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TABLE B.1-1PROGRAM SYMBOLS AND EXPLANATIONS
FOR 0.C.R. GENERAL ACCOUNTING PROCEDURES

Program

Symbols Explanations

BCOS Bare Costs of the Plant in $1000's

OPL Operating Labor Cost in $1000's

RAWM Raw Materials Cost in $1000's

ODM Other Direct Materials in $1000's

BTU BTU Produced in Millions of BTU's

SF Stream Factor, 0.95

DEBT Fraction of Total Capital Investment Funded by Debt, 0.65
RATE Rate of Return-On-Rate Base, 0.06, 0.07 etc.
TAX Nominal Federal Income Tax Rate, 0.50

XINT Interest Rate on Debt, 0.04, 0.05 etc.

COH Contractor's Overhead and Profit in $1000's
EINT Interest During Construction in $1000's
FINV Total Fixed Investment in $1000's

AMNT Maintenance Cost in $1000's

Sup Supplies in $1000's

SPRV Supervision in $1000's

PYR Payroll Overhead in $1000's

PLT General Plant Overhead in $1000's

DEP Depreciation in $1000's

TI Local Taxes and Insurance in $1000's

RAWMF

Cost of Raw Materials Consumed in Process in $1000's
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Btl-3

Program

Symbol Explanations

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

BPCRF Revenue from Byproducts Produced in Process in $1000's

PRST Operating Cost Without Contingencies in $1000's

CONT Contingencies in $1000's

OPCOS Operating Cost with Contingenecies and Byproduct Credits
in $1000's

WCAP Working Capital in $1000's

WOCAP Working Captial in $1000°'s

VIRY Materials Inventory Cost in $1000's

ITEST Computer Test Operator

DFINV Undepreciated Investment in $1000's

DCAP Amount of Unretired Debt in $1000's

DRT Amount of Debt Retired Per Year in $1000's

REVA 20 Year Average Revenue Requirement in $1000's

FITA 20 Year Average Federal Income Tax in $1000's

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

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

AINTA 20 Year Average Interest on Debt in $1000's

RET Return on Investment in $1000's

AINT Annual Interest Charge on Debt in $1000's

REV Annual Revenue Requirement in $1000's

PRG Annual Price of Gas, $/MCF or $/MMBTU



TABLE B.1-1 (Cont.)

Program

Symbols Explanations

PRINT Computer Command

I Year

CONTINUE Computer Command

ORAWM Raw Material Inventory in $1000's

00DM Other Direct Materials Inventory in $1000's
AREC Accounts Receivable in $1000's

AVG Average

SHM 0]
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CASIFICATION
A s CTite ;h:“-'n
Se TAXe XIN

ACC;PT» ECOSo
ACCEPRPTY T
CCH==CLz=x
EINT=XINT*
FINV=ECOZ+C
AUNT=oZ%*(2C
SUPRP=AMNIIT®#C415
SPRV=L417%0PL
PYR=(0OPL_4+SPRV)*Ce1C
PLT={OPL+SPRVFAVYNT+IUP I ¥ 43
DEP=FINV%L 40D

TI= -Iﬂvyrcf

RAWMF =5F %

OD"C"‘Q‘—*""

EPCRF = SF*ZPCR

PRST=EAUME+CDVF +CPL+AMNT+3UP
PRST=PRET+IPRV+RYR+PLT+IIP+T1
CONT=FRET*CeC2

CRCos= PRST+CONT-EPCRF

Il

VTRY=(RA """+' 0D /1272

CFRINV=FINY
CCAD= (F IV
CRT=2LAP%C 42
CCcAP=DCAP4TRT

RIVA=Coe

r
~

:(3

FITfa= [}

RETAL="»

pRGA"’.\.

AINTA=C .

00 12 I= 1422
DFINV=DOF INV~=C e C3HFINY
RET= (PFI““+*"D)%QATE
CCAP=DCAP-CRT
AINT—“C&P’/I\T

FIT=(RIT-AINTIXTAN/(1e=TAX)—E,EC
REV=RET+F IT+TPLCSE
REVAzRZVA+RZV
IFCITEST)1Ce11+10
PRG=REV/STU/SF

PRINT I +2ET«FITaRIVPRGAINT
RETA=RZTA+RET

FITA=FITR+FIT

PRGA=FRGA+PRG
AINTA=AINTA+AINT

CONT INUE

REVA=RIVA/20s
IF(ITEST)ILG13014

PRINT.

RETA=RETA/20

FITA=FITA/20.
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PRGA=PRGA/20.
AINTA=AINTA/2Cs

PRINT e JRETAF I TAREVAPRGAWAINTA

PRINT »

PRINT

ORAWM=RANV/12
PRINToRALMF v 8CU3 s URA /W
Q0DM=0ODM /12

PRINT ¢« ODMF « COH GO
PRINTsOPL «EINTso~=C
PRINTs AMNToF [NV CAR
PRINT « SUP

PRINT « SPRYV

PRINT«PYR

PRINT«PLT

PRINT+DEP

PRINT«TI

PRINT «CONT
PRINT s bPCRF
PRINT«OPCOS

FRINT »

PRINT»

PALSE »

GO TO 15
AREC=RENVA/(12exZF)
#CAP=VTRY+AREC
ITEST=( . CAP~-..0CAR) /1l s
wWOCAP=wCAP

GO TO 12

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

Program

Symbols Explanations

BTUHA Heat Manufactured, BTU/100 1b coal

BTUS Heating Value of Product Gas, BTU/SCF

C Amount of Reacted Carbon, 1lb-mole/100 1lb coal

CHARI Enthalphy of Char Entering Reactor, based on
77°F, BTU/100 1b coal

CH41 Amount of CHy4 Entering Reactor, 1b~mole/100 1b coal

CH4X Amount of CH; Leaving Reactor, lb-mole/100 1b coal

COAL Total Coal Fed into Gasifier, Tons/Day

CcoI Amount of CO Entering Reactor, lb-mole/100 1b coal

COX Amount of CO Leaving Reactor, 1lb-mole/100 1b coal

Co21 Amount of COp Entering Reactor, lb-mole/100 1b coal

C02X Amount of CO9 Leaving Reactor, 1b-mole/100 1b coal

EK Water Gas Shift Reaction Equilibrium

EKH2 Apparent Carbon Hydrogen Reaction Equilibrium, atm™

EKH20 Apparent Carbon Steam Reaction Equilibrium, atm

G Heat Required in the Electrothermal Gasifier,
BTU/100 1b coal used

HCHARX Enthalpy of Char Leaving Reactor, based on 77°F,
BTU/100 1b coal

HCH4I Enthalpy of CH; Entering Reactor, based on 77°F,
BTU/100 1b coal

HCH4X Enthalpy of CH, Leaving Reactor, based on 77°F,

BTU/100 1b coal

1
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TABLE B.2-1 (Cont.)

Program

Symbols Explanation

HCOIL Enthalpy of CO Entering Reactor, based on 77°F,
BTU/100 1b coal

HCOX Enthalpy of CO Leaving Reactor, based on 77°F,
BTU/100 1b coal

HCO21 Enthalpy of CO2 Entering Reactor, based on 77°F.
BTU/100 1b coal

HCO2X Enthalpy of CO; Leaving Reactor, based on 77°F,
BTU/100 1b coal

HB21I Enthalpy of H, Entering Reactor, based on 77°F,
BTU/100 1b coal

HH201 Enthalpy of H,0 Entering Reactor, based on 77°F,
BTU/100 1b coal

HH20X Enthalpy of Hy0 Leaving Reactor, based on 77°F,
BTU/100 1b coal

HH2X Enthalpy of Hj Leaving Reactor, based on 77°F,
BTU/100 1b coal

HO2I Enthalpy of 0y Entering Reactor, based on 77°F,
BTU/100 1b coal

HREAC Net Heat Generated From The Three Simultaneous
Reactions, BTU/100 1b coal

HRH20 Heat Required Due to Carbon Steam Reaction, BTU/100 1b coal

HRO2 Heat Generated By Carbon Oxygen Reaction, BTU/100 1b coal

H21 Amount of H) Entering Reactor, lb-mole/100 1b coal

H20A Amount of Steam Fed, lb-mole/100 1b coal

H201 Amount of H70 Entering Reactor, 1b-mole/100 1b coal

H20X Amount of H20 Leaving Reactor, lb-mole/100 1b coal

H2X Amount of Ho Leaving Reactor, lb-mole/100 1b coal




TABLE B.2-1 (Cont.)

Program

Symbols Explanations

PROD Total Amount of Gas Leaving Stage II (Hydrogasifier),
1b-mole/100 1b Coal

X Fraction of Reacted Carbon Which Goes to Carbon

Steam Reaction
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ddddddddudaddddddddddddadidasddddddiddddddaddddddddddddadsdngs B.2-4
c

c
c DESIGN OF FLUIDIZED EED REACTOR BASED NN c
¢ BUBRLE ASSFMRLAGFE MQODEL FOP SIMULTANEQOUS c
o REACTINNS ,veenasaee CARBON HYDROGEN REACTION c
e sesssencesne CARBON SYEAM REACTION e T
C cssasssssese MATER GAS SHIFT REACTION c
o

c
geceeeceeceecececcececcececeeccececeeececcceeeccececececcecceeeccceececcecee T

COMMON NREAC,JLMF,X418U,CGAS,FS,G0,RFVERC30),ES2(5,30),H0SEL,PB,
 1XA(5,32),X¢38),5(32),DFVE(5,30),4(30),SIGMF(30),RFHORC30),EX(S),
2FUGDCS,30)
DIMENSION DRCIS),FM(15),GM(15),KMF(15), KMFTOT(15),HTOT(15),GA(5),
. 1EG2(5,36),A(3, S),SIGHA(S),EG(5),EGM(S),AE(25),AEM(25),GMA(S),
2TOTEG(5), TRTES(S)

c INPUT NCOMP,NREAC,4(NR,NC),DT,ALMF,DP,RHOP,CSO,EMF,FS,
- AL PHA,UMF,UDsUT,Th,FR,DED,J B o e
NCOMPES
NREAL=3

. DATA A/E.OO,Z*-!..C.,Btl.;0..-1..1.,2*0.,-1.'-1.:2*0./ o o
DATA ALMF,RHAP,CSUIEMF ALPHA,TR,DR0,JB/
t 700,.,0,256,0,02136,0.6,0,254927,,3,0,8/
DP=0,21¢C S e
UMF=6,259
UT=87,2
upsts5,6% - , , o o
Dr=1352,
XpuT=0,222
~ PB=b665,3
Fs=7470,
CEX(2)=40,
o Ex(3)=0,6969 L
1040 FURMATCIRG,2THFLUINIZED RED REACTCR Ms,E12,4,
18 DEMAX=,Ef2,4)
1050 FORMAT(LIHO,2= Js3X,2R0B,6X,1RE,3X,6HRMFTOY,2X,dH4T0T,
16Xy 2HBN, 10X, 2HVAR, 10X ,2mb 1, 10X,2na2,10X,24FM,10X,2HGM)
1065 FOoMAT (1K, 7=D3AVER=,E12,4,5X,3ImU3=,E12,4,5X,3HyB=,E12,4,
7* 1SXs3HVEE,E 12,49 5X,30VES,E12,4)
1060 FORMAT(IZ,F7.1,F7,3,2F7.,0,6E12.4)
1065 FORMAT(1m0.,294HEIGHT COF EAfCR COMPARTMENT 1S, I3,
123K TIMES BUARLE DIAMETER,)
1070 FORMAT(IWG,6HKAIRU=,T2,0Y, 0K ¥Fs,E12,4Y
108C FORMATCIZ,FTals3FB.,801X,2681,4,1%,2811,4,1X,2E81,4)
1081 FORMAT(3Y,FT7,4,5F8,4,1X,281 .4, 1x,2E11,4,1X,2c11,4) S
1090 FORMAT(SW FSz,E{2.4,58 Faz,F12 4,54 FE=,E12.4)
{5~ GQ0=,F12,4,3n G6GB=,E{2,4,5+ GE=,E12,4)
_ 1100 FCRMAT (13w~ EQUIL,HIND,=,F6,.3)
DO 260 N=1,NREAC
SIGMA(N)=0,C
Dn 1S N{=§,NCOQMP
SIGMA(NY=SIGHMA(NI+A(N,NC)
{S§ CONTINUE
20 CONTINUE ) o = B i N . L
KK<E)
23 CGAS=PR%273,/722600,/7/7(TR+273,)
] AT=3 1d,/4,%DT w2
GOsUN®AT*(CGAS
G(1)=G0
. W(I)SATwALMFe () ,=EMF)&(CSO o o
MNDEPXA=NCQOYPaNREAC
KAISU=0O




28

30

40

4y

42
4s

4é
&7

T 49

S0
5%

56
57

58

IN=Ie+2

WRITE(K,1070) KAISUj ALMF
CaLL CALC)

KEl=0

KEIl1=0

XAMAX120,0

XAMINZ=L, O

KAMAX2EQ. 0 e e
CHECKZs1,

DO 65 J=t,JLMF

IleJw2 wr e e e
Iel]l=l

TINEII¢2

DO 40 N=y,NREAC
EGENI=G(II*(XALN, T)mXA N INY)

CIF(JLMF,EQ.1) GN TO 30

EGMINIBGM(J)*(XACN, TIN)=XA(N,IN))
DO 15 NN:I'NREAC
JI1I5(NeiY*NREAC+NN
AECITI)=A(N,NN)=SIGMA(N)*XA (NN, IN)
AEM(IIII=AECIID)

" CONTINUE

CONTINUE
IF(G(IY,ER.0,0) GO 7O 42

" CALL SIMQCAE,EG,NREAC,KS)

IF(JLMF ,NE,1) GO TO 42
DO 431 NDsi,NPEPXA

XAMIN1Z1,0 I U

GACND)aG(II*XACND#NREAC,I) ~
G0 TO 45

CALL SIMGCAEM,EGM,NREAC,KS)
G(INY=G(I)

DO 55 N=1{,NREAC

GCINISH(IN)wSIGMA (N)*EG(N)
IF(G(I} F2,0.0) €N TO 49
IF(JLMFal) d46,46,49
EG2(N,I)=EG(N)

DO 47 ND=z1,NDEPXA
GAINDI=GACND)=A(N,ND+NREACI¥EG(N)
60 TO 55 )
FG2(N, I)=EG(MI4EGMIN)
EGINIZG(ITI)Iw(XA(N, IT)=XA(N,TIN))
DO 50 NA=1,NREAC

TII1c(Ne={)*NREACHNN

AECITIIEACN,NN)=SIGMA(NI*XACNN,TIN)
CONTINUE

CONTINUE

IF(JLMF NELL) GO TR S7

DO 56 NE=i,NDEPXA
XA(ND+NKREAC,3)=GA(NDI/G(IN)
60 TN 63

CALL SIMR(AE,EG,NREAC,KS)
GIIIN)=G(II)

GMJI=GM ()

DO S8 ND=1,NDEPXA
GAINDISG(II)*XA{NDENKEAC,T])
GMACND)=0,D

CONTINMUE

DO &0 N=§,NREAC
GCIINISGCIIN)I«SIGHA(N)I*EG(N)



EGe (N, TIV=EG(NYI=EGY(N) B.2-6
GMISGMJ=SIGMA(MISEGMIN)
DO S9 ND=!1NDEPXA
GACND)ZCAIND)Y=A(N,MDSNREACIVEG(N)
B GMA(ND)SGMA(ND) =& (N, MDHNREBCI®EGM(NY
© 59 CONTINUE ’ ' ' B '
60 CONTINUE
DO 62 NC=1,NDEPXA
NNDENDeRRFAC
XACNND)IINI=GAIND)I/G(IIM)
GMA(ND)ISGMA(NDYSGMCJII*XA(NND,TIN)
XACNND, INI=GMACND ) /G
62 CONTINUE
CHECK2=XA(2, TINI)*XA(Z,TIN)=XA(C4,IINI*XA(CL,IN)/EK(T)
IF(CHECK2.6T.0,0) GO TC 22¢
KEIl=\
XAMINZaXA(I,TIN) B
IF(XAMAX? ,GTXAMIN2) GO TO 210
YA(3,1TIN)=XAMINZ+0,05
o GO TO 28
210 YXA(3,TINM)SI(XAMINZ#XAMAX2) /2,
G0 TO 28
220 IF((XET1.EQ,0),0%°,(CHECK2,.LT, 0,0004)) GO TO 63 S
XAMAX2=XAa(3,1IN)
IF(XAMIND LT XAMAX2) GO YO 230
XA(3,1INY=XAMAXZ2=(0,05
G0 TO 28
230 XA(3,TINI=(XAMINZ2+XAMAXZ) /2,
, GO TO 28
63 XAMINZ=1,0
XAMAY2=m0,0
CHECKLIaXA(2,INYeXA(S, INImXA(4, INYRXACL,INY/EK(Y)
IF(CRECK1.6T,0,0) GO YO 270
KEls=st
XAMINI=XA(Z, INY
IFO(XAMAXL ,GT.XAMINTI) GO TO 260
XA(3,INYSXAMINL+0,05
- GO TO 2¢&
260 YA(I,IN)S(XAMINI+XAYAXL)/2,
GO T0 2°¢
270 IF(KEI.£EQ.,%) GN 7O &4 )
IF(CHECK1 .67, 0,0001) GG TO 275
KEI=1!
i GG TD 64
275 XAMAXLI=YA(3,IN)
IF(XAMING . LT.X&aMAX1) GO TO 280
COXA(Z,IN)=XAMAX 0,05
GO TO 2&8
280 XA(3I,IN)s(YAMINleXAMAX1)/2,
GO TN ¢2&
64 XAMINI=L O
YAMAY1=0,0
TF(CRECR2,67,0,0001) GO TO 65
KETII=}
65 CONTINUE
CalL CaLCe
NEGA=(
NERROR=0
PO 66 N=i,3 _
TOTEG(N)=(ABS(ES2(N,1))+ABS(EG2(N,1)))
IFI(N,EQ,3) TOTEG(3)=TDTEG(3)»20,




— " DEVE(N,I)=TOTEG(N)/TOTESC(N)

66 TOTES(NISTOTEG(N) —
DO 80 Jei,JLMF
Ilz2wn)
Iesllni
DO 75 Nsi{,NREAC

- TOTEGIN)=TOTEG(NI+ES2(N, 1Y 777

TOTES(N)=TOTES(N)I+ES2(N,1)
FUGO(N,I)=TOTES(N)

1F (DEVE(N,1),6T, 0.02) GO TO 68
DEVE(N,1)=0,02
"~ NEGA=Y
68 IF(JLMF,FQ.1) GO TO 73
TOTEG(N)=TOTEG(NI+EG2(N,II)
TOTES(N)=TOTES(N)+ES2(N, 11} =
FUGD(N,IT)=TNTES (H) :
DEVECN,TT)=TOTEG(N)/TOTES(M) .
IF(DEVE(N,II),6T, 0.62) GO 70O 69
DEVE(N,11)=0,02
69 IFC(EG2(N,TI)/ES2(N,II)).GT,0,0) 60 10 70
NEGA=1 T T T
7¢ ERRORSDEVE(N,II)=1,
YF((ABS(ERRORYLLT, 0.,01).AND,(NEGA,EG,0)) GO TO 75
772 NERROR=MNERROR+! . T
GO TN 75
73 IFCABS(DEVE(N,1)=1,0),LT. 0,02) GO TO 7S
" 74 NERRORENERROR+Y T
75 CONTINUE
IF((KATSU,LT.91) . AND,(KAISU,GT,5)) GO TC 80
T T WRITE(6,1080) J,XCTY (XACNST+2),N51,5), (EG2EN,T)FES2(N, 1) NSL,3)
IFCJLMF,EQ.1) GO TO 80
WRITEC6,1081) X(II), (XA(NIII+2)IN?}ISJ_!_(EGZCN'II‘)lESZ(N’II)'
{N=1,3) B ' o
80 CONTINUE
IFCJLMF,EQ,1) GO TC 100

WPITE(6,1100) HUSEIL
IF C((NERKDOR,EB,0),AND, (NEGA,ER,0)) GO TO 5000
~_ IF(KAISU= 95) 25,5900,5000 S o
100 1F ( (NERRORLER,03 ,AND. (NEGAL,EB,0)) GC TO 140
IF(KAISU=35) 25,140,140
140 UFSUMF/EMF
T AMal ,4xREDPRDP RO/ UMF
DBMAX=(UT/0,71)xx2/98R0,
WRITE(6,1040) AM,DBMAX
IF(AM,GE,2.0) 59 TO 5555
IF(DBMAX,GT.DT) DRMAX=DT
DBAVERaAM®A| MF/2,+D8B0
IF(DBAVER,GT.DBMAX) PRAVER=DBMAX
UBR=0,711*SART(980,*DBALVER)
UBEUQ=UMF+UBR
ALaALMF«UB/UBR
ALMAXZAL %2 ,=ALMF
CUME=S (1 =EMFI*ALMF/AL
Fz=i,=UME
VRSAL=ALMF
Ve=VB*3 ,xUF/ (UBR=UF)
VEZALwVE*(!,+ALPHA)=VC
RL=VB/AL )
UERUMFmEMFRALPHARUB*RL/ (1, =RL* (1, +ALPHA})
GCLYSAT*UE*CGAS
1IF(6(1),6T,0,0) GO TO 152




6(1)=0,0 B.2-8

152 6(2)=60=6(1)

WRITE(6,1055) DBAVER,UB,\VB,VC,VE
FB=ALPHAXG(2)/CGASw (] (=EMF)*#CSO=FS*VC/(VB&VC)
FESFS+FE
T T WRITE(6,1090) FS,FB,FE,GC,6(2),6(1)
147 WRITE(6,1065) J3
WRITE(6,1050)
AmE0,0
BH=0,0
BHP=ALMF_ )
00 155 J=1,1S
KzJBx(Jmi)eJR/2
___ DB{J)Y=2,0%DBOw (2 +AMINw (Kot )/ (2, m8M) nnk
IF(DB(JY 6T, DRMAXY DB(J)=DRMAY
UBR=O,711*SQRT(980 ,xDB(J))
UB=UO=U~F+LIBR o
BHIBH&DR(JIXFLOAT(JIB)
IF(BHE LY, ALMF) GD TD 150
_ _IF(BH,.GY,ALMAX) BH=ALMAX _ _
Enl.=UMEa (! (~(BH¢RHPw2 %S| MF)/U,/(AL=ALMF))
BHP=BH
150 H=DB(J)I«FLOAT(J3) o o
IF(BH,ER ALMAYX) HEoHHaWTOT(J=]l)
HMF(J)=(1.=E)/ (1, ,2EMF)aH
‘‘‘‘‘‘ AHZARSHMFE ()
HMFTOT(J)=AH
MTOT(J)=8H
__VEsATx(RenMF(J))
BNEVB/3, 14%b, /DB CI) %R}
VC3YBw3, «+UF/(URReUF)
 VESAT#WayBw (] ,+ALPHA)=V(
AKSST  w( ,=mEMFY«UMF xS /EMF JURR/NDR ()
FM{JIZIVRwAKS*CSD

_ AKG=L1,/D8E) ,
GMIJ)SVE+AKG*CGAS
II=2x)

e ___SIGMF(IIN=F3+FM(I) A
RFVER(III=FB/SIGMF(IT)
REHOR(IIISFMIJI/SIGHMF LI
WIIda(aLPHAwRYVBeVC)x(1,»EMFICSD
IR BB LD
SIGMF(I)=SIGMFIITI)+FS

___RFVER(I)=FE/SIGVYF(TI)

RFHOR(TII=FM(J)/SIGYF(I)
W(I)aVEw(],=EMF)=CSO

e JF(WEIY,6T,0,) 50 TO 154
WEIIY=sW(I)ew (Il
W(I)aw(Il)=0,05

- 154 WRITE(6,10600) J,DBIJI),E, M, BH,BN,VB,W(I),W(IT),FM(J),GM(J)
IF(B-,EC.ALMAX) 6O TO 170

{55 CONTINUE
..~ JB=JRe{

GO 70 147

{70 JLMF=]

.. KAISU=49
60 TO 2%

5000 IFCXC(1),LT.XCUT) GO YO 5010

___IF(kKK,EQ.*1) GO TO_SS855
KKKs1
ALMF=ALMF/Y,S




5010 IF(KKK,EQ.1) GO TO

KKKE=i

ALMF=ALMF w5

GO TO 23

555§

— 5555 8TOP
END

B.2-9
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SUBROUTINE CALCY
c INPUT XA(NR INDEP COMP,1),ASSUME OR CALCULATE XA(NR,J¢2)

COMMON MREAC,JL“F,KAISU,CGAS,FS,G0,RFVER(30),ES2(5,30),KN8EL,PB,
§XA(5,32),X(30),6¢32),0EVE(S,30),Ww(30),SIGMF(30),RFHOR(30),EK(S),
2FUGD(5,30)

_ DIMENSION XxaM(5) - o
IF(KATSU_NE,1) 67 TO 510
Xa(i,1)=,1887

. XA(241)=,6423
XA(3,1)=,1494
XAC4,1)=,0197
XA(S,1)=0, o
XA(1,3)=,1415
Xl(?.SJ:,SbO?
XA€3,3)=,0524
XA(d,3)= 1448
XA(5,3)=,1003

O X(1)=,222

XaM(1)=1,0

XAM(2)=XA(2,1)

XAM(3)=t,

JLMF=]

AMPXE=0,2

60 TO 559 - i
510 IF(KAISU,EQ.,50) GO T0 S30
S12 DO 520 J=i,JLMF

. S IIz=(J+1)e2

IxIlw

DO 515 N={,NREAC
513 XAISXACAN,I)/XAMIN) L L , o

XA(NsJISXAM(N)=XAMINI* (] ,=XAT) % (DEVE(N, 1@2) an

{1SIGNCAMPXE® (] ,mXATa%3),FUGCIN,T=2)))

IF(JLMF,EG,1Y G2 TO 518§

XATI=XA(N,I1)/XaM(N)

XACNSITYSXAM(N)aXAM(NIN (] ,@XATT) e (DEVE(N,IIw2)wx
o "ISIGNCAMPYB,FUGN(N,TI=2)))

IFCINL,ER,3),NRL(N,FG,1)3 GN TO Si5

JFOXA(N, YY) LT XA(N,IT)) GD TC SIS

) XACN,I)YsXACN,IT)

515 CONTINUE

520 CONTINUE

... _ Bp TO Kso
S30 AMPXB=0,07

XA(1,2)=XA(1,1)
XA(2,2)=xA(2,1)
XA(3,2)=XA(3,1)
XA(d,2)=XA(4,1)
XA(5,21=!A(5013
CHE(1,=X(1))/FLOAT(ILMFY /2,
Xx(2)=X(1)
DO 535 rzi,NRELC
BR=(XA(N,1)=XA(N,3))/FLOAT(JLMF)
AW=8r

—__ 535 DO 540 J=1,JUMF
II=(J+1) %2
Iz]lley




XACN,I)EXA(N,I=2)=AH
XACN,II)=XA(N,I]e2)=BH
IF(N.,NE,1) GO T3] 540
X(1)aX(Ie2)4CH
X(I1)sX(Yl)

TT T 840 CONTINUE ot T T T T e e e
533 CONTINUE
550 RETURN

TTTUTTTTEND T ToommTmTTm T ToTTTmr T e T T Tm e T

B.2-11



B.2-12
SUBROUTINE CcALC2

c CALCULAYE X(I),ES2(N,D)

COMMON NREAC,JLMF,¥aT5U,CGAS,FS,GO,RFVER(30),ES2(S5,30),HNSEY,PR,
T IXA(5,32),X(30),6¢32),DEVE(S,30),%(30),SIGMF(30),RFHOR(30),EK(S),
2FUGD(5,30)

_DIMENSICN Y(30),AA(30),AY( 900)

"~ IF(KAISU,GE,S50) 6O TD 620

IF(KAISU,GT,1) GO TO 610

1707=1

CAKVD183,24#CGAS
AKVD2=0,192%CGAS

. AKVD3=60.ﬁCGAS

610 EKCII=0,0161%(1, +5,25*FEXP (=3 18X (1)))
AHSFS/W(1)/(AKVDI*(XA(1,3)=SRRT(XACS5,3)/PB/EK(1)))
L LeAKVD2#(XA(2,3)wPReXA(3,3)xXA(1,3)/EK(2)YY
Y{i1)sAH/ (] ,+4R)
GO TN 660
620 ITNATa2w L MF
ITOT22ITNT*w2
DO 615 I=1,1T0T2
615 AY(I)=0,0 S
DD 650 Jai,JLNMF
I1z2w)
Igllel
TFCEW(TI)*B(2)) 6T (WCITI*G(1))) GO TO 630
WTOTALEW(I)ew(I1)
W(I)=G(1)/GNwwTOTAL
WEIIYEWTNTAL=W(T)
630 EK(1)20,0161%(1,+45,25+FEXP(=3,182X(1)))
. ANESIGMF(II/W(I)/(AKVOLI*(XAC1,142)aSQRT(XACS,142)/PB/EK(1)))
I+AKVD2H(XA(2,I42)=PBwxA(3,142)uXA(1,]142)/EK(2)))
AALTYISAW/ (L +AH)

_L=ITOTw(Iwl)e+]

AYC(LY=1,0

LLaL+1T0T

IF(JLLT,JILMF) GO TO 633 |

AYCLL)EwAACI)*SIGMF(IT)/SIGMF(T)

Y(1)BFS8/SICHUF (1) waa(l)

60 TO 635 L

T 633 AY(LL)E=AACT)*RFHOR(I)
LLLELL#ITOT

 AY(LLL)==AA(YI)%RFVER(I)

. Y(Il)=0,0

Y(I)=0.0
635 EK(1)20,0161%(1,+5,25«EXP(=3,18xX(11)))
_ _BHISIGMF(IT)/WlLT)/ (AKVDI*(XA(1,1142)=SORT(XA(S,11+2)/PB/EK(1)))
{1 +AKVD2%(XA(2,1+2)=PRaXA(3,IT42)#XA(1,T1142)/EK(2)))
AACII)ISBR/(1,+8Bx)
LEITOT»(11=1)e1]
Ay(L)m=i 9
_LLalL=ITOT - .
1IF(J.EQ.1) GO TO 640
AY(LL )= AA(IT)#*RFHOR(IT)
e —_ LLLSLL=ITOT
AY(LLLY==AA(IIY*RFVER(II)
6D TO 650
_ 640 AY(LL)=waB(II)
650 CONTINUE
CALL SIMRCAY,Y,ITOT,KS)



660

B0 670 1=1,1T07

X(I)=1,=Y(T)

EKC1)=0,0161%(1,+5,25%EXP (=3,18%X(1)))

HEZSQRT (XA(5,I+2)/PB/EK(1))

HOESPBHXA (3, T42)#XA(1,142) /EK(2) ,
COESXA(4,I+2) #XACL, 1423 /XA (2, T42)/EK(3) ~ " =~ = =
WYSW (D)%Y (1)

ES2(1,I)=aKYDI*WY* (XA (1, 142)=HE)

B.2-13

E82(2,1)=AKVD2wnaYw(XA(2,I¢2)=KOE)Y ~ 7 T TmommTIomT oo mmm m e e

IF(COE.GT,0,0) GO TO 665
C0E=0,0

T 668 ES213,1)3AKVDIenYR(XA(T,I1¢2)~L0E) T TT T T T -
670 CONTINUE
HOSEISHE/XA(L,ITNT+2)
" 6B0 RETURN T - ) -
END




1

‘ncwrinrwr)n

gecceececceceecececcceececececeeeceeceeeecececececcececececeecececceecccec B.2-14

DESIGN OF FLUINIZED BER REACTODR BASED ON
BUBPLF ASSEMRLAGE “CDEL FOR SIMULTANEOUS
 REACTIONS..eecesess CARBON OXYGEN REACTION _

eusessssnsse CARBNN STEAM REACTION
escssssnssee WATER GAS SHIFT REACTION

|

s XaXalaXsXsXsel

T egeeeecreeceecrececceeecececeeeececeecceecceeccecceececceccecceeccccc S
COMMON NREAC,JLMF,XK&ISU,CGAS,FS,GC,RFVER(30),ES2(5,30),HOSET,PB,
CIXA(5,32),x(30),G(32),CEVE(S, 30);N(30).SIGPF(30) RFHOR(30),EK(S),
2FUGD(5,30) ' -
DIMENSICN DBCIS),FM(15),6M(15),HMF(15),HMFTOT(15),HTOT(15),64(S),
o A\EG2(5,3C),A(3, 5),SIGMA(S),EG(S),EGM(S),AE(25),AEM(25),6GMA(5),
2TOTEG(S),TCTES(S)

o INPUT NCOMP’N?EAC,A(NF,NC)'DT,AL”F:DP,”FOP;CSO,EHF'FSU
e _ ALPHA,UMF U0, UT TR, PB e
NCOMPES
NREACE]

_ DATA A/0,5,3%0,..2%1,,2%=1,,1,:0,,2%=1,,2¢0,,°1,/
DATA ALMF,RHOP,LSD,EMF,ALPHA,TB,0B80,J8/
{ 210,,0,256,0,02130,0,6,0,25,1038,,3,0,8/

DATA DP,UT,UMF,UD,DT/ o o
"f{ 041555,75,3,3,774,9,435,1095,/ R T -
EX(2)=128,
CEX(3)=20,510

PBe69,3
FS=3957,
XOUT=0,85 S

T 1040 FORMAT(IHO, 2THFLUIDIZED BED REACTOR rz,E12,4

18K DBMAX=,E12.4)

1050 FORMAT(1HO,2H J,3X,2K0B,5X,1HE,3X,6HHMFTOT,2X, LHHTOT,

16X, 2HBN, 10X, 2RV, 10X, 2HK1,10X,2rW2,10X,2KFM,10X,2KHGM)

1055 FOQMAT(1K0,7=0LRAVERS,F12,4,5%X,3HURds,EL12,4,5%,3HVB3,EL12,4,
15X, 3HVCE,E12.4,5X,3HVE=,E12.4)

1060 FORMAT(IZ,F7.1,F7.3,2F7,0,6E12,4)

1065 FNRMAT(140,29NRETIGNT OF EACH COMPARTMENT 18, 13,

o 1234 TIMES RUBRBLE DIAMETER,)

{070 FORMAT(IHO,bHKAISUS,»T2,8X,4NLVFE,EL12, 4y
1980 FORMAT(I3, F7.0,5F8 4,1%,2E11,4,1%,2E18,4,1X,2E1%,4)
1081 FORMAT(3IX,FT . 4,5F8,4,1%,2E11,4,1X,2E11,4,1X,2E11.4)
1090 FORMAT(SW FS=,E12,4,5H FB= -ElZ 4,SH FE=,E12,.4,

