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BCSR Model 1 

The user has to supply the operating parameters, the design parameters 

and the pertinent physico-chemical properties to the simulator. This is done 

via an interactive program, SIM.FOR. Following is the list of variables, 

which the user has to provide, prior to the execution of the main simulator: 

Design and Operating Conditions: 

Operating temperature (K) 

Operating Pressure (Arm) 

Reactor Diameter (cm) 

Reactor Height (cm) 

Weight of Catalyst Charged (gm) 

Weight of Suspension (gm) 

Particle Diameter (cm) 

Inlet Feed Conditions: 

Inlet gas velocity (cm/sec) 

CO/H 2 molar ratio 

Inlet H 2 mole fraction 

Physico-Chemical Properties: 

Catalyst Density (gm/cm 3) 

Kinetic Parameters: 

Activation Energy (kJ/gmol) 

Pre-Exponential factor (see % Fe) -! 

CO/H 2 Usage ratio 

Volumetric contraction factor 

All the data provided by the user is stored in a data file and retrieved 

by the main simulator, during execution. Once the data is supplied, the main 

simulator, FISHER.FOR can be executed. 
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The output from FISHER.FOR is stored in a result file, and can be 

accessed by the user. The result file includes all the input data supplied by 

the user, along with the variation of syn-gas conversion, the concentration of 

H 2 in the gas and the liquid phase, along the reactor. The variation of 

superficial gas velocity along the reactor, is also indicated in the result 

file. 

Following is a list of subroutines used in the main simulator: 

Subroutine Name 

INPUT 

HOLDUP 

MAST~N 

LIQDEN 

LIQVIS 

SLUVIS 

SLUDEN 

VOLFRA 

GASDIF 

LIQDIF 

SOLDIF 

TERVEL 

CATCON 

LiQSOL 

Purpose 

Retrieves of input data from the data file 

Computes the gas holdup 

Computes kLa for the reactor 

Computes the density of the liquid phase 

Computes the viscosity of the liquid phase 

Computes the viscosity of the slurry 

Computes the density of the slurry 

Computes the volume fraction of the catalyst 

phase 

Computes the dispersion coefficient in the 

gas phase 

Computes the dispersion coefficient in the 

liquid phase 

Computes the solid dispersion coefficient 

Computes the terminal settling velocity 

Computes the catalyst concentration along 

the reactor 

Computes the KsasL for the reactor 
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The user can update any of the above subroutines, by making approprlate 

changes in the correlatlons presently used. 

Case Study 

The program was used to predict the performance of a large scale BCSR. 

The data generated at the Rhelnpreussen-Koppers plant, as reported by Kolbel 

and Ralek (1980), was used. Similar prediction of the performance has been 

reported by Deckwer et al. (1980). 

The design parameters used include an effective diameter of 129 cm and a 

suspension height of 7.7 m. The operating temperature was assumed to be 

273°C, with an inlet CO/H 2 ratio of 1.5. Kinetic parameters, as reported by 

Deckwer (1980), were used. The data required for the simulator is input via 

SIM.FOR. A typical input sample is as shown. The main simulator, FISHER.FOR 

is executed in a batch mode with a core requirement of 80 K. The execution 

statement to be used is, .EX FISHER.FOR,MTH:COLSYS.REL. The output files 

obtained are as indicated. The results agree satisfactorily with those 

reported by Deckwer et al. (1980). The variation of syngas conversion along 

the reactor length is as indicated in Figure A-B-I. Variation of H 2 

concentration in the gas and the liquid phase and the superficial gas velocity 

along the reactor length are as shown in Figure A-B-2 and Figure A-B-3 

respectively. 

The dispersion in the liquid phase is large for the above operating 

conditions, which can be appreciated from the relatively flat catalyst 

concentration profile as shown in Figure A-B-4 . An outlet conversion of CO + 

H 2 of 87 percent is predicted as against 88 percent, reported by Kolbel and 

Ralek (1980). 
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Figure A - B - l :  V a r i a t i o n  o f  Syngas Conversion along length  
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TYPICAL INPUT SAMPLE- S]~.F01~ 
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THIS IS AN INTERACTIVE PROGRAM 
IT WILL ASSIST YOU TO INPUT THE REQUISITE VARIABLES 
INPUT ALL THE DATA ZN FREE FORMAT 

FOLLOWZNG ARE THE OPERATING VARIABLES 

OPERATING TEMP. (DEG.K):? 
>546 
0PERATZNG PRESS. (ATM):? 
>12 
REACTOR DZAM (CM)=? 
>129 
REACTOR HEIGd~I" (CM)=? 
>770 
k'l". OF CATALYST (GM)z? 
>2O 
I~1", OF SUSPENSION (GM)-? 
>1OO 
PARTICLE DIAMETER (CM)'? 
>0. 005 

FOLOWZNG ARE THE FEED CONDITIONS 

INPUT THE ZNLETGAS VELOCZTY(CM/SEC) 
>9.5 
INPUT THE INLET C0/H2 NOLAR RATIO 
>1.5 
INPUT THE INLET H2 MOLE FRACTION 
>0.4  

FOLLOWZNG ARE THE PH~fSZCOCHENZCAL PROPERTIES 

WHAT IS THE CATALYST DENSITY (GM/OI8 ,3 ) -?  
>5 .0  

THIS SZMULATOR CAN HANDLE THE FOLLOk/ZNG NODEL 
1 . . . . .  FIRST ORDER IN HYDROGEN CONC. 

INPUT THE ACTIVATION ENERGY ( k d / m o l )  
>70 

ZNPlJT THE PRE-EXPONENTZAL FACTOR (pe r  s ~  %Fo) 
>1.12E5 
INPUT THE CO/H2 USAGE RATIO 
>1.5  
INPUT THE CONTRACTION FACTOR 
>-O.5 
i m R m o  i i H I m i n  o o l m  I p m m w o l l . - - I m e o e m i w e . o o o o o e  ~ j O O R D ~ m  

ALL THE DATA HAS BEEN TRANSFERED TO SIN.DAT 

CHECK THE DATA IN FILE: SZN.DAT 

0THERWZSE PROCEED TO THE SZMULATOR 
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OUTPUT FETE: RESULT.DAT 
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I 

I 
I.-' 
I,.} 

FISCHER-TROPSCH SYNTHESIS XN BUBBLE COLUMN REACTOR 

DESIGN PARAMETERS : 

REACTOR DIAMETER 
REACTOR HEIGHT 

: 1 2 9 . 0 0 0  Cm 
: 7 7 0 . 0 0 0  Cm 

O P E R A T I N G  P A R A M E T E R S  : 
. . . . . . . . . . . . . . . . . . . . . .  

REACTOR TENPERATURE 
REACTOR PRESSURE 

: 2 7 3 . 0 0 0  Oeg.C 
: 1 2 . 0 0 0  Atm. 

FEED CONOXTIONS : 

INLET GAS VELOCITY 
INLET CO/H2 MOLAR RATIO 
INLET H2 MOLE FRACTXON 
CATALYST LOADING 
CATALYST PARTICLE SIZE 
DENSITY OF THE CATALYST 

: 9 . 5 0 0  Cm/sec  
: 1 . 5 0  
: O. 40  
: O. 200  
: 0 . 0 0 5  Cm 
: 5 .  0 0 0  Gm/cc 

K INETIC PARAMETERS : 

A FIRST ORDER KINETIC EXPRESSION IN H2 CONC. IS  USED 

CO/H2 USAGE RAT : 1 . 5 0  
RATE CONST. : 0 . 0 0 9  1 /See  
CONTRACTXON FACTOR : - 0 . 5 0  

LEN CGH CLH SUP V CONSYN 
c a  m o l / c c  m o l / c c  c a / s  % 

0 . 0 0 0  . 9 2 1 5 5 - 0 4  
7 7 . 0 0 0  . 8 1 2 0 E - 0 4  

1 5 4 . 0 0 0  . 7 1 2 0 5 - 0 4  
2 3 1 . 0 0 0  . 6 1 8 0 5 - 0 4  
3 0 8 . 0 0 0  . 5 3 1 6 5 - 0 4  
3 8 5 . 0 0 0  . 4 5 4 7 E - 0 4  
4 8 2 . 0 0 0  . 3 8 8 6 5 - 0 4  
5 3 9 . 0 0 0  . 3 3 4 1 5 - 0 4  
e t S . O 0 0  . 2 9 2 1 5 - 0 4  
8 9 3 . 0 0 0  . 2 6 4 2 E - 0 4  
7 7 0 . 0 0 0  . 2 5 3 7 5 - 0 4  

1 8 1 0 E - 0 4  
1 5 8 1 E - 0 4  
1 4 7 5 E - 0 4  
1 2 7 1 E - 0 4  
1 0 8 6 E - 0 4  
9 2 4 3 5 - 0 5  
7 8 7 3 5 - 0 5  

. B 7 6 5 E - 0 5  

. 5 9 3 3 5 - 0 5  

. 5 4 0 4 E - 0 5  

. 5 2 1 9 E - 0 5  

8 . 3 3 4 9 7  2 4 . 5 2 7 0 1  
7 . B 4 8 1 3  3 8 . 9 8 6 7 6  
7 . 1 1 3 9 3  5 0 . 2 3 2 9 6  
6 . 8 7 5 2 1  5 9 . 4 6 9 2 8  
6 . 3 1 7 3 5  6 7 . 0 0 3 0 9  
6 . 0 2 9 6 2  7 3 . 0 6 0 6 0  
5 . 8 0 2 2 7  7 7 . 8 4 7 0 2  
5 . 0 2 7 3 7  8 1 . 5 2 9 1 5  
5 . 4 9 9 7 5  8 4 . 2 1 5 7 1  
5 . 4 1 8 1 7  8 5 . 9 3 3 2 7  
5 . 3 8 7 8 8  8 6 . 5 7 1 4 5  

tR4SV : 2 . 8 3 5  STY: .  1 4 4 5 - 0 4  



PEOGRA~ LISTING: SI~.FO~ 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

THIS INTERACTIVE PROGRAM WOULD ASSIST YOU IN USING THE SIMULATOR 
IT  IS DEVISED TO HELP IN INPUTING THE REQUISITE DATA TO THE SIMULATOR 
THE DATA IS DIVIDED INTO THE FOLLOWING GROUPS: 
1 FEED AND OPERATING CONDITIONS 
2 PHYSICOCHEMICAL PROPERTIES 
3 KINETIC PARAMETERS 

FOLLOWING IS THE LIST OF TYPE 1 SYMBOLS USED IN THE SIMULATOR 
DIAM = REACTOR DIANETER(CN) 
L = REACTOR HEIGHT(CN) 
Z = DIMENSIONAL AXIAL DISTANCE 
T = OPERATING TEMPERATURE (DEG. K) 
P = OPERATING PRESSURE (ATM) 
UG = SUPERFICIAL VELOCITY OF GAS (CN/SEC)  
UL : SUPERFICIAL VELOCITY OF SLURRY (CN/SEC)  
MCAT : WEIGHT OF THE CATALYST (GN) 
MSUS = WEIGHT OF THE SUPENSION(GN) 
CGHO =INLET H2 MOLE FRACTION 
UGO : INLET SUPERFICIAL VELOCITY(CM/SEC) 
RAT -'INLET CO/H2 MOLAR RATIO 

FOLLOWING IS THE LIST OF TYPE 2 SYMBOLS USED IN THE SIMULATOR 
DENCAT = DENSITY OF THE CATALYST ( G N / C N , * 3 )  

FOLLOWING IS THE LIST OF TYPE 3 SYMBOLS USEDIN THE SIMULATOR 
K • KINETIC CONSTANT FOR FIRST ORDER KINETIC EXPRESSION 
USE:USAGE RATIO 
ALPHA: CONTRACTION FACTOR 
: :  : :  : : :  : : = : : z z c z i - - ' B = Z S : = : : : : = :  :ziS:lzz~:W::::ZBl::limiSm:llUnB:SS:Zfl: 

REAL T,  P, QGAS, QSLUR , DIAN, L, NCAT ,NSUS , K, FN, AN, BN 
INTEGER CHOICE 
OPEN(UNIT=I ,F ILE  ='FOR01 .OAT' ) 
WRITE,,  'THIS IS  AN INTERACTIVE PROGRAM' 
WRITE*, ' I T  WILL ASSIST YOU TO INPUT THE REQUISITE VARIABLES' 
WRITE:,  ' INPUT ALL THE DATA IN FREE FORMAT' 
WRITE* , ' ....................................................... 
WRITE:,  'FOLLOWING ARE THE OPERATING VARIABLES'  
WRITE: 
WRITE" 'OPERATING TEMP.(DEG.K)=? ' 
READ" ,T 
WRITE(1 200 )T  
WRITE* 'OPERATING PRESS.(ATN)=? '  
READ*, P 
WRITE(1 200)P 
WRITE* 'REACTOR DZAM (CN)=? '  
READ*, DIAN 
WRITE(1 200)DIAN 
WRITE* 'REACTOR HEIGR-fT ( C N ) - ? '  
READ", L 
WRITE(I  2OO)L 
WRITE" 'VT.  OF CATALYST (GN)=? '  
READ", MCAT 
WRITE( 1 2OO)MCAT 
WRITE= 'WT. OF SUSPENSION ( G N ) : ? '  
READ", MSUS 
WRITE( I 200)MSUS 
WRITE" 'PARTICLE DIAMETER ( C N ) : ? '  
READ*, DP 
WRITE( 1 ,200)DP 
WRITE: ................................................... , 
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2 

2C~ 
300 

WNITE=, 'FOL0'~I~.~ A~4E THE FEED CONDITIONS' 
WRITE=, 'INPUT TH = - INLET GAS VELOCITY(C~/SEC)' 
RE.~=, UC'~ 
WRITE(1,2"D0) UGO 
WRITE=, ' Z ~ U T  THE INLET CO/H2 ~OLAR RATIO' 
REA~=, RAT 
WRITE (1,2OO) RAT 
WRITE=, 'INPUT THE INLET H2 I~OLE FRACTZOM" 
REA~=, CGHO 
WRITE(1,2C~) C~-~ 
WRITE=, ' ................................................... ' 

WRITE=, IFOLLDWIi~ /~E THE PHYSIC~CHE~ICAL PROPERTIES' 
WRITE= 
WRITE=, ' ~ T  IS THE CATALYST Di;~SITY (~-~/C~==3)=? s 
REA~=, DEP~CAT 
WRITE( 1 , 2 ~  ) DEf.'CAT 
WRITE=, ' .................................................. ' 
WRITE= 
WRITE=, 'THIS SI~JLATOR C ~  H.~HDLE THE FOLLOWIP~G k~3DEL • 
~ I T E = , '  1. . . . .  FIRST ORDER IH HYDROGEH C~3;~C. ' 
WRITE=, ' ..................................................... I 

WRITE=, ' Z~UT THE ACTZVATXOH EH~RGY (k,J/rc¢l) ' 

READ=, EA 
WRITE (1,200) EA 
WRITE=,' INPUT THE PR~-EX~3H'P~TZA~. FACTOR (F,-~r s~¢ %F~) 
READ=, P7 
WRITE( 1,2C~)P7 
WRITE=, 'INPUT THE CO/H2 USAGE RATIO' 
READ=, USE 
WRITE (1,2C~) USE 
WRITE=, 'ZN~Lrt TH. (~HTP~CTIGN FACTOR s 
READ=, ALPH3, 
WRITE ( 1,2C.~ )/~.P~J.~ 
WRITE=, ' ................................................... , 
WRITE=, •ALL THE DATA HAS BEEN TR.~S~ERED TO FORD1.DAT' 
WRITE= 

WRITE= 
WRITE=, 'OTHER~/ZSE PROCEED TO THE SI~JLATOR' 
F~R~T(F15 .S )  
FOR.~T( i2)  
CLOSE(UHIT=1 ) 
STO~ 
END 
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PROGRAM LIS'ITNG: I~TSHER.PoR 
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THIS IS THE MAIN SIMULATOR FOR FT SYNTHESIS IN A BU~3LE COLU~H REACTO~ 
FOR A GZVEH SET OF OPERATING AND DESIGH PARamETERS ZT EVALUATES THE 
SYH GAS CONVERSION ALONG THE REACTOR HEIGHT. 
TH~ REQUISITE DATA IS RETRIEVED FRO~ SZ~.FOR 

FOLLOWING IS A LIST OF THE MAJOR VARIABLES USED : 

T 
P 
DZ~I 
AL 
A~H3AT 
A~SUS 
DP 
UGO 
R~T 
CGMO 
DEMCAT 
EA 
PF 
USE 
ALPHA 

:TE~PERATIJRE (DEG K) 
:PRESSURE (ATe) 
:REACTOR DIamETER (C~) 
:REACTOR HEIGHT (C~]) 
:WT'. OF CATALYST (G~) ~ Th~s r a ~ { o  s h o u l d  b~ ~-~Jal 
:tOT. OF SUSPENSION (ON) I t ~  the_ c~±~ l ys~  l = m ~ .  
:DZA~]ETER OF PARTICLE (C~1) 
: INLET GAS VELOCITY (C~/SEC) 
:INLET CO/H2 MOLA~ RATIO 
: INLET MOLE FRACTION OF H2 
:DENSITY OF CATALYST (G~t/CC) 
:ACTZVATZO~ ENERGY (kd/MOL) 
:FREQUEHOY FACTOR ( ~  s-=¢,%Fe) 
:USAGE RATIO 
:VOLUmeTRIC CONTRACTZOH FACTOR 

C THIS IS THE MAIN PRDGR~ 

Z~PLZCZT REAL=S(A-H,O-Z) 

DI~EHSZON M(2),ZETA(4),ZPAR(ll),LTOL(2),TDL(2),Z(4),S(lC~) 
DZ~EHSIO~ ZSPACE(80D),FSPACE(15000),B(15) 

CON~DH/FAR2/AL,CC-~O,A~ 
CO~OH/FAR3/ALFHA,CONSYN,USE,RAT 
CO,~ON/PAR4/UG,PEG,STG,EG,EL,PEL,AXLA 
CO~OH/PAR1/UGO,CCAT,AX,UG~,NZTER 
CO~H/FA~5/EGO,DGHO,DLHO 
CO~OH/PA~E/T , DE~SL, VZSSL, VISL 
CO~.~DH/PAR?/DZ~, P 
CO.~DH/FA~$/DEHL, A~CAT, A~SUS, DE~'~CAT, D~, VCAT, WCAT 
CO~GH/COET/ A ~ T  

EXTERHAL FSUB,DTSU~,GSU~,DGSUB 

D ~ N  (UHIT=3,FZLE=~DUT.DAT ' ) 

CALL INPUT 

AREA=(22.O/(T.O=d.O))=(DI~==2.O) 
VFR=A~EA=UGO 
D~H1=CGHO=P=2.0/(82.OS=T) 
DEN2=(1.0-CGHO)*P=2E.O/(82.O~=T) 
DEh~=DE~1+DE~2 
k'TSOL=SODOOO.O 

WHSV =VFR=DEF..~=3$C~O. O/~¢rSOL 
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CIN=P*CGHO/(82.OS=T) 

C 

WRITE(3 , , ) '  FISCHER-TROPSCH SYNTHESIS ZN BUBBLE COLUMN REACTOR' 

WRZTE, 
WRITE~ 
WRZTE 
WRZTE 
WRZTE 
WRITE 
WRITE 

3 ,=)  
3 , ' ) '  DESIGN PARAMETERS : '  
3 , * ) '  . . . . . . . . . . . . . . . . . . . .  
3 , . )  
3 , 2 7 0 ) '  REACTOR DIAMETER 
3 , 2 7 0 ) '  REACTOR HEIGHT 
3 , * )  

WRITE(3 , - ) '  OPERATING PARAMETERS : '  
WRITE(3, . )  . . . . . . . . . . . . . . . . . . . . . . . .  
WRITE(3,*)  
WRITE(3,2?O)' REACTOR TEMPERATURE 
WRITE(3,2?O)' REACTOR PRESSURE 
WRZTE(3 I )  
WRITE(3 . ) '  FEED CONDITIONS : '  
WRITE(3 " ) '  . . . . . . . . . . . . . . . . .  ' 
WRZTE(3 , )  
WRITE(3 270 ) '  INLET GAS VELOCITY 
WRITE(3 280 ) '  %NLET CO/H2 MOLAR RAT%D 
WRITE(3 280 ) '  INLET H2 MOLE FRACTZON 
WRITE(3 2?O)'  CATALYST LOAD%NG 
WRITE(3 270 ) '  CATALYST PART%CLE SIZE 
WRITE(3 270 ) '  DENSITY OF THE CATALYST 
WRITE(3 . )  
WRITE(3 " ) '  KINET|C PARAMETERS : '  
WRITE(3 . ) '  . . . . . . . . . . . . . . . . . . . .  # 

WRITE(3, : )  

: ' , D Z A M ,  ' Cm' 
: ' , A L , '  Cm' 

: ' , T - 2 7 3 , '  Decj.C' 
' , P , '  Arm. '  

' UGO, '  Cm/sec "  
' RAT 
' CGHO 
' AJ~.AT / AMSUS 
' DP, '  Cm' 
' DENCAT,' Gm/CC' 

WRITE(3 , . ) '  A FIRST ORDER KINETIC EXPRESSION IN H2 CONC. 
WRITE(3.z) 
WRITE(3,2BO)' C0/H2 USAGE RAT : ' ,USE 
WRITE(3,270) '  RATE CONST. : ' , A K , '  1/See/ 

: ' ,ALPHA WRITE(3,280) '  CONTRACTZON FACTOR 
WRZTE(3,*) 
WRZTE(3,') 
WRITE(3,*)  
WRZTE(3.*) 
WRITE(3,3OO) 

ZS U S E D '  

WR%TE 
WRITE 
WRITE 

( 3 , 2 6 0 ) ' L E N ' , '  CGH' , 'CLH' , 'SUP V', 'CONSYN' 
(3,280)'cm','mo1/cc','mol/cc','cm/s',,%, 
(3 ,300)  

WRITE 
WRITE 
WRITE 

( 8 , 2 2 0 ) '  X ' , 'SUPVEL ' , 'GAS HOLDUP' 
( 9 , 2 2 0 ) '  X ' , 'SUPVEL', 'MASTRN COEF' 
( 1 0 , 2 2 0 ) '  X ' , 'SUPVEL ' , 'CAT .  CONC.' 

