE PAIRS OF F-COEFFS CAN BE USPD
60 ! MINIMIZATION SUBROUTINE "ZXMIN" MUST BE LINKED !

70 ! MAIF PROGRAM
90 !
,i00 OPTION Bf 3E 1110 COM INTEGER KU25),REAL Nf,T,A_e(125),B_e<IPS?,A <125),B <125),Meon !VARIABLES NEEDED BY SUB Fun 
120 DIM X<3),H(6),G(3),U(9>,A.exp(125),B_exp(i25)
130 PRINTER IS 16
140 PRINT LIN(1),TABC30)jCHR$(27)}"6dD";"PROGRAM: P_PASS";CHR*<27);"6dS'
ISO CALL F_retrleve(M,Interual,Tinel,Nf,T,B0_exp,A_exp<^>,B_exp<*))
160 INPUT "INPUT MEAN OF F-CURVE",Mean
170 INPUT "MUST THE FIRST Nf PAIRS OF F-COEFFS BE USED? INPUT Nf (or 0)“,Nfi 
IBO IF Nf1=0 THEN Ind 
190 Nf=NfI200 REDIM K(Nf) ,A(Nf) ,B(Nf),A_exp(Nf),B_exp(Nf),A_e(Nf),B_e(Nf)
210 MAT A_e=A_exp 
220 MAT B e=B_exp 
230 FOR J=1 TO Nf 
240 K(J)=J 
250 NEXT J
260 GOTO Cal
270 Ind: INPUT "INPUT NO OF INDIVIDUAL PAIRS OF F-COEFFS",Nf 
280 REDIM K(Nf),A(Nf),BCNf),A e(Nf),B_e(Nf)
290 INPUT “INPUT THE No.s OF THE F-COEFFS tK<#)1“,K(#>
300 FOR J=1 TO Nf
31 0 A e U ) = A  exp (K (J))
320 B e(J)=B_exp(K(J))
330 NEXT I
340 !
350 ! CALLING VALUES FOR Z x m n
360 Cali N=3 I 3 PARAMETERS
370 Nslg=3 i DIGITS OF ACCURACY OF PARAMETERS
380 Maxfn=70O ! MAXIMUM 70 0 EVALUATIONS OF I-
390 Iopt=Q
400 INPUT "INPUT INITIAL ESTIMATES OF THE 3 PARAMETERS",X(1>,X(2),X<3)
410 ! X(1)=P, X(2)=Heanl, X(3)=Var1/MeanlA2
420 ! X(3)=X(3)*10
430 DJSP SPA(17) 5 u***■**#***% PROGRAM RUNNING **********"
440 CALL Zxnin(N,Hsig,Maxfn,Iopt,X<)K) ,H(*),G(*) ,F,W(*e) ,Ier)
450 I X(3)=X(3>/10
460 Mean2-(Mean-X(2))/X(l>
470 !
480 I DISPLAY OF RESULTS
490 PRINTER IS 7,1, WI.DTH( 130 )
SCO FLOAT 5
510 PRINT LIN(S),"SUM OF SQUARES HAS BFEN MINIMIZED"
520 PRINT "PARAMETERS* ')X(l);SPA(2);X(2)jSPA(2))X(3)
530 PRINT "MEAN IN REG 2=*;Mean2
540 PRINT "GRADIENTS*";G(1);SPA(2)jG(2))SPA(2)}G(3)
550 PRINT f  INAL- FUNCTION-VALUF®^rF
560 PRINT "NO. OF FUNCTION EVALUATIONS*";W(2)
570 IF lerOO THEN PRINT "ERROR PARAMETER*"; ler
580 INPUT "MUST EXP AND THEOR F-COEFFS BE DISPLAYED FOR COMPARISON? Y/N",Q$
590 IF Qt=“N" THEN Sto
600 FIXED 5
610 PRINT LIN(S)
620 PRINT SPA(7)i“K ,')SPA(ll)j"A exp(K)"jSPA(9)j"A(K)")SPA<9>;"B_exp(K)"jSPA<9>)"BCK)"
630 FOR J=1 TO Nf
64 0 PRINT K(J)jSPA<7)}A e (J )jSPA(7);ACJ)jSPA(7)jB_e(J)}SPA(7)jB(J)
650 NEXT J
660 !
670 ! STORAGE OF THEORETICAL F-COFFFS ON TAPE
680 Stni IF Nf1=0 THEN STOP
690 INPUT "MUST THEORETICAL F-COEFFS BE STORED ON TAPE? Y.'N",Q$
700 IF Q$*"Y" THEN CALL F store(M ,In 1erval,Tinei,Nf ,T,B0_exp,AC*>,B (*))
710 STOP 1
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720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
830 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
94 0 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070

