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Caoncentration in the Subble phase,
moles/cu.cm.

(Stage number, Component number)
Concentratiomn in the emulsiom phase,
moles/cu.cm.

(Stage number, Component number}

CE (30, 107

3 CC(30,10) = Concentration in the cloud phase,
moles/cu.cm.
. ‘ (Stage number, Campgonent number)
! NETAGE = Number of the last stage
! HETAGE = Height of the last stage.,cm
Ic = number cf components
! HT (T = Height of each stage, cm
J (8tage number]
UESN = Last emulsion phase superficial gas
! vaelocity, cmss
UCSN = Lagt cloud phase superficial gas

velocity, cm/s
UBSN = Last bubble phases superficial gas
velocity, cm/s
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I SUBROUTINE CONPRT(CE,CE,CC,NSTABE,HSTAGE, IC,HT,USEN,
+ UESN, UBSM)

REAL CB(30,10),CE{(30,193,CL(30,10) ,HT(30),CAVG{1D)

Write out the bubble phase profiles

oo 0

WRITE (&, 100)
100 FORMAT (1X, "BUBELE PHASE")

y WRITE(&,110) (i, I=1,1IC)
: . - 110 FORMAT (1X,* STAGE HEIBST 7,10(°C~,I3,7)°,&%X))
g DO 10 I=1,NSTAGE
WRITE(&,120) I.HT(I), (CB{I,J),Jd=1,IC}

: 120 FCORMAT(1X,I4,2X,F7.2,2X,20(E9.4,2X) )
i 10 CONTINUE

‘ C
1 C Write out emulsion phase profiles

C

4 WRITE (8, 130) :
130 FORMAT{1X,///,2%,. EMULSION PHASE™)
X WRITE(6,110) (I,I=1,IC)
) DO 20 I=1i,NSTABGE-
WRITE(&,120) I,HT(I),{CE(I,Jd),J=1,IC)
20 CONTINUE

c
C Write out cloud phase profiles
c

-
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WRITE{(4,140)
140 FORMAT(1X,///,2X,  CLOUD PHASE™)
WRITE(S,1103 (I,I=1,1IC)
DO 20 I=1,NSTAGE

WRITE(&,I”O) I, HT(I).(CC(I 3 ,d=1,1I0)
20 CONTINUE

Calculate outlet gas compasition

DO 40 I=1,IC
CAVB\I)—(CB(NSTAGE,I)*UBSN+CC(NSTQEE.I)"U"SN+

-+

CE (NSTAGE, I)*UESN) / (UBEN+UCEN+UESN)

40 CONTINUE

Write cut this wvalue

150

140

WRITE (&, 1350)

FORMAT (///,2X,"GAS COMPOSITION AT OUTLET™)
WRITE(6,110) (I, I=1,1I0)

WRITE(6,160) {(CAVG(I),I=1,1I0C)

FDR”AT(I&X 20(F2.4,2X)1

RETURN

END

C*#!!*tt***x#********!¥=¥¥¥¥**¥Xt*******t****#***t*******3

c

€ Subroutine ENERSY

c

C This subroutine calculates the heat transfer properties
e of the reactor

c
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Particle diameter, cm

Thermal conductivity of gas, W/miK
Heat capacity of solids, kJ/kgxk
Reactor diameter, cm

Initial superficial gas velocity, cass
Viscosity of gas, kg/cmis

Density of solids, kg/cu.cm.

Heat capacity of gas, kd/kgxk

Gas density, kg/cu.cm.

Expanded bed height, <@
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c

C Program SLURRY

cC

c This program calculates the coancentration and

C temperature profiles in a slurry reactor ucsing a

C modified finite difference technigue.

(T/Tw), (same index as X)

c

R N N R R N N MR R ky
c

C Declared Variables

c

C X(3? = Conzentration of hydrogsn in the liguid

£ phase, dimensionless (L/Csat,c)

C (number of stage : 1 = next stage

Cc - 2 = zurrent stags

e < = last stage )

C Y3} = Concentration of hydrogen in the gas phase,
c dimensionless (C/Co), (same index as X

C T(Z} = Temperature of liquid, dimensionless.