R = 8 2 .  0 5 8  

CT" TOTAL GAS CONCENTRATION 

CT 'P / (R tT )  

FOLLOWZNG SET OF STATEMENTS SPECIFY THE COLSYS CHOZCES USED 
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11 

1, = 
:¢ 

~(1)=2 
M ( 2 ) = 2  
ALEFT=O.DO 
AR~GHT=I.DO 
ZETA(1)=O.D0 
ZETA(2)=0.DO 
ZETA(3)=I.D0 
ZETA(4)=I.DO 

DO 11 2=1,11 
ZPA~(Z)=O 
ZPA~(1)=I 
ZFAR(4)=2 
ZPA~(5)=15000 
Z F A ~ ( 6 ) = 8 0 0  • 
ZPAR(?)=I 
LTDL(1)=I 
LTOL(2)=3 
TOL(1)=I .D-3 
TOL(21=l.D-3 
L=I 

CALL COLSYS(NCO~,~,ALEFT,ARZC-HT,ZETA, ZPAR,LTOL,TOL,FZXP;,r;', 
ZSPACE,FSPACE,ZFLAG,FSU~,DFSUB,GSU3,DG3U~,IZ~J,~=~;y) 

WRZTE(3,=)' ZFLAG:',ZFLAG 
ZF(ZFLAG.N~.I) STOP 

X=O.l~ 

FOLLOWZi',JG DO LOD~ EVALUATES THE FZF~L RZSULTS 

DO 20 d:1 .11 
CALL AP~SLN(X,Z,FSPACE,ZSPACE) 

AAST=ALFHA=((1.+USE)/(1.+RAT)) 
CO~..~=I.-Z(1)=((1.+AAST)/(I.+A.~T,Z(1))) 
CONSYN=((1.+USE)=CONVH)/(1.+RAT) 
UG=UC~=((1.+AAST)/(1.÷AAST=Z(1))) 

WR~TE(3,250)X=AL,Z(1)*C~H.O:CT,Z(3)=CC~.O=CT//~, 
UGO=(I.+ALPHA*COMSYN),CO~SYN:IO0.O 
CALL I-~LDUP(EG,UG) 
CALL ~ T R H ( U G , / ~ L A )  

W R Z T E ( S , 2 1 0 ) X , U G , E G  

W~TE(S,210)X,UG,~LA 
CALL CATCON(DZk~,DEHSL,DENL,VZSL,/~CAT,/~SUS,DE;~,CAT,CCAT,X, 
T,D~) 
WRZTE(IO,=)X,UG,CCAT 

X--X+O. 1DO 

f 

20 OD~TZ~JE 

I-B-19 



25 

200 
210 
220 
250 
260 
270 
280 
300 
310 

C 

C 

WRITE(3,3OO) 
UOUT=UGO.(1.0+ALPHA,CONSYN) 
COUT:Z(1)zCGHO.CT 
GARY=((UGO=CIN)-(UOUT-COUT)).AREA 
STY=GARY/WTSOL 

WRITE(3 .310) '  WHSV : ' ,WHSV, 'STY= ' ,STY 

W R I T E ( 3 , , ) ' 1 1  
FORMAT(F12.S) 
FORMAT(X,3(FT.B,3X))  
FORMAT(BX,3(A,SX)) 
FORklAT(X,FB.3,2X,2(Eg.4,3X),2(FB.5,SX)) 
FORMAT(SX,S(A,TX)) 
FORMAT(X,A, FB.3 ,A)  
FOREIAT(X,A,FB.2) 
FORMAT(B5( I - ' ) )  
FORNAT(2X,A,FB.3 ,3X,A,EB.3)  

STOP 
END 

SUBROUTINE FSUB(X,Z,F) 

THIS SUBROUTINE DEFINES THE 0IFFERENTIAL EQNS. AS PER COLSYS 

30 
40 

IWPLICIT REAL,B(A-H,0-Z)  

DINENSION F ( 2 ) , Z ( 4 ) , S U P ( S 0 )  

COMMON/PAR1/ UGO,CCAT,AK,UGB,NITER 
COMMON/PAR2/ AL,CGHO,AN 
C014140N/PAR3/ALPHA,CONSYN,USE,RAT 
COMMON/PAR4/UG,PEG,STG,EG,EL,PEL,AKLA 
COEE4ON/PARS/EGO,DGI40,DLHO 
COMMON/PAR6/T,OENSL,VISSL,VISL 
COMMON/PART/DIAM,P 
COMNON/PARB/DENL,AMCAT,ANSUS,DENCAT,DP,VCAT,WCAT 
COMMON/COEF/ AAST 

AAST=ALPHA' ( (1 .+USE) / (1 .+RAT))  
CONVH'I.-Z(1)'((1.+AAST)/(1.+AASTsZ(1))) 
CONSYN'(1.+USE)'CONVH/(1.÷RAT) 
UG'UQO'((1.+AAST)/(1.+AAST*Z(1))) 

IF (N ITER.NE.2 )  GOT0 30 
UGA'UGII 
GOT0 4O 

UGAsUG 
CALL HOLDUP(EG,UGA) 
CALL GASDIF(UGA, EG,DGH) 
PEG: ( UGO* AL )/DGH 
CALL MASTRN(UGA, AKLA) 
STG= ( AKLAsAL ) / ( AMsUGO ) 
CALL LIQDIF(UGA, DLH) 
PEL" ( UGO" AL )/DLH 
EL= 1. -EG 
CALL CATCON( DIAN, DENSL, OENL. VI SL, AMCAT, AMSUS, DENCAT, CCAT, X, 
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T,DP,U~) 

CALL LZQSDL(UGA,EL,DLH,AS,~XS,DENCAT,D~,W~AT,D~NL,VZSL,D~NSL) 

EETA=(1./(AM=CCAT:EL))/((1./~%V, LA)+(1./(~w,=CCAT:EL)) ) 

EFF=I.DO/(1.DO+(~X=CCAT=~L/(/~S=AS))) 

BL=(1.+A.~T)/((1.+A.e.ST=Z(1))==2.) 

F(1):(BL=Z(2)+STG=(Z(1)-Z(3)))=~G/E~ 
F(2)=((CCAT=EF~=~=EL=AL~Z(3)/UC-O)'STG=~'~=(Z(I)-Z(3)))=p2L/EL 

RZTU:~] 
END 

C 

C 

10 

SUm~UTZ~Z D?S~(X,Z,DT) 

THZS ZS A SUPPD~TZF, G SU~DLtTZN2 TO COLSYS 

ZM~LZCZT RZAL:8(A-H,O-Z) 
DZMZNSZON Z(4),DF(2,4),WO~.Xl(2),k~<:2{2) 

EP$=1.0~-7 
DO 10 d=1,4 
Z(d)=Z(d)+S~S 
CALL FSUt(X,Z.WD~I) 
Z(d)=Z(d)-2.=E~3 
CALL FSU3(X,Z,k~X2) 
Z(d)=Z(d)+~P$ 
DO 10 Z=1,2 
DF(Z,O)=(WD~I(Z)'b'~RM2(Z))=.SlEP3 
R£TU:~N 
END 

C 

SU~DLTTZHZ GSU3(Z,Z,G) 

THZ,S SU3RDUTZ~ DZFZNZS TH2 BDU~ARY CC~ZTZE"~ 

IM~LICZT R~AL=8(A-H,0-Z) 

C 0 : ~ N / P ~ I /  UGO, CC.,AT,/~ 
C0~R;]CN/P.e~,2 / AL, C~;HC, A~ 
CO:¢~H/F.a~l EGO, D(3-)0, DL.~ 
C ~ N / G O Z T /  A~ST 

DZ~NSZON Z(4) 

GOTO(1,2,3,4), X 
G= (EC-D=D~MO/(AL=UC-O) )=Z(2 ) -  ('( 1. +,~ST) =Z( 1 ) / (  4. +.~-%ST=Z ( 1 ) ) )+1.1~ 
R2TtJ~,N 
G=Z(2) -0 .O 
RZTUR~N 
G=Z(4)-O.O 
RZTU~ 
G:Z(4) -O.O 
RZ'i'U~,N 
EP3D 
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C 

C 

11 

C 
C 

C 
C 
C 
C 

C 

SUBROUTINE DGSUB( 1' , Z ,  DG ) 

THIS IS A SUPPORTING SUBROUTINE 

IMPLICIT REALmB(A-H,O-Z) 

COMMON/PAR1/ UGO,CCAT,AK 
COMMON/PAR2/ AL,CGHO,AM 
COMMON/PARS/ EGO,DGHO,DLHO 
COI4MON/COEF/ AAST 

D I M E N S I O N  D G ( 4 ) , Z ( 4 )  

DO 11 d=1,4 
DG(d)=O.O 

G O T O ( 1 , 2 , 3 , 4 ) , I  
DG(1)=-(1.+AAST)/((1.+AAST*Z(1))''2.O) 
DG(2)=EGO.DGHO/(AL*UGO) 
RETURN 
DG(2)=I.DO 
RETURN 
DG(4)=I.DO 
RETURN 
D G ( 4 ) = I . D O  

RETURN 
END 

SUBROUTINE DUMMY 
RETURN 
END 

SUBROUTINE HOLDUP(EG,UGA) 
IMPLICIT REAL:B(A-H,0-Z) 

THIS SUBROUTINE EVALUATES THE GAS PHASE HOLDUP 
IT USES THE CORRELATION PROPOSED BY DECKWER 

FOLLOWING ARE THE INPUT VARIABLES: 
UGA:SUPERFICIAL VELOCITY (C m/see) 
FOLLOWING IS THE OUTPUT VARIABLE: 
EG= GAS HOLD UP 

E G ' O . O 5 3 D O * ( U ~ ' = l . 1 D O )  
RETURN 
END 

SUBROUTINE MASTRN(UGA.AKLA) 

C 
C 
C 

C 

IMPLICIT REAL,8(A-H.0-Z)  

CONNON/PARB/T.DENSL.VISSL.VISL 

THIS SUBROUTINE EVALUATES THE KLA ( 1 / s e c )  
INPUT VARIABLES; 
UG: SUPERFICIAL VELOCITY 
DENSL= DENSITY OF SLURRY (gla/c:mxl3) 

I-B-22 



C 

C 
C 

C 
C 
C 

C 

C 
C 

C 
C 
C 
C 

C 

C 

C 
C 
C 
C 
O 

VZSSL= VZSCGS~TY OF SLURRY (gm/cm/sec) 
T= TEMPERATURE (Des. K) 
OUTPUT VARIABLES: 
AXLA: MASS TRANSFER COEFF. ( 1 / s e e )  

A=4.SDO=(UGA==I.IDO) 

AKL=O.11ESDO=(((DENSL=EXP(-4570.D0/T))/VISSL)==(O.333DO)) 
AKLA=AKL=A 

RETURN 
END 

SUBROUTZNE LZQDEN(DENL) 

ZM~L!C~T REAL=8(A-H,O-Z) 

CO~MON/PAR~/T,DENSL,VZSSL,VZSL 

THZS SUBRDUTZN~ EVALUATES THE DENSZTY OF THE LZQ. PHASE 
ZT USES THE CORRELATZON PROPOSED BY DECKWER ( lS80 )  

ZNFUT VARIABLES: 
T= TEMPERATURE (DZH 3. K) 
OUTPUT VARXABLES: 

DENL=O.73SDO-(O.S55D-3=(T-STS.ODO)) 

RETURN 
END 

SUBRDUTZHE LZQVZS(VZSL) 

ZM~LZCZT REAL=8(A-H,O-Z) 

CD~HON/PA~S/T,DENSL,VZSSL 

THZS SUSRDUTINE EVALUATES THE VZSCOSXTY OF THE LZQ. PHASE 
ZT USES THE CORRELATZON PROPOSED BY D£CKWER 

ZNPUT VARZA~LES : 
T= TEMPERATURE (DES. K) 
OUTPUT VARZA~LES: 

VZSL= LIQUZD VZSCOSZTY ( ~ n / ~ n / s ~ c )  

VZSL=O.O~2DO=£XP(-S.SDSDO+32S~.DO/T) 

RETU~ 
END 

SUEROUTZNE SLUVZS(VZSL,VCAT,VZSSL) 
ZMPLZCZT R~AL=$(A-H,O-Z) 

THZS SUBR~UTZHE EVALUATES THE VZSCOSZTY OF THE SLURRY 

ZN~UT VARZA~LES; 
VZSL= VZSCO3ZTY OF LZQUZD (Sm/¢m/s~c) 
VCAT=VOLUME FRACTZON OF CAT ZN SLURRY 
OUTPUT VA~ZA~LES : 
VZSSL= VZSCOSZTY OF SLURRY (Sm/cm/se=) 
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C 
C 
C 
C 
C 
C 

C 
C 

C 

¢ 

C 

C 
C 
C 
C 
C 
C 
C 
C 

VXSSL'VISL*  ( 1 . 0DO÷4.5DO'VCAT ) 

RETURN 
ENO 
. . . . . .  . . . . . . .  . . . .  ........................................... 

SUBROUTINE SLUDEN( VCAT, OENCAT, DENL, DENSL ) 

IMPLIC IT  REAL'8 ( A - H , 0 - Z )  

THIS SUBROUTINE EVALUATES THE DENSITY OF THE SLURRY 

INPUT VARIABLES : 
VCAT= VOLUME FRACTION OF THE CATALYST XN THE SLURRY 
DENCAT= DENSITY OF THE CATALYST 
DENL = DENSITY OF THE LIQUID (gm/c:ms*3) 
OUTPUT VARIABLES : 
DENSL = DENSITY OF THE SLURRY (slm/cm==3) 

DENSL =VCAT*OENCAT+ ( 1 . DO-VCAT ) *DENL 

RETURN 
END 

SUBROUTINE VOLFRA( AMCAT, AMSUS, DENL, DENCAT, WCAT, VCAT ) 

IMPL IC IT  REAL.8 ( A - H , 0 - Z )  

THIS SUBROUTINE EVALUATES THE VOLM. FRACTION OF THE CATALYST 

INPUT VARIABLES : 
AMCAT. ~T. OF THE CATALYST (gin) 
AMSUS- WT. OF THE SUSPENSION (gin) 
DENL- DENSITY OF THE LIQUID (gm/cms*3)  
DENCAT= DENSITY OF THE CATALYST (gm/cm**3 )  
OUTPUT VARIABLES : 
WCAT= CATALYST LOADING 
VCAT= VOLUME FRACTION OF THE CATALYST 

WCAT • AMCAT / AMSUS 
VCAT= ( DENL=WCAT ) / ( DENCAT-WCAT * ( DENCAT -DENL ) ) 

RETURN 
END 

SUBROUTINE SUPVEL ( DIAM, QGAS, QSLUR, S, UG, UL ) 

IMPL IC IT  REAL*8 (A-H, 0 " Z )  

THIS SUBROUTINE EVALUATES THE SUPERFICIAL VELOCZTY OF THE GAS 
AND THE LIQUID PHASE 

INPUT VARIABLES : 
0ZAM" DIAMETER OF THE REACTOR (¢m) 
QGAS" VOLN. FLOW RATE OF GAS (C,¢:mI3/se¢) 
QSLUR: VOLM. FLOW RATE OF THE SLURRY ( ¢ ~ s : 3 / s e ¢ )  
OUTPUT VARIABLES : 
S:  CROSS SECTIONAL AREA (cm**2 )  
UG- SUPERFICIAL VELOCITY OF THE GAS (¢:m/se¢) 
UL- SUPERFICIAL VELOCITY OF THE SLURRY ( c m / s l c )  
S , ( 3 .  14158D0*(DIAN*=2.DO)  ) / 4 . 0 0  
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C 

C 
C 
C 
C 
C 

C 
C 

C 

UG=Q~S/S 
UL=QSLUR/S 

RET~RM 
END 

SU~ROUTZHE GASDZF(UGA,EG,D~) 

Z~PLZCZT REAL=8(A-H,O-Z) 

CO~OM/PA~?/DZ~,P 

THZS SUEROUTZNE EVALUATES THE GAS PHASE DZFFUSZVZTY 
ZHPUT VARZAELES: 
UG= SUFER?ZCZAL VELOCZTY (¢Tn/s~c) 
EG= GAS PHASE HOLD UP 
DZ~=  REACTOR DZ~ETER (¢m) 
O~TPUT VARZAELES: 
DGH= GAS PHASE DZFFUSZVZTY OF H2 (¢m==2/s~¢) 

DGH=(S.D-4)=((UGA/EG)==3.DO)=(DZ~==I.EDO) 

RETURM 
EMD 

SUEROUTZNE LZQDZF(UGA,DLH) 

Z~PLZCZT REAL=E(A-H,O-Z) 

THZS SU~RDUTZNE EVALUATES THE LZQ. PHASE DZFFUSZVZTY 

ZNPUT VARZABLES: 
UG= SUPERFZCZAL GAS VELDCZTY (Cm/s~¢) 
DZA~= REACTOR DI~ZTER (¢tn) 
OUTPUT VARZA~LES: 
DLH= LIQ. PHASE DZFFUSZVZTY OF H2 (¢===2/s~¢)  

DLH:3.S?EDO=(UGA==O.32DO)=(DZA~l==l.34DD) 
RETUR~ 
EMD 

SUB~OUTZNE SOLDZF(UGA,DZ~,DSOL) 

ZW~LZCZT REAL=8(A-H,O-Z) 

THZS SUS~DUTZME EVALUATES THE DZFFUSZOM OF THE SOLZD PHASE 

ZH~UT VA~.ZA~LES: 
UG:SUPERFZCZAL VELOCZTY OF THE GAS 
DZA.~= DZA.~TER OF TH~ R~ACTO~ (~'~) 
OUTPUT VARZA~LES: 
DSOL= DZFFUSZVZTY OF THE SOLZDS 
G= GR~VZTATZO~AL ACCELERATZOM 
FR = FRDUD~ F ~ E R  
BOC= BODEHSTZEH I~U~ER FOR SDLZDS 

G=S30. 
FR=UGA/(G=DZN~) ==0, S 
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BOC=(13.DO'FR)/(1.DO+8.DO*(FR'=O.8500)) 
DSOL=(UGA'DZAM)/BOC 

RETURN 
END 

SUBROUTINE TERVEL(DENSL,DENL,VISL,AMCAT,AMSUS,UT,UGA,T,DENCAT,DP) 

IMPLICIT REAL*B(A-H,D-Z) 

THIS SUBROUTINE EVALUATES THE TERMINAL VELOCITY OF SOLIDS 

INPUT VARIABLES: 
DENSL = DENSITY OF THE SLURRY 
DP = PARTICLE SIZE (cm) 
VZSL = VISCOSITY OF THE LIQUID (gm/cm/sec)  
OUTPUT VARIABLES: - 
UT- TERMINAL VELOCITY (C m/see) 

AMCATI=AMCAT 
AMSUSI=AMSUS 
AMCAT=O.1DO/DENSL 
AMSUS=I.DO 
CALL V0LFRA(AMCAT,AMSUS,DENL,DENCAT,WCAT,VCAT) 
VAST= VCAT 
G=BBO.DO 
AR'(DENL'(DENCAT'DENL)*G*(DP*=3.DO))/((VISL)**2.DO) 
RE:AR/18.0 
UT=(RE*VISL)/(DP=DENL) 
ANCAT-AMCATI 
AMSUS=AMSUS1 
CALL VOLFRA(AMCAT,AMSUS,DENL,DENCAT,WCAT,VCAT) 
UT=l.200*UT.((UGA/UT)*-O.25DO).(((1.DO-VCAT)/(I.OO-VAST))==2.SOO) 

RETURN 
END 

SUBROUTINE CATCON(DZAM,DENSL,DENL,VISL,AMCAT,AMSUS,DENCAT,CCAT,X, 
T,DP,UGA) 

IMPLICIT REAL.8(A-H,D-Z)  

THIS SUBROUTINE EVALUATES THE CATALYST CONC. AT A AXIAL POSN. 

COkW~ONIPAR2/AL,CGJ,IO,AM 
COJOION/PAR4/UG,PEG,STG, EG,EL,PEL 

CALL SOLDIF(UGA,DIAM,DSOL) 
CALL TERVEL(DENSL,DENL,VISL,AMCAT,AMSUS,UT,UGA,T,DENCAT,DP) 

AVCON=O.2*DENSL 

CALL VOLFRA(AMCAT,AMSUS,DENL,DENCAT,WCAT,VCAT) 

SIL=I .O-VCAT 

ACAT=-(SIL 'UT 'AL) /DSOL 
CSO=(AVCON*ACAT)/(EXP(ACAT)-I.0) 
CCAT=CSO=EXP(('SIL'UT'AL'X)/DSOL) 
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CCAT=(CCAT/DENSL)=IO0.O 

10 
20 

10 

200 

RETU~ 
E~D 

SUSR~TZN~ LZQ$OL(UGA,EL,DLH,AS,A.~S,DEHCAT,DP,~CAT,DEHLoVZSL, 
DENSL) 

ZHPLZCZT REAL=8(A-H,O-Z) 

THZS SUBRDUTZH~ EVALUATES THE LZQ-SOL MASS TR.H~ COEFF. 

AS=(E.DO=~CAT=EL=DE~SL)/(D~=DSHCAT) 
ZF(UGA.LE.6.0) GOTO 10 
E F = S $ ~ . D O  
C-.-.~TO 20 
EP=UGA=S~O.DO 
AY, S=(DLH/DP):(2.DO+O.S45=((VZSL/(DEHL~DLH))=:(0.3~3))= 
((EP=(BP==4.0)=(DENL==3.0))/(VZSL=~3.0))) 

RETURN 
EHD 

$UBRDUTZNE ZNPUT 

Z~PLZCZT R~AL=S(A-H,O-Z) 

DZN~NSION DAT(I?) 

THZS SUBRDUTZN~ READS THE REQUZSZTE DATA FRO~ FORO1.DAT 

CO;~/PA~I/UC-O,CCAT,I~ 
CO~DN/FAR2/AL,CC-~O,A.~I 
CO~H~N/PAR3/ALFHA,CONSYN,USE,RAT 
CO~O~/PARE/EGO,D~.O,DLHO 
CO~.ON/FARS/T,DE~SL,VZSSL,VZSL 
CO;~.D~/PA~9/DZA~,P 
CO;~H/PAN~/DEHL,J~CAT,A~SUS,DENCAT,DP,VCAT,WCAT 

DO 10 0=1,15 
READ (I,2CO)DAT(O) 
C.~HTZNU~ 
T=DAT(1) 
P=DAT(2) 
DZ~=DAT(3) 
AL=DAT(4) 
~,-~CAT=DAT(5) 
~5US:DAT($) 
DP=DAT(9) 
UGO=DAT(8) 
RAT=DAT(9) 
CC-HO=DAT(IO) 
DENCAT=DAT(11) 
EA=DAT(12) 
P~=DAT(13) 
USE=DAT(14) 
ALPHA=DAT(15) 

FO~AT(F15.5) 
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AK,(PF/(1.+USE)),EXP(-EA, 1 .E3/ (8 .314*T) )  

CALL HOLDUP(EGO,UGO) 
CALL GASDZF(UGO,EGO,OGHO) 
CALL LZQDZF(UGO,DLHO) 
CALL LZQDEN(DENL) 
CALL LIQVZS(VZSL) 
CALL VOLFRA(ANCAT,AMSUS,DENL,D(NCAT,WCAT,VCAT) 
CALL $LUDEN(VCAT,DENCAT,DENL,DENSL) 
CALL SLUVZSCVXSL,VCAT,VZSSL) 

RETURN 
END 

END OF PROGRAM ! 
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BCSR MODEL 2 

Although equations based on both the plug flow and the axial dispersion 

assumptions'have been developed in the present work, the computer program 

incorporating the latter assumption which is more general is included in the 

report. The program using the plug flow assumption has not been included for 

being concise, besides the axial dispersion model could be very easily adapted 

to assess the plug flow assumption by appropriate adjustment in the Peclet 

numbers for the gas and the liquid phase. However, the results obtained 

through both the programs have been counterchecked. 

