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SUMMARY

The thesis entitled 'Studies on gas—solids flu-
idization with internal vertical baffles' is presented
in six chapters. In Chapter I, the literature review
relating to fluidization characteristics, bed pressure
drop, minimum fluidizing velocity, bed expansion, flu-
idization characterigtice in continuous fluidization
and bed hold ups is reported. The present studies on
the effect of vertical baffles on fluidization charac-
teristics, bed expansion and quality of fluidization in
batch and continuous gas—solids fluidization and studies

on bed hold=up using mixed sized particles are indicated.

In Chapter II, is presented the physical and flow
properties of solids like particle diameter, particle
density, static bed porosity, sphericity and solids
angle of repose for material like spherical glass beads,

bauxite, limestone and baryte.

Chapter ILI deals with the studies on batch flu-
idization in 70 mm I.D. perspex column having 12, 7 and
%3 Nos. of 6 mm 8iameter stainless steel rods as internal
vertical baffles having an effective length of 610 mm.
Aluminium grid plate Baving 10% openings is used as air
digtributor and to support the particles. Spherical

glass beads, crushed Bauxite, limestone and baryte in
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the size range of 1540 microns to 385 microns have been
studied. The bed pressure drop has been measured as a
function of air flow rate in the fixed bed, at the onset
of fluidization and in the fluidized bed zones. It is
observed that bed pressure drop increases with increase in
air flow rate in fixed bed zone and it remains essentially
constant after the onset of fluidization. The variation
of pressure drop with air flow rate is compared with flu-
idized beds with and without baffles. .1t is observed
that pressure drop in baffled bed is more than that in
the unbaffled bed. This increase in the pressure drop

ig due to the additional skin friction caused due to the
presence of baffles in the bed. The pressure coefficient
(APA/W) is observed to be more in the fluidized beds with
baffles as compared to that with unbaffled beds indicat-
ing better fluidization. Keeping the same conditions of
solids loading per unit area and the equivalent diameter
of the column, effect of a single baffle on fluidization
characteristics has been studied., The bed pressure drop
has been measured at different air flow rates in the
fixed bed, at the onset of fluidization and in fluidized
bed zones., When compared, pressure drop in fixed bed
zone with single equivalent baffle and in multibaffled
bed is found to be of same magnitude. However, at and
beyond onset of fluidization, pressure drop is more in

the multibaffled fluidized bed as compared to that in the
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bed with single equivalent baffle, Thig is indicative
of the presence of channelling tendencies in the latter.
Quality of fluidization is improved by introducing
several baffles in the bed as the slugging is reduced in

the bed.

A dimensionless correlation has been proposed to
ﬁredict the overall pressure drop in the fluidized bed
with vertical baffles, at and beyond onset of fluidiza-
tion as,
= 0:925 + Kk (Re, )® + k, (Re e
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The correlation predicts the pressure drop within + 10%

of the experimental values.

A minimum distance of six particle diameters between
two adjacent baffles is fqund cosential for irltiasting
the movement of particles. At a distance greater than
ten particle diasmeters, however, smooth and uniform flu-~

idization is achieved.

The experimental values of the minimum fluidizing
velocities in the baffled beds have been found %o differ
widely from the values predicted using Leva's correlation

for cylindrical columns without baffles. A dimensionless
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correlation incorporating various parameters like the
term do/Dp’ solids and fluid physical properties and
geometry of the apparatus,has been proposed for pre-

dicting the minimum fluidizing velocity as

0624 v L2 -0+13 0.04
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The predicted values are found to be well within * 20%

of the experimental values.

Studies on the effect of vertical internal baffles
on the bed expansion and fluctuation ratio have been
conducted. The bed expansion and fluctuation ratio will
be lower in beds with vertical internal baffles as bubbl-
ing is reduced because of the presence of baffles. A
dimensionless correlation has been proposed as

¥ _0.22 0'4 d 0.69 £ P -O.ll
0 o P
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for predicting the expanded bed height in baffled beds

within + 15% deviation from the experimental values and

ig wmiiag for 4'<Rep< [ 5%

The fluctuation ratios for different solids for a
given reduced mass velocity of air (Gf/Gmf) are
observed to be lower in baffled beds as compared to
unbaffled beds, indicating better quality of fluidization

in the former. The quality of fluidization in a fluidized



bed can be measured by the fluctuation ratio of the
levels in the bed, Fluctuation ratio has been correlated
as an exponential function of (G-f-Gmf)/Gmf as earlier
done by Lewis et al [126] as
w( Gp=Cyp)/ Gy
r = ¢

where m dis the slope of the line on semilog plot and

is a function of particle diameter., The predicted values
of fluctuation ratios are found to be within + 15% of the

experimental values.

In Chapter IV, studies on continuous gas-solids
fluidization inlcolumn fitted with multibaffles (as
described in Chapter III) with provision to feed the
material continuously from top and remove the solids from
bottom, have been given., Studies have been ecarried out
using different solids in the size range of 977 to 385
microns and feed rate.varying from 6-9xlO-3 S0 M52 x10" kg/s.
Introduction of vertical baffles in the bed increases the
pressure drop because of extra skin friction due to
additional baffle surface and fluidized particles., A
dimensionless correlation hags been proposed to predict
the bed pressure drop within + 20% deviation from the
experimental values as

ZQXP 0~33% 0-08 D ~Qe1 03 P 0-17
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It is obgerved that for a given solids feed rate,
the lower bed densities could be obtained at high gir
velocities in countercurrent operation of gés and solids.
When compared, the bed density is observed to be higher
in fluidized beds with vertical baffles than in unbaffled
beds for a given solids loading ratio. A dimensionless
correlation incorporating wvarious parameters has been

proposed for predicting the bed dengity in baffled beds as

~0+15  =0:008 , 0:27 o _'p 0-11
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The predicted values are found to lie within % 10% of

the experimental wvalues.

Chapter V deals with the studies on the mean
residence time snd hold up of particles using mixed sized
feeds in continuous systems with vertical internal baffles.
The effect of air flow rate, solids feed rate, bed height
and feed composition of solids on regidence time and hold
up of particles has been studied. The hold up ratio in
the bed (defined as the ratio of the mean residence time
of larger particles to that of small particles) is observed
to be higher in beds with baffles as compared to that in
unbaffled beds. At air flow rates between 1lef = 148 U_p
the bed hold up ratio tends to remain steady in the
unbaffled beds whereas a steady increase in the bed hold

up ratio with increase in air flow rates even beyond
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1.8 Umf is observed in the beds with vertical baffles.
TPhis is indicative that in case of baffled beds, the

hold up of larger particles increases as compared to that
of the small particles. A correlation for predicting the
hold up ratioc has been proposed as,

0. 26 v ¥ 010

. o d
H(2,1) = 0s44 (77— (=R
: Umf ¥y Vf
The predicted walues of the bed hold up ratios are found
to0 lie well within + 7% of the experimental values.

Tn Chapter VI are given the conclusions based on

the present study and the scope for further work,

The computer programmes used are given in

appendices I and II.
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NOMEBENCLATURE

A Cross sectional area available for fluidization, m2
Ar Archimedes Number, & D% (?S—Ff)/yfz Pp

B Form factor, f (Dp)

B, Beranek Number, Uz Pp/gaty Py
Cyp Drag Coefficient , Dp g fp (PS—?f)/z Gif

do Distance between two ad jacent baffles, mm

D, Equivalent diameter of column, mm

Dp Particle diameter, micron

Dpe& Equivalent diameter of particles, micron
meax Diameter of the largest gsize particle, micron
Fe Federov Number, Dp [4/3 g (PS—F‘f)/,;’f2 Pf]l/3
Fr Froude Number, U%/g Dp

Fcc Chilton-Colburn factor

g Acceleration due to gravity , 9.81 m/s2

8o Conversion factor

Ge Fluid mass velocity, kg/mz.s

G e Minimum fluidizing mass velocity, kg/m2.s

hD Static bed height to column digmeter ratio
H(2,1) Hold up ratio between large and small size particles
KAP Dimensionless group, CD Re2

Knp Dimensionless group, ¥, - Re?

L Static bed height, mm

. . Highest pec -eVoz
T Fluctuation ratio, fiwﬁiitbﬁidlii‘e’fl

R Solids loading ratio, (wS/wg)
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Reynolds Number, D Gf/pf

Reynolds Number
Reynolds Number

Reynolds Number
of column

Reynolds Number
Reynolds Number

Pree area (grid
of bed area

at onset of fluidization
at terminal velocity

based on equivalent diameter

based on column diameter
based on particle diameter

opening) expressed as percentage

Gag contact time in bed (Vs/Vf), S

Linear veloclty

of fluid, m/s

Fluid velocity at onset of fluidization, m/s

Operating fluid velocity, n/s

Perminal velocity of particles, m/s

Volume of solid

Volumetric flow

particles, m3

rate of fluid, m3/s

Weight of solids charged, kg

Air flow rate , kg/s

Solids feed rate, kg/s

Pressure drop, N/m2

Pregsure drop due to frictionm, N/m2

Pregsure drop due to baffles, .N/m2

Pregsure drop due to grid , N/m2



xiv

Greek Symbols

a, Constant

€ Bed voidage

Enf Bed voidage at onset of fluidization
€, Static bed voidage

és Sphericity

© Angle of repose of solids, degree

B Pluid viscosity, kg/m.s.
o Kinematic viscosity of fluid, m?/s
Poa Bed density, kg/m3
Pe Density of fluid, kg /m
- Density of solids, xg/m>
3 W/w, mean residence time of particles, s
Ty 'cs/TG dimensionless time parameter

t Mean residence time, s

Subscripts

1 Small size particles

2 Large size particles
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Literature Treview pertaining to batch
fluidization characteristics, minimum fluidizing
velocity, design of distributor grids, continuous
fluidization and fluidized beds with baffles has
been discussed., Applications of fluidization
systems associated with baffles and scope of present

work has been presented.



CHAPTER=TI

ITNTRO DU QL OH

Fluidization finds wide applications in the
process industries like Petroieum, heavy chemical and
metallurgical industiries. Fluidized beds have a number
of attractive features., Due to intimate contact between
solids and fluid, better héat and mass transfer rates
are obtained. The mobility of solid phase in the flu-
idized beds, ensures almost isothermal conditions and
makes it amenable to the control of chemical reactions.
TPhe mobility of solid phase also enables the continuous
feeding and withdrawing of solid material to or from
the fluidized beds. Although the principle of operation
of gas-solids fluidized bed was employed as,éarly as
1921 in the German -winkler gas generator, it was not
until 1941, when the fluidized catalytic cracker was
first developed in U.S.A., that the technique became
widely known. Since tpgn the technique_haé been applieu
to various processes .. pyrites roasting, lime calcin-

ing and drying.

The term 'fluidization' applied to a bed of
granular solids implies the conversion of that bed from
a settled state at rest, where it behaves as a coherent

porous solid, to a state where it behaves as a fluid



- with properties of flow and surface levelling and that
!each particle of solids becomes mobile, individually

and independently.

The ideal state of fluidization, where the whole
of a bed of particles behaves as a homogeneous fluid is
probably not attainable and the term is largely applied
to the bed of particles maintained in a state of motion

by an upward current of fluid.

The general picture presented through literature[3,4]
shows that the fluidization by gases follows a different
path from that of the liquid fluidization. The physical
flow phenomenon noticed in fluidized beds is divided
into two distinct categories, viz. particulate fluidiza-
tion associated with liqguid fluidized systems and aggre-
gative fluidization associated with gaseous fluidizing
medis. Different characteristics are agcribed to these
two categories of fluidized systems. Industrial flu-
idized bed reactors are mostly gas-solids systems,having

more non=ideal behaviour.

If through a bed of golid particles resting on a
supporting grid, an increasing flow of gas is passed, a
point ig eventually reached when the bed can no longer
remain static., When the solid particles start the
glightest movement, the phenomenon is termed as incipient

fluidization. At this stage the particles unlock
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themselves from the bed and become freely supported on
the riging current of gas. With further increase in

the gas velocity, the bed takes on a more and more Fluid
like appearance. The particles are no longer constrained
in a fixed bed, but are free to move throughout the bed
whidh looks like 'a liquid having a mobile state. As the
gas velocity is further increased, the golids circulation
within the bed becomes more turbulent. At still higher
gas velocities the gas stops coming out through the gas-
golids mixture unifornly but instead it now starts flow-
ing through the bed in the form of bubbles, Under such
condition the whole bed appears like a boiling liquid.
These Bubbles carry with them a wake of particles and
when they split, the particles are ejected into the free
space above the bed. However, if the gas velocity is
made to exceed the particle terminal velocity, the
particles ejected from the bubbles will be entrained in
the flowing gas stream. This is known as Pneumatic

conveying.

With gas as the fluidizing medium, the bed expan-
gion is observed to be smooth just at the incipient
fluidization. As the flow rate is increased, the par-
ticles carried upwards by the upmoving bubbles are
thrown out by the bursting of bubbles and the action
becomes more and more agitated and violent. This is

called bubbling or 'aggregative! fluidization. However,



liquid solids systems behave more homogeneously and the
bed expansion is smooth with increasing liquid velocity

resulting in 'Homogeneous' or ‘particulate' fluidization.

1,1 BATCH FLUIDIZATION

Fluidized beds can be operated as batch or contin-
uous systems, - In batch fluidized systems, solids are
handled as batch and gas is continuwously passed through
the bed. -In. continuous fluidization the solids enter
continuously from one end and get discharged at the
other end while théy come in contact with continuously
flowing fluid during the transit. The contact of the
gas with solids is once through and quality of solids
product is uniform. The time of operation is usually

governed by the system requirements.

Pressure drop in fixed bed has been studied
extensgively [7-13]. Ergun [11] proposed a generalized
correlation for predicting the fixed bed pressure drop

as follows:

(Rmed® Ly T (1-e) £, U2

BE g = 150 5 LLiinp— 22
L € Dp ' £ Dp

.‘.,(l.l)

The first term in the above expression accounts
essentially for the viscous energy losses and the second

term is related primarily to the kinetic energy losses.



It is generally assumed that the bed pressure drop
is equal to the apparent weight of the solid barticles.
This mgy however, lead to erroneous results in view of
certain inherent tendencies present in a fluidized bed
e.g. channelling, bubbling and slugging. The channel- _
ling tendenciesg arising from the preferential flow paths
developed due to non-uniform voids and poor gas digtri=-
bution affect the pressure drop severely. Adler and
Happel [13] observed that the bed pressure drop reduces
considerably and so also the fluid-solids contact. The
bubbling phenomenon in the bed causes fluctuations in
the pressure drop. The slugging tendencies in the bed
would increase the pressure drop and seriously affect

the gquality of fluidization.

1.4 1 Minimum fluidizing velocity ig one of the
important design characteristics of a fluidized bed
whieh explains the transition from fixed bed to fluidized
bed conditions., It may be defined a5 the mags flow rate
of fluid sufficient to suspend the bed of solids. The
expressions for predicting the minimum fluidizing velo-

city have been obtained based on the following principles.

i) A%t the incipient fluidizing conditions, the bed
behaves like a fixed bed and the pressure d4drop
across the bed is equal to the apparent weight of

the bed per unit cross sectional area.



ii) The conditions at the onset of fluidization are
similar to that of free falling conditions of

the particles [31].

iii) The drag force acting on the particles is equal

to the submerged weight of the particles.

Leva, Grummer and Weintraub [17] considered the
incipient fluidizing conditions to be the extreme points
in the fixed bed condition and suggested a correlation
for predicting minimum fluidizing velocity in terms of
the physical properties like shape factor and bed void-

age at minimum fluidizing conditions as

1 2 . o 2
0:005 Dp (PS ?f) Pr 8, Exp g |
e = P ST

(l—Emf)

Leva [3] modified the above correlation by expressing
the unknown quantities € . and ¢, as function of
Re, and gave an empirical correlation

= 688 p-"82

Gmf P

[l PP ) 00 0 ool (103)

where Gmf is in pounds per square foot per hour; Dp
is in inches, £ in pounds per cubic foot and p in

c.p.

Based on a large number of experimental data

covering a wide variety of systems, Wen and Yu [18]



used the following expressions for shape factor and
voidage at minimum fluidizing conditions.

1l-¢ =l
——“3225 = R e ce. (142)

8mf Pg Pg emf

They expressed the minimum fluidizing velocity in terms

of Reynolds number as

. 1/2
Do 0-0408 D2 £, (P ~PL) g
—2EL [ (3372 + L8 L ] -33:7
e He
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This correlation is found to predict wvalues of
Gmf generally agreeable with the measured values. How=-
ever, this is based on golids and fluid properties
mainly and does not take into account the possible effects
of column diameter. In this regard, works of Miller and
Log Winuk [19], Vanheerden et al [20], Johnson [21] and
Wilheim and Kwauk [5] are also noteworthy. Akopian and
Kastkin [22], Bena et al [23], Brkova et al [25] used
Archimedes number to express the minimum fluidizing ﬁelo-
city. Winterstein et al [26] introduced Froude group in

the correlation.

Narasimhan [29], Pinchbeck and Popper [30], Goddard
and Richardson [27], have proposed correlations for pre-
dicting minimum fluidizing velocity using the concept

of free falling velocity.



Beranek and Sokol [28] defined the ratio of minimum
fluidizing velocity to terminal velocity in terms of a
dimensionless group B (called Beranek number) which
represents criteria for the free fall of spherical
particles. Zabrodsky [40] correlated the minimum fluidiz-
~ing velocity in terms of terminal velocity and Federov
number Dp [4g(?S—Pf)/3 Jng]l/B. Bourgois and Grenier[31]
have expressed their correlation for the minimum fluidiz-
ing veloeity in termg of Ret/Remf and physical pro-
perties of the material, based on the assumption that
the wall effect is negligible. Investigations based on
drag force congiderations were carried out by Davies and
Richardson [32], Frantz [33%], Baerg et al [34] Pillai
and Raja Rao [35] and Bal Krichnan and Raja Rao [36] and
correlations were proposed to predict the minimum flu-

" idizing velocity.

Beilin [24] and others tried to predict the minimum
fluidizing velocity based on empirical correlations with
reasonable accuracy for the given system. A review [39]
of the literature shows that quite a good number of
correlations exist for predicting the minimum fluidig-
ing velocity and the resultg do not agree well with each
other. Table 1°1 gives the correlations proposed by

various authors with range of applicability.

Motamedei and Jameson [37] tried to measure minimum
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t1luidizing velocity on the basis of two phase theory of flu-
idigzation and concluded that the only safe way to obtain
ninimum fluidizing velocity is to measure it for individuel
gag—solids cystems. Murthy and Raja Rao [38] also visualized
the importence of measuring the minimum fluidizing velocity

for individual gas-so0lids systen.

PABLE k- ]

Prediction of Minimum Fluidization Velocity
(onset of Fluidization Velocity) ‘

Author Correlations Range of
.. -5 Bef S0n e 8 —.Applicabilily
TN . - L2 =, .. s

"

1. Akopian g 0-009 €y - Ar el
and T cpo(l_eoj el .
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" 2

2. Aliev &, eDE (-0
Indyol’{ov U (5.1x10 431 RS Bl £ (D)
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Rugtanov

[42]
3, Beilin Re = 0-046 ar’ 28T
[24]
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Kogsaczky

[23]
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The operating velocity of the fluid in a fluidiz-
ing column is normally maintained at higher values than
that at minimum fluidizing condition, It is limited by
the terminal velocity of the solids. Attempts have been
made by various workers to identify the working welocities
for the satisfactory performance of the bed. Pinchbeck
and Popper [30] derived expressions-to estimate Ut/U "
This ratio ranges between 10 to 90 and is considered as
a criteria for the flexibility of operation in g fluidiz-
ing column. However, the range of satisfactory operation
of a fluidized bed may be considerably impaired by
channelling and slugging. This is specially serious with
large size particles, Slugging is an extreme form of
bubbling and thus it is important to understand the

bubbling phenomena in deciding the type of the fluidizer.
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Bubbling is one of the inherent characteristics of
any gas—solid fluidized system., Considerable
interest [12,75-88,90,91] has been shown in understanding
the mechanism of bubble formation, its growth and rise
velocity in a fluidized bed., Dotson [85] based on his
study, concluded that the distribution of gas influences
the bubbles in the region near the entry. Rowe [88]
observed that the size of the bubble may increase rapidly
gsoon after leaving the distributor. It is possible that
the diameter of the bubble may reach that of the column
resulting in slugging conditions, Davidson and
Harrison [12] and Collins [89] observed that the slug
flow commences when.the equivalent bubble diameter is
about 1/3 to 1/2 of bed diameter. It is, therefore,
important that to avoid slugging tendencies, the distri-
butor should be properly designed [14-16] and the bed
height should be small. It was observed that the type
of gas distributor may have g considerable effect upon
the performance of the fluidized bed [2]. Grohse [92]
and Morse et al [1] have concluded that the quality of
bubbling fluidization is strongly influenced by the type
of gas distributor. Groshe's conclusions may be summg~-

rized as follows:

-~ For less number of air inlet openings, the bgd
density fluctuates appreciably., It is more se?ére

at high gas velocity where channelling may be
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severe, For large number of air inlef openings,

the fluctugtion in the bed density is negligible

at low flow rates and becomeg appreciable at high
flow rates. In such cases usually the bubbles

are smaller and channelling is less.

- With many small air inlet orifices, contacting is
uniform but large scale operation with such dis-
tributors has a serious draw back of high pressure

drop.

Richardson [93], Agarwal et al [94] and other
workers [95-97] have suggested different values of the
grid resistance for even distribution of the gas. The
grid area which is the sum of the areas of all the
openings usually varies from 2-50% of the total cross
sectional area of the column, Vanecek et al [41]
suggest the following correlation for predicting frac-
tional area to ensure perfect mixing as

=

U g
S = 1+ (ﬁiﬁ) | ves (146)

R
Where SR is the free area expressed as the percentage
of the total grid or bed area and (Uop/Umf) is the

ratio of the operating to the minimum fluidizing velo-
city. The diameter of the openings in the grid should

be such that clogging by fines is avoided during stoppage.
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It is recommended that the diameter of the holes should
be at least 1/10 of the particle diameter and at the

most half of the diameter of largest particle [72].

The expansion of the fluidized bed is caused by
the flow of the gas through the bed which is in excess
of minimum required for fluidization. It is pertinent
that the bed expansion would increase with the increase
in the bubble volume caused by the inereased gas flow,
Thus, information on bed expansion in fluidized bed is
important in deciding the size of the fluidized bed
equipment. Richardson and Zaki [138] have suggested
the method for predicting the bed expansion of liguid
fluidized bed. Lewis and Bowerman [160] have suggested
expressions for predicting bed voidage based on terminal
velocity for different ranges of fluid velocity.

Bailey [162] has reported that the plots of e versus U
on logarithm scale are not linear and the deviations
increase with increase in bed height and decrease in
particle sigze.  The bed expansion of gas~solids systems
can be predicted by Richardson and Zaki approach.

‘Leva [3] has used the concept of fluidization efficiency
( the fréction of tofal energy expended, which is useful
for particle motion) for predicting the bed expansion
in gas solids systems. The fluctuation ratio defined
as the rotio of highest and lowest bed levels at any

gas velocity has been used as a criteria for estimating
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the limits of operating gas velocities in gas-solids
systems, Efforts have been made to correlate the bed
expansion with bubble flow by Mateson and his co-
workers [98-100]., Davies and Richardson [32] correclated
bed expansion in terms of bed voidage and terminal velo-

city.

1.2 CONTINUQUS FLUIDIZED BEDS

In the continuous fluidizer, the feed as soon as
it enters the bed, gets distributed. This is because
the fluidized bed is an effective solids mixer. The
product leaving the bed and the material in the bed have
same characferistics. This means the characterigtics of
the solids in g fluidizer are essentially independent of
the feed condition [127]. There is a possibility of
short circuiting of a part of the feed directly into the
discharge immediately after entering the bed, Thie leads
to a wide variation of residence time distribution of
solids resulting in inferior product quality. To avoid
this, the RTD of solids should be narrowed., This is
difficult in a conventional fluidigzed bed. TFor larger
particles, requiring longer contact times the residence
time of solids has to be increased, Increase in re-
sidence time is achieved by increasing the hold up,
which leads to deeper beds. Deep beds are however, prone

to slugging.
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The comparison of batch and continuous fluidized
systems reveals that the data with regard to minimum
fluidizing velocity, bed pressure drop, bed expansion
and characteristics of slugging and channelling are
similar, But due to continuous solids movement result-
ing in variation of RTD of solids the product quality
in continuous'systems is non-uniform,while batch systems

give uniform product quality.

In continuous systems, the bed performance is
related to the time of contact between solids and gas.
Thus, the RTD of solids and gases and their holdup is
of significance in designing the continuous contacting

devices,

Gilliland and Mason [128], May [129], Danckwerts
et al [130] and others have studied the flow pattern of
gases., Namkooug et al [134] conducted dynamic response
studies of RTD.  Experimental results indicate that the
gas flovw in fluidized beds lies squarely-between the
two extremes of plug and backmix flow. For practical
applications it is not enough to know how long the
fluid element stays in the bed, but its history must be
known whether it slipped through the bed as a part of a
bubble or it spent most of its time percolating through
the emulsion phase, For determining this, stimulus

response studies have been conducted using different
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models [132-1%36,161]. Plug flow is approached when the

number of mixing stages are large [137].

The RTD of solids is an important factor in deter-
mining the quality of product. The assumption that
there is complete backmixing of solid is supported by
many investigators [130,138-145,155,156]. Gilliland
and Mason [128] suggested that the backmixing occurred
due to the circulatory motion of the solids up the centre
and down the sides. According to them, at high‘gas
rates, if slugging is prevented, the gas solids mixing
is higp. Mixing was found to be greater for finer par-
ticles, Similar conclusions were obtained by Danckwerts[130],
Askins et al [139]. Singer et al [140] studied solids
mixing characteristics by uging radioisotopes. They
found that by-passing of the solids was not observed
when catalyst was introduced into the vessel by means of
dense phase stand pipes rather than through a riser., The
so0lids mixing phenomenon was studied by many workers[141-145]
using a counter current backmixing model., In this model
it is assumed that the movement of the bubble displaces
solids upwards, leading to a downward movement of solids
in the rest of the bed., This downward movement of the
dense phase may occur at such rates as to cause the gas
flow from the top of the bed to the bottom. Hence
counter-current motion of the gas and solids may arise,

which produces the backmixing of the gas. This model
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has been more realistic than the dense phase diffusion
model as claimed by Van Deemter [143]. Hovmond and
Davidson [117] have introduced a slug flow model, In
reality, the fluidized beds operate in the region of
true bubbles and true slugs, and a better understand-
ing is needed of the transition. Gopichand et al [146]
studied the continuous fluidization and pnuematic con-
veyance of solids and correlations were given for find~-
ing the flow rates of solids and pressure drop and bed

dengities in fluidized beds.

The study of solids mixing can be carried out
quite easily by following the trajectories of individual
particles in the fluidized bed. Massimilla and
Westwater [110] and Toomy and Johnstone [147] have used
high speed cinematography to study particles trajectories.
In the workx of Massimillp and Westwater, particles near
the wall showed pronounced alteration of fast and slow

movements both upward and downward.

The beds showed more non uniformity with increased
particle velocity. XKondukov et al [148] studied trajec-
tories of tagged radioactive particles., Their results
indicate that the particles move randomly in the bed,
the upward motion of particles being more rapid than
downward movement, They also observed that particles

near the surface usually remain there for a while before
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dropping into the bed. The results obtained by Rowe[149]
showed that the particles followed a definite pattern

of digsplacement caused by riging bubbles rather than
following a completely random mption as is assumed
normally for mixing operations. Katz and Zenz [150] have
given a mathematieal model to ecalculate the internal
circulation rate. DLateral circulation rates were deter-
mined by Lochil and Sutherland [151]. Studies on solids
mixing were made by Tailby and Cocquerel [152]. They
studied both the cocurremt and counter—current flow of
gas and solids and obgserved that the increase in solids
feed rate increases the tendency 0 plug flow., Increase
of air flow rate was found to be less significant and
showed only a slight tendency towards perfect mixing.
Their work was nainly of a qualitative nature. Yagi

and Kunii [153] showed that the average residence time
for a given particle size was the same in both the

carry over and the overflow streams,

The concept of hold back and segregation was
introduced by Danckwerts to deseribe the deviation from
piston flow and perfect mixing. Other workers [152,154,157]
have also used this representation to describe the mix-

ing behaviour.

