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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 1input
data and the resulting outputs in a tabular form and source code of the
programs are presented.

C-1 Use of Simulator

Fixed Bed Reactor Model
To use the simulator, the user must provide the following information:
. Feed characteristics
Temperature (Deg K)
Pressure (a*m)
Gas composition (mole fractions)
Volumetric gas veocity (Nma/sec)
« Reactor characteristics
length (m)
Diameter (m)
Bed void fraction (-)
Bed number (to indicate which bed is to be designed for a multibed
reactor)
. Catalyst characteristics
Diameter (m)
Density (kg/m3)
Porosity (-)
Tortousity (-)

Therma 1l conductivity (kJ/m-s-K)
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The above input data are entered via an interactive program FIXED.DAT. A

. file czlled INPUT.DAT is created by this program. Then the main program

FIXED.BED czn be executed in 2 batch mode. Since the software package
COLSYS.FOR (Ascher et al., 1981) which is used currently in the Mathemtical
Library at the University of Pittsburgh is used, the program is executed by

invoking the following command;

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 information

they provide:

File Nenme Content

QUTPUT.SUM All data supplied by the user, output gas
composition temperature and gas veloceity

conversions, space time yileld

CONV.PRO Conversion profiles for methanol

formtion and shift reactions.

COMP.PRO (Gas composition profiles in mole
fractions.
TEMP.PRGC Temperature profile
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GAS.PRO Gas 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

1ist:

Subroutine Name Purpose
INPUT Retrieves input data
DMIX Calculate the mixture diffusion

coefficients.

DCOEF Evaluates the binary diffusion
coefficients.
AMASS Evaluates the mass transfer
coefficients.
AHEAT Evaluates the heat transfer coefficient. '
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CPGAS

VISHIX

VISGAS

CONM{IX

CONDUC

FUGA

FUCOEF

REAC1

DEN

AHEAT

INTER

Provides heat capacity déta.

Evaluates the viscosity of the gas

mixture,
Evaluates the viscosity of gas species.

Evaluates the thermal conductivity of gas

mixture.

Provides the thermal conductivity of

methanol synthesis gas mixture.
Caleculates the. fx;gacities .

Calculates the fugacity coefficients.
Calculates the rezction rates.
Evaluates the gas density.

Provides heat of resction data.
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 differential equations.

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 gooling i1s used. For the latter case the feed conditoins 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 fhe next executlon 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

simulation.
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. Bubble Column Slurry Reactor Model
The Following informetion is needed for the simulator to be executed:
» Reactor chzaracteristics
Diameter (m)
Leagth (m)
« Operatiug conditions
Feed tempzrature (K)
Inlet gas flow rate (Nm3/sec)
Slurry flow rate (m3/sec)
Inlet gas composition (mole fractious)
Inlet liquid composition (mole fractions)
Catalyst loading (Z weight)
. GCstalyst properties
. ~Density -
Diameter

Thermzl conductivity

All the input data are entered via an interactive program SLURRY.DAT. The
execution of thie program creates a dat file named INPUT1.DAT. Once the data
is supplied the mein program SLURRY.BED can be executed in a batch 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 1ist.
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File Name

OUTPUT.SUM

CONV.PRO

CONC.GAS

CONC.LIQ

DIMCON.PRO

TEMP.PRO

CAT.PRO

Content

All data supplied by the User, outlet

temperature coversions, space time yield.

Conversion profiles for methanol and

shift reactions.

Gas phase concentration profiles (mole

fraction).

Liquid phase concentration profiles (in

kmol/m3).

Liquid phase dimensionless concentration

profiles.

Temperature profile.

Catalyst concentration profile.

The main program for slurry reactor consists of several subroutines. The

following list gives the name and the purpose of each.
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Subroutine Neme

INPUTI

LIQ.PRO

DIFCF

SOLUE

CPGAS

RHEAT

HOLDUP

MASSTR

SLUPRO

LIQ.DIF

SOLDIF

Purpose
Retrieves the input data.

Provides liquid phase physical

properties,

Evaluates diffusion coefficients.
Supplies solubility data of the gases.
Provides heat capacity data.

Provides heat of reaction data.
Evaluates gas holdup.

Evaluates volumetric mass transfer

coefficients.
Evaluates slurry physical properties.

Computes the dispérsion coefficients in

the liquid phase.

Computes solid phase diffusion

coefficient.
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HEATDF

REACI1

CATCON

CALPRO

INTER

FSUB

DFSUB

GSUB

DGSUB

SOLUTN

A typical run showing both input and

Computes heat dispersion coefficient.

Evaluates the reaction rates.

Evaluates the dimensionless catalyst

concentration at any axial position.

Used to give an initial solution

(analytical solution of differential

equations in the absence of reaction).

Evaluates the actual liquid

concentrations with dimensionless ones.

Evaluates the differential equations.

Evaluates the Jacobian of the

differential equations.

Evaluates the boundary conditions.

Evaluates the partials of the boundary

condition.

Provides an initial solution to the

differential equations.

output is given in the following pages.
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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

IMPLICIT REAL=8(A-H,0-2Z)

DIMENSION YF(7)

OPEN (UNIT=8,FILE='INPUT.DAT')
OPEN (UNIT=9, FILE='CHECK.DAT')

WRITE(O6, 10)

FORMAT (/// , BX, ' #55 5t 22 22 X238 S A X L2 XX AL A SR XA EAXXR LB XK EIX XN AKE RN/

//,8X, 'SIMULATION OF A FIXED-BED ADIABATIC REACTOR’,/, SX,

’ FOR’,/,SX,

‘ METHANOL SYNTHESIS’,.//,SX,
BEFEXETXXIBEITEALIAXEAEIXXIEISXXSARILERRXTREERRETRR/ [ /)
WRITE(OE,20)

FORMAT (5X, ‘INSTRUCTIONS ', ///,5X,

‘THIS PROGRAM SIMULATES ICI "S QUENCH TYPE LOW-PRESSURE’,/,SX,
'FIXED-BED METHANOL SYNTHESIS REACTOR.’,/, SX,
'ONE-DIMENSIONAL PLUG FLOW MODEL IS USED TO BE A GOOD‘,/,SX,
‘REPRESENTATIVE PICTURE OF THE REACTOR BEHAVIOUR.',/,SX,
“INPUT VARIABLES INCLUDING FEED,REACTOR AND CATALYST’,/, 5X,
‘CHARACTERISTICS ARE PROVIDED BY THE USER VIA THIS’,/, SX,
'INTERACTIVE PACKAGE.THE SIMULATOR THEN EVALUATES ‘,/, SX,
‘TEMPERATURE AND CONCENTRATION PROFILES TOGETHER WITH’,/, SX,
'CONVERSIONS ,EFFECTIVENESS FACTORS AND THE REACTION’,/,SX,
‘RATES FOR EACH CATALYST BED.’,///,8X,

‘TO RUN THE SIMULATOR ,PLEASE ENTER THE FOLLOWING DATA’,/,SX,
‘IN FREE FORMAT’,//)

WRITE(06,30)

WRITE(09,30)

FORMAT (/,8X, /*xsxs»sxsxsxxxx FEED CHARACTERISTICS s:2sssszxsxssxasx’/,
//.5X, "INLET TEMPERATURE (K) = ? /)

READ(0S,=*) TF

WRITE(O8,) TF

WRITE(09,s) TF

WRITE(O8, 40)

WRITE(0S,40)

FORMAT (/,5X, ‘PRESSURE (ATM) = ?')
READ(05,%) P

WRITE(OB,*) P

WRITE(08,*) P

WRITE(0O8,50)

WRITE(08,50)

FORMAT (/,5X, ‘GAS COMPOSITION’,/, 5X,

ENTER THE MOL FRACTIONS. THE SQUENCE IS :’,/,5X,
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€0

€S

70

80

ly

180

120

£ 71:C0 2:C02 3:HZ 4:CH30H ©5:H20 6:M2 7:CH4/)

READ(GE,=*) (YF(I),I=1,7)
WRITE(QE,=) (YF(1),1=1,7)
WRITZ(08,=2) (YF(1),1=1,7)

WRITE(OS,ED)

WRITE(OS,ED)

FORAAT(/,BX, 'VOLUMETRIC GAS VELOCITY (MNm==3/sse¢) = %)
READ(CES,*) Q

WRITE(GCE,=*) Q

WRITE(0S,=*) Q

WRITE(CE,E3)
WRITE(QS,ES)
FORMAT(/,.BX, /00 YOU WaMT TC GET SOLID PHASE CONCEMNTRATION/,/,SX,

* /AMD TEMPERATURE PROFILES AT EACH POINT ? /,/,5X%,
* 'YES = 1, 8O = ¢')

READ(OZ,x) N4
WRITE(CE, =) NN
WRITE(QS,*) NM

WRITE(OS,70)
WRITE(0OS,70)
FOQREAT(//,58X, *+x=x=3xx REACTOR CHARACTERISTICS #==zxxxx/, // SX,

* ‘DIAMETER (M) = 7?7)

READ(CS,=) D
WRITE(CZ,*) D
WRITE(0S,=) D

WRITE(03,80)

WRITE(0S3,80)

FORMAT(SX, 'LENEHT (M) = 77)
READ(OS,*) AL

WRITE(OS,*) AL

WRITE(0S,x) AL

WRITE(OCS,80)

WRITE(0S,80)

FORMAT(EX, 'BED VOID FRACTICM = ?/)
READ(CS,=) EB

WRITE(CZ,s) EB

WRITE(CS,=) EB

WRITE(CE, 1C0)

WRITE(CS, 100)

FORHAT(EX, ‘NUHNBER GF CATALYST BEDS = ?/,/,8X%,
/IF THIS BOT THE FIRST BED GIVE A NUMBER‘,/,BX,
‘TO IDZNTIFY THE BED’)

READ(CS,*) N

WRITE(0S,=*) N

WRITE(CS,*) M

WRITE(CE, 120)
WRITE(0S, 120) :
FORMAT(//,8X, /==x=xxx2 CATALYST CHARACTERISTICS sxxxxxxzx’ [/,

* BX, 'CATALYST DIAMETER (M) = 77,/,5X, /ASSUME SPHERICAL’)

READ(CS,=) DOP
WRITE(QS,=*) DP
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WRITE(QS,*) DP

WRITE(O&,130)
WRITE(08,130)
130 FORMAT ( 10X, 'DENSITY (KG/M**3) = ?7)
READ(0OS, =) DENCAT
WRITE(O8,=) DENCAT
WRITE(O0S,x) DENCAT

WRITE(OE, 140)
WRITE(QB, 140)

140 FORMAT( 10X, ‘POROSITY = ?/)
READ(OS,=) EP
WRITE(OB,*) EP
WRITE(O8,x) EP

WRITE(OE, 150)
WRITE(O8, 1580)
150 FORMAT ( 10X, ‘TORTQUSITY = ?/)
READ(05,*) TOR
WRITE(O8,*) TOR
WRITE(08,%) TOR

WRITE(OE, 180)
WRITE(09, 180)
180 FORMAT ( 10X, 'THERMAL CONDUCTIVITY (KJ/M-S-K) = ?/,/,
10X, ‘IF NOT AVAILABLE ENTER 0.0 )
READ(0O5,*) CONS
WRITE(OB,*) CONS
WRITE(08,*) CONS

»

WRITE(O6,170)
170 FORMAT(//,5X, /END OF DATA INPUT....’,//,5X,

* /INPUT DATA ARE STORED IN THE FILE NAMED INPUT.DAT’, /,KSX,
= /‘PLEASE CHECK YOUR DATA FROM THE FILE NAMED CHECK.DAT'//,SX,
= ‘THE SIMULATOR FIXED.BED CAN NOW BE EXECUTED’,/,SX,
= ‘IF YOU HAVE ANOTHER BED , PLEASE REMEMBER TO USE ’,/,5X,
= ‘INTERACTIVE PROGRAM INTBED.FOR WITH THE OUTPUT’,/,5X,
= ‘OF THIS RUN TO CALCULATE THE FEED CONDITIONS TO NEXT’,/,S8X,
=  ‘BED. THEN YOU CAN PREPARE INPUT DATA BY USING THIS',/,SX,
* ’PROGRAM AFTERWARDS ')
c
STOP
END
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I-C-3 Szmple Run Showing Interactive Input
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SIMULATION OF A FIXED-BED ADIABATIC REACTOR
FOR
METHANOL SYNTHESIS

32 76 Yo de v 9 v st ot ol 9 d o' o v e ok e ok o % v ot o ok o b % o o e o ke e vk e b ke e de e e e Sk b ke ke ke ok

INSTRUCTIONS

THIS PROGRAM SIMULATES 1ICI "S QUENCH TYPE LOW-PRESSURE
FIXED-BED METHANOL SYNTHESIS REACTOR.

ONE-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

¥ gfe 9 v ot Yo Yo e o o ek ke ok FEED CHARACTERISTICS dhkkhhkkhkrhkkhkk

INLET TEMPERATURE (K) = ?
>470.

PRESSURE (ATM) = ?
>80.

GAS COMPOSITION

ENTER THE MOL FRACTIONS. THE SQUENCE IS :

1:CO0 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) = 7
>58.437

DO YOU WANT TO GET SOLID PHASE CONCENTRATION
AND TEMPERATURE PROFILES AT EACH POINT ?

YES = 1, NO =0

>1

kkkkkkk* REACTOR CHARACTERISTICS ***xk%ikx
DIAMETER (M) = ?
>2.0

LENGHT (M) = ?
>0.8
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BED VOID FRACTION = 7

>0.4

NUMBER OF CATALYST BEDS = ?

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

>1

FukikEE CATALYST CHARACTERISTICS *¥#wkiink

CATALYST DIAMETER (M) = 2
ASSUME SPHERICAL
>0.005
DENSITY (KG/M**3) = 2
>1980.
POROSITY = ?
>0.3
TORTOUSITY = ?
>7.0
THERMAL CONDUCTIVITY (RI/M~S-K) = 7
IF NOT AVAILABLE ENTER 0.0
>0.00418 ‘

END OF DATA INPUT....

INPUT DATA ARE STORED IN THE FILE NAMED INPUT.DAT
PLEASE CHECK YOUR DATA FROM THE FILE NAMED CHECK.DAT

THE SIMULATOR FIXED.BED CAN NOW BE EXECUTED .

IF YOU HAVE ANOTHER BED , PLEASE REMEMBER TO USE
INTERACTIVE PROGRAM INTBED.FOR WITH THE OQUTPUT

OF THIS RUN TO CALCULATE THE FEED CONDITIONS TO NEXT
BED. THEN YOU CAN PREPARE INPUT DATA BY USING THIS
PROGRAM AFTERWARDS
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I-C-4 Program Listing - FIXED BED
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0000000000000 0000O00O00DDO0NODO000O0N0OQO0ND00O0O000000O00O00O00000

T R R R N N R R N N R R R N N R R S N R R R R RSN e ey

MAIN PROGRAM FOR THE SIMULATION OF FIXED-BED
METHAMOL SYNTHESIS REACTOR.

THIS PROGRAM SIMULATES AM ADIABATIC FIXED BED REACTOR FCOR
METHANOL SYMTHESIS.

CCMYERSIOM, TEMPERATURE, COMCENTRATION, REACTION RATE
PROFILES ARZ CALCULATED FOR A SET OF DESIGN AND OPZRATIMG
COMDITIONS. ALTHOUGH THE PROGRAM IS WRITTEM FOR

LOW-PRESSURE SYNTHESIS AMD NMORMALLY EMPLOYS A KIMETIC

RATE EXPRESSICM CEBTAIMED FOR A Cu/Zn/Cr203 CATALYST

(Uniited Catalyst T-2370) THE USER CAM ACCOMODATE HIS

OWM KINETIC DATA BY UPDATING THE SUBROUTINE REACH.

THE SUBROUTINE FUGA CAM BE USED TC CALCULATE THE FUGACITIES
WHEMN MEEDED FOR THE RATE EXPRESSIONS.

R L 211 T T T T T T T T T T rpauap ey
VARIABLE LIST

AL :REACTOR LEMGTH (m)
AMNU  :NUSSELT NUMBER (=)
CATDEM, DENCAT :CATALYST DENMSITY (kg/m*=3)
CG :GAS PHASE CONCENTRATION (kmol/m==3)
CF :GAS PHASE FEED COMNCEMTRATION (kmol/m=x3)
COME :GAS PHASE COMCENTRATION (kmol/m==3)
COMS, TCOMNE  : THERMAL COMDUCTIVITY OF THE PELLET (kJ/m-s-K)
CONY :COMYERSIOMS

1 :METHAMOL REACTIGN

2 :SHIFT REACTION
DE :EFFECTIVE DIFFUSIVITY (m=x2/sec)
DR :REACTOR DIAMETER (m)
DF.DPAR :PEZLLET DIAMETER (m)
EE :BED VOID FRACTICN (-)
EP :PELLET PORDSITY (-)
FACESF :OVERALL EFFECTIVENESS FACTOR

’ 1 ‘METHAMOL REACTIOM

2 :SHIFT REACTION
NANME :NAMI VECTOR FOR COMPONENTS
N2 :BED MUNMBER
NE :COMTROL VARIABLE

1 :SOLID PHASE PROFILES REQUIRED

© :NOT REQUIRED
F,PT :PRIESSURE (atm)
Q,QFG :GAS VOLUMZITRIC FLOW RATE (Nm==3/s2C)
REFF :EFFECTIVE REZACTIOM RATE

1 :METHAMOL REACTION

2 SHIFT REACTION
TG :TEMPERATURE (K)
TF :FEED TEMPERATURE (K)
T8 :DIMEMSICNLESS TEMPERATURE (-)
TO :CUTLET TEHAPERATURE (K)
TOR :TORTUOSITY (-)
SH :SHERYOOD MUMEER (-)
STY :SPACE TIME YIELD ( MNm==3 gas converted/kg Cat-hr)
UZ :DIMENSICGMLESS GAS VELOCITY (-) '

I-C-21




0O00000

0

10

25

30

40

50

- N N N

UF :SUPERFICIAL GAS VELOCITY (m/sec)

WHSY WEIGHT HOURLY SPACE VELOCITY (Nm=:*3/kg Cat-hr)
Y :GAS PHASE CONCENTRATION (mole fraction)

YF :FEED GAS MOLE FRACTIONS

YS1,YS2 :PELLET SURFACE CONCENTRATIONS FOR METHANOL AND CO2
IMPLICIT REAL28(A-M,0-Z)

COMMON/PAR1/TF ,PT,YF(7),Q,NN

COMMON/PAR2/DR,EB N8, AL

COMMON/PAR3/DPAR, CATDEN, EP, TOR, TCONS
COMMON/PAR4/DP,CONS,SH(7),ANU,YS1,YS2 P, TG,CG(7),DE(7), DENCAT
COMMON/PARS/CF(7) ,X(11),UZ(11),TB(11),CONV(2,11)
COMMON/PAR10/CONG(7,11) ,REFF(2,11) ,FACEF(2,11)

DIMENSION NAME(7),Y(7)

DATA NAME/’ CO ',’ CO2 ’,’ H2 ‘,'CH30H’,’ H20 ', N2 ‘,’ CH4 '/

OPEN (UNIT=8,FILE='INPUT.DAT')
OPEN (UNIT=20,FILE='OUTPUT.SUM’)
OPEN (UNIT=21,FILE=/CONV.PRO')
OPEN (UNIT=22,FILE='COMP.PRO')
OPEN (UNIT=23,FILE='TEMP.PRO’)
OPEN (UNIT=24,FILE='GAS.PRO’)
OPEN (UNIT=25,FILE='EFF.PRO’)
OPEN (UNIT=26,FILE='ERATE.PRD')

CALL INPUT

DP=DPAR

P=PT

DENCAT =CATDEN
CONS=TCONS
N=NB
DF=EP/TOR

§23.1416/4 . *DR*>=2,
UF=Q*TF/P/273.2/8

WRITE(20, 10)

FORMAT(/// ., 10X, /#222 a2 s s s XXX 3 XXX RS S XS AR EX ST RX LR ESCLTERSRRRES K/ |

//, 14X, 'SIMULATION OF A FIXED-BED ADIABATIC REACTOR’,//, 10X,
! FOR’,//. 10X,
y METHANOL SYNTHESIS’,//, 10X,

't:-ttt.tltt::tttt:::t:tt:sttt::atttttxt:::tttttt:'.//)

WRITE(20,25)

FORMAT (/,5X, 'SUMMARY OF THE INPUT DATA’.///)
WRITE(20,30) TF

FORMAT (S5X, ‘*ssxxasxssssss FEED CHARACTERISTICS sssssxxxsnzss/
// ., 10X, “INLET TEMPERATURE = ’',F10.5,’ Deg. K’)
WRITE(20,40) PT

FORMAT(/, 10X, ‘PRESSURE = ’ F10.5,’ atm’)

WRITE(20,50)

FORMAT(/, 10X, ‘GAS COMPOSITION’,/, 10X,
‘Component’, 3X, ‘Mole fraction’,/,10X,9('s),3X, 13('%"))
WRITE(20,55) (NAME(I),YF(I),I=1,7)

FORMAT (12X ,A5,7X,F10.5)
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WRITE(20,60) Q :
(e] FORMAT(/, 10X, 'VOLUMETRIC GAS VELOCITY = /,D12.5,
* 4 N.mxx3/Sec’)
WRITE(20,85) UF

€S FORMAT(/, 10X, /SUPERFICIAL GAS VELGCITY = /,F10.5,’ m/s=2c’)
WRITE(20,70) DR
70 FORMAT(//,BX, /s**xxxxx REACTOR CHARACTERISTICS =xx=xsax/ // 10X,

= ‘DIAMETER = /,F10.5,’ m")
WRITE(20,80) AL

&0 FORMAT(/, 10X, "LENGTH = /,F10.5,/ m’)
WRITE(20,80) EB
so FORMAT (10X, ‘BED VBID FRACTIOM = /,F10.8)

IF(N2.£Q.0) N3=1
WRITE(20,100) NB
100 FORMAT (10X, 'BED NUMRBER = /,12)

WRITE(20,120) DPAR
120 FORMAT(//,8X, fs=x=sx=x CATALYST CHARACTERISTICS ==xzzzzxz/, //,
* §0X, 'CATALYST DIAMETER = /,F10.5,/ m’)
WRITE(20, 130) CATDEM

130 FORMAT (18X, /DENSITY = /,F10.5, ' (Kg/m=23) /)
WRITE(20,140) EP

140 FQORMAT (18X, 'PORDSITY = /,F10.5)
WRITE(20, 150) TOR

150 FORMAT (18X, ‘TORTOUSITY = /,F10.5)

c

IF(TCOMNS.EQ.Q.) TCONS=4.18D-03
WRITE(20, 180) TCONS

180 FORMAT (10X, ‘THERMAL CONDUCTIVITY = -,
* F10.8,/ KJ/m-s22-K')

C
QFG=Q
1~
c
R=,082
CO=F/R/TF
DO 3% 1=1,7
33 CF(I)=YF(1)=*CO
NEED=ME
ALEMN=AL
c
CALL EEDCAL(NBED,TF,UF,NN,ALEN, EB,DBF)
c
AHCAT=S=ALEM= (1. -EB)*DENCAT
WHSY=QFG=3B00. /AYCAT
STY=QFG=YF(1)=COMV(1, 11)*3300. /AYCAT
c
CTOT=0.
0o 180 1=1,7
180 CTOT=CTOT+COME(I,11)
c
DG 180 1=1,7 .
180 Y(1}=CONG(I,11)/CT0T
Cc
TO=TF=(1.+TE(11))
c

