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B.I General Accounting Procedure 



i 

Calc. 
i BCOS, ODM, 
.... C0H , FINV 

i Calc. AMNT, SUP, SPRV, PYR, 
" i PLT, DEP, TI, ODMF, BPCRF, 
-[ PRST, CONT, OPCOS 

| 

WCAP=0. 
WOCAP=0. 
ITEST=IO 
J=O 

Calc. DFINV,RET, 
DCAP,AINT, 
FIT,REV, 
REVA 

ITEST=O 
Yes 

i0 

I*i, 20 

REVA = 0. 
FITA = O. 
RETA = 0. 
AINTA= O. 

i0 ~ Calc. REVA ~ ITEST=0 

Yes 

Calc. 
DFINV, 
DRT, 
DCAP 

Calc. 

AREC, WCAP, 
ITEST, WOCAP 

Calc. RETA, 
FITA, 
AINTA 

Calc. RETA, 
FITA, AINTA, 
OODM 

STOP 

Computer Flow Diagram for the Calculation of Revenue Requirement 

! 
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TABLE KI-I PROGRAM SYMBOLS AND EXPLANATIONS 
FOR O.C.R. GENERAL ACCOUNTING PROCEDURES 

Program 
Symbols Explanations 

BCOS 

OPL 

RAWM 

ODM 

BTU 

SF 

DEBT 

RATE 

TAX 

XINT 

COH 

EINT 

FTNV 

AMNT 

SUP 

SPRV 

PYR 

PLT 

DEP 

TI 

RAWMF 

Bare Costs of the Plant in $1000's 

Operating Labor Cost in $I000's 

Raw Materials Cost in $1000's 

Other Direct Materials in $1000's 

BTU Produced in Millions of BTU's 

Stream Factor, 0.95 

Fraction of Total Capital Investment Funded by Debt, 0.65 

Rate of Return-On-Rate Base, 0.06, 0.07 etc. 

Nominal Federal Income Tax Rate, 0.50 

Interest Rate on Debt, 0.04, 0.05 etc. 

Contractor's Overhead and Profit in $1000's 

Interest During Construction in $1000's 

Total Fixed Investment in $1000's 

Maintenance Cost in $1000's 

Supplies in $1000's 

Supervision in $1000's 

Payroll Overhead in $1000's 

General Plant Overhead in $1000's 

Depreciation in $1000's 

Local Taxes and Insurance in $1000's 

Cost of Raw Materials Consumed in Process in $1000's 
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TABLE B.I-I (Cont.) 

Program 
Symbol Explanations 

ODHF 

BPCRF 

PRST 

CONT 

OPCOS 

WCAP 

WOCAP 

VTRY 

ITEST 

DFINV 

DCAP 

DRT 

REVA 

FITA 

RETA 

PRGA 

AINTA 

PET 

AINT 

REV 

PRG 

Cost of Other Direct Material Consumed in Process in $1000's 

Revenue from Byproducts Produced in Process in $1000's 

Operating Cost Without Contingencies in $1000's 

Contingencies in $1000's 

Operating Cost with Contingenecies and Byproduct Credits 
i n  $1000's 

Working Capital in $1000's 

Working Captial in $1000's 

Materials Inventory Cost in $1000's 

Computer Test Operator 

Undepreciated Investment in $1000's 

Amount of Unretired Debt in $1000's 

Amount of Debt Retired Per Year in $1000's 

20 Year Average Revenue Requirement in $1000's 

20 Year Average Federal Income Tax in $1000's 

20 Year Average Return-on-Rate Base in $1000's 

20 Year Average Price of Gas, $/MCF or $/MMBTU 

20 Year Average Interest on Debt in $1000's 

Return on Investment in $1000's 

Annual Interest Charge on Debt in $1000's 

Annual Revenue Requirement in $1000's 

Annual Price of Gas, $/MCF or $/MMBTU 
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TABLE B.I-I (Cont.) 

Program 
Symbols Explanations 

PRINT 

I 

CONTINUE 

ORAWM 

OODM 

AREC 

AVG 

SHM 

Computer Command 

Year 

Computer Command 

Raw Material Inventory in $1000's 

Other Direct Materials Inventory in $1000's 

Accounts Receivable in $1000's 

Average 

0 
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C 
15 

12 

I !  

3 

13 

10 

I,%G D ~ O C .  

ACCEPT, ~COS,  OPL' ~ " 

ACCEPT, DE~T, ~,~, TAX, 

C C H = S C C ' 5 ~ ' , O ? ? 3  
EINT=XINT~(~ ~ ~ C H + . . ~ )  
FINV=E, CO~+COH+EINT 
A~4NT=oO~, (=CCC " ~ " ~  
SUP=A:.;P~T*'.15 
~ P R V = C , I ' * O ~ L  
P Y R = ( O P L + S P R V ) ~ C o I O  
P L T = ( O D L + S P q V + A v N T + S ' J P ) ~ C , 5  
D E P = F I N V ~ $ , 0 5  
T I = F  I N V ~ C ' . ? 3  
RAW ~,:F = S F ~  Ahr-: 

B P C ~ F :  S F ~ P C q  

p R S T = P ~ 3 T + ~ P R V + P Y R + P L T + D E P + T I  
C O N T = F R S T ~ 2 , C 2  
O P C O & = P ~ S T + C C N T - ~ P S ~ F  
~CAP= ' * .  
~OCAD=C,  
V T R Y = ( R A ' . ' * ' + ~ D * ' ) / 1 2 ,  ~ .  . . .  ~ 
I T E S T = I S  
J = J  
D : I N V = F I N V  

DCAP=DC~P+DRT 
EEVA=C,  
FITA=$. 
~ET~='.. 
PRGA=C. 
A I N T A = C ,  
DO 1D I= 1 ' 2 2  
DF I N V = D ~  I N V - C  ~ 5 = =  I N'7 
RET=(DFIP.:V+'::C~D)~RATE 
D C A P = D C A P - 3 ~ T  
A I N T = D C A P ~ X I N T  
FIT=(RET-&IP~T)~TAX/(I,-TAX)-5,50 
REV=~ET+FIT+CPCCS 

IF( ITEST)13,11. IS 
PRG=~EV/BTU/SF 
PRINT, I.qET,FIT,~EV.PRG,AINT 
RETA=~ETA+RET 
FITA=FIT~+FIT 
PRGA=PRGA+PRG 
AINTA=AINTA+AINT 

CONTINUE 
~EVA=REVA/20, 
IF(ITEST)~4,13'I~ 

P R I N T *  
R E T A = E E T A / 2 0 ~  
F I T A = F I T A / 2 0 ,  

GAS IF  I CAT I O N  
, . ~ , ,  0~:,,, SH~;;, 

X INT 

~P'R, B T ~ ,  SF 
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I 4  

P R G A = P ~ G A / 2 0 ,  
AINTA=AINT~/2O. 

P~INT.J,PETA,FIT~,~EVA.P~GA,AINTA 

~RINT, 

PRINT, 

PRINT,RA~>IF ,BCGS ,O#~.;G; 
OODM=ODV/12 .  
PR I NT • OD31F , COH, 000~,i 
PRINTqOPL,EINT,~k~C 
PRINT, A~'~T,FI~V,: .C~ 
PRINT,SUP 
PRINT,SP~ 
PRINT,PY~ 
PRINT,PLT 
PRINT,DEP 
PRINT,TI 
PRINT,CGNT 
PRINT,6PC~F 
PQINT,OPCO5 
PRINT, 
P R I N T ,  
PAMSE, 
GO TO I~ 

ARZC=~EVA/(12.Q:F) 
aCAP=VTRY+A~ZC 
ITEST={.';CAP-:,0CA~)/IS, 
~0CA~=~C~P 
GO TO 12 
END 
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B.2 Gasification 



TABLE B.2-1 PROGRAM SYMBOLS AND EXPLANATION 
FOR GASIFICATION 

Program 
Symbols Explanations 

BTUHA 

BTUS 

C 

CHARI 

CH41 

CH4X 

COAL 

COl 

COX 

CO21 

CO2X 

EK 

EKH2 

EKH20 

G 

HCHARX 

HCH41 

HCH4X 

Heat Manufactured, BTU/IO0 ib coal 

Heating Value of Product Gas, BTU/SCF 

Amount of Reacted Carbon, ib-mole/lO0 ib coal 

Enthalphy of Char Entering Reactor, based on 
77°F, BTU/100 ib coal 

Amount of CH 4 Entering Reactor, ib-mole/100 ib coal 

Amount of CH 4 Leaving Reactor, ib-mole/100 ib coal 

Total Coal Fed into Gasifier, Tons/Day 

Amount of CO Entering Reactor, ib-mole/lO0 ib coal 

Amount of CO Leaving Reactor, ib-mole/100 ib coal 

Amount of CO 2 Entering Reactor, Ib-mole/100 ib coal 

Amount of CO 2 Leaving Reactor, ib-mole/100 ib coal 

Water Gas Shift Reaction Equilibrium 

Apparent Carbon Hydrogen Reaction Equilibrium, atm -I 

Apparent Carbon Steam Reaction Equilibrium, arm 

Heat Required in the Electrothermal Gasifier, 
BTU/IO0 ib coal used 

Enthalpy of Char Leaving Reactor, based on 77°F, 
BTU/100 ib coal 

Enthalpy of CH 4 Entering Reactor, based on 77°F, 
BTU/100 ib coal 

Enthalpy of CH 4 Leaving Reactor, based on 77°F, 
BTU/100 Ib coal 
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TABLE B.2-1 (Cont.) 

Program 
Symbols Explanation 

HCOI 

HCOX 

HC021 

HCO2X 

HH21 

HH201 

HH20X 

HH2X 

HO21 

HREAC 

HRH20 

HR02 

H21 

H20A 

H2OI 

H2OX 

H2X 

Enthalpy of CO Entering Reactor, based on 77°F, 
BTU/100 ib coal 

Enthalpy of CO Leaving Reactor, based on 77°F, 
BTU/IO0 ib coal 

Enthalpy of CO 2 Entering Reactor, based on 77°F. 
BTU/IO0 ib coal 

Enthalpy of CO 2 Leaving Reactor, based on 77°F. 
BTU/IO0 ib coal 

Enthalpy of H 2 Entering Reactor, based on 77°F, 
BTU/IO0 ib coal 

Enthalpy of H20 Entering Reactor, based on 77°F, 
BTU/IO0 ib coal 

Enthalpy of H20 Leaving Reactor, based on 77°F, 
BTU/100 ib coal 

Enthalpy of H 2 Leaving Reactor, based on 77°F, 
BTU/IO0 ib coal 

Enthalpy of 02 Entering Reactor, based on 77°F, 
BTU/IO0 Ib coal 

Net Heat Generated From The Three Simultaneous 
Reactions, BTU/100 ib coal 

Heat Required Due to Carbon Steam Reaction, BTU/IO0 ib coal 

Heat Generated By Carbon Oxygen Reaction, BTU/IO0 Ib coal 

Amount of H 2 Entering Reac[or, ib-mole/100 ib coal 

Amount of Steam Fed, ib-mole/lO0 ib coal 

Amount of H20 Entering Reactor, ib-mole/lO0 Ib coal 

Amount of H20 Leaving Reactor, ib-mole/lO0 ib coal 

Amount of H 2 Leaving Reactor, ib-mole/100 lb coal 
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TABLE B.2-1 (Cont.) 

Program 
Symbols Explanations 

PROD 

X 

Total Amount of Gas Leaving Stage II (Hydrogasifier), 
ib-mole/100 lb Coal 

Fraction of Reacted Carbon Which Goes to Carbon 
Steam Reaction 



CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC B.2-4 
C C 
C DESIGN OF FLUIDIZED ~ED REACTOR BASED ON C 
C BUB@LE ASSEmbLAGE ~ODEL FOP 91MULTANEOUS C 
C REACTIONS.... . . . . .  . CARBON ~YDROGE~ REACTION C 
C ............ CA~B~ STEAM REACTION C 
C ........ .... ~ATEP GAS SMIFT REACTION C 

C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

DIME4SI~,N D~(15),F~CI~),G~(15),H~F(15),MMFTOT(15),HTOT(15),G~(5), 
~EG2CS,30),A(3o 5),~IG~ACS),EGCS),EG~CS}oAE(25),AEM(25),GMA(5)~ 
~TOTEG{5),T~TE$(51 

C INPUT NCOMPoNWEAC,A(NR,NC)°DT,AL~DP,RPOPeCSO,EMF,FBe 
C ALPWA~U~,UO,UT,T6,P~,DSO,JB . . . . . . . . . . . . . . . . . . . . . . . . .  

NCO~P=5 
NPEAC=3 
DATA A/2°OOe2*-~.,Oo,2*1.,O.,-~.,Io,2*O,,-~.e-1.,@*O./ . . . . . .  
DATA ALMr~PM~P,CS~,E4F,~LPWA,T~,DBP~J~/ 

I 700.,O.256~O.Q2!3~,O.6,0.~5,g27.,3.0eB/ 
DP=O.21e 

.......................................................... 

UMF=~.25Q 
UT=b?.2 
U D = 1 5 , ~ 5  
DT=1352. 
XO!JT=O.222 
PB=bg,3 

EK(2)=QO. 
EKC3)=O.6qbg 

10~0 ~ORMATCIwO,27W~LUI~IZED BED ;EACTOR M=~E12 ,Q~  

SQ~O ~RMAT(IWO,2~ ~,3X,2~UB,~X,$~E,3~,~wwMFTOT,2X~QMWTOT, ....... 
!~Xe2MbN~OX,2MV~,IOW,?WWI,~O~2~2,1OX,2MFM~tOX~2MGM~ 

1055 FOo~AT(%W~,TWDBAVEO=,EIR.Q,SX,3MUB=,EI~.~,SX,3WVB=,EI2.Q, 
_ ~SX,3WVC=,E~2,~,SX,3~VE=,EI2.Q) _ . 

~Ob~ FO~MAT(I~v~T.1,F?o3,2FT.C,bE12.~) 
10b5 FD~MATC~wO.2Q~wEIG~T OF E~C~ COMPARTMENT I$, 13~ 

~23~ T IME~ ~U@@LE DIAMETER.) 
--I070 ~gR"AT(IWO,bwKAIFU=,~2,~,QPL"F=,EI2.Q) . . . . . . . . . . . . . . . . . . . . . . .  

~080 FO~AT(I3~FT.~,~r~.~,lX,2~'ll.~,~X,2EIl.~elX~2Ell.q~ 
1081 ~OR~ATC3Y,~7.~,5F~.~,!X,2E~.~,IX,2E11.a,IYe2LII.Q) 
%OgO FDRMATCSW F$=,EI2.Q,5W F@=,E!2.~,5H FE=~EI2.~, 

1100 FG~MATt13w E Q U I L . ~ Z ~ D . = , F h . 3 )  
DO 20 N= lpNREAC 
$~GM&{N~:O.O 
D~ ~ NC=|wNCO~ 
$1GMA{N}=SIGMAC~)+ACN,NC) 

IS CONTINUE 
20 CONTINUE 

KK~=O 
23 CG~S=P~*273.122~O.ICT~*273.) 

AT=3,1~/~.*OT**2 
GO=UO*AT*CGAS 
G { I ) : G ~  

. . . . .  W(1)=~T*ALMF*(I.-E~F)*CSO 
~!DEP%A=K~O~P-NQEAC 
KAISU=O 



WRITE(6,tO?O) KAISU,ALMF 
CALL CALCI 
KEI=O 

KEII=O 
----XAMINI=%.O . . . . . . . . . . . . . . .  

~AMA~I=O.O 
XAMIN2=%.O 

-XAMA~2=O°O ........................................ 
CHECK2=~, 
DO 65 J=%~JLMF 

IIN=II+2 
I N = I + 2  

28 DO ~0 N=I,NREAC 
EG(N)=G(1)*(XA(N,I)-XA(N~IN)) ...................................... . . . . . . . . . . . . . .  

IlF(JLMF.EQ.I} GO TO 30 
EGM(N)=GW(J).(XA(N,II~)-XA(N,IN)) 

~0 DO 35 NF:=I,NREAC . . . .  
- III=(N-I~*NREAC÷NN 

AE(III)=A(N,NN)-SIGMA(N)*XA(NNwlN) 
AEM(III)=AE(II I)  

- 35 CONTINUE 

B. 2-5 

~0 CON~!NUF 
I F C G C I ) . E Q . O . O ]  @0 TO ~2 

.... CALL SIN~(AEeEG,NREAC,K$) 
IF(JLMF.NE.%) GO TO Q2 

DO Q% ND=IsNDEPXA . . . . . . . . . . . . . . . . .  
" ~! GA(ND)=G(1)*XA(ND÷NREACwl) 

GO TO ~5 
~2 CALL $ZHO(~EMrEGM,NREAC,K$) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

-~5 G(IN)=G(1) 
DO 55 N=IwNREAC 
G(IN}=G(IN)-SIGM~(N)*EG(N) ................................. 

. . . . .  IF{G(1).E3.0.O) Gn TO ~g 

~6 E G 2 ( N ~ I } = E G ( N )  . . . . . . . . . . . . .  
DO =7 ~D=I,NDEPX~ 

Q7 GACND)=GACND)-A(NrND+NREAC)*EG(N) 
GO TO 55 .............................................................. 

" ~g EG2(Nel)=EGCN)+EGMCN) 
EG(N~=G(II),f~A(N,II)-~A(N,IIN)) 
DO 50 N~=%~NREAC . . . . . . . . . . . . . . . . . . . . .  

. . . .  III=(N.I),NREAC÷N~j 
AE(III)=A(NpNN)-$1GMA(N)*XA(NN,IIN} 

50 CONTINUE ......................................................................... 
- - 5 S  CONTINUE 

I F ( J L P F , N E . % )  GO TO S7 
DO 56 ND=IrNOEPXA . . . . . . . . . . . .  

56 XA(NDeN~EAC,3)mGA(ND)/~(IN) 
60 TO @3 

57 CALL SIMQCAE,EG~NREACpK$) ......................................... 
G(IIN)=G(II) 
6MJ:GM(J }  
DO 58 ND=%,NDEPXA . . . . . . . .  

" GA{ND):G(!I)*XA(ND÷NREACtII) 
GMACND):O,O 

58 CONTINUE ........................................ 
DO 60 N:I,NREAC 

G(IIN~=G¢IIN)-SIGMA(N)*EG(N) 



y~ 

6C 

EG2CN,TI}=EGCN}-EG~(N) 

DO 5Q ~ = I , ~ O E P X A  

GHACND)=G~A(ND)-ACN,ND+kREAC)*EG~CN) 
COnTInUE 
CONTI4UE 
DO 62 ~:%,~OEPXA 
NN~=NO÷k~E~C 
XA(PG~D,II~}=GA(NO)/G(II~) 
~MACNO)~GMA(~D)+~M(J)*XA(N~DeII~) 

B . 2 - 6  

260 "XA(3,IN)=CXAMINI+XAVAXl)/2. 
GO TO 2~ 

IF(~WECKI.~T. 0.0001) GO TO 275 
K E I : $  
GO TO e~ 

275  XAMAXI=YA(3eIN) 
IF(XAXlKI.LT,XA~AXI) GO TO 280 
XA(3,1N)=XAMAX%-O.h5 . . . . . .  
GO TO 2~ 

280 XA(3,~N)mCYA~INI+XA~AXI)/2. 
GO TO 2@ 

6~ XA~INI=I.0 
XAWAXI=O.O 
TF(CWEC~2,GT,O.O001) GO TO 65 
KEII=I 

~5 CONTINUE 
C~LL CALC2 
NEGA=O 
NERRO~=O 

XAC~ND,IN)=GMAC~D)IG~J 
b2 C~JTZNUE 

CHECK2=XAC2eII~)*XAC3FTTN)-XAC~,IZN)*XACI,IIN)/EKC~) __ 
~FCCWECK2.GT.O.O) ~0 TO 22C 
K E I I = I  
XA~IN2:XAC3,TIN) . . . . . . . . . . . . . . . . . . . . . . .  
IFCXA~AX~,GT,XA~TN~ ~0 TO 210 
~ A C ~ e I ~ K ~ = X A ~ 4 ~ N 2 + O , 0 5  
G~ TO 2e . . . . . . . . . . . . . . . . . . . . .  

. . . .  210 X A C 3 , I T ~ , ) = ( X e ~ I N ~ + X A M A X 2 ) / 2 .  
GO TO 2~ 

220 IFCCKEII.EQ.O).O~.(CHECK2.LT. Q.O001)) GO TO 6~ ....................... 

ZFCXAMIk2.LT.XA~AX2) GO t~ 230 
X A C 3 , I I K ) = X A M A X 2 - O . C 5  
GO TO 28 

250 X A C 3 , I Z N ~ = ( X A M T N 2 ÷ X a M A X 2 ) / 2 ,  
GO TO 28 

6] XA~IN2~I.0 
XAMAX2mO.O 
CHECKSuXAC2,~K)tXA(3,1N)-XA(Q,IN)*XAC|,IN)/EK(]) 
]F(CHECKI.GT.O.O) ~ TO 270 
KEI=I 

~ F C X A H A ~ l l m G T , X A 4 ~ N 1 )  ~0 T~ 2~0 
XA(~,IN)=XAMIN~+O,05 
GO TO 2@ 



~6 TOTES(N)=TOTEG(N) 
DO BO J=I,JLMF 
II=2*J 
I= I I -1  
O0 75 N:I,NREAC 

. . . . .  T~TEGCN):TOTEGCN~*EG2(N,I} ........... 
TOTESCN)=TOTE$CN)+ES2CN, I )  
F U G O ( N ~ ) : T O T E S ( N )  

. . . . . .  D E V E ( ~ , I ) : T O T E G ( N ) / T e T E ~ ¢ N )  ~ 
IF(DEVE(N,T).GT. 0.02) GO TO 68 
DEVE(N,I)=O.02 
NEGA:I 

68 I F ( J L ~ F . F Q . 1 )  GO TO 73 
TOTEG(N):TOTEG(N)+EG2{N,II) . . . . . . . . . . . . . . . .  

- " T O T E ~ ( N ) : T O T E S C N ) + E S 2 ( N , I I )  
FUGO(N,~I)=TOTES(N) 
DEVE(N,II)=TOTEG(N)/TOTES(M) 

- - IF(DEVE(N,II).GT. 0.02) GO TO 6g 
DEVE(N,II)=O.O2 

° . . . . . . . . .  

NEGA=I 

B.2-7 

70 ERROR=DEVE(N,II)'%. 
IF((AB~(ERR~R).LT. O,01).AND,(NEGA EQ.O)} GO TD 75 . . . . . .  0 ................................................ 

-72 NERROR=FERRDR+! 
GO TO T5 

73 IF(ABS(DEVE(N,%)-I.O).LT. 0.02) GO TO ?S . . . . . . .  
-7Q NERROR=~ERROR+I 
75 CONTINUE 

IF({KAISU.LT.91~.AND.(KAISU.GT.5)) GO TO 80 
. . . .  WRITE(b,IO~O) j,X(T),(XA(N,I+2),N=I,5),{EG2(N,I)~EB~(N,I)~N~~) . . . . .  

IF(JLMF.EQ.$1 GO TO BO 
WRITE(~,IO81} X(II),(XA(N,Ii÷2),N~.!'S)L(EG2(N.'II)'E$~(N~II}~ . . . . . . .  

IN=I~3) 
80 CONTINUE 

IFtjLMF.EQ.I) GO TO I00 . . . . . . .  
WPITE(b,1100) WjSEI 
IF((NE~OR.EQ.0~.ANO.(NEGA.EQ.0)~ GO TO 5000 
I F ( K A I S L t -  957 2 5 p 5 9 0 0 , 5 0 0 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  
~F{(NE~ROR.EO,0).AND.(NEGA.EQ.0)} G O - T O I ~ 0  ..... 
ZF{KAISL)=35)  2 S ~ 0 e 1 ~ 0  
UF=UMF/EUF 
AM=I.~*~P*DP*UO/LIMF 
DBMAX=(UT/O,71~**2/Q~O. 
W~ITECb,IO~O} AH,DBMAX ........ 
IF(AM.GE.2.0) SO TO 5555 
IFtDBMAX.GT.DT) DBMAX:DT 
DBAVER=AM,ALMF/2.+DBO 
IF(DBAVER.GT,DB~iAX) D~AvER:DBMAX 
UBR=O.TII*S~RT(Q80,*DBAVER) 
UB=UO-U~R÷UBR ............................ 
AL=ALMF*UB/U~P 
ALMAX=AL,2 . -ALHF 
U M E = ( ~ . - E M F ) * A L ~ F / A L  . . . . . . . . . . . . . . . . . . . . . .  
E=I,=U~4E 
VBmAL-AL~F 
V C = V B , 3 . , U F / ( U B R - U F )  . . . . . . . . . . . . .  
V E = A L - V ~ , ( I . + A L P N A ) - V C  
RLmVB/AL 
UE=UMF.E~F,ALPWA*US*"LICi.'~L*(I~+ALp__HA).~ ...... 
~(1)=AT,UE*CGAS 
IF(G(1).GT.O.O) GO TO 152 



%52 Gt2)= 
WRITE 
FB=AL 
FE=F$ 

. . . .  WRITE 
%Q? W~ITE 

W~IIE 
AM:O. 
BH=O. 
BMP=A 
~0 15 

0.0 
GO=G(I] 
(@,t055) D6AVER.UB.VB.VC.VE 
~MA*G(2)/CGAS*(I.-EMF)*CSO=F$*VC/(VB÷VC) 
+F~ 

(@,%0~5) 
(~,t050) 
0 
0 
LMF 
5 J : 1 , 1 5  

B.2-8 

F~,~B,~E,GO,G(E),G{%) 
JS 

BW=BW÷DP(J} 
IF(B~.L~.AL 

. . . . .  IF(BW.GT.AL 
E=t.-U~E,($ 

t~O W = D B ( J } * ~ L ~  
~F(BH.E~.AL 
MMFCJ)=Ct.- 

K = J B * C J - t ) + J ~ / 2  
DB(J)=2.0*DBO*(2.+-AM)**(K-~)/(2.-~V)**K 
IF{DB(J).GT.D@~AW) DB(J )=DBMAX 
UBR=O.?II,SQRT(QSO.,DB(J}) 
UB=UO-UE~UB~ 

*FLOAT(jB) . . . . . . . . . . . . . .  
~ }  GO TO I~0 
MAX) BM=ALNAX 
.-(BH+BwP-2.*AL~F)Ia./(AL-ALMF}) 

E)/(t.-EHF)*M 
AHzAW+WH=(J) 
H H F T O T { J ] = A H  
H T O T { J } = B w  
V B = A T * ( ~ = M ~ F ( J  
BN=VBI3.~,@./ 
VC=VB*~.,UF/(U 
VE=AT*W=VB*(t. 
AK$:3.*(I.-EMF 
F M ( j ) = V B * A K $ * C  

...... AKG=t%./b~tJ) 
G M { J ) = V ~ * A K G * C  
II=2*~ 
$1GMF(II)=FB÷F 

)) 

eALP~A)=VC 
)*U~F*UBIEMFIUBRIDB(J) 
SO 

GAS 

M(j) 
PFVE=(II}=rB/$ 
~FHOR(II)=~M(J 
w(II)=(ALp~A,v 
IB I I - t  
@IG~F(1)=SIG,F 

. . . . . .  ~FVER(%)=rE/$I 
~ F W O ~ ( I } = F M ( J ]  
H(1)=VE*{%.-EM 

. . . . .  I~(w(I}.GT.O.) 
W(II}=w(1),w(; 
w(1)=w(II)*O.O 

IF{BW.E;.ALMAX 
%55 CONTINUE 

__ _ JB=JB*% 

ISUF(!I) 
]I$IGM~(II) 
B+vc)*(%.~EMr)*C$O 

~II)+F$ 
G~F(1) 

GO TO %~7 
170 JLMF=J  
._ KAISU=dQ 

GO TO 25 
5000 

3~ TO t5, 
I) 
5 
J.DBfJ),E,AM,BHtBN,VB,W(1),W(II)wFM(J)~GMCJ) 
) ~O TO %?0 

IF(XCl).LT,X~UT] GO TO 5010 

IF(~KK.E~.-I) GO T0_5555 ............................................ 
KKK=I 

t L M F m A L ~ F / I , 5  



5010 IF(KKK.EOol )  GO TO 5555 
KKK=-t 
ALHF=ALHF*I=5 
GO TO 23 

---'5555$TOP .... 
END 

]3.2-9 



B. 2-10 

SUBROUTINE CALCl .............................................................. 
INPUT X~CNQ INDEP CO~P,I),ASSUM~ O~ CALCULATE XA(NR,3,~) 
COMMON K~EAC.JL~F.KAISU.CG~S.F$.GO.~FVER(30).E$2(S.~O).MOSEI.PB. 

IXA(5,3~],X($O),Gt32),OEVE(S,30),WC30),SIGM~(30),~FHOR(~O),EKtS), 

xAC3 
XA(~ 
XA(5,1)=O, 
XACI,3):.I~15 
XA(2,3):.5~09 

. . . . . . . . .  X A ( 3 , 3 ) : . O 5 2 U  . . . . . . . . . . . . . . . . . . . . . . . . . .  

Xa(~,35:.1aa8 
XAC5,3):,1003 
X(1):.2~? 
XAMCl):I.O 

J L M ~ : I  
A M P X E : O . 2  
GO TO 5 5 0  

. . . .  510-IF(KAISU.EQ.50) GO TO 530 .......................................... 

$12 DO 520 J:I,JLMF 
I I :CJ*1}*2 
I : I I - 1  
DO 515 ~:I,~QEaC 

$1~ XAI:~ACk,I~/~A~(N) 
XA(N,I):XAM(N).XAM(N),(I..XAI),W(DEVE(N,I.2),, . . . . . . . . . . . . .  

IBIGN(AMPXE'(I.-XAI**3),FUGC(K,7-~))) 
. . . . . . .  IFCJLMF.EQ.I~ GO T~ 51S 

WAII:XAiN,II)/XAM(N) 
XA(N,II}:XAM(N}-WAM(N),(I.-XAII)**(DEVE(N,II-2)** 

-I$1~N(a~°YB,FUGO(~,II-~))} 
IF((N.E~.3I.O~,(N.EQ.I))  GO TO 515 
IFCXAC~,I}.LT.XA(N,II)) GO TO 515 
wA(N, I ) - :x i (~ , I I )  

51S CONTI~U@ 
520 CONTINUE 

~O TO 550 
. . . . .  ~30 AMPxB=o.07 ......................................................... 

X A ( I ~ ) : ~ A ( I , I )  
_ ~ ( 2 , 2 ) : X t ( 2 , 1 )  

XA(~,2) :XA(~, I }  

C~:(I.-XCI))/FLOIT(JL~R)/2. . . . . . . . . . . .  

Bw=(XA(K,I)-XA(N,3))/~LOAT(JL~) 
AH:BN 

.... 535 O0 5,0 J=I.JLM~ 
I I : ( J * l ) * 2  
I=II-% 

F U G O ( 5 , 5 0 )  

I F ( K A I ~ U . N E . i }  
X A ( 1 , 1 ) : . 1 8 8 7  
XA(2,1~: .6~23 

, I ) : . l a Q a  
, I ) : . 0 1 9 7  

xAu(5) 
GO TO 5 1 0  

2 



XA(N,I)=~a(~,I'2)'aH 
X~(N,II)=XA(N,TI-2)'BH 
XF(~.NE.I) GO T3 5~0 
XtZ):XCI-2)+~H 

..... 5~0 C ~ T ~ N U E  .......................................................... 

5 ]3  CONTINUE 
5 5 0  RETURN 

. . . . . . . . . . . . .  END 
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SUBROUTINE 
C CALCULATE x 

COMMON NREA 
IXA(5,32),X( 
2FU~O(5 ,~O)  
DI~EN$I~N Y 
IF(KAISU.GE 
IF(KAISU.GT 
ITOT=I  
&KVDI=3,  

AKVD3:60 
610 E K ( 1 ) = O .  

~H=FS/W( 
I~AKVD2*( 
YC%)=AH/ 

CALC2 B.2-12 

( I ] , E S 2 { N , I )  
C.JLMr,KAISU,CGAS,FS,GO,RFVER(30)~ES2(5,30),MOSEI,PB, 
305,G{32),DEVE(S,30),~C30)~SIGMF(30),~FMOR(30),EK(5), 

(~O)~AA(30),AY( 
,50) GO TO 620 
,1) ~0 TO 610 

900) 

2~*CGAS 
%Q2*CGAS 
,*CGAS 
0161*(~.+5.25*EWP(-],I~*X(1))) 
%)/(AKVD~*(XA(I,])-SQQTCXAf5,3)/PB/EK(%))) 
~A(2,3)-PB*XAC3,3)*XA(I,3)/EK(2))) 
tl.÷~M) 

GO TO 660 
___6~0 ~T~T=2*JLMF 

ITOT2=IT~T**2 
DO 615 I:I,ITOT2 

~tS AV(1)xO,O 
DO bSO Jx%,JLMF ...................................................... 
Ils2*J 
Im l I - I  
IFCCWCI)*G(2)).GY,(w(II)*C(1))) GO TO 
WTOTAL=~(I)+*(II) 
W(I)=G(II/GQ*wTOTAL 
w(III=wTOTAL-WCI) 
EK(%)=O.OI6%*(I.+S.2~*EXP(-3.18,W(1))) 

630 

630 
AMz$IGMFtl]/W(1)ICAKVDI*CWACI,I÷2)-$QRTCWA(S,I÷2)IPB/EK(1))) 

%÷AKVDE*(WA(2,I+2)-PB*xA(3,1÷2)*XA(I,I+2)/EK(2))) 
AACI)=AM/(I,+AH] 
LmITOT*(I-I)+! 
AY(L)=I.0 
LLzL*ITDT 

........ IFCJ.LT,JL~F) GO TO 633 
AY(LL)~-AACI)*SIGMF(II)/$1GMF(1) 
Y(I]nF~/$1~(1)*AACI) 
GD TO 635 

633 AY(LL)=-AA(I],~F~OR(!) 
L L L = L L * I T O T  

. . . .  AY(LLL)=-AA(1),RFVER(1) 
YCI)=O.O 

635 EKC%)zO.0%6 
BM~$1GMF(II 

. . . . . .  I÷AKVD2,(XA( 
~ACII)=BwI( 

. . . .  Y(II)=O,O 
LmlTOT*(ll-%)÷ll 
AYtL)mI.~ 

. . . . . .  LLwL- ITOT 
IFtJ.E~.I) 

I , ( I .+5.2S*EXP(-I . I@,X(I I)))  
)/~(~I)/(AKVDI*(XA(I,II+2)-SQRT(XA(S,II+2)/PB/EK(1))) 
2,11*2)-PB*XA(3,11+2),xA(I,II+2)/EK(2))) 
I.+B~) 

GO TO (,~0 

6(;O 
65O 

A Y C L L ) = - A A ( I I ) , ~ F M ~ R ( I T )  
LLL=LL-~TOT 
A Y C L L L ) = - A A C I I ) , ~ F V E P C I I )  
GD TO 650 
A Y ( L L ) = - A A ( I I )  . . . . . . .  
CONTINUE 
CALL SIMQ(AY,Y,ITOTFKS) 



6 6 0  

- 66Y 
6 7 0  

- -  6 8 0  

O0 670 I=I,ITOT 
X(I):I.-Y(1) 
EKCI):A.0161*C 
HE=SQRT(XA(5,! 
HOE=PB*XA(],T+ 
COE=XA(a,I+2)* 
WY=W(1),Y(1) 
ES2(I,T)=IKVDI 
ES2(2,~)=AKVD2 
IFCCOE.G?.O.O) 
C O E = O , O  

ES2(3,1)*AKV~] 
CONTZNUE 
HOSEI=HE/XA{lt 
RETURN 
END 

I.+5.25'E~(13.18"~(I))) 
+2)/~BIEKCI)) 
2)*XACI,I+2)/EK(~) 
XACI,I÷2)/Y~C2,1+2)/EK(~) 

,WY,(XAfI,I+2)-HE) 
**Y*(XAC2,1+2)-HOE) 
GO TO 665 

*HY,CXAt3,I+2]-COE) 

ZTOT+2) 
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C 
C 
C 
C ~ -  " C - -  

C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C 

DESIGN O~ ~LtIIOIZED BE~ PEACTOR B~SED ON 
BUBPLE ASSEMBLAGE "CCEL FO~ SIMULTANEOUS 
~EACTION$.... . . . . .  . CARBON OXYGEN REACTION 

, , , , , , , , , , , ,  CARB~ STEAM REACTION 
. . . . . . . . . . . .  ~ATEP GAS SHIFT REACTION 

C 
CCCCCCC~CCCCC~CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

COMMON kREAC,JLMF,K~ISU,CGA$,FS,GC,~FVER(]O),ES2(5,30) 
IXAfS,32),X(30~,GC32),DEVECS,30~,W(30~,SIGMF(~O),RF~OR( 
2WUGO(5.30) 
DIWENSIO~ DB(15],F-(15).GM(15).HwF(15),HMFTOT(IS)~HTOT 

tEG~(S,~C),A(3e 5).SIGHA(5).EG(3),EGM(5)eAE(25),AEM(23) 
2TOTEGCS).TCTE$(5) 
INPUT NCOWP~N~EAC.A(NR.NC).DTeALMF.DP.~MOP.CSO~ EMF'Fs' C 

C 

C 
C 
C 
C 
C 
C 

B.2-14 

,MOSEI,~B, 
30),EK(5], .... 

(15),GA(5), 
,G,ACS)~ 

ALPMA~UMF,UO, UT,T8~PB 
. . . .  NCOMP=5 

--io o 

1050 

1055 

1070 
1080 

1090 

N~EACz3 
DATA AlO.Sr3,0..2*1.p2*-l.,1..O.w2*-1..2*O.p-1./ 
DATA ALP~,RHOP,C~n,E~F,ALP~A,TB,DBO,JB/ 

I ~10.,O.25b,".O2130,O.6,0,ES,103B.,3.O,8/ 
DATA Dm,UT,UMF,U~eDT/ 

1 O.1555,75.~,3.77U,q.~35v1095./ 
E K ( 2 ) , 1 2 8 ,  
EK(3)zO.510 

FS,~9~7, 
X~UT=O,85 
FORM~T(IWO.27HFLUID~ZED BED REACTOR M=,EI~.~e 

18H DB~AX=,EI2.~) 
FGRMAT(I~O~2H J,~ 

I~X,2HBN,10X,2~VS, 
FO~MA~(|WO,TWDBAV 

15X,3WvC=,EI2.a,SX 

I065 RORMAT(IwOe2@HWE~G*T OP EAC~ COMPARTMENT ISe ~e 
12~M TIMES BUBBLE DIAMETER.) . . . .  
FO~MAT(IHO,~WKAI~U=,t2e~X~WLM~m,EI~,~] 

FORMAT~W FS=,E12,a,5H FB:,E12,Q,5H F E : . E 1 2 . ~ .  
15H GO=,EI2.a.5~ GB=,EI2.a,SM GE=eE1Z.a) 
DO 20 N=I,NREAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

13 
20 

X.2MOR.~X.IWE.3X,6MMMFTOT,2XeGHHTOT~ . . . . . . . . . . . . . .  

ER=,F12,~,SXt3~U~=,Et2,~eSXe3HVB~wE12,~, 
,3MVE=.Et2.~) ................................. 

23 

SIGMA(N):O.O 
DO 13 NC=I.NCOMP 
SlGMA(N}=SIGMA(N)÷A(NvNC) 
CONTINUE 
CONTINUE 
HOSE~=I .O 
KKK=O 
C G A S = P B , 2 T $ . / 2 2 ~ O O . / t T B + 2 7 3 . )  

A T : 3 . 1 , / ~ . * D T * * 2  
GO:UO*AT*CGA$ 
GCI)~GO 

W{I)=AT*ALMF*CI.-E4F)*CSO 
NDEPXA=kCOMP-NREAC 
KAISU=O 

___ZS_KAISU:KAISU÷! 
WRITE(6,1070) 
CALL CALC% 

KAISU, L"V . . . . . . . . . . . .  



---Z8 

]0 

DO 6S J=t,JLMF 
%1"J*2 
I = l l - t  
tIN=If+2 
INzI+2 
DO ~0 N=t ,NRE~C ............. 
EGCN)=~CI)*(XACN,II-XA{N,IN)) 
IF(JLM~,EQ,I) GO TO ~0 
EGM(N)=GM(j),(XA(N,IIN)-XA(N,IN]) 
DO 35 NK=I,NREAC 
III=(N-%~*NREAC+NN 
AE(III)=A(N,NN]-$1GMA(N)*XA(NN,IN) 
AEM(III)=AE(III) 
CONTINUE 
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35 
ao CONTINUE 

I F ( G ( I ) . E Q . O . O )  GO TO ~2 
CALL S I W ~ ( A E , E G , N R E A C , K S )  

. . . .  I F ( J L M F . N E . 1 )  GO TO 42 ..................................... 
DO ~I ND=$,NOEPXA 

~ 1 G A ( N D ) = G ( I ] * X A ( N D ÷ N R E A C , I )  
GO TO ~5 

~2 CALL $ I ~ O ( A E ' , E B M e N R E ~ C e K S )  
~S G(IN)zGCI) 

. . . . . . .  DO 5S N=I ,NREAC . . . . . . . . . . . . . . . . . .  
G ( I N ) = ~ C I N 1 - S I G M & ( N ) * E G ( N }  
I F ( G ( I ) . E Q . O . O )  GO TO ~9 
I F ( J L M F - i )  ~6,~6,~q 

DO ~7 ND=I,NDEPXA 
- ~7 GA{N~]mG&(ND)-A(N,ND+~REAC)*EG(N) ............................................ 

GO TO 55 
~9 E G 2 ( N e I ) = E G ( N ) + E G H ( N )  

EG(N):G(IT)*(XA(N,II)-~A(N,I!N]) 
DO 50 NN=%,~REAC 
III=(N=I%*NREAC÷NN 

. . . . . .  AECIII)=ACN,NN)-SIGMA(N)*X~(NN,IIN) 
50 CONTINUE 
5S CONTINUE 

IF(JLM~,NE,I) GO TO 57 
DO 56 ND=i,NDEPXA 

56 XA(NO+N~EACe3)=GA(ND]/G{IN} 
- -  GO TO 6B 

57 CALL S I ~ O ( A E , E G , N R E A C , K S )  
G(IIN)=G(II) 

. . . . . .  GMJ=GM(J) .......................................................................... 
DO 58 ND=I,NbEPX& 
GA(N~)=G(II},~A(ND+NREAC,II} 

. . . . . . . .  GMA(ND):O,C 
58 CONTINUE 

O0 60 N=t ,NREAC 
G(IIN)=~(IIN]-SI~MA(N)*EG(~) 
EG~(N,II)=FG(~:I-EGM(N) 
GMJ=G~J-SIGMA(N),EGM(~) 

. _ , 

O0 59 ND=IeNDEPXA 
GA(Nb)=GACNO)-A(N,ND+NnEAC)*EG(N) 
~MA(ND)=GMA(ND)-A(N,ND~REA~)*EGM(N) 

59 CONTINUE 
60 CONTI~'UE 

DO e2 ND=IeNDEPXA 
NND=ND+~'~EAC 
XA(NND,IIN]=GA(ND)/G(I~N) 



XACNND,IN}:GMACND)IGNj 
6~ CONTINUE 
65 CONTINUE 

CALL CALC2 
...... NEGA=O 

NERRO~=O 
T O T E ~ { I ] = 0 . 0  
TDTE$(1)=O.O 
DO ~6 N=2,3 

66 TCTEB(N]=TOTEG(~) 
DO 80 J~I,JLUF 

I I : 2 * J  

DO 75 ~¢t,NR~AC 
...... TOTE~C~=TOTEGC~EG2(N,I) 

T~TE$(N)=TOTFS(N)+VS2(N,I] 
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FUGOt~,I]=TOTES{~) 
DEVECN,I%eTOXEG(~]/TOTES(~] . . . . . . . . . . . . . .  
~(DEVE(~,,]).GT. 0.02] GO TO 68 
DEVE(N,I]=~°02 
NEGA=I 

68 I~(JLM~.EQ.%) GO TO 73 
TOTEG(4)=TOTEGt~)+EGP(N,II~ 

TOTES(N)~TQTFSt~)÷E~(N,II) 
FUGO[N,II):rOTES(N} 
DEVE(N,II)=T~TFG(N)/TOTE$(N) 
IF(DEVE(~,II).GT. 0.02) G~ TO ~9 

...................................... 

DEVE(N,II]=O.02 
~ I~((EG2(N,!I}/E~2(N,II)).GT.O,O] GD TO 70 

NEGA:I 
--70 E~#O~=DEVE(N,II)-%, 

IF((ABStERROR).LT. O.02).AND.(NEOA.EQ,O)) GO TO 75 
____ IF(N,~E.~) GO T~ 72 

T~((AB%(~EVE(~,II-].I.LT.O,O]).~D,(AB$(DEVE(3~II)-I.).LT,O,01)) 
%GO TO 75 

72 NE~R~=~.ERROn÷t . . . . . . . . . . . . . . . . . . . . . . . . . .  

GO TO 75 
73-1FtABS{DEVE(N,I),~.O}.LT. 0.01] GO TO 75 

......................................... 

75 CONTINUE 
IF{(KAISU.LT.gS),AND,{KAISU.GT,S)) GO TC 80 

W~ITE(~p1080)  
ZFCJLMF.EQ.1]  
WRITE(~,I081) 

__ 1 N m 1 , 3 )  . . . . . . . . . . . .  
BO Cn~TINUE 

%F(JLMF,EQ.$] GO TO 100 
IFt(NEQRD~.EQ.O).AND.(K'EGA.EO,O)) GO TO 5000 
IF(Ka%SO-IO0) 25,5000,5000 

100 ~W((NE~POR.EO.O].A~D.(~EGA.E~.O)) GO TO laO 
IF(KAISLI-aS) 25,1U~,laO . . . .  

I"0 UF=U~/F~F 
AMm$,u,~nP*DP,UO/UMF 
bBMAX=(L'TIO,7|)**2/g80, ...... 
WRITE(6,10~O] AM,O~"AX 
IFfAM.GE,2.01 ~0 T~ 5555 

..... IR(DBMAX.GT,DT~ DBMAY=~T 
DBAVER=A~*AL~F/2 .+060 
IFCD~AVF~,GT,DBMAX) n~AVER=DBM~X 

JpXCT),CXAC~,~*2]o~=I,S],CEG2CN,Z)~E$2tNp~)wN#le3) 
GO TO ~0 
X(II),tXA(N,II*2),N#I,5),(EG2CNFII),ES2(N~II)o 



UBRmO.711,SgRT(980,*DBAVER) 
UBmUO-UMF+tIB~ 
AL=ALM~,UB/UBR 
ALMAX=AL*2,=AL~F 
UME=(1 . -EUF)eALHF/AL  

]~.2-17 

R F V E ~ ( I ) = F E / S I G H F ( I )  
R F H O R ( I ) = F ~ ( J ) / S I G M F ( I )  
WCI)=VEwfI,-EMF)*CSO 
I~(W(I},GT,O,) GO "TO 15~ 
W(II)=w(T)+~(II) 

FM(J]=VB*AK$*C$O 
~KG=ItolOB(J} ..... 