C

c

N R R R ARSI I IR AT Sy -
REAL X(3),Y(3),T (3}
e 33 3238222242232 0332 2333323333332 8333 T 43NN

c

C Common Variables

C .

C DCOM: Usar supplied data cescribing the svystem

r - .

c ALPHA = Volume contraction factor for gas flow
C dimencionless ;

c - u. = CO/H2 usage ratio, dimensionless

C RI = Inlet CO/HZ2 ratic, dimensicnless

c RKFOQ = Preexpotential factor, (sftpercent

c catalyst in slurry)3x-1

c DR = Reactor diameter, cm

c H = “agactor height, cm

c DP = ¥grticle diameter, cm

c TW = Wall temperature, K

C uEo = Imitial gas flow rate, cm/s

C WwCAT = Weigihtt percent cataliyst in siurry
C DENCAT = Density of the cztalyst. o/cu.co.

c CPCAT = Heat capacity of catzlvst, calsg—C
c CCAT™ = Mean catalyst concentration, percent
c CceL = Heat capacity of the siurry liguid.
C cal/c—-C

c CONL = Thermal conductivity =of the slurry
C - liguic., J/cm—s—-C
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P = Presgsures, aim

Yo = Initial concentration of hydrogen in
gas stream, mole fractian

Activation energy. kJ/mols

EA

Y

PCOM: Calculated parameters that are {ndependant of

HCOM

bed height.

ALTWO = Modified contraction factar

uG = Bas velogitv, (Ugs/lgo) dimensiocnlecss

ES = Gas holdup, dimensiconlass

3]C] = Diffusivity of hydrogen in the gas=
Sg.Cm. /S

206G = Bordenstein number for gas phasa, {(See
table __ in Barton, Design of Staged..
Thesis), dimensionless

BOL = Baordenstein numkber for liguid phass,
dimensionless

30C = Catalyst settling Bordenstien number,
dimensionless :

[~ T = Sas-liquid interfacial area, l/cm.

RKF = Rate constant including steichiometery
same units as RKFO

DA = Damkohler number, (S=e Barton 198&:

DL = Diffusivity of hydrogen in the liguid,
sg.cm. /s

E = Specific energy dissipation rate,
Sg.Cm. /CU.Sec.

GAMMA . = Arrhenius number, dimensicnless

DHR = Reacticn anthalpv, kJ/male

AH = gpecific heat transfer aresa, l/cm

Calculated parameters that depend on height

HE = Henry cocefficient, cu.cm. kFa%ml/mol

RKL = Liquid side mass transfer coefficient,
cm/s

RKS = ligquid—solid mass transte2r ccefficient
emss

STS = Stanton number in Jgas phassa
dimensicnless

STL = Stanton mumbkar in liguid phase,
dimensionisss

STH = Starton nurcer fcr heat transfar

CCAT = Catalyst concentratiorn, percent

BNS = Liguid-sclid mass transfar effectiva—-

ness facicor, dimensionless
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[ FE = Feclet number
c HT = Heat transfer coefficient to wall
C BE = Dimersionlass parameter, see Barton
C 19846
c
K R K o K K R N R KR NN R E RS e r R
COMMON/DCOM/ALPHA, U, RI, RKFD, DR, H, DP, TW, USC, WCAT,
+ DENCAT,CPCAT,CCATH,CPL,CDNL,P,YO,EA
C )
CUMMUN/PCOM/ALTND,UE,EG,DE,BDG,BDL,BGC,A,RKF,DG,
+ DL, £, GAMMA, DHR, AH -
r
COMMDN/HCDM/HE,RKL,RKS,STG,STL,STH,CCAT,RNS,PE,HT{
+ ] BE
C
£ Obtain imnitial data for the current reactcr
C (See: Subroutine BETDAT)
C
CALL BETDAT(NSTEP, X,Y, T, YOUT,IF)
C
C Initialize the current height and set the height step
C size
C 0
CH=0.0
DZ=1.0/NSTEF
(s ;
€ Calculate the parameters that realte te thz currseat Se=d
C from the ini+ial data. (See: Subroutine PARAM:
C
CALL PARAM{YOUT) .
c . .
C Step through the entire bed.
cC
DO 30 I=1,NSTEF
c
C Update the currant height
c
CH=CH+DZ
© .
€ Calculate the height dependant sarameters. {(See:
. B Subroutine HPAR)
c
CALL HPER(T(2),CM, V(D). 1)
C
C Calculate liquid concentration ( Subroutine xcaLl,
C gas concentration (Sucroutinae YCALCY, are tamperature
C profile (Subroutine TCALLD)
C
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CALL YCALC(STG,UB0.UB,ALTWO,YD,X,Y,T,D2)