154 GO0=,E12,4,5H GB:,E!Z.“.SH GE=,E12,.,4)
DD 2n N={,NREAC
SIGMA(N)=0,0
DD 1S NC=1,NCOMP
-  SIGMA(NIE=SIGHMA(N)I+A(M,NC)
1S CONTINUE
20 CONTINUE
_ HOSEI=1,0
KKK=0
23 CGAS=PB#273,/22400,./(TB#+273,)
. AT=3 ., 14/4,%0T %2
GNEUD*ATCGAS
G(1)=60
W L1)SATRAMF (] ,=EMFICED
NDEPXAENCOMPeNREAC
KAISU=0
25 KAISU=KAISU+Y
WRITE(6,1070) KAISU;ALMF
CALL CALCY




DO 65 Jei,JLMF B.2-15
1i=Jg%2

Inllwl

TINBIY¢?2

INZI+2

— 28 DD 40 N={,NREAC ~ — "7~ — — -
EGINIBRG(I)*(XAC(N,IV=XA(N,IN))
IF(JLMF EQ.1) GO TN 30

- TEGMIN)=GMEIIX(XACNSIIN)=XA(N,IN))

30 Do 35 NMz=y{,NREAC
TI1Is{N={IXNREAC+NN

T T AECITIYISA(N,NN)=SYGMA(NIRXACNN,INY T 77T -
AEM({III)=AE(IIT)

35 CONTINUE S

T 40 CONTINUF
IF(G(I),EQ.0,0) GO TN 42
CALL SIVMRCAE,EG,NREAC,KS)

T IF(JLMF NELY) GO TO 42
DO 41 ND={,NDEPXA

41 GACNDI=G(I)Y*XA(ND+NREAC,I)
T 60 TN 48 o "

42 CALL SIMQCAEM,EGM,NREAC,KS)
4S8 GCINY=G(I)

T DD 55 Ns{,NREAC T TTmTm o
GCINISC(IMISIGMACNIXEG(N)
IF(GC(I),EQ.0,0) GO TO 49

CIF(JLMFmy) 46,46,49
46 EG2(N,I)=EG(N)
DO 47 ND=i1,NDEPXA

T AT GACNDIRGA(ND)=A(N,NDNREACI*EGIN)
G0 TO SS

49 EG2(N,I)SEG(N)+EGM(N) o
EGINI=G(ITI*(XA(N,II)m»XA(N,TIN))
DO 50 NN=§{,NREAC
I1Is(N=i S oNREAC NN o o
TTTAECIIIISACN,NNY-SIGMA(N)*XA (NN, TIN)
50 CONTINUE
56 CONTINUE
IF(JLMF,NE, L) 60 TO B§7
DD 56 ND=zi,NDEPXA ‘
56 XA(ND+NREAC,3)=GA(NDI/G(IN)
GO TO 6%
57 CALL SIMQCAE,EG,NREAC,KS)
G(IIN)=G(II)
- GMIBGM(J)
DD S8 ND=1,NDEPXA
 GA(NDIEG(II)*XA(ND+NREAC,II)
" GMA(ND)=0,C
58 CONTINUE
DO 60 N={,NREAC S
GCIINI=GCCIINI=SICEMACNIXEG(N)
EG2(N,IIY=FG(MNI=FGM(N)
GMISGMIwSIGMAINYXEGM(N)
DO 59 ND=1,NDFPXA
GACND)I=GCACND)wA(N,ND*NREACYXEG(N)
GMACND)Y=GMA(ND)=A(N,NDSNREACY*EGM(N)
59 CONTINUF
60 CONTINUE

o DD e2 MDm NDEPXA e e e
NNDEND+NREAL
XACNND,ITINY=2GACND)/G(IIN)




GMACND)ISGMA (ND)+GM(II*XA(NND,TIN) B.2-16
XAC(NND,, INI=SGMA(ND) Z7GM]
62 CONTINUE
65 CONTINUE
_CaLL catce
NEGA=(
NERROR=(
_ TOTEG(1)=0.0
TOTES(1)=20,0
DD 66 NE2,3
_ TOTEG(NY=(ARS(ES2(1,1))+aBS(EG2(1,1)))
66 TOTES(NI=TOTEGIN)
DO B0 J=t,JLMF
Il=2w)
Izl]l=1
DD 75 Ne{,NRFAC
 _INTEG(NISTOTEG(N)+EG2(N,I)
TOTESI(NYISTATES(NI+FS2(N,I)
FUGDIN,I)=STOTES(N)
 _DEVEIN,IY=aTNYEG(N)/TOTES(N)
TF(DEVE(N,1).GT, 0,02) GO TO 638
DEVE(N,I)=0,02
o NEGA=¢ 7 L
68 IF(JLMF EQ,1) GO TN 73
TOTEGINYI=ZTOTEGINISEG2(N, 1)
TOTES(N)=2TOTESINISES2(N,TIT)
FUGOIN,II)=TNTES(N)
DEVEIN,I1)=TOTFGINY/TOTES(N)
IFCDEVE(N,TI1Y,.6T, 0,02) GO TO &9
DEVE(N,11)=0,02
&2 IFCCEG2(N,IIY/ES2(N,T113),057,0,0) GO TO 70
~_ NEGA={
70 ERROR=DEVE(N,I1)=y,
IF((ABSCERRORY LT, 0,02) ., AND,(NEGA,EQ,.C)) GO TO 7S
IF(N,NE,3) GC 7O 72 ‘ , .
TF{CABS(NEVEC3S,I)w!1 . )uLT.0,01) ,AND, (ABSC(DEVE(3,11)e),),LT,0,01))
160 TG 75
72 NERRNMR=MERROR+1
60 70 75
73- IF(ARS(DEVE(N,1)el,0).LT, 0,01) GO TO 7S
_ T4 NERRORSNERROR+!
75 CONTINUE
IF((KATISU, LT,95) ,AND, (KATSL,6T,S)) GO TC B8O ‘
C WRITE(6,1080) J,x(I),(Xx8(N,142),N=1,5),(EG2(N,1),ES2(N,I),N21,3)
IFC(JIJLMF ,ER.L) GO TO EO
WRITE(6,1081) XCTI),(XA(N,I1+2),N31,5),(EG2(N,II),ES2(N,II),
. INmy,3)
BO CONTINUE
IF(JLMF EQ,!) GO TO 100
o IF((NERRDR ,EQ, D) AND,(NEGA,EQ,D)) GO T0 5000
IF(KAISU=100) 25,5000,5000
~ IF(KAISL=uS) 25,140,140
{40 UF=UMF/EMF
AMal dxRFOP*DPAUD/UMF
DRMAX=(L'T/0,71)%x2/980,
WRITE(6,1040) AM,DRMAY
IF(AM,GE,2,0) 6O TO 8588
TF(DBMAYX ,GT.D0T) DBMAYZDT
DBAVERRAM&ALMF /2, +DBD
IF(DRAVER ,GT , NBMAX) NBAVERSDBMAYX




UBR®(0,71{*SQRT(980,*DBAVER)

UBsUD=UMF+tIBR B.2-17
AL=ALMFRUB/URR

ALMAXSAL #2 ,wALMF

UHE=(1.-E“F)*ALMF/AL

" "Eml,.,=UME T s e memeee—oncen e
VB=AL=A[MF
VCxVAx3 , wUF/(UBR=UF)

TTTT UVEZALeVBwR(1,+ALPHAY=VC o TrTmrmmm T s T e o
RLeVB/AL

E:UMF-EMF*ALPHA*UR*RL/(i.-RL*(1.+ALPHA))

T G(L)=ATHUEXCGAS o T T T
IF(G(1)Y,67,0.,0) GO TO 152
G(1I=0,0

152 G(2)=60=6(1)

WRITE(S6,1055) DBAVER,URB,VB,VC,VE
FBlALPHA*G(EJICGAS*(1.-E“F)*CSO-FS*VC/(VB+VCD
FE&F8+FR o
WRITEC(H,1090) FS,FB,FE,GD,G6(2),6(1)

147 WRITE(&,1065) J8
WRITE(6,1050)
AH®RO0,0
BH=0,0

T BHPIALMF

PO 155 J=1,15
KeJBw(J»1)+JB/2

TODBIIYE2,0%DROW(2  +AMIk R (Kl }/ (2, mAM) RNK
IF(DB(JY  GT,DBMAXY DB(J)=DBMAYX
UBR=0,711%*SQRT(980,*DB(J))
UB=U0-UPF+UBR
BHEBR+DB(J)*FLOAT(JY)
IF(BR LT, ALMF)Y GO TO 1S¢0
IF(BH,CT,ALMAX) BHZALMAX
Ex{ ,=UME® (] ,»(BH+BHP=w2 ,*ALMF) /U4, /(AL=ALMF))

__BrP=BH

150 H=DB(J)®FLOAT(J3)
IF(BH,EG,ALMAX) H=BHarHTOT(J=1)

CHMF(J)=(1,=E)/ (1  =EMFY %P
AHBAKSHFMF (1)
HMFTAT(J)=AN

_. _ HTOT(J)=BH e e e

VEBRATk (RaHMF (J))

BN=VR/3 1uwb,/DB(J)*%3

VC=VBx3, xUF / (URRmUF)

VESATameyVRw (1 +ALPHA)=VC

AKSHT % (¢ ,~EMF)xUMF*UB/EMF/UBR/DB(J)

FM(J)aVBxAKS*CSQO

T AKG=11,/0B(J)
GM(JISVERAKG*CGAS
I1z2%J
SIGMF(II)SFR+FM(J)
RFVER(IIIaFB/SIGMF(IT)

____RFHOR(TII=FM(JY/SIGMF(ITY
W(II)S(ALPHA®XVB$VCIXx (1, =EMFIXCSD
I211e}

. SIGMF(I)sSIGMF(III+FS
RFVER(I)=FE/SIGMF(T)
RFHOR(I)I=FM({JY/SIGMF(I)
__ W(I)SVEw(§,=EMF)*CSO

IF(W(IY,67,0,) GO TO 154
W(II)’*(!)+WfII)



154
155

{70

5000

© 5010

5555

W(I)aw(YII)»0,05

WRITE(6,1060) JsNBCJIYSE/AR,BH,BN, VB, W(TI),W(II),FM(J),GM(J)
IF(BR,ECG,ALMAX) GO Y0 170

CONTINUE
JBEJAR41
60 TO 147
JLMF=J
KAISU=4S
60 T0 28 T T i - o T
IF(X(1),LT.XOUT) GC TO 5010

IF(KKK,E®,=1) GO TO 8888 o .
KKKe]

ALMF=ALMF/1,5

6O TD 23 : o
IF(KKK,EQ,1) GO TO 58555

KKK:-i

ALMF2ALMFWL,5

GO TN 23

sSTOP

ENO.

B.2-18

€

SURRDUTINE CaLZT!

INPUT XACNR INDEP CCOMP,1),8SSUME QR CALCULATE XA(NR,J¢2)

COMMON NREAC, SLMF,xAISU,CGAS,FS,G0,RFVER(20),E82(5,30),H0SETI,PR,
§{X4(5,32),%x(30),G¢32),CEVE(S,30),W(30),SIGMF(30),RFHOR(3V),EK(S),

_ 2FUGOa(S,30)

1003

__IF(xAISU,NE.1) GO TO 510

DIMENSTON XAM(S)
FORMAT (2E12,4)

XA{1,1)%0,1931%
XA(2,1)=0,8069




XA(3,19=0,0
XA(d,1)=0,0 B.2-19
XA(S5,1)=0,0
Xa(1,3)=0,0001%
XA(2,3Y=0,2894
- T T OXA(3,3)20,2TK8 T T T T TT T
XA{4,3)s0,P955
YA(S,3)=0,1383
TTT T T OXAMCL)=XACL, 1)
XAM(2)=XxA(2,1)
XAM(3)=t,
T JLMF=g '
AMPXE=0,3
60 TO S50
510 IF(KAISU,EQ.50) GO TN 530
IF(KAISU,EQ.65) GD TO 526
512 DO 520 J=1,JLMF
T RS AN IREY:
Ialley
DO 515 N=1,NREAC
S13 XATEXA{N,I)/XAM(N)
YACN,IYSXAM(NYmXAMIN)I* (1 ,oXAT)x%(DEVE(N,Tw2) dw
§SIGN(AMPYFE* (] ,«XATw*%3),FUGC(N,I=2)))
IFGJLMFL.EQ.L) 6O TN 515 ' ST
XAII=XACN,IIY/XAM(N)
XACN)TIVSXAMEN)«XAMINI% (] ,«XATTI)w*x(DEVE(N,IIw2)%*
{SIGNC(AMPEXE,FUGO(N,TI=23)) ‘ s
IF(NLER,3) BN TH 515
IF(XA(N,T) LT XA(N,II)) GO TN SIS
T T OXAIN,IYRYACN,IY) T
S15 CANTINUE
520 CONTINUE
60 7O 550
526 AMPXE=0,2
AMPXRzN, 05
60 TO 512
530 AMPX8=0,07
XACL1,2YEXA(L,1)
C XA(2,2%sXA(2,1)
XAC(3,2)=0,0
XAC4,220,0
XA(5,2)=0,0
DO S33 Nz ,MREAC
CAHE(XAIN,1)eXAlM,3)/3,)/FLOAT(JLMF)
BHS (XAC(N, 1) @XACN,3Y)/FLOATCILMF)
IF(N.NE,3) GO 70O 535
AMERHW
5385 DN S40 Jsi,JLMF
11=2(J+1)x2
Iellel
XA(N,IYEXACN,Iw2)=AH
XACN,TT)eXd (N, II=2)mBM
- 540 CONTINUE
533 CONTINUE
5§50 RETURN
END




77 7 SUBROUTINE CaLC2
c CALCULATE X(Y),ES2(N,1)

B.2-20

COMMON NREAL, JLMF,KATSU,LGAS,FS,G0,RFVER(Z0),ES52(5,30),H0SEI,PR,
1XA€9,32),X(30),G6¢32),CENVE(S,30),w(30),SIGMF(30),RFHOR(30),EXK(S),

2FUGD(5,30)

DIMENSICN Y(30),44(30),8Y( 9C0)
IF(KAISL,GE,50) GO TO 620
TF(KAISU,GT,1) G50 TO &1¢

IT07T=}

AxyDi=1200,0+2GAS

AKVD2=3S ,0«CGAR

AKVD321p0,2CRAS

T 610 AHEFS/W(1)/CAKVDIAXACY,3)+AKVD2#(XA(2,3)mPB*XA(3,3)XA(4,3)

1/7EK(2) 1))
YEL1)SAR/ (1. #AH)
GO TN 6¢N

520 ITOT=2wJLMF

. ITNT21TATRee
DO 618 I=i,ITO0T2

615 8Y(1)=0,0

I DU 650 J:l,JLMF
Ile2w)

I1s]]=}

IR WCIING(2)) GT, (R(TT)=G(1)))
WTOTALSW(TIYew(TIY
W{I)=G(1)/GO*wTOTAL
REITISWTNTAL=W(T)

GO YO 630 _

630 ARSSIGMFLI)/W(I)I/(AKVOLI®XA(1,142)+AKVE2x(XA(2,142)=PBaXA(3,142)%

{XACU,T42)/7EK(2Y))
AACTVZAR/ (L, 48H)
LEITOT#(T=1)e]
AY(LY=1,0
LL=L+ITCT
1F(J,LT,JLMF) GO TO 633
AY(LL)Z=8ACTI*SIGHF(TT}/SIGMF(T)
. Y(1)3FS/SIGMF(I)#AA(T)
GO TD 638
633 AY(LL)==4ACI)*RFHUR(I)




635

640
650

660

665
670
L80

1XA(3,IT42)%XA(4,TI+2)/EK(2)))

- AY(LY=1,0 e n e e e

LLLELL+ITOY

AY(LLLI==AA(T)*RFVER(]) B.2-21
Y(I)=20,0
BHESIGMF(TII)/W(IT)/CAKVDIRXA(L,T1142)4AKVD22{XA(2,1142)=PB%

AACIIIRER/(1,4BH) S
Y(T1¥=0,0
LaITOT*(II=1)+11

LLzL=ITOT

IF(J,EQ,1) GO TO 640
AY(LL)=wAA(TIT)®RFHOR(IY)
LLL=ELL=ITOT
AY(LLL)==A2(II)*RFVER(II)
GO TO 650

AYC(LL)=waA(I])

CONTINUE

CALL SIMR(AY,Y,ITOT,KS)

o 670 I=L,ITOT
X(1)sl.=Y(1)

HYSW(TI)*Y(T)
ES2(1,T)=AKYDIwwYwXA(L,]+2)
HOE=PBRXA(T,I+2)wXA(4,T+¢2)/7EK(2)
ES2(2,1)=AKVN2anY*x(XA(2,1+2)=HOE)
COEaXACU,I+2)%XA(S,1+2)/XA(2,1+2)/EK(3)
IF(CRE.CT,0,0) GO TN 665

CNE=0,0
ES2(3,T)2AKVDIxAY*(XA(3,1+2)=COE)
CONTINUE

RETURN

END



cccceeceeecececeececceecceeccececececercececeececeececccecccecccecccceccc B.2-22

c c
c DESIGN OF FLUIDIZEN BED REACTOR BASED ON c
o BURBLE ASSEMBLAGE MCDEL FOR c
TG T T T CARBON KYDROGEN REACTION WITH T e T
c CO=CURRENT FLOW c
¢ c

Tececececcececcecnecrceececececececcecececececcececeececrecceecececeeace
DIMENSION AA(H0),RFHORCAC),RFVER(HK0),W(H0),RGACT(60),SIGMF(60),
{0BC30Y,FM(30),GHM(30),HMF(30),KMFTOT(30),HTOT(30),
TUTTT T RAYL3600),Y(60),4(60),XA(B0Y,MG(60),MS(60),DEVM(60)
REAL MG,MS,KV,KYD,MATOT
C INPUT DATA (DP,RWNOP,CSN,TB,PR,UMF,UT,U0,EMF,DBO,
't STOIA,STOIBSKV,ALPHA,FS,XAD,XACJ))
MMME {
UMF=12,50
- U0=1,5wUMF
99 DP=0,155€5
UT=256,
RHOP=0,256
CSO=RMOP/12,
TR3900,
T EXKGE0,0192 ' Tt T e e e e
PB=69,
EMF=0,6
~TTT T JR=8 o ' - o - y
peo=3,
Kvs5,35
TS§Y0lA=t,4d T T s T s e T mm
sT0O1B=Y,
ALPHA=0,2S
FS=6260, T o o T
XAQ=t4, '
~ KKKk=0
10 KKK=0
GO0 TO S010
5000 ME2wJLMFal N
IF((KKK GELO0) JAND, (X(M),6T,XOUTY) GO TO S001
IFCIKKK,LE(0) AND (X (M) LT xQUT))Y GO 7O S00¢
B 60 TO 5555
5001 KxkK=\
ALMFEALMF/L,S
L GO TN 40 S L
5002 KKK=z=al
ALMFzALMFn1,S
60 TO 40
"t~ PERFORMANCE REAUIREMENT (XOUT,XADUT)
5010 ¥ouUT=0,34
XADUT=0,54
1004 FORMAT(UEL1Z2,4)
1020 FORMAT(iIH1,7H MAs,E12,.4,8HK GO=,E12,4,
 18H AT=z,E12,4,8H PT=,E12,4) ,
1030 FORMAT(IHO,27HMCOMPLETE MIXING REACTCR WwW=,E12,4,
{8H LMF=,£12,4)
1040 FORMAT(IWO0,27wFILUINIZES BED REACTOR Mz, E12,4,
18N DBMAX=,E12,4)
1050 FORMAT(IHOs2H Jp3Xe2HOBR,6X,1HE,3X,6NNMFTOT,2X,4HNTOT,
- 16X, 2HBN, 10X ,2HVI, 10X, 2HRr,10X,2Ra2, 10X, 2MFM, 10X,2HGM)
{1055 FORMAT(1MO,7~DBAVER=,E12.4,5X,3HURZ,EL2,4,5X,3HVB=,E12,4,
15X.3HVC=.E12.M.5X,3HVE=,512.0)
1060 FORMATCI3,FT7,1,F7,3,2F7,0,6E12,4)




1065 FORMAT(1HO,29KREIGHT OF EACH COMPARTMENT IS, 13,
{234 TIMES BUBBLE DI&AMETER,)
1070 FORMAT(1HO, 6RKATSUS,12,4X,UHLMF=,E12,4)

1080 FORMAT(UEL12,4,4%,4E12,4) )

1090 FORMAT(SW F8=,E12,4,5% FB=,E12,4,5H FE=,E12.4,
{SH GO=,E12,8,54 GB=s,E12,4,5H GE=,E12,.,4)

1100 FORMAT({IH EGUIL.HIND,=,Fb.3)
CGASTPR®273,/22400,/(T3+4273,)
KVYD=KVXCGAS
STOIR=STAIB/STALlA=1,0

T MATOT=FS#XNUT#STOIA
GOSNATNT*(1,+STOTRA*XA0UT)/(XAO=XAOUT)
AT=60n/CGAS/UD
DT=2SART(U,/3.14%AT)
WRITE(6,1020) MATDT,GO,AT,0T

B . 2"23

Lo ke e e e e e o vt e+t
c

PERFORMANCE OF COMPLETE “IYING REACTOR
Agl./xOUT-ig

EKSEKG®(1 ,+5,25*EXP («3,18%X0UT)) . o
WTOTAL:FS/A/KVD/(XADUT-SGRT((1.-XADUT)/PB/EK))
ALMF=WTOTAL/CSO/ (1 =EMF)/AT
WRITE(6,1030) WTCTAL,ALMF

[ 1133
¢ PERFNORMANCE OF FLUIDIZED BED REACTOR
UFBUMF JEMF

AMZY JU%RHOPXDPwUD/UMF
DBMAXS(UT/0,71)*x%2/9R0,

_ WRITE(6,10403) AM,DBMAX
IF(AM,GE,2,0) GO TH 5555
IF(DOBMAX,GT,DT) DBMAX=DT

40 DBAVERsSAM»ALMF/2,+DB0O
IF(DRAVER,GT,DBMAX) DRAVER=DBMAX
UBR=0,T11%SGRT (9806, *DBAVER)
UBaUN=UMF+URR
ALEALMFxUB/URR
ALMAXSAL %2, =4 MF

UMES (Yl 4=EMF Y%Al MF/AL |
E=1Q-UME

VBEAL=ALMF .
VC=yd*3,xUF/ (UBR=UF

VESALmVE& (1, ,+ALPHA)=VL

RLasVYB/AL
»UE=UHF-EMF*ALPHA*UB*PL/(1.-RL*(I.+ALPHA3)_
GESAT*UE*CGAS
1F(GE,67,0,0) GO TO 52
.. GE=0.0 R,

§2 GBeGN«GE
WRITE(6,1055) DBAVER,UR,VB,VC,VE

FExFBaFS

WRITE(6,1090) FS,FB,FE.GO,GB,GE
4T WRITE(H,1065) J3

WRITE(6,1050)

BR=0,0

po S5 J=1,30
KaJBx(JIm=1)+JB/2
DB(JI)Z2, O%0BOR(2,+AM) wx(Kel) /(2 mM)ANK

Fs:ALPHA*GB/CGAs*(z.-EMF)*CSO+FS*VC/(VB+VC) e e e e

. BHP=ALMF o PRI S R,

IF(DB(J) . GT.DBMAX) DB(JI=DBMAX
URR=0,711*SORT(980,+DB(J))

_____UBmUN=UMF+UBR __ . . : e e e e




BH=BH+DB(J)*FLOAT(JB)

IF(BH.LY,ALMF) &GN YO 5¢

IF(BH,GTALMAX) BRzA| MAX

Eol ,=UMER (], = (Br+PHPm? *ALMF)/U4,/(AL=ALMF))
77T BHP=BNM o B - R

50 H=DB(J)SFLNAT (J3)

IF(BH,EGC ALMAX) H=BreHTOT(J=1)
HMFTOT(J)2AReRMF(J)
HTNT(J)=BH

BN=VB/3,1d%6,/DR(J)*M

VEEVBw3  xUF/(URRIF)
VESATwHeVB*(1,+ALPHA)=VL

AKSEY (| ,=EMFYXUMF2UB/EMF/UBR/DR(J)
FM{J)IZVRB*AKS*CSO

AKGE11,/D8() ' ' S T T T
GM(J)SVEXAKG*CGAS

pET-L N o o -
SIGMF(1)sFB+FM(J)

RFVER(CI)=FB/SIGHUF (1)

RFHORC(CI)ISFM(J)/SIGMF (I

I11=1=1

SIGMF(IT)sFE+FM(])

TRFVER(TI)=FE/SIGMF(IT) Com e
RFHOR(CII)I=FM(JI/SIGMF(TT)

WCIII=VER(l,=EMF)=CSO

TVBEATH (H=rMF (J)) e e

CR(I)=(ALPHARVB4VC) % (1, =EMF)XCSO T T

B.2-24

RMFEJY=(1,=E)/ (L, =EMF )N ‘ S e s e

IF(W(I?),67.0,) 60 TC 54 T e e

WITYISW(IY+w(IT)
WCITISW(Y)*0,.4 _
54 wWRITE(6,1060) J,DBECIYI,E,AM,BH, BN, VB, W(ITI), W(I),FM(I),GM(J)
IF(BH,EG,ALMAX) 60 TO 70
S5 CONTINUE
JBxJB¢}
GO TO 47
70 JLMF=J
ITOT=2wy
KAISU=0
60 KATSUSKAISU+!

IF(KAISU,LT,39) 60 TO 6t ~ 7 oo Ty

WNRITE(6,1070) KATSU,ALMF
61 IF(KAISL,GT,1) GC TO RO
T T AWMI(XAD=XANUTYI/FLGATCI) o S T
CH2 (L =XOUT)/FLOATCI) /2,
XAC2Y=XANmbH
XAa€1)=XxXa(2)
X(ITOT)=x0UTY
~ X(ITOT=1)=X0UT
DD 72 J=m2,JLMF
II=2+]
S LEISLY: e
XA(II)=XA(IIP)mak
Izll=}
COXACIYI=XA(CID) _ o o o
X(ITOT42=11)2x(ITCT+2=1IP)ulH
XCITOT=1)3X(1TOT+2=11)
72 CONTINUE
80 ITOT=2#JLMF
ITOT22170Tww?
DO 82 I=t,1TC0T2




g2 AY(I)=0,0 B.2-25
DO 90 J=1,JLMF
Iy=2w»]
__ I=11-d L
T IFC(W(I)*GB) 6T, (N(IT)*GE)) GO TO 83
WTOTALSW(IY+W(TII)
_ W(I)=GE/GO*wTOTAL
W(II)=GR/GOXWTOTAL
¢ COCURRENT %% CHANGF TO FE®FE=FS %wx
83 EKZEKG  #(1,+5,25%EXP(~3,18%X(11))) L
B:SIGMF(II)/w(II)/KVD/(XA(II)-SQRT'(1.-XA(II)J/PB/EK))
AACII)=B/(,+8)
LRI R I =) e Y e e e -
AY(L)=1,
Y(11)=0,
LLsL=ITOY . — e e e e e
IF(J.EQ, 1) G0 TO 87
AY(LL):-AA(II)*PFHOR(II)
CLLLsLL=ITOT e - e e e e e
lY(LLL)--AA(II)*RrVER(IY)
EK2EKG *(1,+5,25%xEXP(=3,88%X(I)))
A:SIGHF(I)/W(I)/KVD/(XA(I)~SGRT((1.-XA(I))/PB/EKJ)
TIF(JLEQ, JLMF) AsA%xSIGMF(II)/SIGMF(I)
AA(I)=A/(1.+A)
LeITNTa(I=i)+l
AY(L)=t,
Y(I)=0,
LL=LeITOT

T IFCJ.NELJLMF) 6O TO 86
AYCLL)3=AACT)
. %D YO 90 |
86 AY(LL)=wAA(I)*RFHORC(I)
LLLSLL#ITOT
AY(LLL)SwA&(T)*RFVERCI)
60 TO 990
87 AYCLL)=S=8ACII)
" EKZEKG  *(1,+5,254EXP(=3,18%X(I)))
ACSTGMF (T1)/WCT)/KVO/ (XA (I)=SORTC (1, =XACI))/PB/EK))
AACIIZA/ (L, +A)
AYCDIRLLO
LL=21+ITOT
AY(LL)=S=A&(T)*RFHOR(IT)
LLLELL+ITOT e
AY(LLL)==FE/SIGUF(ITI%ABCI)
YC1)=FS/SIGMF CTTI%AA (D)
90 CONTINUE

CALL SIMACAY,Y,ITOT,KS)
DD 100 I=4,1ITOT
RGACT(IJ=1./STOIA/(1.+XA(I)*STOIRJ, e e e et e e
X(I)=1.=Y())
100 CONTINUE
IF((KATSUNEL 1) AND, (KAISUNE,B)) GO YO 140
IF(KAISU,ER.B) G TC 130
AMPXE=0,3
~ AMPYXB=0,1
GO0 TO 140
{30 AMPXE=0,2
 AMPXB=0,07
{40 TEST=0,0
NERRNR=O
O 1 B L T T 1 8 1 U U

vt mt——— s s Amre—n



11=2xJ B.2-26
Izll=i

TIIlale=y

I11J=1111w1

III=11¢1}
EK=EXG w(], ¢S5, 2S+EXP(=3,18+X(1)))
HE2SART( (1 ,=XACY))/PB/EK) - T Ty
MSCIISKVORW(I)wY (I)ASTNIAX(XA(])=HE)
EX=EKG w(] ,+S,25«EXYP (=3, 18xX(]1)))
MESSART((1,=XACI1))Y/PR/EK)
MSCIT)skyYDRW(TI)*Y(TT1)+2TOTAX(XA(IT)=HE)
IF(J.EQ,1) GO TO 106
MGCIT)=GR#*(XA(TITIIXRGACT(IITII=XA(TIY)#RGACT(II))=A
MGCIN=GEXRCXACITIJ)Y®RGACT(IIJ)=XA(TI)*RGACT(I))+4A
G0 TO 108
106 MGCI)=GE*(XADeXA(IYRRGALT (1)) +4A
MG(2)=GB R (XAD=XA(2)Y*RGALT(2))=4A
TOTMG=0,
TOTMS=TOTHG
108 IF(KAISU,.LT,.39) GO T2 1¢€9
WRITE(6,1080) XA(IY»XCI)»MGCY), MSCY),XACTIT), X(22),MG(IT),MS(II)
T7109 TOTMG=TOTMG+MG(I)
TOTMS=TOTMS+MS (1)
DEVM(I)=TOTMG/TOTMS
IF(DEVM(1),.G6T,9,05) GO TC 1S2
DEVM(I)=0,05
TEST=4,0
T 152 YOTMG=STOTMG+MG(ITI)
TOTMS=TOTMS+MS(I1)
DEVM(II)=TOTMG/TOTMS
IFC(DEV~(11),.67,0,05) GO TO 153
DEVM(II)=0,05
153 IF(MG(IIY,6T7,.0,0) GO TO 155
~ TEST=1,0
{55 ERRQR=DEYM(I1)=},
IF((ARS(ERROR) ,LT,0,01)Y . AND, (TEST.ERQ,0,.)) GO TO 156
NERRORaNFRROR ¢!
IFCARS(DEVM(IT)wt, ) LT, C.01) GO TO 156
NERRORENFRROR+ 1
T156 XB(1)S1 =01 ,wXA(I)I N (DEVMI)na(AMPYXEX(] ,=XA(T)%"3)))
XACII)=f,w(lq=XA(IT))%xx(DEVMETIT)2nAMPXB)
IF(XACI),LE,XA(IT)) GO TC 110
XACI)=XA(ID)
110 CONTINUE
HOSEI=HE/XA(CITOT)
CIF(KAISU.LT.39) GO TO 111
WRITE(6,1100) HISE!
{11 IF(NERRDOR,NE,0) GO TN 170
IFCTEST _EQ,0,0) GO TO 5000
170 IF(KAISU,LT.408) GO TO 60
GO T0O 5000
5588 IF(MMMm2y) §6,97,98
96 UQ=z2,SwUMF
MMMEMMM¢ |
6N TO 99
97 UD=E4YQ*UMF
MMMEMMM+ |
GO TO 99
Uu=z8,0%UMF
 MMMEZMMMe

T OABRGMIJI)#(XACIT)Y=XA(I)I®RGACT(I)/RGACT(ITI)) T TTmem T e ey



IF (MMM ,GE.5) 8TOP
60 YO 99
END

B.2-27

— e — ————




ceeeeeceeecececececcecececeeeececececcececececeececeecececceccecececec B.2-28

c
¢ DESIGN OF FLUINIZED BED REACTOR BASED ON

c BUBRLE ASSEMRLAGF MOREL FCR

c - "7 CARBQON WYDROGEN REACTTION WITH T o
c COUNTER=CURRENT FLCW

c

¢

OO0 OO0

CereCCCCoCCerececececeLcecrceeccececeeececececeeeecececceeeceecece
DIMENSICN AA(6N),RFHOR(60) RFVER(60),W(60),RGACT(60),SIGMF(60),
{DB(30),FM(30),GH4(30),PMF(30),mMFTOT(30),HTOT(30),
TRAY(3600),Y(60),XC60),XA(60),MG(60),MSL6C),DEVM(60)
REAL MG,MS,KV,KVD,MATCGT
INPUT DATA (DP,RHOP,CSO,TB,PB,UMF,UT,UD,EMF,DBO,
‘ STOIA,STOIR,KV,ALPHA,FS,XA0,XACJ))