GM(J}=V~*AKG*CGAS 
II=2*J 
SIGMF(II]=FB+FH(J) 
RFVER(II)=FBISIGMF{II) 
~FHO~CTI}:FMCJ)ISIG~F(II) 
W(II)=(ALPMA*VB÷VC}*(to=E~F)*CgO ........................................... 
I = I I - I  
$I;MF(1)=$1G"F(II)+F~ 

E z I . = U M E  ........................................................................ 
VB=AL-&LMF 
VC=V~*3,*UFI(UBR-UF] 

. . . .  VE=AL-VBt(t.*ALRHA]-VC ...................................................... 
RLmVB/AL 
UE=UMF-EMF*ALPHA*UR*RL/(%,-RL*(I.*ALPHA)) 

- - G ( % } = A T * U E * C G A S  ................................ 
IF(G(I},GT,O,O] GO TO 152 
G(1)=O,O 

15~ G(2]=~O=G(1) 
WRITE(&,IO55) DBAVEReUB,VB,VC~VE 
FB=ALPHAeG(2)/CGAB*(t,-E~F)*C$O-F$*VC/(VB÷VC) 

~ E z F $ ÷ F B  
WRITE(6et090] FSpFBwFEfGOwG(2)eG(1) 

1~7 WRITE(~,I065) J8 
WRITEC6e%050) 
kH=O,O 
BH=O,O 

. . . .  BHP=ALMF ................................................................................... 

DO 155 J=lw15 
K m J B * C J - 1 ) + J ~ / 2  

- - DB{J)=~,O*OBO*(2.+A~)**(K=I)/(2,-AM)**K . . . . . . . . . . . .  

ZF(DB(J~.GT,DBM&X) DB(J)=DBMAX 
UB~=O,?II*SO~T(gBO,*DBfJ]) 

...... [ I B = U O - U ~ F ÷ U B R  

BH=B~eOE(J]*FLOAT(JB) 
%FtB~.LT,ALMF) GO TO 150 
IF(BH.GT.ALMAX) BH=ALMAX 
E=t.-UME*(t.-(BH+BHP-2,*ALHF)/Q,/{AL-ALMF)) 
BHP=BH 

t-50-=H=DB(J)*RLOAT(JB) .......................................................... 
~F(BH,EO,ALHaX)  W=BH-~TOT(J-1}  
HMF(J)=Ct.-E)ICt,-EMF)*P 
AM=AW+HF'~(J) 
HMFT~T(J]=AH 
HTOT(J)=BH 
VBmAT,(W-wMF(J)) 
BN=V~/].IA*6./DB(J}**3 
V C : V B , $ . , U F t ( U B ~ - u F )  
VE=AT*H-VB*(t.+ALPHA)-VC 
AKS=3,*(t.-EUF~*UMF*UB/EMF/UBR/DB(J} 



wCl}swtII)*O.O5 
15a WRZTECb,I060) J,~B{J),E,A~,BW,BN,VB,W(1),W(II},FM(J)eGM(j) 

IF(BH.E~.ALMAX) GO 10 170 
155 CDNTI~UE 

JBwJ~÷l 
GO TO I~7 

170 JLMF=J 
KAISLI=~9 
GO TO 25 

5000 I~(XCI],LT,XOUT) G~ TO 5010 
IF(KKK.E~.-I) GO TO $555 
KKK=I 
ALMF=ALk~/I.5 
GO TO 23 

- - ~ 5 0 1 0  IF(KKK.E~.I) GO TO 5555 .................................................. 
~KK=-I 
AL~FzALV~*I.5 
Gn TO 25 

5555 STOP 
. . . . . . . .  END ................................................................. 

B. 2-18 

.C 
SURROUTI~E CAL51 
INPUT XACNR ~ O E ~  CGMP,1) ,a~$U~E OR CALCULATE X A ( N R , J ÷ 2 )  
COMMON k'REAC,jL~F,~AISLIpCGAS,F~,GO,~FVER(30),ES2(Se30]eHOSEI,PR, 

IXA(5,32),X(30),G(32],~EVE(5,30),W(30),SIGMF(30)pRF~OR(~O),EK(5)e 
. . . . . . .  2FUGO{5 ,30 )  

~ZMENSTON X A ~ { 5 ]  
1003 F ~ M A T { 3 ~ 1 2 . ~ ]  

. . . . . . . .  I F ( K A I ~ , H E , I )  GO_TO 510 
X A C l p I ~ = 0 . 1 9 3 1  
XA(2e$):O.SOb9 



XA£3,1)=0.0 
XA(Q,I)=O.O 
XA(5,%)=O.O 
X~(1,3)=0.0001 
XA{2,3}=O,28gO 

...... XA(3,3)=0,2768 

Y A ( 5 , 3 ) = 0 . 1 3 8 3  
. . . . . . .  XAHCI)=XA(I,I) 

XAH(2)=X&(2,1) 

_ _ JLMF=I  
AMPXE=O.3 
GO TO 550 

~10 IF~KAISU.E~.50) 
IF(KAISU.EQ.~5) 

512 DO 520 J = I , J L M F  
..... I I=(J÷I) ,2 

I a I I - 1  
DO 515 ~=I,N 

513 XAI=X~(~,I)/ 
XA(N,I)=~AH( 

IBIGN(AMP~E*C 
- -  - - I  Z F ( J L H F . E Q . 1  

X~fN,~I)=~AM 
-- ISIG~(~"PXB,F 
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REAC 
XAM(N) 
N)-XAH(N)*(I.-XAI)~*(DEVE(NFI-E)** 
I.-XAI**3).FUGO(N,I-2))) 
) GO TO 515 ...................................... 

(N)-XA"(N)*(I.-XAII)**(D~VE(N,II-2)** 
UGO(N,II-2))) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Z F ( N . E q , 3 )  GO TO 515 
I F C X A ( ~ , Z ) . L T . X A C N , Z I ) )  

. . . . . .  X 6 ( N , I ) = ~ A ( ~ , I ~ )  
~15 Cn~TI~UE 
520 CONTINUE 

GO TO 550 
526 AMPXE=O.~ 

AMPX~m~,05 
60 TO 512 
AMP~B=O.~7 
XA(I,2}:XA(I,I) 
XA(2,2~=XA(2,1) 
XA(3,2)=O.O 
XACa,2)=O,O 
XA(5,2)=O.O 
DD 533 ~ : I , N ~ E A C  

530 

53~ 

5~0 
533 
550 

GO TO 515 
................................. 

AH=C×AC~, I ) . X A  ~ H , 3 ) t 3 . ) / F L ~ A T C J L M F )  

T F t N . ~ E . 3 )  GO TO 535 
AHmBW 
DO 5QO j : I , J L M F  
I I = ( J + 1 ) , 2  
I = I I - 1  

............................... 

X A ( N , I ) = W A ( N , I - 2 ) - A H  
X A t N w I I ) = X & ( N w I I - 2 ) - B h  
CONTINUE 
CONTT~UE ............................................ - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
RETURN 
END 

GO TO 530 
GO TO 52~ 



B. 2-20 

. . . . .  SUBROUTINE CICC2 ...................................................... 

C CALCULATE XCT),ES2CN,I~ 
COMMON K~EAC,JLMF,KA!SU,CGAS,F$,GO,RFVEP(30),E$2(5,30}~wOSEI,~B, 

IXA(5,32),X(305,Gt32),DEVECS,30),~C30),SIGMF(30),RFHORC30),EK(5), 
2RUgOf5,30] 

IF(KAI$~.GE,50) ~0 TO ~20 
TF(KAISU.GT.I} ~0 TO ~I0 
ITDT:I 
AwVDl:I200.O*CG~$ 
AKVD2:3= O~CGAS 

~00) 

- -  6i0 AM=F$/~Ct)I(AKvDI,XACI,3)+Ak-VD2,CXAC2,$)-PB*XA(3,3)*XA(Q,3} 

Y ( 1 ) = A w / ( I , + A ~ )  . . . . .  

GO TO 6b~ 
b20 ITOT=2*jLMF 
. . . .  ITOT2mITOT**2 

DO b15 I=I,IVOT2 . . . . .  
615 AYCZ)=O.O 

DO 650 J=I,JLMF 
II=2*J 
I : I I -% 

_ .I~(CWCI)*GC2}).GT,CW(II)tGCI))) 
wTOTAL:~CI)*~(II~ 
W(1):GCI]/GO*wTQTAL 
WCIII=wT~TAL-W(1) 

633 

GO TO 630 

AACI~=A~/C!o÷tH)  
L=ITDT~CT-I)~! 
AYfL~=I.O 
LL=L~IT~T 
~CJ,LT.JLMF) GO TO 6 ~ 3  

AYCLL]=-AACII~SIG~CIZ}/SIG~CI) 
YCI)aFS/SIGM~CI)*A~(1) 
GO T~ @35 
AY(LL]=-AACI)*RRHO~CI) 

6 3 0  AH=$~GMFC!)/~CI]ICAKVDI~XACI,Z÷2]÷AKV~*CXAC2t~÷2)'PB*XAC3pZ÷2~ ~ 



65Y 

6~0 
850 

680 

665 
670 
~BO 
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I)=O.O 
=$!GMF(II)/w(II)ICAKVDI,XA(ItII+2)÷AKVD2*(XA(2wII÷2)-PB* 
(3,11÷~)*XA(~,~I,2)/EK(2))) 
(II)=BH/CI.÷BH) ............................................................ 

ITOT*( I I - I ]÷ I I  
( L ) = I , 0  ..................................................................... 

=L-ITOT 
(J.EQ.~) GO TO 6~0 
(LL]=-~A{II)*RFpOR(II) 
L=LL-ITOT 
(LLL]=-A~(II]*RFVER(II) 

0 
AA(II) 

¥,Y, ITOTgKS) 

LLL=LL+ITQT 
AY(LLL)=-AA(1)*RFVER(1) 
Y{ 
B~ 
XA 
AA 
Y( 
L= 
AY 
LL 
IF 
AY 
LL 
AY 
GO TO 65 
AY(LL)=- 
CONTINUE 
CALL $ I ~ O ( A  

DO 870 I=1,1TOT 
X(1)=%.-Y(1) 
~Y=WCI)*Y{I) 
E$2C%,~}=AKVDI*wY*XA(I,I+2) 
HDE=~B,XA(3,1+2),XA(4,1÷2)/EK(2) 
ES2(~tl}=AKV~*~Y*(XA(2wI*~)-HOE) 
COE=XA(~,I÷2)*XA(5,1+2)/XA(2rI÷2)/EK(3~ 
IF(COE,GT,O,O) GO TO 665 
C~E=O,O 
ES2(3,T] 
CONTINUE 
RETURN 
END 

=AKVD3,~Y,(XA(3,I÷2]oCOE] 



C 
C 
C 

-C 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C 

C 
C 

-CCCCCC 

C 
- C - -  ~ -  

99 

10 

5000 

5001 

- -500Z  

C 
5010 

1004 
1020 

I 
1030 

lOaO 
I 

1050 
1 

-- 655 
I 

lObO 

DESIGN OF FLUIDIZED BED PEACTOR BASED ON C 
BUBBLE ASSEMBLAGE ~GDEL FOrt C 

CARBQN HYDROGEN REACTION wITH ............. C 
CO-CURRENT FLOW C 

C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
D~MENSZON AA(bO),~FHOWt~C)eRFVEP{60)FW(60)wRGACTCbO),$1GMF(bO)p 
DB(30),FM(30),GM{30),WMFC3~),~TOT(30),HTOT(301, 
AY(3bOO),Y~bO),~CbO),XACbO),MG(bO),~S(bO)wDEVM(60) 
~EAL MGeMS,KV,KVD,~ATOT 
INPUT DATA (DP,RHOP,CS~,TB,P~,UMF,UT,UOeEMF,DBOt 

$TOIArSTOIS,KV,ALPHA,F$,XAO,XA¢J)) 
MHMml 
UMFm[2oSQ 
UO=I.5,UMF 
DP=0.1555 
UTm2Sb. 
RHOP=O.25b 
C~O=RHOPI12. 
TBmQO0, 
EK;mO,OIq2 - 
PB=bg, 
EMF=O.b 
JB=8 . . . .  
DBO=3, 
KV=5.35 

........................................ 

STOI&=I ,4  
STOIB=I, 
ALPHi=O,25 
FS=6260, 
XAO=t, 
~KKK=O 
KKK=O 
GO TO 5010 
M=2.JLMF-I  
IFCCKKK,GE,O),ANO,CXCM),GT,XOUT)i GO TO 5001 
ZF((KKK.LE.O).AND.fX(M).LT.XOUT)) GO TO 5002 
GO TO 5555 
KKK=I 
AL~F=AL~F/ t ,5  
GO TO ~0 
KKK=-[ 
ALMF=ALMF*I,5 
GO TO ~0 
PERFORMANCE REqUIREMEnT (XOUT,XAOUT) 
XOUT=O,3Q 
XAOUT=O.Sa 
FORMAT(~E12,~) 
FORMAT(IwI,TH ~A=,EI2.~,BH GO=,E12.~e 
8H AT=,EI2.q,~W nT=,EI2.~} 
FO~MAT(IwO,27WCgHPLETE MIXING REACTER w=,EI2,Q, 
8~ LMF=,E12,~ 
FO~MAT{IwO,27MFLUI~IZF~ BED REACTOP M=eEl2,~e 
BH DBMAX=,E12,~) 
FORMAT(IHO,~w Je~X,~HOB,bX~1WE,3X,bHH~FTOT~X~HHTOTe 
6Xe2WBN,IOX,2HV~,IOX~2W~I,IOX,2~2,1OX,2HFM,tOX,2HGM) 
FOPMAT(IHO,TWDg~VEP=,EI2.g,5~,3MUB=,E%2.~,SX,3HVB=.E12.=, 
5 X , 3 W V C = , E I 2 . ~ , S X , 3 - V E : , E I 2 . ~ )  
FORMAT(13,F7,I,FT,~,2FT,O,6EI2,a) 

B.2-22 



1065 FDRHATfI~O,29HWEI~WT OF E~CH C~MR~RTMENT ISf 13, 
123w TIMES BUBBLE DIAMETER.) 

1070 ~ORMAT(IHO,6HKAISU=~I2~aX,~HLMF=~EI2.~) 
1080 FORMAT(~E12,A,~X,QEI~,q) 
1090 FCRMAT(SW F ~ = , E i 2 . ~ o S W  F B = , E I 2 . ~ , B H  FE=,E12.Q~ 

15H G O = , E t 2 , a , S H  G B = , E 1 2 , a , 5 ~  G E = , E i 2 , ~ )  
1100 

. - C  . . . .  

C 

FORMAT(13H 
CGA$=PB,273.1~2aOO./fTB+273.) 
KVO:KV*CGAS 
STOIR=STOIBIST~IA'I.O ............................... 
MATOT=FS*XnUT*STOIA 
GO=~AT~T,(I.+STOIR,xAOUT)I(XAO-XAOUT) 
AT=GO/CGAS/UO ............................................................. 
DT=$QRT(~./3.%~*AT% 
WRITE(6,I020} ~ATOT,GO,AT,OT 
~ W ~  . . . . . . . . . . . . . . . . . . . . . . . .  

PERFORMANCE OF COHOLETE HIYING REACTOR 
A=I.IXOUT-t. 
EK=EKG,(I.+S.2S,EXm(-3.~B*~OUT)} 
WTOTAL=F~/A/KVD/(XAOUT-SGRT((t.-XAOUT~/PB/EK)) 
ALMF=~TOTAL/CSO/($.=EHF)/AT 
WRITE(6,10~O} ~TOTAL,~LMF ....................... 
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ECUIL.klNO.=,F6.3) ............................................................... 

C PERFORMANCE OF 
UFmUUF/EMF 

. . . . .  AM=t.~,R~Op,DP,U~/tjHF 
DBMAX=(UT/O.71)**2/980. 
~RITE(6,~OQO) AM,DBMAX 

. . . .  IF(AH.GE.2.0) GO T~ 5555 
IF{DBMAX.GT.DT] DB~AX=OT 

~0 DBAVER=AU*AL~F/~.+DBO 
- IF{DBAVE~.GT.DBHAX5 DFAVER=OB~AX 

UBR=O.711,S~nT(gSO.*DB~VER] 
UB=UO-U~F+URR ................ 
~L=AL~F,UBIUF~ 
ALMAX=AL*2.-ALMF 

. . . . . . .  U M E = ( 1 . - E P ¢ ) * A L M F / A L  . . . . . . . . . . . . . . . . . . . . . .  
E=t,=UME 
VB=AL-ALUF 

. . . .  s Z  

FLUIDIZED BED REACTOR 

VC=VB,~.,UF/(UBR-UF) . . . . . . . . . . . . . . . . .  
VE=AL-VE,(I.÷ALPHA)-VC 
RLuVB/AL 
UE=UMF-E~F,ALPHA,UB*RL./(I.-RL*(t.+ALPHA}). 
GE=AT*UE*C~AS 
IF (GEoGT.O .O)  GO TO 52 
GE=O,O . . . . . .  - - -  
GB=GO-GE 
WRITE(6p%055) DBAVER,Uq,VB,VC~VE 
FB=ALpHA,GB/CGA~,(I.-E~F)~CSO÷FB*VC/(VB+VC) 
FE=FB-FS 
WPITE(6wIOqO} FS,FB,FE.GOrGBwGE 
wR~TE(6~I065% J~ --- 
WRITE(b~t050} 
BH=O.O 
BMP=ALMF . . . . . . . . . . . . . . . .  
O0 55 J : l l ] O  
K = J B , ( J = I ) + J ~ / 2  
DB(J)=2,O,DBO,(2.+AM)**(K-I)/(2,'AH).**K 
IF(OB(J).GT.DBMAX) DB(J)=DBMAX 
UBR=O.TII*SORT(gBO,*DB(J)5 
UB=UO-UMF+UBR 



5O 

BH=BH+bB(J],FLOAT(,IB) 
IFtBH.LT.AL~r] GO ~0 5¢ 
IF(BH,GT,ALMAX) 8M=aLHA~ 
E=I.-UPE*(I,-CB~+~P-~o*ALMF)/Q,/(~L-AL~F)) 
BHP=@H 

IF(BW.E¢.ALMAX) H=B~-~TOT(J=I) 
HMF(J)=(I.-E)I(t.-EMF),H 
H 4 F T O T ( J ) = A H + H ~ F { j ]  
MTOT(J)=@H 
VB=AT*(H-~MF(J)) 
BN=VBI3.1~*@./D~(j)*M 
VC=VB*3.*URItUBR=Ur) 
VE=AT*H-VB*(t.÷ALPWA)-VC 
AKS=3,e(I.-EMF)*UMF*Ud/EMF/UBR/D~{J) 
FM(j)=VB*&K$*CSO 
AKG:II./OB(J) 
G M ( J } : V B * A K G * C G A $  
I = 2 * J  
S I G M F { I } = F B + F M ( J )  - - - 
g F V E R { I ) = F B / S I G M F ( ! ]  
RFHORCT]=;~CJ)/$1GWF(I~ 
~{I)=(~t,~*VB*VC)*(t.=EMF)*CSO 
I I= I - I  

RFVE~(?I)=FEISIG~F(II] 
RFHORtII ] :~(J)ISI;";( I I}  
W(II]=VE*(!.-EMF)*CSO 
IFtW(II}.GT.O.) GO TO 54 
*(I)=w(1)+*(II) 
WtZl)=wtl],O.! 
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5~ ~ITE(6,1ObO] J,D~(J),E,A~,B~o~,VB,W(II],W(1),F~(J),GM(J) 
I F ( B ~ . E Q . A L M a X )  ~0 TO 70 

S5 CONTINUE 
JS=JB+1 
GO TO ~7 

70 JLMF=J 
ITOT=2*J 
KAISU=O 

@0 KATSU=KA~SU+t 
I F ( K A I S U . L T , 3 g )  GG TO 51 ...................................... 
WRITE(@,I070) KAISUp&LMF 

61 I F ( K i I S L . G T . I )  GC TO ~0 
A M = ( X A O . ~ A O U T ) / F L O A T ( J )  . . . . . . . . . . . . . . . . . . . . . . . .  
C H = ( 1 . = X ~ U T ) / F L D A T ( J ) / 2 ,  
X A ( 2 ) = X ~ O - A H  

- - - X A ( t ) : X A ( 2 )  ................................................ 
X(ITOT)=XOUT 
X(~TOT-I)=XOUT 
DO 72 Jm2,JLMF 
I I = 2 " 3  
liP=If=2 
W A ( I I ) = X a ( I I m ) - = ~  ......................................... 
I z I I - I  
X A { I ) = X A C I I )  
X ( I T O T + 2 - I I ] = X { I T O T + 2 - T I P ) = C ~  
X t I T O T - I ] = X ( I T O T + 2 = I I )  

7~ CONTINUE 
80 ~TOT=2*JL~F 

ITOT2mITOT**2 
DD B2 I=I,ITGT2 



82 AY(1)=O,O B.2-25 
DO 90 J = t , J L M F  
I I = 2 * J  
%=II-1 . . . . . . . . . . . . . . . . . . .  

Z F ( ( W ( I ) , G B ) , G T ~ ( W ( f T ~ * G E ) ?  G o - X O ~ e 3  - 
WTOTAL=WCI)+w(TI )  
~ ( I ) : G E / G O * ~ T O T A L  . . . . . . . . .  

. . . . . . .  ~( IZ~=GB/GO*WTOTAL 
C COCURRENT * * *  CHiN~F TO F E : F B - F 8  * * *  

83 EK:EKG , ( t . + 5 . ~ 5 , E X P ( - 3 . t S * X ( Z Z ) ) )  . . . . . . . . . . . . . . . . . . . . . . .  
8=SIGMFCIZ)IW(II)/KVDICXA(II)-$ORTC(I,-XACII])/PBIEK)) 
~ACI! } :B/( I .+8)  
L : I T O T * ( I I - I ) ÷ I I  ........................................ 
AY(L]: I ,  
Y(II)=O. 

. . . . .  L L : L - I T O T  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
IF(J .E~. I }  GOTO 87- 
AY(LL)=-AA(II)*R~HOR(II) 

_ . L L L : L L - I T Q T  
AY(LLL):-AA(II),RFVER(~!) 
EKmEKG ,( I .+5.25,EXP(-3.18*X(1)}}  
A:SIGHFCI)IWCI)IKVD/(XA(I)-$~RT(CI.-XA(1))/PB/EK)) 

- IFCJ.EQ,JL=F) A=A,~IGMFCII)/SIG~F(Z) 
AA(1):A/(I,+A) 
L:ITOT*(I-%)+I 
A Y ( L ) = t ,  
Y(I)=O, 
LL=L+ITOT .................................. 

- IF(J.NE.JLMF) G O T O B - 6  ...... 
AY(LL):-AA(1) 

,GO TO gO ................................................... 
86 AY(LL)=-AA(I)*RF~OR(1) 

L L L : L L + I T O T  
AY(LLL]:-A&(Z)*~FVER(1) ............................................................... 
60 TO qO 

87 AY(LL):-&A(II) 
EK=EKG , ( 1 , + 5 , ~ 5 * E X P ( - 3 , I B * X ( I ~ ) )  . . . . . . . . . . .  

. . . . .  A:BIGMF{II)/WCI)/KVD/CXA(I}-SQ~T((I,-XA(I))/PB/EK)) 
A A ( I ) : A / C I , + A )  
ay(1) : l .O . . . . . . . . . . . . . . . . . . . . . . . .  

L L : I + I T O T  
AYCLL):=AACI)*RFHDR(IZ) 

.... LLL=LL+ ITOT 
AY(LLL]:-FEISIG~F(~I~*AA(I) 
Y(1) :FB/SIG~(I I )*AA(1)  

QO CONTINUE 
CALL SZ~Q(AY,Y,ITOT~K$) ................................ 
DO 100 I : I , ITOT 
RGACT(1):t,/STOIA/(I.+XA(1)*$TOIR) .................................................. 
X ( I ) = t . - Y ( I )  

t00  CONTINUE 
IF((KATSU,NE,t).AND,(KAISU,NE,8)) ~0 TO tqO 
Z F ( K A I S U . E ~ . 8 )  G~ TO 1~0 
AMPXE:O°~ 

t30 

AMPXB=O,1 
GO TO taO 
AMPXE:O,2 
AMP~8:0 ,O7 
TEST:O,O 
~ERROR=O 
D Q  110 J : I , J L M F  ................................................................................ 



II=2*J 
I=II=1 
I I I I I I - !  
I IJ=I I I I -% 
Am~M{J]*CXACII}-XACI)*~GACT(1)/RGACT(II]] 
%II=II÷l 
EK=EKG *(t.+5.25*EXPt-3.18*X{I))) 
HE:SQRT(CI.-XACI))/PB/E~) 
MB(%):KVO*W(1)*Y(1)*$TOIA*(XA(1)-HE] 
EK:EKG *(I.÷5.25*E~Q(-3.18*X(II))) 
WEmSQRT{tt.-X~(II))/mB/FK) 
MStII}=wVD*W(II)*Y(~I)~TOIA*(XA(II)-HEI 
IF(J.E~.I) GO TO 105 
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XA(I]=XA(I!) 
110 CONTINUE 

HOSEI=HE/XA(!TOT) 
IF(KAI~U.L7.]9) ~0 TO 
wRITE(@.%IO0] H,DSEI 

%tl IF(NE~RO~.~E.O) GO T~ 
IR(TEST.E:.O.O) Gn 

17~ IFCKAISU.LT.QO) GO 
GO TO 5000 

5555 IF(MMM-2~ 96,q7,98 
~6 UOz2.5*U~F 

MMMIMMM÷$ 
GO TO 9g 

97 UOmQ°O*UMF 
RM~mMMM+t 
GO TO 99 

98 UO=@mO*UwF 
4MM=4MM, t 

i l l  

170 
TO 5000 
TO 60 

MG(II]=GB,(XA(IIII),RGACT(IITI)-XA{II)*nGACT(II))-A 
MG(1)=GE,(WA(IIJ),~CT(IIJ)-wA(1),RGACT(1)}+A 
GO TO lO@ 

%06 MGC$}=GE,(XAO-X&(I~*R&aCT(1)]+A 
MG(2)=Ge,(XAO-XAC2)*nGACT(2))-A 
TOTMG=O, 
TOT~S=TOT~G 

tO@ IF(KAIS~.LT.39) GO TO I¢9 
WRITE(@,IO80) XA(1).W(1),M~(I],~S(1).YA(II),X(II),MG(II},M$(II) 

%09 70THG=TOT~G÷UG{I) 
TOTM$=TCTMS+M$(I) 
OEVM(I}=TCTHG/TOTH~ 
IF(DEVM(1).GT.O.05) GO TO 152 
DEVM(1)=O.05 
TEBT=I,O 

-- %52 TOTHG=TOTMG+MGtII) 
TOTM~=TOTMS+MS(II) 
DEVM(II)=TOTMG/TOT~S 
IF(OEV~(II).GT.O.05) GO TO 153 
OEVM(II)=O.05 

153 I~(MG(II].GT.O.O) GO TO 155 
TEST=%,O 

155 E~ROR=OEv~(II)-I. 
IFCCABS(ER~O~).LT.O.OI).AND.(TEST.EO.~.)] GO TO t56 
NER~ORmkFRRO~+I 
IF(ABS(DEVM(II)=I.).LT.C.0%) GO TO t5@ 
NER~OR=KEnnOP+I 

155 XACI]=%.-C}.=XACI])**(~EVM{I)**(&UPXE*{I.'XA(I}**]))] 
WA(II)=I.-(I.-XA(II))**(DEVM{II)**AMPXB) 
I~(XA(I~.LE.XA(II)) GO TO 110 



ZF(MMM,GE.5) 
GO TO 99 
END 

STOP ]3.2-27 



CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C DESIGN OF ~LUI~IZED BED PE~CTO~ BASED ON C 
C BUBBLE ~SSEMBLaG~ ~ODEL FO~ C 

- - CARBON wyDROGEK REACTION WITH . . . . . . . . . . . . . .  C 
C COUNTER-CUQRENT FLOW C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCtC~CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

DIMENSIC.N AA(6~),PF,OR(bO).RFVERC60),W(bO),RGACT(60)~SIGHF(60), 
IDB(~O],FMC30).G4(30).~MFC30],~HFTOT(~O},HTOT(30), 

- -  -21Y{~bOO},Y(b0),X(BO],XA(60),MG(~O),M${6C),DEV4(60) . . . .  

REAL MG,MB~KV,KVDtMATOT 
C INPUT DATA CDP,RMOP,CSO,TB,PB,U~F,UT,UO,EMF~DBO, 
C ..... STOIA,STOI~,KV,ALP~A,FS,XAO~XA(J)) 

MMM=I 
UHFz6,123 
UO=I.5*L'~F 
DP=0.210 
UTm78,22 
~HOP=0.25b 
C$O=RWOPI12. 
TB=S ib ,  

- EKG=100C. 
PBm6g,3 
EMF=O.b 

. . . . .  JB=8 . . . . . . . . . . . .  
D~O=3. 
KVsl.3 

-- $TOIA=2,0 

ALPMA~O,25 
FS=7~31,  
XAOaO,8321 
KKKK=O 

---- %0 KKK~O 
GO TO 5010 

5000 M:I 
I~C{KKK.GE.O).A4~.{X(,).GT.XCUT)) GO T~ 5001 
IF({KKK.LE.O}.AND.{X(M).LT.XOUT)) ~ TO 5002 
GO TO 5555 

500t  K ~ K : I  

GO TO ~0 
500~ KKK=- I  

ALMF=ALMF*I ,5  
GO TO nO 

-C . . . . .  PErFOrmaNCE ~EOU~PEMENT (XOUT,XAOUT) 
50L0 XOUT=0.35 

XAnUT=O,27Qb 
I00~ FOR~AT(UE12.~) 
1020 FORM4T(Iwi,7~ MAm,E 

IBM AT=,E12.~,8~ 
~0~0 P~W~AT(IWO,27~CO~PLE~E 

18W LYF=,EI2,~) 
~0"0 FOR~AT{I~O,27,FLU~DIZE 

IBH DB~AX=,E12.~) 
1050 FO~MAT(IwO,2~ J,3X,2-O 

16X,2wB~!,IOX,2~VB,10x,2 
1055 FOqMATCl~O,7WD~aVE~:,E 

1 5 X , 3 W V C : , E 1 2 . ~ , 5 ~ , 3 ~ V E  
1080 FD~MAT~II,F7.1,FT.3,2~ 

12,a,~W GO=,EI2,a, 
DT=,EI2.a) 

MIXING mEACTCR ~a,E12,4, 

b BED PEACTOR M=,F%2,~, 

~,@X,IWE,3X,b~wMPTOT.2X,aHMTOT, 
w~I,10X,2H~2,10X,2MFM,IOX,2~GM) 
12.~,5X,3~Ug:,EI2.~,SX,3HVB=,E12.~, 
:,E12.a) 
7,0,6E12.~) 

B.2-28 



1 0 6 5  

1~70 
1080 
%090 

1100 

C 
C 

~0 

5 2  

~7 

FORMATCl~O,29~E~GHT OF EACH COMPARTMENT IS, Z3~ B.2-29 
12IN TIMES RU~BLE D~METER.) 

FORMAT{I~O,bHKAISU=pT2tQ~e~HLMF=wEt2.Q1 
FORMATCaE12,~w~X,aE12.a) . . . . . . . . . . . . . . . . . . . .  
FORMATC5~ FS=,E12.~,Sw FB=,EI2.~,SH FE=,E12;~~ . . . .  

15H GO=,E12.~rS~ G~=FE12.ap5H GE=IE12,~) 
RORMAT(13H E~UIL .H!~D.= ,F6.3)  ......................................................... 
CGA$=PB,273./22~OO,/CTB+273.) 
KVD=KV*C~A~ 
STOIR=SIOZ~/$TOIAl l ,0 . . . . . . . . . . . . . . . . . . . . . . . . . .  
MATOT=FSwX~LtTwSTOIA 
G~zHATOT*(I,+$TOIR*XAOUT)/(XAO-XAOUT5 
AT=G~/CGAS/UO ................................................................... 
DT=SQRT(~./3,1~*AT) 
WRITE(6t l020) MATOT,GO,ATwDT 

PERFORHANCE OF C~MPLETE MIXING REACTOR 
A=lo/XObT-1, 
EK=EKG,Clo÷S.2~,EXP¢-3.18*vOUTS} .. . . . . . . . . . . . . . . . . . . . . . . . . . .  
WTOTAL=F~/t/KVD/CX6DUT-SCRT{(1,-XAOUT)/PB/EK)) 
AL~F=WTOTAL/CSO/(I.-EHF)/AT 
WRITE(b,I030) ~TOTAL,AL ~F .. . . . . . . . . . . . . . . . . . . . . . .  

PERFORM~uCE OF FLUIDIZED EED REACTOR 
UF=UMF/EMF ......................................................... 
A ~ = I , Q w ~ H ~ * D P * U O / U H F  
D~MAX=(UT/O,71~**2/Q@O. 
w~ITE(6,10~O) ~,DBMaX ...... 
IF(AM,GE.2.0} ~O TO 5555 
1F(O~M~.GT.DT) 98MAW=OT 
DBAVE~=~M,ALMF/2,+D~O .............................................. 
IF(DB~VE~,GT.DB~X) 9~AVER=DBMAX 
UB~=O,7~I,SGRT(g~O,*DBAVER) 
UB=UO-tIH~mIJB~ ......................................................... 
AL=ALMF,Ue/bBR 
ALMAX=AL*~,-ALMF 

UHE=(%,-FMF)*ALHF/AL ..................................................... 
Ealo-UME 
VB=~L-ALMF 
V C = V B * 3 . * U F / ( U B R - U F )  . . . . . . . . . . . . . . . . . . . . . .  
VE=AL-VB,(1,4ALP~A)-VC 
RL=VB/AL 
UE=UMF.E~F,ALpWA,Ue*RL/(%,-~L*(%,+ALPWA)) . . . . . . . . . . . . . . . . . . . . . . .  
GE=AT*UF*CGA$ 
IF(GE.GT.O,O) GO TO 52 
G E : O ° O  . . . . . . . . . . . . . . . . . . . . . . .  - . . . . . . .  
GB=GO'GE 
WRITE(6,1055) OBAVER,II~,V~,VC,VE 
FB=ALPWA,GB/CGAS,(I.-EMF)*CSO-F$*VC/(VB+VC) . . . . . . . . . . . . . . . . . . . . . . . .  
RE=FS+FB 
W~ITEC6,1090) FS,FF~FE,G~,G~,GE 
WR!TECb~0651 :~ ............................................. 

WRITE(6~I050) 
BH=O°O 
BHP=AL~F ........................................... 
O0 55 J=1,30 
K=JB,( , I -1 )+JB/~ 
DB(JS=~.O,OB~,C~,+~M)**(~-I)/(2,-AM)**K . . . . . . . . . . . . . . . . . . . . .  

IF{D@(J).GT.DBMAX) D~(J)=DBM~X 
UBR=O,?l~,S~RT(gSO,*D~(J)) 

.U~=UO-~HF÷U~R ......................................................................... 



BHgBH.~F{J)*FLDAT(JB) 
IF(BW.LT.ALMF) GO 10 50 
IF(BH.GT.ALMAX} mW=ALMAW 
Eml,-UME.(I.-(BW+BMP-~..ALMF)/Q./(AL-ALMF)~ 

. . . . . . . .  BMP=@~ 
5 0  WuDB(J)*FLOAT(~B) 

I F ( B H , E e , A L H A X )  H : R H - H T P T ( j - I )  

WMFTOT(J):AM+~MF(J) 
HTOT(J}gBH 

BN=VBI3.~*@./~@(j)*M 
VC=VB.3.*UFI(UBR-UF) 

--- VE=AT.H.VB.(I.÷&L;WA).VC 
AK$:3..(%..E~F).UHF*USIEMFIUBRIOB(J) 
R ~ { J ~ : V B * A K $ * C $ O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  AKG=I I . /~(J)  
GM{J)=VB.AKG*CGA$ 
I = 2 * J  . . . . . . . .  

RFVER(1)=F~/$1GMF(I} 
RF~ORCI)=FM(J]I$1{;MF(1) 

-- W{I)=(ALPMa*VB÷VC)*(%.-E~F)*CSO 
I I = I - I  
SIGMF(II)=~E+~M(J) 

- RFVER(II}=FE/SIG~(II} 
RFHOR(II)=~M(j)/$1GMF(II) 
W(II)=VE.(I,-E~F)*C$O 

. . . . . .  %F{w(II}.~7.O.) GC 70 ~ 
w(1)=w(11+~(ll) 
~(I I )=W(1)*o. l  

S~ W~ITE(@,%0@O) j,DB(J),E,AM,BW,BN,VB,W(II),W(1),FH(J),GM(J) 
I~(@W.EC,ALMA~} GO TO 70 

B5 CONTINUE 
J B = J B ÷ t  

GO TO ~7 
7 0  J L M F = J  

ITOT=2*J 
KAISU=O 

6 0  K A I $ 1 J = K A T S U + t  
- - -  - ZF(K&~$L'.LT,]~) Kn 70 ~I 

WRITE(@,%0?O) KAISU,ALUF 
@1 IF{KAISU.GT.t) GO 7n ~0 

- -~  AH={XArjlYAOUT)/FLGATtJ~ 
C H = ( I , - X ~ U T ) / F L U A T ( J } / 2 ,  

XA(2)=Y~n-A~ 
-- XA(t~=XA(~) 

XCTTOT)=~OUT 
X(ITOT-t)=XqUT 
DO 7 2  J = 2 , J L H F  

I I=2*J 
I I R = I I - 2  
XAEII)=XAEIIP)-A~ 
I=II-% 
XA(1)=XA(II) 
X(ITOT÷2-11)=X(ITOT÷2-11P)-CM 

( I TC!T- I ) =X ( I TOT.2- I I ) 
72 CONTINUE 
@0 ITOT=2.JL~ ~ 

ITO72=TTOI**2 
DO B2 I=~,IT~72 

B. 2-30 



82 AY(II=O,O 
DO 90 J=I,JLMF 
II=2*J 
I = I I ' 1  
IF((~(1)*GB)oGTo{~(II)*GE))" 
~TOTAL=~CI}÷~(II) 

B. 2-31 

~0 "~0 8~ 

87 
90 

__ 100 

_._ 1 3 0  

t /40  

DO 100 
RGACT( 
XCl)=! 
CONTI~ 
IF((KA 
%F(KAI 
AMPXE= 
AMPXB= 
GO TO 
a u P X E =  
AMPX~= 
T E S T = O  
NERROR 
DO 110 
II=~*J 
I = I I - t  
I I I I = I  

AY(LL)=-AS(I}*RFHOR{I) 
LLL=LL+ITOT 
AY(LLL):-A~(I}*RFVER(I} 
Y(1)=O.O 
B=$1G~F(II)IW(II}/KVD/WA(II) ............................................................ 
AACII)=B/CI,~B) 
L=ITDT*( I I - I )+ I I  ............................................................. 
AYCL)=I,0 
Y(II)=O.O 
LL=L-ITC.T 
IF(J.EQ.I) GO TO B? 
AY(LL)=-~A(II)*RFHOR(II) 
L L L = L L - % T O T  
AY(LLL)=-AA(II)w~FVER(I~) 
GO TO 90 
AY(LL)=-AA(II) 
CONTI~UF 
CALL $1F~Q(AY,Y,ITUTrKS) 

I=%,ITOT ............... 
I):i.ISTOIA/~I.+XA(1)*STOI~) 
,-Y(1) 
UE 
ISU.NE.I),AND. CKAISU.NE.8)~~O T O l 4 0  ....................................... 
SU.EO,8} GO TO 130 

L L = L + I T P T  
I F ( J . L T . J L M F )  GO TO 85  
AY(LL)=-AA(I)*SIG~F(II)/81GHF(I~ 
Y(I)=FS/$~GMF(1)*A~(!) 
GO TO 8~ 

86 

0 . 3  
0 . 1  
1 , 0  
0 . 2  __ 
0 . 0 7  
. 0  
=0 

J m I , J L ~ F  

- I  
%IJ:IIII-% 
A=GM(J),(XA(II)-XA(1)*PGACT(1)/RGACT(II)} . . . . . . .  

I I I = I I + l  
EK=EKG *(I.+5,25*EXF(-3.18*X(1)}) 
wE=S~RT((I,-YA(1))/P@/EK) .. 
M$(1)=KV~*W(I}*Y{I~*STOIA*CXA(Ii=HEi . . . . . .  
EK=EKG , ( I .÷5.25,EXP(-3,1B*x( I I ) ) )  
HE=$QRTC(I,-XACII})/P~/EK) .......................................................... 

B5 

~ ( I ] = G E / G O * ~ T O T A L  ................................................................................ 

. . . . . . . . . .  W t I I ) = G P / G O * * T O T A L  
C COUNTER C U ~ E ~ T  * * *  CHANGE TO F E = F B + F S  * * *  

83 A=SIGHF(~ /W{~) /KVD/X~(~)  
- - - -  A A ( I ) = A / C I . ÷ A )  .............................................................. 

LmITOT*(I-I)+I 
. . . .  AY(L)=I,0 .............................................................................. 



M~(II)mKVD*W(II)*Y(~I)*STOIA*(XA(II)-HE) B.2-32 
I~(J.EQ.I) Gq T n I 0 6  
MGCII)=GB, CX~CIIII),=G~CT(IIII)-WA(II}*~ACI(II))-A 
M~(%)=GE,{XA(IIJ),~GACT(IIj)-wA(1)~RGACT(1)}÷A 
~0 TO lOB " 

I06 MG(1)=GE,(XAO-XA(I)*~GACT~I))÷A 
MG(2)=GB*(~AO-XA(2)*~GACT(2))-~ 

. . . .  TDTMG=O. . . . . . . . . . . . . . . . . .  
TOT~S=TG?uG 

lOB IF(K~IS~.LT.39) G~ TO 109 
. . . .  ~%TEC~,LOBO) WACI),X(II,MGCII,M~C!),X~CII),X(II),MG(II},"S(II) 

10q  T O T M G s T O ~ G + ~ G ( I )  
TOTMS=TO~HS÷M~(II 
D E V M ( ~ ) = T O T ~ G / T O T ~ S  

D E V ~ t I ) = O , O 5  
....... T E ~ T = I , 0  

152 TOT~G=T~T~$MGtI?) 
TOTHS=TC?h~S÷~S ( I I ) 
OEVM ( I I)  = T O T ~ G / T O T M S  
IF(DEV~(II).GT.O.05) 

- i 5 3  

155 

GO TO 153 

TO 155 

I~(KAISU.LT.39) GO TC 11t 
WRITE(B,IIO0) ~OSgl 
IF(NE~C~,~E.O) GO TO 170 
IF(TEBT.E~.O.O) GO TO 5000 
IF(KAI$~,LT,aO) GU TO 60 

111 

170 
GO TO 5000 

5 5 5 5  STOP 
END 

DEVM(II):O,05 
YF(HG(II).GT,O,O} GO 
TEST=%.O 
ER~O~=DEVM(II)-%. 
IF((ABS(E~C~}.LT,O.OIS.ANb.(TEBT.E;.O.)) GO ?0 156 
NE~ROR=~'E~RG~+I 
IF(ABS(DEV~C?I)-~.).LT.O.OI) GO TO 156 

...... NERQOR=~ERQOQ+I 
156 xACI)=I,-CI.-XAC~))**CnFV~CI)**CA~YE*(I.'X~(I)**3))) 

XA(II):I.-(I.-WA(II))**(DEVH(II)**A~XB) 
IF(XA{I),LE,WA(II)) G~ l~ 110 
WA(II:X~(II) 

II0 CONTI.UE 
- - -  MUSEI:HE/XACITOT) ..................................... 



B.2-33 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC.CCCC .............................. 

-C - C 
C ALTE~IATIVE ! . . . . . . .  - Z?O0, F C 
C C ...... 

--C ............ I~'TEGP~TED $YSTE~ ................................. C ................... 
8 

ALL CALCtJL.A~I3~S R ~ D  ON tOO IB COAL C 
C FEO I~tTO GASIFIER C 
C C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC ..................... 

V~20=q,hn 
qg I~(VHZO.IE.I,00) V~20=VW20+t,O0"O,200 

V~20=VW2n-1,00 .......................................................................... 
W=ITF(6,702) 

702 FORMAT(~W!////) 
O=~,qSg 
C=O 
COC=0,5 

~2=0 ,  
N20=O, 

. . . .  H2~B=~2CA 
C ~SSUME Xp 

~=O,bO 

I~L~T FTEA4, I~ 

C GAS CO~POSITION 

COX=C*X 

H2X=C*X+H2 
C ~ 2 X = C * ( ~ , ' ~ )  
CH~X=O, 

- -C ..... OXYGEN REOUIRED~ 
0 2 A = C * ( t . - X )  

C GAS COvPOSITION 
. . . . . . . . .  EK=0.250 

F'RACTIOI~' C.F CARBON wHICH GOES TO C+420 REACTION 

4F'LE8 
AFTER 0+02 A~D C+H20 REACTIONS, IB MOLE~ 

AFTER WATE~ GAS $HIFT REACTIONP IB ~'OLE$ 

A=CH2X+CO2~÷EK*CH2OX+COXl)/(I.'EK) 
8={H2Y,Cm~Y-EK,COX*M2GX)/(I,-EK ) 

............. y=(-A+SCQT(A*A-~,*9))/P, 
C02X=CO~+Y 
COX=COX-Y 

. . . . . . .  M2OX=~2CY-Y 
H2X=HpX+V 

C VOLATILE xATTER 
CQX=COX~O.z427 

AODED AND SHIFT T~ EOUILIBPIUM 



EK=0.250 

C ~ X = C [ I ~ Y ÷ Y  
COX=COX-Y 
H2~X=~2FX-Y 
H2X=WA¥~Y 

C INLET ~E~ 
HH2OT=W2~A~20 
wG2~:~2~IqOt 

WI=Hw2OI,~n31 
C OI 'TL~T ~E 

HCO2X=Cr~x*3~ 
wCOx=COx*2~4Q 

w w 2 x = ~ , t o t ~  

B.2-34 

~0 TOTAL:wE~+-~C~X*Cq2X~CN~X÷O.175 
.C C~EE w 0~eBq:~ S ' F a '  ~'EaCTION EgULI~m~UM 

P~T, e G~SI¢~C~TIq~' 

WP;TE(6,1) ~,92X,S~,426~.~2X,£w~X 
1 KOOMAT(5~.eEI3,b~ 

2 FOPK~!{Ey,6Et3.~) 

~(WK.GT.230G.) 9TqP 

H2~=~2X 

wCwa~=CpuY,~aStS.a 

HCAP=~-C)~12.,!~g700. 
~TG&~=3630C).,C~.<+,~3900.,(h?X÷COX) . . . . . . . . . . . . . . . . . . . . .  
~ C ~ A e x = 1 2 . C ÷ ( O - ~ ) , t 2 .  

H = C ~ O U T - - T ~ I ~  I 
~FtA~St~),LT.~,~5) GO TO aO 
~ r C . )  3 t , 2 ~ , 2 0  

20 X=Xl1.~5 
gn Tn ~ 

30 ¥=X*l.!C 
60 Tn $0 

T C A ~ I E D  BY I~LET G~$Eq, COAL AND HEAT mEACTION 
3~,J 

00.*(300.-77.~ ................ 

