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Using the minimum flow expected from the PyYrolyzer, the
diameter of the reactor should be 6.53 inches. A diameter

of 6.5 inches was selected for the actual reactor.
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Program to model a fluidized bed reactor

Declared Variables:

CE (30, 10)

CE(Z0,10C)

CCZ0,10

D{1dM

HT (30 -

FCE(LQO}

Bubble phase concentration,
moles/cu.cm.

{stage number, companent number)
Emuleion phase concentration,
moles/cu.om.

(stage number, componznt rumb=r)
Cloud phase concentration,

- moles/cu.crm.

(stage number, compcment nunbar?
‘Diffusion coefficient for gas
mixture, sg.cm.s/c

{component number}

Height of a partigular stage, om
(stage number)

Transfer rate from cloud to
emulsion, l/s

(component number)

KRR KRR AR R RN R KL ERRY

REAL CB(30,10),CE(30,10),CC(30,102,D(10) ,HT (IO},

+ FCE{10C

}

RISt b et sttt it Iy P e e T L Lt ]

Common Variables:

H
HJ
HC

DBO
DEM

sScoM =

E

VCF
vBPR
VEP
U=s -

BCOM - Parameters describing the entire bed

Height of the expanded bed, cm
Height of the jetting region, cm
Distance from top of jets to start
of bubbling, cm

Original bubkle diameter. cm

Mean bubble diameter for bed, cm

FParamters describing & particular stage

dnnonn

Void fraction, unitless

Volume o9f clouc phase, cut.rcno.
V&lume ¥ bubble phase, cu.cm.
Voiume cf smulsion phase. cu.ca.
Suparficial velocity of gas flowing
from the previous stage tc current
stage in bubble phzse, cm/s
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UES = Superficial wvelocity of gas flowing
fram the previous stage to currant
stage in emulsion phase, cm/s .

ucs = Superficial velocity of gas fiowing
from the pravious stage to current
stage in cloud phase, cm/s

FEC = Diffusive transfer from bubblzs to
cloud phase, 1/=
GCE = LCrossflow from cloud to 2mulsian

phase, cm/s
GEC = Crossflow fr-om bubble to clcocud ghase,
cm/=
Suparficial velocity of gas flowing
from the current stage Ls the naxc
stage in the bubble phass, cm/s
UESN = Superficial velocity sf gas fiowing
from the current stag=s to the next
stage in the emulsicn phase, cm/s
Superficial wvelocity of gas flowing
from the current stage to the next
stage in the cloud phase, cm/s

.C
3
@
-
!

c
¥
uw
r4
il

F 3333232232282 3 2222223223+ 2 022 F
coMMON/BCOM/H, HJ, HC, DBC, DBM
COMMON/SCOM/E, VCFP, VEP, VEP, UBS, UES, UCS, FEC, GBC, GCE,

+ UBSH, UESN, UCSN
e
c Set stage indicators to the first stage
c HSTAGE = The height of the current stage., om
c - NSTRGE = The number of the current stage
C n

HSTABE=0.0

NSTAGE=1
[
c Obtain initial data for the currant bed.
C (See: Subroutine GETDT)
C

CALL EETDT(EMF,DR,ND,DP,CER,CE,CC,A,UC,UMF.IC,D,HEMF,

+ RKG,CPS, DENS,CPGE, DENG, TR, TAM, VIS, EB, EC?
c
c Calculate paremetere thaet relate £tz the cur-srt bad
C from the initial datza and obtain the height of the First
C stags. ‘See: Subrcutine ZEDD
-

CALL BELD{EMF,DR,ND,DF,A,U0,UMF, IC, RMF_ HETAEE:

c
C Save the height of the first stage for latter printing
c - . .
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HT (1)=HSTAGE

Caleculate the parameters far the firzt sztzge. This
done so that the cumulative variables will have
appropriate values when subrautine STAGE iz called a
second time. Stage 2 is actually the first stage of
interest

CALL STABE (NSTAGE, HSTAGE, DR, UD, UMF, A, EMF, D, HMF, EE,
+ - EC, FCE, IC)

To prepare for calcualcicn of values for the rext =t age:
1. Update stage counter
2.-8et initial concentration profile guess

IO oo

10 NSTAGE=NSTAEE+1
bC 20 I=i,IC
CB(MNSTAEE+1,I)= CB(NSTAGE, I}
EC(NSTAGE+1,I)= CC(NSTABE, I}
Z0 CE(NETAGBE+1,I)= CE(NSTAGE, I)

Set current UBSN,UCSN,UESN to be the nex: Uzs, UCS,UES

UCS=UCSN
UBS=REN
UES=UESN

Calculate values of the parameters for the current
stage. (See: Subroutine STAGE)

CALL STAGE (NSTABE, HSTAGE, DR, UQ, LMF, A, EMF, D, HMF, £,
+ . EC,FCE,ID)
HT (NSTAGE) =HSTAGE

This paint is jumped to only when calculating the
compartments concentration and there Is backfiow.

