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ABSTRACT

The basic hydrodynamic variables of minimum fluidization and
phase holdups were experimentally determined in a three-phase
fluidized bed. Packings of 4x8 and 8x12 mesh alumina and 9,25-in.
Plexiqlas were fluidized by a cocurrent flew of air and watew in
3- and 6-in,~diam Plexiglas columns. The holdups and minimum flui-
dization velocities were calculated from a pressure profile of the
column. Correlations for the solid holdup as a function of the
phase properties and operating parameters are presented,
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1. SUMMARY

Applications of three-pnase fluidized beds such as catalytic bydro-
genation, coal liquefaction, and biochemical conversion vequire a hetter
understanding of the design and operating characteristics of these con-
tactors. A study was undertaken to correlate the hydrodynamic parameters
important to the design of these beds,

The experimental apparatus consisted of two columns of 3- and 6-in.-ID,
0.25-in., spherical, Plexiglas beads,and 4x8 and 8x12 mesh alumina beads
were fluidized with gas and liquid in the two columns. Pressure drop was
measured for differani flow rates, and the corresponding holdups were cal-
culated from the equations defining the system, Incipient fluidization
was determined from a plot of pressure drop as a function of liquid velocity
at the point where the pressure drop becomes independent of liquid velocity.
Correlations for the three holdups weve attempted. The following equations
were obtained for solid holdup:

| e = .56 (4~0+0059:0,0042 ; 0.069:0.006"
S G L
1-eg = 1,17 Rel #3140.009 £-0.157:0.005

Liquid and gas holdups could not be correlated.
2. INTRODUCTION
2.1 Background

A three-phase fluidized bed is a bed of solid particles suspended by
an upward cocurrent flaw of gas and liquid. The principal application of
these contactors is as catalytic reactors involving gas and liquid reactants
and a solid catalyst. This application includes the hydrogenation of liquid
petroleum fractions, the hydrogenation of unsaturqted fats, and Fishers
Tropsch type processes. in c¢oal liquefaction processes curreatly under
uevelopment, the solid phase of the tluidized bed contains both a catalyst
and a s01i{d reactant. Knowledge of the flow behavior in a three~phase
fluidized bed 1s essential to the analysis and design of such industrial
operations,

2.2 Theory

Whan a fluid is passed upward through a bed of solid particles,
pressure drop accurs, This pressure increases linearly with distance




through tha bed of solids. The total pressure drop acress the bad increases
Vinearly with the fluid flew rates. At the minimum fluidizatien velocity
the drag force exerted on the particles by the fluid exactly counterbalmices
the buoyant weight of solids, Thera is no further increase in pressuve drop
across the hed at velocities above mininum ¥iuidization,

2.3 Previous WHork

dm et al. (8) studied the characteristics of two- and three-phase
fluidized beds. Three-phase systems of water, air, and solids {gravel and
glass) ranging in size from 3 to 6 mm weve studied vavying the svrerficiad
liquid velocity from 1.4 to 10.2 co/sec and the superficial gas velocity from
0 to 26 cm/sec in a two-dimensional column (243.8 x 66 x 2.5 cm}. The ex-

anded bed height was measured and solid holdup was cbtained from the bed
weight with Eg, (1), The gas and liquid holdups (eg and £, ) weve determined
by simultaneous solution of Egs. {2) and (3).

ey = M/psAHB ' (1
g tegteg = L0 {(2)
AP = (eppp * egog * ESC'S)QHB )