MMME
UMFz6,123
UO=1.SwUMF
pP=0,210
Ur=78,2¢2
RROP=0,256 ' o o T - N )
C30aRmOF/12,
TB=816,
ExkG=100¢C, - T e - T T -
PBx69,3
EMF=0,6
T T JR=8 o T T o e
DRO=3,
Kvzi,3
$T0Ia=2,0 oo T o T T e e e e e T
8T0IR=y,
ALPHAZ0,25
FS=T7431,
XA0=(0,832%¢
KKKK=z0 -
10 XKK=20 T T - )
GO TD 5010
5000 M= _ _
IFC(KKK,GELO0)JAND, (X(M),GT,,XCUT)) GO TN 5001
TF (KKK, LEL0YAND (XIM) LT . XOUT))Y 6O TO S002
B 6O TO S8 . __ S L
5001 KKx=\
ALMFsALMF/YL,S
. GO TO 4¢ - o
5002 KKK=mi
ALMFzALMF%Y,5
GO YO 4 S
&7 T PERFORMANCE REQUIPEMENT (XCUT,XAOUT) '
5010 X0uUuT=0,3%
XANUT=0,2796
1004 FORMAT(UEL2,4)
1020 FORMAT(iw],TH MAE,E12,.,4,8K GC=,E12,4,
{ 8K AT=,£12,.4,8H bY=,E12,4) .
1030 FORMAT(1HO0,27HCOMPLETE MIXING REACTCR Ww3,E12,4,
{8H LMF=,E12,.4)
1040 FNRMAT(1=0,27wFLUINIZED BEN REACTOR Mz,F12,4,
{8 DBMax=,E12,4)
{050 FORMAT(IHO,2~ Jo3IX,2=0R,6X,1HE,3X,6HHMFTOT2X,d4HHTOT,
16!12“5”,10X:2HVB,10‘72““1010x02HW2;10x,2HFMI1OX'ZHGM)
{1055 FORMAT(1H0,7HDBAVERE,Fle,4,5%,3rUl=,E12,4,5X,3HVB=,E12,4,
19X, 3MVES,F12,4,5X,3HVES,E12,.4)
1060 FORMAT(IZ,FT,1sF7,3,2F7,0,6E12,4)




1065 FORMAT({H0,29HHEIGHT OF EACH COMPARTMENT 18, I3, B.2-29

{234 TIMES RURBLE DIAMETER,)

1070 FORMAT(1W0,6HKALISUS,T2,4X,4nLMF2,E12,4)

1080 FORMAT(UEL2,4,4X,4F12,43 e
~ {090 FORMAT(SH F8=z,E12,8,5H FB=,E12,4,5H FE=,E12.4,
{SH GD-’-;E’.Z.Q;S"‘ 6331512.‘1'51‘1 GE’-"E’.E.“J
1100 FORMAT(13H ESUIL,HIND.=,F6,3)

(g Ne

_ 40

52

a7

T MATOTZFS«XOUT*STRIA

_ AT=G6n/CGAS/UC

“PERFORMANCE OF CAMPLETE MIXING REACTOR

,EK:EKG*(&.+5.2€*EXP(-3.18*YDUT))

T $5%8S

UFEUMF/EMF

CWRITE(6,1040) AM,DBMAX

UB=UQ0=IMF+IJRR

UMES (1, =FMF)®ALMF /AL |

CUESUMF=EVF¥ALPHAXUB®RL/(1,=RL* (1, +ALPHA)) =

UR=UNeUMF+UBR

CGAS=PB%273,/22400,/(TB+273,)
KVDEKV*CGAS
STOIR=STOIR/STNIA=L,0

GNaMATOT*(1,+STOIR*XAOQUT)/ (XAD=XADUT)
DT=SQRT(Q./3.1Q*AT)”"_“~ e e e e e o i
WRITE(6,1020) MATOT,GO,AT,DT
Yo e oW ok

A=1./XOUT-1 0

WTATALSFS/A/KYD/ (XADUT=SGRT( (1, =XAOUTI/PB/EK))
ALMFEWTOTAL/CSO/ (1. ~EMF)/AT
WRITE(6,1030) WTOTAL,ALMF

PERFORMANCE OF FLUIDIZED EED REACTOR

AMz]  U*RHIP*DP*UO/UMF
DBMAX2(UT/0,71Y%x*x2/980,

IF(AM,GE,2.0) B0 TG 59555

1F(DS3MAY ,GT,DT) DBMAX=DT

DRAVER=SAMwA| MF/2, 4080 L
IF(DBAVER,GT,DBMAX) DRAVER=NBMAX
URR=0,711%*SGRT (IR0, xDBAVER)

AL=ALMF*UB/UBR
ALMAXSZAL %2, =ALMF

Exl  =UME

VEsAL=ALMF
VEzVRw3 , «UF/(UBR=UF)
VE=AL=VBR (1 ,+ALPHA)=VC
RLEVB/AL

GE=ATHUF«CGAS
1F(GE,6T,0,0) GJ TO 52
GE=0,0 .
GB=GO=GE
WRITE(6,1055) DBAVER,U3,VE,VC,VE

FRzAlL PHAXGB/CGASK () ,~EMFIRCE0mFS+«VC/ (VB+VC)
FESFS+FB

WpITE(6;109O) FS,FP,FE’GD(GBDGE
WRITF(6,1065) 8
WRITE(6,1050)
BH=0,0

BHPZAMF

DO 55 J=1,30
KaJBa(JIni)*JB/2
DREJIS2,OKDBN* (2, +AM)wx (K1) / (2, wAMIARK
IFEDR(IY,.6T.DBMAY) DR(JISDBMAX
UBREG,T11%x8NRT(9RI,.*DE(J))



BHMeBH+DECJIRFLDAT(JB) B.2-30
IF(BH,LT,ALMF) GO TO S0
IF(BH, GT, ALMAX) RNz A MAY
Emi »UME* (1, ,~(BreBHPw2 *ALMF)/4,/(AL=ALMF))
T RMPERM - T i ss T T e
50 HsDB(J)«FLOAT(JSB)
IF(BH,EQ,ALMAX) HSBH=HTOT(J=1)
T OHMF ()= (1, =E)/ (1, =EMF)#H T T T T
HMFTOT (J)2AmemMF(T)
HTOT(J)=RM
VB=ATw (HarMF(J)) S T T T o T
BNEVR/3 1dxb,/DR(J) M
VC2YBx3, «UF/(UBRUF)
VESATwHeVB®* (] ,+ALZ=A)=V(
AKS=3,%x({ ., =EMF)I*UMF+UB/EMF/UBR/DB(J)
FM(J)Y=VB+xAKS*(CST
CAKGEL1,/DE(])
GM(JI)=EVE+AKG*CGAS
I=s2*] .
SIGMF(TI)=FBeFM(T)
RFVER(I)=FH/SIGMF(I)
RFHORCI)ISFM(JI)I/SILMF(T)
WEI)=(CALPHO®VBGVCIR(],=EMF)*CSO o ' N e T
11=1st
SIGMF(II)SFE+FM(T)
RFVERCIIISFE/SIGMF(IT)
RFHOR(IIISFM(JI/SIGMF(TT)
W(Il)=sVE«(l ,=EMFI*CSO
TIF(W(TIT)L.G6T,0,) GC TO S4 ’ - - o
W I)zw(T)+W(II)
W(II)aw(I)w0, '
S4 WRITE(&,1060) JrDB(J)555AﬂuB“rBNoVBoW(II)'W(I)'FM(J)aGM(J)
IF(BX ,EC,ALMAX) GO T2 70
55 CONTINUE
JBrJBe¢l
G0 TO 47
70 JLMF=J
ITOT=2*)
KAISU=0
60 KAISU=KATSU+1Y
©IF(KATISL,LT,39) AN TO 41
WRITE(6,1070) KATSU,ALVF
61 IF(KAISU,GT,1) GN TN RY
T ARS(XAD=YAQUTI/FLNATLY)
CH=(1,=XNUT)/FLIAT(JY/2,.
X4(2)=YENwAN
Xali)sXa(e)
X(TTOT)=XQOUY
X(ITOT=1)=X"UT
DD 72 J=2,JLMF
11=2+J
C1IP=lT=2
XACIT)EXA(IIP)=AK
I=11=]
XACI)SXLCIT) ,
X(ITOT4+emIl)2xX(ITOT+2«1IP)=CH
X(ITOTeI)=SX(ITOT+2=11)
72 CONTINUE
B0 ITOT=2wJLMF
ITOT22T1T0T 22
DO 82 1=1,1TOT2




82

TWCIIISGR/GDxNTOTAL

AY(1Y=0,0

DO 90 J=%,JLNMF

11=2+)

I=II-1 . - N - . . - . -
IF(EWCIInGRY 6T (W(IT)*GEY) GC 1O B3
WTOTALSW(I)+N(T])

WCII=GE/GQ*ATAOTAL

C CHOUNTER CURRENT wix CHAMNGE TD FE=FBFS wwx

83

85

86

CLLL=LL=ITOT

87
90

_ 100

130
140

CAYCLL)==AACII*SIGMF(IT)/SIGMF(I)

_AMPXE=(,3

A=SIGMF (T)/W(T)/KVD/XA(])
AACTI)SA/(L,.+A)
LelTOT«(Imi}+]
AY(L3=3,0
LLet+ITOY
IF(J.LT,JLMFY 6O TO 85

Y(I)=FS/SIGMF(I)%AL(])

GO 7O 86
AY(LL)==AA(TI)I*RFHOR(I)
LLL=LL+ITOT
AYC(LLL)=eA2 (T )*RFVER(I)
Y(I)=0,0 ) . o
B=SIGMF(II)/W(II)/KVD/XA(ITI)
AACITI®R/(1,+R)
LeITOT*(I1=1)+1]

AY(L)=1,0

Y(II)=0,0

LLEL=ITCT

IF(J.EQ.1) GO TO 87
AY(LLY==2A(IT)*RFHOR(II)

AY(LLL)==AA(YTY*RFVER(II)

60 TO 0

AY(LL)==AA(II)

CONTINLUE

CALL SIMR(AY,Y,ITUT,KS)

o 100 I=i,ITOY ‘ ,
RGACT(I)=1./STOIA/(Y ,+XA(I)*STNIR)
X(1)sl,Y(1)

CONTINUE - o S
IF(CKALSUGNE 1) ANDL(KATSUNE,BYY GO TO 140
IF(KAISLER,B8) GO TO 130

AMPXB=0,1
60O TO 140
AMPYE=(, 2
AMPXds0,07
TEST=0,0
NERRQR=(
DO 110 Js=i,JLMF
Il=2~J

Is1l=t e e e e e e e

1111=Tt

11J=11114 _
SGMLIICXACTT) =XA(I)*RGACT(I)/RGACT(II))
TI11=1144

EKSEKG % (1,+5,25%EXP (=3, 18%X(I)))

HE=SART((1.=YA(IY)/PR/EK) e e

MSCIY=MYN*W (T)%Y (T #STNIA%(XA(T)aHEY
EKSEKG  #(1e+5.25%EXP (=3, 18%X(11)))

HE=SQRT((1.=XA(LII))/PE/EK) e e e i



MS(IT)EKVDRWCITI+Y(TY)+«STOTA+(XACII)=KE) B.2-32
IFCJ.EQ,1) GN TN 106
MGCIY)=GBRCXA(TTIITI*OGACT(IITII)=XACTIT)«RGACT(IT))wA
MGCTI)=GE*{XACTITI)NRGACT(IIJ)=XA(T)RRGACT(I)I®A

-~ 60 TO to08 - ' S ' e

106 MGCI)=GE#(XAN=XA(I)*RGACT(1))+4
MG(2)=GBW(YAD=XA(2YXRGACT(2)) =4

TTTTIOTMGED, ’ o i T coTmm T
TOTNS=TCTMG

108 IF(KAISU.LT.39) GO TG 10S

T OWBITE(6,1080) XACI),XCI)sMGCIY, MSCT),XACITY, XCIT),MGCITI),MS(T])

109 TOTMGETOTMGHMG(T)
TOTMSSTOTMS+MS (D)
DEVM(1)=TOTMG/TATMS
IF(DEVM(1),6T.0,05) GO TO 152
DEVM(1)=9,05

T T TEST=LLD o e T - ST T Tomme o mrm T
152 TOTMG=TOTMGeMG(IT)
~ TOTMS=TCTMS+M“S(11) ,

DEYMCIII=STQTMG/TOTHS
IF(DEVM(II).GT,0,05) 60 TG 153
DEVM(I1)=0,05

T 483 YF(M6(I1),.6T,.3,0) 50 TD 155 T T T T T

TEST=1,0
{55 ERROR=DEVM(II)=1,
~ T IF((ABS(ERRORYLLT.0.01).AND,(TEST,EG,0,)) GO TO 156
NERROR=MERRCR+1
IFCABS(DEVM(TTI)=t,) LT,0,01) GO YO 156
T U NERRDR=ENERRQRS Y o e e e T B
156 XACI)=] w(1emXA(T)) kW (NFVM{TI)#a(AMPYEX(] =XA(I)?x3)))
XYACIIVSY =€l =XACXI))wx(DEVM(IT)wxaAMPXB)
IFCXACT) L LE.YACIT)) GO TC 110
XACIY=XA(CID)
110 CONTINUE

T HOSEI=HE/XACITOT)
IF(KAISU,.LT.36) GO TC 11t

B WRITE(6,1100) WISEI

111 IF(NERRCR,NELO0) 6O TN 170
IF(TEST,EQ.0,0) GO TC 5000

170 IF(KAISL,LT,40) GU TO 68 )
G0 TO 5600 ' oS T s T o mmmr e s e

5555 STOP

__ENnD



B.2-33

¢ c
c ALTEQHATIVE ] wowensun cT60, F c
e S 2P
¢ INTEGRATED SYSTEM c
¢ c
€ ALL CALCULATIONS BABED ON 100 18 COAL C )
¢ FED TNTO GASIFIER c
¢ e
”gcccccccccccccccccccccccccccccccccccccccccccccccccq o

ve2(zg 00
99 IF(VH20,1E,1,20) yR2N=yN20+l , 000,200
L VR20EVHRNSL,00 e e e
WRITF(6,702)
702 FORMAT(IW1////)
D=l ,959

C=0D

gnc=9,5

N0

H2=0,

HeN=0,

H2NA=VHZO

T H2AB=H20A

c ASSUME X, FRACTION CF CARBON WHICH GOES TO C+420 PEACTION

Xz=0,60C

L0 HRN2=CHx(1.=X)*169700,

HRHZ2D==C*xx36URL,

e INLET STEAM, IR MOLES o
o GAS COMPOSITICN AFTER C#02 AND C#r20 REACTIONS, IR MOLES
COX=CxX '

 HRNXSHRCA+N2T=CxX
H2XSCxXen2
CUZX-‘-’-C*(i.-‘)

CHUX=0,

e T T T DXYGEN REQUIRED, IN MOLES T o
DeA=C» (1 ,=X)

.t 6AS CMMPOSITILN AFTER WATER GAS SHIFT REACTION, IE MOLES
EX=0,250 ’

AS(H2X+COZYFEK* (H2OXFCOXYI I /(1 . =EK)

o B (H2Y4LA2YmEX*COX*H20Y) /(14 ~EK)

g (m A4S AT (A kanl, x3)) /2, U,
CO2XA=ENZA+Y

COX:CQ\(-Y

HZNYsH2( YaY
H2X=H2X+V

e VOLATILE MATTER ACDED AND SHIFY TC EQUILIBRIUM
CNX=Cox+,427
MRYEHZY 40 ,3123+0,125
H2NY=A20%X43,017
CHUXSCHUY+D ,54%



Tl FORMAT(SY,6E13,5)

CHTGASTIETCC ) M # LU+ 23000, % (H2X+L0X)

30 ¥=Xw, ¢

 PRINTY,' RASIFICATINNM!

B.2-34

Ex=0,250

Az (H2X4CN2X+ER R (W2 COX) )/ (Y, =FK)
B (M2 el D2 raZa{NXeN2OXY/ (1, ~EK)
Yo (=A+8CPT(A®Aed, x3) /2,
Co2y=Cley+y

COX=CNYwY

HeOXSH2( X =Y

) _HZX;H&Y#V

INLET “WESA&T CARIIED BY INLET GASES, COAL AND NEAT REACTION
HRZNT=HZ A 20301,
HO2I=N28wi8p],%
CHART=N,T2%%x100,+/300,=77,)
HREAC=HEM2 ¢+ <Ru234Yx)T76°0,
HCODA{ =123811 107,

 OHISHHZ2NI 4 <N2T+CRARKT+HREACSHCNAL [

DUTLZT SE2T CAIRIEL 3Y CUTLET GA4SES AND CHAR
HCN2XSr2Y+233p33 K

C WEOX=COX#20497,2 " 7 ‘ - T T

HH20x=<4erx*4d013,

HR2XSm23 {97280, 2
HCHUYSCrRLY=UUddtS U

HGASYEHE MZX e =l NX+HE2ZN EmHIY S HC WA Y
HCAR=(Nel )21 2,.+16970),

WCHARX=12,0+(D=C)x12.
HCHARXSACHAIX ,22%(2/700,=7T7,)
HOUT=HGLQ X+ -CRAQY4HTGASSHCAR
HeE (HDUT==1)/-1
TFEABS(FY LTL.5,0N05) KD TO 4UC
IF(RY 3¢,20,20
XsX/1,9%
G0N TN 1C o
Gn TN {0
0 HESL, 0,125 AND M2, 0,06 TR MCLES ARE ADDED
CTOTALEHZY4=Z0X40IXCI2XeCHEX N, 1TS

CHECKW CaARBNN STFa' ~F4CTION EJULIBRIUM
HKECNY$»2r+pQ, 3 /H2NX/TNTal

wRITE(A,1) F204,02A,%,Y
PRITE(G, 1) S02X,20%,420YH2X,CHUY

WRITE(6,2) We=2NT,HN2T, CHART,RREAC,NM]

CWRTTE(K,2) ~BaSY,HdldARY, HOUT

FORMAT(EY,ER13,5)
WPTTE(“'l’ ¢
IF(HK,G6T7,230C,) STNR
SKRIFT COMVERSINN
HPw=H2X
CCRa=Crey

—g
c
ee
B
40
.C
—— 5
S



B.2-35

cnuw=CcoY
H2NuW=H2OY

CHUNSCHUX
BOO TNTSH24+LOW+CN24A4+CHUEN+0, 175
_NzNat |
WRITE(A,1) CNC
CNZ=Cow/TnT
_ CH4Z=CWa4/TOY
H2Z=H24/T0T
SHGZ1,2/1.39%x (3, +«CNZ+CRd7+KH22Z)
STEAMZSRExTATw=rd20wW o
IF(STEAY ,LT,0.) 3TEAM=9,
H2OX=3TFAM$A20W
YsCOCx0r W

Cn2X=Cnw+yY
CoY=Cnuey
HeXsH2usY
H2NXERA[ vimY
CRUXZONE A
PRINT,' SHTIFT CUNVERSIMN!
ARITE(A,1) CN2X,C0Ox,H2OY, KX, 8TEAM
c PURIFTICATTNY
 H2NX=(CrDYLCHUY+HRX)I %0 ,9487/(1000,=0,9487)
Co2X=CN2xx0,018 .
PRINT, ' PURIFICATIQN!
WRITE(6,1) <N2Y,0NX,H20%,H2X
TOTALSCI O+ IV 442X +HANYSCHAL+0,053
CO2Z2=CNgd/TTL
_CoZ=C0OX/TOTAL
C HRZ=HX/TATAL
KNkl L/ TUTAL
 CHUZ=CNeY/TNTAL
WRITECA,1Y CJ27,C07,R22,HNZ,CHET
CHUX=CHLEY+CNYA) 9833
WX EHRXw3, %2, 98%53L00X L o
COX=0,01674C% B
PRINT, ' METHsNATICNY?
WRITE(G, 1) CI2X,CNX,A2X, H2NY,CHUX
T PRADECHLX+C X2 Y +H2OX+ 0, 050
BTUS=(CHAY*IRZYIN +r2X+123160,4CNXXx322400,)/PROD/385,2
BTUMHAZRTUS2ONNXTHE, 2
T WHRGSSTEAM+HROR T T T
BTUHAZPPNADX3AS, 2+ TUS
COAL=Z2H0 , %1 0xxQ/RTIIMAXING /2000,
T CCRALECTAL #2000  x(D=C) /100,
CC=CCRAL #1A3T0A . /13008, /72000,
B WRITE(&,450) "TUS,BTIHA,CCAL,CCOA1.,CC
600 FORMAT(SX,SE13,4)
WH2DASWH2N¥2D (*COAL/(130A3 %0, 75) %18, ,%1188,3/2000,
WHROCSHZ2NR /e mZ2Nxnd2:34



TSEMTRY
gIBSvVS

IFCRTUS=217,37,5,6

B.2-36

CFOSCOAL %20, «N24%32, /2000, %, 443«1000,/72,.93/1,3063/7,357200¢C,
TATAL = +vm278  +COALaY  356=CC+CFO
TRTAL=TOTAL (1, =", 127} '
WRITFE(A,TCOY wH2NC

WRITEC(A,TO0OMN WHAUAZCFN, TOTAL
FORMAT(SX,3E313,49,8%x.F12,nm)

IFCEBTHS 6T, 900 Y, AN (RTLS,LT,.929,)) GO 10O 99
IFI(N.GRE, Y 60 TN 99

cne=cor/1,015
60 TO 8cA
£C=COCH 1,025
60 TD 800
END



FORTRAN IV G LEVEL 19 MAIN DATE = 71265 B.2-37

pool
- pooe
0003
poou
0005
pooe
0o0av7
coo8
0009

0010

gececeeeccececececcececeeeecceeecececececeeecececececcecel

c
ALTERNATIVE 11, INTEGRATED SYSTEM C
€
' 2700, F ossecanwwnswnn= 1709. F_ ) C. -
c

CCCCCCCCCCfCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtCC
IMPLICIT REAL %8 (AwH,0=8$)
DATA MCYLsNNA,IFLAG,5FS5/9000,2,1,1.D=9/
DIMEMNSION VI{9),P(D) s FVLG),FVH(9)
DIMENSION SFXCT7YoXHM(7),XLCT),PARA(T),CONS(6),XS(T7)
CAMMON HK2,HMH20,HAIR,HCHE,HCO2,HCO,HD2, N2
COMMON FO.F2,F3,FU,FS.F6,FT,FB,F9,F10
697 FORMAT(SXr'I=',IS.SX.'V(1)='.Fiﬂ.7,5X.'V(3)='.F14.7.5X,2F1a.7)
603 FORMAT({H1//,3%,! CARBON CONVERSION = ',F10.2)
604 FORMAT( 3X, 'REAT REMOVED =!,F10.2,5%X,'4221,F5,2,5%,
1'H,6, TEMP=!,FT7,2,5X, 'INLETY TEMP=!,F7,2)
601 FORMAT(/4X,' €02 =!',F7,3,' €O =V,F7,3,! CH4 at,F7,3,' H20 =!
§FT7.,3,) H2 ®V,F7,3/74X,! STEAM REQUIRED =!,F8,3/
24y%,' C=H20 EQUV, EQUI, 2V ,F10,2,'WATER=GAS EQU x/,F10,3,
3t CeH2 EQUILIRRIUM =!,F10,3)
500 FNRMAT(6F10,4)
READ(5,5003 CP{,CP2,CP3,CP4,CP5,T
READ(S,500)BCPY,BCP2,RCP3,BCPY,BCPS, T3
WH20x=1,00

39 WH2OSWHPO+0,2
IF(WH20,6E,3.0) 8YOP
CCONEQ,25

36 CCON=CCON+0,05
1F(CCON,GE,0,75) GO YO 39
cLC=0,7028
CLK=0,0507
CLO=0,059S
CALD=13063,
CLW=0,0129
ASH=20,1205
CPCL=0,325
EKCHMZ0, 043735
BE=0,B81
CALA=13063,
HXE=0,9

37 FORMAT{2F10,.,2)
WRITE(5,603)CCON

GASIFER

CON=l,
CRCLE*100,*%(1,=CCNN)
PP=5G,3
WED,




FORTRAN IV G LEVEL 19 MAIN DATE = 71265  E.2-38

0037 o=0,
0038 HEQ,
0439 o Hi_IN=0,0 o
0040 S=0,
0041 CN:O-
0042 ' QCOAL=C/12,%169700,
0043 TF=2700,
00ud Ex=0,179
pous TC=1700, ) )
00ué YE2 ,303¢(7,2212096,/(TFell60,))
0047 FKENEXP(Y)
poud ' - HPS=21452,3
00us Te(TF=32,)/1.8¢273,
0050 CALL ENTHMA(T)
0051 T HESIHHZD ' T i T
0052 HE=(1,~CON)#C/12,%,23%(TF=T77,)
0053 HP=0,32(TCa77,)#100,
- 0054 A1 ,=ALIN)*GCOAL>(],=CONY*Cx169T700,/12,
0085 QA+ HP ¢ HPSeHE
0056 RC0=121000,+HCO
0057 QWE123000,+4HN2 ’ o ) )
Q0SB DINCO=GW+HRESaHCN2
0059 A2, %NWw? ¢ HES+RD?
0060 ) CONE=CONsC/t2,
0061 BoQWw (M/2,+¢5/32,42 ,*CONE)SHESH (WH20Qw2 , #CONE) +HCO2#CONE=D
0062 AzA/D
0063 ' ) 8=8/D
006U EmAw(A+2,)w(],=EK)
0065 UsCONE +B
0066 B QxB+2,*CONE=WH20 I
0067 REBe¢H/2,.4+5/32,42,.«CONE
) FeRueA+Us (2, +A)nFEK4BR(2,4A)mEKxQnA
0060 GEReyU~FKeRe]
0070 F=F/E
0071 GE=G/E
0072 GEFwFed ¢
0073 G=sDSQART(G)
0074 . wWn2=(FeG)/e2,
0075 WFA2WD2=0/32,
0076 VCOzA+AN2 =R
- 0077 ) ] ~ VCD2=uU=Awk(0? )
0078 VH2NZ (2, +A)#wN2=Q i
0079 VH2IR= (2 ,4AY#*WD2
0080 . XmCOME+H/2.4w/18,+wH204CN/28,
onel XCO=VvCOo
pose Xe02=zvCn2
noad XH2EVHZ

posd ' xN2ag,




FORTRAN 1V G LEVEL 19 MAIN DATE = 74265  B-2-39

008s
boae

6087

0088
0089
0090
0091

ooe2
0093
0094
0095

0096
poey
p0o8
© 0099
0100
010}
0102
0t03
0104
0105
0106
0107
0108
0109
0110
0114
0112
0113
6114
6115
0116
0117
0118
0119
0120
0121
0122
0123

o124
1 012%

XH20=VHK2C
WRITE({6,700)

700 FORMAT(/,1SX,1GASIFICATIONY)
EXKCS=PPRXCORXH2/{ (XCO2+XCO+XM2DEXH24XN2IRXH20)
EKSaX02*XH2/(XCOxXH20)
NRITE(6.30)WHZD.NQE.Xcoa'xcopXHaopxuz.EKs.EKcs

30 FORMAT(/'! STEAM USED =!,FS,.,2,! DXYGEN REQUIRED =!',F5,2/
14%,'CN2=1,F6,2,4X,'C0=!,F6,2,4%X,7H20=",F6,2,4X,'H2a1,F6,2,
2IWATER=GAS EQUI, CONS,=1,F6,3,4X,'C=H20 EQUT, CONS, alt,F9,3)

IFC(XCO,LT.0,) GO TO 36
IF(VCOE.LT.O.) GO TO 36
IF(VH20.LT.0.) GO TO 36
IF{VH2,LY.0,) GO TO 36
SHIFTY CONVERTER
yeoaxco
veoasxgne
VH2axXH2
VH20=¥Xd20
TF=770,
Ta(TF=32,)/1,8+273,
"FRsVH2/VCeO0 i Tt T Trmmr e
FARFB
F=0,
TF=R80, C -
WRITE(S,822) TF,FA
822 FORMAY(IX,!TF=! ,F10,2,5X, 'FA=1,F10,2)
228240, /C(TF+460,)=4,33 T T
EK=0EXP(Z)
VCa(FAXYCOeVH2) /(1,.4FA)
F(FAx(VCO+VEC) /EKmVH204+VE) /X
VvCOzvCU=VC
VH2zVH2+4VE
veoe=veoe+Vve
IF(Fw0,) 102,103,102

103 F=0,

102 FXsF#X
WWH20O=FX
VH2D=VR20+F X=VC
WRITE(6,701)

701 FORMAT(/,15%, 18T SHIFT CONVERSIDN!)

WRITE(6,40) FB,FA,F,FX,VC,VC02,VCO,VR20,VH2,X

40 FORMAT(UX,'NRIG, RATIO='.FS 246X, 'REQUIRED RATIN=!,F5,2,F10,.,2»
14X, VSTEAM REQUIREDO®!,F6,3,4%X, TAMOUNT SHIFTED s!,F6,3/
24X, 1C02 =YV ,F6,3,8%,1CN =',F6,3,4X, tH20 =',F6&, IplUX,tH2= ,F6,3,
IITYODTAL MOLES =!',F10,3)

HYDROGASIFIER
1322700,
EKWGS=0,6969




FORTRAN IV G LEVEL 19 MAIN DATE ®» 71265 B.2-40

0126 Pc1y=vene

0127 P(2)=vCnH

0i28 T P(t3Y=D,

0129 P(d)=svH20

0130 P{S)=VyH2

0134 WRITE(6,641) (P(1),1=1,5)
0132 31 CLC=CLCrY2,

0{33 CLKsCLK/2,

0134 ) " EP=20,001

0135 CLoaCLD/32,

0136 CLWwaCLw/18,

0137 ’ AA2z2, )
0138 PRE=1176,

0139 EKCHM=EKCHMwAAR «PRE /Y4, T

0140 ~ CoaL=100,

014t CpusS=e, 214

0142 TS=845,

LYK TCLs000,

0tad TYCEP(1)4P(2)+P(3)+COAL*CLC*CCON
014b T=1700,

T 0tuae T WRITEC(E,TO2)Y '
0147 702 FORMAT(/,15X,'HYDROGASIFICATIONY)
0148 PRL=0,

0149 WRITE(6,604) PRI, AA2,7,TS

0150 Z1BCCONSCDAL #CLC+P(1)+P(2)4P(3)
0151 Z2=COAL *CLO+0, Sw(COAL «CLW4P(2)4P(4))eP (1)
182 ZIZCOAL #(CLM4CLWYS2, 4P (34D (L) 4P (5)
0183 A{BCPIx(TaT7T7 ,)=14&9700,

0154 . A2=CPzx(Ta=T77,)=47800,
0158 A3ZCPIN(T=77,)=32200,
0156 AUSCPUR(T=TT7,)e104150,
0157 AS=CPS(T=77,)

T 0158 . A6SCPUS*(TS=T77,y=104150,

0159 za=p(1)-(9:91-(73-77.)-169700.)#P(Z)t(BCPEt(T3-77.)-07800.)

14P(3)x(BCP3#(T3w77,)=32200,)4P(4)*(RCPUX(TIeTT, )e104150,)
24P (S)x BCPS#(T3a77,)nCCAL *(CALO*PHL4CPCLA((1,=CCON)CLCHE2,
J+ASHI=(T “77,)+(2,#CLO+CLW)I®123000,«CPCL*(TCL=TT,)

e (CLC*169700,+(CLH=2,#CLOI*123000,=CALOD))

0160 T BimAi/Ae
0161 B2=42/A6
_01s2 _ B3=A3/A6
0163 BumAdsas
Disd BS®AS /46
0165 , Bb6=24/46
0166 T B7E2,%12e23% ) -
0167 88383=2,
0168 BO9=BU~1,

0166 B10x85~1,




B.2-41

PORTRAN IV & LEVEL 19 MAIN DATE = 71268
0170 B1isB6=73
0174 t1=81/810
0472 0 T T T g2sB2/Bto oS Trmm T - T
0173 C3=B8/B10
0174 ~ t4mB9/B10
T 017S - T ¢5=B11/B10 T B - - -
0176 Dim2,.,+C!
0877  D2=mi,.+C2 , L
0178 D3z=2,+C3 o T noTrmm o )
0179 DUmMBT+CS
0180  DS=Di/Cu
01814 Déex=D2/C4d o -
0182 p7=h3/CY
0183 pD8=n4/C4
o184 T T Ete2,.=DS - - -
018% E2=t, =06
0186 E3ne(2,+DT7)
0187 T T T E4=Zi+DB=BT - - -
0188 ES=Zi=B7
0189 . FO2m (2 +EKWBSR(DTuDAI+EKNGS*(D5=D6)Y /(L  »EKHGS#(DS~D6))
TRL190 0 T T U F2ReEKWGSw(DT7eD6) /(1. ~EKNGSH(DS=D6))
019§ FS:(ES#EKNGS*Zi*(DS-D&)-EKHGS*(D&*ZI-D&))/(1.-EKWGS*(DS-06)J
0192 FUB(EKHGS*21%(DT=D6)=FKWGS*(DbxZ1=D8) /(1 ,~EKNGEX{D5=D6))
0193 ' T FEEEKWGS*Ziw(D6xZ1wD8)/ (L ~EKHGS*(DS=D6))
0194 E6m21=87
0195 E7a(E{=E2)/EKCHM
0f196 7 E8S(EI=E2)/EKCHM - -
0197 EOx(E2+214E4) /EKCHM
0198  Femm(6,¢ET)
0199 F7a9,«E8 -
0200 F8=2,%E6
02014 o FOzm (&, ¥EGHET)
6202 "F1O=E6xEL C T o
0203 WRITE (6,641) FO, F2,F3,F4,FS,F6,F7,F8,F9,Fi0
- 0204 64y FORMAT(10F10,3)
0205 XLet)s=2,0
0206 XH(1)=3,0
0207 XL({2)=t 4
-1 T T OXH{2)=1,80 B )
0209 NR=2
0etl CALL SIMPLXCNNA,XH,XL,NCYL,IFLAG,SF8,8FX,CONS,PARA,IER,NR) g
p2s2 WRITE(6,697) IER,PARA(L)I,PARAC2),8FX{1),SFX(2)
0213 VII3I=PARAC(L)Y
0244 - V(3)=PARA(2)
0215 V(23I3Z{=V(1)=V(3)
0216 V(4)SDB=DSwV(1)uDb*V(2)aDT%V(3)

- 0217 - CUV(S)S2.%V(1)4V(2) =2, %V (3) =BT



0218
0219
pe220
0221
022¢e
0223
0224
0225
nez2b
0227
0228
0229
0230
0231}
- 0232
0233
0234

0235
0236
0237
02138
0239
" 0240
0241
0242
0243
0244
0245
0246
0247

0249
02590
0251
0252
0253
0254
0255
0256
0287
p2s8
0259
" 0260
026!
0262

0263

0248

FORTRAN IV G LEVEL

2%

22

634
RT3,

705

610

~ PVH2=V(S)

100

19 MAIN DATE = 71265
VI6IE2,eV(1)eV(2)eVI4)e2 %22
TMOLE=V(1)+V(2)+V(3)eV(dI+V(5)
CEKEST=PRE*V(2)+V{S)/(14,T«TMOLEwV(4))
EKS=V(1)eV(S)Y/(V(2)*V(4))
EXMaTMOLE*V(3)Iw14,7/(PREwV(S5)*V(S))
THAMGS121900,%V(2)+123000,%V(5)+383000,»V(3)
WRITE(6,601) (V(I),1z1,6), CEKCST tEKS, EXKM

0o 21 I=1,5
FV(I3=V(I)/TMOLE
WRITE(S,601) (FV(I),I=1,S)
TMOLEWSTMOLE=V(4)

AAAzV(4)

V(4y=0Q,

DO 22 I=%,5
FVvrI)EV(T)/TMOLEW
WRITE(6,631)(FVH(1},121,5)
FORMAT(/4X,' C02 =2!',F7,3.!
He =V ,F7.,3)
AVvSav(S5)/3,
IFC(V(2).GE.,AVS) GO TO 100

CO 51,F7,3,! CHG =»1,F7,3,!