As described earlier for Model i, theuser has to supply the operating 

and the design parameters along with the pertinent physico-chemical properties 

to the simulator. This is done via an interactive program, INTER.FOR. 

Following is the list of variables which the user has to provide prior to the 

execution of the main simulator. 

Design and Operating Conditions: 

Operating Temperature (K) 

Operating Pressure (Arm.) 

Reactor Height (cm.) 

Reactor Diameter (cm.) 

Inlet Partial Pressure of H 2 (arm) 

Inlet Partial Pressure of CO (arm) 

Catalyst Loading 

Phy~ico Chemical Properties: 

Solubility Coefficient for H20 

Solubility coefficient for H 2 
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Solubility Coefficient for CO 

Solubility Coefficient for Hydrocarbons 

Density of the Catalyst (gm/cc) 

Density of the Liquid Phase (gm/cc) 

The kinetic parameters used in the simulator are provided via the interactive 

program ALPHA.FOR. The kinetic parameters include the activation energy 

(Kcal/mol), pre-exponential factor (gmol (gm of cat. sec. atma+b)-l), and the 

power law indices a n and b n for carbon numbers ! to 4. The parameters used in 

the present work are listed in Table I-B-3. The data provided by the user is 

stored in two data files and is retrieved by the main simulator upon 

execution. The main simulator comprises of various subroutines, some of which 

define the boundary value problem to be solved using COLSYS, while the other 

subroutines incorporate the various correlations used for property estimation. 

The following is a list of the subroutines used in the main simulator and 

their purpose: 

Subroutine Name Purpose 

SIGMA 

RHOH 

RHON 

INPUT 

CATCON 

HOLDUP 

Evaluates the net depletion of components 

from the gas phase. 

Evaluates the kinetic contribution towards 

H 2 depletion. 

Evaluates the kinetic contribution towards 

hydrocarbon formation. 

Retrieves the data supplied by the User. 

Evaluates the average catalyst 

concentration. 

Evaluates the gas phase holdup. 
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MASTKN 

SLUOEN 

VOLFEA 

VALUE 

GASDIF 

LIQDIF 

SUPER 

Evaluates the gas-liquid mass-transfer 

coefficient. 

Evaluates the density of the slurry. 

Evaluates the volume fraction of the solids. 

Evaluates the value of e as a function of 

temperature. 

Evaluates the gas phase dispersion 

coefficient. 

Evaluates the liquid phase dispersion 

coefficient. 

Evaluates the superficial gas velocity along 

the reactor axis. 

Besides these subroutines, other subroutines such as FSUB, DFSUB, GSUB, 

DGSUB, and SOLUTN have been used to define the problem as per the algorithm~ 

COLSYS (Ascher et al., 1981). 

On execution, the simulator generates results which are stored in 

files. The file specifications is as given below: 

CONV.DAT 

S UP. DAT 

LCON. DAT 

Stores all the input data provided by the 

user along with the concentration of the 

components and the syngas conversion along 

the reactor height. 

Stores the values of superficial gas 

velocity along the reactor height. 

Stores the concentrations of the components 

in the liquid phase along the reactor 

height. 
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B e s i d e s ,  o u t p u t  in  the  form of  r a t i o  (RCn/RC1) a long  the r e a c t o r  h e i g h t  

can a l s o  be o b t a i n e d  from the  s i m u l a t o r .  These v a l u e s  a re  r e q u i r e d  to  con f i rm  

the  e v i d e n c e  t h a t  the  p r o d u c t  s l a t e  app rox ima te s  to a S e h u l z - F l o r y  

d i s t r i b u t i o n .  

Case Stud~: 

The program was used to  p r e d i c t  the  pe r fo rmance  of  a BCSR used on a 

l a b o r a t o r y  s c a l e ,  i . e . ,  w i th  a d i a m t e r  of  2.6 cm and a s u s p e n s i o n  h e i g h t  of  

i80 cm. This  column employed Ru/A1203 c a t a l y s t  in  o r d e r  to b r ing  abou t  the F- 

T s y n t h e s i s  ( S t e r n  e t  a l . ,  1984) .  P r e d i c t i o n  of  the  syn -gas  c o n v e r s i o n  and 

the  usage  r a t i o  a c r o s s  the  BCSR was made us ing  both  the p lug f low model as 

w e l l  as the  a x i a l  d i s p e r s i o n  model .  Based on the v a l u e s  of  the  P e c l e t  numbers 

f o r  the  gas and the l i q u i d  p h a s e ,  the  pe r fo rmance  can be s a t i s f a c t o r i l y  

e x p l a i n e d  us ing  the p lug f l ow  a s s u m p t i o n .  The r e s u l t s  o b t a i n e d  u s ing  bo th  the  

a s s u m p t i o n s  t a l l y  ve ry  w e l l  w i th  each o t h e r  and a l s o  wi th  the  e x p e r i m e n t a l l y  

r e p o r t e d  v a l u e s .  

The r e q u i s i t e  i n p u t  d a t a  was p r o v i d e d  v i a  INTER.FOR and ALPHA.FOR. 

T y p i c a l  i npu t  samples  of  bo th  the  programs a r e  as shown. The o u t p u t  f i l e s ,  

v i z . ,  CONV.DAT, SUP.DAT and LCON.DAT o b t a i n e d  from the  run a re  a l s o  shown 

h e r e w i t h .  F ig ,  A-B-5 and A-B-6 show the  v a r i a t i o n  of  the  H 2 and CO 

c o n c e n t r a t i o n  a long  the  l e n g t h  in  the  gas and the  l i q u i d  p h a s e s .  

As i n d i c a t e d  e a r l i e r ,  F-T s y n t h e s i s  ove r  Ru c a t a l y s t  can r e s u l t  in  

p r o d u c t s  r ang ing  from ue thane  to  h igh  s o l e c u l a r  weight  hyd roca rbons  depending  

upon the  o p e r a t i n g  t e m p e r a t u r e  and p r e s s u r e .  In t h i s  p r e s e n t  c a s e ,  s i n c e  the  

o p e r a t i n g  p r e s s u r e  i s  m o d e r a t e l y  low, the  amount of  methane formed i s  

s i g n i f i c a n t .  Fu r the rmore ,  s i n c e  the  r e a c t i o n  s t o i c h i o m e t r y  assumed i s  the  one 

f o r  p a r a f f i n  f o r m a t i o n  a long  wi th  w a t e r ,  the  amount of  wa te r  formed i s  a l s o  

s i g n i f i c a n t ,  in f a c t  from the  s t o i c h f o m e t r y ,  i t  i s  equa l  to  the moles of  CO 
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consumed. Fig. A-B-7 shows a plot of (Rcn/Rcl) v/s the carbon number. As 

seen in the plot, the products with carbon numbers above 4 lie on a straight 

line whose intercept lies below i, a point corresponding to CH 4 and 

furthermore, products with carbon numbers 2,3 fail to lie on the llne, a 

phenomenon observed experimentally (Stern et al., 1984b). The straight line 

dependence for higher hydrocarbons supports the evidence that the product 

slate follows the Schulz-Flory distribution. 
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TYPICAL I ~ P ~  SAMPLE- I ~ . F O ~  
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THZS ZS AN ZNTERACTZVE PROGRAM 

PLEASE ENTER THE DATA ASKED FOR ZN FREE FORMAT 

REACTZON TEMPERATURE (¢mg.K) =? 
>553,0 
REACTION PRESSURE (arm) =? 
>9.0 
REACTOR LENGTH (cm)=? 
>180,0 
REACTOR DIAMETER (¢m)=? 
>2.6 
INLET GAS VELOCITY (¢B /S I¢ )=?  
>1.9 
WT, OF CATALYST (gm) l?  
>41.3 
k~T. OF SUSPENSION (gm)z? 
>272.0 
SOLB. COEFF. FOR H20-? 
>1,17 
SOLB,COEFF.FOR H2=? 
>4 35 
SOLB.CDEFF. FOR CO=? 
>3 30 
SOLB~ COEFF. FOR HYDROCARBON:? 
>2 42 
DENSZTY OF CATALYST (gm/c .c )  ,? 
>5 DO 
DENSZTY OF LZQ. (gm/¢ .¢ )  =? 
>O7  
ZNLET PARTZAL PRESSURE OF H2 (arm) -? 
>S O 
ZNLET PARTIAL PRESSURE OF CO (arm) J? 
>9 O 

ALL THE REQUZRED DATA HAS BEEN PROVZDED 

PROCEED TO ALPHA. FOR TO ENTER THE KINETIC PARAM. 
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TYFI,CAL INPUT SAMPLE: ALPHA.FOE 
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ZNPUT ALL THE VALUES ZN FREE FORMAT 

XNPUT THE DATA FOR C1 HYDROCARBON 

PRE-EXPONENTZAL FACTOR (An) 
>g2oo0,o 

ACTZVATZON ENERGY (En) 
>28.0  

EXPONENT FOR HYDROGEN (an)  
>1.37 

EXPONENT FOR CARBON NONOXZDE (bn)  
> - 0 . 8 4  

ZNPUT THE DATA FOR C2 HYDROCARBON 

PRE-EXPDNENTZAL FACTOR (An) 
>67OO,O 

ACTZVATZON ENERGY (En) 
>27 .0  

EXPONENT FOR HYDROGEN (an) 
>0.88 

EXPONENT FOR CARBON MONOXZDE ( In )  
> - 0 , 7 3  

ZNPUT THE DATA FOR C3 HYDROCARBON 

PRE-EXPONENTZAL FACTOR (An) 
>2300,0  

ACTZVATZON ENERGY (En) 
>27.0  

EXPONENT FOR HYDROGEN (an)  
>1.04 

EXPONENT, FOR CARBON NONOXZDE (bn)  
> - 0 . 3 5  

XNPUT THE DATA FOR C4 HYDROCARBON 
IlmlllilallliOlNilllill~iiDm~ililiOOl~i--Ola . . . .  

PRE-EXPONENTZAL FACTOR (Art) 
>O,07 

ACTIVATZON ENERGY (En) 
>20 .0  

EXPONENT FOR HYDROGEN (an) 
>1.11 

EXPONENT FOR CARBONNONOXZDE ( i n )  
> - 0 . 0 5  

NINNIII|INBINNSIIINIIBIIIII|INNNNII|IISIIS 

ALL THE DATA HAS BEEN OBTAZNED 
PROCEED TO THE NAZN SZNULATOR 
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OUTPUT FILF_~- CONV.DAT 

SUP.DAT 

LCON.DAT 
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FISCHER TROPSCH SYNTHESIS IN SLURRY BUBBLE 
COLUNN REACTOR 

DESIGN PARAMETERS : 

REACTOR DIANETER 
REACTOR HEIGHT 

OPERATING PARAMETERS : 

REACTOR TEMPERATURE 
REACTOR PRESSURE 

FEED CONDITIONS : 

INLET GAS VELOCITY 
INLET P.P OF H2 
INLET P.P OF CO 

KZNETIC PARANETERS : 

: 2 . 6 0 0  cm 
:180.0OO cm 

:553.0OO 0eg.K 
: 9 . O O O A t m .  

: 1. 900 c m / s e c  
: 5 .  000 a tm.  
: 4 . 0 0 0  a tm.  

A POWER LAW RATE EXP : A n * ( P H 2 * * B n ) * P C O * * b n )  ;S USED 

CHAIN GROWTH PROB. FACTOR : 0 . 5 2 5  

OUTPUT F ILE  I GAS PHASE CONPOSITZONS : -  

X C I C2 C3 C4 C5 C8 H20 H2 CO 

0 . 1 0  . 1 2 5 5 - 0 5  . 2 3 2 5 * 0 e  .840E-07  .221E-O7 .138E-07 . 8 0 5 5 - 0 8  .247E-O5 107E-O3 8775 -04  4 . 5 3  
0 . 2 0  . 2 3 0 5 - O 5  . 4 4 1 5 - 0 6  . 1 5 9 5 - 0 6  .4185-O7 .2615 -07  . 1 0 3 5 - 0 7  .4365-O5 1035-O3 8755 -04  7 . 0 2  
O .30  . 3 4 0 E - 0 5  .64OE-O6 . 230E-06  . 5 0 4 5 - 0 7  . 3785 -07  .2365-O7  . e28E-05  IO IE -O3  8725-O4 10.28 
0 . 4 0  .458E-O5 .875E-O8 .312E-00  ,8185-O7 .5115-O7 .32OE-O7 .8285-O5 97OE-O4 8725-O4 13.82 
0 . 5 0  . 5 4 9 5 - 0 5  . 1 0 5 5 - 0 5  .3745-01$ . 9 8 1 5 - 0 7  .6145 -07  . 3 8 4 5 - 0 7  1015-04 945E-04  867E-04  16.74 
0 . 5 0  .67OE-O5 .13OE-05  .480E-06  .120E-06  .7535-O7 . 471E-07  1215-04 9 0 9 E - 0 4  8555 -04  19 .10  
0 . 7 0  . 7 7 8 5 - O 5  .153E-O5 . 5 3 5 5 - 0 e  .140E-Oe .8775-O7 .548E-O7 14OE-O4 .8775 -O4  855E-O4 21 .81  
0 . 8 0  . 8 5 8 E - 0 5  . 1 7 0 5 - 0 5  . 5 9 3 5 - 0 6  . 1 5 5 5 - 0 6  , . 9695-07  . 806E-07  1565-04 .8545 -O4  8615 -04  2 2 . 6 6  
0 . 9 0  .992E-O5  .1995-O5  .69OE-O~ . t8OE-O6 .113E-O6 .704E-O7 1795-O4 .8155 -O4  8605 -04  2 6 . 9 8  
1 .00  . l O e E - O 4  . 2 1 6 5 - 0 5  . 7 4 3 5 - 0 6  .194E-06  . 1215 -06  . 757E-07  19OE-04 . 7 9 3 5 - 0 4  . 8 5 0 5 - 0 4  30 .82  

~ / ~  USAGE RATIO = 2 . 8 6 7 7 9 ; ' 1 4 6 7 " 5 4 2 5  



0UTFUT FILE 2 VARIATION OF SUP. GAS VELOCITY : 

X GAS VEL. 

0.0000 
0. I000 
0.2000 
0,3000 
0.4000 
0.5000 
0.6000 
0.7000 
0.8000 
0.9000 
! .0000 

1.9000 
1.8520 
1.8352 
1.8016 
1.7677 
I. 7526 
1.7174 
1.6913 
1.6992 
1.6429 
! .5809 
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OUTPUT F ILE 4 L IQUID PHASE COMPOSITIONS : 

X C ! C2 C3 C4 C5 C6 H20 H2 CO 

0 . 0 0  295E-01l .536E-07  .196E-O7 .517E-08  . 3 2 3 E - 0 8  .202E-O8 . 1 4 2 E - 0 5  . 221E-04  .256E-04  
0 . 1 0  567E-06  .105E-06  .381E-07  .10OE-07 . 6 2 8 E - 0 8  .392E-08  .235E-05  . 217E-04  .258E-04  
0 . 2 0  107E-05 .201E-06  .722E*07 .190E-07  . 1 1 9 E - 0 7  .743E-08 .415E-O5 . 211E-04  ,255E-04  
0 . 3 0  149E-O5 .282E-06  .101E-06  .266E-07  . 1 6 6 E - 0 7  .104E-07  . 576E-05  . 20£E-04  255E-04 
0 . 4 0  197E-05 .377E-06  .134E-06  .352E-07  . 2 2 0 E - 0 7  .138E-07  .742E-05  . 198E-04  255E-04 
0 . 5 0  235E-05  .453E-011 . 1 0 t E - 0 6  .421E-07  . 2 6 3 E - 0 7  .165E-07  897E-05  . 1 9 2 E - 0 4  254E-04 
0 . 6 0  . 2 8 4 E - 0 5  .555E-06  . 195E-0 l l  .511E-07  . 3 2 0 E - 0 7  .200E-07  107E-04 . 1 8 6 E - 0 4  254E-04 
0 . 7 0  . 3 2 8 E - 0 5  .847E-Oe .228E-06  .592E-07  .370E-O7 .231E-07  123E-O4 . 179E-04  254E-04 
0 . 8 0  . 3 6 2 E - 0 5  .720E-06  .251E-06  .655E-07  . 4 1 0 E - 0 7  ,256E-07 137E-04 .174E-04  253E-04 
0 . 9 0  . 4 1 8 E - 0 5  .838E-06  .290E-06  .755E-07  . 4 7 2 E - 0 7  .295E-07  155E-O4 . 187E-04  253E-04 
1 . 0 0  . 4 4 5 E - 0 5  .902E-Oe .311E-06  .810E-O7 . 5 0 6 E - 0 7  .316E-07  164E-O4 .164E-O4 2531[-04 

I-.,-I 
I 
i~ 
I 



FOLLOMINf~ TABLE GIVES THE RATIO OF RCn/BCI 

I'-I 
I 

t~ 
I 

4> 

X R1 R2 113 114 R5 Itf; It7 

0 .10  1 0000 0.0740 0.0744 0.0311 0.0194 0.0121 0 .0078 
0 .20  1 0000 0.0704 0.07B1 0 .0313 0.0198 0.0122 0 .0078 
0 . 3 0  t 0000 0 . 0 7 0 0  0 . 0 7 5 8  0 . 0 3 1 ~  0 .0107  0 , 0 1 2 3  0 , 0 0 7 7  
0 .40  1 OOOO 0.0708 0.O700 O.0317 0.O108 0.O124 O.007g 
0 . 5 0  I 0000 0 . 0 8 1 7  0 . 0 7 7 4  0 . 0 3 2 0  0 . 0 2 0 0  0 . 0 1 2 5  0 . 0 0 7 8  
0 . 6 0  1 0000  0 . 0 8 3 7  0 . 0 7 8 2  0 . 0 3 2 2  0 . 0 2 0 2  0 . 0 1 2 0  0 . 0 0 7 9  
0 . 7 0  1 . 0 0 0 0  0 . 0 8 5 8  0 .0701  0 . 0 3 2 5  0 . 0 2 0 3  0 . 0 1 2 7  0 . 0 0 7 0  
0 .80  1.0000 0.0881 0 .0800 0.0320 0.0205 0.0128 0 .0080 
O.O0 1.0000 O.Og04 0.0000 0.0331 0.0207 0.0129 O.OOD1 
1.00 1.0000 0 .0030 0.0010 0 .0334 0 .0200 0 .0130 0.0002 

ENO User :  KERKAlt [114111,220373]  dob: FOrt14. Seq: 12074 F i n i s h e d :  25-Sep-85 13:43 Pages: 2 System: B END 

][maga~: 2 S h e e t s :  2 



OUTPUT FILE: PLUG FLOW MODEL 
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FISCHER-TROPSCH SYNTHESIS IN BUnBLE COLUMN REACTOR 

DESIGN PARAMETERS : 

REACTOR DIAMETER 
REACTOR HEIGHT 

OPERATING PARAMETERS : 

:2.800000Cm 
:lO0.O000Cm 

REACTOR TEMPERATURE 
REACTOR PRESSURE 

FEED CONDITIONS : 

INLET GAS VELOCITY 
INLET P.P OF H2 
INLET P.P OF CO 

KINETIC PARAMETERS : 

:553.0000Deg.C 
:g.OOOOOOAtm. 

: l . 900000cm/se~  
:5.000000Atm. 
:4.000000ARM. 

A POHER LAH RATE EXP : An(PH2**an)(PCO**bn) IS USED 

CHAIN GROWrH PROB. FACTOR :0.B251534 

I 

I X C1 C2 C3 C4 C5 C6 C7 H20 H2 CO % CONV, 
~j 

0 .00  OOE+O0 .OOE+O0 .OOE+O0 .OOE+O0 .OOE+O0 .OOE+O0 .OOE+O0 .OOE+O0 .110E-03 .802E-04 0 .000  
0 .10  11E-05 .20E-08 .74E-07 .19E-07 .12E-07 .76E-08 .40E-O0 . l g E - 0 5  .107E-03 .879E-04 3,5B5 
0 .20  22E-05 .41E-08 .15E-08 .39E-07 .24E-07 .15E-07 .gSE-08 .3gE-05 .104E-03 .877E-04 7.061 
0 .30  33E-05 .62~-08 .22E-08 .59E-07 .37E-07 .23E-07 .14E-07 .59E-05 .101E-03 .875E-04 t0 .427  
0 .40  44E-OB .04E-08 .30E-08 .7gE-07 .49E-07 .31E-07 .10E-07 .79E-0~ .O75E-04 .073E-04 13.683 
0 .50  55E-0~ .11E-0~ .3GE-08 .99E-07 .G2E-07 .39E-07 .24E-07 .90E-05 .g43E-04 .B71E-04 1~.B27 
0 .00  .~8E-05 .13E-05 .45E-08 .12E-06 .74E-07 .46E-07 .29E-07 .12E-04 .911E-04 .808E-04 19.860 
0 .70 .77E-05 .15E-O~ .53E-0~ .14E-08 .87E-07 .54E-07 .34E-07 .14E-04 .870E-04 .86~E-04 22.781 
O.O0 .87E-05 .17E-05 .61E-0~ .1~E-08 .OOE-07 .62E-07 .30E-07 .18E-04 .847E-04 .064E-04 25.592 
O.O0 .OOE-05 .20E-O~ .60E-08 . IOE-08 .11E-00 .70E-07 .44E-07 .10E-04 .015E-04 .062E-04 20.293 
1.00 .11E-04 .22E-05 .70E-0~ .20E-00 .12E-0~ .77E-07 .4DE-07 .20E-04 .704E-04 .860E-04 30.884 



PROGRAM lISTING: INTER.FOR 
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THIS I$  AH INTERACTIVE PROGRA~ DEVELDPED TO ASSIST 
THE USER IN INPUTZNG THE REQUISITE DATA TO SELEC.FOR 

DZ~NSZON ~(I0) 

WRITE=,'THZS IS AH INTERACTIVE PRO~P~ ' 
WRITE= 
WRITE=,'PLEASE ENTER THE DATA ASKED FOR ZN FREE FDP~AT" 
WRITE=, ~ 

WRZTE=,'REACTIDN TEMPERATURE ( ~ g . K )  =? ' 
READ=,T 
WRZTE(12,100)T 
WRITE=,'R~ACTZOH PRESSURE (arm) =?' 
READ=,F 
WR!TE(12,10O)P 
WRITE=,'REACTOR LENGTH (C~)=?' 
READ=,AL 
WRITE(12,100)AL 
WRZTE=,'REACTOR DZ~TER (¢:~)=?" 
READ=,DZ~ 
WR~TE(12,100)DZ~ 
W~ZTE=,'ZHLET GAS VELOCITY (¢~/sOc)=? ~ 
R£AD=,UGO 
WRZTE(12,100)UGO 
WRZTE=,tWT. OF CATALYST (g~l)=? s 
READ=,~CAT 
WRZTE(12,1OO)A~CAT 
W~!TE= 'WT. DF SUSPENSZON ( ~ ) = ? "  
READ=,AMSUS 
WRZTE(12,100)A~SUS 
WRITE=,'SDLB. COEFF. FOR H2O=? ' 
READ=,~(E) 
WRZTE(12,100)A~(8) 
WRZTE=,'SDLB.COEFF.FOR H2=? I 
READ=,A~(S) 
WRITE(12,100)~(S) 
WRITE=,'SOLB.COEFF. FDR CO=?' 
READ= ,A.~(10) 
WRITE(12,1C~)/~(10) 
WRITE=,'SDLE. CJ3EFF. FOR HYDROCAR~ON=T ~ 

WRZTE(12,1G,D)/~ 
WRITE= "DEHSZTY OF CATALYST ( ~ / ¢ . c )  =?" 
REA~=,DE~CAT 
WRZTE(12,1CO)DE~AT 
WRITE= "DEHSITY OF LZQ. (Sm/¢.¢) =?' 
READ=,DENL 
WRITE(12,10Q)DENL 
WRITE=;'ZNLET PARTIAL PRESSURE OF H2 (arm) =?' 
READ=,FH2 
WRITE(12,100)PH2 
WRITE:, 'INLET PARTZA~ PRESSURE OF CO (a te )  =?' 
READ=, PC0 
WRITE( 12, ICO)PC0 
WR~TE=, I .............................................. 
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100 

WRITEs 
WRITE' . 'ALL THE REQUIRED DATA HAS BEEN PROVIDED' 
WRITE" 
WRZTEz,'PROCEED TO ALPHA.FOR TO ENTER THE KINETIC PARAN.' 