CALL XCALC (BOL,STL,DA,RNS,CCAT,GAMMA, Y0, X, Y, T,
+ D2}

CALL TCALC (PE.STH, BE,DA,RNS,CCAT,BAMMA, X, T.DI)"

c
C Print out current concentrations
C
CALL REPORT(X,Y,T,I1,IP,NSTEF?
c
C Adjust profile arrays for next step
c
X{3)=X{2)
X(23=X (1}
Y(3r=¥Y{2)
Y (2Y=Y (1)
TSY=T1I2
T(2)=T{1)
C
3¢ CONTINUE
sTOP
END

o e s e e e et P I et e et TS e T LT Y 3

Subroutine GETDAT

This subroutine obtains data on the properties of

the bed.

NSTEP = The number of stages the reactor is tc be
divided into

X3 = Liquid concentrations

Y (3 = Bas concentrations

T™H3? = Temperatures

YoUT = Buesses outlet gas concentration

IP = Indicator parameter IP = 1 :lcng repart

IP = 0 :short report

2COM is apssed to this routine. See the main program
for- a description of the parameters.

E2 3433233524433 833 3¢+t 3P dEP RSttt ittt s &5
SUBRCUTINE GETDAT (MSTEP, X.Y, T, YOUT, IP)

O OonNoOnNoOnoDoOoOOnDnNoOoOnDOnNo0n

CoOMMON/DCOM/ALRHA U, RILRKFOLER.WH; TP, TW, SEC, WCAT,
+ DEMCAT, CPCAT, CCATM, CFPL,CONL, F, Y6, &
cC
c peclare arrays
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REAL X {3},

189

Y{3)TL{ZD

C Cpen the input data file. This statezment is highly
C dependant on the version of FORTRAN used. It is
C written for IBM Mircosoft FDRTRAN 7

e

c

-+~

CPEN(7,FILE="NSLUR.DAT  ,STATUS="0LD",

ACCESS="DIRECT" , FORM="rFORMATTED" , RECL=80)

C Read in the parameters free format ’

C

READ (7, %)
READ (7, %)
READ (7, %)
READ (7, X)
READ (7, %)
READ (7, %)
READ (7, %)
READ (7, %)
READ (7, %)
READ (7, %)
READ (7, X)
RETURN
END

ALPHA,U,RI,RKFO,EA
DR,H,CF

TW, P, YO, UGG

WCAT, DENCAT, CPCAT, CCATM
CPL,CONL

NSTEP

(X1}, I=1,%)
(Y¢15,I=1,3)
(T¢I, I=1,3)

YOUT

IP

C****Xt****i***l***#**t********##*t*t********************

C
€ Subrout

00

n

ine Param

. This subroutine calculate the parameters reguired
that are not dependant on height .

noaooaoaoaonnn

YOUT =

Guessed outlet concentration, dimensiocn-
less.

Commons DEOM and PCOM are passed to the subroutine.
ee the main routine for a description cf thes para-
eters.

b2 2L 220330t TERI L ELEE ¥

SUBRCUTINE PARAM(YOUT)

ComMOoNsDCOMAALPHA, U, RILRKFD, DR, H, DF, TW, UGC, WCAT,

-

DENCAT,CPCAT,ECHTH CPL,EDNL.P.YD =h

ComMMON/FPEOM/ALTWO, UG, EG, DG, BOG, BOL . BOC, &, RKF, DA,

+

DL, E, GAMMA, DHR, Ald
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Set the constants to be used in the subroutine
gravitational acceleration, cm./sXs
gas constant, J/atmi¥

([}

G
R
G=980. 58489
R=0.008314

Calculate the heat of reaction based on stcichiometric
comnsiderations

DHR=—(1&85.0+40% (U-C.5} /1.5

Calculate modified contraction factor . Accounts for
initial reactant make up and catalvst usags ratio.