WRITE(20,170) TO
170 FORMAT(//,8X, 'SUSRIARY OF THE OUTPUT DATA’,///, 10X,
** 'QUTPUT TEMPERATURE = /,F10.5,’ Dag. K’)
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WRITE(20,40) P
WRITE(20,50)
WRITE(20,55) (NAME(I),Y(1),1=1,7)

CONV1=CONV(1,11)-CONV(2,11)

CONV2=CONV(2,11)

CONVO=CONV(1,11)

WRITE(20,200) CONV1,VONV2,CONVO

FORMAT (/, 10X, ‘CONVERSION 1 = ’ E10.5,/, 10X, ‘CONVERSION 2 = /,
E10.5,/,10X, ‘OVERALL CONV. = / E10.5)

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

WRITE(20,300) WHSV,STY
FORMAT(///,5X, 'SPACE VELOCITY = ‘ E12.5,’ Nme*3/kg-hr’,/,
§X, 'SPACE TIME YIELD = ',E12.5,’ NM=23 Gas Converted/kg-hr')

WRITE(21,400)

FORMAT (//, 18X, ‘LENGTH’ ,/,5X, 'DIMENSIONLESS ‘', 3X, ‘ACTUAL (m) ’
5X, ‘CONVERSION 1’,3X, 'CONVERSION 2’ 3X, /OVERALL CONV. ‘,
/.5X,12(’*%7),3X,12('%),2X,3(3X,12(*=")))

WRITE(22,410) (NAME(I),1=1,7)
FORMAT(//, 15X, ‘LENGTH' 35X, ‘GAS PHASE MOLE FRACTIONS',/,
3X, ‘DIMENSIONLESS ', 2X, ‘ACTUAL (m) /,7(8X,AS),/,5X,
10(/%7),3X,10("*),2X,7(3X,10( =" )))

WRITE(23,420)
FDRMAT(//,15X,’LENGTH’,24X,’TEMPERATURE’,/,SX,’DINENSIONLESS',
3X, 'ACTUAL (m) /,5X, ‘DIMENSIONLESS’, 3X, ACTUAL (K) /,/,
5X,12(/%/),3X,12( =) ,BX,12(‘='),3X,12(’x"))

WRITE(24,430)
FORMAT (//, 14X, 'LENGTH’ , 20X, ' GAS FLOW RATE ‘,/,8X%, 'DIMENSIONLESS ',

* 3X,'ACTUAL (m) /,5X, ‘DIMENSIONLESS’, 3X, 'ACTUAL (m/s)’,/,
* BX,12(/#/),3X,12('*’),5X,12('="),3%,12("*"))

WRITE(25,440)
FORMAT(//, 14X, ‘LENGTH’,/,5X, ‘DIMENSIONLESS ‘', 3X, ‘ACTUAL (m) /.,

* 5X,’EFF.FACTOR 1/,3X, 'EFF.FACTOR 2',/,8X,12(’**),3X,12('s"’),
* 2X,2(3X,12(=2')))

WRITE(28,450)

FORMAT(//, 14X, 'LENGTH’,/,5X, ‘DIMENSIONLESS ', 3X, ‘ACTUAL (m) '
‘EFF. RATE 1/,3X,/EFF. RATE 2/,/,5X,12( %) 3X, 12(’%*),2X,
2(3X,12('=")))

DO 480 I=1, 11
AX=X(1)sAL

CONV1=CONV(1,I)-CONV(2,1)

CONV2=CONV(2,I)

CONVO=CONV(1,1)

WRITE(21,500) X(1),AX,CONV1,K CONV2, CONVO

FORMAT (5X,F12.5,3X,F12.5,5X,E12.5,3X,E12.5,3X,€12.5)

CT0T=0.
DG 510 u=1,7
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CTOT=CTOT+CONG(J,I)

Bo B20 J=1,7

Y(J)=COME(J,I)/CTOT

WRITE(22,830) X(I),AX,(Y(J),d=1,7)
FORMAT(8X,F10.5,3X,F10.5,2%,7(8%,E10.5))

TENR=TF=(1.+T8(1))
WRITE(2%,840) X(1),AX,T2(I),TEMP
FORMAT(SX,F12.5,3X%,F12.5,8%,E12.5,3%,E12.8)

UGAS=UZ (1) =UP
WRITE(24,E50) X(I),AX,U2(1),UGAs
FORMAT(EX,F12.5,3%,F12.5,5%,E12.5,3%,F12.8)

IF(I.EQ.1) G2 TO 450

WRITE(2Z,830) X(I),AX,FACEF(1,I),FACEF(2,1)
FORMAT(8EX,F12.5,3X,F12.5,5%,E12.5,3X,E12.5)
WRITE(25,880) X(I),AX,REFF(1,I1),REFF(2,1)

CONTINUE
STOP
END

SUSROUTINE INPUT

THIS SUBROUTIMNE PROVIDZIS THE INPUT DATA TO THE FIXED-BED
MZITHAMNOL SYNTHESIS REACTOR SINULATOR.

IMPLICIT REAL=8(A-H,0-2)
INTEGER N3, NN

COMI0M/PARY/TF,PT,YF(7),Q, N
CORHON/PAR2R/DR  EE, M3, AL
COMION/PAR3/DPAR, CATDEN, EP, TOR, TCONS

CPEN (UMIT=8,FILE='/INPUT.DAT’)

READ(OZ,x) TF
SAD(QE,*) PT
RZaB(©2,=) (YF(1),I=1,7)
RZAD(0Z,*) Q
RIAD(OE, ) MM
RZaD(0E,*) DR
RZAD(QE,=) AL
READ(OE,*) EB
READ(OZ, =) M2
READ(02,*) DPAR
RZAD(03, =) CATDEM
READ(QZ, =) EP
READ(0Z,#) TOR
READ(OS,x) TCONS
RETURM
END
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SUBROUTINE BEDCAL (NBED,TF,UF NN, ALEN, EB,DF)

SUB PROGRAM FOR FIXED-BED METHANOL SYNTHESIS REACTOR

SIMULATION

IMPLICIT REAL*8(A-H,0-2)

COMMON/PAR4&/DP ,CONS,SH(7) ,ANU,YS1,YS2,P,TG,CG(7),DE(7), DENCAT

COMMON/PARS/FSPACE (5000) ,ZETA(4),TOL(4),2(4)
COMMON/PARS/ISPACE (250) ,M(2),IPAR(11) ,LTOL(4)
COMMON/PAR7 /RATE(2),YG(7),C(7),Y(7) ,NAME(7), FLUX(7)

COMMON/PARB/EFFR(2),EFAC(2),CONT(2)

COMMON/PARS/CF(7),X(11),UZ(11),TB(11),CONV(2,11)
COMMON/PAR10/CONG(7, 11) ,REFF(2,11) ,FACEF(2,11)
DIMENSION D(7),YF(7)

DATA NAME/’ CO '/,’

CO=0.
DO 43 I=1,7
CO=CO+CF(I)

DO 45 I=1.7
YF(I)sCF(1)/C0

RA=DP/2.
AL=ALEN

M(1)=22
M(2)=2
ZETA(1)=0.
ZETA(2)=0.
ZETA(3)=1.
ZETA(4)=1.
DO 10 I=1,11
IPAR(I)=0
IPAR(1)=4
IPAR(4)=2
IPAR(5)=5000
IPAR(8)=250
IPAR(7)=1
IPAR(9)=1

DO 30 I=1,2
LTOL(I)=I*2
TOL(X)=1.E-04

INITIATION

CONV(1,1)=0.
CONV(2, 1)=0.
UZ(1)=1,
TB(1)=0.
X{1)=0.

DO 38 I=21,7

H2 ‘,/CH30H’,’ H20 ’,
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CONG(I,1)=CF(I)
Ji=0

CALCULATICONS

N=11
DELZ=1./(N-1.)
DC 60 Iu=2,M
J=0

NN 1=
K=Id-1
X(IJ)=%X=DZLZ
X&=COMY(1,K)
XB=CONY(2,K)
TEST=1.082(TB(K)+1.)=*TF
CONTIMUE
CALL INTER2(TF,UF,CF,TEST,XA,XB,TG,CE,U)
Uz

CTOT=0.

o 20 1=%,7

CTOT=CTOT+CG(I)

DG 11 I=1,7

YG&(1)=C&(I)/CTOT

CALL DEN(P,TG,YG,DZNG)

G=U=DENG

CALL CFBAS(0,YE,TG,HEATCP,CPMASS, CONT)
CALL VISMIX(TG,YG,VISCO)

CALL DMIX(1,TG,P,YG,FLUX,D)

oo 50 I=1,7

DE(I)=DF=D(I)

CALL COMDUS(YG,TG,CONGAS)

CALL ASEAT(G,VISCO,DENG,CPMASS,CONGAS,DP, EB, CONEAT)
ANU=COHEAT+RA/CONGAS

CALL AMASS(7,G,D,EB,DP,VISCO,DENG,SH)

oo 14 1=1,7

SH(I)=SH({I)*R&/DZ(1)

KK=1

IF(JJ.EQ.C) KK=0

CALL ERATE(KX,MNN1)

Jd=1

AV=S. . x(1.-EB)/BP
AV=AY/3.14186/BP==2.
GRATI1=AV=EFFR(1)
GRAT2=AY=EFFR(2)

IF(J.N2Z.1) €0 TD 75
REFF(1,I8)=GRATY
REFF(2,IJ)=GRAT2
FACEF(1,IJ)=EFAC(1)
FACEF(2,3IJ)=EFAC(2)

NM1=0
GRAT1=GRAT1*AL=DELZ/UF/CF( 1)
GRATZ=GRAT2=AL=*DELZ/UF/CF(1)

GO TO (80,80,1C0,110),¢
AXO=CRAT

AMO=GRAT2
XA=CONY(1,K)+8K0/2.
XB=COMY(2,K)+AM0/2.
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GO TQ 70

AK1=GRAT 1
AM1=GRAT2
XA=CONV(1,K)+AK1/2.
XB=CONV(2,K)+AM1/2.
GO TO 70

AK2=GRAT {
AM2=GRAT2

XA=CONV( 1,K)+AK2
XBxCONV(2,K)+AM2
GO TO 70

AK3I=GRAT1
AM3=GRAT2

CONV(1,IJ)=CONV(1,K)+(AKO+2. xAK1+2. sAK2+AK3)/8.
CONV(2,IJ)=CONV(2,K)+(AMO+2.*AM1+2.*AM2+AM3) /8.
XA=CONV(1,IJ)
XB=CONV(2,1IJ)

CALL INTER2(TF,UF,CF,TEST XA XB,TG,CG,U)

UZ(IJ)=U/UF
TB(IJ)=(TG-TF)/TF
DO 200 I=1.,7
CONG(I,IJ)=*CG(I)
CONTINUE

RETURN
END

SUBROUTINE ERATE(KK,NN)

CALCULATES THE EFFECTIVE REACTION RATES BY THE SOLUTION
OF SOLID PHASE DIFFERENTIAL EQUATIONS.

IMPLICIT REAL*8(A-H,0-2)
COMMON/PAR4/DP,CONS ,SH(7) ,ANJ,YS1,YS2,P,TG,CG(7),DE(7),DENCAT
COMMON/PARS/FSPACE (5000) ,ZETA(4) ,TOL(4),Z(4)
COMMON/PARS/ISPACE(250) ,M(2), IPAR(11),LTOL(4)

COMMON/PAR7 /RATE(2) ,YG(7),C(7),Y(7),NAME(7) , FLUX(7)
COMMON/PARS/EFFR(2) ,EFAC(2),CONT(2)

EXTERNAL FSUB,DFSUB,GSUB,DGSUB, SOLUTN

R= . 082
RA=DP/2.

IF(TG.GT.450.) GO TO 10
NI=1

GO TO 20

IF(KK.NE.O) GO TO 120
NI=(TG-450.)/5.+1
TG=450.

CONTINUE
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BG 777 IJUK=1,NI

IF(IJK.EQ.1) GO TO 709
TG=TG+5.

COMTINUE
IPAR(8)=8

IPAR(3)=ISPACE(1)
CONTINUE

CALL COLSYS(2,M,0.,1.,ZETA, IPAR,LTGL,TOL,
* FIXPNT,1SPACE,FSPACE, IFLAG, FSUE, DFSUB, GSUB, DESUE,

* SOLUTN)

IF(NM.EQ.0) GO TO 590
WRITE(20,87)7G,P

FORMAT(//,BX, 'TEMPERATURE = /,F10.4,/,5%, /PRESSURE = ’,F10.4)

WRITE(Z0,87)(NAME(I),I=1
FORMAT(//,58X, X

,5)
’,5(7X,A5),2X,/ SLOGPE 1

*= ‘SLOPE 2/,5X, 'TEMPERATURE(K)/,/,5%,9(10(’="),2X))

X=0.
DG 40 I=1,11

CALL APPSLM(X,Z,FSPACE, ISPACE)

Y1=2Z(1)
Y2=Z(3)

‘2%,

CALL INTER(TG,CG,CONS,YS1,YS2,Y4,Y2,8H,AN,DE,C,T)

Co0=90.
Lo 88 IH=1,7
CO=CO+C(IH)

00 8S IW=1,7
Y(IH)=C(IH)/CO

WRITE(20,13)X,(Y(IJ),1d=

FORMAT(EX,8(E10.3,2%),/)
X=X+. 1

CONTINUE

1,5),2(2).2(4),7

CALL AFPSLN(1,,Z,FSPACE,ISPACE)

SLOPZ1=2(2)
SLOPZ2:=2(4)

EFFR(1)=-4.%3,.1416=D2(4)*C8( 1)*SLOPZ 1=RA
EFFR{2)=-4,%3, 1418=DE(2)*C8( 1)=SLOPZ2=RA

IF(EFFR(1).LT.0.) EFFR(1

)=1.0-10

IF(EFFR(2).L7.0.) EFFR(2)=1.D-10

CALL REAC1(TG,CG,RATE)

DO 30 I=%.,2
RATE(I)=RATE(I)=DENCAT

EFAC(1)=-5.2DE(4)>CG(1)*SLOPE1/RATE( 1) /RA==2,
EFAC(2)=-3.*DE(2)=CG(1)*SLOPE2/RATE(2)/RA==2.
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IF(NN.EQ.O0) GO TO 777
WRITE(20,33) EFFR(1),EFFR(2),EFAC(1),EFAC(2)

FORMAT(//,5X, 'EFF RATE 1

CONTINUE
RETURN
END
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SUBROUTINE FSUB(X,Z,F)
IMPLICIT REAL=*8(A-H,0-2Z)

COMMON/PAR4/DP ,CONS ,SH(7) ,ANU,YS1,Y52,P,TG,CG(7),DE(7), DENCAT

DIMENSION RATE(2)
DIMENSION Z(4),C(7),F(2)

Y1=Z(1)

Y¥2=2(3)

RAzDP/2.

IF(X.NE.1.) GO TO 10
YSt=Y1

YS2=Y2

CALL INTER(TG,CG,CONS, YS1,Y52,Y1,Y2,SH,ANU,DE,C,T)

CALL REAC1(T,C,RATE)

D0 20 I=1,2
RATE(I)=RATE(I)=*=DENCAT

A=RA**2 . /CG(1)/DE(4)
B=RA**2 /DE(2)/CG(1)
F(1)=-RATE(1)*A-2./X*Z(2)
F(2)=-RATE(2)*B-2./X*Z(4)
RETURN

END

e e e . A e e W G RS R P = % e e e

SUBROUTINE DFSUB(X,Z, DF)
IMPLICIT REAL*8(A-H,0-2)

COMMON/PAR4/DP ,CONS , SH(7),ANU,YS1,YS2 P, TG,CG(7),DE(7), DENCAT

‘,E10.4,/,8X, 'EFF RATE 2
* E10.4,/,5X, 'EFF1 = / ,E10.4,/,58X, ‘EFF2

‘,E10.4)

DIMENSION Z(4) ,DF(2,4) WORK1(2),6WORK2(2)

EPS=1.D-07

DC 10 J=1,4
Z(J)sZ(J)+EPS

CALL FSUB(X,Z,WORK1)
Z(J)=Z(J)-2.=EPS
CALL FSUB(X,Z,WORK2)
Z{(J)=Z(J)+EPS

DO 10 I=21,2

DF(I,J)=(WORK1(1)-WORK2(1))* .5/EPS

CONTINUE
RETURN
END
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SUBRBUTIME GSUB(I,Z,G)
IMPLICIT REAL=8(A-H,0-2)
COMMOM/PARS/DP,CONS, SH(7),ANU,YS1,YS2,P,TG,CG(7),DE(7), DENCAT
DIMENSION Z(4)

€0 T0(1,2.3,8),1

G=2(2)

RETURN

G=2(4)

RETURN

G=Z(2)+SH(4)*2(1)
YSi=2(1)

RETURM .
G=Z(4)+SH(2)%2(3)
YS2=2(3)

RETURN

END

e N e s S ML AN S e R S S M e R e 4 e v

SUBROUTINE DGSUB(I,Z,DG)
IMPLICIT REAL*8(A-H,0-Z)
COMMON/PARA/DP,CONS, SH(7) ,ANU,YS1,YS2,P, TG, CG(7),BE(7),DENCAT
DIMENSION Z(4),DG(4)

0o 10 J=1,4

DG(J)=0.DC0

60 TO0(1,2,.3,4),1
DG(2)=1.D00

RETURM

DG(4)=1.000

RETURM

DG(1)=8H(4)

DG(2)=1.D00

RETURM

DG(3)=8H(2)

DG(4)=1.D00

RETURM

END
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SUEBRCUTINE SOLUTN(X,Z,GMYAL)
IMPLICIT REAL*B(A-H,0-2)
DIMEMSICNM Z(4),DMYVAL(2)
Laval(1)=0.

C/AL(2)=1.

Z(1)=0.000

Z(2)70.000

Z2(3)=0.D00

2(4)=0.000

RETURM

EXD

SUBROUTIME REAC1(T,C,RATE)

CALCULATES THE REACTION RATES BY BERTY'’S EQUATIONS
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30

T :TEMPERATURE (K)
C  :CONCENTRATION (kmol/m=x3)

1 :CO0 2 :C02 3 :H2 4 :CH30H 5 :H20
RATE :REACTION RATE kmol/kg-SEC

1 :METHANOL REACTION

2 :SHIFT REACTION

IMPLICIT REAL*8(A-H,0-2)
DIMENSION C(7),RATE(2)

R=.082

AKK123.270-113EXP(11678./T)s(RxT)*=2
AKK2=1.17D+02=EXP(-4827./T)
AK1z38.144sEXP(-7488.7/T)

AK2= . 01189*EXP(-5088.4/T)

RATE(1)=AK1%(C(3)-C(4)/(AKK1*C(3)*xC(1)))
RATE(2)=AK2*(C(3)-C(1)*C(S)/(AKK22C(2)))

RETURN
END
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SUBROUTINE DMIX(KC,T,P,Y FLUX, D)

MIXTURE DIFFUSION COEFFICIENTS FOR METHANGL SYNTHESIS

AM :MOLECULAR WEIGHTS

D :DIFFUSION COEFFICIENTS IN GAS MIXTURE (M=x=x2/SEC)

DBIN :BINARY DIFFUSION COEFFICIENTS (M==2/SEC)
FLUX :FLUX OF THE SPECIES (KMOL/M=*x2-SEC)
P :PRESSURE (ATM)
KC
1 :WILKE'’S EQUATION
: O :STEFAN-MAXWELL'’S EQUATION
T :TEMPERATURE (K)
Y :MOLE FRACTION (-)
V :DIFFUSION VOLUMES (CMsx3/MOL)

INDEX FOR THE COMPONENTS
1:C0 2:C02 3:H2 4:CH30H 5:H20 68:N2 7:CH4

IMPLICIT REAL*&(A-MH,0-2)

DIMENSION Y(7),PLUX(7),DBIN(7,7),D(7),AM(7),V(7)
DATA AM/28.,44.,2.,32.,18.,28.,18./

DATA v/18.9,28.9,7.07,29.9,12.7,17.9,24.42/
CALL DCOEF(7,AM,V,T,P,DBIN)

IF(KC.NE.1) GO TO 20
00 30 1=1.,7

SUM=0.