Kim alse measured photographically the bubble diameter and velucity and
reporis two forms of thrae-phase fluidization: hed contraction on intyoduc-
tion of gas and bed expansion on introduction of gas. These =wo forms de-
pend on a critical particle size, above which only bed expansion is observed.
Kim found that for particles with densities of 2.5 gm/em®, 7Tluidized by air
and water, the critical diameter is 2.5 mm,  In an extension of this inves.
tigation, Kim et al. {€) ewployed the same gas and solid phases but varied
the viscosity from 1 to 70 cp with sugar and carboxymethyl cellulose solu-
tions and varied the surface tunsion from 40 to 73 dynes/cm with acetone.
Kim also performed experiments with 1-mm glass neads in the tvo-dimensional
columa varying superficial liguid velocity frem 2.7 to 10.2 <n/sec and
superficial gas velocity ¥rom ©.70 to 16.1 cm/sec. He obtained three corve-
lations for three phase fluidized beds. For beds which initially expand on
introduction of gas:

e +eg © 1.4(FPL)O"7O(CaG)°'O78 (4)
For heds which initially contract on introduction of gas:



where €L is Tiguid holdup from a two-phase (Tiquid-solid) fluidized ved
given by?

ey = 1,383 (Fr)?200 (Re ) 010 (6)

For liquid holdup, Kim et al. proposed

Daksiinamurty et al. (2} studied the fluidization characteristics of
at-water-solids and air-kerosene-solids systems in & column 6-cm in diameter
and Y&f-cm high varying the superficial gas velocity from 0.1 to 7.5 cw/sec
and the superficial liquid velacity from 1 to 20 cm/sec. Several solids
including veckwool shot, glass spheres, glass beads, jron shot, avd sand
ranging in density and diameter from 2.4 to 7.7 gn/cmd and fram 0,) %o 0.7
¢, rospectively, were fluidized, They reported a correlation for bed
parcsity in terms of the terminal veloeity:

M
p..l:‘...é).E. > 500’

Far Rey
H

u wmi
gL teqg = 2.55('0%)0'6 ("‘"“é 6)0'08 (8)

For Ret < 500,

U w s
e +eg a.z(u-t-)o-“(-g 6,0.08 )

fistarguard and Michelsen (7} investigated the effect of gas and Tiquid
velocities and particle size on yas holdup using a tracer technique. The
experiments were carriad gut with water, alr, and glass ballotini. The
fluidization column of borosilicate tubing was 2).6-cm ID and 4.7 m long;
the total height of the experimental section was 4.4 m. Flow rates of gas
and liquid were measured by calibrated votameters. The tracer materials
were radioactive gamma-ray emitting {sotopes: bromine-82 in the liquid phase
(in the form of aquevus armonium bromide solution) and argen-41 in the gas
phase. Pstergaard obtained a correlation for the gas holdup as a funciion
of the superficial gas and liguid velocities:

eq = (2.50 + 9.08) x1072{0,193 y )"0+ 1620:02(y 5 ) 1-9520.03 (5)




Burck et al. {1) performed expeviments in a 3-in.~I0 ¢nlumn varying
gas and liquid supevficial velecities., Burck studiad three packings: 4xB
alumina, 8x12 alumina, and 0.25-in. Plexiglas beads and developed a corre-
1aticn far solid holdup in terms of the winimun fluidization velocity.

U

min

1)

Wen and Yu (8) studied liquid-solid fiuidized beds of glass and steel ha!}c
varying diameter from Q.08 to 0.5 cm and densily from 2,36 to 7.34 gm/em,

Wz corvelated his data with & large amount of literature data and obtained
& correlation for bed porosity,

4.7

arep T = 18 R v 2.7 Rel 8 (12)

L L

Ferguson et al. (4) performed caperimenis in 6-in.-ID and 3-in.-1D
bubble columns varying gas and ligquid superficial velocities. Fergusen
obtained a correlation fov gas holdup

U
- = 0.32‘” L G)O.CTQ

. i (13)

2.4 Ohjectives

The abjectives were o correlate the hydrodynamic variables of minimum
fluidization velocities and phase holdups in a three phase fluidized bed
over a range of opeviting conditions, and to vecommend improvement in the
exparimental apparatus and to make suugestiuns for the cantinuation of this
investigation.