S0 CTONTINUE

C3lculate the current concentraticons. Locp Tan
times &3 insure convergenca.

DO S¢ J=1,10
CALL ECONM(SE,CE,CC, IC.NETAGE, A, FCED
CALL BCON(CR,CTE,CC, IC.NSTAGE, &, FCE:
CALL CCAN(CB,E,CC, IC,NSTAGE. &, FCED
IF(J.NE. 1) GOTG S0
DO 30 I=1,IC
a0 . CE(NSTAGE=*1, I)=CE(NSTAGE, I}
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EC CONTINUE

naoooao onon

noonoaoonooonnNoa noao aooan aoon

Check to see if the total bed has bzen calculated
IF(HSTAGE.LT.H) GOTO 10

If the flow in the emulsion was negative, set it to
+he smallest C value satisfing mass balance constraints
and re—alculate the concentrations in the final stage.

IFC(UESN.LT.0.0) THEN
UESN=G.0
LESN=GCE
GOTC S0

ENDIF

Print out the concentration profiles

CALL CONPRT (CE,CE,.CC,NSTAGE,HSTABE.IC,HT, UESN, UCSN,
+ UBSN)

Calculate heat transfered from the bed to
surroundings

CaLl ENERGY (DP,RKG, CPS,DR,UB,VIS,DENS,CPG, DENG,H, TR,
+ TAM, HMF , EMF, &)

Print out final heat transfered

CaLl. WRTDT (&)
SToF ’
END

ot +33 3PP LR eSS o3 3028302332342 8920 P22 203

Subroutine CETDT

This subroutine aobtains data on the properties of
the bed and the material used to construct it.

M A R R RN SR MR RN AR KRNI RRZRRERRR

EMF = Thae void fraction of the bed at minimum
figidization, unitie=ss
DR = The diameter o+ the reactor, om
MND = The number of holes in the distr-ioutcr,
unitless -
- DP = The diameter ot ths s3lid particles. =a
CR(S0,10) =

Bubble phase concentraticon, moles/cu.cm.
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c {(stage number, componert numsber!
C CE(Z0,19) = Emulsion phase corcentration,
c moles/cu.cm.
C (stags number, component numkber;’
C CC(30,10) = Cloud phase concentration, moles/cu.cm.
c (stage number, component number)
c A = Cross—sactional area of the bed., sg.co.
c ue = Initial superficial gas velocity, =m/s
c UMF = Superficial gas velociiy at minimum
c fluidization, sq.cm.
C ic = Number of components, unitless
c D10} = Diffusivity of each componEh;. 85.CMm. /3
c {(component number)
c HMF = Height of the bed at minimum
C luidization gas flow, cm
C RKG = Thermal conductivity of the gas, W/m%¥C
c CPS = Heat capacity of solid, kJ/kgkxk
c DENMNE = Density of sclids, kg/cu.cm.
C CPB = Heat capacity of gas, kI/kgxk
c DENG = Density of gas, kg/cu.cnm.
c TR = Temperature of reactor, ¥
C Tam = Ambient temperature, K
c VIS = Viscosity of gas, kg/emks
C ER = Void fraction of in the bubble phase
c unitless ’
£ EC = Void fractiom in the clcud phase,
c unitless
c
SR K K R K X e K R N TR AN S sy
c . e -
SUBROUTINE GETDT(EMF,DR,ND, DP Ce,.CE, u-.n,UD UM, IZ,
+ D, HMF RFG CPS DENS, CPG, DEha.,R TEM
+ VIS,EB,EC)
c
c Declare arrays
c .
REAL CE(30,10),CE(30,10),LC(30,10),D{10)
C . -
c Read from input unit, free format. the gerneral
C parameters for the bed
c
READ (S, %} EMF,.DR, EP HMFE . UMF  ND, A, UC
Pﬁﬁu(g.X) Ic
c
c R=ad initiali concentraticns
c
DO 10 I=1,1C
10 REAC(S.*} CB¢1,I),CE(2,.1),CC%1,17
c . - .
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Initialize all other cgncentration locations

