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.This manual describes the use of computer programs that predict the 

performance of methanol synthesis reactors under a set of operating 

conditions. Instructions for their use, sample executions showing the input 

data and the resulting outputs in a tabular form and source code of the 

programs are presented. 

C-I Use of Simulator 

Fixed Bed Reactor Model 

To use the simulator, the user must provide the following information: 

• Feed characteristics 

Temperature (Deg K) 

Pressure (arm) 

Gas composition (mole fractions) 

Volumetric gas veoclty (Nm3/sec) 

• Reactor characteristics 

Length (m) 

Diameter (m) 

Bed void fraction (-) 

Bed number (to indicate which bed is to be designed for a multlbed 

reactor) 

• Catalyst characteristics 

Diameter (m) 

Density (kg/m 3) 

Porosity (-) 

Tortousity (-) 

Therma I conductivity (k J/m-s-K) 
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The above input data are entered via an interactive program FIXED.DAT. 

file called INPUT.DAT is created by this program. Then the nmin program 

FIXED.BED can be executed in a hatch mode. Since the software package 

COLSYS.FOE (Ascher et al., 1981) which is used currently in the Mmthem~tical 

Library at the University of Pittsburgh is used, the program is executed by 

invoking the following comm~nd; 

A 

EX FIXED.BED, MTH: COLSYS.REL 

The output from FIXED.BED is stored in different data files. The 

following is the list of output files created by FIXED.BED and the infor~mtion 

they provide: 

File Neme Content 

OUTPUT.SUM All data supplied by the user, output gas 

composition temperature and gas velocity 

conversions, space time yield 

CONV.PRO Conversion profiles for methanol 

fornmtion and shift reactions. 

COMP.PRO Ces composition profiles in mole 

fractions. 

TEMP.PRG Temperature profile 
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GAS.PRO Ca s flow rate profile 

EFF.PRO Effectiveness factors profiles for 

methanol and shift reactions 

ERATE .PRO Effective reaction rate profiles for the 

reactions. 

The main program for fixed bed reactor model consists of several 

subroutines. The name and the purpose of each are indicated in the following 

list: 

Subroutine Name Purpose 

INPUT Retrieves input data 

DMIX Calculate the mixture diffusion 

coefficients. 

DCOEF Evaluates the binary diffusion 

coefflclents. 

AMASS Evaluates the mass transfer 

coefficients. 

AHEAT Evaluates the heat transfer coefficient. 
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CYGAS Provides heat capacity d~ta. 

VISMIX Evaluates the viscosity of the gas 

mixture. 

ViSGAS Evaluates the viscosity of gas species. 

CONMIX Evaluates the thermml conductivity of gas 

mixture. 

COh~UC Provides the therm~l conductivity of 

methanol synthesis gas mixture. 

FUGA Calculates the fugacitles. 

FUCOEF Calculates the fugacity coefficients. 

REACI Calculates the reaction rates. 

DEN Evaluates the gas density. 

AHEAT Provides heat of reaction data. 

INTER Evaluates the solid phase temperature 

and concentrations for a given surface 

and point conversion. 
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INTER2 Evaluates the concentrations, temperature 

and gas velocity for a given set of 

conversions. 

FSUB Evaluates the dlfferential equatlons. 

DFSUB Evaluates the Jacobian of the 

differential equations. 

GSUB Evaluates the boundary conditions. 

DGSUB Evaluates the partials of the boundary 

conditions. 

SOLUTN Provides an initial solution to the 

differential equation. 

The program can also be used for a multi-bed reactor where intercooling or 

quench type cooling is used. For the latter case the feed conditolns to the 

next bed can be calculated by an interactive package named INTBED.FOR. This 

program uses the output conditions of prior bed and the quench conditions 

(temperature, gas composition and flow rate) and evaluates the feed conditions 

to the next bed. The program FIXED.DAT then has to be executed to provide the 

data for the next execution of FIXED.BED. 

A typical run showing both input and output is given in the following 

pages. Also presented is the execution of INTBED.FOR for a further 

s imu la t Ion. 
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Bubble Column Slurry Reactor Model 

The following infor~tion is needed for the slmulator to be executed: 

, Reactor characteristics 

Diameter (m) 

Length (m) 

. Operating conditiQns 

Feed temperature (K) 

inlet gas flow rate (Nm3/sec) 

Slurry flow rate (m3/sec) 

Inlet gas composition (mole fractions) 

Inlet liquid composition (mole fractions) 

Catalyst loading (% weight) 

• Catalyst properties 

• Density 

Diameter 

Ther~l conductivity 

All the input data are entered via an interactive program SLURRY,DAT. The 

execution of this program creates a dat file named INPUTI.DAT. Once the data 

is supplied the ~in program SLURRY.BED can be executed in a hatch mode. The 

program is executed by involving the command, 

EX SLURRY•BED, MTH; COLSYS.REL 

The output from the SLURRY.BED is stored in different data files• The name 

and the content of these files are indicated in the following llst. 
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File Name Content 

OUTPUT.SUM All data supplied by the User, outlet 

temperature coversions, space time yield. 

CONV.PRO Conversion profiles for methanol and 

shift reactions. 

CONC.GAS Gas phase concentration prof£1es (mole 

fraction). 

CONC.LIQ Liquid phase concentration profiles (in 

kmol/m3). 

DIMCON.PRO Liquid phase dimensionless concentration 

profiles. 

TEMP.PRO Temperature profile. 

CAT.PRO Catalyst concentration profile. 

The m~in program for slurry reactor consists of several subroutines. The 

following list gives the name and the purpose of each. 
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Subroutine N~me Purpose 

IN~FUTI Retrieves the input data. 

LIQ.PRO Provides liquid phase physical 

properties. 

DIFCF Evaluates diffusion coefficients. 

SOLUB Supplies solubility data of the gases. 

CPGAS Provides heat capacity data. 

RHEAT Provides heat of reaction data. 

HOLDUP Evaluates gas holdup, 

MASSTR Evaluates volumetric mass transfer 

coefficients. 

SLUPRO Evaluates slurry physical properties. 

LIQ.DIF Computes the dispersion coefficients in 

the liquid phase. 

SOLDIF 

J 

Computes solid phase diffusion 

coefficient. 
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HEATDF Computes heat dispersion coefficient. 

REACI Evaluates the reaction rates. 

CATCON Evaluates the dimensionless catalyst 

concentration at any axial position. 

CALPRO Used to give an initial solution 

(analytical solution of differential 

equations in the absence of reaction). 

INTER Evaluates the actual liquid 

concentrations with dimensionless ones. 

FSUB Evaluates the differential equations. 

DFSUB Evaluates the Jacobian of the 

differential equations. 

GSUB Evaluates the boundary conditions. 

DGSUB Evaluates the partials of the boundary 

condition. 

SOLUTN Provides an initial solution to the 

differential equations. 

A typical run showing both input and output is given in the following pages. 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

10 

20 

C 

30 

C 

40 

C 

SO 

THIS IS AN INTERACTIVE PROGRAM THAT RECEIVES THE INPUT 
DATA FOR THE SIMULATION OF FIXED-BED METHANOL SYNTHESIS 
REACTOR.THE DATA ARE THEN STORED IN A FILE NAMED 
INPUT.DAT AND USED IN THE SIMULATOR. 

THE USER CAN GET A COMPLETE LIST OF INPUT DATA 
FROM THE FILE NAMED CHECK,DAT 

IMPL IC IT  R E A L = 8 ( A ' H , O - Z )  

DIMENSION Y F ( ? )  

0PEN ( U N I T = 8 , F I L E = ' I N P U T . D A T ' )  
OPEN ( U N I T = 9 , F I L E = ' C H E C K . D A T ' )  

WRITE(06 ,10 )  
FORMAT(/I/,5X,'==========*==''*====•====*'==''=='================' 

= / / , B X , ' S I M U L A T I O N  OF A FIXED-BED ADIABATIC REACTORJ,/ ,SX. 
= ' F O R ' , / , S X ,  
= ' METHANOL 5 Y N T H E S I S ' . / / , S X ,  
= ::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

WRITE(O6.2O) 
FORMAT(SX,'INSTRUCTIONS',///,5X, 

" 'THIS PROGRAM SIMULATES I C I  "S QUENCH TYPE LOW-PRESSUREt, / ,SX, 
• 'F IXED-BED METHANOL SYNTHESIS R E A C T O R . ' , / . B X ,  
* 'ONE'DIMENSZONAL PLUG FLOW MODEL IS USED TO BE A G O O D ' , / , S X ,  
" 'REPRESENTATIVE PICTURE OF THE REACTOR B E H A V I O U R . ' , / , S X ,  
= ' INPUT VARIABLES INCLUDING FEED,REACTOR AND C A T A L Y S T ' , / , S X ,  
= 'CHARACTERISTICS ARE PROVIDED BY THE USER VIA T H I S ' , / , S X ,  
= ' INTERACTIVE PACKAGE.THE SIMULATOR THEN EVALUATES ' , / , 5 X ,  
= 'TEMPERATURE AND CONCENTRATION PROFILES TOGETHER W I T H ' , / , S X ,  
= 'CONVERSIONS,EFFECTIVENESS FACTORS AND THE R E A C T I O N ' , / , S X ,  
= 'RATES FOR EACH CATALYST BED. ' , / / / ,SX ,  
• 'TO RUN THE SIMULATOR ,PLEASE ENTER THE FOLLOWING D A T A ' , / , B X ,  
* ' I N  FREE F O R M A T ' , / / )  

WRITE(06 ,3O)  
WRITE(Og,3O) 
FORMAT(/,5X,'======'====='= FEED CHARACTERISTICS "''''''='''''', 

= / / . S X , ' I N L E T  TEMPERATURE (K)  = ? ' )  
R E A D ( 0 5 , ' )  TF 
WRITE(O$,=)  TF 
WRITE(OB,=)  TF 

W R I T E ( 0 6 , 4 0 )  
W R I T E ( O B , 4 0 )  
F O R I ~ T ( / , S X . ' P R E S S U R E  (ATM) = ? ' )  
R E A D ( 0 5 , * )  P 
W R I T E ( O B , = )  P 
W R I T E ( 0 9 , ' )  P 

WRITE(O6,BO) 
WRITE(OB.SO) 
FORNAT( / .SX . 'GAS C O M P O S I T I O N ' . / . S X ,  

'ENTER THE MOL FRACTIONS. THE SQUENCE I $  : ' , / , S X .  
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C 

EC) 

C 

6~  

C 
C 

?O 

C 

80  

C 

SO 

C 

lCO 

C 

120 

= '1:(:0 2:C02 3:H2 4:CH30H 
READ(O!,=) ( Y ~ ( Z ) , I = I , ? )  
WRZTE(O£,=) ( Y F ( I ) . I = I , ? )  
WRITE(.OS,=) (YF(Z ) ,Z= I ,? )  

5:H20 E:N2 ?:OH4') 

W~ZTE(OI~,E0) 
WRITE(OS,~D) 
FOR~AT(/.SX,'VOLU~TRIC GAS VELOCZTY {N~n:=3/s~=~) = ?') 
REA~(O~,=) Q 
WRITE(OS,=) Q 
W~ZTE(OS,=) Q 

WRITE(C~.S3) 
WRZTE(OS,ES) 
FO~AT(/ ,SX, 'DO YOU W#~',~r TO GET SOLID PHASE CONCEP~TRATIOM/,/,SX, 

= "~M~ TE~gERATURE PROFILES AT EACH POINT ? / , / , S X ,  
= 'Y~S : 1, ~ = O ' )  

READ(O~,=) 
WRITE(CS,=) N."P'] 
WRZTE(OS,'=) 

WRITE(OB,?O) 
WRITE(OS,?O) 
F0~AT(//.SX.'======== REACTOR CHARACTERISTICS ========',//.5X. 

= ' D E M E T E R  (W) : 7 ' )  
READ(O~.=) D 
W~TE(OS.=) D 
W~ZTE(OS.=) D 

WRITE(O~,80) 
WRZTE(OS.80) 
FOR~U~T(SX,'LEP÷C~'TT (M) = ? ' )  
R~AD(OS.=) AL 
WRITE(O~,=) AL 
WRZTE(O~,=) AL 

WRITE(O6,SO) 
W~ITE(C~.SD) 
FOR~AT(SX,'BED VOID FRACTIOH = ? ' )  
READ(O~,=) EE 
WRITE(O$,=) EE 
WRZTE(OS,=) EB 

=X 

WRZTE(C~,IC~) 
N~ZTE(OS,1C>D) 
FOR~]AT(SX,'KU~ZR OF CATALYST BEDS = ? ' , / , S X ,  
' I F  THIS /~T THE FIRST B~D GZVE A I~J~3ZR',/,SX, 
'TO IDZNTZFY THE BED') 
READ(03,=) N 
WR~TE(O~,=) N 
WRITE(OS,=) N 

WRZTE(C~,120) 
WN~TE(OS,120) 
FOR~']AT(//,SX, s======== CATALYST CHARACTERZSTICS=========',//, 

= 5X,'CATALYST DZA.~TER (M) = ? t , / . S X ,  sASSU~ SPHERICAL t )  
READ(OS,=) DP 
WRZTE(OS,=) DP 
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C 

130 

140 

150 

C 

180 

C 

170 

WRZTE(Og,') DP 

WRITE(06,130) 
WRITE(O9.130) 
FORMAT(IOX,'DENSITY (KG/M. .3 )  : ? ' )  
READ(05, , )  DENCAT 
WRZTE(08,,)  DENCAT 
WRZTE(09,=) DENCAT 

WR%TE(06,140) 
WRZTE(OB.140) 
FORMAT(IOX,'POROSZTY = ? ' )  
READ(05, ' )  EP 
WRITE(08,=) EP 
WRZTE(O9,') EP 

WRITE(06,150) 
WRZTE(Og.150) 
FORMAT(IOX,'TORTOUSZTY • ? ' )  
READ(05,*) TOR 
WRITE(08,* )  TOR 
WRITE(Og, ' )  TOR 

WR%TE(06,180) 
WRZTE(09,180) 
FORJ4AT(IOX,'THERMAL CONDUCTIVITY (KO/M-S-K) = ? ' , / ,  

= 1DX,'%F NOT AVA%LABLE ENTER O.O ' )  
READ(OS,*) CONS 
WRZTE(OS,*) CONS 
N R Z T [ ( O i , * )  CONS 

WRZTE(O6,1TO) 
FORMAT(// ,SX, 'END OF DATA ZNPUT . . . .  ' . / / , S X ,  

* '%NPUT DATA ARE STORED IN THE FZLE NAMED ZNPUT.DAT' , / ,SX,  
: 'PLEASE CHECK YOUR DATA FROM THE FZLE bLAMED CHECK.DAT' / / ,SX,  
: 'THE SZMULATOR FIXED.BED CAN NOW BE EXECUTED',/,SX, 
= '%F YOU HAVE ANOTHER BED . PLEASE REMEMBER TO USE ' , / , S X ,  
- '%NTERACTIVE PROGRAM ZNTBED.FOR WZTH THE DUTPUT' . / ,SX,  
* 'OF THIS RUN TO CALCULATE THE FEED CONDZT%ONS TO N E X T ' , / , S X ,  
* 'BED. THEN YOU CAN PREPARE INPUT DATA BY USING T H I S ' , / , S X ,  
, 'PROGRAM AFTERWARDS') 

STOP 
END 
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I-C-3 Sample Run Showing Interactive Input 
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~WWWWWWWWW*W*WWWW*WWWWWWWWWWWWWWWWW*WWWWW~*@WWWWWW 

SIMULATION OF A FIXED-BED ADIABATIC REACTOR 
FOR 

METHANOL SYNTHESIS 

INSTRUCTIONS 

THIS PROGRAM SIMULATES ICI "S QUENCH TYPE LOW-PRESSURE 
FIXED-BED METHANOL SYNTHESIS REACTOR. 

0NE-DIMENSIONAL PLUG FLOW MODEL IS USED TO BE A GOOD 
REPRESENTATIVE PICTURE OF THE REACTOR BEHAVIOUR. 
INPUT VARIABLES INCLUDING FEED,REACTOR AND CATALYST 
CHARACTERISTICS ARE PROVIDED BY THE USER VIA THIS 
INTERACTIVE PACKAGE.THE SIMULATOR THEN EVALUATES 
TEMPERATURE AND CONCENTRATION PROFILES TOGETHER WITH 
CONVERSIONS,EFFECTIVENESS FACTORS AND THE REACTION 
RATES FOR EACH CATALYST BED. 

TO RUN THE SIMULATOR ,PLEASE ENTER THE FOLLOWING DATA 
IN FREE FORMAT 

**~******~*** FEED CHARACTERISTICS ************* 

INLET TEMPERATURE (K) " ? 
>470. 

PRESSURE (ATM) - ~ 

>80, 

GAS COMPOSITION 
ENTER THE MOL FRACTIONS. THE SQUENCE IS : 
I:C0 2:C02 3:H2 4:CH30H 5:H20 6:N2 7:CH4 
>0.25 0.1 0.5 0.0 0.0 0.01 0.14 

VOLUMETRIC GAS VELOCITY (Nm**3/sec) " 
>58.437 

DO YOU WANT TO GET SOLID PHASE CONCENTRATION 
AND TEMPERATURE PROFILES AT EACH POINT ? 
YES = I, NO = 0 

>I 

******** REACTOR CHARACTERISTICS * * * * * * * *  

DIAMETER (M)= ~ 
>2.0 
LENGHT (M) - ? 

>0.8 
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BED V01D FRACTION = ? 

>0.4 
NUMBER OF CATALYST BEDS = ? 

IF THIS NOT THE FIRST BED GIVE A NUMBER 
TO IDENTIFY THE BED 
>i 

******** CATALYST CHARACTERISTICS ********* 

CATALYST DIAMETER (M) = ? 
ASSUME SPHERICAL 
>0.005 

DENSITY (KG/M**3) = ? 
>1980. 

POROSITY = ? 
>0.3 

TORTOUSITY = ? 

>7.0 
THERMAL CONDUCTIVITY (KJ/M-S-K) = ? 
IF NOT AVAILabLE ENTER 0.0 

>0.00418 

END OF DATA INPUT .... 

INPUT DATA ARE STORED IN THE FILE NAMED INPUT.DAY 

PLEASE CHECK YOUR DATA FROM THE FILE NAMED CHECK.DAY 

THE SIMULATOR FIXED.BED CAN NOW BE EXECUTED 
IF YOU HAVE ANOTHER BED , PLEASE REMEMBER TO USE 
INTERACTIVE PROGRAM INTBED.FOR WITH THE OUTPUT 
OF THIS RUN T0 CALCULATE THE FEED CONDITIONS TO NEXT 
BED. THEN YOU CAN PREPARE INPUT DATA BY USING THIS 
PROGR~M AFTERW~ADS 
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I-C-4 Program Listing - FIXED BED 
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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 
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 
C 
C 

~AIH FRDGR~N FOR THE $INULATION 0F FIXED-BED 
METHA~0L SYHTHESIS REACTOR. 

T ~ I $  PRD~R~ SIMULATES AH ADIABATIC FIXED BED REACTOR FOR 
~THAHDL" $YHTHES!S. 

CONVERSION, TENPERATURE, CONCENTRATION, REACTION RATE 
FRD~ILES ANZ CALCULATED FON A SET OF DESIGN ~ND OPERATIHO 
COnDITiONS, ALTHDUOH TH~ PRDGR~ IS WRITTEN FOR 
LOW-PRESSURE SYHTHSSIS A~D NON~AhLY E~PLDYS A KIHETIC 
RATE EXPNZSSIOH O~TAINED FOR A Cu/Zn/Cr2O3 CATALYST 
( U n i t e d  C a I a l y s t  T-2370)  THE USER C/~H ACCO~0DATE HIS 
O ~  KINETIC DATA BY UPDATING THE SUBROUTINE REAC1. 
THE SU~NDUTZNE FUGA CA~ BE USED TO CALCULATE THE FUGACITZES 
WHEN HEEDED FOR THE RATE EXPRESSZONS. 

VARIABLE LIST 

AL :REACTOR LEHGTH (m) 
AHU :NUSSELT leJ~ER ( - )  
CATDEN,DENCAT :CATALYST DENSITY (kg/m==3) 
CG :GAS PHASE CONCENTRATION (km~I/m==3) 
C~ :GAS PHASE FEED CONCENTRATION (kmol /m==3) 
CO~0 : ~ S  PHASE CONCENTRATZ0~ ( k n ~ l / B = = 3 )  
CONS,TCON$ :THErmAL CONDUCTIVITY OF THE PELLET ( kd /m-s -K )  
CONV :CONVERSIOHS 

1 :METHANOL REACTION 
2 :SHIFT REACTION 

DE :EFFECTIVE DIFFUSZVITY (m==2/sec) 
DR :REACTOR DIamETER (m) 
DP,D~AN :PELLET DZANETER (m) 
EE :BED V0ZD FRACTION ( - )  
EP :PELLET POROSITY ( - )  
FACEF :OVERALL EFFECTIVENESS FACTOR 

1 :METH~DLREACTIOH 
2 :SHIFT REACTION 

N ~  : ! ~  VECTOR FOR COMPONENTS 
N$ :BED h ~ R  
N~ :CONTROL VA~Z/~LE 

1 :SOLID PHASE PROFILES REQUIRED 
O :NOT R~QUZRED 

F,PT :P~ESSUR~ (a im)  
Q,QFG :G~S VOLUMETRIC FLOW RATE ( ! ~ = = 3 / s ~ c )  
RZF~ :EFFECTIVE REACTION RATE 

1 :~ETH.~.~L REACTIOH 
2 :SHIFT REACTION 

TG :TEMPERATURE (K) 
TF :FEED TENPERATURE (K) 
TE :DImEnSIONLESS TEMPERATURE ( - )  
TO :OUTLET TEMPERATURE (K) 
TaR :TD~TUOSZTY ( - )  
SH :$HER~00D I£U~ER ( - )  
STY :SPACE TZ~E YIELD ( 1~==3 gas c o n v e r I e d / k g  Ca¢-h~)  
UZ :DZ~EHSIOHLESS GAS VELOCITY ( - )  

I-C-21 



C 

C 

C 

C 

C 

10 

C 
C 

25 

30 

40 

50 

55 

UF :SUPERFICIAL GAS VELOCITY (m/sec) 
WHSV :WEIGHT HOURLY SPACE VELOCITY (Nm*.3/kg Cat-hP)  
Y :GAS PHASE CONCENTRATION (mole f r a c t t o n )  
YF :FEED GAS MOLE FRACTIONS 
YS1,YS2 :PELLET SURFACE CONCENTRATIONS FOR METHANOL AND C02 

IMPLICIT REALsB(A'H,0-Z) 

COMMON/PAR1/TF,PT,YF(?),Q,NN 
COMMON/PAR2/DR,EB,NB,AL 
COMMON/PAR3/DPAR,CATDEN,EP,TOR,TCONS 
COMMON/PAR4/DP,CONS,SH(?),ANU.YS1,YS2,P,TG,CG(?),DE(?),DENCAT 
COMMON/PARg/CF(?),X(ll),UZ(ll),TB(I1],CONV(2,11) 
COMMON/PAR1O/CONG(?,ll),REFF(2,11),FACEF(2,11) 
DIMENSION NAME(7),Y(?) 

DATA NAME/' CO ' . '  CO2 ' , '  H2 " . 'CH3OH' , "  H2D ' , '  N2 " , '  CH4 " /  

0PEN 
0PEN 
0PEN (UNIT=21 
0PEN (UNIT=22 
OPEN (UNIT=23 
OPEN (UNIT '24 
OPEN (UNIT-2§ 
OPEN (UNIT=26 

(UNIT=8,FILE=' INPUT.DAT ' ) 
(UNIT=20 FILE' '0UTPUT.SUM') 

FILE'ICONV.PR0 ' ) 
FILE' 'COMP.PR0')  
F ILE ' 'TEMP.PR0 ' )  
FILE='GAS.PRO') 
FILE='EFF.PRO')  
FILE' 'ERATE.PRO')  

CALL INPUT 

DP=DPAR 
P'PT 
DENCAT'CATDEN 
CONS'TCONS 
N'NB 
DF:EP/TOR 

S : 3 . 1 4 1 8 / 4 . ' D R = = 2 .  

UF=Q*TF/P/2?3.2/S 

WRITE(20,10) 
FORMAT(///.IOX.'''=''''=''''='''='=''*'''=='=''*'',',,=,=',=,,,=='. 

= / / ,14X, 'S IMULATION OF A FIXED-BED ADIABATIC REACTOR', / / , IOX. 
= ' F O R ' , / / , I O X ,  
• ' METHANOL SYNTHESZS', / / ,10X, 
i i~Isstss~smt~smtss~ssssszz~ss,sslzs,zlzlsssszsss1°//) 

WRITE(20,25) 
FORMAT(/,SX0'SUMMARY OF THE INPUT D A T A 1 , / / / )  
MRITE(20.30)  TF 
F O R M A T ( S X , ' , = = - : , . . : . . . , ,  FEED CHARACTERISTICS = , = . , . = , = . . = . ' ,  

= / / , 1 O X , ' I N L E T  TEMPERATURE = ' , F I O . S , '  Deg. K ~) 
WRITE(2O,40) PT 
FORMAT(/,1OX,'PRESSURE = / , F 1 0 . 5 0 '  arm ' )  
WRITE(2O,50) 
FORMAT(/,1OX,,GAS COMPOSITION',/ . IOX, 

• ' C o f q ) o n e n t ' , 3 X , , M o l e  f r a c t i o n ,  / . l O X , 9 ( , . , ) , 3 X . 1 3 ( , . , ) )  
WRITE(20,55) ( N A M E ( I ) , Y F ( I ) , I = I , 7 )  
FORNAT(12X,AS.TX,FIO.5) 
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EO FORMAT(/,IO×,'VOLU~TRZC GAS VELOCZTY = ' ,D12 .5 ,  
= ' N,m==3/SSC') 

WR~TE(20,ES) UF 
E5 FOR:~T(/,IOX,'SUPERFZC~AL GAS VELOCITY = ' , F l O . 5 , '  m/see •)  

~RZTE(20,TO) DR 
?O FORMAT(//,SX, ~======== REACTOR CHARACTERZSTZCS = = = = = = = ~ ' , / / , I O X ,  

= 'DZ~ETER = ' , F 1 0 . 5 , '  m' )  
~RZTE(20,80) AL 

EO FOR~AT(/,IOX,'LENGTH = ' , F 1 0 . 5 , '  B ' )  
~RZTE(20,SO) EB 

SO FOR~AT(IOX,•BED VOZD FRACTZOH = ~ ,F10 .5 )  
ZF(N~.EQ.O) ~ = 1  
~RZTE(20,100) N~ 
FDR~AT(IOX,'B~D NU~3ER = ' , Z 2 )  

C 

120 

130 

14~ 

C 

150 

C 

C 
C 

33 

C 

C 

IS0 
C 

IS0 
C 

C 

170 

C 

~RZTE(20,120) DPAR 
FORM~T(//,EX,'======== CATALYST CHARACTERZSTZCS =========• , / / ,  

10×.'CATALYST DZA~H~TER = ' , F 1 0 . 5 ,  • m •)  
W~ZTE(20,1~O) CATDE~ 
FOR~AT(1SX tDEHSZTY = • FlO.5,  t(Ks/m==3) t )  
~RZTE(20,140) EP 
FOR~AT(1S~,'PDRDSZTY = ' , F 1 0 . 5 )  
~RZTE(20,150) TOR 
FORMAT(lSX,•TORTOUSZTY = • ,F10 .5 )  

ZF(TCOMS.EQ.O.) TCO~S=4.15D-03 
~RZTE(20,1SO) TCO~S 
FORMAT(10×,'THE~AL CONDUCTZVZTY = • 

= F 1 0 . 5 , "  KU/m-S~¢-K' )  

QFG=Q 

R = . 0 8 2  
CO=~/R/TF 
DO 33 Z= I , ?  
CF(I)=YF(Z)=CO 
N~ED=H5 
ALEH=AL 

CALL BEDCAL(N~ED,TF,UF,h~,ALEN,Ea,DF) 

AHCAT=S=ALEH=(1.-EB)=D~AT 
ICHSV=Q~G=35CO./AWCAT 
STY=Q~G=YF(1)=COHV(1,11)=33DO./AHCAT 

CTOT=O. 
DO 180 Z=1,? 
CTOT=CTOT+CO~G(Z,11) 

DO 190 Z= I ,?  
Y(Z)=CO~(Z ,11) /CTOT 

TO=TF=( I .+TE(11) )  

~RZTE(20,1?O) TO 
FORMAT(//,SX,'SU~'~.,~ARY OF THE OUTPUT D A T A t , / / / , 1 O X ,  

'=  'OUTPUT TE~PERATUR~ = ' , F 1 0 . 5 , '  D '~ .  K ' )  
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C 

200 

C 

C 

300 

C 

400 

C 

410 

C 

420 

C 

430 

C 

440 

C 

450 

C 
C 

500 
C 

WRITE(20,40) 
WRITE(20,SO) 
WRITE(20,55) 

P 

(NAME(I)  , Y ( I  ) . I = 1 , ? )  