AL TWO=ALPHAX (1+U) / (1+RT)
Calculate velocity based parameters bas=d on bed
average gas velocity. Average velggity based on

guessed gutlet composition

YAVE={1+YOUT) /2.0
UBA=(1+ALTWA) / {1+ALTWRDRYAVE)

Gas hold up. Deckwer et.al..Ingd.Eng.Chem. Frocess Des.
Dev.,1980, 19, &%9%.

EG=0.055FF0OW(UGA, 1.1

Gas phase dispersion coefficient. Mangartz, 1980 in
Deckwer, Ind.Engd.Chem.Proc.Des.Dev.,1982,.21.p.241

DE=5.0E—4% (USA/EG) ¥ (UCA/EB) X (UGA/EG) XDRYXX*: .5
Calculate Bodenstein numbers based on their definitions

BOG=UG0xH/ (DGXEG)

BOL=2.8%POW {USAXUGA/ (G*¥DR) , 0.34)

IF(ABES(BOL).LT.1E-5) BOL=1E—&%20L/A2S (2BCL)

Interfacial area. Deckwer et.al.,Ind.=ng.Chem.Proc.Deas.
Dev.,1980, 19, 69%.

A=4_ SxFOW(UGA, 1.1)
Rate constant takinmg into accourit shoichcomatary
REKF=RKFQ/ (1+)

Damkchler number by definition
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DA=RKFX (1-EG) ¥H,/UGO

Liquid phase dispersion coefficient, Shah, Scalsup
in Chemical Process Industries, ed. Kabel,R.,Wileay,1982

DL=3. &675¢POR (USA, 0. I2Y XPOW (DR, 1.34)
Bordenstein numbesr for liguid
BOL=UGDXH/ (DLX (1-EG) )

Energy dissipation rate. Sanger, Chem.Eng.J.,1981,22,
p- 179

IF{UBA.LT. &2 THEN
E=UGA%XGE

ELSE
E=588&.0

ENLCIF

Froude number for calculation of solids setiling rate
FR=UGA/SGRT {(GXDR)
Specific heat transfer area and arrhenius number
AH=(2%3. 14%¥DRYH) / (Z. 1 4XDRYXDR%H)
GAMMA= EA/ (RX (TWR+2735)
Ug=1.0

RETLURMN
END

[+ PP 2228252220332 23033 2823332233332 b ittt

Subroutine HPAR

Subroutine to calculate the parameters that vary with
height. . :

100000000000 000

S

c

T = Curraent temperature

Z = Current hzight

Y = Current gas ghase concentration
I = Number of the currsnt stsce

The commons LDCOM, PECM, and HCOM are pass=d toc this
subroutine. See the main routine for a dsescr-iption of
the parametars.
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SUBROUTINE HPAR(T,Z,Y,I)

COMMON/DCOM/ALPHA. U, RI, RKFD, DR, H,DF, TW, UELC, hCél.-
+ - DENCAT EPCQT CEAT% CPL., CONL, P, ’D EA

CUMMDN/PCDM!ALTWD,UE,EG,DG,BDE,BDL,BDC,AFRKF,EA:
+ DL, £, GAMMA, DHR, AH

COMMON/HCOM/HE, RKL , RIS, S5TG, STL, STH, CEAT , RNS, FE, HT,
+ BE

Set the constants need-for the routine

B =

= gravitational acceleration, tm./s%s

R = gas constant, J/atm—K

R=0.,008312

G=9B0. &&6%9"
Calcualte the Henry coefficeint, Peter, Z. Phys. Chem.,
1935,5,p.114 .