2.8 Method of Attack

The hydrodynamic varisbles affecting the operation of three-phaze flui.
dized beds were studied in two Ploxiglas columns of 3- and 6-in, dianeters.
The prassure drop across the bed was wmonitored at a range of fluid velacities
to determine the minimun fluidization velocitias., The phase holdups were
calculated from the bed height and pressure drop across the bed. For gpera-
ting conditions where thera is a well-defined bed height, the solid holdup
was calculated from Eq. (1), Thc Tiquid and nas ho?dupa were determined
by the simultaneous solution of Tus. (2) and (3). For flow rates uhere a
definite bed height could not be determined, photographs were taken in an
attempt to calculate the solid holdups,



To devalop reasonable correlations for the solid, liquid, and gas
holdups in the limit, the tollowing criteria were established: (1) the
correlation should approach known two-phase coveelations as one of the
phases vanishes, and (2} the sum of the holdups has to be unity. From
previous investigations, the variables which were considered for corre-
lating the phase heldups are:

051 QL‘ PG UL: US: gy Uy Oy Dp

The dimensionless groups that were formed are consistent with those of
previous investigators and are:

With these holdup c¢riteria in mind and the abcve dimensionless groups,
several correlations were attempted using a meitivariable linear regres-
sion technique. The correlations were based on 105 experimental data
points and 721 datu points from the Viterature {2, 3, 5, 6, 7).

3. APPARATUS AMD PROCEDHRE
3.1 Appavatus

A Tlowsheet of the experimental apparatus is shown in Fig. 1, Three-
phase fluidized beds were operated in two Plexigles columns of 3~ and 6-in,-
1D, Water is pumped from two 55-gal feed tanks through a series of rota-
meters to the bottom of one of the coluwns where a screen acts as a liguid
distributor, Similarly, air from an air line flows through a series of gas
rotameters to a gas distributor located directly above the liguid distribu-
tor screen, The air and Water flow cocurrently upwards through the cotumn,
The exit air is vented to atmosphere and the water gverflows and is recir-
culated to the feed tanks. & series of water-filled manuweters are located
at intervals along beth columns,

3.2 Procedure

Three packings were fluidized in the two columns: 4x8 and 8x12 mesh
alumina beads and 0.25-in.-diam Plexiglas spheres. The alumina beads were
pretreated with water to allow for adsorption in the porous material. The
alumina was rdrained and sorted to eliminate broken particles. A1} packings
were weighed, the densities determined by water displacement, and an average
particle dianeter determined by measurement with a micrometer, Initial
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readings of the manometers were taken, and the veadings adjusted relative
to the bottom manometer by the addition of a corvection factor. This pro-
cedure corrects for elevation differences in the position of the manometer
scales., .

Gas was metered into the colunn at a specified superficial gas velocity.
The liquid superficial velocity was varied over the range from 0 to 232
cm/sec. The pressure profile along the column was determined at each Tiquid
velocity from the series of water manometers. The pressure drop due to
flow was measured as the differerice between the bottom manometer reading
and each corrected manoweter reading. The bed height cccupied by solid
particles and pressure drap across the bed were determined by a plot of
pressure dirop against distance up the column as shown in Fig. 2. Under
some operating conditions, the points on this plot showed curvature near
the maximum; in these cases a curve was fitted to the points around the
maximum, and the bed height and pressure drop were taken at the apex of the
curve, The values of pressure drop and bed height were substituted into
Egs. (1), (2), and {3) to calculate the phase holdups. A series of such
measuremants was made at several different liquid flaw rates. The minimum
fluidization velocity was determined by a plot of the pressure drop across
the bed against the liquid superficial velociiy. A typical minimum fluidi-
zation curve is shown in Fig, 3.

A photographic technique for the determination of solid holdup in
regions of indefinite bed height was examined. Polaroid pictures of a
Plexiglas packing consisting of a known ratio of black to ciear particies
were taken at intervals up the column, Equations {2} and (3) can then be
applied over small intervals for the determination of holdups.