CONVl 'CONV(1,11)-CONV(2,11) 
CONV2mCONV(2,11) 
CONNO'CONV(1,11) 
WRITE(20,200) CONV1,VONV2,CONV0 
FORMAT(/.IOX,'CONVERSION 1 • ',EIO.S,/,IOX,'CONVERSZON 2 

E 1 0 . § , / , I O X , ' 0 V E R A L L  CONV. • ' , E 1 0 . 5 )  
Z / 

p 

QFOUT,QFG*UZ(11) 
WRITE(20,80) QFOUT 

WRITE(20,300) WHSV,STY 
FORMAT(///,SX,'SPACE VELOCITY • 

5X,'SPACE TIME YIELD • ' , E 1 2 . 5 , '  
' , E 1 2 . 5 , '  tem==3/kg-hr',/, 
NM.,3 Gms C o n v e r t e d / k g - h r ' )  

WRITE(21.4OO) 
FORMAT(//,15X,'LENGTH',/,SX,'DIMENSIONLESS,,3X ,ACTUAL (m) 

• 5X,'CONVERSION I ' ,3X, 'CONVERSION 2 ' .3X , ' 0VERALL  CONV.' 
• /,SX,12('*'),3X,12('='),2X,3(3X.12('*'))) 

/ 

P 

WRITE(22,410) ( N A M E ( I ) , I = I , ? )  
FORMAT(//,15X,'LENGTH',35X.,GAS PHASE MOLE FRACTIONS', / ,  

• 3X, 'DIMENSIONLESS',2X, 'ACTUAL (m) ' , ? ( S X , A S ) , / , 5 X ,  
• 10( '=') ,3X, lO( ' . ' ) ,2X,7(3X,  lO( ,=, ) ) )  

WRITE(23,420) 
FORMAT(//,1SX,'LENGTH',24X,'TEMPERATURE,,/,SX,,DIMENSIONLESS,, 

= 3X,'ACTUAL (m) ',SX,'DIMENSIONLESS',3X.'ACTUAL (K) ' , / ,  
• 5X,12('*'),3X,12('e'),BX,12('s,),3X,12(,=,)) 

WRITE(24,430) 
FORMAT(//,14X,'LENGTH',20X,'GAS FLOW RATE ',/,SX,'DIMENSIONLESS', 

= 3X,'ACTUAL (m) ',SX,'DIMENSIONLESS',3X,'ACTUAL (m /s ) ' , / ,  
= 5X,12(,s,),3X,12(,s,),SX,12(,.,),3X,12(,,,)) 

WRITE(25,440) 
FORMAT(//,14X,'LENGTH',/,SX,'DIMENSIONLESS',3X,'ACTUAL (m) 

* 5X,'EFF.FACTOR I~,3X, 'EFF.FACTOR 2 ' , / , S X , 1 2 ( ' . ' ) , 3 X , 1 2 ( ' . ' ) .  
. 2 X . 2 ( 3 X , 1 2 ( ' , ' ) ) )  

I 
J 

WRITE(28,450) 
FORMAT(//,14X,'LENGTH',/,BX,'DIMENSIONLESS, 3X,,ACTUAL (m) 

• 'EFF. RATE I ' , 3 X , ' E F F .  RATE 2" , / ,SX,12( ' . ' ) , 3X ,12( ,s , ) ,2X ,  
t 2 ( 3 X , 1 2 ( ' . , ) ) )  

I 
t 

DO 460 I ' 1 , 1 1  
AXzX( I ) 'AL  

CONY1 =CONV( I .  I ) -CONV ( 2, I ) 
CONV2 =CONV ( 2, Z ) 
CONV0:CONV( 1, I ) 
WRZTE(21,SOO) X(Z),AX,CONVl,CONV2,CONVO 
FORMAT(SX, F 12. S, 3X, F 12 .5 .5X,  E 12 .5 .3X,  E 12 .5 ,3X,  E12.5)  

CTOT = O. 
DO 510 0=1,? 
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510 

520 

530 
C 

540 
C 

5~0 
C 

C 

5EO 

C 
4~0 

C 
C 
C 

C 
C 
C 
C 
C 

CTOT=CTOT~COMG(d,Z) 
DO 520 0=1,7 
Y(O)=C0~(d ,Z) /CTOT 
WRZTE(22,530) X ( I ) , A X , ( Y ( O ) , d = I , 7 )  
FO~H.~T(SX,FIO.5,3X,FIO.5,2X,7(3X,EIO.5)) 

TE~3=TF=(1.+TB(Z)) 
W~ZTE(23,540) X (Z ) ,AX,T~(Z) ,TE~p  
FOR~.~T(SX,F12.5,3X,F12.5,SX,E12.E,3X,E12.5) 

UGAS=UZCZ)=UF 
NRZTE(24,550) X(Z),AX,UZ(Z),UGAS 
FG~T~T(SX,F12.5 ,3X,F12 .5 ,SX,  E 1 2 . S , 3 ~ , F 1 2 . 5 )  

ZF(Z.EG.1)  C-O TO 4SO 

~ZTE(2Z.E3D)  X(Z) ,AX,FACEF(1,Z) ,FACEF(2,Z)  
FOR;~T(SX,F12.5,3X,FI2.5,SX,E12.5,3X,E12.5) 
NRZTE(2~,550) X(Z) ,AX,RZFF(1 ,Z ) ,REFF(2 ,Z )  

CO;'¢T'Zh~E 
STO~ 
END 

========================================================= 

SU~D~TZN~ ZHPUT 

THZ$ 5U~DUTZH~ P~0VZDZ$ TH~ Z~PUT DATA TO THE FZXED-BZD 
~ T P ~ L  SY,'CTH~SZS R~ACTGN $Z~LATOR. 

Z~LZCZT REAL=$(A-H,O-Z) 
ZHTEG~R N ~ , ~  

CO;~;~H/FA~1/TF,PT,YF(?),Q,I~H 
CO~OH/PA~2/DR,EE,H~,AL 
C0~NOH/PA~3/D~A~,CATD~H,EP,TON,TCO~ 

OPEH (UNZT=E,FZLE='ZHPUT.DAT t ) 

READ(O~, = ) TF 
R-~AD(O~, =) FT 
R~ ~J~ (G~, =) (YFCZ), Z=I , '7)  

R'.~.D(D~, = ) h.,~ 
RZAD (' DE, = ) D~. 
RZA.D(D~,, = ) AL 
RT.AD (0;~, = ) E~ 

READ(OS, = ) D~AR 
R~AD(O3, =) CATD~H 
R~=AD( Og, =) EP 
R~-AD ( Og, = ) T0R 
R~AO(O~, =) TCOHS 
R~TiJR~ 
EHD 
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C 
C 

C 
C 

C 
C 
C 
C 

C 

43 
C 

45 
C 

10 

30 
C 
C 
C 

SUBROUTZNE BEDCAL(NBED,TF,UF,NN,ALEN,EB,DF) 

SUB PROGRAM FOR FZXED-BED METHANOL SYNTHESZS REACTOR 
SZMULATZON 

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

COMMON/PAR4/I)P,CONS,SH(T),AMJ,YSI,YS2,P,TG,CG(T),DE(T),DENCAT 
COMMON/PARS/FSPACE(SOOO),ZETA(4),TOL(4),Z(4) 
COMMON/PARB/ZSPACE(2SO),M(2),ZPAR(ll),LTOL(4) 
COI411X)N/PART/RATE(2),YG(T),C(7),Y(7),NAME(?),FLUX(?) 
COMMON/PARS/EFFR(2),EFAC(2),CONT(2) 

COMMON/PARB/CF(7),X(11),UZ(11),TB(11),CONV(2.11) 
COMMON/PAR10/CONG(?,ll),REFF(2,11),FACEF(2,11) 
DZMENSZON D ( 7 ) , Y F ( ? )  

DATA NAME/' CO ' , '  C 0 2 ' , '  H2 ' , ' C H 3 O H ' , '  H20 ' , '  N2 ' ' CH4 ' /  

CO'O. 
DO 43 Z ' I , T  
C0"CO÷CF(Z) 

DO 45 Z ' l , ?  
YF(Z)sCF(Z) /CO 

RA=DP/2. 
AL'ALEN 

M(1 ) -2  
N ( 2 ) - 2  
Z E T A ( I ) . 0 .  
ZETA(2)=O. 
ZETA(3 ) ,1 .  
ZETA(4 ) .1 .  
DO 10 I=1 ,11  
I p A R ( I ) ' O  
ZPAR(1)I1 
I P A R ( 4 ) ' 2  
IPAR(S)'SOCO 
ZPAR(8) '2S0 
ZPAR(?) - I  
ZPAR(9)=I 

DO 30 I . 1 , 2  
L T O L ( I ) . I * 2  
T O L ( I ) - I . E - 0 4  

ZNZTZATION 

CONV( 1 , 1 ) ' 0 .  
CONV( 2 , 1 ) = 0 .  
UZ( 1 ) : 1 .  
TB( 1 ) 'O .  
X( 1 ) ' 0 .  
DO 35 ][=1,7 
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,35 

C 
C 
C' 

70 

20 

11 

50 

14 

C 

7~ 

C 
C 

80 

C~;~;(Z,1)=CF(Z) 
dd=O 

CALCULATZO~$ 

N=11 
DELZ=I . / (N-1 .  ) 
DO EO "rd=2,N 
,J=O 

K:Zd-1 
X(Zd) =~<=D~LZ 
XA=CG~t( 1 ,K) 
X5=C.~;~'(2, K) 
TEST= 1.05= (TE(K)+I . ) :=TF 
COHT i;'=lJ~ 
CALL ZHTER2 (TF, UF, CF, TEST, XA, XS, TG, CG, U) 
d=d+l 
CTOT=O. 
DO 20 i = 1 , 7  
CTOT =CTOT+CG ( Z ) 
DO 11 1'=1,7 
YG( I ) =CG( Z )/CTOT 
CALL D~;~(P, TG, YG, DF.;~G) 
G=U=DEF~G 
CALL C~=GAS ( O, YG, TG, H~ATCP, CP;~SS, CO,~1' ) 
CALL VZS~ZX(TG, YG, VZS¢O) 
CALL D~ZX( 1,TG, P, YG, FLUX, D) 
DO 50 Z :1 ,7  
DE (Z )  =D~=D( Z ) 
CALL GO~U¢(YG ,TG, CO,'~GAS ) 
CALL AH~AT (G, VZ SC~, D~.HG, CP,'~SS, ¢0;~C~S, UP, ES, COH'~AT) 
AFJU =COHEAT =R~/CO,~G~ 
CALL A.~J.=,.5S ( 7, G, D, E~, D~, VZSCO, DZ~-~.G, SH ) 
DO 14 I=1,7 
SHC Z ) =SH{ Z ) =P~/DT. ( Z ) 
KK= 1 
ZF(dd. EQ.O) KK=O 
CALL ER~,TE(I~,F..~I ) 
d d : l  

A V = S , = ( 1 . - E B ) / D P  
A V = A V / 3 . 1 4 1 8 / D ~ : = 2 .  
GRATI=AV=EFFR(I) 
GR~T2:AV:~FFR(2) 
I F ( d . N ~ . I )  GO TO 73 
R~F(1,Z~)=GR~T1 
REF~(2,Zd)=GP~T2 
FACEF(1,Z~)=EFAC(1) 
FACEF(2,Z~)=~FAC(2) 
N'HI=O 
GR~TI=GRATI*AL:D~LZ/UF/CF(1) 
GRAT2=GR~,T2=AL:DZLZ/UF/CF(1) 

GO TO (80,SO,1CO,110),,J 
A.'<O =G~T 1 
A.~O =CRY, T2 
XA=CO;~V ( 1, K ) +-~'<0/2 • 
Xm =CO;~] ( 2 ,  K) + ",~,0/2. 
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SO 

100 

110 

C 

200 
80 
C 
C 

C 
C 

C 

C 

10 

20 
C 
C 

GO TO 70 
AKI:GRATI 
ANI=GRAT2 
XA:CONV(I ,K)+AK1/2.  
XB-CONV(2,K)÷AN1/2. 
GO TO 70 
AK2=GRAT1 
A/42=GRAT2 
XAzCONV(1,K)+AK2 
XB-CONV(2,K)+AN2 
GO TO 70 
AK3=GRATI 
AN3zGRAT2 

CONV(1,Zd).CONV(1,K)+(AKO+2.*AKI+2.=AK2+AK3)/6. 
CONV(2,ZO)zCONV(2,K)+(ANO+2.*ANl+2..AN2+AJ43)/6. 
XAmCONV(1,Zd) 
XB-CONV(2,Zd) 

CALL ZNTER2(TF,UF,CF,TEST,XA,XB,TG,CG,U) 

UZ(Zd)-U/UF 
T B ( Z d ) - ( T G - T F ) / T F  
IX) 200 Z - l , ?  
CONG( Z, TO)-CG(Z ) 
CONTZNUE 

RETURN 
END 

SUBROUTZ NE ERATE (KK, NN) 

CALCULATES THE EFFECTZVE REACTZON RATES BY THE SOLUTZON 
OF SOLZD PHASE DZFFERENTZAL EQUATZONS. 

ZMPL|CZT REAL*8(A-H,0 -Z)  
COI4#ON/PAR4/DP,CONS,SH(7),ANU,YS1,YS2,P,TG,CG(?),DE(7),DENCAT 
COlfMON/PARS/FSPACE(SOOO),ZETA(4),TOL(4),Z(4) 
COI4140N/PARB/ZSPACE(2SO),N(2),ZPAR(ll),LTOL(4) 
COl4MON/PAR7/RATE(2),YG(?),C(?),Y(?),NANE(7),FLUX(7) 
COW4ON/PARa/EFFR(2),EFAC(2),CONT(2) 
EXTERNAL FSUB,DFSUB,GSUB,DGSUB,SOLUTN 

R ' .  082 

ZF(TG.GT.4SO.) GO TO 10 
NZsl 
GO TO 20 
ZF(KK.NE.O) GO TO 120 
NZ" ( T G ' 4 S O . ) / 5 . + 1  
TG.450. 
CONTZNUE 
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C 

C 

C 
120 
C 

701 

E7 

C 

C 

C 

C 

99 
C 

13 
40 
C 
.=0 

C 

C 

C 

C 

30 
C 
C 

DO 777 IdK=I,N! 

IF( IOK,EQ.1)  GO TO 701 
TG:TG+5. 

C~P~'IF, U~ 

IPAR(S):3 
IF,~(3)=IS~ACE(1)  

CALL COLSYS(2,M,O.,1.,ZETA,IPAR,LTOL,TOL, 
FIXPh'T,ISPACE,FSPACE,IFLAG,FSUB,DFSUB,GSUB,I~SU~, 
SGLUT~) 

IF(NH. EQ.O) (~ TO 50 
W~ITE(20,ET)TG,P 
FO~AT( / / ,SX , ' TE~RATUR~  = ' , F I O . 4 , / , S X ,  SF~ZSSUR5 = 
WRITE(20,E7)(N~M~(1),I=I,5) 
F~R~AT( / / ,SX, '  X ' , 5 ( T X . A S ) , 2 X , "  SLOPE 1 

'SLOPE 2',SX,'TEMPIRATURZ(K)',/.SX,9(IO(/=,),2X)) 

X=O. 
DO 40 I=1,11 
CALL APPSLH(X,Z,FSPACE,ISPACE) 
Y1=Z(1) 
Y2=Z(3) 

CALL ZNTER(TG,CG,COHS,YS1,YS2,Y1,Y2,SH,/~-~,DZ,C,T) 

CO=O. 
DO 8S I H : I , 7  
CO:CO+C(IH) 

I~  SS ZH=I,7 
Y(IH)=C(ZH)/CO 

WRITE(20,13)X,(Y(Zd),Id=1,5),Z(2),Z(4),T 
FORMAT(SX,S(EIO.3,2X),/) 
X=X+.I 

CALL A~SLN(1.,Z,FSPACE,ZSPACE) 
SLO~ZI=Z(2) 
SLO~Z2=Z(4) 

£F~R(2)=-4.=3.1416=D~(2)=CG(1)=SLO~Z2=PJ~ 

ZF(E~R(1 ) ,LT .O . )  EFFR(1)=I.D-IO 
ZF(EFFR(2).LT.O.)  EF~R(2)=I .D-IO 

CALL R~ACI(TG,CG,RATE) 

DO 30 Z=1,2 
RATE( I )=RATE( I )=D~AT 

t 

EFAC(1)=-3.:D~(4)=CG(1)=SLOPZI/RATE(1)/RA::2. 
EFAC(2)=-3.=D~(2)=CG(1)=SLOPZ2/RATE(2)/RA==2. 

' , F I 0 . 4 )  

~,2X, 
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33 

C 
777 

10 
C 

C 

20 
C 

10 

ZF(NN.EQ.O) GO TO 777 
WRZTE(20,33) EFFR(1),EFFR(2),EFAC(1),EFAC(2) 
FORMAT(/ / ,5X, 'EFF RATE 1 = ' , E 1 0 . 4 , / , S X , ' E F F  RATE 2 

* E 1 0 . 4 , / , S X , ' E F F 1  = ' ,E IO.4 , / ,SX, 'EFF2 = ' , E 1 0 . 4 )  

CONTINUE 
RETURN 
END 

= P 

SUBROUTZNE FSUB(X,Z,F) 
ZMPLZCZT REAL,B(A-H,0-Z)  
COMMON/PAR4/DP,CON$,SH(7),ANU,YSI,YS2,P,TG,CG(?),DE(7),DENCAT 
DZMENSZON RATE(2) 
DZMENSZON Z ( 4 ) , C ( ? ) , F ( 2 )  

Y I : Z ( 1 )  
Y2 :Z(3 )  
RA=DP/2. 
ZF(X.NE.1 . )  GO TO 10 
Y$1"Y1 
YS2=Y2 
CALL ZNTER(TG,CG,CONS,YSI,YS2,YI,Y2,SH,ANU,DEoC,T) 

CALL REACI(T,C,RATE) 

DO 20 Z=1,2 
RATE(Z)=RATE(Z)*DENCAT 

A = R A ' * 2 . / C G ( 1 ) / D E ( 4 )  
B : R A ' ' 2 . / D E ( 2 ) / C G ( 1 )  
F ( 1 ) : ' R A T E ( 1 ) * A - 2 . / X = Z ( 2 )  
F ( 2 ) : ' R A T E ~ 2 ) * B ' 2 . / X ' Z ( 4 )  
RETURN 
END 

SUBROUTZNE DFSUB(X,Z,DF) 
ZMPLZCZT REAL, i (AoH,O-Z)  
COkE~ON/PAR4/DP,CONS.SH(?),ANU.YS1,YS2,P.TG,CG(?),DE(?),DENCAT 
DZMENSZON Z(4) ,DF(2.4) .WORKI(2) ,WORK2(2)  

EP$ ' I .D-O7 
DO 10 d , 1 , 4  
Z ( J ) ' Z ( d ) + E P $  
CALL FSUB(X,Z,i#ORKI) 
Z ( J ) = Z ( J ) - 2 . ' E P S  
CALL FSUB(X,Z,14ORK2) 
Z (J ) :Z (J )+EPS 
DO 10 Z=1,2 
DF(Z.d)=(WORKI(Z)-klORK2(Z))*.5/EP$ 
CONT;NUE 
RETURN 
END 
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10 

1 

2 

3 

4 

C 
C 
C 

C 
C 

$U~RDUTZNE GSUB(Z,Z,G) 
ZMPLZCZT REAL=8(A-H,O-Z) 
CO~OH/PA~4/D~,CONS,SH(7),ANU,YSI,YS2,P,TG,CG(7),DE(7),D~NCAT 
DZ~EHSZON Z(4) 
GO T 0 ( 1 , 2 , 3 , 4 ) , I  
G=Z(2 )  
RETURN 
G=Z(4) 
RETURN 
G=Z(2)+SH(a)=Z(1) 
YSI=Z(1) 
RETURN 
G=Z(4)+SH(2)=Z(3) 
YS2=Z(3) 
RETURN 
END 

SU~ROUTZNE DGSU~(I,Z,DG) 
IMPLICIT REAL=8(A-H,0-Z) 
COM~N/FAR4/DP,CONS,SH(7),ANU,YS1,YS2,P,TG,CG(7),DE(7),DENCAT 
DZ~NSZON Z(4),DG(4) 
DO 10 d=1,4 
DG(O)=O.DO0 
GO T 0 ( I , 2 , 3 , 4 ) , Z  
DG(2)=I.DOO 
RETURN 
DG(4)=I.DO0 
RETU~ 
DG(1)=SH(4) 
DG(2)=I.DO0 
RZTUF~N 
DG(3)=SH(2) 
DG(4)=I.DO0 
RETURN 
EHD 

SU~ROUTZNZ $0LUTN(X,Z,~VAL) 
ZM~LZCZT R~AL=8(A-H,O-Z) 
D2~NSZSN Z(4),D~]AL(2) 
I~VAL(1)=O. 
D~ZAL(2)=I. 
Z(1)=O.DOO 
Z(2)~O.DO0 
Z(3)=O.DO0 
Z ( 4 ) = O . D 0 0  
RETURN 
E~D 

SUB~0UTZNE REACt (T,C, RATE) 

CALC.,ULAT~S THe: REACTZON RATES BY BERTY'S EQUATZONS 
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C ¸ 

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

C 

31 
30 

T :TEMPERATURE ( K )  

C :CONCENTRATION (kmo l /m**3 )  
1 :CO 2 :CO2 3 :H2 4 :CH30H 

RATE :REACTZON RATE kmol/kg-SEC 
1 :METHANOL REACTION 
2 :SHIFT REACTION 

IMPLICIT REAL=8(A-H,O-Z) 
DIMENSION C(?) ,RATE(2)  

R ' . 0 8 2  

AKK1,3.27D-11,EXP(l16?8./T)*(R,T),*2 
A K K 2 : l . l ? D + O 2 * E X P ( - 4 8 2 ? . / T )  
A K l : 3 g . 1 4 4 : E X P ( ' ? 4 8 8 . ? / T )  
A K 2 = . O I 1 8 9 = E X P ( - S O 6 8 . 4 / T )  

5 : H 2 O  

RATE(1)=AKI*(C(3)-C(4)/(AKK1,C(3)*C(1))) 
RATE(2)=AK2=(C(3)-C(1)*C(S)/(AKK2=C(2))) 

RETURN 
END 

. . . . . . . . .  . _ . . .  . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . .  

SUBROUTINE DMZX(KC,T,P,Y,FLUX,D) 

MIXTURE DZFFUSZON.COEFFZCZENTS FOR METHANOL SYNTHESES 

AM :MOLECULAR WEIGHTS 
O :DIFFUSION COEFFICIENTS IN GAS MIXTURE (M*.2/SEC) 
DBZN :BINARY DIFFUSION COEFFICIENTS (M. .2 /SEC)  
FLUX :FLUX OF THE SPECIES (KMOL/M.*2-SEC) 
P :PRESSURE (ATM) 
KC : 

1 :WZLKE'S EQUATION 
0 :STEFAN-MAXWELL'S EQUATZ0N 

T : T E M P E R A T U R E  ( K )  

Y :MOLE FRACTION ( - )  
V :DZFFUSION VOLUMES (C]4,,3/MOL) 

INDEX FOR THE COMPONENTS : 

1:C0 2:(:02 3:H2 4 : CH30H 5:H20 8:N2 ?:CH4 

ZMPLZCZT REAL*I (A-H,  O-Z) 
DZMENSZ0N Y(7 )  ,FLUX(7 ),  DBZN(?, ? ) ,  O('7), AM(?),  V('7) 
DATA AJ4/28., 44 . ,  2 . ,  32 . ,  18. ,  28 . ,  lB.  / 
DATA V/18.|,28.9,7.O?,29.9,12.?,17.9,24.42/ 
CALL OCOEF ('7, AN, V, T, P, DEZN) 

ZF(KC.NE.1) GO TO 20 
DO 30 I = 1 , 7  
S U M : O .  

DO 31 d=1,7  
ZF(Z .EQ.d)  GO TO 31 
SUM-SUM+Y(d)/DBZN(Z,d) 
CONTINUE 
D ( Z ) : ( 1 . - Y ( Z ) ) / S U N  
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2O 

40 

10 

C 
C 
C 

10 

C 

C 
C 

C 
C 
C 
C 
C 

C 

C 

R~T~R~ 
CO~'Z~JE 
P.,,3 10 Z=I,~ 
SUHI=O. 
SU~2~O. 
DO 40 d=l ,~  
$U~I=SU~I+(Y(d)=FLUX(Z)-Y(Z)=FLUX(~))/D~ZH(Z,~) 
SH~2=SU~2+FLUX(d) 
A=SU~I/(FLUX(Z)-Y(Z)=SU~2) 
D ( Z ) = I . / A  
R~TUR~ 
EHD 

SU$~DUTZH~ ~COEF(N,A~,V,T,P,D~ZN) 

EZHAR¥ DZFFUSZO~ C~EFFZCZEHTS 
E¥ FULLER-SCHETTER-GZD~ZHS 

AM :~0LECL~LAR ~ZZC-;-TTS 
V :DZFFUSZOH VOLU~S (C~=~3/~DL) 
T :TE~PZ~TURZ (K) 
F :PRZSSU~ (ATe) 
D~ZN :BZNARY DZFFUSZOH CO~FFZCZEHTS (~==2/SEC) 

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

~ 10 Z=I,N 
CO 10 d=l ,H 

= (F=(V(Z)==(.33)+V(d)==(.33))==2) 
R~T~R~ 
E~D 

SU~ROUTZN~ ZWTER(TG,CG,CO~S,YS1,YS2,Y1.Y2,SH,A~J,D,C,T) 

CALCULATES THE 50LZD P;'L~SE TE~ZRATUR~ ~ D  
CO~CEETR~TZOMS FOR A GZVEM SURFACE N~D FOZNT 
C~JERSZO~S. 