on

DO 20 I=3,30
DO 10 J=1,20
CE(I,J)=0.0
CB(F,J)=0.0
20 CC(1,3)=0.0

Read in the diffusivities of earch component

nnoa

DO Z0 I=1,IC
30 READ(S,. %) DI(I2

Rezd 'in thermal characteristics
- of gas
READ{S, %) RKS,CPG,DENG,VIS
- of solids
READ (S, X) CPS.DENS..
Temperatures
READ (S, ¥) TR, TAM
Currently EB and EC are not read in. E2 is .0
because the bubbles are assumed to be free cof sclids.
EC is the same as the void fraction in the emulsion.
EE=1.0
EC=EMF

RETURN
END

e 2 +3 322SR PP L2030 23500 3323023333032 2232300320t ss ey

C

C Subroutine BED

4

c This subroutine calculates the paramet=rs that
C constant throughout the bed.

C

it 35323343 3333333503834 3453333333343333333 3583333332330 3305491
-

cC EMF = Void <frac=zicn of the ked at minimum

C luidization, unitiess

C DR = Reactor diameter, m -

= ND = Numbser of holes in the distributor,

c

- unitless

b3
-
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Cc DF = Diameter of the particles. Cm
c A = Cross—sectional area of the bed, sg.cao.
C (]| = Initial superficial gas velocity, cm/is
< UMF = Velgcity regquired for minimum fiuidization,
C cm/s
c Ic = Number of components
c HMF = Height of the bed at minimum fluidizing gas
cC flow, cm
c HETAGE = Height of the current stage, cm
Cc
< BCOM comman is passed to this subroutine. Ses the main
C program for a descripticn cof the variablec includec.
c . : .
R R R K KKK KK KRR KKK AN A SR KKK AR E X LR
c .
SUDROUTINE RBED(EMF,DR,ND,DP,A,UQ,UMF, IC, KMF, IC, HMF,
+ HETAGE?
c
CoMmMON/BCOM/H, HI , HC . DBO, DEMAX
c
c Set constants to be used in subroutine
c L .
c G = Gravitational acceleration, sg.cm./s
C DEC = Critical bubble dJdiametar, cm
2l

5 =980.£45
DBC=0.5&

Use correlation presented in Peters et.al.
Chem Eng Sci, v.37,no.4, pSS6, eq 26, to calculate
expanded bhed height . . -

First calculate the proportionality constant
Y= {Uo, Um¥f)

Y=0.7585-0.001 3% CUD~-UMF) +0, 000S¥ (UD—UMF) x (UD-UMF)

Now calculate average bubble size using :he
size correlation presented in Peters et.al. 2555, =29
To wuse this corr-elation the maximum stable bubkle sic
ard the initial bubble size are both obtained from th
same scurce as the average bubble size.

PBMAY = maximum stabla bubble size

oOonoOaoooOonon ooaooanoan

DEMAX=0. SZXFPOW (A% (UD—-UMS) , 0. 4)
DBO=0, T4T7XPOW (A/ND¥ (UO-UMF) , C. 4}
DEBM=DBMAX— {DEMAX-D30) XEXF (—0. 3% (MMF/2) /DR)
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Now that all preliminary values have bezn obtained
it.is possible to obtain the expanded bed hzight

H=HMF/ (1= (Y% (UD-UMF) /7 (UD-UMF-+0. 7 1xSRRT (GxDEMY )

] Calculate height. of the jetting region. Use
correlation gresented in Too et.al. , ARIChE Winter
Mational Meeting, 1984, from Mori and Wer.

HJ=DP/ (0. Q007+0, SS4HADF ) XFCOW {A/ND* (UD-UMF) , 0. 357

Calcwalate the height above the jetting region where
Bubbles begin to form. This is called the critical
heignt and cceurs approximately at the locstion where
the void fraction im the bed becomes G.&

HC=DR/0.3¥alls ((DBMAX-DJ: / (LBMAX—-LBC: )
Calcualate the height cf the first stage

IF (MC.LE.0.0) THEN
HSTAGE=HJ+DEOD
ELSE
HSTABE=HJ+HC
ENCIF
RETURN
END

O RN XK ARk xy

[
c
c
(>
c
c

ooOoonOooonoon0nOnoo

Subroutine STAGE

This subroutine calculates the value of parameters that
change with =ach stage.