SUBROUTINE: FUN

THIS SUBROUTINE CALCULATES FUNTION F FOR GIVEN PARAMETER VALUES X(*> 
SUB Fun<N,X<*>,F>
OPTION BASE 1COM INTEGER K(*),REAL Nf,T,A_e<*>,B_e(*>,A <*>,B<*> , Mean 
DIM Adif(Nf),Bdif(Nf> I FRACTION TO DEAD ZONE 

! MEAN RES TIME OF REGION 1
! MEAN RES TIME OP REGION 2 
! EQUIVALENT NUMBER OF CSTRs

P=X(1)
Meani=X<2)
! X3=X(3)/10 
Mean2=(Mean-X(2))/X(l)
N1-1/X3 
RAD
FOR J=1 TO Nf 

Frftq=K<J>*PI/T 
R=l+(Freq¥Meonl/Nl)"2 
Q=l + <1—P>*Mean2,‘£*Freq'>2 
Theta=ATN(Freq*Meanl/Ni>
C=COS(Nl*Theto)
S=SIN(Nl*Theta)
Den=R*Nl*(l+Mean2A2*FreqA2)
A< J) = 1/T*R'' (Nj/2)*CQ*S-i-P*Mean2*Freq*C)/Den 
B(J)=l/T*RA(Nl/2)*(q*C-P*Mean2*Freq*S)/Den 

NEXT J
MAT Adif=A-A_e 
MAT Bdif=B-B.e 
Dota=DOT(Adif,Ad if)
Dotb=DOT(Bdif,Bdif)
F=Do ta+Do tb
PRINTER IS 7,1,UIDTH(130)
FIXED 5
PRINT X(1),X(2),X(3>,,F 
STANDARD 
PRINTER IS 16 
SUBEND I

1080 ! SUBROUTINEi F_store

1100 !
1110 ! THIS SUBROUTINE STORES THE F-COEFFICIENTS ON TAPE
1-120 SUB F st ore<M, Interval ,Tinel ,N, T,B0,AIT) ,B(X> >
1130 OPTION BASE i
1140 MSP -INSERT THE F-COEEF DATA CASSETTE"
1150 PAUSE1160 INPUT "ENTER THE FILENAME FOR THE F-COEFFS",Filet 
1170 Bytes=8*C2*N+6>
1180 Rec=lNT(Bytes/256)+l 
1190 CREATE Filet,Rer.
1200 ASSIGN *1 TO Filet
1210 PRINT *1;M,Interval,TiMel,N,T,B0,A<*),B(*>
1220 SUBEND !