~T C~IEO ~Y ~UTLET G~SE~ AND CH&R 

7,~ 

'°] m~ 



B. 2-35 

H2m~:~2C~ 
CH~W:CW~X 
TOT:W2W+COK,CO~A+CH~'W+~, ITS 
N : N + I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W~TE(~,I) CnC 
C Q Z : C O ~ / T ~ T  

800 

C 

C H ~ Z = C w ~ / T O T  ........................................................................ 
H2Z=H2~IT~ 
8 H G = I , 2 / ~ , 3 ~ * ( 3 . * C ~ Z + C H 4 ~ + H 2 Z }  

IF{STEA".LT,3. )  3TEA~=O, 
H2OX=~TFAM+~20~ 

C02X=CC2W+Y 

H2X=H2~÷Y 

CH4X=~c~ 
pRINT~ ~wTF~ C~NVER~IPN ~ 
~ R I T E ( ~ , 1 )  C~2X,COx,H2OY~H2~,STEAM 

PU~IF~CATTF)4 
H2nX=CC~Y~Cw~Y+H2X)*o,e~?/(IO00,-O,9~8?} 
C02X=CQ2x~O.01@ 
PRINT, ' ~UnIFIC~r~QH I 
WRITE{6,~) C~Y,Cr]X.~2']X,w2 x 
TOTAL=CrPX~CgY+42x+N2[)y~CPJX+O,O~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CO2Z=CO2~/T~T~. I  
COZ=CO~I~r'T~L 
H2Z=W2X/TOT~L 
H2OZ=~PC,~ITOTAL 
CHQ~=C~Y/TnTAI . . . . . . . . . . . . . . . . . . . . . . . . .  
~PITE(~, I )  C~2~,COZ,H2Z,H2OZ~CW~Z 
CwQXICWCY+C~*O,9~3 
W2X=W2X-3.*O.Q@3~.CO~ 
COX=O,nI~7*C?X 
PRINT, ! uE~.~4ArI~H ~ 
~RITE(~,~) C72X,C(~X,~2X,H2Q~,CH~X 
PROD=Cw~+C~K+CCI2X~PPY+N2OX+O.O50 
BTUS=tC~Qy.3~gh.+H2Xe~23~GO.÷COX*~22QOO.)/PROD/~S5.2 

WH2~=STE A,'+w~.]~ 
B T U H A = P P n ~ , ~ 5 .  ~ , ~  rUS 
C O A L - - 2 b C . * !  ¢ , * * ° . I P ' t 1 ~ , * ~  n O . / 2 0 0 ~ .  

. . . . .  CCOAL=CC'~L*2~O,~.*  ( ~ - C )  11 nO. 
CC-CCO~L ~! ~'.~70 r), 113'3~.~,/2,~no, 
WRITE{~, ~.CO. ] STUSv ~TIIHA, CCAL a CCO~I. f CC 

- 600 F(',D,v, AT{5~,~Et'5, '5) 
WN2OA-W~?n*7.n .*COAL/(13063,*(~,75)*18,*% 188,3/2000, 
WH2OC=H2 n g /  ~. w20*~-~ 2..)a 



B.2-36 

70O 

5~ 
7 

- SE~JT~Y 

CFO-COAL ,2.r, . , 0 2 ~ , 3 7 . . / 2 0 0  (~ , * *  ~ ' ~ ,  t 0 O 0 . / 2  oe, 3 / ~  o 3 0 ~ 3 / o 3 S / 2 0 0 e o  
T.QTAL= +;. -2")~ +C:IAL* ! .35~-CC+CFO 
TFJTAL=TC'TAL* (I,-A ~2.2) 

FL~R~:~, T t 6 x ,  3E 1.3. ~ ,  ,J X • [: ~ ~ . . - ,  ~ 

] ~ F { N , ( ; E , ~ . U )  G~ TN c~o 
l ' F ( ~ B T I J S , U l . ~ . . l ° / , b , P ,  
COC=COC/1 ,~.15 
GO TO 8Ca 
C,"~C = C OC * t . (125 
GO TO aC~. 
E~D 



FORTRAN IV G LEVEL 19 MAIN DATE : 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C C 
C kLTERNATIVE I I~ INTEGRATED SYSTEM C 
C C 
C 2700. F . . . . . . .  - - - - - "  1700. F . C 

. . . . . . . . . . . .  C C 

0001 
0002 
0005 
O00a 
0005 
0006 
0007 
0008 
000~ 

0010 

0011 
0012 
0013 
001~ 
0015 
0016 
0017 
0018 
001~ 
0020 
0021 
0022 
0023 
002~ 
002~ 
0026 
0027 
0028 
O02q 
0030 
00~1 
0032 

OO33 
003~ 
0055 
0036 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

7126~ B.2-37 

]6 

C 

39 
WH20=I.00 
WH20=WHPO+0.2 
IF(WH20.BE.3.0} STOP 
CCON:0.25 
CCDN=CCON+O.O~ 
IF(CCON.GE.O.75) ~0 
CLC=O.702e 
CLH=O.0507 
CLO=O,05?~ 
CALO=13063, 
CLH=O.O12q 
~SH=0,1205 
CPCL=0.325 
EKCWM=O.0~3715 
BE=0,881 
CALO=t~06]. 
HXEmO,q 
FORMATC2FIO.2} 
WRITE(~60~)CCON 

GASIFER 
CON=I. 
CmCLC*IOO,*(I.'CC~N) 
PP=&Q,3 
WmO, 

TO ]q 

- -  3 ! C-H2 EQUILI@RIUM =~,F10,3] 
B00 FOR~AT(6FIO.Q) 

READ(5,500) CPI,CP2,CP3,CP~CPS,T 
RE&~(5,5OO)BCP1,BCP2~BCP),BCPQ~BCPS,T3 

IMPLICIT REAL *8 (A-H,O-$) • 
DATA NCYLpNNAelFLAG,SFSI9000,2,1eI,D-g/ 
DIMENSION Vtg),P(q) ,FV(g)~FVHtq) 
DIMENSION SFX(7~,~(7),XLCT],PARAC7},CDNS(6),X$(7) 
COMMON WH~e~H20,WAIRrHCN~,MCO2aHCOwHO2tMN2 
COMMON FO,F~rF3tFQ,FS,F6,FT,FS,FQ,FIO 
FORMAT(3X,I~=I,IS,SX,IV(1)mI,FI~,?pSX,wV(3)=I,FI~.7,SXe2FI~,7~ 
FORMAT(tHI / / ,3X, I  CARBON CONVEPSION = t , F ] 0 . 2 ~  
~ORMAT( 3X, IWEAT REMOVED =IeFIO.2wSX~tA2=IpFS.2~SXe 

H2O =~ 

697 
6O3 
60~ 

I IH ,G ,  TEMP=I,F7,2,SXpIZNLET TEHP=I~FT.2) 
60t FORMATC/~Xe ! C02 =1~F7.3~ I CO =leFT.~e! CN~ I I , F 7 . 3 ~ !  

IF7 ,3 ,  ! M2 ¢I,F?m~/~Xe! STEAM REQUIRED = l , F 8 , ] . /  
2~Xe I C-H20 EQUV, EQUI. mlwFtO,2plWATER'GAS EQU mI ,F IO ,~ ,  



~ORTRAN 

0037 
0038 
OO3q 
00.0 
00.1 
OOa2 
00~3 
OOa= 
OOa5 
00.6 
00~7 
00~8 
OOgq 
00~0 
0051 
0052 
0053 
005= 
0055 
0056 

- 0057 
0058 
0059 
0060 
0061 
0n62 
0o63 
oo6~ 
0065 
0066 
00~7 
0068 
006q 
0070 
0071 
0072 
0073 
007~ 
0075 
0076  
0077  
0078 
0079 
0080 
0 0 ~  
0082 
0083 
0 0 8 .  

Iv  G LEVEL 19 M&IN DATE • 71265 ~.2-38 

OmOm 
H=O, 
HLI~=O,O 
S=O. 
CN=O, 
0COAL=C/12. ,169700. 
?F=ETO0o 
EK=0,179 
TC=1700. 
Y t E . ~ O ] * ( 7 . 2 - 1 2 0 9 6 . / ( T F + ~ 6 0 t ) )  
FK=~EXP(Y) 
HP$=2~52 .3  
7 u C T F - 3 2 , ) / I , 8 ÷ 2 7 3 .  
CALL ENT~A(T) 
HPS=HH20 
HE=(I.-CON)eC/12o**E3*(TF=77.) 
HP=Oo3*(TC-77o)*100,  
kx(I,-HLIN)*QCOAL-(I,-CON)*C*169700./12, 
OuA+HP+HPS-~E 
0Cn=121000.+~C0 
~ w = t 2 3 0 0 0 . + ~ 2  - 
Ds~CO-G~+HES-~C~2 
AnE.*OW-Eo*HE$÷HOP 
CONE=CON*C/I2. 
B=Qw*(H/E.*$/32.÷2.*CONE)eHES*(w~ZO-2.*CONE)+HCO2*CONE-Q 
A:A/D 
B:B/D 
EsA*CA+2 , ) *C t , -EK )  
UmCONF+B 
Q=B+2.*CO~E-~H20 
RzB+H/2.eS/32.+2.*CONE 
~=R*A+U*C2.~A)-EK,8*(2.+A)-EK*Q*A 
G=R*U-EK*R*~ 
F=F/E 
GwG/E 
G r F * F - " . * G  
GwDSQRT(G) 
WO2=C~=G)/2. 
WFAzW02-OI3~. 
VCO=A*~n2=R 
VCO2=Lt-A*~02 
VH2~=(2,*A)**O2-Q 
VH2=R-(2,+A)*~O2 
~xCO~'FeHt2.÷~tlS.+~H20+CN/ES. 
XCO=VCO 
XCO2=VC02 
X~EuVH2 
XN2=O. 
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008S 
OOSb 

O08T . . . . . . . . .  ?00 
0088 
0089 
0090 
0091 30 

XH2OcVH2C 
WRITE(b,700) 

. . . . . . . . . . . . . . . . . . . . . . . .  , 

FO~MATC/,ISX,IGASIFIC~TION / ) 
EKCS=PP,WCO,XH2/((XCO2÷X~O÷XH20÷XH2+XN2)*XH20) 
EKS=XCO2*XH2/(XCO*XH2~) 
W~ITE(b,]O)~H20,WO2,XCO2,XCOeXH20~XH2,EKS~EKCS 
FORMAT(/~ STEAM USED =~,F5.2 ,  ~ OXYGEN REQUIRED = ~ F Y . 2 /  

. . . . . . . . . . . .  2! 
009~ 
0095 
009~ 
O09Y 

0096 
0097 
0098 
0099 
0100 
0101 
0102 
010] 
010~ 
0105 
0106 
0107 
0108 
0t09 
0110 
0111 
0112 
01t~ 

0115 
0116 
01t7 
0118 
01t9 
0t20 
0121 
0t22 

012S 

WA?EP-GAS EQUI, C04$.=I,F6.3,QXeWC'H20 EOUI. CONS.=I,F9,3) 
IF(XCO.LT.O,) GO TO ~6 
IFCVCO2.LT.O.) GO TO 36 
IF(VH20.LT.O.) GD TO ]6 
IF(VH2.LT.O,) G~ TO 36 

C SHIFT CONVERTER 
" VCO=XCO 

VCD2~WC02 
VH2=XH2 

. . . . . .  VH2OmXH20 
TF=770, 
T = ( T F ° 3 2 , ) / I . 8 + 2 7 3 .  

. . . . .  FBwVH2/VCO 
FAcFB 
FmO, 
TF=S80. 
WRITE(6,822) TFwF~ 

822 F~RM~T(3WpITF=I,FtO,E,SX, IFA=I,FIO, 2~ 
Z = B ~ O , / ( T F + ~ 6 0 , ) - 4 , ~ $  
EK=~EXP(Z~ 
VC=(FA.VCO-VH2)/(I.+FA) 
Fz(FA.(VCO~VC)/EK-VH20+VC)/X 
VCDzVCD-VC 
V~2=VH2+VC 
VCDE=VCO2+VC 
I F ( F - O . )  103pI03, t02  

105 F=O, 
102 FX:F*X 

~WH20=FX 
VH20=VH20+FX'VC 
WRITE(bpT01) 

701FORMkTC/,15X~IlST SHIFT CONVERSIONt) 
W~TE(6,~O) FB,FA,F,FX,VC,VCO2tVCO~VH20,VH2,X 

dO FORMAT(QX,I~RIG, RATIO:I,FS.2,6X, IRE~UIRED RATID:I'FSm2eFIO'2' 
14XrISTEAM REQUI~ED~t,F6,3,~X,IAMOUNT SHIFTED = t , F 6 , 3 /  
2qXptC02 z l e F b . ] , ~ X , I C O  =leFbo3e~Xp IH2Q zlpFbeSe~XelH2~leF61~e 
$1TOTAL MOLE9 I I , F I O , 3 )  

HYDROG~S~FIER 
T3=2700, 
E~WGS=0,6969 



F O ~ A N  IV G LEVEL 1~ 

012b 
01-27 
0128 
012~ 
0130 
0131 
01~2 
013] 
01]a 
0135 
0136 
0%3? 
01~8 
0t3q 
oI~0 
01~1 
01~2 
01~3 

01~5 
- 01~6 

01~7 
01~8 
Oi~q 
0150 
0~$I 
0152 
0153 

0t55 
o lse 
o157 
015~ 
015~ 

31 

702 

0160 

_ 0162 
01~3 

01~5 
01~ 
01~7 
01e8 
01~ 

~(2)=VCO 

P(5)=VH~ 
WRITE(6,6~t} 
CLC=CLC/12. 
CLM=CLM/2. 
E==O,OOt 
CLO=CLO/32. 
CLW=CLW/%B. 

PRE=1176, 

MAIN 

(~CI},I=1,5) 

EKC~M=EKC~M*AA2,P~E/I~.7 
COAL=tO0° 

T$:5~5. 
TCLsU00. 
TTCIP(I)+P(2)+P(])÷COAL.CLC.CCCN 
T=1700. 
w~ITE¢6.T02~ 
FO~MATClelSX.°~YDqOGA$IFTCATIONe) 
PWL=O, 
WPITE(6.bO,} PWL, AA2,T,T3 
ZluCC~N*COAL *CLC+P~I ) *= (2 ) *P(3 )  
Z2=COAL *CLO+O.5*(COAL *CLW+P(2)+m(~)),p(I ) 

A|=CP| * (T=?? , ) - I~q?O0,  
AE=CP~*(T-77.)-=7~O0. 
A3=CP3*CT-77.)-32~OO. 
A~=CP~*(T-7~.)-~OQ150. 
AS=C~5*(T-77.~ 
A6=CPQS*tTS-77.~-tO~150. 

DATE , 71265 B.2-40 

Z~:P(1)*(PCPl*(T3"7?.)-I~9700.)+P(2)*CBCP2*CT3.77.).~?800.) 
l+~(3)*(RCP3*CT3-77.)-$2200.)+DC,),CRCa~,(T$.77.).tO~150.) 
2+P(5) *  BCPS*(T3-77.5-CCAL *(CALO*PHL*CPCL*((t.-CCON)wCLC,12. 
3+ASH)*(T "77.]+(2.*CLO+CLW)*123000.-CPCL*(TCL.?7.) 
~÷¢CLC*I69700.÷(CL~-2.*CL~)*I23000..CALO)) 

B 1 m A I / A ~  
B 2 = A 2 / A 6  
B 3 = A ] / A 6  
S~mi~/*6 
81=A5/A6 
S6=Z~tAb 
BT=2.*Z2-Z3 - 
BS=~3-Z. 
B Q = B ~ - I ,  
B I O i B S - 1 ,  
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0170 
0 t 7 t  

- - 0 1 7 2  " 

0 t73  
017a 

- 0175 
0176 
0177 

- -  0178 
0179 
0180 
0181 
0182 
0183 

- 018~ 
0185 
0186 

- 0187 
0188 
0189 

- 0190 
0 t91 
0192 

0193 
019~ 
0195 
0196 
0197 
0198 
0199 
0200 

0201 
0202 
0203 
0 2 0 ~  

0205  
0206 
0207 
0 ~ 0 8  
0209 
0210 
0211 
0212 
0213 
021Q 
0215 
0216 
0217 

MkIN DkTE m 7126Y B.2-41 

811=86=Z3 
CImBI/BIO 

.............. C2=821810 
C3=88 /810  
C~=Bg/BIO 

. . . . . . . . . . .  C5=811 /810  

D2~1,+C2 
. . . . . . . . . . . . .  D 3 : = 2 , + C 3  

O~xBT+C5 
DY=DI /C~ 
D6=D2/C.~ 
DT=D31C4 
DSxD~/C~ 

. . . . . . . . . .  E I : 2 , - D S  
2 2 = 1 , ' D 6  
E 3 m - ( 2 , + D 7 }  

. . . . . . . .  E~=ZI~DS-B7 
E5=Z1-87  
pO=,C3.+EKWGS*(OT-D6)+EKWG$*(D5-D6)~/(1,-EKWGS*COS'D6)) 

- - "  . . . . .  F~=.EKWGS,(DT-O6)/Cl.-EK~GS*(D5-06)) 
F3=(ES~EKWGS,ZI,(D5.D6).EKWGS*(D6*ZI-O3))/(I,-EKWG$*(DS"D6)) 
F~=(EKHG$,ZI.(DT-Db)-EKWGS*(D6*Zt-OB)~/(I,-EKWGS*(DS-D6)) 

" " FBmEKWGS*ZI*(O6*ZI-DS)I(I,-EKWG$*(DY-D6)) 
26=71-B7 
E ? = ( E I - E 2 ] / E K C H M  

" E8=(E3-E2) /EKCMM 
E g = ( E E , Z I ÷ E ~ ] / E K C H M  
F6=-{6,+E7) 
F 7 1 9 , = 2 8  
F 8 = 2 . * 2 6  
F g = - ( e . * E 6 + E g )  
F10=26*26  
HRITE ( 6 , 6 ~ 1 )  FOe F2~FSwF~wFSeF6wFT,FSeFgeFtO 

6 ~ 1 F O R M A T C t O F 1 0 , 5 )  
XL{I]=2,0 
XH(t)=3,0 

-- XH(2)=|,80 
NR=2 
C O N $ ( 1 ] = I ,  

" CALL SIMPLX(NNA,XH,XL,NCYL,IFLAG,$FSFBFX,CDNS,PARA,IER,NR) 
HR1?E(6,697) IERpPARA(I},PARA(2)~SFX(1),SFX(2] 
V(I]=PAnA(1) 

- V( ] )~PARACE~ " - 
V ( 2 ) = Z I - V ( 1 ) - v ( 3 ]  
V.(~)=DB=DS,V(1)-D6*V(E)=D?*V(3) 

- " ~V(Y):2,*V{I)+V(E)-E,*V(3)=B7 

V / - "  
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0218 
0219 
0220 
0221 
0222 
0223 
022~ 
0225 
0226 - 21 
0227 
0228 
0229 
0230 
023I  

- 0232 
0233 
023Q 

0235 
0236 
0237 
0238 
023q 
02~0 
02~1 
02~2 
02=3 
02a= 
02~5 
0 2 ~  
02~7 
02~8 

02ag 
0250 
0251 
0252 
0253 
025~ 
0255 
0256 
0257 
0258 
02~9 100 
02~0 
0261 
02~2 
0263 

V{6}=2**V(II*V(2)+V(=)o2.*Z2 
TMOLE=V(t}÷V(~)+Vf3)*V(Q)*V(5) 
CEKCST=BRE*V(2~*V{5}/(IQ.7*TMOLE*V(~)) 
E K B = V ( I ) e V ( 5 ) / ( V ( 2 ) * V ( ~ )  
EKM=TMOLE*V(3)*IQ.?/(PRE*V(5]*V(5)) 
THAMG=tZlqOO.*V(2)÷I230~O.*V(5)÷3830OO.*V(]) 
WRITE(6,b01) ( V ( I ) , I = t , 6 ) ,  CEKCST ,EKSeEWM 
O0 21 I=1,5 
~V(1)=V(1)/T"OLE 
WRITE(6,601} (~V(1) , I ' t ,5 )  
TMOLEW=TMOLF'V(A) 
AAAzV(q)  

DO 22 I=I,5 

- -- 22 FVH( I ) eV (~ ) /TMOLEW 
WRITE(bee3$)(FVH(1),I=IwS} 

631 FORMAT(t~X,  I C02 = I , F ? , 3 , !  CO x I , F T , ~ , I  CH~ 
-- 1F7.3, w M2 =I,F7.3) 

A V S m V ( 5 ) / 3 ,  
I F ( V ( 2 } , G E , A V 5 )  GO TO 100 

- - " AMETH=VC2)÷V(3) 
PMETM:AMETM/(VC3)+VCS)-V(2)eV(I)*O.018) 
V(I.):V(I]*O.018 

. . . .  VC~)=AMETH 
V(5)=VtS)=3.*v(E) 
V ( 2 ) = O .  

- V(~)=(VCl),v(3),v(5)) , 0 . 9 ~ 8 7 / ( 1 0 0 0 . - 0 . ~ 8 7 )  
PROO=V(t)+V(E)+V($)+V(~]*V(5) 
WRITE(6 ,?O5 ]  

. . . .  705 FORMATCt , tS~ , ID IRECT MET M&KATIONI] 
WRITE(6,610) (V(13,1=l,5) ,PROD 

6IO F O R ~ A T ( / = X , !  C02 = l , F 7 , 3 , *  CT = I , F ? * 3 , !  OH= 
t F T , ~ ,  I P2 = l p F T , ] , g X e  I TOTAL MOLES = t , r t O . 3 )  

DO 200 1=%,5 
200 FV(T)=V(1)/PROD 

WRITE(B,63]~ (FV(1),ImI,5} 
PVCOE=V( ] ]  
PVCO=V(2) 
PVCHa=V(3)  
PVHEO=V(~) 
PVH2=VCS) 
WVH2O=O. 
GO TO 101 
VCO2~V( t )  
VCO=V(2~ 
VCH~=V(3) 
VH20:AAA 
VH2uV(5)  

x lwFT ,3 , !  

a l w F T , 3 , !  M~O 

=I 



RORTRAN 

OE6~ 
OE~5 
0266 
02~7 
02~8 
02~9 
0270 
0271 
0272 
0273 
027~ 
0275 
0276 
0277 
0278 
0279 
0280 
028t  
0282 
0283 
028q 
0285 
0286 
0287 
02~8 
0289 
0290 
OEq! 
0292 
0293 
029~ 
0295 
0296 
0297 
0298 
0299 
0300 
030 i  
0302 

030~ 
0305 
0306 
0)07 
0308 
0309 
0)10 
0311 

IV G LEVEL I@ MAIN DATE s 712~5 ~.2-43 

FB=VH2/VCO 
X=VCO+VCO2+VH2+VH20+VCH~ 
TFz770.  ................................ 

T = ( T F ' 3 2 . ) / 1 . 8 + 2 7 3 ,  
. . . . . . .  FAA=(VCH~÷VCO*O.999"e.2*(O,Ol*VCO2-2,996*VCO+VH2])I25.8362 

FA=(VH2+FAA)/(VCO-FAA) 
TF=880,  
Z = 8 2 ~ 0 ° / ( T F + ~ 0 , ) - ~ , 3 3  
EKmDEXP(Z) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VC=(FA*VCO-VHE) / (1 ,+FA)  
F=(FAe(VCO+VC)/EK-VH20+VC)/X 
Z F ( F o L T , O , )  GO TO ~3 . . . . . . . . . . . . . . . . . . . . . . . .  

VCO=VCO=VC 
VH2=VH2+VC 
VCO2=VCO2+VC ..................................... 
FXBF*X 
WVH20=FX 
VHEO=VH20+FX-VC ............................................ 

WRITE(ep?03) 
703 FnRMATC/, tSXr t 2ND SHIFT CONVERSZONt) 

. . . . .  WRITE(6,~O) FBrFAwFeFXwVCeVCO2eVCOeVH2OpVH2eX . . . . . . .  
GO TO 3~ 

33 A=(VH2+VC)*(VCO2+VC)/(tVCO-VC)*(VH20-VC)) 
TFm82~O. / (DLOGCA)+~,33) -~60o 
VH20=VH20-VC 
VCOmVCO-VC 
VH2=VW2+VC . . . . . . . . . . . . . . . . . . . . . . . . . .  
VCOE=VCOE+VC 
WVH20=O, 
FW=O, " . . . .  
WPITE (6 ,7113  

7 1 1 F O R M A T ( / e l S Y e t S H I ~ T  WITHOUT ADDING STEAMe) 
WRZTE(beQO) FBeFAeFeFWtVCwVCO2rVCOFVHEOeVHZ~X 

3~ PVCO2=VC02*O°Ot8 
PVCO=O, 
PVCH~=VCH~+VCO . . . . . . .  
PVH2=VH2-3°*VCO 
PVH20=(PVCO2+PVCH~+PVH23*O°9~87/($O00°-O°9~873 

THAMT=38]OOO,*PVCH4+I21900,*PVCO÷123000°*PVH2 
PROD=PVCO2+PVCO+PVCH~+PVH20+PVH2 
WRITE(6wTO~) 

70~ FDRMAT(/,15X,tMETHANATIONI) . . . . . . .  
WRITE(6p610) PVCOEpPVCO,PVCH~pPVH2D,PVH2wPROD 
F V H ( 1 ) = P V C O 2 / P R O D  

F V H ( E ) = P V C O / P R O D  . . . . . . . . . . .  

FVH(3)=PVCH~/PROD 
FVH(~)=~VNEO/PROD 
~VH(5)m~VH2/PROD . . . . . . . . . . . .  
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03t2  
0313 
031~ 
0315 

O ] l b  
031T 
0318 
O~tg 
0320 
0321 

0323 
052~ 
0~25 
0~26 
O~2T 
0328 
032~ 
0]30 " - 

WRITE(~ ,b01)  ( ~ V H C I ) , I = I , S )  
101TSTM=WH2~$~WH2~÷WVH20~V(b) 

W~ZTE(6,~22} WH2~,wW~,~VW20,V(6),TST~ 
622 FDRM~TCOX,' STE~H FOR GAS~FIE~ • i . F 6 ~ 2 ~ #  

tCONVE~SION = ~ . F 6 . 3 ,  ~ FOR 2ND $H~FT 
E ! FOR ~YDROGA$~cZCATION = e , F b , ] t ~ X p  ! TOTAL 

CFSTM=TSTM*~ .13~eu / (BE*PVC~}  
C~GIS=IOO,*CLC/PVCH~ 

- - CRH~=~OO..CALO,PHL.HXE/t~bq23.2~,PVCH~)ItO , 

THAHC=(CFSTP+CFGAS+CRkX)*PVCH~*CALO 
THAMGcTHAHG/TWAHC 
THAMT=TWAMT/T~AUC 
HGST~D=IOO**CALO,P~Lt(2~82T.Ob*PVCH~) *H~E 
CU=CFSTM+CFG~$-C@HX 

- - CUT=CU÷650,ble~2*PROO/(CAL~*Pvcw~*RVCH~) 
SG=77~.~*CLC*P~OD/(CUT*PVCH~) 

FOR 15T SHI 
CONVERSION = e , F 6 , 3 ,  

STEAM • t , F B o ] )  

DCOAL:~T7777o/SG 
W~ITE(b,b21~CFSTM,CFGAS,CnHX,HGSTMP,CU,CUTpSG,DCOALeTHAMG,THAM~ 

6 2 1 F O R M A T ( I O F I O . ~  
38 GO TO 34 

E~D 
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0010 
0011 
0012 
001~ 
0014 

-- 0015 
0016 
0017 

000!  
0002 
0003 - -  
000~ 
0005 

-000~ . . . . .  
OOO7 
0008 
0009 . . . . .  

ENTHA DA'TE I 71265 B.2-45 

SUBROUTINE ENTH&(T) 
I M P L I C I T  REAL *8 (A-H,O=$~ 
D~HEN~ION ~ { q ) e P { g )  , F V ( 9 ) , F V H C g ]  : " . . . . .  
D~HENS~ON SFX(2~,XW(2)~L{2)wPARA{2),CONS{I)pXS{2] 
COHHON HH2,kH20,HAIRwHCHgwHCO2,HCO~HO2eBN2 
COHMON FOtF2pF$,F~pFSpF6eFTrFStFg,FIO 
HH2=(6.9~$,T-0,196,T,T/2000.+,~757*{T/100,)**3/3,-2065.~)*1.~ 
H~ZO=C?,I36,T÷2,6~,T,T/2000o+,O45q*CT/tO0.)**3/3.-22~,~)*t.~ 
HH20=HH20+189~8o 
HAIR=(b,386,T÷I,762,T,Tt2000,-,26S6*{T/lOO,)**3/].-Iq78oq)*l, 
HCH~=(3.20~,T+18.~1,T,T/2000.-~.~8*CT/lO0.)**3/3.-1732.?)*I.~ 
HCO2=(6,33G,T+tO.1~,T,T/2000.-3.~IS*(T/lO0.)**3/3.'230~.1)*l. 
HCO=(b.35,T+I.811,T,T/2000,-,2675*(T/I00.)**]/3,-1970.~)*t.~ 
~02=(~,117,T+3.167,T,T/2000,-I.00~*~T/]00,)**3/3,-195~°6)*1.~ 
HN2=(k.~57,T+I.389,T*T/2000,-.O$9*CT/tO0,)**3/3,-1985.3)*l.8 
RETURN 
END 



FORTRAN IV G LEVEL Ig 

0001 
0002 
0005 
000~ 
0005 
0006 
0007 

0008 

000q 
0010 

FUN DkTE • ?126Y B.2-46 

SUBROUTINE FIJN($FWeCON$,X$) 
IMPLICIT RE~L *B (A-~,O-$) 
DIMENSlO~! V(q)~=(9) ,FV{Q).FVW(9) 
D%MENSION S~X{71pW~(7),~L(7),PARA(7~,CON$(6),~${?) 
COMMON W~2pww20,MAI~pWCWQ,HCO2,WCO,MO2pWN2 
COMMDN F0.F2,F3,FUeR5,F6,F?IFe,Fg,FI0 
S ~ x ( 1 ) =  FO,WS(I),X~(~)÷F2.X$(2}*X$(2}+F}*XS(I)÷X$(1)*XB(I: 

t F ~ * X S ( 2 ) ~ F 5  
SFX(2)=XS(1~,X$(t)÷Fb,X~(I}wXS(~}~FT*XS{2)*XS~2)~FS*XS(1}+ 

%Fg*XS(2)+F10 
q~TURN 
END 



B.3 Shift Conversion 



READ VCW, VCG, TCG, TCW, DTI, [ 
DTO, CPG, R','.G, WSS, P T,~,I D 
TTI, TT2, TI, T2, CF~.,R.'iV,I 
Pd.~A, SID, TN, B, A>;T, F .~.] 

........ ....... ! 
Calc. WS, Q, WT, GS, i 

HO, HI, UI, U2,] 
AI, A2, AT, AL, i 
DLPS, DLPTT i 

:70 

Calc. Costs 1 
Through 
Fig. C-3 

, i 'I 
Write Equipment 

and 
Operational Costs 

B. 3-~. 

FIGURE B.3-1 COXPUTER FLOW DIAGP~,U.[ 
FOR HEAT EXCHANGERS 



Read Constants in Table C-i 
Read FIF, F2F, F3F, F4F, F5F, F6F, 

SGR, XST 

Calc FIO, F20,'1:30,] ! F1;: ~" FIO I | r ' a l ~  Dltl ~ I |XIN = XI0 
V ' " - -,~-" = " ~  l | ~  a.~., \ -I t I I .t , 

i ,, ~ , , ~ L ' t T ~  P0 T0 I _ [ :40,  F 5 0 ,  I : 6 0 , L _ . ~  1.2N l.~U L . ~  G0,  I - - - -~ ' j 'N  = TO 
I ; , ea~  AZ$~V*~J, , ' ~ S T . g P ( I I ) ,  PaM, ~ F3N = I"30 I & - I  I I ' _ . .~_ 
I I'AV, TAV, DI'.LP, VC I " I I ~-~.,, = ~.t.n I I I CTV I I p N ( I ) = t u  
' '  A ' "  A ' e ~ ,  I ' F  ] I ~ . . . . . .  1 [ ' . . . .  

I . yo s "°I L:o 
' ~ < I I = 1  ~ T h r o u g h  ~ . . . . .  ~ / -  - ~ _  ~ / -  

I ~ ; o  , " ", / ;  I 

,A::~,orc~,~<):,,..~,o.~.c(~-J.)l l I ca Io .  / / ~  ._ I I i 

' i / I 

[ STOP ~ O p t i m u m  ~ ~ /  
\ - / I c ° ' ~ a i t i ° n ~  I- Yos 

~ FOMXI = KIN I 
FOMT = TN 
FOMP = ?.~,(I)  

I T v . , , =  I.'OMT + DELT 
| T T , ,  = TN 
I U9 = 0., UE = 0. 
ICa!c. IlIN (W) 

i ' ; : ( I ) ,  RTN, X1N, 
FI: , ' ,  I '2N, I.'3N, 
: '4N, F5N, F6N 

~ C a l c "  IIFN(L I T T N  

FIGURE B.3-2 COMPUTER FLOW DIAGRAM FOR THE OPTIMIZATION OF ADIABATIC WATER-GAS S}IIFT CONVERSION PROCESS 
! 



i 
Calc. DFINV, REII, I 

DCA, , AAINT,~.~ 
1:1'17, REV, | 
R[:VA(II) I 

No 

Y e s  

Calc. RETA(I!), 
FITA(II), 
AINTA 

Ca!c. 'I 
BCOS(II), ODM I 
,c~:, FINv(!I) I 

I i0 

¢ 
I 
I 
I 
I 

~ Calc. ,tMNT, SUP, SPP..V, PYR, 
PLT, DEP, TI, ODMF., BPCRF, 
PRST, CONT, OPCOS(II) 

Jl 

WCAr (If)=0. 
WOCAP=0. , 

ITEST=I0 
J=0 

Calc. REVA(II) 

REVA(II)=0. 
FITA(II)=0. 
RETA(I!)=0. 
A[NTA = 0. 

l No 

Calc. RETA(II), I 
FITA(II), AINTA, I 
0ODM, ANTOTC(II) 

Calc. DFINV, 
DRT, 
DCAP 

I 
Calc. 

AREC, WCAP (I I) , 
ITEST, WOCAP 

FIGURE B.3-3 COMPUTER FLOW DIAGRAM FOR COST E~TT~ATTn~ I 



B.3-4 

TABLE B .3-1 PROGRAM SYF~0LS A~ EXPL~ATIONS 
FOR ADIABATIC WATER-GAS SHIFT REACTIOH 

Program Mathematical 
Symbols Explanations Symbols 

A, AI 

A(V) 

AAI~ 

AINTA 

AL 

AM 

AMNT 

AN (jj) 

A TO C(n) 

AREC 

AVM 

BjBIjB2 

B(V) 

Boos(if) 

BMI, B.v2, 
BM3, BM4, 
BM4, BM6 

BPCRF 

Cj Cl~ C2 

C(V) 

C0H 

CONT 

CP~<M) 

Dummy variables 

Temperature coefficient in heat capacity of gas 

Annual interest charge on debt 

20-year average interest on debt 

Unit cell length C L 

Mass flow rate of gases 

Maintenance cost 

Number of parallel reactors 

Annual total cost 

Accounts receivable 

Average molecular weight of gas phase 

Dummy variables 

Temperature coefficient in heat capacity of gas 

Bare cost of the plant 

Molecular weight of CO, H20 , H2, 

CO2, CH4, and N 2 respectively 

Revenue from byproducts produced in process 

D~m~y variables 

Temperature coefficient in heat capacity of gas 

Contractor's overhead and profit 

Contingencies 

Mean heat capacity of gases Cpm 



B.3-5 

TABLE B.3-1 (Cont.) 

Program Mathematical 
Symbols Explanations Symbols 

CTC (II) 

CTV 

cwc (n )  

D 

D(V) 

DCAP 

DE1 

BEBT 

DELP 

DELT 

DEP 

DFINV 

DII(II) 

DP 

DRT 

E 

EF 

EFF 

EINT 

Catalyst cost 

Catalyst volume of unit cell 

Control valve cost 

Dummy variable 

E c 

Pressure drop in reactor 

Assumed temperature increase in cell 

Depreciation 

Undepreciated investment 

Diameter of reactor in trial calculation 

First approximated diameter of reactor 

Correct diameter of reactor 

Diameter of catalyst particle 

Amount of debt retired per year 

Void fraction of catalyst bed 

Efficiency of longitudinal joints 
in cylindrical shells 

Effectiveness factor at 1 arm 

Interest during construction 

P 

AT 

D 

D 

D 

d 
P 

E 

E' 

71 

Temperature coefficient in heat capacity of gas 

Amount of unretired debt 

Effective diffusivity of CO in catalyst pores at 1 atm. Del 

Fraction of total capital investment funded by debt 



B.3-6 

TABLE B.3-1 (Cont.) 

Program Mathematical 
Symbols Explanations Symbols 

EK Equilibrium constant K 

EPSI~EPS2, Allowable errors ~i ' ~2 
EPS3jEPS4 E 3 , ~4 

F 

FIO, F20, 
F30, F40j 
F50, F60 

FLF, F2F 
F3F, F4F 
F5F, F6F 

FIN j F2N 
F3N, Fhil 
F5N, F6N 

FBD 

FC 

FD 

FDT 

FINV (If) 

FITA(II) 

FN 

FOMP 

FOMT 

FO~(I 

FR 

FTO 

DurmAy variable 

Molar flow rates of CO, H20 , H2, 
CO2, CH4, H 2 at the reactor inlet 

Molar flow rates of CO, H20 , H2, 
CO2, CH4, N2, at the exit of 
waste heat boiler 

Molar flow rates of CO~ H20 , R2, 
C02, CH4, N2, at the cells of 
reactor 

Flat blank diameter of top and bottom domes Fd 
of reactor 

Cummulative number of moles of CO converted from the inlet to 
any position in reactor 

Number of moles of CO converted at each cell 

Molar flow rate of dry gas at the inlet of reactor 

Total fixed investment 

20-year average federal income tax 

Number of reactors 

Exit pressure of previous cell 

Exit temperature of previous cell 

C~mmu!ative conversion of CO at the exit of previous cell 

Fraction of gases entering reactor 

Total flow rate of wet gases in the reactor 

Dummy variable 



TABLE B.3-1 (Cont.) 

B.3-7 

Program 
Symbols Explanations 

Mathematical 
Symbols 

GC 

GO 

HFN(L) 

RIN(W) 

ITEST 

ODI 

ODM 

ODMF 

OODM 

ORAWM 

OPCOS(I~) 

OPL 

PAV 

PF 

PLT 

PO 

E-~ST 

PYR 

~F 

QFO 

RAT 

RAWM 

RCTC(n) 

RCMV 

RCMW 

Gravitational acceleration g 

Mass velocity of total wet gases at reactor 
inlet 

Gas enthalpics per unit mole at the exit of cell 

Gas enthalpies per unit mole at the inlet of cell 

Computer test operator 

Outside diameter of reactor 

Other direct materials 

Cost of other direct materials consumed in process 

Other direct materials inventory 

Raw material inventory 

Operating cost with contingencies and by-product 

Operating labor cost 

Approximated average pressure in reactor 

Exit pressure of reactor 

General plant overhead 

Pressure at the each cell of reactor 

Inlet pressure of reactor 

Operating cost without contingencies 

Payroll overhead 

Enthalpy increased at each cell 

Heat of reaction at standard temperature 

Rate of return-on-rate base 

Raw materials cost 

Reactor cost 

Volume of reactor shell 

-Weight of reactor shell 

credits 

%° 
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TABLE B.3-1 (Cont.) 

Program Mathematical 
Symbols Explanations Symbols 

RET 

RETA ( I I) 

REV 

REVA (II) 

RKAI 

RKAP 

RKO 

RKS 

RKVl 

RTN 

RWM 

RWp 

S 

SF 

SGR 

SP 

SPRV 

STC (n) 

STSP(II) 

SUP 

SV 

TAV 

Return on investment 

20-year average return-on-rate base 

Annual revenue requirement 

20-year average revenue requirement 

Apparent catalyst activity at i atm kal 

Apparent catalyst activity at pressure P k 
ap 

Apparent catalyst activity of pressure p kap 

Intrinsic catalyst activity k s 

Intrinsic rate constant at i atm k~l 

Reaction rate at each cell 

Density of reactor shell material Pm 

Density of catalyst pellet pp 

Maximum allowable stress value S 

Stream factor 

Steam to gas ratio 

Specific surface area of catalyst pellet Sp 

Supervision 

Steam cost 

Amount of steam supplied in the reactor 

Supplies 

Space velocity at standard condition S v 

Approximated average temperature in reactor 
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TABLE B.3-1 (Cont.) 

Program Mathematical 
Symbols Explanations Symbols 

TAX 

TF 

TH(n) 

TI 

TK 

TLM 

TN 

TOL 

TO 

T R c ( n )  

TEN 

TST 

TTN 

UD,t~ 

VC 

V~RY 

WCAP 

WOCAP 

Xl 

X10 

XIF(II) 

XIN 

XE 

XINT 

Nominal federal income tax rate 

Exit temperature of reactor 

Thickness of reactor wall 

Local taxes and insurance 

Temperature in Kelvin 

Thiele modulus at 1 atm 

True exit temperature of a cell 

Reactor length 

Reactor inlet temperature 

Cost of catalyst supporting tray 

Number of trays in reactor 

Standard temperature taken as 537°R 

T h 

¢1 

L 

E S 

N 

To 

Calculated exit temperature of a cell by iteration 

Dummy variables 

Viscosity of gases 

Materials inventory cost 

Working capital 

Working capital 

Conversion of CO X co 

Conversion of CO at reactor inlet 

Final conversion of CO to be achieved in reactor 

Cummu].ative conversion of CO at any cell in reactor 

Equilibrium conversion of CO Xco 
e 

Interest rate on debt 
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TABLE B.3-1 (Cont.) 

Program Mathematical 
Symbols Explanations Symbols 

YIN, Y2N, Y3N, 
Y4N, Y5N, Y6N 

Mole fractions of CO, H20 ~ H 2 
C02, CHh, N 2 in reactor 



1050 
llUO 
1200 
1300 
1400 
1500 
1550 
1600 
1750 
1800 
1 8 6 7  
1880 
1900 
1980 
20n0 

2 

3 

5 

R E A D ( 5 , 1 1 0 0 }  
R E A D ( 5 , 1 2 0 0 )  
R E A D ( 5 , 1 6 0 0 )  
R E A D ( 5 , 1 5 5 0 )  
DO I U=I ,6 

TABLE 6 - 3  COMPUTER PROGRAM FOR 
A D I A B A T I C  WATER-GAS S H I F T  CONVERSION PROCESS 

INTEGER U , V i W ~ Z  
DIMENSION A(6),AN(50),B(6),C(6),CPMF(6),D(6),DI(6),HIN(6)q 

I H F N ( 6 ) * X 1 F ( 5 ) , T H ( 3 0 )  
COMMON CTV 
COMMON / $ I /  TN,PN(20},FINtF2N,F3N,F4N.FI0,FTO,FOMXI, DPQRWP.SP, 

IEQRTN,XIN,FC, I 
COMMON / $ 2 /  DII(30),RCMW,TOL(30).AL,FN,STSP(30),STC(30).CTC(30). 