Z~LXCZT R~AL=8(A-H,O-Z) 

DZ~SZO~ CG(?),H~ATR(2)oSH(?),D(?),C(7) 

C~LL RM~T(TG,H~ATR) 
DZLTAI=H~ATR(1) 
D~LTA;:=H~ATR(2) 

A=D(4)=D~LTAI=CG(1)/C~HS 
E=D(2)=D~LTA2:CG(1)/COHS 

A I = D ( 2 ) / D ( 1 )  
A2=D(4)/D(1) 

C(1)=CG(1):(1.-Al=(YS2=(1.-Al==(-.33))-y2)+ 
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C 

C 

C 

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

10 

C 

C 
C 
C 
C 

C 

A 2 * ( Y S l * ( 1 . - A 2 * : ( - . 3 3 ) ) - Y 1 ) )  

C ( 2 ) = C G ( 2 ) - C G ( 1 ) : Y 2  

A I = D ( 4 ) / D ( 3 )  
A 2 : D ( 2 ) / D ( 3 )  

C(3)=CG(3)+CG(1)s(2.:AI=(YSI:(1.-AI,*(- 
: A 2 z ( Y S 2 , ( 1 . - A 2 s : ( - . 3 3 ) ) - Y 2 ) )  

C ( 4 ) : C G ( 4 ) + C G ( 1 ) * Y 1  

A I = D ( 2 ) / D ( 5 )  

C(5)=CG(S)-CG(1)*Als(YS2:(1.-AI:*(-.33) 

C ( 6 ) : C G ( 8 )  

C ( ? ) : C G ( ? )  

T:TG+A*(YSI:(1.-SH(4)/ANU)-Y1)÷ 
: B s ( Y S 2 * ( I . - S H ( 2 ) / A N U ) - Y 2 )  

RETURN 
END 

3 3 ) ) - Y I ) +  

-Y2)  

SUBROUTZNE AMASS(N,G,D,EBoDP,VZS,DEN,COEFMA) 

MASS TRANSFER COEFFZCZENTS FOR FZXED-SED 

NO :NO OF COMPONENTS 
G :SUPERFZCZAL MASS VELOCZTY (KG/M'=2-SEC)  
D :DZFFUSZ0N COEFFZCIENTS ( M ' ' 2 / S E C )  
EB :VOZD FRACTZ0N OF THE BED ( - )  
DP :PARTZCLE OZA/4ETER (M) 
VZS :VZSCOSZTY OF THE GAS MZXTURE (KG/M-SEC) 
DEN :OENSZTY OF THE GAS MZXTURE (KG/M= '3 )  
COEFMA :VOLUMETRZC MASS TRANSFER COEFFZCIENTS (M/SEC] 

ZMPLZCZT REAL'8 ( A-H, 0 -Z  ) 
DZMENSZON COEFMA(N) , D(N) 
RE'OPtG/VZS 
FAC". 4B I I /EB 'REs l  ( -O. 40"/) 
DO 10 Z s l , N  
COEFMA( Z ) =FAC'G/DEN" ( VZS/DEN/D( Z ) ) " "  ( - 2 . / 3 .  ) 
RETURN 
ENO 

SUBROUTZNE AHEAT(G,VZS.DEN,CPMASS,COND,DP.EB,COHEAT) 

HEAT TRANSFER COEFFZCZENT FOR FZXED BED 

G :SUPERFICZAL MASS VELOCZTY (KG/M ' *2 -SEC)  
VZS :VZSCOSZTY OF THE GAS MZXTURE (KG/M-SEC) 
DEN :DENSZTY OF THE GAS MZXTURE (KG/Ms:3)  
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C 
C 
C 

C 
C 
C 

CP~ASS :MASS HEAT CAPACITY OF THE GAS MIXTURE (Kd/KG-K) 
COHD :THERMAL CONDUCTIVITY OF THE GAS MIXTURE (K~/M==2-SEC-K) 
DP :PARTICLE DIA,~ETER (M) 
EE :VOZD FRACTIOR OF THE BED ( - )  
COHEAT :HEAT TRANSFER COEFFICIENT (Kg/~-$EC-K)  

IM~LZCIT REAL=8(A-H,D-Z) 
RE=DP=G/VZS 
FAC=.45E/EE=RE==(- .407) 
COHEAT=CP~ASS=G=(CP~ASS=VIS/CORD)==(-2./3.) 
RETUR~ 
EHD 

SUE~OUTINZ CPGAS(N,Y,T,HEATCP,CP~AS$,CONT) 

THZS SUBROUTINE PROVIDES HEAT CAPACZTY DATA 
FOR METH~HOL SYHTHESZS, 
ALSO USED TO CALCULATE HEAT OF REACTION DATA 

N :CDHTRDL VARIABLE 
O:0NLY HEAT CAPACZTY ZS TO BE CALCULATED 
I :0HLY HEAT OF REACTION IS TO BE CALCULATED 

Y :MOLE FRACTIO~$ 
T :TEmPERaTURE (K) 
HEATCP :MOLAL HEAT CAPACITY (KO/K~0L-K) 
CP~SS :MASS HEAT CAPACITY (KO/KG-K) 
COHT :COMTRI~UTIOH TO REACTID~ EhITHALPIES 

C ; ( I , J )  ARE THE CONSTA~Fr'S FOR HEAT CAPACZTY EGUATZON 

CPG~kS(Z)=CP(I,1)+CP(!,2)=TC+CP(Z,3)=TC==2+CP(Z,4)=TC==3 

UHZTS ARE CPGAS:KJ/KMDL-K, T :K 
ZM;LZCIT REAL=~(A-H,O-Z) 
DZMEHSZG~ CP(7,4),CO;~T(2),A~(7),SU~(7),Y(7) 

DATA A ~ / 2 8 . , 4 4 . , 2 . , 3 2 . , 1 8 . , 2 8 . , 1 6 . /  

CO 

CP(1,1)=2E.SS 
CP(1 ,2 )= .411E-02  
CP(1,3)= .354SE-O5 
C;(1,4)=-2.22E-OS 

C02 

C;(2,1)=3E.11 
CP(2 ,2 )=4 .233~ -02  
C P ( 2 , 3 ) = - 2 . 8 8 7 E - 0 5  
CP(2 ,4 )=7 .455E-09  

H2 

CP(3 ,1 )=28 .84  
CP(3 ,2 )= .00?e5E-O2 
C P ( 3 , 3 ) = . 3 2 ~ E - O 5  
CP(3,4)=-.SSSSE-OS 
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C 
C 
C 

C 
C 
C 

C 

C 

20 

10 
C 

30 
C 

C 
40 

CH30H 

C P ( 4 , 1 ) : 4 2 . 9 3  
CP(4 ,2 )=8 .301E-02  
C P ( 4 , 3 ) ' - l . 8 9 E - O §  
C P ( 4 , 4 ) , - B . 0 3 E - 0 9  

H2O 

CP(5,1)=33.46 
CP(S,2)=.B88E-02 
CP(S,3)=.?604E-O5 
CP(5.4)=-3.SS3E-O9 

N2 

CP(6,1)=29. 
CP(E,2)=.2199E-O2 
CP(6,3):.5723E-O5 
C P ( 6 , 4 ) = - 2 . 8 7 1 E - 0 9  

CH4 

CP(7.1)=34.33 
CP(7.2)=5.711E-O2 
CP(7,3):.3363E-O5 
CP(?,4)-11.0Og2E-Og 

TC=T-273.15 

ZF(N.EQ.1)  GO TO 40 
DO 20 Z ' I , ?  
SUM(Z)=O. 
CONTINUE 
DO 10 Z=l ,? 
SUM(Z)=$UM(Z)+CP(Z,1)+CP(Z,2).TC+CP(I,3)*TC,*2.+CP(Z,4),TC,.3. 
CONTZNUE 

HEATCP'O. 
CPMASS=O. 
DO 30 Z=1,7 
CPMASS=CPMASS+SUM(Z)'Y(Z)/AM(Z) 
HEATCP=HEATCP+SUM(Z).Y(Z) 

RETURN 

A I=CP(4 ,1 ) ' 2 . 'CP(3 ,1 ) -CP(1 ,1 )  
A2=CP(4,2)-2.*CP(3,2)-CP(1,2)  
A3=CP(4,3) -2 . 'CP(3,3) -CP(1,3)  
A4=CP(4,4) -2 .sCP(3,4) 'CP(1,4)  

BI=CP(5,1)+CP(1,1)-CP(3,1)-CP(2,1) 
B2=CP(5,2)+CP(1,2)-CP(3,2)-CP(2,2) 
B3=CP(5,3)+CP(1,3)-CP(3,3)-CP(2,3) 
B4=CP(5,4)+CP(1,4)-CP(3,4)-CP(2.4) 

CONT(1)=Al*(TC-25.)+A2"(TC'*2.-25.''2.)'.5÷ 
A3/3.'(TC='3.-25.''3.)+A4/4.'(TC'=4.-25.''4.) 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

20 
10 

C 
C 
C 

CG~T(2~=El={TC-25.)+B2=(TC==2.-25.==2.)=.5+ 
= E3/3.=(TC==3.-25.==3.)+E4/4.=(TC==4.-25.==4.) 

RETUR~ 
E~D 

SUEROUTZNE VIS~ZX(T,Y,VISCG) 

VXSCOSXTY OF GAS MIXTURE FOR ~ E T ~ O L  SYWTHESZS 
EY WZLKE'S METHOD 

T :TEMPERATURE 
Y :MOLE FRACTZOHS 
TC :CRITICAL TEMPERATURE (K) 
PC :CRITICAL PRESSURE (ATe) 
ZC :CRZTXCAL CO~RESSIBZLXT¥ FACTOR ( - )  
VZSG :VISCOSITY OF THE CO~FOHEh~'S (KG/M-SEC) 
VXSCO :V~SCOSZTY OF THE MIXTURE (KG/M-SEC) 

ZHPLZCIT REAL=8(A-H,O-Z) 
DZ~EHSZO~ Y(?),TC{?)~PC(?),A~(?),ZC(?),VZSG(?) 
DATA TC/132.S,304.2,33.2,512.6,84?.3,12~.2,1SO.$/ 
DATA PC/34~E,?2,8,12.8,?S.S,21?.6,33.S,4E,4/ 
DATA ZC/.2SS,.274,.305,.224,.22S,.2SO,.228/ 
DATA A ~ / 2 8 . , 4 4 . , 2 . , 3 2 . , 1 8 . , 2 8 . , 1 S . /  

CALL VZSGAS(?,~*~,TC,PC,ZC,T,VISG) 
VISCO=O. 
DO 10 Z = l , ?  
SUH=O. 
DD 20 d : l , ?  
FAC:I./SQ~T(8.)=(1.+~(X)/A.~(d))==(-.5)=(1.+DSQRT( 

= VZSG(Z)/VXSG(d))=(A.~(d)/~(X))==(.25))==2. 
SU~=SU~FAC=Y(I)  
VZSCO=VZSCO+Y(Z)=VZSG(X)/SU~ 
RETURH 
EHD 

SUSROUTZ~S VZSGAS(H,~ ,TC,PC,ZC,T ,V ISG)  

VISCOSITY OF THE GAS SPECIES 

N 

TC 
PC 
ZC 
T 
V!SG 

:MOLECULAR W~ZC-~'Tt'S 
:CRITICAL TEMPERATURE (K) 
:CRITICAL PRESSUR~ (ATe) 
:CRITICAL COMPRESSIBILITY FACTOR ( - )  

:TEMPERATURE (K) 
:VISCOSITY (KG/~-SEC 

IMPLICIT REAL=8(A-H,O-Z) 
DZ~EHSXON ~ ( N ) , T C ( N ) , F C ( N ) , Z C ( N ) , V Z S G ( N )  

DO 10 Z= I ,H  
TR=T/TC(Z) 
E~S=TC(Z)==C1./6.)/C/~CZ)~=C.5)*PCCZ)==(2./3.)) 
FAC=Cl.S=TR-.29)=1.D-O?/ZCCZ)==(2./3.) 
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C 
C 
C 
C 
C 
C 
C 

C 
C 

C 

20 
10 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

VISG( I )=FAC/EPS 
RETURN 
END 

SUBROUTINE CONMIX(N,Y,CONG,VZSG,AN,S,T,CONGAS) 

THERMAL CONDUCTIVITY OF THE GAS MIXTURE 
BY LINDSAY AND BROMLEY MODIFICATION 

IMPLICIT REALsB(A-H,O-Z) 

N :NUMBER OF THE COMPONENTS 
Y :MOLE FRACTIONS 
CONG :THERMAL CONDUCTIVITY OF THE SPECIES (KJ/M-S-K) 
VZSG :VISCOSITY OF THE SPECIES (KG/M-S) 
AN :MOLECULAR WEIGHT5 ( - )  
S :SUTHERLAND CONSTANTS ( - )  
T :TEMPERATURE (K) 
CONGAS :MIXTURE THERMAL CONDUCTIVITY (Kd/N-S-K)  

DIMENSION Y(N),CONG(N),VZSG(N),AM(N),S(N) 

SUM-O. 
DO 10 1-1 ,N 
SUMI-O. 
DO 20 J - I , N  
S I d . D S Q R T ( S ( I ) * S ( J ) )  
RU=.25,(1.+(VISG(I)/VISG(d)*(AN(d)/AN(I)):*.75*(T+S(I))/ 

(T+S(j)))'=.S)*t2.*(T+SId)/(T+S(I)) 
SUMI:SUMI+Y(d)*RU 
SUM-SUM÷Y(I)-CONG(I)/SUM1 

CONGAS-SUN 
RETURN 
END 

SUBROUTINE CONDUC(Y,T,CONGA5) 

CALCULATES THE THERMAL CONDUCTIVITY OF METHANOL SYNTHESIS 
MIXTURE 

Y :MOLE FRACTIONS 
T :TEMPERATURE (K) 
CONNIX :MIXTURE THERMAL CONDUCTIVITY (KJ/M-S-K) 

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

DIMENSION Y(7),CONG(?),VISG(?),AM(7),S(7) 

DATA CONG/3.TgB,4.242,1.326,.O855,.O9BS,3.988,.2498/ 
DATA VISG/3.84,2.BB5,2.BBB,l.572,1.642,4.05,2.869/ 
DATA A N / 2 8 . , 4 4 . , 2 . , 3 2 . , 2 8 . , 1 8 . , 1 B . /  
DATA S/122.6,2B2.1,30.6,5OE.?,llB.1,18?.8,55g. B/ 

DO 10 I = 1 , 7  
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C 

C 
C, 

C 
C 
C 

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

10 
C 

20 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

CO~G(Z)=4.13~D-OS=COHG(Z) 

CALL CORMXX(?,Y,CORG,VZSG,~,S,T,COHGAS) 

RETURH 
EHD 

...................................... o m l ~ m m w ~  ~ ~ . . . . .  ~ m  

SUERDUTZH~ FUGA(T,P,Y,FCOEF,FUGAG) 

FUGACZTZES FO~ ~THA~DL SYNTHZSZS ~ZXTURE 

P :PRESSURE (ATe) 
T :TE~;ZR.~TURE (K) 
P= :CRITZCAL PRESSURE (ATe) 
PR :RZDUCED PRESSURE ( - )  
TC :CR~TZCAL TEMPERATURE (K) 
TR :REDUCED TEMPERATURE ( - )  
FUGAG :FU~ACZTZES (ATe) 
FCOEF :FUGACZTY CDEFFZCXEHTS ( - )  
Y :MOLE FRACTZOHS ( - )  

Z~PLZCXT REAL=8(A-H,O-Z) 
DZMEHSZO~ PC(7),Y(Z),TC(7),PR(7),TR(7),FCO~F(7),FU.~:AG(?) 
DATA PC/34.5,?2.8,12.8,?S.S,21?.E,33.5,45.4/ 
DATA TC/132.~,304.2,33.2,EI2.E,E4?.3,126.2,1SO.6/ 
DO 10 Z = l , ?  
PRCZ)=P/PC(Z) 
TR(Z)=T /TC(Z)  

CALL FUCOEF(?,PR,TR,FCOEF) 
DO 20 Z = l , ?  
FUGAG(Z)=Y(X)=P=FCOEF(Z) 
RETURn; 
EHD 

SUERDUTZH~ FUCOZF(N,PR,TR,FCOEF) 

FUG~CZTY COEFFZCZEi'~TS 

PR :REDUCED PRESSURE ( - )  
TR :REDUCED TEmPERATUrE ( - )  
FCOEF :FU~CZTY CQEFFZCZEi~'S ( - )  

ZM~LXCZT REAL=8(A-H,D-Z)  
DZMEMS~DM PR(H),TR(N),FCOEF(N) 

DD 10 Z= I ,N  
A=(I.01SE1D-O2/TR(Z)-2.142D-O2/TR(Z)==2.- 

± 3 . 2 5 4 ~ - 0 2 / T R ( Z ) = = 4 . ) = P R ( ~ )  
E=(1.849~D-O3/TR(Z)==3.-2.1511D-O3/TR(Z)=:5.+ 

; .S1445D-O2/TR(Z)==T.)=PR(Z)==2. 
C=(-.4172D-O4/TR(Z)=~3.+l.54EgD-O4/TR(Z)==5 - 

= .5191D-O4/TR(Z)==7 . )=PR(Z)==3 .  
D=(.4245~D-OS/TR(Z)==3.-.2aOE2D-OS/TR(Z)==5.+ 
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C 
C 

C 

C 
C 
C 
C 
C 
C 
C 

C 
C 

8 2 0 7 5 D - O 5 / T R ( I ) ' * ? . ) * P R ( I ) . . 4 .  
F = ( A + B + C + D ) / . 0 8 2 0 6  
WRZTE(20,z) i . . . . . . . . . .  ,A .B.C,D,F 
WRITE(20 ,z )TR( I ) ,PR(Z)  
FCOEF(Z):DEXP(F) 
CONTZNUE 
RETURN 
END 

SUBROUTINE RHEAT(T,HEATR) 

PROVZDES HEAT OF REACTION DATA FOR METHANOL 
SYNTHESIS. 

T :TEMPERATURE , K 
HEATR :HEAT OF REACTION , KJ/KMOL 

1:METHANOL FORMATION 
2:C02 REACTION 

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

DZMENSZ0N HEATR(2),Y(?),CONT(2) 

CALL CPGAS(1,Y,T,HEATCP,CPMAS$,CONT) 

HEATR(1) ' -90840.÷CONT(1) 
HEATR(2)'412'?O.+CONT(2) 
RETURN 
END 

SUBROUTINE ZNTER2(TO,UO,CGO,TEST,XI,X2,T,CG,U) 

CALCULATES THE CONCENTRATIONS,TEMPERATURE AND GAS VELOCITY 
FOR A GIVEN SET OF CONVERSIONS 

TO :INLET TEMPERATURE FOR THE CATALYST BED (K) 
UO :INLET SUPERFICIAL GAS VELOCITY (M/S) 
CGO :INLET GAS CONCENTRATIONS (KMOL/M,.3) 
P :PRESSURE (ATM) 
TEST :ESTIMATED TEMPERATURE (K)  
X1 :CONVERSION FOR METHANOL SYNTHESIS REACTION 
X2 :CONVERSION FOR (:02 REACTION 
T :TEMPERATURE (K)  
CG :CONCENTRATION (KMOL/M' '3)  
U :GAS VELOCITY (M/S) 

IMPLICIT REAL.B(A-H,O-Z) 

DIMENSION CGO(?),CG(?),YO(?),Y(?).HEATR(2),CONT(2) 

R:O 082 

CTOTO-O 

DO 10 Zzl , '7  
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10 CTOTO=CTOTO+CGO(Z) 
C 

15 
C 

C 

C 
30 

C 

C 

20 
C 

40 
C 

C 
50 

C 
C 
C 
C 

YO(Z)=CGO(Z)/CTOTO 

D~O=I. /CTDTO 
CALL CPGAS(O,YO,TO,HEATCP,CP~ASS,CONT) 
C~O=H~ATCP 

TI=TEST 

TET!=(T1-TO)/TO 
EET=( I .+TET1)= (1 . -2 .=YO(1 )=× I )  

CG(1)=CC~(1)=(1. -XI+X2)  
CG(2)=CGO(2)-CGO(1)=X2 
CG(3)=CGO(3)-CGO(1)=(2.=XI+X2) 
CG(4)=CGO(4)÷CGO(1)=X1 
CG(5)=CGO(5)+CGO(1)=X2 
CG(E)=CGO(S) 
CG(7)=C~O(?) 

CTOT=O. 
DO 20 Z= I ,?  
CG(Z)=CG(Z)/BET 
CTOT=CTOT+CG(Z) 

DO 40 Z=I ,?  
Y(Z)=CG(Z)/CTOT 

DZ~=I . /CTOT 
CALL CP~AS(O,Y,T1,HEATCP,CP~ASS,COP-~t') 
C~=H~ATCP 
CALL RH~AT(Tt,H~ATR) 
TET=CPO=DENO/BET/CP/DZHG-1.-(HEATR(1)=XI÷HEATR(2)=X2)/BET/ 

CP/TO=CGO(1)/DE~G 

T:TO=(1.+TET) 
ZF(DA35( (T1 -T ) /T ) .LE .O .01 )  GO TO 50 
T I = ( T I + T ) / 2 .  
GO TO 30 

C/~,'~i'Zh"JE 
U=BET=UO 
RETU~M 
EHD 

SU3~OUTZH~ D~N(P,T,Y,DEH~AS) 

CALCULATES THE GAS DENSITY OF ~ E T ~ L  SYP-TrHESZ$ MZXTURE 

P :PRSSSU~E (ATe) 
T :TEmPERaTURE (K) 
Y :~DL FRACTZON 
DE~AS :DEHSZTY (KG/~==3) 

Z~PLZC~T R~AL=$(A-H,O-Z) 
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C 

10 
C 

C 
C 
C 

C 
C 
C 
C 

C 
10 

20 

30 ¸ 

DIMENSZON A M ( ? ) , Y ( 7 )  
DATA A N / 2 8 . , 4 4 . , 2 . , 3 2 . , 1 B . . 2 8 . , I E . /  

R: . 082 
AMEAN=O. 
DO 10 Z : l , ' /  
AMEAN'AMEAN+Y ( Z ) *AM( Z ) 

DENGAS=P=AMEAN/R/T 
RETURN 
END 

SUBROUTINE ZNTBEO(TQ,YQ,UQ,TN,YN,UN.TNP,YNP,UNP) 

CALCULATES TENPERATURE.COMPOSZTION AND GAS FLOW RATE 
FOR THE FEED TO NEXT BED ZN A METHANOL SYNTHESIS REACTOR 

IMPLIC IT  REAL :8 (A -H ,O-Z )  

DZMENSZON Y Q ( T ) , Y N ( 7 ) , Y N P ( ? ) , C O N T ( 2 )  

TNPI=TQ 
CALL CPGAS(O.YQ.TQ,CPQ,CPNASS,CONT) 
CALL CPGAS(O,YN.TN.CPN.CPt4A$S,CONT) 
CPNP-CPN 

UNP • ( CPQ*UQ+CPN*UN )/CPNP 
TNP'UNP / ( UQ/TQ+UN/TN ) 
DO 20 I ' 1 , ' /  
YNP( lr ) -TNP/UNP* (UQ,YQ( Z )/TQ+UN, YN( I ) /TN)  
ZF(DABS((TNP-TNP1)/TNP).LT.O.OO1) GO TO 30 
TNP 1 • TNP 
CALL CPGAS(O. YNP. TNP, CPNP, CPNAS$, CONT ) 
GO TO 10 
RETURN 
END 

I-C-42 
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SIMULATXON OF A F IXEO-BED A D I A B A T I C  REACTOR 

FOR 

METHANOL SYNTHESXS 

SUMMARY OF THE INPUT OATA 

! 
(~ 

! 

* * * * * * * * * * * * * *  FEED CHARACTERISTICS * * * * * * * * * * * * *  

I N L E T  TEMPERATURE = 4 7 0 . 0 0 0 0 0  Deg .  K 

PRESSURE = 8 0 . 0 0 0 0 0  a t m  

GAS COMPOSXTXON 
C o m p o n e n t  H o l e  f r a c t i o n  
~ t ~ x r t S t t t  t ~ t t ~ t $ $ $ f ~ t t t  

C0 O. 2 5 0 0 0  
C02 O. 1 0 0 0 0  
H2 O. 5 0 0 0 0  

CH30H O. 0 0 0 0 0  
H20  O. 0 0 0 0 0  
N2 O.OIOOO 
CH4 O. 1 4 0 0 0  

VOLUMETRIC GAS VELOCITY = 

S U P E R F I C I A L  GAS VELOCITY = 

0 . 5 8 4 3 7 0 + 0 2  N . m * * 3 / S e c  

0 . 4 0 O O O m / s e c  

* ¢ e * * * ¢ *  REACTOR CHARACTERISTICS ¢ * s * * * * *  

DIAMETER " 2 . 0 0 0 0 0  m 

LENGTH = O . 8 0 0 0 0 m  
BED VOXD FRACTION " 0 . 4 0 0 0 0  
BED NUMBER = 1 

* * t * * * * ¢  CATALYST CHARACTERISTXCS * * ¢ * * * * * *  

CATALYST DIAMETER " O . O 0 5 0 0 m  
DENSITY  = 1 9 8 0 . O O O O 0 ( K g / m * ¢ 3 )  
POROSITY = 0 . 3 0 0 0 0  
TORTOUSITY = 7 . 0 0 0 0 0  

THERMAL CONDUCTIV ITY  = 0 . 0 0 4 1 8  K d / m - s e c - K  

TEMPERATURE : 4 5 0 . 0 0 0 0  



P~ESSU~E ~ f l0 .0000 

X CO C02 H2 CH3OH H20 
• * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  
O.O00E+O0 0.20gE+O0 0.102E+00 0.461E÷00 0.740E-01 0 ,555E-03  

0.100E+O0 0.20AE+O0 0,102E÷00 0.4RIE+O0 0.732E-~1 0 .554E-03  

O,200E÷O0 0.209E÷00 O+tO2E÷O~ 0,462E+00 0.71~E-01 O,5~AE-03 

0.300E+00 0.212E÷00 O. tO2E+O0 0.464E+00 0.074E-01 0 ,539E-03  

0.400E+O0 0.215E+00 0.102E+00 0.4~7E+00 0.522E-01 0 .524E-03  

0.500E+O0 0,21flE÷O0 0.10~E+O0 0.471E+00 0.556E-01 0 .502E-03  

0,800E+O0 0.223E+00 0,101E÷00 0.~75E+00 0.474E-01 0 .469E-03  

0.700E+O0 0,229E+00 0.101E÷00 0.460E+00 0.37~E-01 0 .416E-03 

O.800E+O0 0.235E+00 O. tOIE+O0 0.486E+00 0.267E-01 0 .339E-03  

O.900E÷O0 0.242E÷00 0. tOOE÷O0 0.492E+00 0.142E-01 0 .~13E-03 

0.100E÷01 0.250E+00 O. tOOE+O0 0.500E+O0 0.966E-04 0 .203E-05  

EFF RATE 1 : .2984E-09 
EFF RATE 2 = .A227E-11 
EFF1 = .9565E+00 
EFF2 = .dO15E+O0 

SLOPE 1 

O.O00E÷O0 

-0 ,555E-Ot  

-0 ,  t11E+00 

-0 .166E+00 

-0 .224E+00 

-0 .282E÷00 

-0 ,341E+00 

-0 ,401E+00 

-0 .483E+00 

-0 .527E+00 

-0 .592E+00 

SLOPE 2 

0.505E-27 

-O. tRBE-O~ 

-0 ,352E-03 

-0 .563E-03  

-0 .~98E-03 

-0 ,135E-02 

-0 .208E-02  

-0 ,326E-02 

-0 ,525E-02 

-0 .670E-02 

-0 .148E-01 

TEMPERATURE(K) 

0.450E+03 

0,450E+03 

0,450E+03 

0.450E+03 

0.450E÷03 

0.450E+03 

0.450E+03 

0.450E+03 

0.450E+03 

0.450E+03 

0.450E+03 

TEMPERATURE = 455.0000 
PRESSURE = 60.0000 

X CO C02 H2 CH30H H20 

O.O00E+O0 0.200E+O0 0.103E÷00 0.453E+00 0.880E-01 0 .639E-03 

0.100E+O0 0.200E+O0 0.103E÷00 0.45dE+O0 O.f172E-01 0 .637E-03 

0.200E+O0 0.202E+00 0.103E+00 0.455E+00 0,845E-01 0 .630E-03 

0.300E+O0 0.204E÷00 0.102E+00 0.458E+00 0.802E-01 0 .618E-03 

0.400E+O0 0.20,E+O0 0,102E+00 0.461E+00 0.740E-01 0 .600E-03 

O.500E+O0 0.212E+00 0.102E+00 0.465E+00 0.661E-01 0 .573E-03 

O.O00E+O0 0.218E+00 0.102E+00 0.470E+00 0.565E-01 0 .534E-03 

0.700E+O0 0.224E+00 0.101E+00 0.476E+00 0,450E-01 0 ,475E-03 

0,600E+O0 0.232E+00 0.101E+00 0.483E+00 0 ,318E-0 !  0 .3~5E-03 

0,900E+O0 0,240E+00 0.100E+O0 0.491E÷00 0.169E-01 0 .240E-03 

SLOPE 1 

O.O00E+O0 

, - 0 . 6 5 3 E - 0 1  

-0 .131E+00 

-0 .197E+00 

-0 .264E+00 

-0 .333E+00 

-0 ,403E+00 

-0 .475E+00 

-0 .549E+00 

-0 .628E+00 

SLOPE 2 

O.O00E+O0 

-0 .205E-03  

-0 .434E-03  

-0 .710E-03  

-0 .108E-02 

-0 .161E-02 

-0 .242E-02 

-0 ,374E-02 

-0 .597E-02 

-o .g84E-02  

TEMPERATURE(K) 

0.455E+03 

0.455E+03 

0.455E÷03 

0.455E+03 

0.455E+03 

0.455E+03 

0.455E+03 

0,455E+03 

O.d55E+03 

0.455E+03 



O.100E+01 O.25OE+O0 O.1OOE÷OO 0 .50OE÷00 0 . 1 1 5 E - 0 3  O.229E-O5 -0.706E÷OO - 0 . 1 6 7 E - O !  O.455E+03 

I 
! 