1230 ! SUBROUTINE : F_retriev«.
1240 !
1260 i THIS SUBROUTINE RETRIEVES FOURIER COEFFS FROM TAPE
1270 SUB F rc trieve(M,Interval,Tine 1,N,r,B0,A(*?,8(*>)
1280 OPTION BASE 1
1290 M S P  "INSERT THE F-COEFF DATA CASSETTE"
1300 PAUSE
1310 INPUT "ENTER THE FILENAME TO BE RETRIEVED",Filet
1320 ASSIGN $1 TO Filet
1330 READ *1,1
1340 READ *1}M,Interval,Tine1,N.T,B0 
1350 RFDIM A(N>,B(N>
1360 READ *1jA(*l,BC#>
1370 PRINT LIN(1>,Filet;"HAS BEEN RETRIEVED";SPA(5>;"NO OF READINGS=’)M 
1380 PRINT "TIHEir" jTinei;SPA<5> > "INTERVAL") Interval 
1390 PRINT "NO OF F-C0EFFS«=" j N ; SP A<5) } ”2T=";2#T
1400 SUBEND I
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10 ! PROGRAM'. Q MIX
20 !
30 ! THIS PROGRAM SOLVES FOR THE PARAMETERS OF A SIMPLE RECYCLE MODEL
40 ! WITH GAMMA DISTRIBUTIONS IN BOTH LOOPS,
t,0 ! BY MINIMISING F=Sl 4(K)-A_axp(K))"2 +SUM(B(K)-B exp(K))*?.
60 ! SETS OF F-COEFFS AK USED AT INCREASING FREQUENCY
70 ! MINIMIZATION SUBROUTINE "ZXMIN" MUST BE LINKED !

80
90
too
ilG 
120 
130 
140 
ISO 
160 
170 
180 
19(1 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
3t>0 
360 
370 
380 
390 
400 
41 0 
420 
430 
440 
450 
460 
470 
480 
490 
500 
51 0 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680

! MAIN PROGRAM
i
OPTION BASE 1
COM INTEGER K(125),REAL Nf,T ,A_e(125),B e (125),A(125),B<125),Mean !VARIABLES NEEDED BY SUB Fun 
DIM X<4),H(10),G<4),U(i2),A_exp(125),B_exp(125)
PRINTER IS 16
PRINT LTN(l),TAB(30)iCHRS(27);"6dD";"PROGRAM: Q„MIX"}CHR$(27)j"&dP"
CALL F_reTrleva CM,interval,Tine 1,Nf,T,Bu_exp,A_exp(*),8 ,exp<*>)
INPUT “INPUT MEAN OF F-CURVE",Mean 
Nf=S
REDIM K(Nf),A(Nf),B<Nf),A_e(Nf),B_e(Nf)
FOR 1=1 TO 12 
FOR J=i TO Nf 

K<J)=5*<I-1)+J 
A e(J)=A exp<K(J))
B_e(J)=B_expCK(J)>

NEXT Jr
! CALLING VALUES FOR Zxnln

4 PARAMETERS
DIGITS OF ACCURACY OF PARAMETERS

! MAXIMUM 500 EVALUATIONS OF F
Cal| N=4 
Nsig--3 
Maxfn=500 
lopt=0 
X (1) = ■6541 
X(2)=.2278 
Xf3) = .005365 
X(4)=.03339 
X(3)=>X(3>*100 
X(4)=X(4)*10 
MAT H=<0)
MAT G=<0)
F=0
MAT W=(0)
Ier=Q
DISP SPA(17))"********** PROGRAM RUNNING **********"
CALL ZxMin(N,Nslg,Maxfn,Iopt,X(*),H(T),G(T),F,WOK),Ier)
X<3)=XC3>/i00
X(4)=X(4)Z10
Mean2=<(1-X(1))*Mean-X<2))/X(1 
Volfrac=X(2)/((l-X<l))*Mean)
R=X(1)/<1-X(1))!
! DISPLAY OF RESULTS 
PRINTER IS 7,1 
FLOAT 5 
PRINT LIN<7>

• -PRINT "PARAHETLRSs" jX(i) ;SPA(2) ,-X<2) ;SPA(2);X(3)-)SPA(2) $X(4)
PRINT "MEAN IN REGION 2="jMean2
PRINT "VARIANCB/<MEAN-'2)= REG 1 t ")X(3)/X(2) "2; " REG 2: ")X(4)/Mean2"2
PRINT "VOL FRAC OF REG l=";Voifroc 