Particle size distribution in fluidized beds has

been studied as a function of bed height by Urabe
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et al [158]. It was concluded by them that the size
distribution was roughly constant within the main

zone of constant voidage, however, the upper falling
density zone became progressively richer in fines,

In addition, the main zone had less fines at high
velocities indicating that fines were more rapidly
eliminated at higher velocities. Chechetkin et al [159]
established that there was classification of particles
of thé solids phase with respect to size at different
heights of the bed for velocities ranging in between
1«1 tgh 1% Umf’ The above review indicates that while
continuous fluidization is amenable to large scale

operation it has the ma jor disadvantages due to:

i) non uniform product quality as a result of

wide variation in the RTD of solids.

ii) tendencies of slugging and bubbling in deep

beds intended to provide large contact times
iii) tendency of channelling is high in shallow
beds

iv) lack of information on behaviour of conti-

nuous beds using diplegs for feeding solids.



1.3 FLUIDIZED BEDS WITH BAFI'LES

The residence time distribution of solids
can be narrowed in continuous fluidized systems
by introducing baffles (1%, 131], Mpomudhe
consideration of solids-fluid contacting and
solids movement in fluidized beds, baffled beds
can be categorised as having the following type

of baffles:

i) Horizontal screens, tubes, rods and

perforated plates
ii) Fixed and floating packings

1ii) Solid inserts like inclined surfaces,

plates, nozzles and coils.
iv) Vertical tubes and rods.
A review of the internal baffle systems

having baffles of the above types is summarised

in %able 1-2.
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TABLE 1-2

Internal Baffle Systems cited in the
Literature [12]
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Application
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1. Horizontal Tubes and Rods

Glass and Harrison

(1964)
Glass (1967)
Gelperin et al
(1966)

Botterill et al
(1966)

Cloete (1967)

Morgan (1967)

Flow patiterns near
obstacles

Flow patterns near
obstacles

TLoeal heat transfer
coefficients

Effect of obstacle
on bubbles

Effect of obstacle
on bubbles

Heat transfer

De Maria and
Longfield
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Wright (1968)
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Horizontal Screens and Perforated Plates

Hall and Crunley
(1952)

Massinills and
Bracale (1956)

Overcashier
et a1l (1959)

Mogsimilla and
Westwater (1960)

Baillie et al
(1963)

Winter et al
(1953)

Wen and Chang
(1967)

N.J.Rao (1975)

Quality of fluidiza=-
tion

Bed expansion,
suppression of
slugging

Gag and sclids
nixing
entrainment

Particle motion,
heat transfer

Solids density
distribution

Gas mixing, bubble
size, pressure
fluctuations

Heat transfer

Two stage Downcomer
type fluidizer,solids
downflow characteris
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Cox (1958)

Riley (1959)

Lewis et 21(1959)

Massinilla and

Johnstone (1961)
Volk et 21(1962)

Rowson (196%)

Schnalfeld
(1963)

Gelperin et al
(1964)

Block (1967)

Toei and Akae
(1968)
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Air drying
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oxidation
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Adsorption of carbon
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Sand cracking

Classification

Heat Transfer
Desgsign
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K.M.Rao (1976) Multistage sieve Kunii and Vinyl acetate

[168] plate column without Levenspiel monorer production
downcomer solids (1969) ( Dupont)
down flow cheorac-
terigtics
3. Fixed Packings
Romero and Quality of McIlhinney and Oxidation of
Johnson (1962) fluidization Osberg (1964) ethylene

Sutherland ¢t 2l

Bed expansion,

TH Sakmd My a e

Isomerization of

(1963) channelling, Osberg (1965) cyclopropane
slugging
Kang and Osberg Solids mixing Capes and Ore separation
(1966) Sutherland
(1966)

Gabor (1966)

Kato et al

Solids mixing and
carry-over

Solids and gas

Osberg and
Tweddle (1966)

Iron ore reduction

(1967) mixing, bed >
expansion o
Chen and Gas mixing

Osberg (1967)

Kang et al
(1967)

Pressure fluc-
tuations
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Capes and
McIlhenney
(1968)

Park et al
(1968)

Park et al
(1969)

Ziegler and
Bragzelton (1963)

4, Floating Packings

Goikhman et al
(1969)

5. Other Solid inserts

Beck (1949)

Ohmae and
Furukawa (1953)

Bed expansion

Gas nixing

Bubble properties

Radizsl heat
transfer

Gas residence time
distribution, bed
expansion ,fluc-

U tion of'®bed
surface

Quality of
fluidization

Suppression of
slugging

Betts (1963)

Murthy (1964)

Manufacture of
phthalie anhydride

Hydrogenation of
crude o0il under
pressure

W
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Agarwal and
Davis (1966)

Groce and
Harrison (1968)

6. Vertical Tubes or

Sutherland
(1961)

Hebden (1961)

Gelperin et al
(1964)

Golperin et al
(1966)

Grace and

Harrison

(1968)

Grace and
Harrison (1968)

Bed exponsion

Flow pattern

Rods
Solids mixing

Quality of
fluidization

Classification

Heat transfer

Flow patterns,
bubble proper-
tieg, bed expansion

Spatial bubble
digtribution

Echigoya and
Osberg (1960)

Hardin (1966)

Boucraut and
Toth (1966)

Hall and Taylor
(1955)

Volk et a2l
(1962)

Stenerding et al
(1964)

Corrigan (1953)

Thompson et al
(1965)

Bl iotteet Sal
(1966)

Otero et al
(1967)

Oxidation of
ethylene

Drying

Magnetic roasting
pf iron ores

Fischer-Tropsch
oynthesis

Scale-up, Eydro-
col and H-iron
reduction processes

Design

Oxidation of ethylene

Hydrogenation of oils

Carbonization

Calecination of
uranyl nitrate
solutions

W
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Glass [102] studied the effect of an array of
horizontal tubes on fluidization behaviour and
concluded that unless the array of tubes almost fills
the bed, the influence it has on the average bubble size
is small, Bubble splitting by direct impingment on an
immersed tube has been demonstrated by Cloete [104].
Bailie et al [106], Overcashier et al [107], Massimilla
and Bracale [108] and Hall and Crumley [109] noted that
in 'a bed containing horizontal screeng, bubbles- sizes
tend to be smaller and fluidization appears to be smoother
than in unbaffled beds. Solids mixing is observed to be
impeded in presence of baffles [106,108,110]. Volk
et al [111] observed that particles segregation can occur
due to the impeded solids mixing and concluded that it
ig difficult to fluidize all bed compartments simulta-
neously, Bhardwaj [161] has also observed segregation
of solids in beds with horizontal screen. Massimilla
and Westwater have observed that introduction of baffles
increases thc bed density and reduces the particle

velocity.

Investigations [163-167] have been carried out on
the use of fixed packings and open ended screen
cylinder as internals in the fluidized beds. Due to the
random orientation of these packings, the fluid passing
through the bed takes a tortuous path resulting in pre-—

ferential flow in the bed thereby leading to severe
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channelling., The bubble growth in such a fluidized bed
is inhibited end hence the slugging tendencies are
eliminated and bed expansion is reduced. Morgan [105]
observed that usually better heat transfer is obtained

by arranging the tubes vertically rather than horizontally.

Vertical baffles when placed in a fluidized bed_
divide the bed into a number of parallel compartments.
Although these baffles promote conditions for slugging
as observed by Volk, Johnson and Stotler [111],
Sutherland [113] and Grace and Harrison [114], the use
of these baffles is preferred in certain reactors where
large residence time and reduced boackmixing conditions
are required, Vertical baffles in fluidized beds nay
be classified according to their shape and size., Volk,
Johnson and Stotler tested vertical baffles of various
shapes including tubes, half round sections, flat sections
and tubes with fins and observed that cylindrical ver-
tical baffles arec superior to other baffles of complex
geometries.  Vertical rods have a number of desirable
features which nake them useful for large ﬁcale fluidized

beds, including:

a) Simplicity of design
b) ecse of installation and removal
¢) non interference with emptying the bed

d) non occurrence of defluidized regions
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e) availability of additional area for heat traonsfer

purposes.

Introduction of vertical baffles in a cylindrical
fluidizing colunn alters the geometry of the colunmn
which in turn affects the flow pattern. The fluid velo-
city is zero_a%t the baffle walls and the.velocity of the
fluid will be maximum at the centre of the compartments

formed by the insertion of the vertical baffles.

Vartical baffles introduced in a bed may be

classified in two groups viz.

i) tubes or rods much larger in size than the bubbles
formed in the bed and hence the bubbleg cannot

enclose the bafiles; and

ii) +tubes or rods much smaller than the bubble gize

and hence can be enclosed by the bubbles.

Grace and Harrison [115] based on their experi-
mental studies noted thot vertical rods reduce the
tendency of bubbles to coalesce obliguely and thus the
developnent of non-uniformities of spatial bubble dis-
tribution is more gradual when thin vertiecal rods are
employed, Botton [116]; confirmed the finding of
Grace and Harrison and observed that, as a result of
the lower rrote of bubble coalescence caused by enclosed

vertical rods, the bubbles grow in size more slowly than
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they would for an unbaffled beds. Grace and Harrison
further showed theoretically and experimentally that

the spatial distribution of bubbles in o fluidized bed
becomes non-uniform even where gas 1s introduced by the
distributor in a perfectly wniform manner. Bubbles tend
to appear more frequently and in larger sizes in the
interior of the bed than near the walls. Due to the
lover.rate of bubble conlescence and 'lower velocity of
bubblesy; it is expected that bed height fluctuations are

less and the bed densities are nore,

If two surfaces are placed too close together, gas
ig dravn from the surrounding particulate phase into the
gap between the surfaces where it rushes upwards at high
velocity carrying widely dispersed particles. This causes
gas-channelling in the bed. Grace and Harrison [114]
proposed that at least thirty particle diameters should
be maintained between all pairs of adjacent vertical
surfoces in gas-fluidized beds, to avoid the ohannelling

tendencies.

Vertical rods which are too-large to be enclosed
by rising bubbles tend to promote slugging. Hovmand and
Davidson [117] noted that a slugging fluidized bed has
certain desirable features including good gas mixing

characteristics and increased gas residence times.
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Vertical rods which are enclosed by rising bubbles,
tend to occupy less space and offer better surfaces for
heat transfer. By reducing the size of the bubbles and
improving the uniformity of bubble distribution, such
vertical rods lead to greater homogeneity with improved
gas solids contacting. Hebden [118] observed that a
fluidized bed appeared to be 'pacified! by the addition
of vertical rods and the carry over of the particles

was reduced,

Rowe and Stapleton [119] found that scaling up
fluidized beds from first principles was difficult,
Volk et al proposed a criterion of scale up based on
equivalent bed diameter. Conclusion reached by Agarwal
and Davis [120] is in contradiction to the Volk criterion,
Using vertiecal plates at regular intervals they proposed
that small beds be baffled in order to simulate conditions
in much larger beds; whereas Volk et al proposed to add
cylindrical rods to large scale beds to make their behaviour

gimilar to thet of small scale fluidigzed beds.

Vertical surfaces are usually added to fluidiged
beds in order to provide surface for heat transfer.
Several workers [121-125] have studied the heat transfer
between fluidized beds and immersed vertical rods. A
critical review of literature reveals that, while some

experimental investigations have been carried out in
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vertical baffled beds with regards to solids and gas
residence time, bubble formation and solids mixing,
basic information required for the design of the systen

is apparently not available,

1.4 PROPOSED WORK

Existing information on batch-fluidized bed without
baffles can not be extended for the design of fluidized
beds with baffles. A critical review of the available
litersature indicates that information available is not
sufficient for the design of fluidized beds with wvertical
baffles. The present work has therefore, been undertaken
to gtudy the effect of vertical internal baffles in batch
and continuous fluidized beds with regards to the flu-
idization characteristics, namely, the bed pressure drop,
minimum fluidizing velocity, bed expansion behaviour, bed
fluctuation, the quality of fluidization and bed hold-up

and segregation of mixed size feeds.

Lyl Batch fluidization studies have been conducted
in a 70 mm perspex column provided with vertical internal
baffles using air as fluidizing medium, The solids used
include spherical glass beads, crushed bauxite, limestone
and baryte in the size ranging from 1540 to 385 microns
in close cut fractions. Bed pressure drop have been
obtzined for different air flow rates in fixed bed, at

onset of fluidization and in the fluidized bed zones.
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Phe minimum fluidizing velocities have been observed and
compared with the predicted values using Leva's correln-
tion. Based on the experimental data, an attempt has
been made to propose correlations for predicting the
minimum fluidizing velocity and pressure drop in the flu-
idized bed with wvertical internal baffles, The bed
expansion behaviour has been studied and a correlation
for predicting the bed porosity at any air flow rete has
been proposed. -An attempt has been made to correlate the
bed fluctuation rztio with air mass velocity and .the per-

formanceé compared with batch fluidized beds without baffles.

1% 4.2 For large scale gas-solids contacting operations
where continuous systems are preferred; existing informa-
tion on columns without baffles cannot be extended to
systems provided with vertical baffles. The effect of
vertical internal baffles on continuous gas-solids flu-
idigation has been investigated with regards to the bed
pressure drop and the bed density at different air flow

rates. Correlations have been proposed.

A PR In the continuous systems with feeds of mixed
sized particles, the mean residence time of different
golid particle sizes is usually of the same order. In
industrial processes, however, close cut particles are
geldomn used and instead, solids of mixed sizes are usually

employed. Because of their equal duration of stay in
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the column, the larger particles may not be fully
reacted and this may result in poor quality of the
product. The residence time of the particles may be
increased by introducing baffles. Attempt has been
made to study the effect of vertical baffles on the
average residence times and the bed hold up using mixed
feeds in the continuwous fluidized bed. The effect of
air flow rate, solids feed rate, bed height and feed
composition has been studied. A correlation is proposed
to predict the bed hold up ratio which is e lratiol of
mean rcsidence time of larger particles to the mean
residence time of small particles, in the continuous

fluidized bed with vertical internal baffles.
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CHAEPTTRE~IT

FLOW_PROPERTIES OF SOLIDS

The gas—-solids fluidization depends on the pro-
perties of solids-and gas. The gas properties which
influence the fluidization characteristics are density
and viscosity. These can be estimated casily from
pfessure—temperature relationship or obtained from

literature,

In such systems, the main properties of solids
affecting fluidization are particle size, density,
porosity and sphericity of the solids. TFor the solids
in a flow system, the angle of repose is also significant.
Before conducting the experimentation on fluidization,
the characteristics of the solids were determined ex-
perimentally. The materials which were studied included
spherical glass beads, crushed bauxite, lime stone, and

baryte.

2.1 PARTICLE SIZE, D
= _1

The particle sizes of the materials were deter—
mined by using standard sieve analysis in B.S. sieves.
In case of sharp-cut freoctions the average of the open=—
ings of the sieve through which the solids possed and

the sieve on which these were retained was taken as
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the dismeter of the particle., In case of mixed size
particles, the average particle size was determined

by weighted averages [4].

2.2 DENSITY, FS

e

The density of the solids was determined by the
usual methods of liquid displacement. To ensure that
the results did not get affected by the wettability of
the solids by a liquid, the density was determined

using water and kerosene,

25 PORPSITY.-®

)

— o

The porosity of the solid material of a definite
size was deternined by knowing the volume of the bed and
the volume of the solids. The ratio of void volume to
the volume of the bed gave the porosity or void fraction

of the solids bed.

To ensure that the wall effect does not influence
the porosity values, cylinders of similar dimensions as

used in the present experiments were employed.

2,4 SPHERICTTY, Pg

The sphericity of crushed materials was determined
by pressure drop measurenents. The pressure drop was

neasured for a given solids material in o fixed bed
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region using air as the fluidizing medium. In the test,
the gas velocity was kept in laminar zone by keeping the
value of the particle Reynold's number to less than 10.
The sphericity was then calculated using Ergun's fixed
bed pressure drop equation (11), with voidage, pressure

drop and other solid and fluid properties known.

2.5 ANGLE OF REPOSE, ©

For various material the angle of repose was deter—
nined by measuring the dimensions of the conieal heap of
solids formed below a perfectly circular vertical tube

a8 shown'in the Fig. 2.1.

The values of Density, porosity, sphericity and
angle of repose for different materinls and particle

gizes as determined obove are shown in toble 2.1.
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IABLE-g-1
PHYSICAL PROPERTIES OF SOLIDS

S gt == — s g e e s G B S et B PP P P AR S Gt St ST S SR s

S1. Material Particle Density Porosity Spheri- Angle of

3 A -l
1. Bauxite 1540 2+30 0-540 0862 29%9
2 oT7 0+ 530 0+880 39.0
al 650 0-518 0. 860 38-0
4. 460 0-490 0- 854 3745
5. 385 0-485 0.858 Fi-0
6. Glass 977 2:50 0-400 1-00 26+ 60

Beads
Ta 650 0-390 1-00 2600
8, 460 0-382 1.-00 26+ 10
9. Limestone 1540 274 O Sl 5 0-594 0«3

10, 97 0520 0« 590 298

Ll 650 0-482 0625 29-0

% 8 460 0+ 446 0+626 28-8

5. 385 C-432 0-600 28-5

14. Baryte 1540 %35 0+480 0-720 285

15, 977 0-480 0-695 38:0

16. 650 0+ 470 0685 37-8

| 5 460 0« 460 0-688 374

18. 385 0+ 440 0.686 370

— e S — — . S o —— —
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CHAPTER = III

ABSTRACT

Fluidization studies were carried out in 70 mw
perspex colunns using spherical glass beads, ecrusghed
bauxite, limestone and baryte in the size ranges of
1540 nicrons to 385 microns. The effect of wvere¢ical
internal baffles on fluidization characteristics has
been studied using baffles of 6 mn dia and 610 mn
length. Mininun fluidizing velocity, the overall
pressure drop and the bed expansion behaviour of gas-—
solids fluidized beds have been gtudied. Dimension-
less correlations have been proposed for predicting
the ninimuan fluidizing velocity, pressure drop, bed
porosity and bed fluctuation ratio., The guality of
fluidization was observed to be better in nultibaffled
fluidized beds compared to unbaffled fluidized beds.
The fluctuation ratio was observed to be lower in

nultibaffled beds.
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BATCH FLUIDIZATION WITH VERTICAL BAFFLES

Batch fluidized studies were conducted'to investigate
the effect of vertical internal baffles on fluidization
characteristics viz., pressure drop, ninimum fluidizing
velocity, bed expansion and fluctuation behaviour in flu-

idigzed bed.

3.1 EXPERIMENTAL SET UP

The experimental unit is shown schematically in
Fig. 3+1. An air line drawn fron a conmpressor (C) paséing
through a M.S. surge tank (ST) was connected te the colunns
via an air filter (AF), pressure regulator (PR) and two
rotameters (RyR,). The air line of 1/2" standard size
G.I. pipe was provided with G.M, globe valves (Gl to G9)
of 1/2" standard size for air flow control and one valve(B)
was provided for by-pass. Calibrated pressure gauges
were mounted on the surge tank (Pl) and the pressure

regulator (PZ)‘

The fluidizing column essentially congisted of a
perspex column (K) of 70 mm I.D. and 610 mm length
inserted between two special flanges (Fl'Fz)‘ Internal
baffles (IB} of 6 mm diameter having effective length of
610 om were used. The baffles were made of stainless

steel rods to ensure smooth surface. In the experiment,
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the number of baffles as well as the distance between two
ad jacent baffles was varied. The number of baffles in
the experiment were so chosen that by the insertion in
the column, the cross section was divided into different
compartments of nearly equal area. Photographs of the
various baffle arrangements are shown in Fig, 3-4. A
2.0 mm thick aluminium grid plate (G) having 15 mm holes
on a square pitch of 4:0 mm fitted in the flange (Fl) was
used to support the bed of solids. In order that the
solids may not fall in the openings and choke the holes,
a éOmeesh brass wire screen (Sj was put on the grid
plate. The area of the opening in the grid was 10% of
the empty column cross section. The column was mounted
on the top of a calming section (Y) which consisted of a
truncated inverted cone of mild steel having 76 mm dia-~
meter at the top and 12 mm diameter at the bottom. A
cylindrical portion of 100 mm length was welded to the
upper portion of the cone. The calming section had a
random packing of raschig rings to provide uniform air
distribqtion through the fluidized bed. A P V C tube of
12 mn I.D.(E) was provided near the base of the colunn
for withdrawing the solids. Pressure tappings (PTl,PTz)
were provided just below”the grid plate and the

flange (F2) respectively. The column was supported on
the'baséuwith the help of M,S, tie rods as shown in

Pig. 2.
125299
FRITRAL LIERA"Y UNIVERSITY OF ROOREE!
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To compare the performance of the multibaffled
column with a single baffled column, an equivalent single
baffled bed (SB) was fabricated. A concentric perspex
tube of 32-7 mm O0.D. was placed inside the perspex column of
70 mm I.D., such that the area available for fluidization
in multibaffled bed having 12 nos. baffles, and the bed

having a single baffle wag nearly same, The photograph

of the experimental unit is shown in Fig. 3-3.

3.2 PROCEDURE
A known quantity of solids was charged into. the

colunn from the top. The solids bed was prepared for the
condition of minimum consolidation as postulated by
Wilhelm and Kwauk [5]. For this, the air was introduced
into the column till the bed of solids was fluidized.
Then the air flow was slowly stopped and the bed was
allowed to settle. The height of the bed at that stage
was taken as the sfatic bed height. Subsequently the air
flow rate was gradually increased and the flow rates and
the corresponding pressure drop and bed heights were
recorded in fixed bed, at the onset of fluidization and
in fluidized bed zones. Similar data were obtained for
spherical glass beads, crushed bauxite, limestone and

baryte for different particle sizes.

The effect of baffle spacing obtained by changing
the number of baffles and also by replacing the number

of baffles with a single concentric baffle on the air
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mass velocity—-pressure drop data in different zones of
fixed bed, onset of fluidization and fluidized bed zone
were studied. TFor comparison, similar data were obtained
in different zones as mentioned above in beds without
baffles. The range of experimental variables is shown

in Table 3-1.

3+3 RESULTS AND DISCUSSION

Pressure drop air mass velocity data in vertical
baffled fluidized bed are reported in tables 3-2 to 3-14.
Similar data on beds without baffles are given in tables
3.15 to 3:19. The data pertaining to single baffle
equivalent to  multibaffles are tabulated in tables 3-21
to 3-26. Tables 3+27 to 3+30 show the data obtained on
variation of pressure drop with air mass velocity for

different baffle spacing.

3+3«]1 Batch Fluidized Bed without Baffles:

Figs. 3+5 and 36 show the variation of pressure
drop with air mass wvelocity in batch fluidized beds in
the fixed@ bed, at onset of fluidization and in fluidized
bed zones. It was obgerved from these plots that for a
given particle size and solids loading, the bed pressure
drop increased almost linearly with air flow rate in the
fixed bed zone and once the fluidized state was attained

the bed pressure drop increased very slowly. The bed
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pressure drop was found to be much lower than the

corresponding bed weight per unit area.

Minimum fluidizing velocity was observed to
increase with increase in particle size and solids
density. The experimental values of minimum fluidizing
velocity are compared with predicted values as given by
Leva's correlation [3]. The predicted values differ by
less than + 10% of the 6bserved values as shown in

aBleSioe 518

Fig. 3+7 shows the bed porosity as a function of
gas velocity after the onset of fluidization. The flue-
tustion ratio defined as the ratio of the highest to the
lowest bed height as a function of reduced gas mass
velocity is shown in Fig. 3-23. These 6bservations on
bed pressure drop, minimum fluidizing velocity, bed
expansion and fluctuation ratio are in accordance with

the earlier reported work in literature [3].

3.3.2 Batch Fluidized Beds with Vertical
Interngl Baffles

Figs 3¢8 to 3+15 show the variation of pressure
drop with air mass velocity in batch fluidized beds with
12 vertical baffles with baffle spacing of 10 mm. The
bed pressure drop increased with increase in gas flow
rate in fixed bed zone upto the onset of fluidization

and after the onset, the bed pressure drop increased



58

with air flow rate at a slower rate. Though, these obser-
vations are similar to the findings in batch fluidized
beds without baffles, the numerical values of pressure
drop in beds with baffles were higher than the values in
fluidized beds Withbut baffles under identical 6perating
conditions as shown in Figs. 3+16 and 3-17. The excess
pressure drop may be due to the presence of additional
baffles giving higher friction. The pressure coefficient
values are compared with those of unbaffled beds and are

shown in table 3+20.

Minimum fluidizing velocity was observed to increase
with increase in particle size and solids density as shown
in Fig. 3+8 to 3-11 and 3-12 to 3:13. The minimum flu~
idizing velocity does not seem %o get affected by the bed
height as shown in Figs. 3:14 and %.15. The observed
values of minimum fluidizing velocity were compared with
the predicted values using Leva's correlation md the devia-
tion was found to be as large as A0% as shown in table

332 and Pig. 341G,

3.%+2+1 Bed Expansion Behgviour

The bed porosity déta in beda with and wishout
baffles are plotted in Fig. 3+7. The bed porosity in
£luidized beds with vertical baffles is found to be lower
than the corresponding values in beds without baffles.

The bed porosity was observed to be increasing with
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inerease in gas velocity. The bed porosity data when
plotted against particle Reynolds number on log-log scale
gave linear variation as shown in Figs. 3.19 to 3-22.

The bed porosity increased with increase iﬁ particle
Reynolds number and for a given particle Reynolds number
the bed porosity increased with decrease in particle
size., The fluctuation ratios (which give a quantitative
measure of the quality of fluidization) increased with
increase in reduced gas mass velocity Gf/Gmf as shown
in Fig. 3-23. The fluctuation ratios were observed to
be lower in baffled beds than in beds without baffles.
The plot of fluctuation ratio versus (Qf-Gmf)/Gmf on
semilog plots, gave straight lines for beds with baffles
‘as shown in Fig. 3+24 to 3-26. The choice of (Gf—Gmf)/Gmf
as a cogtrolling parameter is essentially on the basis
that particle movement starts only when the gas veloclty

ig in excess of the minimum fluidizing velocity.

3.%.2+2 Effect of Baffle Spacing

The effect of baffle spacing on fluidization
characteristics was studied using 12, 7T anq 3 baffles
( corresponding to a baffle spacing of 10, 12 and 16 mm
respectively). When the distance between two adjacent
baffles was less than six particle diameters (do/Dp<ﬁ6)
it was observed that the solids movement was very much

restricted and the solids had a tendency to lump up and
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remagin as agglomerates even at higher air flow rates.

Thié was similar tolarching' observed in gravity flow of
solids through funnels of very small throat. The T lm=
idization was very unstable. An improvement was observed
in the quality of fluidization Whep do/Dp was greater
than six. Upto a value of do/Dp = 10, it was observed
that the particles at the centre of the bed fluidized like
o fountain indicating channelling/spouting tendencies in
the bed.  The rising currents of solids were observed to
be shifting from one region to another over the entire
bed. For baffle spacing greater than ten particle dia-
meters, the bed behaviour was found to be smooth, Grace
and Harrison [114] recommended the use of distance between
two adjacent baffies not to be less than thirty particle
diameters for uniform fluidization, In the present studies,
the bed with 12 vertical baffles with baffle spacing of

10 mm gave uniform fluidization for particle gize upto

977 microns,

The variation of bed pressure drop with air flow
rate is shown in Fig. 3:27 for different baffle spacing.
This is similar to the findings in beds without baffles.
I+t was observed that the bed pressure drop was higher for
beds with larger ngmber of baffles under similar condi-
tions of operation., The increase in the pressure drop
may be due to the presence of additional baffle surface

causing higher skin friction.
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3.%.3 BATCH FLUIDIZED BEDS WITH SINGLE BAFFLE

The performance of multibaffled fluidized bed was
compared with the fluidized bed having a single concentric
baffle with spacing of 18+5 mm where the available areas
for fluidization in both cases were nearly same., Figs.3-28
to 3+30 are the plots showing the variation of pressure
drop With air mass velocity in beds with single equivalent
baffle. The trend of variation of pressure drop with ailr
mass velocity is similar to the one observed in multi-
baffled systcms. However, in the casc of beds with single
baffle with baffle spacing of 18-5 mm, the transition
from the fixed bed to the fluidized bed is not distinctly
identifiable. The visual observation of the fluidized
bed revealed that the fluidization was not uniform and in
certain pockets, the solids movement was fairly vigorous
while it was stagnant in the other. This non uniformity
persisted even at higher gas flow rates. The pressure
drop in these beds was found to be of same magnitude as
in beds with 12 baffles in fixed bed zone, while the
corresponding values were lower in fluidized bed zones
as shown in Fig. 331, The minimum fluidizing velocity
was found to be lower in these systems than in the multi-

baffled fluidized beds.

The fluidized beds with wvertical internal baffles
differ from that of the beds without baffles due to the

additional surface contributed by the baffles. Additional
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surface causes the extra skin friction, leading to higher
values of pressure drop. Further, the baffle walls tend

to compartmentalize the bed trying to restrict the particle
movement. In such smaller compartments larger bubbles

can not be formed leading to more uniform fluidization,
lesser bed expansion and lesser fluctuations in the
expanded beds. The tendencies of slugging are also elim-
inated. With proper baffle spacing, channelling tenden-

cles will glso disappear.