EFF RATE I = .3553E-Og 
EFF RATE 2 = .9295E-11  
EFF! = .9507E÷00 
EFF2 = ,4009E+00 

TEMPERATURE : 4 8 0 . 0 0 0 0  
PRESSURE = 8 0 , 0 0 0 0  

X CO C02 
l l l t t t t t t t t t  t t t t t t t t t 1 ~  t t t t t t t t t t  

O.OOOE+O0 O. 190E+00 O. I03E÷00 

O. IOOE+O0 O, 1 9 1 E + 0 0  O. 103E+00 

O, 200E+O0 O. 193E+00 O. 103E+00 

O. 3 0 0 E + O 0  O. 196E+00 O, 103E+00 

O, 400E÷O0 O. 200E+O0 O. 1 0 3 E + 0 0  

O. 500E+O0 O, 205E+00 O. 102E+00 

O. 600E+O0 O, 212E÷00 O. 102E+00 

O, 700E+O0 O. 220E+00 O, 101E+00 

O, 800E+O0 O. 229E+00 O, 101E+00 

O. 900E+O0 O. 239E+00 O, IOOE+O0 

O. 10OE+01 O. 25OE+00 O. IOOE+O0 

H2 

0 . 4 4 5 E + 0 0  

O . 4 4 5 E + 0 0  

O . 4 4 7 E ÷ O O  

O . 4 5 0 E + 0 0  

O . 4 5 4 E + O O  

O . 4 5 9 E + O O  

0 . 4 8 5 E + 0 0  

0 . 4 7 2 E + 0 0  

0.480E+OO 

0 . 4 8 9 E + 0 0  

0 . 5 0 O E + O 0  

CH30H 

0 104E+00 

0 103E+00 

0 IOOE÷O0 

O 94gE-O1 

O 875E-01 

O 783E-01 

0 . 5 6 8 E - 0 1  

0 . 5 3 3 E - 0 1  

O.377E-O1 

0.20OE-O1 

0 . 1 3 7 E - 0 3  

H20 
~ t ~ t t t t ~ t t  

0 . 7 3 5 E - 0 3  

0 .733E-O3  

O .724E-03  

0 .710E-O3  

O.887E-03  

O .855E-03  

O .608E-03  

0 . 5 3 9 E - 0 3  

0 . 4 3 5 E - 0 3  

0 . 2 7 1 E - 0 3  

0 .258E-O5 

SLOPE 1 

O.OOOE+OO 

-0 .762E-O1  

-0.153E÷OO 

-O.230E+00 

-O.309E÷OO 

-0.3gOE+OO 

-O.473E+OO 

- 0 . 5 5 8 E + 0 0  

- 0 . 8 4 7 E + 0 0  

-O.739E+OO 

-O.836E+OO 

SLOPE 2 
t t t t t t ~ t t  

O.O00E+O0 

- 0 . 2 5 9 E - 0 3  

- 0 . 5 3 9 E - 0 3  

- 0 . 8 7 2 E - 0 3  

- 0 . 1 3 0 E - 0 2  

- 0 . 1 9 1 E - 0 2  

- 0 . 2 8 2 E - 0 2  

- 0 . 4 3 0 E - 0 2  

- 0 . 8 7 8 E - 0 2  

- 0 . 1 1 1 E - 0 1  

- 0 . 1 8 9 E - 0 1  

TEMPERATURE(K) 

0 . 4 6 0 E + 0 3  

0 . 4 6 0 E + 0 3  

0.46OE÷O3 

O.460E+03 

O.460E+O3 

O.460E÷03 

O.48OE+O3 

0 . 4 6 0 E + 0 3  

O.46OE+O3 

O.46OE+O3 

O.46OE+O3 

EFF RATE I = .4209E-09  
EFF RATE 2 = . 1 0 4 8 E - 1 0  
EFF1 : .9417E÷00  
EFF2 = .4003E+00 

TEMPERATURE = 4 6 5 . 0 0 0 0  
PRESSURE : 8 0 . 0 0 0 0  

X CO 

O . O 0 0 E + O 0  0 . 1 8 0 E + 0 0  

O. IOOE+O0 O. 181E+O0 

O,20OE+OO O.183E+OO 

O. 30OE+OO O. 186E÷OO 

C02 

O, IO4E÷OO 

0.  IO4E+00 

O. IO4E+OO 

O. 103E+OO 

H2 

O.435E+OO 

0.436E+OO 

0 . 4 3 8 E + 0 0  

0 . 4 4 1 E ÷ 0 0  

CH30H 
~ S ~ t k ~ t t t t  

O. 123E÷OO 

O. 121E+OO 

O. 118E÷OO 

O. 112E+OO 

H20 

O.849E-O3 

0 . 8 4 5 E - 0 3  

O .834E-03  

0 .816E-O3 

SLOPE 1 

O.OOOE+OO 

-O.882E-O1 

-O.177E÷OO 

-O.267E+00 

SLOPE 2 

O.OOOE+OO 

-O.328E-O3 

-O.878E-O3 

-O.108E-O2 

TEMPERATURE(K) 

O.465E+O3 

O.465E+O3 

O.465E+O3 

O.465E+O3 



? 
? 
.p. 

0 400E÷O0 0 , 1 9 1 E ÷ 0 0  

O,500E+O0 0 , 1 9 7 E ÷ 0 0  

O.600E÷O0 0 . 2 0 5 E + 0 0  

O.?OOE÷O0 0 . 2 1 4 E + 0 0  

O.O00E+O0 0 , 2 2 5 E ÷ 0 0  

O.900E+O0 0 . 2 3 7 E + 0 0  

0 .100E+01 0 . 2 5 0 E + 0 0  

EFF RATE 1 = . 4 9 6 1 E - 0 9  
EFF RATE 2 = . 1 1 7 8 E - 1 0  
EFF1 = .9316E+00 
EFF2 = .3999E+00 

TEMPERATURE = 4 8 9 . 6 7 7 3  
PRESSURE = 8 0 . 0 0 0 0  

0,  I03E÷00 

0 . 1 0 3 E ÷ 0 0  

0 .102E+00  

0 .102E+00  

0 .101E÷00  

0 . 1 0 1 E + 0 0  

0 .100E+O0 

0 , 4 4 5 E ÷ 0 0  

0 , 4 5 1 E ÷ 0 0  

0 .458E+00  

0 .4~7E+00  

0 . 4 7 8 E ÷ 0 0  

0 .487E+00  

0 .500E+O0 

O. tO3E÷O0 

0 , 9 2 2 E - 0 1  

O.TnTE-O!  

O.R2RE-01 

0 . 4 4 4 E - 0 1  

0 . 2 3 5 E - 0 1  

0 . 1 8 1 E - 0 3  

o .  TnRE-03 

0 . 7 4 n E - 0 3  

0 . 6 9 2 E - 0 ~  

0 . O 1 2 E - 0 3  

0 . 4 9 2 E - 0 3  

0 . 3 0 6 E - 0 3  

0 . 2 9 0 E - 0 5  

X CO CO2 H2 CH30H H20 

O.O00E+O0 0 . 1 6 9 E + 0 0  0 .105E+00  0 .425E+00  0 .142E+00  0 . 9 7 2 E - 0 3  

0 .100E+O0 0.1?OE+O0 0 .105E+00  0 .426E+00  0 .140E+00  0 . 9 6 8 E - 0 3  

0 .200E+O0 0 . 1 7 2 E + 0 0  0 .104E+00  0 .428E+00  0 .136E+00  0 . 9 5 4 E - 0 3  

0 .300E+O0 0.1?OE+O0 0 .104E+00  0 .432E+00  0 .129E+00  0 . 9 3 1 E - 0 3  

0 .400E+O0 0 . 1 8 2 E + 0 0  0 .104E+00  0 .437E+00  0 .119E+00  0 , 8 9 7 E - 0 3  

0 .500E+O0 0 . 1 8 9 E + 0 0  0 .103E+00  0 .443E+00  0 .107E+00  0 o 8 4 9 E - 0 3  

O°600E+O0 0 . 1 9 8 E + 0 0  0 .103E+00  0 .451E+00  0 . 9 1 2 E - 0 t  0 . 7 8 3 E - 0 3  

O.700E+O0 0 . 2 0 9 E + 0 0  0 .102E+00  0 . 4 6 1 E + 0 0  0 , 7 2 9 E - 0 1  0 . 6 9 0 E - 0 3  

0 .800E+O0 0 , 2 2 1 E + 0 0  0 .101E+00  0 ,472E+00  0 . 5 1 7 E - 0 1  0 . 5 5 4 E - 0 3  

0 .900E+O0 0 . 2 3 4 E + 0 0  0 .101E+00  0 .485E+00  0 . 2 7 7 E - 0 1  0 . 3 4 8 E - 0 3  

0 .100E+01 0 . 2 5 0 E + 0 0  0 .100E+O0 0 .499E+00  0 . 7 0 4 E - 0 3  0 . 1 4 9 E - 0 4  

EFF RATE 1 = . 5 7 2 7 E - 0 9  
EFF RATE 2 = . 1 2 9 1 E - 1 0  
EFF1 = .9214E+00 
EFF2 = .4010E+00 

- 0 . 3 5 9 E ÷ 0 0  

-0~453E÷00  

-0 .SR1E+O0 

- 0 . 6 5 2 E + 0 0  

- 0 . 7 5 7 E ÷ 0 0  

-O.060E+O0 

- 0 . 9 8 5 E ÷ 0 0  

SLOPE 1 

O.O00E+O0 

- 0 , 9 9 9 E - 0 1  

- 0 . 2 0 1 E + 0 0  

- 0 . 3 0 3 E + 0 0  

- 0 . 4 0 8 E + 0 0  

- 0 . 5 1 6 E + 0 0  

- 0 . 6 2 8 E + 0 0  

- 0 . 7 4 5 E + 0 0  

- 0 . 8 6 8 E + 0 0  

- 0 . 9 9 8 E + 0 0  

- 0 . 1 1 4 E + 0 1  

- 0 , 1 5 g E - 0 2  

- 0 , 2 2 R E - 0 2  

-O .~R1E-02  

- 0 . 4 9 5 E - 0 2  

- 0 . 7 7 0 E - 0 2  

- 0 . 1 2 5 E - 0 1  

- 0 . 2 1 2 E - 0 1  

SLOPE 2 

O.O00E+O0 

- 0 . 4 1 1 E - 0 3  

- 0 . 8 4 4 E - 0 3  

- 0 . 1 3 3 E - 0 2  

- 0 . 1 9 1 E - 0 2  

- 0 . 2 6 9 E - 0 2  

- 0 . 3 8 2 E - 0 2  

- 0 . 5 6 0 E - 0 2  

- 0 . 8 5 7 E - 0 2  

- 0 . 1 3 8 E - 0 1  

- 0 . 2 3 2 E - 0 1  

0 .465E÷03  

O.465E÷03 

0 ,465E÷0~  

0 . 4 6 5 E + 0 3  

0.4RSE+03 

0 .465E+03  

0 . 4 6 5 E ÷ 0 3  

TEMPERATURE(K) 

0 .470E+03  

0 .470E+03  

0 .470E+03  

0 .470E+03  

0 ,470E+03  

0 .470E+03  

0 .470E+03  

0 .470E+03  

0 .470E+03  

0 .470E+03  

0 .470E+03  

TEMPERATURE = 4 7 7 . 3 4 8 9  



I 
C'J 
I ,.L'- 

co 

PRESSURE = BO.O000 

X C0 

O.000E+O0 0 . 1 5 0 E ÷ 0 0  

O. IOOE÷O0 O. 151E÷00  

O. 200E÷O0 0 .  154E÷OO 

O. 30OE+OO O. 159E+OO 

0 .400E+O0  0 . 1 5 6 E + 0 0  

0 .500E+O0  0 . 1 7 5 E + 0 0  

O.800E+O0 0 . 1 B 6 E + O 0  

O . 7 0 O E + O O  O. lggE+OO 

O.BOOE+OO O . 2 1 4 E + 0 0  

o.gOOE÷OO 0 .231E+OO 

O.10OE+O1 O . 2 4 9 E ÷ 0 0  

EFF RATE 1 = . 7 2 5 8 E - 0 g  
EFF RATE 2 = . 1 5 3 8 E - 1 0  
EFF1 = . 9 0 3 8 E + 0 0  
EFF2 = . 4 0 5 8 E + 0 0  

TEMPERATURE = 4 7 4 . 4 2 5 8  
PRESSURE : 8 0 . 0 0 0 0  

X CO 

O. O00E+O0 O. 157E+00 

O. I O O E + O 0  O.  158E+00 

O. 200E+O0 O. 101E+00 

O . 3 0 0 E  + O 0  O. IIBSE+O0 

O. 400E÷O0 O. 172E+00 

O. 500E+O0 0 .  180E÷00 

O. 600E+O0 O. 190E+00 

0 .  700E+O0 O. 2 0 2 E + 0 0  

O. 8OOE+OO O. 216E+OO 

O. 9OOE+OO O. 232E+OO 

CO2 

O .106E+00  

O.106E÷OO 

0 ,  t 0 5 E + 0 0  

O. IOSE+OO 

O .105E+00  

O.104E÷OO 

O.104E+OO 

O.103E+OO 

O. t02E+OO 

O. tO1E+OO 

0 . 1 0 0 E ÷ 0 0  

C02 

O.105E+O0 

O. IO5E+OO 

O.IOSE÷OO 

O.105E+OO 

O. IO5E+OO 

O. IO4E+OO 

O. IO3E+00 

O . 1 0 3 E + 0 0  

O . 1 0 2 E + 0 0  

O.101E+OO 

H2 

0 . 4 0 8 E ÷ 0 0  

0 . 4 0 8 E ÷ 0 0  

O . 4 1 1 E + 0 0  

O.416E+OO 

O.422E+OO 

O.43OE*OO 

O.44OE÷00 

O.452E÷OO 

O.486E÷OO 

O.481E+OO 

0 . 4 9 9 E + O O  

H2 

0 .414E+OO 

0 .415E+OO 

0 . 4 1 7 E + 0 0  

0 . 4 2 1 E + 0 0  

0 .427E+OO 

O.435E+OO 

0 . 4 4 4 E + O O  

O.455E+OO 

O.467E+OO 

O.482E+OO 

CH30H 

O.174E÷OO 

O . 1 7 3 E ÷ 0 0  

O . 1 8 7 E + 0 0  

0 . 1 5 g E + O 0  

0 . 1 4 7 E + 0 0  

0 . 1 3 1 E + 0 0  

O.112E+OO 

O . 9 0 O E - O 1  

O . 8 4 0 E - 0 1  

O . 3 4 4 E - 0 1  

O . 1 2 8 E - 0 2  

CH30H 

O. 162E+00 

O. 16OE+OO 

O. 15OE ÷OO 

O. 148E+OO 

O. 137E ÷OO 

O. 122E+OO 

O. I 0 5 E + 0 0  

O. 8401E-01 

O. 5 9 9 E - 0 1  

O, 328E-  01 

H20 

0 . 1 2 1 E - O 2  

O .121E-O2  

O . 1 1 9 E - 0 2  

O .115E-O2  

O.11OE-O2 

O . 1 0 4 E - 0 2  

O . 9 4 9 E - 0 3  

O.B3OE-03  

0 . 6 6 3 E - O 3  

0 . 4 1 5 E - 0 3  

0 . 2 7 1 E - 0 4  

H20 

O .112E-O2  

O .111E-O2  

O .109E-O2  

O .107E-O2  

O. IO2E-O2 

0 . 9 6 5 E - O 3  

0 . 8 8 7 E - 0 3  

0 . 7 8 O E - 0 3  

0 . 8 2 8 E - O 3  

0.4OOE-O3 

SLOPE 1 

O.O00E÷O0 

-O .11gE÷O0 

- 0 . 2 4 0 E + 0 0  

- 0 . 3 6 2 E + 0 0  

- 0 . 4 8 9 E + 0 0  

- 0 . 8 2 0 E + 0 0  

-O.758E+OO 

-O.gO3E+00 

- 0 . 1 0 6 E + 0 1  

- 0 . 1 2 2 E + 0 1  

-0 .14OE+O1 

SLOPE 1 

O.O00E+O0 

- 0 .  t 1 2 E + 0 0  

- 0 . 2 2 4 E + 0 0  

- 0 . 3 3 9 E + 0 0  

-0 .457E+OO 

- O . 5 7 9 E + 0 0  

-O,707E+OO 

- 0 . 8 4 1 E + 0 0  

- 0 . 9 8 3 E + 0 0  

- 0 . 1 1 3 E + 0 1  

SLOPE 2 
~ t ~ t t t ~ t ~  

O.O00E÷O0 

- 0 . 6 0 0 E - 0 3  

- 0 . 1 2 2 E - 0 2  

- O . 1 8 8 E - O 2  

- O . 2 6 4 E - O 2  

- O . 3 5 9 E - O 2  

- O . 4 9 1 E - O 2  

- O . 8 9 5 E - 0 2  

- O . 1 0 3 E - 0 1  

- O . 1 6 2 E ; 0 1  
P 

- 0 . 2 8 9 E - 0 1  

SLOPE 2 

O.O00E+O0 

- 0 . 5 1 9 E - 0 3  

- 0 . 1 0 6 E - 0 2  

- 0 . 1 6 4 E - O 2  

- O . 2 3 2 E - O 2  

- O . 3 1 9 E - 0 2  

- 0 . 4 4 2 E - 0 2  

- O . 8 3 2 E - O 2  

- O . 9 4 7 E - O 2  

-O .15OE-01  

TEMPERATURE(K) 

0 . 4 7 8 E ÷ 0 3  

0 . 4 7 8 E ÷ 0 3  

0 . 4 7 8 E ÷ 0 3  

0 . 4 7 8 E + 0 3  

0 . 4 7 8 E ÷ 0 3  

0 . 4 7 8 E ÷ 0 3  

0 . 4 7 8 E ÷ 0 3  

0 . 4 7 7 E + 0 3  

0 . 4 7 7 E + 0 3  

0 . 4 7 7 E + 0 3  

0 . 4 7 7 E + 0 3  

TEMPERATURE(K) 

0 . 4 7 5 E + 0 3  

0 . 4 7 5 E + 0 3  

0 . 4 7 5 E + 0 3  

O.475E+O3 

O.475E+O3 

O.475E+O3 

0 . 4 7 5 E + O 3  

O.475E+O3 

0 . 4 7 5 E ÷ O 3  

O.474E+O3 



0 , 1 0 0 E ÷ 0 1  0 . 2 4 9 E ~ 0 0  O. tOOE÷O0 0 . 4 9 8 E ÷ 0 0  0 . 1 9 2 E - 0 2  0 . 4 0 7 E - 0 4  -O,  I3OE÷01 - 0 . 2 5 0 E - 0 1  0 . 4 7 4 E ÷ 0 3  

;--I 
I 

C3 
I 

4':- 

EFF RATE 1 = . 6 5 5 9 E - 0 9  
EFF RATE 2 : , 1 3 9 4 E - 1 0  
EFFI = . 9 1 0 7 E ÷ 0 0  
EFF2 : . 4 0 4 7 E ÷ 0 0  

TEMPERATURE = 4 8 2 . 3 6 1 9  
PRESSURE = 8 0 . 0 0 0 0  

X CO CO2 H2 CH30H H20 SLOPE 1 SLOPE 2 TEMPERATURE(K) 

O.O00E+O0 0 . 1 3 6 E ÷ 0 0  0 . 1 0 7 E + 0 0  0 . 3 9 4 E ÷ 0 0  0 . 1 9 9 E ÷ 0 0  0 . 1 4 1 E - 0 2  O.O00E+O0 O.O00E+O0 0 . 4 0 3 E + 0 3  

0 .100E+O0  0 . 1 3 7 E + 0 0  0 . 1 0 7 E ÷ 0 0  0 . 3 9 5 E + 0 0  0 . 1 9 7 E + 0 0  0 .  t 4 0 E - 0 2  - 0 . 1 3 2 E + 0 0  - 0 . 7 7 8 E - 0 3  0 . 4 8 3 E + 0 3  

0 .200E+O0  0 . 1 4 0 E ÷ 0 0  0 . 1 0 8 E + 0 0  0 .39QE+O0 0 . 1 9 1 E + 0 0  0 . 1 3 8 E - 0 2  - 0 . 2 6 B E + O 0  - 0 . 1 5 6 E - 0 2  0 . 4 G 3 E + 0 3  

0 .300E+O0  O,140E+O0 0 . 1 0 6 E + 0 0  0 . 4 0 3 E + 0 0  0 . 1 g l E + O 0  0 . 1 3 3 E - 0 2  - 0 . 4 0 4 E + 0 0  - 0 . 2 3 8 E - 0 2  0 . 4 0 3 E + 0 3  

0 .400E+O0  0 . 1 5 4 E + 0 0  0 . 1 0 8 E + 0 0  0 . 4 1 0 E + 0 0  0 . 1 6 8 E + 0 0  0 . 1 2 7 E - 0 2  - 0 . 5 4 5 E + 0 0  - 0 . 3 2 8 E - 0 2  0 . 4 8 3 E + 0 3  

0 .500E+O0 0 . 1 6 4 E ÷ 0 0  0 . 1 0 5 E + 0 0  0 . 4 2 0 E + 0 0  0 . 1 5 0 E + 0 0  0 . 1 1 9 E - 0 2  - 0 , 6 9 4 E + 0 0  - 0 . 4 3 5 E - 0 2  0 . 4 8 3 E + 0 3  

O.600E+O0 0 . 1 7 8 E + 0 0  0 . 1 0 4 E + 0 0  0 . 4 3 1 E + 0 0  0 . 1 2 9 E + 0 0  0 . 1 0 9 E - 0 2  - 0 . 8 5 0 E + 0 0  - 0 . 5 8 0 E - 0 2  0 . 4 8 3 E + 0 3  

O . ? O O E + O 0  0 . 1 9 1 E + 0 0  0 . 1 0 3 E + 0 0  0 . 4 4 4 E + 0 0  0 .103E+O0  0 . 9 4 3 E - 0 3  - 0 . 1 0 2 E + 0 1  - 0 . 7 9 7 E - 0 2  0 . 4 8 3 E + 0 3  

0 .800E+O0  0 , 2 0 8 E + 0 0  0 . 1 0 2 E + 0 0  0 . 4 6 0 E + 0 0  0 . 7 3 9 E - 0 1  0 . 7 5 2 E - 0 3  - 0 . 1 2 0 E + 0 1  - 0 . 1 1 5 E - 0 1  0 . 4 8 2 E + 0 3  

0 .900E+O0  0 . 2 2 7 E + 0 0  0 . 1 0 1 E + 0 0  0 . 4 7 7 E + 0 0  0 . 4 0 3 E - 0 1  0 . 4 7 7 E - 0 3  - 0 . 1 3 9 E + 0 1  - 0 . 1 7 8 E - 0 1  0 . 4 8 2 E + 0 3  

0 .  t00E+01 0 . 2 4 9 E + 0 0  0 . 1 0 0 E ÷ O 0  0 . 4 9 7 E + 0 0  0 . 2 5 8 E - 0 2  0 . 5 4 1 E - 0 4  - 0 . 1 0 0 E + 0 1  - 0 . 2 9 2 E - 0 1  0 . 4 8 2 E + 0 3  

EFF RATE 1 = . 8 3 1 2 E - 0 9  
EFF RATE 2 = , 1 6 7 3 E - 1 0  
EFF1 = .B909E+O0 
EFF2 = . 4 1 0 1 E + 0 0  

TEMPERATURE = 4 7 9 . 7 4 0 0  
PRESSURE = 8 0 . 0 0 0 0  

X CO 
* * * * * * * * * *  * * * * * * * * * *  

O.OOOE+O0 0 . 1 4 3 E + 0 0  

O. tOOE+O0 0 . 1 4 4 E + 0 0  

0 .200E+O0 0 . 1 4 7 E + 0 0  

0 .300E+O0 0 . 1 5 2 E + 0 0  

C02 H2 CH30H H20 SLOPE I SLOPE 2 TEMPERATURE(K) 
* * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * *  

0 . 1 0 7 E + O 0  0 . 4 0 0 E + O 0  0 . 1 8 7 E + 0 0  0 . 1 3 1 E - 0 2  O.OOOE+O0 O.O00E+O0 0 . 4 0 0 E + 0 3  

0 .10BE+O0 0 . 4 0 1 E + 0 0  0 . 1 8 5 E + 0 0  0 . 1 3 0 E - 0 2  - 0 . 1 2 6 E + 0 0  - 0 . 6 0 1 E - 0 3  0 .4DOE÷03 

0 . 1 0 8 E + O 0  0 . 4 0 4 E + 0 0  0.1DOE+O0 0 . 1 2 0 E - 0 2  - 0 . 2 5 2 E + 0 0  - 0 . 1 3 7 E - 0 2  0 .4QOE+03 

0 . 1 0 0 E + O 0  0 . 4 0 9 E + 0 0  0 . 1 7 1 E + 0 0  0 . 1 2 4 E - 0 2  - 0 . 3 8 2 E + 0 0  - 0 . 2 1 0 E - 0 2  0 . 4 0 0 E + 0 3  



1.4 
I 

I 

o 

0 .40OE*00  0 , 1 5 9 E ÷ 0 0  O.105E÷00 0 . 4 1 5 E ÷ 0 0  O,158E÷O0 0 , 1 1 9 E - 0 2  -O.516E÷O0 - 0 . 2 9 2 E - 0 2  0 .480E÷O3 

0 .500E÷O0 0 . 1 8 9 E ÷ 0 0  0 . 1 0 5 E ÷ 0 0  0 .424E+00  0 . 1 4 2 E + 0 0  0 . 1 1 1 E - 0 2  - 0 . 8 5 5 E + 0 0  - 0 . 3 9 1 E - 0 2  0 .480E+03  

O.O00E÷O0 0 . 1 8 1 E + 0 0  0 . 1 0 4 E ~ 0 0  0 . 4 3 4 E ÷ 0 0  0 . 1 2 1 E + 0 0  0 , 1 0 2 E - 0 2  - 0 , 8 0 2 E ÷ 0 0  - 0 . 5 2 6 E - 0 2  0 .480E÷03  

O,700E+O0 0 . 1 9 4 E + 0 0  0 . 1 0 3 E + 0 0  0 . 4 4 7 E ÷ 0 0  0 . 9 7 8 E - 0 1  0 . 8 9 2 E - 0 3  - 0 . 9 5 7 E ÷ 0 0  - 0 . 7 3 1 E - 0 2  0 .480E+03  

O.8OOE÷OO 0 . 2 1 0 E ÷ 0 0  0 .102E+00  0 .462E+00  0 . 7 0 0 E - 0 1  0 . 7 1 8 E - 0 3  -0 ,112E÷01  - 0 . 1 0 7 E - 0 1  0 .480E+03  

0 .900E+O0 0 .228E+00  0 . 1 0 1 E + 0 0  0 .478E+00  0 . 3 8 8 E - 0 1  0 . 4 6 3 E - 0 3  -0 .130E+01  - 0 . 1 6 5 E - 0 1  0 .480E+03  

0. I00E÷01 0 . 2 4 8 E ÷ 0 0  0 . 1 0 1 E ÷ 0 0  0 .497E+00  0 . 3 3 3 E - 0 2  0 . 6 9 0 E - 0 4  - 0 . 1 4 9 E ÷ 0 1  - 0 . 2 7 3 E - 0 1  0 .480E+03  

EFF RATE I : . 7595E-09  
EFF RATE 2 : . 1 5 2 7 E - I 0  
EFF1 = .8977E+00 
EFF2 = ,4092E+00 

TENPERATURE : 488 ,0361  
PRESSURE : 8 0 . 0 0 0 0  

X CO 

O.O00E+O0 0 ,118E+00  

0 .100E+O0 0 . 1 2 0 E + 0 0  

0 .200E+O0 0 . 1 2 3 E ÷ 0 0  

0 .300E+O0 0 ,130E+00  

O.400E+O0 0 , 1 3 9 E ÷ 0 0  

0 .500E+O0 0 , 1 5 0 E ÷ 0 0  

0 .600E+O0 0 .185E+00  

0 .700E+O0 0 ,181E+00  

O , 8 0 0 E + O 0  0 . 2 0 1 E + 0 0  

O.900E+O0 0 .223E+00  

O. tOOE+Oi 0 .248E+00  

EFF RATE 1 = . 9635E-09  
EFF RATE 2 = . 1 8 4 9 E - 1 0  
EFF1 = .8750E÷00 
EFF2 = .4154E+00 

C02 
8 t l ~ t t J t  

0 . 1 0 8 E ÷ 0 0  

0 , 1 0 8 E + 0 0  

0 . 1 0 8 E ÷ 0 0  

0 . 1 0 7 E + 0 0  

0 . 1 0 7 E + 0 0  

0 . 1 0 6 E + 0 0  

0 . 1 0 5 E + 0 0  

0 . 1 0 4 E ÷ 0 0  

0 . 1 0 3 E ÷ 0 0  

0 , 1 0 2 E + 0 0  

0 , 1 0 1 E ÷ 0 0  

H2 
t t t i S t S t ~  

0 .378E+00  

0 .379E+00  

0 .382E+00  

0 .388E+00  

0 . 3 9 6 E + 0 0  

0 . 4 0 7 E ÷ 0 0  

0 .420E+00  

0 . 4 3 5 E ÷ 0 0  

0 . 4 5 3 E + 0 0  

0 . 4 7 3 E + 0 0  

0 . 4 9 6 E ÷ 0 0  

CH30H 

0 , 2 2 9 E + 0 0  

0 . 2 2 7 E + 0 0  

0 . 2 2 0 E + 0 0  

0 . 2 0 9 E + 0 0  

0 . 1 9 4 E ÷ 0 0  

0 . 1 7 4 E ÷ 0 0  

0 . 1 4 9 E + 0 0  

0 . 1 2 0 E + 0 0  

0 . 8 6 1 E - 0 1  

0 . 4 7 5 E - 0 1  

0 . 4 1 0 E - 0 2  

H20 

0 . 1 6 8 E - 0 2  

0 . 1 6 7 E - 0 2  

0 . 1 6 3 E - 0 2  

0 . 1 5 8 E - 0 2  

0 . 1 5 0 E - 0 2  

0 . 1 3 9 E - 0 2  

0 . 1 2 8 E - 0 2  

0 . 1 0 9 E - 0 2  

0 . 8 6 5 E - 0 3  

0 . 5 5 3 E - 0 3  

0 . 8 3 8 E - 0 4  

SLOPE 1 
~ t t ~ t t ~ t ~ t  

O.O00E+O0 

- 0 . 1 4 8 E ÷ 0 0  

- 0 . 2 9 8 E + 0 0  

- 0 . 4 5 2 E + 0 0  

- 0 . 6 1 2 E + 0 0  

- 0 . 7 8 1 E + 0 0  

- 0 . 9 6 1 E + 0 0  

- 0 . 1 1 5 E + 0 1  

- 0 . 1 3 6 E + 0 1  

-0 ,159E+01  

-0 .184E+01  

SLOPE 2 

O.O00E+O0 

- 0 .  I 0 5 E - 0 2  

- 0 . 2 0 9 E - 0 2  

- 0 . 3 1 4 E - 0 2  

- 0 . 4 2 3 E - 0 2  

- 0 . 5 4 7 E - 0 2  

- 0 . 7 0 7 E - 0 2  

- 0 . 9 3 9 E - 0 2  

- 0 . 1 3 2 E - 0 1  

- 0 . 1 9 8 E - 0 1  

- 0 . 3 2 1 E - 0 1  

TENPERATURE(K) 