4. RESULTS AND DiSCUSSION OF RESULTS
4.1 Pressure Drop

The reduced pressure drap through the hed as a function of superficial
liquid velocity is shown in Fig. 4 for three superficial gas velocities
with 8x12 mesh alumina in the 3-in, column, Al) pressure drop measurements
were subject to + 2 mm error in reading the manometer. The pressure drop
increases with increasing liquid velocities below minimum fluidization. The
minimum 1iquid fluidization velocities were determined as the points at
which the pressure drops became incependent of further increases in liquid
velocities. At these points the beds are said to bhe fluidized, With in-
creasing gas superficial velocities the fluidization points occurred at
Tower superficial Hquid velocities and reduced pressure drops.

4.2 Minimum Gas and Liquid Fluidization Velocities

The minimum gas and liquid superficial velocities as a function of
packing and column diameter are illustrated in Figs, 5 and 6. The weak
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dependence of minimum liquid velocities on the large vange (0 - 20 cm/sec)
of minimum grs velocities for the 8x12 mesh alumina in the 3-in. column is
shown in Fig. 6. Attrition losses of the 8x12 mesh alumina occurred especi-
ally at hign superficial qas velocities., Initially 1894 gm of 8x12 wesh
aluning having a mean particle diameter of 0.210 cm were charged to the
J-1n, cotumn. During experimentation with this packing, a decrease in
static bed height equivalent to a loss of 485 gm of alumina occurred.
Particle attrition was noticed hy the presence of several hundred grams

of solid alumina settled in the liquid storage tanks. The solid bed height
for all these experiments with 8x12 mesh alumina were corrected, Since the
static bed height was recorded before each run, the change in ped mass was
back-calculated by £q. (14) assuming a constant and independently measured
static solid holdup.

M = o AN {14)

where * means static conditions.

The decrease in particle diameter was calculated from the calculated
bed mass, M, assuning equal attrition of each particle. The calculated
mss and particle diameter were then assumed to be constant throughout the
run. The calculated particle dianeter of the 8x12 mesh alumina removed
from the 3-in, column after the last run was C.191 cm, compared t9 a mea-
sured mean diameter of 0.18% cm, The three gas velocities in the vange of
(.55 to 2.7 cn/sec were studied after the most severe attrition had occurved,
The particles were smaller by this timg and fluidiaed at lower Viguid veloei-
ties as ix observed in Fig, 5.

A more pronounced dependence of minimum Viguid velecities on gas ve'oci-
ties for Plexigtas and 4x8 mesh alumina in the 6-in. column 1S shown in
Fig. 8, Fluidization occurs at Tower gas and Yiquid velocities for the
Plexigias because of it5 low density difference with water relative to
alumina, The insensitivity of minimum Yiquid fluidization velocities to
large gas velocities for 4x8 mash alumina in the 3-in, coluwn may be due te
the transition into a slugging vegime, The possibiiity of slugging in the
J-in. columm exists because of large superficial fluid velacities,

4.3 Holdups

4.3.1 Holdups with Alumina Packing

The effects of Yiquid and gas superficial velocities on sotid, liquid,
and gas holdups for 8x12 and 4x8 mesh alumina are shown in Figs. 7 through
10, Due to the increase in bed height, the solid holdup decreases with
increasing tiquid velocities at a constart gas velecity. As the Tiquid
velacity increases, the liquid holdup increases faster than the solid holdup
decreases., Since the sum of the holdups must equal one, the result is
that the gas holdup decreases stightly with increasing lquid velocities,
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The increase of gas superficial velocity lowers the ltiquid holdup without
an apparent change in the solid holdup,

