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This appendix documents the Foxtran program logic used to predict
ebullated bed phase holdups from operating conditions.

Figures E-1 through E-4 are simplified flow charts of major subroutines
whose purpose is not immediately apparent from the coding. Table E-I
1ists all subroutines and their fumctions.

The Fortran coding and a list of vector locations appear at the end of
this sppendix. Because this program shares several subroutines with
the program for experimentsl data analysis, the vector ligt will not be
continwous. Similarly, vectors such as EC, EGG, and ELG may be deleted
if desired.

The Peecbles and Garbexr correlation is pressnted in Table E-II to aid in
tracing the logic¢ of Subroutine PEEBLE.




MAIN Program

BHATIA

CHGCD

DRIFT
ELTAM
FLOAS

LINEAR

PEEBLE

WAKE
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TABLE E-1

PROGRAM SUBROUTINE FUNCTIONS

Controls iteration sequence.

Calculates phase holdups £rom
velocities.

Overlays vectors after normal cards
read in.

Calculates Vgp, drift flux.
Calculates Xk.

Converts ft/sec to volume units.
Calculates linear velocities of gas
and liquid based on bed volume

fractions.

Calculates bubble diameter from
terminal bubble velocity.

Reads data cards.
Calculates bubble terminal velocity.

Calculates ratio of wake to bubble
holdup.
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TABLE E-TII
TERMINAL VELOCITY OF ISOUATED BUBBLES IN LIQULDS
Terminal Range of
Region Veloeity, U, Applicabilicy
1 2:.:(91 - n)g Rep, <2 where Rep bubble
——-5-———5——- Reynolds number =
¥ 291U=re
H1
Q Qe 2
2 0.333°"’"(_1 32, 1.28 2 <Rep <4.02¢ ot
Wy whefe M Morton Number =
g1
poe
1/2 w1l /4
3 1.35(;’ )’ 4,02y 0324 <Re, <3.104 /
1%e
or
16.32M%°14% <G <5.75
where oy 4. A
G =28 Te U oy
o3
0,25
4 1,13(5—") 3.10 G <Rey
" 5.75 <G

Source of Information: Peebles, F. N,, and Garber, H. J., "Studies on the
Motion of Gas Bubbles in Liquids," Chemical Engineering
Progress, 49, 2 (1953).

TAV/ml
2/20/78
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C _VECTOR SYSTEM CONSTANTS

c(l) Run no.

C(2) Test no. for base case data.
c(3)

c(4) Reactor diameter, ft.
c(6) g 32,12 ft/sec?.

c(7) Zc 32.12 1lby-ft/sec®~lbg,
c(8)

c(9)

c(10)

c(1ll)

c(12)

c(13)

c(14)

C(15)

c(16)

c(17)

c(18)

c(19)

c(20)

c(21)-¢(25) Liquid name.
€(26)~C(30) Gas name.
C(31)-c(40) Catalyst name.
C(41)=-C(50) Problem ID.
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E_VECTOR CALCULATED VALUES
E(1) Catalyst holdup, e..
E(2) Average gas holdup in bed, Ege
E{3) Average liquid holdup im bed, €.
E(4) Average fines holdup in bed, eg.
E(8) Slurry demsity, 1b/ft>.
E(9) Combined (ep + eg).
E(14) Superficial liquid flow rate, ft/sec.
E(15) Liquid linear flow in bed, ft/gsec.
E(17) Total liquid flow, gpm/fté.
E(18) Gas linear velocity in bed, ft/sec.
E (20) Gas volumetric flow, cfh.
E(21) 01ld value of E(1).
E(22) 01d value of E(2).
E(23) 01d value of E(9).
BE25) Vol? fineg ian liquid,
E(35) Bubble Reynolds number.
E(36) Bubble Morton number.
E(37) Bubble G- number.
E(38) Bubble diameter from Ugp (Egi).
E{GO) % bed expansion.
E(41) 0ld value of E(1) in Bhatia-Epstein model.
E(42) 01ld value of E(2) in Bhatia-Epstein model,
E(43) 0ld value of [E(3) + E(4)] " " .
E{48) Gas linear velocity in bed, ft/sec," ",
E(49)
E(50)
E(51) Single bubble terminal velocity, Upp, ft/sec.
E(52) Richardson-Zaki index, n.
E(53) nrift flux, Vgp, mm/sec.
E(54) Read~in value of Utg, ft/sec.
E(55) Read-in value of Xy.
E(56) Ko for wake holdup.

E{(57) Read«in value of Ko.
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F VECTOR PHYSICAL PROPERTIES
F(1) Liquid density, 1b/ft>.
F(2) Liquid viscosity, cp.
F(3) Liquid surface tension, dynes/cm.
F(5) Slurry viscosity, cp.
F(6) Gas density, 1b/ft3,
F(7) Gas viscosity, cp.
F(8) Soaked catalyst density, 1b/ft3,
F(9) Bulk density, 1lb/ft3.
F(10) Particle density, 1b/£t°.
F(11) Catalyst diameter, in.
F(12) Catalyst length, in.
F(l4) Fines density, 1lb/ft3.
F(15) Average fine size, .
FP(17) Ratio of solids in wake to solids in
particulate phase, Xi.
F(20) Bubble radius, ft.
r(21) Catalyst terminal velocity, ft/sec.
F(22) slurry viscosity, lbm/ft-sec.