0 .488E+03  

0 .488E+03  

0 .488E+03  

0 .488E+03  

0 .488E+03  

0 .488E+03  

0 .488E÷03  

0 .488E+03  

0 .488E+03  

0 .488E+03  

0 .488E+03  

TENPERATURE : 4 8 5 . 7 8 0 8  



V 
t~ 
I 

Ln 

PRESSURE = RO.O000 

X CO C02 H2 CH30H H20 

O.O00E+O0 0 . 1 2 5 E + 0 0  0 .108E÷00  0 .383E÷00  O.2|RE+O0 0 . 1 5 8 E - 0 2  

O.]OOE÷O0 0 . 1 2 6 E ÷ 0 0  0 .108E+00  0 .384E+00  0 .216E+00  0 . 1 5 7 E - 0 2  

0 .200E+O0 0 . 1 2 9 E + 0 0  0 .108E÷00  0 .388E+00  0 .210E÷00  0 . 1 5 4 E - 0 2  

0 .300E+O0 0 , 1 3 6 E + 0 0  0 .107E+00  0 .393E+00  0 .199E+00  0 .  t 4 8 E - 0 2  

0 . 4 0 0 E + O 0  0 , 1 4 4 E + 0 0  0 .107E÷00  0 .401E+00  0 .184E+00  0 . 1 4 1 E - 0 2  

0 .500E+O0 0 . 1 5 5 E + 0 0  0 .108E+00  0 .411E+00  0 .165E÷00  0 . 1 3 2 E - 0 2  

O.800E+O0 0 . 1 8 8 E + 0 0  0 .105E+00  0 .423E+00  0 .142E+00  0 . 1 1 9 E - 0 2  

O,700E+O0 0 . 1 8 4 E + 0 0  0 .104E+00  0 .437E+00  0 .115E+00  0 . 1 0 4 E - 0 2  

0 .800E+O0 0 . 2 0 3 E + 0 0  0 .103E+00  0 .454E+00  0 . 0 2 5 E - 0 1  0 . 8 3 2 E - 0 3  

O.900E+O0 0 . 2 2 4 E + 0 0  0 .102E+00  0 .473E+00  0 . 4 8 0 E - 0 1  0 . 5 4 1 E - 0 3  

0 .100E+01 0 . 2 4 8 E + 0 0  0 .101E+00  0 .495E+00  0 . 4 9 8 E - 0 2  0 . 1 0 1 E - 0 3  

EFF RATE 1 = . 8 9 1 2 E - 0 9  
EFF RATE 2 = , t 7 0 1 E - 1 0  
EFFI = .8814E+00 
EFF2 = .4148E+00 

TEMPERATURE = 4 9 4 . 5 2 9 8  
PRESSURE = 8 0 . 0 0 0 0  

X CO C02 H2 CH30H H20 

O.O00E+O0 0 . 9 6 6 E - 0 1  0 .  t08E+00 0 .357E+00  0 .286E+00  0 . 2 0 7 E - 0 2  

0 , 1 0 0 E + O 0  0 . 9 8 1 E - 0 1  0 .109E+00  0 .359E+00  0 .264E+00  0 . 2 0 6 E - 0 2  

0 . 2 0 0 E + O 0  0 . 1 0 2 E + 0 0  0 .109E+00  0 .363E+00  0 ,256E+00  0 . 2 0 1 E - 0 2  

0 .300E+O0 0 . 1 1 0 E + 0 0  0 .108E÷00  0 .369E+00  0 .244E+00  0 . 1 9 2 E - 0 2  

0 .400E+O0 0 . 1 2 0 E + 0 0  0 . 1 0 8 E ÷ 0 0  0 .379E+00  0 .226E+00  0 . 1 8 1 E - 0 2  

0 .500E÷O0 0 . 1 3 3 E + 0 0  0 .107E+00  0 .391E+00  0 .203E+00  0 . 1 6 7 E - 0 2  

0.600E+O0 0 . 1 5 0 E + 0 0  0 .106E+00  0 .406E+00  0 .174E+00  0 . 1 4 9 E - 0 2  

O.?OOE+O0 0 . 1 6 9 E + 0 0  0 .105E+00  0 .423E+00  0 .141E+00  0 . 1 2 8 E - 0 2  

0.800E+O0 0 . 1 9 2 E + 0 0  0 .104E+00  0 .444E+00  0 ,101E+00  0 , 1 0 1 E - 0 2  

o.gOOE+O0 0 . 2 1 8 E + 0 0  0 .102E+00  0 .468E+00  0 . 5 6 5 E - 0 1  ' 0 . 6 4 8 E - 0 3  

SLOPE 1 

O.O00E+O0 

- 0 , 1 4 2 E ÷ 0 0  

- 0 . 2 8 5 E + 0 0  

- 0 . 4 3 3 E + 0 0  

- 0 . 5 8 8 E + 0 0  

- 0 . 7 4 6 E + 0 0  

- 0 . 9 1 7 E + 0 0  

- O . J I O E + 0 1  

- 0 . 1 3 0 E + 0 1  

- 0 . 1 5 1 E + 0 1  

- 0 . 1 7 4 E + 0 1  

SLOPE 1 

O.O00E+O0 

- 0 . 1 6 5 E + 0 0  

- 0 , 3 3 3 E + 0 0  

-O.S07E+O0 

- 0 . 6 9 0 E + 0 0  

- 0 , 8 8 4 E + 0 0  

-0~109E+01 

- 0 . 1 3 2 E + 0 1  

- 0 . 1 5 7 E + 0 1  

- 0 .  t85E+01 

SLOPE 2 

O.O00E÷O0 

- 0 . 9 3 7 E - 0 3  

- 0 . 1 8 7 E - 0 2  

-O.2 f12E-02 

-0 .3 f13E-02  

- 0 . 4 9 8 E - 0 2  

- 0 . 8 5 0 E - 0 2  

- 0 . 8 7 1 E - 0 2  

- 0 , 1 2 3 E - 0 1  

-0 .1 f lOE-01  

- 0 . 3 0 3 E - 0 1  

SLOPE 2 

O.O00E+O0 

- 0 . 1 5 0 E - 0 2  

- 0 . 2 9 6 E - 0 2  

- 0 . 4 3 7 E - 0 2  

- 0 . 5 7 5 E - 0 2  

- 0 . 7 2 2 E - 0 2  

- 0 . 8 9 0 E - 0 2  

- 0 , 1 1 5 E - 0 1  

- 0 . 1 5 5 E - 0 1  

- 0 , 2 2 7 E - 0 1  

TEMPERATURE(K) 

0 .486E+03  

0 .486E÷03  

0 .48 f lE÷03  

0 .486E+03  

0 ,486E+03  

0 .486E+03  

0 ,486E+03  

0 .486E+03  

0 ,486E+03  

0 ,486E+03  

0 .486E+03  

TEMPERATURE(K) 

0 .495E÷03  

0 .495E+03  

0 .495E+03  

0 .495E+03  

0 .495E+03  

0 .495E÷03  

0 .495E+03  

0 .485E+03  

0 .485E+03  

0 .495E+03  



0 ,100E÷01  0 . 2 4 7 E + 0 0  0 .101E÷00  0 .494E+00  0 . 5 9 0 E - 0 2  0. t 17E-03  -0 .215E+01  - 0 , 3 6 1 E - 0 1  0 .495E+03  

I 

I 

EFF RATE 1 = . 1132E-08  
EFF RATE 2 : . 2 0 8 1 E - 1 0  
EFFI : .8550E+00 
EFF2 = .4222E÷00 

TEMPERATURE = 4 9 2 . 7 2 3 0  
PRESSURE = 8 0 . 0 0 0 0  

X CO C02 H2 CH3OH H2D SLOPE 1 SLOPE 2 TEMPERATURE(K) 

O.O00E÷O0 0 . 1 0 2 E ÷ 0 0  0 .109E+00  0 .362E+00  0 .257E+00  0 . 1 9 7 E - 0 2  O.O00E+O0 O.GOOE÷O0 0 .493E+03  

0.100E+O0 0 . 1 0 3 E + 0 0  0, I09E÷00 0 .363E+00  0 .254E+00  0 . 1 9 5 E - 0 2  - 0 . 1 6 1 E + 0 0  - 0 . 1 3 7 E - 0 2  0 .493E+03  

0 .200E÷O0 0 . 1 0 7 E + 0 0  0 .109E+00  0 .367E+00  0 .247E+00  0 . 1 g l E - 0 2  - 0 . 3 2 4 E ÷ 0 0  - 0 . 2 7 1 E - 0 2  0 .493E+03  

0 .300E+00  0.11SE+O0 O. |09E+O0 0 .374E+00  0 .235E÷00  0 . 1 8 3 E - 0 2  - 0 . 4 9 2 E + 0 0  - 0 . 4 0 1 E - 0 2  0 .493E+03  

0 .400E+O0 0 . 1 2 4 E ÷ 0 0  O. I08E+O0 0 .382E+00  0 .218E+00  0 . 1 7 3 E - 0 2  - 0 . 6 6 8 E + 0 0  - 0 . 5 3 1 E - 0 2  0 . 4 9 3 E ÷ 0 3  

0 .500E÷O0 0 . 1 3 7 E + 0 0  0 .107E÷00  0 . 3 9 4 E ÷ 0 0  0 .196E÷00  0 . 1 6 0 E - 0 2  - 0 . 8 5 5 E + 0 0  - 0 . 6 7 0 E - 0 2  0 . 4 9 3 E ÷ 0 3  

0 .600E÷O0 0 . 1 5 3 E ÷ 0 0  0.10@E+O0 0 .408E+00  0 .169E+00  0 . 1 4 4 E - 0 2  -0 .106E~01  - 0 . 8 3 9 E - 0 2  0 . 4 9 3 E ÷ 0 3  

0 .700E+O0 0 . 1 7 2 E ÷ 0 0  0 .105E÷00  0 .425E+00  0 .138E+00  0 . 1 2 4 E - 0 2  -0 .127E+01  - 0 . 1 0 8 E - 0 1  0 .493E+03  

O.800E+O0 0 . 1 9 4 E + 0 0  0 .104E÷00  0 .445E+00  0 . 9 8 4 E - 0 1  0 . 9 8 3 E - 0 3  -0 .151E+01  - 0 . 1 4 7 E - 0 1  0 .493E+03  

O.900E+O0 0 .219E+00  0 .103E÷00  0 . 4 6 8 E + 0 0  0 . 5 5 4 E - 0 1  0 .640E~03  -0 .177E+01  - 0 . 2 1 5 E - 0 1  0 .493E+03  

0 ,100E÷01 0 . 2 4 7 E ÷ 0 0  0 .101E+00  0 .493E+00  0 . 6 9 4 E - 0 2  0 . 1 3 6 E - 0 3  -0 .206E+01  - 0 . 3 4 3 E - 0 1  0 .493E+03  

EFF RATE 1 = . 1062E-08  
EFF RATE 2 = . 1 9 3 6 E - 1 0  
EFF1 : .8606E+00 
EFF2 = .4220E+00 

SUIE4ARY OF THE OUTPUT DATA 

OUTPUT TEMPERATURE = 

PRESSURE : 8 0 . 0 0 0 0 0  atm 

GAS COMPOSITION 
Component  M o l e  f r a c t i o n  
t t t S t ~ t t t  t t t t ~ t t t # ~ t ~ t  

CO 0 . 2 4 8 3 8  
C02 0 .10137  
H2 0 . 4 9 2 2 7  

498 .80337  Oeg. K 



CH30H 0 . 0 0 7 5 9  
H20 O.OOOl~ 
N2 0 . 0 1 0 1 5  
CH4 0 . 1 4 2 1 2  

COHVERSIOH 1 = .29297E-O1 
CONVERSION 2 = .O0000E÷O0 
OVERALL CONV. = .29887E-01  

VOLUMETRIC GAS VELOCITY = 0 .611960+02  N . m * = 3 / S e c  

SPACE VELOCITY = O.?045gE÷02 ~m**3 / l ¢g -hP  
5PACE TIME YIELD = O.52844E÷00 k ~ * * 3  Gas ConveP ted / k~ l - hP  

H 
I 

~q 
L~ 



LENGTH 
DIMENSIONLESS ACTUAL (m) EFF. 

0.i0000 0.08000 
0.20000 0.16000 
0.30000 0.24000 
0.40000 0.32000 
0.50000 0.40000 
0.60000 0.48000 
0.70000 0.56000 
0.80000 0.64000 
0.90000 0.72000 
1.00000 0.80000 

RATE 1 EFF 

0.45475E-02 
0.52504E-02 
0.66534E-02 
0.60132E-02 
0.76200E-02 
0.69622E-02 
0.88327E-02 
0.81701E-02 
0. I0381E-01 
0.97349E-02 

. RATE 2 

0.I0801E-03 
0 I1834E-03 
0 14095E-03 
0 12782E-03 
0 15337E-03 
0 13998E-03 
0 16947E-03 
0 15598E-03 
0 19081E-03 
0 17746E-03 
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LENGTH 
DIMENSIONLESS 

0.I0000 
0.20000 
0,30000 
0.40000 
0.50000 
0.60000 
0,70000 
0.80000 
0.90000 
1.00000 

ACTUAL (m) 

0.08000 
0.16000 
0.24000 
0.32000 
0.40000 
0.48000 
0.56000 
0.64000 
0.72000 
O.80OO0 

EFF.FACTOR 1 

0.93160E+00 
0.92136E+00 
0.90381E+00 
0.91074E+00 
0.89091E+00 
0.89771E+00 
0.87497E+00 
0.88137E+00 
0.85496E+00 
0.86057E+00 

EFF.FACTOR 2 
*********9** 

0.39986E+00 
0.40096E+00 
0.40575E+00 
0.40472E+00 
0.41007E+00 
0.40924E+00 
0.41539E+00 
0.41484E+00 
0.42219E+00 

0.42205E+00 
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LENGTH 
DIMENSIONLESS ACTUAL (m) 

0.00000 0.00000 
0.i0000 0.08000 
0.20000 0.16000 
0.30000 0.24000 
0.40000 0.32000 
0.50000 0.40000 
0.60000 0.48000 
0.70000 0.56000 
0.80000 0.64000 
0.90000 0.72000 
1.00000 0.80000 

GAS FLOW RATE 
DIMENSIONLESS ACTUAL (m/s) 

0.10000E+01 0.40000 
0. I0002E+01 0.40009 
0.I0089E+01 0.40355 
0.I0082E÷01 0.40329 
0.I0168E÷01 0.40674 
0.I0167E+01 0.40670 
0.I0258E+01 0.41031 
0.I0263E+01 0.41052 
0.I0358E+01 0.41433 
0.I0371E+01 0.41483 
0.I0472E÷01 0.41889 
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LENGTH 
DIMENSIONLESS 

0.00000 
0. i0000 
0.20000 
0.30000 
0.40000 
0.50000 
0.60000 
0.70000 
0.80000 
0.90000 
1.00000 

ACTUAL (m) 

0.00000 
0.08000 
0.16000 
0.24000 
0.32000 
0.40000 
0.48000 
0.56000 
0.64000 
0.72000 
0.80000 

TEMPERATURE 
DIMENSIONLESS 

0.00000E+00 
0. I1205E-01 
0.41294E-02 
0.20437E-01 
0.14845E-01 
0.31722E-01 
0.26894E-01 
0.44546E-01 
0.40670E-01 
0.59295E-01 
0.56603E-01 

ACTUAL (K) 

0.47000E+03 
0.47527E+03 
0.47194E+03 
0.47961E+03 
0.47698E+03 
0.48491E+03 
0.48264E+03 
0.49094E+03 
0.48911E+03 
0.49787E+03 
0.49660E+03 
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LENGTH 
DIMENSIONLESS 

0.00000 
0.I0000 
0.20000 
0.30000 
0.40000 
0.50000 
0.60000 
0.70000 
0.80000 
0.90000 
I.O0000 

ACTUAL (m) 

0.00000 
0.08000 
0.16000 
0.24000 
0 . 3 2 0 0 0  
0.40000 
0.48000 
0.56000 
0.64000 
0.72000 
0.80000 

CONVERSION 1 

0.00000E+00 
0.19709E-02 
0.40155E-02 
0.66029E-02 
0.89545E-02 
0. I1929E-01 
0.14664E-01 
0.18125E-01 
0.21350E-01 
0.25434E-01 
0.29297E-01 

CONVERSION 2 

0.00000E+00 
0.45847E-04 
0.92304E-04 
0.14756E-03 
0.19792E-03 
0.25825E-03 
0.31363E-03 
0.38056E-03 
0.44258E-03 
0.51830E-03 
0.58930E-03 

OVERALL CONV. 

0 00000E÷O0 
0 20168E-02 
0 41078E-02 
0 67505E-02 
0 91524E-02 
0 12187E-01 
0 14977E-01 
0 18505E-01 
0.21792E-01 
0.25953E-01 
0.29887E-01 
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LENGTH 
DIMENSIONLESS 

O.00000 
0 .10000  
0 .20000  
0 .30000  
0 .40000 
0 .50000  
0 .60000  
0 .70000  
0 .80000 
O.90000 
1,00000 

ACTUAL (m) 

O. 00000 
O. 08000 
O. 113000 
O. 24000 
0. 32000 
O, 40OOO 
O. 48000 
O. 56000 
O. 840OO 
O. 72000 
O. 80000 

CO 

.25000E÷00 

.24976E+00 

.24951E÷00 

.24QtgE+OO 

.24800E÷00 
24853E÷00 
24819E÷00 
24776E+00 
2473BE÷00 
24084E+00 
2dB3BE+00 

GAS PHASE MOLE FRACTIONS 
C02 

.IO000E+O0 

.lOOOgEtO0 

.10018E~00 

.10030E÷O0 

.10041E+00 
, .10055E+00 

,10068E~00 
. 1 0 0 8 4 E ÷ 0 0  
.lOOOgE÷O0 
.10118E$O0 
.10137E+00 

H2 CH30H H20 

500OOE÷OO .O0000E+OO .O0000E+00 
49948E*00 ,fiO47OE-03 .11473E-O4 
40895E+OO .10201E-O2 .23124E-04 
49827E÷OO .16933E-O2 .37015E-04 
49785E÷00 .22886E-O2 .4970nE-O4 
4gR87E÷O0 .30854E-02 ,84958E-04 

.49015E÷00 .37726E-02 .78999E-04 

.40523E+O0 .48695E-O2 .96027E-04 
,40438E+OO .55081E-O2 .111RAE-03 
.48330E÷00 .85735E-O2 .13128E-O3 
.40227E+00 .75850E-O2 .14956E-O3 

N2 

10000E-01 
10010E-01 
10021E-01 
t0034E-01 
10046E-01 
10061E-01 
10075E-01 
I0093E-O1 
10110E-O1 
10131E-O1 
10152E-O1 

CH4 

14000E+00 
14014E÷00 
14029E÷00 
14047E÷00 
14084E+00 
14086E÷00 
1410BE÷00 
14131E+00 
14154E+00 
14194E÷OO 
14212E+00 

I-I 
I 
? 
UI 



I-C-6 Program Listing - SLURRY DAT 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

C 

10 

C 
C 

15 

2O 

30 

C 

4 0  

THIS IS AN IHTERACTIVE PRDGRA~ THAT RECEIVES THE INPUT 
DATA FOR THE SIMULATION OF ADIBATIC BUBBLE COLUMN 
SLURRY REACTOR FOR METHA~DL SYNTHESIS. 
THE DATA ARE THEN STORED IN A FILE N . ~ D  
INPUT1.DAT .A~D USED ZN THE SIMULATOR. 

THE USER CAN GET A COMPLETE LIST OF INPUT DATA 
FRD~ THE FILE N~.~ED C.J']EC~I.DAT 

I ~ L ~ C Z T  REAL=$(A-H,O-Z) 

DZM~HSZOH YF(?) ,XF(S~ 

OPEN (U~ IT= I2 ,F ILE= ' IN~UT1 .DAT ' )  
OPEN (UHIT=13,FZLE='CHEC~.DAT')  

WRITE(O~,IO) 

FOR~AT(///,SX,'==================================================', 
= / / ,gX , 'BUEELE COLU~H SLURRY REACTO~ SZ~ULATZON',/,SX, 
= ' FOR' , / ,SX,  
= ' METH.euHDL SYNTHESZS',/ / ,SX, 
¢ :::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

WR~TE{05,15) 
FOR~AT(5×,'INSTRUCTZO~S',///,SX, 

= 'THIS PRDGR~ SZ;~?,JLATES A N~Z,I~?.ATZC BUSTLE C~LU~=-~;~ / , / , S X ,  
= 'SLURRY REACTOR FOR METH.C~OL SYNTHESIS. ' , / , S X ,  
= 'PLUG FLOW /~=J~D /~XZAL DISPERSIOH MODEL ZS USED FO~ C=ASS,/,SX, 
= 'A~D SLURRY PHASES RESPECTIVELY . ' , / , S X ,  
= 'INPUT VARZ,eL~LES ZHCLUDIP-~ FEED,REACTOR AHD CATALYST' , / ,SX,  

'CHARACTERISTICS AR~ PROVIDED BY THE USER VIA T H Z S ' , / , S X ,  
= 'INTERACTIVE PA~AGE.THE SIMULATOR THEN EVALUATES ' , / , 5 X ,  
= 'TEMPERATURE AND C.O~CERT'P.ATZON PROFILES TOGETHER WITH ' , / ,SX ,  
= 'C.O~VERSIO~S,AND CATALYST CONCENTi:L~TZON " , / / / , S X ,  
= 'TO RUH THE SIMULATOR ,PLEASE E~ER THE FOLLD~Zi'~G DATA' , / ,SX,  
= " IN FREE FO~'~AT' , / / )  

WRZTE(OE,20) 
WRITE(13,20) 
FO~AT(SX, '=========== REACt'OR CHARAC";'ERISTZCS =============', 

= / / , S X , ' D Z ~ Z T E R  (~)  = ? ' )  
READ(05,=) DC 

W ~ Z T E ( 1 3 , = )  DC 

WRZTE(~,E,30) 
W~TE(13 ,30 )  
FOR~AT(SX,'LE~GHT (m) = ? ' )  
READ(05,=) AL 
WRITE(12,=) AL 
WRITE(13,=) AL 

WRITE(OE,40) 
W~ITE(13,40) 
FO~%~,T(/,SX,'======== OPEP.ATI~G COHDZTZOH3 ============= ' , / / ,  
5X, tpRESSURE ( a ~ )  = ? ' )  
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C 

50 

C 

60 

?0 

8 0  

C 

9O 
l i t 

C 

tO0 
x 

140 

READ(O5, ' )  P 

WRITE(12,* )  P 
WRITE(13 , ' )  P 

WRITE(06.50) 
WRITE(13.50) 
FORMAT(SX.'FEED TEMPERATURE ( K )  : ? ' )  
R E A D ( O 5 , , )  TF 
WRITE(12. , )TF 
WRITE(13 . , )  TF 

WRITE(O E ,80 )  
WRITE(13,60) 
FORMAT(SX,'INLET GAS FLOW RATE (Nm, ,3 / sec )  • ? ' )  
READ(OS,*) QFG 
WRITE(12,=) QFG 
WRITE(13,* )  QFG 

WRITE(O6,?O) 
WRITE(13,?0) 
FORMAT(SX,'SLURRY FLOW RATE 
READ(OS,-) QFL 
WRITE(12.=) QFL 
WRITE(13.=) QFL 

m , , 3 / s e c )  = ? ' )  

WRITE(O6,80) 
WRITE(13,80) 
FORNAT( / ,SX, ' INLET GAS COMPOSITION', / .SX, 

• 'ENTER THE MOLE FRACTIONS. THE SQUENCE IS : ' , / , 5 X ,  
= '1 :C0 2:002 3:H2 4:CH30H 5:H20 6:N2 ?:C H4 ' )  

READ(OS,,) ( Y F ( I ) , I - I , ? )  
WRITE(12, =) ( Y F ( I ) , I = I , 7 )  
WRITE(13,* )  ( Y F ( I ) , I = I , 7 )  

WRITE(O6,90) 
WRITE(13,90) 
FORMAT(/ ,SX, ' INLET LIQ4JID COMPOSITION'. / ,§X, 

'ENTER THE MOLE FRACTIONS. THE SQUENCE IS : ' , / , S X ,  
'1 :C0 2:CO2 3:H2 4:CH30H S :H20 ' )  
READ(O5.*) ( X F ( I ) , I = I , 5 )  
WRITE(12,* )  ( X F ( I ) , I = ~ , 5 )  
WRITE(13.* )  ( X F ( I ) , I = I , 5 )  

WRITE(06.100) 
WRITE(13,100) 
FORMAT(/,SX,'CATALYST LOADING ' . / , S X ,  

'WEIGHT FRACTION IN SLURRY (kg ¢ a t / k g  S l u r r y )  • ? ' )  
READ(OS,,) WCAT 
WRITE(12,=) WCAT 
WRITE(13,* )  WCAT 

WRZTE(O6,110) 
WRITE(13,110) 
FORMAT(SX,'CATALYST DENSITY ( k g / m - , 3 )  = ? ' )  
READ(OS,s) DENCAT 
WRITE(12,* )  DENCAT 
WRITE(13,* )  DENCAT 

WRITE(O6,120) 
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120 

130 

C 

140 

WRITE(13,120) 
FOR~AT(SX,'PARTICLE DIAMETER (m) = ? ' )  
REA~(05.=) D~ 
WRITE(12,=) OF 
WRITE(13,=) D~ 

WRITI(OB,130) 
WRITE(13,130) 
FDR~AT(SX,'CATALYST HEAT CAPACITY = ? r , / , S X ,  
' I F  ND INFDR~ATIOM IS AVAILABLE ENTER ZERO ' )  
REAg(05,=) CPCAT 
WRITE(12,=) CPCAT 
W~ZTE(13,=) CPCAT 

WRiTE(O~,I40) 
FD~AT(//,SX,'END OF DATA ===========',/,SX, 

'INPUT DATA ARE STORED IN THE FILE NA,~ED INPUTI.DAT',/,SX, 
'PLEASE CHECK YOUR DATA FRO~ THE FILE I ~ E D  C~!CK1.DAT') 

$TO~ 
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BUBBLE COLUF~ SLURRY REACTOR SIMULATION 
FOR 

METRANOL SYNTHESIS 

INSTRUCTIONS 

THIS PROGR~qM SIMULATES A ~-DI~ATIC BUBBLE COLUMN 
SLUF, RY REACTOR FOR METH~240L SYNTHESIS. 
PLUG FLOW ~aND ~XIAL DISPERSION MODEL IS USED FOR GAS 
~ZD SLURRY PHASES RESPECTIVELY 
INPUT V~I~LES INCLUDING FEED,REACTOR AND CATALYST 
CF~t~ACTERISTICS ~2,E PROVIDED BY THE USER VIA THIS 
INTERACTIVE PACKAGE.THE SIMULATOR THEN EVALUATES 
TEMPERATURE ~JqD CONCENTRATION PROFILES TOGETHER WITH 
CONVERSIONS,AND CATALYST CONCENTRATION 

TO RUN THE SIMULATOR ,PLEASE ENTER THE FOLLOWING DATA 
IN FREE FOR~.T 

................... REACTOR CHARACTERISTICS ............ ~ 

DiamETER (m) = ? 
>4.0 
LENGHT (m) = 
>8.0 

******~ OPERATING CONDITIONS ************* 

PRESSURE (atm) = ? 
>70. 
FEED TEMPERATURE (K) = ? 
>500. 
INLET GAS FLOW RATE (Nm**3/se¢) = ? 
>48. 064 

SLURRY FLOW RATE (m**3/sec) = ? 
>0.31416 

INLET GAS COMPOSITION 
ENTER THE MOLE FRACTIONS. THE SQUENCE IS : 
I:C0 2:C02 3:H2 4:CH30H 5:H20 6:N2 7:CH4 
>0.25 0.! 0.5 0.0 0.0 0.01 0.14 

INLET Li0UID COMPOSITION 
ENTER THE MOLE FRACTIONS. THE SQUENCE IS : 
!:CO 2:C02 3:H2 4:CHBOH 5:H20 
>0.0 0.0 0.0 0.0 0.0 

CATALYST LO~ING 
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WEIGHT FRACTION IN SLURRY (kg cat/kg slurry) = 
>0.3 
CATALYST DENSITY (kg/m**3) = ? 

>1980. 
PARTICLE DIAMETER (m) ffi ? 

>0.00005 
CATALYST HEAT CAPACITY = 

>0.0 
IF NO INFORMATION IS AVAILABLE ENTER ZERO 

END OF DATA *e********* 

INPUT DATA ARE STORED IN THE FILE NAMED INPUTI.DAT 

PLEASE CHECK YOUR DATA FROM THE FILE NAMED CHECKI.DAT 
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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 
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 

~ZZZZZZZ~Z~ZZZZZZZZZZZZ~Z~XSZz=ZZZZ~ZZzZZ~=ZZZZ=ZZ=IZ~Z~Z=~Z~ZZZ~ 

MAIN PRDGRAM FOR SLURRY REACTOR DESIGN FOR METHANOL SYNTHESIS 

THIS PROGRAM SIMULATES AN ADIABATIC BUBBLE COLUMN SLURRY REACTOR 
FOR METHANOL SYNTHESIS. 