FORNAT(F15.S) 

STOP 
END 
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PROGRAM I.~T~O: ALPHA.FOR 
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10 

THIS 1S AN INTERACTIVE PROGRAM TO BE USED TO INPUT 
THE DATA FOR THE KINETIC PARAM. FOR C1 TO C4 HYDROCARBONS 

~swsiss81smsss~Iss881~z~sssi88~81~z~zlz1~z~tssslmwt~tss~ 

DINEI~ZON H ( 4 ) , E ( 4 ) , A ( 4 ) , B ( 4 )  

WRITE' . ' INPUT ALL THE VALUES ZN FREE FORNAT' 
WRITE: 
DO 10 I x 1 , 4  
WRITE*, '  ................................................ 
WRZTEs,'INPUT THE DATA FOR C ' . Z , '  HYDROCARBON' 
WRITEs. '  ................................................ 
WRITE* 
WRZTE*,'PRE-EXPONENTZAL FACTOR ( A n ) '  
READ*.H( I )  
WRITE(11,1OO)H(Z) 
WRITE*,'ACTZVATZON ENERGY ( E n )  ' 
READ* ,E( I )  
k 'RZTE(11, lOO)E( I )  
WRITE*.'EXPONENT FOR HYDROGEN ( a n ) '  
READ* ,A( I )  
W R I T E ( I I . l O O ) A ( I )  
WRZTE:.'EXPONENT FOR CARBON MONOXIDE (On ) '  
READ*.E(Z) 
WRZTE(11.100)B(Z) 
WRITE* 
CONTINUE 

100 

~TEImOB~usilmllmllltmmmlmBilBmzmmBBsmllllsmmmlsm o 

WRITEs 
WRITEs 
WRITEs, 'ALL THE DATA HAS BEEN OBTAINED' 
WRZTE*,'PRDCEED TO THE NAZN SINULATOR' 

FORNAT(FlS.S) 

STOP 
END 
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C 

C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 

~llllllll:llllIlllllllllll~ll~illi~llllilillliillllllltlll 

THXS PROGRAM ZS DEVELOPED T0 SOLVE THE AXXAL DZSP. MODEL 
DESCRZBZNG THE ASPECT OF SELECTZVZTY ZN BCSR. 

llllllllllllllllllllllllllillliililililillllllllllllllitil 

FOLLOWXNG ZS A LZST OF THE ZNPUT VARZABLES USED: 

T 
P 
AL 
D 
UgO 
AMCAT 
A ~ J S  
AM 
DENCAT 
DENL 
H ( I )  

E(Z) 
A ( Z )  
B(Z) 
PH2 
PC0 

:OPERATZNG TEMPERATURE (K) 
:OPERATZNIG PRESSURE (ATN) 
: C O L ~  HEXGHT (CN) 
: C O L ~  DZAMETER (CM) 
:ZNLET GAS VELOCXTY (CN/SEC) 
':k'T. OF CATALYST (GM) 
: t r r .  OF SUSPENSZON (GN) 
:SOLUBZLZTY COEFFZECZENT 
:DENSZTY OF CATALYST (QM/CC) 
:DENSZTY OF LZQUZD (GN/CC) 
:PRE-EXPONENTZAL FACTOR FOR CARBON NO. Z 
:ACTZVATION ENERGY FOR CARBON NO. Z (KCAL/NOL) 
:ZNDEX OF H2 CONIC. FOR CARBON NO. Z 
:ZNDEX OF CO CONC. FOR CARBON NO. Z 
:ZNLET PARTZAL PRESSURE OF H2 (ATM) 
:ZNLET PARTZAL PRESSURE OF CO (ATN) 

THZS XS THE MAZN PROGRAM 

ZNPLXCZT REAL . 8 ( A - H , 0 - Z )  

C014~)N/PAR1/ALPHA 
~ / P A R 2 / D , A L , U G O  
COMMON/PAR3/CCAT,CGHO,CGCO,P,T 
~ / P A A 4 / A M , A K N  
CO~E40N/PARS/DA,A,B 
COI~ION/PAR6/PEG,PEL,EL,EG 
COIlei0N/PARS/DERU,AN,UGB 

DZNENSZON AN(9),AKLA(9),AN(B),AKN(4),A(4),B(4),DA(4),ZPAR(11), 
* ZETA(38),LTOL(18),TOL(18),Z(38).FSPACE(2SOOO),ZSPACE(BOO),N(l|), 
, RATE(E) 

EXTERNAL FSUB, DFSUB , GSUB, IX;SUB, SOLUTN, RHOH, RHON, RHOC, DHC33 , 
DHC35 

OPEN (UNZT=IO,FZLE='CONV.DAT') 
OPEN (UNZT'13,FXLE' 'SUP.DAT' ) 
OPEN (UNZT=21,FZLE='LCON.DAT ' ) 

NLINB=I 

~ P . ~ T E ( ~ O , s )  n sslmstsstssslsssslssstssssstmsssssssltssslsssssss e 

WRXTE( 10, • ) ' FXSCHER TROPSCH SYNTHESIS ZN SLURRY BUliBLE e 
WRZTE(IO, ' ) '  COLLI~ REACTOR ' 
W1RZTE(10.')' ,,,,,,-,,-ss,,,,,~es,,,,,s,,,,,,e,,,st,sssse~sss,, 

CALL ZNPUT (T , P . AL . D, UGO, MICAT , MISUS , MI, A, II , PH2 . P¢O , AKN, 
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= C~%~O,C~_~,D~.'~CAT,DE~L) 

CT=P/(82.05=T)  
CT=CT/CG~O 

GOD=~:~HO+CC-C0 

A R ~ A = ( 2 2 . O / ( 7 . O = 4 . O ) ) : ( D = = 2 . 0 )  
D Z ~ l = P H 2 : 2 . 0 / ( 8 2 . O ~ = T )  
D Z ~ 2 = ~ 0 : 2 ~ . O / ( 8 2 . 0 5 = T )  

t~.SV=VFR=D~ZX:3~CD.O/CAT~;' 

CALL VALUE (T, ALPha) 

CALL CATCOH (A~UCAT, A.~S!JS, DEP-~CAT, D~.HL, CCAT) 

W,~:~TE ( I 0 , = )  
W~:TE  { I 0 , = )  
WRZTE( I 0 , = ) '  D 3 5 Z ~  FAR.~=-TE~S : ' 
W.~'~TE ( 1 0 , : ) '  . . . . . . . . . . . . . . . . . . .  ' 
~ Z T Z  10,=)  
WRZT=t 10 ,22C) '  RZACTOR DZ~ZTE~, : ', D, ' ,--.~, 

WRZTZI 10.230)  ' RZACTOR HZZGHT : ' , A L ,  ' ¢~" 
W,~ZTE~ I 0 , = )  
W~ZTZ# 10 = ) '  OP~RATZ~'G P ~ 2 T E R S  : " 
W~ZT~. 10 =)' ...................... ' 

W~ZTE4 10 =) 
WRZTEI 10 230) ' RZA~"TOR TE:~'P~RATUR =- : i ,T, ' D~3.K'  
W~ZTE( 10 23D) ' R~A~I'O~ PR~SSUR~ : ' ,P, ' Arm. " 
WRZTZ( I 0  =) 
kl~ZTE( 10 = ) ' FEED C~;~D:ZTZG>~ : ' 
I~ZT~ ( 10 =)' ................. ' 

t~ZTZ( 10 : )  
~ Z T ~ . ( 1 0 , 2 3 0 ) "  ZHLET GAS VELOCITY : ',UGO, ' ¢ ~ / s c ¢ '  
DI~ZT2( lO,230)"  ZHLET P.P OF H2 : ' , F H 2 , '  a t :~ . '  
~ Z T Z ( 1 0 , 2 3 0 ) '  Z~LET P.P O? CO : ' , P C O , '  a ' t ~ . '  
k'~ZTT. ( 1 0 ,  = ) 
W'~T~.(10,=) '  KZH2TZC P ~ . ~ T E R 3  : ' 
~ZT~ . ( IO ,  = ) '  . . . . . . . . . . . . . . . . . . . .  " 
tt'~=T~.(10,=) 
k '~ZTE( IO, * ) '  A FO'~,~ LA~ RATE E ~  : A . ~ : ( P H 2 : : a ~ ) : P C O : : ~ )  
:ZS USED' 
WXZT~' ( 1 0 , = )  
~ Z T E ( 1 0 , 2 3 0 ) '  CHATK GROWTH PRO~. FACTOR : ',ALPHA 
~ ' t  TE ( 10, = ) 
W~ZTE(10,=) 
k~ZTE( IO ,= ) "  OUTPL1T FZLE 1 GAS PHAS;~ CO~OSZTZO;~'S : - '  
W~ZTE(10,=) 

I 

t ~ : T Z  ( 10, 110) 
k~ZTE (10 ,120)  ' X ' ,  '01 ' ,  ' C 2 ' ,  "CO', ' C 4 ' ,  ' C 5 ' ,  'C~ ' ,  ' H 2 0 ' ,  
' H 2 ' , ' C O ' , '  % COHV.' 
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WRITE(10,110) 

WRITE(13,*) '  OUTPUT FILE 2 
WRZTE(13,*) 
WRZTE(13,8) 
WRITE(13,121) 
WRITE(13,12S)'X'.'GAS VEL. '  
WRITE(13.121) 

VARIATION 0F SUP. GAS VELOCITY : '  

WRITE(21.*) '  OUTPUT FILE 4 LZQUIO PHASE CO~SZTZONS 
WRITE(21,*) 
WRZTE(21,*) 
WRITE(21.*) 
WRITE(21,110) 
WRITE(21,122) 'X ' , 'C1 ~,'C2",'C3",'C4','CS','C8".'H20', 
' H 2 ' , ' C 0 '  
WRITE(21,110) 

, i 

C 

10 

20 

30 

40 

SO 

S2 

ZNPUT TO COLSYS 

NC:ONPx18 

DO 10 Ju1,18 
N ( ~ ) , 2  
CONTINUE 

ALEFT-O.DO 
ARIGI.n'mI.DO 

DO 20 @'1,18 
ZETA(~)'O.DO 
CONT%NUE 

DO 30 IJ '19,38 
ZETA(d)" 1 .DO 
CONTZNUE 

DO 40 dx1,11 
%PAR(d)'O 
CONTINUE 

IPAR( 1 )-1 
%PAR(2),2 
ZPAR(4)x18 
ZPAR(S),2BOOO 
ZPAR(6),BOO 
IPAR(9) , I  
IPAR(?)x l  

DO [DO U,1,18 
LTOL(~J)-2stJ- 1 
TOL(U)- I .D-3  
CONTINUE 

CALL HOLDUP ( U ~ ,  EG ) 
CALL QASD% F (D, UGO, DG) 



PZL=UC-O=~L/=L 
EL=I.-EG 

5'7 CALL C~LSy3(F~P,~,ALEFT,ARZEHT,ZETA,%P~,LT{:L,TOL, 

X=O.DO 

W~T~(IO,=) '  ZFLA~=',%FLA~ 

=0 E~ d:1,11 
CALL ~ P ~ L ~ ( ~ , Z , F S ~ , Z S ~ C ~ )  

CALL $ZG~L.%(~,Z,R~L~) 
C~LL S~PZ~(~,UC~O,RS~,UG~) 
UG=UG.~.=UC~ 
US~:(1.0-(Z(15)=UG,~))/(R.~T-(Z(1T)=UG~)) 

EALU=(Z(15)+~(17))=-C~=~ 

STT='.~7/C.,AT'b'T 

,II~ZT~(IO,I¢C)X,Z(1)=CGHO.,Z(3)=C~M~,Z(S)~C~,Z(?)*Ce'E),Z(9)=C~, 
Z(11)=C~i.~,Z(13)=CEHO,Z(1S)=~,Z(l?)=C~O,CO~$YN=lC~.O 

W~=TE(21,101)X,Z(19)=~/,e~{1),Z(21)=CE'~O/JL'-~(2),Z(23)=CGMO/ 
~(3),Z(2~)=C~-~/A,.~(~),Z(2?)=CGMO/~.M(5),Z(2S)=~/-~(6), 
Z(31)=C~.~/,e~{?),Z(33),CC-MO/~.~(S),Z(33)=CGMO/~.~(S) 

W~TE(E,=)Z(15)=C~-~,Z(17)=CGHO,Z(33)*CGHO//~(8),Z(33)=~//~(S) 

W~ZT~(13,220)X,L~ 

GOTO 70 

1C~ 
101 
110 
115 
120 
122 
210 
22{: 
230 
121 
12- 
300 

FO:~L-%7(2~,F~.2,2~,9(E~.3,2X),F~.2) 
FO~:~T(2X,F~.2,2X,S(E~.3,2X)) 

FOr,..'~T(?C(,-s)) 
FO:~.%.%T(3X,11(A, TX)) 
FO~L~T(3X, IO(A,TX)) 
FO~.'~T(4~,7(A,7~)) 
FOE.!~T(4X,2(FT.4,3X)) 
FO,'=~I~T(X,A,FT.3,A) 

FOT~T(S~,3(A,4X)) 
F{:~-~T(X,F~.2,2~,e(E3.3,2X)) 
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350 

70 

C 

FORNAT(X,?(ES.3,3X)) 

WRITE(IO.110) 
WRITE(tO,8)' H2/C0 USAGE RATI0 : ' .USE 
WRITE(10,s) 
WRITE(10,t) '  t~'ISV=',~'ISV.'STY='.STY,'UGO:,,UGO 
WRITEC13,115) 
WRITE(21,110) 

ZF(NUNB.EQ.8) GOT0 82 

UGO-UGO-1.0 
ZPAR(i)=3 
IPAR(3)=ISPACE(1) 
NUNB-NUNB+I 
GOT0 $7 

82 

C 

STOP 
END 

SUBROUTINE FSUB(X,Z,F) 

THIS SUBROUTINE DEFINES THE DIFFERENTIAL EQNS. 

INPLICIT REAL =8(A-H,0-Z) 

C0tll0N/PAR2/D.AL,UGO 
COIIION/PAR3/CCAT,CGHO,CGCO,P,T 
C0W40N/PAR4/AN,AKN 
C ~ / P A R S / D A , A , B  
CON4ON/PARE/PEG.PEL,EL,EG 
CONNON/PAR8/DERU,AN,UGB 

DINENSION F(18),Z(38),AKLA(i),AN(i).AN(i).AKN(4),A(4), 
B(4) ,DA(4)  

EXTERNAL RHOH,RHON,RHOC 

CT:P/(R2.05"T) 
CT'CT/CGHO 

t0 

20 

DO IO U " I , 1 , - 1  
NNmU 
CALL NASTRN(UGO,NN,AKLA) 
AN(J)'(AKLA(U):AL)/(AN(U).UGO) 
CONTINUE 

DO 20 d=1,4 
DAC'CCAT:ALI(1.-EG)=AKN(~)*(CGHO*.(A(~)÷|(~)-I.)) 
DAD'UG0"(AN(I)''A(@)).(AN(|).,B(d)) 
DA(J)'DACs((82.OSsT)¢s(A(~)+B(~)))/DAD 
CONTINUE 

CALL SIeNA(AN, Z, RSUN) 
CALL SUPER (X, UGO, RSUN. UGB ) 
DERU'-RSUN/CT 
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F(1)=(UG3:Z(2)+Z(1)=D~U+N~(1)=(Z(1)-Z(lS)))=(pEG/EG) 
F{2)=(UG3=Z(4)+Z(3)=DE~U+.'~(2)=(Z(3)-Z(21)))=(pEG/EG) 
F(3)=(UG~Z(e)+Z(5)=D~U+~(3)=(Z(5)-Z(23)))=(p~G/EG) 
F(4)=(UG~=Z(E)+Z(7)=DE~U+~(4)=(Z(?)-Z(2Z)))=(pEG/EG) 
F(5)=(UG~=Z(IO)+Z(9)=D~+~(S)=(Z(S)-Z(2?)))=(FZG/EG) 
F(e)=~UG~=Z(12)+Z(ll)=D~;~U+~(e)=(Z(l~)-Z(2S)))=(pEG/EG) 
F(?)={UG3=Z(14)+Z(l~)=DE~U+~{7):(Z(13)-Z(3~)))=(pEG/EG) 
F(8)=(UG~:Z(1E)+Z(lS)=D~U+~(8)=(Z(15)-Z(33)))=(pEG/EG) 
F(S)=(UG3=Z(I~)+Z(I?)=D~U+~(9):(Z(I?)-Z(3~)))=(pEG/EG) 

F(IO)=(-k~{I)=(Z(1)-Z(IS))-R,',~(DA,A,E,Z,I))=(PEL=~(1)/EL) 
F(II)=(-~{2)=(Z(3)-Z(21))-~'-~H(DA,A,E,Z,2))=(FEL=~.~(2)/EL) 
F(12)=(-AH(3)=(Z(5)-Z(23))-~N(DA,A,E,Z,3))~(pEL=~(3)/EL) 
F(13)=(-N~(4)=(Z(?)-Z(23))-P,~.0H(DA,A,E,Z,4))=(p~L=~(4)/EL) 
F(I~)=(-A~(5)=(Z(S)-Z(2?))-~H(DA,A,E,Z,5))=(pEL=~(5)/EL) 
F{15)=('N~(6)=(Z(II)-Z(2~))-~'-~N(DA,A,E,Z,E))=(PZL=A~(6)/EL) 
F(I6)=(-~](7)=(Z(13)-Z(31))+R,'-~C(DA,A,B,Z))=(pEL=N~(?)/EL) 
F(I?)=(-N"](8)=(Z(15.)-Z(33))-~H(DA,A,B,Z))=(pEL=A~(8)/EL) 
F(I~)=(-N~(S)=(Z(I?)-Z(3~))-R.-'.~C(DA,A,E,Z))=(pEL=,~-,~(S)/EL) 

20 
10 

RETU~,'~ 
EH~ 

------------------...-,..-....___... . . . .  . _ .  . . . .  . _ _ _ . _ _ . _  

SUS,~UTZH2 DTSU~(X,Z,DT) 

THZS ZS A SU~T~TZ;~G S~3:~3UTZH~ AS PE~ COLSYS 

ZI~;:LZCZT R~A~ =8(A-H,0-Z) 

C:~/PA~3/PZ~,P~L,EL,EG 

E~'~L~L DHC33, Cae~33 

DO I0 ~:1,3= 
I:K) 20 Z:1,18 
DF(Z,U)=O.D¢ 

DF(1,1)'(D~U+~(1)):(pEG/EG) 
DF(2,3):(D~U+~(2))=(PZG/EG) 
DF(3,5):(D~T~J+~(3)):(pEG/EG) 
DT(4,7):(DZ~+~(4)):(PEG/EG) 
D~(S,$)=(D~J+~(5))=(PEG/EG) 
DT(E,11)=(D~TdJ+~](E))=(PZG/EG) 
D~(?,13):(O~+~{7))=(PEG/EG) 

DF(S,1T)=(D~RU+~(S))=(pE~/EG) 

DT(1,2):UG3=~ZG/EG 
DT(2,4):UG~=PZG/SG 
DF(3,E)=UG3=~ZG/EG 
DF(4,8):U'G~=P~/EG 
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DF(5,10):UGBmPEG/EG 
DF(8,12):UGB=PEG/EG 
DF(?,14):UGB=PEG/EG 
DF(8,16)=UGB:PEG/EG 
DF(9,18)=UGE=PEG/EG 

DF(1,1g):-AN(1)sPEG/EG 
DF(2,21)=-AN(2)sPEG/EG 
DF(3,23).-AN(3)*PEG/EG 
DF(4,25):-AN(4)sPEG/EG 
DF(5,2?)=-AN(5):PEG/EG 
DF(E,29)--AN(8).PEG/EG 
DF(?,31)--AN(7)sPEG/EG 
DF(8,33)==AN(8):PEG/EG 
DF(E,35)--AN(9),PEG/EG 

DF(10,1).-AN(1)*(PEL.MI(I)/EL) 
DF(ll,3)=-AN(2)¢(PEL*AM(2)/EL) 
DF(12,5)=-AN(3)*(PEL*AM(3)/EL) 
DF(13,?)=-AN(4)=(PEL*Ali(4)/EL) 
DF(14,g).-AN(5):{PELsAJ~{§)/EL) 
DF(l§,ll)--AN(8)=(PEL=AN(G)/EL) 
DF(16,13)--AN(7)=(PEL*AllI(7)/EL) 
DF(17,15)--AN(8)=(PEL*AllI(8)/EL) 
DF(18,1?)=-AN(g)=(PEL=A14(S)/EL) 

DF(10,19)=AN(1):(PELs,IJii(1)/EL) 
DF(ll,21)-AN(2)=(PEL:Ali(2)/EL) 
DF(12,23)-ANC3)s(PELsAlli(3)/EL) 
DF(13,25)-,t.q(4)I(PEL=AN(4)/EL) 
DF(14,27)=AN(5)=(PELsAN(§)/EL) 
DF(15,29)-AN(8)s(PEL:Mi(E)/EL) 
DF(18,31)=AN(7)*(PEL*MI(?)/EL) 

DF(IO,33)=-DHC33(Z,1).(PEL=AN(1)/EL) 
DF(ll,33)--DI-IC33(Z,2):(PEL=AN(2)/EL) 
DF(12,33)=-DI-IC33(Z,3).(PEL:AN(3)/EL) 
DF(13.33):-DHC33(Z,4)s(PEL.AN(4)/EL) 
DF(14o33)=-DHC33(Z,5)=(PELtAM(5)/EL) 
DF(15,33)--DHC33(Z,E):(PELsAllI(B)/EL) 

CALL D33(Z,DHZ33,1)CZ33) 