[ S P PP e te3 e T3 et T3¢ VP3R4 43233 3338433335

The number of the current stage

NSTAGE =

HSTAGE = Height of the current stage, cm

DR = Diameter of the reactocr, cm

uo = Initial superficial gas velccity, cm/s

UMF = Super<ficial gas wvelocity when bed fi-st
btecomes fliuidized, cm/s

A = Cross—s=ctional area of the rzacicr.
sG.CM-

EME = Void fraction of the bed at minimum
fluidization .

- 1oy = Diffusivities of components in the gas

phasa. sG.cm./s , (component numbear:

HmE = Height of the bed when it firsi begins to
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fluidize, cm

EE = Void fraction of bubbl=s

EC = Vgid fraction of cloud phase

FCE(10: = Diffusive transfer +from cloud to esmulsion,
1rs (component rnumber:

ic = number cf compconents

S22 SRS 02 -0 222250222230 222308 04333820 EI ST S

noononn nononoon oonnon

aonoooa

anaopon
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SUBROUTINE STAGE (NSTAGE,HSTAGE, DR, U0, UMF, &, EMF, D,
HMF,EB,EC, FCE, IC)
REAL D(10),FCEC10)

Roth common blccks are passzed to this subroutine.
See the main program for a description of the contents
of the common tlocks. .

COMMON/EBCCM/H, HJ , HC, DBO, DEMAX
COMMON/SEQM/E, VCP, VBP, VEP, UBS, UES, UES, FBC, BEC, BCE,
+ UBSHM, UESN, UCSN

Set constants

PI
G

Pi
Gravitational acceleration, cm/sq.s

]

PI=3.14592
E=?B0. 446

* Calcualte the size of the current stage. Us= butble
diameter from the previous stage in the correlation
presented by Toc et.al.. I+ this is the first stage set
DBP to DBO ’

IF(DBP.LE.OQ) DBP=DBO
DH=LBP/ (1+0. 15X (DBP-DBMAX) /DR)
HETARBE=HSTAGE+DH

Calculate bubble size in currant
from Mori and C Wen, AICHKE J., v. 21,
(12975)

stage. Correlatian
n 1.

a
o oe 1C%

DEP=DEMAX— {DBMAZ~DEC) XEXFP (-2, T2 {HSTACE-HI) /TFY

Calrualte the distriSution of welume I the bad in
2ach of the thrze phases. Firzst the linsar bubilzs phass
gas velociiy must Le calculatad frocm the correlation on
Teo et.al. '
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UB={UD-UMF)+0. 71XxSORT (GxDEF)
IF{(HSTAGE.LT.HMF) THEN
E=1.0-HMF/H% (1. 0-EMF)

ELSE
L E=1.0=(HMF/HJ ¥EXP (~ (HSTAGE-HMF) / (H—HMF) )

ENDIF
c .
Cc Calculate the volume soccupied by esach phass. From
C Peters et.al. eqg. 22
c

VEP=DHX {E-EMF) / (1-EMF)

VCP=VBEXLUMF/ (EMFRLUE-UME)

VEP=AXDH-VEF-VCP
o .
. Now calculate the superficial wvelccity in =ach phase
C DELE and DELC are the wvolume fraction in the bubbls anc
C cloud phase respectively.
c

DELB=VEBP/ {AxDH’

DELC=VCP/ (AXDHD) .

UBSN=USADELBXEDR

UCSN= (DELCXEL) / (GELBXER) *UBEN

UESN=UD-UB% (DELBXEB+DELCXEC)
c
c Calculate the diffusion coefficient for cloud
C emulsion transfer. Use carrelation from Petsrs =t.al.
€ 2. 28
C

Do 10 I=1,IC

10 .FCE(I)=4.7EXSQRT (D (12 X EMF*UE/ (DEFXDEFXIEP)

C . .
c Now calculate the diffusion paramsters for bukbiz to
C cloud, transfer, if=, from Feters et.sl.
c

FBC=2.0XUMF /DB
€ .
C Finally calculate the crossflows, cm/s
C

SEC=— (UBS—-UBSN:

SCE=- (UCS-UCSN+EEL)

FRETURN

END
e gy P RS RN IR RN R IR AF RN
~
€ Subrcutine ECON
-
C This subroutine calculates th2 concentrazion in the
C enulsion pghase.
~ !
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S P  E T s T PR e P T T PP e PO e

X%
CEB(Z0,10) = Bubble phase concantration, mole/cu.cm.
CE(30,10) = Emulsion phase rcongentration,
mole/cu.cm.
CC{Z0,10) = Cloud phase concentration, mole/cu.cm.
ic = Number of components
NSTAGE = Number of the current stage
A = Cross—-sectional area of reactor, sg.cm.
FCEC(IO} = Cloud to emulsion diffusive transfer
coefficient, 1/s
#****#***X**#*#ﬂ#!##*##*****##**!***X***#*****2*##2#*##**

SUBROUTINE ECON(CE,CE,CC, IC. NSTAGE, A, ECE)
PEAL CB(I0,10),CE(3I0, 10),CC(30,10) ,FCE(10)

Common block SCOM is pasced to this subroutins.  Ses
the main program for a description of the contents of
the common bBlock.

EoMMON/SCOM/E, VER, VBF, VEF, UBS, UES, UCS, FBC, BRC,BCE,

+ ’ UBSN, UESN, UCEN

Eheck to see if the bulk flow out of this
compartment is negative. If it is backflow has occured.

IF(UESN.LT.0.0) THEN

Lheck to see if the bulk flow imto the compartment
is negative. If it is this 'is net the first bacikflow
compartment.

IF(UES.LT.0.0) THEM

At this point we are dealing with backflow
compartments that are not not the first such
compartments.

Cycle for esach component

B0 16 I=1,1IC

Caliculate th2 reaction rate peor unit voiume

CALL EKINET(CB.CE,CC, I,NSTAGE.RW)

TOF and BOT are the numerator and dencominator in the

matsrial salancze solved for the current.corncentraticn’
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TOF=ABS (UESN) ¥AXCE (NSTAGE+1, 1) +FTZ{I ) ¥
+ VEFXCC (NSTAGE, I —VEFXRV
' BOT=ABS (UES! xA+FCE (I7 *VEP

176

Add on the crossflow. depending on the direction it

is flowing

IF(GCE.GE. 0.0} THEN

BOT=ROT+GCEXA
El SE

TOP=TOF-GLEXAXCC (NSTAGE, 1}
ENDIF

Finally finish the locp by calculating the current

concentration
1¢ CEYNSTABE, IY=TCF/BOT

This point is reached when we are at the first
compartment to exhibit back flaw

ELSE
Cycle far each component
Do 20 I=i,IC
Calculate the reaction rate per unit volume
CaLL EXINET(CB,CE,CC, I,NSTAGE.RVJ

TOP amd BOT are the numerator and dengminator in
material balance solvad for the current concentration

TOP=ABS (UESN?} *AXCE (NSTAGE+1, I) +UES*KAR

+ o+

IY-VEPXRV
BCT=4aBS (UESY %A

Add on the crossflow depending cn the= direction
is flowing

IF(EGCE.GE. 0.0 THEN

BOT=BOT+ECEX
£ SF

TOP=TOP—-GCE*AXCC {(NSTAGE, I?
ENDIF

the

CE (NSTAGE—1, 1) +FCE (I ¥VEP*CT (NSTAGE,
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Finally finish £he loop by calculating the currasnt
concentration

20 CE(NSTAGE,IY=TOP/BOT

This point is reached whken back<flow Ras not
occurad

ELSE

Cycle for each component

DO 30 I=1,1IC .

Calculate the reaction rate per unit voiume
CALL EKINET (CB.CE,CC, I,NSTAGS,RV]

TOP and BOT are the numerator and denominatsr in the
material balance solved for the current concentration

NnNonao ooo Nmoo 0000 0o0n

TOP=UESN®AXCE (NSTAEE~1, I)+FCE (I} xVEPX*
+ CC(NSTAGE, 1) —VEP%RV
BOT=UESNXA+FCE (I) xVEF

Add on the crossflow depending on the direction it
is flowing :

onoon

IF(BCE.GE.0.0D) THENM

RBOT=BOT+GCEXA
ELSE °

TOP=TOP-GCEXAXCC (MSTAGE, I)
ENDIF

Finally finish the loop by calculating the current
concentration

ao0onon

<0 CE(NSTASE, I>=TOP/BOT
ENDIF
RETURN
END
b et Lt P IS PP PP L2233V PSSR TSR Y]

Subroutine TWINET

This subroutinz calculatas thz rate of reaction for Yha
semulsiorn phase

anoaonoaoann

AXTRAEEILRAVAXKE R RE R RE IR koo ke w ek y vy
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CB(30,10)
CE(I0,10)

Bubble phase concentration, mole/cu.co.
Emulsion phase concentration,
mole/cu.cm.