In the case of fluidized beds with single -concentric
baffle, while the annular space may be sufficiently large
compared to the particle size, the solids movement will
still be restricted to localized zones, because of long
peripheral distances and curvature effects of the column.
This invariably results in non uniform fluidization in

different zones of the bed.

Z3+3<4 Correlationg

The behaviour of multibaffled fluidized beds will
be signifiecantly different from those beds without baffles,
Hence an attempt has been made to propose correlations

for systems with vertical internal baffles.

The correlations available for batch fluidized beds
without baffles can not be extended to the systems with
baffles as the presence of baffles in the beds affects

the fluidization characteristics.
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3e3e4e]l Minimum Fluidizing Velocity

Based on experimental data obtained, a dimension-
less correlation incorporating wvarious parameters like
geometry of thg column gnd physical properties of solids
and fluid has been proposed for predicting the minimum
fluidizing velocity as

] ol 0-624 p ~0-12 d—O-lB 1L 0-04
—2 L - 6.72x1072 (4r) . (59) (3R RN (E-) . .. (31)
Me P D 0
Ar = g Dg (?S—?f)/ﬂfz Pr is the Archimedes number which
signifies the interaction of three forces,

namely, the fluid resistance, the buoyant force

and the gravity force.

ko is the Reynolds number based on particle diameter
which reprcsents the ratio of the inertial forces
to viscous forces, and indicates the velocity

requirements to ensure particle movement.

o represents the equivalent diameter of bed to
p particle diameter ratio and signifies the
resistance offered by the extra surface present
in the bed due %o the baffles, column and the

fluidized particles.
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d
~& represents the ratio of the gap between two
D
p baffles to particle diameter and shows the resis-—
tance for the free movement of particles in the
column,
L. ig the ratio of bed height %o “he gap between two
d
o}

adjacent baffles and represents the effect of

compartments due to the presence of baffles.

The predicted values of the minimum fluidizing
velocity from eqn. 3+1 were found to be well within + 20%

of the experimental values as shown in Fig. 3-32.

3+%3e4+2 Pressure Drop

In any fluidized bed, the total resistance to fluid
flow is the sum of the pressure.drops due to bed weight,
the grid and the friction on the surface of the particles.
In baffled fluidized beds, the pressure drop due to
baffles is significant and hence the total pressure drop

can be written as
. ' / N\ - 5
A =N, + APyl Po+ NPy wia k30

where /\P is the total pressure drop. gﬁkPw, the
pressure drop due %c the weight of solids will increase
with increase in fluid velocity upto the onset of flu-
idization and thoreafter it will be essentially constant

and will be cqual to the apparent weight of the solids
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per unit area of cross section./CXPG, the resistance

due to grid will be a function of the linear velocity

of the fluid through the grid openings.élka, the pressure
drop due to friction on the surface of particles will vary
as the square of .the fluid velocity. Both/\ P, and APf
can be evaluated based on colunn digmeter and linear
velocity as NPy +/\ P, = £ (Reg)? /NPy , the pressure
drop due to friction on the surface of thec baffles and
the column, will be a function of equivalent diameter

and linear velocity. This nay be reprcsented as

o Py = £ (Reeq)z. The total pressure drop, thus will be

as follows

)2 oL (303)

AN =lr (WDi+ £ (REIA I (Re
eq ]

In dimensionless terms, eqn. 3*3 may be written as

VAN

Hd
o

' 2 2
=K+ I (Reeq) + k, (ReT) s 144

<

Based on the experimental data, the values of the

coefficients were evaluated as

8 =10

K = 0-923, Fyr= B:7px1D" % , K, = 3+46x10

The correlation predicts the pressure drop within

+ 10% of the experimental values as shown in Fig. 3-33.
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Z+.3.4+3% Bed Expansion

A dimensionless correlation for predicting the bed

porosity in baffled fluidized beds has been proposed as:

_ -0-.22 0«4 a 0-69 P =P -0+11
= 01065 (Fr) (Romd ph) (=5 ... (3:5)
P 1y
g2
L
Fr = B = the Froude number is the ratio of buoyancy
p

force to the grawvity force. Thisg is the
criteria to ensure that.a particle is lifted
freely in a fluidized bed due to buoyancy

aif §f acbe

Ke, = P e ig the Reynolds number based on particle
diameter and represents the ratio of the
inertial forces to the viscous forces and
this indicates the velocity requirement to

ensure particle movement.

%9 represents the ratio of the gap between
> two adjacent baffles to particle diameter
and signifies the resistance for the free
novenent of particles in the column.
o . . 2
b i is the ratio of the apparent density of

solids to density of fluid and represents

the quality of fluidized bed.
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The above correlation can be used to predict the
expanded bed height for any nmaterial if the bed height
at onset of fluidization is known. The values of bed
porosity predicted lie within + 15% of the experimental

values and is wvalid for 4 £ Rep £ 175 (Pig. 3-34).

3e3e4+4 Quality of Fluidization

The gquality of fluidization in-a fluidized bed is
neasured by the fluctuation ratio of the levelsg in the
PedT Riluctluatiom pvotic — '?"Y "\ has_baen Gorrelat®d "gps an
exponential function of (Gf_Gmf)/Gmf as earlier done

by Lewis et al [126]. This may be written as

19 em(Gf-Gmf)/Gmf T
where m 1is the slope of the line on the seéemilog plot.
The slope was observed to be a function of particle dia-
meter and this can be evaluated from Fig. 3+¢35. The
correlation can be used to predict the fluctuation ratio,
knewing the value of m. The values of the fluctuation
ratios predicted from the correlation were observed to
lie within # 15% of the experinental values as shown in

Pig. %36,
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3.4 CONCLUSION:

The above studies in batch fluidized beds with

vertical internal baffles indicate that
-~ slugging tendencies are elinminated
— bed expansion and bed fluctuations are reduced.

- by keeping a DProper paffle spacing of not less
than ten particle diameters, channelling/spout-
ing tendencies are eliminated and uniforn =

idization is achieved.

- jintroduction of baffles inproves the quality of

fluidization.

- Minimun fluidizing velocity, total pressure drop
across the fluidized bed, bed expansion and
fluctuations ratio, can be predicted using the
proposed. correlations [vide eq. 31, 3+4, - ]

and 3-6].



TABLE—i L
EXPERIMENTAL DATA

System : Air = Glaogs Beads
Colunn Dis 70 mn

Baffles Dia 6 mnm 12 Nos. d, 20 mm, height 610 mm
Solids Loading per unit ares W/A = 71-2 kg/m2

o et o B Rt -t i e St S T - —— — T o G g e e A P S S G B e T s S W S S W PR e S g (B iy T e

Run No. 101 Run No. 102

Prriicle size 977 um Prrticle size 650 pm
memee—_Static Bed Height 48 mm 2 Stotic Bed Height 45 mn
5l. Air Plow Rate Pressure Bed S1l. Air Flow Rate Pressure Bed
Ko, Drop Height No., Drop Height
o I 800 "™ TGOS My T R 1 R ke/m® sce_  ___ N/n®x10T2 mm___
& 2 3 4 1 2 3 4

I, 0.0 0-0 48 . 0-0 25
- -1028 0:59 48 2 .1028 0-980 45
. -2028 1-176 48 3 <2028 1-961 45
q. « 3055 d - 165 48 4 “2855 3+040 45
5. <4167 2+648 48 5 ~4167 44413 45
6. i L 5354 48 6 5159 5+786 45
7. 6111 4+511 48 g » 5555¥ 6+ 472 46/45
i <7222 5.688 48 8 +6111 6+570 47/45
9. < 7778% 6-668 48 9 <7222 6-865 48/45
10, -8194 6865 49/48 %0, -8194 7-061 52/46
e - 9166 7257 50/48 11 - 9166 7-257 60/50
12, 1-028 7551 52/49 12, sXs 098 To558 65/52
1%, 37 7747 55/50 T 9. 111 7845 70/57
14. 1.222 8-041 60/53 14. 1982 8:-041 75/60
A%, (1416 8+630 70/55 165y 17418 8- 434 85/65 o
16, 1:639 9.218 80/60 16. 1+639 9.022 95/70 )

B e G s S St B e s P D S S s e Bt G o G ot et Pt SN i b S b i S

" Onset of fluidization.
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Run No.

103

Particle size
Static Bed Height

. G s g G et Ty Gy G W et S S S WD o S SIS ey el R gt B G e G G A P G g S s S W v S S A0S cime ©

2

_

460 pn
45 RQ

4

S s €t e S v sy = S0 S S A S

0 5 s s Pt s e S RS g R S G ) S G e S e D Gty S D ey s e (D et s e Vs e g e S G v S gy S e GO

1.
2.
3.

0-0
18028
2+028
34055
3-194
4166
5-1%9
6+111
7222
8194
9.166
10-28
1 D),
12~ 2%
14-16
16-39

0+0
-1176
+3922
+6472
- 6472
6668
. 6855
« 7061
« 7257
* 7453
- 7649
+ 7845
. 8041
8336
+ 8924
* ko

45

45

45

45
47/45
48/ 46
52/48
55/48
60/50
68/55
75/60
80,/60
85/65
90/70
100/75
110/80

* Onset of fluidization.

e .
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T, BLE=3473
BXPERIMENTAL DATA

System : Air - Glass Beads
Colunn Dia 70 nn
Baffles 6 mn 12 Wos., do- 10 mnm height 610 mm

Sclids loading per o
unit area W/A = 56-8 kgfn
Run No. 104 Run No. 105
Particle size 9% 7 um Particle size 650 um
Static Bed Height 35 nmnm Otatic Bed Heigh® 37 mn
B Air Flow Rate Pressure Bed S1l., Air Plow Rate Pressure Bed
Ho, Drop Heigh No. Drop Height
xg/n%. scc N/mlx10™° 1 kg/n°. sec N/m?x10”2 ™
e R o 5 " Wl 1 e e SRRETE LR
i, 0-0 00 % b 8 0:0 0.0 37
25 -102 * 49 b 4P -102 - 88 27
) « 255 129 % y 8 «+ 204 L7 37
4. « 408 2+15 for 4o ~ 306 2+ 55 114
% * 50 2+ 94 %5 p -+ 408 372 i
60 .613 3'92 35 6. B 51 4’7 37
e - 700 461 35 i “g4* 5-0 3
8. -715 4+90 35 8. <613 529 38/37
9. ~TT 5-10 36 9. - 715 5+ 49 39/37
10. - 817 568 37/35 167 . 817 5-68 42/3%8
15, - 919 5+ 83 38/32% L. +919 5+ 98 45/40
Yo, 1-02 6-17 40/35 10 1-02 6:17 48/43
13. 112 6+ 47 43/36 1%, X: 19 647 53/47
14. 122 6+66 46/40 14. 1.22 666 55/50
15, 1-43 7-25 54/ 40 15. 1:43 716 65/55
15, 163 7-34 60/45 16. 1+ 63 7+ 45 75/60

¥0ncet o TIGIALZATIO

e o > et s G S (R s e . P e S e S ekt P e e i A i —— B e G s e iy i i Gt G b S Bt e i G S ey i e s e B S i e S S G ki S S

e




S e s iy S g, SR G ey s D S St D U S B Mot s ekl G S e gt Mt S Y o, ot S P b S S W R iy

Run No.

106

Particle gize
Static Bed Height 37 nm

D

460 pnm

1 2 3

g. 0'0 0'0

. '102 1’76
. 30 ‘204- 3'13
4. - 28 4-61
2. «306% 4¢9
. » 408 519
P 51 5: 49
B <613 568
9. '715 5+ 88
10. » 817 6-08
11§ +919 6+ 27
b =M 1'02 6 4-7
3, ¥ 1.-12 6+66
- 14- 1’ 22 6‘86
15, 1.43 V25

4

et e St en s dnd @56 m

Ve (s S S i S s S S S S e g s I e

Vo —

* Onget of fluidization.
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TABLE-%-4
BYXPERIMENTAL DATA

Systen ¢ Air - Glass Beads
Column Dig 70, mmn
Bafifles 6 mn 12 Nos, do =20 mm

42-7 kg[mz

— —

Run No. 107 Run Ndoy 106 "
Particle size 974, um Particle size 650 um
_______ Stutic Bed Height 27 mm______ _______Static Bed Height 27 mm . .
51. Air Flow Rate Pressure Bed 81, Air Flow Rate Pressure Bed
No. ' Drop Height No. Drop Height
kg/mz. sec N/mleO-2 mam kg/mz. sece N/m2x10-2 nm

3 > S 4 I 2 3 4

1 00 0.0 2% 1. 0-0 0:0 o

2. .+102 +39 27 ol «102 - 68 2

. <204 <68 2k B <204 1-17 o

A, <306 - 1Y 27 A +306 1-96 o7

5. 408 1.66 27 54 « 408 2-84 27

6. - 510 2+ 25 el . - 51 32 27

T e 613% 3. 04 27 ¥ e -5 * 3+92 27

8. <664 343 27 8. 61% 4+11 g

9. o 392 4 9. - (15 4«31 29/27
Hi g e - T66% As 27 g 4 UK, 817 4+51 30/ 27
11, - 817 4e 41 28/27 13 - 919 4-7 35/30
12 +919 427 29/27 18 1.02 4+9 40/35
13, 1.02 4+ 9 %32/ 27 13, 1-12 5.1 45/38
14, 1.125 5.1 35/30 14, 122 5.29 50/ 40
15. 1.22 5. 29 38/30 15, 143 5.88 55/45
16. 1. 43 5.88 42/32

19, 1+6% 6+ 47 £7/5s

#0nset of fluidization.

el



Run No. 109 .
Particle size 460 pn.
Stntic Bed Height 26 mm

s p— R e T e e e e St S e e ot

k 2 3 4

o 0-0 0-0 26

o) « 102 1.17 26

¥ . 204 2.35 26

s . 255 %04 6

5. 306% Z. 70 27

6. . 408 4+02 29/27

Th .51 4+ 21 32/27

8. 613 441 %6/30

9. - 715 4+6 40/35
10, - 817 4+8 45740
11 +919 4+9 50/45
i 1.02 5.1 55/ 45
1% 1-12 5. 29 55/ 50
14, 1-22 549 60/55
15. 1-43 5. 88 65/60
*

Onget of fluidization.
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TABLE-35

EXPERIMENTAL DATA

System ¢ ‘Air -~ Glass Beods

Column Dia _ -0 o i
Baffles 6 mm 12 Nos., 4, 10 rm, height 610 nn
Solids Londing per wnit orea W/A = 28+4 kj/nz
Run No. 110
Particle size 460 pn

Static Bed Height 17 mnm

. e B3 A B e e e —— o S S s P 0 s o S o 4 S s v P S e et e S e A P e s G A 0 S S 5 S

a1, Air Flow Rate Pregsure Bed Height

No. Drop
kg/nz. sec N/r:zleO'"2 mn

BN D 7 e ) = )

- 0.0 0.0 17

2 .102 - 98 17

. 73 . 204 1-76 i

4. 255 2+15 173

5. «306% 2. 55 19/17

g, <51 2+94 20/18

% <613 304 25/20

8. <715 %e13 %0/25

9. - 817 S+ a3 325
10. +919 %453 35/28
y & o 1-02 372 38/30
12. =13 5+ 92 40/30
g0 1 el 411 45/32
14. 1-43 4+51 45/30

*Oonset of fluidization.

Gl



TABLE-36
BXPERIMENTAL DATAH
Systen & Air =y "Baryte

C ol e TO nm
Baffles 6 mm 12 Nos, 4510 "'mm
Solids Looding per unit ares W/A = T71-2 kg/m?

g i 8 e At S P e S S v S0 B S (it g Gt e e Gt VO e G e S e e e e S Dot s

Run No, 111 Run No., 112
Particle size 1540 - pn Particlée, sige RT7 un
Stotic Bed Height 40 - mn Static Bed Height 40 nm
S1., Air Flow Rate Pressure Bed S, Air Plow Rate Pressure Bed
No. Drop Height No. Drop Height
2 2 -2 " iy 5 = -2 .
kg/m“. sec N/n“x10 mm kg/m°. sec N/m“x10 I
1 2 3 4 i g o 4
r 0:-0 0-0 40 L 0-0 0-0 40
2 « 1022 -19 40 eE -1022 -19 40
o - 204 <39 40 o -204 <55 40
& +3065 > 58 40 i - 306 « 98 40
5. - 4089 - 88 40 P « 409 147 40
B + 5100 - 98 40 6. - 510 1-96 40
Vo «61% Be 5% 40 . - 6173 2+ 45 40
Sa <716 1-76 40 3. «716 3.2% 40
qg. - 817 219 40 9. - 817 > O 40
10, . + 9197 2+ 84 40 10 8187 4+ 9 40
; =< nfl 1-025 %30 40 "' iy 1-025 578 40
L2 A fcthilsz! & 173 40 L2 =125 6+ 86 40
e, 1-226 5+0 40 138 1-166% 7-06 42 /40
14. 143 7+35 40 14, 1-226 7-55 45/42
15, 1-635% 8:63 42/40 15. 1-43 8. 14 50/ 45
16. 1-839 9-31 45/ 40 16. 163 8+ 92 55/50
JF 4 1 B9 9-8 60/ 55

—nu.—.—.--—.._.-—._——_.——._..-—..—---—_._——_.__—__—--—_——-—-——.——a._.._..-—-—_-———.——_-—-—_.‘_p-._u—....—_-——...._—_._-._.__—_._-———

*Oonget of fluidization.



i ot S S s an i i GO s S Wi s iy e Bt B S B s G e o S G s v

—— N e, P, -—

Run No. 113 A Run. No. 114 Ban Wo. X315

Particle size 650 un Particle isize 460 pn Particle size 385 un
Static bed height 40 nn Static bed height 40 mn Static bed height 40 nn
5 N B e - ST, g T LA 2. .5 - I T 4 gn L e L - . . A
1 0.0 0-0 40 B,z . 0dd0 0+0 40 1, 0.0 0.0 40
-3 102 39 40 o » TA2 e TN 40 P, .102 1-96 40
B . 204 .98 40 ¥ 204 2:35 40 38 204  3+92 40
4. .306 1-76 40 4. 306  3e02 40 4. -306  6-08 40
5. +409 2-74 40 5. 409  5-49 40 5. 36% 6.2 42/40
6. .51 3473 40 6. 458  6:17 40 6. 409 647 A5/42
/i <613 4+6 40 g 51%  6+47 X2/40 | 7. 51 6+67 48/ 45
8. -716 559 40 8. 613 667 45/40 = 8, 613 686 50/48
9, «817 6+57 40 9. . 716 686 50/42 = 9. «716 7-06 55/48
1.5 «361*% 686 42/40 108, «817 7-06 55/45 10. . 817 7-25 60/50
i <919 716 45/40 o 8 «919  7-45 60/50 11. «919 17-55 65/55
12, 1-095 T+45 47/42 ) T 05 7-65 65/55 12, @ 103 T Tl 70/60
1%, 1125 T-74 50/45 ety Wy L 70/60 13. ' 1125 7-94 80/65
14, 1:226 804 55/ 47 14. 1-226 8-04 75/65 14, 1226 8-14 85/70
15, 1-43 8+63 60/52 15. "3 8+ 43 8ay T =15 =1 43 863 95/80
16, 163 Q.22 67/55 &b, 1-6 9.02 90/75

iT. 184 10+0 75/60

*onset of fluidization.

L,



EXPERTIMENTAL DASTA

System : Air - | Baryte

Colunn Dig ‘ 70  mn

Baffles 6 mm 12 Nos., d, 10 mm

Solids Londing per unit zrea W/A = 56-8 kg/m2

— e e e o ot

- G s B e S P e s B e B S

Run No. 116 Run "ol 17
Particle size 1540 pm Particle size 977 um
Static Bed Height 27 mnmm Static Bed Height 32 mm
ol Air Flow Rate Pregsure Bed e, Air Flow Rate Pressure Bed
No. Drop Height No. Drop Height
kg/mz. sec N/mleo“2 nm kg/mz. sec l\T/mleO—2 mm
. 2 3 4 pi 2 b 4
i 0-0 0-0 27 g, 0.0 : 0.0 32
2a «102 +196 2 Ce «102 -196 P2
3¢ - 306 <49 27 By <306 - 88 32
40 '51 - 838 27 4- '51 1- 57 32
5. »T15 L-4% 2 5. « 5 2-64 32
6. + 51O 2+25 27 6. #0k9 392 32
| 1-125 3+673 27 T 14§25* 5. 68 L | 4
Be 1-43 . 6.08 pofaz. ___ B, 1-22 6+ 27 35752
9. 1-635% 6-96 35/30 9. 1-43 6-86 35{32
10. 1. 839 7-06 40/35 10. 1-63 T- T4 40/35
Y 204 8. 82 45/3%5 2. 1-84 8.63 50/ 40

- ——— Y wan — v S . S et et e e G i oo

* = o i .
Onset of Ffluidization.

8L



Run No. 118 Run No, 119 ' Run No. 120
Particle size 650 um Particle size 460 pn Particle size 335 un
3

Static bed height %2 mm Static bed height 2 mnm Static bed height 33 mm
i et LR . AW P I N "SIt R B 1 = o A
1., 0-0 0-0 i 1, - .0-0 0.0 32 iy 00 0.0 33
2. <102 0+29 3 . 28 | JOF102. 098 5 52 g, L.0-102 1.66 33
3. 0306 137 32 3,  0-204 1-96 32 3, Op204 2:94- 33
4. OS50 284 52 440 =0-306,10-94 32 4, B®306 372 33
5. 0-715 4421 32 5.1 O 400NN 32 5. [D:35% G-l 36/35
6. 0-817 5.1 2a |- 6. 0+460 4.70 32 g, “UaB 509  37/55
Te 87" 5¢ 49 30152 F., " 0-5AfE S 32 el 0351 5.49  38/35
8. 0-919 5.88 36/%4 By . 0-6TFRSAY | 55/50 8, 0-613 5-68 42/37
g tegw 6-08 40/35 9, 0-715 5.86 40/36 9, 0-715 588 48/42
50 PO 1 6+ 47 42/36 10, 0-817 5-88 45/42 10, 0817 6-08 53/48
LEs Lage 6+ 86 48/42 11, 0-919 6-08 50/45 ™, 9-919 627 57/54
13, 143 7+ 25 S MEE 19, 1502 B2 -" S5 4T 2. B 1402 647 60/55
13, 1863 T84 607450 % 13. | 1:lo - 6.47  '60/52 i3  fgi=12 6-66 65/60
14, 1-22 6-66 63/55 148 =" 1.2 6.86  T70/60
T8, A3 B 06 =-7/58 1% .1:43 7.-25  T78/65
6. " 165 T*P4  TW05

*Oonget of fluidization.



TABLE~%+8

System : Air - Baryte

Golunn Dia ' 70 nm

BaffE&h 0 112 it d, ' 4 Fmm

Solids Lonading per unit ares W/A = 42-7 kg/m?

Run™Wg', 1> Run No. 122
Particle size 1540 un Particle size 977 pum
Static Bed Height 18 mm Static Bed Height 25 nmnm
SYs Air Flow Rate Pressure Bed S, " AirtElowERate Pregsure Bed
No., Drop Height No. Drop Height
xg/ne. sec N/m°x10 2 nn kg/n°. sec N/m?x10™2 mn
O I N - U5 .y s By 4 L 4 A . - H
ik 0.0 0-0 18 g, 0.0 0-0 25
24 «102 +196 18 2% +102 0-196 25
e « 306 *39 18 ., + 306 - «68 25
4. o - 78 18 4. ) 1-27 25
50 '715 l' 27 18 50 '715 1‘96 25
6. «+ 919 2+06 18 a2 « 919 313 25
(5 =225 TN 18 T 1-125 4+ 51 25
8% 1.-22 g2 18 B 1-18%* 47 25
9¢ 132 451 18 9. 1-22 49 30/25
10, 1-43 5e1 18 10, 1+43 5+ 49 30/ 25
1. 1.6%% 6:08 20/18 1 15 1.63 627 30/25
1. 184 6+ 66 25/22 8o, 1-84 725 35/30

B e S B e e W e e P i S e Bt o s i S Gt G U D o G S S P By S G T D i VY A St s e e G G g G L s B i S e P et S M et S ks B e Do MR S S ? e B (Bl o B Gt D D e P i e S el . (e e S S i

*Onset of fluidization.

08
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Run No., 123 Run No. 124 Bun Na. 125

Particle size 650" um Particle size 460 um Particle size 385 pm
Static bed height 23 mm Static bed height 24 mm Static bed height 25 mm
- f M s 2 M 3 4 1 2 Y, i
T, 0«0 0-0 2% ==, 0.0 0-0 24 1. &0 0.0 25
2. 0=102 0:92 2% 2. . oid2 0-78 24 o, 0102 1-08 2%
%, D50E 117 23 3, 0204 1-37 24 7. LBs 20y« 2-15 25
4. 0-51 2«25 23 4. 0+306 0. 25 24 4. OE306 3.33 25
5. 0715 3+53 23 5. 0408 %.1% 24 5., =Q«35%  3.82 26/25
6. 0-B1T* 4:-20% 25/p3 6. 0:460  3.72 24 6. 0-409 3-92 28/25
T - 919 4+6 26/25 7. 0+51% %02 a5/ 7. @51 a1 3Ufa7
8, 197 49 30/ 25 8. 0613 4411 28/25 B8, 0:613 4:31 35/30
SO 1 5.1 30/ 26 9, 0715 431 30407+4= 94 0715 4-51 38/34
A8, -is22 5+ 49 35/28 8 5 0817 4+ 51 35/30 10, 1 0.-817 47 42/35
13, =43 6-08 40/30 11, 0-919 4+ 57 40/37 1k, ©0:919 4-90 45/38
12, 1-63 676 45/35 12, 4 S 4+ 9 43Pt >, 1.02 5.1 50/ 45
15, 1-84 T+ 45 50/ 40 13, Llsf2 5.1 45440 1%, 1-12 5.29  55/50
T, 1022 5+ 29 50/45 14, 1-22 5+49  60/50
15, 1+43 5. 38 55/50 15, 1-43 6-08 T70/60
16, 1.63 6+ 47 60/50

*Onset of fluidization. 5



TABLE=%3+9

EXPERIMENTAL DATA
System ¢ Air - Baryte
Column Dig 70  mm

Baffles. 6 mm 12 Nos. d, 10=gm
Solids Loading per unit area W/A = 284 ka/m?

—-_._._._——;_—_._._——.——.——-——.——_.——...—-——.—_.—_—-_...——.__._——__—_-—____—_.._—._—_ - a— — —

Run No, 126 Run No.%12%
Particle size 1540 pn Particle size O il=yum
Static Bed Height 12 mm Static Bed Height 15 mnm
& b Air Flow Rate Pressure Bed Sl. Air Flow Rate  Pressure Bed
No, Drop Height No.,. Drop Height
keg/n?. sec N/m°z10™2  mm xg/m?, sec N/m%x10™2 mr
R s M & - ol . RN (N LT ] SO N ol B R
A 00 0.0 12 iy 0.0 0-:0 15
2 102 098 12 28 «+102 098 fi 5!
- « 204 +29 12 e - 306 «39 15
4. 408 49 .2 4. «5l 98 dey
S S - 68 18 b, ir1e 166 15
6. To5 + 98 12 . 919 2+ 45 i,
48 919 147 12 Vi 1-02 304 15
M 1-125 235 1% 8. 112 362 15
9. 1443 3+92 12 9. 1.22 3.82 16/15
a5 N 1. 63% 4+ 70 15/1% 10, 143 4+31 20/15
1 1-84 5e 49 20/17 ¥ 1-63 5e1 25/ 20
iz, 1-84 6:08 25/20

—..-_..-—_._.._.__.._...._.__.-____-——-—-—.-—_.._—_-._._._—.—.———_—-—-—__——-__.-——...___..__-—..——__—-._;....“—-.-_._. S e 1 o e B B e A it e i e G s s

*Onset of fluidization.
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Run No. 128 Run No. 129 Run No. 130

Particle size 650 um Particle size 46Q 'pm Particle gize 385 um
Static bed height = 15 mm Static bed height 15 mm Static bed height 17 mm

Y, AN = .- 4 4 & AN A s R Y R R - ., TP SO . ST

1. 00 00 15 1. 0-0 0-0 15 = OhO 0-0 17

a1 102 -196 15 o -102 .49 15 2 -102 T8 19

5. 204 - 49 15 5 JoNd- L BEAT 15 Be P04 137 17

d. 306 - 73 15 4. » 306NN 15 4. B 2+15 17

B 408  1-17 15 5 | <408y 285 1% 5, +357% 2.55 18/17

6. « 51 1-57 15 6. - 46% 2+ 55 15 5. <408 2-74 20/18

A -613 1-96 15 T .51 bTs | 3615 7. .51 2.94 20/19

B, «J15 _2°5Y i5 Gl -613 2.94  20/15 8, 518  3.1% 22/18

g, rELTE 313 15 G | ~715 3-15 o 20/18 9. 23 3-33 25/20
T, 867 3+3% 16/15 108 == Q1 Wy L BB 254 A 18 @B8I7 5853 30/25
11. +919 3:43 18/15 11, '8 819 3.5% .28y 20 M Rag 372 33/27
12, 102 3¢ 53 20/18 1 2t i %.72 - 27/25 . Zd-P2 3.82  35/30
13. 112 %+ 92 23/20 %5, 1-10 ool 30/2% 75,4 1712 3.92  40/32
14, 3122 411 25/22 14%, 122 411 30/[25 14, .22 411  45/40
I8 | 1ed5 47 7S 16, %43 4-51 40/30 1B 1. 43 451  50/40
16, 1-63 5.1 35/3%0 16, 1+63 4+9 60/50
17. 184 5. 78 40/35

- — i . M sy P s S S B e Yt P (A A e MRS - e S S et G S S S i P S S At S S S S ) 08 s e i S i USSP v T B0 e St i at — A S o S e ot A g . P e Gt S B o e e e G Mt s i S . S D P Sl

*Onset of fluidization.