DF(18,33)-DC.Z33=(PELsMI(?)/EL) 
DF(17,33)-(-DHZ33+AN(8)).(PEL:AN(8)/EL) 
DF(18,33)--DC.Z33t[PELsAM(9)/EL) 

DF(lO,35)--DHC35(Z,1)¢(PELsAN(1)/EL) 
DF(ll,35)--DHC35(Z,2):(PEL.AM(2)/EL) 
DF(12,3S)--DHC35(Z,3)*(PEL.AM(3)/EL) 
DF(13,35).-DHC35(Z,4)t(PEL=AN(4)/EL) 
DF(14,35)=-DHC3S(Z,S).(PEL.AN(E)/EL) 
DF(15,35)=-I)HC35(Z,E)*(PEL.AN(e)/EL) 

CALL D35(Z,DHZ35,DCZ35) 

DF(18,35)=lX:Z3S*(PEL.Mi(?)/EL) 
DF(l?,35)--DHZ3S:(PEL.AN(8)/EL) 
DF(l|,35)=(-DCZ35+AN(i))i(PEL.AN(9)/EL) 
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R~TU~H 
Eh~ 

C 

C 

S U ~ U T Z H ~  GSUB(Z,Z,G) 

THZS SU~DUTZN~ D~F~H~S TH~ E O U ~ Y  CO~ZT~O~S 

Z~LZCZT R~A~ =~(A-H,O-Z)  

C O ~ I ' . ~ / P A R 3 / C C A T , ~ , C G C O , P , T  

1 

2 

3 

4 

E 

6 

T 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

C~TO (1,2,3,4,5,6,7,8,S,10,11,12,13,14,15,16,1'7,1a, l S , 2 0 ,  
21,22,23,24,25,2~,2'7,28,2S,30,31,32,33,34,33,33),Z 

G=Z( 1 ) -  (EG/P~G) =Z ( 2 ) - 0 .  D0 
R~TUR,~ 
G=Z(3) -  (EG/FZG)=Z(4) -O. I :~  
RZTU,~.,M 
G=Z ( 5 ) -  (EG/PZm) =Z (S ) -0 .  IX:) 
RZTUT~'~ 
G=Z ( '7 ) - (EG/I=F.G) =Z ( 8 ) -O. DO 

G=Z ( S ) - (EG/P~G) : Z  ( 10 ) -O.  DO 

G=Z ( 11 ) - (E~/P~.~) =Z ( 12 )-O. 
RT.TU~"-] 
G=Z( 13) -  (EG/P~G) =Z( 14)-O.  DO 
RZTUR.H 
G:Z( 15 ) -  (EG/PZ~) =Z( 16) -1  .DO 
RETUR.'~ 
G=Z( 17) -  (EG/PZG)-Z( 18 ) - (CC-CO/CC.-HO) 
R 7.TU~."-] 
G:Z ( 2 0 ) - 0 . 1 ~  
R~[TUR~ 
G:Z ( 2 2 ) - 0 .  DO 

G = Z ( 2 4 ) - O .  [ ~  
RZTU~'~ 
G : Z ( 2 ~ ) - O . I ~  
RZTL~": 
G=Z(2:~)-O.D~ 
R~.TiJ~-~ 
G=Z{ 30) -0 .1 :~  

G :Z (32 ) -O .  I ~  
RF.TU~ 
G:Z ( 3 ~ ) - 0 .  OC-O 
R'~TUR.H 
G=Z ( 3~ ) -O. 0~:) 
R--TURH 
G=Z(2)-O. ~:) 
RZTUR;~ 
G=Z(4)-O.DO 
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21 

22 

23 

24 

25 

26 

2? 

28 

29 

30 

31 

32 

33 

34 

35 

38 

¢ 

C 

SO 

RETURN 
G:Z(B)-O,DO 
RETURN 
G-Z(8)-O.DO 
RETURN 
G-Z(10)-O.DO 
RETURN 
G=Z(12)-O.DO 
RETURN 
G=Z(14)-O.DO 
RETURN 
G=Z(18)-O.DO 
RETURN 
G:Z(18)-O.DO 
RETURN 
G:Z(20)-O.DO 
RETURN 
G=Z(22)-O.DO 
RETURN 
G=Z(24)-O.DO 
RETURN 
G-Z(26)-O.DO 
RETURN 
GsZ(28)-O.DO 
RETURN 
G-Z(30)-O,DO 
RETURN 
GsZ(32)-O.DO 
RETURN 
G-Z(34)-O.DO 
RETURN 
GsZ(36)-O.DO 

RETURN 
END 

SUBROUTZNE DGSUB(Z.Z,DG) 

THZS ZS A SUPPORTZNG SUBROUTZNE 

ZMPLZCZT REAL "8 (A -H ,O-Z )  

~ / P A R S / P E G , P E L , E L , E G  

DZNENSZON Z(38)  ,DG(36) 

DO gO 0 " 1 , 3 8  
DG(U)"O. DO 
CONTZNUE 

GOT0( 1 , 2 , 3 , 4 , S , 6 . 7 . 8 , 9 , 1 0 ,  1 1 , 1 2 , 1 3 , 1 4 .  lS ,  t8 ,  17,18,  19.20,  
21,22,23,24,25,26,27,28,29.30,31 , 3 2 , 3 3 , 3 4 , 3 B , 3 8 )  , Z 

DG( 1 ) '1 .DO 
I X ; (  2 ) " - E G / P E G  
R~TUM 
D G ( 3 ) I I  .DO 
0(3 ( 4 ) - - EG/PEG 
RETURN 
DG(S) - I .DO 
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4 

S 

G 

7 

8 

S 

10 

11 

12 

13 

14 

15 

18 

17 

lS 

2~  

21 

22 

23 

24 

25 

25 

27 

2~ 

2S 

D~(E ) :-EG/PZS 
R2TU~N 
D2(7 )=I .DO 
DG{ 8 ) =-EG/P~ 
R~.TU~ 
D~S):I .iX) 
D(~{ 10) =-EG/PZ(3 

D~(11)= l .DO 
DG ( 12 ) =- EG/PT.S 
R2TU~.N 
D~(13) =1.1:~ 
I : ~ ( 1 4 )  : -EG/PZ(~ 
R"-TU,~.N 
D ~ ( 1 5 ) : 1 . D O  
DG( 1S ) : - E G / P 2 ~  
R~TU,~'~ 
DG( 17) :1  .DO 
I:~( 18 ) : ' E ~ ; / F ~  

DG(20): I .IX) 

D~(22)=1 .DO 
R~.TURM 
D G ( 2 4 ) : t  .DO 
R~STU~N 
C~(2;~) =I .D0 

D G ( 2 ~ ) : I  .DO 
RZTU,~'~ 
D~3C)) :1  .DO 
RT.TUR.~t 
DG(32)=1.1:~ 
RZ ~"dr~ 
DG[ 3~,):  1 .IX) 
RIETU~'~ 
DG(SS)=I .DO 

DG(2)=I .DO 

DG{4)=I  .EX~ 
RZTU~,~ 

R~TU~ 
D ~ ( ~ ) : I  . ~  
R2TLI~'~N 
i:~( 10)=1 .DO 

I ~ ( 1 2 ) = I . C 0  
R 2 T'd ,~,'~' 
I:X~( 14 )= I  .!:~ 
R~TU~N 
I:X~(1E) =1 .IX) 
RZTUR~ 

C4~(20) : 1'.DO 
RSTUR,~ 
D ~ ( 2 2 ) = l . D O  
RZTLt~'~ 
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30 

31 

32 

33 

34 

3S 

36 

DG(24)" 1.DO 
RETURN 
DG(2e)" 1 ,DO 
RETURN 
DG(28) '1 .DO 
RETURN 
DG(30)" 1 .DO 
RETURN 
DG(32)= 1.DO 
RETURN 
DG(34)" 1 .DO 
RETURN 
DG(36)=1 .DO 

RETURN 
END 
llllllllliilililnilillllilillililllllilililililllliiO 

SUBROUTZNE SOLUTN 

~ Z S  S U B ~ Z N E  P~VZDES AN ZNZTZ~ m*ESS TO THE ~ .  

Z~LZCZT REAL : 8 ( A - H , 0 - Z )  
D Z N E ~ Z ~  Z ( ~ ) , ~ A L ( 1 8 )  

Z(1)'O.G?4-O.E743"EXP(-O.141|sX) 
Z(2)=O.OgBiS*EXP(-O.1418sX) 
Z(3)'0.E32-E.32sEXP(-O.OO311*X) 
Z(4) 'O.O202sEXP(-O.003|sX)  
Z ( E ) ' O . ? T S - O . O ? T B ' E ~ ( - O . ~ 3 I , X )  
Z(E)=O.OO?2e'EXP(-O.OII3I 'X) 
Z(?)=O.OIB3-O.O184sEXP(-O. lO2EiX) 
Z ( i ) ' 0 .OO198*EXP( 'O .  IO2SsX) 
Z(8)''O.37OII+O.3?OII8sEXP(0.0032*X) 
Z( IO) 'O.0Ol t |8¢EXP(O.OO32*X)  
Z ( 11 ) "O. 364 -0.31S4s EXP ( "0.  002OEsX ) 
Z ( 12 ) =0. 000?46" EXP ( "O. OO2061X ) 
Z( 13) 'O.  281-2. 811EXP( "0.  0872sX) 
Z(14) 'O. I?B31EXP( 'O.OO?2sX) 
Z( 15 ) • "3 .2 |+4 .2 |sEXP ( "0.  O?03sX ) 
Z ( 18 ) " -O. 301B*EXP ( "0.  O?03"X) 
Z ( I ? ) ' I . D O  
Z( l l ) ' O . D O  
Z( l e ) ' Z (  1 ) 
Z ( 2 0 ) ' Z ( 2 )  
Z ( 2 1 ) ' Z ( 3 )  
Z ( 2 2 ) ' Z ( 4 )  
Z ( 2 3 ) ' Z ( B )  
Z ( 2 4 ) ' Z ( e )  
Z(2S)=Z{?) 
Z ( 2 8 ) = Z ( | )  
Z ( 2 ? ) - Z ( | )  
Z(28 ) -Z (10 )  
Z ( 2 | ) = Z ( 1 1 )  
Z(30)=Z(12)  
Z ( 3 1 ) - Z ( 1 3 )  
Z ( 3 2 ) - Z ( 1 4 )  
Z ( 3 3 ) - Z ( I E )  
Z ( 3 4 ) - Z ( 1 8 )  
Z ( 3 E ) - Z ( I ? )  
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C 

C 

10 

C 

Z(~):Z(~) 

~ , W ~ L ( 3 ) = ' O . ~ 2 = ~ ( - O , O ~ 3 ~ = ~ )  
~,~7~,~.&(4)=-0.OCO~02=~(-0.102~=~) 

C~/~L(E):O.CCCC0152=~XP(-O.OO2OS=X) 
D~'~AL(T):-O.OllTS=~(-O.O~72=X) 
~:~(8):O,0211~=~X~('O.OT03=~) 
~AL(~ )=O.DO 
i~.~J.(IO):~.'.~Y~L(1) 
~T'/,~J.(11):~-~'~(2) 

I~-h'V~L(I~)=~'~T~'~(5) 

~ A L ( 1 7 ) : ~ / A L ( 8 )  
C~IAL(18):Dl~VA~(S) 

RZTU~'] 
EN~ 

S~3.-'~L~/'ZN" SZ-m--J~,( .~], Z, RS].,~) 

EVAUJATE3 TH~ N~T KZH2TZC C~3~9"~ZELr~'ZL~ 

S1.~d1=O.l~ 

SU~:SL~11+~N(d):(Z(2=d-1)-Z(2=@+lT)) 

10 

FL~:CTZCN r~:H(D~,A,E,Z)  

SL~=0. DO 
CO 10 Z=4,E 
SU~=S~:~+ ( (2. D0=FLOAT( Z )+1. DO)= (ALP~== ( FLOAT( Z ) -4.  DO) ) ) 

I '~ALl:Z(33)~=A(1) 
I']VAL2:Z(33)==A(2) 
I'~AL3=Z(33)==A(3) 
I '~L4=Z(33)==A(4) 
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15 

Z F ( Z ( 3 5 ) . E Q . O . O )  GOTO 15 

H T A L 1 " Z ( 3 5 ) * * B ( 1 )  
H T A L 2 = Z ( 3 5 ) * * B ( 2 )  
HTAL3=Z(35)==B(3) 
H T A L 4 = Z ( 3 S ) * * B ( 4 )  
GOTO 17 

HTALI= 1 .0  
HTAL2 • 1 . 0 
HTAL3 • 1 . 0  
HTAL4 -1 .0  

17 

10 

RHOH, - ( 3.  DO,DA ( 1 ) ,HVAL 1 sHTAL 1 + 
• § .  DO'DA( 2 ) :HVAL2,HTAL2+ 
" ?. DOsDA ( 3 ) ,HVAL3,HTAL3+ 
: DA( 4 ) ,HVAL4,HTAL4,  SUM ) 

RETURN 
END 

FUNCTZON RHOC(DA,A,B,Z)  

XMIPLZCZT REAL , 8 ( A - H , 0 - Z )  
COIJEION/PAR1/ALPHA 
DZNENSZON D A ( 4 ) , Z ( 3 0 ) . A ( 4 ) , B ( 4 )  

SUN=O.DO 
DO 10 Z=4 .8  
SUN'SUN+(FLOAT(Z)¢(ALPHA,,(FLOAT(Z)-4.DO))) 

C V A L 1 - Z ( 3 3 ) , I A ( 1 )  
C V A L 2 " Z ( 3 3 ) 8 - A ( 2 )  
C V A L 3 - Z ( 3 3 ) * , A ( 3 )  
C V A L 4 " Z ( 3 3 ) , , A ( 4 )  

Z F ( Z ( 3 5 ) . E Q . O . 0 )  GOT0 15 

C T A L I = Z ( 3 E ) - , B ( 1 )  
C T A L 2 = Z [ 3 E ) s , B ( 2 )  
C T A L 3 = Z ( 3 5 ) - , B ( 3 )  
C T A L 4 = Z ( 3 S ) , , B ( 4 )  
GOT0 17 

15 CTALI "  1 . 0  
CTAL2 • 1 . 0  
CTAL3-1 .  O 
CTAL4-1 . 0 

1"; RHOC'- { DA( 1 ) *CVAL 1 "CTAL 1+ 
• 2.  D0"DA ( 2 ) 'CVAL2,CTAL2+ 
• 3.  DOsDA( 3 ) sCVAL3sCTAL3+ 
• DA ( 4 ) • CVAL4,CTAL4~SUN ) 
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RZTU~M 
E ~  

Z~FLICZT R~AL *8(A-H,O-Z)  

ZF ( Z ( 3 3 ) . E ¢ , O . O )  t~T~ 3 

YCAL=Z(33)*:A(F~']) 
YCAL4=Z(33):=A(4) 
G~TO 4 

YCAL:I.GD 
YCAL4=I.C>D 

4 

5 

7 

10 

20 

C 

IF (Z(3~) .EQ.O.O) GOTO S 

YTAL =Z ( 35 ) = = ~ (F-~) 
YTAL4=Z(3~) ==$(4) 
GOTD 7 

YTAL= 1 • 0 
YTAL4 = I .  0 

ZF(F:H.G].4) G~T~ 10 

RMC~=DA (P~) *YCAL:'YTAL 
GOTO 20 

RPE~:=A (4)  :YCAL4:YTAL4: (ALFP~= (FLOAT (Fr.Ta)-4. DO) ) 

R?.TU~>] 
E ~  

5 

SU=~J:UTZH~ D33(Z,EHZ33,1~.,Z33) 

Z;:~=LZC~T R2~L =8(A-H,O-Z)  

OZ;~.'P~IL'H D ~ ( 4 ) , A ( 4 ) , B ( 4 ) , Z ( 3 ~ )  

SU;~1 :SL~t+(  (2 .  I:~=FLOAT( Z )+1. DO) = (ALPHA:= (FLOAT( Z ) - 4 .  I ~ )  ) ) 
SU:~2=SU~2+ ( FLOAT ( Z ) :  (ALFH~=: ( FLOAT( Z ) -4 .  DO) ) ) 
C;~HTZP-~J~ 

ZF (Z(33) .EQ.O.O)  GOTO 15 
V 3 3 1 = Z ( 3 3 ) = : ( A ( 1 ) - l . I ~ )  
V 3 3 2 = Z ( 3 3 ) = = ( A ( 2 ) - t . I ~ )  
V 3 3 3 = Z ( 3 3 ) = = ( A ( 3 ) - I . I : ~ )  
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15 

20 

25 

C 

30 

10 

16 

V334=Z(33)=*(A(4)- l .DO) 
GOTO 20 

V331=1.00 
V332-1.00 
V333=1.00 
V334=1.00 

ZF(Z(35).EQ.O.O) DOTO 2S 
T331"Z(3S)¢,B(1) 
T332=Z(3E):=B(2) 
T333"Z(3S) ' 'B (3)  
T334"Z(35) '=B(4)  
GOTO 30 

T331=1.00 
T332-1.00 
T333=1.00 
T334=l.DO 

DHZ33:-(3.DO,A(1)sDA(1)*V331*T331+ 
" 5.DOsA(2)sDA(2):V332,T332+ 
t ?.DOsA(3)sDA(3)sV333tT333+ 
s A(4)sDA(4)sV334:T334tSLIM1) 

DOZ33=-(DA(I)=A(|)sV331:T331+ 
• 2.DO:DA(2):A(2)sV332*T332+ 
: 3.DOsDA(3)*A(3)sV333¢T333+ 
¢ DA(4)sA(4)sV334sT3341SUN2) 

RETURN 
END 

SUBROUTZNE D35(Z, OHZ35, DCZ35) 

ZIIIPL|CZT REAL "H(A-H,O-Z) 
CONNON/PAR1/ALPHA 
COIIION/PAR|/DA,A,| 
DZNENSZON DA(4 ) ,A (4 ) ,B (4 ) ,Z (38 )  

SUNI"O.DO 
SUN2=O.DO 
DO 10 Z'4oS 
$UNI'SUMI+((2.DO*FLOAT(Z)+I.DO)'(ALPHA:¢(FbOAT(Z)-4.DO))) 
SUN2=SUN2+(FLOAT(Z)'(ALPHA*'(FLOAT(Z)-4.DO))) 
CONTZMJE 

ZF(Z(33).EQ.O.O0) GOTO 15 

C331"Z(33) I *A(1)  
C332"Z(33)sIA(2)  
C333"Z(33):¢A(3) 
C334=Z(33)stA(4) 
QOTO 18 

C331"1.0 
C332"1.0 
(:333"1.0 
C334=1.0 
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1:3 

2~ 

3~ 

2~ 

3~ 

4~ 

~0 

e~ 

E 3 ~ I : Z ( 3 ~ ) : = ( E { 1 ) - l . I ~ )  
E 3 3 ; : Z ( 3 3 ) : : ( E ( 2 ) - l . C ¢ )  
E333=Z(3~ ) : : (B (3 } - l . I ~ )  
E33~=Z(33) : : (B(~) - l .D0)  

G~T~ 30 
E331=I.C¢ 
E332:1.C¢ 

E33~=1.O0 

= S .0 :2 (2 ) :~ (2 )=C33 : :233~+  
= 7 .~ :~ :~ {3 )= :A (3 ) :C333 :~333+  

i:;CZ33:-(D~(1):~{1)*~331:2331÷ 
2.0==;{2):~(2):C332=~332+ 

R~.TU~, ~] 
E ~  

Z~T~LZCZT R2.~ ==(A-H,O-Z) 

ZF(Z(33).E~.0.O) ~ T ~  10 
F 3 3 = Z ( 3 3 ) : = ( A ( l ~ ) - l . i ~ )  
P33~=Z(33 )= : (A {4 ) - l . I ~ )  
GOT0 20 

P33=1.C~ 
P33~=1.C¢ 

s33=z(33)==3{p~) 
s33~:z (3z ) :=~{4 )  
G~T~ 4~ 

$33=1.c~ 
533~=1.c¢ 

r-4~33: D~ (F~) :A (F:~) =P33:$33 
G070 e¢ 

t~C33:1:~{ 4 ) :A( 4 ) : ) :33~5334:  (N.p:-],~: = (FL0~T(I~) -~. DO) ) 

R.:TLI~,'-) 
E ~  

I-B-69 



10 

20 

30 

40 

C 

8 

C 

10 

FUNCTZON OHC35(Z,NN) 

ZNPLZCZT REAL =8(A-H,O-Z)  
CONMON/PAR1/ALPHA 
COMMON/PARS/DA,A.B 
DZMENSZON D A ( 4 ) , A ( 4 ) , B ( 4 ) , Z ( 3 8 )  

ZF(Z(33) .EQ.O.O)  GOTO 5 

Q33:Z(33)8=A(NN) 
G334=Z(33 ) * *A (4 )  
OOTO 8 

Q33 :1 .0  
0334 -1 .0  

ZF (Z (35) .EQ.O.O)  GOTO 10 
R 3 3 = Z ( 3 5 ) = * ( B ( I ~ I ) - l . D O )  
R 3 3 4 = Z ( 3 5 ) : 8 ( B ( 4 ) - l . D O )  
OOTO 20 

R33-1 ,0  
R334 :1 .0  

;F ( I~ I .GE.4 )  GOTO 30 

DHC35-DA(NN)*B(NN):Q33.R33 
OOTO 40 
DHC35"DA(4)sB(4)=Q334.R334.(ALPHA=8(FLOAT(Iel)-4.DO)) 

RETURN 
ENO 

SUBROUTXNE ZNPUT (T , P , AL . D, UGO, ANCAT , MISUS , AN, A, B , PH2 , 
PCO,AKN,CGHO,CGCO,DENCAT,DENL) 

RETRZEVES THE ZNPUT DATA FRON FOR12.DAT 

][NPLZCZT REAL 88(A-H,O-Z)  
DZNENSTON AN(B) , H ( 4 ) ,  E(4)  ,A (4 )  ,B (4 )  ,AKN(4) 

READ( 12, IO0)T 
READ(12,100);) 
READ( 12, IO0)AL 
READ( 12, IO0)D 
READ( 12, IO0)UGO 
READ( 12,100 ) Allr,,AT 
READ( 12, IO0)WI4$U$ 
READ( 12, IO0)AN(T ) 
READ( 12, IO0)AN(8)  
READ( 12,100 )AN( 8 ) 
READ( 12, IO0)AIOt 
READ( 12,100 )DENCAT 
READ( 12. 100 )DENL 

DO 10 Z=1,6 
~ I (Z  ) 'A I~ I  

DO 20 X ' 1 , 4  
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2~ 

R~.a~D(~I,lSD)E(Z) 
R ~ ( l t , 1 5 D ) A ( Z )  

~.~](Z)=H(Z)=~XP(-E(Z):ICCO.DO/(1.9~r~O=T)) 

RE.~.D( 12, IC~)PM~ 
RZAD( 12, 1C~)P~ 
C~_.-~=.=H2/( 82.05;:C=T ) 
CGC,~ =:= ~:~ / (82. O5~=T ) 

1OC) 

C 

C 

C 

F O,~.'~T ( F15.5 ) 
F0 T-~T (F15.5)  

RZTU~ 
E ~  

THZS SUE~:~UTZK = - CALCULAT~.5 TH'~ AVG. CATALYST-CO;~C. 