IANTOTC(30),RCTC(30),TRC(30),CVLC(30}.BCOS(30).II.OPCOS(30), 
2FINV(30}.WCAPi30),RETA(30),FITA(30),REVA(30),OPL,BPCR.SF.DEBT, 
3RAT,TAX.XINT 
FORMAT(7FIO,4) 
FORMAT(4FI0.a,3E12.3) 
FORMAT(6FI0.2'E12.4} 
FORMAT(6FI0.1,2FT.3) 
FORMAT(SFIO, I ,F IO*4)  
FORMAT(SFIOo3) 
FORMAT(6FIO,3) 
F O R M A T ( 4 E 1 4 • 4 / ( 4 E I 4 , 4 )  ) 
F O R M A T ( I O X , 7 F I 2 , I , F I O , 3 )  
F O R M A T ( / I O X , 6 F 1 2 , 1 , F I O , 3 )  
F O R M A T ( 2 2 X , 3 2 H F I N A L  CONDIT IONS AND COMPOSITION/lXv4FBo2olXt6FIOo6) 
F O R M A T { / 2 2 X t 4 1 H R E A C T O R  S I Z E  AND COST FOR EACH CONVERSION) 
FORMAT(IX,2FT, I,2FT,3,TEI4,6/29X,6EI4°6) 
F O R M A T ( / / 2 2 X , 3 9 H O P T I M U M  NUMBER OF REACTORS AND DIAMETER)  
FORMAT(3X,2FB°I,FIO,3,TEI4,6/29X,6EI4,6) 
GC=O,416975E 09 
RWM=7,7~6~.43 
R E A D ( 5 , 1 0 5 0 )  O P L , B P C R i S F , D E B T , R A T , T A X , X I N T  

D E L T , R W P ' E o T S T , S P i S , A L  
E P S I , E P S 2 , E P S 3 , E P S 4 , X ' I O , E F , D P  
( A ( V ) , B ( V ) , C ( V } , D ( V ) , V = I , 6 )  
BMI,BM2,B~3,BM4,BMS,BM6 

B ( U ) = ~ ( U ) / 1 , B  
C ( U ) = C ( U ) / I , 8 * * 2  
D ( U ) = D ( U ) / 1 , B * W 3  
R E A D ( 5 , 1 3 0 0 )  FIF,F2F,F3F,F4F,FSF,F6F,SGR,XST 
W R I T E ( 6 , 1 7 5 0 )  F1F,F2FIF3F,F4F,F5F,F6FtSGR,XST 
R E A D ( 5 , 1 5 0 0 )  ( X l F ( I I ) , I I = I , 5 )  
R E A D ( 5 , 1 4 0 0 )  P O , T O , P A V , T A V , D E L P , V C  
1I=1 
F R = X S T / X 1 F ( I I )  
F 1 0 = F I F * F R  
F30=F3FWFR 
F 4 0 = F 4 F * F R  
FSO=FSFWFR 
F 6 0 = F 6 F * F R  
F D T = F I O + F 3 0 + F 4 0 + F S O + F 6 0  
F~O=FDT*SG~  
S T S P ( I I ) = F 2 0 - F 2 F * F R  
W R I T E ( 6 , 1 8 0 0 )  FIO,F20'F30,F40,FSO'F60,X~F(II) 
FTO=FDT+F20  
AM=FIO~BMI+F20*BM2+F30*BM3+F40*BM4+F50*~MS+F60WBf46 
AVM=AM/FTO 
PF=PO-DELP 
F I N = F I O  
F 2 N = F 2 0  
F 3 N = F 3 0  
F 4 N = F 4 0  
1=1 
I F ( I I - 2 )  5,6,6 
DI(I)=DIAM(TAV,FIO,F20,F30,'F40'RWP'SP' D P , E , P A V , X 1 F ( I I } , F T O , A M ,  

~.3-ii 



6 

7 

I0  

GO TO 7 
Z : I I - I  
D I ( 1 ) : D I I ( Z )  
GO=4,*AM/(3, I 4 1 6 * D I (  [ } * ' 2 1  
CTV=3,1416*DI(1)**2/4,*AL*(I,-E) 
XIN=XIO 
N=! 
TN=TO+460, 
P N i l I = P 0  
FOMP=PN(1) 
FOMT=TN 
FOMXI:XIN 
TN:FOMT+DELT 
TTN:TN 
U D : 0 ,  
DO 2 2  W : I , 6  

2 2  HINtW)=A(W)*(FOMT-TST)+B(W)/2,*(FOMT**2-TST**2}+C(W)/3,* 
I(FOMT**3-TST**3}+D{W)/4,*(FOMT**4-TST**4} 

0 F 0 = - - 1 7 6 9 7 , 5  
UE=01  

25 AI:(150,*(I.-E)*VC/(DP*GO)+I,75)*(GO**2*AL*(I,-E)*I544**TN)/(GC* 
I D P * E * * 3 * I 4 4 ~ * I 4 4 , * A V ~ }  
PN( | }=SQRT(FOMP**2-2 , *A I )  
CALL ~ATE 
FIN=FIO-FC 
F2N=F20-FC 
F 3 N = F 3 0 + F C  
F 4 N = F 4 0 + F C  
F 5 N = F 5 0  
F 6 N = F 6 0  

43 DO 45 L = I , 6  
4 5  HFNtL):A(L)*(TTN-F0~T)+B(L)/2,*(TTN**2-FOMT**2)+C(L)/3o* 

I(TTN**3-FOMT**3)+D(L)/4=*(TTR**4-FOMT**~) 
DO 50 M : I , 6  

50 CPMF(M}=HFN(M)/(TTN-FOMT) 
FD=FIO*(XIN-FOMXI) 
Q D F = F D * ( - H I N {  I ) - H I N ( 2 ) + H I N ( 3 ) + H I N ( 4 ) + Q ~ 0 )  
Q I C = F I N * C P M F (  1)+F2N*CPMF{2)+F3N~CPMF(3)+F4N*CPMF(~)+F5N*CPMF(5)+ 

I F 6 N * C P M F ( 6 )  
T T N = F O M T - Q O F / Q I C  
I F ( A B S I T T N - U D )  
UD=TTN 
GO TO 43  

60 | F ( A B S ( T N - T T N )  =LEo E P S 3 )  
TN=TTN 
U E = X I N  
GO TO 25  

6 5  I F { A B S ( X I N - U E )  
U E = X ] N  
T N = T T N  
GO TO 25  

70 IF (X IN ,GT, X I F ( I I  )) GO 
N = N + I  
GO TO 10 

8 0  I F (  A B S ( P N (  [ ) - P F  ) - E P S  | ) 
IIO IF(PN{ I ) - P F )  1 2 0 , 1 8 0 , 1 3 0  
120 IF{ I ,GT, I ) G0 TO 150 

I=2 
D I ( 1 ) = D I ( 1 ) + 0 , 5  
GO TO 7 

130  | F ( I  , G T ,  I } GO TO 150  
1=2 
D I ( I ) = D I ( ]  } - C , 5  

• LE, EPS2) GO TO 60  

GO TO 6 5  

,LE,  EPS4) GO T0 70 

TO 80 

1 8 0 , 1 8 0 , 1 1 0  
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150 

180  

205 

2.10 

2 4 0  

2.45 

3 1 5  

320 

340 

350 

GO TO 7 
! = 1 + I  
a = l - I  
K = J - I  
DI(I)=DI(J)+(PF-PN(J))/(PN(J)-PN(K))*(DI(J}-DI(K}) 
GO TO 7 

TF=TN-460. 
Y|N=FIN/FT0 
Y2N=F2N/FTO 
Y3N=F3N/FT0 
Y4N=F4N/FTO 
Y5N=FSN/FTO 
Y6N=F6N/FTO 
WRITE(6,1867) T0,P0,TF,PN(1),YIN,Y2N,Y3N,Y4N,Y5N,Y6N 
D I I ( I I ) = D I ( I }  
TOL(II)=AL*FLOAT(N) 
TH(II)=PO*I2.*DII(II)/(2".*(S*EF-O.6*PO))+O.25 
O D I = D I I ( I I ) + T H ( I I } / 6 .  
F B D = I 6 . 1 5 * D I I ( I I ) / 1 2 .  
RCMV=3.I416/4.*(TOL(II}*(ODI**2-DII(II)**2)+FBD**2*TH(II)/6-) 
RCMW=RWM*RCMV 
FN=I, 
CALL COST 
I F ( I f  .GT. I )  GO TO 210 
I I = I I +1  
I F ( I I  oGT. 5) GO TO 360 
GO TO 3 
a J = I I - I  
IF(ANTOTC(JJ)-ANTOTC(II}) 240,240.205 
WRITE(6,1880) 
DO 245 MM=I,II 
WRITE(6,1900) DII(MM),TOL(MM),TH(MM),XIF(MM),RCTC(MN)iCTC(NM), 

ITRC(N~I),CVLC(MM),STC(NN),BCOS(MM).OPCOS(MM),FINV(NM),WCAP(MM), 
2RETA(MM),FITA(MM),REVA(MM),ANTOTC(MM) 

K K = J J + I  
A N ( J J ) = I .  
A N ( K K ) = | . + F L O A T ( K K - J J }  
F N = A N ( K K )  
D I I ( K K ) = D I I ( J J } / S Q R T ( A N ( K K } )  
C T V = 3 .  I 4 1 6 ~ D I I ( K K ) * W 2 / 4 , * A L ~ ( 1 . - E )  
T O L ( K E ) = T O L ( J J )  
S T S P ( K K } = S T S P ( J J )  
TH(KK)=PO~I2,~DII(KK)/(2.~(S*EF--O.6~PO)}+O.25 
ODI=DII(KK)+TH(KK)/6. 
FBD=I6.15*DII (KK)/12.  
RCMV=3.1416/4.*(TOL(KK)*(ODI**2-DII(KK)**2)+FBD*~2*TH(KK)/6.) 
RCMW=RWM*RCMV 
I I :KK 
CALL COST 
LL:KK-I 
IF(ANTOTC(LL)-ANTOTC(KK)) 3 4 0 , 3 4 0 , 3 2 0  
K K = K K + I  
GO TO 315  
W R I T E ( 6 , 1 9 8 0 )  
DO 3 5 0  N N = J J q K K  
W ~ I T E ( 6 , 2 0 0 0 )  AN(NN),DII(NN),TH(NN),RCTC(NN),CTC(NN),TRC(NN)~ 

ICVLC(NN},STC(NN),BCOS(NN),OPCOS(NN),FINV(NN),WCAP(NN),RETA(NN), 
2 F I T A ( N N ) , R E V A ( N N ) , A N T O T C ( N N )  

3 6 0  GO TO 2 
END 

$1BFTC F I  
FUNCTION DIAN(T4FI,F2,F3,F4,RW,S,DP,E,P,X,FT,AM,DEP) 
T K = ( T + 4 6 0 . ) / l , 8  
E K = E X P ( 8 2 4 0 , / ( T + 4 6 0 , ) - 4 . 3 3 )  
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A = F I * * 2 * I E K - I , ;  
B=FI*IEK*IFI+F2)+F3+F4) 
C=EK*FI*F2-F3*F4 
XE=(B-SORTIB**2-4,*A*C)}/(2,~A) 
RKS=0,398*EXP(-27300-/(I,gB7*TK}) 
RKVI=RW*S*B2,06~TK*RKS 
D E I = 0 , 0 4 3 * ( T K / 6 7 3 , } * * I , 5  
TLM=30,48*DP/2,*SORT(RKVI/DEI) 
CI=EXP(TLM)+EXP(-TLM) 
C2=EXP(TLM}-EXP(-TLM) 
RKAI=273,/TK*3600,~R~VI*3,/TLM*(CI/C2-1,/TLM)*( I , - E }  
RK0=RKAI~((P/14,7)**0.35-1,/TLM)/(I,-I,/TL~) 
SV:-RK0/ALOG(I,-X/XE) 
CC=0,174E-03 
D=FT**2/SV 
F:AM/DEP 
G=CC*D*F*(T+460,)/P 
D IAM=G** ( I , / 6 , )  
RETURN 
END 

$1BFTC P'l 
SUBROUTINE RATE 
COMMON CTV 
COMMON / S I /  TN,PN(20),FIN,F2N,F3N,F4N,FIO,FTO,FOMXI, 

IE,RTN,XIN,FC, I 
TK=TN/I,8 
RKS:0,398~EXP(-27300,/(I,OB7*TK)) 
RKVI=RWP*SP~82,06*TK*PKS 
D E I = 0 , 0 4 3 * ( T K / 6 7 3 . ) * * I , 5  
TLM=30,48~DP/2,~SORT(RKVI/DEI) 
BI=EXP(TLM)+EXP(-TLM) 
B2=EXP(TLM)-EXP(-TLM) 
EFF=3,/TLMW(BI/B2-1,/TLM} 
RKAI=273,/TK~3600,~RKVI*EFF*(I,-E) 
RKAP=RKAI*({PN(I)/}4,7)**0,35-1,/TLM)/(I,-I,/TLM) 
SV=359,*FTO/CTV 
RKOT=RKAP/SV 
EK=EXP(B240,/TN-4,33} 
A=FIN**2~{EK- I ,  } 
B:FIN*(EK*(F|N+F2N)+F3N+FaN) 
C=EK*F|N*F2N-FDN*F4N 
XE=(B-SORT(B**2-4.~A*C))/(2°*A) 
XI=XE*(I , -EXP(-RKOT)) 
RTN=FIN*XI/CTV 
XIN=FOMXI+F|N*XI/F|0 
FC=FI0~XIN 
RE~URN 
END 

$1BFTC P2 
SUBROUTINE COST 
COMMON CTV 
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DP,RWP*SP. 

COMMON IS21 DII (30)4RCMW,TOL(30},AL.FN,STSP(30),STC(30),CTC(30), 
IANTOTC(30),~CTC(30),TRC(30),CVLC(30),£~COS(30)'II'OPCOS(30)' 
2FINV{30},WCAP(30),RETA{30),FITA(30).RZVAI30),OPL.~PC~,SF,OEUT, 

3RATqTAX,XINT 
RAWM=0, 
RCTC( I I )=RCM~0,5*FN*3,  
CTC(II)=CTV~TOL(II} /AL*20,~FN 
TRN=AINT(TOL(II } / 3 , 3 )  
TRC(II}=TRr~*0.216W(DII(II)+5,)**3.13*FN~3, 
CVLC( I I  )=8000.* (FN+I - )  
BCOS(I I ):RCTC( I I)+TRC( II)+CVLC(I I) 



12 

3 

11 

10" 

I 3  

14 

COH=BCOS(II)*,0773 
EINT=XINT,*ICOH+8COS(II)) 
FINV(II)=BCOS(I I)+COH+EINT 
AMNT=,O3*BCOS(II} 
BUP=AMNT*O,15 
SPRV:O,I*OPL 
PYR:(OPL+SPRV}*O,! 
PLT=(OPL+SPRV+AMNT+SUP)*O,5 
DEP=FINV(II}*O-05 
T I=F INV I I I ) *O ,03  
ODMF=SF*ODM 
BPCRF=SF*BPCR 
PRST=ODMF+OPL+AMNT+SUP+SPRV+PYR+PLT+DEP+TI 
CONT=PRST~O,02 
OPCOS(II)=PRST+CONT-BPCRF 
WCAP(II)=O, 
WOCAP=O, 
VTRY=ODM/12, 
ITEST=IO 
J=O 
DFINV=FINV(II) 
DCAP=(FINV(II)+WCAP(II)}*DEBT 
DRT=DCAP*O,05 
DCAP=DCAP+DRT 
REVA(II)=O, 
F ITA( I I )=O,  
RETA( I I ) =O ,  
AINTA=O, 
DO 10 I = I , 2 0  
DFINV=DFINV-O,O5*FINV(II) 
RET:(DFINV+WCAP(II)}*RAT 
DCAP=DCAP-DRT 
AAINT=DCAP*XINT 
FIT=(RET-AAINT)*TAX/(I,-TAX)-6,50 
REV=RET+FIT+OPCOS(II) 
REVA(II)=REVA(II)+~EV 
IF(ITEST) I 0 , 1 1 , I 0  
RETA(II)=RETA(II)+RET 
F I T A ( I I ) = F I T A ( I I } + F I T  
AINTA=AINTA+AAINT 
CONTINUE 
REVA( I I ) :REVA( I I ) /20 ,  
IFI ITEST} 14,13,14 
RETAI I I )=RETA( I I ) /20 .  
F I T A ( I I } = F I T A ( I I ) / 2 0 ,  
AINTA:AINTA/20, 
ORA~M=RAWM/I2, 
OODM=ODM/12, 
ANTOTC(II)=REVA(II)+STC(II} 
RETURN 
AREC=REVA(II}/(12,*SF) 
WCAP(II}=VTRY+AREC 
ITEST={WCAP(II)-WOCAP}/IO, 
WOCAP=~CAP(il) 
GO TO 12 
END 

SENTRY 
2 8 5 0 0 ,  O. 0 , 9 5  0 , 6 5  

0 , 2  2 . 2  0 , 4  5 3 7 , 0  
0,3 0,1 O,l  0,01 

0,6726E Ol 0.400!E-03 0,1283E-05 
0,7700E Ol 0,4594E-03 0,2521E-05 
0 , 6 9 5 2 E  O! - 0 , 4 5 7 6 E - 0 3  0 , 9 5 6 3 E - 0 6  
0 , 5 3 1 6 E  Ol 0 , 1 4 2 9 E - 0 1  - 0 , 8 3 6 2 E - 0 5  
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0,07 0,50 0,05 
0,240E 06 0,175E 05 0,833E-0 

O- 0,8 0,2657E-01 
-0,5307E-09 
-0,8587E-09 
-0,2079E-09 

0,1784E-08 



0.4750E 01 O.1200E-Ol 0,3030E-05 
0,6903E Ol -9.3753E-03 0,1930E-05 
28,010 18,016 2,016 44,010 

C I N P U T  DATA FOR CASE I 
9209, 19155.8 17817,~ I1567.3 

0.892 0.B87 0,882 0.877 

I I00. 600, 1095, 690* 

0,878 0,873 0,868 0.863 
I l O 0 ,  650, 1095, 740. 

0,865 0,860 0,855 0*850 
IIO0, 700, 1095, 790, 

0,837 0,832 0,827 0,822 
I IUO, 750, 1095, 830- 

C INPUT DATA FOR CASE 2 
20932,3 30692,5 5~585,! S447.3 

0,890 0,885 0,88 0.875 
380, 600, 375, 730, 

0,848 0,843 0,838 0,833 

0,873 0,868 0,863 0,8~8 

380, 650, 375, 780, 
380, 700, 375, 820, 

0,828 0.823 0,818 0.813 
380, 740, 375, 850. 

C INPUT DATA FOR CASE 3 
31850,6 I1767.5 19220,3 12002.9 

0,9; ] 0,906 0,90| 0.896 
1050, 550, lOaS. 750. 

0.896 0,891 0,886 0.88] 
I050, 600, 1045, 800. 

0,883 0,878 0,873 0.868 

I050, 650. I045. 850* 

$18SYS 

-0.2630E-08 
- 0 . 6 8 6 1 E - 0 9  

16,040 28.020 

19721. 716,3 
0,872 

I0, 0,0565 
0,858 

I0, 0,0589 

0.845 

I 0 .  0 . 0 6 0 9  
0 , 8 1 7  

I 0 .  0 , 0 6 3 0  

8831.2 371,6 

0.870 

I0, 0.0594 
0.828 

0,853 

lO. 0.0614 
lO, 0,0630 

0,808 

lO, 0,06a2 

14591,7 784,5 

0,891 

I0, 0,0611 
0,876 

I0, 0.0636 
0,~63 

I0. 0,0658 

1 . 0  

1 . 2  

I o 6  

B.3-16 

0 , 3  

0 , I 1 6  

0 . 6 1  



TABLE B.3-2 PROGRAM SYMBOLS AND EXPLANATIONS 
FOR I~AT EXCHANGERS* 

B.3-17 

Program Mathematical 
Symbols Explanations Symbols 

AI, A2 Heat transfer area for heating zone AI~ A 2 
and vaporization zone, respectively 

Length of heat exchanger 

Number of tubes in heat exchanger 

Flow area in shell side 

Flow area per tube 

Total flow area per pass in tube side 

Baffle spacing 

Brake horse power 

Clearance between tubes 

Cooling water cost 

Heat capacity of gases 

Heat capacity of water 

Equivalent diameter for heat transfer 

Return pressure drop 

Shell-side pressure drop 

Tube pressure drop 

Total tube-side pressure drop 

Inside diameter of tube 

AL 

ANT 

ASS 

ATS 

ATTS 

B 

BH 

C 

COOL 

CPG 

CPW 

DE 

PLPR 

PLPS 

PLPT 

PLPTT 

DTI 

DT~'~I 

DTMt~,T2 

DTO 

B ! 

C' 

c~ 

Cpw 

D e 

APr 

APs 

apt 

AP T 

Log-mean temperature difference in heating zone 

Log-mean temperature difference in vaporization zone 

Outside diameter of tube 

* Refer to Table B.3-1 for symbols related to costs. 



TABLE B.3-2 (Cont.) 
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Program 
Symbols Explanations 

Mathematical 
Symbols 

ELEC 

F 

FS 

FTT 

GS 

GT 

HCOST 

HI 

HO 

PCOST 

PRS 

FRT 

PT 

Q 

RATE 

RD 

RES 

RET 

KMDA 

RWG 

RWW 

S 

SHM 

SID 

Electricity cost 

Number of heat exchangers 

Friction factor for shell side 

Friction factor for tube side 

Shell side mass velocity 

Tube side mass velocity 

Heat exchanger cost 

Inside film beat transfer coefficient 

Outside film heat transfer coefficient 

Pump cost 

Prandtl number for shell side 

Prandtl number for tube side 

Tube pitch 

Heat duty of heat exchanger 

Rate of return - on - rate base 

Combined dirt factor 

Reynolds number for shell side 

Reynolds number for tube side 

latent heat of water 

Density of gas 

Density of water 

Specific gravity 

Shale mining cost 

Inside diameter of shell 

G 
s 

Gi 

E H 

h i 

ho 

PT 

Q 

Rd 

P 
W 

s 
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TABLE B. 3-2 (Cont.) 

Program 
Symbols Explanations 

Mathematical 
Symbols 

TI, T2 

TTIj TT2 

TCG 

TCW 

TTM 

UI, U2 

VCG 

VCW 

VT 

WS 

WSS 

NT 

Temperature of tube side at inlet and outlet, t I , t 2 
respectively 
Temperature of shell side at outlet and inlet, 
respectively TI , T 2 

Thermal conductivity of gases 

Thermal conductivity of water 

Number of passes 

Shell side gas temperature at which vaporization of 
water starts to take place Tm 

Overall heat transfer coefficients in heating zone, and 
vaporization zone s respectively Ul~ U 2 

Viscosity of gases PG 

Viscosity of water ~W 

Linear velocity of fluid in tube side 

Mass flow rate of gases per heat exchanger 

Total mass flow rate of gases 

Flow rate of cooling water 



100 
150 
aO0 
~ 5 0  
3 0 0  
350  
4 0 0  
5 0 0  

2 

6 

ZO 

50 

60 

TABLE C-4 COMPUTER PROGRAM 

FOR HEAT EXCHANGERS 
F O R M A T ( l I F T . 3 )  
F O R M A T ( 7 F | 1 . 7 )  
F O R M A T ( 6 F I O . 4 . E I 2 . 5 }  
F O R M A T ( 3 X . F I O . I , 4 F I O . 3 , 3 E 1 5 . 7 )  
F O R M A T ( S X , g E 1 3 . 6 )  
F O R M A T ( S X . 4 E I 4 . 6 )  
FORMAT(9F8,4) 
FORMAT(IX,gEl3,6/) 
5 1 D = 3 9 . / 1 2 .  
B=26,/12, 

READ(5,400} 

READ(5,100) 
READ{5,150) 
READ(5,200) 
ATS=3,1416/4 , *DTI* *2 /144,  
C=(PT-DTO}/12, 
DE=4,*(O,B6*PT**2-3,|416*DTO**2/4,)/(3,|416*DTO*I2,) 
WS=WSS/F 
Q=WS*CPG*(TT2-TTI) 
WT=O/(CPW*(T2-T| }+O,5*RMDA} 
ASS=I2,*SID*C*B/PT 
GS=WS/ASS 
ATTS=ANT*ATS/TN 
GT=WT/ATTS 
VT=GT/(3600,*RWW) 
RET={DTI/12,)*GT/VCW 
RES:DE*GS/VCG 
PRT=CPW*VCW/TCW 
PRS=CPG*VCG/TCG 
HO=O.36*(TCG/DE)*PRS**O.333*RES**O.55 
HI=O.O27*(I~.*TCW/DTI)*PRT*~O.333*RET**O.8 
H I = H I * D T I / D T O  
U I = H O ~ H I / ( H O + H I  ) 
U2:HO~|500,/(|500,+HO) 

U I = U I / { I . + ~ D * U I )  
U 2 = U 2 / ( I . + R D * U 2 )  
TTM=TTI+WT*CPW*(T~-TI)/(WS*CPG) 
D T M N I = ( ( T T M - T 2 ) - ( T T | - T 1  } ) / ( A L O G ( ( T T M - T 2 ) / ( T T | - T | ) ) )  
DTMN2=( (TT2-T2)-(TTM-T2))/(ALOG((TT2-T2)/(TTM-T2)) } 
A | = W T ~ C P W ~ ( T 2 - T I ) / ( U I * D T ~ N 1 )  
A 2 = O . 5 * ~ M D A * W T / ( U 2 ~ D T M N 2 )  
A T = A I ÷ A 2  
A L = | 2 , * A T / ( 3 , 1 4 1 6 * D T O * A N T )  
F S = X | ~ R E S * * Y |  
S=RWG/62,43 
D L P S : F S * G S * * a * s I D * A L / ( O . 5 2 2 E  II *DE*S'B) 

F T T = X 2 * R E T * * Y 2  
D L P T = F T T * G T * * 2 * A L * T N / ( O . 5 2 2 E  I ! * D T I / 1 2 . )  
DLPR=4,~TN*VT~2*62,5/I2,*32,|7~|4a, } 

DLPTT=DLPT+DLPR 
IF(DLPS ,LE, 3,) GO TO 60 
F=F+I, 
GO TO 6 

WRITE(6,250) F,SID,B,VT,AL,GS,ANT,PE5 
WRITE(6,300) HI,HO,UI,U2,DLPS,DL.PT,DLP~,DLPTT,AT 
HCOST=I,20*3,0*(BSC,*(AT*F/50,)*~9,E52) 
BH=WT/60,*7.481/62,43*3.*I44,/(24~SCO,*O,~) 
PCOST=684,*BH**O,~67~F 

BCOS=HCOST+PCOST 

E L E C = B H * O . 7 4 5 7 ~ O , O I  l * F ~ 2 0 0 .  
BPCR=O,3*WT/IOOO,*O,5*F*8~O0, 

COOL=O,5*WT*F/62,~3*7,48|/|O00,*O,I~200, 

OPL,RAWM,ODM,SHM,SF,DEBTiRATE,TAX,XINT 

VCW,TCW,DTI,DTO,PT,TI,T2,CPW,~NDA,RWW,~D 
F,TN,ANT.XI iYI .X2.Y2 

VCG,TCG,CPG,RWG,TTI,TT2,WSS 

B.3-20 



COH=BCOS*O,0773 
EINT=XINT~(COH+BCOS) 
FINV=BCOS+COH+EINT 
AMNT=,O3~(BCOS-SHM) 
SUP=AMNT~O, I5 

SPRV=O,IO~OPL 

PYR=IOPL+SPRV)*O, IO  
PLT=(OPL+SPRV+AMNT+SUP)WO,5 
DEP=F INV*O,05  
TI=FINV*O,03 
RAWMF=SF~RAWM 
ODMF=SF~ODM 

BPCRF=SF~BPCR 
PRST=RAWMF+ODNF+OPL+AMNT+SUP+SPRV+PYR+PLT+DEP+TI 
CONT=PRST~O,02 
OPCOS=PRST+CONT+ELEC+COOL 
WCAP=O, 
WOCAP=O, 

VTRY=(RAWM+ODM)/12,O 
ITEST=IO 
J=O 

12 DFINV=FINV 
DCAP=(FINV+WCAP)~DEBT 
DRT=DCAP~O,05 
DCAP:DCAP+DRT 
REVA=O, 
FITA=O, 
RETA=O, 
AINTA=O, 
DO I0 I= 1,20 

3 DFINV=DFINV-O,OS¢'FINV 
RET=(DFINV+~CAP}*RATE 
DCAP=DCAP-DRT 
AINT=DCAP~XINT 
FIT={RET-AINT)~TAX/(I,-TAX}-6,50 
REV=RET÷FIT+OPCOS 
REVA:REVA+REV 
I F ( I T E S T ) I O , I I , I O  

11 RETA=RETA+~ET 
FITA=FITA+FIT 

AINTA=AINTA+A!NT 
I0 CONTINUE 

REVA=REVA/20, 
IF ( ITEST} I4 ,13 ,14  

13 RETA=RETA/20, 
FITA=FITA/20, 
AINTA=AINTA/20, 
ORAWM=RAWM/12, 

OODM=ODM/|2, 
WRITE(6,500) HCOST,PCOST,ELEC,COOL,BPCRF,OPCOS'PETA'FITA'REVA 

GO TO 2 
14 AREC:REVA/(12°*SF) 

WCAP=VTRY+ARZC 
ITEST=(WCAP-~OCAP}/IO, 
WOCAP=WCAP 
GO TO I2 
END 
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SENTRY 
O, O, O, O, 0,95 0°65 0,07 0,50 0,05 

0,37 0,37g 0,62 0,75 I, 285. 456. 1.07 767,4 55°05 0,0 
I, 4, 1|28, 0°01185 -0,1876 0,0031164 -O,2(:n 

C INPUT DATA FOR CASEI 



0,0661 0,060 0,556 
0,0669 0,0608 0,558 

FOR PRODUCT GAS COOLER 
0,0529 0,0447 0,599 
0,U540 0,0472 0,578 
e0554 0,0470 0,600 

INPUT  DATA FOR CASE 2 
FOR WASTE HEAT B O I L E R  

• 0,0757 0,0891 0,625 

0,0776 Oe091 0,627 
0,0789 0,0929 0,630 
0 , 0 8 1 0  0,0939 0,635 

FOR PRODUCT GAS COOLER 
0,0531 0,0607 0,591 
0,0550 0,0620 0,593 
0,0560 0,0638 0,595 
0,0574 0,0653 0,588 

I N P U T  DATA FOR CASE 3 
- FOR WASTE HEAT B O I L E R  

0,0810 0,0640 0,473 
0,0831 0,066 0,~71 

0,0857 0,0680 0,470 

- FOR PRODUCT GAS COOLER 
0 , 0 5 4 7  0,0438 0,571 

0,0580 0,0460 0,571 
0,0572 0,0455 0,572 

~ZBSWS 

1,487 
1,41 

1,84 
|,741 
1.74 

0,315 
0,310 
0,299 
0,296 

0,493 
0,475 
0 , 4 5 9  
0,446 

1,32 
1,26 

1,26 

1,80 

1,77 
1,565 

765,3 
837,0 

460, 
460, 
460. 

709,9 
793. 

875,8 
941,8 

460, 
460, 

a60, 
460, 

549,3 
661,1 

771,1 

a60, 
460, 
460, 

I000. 0,14844E 07 B.3 
I000, 0,148~4E 07 -22 

726,8 0,17299E 07 
787,7 0.17368£ 07 
~47.7 O. |7437i 07 

1600, 0,17731E 07 

1600. 0.17731E 07 
1600, 0,17731E 07 
1600, 0,17731E 07 

723,7 0.19647i 07 

798,9 0,19694E 07 
873,3 0.19742E 07 

932,5 0,19792E 07 

1700, 0,19272E 07 
1700, 0,1927aE 07 

1700, 0.192725 07 

7 6 9 , 1  0 , 3 2 9 9 3 E  07  
8 2 3 . 7  ~ 3 3 2 2 8 E  07  
8 7 8 . 1  0 , 3 3 3 ~ 5 E  07  
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TABLE B.4-1 PROGRAM SYMBOLS AND EXPLANATIONS 
FOR OPTIMIZATION OF ABSORBERS AND REGENERATORS 

Program 
Symbols Explanations 

A 

AG 

AH 

AH4 

AH5 

AMW 

ANO 

B 

BPH 

CA 

CMEA 

CPB 

CPCA 

CPCR 

CPK 

CPN 

CPI 

CP2 

CR 

CS 

Contact Area Per Unit Volume 

Substituted Quantity Used in Calculation of T G 

Heat Transfer Area 

Heat Transfer Area for Solution Heat Exchanger 

Heat Transfer Area for Heat Exchanger No. 5 

Average Molecular Weight of Liquid 

Number of Absorbers 

Brake Horsepower of Water Pump for Solution Cooler 

Brake Horsepower of Pump for Feed Gas Cooler 

Cost of Absorber 

Monoethanol-Amine Cost 

Substitute Quantity 

Heat Capacity of CO 2 in Absorber 

Heat Capacity of CO 2 in Regenerator 

Packing Cost 

Heat Capacity of Inert Gas in Absorber 

Heat Capacity of Feed Gas in Reboiler 

Heat Capacity of Feed Gas Cooler 

Cost of Regenerator 

Cost of Steam 
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TABLE B.4-1 (Cont.) 

Program 

Symbol Explanations 

CTMP 

CV 

DL 

DTA 

DTC 

DTH 

DWC 

DWT 

EH 

EHR 

EH4 

EH5 

ELCH 

ELCT 

ELC5 

EPH 

EP5 

G 

GI 

GC 

Total Cost of Work Exchanger 

Valve Cost 

Diffusivity of CO 2 in Solution 

Absorber Diameter 

Temperature Difference of Coolants in Heat Exchanger 

Temperature Difference for Feed Gas Cooler 

Water Condensed from Gas in Feed Gas Cooler 

Water Removed (water in feed gas; water in gas entering 
absorber) 

Cost of Feed Gas Cooler 

Cost of Reboiler 

Cost of Solution Heat Exchanger 

Cost of Solution Cooler 

Cost of Electricity for Pump 

Cost of Electricity for Work Exchanger 

Cost of Electricity for Pump 

Cost of Pump 

Cost of Water Pump 

Gas Flow Rate at Bottom of Absorber 

Feed Gas Flow Rate 

Molar Flow Rate of CO 2 in Regenerator 
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TABLE B.4-1 (Cont.) 

Program 
Symbols Explanations 

GCO 2 

GH 

GH2S 

GKA 

GKAC 

GKAH 

GN 

GNO 

GRAIN 

GW 

H 

HHA 

HRC 

HSG 

HSL 

ETA 

HTR 

I 

IC 

KAM 

KL 

L 

Molar Flow Rate of CO 2 in Feed Gas 

Molar Flow Rate of H2S in Regenerator 

Molar Flow Rate of H2S in Feed Gas 

Gas-Side Mass Transfer Coefficient 

Over-All Mass Transfer Coefficient for CO 2 

Over-All Mass Transfer Coefficient for H2S 

Inert Gas Flow Rate 

Inert Gas Flow Rate Per Cross-Sectional Area 

Grain 

Molar Flow Rate of H20 in Feed Gas 

Solubility of CO 2 in Water 

Heat Transfer Coefficient in Absorber 

Heat of Reaction 

H2S in Gas 

H2S in Liquid in Absorber 

Total Height of Absorber 

Total ~eight of Regenerator 

Number of Assigned Values for Variable 

Case Number, 1,2,3 

Reaction Rate Constant 

Liquld-Side Mass Transfer Coefficient 

Liquid Flow Rate 
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TABLE B.4-1 (Cont.) 

Program 
Symbols Explanations 

LC 

LO 

LR 

MORTOR 

N 

NP 

PA 

PCE 

PCW 

PH 

PHA 

PHE 

PR 

PW 

P2 

QA 

QH 

QR 

QS 

Q4 

Q5 

R 

Amount of Water Condesned in Regenerator 

Liquid Flow Rate Per Cross Sectional Area 

Reflux Rate 

Motor Cost 

Cell Number 

Number of Pumps in Calculating Cost of Work Exchanger 

Absorber Pressure (atm) or Regenerator Pressure (arm) 

Equilibrium Pressure of CO 2 

Total Pressure of H20, CO2, and H2S 

Equilibrium Pressure of H2S for x < 0.15 

Partial Pressure of H2S in Absorber 

Equilibrium Pressure of H2S in Absorber 

Regenerator Pressure (atm) 

Equilibrium Pressure of H20 

Outlet Pressure of Work Exchanger (PSI) 

Heat Generated in Absorber by Absorption 

Heat Duty of Feed Gas Cooler 

Heat D~ity of Reboiler 

Heat Supply from Steam 

Solution Heat Exchanger Heat Duty 

Heat Duty of Heat Exchanger No. 5 

Rate of Absorption of CO 2 
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TABLE B.4-1 (Cont.) 

Program 
Symbols Explanations 

RH 

ROGA 

ROL 

SA 

ST 

T 

TAB 

TAT 

TB 

TBN 

TG 

TGI 

THA 

THR 

TL 

TR 

TRB 

TRT 

T1 

T4 

T5 

UWC 

Rate of Absorption of H2S 

Density of Gas in Absorber 

Density of Liquid 

Total Cross-Sectional Area of Absorber 

Steam Rate at Bottom of Regenerator 

Inlet Gas Temperature in Condenser 

Temperature of Liquid at Bottom of Absorber 

Temperature of Liquid at Top of Absorber 

Temperature of Liquid in Reboiler 

Turbine Cost 

Temperature of Gas 

Temperature of Gas at Bottom of Absorber 

Thickness of Absorber 

Thickness of Regenerator 

Ter~,perature of Liquid 

Absolute Temperature in Rankin 

Temperature of Liquid at Bottom of Regenerator 

Temperature of Liquid at Top of Regenerator 

Feed Gas Temperature 

Temperature of Liquid Entering Flash Drum 

Temperature of Liquid Entering Solution Cooler 

Untreated Water Cost 
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TABLE B.4-1 (Cont.) 

Program 
Symbols Explanations 

UW5 

UW5 

VIS 

WE 

X 

XF 

XH 

XHI 

XH2 

XRB 

XRT 

Xl 

X2 

Y 

YC 

YCI 

YH 

YW 

YWA 

Z 

Water Cost 

Water Required for Solution Cooler 

Viscosity of Liquid 

Additional Horsepower Needed for Work Exchanger 

Mole Ratio of CO 2 to MEA in Liquid 

Mole Ratio of CO 2 to MEA in Liquid in Flash Drum 

Mole Ratio of H2S to MEA in Liquid 

Mole Ratio of H2S to MEA in Liquid at Top of Absorber 

Mole Ratio of H2S to MEA in Liquid at Bottom of Absorber 

Mole Ratio of CO 2 to MEA in Liquid at Bottom of Regenerator 

Mole Ratio of CO 2 to MEA in Liquid at Top of Regenerator 

Mole Ratio of CO 2 to FLEA in Liquid at Top of Absorber 

Mole Ratio of CO 2 to MEA in Liquid at Bottom of Absorber 

Mole Fraction of CO 2 

Number of Moles of C02 per Mole of Inert Gas 

Mole Fraction of CO 2 at Top of Absorber 

Mole Fraction of H2S 

Mole Fraction of Water in Feed Gas 

Mole Fraction of Water at Bottom of Absorber 

Mole Fraction of Amine in Original Solution 



C 
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REDUCE C02 TO O~TIMUM CONCENTRATION BY HOT POTASH ~ROCE$$ 
RE~L KGA~KL~KE,L,LO,UWL,MWT,M~MG,MF,ML,MUL~MUW~NR~M~TOR~LF~LC,LR 

~$AeLCeLF~LR,PR 
OPTZH~ZATION OF kN ~D~BAT~C GAS PURIFIER SYSTEH 

YSmO.4 
z,o.oT eTa 
¥~=0,03 / (1 , -0 ,03)  

18.09,8,1,9,3,0,25.e72,3,3~. /  
DO 91 KC=I,3 
RE~D_[5,2001) GteyWeTI~Pe.GCOE~HE$,.CPeTCe.XI~X2eSTHe.TGB~KG~PDeZC ..... 

~00~ FORH~T(TFJO.E/TFIOo~Z1) 
]F(ZC,E~, I )  Y~=O.OO]~/(1,-O,OO~e) 
.IE(ZC,E~°2~_Y2=O, OOSLCI~O..OOB) 
I F ( I C , E ~ . ] )  Y2=0 ,01 t / (1 , -0 ,010)  
PRZNT 2002t ZC 

JD.O2_FORHAT{IHi,SX~SHCASE ,11) ...................................................................... 
PRZNT EO03, GI~Y~T~,P,GCO2~GH2S~CPeTC,Y2~I~X2~$TH~TGB~&KG~ZC 

ZOO3 FORHkT(I~O,5X,~HGI:FIOol,~YeShY~:F~,~e3X,]HTI:F6,E~X~EH~=F?=t~ 
~3.X~SHGCOE=FIO.Z~X,5~GH2S=Fg,.~3XL3HCp=ET°q~SX~3HTC=FT,2~3X~SH~.2~F- 
2T.~$X,ZHXt=F6°~I~X~3HXE=F6,~3X,~HSTH=FIO.Ie3Xe~HTGB=Fb;2~3Xe 

DO _11_._ImL~.L 
XTsXI 
XB=X2 
GS=$TM .... 
TG©TG~ 
TG~=TG 
PRsPD 
FRONT HEkT 
XmXT 

EXCHANGER 

31 pwsEXmC.8932°32/t~60,+TL]+lE,9686+O,517~*(XT-1,/3,)) 
E15=EXP(7, lE-3*tTL-32.))  
~mIOOO,,(1.+Y$~I(18,+(1EO,~,,XI*YLJ/.~Z3BO~*EtS=1600o.}- 
E16=EXF(~,9,YL-TL/150.) 
PCE:X**EI(1,-X]/S*YS/(t.=Y$)*O,O~5~/El~*O,06805 
P.CHamCE÷PH. 
TFtABS(Pm-PCW).LE.Oo01) tO TO 32 
ZF(PR,GToPCW) TL=TL÷O,3 
ZF[PR,LTo~C~)..XL=ZL-~o3 
GO TO 31 

32 TRBzTL 
PRZNT__6OOJ.~_~.PR~PWwPCEs~.L.~CH 

6001FORHAT( 5Xe3HPR:F8,3e3Xe3HPH=~8,3e3Xe 4HPCE:FS,3e~x'$HTL=F6"3' 
15X,~HPC~=FIO°~] 

_ _ . ~ $ = T R B  
TGsTaB÷I~ .  
DW=Gt,(y~=RV(T~]/P~/(1.-DV(TG)/P) 
~m(~,TG),GI.*CP+.~8.,..*D~*HV-LT-G-) 
TEaCTS+TC)/2, 
W=~/CT~-TE*e,5*HV(TS)) 

. . . .  STEAHm~/E , t lS . - -  
THR=T~+30, 
TMZ=TIo(O,5*HV(TS)*~=IB,*CYW*PoPV(T~R)i*HVCTHR)*~I/P)/(GtwCP~ 
ZF~AB$(THZ-THR.~..LE.~.O)--~O.-TO 2 
ZF(THZ,GT,THa) T~R=TMR+Os25 
ZF(THI,LT,THR) THR=THR-O,25 
GD__TO..! ........... 

2 DTHII((T~Z-TS)-(TG-TE))/ALO~((THZ=TS)t(TG-TE]) 
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DTH2xCCTI-TS]-tT~I-T$]~/ALOGCC~I=TS~/(THT=TS)) 
AHX~*CtT$-TE]/DTHI*O,S*HVCTS)IOT~2)/IO0, 
E H = l . 2 * 3 . * 8 5 0 . * ~ A H / 5 0 . ] * * O . 5 6 2  

EPmbB~.*BP**O,~b7 
EpHsEp 
ELCHx8500.~SP*0.7,57*O-.011/O-.8 
G=GIoD~ 
G~NT:G-GCO~-GH2$ 

YHI=GH2SI~NT 
YCO2=GC~2/G 
PAuPI I~ .7  
81MULATTON FOR THE ABSORBER 

ESTIHATE TAB 
F=L*Z 
F~=F*tXB-XT) 
TAT=T~B 

TABxT&T+ G~T*~CPG$YI*C~C)*(TG-TAT)+O~)/(L*(CPL÷Z*XB*C~C~) 
PRINT lOOe ~,STEAH,EHeEP,ELCH,G'GI~T,YI,YCOEwYHI~PR~TRB#L~TkTe¢i~ 

ITAB 
|00 FO4HAT(I~O,15X,~HE~T EXCHANGER~/IOX,2H~=Et3.Te~X,6HSTEAH=EI3,T,~X, 

. . . .  i3HEH=Et3.7/lOX,$~EP=Et3.7,"X,5~ELCH=E13.T//15X,~Gi~ ENTERING IB$O~ 
2BERt/IOX,2HG=Et3.7,~X,5~GZ~T=EI~.7,~X,3~YI=F~.5,~X,SHYCO2=Fg.5,=Xw 
3~HYHI=F~.5/IOX,3HP~=FS,3,3~,~TR~=FS,~_~3X,2HLmEI].b~IXe.~HT&T=F8,3, 
3$X,3~ I=E13,bw3X,~HT~B=FB,3)  

P~NT 102 

TLmT~H 
CALL DIAtl) 
OTA=OT 
ANO=FL~AT(NO) 
ASzASA 

I~2HYCwtlX~]HYH$,IOXw3HHTA) 
N W t  
AKL=O.2qbB*(LO*30./3350,~**O,75*28o/ItY, 
A K ~ $ x l e / ( I e / A K G ÷ l e / A K L ]  
.X~XB 
YmYI 
VCmYII(I..YI+YHI] 
YHWYHI 
Y H R = Y ~ l t { I . + Y H 1 , Y I ]  
HSL=O, 
XH$=O,OOl+G~28/(L*Z) 
TL=TAS 
HTAxO, 
PRTNT_IO~L~XpYj_T_.L~GJ_YHe~$~eYC_LY~_~w~J__ 
H=O,5 
HAH¢H~&,HHA 

_ _ 5 _ N = ~ . 1  _ . 
AN$u~O*CPG÷GO*Y*CFC 
&LNI=LO*{CPL+Z*XtCPC) 
CALLFNCTN$¢I) 
E I S = E X ~ ( 7 . 1 E - 3 * ( T L - 3 2 . ) )  
SmIOOOo*{I.÷YS)/(18.÷(120.*~o*X)*YL]/(2380o*E15-lbO0,) 

_ _ _ _ E I b s E X P ( 6 . 9 * Y L o T L / 1 5 0 . )  ..................................... 
PCE=X**21(1.-X)I$*Y$1{l.-Y$)*O.O~5~/E16*O.ObSO5 



BBmO,5*(Y+KG 
CC=¢Y+KGA*H* 
yIBBsSqR~XBB 
PC=Y/($.+Y+Y 
PHE=(O,~@+O, 
B.tmI,+Y ...... 

A*H/GO*(PCE-PA)-~,-YH) 
PCE/GO)*~t,+YH) 
*,2+CC~ 
H}*P~ 
O015*TL)*XHSIO,O788/ Ia,7 
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tO= 

B~=(AKHS*H*P~E)/GO 
R3IAKHSeH*~A/GO 

C2=Bt*YH*Bt*B2 
YH=C%+S~T(C%**2+C2) 
DNH=AKHS*4*(PA*YH/CLo~Y~YM~PHE3 
XH$=XSH-DNH/CZ*LO) 
YH$=YHt(~.+Y+YH) 
HSL=4SL+DNH*A$ 
NR=KGA*~*(PC-PCE) 
XmX-N~/(Z*LO) 
YCaY/(1.+Y+YH) 
~NmGO*(CP~+Y*CPC) 
ALNSLO,(CPL.+Z,X*CPC) 

~ALN*N~*CPC~ 
TLm(~LN~*TL-NR*HR-~HAH+NR*CPC)*TG)/(ALN=HAH) 
HT~=H*FLO~TCN-~) 
FORM~T(IX,gEI$.~) 
ZF¢(PC-PCE),LE.O,O0005) GO TO 11 

ZF(Y,LE°Y2} GO TO 
~0 TO 5 

k_CONTZNUE 
P~INT 103 
GCA=Y2*G~NT 

GWA=CGZ~T+GHA+GCA}*PVCTAT)/(PopVCTAT)) 
GTIGCA+GHA+G~NT-CGt*YW-OH)÷GWA 

_GRAZN=YH$/OoO00016] 
DH$=GH2S=GHA 
PRINT 1009w GTtGCA,GHA,GWA,DHSeGRA~N 

1609 FO~HA~  ~O,SX,3~G_T=FIO.2~SX~GC~=F_7_,ZLS_X~4.H_GH_A.=~b,ZLSX~HG_I¢A=ET,L 
Iw5XpOHDH$=F7.2,SXr6HGRAIN=~8.5} 

SZqULATZON FOR THE REGENERATOR 
~ _ _ C A L C U L A T E  7RT_AND XRT 

TL=Z58, 
x=O.51 

EIS=EXPCT.~E=]* (TL-$2. ) )  
$=lO00.*(I°÷YS~/(tB.+CI20,+~,*X}*YL)/C2380**E15"%800.) 
E%~=EXP(~.~*YL-TL/%50.~ . . . . . . . . . . . . . . . . . . . . . . . . . .  
PCEaX**2/CI.-X)/S*Y$/Ct.-Y$)*O.O~5~/EIb*O,05805 
PCWsPCE*PW 

ZF(PR,GT,PCW~ TL=TL÷O,3 
I F { ~ . L T . P C w )  TLmTL-O.~ 
GO TO ~2 

~$ CONTINUE 
GCF=L*Z*CXB-X) 
LF~PW/PCE*GCE 
TF =TAB=CGCF*H~+LF*I~950.)ICL*(CPL+Z*XB*CPC)) 
IF(ABSCTL-TF ) . L E , t . )  GO TO ~5 

- - - Z F C T F  ,GT,TL) X=X-O°O05 
ZF(TF ,LT.TL)  X=X÷O.O05 



GO TO ~ B.4-10 
{$  CONTZNUE 

XETmX 

i {T~B-TF ] ) / t ~ 9 5 0 ,  
PRINT 6CO~TL~XRT~LFeLCeGSeTF 

6002--FORM~TtI~O,~X,3HTL=FS.~,5X,~HXRT=FS.~ ,SX,3HLF=FIO;E~5%;3HLCmFlO~]--- 
[eSX~3HG$=FIO.],SXe~HTF =F8.3)  
T~T=tTF*L*(CPL+Z*X~T*CPC+Z*X~RT*CPH)-tSOO.*(LF-LC))/(L*tCPL+Z*XRT 

I iCPC÷Z*X~RT*CP~ ]$ (LF 'LC~*18 ; ]  ........................................ 
PRZNT 7001, ~CF,LF,TRT,X 

7001FO~HAT(SX,~HGCF=Flt_.2,SX~3HLF=FI3.2, SX~HTRTpF_B.2~SXw2HXIFB.3 ) . . . . . . . . . .  
PRINT 106 

[Oh FOR~T(1HO,tSx,IREGENERkTOR =) 
TL=TRT 
C4LL DZ~{2)  
OT~=DT 
RNO=FLO~T{NO) 

303 

~$=A$I 
H s l ,  
#~INT $03 
FOR~AT(IHO,2X,I~X,12X,2HYC~IIX,ZHTL,IIX,2HGC,IIX,2HD~,tlX,2HGHeIIX 

t,~GT,tIX,3HHTR) 
~T=GS 
YC=O. . . . . . .  