PABLE=3-10
EXPERTMENTAL DATA

System : Air - Bauxite
Column Dia 7o mm
Baffles 6 mm 12 Nos g 5 =Rl o Mg

ot i ot e Bl ot B e Bt Gty B et et e vt S S st B A

Solids Loading per unit area W/A = 71:2 kg/m2

— - —— T S —

Runilo., 3L Run No., 132
Particle size 1540 pum Particle size ST g
Static Bed Height 68 mm Static Bed Height 70 mm
31, Air Flow Ratd Pressure Bed Sl., Adir Tlowy Rate Pressure Bed
No. Drop Height No. Drop Height
kg/m?. sec l\T/mleO-2 mm kg/m°. sec N/m‘leo-2 mm
o RN . A bt Tl i AT W P T - -

W 0-0 0:0 68 " 0:0 0-0 70

£y -1028 0-98 68 >, -1028 0+392 70

i FF - 2083 0»490 68 . - 2083 0.784 70

4. « 3085 0784 68 4. 3055 1471 70

G « 3889 1.176 68 5y 4028 2+059 70

6. « 5000 1+471 68 6. 5000 2746 70

T <7222 2: 745 68 7.5 6111 4-020 70

8. « 9166 4217 68 8, <7222 4707 70

9. 1.028 5197 68 9, «8055 5.982 T2/70
10. 1-125 6-276 68 . «9166% 6-865 75/70
i, T 1222 6+865 68 11 1-028 6+914 80/75
1P, 1-305% 7+159 70/68 18 1-125 6+ 963 85/80
15, 1 1- 444 7+551 75/70 1%, 1-222 7-061 87/82
14, 1-634 8-139 85/72 14, 1. 444 T+ 747 92/85
5. 1833 8+826 90/80 15. 1-639 8+336 98/88

By o SeOle. o 980T @ IOSENS e L e e L e e e~

*Onset of f-uidization.
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Run Wo., 133 Run Neo. 133

Particle size 650 un Particle size 460 pn

Static Bed Height 64 nn Static Bed Height 64 mm
1 2 3 4 = E- o z__ k.
0.0 0-0 64 5 Y 0.0 0:0" 64

- +1028 0-784 64 L «1028 2353 64

o B «2028 1667 64 - +2028 4+511 64

4. oo 55 2+942 64 4. 12500* 5491 64

e « 4167 42119 64 D% *» 3055 €080 67/64
6. «500 5295 64 6, « 4167 6+ 276 70/65
o «611*% 62472 65/64 «500 62472 75/70
8, #7222  6+527 70/65 8, e611 §+865 80/72
9. .8255  6:668 75/68 9, « 722 6+962 85/75
10. «9166 6865 80/72 0, +8055 7061 95/80
11, 1:028 7061 83/78 T, +9166 7+ 257 105/85
12, 1a1985 T+257 85/80 12, 1028 7:531 115/90
13, Teo98 7551 90/85 12 1 1.125 7+943 125/95
14, 1+4166 8:139 100/90 Yo~ —1.2P0 82139 130/98
15. 1639 84728 110/95 15, 1+ 416 8+33 135/100

- e - — e wnema -—

et U e D et TV D et et S Sy s i e SR s s G B e b ot

*Onset of fluidization.
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Run No. 135
PaI“biCle Size 385 lJ'm
Static Bed Height 64 mm

-.....a——-.—....—__...___.—_.__._____——_—.—_-———_—_——_-—.—.._.—.

§1, Air Flow Rate Pressure  Bed

Drop Height
kg/mz. sec N/mleo Z mm
__l__*u___~§_____________2_____,____§ _____
W 0.0 0.0 64
2 «+1028 3+824 64
3 1944 5+ 688 64
4. « 2028* 5. 884 65
Se v LT 6-080 TG
6. « 4167 6374 [
s + 500 6668 85
O, +6111 6865 95
9. « 7222 T7-061 105
19" + 8055 T«257 115
1%, « 9166 T=585 120
124 1-028 T+405 125
i by 7 1-12% T+650 1%
14, Jme 222 T-845 : & 157

*onset of fluidization.
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TABLE~3+11

EXPERIMENTAL DATA
Systen : Ainm~ = Bauxis

Colunn Dia

Baffles 6 nn 12 Nos. dg .
S01lids Tonding per unit area W/.L = 568 keg/n

e
Tofn

10 nn height 610 mnm

e e e o Ot s e e s e St e e P G S S ket s S S P e MM e M e S e e St e G O ey e e et S B e i B8

Run No, 136

Porticle size 650 um
Static Bed Height 50 mm
Sl Air Flow Rate Pressure Bed
No. Drop Height
kg/m?. sec N/m?x107°  mm
R - o 0 AR Y ] L,
r 0-0 0-0 50
27 +102 .58 50
29 + 204 127 50
5] «306 2.05 50
% & « 408 >3 50
6. « 51 431 50
¢ o «613%% 5.1 52/50
8. +715 5+29 55/ 50
9. - 817 5+ 49 60/50
14, <919 5.68 65/60
13 1-02 5.88 68/60
3 8 e 6.08 30/62
13. 1+ 22 627 75/65
I 1-43% 6+ 86 85/70
15, 163 7+55 95/80

i e e B S e ks e o e s et Bt i e B e S e S

*Onset of fluidization.
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TABLE~%.12
EXPERIMENTAL DATA

System ¢ Air - Bauxite
Colunn Dig 70 mn

Boaffles 6 mn-12 Nos. dg 10 mmheight 610-nn
Solids Leading per unit arco W/A = 42e70kg/n°

L S e s B e Gt St G . P A D i e SR S i S

Bun Ne. 197

P - .

Particle size 650 pm
Static Bed Height 37 mm

g1, Air Flow Rate Pressure -
No. Drop

kg/m2. sec l\T/szlO-'2
1 2 3
14 0-0 0«0
2e <102 «39
- IS '« 204 '98
4. + 306 ' 166
D e « 408 2+ 25
o, &5l o i
e «613%% oy V-
B =733 592
9. ’817 4'11
E i) 5 «919 4=k
g 5 S 1-02 451
12. 1+12 47
130 1'22 5'1
140 1. 43 5'49
15 - 1463 6«27

e it et b e B S Mt it A e g s o S

U e e 0 s e — vhen ame

*0nset of Tluidization,

— e P g G e i S s il Ot S Bt G
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TABLE =3.173

EXPERIMENTAL DATA

System : Air - Bauxite

Colunn Dia 70 mm

Baffles 6 mm 12 Nos. dg 10 mm

Solids Loading per unlt area W/A = 284 kg/m

Run No., 178 Run No, 139
Particle sigze 650 um Particle size 460 pn.
Static Bed Height 25 mm Static Bed Height 23 mm
St Air Flow Rate Pressure Bed S1. Air Flow Rate Pressure Bed
No. Drop Height No. Drop Height
kg/mz. sec I\T/mleom2 mm kg/mz. sec N/mleO 2 mm
T 2 5 4 Th 2 o] 4
1, 0-0 0.0 25 . 0+0 0:0 23
i «102 19 25 25 -102, 1:07
R . 204 * 49 25 3 «204 1+96 27/23
il %06 R 25 4. «306 2:15 28/23%
B + 408 147 25 5. « 408 2: 54 30/25
6. v51 1-96 25 6. .51 2:74 35/30
O +613% 2454 27/25 e +613 294 40/32
8. 715 2- 74 A/ oF 8. <715 313 45/37
9. - 817 294 35/29 9. « 817 3 2% 45/ 40
10. <919 3004 36/30 10. +919 343 50/42
z & 1-02 %13 40/ 36 1K 1-02 3+ 53 60/50
12, k12 3+33% 45/37 14, 1.12 %72 65/50
13. 12 3+82 50/ 40 13, 1.22 %+ 82 70/55
14. 143 4e21 55/45
1%, 163 449 65/50

o e Gt e i S T e e SR g — — —

*Onset of fluidization.
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TABLE =314

EXPERIMENTAL DATA

System : Air - Limestone
Column Dia 70 mm
Baffles 6 mmn 12 Nos. 4, 10 mnm
Solids Loading per unlt area W/A = 712 kg/m2
Run No. 140 r RoR NGy 1311 -
Particle 8ize 1540 pm Particle size 977 pm
Static Bed Height 58 mm Static Bed Height 50 mm
1. Air Flow Rave Pressure Bed il S Air Flow Rate *Pressure Bed
Yo, Drop Height No. Drop Height
kg/mz. sec N/mleo_2 mn kg/mz. sec N/m2X18_2 mm
i 2 5 4 1 2 3 A
1, 0-0 0:0 58 1 0.0 0-0 50
2. 0-1022 +19 58 2 <1022 <59 50
3 « 2043 =il O 58 [ « 2043 «49 50
4. +3065 - 88 b8 4. +3065 147 50
. + 5108 1~ 5% 58 e « 5100 2+ T4 50
b *7160 2. 94 58 6. <716 4.8 50
Ts + 8175 382 58 Ca - 318 5+68 50
8. « 9197 Bab I 58 B <875 b7 50
9. 1-110 657 58 9. - 9197% 6+ 66 51/50
10. 1-125 676 58 10. 1.022 6-86 53/ 50
G 1.226* T+ 45 60/58 115 1.125 7+06 55/52
s 1+ 430 8-14 63/60 12, 1226 T+ 25 65/55
1%, 1-635 8463 67/63% i LH 145 8-04 70/60
14. 1-805 9-02 75/65 14. 163 8+63 75/65

= et B e e G G R e . s S G G (D ey S

——  ———— g — 2 4n5 o - p— b —

*OGnset of fluidization.
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Run No. 142 Rune Mo AS Run No. 144

Particle size 650 un Particle size 460 pn Particle size 385 pn
Static bed height .52 mn Static bed height 54 mn Static bed height 55 mm
= = 2 4 & 2 3 =, T 5 -8 3 4
. ©O-8 0-0 52 1.z 500 00-0 54 =10.0 0.0 45
B <1022 .88 52 o +1022 2+15, 54 2. <1022 2:74 55
e «2043 1-47 Ha e « 2043 2+ 94 54 P +139 Ze 62 55
F «3065 2-45 52 Ly « 306 4+7 54 4. +2045 5-0 59
5- '408 3'43 52 5. '361 5'88 54 50 °278* 6'37 56
6. +510  4.51 52 6. +4085*% 6-47 54 6. T 2306 Ea37 58/55
-613 588 52 Tei <509 B~6T . 55 7o BgdO® 676 62/55
8., «666* 6-37 54 8l <095 6-67 60/55 8. <510 6+96 70/60
\ gy e 716 667 55 9. 714 696 65/58 9, =613 7-16 75/62
10 .817 6:86 65 10,  -817 T-16 1 T5§60 10, ko716 T35 80/65
¥ +9197 6-96 60/55 11, 919 7-55 80/65 1t, PBIT  T-55 85/70
12, 1022 7T-08 62/58 T 7:94  90/70 B, et 919 T4 92/75
13, 1.13% 7+35 67/60 2 . 226 8.04 100/75 13. 1.025 7+94 100/80
T4, 1226 T+65 72/65 140 §= 2% 8.4% 110/80 14, W1.12% B8=14 110/85
15, 143 804 85/70 15 oGS 8.82 120/85 155 1e226 8+33 118/90
16, 1-3%88 863 130/95

- ———

*onset of fluidization.
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TABLE-3-15

TTAL

System :  Air - - Bauxite

Column Dia 70 M without baffles
Particle size = A0 mpm
Run No.201 Run No.202
Solids loading W/A, Tl:2.kg/m? Solids loading W/A, 427 kg/m®
Static Bed Eeight 65 mm
§i‘ iir Plow Rallk _Prdseule . j Bed §1. Adr Flow Ratel Pressure -
. Drop Height No. Drop
kg/mZ. seec N/mleou2 mm kg/m2. sec N/mleo-2
R S N I~ - _4_ i g r, s S e e

1, 0-093 2.06 €5 Te 0093 1.17

P 0.186 3. 70 65 . 0-186 2+ 25

[ 0+230 4+70 65 5. 0+ 230 304

4, 0-279 5+ 30 70/65 4 0+ 279 3.1%

B 0:370 558 75/65 5e 0-370 333

6. O+ 460 5.98 80/70 6. 0+ 460 Be62

o 0-558 6+20 85/70 T 0-558 3. 82

3. 0+650 6+ 240 95/75 8. 0-650 4+02

9. 0837 6:70 105/80 9. 0+740 411
10. 0-920 6+ 95 115/85 10. 0+920 A6
13 1-116 725 125/90 il. B 1-116 4+9
B 1+ 300 7465 140/95 1%, 130 5.1

o s oo st it ity e i Petep BSD St G S s e M S s e s S (D i G P i B e O G e A i s B St SO B i et B B et i e S i Bt A ks Bt At e S e P et e i POORS SRS A P SH an MP fred S Bl e (R o o s By S
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TABLE~3-16
EXPERIVMUNTAL DATA

System ¢ Air - Glass Beads
Colunmn Dia 70 mm without baffles
Particle size = A60 pm
Run No. 203 Run No. 20
Solids loading W/&, Tle2 kg/m® Solids loading W/A, 42+7 ke/m?
Static Bed Height 45 mm Static Bed Height 27 mn
S1., Air Flow Rate Pressure Bed S o Air Flow Rate Pregsure - Bed
No. Drop Height No, Drop Height
xg/m%. sec N/n%xl0™2 mm kg/m°, sec N/m2x10™2 mn
& 2 % 4 " ' 4 3 4
1 0-093 1.8 25 1. 0+093 0-88 27
- 1 0-186 3.5 A7/ 45 B 0.186 1-66 27
G 0.276 5.8 50/ 45 5 0+279 2:64 30/27
4, 0-37 5¢9 52/ 43 4. 0-37 294 35/ 30
5. O« 46 6-08 55/45 5. 0+ 46 B=13 40/32
6. 0+558 6.1 60/ 47 6. 0+ 558 3+ 2% 45/35
e 0+65 62 65/48 T ©-65 343 48/37
8. 0+74 63 72/52 8. 0«74 3e62 50/ 40
9. 0-837 65 78/55 9. 0+ 837 382 55/ 40
10. 0-92 6+6 95/ 60 10. 0.92 4402 60/45
¢ 1 4 1-02 67 105/65 1y 1+023 4+21 65/50
18, 1-116 6.8 120/68 1.116 45 70/60

<6



JTABLE-3+17

EXPERIMENTAL DATA

System : Air - Glass Beads
Colunmn Dig 70 mm without Baffles
Solids loading W/A 712 kg/m2

e e

Run No, 205
Particle size 650 um
Static Bed Height 45 mnm

- -—-— e e e e e B e e

il Air Flow Rate Pressure Drop Bed Height

fio. kg/m?. sec N/m?x10™2 mm
1 P 3 4
0-093 .8 45
7, 0-186 1.8 45
2y 0-279 %e 1 45
4. 0«37 47 46/ 45
5. 0-46 5.8 48/ 45
6. 0+49 5.8 50/45
T 0-558 5+ 98 55/45
8. 0-74 6+1 58/ 48
9. 0837 6-2 65/50
ke 0-92 63 70/50
13, 1.02 65 78/5%
12, 1.116 6.6 82/55
13 130 69 85/60

¥6



TABLE~3-18
EXPERIMENTAL _DATA

System : Air — Linmestone
Column Dig 70 nn  without baffles
Particle size 460 pym without Baffles

— e S M S0 s D s (e i ot S s ) e S D

Run No.207 e

Run No.206 5
Solids loading W/A, T1-2 kg/m? Solids loading W/A, 42°7 kg/m
Static Bed Height 55 mm Static Bed Height 55 mm
S1. Air Flow Rate Pressure Bed S Air Flow Rate Pressure
No. Drop Height No. Drop

kg/mz. sec N/m2x10-2 ram : kg/mz. sec N/mleo-z

5] s 5 4 gi 2 3

p 5% 0093 1-76 - 1 0-093 0-78
-~ 0. 186 3.4 ot ol 0-186 1. 42
. 0279 56 58/55 % » 0279 2+25
4. 0-37 5¢9 65/55 2, 037 3433
5. 0«46 5.98 70/57 5. 0«46 353
6. 0+ 558 61 75/62 6. 0-558 3.62
T 0+65 6+17 85/65 . {7 0+65: 3+82
8. 0«74 6+2 95/68 8. 0-74 4+02
9. 0337 6-4 100/72 9. 0« 837 4021
e 1023 6:8 110/75 1€t 0+ 92 4e4l
L 1+116 6.9 120/80 1L 1.116 470
T8¢ 1-30 7+15 130/85

56
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TABLE-3-19

EXPERTIMENTAL _DATA
System 3 Air - Baryte
Column Dia 70 mm without baffles
Particle size ~ 460 um
Run No, 208 " —_—FRun No. 209 - 5
Solids loading W/A, T1-2 kg/m? ' Solids loading W/A, 42°7 kg/m
Static Bed Height 40 mm Static Bed Height 23 nn
S1., Air Flow Rate Pregsure - Bed 51s AirﬁFl-ow Rate Pressure - Bed
No. ! Drop Height No. Drop Height
kg/m®. sec N/m°x10™2 mm . kg/m?. sec N/m?x10™2 mm
- f 2 2 4 1 2 3 4
1, 0093 + 98 40 - 1, 0:093 * 50 23
o 0+186 1.8 40 2 0.186 117 23
- I o2 s 40 3 0+279 1.8 25
4. 0+37 49 40 4. 0-37 2:45 2%
5. 0+ 46 5+ 78 42/ 40 5 0-46 249 26/23
By 0-558 5¢9 45/ 40 6. 0+ 50 2004 28/25
s 0+65 6+1 52/ 40 g 0-558 3l 30/ 25
8. 074 6+2 58/42 8. 065 3% 35/30
9. 0837 64 65/48 9. 074 %5 40435
10. 0+92 6+6 68/50 T, 0+ 837 Be T 5040
1 1.02 67 75/55 it 0+92 3.8 60/ 40
15 1116 70 a0/65 T2. 1116 4-1 65/50
1%, 150 T3 95/70 193 1+30 45 70/55

96
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TABLE-3: 20

COMPARISON OF PRESSURE DROP AT ONSET OF FLUIDIZATION

Diameter of the column 70 mm

Particle size 460 um

Baffle spacing'd, 10 nm

No.of Baffles 12
51, Material Solids load- Pressure drop Pregsure coeffici-
No. ing per unit at onset ent at. onset
: area 5

s P4 -2
W/h, kg/m __N/mcxl0 P.A/W
Unbaf- Baffled Unbaf- Baffled

_________ < fled 1 T S
1. Glass beads 427 2-84 343 0678 0.820
= ka2 608 647 0870 0-926
3. Limestone 427 333 3+82 0795 0-910
4, Tl 2 578 657 0-827 0+940
5. Baryte 4247 543 392 0-820 0-936
6. T71-2 5-78 647 0-820 0+926
7. Bauxite 427 %04 343 0726 0-820

8. f1-@ 5«39 617 =72 0-883




98

TGBLE-}-gl

EXPERIMENTAL DATA
System - Air = Glass beads
Column diameter T0 mm

Single baffle diameter 32?7 juisl

Solids loading per >
unit ares W/A = 712 kg/m
Run No,301 Run No.3%02
Particle gize 460 pm Particle size 650 pm
S1, -~ Air Flow Rate Pregsure 91, Air Flow Rate Pressure
No, drop No, drop
kg/m2 . sec I\I/m'leo-2 kg/m2 . fgec I\'l/mleo-2
(= «119 2+64 I, <119 1.07
2. R73 e B 24 « 238 2+15
* - 238 446 x . 47 5.0
4. +29 5+ 98 4. - 52" 598
54 +34° 578 B - 58 6+37
&% <41 5+ 98 .= *59 6+ 57
¢ +59 637 T «T1 657
B, +83 6-76 8, « 83 6. 57
90 '95 6'96 90‘ '95 6'76
1O, 1.068 T-16 10. 106 6+96
1.1 119 T+35 ik N 1-19 7+16
i 31 755 23 1.3 T35
" X5 1-42 T+T4 8 5. 1-42 T+ 55
L4z 1.66 8+33 14 1-66 8423
8 1-91 9.0 15. 1-91 8-92
16, 2+13 : 9-8

Onset of fluidization
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TABLE=3+22
EXPERTIMENTAL DATA

System - Air - Glass beads
Column diameter 70 mn
Single baffle Jianeter 32«7 mm
S0lids loading per

unit area W/A=56-8 kg/m°
Run No, 303 Run No, 304
Particle sime 460 um Particle size 650 pm
S1. Air Flow Rate Pressure S1, Alx Flew. Rote Pressure
No. drop No, drop
kg/mz. sec I\T/mleo"2 kg/mg. sec l\T/mleO"2

18 0-119 2-06 1 «119 1-07

y 5 + 238 362 Pis - 238 1-86

By «29 4+5 b 47 Y55 3.04

4. -30% 4+5 4. 41 4+41

& 41 4+6 54 -53% 4-8

6. < 47 4+9 £, * 59 4.8

™ « 5 ] T + 71 5.0
8. 71 529 ;8 83 5+19

;P <83 5459 9. + 95 539
10 v95 5+58 10, 1-06 5+ 68
XXy 1-06 578 11, 1-19 598
125 1-19 5.98 12, 1-31 6-17
7. 1-31 6+17 i 08 1-42 637
14, 1+42 637 14, 1-66 6-96
15, 1-66 6-96 15, 1-91 T8
p 18 1-91 =55 16. 213 8+63

*Onget of fluidization



TABLE=3+23
EXPERIMENTAL DATA

Systen - Air = Glass beads
Colurnn diameter 70 nn

Single :baffle dianeter 32+T7 mm

Solids loading per

unit area WA= 42+7 kg/m®

Run No, 305 Run No. 306

Particle size 460 pm

Particle size 650 um

e e s e A e S S g A S S i S iy S S s S SR S S S SR S PP aras o el et VO ot e Mt sy A s St S ey S P SRS S (M e s S P PSP ey S S Y S At S Gt Ge B S

91, Air Flow Rate Pressure B173 Air Flow Rate Pressure
No. drop No. drop
kg/m2. sec 1\T/r;12x10_2 kg/mz. sec N/mleo-2
B 0119 a=4% L. 0-119 0.88
25 0-238 225 “f" 0.238 1-47
” 0-29 2+84 a g 0-35 245
4. 0435 3462 4. 0-47 3043
5 0. A7 3+ 43 5. 0.48" 3e 43
Ba 0-59 362 6. 059 362
7- 0‘71 4'02 7. 0'71 3'82
80 0'83 4'2 8‘ 0'83 4'02
9. 0-95 4 &=y 3 0-95 42
10. 1-07 4+5 18" 1.06 4+ 4
P 7 A 1-19 4-7 11. 1-19 446
qesdy, 1251 4+9 Al 130 4.8
- I 1-42 h=1 L% 142 5.0
Niis 166 568 1455 166 5+ 58
15- 1'91 6'17
16, 2+13 =352

* Onset of fluidization
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Run No.307
Particle Size 977 un

et e ) - T A
k| 0-119 039
3 0+23 0-78
3 035 147
4 0+47 1-96
5 0-59 264
6 071 3+43
Ty 0.72% 3.62
8. 0+83 3.82
9. 0«95 4+02

10. 1-06 4021

s I 1-19 4+4

12. 1-31 4+6

13. R - 4+8

14, 1-66 5+59

X5 1-91 637

15, 2:13 7-16

* Onset of fluidization.
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TABLE =3-24

EXPERIMENTAL DATA

System - Air Limestone
Column diameter 70 mm
Single baffle diancter 32« Trn

Solids loading per

_________________ unitiarea | oo | W/AST1.2 keg/m?
Run No,308 Run No,3%09

______ Particle size 650 pm _______  Particle sigze 460 um %
S1l. Air Flow Rate Pressure S1l, Air Flow Rate Pressure
No. drop No.
______ kg/o®. sec . N/n’x107% kg/m“. _sec N/m°x1072
T oo . e il b PN T R 3

T4 «119 98 %, 1X¥9 1.86

£, . 238 1.86 2. 238 333

i +35 3.04 - B 35 539

4, <47 491 4., 42%* 6+37

5. *»59 5449 5. 47 6:17

6. «69% 6+3 6. 59 6437

7 ¢ 2 71 6 . 3 7 . 71 6 2 57

8. .83 673 8. 83 6-76

9. <95 666 9. - 95 6+ 96
10. 1.06 6+86 10a 1-06 7-15
11, 1.19 716 i 1-19 7+35
124 1.3 7+35 b 1-31 7-55
1% 1-42 7-55 : 4. 2 1-42 7-84
14, 1+66 8+3% 14. 1-66 8:33
iES 1-91 872
R L — el el e o i

Onset of fluidization
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TABLE =3+ 25

EXPERIMENT.L DLTA

Systen - Air = Bauxite
Column diameter 70 mm
Single baffle diameter 327 nmn
Solids loading per

Rooalll ____unitaree ... | W/=T1-2 kg/w’ _________
Run No.312 Run No, %13

Pyt PartfeleficlpeBic; pol § T8t Particle size 460 _pm ___
9l, Air Flow Rate Pressure Ba., Mg Blow Jigte Pressure
No, drop No. drop
______ kg/nf. sec. _ N/w?xl07% . k@/m®. sec . N/n’gl072
A B - £ ool - B oo o SO R - | 2 = MR

I 119 1-07 Ty +119 3.04

> 35 3.82 - 238 5+58

o5 53 5.98 B 29" 578

& - 58% 6437 iy 356 578

5. .71 647 5. 47 5. 98

6. . 8% 6+ 57 6. 59 617

i 95 6-76 . <71 637

8. 1-06 6+96 8. .83 657

9. 1-19 7-15 9. 95 6-86
L0 1+3) T4 10, 106 7-06

de 1.42 TT74 N 1-19 T35

11 28 1-66 8+33 ;o 1-%1 755
AEZH 1-91 872 DO 142 T+ 94

*Onset of fluidigzation,
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ILBLE =3-26
EXPERIMENTAL DATA

System - Air = Baryte
Colunn diameter 70  mnm
Single boffle dianctcr 32«7 mm

Solids loading per

i i ARG S /b = The2 ke/m®
Run No. 314 Run-No,. %15
Particle size 650 pnm Particle size 460 pm
51. i, Mlow, Rate .#Feasure . Sirmii¥ Wow Musdh Prossure
No. drop No. drop
______ kg/n®s see _ N/w’x107° | kg/n®. see | N/n°x107%_
Y S oy S R - -2 S E .
1 119 58 - ¥- 119 1k 47
ay 55 2ol 2, 238 2:-74
. B PR, o - 356 4+31
4. Y [ p=3 4, 476 6+08
¥ -83 6-08 - 5580 5. 88
6. 89* 6+ 4T 6. 59 5.88
% B 6+ 47 T Foh 6-09
- 1.06 6-66 G 8% &+27
9, 1-19 6+86 9, 95 647
10. 1353 7-06 10 1:06 6-66
ek 1 42 T - — B 1-19 6+86
12 1-66 T-84 12 131 =15
I L9 8+63 E B P 1-42 T+ 45
14, 213 10-0 14, 1:66 8«05

e il et 4 st i i o W e S | e 52 —

*Onset of fluidization.