Z~=I.ZCZT R~A1. =8(A-H,0-Z)  

Wr.~T =.s~'-~CAT/.a~.--IJ 5 

CALL V~LFR.% ( , ~ A T ,  ~$US,  DZHt-, D:~ECAT, t~P,,~T, VCAT) 
CALL SI.U=~.:~(VCAT, DZ~'C,,AT, D:e~L, D~;~SL ) 

CCAT='~CAT=D~L 

TH'~S I~LTTZPJ.T. CALC.TH'~ GAS PHAS~ HOLCU:= 

Z~eL:[CZT R~A.~ =~(A-H,O-Z) 

EG=~. 0 5 3 ~ =  (U.~:~ 1. l~D) 

R2TUR,'~ 

THZS R=LITZ;~ CALC. TH2 M.~S TRY7. C0;~FF. 

Zi~LZCZT R~,~L =8(A-H,O-Z) 

ZF(F.~N'-'-.S) GOTO 10 
AXLA( S ) =0. I=UGO 
GOT@ 40 
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10 

20 

30 

40 

C 

C 

C 

C 

C 

]EF(NN.NE.i l)  GOT0 20 
AKLA( 8 ) =AKLA( ii ) 
GOT0 40 
TF(NN.NE.?)  GOT0 30 
AKLA( "1 ) :AKLA( 9 ) *2 .  4487 
GOT0 40 
AKLA(NN) = A K L A ( g ) , 8 .  198 

RETURN 
ENO 

SUBROUTTNE SLUDEN( VCAT, DENCAT, DENL, DENSL ) 

THZS ROUTINE CALC. THE DENSZTY OF THE SLURRY 

ZMPLZCZT REAL * 8 ( A - H , 0 - Z )  

DENSL:VCAT*DENCAT÷ ( 1 . DO-VCAT ) *DENL 

RETURN 
END 

SUBROUTTNE VOLFRA( ANCAT, ANSUS, DENL, DENCAT, WCAT, VCAT ) 

THZS ROUTZNE CALC. THE VOLUNE FRACTZON OF THE SOLZDS 

][NPLTCZT REAL * 8 ( A - H , 0 - Z )  

VCAT- ( DENL*WCAT ) / ( DENCAT -WCAT* ( DENCAT-DENL ) ) 

RETURN 
ENO 

SUBROUTINE VALUE (T ,  ALPHA) 

THZS ROUT][NE CALC. ALPHA AS A FUNCTION OF TENP. 

ZNPLXCTT REAL * 8 ( A - H , 0 - Z )  

VAL 1 • ( -O. 2856DO/T ) -O.  811DO 
VAL2-EXP(VAL 1 )+1.  DO 
ALPHA- 1. DO/VAL2 

RETURN 
END 

SUBROUT;NE GASDZF (D, UG, DG) 

EVALUATES THE GAS PHASE DISPERSION COEFF. 

][NPLZCZT REAL * I I ( A - H , 0 - Z )  

DG'O. 2" (D*D) *UG 

RETURN 
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C 

C 

E ~  

EVALUATE~ TH~ LZ~JZD P~-~SE D~SP~RSZOH 

Z~LZCZT R~A~ ~ (A -H ,O-Z )  

DL=2.?=(D==I .4 )=(UG==0.3)  

R2TU~ 

D Z T ~ H ~ S  THZ VA~ZATZO~ OT UG ALONG AXZS 

Z~L~C~T R ~  =8(A-H,O-Z)  

CO~O~]/~A~/CCAT, CG~O. CGCO, F. T 

CT =CT/C~':O 

UG~=~-RSU~/CT)=X+I.DO 
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FBR MODEL 1 

The main computer program developed to solve the mass balance equations 

is entitled FBH2.FOR. As is the case with all the programs developed and 

described so far, the program is made modular, with subroutines incorporating 

the various correlations and expressions used for property and parameter 

estimation. The various subroutines used in the simulator are as given below: 

SUBROUTINE PURPOSE 

INPUT Retrieves the user supplied data. 

VELO Evaluates the various phase velocities. 

TCOF Evaluates the transfer coefficients. 

Besides these, subroutines entitled FSUB, DFSUB, GSUB, DGSUB, and DUMMY 

are used to describe the boundary value problem as per the algorithm, COLSYS. 

The data required for the simulator is supplied by the user via an 

interactive program FBIN.FOR, and is stored in a data file. Following 

variables have to be supplied by the user prior to the execution of FBH2.FOR. 

Reactor Temperature (K) 

Reactor Pressure (Arm) 

Reactor Height (cm) 

Reactor Diameter (cm) 

Inlet concentration of H 2 (gmole/cc) 

CO/H 2 usage ratio 

Inlet CO/H 2 molar ratio 

Gas phase diffusivity of H2(cm2/sec ) 

Voidage at minimum fluidization 

Velocity and minimum fluidlzation (cm/sec) 

Inlet superficial fluidlzing velocity (cm/sec) 

Activation Energy (kcal/mol) 
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Frequency Factor (per see.) 

On execution, the simulator FBH2.FOR, generates an output files, CONC.DAT 

and PVEL.DA~, which store all the input parameters supplied by the user along 

with the concentration of H 2 in the various phases, the variation of 

superficial gas velocity along the reactor axis and the syngas conversion 

obtained along the reactor. 

Case Study 

As indicated earlier, nitrided iron catalysts do not produce significant 

amounts of wax which permits their operation in fluidized bed reactors at 

temperatures below those usually maintained with reduced iron catalysts. 

Synthesis gas containing IH2+ICO has generally be used with nitrides, and the 

usage ratio can be readily adjusted to equal the feed ratio by changing the 

recycle ratio. 

The program was used to predict the performance of fluidized bed 

reactor. The design parameters used were similar to the Sasol Pilot plant 

reactor, viz., diameter of 5 cm and reactor height of 200 cm. The input 

parameter s were provided via FBIN.FOR, an interactive program. A typical 

input sample is as shown. The output files include the variation of H 2 

concentration in the bubble, the cloud-wake and the particulate phases, the 

variation of phase velocities and the variation of syn-gas conversion along 

the reactor axis. These results are as illustrated in Fig. A-B-8 to A-B-10 

The output files, viz. CONC.DAT and PVEL.DAT are also shown herewith. The 

kinetic parameters used suggest that the rate of reaction is very slow in 

comparison to the transfer across the phases as seen in Fig. A-B-8 where the 

concentration in the three phases differ marginally. 
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TYPICAL INPUT SAMPLE:. FBIN.FOE 
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INPUT THE DATA ASKED FOR IN A FREE FORMAT 

FOLLOWING IS A LIST OF OPERATING CONDITIONS: 

REACTOR TEMPERATURE (Deg. K) =? 
>580.0 

REACTOR PRESSURE (Arm. )  =? 
>21,0 

REACTOR HEIGHT (cm. )  =? 
>200.0 

REACTOR DIAMETER (cm. )  =? 
>5.0 

FOLLOWING IS A SET OF INLET CONDITIONS : 

C0/H2 INLET RATIO =? 
>0.833 

C0/H2 USAGE RATIO =? 
>0.833 

GAS DZFFUSIVITY OF H2 (cm==2/sec)  =? 
>0.2 

FOLLOWING IS A LIST OF DESIGN PARARNETERS : 

VOIDAGE AT M%NZMUM FLUIDISATION =? 
>0,5 

VELOCITY AT MINIMUM FLUZDISATZON (¢m/$ec) =? 
> 1 . 4  

DENSITY OF CATALYST (gm/cc) =? 
>5.0 

INLET SUPERFICIAL GAS VELOCITY (c m/see)  -? 
>15 

FOLLOWING %S A LIST OF KINETIC PARAMETERS : 
- - - . . . m . . . - . . . . . . .  . . . . . . . . .  . . . . _ . . . .  . . . . . . .  

ACTIVATION ENERGY FOR FT SYNTHES%S Rn. ( K c a l / m o l )  
>20.31 

FREQUENCY FACTOR FOR FT SYNTHESIS Rn. ( p e r  h r )  
>B.BOTEg 

BUBBLE DIAMETER I ?  

>3.OO 

ALL THE DATA HAS BEEN ENTERED. PROCEED TO FBR.FOR 
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OUTPUT FILES: CONC.DAT 

P¥-EL.DAT 
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- -  COUNTERCURRENT BACKMIXING MODEL : -  
................................................... 

DESIGN PARAMETERS : 

REACTOR DIAMETER : 5 . 0 0  cm. 
REACTOR HEIGHT : 2OO.OO cm. 
VELOCITY P MINIMUM FLUIDXZATION : 1 . 4 0  c m / s e c  
VOIDAGE AT MINIMUM FLU|DXZATXON : 0 . 5 0  

OPERATING CONDITIONS : 
. . . . . . . . . . . . . . . . . . . . . .  

OPERATING TEMPERATURE 
OPERATING PRESSURE 
INLET CONC. OF H2 
INLET CO/H2 MOLE RATIO 
INLET SUP GAS VELOCITY 

: 5 8 0 . 0 0  Oeg. K 
: 2 1 . 0 0  Atm.  
: . 2 4 1 E - 0 3  m o l / c c  
: 0 . 8 3  
: 15.OO c m / s e c  

K INETIC PARAMETER : 
I 

I 
OO A FIRST ORDER DEPENDENCE ON H2 CONC. IS  ASSUMED 

RATE CONSTANT (K )  : . 4 0 4 E - 0 1  p e r  $ec .  

X BUBBLE PHASE CLOUD PHASE - -PART--PHASE SYNGAS CONV. 

0.OO OOOE÷OO .10OE+O1 .898E+00  
IOOE+OO .904E+00  . 874E÷00  
20OE÷OO .833E+00  .807E+00  
3ODE+DO .768E÷00  .744E÷00  
4OOE+00 .708E÷00  .886E+00  
50OE÷OO ,653E+00  ,633E+OO 

.6ODE+DO .602E÷OO .583E+OO 

.70OE+OO .555E+00  .538E+00  

.80OE+OO .512E+00  .490E+00  

.90OE+OO .473E+00  . 4 5 9 E ÷ 0 0  

.10OE*01 .444E+00  .439E+OO 

853E+OO 
80OE+O0 
738E+00  
680E+00  
6 2 7 E ÷ 0 0  
578E÷OO 
533E+00  
4 9 2 E ÷ 0 0  
454E÷00  
422E~00  
439E+00  

9 63 
21 07 
31 99 
41 51 
49 46 
56 01 
61 43 
65  95 
69  74 
73 23 



V~IATION OF PP~.SE VELOCITY ALONG REACTOR 

X SUP.VEL. BUBBLE PEASE CLOUD PEASE PART.PHASE 

0.00 15.00 14.37 7.19 -6.56 
0.i0 14.28 13.62 6.81 -6.15 
0.20 13.42 12.72 6.36 -5.67 
0.30 12.60 11.87 5.93 -5.20 
0.40 11.89 11.12 5.56 -4.80 
0.50 11.29 10.50 5.25 -4.46 
0.60 10.80 9.98 4.99 -4.17 
0.70 10.39 9.56 4.78 -3.94 
0.80 10.05 9.20 4.60 -3.74 
0.90 9.77 8.90 4.45 -3.58 
1.00 9.56 8.68 4.34 -3.46 

I-B-83 • 



PROGRAM LISTING: FBIN.FOR 
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C 
C 
C 
C 
C 

THIS PROHRAM IS DEVELOPED TO INPUT THE REQUISITE 
DATA TO THE FLUIDISED BED REACTOR MDDEL : 

FEH2.FOR 

IMPLICIT REAL =8(A-H,O-Z)  

WRITE=,;IN~UT THE DATA ASKED FOR IN A FREE FORMAT" 
WRITE= 

WRITE= 

WRITE=,'FOLLOWINH IS A LIST OF OPERATING CONDITIONS:' 
WRITE=,' ............................................ • 
WRITE= 
WRITE= 

WRITE=,'REACTOR TEMPERATURE (De~.K) =?'  
READ=,T 
WRITE(22,=)T 
WRITE=,'REACTOR PRESSURE (Arm.)  =?' 
READ=,P 
WRITE(22,=)P 
WRITE=,'REACTOR HEIGHT (Cm.) =?' 
READ=,H 
WRITE(22,=)H 
WRITE=.'REACTDR DIAmeTER (¢m.) =?'  
READ=,D 
WRITE(22,=)D 
WRITE= 
WRZTE~ 

WRITE=.'FDLLDWING IS A SET OF ZNLET CONDZTZOHS : •  
WRITE=,'  ........................................ , 
WRITE= 
WRITE= 
W~ITE=,' CO/H2 INLET RATIO =?' 
READ=,RAT 
WRITE(22,=)RAT 
WRITE=,'  CO/H2 USAGE RATIO =?'  
READ=,USE 
WRITE(22,~)USE 
WRITE= 
WRITE= 
WRITE=,'  GAS DIFFUSIVITY OF H2 (¢~==2/s~¢)  =?'  
READ=,DC 
WRZTE(22,*]DC 
WRITE= 
WRITE= 
WRZTE=,'FDLLOWIHH IS A LIST OF DESIGN PA~AR~ETERS : '  
WRITE=,' ........................................... , 
WRITE= 
WRITE= 
WRITE=,' VOIDAGE AT MIHIMU~ FLUIDZSATIO~ =? ' 
READ=,E~F 
WRITE(22.=)E~F 
WRZTE=.'VELOCITY AT MINIDe~J~ FLUZDZSATZON ( ¢ m / S ~ )  =?'  
READ=,U~F 
WRITE(22,=)U~F 
WRITE=,'  DENSITY OF CATALYST (gm/cc)  =?'  
READ=,RHDCAT 
WRITE(22,=)RHOCAT 
WRZTE=,'INLET SUPERFICIAL GAS VELOCITY (cm/S~. )  =?'  
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100 

C 

READ,,UGO 
WRITE(22.*)UGO 
WRITE, 
WRITE, 
WRITE-,'FOLLOWING IS A LIST OF KINETIC PARAMETERS : '  
WRZTE,,' ............................................ 
WRZTE* 
WRITE" 
WRITE', '  ACTZVATZON ENERGY FOR FT SYNTHESZS Rn. 
READ-,EA 
WRITE(22,.)EA 
WRITE., '  FREQUENCY FACTOR FOR FT SYNTHESIS Rn. (pe r  h r )  ' 
READs,FF 
WRITE(22,.)FF 
WRITE., '  BUBBLE DZAHETER - ? '  
READs.OE 
WRITE(22,.)DE 
WRITE* 
WRZTE* 
WRZTE* 
WRZTE,,'ALL THE DATA HAS BEEN ENTERED. PROCEED TO FBR.FOR' 

( K c a l / m o l ) '  

FORMAT(F8.3) 

STOP 
END 
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P B O ~ E A ~  I . ~ G :  FB~[2.FOB 
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C 

C 
C 
C 
C 

C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

THIS IS THE MAIN PROGRAM,DEVELOPED TO SOLVE 
THE MODEL EQUATIONS DESCRIBING FT SYNTHESIS IN 

FLUIDZSED BED REACTOR, 
............................................... 

FOLLOWING IS LIST 0F VARIABLES USED IN THE PROGRAM : 

T 
P 
D 
H 
RAT 
CGHO 
DC 
EMF 
UMF 
RHOCAT 
UGO 
EA 
FF 
AK 
DE 
EPSB 
UA 

UGC 
UGB 
UGP 
AKBC 
AKCP 

:OPERATING TEMPERATURE (K) 
:0PERATING PRESSURE (ATM) 
:REACTOR DIAMETER (CM) 
:REACTOR HEIGHT (CM) 
:INLET C0/H2 RATIO 
:INLET CONC OF H2 (GMOLES/CC) 
:GAS PHASE DIFFUSIVITY (GM/CM*-2) 
:V01DAGE AT MINIMUM FLUIDIZATION 
:VELOCITY AT MINIMUM FLUIDIZATION (C M/S) 
:DENSITY OF CATALYST (GM/CC) 
:INLET SUPERFICIAL GAS VELOCITY (CM/S) 
:ACTIVATION ENERGY (KCAL/MOL) 
:FREQUENCY FACTOR (PER H~) 
:KINETIC RATE CONST, (PER SEC) 
:BUBBLE EQUV.DIAMETER (CM) 
:VDID FRACTION 
:BUUBLE RISE VELOCITY (CM/S) 
:VELOCITY OF CLOUD WAKE-PHASE (CM/S) 
:VELOCITY 0F BUBBLE PHASE (C31/$) 
:VELOCITY 0F PARTICULATE PHASE (CM/S) 
:BUBBULE TO CLOUD TRANSFER-COEFF. 
:CLOUD TO PARTICULATE TRANSFER COEFF. 

THIS IS THE MAIN PROGRAM 

IMPLICIT REAL * 8 ( A - H . O - Z )  

COMMON/PARI/AKBC,AKCP 
C~)MIdON/PAR2/U,UGB,UGC,UGP,UMF 
CON~4ON/PAR3/EMF,EPSB,FW,RHOCAT 
COMMON/PAR4/CGHO,UGO,UGBO 
COMMON/PARS/AK,USE,RAT 
COMMON/PAR6/H,T,D,DE,P 
COI4MON/PART/iX: 

D I M E N S I O N  FSPACE(BOOO),ZSPACE(8OO),ZETA(3),TOL(3), 
L T O L ( 3 ) , Z ( 3 ) , M ( 3 ) , I P A R ( 1 1 )  

E X T E R N A L  F S U B , D F S U B , D G S U B , G S U B , D U k e 4 Y  

OPEN (UNIT=23,FILE, 'CONV.OAT' )  
0PEN (UNIT=24,F ILE= 'VEL.DAT ' )  

CALL INPUT 

U=UGO 
FW: I o DO 
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WRITE(23,= 
WRITE(23,= 
WRITE(23.¢ 
WRZTE(23~= 
WRITE(23 = 
WRITE(23 = 
WRITE(23 = 
WRITE(23 
WRITE 23 
WRITE 23 
WRITE 23 
WRITE 23 
WRITE 23 
WRITE 23 
WRITE 
WRITE 
WRITE 
WR~TE 
WRITE = 
WRITE 
WRITE, 
WRITE( 

WRITE(23 

WRITE(23 
WRITE(23 

WRZTE(23 
WRITE(23 
WRITE(23 
WRITE(2$ 
W~ITE(23 
WRITE(23 
WRiTE(23 
WRITE(23 
WRITE(23 
WR!TE(23 
WRITE(23 
WRiT~(23 

) '  F-T SYNTHESIS IN FLUIDIZED BED REACTOR ' 
) '  - :  COUNTERCURRENT BACKMIXZNG MODEL : -  ' 
) l  ................................................... , 

) 
) 
) 

= ) '  DESIGN PARAMETERS : '  
= ) l  . . . . . . . .  . . _ _ . _  . . . . .  • 

=) 

,200)' REACTOR DIAMETER :',D,' cm." 

,200)' REACTOR HEICEHT :',H,' cm.' 

200)' VELOCITY MiNZMUM FLUIDZZATION :',UMF, • ¢m/s~¢' 

, 200 ) '  VOZDAGE AT MINIMUM FLUIDZZATION : ' ,EMF 
23 =) 
23 =) 
2 3 , = ) '  OPERATING CONDITIONS : '  
23,=)' ...................... ' 

23,=)  
2 3 , 2 0 0 ) '  OPERATING TEMPERATURE :',T,' Deg. K' 

2 3 , 2 0 0 ) '  OPERATING PRESSURE : ' , P , '  Arm. '  
23,250)' INLET CONG. OF H2 : ' ,CGHO, '  m o l / c c '  

2 0 0 ) '  INLET CO/H2 MOLE RATIO : ' ,RAT 
200 ) '  INLET SUP. GAS VELOCITY : ' , U G O , '  cm/sec '  
=) 

= )  

= ) '  KINETIC PARAMETER : '  
= ) '  - - . . . . - - . .  . . . .  . . . . . . .  • 

=) 

= ) '  A FIRST ORDER DEPENDENCE ON H2 CONG. Z$ ASSUMED' 
=) 

250)' RATE CONSTANT (K) :',AM,' pep see.' 
=) 

=) 

=) 

150) 

I~O) 'X ' , 'BUBBLE PHASE','CLOUD PHASE', 'PART. PHASE', 
'SYMGAS CDMV.' 