Cloud phase concentration, mole/cu.cm.
Number of component

Number of the current stage

Reaction rate, molae/s¥cu.cn

CC(Z0, 100
I

NSTAGE
RV

L+ 2028222222322 2232t PL P02 E ety

SUBROUTINE EXINET{CE,CE,CC, I,NSTASE, RV)

0O OO0 o0o00nn

" REAL ¥{10:,CB(30,10},CE{(30,10),CC(T0, 1)
INTEGER N(10)

K = rate constants and N = reaction ardar-r for each
camponent. The valiues are given in the data statements.

oaon

DATA K/94.56,94.56,-94-11,-94.11,0,0,0,0,0,90
DATA N/10%x1/

Only the first four components are considered raactive.

non

IF(I.GT.4) GOTD 1¢
RV=K (1) ¥CE (NETAGBE, 1) *CE(NSTAGE,2) +K (Z) *CE (NSTAEE, 37 %
+ CE{NSTAGE, 4}

Change the sign of the rate if we are dealing with the
products :

0oaon

IF{I.57T.2) Rv=-RVY
RETURN
10 RV=0.0
RETURN
END
L2 2232223200002 3283 2034233333332 2200 0342

Subroutine CCON

This subroutine calculates the concentrations in the
cloud phase

CR(30,10) = Conecentration in thke bubibls phass,
mole/cu.cm.

Cocncentration in the emulsiorn phass,
mole/=u.cm.

CC(30,10) = Concentration in the clcud phase,

c

c

c

C

C

cC

c

R S R Y N R R Rk IR R R R AR L kMR LA AU R AR RN
c

c

c

C CE(I0,107)
C

[
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mole/cu.cm

ic = Number of components

NETAGE = Number of the currznt stage

A = Cross—sectional area of reactaor,sq.cm
FCE(10) = Diffusion cogefficient for cloud to

emulsion transfer 1/3

A R R K o R K R K XS e N w

SUBROQUTINE CCDN(CCB,CE,CC,IC,NSTAEE,A,FCE)7
REAL CEB(I0,10),CE(3C,10),CC{3I0,10)FCEC1O)

Common block SCOM is passed to the subrouirme. See

he main program for a descripticn of the conterts of
the commcn.

COMMOM/SCCM/E, VCF, VBP, VEP, UBS, UES, UCS, FBC, 5BC, GCE,

“+ UBSN, UESN, UCSN

Loop for esach camponent

DB 10 I=t,IC

Calcualte the reaction rate per unit volume
CALL CKINET(CB,CE,CC, I,NSTAGE,RW

Calrulate th= material balance terms

TOP=UCSXAXCC(NSTAGE—1, I)+FCE (17 XVBPXCE (NSTAGE. I +F5C
+ ¥VBPXCE (NSTARE, 1) -VCPRRY
BOT=UCSNXA+FCE (I) *VBP+FRCXVEP

Account far the cross flow terms

IF(GBC.GE.OQ) THEN
BOT=BOT+GBCXA
ELSE
TOP=TOP-GBCXAXCE (NSTASE, I)
EMDIF
IF(GCE.GE. Q! THEN
TCP=TOF+GCEXAYCE (NSTABE, I}
ZLSE
20T=ROT-GBCS%4
ENDIF

Calculate firmal concermtraticn

10 CC{NSTAGE, I;=TOP/BOT
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FETUEN

END
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e
C Subroutine CKINET

C -
c This subroutine calculates the reation rate in the
C cloucd phase.
C
o kK N X AR Ry ey
C
c CR{(30.10} = Bubtle phase conczntraticn, mole/cu.cm.
c CE(Z0,10) = Frnulsgion phase conrcencration,
C ) mole/cu.cm.
C CC(30,10) = Eloud phase concentration, mcla/cu.cm.
c I = Number of compornent
C NSTAEE = Number of the current stage
[ RV = Reaction rate, mola/s%cu.cm
c ‘
(4 5S35 322326330330 F 2SS F 2295220322232 F303 0805854444
C

SUBROUTINE CKINET(CE,CE,CC, I.NETAZE,RWV)
c

REAL K(1i0) ,CB(30,10),CE(30,10),CC(30,1)

INTEBER N(10)
c
c K = rate constants and N = reaction crder for each
T component. The valuss ar2 given in the Zata statements.
‘: .