CAMETH=V 2} ¢V(3)

PMETHTAMETH/(V(3)+V(S)eV{2)eV(1)n0,018)
Ve1)=v(1)«0,018

VI3I)I=AMETH

V(SYavV(S)=3, vV (2}

v(2)=s0.

VELIBEV{1Y+V(IYeV(S)) »0,9487/(1000,~0,9487)
PRODEV{1I+VI2Y+V(3I)+V(dIeVv(S)
WRITE(&,705)

FORMAT(/,15X, 'DIRECTY METRANATION!)
WRITE(6,610) (V(I),1=1,S) ¢+ PROD
FORMAT(/4X,! COD2 2! ,F7,3,! CY at,F7.3,!
1F7.3,! 2 =V,ET7,.3,4%,! TOTAL MOLES =',F10,3)
oo 200 I=yi,S

FV(I)=v(I)/PROD

WRITE(6,831) (FV(1),I=1.5)

PVCO2=V (1)

pPVCO=V(2)

- PVCHaé=v ()

PVH20=V(4)

WvH20=0,
GO TO 101
veo2xv (1)
v€o=v(2)
VEHASV(3)
VH2(OsAAA
VH2sYVY(S)

CHu 8! ,F7,3,!

B.2-42

W20 =1

Heo =



FORTRAN IV G LEVEL 19 MAIN DATE = 71265 B.2-43

0264 FBevHZ/VLD

0265 X2VEO+VCO2+VH2+VH2D+VEHY

0266 7 TYFa770, - ) T B
0267 Te(TFe32,)/1,8+273,

0268 FAA:(VCHO#VCO*O 999=6,2%(0,01*VC02m2,9964VCO+VH2)) /25,8362
0269 FA:(VH2+FAA)/(VCD-FAA)

0270 TF=880,

0271 Z=8240,/(TF+460,)=4,33

0272 T T U EK=DEXP(Z) Tt T

0273 VCE(FARVCOmVH2Y /(1 ,+FA)
0274 _ Fu(FA#(VCO#VC)/EX«VH204VC) /X

0275 IF(F,LT,0.) GO TO 133 oot om -
0276 VCO=rVLO=VC

6277 VH22VHZ2+VC

0278 - 77 veco2=veo2+ve T - T .
0279 FYRF=YX

0280 WVH20=F X

028% T T T VH20BVH2D+FXeVE T TTT ) -
0282 WRITE(6,703)

0243 703 FARMAT(/,15%,! 2ND SHIFT CONVERSION!)

0284 o WRITE(6,40) FB,FA,F,FX,VC,VC02,VCN,VK20,VH2,X

0285 G0 TOQ 34

028é 33 Az (VH+VEI®(VCO2+VC)/{LVCO=VCIR(VH2O=VLY)

0287 TFa8240,/(DLOGCA)+4,33)m4b0,

0288 VH20=VH2O=VE

0289 VCO=VCO=VC

0290 h VH2BVH24V( o -

0291 veo2=vCo2+4Ve

0292 ~ WVH2Ds0,

0293 FX=0, B

0294 WRITE (6,711)

0295 711 FORMAT(/, 15X, 'SHIFT WITHOUTY ANDING STEAM!)Y

0296 " WRITE(6,40) FB,FA,F,FX,VC, VCDZ:VCO:VH?U:VHZ:X

0297 34 PVCD2=VCO2%0,018

0298 pvCo=0,

0299 ’ PVCHASVECHU+YCO ) B

0300 PVH2=VH2«3 ,#VvLO

0301% PVH20= (PVCO2+PVCHU+PVH2I®0,9487/(1000,»0,9487)

0302 ' - THAMT=383000,%PVCHU+121900,.vPVCO+123000,%*PVH2

0303 PROD=PVCO2+PVLO+PVCHUSPVHR2O+PVH2

0%04d ) WRITE(6,704)

0305 704 FORMAT(/,15X, TMETHANATIONT)

0306 WRITE(6,610) PVCN2,PVCO,PVCHU,PVH2D,PVH2,PROD

0307 FVH(13=PVCO2/PRND

0306 ' FVH(2)=PVCQ/PROD

0306 ) FVH(3)=PVCH4/PRQOD

0x10 FVH(43}=PVH20/PROD

03114 o FVH(S)=PVHZ/PROD



FORTRAN IV G LEVEL

0312
0313
0314
0315

0316
0317
0318
0319
0320
032!
0322
0323
0324
0325
01326

10327

0328
0329
0330

101
622

19 MAIN DATE = 71265 B.2-44
WRITE(6,601) (FVH(I},I=21,5)

TSTHIUR20eWWH2CH+WVH2DV (6)

WRITE(6,622) WH20,WWRZD,WVH20,V(6),TSTM )
FORMAT(UX, ! STEAM FOR GASIFIER s!,Fé6,2,! FOR 187 8H)
{CONVERSION B',F6,3,! FOR 2ND SHIFT CONVERSION =',F6,3,

' FOR HSYDROGASIFICATION =2!,F6,3/4X, ' TOTAL STEAM &!,FB8,.3)
CFSTM=TSTM#A 1 3UBU/ (BEXPVCHA)
CFGAS=100,»CLC/PVCHA

TCRHX=100.*CALO#PHL«HXE/ (16923 ,24+PVCHL) /10,

THAMCE(CFSTMeCFGAS+CRRX)«PVCHUXCALD
THAMGETHAMG/THAMC

TRAMTSTHAMT/THAMC

HGSTMB=100 ,#CALNWPHL /(22827 ,06%PVCHE)  «HXE
CURCFSTM¢CFGAS=CRHX
CUT=CU+650,61%«hN2«PRED/(CALN*PVEHU#PVLHA)
SGET70 U«CLL*PRAD/(CUTH#PYCHE)
DCOAL=277777./5G

C WRITE(CG,621)CFSTM,CFGAS,CRHX,HGSTMP,CU,CUT,8G,DCOAL, THAMG, THAMT

621
38

FORMAT(10F10,3)
GO TO 36
END o 0T




FORTRAN 1V 6 LEVEL {9 ENTHA DATE ® 71265 B.2-45

60014 SUBROUTINE ENTHA(T)
0002 IMPLICIT REAL %8 (A=H,0=~%)
0003 ST ’ DIMENSION Vv(9),P(9) JFV(Q),FVH(9) o
good DIMENSION SFX(2),XH(2),XL(2),PARA(2),CONS(1),XS8(2)
000S COMMON HWK2,KH20G,HAIR,HCHU,HCD2,HCO,HO2,HNE
0006 T 77 COMMON FO,F2,F3,F4,F5,F6,F7,F8,F9,F10
0007 HHRE (6 ,986%T=0,196%T*T/2000,+,4757%x(T/100,)%*3/3,w2065,4)%1,¢
0008 HH2O3 (7, 436%T+2 64%TxkT/2000,+,0459%(T/100,)%%3/3,=22404,2)%],¢
0009 T T HM20xHH20+18948,

0010 HA!R=(6;386*T+1.762*T*T/2000.-.2656*(T/100.)**3/3.-!978.9)*1,
0011 HCHOE (3,200%T+18 U1xT*T/2000,=4,48%(T/100,)%¥3/3,«1732,TI%1,¢
T 0012 T HCD23(6,33G%T+10,14%TxT/2000,=3,415%(T/100,)*%3/3,=2309,1)x4,
0013 HEOS(6.35%TH#1 B1iwTT/2000,=,267S«(T/100,)%%3/3,=1970,4)%1,R
0014 HOZ:(&.117*T+3.167*T*T/2000.-1.00S*CT/Soo Yxx3/3,=3954,6)%1,5
001S T T MNRE (6, U5T«THY  3BORTWT/2000,=,069%(T/100,)%%x3/3,=1985,3)*1,8

0016 RETURN

0017 ~_END



FORTRAN IV G LEVEL 19 FUN DATE s 71265  B.2-46

0001 SUBROUTINE FUN(SFXY,CONS,XS)
0002 IMPLICIT REAL 8 (heH,0=8)
T 0003 T T DIMENSIONM V(9),P(9) 2FV(9),FVHI(9)
0004 DIMENSION SFX(TI,XHCT),XL(T),PARACTI,CONS(6),XS(T)
0o0S COMMON HWH2,HH20,KATR,HCHU,HCO2,HCO,HO2,HN2
0006 S COMMON FO,F2,F3,FU,FS,F6,F7,F8,F9,F10
0007 SFXt1)= FORXS(1)eXS(2)#F2%XS(2)IwXS(2)+F3»X3(1)eXS(1)wXS(L:
{FUwXS(2)+F5 '
T o008 T T T SEX(2)=XS(1)#XSC1)+FOuXS(1)aXS(2IFTaXSL2)wXS(2)+FBaXS(1)+
1F9xXS(2)+F10
0009 RETURN

0010 o END




£3/

B.3 Shift Conversion



f

READ VCW, VCG, TCG, TCW, DTI,
DTO, CPG, RWG, WSS, PT,RD,
TT1, TT2, T1, T2, CPW,RuE,

R+DA, SID, TN, B, ANT, F

Calc. WS, Q, WT, GS,
HO, HI, Ul, U2,
Al, A2, AT, AL,
DLPS, DLPTT

DLPSS3.

B.3-1l

Cale. Costs
Through
Fig.C-3

|

Write Equipnent
and
Operational Costs

FIGURE B.3-1 CONPUTER FLOW DIAGRAX
FOR HEAT EXCHANGERS

F=F+1.




Read Constants in Table C-1
Read F1¥, ¥2F, F3F, F4F, F5F, F6F,

SGR, XST
vV Calc. le‘g» fi? ;(38 BN i ”‘g Calec. DI(1), XIN = X10 FOMNL = XIN
lead X1F(I1), PO, 710, - rao, o FOUL L el . GO o N = TO o FOMT = TN
. > g F3N = 130 ’
P/‘.‘l‘y ‘l‘AV’ D"‘I‘P' VC blSP(II)’ /\J\I’ nFA N 1 CTV pN(I)=P0 1“0\1}) = P}:(I)
- AMM, PF Far = 140 l
No o N = FOMT + DELT
TrN = TN
Cale. Costs Yes AT (1) -] s Il XIN2XIF (1) up = 0., UE = 0.
Ehrozgg Calc. MIN(W)
ig.Cm
Yes l
Calc. I'li(I), RTN, XI1N,
ANTOTC(IT) s Flu, U'28, F3N,
] ue = van —> 4N, TSN, FoN
v
Ki=1 Yes KK=KK+1
ANTOTC (1K) =ANTOTC (1I-1) Calc. :
) c. I Calc. HFN
ANTOTC (1X) [rTH-TH] <EPS3 UD =TTN > TTN(L
!

t'rite

Optimum
Conditions
and Costs

sSTOP

ANTOTC(RK-1)<
ANTOTC (KK)

FIGURE B.3-2 COMPUTER

No

FLOW DIAGRAM FOR THE OPTIMIZATION OF ADIABATIC WATER-GAS SHIFT CONVERSION PROCESS

t-£°q




orL,
BPCR,S¥,DETT,
RAT, TAX, XINT,

Costs
of
Eauipnent

Calc.

BCOS(II), ODM
CNE, FINV(II)

Cale. DFINV, RET,

TIT, REV,
REVA(IL)

DCAY, AAINT,| .

Yes

ITEST=Q

Cale. RETA(IIL),
FITA(II),
AINTA

FIGURE B.3-3

10

Cale. AMNT, SUP, SPRV, PYR,
PLT, DEP, TI, ODMF, BPCRF,
PRST, CONT, OPCOS(II)

REVA(I1)=0.
FITA(II)=0.

WCAP (I1)=0.

e o WOCAP=0.

ITEST=10
J=0

Calec. DFINV,
DRT,

Calc. REVA(II)

RETA(II)=0.
AINTA = 0.

DCAP

Calc.
AREC, WCAP (1),
ITEST, WOCAP

Calc. RETA(II),
FITA(II), AINTA,
0CDM, ANTOTC(II)

COMPUTER FLOW DIAGRAM FOR COST ESTTMATTNAN

&= RETURN




TABLE B .3-1 PROGRAM SYMBOLS AND EXPLANATIONS

FOR ADIABATIC WATER-GAS SHIFT REACTIOH

Program
Symbols

Mathematical
Explanations Symbols

A, Al
A(V)
AAINT
AINTA

AL

AM

AMNT

AN (J7)
ANTOTC(11)
AREC

AVM
B,B1,B2
B(V)
BCOS(11)
BM1,Bv2,
BM3,Bik,
BMk4 ,BME
BPCRF

¢, C1, c2
c(v)

COH

CONT

CPMF (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
Mass flow rate of gases

Maintenance cost

Number of parallel reactors

Annual total cost

Accounts receivable

Average molecular welght of gas phase

Dummy varisbles

Temperature coefficient in heat capacity of gas
Bare cost of the plant
Molecular weight of CO, H,0, Ho,
CO,, CH)y, and Ny respectively

Revenue from byproducts produced in process
Dummy variables

Temperature coefficient in heet capacity of gas
Contractor's overhead and profit

Contingencies

Mean heat capacity of gases Cpm



Progran Mathematical

Synbols Explanations Symbols

crte (II) Catalyst cost E,

CTV Catalyst volume of unit cell

cvice (11) Control valve cost

D Dummy variable

D(V) Temperature coefficient in heat capacity of gas

DCAP Amount of unretired debt

DE1 Effective diffusivity of CO in catalyst pores at 1 atm. Del

BEBT Fraction of total capital investment funded bty debt

DELP Pressure drop in reactor Ap

DELT Assumed temperature increase in cell AT

DEP Depreciation

DFINV Undepreciated investment

pI(1) Diameter of reactor in trial calculation D

DIAM First approximated diameter of reactor D

DIT(I1) Correct diameter of reactor D

DP Diameter of catalyst particle dp

DRT Amount of debt retired per year

E Void fraction of catalyst bed E

EF Efficiency of longitudinal joints E'
in cylindrical shells

EFF Effectiveness factor at 1 atm n

EINT Interest during construction

B.3-5



B.3-6

TABLE B.3-1 (Cont.)

Program Mathematical
Symbols Explanations Symbols
EX Equilibrium constant K
EPS1,EPS2, Allowable errors € 5 €
EPS3,EPSL €3 €y
F Dunmy varieble
F10, F20, lolar flow rates of CO, Hy0, Hp,
F30, FhO,  CO,, CHy, Hp at the reactor inlet
F50, F60
F1F, F2F Molar flow rates of CO, H,0, H,,
F3F, FuF CO,, CHy, Np, at the exit of
FSF, F6F waste heat boiler
FlN, F2N Molar flow rates of CO, Hp0, H,,
F3N, FbI COp, CHy, N, at the cells of ~
F5N, F6HN reactor
FBD Flat blank diameter of top and bottom domes rd
of reactor
FC Cummulative number of moles of CO converted from the inlel to
any position in reactor
¥D Number of moles of CO converted at each cell
FDT Molar flow rate of dry gas at the inlet of reactor
FINV (II) Total fixed investment
FITA(II) 20-year average federal income tax
FN Number of reactors
FOMP Exit pressure of previous cell
FOMT Exit temperature of previous cell
FOMX1 Cummulative conversion of CO at the exit of previous cell
¥R Fraction of gases entering reactor
FTO Total flow rate of wet gases in the reactor

Dummy variable



B.3-7

TABLE B.3-1 (Cont.)

Program Mathematical
Symbols Explanations Symbols
GC Gravitational acceleration g
GO Mass velocity of total wet gases at reactor
inlet
HFN(L) Gas enthalpies per unit mole at the exit of cell
HIN(W) Gas enthalpies per unit mole at the inlet of cell
ITEST Computer test operator
0ODI Outside diameter of reactor
ODM Other direct materials
ODMF Cost of other direct materials consumed in process
O0ODM Other direct materials inventory
ORAWM Raw material inventory
OPCOS(IT) Operating cost with contingencies and by-product credits
OPL Operating labor cost
PAV Approximated average pressure in reactor
PF Exit pressure of reactor
PLT General plant overhead
PN(T) Pressure at the each cell of reactor
PO Inlet pressure of reactor
PRST Operating cost without contingencies
PYR Payroll overhead
QDF Enthalpy increased at each cell
QFO Heat of reaction at standard temperature AHTo
RAT Rate of return-on-rate base
RAVM Raw materials cost
RCTC(II) Reactor cost
RCMV Volume of reactor shell
RCMW -Weight of reactor shell



TABLE B.3-1 (Cont.)

B.3-8

Program Mathematical
Symbols Explanations Symbols
RET Return on investment

RETA(II) 20-year average return-on-rate base

REV Annual revenue requiremant

REVA (I1) 20-year average revenue requirement

RKA1 Apparent catalyst activity at 1 atm kal
RKAP Apparent catalyst activity at pressure P kap
RKO Apparent catalyst activity of pressure p kap
RKS Intrinsic catalyst activity kg
RKV1 Intrinsic rate constant at 1 atm L3}
RTN Reaction rate at each cell

RWM Density of reactor sh=11 material Pa
RWp Density of catalyst pellet Pp
S Maximum allowable stress value S
33 Stream factor

SGR Steam to gas ratio

SP Specific surface area of catalyst pellet Sp
SPRV Supervision

sTc(II) Steam cost

STSP(II) Amount of steam supplied in the reactor

SUpP Supplies

sV Space velocity at standard condition Sv
TAV Approximated average temperature in reactor




B.3-9

TABLE B.3-1 (Cont.)

Program Mathematical
Symbols Explanations Symbols
TAX Nominal federal income tax rate

TF Exit temperature of reactor

TH(II) Thickness of reactor wall T,

TI Local taexes and insurance

TK Temperature in Kelvin

TIM Thiele modulus at 1 atm ¢l

TN True exit temperature of a cell

TOL Reactor length L

TO Reactor inlet temperature

TRC(II) Cost of catalyst supporting tray Eg
TRN Number of trays in reactor N

TST Standard temperature taken as 537°R To
TTN Calculated exit temperature of a cell by iteration
uD,UE Dummy variables

Ve Viscosity of gases

VIRY Materials inventory cost

WCAP Working capital

WOCAP Working capital

X1 Conversion of CO Xco
X10 Convzrsion of CO at reactor inlet

X1F(11) Final conversion of CO to be achieved in reactor
X1N Cumnmulative conversion of CO at any cell in reactor
XE Equilibrium conversion of CO Xeo

XINT

e
Interest rate on debt



TABLE B .3-1 (Cont.)

Program Mathematical
Symbols Explanations Symbols

YIN, Y2N, Y3N, Mole fractions of CO, H,0, Hy
YUN, Y5N, Y6N COp, CHy, N5 in reactor

B.3-10




1050
1100
1200
1300
1400
1500
1550
1600
1750
1800

TABLE C-3 COMPUTER PROGRAM FOR
ADIABATIC WATER-GAS SHIFT CONVERSION PROCESS
INTEGER UsVeWsZ

2.3-11

DIMENSION A(G6)sAN(S0) 1B(6)IC(EI+CPMF(6)DI6) «DI(H)HINIG)

THFEN(6) « X1F (5) + TH(30)
COMMON CTV

COMMON /S1/ TNePN{20) sFINF2NFINIF4NsF10FTOFOMX]1 s

IE«RTN«XINWFCo ]

DP«RWP+SP

COMMON /S2/ DI1(30)+RCMWITOL(30) +AL +FNSTSP(30) +STC(30)+CTC(30) s
JANTOTC(30) +RCTC(30) s TRC(30)+CVLC(30)¢BCOS(30)+11+0PCOS(30)
2FINV(30)«WCAP(30)+RETA(30)+FI1TA(30)+REVA(30) +OPL +BPCRsSF «DEBT »

3RAT « TAX«XINT

FORMAT(7F 10e4)

FORMAT(4F 10e¢2+3E12e3)
FORMAT(6F10e2¢E12¢4)
FORMAT(6F 10e1+2F743)
FORMAT(5F10e1sF10e4)
FORMAT(S5F10e3)

FORMAT (6F1043)
FORMAT(4E14e4/(4E1444))
FORMAT(10Xe7F 12¢14F103)
FORMAT(/10X+6F1241+F10e3)

1867 FORMAT (22X «32HF INAL CONDITIONS AND COMPOSITION/1X14FBe2+¢1Xs6F1066)
FORMAT(/22X+4 IHREACTOR SIZE AND COST FOR EACH CONVERSION)

1880
1900

1980
2000

FORMAT( IXe2F 701 42F 7e3¢7E1446/29Xe6E1446)

FORMAT (/ /22X« 39HOPT [ MUM NUMBER OF REACTORS AND DIAMETER)

FORMAT(3Xe2F8e¢ 1 1Fl0¢39T7E14,6/29X:651446)
GC=04,416975E 09

RWM=7,7%¥62¢43

READ(S5+1050) OPL «BPCR+SF+DEBT+RAT+TAX + XINT
READ(S¢1100) DELTIRWP+E«TET+SP Sy AL
READ(S+1200) EPS1+EPSZ+EPSZ«EPS4+ X1 0EF «DP
READ(S¢1600) (A(V)+B(V)«eCIVIIDIV)eV=146)
READ(5+1550) BM1 +BM2BNM318M4 +BMS +BM6

DO 1 U=1.6

B(U)I=B(U)/1.8

ClUI=C(U)I/1 8X%%2

DU)Y=D(U)/]1+8%%3

READ(Se1300) FIF oF 2F «F 3F oF4F +F5F ¢« FOF s SGR ¢ XST
WRITE(G6«1750) FIF oF2F ¢F3F «F4F sFSF +sFHEF + SGRXST
READ(S+1500) (XIF(Il)ysll=145)

READ(S+1400) PO«TO«PAVITAVDELP«VC

=1

FR=XST/X1F(11)

F10=F1F*FR

F30=F3F*FR

FAaO=F4F*FR

FSO=FSF*FR

F60=F6F ¥FR

FDT=F10+F30+F40+FS0+F 60

F20=FDT*SGR

STSP(11)=F20~F2F%FR

WRITE(S6¢1800) F10«¢F20¢F30¢F40¢FSOFHB0XIF(II])
FTO=FDT+F20

AM=F 1O%BM1 +F20#BM2+F 30%*BM3+F 40 %¥BM4+FS0*BMS+F 6 0%BM6
AVM=AM/FTO

PF=PO~DELP

FIN=F10

F2N=F 20

F3N=F30

FaN=F40

1=1

IFC11-2) 5466

DICI)=DIAMITAVeF10+F20sF30+¢F40sRWP +SP s DPIE«PAVeXIF (111 eFTOAMe



LUELF)
GO TO 7

6 Z=11-1 B.3-12
D1(1)y=DI1(2)

7 GO=4 . %¥AM/ ({3 1416%D1 () x%2)
CTV=3.1416%D]I (1) %X2/4 s *AL % (] e —E)

XIN=X10
N=1
TN=TO+460.
PN(1)=PO

10 FOMP=PN( 1)
FOMT=TN
FOMX1=X1N
TIN=FOMT+DELT
TTIN=TN
UD=0,

DO 22 w=1.6

22 HINI(W)I=A(W)#(FOMT=TST)4+B(W) /2 ¥ (FOMTHR2-TSTER2)4+C (W) /3 e ¥
1(FOMTH#%3-TST*%3)14+D(W)/4e * (FOMTRX4L4-TSTH*#¥*#4)
QFO0=~=17697.5
UE=0.

25 Al=(150¢%#(1e—~E)#VC/{DP%#G0)1+1 TS ) (GO*A2RAL X (] e—E)N1D44e%TN)/(GCH*
IDPXE# #3144 ¢ # 144 4 HAVV)
PN(])=SQRT(FOMP*#2~-2 ,%A1)

CALL RATE
FIN=F10-FC
F2N=F20-F(C
F3N=F30+FC
FAN=FA0+FC
FSN=FS50

FEN=F 60

43 DO 45 L=1+6

45 HEFN(LIZA(L)H(TTN-FOMT)I4B L) /2 ¥ (TTN*%2-FOMT*X2)+C (L) /3e*
T(CTTN*%X3-FOMT#*##3)4D(L) /74« ¥ (TTNX X4 -FOMT % %4)
DO 50 M=1.6

50 CPMF (M)Y=HFN(M)/(TTMH-FOMT)

FD=F10*% (XIN-FOMX1)
QDF=FD* (=M IN{1)-HIN(2)+HIN(3)1+HIN(4)+QFO)
QIC=F INXCPMF{ 1 ) 4+F 2N#CPMF (2 )+F 3NACPMF (3 )+FAN*¥CPMF (4 ) +FSNX*CPMF (S) +
IFEN*CPMF (6)
TTIN=FOMT-QDF/QIC
IFLABSITTIN=-UD) «LEs EPS2) GO TO 60
UD=TTN
GO TO 43

60 IF(ABS{TN-TTN) «LEe EPS3) GO TO 65
TN=TTN
UE=X1IN
GO TO 25

65 IF(ABS(XIN-UE) JLEes EPS4)Y GO TO 70
UVE=XIN
TN=TTN
GO TO 25

70 IF(XIN «GTe XIF(IIl)) GO TO 80
N=N+1
GO TO 10

80 IFCABS(PN(I)Y-PF)Y—-EPS1) 180.180+110

110 IF(PN(]1)-PF) 120+180¢130

120 IF(U] «GTe 1) GO TO 150
I=2
DICI)Y=DI(1)+0«5
GO 70 7

130 IF{] «GTe 1) GO TO 1S5S0
1=2
DICI)=DI1(11-CeS




GO Y0 7
150 1=1+1
J=1-1 B,.3-13
K=J~1
DICI)=DI{JIY+(PF-PN(J)Y)/(PN(J)=PNIK)Y*(DI(J)-DI(K}))
GO TO 7
180 TF=TN=-460,
YIN=FIN/FTO
YZ2N=F2N/FTO
Y3N=F3N/FTO
YaN=F4N/FTO
YSN=FSN/FTO
YOEN=FO6N/FTO
WRITE(G6+1867) TOWPOITFePN(I)sYINsY2NsY3NeY4N+YSNeYON
DIICILI=DIL(])
TOL (I 1)=AL*FLOAT (N)
TH(IT)=POX12e%¥DI (111 /(2% (S*EF=0+6%P0))+0:25
ODI=DII(II)+TH(11)/6
FBD=16:15%DI1I(11)/12
RCMV=3¢1416/4¢* (TOL( 111 %(ODI¥%#2~DIT(11)¥*2)4+FBD**¥2%¥TH(I[)/6e)
RCMW=RWMERCMV
FN=1e
CALL COST
IF(I] «GTe 1) GO TO 210
205 I1=11+1
IF(II «GTe S) GO TO 360
GO TO 3
210 JU=1i1-1
IFCANTOTC(JJ)~ANTOTC(I1)) 24042404205
240 WRITE(641880)
DO 245 MM=1.11
245 WRITE(6+1900) DIITI(MM) s TOL(MM) s THIMM) e XIF (MM) sRCTC IMM) +CTC (MM} o
1TRCIMM) «CVLCI{MM) «STCI(MM) ¢+BCOSI{MM) «OPCOSIMM) o FINVIMM) s WCARP(MM) o
SRETA(MM) « FITA(MM) s REVA(MM) s ANTOTC (MM)
KK=JJ+1
ANC(JJ)I=1 .
315 AN(KK)=1e+FLOAT(KK=UJ)
FN=AN(KK)
DIT(KKYI=DII(JJ)/SART (AN(KK YY)
CTV=3:1416%D]I 1 (KK) ¥%62/4 ¢ ¥AL* (] e —E)
TOL(KK)=TOL (JJ)
STSP(KK)Y=STSP(JJU)
THIRRI=PO* 1 2¢e %D I(KK)I/ (2 ¥ (SKEF-0e6%P0))+025
ODI=DII(KK)+TH(KK) /64
FBD=16+15¥DII(KK)/ 12
RCMV=301416/6e% (TOL(KK) ¥ (0D %¥%2=-DI [ {KK)*%2)+FBO*2% TH(KK) /64)
RCMW=RWM*RCMV
11=KK
CALL COST
LL=KK~1
IFCANTOTC(LL ) ~ANTOTC(KK)) 3404340320
320 KK=KK+1
GO TO 315
340 WRITE(64.1980)
DO 350 NN=JJIKK
350 WRITE(6«2000) AN(NN) «DIITINN) s THINN) «RCTCI(NN) «CTCINN) s TRCINN) o
TCVLCINNY o STCINN) +BCOSINM) «OPCOSINN) ¢ FINVINN) ¢ WCAP (NN) sRETA(NN) o
SFITAINN) sREVAINN)Y s ANTOTC (NN)
360 GO 7O 2
END
$IBFTC F1
FUNCTION DIAMIT sF 1 «F2¢F3eF4eRWeS«DPIEPoXsFTeAMDEP)
TK={T+460e) 718
EK=EXP(8240¢/(T+460e¢)—~4¢33)



A=F | %% 2% (EK~1¢)
B=F 1 # (EK* (F14+F2)+F3+F4)
C=EK*F 1 ¥F2-F3%F 4
XE= (B-SORT(BX*¥2—=4 4 ¥A*¥C ) )/ (2«%A)
RKS=0e398%EXP (=27300e/{1«987%#TK))
RKV1=RW*S*82« 06 # TK®*RKS
DE1=0,043%(TK/673¢)%%1 .5
TLM=30e48%DP/2¢ ¥*SORT(RKV1/DE 1)
CI=sEXP{TLM)+EXP (=TLM)
C2=EXP{TLM)Y-EXP (=-TLM)
RKAI1=Z273¢/TK%*3600¢ #¥RXKV1¥34/TLMX(C1/C2-1e/TLM)*(]1e-E)
RKO=zRKA1%#((P/14¢7)%#%#0a35-14/TLM)/(1a=1e/TLNM)
SV=~RKOZALOG(1e=X/XE)
CC=04174E-03
D=F T#¥2/SV
F=AM/DEP
G=CCHD*F#(T+4604+)/P
DIAM=G¥* (14764
RETURN
END
$SIBFTC Pl
SUBROUT INE RATE
COMMON CTV
COMMON /S5S1/ TNsPN(20) «FINF2NF3NIFANIFI10FTOFOMX1 s DPsRWP¢SP
JIE«RTN«XINFCo ]
TK=TN/1.8
RKS=0¢398%#EXP(~27300e/(1¢987%TK))
RKV 1 =RWP*SP*82 . 06* TK*RKS
DE1=z04043%(TK/673e)%%1 45
TLM=30.48%DP/2+«*SQRT(RKVI/DE 1)
Bl=EXP(TLM)+EXP (-TLM)
B2zEXP(TLM) —EXP (-TLM)
EFF=3./TLM*(B1/82~1/TLM)
RKAI=273e/TK#3600¢ 2RKVIX¥EFF*(]1e-E)
RKAP=RKAI*(IPN()/14e7)%¥%0435-1¢/TLM)/(1e-1e/TLM)
SV=359.*%FTO/CTV
RKOT=RKAP/SV
EK=EXP(8240¢/TN-4433)
A=F IN¥%#2% (EK—~14 )
BzF INX (EK#*#(F IN+F2N)+F3N+F4N)
C=EK#*F I N#F 2N-F 3N*F 4N
XE=(B-SQRT(B*¥#2-4¢ ¥A¥C) ) /(2 %A)
XI=XE*#(] e ~EXP(~RKOT))
RTN=F IN¥X1/CTV
XIN=FOMX 1 +F IN¥X1/F 10
FC=F10%XIN
RETURN
END
$IBFTC P2
SUBROUT INE COST
COMMON CTV
COMMON /527 DIT(30)sRCMU«TOL (30) AL FNSTSP(30) «STC(30)«CTC(30)
1ANTOTC{30)+RCTC(30) s TRC(30)+CVLC(30)+83COS(30)¢]1+0PCOS(30)
PFINVI(30) «WCAP(30)«RETA(30)FITA(30) REVAL30) «OPL «uPCR«SFJOEHT
3RAT«TAX«XINT
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RAWM=0.,

RCTC(I1)=RCMWH0 sS%¥FN*34
CTC(11)=CTV®TOL(IT)/7AL%20+%FN
TRN=AINT(TOL(11)/33)
TRC(I1)=TRN*¥0e216#(DI1{]11)45¢)%%3413%¥FN*3,

CVLC(11)=8000«% (FN+14a)
BCOS(I1)=RCTCIII)+TRC(IT)»+CVLC (T 1)




12

11

10-

13

14

SENTRY

28500, Oe 0e¢95
Oe2 el Oe4
Qe Oe1l Oel

Oe
O
Co
O.

COH=BCOS(11)%.0773

EINT=XINTX(COH+8COS(11))

FINV(II)=BCOS(11)+COH+EINT

AMNT=,03%BCOS(11)
SUP=AMNT*0415
SPRV=0e1*0PL
PYR=(OPL+SPRV)¥0e1l

PLT=(OPL4+SPRV+AMNT+SUP Y ¥05

DEP=FINV(I1}%¥0.05
TI=FINV(1])¥*¥0.03
ODMF = SF *ODM
BPCRF=SF*BPCR

PRST=0DMF4+0PL+AMNT+SUP+SPRV+PYR+PLT+DEP+T |

CONT=PRS5T¥002

OPCOS(11)=PRST+CONT~BPCRF

WCAP(11)=0.
WOCAP=0e.
VTRY=0DM/12¢
ITEST=10

J=0

DF INV=F INV(II])

DCAP=(FINV(11)+WCAP(I1))*DEBT

DRT=DCAP*¥0.05
DCAP=DCAP+DRT
REVA(I1)=0e.
FITACI1)=0.
RETA(IT1)=0,
AINTA=O0,

DO 10 1I=1.20

DF INV=DF INV—-0+0S¥F INV(11)
RET=(DF INV+WCAP (1]} )*RAT

DCAP=DCAP~DRT
AAINT=DCAPXXINT

FIT=(RET-AAINT)*#TAX/(1e=TAX)-6450

REV=RET+F I T+OPCOS(11)
REVA(I1)=REVA(II)+REV
IF(ITEST) 10+11410
RETA(II)=RETA(II1)+RET
FITACII)=FITACLI)+FIT
AINTA=AINTA+AAINT
CONT INUE
REVA(I11)=REVA(11)/20.
IF(ITEST) 14413414
RETA(I1)=RETA(I1)/20.
FITACII)=FITA(I1)/20
AINTA=AINTA/20¢
ORAWM=RAWM/12+
OODM=0DM/12

ANTOTC(I1)=REVA(III+STC(II)

RETURN
AREC=REVA(]I)/(12¢*SF)
WCAP(1I1)=VTRY+AREC

ITEST=(WCARP(I1)~WOCAP)/10.