WRZTE(23,150) 

WRITE(24,=) '  VARIATION OF PHASE VELOCITY ALONG REACTOR ' 
WRITE(24,=) 
WRITE(24,=) 
WR2TE(24,=) 
W~ITE(24,=) 
W~ITE(24,150) 
WRITE(24,16O)'X','SUP.VEL.','BUBBLE PHASE','CLOUD PHASE', 
'PA~T.PHASE' 

W~IT~(2@,150) 

CALL VELO(U,UMF,EMF,DE.UA,EPSS,FW,UGC,UGB,UGP) 
CALL TCOF(DC,UMF.DE,EMF,UA,A,-KaC,AKCP) 
UGEO=UGB 

INPUT TO COLSYS 

NCO~=3 
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10 

DO 10 I=I,NCOMP 
M ( I ) = I  
CONTINUE 

ALEFT=O.DO 
ARIGHT:I.DO 

ZETA(1)=O.DO 
ZETA(2)=O.DO 
ZETA(3) : I .DO 

40 

C 

50 

DO 40 I=1,11 
IPAR(I)=O 
CONTINUE 

IPAR(1)=I  
IPAR(4) :3  
IPAR(5):9OOO 
IPAR(6)=600 
IPAR(7)=I  

DO 50 Z=1,3 
LTOL(I)=% 
TOL( I )=8 .D -3  
CONTINUE 

CALL COLSYS(NCOMP,M,ALEFT,ARIGHT,ZETA,IPAR,LTOL,TOL, 
• FIXPNT,ZSPACE,FSPACE,IFLAG,FSUB,DFSUB,GSUB,DGSUB,DU~Y) 

X=O.OD0 
U=UGO 
CONSYN=O.O 
UGB=UGBO 

DO 80 %:1,11 
CALL APPSLN(X,Z,FSPACE,%SPACE) 

CONVH:(UGBO-UGB=Z(1))/UGBO 
CONCO=CONVH=USE/RAT 
CONSYN=(I.0+USE)=CONVH/(I.0+RAT) 

U=UGO*(1.0-O.S*CONSYN) 

CALL VELO(U,UMF,EMF,DE,UA,EPSB,FW,UGC,UGB,UGP) 
CALL TCOF(DC,UMF,DE,EMF,UA,AKBC,AKCP) 

80 

85 

WR%TE(24,110)X,U,UGB,UGC,UGP 

%F(I .EQ.11) GOTO 65 
WRITE(23,1OO)X,Z(1),Z(2),Z(3),CONCO.1OO.O 
WRITE(30,')CONVH'IOO.O,CONCO'IOO.O,CONSYN'IO0.O 

X:X+O.I  
CONTINUE 

CH: (UGB.Z(1)+(U-UGB) .Z(2 ) ) /U  
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100 
110 
150 
160 

200 
250 
300 

C 
C 

CONVH=(UGEO-UG~=CH)/UG~O 
CONCO=USE±CONVH/RAT 
CONSYN=(1.0+USE)=CONVH/(1.0+RAT) 

WRITE(23,100)X,Z(1),Z(2),Z(3),CONCO=IO0.O 
WRITE(30.=)CONVH=lOO.O,CONCO=lOO.O,CONSYH=100,O 
WRITE(23,150) 
WRITE(24,150) 

FORMAT. 
FORMAT 
FORMAT. 
FORMAT i 
FORMAT, 
FORMAT, 
FORMAT, 
CLOSE 
CLOSE 

2X,4(ES.3 ,SX) ,3X,F6.2)  
3X.6(F6 .2 ,6X) )  
7 0 ( ' - ' ) )  
7X,6(A,4X))  
X,A,FS.2,A)  
X,A,ES.3,A)  
3X,A,ES.3,3X,A,E$.3)  
UNIT=23) 
UNIT:24) 

STOP 
END 

SUBROUTINE FSUB(X,Z,F) 

THIS SUEREUTINE DEFINES THE BOUNDRY VALUE PROBLEM 
AS PER COLSYS 

IMPLICIT REAL =8(A-H,0-Z)  

CG~MON/PA~I/AXSC,AXCP 
COMMON/PAR2/U,UG~,UGC,UGP,UMF 
COMMON/PAR3/EMF,EPSE,FW,RHOCAT 
CO~MOH/PAR4/C-GHO,UGO,UG30 
COMMON/PARS/AK,USE,RAT 
COMNON/FARS/H,T,D,DE,P 
CGMMON/PART/DC 

DIMENSZOH ZC3),F(3)  

R : $ 2 , 0 5  

CORVH=(UG~O-UGB=Z(1))/UGBO 
CONSYN=(1.0+USE)=CONVH/(1.0+RAT) 

U=UGO:(1.0-O.5=CONSYN) 

CALL VELO(U,UM?,EMT,DE,UA,EPSB,FW,UGC,UGB,UGP) 
CALL TC-OF(DC,UMF,DE,EMT,UA,AKBC,AY..Cp) 

AI:-AKEC=H=EPSB/UG3 
A2=-A1 
A3=AKE¢=H=EPS~/UGC 
A4=-H=EPSB=(AKBC+AKCP÷(AK=FW))/UGC 
AE=AKCP=H=EPSB/UGC 
AE=AKCP=H=EPSB/UGP 
AT=-(AKCP=H=EPSB+(AK=H)=(I.O-EPSB=(1.0+FW)))/UGP 
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C 

F ( 1 ) : A I " Z ( 1 ) + A 2 * Z ( 2 )  
F (2 ) :A3=Z(1)+A4=Z(2)+A5*Z(3)  
F(3)=A6=Z(2)+A?=Z(3) 

RETURN 
END 
...................................................... 

SUBROUTINE DFSUB(X,Z,DF) 

C 

10 

THIS IS A SUPPORTING SUBROUTINE TO COLSYS 

IMPLICIT REAL * 8 ( A - H , 0 - Z )  
DIMENSION DF(3",3),WDRKI(3),WORK2(3),Z(3) 

EPS=I.E-7 
DO 10 d : 1 , 3  
Z(d) :Z(d)+EPS 
CALL FSUB(X.Z.WORK1) 
Z(d) :Z (d ) -2 .O=EPS 
CALL FSUB(X,Z,WORK2) 
Z(d)=Z(d)+EPS 

DO 10 I=1 ,3  
DF(I,O)=(WORKI(Z)-WORK2(Z))*O.5/EPS 

RETURN 
END 

SUBROUTINE GSUB(Z,Z,G) 

THIS IS A SUPPORTING SUBROUTINE T0 COLSYS IT DEFINES 
THE BOUNDARY CONDITIONS FOR THE BVP 

IMPLICIT REAL =8(A-H,O-Z) 

COMMON/PAR2/U,UGB,UGC,UGP,UMF 

DIMENSION Z ( 3 )  

B I = ( U - U G B ) / U G C  
B2=1.O-B1 

GOTO ( 1 , 2 , 3 ) , I  

G = Z ( 1 ) - I , O  
RETURN 
G = Z ( 2 ) - B I - ( B 2 = Z ( 3 ) )  
RETURN 
G=Z(2) -Z(3)  
RETURN 
END 

SUBROUTINE DGSUB(Z,Z,DG) 

, C THIS IS A SUPPORTING SUBROUTINE FOR COLSYS 

IMPLICIT REAL =B(A-H.O-Z) 
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50 

1 

2 

3 

C 

CG~MGM/FAR2/U,UGE,UGC,UGP,UMF 

DIMINSIO~ Z (3 ) ,DG(3 )  

DO 50 d=1,3 
DG(d)=O.DG 

EI=(U-UGE)/UGC 
E2= l .0 -B1  

GOTO(1,2 ,3) ,Z  

DG(1 )=1 .DO 
RETUR~ 
D G ( 2 ) : I  .DO 
DG(3)=-E2 
RETUR,~f 
DG(2)=I  .DO 
DG(3 )= - I  .00 
RETURF~ 
E ~  

SUBROUTZN ~ . DUM:-~Y 

THZS i $  A SUPPORTZNG SUBROUTINE FOR COLSY$ 

RETUR~ 
END 

SUER~UTIN~ INPUT 

THZS SUEROUTINE RETRIEVES THE REQUISZTE DATA FROM THE DATA 
FZLE 

IMPLZCZT REAL =8(A-H,O-Z)  

COMMD~/FAR2/U,UGB,UGC,UGP,UMF 
COM~OH/PAR3/EMF,EPSB,FW,RHOCAT 
CG~O~/PAR4/CGHO,UGO,UGBO 
COMM~/PARS/A~,USE,RAT 
CO~O~/PARS/H,T,D.DE,P 

READ(22,=)T 
REAO(22,=)P 
REA~(22,=)H 
READ(22,=)D 
REA~(22,=)RAT 

REA~(22,=)USE 

CGHO=P=(1.O/(1.0+RAT))/(82.05=T) 

READ(22,~)DC 

READ(22,=)EM~ 
READ(22,=)UM~ 
READ(22,=)R~CAT 
READ(22,=)UGO 
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READ(22.* )EA 
READ(22,=)FF 

AK=FF=EXP(-EA*lOOO.O/~1.98-T))/3600.O 
AK:AK/USE 

READ(22, = )DE 

RETURN 
END 

10 

SUBROUTINE VEL0(U,UMF,EMF,DE,UA,EPSB,FW,UGC,UGB,UGP) 

THIS SUBROUZTNE EVALUATES THE PHASE VELOCITIES 

IMPLICIT  REAL , 8 ( A - H , 0 - Z )  

IDUM=0 

UA=U-UMF+(O.?ll,((981.O,DE),=O.S)) 

UGB=(U'UMF)/(I.0-((UMF/UA)=(1.O+FW)I) 
EPSB=UGB/UA 
ZF( IDUM.EQ.1)  GOT0 10 
I F ( E P S B . L T . O . 3 3 3 )  GOT0 10 
FW=(1 .O-EPSB) / (2 .O 'EPSB)  
IDUM=I 
GOT0 5 

UGC=FW=EMF=UGB 
UGP=(UMF=(1.O-EPSB'(1.0+FW))=(1.0+EMF=FW))-(U=FW=EMF) 

RETURN 
END 
............................................... D . . . _  

SUBROUTINE TC0F(DC,UMF ,DE, EMF,UA,AKBC,AKCP) 

THIS SUBROUTINE EVALUATES THE TRANSFER COEFF. 

IMPLIC IT  REAL = 8 ( A - H . 0 - Z )  

AKBC= ( 4 . 5 *  (UMF/DE) ) + 5 , 8 5 *  ( ( (981 .0==O.  25)= (DC==O.S) ) /  
(DE'= 1 .25 )  ) 

AKCP=6 • 78= ( ( (EMF=DC'UA)/(DE==3.0))== ( 0 . S ) )  

RETURN 
END 
" ' ' ' ' ' ' ' "  . . . . . . .  " ' "  . . . . . . . . . . . . . . . . . . . . . . . . . .  - -  . . . . . . . . . .  D . .  
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FBR MODEL 2 

Input data in the form of design and operating conditions along with the 

kinetic parameters has to be supplied by the user. This is done using an 

interactive program RUIN.FOR. The data file created on the execution of 

FBSEL.FOR is retrieved by the main simulator. The following variables have to 

be provided by the user: 

Reactor Temperature (K) 

Reactor Pressure (arm) 

Reactor Height (cm) 

Reactor Diameter (cm) 

Inlet partial pressure of CO (arm) 

Inlet partial pressure of H 2 (arm) 

Density of catalyst (gm/cc) 

Gas phase diffusion coefficient (cm2/sec) 

Voidage at minimum fluidization 

Velocity at minimum fluidization (cm/sec) 

Inlet fluidizing velocity (cm/sec) 

Besides, kinetic parameters in the form of activation energies and pre- 

exponential factors along with the power-law indices as indicated in Table I- 

B-3 have to be provided. Except for the subroutines used to evaluate the 

system properties and parameters, the rest of the subroutines describe the 

boundary value problem as required by the algorithm COLSYS. Because of the 

non-linear nature of the differential equations and due to the number 

exceeding the normal limits which COLSYS can handle, the boundary value 

problem comprising of 30 differential equations failed to converge. 
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FIXED BED REACTOR 

The main computer program developed to solve the mass balance, the heat 

balance, and the pressure balance equations is entitled SFIX.FOR. The 

physico-chemlcal properties and the design parameters pertinent to a pseudo- 

homogeneous plug flow model of a fixed bed are incorporated into the main 

program in the form of subroutines which can be changed by the user, as and 

when required. 

Following is a list of the various subroutines used in the simulator 

along with their purpose: 

SUBROUTINE PURPOSE 

INPUT 

MIXDEN 

HASVEL 

SPHTM 

RATCON 

MUMIX 

HTCOF 

HEAT 

FRICF 

Retrieves the requisite data from the input 

file 

Calculates the density of the fluid mixture 

Calculates the mass velocity of the fluid 

Calculates the specific heat of the fluid 

mixture 

E v a l u a t e s  t he  k i n e t i c  c o n s t a n t s  as  a 

f u n c t i o n  of  t e m p e r a t u r e  

C a l c u l a t e s  the  v i s c o s i t y  o f  t he  m i x t u r e  

C a l c u l a t e s  the  w a l l  h e a t  t r a n s f e r  

coefficient 

Evaluates the heat of reaction 

Calculates the friction factor along the 

bed 
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Besides these subroutines, subroutine entitled FNCI is used in the 

program which defines the initial value problem as per DVERK. 

The data required for the simulator is supplied by the user, via an 

interactive program SFIX!N.FOR. Following is a list of variables that are to 

be provided by the user, prior to execution of the main program. 

Inlet fluid temperature (Deg C) 

Inlet fluid pressure (Arm) 

Inlet partial pressure of CO (Arm) 

Inlet partial pressure of H 2 (Arm) 

Tube diameter (cm) 

Tube height (cm) 

Diameter of particle (cm) 

Bed voidage 

Inlet superficial gas velocity (cm/sec) 

Wall cooling temperature (Deg C) 

Bulk density of catalyst (gm/cc) 

Chain growth probability factor 

Kinetic parameters in the form of pre-exponentlal factors, activation 

energies and power law indices pertinent to F-T synthesis over Ru-AI203 

catalyst as given in Table i-B-3 have to be provided to the simulator. Once 

the data file is created, the main program can be executed. The output from 

SFIX.FOR is stored in two files viz. 

COMP. DAT stores the component concentration along 

the reactor and the syngas conversion 

obtainable. 
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VARI. DAT stores the variation of superficial gas 

velocity, the fluid temperature and the 

fluid pressure along the reactor axis. 

Case Study 

The program, SFIX.FOR was used to predict the performance of a reactor 

with dimensions of the tube, 4.6cm in diameter and 3 meter in height. All the 

input parameters required for the program were provided via SFIXIN.FOR. A 

typical input sample is as shown. The main program SFIX.FOR was then executed 

in a batch mode with a core requirement of 6OK. The execution statement to be 

used is EX.SFIX.FOR, PRG:IMSL/LIB. The output files include, COMP.DAT and 

VARI.DAT which are also shown herewith. The variation of the H 2 and CO 

concentration along the reactor is as shown in Fig. A-B-If. The variation of 

syngas conversion is indicated in Fig. A-B-12. In this run, the reactor was 

assumed to operate isothermally. As seen from the output files, COMP.DAT, the 

amount of CH 4 formed during the reaction is significant in comparison to the 

other hydrocarbon species excepting water. 
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TYPICAL I~P~T SKNPLE- ~.FO~ 
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ENTER ALL THE DATA IN A FREE FORMAT 

INLET TEMPERATURE (Oeg.  C ) : ?  
> 2 8 0 . 0  

INLET PRESSURE ( a r m . ) : ?  
>9.O0 

INLET P.P OF CO ( a r m . )  =? 
>4.O0 

INLET P.P.  OF H2 ( a r m . )  =? 
>5.O0 

TUBE DIAMETER (Cm.)  =? 
>E.O0 

LENGTH OF TUBE ( c m . )  =? 
> 3 0 0 . 0  

DIAMETER OF CATALYST PARTICLE ( c : m . ) - ?  
> 0 . 2 5  

BED P0ROSZTY :?  
> 0 . 4  

~NLET SUPERFICIAL GAS VELOCITY ( ¢ m . ) = ?  
> 4 0 . 0  

CATALYST BULK DENSITY ( g  m / c o )  :?  
> 2 . 5  

IS  THE REACTOR OPERATED ISOTHERMALLY ? 
ZF YES . . . . .  TYPE 0 . 0  
IF  NO . . . . .  TYPE 1 . 0  

>0.O 

EXPONENT OF H2 ( a n )  FOR C1:?  
> 1 . 3 7  

EXPONENT OF CO ( b n )  FOR C1:?  
> - 0 . 8 4  

FREQUENCY FACTOR FOR C1,?  
> 9 2 0 0 0 . 0  

ACTZVATZ0N ENERGY FOR C1:?  
> 2 8 . 0  

EXPONENT OF H2 ( a n )  FOR C2=? 
> 0 . 5 6  

EXPONENT OF CO (On) FOR C2:?  
> - 0 . 7 3  

FREQUENCY FACTOR FOR C2,?  
> 6 ? 0 0 . 0  

ACTIVATION ENERGY FOR C2 :?  
> 2 7 . 0  

EXPONENT OF H2 ( a n )  FOR C3:?  
>1.O4 

EXPONENT OF CO (l :m) FOR C3,? 
> - 0 . 3 5  

FREQUENCY FACTOR FOR C3w? 
> 2 3 0 0 . 0  

ACTIVATION ENERGY FOR C3=? 
> 2 7 . 0  

EXPONENT OF H2 ( a n )  FOR C4 :?  
>1 .11  

EXPONENT OF CO ( b n )  FOR C4:?  
> - 5 , 0 0 E - 2  
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FR~CU~NCY FACTOR FOR C4=? 
>O.S7 

ACTIVATZON ENeRgY FOR C4=? 
>20.0  

CH.~IN GROWTH FRD~.~ZLZTY FACTOR = 
>O. 82-  

ALL THZ DATA HAS B'~N EFJT~.RZD 

FR~C~.~.D TO SFZX.FO~ 
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OUTPUT FILES: COMP.DAT 

VARLDAT 
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PERFORMANCE OF FIXED RED REACTOR FOR FT SYNTHESIS 
PRODUCT DISTRIBLITION 

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

DESIGN PARAMETERS : 

TUBE DIAMETER : 4 . 6 0 0 0 0 0  cm. 
TUBE HEIGHT : 3 0 0 . 0 0 0 0  cm. 
PARTICLE DIAMETER : 0 . 2 5 0 0 0 0 0  cm. 
BED VOIDAGE : 0 . 4 0 0 0 0 0 0  

OPERATING CONDITIONS : 
. . . . . . . . . . . . . . . . . . . . . .  

INLET TEMPERATURE : 2 8 0 . 0 0 0 0  Deg .C  
INLET PRESSURE : 9 . 0 0 0 0 0 0  Atm 
INLET P . P .  OF H2 : 5 . 0 0 0 0 0 0  A tm 
INLET P . P .  OF CO : 4 . 0 0 0 0 0 0  Arm 
INLET GAS VELOCITY : 4 0 . 0 0 0 0 0  cm/seo 

ISOTHERMAL OPERATION 

K I N E T I C  PARAMETERS : 

A POWER LAH RATE EXPRESSION : A n * ( P H 2 * * a n ) * ( P C O * * b n )  

VALUE OF ALPHA : 0 . 6 2 5 0 0 0 0  

IS  USED. 

L C1 C2 C3 C4 C5 C8 C7 H20 H2 CO % CONY 

3 0 . 0 0  . 3 8 3 E - 0 5  . 2 6 7 E - 0 9  . 2 8 0 E - 0 6  . 1 1 9 E - 0 6  
6 0 . 0 0  . 7 6 0 E - 0 5  . 5 4 9 E - 0 8  . 5 8 5 E - 0 6  , 2 3 9 E - 0 6  
9 0 . 0 0  . 1 1 2 E - 0 4  . 8 4 2 E - 0 6  . 8 4 7 E - 0 6  . 3 5 7 E - 0 6  

1 2 0 . 0 0  . 1 4 7 E - 0 4  . 1 1 4 E - 0 5  . 1 1 2 E - 0 5  . 4 7 1 E - 0 6  
1 5 0 . 0 0  . 1 7 8 E - 0 4  . 1 4 4 E - 0 5  . 1 3 8 E - 0 5  . 5 7 8 E - 0 8  
1 8 0 . 0 0  . 2 0 7 E - 0 4  . 1 7 3 E - 0 5  . t G 3 E - 0 5  . 6 7 7 E - 0 6  
2 1 0 . 0 0  . 2 3 2 E - 0 4  . 2 0 0 E - 0 5  . 1 8 5 E - 0 5  . 7 6 7 E - 0 6  
2 4 0 . 0 0  . 2 5 4 E - 0 4  . 2 2 7 E - 0 5  . 2 0 5 E - 0 5  . 8 4 6 E - 0 6  
2 7 0 . 0 0  . 2 7 2 E - 0 4  . 2 5 1 E - 0 5  . 2 2 3 E - 0 5  . 9 1 6 E - 0 6  
3 0 0 . 0 0  . 2 8 8 E - 0 4  . 2 7 4 E - 0 5  . 2 3 8 E - 0 5  . 9 7 7 E - 0 6  

746E-07  . 4 6 6 E - 0 7  . ' 291E-07  . 6 5 3 E - 0 5  . 9 9 6 E - 0 4  
149E-06 . 9 3 4 E - 0 7  . 5 9 4 E - 0 7  . 1 3 1 E - 0 4  . 8 9 1 E - 0 4  
2 2 3 E - 0 6  .140E-OR . 8 7 2 E - 0 7  . 1 9 5 E - 0 4  . 7 8 9 E - 0 4  
294E-06  . 1 8 4 E - 0 6  . 1 1 5 E - 0 6  . 2 5 6 E - 0 4  . 6 9 1 E - 0 4  
361E-06  . 2 2 6 E - 0 6  . 1 4 1 E - 0 8  . 3 1 3 E - 0 4  . 6 0 0 E - 0 4  
4 2 3 E - 0 6  . 2 6 4 E - 0 6  , 1 6 5 E - 0 6  . 3 6 6 E - 0 4  . 5 1 6 E - 0 4  
479E-06  . 2 9 9 E - 0 6  . 1 9 7 E - 0 6  . 4 1 3 E - 0 4  . 4 4 1 E - 0 4  
529E-06  . 3 3 1 E - 0 6  . 2 0 7 E - 0 6  . 4 5 5 E - 0 4  . 3 7 5 E - 0 4  
5 7 3 E - 0 6  . 3 5 8 E - 0 6  . 2 2 4 E - 0 6  . 4 9 2 E - 0 4  . 3 1 7 E - 0 4  
6 1 0 E - 0 6  . 3 8 1 E - 0 6  . 2 3 8 E - 0 6  . 5 2 3 E - 0 4  . 2 6 7 E - 0 4  

8 7 4 E - 0 4  1 0 . 7 8  
8 6 6 E - 0 4  2 0 . 4 4  
8 5 8 E - 0 4  2 8 . 9 8  
8 5 0 E - 0 4  3 6 . 4 2  
8 4 3 E - 0 4  4 2 . 8 0  
8 3 7 E - 0 4  4 8 . 2 3  
8 3 1 E - 0 4  5 2 . 7 9  
8 2 6 E - 0 4  5 6 . 6 0  
8 2 1 E - 0 4  5 9 . 7 7  
8 1 7 E - 0 4  6 2 . 3 9  

H2/CO USAGE RATIO = 2 . 0 7 3 9 7 2  



L (cm) UG (cm/s) T (deg C) P (arm) 

30.00 37.84 280.00 
60.00 35.91 280.00 
90.00 34.20 280.00 
120.00 32.72 280.00 
150,00 31.44 280.00 
180.00 30.35 280.00 
210.00 29.44 280.00 
240.00 28.68 280.00 
270.00 28.05 280.00 
300.00 27.52 280.00 

8 992 
8 984 
8 977 
8 970 
8 964 
8 957 
8 951 
8 945 
8 940 
8 934 
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PROGiRAS~ LISTING: FiXIN.FOR 
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THIS ZS AN INTERACTIVE PROG. DEVELOPED TO 
INPUT THE DATA TO :SFIX.FOR 

DIMENSION A ( 4 ) , B ( 4 ) , A N ( 4 ) , E N ( 4 )  

WRITE* 
WRITE* 
WRITE" 
WRITE* 
READ*,TO 
WRZTE(26 * )TO 
WRITE* INLET PRESSURE ( a r m . ) = , '  
READ,,PO 
WRZTE(2B *)PO 
WRITE* INLET P.P OF CO (mtm. 
REAO*,PCO 
WRITE(2E *)PCO 
WRITE* INLET P.P .  OF H2 (mtm.) 
READ',PH2 
WRITE(26 " )PH2 
WRITE' ,  =? '  
READ*,DT 
W1RITE(26 
WRITE* 
READ*,AL 
WRITE(26 
WRITEI 
READs,DP 
W R I T E ( 2 6 , ' ) D P  
WRITE z BED POROSITY " ? '  
READ*,EPS 
WRZTE(26,- )EPS 

WRITE* 
WRITE* , '  
WRITE* , '  
READ*.VT 

ENTER ALL THE DATA ZN A FREE FORMAT' 

INLET TEMPERATURE (~eg .  C)=? ' 

z ? ,  

=?, 

TUBE DIAMETER (¢m. 

* )DT 
LENGTH OF TUBE ( c m )  =? '  

* )AL  
DIAMETER OF CATALYST PARTICLE (C:m.)m?' 