TABLE=3-27
EXPERIMENTAL DATA

System : Air -~ Baryte

Column Dia 70 mm

Particle size 460 pm

Solids Loading per unit arca W/A Tle2 kg/m2

D = S B v > o i S . e e e D PR G B S e S G T e e S S ki W D S D S g W (S Gt D i s g G S0t FAr0 G e S P e

Run Ne, X45 Run No, 146

Baffle 7 Nos. 6 mm dia, d, = 12 mm Baffles 3 Nosg. 6 mm dia, 4, = 16 mm
s Air Flow Rate Pressure Drop Sl. Air Flow Rate Pressure Drop
No. 2 -2 No. 2 2 -2

kg/m . sec N/m“x10 kg/m“. sec N/m“x10

__l__,______g _________________ 2% 1 2 -

I 0-095 1s17 ) o 0095 1-07

25 b+ 18 ‘ 2+ 25 Lo 0+19 2+15

Fa 0-:29 372 5 0-29 372

4. Ot Sa 79 4, g*39 B 25

y 0-48 617 T 0-43 588

6. 058 637 6. 0-48 6-08

iR 0«68 666 s 058 637

8. 0-78 6+ 86 =8 0:-68 657

9. 0-88 7-06 9. 0-78 6-76
10. 0-96 "Teidb 10 4 0-88 6+86

ke 1-18 T+ 45 a1 ) 0.96 7-06
12, 137 7- 74 igsS  1.18 7-25 B
i 1=-57 8-14 8, 7 1=9 T+45 X

14. p kg 7-84




TABLE-%+ 28

EXPERIMENTAL DAT.

System : Adir - Lincstone
Colurm Diea. hg DM
Particle size 460 um
_____________________________ Solide 1oading per_unit ares WA = T1:2 kg/m ___ ___
Run No, 147 Run No. 148
____Baffle 7 Nos. 6 mn dia, 4 =12 12m Baffles 3 Now. 6/mn dia, do =16 mm
81, Air Flow Rate Pregsure op S1, Air Flow Rate Pressure Drop
Mo, kg/m2.%sge | .| B/l sloTs il o] Bo leafu} sec o . N/mexl072 ___
N TR -] O e T = R - T SRR .
L 095 1-86 13 - 095 1-86
B4 «19 2-64 2 -19 255
i 4 29 421 3 9 4+11
4, *39 5+ 58 4. = 5+39
18 48 637 2 b 48 6-17
6. - 58 6+ 47 6. 58 6+37
7‘ .68 6.66 70 ’68 6-57
B <78 676 8. +78 6. 76
Q. - 88 6+ 96 9. + 88 6-86
) 18 + 96 716 0. - 96 696
FHE TR 3> 1B 7«45 Sl 8 1-18 7+16
120, Te 57 T4 . T o i
X 5 I8 L: 57T 8-04 L3, =57 7-84
*



TABLE=% .29

EXPERIMENTAL DATA
Systen ¢ Air - Glass beands

Column Dia. 70 nm
Particle gize 460 po
Sclids loading per 5
unit area W/A = Tl Kg/n
Run No. 149 Run No.150
Baffles 7 Nos. 6 nn dia, d, AN Baffles 3 Nos. 6 mnn dia, do 16 nn
3 fir Flow Rate Pressure Drorg S1 Nir Flow Rate Pressure Drop
Ko. kg/mz. sec j/m2x10—2 Ra. kg/mz. sec N/m2x10—2
18 2 3 2 3
i 095 1-86 il 5 + 095 1-76
2 «19 Brd g 19 e 53
3 o 6-08 i 79 +29 Ll
4. «39 6. 47 4. =39 627
S * 48 6+ 66 Re « 48 6-37
6 «58 6+98 6. + 58 662
70 '68 7‘16 7. 068 6.72
8. .78 735 8. ‘o 6+86
9. - 88 7-65 9. « 83 T-C6
BB, + 96 765 a0 , + 96 7-16
1. 1-18 8+ 00 . 118 T
L2 Lo T 8-23 1P, 137 T7-65

. o S e o S S i A ks S e S A e S A Pty i s b S G i WY S s At s oty S B A Gt Il R S B e s S Mot G S i e SRS s el 20 | S ek P i s s




TABLE=3:30
EXPERIMENTAL DATA

Systen : Air =  Bauxite

Column Dig 70 mm
Porticle size 460 pa
Solids loading per 5
unit area W/A = 71-2 kg/n
Run No. 151 Run No., 152
Baffles 7 Nos 6 mm dia, 45 12 on Baffles 3 Nos 6 mm dia, &, 16 nn
Sl. Air Flow Rate Pregsure Drop S1l. Air Flow Rate Pressure Drop
\l E -
No kg/m2. sec N/mleo 2. 56 kg/mZ. sec N/m2x10 2
1 2 3 X 2 3
e <095 1-07 . 19 - 095 : 1.07
2. «19 2-15 i 4 <19 2= 3%
0 258 g2 - J= <29 3.62
40 '39 5.29 4'0 .39 5’19
5w - 48 617 = <48 6-08
. «58 6+ 47 6. -58 637
T - 68 6-66 . <68 6-57
8. - 78 6-86 & -78 6-86
9. - 88 T-06 9. - 88 6-96
10. - 96 T.25 19. - 96 T-16
™ 1-18 T+ 45 . 1-18 T35
12 L 37 T-65 12. =37 T=45
i {3 1= EY Te94 155 1-57 T 65

80T



TABLE~3s 31

COMPARISON OF THEORETICAL AND EXPERIMENTAL
VALUES OF MINIMUM FLUIDIZING VELOCITIES IN
FLUIDIZED BEDS WITHOUT BAFFLES

D i et et e it e P S A SRS S - - s —— R e d —— - ——— — a——_

y Mininun Fluidizing Velocity

xg/n°.s.
S1. Material Dp, pm Lo S
No. Theoretical* Experinental
L i it e LY il T R

AL~ Bauxite 650 0401 0445

2. 460 0198 0.222

%, Glass beads 650 0416 0+ 465

4, 460 0225 0-250

5. Linestone 650 0451 0+50

6. 460 0.244 0'270

e Baryte 460 O«3539 0377

— - - - N e - == —— — e — —— — et w S o —— — —

*Values calculated using Leva's equation,

60T



TABLE=3. 32

COMPARISON OF THEORETICAL® AND EXPERIMENTAL VALUES
OF MINIMUM FLUIDIZING VELOCITIES IN BAFFLED BEDS

Gt it e P s e ——

Mininun Fluidizing Velocity

] xg/n°. s,
Sl. Materigl Dp’ um - ——— —————
Hos Theoretical BExperinental
o 2 3 4 5
1. Bauxite 977 0+836 0+ 9375
2. 650 0401 0.625
- 9 460 0-198 0+326
4. Glass beads 650 0-416 0.562
5. 460 0.225 0313
6. Linestone 650 0451 0+658
T 460 0244 0+426
S Baryte 650 0631 0841
9. 460 0+73%38 0+516
— — —— L — — g w—— — bt '_l
H
* O

Theoretical values of nmininun fluidigzing velocity
arc calculgted using Leva's ecuntion.
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FIG-35 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCITY

IN BATCH FLUIDIZED BED WITHOUT BAFFLES.
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Dp: 460 MICRON
75k
50}
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LOADING' WiA 772 kg./ m2
o' " BAUXITE
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FIG-3-6 VARIATION OF PRESSURE DROP WITH AIR MASS VELO-
CITY IN BATCH FLUIDIZED BED WITHOUT BAFFLES.
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FIG-37 VARIATION OF BED POROSITY WITH PARTICLE REYNOLD S

NUMBER IN BATCH FLUIDIZED BEDS WITH AND WITH -
OUT BAFFLES.




s

N m x 10

PRESSURE DROP,
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SYSTEM: AIR-GLASS BEADS
75k
50F
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Dp Mm
X 977
(o) 650
@ 460
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G; AIR MASS VELOCITY,  kg.m?§'

FIG.3-8 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCITY
IN BATCH FLUIDIZED BED WITH VERTICAL BAFFLES.
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- % 460
A 385
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FIG- 3.9 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCIT

G, AIR MASS VELOCITY, kg.m?s'

IN BATCH FLUIDIZED BED WITH VERTICAL BAFFLES.
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.ol SYSTEM: AIR - BARYTE b
75+
A | ]
A . (1
A . . "l
S0t
)
i NO. OF BARFLES 12

BAFFLE DIA. _BSmm

Sl AVAILABLE AREA 351X 105m?

LOADINGAK/A 712 kg%m?
A DD' Ajm
| x . 1540
b %.08Y7
0 650
& 460
A 355
L]
0 I | { 1
0 05 1.0 1.5 2.0

G, AIR MASS VELOCITY, kg més!

FIG.310 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCITY
IN BATCH FLUIDIZED BED WITH VERTICAL BAFFLES.
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FIG- 311 VARIATION OF PRESSURE DROP WITH AIR MASS

VELOCITY IN BATCH FLUIDIZED BED WITH VERTICAL
BAFFLES.
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Dy 650 MICRON
P
|
A NO. OF* BAFFLESH 12
BAFFLERDIAL Eme
AVAILABLECAREA 351%10° m2
LOADING. ' W/A §7172% g/ m2
SOMATEREL ¥ kg
n  BAUXILE 2.30X10°
o GLAES BEAD 250 x10°
o™ LIMESTONE  2.70x10°
. . X BARYTE 3.85 X10°
0 05 1.0 15 2.0

Gy AIR MASS VELOCITY, kg.mZs!
FIG- 312 VARIATION OF PRESSURE DROP WITH AIR MASS

BAEFLES.

- VELOCITY IN BATCH FLUIDIZED BED WITH VERTICAL
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Dp* 460 MICRONS

J5F
"n"o_ " e
.x | |
N ]
IE |
z o i il
ﬂ: "SD " u "
%)
(& o |
D |
Ll
&
= |
o i
L ' =
a '
2 NO. OF IBAFFLES=12
B 25 : .
< BAFFLE JPIA. S mm
AVAILABLE JARE 4. 381X10° m?
LOADING WA 12 kg./ m2
"MATERIAL ¢ P kg.m
. y ny TROOXITE, 230X10
; [ e~ GLASS MBEAD 2.50X10°
¥ o ) o IMESTONE  270X102
L i x i BARYTE 3.85%10°
0 ] | |
0 05 1.0 15 2.0

G, AR MASS VELOCITY, kg.més!

FIG.313 VARIATION OF PRESSURE DROP WITH AIR MASS
VELOCITY IN BATCH FLUIDIZED BED WITH VERTICAL

BAFFLES.
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SYSTEM: AIR - BAUXITE ]

Dp=

650 MICRON

NO. OF | BAFFLES™2
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g =%2.7
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. - Tl
| L | |
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G; AIR MASS VELOCITY, kg me sl

FIG.3.14 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCITY

IN BATCH FLUIDIZED BED WITH VERTICAL BAFFLES.
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SYSTEM: AIR-GLASS BEADS
460 MICRONS '

Dp

NO. OF .BAFFLES 12

BAFFIE" D/t mm

AVAIHCABLE AREA 351X10°m?

W/A , kg./ m2

x 284
o 4627
g B
e 712

0 05 1.0 15 2.0 o
G, AR MASS VELOCITY, kg. més!

FIG.315 VARIATION OF PRESSURE DROP WITH AIR*MASS VELOCITY
IN BATCH FLUIDIZED BED WITH VERTICAL BAFFLES.
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SYSTEM: AIR-BARYTE
Dp: 460 MICRON

NO. OF "BABFLES™S2
. BAF FLE=DIA g=bmm.

LOADING” W/A 427 kg./ m?

o _ WITHQE] BAFFLE
e SWITHEBAFFLES

T

1 1

i L
0 05 1.0 1.5 2.0
' G, AIR MASS VELOCITY, kg.m2s!

FIG- 316 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCITY
IN BATCH FLUIDIZED BEDS WITH AND WITHOUT BAFFLES,
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SYSTEM AIR-BARYTE
Dp: 460 MICRON

|

NO=0F BAFRFLES.12

BAFFLE DEA. Bme,

" I LOADING# WAA® 742 ®g./m?2
ﬁ o= WITHOUT BAFFLE

o | WITH BAFFLES

| | | | | |

l
05 1.0 15 20
G, AIR MASS VELOCITY, kg.ms!

FIG 317 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCITY

IN BATCH FLUIDIZED BEDS WITH AND WITHOUT BAFFLES.
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FIG-318 COMPARISION OF VALUES OF MINMUM FLUIDIZING
VELOCITY OBSERVED IN BAFFLED BEDS AND PRE-

DICTED USING LEVA'S CORRELATION.
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SYSTEM: AIR-GLASS BEADS

1.8 R o

NO. OF BAFFLES 12
BAFFLE DfA. 6mm.

AVAILABLE AREA 3-51)(103
LOADING W/A 712 kg./m?
s Dp,sMm

T 977
g 650
o= 460

B

I'\‘ G mf

FIG. 325 FLUETUATION TRATIG HINURELATIONWITH

Gt~ O IN

mf

BATCH FLUIDIZED ™8ED" Wi VERTICAL BAFFLES.
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SYSTEM: AIR-GLASS BEADS
Dpt 460 MICRON
BAFFLE DIA. "6mm™m
i LOADING “W/A: 71-2 k §al.m?
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(o) 12 10
] 7 12
A 3 16
1 o | | L L 1 | |
0 0.5 1.0 1.5 2.0

Gy AIR MASS VELOCITY, kg.m?s'

FIG- 327 VARIATION OF PRESSURE DROP WITH AIR MASS VELO-
CITY IN BATCH FLUIDIZED BED WITH VERTICAL BAFFLES.
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SYSTEM: AIR-LIMESTONE
)
()
-
Q= r:r'
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O L » |
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A
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AVAILABLE AREA 3,01%10°m?
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FIG-328 VARIATION OF PRESSURE DROP WITH AIR MASS

VELOCITY IN BATCH FLUIDIZED BED WITH SINGLE
BAFFLE.
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SYSTEM: AIR-GLASS BEADS
Dy’ 977 MICRONS
L NO.©F BAFFLE 1
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Odl " 568
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FIG.-323 VARIATION OF PRESSURE DROP WITH AIR MASS
VELOCITY IN BATCH FLUIDIZED BED WITH SINGLE
BAFFLE. :
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SYSTEM: AIR-BARYTE
75}k
- 50F
25F Dy _460:um
d LOADING WZA  71.2Mkq./m2
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FIG. 3-31 VARIATION OF PRESSURE DROP WITH AIR MASS VELOCITY

IN BATCH FLUIDIZED BEDS WIT

SINGLE BAFFLES.
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FIG-3.32 COMPARISON OF OBSERVED AND PREDICTED VALUES

OF REYNOLDS NUMBER AT ONSET OF FLUIDIZATION
IN. BATCH FLUIDIZED BED WITH VERTICAL BAFFLES.
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FIG-3-33 COMPARISION OF EXPERIMENTAL AND PREDICTED VALUES
OF PRESSURE COEFFICIENT IN BAFFLED BEDS AT AND
BEYOND ONSET OF FLUIDIZATION.
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FIG- 3-34 COMPARISION OF EXPERIMENTAL AND PREDICTED
VALUES OF BED POROSITY IN BATCH- FLUIDIZED. BED
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Investigations were carried out to study
the effect of vertical internal baffles on
fluidization characteristic and bed expansion
behaviour in continuous fluidized beds. For
the same conditions of operation, pressure drop
and bed density were observed to be more in
continuous fluidized beds with baffles than that
in the unbaffled beds. Dimensionless correlations
have been proposed for predicting the pressure
drop and bed density in continuous fluidized beds

with vertical baffles.
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CHAPTER - IV

CONTINUOUS FLUIDIZATION WITH VERTICAL BAFILES

Fluidized beds with vertical internal baffles in
continuous gas—solids operations find application in
process 'industries, In the design of continuous flu-
idized bed upits, a knowledge of the flow pattern of
. 80lids, pressure drop across the bed and bed densities
will be required. The present investigations were
conducted with an aim to study the effect of vertical
baffles on bed expansion charccteristics and bed pressure

drop in continuous counter current gas solids fluidization.

4-1 EXPERIMENTAL SET UP

The experimental unit is shown schematically in
Fig. 4+1. Air drawn from a compressor (C) was sent to
the surge tank (ST). The air from the surge tank filtered
through an air filter (AF) was passed through o pressure
regulator (PR) which regulated the air pressure before
entry to the rotameters (Rl’RZ)‘ Two rotameters were
placed in parallel for measuring the entire range of
air flow during the experiments. The column used for
fluidization experiments consisted essentially of a
perspex column (K) of 70 mm ID and 610 mm length inserted
between two special flanges. (Fl’Fg)' The column was

provided with internal baffles (IB) which consisted of
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FIG.- 41 SCHEMATIC DIAGRAM OF THE EXPERIMENTAL SET UP.
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S.S. rods of 6 mm diameter and 610 mm effective length,

A 3 mm thick aluminium grid plate having 1-5 mm holes on
a square pitch, fitted in the flange (Fé) was used to
support the bed of solids and also ase air distributor.
The area of the openings in the grid was 10% of the empty
column cross section. The grid plate was covered with a
200 mesh brass wire screen for supporting the solids.
Air was introduced in the column at the bottom through a
calning section (CS) which was filled with raschig rings
to provide uniform air distribution. The solids feeding
was done through a M.S.,feed hopper (H) and a gravity
funnel nmounted on the flange (F2). Flow of solids through
the hopper into the fluidizing colunmn was regulated by a
sliding disc with a slot (D) fitted between the hopper
and the perspex tube leading to the gravity funnel.
Different feed rates of solids were obtained by using

funnels of different throat diameters.

Continuous feeding of solids was attempted by using
an electric-vibratory feeder with an autovariac and input
voltage gstabilizer. The vibratory feeder was not found
satisfactory as the solids feed rates were fluctuating

and hence gravity funnels were uged for solids feeding.

The solids outlet (0) from the column was provided
at the side near the base of the column. The discharge

rote of solids from the column was regulated using a
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FIG,4+3 PHOTOGRAPH SHOWING EXPERIMENTAL
SET UP OF CONTINUOUS FLUIDIZED
BED WITH VERTICAL BAFFLES.
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two way and a three way stop cocks (SF2 and SF3) in
series, Another outlet (E) was provided for emptying

the colunmn.

The details of the feed inlet and product outlet
connections are given in Fig., 4-2. The photograph of

the experimental unit ig shown in Fig. 4+3.

4+2 PROCEDURE

Solids from the hopper were sllowed to flow down
into the fluidizing column through the gravity funnel of
known throat diameter. The discharge rate of solids from
the fluidizing column was regulated by the help of the
two way stop cock (SF2) t0 ensure the steady state
conditibns of feed and discharge rates of solids, During
the operation, it was observed that solids dischgrge was
strongly influenced by thc introduction of air. At the
condition of no air flow through the column the solids
flow out of the column was found to be jerky and unsteady.
Many a times, the solids flow used -to stop due to the
tendency of érching at the mouth of the discharge opening.
Slight introduction of air improved the performance of
the column which prevented the arch formation and enabled
easy flow of solids through discharge line. Air was then
introduced from the bottom of the column and the bed
attained the fluidizing condition. Steady state condi-

tions were obtained by adjusting the discharge rate of
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solids corresponding to the feed rate. Steady state

conditions were assumed when

i) Dbed height
ii) pressure drop across the bed and
iii) the solids inlet and outlet rates

rengined constant.

Invariably the steady state reached in about 15-20

ninutes tinme.

The column was provided with pressure tappings
PTl just below the grid, PT2 just near the air outlet
from the top and PT3 at about one-third distance from the
top. In the experiment, the expanded bed height (dense
phase zone) was nmaintained between PT3 and solids outlet
location (0). The bed pressure drop was measured for
different air flow rates between pressure tappings
PT;-PT, and PT,-PT; and these values were found to be
sane in all the experimental rung. For determining bed
densities in the expanded Led heights the length of the
colunmn P’l‘l-PT3 was congidered rather than the entire

length of the column from the grid to the pressure

tapping PT2.

The bed pressure drop and bed height were noted
for different air flow rates and solids feed rates. Bed
density was evaluated by measuring the weight of solids

in the bed for any air flow rate. This was done by
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first closing the solids feed to the column Ly the
8liding disc. The solids flow continued for sometinme
after this, till the feed funnel was completely dis-
charged. The solids outlet valve was closed as soon as
the last particle in the feed funnel entered the bed.
The corresponding static bed heights were recorded for
evaluating pressure drop per unit height of the bed.
S0lids in the bed were withdrawn completely through the
botton outlet (E) by air flow and were accurately weighed.
This synchronization was done by very careful visual
observation and manipulation. After a number of trials
with the experimental get up, this operation could bhe
done with ease and with reproducibility. TFor comparison,
pressure drop and bed density data were obtained in
continuous fluidized bed without baffles under the sinilar

operating conditions. The range of experimental variables

is given in %table 4-1.

TABLE=4-1
RANGE OF EXPERIMENTAL VARIABLES
Material Bauxite, Limestone, Glass
beads and Baryte
Density 2+3x10°~3+85%10° kg />
Particle size 3Eb=21"7 nicron
Solids Feed Rato 6+9x107°-1-52x10"2  kg/s

Air Flow Rate 0-2+5 ke /n. s

—— — — emramy = e UGG L e
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4+3 RESULTS AND DISCUSSION

The data on pressure drop for different sir nass
velocities and constant solids feed rate in continuous
fluidized beds with baffles are given in table 4.2 to4+9.
The data for bed density - solids loading ratio are
reported in table 4:10 to 4+23. Sinilar data were obtained
in continuous fluidized Deds without baffles under iden~-
tical conditions for pressure drop and bed density and are

given in table 4+24 to 4+27.

4+3-1 Continuous Fluidization Without Baffles

The solids down flow rate has been plotted as a
function of gas flow rate in Fig. 4-4. It is observed
that the solids flow rate remained aglmost constant through-
outs At high gas velocities there was a slight decrease
in solids down flow rate. The pressurc drop data in
continuous fluidized beds as a function of air nass velo-
city arc shown in Fig. 4:5. Pressure drop was first
observed to increase steadily and then increase at
slower rate with increase in air mass velocity. This
observation was sim;lar to those made in batch fluidized

bed without baffles.

4+-%.2 Continuous Fluidization With Bafflesg
43+2-1 DPresgure Drep

The bed pressure drop versus air mass velocity
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data are plotted in Figs. 4+6 to 4¢12. The bed pressure
drop increased with increase in air nmass velocity at a
faster rate upto a certain point and thereafter the
increase was slower, This observation was similar to

the one seen in continuous Leds without baffles. As can
be seen fron Figs. 46 and 4+7, pressure drop increases
with increase in particle size for the same air flow

rate. For a given nmaterial and particle size, the
Pressure drop increases with increase in solids feed rate
as seen from Fig. 4+8 to 4+9. The pressure drop was
observed to be more for the material of higher density
for a given solids feed rate and particle size as shown
in Figs. 4+10 to 4:12, The differences were obgerved %o
be pronounced at higher gas velocities. A comparison of
the bed pressure drop is made between continuous fluidiged
beds with and without baffles. The plots are shown in
Figs. 4+13 and 4-14 which show the. variation of bed
pressure drop with air nmass velocity. From those plots the
bed pressurc drop in baffled fluidized bed was observed
to be congistently higher than those observed in beds

without baffles under identical conditions of operation.

432.2 Bed Dengity

Bed density in a fluidized bed gives information
on the quality of fluidized bed and throws light on

possible stable and unstable condition of the hed. I%
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1s expected that at low air flow rates, the be® will be
in dense phase commditions. The bed expansion will be
nominal and bed densities will be high. At increased
gas flow rates, whether bubbles are present or not, the
bed expansion will be large and the bed nay transforn
fron dense phase to dilute phase.- This is reflected in
low values of bed densities. At very high gas flow
rates indicating very low values of bed densities, the
s0lids nay even be carried over. Thus a measure of the
value of bed density would indieate the stability of

fluidized bed with regard to the extent of bed expansion.

Fig. 4°16 is the plot for glass beads showing the
variation of bed density with the solids londing ratio
(Ws/wg) which is defined as the ratio of the nass flow
rate of solids to the mass flow rate of air. It was
observed that for a given solids feed rate, the lowest
bed density could be obtained a2t high gas wvelocities in
countercurrent operation of gas and solids. The bed
density was observed to be nore for small size particles.
Sinilar observations were nade for other materials also

as shown in Figs. 417 and 4-18.

From Fig. 419, which is the plot showing the
variation of bed density with the solids loading ratio
at a given solids feed rate and particle size, it was

observed that the bed density decreased with increase in



L5

air flow rate and that the bed density was more for the

naterial having high density.

The effect of solids feed rate on bed density was

observed to be negligiblk.

Fig. 4+20 shows the variation of bed density with
the solids loading ratio in continuous fluidized bed with
vertical internal baffles compared to that in the bed
without baffles. From this plot, it was observed that
for any solids loading ratio, the bed density was nore
in fluidized bed with baffles as compared to that in the
unbaffled bed. At any given gas flow rate, the bed
expansion in beds with baffles is lower than that in
unbaffled beds due to the restricted movement of solids.

This probably nay be the cause of this observation.

4+3+3 CORRELATIONS PROPOSED
4+3+3+1 - Pregsure Drop

The behaviour of continuous fluidiged beds with
baffles differs from those without baffles essentially
because of the introduction of vertical surfaces. With
progper baffle spacing it is expected that the solids
novenent is free and continuous baffled fluidized beds
will have higher pressure drop than similar beds without
baffles, due to additional surfaces present. In con-

tinuous systens an additional parameter which is likely
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to affect the pressure drop is the solids loading ratio,

R. It is expected that at higher solids loading ratio,

the solids movement will be more leading to greater

interaction between the solids entering the bed and the

solids in fluidized state in the bed, causing thereby a

higher pressure drop. - Thus, any ecorrelation predicting

pressure drop in continuous fluidized beds with baffles

nust contain both these terms viz. Solids loading ratio

and presence of baffles, besides the solids and fluid

characteristics and apparatus geometry. A dinensionless

correlation has been proposed for predicting the pressure

drop in terms of g friction factor

N p 33 0.08 D =0~1 o P

Fr =

TPy =525 P ((Re)) o (5D (B &ED
(

2
U
(Bi—g) Froude nunber is the ratio of buoyancy
pa
force to the gravity force. This is g
criteria to ensure that a particle is lifted

freely in a fluidized bed due to buoyancy effect.

D™= G
(—ﬁ——i) Reynolds nunber based om particle diameter
L
represents the ratio of the inertial
forces to the viscous forces and indicates the

velocity requirenents to ensure particle novenent.



157

(59) represents the ratio of the equivalent dianeter
. of the bed to the particle diameter and signifies
the resistance offered by the extra surfaces
present in the bed due to the baffles, column
and the fluidized particles.
i

( S f) is the ratio of the apparent density of solids
::,v

to densgity of fluid and represents the quality
of fluidized bed,

is the solids loading ratio and repregents the

=]
I
® la

condition of the bed.

The predicted values of the pressure drop in
continuous fluidized beds with vertical baffles were
found to lie well within % 20% of the experimental walues,

as shown in Fig, 4-15,

4+3+3¢2 Bed Density

The bed density of a fluidized bed represents the
weight of solids per unit volume of bed. This means all
the paraneterg which affect the volume of the bed need
to be ipcorporated in any correlation predicting the bed
density. The volunme of a fluidized bed is strongly
gbverned by the particle novement, In vertical baffled
systens the particle novenent and hence the bed expansion
will be affected by do/Dp ratio, The bed density will

depend upon the solids and fluid properties =and do/Dp
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ratio, A dimensionless correlation hags been proposed as

) -0-15 -0-008 027 Q11
Pra dg Pe=Pe
F. = 342 (Fr)  (Re) \ERIr. i) oo (4-2)
: 4 P : o
do
s represents the ratio of the distance between two
p

ad jacent baffles to particle dianeter mnd signifies
the resistance for the free novement of particles

in the colunn.

Bed density was plotted against linear alr velocity
as shown in Fig. 4-21. The slope of the line was observed
to be 032, which is consistent with the exponent of Uf
obtained fron the correlation. Sinilarly in Fig. 4-22

was plotted

= 0

(Fz}  (Re) (-F; L)

d
5T Vversus (59) . The slope
; b

d
of the line was found to be 0+27., The exponent of (59)

in the correlation egn. ( 4:2) also comes to 0«27.

The predicted values of bed density from the
proposed correlation were found to lie within + 10% of
the experinmental values as shown in Fig. 4-23, The
correlation is wvalid fop expanded beds which are obtained

at values of Gf/Gmf> T
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4+4 CONCLUSION

Above studies indicate that

-~ the pressure drop in beds with vertical internal
baffles is higher than that in beds without baffles

under similar conditions of operations.

- bed densities are observed to be nore in beds with
vertical baffles as compared to that in unbaffled
beds.

- correlations have been proposed for predicting the
pressure drop and bed densities in continuous flu-
idized beds with vertical internal baffles, vide

egns. 4-1 and 4-2.