WOCAPR=WCAP(11)
GO TO 12
END

6726E 01 0+4001E~03
7700 01 0.4594E~03
6952E 01} ~0.4576E-03
5316 Ot Ne1429E~01

0«65

5370

001
0e¢1283E-05S
0«2521E-05
0.9563E-06
~-0.8362E-05

0«07
0e240E 06 0
Qe
-0e¢S307E-09
~0e85S87E-09
~042079E~09
Oe«1784E-08
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0«50 0«05
e 175E 05 0833E-0
0e8 0e2657E-01



Oe4750E O1 0«1200E~01 0«3030E-05 -0:2630E-08

065035 0} ~De3753E-03 D+ 1930E-05 ~0«¢68B61E-09 B.3-16
28+010 184216 2016 444010 16040 2B«C20
C INPUT DATA F2OR CASE 1
9209. 191558 178174 11567.3 19721 716.3 10 0.3
0.892 0.887 0.882 0.877 0e872
1100 600 1095, 690, 10e 00565
OeB78 0.873 0.868 0863 0+ 858
1100, 650, 1095, 740 10 00589
0«B65 0.860 04855 0850 0845
1100, 700, 1095, 790 10 00609
0«837 0.832 0.827 0+822 OeB817
11VU0. 750« 1095, 830. 10 00630
C INPUT DATA FOR CASE 2
20932.3 30692.5 54585,1 844743 8831.2 3716 1e2 Del16
0«890 0.885 0.88 0875 0«870
380, 600, 37%. 730 10 00594
DeB48 0.843 De838 0.833 0.828
Os873 C.B€68 Os863 0.8€8 0«853
380. 65C, 375. 780 10 0¢0614
380, 700, 375, 820. 10 00630
O.828 0.823 0Os818 0813 0+E08
380, 740 375 850 10 00642
C INPUT DATA FOR CASE 3
3185046 11767.5 192203 12002.9 14591,7 784 5 146 0«61
0911 0.906 0901 0896 06891
1050, 550 1045, 750 10+ 00611
0«896 0,891 0.886 0881 0876
102QC. 600 104C, 800. 10 0+0636
Ce883 C.878 0«873 0+«868 O« 863
1050, 650 1045, 850. 10 00658

$1B5YS




B.3-17

TABLE B.3-2 PROGRAM SYMBOLS AND EXPLANATIONS
FOR HEAT EXCHANGERS*

Program Mathematical

Symbols Explanations Symbols

Al, A2 Heat transfer area for heating zone Ay A
and vaporization zone, respectively

AL Length of heat exchanger Ly

ANT Number of tubes in heat exchanger

ASS Flow area in shell side

ATS Flow area per tube

ATTS Total flow area per pass in tube side

B Baffle spacing B!

BH Brake horse power Bp

C Clearance between tubes c!

CO0L Cooling water cost

CPG Heat capacity of gases CpG

CPW Heat capacity of water pr

DE Equivalent diameter for heat transfer De

PLFR Return pressure drop &P,

PLPS Shell-side pressure drop Apg

PLPT Tube pressure drop Opy

PLPTT Total tube-side pressure drop Ap

DTI Inside diameter of tube

DTMITL Log-mean temperature difference in heating zone

DIMI2 Log-mean temperature difference in vaporization zone

DTO Outside diameter of tube

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



TABLE B.3-2 (Cont.)

B.3-18

Program Mathematical
Symbols Explanations Syubols
ELEC Electricity cost

F Number of heat exchangers

Fs Friction factor for shell side

FIT Friction factor for tube side

GS Shell side mass velocity Gs
GT Tube side mass velocity Gs
HCOST Heat exchanger cost EH
HTI Inside film heat transfer coefficient hi
HO Outside film heat transfer coefficient hg
PCOST Pump cost

PRS Prandtl number for shell side

FRT Prandtl number for tube side

PT Tube pitch PT
Q Heat duty of heat exchanger Q
RATE Rate of return - on - rate base

RD Combined dirt factor Rd
RES Reynolds number for shell side

RET Reynolds number for tube side

RMDA ILatent heat of water A
RWG Density of gas pb
RWW Density of water pw

S Specific gravity s
SHM Shale mining cost

SID Inside diameter of shell



TABLE B .3-2 (Cont.)

Program Mathematical

Symbols Explanations Symbols

Ti, T2 Temperature of tube side at inlet and outlet, 1, 6
respectively

ITLl, TT2 Temperature of shell side at outlet and inlet,
respectively Ty, T,

TCG Thermal conductivity of gases

TCW Thermal conductivity of water

™ Nunber of passes

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

U1, U2 Overall heat transfer coefficients in heating zone, and
vaporization zone, respectively Ul’ U2

VCG Viscosity of gases #G

VCW Viscosity of water #W

VT Linear velocity of fluid in tube side

Ws Mass flow rate of gases per heat exchanger

WSS Total mass flow rate of gases

WT Flow rate of cooling water

B.3-19



100
150
200
250

300

350
400

500

20

50

60

TABLE C—-4q4 COMPUTER PROGRAM
FOR HEAT EXCHANGERS

FORMAT(11F7e3)
FORMAT(7F 11«7)
FORMAT(6F 10s4sE1265)
FORMAT(3XeF10ea104F10e3¢3E15e7)
FORMAT(SX«9E13e6)
FORMAT(5X«+4E14e6)
FORMAT(9FB8.4)
FORMAT(1IX«9E13e¢6/)
SID=3%9./12.
B=26¢/12
READI(S+400) OPL «RAWMsODMsSHM e SF «DEBT+RATE «TAX o X INT
READ(S5+100) VCWeTCWeDT I 4DTO«PTsT1«¢T2¢CPWRMDARWW RD
READ(S5+150) FsTN«ANTeX1aY1sX24Y2
READ(S54200) VCGeTCGICPG«RNGesTT1+TT2ewSS
ATS=3e1416/4%DT1%%2/144,
C=(PT-DTO11/12.
DE=Q % {0 +86#PTH¥2-34 1416 DTOXX2/4¢)/(3e1416%¥DTO*124)
WS=WSS/F
Q=WS*CPG*(TT2~-TT1)
WT=Q/(CPW*(T2=-T1)+0.5S*RMDA)
ASS=12.%S1D*C*8/PT
GS=WS/ASS
ATTS=ANT*#ATS/TN
GT=WT/ATTS
VT=GT/(3600«%RWW)
RET=(DT1/12¢)#GT/VCW
RES=DE*GS/VCG
PRT=CPW*VCW/TCW
PRS=CPG*VCG/TCG
HO=0,36% (TCG/DE ) *¥PRS#¥ 4333 XRES*¥ %055
HI=0,027%#(12%TCW/DT ] ) ¥PRT*%#04333*RET**0 48
HI=HI*DTI1/DTO
Ul=HO¥H1/ (HO+HI)
U2=HO*1500+/7(1500¢+HO)
Ul=Ul/(1.+RD*U1L)
U2=02/(1 ++RD*U2)
TTIM=TTI+WTH#CPW* (T2-T1)/(WS*CPG)
DTMNI={((TTM=T2)=(TT1 =TI /Z(ALOG((TTM=T2)/(TT1=T1)))
DIMN2=((TT2-T2)(TTM=-T2) ) /(ALOG((TT2~T2)/(TTM=T2)))
Al=WTH*CPWX(T2~-T1)/(UL*DTNVN1)
A2=0«SERMDA®NT/(UZ2%DTMN2)
AT=Al1+A2
AL=12%AT/(3¢1416%¥DTO*ANT)
FS= X1 ¥RES**Y]
S=RWG/62.43
DLPS=FS*GS*X2%#S JO*AL/(06e522E 11 *DE*S*B)
FTIT=X2*¥RET#*%Y2
DLPT=FTTRGTHAR2H¥AL ¥ TN/ (0,522 11 ¥DTI/12)
DLPR=Q ¢ #TNXVTRRD#62,5/12.%32.17%144,)
DLPTT=DLPT+DLPR
IF(DLPS «LEe 3e¢) GO TO 60
F=F+1.
GO 70 6
WRITE(64250) FeSIDBeVTIALIGS«ANTRES
WRITE(O64300) HIHOWUI «URDLPSDIPT«DLPRWDLPTT AT
HCOST=]1420%3,0%(3SC*¥(AT*#F /S04 ) *%04562)
BH=WT/60e%27e¢481/62443%34%144¢/(24EBC0e*D48)
PCOST=684 4 *BH* %0 4 467 %F
BCOS=HCOST+RPCOST

ELEC=BH¥0,7457%0011%#F*8200
BPCR=0e3*WT /1000 %2:5*F %8200,
COOL=0«SxWTRF /62443%x7s48171000e%¥0+12%820C
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12

11

10

13

14

SENTRY

Ce3

COH=BCOS5*%0,0773
EINT=XINT*(COH+BCOS)
FINV=BCOS+COH+E INT
AMNT=403% (BCOS-SHM)
SUP=AMNT*0. 15
SPRV=0.10*0PL
PYR=(OPL+SPRV)*¥0.10

PLT=(OPL+SPRV+AMNT+SUP Y %0.5

DEP=FINVX0.05
TI=FINV*0,03
RAWMF = SF¥RAWM
ODMF =SF *0D™

BPCRF =5F ¥*BPCR

PRST=RAWMF +0QDMF +OPL+AMNT+SUP+SPRV+PYR+PLT+DEP+T ]

CONT=PRST*0.02
OPCOS=PRST+CONT+ELEC+COOL
WCAP=0.

WOCAP=Q0.,

VTRY= (RAWM+ODM) /1240
ITEST=10

J=0

DF INV=FINV

DCAP=(F INV+WCAP ) ¥DEBT
DRT=DCAP*0+05
DCAP=DCAP+DRT

REVA=0,

FITA=0.

RETA=0.

AINTA=O0.

DO 10 I= 1420

DF INV=DF INV~0 ¢ 05%F I MV
RET=(DF INV+uCAP ) ¥RATE
DCAP=DCAP~DRT
AINT=DCAP*XINT

FIT=(RET~AINT)XTAX/(1e~TAX)—-6450

REV=RET+F I T+0PCOS
REVA=REVA+REV
IFCITEST)Y10+11410
RETA=RETA+RET
FITA=FITA4FIT
AINTA=AINTA+AINT
CONTINUE
REVA=REVA/20.
IFCITEST)14413914
RETA=RETA/20e.
FITA=FITA/20.
AINTA=AINTA/20.
ORAWM=RAWM/ 12
OODM=0DM/ 12«
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WRITE(6+507) HCOST+PCOST+ELEC+COOL+BPCRFsOPCOSRPETAFITAWREVA

GO TO 2
AREC=REVA/(124%SF)
WCAR=VTRY+AREC
ITEST=(WCAP-WOCAP)} /10
WOCAP=WCAP

GO T0 12
END
O. O Oe Oe
7 0.379 Oe62 Ne75
1e G oo 1128

INPUT DATA FOR CASEL

1o

095
285
0.01185

Qe 65 0«07 050

0.0%9

456 1607 767¢4 5505 00

~0¢1876 040031164

—0e264



2!8SYS

0.0661 0,060 0 «556
0., 0669 00,0608 0558
FOR PRODUCT GAS COOLER
00529 0.0447 0e599
De US540 0«0472 0578
0 0554 00470 0600
INPUT DATA FOR CASE 2
FOR WASTE HEAT BOILER
060757 0.0891 0625
00776 0,091} 0627
00789 0.0929 0+630
00810 0.0939 0635
FOR PRODUCT GAS COCLER
040531 00607 0591
040550 0.,0620 0593
040560 0.0638 0595
00574 0.0653 0+588
INPUT DATA FOR CASE 3
FOR WASTE HEAT BOILER
00810 0«0640 0«473
0.0831 0066 Qeb71
00857 0.,0680 Qe470
FOR PRODUCT GAS COOLER
00547 0.,0438 OCe571
0.0580 0.,0460 06571
0.0572 00455 0«S72

1487
lea]

184
16741
1e74

0315
0e310
0299
0296

0e493
Qea75
0e459
Qea46

1632
1e26
le26

180
177
16565

7653
837.0

460
460
4600

7099

793
8758
9418

460+
460
460
460,

5493
6611l
7711

460
860
460+

1000,
1000.

726.8
7877
847.7

1600
1600.
1600+
16COe.

7237
798.9
873.3
932 .5

1700
1700
1700

76941
823.7
878.1

Oel4844E
Qe l4a844E

0+¢17295E
C.17368¢E
Oel7437C

0«17731E
0.17731E
0¢17731E
0e¢17731E

019647t
0e19694L
0«19742E
0419792E

0.19272E
019272
0e19272%

032993E
«33228E
0¢33345E

07 B.3
07 _22

07
o7
o7

07
o7
07
o7

o7
07
o7
o7

07
07
07

o7
o7
07
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B.4 Gas Purificatiomn



TABLE B.4-1 PROGRAM SYMBOLS AND EXPLANATIONS

FOR OPTIMIZATION OF ABSORBERS AND REGENERATORS

Program

Symbols Explanations

A Contact Area Per Unit Volume

AG Substituted Quantity Used in Calculation of Tg
Al Heat Transfer Area

AH4 Heat Transfer Area for Solution Heat Exclanger
AH5 Heat Transfer Area for Heat Exchanger No. 5
AMW Average Molecular Weight of Liquid

ANO Number of Absorbers

B Brake Horsepower of Water Pump for Solutiom Cooler
BPﬁ Brake Horsepower of Pump for Feed Gas Cooler
CA Cost of Absorber

CMEA Monoethanol-Amine Cost

CPB Substitute Quantity

CPCA Heat Capacity of COg in Absorber

CPCR Heat Capacity of CO9 in Regenerator

CPK Packing Cost

CPN Heat Capacity of Inert Gas in Absorber

CrPl Heat Capacity of Feed Gas in Reboiler

Cpr2 Heat Capacity of Feed Gas Cooler

CR Cost of Regenerator

CS Cost of Steam

B. 4" 1&@/



TABLE B.4-1 (Cont.)

Program

Symbol Explanations

CTMP Total Cost of Work Exchanger

cv Valve Cost

DL Diffusivity of COy in Solution

DTA Absorber Diameter

DTIC Temperature Difference of Coolants in Heat Exchanger

DTH Temperature Difference for Feed Gas Cooler

DWC Water Condensed from Gas in Feed Gas Cooler

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

EH Cost of Feed Gas Cooler

EHR Cost of Reboiler

EH4 Cost of Solution Heat Exchanger

EH5 Cost of Solution Cooler

ELCH Cost of Electricity for Pump

ELCT Cost of Electricity for Work Exchanger

ELC5 Cost of Electricity for Pump

EPH Cost of Pump

EP5 Cost of Water Pump

G Gas Flow Rate at Bottom of Absorber

Gl Feed Gas Flow Rate

GC

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

Program

Symbols Explanations

GCO2 Molar Flow Rate of CO, in Feed Gas

GH Molar Flow Rate of H,S in Regenerator

GHZS Molar Flow Rate of H)S in Feed Gas

GKA Gas-Side Mass Transfer Coefficient

GKAC Over-All Mass Transfer Coefficient for €0,
GKAH Over-All Mass Transfer Coefficient for HsS
GN Inert Gas Flow Rate

GNO Inert Gas Flow Rate Per Cross-Sectional Area
GRAIN Grain

GW Molar Flow Rate of Hy0 in Feed Gas

H Solubility of COy in Water

HHA Heat Transfer Coefficient in Absorber

HRC Heat of Reaction

HSG HyS in Gas

HSL HoS in Liquid in Absorber

HTA Total Height of Absorber

HIR Total Height of Regenerator

I Number of Assigned Values for Variable

IC Case Number, 1,2,3

KAM Reaction Rate Constant

KL Liquid-Side Mass Transfer Coefficient

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

Program

Symbols Explanations

LC Amount of Water Condesned in Regenerator
LO Liquid Flow Rate Per Cross Sectional Area
LR Reflux Rate

MORTOR Motor Cost

N Cell Number

NP Number of Pumps in Calculating Cost of Work Exchanger
PA Absorber Pressure (atm) or Regenerator Pressure (atm)
PCE Equilibrium Pressure of COjp

PCW Total Pressure of H20, CO2, and H9S

PH Equilibrium Pressure of HpS for x < 0.15
PHA Partial Pressure of HyS in Absorber

PHE Equilibrium Pressure of H,S in Absorber
PR Regenerator Pressure (atm)

PW Equilibrium Pressure of H,0

P2 Outlet Pressure of Work Exchanger (PSI)
QA Heat Generated in Absorber by Absorption
QH Heat Duty of Feed Gas Cooler

QR Heat Duty of Reboiler

Qs Heat Supply from Steam

Q4 Solution Heat Exchanger Heat Duty

Q5 Heat Duty of Heat Exchanger No. 5

R

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

Program

Symbols Explanations

RH Rate of Absorption of HZS

ROGA Density of Gas in Absorber

ROL Density of Liquid .

SA Total Cross-Sectional Area of Absorber

ST Steam Rate at Bottom of Regenerator

T Inlet Gas Temperature in Condenser

TAB Temperature of Liquid at Bottom of Absorber
TAT Temperature of Liquid at Top of Absorber

TB Temperature of Liquid in Reboiler

TBN Turbine Cost

TG Temperature of Gas

TG1 Temperature of Gas at Bottom of Absorber
THA Thickness of Absorber

THR Thickness of Regenerator

TL Tenperature of Liquid

TR Absolute Temperature in Rankin

TRB Temperature of Liquid at Bottom of Regenerator
TRT Temperature of Liquid at Top of Regenerator
Tl Feed Gas Temperature

T4 Temperature of Liquid Entering Flash Drum
T5 Temperature of Liquid Entering Solution Cooler

Uwe

Untreated Water Cost



TABLE B.4-1 (Cont.)

Program
Symbols

Explanations

uw5s

UW5

VIS

XRT

X1

X2

YC

YC1

YH

YWA

Water Cost

Water Required for Solution Cooler

Viscosity of Liquid

Additional Horsepower Needed for Work

Mole Ratio of

Mole Ratio of

Mole Ratio of

Mole Ratio of

Mole Ratio of

Mole Ratio of

Mole Ratio of

Mole Ratio of

Mole Ratio of

Mole Fraction

Co,
€Oy
HoS
HyS
HpS
Co,
€0,
Cco

2
co,

to MEA in Liquid

to

to

to

to

to

to

to

to

of C02

MEA

MEA

MEA

MEA

MEA

MEA

in

in

in

in

in

in

in

in

Liquid
Liquid
Liquid
Liquid
Liquid
Liquid
Liquid

Liquid

in

at

at

at

at

at

at

Exchanger

Flash Drum

Top of
Bottom
Bottom
Top of
Top of

Bottom

Number of Moles of CO2 per Mole of Inert Gas

Mole Fraction of CO, at Top of Absorber

Mole Fraction

Mole Fraction

Mole Fraction

Mole Fraction

of H

of Water in Feed Gas

2S

of Water at Bottom of Absorber

of Amine in Original Solution

Absorber

of Absorber

of Regenerator
Regenerator
Absorber

of Absorber
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¢ REDUCE €02 TO OPTIMUM CONCENTRATION BY HOT POTASH PROCESS
REAL KGA.KLIKZ!LOLD:MWLOMWT'MJMG."F'ML;MUL,HUWpNR,MOTOR;LF;LC,LR
COMMON DT,GSsG0s6ReALKGAZL s LO MF NOpXRY TL e XTr¥BrY1sYSs 262 XsAKG, _
$ASA,LC,LF,LR,PR

£ CPTIMIZATION OF AN ADIABATIC GAS PURIFIER SYSTEM
— Ys=0,4

Ix0,079872

YE'OIOS/(1.-OQ°3)

DATA YL,HR M8, CPL,CPG,CPS,)CPCyH, HHA, HHR/0,08,11490,,5375.,25.0428, _
18,09:8,1,9¢390,25,72,3,346,./
DD 91 XC=1,3
READ_(5,2008) G1,YW,T1,PsGCN2,6H28,CP,TC X1+ X2,8TMsTGBsAKG,PD,IC_
2001 FORMAT(7F10,2/7F10,4,11)
1F(IC.EQ, L) Y2=0,0036/(1,=0,0036)
IF(IC.EQ,2) Y220,008/(1,=0,008)
IFCIC.E0,3) Ye=0,011/(1,=0,010)
PRINT 2002, IC
2002 FORMATIIRNL S .SHEASE 1) e e e s e
PRINT 2003, G!,Yw'Tl.PnGCOZ,GHZS,CP,Tc.YB,XI.XE,STM,TGB,AKG.IC
2003 FORMATCIHO,5X,3HC13F10.1,3X,3MYNSFO,U,3X,3HTIRF6,2,3X,2HP3FT .1,
23X ,SHGCO23F10,2/UX,SHGH2SSF9 .2, 3X o SHCPaF T4, 3X s 3HTCRFT 42, 3X, 3HYREF.
2T JUs3X,THXIEF 6, 4/UX,3HX22F6,4,3%, UHSTMRF10,1,3X, 4HTCB=F6,2,3X,
JUHAKGRFT 4, 3X,3HIC=IL)
DO 11 Imt,t
XTEX1
Xgux2
GR=STM
TGETGH
TGisT6
_  ___PRePD —
c FRONT WEAT EXCHANGER
XaXT
TL=270,
3 PWREXP (w8932 ,32/(460,+TL)+12,9686+40,5174w(XTwl,/3,))
EYS=EXP(7,1E=3x(TL=32,))
L Smi000, %1, +YS)/(18,4(120,+44,#XIxYLI/ (2380, #E15=1600,)
EY6EEXP(6,9%YLaTL/150,)
PCESX#%2/ (1 ,=X)/S%xYS/({,=Y8) w0 0US4/EL16%0,06805
—  PCHBPLE+PHW
IF(ARS(PR=PCW)Y,LE.0,01) GO TO 32
IF(PR,GT PCW) TL=TL+0,3
_IF(PR,LT,PCH) TLsIL=0.3
GO TO 31t
32 TRB=TL
—PRINT 6004, PR,PW,PCE,TL,PCH
6008 FORMAT( SX,3HPR2FB83,3X,3RPNEF8,3,3X,4HPCEEF8,3,3X,IHTLEFE,3,
15X, 4HPCwaF10,4)
TISxTRB . _
TGRTRR+1S,
DWrGLe(Yu=PY(TG)/P)/(1.,»PV(TG)/P)
. Ou{Ti=TGIxGiACP+18, xDNHV(TG)
TEa(TS+TC)/2,
WBR/CTSmTE+0 ,S*HV(TS))
. STEAMaW/2,/%8,. .-
TMR=TS+30, )
{ TMIET{@{0,5#HV(TS)I*Nel8, x(YW*PePV(TMR) )*HV(TMRI®GL/P)/(GinCP)
IFCABS(YTMI=TMRI,LE.1,.0).60..T0-2
IFC(TMI.6GT,.TMR) TMR:TMR40,25
IFC¢TMI, LT, TMR)Y TMRETMR»0,25
GO Y0 Y. —_——
2 DIMIS((TMIwTS)w(TG=TE))/ALOG((TMI=TS)/(TGnTE))
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DTYM2R((T1wTS)e(TMI=TS))I/ALOG( (T {=TS)/(TMI=TS))
AMBWR ((TS=TE)/DTM140, 5«4V (TSI /DTM2)Y/100,
EHzy ,2#3 #8500, w{AH/50,)x*0,562
BP0, Sewe? 48w (PV(TS)mid 743, )2 148, /(h2 , Uxb0,x0,8x246800,)Y
EPub6B8U , %BRPew( 467
EPHSEP o
ELCHEB500,*BP%0,TUS7%0,011/0,.8
GRGi=DW
GINT=G=GC02=GH2S
Y{2GC02/RINT
YRISGH2S/GINT
YC0226C02/6
PAEP/14,7

t SIMULATION FMNR THE ABSCRBER
LE(Y1=Y2)*GINT/(Zn(XHeXT))

o ESTIMATE TAB
Fel %2
FYsFuw(XBaXT)
TAT=ZTRB
RARFXeHR \GW2SwMSw0,8
_TABRTAT4 GINT#(CPG4YI#CPCI*(TGeTATI+QA)/(L*(CPLZ#XBRCPC)) o
"PRINT 100, QsSTEAM,EH,EP,ELCH,G,GINT,Y1,YCN2,YHI,PR,TRB,L,TAT,B4,

1748
{00 FORMAT(1HO, 15X, "HEAT EXCHANGER' /10X,2H0=E13,7,4X,6HSTEAM=EL3,7,4X,

{IHENSEL3,7/10X,3MEPSEL3,7,4X,SHELCHIEL3,T7//15X, 'GAS ENTERING ABRSOR
2BER' /10X ,2HG=E13,7,4X,SHGINT=ELR,7,4X,3HY1=F9,5,4X,5HYC022F9,5,4X,
J4HYH1aF9 ,5/10X,3HPR=F8,3,3X,4KTRAZFB,2,3X,2H[EEL13, 6,3X,0HTAT=F8 3,
33x,3R345E13, 6,3%, aHTAﬂzFB 1)
PRINT 102

102 FORMAT({H0,15X, ' ABSORBER')
TLETAH
CALL DIact)
DTA=DT

ANO:FLDAT(NO)

ASEASA

PRINT 103
103 FORMAT(INO.ZX,IHX 12Xs LHY, 12X, 2HTL, 11X, 2HTG, 11x.2HYH,11¥,3HHsL,1ox

1o2HYC 1 IXpIMYRS, 10X, 3IHATA)

NE{

AKL 20,2968 (LO*30,/3350,)%%0,75%28,/115,

AKMSEL /(L ,/7AKG*Y ,/7AKL)

____ x=xB__
YmY{
YCEY1/(1,4Y1aYHL)

__ YHmYH] ,
YHRZYMI/(l , ¢YHIaYY)
H8L=0,

XH3=0,001eGH28/(LnZ)
TLXTAR
HTA=D,

 PRINT 104, X»Y,TLsTG,YH,M8L,YC ,YHS ,HTA
HE0,5
HAWMSHaAxMMHA

% NEN&y e
ANilGO*CPG+GO*YtCrC
ALNISLOW(CPL+Z#X%(PC)
Call FNCTNS(Y)
E1S3EXP(7,1E=3x(TL=32,))
8a1000,0 (1 +YS)/(18,¢(120,+44,xX)nY )/ (2380, #EL{S=1600,)
— EL6EEXP(4,9%YLeTL/150,.). . e

PCERXww2 /(1 ,=X)/S5eYS/(1,=Y8)s0, oaSO/Eib-o 06805
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BEBRO S (Y+KGAwH/GOW(PCEmPA)w] ,mYH)
CCulY+KGANHRPCE/GDIw (L ,+YH)

—— Y®BB4SART(BBw#2+CC)
PCEY/(L +Y+YH)xPA
PHE3(0,1440,0015«TL IwXHS/0,0788/14,7

_ Bimi.ey
B2x (AKHSwH®PHE ) /60
BIRAKMSwH=PA/GD
Cin(YH=Bi{=B3+82)/2,
C2eBiwYHaBi®B2
YHRC1+SORT(CIx»24L2)

o DNHSAKHSkH¥(PAXYH/ (L . +Y+YH)=PHE)
XHS=XSHuDNR/ (2% D)
YHSSYH/ (1 ,¢YeYH)

HEL=HSL +DNH®AS
NREKGAwMx {(PC=PCE)
XuXmNR/(Z%].0)

—  _YCEY/(1 . eYAYHY _

ANSGOX (CPG+Y¥CPL)
ALNELQO*(CPL+#ZwX+CPC)
._______Iﬁ‘(ANl*TG*SALN-HAH)+HAH*(ALNI*TL-NR*ﬂgllLLAN*ALNgAN*HAH¢ALN*HAH#
{ALN®NR®=CPC)
TLECALNIwTL»NReHR= {HAH#NRXCPCIXTGY/CALNnHAK)
HTASH*FLOAT(Nwl)  __
104 FORMAT(IX,9E13,5)
119 IF((PCwPCE), LE,0,00005) GO TO 11
PRINT $0U,XpYeTL, TG, YR, HSL, YC,YHS,HTA
IF(Y.LE,Y2) GO TO 6
6O TO 5
A CONTINUE
PRINT 103
GCABYZ2wGINT
o GHA=RGINT*YH
GWAS(GINTHGHALGCAY*PV(TAT)/(PePY(TAT))
GTEGCA+GHA+GINT=(GixYWwDH)+GWA
— _GRAINRYKS/0,0000163 __
DHS=GH25=GHA
PRINT 1009, GT,GCA,GHA,GWA,DHS,GRAIN
__ 1009 FORMAT(IHO,SX,3HGTSF10,2:5X,4HGCABFT 2,5X,4HGHABFA 2,5, 4HCHABFT 2
1/5X)dHDOKS=FT,2,3X,6HGRAINSFE,5)

¢ SIMULATION FOR THE REGENERATOR
£ CALCULATE TRT._AND_XRT _
TL=258,
X=0,51

U2 PWSEXP(e8932,32/(460,+TL)+12,9686+0,51744(X ={,/3,))

ESS=EXP(T  1E=3*(TL=32.))
851000, %{1,+YS)/(18,+ (120,444 ,wXIAYL )}/ (238B0,%E15=15600,)
__“___an-rxpca SwYiwTL/190,) .

PCEBXw#2/(1,oX)/S#YS/(1,mY8)%0,0454/E16%0,06805
PCWEPCE+PU
e IF(ARS(FRwPCW)  LE.0,01) GO _TO 43

IF(PR,GT,PCW) TL=TL+0,3

IF(PRLT,PCW) TLeTL=0,3

G0 TO 42 .
43 CONTINUE

GCFELwZw (XB=X)

—— LFSPW/PCEXGCFE

TF aTARm(GCFwHR4LF*140950,)/ (L (CPRL+ZxXB*CPC))
IF(ABS(TL=TF J).LE,1.) GO 7O 45
— IF(TF 6T,TL). XaXm0,005

IFCTF LLT.TL) XaX+0,005



GO TO 42
4S CONTINUE
XRTuX

B.4-10

T e (L (CPLIZRX T *CPLY R (TRB=YF J4L*Zo (XRT=XTY*HRS D, A%CH2SwHEGS#CP S

{(TRB=TF ))/14950,

. “PRINT 6C02,TL)XRT)LF,LC/GS,TF L o o o
6002 FORMATCIHO,9X, INTL2F8,4,5X,4HXRT=FB,4 ,5X,3HLFeF10,2,5%,3RLCEF10,3

1,5X,3IHGS=2F10,3,5%,4HTF =F8,3)

TRTItTF*Lt(CPL#Z*XRT*CPC¢Z*XHRYtCPH)-1800 w(LFalC))/(Ln(CPL*ZeXRY

(WCPCeZ¥XHRTHCPHIG(LF=LCIwiB,)

PRINT 7001, GCF,LF,TRT,X

__ 7008 FORMAT(SX,4HGCF=F11,2,5%,3HLF=F{3,2,5%,4HTRTSFB,2,S5X,2HXBF8,3)

PRINT 106

106 FORMAT(1K0,15x, 'REGENERATOR!)

TLETRT

CALL DIat2)
DYR=DT
__RNO=FLOAT(ND)

RS=mASA
e,
PRINT 303

T 303 FORMAT(IHO,2X, 1AX, 12X, 2HYC, S 1X, 2HTL, 11X, 2HGC, 11X, 2HDW, 11X, 2HGH, 11X

1,2HGT, 11X, IHHTR)
6T=6S

YC=0,
TL=TRB
_ XmXT

~ FOmF/RS
Dwag,
__GC=0,

GHel,
BB C/(XRT=XT)
B9a(GH2SwGHA) /(XRTwXT)

BIOX(TRB=TRT)/(XRT=XT)
N={
o _HTR=0,
PRINT 204, X,YC,TL,GC,D¥,
T CALL FNCTINS(2)
204 FORMAT(I1X,8E13,5)

GF;GT HTR

219 EISZEXP(7,1E=3w(TL=32,))

SE1000,e(1,+YS)/ (38, +(120,444,#X)uY )/ (2380,%E{S~1600,)

o EJ6=EXP(6,9%YL=TL/150,) _

PCEEXw#2/(1,=X)/S%YS/(1,mY8)%0,0454/E16%0,06805

PCrYC%PR
NREKGAwH®(PCE=PC)

XRYX4#NR/ (Z2L0)
TLETRBeB10w(¥=XT)
o _ DwWuBBw(XeXT)_

GCEF*(X=XT)
CHEBOw(X=YT)
e XYCEGL/(GSaDWNeCCeGH)

MYRZH®FL OAT(N)

IF((PCE=PC), LE.0,00005) GO TN ¢

——___PRINTY 204, Xy YC,TL,GC,DW,GH,GT,HTR _

IF(X,GE.XRT) GO TO 8
NENe{
___ 6O TO 7 __

8 CONYINUE
PRINT 303

£ ___COST TURBINE=MOTOR=PUMP _

YuXB
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TL®TAB

PUREXP(w3932,32/0060,+TL)+12,9686¢0,5174w(XBw1,/3,))

_ EYSSEXP(7,1E=3#%(TL=32,))

SR1000,4 (1, +YS)/ (18, 4(120, ¢4, %Y InYLI/ (2380, %E15=16004)
E{6EEXPI A, 9%YLeTL/150,)
_ PCERXwai/(1,=X)/S%YS/ (1. =YS)*0,0854/E16%0,0680%

P2u(PW+PCEY>14,7
PIcPRwiu 7

___ _DPmPep3
NPEI{&IFIX(0,04043%L/72000,)
CFed, 04043l /FLDATINP)

—___ _ROLS®Y .4 62,428 . . . __
BPECF»(DPwiuld,+ROL*HTA)/(0,8%246800,)
PUMP2FLOAT(NP )%y 84684 2 {(BP)*%0 467

_— _YBNsPUMP ____

WE=Q,04043%  x (144, %{0,{%x(PeP2)sP2=PI)4+ROL*HTAY/(0,8%246800,)

MOTORSFLAOATINP ) %86 4 (WE/FLOAT(NP))¥x0 ,955

CTMPETEN&MAOTORGPUMP . —_—

ELCT=WEXQ,T4S5Tn8760, *O 0!1

PRINT 03, CTMP:ELCT NP, PUMP,MATOR, TBN,BP

203 FORMAT(1HO,10X, i 8HTURBINE=MOTCR=PUMP /10X, SHCTMPRELY,5,5X,SHELCTSEL
11.5,SX IHNP=YIZ,S5X,SHPUMPZELL ,S/40X,6HMOTORZELL S)S5X,4HTBNSELL,5,
25X, 3HBPEELL D)

€ __ COST OF ABSORBER AND REGENERATOR.
THAER0,33639%DTA+1,/48,
HTABHTA+S, )
§A!566.335*ANQﬁil£DIA:Z;;IHAJ!AB:QIAxxaleIAiz,zlﬂA11143aexDiA)ﬁna__
|
THR=(5,06763/10,%%4)*DTR+Y, /48,

e HYREHTR®S, . o o e

CR=S6¢, 3?5*RNO*(((DTR+2 *THRS**?-DTR**Z)wHTR¢a.*(1 J46%DTR) %24 THR
1Iw(y, ¢(XB-¥RT)/(XRT XT)Y)

—t VALVE COST

CYR16000% (ANO+RND)
PRINT 244, THA,CA,THR,CR,CPK,CK2C0O3,CV
— 244 FORMAT(1HO,10X,20HABSORBER=REGENERATOR/ 10X, AHTHASELQ S,5X,3HCARELD.
1¢5,)5X)4HTHR=EL10,5,5X,3HCREEL10,5/10X,4HCPKREL0,5,5X, THCK2CO3RELD,5,
25Xy 3HLVEL0,5)
€ X2C03 €0SY

CK2COX=20,035%0,2%x3,1416/4 w({DTARN2*HTARANDSDTRAW2%HTR*RNO)*1 (48 %
162,4»0,4+4G/27855,%21700,
_€ _ _PACKING €OST _ . __._.. . e et e _ —
CPKa5 %3 142/4, *(DTAi*E*HTA*ANO#DTR**E*HTR*RNO)*2-
c STEAM COST
. IF{SYEAM,GE_GS)_CS=0,
IF(STEAM LT GS) £S=(GS=STEAM)», 15%18,/1000,%8760,
e CONDENSER
BSCRGSH FambLC o
OuGSE%14950, +(GSC*CPS+FX*CPC+CGHZS-GHA)*S 52)*(TRT-100 )
DTCR ! (TRT=150,)=(100,=85,))/AL0GCCTRT=«150,)/(100,=85,))
—ACEQ/(200,%DTC)
CWEQ/(150,%85,)
Tw=W/2,
e UWRCWRTR o e i —
RRINT 310, Q, TW UK, CKECO?;CPK CS
310 FORMATCIHO, 1X,2KRO=EL10.5+5X,)3HTWSEL0,5,5X,3HUNSEL0,5,)5X, THCK2CO3a
o YE1X,6,5X,UdHCPKREL3,6,5X,3KCSREL13,6)
UWE 3BT760,%UWx(7,481/762,4)%0,05/1000,
TWC ®%B760,*TUR(T7 ,4R1/62,4)%0,12/71000,
AL RTHRAC/CW...
A2mlUIWxAC/CW




ECixy,2#3,4850,%(A1/50,)%x0,562
EC2=1 2«3 #8500 #(A2/50,)wx0 562
BPCaCWwT 48 w2 #14d,/(62,4%60,w0,84246800,)
BPCIsTW/CW*RPC ~
BPC22UW/CWeRPC
EPC1x684,«(RPC1)xn0, 467
EPC236BU,n(BPC2)xw UbT
ELCC=B8760,*BPC#0,7457%0,011/0,8

. PRINT 300, ECY1,EC2,EPC1,EPC2,ELLC,TWC,UWC S

300 FORMAY (t1HO,9X,4HECIZELC,Sy5X,4RFC23E10,5,5X,SHEPCI8E10,5,5X,SHEPC

128EL10,5/9X,SHELCC=ELS,5,5X, 4RTWE=EL0,5,6X,4RUWEEEL0,5)
. BCOSE(EM+EPHSCTMP+CA+CR+CPK+CV+ECI+EC2+EPCLI+EPC2)/1000,
OPL=60,
RAWMEO,
ODM3fCK2C03) /1000,
UTCE(ELCT+ELCH*TWC*UWC+ELCC+C8) /1000,
CALL COST(REVA,BCDS8,0DM,QPL,UTC)
___PRINT S11t .