4.3.2 Holdups with Plexiglas Packing

The solid phase holdup is detwwined py the application of Fg. (1)
assuming the existence of a well~defined bed in which the solid holdup is
constant, As the fluid velocitios ave increased, tntrainment of solid
particles -becomes significant and the holdups var: as a function of asxial
position in the column. Under these circunstances Egs, {1} and {3} ave no
longer applicable, The effect of Tiguid supevficial velocity on the holdups
for 0.25-in.~diam Plewigles is shown in Fig. 11, As Yiquid velocity ine
creases, the calculated solid and gas holdups increase and the calculated
Yiquid aoldup decreases. This is conirary to experimental observition singe
the bed is visually cbserved to expand significantly due to the entriinment
of the low density Plexiglas spheres at these superficial ligquid velncities,
The height determined by the intersection of the AM-l curves is tho bed
height of the non-entrained particles. tVhis calculated height decreases
with increasing liquid velocity as more particles become entrained above
the bed. Equation (1) cannot be applied to solve for the solid holdup
when this entrainment occuvs, Ancther method of determining the solid
holdup as a function of position in the column was attempted. Plexiglas
packing in the ratio of one black to nine clear particles was fluidized at
entrainment velocities, Several photographs were taken in an attempt to
count the particles as a function of distance up the columa, Visual counting
wat possible in the low pariicle deasity vegion, Unfortunataly the number
counted for differant photoyraphs of the same rvegion at the sare conditions
varied hy wore than a factor of two. The number of photegraphs taken was
not sufficient to provide a good statistical average particle density for
each region. To enable a statistically valid count in the low pacticle
density regions, the best packing vatio of black to clear Plexiglas beads
has to be detamnined, Once the number of pavticles in the Tow deausity
vregion is known, the pariicle count in the high density region mav he
gbtained by differencs.

3.4 Corvelations

4.4.1 Sotid Hoidup

Yhe solid holdups wers correlatad by a multivariable linear roagrescion
program chonsing the same dimongionless gvoups as £q. (&), Fquation {15)
corrafates the experimental data and Eq. (16) correlates the exporinenta)
and litereture data, ’

0010 0. 107 .
Deeg = 0,63 Cag o w}j i (15)

where the regression coefficient is 0,87,
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where the regrassion coefficient is 0.44. The exponents for tg. {18} are
not in agresment with those of Eq. (4). The deviation can be sean in Fig.
12 where the experimental values for solid holdup arve plotted against tin
values of solid holdup caleulated by Eq. (4). The espzrimental data con-
sistently fall below the caleulated values. A possible explanation iz thaf
£q. (4) is only valid when no bed contraction is chserved. The discrepuncy
between the correlations vesult from coreelating data for poth expanding
and contracting beds in A single equation [Eq. %!ﬁ)]. Eguations (43, (1%5),
and {18) are nut valid for the two phuse selid-liquid fluidization wheve
all predict a solid haldup of unity., In Fig, 13 tne experimentsl valyes

of sotid heidup ave plotied against holdups calculated fram Eq. (16]).

fquation (4) was altered by replacing the capillary and Froude nunbers
by the Reyuolds and Archimedes numbers for liquid, & much better corre-
lation was obtained for all data points:

Ve w17 ReQ-2S10.009 5 10.167:0,008 an

where the regression coefficient is 0.82, Figure 14 shuws the experirantal
data plotted against the calculated noldup from £q. (17). The data are
scattsred more evenly about the diagonal indicating a better corvelation
than nyavious ones.

The form of Eq. (4) was modified so that the covrelation would approach
the brswn Vimiting value of bed poresity from £a. (2} as gas velocity
appyvoachad zero:

1.687 213
I L atal Bl (1)

Attempts to calculate the coeffictenty for this corrglation faiied since
when the first term on the vicht hand side of Eq. (18) 15 transferred to .
the Yeft side, the result 1s a nepative number for a portion of the cdata.

As the logarithm of negative ausbars is paf defined, the multivariable
1ingar wggression technique could not be employed to determine tone constants
a, b, and ¢,

4.4.2 Liguid Holdp

The liguid holdup was corvelated with an equation in the form of Eq.
{7}, The resulting exponents weve nuot in agreement with the correlation
exyonents presented by ¥im; very amail statistical T values were obtained

'
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for each of the correlated variables., A comparison of the experimental
Tiquid holdups and holdups calculated by Eq. {7) is shown in Fig. 15,

The experimental liquid holdups fall above and below tvhe calculated holdups
crossing the diagonal.