DO 31 J=1,7

IF(1.EQ.J) GO TO 3%
SUM=SUM+Y (J)/DBIN(I, J)
CONTINUE
D(I)=(1.-Y(I))/SUM
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RETURN
20 COMTINJE

b8 10 1=1,7

SUH1=0,

SUN2=0,

G0 40 v=1,7

SUH1=SW1+ (Y (J)=FLUX(I)-Y(I)=FLUX(J))/DBIN(I, V)
40 SUMZ=SUMZ+FLUX(J)

A=SUN1T/(FLUX(1)-Y(I)=xSUM2)
10 B(I)=1./A

RETURM

END
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SUBROUTIME PCOEF(M,AM,V,T,P,B3IN)

EIMNARY DIFFUSION COEFFICIENTS
€Y FULLER-SCHETTER-GIDDINS

:ND OF COHPDMENTS

+MOLECULAR WEIGHTS

:DIFFUSION VOLUMES (CH=%3/MDL)

(TEMPERATURE (K)

:PRZSSURE (ATM)

D2IN :EBINARY DIFFUSIOMN COEFFICIENTS (M=x2/SEC)

00000000000
-u-|<§z

IMPLICIT REAL=Z2(A-H,0-2)
DIMENSION AM(M),V(M),DBIN(NM,N)

b0 10 I=1,N
D0 10 ¢=1.,N
10 DEIN(I,J)=1.E-073T==(1.75)=SQRT((AM(I)+AM(J) )/ (AN(I)=AM(J)))/
= (Px(V(I)==(.33)+V(J)=*=(.33))*=2)
RETURHM
END
c
c ------------------------------------------------------------
c
SUBRDUTINE INTER(TG,CG,COMS,YS1,YS2,Y1,Y2,8H,AMU,B,C,T)
c
c CALCULATES THE SGLID PHASE TEMPERATURE ANMD
c COMNCENTRATIOMS FOR A GIVEM SURFACE AMD POINT
c CONYERSIONS.
c
IHFLICIT REAL=8(A-M,0-2)
]
DIRINSICN CG(7),HEATR(2),SH(7),B(7),C(7)
c
CALL RHEAT(T&,HEATR)
DELTA1=HIATR(1)
DELTAZ=HEATR(2)
c
c
A=D(4)=DELTA1=CG( 1)/CONS
E=D(2)=DELTAZ=CG(1)/CONS
c
A1=D(2)/D(1)
AZ=D(4)/D(1)
c

Cl1)=CG(1)=(1.-A1x(YS2=(1.-A1==x(~.33))-Y2)+
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* A2=(YS1=(1.-A2#%s(-.33))-Y1))

C(2)=CG(2)-CG(1)*Y2

A1=D(4)/D(3)
A2=D(2)/D(3)

C(3)=CG(3)+CG(1)*(2.%A1=(YS1=(1. -A1*x(-.33))-Y1)+

* A2x(YS2*(1.-A2*x(-.33))-Y2))

C(4)=CG(4)+CG(1)=Y1

A1=D(2)/D(5)
C(5)=CG(5)-CG(1)*A1=(YS2s(1.~A1x=(-.33))-Y2)
C(8)=CG(8)

C(7)=CG(7)

TaTG+A*(YST=(1.~-SH(4)/ANU)-Y1)+

* Bx(YS2s(1,.-SH(2)/ANU)-Y2)

RETURN
END
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SUBROUTINE AMASS(N,G,D,EB,DP,VIS,DEN, COEFMA)
MASS TRANSFER COEFFICIENTS FOR FIXED-B8ED

NO :NO OF COMPONENTS

G :SUPERFICIAL MASS VELOCITY (KG/M==x2-SEC)

D :DIFPUSION COEFFICIENTS (M=x2/SEC)

EB :VOID FRACTION OF THE BED (-)

DP :PARTICLE DIAMETER (M)

VIS :VISCOSITY OF THE GAS MIXTURE (KG/M-SEC)
DEN :DENSITY OF THE GAS MIXTURE (KG/M=*3)

COEFMA :VOLUMETRIC MASS TRANSFER COEFFICIENTS (M/SEC)

IMPLICIT REAL*8(A-H,0-2)

DIMENSION COEFMA(N),D(N)

RE=DP*G/VIS

FAC=.458/EB=RE*=(-0.407)

DO 10 I=1,N

COEFMA(I)=FAC*G/DENs (VIS/DEN/D(I))*=(-2./3.)
RETURN

END
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SUBROUTINE AHEAT(G,VIS,DEN,CPMASS, COND,DP, EB, COMEAT)
HEAT TRANSFER COEFFICIENT FOR FIXED BED
G :SUPERFICIAL MASS VELOCITY (KG/M=x2-SEC)

VIS :VISCOSITY OF THE GAS MIXTURE (KG/M-SEC)
DEN :DENSITY OF THE GAS MIXTURE (KG/M=x3)
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CPMASS :MASS HEAT CAPACITY OF THE GAS MIXTURE (KJ/KG-K)

COMD  :THERMAL CONDUCTIVITY OF THE GAS MIXTURE (KJ/M==2-SEC-K)

DF  :PARTICLE DIAMETER (M)
EE :VDID FRACTION GF THE BED (-)
COHEAT :HEAT TRAMSFER COEFFICIENT (KJ/M-SEC-K)

IMPLICIT REAL=8(A-H,0-2)

RE=DP=G/VIS

FAC=. 4B58/EE=RE==*(~-,407)

COHEAT=CPMASS*G= (CPHASS*VIS/COND)=*(-2./8.)
RETURM

END

SUBROUTINE CPGAS(N,Y,T,HEATCP,CPXASS, CONT)

THIS SUEROUTINE PROVIDES HEAT CAPRPACITY DATA
FOR METHAMOL SYNTHESIS,
ALSQ USED TG CALCULATE HEAT OF REACTIGN DATA

N :CONTROL VARIABLE
O:0NLY HEAT CAPACITY IS TO BE CALCULATED
1:0NLY HEAT OF REACTIDN IS TO BE CALCULATED

Y :MOLE FRACTIGMS

T :TEMPERATURE (K)

HEATCP :MOLAL HEAT CAPACITY (KJ/KHOL-K)

CPHASS (MASS HEAT CAPACITY (KJ/KG-K)

COMT :CONTRIZUTION TO REACTION ENTHALPIES

’

CF(I,J) ARE THE CONSTANTS FCGR HEAT CAPACITY EQUATION
CPGAS(I)=CP(I, 1)+CP(I,2)=TC+CP(I,3)=TC*=2+LP(1,4)xTCx=3

UNITS ARE  CPGAS:KJ/KMOL-K, T:K
IMFLICIT REAL=E8(A-H,0-2)
DIMEMSION CP(7,4),CONT(2),AM(7),SUR(7),Y(7)

DATA AM/28.,44.,2.,32.,18.,28.,16./
Co

CP(1,1)=28.85
CP(1,2)=.411E-02
CP(1,3)=.3548E-03
CF(1,4)=-2.22E-08

=)

CR(2,1)=38.11
CP(2,2)=4.233E-02
CP(2,3)=-2.887E-08
CP(2,4)=7.485E-08

H2
CP(3,1)=28.84
CP(3,2)=.00783E-02

CF(3,3)=.3288E-0CS
CP(3,8)=-.8E688E-08
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CP(4,1)=42.93

CP(4,2)=8.301E-02
CP(4,3)=-1.89E-05
CP(4,4)=-8.03E-09

H20

CP(5,1)=33.48
CP(5,2)=.888E-02
CP(5,3)=_.7604E-05
CP(5,4)=-3 .593E-09

N2

CP(6,1)=29.
CP(6,2)=.2199E-02
CP(6,3)=.5723E-05
CP(6,4)=-2.871E-09

CH4

CP(7,1)=34.33
CP(7.2)=5.711E-02
CP(7,3)=.3363E-05
CP(7,4)=11.0082E-09

TC=T7-273.15

IF(N.EQ.1) GO TO 40

DO 20 I=1,7

SUM(1)=0.

CONTINUE

DO 10 I=1,7
SUM(I)=SUM(I}+CP(I,1)+CP(I,2)sTC+CP(I,63)*TCx%2 +CP(I,4)sTCx=x3,
CONTINUE

HEATCP=0.

CPMASS=0.

DO 30 I=1,7
CPMASS=CPMASS+SUM(I)*Y(I)/AM(I)
HEATCP=HEATCP+SUM(I)=Y(I)

RETURN

A1=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)-2.5CP(3,3)-CP(1,3)
A4=CP(4,4)-2.*CP(3,4)-CP(1,4)

B1=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)=A15(TC-25. )+A2s(TC**2. -25 =22 )= S5+
* A3/3.%(TCx23, -25.2x3 )+A4/4 2(TCxx4 -25. =224 )
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CONT(2)=E1={TC-25. )+B2=(TC*=*2, ~25,%x2, )*,5+
= BE3/3.=(TC=¥3,.~25.=%33, )+B4/4, =(TC==4,-25.%=x4,)

RETURN

ExD

SUEBRDUTINE VISMIX(T,Y,VISCD)

VISCOSITY OF GAS MIXTURE FOR METHAMOL SYNTHESIS
EY WILKE’S METHOD

T :TEMPERATURE

Y :MOLE FRACTIONMS

TC :CRITICAL TEMPERATURE (K)

FC :CRITICAL PRESSURE (AT#)

ZC :CRITICAL COMPRESSIBILITY FACTOR (-)

VISG :VISCOSITY OF THE COMPOMENTS (KG/M-SEC)
VISCO :VISCOSITY OF THE MIXTURE (KG/M-SEC)

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

DIMENSION Y(7),.TC(7),PC(7),AM(7),2C(7),VISG(7)
DATA TC/132.2,304.2,33.2,512.6,647.3, 128.2, 180.6/
DATA PC/34.5,72.8,12.8,79.9,217.6,33.5,45.4/

DATA ZC/.285,.274,.308, .224,.228, .280, .228/

DATA AM/28,,44,,2.,32.,18.,28.,16./

CALL VISGAS(7,AM,TC,PC,ZC,T,VISG)

VISC0=0.

Lo 10 I=1,7

SUM=0,

DO 20 J=1,7

FAC=1./8QRT(8.)= (1. +AM(I)/AM(J) ) == (~.5)=(1.+DSQRT(
= VISG(I)/VISG(J))=(AM(J)/AM(I))==(.25))=*=2,

SUM=SUA+FAC=Y (1)

VISCO=VISCO+Y(I)=*VISG(I)/SuUN

RETURM

END

SUBROUTINE VISGAS(M,AM,TC,PC,ZC,T,VISG)
VISCOSITY OF THE GAS SPECIES

N M0 OF COMPONMENTS

A3 :MOLECULAR WEIGHTS

TC :CRITICAL TEMPERATURE (K)

PC :CRITICAL PRESSURZ (ATH)

ZC :CRITICAL COMPRESSIBILITY FACTOR (-)
T :TEMPERATURE (K)

VISG :VISCOSITY (KG/M-SEC

INPLICIT REAL*8(A-H,0-Z)
DIMENSION AM(N),TC(N),PC(M),2C(N),VISSE(N)

Do 10 I=1,M

TR=T/TC(I)
EPS=TC(I)==x(1./6.)/(AH(I)*=(.8)*«PC(1)=*=x(2./3.))
FAC=(1.9*TR-.29)*1.D-07/2C(1)*=(2./3.)
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10 VISG(1)=FAC/EPS

RETURN
END
c ---------------------------------------------------------
c
SUBROUTINE CONMIX(N,Y,CONG,6VISG,AM,S,K T, K CONGAS)
c
c
c THERMAL CONDUCTIVITY OF THE GAS MIXTURE
C BY LINDSAY AND BROMLEY MODIFICATION
c
IMPLICIT REAL*8(A-H,0-Z)
c
c N :NUMBER OF THE COMPONENTS
c Y (MOLE FRACTIONS
c CONG : THERMAL CONDUCTIVITY OF THE SPECIES (KJ/M-5-K)
c VISG :VISCOSITY OF THE SPECIES (KG/M-S)
c AM :MOLECULAR WEIGHTS (-)
c S :SUTHERLAND CONSTANTS (-)
c T :TEMPERATURE (K)
C CONGAS :MIXTURE THERMAL CONDUCTIVITY (KJ/M-$-K)
c
DIMENSION Y(N),CONG(N), VISG(N), 6 AM(N),S(N)
c
SUM=0,
D0 10 I=1,N
SUM1=0.
DO 20 J=1,N
SIJ=DSQRT(S(I)=*S(J))
RU= .25 (1. +(VISG(I)/VISG(J)*(AM(J)/AM(I))x» 75=(T+S(1))/
¥ (T+S(J)) )= . 5)222 «(T+SIJ)/(T+5(1))
20 SUM1=SUM1+Y(J)*RU
10 SUM=SUM+Y (T )=CONG(I)/SUM1
c
CONGAS =SUM
RETURN
END
c
c .........................................................
c .
SUBROUTINE CONDUC(Y,T,CONGAS)
c
c CALCULATES THE THERMAL CONDUCTIVITY OF METHANOL SYNTHESIS
(~ MIXTURE
c
c Y :MOLE FRACTIONS
v T :TEMPERATURE (K)
c CONMIX :MIXTURE THERMAL CONDUCTIVITY (KJ/M-S$-K)
c
IMPLICIT REAL*8(A-M,0-2Z)
c
DIMENSION Y(7),CONG(7),VISG(7), AM(7),5(7)
C
DATA CONG/3.78%9,4.242,1.328,.0855,.0995,3.988, .2498/
DATA VISG/3.84,2.985,2.898,1.572,1.642,4.05,2.889/
DATA AM/28.,44.,2.,32.,28.,16.,18./
DATA 5/122.6,292.1,30.6,508.7,118.1, 187.6,559.8/
c

DO 10 I=1,7

I-C-38




000

0O000DO00DO00a00O0O0

20

000

O0000000

COMNG(I)=4.188D-05*C0NG(I)

CALL COMMIX(7.,Y,CONMNG,VISG,AM,S,T,CONGAS)

RETURN
END

- - = - 2 e R T 45 e W P S S L L e e - . - T — o

SUERCUTINT FUGA(T,P,Y,FCOEF, FUGAG)
FUGACITIES FOR METHAMOL SYNTHESIS MIXTURE

P :PRESSURE (ATH)

T :TENFZRATURE (K)

PC :CRITICAL PRESSURE (ATM)

PR :REDUCED PRESSURE (-)

TC :CRITICAL TENPERATURE (K)

TR :REDUCED TEMPERATURE (-)
FUGAG FUGACITIES (ATH)

FCOEF :FUGACITY COEFFICIEMTS (-)
Y :MDLE FRACTICNS (-)

IMPLICIT REAL#8(A-H,0-Z)
DIMEMSION PC(7),Y(I),TC(7),PR(7),TR(7),FCOEF(7), FUGAG(T)
DATA PC/34.5,72.8,12.8,75.8,217.6,33.5,45.4/

DATA TC/132.8,304.2,33.2,512.6,647.3, 126.2, 180.6/

DO 10 1=1,7 -
PR(I)=P/PC(I)

TR(I)=T/TC(I)

CALL FUCQEF(7,PR,TR,FCDEF)

Do 20 I=1,7
FUGAG(I)=Y(I)=*P=FCIEF(I)
RETURM

END

- >y > R T - D 0 A8 " - " TR D D - A e A G =

SUBROUTINE FUCQGEF(M,PR,TR,FCOEF)
FUGACITY COEFFICIENTS

N MO COF COMPONENTS

PR :REDUCED PRESSURE (-)

TR :REDUCED TEMPERATURE (-)
FCOEF :FUGACITY COEFFICIENTS (-)

IMPLICIT REAL=8(A-M,0-2)
DIMEMSIONM PR(M),TR(N),FCDEF(N)

0o 10 I=1,M
A=(1.01881D~02/TR(I1)-2. 1420-02/TR(I)=2. .~
* 3.28380~02/TR(I)==4,)*PR(])
EB=(1,.849ED-08/TR(I)*=3.-2,1511D~03/TR(I)==5. +
* . S14480-02/TR(I)==7.)*PR(1)=x=2,
C=(~.4172D-04/TR(1)=**3.+1.54880~04/TR(1)==5. -
* BE1910-04/TR(I)==7.)=PR(I)%=3,
D=(.42458D-05/TR(1)**3,~.28082D-05/TR(1)*=5.+
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B8207SD-05/TR(I)**7.)*PR(1)xx4.
F=(A+B+C+D)/.08208

WRITE(20,%) /=-ccec~m- ‘', A,B,C,DF
WRITE(20,*)TR(1),PR(I)
FCOEF (I )=DEXP(F)

CONTINUE

RETURN

END

SUBROUTINE RHEAT(T,HEATR)

PROVIDES HEAT OF REACTION DATA FOR METHANOL
SYNTHESIS.

T TEMPERATURE , K

HEATR :HEAT OF REACTION , KuJu/KMOL
1:METHANOL FORMATION
2:C02 REACTION

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

DIMENSION HEATR(2),Y(7), CONT(2)

CALL CPGAS(1,Y,T,HEATCP,CPMASS,CONT)
HEATR(1)=-80840.+CONT (1)
HEATR(2)=41270. +CONT(2)

RETURN
END

SUBROUTINE INTER2(TO,U0,CGO,TEST,X1,X2,T,CG,U)

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

TO :INLET TEMPERATURE FOR THE CATALYST BED (K)
UO :INLET SUPERFICIAL GAS VELOCITY (M/S)

CGO :INLET GAS CONCENTRATIONS (KMOL/M=x3)

P :PRESSURE (ATM)

TEST :ESTIMATED TEMPERATURE (K)

X1 :CONVERSION FOR METHANOL SYNTHESIS REACTION
X2 :CONVERSION FOR CO2 REACTION

T :TEMPERATURE (K)

CG CONCENTRATION (KMOL/Ms=3)

U :GAS VELOCITY (M/S)

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

DIMENSION CGO(7),CG(7),Y0(7),Y(7), HEATR(2),CONT(2)
R=0 082

CTOTO=0

DO 10 1=1,7
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CTOTO=CTOTO+CEO(I)

Do 18 I=1,7
YO(1)=CE0(1)/CTATOC

DENO=1./CTOTO
CALL CPGAS(0,YO,TO,HEATCP,CPMASS,CONT)
CPO=HEATCP

T1=TEST

TET1=(T1-T0)/TC
BET=(1.+TET1)=(1.-2.%Y0(1)=X1)

CG(1)=CB0(1)=(1.-X1+X2)
CG(2)=CEO(2)-CEO(1)=xX2
CG(3)=CRO(3)~-CRO(1)=(2.%X1+X2)
CG(4)=CG0(4)+CBO(1)=X1
CG(B)=CGD(E)+CEBO(1)=X2
CG(E)=CGO(6)

C&(7)=CR20(7)

CTCT=0.

Go 20 I=1,7
CG(1)=CG(I)/BET
CTOT=CTOT+CG(1)

DO 40 1=1,7
Y(I)=C&(I)/CTTT

bExa=1./C70T

CALL CPGAS(O,Y,T1,HEATCP,CPHASS,CONT)

CP=MZATCP

CALL RHEAT(T1,HZATR)

TET=CPO=DEMO/BET/CP/DENG-1. - (HEATR( 1) *X1+HEATR(2)*X2)/BET/
® CP/TO=CGEO(1)/DENG

T=TO=(1.+TET)
IF(DASS((T1-T)/7).LE.0.01) GO TO 50
T1=(T1+7)/2.

G2 TC 30

CONTINUE
U=BET=UO
RETURN
ErD

SU3RCUTINE DEM(P,T,Y,DEMGAS)

CALCULATES THE GAS DENSITY OF METHAMOL SYNTHESIS MIXTURE
P :PRESSURE (ATH)

T :TEMPERATURE (K)

Y :MOL FRACTION

DENGAS :DENSITY (KG/M==%3)

IMPLICIT REAL=8(A-H,0-Z)
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DIMENSION AM(7),Y(7)
DATA AM/28.,44.,2.,32.,18.,28. ,16./

R=.082

AMEAN=Q.

DO 10 I=1,7
AMEAN=AMEAN+Y(I)=AM(I)

DENGAS=P*AMEAN/R/T
RETURN
END

SUBROUTINE INTBED(TQ,YQ,UQ,TN,YN,UN, TNP, K YNP UNP)

CALCULATES TEMPERATURE ,COMPOSITION AND GAS FLOW RATE
FOR THE FEED TO NEXTY BED IN A METHANOL SYNTMESIS REACTOR

IMPLICIT REAL*8(A-~H,0-2Z)
DIMENSION YQ(7),YN(7),YNP(7),CONT(2)

TNP1=TQ

CALL CPGAS(0,YQ,TQ,CPQ,CPMASS, CONT)
CALL CPGAS(0,YN, TN,CPN, K CPMASS, CONT)
CPNP=CPN

UNP= (CPQ+UQ+CPN=UN) /CPNP
TNP=UNP/(UQ/TQ+UN/TN)

DO 20 I=1,7
YNP(I)=2TNP/UNP=(UQ=*YQ(I)/TQ+UN*YN(I)/TN)
IF(DABS((TNP-TNP1)/TNP).LT.0.001) GO TO 30
TNP 1=TNP

CALL CPGAS(O,YNP,TNP,CPNP, CPMASS , CONT)

GO TO 10

RETURN

END
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SIMULATION OF A FIXED-BED ADIABATIC REACTOR
FOR
METHANOL SYNTHESIS

I X S R R R R R R R R R 2R3 2222222222222 2 2 2

SUMMARY OF THE INPUT DATA

sexessssssssse FEED CHARACTERISTICS #2223t x25%%%
INLET TEMPERATURE = 470.00000 Deg. K
PRESSURE = 80.00000 atm

GAS COMPOSITION
Component Mole fraction

EEEXEREES I3 22222222

co 0.25000

co2 0. 10000

H2 0.50000

CH30H 0.00000

H20 0.00000

N2 0.01000

CH4e 0. 14000
VOLUMETRIC GAS VELOCITY = 0.58437D0+02 N.m+*3/Sec
SUPERFICIAL GAS VELOCITY = 0.40000 m/sec

sesstsss REACTOR CHARACTERISTICS ssssss3x
DIAMETER = 2.00000 m
LENGTH = 0.80000 m
BED VOID FRACTION = 0.40000
BED NUMBER = 1
sxsxxess CATALYST CHARACTERISTICS ssxssxxex

CATALYST DIAMETER = 0.00300 m
DENSITY = 1980.00000(Kg/ms+3)
0.30000

POROSITY =
TORTOUSITY = 7.00000
THERMAL CONDUCTIVITY = 0.00418 KJ/m-sec-K
TEMPERATURE = 450. 0000




S9-D-1

PRESSURE =

t****f****
0.000E+00
0. 100E+00
0.200E+00
0.300E+00
0.400E+00
0.500E+00
0.800E+00
0.700E+00
0.800E+00
0.800E+00
0. 100E+01

EFF RATE 1 =
EFF RATE 2 =
EFF1 .968
EFF2 .401

TEMPERATURE
PRESSURE =

t****i****
0.000E+00
0. 100E+00

. 200E+00

. 300E+00

.400E+00

.500E+00

.B0OE+00

. 700E+00

. BOOE+00

0.900E+00

O 0 ¢ 0 0 O ©o

RO . 0000

co
LT TTITT
0.20BE+00
0.208E+00
0.209E+00
0.212E4+00
0.215E4+00
0.21R8E+00
0.223E+00
0.229E+00
0.235E400
0.242E400
0.250E+00

.2984E-09
B8227E-11

5E+00
5E+00

€02
LRSS T3S 24
0. 102E+00
0. 102E+00
0. 102E+00
0. 102E+00
0. 102E+00
0. 102E+00
0. 101E+00
0. 101E+00
0. 101E+00
0. 100E+00
0. 100E+00

= 455.0000

80.0000

co
¥kkEkEREEKE
0.200E+00
0.200E+00
0.202E+00
0.204E+00
0.208E+00
0.212E+00
0.218E+00
0.224E+00
0.232E+00

0.240E+00

c02
2222252 33
0. 103E+00
0. 103E+00
0. 103E+00
0. 102E+00
0. 102E+00
0. 102E+00
0. 102E+00
0. 101E+00
0. 101E+00

0. 100E+00

H2
FEER kKRR KK
0.461E+00
0.481E+00
0.462E+00
0.484E+00
0.4B7E+60
0.471E+00
0.475E+00
0.480E+00
0.488E+00
0.492E+00
0.500E+00

H2
kERE Rk KK
0.453E+00
0.454E+00
0.455E+00
0.458E+00
0.461E+00
0.465E+00
0.470E+00
0.476E+00
0.483E4+00
0.491E+00

CH3oH
(123 TTYY)
0.740E-01
0.732E-01
0.710E-01
0.874E-01
0.822E-01
0.656E-01
0.474E-01
0.378E-01
0.287E-01
0. 142E-01

0.968E-04

CH30H
kkkkERFXKFN
0.880E-01
0.872E-01
0.845E-01
0.802E-01
0.740E-01
0.681E-01
0.565E-01
0.450E-01
0.31BE-01
0.189E-01

H20
ERkERKKEKKRE XK
0.555E-03
0.554E-03
.54RE-03
.530E-03
.624E-03
.502E-03
.469E-03
.418E-03
.339€-03
.213E-03
.203E-05

O 0 0 O 0 o 2 0 0

H20
*kkkkkkkkk
0.639E-03
0.6837E-03
0.630E-03
.818E-03
.800E-03
.873E-03
.S34E-03
.475E-03
.385E-03
.240E-03

© 0 0 0 © o ©

SLOPE 1

LTI TS T
0.000E+00
-0.565E~-01
-0.111E+00
-0.168E+00
~0.224E+00
~0.282E+00
-0.341E+00
-0.401E+00
-0.483E+00
~0.527E+00
-0.592E+00

SLOPE 1
L 11 PTET S

0.000E+00

. ~0.653E-01

~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

ARk E R KKK
0.505E-~27
-0. 166E-02
-0.352E-03
-0.583E-03
-0.898E-03
~0.136E-02
-0.208E-02
-0.326E-02
~0.525E-02
-0.870E~-02
-0.148E-0t