IABLE-4:2
EXPERIMENTAL DATA

System : Air - Glass Beads
oLl Foed Rate : Fedlz YO 3 kz/s
Vertical Baffles : 6 mm dia, 12 Nos. do 10 mm

- —— - — —— e o o - [N

e e Y -t

Sl.  Air Mass Solid Flow  Air Flow Solids NP N -4
No. Velocity Rate =Wy Rate,Wé %oaQing % s 5 ot x10
. atio WS/Lg e i Gy
kg/mzs kg/sxlO2 kg/sxlO4 977 um 650 pm A60 pm
58 2 3 4 ] 6 : 8
F B « 204 1-11 T-17 15+ 48 ~ 0«47 : -5
2. +306 =11 - 10-76 1030 Oxb% 079 1-10
3. +408 1-11 14+35 T-73 0-80 1-04 1-31
4. « 510 1.1 17-94 6-18 097 1. 26 134
e <613 1 »17%, 21-53 515 117 1-35 1-34
6. « 715 1-11 25:12 4+ 41 137 1-38 1-36
T .817 109 2871 379 1-38 1.38 1-39
B .868 109 3050 Ze 57 ’ 1-42 139 - 40
9. +919 1-08 3588 3.01 144 141 L. 4L
16 .- 1-02 1.08 43+06 2¢5 1. 48 1+ 45 1-46

09T

1T1. 1«22 1-08 50+ 52 2= 13 1-54 LG 1.-49

o —— - — — o e A e G e S sy i e S A (s S



TABLE=4+73
EXPERIMENTAL DATA

System : Air - Baryte

Solids Feed Rate : 111 x 102 kg/s

Vertical Baffles : 6 mm dia, 12 Nos. @do 10 mm
S1. Air Mass  Solid Flow  Air Flow  Solids AN N o
No. Velocity Rate. W Rate W loading il e x10
= €  Ratio [y, . L. m- ‘
k8/1325 . kg/sx10° kg/SXlO4 977 prn 650 part 460 um 385 po
1 2 3 4 5 6 7 ¥ 8 9
1. 102 1-11 3-58 31-7 - - 0-39 2+ T7
25 « 204 Tt 1 17 15-48 037 O&52 0+8C 1-00
B » 306 1l 10-3 103 0-78 0-85 1-19 1L+29
4. » 408 1+11 14-35 T-73 0+90 11 1-41 1-46:
5. ~ 52 1-11 17+94 6+18 1-06 1-36 1-45 WA
6. «613 1.10 21+53 5-.11 1-31 1-45 1-48 1+58
7. - 817 1-10 28:71 3. 83 1-52 1-48 150 157
8. 1-02 1-10 35+ 88 3.06 1 456. J=75p 155 L+ 62
9. 1.-22 1-09 43+06 2+ 53 1-62; 1-56 L 170
0. 1-43 1-08 5052 2+13 1-62 1-62 1637 =T7




T4BLE-4- 4

EXPERIMENTAL DATA

Syeten : sfAir - Bauxite

I01lids Feed Rate :

198 %108

kg/s

Vertical=Baffles . 6 T diap 12 Nogh 4 10 mm

S1. Air Mass Solid Flow Air Flow Solids AP N 2
No. Velocity Rate W, Rate Wg loEQing =k —TX 10
Ratio W, /¥ : fAes n
kg/m°s W, kg/sx10°  ke/sx10% 460 pm 650 um
1 2 > 4 B 6 T
= 18 .102 1-11 3. 58 317 0+362 -
% - 204 1.11 T+17 15- 48 0+735 0+45
. - 306 1.11 1076 10+3 1.078 077
Hra - 408 1-11 14+35 T+73 1-29 1-01
5. .51 1-11 17- 94 6+18 1-32 1-23
6. 613 1+10 21-53 5.11 1-33 1-32
Ty - 817 1-10 2872 3+ 83 L# %y 1~5%
8. 1-02 1-10 35. 88 306 139 1-38
9. 122 1-0% 4306 2:53 1-44 1241
10. 143 1:07 5052 2-11 1-46 147

¢91



TABLE~4-5
EXPERIMENTAL DATA

Systen : Air - Limestone
Solids Feed Rate : 111 x 1072 kg/s

Vertical Baffles : 6 mm dia, 12 Nos. 4, 10 mn

S1. Air Mass Solid Flow Ar Flow Solids ANP b S
No, Velocity Rate Ws Rate Wg 1oa(§ing — T - (g i o
Ratio wq/wg T i
kg/ms W, ke/sx10° ke/sx10% 460 pm 650 pm

L 2 3 4 5 6 7
18 <102 1.11 3+ 58 31+ 7 0«37 ~
2. - 204 1.11 7+17 15- 48 0+76 0-48
3, +306 1-11 10-76 10-3 112 0-81
i - 408 1-11 14+35 T+73 133 1-06
5. 51 1.11 17-94 6-18 137 129
6. <613 1-11 21-5% 5415 1-36 1. 38
¥ -817 1-10 28+ 71 383 1+42 1-41
8. 1.02 1-10 35. 88 3+39 1-44 144
9. 1.22 1408 43+06 2250 1-48 1-49

10. 143 1-07 50+52 2.11 1-51 1-55

<91



PABLE—4.6
EXPERIMENTAL DATA

System : Air

Solids Feed Raote :

Glass Beads
1.38 % 1072 kg/s

Partiele size 650 pm
Vertical Baffles 6 mm dia, 12 Nos. d, 10 mm
“s1. AT Mass Solid Flow Air Flow Solids AP N -4
No. Velocity Rate Rate wg 1oa@in§ : e y —% X 10
_ Ratio hs/wg L m
kg/mzs W kg/s 102 kg/sxlO4 '
1 2 5 4 5 6
i « 204 1.38 o Y 19-2 *» 50
« 1 + 306 1-38 10-76 128 - 86
Fe - 408 138 14-35 96 AAE
4. = 5. 1w 5l 17-94 FT ' 124
5e. 613 1437 2153 636 Ledd
6ia + 715 Y3 F 25+12 5445 147
7. « 817 1.-37 28+ T1 477 149
8. « 519 136 323 42 1-50 i
9. 1.02 1.36 3588 3.8 1-51 e
10. 122 1«35 43+06 513 154
- 1 29 143 L~ %55 5052 2-67 1+60




IABLE=4-7
EXPERIMENTAL DATA

System : Air - Glass Beads
Solids Feed Rate : 6.9 x 107 kg/s
Particle size 2 460=.pm
Vertical Baffles : 6 mm dia, 12 Nos. d, 10 mm
S1.  Air Mass  Solid Flow  Air Flow  Solids AN N 8
No,. Velocity Rate Ws Rate Wg 1oaqin§ J d 3 X 10
Ratio LS/ ':;rg L m
kg/mzs kz/ 6x10° xg/sx10%
1 2 ¥ 4 5 6
[ 0102 6+9 3-58 19.2 0-32
2. 0-204 6+9 717 9.6 0-64
s 0-306 6.9 10-76 6+ 4 097
4, 0-408 69 1435 4.8 1-15
5 0-51 69 17-94 3+ 84 1+ 18
6. O« 613 69 2153 3*2 L1858
Fa 0.817 6+9 28+ 71 244 1«20
8. 1:022 6-9 3588 1.92 125
9. 1.22 6+8 4306 1.58 1-26
10a 1-43 6-8 5052 1-34 X550

491



TABLE~4-8
EXPERIMENTAL DATA

51148 Feed Rate. | 8+3 x 107 ke/s
Particle 'size 650 pnm

Baffles 6 mm dia, 12 Nos. do 10 _mm

e e

S1. Air Mass Solids Flow Lir Flow Solid P N ki
No, Velocity Rate, W Rate W Loading e y == x 10
g €  Ratio L mo
kg/n® s kg/SX103 kg/SXlO4 ws/wg Bauxi;; Limeston;— Glass Baryte
' beads
% 2 3 4 5 6 T 8 9
1 + 204 8+ 3 717 115 41 . 45 43 . 47
o +306 8+ 73 10+ 76 T +69 « 75 « T4 *79
s - 408 8¢7% 14 35 5+78 * 9% + 98 «g5 1-03
4, 51 8+73 17-94 446 Lol 1.18 115 1-25
5. 613 8+ 25 21:5% 3.8 1+19 1.27 1+23 1-33
6. 715 8«25 25+12 3428 o 1e30 1. 26 1+34
Te - 817 8+ 20 28-71 2485 1.22 1+ 30 inal LeWE
8. 919 8+ 20 32+ 30 3+53% 124 131 14775 150
9. 102 8«20 35088 2.28 1-25 1.32 129 1440
Lo 1.22 820 4306 1-90 1-29 138 135 1«46
. i 1+43 8+19 50+ 52 162 134 1+44 1-40 1-51

12. 1-63 B=19 57-42 1-42 1.40 1+ D 1-48 1-58

991



TABLE-4-9

EXPERTMENTAL DATA

Solids Feed Rate

1.52 x 1072 kg/s

Particle size 460 um
Baffles 6 mm dia, 12 Nos. dj 10 mn
S1. Air Mass Solids Flow Air Flow Solid VAN N -4
No. Velocity Rate, W_ Rate W Loading —— , —- x 10
s . €&  Ratio 5 mo
kg/m2 s kg/sxlO: kg/sxlOAr WS/Wp Bauxite Lime Glass Baryte
o stone beads
1 2 5 4 5 6 T 8 9
Ty 102 152 3+ 58 42+ 4 <37 * 40 +39 <42
2 » 202 152 7-17 21-2 <75 -81 «79 -« 86
- 306 1-52 1076 14-12  1-13 1.24 1417 1-32
4. « 408 1+52 14+35 10-59 135 1- 44 140 151
5 e 510 1.52 17-94 8+ 47 1-38 147 1443 1-54
i +613 1le5% 2153 7-0 =359 1448 1-453 1-54
Es « 817 £+5Hl 28«71 5.26  1+43 1+55 1-49 1=53
8. 1-02 151 35.88 4o 1. 47 156 1.51 1:62
9. 122 1-50 4%-06 3. 48 1+50 1.59 1+55 167
10. 143 L+H0 _50:52 297 1«53 163 1=58 110 B
% B 1.63 1.50 5742 246 1.57 1.68 162 1.75 7




TABLLi—=4+ 10

EXPERIMENTAL DATA

oystemi s "Ad¥y - Glass Beads
Solids Feed Rate : 9:71 x 1072 kg/s

Particle gize sl g
Yertical B . ffles 6 "mn dia, 12 Nos. d, 10 nmnm
S1. Air Mass -Solids Flow  Air Flow Solid Bed Density
" No, Velocity Rate, Vg Rate Wg Loading G
Ratio g -
kg/m’s ke/s710° kg/s5x107 WS/Wg T ‘2
. 2 3 4 5 6
r 1 0-4087 9«58 143 6+ 7 1.26
e (509 " e ] ey 12 %) Y17
Do 0-6131 §=51 2+15 442 A1l
4. 07155 949 2-51 3+78 1-05
o D«8L75 9. 46 2+86 ot 10
8. B+ 9197 945 P Fvea 0975
Te 24022 9«44 358 2:62 0-94
8. 1.2263 9+ 42 dse 50 219 0+90
9. 1+4307 9. 40 502 1-87 085

891



TABLE—-411

EXPERIMEN TAL DATA

o etfen st f Wirg - Glass Beads
S oltis Pood Rate : 9Tl &.10™ &k/s

Particle size I 3
Veptical Bafifles_ & 6 mm dia, 12'Nos. d, 10 mn
S1. Air Mass Solids flow Air Flow Solide Bed Density
No. Velocity Rate WS Rate Wg go%Qing kg -
LIk —= x 10
ke /m°s sl 107 kg/ex107 W /W, 07
s 2 3 4 5 6
A 0« 4087 9.59 143 67 p = 8
2e Q=5109 G- he =3 538 1.22
- 0-6131 956 " 444 1-16
4. 0+7153 RS54 @Bl 3+ 80 1.10
5. 0-8175 §ed 286 431 105
5w 0+9197 948 323 2+93 L0373
i 1-022 9247 3+58 264 0+99
8. 1.2263 945 4+30 2-19 0+93
> 1-4307 941 5.02 187 0+88

691




TABLE~4.12
EXPERIMENTAT DATA

System ¢ Air -

Gloss Beads

Solids Feed Rate : 9-71 x 107 kg/s

Partiete sigze
Vertical Baffles

460 pm :
6 mm dia, 12 Nos, d, 10 nn

o

Pk Air Mass Solid Flow Air Flow Rate Solids Bed Density
No. Velocity Rate WS i wg Loa@ing kg 3
Ratio i A A
¥g/n’s kg/sx10° 1g/sx10° W/, o
1 2 3 4 5 6
y 0~ 4087 9:6 1-43 6.7 L7
2e - 0«51G89% 955 1779 533 129
5 06131 950 215 4-42 1-22
4. 0-T157 9+46 251 T 1-16
S 0-8175 941 2+ 86 3+29 1.-09
e O+9LG7T 9837 b L) 290 1-04
T =022 L3 | 3.58 262 1-00
B. 1.2263 9.34 430 2+ 17 0+94
D 1-4307 Q=33 502 1-86 0.89

OLT



TABLE~4-13%

EXPERIMENTAL DATA

System w~Tir = = Glass Beads
L o Fobd Hate ¥ 14257 10755k7s

Particle size : 460 pm
Vertical Faffles * 6 mnm dia, 12 Nos., d, 10 mm
a1, Air Mass Solid Flow Air Flow Rate Solids Bed Density
No, Velocity Rate Ws Wg . Loa@ing ke
4 Ratyo i F '.LO'-3
kg /mes kg /sx10P kg /sx10° LA "
il 2 - 4 5 6
0- 4087 1-22 1.43 8+ 49 1-38
2 0-5109 1-21 1-79 674 1:29
. 0.61%1 1.19 2+15 5¢55 1-22
A 0-7153 1-19 2+51 4+T5 1-16
5. 0.8175 118 2. 86 4413 1.09
6. 0+ 9197 1-175 3. 2% 3.8 1:04
T 1.022 116 358 3+ 29 1:00
8. 1.226% 115 4+ 30 3.67 094
9. 14307 1-14 5.02 2. 26 0-89

—-—-————o-—-—-—--—.——_-———-.—-——-—- o o — s - o

ELX




TABLE-4+17
EXPERIMENTAL DATA

System s Air - -  Baryte
Selids Feed! Rate ¢ 1-52.z:10 2. .kg/s
Particle Size T %85 _um '

Vertical Baffles : 6 mm dia, 12 Nos. dj 10 mm height 610 mm

o

— O e ——

S1, Air Mass Solid Flow Adir Flow Rate Solids Bed Density

No. Velocity Rate WS Wg ﬁ;iggng _E%_ 1 10_3
kg /m2s kg/sx10° g/ sx10° /W o

1 2 3 4 5 6

} I 0+ 4087 152 1-43 1062 -
3, 0-5109 1-52 1-79 8+5 152
3. 0+6131 1+515 2-15 7+04 1+ 45
X, 0+9153 35k, 2:51 6+03 1-38
5. 0-8175 1-51 2.86 5. 38 1-33
6. 0+9199 1.51 3. 273 4+ 66 125
s 1.022 1+50 3.58 4419 121
8. 1.2263 148 4+30 3+ 45 1-15
9. 1-4307 1-48 5¢02 %0 1.09

GLT

s bt e



TABLE=4-

14

EXPERIMENTAL DATA

System : Air

Solidg Feed Rate :

Particle size
Vertical Baffles

-~ Baryte

1:52 x 10™2 kg/s

977 um

6 o dis,%12Wos. d, 10 mn height 610 mm

Solid Flow

k. Air Mass AMir Flow Rate Solids Bed Density
No. Velocity Rate W W Loading
g g Ratio o SRR
kg /m%s kg/sx10° kg/9x10° W/ m”
il 2 b 4 g 6
i 18 0-5109 1-52 179 8.5 1-30
2 0+6131 152 2+15 T+04 125
3 O 73635 4. Bl 2:51 6:03 1-18
4. 0-8175 Im51 2+88 5= 29 Lely
5. 0-9197 1.50 3.2% 4+66 1-07
6, 1.022 1-50 3.58 4419 1L<0%
Vo 1.2263 ™49 4+ 30 3+ 46 0+99 W
8, 1-4307 L4 9 5.02 396 0-94 =i




TABLE-4+15

EXPERIMENTAL DATA

System : 4ir - - Baryte.

Solids Feed Rate : 1:52 x 1072 kg/s

Particle sige : 650 pm

Vertical Baffles : 6 mo dia, 12 Nos. d, 10 mm height 610 mm

e

e o e s et P it G P o s Py et e s

i3 Air Mass Solid Flow Air Flow Rate Solids Bed Density
No. Velocity Rate Ws W Loa@ing kg
€ Ratio —
xg/m%s kg/sx10°2 kg/s%10° W /W mo
: 2 3 4 5 6
1, 0« 4087 152 1.43 10-62 1. 46
2. 05109 152 179 8¢5 1-38
De 0.6131 1-52 2+15 7-06 : ke 2
& 0-7153 1-51 2,51 6403 1. 25
5 0.8175 1-50 286 5«30 1-19
6. 0-9197 1+ 50 323 4+66 1.14
T 1:022 1. 49 3.58 4418 1.1
8. 12263 1. 48 4+30 3e 44 1-0%
9. 1. 4307 148 5.02 3. 95 1.0 ;5

L yap— A e A e S ity S gy B S D e et




TABLE-4-16

EXPERIMENTAL _DATA

Systems *~ Alr - Baryte
Solids Feed Rate : 1-52.x 1072 k&/s
Particle Size $f 460, pm

Vertical Baffles : 6 mm dia, 12 Nos. &, 10 mm height 61C mm

e G e g s S S B0 P S g s s e s S e i (S i (P i S G — e o s e it e G - ——

31. Air Mgss Solid Flow Air Flow Rate Solids Bed Density

No. Velocity — Rate WS wg LoaQing kg
Ratio s 7/ 0 10~
kg/mzs kg/sxlO2 kg/sxlo3 WS/Wg m>

E e 3 4 5 6

i 0- 4087 1-52 1-43 10«62 1-57

2 0= 5409 %-52 119 8-5 1-43

%a 0-6131 1<953 2:15 7-04 1.38

4e 0-7153 .1l 2:51 6:03 L% = 1

5 0-8175 1-85% 2+ 87 5 30 125

s D-9157 a 50 5429 4-66 1-20

Te 1-022 1-50 %+ 58 419 1-16

B. 1.2263 1-48 4+ 30 3445 111

PSR ————————epwess R Y TRl St el —— S e —— - - —— i e i o wpome ¢ & -8



TABLE-4.18

EXPERIMENTAL DATA
System : Adir -~  Baryte
Solids Feed Rate : 1-25 x 10 2 kg/s
Particle Size : 460 um
Vertical Baffles : 6 mm dia, 12 Nos. d, 10 mm height 610 mm

3 Air Mass Solid Flow Air Flow Rate Solids Bed Density

S g B —— - e e w—— s s e e G P WL St e S e G SR

No. Velocity Rate W Wg %Ziging _E?L e of
kg/n°s kg/sx102 kg/sxlO3 Ws/wg n

X 2 3 4 5 6
% 0- 4087 1.22 1443 8+ 50 157
2. 05109 1-22 1-79 6+ 80 1-45% -
3, 061731 1.21 215 5+ 55 1-38
4. 0-7153 1.20 2:51 4+175 1-32
5, 08175 1-20 2.86 418 125
E. 0-7197 120 3. 2% 3+ 80 1-20
i 1-022 1.19 3.58 3. 23 | 116
8. 1-226% 1:19 4430 2.67 1-11
9, 14307 1 ) 5402 2+ 25 1-03

O e e e S . i o s e s e i s i s s O i M vt B S ——

9LT



IABLE=4-19
EXPERIMENTAL DATA

System : Air -  Bauxite
Solids Feed Rate : 1-25 x 1072 kg/s
Particle Size r 460" :
Vertical Baffles : 6 mm dig, 12 Nos. d, 10 mn height 610 nn
B, Air Mass So0lid Flow Air Flow Rate Solids Bed Density
No. Velocity Rate ws Wg ioaQing kg
atio 2 10-3
kg/mes kg/sx10° kg/sxlO3 WS/Wg m’
X 2 3 4 5 6
il 0. 4087 1.-21 1.43 8« 45 131
35 0+ 5109 1«21 1-79 6=75 1- 225
3. 0+6131 1-19 215 | 5+ 55 1-14
4. 0+7153 119 2:51 4+75 1-09
g P 0-8175 1-185 . 287 413 1.03
6, 0-9197 1-185 323 3= 0-98
T 1.022 1-16 3-58 Jo 23 094
Be 1.2263 NI . 4+ 30 2+ 67 0-89 L
9. 1+ 4307 1 e : 502 2-26 083 :g

—— e s e s e S . S ———— — ey Gt Tl e g s o B Gy e e e . Gt G i it s




TABLE=4+ 20
EXPERIMENTAL DATA

System : Air -

Solids Teed Rate :

Particle Size
Vertical Baffles

e W i S e Pt i i o e P e s G et D e P e S i WS it —_— -

Limestone

74 x P 0 kg/s

460 pnm

6 mm dia, 12 Nos. d, 10 mm height 610 mm

- . Air Mass Solid Flow Air Flow Rate Solids Bed Density
No, Velocity Rate WS Wg %oa@ing kg .
atio ey X 30 3
kg/mzs kg/sxlO3 kg/sxlO3 WS/Wg 0’
A 2 3 fa i . d 5 6
i 5 0+4087 =4 143 5217 145
2 05109 1+ 4 1~39 g 15 1.36
Ze 0-6131 %39 2:15 5 45 =26
4. G TIDD T-36 2+51 293 ) e
s 0+8175 TS 287 255 1.15
e Q- 9197 e 53 3423 227 1-09
15 1-022 731 3+58 2-04 1-06
. 12263 7-29 4-30 169 1:00
Ba 14307 726 5:02 1-44 0-93

At s o e e Bt et i e P G ) P e o (e e (et P e Gt W

e G s et s (A i e e S ) B it B S D G e G PO s OO g Gt i =
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TABLE—4- 21

EXPERIMENTAL DAT

IYvshem et Air - Limestone
Solids Feed Rate : 74 x 1072 kg/s
Particle Size 1 386 pm
Vertical Baffles : 6 pm dia, 12 Nos. do 10 mm height 610 mm
1. Air Mass Solid Flow Air Flow Rate Solids Bed Density
No. Velocity Rate WS Wg ﬁgiging g s
2 E =t ¥ 10
kg/n%s kg/sx10° kg/sx10° We/V, m”
1 2 3 4 5 6
L 0+ 4087 T-4 L4 3 SealT 1.50
s 0-5109 Tu8 ] <P 4+13 138
- E 06131 359 24 45 3+43 4 5
4. D=T15% 736 2oL 2: 93 1.23
P 0+8175 4 3% 286 R 55 1-16
6. 0+9197 > 30 323 2+ 27 1-10
Ta 1-022 Y& /5 3+ 58 2:-04 1-07
He 1.2263 7+ 29 4+ 30 1-69 1=01
9.  1-4307 7-27 5.02 1- 44 0-97 S

i e S A i S e S o A S i S s S e R M i S A e L e A ) S8 S U S S Bt S M St U e P A G AR S Gt S A B e M e S A 4SS M St s ot ot s S e = et NS e Gt Sty e M s s e A e



TABLE

=422

EXPERIMENTAL DATA

Systen : Air
Solids Feed R
Particle Size

ate 3

Limestone

1.25 x 1072 kg/s

460 pm

6 mm din, 12 Nos. d, 10 mm height 610 mnm

Vertical Baffles :
Sl. Air Masss Solid Flow Air Flow Rate
No. Velocity Rate Ws W
g
kg/mzs kg/sxlO2 kg/sxlO3
d. 2 3 4
A 0- 4087 1.22 143
2. 0+5109 1.-21 1-79
e 0-6131 1-20 2+15
4. 0-T853 1-19 2:51
8 08175 1-18 2. 86
6 0-S197 1-18 323
y 1-022 1-16 3.58
3 1-2263 1-15 4-30
9. 1. 4307 l1-14 502

Solids
Loading
Ratio

ws/wg

S i P ) s s e P e

T T S R - S P St S S ke S P B0 S St el S s St e

e e e

081



EXPERIMENTAL DATA

System ¢ Air - Bauxite
Solids Feed Rate : 9«72 x 107> kg/s
Particle Size : 460 um

Vertical Baffles =™ 6 mm dig, 12 Nos. s dg 10 mm height 610 mm

e

— ey o g S g G s —— - — ——

S1. Air Mass So0lid Flow Air Flow Rate Solids Bed Density
Ho., Veloeity Rate W W Loading
s g kg =
2 3 3 3 X 10
kg/m%s kg/sx10 kg/sx10 WS/Wg m
i ? 2 3 -4 5 - iy 6 l i
S5 0. 4087 962 1.43 6+ 70 =51
b= B 0-5109 s 55 A 533 1.225
3 0+613L O%51 Pelb 4+ 42 1-14
4. O=715% Q. 47 2+51 Fe TR 1-09
o 2 08175 9-43 2+86 5@y 1.03
b 0.9197 9+43 323 _ 2°9 099
Te 1-022 q* 39 , 3«58 2:62 094
& 1.2263 K o 4+30 gelf 0.+89
9. 1- 4307 9«35 502 1-86 0.83

18T

- e Bt e e e - G s s B G e —— e s 40 — e P — o —




LABLE=4- 24
EXPER VMBI TAT, DATA

System ¢ Air - Glass Beads
Solids Feed Rate : 6+G x 107> kg/s
Particle Size : =450 yn

Without Bafiles

_55. Kir Mass Solid Flow Air Flow Rate Solids /\P/L Bed
No. Velocity Rate Ws W Loading Dengity
y —N0% %y 107
2 : 3 4 , ;o ;b
kg/m“s kg/sxl0 keg/sx10 NS/Wé oo n

X 2 B 4 5 6 7

B 0-093 6+ 3+ 58 A 0-29 -

238 0-186 6+6 750 ' g.6 0«60 -

o 0-27S 6-9 10+3 64 0-89 -

4, 0+37 6+G 14-35 4.3 1-07 1-30

5T 0+ 46 6-9 17-94 3. 84 1-08 1.22

G 0558 . 6+9 21-53% %3+ 20 1-0¢9 1-14

Vo 0-74 69 2871 2+ 40 1-11 l~04

Bis 0+92 6+9 35838 1-92 1-.13 «94

g,  1-116 6-8 4306 1-58 1-16 .89 .
10 130 6.8 50« 52 1-34 1:22 33 N

e e i e S e M Bt B B G e B e s S e P s e e S




TABLE~4.25

EXPERIMENTAL DATA

System 3 Air -  TLimestone
Solids Feed Rate : 1+11 x 1072 kg/s
Partidle Sjize : 50650 um

Without Baffles

S1. Adr Mage ; "H514W FloW | .~ &ir Flow Hage : M01ids ==/ %Dk Pod
No, Velocity Rate W W Loading Density
i g N_.,—4 kg ~3
] g —5%10 £ x 10
kg/m%s kg/sx10 kg/sx10 ws/wg m n
> 2 o 4 - 6 T
1, 04186 1.11 . Wiy 2 3 1548 Ep-45 »
=, 0279 187 10+76 10+3 0.78 =
s 8 0«37 Tall 14-35 e L 102 =
4. 0+ 46 iz 17-94 : 618 1.22 1+ 20
5. 0+558 117 2153 515 1251 1+14
6. 065 110 25+12 437 132 1-08
/B 0-74 1-10 28.71 3.8% 1435 140
8, 0:92 1-09 35+ 88 3.03% 1-39 - 94
9. 1-116 1:09 4% 06 : 5453 1Al - 90 s
10. 1+30 1-08 50.52 2.1% 148 .86 o




TABLE=4:26

System ¢ Air -~ Baryte

Solids Feed Rate : 83,% 1072 kg/sec
Particle Size : 650 pm

Without Baffles

e Air Mass Solids Flow Air Flow Rate Solids S P/L Bed
No. Velocity Rate W, W Loading Density
2 - 3 "o F1074  E8g 1077
kg/g s KgSx10 kg/sx10 ws/wg = &
: 2 3 4 5 6 7
ta 0186 8% 7-17 1-5 45 -
s 0-279 8+ 3 10+ 76 T <77 -
¥ 0+37 8+3% 14+35 5.78 840 1.4
4 0-46 83 17-94 4460 1-09 1-30
B 0.558 825 21+ 53 3+ 80 125 1-24
6. 0«74 825 2871 3. 28 1-24 1-12
Te 0-92 8+ 20 35+ 38 2-85 . LB5 L=05
8. 1-116 8:20 43-06 . 2+53 1.4 98
> 1+ 30 8+ 20 5052 2+ 28 144 37

' 8T
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TABLE-4-27

EXPERIMENTAL DATA
System : Adr -  Bauxite

.1 doNéoi Rate : 152" x 2072 k&/s

Particle Size T
Without Baffles

—— Y T S i — S G gt DOy I, RIS s ST ) S

s e b e

S1, Air Mass Solid Flow Air Flow Rate Solids Z\P/L Bed
No. Velocity Rate Ws Loac;{ing Density-
Ratio _1_\T_X104 _k_gxlo 3
kg/n%s e/ e 0% kg/sx10% W/ W, - o
L 2 3 4 5 6 T
1s 0093 1-52 3458 42+ 4 *35 -
R 0+186 552 Te17 21-P@ * 43 -
3. 0-279 152 10-3 1412 1.1 -
4. 037 1xHA 14+35 10«59 1-32 1-26
G 0. 46 152 17+94 8+ 47 135 1-17
6. 0.5583 1-51 21+53 7+0 137 1-09
Te 074 1-5l TPETL 5.26 1-4 + 95
3. 0+92 1.51 35+ 83 4+ 20 144 87
9. 1-116 1-50 43406 %+ 48 146 .80
10. 130 1-50 50.52 297 1-50 <74

———— e s 2t i (2 S et S i S A o A, S i D P e Y e S S S e S P G e g S e (s M (i 5 4525

G8T



SOLIDS FEED RATE, kgis x10°

(o))
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o~
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1-0

186

AIRIMASSE VELQGITY, kg. m°s

=2 =]

g i
- EEED HATE™1.52x10°kgfs
MATER(AL L Dp,um
2 BAUXITE | 460
LIME STONE 650
£ | | | & ] - | | \"~\.-\k i
I ot = [ J ! ; " I
0 054 4 10 e 2-0

FlG-44  EFFECT OF AIR FLOW - RALE. ON. SOLIDS- DOWN-
FLOW RATE IN CONTINUQUS FLUIDIZED BEDS

WITHOUT BAFFLES.
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Dp' 460 MICRON

1.6
fr
T e By |
=
i 4
™
'E
Z_\ 1.0
=L
.
(ol
<]
0-8
MATERIAL ws,kg./s
S o™ GLASS BEADS e-sxw“;
® LIMESTONE 1.11%40
0.4
0.2 | l ! ! r [ !
0 0.5 & b 1.5 2.0

AIR MASS VELOCITY, kg.m2s'

FIG- 4.5 VARIATION OF PRESSURE DROP WITH AIR MASS
VELOCITY IN CONTINUOUS FLUIDIZED BED WITHOUT

BAFFLES.
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AP/L, N x10%
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02
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SYSTEM: AIR-GLASS BEADS

BAFFLE DIA. 6mm
NO: 'OF "BAFFLES 12
do 10mm_
we  1.11X107kg./s

1 | | 1 | | 1 1

0 05 10 15 2.0
AIR MASS VELOCITY, kg.m2s'

FIG- 4-6 VARIATION OF AP/L WITH AIR MASS VELOCITY IN
CONTINUOUS FLUIDIZED BEDS WITH VERTICAL BAFFLES.