HE=2.297E7XEXP (-1 .232&6+58B3/ (TXTW=273)

Calculate the ligquid density, (Fischer—Tropsch product)
Satterfisld, Chem. Eng. Sci.,1980,3T8, £.i90

DENL=0.758—0.3S35E-3% ( (T¥TW) —100}

Ligquid viscesity. LDeckwer et.al.,Ind.Eng.Chem.Proc.les.
Dev., 19280, 192,497,

VISL=0.05ZXEXF (—&. F05+326&/ (TATW+273) )

Calculate average physical properties of slurry
VCAT={(DENLXWCAT) / (DENCAT—WCATX (DENCAT—DENL ) ) XWCAT

DENAVB=VCATXDEMCAT+ (1-YCAT) ¥DENL
VISAVE=VIZLX {1+4.3XVCAT)

Liquicd——as mass transfer coeffiecient, Satterfis=id,
Chem. Eng. Sci.,1730,7%35, p.195

REL=0, 114S%P0W (DENAYS/VISAVEXKEXF (-43570/
+ (T*TW+2733),0.333)

Stantcn number frpomtheir definitions

STE= (REKELXAXHXRX (TW+2730 ) / (UGBO¥HE)
STL=RKLx&XxH/UGD
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Calculate the effectiveness factar, s2lid liguid mass
transfer coefficient based on Sanger, (s=ee above)

AS=6.0XUCATX (1-EG> XDENAVE/ (DF*DENCAT?
RKS=EXxPOW (DF, 4) ¥POW.(DENL, ) /POW (VISL, T7
RKS=2+RKS*POW { (VISL/ (DENLXDL)) , 0.333) %0Q. 545
RiS=(DL*RKS) /DP

RNSO=RKFxCCATMXEL / (RKS*AS)

RNS=1/ (1+RNSDXEXF (-GAMMA/T)

Calculate catalyst concnetration, Kato, J.Chem.Eng.Jpr.
1972,5,p.112

CCAT=CCATMXECL/ (1-EXP (~BOL) } *EXP (-BOLXZ)

Calcualte average guantities nesded for Deckwer, 1930,
correlation for heat transfer coefficient.

CPAVE=WCATXCFCAT+ (1-WCAT xCPLL

. BISAX=DLY¥DENAVGXCFAVE

DIVEI=(1.0-EG)¥DISAX
PE=UGDXDENAVG2CPAVEXH/ ( (1-EG) XDISAX)

CONAVE=CONL X (2XCONL+CONCAT-2XVCATX (CONL—-CONCAT) )
CONAVE=CONAVG/ (2XCONL+CONCAT+VCATX (CONt —CONCAT) )
HT=(UG*UGXUG) *DENAVE/ (GXVISAVE) X (VISAVGXCFAVE S
+ CONAVE) X (VISAVGXCPAVE/CONAVE)

HT=FPOW (HTX (VISAVGXCPAVG /CONAVE) , —C. 25)

HT=0. 1XDENAVGXCPAVEXCPAVEXUSEHT

Star'ﬁéon number
STH=HT$AHXH!(UED*DENAVE?CPAVG)
Dimensiovrless parameter
BE=DHR*P*YC;/ (.DENAVGItCPAVGIHE.‘; (Tw+273)-) X1E3
Gas velocity,

IF(I.EQ.1) THEN
LE=1.9
ELEE
XBE=(¥YD-UE%Y / (VD2
UB=14+AL PHA% ( (141 F (1+RI) ¥ XH2
ENDIF
RETURN
END
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Subroutinz YCALC

oonmn

C This subroutine calculates the gas phase concentration
C based on material balance
C
T3 3333338033333 5303033502388 033 205822242001 E 3
SUBRDUTINE YCALC(STG,UBL.UG,ALTWD,.YD. X, Y. T,DZ
REAL X({(3),Y(3),T(3)
T1=DZASTGXT (2 ¥ (V(Z2)}=X (Z2Y %Y
Y{1)=¥Y(2)-T1
RETURN
END
3+ 3333533353 3533 3233334333382 53 325483530ttt
c
C Subroutine XCALC
c .
C This subraoutine calculates the liguid phase composition
C based on a material balance on a small but finite area
c .
(332 ++30+2 3232228223233 2232033048322 3232020200000 00y
SUBROUTINE XCALC(BOL,STL,DAR,RNS,CCAT, GAEMMA, YO, X,Y,
+ T,
REAL X{(3),Y(3),T((3)
Ti=1.0/(DZ¥BOL)Y X (X (X=X (2)}
T2=DZXSTLX (Y (2) /YO-X(2))
TIS=DZ4*DAXRNSXCCATAEXFP (—GAMMA/T (2 Y %X (2}
X(1L)=X(2)-DZxBOL¥ (T1+T2-TZ}
_ RETURN .
- END - -
(355333830543 ¢33030 3343333333323 3333533333335 583 303558054
C
C Subroutine TCALC
C
€ This subroutine calculates the temperatura based on an
C energy balance
c