THE CONVERSION, TEMPERATURE AND CONCENTRATION PROFILES ARE 
CALCULATED FOR A SET OF DESIGN AND OPERATION CONDITIONS. 
THE KINETIC DATA AND THE PHYSICOCHEMICAL AND THERMODYNAMICAL 
PROPERTIES OF THE SYSTEM ARE SUPPLIED BY SEPARETE SUBROUTINES 
S0 THAT THE USER CAN ACCOMADATE HIS OWN DATA BY SIMPLE UPDATE 
PROCEDURE. THE PROGRAM NORMALLY EMPLOYS THE DATA ON WITCO-40 
AS A SOLVENT AND A Cu/Zn /CP203 CATALYST( U n i t e d  C a t a l y s t  T -2370  ) 

SZZSZZZ~ZZZ~SZZZZZZZZZZZlZ~ZZZZZZ~Z~SZZZZ~Z~tZSZZZlZtZZZ~ZZZZZSS 

VARZABLE LIST 

AL :COLUMN LENGTH (m) 
B0L :LIQUID PHASE BODENSTEIN NUMBER ( - )  
BOLD :LIQUID PHASE BODENSTEIN NUMBER AT THE COLUMN INLET 
BOS :SOLID PHASE BODENSTEIN NUMBER ( - )  
BOLST :LIQUID PHASE BODENSTEIN NUMBER FOR SEDIMENTATION ( -  
CCATF :FEED CATALST CONCENTRATIDN (kg/m==3)  
CF :FEED LIQUID PHASE CONCEhrTRATION (kmol?/m==3) 
CL :LZQUID PHASE CONCENTRATION (kmol/m==3 
CPCAT :CATALYST HEAT CAPACITY ( k J / k g - K  
DC :COLUMN DIAMETER (m) 
DENCAT,DENC :CATALYST DENSITY ( k g / m - * 3  
DP :PARTICLE DIAMETER (m) 
EG :GAS HOLDUP ( - )  
HENRY :HENRY'S CONSTANT (atm-M==3/kmol 
NAME :NAME VECTOR FOR THE COMPONENTS 
P :PRESSURE (atm) 
PE :PECLET NUMBER FOR HEAT TRANSFER ( - )  
PE0 :PECLET NUMBER FOR HEAT TRANSFER AT THE COLUMN INLET 
Q :FLOW RATE RATZO ( s l u r r y / g a s ) ,  ( - )  
QFG :VDLUMETRIC GAS FLOW RATE ( 1 ~ - . 3 / s ¢ ~ : )  
QFL :VOLUMETRIC SLURRY FLOW RATE ( m = , 3 / s e c )  
STG :GAS PHASE STANTON NUMBER ( - )  
STL :LIQUID PHASE STANTON NUMBER ( - )  
STY :SPACE TIME YZELD (NM==3 gas conver tec l /kg  C a t - h P )  
TF :FEED TEMPERATURE (K) 
UGO :SUPERFICIAL GAS VELOCITY ( m / s e c )  
VCAT :VOLUME FRACTION OF CATALYST IN THE SUSPENSION ( -  
WCAT :WEI(;PIT FRACTZON OF CATALYST IN THE SUSPENSION ( -  
WHSV :WEIGHT HOURLY SPACE VELOCITY (Nm==3/kg C a t - h r )  
XF,XF1 :FEED LZQUID PHASE CONCENTRATION (mole f r a c t i o n  
Xl :LZQUID PHASE DIMENSIONLESS CONCENTRATION ( - )  
XD :LZQUID PHASE FEED DIMENSIONLESS CONCENTRATION ( - )  
YF,YF1 :GAS PHASE FEED CONCENTRATIONS (mole f r a c t i o n s )  

- )  

( - )  

IMPLICIT R E A L ' 8 ( A - H , O - Z )  

COMMON/PAR1/QFG,QFL 
COMMON/PAR2/YFI (7 ) ,XFI (5 ) ,DENC 
COMMON/PARS/P,TF,AL,UG0,DP,WCAT,CPCAT,DC,STG(S),STL(S),BOL PE 
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C 

C 

C 

C 

CO~;:~O?I/FARE/Q,DE~CAT,CCATF,EG,HENRY(5),YF(?),XF(?),CF(?),XO(5) 
CO~.~H/PAR?/BOLD,P~D 
C.,Q'~.~.OH/FA~/VCAT 
CO~DH/FA~/EOS,BOLST 
DZ~E~SZO~ FS~ACE(40000),ZETA(l?),TOL(11),Z(l?),Xl(E),CL(E) 
DZH~RSZO~ ZSPACE(2OOO),H(ll),ZPAR(ll),LTOL(ll),N~E(5) 
EXTERHAL FSU~,DFSU~,GSU~,DGSU~,SOLUTN 
DATA N ~ Z / *  CO " , '  C02 ~,~ H2 ' , 'CH3OH' ,  ~ H2O ' /  

0P~H (UHZT=30 
0 ~ H  (UHZT=31 
OPeN (UMZT=32 
OFE~ (UHZT=33 
OPER (UH~T=34 
D ~ H  (U~ZT=35 
OPE~ (UNZT=3E 
CALL ZNPUT1 

FZLE='TE~P.PRD') 
FZLE='C0h~.GAS') 
FZLE='C0~C.LZQ') 
FZLE='COHV.PRD') 
FZLE='0UT~UT.SU~') 
FZLE='DZ~CON.LZQ') 
FZLE='CAT.PR0')  

SA=3.141E/4.=DC==2. 
UG0=QFG=TF/P/2?$.2/SA 

UL=QFL/SA 

Q=UL/UGO 

C 

DO 110 Z : I , 7  
110 YF(Z)=YF1(Z) 
C 

DO 120 Z= I ,~  
120 XF(Z)=XF1(Z) 
C 

DE~CAT=D~ 
ZF(CFCAT.EQ.O.ODO0) CFCAT=2.5 

C 

TET=O. 
CALL ZHTER(P,TF,XF,TET,CL,T) 

C 
C 

WRZTE(34,130) 
130 FDRMAT(/ / / , IOX,  

± / / ,14X, 'AOZA2ATZC BUB~LE-COLU~ SLURRY REACTOR SZt;~ULATZDN',//, 
= 34~ , 'FO~ ' , / / , 2S~ , 'M~TH~L  SYNTHESZS',//,IOX, 

WR~TE(34,140) 
140 F G R . ~ T ( / , S X , ' S U ~ ] ~ Y  OF THE ZN~UT D A T A ' , / / / )  

HRZTE(3~,150) 
150 FDR~T(5~, '============ REACTOR C~ARACTERZSTZCS =========== ' ,~ / ,  

= E× , 'DZ~ZTER = ' , F 1 0 . 5 , '  m') 
WR~TE(34.160) AL 

160 FDR~AT(~X,'LENGTH = ' , F 1 0 . S , "  m ~) 
W~ZTE(34,170) TF,P 

170 FORMAT(II,SX,'========== FEED CHARACTERZSTZCS ===========', 
= / / . S X , ' Z N L E T  TEMPERATURE = " , F 1 0 . 5 ,  ~ K' , / ,SX, 'PRESSURE = ' ,  
= F I O . E , '  a t e ' )  

WRZTE(34,180) QFG,QFL 
180 FDR~AT(5×,'GAS FLOW RATE = ~ , E l O . 5 , '  N m = = 3 / s e c ' , / , ~ X ,  

= 'SLURRY FLOH RATE = ' , E 1 0 , 5 , '  m==3/se¢ ' )  
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190 

220 
~x 

230 
C 

240 

700 

720 
C 
C 

I0  

20 
C 

30 

40 
C 

50 
C 

C 

60 

WRITE(34,190) UG0,Q 
FORMAT(SX,'SUPERFICZAL GAS VELOCITY : ' , F 1 0 . 5 , '  m/se¢' 
'FLOW RATE RATIO ( s l u r r y / g a s )  : ' , F 1 0 . 5 )  
WRITE(34,220) 
FORMAT(/,5X,'FEED COMP0$ITZONS ',/,5X,'COMPONENT ' , i X .  
'GAS',15X,'SLURRY',/,24X,,mole f r a c . ' , ? X , ' ( k m o ] / m . * 3 ) '  
3 { 5 X , 1 2 ( ' , ' ) ) )  
WRITE(34,230) ( N A M E ( I ) , Y F ( I ) , C L ( I ) , I = I , 5 )  
FORMAT(gX,AS,3X,SX,EI2.5,5X,E12.5) 

/ ,  5X, 

WCATI=IOO.IWCAT 

WRITE(34,240) WCAT1,DENCAT,DP 
FORMAT(//,5X,'=*CATALYST CHARACTERISTZCS'*',/,SX, 
'CATALYST LOADZNG = ' , F 1 0 . 5 , '  % WEZGHT', 
/ ,14X, 'DEN$ZTY = ' , F 1 0 . 5 , '  kg/m,.3',/,14X,'DZAMETER = ' , E 1 0 . 5 ,  
' m' )  

I F (TF .GT .450 . )  GO TO 7OO 
NI= I  
GO TO 720 

N I = ( T F - 4 5 0 . ) / 5 . ÷ l  

TF=450. 
CONTINUE 

R=.O82DO0 

PARAiqETERS FOR COLSYS 

NCOMP:11 
DO 10 Z : 1 , 5  
M ( X ) : I  
DO 20 I=5 ,11  
M( I )=2  

DO 30 Z : I , 1 1  
ZETA(1)zO.DO0 
DO 40 1"12 ,17  
ZETA(1) : I .DO0 

DO 50 I=1 ,11  
ZPAR(Z)=O 

ZPAR(1) : I  
ZPAR(4):11 
IPAR(§):4OOO0 
IPAR(6)=20OO 
I P A R ( 7 ) : I  
ZPAR(g)=I 

DO 60 Z=1,8 
LTOL(Z)=! 
LTOL(?) '8  
LTOL(8)=IO 
LTOL(9)=12 
LTOL( IO)=14  
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C 

C 

2(>O 

C 

EO0 

C 

300 

C 

400 

C 

40S 

C 

600 

LTOL(11)=16 

DO ?0 I=1,11 
TOL(Z)=I .D-03 

DO 144 ZP=I,NZ 

ZF(IP.EQ.1) C'O TO 8~ 
TF=TF÷E. 

ZPAR(S)=3 
ZPAR(3)=ISPACE(1) 

COHTZ~E 
CALL DZ~PAR(TF,DEHSL,CPSL) 
CALL COLSYS(NCO~,M,O.,I.,ZETA, ZPAR,LTOL,TOL,FZXPNT,ZSPACE, 

= FSPACE,ZFLAG, FSUB,DFSU~,GSUB,DGSU~,SOLUTN) 

CONTIi~J3 

ALPCO=Q=CF(1)+YF(1)=P/R/TF 
ALP~=Q=GF(4)+YF(4)=P/R/TF 
ALPH2=Q=CF(S)+YF(5)=P/R/TF 

ACAT=SA=AL=(I.-EG)=DEHCAT=VCAT 

WRZTE(30,2GO) 
FOR:~T(//,15X,'LENGTH',24X,'TE~ERATURE',/,5X,,DZM~NSZONLESS, 
3X, rACTUAL (m) ",5X,'DE~ENSZO~LESS',3X,'ACTUAL (K) ",/,SX, 
12('='),3X,12('='),SX,12('='),3X,12('=,)) 

WRZTE(35.500) 
FOR~AT(//,15X,'LE~GTH',20×,'CATALYST CO~CENTRATZOH',/,SX, 

= 'DZ~NS~OHLESS',3X, tACTUAL (m) ' ,5X, 'DI~HSZONLESS' ,3X,  
= 'ACTUAL(% WEZC=HT)',/,SX,12('='),3X,12('='),BX,12('='),3X, 
= 1 2 ( ' = ' ) )  

WRZTE(31,300) ( N ~ E ( I ) , Z = I , 5 )  
FOR~AT(//,14X,'LENGTH',25X,'GAS PHASE HOLE FRACTZOHS~,/,3X, 
'DZMZHSZO~LESS',2X,'ACTUAL (m) ',5(SX,AS),/,SX,10(,=,),3X, 
lO('='),2X,5(3X,10('='))) 

WRZTE(32,4C~) ( N ~ ( Z ) , Z = I , 5 )  
FO~T( / / ,14X, 'LEP~GTH' ,22X,  
'LZC~JZ~ PHASE COP~CENTRATZONS (kr~ol /m==3) ' ,  
/,3X,'DZ~NSZD~LESS',2X,'ACTUAL (m) ',5(SX,AS),/,SX,lO(,=,),3X, 
lO('='),2X,S(3X, lO( '= ' ) ) )  

WRZTE(33,405) ( N ~ I ( I ) , I = I , E )  
FOP.-~AT(//,14X,'LENGTH',22X, 
'DZMENSIOHLESS LIQUID PHASE CONCENTRATIOHS', 
/,3X,'DZMEHSZOHLESS',2X,'ACTUAL (m) ",S(8X,AS),/,SX.IO([=').3X. 
lO('='),2X,5(3X, lO( '= ' ) ) )  

WRZTE(33,EO0) 
FOR~AT(//,15×,'LENGTH',/.SX,'DIMENSIONLESS,.3×.,ACTUAL (m) ' ,SX, 
'CG~VERSIOH I',3X,'CONVERSZON 2',/,5X,12('='),3X,12('='),2X,, 
2 ( 3 X , 1 2 ( ' = ' ) ) )  
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410 
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510 
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55 
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C 
C 
C433 
C 

250 

C 

DO 55 Z=1,11 
X = ( Z - 1 . ) = . l  
CALL APPSLN/X,Z,FSPACE,ISPACE) 

ALEN:AL=X 
TET=Z(16)  
X l ( 1 ) = Z ( 6 )  
X I ( 2 ) = Z F B )  
X l ( 3 ) = Z ( l O )  
X l ( 4 ) = Z ( 1 2 )  
X l ( 5 ) = Z ( 1 4 )  

CALL Z N T E R ( P , T F , X 1 , T E T , C L . T )  

C G M : Z ( 4 ) = P / R / T  
C G H 2 : Z ( 5 ) = P / R / T  

CONVI=((Q=CL(4)+CGM)-ALPM)/ALPCO 

CONV2=((Q,CL(5)+CGH2)-ALPH2)/ALPCO 

C0NVI=CONVI-CONV2 

WR%TE(30,210) X ,ALEN,TET,T  
FORMAT(SX,F12.5,3X,F12.5,SX,E12.5,3X,F12.5) 

WRITE(31 ,310)  X , A L E N , ( Z ( K ) , K = I , 5 )  
FORMAT(SX,FIO.4,3X,FIO.4,2X,5(3X,E10.4)) 

WRXTE(32,310) X , A L E N , ( C L ( K ) , K = I , 5 )  

WRZTE(35,310)  X , A L E N , ( X I ( K ) , K = I , 5 )  

WRZTE(33,410) X,ALEN,CONV1,CONV2 
FORMAT(SX,F12.5,3X,F12.5,2X,2(3X,E12.5)) 

CALL CATCON(X,CATDZM) 
CATCLeCATDIM=WCAT=IOO. 

WRITE(36 ,510 )  X,ALEN,CATDZM.CATCL 
FORMAT(5X,FI2.5,3X,F12.5,SX,E12.5,3X,F12.5) 

CONT %NLIE 

WHSV=QFG/ACAT,38OO. 
STY-QFG*YF(1)=CONV1/ACAT=3800.  

WRZTE(34 ,433)  TF 
F O R N A T ( / / , S X , '  TF = ' , F 1 0 . 5 , / / )  

WRITE(34 ,250 )  CONV1,CONV2,T,WHSV,STY 
FORMAT( / / ,SX, '0UTPUT SUMMARY' , / / / ,5X. 'CONVERSZON 1 • ' 

• E 1 0 . 5 , / , S X , ' C ~ I V E R S % O N  2 = ' , E I O . 5 , / . S X , ' O U T L E T  TEMPERATURE = 
= F 1 0 . 5 , '  K ' , / . 5 X . ' S P A C E  VELOCXTY = ' , E l 0 . § ,  
• ' Nm.=3/kg-hr',/,SX,'SPACE TIME YZELD = ' . E 1 0 . 5 ,  
= ' Nm==3 gas c o n v e r t e c l / k g - h r ' )  

STOP 
END 

I P 
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$U~ROUTZ~ FSU~(X,Z,F) 

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

C~;]~H/P~R~/~,TF,AL,UGO,DP,WCAT,CPCAT,DC,STG(5),STL(5),BOL,FE 
CONHDH/PAN~/Q,D~HCAT,CCATF,EG,HENRY(5),YF(?),XF(?),CF(?),XO(5) 

D ~ 2 0 N  Z(I?],F(I1),R~TE(2),Xl(5),CL(S),H~ATR(2) 

TET=Z(la) 
XI(1)=Z(E) 
XI(2)=Z(3] 
XI(3)=Z(IO) 
XlI~)=Z(12) 
XI{5)=Z(14] 

CALL ZNTER(P,TF,X1,TET,CL,T) 
CALL DZ~AN(T,D~HSL,CP~L) 

F[1)=-STG(1)=(Z(1)-Z(S))=(1.+Z(le)) 
F(2)=-ST~(2)=(Z(2)-Z(S))=(1.+Z(lS)) 
F(3)=-STG(3)=(Z(3)-Z(IO))=(1.+Z(le)) 
F(4)=-STG(4)=(Z(~)-Z(12))=(1,+Z(1e)) 
F(5)=-STG(5)=(Z(5)-Z(14))=(1.+Z(1@)) 

CALL CATC~H(X,CATDZ~) 
CALL RH~AT{T,HZATR) 
CALL REACI(T,CL,RATZ) 

FARA=CATDI~=(1.-EG)=CCATF=AL/P/UC.-O 

F(8)=S~L=(Q=Z(T)-STL(1)=(Z(1)-Z(e))+PAR~=H~NRY(1)=(RATE(1)- 
RATE(2)]) 

F(T)=~OL=(Q=Z(~)-STL(2)=(Z(2)-Z(~))+PA~A=HENNy(2)=RATE(2)) 

F(~}=~DL=(~=Z(11)-STL(3)=(Z(3)-Z(lO))+PA~~~=H~NRY(3)=(2.=RATE(1)+ 
RATE(2))) 

F(S)=~OL=(Q=Z(13)-STL(4)=(Z(4)-Z(12))-PANA=HENRy(~)=RATE(1)) 

F(10)=~L~(Q=Z(15)-STL(S)=(Z(5)-Z(14))-FARA=H~HRy(~)=RAT~(2)) 

FA,~Jd=P~'~=PITFID~NSL/C~$L 

F(11)=PZ=(~=Z(1?)+PANAl=(H~ATR(1)=RATE(1)+HEATR(2)=RATE(2))) 

R~TURN 
EHD 

$UERDUTIH~ DFSUB(X,Z,DF) 

~=LZCZT REAL=B(A-H,O-Z) 
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DIMENSION Z(l?),DF(11,l?),WORKl(11),WORK2(11) 

EPS=I .D-O? 
DO 10 d=1 .17  
Z ( d ) = Z ( d ) + E P S  
CALL FSUB(X,Z,WORK1) 
Z ( J ) = Z ( d ) - 2 . * E P S  
CALL FSUE(X,Z,WORK2) 
Z (d )=Z (d )+EPS  
DO 10 1 " I , 1 1  
DF(I.0):(WORKI(I)-WORK2(Z))..5/EPS 
RETURN 
END 

SUBROUTINE G S U B ( I , z , G )  

IMPL IC IT  R E A L * 8 ( A - H . O - Z )  

COMMON/PARS/P,TF,AL,UG0.DP,WCAT,CPCAT,DC.STG($),STL(S).BOL,PE 
COMMON/PARE/Q,DENCAT,CCATF,EG,HENRY(5),YF(7),XF(?),CF(7).X0(5) 
CONMON/PAR?/BOL0,PE0 
DIMENSION Z ( 1 7 )  

GO TO( 1 . 2 , 3 , 4 , 5 , 8 , 7 , 8 . 9 , 1 0 . 1 1 , 1 2 , 1 3 ,  14, lS ,  16 .17 )  , Z 

G=Z( 1 ) -YF(  1 ) 
RETURN 
G : Z ( 2 ) - Y F ( 2 )  
RETURN 
G = Z ( 3 ) - Y F ( 3 )  
RETURN 
G = Z ( 4 ) - Y F ( 4 )  
RETURN 
G = Z ( 5 ) - Y F ( 5 )  
RETURN 
G-'Z ( 6 )  -X0 ( 1 ) -Z ( 7 ) / Q / B O L 0  
RETURN 
G = Z ( 8 ) - X O ( 2 ) - Z ( g ) / Q / B O L O  
RETURN 
G=Z(10)  -XO( 3 ) -Z (  1 1 ) /Q/BOL0 
RETURN 
G-Z( 12 ) -XO( 4 ) -Z (  13 )/Q/BOLO 
RETURN 
G=Z ( 14 ) -XO( 5 ) -Z  ( 15 )/Q/BOLO 
RETURN 
G - Z ( 1 6 )  -Z(  17 ) /Q/PEO 
RETURN 
G=Z(?)  
RETURN 
G=Z(9)  
RETURN 
G=Z( 1 1 ) 
RETURN 
G=Z( 13 ) 
RETURN 
G : Z ( 1 5 )  
RETURN 
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G=Z(17) 
RETU~ 

SUE~UTZH~ DGSU~(I,X,DG) 

IH~LICIT  R~AL=8(A-H,O-Z) 

C~O~/PARS/F,TF,AL,UGO,DP,WCAT,CPCAT,DC,STG(5),STL(5),BOL,pE 
CO~/FAR3/Q,D~AT,CCATF,EG,HEHRY(5),YF(?),XF(?),CF(T),XO(5) 

D I ~ S Z O ~  D G ( l ? ) , Z ( 1 7 )  

DO 20 d = l ,  17 
DG(O) :O.DC~ 

C-.O TO(1,2,3,4,5,E,?,E,S,10,11,12,13,14,15,15,17),I 

DG( 1 )=1. 
RETU~H 
DG(2)=I .  
RETUP~ 
DG(3)=I .  
RETL~R.~ 
DG(4)=I . 
RETU~.~ 
DG(5)= I .  
R~TURH 
D ~ ( e ) : I ,  
DG(? ) =- 1./Q/BOLO 
RZTU~ 
DG(8)=I .  
DG( S ) =- 1./Q/BOLO 
R~TUR~ 
DG( 10)=1. 
DG( 11 ) =- 1 . /Q /BOLO 
RETUR~ 
DG( 12)=1. 
DG~ 13)=-1. /Q/BOLO 
R~TU~ 
DG( 14)=1. 
DG( 15)=-1./Q/EOLO 
RZTU~'~ 
DG( 1E)=1. 
DG( 17 ) =- 1./(: /PZO 
RETU,~ 
I ~ ( 7 ) = 1 .  
R~.TU,~'~ 
DG($)= I .  
RETURH 
DG( 11)=1. 
RET~R~ 
DG( 13)=1 . 
RETURH 
DG( 15)=1. 
R~TUR.~ 
DG( 17 ) :1 .  
RETURH 
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END 

SUBROUTINE SOLUTN(X,Z,DMVAL) 

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

COMMON/PAR5/P,TF,AL,UG0,DP,WCAT,CPCAT,DC,STG(5),STL(5),BOL,PE 
COMMON/PARS/Q,DENCAT.CCATF,EG,HENRY(5),YF(?).XF(?),CF(?),XO(5) 
COMMON/PAR?/BOLO.PEO 

DIMENSION Z ( 1 7 ) , D M V A L ( 1 0 ) , Y I ( S ) . Y 2 ( 5  ,Y3(5)  

DO 10 %=1,17 
Z(I)=O.DOO 

CALL CALPRO(5,YF,XO,Q.STG,STL.BOL0,X Y loY2 ,Y3)  

DO 20 I = l , S  
Z(I):YI(I) 
Z ( 6 ) = Y 2 ( 1 )  
Z ( 8 ) = Y 2 ( 2 )  
Z ( l O ) = Y 2 ( 3 )  
Z ( 1 2 ) = Y 2 ( 4 )  
Z ( 1 4 ) = Y 2 ( S )  

Z(? )=Y3 (1 )  
Z (B)=Y3(2 )  
Z ( l l ) = Y 3 ( 3 )  
Z ( 1 3 ) : Y 3 ( 4 )  
Z ( l § ) = Y 3 ( 5 )  

RETURN 
END 

SUBROUTINE DIMPAR(T,DENSL,CPSL) 

EVALUATES DIMENSIONLESS PARAMETERS FOR NODEL EQUATIONS 

T :TEMPERATURE (K) 
STG :GAS PHASE STANTON NUMBER 
STL :LIQUID PHASE STAhrroN NUMBER 
PE :PECLET NUMBER FOR HEAT TRAJNSFER 

IMPLICIT REAL 'B(A-H,O 'Z )  

COMMON/PARB/P,TF.AL,UGO,DP,WCAT,CPCAT,[X:,STG(B),STL(5),BOLoPE 
COMMON/PARB/Q,DENCAT,CCATF,EG,HENRYCS),YF(?),XF(?),CF(?).X0(S) 
COMMON/PAR?/BOLO.PEO 
COMMON/PARS/VCAT 
COMNON/PAR$/BOS,BOLST 

DIMENSION D I F ( 5 ) , A K L A ( 5 )  

CALL LIQPR0(T,ANLIQ,DENL,CPL.VISL,STEN) 

CALL SOLUB(T.HENRY) 
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CALL DEFCF(~LIQ,T,VZSL,DZF) 

CALL SLU~ED(WCAT,DENL,DE~CAT,VISL,CPL,CPCAT,DEHSL,VZSSL,CPSL) 

CALL MASSTR(5,UGO,DC,DE~$L,STE~,VZSSL,DIF,AKLA) 

R=.O~2 

DO 10 Z:1,5 
STG(I)=~XLA(Z)=AL=R=TF/U-GO/HEH~y(1) 
STL(I)=AXLA(Z)=AL/UG~3 

CALL H'OLDU~(UC-.-.-O,DC,D~HSL,STEN,VZSSL,EG) 

CALL LZQDZF(UC~,DC,DL) 

E~L=UGO=AL/(I.-EG)/DL 

CALL H~ATDT(D~H$L,CP3L,DL,DH) 

FE=UGO=D~HSL=CPSL=AL/(1.-EG)/DH 

CCATF=~CAT=DERSL 

DO 2~ I=1,5 
CF(I)=~F(I)=D~HL/A.~LIQ 

D~ 30 Z = l , S  
X0( I )=H~RY( I )=CF(Z) /P  

CALL TERV~L(D~L,D~;~CAT,WCAT,DP,VZSL,UTER) 

WCAT~=IC, O./D~HSL 
VCATI=D~ML=WCATP/(D~CAT-WCATP=(DE~AT-DZNL)) 

US$=1.2=UTER=(UGO/UTER)==.25=((1.-VCAT)/(1.-VCAT1))==2.S 

CALL $OLDZF(UC~,CC,D$) 
B~S=USS=AL/D$ 
BQLST=UGO=Q=AL/D$/(1.-EG) 

IF(T.N3.TF) R~TU~M 
BOLO=~L 
PZO=~2 
RZTU~#] 
Eh~ 

-----...._.....___._____.._..__.________,.._.__.._.._.._..___.___. 

$UBROUTIN~ LIQ~RO(T,A-~LZQ,DENL,CPLIQ,V~SL,STEN) 

LIQUID PH.-~$~ PHYSZCAL PROPERTIES FOR WITCO-40 

T :TE~=Z~TUR% (K) 

Z~=LICZT REAL=S(A-H,O-Z) 
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MOLECULAR WEIGHT 
AMLIQ=250. 
DENSITY .KG/M**3 
DENL=620. 

HEAT CAPACITY ,Kd/KG-K 
CPLIQ=2.75 
VZSCOSZTY ,KG/M-SEC 

A : 7 7 ? . 4 * ( 1 . / T - 1 . / 3 8 5 . D O 0 )  
V ISL : IO .DOz*A* I .D -03  

SURFACE TENSION N/M 
STEN=.O1E 

RETURN 
END 

SUBROUTINE DIFCF(AMLIQ,T,VISL,DIF)  

DIFFUSIVITIES ARE ESTIMATED BY WZLKE-CHANG EQUATION 

AMLZQ :LIQUID MOLECULAR WEIGHT 
T :TEMPERATURE (K)  
VISL :VISCOSITY (kg /m-s )  
DZF :DIFFUSZVZTY ( m , , 2 / s )  

IMPLICIT REAL*B(A-H,0-Z) 

DIMENSION D I F ( 5 ) , V G ( 5 )  

V G ( 1 ) = . 0 3 0 ?  
V G ( 2 ) : . 0 3 4 0  
V G ( 3 ) = . 0 1 4 3  
V G ( 4 ) = , 0 2 § 9  
V G ( 5 ) = . O 1 B 9  
DO 10 I = 1 , 5  
DIF(1):1.I?3E-16*AMLIQ''(.§)'T/(VISL*VG(l)*=(.8)) 

RETURN 
END 

SUBROUTINE SOLUB(T,HENRY)  

THIS SUBROUTINE SUPPLIES THE SOLUBILITY DATA 

THE FORM IS H E N R Y ( I ) : A ( I ) * E X P ( B ( Z ) / T )  

UNITS ARE A : A T M ' M ' ' 3 / K M O L  B : K 

IMPLICIT REAL*B(A-H,0-Z) 

DIMENSION A(5) ,B(5 ) ,HENRY(5)  
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A(1)=20.73 
A(2)=E18.3S 
A(3)=11.25 
At4)=35224S.19 
A(5)=SS~OS~.75 

E(1)=1015 .~  
E(2 )= -84S,1  
E(3)=128S.E 
E(4 )= -4307 .  
E(E)=-48~O. 