F(23) Surface tension, Ibf/ft.
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Ks(19)

Ks(30)

KS(41)
KS(42)

KS(43)

Ks(44)

KS(46)

KS(47)-Ks(50)

XS VECTOR SWITCHES

Option to calculate Xp:

O==-Use El=Temtamy correlation.
l-~tige read-in value of Xy.
3~-Calculate from Upy correlation

1f U1 > Uy*; otherwise, use
El-Temtamy correlation.

Maximum number of iterations for
Bhatia-Epstein routine (default 20).

Region for Peebles/Garber correlation.

Iteration counter for loop in main
program,

Maximum limit for KS(42) (default 20),
Read indicator:

0--Normal.

1--End of input deck.

First option for KS(19) to calculate
Xx (default 0).

Ks(19) option to calculate X
(default -99).
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™ (40) UL, Wake volume correlation.
T™M(41) Uy " "
TM(42) U1, " "
TM(43) 8o L "
m(%) bJ.E 1" "
m(As) .23 " 1]
T™M(46) bag " "
T™M(51) Ay Bubble terminal veloecity correlation.
TM(52) Az " "
m(sa) Aa 11 "
m(sa) A4 " "
m(55) a3 n [1]
m(ss) b12 " "
T™(57) aza n "
'm(SB) b 20 " U]
™(59) 8ng n "
™(60) baq " "
T™(65) Uy * Crosgover liquid velocity, ft/sec.
™(74) a X correlation.

™(75) b Xy correlation.



M80-21
~254

v(5)
v(7)
v({19)
v(21)

V_VECTOR OPERATING VARIABLES

Fines concentration in liquid, wt%.
Initial bed heights.

Liquid flow rate, gpm.

Gas superficial velocity, ft/sec.



M80-21

-255

Z VECTOR INTERMEDIATE CALCULATIONS
z(5) Ug - U1, ft/sec.
z(10) Relative velocity between bubble phase and liquid

in particulate phase. (Vgl"') ft/sec.

z(11) ek''/e,'' two-phase wake/two-phase gas holdup.
z(12) Wwake h8ldup (ep).
zZ(13) Liquid héldup in two-phase particulate phase.
Z(16) New linear gas Vg velocity in Subroutine BHATIA.
Z(17) Average linear gas velocity used as new value.
z(18) New value of gas holdup in BHATIA (eg).
z(19) New value of liquid holdup in BHATIA (€7).
z{20) New value of ¢..
Z(23) Value in expression for zZ(13).
Z(25) Vgl for El-Temtamy calculation of Xg, ft/sec.
Z{26) Xy from El-Temtamy calculation.
z{27) Identical with Z(25).
2(28) Slope for Xy correlation.

z(29) Intercept for Xk correlation.
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Main program

Compute bubble |(Cal
dameter subroutine

‘PEEBLE)
inltalize ch
Com drift
! Pitts drift | subroutine
"Witts output DRIFT)
header
Compute catailyst-
bed axpansion
Read unit l
data
Write
- output

Set default
terations to A0
Y” Q

Write tailer
Set iteration
counter to 0
: Compute 8 |(Call subroutine
(ot |Congul pem | G
sSTOP




Figure E«2

Subroutine BHATIA

Save old
€y .£9, EC, ef

!

Set default iterations
w0 20

!

Compute Xk

!

Computa wake
volume ratio

!

Solve model

Save
Holdups

" increase iteration -
counter

Solves BHATIA/Epstein model

{See subroutine ELTAM)

{Ses subroutine WAKE)

M80-21
=257

(See Table XXl Equation numbers
correspond to those in Table Vi)
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Pigure E-3

Subroutine ELTAM

Computs VgL

'

Compute Xk

!

(Computes Xk, the ratio
of solids holdup)

{Use literature correlation)

KS(19] =0 [ Which option to use for | Ks {19)=3
Xk? {examine Ks {19)}
: Ks{19)=2
Use literature Use empirical No
correlation correlation
1 Yes
Return PP E—— o




Figure E~4

Subroutine PEEBLE {Computes bubble diameter

o from rise velocity)

Convert viscosity, surface
tension to proper units.

'

‘Compute bubble
dlameter, assuming (See table E-1)
region 1

!

Calculate Reynolds
number

Is
Raynolds no.
in range ?

Computa bubble
diameter, assuming
region 2

!

Calculate Reynolds
& Weber nos.

M80-21
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Compute bubble
diameter, assuming
region 3

'

Compute G,
Reynolds nos.