TL=TRB 

FOIF/R$ 
Dv=G. 
GO=O, ..... 
GH=O, 
BBuLC/CX~T-XT) 
Bg=CGH2$-GHA)/(X~T-XT) 
BIOs(TRB-T~T]I(XRT-XT) 
Nsi 
_HTRIOm .................................... 

PRZNT 20~w XwYCpTLpGCaD~eGH~GTeHTR 
T C&LL FNCTNS(2) 

20~ FORHAT{1X,SE13.5) . . . .  
~19 E 1 5 = E X P ( T . I E - 3 * ( T L - 3 2 . ] )  

$=lO00.*(1.+Y$]/tlB.+(t20.+~**X)*YL)/(2380.*Et5-1600.) 
E t 6 = E X P ( 6 . 9 * Y L - T L / t S O . ) _ _  
PCEaX**2/(t,-X]/$*V$/(l,-Y~)*O,O~s~/Et6*O~0680S-- - 
PCIYC*P; 

TL=T~B-BtO*(V-XT]  
D~xBB*{XoXT] 
GCsF*(X-XT] 
GH=Bg*tX-XT) 

HTR=~iFLOAT(N) 
~FCC=EE'PC].LE.O,O00O5) GO TO 1t 
PRZNT 20~, Xe YC,TLeGCpD~JGHpGT.o~TR _ 
ZRtX.GE,XRT) GO TO 8 
Ns4÷! 

. . . . .  ~O_TO ? 
8 CONTINUE 

PRXN9 ~03 
_£_ . . . . .  CO~T TURBZNE-MOTOR-PUHP 

WmWB 



TLzTAB 
PWsEXBC.BgsE.3E/f~&O.+TL)÷!2.~68&+O.SI?A*(XB-%,/3.)) 

___EIS=EWP(.T.1E,3,.C~L-3~.)~... 
8=1000,,(t,+YS)I(IB,+CtEO,+~,*X)*YL~/(2180,*E!5-1600,) 
EIb=EX~ t~ .9 ,YL -TL /150 . }  

P2=(=w+PCE)*t~.7 
P$=PR*t~;,7 

_ _ P P , P - P ~  

B. 4-11 

NPml* IF IX(O.O~OQ],L /2000. )  
CFmO,OaO=3*LtFLQAT(NB) 

_ _ R O L = I . q  ,b2.q2B .... 
BPmCF,(DP,~.+ROL,HTA)/(O.8*E~800.) 
PUMP=FLOAT(NP),l.B*68~.*(BP)**O.~67 
~BN=PU~ 
~E=O.OgO~3*L*(IG~.*(O.I*(P-PE)*PE-P~)+ROL*HTA}/(0,8*2~6800,) 
MOTOR=FL~AT(NP)*~6.*(WE/FLOAT(NP))**O~55 

__CTMP=TE~+M~TOR~PUMP 
ELCT=wE,o.7~57,S760.*O.011 
PRTNT ~tO], CTMP,ELCT~NP,PU~,MOT~R,TBN,BP 

----2~-3F~RMA?C~e~X~18~TURB~NE~M~T~PU~pL!`~X~5~CT`~p=E~1~5X~5HE~C~F`~- 
11,5#5X,,3HNP=I3,SX~SHPUMP=Ell,5/!OXv6H~OTOR=Et|,~5~SXe~HTBN=E11oS~ 
25X~3HBP=El l ,5) 

_C _ ~ C O S T  Ol= ~BSORBER AND REGENERATOR 
THA=O.33639,DTA+t. /a8.  
HTA=HT~÷5. 

1) 
THRx(~.ObTk3/;O.**~)*DTR+Io/~8. 
HTRa~TR÷5. . . . . . . . . . . . . . . . . . . . . . . .  
CRzSbe.~5*RNO*(((DTR+2.*THR)**~.DTR**E)*HTR÷~.*(1.3~6*DTR)**2*THR 

I ) *C l .~CXB-XRT) / (XRT=XT))  
VALV~.C~S~ 
CYzI6000,(ANO+RNO) 
PRXNT 2 ~ ,  THA,CA,THR,CRrCPK,CK2CO}wCV 

__2~_FORHAT(1HO,IOXvEOHABSORbER-REGEHERATOR/IOXt~HTHA=EIO.5,5X,3HCA=EtO. 
1.5,5X,~MTHR=EIO.5,5X,3HCR=EIO.5/IOX~HCPK=EIO.5~SX~7HCK2CO3=EIO=5~ 

.25Xe$HCV=EtO,5) 

- -C-- - -~ 

C 

CK2CO3=O.O~5*O.2,5.1~16/~.*(DTA**2*HTA,ANO+DTR**2*HTR*RNO)*t.48* 
162 .~ *0 . ,+G /27855 . , 21700 .  

PACKING COST ............................................................. 
CPKaS,*3.1~2/~.*(DTA*w2eHTa*ANO÷DTR*w2eHTR*RNG}*E. 
STEAM COST 
ZP(STEAP.GE,.GS)_.CS=~. 
ZF(STEk~,LT,GS) CS=(GS-STEAM)*,t5*18,/lO00,*8760, 
CONDENSER 
GSC=C;S+LF-LC . . . . . . . . . . . . . . . . . . . . . . . . .  
OIG~(:*I~950.+CGSC*CPS+FX*CPC÷(GH2S-GHA)*B.SE)*(TRT=IO0,) 
DTCs:(TRT.150.)-(lOO.=85.))/~LOG((TRT.150,)/(lO0=.85~)) 
ACi~/C2OO.wDTC) 
CWsQI(150. '85 . )  
TW=Ht2, 

PRZ~T 310e QpTWeUW,CK2CO~eCPKeC$ 
~10 FORMAT¢IHOI 1X,2HQ:EIO.SISXw3HTW:EtO.SISXs3MUH=E[O.SeSXeTHCK2C03= 

1EI3,6,SX,~HCPK=Ei3,6,SX,3HCS=E13,~l 
UWC =8760**UW*~7,~81/b2,~)*O,OS/lO00, 
TWC =8760.*TH*(7,~RI/b2,~)*O,I~/1000, 

_ _ A I e l * W , A C / C W  
A2sLIW,AC/CW 
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EClut,2*3,*850,*CAI/SO,)**O,Sb2 
EC2:l.2*$.*850.*¢~2/50.)**O.56Z 

BPCE=U~/C~*~PC 

EPCEmbS~,-*(BPCE)**~,~b? 
ELCCuS?60,*BPC*O.7~57*O.011/O.8 
PRZNT 30~, EC1,EC2,EPCJ,EPC2~ELCC~T~C,UWC 

300 FORHA-T-(tHO,qX,~HECI¢E$C.S,SX,~HKCE=EtO.5-*SX~SHEPCtIEIO;~SX;SHEPC- 
121ElO.~/gX,5HELCC=EIO,S,5Xe~HTwC=ElO.S,6X,~HU~C=ElOo~) 

OPLzbO. 
RAWHzO. 

UTC=(ELCT*ELCH÷TWC+UWC+ELCC+C$1/IO00. 
CkLL COST(REVA~BCOS~ODH,OPL~UTC) 
PRINT 511 

Sl~ ~oR,~t~o,sx,,$s~=s~s$~sssssss~sSS~sss-Sss~ssssssss~ss$ssss$$$s,) 
PRZNT ~02~REVA~CO$eOPLeOD~,UTC 

~02 ROR~kTtI~O,IO~,IOX.IOHCC.$T ZN S~/9~e~flREVA,lOX,~HBCO$,lOX,~HopLt!I 
tXe3HODH,i lX,3HUTC/bX,SEL~.5) 
PRINT SIO.XTeXB,GS,TGI.TAB~TAT,TFePR 

S|O R~RHAT~IHO, IX,3HXT=FB.~,IXe3HXB=FB.~,IX,3HGS=FI~.SeIX,~HTGImF~.~e 
I|X,~HTAB=FS.~,IXeaHTATuF8m3,1X,3HTF=FS.3,1X~]HPRmF6.3) 

PRZNT 5 ~  
11 CONTINUE 
91CONTTNUE 

ENO 
__SUBROUTINE FMCTNS(KK~ 

COMMON DTFGSeGOwGR,AwKGA~L~LO~MF,NOeXRT~TL~XT~XBeYI~YSeZ~GeX~AKGe 
~ |_ASAtLCeLFeLa ... . . .  

DAYA E , ~ e R t l S E 5 8 . , 7 . 2 E - ~ I . ~ 8 /  
? L C m ( T L - 3 2 . ] / I . 8  

~TLAuTLC÷273.2 
KExITOO.*EXPCET.5~-E/CR*TLI))*57666.~ 
Ox S.l~S*IOo**t-9)*EXP~O.O3255*TLA) 
MutOOO,/(l~B.2/Y$-118,2)__ 
ROLu(-3.ES*lO,**(-~]*TL~÷t.O95~9*YS +1.095)*~E.~28 
M~Lm]O, 

___AWuA*[I.-ExP(-O.~33*HWL*LO/ROL)) 
MULBCMF/taol~83,((TLC-eo~35)÷$~R~CeO?e.~*CTLC~8,~35)e*a'))=IZO~})- 

1"2~1.8 
PHIIe255*~B,EOPlm75*X)tMe*~.O,O|~) 
CRu 1 0 . * * ( - 1 ~ ) * ( 1 0 . * * P H ) * 0 . 0 6 2 ~ 3  
SCuHUL/C~OL*D) 
REILO/(A**HLJL)*HWL. 
Pm(MUL**2t(GR*ROL**2))**(1./].) 
~ m P * ( K 2 * C R I D ] * * ( 1 . / 2 . )  

KLiO.OIbS*OIP*RE**(2.13.}*SC**{I.13.~*HA 
ZF(KK.~G.1) ~GA=lotCI.IAKG$1oI(HF*KL*A~]) 

___XFCKKmEO.2} KGAu~KL*AW 
RETURN 
END 

_.___SUB~O.UT~INE_D/#(II),, 
REAL KGAwKLeK2,L,LOFMWL,MWTrMpMGpMFtML,MUL,MUWwNRFMOTORpLRpLCwLR 
COHMON DTe~$,GOeGR,A,KGAeL,LO,HF,NO,XRT,TLrXTeXB,YI,YSFZ,G,XpIKG, 

_IASA,LC,LF,LR,PR . . . . . . . . . . .  
MFm~.115~ 



;RxQ,I?F8 
DA~A DI*,P,MWT,MUW,EPIO.1667,19.1,~.alg,O.7~/ 
IR(I.I.E{~,2) ~O TO 12 
RDG m2.5] 
MGmG,~W'r 
ADTmlO, .  
Am~,T/DIAP 
YYIYI 
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;0 TO 10 
IZ AWGRx(%8 

____RD~PR/( 
MGsL*Z*( 
ADT=IY. 
YY=L*Z*( 
GG=G$=LC 

10 MLxL*tO0 
_ _ - T L C = ( T L -  

MULmIMF/ 

.*(GS-LC+LF)+L*Z*(XB-XT)*Q~.)/(G$-LC÷LF+L*Z*(XB-XT)) 
O.O805*((TL-32.)/I.B÷273.))*O.O62~$*AWGR 
XRT-~T)*QQ.+CGS=LC+LF)*18. 

X R T" X T~/-f. G S-LC ~) 
+L*Z*(XRT-XT) 
. * (~.+XB *YB}/t5,5555-~,BIZ*YB+l,~7AI*XB *YS) 
~2,)/%.8 ...................................................................................... 
(2.l~82*((TLC'B.~$5)+$gRTCSO?B.~+(TLC'B.~]5)**2.))'IZO,)~ 

___?J.A=Z?3.2+~LC__ 
ROLC/-5.25E°~*TLA+l.0958g*YS+l.095),82.428 
ESOzA,(MUL/MUW )**O.2/ (GR*EP** ] ,ROL) 

__E§~=~ . * (ML /HG )**0.25*(POG IROL)**O.L25 
~F=(ROG /ESO*EXP(-E51))**O,5 

ANO=ASA/C3.1~I6*{ADT/2.)**2} 
NOmANOII, 

__$A=ASA/FLOAT(NO) .... 
DTx2.*(SA/3,I~$6)**O.S 
GO=GG/(YY+%.)/ASA 

PRINT 300p ROG,ROL,MUW,MUL, GFrGACT,NO,BA,DT,GO,LO 
]00 FORMAT(%HO,SXe~HROG=F8.QtSX,aHROL=FB,Q,5Xp~HMUW=FB.~SXe~HMUL=FB.~ 

_ _ 1 / 5 X ,  . . . . . . . . . . . . . .  3HGF=El$.S,SX,SHGACT=E13.5,SX,3HNO=Ia,SX,3HSA=Et3.5 . . . .  
2/SX,IHDT©Fg.S,SX,3HGO=E13,S,SX,]HLD=E13,5) 

RETURN 
END 
FUNCTIO~ HV(T) 
MVm,IO913906E~-.512~IIT*T=.32a2~g27E-3,T**2÷.b65101e7E-6*T**3 

_ _ I - . $ g 6 4 Y O B 6 E - 8 * T * * ~  .... 
RETURN 
END 

__F~NC_?ION_PV[T)  
PV=2.~687Y-.O957031*T+.I22070~tE=2*T**2=,660~939E'5*T**3+,Ig952QSE 

1=7,T**~ 
- - R E T U R N  

END 
SUBROUTINE COSTCPEVA,BCOS,ODM,OPL,UTC~ 
~A-ACCOU~TING.-PROCEDUREWVU 
DATA RAW~eSHM,BPCReBTUwSFtDEBT,RATEoTAX~XINT/~*O,wO,gBeO.65~O.OTe 
O,5rO.O~/ 
COHuBCO$*O.077] 
EZ4TaXINT*CCOH+BCO$) 
YINVaBCC$+COW+EINT 
AMNT~,O3,CBCOS=SHM) 
SUP:AHNT*0.15 
BPRV=O,IO*OPL 

__.PYR~.(OPL~$PRV)*O,I 



DEP:FINV*O,O5 
TI:FINV,O,03 
RAWHFmSF*~A~M 

BPC~FsSF*BPC~ 
PRST=RAV'~F*ODMF÷OPL÷AMNT÷SUP+$PRV+PYR÷PLT÷DEPsTI 
CONT=P~ST,O,02 
OPCO$©PPST+CONT-BPCRF÷UTC 

20~ FORMAT{I~O~2OX~HOPCOSmEIO,5} 
WCAP=O, 
WOCA~O, 
VTnYm(RAWM*ODMJ_/12~O 
ZTE$~=IO 

12 DFINVmFINV 

B.4-14 

DCAP={FTNV÷WCAP},DEBT 
DRT=DEA~*O,O5 
~CAP=DCAP÷DRT 
~EVA~O, 
FITAuO, 
~ETAtO, 
P~GA=O, 
AINTA=O, 
DO 10 I=I,20 

- -3-DFZNV=DFINV-O,OS,FIHV 
RETm(DFI4V÷WCAP}*RATE 
OCAPaDCAP-DmT 
~INT=DCA-*XINT 
FIT¢(RET-AINT)*TAX/(I,=TAX)-O,6S 
REV=~ET*rIT+OPCO$ 
REVA©REvA÷REV 
%~(ZTEST)%0,11,IO 

._I__0%_FO~ATCIwO,IOX,lS,SEI_OL~} 
11 RETA=RETA~nET 

RZTAmF~TA+FIT 
PRGA:O, 
AINTA:AINTA+AINT 

10 CONTINUF 
REVAI~EVAt20~. 
IFCITEST~l~w13eI~ 

13 RETA=RETA/20, 
FZTA=FTTA/20,_._ 
PRGAmPRGA/20, 
AZNTA=ATNTA/20, 
ORAW~:R~W~KI2, 
:ETU~ 

1~ ARECm~EVAICI2,,SF) 
WCAPmVTRY÷AREC . . . . . . . . .  
ITEST=(WCA~-wOCAP}/IO, 
WOCAP=wcAP 

~~O_T_O__12  
ENO 
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IXCIOO),XM(100), 
2GKk~GNO,H,MRC,K 
DIMENSION DW(IO 
READ(B,2~O~)_Z, 

200~ FORMAT(?Fi~,~/5 
PRINT 5000, Z, 

MONOETHANOL-AMINE PROCESS 
REAL L,LO, ~L,~AM, MOTOR,LC,LF,LR 
COMMON AG(IOO),AL (IO0),GK~C(tOO),GKAM(tOO),R(IOO),~H(I00) ~TL(I00), 

Y(1OO),YC (I00) eYM (100), I ,  ACeAMW~CPCAeCPNeDLeDNC,DR, 
AM~KL,LO,N,PA~PCE,PHE,QN,ROL~VI$,YI,YHI,CAM(1OO),Z 
O),GH(IOO),GC (IO0),TG(100~,HT(100),YHS(100~ 
As H.R C ,.Cp_C__.A., C ~ C _Rj_C.p_.Q.,_H _H_A ,Cp N ,_C P. Le.!;__P 2_,.H .Wj. D. .L 
F10,a) 
AeHRC eCPC& ,CPCR,CPSeHHA ~CPNeCP1 eCP2eHWeDR 

50~0 FORPkTC3X~2HZ=FS, 
13XeSHCPC~=FS,~,3X 
2=FS.~,$X,~HCP2=F8 

~EA0¢5,2001) g1,G 
2001FORMAT(FtO.2,6FIO 

IF(IC.EQ.I) PRINT 
IF(IC.NE.I) PRINT 

~00~ FORMiT(lWl,SX,SHC 

a~2X,tX~2HA=FS,2~3X~.~HHRC=FtOmqe. 3X~SHCPC&=F8,ge ..... 
e~HCPS=F8=g/aX,gHHHA=FtO,~,]X,=HCPN=F8°=~X~=HCPt 
,~3X,3MHW=F10,~e3X~3HDR=FIO,~) 

W,TI,P,GCOE,GH2$,ROGA,AWGA,GKA,ST,XI,X~,TAT~IC 

.3002,1C_ 
9002,IC 

ASE , I 1 }  
~OO2KORMAT( IHO 

P~INT ~003 
2003 FORM&T(1MO 

1,SHGCO2=F1 
~K~=F6,~e3X 
~T=F8.2) 

,SXeSHCASE_J_I1] 
, GI,GW,TIeP~GCO2,GH2S,ROGA,AW~A~GKIeSTeXIeX2eICeTAT 
,SXe3H~I=FIO,2,3X,3HGW=F~O,2e~X,]HTI=FB°2~]Xe2HPxFB,2/6X 
O°3,3X,5HGH2$=Fg°3,3X,SHROGA=FIO,3,~X,SHAWGA=FB,3/~X,~HG .- 
,]HST=FIO,2e]Xe]HXI=FS,~eSXe~HX2=FS,~e]Xe~HZC=ZI/6Xe~HTA 

D O__~_~__L~. 
XT=X1 
XB=X2 

~GS=$T 
TGt=Ia6, 
IRC~B,GT,O,5) GO TO 1=3 
PR=t,+IOdl~.~.7. 
Yw=Gw/G! 
YC2:O,OO001 
DWT=CP*YW-PVETG1))/P*Gt/II,~P~-(TGI~IP~ 
GN=GI-DkT-GH21-GCO2 
YCImGCO2/GN 
L=(X_CI~C2)*GNJ_¢Z_*._CXB-_X_T_~} 
CALCULATE T~T,TB 
XMl=GH25/CZ*L}+O,0001 
XH2=0,0001 
Tx2~O,? 

! pWmCI , -Z} *~V(T) / I~ .7  
PCE=J~31eE'3*EXRCO...515q~12,5!~X~182~.O.,-*-El.,.L(.460--÷T)'I-,~BE'3~J~ 
PHE=XH2,~T,W(9.~7~3+5.0978*eLOGCXT)+O,~766*CALOGCXT))**2)wEXP( 

1-707q,32/CT+~60,)÷16,2718) 
PCW=PCE~PW+PHE . . . . . . . . . . . . . .  
PRINT IO01,PQ~PWePCEsTpPCWwPHE 

1001FORMAT~5~w3HPR:FS.3p3Xp3HPH=FS,3p3Xe~HPCE=F8,3p3XeZHTmFS,3w]Xe~HPC 
|W:F~O,313X,4HPHE=E13.,bL 

IF~&BSfP~-PCH).LE,O,01) GO TO 2 
IF(PR°GT,PC*) T=T+O°] 
IF(PR,LT,PCW)-J=T-Oo] 
GO TO 1 

2 TB=T 
__GCB=G$tPW*PCE 

GH~=GS/P**PHE 
T~=TB-$5, 
7F(XB,LE;O,375)-GO-70 901 
T=225,3 
XFxO,~3S 
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t=707~,321(T+a~O,)÷1o.2718) 
pCwxOCE,=w 
I~(AB$(P~-PC~),LE,O,01] GO TO ~3 
IF{PR.GT.~Cw) T=T÷O.~ 
~rtPR,LT,~CW) T=T-O.~ 
~O TO ~2 

cl3 

/,t'5 

903 

CONTINLIE 
GCFmL,Z,(XB-WF) 
I.F=PW/PCE,GCF 
CPB=(O.gOEB+3.BTSE-~*CT~-lO.))*(Z*61.l+(1.-Z)*lS.)+Z*XB*CPCR 
TRTmT~=(~CF*HRC÷LF*H*)/(L*CPB) 
IF t~BS(T-TPT) ,LE, I . )  GO-T~ ~5 
IFtTRT,~T,T) XF=YF-O.O0~ 
Zr(T~T,L?,?)_ Xr=XFeC,OQ~ 
GO TO ~2 
CONTINUE 
GO Tq qO~ 

~0~ 
7001 

---5-55 

C 

C 

LC= 
I÷GC 

CPB 

1100 

5123 FOR 

LFIO, 
TRTIT~ 
XF©XB 
PRZNT 700I,GCF, LF,T~T,XF 
FORM A T C 5 X, ~" G CF.=E1 3. b' $ X~3 MLF~E 13. b ,_3X ,~ HTR~sFB .3w 3W, ~H XFsF 8.3 ~ . . . . .  
YRT=XF 
F=L*Z 
P~ZNT 555~ L,F 
FORM~T~IW0,10X,EWL=EI3,~;SX,EHF=EI],6} ....................................... 
~RBm~T*GCBtF 
F~sF*{X~-XT) 

TRB=TB=[TB-TRT)/(XRT-XT),(X~B=XT) 
. . . .  CPRB=20,~72*{O,R~2~÷~.B75E-~*(TRT+T~)/2.]+Z*XRB*CPCR 

(L*CPR~*(T~-TPT)+(  -LF)*IB.*(TRB-TRT)eF*CXRT-XRB)*HRC-(GSeCP$ 
B*CPCR}*(TB-TRT))/(Hw-I~°e(TRB=TRT)) 
=20.~?2*(O.gO28*~.875E-~*(T~eTRT)/2.)+Z,XT.CPCR . . . . . . . . . . . . . . . . . . . . . . . . .  
L*CPP*(TB°TRT)eF*(XRT-XT]*M~Ce(GS-LC)*HW~(LF+GS-LC)*IS,*(TRT- 
. )  
NT 5123, LC~TB ,LF,¢ReTRB 
M~Ttlw0,SX,3~LC=EI3,b,3X,~MTB ;FS;3w3X'3MLF-E|3.6-.3Xi3MQR,Et3.b- 

I~3XeQHT~BxFS,3) 
REBOILE~ 
~SuQR 
ASTMuQS/CHVCEb5.}] 
DTS=2bS,=TB 
ARSIQ$/CDTS*300.) 
EWR=3,b*85~,*CC A R S ] / 5 0 , ) * * O , S b 2  
CSuSTOO*ASTM*°15/lO00° .... 
PRINT 1005,Q~, ~$,EMR,ARTM,C$1 LC.TRB.XRB 

1005 FORMAT(Iw0,3Xe3HQP=EI3,bp3Xe 3HOSzE|]e6w3Xw~HEHRsEI~ 
. . . . . .  ~,6/~XtS~ASTH=EI]°brEWL~3~t]HC$=EI3,br3Xt . . . . . . . . . . . . . . . . .  3WLCmEI3.bp 

23Xp~HTREEFS.3p3X.~HXPb=F@.~) 
FEED GAS COOLER 

6 DWCa(=.yw =~VCTG1)) . /P*GI/ ( ! , -PV(TGI~/~}  
YWA=(Yw *GI-DWC]I(GI-D*C) 
G=~l=OwC 

___~M=GI*CFE*(Tt-TGI)+18,*HV(TGI)*DWC. 
WHlQHI(150,=85,) 
DTHu(CTl-150,~-(TG1-85,]]/ALOG((Tl-150.)/(TGI,85,)}. 
Aw=QH/(PS,PDTH]_ 
E M I ] , b , 8 5 0 , . ( A H / 5 0 , ) * * O , S 6 2  
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BpHmWH*7,U81*5,*I~,I(62,~*60,*0,8*2~800) 
EPHm68~,,BRH**O,~67 
ELCHm8760**BPH*O,7~57*O,011/O,8 
UWCmB700.,WH*(7.~81/62.~)*O.OS/IO00. 
PRINT IO07~G,YWA,QH,WH,EH~EPH~ELCH,UWC 

16X~3HEH=El~=6,~X~HEPH=E13,6~3X~SHELCH=Et$=b,3X~gHU~C=EI3,6) 
GNmG-GCC2-GH2~ 
YCt=GCOEtGN 
YH$txGHZ$/GN 
Lm(YCI-¥C2)*GNt(Z*CXB-XT)) 

C CALCULATE TAB 
CPLA:~O,~O2B÷3.875E-q*(TAT+IO,])*(Z*61,1÷[t,-Z)*18,) 
~Am(YCI-YC2)*GN*HRC_. 
ALTm(O,gO28*3,BTSE=~*TAT)*(Z*(~**XT+6~,t)+(I,=Z)*18,)*L 
AGTmGN*(CRNeYC2*CPCA) 
A.GB=GN*.E.CP~!÷YCI*CPCA) 
ALB=L,(O,902B+$,875E-~*(TAT÷~O,))*(Z*(~,*XB+61,1')÷Cl,-Z]*I8,~ 
TAB=(QA÷AGB*TGI+ALT*TAT-AGT*TAT)/ALB 
I F ( I C . E ~ . I ]  TAB=TAT+~A/.£ALT+ALB}*2o . . . . . . . . . . . . . . . . . . . . . . . .  
PRINT 901~ T~T,L~GN,CPLi,GA~TAB~ALT,AGT,~GB,ALB 

901FORMAT(1HO,SX,~HTAT=FB,3,3X~2HL=E13.6,3X,3HGNmE13,6'3X'SHCPLA=FS, 5 

2aHAGB=EI3,6,3X~HALB=E13,6) 
PRINT 1008~ T&B~L~CPLA~G,GN 

__~tO08 FORMAT(IHO,SX,aHTAB:FS,3,3X~,ZHL:E13,6~3X~SHC~LA=F.8°3,3X~2HG=E13°6~--.. 
13X,3WGN=EI3,6) 

C CALCULiTE TOTAL CROSS SECTIONIL AREA OF OF THE ABSORBER 

ROLm(i,O~?7.E,15E-Q,TAB-8,3~E-8,TAB*'*'E)*62,Q*AMWI(AMW-Z*XB*~A,) 
A~sA/(Q,17EB,(O,TQ)**3,ROL)*(2,589/2,~Iq)**O,2 
BBa4,*CL,AM~IG/AWGA)**O,25*(ROGA/RDL].**O.,t25 .... 

GFT=SORTEROGA/AA,EXP(-BB))*O,90 
SAmG*AWG&/GFT 
NO~_~I_EI_X_(B~I~3,1.~I~.~_P....5,}} 
ANO:I,÷FLOAT(NO] 
DTA=(CSAIANO)/3,t~16)**O,5*2, 
LO=L/~A 

C 

299 

$00 
18.~,SX,3HLO=EI3.6,SX,~HGNO=E13.b.I 

SIMULATION FOR THE ABSORBER 
GK&=O,b~2*CG/$A/t~5o5)**O,?5 
PR-.T.N~.906e_GK-A 

906 POR~ATC1HO,IOX,~WGKA=FIO,~ 
N=I 
TLCN)=TAB. 
YC1)mYCII ( I .+YCI+YHBI)  
X(N)=X~ 

... DNC=O. 

GNO=GNISA 
PRINT 299e L,GpAMWwTAB,Z,XT,~B,ROL,AA~BB,AWGAwROGA~GFT 
~O~M_JLT__EI_HOISX,.6~E_I3..61aX~.ZSX~IEL3~6L3X)) 
PRINT 300, SA,ANO,BTA,LO,GNO 
FORMATCIHO,SX, t~BS~RFER I/5X,3HSamFg,~ r5X,~HA~O:F8,~wSX,~HDTA=F 

X~CN~=XHI 
Y~CI)=vHsI/(:I,÷YCI+YHSI } 

- - - T G (  I ]=TGt ... 
PAmP/t/4,7 
VCCl)=YCt 
YHSCl)=YHSl 
w q !  mt~ 



1 

18 
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HT{t)=O. 
CALL NaME(t) 
PRINT %10~ NeY(N)eXCN)~YH(N),XW(N),HSL,CAM(N)eR(N)~TL{N)~TG(N), 

%GKAC(N),GKkH{N]eHT(N)eRH(NI 
110 FORMAT(3~2HNuI3e3X, 2HY=EI3.6~3~,EHWxFE.be3X,3MYMmE~3.6,3Xe 

|~HXH=FB,6e]XeaHHSL=Fq,~,]X,~HCAMmFg,~/IX,2H~=Et~,be]X,~HTL=FS,~e~X 
2~)HTGmFS;~3~;SHGKACmFS.~e3X;SHGKAHuFS.~;3Xt3HHT=FB.~]X~3HRH=EI~. -- 

KN=3! 
- - D O - 1 0  N-~E3KN 

YH$(N)mYH$(N-t) 
YC(N)=VCt-~LOAT(N-~)*(YCI-YCI}/FLD~T(KN-%) 
YH(N)=¥M(N-I) ....... 
Y(N)=YC(~) /(|.+YC(N)÷yM$(N}) 
DNC=(YC(N-t)-YC(N))*GNO 
X-(N)=X{~-%~-DNC/(Z*L~) 
WH(N)=XW(N-[~ 
TL(N)=TAB÷(TaT-TAB)I(YT-XB)*(X(N]-XBI 
CALL NAME(t) 
IF(PCE,GE.PAtYfN)) Y(N)uY(~-t) 
HT(N}:D~C/(A*(R(N}+R(N-I})*O,5) 
HAHmAeHT(N)*HHA 
TG(N)=(AG(N-I)*TG(N-I)*(AL{N)-HAH}÷HAMe(AL(N-t)*TL(N.t)-ON))/ 

%(AG(N)*AL(N)÷MAH*(AL(N)-AG(N))+ACtAL(N)) 
yH$(N)=(y~$(N.I)+O.5,tGKAH(N).GKA~(N.I}],HT(Q~PHE/GNO)/tt,~O~& . . . . .  
(GKAHCN)6GKAWCN-I)}*HT(~)*PA/(GNO*($,÷YC(N)))} 
DNH={YH$(N-t)-YH$CN))*G~O 
YH(N)uYM$(N)/(t,+YMS(N)¢YC(N)) . . . . . . . . . . . . . . . . . . . . .  
PM&=PA*YH(N) 
IFtPWE,GE,PHA) GO TO 1Q3 
x~( N ) =X~ ( ~J. I ) "o N ~ ( Z * ~  0 ) . . . . . .  

H~L=HSL+DNH*~A 
GRAZNmYh~N)/O.O00016~ 

IGKAC(N)~GKAH(N)~HT(N),RM(N) 
PRINT ~00~ PHAePHEeGRAIN 

6005 FORMATt%0X,~MpHA=EI3,b,10W,~HPHE=Et3,6,10x,a~GRA-IN=Fl-d,7) 
10 CONTINUE 

H T ~ = 5 .  
DO 8 J=tpKN 
WTA=WTA*HT(J) 
CONTINUE 

530 NBN*I 
PRINT BEe HTA 
PRINT 6005,_.P_H&,PHEf.GRAIN 
A Z u Z . * * I  
IFCG~AIk.LE,O.~/,I} G~ TO 51q 

X(N)=~T 
YC(N):YC2 

. . . . .  Y(N)=Y{K=%~ 
HTCN)=5. 
HTAmHTA÷WTCN) 

~GR~H(N)mGKAW(k~11 
TLCN)m~L~N-%) 
TR=TL(N)+aeG. 

____PHE=XHC~)*X(N)e*(9.476]eS.OgTS*ALOG(X(N))eO.9766*(ALOGCX(N))),,Z), 
t£XP(-707Q.32fT~÷16.2718] 
PH uXw(~*O.15**(Q.~763÷S.Oq7@*ALOGCO,lS)÷O.9766*CALOG(O.15))**2), 

____lEX~E=7079.32/Tm~16.2718)*C~J_I_7_.t~LQ_o/17..X~J,'9)/0..15) 
IF(X(N)mLT,O,15) PHE=PH 
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YH$CN)=CYH$(N-I)+O,5*CGKAMCN)+GKAH(N-I))*HT(H}*PHE/GNO)/(I,÷O,~* 

I(GKAHCN)÷GKAHC~-~))*HT(N)*PAI(~NO*(I,÷YC(N)))) 
DNHm(yH@(N-I)=YHB(N))*GNO 
YH(N~=YM$(N]/CI,+YHS(N)÷YC(N)} 
PHA=BA*YH(N) 
IF((pHA=PHE),LE,O,O~OO~O~.LG._O...TO 1~3 . . . 
IFtN,GE,IO0) GO TO 1A3 
~RAINsYM(N)/O,O000163 

_GOTO 530. 
519 CONTINUE 
B6 FORHAT(IHO,SX,IHEIGHT OF ABSORBER HTA=I~FtO,$} 

_C C~LCULATECRO$$-~E~TIO~AL~REA_~FTHE_.P~G~ER~TOR 
AHW=(I°-Z)*IS,+Z*(XB*4~°+6t,t) 
ROL:(t,O~?7=2,15E=~*TRI-B,$~E-B*TRT**2)*6Z,~*AHW/(AMW-2*XB*~,) 

_ _ _ _ G R T = ~ B - L C + L F ÷ L * Z * ( X B - X T }  
~WGRm{tB,*(GS-LC÷LF)*L*Z*CXg~ii);-a3~-~/GRT 
ROGR=PR/(O,O805*((?Rl-~E,)/t,8+ET],))*O,O62~]*AWGR 

.... AA=A/(~oITES*(O.?~)**5*ROL)*{E,SB9/2,¢~9.1**0,2 . 
BB=~,*(LeAMW/GRT/AWGR)**O,E5*(RDGR/ROL)**O,125 
GFT=SQRTCROGRIAA,E~P(-B@))*O,90 
SR=GRT*AWGR/@FT ....... 
NO=IFZX($R/{$,%qI6*7,5*7,$)) 
RNO=I,+FLOAT(NO) 

LO=L/SR 
@$O=GS/$R 
PRINT ~O0~SR~RNO~DTReLO~GSO .................. 
FORMAT(tHO~SX~REGENERATOR~/SX~]HSRmF9,~ 

18,4~5~,3HLO=El~,6~SXe~wGSO=Et3o6) 
SZHULATI.DN__EOR_T_HE_REGENER~T..OR 

X(N)=XR~ 
Y(t)=GCB/(GS+GCBeGHB.) 
XH(N)mXH(KN)÷GHB/F 
?L(N)=TRB 
PAmPR 

eSX,~HRNOmFS,~eSX~HDTR=F 

HBG=GHB 
DNC=O, 
GC(1)=GCB 
DW(1)=O, 
@H(1)sGM@ 
YH(L}.:GHCI)LCG@-D_H_(J~G£_C~GH(I}} 
C~=LC/(XRB-XRT) 
CS=(TRB-TRT)I(XRB-XRT) 
HT(1):O,.__ 

2$HGC=F 
YRT=F* 
KRm31 

CALL NAME(E) 
PRINT ]%0,N,y(N),X(N)eYH(N),X~(N},GM(N]eCAM(N},R(N]wTL(N},DW(N)p 

|GKA£(N),~KAH(N~HT.CN.],RH(N}.LGC(N~ 
310 FORMAT(ZX,EHN=I3,1X~2MY=F8,@,lXo2HXmFS,b,lXw3HYHuEI2,6,1X,3HX~= 

1FS,b,IYt]HGHmFB,~pIXw~HC4MmFq,SelXe2HRmEIE,b~/IX,3HTLmFB,Qw~Xe3HDW 
____21Fg,2~IX,SHGKAC=FB,~eIXeSHGKAH~FB,~eCXe3HHT=FB,~#$Xe.3HRM=E$2,belX~. 

10,2)  
{XRT-XT}/(GS=LC+F*(XRT-XT)+GH2@) 

00 ~9 
GHCN}: 

V(N)=Y 
CbmY(N 

N=E,KR 

X~(N-%) ............................... 
(%]÷FLOAT(N-%)*(YRT-Y(%))/FLOAT(KR-I) 
) / ( l , =vc~ ) )  

---.X-( N ) = ( GC f ~J- i ) ,-F *X ( N .,,.~-J ,,C@ *-(-G$+GH-(N)m C~,X R B )J/.(.C 6 *C~-F~ 
DW (N),,C~,(XRB=X(N)) 
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GC{N)mL*Z*CX{N}-X(N-t))*GC[N-I) 
TL(N}=TR~-CS*(XRB-X(N}) 
YH(N)=GM(N)/(G$-DW(N)*GC(N)+GM(N)) 
DNCmCGC(N)-GC(N=t})ISR 
CALL NAME(2) 
HT(N)=D~C/(A*(~(N)+RtN-I~}*O.S) 

GH(N)=G~(N-t)÷DNH*$R 
~F(GHtN).GE.WSL) GH(N)=GHCN-I) 

-XM(N)z~H(N-t)+(GH(N)-GM(N-~})/F 
YN(N)=GH{N)/(GS-DWCN}+GC(N)+GM(N)) 
I~(ABSCPCE-YtN]*=A).LE.O.O00001) GO TO 1~3 
IFtC~CE-PA*Y(N}).LE,O.O000%) GO TO 1Q3 
IFtt~HE-~A,YW(~)).LE.O.O000%) GO TO 1Q3 

~g CONTINUE 

IGKAC(N)eGKAH(N)~HT(N),RH(N)~GC(N) 
HTRuS, 
DO 28 J:I,K~ 

___Is_ 

67 
C 

wTR=HT~+WT{J} 
CONTINUE 
PRINT 87w HTR 
FORMAT(1HO,S~pI~EIGHT eF REGENERATOP HTRmlsFIO.S) 
NO. ~ HEAT E~CHANGER 

l Z ] . 1 8 . )  
DT~=I5.  

-TS=TkB+]5.  . . . . . .  
kN~=q~/C2OO,*OT~5 
E ~ I 3 , ~ * P S O , * ( A H ~ / 5 0 , ) * * O . S 6 2  
PRINT 12~e T~sTSeQ~pEH~ 
FDRMAT(IWOeSX,3HTQ=FB.Q,3X,3HTS=FB.~e3Xe3H~mEI3,6,3Xe~WEH~=EI3,6) 
NO° 5 HEAT EXCHANGER 
OSuL*{T5 - T A T ] . ( O . 9 0 ~ 8 + 3 , B 7 5 E ; ~ . ( T 5  -÷TAT)/Z.)*CZ*C~,.*XT÷61.!)+C!: " 

1 = Z ) ' 1 8 . ~  
0 ~ 5 = ( ( T 5  -120.)=~T~T?BS,))_/aL.DGL{T.5 ,_~20~.)/(~A?-eS,)) 

AHS=QS/CDT5*~O0.} 
E~5=3,~*850.*C&~S/SO,)**O°562 
U W 5 = 0 5 / ( 1 2 0 , - 8 5 , )  

EP5 = 6 8 ~ . , ( B = ) * * 0 . ~ 6 7  
ELCS=87~O.*BP*C.7,57*~.01/O.8 
UwCS=~5/ttSO,-85,),ST~O,*(7,Q81/~2,~),O,05/tO00, 
P~INT 10~, TS,O5,EWS,UWC5,EPS.ELC5 

. . . . .  %0~ FORMATt|HO~SX~HT5 =FS,3,SXe3M~S=EI3,6eSX,~HEHS©Et3.6~SXeSHUWC~BEl 
13,~/5X,SHEgS =E13,~,SX,5HELC5=E13,~)  
COST OF TU~BINE=~OTO~-~UMP 

P2=(P~*~CE~* I~ ,7  . . . . . . . . . . . . . . . . . . . . . . . . . .  

~psP.P]  
NPmI+TFIY(O.O~O~3*L/2000.) ...... 
CFeO.O~O,3*L/FLOkT(NP) 
B~=C~*{~P*IQ~,+ROL*MTA)/(O.B*2Qfi800.~ 
PUHP=FLC~TCN~)*L.8*bB~,*(BP)**O,4~7 ............................... 
TBN=PU~F 
WEm. O~O~wL*(I~.*(O.l*(P-P2)+P2-P3)*R~L*HTA)/(O.8*2~6800,) 

CTMR=~BNa~TOR~PUMP 

C 
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_¢____. 

ELCTmWE,O,7~57*BT$O,,O,Ot! 
PRINT 203, CTMP,ELCT,ND,PUMP,MOTOR,TBN,BP 

205 FORMAT(1HOelOX,18HTU~BIKE-HOTOR-PUMP/lOX,SHCTMP=Elt.SeSX,SHELCT=EI 
11,5,SX,~HNP=I~,SX,SHPUMP=EII,5/IOX,SHPOTOR=EII,SeSXe~HTBNmE11,5, 
~SX,3HBP=EIi,S~ 

THA=O.O36~gwDT~+I. /~8. 
HT~=HT~+S° 

1) 
THRm(S,O6763110,**~)*DTR+I,/~8, 
HTRmHT~÷5, 

c 

C 

CR=5~,}~S*RNO*(((OTR*2,*THR)**2-DTR**2)*HTR+~.*(%,3~*DTR)**2*THR 
~),(%,+(X~-XRT}/(×RT-XRB)) 
~ALVE COST .......... 
CV=|6OOO$(ANO÷RNO) 
MEA COST 
.CME~__=O,35..*O,2,5..I~%.6./~,~.D~A,~2,ETE~AND÷.D_T~,.,2,HTR,RNO)~.,.~8~ . . . .  
PACKING COST 
CPK=5.*].I~2/~o*CDTA**2*HTA*~+DTR**2*HTR*R40) 
PRINT 20q, THA,C~eTHR,CP,CPK,CME~. ,CV .................................... 

20~ FORMATCiWO,IOX,2OHABSORBER-REGENERAT~R/IOX~HTHA=EIO°S~BX,3HCA=EiO 
I°5,SX,QMTHR=EIO.S,SX,3HCR=EIO.5/IOX~HCPK©EIO.$eSXeSHCMEAsEtO.Se 
25X,3HCV=ElO,.S~ 

CDNDENSE~ 
DTC=((TRT-150,)-(IOO,-BS,))/~LOG((TRT-150,)/(IO0,-85,)) 
.T=(O,5*(TRT+IO0,)-~,)/I,8+~7), ........ 
GB=GS-LE*LF 
O=GS*(?.256+2.298E-3*T+2.83E-7*T**2),(T~T-lOO.)÷L,Z,(XB-XT),(6.21~ 

AC=OI{2OO,wDTC) 
C~=~/(150.-B5,) 
UWCC=BT60,*CN*(7.~81/62,~}*O,~5/IOOO, 
EC=],b*8~O,*CAC/50,)**O,562 
BPC=CW*7,QSI*2,*t~,/(62°Q*bO,,O°8,296800,) 
EPC=bBQ,,(BRC)**O.,~? 
EL~C=8760o*BPC*0.7~57*O.011/O.8 
PRINT 600~ ~,EC,EPC,ELCC,UWCC 

_ _ 6 0 0  FORMAT(IWO,SX,2He=E13.~,3Xm3HEC=EI3.6,3X,~HEPC=EI3o6m3XmSHELCC=E13 ..... 
t . ~ , 3 X , 5 ~ U ~ C C = E t 3 . 6 )  

BCO$=(CTMP~C~+CR+CPK+CV÷EHR÷EH ÷EH~EHS÷EPH÷EC÷EPS+EPC)/IO00. 
ORL=6_O° 

ODMcCMEA/IO00. 
UTC=(U~C+ELCM+CS~UWCS+ELC5+UWCC+ELCC÷ELCT)/IO00. 
CALL COSTCREVA,BCO$,ODMeOPL,UTC) 
P~INT 5 t l  

__515__F~RHA~lHOmSXs.!~$S$~$$&S$$$$$~$$S$S$$$$S$$S$$S$S$$$SSS$$$$SS$$$!) . . . . .  
PRINT ~O~e~EVA,BCOS,OPLpODHeUTC 

~02 FORMAT(IHOeIOXrIOXeIO~COST IN sM/gX,~HREVAeIOX,4HBCO$,IOX,~H~PLp11 
tX ,3~ODU, i tX ,3HUTC/6X ,SE l~ .S }  . . . . . . . . . . . . . . . . . . . . . . . . .  

PRINT 5~Ow XT,XB,GSwTRTp L~HTA,DTApANOpHTR,DTRp~NO 
510 FORMATtIHOeIOXw3HXT=FB.Sp3Ye3HXB=F8.5,~X,3HG$=FIO.2~3Xe~HTRT=FS°2e 

1 ~ X p  2HL=F.lO.E/llX,~MHTA=Fb.2e3X~HDTA=F8o5~3Xe~HANO~ . . . .  
2FS°I,]Xp~H~TR=F6.2,3X,AHDT~=FS.5,3Xe~HAN~=FSol) 
PRINT 511 

-.-90 CONTINUE-- 
IA~ CONTINUE 
20 CONTINUE 

END 
SUBROUTINE NAME{IR} 
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REAL L,LO,~L,KAM,MOTOR,LC,LF,L~ 
COMMON AG(IOO),ALtIOO),GKAC(IOO),GKAW(IOO),R(IOO),~M(IOO},TLftOO}e 

IX(IOO)eXW(IOO),Y(IOO},YC(IOO]~YHtIOO],keAC,~M~CPCAeCPN~DLeDNCeD~e 
~G~ie~NOeW,MRC~KAMeKL,LO~N,~A~PCE,PWE,~N~ROL~VIS,YI,Y~I,C~M(IO0}~ 

TxTL(N) 

- - ~ C = - ( ~ ; 3 2 ; ) / 1 . 8  
TKxTC÷2?~° 

AMW=IB.*(I.-Z)+Z*(X(N)*~.÷b1.t) 
ROLx(I.OI77-P.15E-A*~-8.33E-8*~* 
DL=2.~25E-5*(1.ll*O.O1675*TC+O.O 

KLmO.OtkS*DL*CVISe*2/(~.I7EB*ROL 
I(2,1].)*(VISICROL*DL))**(I./].] 