EAAANE
)

R R R R R kR AR AR IR A R AR R AR

SUBRDUTINE TCALC(FPE,ETH,BE,DA,RNS,CCAT,5AMMA, X, T,
+ DZ)

REAL T3 ,X((3)

Vi=1_0/ (DZXPEIR(T(Z>-T(22)

V2=DIZIXSTH* (T (Z) =12

F=BEXDAXRNS®CCATHENF (=CAMMA/T (2 ) %X {2

T1)=T (2} +PERDIX (V1-VE+V3]

RETURN

END
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c
C Subroutine REFORT
Cc
£ This subroutine lists the current concentrations.
C .
C*ﬁ**********2**#*************###*3#***32***#***#**#3**#3
SUBROUTINE REFPCRT{(X,Y,T, I, IF,NSTER)
REAL T(3),X(3),¥Y(

i¥ a short repart was indicated list orly tha final
three concnetrations -

nonoon

IF((IP.ER. 1) AND. (I.LE.NSTEF-33) GOTC 20
IF(1.NE.1) GOTO 10

: WRITE (&, 1507 .

100 FORMAT(® I T X Y

10 COMTINUE .

WRITE (45,1100 I,T(1),X(1),Y(1)

116 FORMAT(1X,13,3F10.4)

20 CONTINUE

RETURN _ L o )

END ) .
N ok K R R R KRR R KR RN
c
C Function POW
C
C This function raises any numbar 4o any power. It was
C written to the inability of the intrinsic functics io
C handle.negative numbers.
c .
C*****X#*2***2*!*****2*#*22**2*2*2*#=¥¢¥*$**#¥¥$**#2***#*
c .
C BASE = The number to be raised to a power
c FOWER = The number to be used as the power
c :
K i O N R K N N ey
c .

FUNCTICN PCW(BASE, POWER)
C
C If the base is a positive number set SIESN=1.0 so *hat
£ the answer
£ will be positive.
[

IF (BASE.Ef.90.0) THEMN

POW=0.0
© RETURN
ENDIF

IF (BASE.GT.0.0) THEN
A=FODWER*ALOG (RASE)

195
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SIGN=1.0
ELSE .

I+ the bhase is negative and the power is a2ven then the
answer will be positive. I the base is negative and
the power is not even the answer 1s to be negative.

REM= (POWER/2.0) —INT (FOWER/2Z.0)
A=POWERXALDG (ARS (BASE) )
IF(REM.EQ. 0.0} THEN
SIGN=1.0
ELSE
SIGN=-1.0
ENDIF
ENDIF
FOW=SIGNYEXP (A)
RETURN
END
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| c
C Program COMEB .
c
[: cC This program calculatesz the heat reguired by the
; € combustor and the temperature of the comtustor.

c
r C#*#21!2#****3****#*#**!*2!***#***X!#!***X**##*#*******X*
i =
C Common block
- E
i‘ c QP = Heat load of the pyralvyzer, cal
C AE = External heat transfer ar=a. sqg.cn.
c TE = Extarnal temperature, K
) c a1 = Heat transfer area between combustor
I c and pyrolyzer,. sg.cm.
C TF = Pyrolyzer temparature. K
. c cs = Heat capacity of the salicd matesrial,
i € cal/g K
C DENS = Density of the solids, g/cu.cm.
c CG = Heat capacity of the gas, gal/g K
% c DENG = Density of the gas, g/cu.ca:.
c VIS = Viscosity of the gas,
c RKGE = Thermal conductivity of thes gas,
c DP = Partical diamet=r, cm-
i c EMF = Void fraction at minimum Tluidization.
c DR = Reactor diameter, cm.
[
C:ﬁ****2‘#**#3-"‘-3******X**%X*****X#!.t#X*:#****#Z**##*#*#**"&**