511 roaMAvtawo.sx.'ssscsssssssssssssssssssssss$ssssssssssssssssssss')
PRINT d02,REVA,BCOS,0OPL,0ODM,UTC

402 FORMAT(1HO,10X,10X.10HCCST IN SM/9X,4MREVA,10X,4HBCOS,10X,3H0PL, 11
X, 3IHODM, 11X, 3HUTC/6X,5EL14,5)
PRINT S$0,XT,XB,6S,TGY,TAB,TAY,TF,PR

510 FORMAT(i1KO0, 1X,3HXTSFB,4,1X,3HXBEF8,4,1X,3H6S3F13,5,1X,4HTGIaF8, 4,
{IX,4HTAB=FB 4, 1X,4HTATEF8,3,1X,3HTFEF8,3,1X,3HPRBF6,3)
PRINT 51414

_ 11 CONTINUE i L

94 CONTINUE
END
_ SUBROUTINE FNCTNS(KK) .

REAL KGA, KL K2,LsLO, MWL, MNT M, MG, MF, ML, MUL s MUW,NR,MOTOR,LF,LC,LR
COMMON DY,GS,GO»GRIA)KGA,L,LO/MFIND)XRY,TLoXT,XBoY1,YS,2,GoX,AKG,
___JASA,LC,LF,LP
DATA E,HF,R/15258,,7,2E=4,{,98/
TLCuE(TL=32,)/1,8
TLA-TLC#273 2
K2®1700,*EXP(27,52=E/(RxTLA))#57666, 6
o= 5, 148*10 ww(wQIREXP(0,03255#TLA)
MutOOO./(I!e 2/Y5=138,2) ,
ROLE(uX,25%%0, t*(-d)*TLA¢1 09589 #YS 1 ,095)62.428
MWL=30,

—_ lwﬂlttl.-ExP(-o 4233«Mwlw{ O/ROL))

MULB(MF/(2,14824¢(TLC=8,435)¢SQRT(B078,4+(TLLwB,435)#w2,))ul20,))
{w24§,8
..__PH.,. 0255*_(8'20!'1 .7_5_‘X)ﬁ?‘-'_,*,f{'_°.015)
CRa 10, ww(wid)a(10,xePH)I"0,06243
SCaMyUL/(RPOL*D)
___RE=_LO/(AweMUL)IOMWL
Pu(MUL#%3/(GRAROL*#2))we(1,/3,)
QuEPw (K2%CR/D)w2(,/2,)
__ HAZQ/TANK(Q)
KLE0 ,0165#0/PwREww(2,/3,)wSCav(], /3, ,)wkKi
IF(KK,ED,1) XGA=Y ,/(1./7AKG*] ,/ (HFeKL*AW))
 _IF(KKEQ,2) KGASHF K| wAW
RETURN
END
— SUBROUTINE DIACIT)
REAL KOA, KL K2,L LO MWL oMWY MyMG, MF M, MUL,MUW, NR HOTGP LF'LC LR
COMMON DT,)GSsG0,GRIAIKGA,LeLOIMF,NO,XRT ) TL,)XToXB,YL,Y8,2,G4X%,;AKG,

_1ASA,LC,LF,LReFPR _
MFed, 1154
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GR=d {TES8

DAYA DYILP,MWT,MUW,EP/0,1667,19,1,2,419,0,74/
___IFC1I,E0;,2) GO TO 112

ROG =2,53

MGRGRMW'T
____ADT=y0,  _

Al T/DIAP

YYmyYy

6GGaG

60 TO (0
12 AWGRE2(18 % (GSel CH+LF) L xZx(XBuXTIwdd, )/ (CSelLCoLFelRZx(XBuXT))

— __ROGaPR/(0,0805+((TL=32,)/1,84273,))%0,06243NAUGR
MGBL*Z* (XRT=XT)*d4d,+(GSw=LC+LF) 18,
ADT=15,
—  YYsL#Zx(XRTeXT)/(GS=LL)
GOSGSwLCeL*Z*(XRTuXT) )
10 MLu{#500,%(t,+XB *Y8)/(5,5555+4,832%YS41,2741%XB *YS)
— TLEC=(TL=32,)/8,8_ . __ - .
MULs(MF/ (2, laBE*C(TLC-B a35)+SGRTCBO78 a+(TLC~8 435)**2 ))‘120 )
{w24y,.8
TLAZ273,2+«TLC
ROLE (3 25E=U%TLA+1,09589%xY8+1,095)%62,428
ESOSAw(MUL/MUN Jwn0,2/(CR*¥EP*x3#ROL)
ESi=d % (ML/MG Y*%0,25%(P0OG /ROLI*%0,125
GF=(ROG /ESOXEXP(=ES1))x%0,5
GACT=0,9«GF
___ABA=MG /GACT
AND=ASA/(3,1d16%#CADT/2,)%%2)
NO=ANO®Y,
SA=zASA/FLOATINDY ... —
DY=2,%(S54/3,1416)%%0,5
GOEGG/ LYY+ ,)/ASA
LO=L/ASA
PRINT 300, ROG,ROL,MUW,MUL, GFy,GACT,NO,3A,DT,60,L0
300 FOQRMAT{IHO,S5X,4HROGSF8,4,S5X,4HROL=FB,4,5%, 4HMUWSFB,4,5%,4HMUL=F8,4

4 /5%Xs ... . _ 3HGF=E$3,5,5X,5H4GACT=EL13,5,5X,3HNOSI4,5X,IH8A=EL3,5.
2/5X,3HDTEF9,5,5%,3HG0=EL13,5,5X,3HL0=EL13,5)
RETURN
END

FUNCTION HV(T)
HYE 1 0913906E 4w 512411 7TuTw 32424 F27EmInThw2d 5631056 7EmbnTH%3
e Aw 19hUS5086E=B4Taxy —
RETURN
END ‘
—FUNCTION PV(T)
PYE2,56B875«,0957031%T+4,12207031Ew2ukTax2m 6604939 EmSaTun3+,1995295E
(w7 xTawd
RETURN —_—
END
SUBROUTINE CNST(REVA,RCOS,0DM,0PL,UTL)
L AGA_ACCOUMTING. PROCEDURE. WVU__ —-
DATA RAWM,SHM,BPCR,BTU,SF,DERT,RATE)TAX,XINT/4%0,,0,95,0, 6500 67,
10,5,0,08/
___-~£0H=BCDSi0.0773vnn —_
EINTaXINT*(COH+BCOS)
FINVIECCS+COR+EINT
—  AMNTT,0324(BCOS=SHM)
SUPZAMNT%0,158
SPRY=0,10%0PL
— PYRXLOPL$SPRVIWO, !
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DEPaFINV#0,05

TI=FINV®0,03

RAWMFaSFaRAWM

ADMF=SF« DM

BPCRFESF#BPCR

PRST=RAVMF+ODMF+OPL+AMNT+SUP+SPRVPYRGPLT+DEP+T]
T CONTaPRSTw0,02 T o

DRPCOSEPPST+LONT=BPCRF+UTC

WOCAPRPaO,

___VTRYE(RAWMsQDM) /12,0
ITEST=10
JE0

DCAPR(FINVHWCAPIWDERBY
DRT=DCAF#0,05
DCAPSDCAP$DRT
REVA=mQD,
FITAmQ,
RETA=(,
PRGAZO,
AINTAZO,
DD 10 I=1,20
3 DFINVEDFINV=0,0S«FINV
RETE(DFINVSWCAP)I®RATE
DCAPEDCAP=DRT
AINT=DCAP®XINT
FITR(REY=AINT)I*TAX/(§,=TAX)=0,65
___REVERET+FIT+npPCNS
REVAE=REVA+REV
IFCITEST)10,11,10
_ 101 FORMAT(IH0,10X,15,5E10,.4)
14 RETAZRETARET
FITA=FITASFITY
PRGA=RD, R
AINTAEAINTAGAINT
10 CONTINUF
REVAREVA/20,
IFCITESTY14,13,144
13 RETAERETA/20.
FITA=FITA/20,
PRGASPRGA/20,
AINTAZAINTA/20,
ORAWMSZRAWM/12,
RETURN

14 ARECEREVA/(12,+SF)

_ _WCAPBVTRY$AREC =
ITEST=(WCAP«WQCAP) /10,
WOCAPEWL AP
60 710 {2

END
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C MONOETHANOL-AMINE PROCESS
REAL L,LO,kL,«AM,MOTOR,LC,)LF,LR
COMMON AG(IOO):AL(!OO)'GKAC(loo)rGK‘H(lOO)ﬁR(iOO)raHfioo)}TLfIOO)!
1XC100),XH(100),YC100),YCC100),YRC100),A,AC,AMK,CPCA,CPN,DL,DNC,DR,
26GKA,GNO,H,HRC,KAM, KL ,L.OyN,PA,PCE,PHE,QN,ROL,VIS,YI,YNI,CAM(100),2Z
DIMENSION Dw(100),GHC100),6CC100),TGC100),HT(100),YHS(100)
o READ(5,2004) Z,A,HRC,CPCA,CPCR,CPS,HHA,CPN,CRY,CP2,H¥,DR
2004 FORMAT(7FLIN,4/5F10,4)
PRINT 5000, ZsA,HRC,CPCA,CPCR,CPS,HHA,CPN,CP1,CP2,HW,DR
5000 FORMAT(3IX,2HZ=FB,U4,2X,1¥p2HAFS,2,3X ,4HHRCSF10,4y 3X,SHCPCARF8,4,
13X'5HCPCRBFB.a13Xpchps=F8.4/UxpaHHHA=F10c4'3XrﬂHCPN3F8.4|3X;UHCPl
2RF8,4,IX,UHCP2EFB 43X IHHWEF10,4,3X,3HDREF10,4)
DO 20 Il=1.3
READ(5,2001) G1,GW,T4,P,GC02,6H28,ROGA,AWGA,GKA,8T,X1,X2,TAT,IC
2008 FORMAT(F10.2,6F10,8/2F10,5,F10,1,3F10,4,11)
___ IF(IC.EG.$) PRINT 3002,IC
IFCIC.NE, L) PRINT 2002,1C
2002 FNRMAT(1H],5X,5HCASE ,1I1)
3002 FORMAT(1H0.5%,SHCASE_ ,I1)

PRINT 2003, G51,6W,T1,P,GC02,6H25,R0OGA,ANGA,GKA,8T,X1,X2,1IC,TAT
2003 FORMAT(LIHO,SX,3HG1=F$0,2,3X,3HGWSF10,2,3X,3HTisFB,2,3X,2HPEFB,2/6X
o 1,5HGCN2=F10.3,3X,5HGHR2S=F9,3,3X,SHROGAZF10,3,3X,5HANGA=FB8,3/6X,4HG

zKA=F6.a.3x.3HST=F10.Z,SXyEHX1=F8.a,3x,3HX2=F8.4,3X,3HIC=I1/6X,0HTA
3TaF8,2)

DO {43 1=%,5
XTaX{
XB=X2
68=S8T _ —_
TG6i1=146,
IF(XB,6T,0.5) GO TO 143
__ PRei,.+10,/14,7
YuzGW/64
Y€2z0,00001
 __ DHTS(PeYWePV(TG1))/P*G1/({,=»PV(TIG1)/P)
GNaGi»DWTwGHZ28=(L02
YC1=GC02/GN
e YCleYCR2)#ON/ (2 (XReXT))
¢ CALCULATE TRT,T3
XH{EGH2S /(2% )40,000%
e ¥H2=0,0001 _
TE2¢0,9
t pwr(l,=Z)y%PV(TY/ 14,7 )
 PLES1,31AEm3I*EXP(0,.5154+412,5744XT=18240 % 01,/(460,¢4T)=1 ,48BE=2))
PHEBYH2wXTo%(9,4703+5,0978%ALDGEXTI+0,9766%(ALOG(XT)Inx2)XEXP(
1=7079,32/(T+460,)416,2718)
— PLWEPCE+PH4PHE ... ...
PRINT 1001,PR,PH,PCE,T,PCW,PHE
100t FORMAT(SX,3HPR=FB,3,3X,3IHPKRF8,3,3X,4HPCEEFB,3,3X,2HTRFB,3,3X,4HPC
e IWSF10,3,3X,4HPHE=E13,0)
IF(ABS(PR=PCW),LE,0,01) GO TD 2
IF(PR,GT,PCw) T=T+0,3
o IFCtPR,LTPCHW)Y TsTm0,3 ..
60 TO ¢
e TB=xT
GCBxGS/PWPCE .
GCHREGS/PWwDHE
TdaT8«15,
e IF(XB,LE,0,375)_60-10 903
TE225,3
XFu0,43S
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PHEBXHI«XF2x (9 UT63+5,0978%ALOG(XF)¢0,9766«(ALOG(XF)Inn2)REXP(
1=7079,32/CT+Uh0,)+16,2718)
PCWEPCE+PW
IF(ABS(PR=PCW) ,LF,0,01) GO TO 43
IF(PR,.GY PCW) T=740,3
IF(PR,LT,PCW) T2Tw(,3
G0 10 42
43 CONTINUE
GCFalLwZw(XBaXF) o
1FePW/PCEXGCF 77
CPB3(0,9028+3 ,B7SEmU#(TUmi0 ))n (2261, ,14(1,2Z)u1B8,)¢ZaXBeCPCR
TRYETU=(GCF*HRCoLFtHW) /(L*CPB) L
IFCABS(T=TRT) LE,1.) GO TD 4S
_ IFCTRT,LT,T) XFz2XF+(C, 004
60 TO 42
4% CONTINUE
6o Tn sS04
903 GCF=0,
LFal,
TRT=T4
XFuexf
904 PRINT 7¢01,GCF, LF,TRT,XF
7001 FORMAT(S5Y,4nGCFE13,6,3X,3KLFSEL3,6,3X,4HTRT2F8,3,3X,3HXFEF8,3)
YRTYSXF
Fa{*Z
o VPDINT 555, LsF o o
558 FORMAT(IRO,10X,2mL2E13,6,5%,2HF=EL3,6)
XRBEXT+GCR/F
__ Fx=F«(XBmxvy
€  HEAT BALANCE ARDUND REGENERATNR AND REBOILER
TRB=TR=(TB=TRT)/(XRT=XT)n(XPB=XT)
___CPRB=20,172+(0,9028+3 ,B75E=4n(TRT+TRB)/2,)+2Z4«XRB+CPCR
LCa(LwCPRR®*(TRA=TRT)¢( =LF)wiB, #(TRBuTRT)+F*#(XRTeXRB)*HRC=({GS#CP3
{#GCBACPCR)I®(TB=TRT))/(HWmiB ,x(TRB=TRT))
__ CPB=20,172%(0,9028+1 ,87SEwl4w(TR+TRT)/2,)42+XTwLPCR
GRHL*CFF*(TB-TRY)¢F*(XRY-XTJtHRC¢(GS-LCJ*watLF*Gs-LC)*le «(TRT=
1100,)
_PRINT 5123, LC,TB ,LF,CR,TRB .
5123 FORMAT(IHO,S5X,3HLC2EL13,6,3X,4KT8 aF8,3,3%,3HLFREL3,6, SX.SHQR-EIS 6
13X, UHTERE®F8,3)
t _ REBOJILER
RSEQR
A8TM=QS/ (MY (265,))
__DT8=265,-78
ARSIOS/(DTS'SOO )
EWREZ 6%B50 w(( ARS)/S0,)wx0,562
CS’B?OO*ASTMt 1571000, e
PRINT 1{005,0R, NS, thR!AgTMOCSI LC'TRBIXRB
1005 FOQRMAT(1IHO,3X,3IH0P=2E13,6,13X, IHOSEEL13,6,3X,8HEHRSELD
_____ 146/4X,5HASTMREL3,6,2HLB,)3X,3KCSEEL1Y,6,3X, INLCEEL3, 6,
23X,4HTREEFS,3, 3x,ur4pr F8,4)
t FEED GAS COOLER
& DWCa(PwyYW «PV(TG1))/P*»G1/(1,=PV(TGL1)/P)_
YWAS (YW «GiwDWC)/(Gi=DwC)
GeGi=Dwe
QHIGI*CF2o(T{=TG1 )+ 1B, «HV(TGL)wDWC
WHEQH/ (150 ,=85,)
DYHR((T1e({S50,)e(TG1=8S,))/ALOG((TI=150,)/(TGi=85,))"
— AHEQH/(ES #DTH)Y .

EHEY, 64850, % (AH/S50, ) #%0,562
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BPHEWH®T ,UB1 %S ,w144,/(62,0w60,%0,8%24800)
EPHE68L, wBPHER0,467
ELCH=B760,¥BPH*(0,7457%0,011/0.8
UWCRBTO0  wWH* (7,481/62,4)3%0,0571000,
PRINTY $(007,G,YWA,QH,WH,EH,EPH,ELCH,UKC
1007 FORMATCI{HO,5X,2HGSEL3,6,3X URYWASFB,4,3X,3HAHSELS6,3X,SHRHEE S, 6/
16x.3HEH=E13.6.3X,aHEPH=EIS.6,3xo5HELCH=E!3.6,3X,aHUwC=E!3.6)
GNuG=GCC2=GH2S8
YCIsGC02/GN.

YHS1xGH2S/GN

Le{YCLi=YC2I%GN/(Z*(XB=XT))

YHI=GH2S/ (2% )+0,0001

CALCULATE TAB

CPLAZ(0,5028+3 , B75Eed*(TAT+10,))x(Z2%x68,1¢(1,=Z)x18,)

QAR(YCiwYC2)RGN*HRC . _ R e

ALT®R(0,9028+3 8T7SEmUNTATINC(ZN (UL, AXTH61 12+ (1,wZ) w18, )%l

AGTEGNX(CPN+YC2%CPCA)

— AGBEGN*(CPM+YCIi*CPCA) :
ALB2L%(0,9028+3 ,B7SE=Un(TAT+30,) )% (Zn{d4 +XBeb1,1)¢({,»Z)%{8,)
TABS(QACAGR*TGI+ALT*TAT=AGT*TAT)Z7ALB
IF(IC.EB.L) TAB=TAT4QA/CALT+ALBI®»2,
PRINT 90t, TAT,L,GN,CPLA,QA,TAB,ALT,AGT,AGB,ALB

908 FORMAT(IHO,S5X,4HTAT=FB,3,3X,2HLBE13,6,3X,IHGN=EL3,6,3X,SHCPLAZF8,5

143X, 3HOAME13,6/4X,UHTABEFB 33X, UHALTSE13,6,3Xs4HAGT=ELS, 63X,
2UHAGBSE|3,6,3X,4HALB2EL13,6)
PRINT 1008, TAB,L,CPLA,G,GN

_ 1008 FORMATC(IHO,SX,d4HTARSFE8,3,3Xs2HLEEL3,6,3X,SHCPLARF8,3,3X,2HGSE13,6, .
13Xy IHGNEEL3,6)

o CALCULATE TOTAL CRNSS SECTIONAL AREA OF OF THE ABSORBER

AMWE(] w7 %88 2% (XBrUL,+61,1)
ROL®(Y,0177w2,1SEmU*TAB™S 3ICwB8uTAB**2) %62 , 4 AMW/ (AMWeZ wXB%dd,)
AABA/(U, 17EB# (0, 74)x#3#ROLI*(2,589/2,419)%%0,2

BBRuY w(Lw«AMW/G/AWGA)ww( 25« (ROGA/ROL)x*0,125
GFTRSRRT(ROGA/ZAAXEXP(=BB))Y%0,90
SARG*ANGA/GFT
NO=IFIX(SA/(3,1416%25,))

ANO={ ,+FLDAT(NO)
DTAR((SA/AND)/3,1416)%%0,5%2,

_LO=L/8%A4
GNORGN/SA
PRINT 299, LcG,AMN.TAB.Z,XTnYB,ROLpAA,BB!ANGA,ROGA,GFT

299 FORMATCIMOOXs0(E13.6,4X) /85X, T(EL3,6,3X))

PRINT 300, SA,ANR,DTA,LO,GNOD
300 FORMAT(IHO,5X, t ABSNRRER 1 /S5Y,3H8ABFS 4 ,SX,4HAND=FB,4,5X,4HDTA=F
4B U4,5X,3HLOSEL13,6,5X,4HGNDEL3 6]
¢ SIMULATION FNR TWE ABSORBER
GKAEQ 682w (G/SA/{U4S,S)I*%x0,75
— PRINT 906, GKA i
906 FORMAT(1HO,10X,4HGKARF10,4)
NEi
e TL(N)E=TAB. —
Y(L)rYCL/7(L,+YC14YHSY)
X{N)3XR
DNCz0,
YH(NI®XHE
YH(L1)SYHSE/ (1, +YCL+YHSY)
TG(1)xTG6Y
PARP/14,7
YC(i)mYCY
—— YHS(1)3YHSY
"L 3 1,1

Cs
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HTt1)=0,

CALL NaME(Y)
PRINT 110, NyYINYpXCEN) g YHIN) pXMINI,WSL,CAMIN)I ,RCN),TLI(NILTGCN),
{GKACCEN) ,GKAHCN) , HT(N) ,RKE(N)

110 FORMAT(3X,24N=13,3X, 2HYEREL13,6,3X,2KX8FB,6,3X, IHYHSEL1Y, 6,3,
{IHXH2FB ,6,3XyUHHSLEF9,4,3X, RCAMEFY, U/ZX.2H9=613 693X, 3HTLEFB  U,3X
‘“EHTszre 4:3X,SNGKAC=F8 4,3X,SHEKAHEBFB 4,3X,3HNTSFS, a.zx,SHRH3613.‘
36)

KNE31
D0 10 Nm2,XN
YHS(N)ZYHS(Nal)
YC(N)=YC1=F OAT(N=1)«(YC1=YC2)/FLOAT(KNe1)
YH(N)SYK{N=1)
YENISYC(N)Y /(1 .+YCI(NISYRS(N))
DNC=(YC(N=1)=YC(N))*GND .
X(N)RX (Nl )mDNC/CZnLN)
XHIN)SXK(N=])
TLANISTAB+ (TAT=TAB) /(Y TeXB)«(X(N)=XB)
CALL MAMEC(Y)
IF(PCE,GE,PA®Y(NY) Y(NIBY(Nu{)
_HTINI=DONC/(A#(R(N)+R(HN=L)Iw0,5) L -
HAWZARHT (N) whKA
TGINIZ(AG(Nw I ) *TG(N® )W (AL (N)oHAH)eHAH®R (AL (N={ )« T (Nef{)=ON))/
JEAGOIN) AL (N)+HANR CALIN)=AGIN)Y+AC*AL(N)) .
YHS(NIS(YHS(Nw1) 0 S (GKARIN)$GKAN(Ne1)IwHT (NI #PHE/GNO)Y/ (1, ,+0,5%
§ (GKAWIN)#GKAM(N=T))XHT(N)#PA/(GNO(],+YC(NII))
_ DNH=(YHS(N=1)=YHS(N))*GND o o
18 YH(N)IYHSINY/ (L ,+YHS(NI+YC(N))
PHABZPAWYM(N)
1F (P=E,GE,PH8) GO YO 143 i o
T U XKINIEXK (N1 )« DNH/ (Z D)
H[ SRS +DNMH*SA
_ GRAINEZYR(N)/0,0000163 ) e o
PRINT 110, NpYINY,XCIN)pYHEN) o XHENY,HSL,CAMINY,RCN),TLI(NY,TG(N),
{GKACINY»GKAFINY yHTIN) ,RH(N)
PRINT 6005, PHA,PHE,GRAIN L
6005 FORMAT(I0X,4HPHASEL3,6,10%,4KPHERE13,6,10X,6HGRAINIF10,7)
10 CONTINUE
. HWTA=S5,
DO 8 J’l,KN
HTAZHTAHT(J)
8 CONTINUE

§30 NmN+j
PRINT B¢, HTA
PRINT 6005, PHA,PHE,GRAIN - -
AIm2 wwY
IF(GRAIN,LE.0,4/41) GN TO 519
XHEN)ZXH2
Y{N)=XT
YCI(N)=YC2

o YIN)mY(hey) -

HT(N)XS,

HTASHTA+HT(N)Y

GKAHIN)IBGKAM (N=1)

TLINIRT| (N=i)
TRETL(N)« U6, ,

o PHEaXHINI*X(N)*x(Q 476345 ,0978wALOGIX(N)I*0,9766nALDOGI(X(NIIIRA2)n
{EXP(=7079,32/TR416,2718)
PH BYH(NY*0 ,154%x(9 ,4763¢5,0978%AL0G(0,15)40,9766%(CALOG(0,15))%»2) %

e SEXP(mT7Q79.,32/TRe16,2718) %7, /17,410,717 .¢X(N)/0,.15)

IFEX(NY,LT.0.15) PHE=PH N
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YHS(N)Z(YHSE(Nwi )0 ,Sw(GKAH(NI$GKAH(N® L) YxHT(N) «PRE/GND)Y /(1 ,+0,5*
{(GKAHINISGKAR(N=Y)IRHT(NI*PA/ (GNO*(f ,+YC(N))))
DNH2 (YHS(N={)aYHS(N))*GND
YHENISYRSIN) /(L #YHSEINYYC(N))
PHAEPA®YH{N)
JF((PHA=PHE) [ F,0,00000001) GO YO 143

IF(N,GE,100) GO YO 143
GRAINRYH(N}/0,0000163
_60D 70O 530

" 519 CONTINUE
86 FORMAT(LHO,SX, 'HEIGHT OF ABSORBER HTA=!,F10,5)

_C  CALCULATE CROSS=SECTIONAL AREA QF THE REGENERATQOR
AMHS (] ,»2) %18, +Zw(XBxdd +61,1)

ROLE(1,0177m2 1SEmlU*TRY =8  IIEaBATRINNZINE2 JUNAMWN/ (AMKwZ e XBRi4Y,)

- GRT=GS-LC+LF+L*Z*(XB «XT) . ——

AWGR2 (18  #(GSwLCH F)+L*Z*(XB=eXT)w4d,)/GRT

RDGR!PR/(O 0805« ((TRT=32.,)/1,84273.))%0,06243%AWGR
AA=A/(U.17EB*(0.74)**3#ROLJ*(2.589/2.4191!*0.2
BRe4 *(L*AMWK/GRY/AWGR)Y % %0 ,25«(ROGR/ROL )Y ®+0,125
GFT=SQRT(RAOGR/AA*EXP(=BB))I%0,90

_ SR=GRTWAWGR/GFT. ...
NOsIFIX(SR/(3, 1416*7 5*7 5))

RNO=1, *FLOAT(NQ)
DTR?IISRKENQllitLﬁlbl**O.5*2.
LO=L/SR
G80=G8/SR
_ PRINT 200,SR:sRNOJDTR,LONGSD . .
200 FORMAT(CLHO,SX, 'REGENERATORY /S5X,3HSREFG 4 ,5X,4HRNORF8,4,5X,4HDTR=F
18, 4,)5X,IMLN=EL3,6,5X,4WG30=E13,6)
£ SIMULATION FOR _THE REGENERATOR —
Naj
X{N)=XRE
—Y(1)=GCR/(GS+GCB+GHB)
XH(N)EXH(KN) $GHB/F
TL(N)=TRB
PARPR
HSG=GHR
DNCxO,

_ GC{i)=GCB.
Dw(i)=0,
GH(1)nGmB

—  YH(1I=GKROL)/(GS=DWlII+GC(1I+6H(1)]
C4=LC/ (XRB=XRT)

CSE(TRB=TRT)/ (XRB=XRT)

. _HT(13¥=0,..
CALL NAME(2) )
PRINT 3310,N,YIN),XCINY,YHIN) ) XH(N),GH(N),CAM(NI,RIN),TL(N),DW(N),

 AGKAC(NY,GKAHCNY (HTIN)RH(N)L,GCLN)

310 FORMAT(2X,2NNEI3,)IX 2HYSFB 6, X 2HXRFB ,6,1Xs3HYHRBEL2,6,1X,3H)XHE

{FB 0, 1Y ,3HGHEFE U, {1 X, dHCAMBFS,5,{X2HRBE 2,6,/ 1X,3HTLEFB,4,1X,3HDH

2RFQ 21X, SHGKACIFR (U s i X ) SHOKAHGFB U X, 3HHTSFB 4,1 X, SHRHSEL2,6,1X,.