KAMm57b~I..EWP(25.~}2-~glS.~]/TK 
CAMCN)x(I.-2.*XC~})*Z*R~L/AMw 

*2 ) *62 .Q*~MW/ (&MW-Z*X(N) *~ . )  
00575 .7C* .2 )  
75,T)  
**2))**(-1.I3.~*CLO*kMW/(A*VI$))** 

CONTINUE 
RETURN 
END . . . . . .  - . . . . . . . . . . . . . . . . .  
FUNCTION flVCT] 
HVX.lO9%]gObE~-.YI~II?*T-.32~2~g27E-3*T**~÷.66~tOt~TE'b*T**~ 

~EfU~N 

PCEx]./760**EXP(O.Yl~÷12.57~*y(N) - 1 8 2 ~ O . , ( f . / T R o l . t 6 7 2 . ) )  ........ 
P~E=XH~N~.X(~**~q.~763÷5.0~78.ALOG(X(N))+O.9766*(ALOG(X(N)))**2~* 

tEXP¢-7OTQ. ]2 /TR+ Ib .2? I~ )  
PH xXH(N~,O.15**Cg.~Tb3*5.0978*AL~G(O.15]+O.9768*(kLOG(O.tY]}**Z)*_ 

IEXPC=7079.321TR,lb.2718)*(7./17.+lO./17.*X(N)/O.IY) 
TF(X (N) .LT .O .15 )  PWE=PW 

YI2x(GKA,PA,  YCN~-A.KL,CAM(N)*$ORT(DR)/2.)/(PA*-(A*KL;M . . . .  ~8ORT(OR-)- 
I*GKk]] 

YJm(A,M,PCE*S~T(KL**2$DL*KAM*CAV(N))eGKA*Pk*Y(N))/(A*M*PAt . . . . . . .  
ISQRTCKL**2*DL*CAMCN)*KAM)~GKA*PA) 

ZF(Y I2 .GE.YJ ]  Y IzY I2  
IF(Y~2,LT.YJ) YT=Y.T 

- - - - I F  (N. GE. Ib)  vI=YJ 
R ( N ) : G K A . P A * ( Y ( N ) - Y I ; / k  
GKACCN):~CN)*A/CYCN)*PA-PCE) . . . . . . . . .  
GKLml . / ( ~ . IGKACCN) - I . /GK* }  
AG(N)~GkO,CCPN+YCCN)*CPCA) 

ACxDNC*CPCA 
ON~ONC*M~C 
yHZ¢(A*~**~*~ME.SQRT(K~**2÷DL*KAM*CAM(N))+GKAwPA*YHCN).)/(~*]**H* .... 

-IP~tSQRT(KL**2÷DL,K~M*CA~(N))÷GK~*P~) 
RH(N~zGKA*PA*(YH(N)-Y~I~/~ 
GKAH(NIF~M(N)*A!_(YW(N}*.PA-P~E) ... 
GKAM(N)~I,I¢I./GKA÷I,/6.1GKL) 
GO TO 

2 CONTINUE . . . . . . .  

IPA*$~T(~L* *~+DL*KAM*CAV(N} ) ]  
R(N)=~*(~CE-PA*Y~)*$~RT(KL**2+OL*KAM*CAM(N~) 
GKAC(N)~R(N)*AI(PCE-PA*Y(N)) 
yH%m(A*~**~*~E*SQRT(KL**2+DL*KAH*CAM(~)}+I2.*Pk*YH(N))/(12,*PA÷k 

__I,H,~.,~*SORT(KL**2~L*KAM*CAM(N))) 
RH(N)=].,W,(PHE-P&tYWI)*$QRT(KLw*2+DL*KAM*CAM(N)) 
GKAH(N}=~H(N)tA/(PHE-~A*YH(N)) 

_GK~H(N}=%_~. 
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END 
FUNCTION PV(T) 
PV=2,~bB75.,Og57031,T+,12207031E-2*T**~',680qq39E'5*T**$+,t~?5295E 

1-7"T**= 
RETURN 
END 

C 
SUBRO-UTINE COST(~EVA,BCG$,ODM,OPLeUTC) 
AGA ACCOUNTING PROCEDURE wVU 
DATA RAWM,$M~sBP~EvB]~LsEj~EBZ~A ~E.~3Ax-F%,~N~L~O-'-~'95'O'65'o'O~n-" 

I0 .5,0.05/  
COH=BCOS*O,0773 
E~NTmX~kTe(COH+BCO~) 
F~NV=BCO$*C~H+EINT 
AM~T=,O3*(RCOS-SHH) 

..$UP=A~NT*Oot5._ 
SpRv=o,Io*OPL 
pyRm(OPL÷$P~V)*O.tO 
pLT=(DpL~$PRV+_AMNT~pp..)_?_O ~ 
DEP=FINV*O,OS 
TI=FINV*O,03 
RAWH~mSF*RAWM__. 
ODMFm~F*OD~ 
BPCRFmSFi~mC~ 
PRS T = ~ A ~ MEfOD ~ F+ OPL + A MNT +SUP + S P R_~L.~ Y___Rb2 L_TL~ D EP~_T~ ..... 
CONT=PRST*O,02 
OPCO~=PR~T÷CONT=BPCRF+UTC 

_jOI_FORMAT(IHO~2OX,~HOFCOS=E.I~.~} 
~CAP:O, 
wOCAP=O, 

ITE~T=IO 
J=O 

_.__~?._.~FINV=FZNV . . . . . . .  
DCAP=(F~NV+WCAP),DEBT 
DRT=DC~P*O.O5 

REVA=O, 
FITA=O, 

_ _ R E T A = O ,  
PRGA=O. 
AINTA=O, 
DQ_LO._Z:L,_20_ 
DFZNV=DF~NV-O,OS*FZNV 
RETm{DFINV÷WCA"~*RATE 

~_DCAP=DCAP-DRT 
AZNT=OCAP*XINT 
FXTu(RET.A~NT),TAX/(1.-TAX~'O.65 
REV=RET~FZT÷OPCO$ 
REVA:REVA÷~EV 
IF(ZTEST110,11,10 

.__~Oi_F~RMAT(1HO,tOX,I5,5EiO~) 
11RETA=~ETA+RET 

RXTA=FXTA+FIT 
_______PRGA=O. 

~NT~=AINTA+AZNT 
10 CQNTZ~UE 

~REVA=REVA/20. 
IFCZTEST)l~,13,I~ 

15 RETA=RETA/20. 
~F~TAmFZTJ/20. 

PR~AzPQG~I20. 



A~NTAwATNTA/20, 
ORAWMwRAW~II2, 
RE?U~ 

WCAPtVTRY÷AREC 

~ W O C ~ m w C A p  
GO TO 12 
END 

B.4-24 



TABLE B.4-2 PROGRAM SYMBOLS AND EXPLANATIONS 
FOR OPTIMIZATION OF IRON OXIDE BED 
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Program 
Symbols Explanations 

AMAT 

AMAT 

AMU 

AMW 

AN 

ANOP 

B 

BCOS 

CAOB 
CAOT 
CAOM 

DAY 

DAYCAL 

DP 

DT 

DTA 

EP 

F 

G 

GC 

GO 

GRAIN 

Amount of H2S at Bottom in the Gas (ib-moles/sec) 

Amount of H2S at Bottom in a Particle (g-moles/see) 

Viscosity of the Gas (Poise) 

Molecular Weight of the Gas 

Number of Beds in Operation 

Number of the Beds 

Stoichiometric Factor in the Reaction 

~are Equipment Cost (Dollars) 

Concentration of H2S at Bottom, Top and Log-Mean 

Changeout Day in Practical Case (Day) 

Changeout Day Calculated (Day) 

Particle Diameter (cm) 

Diameter of the Bed (cm) 

Diameeer of Bed (ft) 

Void Fraction (-) 

Friction Factor (-) 

Molar Rate of the Gas (ib-moles/see-bed) 

Conversion Factor of Gravitational Force (980 kg-cm/kg -- sq.sec) 

Molar rate of the Gas (ib-moles/sec) 

Concentration Unit for H2S in the Gas 
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Program 
Symbols Explanations 

GTOTAL 

HTA 

HT 

NO 

OPL 

PDP 

PT 

R 

RC 

RE 

RRK 

ROG 

S 

SUMMAT 

TF 

THA 

U 

UTC 

VBED 

XCAOB 
XCAOT 

Z 

Total Gas Rate Treated (ib-moles/hr) 

Height of Bed (ft) 

Height of the Bed (ft) 

Total Number of Beds 

Operational Cost (Dollars) 

Pressure Drop (PSI) 

Total Pressure 

Radius of a Particle (cm) 

Reaction Radius in a Particle at Outlet (cm) 

Reynolds Number of the Gas 

Reaction Rate Constant (cm/sec) 

Density of the Gas (g/cu.cm) 

Cross Sectional Area of the Bed (sq.cm) 

Amount of H2S at Bottom in the Gas (g-moles/sec) 

Temperature of the Gas (Degree F) 

Thickness of the Wall of Bed (ft) 

Gas Velocity (cm/sec) 

Utility Cost (Dollars) 

Volume of the Bed (cu.cm) 

Mole Fraction of H2S at Bottom and Top 

Height of the Bed (cm) 
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CPTINIZATIGk CF IRON OXIDE BED 
EFFECT CN eEVENUE CO ST_~.!TH.CHANGE IN NU~BEROFSEDS 

2 ANU=G.CCCIT~  
3 CP=O.3  
4 TF=ICC_. ........................................................................ 
5 P C P = I .  
b GC=gSO. 

£ P : c . ~  ........................................................ 
- % -  . . . . .  GR~:t0~ . . . . .  

q AN=I. 

_ l e  . . . .  V _  = ~ ............................................... 
I I  15 I=1  
12 34 I F ( I - 2 ) 3 , 4 , 5  

_13 ......... 3_P RIKT 
14 6 FCP~AT(IFC/ICX,6~CASE t / / )  
15 G C = 4 C C 3 C - / 3 6 C C -  

__]~ P T = 1 C 4 7 . / 1 4 ~ 7  
17 RCG=C.C406  
18 A~ 'W=13.82 

_ t 9  . . ~ c ] c ~  
20 4 PRINT 7 

21 7 FCRPAT(IHC/IOX,6PCASE 2 / / )  
22 GC~4_8CC0 . / 36C6 .  
23 Pr=lCdT-l l4-7 
24 RCG=C.C362 
25 a ~ = 1 2 . 3 0  
26 GC TE £ 
27 5 P R I k l  e 
2~ ~ F C P P A T { I F C / I O X , ~ E C ~ S E  3 / / )  . . . . . . . . . . . . . . .  

- 2 q - -  G 0 = ~ 7 1 ~ 0 . / 3 6 C 0 .  
3C PT=IC47,/14.7 

31 rSG~.g_eC3I~. 
32 a V ~ = l e . ~ l  
33 GC TC 9 
34 q G=GEI~ ........................ 
35 XCAEP=O. OCGC 163X, GRA IN 
36 XC&ET=C.CCCCCOI~3  
37 CAC~=XCAC~/I224CO./PT~(TF/t.8-32.+273.)/273*) 

. . . . . . . . . . . .  ~-F~pT'O.COCCCCtE31(22400olPT~(TFIt,~-32o÷273o)/273"~ . . . . .  
39 CACV=(CAGB-CACT)IALOG{CAO6/CAOT) 
40 R = c . 3  . . . . . . . . . . . . . . . .  ... 
41 RC=O.5~R 
42 R K = C . O t 0 5  
43 ANAI=XCAOB G 
44 A~A=4.*3.I4*RC**2*RK*CAO~ 
45 SUUMAT=454 .  ~A~AT 
4 6  . . . . . . . .  A N C P = S U P P A T / A K A  .......................................... 

47 RCR-~'.~:O.016C2/IeC.- .,~ 
48 B = I . / 3 .  
49 . . . . . . .  OAYCAL=RC~*(R-RC)/(B*RK~CACP#36CC,~24.) . . . . . . . . . . . . . . . . . .  
50 GTCT~L=GC*3e0G. 
51 PRIr~T 360,GRAIN,GTOTAL 
52 350 FCq~AT(2X,6FGR~IN=~II.5,IX,THG TOTAL=EIIoS) . . . . . . . . . . . . .  
S3 10 S=~.7~5~T*~2 
54 U = C ~ 4 5 4 . ~ w / ( S ~ R C S )  
55 RE=CP~G~454o~APh/ {S~AMU_)  . . . . . . . . . . . . . . . . . . . . . . . .  
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56 
57 
58 
59 I F ( o C P - l . ) g f i , 9 8 , 9 7  
60  97  C T = C T * C . 1 C ~ 3 C . 4 ~  

__5 1 . . . . . .  GC TC IO 
62 9 8  PRINT ICC,R,RK,TF,XCACB,P 

ISUMWAT,A~CP,U,RCG,AWU,PE,F, 
~3 lOG FCqFhT{IPC,SX,2FR:EII.5,4×, 

13~TF=FII.5,1X,OFXCAC~=E11.5 
2/5X,3FPI=ELL.5,2X,5~AMAI=EI 
32X,SFCACT=EI1.5/3X,~PCAO~=E 

44F~WA=EII.5,TFSL~W~T=EIl.5, 
58X,IIX,SX,2e~=EII.5, 
63X,~qCG=EII.5/4X,4FA~C=EII 
7 5X,2PF=EII.5,4X,3F~P=EII.5 

64 400 N C = I N T { ~ * 2 . C )  
65 CT={SIIC.TeS*AN}}**C.5 

F=ISC.*(I . -EP)IRE*I.75 
Z=4.~4.*CP**3*ANCPI(3.*CT**2mAN*0.6) 
PCP=F*G*454.*A~/S*L/GC/[;P~{I.-EP)/EP**3*Z*C.01422 

70 
71 
72 
?3 

7g 
8C 
81 
82 

T,A~AT,CAOB,CAOt,CACM,A~A, 
~P,PCP 
3~RK=EII.5,4X, 

1.5,2X,5HCAOB:EII.5, 
II.5,3X, 

2X,5~ANOP=EII.5/ 

.5,4X,3HRE:EII.5, 
,3X,4HPDP:EII.5) 

e9 GC T [  4C0 
90 32 IF( I -2)33,33,14 
q l  ] 3  I=I+I 
g2 AN=I. 
~ 3  CT=3C.4~5. 

94 GG T [  ~4 
~5 14 STFP 

s 6  . . . . . . . .  Ent~ . . . . .  ~ . . . . . . . . . . . . . .  

66 HT=1130.48 
67 CIA~Et=LTI3C.~8 
68 PR~T 3CO,EIAPE~,hr,NCtEAYCAL 
6g 300  F C R ~ ~ T {  I F C ,  IFCI~BE~:EII.5,SX,2HZ:E-II-'5,4X,3HNC=I-3~ - -- 

I~X,3X,4FEAY=EIL.5) 

C C C S T _ [ F  h2S_ RE:vCVERS . . . . . . . . . . . . . . . .  
hTA=FT~2. 
B T A = C T / 3 0 . 4 e  
THA=C.C3~]~*~TA÷I./48. 
C~=5~6.325~FLCAT(NC},I((crA,2,,THA)~2_DTA~2)~HTA, 

74 CV:4CCC.~FLCAT{~Q) 
?5 CP=FLCA T {,~C ) ~ 3 . 1 4 ~ 5 . * ~ 2 . 1 C . * C ' C S * 3 C .  ................. 
76 TCTAL=CA+CV+CP 
77 PRINT 2CR,CA,CV,CP,TCTAL 
T 8  . . . . .  200-Fc~ATI~X,3FCA=Ell.5,4X,3HCV=EII'5-,~X~HCP=EI!.5, 

l l X , 6 P T C I A L = E I L . b )  
RAW~=O. 
[PL=6C.*FLCAT{~[) 
OC~=CP/)OOC.~33C./D~YCAL 
UTC=C. 

83 ~CCS={CA.CV)ILCCC. 
84 CALL CCST(REVA,~CCS,CC~,CPL,UTC) 
~5 PRI~,T 5C2,REV~,~CCS,OPL,Ob~,LTC 

8 6  . . . . . .  502 FCR~ al(LOX, tCFCCSI IN ~WI3X,5~REVA=EII.5'2X,SFBCCS:EII.5, 
13X,AI-CPL=EII.5,3X,4FOCN=EII.5/4X,4HUTC:EII.5//I) 

f i t  I F I A N - I L . ) I 3 , 2 2 , 3 2  



g7 

C 

g8 

gg 

100 
ICl  
IC2 
103 
I04 
IC5 
lob 
ICT 
I0~ 
IC9 
l lC  
llt . . . . . .  
112 
I13 
114 

115 

I16 
_it_! 

I t 8  
]19 

B. 4-29 
SUBRCUTINE CCST(REVA,SCOS~OCP,OPL,~TC) 
AGA ACCCUNTING.PRCCEDURE WVU 
DATA RAWP,Sh~,BPCR,BTU,SF,DEBT~RATE,TAX,xI'NT/4~O~tO~95"~ ...... 

I 0 . 6 5 , 0 . C 7 , 0 . 5 , 0 . 0 5 /  
COF=PCCS~O~CT?3._ 
EINT=XI~T:{COF+SCOS} 
FI%V=BCOS+CCF+EINT 
AM~T~ ~C3# ( ~cGsT_shM ) 
SUP=APNT#O.15 
SPRV=O.IC~UPL 
PYR={.CPL+SPRV)*C.IO . . . . . . . .  
PLT=(CPL+SPRV+AVNT+SUP)*O.5 
CEP=FINV¢O.O5 
TI=FINVmO.03 . . . . . . . . . . . . . . . .  
RahPF=SF*RA~P 
CDVF=SF~CC~ 
~PCRF=SFX:~PCR 

. . . .  PRS. - - -  - -~ - -  - - -  - - - - r : R A ~ N F + C C 6 ~ + G P L + A M N T + ~ " P + S  ~(~pYR+PLT+6~P~TI ..... 
CONT=PRSTmO.02 
ePC[ s= P R s ! i c c ~  T~ ~ PC R F!U!q ............. 
WC~P=C. 
WOC~P=O, 

VTRY~ .( RAWP.~ C£ ~_} Z.!2 • 0 

ITEST=IO 
J=O 

1 2 C  .... 12_~FINV?FINV ............ 
1,21 
122 

124 
L25 
126 
12"#' 
128 

129  
130 
131 

DCAP=(FINV+WCAP)*CE~T 
CRT=CCAPmO.05 
DCaP=CCAP~C.RT 
REVm=O. 
FITA=O. 
RET A30. 
PRGA=O. 
A I ~ T ~ = C .  
CO IC.. I=!,2.~ ....... 

3 CFINV:CFINV-O.OS*FINV 
RET={EFINV+~CAP)*RATE 

CRT 
XZ~T'- 
I N T ) ~ T A X / ( 1 . - T A X ) - O . 6 5  

T+~PCCS ............ 
R EV 

O,ll,lO 

~I ~ET ......................... 
FIT 

I ~2 DC.AP:CCAP - 
133 AIKT:CCAP# 
134 FIT=(RET-A 
135 REV=RET+FI 
13b REVA=REVA+ 
137 I F { I T E S T } I  
138 ~ETA=RE.TA+ 
139 FITA=FITA+ 
[40 PR~A=C. 
I ~ I  A INTA=_AINT 
142 I0 CONTIki;E 

A+AI_NT ....... 

143 REVA=REVA/2C. 
144 . . . . . . . . . . .  IF{ITEST)14,13y.14 ..................... 
145 13 R E T A : ~ [ T A I 2 C .  
I~6  F I T a = F I T A / 2 C o  

_ _147 . . . . . . . .  P R ~ = . P R G A / 2 C .  
148 AINT A=AI~T#I2C" . . . . . . . . . . . . . . . . . . . .  
149 ~RA~M=RA~P / [2 ° 

- 1 s t  . . . . . .  t 4 ~ E C : R E V A > ( 1 2 . * S F ~  
152 ~CAP=VTRY+AREC 

.__!~# . . . . . . . . .  ITFST~.I~CAPzWCCAP ) I I 0 , . .  
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154 bOCAP=~CAP 
155 G~ TC 12 
156 ENU 

SENTRY 
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TABLE B.4-3 PROGRAM SYMBOLS AND EXPLANATIONS 
FOR OPTIMIZATION OF ACTIVATED CARBON BED 

Program 
Symbols Explanations 

AN 

AKFAV 

AMU 

AN 

ANM 

BCOS 

BS 

BZN 

CA 

CAVP 

CB 

CCOMP 

CF 

CP 

CSD 

CSTM 

CV 

D 

DIABED 

Number of Beds in Operation 

Overall Mass Transfer Coefficient, C6H 6 0.2% 

Viscosity of the Gas (Poise) 

Molecular Weight of the Inlet Gas 

Number of Beds 

Number of Transfer Unit 

Bare Equipment Cost (Dollars) 

Brake Horse Power (HP) 

Amount of Benzene Removed (kg/year) 

Cost of the Packed Bed (Dollars) 

Cost of Beds, Valves, and Packings (Dollars) 

Concentration of Benzene in Outlet Gas (g/cu.cm) 

Cost of a Compressor (Dollars) 

Concentration of Benzene in Feed Gas (g/eu.cm) 

Packing Cost (Dollars) 

Cost of the Drum (Dollars) 

Cost of Steam (Dollars) 

Valve Cost (Dollars) 

Diffusivity of the Gas (sq.cm/hr) 

Diameter of the Bed 



B.4-32 

TABLE B .4-3 (Cont.) 

Program 
Symbols Explanations 

DP 

DT 

DTA 

EP 

F 

G 

GAMMA 

GC 

GTOTAL 

GTOTAL 

HTA 

NO 

OPL 

PDP 

RE 

REVA 

RDG 

S 

RS 

STM 

TB 

THA 

Diameter of a Particle ~cm) 

Diameter of the Bed (cm) 

Diameter of the Bed (cm) 

Void Fraction in Packed Bed (-) 

Correlated Friction Factor (-) 

Molar Gas Flow Rate (ib-moles/hr-bed) 

Packing Density of Activated Carbon in Packed Bed (g/cu.cm) 

Conversion Factor of Gravitational Force (980X3600X3600) 

Total Gas Rate Treated (ib-moles/hr) (kg-cm/sq.hr) 

Total Gas Rate (ib-moles/hr) 

Height of the Bed (ft) 

Total Number of the Bed 

Operational Cost (Dollars) 

Pressure Drop in Packed Bed (PSI) 

Reynolds Number of the Gas (-) 

Revenue Requirement (Dollars) 

Density of the Inlet Gas (g/cu.cm) 

Cross-Sectional Area of the Bed (sq.cm) 

Radius of a Surge Drum (ft) 

Amount of Steam Required (ib/hr) 

Break Through Time (hr) 

Thickness of the Wall of the Bed (ft) 



B.4-33 

TABLE B.4-3 (Cont.) 

Program 
Symbols Explanations 

THS 

U 

UTC 

VA 

VF 

VS 

VSOUT 

WS 

Z 

ZA 

Thickness of a Surge Drum (ft) 

Superficial Velocity of the Gas (cm/hr) 

Utility Cost (Dollars) 

Volume of a Bed (cu.ft) 

Volume Rate of Feed Gas (cu.cm/hr) 

Volume of a Surge Drum (ft) 

Volume of Outside of a Surge Drum (cu.ft) 

Weight of a Surge Drum (cu.ft) 

Height of the Bed (ft) 

Height of Mass Transfer Zone (ft) 
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F C r T r l ~  IV G LEVEL IE ~ l k  [ ~ I E  = 7C232  

CCCI  . . . . .  
CCC2 
CCC3.  
CCC~ 

.... CCC~._ 
CCC~ 
CCCT_ ...... 
CCCE 

C C F T I V I I ~ T I C ~  CF ~ C ] I ~ T E [  C~s~Ch  EEK 

__ CE-._C..C CCC~ ~ ~ . . . .  
e~,U=C .CCC l 77~.~6CC,, 

~ [ _ F ~ . C  ,_ 3 ~ . . . . . . . .  
[ = c . c c l c ~ 2 ~ 3 ~ c c .  

...C_F_- C ,  C C C C i 3 _~_ 

~ =.C • ~ . . . .  

(CCC; C- ~ ~, ~ ~ _--_C_, '~ L . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CCIC t ,= l  
C C l l  . . . . . . . . . . . . . .  ~ = . 1 .  . . . . . . . . . . . . .  
CC12 1 E=,~I~ 
CCI ~ FI=~C . 4 ~ ,  
C C I 4  1=1 
C C 1 5 . . . . . . . . . . .  _c. t _ IF  | |:__2 )c.? ,5_~ , c 5  . . . . .  
c c ~ e  c~ v ~ r , :  e c. 
c o l 7  ~ .  FC~'~'t!_]~-_C,/./--/--]-C~--,-~-!-C~- ~-E ~ ) 
CCIE  C [  =' 'C 15C-  
C C l S  . . . . . . . . . . . . . .  ._,, F-- ( 2 C ~ . i ,~  ~ C C__..** _ ~ 
CC2C ~CC-=C.C4C~ 
CO21 .~I,~= 1 3 .f. 2 

C C ~  F = ] C ~ .  
CC27 C-[ 1 [ _ ~  . . . . . . . . . . .  ._  

CC25 . . . . . . .  SC F C R ~ : T {  I t - C , / / /  1C~3.~bC~-E__2__ )_ . . . .  
CC2~ CC = , ~ ]  ~C .  
CC27 ~ F = ~  . C ~ I C C . ~ ' ~ ' ?  
CC2~ F C C : C . C  ~6~ 

__ CC2~ . . . . .  t t ,  h= 1;  . 3C  
CC3C . F = I C E E .  
CC31 C-C 1 [  ~ 

- CC3~ c5 ~F'I ~'~c~I 

cc3~. ~ l FC~,~ T C.I_~C :_./_/_Z !.C_X_':~-C.~.L E_ ~_) 
- C C 3 ~ ,  C - [ = C ~ ? E C .  

CC35 ~ F = l C 3 C E . C ' C  ] C C . ~ * ~  

. . . .  c c ~ z  . . . . . . . . . . . . . .  e~, . - -  ! c_.~ ! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
CC3E F = I C ~ .  



FCRIP~h IV G LEVEL 18 ~ I k  C~IE : TC232 
, B.4-35 

CC3~ 
CC4C 
CC4!  

CC~2 
CC43 
CC44 ...... 
CC4~ 
C C ~  
CC47 
CC4E __ 

CC4~ 
CCSC 

CC52 ~ I  C l = C l  
CC53 GC lC  
CC54 ~E ~C=I~ 

CC55 EZ~=(  

CC I C  ~ ,  
~ FRIhT ICC~ RCC- ~N~, IE ~ CF,C~,~L,CP tC , ~ , E F  ~GC ~G~F~ 

|CC_.ECE~ " f t I.F C..,?X,.4.FR.CC=E,I.,I.5,3x , . ~ t :  E l i .  ~, 
14X,3FT~:E 11.~,4X,~FCF=E 11 .51~, .~FC~:EI I .5 ,  

34X,3FEF=EII .5,4X ,3itGC=E'I 1.5, IX,(FGs~F~=E11.5 ) 
~ c_~_. c- c-.c / ~ ~ . . . . . . . . .  

Z~=L~kP I~KFAV~C.C~2~ 1 
Z :  ( L ~ T E I  IC75. /G,~Iv lv ,a  ) ~ C . C 3 2  ~ I + Z . a / ~ . .  
F= l ~C~,~ {1 . -  E F ) /R  I~-~ ] .  75 . . . . . . . . . . . . . .  
FCF=F~C:~4~.4,~Iv~ISX:LIGCICP~(],-EF)IEF~3~Z~C,CI4221C,C32 1 

F'-C. ~ . )~ ,~E ,~?  
• ~3C.~E'~C. ! 

IC 
1 ( 2 ,=~.~I~ ) 

C F - C ~  } ~ v f ~ ~ 66F.;, ~ c6c _ . . . . . . . .  

C C 5 7  CSTM=STF~C.]~IICCC.~CC. 
C C ~ E  [IAEEC=CTI]C.~E 
CC5~ FRI~T IC I,S,L,RE ~KF~V~F,PCP,Z~,Z ~EZh,£1V~GC ' 

_ CC~C . . . . . . . . . . . . . . . .  IC~_FCR~A. I  ( lhCtSX,2F S=E I . ! .  5 ,  .............................................. 
45X,2F 
53X~4F 

C CCSI 

CC62 FT~:~ 
CCE3 CT~=C 

c c 6 ~ _ _ _  ~ : c  
CCE5 C ~ : ~  

cc~C . . . . . . . . .  cv :~c  
CC67 CF=C,  
CCEE C~VF= 
CCE~ [I~EE 

C CCSI 
CC7C ~ : C .  
CC? I  V S = ( !  

L=EI1,St~Xv3FF!E=EII.5,1X,~FAKFA~=EIl.91~Xt2FF=EII.5 

=EII.5,2X,4FSTV=EII.5,4~,~GC=EII.~) 
CF ACII~TEC C~RECk ~EC 
I(C.~E5 ) ) ~ C . ~  .......................................... 

I ' ~ C . C ~ !  ................................................................ 

~ ( 1 . 3 4 ( ~ C T ~ ) ~ 2 )  
CC.~FLCAT(~C)~'~CCC.~FLC~Y(~'C) . . . . . . . . . . . . .  
~ES~CT~2~Z~C.C~¢I2.3~FLC~T{~C) 
C~+C~+CF 
C = C T / 3 C . ~ E  
CF ~ SLR~E ' C R t , ~ ~ N C ~ " ~  C C N F R E ~ C R  . . . . . . . . . .  " . . . . . . . . . . . . . . . . . . . .  

C ~ I - ~ - I 4 o ~ V ~ ) I I ~ . ~  ................................ 

CC72 R S = ( 3 . ~ S / 4 . / ~ . , 1 ' ~ ) ~ { 1 . / 2 . )  
-CC73 . . . . . . . . . . . . . . . . . .  i i - S ' = - ( 1 ~ . ~ I C 6  1 . * R S / ( ~ ' . ~ I ~ I C ~ , , ' C . 2 * F  } :* C ,, 2.5) / 1 2 ,  . . . . . . . . . . . . . . . . .  

CC74 VSCLT=4 ,x*3 .14 :~  ( R S-~ TF... ) ~ 3 1 3 o  

CC7~ CSE=C.5 :~3 .~ -k  c, 
- CC77 . . . .  E...L-'5"~:C.~T(~C(:43~Iq~. - . . . .  I('~C",'$"4-.-)/(C;E,~Co2,~C )1 



F C R I R ~ E  I~ G LEVEL 1E ~ l k  C ~ I E  = 7 C 2 3 2  

-CC7E 
. _  C C 7 ~  

CCeC 

_ c c e l  
C C ~ 2  

C C ~ 3  
CCE~ 

. . . .  cc e ~ . . . . .  

CC@~ 
..... C CET._ 

C C ~  
C C e ~  
CC~C 

c c ~ i -  
c c ~  . . . . . . . . .  ~ ~ : t ~ 4 t .  .............. 

CCS3  I E = ~ K  
C C 5 4  . . . . . . .  E 1 : 3 C . 4 ~ .  

B.4-36 
l ~ c , ~  |J Ic~ I . / 1 4 .  ? ) ~ * c . ~ C - _ I . L  . . . . . . . . . . . . .  

.............. .(C.C _ F R. I ~ T _~_CC t [  I~SEE,C,~C , 1 P , ~ , ~ C - , R  c , IF  ~ , ~ C L I , ~  c 
3CC FCRF~I( IX,TFE I~EEC=E I I . ~ , ~ , ~ F C = E  I I . ~ , ~ , 3 F ~ C = 1 3 ,  

~X,~FIFS--Ell.~./2X,~F~CLT=Ell.~,~) , ~ _ k ~ _ = E I I . ~ , ~ , X , 3 1 - E ~ = E I  . 
__ERI~T. 2 C c , c ~ , c ~ , c F , c ~ _ , C S [ , C . c c ~  I-,c~l_F. . . . .  

2cc F C R ~ I  (c-x,3kC~=E l I , ~ , ~ x , 3 F C ~ = E I  I -~  ~ , 3 F C P = E I I - ~ t  
1~X t _~. F C ~ ~ P : E l . ! . ~ j ~  .~_~ ~F C ~ [ : E I I • 9 t!..~ ,_6 FCCC ~ F= E I I -  5,2 ~, ..... 

~ t F C S I F = E I I . 5 )  
~ l@=_c .............. 

C F L = ( : C .  

C.Ly. -_  C ...................................... 

L 1 C = C S ~ ' / l C C C . + C . C  ~ C . 7 . = ~ e ~ - ~ C C . / I C C C .  

~cc_s=_(ce+c~+Cp )/]C_CC..+.{C.~E:+CCE~'F ) / ] c c c .  

C~LL CC~T (REV~ ~ECC ~ ~CEM~LPL~LIC) 
F R I l l  ~ C 2 , R E ~  ~CC~,E FL tCEM~LIC 

~C2  F-CRM~I(~-X,ICFCC~I IN ~MI~W,¢FRE~,IC~,4F~-CC'~-'~-CX-~ - . . . . . . . .  
13FCFL, I IX,~.FCZ~,  I I X , 3 F L I C I 3 ~ , r - E I ¢ .  r-) 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

I F ( ~ - 1 1 .  ) 1 ~ , ] r ,  i ~. 

C C q ~  C-C l C  lC~ 
CC5~ ........ I~__ IF( l-~)ll.,]It_l~ ........ 

CC~7 I I  l = l + l  
• C C C ~ E  . . . . . . . . . . . . . .  ,e. l~ 1 .  _ . . . . . .  

CCC~ 1E=,~I~ 

C I C C  I : I = ~ C  4~ ' ~ .  
CIC1 CC lC  c~ 
CIC2  1~ S I ' C F  
C1C3 ElSE 



FC~T~ 

CCCl 

. . . .  CCC2 

CCC3 
CCC~ 
CCC5 
CCC~ 

. . . .  Ccc7 
(CC~ 

_ _  (cc~ 
CC1C 
C e l l  
CC12 

__ CC.l~ 
CCI~ 
CC15 
CCl~ 

~h IV G LEVEL '  ]E CCSl  EA IE  : 7C232  
. . . . . . . . . . . . . . . . .  B .4 -37  

.... S~ERCLTI~E CCSI(RE~,ECCStC~CFL,LTC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C t ~  ~ C C C L ~ T I ~  PRCCE[LRE ~L 

1C.~5~C.C?,C.5,C.C5/ 
CCF=ECCS~C.C173  

F I ~ V ~ E C C ~ 4 C C ~ 4 E I ~ 1  
~ F ~ I = . C ~ ( E C C S - S F ~ )  
SLP=~T~C. I  ~ • . .  . . . . . . . . . .  ~ °  

$FR~=C.]C~CFL 

FL I= (CPL~SPR~I4SLP)~C.5  

I[=FIhV~C.C~ 

CE~F=SF~CE~ 
EFCRF=SF~EFCR 

COle CFCCS=F~SI~CC~T-EPCRF~LTC 
c c l ~  ..................... ~c~.F~.C.. . . . . . . . . . .  

[C2C bEC~F=C.  
_ CC21 ............. VIR?=(R~4CE~.).II~C. 

CC22 ] T E S T = I C  
CC23 J=C ........ 
CC24 12 [ F I~=F Ih~  

__[C2 ~ EC~F=(FIh~C~p~EE~I  
CC2~ [ R T = E C ~ F ~ C . C 5  

(C2E RE~=C. 
CC2q FIT~=C. 
[C3C RET~=C.  
CC3I F R ~ = C .  
CC32 ~I~T~=C. 
CC~3 [C 1C I = 1 , 2 C  

CC3~ EC~F=CC~P-ERI 
CC37 #I~I=EC~P~XI~I 
CC3E F IT= (REI-~ I~,I ),~I~X/( I.-I.AX )-C.65 

CC~(; REV=RE T4F IT4CFCC S 
--CC4C .... REV~-RE~~4REV- 

CC~ 1 IF ( ITEST ) 1C, 1 l ~ IC 
- CC~2 ...... I ]  RET,~C'-i~EI~4REI r .......... 

CC43 F IT~=F II~4F IT 
CC4~ FI~C-~=C. 
CC~5 ~ I~IA=A I~I~.f~ I~l 

- C C ~ 6 -  ] c  CC~i'i~[E .................. 
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CC47 P E V ~ = R E ~ I 2 C .  
.................................... 

CC4E I F ( I I E S 1 ) 1 4 , I ? t I ~  
__CC6~___ 13 [E~_~=~E!~I2C.. ......... 

CCSC F I T ~ = F I 1 ~ I 2 C .  
CC~] F R C ~ : F ~ 6 ~ t 2 C .  
cc5~ ~1~1~=~I~1~c .  

_ CC5~ ................... c ~ = ~ L . ~  ....... 

CC5~ F E I L ~  

CC56 ~C~F:VI~4~REC 
.... (c57 . . . . . . . .  l_~5.1± ( ~C.~=~[ C~_~)!LC • 

CC5~ CC 1c 12 
CC~C EhE 

. . . . . . . .  i 

4 



B.5 Methanation 



YES 

Calc. A2, A3~ XW2~ 
XW3, H21, H22~ 
H23~ H31, 

Calc. G~ 
PDROP 

NO 

Calc. A1, A2, A3, XW1, 
XWIA, XW2, XW3, 
HII, HI2, H13, H21, 
H22, H23, H31, H32 

FIGURE B.5-1 COMPUTER FLOW DIAGRAM 
~OR HEAT EXCHANGERS 

b~ 

! 



[Po! ocRP°  PPj 0.20] 
DERD 

~PRINT D,DO, E1,E2,E3,Eh, 
ES, E6, E7, ES, 
E9, EIO, Ell, HI2 
H13, H21, H22,H23 
H31, H32, PN, ET, 
PDROP 

Read Constants in Table A-I 
Read FI, F2, F3, Fh, F5, F6, TE, 

TN, XMW, XMM, YN, ACC, 
DCR, DERD, DD, IR, PO, PP 

[ 

J I -| D= D + DD 
[ 
Y 

talc. n(M), X2(M),X3(M) I 
X S(M), X~, X6, PN,' 
T[M),R!, ZF,SUMVC, [ 
SUMAA, SUMQ I 

~ IR- IR÷ I 

E(IR)- ET 

~ u N O  

lalc. EI,E2,E3,Eh,E5,E6, [ 
ET,E8~Eg,EIO,ET~ I 
SUMVC,SUMAA,SUMQ,TNP[ 

o through Figure A-I 

i 

] 
Calc. VC, RI, I 

T(M) J 
NO~ Calc. 

~ YES 

START ) 

VCj RI, 
QQF 

T 
Calc. VC, RI, 

QqF, T(M) 

YES 

Calc. VC~RI,I 
QQF I 

NO 

NO 
~ DD " - 0.05 

ERD - ET 

I DD " 0.20 
ERD = ET 

FIGURE B. 5-2 COMPUTER FLOW DIAGRAM IN HIGH CO CASE 
FOR HEAT EXTRACTION SYSTEM 

! 
t,o 

i 



B.5-3 

START ~'~ 
J 

r 

READ 
READ 

Constants in Table A-I 
XX1, XX2, XX3, XX4, XX5 
XX6, YN, YA~ YB, FO, TE 
XMM~ XMW~ PO, PF~ Tl~ 
T2~ T3, DSGo 

NO 

YES 

- l , ,m ,, ] n  + o,,2o 

t 

D2 = D2 + 0°20 L l- 
! 

Oo2O 

Calco 
R1, T(M), PNA, 
PNB, Y(I+I)~ 
~x(1), Xl(M)~ 
x2(M)~ x3(M), x4, 
x5(~)~ x6~ nm 

Calc. 
& 

Print 

El, E2, E3, E4, E5A, ESB, 
E5C, E5, E6A, E6B, E6C, E6 
E7, E8, E9, EI0~ Eli, ET~ 
PNA~ PNB, PN~ TNP; SUMWA; 
WB, WC, WT 

Go through Figures A-I 

YES 

NO 

S 

FIGURE B. 5-3 COMPUTER FLOW DIAGRAM IN HIGH CO CASE 
FOR COLD QUENCh[ SYSTEM 
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Program 
Symbols 

CL 

CNT 

COCW 

COHS 

COLS 

COFW 

DI 

DP 

DSC 

EV 

GCH 

HCA 

HDB 

HDI 

HDO 

HHR 

HPL 

HZ 

TI 

TABLE B.5-1 PROGRAM SYMBOLS AND 
NUMERICAL CONSTANTS 

Explanations 

Unit cell length, i inch C~ 

Number of cells per tray, 40 

Cost of spent water, $0.O5/1000 gallons C 2 

Cost of 400 psia steam, $0.30/1000 lbs. C 3 

Cost of 35 psia steam, $0.15/1000 lbs. C 4 

Cost of treated water, $0.12/10OO gallons C 
1 

Outside diameter of fin tubes, 1 inch 

Particle diameter of catalyst, 1/4 inches d 
P 

Catalyst density, 71 lb./ft. 3 Pc 

Packed voidage of sphere, 0.38 

Gravitational constant, 4.17 x lO 8 ft./hr. 2 

Distance between tubes, 0.0208 ft. 

Distance between baffles in heat exchangers, B' 
4 ft. 

Inside tube diameter in heat exchangers, D i 
o.o516 ft. 

Outside tube diameter in heat exchangers, 
0.0625 ft. 

Hydraulic radius of tube banks in heat D e 
exchangers, 0.0792 ft. 

Pitch length in heat exchangers, 0.0834 ft. 

Vaporization heat of saturated water at k c 
4~5"F, 780.4 B.t.u./Ib. 

Temperature entering the top of the reactor, T (1) 
550°F 

Mathematical 
Symbols 
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O 
TABLE B. 5-1(CONT. ) 

A 

Pro gram 
Symbols Explanations 

Mathematical 
Symbols 

TCC 

TCI 

TC2 

TC3 

TF 

TN 

TNP2 

TNP3 

UCI 

UC2 

UC3 

UIC 

UO 

UP 

Vl 

Z 

, J , ,, 

Inlet temperature of spent water, 85°F 

Outlet temperature of the product gas 
cooler I, 445°F 

Outlet temperature of the product gas 
cooler II~ 260~F 

Outlet temperature of the product gas 
cooler III~ 150°F 

Feed temperature~ IO0°F 

Outlet reactor temperature, 850°F 

Product gas temperature after product gas 
cooler I~ 460°F 

Product gas temoerature after product gas 
cooler II~ 270~F 

Overall heat transfer coefficient of product 
gas cooler I~ 85 B.t.u./hr.ft.2OF 

Overall heat transfer coefficient of product 
gas cooler II, 90 B.t.u./hr.ft.2oF 

Overall heat transfer coefficient of product 
gas cooler III, 80 B.t.u./hr.ft.2OF 

Overall heat transfer coefficient of 
intermediate cooler, 85 B.t°u./hr.ft.2OF 

Overall heat transfer coefficient of fin 
tubes II.D B.t.u./hr. ft. 2"F 

Overall heat transfer coefficient of 
preheater~ 70 B.t.u./hr.ft.2OF 

Gas viscosity~ 0.0484 Ibo/ft.hr 

Unit fin tube length, 25 ft. 

t c 

tcl 

tc2 

tc 3 

T N 

T I 

TII 

U I 

UII 

UIII 

U o 

Up 
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TABLE B. 5-2 PROGRAM SYMBOLS AND EXPLANATIONS 
IN THE HEAT EXCHANGER PROGRAM 

Program 
Symbols Explanations 

Mathematical 
Symbols 

Q 

A1 

A2 

A3 

HII 

H12 

HI3 

H21 

H22 

H23 

H31 

H32 

PDRDP 

XWl 

XWIA 

XW2 

XW3 

A I Total heat transfer surface area of the 
product gas cooler I, fto 2 

Total heat transfer surface area of the product A II 
gas cooler II, ft° 2 

Total heat transfer surface area of the A III 
product gas cooler III, ft. 2 

Assumed maximum mass flow rate of gas, G S 
lbs./ft o 2hr. 

Cost of the product gas cooler I, $ 

Cost of treated water in the product gas 
cooler I, $/hro 

Cost of steam generated in the product gas 
cooler I, $/hro 

Cost of the product gas cooler II, $ 

Cost of treated water in the product gas 
cooler If, S/hr. 

Cost of steam generated in the product gas 
cooler II, S/hr. 

Cost of the product gas cooler IIl,$ 

Cost of spent water in the product gas 
cooler III, S/hr. 

Maximum pressure drop through three AP 
product gas coolers, psi S 

Rate of bOO psia steam in the product gas 
cooler I, lbs./hro 

Flow rate of treated water in the product gas 
cooler I, lbs./hro 

Flow rate of treated water in the product gas 
cooler II, lbs./hr. 

Flow rate of spent water in the product gas W 2 
cooler IIi, lbs./hr. 
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TABLE B.5-3 PROGRAM SYMBOLS AND EXPLANATIONS 
IN HIGH CO CASE FOR 

HEAT EXTRACTION SYSTEM 

Program 
Symbols Explanations 

Mathematical 
Symbols 

ACC 

D 

DCR 

DD 

DERD 

DSG 

E1 

E2 

E3 

E4 

E5 

E6 

E7 

E8 

E9 

EIO 

ET 

FI 

F2 

F3 

i ii i 

Required accuracy for searching the 
optimum equipment cost, $ 

Reactor diameter, fto D 

Initially assumed reactor diameter, ft. 

Increment of reactor diameter, ft. 

Initially assumed total equipment cost, $ 

Gas density varied with operating pressure, p 
lb./ft.3 

Fin tube costs $ E F 

Catalyst costs $ E C 

Reactor cost, $ 

Tray cost~ $ EST 

Control valve cost, $ 

Treated water cost, S/hr. 

Steam cost, S/hr. 

Feed compressor cost, $ E 
cp 

Product gas compressor cost, $ Ecp 

Preheater cost, $ 

Total equipment cost, $ 

Molar flow rate of CH 4 in feed, Ib.moles/hr. F O 

Molar flow rate of CO in feed~ Ib.moles/hr. F~ 

Molar flow rate of H 2 in feed, Ib.moles/hr. F~ 

• , , _ , 
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TABLE B. 5- B "C~)NT. ) 

Pro gram 
Symbols Explanations 

Mathematical 
Symbols 

F4 

F5 

F6 

Pl 

P2 

P3 

P4 

P5 

P6 

PD 

PF 

PN 

PO 

RI 

SUNVC 

SUNAA 

SU~Q 

TE 

TNP 

Molar flow rate of CO 2 in feed, lb.moles/hr. F~ 

Molar flow rate of H20 in feed, Ibomoles/hro F~ 

Molar flow rate of N 2 in feed, lb.moles/hr. F~ 

Molar flow rate of CH h in product, 
lb .moles/hr o 

Molar flow rate of CO in product,lb.moles/hr. 

Molar flow rate of H 2 in product,lbomoles/hr. 

Molar flow rate of CO 2 in product,lb.moles/hr. 

Molar flow rate of H20 in product,lb.moles/hr. 

Molar flow rate of N 2 in product,lb.moles/hr. 

Increment of pressure, psi 

Feed gas pressure, pisa 

Product gas pressure, psia pN 

Operating pressure, psia pO 

Reaction rate, 
lb.moles of CH h formed/lb.cata.,hr, rCH h 

Total catalyst weight, lbs. 

Total heat transfer surface area of fin tubes 
based on bare tube, ft. ~ 

Total amount of heat removed by fin 
tubes, B.t.uo/hro 

Gas temperature at (n-l) th cell, "F T n'l 

Exit reactor temperature, °F T E 

Product gas temperature after preheater,°F T P 
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TABLE B. 5-3 f, CONT. ) 

Program 
Symbols Explanations 

Mathematical 
Symbols 

x~ 4 

n(M) 

X2(M) 

X3(M) 

X4 

XS(M) 

X6 

XMW 

XMM 

YN 

ZF 

Composition of CH4, mole % 

Molar flow rate of CH 4 in (n-l) ~h cell~ 
Ib.moles/hro 

Molar flow rate of CO in (n-l) th cell, 
Ib°moles/hro 

Molar flow rate of H 2 in (n-l)th cell, 
Ibomoles/hro 

Molar flow rate of CO 2 in (n-l)th cell, 
Ib.moles/hro 

Molar flow rate of H20 in (n-l)th cell, 
lb.moles/hro 

Molar flow rate of N 2 in (n-l)th cell, 
Ibomoles/hro 

Average molecular weight of gas 

Feed gas molecular weight 

Conversion of CO to CH 4 

Mass action law ratio of product gas in 
methanation reaction 

n-I 
F 1 

n-i 
F 2 

Fn-i 
3 

n~l 
F 4 

F~ "1 

¢6 -I 

g 

yN 

%a 
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TABLE B.5-4 PROGRAM SYMBOLS AND EXPLANATIONS 
IN HIGH CO CASE FOR 
0OLD QUENCH SYSTEM 

Program 
Symbols Explanations 

Mathematical 
Symbols 

DI 

D2 

D3 

DSG 

E1 

E2 

E3 

E4 

E~ 

ESA 

E5B 

E5C 

E6 

E6A 

E6B 

E6C 

E7 

E8 

E9 

El0 

First reactor diameter, ft. 