"RECYCLE RATIO=“;R
"GRADIENTS*"sG(i);SPA(2)jG(2))SPA(2);G(3);SPA(2>;G(4)
"FINAL FUNCTION "ALUL=")F 

PRINT "NO. OF FUNCTION FVAt UATIONS=";W<2)
IF le rOO  THEN PRINT "ERROR PARAMETER*") ler 
FIXED 5 
PRINT l-IN(l)
PRINT SPA(7))“K ")SPA(11))"A_exp<K >"jSPA(9))"A(K)";SPA(9)}"B_exp(K>“)SPA(9))"B(K)“ 
FOR J=1 TO NfPRINT K(J))SPA(7);A_e(J))SPA(7))A(J))SPA(7))B_e<J))SPAC7))B(J)

PRINT
PRINT
PRINT
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(.90 N E X T J  I
700 NEXT X I
710 DISP |
7?0 STOP ' i

730 1 SUBROUTINEi FUN
735 I
760 ! THIS SUBROUTINE CALCULATES FUNTION F FOR GIVEN PARAMETER VALUES XL*)770 SUB Fun(N,X<.*),F) .
7U0 OPTION BASE 1
790 COM INTEGER K(*),REAL Nf,T,A_a(*),B a(*),A<*),B(*),Mean 
800 DIM Adif(Nf),Bdif(Nf)
810 P=X(i) | RECYCLE FRACTION
B20 Heani=X(2) ! MEAN RES TIME OF REGION 1
830 Vuri=X(3)/i00 f VARIANCE OF REGION i
840 Var2=X<4)/10 I VARIANCE OF REGION S
8B0 He an 2= < < i-P) *Mean-H«cini )/P ! MEAN RES TIME OF REGION 2
360 Nl=Me«ni/'2/Uari I EQUIVALENT NUMBER OF CSTRs870 N2=Me<tn2A2/Var2 j » » » .
880 RAD
890 FOR J=i TO Nf
900 Freq=K(J)*PI/T
91 Q Rl=Sr-iR (i+<Frc^*r,£ani/Ni >A2)
920 R2=SQR(i + <Fre>:*iiean2/N2)A2)
930 Thetoi=ATN(Freq*hfiani/Nj)
940 Theta2=ATN(Freq*Mtion2/N2)
9S0 Ben=Rj •<2*Ni)#R2A(H*N2)-2*P*Rl.ANI*R2AN2*C0S(Ni*Theiai+N2*Theta2)+PA2 960 Nurte= L i-P)*R2AN3
970 A(J)-«l/T*Nume*(RlANl*R2AN2*SIN(NI*Thaiai)+P*SIN(N^^' t o2))/Den
980 ^B(J)=i/T*NuM2*<IUANi*R2''N2*caS<N:U7hetai)-P*CDSCN2*rheTa2> )/Den
1000 MAT Adif=A-4 e 
1010 MAT BdiT=B-B-e 
1020 Dota=DOr(Adlf,AdiF'
1030 Dtftb-DGTLBdif,Bdif)
1040 F-Do tc+Dotb
10SO ; PRINTER IS 7,i;WIDTH(130)
1060 ! FIXED 5
1070 ( PRINT X(1),X(2).X<3),X(4),,F
1686 i STANDARD 
1098 ; PRINTER IS 16 
1108 RUBEND :

1110 I SUBROUTINEi f_r«iriev6
1130 !
1140 I THIS SUBROUTINE RETRIEVES FOURIER COEFFS FROM TAPE
1150 SUB F_retrieve(M,Interval,TiMel,N,T,BO,A(*),B(*))
1160 OPTION BASE 1
1170 DISP "INSERT THE F-COEFF DATA CASSETTE"
1180 PAUSE
13 VO INPUT "ENTER THE FILENAME TO BE RETRIEVED", File*
1200 ASSIGN *1 TO F U e $
123 0 READ *1,1
1220 READ SliM,Interval,TlHei,N,T,BO 
1230 REDIM A(N:,B(N)
1740 READ *1;A(*)-PL*)
12S0 PRINT LIN(l),FileSj"HAS BfEM RETRIFVFD";SPA<5);"NO OF READINGS-":M 
1260 PRINT "TIMEl-";TLMel]3^A(S);"INTERVAL-":Interval 
1270 PRINT "NO OF F--COEFFS-"jNiSPA(5 ) i"2T="i2*T 
1280 8UBEND I
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