AP/L, Nm3x10%

1.8

1.6

1.4

1.2
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SYSTEM: AIR-BARYTE
BAFFLE DIA. 6mm
NO. OF BAFFLES 12
do 10mm
i Wg 1-11X102kg./5
Dpar
g=385 ™
il o L4670
e 650
X &7 7
L 1 1 1 | 1 | |
0 0.5 1.0 1.5 2:0

AIR MASS VELOCITY, kg.més'

FIG- 47 VARIATION OF AP/L WITH AIR MASS VELOCITY IN
CONTINUOUS FLUIDIZED BEDS WITH VERTICAL BAFFLE
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SYSTEM: AIR-GLASS BEADS
BAFFLE DIA. 6mm
NO. OF BAFFLES 12
do 10mm
1-8[ Dp 460 MICRON
1.6
1.4 F
12}
~J
{[an]
>
(T]E 1-0F
z
_I\
~
a 0.8k
<
Wg wkg./s
a 7 69X102
0.6 ® b1 X 10%
19 1.52')(102
0-4F
0.2 I | I ) | | ] |
0 0.5 10 1.5 2.0

AIR MASS VELOCITY, kg.m2s!

FIG 4-8 VARIATION OF AP/L WITH AIR MASS VELOCITY IN
CONTINUOUS FLUIDIZED BEDS WITH VERTICAL

BARFLES.
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SYSTEM: AIR-GLASS BEADS
BAFFLE DIA. 6mm
NO. OF BAFFLES 12

do 10mm

Dp 650 MICRON

WK g. /S
83X 10°
o <IN xdp’
: o " 1.38%18°
| | 1 | | 1 1
0.5 -0 1.5 2.0

AIR MASS VELOCITY, kg.m2 s

FIG- 49 VARIATION OF AP/L WITH AIR MASS VELOCITY IN

CONTINUOUS FLUIDIZED BEDS WITH VERTICAL BAFFLES.
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34104

AP/L, Nm

BAFFLE DIA. 6mm
NO. OF BAFFLES 12
Dp 650 MICRON
181 we 8-3X10%°kg./s
1.6}
14
12t
1.0}
081
P e
MATERIAL & Pokg.m” x10
0-6[ = BAUXILE 2.30
o/ GLASS BEADS 2.50
A~ L|ME STONE 2.70
. e . BARYTE 3.85
0-4}
0.2 | 1 1 1 1 | | |
0 0.5 1.0 15 S0
AIR MASS VELOCITY, kg m2s'

FIG- 410 VARIATION OF AP/L WITH AIR MASS VELOCITY IN
CONTINUOUS FLUIDIZED BEDS WITH VERTICAL

BAFFLES.
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BAFFLE DIA. Bmm
NO. OF BAFFLES 12
D, 650 MICRON
- we  111X10% kg /s
~ - -34=3
MATERIAL Fsrkg.m”x10
g x " BAUXITE 2.30
o JGI'ASS BEADS 2.50
A ~LIMESTONE 2.70
A e BARYTE 3.85
1 1 1 | | 1 | 1
0 0.5 1.0 1.5 2.0

AIR MASS VELOCITY, kg.m%s'

FIG- 411 VARIATION OF AP/L WITH AIR MASS VELOCITY IN
CONTINUOUS FLUIDIZED BEDS WITH VERTICAL
BAF £ LES.
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BAFFLE DIA. 6 mm.

1.8F NO. OF BAFFLES 12
Dp 460 MICRON
Ws  152X10%kgés
1.6 e
1.4F
1.21
~7
1o
>
Te 1.0F
=
._l'\
~
a 0.8f
Q

MATERIAL Ps,kg.rﬁa $10°

i X BAUXLTE 2.30
0" “GLASS BEADS 250
A LIMESTONE 2-70
&= BARYTE 3.85
0.41
0-2 1 | | | ! 1 1 1
0 0.5 1.0 1.5 2.0

AIR MASS VELOCITY, kg.m2s'

FIG- 412 VARIATION OF AP/L WITH AIR MASS VELOCITY IN
-CONTINUOUS FLUIDIZED BEDS WITH VERTICAL
BAFFLES.
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SYSTEM: AIR-LIMESTONE

Dp: 460 MICRON
W 11 X10%kg./s
¢ WITH BAPRLES
0.+ W{THOUT= BAFFLE
1 1 | | i 1 |
0 0.5 1.0 1.5 2.0

AIR MASS VELOCITY, kg.m?g'

FIG. 413 VARIATION OF AP/L WITH AIR MASS VELOCITY

IN BEDS WITH AND WITHOUT VERTICAL BAFFLES.
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AP/L, Nm3x10%

0.6

0.4

18

0.2

SYSTEM: AIR-GLASS BEADS.
Dpi 460 MICRON

Wg: 6-94X10—3kg /s

e  WITHSBARFLE
o WITHOUT BAFFLE

| | 1 1 | | 1

FIG- 414 VARIATION OF AP/L WITH AIR MASS VELOCITY

0.5 1.0 5 2.0
AIR MASS VELOCITY, kg.m2s

IN BEDS WITH AND WITHOUT VERTICAL BAFFLES.



3x10°

10

5x102
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AP :
Ff_L:52.5([-'r)033“;’(?) (DE/DD] (,Ps Pf/.Pf

BAUXITE
CASS BEADS
LIMESTONE

% BARYTE

1 1 | 1 | | 1 | 1 1

1510 10° 2 3x10°
AP/LP, EXPERIMENTAL

FIG. 415 COMPARISON OF VALUES OF AP/LP; EXPERIMENTAL

AND PREDICTED IN CONTINUOUS FLUWNZED BEDS
WIER VERTICAL BAFFLES.



BED DENSITY, kg mSx103

Pbd

1.6

1.4

—
™2

=)

o
(8 0]
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02
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SYSTEM: AIR-GLASS BEADS
BAFFLE DIA. Emm
NO OF BAFFLES 12
do 10mm _
Wg 152X10" kg./s
" fi
5 2 _”L- s LM
) 460
O 650
g A S 27 " -
| | ] I 1 | .
0 10 2:0 3.0 4.0 5.0 6.0 7.0

R SOLIDS LOADING RATIO

FIG- 416 VARIATION OF BED DENSITY WITH SOLIDS LOADING
RATIO IN CONTINUOUS FLUIDIZED BEDS WITH BAFFLES.
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SYSTEM: AIR-BARYTE
BAFFLE DIA. 6mm
NO- OF BAFFLES 12
do 10 mm 5
Ws 152X10%kg /s
1.6
o
- 1.4"'
x
™M
3
o
i o]
1.2F
o
&=
)
&
o 1:0F
= Dp,um
g A 385
0.8+ [ 4670
o 0 6,5.0
ez xi 977
0-6F
0.4+
0.2 I I | 1 I | I
0 2.0 4-0 6.0 8-0 10 12 14

R SOLIDS LOADING RATIO

FIG. 417 VARIATION OF BED DENSITY WITH SsoLIDs LOADING
RATIO IN CONTINUOUS FLUIDIZED BEDS WITH BAFFLES.
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SYSTEM: AIR-LIMESTONE
BAFFLE DIA. 6mm
NO. OF BAFFLES 12
do 1['.lmrn_3
Ws 69 X10" kg/s
1.6}
™
10
% 14F
™
g
o)
—_—
51'2—
>.
2
)
&
a 1-0F
0 Bp, dm
m ® 385
0-8f o 460
<
L0
oy
0-6F
0.4
0.2 | I L 1 L I |
0 1.0 2-0 30 4.0 5.0 6-0 7-0

R SOLIDS LOADING RATIO

FIG.- 418 VARIATION OF BED DENSIHY WITH SOLIDS LOADING
RATIO IN CONTINUOUS FLUIDIZED BEDS WITH BAFFLES.



Ppy BED DENSITY, kg.m3x133
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BAFFLE DIA. 6 mm
NO. OF BAFFLES 12
do: 10mm
Dp: 460 MICRON
w5.125xuﬁkg/s
1-6" r.
]-4- | |
12
1.0
08 MATERIAL P, Kgun-x10°
x _BAUXITEr 230
O+ GLASS "BEADS 2.50
0.6F ¢ _LIMESJONE 2-70
&) WBARY.TE 3-85
0-4
02 | 1 i | | |
0 2.0 4-0 6.0 8.0 10 12 14

R, SOLIDS LOADING RATIO

FIG- 419 VARIATION OF BED DENSITY WITH SOLIDS LOADING
RATIO IN CONTINUQUS FLUIDIZED BEDS WITH BAFFLES.



Pbg BED DENSITY, kg m x10°
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SYSTEM: AIR-BAUXITE
Dp: 460 MICRON
wei 9.7X10° kg7's
1.6
1-4f
1.2
1.0
0-8F
o WITH BAEFLES
® - WITHOUI BBAFFLES
0-61
0.4F
0-2
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

R, SOLIDS LOADING RATIO

FIG- 420 VARIATION OF BED DENSITY WITH SOLIDS LOADING
RATIO IN CONTINUOUS FLUIDIZED BEDS WITH AND
WITHOUT BAFFLES.
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1.0
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hw)
0D
o i
0.5 ® BAYXITE
o~G6LASS BEADS
- X% LIMESTONE
[ I | | | I | TR v |
0-2 05 1.0 2.0

Us AIR LINEAR VELOCITY, m.5!

FIG- 421 VARIATION OF BED DENSITY WITH AIR LINEAR
VELDCITY,



204

8’-‘-
Q,
e
R
¢ 1.0k
m ¥ .
v o SLOPE :10.27
- P
o
=
S osf
@
(ad
ﬂ /
?L 031
w
04 I ! I 1 I ]
4.0 10! 10
do/ Dp

FIG. 4.22 EFFECT OF do/Dp ON BED DENSITY



BED DENSITY PREDICTED, kg.m°x163
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Pbd -015, _ -0.008 . oM
P AZEER) SR T e o) N pae i)
3.0}
2.0}
1.0
A BAUXKTE
0.4 0 #GLASS BEADS
¥ LIME SFONE |
o - BARYHE |
4 ’
.2 | I I L — O 1 L :
02 0-4 1.0 2-0 F:0; /

BED DENSITY EXPERIMENTAL, kg.mdx 153

FIG- 423 COMPARISON OF VALUES OF BED DENSITY OBSERVED
AND PREDICTED IN CONTINUQUS FLUIDIZED BEDS
WITH BAFFLES. ‘
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CEALAPYIER =Y

APRBS ER ALC T

Effect of vertical internal baffles on bed
hold up of mixed size particles has been studied
in countercurrent continuous gas-solids fluidiza-
tion. A dimensionless correlation has been. pro-.
posed for predicting the bed hold-up ratio as a
function of reduced gas velocity (Uf/Umf) and

dimensionless time parametef (TB).
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CHAPTER =Y

HOLD-UP STUDIES IN CONTINUQUS FLUIDIZATION
WITH VERTICAL BAFF LES

In continuous fluidized bed reactors, the quality
of preoduct will depend upon the RTD of the solids. The
determination of RTD of solids is complicated and time
consuming. In practice average residence times and the
bed hold ups are evaluated for any system, which give
sufficient information on the performance of the reactor.
In mixed feeds, a better quality product can bé'achieved
if the reactors provide an inherent mechanism which will
ensure a longer stay time for the larger particles,
compared to smaller particles. In fluidized beds provided
with internal baffles, it is expected that larger particles
with smgll dO/Dp ratios will have a tendency of less
free movement and longer gtay times in the bed. However,
when mixed size feeds are used, the avarage values of bed
~hold up do not give enough information for predicting the
reactor performance. In the present experimental
investigations an attempt has been made to evaluate the
average stay times of larger and smaller particles when

mixed feeds are used.

5.1 EXPERIMENTAL SET-UP

The schematic flow diagram of the experimental unit

is shown in Fig. 5¢1. This essentially consisted of a
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perspex column (K) 70 mm I.D, and 610 mm length placed
between two special flanges (Fl’F2) 12 baffles (IB)

of 6 mm diameter and 610 mm effective length made of
stainless steel rod, were inserted in the column as
internal baffles. A grid plate made of 3 mm thick
aluminium sheet having 15 mm holes drilled on a square
pitch of 4 mm was fitted in the special flange (Fl).

The ‘area of the openings in the grid was 10% of the

empty column cross section. The grid plate,covered with
a 200.mesh brass wire screen,was used as air distributor
and to support the soljids, Air drawn from the compressor(C)
and regulated through pressure regulator (PR) was
introduced into the column at the bottom through a calm-
ing section (C 8) which was filled with porcelain raschig
rings to provide uniform air distribution through the bed.
The solids were fed into the column from the hoppers(Hl,H2).
The solids feed rates were controlled by two stop cocks
(SFl'SFz)‘ The solids discharge rate from the column was
controlled by a 2—wayvand a >-way ston cocks (SFS,SF4).
The solids leaving the column were collected in a
receiver (RC). The samples of solids leaving the column
were collected through a 3-way stop cock (SF4). The
photograph of general layout of the experimental unit is
shown in Fig. 5+2. Photographs of the solids feeding and
discharge and sampling systems are shown in Figs. 5°3

ahtd 54,
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FIG.5+2 PHOTOGRAPH SHOWING EXPERIMENTAL
SET UP FOR HOLD-UP STUDIRS IN
CONTINUOUS BEDS WITH VERTIC AL
BAFFLES., :



FIG,5-3 PHOTOGRAPH SHOWING SOLIDS
FEEDING ARRANGEMENT.

FI1@,5-4 PHOTOGRAPH SHOWING SOLIDS
DISCHARGE AND SAMPLING
ARRANGEMENT.,

¥4
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5.2 PROCEDURE

Solids were fed to the fluidizing column from the
feed hoppers (H1 and Hé). The solids feed rate from the
hopper to the column was ad justed by using stop cock (SFl).
The discharge rate of solids was regulated with the help
of a stop cock (SF;). Air was then introduced from the
bottom of the column and the bed attained the fluidizing
conditions. Steady state conditions were obtained by
ad justing the discharge rate of solids same as. that of

the feed rate. Steady state conditions were assumed when

i) bed height
ii) opressure drop across the bed and
iii) the solids inlet and outlet rates remained constant.
The steady state, invariably, reached in about

15=20 minutes time.

Since the hold up studies were conducted using feeds
of mixed sizes, it was essential to check the solids
compositionsg in bed and discharge strecams. The composi-
tion of the outgoing stream was determined by sieve
anglysis of the samples withdrawn through the 3-way stop
cock (SF4), when the composition of the discharged solids
remained steady and matched with feed composition, stop
cocks (SF2 and SF3) were simultaneously closed to arrest

the mgterial in the bed. The solids remained in the bed,

give the bed hold up. The composition of the solids in
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the bed was determined by withdrawing the material from
the column through discharge outlet (E) and by performing
sieve analysis. For getting data on bed and feed composi-
tion at different air flow rates, it was necessary to
maintain the bed holp-up constant., After solids were
discharged for measuring;the bed hold up at a given air
flow rate, fresh solids were charged through the feed
hopper into the column by opening the stop cock (SFZ)'
The discharge valve (SF3) was adjusted in such a way that
the bed height was same as the value taken in the earlier
run and by minor adjustment of the discharge valve steady
state conditions were obtained., With practice it was
possible to make this adjustment in such a manner that
the bed hold up at different air flow rates remained

almost constant.

The observations were made on bed and discharge
compositions at different air flow rates for different

feed compositions and different bed hold ups.

The range of experimental variables is shown

in table 5-1,
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TABLE-H-1

RANGE OF EXPERTMENTAL VARTABLES

Material Glass Beads
Density 2+5%10° kg/m3
Particle size Dpl 460 micron

Dp2 650 micron
Bed Hold up 0+425 =~ 0-800 kg
Solids Feed Rate 2x107° - 4251077 kg/s
Air Flow Rate 0-2 kg/ml.s
Solid Feed
Composition 120 Ram 21

(w W )
DPl/ DP,,

5+3 RESULTS AND DISCUSSIONS

Data obtained in continuous fluidiged beds with
baffles for constant bed hold up and different composi=
tions of mixed sized particles, with rsgard to feed, bed
and discharge streams are reported in tables 5-2 to 5-10.
Data were obtained without baffles under similar condi-
tions of operations as mentioned agbove and are given in

tables 511 to 5-14.

In order to ensure that the data obtained at
different air flow rates for a given feed composition

and solids feed rate are at constant bed hold up
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conditions, the quantity of material present in the bed
under steady state conditions is evaluated and the data are
shown in ¥igs, 5+5 and 5-6. As can be seen from the
graphs the total bed hold up during the experimental runs
at different air velocities for a given feed composition
has been nearly constant.§ The maximum- deviation from the
average values has been + 3%. In the experiments, it was
possible to have any average bed hold up value for dif-
ferent feed rates of solids and at different air velocities.
The present experimental data have bcen taken correspond-
ing to different average hold up values in each ocase of
with and without baffles for a given feed compositions,
feed rates and alr flow rates. However, on analysis of

the hold up material, it was found that the hold up values
for each particle size varied with gas flow rate for a
given feed composition. The bed hold up for large size
particles increased with air flow rate while that of the
smaller particles decreased with air flow rates, indicat-

ing change in bed composition with aiy flow rates.

The mean residence times ?1 and ?2 for two
different particles DPl and DP2 in continuous flu-

idized beds with mixed feeds, may be defined as

—h Wl
T
1

|
i
S S

where Wl and W are the individual hold ups of each

2
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particle gize and Loy and w, are the individual feed
rates of the solids of each gizes wheﬁvmixed feeds of
particle size Dpl and Dpé are used., The suffix l.
is for small size particles and 2 for large size
particles, The mean residence time for any particle
size will be affected if rthe hold up fraction of that
particular size changes. In order 1o analyse the data
with regard to the individual bed hold up of a given
size, a term hold up ratio is defined as,

H(2,1) = /%, = %f : ;l_.

: 2

The bed hold up ratio gives a dimengionless measure of
the retention times of different particles in the bed.
This will be affected by the feed rates of different
.sized'particles as well as the hold ups of these particles,
If the feed rates of two different slized particles are
same,  the hold up ratio will give the ratio of the indi-
vidual hold up of different sizes. In other cases, the
bed hold up ratio is a product of the s2tio of the hold
up of larger to smaller particles in the bed W2/Wl and
the ratio of the feed rates of smaller to larger par-

ticles wl/wz.'

5«3«1 Hold up ratio without Baffles

Fig, 5¢7 shows the variation of bed hold up ratio

with air mass velocity for a constant feed composition
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~

of 1:1 with bed hold up as the parameter. It was
observed that the bed hold up ratio increased with in-
crease in air flow rate upto a value (Gf/Gmf ranging
between 1+8-2-0) beyond which the hold up ratio remained
steady or the rate of increase was negligible., Similar
trend was observed for other feed composition also as

shown in Fig. 5:8.

Fig., 59 is the plot at constant bed hold up, show-
ing the variation of bed hold up ratio with air mass velo-
city with feed composition as the parameter. It was
observed that the hold up ratio first increased with in-
crease in air mass velocity upto a value of Gf/Gmf rang-
ing between 1+.8-2¢0, beyond which the rate of increase
slowed down, It is also observed that for a constant air
nass velocity, the bed hold up ratio was less for the

beds hawing greater pre=portion of larger size particles.

5¢3«2 Hold-Up Ratio with Vertical Baffles

Fig. 5+10 shows the variation ctf bed hold up ratio
with air mass velocity for constant bed hold up with feed
composition as parameter. It was observed that unlike
in the case of beds without baffles, the bed hold up
ratio increased steadily with increase in air flow rate.
It was also observed that the bed hold up ratios were
lower for the beds having greater preopeortion of large

size particles in the solids feed for a given bed hold up
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and air flow rate, This obgervation is in accordapce
with that made in fluidized beds without baffles. Similar
trends were observed for other bed hold ups with feed

composktions as parameter as shown in Figs. 5-11 and 5-12.

Fig. 5+13 shows at constont solids feed composition,
the variation_of bed hold up patio with air -mass velocity
with bed hold up as parameter, Bed hold up-ratio was
observed to increase with increase in agir flow rate. The
bed hold up ratios were observed to be more for large

bed hold up.

Figs. 5+14 and 515 show the comparison of +the
variation of bed hold up ratio with sir mass velocity
with feed cqmposltion aé parameter in beds with and withe
out baffles. It was observed from these plots that the
bed hold up ratio increased steadily with increage in
alr mass velocity in beds with baffles, whereas in beds
without baffles, the bed hold up ratio increased with
increase in air mass velocity in. the r-age of G-f/Gmf

between 1-:8-2+0,beyond which it rempined steady.

5+3+3 Meghanism of Particle Movement in continuous
Fluidized Beds with Mixed Feeds.

In a continuous fluidized bed, there is a velocity
profile for the gas which is nearly flat at the centre

and decreases towards the wall of the column, This
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results in greater particle movement at the centre of

. the bed and normally particles near the wall tend to
stagnate. Thus at any velocity highei than the minimum
fluidizing velocity for uniform sized particles, there
will only be bookets of stagnation near the periphery
and zones of violent particle movement near the centre.
The area of stagnant zone decreases with increase in

air velocity.

When mixed sized feeds are used, at any given alr
velocity, while the linear velocity profile is same a8
mentioned above, the tendency of larger particles having
lower values of Gf/Gmf at any gos flow rate will be,
to remgin less mobile than smaller particles. This
invariably leads to greater movement of small particles
throughout in the bed than the larger particles, Even
in the periphery where the linear velocity of gas is
much lower, smaller particles will "exhibit greater
random motion. Thus at air veloecities, when bed is by
and large uniform, at the point of goiids discharge from
the column, the smaller particles will have greater
tendency to go out of thevdischarge opening than the
larger particles. This will result in continuous deple-
tion of smaller size particles in the bed giving higher

bed hold up ratios.



220

When the gas velocity is sufficiently high, the beds
will indicate bubbling tendencies., As the bubbles of gas
rise upward in the fluidizer, its size grows rapidly and
solid particles are carried upward. The bubbles break
near the top surface and particles carried by the bubbles
are thrown out. The movement of the bubbles continuously
displaces solids upwards, leading to downward movement
of so0lids in the rest of the bed. As the bubbles move up,
the wake behind it sucks in solids from the surroundings
and carry it along with the bubbles, In the bubbling beds,
the downward movement of solids is expected to be slower
than the upward movement of the solids caused by the
bubble rise. Kondukov et al [148] observed that the par-
ticles near the wall of the columh usually remain there
for a while before dropping into the bed. Because of the
bubbling tendency in mixed sized beds, the smaller particles
are preferentially picked up by the wake of the bubble and
are kept in continuous motion, Any particle in the bed

has two forces working on it.
i) the suction from the wake behind the bubble trying
to carry the particles upward
ii) the random motion of particles trying to push the

particle out through the discharge.

Both larger and smaller particles have fairly turbulent

motidon even near the wall, giving them equal chance to
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get out of the bed through the discharge in proportion

to their concentrations. The suction fcrce behind the
wake, on the other hand, is greater for the smaller par-
ticles than in the larger particles due to difﬁerence in
the masses of each of the individual particles. As a
result of .these two, the smaller particles have a tend ency
to stay longer in the bed than larger ones resulting in

a slower rate of rise in the bed hold up ratio. This
trend beecomes more pronounced in slugging beds which
occur at high velocities or in deep beds. Bhardwa] [161]
and Chechetkin et al [159] have reported decreasing values
of bed hold up ratio with.increase ih air'flow rates.

This might be in slugging zones.

Tn continuous fluidized beds with vertical internal
baffles, the presence of baffles alters the linear velo~
city profile significantly from the one observed in beds
without baffles. The presence of large number of baffles
leads to formation of large number of compartments with
linear velocity almost reaching zero value near each
baffle surface and near the wall of the column. Unlike
in beds without baffles localized stagnant pgcket near
the periphery are not observed in these beds. Because of
comparatively greater movement of smgller particles than
the larger ones at any air velocity, smaller particles
have a greater chance of moving out through the discharge.

Thus it is expected that at lower velocities bed hold up
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ratios are higher in beds with baffles than without

baffles under similar con itions of operation.

At higher velocities the tendenciler of bubbling
arc rcduced as larger bubbles can not be formed due to
the presence of baffles. This results in a more unifornm
bed with lesser segregation of coarser particles toward®
the wall as oompared to the finc partiecles. This results
in a continuous rise in bed hold up ratio with air velo-
city. The same trend will continue even at high velo~

cities as tendency of slugging are not present.

5.3<4 CORRELATION

In baffled fluidized beds the solids movenent at

any gas flow rate is affected by two factors, viz.

i) do/Dp ratio indicating free movement of particles
and
ji) reduced gas velocity Uf/Umf , indicating the

driving force for the random motion.

For any particle size, large values of dO/Dp and
Uf/Unf will mean greater movement and hence easier
removal from the bed. Thus, it is expected that at any
given Uf and do, larger particles will have lower
values of dO/Dp and Uf/Umf compared to smaller par—

ticles.
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5.3«4+1 Correlation Proposed

In baffled beds, the solids composition in the bed
will depend upon Ug/U_p , bed hold up W and dO/DP.
The gas contact time in fluidized bed is defined by

Levenspiel [132] as
TG —_ vs/vf P (5.1)

where VS ig the volume of solids in the bed and V%

ig the volunetric flow rate of gas.