SLOPE 2

FREEkRRKk Rk
0.000E+00
-0.20B8E-03
-0.434E-03
-0.710E-03
-0. 108E-02
~0.161E-02
~0.242E-02
~0.374E-02
~-0.597E-02

-0.984E-02

TEMPERATURE (K }
KEREKKEKEAEEK &
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 (K)
LT 222334
0.455E+03
0.455E+03
0.455E+03
0.455E+03
0.455E+03
0.455E+03
0.455E+03
0.455E+03
0.455E+03

0.455E+03




9%-0-1

0.100E+01 ©0.250E+00 O.100E+00
EFF RATE 1 = .3553E-09

EFF RATE 2 = .9295E-11

EFF1 = .9507E+00

EFF2 = .4009E+00

TEMPERATURE =  480.0000

PRESSURE =  BO.0000

X co co2

rEERREEEES EXEEETREEE SRk EEEEERX
0.000E+00 O.190E+00 0. 103E+00
0.100E+00 O.191E+00 0. 103E+00
0.200E+00 O.183E+00 0. 103E+00
0.300E+00 ©.198E+00 0. 103E+00
0.400E+00 0.200E+00 0. 103E+00
0.500E+00 0.205E+00 0. 102E+00
0.B00E+00 0.212E+00 O.102E+00
0.700E+00 0.220E+00 O.101E+00
0.800E+00 ©0.229E+00 O.101E+00
0.900E+00 0.239E+00 O.100E+00
0.100E+01 0.250E+00 O.100E+00
EFF RATE 1 = .4209E-09

EFF RATE 2 = .1048E-10

EFF1 = .9417E+00

EFF2 = . 4003E+00

TEMPERATURE =  465.0000

PRESSURE =  80.0000

X co co2

EEETEEEEEE 1232232322 XXX EREXEER
0.000E+00 O.180E+00 O.104E+00
0.100E+00 O.181E+00 O.104E+00
0.200E+00 ©.183E+00 O.104E+00
0.300E+00 O.186E+00 O.103E+00

0.500E+00

H2
L X232 R 2R3
0.445E+00
0.445E+00
.447E+00
. 450E+00
.454E+00
. 459E+00
.485E+00
.472E+00
. 480E+00
.489E+00

.500E+00

© ©0 0O 0 0 0 0 0 ©°

H2
1222223222
0.435E+00
0.436E+00
0.438E+00

0.441E+00

0. 115E-03

CH30H
TEXEEERERSE
0. 104E+00
. 103E+00
. 100E +00
.949E-01
.878E-01
.783E-01
.BB8BE-O1
.533€-01
.377E-01
.200E-01
.137E-03

0O 0 O O 0 0 0o O 0o o

CH30H
[T333TTE2 22
0. 123E+00
0. 121E+00
0.118E+00

0. 112E+00

0.229E-05

H20

EXREEREEEE

0.735€E-03

0.733E-03
.724€-03
.710€E-03
.BB7E-03
.G855E-03
.808E-03
.538€-03
.435E-03
.271E-03
.258BE-05

o 0O 0 0 0 0O 0 0 °

H20
*EEKRXREREX
0.849E-03
0.845E-03
0.834E-03

0.816E-03

-0.708E+00

SLOPE 1

rEEERBARRES
0.000E+00
-0.762E-01
-0. 153E+00
-0.230E+00
-0.309E+00
-0.3%0E+00
-0.473E+00
-0.588E+00
-0.B847E+00
-0.739E+00

-0.836E+00

SLOPE 1

EEEERERLES
0.000E+00
-0.882E-01
-0.177E+00

-0.287E+00

-0.187E-01

SLOPE 2

(2RSS S 2
0.000E+00
~-0.259E-03
-0.539E-03
-0.872E-03
-0.130E-02
-0.191E-02
-0.2B2E-02
-0.430E-02
-0.878E-02
-0.111E-01
-0.188E-01

SLOPE 2

EEEIEERETRE
0.000E+00
-0.328E-03
-0.878E-03

-0.108E-02

0.455E+03

TEMPERATURE (K)
EEEERTRERS
0.480E+03
. 480E+03
.480E+03
.480E+03
.480E+03
. 480E+03
. 480E+03
.460E+03
. 460E+03
.480E+03

© © 0 0 0 0 0 0 0 ©

. 460E+03

TEMPERATURE (K)
rrrrEEEELSE
0. 4865€£+03
0. 465E+03
0. 465E+03

0.465E+03




L9-D-T

O.A00E+00  O.191E+00
0.500E+00 0. 197E+00
0.6800E+00  0.205E+00
0.700E+00 0.214E+00
0.800E+00  0,225E+00
0.900E+00 0.237E+00
0. 100E+01 0.250E+00
EFF RATE 1 = .49G61E-090
EFF RATE 2 = . 1178E-10
EFF1 = .9316E+00
EFF2 = .39099E+00
TEMPERATURE = 469.8773
PRESSURE = 80.0000
X co
kkkkkkkk¥xk  kERREREREREK
0.000E+00 0. 169E+00
0. 100E+00 0. 170E+00
0.200E+00 0. 172E+00
0.300E+00 0. 178E+00
0.400E+00 0. 182E+00
0.500E+00 O. 189E+00
0.600E+00 0. 198E+00
0.700E+00  0.209E+00
0.800E+00 0,221E+00
0.800E+00  0.234E+00
0. 100E+01 0.250E+00
EFF RATE 1 = _5727E-09
EFF RATE 2 = .1291E-10
EFF1 = ,9214E+00
EFF2 = .4010E+00
TEMPERATURE = 477.3469

0. 103E+00
0. 103E+00
0. 102E+00
0. 102E+00
0.101E+00
0.101E+00
0. 100E+00

co2
FhkkkRkkkk
0. 105E+00
0. 105E+00
0. 104E+00
0. 104E+00
0. 104E+00
0. 103E+00
0. 103E+00
0. 102E+00
0.101E+00
0. 101E+00

0. 100E+00

0.445E+00
0.451E+00
0.458E+00
0.487E+00
0.478E+00
0.487E+00
0.500E+00

H2
FRFERERRKE
0.425E+00
0.426E+00
0.428E+00
0.432E+00
0.437E+00
0.443E+00
0.451E+00
0.461E+00
0.472E+00
0.485E+00

0.499E+00

0. 103E+00
0.922E-01
0.787E-01
0.62BE-01
0.444E-01
0.235E-01
0.181E-03

CH30H
FERKHRERAE
0. 142E+00
0. 140E+00
0. 138E+00
. 128E+00
. 119E+00
. 107E+00
.912E-01
.729E-01
.517E-01
.277E-01

.704E-03

O O 0 O o o 9o

O0.7ARE-03
0.748E-03
0.692E-03
0.612E-03
0.492E-03
0.30BE-03
0.290E-05

H20
Rk EEREERE
0.972E-03
0.968E-03
0.954E-03
0.931E-03
0.897E-03
0.849E-03
0.783E-03
0.890E-03
0.554E-03
0.348E-03

0.149E-04

~0.359E+00
-0.453E+00
-0.551E+00
-0.6852E+00
~0.757E+00
~-0.868E+00
-0.985E+00

SLOPE 1

FREFERERXY
0.000E+00
~0,999E-01
-0.201E+00
-0.303E+00
~0.408E+00
~0.516E+00
-0.828E+00
~0.745E+00
~-0.868E+00
~-0.998E+00

~0. 114E+01

-0. 159E-02
~-0.22BE-02
-0.331E-02
~0.495E-02
-0.770E-02
~0. 125E-01
-0.212E-01

SLOPE 2

¥EkkkkRkkE
0.000E+00
~0.411E-03
-0.844E-03
~0. 133E-02
~0.191E-02
~0.269E-02
-0,382E-02
-0.560E-02
-0.857E-02
~-0.138E-01

~0.232E-01

0.465E+03
0.465E+03
0.465E+03
0.465E+03
0.485E+03
0.465E+03
0.485E+03

TEMPERATURE (K)
FhEREKRKESE
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




gh7-0-1

PRESSURE =

80.0000

X co

FEEEFTEXER EXXREENERE

Cco2

EEEETEERERK

0.000E+00 0. 150E+00 0. 108E+00
0. 100E+00 0.151E+00 O. 108E+00
0.200E+00 0. 154E+00 0. 105E+00
0.300E+00 0. 1S9E+00 0. 105E+00
0.400E+00 0. 188E+00 0. 105E+00
0.500E+0Q0 0.175E+00 0. 104E+00
0.800E+00 0.18BE+00 0. 104E+00
0.700E+00 0. 199E+00 0. 103E+00
0.BOOE+00 0.214E+00 0. 102E+00
0.900E+00 0.231E+00 0. 101E+00
0. 100E+01 0.249E+00 0. 100E+00
EFF RATE 1 = .7258E-09
EFF RATE 2 = . 1538E-10
EFF1 = .S038E+0Q0
EFF2 = _4058€+00
TEMPERATURE = 474.4258
PRESSURE = 80.0000

X co Cco2
EEXEEEREAE EEEEEEEERE  EEREEREBER
0.000E+00 0. 157E+00 0. 108E+00
0. 100E+00 0. 158E+00 0. 105E+00
0.200E+00 0. 181E+00 0. 105E+00
0.300E+00 0. 185€+00 0. 10SE+00
0.400E+00 0. 172E+00 0. 108E+00
0.500E+00 0. 180E+00 0. 104E+00
0.600E+00 0.190E+00 0. 103E+00
0.700E+00 0.202E+00 0. 103E+00
0.B800E+00 0.218E+00 0. 102E+00
0.900E+00 0.232E+00 0. 101E+00

H2

EXXERERREN

0.
.408E+00
.411E+00

o © 0O 0 0 0 0 ©0 0o ©

408E+00

.418E+00
.422E+00
.430E+00
.430E+00
.452E+00
.486E+00
.481E+00
.499E+00

H2

1222222 231

0.414E+00

 © © 0 06 0 0 0 °

.415E+00
.417€E+00
.421E+00
.427E+00
.435E+00
. 444E+00
. 455€+00
.487E+00
.482E+00

CH30H

I X RS XS AR RS

o

Q

o O O 0 0 0 0 0 ©

.174E+00
. 173E+00
. 187E+00
. 159E+00
. 147E+00
. 131E+00
. 112E+00
.900E-O1
.B40E-01
.344E-01
.12BE-02

CH30H

EEEEKEEEEN

0.

© 0 0 0 0 0 0 0 ©o

162E+00
. 160E+00
. 1S6E+00
. 148E+00
. 137E+00
. 122E+00
. 105E+00
.840E-01
.599E-01
.328E-01

H20

EXEXXEESERR

0.
0.
.119E-02

o 0 O 0 0 0 0 0 o

121E-02
121E-02

. 115E-02
. 110E-02
. 104E-02
.949E-03
.830E-03
.863E-03
.415E-03
.271E-04

H20

EEXEXXEERS

0.
.111E-02
. 109E-02
. 107€E-02
. 102E-02
.985E-03
.887E-03
.780E-03
.B828E-03
.400E-03

© 0 0 0 0 0 0 O o

112€-02

SLOPE 1

EXXFEERENY

.000E+00
. 119E+00
.240E+00
.362E+00
.489E+00
.820E+00
.758E+00
.903E+00
. 108E+01
.122E+01
. 140E+01

SLOPE 1

¥EEEEREXER

.000E+00
. 112E+00
.224E+00
.339E+00
.4S7E+00
.S78E+00
.T707€+00
.841E+00
.983E+00
. 113E+01

SLOPE 2

CEEEESELES
0.000E+00
.800E-03
.122E-02
-0. 18BE-02
-0.264E-02
-0.359E-02
-0.491E-02
.895E-02
-0.103E-0t1
. 182E-01
-0.269E-01

SLOPE 2

EEEEEAEER
0.000E+00
-0.519€-03
. 108E-02
. 164E-02
.232E-02
-0.319E-02
.442E-02
-0.6832€-02
.947€E-02

-0.150E-01

TEMPERATURE (K)
FEEERREERE
0.478E+03
.A78E+03
.478E+03
.47BE+03
.478E+03
.478BE+03
.478E+03
.477E+03
.477E+03

.477E+03

o ©0 O 0 0 O 0 0 0 o

.477E+03

TEMPERATURE (K)
EEXRERRELSE
0.475E+03
.475E+03

.475E+03

o

.475E+03
.475E+03
.47SE+03
.475E+03
.475€E+03
.475E+03

0O 0 0O 0 0 0 0 o

.474E+03




67-D-1

0. 100E+00

co2
kb Rk
0. 107E+00
0. 107E+00
0. 108E+00
0. 106E+00
0. 108E+00
0. 105E+00
0.104E+00
0. 103E+00
0. 102E+00
0. 101E+00

0. 100E+00

co2
EEEEER kKR
0.107E+00
0. 108E+00

0. 108E+00

0. 100E+01 0.240E+00
EFF RATE 1 = ,6559E-00
EFF RATE 2 = . 1394E-10
EFF1 = .9107E4+00
EFF2 = ,4047E+00
TEMPERATURE = 482.3819
PRESSURE = 80.0000

X co
EERFERERRE  RERERRKEEE
0.000E+00 0. 136E+00

0. 100E+00 0.137E+00

0.200E+00 0. 140E+00

0.300E+00  O. 146E+00
0.400E+00  O. 154E+00
0.500E+00 0. 164E+00
0.800E+00 0. 17BE+00
0.700E+00 0. 191E+00
0.800E+00 0.208E+00
0.900E+00 0.227E+00

0. 100E+01 0.249E+00
EFF RATE 1 = .8312E-09
EFF RATE 2 = ,1673E-10
EFF1 = .B909E+00
EFF2 = .4101E+00
TEMPERATURE = 479.7400
PRESSURE = 80.0000

X co
FEERKEREERK kxxkkkkkbk
0.000E+00 0. 143E+00

0. 100E+00 0. 144E+00

0.200E+00 0.147E+00

0.300E+00 0. 152E+00

0. 10BE+00

0. 490E+00

H2
2T T LT
0.394E+00
0. 385E+00
0.398E+00
0.403E+00
0.410E+00
0.420E+00
0.431E+00
0.444E+00
0.460E+00
0.477E+00

0.497E+00

H2
FEEEEFEREK
0.400E+00
0.401E+00
0.404E+00

0.409E+00

0.192E-02

CH30H
T2 322330
0. 199€+00
0.197E+00
0.191E+00
0.181E+00
0.168E+00
0. 150E+00
0. 128E+00
0.103E+00
0.739E-01
0.403E-01

0.258E-02

CH30H
ok Rokk

0. 187E+00,

0. 185E+00
0. 180E+00

0.171E+00

0.407C-04

H20
EEREEKK KK
0.141E-02
0. 140E-02
0.138E-02
0.133E-02
0.127E-02
0. 119E-02
0.108E-02
0.943E-03
0.752E-03
0.477E-03

0.541E-04

H20
ERkkRERLEE
0.131E-02
0.130E-02
0.128E-02

0.124E-02

-0.130E+01

SLOPE 1

LEIAEE TS
0.000E+00
-0.132E+00
~0.268E+00
-0.404E+00
~-0.545E+00
-0.694E+00
-0.880E+00
~0.102E+01
-0.120E+01
~0. 139E+01
~0, 180E+01

SLOPE 1

Fhwkkkkkok
0.000E+00
-0.126E+00
-0.252E+00

-0.382E+00

-0.250E-01

SLOPE 2
Kk E Rk kokkk
0.000E+00
-0.776E-03
-0. 156E-02
-0.238E-02
-0.328E-02
-0.435E-02
-0.580E-02
-0.797E-02
-0. 115E-01
-0.178€-01

-0.292E-01

SLOPE 2

23T TS
0.000E+00
-0.681E-03
-0.137E-02

-0.210E-02

0.474E+03

TEMPERATURE (K)
L2 ESTE ST LS
0.483E+03
0.483E+03
0.48B3E+03
0.483E+03
0.483E+03
0.483E+03
0.433E+03
0.483E+03
0.482E+03
0.482E+03

0.482E+03

TEMPERATURE (K)
EREEEERRORK
0.480E+03
0.480E+03
0.480E+03

0.480E+03



06-0-1

0.400E+00 0. 159E+00 0. 105€+00
0.500E+00 0. 189E+00 0. 105E+00
0.B800E+00 0.181E+00 0. 104E+00
0.700E+00 0. 194E400 0. 103E+00
0.BOOE+00 0.210E+00 0. 102E+00
0.900E+00 0.228E+00 0. 101E+00
0. 100E+01 0.248E+00 0. 101E+00
EFF RATE 1 = [ 7595E-09

EFF RATE 2 = . 1S27E-10

EFF1 = _.8977E+00

EFF2 = _4092E+00

TEMPERATURE = 488 .03861

PRESSURE = 80. 0000

X co C02

EEEELENRES I T 22222 % EEEEREEELE
0.000E+00 0. 118E+00 0. 108E+00
0. 100E+00 0. 120E+00 0. 108E+00
0.200€E+00 0. 123E+00 0. 108E+00
0.300E+00 0. 130E+00 0. 107E+00
0.400E+00 0. 139E+00 0. 107E+00
0.%S00E+00 0. 150E+00 0. 108E+00
0.800E+00 0. 185E+00 0. 105E+00
0.700€+00 0.181E+00 0. 104E+00
0.B00E+00 0.201€+00 0. 103E+00
0.900E+00 0.223E+00 0. 102€+00
0. 100E+01 0.248E+00 0. 101E+Q0

EFF RATE 1 = 963SE-09

EFF RATE 2 = . 1849E-10

EFF1 = .8750E+00

EFF2 = _4154E+00

TEMPERATURE = 485.7808

0O 0O O ©0 0 0o o

. 415E+00
.424E+00
.434E+00
. 447E+00
.482E+00
.478E+00
.4897E+00

H2

TEXEEBERLES

0.378E+00

© ©0 0 0 0 0 060 0 ©0 o

.379E+00
.382E+00
.388E+00
.396E+00
. 407E+00
.420E+00
.435E+00
. 453E+00
.473€E+00
.498E+00

O 0 06 0 0 0o ©

. 1IS8E+00
. 142E+00
. 121E+00
.978E-01%
.700E-0O1
.386E-01
.333E-02

CH30H

XXEEEEREETE

0.
.227€+00
.220€+00
.209E+00
. 194E+00
. 174E+00
. 148E+00
. 120E+00
.861E-01
.47SE-01

© 0 0 0 0 0o 0 0 0 o

229E+00

.410E-02

© O 0 0 0 0 o

. 119E-02
.T11E-02
. 102E-02
.892E-03
.7T18E-03
.463E-03
.B880E-04

H20

EEEXETEEES

0

0
o
o
o
]
0.
o
o
0
o

. 168E-02
.187E-02
. 183E-02
. 158E-02
. 150E-02
-138E-02
126E-02
. 109E-02
.865E-03
.5583E-03
.838E-04

-0.516E+00
~0.655E+00
-0.802E+00
-0.957E+00
-0.112E+01
-0.130E+01
-0. 149E+01

SLOPE 1

TEEEEERTRSE
0.000E+00
-0. 148E+00
-0.298E+00
~-0.452E+00
-0.812E+00
-0.781E+00
-0.981E+00
-0. 115E+01
-0.136E+01
-0. 159E+01
-0. 184E+0O1

~-0.292E-02
-0.391E-02
-0.528E-02
-0.731E-02
-0.107E-01
-0. 185E-01
-0.273E-01

SLOPE 2

TEEEXEEAER
0.000E+00
-0. 10SE-02
-0.209E-02
-0.314E-02
-0.423E-02
-0.547E-02
-0.707E-02
~0.939E-02
-0. 132€-01
-0.198E-01
-0.321E-01

.4B0E+03
.4BOE+03

.480E+03
.480E+03
.480E+03
.480E+03

0O 0 0 0 © 0 o

-4BOE+03

TEMPERATURE (K)
ETRSARE RS

0.488E+03

0.488E+03
0.488E+03
O.488E+03
0.488E+03
0.488E+03
0.48BE+03
0.488E+03
0.488E+03
0.48BE+03
0.488E+03




T6=-D~1

PRESSURE = RO. 0000

X co co2
FRERFEFHFE  ERKERKRNERE  EFKFKERKKE

0.000E+00  O0.125E+00 0. 108E+00
0.100E+00  O.126E+00 0. 108E+00
0.200E+00 0.129E+00 0. 10BE+00
0.300E+00 0. 136E+00 0. 107E+00
0.400E+00  0.144E+00 0. 107E+00
0.500E+00 O0.155E+00 0. 108E+00
0.600E+00 0.188E+00 0. 105E+00
0.700E+00 O.184E+00 0. 104E+00
0.800E+00  0.203E+00 0.103E+00
0.900E+00 0.224E+00 0. 102E+00
0. 100E+01 0.248E+00 0. 101E+00

EFF RATE 1t = .8812E-09

EFF RATE 2 = ,1701E-10

EFF2 = 14148E+00

TEMPERATURE = 484.5296
0.

PRESSURE = 8 000
X co co2
FREKFFRRRE KRR EEXEHRR kkekkkkkkF
O0.000E+00  0.966E-01 0. 109E+00
0.100E+00 0.981E-01 0. 108E+00
0.200E+00 0.102E+00 0. 109E+00
0.300E+00 O.110E+00 0. 100E+00
0.400E+00 0.120E+00 0. 108E+00
0.500E+00  O0.133E+00 0. 107E+00
0.600E+00 0.150E+00 0, 108E+00
0.700E+00 0. 169E+00  O.105E+00
0.800E+00  0.192E+00 0. 104E+00
0.900E+00 0.218E+00  0.102E+00

H2
EEEERRKERK
0.3R3E+00
0.384E+00
.388E+00
. 393E+00
.401E+00
.411E+00
0.423E+00
0.437E+00
0.454E+00
0.473E+00
0. 495E+00

e o O 0

H2
2222223 334
0.357E+00
0.359E+00
0.363E+00
0.389E+00
0.379E+00
0.391E+00
0. 406E+00

0.423E+00

0.444E+00
0.468E+00

CH30H
ERERERK R
0.218E+00
0.218E+00
0.210E+00
0. 199E+00
0. 184E+00
0. 165E+00
0. 142E+00
0. 115E+00
0.B825E-01
0.480E-01
0.498E-02

CH30H
FREXRERKKE
0.288E+00
0.2864E+00
0.256E+00
0.244E+00
0.226E+00
0.203E+00
0. 174E+00
0. 141E+00

0. 101E+00

0.585E-01

H20
EERKEEKKEK
0.158E-02
0. 157E-02
0. 154E-02
0. 148E-02
0.141E~02
0. 132E-02
0.119E-02
0.104E-02
0.832E-03
0.541E~03
0.101E-03

H20
¥kkkkRRR¥E
0.207E-02
0.206E-02
0.201E-02
0.192E-02
0.181E-02
0. 167E-02
0. 1439E-02
0.128E-02
0.101E~02
0.648E-03

SLOPE 1

ITETITTESS
0.000E+00
~0.142E+00
-0.285E+00
-0.433E+00
-0.588E+00
-0.748E+00
;0.917E+00
~0.410E+01
-0.130E+01
-0.151E+01
~0. 174E+01

SLOPE 1
FY333233113;
0.000E+00
-0. 165E+00
~0.333E+00
-0.507E+00
-0.690E+00
-0.884E+00
-0.109E+01
-0.132E+01
-0. 157E+01
-0. 185E+01

SLOPE 2

EEEERXERKK
0.000E+00
-0.937€-03
~0.187E-02
-0.282E-02
~-0.383E-02
~0.498E-02
~0.850E~02
~0.871E-02
-0.123E-01
~0.186E-01

~-0.303E-01

SLOPE 2

XEIREFFEEK
0.000E+00
-0.150E-02
-0.296E-02
-0.437E-02
-0.575E-02
~-0.722E-02
~0.898E-02
-0, 115E-01
-0. 1585E~-01
~0.227E-01

TEMPERATURE (K)
EERERKKERR
0.486E+03
.4868E+03
.48GE+03
.486E+03
.486E+03
.486E+03
.486E+03
0.486E+03
0.486E+03
0.488E+03
0.486E+03

QO 0 0 o 0o

TEMPERATURE (K)
kkkkRR¥FREX
0.495E+03
0.495E+03
0.495E+03
. 495E+03
.495E+03
.495E+03
. 495E+03
.485E+03
.495E+03
.495E+03

O 0 O O O 0 o




76-2-1

0. 100E+01 0.247E+00 0. 101E+00 0.484E+00
EFF RATE 1 = . 1132F-08
EFF RATE 2 = .2081E-10
EFF1 = . 8550E+00
EFF2 = _4222E+00
TEMPERATURE = 492.7230
PRESSURE = 80.0000
X co Co2 H2

EEREEEERIE IXABABEREL  KEBEEENEES  SEREERNERR
0.000E+00 0. 102E+00 0. 109E+00 0.362E+00
0. 100E+00 0. 103E+00 0. 109E+00 0.363E+00
0.200E+00 0. 107E+00 0. 108E+00 0.367E+00
0.300E+00 0. 115E+00 0. 109E+00 0.374E+00
0. 400E+00 0. 124E+00 0. t08E+00 0.382E+00
0.500E+00 0.137E+00 0. 107€E+00 0.394E+00
0.600E+0Q0 0.153E+00 0. 108E+00 0.408E+00
0.700E+00 0.172E+00 0. 105E+00 0.425E+00
0.800E+00 0. 194E+00 0. 104E+00 0.445E+00
0.900E+00 0.219E+00 0. 103E+00 0.468€+00
0. 100E+01 0.247E+00 0. 101E+00 0.483E+00
EFF RATE t = . 1082E-08

EFF RATE 2 = . 1936E-10

EFF1 = _8B0BE+00

EFF2 = . 4220£+00

SUMMARY OF THE OUTPUT DATA

OUTPUT TEMPERATURE =

498.80337 Deg. K

PRESSURE = 80.00000 atm
GAS COMPOSITION
Component Mole fraction
EEEETEEER EXEXELXEELERR
co 0.24838
co2 0.10137
H2 0.49227

0.