D0 10 Z=I,E 
HEHRY(Z)=A(Z)=DEXP(E(Z)/T) 

RETUR~t 
EN~ 

SUEROUTZN5 CPGAS(N,Y,T,HEATCP,CP~ASS,CONT) 

THZS $U~ROUTZH~ PROVIDES HEAT CAPACITY DATA 
FOR METH~0L SYNTHESZS, 
ALSO USED T0 CALCULATE HEAT OF REACTZ0~ DATA 

N :CONTROL VARZA3LE 
O:0NLY HEAT CAPACZTY Z$ TO BE CALCULATED 
I:0NLY HEAT 0F REACTZ0H IS TO BE CALCULATED 

Y :MOLE FRACTZORS 
T :TE~ERATUR~ (K) 
HEATCP :~0LAL HEAT CAPACZTY (K~/K~OL-K) 
C~AS$ :MASS HEAT CA~ACZTY (Kd/KG-K) 
CONT :C0~TRZEUTZOH TO REACTZ0N ENTHALPZE$ 

CP(Z,d) ARE THE CONSTANTS FOR HEAT CAPACZTY EQUATZON 

CPGAS(Z)=CF(I,1)+CP(I,2)=TC+CP(I,3)=TC==2+CP(Z,4)=TC==3 

UNZTS ARE CPGAS:Kd/K~0L-K, T:K 
IM~LICZT REAL=8(A-H,O-Z) 
DZMEHSZON CF(?,4),CONT(2),AM(7),SU~(?),Y(?) 

DATA A N / 2 8 , , 4 4 . , 2 . , 3 2 . , 1 8 . , 2 8 . , 1 E . /  

CO 

CP(1,1)=2E.S~ 
CP(1,2)=.411E-02 
CF(1,3)=.3E4$E-05 
CP(1,4)=-2 .22E-OS 

CO2 

CF(2=1)=3S.11 
CP(2,2)=4.233E~O2 
CP(2 ,3 )= -2 .88?E-05  
CF(2,4)=?.4~SE-OS 
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H2 

C P ( 3 , 1 ) = 2 8 . 8 4  
C P ( 3 , 2 ) = . 0 0 7 6 5 E - 0 2  
C P ( 3 , 3 ) = . 3 2 8 8 E - 0 5  
C P ( 3 , 4 ) = - . 8 6 9 8 E - 0 9  

CH30H 

C P ( 4 , 1 ) = 4 2 . 9 3  
C P ( 4 , 2 ) = 8 . 3 0 1 E - O 2  
C P ( 4 , 3 ) = - l . 8 9 E - 0 5  
CPC4 ,4 )= -B .03E-09  

H20 

C P ( 5 , 1 ) = 3 3 . 4 6  
C P ( 5 , 2 ) : . 6 8 8 E - 0 2  
C P ( 5 , 3 ) = . 7 6 0 4 E - 0 5  
C P ( 5 , 4 ) : - 3 . 5 9 3 E - 0 9  

N2 

C P ( 6 , 1 ) = 2 9 .  
C P ( S , 2 ) = . 2 1 9 9 E - 0 2  
C P ( 6 , 3 ) = . 5 7 2 3 E - 0 5  
C P ( 5 , 4 ) z ' 2 . 8 7 1 E - 0 9  

CH4 

C P ( 7 , 1 ) ' 3 4 . 3 3  
C P ( 7 , 2 ) = § . 7 1 1 E - 0 2  
C P ( 7 , 3 ) = . 3 3 6 3 E ' 0 5  
C P ( 7 , 4 ) = l l . 0 0 9 2 E - 0 9  

TC=T-273 .15  

ZF(N.EQ.1)  GO TO 40 
DO 20 Z = l , ?  
SUN( ! )=0. 
CONTZNUE 
DO 10 Z : l , ?  
SUM ( Z ) • SUM ( Z ) +CP ( Z, 1 ) +CP ( Z, 2 ) * TC +CP ( Z, 3 ) * TC* * 2. +CP ( Z, 4 ) * TC * * 3. 
CONTINUE 

HEATCP=O. 
CPNASS=O. 
DO 30 Z = l , ?  
CPMASS'CPMASS+SUM(Z)*Y(Z)/AN(Z) 
HEATCP:HEATCP+SUM(Z)*Y(Z) 

RETURN 

A I = C P ( 4 , 1 ) - 2 . * C P ( 3 , 1 ) - C P ( 1 , 1 )  
A 2 = C P ( 4 , 2 ) - 2 . * C P ( 3 , 2 ) - C P ( 1 , 2 )  
A 3 = C P ( 4 , 3 ) - 2 . * C P ( 3 , 3 ) - C P ( 1 , 3 )  
A 4 = C P ( 4 , 4 ) - 2 . s C P ( 3 , 4 ) - C P ( 1 , 4 )  

BI=CP(S,1)÷CP(1,1)-CP(3,1)-CP(2,1) 
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C 

C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

20 

E2=C~(5,2)+CP(1,2)-CP(3,2)-CP(2,2) 
E3=C=(E,3)÷CP(1,3)-CP(3,3)-CP(2,3) 
E~=CP(5,~)eGP(1,4)-CP(3,4)-CP(2,4) 

CGP]Ttl)=AI=(TC-25.)+A2=(TC==2.-25.==2.)=.5+ 
= A3/3.=(TC==3.-2~.==3.)+A~/4.~(TC==~.-25.==~.) 

CO~T(2)=~I=(TC-2~.)+S2=(TC==2.-2~.==2.)=.5+ 
= E3/3.=(TC==3.-25.==3,)+B4/4.=(TC==A.-25.==4.) 

RETU~ 
E~D 

SUEROUTZHE RH~AT(T,H~ATR) 

PRDVZDES HEAT OF R3ACTZOH DATA FOR ~ETHA~OL 
SYHTMESZS. 

T :TEmPERATUrE , K 
H~ATR :HEAT ON RZACTZO~ , KU /K~L  

I:~ETH~J.'OL FOR~TZDN 
2:C02 REACTZOH 

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

DZ~ZHSZO?] HEATR(2),Y(?),CO;CT(2) 

CALL CPG.~S ( 1, Y, T, H~ATCP, CP~ASS, CO?,t'T ) 

HE&TR(1) : -S~20.+C07~' (1)  
HEATR(2)=412?O.+C.~RT(2) 
RETU~C] 
E~D 

SU~ROUTZNE HOLDUP(UG,DC,DEN,STEH,VZS,EG) 

EVALUATES GAS HOLDUP VALUE FOR SU~LE-COLU~ 
USZHG AX!TA-YOSHZDA'S CORRELATZOH 

UG :SUPER~ECZAL GAS VELOCZTY (m/s)  
DC :Ct3LU~] DZ~I~TE~ (m) 
DEN :DEH3ZTY (ks/m==3) 
STEM :SURFACE TEHSZON (N/m-s)  
V!S :VZSCOSZTY ( ks /m-s )  
EG :-G~S HOLU~ ( - )  

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

G=$ .8  
VZSK=VZS/DEH 
A=CG=DC==2.=DE~/STEN)==(.125) 
E=(G=DC==3./VZSK==2.)==(1./12.) 
C=UG/D3QRT(G=DC) 
D=.2=A=~=C 

EGI=D 
EG=(1-EG1)==4.=D 
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10 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

C 

C 

10 

C 
C 
C 

C 
C 

IF(DABS((EG-EG1)/EG).LT. .O1)  GO TO 10 
EGI: (EGI+EG)/2.  
GO TO 20 
RETURN 
END 

SUBROUTINE MASSTR(N,UG,DC,DEN,STEN,VIS,DZF.AKLA) 

EVALUATES THE VOLUMETRZC MASS TRANSFER COEFFICIENTS 
IN BUBBLE-COLUMN SLURRY REACTOR 

N 
UG 
DC 
DEN 
STEN 
VIS 
DIF 
AKLA 

:NUMBER OF COMPONENTS 
:SUPERFICIAL GAS VELOCZTY (m/s) 
:COLUMN DIAMETER (m) 

:DENSITY (kg /m=,3)  
:SURFACE TENSION ( N / m - s )  

;VISCOSZTY (kg /m-s )  
:DZFFUSZVXTY OF THE SPECIES (m==2/s) 

:VOLUMETRZC MASS TRANSFER COEFFICIENTS ( 1 . / s )  

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

DIMENSION D I F ( N ) . A K L A ( N )  

CALL HOLDUP(UG,DC,DEN,STEN.VZS,EG) 

G=9 .8  
VZSK=VZS/DEN 
A = ( G ,  D C , = 2 . * D E N / S T E N ) , - ( . 8 2 )  
B=(G=DC. -3 . /VZSK=-2 . )= * ( . 31 )  

DO 10 ; = I , N  
AKLA(Z):.8*DZF(Z)*DSQRT(VZSK/DIF(Z))'A=B*EG='(1.1)/DC='2. 
RETURN 
END 

SUBROUTINE HEATDF(DEN,CP,DL,DH) 

HEAT DZSPERSZON COEFFICIENT 

DEN :DENSITY (kg /m**3 )  
CP :HEAT CAPACITY ( kd / kg -K )  
DL :LIQUID PHASE AXIAL DZFFUSZVZTY (m=-2/$)  
DH :HEAT DIFFUSION COEFFZCZENT (kd/m-S-K)  

DH-DL=DENeCP 

RETURN 
END 

SUBROUTINE SLUPRO(WCAT,OENL,DENCAT,VZSL,CPL,CPCAT,DENSL,VZSSL, 
• CPSL) 

EVALUATES SLURRY PHYSICAL PROPERTIES 
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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 
C 
C 

C 

C 

WCAT :CATALYST NEZC.~CT FRACTION 
DE~L :LIQUID DEHSITY (kg/m==3) 
DEHCAT :CATALYST DENSITY (kg/m==3) 
VZSL 
CPL 
CPCAT 
DEHSL 
VISSL 
CPSL 

:LIQUZD VISCOSITY (kg/m-s) 
:LICHID HEAT CAPACITY (kd/kg-K)  

:CATALYST HEAT CAPACITY (kd/kg-K)  
:SLURRY DENSITY (kg/m==3) 
:SLURRY VISCOSITY ( k g / m o s )  

:SLURRY H~AT C~ACITY (kd/kg-K)  

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

CO;~--~O~/PA~IVCAT 

VCAT=(DEHL=WCAT)/(DZHCAT-WCAT=(DE~CAT-DE~L)) 

DEHSL=VCAT=DZ~CAT+(1.-VCAT)=DENL 

VZSSL=VZSL=(1.+4.5=VCAT) 

CPSL=WCAT=CPCAT+(1-WCAT)=CPL 

RETU~ 
END 

SUmROUTIN~ LZQDZF(UG,DC,DL) 

EVALUATES LZC~JID PHASE DZSPERSZOH COEFFZCIEt4T 
USZP'~ SH.~H-DECX~R'S CO~ZLATION 

UG :SUPERFICIAL GAS VELOCITY (m/s) 
DC :COLU~ DI#~ETER (m) 
DL :LZCUZD PHASE DISPERSION CO~FFICZEHT (m==2/s) 

IN ' L IC IT  REAL=8(A-H,O-Z) 

DL=.?E3=UG==(.32)=DC==(1.34) 

RETU,~ 
EH~ 

SU~U'TZH2 SOLDZF(UG,OC,DS) 

EVALUATES SOLID PHASE DISPERSION COEFFICIENT 
USII~G KATO EL.AL. 'S COR~ELATIOH 

UG :SUP~R?ZCZAL GAS VELOCITY (m/s) 
DC :COLU~ DIamETER (m) 
DS :SOLID PHASE DZS~ERSZOH COEFFICIENT (m==2/s) 

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

G=S.8 
FR=UG/DSQ~T(G=DC) 
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C 
C 
C 

C 
C 

C 

C 
C 
C 

C 
C 

BOC=13 * F R / ( 1 . + 8 . = F R * * ( 8 5 i )  

DS=UG-DCfBOC 

RETURN 
END 

SUBROUTINE REACI(T,C,RATE) 

CALCULATES THE REACTION RATES BY BERTY 

T :TEMPERATURE (K) 
C :CONCENTRATIONS VECTOR ( k m o l / m * * 3 )  

1 :C0 2 :C02 3 :H2 4 :CH30H 

RATE :REACTION RATE ( k m o l / k g - s e c ~  
1 : M e t h a n o l  r e a c t i o n  
2 : S h i f t  r e a c t i o n  

S EQUATIONS 

5 :H2O 

IMPLICIT  REAL=8(A-H,O-Z)  
DIMENSION C ( ? ) , R A T E ( 2 )  

R=.O82 

AKKl:3.2?D-11=EXP(llG?8./T)-(R*T)*=2 
A K K 2 = l . l ? D ÷ O 2 , E X P ( - 4 8 2 7 . / T )  
A K l = 3 9 . 1 4 4 = E X P ( - ? 4 8 8 . 7 / T )  
A K 2 = . O l 1 8 9 * E X P ( - § O 6 8 . 4 / T )  

RATE(1)=AKI*(C(3)-C(4)/(AKKI*C(3),C(1) ) 
RATE(2)=AK2=(C(3)-C(1)=C(5)/(AKK2.C(2) ) 

RETURN 
END 

SUBROUTINE CATCON(X,CATDIM) 

EVALUATES CATALYST CONCENTRATION 

IMPL IC IT  REAL=B(A-H,O-Z)  
COI#IK)N/PAR9/BOS,BOLST 

AzBOS*DEXP((BOS-BOLST)t(1.-X))-BOLST 
B=BOS'BOLST 
CATDZMzA/B 

RETURN 
END 

SUBRO~INE I N T E R ( P , T F , X , T E T , C L I Q , T I  

CALCULATES ACTUAL CONCENTRATIONS AND TEMPERATURE FORE ROM 
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C 
C 
C 

C 
C 
C 
C 
C 
C 

C 

C 

C 

10 
C 

C 
C 
C 

C 

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

C 

C 

DZ~EHSZOHLESS VALUES 

OP P :PRESSURE (arm) 
TF :T FEED TE~PR ERATURE (k )  K) 
X :DI~HEZOHLESS CO LIQUID PHASE CONCENTRATION ( - )  
TET :DZ~HSIDHLESS TEMPERATURE ( - )  
CLZQ :LIQUID PHASE CD~CENTRATZOH (kmc~l/m==# 3) 
T :TEMPERATURE (K) 

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

DZ~HSZDH HE~RY(5) ,X(5) ,CLZQ(5)  
T=TF=( I .+TET)  

CALL SOLU~(T,HENRY) 

DO 10 Z=1.5 
CLIQ(Z)=P=X(I)/HE~RY(Z) 

RETURN 
EH~ 

SUEROUTZNE CALPRO(N,YO,XO,Q,STG,STL,BOL,Z,Y,X,DERX) 

PROVZDZS A SOLUTZOH AHALYTZCAL SOLUTZOH TO THE PROBLEM 
N :NO 07 ~PO~E;~" 
YO :GAS FEED CO~EPCI"RATIOH (rr~le fraction) 
X0 :LIQUZD FEED CONCENTRATIOH ( d i r ~ n s i o n l e s s )  
Q :FLO~ RATE RATZO ( l t¢~u id /gms)  
STG :GAS PHASE STAHTOH NU~ZER 
STL :LIQUID PHASE STAHTDN h~EER 
SOL :LZQUZD PHASE BODENSTEZUN NU~ER 
Z :AXIAL CDDRDZHATE ( d i r r ~ n s i o n l e ~ s )  
Y :GAS PHASE CO~CENTRATIDH 
X :LIQUID ~HASE CONCENTRATION 
DERX :DERZVATZVE VALUE ¢LX/cLZ 

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

D I~ I~SIO~ YO(M),XO(N),STG(N),STL(N),Y(N),X(N),DERX(N) 

DO 100 Z= I ,N  
AL=STG(Z)-Q=BOL 
EET=SDL:(STG(Z)=Q+ETL(Z)) 
GA~=~0L=(STL(Z)=YO(Z)+STG(I)=Q=X0(Z)) 
RI=-.E=(AL+DSQRT(AL==2.~4,=BET)) 
R2=,5=(-AL+DSQRT(AL==2.+4.=BET)) 
A:(RI=Q=S0L=X0(Z)+GA~)=DEXP(RI) 
B:(R2=Q=BOL=XD(Z)+G~)=DEXP(R2) 
C=RI=(RI+Q=EOL+AL)=D£XP(R1) 
D=R2=(R2+Q=BOL+AL)=DEXP(R2) 

A = ( A - S ) / ( C - D )  

IF (Q .NE.O , )  GO TO 21 
A=RI=(RI+AL)=DEXP(R1)-R2=(R2+AL)~DEXP(R2) 
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21 
C 

C 

C 
41 

C 

C 

100 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 

C 

A : G ~ . ( D E X P ( R I ) - D E X P ( R 2 ) ) / A  
C2=(RI*A,(RI+AL)-G~)/(R1-R2)/R1 
C3=(R2,A,(R2÷AL)-G~)/(R2-R1)/R2 
GO TO 41 
CONTINUE 

C2=RI'(A*(RI÷Q'BOL÷AL)-Q'BOL*XO(I)>-GAN 
C2:C2/R1/ (R1-R2)  

C3:R2*(A*(R2+Q'BOL+AL)-Q*BOL'XO(I))-GAM 
C3=C3/R2/(R2-R1) 

CONTZNUE 
X(Z):CI÷C2*DEXP(R1,Z)+C3-DEXP(R2,Z) 

DERX(I)=C2"RI"DEXP(RI*Z)+C3"R2*DEXP(R2*Z) 

Y(Z)=YO(I)+STG(I)/STLCI)'(DERX(Z)/BOL-Qz(X(I)-XO(I))) 
CONTINUE 

RETURN 
END 

. . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . .  O . . . . . . . . . . . . . . . . . . . . . .  

SUBROUTINE INPUT1 

THIS SUBROUTINE PROVIDES THE INPUT DATA TO THE BUBBLE'COLUNN 
SLURRY REACTOR FOR M E T H Y L  SYNTHESIS SI~LATOR. 

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

CO~N/PARI /QFG,QFL  
C D ~ O N / P A R 2 / Y F I ( 7 ) , X F I ( 5 ) , D E ~  
C0~0N/PARS/P,TF,AL,U~,DP,WCAT,CPCAT,DC,STG(S),STL(S),BOL,PE 

OPEN (UNIT=12,FILE= ' INPUT1.DAT ' )  

READ( 
READ( 
READ( 
READ( 
READ( 
READ( 
READ( 
READ ( 
READ ( 
R E ~ (  
READ( 
READ( 

12 " )  
12 " )  
12 * )  
12 " )  
12 =)  
12 " )  
12 * )  
12 " )  
12 * )  
12 * )  
12 *) 
12 " )  

DC 
AL 
P 
TF 
QFG 
QFL 
( Y F I ( I ) , I = I , ? )  
( X F I ( I ) , I = I , S )  
WCAT 
DENC 
DP 
CPCAT 

RETURN 
END 

SUBROUTINE TERVEL(DENL,DE~AT,WCAT,DP,VISL,~ER) 
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C 
C 
C 
C 
C 
C 
C 
C 
C 

30 

2o 

EVALUARTES TER~ZNAL VELOSZTY CZTY FOR A PARTZCLE ZN THE S~AR~ 

DEHL :LZQUZD DEHSZTY (kg/M==3) 
DENCAT :CATALYST DENSZTY (kg/m==#3) 
WCAT :CATALYST WEZGHT FRACTZON 
DP :PARTZCLE DZ~.~TER (m) 
VZSL :VZSCOSZTY (kg/m-s,~¢.) 
UTER :TERM~IHAL VELOCZTY (m/s~c)  

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

G=S.8 

ITER=O 

AR=DE~L=(DEMCAT-D~HL)=G=DP==3./VISL==2. 
R E = A R / l a .  
ZF (RE .LE . .SDCO)  GO TO 20 
R~=(AR/13 .S)== .?  
ZF(RS.GT..SDO0) C~ TO 20 
ZF(ZTER.GT.20) GO TO 20 
ZTER=ZTER+I 
GO TO 30 
UTER=V~SL=RE/DP/DE~L 
RETUR~ 
EHD 
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ADIABATIC BUBBLE-COLUMN SLURRY REACTOR SIMULATION 

FOR 

METHANOL SYNTHESIS 

SUMMARY OF THE INPUT DATA 

************ REACTOR CHARACTERISTICS *********** 

DI.~ETER = 4.00000 m 
LENGTH = 8.00000 m 

********** FEED CHARACTERISTICS *********** 

INLET TEMPERATURE = 500.00000 K 
PRESSURE = 70.00000 arm 
GAS FLOW RATE = .48064E+02 Nm**3/se¢ 
SLURRY FLOW KATE = .31416E+00 m**3/sec 
SUPERFICIAL GAS VELOCITY = 0.i0000 m/seo 
FLOW RATE RATIO (slurry/gas) = 0.25000 

FEED COMPOSITIONS 

COMPONENT GAS SLURRY 

mole frac. (kmol/m**3) 

CO 0.25000E+00 0.00000E+00 
C02 0.10000E+00 0.00000E+00 
H2 0.50000E+00 0.00000E+00 

CH30H 0.00000E+00 0.00000E+00 
H20 0.00000E+00 0.00000E+00 

**CATALYST CH~-KACTERISTICS** 

CATALYST LOADING = 30.00000 % WEIGHT 

DENSITY = 1980.00000 kg/m**3 
DIAMETER = .50000E-04 m 

OUTPUT SU~HARY 

CONVERSION 1 = .12194E+00 
CONVERSION 2 = .23833E-02 
OUTLET TEMPERATURE = 510.49245 K 
SPACE VELOCITY = .90359E+01Nm**3/kg-hr 

SPACE TIME YIELD = .27546E+00 Nm**3 gas converted/kg-hr 
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LENGTH 
DIMENSIONLESS 

O. OOOO 
0. 10OO 
0 . 2 0 0 0  
O. 3000 
0. 4000 
O. 5000 
O. 6000  
0 . 7 0 0 0  
0 . 8 0 0 0  
0 .90O0  
1 . 0 0 0 0  

ACTUAL (m) 
8 S l t ~ C 1 ~ t ~ t ~  

O. 0000 
0 . 8 0 0 0  
I .  6000  
2. 4000 
3. 2000 
4. 0000 
4. 8000 
5.80OO 
6.  4000 
7. 2000 
8 . 0 0 0 0  

CO 
~ l J ~ t ~ S S  

.250OE÷00 

.2234E+00 

.2160E+00 

.2137E+00 

.2117E+00 

.2099E*00  

.2084E+00 

.2071E+00 

.2061E÷00 

.2053E÷00 

.2049E+00 

GAS PHASE MOLE FRACTIONS 
C02 

.JO00E÷O0 

.9256E-01 

. 9 1 5 6 E - 0 !  

.9140E-01  
9135E-01 
9133E-01 
9130E-01 
9128E-01 
9127E-01 
9126E-01 
9125E-01 

H2 

5 0 0 0 E * O 0  
4381E÷00 
4274E÷00 
4227E+00 
4 1 9 0 E + 0 0  
4156E+00 

.4127E+00 

.4102E+00 

.4082E+00 

.4069E+00 

.4061E+00 

CH30H 

.27OOE-28 

.1944E-01  

.2152E-01  

.2287E-01  

.2408E-01  

.2513E-01 

.2604E-01  

.2078E-01  

.2735E-01  

.2773E-Of  

.2790E-01  

H20 

. 6 1 4 1 E - 3 0  

. 3926E-03  

. 4229E-03  

. 4459E-03  
4662E-03  
4837E-03  
4985E-03  
5104E-03  
5194E-03  
5253E-03  
5279E-03  

! 

! 
~D 
o 



LENGTH 
DZMENSZONLES5 ACTUAL (m) 

O.O000 O.O000 ,0047E-01 .5444E-O1 
O.1000 O.OOOO .995OE-O1 .5465E-O1 
0 .2000  1 .6000 ,0876E-O1 .5465E-O1 
0 .3000  2.4OO0 ,0794E-01 .54~2E-O1 
0 .4000  3 .2000  .0715E-OI .5459E-O1 
0 .5000  4 .0000  .9844E-O1 .545GE-O1 
0 .6000  4 .8000  .9502E-OI .5454E-O1 
0 .7000  5.GO00 .9531E-O1 .5453E-O1 
O.~000 8 .4000  .9492E-O1 .5451E-O1 
O.9000 7 .2000  ,0467E-O1 .5451E-01 
1.O000 8 .0000  .9458E-O1 .5450E-O1 

LIQUID PHA~E CONCENTRATIONS 
C0 C02 H2 

.2130E+O0 
2127E÷OO 
2t1OE÷00 
2OO1E÷OO 
2075E4OO 
2059E+00 
204GE+O0 
2036E÷00 

.2027E+00 

.2022E+OO 

.2020E÷00 

( kmo l /m* *~ )  
CH30H 

.1798E-01 

.1Rg9E-O1 

.2026E-Of 

.2143E-O1 

.2247E-O1 

.2338E-01 

.2415E-O1 

.2477E-01 

.2522E-O1 

.2551E-01 

.2581E-O1 

H20 

.3939E-O3 

.4153E-O3 

.44OIE-O3 
,4622E-03 
.4817E-O3 
.4983E-O3 
.5123E-O3 
.5233E-03 
.S314E-03 
.53G4E-O3 
.5382E-O3 

I-4 
! 
C~ 
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LENGTH 
DZMENS ]0NLESS 

O. 0OO0 
O. 1000 
O. 2000  
O. 3 0 ~ )  
O. 4OO0 
O. S000 
O. 6 0 0 0  
O. 7000  
O. 8000  
O. 9000  
1.0OOO 

ACTUAL (m) 

O. 0 0 0 0  
O. 8 0 0 0  
1 . 6 0 0 0  
2.  4000  
3 . 2 0 O 0  
4 . 0 0 0 0  
4 .  8000  
5.  6 0 0 0  
8 .  4000  
7.  2000  
8 . 0 0 0 0  

DZMENSIONLESS LIQUZD PHASE CONCENTRATZONS 
CO 

~ S S ~ S ~ S I ~  

. 2158E÷00  

. 2 1 5 8 E * 0 0  

. 2 1 4 1 E * 0 0  

. 2122E÷00  

. 2105E+00  

. 2089E+00  

. 2 0 7 5 E * 0 0  

. 2064E÷00  

. 2055E+00  

.2049E+00  

.2048E÷00  

C02 

. 9 0 9 9 E - 0 !  