The average tine spent by the solids in the bed
(TS) can be expressed in terms of total bed hold up (W)

and golids feed rate (Ws) as

TS = W/WS LI (5'2)

The ratio of TS/TG fron eqns. 5*1 and 5+2 is terned

Ty ydinensionlegs time paraneter, The bed hold up ratio
H(2,1) s Tfay . U iUps , dO/Dp] e (5e%)

where Uf/Umf ig reduced air veleocity for baffled beds.
While estimating U,e values, the effect of do/Dp is
considered and hence dO/Dp need not be taken separately.
Since the feed and bed have got different solids compo-
sitions, their calculated average particle diameter will
be different. Based on average particle dianeter corres~
ponding to the bed composition, Umf has been computed

using eqn. 3-1, proposed earlier for mininun fluidizing
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velocity in batch fluidized beds with vertical baffles,

When the values of bed hold up ratio for different
feed compositions are plotted against Uf/Umf as shown in
Fig. 5+16, it is observed that the points for different
feed compositions at a constant bed hold up, merge on
single line, whereas a plot of hold up ratio versus air
mass velocity (Fig. 5+11) gives different curves for
different feed compositions. Therefore, the use. of
Uf/Umf is more reasonable as it lowers down the effect
of changes of feed composgition. Umf values for different
feed composition were found to be different giving dif-
ferent values of (Uf/Umf). T+ was therefore, not advisable
to use regression analysis.without graphical interpolation.
In Fig. 517, values of H(2,1) were plotted as a function
of Tp OB log-log graph paper. Two zones are seen in
this plot similar to Fig. 5.14, The tramsition occurs
at air flow rates Uf/Umf in the range»of 1:5-1-7. In
industrial processes the air f£1ow rates of the order of
Yo% e T Umf are insignificant. Therefore, only the
slope of the higher air flow was determined using
least square best fit method, which comes to O-1l. Using
this value H(2,l)/1%'l was plotted as a function of

Uf/Umf as shown in Fig, 5-18. This gives a correlation
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of the type

H(2,1) _
O.l a3 f (Uf/Umf) L (5.4)

o

B

Based on the above analysis, the following cor-

relation has been proposed as

H(24) : 0-26
13 = 044 (Up/U_¢) way LHVE)
T
B
The values predicted using the above correlation

were found to lie within + 7% of the experimental values

as shown in Fig. 5:19.

5«4 CONCLUSION

The above hold up studies indicate that

- hold up of larger particles increases with
increase in air flow rate as compared to the
snaller particles in beds with vertical inter-

nal baffles.

- hold up ratio increases steadily with increase
in air flow rate in beds with vertical baffles
unlike in the beds without baffles where the
hold up ratio first increases and at higher air

flow rates it becomes steady.

~ hold up ratio can be predicted from the correla-

tion proposed (eqn. 5+5).



S0lid Feed

TABLE-5<2

MATERIAL :SPHERICAL GLASS  BEADS

So0lids Feed Rate

Vertical Baffles

Avg. Bed Hold Up

= 6.6x10" 4 kg/ﬁ of - 460 uﬁ and 1-32:107 kg/s of 650 Dol
= 19.8x10"% kg/s

= 6 mm dia, 12 Nos. d, 10 mm

= 0O=48% kg

Avg., Static Bed Height= 80:0 nm

Gp w2/wl Aveg. i Ta Tg Uf/Umf H2,.1)
kg/m2 D mm s s
DI STy T SRR T &l | R .
z = 2 3 4 5 6 7 8

0+357 308/166 0-580 2370 0.195 121538 0-848 0.928
0-510 315/164 . 0+585 23945 0138 17355 1. 2105 0-96
0+715 321/159 £ 0: 5583 24040 0-0987 2431+ 6 1:695 1-009
0.817 325/156 0-588 240+5 0.0865 2780+ 3 1950 1.04
1020 333/152 0-590 242+ 4 0.0698 34727 2- 430 1-095
1.220 342/149 0-592 245+ 4 0.0589 4166- 4 2+ 980 1.147
1-430 355/139 0-596 2466 0+0508 4854+3 3. 410 1-277

9¢c



S0lid Feed

TABLE=5-3

MATERTATL SPHERICAL GLASS BEADS

So0lid Feed Rate

Vertical Baffles

6:6x10"% kg/s of 460 pm and 1-

19-8%10~% xg/s

6 mn jdis Wl p WMo, , do 10 mm,

32x107° kg/s of 650 un

Avg. Bed Hold Up = 0+606 kg
Avg. Static Bed = 120 mnm
Height
Ge W, /Wy Avg. T Ty T3 Up/U.p - H(2,1)
Yka/m“s D, mn s
LR A R 1= 87 AN i N Ol el 2 S B
0:357  403/202 0:586 302-4 0+2487 1215-87 0847 099
0-510 406/199 0.587 302+4 01743 17350 1.20 102
0.715 412/194 0-589  303.0 0.1246 2430+ 5 1-69 1-06
0.817 417/192 @ 0:590  304-8 0+1097 27777 1-94 1-086
1.020 424/186 0-591  303-0 0-0872 347242 2442 114
1:430  440/166 0-598  307:3 0:063%2 4861-1 %e3Q 1.%%
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Solid Feed
Solids Feed Rgte
Vertical Baffles

T L A

MATERIAL:SPHERICAL GLASS BEADS

- 1-32XJ_O-3 kg/s each of 460 pm and 650 um
= 2.64%107° kg/s
6 mm Bis, "2 Wos. do 10 fap,

- Avg. Bed Hold up =y Q-5 _dro
Avg. Static Bed = 80:0, .mm
Height
Gp wz/wl Avg, T Tq Ty Uf/Umf B(2,1)
kg/n’s Dp mr s s
1 2 3 4 5 6 7 8
0+ 357 218 /227 0+553 162-0 0.1781 909 6 0+ 90 0. 96
0+810 214/218 0+554 162+0 0+1244 13022 1«27 0-98
0+715 223 /216 0-556 168+0 0:0903 1860+ 4 1+755 1:0%
0+817 227/211 0+558 163.8 0-0788 2078+ 6 2+09 1-07
1.020 230/208 0.559 1640 00630 26031 2¢55 1-10
1.220 238/200 0:56% 16440 0:0525 31238 3+ 10 1-19
1430 246/184 0+568 161-0 0:0442 364245 364 1-%37

et et ol ] p——— > e e
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So0lid Feed

MATERTAL s SPHERTCAL GLASS BEADS

TABLE=5-4

= 6:6x10% kg/s of 460 um and 1.32x10™° kg/s of 650 um

Solids Feed Rate =

Vertical Baffles

Avg. Bed Hold Up =

Avg, Statie Bed =

19-8x10 " *kg/s

6 mm dia, 12 Nog. do 10 mm

0 %405
150:-0 mmnm

kg

S S P A I T e e e S e S e . . e S St B s S A S St e i e e . e et e S B S e S L o U s et S e S S s it it i Gt G W0 Pt S i T il S S et i gt N e S 4D, S v St . P e Smem e

Height
Gp W/ ¥y
_kg/m"s "
1 2

P D S e G Bt S s D P s T e S S S i it

0357 536/268
0:510 538/261
0:715 540/248
0+817  551/244
1-020 SOt/ 25T
1.220 569/226
1-430 580/210

0.5866
0+588
0+ 590
0+591
0+593
0+595
0+5995

414940
48620
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P et e s S S s

T,BLE=5:6
MATERTAL :SPHERICAL GLASS BEADS

Solid Feed =

Solids Feed Rate =

1-325110-3 kg/s

2.64%x107°  kg/s

each of 460 ‘um = and 650 um

Vertical Baffles 6 mn-dia, 12 Nos. d, 10 mm
Avg. Bed Hold Up = 0645 kg J
Avg, Static Bed = 120+0nmnm
Height
dp w2/wl Ave. T Ta Ty Uf/U H(2,1)
kg/m2 D nn s s
: S 2 3 4 5 6 T 8
0357 327/319  0:556 2418 02652 911-5 0.88 1-02
0+510 331/316 04557 242+ 4 0+1860 1302+ 8 1-26 1-047
0+715 340/309 0-559 243-0 Di15353 1823-1 175 1-10
0817 345/299 0.561 DALle 2 0+1157 2083 3 2+00 1-15
1-020 351/292 0+563 241.08 0-0925 26047 2+52 1. 20
1220 359/ 280 0+566 239 4 0-0766 3125+0 3.0% 1. 28
1+430 378/270 0570 24340 0-0666 364549 3454 1-40

0%e



TABLE=5:7

MATERTAL :SPHERTICAL GLASS BEADS

S0lid Feed = 1'32X10—3 kg/s each of 460 um and 650 um
Solids Feed Rate =1 2.64x10™0 “kg/s
Vertical Baffles 6 mm dia, 12 Nos. do 10 mm
Avg. Bed Hold Up = 0766 kg
Avg, Static Bed = 150-0 mm
Height
Gf W2/Wl Avg T TG T3 Uf/Umf 21
kg/mzs Dp mm s
¥ 2 o RV DO BT ) e G
0-357 403/384 0« 557 294-6 0-3237 910-1 0-87 1-05
0+510 409/373 0559 292+ 8 0+2252 130041 1.255 1-09
0-715 418/358 0+562 2910 0-1596 182%+3% 174 1+16
0.817 422/349 0:564 288+ 6 0-1387 20807 1-98 s i
1-020 431/329 0-567 285:0 0-1094 260541 2 47 1-%%
1220 439/%10 0571 280.8 0.0898 3126+ 9 3400 1-41
1+ 430 452/290 0-575 278+ 4 0-0763 36487 %+ 40 1-49

%



TABLE~5- 8

MATERIATL sSPHERICAL GLASS BEADS

Solid Feed
Solids Feed Rate

Vertical Baffles

2.76%1070  kg/s of 460 um and 1-38x107° kg/s of 650
4-14x107° kg/s

6 mm dia, 12 Nos. &O 10 mm

Avg. Bed Hola Up = 0. 446 kg
Avg., Static Bed = 800 mnm
Height
Gf WZ/Wl Avg. T TG Ty Uf/Umf b1 55
kg/mzs DP mm 8 8
1 2 5 4 5 6 7 8
0-357 14%/314 0+ 519 109-2 0-1880 580- 8 0495 0+965
0-510 147/311 0+ 520 109-8 0-1319 8324 140 1+ 00
0-715 149/297 0-523 106-8 0-0917 11646 1+ 90 1-065
0-817 153/289 0-525 106-08 0-:0795 13343 2.19 1-12
1020 159/281 0+528 105+ 6 0:063 1668s 2 2. 80 1-20
1-220 - 165/272 0+ 531 104-5 0+0524 1994-2 3o 30 1+29
1+ 430 Y15/ 065 0+53%5 105-6 0-0452 23362 3.82 1. 40
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TABLE~5:9
MATERIAL:SPHERICAL GLASS BEADS

Solid Feed = 2.76%1073 ka/s of 460 pm and 1-38x10 > kg/s of 650 um
Solids Feed Ratoh  ="ikh-]dzl@sdasimmds
Vertical Baffles 6 mm dia, 12 Nos. 4, 10 mm
Avg. Bed Hold Up = 0:646 kg
Avg, Static Bed = 120-0 mm
Height
G w2/wl Avg. . T Ty Uf/Umf B2, 2}
kg/ﬁzs D_ mm s s
P
o 2 5 4 5 6 | 8
0+357 212/440 0523 15640 0.2674 53%+ 73 0-94 1-03
0-510 219/430 0-524 155 4 0-1864 8333 1-35 1-085
0-715 226/424 0-526 1560 0-1337 1166-6 1.89 1-13
0817 230/414 0-527 154-2 0-1156 1333.3 2016 1.18
1-020 236/402 0-530 153+0 0-0918 1666-6 270 125
1+ 220 249/395 04533 154+ 2 0-0771 1999-9 Fe 23 1+34 N
1+ 430 262/%382 0537 154-2 0-0660 25353 3-78 1-46 i




TABLE=H+10

MATERIAL ;SPHERICAL GLASS BEADS

S01id Feed =" 2.76x107°  Keg/s of 460 um and 1-38x107° kg/s of 650 um

Antife Fani Hals BeX 451070 %& TS

it

Vertical Baffles 6 mm dia 12 Nos. &j 10 mm
Avg. Bed Hold Up < 0:784 kg
Avg. Static Bed = 180:0 mm
Height
Gf2 wz/wl Ave T Ta T Uf/Umf Hi 2,2
kg/m“s Dp mm s s
1. 2 3 4 9 6 T 8

0-357 262/518 0+523 187-2 0
0.-510 272/512 0526 187+ 8 0
0.715  283/503 0528 188- 4 0
0.817 298/492 0-531 189+6 0-1421 13%4+2 2+ 05
1-020  310/488 0:5%3 191-4 0
1220 318/472 0-5%6 189- 6 0
1-430 325/432 0-541 181-8 0

* 435
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TABLE-5+11

MATERIAL :SPHERICAL GLASS BEADS
Solids Feed L kg/s each of 460 pm and 650 um

Solids Feed Rate < L O kg/s

Avg. Bed Hold Up = 0+ 800 kg without baffles
Avg, Static Bed = 150-0 mm
Height

.-_._._....__...—__-—-_._.._-—-..._._._._-__._._..__-.......__.._-__..__-—_—_._—__——..—_.,.—__.—__—.._.——___...

S1l. Air Mass Velocivy ____Solids Fraction_ ____  Hold Up Ratio

b kg/m%s 650 pm 460 pm H(2,1)
1 2 3 4 5
L 0. 204 385 418 0-392
2+ Q=57 398 402 0+ 99
3. 0. 510 404 391 L LF5
4. 0-715 412 278 1+09
i I 0+817 424 374 1«13
B 102 432 366 1.18
1. 1= 22 438 362 1=2L
8. 1-43 441 367 1.20




TARTIE~-5-12

MATERTAL SPHERICAL GLASS BEADS

Solids Feed = . 1+32%107° kg/s each of 460 pm and 650 um

Solids Feed Ragte & 2'64X10—3 kg/s

Avg. Bed Hold Up - 0644 kg witout baffles

Avg, Static Bed = 120:0 mm

Height
5 i Air Mags Velocity Solids Fraction Hold Up Ratio
No. ' !

kg/m2s _______ lgg X il ae | H(2,l)
650 pm 460 m

= 2 3 4 b

Ly 0+ 204 305 o5 Oe 9k

- Gs 557 = A | Sl 0. 97

¥ 0+510 322 322 1:00

4. 0+ 715 334 3HT 1-05

s 0817 540 309 1% 10

b 102 346 298 116

y 1-22 352 292 1.20

8. 143 o b 290 1-22

9¢e



TABLE=5+173

MATERIAL sSPHERICADL GLASS BEADS
Solids Peed = 6:6x10"% kg/s of 460 um and 1-32x107° kg/s of 650 um
Solids Feed Rate - = '19-8x10" % kg/s

Avg. Bed Hold Up = 0+460 kg with~ut baffles
Avg, Static Bed = 80 mm
Height
81,  Air‘Mass Velocity HEee Tracks of Hold Up Ratio
Hor ¥g/m°s X AU S e e.1)
650 um 460 pm
1 2 3 4 b
e QEToy 298 163 0.91
2 0+510 300 160 0.903
2 0T 301 160 0.94
4. 0 +817 306 154 0»589
S 1-02 G IEEGS 146 1-07
5 1.22 318 Al 2 1-12
s 1-43 322 137 1.17

Lec



TABLE-5:14

MATERIAL:SPHERICAL GLASS BEADS

Solid Feed - T kg/s of 460 pm and 1-32)(10-'3 kg/s of 650 um

Solids Feed Rate 19-8x107%  ¥g/s

Avg. Bed Hold Up = 0+ 660 kg without baffles
Avg. Static Bed = 1200 mm
Height
Bl; Air Mass Velocity o fHs Frac;ion Hold Up Ratio
Ra. kg/m2 s meme——— L e L e T H{ &%)
650 um 460 pm
1 2 j 4 5
X D 357 430 252 0+ 925
2a 0+510 437 228 0+ 950
i 0+ 715 442 225 0.980
4, 0. 817 447 220 1.015
P 1»02 452 208 1-085
B 1.22 460 198 1160
¢ Y- 43 465 Lp> 1,205
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FOR 650 um

x FOR 460 umy
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FEED COMPOSITION 1:1

W, kg.
o 0:-644
e 0.800

B | I |

| | |
0 0.2 0-4 8.6 0.8 10 1.2 1.4 1.6

l |

AIR_MASS VELOCITY, kg./m?s

FIG- 57 VARIATION OF HOLDUP RATIO WITH AIR MASS VELO-
CITY IN CONTINUOUS FLUIDIZED BEDS WITHOUT
BAFFLES.
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Dp, Op, AVG. HOLDUP
o) 1 1 0-644 kg
® 1 2 0662 kg
I 1 | L | | | 1
0 0-2 0-4 9.6 0-8 16 1.2 1-4 1:6

AIR MASS VELOCITY, kg./ m®s

FIG.-58 VARIATION OF HOLDUP RATIO WITH AIR MASS
VELOCITY IN CONTINUOUS FLUIDIZED BED WITHOUT
BAFFLES.
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AIR MASS VELOCITY, kg./m?s

i NO. OF (B AFFLES 12" ' DiA B mim
B p AVG. HOLDUP
P1 P2 7

R —raf 1 0.784 kg .
2 o 0786 kg

N 2 0.795Kg

1 | | | | [ | 1

0 0.2 0.4 0B 0.8 1.0 12 14 16

FIG- 512 VARIATION OF HOLDUP RATIO WITH AIR MASS
VELOCITY IN CONTINUOUS FLUIDIZED BEDS WITH
VERTICAL BAFFLES. '
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8.0
Lk Dpyi Dpy AVG. HOLDUP
Rl o 2 0-606 kg
a X 1 1 0-845 kg
G 1 0-646 kg
4.0F
s
2-0F
x/
| ’o’fct
| _o—X ]
Li X e SLOPET 0.35
XKL
1-0' ® ® ]
9 l
05
0-3 ! ] ] 1 5 o ! i | 1 1 | [l
0-3 05 1.0 2:0 4.0 6-0 8.0

FIG-516 EFFECT OF REPLACING AIR MASS VELOCITY BY U#/Umf
ON HOLD-UP RATIO.
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CHAPTER=VI

[ NS P T

Conclusions based on the present studies 'on
batch fluidized beds with vertical baffles, contin-
uous fluidized beds with vertical baffles and hold
up in beds with vertical baffles using mixed feeds
are presented. Scope for further work has been

discussed.
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CHAREER & VI

CONCLUSIONS AND RECOMMENDATIONS

The present studies include the effect of vertical
internal baffles on gas—solids fluidization in batch and
continuous systems., The presence of vertical internal
baffles improve the quality of fluidization by reducing
the slugging tendencies in batch fluidized beds. In
continuous systems, the bed density io increased for
sharp cuts and hold up ratio is increased for mixed sized

feeds,

6.1 Batch Fluidigzed Beds with Vertical Interngl Baffles

Batch fluidization studies have been conducted in
fluidized beds with vertical internal baffles numbering
Y. TeAndy 3 respectively, The variation in bed pressure
drop with air mass velocity in fixed bed zone, at the
onset of fluidization and in fluidized bed zone 1is
observed to be in accordance with the earlier reported
works - on fluidized beds without baffles. Pressure drop
in fluidized beds with vertical baffles igs observed to be
more than that of unbaffled beds. This increase in pressure
drop is caused by the exftra skin friction due to the baffles.
The correlation given by eqn. 3.4 can be used for pre-
dicting the overall pressure drop across the bed at and

. yond onset of fluidization.
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A minimum distance of six particle: diameters
between two adjacent baffles or between baffles and the
wall of the column will have to be maintained for the
movement of particles to occur. Below thils ratio the
particles are interlocked due to arching and no fluidiza-
tion occurs even at velocities beyond the minimum flu-
jdizing velocities. When the interbaffle distance of ten
particles diameter is maintained normal fluidization

results,

The presence of vertical internal baffles hinders
the particle movement even when the interbaffle distance
jo greater than ten particle diameters and upto 28 particle
diameters. The minimum fluidizing velocities required will
be higher as additional energy will be required to unlock

and initigte free movement of the particles.

Eqn. 31 has been proposed to predict the minimum
fluidizing velocity in batch fluidized beds inecorporating
the factors due to particle properties, geometry of the

bed and baffle and f£luild charactoristics.

The bed expansion and fluctuation ratio will be
lower in beds with vertical internal bazffles as bubbling
ig reduced because of the presence of vertical baffles.
Eqn. 3¢5 and 3+6 have been proposed for predicting the

bed porosity and fluctuation ratio.
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6+2 Continuous Fluidized Bedg with
Vertical Interngl Baffles

The effect of vertical baffles on continuous
gas solids fluidization has been studied with regard
to bed pressure drop and bed density. Introduction of
vertical internal baffles in the bed will increase the
pressure drop both due to the gdditional baffle surfgoe

and the friction due to restricted particle movement,

The presence of vertical baffles also increases
the bed density due to lower bed expansion and increased

pressure drop.

Egns. 4+*1 and 4-2 have been proposed to predict
the bed pressure drop and bed density for sharp cuts
respectively in continuous fluidized beds with vertical

baffles.

6«3 Hold-up Studies in Continuous Systems
with Mixed Sized Feeds

In continuoug fluidized beds without baffles
using mixed feeds, the Gf/Gmf values will be higher
for smgller particles than for larger onesg, resulting
in a greater mobility for smaller particles. At lower
values of Gf/Gmf smaller particles will be continuously
moving up the centre and down the walls of the column
giving a higher concentration of fines near the periphery.

Greater mobility and higher concentration of smgller



258

particles near the walls and location of solids discharge
at the periphery results in a preferential removal of

fines giving increased bed hold up ratio with gas flow rate.

At_higher gas flow rates bubbling will become pre-—
dominagt. Each gas bubble will carry behind a wake of
solids. As tpe bubble moves up, the solids are sucked
into the wake., The smaller particles will be carried with
the bubbles at a faster rate than the larger ones giving
increased concentration of fines at the centre than the
periphery of the column. As a result larger particles
will have a greatgr tendency to move out of the peripheral
discharge opening, This results in a slower rate of
increase’ in the bed hold up ratio with increase in gas
velocity. At higher gas flow rate, when severe bubbling
condition islpresent the hold up ratios are even likely

to fall down.

Hence the bed hold up ratio in beds without baffles
will first inorease with increase in gas flow rate reach-
ing a peak value after which the hold up ratio will
decrease, The transition occurs at G-f/Gmf ranging

between 1.8 to 240,

The introduction of vertical internal baffles leads
to formation of large number of compartments in the beds
giving uniform bed composition., Smaller particles with

large do/Dp ratio have greater movement than the larger
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ones having low do/Dp values at any air velocity. The
smaller particles have a greater chance of moving out
through the discharge. Thus the bed hold up ratios in-
crease with increasing air flow rate. At higher velo-
cities of air the bubbling tendencies are reduced by the
presence of baffles., The smaller particles will continue
to be removed frqm the bed at a faster rate compared to
larger particles. Thus the bed hold up ratio increases
steadily with increase in air flow rate. The same trend
continues even at high velocities as slugging tendency is
not present in beds with vertical internal baffles. This
is an improvement in the bed performance with baffles
compared to that of bed without baffles. Egn. 5:5 has
been proposed for predicting the bed hold up ratio in the

beds with vertical internal baffles.

6+4 Scope for Further Work

Purther work is necessary in the following areas
in order that the data can be conveniently scaled up for
use in large size units:

- Effect of baffle characteristics, diplegs and
column size.

- Bffect of location of solids outlet in cohtinuous
systems on solids downflow characteristics and
bed hold up ratios.

= Studies on individual RTD of particles for systems
having mixed sized fceds.
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APPENDIX-I 061

PH D THESIS YOGESH CHANDRA

PROGRAM WAS EXECUTED AT THE COMPUTER CENTRE AT SERC ROORKEE
DIMENSIONA(15515)sX{(155100)9XB(15)sCO(15)sY(100)sER(10G)
READ1sNsMoIM

FORMAT (315)

N IS NO. OF VARIABLES M IS NOo OF DATA POINTS

IM =1 INDICATES RELATIONSHIP OF TYPE Y=A%(X**B)*(Z%*()
IM=2 RELATION IS Y=A+4B*X+(C#*Z

READING OF DATA POINTS

FORMAT { 6E1245)

DO5 J=1sM

READ3s (X(IsJ)sI=15N)

CONTINUE

IF - IM=1.GO TO 10 » IF IM=2 GO TC 20
IF(IM=1)10,16520

D015 I=1,N

DO 15 J=1,M

X{IsJ)=LOGF(X(I,J))
AM=M

DO 50I=1,N

SUM=0,.0

DO 40 J=14M
SUM=SUM+X(TsJ)
CONTIMUE

XB(I)=SUM/AM

CONT INUE

PUNCH 55

FORMAT ( 5Xs 11HMEAN VALUES//)
PUNCH 3+ {XB(I)sI=1sN)
DO 60 I=1sN

DO 60 J=1sM
XEILsJ)=X{1sJ)=XR(I)
N1=N=l

DO 65 I=1sN1

DO 65 K=1sN

A(IsK) . =00

DO 65 J=1-M

A(TsK) =A(IsK)I+XIIsJ)%xX{KsJ)
CONTINUE

DO 70 1=2,N1

Il=]=1

DO 70 J=1,11

A(IsJ) =A(Js1)

PUNCH 71

FORMAT( 5Xs 24HCOEFFICIENT OF EQUATIONS//)
DO 80 I=1sN1

PUNCH 35 (A(IsJ)sJ=1sN)
CONTINUE
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CALL SIMEQ(A,N1,CO)
COIl =XB(N)
DO 82 K=1sN1 '
COI1 =COI1-CO(K)*XB(K) :
82 CONTINUE
IF(IM=1)83,83,84
83 COI =EXPF(COI1)
GO TO 85
85 PUNCH 86
84 COI= COI1l
86 FORMAT (5X»22HCONSTANTS OF RELATION//)
PUNCH 87 sCGI
87 FORMAT (5Xs2HA=,E1205)
PUNCH 884 (CO(K)yK=15N1)
88 FORMAT (2X3»SHB(1)=56E1265)
DO 90 K=15N
DO 90 J=1:M
90 X{KsJ} .SX(KsJ)+XB(K)
DO 100 J=1M
Y{JI=Y (J)+CO(K) %X {KsJ)
100 CONTINUE
IF{IM=1)1055105,120
105 DO 118 J=1,M
DO 110 I=1,N
110 X(I9J)=EXPFIX(I,J))
Y{J)=EXPF(Y(J))
115 CONTINUE
120 DO 130 I=1sM
ER{I) =(Y(I)=X(NsI))*100e/X(NsI)
130 CONTINUE
PUNCH 131
131 FORMAT {5X,12HF{NAL RESULT//)

PUNCH 132
132 FORMAT | GOH®#% 3 %K% EHHRREFHXXHHHRHHHR XXX RRR XK IR KK JHF*

13OHBH K HHHH A KK U FRREH AR RLHRERRRIKRFRERAR.S/ /)

PUNCH 133 : _
133 FORMAT (4X»2HX1570X»2HX2s10Xs2HX3510Xs2HX4510X52HX5510X »2HX6)
PUNCH 132
DO 140 J=1lsM
PUNCH3» {X{IsJ1»I=1sN} oY (J)sER(J)
140 CONTINUE
PUNCH 132
GO T0 2
STOP
END



10

20

25

27
30

35

40

45

47

SUBROUTINE SIMEQ(AsNsX)

263

DIMENSION A(15515)9U1(15515)5U(15515)sX(15)

M=N+1
DO201IT=19N

JT=1
IF(JT=1)393,2
J=1T+1

| (=

GO TO 4

1=1T7

J=IT

Uil sJ¥=mA(l s J)
IFCITE) 797 o
Ml1=1IT-1
DO6K=1TM1

UL sd)=UCLs)=U({TsK)*U(Ksd)
IF(JT=-1)8,8,10
I=1+1 :
IF(I=N)4+4,9
JT=2

GO TO 1
UCIsJ)=U(IsJ)/U(ILT)
J=J+1

IF(J=M} 494520
CONT INUE

D030 I=15N

D030 J=1yM
IF(I=-0)25927527
Ul(leJd}=U(IoJ)
GO TO 30
Ul(IsJ)=000
CONTINUE

DO 35J=1sN
X(J)=0,0

Ni=N

I=N1
X(I)=U1(IsM)
D045 J=15N
X(I)=X(I1)=UL(I,)*¥X(J)
N1=N1-1
IFI{N1=1)47+40940
RETURN

END
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CURVE FITTING pH D THESIS YOGESH CHANDRA
PROGRAM WAS EXECUTED AT THE COMPUTER CENTRE AT SERC ROORKEE
DIMENSIONY(100),X{100)sY1(100)sYN{100)
READ10 s MP
DO 1001P=1,MP
READ10O,N
10 FORMAT(I5)
READ20» {X(I)sY(I)sI=15N)
20 FORMAT (2F10,5)
DO30I=1sN
30 YI{I)=LOGF{Y (1))
SUMX2=0,0
SUMXY=0.0
DO40I=1sN
SUMX2=SUMX2+X{T1})*%2
SUMXY=SUMXY+X(T1)*Y1(I)
40 CONTINUE
A=SUMXY /SUMX2
PUNCH20, A
DO451I=13N
YN(I)=EXPF(A*X{(T}))
PERV=(YN(I)=Y(I})*¥100,0/YNI(I)
PUNCHS50sX(1)sY(T)sYN(I)SPERV
B0 FORMAT(4Ello4)
45 CONTINUE
100 CONTINUE
STOP
END
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