590E-02

CH30H

XEEEREE XXX

0.
.254E+00
.247E+00
. 235E+00

© ¢ © 0 ©0 0 ¢ 0 0 o

257E+00

.218E+00
. 196E+00
. 169E+00
. 138E+00
.9B4E-01
.554E-01
.694E-02

0.

117E-03

H20

EXEEEEXREE

0.
. 195E-02

o
0
o
o)
o
o
o
0
o
o

197€-02

.191E-02
. 183E-02
. 173E-02
. 180E-02
. 144E-02
. 124E-02
.983E-03
.B40E-03
. 136E-03

-0

.215E+01

SLOPE 1

EEXETIRNEEERE

(o]

.O00E+00
. 181E+00
.324E+00
.492E+00
.688E+00
.BSSE+00
. 10BE+O1
.127E+01
. 151E+401
. 177E+01
.206E+01

-0.361E-01

SLOPE 2

I RS2 R R SR 2SS
0.000E +00
-0. 137€-02
-0.271E-02
-0.401E-02
-0.531E-02
-0.670E-02
-0.839E-02
-0.108E-01
-0.147E-01
-0.215E-01
-0.343E-01

0.495E+03

TEMPERATURE (K)

EEEEEEEEER

0.493E+03
.493E+03
.493E+03
.493E+03
.493E+03

.493E+03

o
0
o
o
(o]
0.493€+03
0.493E+03
0.493E+03
O.493E+03
0

.493E+03




i\
(o]
i
w
w

CHA0H
H20
N2
CH4

COMVERSIOM 1 =
CONVERSION 2 =
OVERALL CONY.

0.00758
0.00015
0.01015
0. 14212

.29297E-01
-00000E+00
= . 29887E-01

VOLUMETRIC GAS VELQCITY = 0.61196D+02 N.m+*x3/Sec

SPACE VELOCITY = O

SPACE TIME VIELD =

. 70458E402 Mmx*3/kg-hr
0.52644E+00 M+x3 Gas Converted/kqg-hr




LENGTH
DIMENSIONLESS

Jek v vevest ke ek

HOOOODOOOOOo

. 10000
.20000
.30000
. 40000
.50000
.60000
. 70000
.80000
.90000
.00000

ACTUAL (m) EFF. RATE 1

9% ¥ 3t o e v'e ol 3 e e vt ok

OO0 O0OO0ODOO0OO0OO0OO0O

.08000
. 16000
. 24000
.32000
. 40000
. 48000
.56000
.64000
. 72000
.80000

e 3% e ve 0% ¥ o e St vl ok

0.

45475E-02

0.52504E-02

OO0 O0OODOOO

.66534E-02
.60132E-02
.76200E-02
.69622E-02
.88327E-02
.81701E-02
.10381E-01
.97349E-02

I-C-54

EFF.

RATE 2

st e ke et kYoo

QOO O0OO0ODODODOOOO

.10801E-03
.11834E-03
.14095E-03
.12782E-03
.15337€-03
.13998E-03
.16947E-03
.15598E-03
.19081E-03
.17746E-03




LENGTH

. DIMENSIONLESS  ACTUAL (m) EFF.FACTOR 1  EFF.FACTOR 2
sededededb s sk Fedededededededesede sy Yedededr e d ettt Fededededeede et
0.10000 0.08000 0.93160E+00 0.39986E+00

0.20000 0.16000 0.92136E+00 0.40096E+00

0.30000 0.24000 0.90381E+00 0.40575E+00

0.40000 0.32000 0.91074E+00 0.40472E+00

0.50000 0.40000 0.89091E+00 0.41007E+00

0.60000 0.48000 0.89771E+00 0.40924E+00

0.70000 0.56000 0.87497E+00 0.41539%9E+00

0.80000 0.64000 0.88137E+00 0.41484E+00

0.90000 0.72000 0.85496E+00 0.42219E+00

1.00000 0.80000 0.86057E+00 0.42205E+00
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LENGTH GAS FLOW RATE

DIMENSIONLESS ACTUAL (m) DIMENSIONLESS ACTUAL (m/s)
oo de 3 Yo vk v o e e ok ¥e ¥ ok o ok o o J e e et Jedede e Yoot de ek Y e ¢ e o v e de de o v
0.00000 0.00000 0.10000E+01 0.40000
0.10000 0.08000 0.10002E+01 0.40009
0.20000 0.16000 0.10089E+01 0.40355
0.30000 0.24000 0.10082E+01 0.40329
0.40000 0.32000 0.10168E+01 0.40674
0.50000 0.40000 0.10167E+01 0.40670
0.60000 0.48000 0.10258E+01 0.41031
0.70000 0.56000 0.10263E+01 0.41052
0.80000 0.64000 0.10358E+01 0.41433
0.90000 0.72000 0.10371E+01 0.41483
1.00000 0.80000 0.10472E+01 0.41889

I-C-56



LENGTH TEMPERATURE
. DIMENSIONLESS ACTUAL (m) DIMENSIONLESS  ACTUAL (K)
Sefidedrioi e Ffrdedrdedoidedeek dedestdedededode ok Fedrdedriedededededrde
0.00000 0.00000 0.00000E+00 0.47000E+03
0. 10000 0.08000 0.11205E-01 0.47527E+03
0.20000 0.16000 0.41294E-02 0.47194E+03
0.30000 0.24000 0.20437E-01 0.47961E+03
0.40000 0.32000 0.14845E-01 0.47698E+03
0.50000 0. 40000 0.31722E-01 0.48491E+03
0.60000 0.48000 0.26894E-01 0.48264E+03
0.70000 0.56000 0.44546E-01 0.49094E+03
0.80000 0.64000 0.40670E-01 0.48911E+03
0.90000 0.72000 0.59295E-01 0.49787E+03
1.00000 0.80000 0.56603E-01 0. 49660E+03
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DIMENSIONLESS

LENGTH

Fok e dot ek ot ek

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

—O0O00000CO0OO

00000

ACTUAL (m)
sk ot e ok ok g ok K Yo ek ok

[cNoNoNoNoNeNoNeRolo o)

.00000
.08000
.16000
.24000
.32000
. 40000
. 48000
.56000
.64000
.72000
.80000

CONVERSION 1

¥ ok oo o Yo v e v Ye e e ot

OO0 O0OO0OO0OODOO0O OO

.00000E+00
.19709E-02
.40155E-02
.66029E-02
.89545E-02
.11929E-01
.14664E-01
.18125E-01
.21350E-01
. 25434E-01
.29297E-01

I-C-538

CONVERSION 2

I 9% ¥ s 3% e ol e o e Kt

0

.00000E+00

0.45847E~04

(=N o NN NNl N i)

.92304E-04
.14756E-03
.19792E-03
.25825E-03
.31363E-03
.38056E-03
.44258E-03
.51830E-03
.58930E-03

OVERALL CONV.

3% 96 e e v s e de gt e ot

cNoNoNelaNoNeNole oo

.00000E+00
.20168E-02
.41078E-02
.67505E-02
.91524E-02
.12187E-01
.14977E-01
.18505E-01
.21792E-01
.25953E-01
.29887E-01




=
&
1
Ut
e

LENGTH GAS PHASE MOLE FRACTIONS
DIMENSIONLESS ACTUAL (m) co Cco2 H2 CHAOH H20 N2 CHa
FEEEERKKES EhERRRKRRE EEERRKREEE (3332 T T TT” KERERSKEE 223232333 FERERRREKK LEEE T T I EREEERERKE
0.00000 0.00000 . 25000E+00 . 10000E+00 .50000E+00 . 00000E+00 . 00000E+00 . 10000E-01 . 14000E+00
0. 10000 0.08000 . 240776E+00 . 10009E+00 .40948E+00 .50470E-03 -11473E-04 . 10010E-01 . 14014E+00
0.20000 0. 18000 .24051E+00 . 10018E+00 . 49895E+00 . 10291E-02 .23124E-04 -10021E-01 . 14029E+00
0.30000 0.24000 24010E+00 . 10030E+0Q0 .49827E+00 . 16933E-02 -37015E-04 - 10034E-01 . 14047E+00
0. 40000 0.32000 . 24B00E+00 . 10041E+00 . 40785E400 .22088E~-02 .4970BE-04 . 1004GE~01 - 140B4E+00
0.50000 0.40000 < 24853E+00 . . 10055E+00 .49687E+00 . 30854F£~-02 .B4958E-04 . 1006 1E-01 . 14088E+00
0.60000 0.48000 .24B810E+00 . 100688E+00 .49615E+00 .37726E-02 . T8999E-04 - 10075E-01 - 1410BE+00
0.70000 0.58000 .24778E+Q0 . 10084E+00 .49523E+00 . 466895E-02 .98027E~-04 . 10093E-01 . 1413 1E+00
0.80000 0.84000 . 24738E+00 . 10099E+00 . 4943BE+00 .55081E-02 - 11106E-03 . 10110E~01 . 14154E4+00
0.90000 0.72000 . 24884E4+00 . 10118E+00 . 40330E+00 .85735E-02 . 13128E-03 . 10131E-01 . 14184E+00
1.00000 0.80000 . 2483BE+00 . 10137E+00 . 39227E+00 . 75850E-02 . 14956E-03 . 10152E-01 . 14212E+00



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

0

0

10

# O

18

HOH OO OB R O ON N o M

20

30

40

THIS IS AM INTERACTIVE PROGRAM THAT RECEIVES THE INPUT
DATA FOR THE SIMULATION OF ADIBATIC BUBSLE COLUMN
SLURRY REACTOR FOR METHAMOL SYNTHESIS.

THE DATA ARE THEMN STORED IN A FILE NAMED

INPUT1.DAT AND USED IN THE SIMULATOR.

THE USER CAN GET A COMPLETE LIST GF INPUT DATA
FROM THE FILE NAMED CHECK1.DAT

IMPLICIT REAL*8(A-H,C-2)
DIMENSION YF(7),XF(5)

CPEM (UMIT=12,FILE="INPUT1.DAT/)
CPEM (UNIT=18,FILE='/CHECK{.DAT’)

WRITE(OZ, 10)

FORMAT (///, K, (s e s N A R S S T R AR R R R SRR I RT T TR TR TS/ |
/7,8, 'BUBELE COLUMM SLURRY REACTOR SIMULATION/,/,SX,

4 FOR’,/,BX,

’ METHAMOL SYNTHESIS/,//,S8%,

SRR RLEFIIXRXREXLTSIRIIERI BRI I IRz E TR e wxTER) /)

WRITE(OS, 15)

FORMAT(EX, 'INSTRUCTIONS/,///,B%,

‘THIS PROGRAM SIMULATES A ADIABATIC BUSSLE COLU=M /,/,BX,
/SLURRY REACTOR FOR METHAMOL SYNTHESIS., /,/,BX,

'PLUG FLOYW AND AXIAL DISPERSIOM MODEL IS USED FOR GAS/,/,SX,
‘AMD SLURRY PHASES RESPECTIVELY .’/,/.BX,

INPUT VARIABLES IMCLUDIMG FEED,REACTOR AMD CATALYST/,/,BX,
CHARACTERISTICS ARE PROVIDED BY THE USER VIA THIS/,/,BX, -
INTERACTIVE PACKAGE.THE SIMULATOR THEM EVALUATES /,/,BX,
'TEMPERATURE AND COMCENTRATICM PROFILES TOGETHER WITH’,/,BX,
’CONVERSIONS,AND CATALYST CONCENTRATION /,///,.BX,

‘TC RUM THE SIMULATGR ,PLEASE ENTER THE FOLLOWING DATA’,/,SX,
IN FREE FORMAT/,//)

WRITE(OB,20)

WRITE(13,20)

FORMAT(SX, /#xx=xxxx3xxzxx REACTOR CHARACTERISTICS swssssxssisxxs
//,8X,’DIARETER (m) = 7 /)

READ(CZ,*) OC

WRITE(12,=) DC

W3ITE(13,=*) DC

WRITE(OZ, 30)

WRITE(13,30)

FORMAT(EX, /LENEGHT (m) = ?/)
READ(Q3,x) AL

WRITE(12,=) AL

WRITE(13,=) AL

WRITZ(0E, 40)

WRITE(183,40)

FORMAT(/,8X, /#¥=xxxxx QPERATING CONDITIONS s¥s=wsixxzazsz/ [/,
&X, 'PRESSURE (atm) = ?/)
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READ(0S =) P
WRITE(12,%) P
WRITE(13,*) P

WRITE(08,50)
WRITE(13,50)
50 FORMAT (5X, 'FEED TEMPERATURE (K) = ?7’)
READ(OS,=) TF
WRITE(12,*)TF
WRITE(13,*) TF

WRITE(06,80)
WRITE(13,80)
80 FORMAT (5X, 'INLET GAS FLOW RATE (Nm=*3/sec) = ?')
READ(OS,*) QFG
WRITE(12,=) QFG
WRITE(13,*) QFG

WRITE(O8,70)
WRITE(13,70)
70 FORMAT (5X, 'SLURRY FLOW RATE (mx=*3/sec) = ?’)
READ(OS,=) QFL
WRITE(12,x) QFL
WRITE(13,=*) QFL

WRITE(OS,80)

WRITE(13,80)
80 FORMAT (/,5X, 'INLET GAS COMPOSITION’,/, SX,
‘ENTER THE MOLE FRACTIONS. THE SQUENCE IS :’,/,5X,
1:C0 2:C02 3:H2 4:CH30H 5:H20 6:N2 7:CH4’)
READ(OS,*) (YF(I),I=1,7)
WRITE(12,x) (YF(I),I=1,7)
WRITE(13,%) (YF(I),I=1,7)

WRITE(06,90)
WRITE(13,90)
8o FORMAT (/,5X, "INLET LIQUID COMPOSITION’,/, SX,
‘ENTER THE MOLE FRACTIONS. THE SQUENCE 1S :/,/,5X,
71:C0 2:C02 3:H2 4:CH30H 5:MH20')
READ(OS,*) (XF(I),I=1,5)
" WRITE(12,*) (XF(I),1=%,5)
WRITE(13,*) (XF(1),I=1,5)

»

WRITE (08, 100)
WRITE( 13, 100)
100 FORMAT(/,5X, ‘CATALYST LOADING ‘./,SX,
‘WEIGHT FRACTION IN SLURRY (kg cat/kg slurry) = 27)
READ(OS,*) WCAT
WRITE(12,%) WCAT
WRITE(13,%) WCAT

"

WRITE(0O8, 110)
WRITE(13,110)
110 FORMAT (5X, 'CATALYST DENSITY (kg/m==x3) = ?2/)
READ(OS, =) DENCAT
WRITE(12,s) DENCAT
WRITE(13,s) DENCAT

WRITE(O6, 120)
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120

130

c

140

E3
*

WRITE(13, 120)

FORHAT(EX, /PARTICLE DIAMETER (m) = ?/)
READ(CE,=*) DP

WRITE(12,*) DP

WRITE(13,=) DP

WRITE(OE, 130)

WRITE (13, 130)

FORMAT(BX, 'CATALYST HEAT CAPACITY = %/,/,BX,
“IF NO INFORMATION IS AVAILABLE ENTER ZERD /)
READ(QE, =) CPCAT

WRITE(12,=) CPCAT

WRITE(13,*) CPCAT

WRITE(OE, 140)

FORMAT(//,58X, 'END OF DATA sxxxxxxsxxxx/ / BY,

*INFUT DATA ARE STORED IN THE FILE NAMED INPUT1.DAT/,/,BX,
'PLEASE CHECX YOUR DATA FROM THE FILE NAMED CHECK1{.DAT/)

STGP
END
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ol W wle s nts Tt ate e wla nle W wle afe wlu ule ale ale ale ale wle ale e ate ol wfe ale wle wle ate ale ale ate Wl ole wfe ale Wi ala o o wla ole o
A R e e e e e e e e e e e e e e e e e e e e e e e e e ke

BUBBLE COLUMN SLURRY REACTOR SIMULATION
FOR
HETHANOL SYNTHESIS

o e wte el b wle e nTo nle ate et atu ale et e ale e ot el ole s e uls afe ale nle ae ale abs ale ats oo aln mle ol nle wls ol afe ol ale ote o oe ols
TN S S e S ey e S e v e de e s Y e e e e Y s e v e e e s e e e sk e e e e e e e e o

INSTRUCTIONS

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

FLUG FLOW AND AXIAL DISPERSIOM MODEL IS USED FOR GAS
AND SLURRY PHASES RESPECTIVELY

INFUT VARIABLES INCLUDING FEED,REACTOR AND CATALYST
CHARACTERISTICS ARE PROVIDED BRY THE USER VIA THIS
INTERACTIVE PACKRAGE.THE SIMULATOR THEN EVALUATES
TENPERATURE AND CONCENTRATION PROFILES TOGETHER WITH
CONYERSIONS,AND CATALYST CONCENTRATION

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

Fe¥rovestseyest REACTOR CHARACTERISTICS b A o e o

DISMETER (m) = 7

>4.0

LENGET (m) = 7

>8.0

Fdrdevesek Yest OPERATING CONDITIONS e ve eI Yotk
PRESSURE (atm) = ?

>70.

FEED TEMPERATURE (K) = ?

>500.

INLET GAS FLOW RATE (Nm**3/sec) = 7

>48,064

SLURRY FLOW RATE (%*3/sec) = 7

>0.31416

INLET GAS COMPOSITION

ENTER THE MOLE FRACTIONS. THE SQUENCE IS :
1:C0 2:C02 3:HZ &4:CH30H 5:H20 6:N2 7:CH:
>0.25 0.1 0.5 0.0 0.0 0.01 0.14

INLET LIQUID COMPOSITION

ENTER THE MOLE FRACTIONS. THE SQUENCE IS
1:CC 2:C02 3:HZ 4:CH30H 5:H20

>0.0 0.0 0.0 0.0 0.0

CATALYST LOADING
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WEIGHT FRACTION IN SLURRY (kg cat/kg slurry) = ?
>0.3

CATALYST DENSITY (kg/m**3) = 2

>1980.

PARTICLE DIAMETER (m) = ?

>0.00005

CATALYST HEAT CAPACITY = ?

>0.0

IF NO INFORMATION IS AVAILABLE ENTER ZEROQ

END OF DATA o 7 de v'e de e e de de ke ke
INPUT DATA ARE STORED IN THE FILE NAMED INPUTI1.DAT
PLEASE CHECK YOUR DATA FROM THE FILE NAMED CHECK!1.DAT
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0000000000000 O0000O000000O0O0O00O0000000000000000000000O0

0

2323 R T I R SR R s R IR R I i I I I I I I I I mMmmTs .
MAIN PRDGRAM FOR SLURRY REACTOR DESIGN FOR METHANOL SYNTHESIS

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

THE CONVERSION, TEMPERATURE AND CONCENTRATION PROFILES ARE
CALCULATED FOR A SET OF DESIGN AND DOPERATION CONDITIONS.