WRITE, INLET SUPERFICIAL GAS VELOCITY ( c m . ) = ? '  
READ,,UGO 
WRZTE(28,*)UGO 
WRITE* CATALYST DENSITY (~n/cc) =? '  
REAO*,RCAT 
WRZTE(2B, ' )RCAT 

IS THE REACTOR OPERATED ISOTHERMALLY ? '  
ZF YES . . . . .  TYPE O . 0 '  
IF  NO . . . . .  TYPE 1 . 0 '  

WRITE(2B,*  )VT 
I F ( V T . E Q . O . O )  GOT0 IS 
W R I T E , , '  WALL TEMPERATURE (Deg.  C ) - ? '  
READ*, TW 
WRITE (2B,  * )TW 

DO 10 I ' 1 , 4  
WRITE* , '  EXPONENT OF H2 ( a n )  FOR C ' , Z , ' = ?  ' 
READ" , A( I ) 
WRITE(2B, * ) A ( I  ) 
W R I T E ' . '  EXPONENT OF CO ( b n )  FOR C ' . I , ' = ? '  
READ* , B ( I ) 
WRITE(2B, * ) B ( !  ) 
WRITE* , '  FREQUENCY FACTOR FOR C ' , I , ' * ? '  
READ, , AN ( % ) 
WRITE( 26, * )AN( I ) 
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WRZTE~,' ACTZVATZOH ENERGY FOR C ' , Z , I = ?  ' 
READ=,EN(Z) 
W~TE(2E,=)EN(Z) 
W~IT~,' . . . .  ' 

C O h ~ I ~ E  
WRZTE=,' CHAIN GRD~TH PRDBABILZTY FACTOR = '  
READ=,ALFHA 
WRZTE(26,=)ALPP~ 
W~IT~= 

W~IT~= 

W~ITE= 

W ~ T E = , ' A L L  THE DATA HAS BEEN ENTERED ' 
WR~TE~ 

WRITE=, '  PROCEED TO $FZX.FOR ' 

STO~ 
EHD 
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PROGRAM LISTING: SFIX.FOR 
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C ¸ 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THZS FROG. ZS DEVELOPED T0 SOLVE THE k~ODEL EGHS. 
DESCRZEZNG SELECTIVITY ZN A FIXED BED REACTOR 
USE IS MADE OF ONE DZMEHSZO~AL PSEUDO HOMOGENEOUS 

MDD~L WITH PLUG FLOW ASSU~PTZON 

FOLLOWING ZS A LIST OF THE VARZASLES USED IN THE FROG]~-~: 

TO 
F0 
POD 
PH2 
DT 
AL 
DP 
EPE 
UGO 
TW 
RCAT 
A(Z)  
B(Z) 
AHCZ) 
EH( I )  
ALPHA 

:INLET TEMPERATURE (DES C) 
: INLET PR~SSUR~ (ATM) 
:INLET F.P.  OF CO (ATe) 
: INLET P.P. OF H2 (ATe) 
:DIamETER OF TUSE (C~) 
:HEZGHT OF TUBE (~4) 
:DZ/~,1ETER OF CATALYST (C~) 
:BED VOIDAGE 
:INLET GAS VELOCITY (C~IJSEC) 
:WALL TE~PERATUR~ (DES C) 
:CATALYST BULK D~NS~TY (-r~_~/CC) 
:INDEX OF H2 FOR CAR~DN Z 
:INDEX OF CO FOR CAR~0N Z 
:FREQUENCY FACTOR FOR CA~DN Z 
:ACTZVATZON EH~RGY FOR CA~ON Z 
:CHAIN GR0~rTH PRD~A~ZLITY FACTOR 

THIS IS THE MAIN FRDGR~ 

CO~DN/PA~I/TO,PO,TW,PH2,FCO 
C.,O;~'~ON/PAR2/DT,AL,NT 
CO~DN/PAR3/DP,EPS,RCAT 
CQ~DN/PAR4/A,E,AN,EH,ALPHA 
CO~'~DN/FA~5/UGO,VT 

CO~DN/PAR7/SU~I,SU~2 
CO~NDN/PA~$/A~I,A~2,A~3,A~,/~5,~,~7,~3,~S,/~IO 
CO~N/FARS/UG,CONZN 
C0;%~DN/FA~10/P~H2,PPC0 

EXTER,H.%L FCH1 

DZ~NSION Y(12),C(24),W(12,S),A(4),B(4),~(4),EN(4) 

R:~2 .05  

CALL IH~Lrr 

CC+~,O=PM2/(82.OS=(TO+273.O)) 
CGCO=PC0/(S2.OS=(TO+273.O)) 

CALL MIXDEM (PC'0, PH2, TO, DEPg~) 
CALL MASVEL ( DEP~, UGO, G) 
CALL SPHT~( PO, PH2, PC0, CF:~) 
CALL ~U~I X ( P0 , PH2 , PC0 , A,.H.IJ ) 
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WRITE(28,1) .................................................. 
WRITE(28,1) '  PERFORMANCE OF FIXED BED REACTOR FOR FT SYNTHESIS' 
WRITE(28 I ) ,  PRODUCT DISTRIBUTION ' 
WRITE(28 I )  .................................................. 
WRZTE(28 *)  
WRZTE(28 ~) 
WRITE(28 I ) '  DES%GN PARAMETERS : '  
WRZTE(28 I ) '  . . . . . . . . . . . . . . . . . . .  ' 
WRITE(28 1) 
WRITE(28 I ) '  TUBE DZAMETER : ' , D T , '  Cm.' 
WRITE(28 I ) '  TUBE HEZGHT : ' , A L , '  c~m.' 
WRZTE(28 I ) '  PARTZCLE DZAMETER : ' , D P , '  Cm.' 
k~ZTE428 I ) '  BED VOZOAGE : ' ,EPS 
WRZTE'28 1) 
WRITE 2E I ) '  OPERATZNG CONDITIONS : '  
WRITE28 I )  . . . . . . . . . . . . . . . . . . . . . . . .  
W R I T E 2 8 1 )  
WRITE 28 I ) '  INLET TEMPERATURE : ' . T O , '  Deg.C' 
WRITE 2 8 , : ) '  INLET PRESSURE : ' , P O , '  Arm' 
WRITE 2 8 , 1 ) '  ZNLET P.P. OF H2 : ' , P H 2 , '  Arm' 
WRZTE 2 8 , * ) '  INLET P.P. OF CO : ' ,PC:O,'  Arm' 
WRITE(28,* ) '  ZNLET GU~S VELOCITY : ' ,UGO, '  c m / s ~ '  
ZF(VT.EQ.O.O) GK)TO 2 
WRZTE(28,1)' NON-ZSOTHERMAL OPERATZON ' 
WRZTE(28,:) 
WRZTE(28,1)' WALL TEMPERATURE : ' , T W , '  Deg. C' 
WRITE(28,1) 
RWZTE(28 I )  
WRZTE(28 
WRZTE(28 
WRZTE(28 
WRITE(28 
WRZTE(28 
WRZTE(28 
WRZTE(28 
IS USED. 
WRZTE(28,1) 
WRZTE(28,*) '  VALUE OF ALPHA 
WRITE(28,1) 
WRITE(28,1) 

* ) '  ISOTHERMAL OPERATION ' 
* )  
* )  

* ) '  KZNETZC PARAMETERS : '  
8 )  I ....------.----------.----....' 

, )  

" ) '  A POWER LAW RATE EXPRESSZON : An* (PH2**an) * (PCO. ,bn)  

: ' ,ALPHA 

WRITE(28,2OO) 
WRITE(2E,2SO)'L','CI','C2','C3','C4','CS','CB','CT','H20,, 
' H 2 ' , ' C O ' , ' %  COIW.' 
WRZTE(2E,200) 

WRZTE(2?,2TO) 
WRZTE(27,260)'L (C~m)','UG ( ¢ m / S ) ' , ' T  (C l~  C ) ' , ' P  (arm) ' 
WRZTE(2?,2?O) 

RI-PH2/PO 
R2zPCO/PO 
R 3 - ( R l * 2 . O ) / ( R 2 * 2 8 . O )  
R4-1 .O/ (1 .O+R3)  
RS: I .O-R4 

X'O.0 
~ ' 1 2  
N'12 

I-B-IIZ 



TOL=0.~D1 
ZHD:I 

DO 5 Z : I , ~  
Y(Z)=O.O 

Y(S):R~ 
Y(IO)=R4 
Y(11)=TO 
Y(12):P0 

CA~L RATC~N ( ~N, EN, Y , AM I , AM2,/b~3, ~X4 ) 

10 

SU~I=O.O 
5~M2=0.0 

GOMZN=(PH2/(R=(TO+273.0)))+(PC~3/(R=(TO+273.0))) 

DD 10 Z=~,7 
SU~I=$U~I+((2.0=FLOAT(Z)+I.0)=(ALPHA==(FLOAT(Z)-4.O))) 
$U~=SU~+(FLOAT(Z)=(ALPMA==(FLOAT(Z)-4.0))) 
CO?~ZF~ 

UG=UGO 

DO 50 K=~,IO 

XEND=AL=FLOAT(K)/10.O 

CALL DV~X(N,FCN1,X,Y,XEND,TOL,ZND,C,Id'~,N,ZE~) 

DD=CY(1)/A~I)+CYC2)//b'~2)+CYCS)/&~S)+(Y(4)/A.~)+(y(£)/A,.~3)+ 
(Y(E)/A,~S)+(Y(7)/~7)÷(Y(8)/~]S)÷(Y(S)/~S)+(Y(IO)/~IO) 

QI=I.O/DD 

UG~"ON=E~.OS=(Y(11)+273.0) 

B~H2=Y(S)=(Q1/~S)=Y(12)/UGCOH 
B~=Y( lO)=(Q1/A~] lO)=Y(12) /UG~N 
B~1=Y(1)=(Q1/A~]l)=Y(12)/UC-CON 
E~2=Y(2)=CQ1/,~2)=Y(12)/UC-CDN 
B~3=Y(3)=(Q1/,~3)=Y(12)/UGCON 
B~=Y(4)=(Q1/+~=,~)=Y(12)/UC"C~N 
E~3=Y(5)=(Q1/~3)=Y(12)/UG~N 
E;~=Y(~)=(QI/A~)=Y(12)/UC-CON 
B~7=Y(7)=(QI/~'~7)=Y(12)/UG~ON 
E~H2O=Y(8)=(QI/~S)=Y(12)/UG~0N 

C~NSYN=(UC~=~NZH-UG=~NX)/(UC-O:~N) 
UG=UE0=(1.0"O.5=CO~SY~) 

US~=(UGO=CEMO-UG=B~M2)/(U~O=CC-CO-UG=S~¢0) 

WRZTE(28,100)X,E~l,EP2,E~3,EP4,BpS,B~5,EPT,E~H20,E~H2,B~CO, 
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CONSYN=IOO.O 

WRZTE(29,=)X.BP1,BP2.BP3,BP4,BPS,BP6,BP?,BPH20,BPH2,BPCO 

WRZTE(2?,280)X,UG,Y(11) ,Y(12)  

BH2.BPH2*82.OS*(Y(11)+2"/3.0)  
BC0=BPC0*82.OS*(Y(11)+273.0) 

C 

RATEI=AKls(BH2*'A(1))*(BCO=sB(1)) 
RATE2=AK2*(BH2**A(2))*(BCO**B(2))/RATE1 
RATE3sAK3*(BH2**A(3))*(BCO*sB(3))/RATE1 
RATE4zAK4s(BH2**A(4))*(BCOs*B(4))/RATE1 
RATES-RATE4*ALPHA 
RATE6-RATE4s(ALPHA*=2.0) 
RATE"/=RATE4=(ALPHA:=3.0) 
RATEI- I .O0 

WRZTE(35,3SO)X,RATEI,RATE2,RATE3,RATE4,RATE5,RATE6,RATE? 

50 

100 
150 
200 
250 
280 
2"/0 
2aO 
290 
300 
350 

C 

C 
C 

CONTZNUE 

WRZTE(28,=)' H2/CO 
WRZTE(2?,2?0) 
WRZTE(28,290) '1 '  
WRZTE(27 ,290 ) ' I '  

USAGE RATZ0 • ',USE 

FORNAT(2X,F8.2,2X,10(EB.3,2X),F8.2,2X,FS.2) 
FORMAT(2X,3(A,3X),3X.A) 
FORMAT(1X,130( ' - ' ) )  
FORMAT(6X,12(A,BX)) 
FORMAT(4X,4(A,SX)) 
F O R M A T ( I X , 8 0 ( ' - ' ) )  
FORMAT(3Xo3(FS.2,4X),FS.3) 
FORMAT(A) 
FORNAT(X°A,F6.4,2X,A,ES.3)  
FORMAT(X,FS.2,2X,?(E8.3 ,2X))  

STOP 
END 

SUBROUTTNE FCN1 (N.X,Y,YPRZME) 

THZS SUBROUTZNE DEFZNE THE OlrFFERENTZAL EQNS. AS PER 
DVERK 

COMMON/PAR 1/TO, PO, TW, PH2, PCO 
COI4MON/PAR2/Dr, AL, NT 
CONMON/PAR3/DP . EPS, RCAT 
COMMON/PAR4/A , B, AN, EN, ALPHA 
CONMON/PARS/UGO, VT 
COMMON/PARB/G . CPN, A/41J 
C01440N/PAR'7 / SUN 1 , SLIN2 
COMMON/PAR8/AN1 , AN2 , AM3, AN4, AN5, AM6, AN'/, AN8 , AM9, AMIO 
COMMON/PAR9 / UG, CON Z N 
CONMON/PAR IO/PPH2 , PPCO 
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DZM~SZQN Y(12),YPRZ~(12),A(4),B(4),A~(4),ER(4) 

GC=SS0.6S5 
R=82.O5 

AM2=30.O 
~3=44.0 
A~=58.0 
~=72.0 
~=8~.0 
A~7=100.O 
~8=~8.0 
~ = 2 . 0  
~I0=28.0 

DD=(Y(1)/~I)+(Y(2)//~2)+(Y(3)/~3)+(Y(4)/~4)+(y(5)//b~S)+ 
(Y(E)/~/~)+(Y(7)/~7)+(Y(S)/~S)+(Y(S)/~S)+(y(Io)/~IO) 

VV=(Y(1)/DD)+(Y(2)/DD)+(Y(3)/DD)+(Y(4)/DD)+(y(s)/DD)+ 
(Y(E)/DD)+(Y(7)/DD)+(Y(8)/DD)+(Y(S)/DD)++(Y(IO)/DD) 

RO~=Y(12)~VV/(R=(Y(11)+273.0)) 

CALL P-ATCON(~N,EH,Y,~I,~2,~S,~X4) 
RAT=~O/PH2 
CALL HTCOT(RAT,DT,D~,G,~'-~/J,MTW) 
CAIL H~AT(DZL~) 
CALL FRXCF(EPS,D~,G,A~'aJ,FF) 

S=DD:~DD 
QI=~RDD/S 

GASC~N=R=(Y(11)+273.0) 

P~H2=Y(S)=(QI/A~1S):Y(12) 
P~C0=Y(lO):(Q1/A~O)=Y(12) 
P~l=Y(1)~(Q1/~l)=Y(12) 
P~2=Y(2)=(Q1/N~2)=Y(12) 
P~3=Y(3)=(Q1/A~13)=Y(t2) 
PF~=Y(4)=(Q1/A~4)=Y(12) 
P~3=YCS)=(Qt/~)=Y(12) 

P~7=Y(7):(G1/~T)=Y(12) 

S 1 =P~= 1/GASCON 
S2 =P+=2/GASCON 
S3=P~=3/GAS~N 
S4=P~-~/GASCON 
SS=~;=,/GASCON 
S8=P~S/C~CON 
$7 =9~7/GAS~ON 
Sa =P;:M2D/GASCON 
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S9:PPH2/GASCI~N 
SIO-PPCQ/GA.~CON 

CONX'Sg+S10 
CONSYN-(UGO,CONZN-UG*CONX)/(UGO'CONZN) 
UG'UGO*(1.0"0.S*CONSYN) 

BBI 'PPH2"'A(1)  
Bg2sPPH2"'A(2) 
B93"PPH2"=A(3) 
B94"PPH2**A(4) 

C I I ' P P C O " B ( 1 )  
C12"PPCO"B(2) 
C13"PPC0*sB(3) 
C14mPPCO:*B(4) 

YPRZME(1):(AK1"RCAT/G)'ANl*BBl"Cll 
YPRZME(2)=(AK2*RCAT/G)*AM2"B92*C12 
YPRZME(3)"(AK3*RCAT/G)'AJkI3*BB3"C13 
YPRZME(4)m(AK4*RCAT/G)*AM4*B94+C14 
YPRZME(S)m(AK48RCAT/G)'AMS=Bg4*CI4*ALPHA 
YPRZME(B)=(AK4*RCAT/G)sAMS*BB4=CI4*(ALPHA**2.O) 
YPRZME(?)=(AK4tRCAT/G)*AI4"I'BB4=CI4=(ALPHA*=3.0) 

SIJ~m(3.0=AK1"BB1"Cll)+(S.0,AK2*BB2wC12)+ 
(?.O*AK3*BB3*C13)+(AK48BB4sC14:SUM1) 

SUMC-(AKI,B81:Cll)+(2.O,AK2mB$2mC12)÷ 
(3.O.AK3*B|3,C13)+(AK4*B84=C14=SUM2) 

YPRZME(8)m(RCAT/G)'AMSeSUII4C 
YPRZME(B),-(RCAT/G).AMgeSUMH 
YPRZME(IO)-'(RCAT/G)=AMIO'SUNC 

YPRZME(11)e(VT/(CPM=G))e((-4.0sHTW,(Y(ll)-TW)/DT)+ 
SUNH*RCAT*DELH) 

C 

YPRZME(12),-(FFsG*G/(RON=DP=GC) ) /1033 .0  

RETURN 
END 

m m m m @ m m N m m m m m m  m m ~ m ~ w  m m m @ m ~ m m  m m ~ m w @  . . . . .  @ w . m m m m m m m ~ m ~ m . m m w ~  

SUBR~.ITIE Z I~=~JT 

C 
C 

THZS SUBIt0UTZNE RETRZEVES THE REQUZSZTE DATA FORN THE 
DATA FZLE 

COI~40N/PARI/TO.PO,TW,PH2,PCO 
C01~IION/PAR2/DT,AL.NT 
COIe4ON/PAR3/DP,EPS,RCAT 
COMMON/PAR4/A.B,AN,EN,ALPHA 
COMMON/PARS/UGO,V'r 

DXMENSZDN A ( 4 ) , B ( 4 ) , A N ( 4 ) , E N ( 4 )  
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E 

C 

R~AD(2E,=)TO 
R~AD(2E,=)FO 
R£AD(2E,=)FCO 
RE~(2E,=.)FH2 
RZA~(2E,=)DT 
RZAD(2E,=)AL 
REA.DC2~,=)D~ 
R~AD(2E,=)EPS 
RZN:}(2~,=)UP~.-.-.-O 
R~AD(2E,=)RCAT 
READ(2E,=)VT 
ZF(VT.EQ.O.0) G~TO 5 
REA~(2E,=)T~ 

DO 10 Z=1,4 
READ(26,=)A(Z) 
RZA~(2~,=)E(Z) 

R~AD(2E,=)EH(Z) 
COM'TZ~UE 

RZAD(2E,=)ALP~ 

RETUP.~ 
EHD 

SU~N~UTZH~ ~ZXDEN(PCO,PH2,TO,DZP~) 

THZS SUEROUTZ~ EVALUATES THE XHLET D~HSZTY OF THE GAS 

R=82.05 

C 

C 

C 

DENH=PH2 =A~'~H/( R= ( 70+273.0 ) ) 
DENCO = ~=CO=.~/CO/( R= (T0+2?3. O) ) 

DEN.~=DE~+DE;~CO 

R~'TUR,'~ 

SU3R=UT%NT..ICS, SVEL ( DE~'~, UP.-O, G) 

THZS SU'~:~LPrzH~ EVALUATES THE M.~S VZL. 0FTH"- 

R~TU~.N 
END 

SUZN~UT ZH. ~ SP~'T.'~ ( PO, PH2, PC;:, C;:~ ) 

THZS SUENOUTZ~'-- CALCULATES TH~ S~.H2AT O~ TH2 M:~X. 
I 

C;=H=3.S 

l-B-l17 



CPCO:O.2? 

AJlFH'PH2/PO 
AMFCO=PCO/PO 

CPN-(AMFC0*CPCO+AMFH=CPH) 

RETURN 
END 

SUBROUTINE RATCON(AN.EN.Y.AK1.AK2.AK3.AK4) 

THIS SUBROUTINE CALCULATES THE RATE CONSTANTS (K)  

DZMENSION Y ( 1 2 ) , A N ( 4 ) . E N ( 4 )  

C 

C 

GR=1.98 
AK1=AN(1)'EXP(-EN(1),lOOO.O/(GR:(Y(11)+273.0))) 
AK2:AN(2)tEXP(-EN(2),lOOO.O/(GR*(Y(11)+273.0))) 
AK3:AN(3)'EXP(-EN(3)-lOOO.O/(GR,(Y(11)+273.0))) 
AK4=AN(4)*EXP(-EN(4)slOOO.O/(GRm(Y(11)+273.O))) 

RETURN 
END 

SUBROUTINE MUMIX(PO,PH2,PCO,AMU) 

THIS SUBROUTINE CALC. THE VISCOSITY OF THE MIX. 

AMM-I-2.0 
AMWCO=28.0 

AMUi' I-O.018,O.01 
AMUCO-O.03410.01 

ZI=PH2/PO 
Z2:PCO/PO 

AI4J, Z2* ANU(~* ( AMWC0 = , 0 . 5  ) +Z 1 • AMIJH* ( AMMq, , 0 . 5  ) 
DENON-Z2, (AI~CO, " 0 . 5  )+Z 1 • ( AI4~-I, , 0 . 5  ) 
AJ#J-AMU/DENON 

~ R N  
END 

SUBROUTINE HTCOF ( RAT. DT. DP. G. AMU, ~ ) 

THIS SUBROUTINE CALC. THE HEAT TRNSF. COEFF. 

AWdH" 2 .O 
AJ~CO:28 .0  

HLAMB =B. 82SE-4 
CLANB=g. 679E-5 
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C 

C 

C 

RZ=DF=G/I~IJ 
RI=ZX;(-4.E=DP/DT) 

R3=RAT=(~CO==O.3S3)+(~==0.333) 
GL~=R21R3 

HTW=S.5=(RE=:O.7)=RI=GL~M~/DT 

RST~RN 
END 

SUS~D~TZN~ HEAT(DZLH) 

THZ5 SU~RD~TZNE CALC. THE HEAT 07 REACTZON 

DELH=20.O 

RETURN 
EHD 

S U ~ U T I H ~  FR!CF(EPS,DP,G,A.~,FF) 

THZS SU~UTZNE CALC. THE FRXCTZON FACTOR 

RZ=D~=G/A.~J 
R2=(1.0"EPS)/(EPS==3.0) 

FF=R2=(1.75+(1.50=(1.0-EPS)/RE)) 

R~TU~ 
END 
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