- COMMCN QP,AE,TE,Al, TR, CS, DENS, CG, DENG, VIS, RKG, DF,
- . EMS, DR :

This statemen: is dependant on the
€-the FORTRAN varsion used. The statement listed is for
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C
OPEN (S, FILE="COMB.DAT" ,STATUS="0OLL" ,ACCESS="DIRECT" .
+ FCRM="FORMATTED" ,RECL=E0)
i C Obtain the initial parametars. (S=2: ESubroutinsz
C PARGM)
C
z CALL PARAM(VEC, VSP,=MFC, Ko, AMEE L ER,VE:
C Calculate the intearnzl {(Subroutine RINTER) 2nd sxisrnal
I © {(Subroutina £XTER! heat t-aneter coafficzisnts
-
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UE=EXTER (VBLC,HC, HMFC:
UI=RINTER (VGC, VEP, HC, HP, HMFC, HMFF}

Calculat=a the reqﬁired combustor temperature to

provide reguired heat to pyrolyzer at the required

temperature.
TC=TP+OP/ (Ul XAI+CS¥DENSEVS)

Calculate the heat losses from the combustor.
@i=heat lost through wall

@2=haat iost in gas.

21=UEXAEX (TC-TE)
Q2=CGXDENGXVEEXTC

Sum for tctal heat reguirment
R=01+22+QP

write out result
WRITE (0,100 TC,@

100 FORMAT(®* T €& ?,Z2E12.4)
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C.Subroutine Param

~ : .

cC This subroutine reads in the needed data Trom the
C input file.

c

(633 +3+23 3¢+ 2+ 2820222243553 222333344203 22 2222003222380
[

c VBC = Superticial velocity of the

c in the combustor, om/s

C YGP = Superficial velaocity aof the

c in the pyrolycer. ca/s

c HMFC = Height of the combustor ted

c minimum fluidization, cm

c HMFF = Height of the pyrolivcer bed

c minimum fluidization. cm

C HF = Height of the pyrolyzar, cm

C HC = Height of the ceombustor, &
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vs = Velocity of solids circuliation

c

c

C The common block is passed to the subroutine. See the
C main routine for a description of the parameters in the
C commcn.

0
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SUBROUTINE PARAM(VEC, VGF, HMFC, HC, HMFP, HP, VS)

C
COomMmMOnN Qe, AE, TE,AL, TP, CS, DENS, CG, DENG, VIS, RKS,
-+ ne, EMF, DR

C

READR(S,%») DC,TE,DR, TP

READ (S, x> 2F

READ (S, ¥) CS,DENG,VS

READ(S, %) CG,DENG,VEC,VEP

READ (S, ¥) HMFC,HC, HMFP, HP

READ (S, ¥ VIS,RKS,DP,EMF

AE=DCX3.141&5%HC

AI=DR%3. 141&%HF

RETURN ‘

END. . B
C*xx***x**x*xzxx:xk##xxxx:zxxx*x**xxx#::x*#x*zxzxzm2#:***
c
€ Function EXTER
C
C This functiaon calculastes the sxternzal heat transfer
C coefficient
- ;

IR bt P et Tt T Pttt e P e eI IaT
C . .

c VB =.Velocity of gas in the combustor, cm/s

c H = Total bed height, cm

c HMF = Height of bed at minimum fluidization, =m
d

(4 The common block is passed toc the function. Se= the
C main routine for a description of the parameters.