DATA K/94.56,94.55,~94.11,-94.11,0,0,0,0,0,%/
DATA N/10¥1/

Only the first component are considered reactive.

aonn

IF{(I.GT.4> GO6TO 10
RV=K (1} XCE (NSTABE, 1) xCE (NSTAGE, 2+ {3} ¥CE (NSTAGE, 30 %
+ CE (NSTAGBE, 4)

Charmge the sign of the —ate if we are dealing wik!
the progucts

aonaoon

IFII.GT.2) Rv=-=R\
RETURN
i RV=0.,0
SETURN
END .
R R R K KN MEAKI MR KK IR RIS
C
C Subroutine BCON
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bubble phase

CE(30,10)
CE (30,10}
£C (30, 107
1c
NSTAGE
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This swubroutinme calculates the concentraticns in *ha

R R X N O R R A R R R T ey

Cancentration in the bubble phase,
molescu.cm.

Concentration in the emulsion phase,
mole/cu.cm. ’

Concentration in the cloud phase,
mole/cu.cm

Number of comnponenis

Number of the current stage
Cross—sectional area of reactor,sg.cm
Diffusion coefficient for cloud to
emualsion transfer 1/s

LRI E22 222 0232322232222 32+ s iRt RIS

SUBROUTINE BCON(CCB,CE,CC, IC,NSTAGE,A,FCE)

REAL CB(3I0,10),CE(I0,10) ,CC(30,10)FCE(10)

Common block SCOM is passad to the subroutine. See
the main program for a description of the contents of

COMMON/SCOM/E, VCR, VBF, VEP, UBS, UES, UCS, FBC, EBC, 5CE,

LBSN, UESN, UCSEN

Loop for each componant

Calcualte the reaction rate per unit volume
CALL BKINET(CB,CE,CC,I,NSTAGE,RV)

Calculate the material balance terms

TOP=UES*AkCB (NSTAGE—-1, 1) +FBC(I) ¥VEFXCC (NSTASE, 1) -VER

Account for the crsss flocw terms

c
C
C
C the common.
c
+
c
C
c
DO 10 I=1,1IC
c
Cc
c
c
c
c
+ *RV
BOT=UESN*A+FBC®¥VEP
[
C

IF(E2C.6E.Q;
TOP=TOP+GRBC¥AYCC (NSTAGE, I

ELSE

THEN



c
c
c

lgz

BOT=BDT-G3CxA
ENDIF

Calculate final concentration

10 CB{(NSTAGE. I)=TOF/BOT
RETURN
END

8232353033328 83 3380332803202 20 3232000250022 8F0 Y
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Subroutine BKINET

This sudroutine calculates the reatisn rate in the

bubble phase. -

S5+ 3308333333838 3322202323332 2220320323033 220 2R EeEas

CR(30, 10)
CE(30, 10

Bubble phase concentration, mole/cu.cm.
Enulsion phase concentration,
mole/cu.cm.

Cloud phase concentration, mole/cu.cm.

CC(30,1C)

I = Number of component
NSTAGE = Number of the current stage
RV = Reaction rate, mole/s¥cu.cm

E3 32 ¢3 2038382220002t st it itee e ss s

SUBRROUTINE BKINET (CB,CE,CC, I,.NSTASE,RW)

REAL K (10) ,CE(30,10),CE(30,10),CC(30,10)
INTEGER N(10) .

K = rate constants ang N = reaction order for each

companent. The values are given in the data statem=nts.

DATA K/10%0/
DATA N/10X1/

There is no reation cccuring in the bubbl=s
RV=K(I)*CB (NSTABE, 1) $XN (I}

RETURN
END

K K R N N N YN RN R R AT ERIRY

Subrcutine CONPRT

This subroutine prints the concentration profiles