23HGC=F10,2)

YRYEFH (XRT=XT)/({5SeLC+FR(XRToXT)+GH2S)

KR=31

DO 49 WN=2,KR

GHIN)=GM(N=1)

e _XH(N)aYm(Nw}) . v —
V(NJ¢Y(1)+FLOAT(N-1J*(YRT-YC!))/FLOAT(KR-i)
COEBY(N)/(1,=Y(N)) ‘

— XAN)Z(GC N ) mF X (N  )ul R (GS+GH{N)nCURXRB)IL(LOERCLUwF)

DWINIRCUx(XRBmX(N))
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GCINIZLaZw (X (N)=X(N=1))+GC(N=1)
TLEN)BTRB=CS5% (XRBmX (N))
YH(NYRGHIN) /(GS=DW(N)+GCIN)+GH(N))
DNC=(GC(N)=GC(N=1))/SR
CALL NAME(2)
HT(N)SDRC/(A*(R(N)+R(Nmi))+0,5)

DNHENTININO S (GKAN(N)+CKAN (N )Y (PHEPARYHINY)
GH(N)BGR({N=1 )$DNH®SR
IF(GHIN) GE,™SL) GH(N)SGH(N={)

TXHENIEXH(N=1) ¢ (GH(N)=GH(N=1))/F =
YRENISGHIN)/CGSwDWI(N)Y+GCIN)+GH(N))
IFC(ABS(PCE=Y(N)%PA),LE,C,000001) 60 TO 143
IFC(PCEwPA®Y(N)), LE.0,0000t) GO TO 143
IFt(DHE-PAtYH(N)) LE.0,00001) GO TO 143

49 CONTINUE

PRINT 310,NpYIN),XCNI,YR(NY, XHINY,GHINY,CAM(N) ,REN) ) TLAN) ,DHENY,
L1GKAC(N) )GKAHIN) ) HTIN) JRH(N),GC(N)
HTR=S,

DD 28 J=1,KR
HTREHTR+HT(J)
28 CONTINUE e . e
PRINT 87, HTR
87 FORMAT(1MHO,SY, 'HEIGKT OF REGENERATOR HMTRE',F10,5)
c NO. 4 WEAT EXCHANGER o
T OUEL*(TU=TAB)I®(0,902843,87SE=dw0,Se(T4eTAB) I w(Zn(4d, v XBebT, 1)¢(1 =
1Z)*{8,)
DT4=t5,
T 153TAB+15,
ARAEQU/ (200, %#DT4)
EMUTT, 6wB50 , w(ANLU/SO,)ww0,562

"PRINT 124, T4,75,Q4,E44

{24 FORMAT(IHO,SX,3HTUSFB.4,3X,3HTSEF8,4,3X,IHAUREL3,6,3X,4HERLRELY,6)
_C____ND, 5 HEAT EXCHANGER
{=Z)*18,)
DTS=((T5 =120,)=(TAT=85,))/AL0G((TS =120,)/(TAT=85,))

AHS=Q5/7(DT5#%200,)
ERS23 ,69R50, »(ANS/50,)ex0,562
__UnWS=205/¢120,=85,) I
BPRliwS%7, aaa*a.-xau /(62,4%60,%0,84246800,)
EPS =684 w(BP)Iwx0 U667
_ _ELCSE= 87&0 *BPwl,7457w0,01/0,8
UhC5=OS/f150 -eS )t8760 *(7,481/62,4)%0,05/1000,
PRINT (02, TS.OS.EHS UWCS,EPS,ELLS
102 FORMAT(IHO,SY,dHTS =F8,3,5%X,3KNS2EL3,6,5%,UHERSEEL{3,6,5X,5HUNCSSEY
13.6/5X,5KEPS BE{3,6,5X,5HELCS2EL3,6)
o COST OF TURBINE=MOTORePUMP
T=T4
PCE=1,316E=3*EXP(0,5154¢12,570xXBatB8240,#(1,/(460,+T)m .1, 1,U88Fa3))
PWE (] =Z)*PV(T)
_P2e(PWePCEI® G, T
P3xPRwi{d, 7
DPePuPl
_ NPEL+IFIY(0,040U3#L/2000,)
CFBO,040u3*L /FLOAT(NP)

BRpaCFe(Lpeldd +ROL#HTA)/(0,842U46800,)
o PUMPEFLCAT(NP)#) BwbBJd ,w(BP)w%( 467

TBNIPUMF

WER , 0UdOUZw w (144, % (0, 1w (PuP2)4P2aP3)eROLRNTA)/(0,8%246800,)
e MNDTDOR=FLOAT(NPI®Gb , *(wE/FLOAT(NP) )0 ,955

CYMPRZTBNAMATORGPUMP
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ELCTaWE®D ,7457%8760,%0,011
PRINT 203, CTMP,ELCT,NP,PUMP,MOTOR,THBN,BP
203 FORMAT(1HO,10X,18HTURBINE=MOTUR=PLIMP/L0X,SHCTMPEELY ,5,5%,5HELCT=EY
11,5,5X,3RWNP213,5X,SHPUMP=EL ,5/10X,6HMOTOR=ELL,5,5X,)4HTBNREL1,5,
25X, 3HBPEELL,.S)
£ ENST OF ABSORBER AND REGENERATOR

THAZ0,03639%DTA+], /48,

HTASHTA®S,
CAZ566,32S*ANOX(((DTA+2, *THA) ww2aDTAXN2IwHTA$2,#THAX (] ,346%DTA)*%2 _ _
1)

THRE(S5,06763/10,«wd)%DTR+Y, /748,

HTRSHTR#S,
CR=566,IPSHRNOK( ((DTR+2 *THRI %% 2=DTR* X2 ) wHTR$2,% (1 ,I46«DTR) k% 2% THR

£ _YALVE COST e
cv::eooot(AN0+R~on
c MEA COST

_ CMEA_ 30,35 #0,2%3,1416/4,x{DTARN2*xHTAXANO+DTRx*2eHTRARND)I %7 ,481
c PACKING COST
CPKSS5 %3 ,142/74 ,*(DTA¥*2kHTAXANN4DTR**2xHTR*RNO)
—_ ___PRINT 204, THA,CA,THR,CF,CPK,CMELA ,CV [
204 FORMAT(iHO:1OX.2OHABSORBER-REGENERATORliOX UHTHAaﬁio S.SX.BHCA:E!O
105,)5X,4nTHR2EY0,5,5X,3HCRZEL0,5/10X,4HCPKEELD, S,SX,SHCMEAtEio S
25X s 3HCVEEL10,5)
o CONDENSER
DTCR((TRT=150,)=(100,=85,))/AL0G{(TRT»150,)/(100,»85,))
Te(0,.5%(TRT+100,)=32,)/1.84273,. —
GBuGS=LCHF
QEGBw(7,25642 ,298FEe3#T¢2 BIEaT*Tha2)w (TRTw100,) 4L #Zw (XBuXTIn(6,214
o 4% 10,396FE =3 xTmlS USFERT 4T %) % (TRTIw]1 00,0468 18,21036,4
AC2Q/(200,%xDTC)
CWEQ/(150,=85,)
. _ UWCC=BT760,%Cwx(7,481/62,4)%0,05/71000.
EC=3,6%850,%(AC/50,)%*0,562
BPCECWHT 481 #2 %144,/ (62,4%60,%0,8%x246800,)
_EPC=6B8U w(RPCYxx0,467
ELEC=8T7¢60 ,*BPC+0,7857%0,0411/0,8
. PRINT 600, Q.EC,EPC,ELCC,UWCC
600 FORMAT(IWO,5%,2HR=F13,6,3X,3HECEEL13,6,3X,4HEPCEL13,6,3X,5HELECRELS
1.6,3X,5HUACC=EL3,6)
BCOSR(CTMP+CACR+CPK+CVHEHRHEN +EH4+EHS+EPH+EC+EPS+EPC) /1000,
____ 0OPL=s0,
RAWMEO,
ODM=CMEA/1000,
e UTCE(UHCHELCHIC S+ UNCH+ELCE4UNCC+ELECHELLTYIZ1000, N

CALL COST(REVA,BCOS,0DM,0PL,UTC)
PRINT 511 '
514 FORMAT(1H0s5X, ' SSS8ES38S355558585855888585688558S8555555585888819
PRINT 402,REVA,BCOS,OPL,0DM,UTC
402 PORMAT(1HD, 10X, 10X, 10XCOST IN §H/9X, GHREVA, 10X, 4HBCOS, 10X, SHOPL ) 11
e 1X,3HODM, 11X, 3HUTC/6X,5EL4,50 . . . A ——
PRINT 510, XT,XB,GS,TRT, L /HTA,DTA,AND,HTR,DTR,RNO
510 FORMATCIHO,30X,3KXT=F8,5,3Y,3HXB=F8,5,3X,3HG3=F10,2,3X,4HTRTaFB,2,

S .} & S — 2HL=F10.2/11X,QHHTABFb.B'SX'QHDTA=FB.5,3X,4HAN0=_M_
2FS .4 93X,4HHTRSFH,2,3X,4HDTR=FB,5,3X ) 4HAND=FS5,1)
PRINT St

~— 90 CONTINUE. ..
143 CONTINUE
20 CONTINUE
END
SUBROUTINE NAME(IR)
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REAL LsLO,XL,KAM,MOTOR,LC,LF,LR

COMMON AG(100),ALC100),GKAC(100),GKAN(100),R(100),RH(100),TLF100),
I1XC100),¥H(100),YC100),YC(100Q),YKC100),4A,AC,AMK,CPCA,CPN,DL,DNC,0OR,
2GKA,GNO,H,HRC , KAM, KL ,LO,N,PA,FPCE,PHE,BN,ROL,VIS,Y1,YHI,CAM(100),2Z
TaTL(N)

TRET+460,

TCa(T=32,)/1.8

TKuTC+273,
HE0,062430¢10,%#%(1140,/TK=5,3)
AMWEL18,w (1, =Z)+Zw(X(N)#L4, +61,1)
ROLE(1,01772?,15FmlnTud 33EaB4Tuw2) w62, UwAM/ (AMWaZeX(N)*44,) )
DL32.325ESw(1,1140,01675%TC+0,0005752TCwe2)
VISS0,03R75«ROL#3,99U*EXP(=0,01275«T)
KLEO ,0165«D L #(VIS*%2/ (8, 1TEBWROL «%2) Iwn(m] /3, I (LO*AMW/(ARVIS)) w2
_ $1€2./3,)%(VIS/(ROL*DLII %% (1,/3,)
KAHBS7661 *EXP(25,432=4915,33/7K)
CAMIN)® (], =2, %X (N))IRZ*ROL/AMW

_ PCERY,/T60,%EXP(0,5154+12,57U4xY(N) =~18240,n(1,/TRel,/672,))
PHE=XH(N)*X(N)**(9 4763+45,0978#AL0G(X(N))+0, 9766*(ALOGtx(N)))tt2)t
1EXP(=7079,32/TR+16,271R)

PH IXH(N)®0,15%2(9 4T763+5,0978«AL0G(0,15)40,9766x(AL0G(O, 15))*-2)*
T {EXP(wT079,32/TR416,2718)%(7,/17,410,/1T#X(N)/0,1S)
IF(X(N),LT.0,15) PHE=PH

IF(IREC,.2) GN TO 2 o }
T Y12a(GKAwPA® Y(N)=ARKL*CAM(N)®SQRT(DR)/2,)/
{+GKA))

 YJa(A¥H*PCE#SGRT(KL**24DL*KAMACAMIN) ) #GKARPAY

{SORT(KLww2eDL®CAMIN) #KAM)+GKA®PA)
IF(YI2.GE,YJ) YIl=YIZ2

_ YIFCYT2,LT.YJ) YI=YY
T IFIN.GE,16) YIav)
R(NJ=GKAtPAt(YfN)'V1)/A
GKACI(NIEQ(N) YA/ (Y(N)*PA=PCE)
GKLEL ./ (1./GKAC(N) =1 ,/GKA)
AGCEN)SGANOw(CPNGYC (N)*CPCA)

AL(N)=LO®(0,902843,875EmunT)e(Zn(Ud, wX(N)*61,1)¢(8,=Z)n18,)

ACRDNCCPCA

GNRDONCwHRC

YHIEC(AWY ¥HeOMEXSQRT (KL ##24DOLwKAMNKCAM(N) ) $GKAXPARYH(N) )/ (AT suHw
{PA%SQRT(KLwe*24DL«KAMALAMIN))*GKAWPA)

RH(N)ZGKAZPA®(YH(N)=YH]I) /A

GKAMINIERH(N) A/ (YH(N)*PA=PKE)

GKAMENIEL /(1 ,/GKA+L ,/6,/6GKL)

GO 7O 3

2 CONTINUE ) .
YII(AthPCEtsonT(KLtt2+DL*KAH*CAM(N))+12 wPARY(N)) /€12, wPAGARNS

{PAXSORT (KL*#24DL*KAMRCAM(N)))
R(N)SHWN (PCE@PA*YT)wSQRT (KL **2 4D #KAM*CAM(N))
GKACIN)ER(N)*A/(PCE=PA*Y(N))
YHIR(A®T , #Ma«PHE«SQRT (KL # %2 DL #KAMNCAM(N) )12, #PAXYH(N))/(12,4PA+)
| oW #PAwSQRT(KLew24D| #KAMKCAMIN))) L
RH(N)=3, th(PHE-PA*Y“I)*SQPT(KL**ZODL*KAMtCAM(N))
GKAM(N)ERH(NI*A/(PHE=PAXYH(N))
GXAM(N]E=El2,
3 CONTINUE
RETURN
. END .. - O
FUNCTION HV(T)

(PAx(AeKL*H  /SQRT(DR)
wY

(N))/CAsHaPA® _

Wym,10913906E4e, 5120117 #Te 3242492 TEa3nTaw2¢4,66310167EmbuTund

1=, 196USCBLEmB#TRwyYy
RETURN
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END

FUNCTION PV(T)
vaa.96875-.0957031*T+.12207031E-2*T**2-.660&939E-5*T**3+.1995295E
foTaTewd

RETURN

END_

SUSROUTINE CNST(REVA,BCGS,0DM,OPL,UTC)

e AGA ACCOUNTING PROCEDURE WVU
,DATA‘R‘WH'SHﬁlaBQRJalulﬁgigEaTLBAIELIAXLXJNIZQ!QJLQI95Ionéslplozlwﬂ
10,5,0,05/

COHERCOSW0,0773
 EINTSXINT®(COM+BCOS)
FINVSHBCOS+COHSEINT
AMNT® 03« {RCOS=SKM)
SUPEAMNT*0,45_ —_
8PRYy=z0,10%0PL
PYRE(DPL+SPRV)*0,10
PLTE(NPL#SPRVSAMNTSSUPI*0,5
DEP=FINVX0,05
TIsFINV®0,03
RAWMFESF *RAWM_
ODMFESF%NDM
BPCRFaSF ¥8PCR
QgST:QANME}DDMF+DPL*AMNT+SUP+SPRV&PYR+PLT+QEP+TI
CONT=PRST®0,02
OPCOSZPRST+CONT=BPCRF+UTC

203 FORMAT(1H0,20X,6H0OPCASSELQ.R)
WCAP=20,

WOCAPSO,

ITEST®10
Jrd
{2 DFINVY=FINV _ . _. _..
DCAP=(FINV+WCAPI®DEBT
DRT=DCAP*),08
____bcaAPeDCAR+DRY
REVA=(,
FI1TAsO,
RETA=(,
PRGAE(,
AINTAROD,
___bn 16 _1=4,20
T DFINVEDFINVeO,05*FINV
RET=(DFINV$WCAP)I®RATE
. _DCAP=DCAP=DRT.
AINTEDCAPRXINT
FITR(RET=AINT)*TAX/ (1, =TAX)=0,65
_ _REV=RET+F1lT+OPCOS
REVA=REVA+REV
IFCITESTII0,11,10
_101 _FORMATC{HO,10X,I5,5E10,.4)
14 RETARRETASRET
FITASFITASFIT
__ PRGA=0, -
AINTASAINTA+AINT
{0 CONTINUYE
REVARZREVA/20, - -
IFCITESTY14,13,14
{3 RETAZXRETA/20,
___ FITA=RFITA/20.
PRGASPRGA/20.




AINTARAINTA/20,
DRAWMIRAWM/L2,
RETURN

{4 AREC=REVA/(12,%8F)
WCAPRVTRY4AREC
ITESY=(WCAPwWQCARPY /10,
WOCARPRWCEAR
60 ID {2
END
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TABLE B.4-2 PROGRAM SYMBOLS AND EXPLANATIONS

FOR OPTIMIZATION OF IRON OXIDE BED
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Program

Symbols Explanations

AMAT Amount of H9S at Bottom in the Gas (1b-moles/sec)
AMAT Amount of HpS at Bottom in a Particle (g-moles/sec)
AMU Viscosity of the Gas (Poise)

AMW Molecular Weight of the Gas

AN Number of Beds in Operatiom

ANOP Number of the Beds

B Stoichiometric Factor in the Reaction

BCOS Bare Equipment Cost (Dollars)

CAQB

CAOT

CAOM Concentration of H9S at Bottom, Top and Log-Mean
DAY Changeout Day in Practical Case (Day)

DAYCAL Changeout Day Calculated (Day)

DP Particle Diameter (cm)

DT Diameter of the Bed (cm)

DTA Diameier of Bed (ft)

EP Void Fraction (~)

F Friction Factor (-)

G Molar Rate of the Gas (lb-moles/sec-bed)

GC Conversion Factor of Gravitational Force (980 kg-cm/kg -- sq.sec)
GO Molar rate of the Gas (lb-moles/sec)

GRAIN Concentration Unit for HpS in the Gas



TABLE B .4-2 (Cont.)

Program

Symbols Explanations
GTOTAL Total Gas Rate Treated (lb-moles/hr)
HTA Height of Bed (ft)

HT Height of the Bed (ft)

NO Total Number of Beds

OPL Operational Cost (Dollars)

PDP Pressure Drop (PSI)

PT Total Pressure

R Radius of a Particle {(cm)

RC Reaction Radius in a Particle at Outlet (cm)
RE Reynolds Number of the Gas

RRK Reaction Rate Constant (cm/sec)

ROG Density of the Gas (g/cu.cm)

S Cross Sectional Area of the Bed (sq.cm)
SUMMAT Amount of HpS at Bottom in the Gas (g-moles/sec)
TF Temperature of the Gas (Degree F)

THA Thickness of the Wall of Bed (ft)

U Gas Velocity (cm/sec)

UTC Utility Cost (Dollars)

VBED Volume of the Bed (cu.cm)

XCAOB

XCAOT Mole Fraction of HyS at Bottom and Top
Z Height of the Bed (cm)
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29
30
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~ LT=20.48%5,
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C_____ EFFECT LN REVENUE COST WITH CHANGE IN NUMBER OF BEDS

ANU=C.CCCLTT
CP=C.3

_TF=1CC. _
PLP=1la
5C=9¢&C.
EP=C.4

GRAIA=10.
ANzlo
V=1

3

37
33

34

15
36

31

33
39
40
41
42

43

44
45
46
47
48

49

50
51

52

53
54

55

15 1=1
34 IF(I-2)344,45
3 PRINT €&
6 FOPMAT(1HC/1CX,EHCASE 1/7)
GC=4CC3C./36CC.
__PT=1C47./7/14.7_

RCG=C.C40E
AMw=13,82
GE 16 S

4 PRINT 7
7 FCRMAT{IHC/1CX,€6HCASE 2//)
__(GC=48CC0./36CCa. __

PT=1CET./14.7
RCG=C.0362
e _AF%=12.3C

GC TC &
5 PRIAT ¥
8 FCPNAT({LMC/10X,6FCASE 3//)_

G0=6718C./36CC.
PT=1C47./14.7
_ROG=C,C0318

AMW=1CaH1
GC YC o
9 G=GC/AN

XCACP=0.C0COCLE3%GRAIN
XCACT=C.CCCLCCLéED

CACZ=XCACE/(224C04/PT#(TF/1.8-32,+273.)/273.)

CAPT=0.CCOCCCLE3/(224CC0./PT*(TF/1.E~3244273. 1727340

CACM=(CACB~-CACT)/ALGG(CACB/CAQT)
R=0.3

RC=(. q R
RE=C.010S
AMAT=XCACRB*G

AMA=4, %3, 14 #RC¥%23RK#C AGM
SUNMAT=454 . ¥AVAT
_ _ANCP=SUNMMAT/ANA
RCRA=20.%0,016C2/1€C.
B=1la/3.
 CAYCAL=RCE#*(R=RC)/(B#RK*CACV¥36CC.*24.)
GTCTAL=GC®360C.
PRINT 350,GRAIN,GTOTAL
350 FCRMAT{zXs6FGRAIN=E11,5,1Xy THGTOTAL=EL1.5)
10 S=N.785%0T*%2
U=C%454.%AMR/ ( S¥RCS)
RE=CPEG¥454 ¥ AMW/(S*AMUY

-~
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56 F=15C.*{1.~EP)/RE+]1.75
57 I=4 %4 (¥CF3#3RANCP/ {3, 2CT*%2%AN*0,.€)

58 __ PCP=F%(G*454.%A4n/S*L/GC/OP* (1. —EP)/EP#%3%2%C, 01422
59 IF(PCP-1.)96,98,97
60 97 CT=CT+C.1C%3C.48
61 GC TC 10 ) - o o
62 98 PRIAT 1CCsRyRKy TFyXCACE,PTyANAT,CAGB,CACT,CACNM,ANMA,

1SUMMAT , ANCP,U,RCCHyAMU,PE,F,P,PCP
&3 10C FCRMAT{1HC 35X 2FR=E114544Xy3HRKZFL11a5,4X,

13FTF=F11.5, 1Xy6FXCACEB=E11.5,
275X, 3FPT=E11.5,2X,5hAMAT=E11.5,2X,5HCACB=E11.5,
32Xy 5FCACT=E11.5/3X,ShCACN=E11.5,3X,
G4FAVMA=FE 11454 THSUMMATZELL .5y 2Xy SHANOP=EL11.5/
SEXy L1X45X, 2FL=E1145,
63X y4FRCG=E11.5/44, 4FANML=C11.5,4X,3HRE=ELL.S,
T SXe2FF=E11.5,4%Xs3FCP=E11.5 ,3X,4HPDP=E11.5)

64 400 NC=INT(AN®2.C)
_ 65 LU= (S/(C.785%AN))**C.5 _
66 HT=7730.49
67 CIABEC=LT/3C.48
68 __,pRvAT 3ICH,CIAREC,HT,NC,CAYCAL -
69 300 FGRMAT(IRC, IFLIABEC=E11.5,5Xy2HZ=E11.554Xy3HNC=13,
14X, 5x.4rrAY £1l.5)
C CCST CF H2S REYCVERS o o _
70 HTA=FT42.
71 CTA=CT/30.48
12 THA=C.C313S#CTA+41./48.
73 CA=SE6.325%FLCATINC)I*(((CTA42 #THA)?*2-CTA%*2)*HTA+
12.2THA%(1.346%CTA)2%52)
T4 CV=4CCC.*FLCATIND) o o
75 CP=FLCAT(nC)*3,14%5,%%2%1C.%C.C5%3C.
76 TCTAL=CA+CV+CP
77 PRINT 2C0,CA4CV.CP,TCTAL o
78 200 FCXMAT(8X,3FCA=F11aS5y4Xy3HCV=E11.5,4X,3HCP=E11.5,
11X, 6FTCIAL=E11.5)
19 RAWMN=C, e
B8C CPL=6C.*FLCATINC)
81 OCM=CP/100C.%33C./CAYCAL
82 _uyrc=C. S . .
83 BCLS=(CA+CV)/ICCC.
84 CALL CCST(REVA,BCCS,CCNM,CPL,UTC)
_B5 _PRINT S5C24REVA,KCCS,0PL,3LM,LTC
8¢ 502 FCREAT(LOXe1CHCCST IN $M/3XoSHREVA=E11.5¢2Xs5FBCCS=E11.5,
13Xe4t-CPL=F11.5,3%X44+0CM=E11.5/4X,4HUTC=E11.5//7/)
87 IFIAN-11.)13,22,32 e
88 13 AN=AN+1.,
£9g GC TL 4cCC
90 32 IF(1-2)33,33,14 e
91 33 I=1+1
92 AN=1.
§3_  [¥=3C.48%S. - o S
94 G0 TC 24
G5 14 Syce

56 ENE
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q7 SUBRCUTINE CCST(REVA,BCCS,0OCM,0PL,LTC)
C AGA ACCCUNTING PRCCEDURE WVU __ .
98 DATA RAWV, SHM,BPCR, BTU,SF,DEBT,RATE TAX XINT/4*C.,O 95,
106£54CeCT79Ca540.C5/
99 COr=RCCS*C.CT73 —
100 EINT=XINT%{COF+BCOS) ’
iC1 FINV=BCCS+CCH4EINT
1C2 AMNT=,C3%{RCGS—-SHV) _
103 T SUP=AMNT#0.15
104 SPRV=0.1C*0CPL
1C5 _PYR={CPL+SPRV)*C.10_ . _ __ _
106 PLT*(FPL+SPRV+ANNT+5UP)* 5
1C7 CEP=FINV*0.05
_1ce _ TI=FINV=0.C3 _ -
1C9 RAWNMF=SF*RAWNM
11C CCMF=SF#*(CC¥
111 _ BPCRF=SFXBPCR_ . e
112 PRST= RAhNF+CCVF+GPL+AMNT+SUP+SPRV+PYR+PLT+DEP+TI
113 CONT=PRST*0,02
114 __OPCLS=PRST+CCNT-BRPCRF+UTC
115 WCaAv=C.
116 wWCCAP=C.
117 ___NTRY={(RAWN+CCM) /12,0
118 ITEST=1C
119 J=0
12C 12 DFINV=FINV. _ _
121 LCAP‘(FI\V+hCAP)*CEBT
122 CRY=LCAP*0.CS
123 DCAP=CCAP+LRT.
124 REVA=0.
125 FITA=0C.
126 _ RETA=0.
127 PRGA=C,
128 AINTA=C.
129 ___tc1c I=142C .. _._
130 3 CEINV=CFINV=-0.05%FINV
131 RET=(CFINV+WCAP)*RATE
132 ___DCAp=CCAP-CRT i
133 AINT=CCAP%*XINT
134 FIT=(RET-AINT)I*TAX/{1l.—TAX}-0a65
135 REV=RET+FITHCPCCS. R
136 REVA=REVA+REY
137 IF(ITEST)IC,11,1C
138 ) REVA=RETA+REY _
139 FITA=FITA+FIT
140 PRGA=C.,
141 AINTA=AINTAAINT
142 10 CONTIANLE
143 REVA=REVA/2C.
144 B _IFUITESTIY4w13514
145 T13 RETA=RETA/2C.
146 FITA= FITA/2C.
141  _PROGA=PRGA/2C. o
148 AINTA=AINTA/2C.
149 CRAWN=RAWN/L2.
180 o RETURN .
151 14 AREC=REVA/(12. *SF)
152 WCAP=VTRY+AREC
193 _ITEST=(WCAP-WCCAP}/10.
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WOCAP=WCAP
155 GO TC 12
156 __ENC

S$ENTRY




TABLE B.4-3 PROGRAM SYMBOLS AND EXPLANATIONS

FOR OPTIMIZATION OF ACTIVATED CARBON BED

Program

Symbols Explanations

AN Number of Beds in Operation

AKFAV Overall Mass Transfer Coefficient, CgHg 0.2%
AMU Viscosity of the Gas (Poise)

AMY Molecular Weight of the Inlet Gas

AN Number of Beds

ANM Number of Transfer Unit

BCOS Bare Equipment Cost (Dollars)

BS Brake Horse Power (HP)

BZN Amount of Benzene Removed (kg/year)

CA Cost of the Packed Bed (Dollars)

CAVP Cost of Beds, Valves, and Packings (Dollars)
CB Concentration of Benzene in Outlet Gas (g/cu.cm)
CCOMP Cost of a Compressor (Dollars)

CF Concentration of Benzene in Feed Gas (g/cu.cm)
cP Packing Cost (Dollars)

CSD Cost of the Drum (Dollars)

CSTM Cost of Steam (Dollars)

cv Valve Cost (Dollars)

D Diffusivity of the Gas (sq.cm/hr)

DIABED

Diameter of the Bed

B.4-31
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TABLE B .4-3 (Cont.)
Program
Symbols Explanations
DP Diameter of a Particle (cm)
DT Diameter of the Bed (cm)
DTA Diameter of the Bed (cm)
EP Void Fraction in Packed Bed (-)
F Correlated Friction Factor (-)
G Molar Gas Flow Rate (lb-moles/hr-bed)
GAMMA Packing Density of Activated Carbon in Packed Bed (g/cu.cm)
GC Conversion Factor of Gravitational Force (980X3600X3600)
GTOTAL Total Gas Rate Treated (lb-moles/hr) (kg-cm/sq.hr)
GTOTAL Total Gas Rate (lb-moles/hr)
HTA Height of the Bed (ft)
NO Total Number of the Bed
OPL Operational Cost (Dollars)
PDP Pressure Drop in Packed Bed (PSI)
RE Reynolds Number of the Gas (=)
REVA Revenue Requirement (Dollars)
RDG Density of the Inlet Gas (g/cu.cm)
S Cross-Sectional Area of the Bed (sq.cm)
RS Radius of a Surge Drum (ft)
STM Amount of Steam Required (1b/hr)
TB Break Through Time (hr)

THA Thickness of the Wall of the Bed (ft)




TABLE B -4-3 (Cont.)

Program

Symbols Explanations

THS Thickness of a Surge Drum (ft)

U Superficial Velocity of the Gas (em/hr)
UTC Utility Cost (Dollars)

VA Volume of a Bed (cu.ft)

VF Volume Rate of Feed Gas (cu.cm/hr)

VS Volume of a Surge Drum (ft)

VSOUT Volume of Outside of a Surge Drum (cu.ft)
WS Weight of a Surge Drum (cu.ft)

z Height of the Bed (ft)

ZA Height of Mass Transfer Zone (ft)
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FCRIRAN IV C LEVEL 1E

MAIN

B.4-34

CATE = 7C2322

C CFYIVMIZATICN CF ACTIVATEL CARBCN EEC

C EFFECT (N REVENUE CCST wITH CHANCE

___CE=C.CCCCzcE__.

INNUNEER CF BECS

AML=C.CCCITT*ZECC.
SO ) 5. SN R — — - - _—
[=C.CC1C6z22¢€CC.
(F=C,CCCETTS — S
ENNM=2.171C
b EF=C.A S -

CC=SPC.426CC 442
___ Campp=C.4]

cCclc LR

_CCclYy L AN=l. _ e
(€12 Te=2N
c1z2 _ F1=20.48%2. _ U
CCl4 I=1
CC1s <€ YFl1-2)S2,54,%5 .
(Cl¢ €3 FEINT ES
CC17 _ . €S FCRMAT(IFC,/// 1CX,€FCASE 1) -
CC1le CC=¢ClcC.
£cis . 1 s A cT31CC %22
CC2c¢ FCC=Ca.C4Ce
cczl . PFw=1Z.k2 - - e
CCee F=1(C4¢.
€c22 €C e Se - -

——

54 FRINT SC

_ SC FCRMATULIFCN/7// 1CXy€VCASE 2 )

CC=4E)4C.
NF=T4Z€.C21CC %272

FCC=C.C2¢2

EMh=1c42C

F=1C¢t¢E.

¢C L S« e .

T e pRINT S1

S1 FCRMAT(IFC /// 1CX €FCASE 2 )

TTTTTeC=€72€C. Tt T
VF=1026E8.621CC.*%2 I ) —
RCC=C.C21¢ o T T T

. Adw=1C.t1 [

T RE=1C4t.




FCRTRAN IV G LEVEL 18 MAIN CATE = 7€232

" 6Z FRINT 1CCy RCCANWoTEsCF,CByANL LP,C ANNLEF,GC,GANMA
—1CC FCRMATUIFCy2X,4FRCC=E11,542X,4FANML=E11.2,

_1C2 C=€C/AN -
1C S=C.TE54CT422

e Ak e i e ——————— o e oy —t e —— o o

_ FRFRV=2.11CZT3RE¥*3CL4TT4R0/CP*%2/2,

B.4~35
CC TC Sz

14X92FTE=E11aS 94X g2 CF=EL11e5/CX2FCE=E1145y

e 4FANML=E1]) oS4 4X 2FEP=E1]L.E,EXy2L=E] ], 5/4X y4FANV=E11.5,

34X, 2FEP=E11.5,4X,2FCC=E11.5,1X,6FCANMA=EL],

L=C*484 . 2280/(S2RCC)

RE=CFCH454 4 ANW/ (S ANL)

ZA=U#ANM /RKFAVECLC2ZE]
2={U*TE/1CTE/CANVMAYRCLCRZE142A/ 2, _

T FE15CL 3 {1.~EF)/RE4TLTE

FLP=F3C%454 % AVW/S¥L/CC/LP*(1.~EF)/EF#%23%24C,(1422/C.C32 1

- A e A S b i i e —

ST LT=LT42C.4€%C.1

_SE NC=INT(Z.%AN)

TF(FLF=CaS)SE4GE,57

€C 1€ 1¢

EZN={CF-CE)#VF#€2CC.71CCC.
_STM=BIN#2,€2%2,2C4€/E2CCa
T CSTF=STFAC.18/1CCC.#E2CC,
_LIABEC=CT/3C.4E__ e
TFRINT 1C1+So L REJAKFAV,F,PLP,2A2,BIN,STV,CC  °

1Cl FcRPﬁT(l“C,EX,d"< {11a¢’

T 4EX ZFUEEL L B 4Xy 2FRESEL L 521X EFAKFAVEEILLE7€X,2FF=E11.5
S2Xs4FFLF=EL11.544Xy3F7A=E11.55X,2FZ=E11.5/4X,
T EGFPIN=ELloS 23Xy 4FSTMN=EL1105,4X,2FCGC=E11.5)

ST e —

[T-(QI(( TEE BELINE
_FTA=714.

TCTA=LT#C.C2281

TEA=C.C2€2S#[TA+1,/4E,

T CV=4CCCHFLCATINC I 44CCCo*FLEATING)

_ VA=C TEEXETH3 c#Z%EP/2C, 46**4 }

CA=CEE IZE*FLOATING)* LU(TTA+Z ¥ TRA IS 2-CTR#%2 )21+
12.4THA#(1424€4CTA)%%2) e
_CCP=C TESHLTA#42474C CE*12, 2 FLCATING) _
T CAVF=CA+CV+CF

_[IPEEC=CT/3C.4¢

TCLST CF A SURGE CRLV ANDTA CCMFRESSCR '

e ¢ e e e W was e e AR Wil b ae s s

NS={1CE1.4VvA-14.T7%VA) /14,

RS=(2.%VvS/4./2.14)%% (1, /3.)
TES={12e%1CE14#RE/(Z2%181C5e~Co2%F)4Ca25)/12,
VSCLT=4,23 14*(R<+TF<)**’/’

WST4EC LA (VECLT-VE) ~—
CSC=CeS324%wWE
BS=SECHCaCl42¥NS  JIEC ¥4, )11CE%C24CHYT7

S . ———_—— ) 5 A sfwn Tas e maw A GRS W AWl TV B ‘. ——



_FCRTRAN IV C LEVEL 1€

AN CAYTE = 7€232

B.4-36

. 1E2C. 4 (L1CEL /14,10 #%C024C00)
cCc7e CCOMP=€SEL#PSE3C e

_CCTS ___ ECC FRINT  2CC,CIRBECCoNCaTPsVASVS RS, THE,VSCLT hEyBS

ccec ICC FLRMATH IXoTHCIABEC=E11.C9EXssb €118 4%,2FNC=137
 11CXy3FTE=E11af/SXs2FVA=E]1.S,4X,2FVS=EL1.5,4X,3FRS=ELLLS,
23XO11"]"5=Ell-E/zx,ﬁl’VSCLT:Ell.f'I,) '3"V5=Ell.5géx,3rE$=El .