THE KINETIC DATA AND THE PHYSICOCHEMICAL AND THERMODYNAMICAL
PROPERTIES OF THE SYSTEM ARE SUPPLIED BY SEPARETE SUBROUTINES

SO THAT THE USER CAN ACCOMADATE HIS OWN DATA BY SIMPLE UPDATE
PROCEDURE . THE PROGRAM NORMALLY EMPLOYS THE DATA ON WITCOD-40

AS A SOLVENT AND A Cu/Zn/Cr203 CATALYST( United Catalyst T-2370 )

R R L R i I I I
VARIABLE LIST

AL :COLUMN LENGTH (m)

BOL :LIQUID PHASE BODENSTEIN NUMBER (-)

BOLO :LIQU.D PHASE BODENSTEIN NUMBER AT THE COLUMN INLET (-)
BOS :SOLID PHASE BODENSTEIN NUMBER (-)

BOLST :LIQUID PHASE BODENSTEIN NUMBER FOR SEDIMENTATION (-)
CCATF :FEED CATALST CONCENTRATION (kg/m=:3)

CF  :FEED LIQUID PHASE CONCENTRATION (kmol?/ms=x3)

CL  :LIQUID PHASE CONCENTRATION (kmol/mx=3)

CPCAT :CATALYST HEAT CAPACITY (kJ/kg-K)

DC :COLUMN DIAMETER (m)

DENCAT ,DENC  :CATALYST DENSITY (kg/m==x3)

DP :PARTICLE DIAMETER (m)

EG :GAS HOLDUP (-)

HENRY :HENRY'S CONSTANT (atm-M=x3/kmoi)

NAME :NAME VECTOR FOR THE COMPONENTS

P :PRESSURE (atm)

PE :PECLET NUMBER FOR HEAT TRANSFER (-)

PED :PECLET NUMBER FOR HEAT TRANSFER AT THE COLUMN INLET (-)
Q :FLOW RATE RATIO (slurry/gas), (-)

QFG :VOLUMETRIC GAS FLOW RATE (Nm==*3/sec)

QFL :VOLUMETRIC SLURRY FLOW RATE (m=*=x3/sec)

STG :GAS PHASE STANTON NUMBER (-)

STL :LIQUID PHASE STANTON NUMBER (-)

STY :SPACE TIME YIELD (NMz:3 gas converted/kg Cat-hr)
TF :FEED TEMPERATURE (K)

UGO :SUPERFICIAL GAS VELOCITY (m/sec)

VCAT :VOLUME FRACTION OF CATALYST IN THE SUSPENSION (-)
WCAT :WEIGHT FRACTION OF CATALYST IN THE SUSPENSION (-)
WHSY :WEIGHT HOURLY SPACE VELOCITY (Nmx=x3/kg Cat-hr)
XF,XF1 :FEED LIQUID PHASE CONCENTRATION (mole fraction)
X1 :LIQUID PHASE DIMENSIONLESS CONCENTRATION (-)

X0 :LIQUID PHASE FEED DIMENSIONLESS CONCENTRATION (-)
YF,YF1 :GAS PHASE FEED CONCENTRATIONS (mole fractions)

IMPLICIT REAL=*8(A-H,D-2)

COMMON/PAR1/QFG, QFL
COMMON/PAR2/YF1(7),XF1(5),DENC
COMMON/PARS/P, TF, AL ,UGD,DP,WCAT,CPCAT ,DC,STG(5),STL(5),BOL,PE
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COXMON/FARS/Q, DENCAT, CCATF, EG,HENRY(5) ,YF(7),XF(7),CF(7),XD(5)
CONTON/PART /BOLO, PES

COMEDN/PARE/VCAT

COXON/PARS/EQS, BOLST

DIMENSIOM FSPACE(40000),ZETA(17),TOL(11),Z2(17),X1(5),CL(5E)
DIMEMSION ISPACE(2000),M(11),IPAR(11),LTOL(11),NAME(S)
EXTERMAL FSUE,DF3US,GSUB,DGSUB, SOLUTN

DATA NAMZ/’ CO 7,7 €D2 /,’ H2 /,’CHBCA’,’ H20 7/

OPEM (UNIT=30,FILE='TEMP.PRD’)
OPEN (UMIT=31,FILE='CONC.GAS/)
OPEM (UMIT=32,FILE=/CONC.LIQY)
OFEM (UMIT=33,FILE=/COMNY.PRD’)
OPEN (UMIT=34,FILE='0OUTPUT.SUN/)
OFEM (UMIT=S5,FILE=/DIMCON.LIQ’)
CPEN (UNIT=3E,FILE='CAT.PRO’)
CALL INRFUTHY

SA=3.1418/4.xDC=x=2,
UGD=QFG=TF/P/273.2/8A

UL=QFL/SA

Q=UL/UGD

B3 110 I=1.,7
YF(I)=YF1(I)

0o 120 I=1,8
XF(I)=XF1(1)

DENCAT=DENC
IF(CPCAT.EQ.0.06D00) CPCAT=2.5

TET=0.
CALL INTER(P,TF,XF,7ET,CL,T)

WRITE(34, 130)

FORMAT(///, 10X,
i e e e L e L I 1

//, 16X, ' ADIASATIC EUBZLE-COLUXM SLURRY REACTOR SIMULATION/,//,
84X, 'FOR/,//,28X, 'METHAMOL SYNTHESIS’,//, 10X,
et e e T L LA
WRITE(34, 140)

FORJAT(/,BX, ‘SUMMARY OF THE INPUT DATA’,///)

WRITE(34,150) OC

FORMAT(SX, '*=xxxx=xxxxx: REACTOR CHARACTERISTICS **=xxzxzzzx’ [/,
5X, 'DIAMETER = /,F10.5,' m’)

WRITE(34,180) AL

FORMAT(8X, 'LENGTH = /,F10.5,/ w’)

WRITE(34,170) TF,P

FORMAT(//,BX, '#=sxxxxxxx FEED CHARACTERISTICS w=xxxzmsssa/
//.5%, "INLET TEMPERATURE = /,F10.5,’ K’,/,5X, 'PRESSURE = ~/
F10.85,’ atm’}

WRITE(34, 180) QFG,QFL

FORMAT(EX, 'GAS FLOW RATE = ‘,E10.5,’ Nm=x3/sec’,/,EX,
/SLURRY FLOW RATE = ’/,E10.5,’ m==3/sec’)

’
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WRITE(34,190) UGD,Q

FORMAT (5X, 'SUPERFICIAL GAS VELOCITY = / F10.5, "’ m/sec’, / 58X,
‘FLOW RATE RATIO (slurry/gas) = ’',F10.5)

WRITE(34,220)

FORMAT (/,5X, '"FEED COMPOSITIONS ‘ ./, 5X, 'COMPONENT /, 89X,
‘GAS’, 18X, 'SLURRY’,/, 24X, ‘mole frac.’ 7X,’'(kmol/m=*3)’, /,
3(5X,12(’=%")))

WRITE(34,230) (NAME(I),YF(I),CL(1),1=1,5)

FORMAT (8X,A5,3X,5X ,E12.5,5X E12.5)

WCAT 1=100 . *WCAT

WRITE(34,240) WCAT 1, DENCAT,DP

FORMAT(//,5X, '==CATALYST CHARACTERISTICS=x’ / SX,

‘CATALYST LOADING = ‘ ,F10.5,’ % WEIGHT',

/. 14X, 'DENSITY = / F10.5, kg/m=x3’ / 14X, ‘DIAMETER = ' E10.
m’)

IF(TF.GT.450.) GO TO 700
NI=1

GO TO 720
NI=(TF-450.)/5.+1

TF=450.
CONTINUE

R=.082D00

PARAMETERS FOR COLSYS

NCOMP=1 1

DO 10 1=1,5
M(I)=1

DO 20 I=6, 11

M(I)=2

DO 30 I=1, 11

ZETA(1)=0.D0O0O
DO 40 I=12,17
ZETA(I)=1.DO0

DO 50 I=1,11
IPAR(I)=0

IPAR(1)=1
IPAR(4)=11
IPAR(S)=40000
IPAR(6)=2000
IPAR(7)=1
IPAR(8)=1

DO 60 I=1,6

LTOL(I)=1

LTOL(7)=8

LTOL(8)=10 '
LTOL(9)=12

LTOL(10)=14"
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LTCGL(11)=18

B0 70 I=1, 11
TGL(I)=1.D-03

DG 144 IP=1,NI
IF(IP.EQ.1) GO TO 88
TF=TF+E.

IPAR(S)=3

IPAR(3)=ISPACE(1)

CONTINVE
CALL DIMPAR(TF,DENSL,CPSL)

CALL COLSYS(NCOM?,M,0.,1.,2ETA, IPAR,LTOL, TOL, FIXPNT, ISPACE,
= FSPACE, IFLAG, FSUB, DFSUB, GSUB, DGSUE, SOLUTH)

CONTINUE

ALPCO=Q=CF (1)+YF(1)*P/R/TF
ALPNM=Q=CF(4)+YF(4)=P/R/TF
ALPH2=Q=CF (5)+YF(5)*P/R/TF

ACAT=SA=AL=(1,-EG)*DEMNCAT+VCAT

WRITZ(30,200)

FORMAT(//, 18X, /LENGTH’ , 24X, 'TEMPERATURE, /,5X, 'DINENSIONLESS/
8X, /ACTUAL (m) /,SX, /DIMENSIQOMNLESS,S3X, /ACTUAL (K) ‘,/,SX,
12(7=/),3X,12(/=") ,BX,12(/*/),3X, 12('=’))

WRITE(38,800)

FORMAT(//, 15X, 'LENGTH’, 20X, 'CATALYST COMCENTRATION',/,BX,
‘OIMEMSIONLESS/, 3X, 'ACTUAL (m) /,5X, 'DIMENSIONLESS’,3X,
TACTUAL(% WEIGHT)”,/,5X,12(’='),3X,12(’=/),56X,12( =), 3X,

12(7=7))

WRITE(S1,300) (NAME(I),1=1,5)

FORMAT(//, 14X, 'LENGTH', 25X, ‘GAS PHASE MOLE FRACTIGNS/,/,3X,
‘DIMENSIONLESS’,2X, ACTUAL (m) /,5(8X,AS),/,5X,10(’*'),3X,

10(/=7),2X,5(8%,10(’=%")))

WRITE(32,400) (NAME(I),1=1,5)

FORMGAT(//, 14X, 'LEMNGTH' , 22X,

‘LIQUID PHASE CONCENTRATIONS (kmol/m==3)7,
/, 8%, 'DIMENSIONLESS’,2X, ‘ACTUAL (m) /,5(8X,AS5),/,5X,10(’=’),3X

10(7%7),2X,5(3%,10(’%7)))

WRITE(3E,4035) (NAME(I), I=1,5)

FORMAT(//, 14X, 'LENGTH’ , 22X,

'CIMENSIONLESS LIQUID PHASE CONCEMTRATIGNMS',

¥

/,3X, ’BIMEMNSICNLESS’,2X, ACTUAL (m) ’,5(8X,A5),/,5%,10(’="),3X,

10(/%7),2X,5(3%,10(/=7)))

WRITE(33,E00)

FORMAT(//, 18X, 'LENGTH’,/,5X, 'DIMENSIONLESS/, 3X, ACTUAL (m) ‘', 8X
'CONVERSION 1/,3X, /CONVERSIGN 27,/,8X,12( =),8X,12('="),2X,

2(3X,12(7x7)))
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DO 55 I=1 11
X=(I-1.)=.1
CALL APPSLN(X,Z,6 FSPACE, K ISPACE)

ALEN=ALsX
TET=2Z(16)
X1(1)=2Z(86)
X1(2)=218)
X1(3)=22(10)
X1(4)=2(12)
X1(5)=2(14)

CALL INTER(P,TF,Xt TET,CL.T)

CGM=Z{4)sP/R/T
CGH2=Z(S5)*P/R/T

CONV1=((Q=CL(4)+CGM)-ALPM)/ALPCD

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

CONV1=CONV1-CONV2

WRITE(30,210) X, ALEN,TET,T

FORMAT (SX,F12.5,3X,F12.5,5X,E12.5,3X,F12.5)

WRITE(31,310) X,6ALEN, (2(K),K=1,5)

FORMAT (8X,F10.4 ,3X ,F10.4 2X,5(3X,E10.4))

WRITE(32,310) X,ALEN, (CL(K) ,K=18§)

WRITE(35.310) X, ALEN, (X1(K) ,K=1,5)

WRITE(33,410) X, ALEN,CONV1, CONV2

FORMAT (5X,F12.5,3X,F12.5,2X,2(3X,E12.5))

CALL CATCON(X,CATDIM)
CATCL=CATDIM=WCAT=*100.

WRITE(36,510) X,ALEN,CATDIM, CATCL

FORMAT (5X ,F12.5,3X,F12.5,5X ,E12.5,3X,F12.5)

CONTINUE

WHSY=QFG/ACAT *3800.

STY=QFG*YF (1)*CONV1/ACAT*3800.

WRITE(34,433) TF

FORMAT(//,8X,’ TF = ’ ,F10.5,//)

WRITE(34,250) CONV1, CONV2, T WHSV, STY

FORMAT (//,5X, 'OUTPUT SUMMARY ', /// 565X, CONVERSION 1 =
.E10.5,/,5X, ‘OUTLET TEMPERATURE
‘,E10.5,

E10.5,/,5X, "CONVERSION 2 = '/

F10.5,’ K’,/,5X, ‘SPACE VELOCITY =
' Nmx23/kg-hr’,/,5X, ‘SPACE TIME YIELD = ' E10.5,

'’ Nm=x3 gas converted/kg-hr’

STOP
END

)
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SUBROUTINE FSUB(X,Z,F)
IMPLICIT RSALxS(A-H,0-Z)

COMNUR/PARE/P, TF, AL, UGD, DP, WCAT, CPCAT, DC, STG(S),STL(S),BOL, PE
COMMOM/FPARE/Q, DENCAT, CCATF, EG, HENRY(B),YF(7),XF(7),CF(7), X0(5)
COMA0N/PART /BOLE, PED

CORVEOM/FARE/VCAT

COXMON/PARE/BOS, BOLSTY

DIAZMEION Z(17),F{11),RATE(2),X1(8),CL(5),HEATR(2)

TET=Z(18)

X1{1)=2(€E)

X1(2)=2(8)

X1(3)=2(10)

X1(84)=Z(12)

X1(8)=2(14)

CALL INTER(P,TF,X1,TET,CL.T)
CALL DIMPAR(T,DENMSL,CPSL)

F(1)==8TG(1)}*(Z(1)-2(8))=(1.+Z(18))
F(2)=-8TB(2)=(2(2)-Z(8))*(1.+Z(18))
F(3)=-8TG(8)*(Z(3)-Z2(10))=(1.+2(18))
F(4)=-8STG(4)=(Z2(4)-2(12))=(1.+Z(18))
F(5)=-STG(5)=*(Z(5)-2(14))*(1.+Z(18))
CALL CATCGM(X,CATDIM)

CALL RMEAT(T,HZATR)

CALL REACH(T,CL,RATE)
PARA=CATDIN=(1.-EQ)*CCATF=AL/P/UED

F(8)=B0L=(Q=Z(7)-STL(1)=(Z(1)-Z(6) )+PARA=HENRY (1) = (RATE(1)~
* RATE(2)))

F(7)=B0L*(Q=Z(8)-STL(2)*(Z(2)~2(8))+PARASHENRY (2)=RATE(2))

F(B)=BOL=(Q=Z(11)-S?L(3)=(Z(3)-Z(10))+PARA*HENRY(3)*(2.*RATE(1)+
* RATE(2)))

F(8)=80L=(Q=Z(13)-STL(4)*(Z(4)~2Z(12))~-PARA=HENRY(4)=RATE( 1))

F(1O)=:0L*(Q=Z(15)'STL(5)*(Z(5)';(14))-FARA=HENRY(E)3RATE(2))
PARAI=PARA=P/TF/DENSL/CPSL

F(11)=PE=(Q=Z(17)+PARA1=(HEATR( 1)=RATE(1)+HEATR(2)*RATE(2)))

RETURM
EMND

SUERQUTINE DFSUB(X,Z,DF)

IMFLICIT REAL=8(A~-H,0-Z)
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DIMENSION Z(17),DF(11,17),WORK1(11) WORK2(11)

EPS=1.D-07

DO 10 v=1,17
Z(J)=Z(J)+EPS

CALL FSUB(X,Z,WORK1)
Z(J)=Z(J)-2.5EPS
CALL FSUB(X,Z,WORK2)
Z(J)=Z(J)+EPS

DO 10 I=1,11
DF(I.J)=(WORK1(I)-WORK2(I))* .5/EPS
RETURN

END

SUBROUTINE GSUB(I,Z,G)
IMPLICIT REAL*8(A-H,0-Z)

COMMON/PARS /P, TF , AL ,UGO, DP ,WCAT , CPCAT,DC,STG(5),STL(S),BOL,PE
COMMON/PARE/Q, DENCAT , CCATF ,EG,HENRY (5) ,YF(7),XF(7),CF(7).,X0(5)
COMMON/PAR?/B0OLO, PED

DIMENSION Z(17)

GO T0(1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17),1

G=Z(1)-YF(1)

RETURN

G=2(2)-YF(2)

RETURN

G=Z(3)-YF(3)

RETURN

G=2(4)-YF(4)

RETURN

G=Z(5)-YF(5)

RETURN
G=2(6)-X0(1)-2(7)/Q/8BOLC
RETURN
G=Z(8)-X0(2)-Z(9)/Q/B0OLO
RETURN
G=2(10)-X0(3)-Z(11)/Q/BOLD
RETURN
G=Z(12)-X0(4)-Z(13)/Q/80L0O
RETURN
G=Z(14)-X0(5)-2(15)/Q/8B0OLO
RETURN
G=Z(18)-2(17)/Q/PED
RETURN

G=2(7)

RETURN

G=Z(9)

RETURN

G=Z(11)

RETURN

G=2(13)

RETURN

G=Z(15)

RETURN
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G=2(17)
RETURM
EMND

SUERCUTINE DGESUS(I,X,DBE)

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

CO¥MON/PARE/P, TF, AL, UGD, DP, WCAT, CPCAT, BC, STG(S), STL(5) ,BOL, PE
COMMON/PARE/Q, DENCAT, CCATF, EG, HENRY(5) ,YF(7),XF(7),CF(7),X0(5)

CO=40N/PART/BOLO, PED
DIMENSION DG&(17),Z(17)

B 20 J=1,17
DG(J)=0.0C0

G0 T70(1,2,23,4,5,6,7,8,9,10,11,12,13,14, 15,18, 17),1

DE(1)=1.

RETURM

BG(2)=1.

RETURN

DE(3)=1.

RETURM

DG(4)=1.

RETURN

DG(E)=1.

RETURM

DG(E)=1.
DG(7)=-1./Q/BOLG
RETURM

DG(8)=1.
DG(8)=-1./Q/BOLO
RETURM

DG(10)=1.
D&(11)=-1./Q/BOLE
RETURM

DE(12)=1.
bG(13)=-1./Q/BOLE
RETURM

DG( 14)=1.

DG 18)=-1./Q/BOLE
RETURM

DG(18)=1.
BG(17)=-1./Q/PE0
RETURN

DG(7)=1,

RETURN

pGrg)=1,

RETURM

DGl11)=1.

RETURM

BG{13)=1.

RETURN

DG(15)=1.

RETURNM

DG(17)=1.

RETURM

D D WD NP e 0 e G A Y TR A NS = = v - - - - e
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c
c ------------------------------------------------------------------------
c
SUBROUTINE SOLUTN(X,Z DMVAL)
c
IMPLICIT REAL*B(A-H,0-2)
C
COMMON/PARS/P, TF, AL ,UGD, DP ,WCAT CPCAT,DC,STG(S5),STL(5),B0OL,PE
COMMON/PARE/Q, DENCAT ,CCATF ,EG,HENRY (5) ,YF(7) ,XF(7),CF(7),XQ(5)
COMMON/PAR?7/BOLD, PED
c
DIMENSION Z(17), DMVAL(10),Y1(5),Y2(5),Y3(5)
c
DO 10 I=1,17
10 Z(1)=0.DOO
c
CALL CALPRD(5,YF,X0,Q,STG,STL,BOLO,X,Y1,Y2,Y3)
c
DO 20 I=1,5
20 Z(I)=Y1(I)
2(8)=Y2(1)
2(8)=Y2(2)
Z(10)=Y2(3)
2(12)=Y2(4)
Z(14)=Y2(5)
C
2(7)=Y3(1)
2(8)=Y3(2)
Z(11)=Y3(3)
Z(13)=Y3(4)
Z(15)=Y3(8)
c
RETURN
END
c
€ 3 ceeemcmccmcecescccmeemmmeeme;eestcosemenmcescaccrreccmec—rm———-
c
SUBROUTINE DIMPAR(T,DENSL,CPSL)
c
c - EVALUATES DIMENSIONLESS PARAMETERS FOR MODEL EQUATIONS
c
c T :TEMPERATURE (K)
c STG :GAS PHASE STANTON NUMBER
c STL :LIQUID PHASE STANTON NUMBER
c PE :PECLET NUMBER FOR HEAT TRANSFER
c
IMPLICIT REAL=8(A-H,0-2)
c
COMMON/PARS /P, TF, AL ,UGD,DP, WCAT ,CPCAT ,DC,STG(5),STL(5),BOL, PE
COMMON/PARE/Q, DENCAT ,CCATF ,EG,HENRY (5) ,YF(7) ,XF(7),CF(7),X0(5)
COMMON/PAR7/BOLO, PEO
COMMON/PARS /VCAT
COMMON/PARS /BOS , BOLST
c
DIMENSION DIF(5),AKLA(S5)
c
CALL LIQPRO(T,AMLIQ,DENL, CPL,VISL,STEN)
c

CALL SOLUB(T,HENRY)




O00

00000

CALL DIFCF(AMLIQ,T,VISL,DIF)

CALL SLUPRO(WCAT, DENL, DENCAT, VISL, CPL,CPCAT, DENSL, VISSL, CPSL)
CALL MASSTR(S,UGD,DLC,DENSL,STEM,VISSL,DIF, AKLA)
R=,082

0O 10 I=1.,B

STG(I)=AXLA(I)=AL=R=TF/UCH/HEMNRY (1)
STL(I)=AXLA(I)=AL/UGD

CALL HOLDUP(UGD,DC,DEMSL,STEN, VISSL,EG)

CALL LIQDIF(UED,DC,DL)

BOL=UGD=AL/(1.-EG)/DL

CALL HEATDF(DESMNSL,CPSL,DL,DH)
FE=UGD=DENSL=CPSL=AL/(1.-EG)/DH
CCATF=YCAT=DENSL

&0 20 1=1,8
CF(I)=XF(I)=DENL/ANMLIQ

DO 30 1=4,8
X0(I)=HEMRY(I)=*CF(1)/P

CALL TERVEL(DZNL,DEZNCAT,WCAT,DP,VISL,UTER)

WCATP=1C0. /DENSL
VCAT1=DEML+=YCATP/ (DENCAT-YWCATP= (DEMCAT-DEMNL ) )

USE=1.2=UTER=(UGD/UTER)**,25=((1.-VCAT)/(1.~-VCAT1) )*22.5

CALL SOLBIF(UGD,0C,DS)
BOS=USS=AL/DS
BOLST=UGD=Q=AL/D3/ (1. -EQ)

IF{T.MNZ.TF) RETURM
EOLO=B0L

PZg=PZ

RETURM

END

e e T L I 0 T o P I 0 0 o 0 2 0 0 (ot 48 e o 0 0 4 0 0 s o R e U S P B Y e P O Y . - - -

SUBROUTINE LIQPRO(T,AMLIQ,DENL,CPLIQ,VISL,STEN)
LIQUID FMASE PHYSICAL PROPERTIES FOGR WITCO-40
T :TENZRATURE (K)

IMPLICIT REAL=8(A-H,0-2)
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c MOLECULAR WEIGHT
AMLIQ=250.

c DENSITY  KG/M=xx3
DENL=620.