~
C*#**#**#2#3*2!#*#****23*#*************#*#****2*3*****#*#

FUNCTION EXTERIVE,H,HMF)
cC

coMmoN QP,AE, TE,~I, TF,C8, DENS, CC, DENG,VIZE, BKE, DO,

- EMF, D
C .
€ HEWi= Recsistance to heat transfer by natural convaction
c off the outside cf the rzaztor.
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= Resistance from the %lﬁidized bad tc the wall

HEWL1= (0. 057544%0.59/DR) % (0. 702%0. 4452EF4TEX {DRX¥3) ) x*0. 25
HEW2=FLUID (VGE, H, HMF}

EXTER=1.0/(1.0/HEW1+1_.O/HEW2)

RETURN

END

TS s sttt se 3333333332322 d2 2t

tion RINTER

Thizs furction calculates the coeffizient for the
- wall.

O LT TS T e I T 2222+ ESELE LTRSS LSS 25

VBC = Super+ticial wvelocity of the gas
in the combustor, chn/s

VGP = Superficial wvelocity of ithe gas
v in the pyrolyzer, cm/s

HMFC Height of the combustor bed at
minimum fluidizaticn, cm
Height of the pyrolyzer bed at
minimum fluidization, cm
HP = Height of th& pyrolyzer, cm
HHC = Height of the combustor, cm

HMFP

common block is passed to the subroutina. See ths

routine for s description of the parameters in the
ON e - .
##*#!#*******3*#**X*****#Xx#t###k*#*2**22*2#*3###2#
FUNCTION RINTER(VGC,VEGP, HE,HP, HMFC, HMFF)

COMMON ©P, AE, TE,AI, TP,CS,DENS,CS, DENG, VIS, RKE, DP,

- EMF, DR

c
C HEKL
C HEWZ2
Cc

= Rpgsistance on the combustior side of the wall
= Resistance on tha pyrolyzer side of tha wall

HEW1=FLUID(VBC, HC, HMFE)
REW2=FLUID (VGF, H~, HMFF)
RINTER=1.0/{1.0/HEWI+1.0/HEWZ)
RETURN

END
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The common biozk is passed +to the subroutirs. Sea the
main reutine for a dascription of the parametars in &he
common.

c

C Function FLUID

C

o] This function calculates the hest transfer

C resistance of a wall in contact with a fluidized bed.
C . . .
C****!St***#************************##X*#*******3#***2***
C ' .

c VG = Velocity of the gas, cm/s

c H = Total bed height, cm

c HMF = Bed height at minimum fluidization, cm

c

c

C

C

C
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FUNCTION FLUID(VB, H, HMF)

c
COMMON QP,AE,. TE,AI, TP,CS, DENS,CS,DENG, VIS, RKE, DF,
+ . EMF,DR .
Look up the parameter Si used in the correla:ion

'SI=SITBL (DF, DENG, VG, VIS)

HF=1,0-{({1.0—EMF) ¥HMF /H)

AT=(1.0+7 . SXEXP(—C. 84% (H/DR: X (CG/CS) 7 ?

BT=(DP/RKE) / { (1-HF) ICSXDENS/ (CSXDENG) ?

FLUID=(SI*AT) /BT

RETURN-

END .
C*****tx*t***#**##2*****xt*t!!**#*****:#*##*#!***#*****t*
c
C Function SITBL
[ .

c This functicn determines the gparameter Si

c
C#*****8!*******2*****=*¥¥K¥$¥!*!$*¥$¥¥¥*#222#3#**:#*#$33
c

c bF = Partical diameter, cm

c DENG = Density of the gas, a/cu.cn.

o Y5 = Bas veliscity, cm’s

c VIS = Viscosity of tha gas,

- .
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FUNCTION SITEL (DF,DENG,VE,VIS)

RE=DPXDENG4XVG/VIS
RELOG=ALOG (RE)
IF(RELOG.BT.~-0.&6) BOTO 10
A=1.08
B=-2.99
GOTC SO

IF(RELOG.GT-9.0Q> GOTO 20
A=0.91

=-2.99

EOTD S0 .
IF{RELDG.ET. 0.9 GOTO ZC-
A=, 54
B=-3.10

GDTOD S0

IF(RELDG.G5T.1.48) GOTC 40
A=0.25
B=-2.71

GOTO S0

A=0.0

=—2.3

SILOG=AXRELOG+E
SITBL=10%XSILDG

RETURN

END
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