_CCeY _ FRINT ZCC.CAZCV,CFyCAVE ,CSC4CCCNMH,CETM L
CCE2 2CC FCRMATUEXa2FCA=E11eS 64Xy 3FCV=EL114S 464X ,2FCP=E1145,
e . . Xy ESFCAVF=E1145/¢Xx,4bCSC=E11.5, 1> ,6FCCCMF=E110.5422,y
ZEFCSTIM=EL11.5)
S _ Fewv=Co _ _ __ __
cCe4 CFL=€C.
. cees o M= Ce -
ccee LTC=CSTM/1CCC.4C.CI2C 76%RS2E2CC./1CCC.
_ CCET_ ECCS=(CA+CV+CF)/1CCC+(CSC+CCOMPYI/ZICLC._ L
CCEE CALL CCSTIREVEALBCCS,COMoLPLLLIC)
€CeS _ FRINT ESCZ,REVA.BCCS,CFL,CCM,LTC e
ccsc €Cz FORMAT(2Xx,1CHCCST IN $M/4X,4FREVA,ICX44FBCCS,1CX,
L 1ZHCFLaL1X,2RCON 11X 2RLTC/2X,CEL4LE e
€csl IFLAN=11.)1€,18,1F¢ i -
CCCSz 1€ AN=AN4l. i
ccs2 TE=AN
CCS4 . L1=2C.48%2, e
ccss cC TC 1c:
ccse 1€ IF(1-2)11, Q)04 o
€Ccs1 11 1=1+41
CCCSE  NE Y
CCSS TE=AN
CCICC . CY=2CL4ER2,
cicl CC TC S¢
c1cz 14 STCF e o
cic? ENC i




> < =
FCRYRAN IV G _LEVEL 1€~ CC:d S CATE 7C222 _ ~B.4-37
€ccl  SUBRCULTINE CCST(REVA,BCCS,.CCNM,CFL,LTCY
C PCA PCCCULNTING PRCCECLRE wvl
€CC2 o [ATA RAWN,SEN,EPCRyBTLySFoCEBTRATE W TAX W XINT/4%CesCaS5y
1Co€55CaC79Ce54CaCE/
occer L CCH=ECCS#C.CT73 o
CCC4 EINT=XINT*(CCH+BCCS)
.eces o FINV=ECCSHCCRAEINT |
cCcCce AFMNT=.C2%(ECCS=SHM)
I o o - SULP=ANMNTHC.1E
ccce SFRV=C.1C*CFL
_¢cecs _FYR=(CPL4SPRV)I*CLIC
ccic FLT=({CFL+SFRY+AVMNT4SLP)I*C.5
cevy o CEP=FINVHCLCE
cc12 TI=FINV2C.C2
el RAWME=SF3RAWN _
CCl4 CLMF=SF3CCM
1S EFCRF=SF*EFCR __
CClé FRST=RAWMFACCNF4CFL+AMNTASUP+SFRVAFYRYFLIYCEF+TI
CC€CL? . CLNT=PRST*C.CZ -
ccie CFCCS=FRST4CCAT-EFCRFALTC
CC1S . o .. kCPF=C. -
€c2c WCCEF=C.
C€C21 . VIRY=(RAWN4CLM)/1Z.C ___ .
€Cz2 ITEST=1C
oc€23__ o g=C _
€cz4 1Z CFINV=FINY
_€czs o LCAF={(FINV4WCAP)*CERT
CC2¢ [RT=CCAF4C.CE
e o CCAP=CLCABACRYL
CC2¢ REVA=C.
_€C2s FITA=C._
€cac RET2=C.
_CC31 FRGA=C.
(c32 AINTA=C.
cc22  [C IC I=1yz2C
€C24 3 CEINV=CFINV=C.CE#F TNV
CCC2s . _RET={LFINV+WCAP)SRATE —_
cCcie CCAF=CCAP-CRT
c€c2__ AINT=LCAPEXINT
C(C3E FIT=(RET=AINTI®*TAX/(1e-TAX)—C.EE
ccas _REV=RETHFIT+CPCCS.
ccac TREVA=REVA4REY
ccar CIFCITESTIIC H1,0C .
€C42 T 11 RETA=RETAARET ’ T
€C42 FITA=FITA4FIT
(Caq FRG2=C.
CC4c AINTA=AINTA4AINT

1C CCATINLE




CFCRIREN 1

|

. Leat
CC4t

€4S 12

cesc

cesr

€Csz
s
(C54
cees
cecse
. €cs
ccse
_ CC3Ss .
ccec

FITA=FIYA/cC.

FRCA=FRCE/ T __

LINTR=2INTL/2C.

_ CRAwM=RIWM/12.

FETLRA

14 BREC=REVA/(lc.%SF)

WCPF=VTIRY4AREC

YCCRF=WC2AF

REVA=REVA/ZC.

TFUITESTI T4, 12,14
FETA=RETA/ZC..

o ITEST=(wCAP-WCCAF)/1C,

L T1C 1e
ENC
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Cale

YES

TNP<500

NO

. A2, A3, XW2,
XW3, Hel, H22,
H23, H31,

H32

Calc.

Gy
PDROP

Calc.

Al, A2, A3, XW1,
IWlA, XW2, XW3,

H11, H12, H13, H21,
H22, H23, H31, H32

FIGURE B.5-1

COMPUTER FLOW DIAGRAM
FOR HEAT EXCHANGERS

2 T-6°g




[Read Constants in Table A-1

Read Fl, F2, F3, Fl, F5, F6, TE,
TN, XMW, XMM, YN, ACC, START

DCR, DERD, DD, IR, PO, PP

PO = PO + PP
D = DCR
DD = 0.20 D-D+ DD
ERD = DERD
Calc. X1(M), X2(M),X3(M)
PN
X5(M), ¥k, X6, PN, Calc. VC, R1, Calc. VC, R1,
T(M),R1,ZF,SUMVC, (M) QQF, T(M)
SUMAA, SUMQ s
NO Calc. VC, Rl Calc. VC,R1
xCHh20.921 QQI?' 2 QQF" s
ZES YES
Calc. E1,E2,E3,EL,ES,E6,
E7,E8,E9,E10,ET, ;///////
SUMVC , SUMAA,, SUMQ, TNP ZF283.17 YES CT(M)2810 D2
E’RINT D,D0,E1,52,E3, 8L, Go through Figure A-1
ES, E6, E7, EB,
E9, E10, E11, H12
H13, H21, H22,H23 DD = - 0.05
H31, H32, PN, ET, NO ] ERD = ET
PDROP ET-ERDkACC YES
YES ET>ERD NO DD = 0.20
IR = IR+ 1 ERD = ET

“1E(IR) =
STOP (IR) = ET

FIGURE B.5-2 COMPUTER FLOW DIAGRAM IN HIGH CO CASE
FOR HEAT EXTRACTION SYSTEM

ALY



YES

Constants in Table A-1
READ XX1, XX2, XX3, XXL, XX5|
XX6, YN, YA, ¥YB, FO, TE.
MM, MW, PO, PF, T1,
T2, T3, DSG.

71Dl = D1 + 0,20

D2 = D2 + 0.20

B.5-3

4

¥

D3 = D3 + 0.2

NO

Calc.

QF(1), QF(I+1),
Rl, T(M), PNA,
PNB, Y(I+1),
YX(1), X1(M),
X2(M), X3(M), X,
X5(M), X6, YNR

NO

o

YNR=YN

YES

Calc.
&
Print

El, E2, E3, El, ESA, ESB,
ESC, ES, E6A, E6B, E6C, E6,
E7, E8, E9, E10, E11, ET, |
PNA, PNB, PN, TNP, SUMWA,
WB, WC, WT

Go through Figures A-1l

IES

D126.40 >

FIGURF B.5-3 COMPUTER FLOW DIAGRAM IN HIGH CO CASE

FOR COLD

QUENCH SYSTEM

NO

D1=7.60




B.5-4
TABLE B.5-1 PROGRAM SYMBOLS AND
NUMERICAL CONSTANTS
Program Mathematical
Symbols Explanations Symbols
CL Unit cell lengthy, 1 inch Ci
CNT Number of cells per tray, LO
COCW Cost of spent water, $0.05/1000 gallons 02
COHS Cost of LOO psia steam, $0.30/1000 lbs. C3
COLS Cost of 35 psia steam, $0.15/1000 1lbs. G,
COPW Cost of treated water, £0.12/1000 gallons c:1
DI Outside diameter of fin tubes, 1 inch
DP Particle diameter of catalyst, 1/L inches d.p
DSC Catalyst density, 71 1lb./ft.> Pe
EV Packed voidage of sphere, 0.38 3
GCH Gravitational constant, L.17 x 108 ft./hr.2
HCA Distance between tubes, 0.0208 ft.
HDB Distance between baffles in heat exchangers, B!
L ft.
HDI Inside tube diameter in heat exchangers, Dy
0.0516 ft.
HDO Outside tube diameter in heat exchangers,
0.0625 ft.
HHR Hydraulic radius of tube banks in heat De
exchangers, 0.0792 ft.
HPL Pitch length in heat exchangers, 0.083L ft.
HZ Vaporization heat of saturated water at e
LLS°F, 780.L B.t.u./Ib.
T1 ggggsrature entering the top of the reactor, T(l)




TABLE 5. 5-1( CONT. )

Program Mathematical
Symbols Explanations Symbols
TCC Inlet temperature of spent water, 85°F t,
TCl Outlet temperature of the product gas L1251
cooler I, LL5°F

TC? Outlet temperature of the product gas tcz
cooler II, 260°F

TC3 Outlet temperature of the product gas tcB
cooler III, 150°F

TF Feed temperature, 100°F bl

TN Outlet reactor temperature, 850°F TN

TNP2 Product gas temperature éfter product gas pl
cooler I, L6O°F

TNP3 Product gas temperature after product gas TII
cooler II, 270°F

UcCl Overall heat transfer coefficient of product UI
gas cooler I, 85 But.u./hr.ft.2°F

Uc2 Overall heat transfer coefficient of product vl
gas cooler II, 90 B.t.u./hr.ft.2°F

Uc3 Overall heat transfer coefficient of product gl
gas cooler III, 80 B.t.u./hr.ft.<°F

vIC Overall heat transfer coefficient of
intermediate cooler, 85 B.t.u./hr.ft.2°F

Uuo Overall heat transfer coefficient of fin Uy
tubes  11.0 B.t.u./hr.ft.2°F

UP Overall heat transfer coefficient of Up
preheater, 70 B.teuo/hr.ft.2°F

V1 Gas viscosity, 0.0L8Y4 1b./ft.nhr "

y/ Unit fin tube length, 25 ft.




B.5-6

TABLE B.5-2 PROGRAM SYMBOLS AND EXPLANATIONS

IN THE HEAT EXCHANGER PROGRAM

Program Mathematical
Symbols Explanations Symbols
I

Al Total heat transfer surface area of the A
product gas cooler I, ft.2

A2 Total heat transfer surface area of the product ALl
gas cooler 1I, £t.2

A3 Total heat transfer surface area of the AIII
product gas cooler III, ft.2

G Assumed maximum mass flow rate of gas, GS

1bs./ft.%hr.

H11 Cost of the product gas cooler I, $

H12 Cost of treated water in the product gas
cooler I, $/hr.

H13 Cost of steam generated in the product gas
cooler I, $/hr.

H21 Cost of the product gas cooler II, §

H22 Cost of treated water in the product gas
cooler II, $/hr.

H23 Cost of steam generated in the product gas
cooler II, $/hr.

H3l Cost of the product gas cooler III,$

H32 Cost of spent water in the product gas
cooler III,3/hr.

PDROP Maximum pressure drop through three AP
product gas coolers, psi &

Iwl Rate of L0OD psia steam in the product gas
cooler I, 1bs./hr.

IW1A Flow rate of treated water in the product gas
cooler I, 1lbs./hr.

XW2 Flow rate of treated water in the product gas
cooler II, lbs./hr.

W3 Flow rate of spent water in the product gas W

cooler III, lbs./hr, 2




B.5-7

TABLE B.5~-3 PROGRAM SYMBOLS AND EXPLANATIONS
IN HIGH CO CASE FOR
HEAT EXTRACTION SYSTEM

Program Mathematical
Symbols Explanations Symbols
ACC Required accuracy,for searching the
optimum equipment cost, §
D Reactor diameter, ft. D
DCR Initially assumed reactor diameter, ft.
DD Increment of reactor diameter; ft.
DERD Initially assumed total equipment cost, §
DSG CGas density varied with operating pressure, p
1b./ft.3
El Fin tube costy $ Ep
E2 Catalyst cost;, $ Eg
E3 Reactor cost, § ER
EL Tray cost, $ Egp
ES Control valve cost, $
E6 Treated water cost, $/hr.
E7 Steam cost, $/hr.
ES Feed compressor cost, $ Ecp
E9 Product gas compressor cost, $ Ecp
El0 Preheater cost, $
ET Total equipment cost, $ Ep
Fl Molar flow rate of CHh in feed, lb.moles/hr. Fg
F2 Molar flow rate of CO in feed, lb.moles/hr. Fg
F3 Molar flow rate of H, in feed, lb.moles/hr. 13




TABLE B.5-3 .CONT.)

Program Mathematical
Symbols Explanations Symbols
_—
Fl Molar flow rate of GO, in feed, lb.moles/hr. FE
F5 Holar flow rate of H0 in feed, lb.moles/hr.  FQ
F6 Molar flow rate of N2 in feed, lb.moles/hr. Fg

Pl Molar flow rate of CH)4 in product,
1lb.moles/hr.
P2 Molar flow rate of CO in product,lb.moles/hr.
P3 Molar flow rate of H, in product,lb.moles/hr.
PL Molar flow rate of CO, in product,lb.moles/hr.
PS5 Molar flow rate of HZO in product,lo.moles/hr.
Pé Molar flow rate of N, in product,lb.moles/hr.
FD Increment of pressure, psi
PF Feed gas pressure; pisa
PN Product gas pressure, psia PN
PO Operating pressure, psia p0
Rl Reaction rate, TcH
lb.moles of CHh formed/1lb.cata. ,hr. N
SUMVC Total catalyst weight, 1bs.
SUMAA Total heat transfer surgace area of fin tubes
based on bare tube, ft.
SUMQ Total amount of heat removed by fin
tubes, B.t.u./hr.
T(M) Gas temperature at (n-1) th cell, °F pn-1
TE Exit reactor temperature, °F TE
TNP Product gas temperature after preheater,’F TP
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TABLE B.5-3  .CONT.)

Program Mathematical
Symbols Explanations Symbols
w

Xoy Composition of CHy, mole %
n=1
X1(M) Molar flow rate of CHy in (n-1) th cell, Fp
1b.moles/hr.
n-1
x2(M) Molar flow rate of CO in (n-1) th cell, F,
_ 1b.moles/hr.
C_nel
X3(M) Molar flow rate of Hy in (n-1)th cell, Fo
lb.moles/hr. 3
n=1
X Molar flow rate of CO, in (n-1)th cell, Fh
1b.moles/hr.
X5(M) Molar flow rate of Ho0 in (n-1)th cell, F?“l
1b.moles/hr.
X6 Molar flow rate of N, in (n-1)th cell, Fg-l
1b.moles/hr.
MW Average molecular weight of gas ¥
MM Feed gas molecular weight
IN Conversion of CO to CHh YN
yAD Mass action law ratio of product gas in Kﬁl

methanation reaction
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TABLE B.5-4 PROGRAM SYMBOLS AND EXPLANATIONS
IN HIGH CO CASE FOR
COLD QUENCH SYSTEM

Program Mathematical
Symbols Explanations Symbols

|

First reactor diameter, ft.
Second reactor diameter, ft.
Third reactor diameter, ft.

DSG Gas density varied with operating pressure, P
1b./ft.3

Preheater cost, $
Intermediate cooler I cost, $

Intermediate cooler II cost, $

Catalyst cost, $ Ec
Total reactor cost, $ B
ESA First reactor cost, §$
ESB Second reactor cost, $
E5SC Third reactor cost, $
Total tray cost, $ Egp
E6A Tray cost in first reactor, $
E6B Tray cost in second reactor, §$
E6C Tray cost in third reactor, §
Control valve cost, $
Feed compressor cost, $ Egp
Product gas compressor cost, $ Egp

E10 Treated water cost in intermediate
coolers, $/hr.




TABLE B.5-4 (Cont.)

B.5-11

Program Mathematical
Symbols Explanations Symbols
Ell Steam cost in intermediate coolers, $/hr.
ET Total equipment cost, § Eqp
PF Feed gas pressure, psia
PN Product gas pressure, psia PN
PNA Exit gas pressare of first reactor, psia
PNB Exit gas pressure of second reactor, psia
PO Operating pressure, psia PO
Qr(1) Fraction of feed gas entering the top of ki
the first reactor
QF(I+1) Fraction of feed gas entering the first
reactor at I-th quench
Rl Reaction rate; rCH
1b.moles of CH) formed/1b.cata, shr. N
SUMWA Catalyst weight in the first reactor, lbs.
Tl Gas temperature entering the top of the T(l)
first reactor, °F
T2 Gas temperature entering the top of the T(2)
second reactor, °F
T3 Gas temperature entering the top of the T(B)
third reactor, °F
T(M) Gas temperature at (n-1)th cell, °F Tn-l
TE Gas temperature after the third reactor,°F B
TNP Product gas temperature after preheater,’F TP
WB Catalyst weight in the second reactor, 1bs.
WG Catalyst weight in the third reactor, lbs.




TABLE B.5-4 (Cont.)

Program Mathematical
Symbols Explanations Symbols
WT Total catalyst weight, 1bs.
(M) Molar flow rate of CHh at (n-1)th cell, F;_l
1lb.moles/hr.
x2() Molar flow rate of CO at (n-1)th cell, F’2”1
lb.moles/hr.
X3(M) Molar flow rate of H, at (n-1)th cell, Pl
1b.moles/hr. 3
XL Molar flow rate of CO, at (n-1)th cell, Fz-l
1b.moles/hr.
X5(M) Molar flow rate of H,0 at (n-1)th cell, F?'l
1b.moles/hr.
X6 Molar flow rate of N2 at (n-1)th cell, FZ'l
lb.moles/hr.
M Feed gas molecular weight
MW Average gas molecular weight ]
Y(I+1) Conversion of CO to CH), after (I+1)th quench
YA Conversion of CO to CHh after the first Y(2)
reactor
1B Conversion of CO to CHh after the second Y(B)
reactor
N Total conversion of CO to CH)4 el
R Conversion of CO to CHh
X(1)

Conversion of CO to _CHh before (I+1)th quench

B.5-12



50GL2
20363
2004
5075
5606
5207
[STORURS
5¢c02

18]

B.5-13

TABLE B.5-5 COMPUTER PROGRAM IN HICH CO CASE
FOR HEAT EXTRACTION SYSTEWM

CIMENSION X1(72 )0)("(/d1)1 TE21YaXEALT2V Y e RT7(T721)T(721)
DIMEMSION (721
EOQRMAT(4FTe 2/ 2
FORMATIGF I e 2/6F 1

FORMEAT(//1ICYaEF1Ca 210X 0710 3)
FORMAT(//16Xa05 1G4 e T 10N 88107 /14X 0T 106T)
FORPAT(GF [ Je)
FORIUATIGE S & /FBe e 3E10eD)

FORNATIZF YD

FCQ""&T(EIC.‘EQ”FI 2)

READ(Z «STTT7I0DE0 c“/ HZ e 1 eZaCNT e UOeTI4TFAGLh DR D]
READ(B«ZCT3)R] 0"9':3""“’“13 TP R 1 F2¢T 30T S aTELFS
BRITE(S S04 1P P2 (PRI BE By D54 T 1 aFZaF 24 FaFZ4F 6

READ(ZE 4SC26) HHDL «HOC o HPL o =LA o HHR W HOR
READ(E ¢ 3002ITCT s TUL e TU 2« TS CCOP L COT
READ(SaSIIHE)Y TS o TNOXMu s YR MM
FTHNO=Ce 20

REZATH(ZE«SC079) QLG CRACC

PO=6TC

PDO=127

DD=C.2v

ERD=2IZ=D
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IF(T(Y'n—l)-— Bl e) U042 ¢?

GO TC o1e)

FTNZ2e44%V/ (30 14{6% {01 vCatil/1L
VC=CeZag87V

VF=Le13530424F TN
CoA=3alalgnlne e
XX=X1 (FI=]) 422

TV =VE )NV ) Sl a T
Sl )N U= )X X (V- 1) 408
CL—W.L“V/»
GU=13Te% (1 ":_‘/)"f\/l/(“p‘x";
GD"('V"*ﬂ/(I-‘EV))“
GT= GU/(vO
Sed744-D+L%F TN
SF=UQOFALRGCE .

-~ L]
RSN

PASNE

RC2=X3(¥~-1)
CALL RATZ(RI
GC TC 75C

CALL Q;’\T:("'In)

VaXXaT(4=1))

:“(‘ YA X7 M T (O

a)=x2<~—1)—‘
X3(Vvy=x3(n
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50
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GO TO 785
T{My=850
AFIN=3¢1416%D1#Z%FTN
SUMVC=5uMvC+vC
SUMAAZSUMAA+AF I N
SUMG = SUMQ-+QOF
GO TO 3%
FTN=2.20C
I1=11+1
VFFS2el416% (D140e8C/ 126 ) X#24ZXFTNAL D
vc—tv ~VFF)*(1¢2=~ZV)

23, 41 ARDFU2RTHFTNS 4, D
CSA—3.141549¥w¢w((v-vF)/v>/4.o
XX=X1 (M~1)+K2(M=1)+X3{M=1)+X% +XS(M=1)+X5
GEXNW* XX /TSA
CL=(VC/ {1 e=tEV) ) /T5A
GU=150e# (1 a=SVISVIZ(DF#GY+1 075
GD=(EVESR3/ (e =EV))H{TPR/CLY#{GCHEDES/GH%2)
GT=GU/(GD* 14440
YYEX]{Me1 )+ XE (=1 ) + X3 (M=1)4X0 +MB(M-1)4ME
RCZ=X2(M=1}
RC3=X3(t4=1)
CALL RATE(RI] S KE I m 1 ) X2 (M1 ) e XTM=1) e XK T{id=1))
GO TC 60
CALL RATE(QIaM2 04 0 X3UMY ¢ XT{M) e XK TL=1))
XIGM =Wl (M=1)+DSS%WCe™]
X2(Wmy= X2 (M= 1)=OSCrVC*2 ]
XEAMY) =W (Me1) =2 e IFDELAHVERR]
KS{M)=ME{ M=) +DICHVCHE]
X7(M)=XT7(¥=1)=37

n:'.

IF(ABRSIX2(M)=RI2)-2.701 ) A8 T7C
IFIASS (KA (M)=RTI)=De 200 V7S e724 7Y
XX=X1 () +X2(M)+X3{F)+X% FXE(M)+XE

RC2=X2{M)
RC3=X3(™M)
G TO £5

IF{T(M=1)1=852e) ST+2Z

YMIs= (X (=1 ) =K1 (1) )/ XF
CPP=D 4G5+ 60008457 (Hi-1)

CORzD ¢ £2540 4 JCO388AT (M~1)

CPMIS{ ] o=y YN)=CPR+Y al XTP2 /YN
XXN1=X&War Ol

RTEMEO=T(M=1) )

Y2z (¥ I (My=X1(1))/XF
HIZ87T7H7e2+11 37T {1 )=2e00TH8%T(M~])##2
GO0 TO 82
CoOP = ¢ AG34N el 0NLaLET (M)
CORZD¢O2EF«TQLREERT )

ole]
g5

H1-57751.3+11-_sn=(M)-L.-CEi:$T(L)f72
CENZ (1 a=Y 2/ YNY TR REY w22 /Y

XXNZ2=XF e L2%2

HH=DSCHYCHHI#R]
TIMy={XXNMN1#=T{M=1)4mH)/XKN2
IF(aES(T ) =TT 45y =Call  D4e34,23
RTSmDaT (M)

G TC €l
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DM X L (M) + M2 (M )+ X3 (%) +X6+X5
CoOM=X1 (M) DX

IF(CO¥=Ca92 1) 25414508 146G
T{A)y=82",
Hl=928a45,7:2
QU=DEC¥VC#+HIXR]

AA= 28 ¢ 37¢ 0T 12 ZuF TN
QOF =UCXAA (T (V) =464aS,
IF{2QF=-00) 324%24CC
FIN=FTN+FZ D

GO TD 4c¢

I=]+1

TNF (] )=FTN

N= 1

ZYS MR HZEX] A )EXE(A4)Y /X2 LAY HKI () #%3)
ZAHA= 0w IZ=3e 2001355 X T (M)
ZE=ZVUZAHOH L)L gT/XT (V) Yy

DXMM X1 (M )+ X2 U L2 (M) + Y04 XE

cew =X A /DX

1= ( CON ~Zle921) SZalilCellC
[F{Z7F-32.17) SO T Q7

IF(1=43) 2241024120

Pozis=7.0
- 1IN —:O':'

DD 122 1=1.N
SUNE I TUNTATNSE ()
TNN=N

TNZSTNF /TN

="

f

= veN

J
]

VE =24 1alsxD [#%2%48 V08,7
VEF a2 14l e (Ll =000/ 12 ) 2424288 TN /0 o0
C2(V=YFFE H (1«22
SASZe IGISH D2 ZX (Ve F /N /el
X=X (= )+ X2 ("= 1 1 +X3 (=1 )+XX& “KXS (=] y+XE
a\

K XK /2

e {1 -“.’:\1'))-1'\/1/(3;7:'6)1'1.-r';:,

AU e=TV) Y (DP /LY ICHADSS /G %2
41

QOO0 XN<L
i

R C
GY e e

GT=6U/105 LLe D)

SiM=l2ele1s%T IR TTN

fMzil+

XM=l =1y X2 )+ X3 =] ) = TXI{NM~ 11X
RCZ=xZ2 (=11

RC3=XKA =)

CALL RATI(R: aXE (=1 ) ad Il ) T =) ek T Y
SC TO 120

CiiL Q~Tf(41-HE(T)-X?(?)-X?iﬁ)'XXvTl”“l))
X1y =X LU= ) oS T Hy2x 2

X220y =220 =) =2als#VIa~t

AZ(iy =<2 Sl

Ko (ny=xzH|

A7IV)y=x71¢(

IF(lozaxz Y12Z 612240127

| A ) iZSe Ll el

AX= ]y - —-ms () =)L




135

0
mn

U

(4]

—

n
>0
x*
pd

RC3=X31(M)

GO TC 118

T{M)=8250.

H1=9384547%

J= U+l

NiN=J

Glo)=DSCHYCY¥HI XX
SUMVIC=5LIMYC+YC
SUMAAZSUMEA+AF TN

IF{M=K) 11041374137 .
IF(PRIS~060) S01413849C1
1=0C

GO 70 35

M=rM+1

VFEF=De 5%y

FTNZ2e 4%V /(36 1416% (DIF+080/126) 4%2%2)

425FTN
CSA=3e 141 6%DH%Z% ((V=VF ) /V)/%eC

X\=y;(4—1) KEAM=1)+XZ (=13 +X4
=XM% XN /TR A

Cl_= TeduV,/L8A

GUE IS e % (] o =ZTWIHVI/{DPXGI+1 72

CO=(EVE#I/( 1~V ) XL{DR/CLIN(GCRUDEG/GF%

GT=0U/(Gon1¢d )

AA:'—E.B?L&.Aul- 7-'7FT\,}

(]

N 1 )OSV IER]
f— 1) =D3CRVCeR
X3 = XZIV=1)=30¥D8C*YTI#K!
KE{MY)= XS (=1 ) +DSCHFVTHRL

TEURLIeH2CMY o WUV ) e XT UMY a XK e T (M1
{
("

XTAMY = X7 (A= 1) =5T

IF(ABS IR (M) ~RC2)~Te 0T ) D651$E3487C
IF(ASSIX3(M)~RC2)~Can0! ) N75.973.270
XXZHLAMY RSO ERKB O +Xa AXS (M) +XS

RC2=XZ (M)
RC2=x3((0)
GO TO 98

FIZSTT7ST e S+ 11 o B87HT (Ml ) =L T0DBBNT (M—1 ) %42
Yidl= (X1 (V=10 =X1 {1 3 /XF

CPP=T, 803402 200a5648T (M=1)

CERZ TN EHET " ¢ TOTAESHRT LW =1 )
CPRNI=({1a=Yal/ZYN) 3IPRLY NI #CO2,77i

XN exXFloenlPN]
BTEME=T(M=1)
YIA2= (RN Y=X1 (1)) /XF

CPPzl 630400 000c0as T (M)

Crig=l o 2284+ 9 SOLEORT (1

RI=87707e3+ 112787 (M) - ST M) R
o oy v
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el
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HH=DSC*VCRHL ¥k |
U= GQF —H—

Ty (XANMIS TR =31 ) =G ) ZXKN2

IFLASS (T ) =R TEYMP)Y=-Cal) S54 6 234 490
RTZIHD=T ()

GO TC
J=J+1
NN=J
GlJYy=0UF
SUMYCT=SU v T+vC

AF IN=3e¢1615%0[%Z5F T
SUNAAZSUNAL+LT TN
IF(T(MY=81Te)
FTri=1 .82

=M ]

VEF = 2e L1635 (014220715 0)
VI (Y=VFF)* (1 e2=5Y)
VE=3e 141607 #2324 THN/%.C
COA=34 141 ERDEF2H((V=VT I/ V) /6o C
XRENTLM=1 )4+ X2 (=1 )+ X2
ICERAIVE D AL g4
CL=(VO/ L« =2V ) /CA
SUZTET e (1a=Z V)V /(D8 wL) =) e 7=

VESR/ e =) ) (DR ST U GT

3

o3

Q21467224607

EMPHLIRFE TMN/E D

= 1)+

1"

I
i
-~

. O
o
> O

S IOy In

(
s
bo
RECITIN N

& Sl ST aMX T =0y
Al(~y=x -0
XZ2(Wy=wz(=1)-2
X304y = A3(V=1)=2
XSUMY=XZ(V=1)2D
X7 (MY aXT7 (Ve ) =37
IFtezs 2z : )} SESBETWETE
To(n23 i3 YET7E 4724 &7C
PHENT YA tXT(M )Y+ NG
RCE=WZ M)
RC3=x37)
S0 TC e=Z=
T¢ Y=ol
M1=Ga7e ) g
r_;r:;::s-:‘\,(' ~{1-T
BAT 3V LawD AT BT TN
GG = Uil D,
TELLOT STy 2 g
FYre T e
DTS 4=z
NS
DU B
Stov=L LT
R VR I ol S
e TR o i e T
S A a0
O IR I e R R ST (I SN

SO= | «=z SIS /T e
GT=Cu/i3Dsias,

RCZ=XZ( =1

RCZ2=X3(0"=-1)

Ce SN (=1 eXZ =1 )X A=y e XT =1 Y e AKX T
G
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140
145
1456

15¢

165

73

a1}

O

[Q IR *H

194
195

IF(COM—CaeR21) S02+:140¢140
DG 14 J=171 o NN
SUMQ=SUMZ+QJ)

PRz=X7 00

TNN=%—1

TN =N

Tra= TNN- TR

E1=350 e % (SUMAA/SCe ) ##D 2545 H 1 « &0%4 60

E2=z2e 0Dl sumve

PS= (PO+RENY /S

THI=(PS=1447)#D¥2e0/(15 ICHe~0eO¥(FS~14467))
THETHI+D625

IF(FO-6T0e7) 1554180150
FD=16Hhe lGxT /120

GLU TU 1560

FD=19eo#0/120

CL=le/12
E3C=CLHFTMNF({(D+THAL2 ¢ ) #H2-DFF

~—

E3 = 75&.37*(53F¢F34X—#TH/6.)
E4 = (TNMZCNT 150 o 20687 (D45 D) 80 1 3% 6D

co= 4.,&1.".”\'\’/\.."(

XF=F 14F 2+F3+F 4+Fo4rd

NPE ] (M) T (0 ) FXDN )+ XGHKD (M) +46

lF(PF-X?(l)) 18241683 1ies

TEALED e ) ¥ AR ((XT(L)/PF)%40e260~100)

LEe

EE= o2}

G2

o=

ES=

1= 13Ce 1944132

=0z TGl BT e )2 4PR( (1014 /PNYFHDeZ24T=10)
ZI=ED 2.

SO T

£o=C

LB=7> ¥(~0/13‘4.7)* T el

UCI=BE e w{RCA/INEC T ) # T4 2
uCz=ucCl

LC3=s80e (P2 /1080 e 7} #%0s 3
CRUBz) ¢+ 1483714 (PC/1C0%eT~10)
CREBF = 825 +3eT0CI2S#TH

CRED =0 £2T40 « 200386%T ]

COPDzl ¢ 4TI+ a0 LR85 T7E,

GRaRF 11370 (LAFPLHT I -CRFSFRTE)
TNRP=TE (SR /7(X5% 114875012
TAYP=((TE-TI)=(TRE=TF} ) /4LOG({ To=T1 )/ ( TRP-TF))
ARPzZQR/IULFETAVR)

EICE8E ) et (AT /50 e ) B HD eDEZh] ¢4 (%L o C
EEZSUVIN ¢ 127 (VL0030 )

E72L « ILHBUMIG/ (HVELICT e )

Chr=1lev

FlePN—-1e?T

Fus2 2 (XS 3/XF)

IF(TNP =307 4) S3C1e8C24302
TNE2=TNS

G 7O =223

TuEZzanla

TMEI=273.
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FV=14176% (TNPR=Z0l ) +00029
CPPRE=C 2 4G4+ Ca Q0 0GansF
CPMP1=C el S3+01 e 0200 a6 1 NP .
CPNE2=C4695+0e 000056 TAPE
CONP3=C ¢ 4G22+ a 300344 TNZZ
IF(PV=PY) E06«ZC8aE75

805 GC2=XFir 43 (CPNPZHTHR2 -CNFPLIETNE3)
Xw2=QC2/(CPus(TC2-TCZr+ Hv )
TrM2=TNR 3+ (X W24CPW/(XFL #CrNNes) )= (TCe~TC0)
GO TC BC7

BO6 QC2oXF i (CPMR2ETNEZ~CRNR 3T NE3 ) +nZ% ({PL=PV) /F1) 18 tXT
KW 2=QUa2/ (PR IT2-TZC I HV
RTM2=TNPI+Z .

816 RTMZ=RT"Z4+3.C
PVii=]1 8 170X (RT2-200e)
IFAPVHS=Puy 218813451

SHCE N O Akl o —HIT PV =BV ) /P 14186 XD/ UARMXTP 23

00]
O
n
b ol
"
¢
]

'

HIl=le<

H12=Ca2

H13=Cey

G2 TO &2

B1T CCI=MFes (CRND LT m=0PNPEsTN=2)
TCCl=twaSH 2™ (CRu*T ]~ HY)#*(TZ2-TCC)+Ce2¥LCI X (Tl ~Tov i3 /(S 1+0
] eSHaXH2%(TCZ2~TZT))

TRCI=(TC14+TC2) /2470
IF(TCCL="3C 1) 5254223005
822 XxwlAasill

8la TAVIL=(1
TAY Sz ({Tro-
BlLAS(¥yl®IPy%

Xuil=QCI/iCPux{TZ1-TZZi)+ =)
GO 7O 22+
822 X 1=QCl A2 (TZ1="C2C1 0+ =i
XwlA=DJeSH (20 w2
824 TM]l=TINPZ+(X = T RCRNP2Y)
1)
1

-

[F(Tii1=7C 5
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