Second reactor diameter, ft. 

Third reactor diameter, ft. 

Gas density varied with operating pressure~ 
l b . / f t . 3  

Preheater cost, $ 

Intermediate cooler I cost, $ 

Intermediate cooler II cost, $ 

Catalyst cost, $ 

Total reactor cost, $ 

First reactor cost, $ 

Second reactor cost, $ 

Third reactor cost, $ 

Total tray cost, $ 

Tray cost in first reactor, $ 

Tray cost in second reactor, $ 

Tray cost in third reactor, $ 

Control valve cost, $ 

Feed compressor cost, $ 

Product gas compressor cost, $ 

Treated water cost in intermediate 
coolers, S/hr. 

i 

P 

E 
c 

EST 

ECp 

ECp 
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Pro gram 
Symbols 

TABLE B.5-4 (Cont.) 
, ,, . 

Explanations 
Mathematical 

Symbols 

Ell 

ET 

PF 

PN 

PNA 

PNB 

PO 

QF(1) 

Oy(T+I) 

RI 

SUMWA 

TI 

T2 

T3 

T(E) 

TE 

TNP 

WB 

WC 

i , | 

Steam cost in intermediate coolers, S/hr. 

Total equipment cost, $ 

Feed gas pressure, psia 

Product gas pressure, psia 

Exit gas pressure of first reactor, psia 

Exit gas pressure of second reactor, psia 

Operating pressure, psia 

Fraction of feed gas entering the top of 
the first reactor 

Fraction of feed gas entering the first 
readtor at l-th quench 

Reaction rate; 
Ib.moles of CH 4 formed/Ib.cata.~hr. 

Catalyst weight in the first reactor, Ibso 

Gas temperature entering the top of the 
first reactor, °F 

Gas temperature entering the top of the 
second reactor, °F 

Gas temperature entering the top of the 
third reactor, °F 

Gas temperature at (n-l)th cell, °F 

Gas temperature after the third reactor,°F 

Product gas temperature after preheater,°F 

Catalyst weight in the second reactor~ Ibs. 

Catalyst weight in the third reactor, Ibs. 

pN 

pO 

r% 

Tn-1 

T E 

T P 
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i 

Program 
Symbols 

TABLE B.5-4 (Cont.) 

Explanations 
Mathematical 

Symbols 

WT 

n(M) 

x2(M) 

x3(M) 

xh 

x5(M) 

X6 

XMM 

XEW 

x(1+l) 

YA 

YB 

YN 

YNR 

~X(1) 

Total catalyst weight, Ibs. 

Molar flow rate of CH h at (n-l)th cell, 
lb.moles/hro 

Molar flow rate of CO at (n-l)th cell, 
lb.moles/hr. 

Molar flow rate of H 2 at (n-l)th cell, 
ib.moles/hr. 

Molar flow rate of CO 2 at (n-1)th cell, 
lb.moles/hro 

Molar flow rate of H20 at (n-l)th cell, 
ib.moles/hro 

Molar flow rate of N 2 at (n-l)th cell, 
ib.moles/hro 

Feed gas molecular weight 

Average gas molecular weight 

Conversion of CO to CH h after (l+l)th quench 

Conversion of CO to CH t after the first 
reactor 

Conversion of CO to CH h after the second 
reactor 

Total conversion of CO to CH h 

Conversion of CO to CH 4 

Conversion of CO to CH 4 before (l+l)th quench 

n-I 
F I 

Fn-I 
3 

F~ -I 

F~ -I 

F~ "I 

y(2) 

y(3) 

yN 



TABLE B.5 -5  COMPUTER PRO&RAM IN HIGH CO CASE 
• " O q '~Y ~' FO.~ HEAT E(T-'.).AC-.--Orl SYSTB?I 

B. 5-13 

5 0 0 2  

5 C 0 3  
5 0 0 4  
5 0 S 5  

5GOC, 
5 2 , 0 7  

5 C 0 9  

D I ; , tENS I ON 
D I ~.:EN5 I 0 N  "I ( 7 2 !  ) • Ti , ;F ( t~0 } , : .  { 1C,'C, ) 
FOFq~4A T ( 4 - '7  • 2 / . :  ~- I C • 3 ) 

F 03J' . IAT ( 6 F  l (;  • 3 / 5 F  | G . 3  ) 
FOR~q~T ( / / I L ' X , ' . ~ F I C , 2 / I U X , ~ " = I G , , 3 )  
FOT.-:~,~AT ( I / I  ~ X  ,, ~,~. t 4 . .  7 / 1 . ' , X  , ~E- I,'; . 7 / l  a X  , T F 1 4 o  7 ) 

F0:: ' , :~T ( 6F l 3 • 6 ) 
FC P'n'.AT ( %--6 • c / F 3 .  ,:. ~ 3E l 0 • 5 ) 

FO~;.:t~T ( =F 1 3 . 6  } 

FCR'~&T ( E l  C... 5 , 2 F  1 0 , 2  ) 

R E A D (  5 , ~'2 ".:7 } D~C • E V ,  H'.I, HZ "'.' I , Z ,  CNT ,L/O, T l , T F ,  GCh ¢ DP ,D I 

READ(G,,=C'23}Pl,F)2,~.'a,P,';,OS:,P~,F! , F 2 , , = ' 3 , = . ' . , , F S , ~ F 5  
',':q I TE( 5,5,2.C"- ) ° l  • ;~2 , o 2  ,PC , 0-"., o,.5 ,F  I , F 2 , F 2  ~F'~, ' [ : 5  , F 6  

F 4 _ A D ( 5 , ~ C £ 6 }  ~D I  , H D C , H . ~ L , ~ - C & , . ' I H ~ , t J D ~  

i~= 'AD ( ~ , 50CL~ } T C C ,  T~. 1 , 1"( / : : ' ,  T C 3 ,  CO, u',:; , COC','~ , COL..S ,, C ' ; H S  

. ) 1  X 1 ( 7 2 1  } o 7 2 ( 7 2 ! ) , X 3 (  7 2 1 ) , X 5 ( - / 2 ~  ) , X ? ( ? _ . ) , T ( 7 2 1 )  

F4EAD(5 ,SJC.~ }  TC' ,TN, ' .~ '4"~Y;" . , , , . . , : '  

FT~D = C: • 2 : '  
. . - . ~ , _ ~ , 5 C 2  :c)} ~'" :" 0 .C~,ACE 

PO = 6".. 'Z', 
PD= % 3 ~ • 

D D : C , 2 0  

E ~ 0 = ; - - ~ . ]  
D ' : D C ~  

5 D = C + D D  
DSG= " • L; I ~ "/~-X-rc't;'/" ,:-, 7:2 

pF ' ; -  ~ 0 

C L : 1 . / ! 2 .  

SU'4VC:  3,. ,J 

.SL:,+C.= C • 2 

I I = "  

I=0 
J = e  
I R = !  

~ (  I ) - " ,~ -  -, ' , 
X F = F  ] + F ' 2 - ; 3 ~ - . = ~ ; - ~ - 5 4  F ~  
X F }",~ .,., = X F * X :4 "4 

30= I ~ , .  ~'- ( I - Z . ~ , ~ " . V i / { D p . x . G ; + : , - , ' 5  

G T : G : J / ( G 2 ~ "  ! ' = - ,  =" ) 
XT (  I ) :PC:  
X I ( : ) = F I  
) : 2  ( I ] = = 2  

X n =  F ~  

X 5  ( ! } =F :5 

T ( I  ) : T  ~. 

"%= I 

IF ( : I - ' .> )  =2 • 2 : . ; ,  "-- 2 



B.5-14 

7 5 5  

760 

76~ 

77Z 

775 

7 3 , :  

3 6  I F ( T ( M - I  ) - . q : , C .  ) " ' . , , , 4 R , ' . ' 2  

q'.., V C = V . ' ~ ( ! , - ~ V )  

G O  T O  5 0  

4 . 2  V F F  =, "  . G-.": V 

F T:'< = 2 .  ~ I ~ V / (  3 * I "- i 6 ~'- " [3 I ",- C'. L:C'/ .~ ,._ "~ • ) ; ~-Z>Z ) 

V C = C ,  2 : ~  V 

V F = L .  1 3 ' 5 3 5 . ' ~ 2 < F T > :  

C L A - ' - 3 ,  i 41 'b-:~,-. '~ ' .  2:" ( ( V - V . :  ) / V  ] / z . .  C. 

X X = × ]  ( F,I-1 ) * > : ~  { . ' . -  I } + > , 2 ¢  , , - ]  ) + X , : .  

G = X ~.; .'.' ~- X X / 5 .S ..~ 

C L = . 3 . 4 ;  V / ~ / c ,  

G D = ( [ ' J ' ~ ' ~ : ' Z ~ /  ( . . . .  ~ " -  : [ / ) ) " X " '  D ~ / C L  ) { r  ( ' ~ -- ~ ' ~ ' : " " C " ~  __;'O, " / . :  ~ . . . . . .  ~ ~ ) 

G T = G U / {  GO-'.,- 14"q • G ) 

AA= 3 5  • 3 7 ~  ". ;: ..) I -," Z * F  TN 

CC, F -  r~-;.:r , .,= - , J , . ,  ..~, . - ' ,  C~,  * 

; ' , C 2 = > , 2  ( : q -  t ) 

I R C 2 = X 3  ( V.-  1 ) 

C A L L  ~,TE (WI 

G O  T O  76C.  

C A L L  P ; X T " T ( P . I ~ ' < ' - ~ ( , V )  ~ M ] ( " : )  ~ X ~ ( " ~ )  ~ X X . T ~ " - I  ! ) 

X 1 ( L'." ) :>"  ! ( " " -  l ) " ' O S C * V C ~ " ~  1 

X 2  ( r, ) : X 2  C ' , -  ! ) - 3  ~ 5 ; *  ' . ' C " ~ z  :' 

X 3 ( v )  : X 3 (  " : - - I  ; - 2 . .  C '~.-~ c _ C - - \ , ' C  4~-= I 

X S ( ' , I } = > : ~ C : . : - I  ) + L ,  C C ~ v C ' : q l  

X 7 ( " )  : × 7 ( , , , _ 1  ) - ( L -  

I F ( t , - ~ 2 { X 2 ( ' , ' l - T R E 2 1 - . " , - . ~ I  ) 7 6 3 , 7 6 g , - ' 7 :  

I = ( ~,~L = (x2 (".') -q.= 2 )- -. ~,'. i ) 775,775,77C 

xx:./1 (:.-}+y,~(:4)-~-<2(,v)~ X/, ~-,<_={,.'~4>,~ 

~ C 2 = x 2  { ,'. ) 

RC3  =:<.S ( v ;  

G O  T O  7 _ = ~  

O O =  D__.<.2 ~ V C  +...4. :. ~ q '. 

I F ( ,..";,-:F- 3 0  ) 7t~C • z2 , '~2 

VC=OOF/( CSC -~-i- : + =  I ) 

C L =  ( V C / : ; , 5 2 ~ . ' C 5 : ,  
G~J= ] = ? ,  + ( I , - - V ;  * V I  , '  ( 2 ~ ' :  G )  ~- 7. , 7:.--, 

C-D= ( E ' , ' a< '5  / ( I * - = V  ) ) * ( D ; - ; / 5 -  ) ~"( C- 2.-t-"-2. L S / $ a  { 2 )  

GT = G '_ ' / (  Or_)-: " I ~ ":;" • :: } 

G O  T O  79C 

7-35 C~LL D.;kT_(L~.I,:4"ii('.:) ,:-'3('<: ,X7("l ,X>:,T(>.-I ) ) 

7 9 C  X 1  ( ' v ; )  : : < ' .  ( v - ~  ) .  -oz,.. . .-"" ' - '  ' "  '","-, l - ,  ,,,,.. ,, 

X 2  ( t .  ) = . ~_  ', " -  '. ) -_~  i C -:- V C "~: '-41 

X=_. ' :." ; = X S , (  " . ' -  " ) 4"~ ~. C "  V C  ", ;-: ~. 
X 7 {  -'.) = X 7 ( i . ' - "  . ~ - G T  

I F ( , ~ " ~ ( " ' ~ : - - - -  -,--.,"-'" ; - C , . ~  .91 } 8 L . C , , , 6 ' . : C ,  "~:~= 

7 9 5  V ~. -'1 ~.. '.~---- , /  ( -~ £ '2 ~" r I  i ~- R I ) 

P-RI =:). l 
X X = : " I  { ' 4 } + % ' ~ _ { : * ! ) ~ X 3 C : .  ) ~ X 4  .;-Xz.(v.)-~-;C£ 

G = ;<; ' '." -."- ",': "< / C _--P 

CL= ( ' , , ' , - / L  • 6 2 , / -  i ; ,  
G ' , J :  I : _ = . . > ' (  . . . . .  1 . - - ' . ' )  ; ~ " I  / [ L * - ' < : : + '  • 7E" 
L.D: { ; - v " k - ~ - 2 / '  1 . - f v  ] : - :  { 3 , - ' / E ~ ; , ; - (  L - - ' - L : 5 . L / ~ < ' - 2  ) 

-I > t b  ( , ' , : -  I ) + : , : 6 .  

, X 2 ( ' , ' . - 1  ) ~ X 3 [ ' / - 1  ; , X 7 ( I . ' - l ~  ~ X X , T ( , i - 1 ) )  



B. 5 - 1 5  

GO TO 7 8 5  

6GO T (,"4 } = 8 5 0 ,  
AF I N=3  • I 4 ! 6:~-O I *Z-x-FTN 

S U~'4V C = S U ' 4 V C  T VC 
SUMAA:  S U I ' . ' A A + A F  I N 

S U M Q  = SU;4Q-t -  Q Q F  

GO T O  3 5  

4 3  FTI~I=2.80 

I I = I I + i  
4 5  V F F = 3 ,  l Z ~ l  #,J'~ " ( 0 1 + 0 , , 8 C / 1 2 , )  e~--Y-2- . ' : -Z~: 'F 'TN/4,0 

VC= { V - V F F ) ' ~  ( I • O - - V )  
V F :  3 ,  i 41 '5"~'D I "> ~'2 ~'Z'X'FT N / '~  • D 

C S A = 3 ,  14 I ~'~:'O~"':~'2",:" ( ( V - V F ) / V ) / a - . 0  
X X = X I  ( ' M - I ) + X 2 ( M - I  } + X 3 {  ~4--I )+X'% + X b {  ~ - I  ) + X 6  

G'= Xr4,.,!-x- x x / C  S A 

CL= ( V C / (  I . - E V  ) )/C..~A 

GU= 1 5 0 , *  ( I • - E V  ) * V  I / (D':"'~'G) + ! , 7 5  
GD= ( E V { ' * 3 / (  I • -~..V } ) "~ ( D P / C L  } ":-':" ( GCrl; '-DSG/GC'X'2 ) 

GT= G U / (  GDC" I z , ~ .  0 ) 
5 0  X X = X 1  (~1-1)+X2I"4-!)+X3(,',':-!)+Xa. + X S { M - I  ) + X 6  

R C 2 = X 2  ( ix- i ) 

R C 3 = X 3  ( .'.i- I ) 
C A L L  ~ A T E ( P . I  , X 2 ( t K - i ) , X 3 ( ; I - - I  ) , ~ X T ( : ' i - I ) , X X , T ( ; ' I - I  ) ) 

GO TO 63 

5.5 CALL RATEIqI,X2(:4),,<31"I) ,>,7("4) ~X,<,T(.H-I)) 

60 X I ( : , ' ) = > : I  ( ' q - l ) + O E g - x - V C ~ . - R 1  
X 2  1 ",: } = X 2  ( r , ' -  1 ) - D E  C ~ ' V C * ~  1 
X 2  ( ",4 } = :<3 ( .~Z- I ) - "<  • D-x-D.5 C < 'VC ~:'~ 1 

X 5  ( ,'~; ) = X 5  { " . ! -  I ) + D ~ - C  * ' ' - ' - ' c ' _  . . _ .  • 1 
X 7  ( v , )  = X 7  I " : -  1 ) -,¢T.: 

1 , - i  IFIA~?.iX2('4)-P.C.2)-'?,C"51 ) 0 5  5 5 , 7 . . ' 2  

65 ; F ( & :3S  (.;<2, ( ;.i ) - - ~ C . 3  ) - D • g C " ) 7!Z,,  7 5  ~ TL~ 
70 XX= X I { ..I ) v'-,'2 ( ;4 ) ÷ X 3  ( :,: ) -'r X ' -  -I-X5 ( M ) -.}.>:6 

~ C 3 =  X 3  ( "~ ) 
GO T O  E S  

T 5  I F I T ( , ~ - I  } - $ 5 2 ,  ) , . . , , B 5 , ~ 5  
F..C' Y , ' 4 1 = { X I  ( " . ~ - I ) - X I  ( I )  ) /XF"  

C p p -  2 .  ~493 +u ....., u~ . . . .  T C : . i -  1 ) 

C,.DZ,-,'~, : - ~ _ 5 4 - C , 0 0 0 . ~ C 9 6 ~ " T { : , I - I  ) 

C P N  ~. = { "- • - y ' 4  ! .zy.% ) ~ - C P I q + Y  ",; ! ~ - C P . ~ . / Y N  

X X N  1 = XF,.~ ,." ~.-C D H  I 

R T E M ~ = T  ( " . I -  I } 

Y ; 4 2 = ( > ! 1  ( t . ' ) - - X l  ( I ) ) / X .  = 

GO T O  82 

81 C ~ P = G .  ' a g ; 3 + 9 .  C. 0O / ~ ' ; * T  ( '4 ) 
C P R = 0 ,  ~'')~,_:z+ ~ . . . . .  , ,~..q'"  3~2"5.* T ( ,," ) . v  

H 1 : E ' T ' f S 7 ,  ~ +  l i .  -_ 7-::-T ( M ) - ' -  • " ,...rh55 r- ; : ' T ,  ( :',, ) '~":--,X'2 

8 2  CF-:,",;2 = ( I • - V ' , : 2 / ' : ' N  ) .,..- g.-.~ ,-..."Lv ._~ < C=~/ ' f~ . ;  

X X N 2  = × -  ".""/~"C ° N ~  

H H = ' ' - : "  ~ ~ " ' ~ ; " ~  _ S L . . ~ ; C .  m ~ . '  ,I 

T (.~;) = ( × × N  ! ~-T { M -  ! ) ~ ,n i l  ) / X X N 2  
I F ( ~ = . -  - . , o, ,  =~,. r,~ 

~-.3 ~TE~.~ ' -~=T (.  '': } 

GO ~O ~ 1 



B. 5-16 

DX:,,;.'=Xl(:,')-*-vo(w)*v'-('.). , . , _  , , _  + . . L . ÷ , , _ v  v ~ \  

COr. i=X 1 ( c / } / D × , : . I  

I F ( C 0 : . ' - 0 , 9 2 1  ) 2 5 ,  1 4 5 ,  ! L 6  

8 5  T ( ",I ) : 9 5 L ' ,  

O O : , . - , ~ . . -  / . L , = , . , ' >  ~, C ; - H  i -x-F~ 1 
A A :  2 5  • . 3 7 4  n: ' t  - ~  I -;" Z ' : .  F T ' , '  

Q Q F  = U C ' ' - A A - - -  ( T ( / )  -z~(~- .5 .  ) 

I , =  ( O Q F - O Q  ) . 9 ~ ,  ~ , ,  c C  

~ 9  F T N - - . C T ~ , ' 4 - 7  r;-.,'{_-', 

G O  T O  z42 

9 0  1 =  I - ~ !  

T N  t~ ( I } = ~ T r , ,  

N =  I 

Z Y =  X X - > *  2~:-X 1 ( .":: )-.x- X~_, (. ', i) / ( X 2  ( v. ) -, iX3 ( v ) ~-.'c- 5 ) 

Z A H A =  0 , 9 C ' - 3  ,, 3 0 0 1  ~:~5";-- X V ( I',, ) 

Z F =  Z Y  ;: Z t~,~ 4 '-( ( 1 -/: • 7 / . " ( 7  ( "~: ) ) : : > 2  

DX?' : : ' . := X 1 ( ;-" } '+XZ"  ( c.' ; "+. ;":2 ( :4 ) + X z . +  X ,5  

C O  'v = X '  ( ".i ) / D X ' - ; : , "  

I = ' ( C O M  - ' . J , ~ 2 l  } . ~ ,  1 . J C ,  1 " 2 3  

(95 I~" ( Z F - - B _ q ,  1 7 ) -Fb, ?7 ~ c.,7 

9 6  I t ( I - L 2 )  : .~ 'b,  , r ' - ,  C) . ~ .)~.. ~ ] ' "  

9.'7 Pc4:_" E =  7 ,  C 

l O 0  b T N F =  ' ,  C. 

D O  I : ' E  I = 1  , N  

I 05 E; .--;--- :': :': T % -- - -  T :',:~-- ( I ) 

TN~'.  : "4 

F T;4  "-" S T  N = / T X l ? q  

K =  '.,1 

V C =  ( V - V ~ ' C  ~ ~ { I • : - E ' . "  ) 

C_~ ~ = 3 .  i ,..:, 1. 5 ": _, ": -'-~ "; -"- ~ .  ~ , C ' 4 -  ','-,'- , ' / V ' , / ~  , .:' 

X X : X  I C , ' : ' -  '. ) * X £  ( " - -  '. ) + X . 3  ( ; .1-  [ ) 4 - × -  

G = X bi'.'.'~- X X / C  5 A 

C L  = i V ' _ . / (  i . - ~ _ ' ;  ~ )/C~ 

G U =  :-- " I . o ~ , < -  l 1 , - £ V ' ~ : V I / I D ; - ' ; : G } - , - '  , " - :  

- X _  = ( :.'~-'I ) " X t  

G D =  ( [ V - ; " ~ ' . ~ . !  ( | . - £  V ) ) "," ( D ~ I C L  ) {-  ( : ,CRY*  "):_,C, I G  c - ~ 2 1  

G T  = G U / ' ,  GD<-  :. ,~ "..c, ~ ) 

I ! C ;"~=,.1+ l 

X X = " ' ! . .  ( : " - 1  . '~ '4 -v ' - : ( " : - l . . .  } + X - { , ' . , - i  ) - - :< - "  " , - X 5 { ' . i - i  } - ' X ~  

R C 2  : , 'x  2 ( , , : - - [  ) 

~ C  5 : X .3  [ : ' " : -  ,t ) 

C a - L  ~ , , q T Z [ ~ I  , , X L ~ { , q - i  ) , ' < 2 1 , " : -  I ) , ; < ' 7 ( . . _ 1  ) , : ~ . ' ~ , l ( " . - t  ) ) 

GO T O  1 2 0  

l l b  C . : L L  ~.~-(q!,X~(.Z),X2(.-'),:<?(.:],;<;,,,] 1 " . ~ - : ] )  

._..~>- X I , ~ . . ) = X t ( . - _ i ) +  ,C,.=-:_~.C<-,,. -~ 

X 2  ~ , '  ) = : ' : 2  { - : -  i ) -D'_--L.-:- V C -:: -:  i 

X2 [L" } =',~q._ { / -  .I ) -q_ • ~:,_r ~-.,~_~,.,-_..~,-.,,.:.C.l 

X ~  ( . . : )  = : < E  ( " - : -  " ) ",-L;._-. C ~ v C ::--'. ' 

X 7 l V } = : < 7 ( ' . - I  ) - G ' -  

1 7 (  ; , : ~ . ( X 2 , : . ' } - : . C Z ; - C . C - £  ! ) ! ~ ,  ! 2 b ,  i~JC 

IL.'..5 I F (  ;':--:.S ( :<: '  ':,": ) - P ' % 2 ,  ) -- " , : ) ' :  ' ) ~.~5 ,  " ~ : ,  : - C  

1 3 &  , ' , x : > , I  , : - , ; - : ' Z ( . . ' ) - , ' < b C ; ~ ; . : . L  - X = ' . " j - ' , < d  



B.5-17 

1 3 5  

1 3 " /  
! 3 6  

9 0 1  

955 

96.0 

9 6 5  

97C 

975 

-3,52 

GO T C  1 1 5  
T( i '4  ) = 8 L 5 0 .  

J = J + l  

N N =  J 

C~ ( j ) =DSC ~,:VC-'; H I ~.~q ! 
SUt, ;VC= 5 L i ' ¢ \ , C + V C  
~ ,U ; "  & ~.'-" S I J M  Y4 A +i~" I ~; 

I F ( M - K )  I i0, 13-!, 137 

I F ( U R E 5 - O . O )  901,,138,90! 

I = 6  

GO TO 3 5  
M =  i'-:+ 1 
V a ' F  = O • 5"- 'V 

X 1 ( :'.':, = 

X2 (r,.1) = 

X3("4) = 
X--. ( I~I ) = 

X7 {,v, ) : 

I, -'= ( A55 ' X2 ( ;4 ) --.qC ~ ) -'2." • CC l 

IF C A~S (>'3 C v,)--qC2 )-C, 9.91 

X X = X !  ( ; , ; ) + X 2 ( : ' 4 ) + X 3 ( ; , ' , ) + X " '  
RC,~=X2  ( ,'~! ) 
RC2=>:3 ( ;." } 

GO TO 9 E 5  

FTN=2,4~ ,c -V / (  3.. 1416~,- { D I  + 0 . 8 0 / 1 2 ,  ) "::-~'2"~,-Z ) 

V C = O , 2 4 8 c V  

V F = O .  ! 36,~542-:,"FTN 
CSA- -3 ,  1416¢-C.-x-~L~-}( ( V - V F ) / V ) / 4 , C  

X X : X I  ( ; , I - I ) + X 2 ( 1 4 - I  ) + X 2 ( ; , - !  } + X 4  +XE. I i < - I ) + X 5  

G= XM'X~ XX/C SA 

CL = 0 ,, 4 "~':'V/C SA 

GLI: 15C:. ~C- ( I . - - V )  ÷W I / ( : ' ~ ' X ' G ) + I  . ' / 5  
GD= ( EVc ; ,~3 / (  i • - E V  ) ) :,~ ( D ~ I C L  ) * ( GC~-::'DSG/G'~"~'2 } 

G T = G U / ( S E ~ ' I Z ' ' , O )  
A/ ,=  . 5 5 . 2 7 ; :  ~-~ C i ~:-Z :: F T N  

G Q F = U C ~ A . z ~ : I T ( ' , I - 1 1 - 4 ~ . 5 . )  

K C 2 = X 2  ( : : -  I ) 

" .~ . ,~ - , ,~  ( i ) 
C A L L  ~ T - - -  ( ~  I q X2 ( ;4-  I ) , X3  ("~-  I ) , X . / ( " ! -  l ) , X'<,  T (."~- i ) ) 

GO TC 9 5  

C ~ L L  g : , ~ T E C q l , X 2 C V ) , ' < 3 C : " )  +X'7( :'~'1 , X X , T { . ~ - !  ) ) 

X ;  ( v - I )  + C S C { - V C . ~ R  1 

x 2  ( " ; -  I ) - a S C 4 v c  4;:  I 
X5 ( ~- I ) -~ • C {'95 C'^'VS-';'q I 

X ~  ( ; , ' -  ! ) + : D S C  ~-;'C. ~F-~ ! 

X - / (  ' " . -  ! ) - G T  
} ' : : : ) 5 5 , 9 5 5 , 9 7 , 0  

) r~75,97K, "9. 70 

+ X 5  ( :,; ) + X 5  

~ i : 5 7 7 4 7 . _ = +  ! 1 . ,57-~"T ( r e -  ! ) - t :  • O O 5 5 c ~ " : ' T  ( ; : - ! )  "~'¢,2 

YJ',}I = ( X 1 ( a ' - : ) - X :  { I } ~, /XF 

C P P = 9 .  a 9 3 ÷ 0  j C  9 C  m "" ,~<-T ( " ."-  ! ) 
CI2~,~-  - 7~.  ~ 2 ~ + "  . -. 'L')9 ? . .£ ' :6~; 'T  t ;~'-- i ) 

C~i~I ! : ( i • - k ' ~ ;  i / Y ~ ;  ) ::-:Z.~E':- ~. ,'." I "x 'C~ : : ) / ' ¢N 

X/, ' , i  l =XF: . "  " ~ C ~ ' ~  I 

KTK~.!C- = T ( ; , ' -  I ) 

'Y/'42= ( :~ i ( ; . ' } - X I  ( ! } } . /X~" 

C',::) TL; 9:~2- 

5 ~ H =  .: , a ~ L R + C  . O O ~ ) ~ . a  q g: T ( .'.i :, 

C~;~.~= L ' .  52"5 ~ % , ,:' 0 , . ' 3 ~ 5 J . :  T ( h! } 

HI  = ~'77_~ 7 . 5  ~ : i . ~. -" PT (.'vll - 3 ,  "2C:~'~""T ( :": ) ::'~;',) 

C: '4 ,4~= { i . = Y ' . ~ ? / Y " ~  } ":,C~CC-LY '' 2 " : . Z = = ' / Y > 4  

X X N ~  : R= "z:: ~'C C;~', 2 



B.5-18 

H H =  D S C  ~ V C { H  1 ¢:-t4 ! 

( , t i - I :  O O F  - - H H  

T I :" ) = t XX . " !  1 ¢: T { I- * -  I ) - O H  ) / X X ~ ' : 2  

I F ( A ~ S  [ l" ( "." ) - . qTE~ , : , -~  ) - 0 .  ] ) 

983 RT5_ ~.:D= T ( : :  ) 

S O  T O  9 " 3 !  

98/4 J =  J4 -  1 

N N =  d 

C;( J ) = 0 E K  

S U ; 4 V C =  S J ' , : V C + V C  

A F  I ,"~= 3 • 1 a ] 5"; ' -0 I -::- Z ¢ :F  Tt.~ 

S , J ' , : ~ / ' ,  = . S L : v  A L~+ A F  I ,',! 

I F (  T { ~ ) - - 8 ' , .  : ,  ) 9 ~ 1 , 6 2 2 , 5 0 2  
6 2 . 2  F T > i = ! , ~ _ , 2  

f,'= 74+ i 

645 VFF=-", I.LIA:.~(DI4-O, n" ''~ . . . .  ~./, ,- • ) ":''2¢ 2":~, F TN/z* • 0 

~ ' C =  ( , . / - V F F  )-> ( I . " - E V )  

v F - =  3 ,  I q. 1 G o D  j -." <-_-~.-. '=Z-4F7;4/ ' .  , O 

C S A = 3 t  I z, I {:-:: D~--~-2-'~ ( ( V _ V  = ) / V  ) / 4 .  C 

X ' X  :.',." 1 ( ' . ' i - ! ) + X 2 ( . ' : - 1  ) + × 3 ( : - : - ,  ) + > . ~  + X 5 ( ' . - 1  ) - ' - X 6  

G =  >: ',:'.~ -~ X X / C  5 ". 

CL_= ( V C I  ( i • -:V ) I / C b . A  

" - v  ^ - . . / ( 1 , - ~ ' / )  ) <" ( " ' . P / ' C L  ) <- ( "- . . . . . . .  

G T =  C'-'~'-z ( S D < "  i "" "" • : '  ~, 

- . z "  " ~  - . 

C z , : - I _  F~ ; ,T -Z_( :41  , X Z t , ' - i  } , X 2 ( . ' , 1 - 1  ) , X T ( ' . : - : '  } , X ' < . , T t  . ~ - !  } ) 

G O  T D 66C 

6~-~ CALL [<AT=_ ( q l , D ' < ' : -  t ' . ' ;  , l : . 'D [ . ' . ; )  , ' , ' 7 ( . ' )  , ~ Y X , T ( ; , _  ) ) 

6 6 C  X I ( " - ' ) = ~ .  " ' . ' - ' . ) - , - D ~ C - : - V C . ~ . I  

X 2 [ ' ,  ) = :.:..,; ( : -  ~, ) - D ~ C : : - , / : c 4 - q ' ,  

X 3  I , ' , : )  = X 3 , :  : - -  ;. ) _ 5  , ' S ~ D ' Z C ¢  . C .~.= l 

X 5  ( r-.' ) = x 5  ( v _  I ) .+. O S 2 ~'- ' IC * - "  ! 

X 7  ( ",~ ) = - X ' Z  ~. , ' -  " ) - - ' , .~T 

. i F ( 4 - L S { x Z . :  , ; ) - ~ C 2 ) - ' 2 ° " Z , I  } 6 t - 5 , 5 : : : 2 , c , 7 : , . ;  

6 6 5  ' l = ( ' : ' £ q : : ( Z "  ( ' 4 ) - ' "  - " ~ . . , ' ) - - .  -:'S i )675,"-z-q,670_. _ 

5 7 . )  > : ;< ' -> : "  ~ " : ) ~ / Z ~ : ' : ) - Y 2 ¢  . ' , , - Z ' 4  . ~ X S I V ) . , . - X G  

.qC,3 = X ~  ~. ",. ) 

'GO T(,: 6~_ = 

6 7 5  T (  , = - - : ' . .  

~ i =c_,.3-/z ,. ~-4 

Q C r :  = j , . ~  . A ,'.-" ~ : - . : .  

. I F  ( 3 0 c - [ .  ~ ) 5.! '.-.:,, ,:: ~. t ,  , 5 '  : .~ 

QJ T O  ~iz, 5 

697 . ~ = . ~ - '  

L:'. _'~ = 2 . . . - -  

;, _ ° ~  

.~ , , ~'~ ~ .  7 ~ I ' ' ~  " 4 . ~ , ~  ~ - ~ ' .  : 

~ 'b ' :  ~." -- : ,' I .: . ) -- ~,.'~ ," .. * -~ :-:-;  ( ". : -> : , - . - , , : . ' ,  

C,.:' .: ..-- ".: i ~: " ;  ) ,'" ~ >: . . . .  : 



B.5-19 

1 4 0  

145 

1 4 6  

150 

160 

1 6 5  

18C. 

196 

194 

195 

5 0  ~ 

I F ( C O : , ' - C o 9 2 1 1  6 0 2 ,  1 4 0 ,  14,7) 

DO 1 4 5  O = ]  , INN 

S U v . 0  = F U r . 0  * O  { J ) 

PN=X7 ,' rq ) 

T N N = ' q -  1 

T t~,'4 = "I'N N - -  T h:'.1 

E.I = 3 5 C  * *  ( S U f ~ A A / 5 0 0 3 . ~ * 0 . 5 c i 2 "  I . z ,0~ ,~4  - 0  

E 2 = 2 .  '= . . . . .  +,:.,j~--'-~.+c. . . . .  I~.~VC 

PS= (PO+PN } / Z .  
THl=lps-!a.7)~-.D~-6.0/(1510E-i.-O.6~.-(c'S-IZ~.7)) 

T H = T H 1 4 - 9 .  £~ .  

I F I P O - 6 " . ' , O . " ) .  1 5 = - ' 4 1 ~ 0 ' 1 5 0 ~  • 

I . . . .  ~ . / I _ .  F D =  I~, ~ . . . .  P 

G O  T O  " 1 6 0  

F D =  ! 5 .  ~ ' : ~ D / 1 2 .  

CL=I , 1 1 2 ,  

E3C=CL-,~ T~.,NH~ ( ( ~ ) + T H / !  2 • ) ~" ".':'~-D~'~'2.-- , ) 

E 3  = ? S a  • 3 7 "  ( E3C+FD~+ ~+2~'~TH/6. } 

E4 = (TNh'/C",.IT)";-..,2t}b';:'(D'+'5,0)';"':"=~.*I'~'~'"~.O 
E S =  " ~ : . ' .  4. ,~ ,., ~- T N.'H / C P',; T 

XF = F  14-F 2-+-F 3 + F .  4-~F=+P 5 

X P = ) <  I ( N )  + X E '  ( P-; ) + X 2  ( '.; ) + X ~ + X 5  ( ~,1 ) + X 6  

I F ( # F - X ? ( 1 )  } I-~':.163,icC 

• "++.= =-" C, .3C, L+,$6o~- ( Tr'-+-" '~ O • ) -x-/-":- ( ( × 7  { i ) / P F  ) .x-. 0 • 2~'C , -  i • O ) 

E,S = E..~5 • . . . .  = "' -"""  

GO T O  195 

E. = - ' "  C' 

E S = : ' , C  
I = ( : ' " , - ! C l ~ . )  l ~ C +  1 o # ,  l , z . ,  

~ : ~ = . , . .  " ~ q " ~ - ' - ( ' 5 0 , ~ - ~ - ' ~ 2 , ) + ~ : < ~ * ( (  1 " J l z ' . / ~ , " ; ) ' : ' < - 0 , ~ ] ' O - : , ) ~  . _  

F-9=69S, ": 'L~ < - ¢ " - .  ~ ; 

GO TO 195 

E 9 : L',  C 

L , ~ =  T 2 . .  -~ + ( ~ O / 1 0 6 "  . ' 7 )  "r" ~--C • 2. 

UC I r oB5 ,  <" ~ P C / !  " ' ~ a ,  7 ) " ' *  0 • "~ 

U C 2 = U C  I 

L.C3= BO, * ( ; ' 3 / I  C~ ~' • "7, } "~'<" 0 • 3 
CF'-J r~--- I ,+I • ~ 3 7  I '~ ( P O / I  C o ' : + , ' ? - I  , ) 

C P F  =F =.L., 62-Z. ++3' • C 0 0 2 5 ~ ' ~ ' T F  

C~F~ I =.-,_, £. 25.++r.~, .. ~ .  _ ~ .  ". r , ' ,  "~ r~ A.=. T I 

C P P ~ ' =  C .  4 9 5  + * ,, "".....~'" ,.~ ~ -'; ~- "~ 7d, 

GP= X~+:- I I • BT-m-( Ci)F~ l ",'T " - C~F--'=+T.~" } 

" I N P : T E -  ( C e / ( X . - - ~ ' :  I 1 , 97, ' . ,~-~c:~J ) ) 
T A v ~ - -  { ( T E - T  I } -  ( T N ~ - T F  } } / ~ , L O G  ( { T. - - . -TI  ) / ( T N P - T F  ) } 

A P : O P / (  LP ~ r A V g ' )  

E. l C : 8 5 ' 3  • * ( ~ ~,, '=-C" • } "<" + '0  • 5~2" : , "  : , ,4  O-X- "--.  C 

E . 6 =  S b ' + : 3 < - C  • l 2 / (  :H'. ' : :-~...,3 3 • ) 

ET='~, ..3 ~ ' < ' S , , J t 4 Q / (  r~V-:' l C:) / -  • ) 

C~:.= ! • ,-' 
F - - I = P N - i .  " 

t ' -  J,' 

~,..., ._. ', = . C 2  I F ( T , ' , I ~ - S C ? , }  5CI, ~"'~ "" 

GC, TO 5 D 3  

T-4.~ tp = ~+ =. g . 

T N C ' 3  = ~ T O  • 



B.5 -20 

805 

F V =  i • 1 7 6  ~ ( " T ' x : ~ 2 - 2 o -  • ) 4"2:." ,, " .2  E~ 

CPPF '=  C • / 4 9 3 4 - 0  ,, C:" .r].L :rZ, ~;'I P 

CP;'4 =' I : C .  : ~ c , 3 +  Z, . '3DS'E~ q ~ - ;  1 h~p 

C P N U 2 =  C . 4 9 3 + 0  • C r.)0~' Z~',< T ~'.P;: 

C ~ N ~ 3 =  C ,  a c:." 3 + C  • ( ; . 0 0 4 4  : , : -  T N ~ 2  

I F ( P V - m . , / )  8 0 6 ,  ~; 3"~ • 5 . : ' 5  

( , i t _  = XFt , "  .~'~ ( C ~>~,P2 "" T?-:L)~ - -C ;uNi.:J~ ::-Tb, c, ~ ) 

X L V 2 = Q C 2 / ( C P , ' ; ' : "  ( I C 2 - T C C  ) +  H V )  

T . * . I 2 = T N P 3 +  ( X ' . ' . ' 2 " C  P T J / (  X F h  ..'.'-z-CPr,,~.3 ) ) -=- ( T C 2 ' - T C C  ) 

G O  T O  8 0 7  
6 0 6  0 C 2 = X F . - ' ;  '.'<" ( C P : , ! ~ 2  ; : - ' r ~ ' # Z ' _ - C P . N c ~ 3 - : ~ T b ~ 3  ) 4 - h Z { -  ( ( P ; , - # V  ) / F  I ) ~- ! 6 .  :'X,--" 

X W 2 = Q C 2 / ~  C D . .  '<  ( T C B - T C C  ~ ~ H V  ; 

~ T r ,12=  T I N ~  34- "~ .  

81b F.~T~12= ~ T ; < 2 - + 3 ,  O 

P V ; , I :  1 • I 76"=- ( R T ; 4 2 - B * J 0  • ) + [ S b ,  4 2 9  

I F I ,~ 'V 'q -P ' :~  ) ;~18,51~,b!7 

817 Pvr.~ = ~'.V 

8 1 8  T : , : 2 = T ; - ; ; : ' - , +  ( v " " ~ ' : ' C ; , ' ; ' ( T C _  - ~ _ )  ( ( P V  ) / P I  ) l S ,  ) . . . .  :_ . ~ - T  r r  - ,~ ,Z~-  ; ' - ~ V  ~,~ <-X ~ / { XF, 'ZW-~.C;P', .z~3 ) 

1C ( A ~  5 ( T : . ' 2 - ! q T . " . ' 2  ) - 5 ,  ) 8 0 7 , 8 0 7 , 8 1 6  

6C7 lglTh:P-::_..-, ) 5OL,Zi",81 "~ 

8 G ~ ,  AI:Z',C 

HI I = 3 , ' b  

HI 2=2.,0 

r t  I 3 = C :  • 'J 

GO TO 8 2 1  

810 C C ] = V F S : ' : ' " : ( , ~  ,~- : ~ - T , ' . ¢ - -  < T : ' ~ ; ; B ,  

TCC i = ( .-', 5 ~ ),: .': "E <- ( CP.': ~ T C  I - 

| ,5:'×:.'9:'(TCL~-TCC) ) 

T ~ C I = I T C ' . - ~ T C  ~_)/'£,0 

IF(TCCI--Z~L! } 6 2 : J , ~ £ L - ' . , C - : : 2  

8 ~ 2  X..,~ 1 A=,: , C 

" I C C  ! = T q . :  l 

X , , ~ I = O C I / ( C ~ , ' . : : ' ~ T C I - T C C I  ~'~ - ' J )  

GO TO ~ 2 ' .  

8~--~ X ' . ' . i = G C 1 / : - m ' -  < ' ' -  :-'CCl :~- ~ i ' J )  

X,'i I Z,= 3 • 5 -"  ( ?z'.. I - X  ' _P ) 

6 2 ~  T:v,I=TNm~'r(X~;:~'3;-.':"(TCI-.CL!)/:;:.F" ' ' ,C~ '~21)  
I F C T ~ , ; I - T C I  ) 2 L ~ C , 2 3 : . 5 1 ~ ,  

~i-,~ TAb,.t.=( IT.,. I-TCI } - :TNP£-T, . . - I )  )/.,_C..3((T.C!-T'C';/(TN~'~-TCCI)) 
T A ' , Z I - . = (  ( T ~ ' : C ~ - T C I ) - ( T ' . t - I C [  ~ } / - _ ~ ' 3 (  ( T : , , 7 - - T C I  } / ( T  , - - T -  } ) 

6 2 !  

M V  } -~ ( T C . 2 - T . S C  ) + O .  ~ ~-L;C I :- ( T C  I - T  _ , .  } ) / ( - _ !  4 -5  

A 1  ~ = ( y , ¢ I < . ~ : , , ~ - ( T r l - - C S  , ~  . . . .  ) ) / ( : : C  l - ~ T ~ W ~  ;, . . 

A I ~ = (  .- .V~ "/. ': ! ) / ( , ~ ' "  i - ~ T - V  i = ) 

A I = A I A ~ - A } ~  

H l i = ~ ' 3 L ; . - ' . - ( / ' , : / t . , ) , ) ~ - ~ -  . - _ - ~ 2 ~ : ~ , t - C , ' - - , C  C F L ; ~  

H | 2 -- CC'~" :. :"X '; I '~ 

r . I ~ = S . C ~ Z >  , S J - > X . . .  J 
I = - ( ~ - . ~ -  - ~ " )  2 2  " ~  .... z-i~_ t . , ~ _ _  , ~ J 1 C  

T,~V £ . ' . =  ( ( T:, 2. - ~  C2 , ' - (  T < z - L - - - C t  ) ~ / ' L _ . . G  

T ~ , V 2 e : = (  (T" P?--TC?}-{T'.'D--J£) ),'zLS'Z- 

A2~=v',Z'::--~.*.:T:LS-T'-r)/'U'2.*T-..~."~: ) 

A 2 5 =  . ~ V : ~ X .  ' 2 /  ( ' .JC-_'-T-, ' , . 'L-  : . )  

~ . 2 1 = E C - ; ,  :~ (I~,'L-- ° ~ , " '  ' , : ' ~ ' 2 " ; ' [  , E ' C - ' - - , C  . . . .  - - ~  

i~2  ~ = 2C '~ ....-'-;< .2. 

, h2  :* = ; • ~ ' " C  3 "  : *  X ' . "2  

I = ( ~ ' , ' - ' J . ' :  ) o ~ ,  :-; ?. + , -_ J ". 

~ V  = "-"." 

T . Z - - C . 2  ) / ' T . . ' : : 2 -  T C  - :' ) 



B. 5-21 

8S'D C C_,3 :" XF~'4.,;~- I CP"~P3" , ' -T i '~D3-C iS ' r 'F " : 'T  F ) + ( P V / ' ~  I ) -:~.~.Z -~- 1 8 ,  ~..'-X'~ 
T ~ V 2 =  ( ( "17.:?;3- T C 3  ) - (  T F - ]  ( : C )  ) / A .  L0 ,S  ( ( "I-h,.aI: 'b-TC3 ; / (  T F - T C C  ) ) 

A2 ,=  G C 3 / (  U C 3  :~ "1 A V  3 ) 
X : - , 3 = O C S / ( C a " ; ' ; :  ( " I , ' C . 2 - T C C  ) ) 

H 3 1  = $ 5 0 .  ":> ( 1 " . 3 1 : . 5 0  • ) ":.- < ' . )  • t~ 'L2  ".'* l • 4 0 " - z ~  * 0 " ; ' C F O  ga 

H 3 2  = C O C  ,,,' ">' X'~', 3 

G =  1 C:0 O c;::, • :> { P O t "  C e ) a  • 7 ) -x "=0 • L =, 

HD I = ( t-',PL ::~ X',~ '?~':> >:~ ) / { G ~:-HC A'~" ~,J;'3 ) 
Ht4T  = 1.3:3 • _=:9 b, ¢ - H D  I *';~" ~ 
H L =  ( A I 4 . A 2 + # , 3  ) / ( 3, • 1 4  ~, ,S&-I'l. ';O ~:-H'.IT } 

HN 1 -- H L / H D ~  

H5=C, 1 9 7 . ~ - C  5"~ Xvp-"~ 'D [ 

H F F = G  • C I 2 / (  H:-iQ-~ G / V  l ) :.-:'<" C • 1 8 9  

PZJtC~-).2= ( ~-F ~-":~ G "~ ".':-" ~ / ( . ~  • ~ ' 2  2 C ' k  i 1 ) -,~ ( t t D  1 -.'C- Fib! l / ( H h R K - H S  ) ) 

E T - - E  ! + ; - 2 + C 3 + E z . ' - + E S + F  e , + - ( ' ' + ' "  I O + H 1 1  - L H 2 1  * H 3 !  