C

c HEAT CAPACITY ,KJ/KG-K
CPLIQ=2.75

c VISCOSITY ,KG/M-SEC

c

A=777 . 4x(1./T-1./385.D00)
VISL=10.D0**Ax1.D-03

c
c SURFACE TENSION N/M
STEN=.016
c
RETURN
END
c
< e
c
SUBROUTINE DIFCF(AMLIQ, T,6VISL, K DIF)
c
c DIFFUSIVITIES ARE ESTIMATED BY WILKE-CHANG EQUATION
C
c AMLIQ :LIQUID MOLECULAR WEIGHT
c T :TEMPERATURE (K)
c VISL :VISCOSITY (kg/m-s)
c DIF :DIFFUSIVITY (mex2/s)
c
c
IMPLICIT REAL*8(A-H,0-2)
c
DIMENSION DIF(5),VG(S)
c
VG(1)=.0307
VG(2)=.0340
VG(3)=.0143
VG(4)=,0259
VG(5)=.0188
DO 10 I=1,8
10 DIF(I)=1.173E-16*AMLIQ*=*(.5)*T/(VISL*VG(I)**(.8))
RETURN
END
C
€ 2 memecemeoma-meec-cccaaecccsmccmcacac—c-saces--c-s-esvemssc-o-oes
C
SUBROUTINE SOLUB(T,HENRY)
c
c
c THIS SUBROUTINE SUPPLIES THE SOLUBILITY DATA
c
c THE FORM IS HENRY(I)=A(I)*EXP(B(1)/T)
c
c UNITS ARE A : ATM=M=33/KMOL B : K
c
IMPLICIT REAL*8(A-H,0-2Z)
c

DIMENSION A(5),B(5),HENRY(S)
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A(1)=20.73
A(Zz)=818.3¢
A(8)=11.28
Al4)=3E224¢.18
A(S)=883084.73

E(1)=1018.58
E(2)=-849.1
E(3)=1288.8
B(4)=-4307.
E(E)}=-4880,

Do 10 I=%,E
HEMRY(I)=A(I)=*DEXP(B(I)/T)

RETURM
END

TR SR i e e e e D M L N e T R S R 8 (= e e e e " . S e =k S = A S e A S . - -

SUBROUTINE CPGAS(N,Y,T,HEATCP,CPHASS,CONT)

THIS SUBROUTIME PROVIDES HEAT CAPACITY DATA
FOR METHAMOL SYNTHESIS,
ALSC USED TQ CALCULATE HEAT OF REACTIOM DATA

N :COMNTROL VARIABLE
O:0NLY HEAT CAPACITY IS TG BE CALCULATED
1:0NLY HEAT OF REACTICN IS TO BE CALCULATED

Y :MOLE FRACTIONS

T :TEMPERATURE (K)

HEATCP :MOLAL HEAT CAPACITY (KuJ/KMDL-K)

CPASS :MASS HEAT CAPACITY (KJ/KG-K)

CONT :COMTRIEUTIOM TG REACTION ENTHALPIES

CP(I,J) ARE THE CONSTANTS FOR HEAT CAPACITY EQUATION
CPEAS(I)=CP(I1,1)+CP(I,2)*TC+CP(I,3)*TCx%2+CP(1,4)%TC*=3
UNITS ARE  CPGAS:KJ/KMOL-K, T:K

IMPLICIT REAL=8(A-H,0-2)

DIMENSION CP(7,4),CONT(2),AM(7),SUM(7),Y(7)

DATA AH/28.,44.,2.,32.,18.,28.,186./

co

CP(1,1)=28.82

CP(1,2)=.411E-02

CP(1,3)=.3848E-08

CP(1,4)=-2.22E-08

cG2

CP(2,1)=38. 11

CP(2,2)=4,233E-02

CP(2,3)=-2.887E-05
CFP(2,4)=7.485E~08
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o000

20

H2

CP(3,1)=28.84
CP(3,2)=.00765E-02
CP(3,3)=.3288E-05
CP(3,4)=-.8698E-09

CH30H

CP(4,1)=42.93

CP(4,2)=8.301E-02
CP(4,3)=-1.89E-05
CP(4,4)=-B.03E-08

H20

CP(5,1)=33.46
CP(5,2)=.688E-02
CP(5,3)=.7B04E-05
CP(5,4)=-3.593E-09

N2

CP(6,1)=29.
CP(6,2)=.2199E-02
CP(6,3)=.5723E-05 \
CP(6,4)=-2.871E-09

CH4

CP(7,1)x34.33
CP(7,2)=8.711E-02
CP(7,3)=.3363E-05
CP(7,4)=11.0092E-~09

TC=T7-273. 15

IF(N.EQ.1) GO TO 40

DO 20 I=1.,7

SUM(1)=0.

CONTINUE

DO 10 I=1,7
SUM(I)=SUM(I)+CP(I,1)+CP(I,2)*sTC+CP(1,3)sTC*22. 4CP(1,4)*TC**3.
CONTINUE

HEATCP=0.

CPMASS=0.

DO 30 I=1,7
CPMASS=CPMASS+SUM(I)*Y(I)/AM(I)
HEATCP=HEATCP+SUM(I)*Y(I)

RETURN

A1=CP(4,1)-2.*CP(3,1)-CP(1,1)
A2:=CP(4,2)-2.5CP(3,2)-CP(1,2)
A3=CP(4,3)-2.5CP(3,3)-CP(1,3)
A4=CP(4,4)-2.+CP(3,4)-CP(1.4)

B1=zCP(5,1)+CP(1,1)-CP{3,1)-CP(2,1)
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22=CP(5,2)+CP(1,2)-CP(3,2)-CP(2,2)
B3=CP(5,5)+CP(1,3)-CP(3,3)~CP(2,3)
Ba=CP(5,8)+LP(1,4)~CP(3,4)-CP(2,4)

COMTE1)=A1=(TC-25. )+AR=(TC==2,-25.%x2_ )= 5+

= AZ/8.%(TCx=x3,-28.%%3, )+A4/4 . =(TC*=4,-28.224)

CONT(2)=B1=(TC-238.)+B2=(TCx=2, ~-25.%x2 )= B+

* BE/3.%(TC=x=3,-25.5%3,)+B4/4 . x(TCx=4, -25, £=4,)

RETURHY
END
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SUBROUTIME RHEAT(T,HEATR)

PROVIDES HEAT OF REACTIOH DATA FOR METHANOL
SYNTHESIS.

T TEMPERATURE , K

HEATR :HEAT OF REACTION , KJ/KMOL
1:METHANOL FORMATION
2:C02 REACTION

I¥PLICIT REAL=8(A~H,0-2)
DIMZNSION HEATR(2),Y(7),CONT(2)
CALL CPGAS(1,Y,T,HZATCP,CPMASS, CONT)

HEATR(1)=-95820.+C0NT(1)
HEATR(2)=£1270.+CONT(2)
RETURM

END

SUBROUTINE HOLDUP(UG,DC,DENM,STEN,VIS,EG)

EVALUATES GAS HOLDUP VALUE FOR BUBBLE-COLUEM
USING AKITA-YOSHIDA’S CORRELATION

UG :SUPERFICIAL GAS VELOCITY (m/s)
DT  :COLUXM DIAMZTER (m)

DEH :DEMNSITY (kg/m==3)

STEN :SURFACE TEMSIOM (N/m-s)

VIS :VISCOSITY (kg/m-s)

EG :GAS HOLUP (-)

INMPLICIT REAL=8(A-H,0-2)

G=85.8

VISK=VIS/DENM

A= (G=DC==2 *DEN/STEM)==(, 1235)
B=(G*DC=x3., /VISK==2, )*=(1./12.)
C=UG/D3QRT(G=DC)

D=, 2=Ax3=C

EG1=D
EG=(1-EG1)==4,%D
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IF (DABS((EG-EG1)/EG).LT..01) GO TO 10
EG1=(EG1+EG)/2.
GO TO 20
10 RETURN
END

a0

SUBROUTINE MASSTR(N,UG,DC,DEN,STEN, VIS, DIF, 6 AKLA)

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

N :NUMBER OF COMPONENTS

UG :SUPERFICIAL GAS VELOCITY (m/s)

DC :COLUMN DIAMETER (m)

DEN :DENSITY (kg/m==3)

STEN :SURFACE TENSION (N/m-s)

VIS ;VISCOSITY (kg/m-s)

DIF :DIFFUSIVITY OF THE SPECIES (m=x2/s)

AKLA :VOLUMETRIC MASS TRANSFER COEFFICIENTS (1./s)

0O0O000000O000000

IMPLICIT REAL*8(A-H,0-2)

O

DIMENSION DIF(N), AKLA(N)
CALL HOLDUP(UG,DC,DEN,STEN, VIS EG)

G=9.8

VISK=VIS/DEN

A= (GeDC**2.*DEN/STEN)==( .62)
B=(G*DC*x3./VISKx*2. )ss( . 31)

DG 10 I=1,N

10 AKLA(I)=.8sDIF(I)*DSQRT(VISK/DIF(I))=AxBsEGs=(1.1)/DCx=*2.
RETURN
END

000

SUBROUTINE HEATDF(DEN,CP,DL,DH)
HEAT DISPERSION COEFFICIENT

DEN :DENSITY (kg/m=x3)

CP :HEAT CAPACITY (kJ/kg-K)

DL :LIQUID PHASE AXIAL DIFFUSIVITY (m=s2/s)
DH :HEAT DIFFUSION COEFFICIENT (kJ/m-s-K)

0O00O0D0O0000

DH=DL *DEN=*CP

0

RETURN
END

SUBROUTINE SLUPRO(WCAT,6 DENL K DENCAT, VISL,CPL,CPCAT, DENSL,VISSL,
= CPSL)

Cc EVALUATES SLURRY PHYSICAL PROPERTIES
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WCAT :CATALYST WEIGHT FRACTION

DEML :LIQUID DEMBITY (kg/m==3)

DEMCAT :CATALYST DENSITY (kg/m==3)

VISL :LIQUID VISCUSITY (kg/m-s)

CPL  :LIQUID HEAT CAPACITY (kJ/kg-K)
CPCAT :CATALYST HEAT CAPACITY'(kd/kg-K)
DEMSL :SLURRY DENSITY (kg/m=x3)

VISSL :SLURRY VISCOSITY (kg/m-%)

CPSL  :SLURRY HEAT CAPACITY (KJ/kg-K)

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

COMROM/PARE/VCAT

VCAT= (DEMNL=WCAT ) / (DEMCAT -YCAT = (DENCAT~DENL) )
DEHSL=VCAT=5EHCAT+(1.-VCAT)*BENL
VISSL=VISL=(1.+4.5=VCAT)

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

RETURN
END
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SUBROUTINE LIQDIF(UG,DL,OL)

EVALUATES LIQUID PHASE DISPERSIOM COEFFICIEMT
USING SHAH-DECKHER’S CORRELATION

UG :SUPERFICIAL GAS VELGCITY (m/s)

DC  :COLUMM DIAMETER (m)

DL :LIQUID PHASE DISPERSICOMN COEFFICIENT (ms=2/s8)
IMPLICIT REAL=B(A-H,0-Z)
DL=.788=UG==(.32)*BC**(1.348)

RETURM
END

SUBRQUTINE SOLDIF(UG,DC,DS)

EVALUATES SOLID PHASE DISPERSICN COEFFICIENT
USING KATO EL.AL.’S CORRELATICN

UG :SUPERFICIAL GAS VELGCITY (m/s)

DC  :COLUMN DIAMETER (m)

DS :SOLID PHASE DISSERSIOM COZFFICIENT (m==22/s)
IMPLICIT REAL*8(A-H,0-2)

G=5.8
FR=UG/DSQRT(G=DC)
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0O00

BOC=13 . sFR/(1.+8 =FR=*x( . 85))

DS=UG=DC/BOC

RETURN
END

SUBROUTINE REAC1(T,C,RATE)
CALCULATES THE REACTION RATES BY BERTY'S EQUATIONS

T :TEMPERATURE (K)
C :CONCENTRATIONS VECTOR (kmol/m==x3)
1 :CO 2 :C02 3 :H2 4 :CH30H 5 :H20

RATE :REACTION RATE (kmol/kg-sec)
1 :Methanol reaction
2 :Shift reaction

IMPLICIT REAL=*8(A-H,0-2)
DIMENSION C(7),RATE(2)

R=.082

AKK1=z3.27D-11*EXP(11678./T )= (RsT)x=x2
AKK2=1.17D+02+EXP( -4827./T)

AK1=39 . 144<EXP(-7488.7/T)

AK2= . 01188+EXP(-5068.4/T)

RATE( 1)=AK1%(C(3)-C(4)/(AKK1%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
IMPLICIT REAL*8(A-M,0-2)

COMMON/PARS /BOS , BOLST

AxBOS*DEXP((BOS-BOLST)=*(1.-X))-BOLST
B=B0S-BOLST
CATDIM=A/B

RETURN
END

e S . e W e e e e e = = e = - = - =

SUBROUTINE INTER(P,TF X, TET,CLIQ.T)

CALCULATES ACTUAL CONCENTRATIONS AND TEMPERATURE FORE
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DIMENSIONLESS VALUES

GP P :PRESSURE (atm)

TF :T FEED TEMPR ERATURE (k) K)

X :DIMEMSIOMLESS CO LIQUID PHASE CONCENTRATION (-)
TET :DIMENSIONLESS TEMPERATURE (-)

CLIQ :LIQUID PHASE COMCEMNTRATIOMN (Kmol/m#=# 3)

T :TEMPERATURE (K)

IMPLICIT REAL=8(A-H,0-2)

DIHENSION HEMRY(E),X(5),CLIQ(S)
T=TF=(1.+TET)

CALL SOLUB(T,HENRY)

Do 10 1=1.8
CLIQ(I)=P=X(I)/HEMRY(I)

ETURM
END
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SUERDUTINE CALPRO(M,YO,X0,Q,STG,STL,BOL,Z,Y,X,DERX)

PROVIDZS A SOLUTION ANALYTICAL SOLUTIGHN TO THE PROBLEM
N :NO OF COMPOMENT

YO :GAS FEED CONCENTRATIOM (mole fraction)

X0 :LIQUID FEED CONCENTRATIOM (dimensionless)
Q :FLDYW RATE RATIO (1iquid/gas)

STG :GAS FPHASE STAMTOM NUMBER

STL :LIQUID PHASE STANTON NUMBER

EOL :LIQUID PHASE BODENSTEIUN NUMBER

Z :AXIAL COORDINATE (dimensionless)

Y :GAS PHASE COMNCENTRATICM

X :LIQUID PHASE CONCENTRATION

DERX :DERIVATIVE VALUE dX/dZ

IMPLICIT REAL*8(A-H,0-2)

DIMZNSIQNM YO(M),XO(N),STG(N),STL(N),Y(N),X(N), DERX(N)

oo 160 I=1 .M

AL=STG(I)-Q*B0L
BET=8B0L=(STE(I)*Q+8TL(I))

GAM=B0L=* (STL{I)=YO(I)+STE(I)*Q*X0(I))
R1=~.Ex(AL+DSQRT(ALx*2. +4 *BET))
R2=.,B=(~AL+DSQRT(AL=*=2. +4 =RET))

Az (R1=Q=BOL=XQ(1)+GAX)*DEXP(RY)
B=(R2*Q=B0L=X0(1)+GAM)*DBEXP(R2)
C=R1={R1+Q+EBOL+AL)=DEXP(R1)

D=RZ* (R2+0=B0L+AL)*DEXP(R2)

A=(A-B)/(C-D)

C1=-GAY%/R1/R2

IF(Q.NE.C.) GO TO 2t
A=R1=(R1+AL)=DEXP(R1)-R2=(R2+AL)*DEXP(R2)
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A=GAM=x (DEXP(R1)-DEXP(R2))/A
C2=(R1*A* (R1+AL)-GAM)/(R1-R2)/R1
C3=(R2*Ax(R2+AL)-GAM)/(R2-R1)/R2
GO TO 41

CONT INUE

C2=R1=(A*x (R1+Q*BOL+AL)-Q*BOL*X0(I))-GAM
C2=C2/R1/(R1-R2)

C3=R2*(Ax(R2+Q*BOL+AL)-Q*BOL*X0D(I))-GAM
C3=C3/R2/(R2-R1)

CONTINUE
X(1)=C1+C2«DEXP(R1%Z)+C3*DEXP(R2+Z)

DERX(1)=C2*R1*DEXP(R13sZ)+C3*xR2+DEXP(R2s2)

Y(I)=YO(I)+STG(I)/STL(I)*(DERX(I)/BOL-Q*{X(1)-X0(1)))
CONT INUE

RETURN
END

L e R R et Tt T gy VD

SUBROUTINE INPUT1

THIS SUBROUTINE PROVIDES THE INPUT DATA TO THE BUBBLE-COLUMN
SLURRY REACTOR FOR METHANOL SYNTHESIS SIMULATOR.

IMPLICIT REAL*B(A-H,0-2)

COMMON/PAR1/QFG, QFL
COMMON/PAR2/YF1(7),XF1(5),DENC
COMMON/PARS/P, TF , AL ,UGO, DP, WCAT ,CPCAT ,DC,STG(S),STL(5),BOL, PE

OPEN (UNIT=12,FILE='INPUT1.DAT’)

READ(12,*) DC

READ(12,%) AL

READ(12,%) P

READ(12,=) TF

READ(12,x) QFG

READ(12,=) QFL

READ(12,*) (YF1(I),I=1,7)
READ(12,*) (XF1(I1),I=1,5)
READ( 12, %) WCAT
READ(12,*) DENC
READ(12,=) DP

READ(12,=) CPCAT

RETURN
END

Rl R e i T S S U

SUBROUTINE TERVEL (DENL,DENCAT,WCAT,DP, VISL,UTER)
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EVALUARTES TERMIMAL VELOSITY CITY FOR A PARTICLE IN THE SYWARH

DEML  :LIQUID DENSITY (kg/M==3)
DEMCAT :CATALYST BENSITY (kg/m*==#3)
WCAT :CATALYST WEIGHT FRACTION

DP :PARTICLE DIAMETER (m)

VISL :VISCOBITY (kg/m-s=¢)

UTER :TERMMINAL VELOCITY (m/sec)

O000CO0OO000

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

0

G=S.8

(2]

ITER=0

AR=DEML = (DEMCAT-DENL ) 5G#DP==3. /VISL==2.
RE=AR/18. :

30 IF(RE.LE..5BC0) GO TG 20
RE=(AR/13.8)%=.7
IF(RE.GT..5000) GO TO 20
IF(ITER.GT.20) GO TO 20
ITER=ITER+1

‘ GO TO 30

20 UTER=VISL*RE/DP/DENL
RETURN
END

I-C-37



I-C~9 Sample Output from Bubble Column Slurry Reactor Simulation
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ADIABATIC BUBBLE-COLUMN SLURRY REACTOR SIMULATION
FOR

METHANOL SYNTHESIS

ata aleala afa nle o wla ole e ole la nle nle ate mls ale ate ol als ale ate ot oln ote o ofe ale ale afe ale als ale ate ato e nls ata ale ale ala e 4l ale ale ol ade ot o ale ol ot
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SUMMARY OF THE INPUT DATA

Sededferrdedoddeesednt REACTOR CHARACTERISTICS sedrdvrdesedse

TER = 4.00000 m
H = 8.00000 m

ihindolds FEED CHARACTERISTICS #rbsedrdfedodossrseds

INLET TEMPERATURE = 500.00000 K

PRESSURE = 70.00000 atm

GAS FLOW RATE = ,48064E+02 Nm¥™*3/sec

SLURRY FLOW RATE = .31416E+00 m**3/sec
SUPERFICIAL GAS VELOCITY = 0.10000 m/sec
FLOW RATE RATIO (slurry/gas) = 0.25000

FEED COMPOSITIONS
COMPONENT GAS SLURRY

o ate
mole frac. (kmol/m¥**3)
seorsbdesrsst v ek Yose v deskdesede ot Fedededededede ook

Co 0.25000E+00 0.00000E+00
coz2 G.10000E+00 0.0000CE+00
HZ2 . 0.50000E+00 0.00000E+00
CH30H 0.00000E+00 0.00000E+00
HZ0 0.00000E+00 0.00000E+00

*¥CATALYST CHARACTERISTICS**

CATALYST LOADING =  30.00000 7% WEIGHT
DENSITY 1980.00000 kg/m**3
DIAMETER = .50000E-04 m

ot

OUTPUT SUMMARY

CONVERSION 1 .12194E+00

CONVERSION 2 .23833E-02 '

QUTLET TEMPERATURE = 510.49245 K

SPACE VELOCITY = .90359E+01 Nm**3/kg-hr

SPACE TIME YIELD = .27546E+00 Nm**3 gas converted/kg-hr

ft
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LENGTH
DIMENSIONLESS ACTUAL (m)

EXEEBXEERRE

. 0000

0

0.
0.
0.
0.
0.
0.
0.
0.
0.
1.

SEXREERERN

PNARBALIN=O0

co
EERERERRER
-2500E+00
.2234E+00
.2186E+00
- 2137E+00
.2117E+00
.2099E+00
.2084E+00
.2071E+00
.2081E+00
.20S3E+00
. 2049E+00

GAS PHASE MOLE FRACTIONS
Cc02 H2

EEAEERRTEN
. JOOOE+00
.9258E-01
-9156E-01
-9140E-01
.9135E-01
.9133€E-01
.9130£-01
.8128E-01
.9127€E-0t
.9128E-01
.9125E-01

EXEEXERERE
- S000E+00
.4381E+00
.4274E+00
.4227E+00
.4190E+00
. 4158E+00
.4127E+00
.4102€+00
. 4082E+00
. 4089E+00
.40681E+00

CH30H

I IIT RIS
.2700E-28
. 1944E£-01
.2152€-01
.2287€E-01
.2408E-0O1
.2513E-01
. 2604E-01
.2878E-01
.2735E-01
.2773E-01
.2790E-01

H20
EEEETENEER
.6141E-30
.3926E-03
.4229€-03
.4459E-03
.4662E-03
.4837E-03
. 4985E-03
-5104E-03
.5194E-03
.5253E-03
.5279E-03
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LENGTH
DIMENSIONLESS ACTUAL (m)

LR 222 L2 2 3]

[~

.0000

0. 1000

=0000Q000

.2000
. 3000
. 4000
. 5000
.8000
. 7000
. 8000
. 8000
.0000

LR 2 2233 3 3

DINDNELAIWNLDO

.0000
. 8000
.8000
. 4000
. 2000
. 0000
. 8000
.6000
. 4000
. 2000
.0000

LIQUID PHASE CONCENTRATIONS (kmol/mxx3)
co2 H2

kR REKKREKK
.9947E-01
.0950E-01
.D876E-01
-D794E-01
-B715E-01
.0644E-01
.OS82E-01
.9531E-01
.0492E-01
.9467E~01
.D458E-01

(22332771
.5444E-01
-5465E-01
.5468E-01
.54682E-01
.5459E-01
.5456E-01
.5454E-01
.5453E-01
.5451C-01
.5451E-01
.5450E-~-01

L2232 T T2
. 2130E+00
.2127E+00
-2110E+00
.2091E+00
.2075E+00
. 2059E+00
-2046E+00
. 2036E+00
.2027E+00
.2022E+00
.2020E+00

CH30H
HRREREKK KA
.1798E-01
. 1B99E-01
.2026E-01
.2143E-01
.2247E-01
.2338E-01
.2415E-01
.247TE-01
L 2522E-01
.2561E-01
.2561E~-01t

H20
(232 2T T 3
.3939E-03
.A4153E-03
.4401E-03
.4622E-03
.4817€-03
.4983E-03
.5123€-03
.5233E-03
.5314E-03
.53G4E~-03
.85382E-03
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LENGTH

DIMENSIONLESS ACYUAL (m)
EXSURBE RN EREREXEXRE
0.0000 0.0000

0. 1000 0.8000
0.2000 1.6000
0.3000 2.4000
0.4000 3.2000
0.5000 4.0000
0.8000 4.8000
0.7000 5.8000
0.8000 8.4000
0.9000 7.2000
1.0000 8.0000

DIMENSIONLESS LIQUID PHASE CONCENT
co2 H2

BREEREE KK
.2158E+00
.2158BE+00
.2141E+00
.2122E+00
.2105E+00
.2089E+00
.207SE+00
.2084E+00
.20SSE+00
.2049E+00
.2048E+00

EEREERNERE
.8099E-01
.9137E-01
-9138E-01
.9138E-01
.9134E-01
.9131E-01
.9128E-01
.9127E-01
.9126E-01
.9125E-01
.9125E-01

EXEREXE KKK
.4292E+00
.4284E+00
.4248E+00
. 4208E+00
. 4173E+00
.4141E+00
.4114E+00
.4091E+00
. 4074E+00
. 4083E+00
. 4080E+00