A second correlation of the fuvm:

-1.213
Fs Re, + 2.7 Rez‘e’g;' s e 4 e
g = { + aCa, Fr, Fr, ke {19)
L l_ ArL J G 'L 6 "L

was attempted. As in the previous corrslation, the statistical T wvatues
for the exponents were very small and a significant correlation was no:
obtained.

4.4,3 Gas_Hoidup
A correlation for gas holdup of the form

410.218

cg = 0.322) 58 + atad Frf FQ Ref (20)

was attempted. As in the case ¢f solid holdup, the transfer of the first
term on the right side of Eq. (&0) to the left side often yields nugative
numbers and therefora the nultivariabla linear regression technigque could
not be applied.

5. CONCLUSIONS

1. The following correlations were obtainad for the solid holdup using
a1l the data available:

“ - £ = 0.596 Cato.@059f_ﬂ.0042 Frﬂ.ﬂﬁg'_ﬁﬂ.ol)ﬁ
S G L
Ueeg = 1,17 ReQ:2S1E0.009 ,-0.15740.005

2. Solid holdup can be measurad by the prassure drop techi’gus culy
if there enists & definite bed height.

3. As previously reported, the three-phase minimwm liquid fiuidiza-
tion vetocity decreases with incraasing gas velocity over tie ranan = ud®ed.
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The solid tioldup dacreases as the ligaid velocity is increased. The gas
holdup decreases as the liquid velocity 1¢ increaied.

4, Attrition of 8x12 wesh alumina particles in a three-phase fluidized
bed is significant at high gas flew rates.

6. RECOMMENDATIONS

1. Develop photographic technique to measure cg in the region of
undefined bed height by determining the wnurber of pitturss necessary far
a statiztical time average inthe vagion, the eptimum black-to-21zar bead
ratio, and the maximum atlowable colunn diametor.

2. lwprove accuracy of the pressure drop measuremeat along the column
by decrrsasing the diameter of the column-to-ménometer connecting lines to
dampen oscillations at high gas velocities and to prevant the small alumina
from clagging the lines, A continuous pressure profile could be obiained
using a single moveable J-shaped mancrmetsr inside the column, smsll e2nough
not to disrupt the flow pattern.

3. Increase the operating vanges of tha system by using larger puwps,
removing the gas reguiator, increasing the column height, and increasing
the siz2 of the syphon breaker tube For faster overflow in the 3-in. column,

4. Use smaller, more abrasion resistant and constant dismeter packing
such as glass mardles, plastics, oc bail beawvings,
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8. APPENDIX
8.1 Derivation of Holdup Formuies

~ The holdup of any particular phase is defined as the volume fraction
of that phase in the bed. This definition {s written for the general case

as
£y = VofVy {21}
For the selids noldup, the volume of solids may be written as

VB = AHB (23)
Substituting Eqs. (28} and {23) into Eq. {21) yields

A

- = .M .
S T .

In Eq. (1) the mass and density of solids and the column area are known,
and the bod height is determined by the pressure profile in the columr as
shown in Fig. 2.

The equations for the liquid and gas holdups are derived from the bed
height and pressure dvop across the bed., The pressure drop across any
segment of the column 1s equal to the total weight of the material in that
seyment. The pressure drop may be represented by

a8 = opyhy (24)

where the density is the weighted denzity of th2 material in the segment.
This weighted density may be written in torms of the holdups:

]

op = fgfg T oep t Eg0g (25}
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This equation may be substituted into Eq. (34) to yield
LP s (EZSQS Teo t EGQG)QHB {3)
The sum of the holdups must equal one

Equations (2) and (3) are soived simultaneously to vield

a ]
FIR L S
cg = i (25)
G L
and
g 1 - gs ~ &g (27}

The pressure drop in the above formulas was measured by the water
manqesters locabed alony the colum, As shown in Fig, 16, the pressuve at
the top of the bed was measvred by