I F ( ADS ( ET--/P.:3 ) -AC" ; 2;70,270,240 

24: I F IET - -DD)  2"~2,270,2 '''+ 

2 4 2  D D = - 5 -  ' • :.:5-" 

GO TO 2 " 5  

2z~4 DD:~:,2O 

245 E R D = E T  

GO T O  5 

2 7 C  I ~ = I P + !  

E( l ~ ) = E r  
IF(f,_~=,{E(IO)-'-_-(I~'-I))-,%CC) 2 9 2 , 2 9 3 , 2 7 2  

272 IF { ,C  I R ) - : ' (  I R - I  } )  27r-,~}C,;"'-~0 
27.5 °C ='-a~*cD 

D = D C q  
D O = 3 . 2 0  
E ~O= D'Z P:J. 

GO T O  5 
298 ". R I T" ( '5,5: ~= ) .  . . . . . . .  D, -q "-' , ='~, ='~ , Ea_ , -'5 , E'5,-71 ---~, =-9, -I. D,H ~. 1 , HI-~, m" 3, H21 ,~2"; 

1 , H23, H31 ,~H22 ,m'N • :"3rR.o m, F T  ~ D 0  

23. '5  S T O  ~ 

E N D  
~ I~BFTC ~AT~ 

£13~CLITINE ~ATE (51,_=2,5.2,$4,E5,$5) 

R-- l • 9~'7 

EA--e7C. D, 

CI=120.  
I F ( C 6 - ~ ] C ,  } ~OO, 3:.c, 205 

, 3 3 3  ~:=CI--';.--:.'D(--S.A/{~¢:'(5~'4@C;, )/!,-q) } 

GO TO 31C 

3 1 0  " . . - ! = A 4 . ( b ~ / ( 1 4 , , 7 " B ~ )  ) ' x - ( . -43 )  " ~ : ' 0 , , 3 ~ ' ( S 2  ) {'~x'O , , 7  

RE T O ~ N  
E N D  



B.5-22 

C 
7 1 .  

l O 0 .  

1 9 7 2 1 .  6~6.~ 

• 0516 .0625 

85, ~5. 2 ( , 0 .  

C , I n , =  : ,  ~ - ~  C,6DCE-55 

8 1 0 .  8 5 0 .  
• IOOCOE+IO 7.0 

] b'PL;T D q T A  
.3~ 3~J0.2 7d0.4 . O ~ ; B q  

.aI7OCE+©¢2.0LOh.bL+~-~.Cu.DSj-~CG 

29=:BO.Zb I~3.Z~ 

• 0~5~ .OCOB 

1 5 0 .  

O.IS~E-L3 G.301)~-C5 

13.80 . 1 5 z ~ 3 3  
1 0 ¢ , 0 ,  

57.30 
n7.75. 

.0792 

ll.b7 

1 1 . 1 2 5  

716.25 

559. 



TABLE B .5-6 OOMPUTSR PROGRAM I.M HIGH CO CASE 
FO~ COLD nUEI~CH SYST~,' 

B.5-23 

5002 
5003 
5004 
50C5 
5306 

5 
! 

6 

7 

8 

15 

D I i 4 E K S  I O N  X I  ( S 9 0 ) , X 2 ( b U O )  , X 3 ( t ~ O 0 )  , X S ( 5 0 0 ) , X T ( 5 3 0 )  , T ( 5 0 0 )  

D I M E N S I O N  Y X ( 5 0 0 }  , U F ( b C O )  , Y ( ~ O 0 )  

FORMAT (~ZI 3 .3 )  
FO;~VAT(//]&Xq~EI~.7/I4X,oCIa.7/14X,6EI4.7/14X,~EI4.7/14X, 2~14.7) 

FOR~4AT(IOF7.3/SF7.b,a=9.~.) 
FOR'4ATI7EIO.5/6EIC',5) 

F O R h ~ A T ( 6 F 1 D , 6 )  
R E A D ( S q S O O O )  H D I , F ! D O , H P L , r l C A , F i H q ~ H D 8  
R/AD(D,SD?2) CCmW,COCIu,CO!-S,COHS 

DSC=7], 
G C H = + a , I T E + O S  
R E A D ( 5 , S C L ' 5 )  XX1,XX2qXX~,XX4,XXS~XXS*YI~,FO,YA,YB,TE,TF,X~4 

P F = I C O 4 , 7  

P0=1064.7 
~EA0(5,5C~4) TCC,TC|,TC2,TC~,OCI ~UC2,UC3,UIC,MP,HV,HZqX~W,TN,EV,TO 

, D P , V I , C L , D S G  

T 1 = 5 5 0 ,  
T 2 = 5 5 0 ,  

T 3 = 5 5 0 ,  
X F N W = F O ~ X ~ ]  

D I = 5 , 0 0  

DI=DI~0,20 
D 2 = 6 , 9 0  
D 2 = D 2 + O , 2 C  

D3=6.60 
D 3 = D 3 + O , 2 E  
CL=I,/12, 

C D R E = C , 6 2 5 + G , O O O 3 £ 6 ~ T ~  

CmP~=O,4?~+O,OOC~an÷TE 
CPRN=O,~ZS~0,0OO3B~{~T~, 
C P P N = C , 4 9 3 + O , O C C ~ = ~ T ~ I  

,CCOZ,&n~T2 
.2002~T3 

CO-'R2= C' * 6 2  ~-:+O • ~:~ , ,~  C - - ~  "'~ #~--x. -I "- ~ 
C ~ T = :  ( 1 • - Y ; : . / v " 4  ) ~" Cc'~.",I+ Y A  . ; 'Ca~ : '~ /Y i ' 4  

r F ~ I = C ; , ~ E L C - ' ~ O , ~  ~ O ~ 2 - ~ - T  - ~  _ -  

~ F "  I ) = ( C : ~ T < ' T  , _ r , - - , : ~ - ~ . T =  . . . . .  " I' . . . . . . . .  - h A  ~-YA ) / ( CPQ. [  "X-T 1 - r  c'c"F < " r F  ) 

X l (  I ) = F C ~ - > , ' X I ~ C F ( I  ) 
X 2 (  ; ) = F C ~ ' X X 2 _ < ' O  = { I ) 
X 5  ( l ) = F C ¢ ' X > ' ~ * G ~  ( i ) 

-.~F I } X&  = 7 0~.: XX~,  . . . .  ( 
X ~ (  I ) = ~ ~ - " X X & ' ; ' G F ~ .  • ( 1 ) 

×6= ;=C~X. ' . :~ ,~ : -CF  ( : ) 

; <7 (  '. )=~Lq, 

X P = X I  ( " ; 4 ~ 1 2  ( ~. } + X 2 (  1 ) ~.v., .r ; . :£-.  ( t ) + X £  

G - : =  I CC.:. "'," ( ! • - " £ ' , ' )  " , " , / ! / ( D = ~ ' : ' G  ~,'~ ! • 7 5  

~ '  - ' A V " , ' ~ : 2 / (  ! , - E " . ' l  ) " : ( " ~ "  r'~ :.., / . _ )  ~'- [~C~: ' ,C. ,b~- /C, ' : -4;  ° } 

T(1)=TI 



B.5-24 

: , : :  1 
b,S r,~---r.'÷ l 

X X = ' X I  ( r 4 - - i  ) + > - : 2 ( ; " , - - 1  ) + X 3 (  " : -  1 ) + X G  " ~ - X ~ _ , ( : , ; - - 1  ) 4 - X , ~  

N C ; ' = > : 2  ( ' q -  ] ) 

"q, C J = > " ~  ( * ~ -  i ) 

C , ~ ' L  N A T - ~ .  ( ['-. TM. . , X i  ( ' , ' -  .~ ) , X 2 ( x  - 1 ; , × 7 ( f , -  1 ) , x X , 7  ( . : - ~ . )  ) 

G O  T O  5 C  
5 5  C A L L  ~ L T E ( ~ . , X 2 ( : . : ) o × 3 ( r . . ) , X 7 ( . ' )  , > : X , f f  ( ' , I - 1 )  ) 

6 0  X 1  ( ' q ) = X l  ( " - I )  + L i - C ~ ' ~ V C - ~ : ~  I 

X 2 ( % ; )  : - X 2 ( " - ~  ) - D r ' - - ~ V ' C X q I  • , . . 2  , , . .  ^ 

X~, ( >" ] = X 3  ( v -  i ) - 3  • O ' > L : S C  -;~ V C * ~  1 

XS, (~ '*)  : X 5  ( r z -  1 ) - , - D S C ' :  V C -,~::~ 1 

X 7 ( , ' 4 )  : - X ?  ( ' 4 -  : ) - O T  

IF'(~_='=crX2("')-~C2)'-O,031..,: ) 6 5 , & 5 , 7 0  

6 5  I F I / ~ £ 4 S ( ; ( 3 ( P . ~ ) - a C 3 ) - C , , 3 O l  ) 7 5 . 7 ~ , 7 0  

7 C  X x =  x 1 ( :~" ) + X 2  ( ~.' ; + X 2 .  ( . 4 )  + xz -  + X  5 ( .',! ) -,'- >.:5 

N C 2 =  X Z  ( '~ ) 

r-<C 3 = X 2  ( r.~ ) 

G O  T O  5 5 .  

75 Y ; , t I = ( X 1  ( r : - I ) - X l  ( I I ) / ( : - T j - ~ , L : = ( I  ) ) 

C = P = O , q © 3 + D , O , S ,  2 : ' ~ L L ~ - T ( ; , i - ]  ] 

C P X = C , C ~ . ~ + ~ 0 3 0  . . . . .  T ( . , - I )  

CD~ 'J  I = ( I , - - v ' . ,  l / Y > .  ) ~ ' C = ' q + Y ' - '  1 " ~ C % ~ / Y N  

X X 'q  1 = XF . ' .  ', -" "" -~" " . . . . .  

F - . t TE ' "D=  ? ( : . . . .  : } 

Y 5 ' 2 " :  ( X I [ ' < ) - X 1  ' I ] } / ( F C . " , C ; "  ( ~, ) ) 

H : = & 7 - / c L - : , = * '  ! , . £ 7 - , - T ' ' 4 - i  ] - -  , 2 0 5 - ~ ; 5 - ' , ]  ( , , - !  1 - ; - ~ -  • , >,-, -, 

GO T$ 77 

76 C P ~ :  ;:, 4 ~ 2 . - ; - ' -  , 2CC' , "  ," ,a~-T ( ," ) 

C , - - R :  11 , & ? 7 - ~ L  • - O Z £6- : ,  T ( ": 

h i  = 2 7 7 E - ' , ~ . . , -  I I • % 7 "  7 { . v ) -  " ,  " " E S ~ . / . ' T  ( ' 4 ; * , - - 1 " o  

7 7  C P ; , ; 2 =  ( I . - Y ' . ; ~ / v : ,  ) " : - C = - ~ -  Y" 2 - C = ;  / Y ' , ;  

X X " , : 2 =  X F > '  , :< C ~ " < 2 , ~ : S  = ( " ) 

T ( > ' ] = ( X X r , ~ i ~ - T ( ' . ' - I  ) + ~ ) / x : ' < ' . 2  
I F (  A = S ( T  :F" ) - - - - £  :-' • --:~ . .  ) - 3 0 i  ) 7 ' - F . ' , - ~ , 7 : .  

7~ &TC'-'o= T ( "'~ 

6 3  T L  75 

79 I = ' ( T ( ' , : ) - ~ 5 " , }  ~ 0 , ~ . _ ' 2 , £ 3  

3 5  T ~ ' :  =,'." 

~', ~= ' . . . ,~C. ,  x, ~ - .  ~ ,,_, 

Y ( 1 ) : - , "  
[ = . .  

S:J".! ": A = v. A 

8 5  I = ! + !  

Y X (  I ] = ( Y l  t ' . ' l - = ~ : ' . X ) , : l - - " = t  l ) l / , . .  , _ ,  . - ' : ' O < - ' r . ( ~  ) ~ . .  . 

C ~,c-'C : C • ' : ' 9 5 -  L-" • 7' '~ ' ~  a.~_ :-:- T'J, 

C P N =  ( I .--My,,( I ) / y \ : )  -'c-[,-~[~i;.,~','>" ( I " C ~ D b , , / Y  ; , 

C~L: '= ( I , - v x .  ( [ } , v . . : }  ::.C¢;.q~.,.y..: ( I ) :ZP ' - : - , , . . / " r~ .  

SC, T C  5 7  

: , :  r ~ -  , i . _ . , .  ( ; + .  ,, . . ~ . , ,  C ; : . :  4. v ( I ~ , ) .: , : -  / v , ;  

~ ,7  ~F' i'~' ] :3:( [ : :: [ C F '  "~"3'~-C:-: " ~ ' - T , - - - I /  ( Z : ' ~ : : T L ; - C . = : , - -  " T -  ] 

Y (  [ "  I ) - - : - : , : : (  [ ) ' : - Y ; < C  " ) / , ~ : "  ( :=" ) 

[ F ( . ~ 5 , ' - " - = '  ~,+J. : - - 7 - J , F  ; - . ' , - ' ~  : 5 - 7 , _ .  , -_"  

z.z~J 4 , ] ' = : 2 : (  i ~-'. ) 



B. 5-25 

q 
'" TO 8 ~  

~c.; IF  ( C F (  i + I ~ - I , ,  ~ ~ C ,  IL~- =- '  l ' J 5  

.c#L. T ( I ) - - T O  
X l  ( ! ) --: .'- 5 ¢- 3=" ( .~e " ) ";:-( >">: I " , 'Y  C i - ; - I  ) } 
k~_( i ~ -¢ - ' : ' - , ' ~= ' ( .  _ ..,..., .~4-i ) < ' ( > : 4 " ~ - v ( _  . -I '+1 ) ) 

X 3 {  i )= ,= . ] ; . 'QF  t " - : I  5""' ; .' .~. ' . . i-2. ":Y ( I  ÷ I ) ) 

> C 4 = F C . - ' ' } F  ( I-FI } , ' ; ; ' t , 4  

x ~ , (  I 1 = ro-~-a~-"  { I-~ 1 ) i } (  > : ; . . 5 + Y  ( : + 1  ) ) 

X~=aC*C,= ( i-e. I }::';<>:& 

• N-=XI~- ( .' ) + X ~ (  I ) + X 3 (  . ~ )'a,'Y:e4"l'>;~ ( .' )+,<d=. 

S = ~  . .D ~',C','\,: . . ' ->.~/(  Z ' .  !,-'.; Z}I x--:~2 ) 

GU= i 5 5  • -x ( 1 * -E~,  ~ ) ¢~"/I / ( '.3 P'.'~'G ) ÷ ! • 7 L  ~ 

(SD= ( E V * ~ ' 3 / (  I • -'-: V ) ) "." ( D ~ / C L  ) "~ ( . . , . .a ; . ; ;~  : ; i , ' : ' - ; ; ~  ) 

G T =  ' 3 ' J / (  'SD'=" 1 4 e . .  3 } 

X 7 1  i ) = X T ( t . : )  

i , - - 1  

"]b : ' ,=." ' ,~ I 
,<:<= >, 1 ( , 4 -  I ) + > . - - ,  *"~- ! ) " r > : ~  ( ~ - ' -  1 ,~ + X ~  - - X C :  ( , " ; -  1 ) " - X 5  

; : ~ C 2 = X 2 ( ~ : - 1  ) 

t :CZ: = × 3  { : : -  "., 
C:LL. KATE{~I • N 2  C~.!- I ) , X 3  ( r ' : -  1 ) * >:-/(  "'~- 1 ) ~ x X  ~ T { ' ; -  I ) ) 

C-.5 : C  1 .25  
1 ,..-.C C~ i -L_  ,,C:ATE ( ~ I  , X-.-' ' , i . )  ,,;*...2 ,'. ,- ) ,,;,,.7, ( ,  ] , X X , T ( ' V - !  ) ) 

Ib r_ ,%] (,/)=:<," ('.'-l)'rk~SC'u ' ' ~ : ' ~ ' .  ,,_,, ,i 

x ,k  ¢ ,v ) : >.,i! ( .- - 1 ) -..D Z C'." v C ~-,~. i 

x j  ( . , '1  = X . 3 (  , : - :  ) - . L .  L,-'~'LSC -: ' ' - , .~,~'~i 
~ , (  ,,, ) : - ' * ~ { ' , 4 - "  ) - - i t  5 C " r ' .  C '~ 'k  i 

XTl "-11 : x3' i;:- I ) -C-T 
" " ~'i ) i ' 0 , 1 1 7 ' I  I =  ! F (  ; ~ E ( X T (  , , ~ , - ~ . . C 2 ) - , . . -  . . . .  

. . . .  ="~ 20 ' I I C  i r  { C z . } ( × S { ! ; } - z : c - Z ) " Z  • 21 } .._~,I , ! .= 

K C ,  = : . . 2  ( '4 ) 

.'q, C 2  = × 3  ( "; ) 

,~a TC, 1 . ~ -  
! 2 0  Y' . I I  = c,< I ( ' . ' - I  ) - - t~ 'x  " ::-= C <'"-= ~ i - ' - I  ) ) . " (  FO~,'C = ' i + l  } : 

C : ~ - ' =  . ' - '~} .3+ . Z 3 . ' : - 4 a ~ ' T ( " ' - .  

C.P~'-~ 1 = r i • - Y " ~  ! / ";'. ~ } - - C a . -  + r"a" ! - . - , Z : , o ,  "r'.'-: 

X X , ' : I = . ' ,  :'. . . . .  v , ,  • -"~, '-  ( Ya-i } 

;gTz.'~OaT('~- ', .. ) 
Y'4,L= ~ X £ ( ' ~ , ) - X > ' i  <;=O'~'J~- ( !-i ) ) / (  =,.,'.:'CF ( ;'~.i ; ) 

i i 1  = : ~ ) ' 7 6 7 ,  ~ - '  ! I • £ 7 <  ~ ( " ; -  i } - . , .  0.." : : ' - : d  " T ( , ,  - i  ) " : '"2 .  

< . . . .  I~ . .2  

I 2 i 'Z T-- ! ~ = Z • :~ '? 2 4 -  7: • ~ ' 2 7  = ~- 4 -:. "v ,T :." ) 

E l " - = -  , r . ~ : . : . ,  . L ' r  - ~ a - ' e f g : " )  

I~-~- Z F t . L =  ~ 1 . - v ' ~ : 2 . " ;  " . ) ' : C  - ' ' ~ ~  " ' 2  p ' S ~ ' - . ' Y ' '  

"( { ," ) = ; X ' < ; :  : i: T < . - ' -  ;. ) = - F ~  ; / ' X ' ( "  ,,~ 

~ F (  ZTI-~ { - ; ' ( ' . , . l - q T t _ " . ¢  ; - /  , I ) 12z~ , ,  ' . - ' L  , ' >?.. 

123 A ' - - - - - - - t ; ' i  

" "  T O  ' , : . '  

i_~ .Ir-g-I,'.)--Z'-" , )  2 E . L ~ - ' , : -  " ~ ' ' -  ~. 

" 3 L .  7 t . ' . . - - ; . '  

• ,L,; = S z C , . .  ~ . > ?  ~ "  



B.5-26 

,.%r T O  $ 5  

13 : : :  Y (  I ÷ l  } = & = (  .' ) ~ ' v > C t  I }  
C.~,'N-- ( I , - - Y Y . (  I ) / ' f ' I ) - ; C ~ N * Y X  ( I ) - x - C P ' ; ~ N , / Y . " I  

f~'"- ; ,  = T 0 

C ~-- ~,& = C P,.:-' C 

G O  T O  1 3 7  

1 3 6  C . D ; - ? : ~ : :  . : 5 2 L , + O . L O C O ~ . 9 9 ~ T . " ,  

CPF-" ~ = 0 , q 9 2 - ~ - ' L ; ,  C 3 D ~ ' ~ " T  z' 
] , D ?  C D . * * :  ( ] . . - v  ( , I - i - ]  ) / Y N )  C - ~ . - ~ i , t + Y (  J - r~  ) : ; C P : u A / y ,  "J 

I F C , ~ . b . S C T ~ - R T ~ ; - . ~ , 5 0 )  125, 13~.), Ig.~ 

1 3 8  RT#-, : T A  

G O  T O  1 2 . 5  

1 3 9  T (  1 ) = T A  

X I (  I ) = F S ' - . - ( X X "  +Y : I-r-I ) ) 

X 2 (  I } = F C ~ - ( X X 2 - Y (  i + !  ) ) 

X 3 (  1 ) = F O " :  : × X 3 - 2 , . ~ Y (  I + i  ) } 

X ~  = F 0":- X X ~  

XS(  I } = F O ~ ( X × 5 ÷ Y  { 1~i ) ) 

X&:FO¢-X>.& 

X 7 (  I ) : X 7  ( : . . i )  

X P = : - - : I  ( ] )+X2( I )+X-'( i )+XC~XS( I )+Xt) 

G = 4 . 3 " x - X ' , ; : . t  e X P . / ( 3 0 I ~ , : ; . ' ) t < . " : , ' _  2 )  

G U =  : ' 5  : . 44- ( I , - E V ; { ' V I / ( C = ' : ' G ) - I , 7 " 5  

G D =  c E V ~ C ' 2 / (  I • - ' ~ ' , ,  ) "; <- ( D : : ' / C L  ) ~= ( C-C..-", C 5 C - / G  "x" ; ' -2 ) 

G T =  G O / C  C- ~,-x I ~ z . ,  C l 
~=I 

1 / 4 0  .'v; = ,,: ..,. i 
XX=.'< I ( : " -  i ) + . < Z ( M - I  ) - r : < 3  ( : , ' , -  I ) - × 2  + X ~  { ' -~-  I )+X~.  

A C 2 : , ' < 2  ( ' , ' -  i ) 

F, C 2 = X 2  C : ' -  Z ) 

C A L L  ~ ('~.T_~: ( P i ,XZ('."-I),X-("-I),X-.'(:.-I),X>,T('"-I)) 

GO TO i S : .  

C A L L  q ' X T ' . - ' _ ( q : , × 2 ( " )  , ~ - { v ; , x 7 C  "'; , : < / , T : ' ! - l )  ) 

X I  (".".) = X I  { " . -  i ) ÷b~_C ' ' J " - : : - : .  " 

X Z C ' - : I = X 2 ' : ' - I  ) - - - . i C ' ~ V ' S ' ~ q  Z 
X 3  ( : ' )  = >'~. ( : : -  i ) - 3  • . 5 - Z ' : - C  ," v $  < F-., 

X 5  i ".1 ) : × ~  ( ' : -  1 ) - , - b -  C- : -VC-+- : !  " 

X 7 ( : . ! )  : X 7  ' , ,  ' - "  ) - 3 T  

I F ( A : _ : 5 ( × 2 ( , ' ) - R - ? ) - , 2 , 1 S t  ) ! 5 5 ,  ! " . : 5 , t 6 0  

1 5 5  I F ( . : , : - , - _ . ( : . C 2 (  . ~ ) - - - . , 2 3 ) - - . , ~  " I  ) 1St:, Z6.2,!£t 

1 G C  X X : X I  ( " ) - . . / ~ ( v ) - : " . D C , ' . ' ) * . ' .  .a + Z ~ ( , . , ) + ' , , ~ ,  

; 4 C 2  = X.;. C ",: : 

R C J = X 3 ( ' l )  

S 3 T 0 I '4 =_ 

i c =~ y " . ; i = ( v l  ( . ' . ' - I ) - / .  i . 

C p p = O , . u ' l - + :  , : ' -  : ~ 2 - ' . : , T ( ' , : - I  ) 

C c ~ = < = ' , 6 ~ L +  ~ , ' 20_2 :~ .~ . .  - r , . . : _ ,  ) .  

C ~ - ' '  ' . . / ~ ' 1 .  - " . ' "  / Y ? I  . , 1 = {  , . . - ' / ' , '  i ) 'cC-~-< -r - 'Z =:z" 

X X,"4 ! : Y =-." . " : , 'C  =: , :  t 

~ . T [ - . " ' - :  = T ( " ' -  [ ) 

Y"<s= ( X" ( ' . ' . ) - > ' X  i =:-FC ) / F O  

. - : I = 5  . . . .  ' , ' - '+ , 1 , £ ~ < T (  . - .  - ^ . . . . .  " " 

5 0  - 0  16"7  

l o ~ i  Cz~=.;,--÷2-~-.'~,.'~-.:~.-:--.T~ - ) 

C #  c-=- 3 . c , _ - "  " - 4  " . .-'~'-_ .. " :~" : - '  T .  ~ t . :  ) 

0 
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t 

F; 1 = ? , 7 7 3 7  • "9 + l l . 'E 7-.'~ T ( ;.~ ) - 3 ,  "JC~w '-:~ T ( t,; ) * " : 2  

1 0 7  C ~ N 2 = (  i . - ~  . . c f Y ' 4 ,  ~ C ~ ; ; : - ' Y ; . ' . ~ : C ~ < ' : ' / ' K N  

X X ~" ~ 2 : ;', F ," '4 'r': ¢" C PI : ' ;2  

r t H :  D'5,C ~; V C  <--. " ; " ~  1 

I ( xi ) : ( YXH I ~ 1" ( i . ' -  i ) '"-riH ) /XX%(" .  
I=(':"::(TI:.,,)--'ql'-z.;.'P)-Z'.I).,~ .10'9, 159,16,~J. 

15,L C T E " - ~ =  T ( "" ) 

C-.O T 3  1 5 6  

| O ~  Y A q : ( X I  ( : . ' } - F O # X > ' I ) / F O  

IF (Yl.q-VA) 14D, ] 7C.. , I. 70 

1 7 C  TAA=', I  
• ,., AC.~ : D 2 C < V C-;:- T A A 

b'j: ,~ .t' ~ : 5'd',!b " + " '  " "" 

PNA =X'? ( ; " )  
X I  { i ) - - : F O < ' ( X X ~ + Y ~ )  

X 2 (  11 =FL.)-:~ ( X X 2 . - Y A  } 

X 2 (  1 ) =FO~" ( X X 3 . - 3 . 2 ¢ : ' Y n  ) 

X A = .  ~ D:  ," : , -  

XS(  i } =FO':" ( X X S ~ - Y ~ )  

X S = F O K  × :< .~; 

X7( I )=XT('.') 
%'C= ( I . - ~ < " ~ ' ,  { 3 ,  l "  1"~;-'~:'-~;~~ ~ . , . ,  . , t ' ~ . , ~ , )  

X ~ = : , : I  { I } + X 2 {  ] ) . ' -X2(  1 ) +;<~-+',':=- { I )+x5 

S = ' :  o : : "  x ' 4 . ,  ~ - > ; D / ( 2 , , l z - ~ - D 2 < ' " . : ' 2 )  

S j = I ~ . : I - : : . I I . - - _ V ) ~ " , , ' I / {  - '~ ' ;~" . 7 5  

G D : -  : : " . . " : - ~ 2 / (  i • - E . . '  ) ) < ( 3 ~ / : ' : u ) " ~ (  G , S ~ - ' ~ S S / G ~ : . ' - 2 . }  

T (  1 } = T 2  

M : I  
I~",. ; ' 1 : ~ : ' I  

X X : X l  ( : ' ; -  1 ] ~-X2 [ ' , I -  ! ) ÷ X 3 {  . . . .  : ) + X a  + X S (  C.':-" ) + X ~  

R C E = X 2 (  v-I ) 

~C3=X2(',I-" ) 
C~.__ q~T-- , ' , .Q,  , X £ ( ; . ' - 1  " , :~n ( ' , ' - I )  , X T ( W - I  ] ~ X X , T ~ . : - ~  } ) 

GO T O  I c: 

!c. 5 C ~'~.-L ~ * * , = ~ ' ° I , > ' ~ ( : ' ; ) , X 3 ~ . " ~ } ~ 1 4 7  ( ' ! ~ ' A X ' T ( ~ ¢ - ~ )  } . .  ,~ . • - 

I ~ C  X l  l ' , ; ) = x  / ( : , ' - : ) - ~ D - : C ~ ' / C ' ~ !  

X 2  ( .', ~, = X Z  ( v -  i ; - L  S C - ~ ' , ' C ~  1 

X2 { 1,: ) - X 2  ( ' t -  " ) - 2  • "3<'--~_= C ~ V'2. ~:'~ 1 

X C I , , ' ) = X L ( v - '  ) + D  . . . . . . .  "~ ": 

X 7 ( : : ) = X 7 ( " - I ) - G T  
I F ( ~ ' . ~ . - ( "  ~'~" r ~ ,  ~ *-.-. X_,...)-R~_ I ) !"-,?=, 1 c'': .... 

1 9 5  I F ( ~ G ( × S I v ) - ~ C 2 ) - , : , ' c C I  ) 23~3'~='~'2'-:0 

2 . C  X X = X I  { " , i ) - X Z ( : ' . ' ~ - ' ~ ' 3 ( ' 4 ] ÷ ; < . ~  + A ~ ' ( r ' ~ . } " X 5  

7 . 6 2  = X 2  c ; , ! ;  

, .qC3= :43 ( " . ' ,  

3 3  T O  ). S~. 
Z < : - ,  Y ' " : I : ( 2 . ,  ( . y . - , ,  ] - X : "  : - : c ~ : ) / r _ ,  

, . .F,- -_ , C -7~:k~ C • .3 " "  '-.' A"" <'T { ; . ' -  i ) 

CmN ' - ( " , ; - y v  '~ ,v,. ) .~.Cm -:..,.- , , v  I < ' C P ; m / Y N  

XXb.  i = : ' F  :." ,;. :: 'C'-".l  
~T*: ' -~O=TI [ ' . ' - I  ) 
Y t : 2 = ( X i  { ' , ; - ; ' : : . i < - ~ g ' ) / = 0  

H| - ~77S7 , e-l_ , . '. , i 7"T t ",'-- : )-L', -'" --'~" "' ': T t "'~- ' - . . - - -  ) ~"~ ~'- 

~ G  T O  2 1  ~ 

2 1 "  Cm~:'~,~'c~2+ . . . .  , .~L','-'~"":..':'(:":).. 
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215 

2 . 2 0  

2 2 5  

2 3 0  

235 

2 = 5  

Z & S  

C,.-,-.=2"'~ ,525+C..C0?D~6*T(Xt, ~ 

HI=$77~7.5+I I .~)-,'---~,., (;v,)-,"~.C.C55,--~-T(hl)~-*2_ 

CP,"..b ~2: ( I • -Y:,zi/Y['~ ) :4-CDc~+ Y..12"~C;-.z~/YN 

X X N  2 = × F  ;~4 ,/",:-C P X  2 

T { % ) = ' XX ' ,41 x- T ( * , ' -  i ) + k - H  ) / X X , ' , , ~  

I F - (  ~.." = 5  ( T ( :," ) - - ~ T - - ' , ' D  ) - , : .  • " ,  ) r__,">= 2 2  ~'~ , -"~.',._,., 

K T E , ' : P =  T ( t,t } 

GO T O  2 1 0  

Y % ~ = ( X !  ( ~ . : ) - X X l  ~ F r 2 . ) / F O  

I F ( Y E Q - Y B )  l ~ C ,  2 3 3  ' ~_.-~." )t"l 

T u;i,', = "q 

',*,' ~ = D.,: C ~ VC-V T.~:q  

P N ' ~  = X 7  ( ~',! ) 

Xl  ( I ) .T-F0-,"- ( Y X  14-Y~4 ) 

X 2 (  1 ) = F O { - ( X x 2 - v L ~ )  

X3( I ) =F'O 4~(Xx3-..~,,'.qi'v~) 

X~4 = F O<- X X " '  

X5 ( ] ) = F O { -  ( XXs~-Y.Z~ ) 

X 6 =  F 3 " : X X 6  

X7( I ) = D % ~  

VC= ( ] .-_'V)~ (3 • ! ~" ] £'~.D3"-'2/4£. ) 

XP=)<I ( I )+X_~( | )÷X]( ' )+Xa+Xt( I )+X~, 

C = - "  , .',-x-X'.",,i ~ - > , o / ( , ~ .  i - ' - : D 2 " - 2 )  

G U =  I'~0.<'( I .-CV)*'V!/(D~*G)4"1 .75 

G D =  I - - V - X - . ~ 3 l  ( I • - E V  ) ) ; ( D P / C L  ) *  ( ~ C ~ ' Z ' D S G / G {  e 2  ) 

G T = G U / (  ' - r ' ' ' '  . - : ~ "  , - ~ . C )  

T (  ! ) = T 3  

iV ,= l  

l,i = "!.4- , 

X X = X I  ( ' , ~ - : ) + X 2 ( ' 4 - 1  ) ,-X_-- ( ' 4 - !  ) * . X ~  + X S l r 4 - 1 1 ÷ X 6  

~,- -;<Z ( ;,'- 1 ) 

;-:C. 3 : X3 { ;4- i ) 

C A L L  qlTE(qi , X2 (;,1- i ) ,X3IM- i ), X7(M-i ) ,XX,T (',%- I } ) 

G 3  T C  2 ~  

~ - ~ L  q ~ T E { P . I , X 2 ( ' . I )  ,,xq(r-:,,X7(M),XX,T(,%:-t)) 

Xi ( . , : ) = X l  ( w - I  : * D S C * ' , / Z * ~ - '  

X 2 ( ~ ~ ) : X 2 { ,,.:- i ; -2~ ~IC *'.'C { q l 

Xn(h ' )=X .~ ( : , 1 -1  ) -~-~,o*r~c'"~VC-:-~l_ _~ . 

X_ c-. (c<) =;<~ ', '~-. i ) -~DSC'eVC*~ i 

X7(M) =X7 (:"- i } ,  - - , :T r  

IF ' A;_~S (X2  ( M ) - ' -  -°I ) 'I' 2 . ~ . - . _  -3,001 250 250, 5- = 

[ F ( zuS ( x3 ( "-' ) -,kC2 ) -0. '30 i ) 2~0., ~60,2~ 

X Y . = Y l  ( , , ' ; ' , , - X ~ ( M ) " r X 3 C ' 4 ) + X A  + ' , < 5 ( ~ ) + X ~  

,'~C2 =;<2 ( s ) 

14C3=×2 c ~ ) 

GO TO 1-tO 

Y " ~ . = ( X  ' ( " - I -  1 ) - X K I  ~FC ) / F O  

CP:--*= T,, ~'~ 7 2 4 ~ C .  0 S ? C c ¢~.-T ( ,v, - [ ) 

CP~2=~ ,C_~5+S , -LL 'Zd~>T  ( ; . - * I  ) 
C P i . ' l =  ( I , - ' , " q  l , ' V , ,  ) - x ~ : 4 + Y ~ ' .  i * C P P / Y . %  

A T E  ~'-~ = ~ (~ '~-  l 

Yt42:= ( X [ ( ~,I ) - X X  i 4.=C ) / ¢ 0  

."il =,T. T T , ' t - ' , 3 - r  I ' ,, L.:"--T : ; - ' - '  ) - C ,  S'35 = ~ ' ~ T  ~,~;-I  ) .--k-> 

GO T'.) 2 7 q  
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%, 

Z7¢ 

275 

2t$0 

2[~5 

C P i ~ = O ,  ~2g'-~-~ , d O  32~C, ' : : -T  ( M ) 

CP'<~<= ( I • - Y " 2 / Y ! "  : ~ C P ~ . + Y ; " 2 ~ C  c - P / v ' N  

X .X,'42 = X F  ^4W'~C~>4~ 

H H =  D S C ~  V C : :  H l - ~  ! 
I ( '4. } = { ~ × ~ "  ! " - 7  ( ;<-- i ) -FHH ) / X X I , : 2  

I F ( A T ' , ~ ( T ( ; , ' ~ } - ~ T ~ f ' ; P ) - O , , I  } 2 5 C .  ,, 2 . 8 0  ,, 2 . 7 5  

F. TE ' . ' ? - ' - -T  ( P: ) 

GO T O  2(:::,L- 
",r l4K= { X !  {~.' ) - F O " : I - X X  ] ) / F O  

I F  ( V N # - Y N  ') 2 3 5 , 2 8 5 , 2 9 5  

l C",; = ;.I 

W C = ~ 5 C  -~ VC ~'. T C,',I 

P N =  X - / {  ,'.1 ) 
tJP=70,-:~ ( PO/106z*, 7 } +~0,2 

UC 1 = $ 2 , .  ~ ( P C / 1 0 5 ' 4 . 7 )  ~ 'x 'O , 3  

O C 2 = U C  ! 
U'C.3 = £C • "~- ( P ' O / 1 0 ~ L &  • 7 ) ":P> 0 • 2. 

C F O D =  ; , 4-1 71 ~',~ (~J0/: C6Z-,7- 1 • ) 

C PF P F  = J , ~ ?-~;+ 3 • O C02~d ~" T r-" 

CDk- P l =C:, &2~+0,00039"5"~" T 1 

O:::'= Q F  ( 1 ) -:: W 0 ¢ : 1 1  • 57',:" { C~"F  r'- I ~ T  1 -C~I--C---F" ~, T I:-" ) 

7NF~=TE- ( 0~/( F~J';" | I • 87 <'Cp~P ) } 

IAVU= ((I--TI) - (T#,P-TP") )/;.'..OG ( { T,- -Tl )/( TNm-TF ) ) 

E | ~- .u. S C  • ~" ( -~ D/SC • ) ~ ' ~ 0  • ."?,.~.2.'~'1, I • " 0  '~ '' • O':~'CF C'D 

X F : F C  
£ o P T 3 :  C ' ,  : . 0 . 2 + 0 , 3 0 0 ~ Z . .  " "X" T 2 

C O ~ T 2 =  .3.4-'T23 + 3 ,  C D D~': ;  ~-d 'T,£ 

CPF---'T 2 = ,.., • 525 + 0 ,  DO 0 .~£  6 e T / £  
CPI C.2= ( | • -YA/YN ) -'.-C-~q T~+Y~,':C--'#T2/V'~ 

CD JCA= ( ~ ,-Y~./'V~ ) ~-~;3/~,*4"v.q "~'C~m['4/Y\ 

~CA;=~',5:(T~I'TCC) 

X,,, | $_A- ×7~ I ! ,~ 7~'~ (CP:CA ~?T%-Cu i'C2~'Ti-~ ) / (CD'-;~- ( TCI-TCA! ) ~-r~V) 

T I C A r 4 = T 2 +  ( X , ;  ! C & ~ c P ' , ~  ( TC  ! - ' : ' C A  1 } / { >:~.~. 1 ! • ~ 7 * C P  i C 2  } } 
T~VI% ; =  ( (T : C - ' ? 4 - T C !  ) - (  T2--'TZ.,z.: } ) / A L O $ (  {T  I C A ; . . ' - T C :  ) / ( T 2 - - T C ,  a,'-' ) ) 

~AVA2={ (T;~-TC ~ )-(T|3A~'~'T "~ ) )-'"-"-'~' (T>~-'TCI)/(T[C&;4-1'..I )) 

A IC i =~<~.: ; S:.~.2p,~,.~ {TC'., - ' I C . A !  ) / ( U  IC~,-'T A','." : } 

A I C 2 : ~ X h  ~ C A K ' m V / ( : J I C ~ T A V , q 2 )  

A I = A I C ; + * ~ I C 2  
E 2 : 5 5 : 3  • ~ ( '.¢ I / 2 .  0 ,, 1-~'<" : ' 3 , 5 5 - 2  • t • .,v-',-z-,',, O : ' -CF O ~  

- D I C E . : -  ( | • - V ~ / V " "  ) ,I"C~'~r,I~YE o C P ~ 4 / Y N  

C~73- ]. 62'_i'~ O • ,:" C;. ',] 3 ~ 5 ~ ' T  .~ 
C~IC3=( I ,-V~/Yt4}-~CPqT3+Yi4~:CPZ"r3/Y"~ 

TC~2=C • T~ ~- ( TC I ÷TCC ) 
~X'Z. I ' C :] -- XC-." I 1 • ~7~" ( C~ I C "~'4" T N - C  D ! C2  "I- T2  )/" ( C P'.'.'' ( TC 1 - r  C,c'.a } ~l'~,V ) 
T IC z_..'.~r- TC4 C >;,'; I CS~'[-'~P, '-'& ( TC.. I - T C i 2 ) , "  ( :<F: ' : ' I  1 • U'/e-CP ! C3,) ) 

'T AV:J ! = ( { "i I C.n:, ' , -T; i  ; } - { T . 3 - "  ~,: 2 ) ) / A- ' , ;G ( (.l" i C - ' , ' -  TC i ) / ( T o - T C A 2  ) ) 

T A ' / . - 2 :  ( ( ' T > . - T C " ) - : 7  IC.~:  -T,...! ) ) , " - : L ' J3  { : T ; , I - T C I  ) / (  T I / B , , ; - T C I  } ) 

',.' i C--- f;Z • ~ ( c O / i  CC-'; ,'~ ) ;:'::'C ,~. 
A I C I  : X :  IC:;~"C~., '< { TC i . ' -7 C- ,2  , ~ I ' L , I  2 ~ ' T A \ ~ : I  ) 

a l C T = . ' < . ' , l C - ~ " - t V / {  J I C < ' T ~ V - q 2 )  

A I = - , ' , C  I ' , -  :, I C Z  
U 3 : ~ _ ~ _ ~ . . , ~ l z i / t , 0 , } ~ : . ~ . . -  ~ t 2 < . , , c T . ~ - ; ~ , .  . ...... ~,,.__'~'c..9 

i l  1 , 2 =  , } ,  i " :  t . : ~-;" ( ;':.'. -' C , 4 + ; <  • I C ~  i 1 " - ' 3 / :  t2 .  

i_ I I =C.~ ~3,20" (.(:: ICA÷.<;: IC:- ).z! -JO". • 
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2 9 0  

9 5  

3 0 O  

2 0 5  

3 1  3 

3 1 5  

6 d i  

S e a  

6 0 3  

$35 

W T =  EU~. ' ,  ', L + ~ ' ~ + ' , C  

K ~ =  ? • :_i:'. , : T  

P S =  ( P N  ~- +,">O ) / E  • 

D = D !  

THI=,~5-1q,7)->.D:~.~,~/( ~t: 1DS,-C,5*(~b-la,7) ) 

T H :  T H  I + C ,  ~°-'-= 
KD: If), 15~rL/12- 

B I = I - 1  

E5A:75~,, 57-x- C ?.L ~- ( I D+TH/ 12', ) :-:2-D :.".':-2 )+FD-.'}':-P_{-TH/5 • ) 

PS= ( m, ~:,-'' -mb,q. ,_ )/2 • 

D=D2 

'TH1 = ( P S . - 1 L , 7 )  - x O ~ - 5 , C ' / (  I t .  i C S . - C . 5 " : ' ( P S - ! z ~ . 7 )  } 

l h = T H l + ' 3 , 2 . 5  

rid = 1 5 ,  1 5 < ' D / 1  ~ ,  

5 L =  :.'.' ~ / (  [ : 2 C  :~" L ) ,  .q E s - / - ' D  "~, ~:- = "~ ) 

KS:j: 75t, , 2-I~.: ( 5' -~- ( ( C.+TH/ I ?_" • ) ~:<-2-'D~';~'2 } "~F D~''t'2"X'T*~/5,0 ) 

P 5 :  { D~I'~+~->~'! ) / ?  " 

D = D 3  

THI = (.~.~_- I :,, 7) "~:_~'.'~5,'?./( I ".-! " 3'i,-9,5~-(PS-la,?) ) 

TI~.= TH 1 +0,25 

KD= 15, !5<-D/!2, 

C L =  . ' : C / (  D S C  -'~.-,., ~ • .~ ~'-"<-:'-, ~ ' :  :- - ~ 

6.L, C: T-? a , ~T-~ ( EL x- ( ~ L;-~T .~ I ~ • ) -~~. .?---5 >-xZ ) +FD'~'~:" TP;I~ • ? ) 

E6L=,Z:L~.~I~oI'=",',~-2o>',5.:(r';~=_,~)::-~-', _ . . . . . .  , ._ ,'~. 

~-~==(='_.~_ _, . . . .  - ~ 1 2 , / Z ~ S ,  ) -~ ' "  , ' ~ u . "  ( 3 2 + - - _  o C ' " - " ¢ : n . 1 3 " : ' ' - °  ~ . ,  _ , _ 

ES~:CrL,~?o/C3, 1~ ,23t~-C-~-.+5,3)~-~'-2,~ n-:.-:-,~ 

E S =  [ 5 ~  " - C 5 5 " +  f 5 3  

K7:45C.~,-::-(51-. 1, D) 

XP=:<" (<1+.~2(>,)-:X2('" }+>.&-;<5 (>!)~;'.~ 

IF(PF-XTtl ) ) 2" .0 ,2"75,L:: ' - - .  
i . = = ' . . ;  ~"-z'-":'=~'.~ ( T ~ . . _ ~ 5 . 3 . ) ' ~ X - - ' - ~ (  ( X T .  ~ .' ) 1 ~ = )  ~ ' ~ ' . S . - = - ~ a - ~  ~. , ~ " )  

K S :  5 " ~ £ ,  "" == '~ - : :  " ,9_ 

GO T O  3"20 

K S : G , 0  

I f l ' - ) " , ; - l b l ~ ,  ; 215.,51"5,2!'3 

5-.~:.,:0~[:65~( IOC,+~5o )~"XD'~'( ( 151-~:,/~';,)4;'~:.G,2~:,-I, } 

6 - 9 =  6 ~'~ • "F-.mv- ~ + _  - , '-~ 1 

G C  T C .  3 1 5  

C D . ' . ' :  i ,O 

P I : ~ N - :  , -  

P;,': = ~ i ~- ( X5 ( '.4 )/×D ) 

I F (  " ~ I  . . . .  " ) - -  -- i ' U C ~ ' ~ 5 2 T N r ' -  = .- _ o ,q - - 

T N P ; 2  = -~ £ 0  • 

T N P S : 2 - , ' - .  

D V :  1 • 1 7 5 4  ( T : ~ C ' E - Z d 3 , ) " ~ Z : 2  , ' - ' 2 q  

C~>',z ~ I : -  • z:9-2 ",-0 • C'C %':' ~ ~, T :,:-c 

C F - , ' , ~  = 3 , :,'--.;.2 +.3  • -' ?.'1 :,-% .="" T r , ,~  > 

Ci::'r,;u 5 = 2 , 4":'2 + D • " " r~ : , - ' L  ~ T F . :~ - '  

I F ( ~ V - ; ~ . ' . ' ;  ~ . 7 5 , ~ i C ' 5 .  11. Z 

CC2=>,F.'~ .-x- ~ C='4m,:~'-7"c~5.- C. : : '" ;- 'n3< T ,.=~5 ) 

% 
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