CH30H
EXEEERERES
. 1944E-01
.2057E-01
.2198E-01
.2327E-01
.2443E-01
.2544€-01
.2830E-01
.2699E-01
.2750E-01
.2782E-01
.2793E-01

RATIONS

H20
EEREEREREL
.3828E-03
.4043E-03
.4292€E-03
.4514E-03
.4710E-03
.4878E-03
.5019E-03
.5131E-03
.5213E-03
.5263E-03
.5281E-03




LENGTH
DIMENSIONLESS
Sl bRt veRe *

0.00000
0.10000
0.20000
0.30000
0.40000
0.50000
0.60000
0.70000
0.80000
0.90000
1.00000

ACTUAL (m)

dedfededededededededest
0.00000
0.806000
1.60000
2.40000
3.20000
4.00000
4.80000
5.60000
6.40000
7.20000
&.00000

TEMPERATURE
DIMENSIONLESS ~ ACTUAL ()
Fedededededededededede s dedrdkvese kbt

0.19945E-01 509.97264
0.20143E-01 510.07142
0.20320E-01 510.15976
0.20475E-01 510.23769
0.20610E-01 510.30522
0.20725E-01 510.36236
0.20818E-01 510.40913
0.20891E-01 510.44554
0.20943E-01 510.47158
0.20974E-01 510.48722
0.20985E-01 510.49245
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LENGTH

DIMENSIONLESS

Yo skt Yoo dedk ek ke ke

.00000
. 10000
. 20000
. 30000
. 40000
.50000
.60000
. 70000
.80000
.90000
.00000

OO0 O0OO0OOO0O0O0O0O0

ACTUAL (m)
dehves ke x

00O BN~ OO

.00000
.80000
.60000
. 40000
.20000
. 00000
.80000
.60000
. 40000
.20000
.00000

CONVERSION 1

3¢9 ¥ Yo o Jo dede fe Yook K

OO OO OOODOODOOO

. 10298E-01
.85574E-01
.94314E-01
. 10019E+00
.10541E+00
. 11000E+00
.11392E+00
. 11714E+00
.11958E+00
.12121E+00
.12194E+00

I-C~94

CONVERSION 2

I fede Yo v de Ye e de e e ke

QOO OO OOQOOOQOQO

.23072E-03
.17827E-02
.19158E-02
.20187E-02
.21092E-02
.21875E-02
.22533E-02
.23064E-02
.23462E-02
.23721E-02
.23833E-02




. LENGTH CATALYST CONCENTRATION

DIMENSTIONLESS  ACTUAL (m) DIMENSIONLESS  ACTUAL (% WEIGHT)

R g e o T dededidetdeddede oo dededededededededest e Yedededeolddrdededooed
0.00000 0.00000 0.10494E+01 31.48071
0.10000 0.80000 0.10445E+01 31.33611
0.20000 1.60000 0.10397E+01 31.19075
0.30000 2.40000 0.10348E+01 31.04463
0.40000 3.20000 0.10299E+01 30.89774
0.50000 4,00000 0.10250E+01 30.75007
0.60000 4,80000 0.10201E+01 30.60163
0.70000 5.60000 0.10151E+01 30.45240
0.80000 6.40000 0.10101E+01 30.30239
0.90000 7.20000 0.10051E+01 30.15159
1.00000 8.00000 0.10000E+01 30.00000
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FEFZRT MOFROPERTIEZ BLOCKS STREAMS FLOWSHEET
HISTORY HEG-LEVEL PRGPERTIES=2 STREAMS=¢
DEFINE THE PROEBLEH

ITLE "ZIMULATION OF DIRECT COAL LIGUEFACTIOM REACTOR AND PREHEATER’
DEZCRIFTION "THIZ IZ AN EXAMPLE FOR ADAPTING USER WRITTEN HMODELS
TO THE RASPEN SIMULATOR. THE FROGRAM CHOSEN I5 THE
CIRECT COAL LIGQUEFACTION ONE. THE ONLY PIECES OF
EQUIFPMENT ENCOUNTERED IN THE FLOWSHEET ARE THE FREHEGTER
AND REACTOR, WHICH ARE LUMFED INTO ONE BLOCK CALLEC FPR.*
g SELECT UNITS OF MEASUREMENT
In-uMNIT: 51
CUT-UNITE 51

SFECIFY FLOWSHEET CONMECTIWITY

FLoUWSHEET
gLOCK FR OIN=GASIN SLURRYIN OUT=GASOUT SLURRYOUT

H-CGPTIONS ENERGY-BAL=0
LIWTAZET~REFORT DEZCRIPTION NOTOTEBRL
LOCV-REPGRT TOTEBAL
TREAN-REFORT MOLE-FLOW
FOF-DATA COMF-LIST &F1 SP2 SP3

el MW 1 1 166, s6. S@.

AT -

T M T a

ZFECZIFY THE COMPONENTS
COMFGHNENTS HZ HYDROGEN/NZ NITROGEN/SP1 SP1/%F2 SFZ/5P3 SP3
SFECIFY FEED STRERMS

ZTREAM GASIN TEMP=4GE FRES=15.2EB&% FLASH-OPTION=NOFLASH
MOLE-FLOW H2 B6.8813375/N2 B8.8813375

ZTREAH SLURRYIN TEMP=466 FRES=15.2EBS FLASH-OFTION=NOFLAGH
HRZS-FLOW SP1 8.315¢%

SFECIFY BLOCK DRTA

LECKH PR USER s USER INDICATES USER WRITTEN MODULE
BLOCK-CPTIONS ENERGY-BAL=S
SUBROUTIMNE USRDCL USRDCL
FrRaM NREAL=2Z NINT=1Z
INT 3 3 22188312z ¢
REAL 4$BB8. 786. .81 36.%8 4B7. .89 .45 1.2 .08BB512 &

2B, 1.3 3213, 21066, EE@. 778, &
24,

24, 12I88. 2., 12209. i122ew, 24¢. 12288,

e -

(2]

H

I-D-3
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FINITION OF FARRAMETERS IN REAL AND INTEGER AKRAYS
ARRRAY
Le2ngen 2F prak2ater [Com)

or

[0 I A A

Len3th reaceor Com]
Diamakair J3F prakearer [om]
Siamecer of reaceor [om]
Tamparature OF furnace [deg C1
Zpecific heat oF g9ag [cal/am/deg CJ
WEighted avarag2 specifi¢c rear of slurry [cal/sgmrsdeg O3
Free~ArGneéntial factor fFOr Hydrogen s0lubility temperature
dapanganca,
CifFuzivity OF gags [z8.c0m, /888 ]
Surface w2ns3i10n of slurry [dyne,/am)
Cencsity oF slurry [(gm/c2]
12
Activacion ener3y For hydrogen consumption kinetics (&
H2at aFf raaltcion FIr hydrogen consumption (2al/am)
HEOt OF dissclution Ccocal/ /gm]

Arrrenius factor foar r@adtion 1 in prer2ater (17353

mobivacion energy for reacticn 1 in prenhedater [cal/gmoclel
aM2 A3 1& fFoGr rxkn 2 in prereatrerl/s]

Tame as 17 FOr ©mXn 2 in prenheater (cal/gmcle]
sames A3 1a& FOr rxn 1 in reackor [1/3)

zame % 17 FOor rxXn 1 in reactor [cal/gmole]
sams Qa3 [& far rxn 2 in reactor [1/9]

zame &% L7 rfor rxXn 2 in reasctor [calsgmolel]

MTEGER ARRAY

b, OF spalieés reacting in prereatcer
NO, OF =pecietz reacting in reactor

a, 2f r2acti10dnd in pra2reater

NG, GF reactiones in reactor

TQ3de AFf re2actant FOr rxn 1 in prrkeaternr
Qcde oF product fFaor rxn 1 1n prenheater
fo0da of r@acktant faor r«n Z in prereater
ocde OF procduct fFor ©°Xn 2 in preheater
oZda of r2actant Far rxn 1 in reactor
Ccde OoFf produce for ™xXn 1 in reaceor
2ada af faactant fFor mxn 2 in reactor
Soge GF Produce for rxn 2 in reaccor

1

IMPOSE DESIGN SPECIFICATIONS AND RUN TIME CRITERIA  HERE

1-D-4

Freéaxpinentsial FAsHEOT FGr Hydrogen consumptidon kinateiss [
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USER Model Subroutine USRDCL
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SUBROUTINE USRDCL (NSIN. NINFI, SINI1. SINZ, SIN3, SIN=-:
SINFGC., N5UBS, IDX5UB, ITYPE, NINT, IHT, NREWL.
REAL, IDS, NFO, NEOPST. NIW, IW., NW, W, NSIZE. SIZE:

IMPLICIT REAL®¥B(R-H,Q0-21

COUBLE PRECISION L. KBARP, KBARR

DIMENRION SIN1CL), SINZ(1), SINI(1), SIN&(1),
SINFIC1Y), S0QUT1C(1), SOUTZ(1), SOUTI(1},
Z0UT& (1), SINFOC(1), IDXSUB(NSUBS)., ITYPE(NSUBS).,
INT(NINT:,» REARL (NREAL)Y, IDS(2,13i, NBCGPST(I,NFC:,
IW(NIW,, WINW), SIZE(NSIZE)

DIMENZION VG5, VLS LS50 (D)

DIMENSION GRMMACS),, GAMS (5), GAMR (5 .

FLUK(E: v HT(S5) ALFAS) » TIME (5:

DIMENZION RL<5:.RP{5),IFPO{10)

CIMENSICH ZKLAC3:, EG(S:

GIMENSION KBARP(Z0.20).,.KBRRR(ZG,26),CO0EFFP(20@,26)

CIMENSION COEFFR(268,20),ECP(20,28),ECR(28,20),CFI (18}

ZOMMON SUSER/ RMISS, IMISS, NGBRL., IPRSS, IRESTR, ICONVG:.
LM3G, LPMSG, KFLAG, NHSTRY, NRPT, NTRMNL., ISIZZ

COMMON SNTOME/ NCC, KNNQC

SOMMON SIDSCCs IDSCC(2, 1)

TOMMON STIDSHIC/ TDSNCC(I, 1)

COMMOMN SIDXNCC/ IDXNCC(1)

ZOMMOW SIDXZCs IDRCC LD

COMMOR SMUWs XMW1,

ZoMKMoON SRPTGLBS IREPFL, I5UB(18)

COMMONSZL S KBARP,ECP, COEFFF

COMMON/SZ11/ KBARR,ECR,COEFFR

COMMON/ZZ, CPI

ZOMMON SRS VGSULLLD

SOMMON sB/ TIL.HIL.CGI,AGPI1.ALPI.TEMFI,TEMY
COUMMON 2/ RHOA,RHOG,LILSIG/R,G

ZOMMON . Ds CPG,CFBAR.E,DHR,DHS, ZKBARK

COMMOH/DDY HBAR

~oMMON /DDD/ DHSTAR,ESTAR, GAMMA, GAMS, GAMR, RL :RF
yFLUXVHT . ALFR

ZOMMON SEY ZKLR,EG

QOMMONSZS Y TIME

COMMON/Z215/ TEMPAR,RGFA,ALPR, TEMFO,RGPO,ALFO

QOMMON/Z14, ZRTEMP, ZRAG: ZRAL

SAMMONsT S NSPH, NSFR

COMMONSZ7 5 CRG

[-D-6
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Lo L J=1,28
DO 1 I=1.28
FERRFII I =08,.08
KEARR (I, J)=6. @
EQF (I, Jy=0.5
ECRII,JI=0,6
QOEFFR(I,J3=B.3
COEFFRII.=6.0
QONTINUE

MTFH=INT 1)
NEFR=INT (2
NEF=INT 30

RER=IMNT (%}

b= E

br=l4&

DO 26 I=1.MEP
IT=IKT ns

JUsINT oK+12
COEFFPLIL  Jdy=1.8
REBARPIII,JJI=RERL (KK
ECFiIL s =REAL(KE+1}
EZR{II,Jdi=ECPRY {I1,d4J/RATIL
K=p+2

KE=KK+Z

CONTINUE

OO0 Z1 Is1.HKR

II=INT vk

JI=INT K413
CGEFFRUITJA=1.0
RERRRIIINJAI=REAL (KK
ECRIII,JJI=REAL{KK+1)
ECRIIL, JJY=ECR(II,JJ} R/TIL
K=K+l

A N

CONTINUE

CALL PHEATR
wHbLL PHERTC
Call REATEH
CTALL RERCTC
sallL STEALDY

e e s TUPRLlY OUWEPpUL

1-D-8
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RE=3Z,037

f=1.%87

G=%21.0

TIL=SINL NI+

L LLP=ERERL LD

-2y =FREAL DY

Dali=RERL LI

oy =EREAL (%)

TH=FERL 12

CPGa=REAL (&

TRERR=REAL (T

HEMR=REAL 2

DI=REAL (5

SIg=rREAL (L3

"HOs=RERL 1110

IKBRR=REAL (12

E=RE~SL 113

DHR=REAL (14

CHS=RE&AL VLS

ToT=53INZ INCC+1 #3INZ INCC+9)
SPIeLy =3I (T MUY /TCT

SPITAD =R INZ(A) vXMULL) STOT
QPI(T=SIN2(S)#XMW(S)/TOT
WRITE/NTRMHL,%) ' CP1 =",CPI(1),’CPZ =',CPI ()
F=ZINL(NCI+32)/3,1813E6¢
MOLGESINLINIC+1) =« 10088, *RR*TIL/F
TH=TH+273,
VOLLESINZ INCC+13 #1000, /RHOR® UMW (T

WRITEZ (NTRMNL, #) 'VOLL=',VU0LL, 'VOLG="',VOLG
oo 1g I=1.2

WETr=VoLG/ D) %2, Bx0, 780)

LT sUOLL (D(L)#*242,0%8, 726

CTONTINUE

CaImP S (RR-TIL) # XMW (1Y #SINLIC(L) /7SINL (N2C+1)
RHCG=CGI
mcFI=1.0

ALFPI=

TEMFI=G,. G

EMW= TH=-TIL) “TIL
DHRTRR=DHS . (R&TIL:

ESTAR=E -~ (R4TIL

AIL=HBEAR*® (EXP(-DHSTAKY)

CRLL HYDRG(Z:
o1t Is1.2
FLiI =S KLA(I) LIy ®HIL/VG(D)
GRAMMA (DY =VL (I VG (DD
FRII;=IKBAR® (1-EG(I))#L (] /UG<D)
TINE (L= vI)mCl ,=-EGCI) ) # VL (L)
FLU (T =Gl *RHOG=CPG+VL (1) *RHOA®CPRAFR
GRMS(I)=(CGI#VG(I)#DHS) /TIL/FLUX (I}
MHRCID = (CRI#VG TV #DHR) /TIL/FLUX (T
ET~=8.05-5,
AT 1 =BETR«VL I *%0.,. 3700 %%l , 2
SLF&a (L =HT Iy v Dl ml (DY s FLUX (T
CONTINUE

&

m

[-D-7

CP3=’

»CP1I




SCUTL (L) =UGLG*ZRAG*1 . 8E-83
SAUTZ (1) =OLL#ZRAL®1.,8E-B3
SOUTLCZr=3INTCE) MW (2
SOUTS(Zr=a. ¢

CQZE I=ZONCE

SHUTLITIYy=G.6

SOUTZA I =UVOLL#RHOA#CPO(I-2)#1.8E-83

COMTIHNUE

TUMLI=E. &

SUM2=3.3

TUN3=G. @

SUMe=30.3

0O 31 I=1.M20
SUML=SUMLI+SOUTL (T
SUMZ=2UNZ+30UTS (T
ST =sSGUTL L) AXHULTS
’“UT:(Iﬁ“:GUTE(I)fXHU(I3
SUMIT=SUMT+SUTLI (I
2UM&A=5UNMS+20UT2 L1
QONTIHUE

AMl=2UM1S5UNS

AMI=SUMZ SlMs
QOUTL{(NO2+7)=AN1

SOUTZ (H2C0+9r=aH2
SOUTIINCC+1Y=5UHRL1 /AN
SOUTZ(NCC+11=SURS AN
SOUTLII{NCC+Z)=ZRTENF
SOUTL (HQC+Z)=SINT (NCC+3:
FWUT"(NC”+:)‘7RTEHF
SUUTIZI(NCQ+Tr=SINS (HQOC+3

REZTUEN
EJE

I-D-9



ASPEN Generated Output
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. HOFEN BYITEM RELERSE S DRTE: 7/18/85 PAGE
SIMULATISN OF CIRECT COAL LIQUEFACTION REAZCTOR AND PREHEATER

— DESCRIFTION
[S IS AN EXAMPLE FOR ADAPTING USER WRITTEN MODELS TO THE RSFEN
HULATOR. THE PRUGRAM CHOSEN 1S THE DIRECT COAL LIGQUEFACTIOHN
HE. THE SNLY PIECES OF EQUIPHMENT ENCOUNTERED IN THE FLOWSHEET
=~E THE FREHERTER AND RERCTOR, WHICH ARE LUMPED INTO OWNE BLOCK
ChRLLED PR,

RUN COMTROL INFORMATION
TVYFE CF RUN: NEW
INFUT FILE HWAME: INPUT
INRUT PROBLEM DARTA FILE MAME: RUNI UPDRTE NO. =]

Mall CRLLING PROGRAM NAME: RUNI

ny

IMULATION REQUESTED FOR ENTIRE FLOWSHEET

SYSTEH RELEARSE S DATE: 7/18/85 PAGE
RTION OF DIRECT COAL LIGQUEFACTION RERCTOR AND PREHERTER
TABLE OF CONTENTS

FLOWSHEET SECTION: s eavssvessoarnersnvsocecasans
FLOWSHEET CONNECTIVITY BY STREAMS. . .cieu.e
FLOWSHEET CONNECTIVITY BY BLOCKS. . ivevarss
COMPUTATIONAL SEQUENCE..vcevessnneransnans
OVERALL FLOWSHEET BALANCE.....civicercanars

[ Ve

U'O'S BLOCK SECTIONIllt..ll'll'l.lll'ltlllllIll
USER-MODEL (USER )¢ PRevesetesncrsvonne

LU ]

ETREQH SECTIONI.l'l'IIIII.'.I..IIIl....lll..l.l
DESCRIPTION OF STREAM CLASS CONVEN........
GASCUT SLURRYOU GASIN SLURRYIN.vevveenr s

4+ L1 O
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FETC H2PEN SYSTEM

P

RELERSE 3

DRTE:

7/18/8%

PRGE i

SIMULATION OF DIRECT COAL LIQUEFACTION REACTOR RND PREHEARTER
FLOWSHEET SECTION

[-D-12

FLOWSHEET CONHECTIVITY BY STREAMS
ZTREAM SOURCE DEST STRERAM SOURCE
GREOUT PR -——- SLURRYOU PR
GASIN -—-— FR SLURRYIN -~--
FLOWSHEET CONNECZTIVITY BY BLOCKS
BLIIK INLETS OUTLETS
PR SGA3IN SLURRYIN GRSOUT SLURRYOU
SOMPUTHTIONAL SEQUENCE
SEQUEHCE USEDR WAS:
FF
OVERALL FLOWSHEET BRLANCE
%% MASS AND ENERGY BALANCE ##»
IN ouT
CONMENRTIONAL COMPOMNENTS (KMGOL/SEC)
H 8.13375BE-82 B.623289E-03
na 8.133750E-02 9.1327%0E-82
2Rl @.315980E-062 B.814233E-0%
SF2 0.000060E+00 B.26B8104E-03
373 0.000000E+00 @.583303E-062
TCTAL BALANCE
HOLE (kMOL/SEQC) 8.583400E-02 B.B814334E-02
MARES (KG/SEC ) 0.35406% B.355424
ERTHALPY (WRTT B.336064E+30 B.3346324E+30

DEST

RELATIVE DIFF,

8.5339%0
2.0E25908E+E¢
6.97¢162
-1.82803
~-1.80060

-6.2836064
D.4043E0E-0C
0.484380E-0G2




-
~

HIER-MOCEL
InFdT

SUTRUT STREAMS GASOUT

£

- oo
T Uak

AS3FEN SYSTEM
SIMULATION OF

RELERZE

S

DATE:
DIRECT COAL LIQUEFACTION REACTOR AND PREHEARTER

7/18/85

J-0~S BLOCK SECTION

CIZER )t
GRZINM

FR
ZLURR
SLURR

5¥Y50PE

ITREAMS

EROFEZRTY OPTION 3ET

% MASS
CONMENTIGNAL COMPOMENTS
HZ
Ha

IF1

(KHMO

At 4l

mm
(B

TETal BALANRE
HALE(KMOLYSEQ)
MASS(KGSSEC )
INTHALFY (WRTT

YIN

You

AND ENERGY BALANCE ##=
IN QUT

L/SEQY

B.133736E-62
B.13373BE-62
6.3137GBE~-G2
B.006686E+88
6.000088E+0E

2.5834G60E~-G2

B.336B844
B.338045E+3Q

I-D-13

B.823289E~-03
B.133758E~-82
B.8146533E-04

. 248LB0&E-B3
B.583383E-BE

8.814354E-02
8.356624
B.3546246E+30

PAGE z

RELATIVE DIFF.

6.3339%8
8.068803E+348
8.974162
-1.680563
-1.080606

-6.283484
B.48%2380E-GC
8.40433GE-02



FETS VAX ASPEN SYSTEM

SIMULATION OF DIRECT COAL

RELERSE

b

3

CRTE:

DARTE:

7/18/8%
LIQUEFACTION REACTOR AND PREHEATEFR
STREAM SECTICON

PAGE

7/18/83 FRGE

CIRECT COAL LIQUEFARCTION REACTOR AND PREHEWTER

STREAM SECTION

SLURRYOU GASIN
PR
PR
CONVEN COMNVEN
E: CONVENTIONAL

.16182-93 8.28013
0.9 2.9013

.81&23-0¢ 2.0

. 26811-03 6.0
§.0083%38 8.9
0.00583 g.082s

743.65¢6 «08098.8800

. 135200-08 .1520602+08
MISSING MISSING
MISSING MISSING
MISSING MISSING
*7.997%2 15,0145

CEZIRIFTION OF STRERM 2LASS CCOCNVEN
STREAM ZLASH 2ONYVEN
SRS TRERME MIXED
TUBITRNM LLASS HIZED
FETZ VAx A3PEN SYSTEM RELERSE
SIMULATION OF
IRECUT SLURRYOU GRSIN SLURRYIN
STREAM ID GRA30UT
FROM PR
T
JLAS s CONVEN
SUBITREAM: MIXED STRUCTUR
-2 KMOL./SEC . %B8227-03
NT FMOL/SEC 8.0013
IFL KMOL/SEC 4.9
TRz ANMOL/SEC 8.0
iF2 oL /5EC 8.9
TLTAL KMAL/SEQ 0.0018
TEMF K 743.65%¢8
FRE: N/ SaM .15200+08
EUTHALPY J/KMGOL MISSING
GERRT MISSING
wF R0 MISSING
UG MW 21.1233
3

[-D-14 #U.S. GOVERNMENT PRINTING OFFICE:

SLURRYIN

PR
CONVEN

8.6031
«90Q.0900
.13200+08
MISSING
MISSING
MISSING
162.06000

1986-631-076/20103
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