-
-

The pressura drop at the betiom of the bed was measuraed by

Po - Patm = QLQH”b (29)
The height of the bottom wanometer may be rewritten as

Hmy = Hy + Hyg + ah {(30)

Substituting Eq. (3Q) into Eqs. (24), (28), and (29), the prsssure drop
across the bed was found by
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Substituting this pressure Jrop inte Eq. (26), the gas holdup is found by

H& + &h

and the liquid holdup was found by substituting for 4 in €g. (27).
8.2 Sample Caleulations

Sample calculations are shown for Run 31 {ORNL Databook A-7217-G).
The 3-in.-diam column wgs charged witi 2270 gm of 4x8 wesh aluming having
& density of 1,94 em/em? and a 0.357-cm particle diameter. The bnttom
manpmeter read 0.7 cm, and the top manomater 68,5 cm at static counditians.
A static pressure correction factor of {30.7 - 68.5) or 22.2 cm was deter-
mingd for the last manemeter. At a superficial gas velocity of 13.23 cm/sec
and & supgriicial liguid velocity of 2.98 cm/sec, a height of 84.0 cn was
recorded in the battom manometer and & height of 55.5 em in the top manometer.
Thus, the pressure drop due to flow is

dho= 84,0 - (85,6 + 22.2) = 6.3 ¢cm

the bed height end bed pressure drop {s determined by a piat of the
Al readings against the distance up the colum, Figure 2 iilustrates this
proceduve for a pas velocity of 13.24 wi/sec and a Viquid velocity of 2,98
cm/séd in Run 31, A bed haight of 46.0 cn and a pressure drop of 15,5 om
nf water were calculated. The prassure dvep across the bed was obtained
for several liquid flw rates and plotted for Run 31 in Fig. §. Frim this
plot the winimum fluidization noint fur tha bed in Run 31 is 1,82 cw/eec of
water and 13.24 co/sec of aiv.

The snlid holdup for the fluidized bed in Run 3) at a gas velacity of
13,26 cm and ligquid velocity of 2.9 ¢m was calculated

R 220
> Mg g0 gr/en) [ (3182 (2.5 31 atas cn)

«  (.557

The gas holdup was calculated,
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Hg + &h
PJ%Q;**Q(DL) " EgDg Py ¥ Egly

‘64 oG - oL ) (32)

A0L3.E 995 80,5571, 942 20,995 24 +( 557)(.995 L)

ol Cill
0.0012 - 6.995 gm/cmd

= (0,195
The 1iquid holdup was calculated,

T 1- € = € ° - 0,857 - 0195 = 0.248 (27)

8.3 Llocation of Originai Data

The original data are located in ORNL Datdbooks A-7217-G, pp. 17-140,
and A-7215-G, pp. 13-23. The databooks and calculations are on file at
the MIT Schanl of Chemical Engineering Practice, Rldg. 3001, ORNL,

8.4 Nomenclature

a .carrelation constant
A crogs sectional aveq, cma

‘ v
Ar,  Archimedes number, liquid phase, DgnL(pS - ax)g/u[
b corvelation constant
¢ correlation constant

CaG sapilary number, bised on gas velonity, UG“L/GL

G covrrelation constant
D¢ diameter of columa, in,
Dia diametar of packing, <m

e carretation constant



Froude nurber, based on nhase 1, W/l
gravitatiorai constant, cmdnech

height alung colmmn, om

incramental manometer height, ¢ of Hal
mass of solids in bed, gm

pressure, dyne/cmz

Reynolds number, liquid phase, UL&p“LI“L
regression coefficient

superficial velocity, cn/fsec

teminai velocity, cm/s2c

volume, cmd

Subseripts:

&
G
i
L
m
MF
0
p
S

bed

gas phase

ith phase

Yiquid phase

nanometer

at minimum fluidization
manpneter at bottom of column
particle

solid phase

Greek Symbols:

£

4

Y

it

holdup (volume fraction)
density, gm/cm3
surface tension, dyne/cm

viscosity, au/cm-sec
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