. 9 1 3 7 E - O I  

. 9 1 3 9 E - 0 1  

. 9 1 3 6 E - 0 1  

. 9 1 3 4 E - 0 1  

.9131E-O1 

. 9 1 2 9 E - 0 1  

. 9 1 2 7 E - 0 1  

. 9 1 2 6 E - 0 1  

. 9 1 2 5 E - 0 1  

. 9 1 2 5 E - 0 1  

H2 
8 ~ 8 8 S t ~  

4 2 9 2 E * 0 0  
4 2 8 4 E ÷ 0 0  
4246E+00  
4 2 0 8 E * 0 0  
4173E+00  
4 1 4 1 E ÷ 0 0  
4 1 1 4 E + 0 0  
4 0 9 1 E ÷ 0 0  
4074E+00  
4063E+O0 
40(|OE+OO 

CH30H 

, 1 9 4 4 E - 0 1  
.2057E-O1  
. 2 1 9 8 E - 0 1  
. 2 3 2 7 E - 0 !  
. 2 4 4 3 E - 0 1  
. 2 5 4 4 E - 0 1  
. 2 8 3 0 E - 0 1  
. 2 8 9 9 E - 0 1  
.2750E-O1  
. 2 7 8 2 E - 0 1  
. 2 7 9 3 E - 0 1  

H20 

. 3 8 2 8 E - 0 3  

. 4043E-03  

. 4 2 9 2 E - 0 3  

. 4 5 1 4 E - 0 3  

. 4 7 1 0 E - O 3  

. 4 8 7 8 E - 0 3  

. 5 0 1 9 E - O 3  

. 5 1 3 1 E - 0 3  

. 5 2 1 3 E - O 3  

. 5 2 6 3 E - 0 3  

. 5 2 8 1 E - O 3  

I-M 
I 

I 
~D  
h o  



LENGTH 
DIMENSIONLESS 

0.00000 
0. I0000 
0.20000 
0.30000 
0,40000 
0.50000 
0.60000 
0.70000 
0.80000 
0.90000 
1.00000 

ACTUAL (m) 

0.00000 
0.80000 
1.60000 
2.40000 
3.20000 
4.00000 
4.80000 
5.60000 
6.40000 
7.20000 
8.00000 

TEMPERATURE 
DIMENSIONLESS 

0.19945E-01 
0.20143E-01 
0.20320E-01 
0.20475E-01 
0.20610E-01 
0.20725E-01 
0.20818E-01 
0.20891E-01 
0.20943E-01 
0.20974E-01 
0.20985E-01 

ACTUAL (K) 

509.97264 
510.07142 
510.15976 
510.23769 
510.30522 
510.36236 
510.40913 
510.44554 
510.47158 
510.48722 
510.49245 
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LENGTH 
DIMENSIONLESS ACTUAL (m) 

0.00000 0.00000 
0. I0000 0.80000 
0.20000 1.60000 
0.30000 2.40000 
0.40000 3.20000 
0.50000 4.00000 
0.60000 4.80000 
0.70000 5.60000 
0.80000 6.40000 
0.90000 7,20000 
1.00000 8.00000 

CONVERSION 1 

0.I0298E-01 
0.85574E-01 
0.94314E-01 
0.10019E+00 
0. I0541E+00 
0.11000E+00 
0.I1392E+00 
0. I1714E+00 
0. I1958E+00 
0.12121E+00 
0.12194E+00 

CONVERSION 2 

0.23072E-03 
0.17827E-02 
0.19158E-02 
0.20187E-02 
0.21092E-02 
0.21875E-02 
0.22533E-02 
0.23064E-02 
0.23462E-02 
0.23721E-02 
0.23833E-02 
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LENGTH 
DIMENSIONLESS 

0.00000 
0.i0000 
0.2000O 
0.30000 
0.40000 
0.50000 
0.60000 
O.7OO0O 
0.80000 
0.90000 
1.00000 

ACTUAL (m) 

0.00000 
0.80000 
1.60000 
2.40000 
3.20000 
4.00000 
4.80000 
5.60000 
6.40000 
7.20000 
8.00000 

CATALYST 
DIMENSIONLESS 

0.I0494E+01 
0.I0445E+01 
0. I0397E+01 
0.I0348E+01 
0. I0299E+01 
0.I0250E+01 
0.10201E+01 
0.10151E+01 
0.10101E+01 
0.10051E+01 
0.10000E+01 

CONCENTRATION 
ACTUAL (% WEIGHT) 

31.48071 
31.33611 
31. 19075 
31. 04463 
30.89774 
30.75007 
30.60163 
30,45240 
30. 30239 
30.15159 
30. 00000 
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F E ~ T  N'3FROPERTIES BLOCKS STREAMS FLOWSHEET 
HIE ,.R, M~-G-LEVE.- P R O P E R T I E S = 2  STREAIdS=~ 
, DEF INE THE PROBLEM 
i 

T : T ~ E  " ~ ! H U L A T I ; . , N  OF DIRECT COAL L I Q U E F A C T I O N  REACTOR AND PREHEATER'  
C,E-]CPIFTION 'TNI'-~ I'£ AN EX'AMPLE FOR ADAPTING USER WRITTEN MODELS 

TO THE ASPEN SIMULATOR. THE PROGRAM CHOSEN IS THE 
DIRECT ~OAL LIQUEFACTION ONE. THE ONLY PIECES OF 
EQUIPMENT ENOOUNTERED IN THE FLOWSHEET ARE THE PREHEATER 
A N C ,  REACTOR, WHICH ARE LUMPED INTO ONE BLOCK CALLED PR." 

SELECT UNITS OF MEASU'REMENT 

C'UT-U'TIT'5,'. SI 

; S P E C I F Y  FLOWSHEET QONNE,~T IV ITY  

~ . . ,  SHEET 
BLOCK P~: IN=~'~'N~=. SLURRYIN  OUT=GASOUT SLURRYOUT 

Z : M - O P T I O N S  ENERGY-BAL=O 
FL,--,~,~HEET-REFORT DESCR!PT!ON NOTOTBAL 
6LCCK-REPGRT TOTBAL 
~ T~EA; I -REPORT MOLE-FLOW 
P~'",F-DATA. POMP-LIST_ SP1 SP ~-~ SP3 

,2k:Ag MW ! 1 108. ~0..=,0. 

: 'SPECIFY THE COMPONENT.B 

,~,:~v,~.:~r,IENTS H2 HYDROGENIN2 N I T R O G E N / S P 1  S P l t S P 2  SP21SP3 SP3 

: SPECIFY  FEED STREAMS 

ETRE~.M GQSI I I  TEMP=4GO P R E S = l S . 2 E 0 6  FLASH-OPTION- -NOFLASH 
C '  - H ; 2  . . ~ . M..L.P--FLOW 0 0013375/N2 0 0013~75 

'~TREk, M SLURRYIN TEMP=400 PRES=IS.2EO~ FLASH-OPTION=NOFLASM 
MA'~S-FLOW SPI 0.31.59 

SPECIFY BLOCK DATA 
i 

BLO,~F', PR USER ;USER INDICATES USER WRITTEN MODULE 
P, LOCK-OPTIONS ENERGY-BAL=Q 
SUBROUTINE USRDCL USRDCL 
PA~.A{,I NREAL=23 MINT=J2 
I N T  3 3 2 2 1 2 2 3 1 2 2 3 
REAL ~@G~. 700. 3.81 30 ~8 407. .89 .~,5 I. ~- .0000513 " 

20. 1.3 3213. 21000. 5850. 770. & 
~. 1--00. -~" • 12.200. ~."' i~:~;00,"" ~."" I~ 00.'~" ~ 
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, c, : [ ; E F I N I T I O N  OF PARAMETERS IN REAL AND INTEGER ARRA~. 

~EAL A~RA'f 
, .  • - L e n g t h  o f  p r e h e o t e r  [ c m ]  

_ - Length ~f reactor Ccm~ 

7, - Di..~me~.er oF preheoter Zcm3 

. - ~ : , m e v e r  OF r . e c ,  c - V o f  [ c r n ]  

5 - Temmero~ure OF Furnace [::eg C3 

- ~ec~?~c heat o f  gas Cc~I/gm/deg C] 

; - We-~h~e~ ,~ver:~ge specific r, eo~ OF Slurry [COl/gm,/deg ,'j] 

; P. - Free:.'ponen~iol Foc-~or For HYdrogen ~olumillty ~ernpero~ur.e 

: I~ - S ~ J r f o , : e  t e 1 7 5 i o l ' t  Of ~ l z j r r ~ f  r d y ~ T e . , ' = m : }  

; ~I - C, e r ,  s ~ y  OF ~lurry Cgm,'c-'] 

; 12 - F' reexP, :nen.~ i , .~ l  f O ~ t o r  Fo r  H y = r o g e n  ¢ o n s u m p ~ . o n  k i n e t i c ~  [ l , ' s ]  

; iS  - A:t;',,'c,',:~c,r. e n e r g y  fcr h).,~rogen consumption k ~ n e ~ c s  Ecol.,gmole] 

; I- - HeO~. ,:F req,-~t~on For hydrogen consumption Ec..~l./,.:m] 

; 15 - He,n~ o f  ~ s s c ,  l u ~ o n  C.'al/gm] 

; i ~ -  A r r r ,  en i ,~s  f,.~,-'tor Fo r  r e o C t ~ o n  I i n  p r e h e o t e r  [ l , " s ]  

; !7 - Activation energy for reac. t~or~ I ~n preheater rcol/gmole] 

; i~ -- s , ~ m e  ~ " ~  I~ For rxn . ~ in preheaterEl/s] 

; 19 - s.;~me c~s 17 for r×n . " ~n preheoter [col/gmole~ 

; "I ~ -- S ~ n~ ~ ~q 5 I & For l-xn I ~n re,nctor £I/$3 

;21 - ~:,n~e c~; 17 For rxn I in reactor Ccol/gmole] 

; Z S  - same ,.~ 16 For  r x n  2 ~n reactor E l / s ]  
;2Z - sc, me ~.s 17 For r x n  2 i n  reactor C c a l / " g m o l e ]  

; INTEGER A R R A Y  

; i - ~I':. of ~pe._'ie~ r e a c t i n g  i n  pre~eater 

; _~ - N~. o f  .~pecSe- r e a c t i n g  Sn r e a c t o r  

S - ~,:, ,mr r e o . : = z o n s  i n  p r e r ,  e~qter  
; ~ - No, oF r e o c t i o n ~ ,  i n  r e a c t o r  
- .,: - , ~ O ~ J ~  O f  r e , . ~ c t O r ~ t  f o r  r : K n  1 i ~  p r h e o t e r  

; ,: - C o d e  o f  p r o ~ u c t  For r × n  1 ~ n  p r e h e a t e r  

: T, - ~ O c t ~  QF PeOC~Ol~t ¢'or r~n " i l l  p r l h ~ O ~ i r  

; ~ - { . ~ ; d e  Of D F ~ E I ~ J C t  F O r  rx~ 2 ~r~  p r e h e o t e ] "  

- ' : - ~,:de Of r e a c t a n t  For r × n  1 i n  r ~ o c t o r  

, i.3 - C~e of produc~ For rxn i ~n reactor 

; i l  - ,2o~e o f  r e a c t a n t  for rxn ~ Xn reactor 

; . _  ,.~ ~F pro~uc~ FOP rxn 2. ~n rea~or 

; IMPOSE DESIGN S P E C I F I C A T I O N S  AND RUN TIME ~ R I T E R I A ,  HERE 
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USER Model Subroutine USRDCL 
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USRDOL (NSIN, N INF I ,  S l N I ,  SIN2, SIN3, SIN4: 
51NFI ,  NSOUT, NINFO, SOUTI, SOUT2, $OUT3, SOUTh,, 
51NFO, NSUBS, IDXSUB, ITYPE, NINT, INT, NREAL, 
REAL, IDS, NPO. NBOPST, NIW, IW, NW, W, NSIZE, SIZE;. 

IMPLICIT REAL~8 (A-H, O-Zl} 
C.C, UBLE PRE.'IISION L,KBARP,KBARR 
DIHENSIC, N SINI  (i.) , S IN2 (1 )  , S IN3 (1 )  , S IN4 (1 )  , 

' S I N F I ( 1 ) ,  SOUTI (1 ) ,  SOUT2(1),  SOUT3(1),  
SOUT4(1) , SINFO(1) , IDXSUB(NSUBS) , ITYPE(NSUBS~ , 
INT(NINT>,  REAL(NREQL), I D S ( 2 , 1 3 ) ,  NBOPST(3,NPO:., 
I W ( N I ~ )  , W(NW) , SIZE(NSIZE;  

DIMENSI " '  I..l', 'JG(5' . '  , V L ( 5 : ,  L(5) , O ( 5 )  
DIHEN~ION GAMhlA(5:) ,GAHS(51) ,GAMR(5:) • 
FLU:< (5," , HT (.5) , ALFA (.5) , TIME (.5) 
DIHEN'~ION RL (5> ,RP(5) ,CPO(IO) 

C'IMEN£1C, N ZKLA<.5> ,EG(5> 
DIHENSION KBQRP ("O, 20) , KBARR ( 2 8 , 2 0 )  ,COEFFR(2~),20) 
C, IMENSIr, N (20EFFR(2~,20) ,ECP(20,20) ,ECR(20,:O) ,C.PI(10) 

C. OMMON /USER/ RMISS, IMISS,  NGBAL, IPASS, 
LMSC,, LRMSG, KFLAG, NHSTRY, 

,"OHMON /Nr..'OMP/ N,2C, NN,~C' 
~:OHt.ION , " IDGC,9. /  I D S C C ( " , I )  
,2C~MM,3N / I nSNCCl  IDSNC~C' ( 2 , 1 )  
COMMON /IDXN~]C'/ IOXNCC(1) 
,Z'OMMO;4 /'IDX,-"CJ/ I D X C C ( 1 1 )  
(]I]~MMC, N /"H~J.' XMW(I:, 
.2C, MMOI~ /RPTGLB/  IREBFL, ISUB( I~> 
C'C.MMON/'ZI/ KBARP,ECP,COEFFP 
,30MMON.."ZII/ KBARR,ECR,r~OEFFR 
CC'MMONI Z2.,' (-.] P I 
COMM,3N ./A/ VG,VL ,L ,D  
QOMM,JN / B /  TIL,HIL,C.GI,AGRI,ALPI,TEMFI,TEMW 
CC.MrION xC,.' RHOA,RHOG,DI,BIG,R,G 
r_'OMMON . D /  CPG,CPBAR,E,DHR,DHS,-"KBAR 
~.C, MMC, N/DD..' HBAR 
COMMON ,'ODD/ DHSTAR,ESTAR,GAMMA,GAMS,GAMR,RL,RP 

,FLUX,HT,ALFA 
'2 C1M t'l 0 N ," E / 
~. C' M M 0 N/" Z .5 ,/ 
'~.;)MMON/Z 15/  
'.]OMMON/Z 16/  
C 'D M M 0 N ./Z ~ / 
(." 01'I M 0 N / Z 7 .,' 

ZKLA,EG 
TIME 

TEMPA,AGPQ,ALRA,TEMPO,AGPO,ALPO 
ZRTEMP,ZRAG,ZRAL 

NSPH,NSPR 
CPO 

IRESTR, ICONVG, 
NRPT, NTRMNL, I S I Z E  
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2 ;} 

DO i d=l,2r] 
DO I 1=1,28 
~:=_,ARP(I,j:'=O,8 
KBARR (I, J) =0. E~ 
ECP r I ,  ,J :, =~,], @ 
E,2R , : I ,  J) =0. @ 
~2OEF'FP ( I , O > =@, 
.'.,EFFR~:I,J)=O..~ 
CONTII~UE 

NSPH=INT (i) 
NSFR=INT ~2," 

NKF=INT (31~ 
NK~ = I N T  (~:, 
I< ,,,, ~, = 

DO 2C~ I=I,NKP 

J J= INT ,: K+I ) 
QOEFFP ( I I ,  JJ) =I. 
K~.,:,RP ( I  I ,  JJ) =REAL (KK) 
~-~" ~ I I ,  JJ) =REAL (KK+I:, 
E,2P ( I I ,  JJ;  =EC:P ( !  I ,  J J ) / R / T I L  

K E=KF,'~-~ 

c2 0 I,,I T I NUE 

r ,  ,- 
,.,J 21 I=I.,N~CR 
I I = INT (K:' 
J J= INT ~: K+I) 
,2C'EFFR < ZI ,  JJ) = I ,  8 
~:BARR < I I ,  JJ) =REAL ': KK) 
E~.R ' : I I ,  JJ) =REAL (KK+I)  
E!2R cl I I ,  JJ) =ECR ( I  I ,  J J ) / R / T I L  
K = I< -i-2 
K ~:. = ~: i. + 2 
¢'~NT I NUE 

CALL PHEATR 
CALL PHEATC 
CALL REATEM 
CALL REACT¢ 
~2ALL ETEADY 

..... Supply ou%pui: 
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i [; 

i l  

P R=SZ,OS- 

R=1,987 

TIL=SIIql (NCC+2) 

L ,: I ) :REAL ,: i ) 
L c2.) =~EAL",~-) 
D",I ~ =REAL':S 
C~<.~:, =REAL(:~) 
T H = R E A L  ~:"~ " 
CPG=REAL, C 

:PBAP,=REAL " )  
~SAR=REAL ~B 
DI=REAL ( '; :', 
IG=REAL (10 

RHDA=REAL,',I ) 

Z~',BAR=REAL(12:. 
E=REAL (13) 
[,HP,=REAL (14) 
~HS=REAL ,: 1.5) 
T,.:,T= S I i',12 (NC'C'÷ 1 ) ~SIN2 (I',ICC.+9) 
"PI~.I:~=:IN"-(3: '*XMkIK3)/TOT . ,,J 

' 3P l  ~ : 2 . J = S I N 2 ~ 4 ) * X M W ( 4 ) , ' T O T  
CPI ( 3 "  = S I N 2 ( 5 ) * X M W ( 5 ) , ' T O T  
'~JRITE(NTRMNL,~) ' n~Pl =' ,CPI(1) , '~.P2 

P=SIHI(.NCC+3)/O. 101~E0~ 
VOLG=SINI ( N , 3 C J + I ~ * 1 0 0 0 . * R R * T I L / P  
TH=TH÷_~7~ , 

V O L L = S I N 2  <Nr.:',2+I)*IOOO./RHOA*XMIA(3) 

WRITE (NTRHNL, *) 'VOLL=' ,VOLL, 'VOLG= ~ ,VOLG 

DO 10 I=l~" 

V&(I ~=VOL~,"(D(1)**2.0*O.78m) 

~L ( I " =VC'LL/(TO ( I )  **2.0"0,78~) 
,2 ,:> t,l T I N U E 

=' , C P I  (2~ , 

~GI=P/(R~-TIL)-XMW(i)*SlNI (1)/SINI (NQC÷I) 

RHOG=C~I 

A~P!=!.Z~ 

TEMPI=O.@ 

TEM~=~TH-TIL),, 'TIL 
D H S T A R : D H S . , "  ( R * T  I L )  
E S TAF~ =E,.  R * T I L )  
H I L = H B A R * ( E X P ( - D H S T A R )  ) 
. ~ L L  HYDRO('~) 

Z:O 11 I=i'2 
~L ':I) =." KLA (1) *L (1) *HI L/Vr- (1) 
GAMMA ( I ) =VL (I) .,'VG (1) 
RF(1)=ZKBAR*(I-EG(1))*L(1)/VG(1) 
TI!IE(I',, =L~ I)* (I.-EG(1)) /VL(I:, 
FLU>',(I J =Vg(1)*RHOC,-CPC,÷VL','I~*RHOA*CPBAR 
GAM5 ( I )  = ( C G I * V G  ( 1 ) * D H 5 )  / T I L / F L U X  ( I )  

&AMP,(1)=,CCGI*UG':I~wDHR)/TIL/FLUX(I 
BETA=@, Q ~3-, 5, 
HT.:I>=EETA~VL(1)**O,:B/D(I ~*'0,2 
AUFA(1) =HT <I.~ .'D(.I)wL (1)."FLUX( If' 

r. 0 N T I N U E 

'CP3=' , C P I  < 3 .  ~ 
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Tl. 

~OOTi (I,~ =VOLG*ZRAG:41.0E-03 
5OUT-,- ( I ) ="OLL*ZRQL*i. 0E-03 

S O U T i  ( 2 )  = S I N I  ( 2 )  ~XMW (2; '  
SOUT,2 (2) =0.0  
C,O ~3 I=Z,NQ~2 
S'3UT 1 , : I )  = O . O  
Se.)UT2 ( I )  = V O L L * R H O A * C P O  ( i - 2 )  * I .  0E-03 
c]ONTINUE 
'BUP, ! =G. C~ 
SUH~=i ']. . 0 
,l.. I-I3 = O C~ 

O0 31 I=I,NQQ 
5UMI=SUHC+SOUTI(1) 
=LJM~=.~U~'I2~SOUT2 (I) 
'-~OUTi (Z) =SOUTI (1) /XMW(1) 
SHUT2 ( I13 ='BOUT-3 ( I ) / X M W  ( I )  
SUH3=SUM3+BOUTI (1) 
SUH4=SUH4~SOUT2 (I) 
~20NT I NUE 
AMI =SUMI./SUM3 
AM2=SU "~,= 
SOUTI(NC'3+~)=AMI 
SOUT2 (N~2~2+9) 
S,. UTI (N~,~+I) 
5OUT2 (NCCel) 
SOUTI (NQO.+2) 
50UTI (NQC+~) 
~,OUT2 (NCQ+2) 
SOUTZ (l-q(ZQ+ 3) 

=~M2 
=SUMI/AMI 
=5UM2,,'Q "~h~ 
=ZRTEMP 
=SIN%(NCQ÷~) 
=ZRTEMP 
=SIN2(NQC+3) 

RETURN 
ENC, 
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PET "~ VA< ASPEU "~T=.TEIt RELEASE 5 DATE: 7/181@5 PAGE 
DIRECT COAL LIQUEFACTION REACTOR AND PREHEATER 

DESCRIPTION 

IHI~ IS AU E~AMPLE FOR ADAPTING USER WRITTEN MODELS TO THE ASPEN 
~ IMULATOR.  THE PROGRAM CHOSEN IS  THE DIRECT COAL L I Q U E F A C T I O N  
:,:~JE, THE ,}NL',' PIECES OF EQUIPMENT ENCOUNTERED IN THE FLOWSHEET 
A~E THE PREHEATER AND REACTOR, WHICH ARE LUMPED INTO OHE BLOC~: 
,_MLLED PP. 

RUN CONTROL INFORMATION 

T , P E  OF RUN: NEW 

INPUT F I L E  ¢~AME: INPUT 

~q~UT FRO2LE~ DATA F I L E  NAME: RUN1 UPDATE NO, 

t ~ I r ~  CALL ING PROGRAM NAME: RUN1 

E Z ~ U L A T I O N  REQUESTED FOR E N T I R E  FLOWSHEET 

;ET,2 t.,AX A£PEN ~YSTEM RELEASE 5 DATE:  7 / Z 8 / 8 5  PAGE I !  
~ I H U L A T I O N  OF D IRECT COAL L I e U E F A C T I O N  REACTOR AND PREHE~TER 

TABLE OF CONTENTS 

FLOWSHEET SECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FLOWSHEET CONNECTIVITY BY STREAMS . . . . . . . . .  1 
FLOWSHEET C O N N E C T I V I T Y  BY BLOCKS . . . . . . . . . .  I 
COMPUTATIONAL SEQUENCE . . . . . . . . . . . . . . . . . . . .  % 
OVERALL FLOWSHEET BALANCE . . . . . . . . . . . . . . . . .  1 

U - O - $  ELOCK SECTION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
USER-MODEL (USER ) :  PR . . . . . . . . . . . . . . . .  

STREAM SECTION ................................. 
DESCRIPTION OF STREAM CLASS CONVEN . . . . . . . .  3 
GASOUT SLURRYOU GASIN SLURRYIN . . . . . . . . . . . .  
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; 'ETr: '.~A>: ASPEN SYSTEM 
51MULATION OF 

RELEASE 5 DATE: 7118/85 PAGE 
DIRECT COAL LIQUEFACTION REACTOR AND PREHEATER 

FLOWSHEET SECTION 

FL,.~.. ,HEET . J . ~ , E C T I V I T Y  BY STREAMS 

~T~EAM SOURCE DEST 
GASOUT PR 

GASlN .... PR 

STREAM 
SLURRYOU 
SLURRYIN 

SOURCE 
PR 

DEST 

PR 

FLC.~J~HEET CONNECTIVITY B',' BLOCK5 

~LD.~K INLET5 
P~ GASIN SLURRYIN 

OUTLETS 
GASOUT SLURRYOU 

,:C~PIP~JT AT I ONAL SEQUENCE 

=E~,J~NCE USED WAS: 
PP, 

'DL:EFALL FLO~SHEET BALANCE 

ww* HA55 AND ENERGY BALANCE * * *  
IN OUT 

C,:,NUENTIONAL COMPONENTS (KMOL/SEC)  
H~ 0 . 1 3 3 7 5 0 E - 0 2  0 . 6 ~ 3 2 @ 9 E - 0 3  
..... O 1 3 3 7 5 0 E - 0 2  0 1 3 3 7 5 0 E - 0 2  1 4 ~  • m 

5 P l  0 , 3 1 5 9 0 0 E - 0 2  0 . 8 1 6 ~ 3 3 E - 0 4  
5 P 2  0 , 0 0 0 0 0 0 E + 0 0  0 . ~ 6 8 1 0 6 E - 0 3  

3P~ 0 . 0 0 0 0 0 0 E + 0 0  0 . 5 8 3 3 0 3 E - 0 2  
TC. TAL BALANCE 

M,3LECKM~3~,,.EC) 0 5 8 3 4 0 0 E - 0 2  0 . 8 1 4 3 5 4 E - 0 ~  
• ~6 MA'~5~+KG,.'SEC ) 0 . 3 5 6 0 6 4  0 . 3 5 ~ 6  ~ 

ENTHALPY(WATT B , 3 5 6 0 6 4 E + 3 B  0 . 3 5 4 6 2 4 E + 3 0  

RELATIVE DIFF. 

0.533990 

-1.0~800 
-1.00006 

-0,2B3604 
O.~O+380E-OZ 
0.4043BOE-02 
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~ET,~ 'JAX A~PEN ~Y~TEM 
SIMULATION OF 

RELEASE 5 DATE: 7/18/85 PAGE 
DIRECT COAL LIQUEFACTION REACTOR AND PREHEATER 

U-O-S @LOCK SECTION 

2 

~d'~EP-t.IOOEL (USER ) :  
[tlPUT STREAMB GA~IN 
~]~TFUT 5TkEAM~ GASOUT 

=#,:~P~RT'¢ OPTION SET 

FR 
SLURRYIN 
SLURRYOU 

SYSOR@ 

:1,:, N'JEN T i ONAL 
H= 
N2 

5P3 
TC, TAL BALANCE 

MOLE (KHOLISEC) 
~"I Q ~ ~ C KG."SEC ) 
5NTHALPY (WQTT 

**~ MASS AND ENERGY BALANCE *** 
IN OUT 

COMPONENTS (KMOL/SEC) 
0 . 1 3 3 7 5 0 E - 0 ~  
g . 1 3 3 7 ~ O E - @ ~  
g.3159@gE-@~ 
@.QgQQ@@E+O@ 
@,@@@@@@E+@g 

RELQTIVE DIFF. 

@.&23~89E-03 @.&339@@ 
0,1337~0E-@~ @.@@@~@@E+O~ 
@,@16~33E-@@ @.97~162 
0,~68106E-03 -1.00@00 
@,~833@3E-@2 - 1 . 0 0 0 0 0  

0,583~@@E-@2 
@.3@6@6¢ 
0.35~@~E+3@ 

8.81~354E-@~ 

g .354626E÷3e  

- 0 . 2 8 3 e 0 6  
8 ,~06380E-02  
0 .~0~380E-02  
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FETe2 ','~;~ ASPEN SYSTEM 
' S I H U L A T I O N  :3F 

RELEASE 5 OATE: 7 / 1 8 / 8 5  RAGE 
DIRE~T GOAL LIQUEFAQTION REACTOR AND PREHEATER 

STREAM SECTION 

SE-IR~'FTI,Z,N ?,F 'STREAM r_LA55 CONVEN 

f -  ~ - ,  5T,-,EAt1 .~:LA3~ : ' . vNVEN 
"~J~STREAMS : MIXED 
3~B'ST~,M " L A S ' 5 :  MI; ' ,EO 

~ET,~ VAX ~'SPEN SYSTEM 
'S I ; 1 ; j LAT IOr i  OF 

~GSI:IJT SLURRYOU ~ASIN 

STREAM ID 
FROM : 
TC 
2 ~ 5 5 :  

RELEASE 5 DATE: 7 / 1 8 / 8 5  ~AGE 
DIRECT COAL L I Q U E F A C T I O N  REACTOR AND PREHE~TER 

STREAM SECTION 

SLURRYIN 

GASOUT 5LURRYOU GASIN SLURRYIN 
PR PR 

PR PR 
CONVEN CONVEN CONVEN CONVEN 

'SUE}STREAM : MIXED 
- -" K r~ O L / 5  E(:  
,,. FMOL /SEC 
~P I ~MOL/~EQ 
; ~ "  KMOL/SEC 
-: ; 3  k M,)L,,' 'SEC 
" 6  T ;4 L ~" ,'I 0 L ," '5 E C 
TEMF k 

E!~T~ALI~Y J ,,' KMOL 

;~ L.' C, r'l L~ 

STRUCTURE: CONVENTIONAL 
. ~ , 8 2 ~ 7 - 0 3  

0 0 0 1 3  
0 0 
0 0 
0 0 
0 0 0 1 8  

• 1~, 1 0 2 - 0 3  0 
0 . 0  0 

. 2 6 6 1 1 - 0 3  0 
0 . 0 0 5 8  0 
O. 0O63 0 

0 0 1 3  
0 0 1 3  
0 
0 
0 
0 0 2 6  

7~3 6 ~ 4 ~  7~3.~5~6 ~ 0 0 . 0 0 0 0  
. 1 } 2 0 0 , 0 8  . 1 ~ 2 0 0 - 0 8  . 1 5 2 0 0 ÷ 0 8  

MISSING MISSING MISSING 
MISSING MISSING MISSING 
MISSING MISSING MISSING 
21.1233 ~9.~992 15.01~5 

0 0 
0 0 
0 0 0 3 1  
0 0 
0 0 
0 0 0 3 1  

~ 0 0  0 0 0 0  
• 1 5 ~ 0 0 ~ 0 8  

M I S S I N G  
MISSING 
MISSING 

1 0 0 . 0 0 0 0  

I-D-14 *u.s. GOVERNMENT PRINTING OFFICE: 1986-631-076/20103 
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