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INTRODUCTION



Investization on Solid Suspension and Hydrody mamecs of Liquid Fluidized bed and Stirred |
Conlactor

1.1 LIQUID FLUIDISATION

When a fluid phase and o solid phase arve (o be brought mto
contact for physical or chemical processing. {luidisation is often the
preferred method of operation due to its many advanlages over olher
configurations: good solid mixing feadmg to wniform  temperalure
throughout the bed, high mass and heat transfer rates easy solids handling,
etc. '-

For a bed of sohd particles to be n the flurdised slate, the
fluid particle-interaction force must balance the weight of the sohid. so
that each particle is completely supported by the fhud: this is obtaned for
fluid velocities greater than a certaim value: the min {luidisation velocity,
U For velocities smaller than U, the bed 1s m fixed state condition;
for velocities greater than U, the bed is fluidised and its behaviour
generally ranges between two extremes: etther it expands homogencously
as the Juid velocity 1s mcreased. or the Tuid v excess U, bypasses the
bed as bubbles.

|
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Although fluidisation can be achieved by utihsing either a
gas or a hquid as the (Turdising medium. gas beds have recerved by far the
greater attention from the scientific community.  Actual and potential
industrial applications of gas fluidised beds are vasty more numerous
than those of liquid beds. o
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Recently, however, new process are being studied involving
the utilisation of liquid fluidised units in the fields of hydrometullargy,
food technology, biochemical processing, water treatment, etc. which
together with the rapidly increasing industrial applications of gas-solid
fluidised system, should attract more interest. v

Until now, liquid-solid systems have been regarded by the
majorty of fluidisation researchers as of purely academic interest. Unlike
gas beds, liquid beds expand homogeneously rather than giving rise to
bubbling behaviour. It is this aspect, however which could be exploited
by the gas fluidisation researcher; m liquid beds homogeneous behaviour
facilitates understanding the basis of fluidisation whereas the phenomena
in gas beds are dominated in a chaotic manner by the presence of
bubbles; hydrodynamic modelling of gas-solid two phase flow would
certainly greatly benefit from basic input from liquid-solid system studies.

In our project, attention will be focussed on the solid
. suspension aspects of liquid fluidisation rather than to problems related to
mass and heat transfer.

1.1.a Theoretical aspects of liquid fluidised beds

-

Bed expansion behaviour of Liquid-fluidized beds

Liguid beds expand in a more homogeneous inanner than gas
beds. . The bed expansion data are generally reported and compared with
numerical relationships in- terms of ‘bed voidage as a function of fluid
superfacial velocity. Broadly speaking, four different types of liquid
flurdised bed expansion behaviour have been reported in literature. with
gradual transitions from one to another occuring as the physical
conditions are changed.

Case |

The first type can be considered as a typical liquid bed. Bed
éxpansion appears from visual observation smooth and homogencous
over the whole voidage range. The plot of the logarithm of bed voidage

134, of Chemical Engineering. TKMCE. Kollam
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against the logarithm of fluid superfacial velocity n dinear and the
extrapolation of the experimental points to € = 1 coincides, within the
lumit of experimentat error, with the predicted value of single particle

termmal settling velocity determined from a standard correlation. The
following figure summarises this case.

1
“
Wy
c-1t
Q-

It may be described by U/G;i FIETEER

This relationship is known as Richardson - Zaki equation.
Richardson and Zaki were the first to report extensive expertmental
determination of the value of # for flow regimes ranging from creeping
flow to fully inertial.  They showed that n is a function only ol the
terminal particle Revnolds number and from their bed expansion data they
recommended the following correlation

n = 465 Re, <0.2

n=4d4 Re"" 02 < Re, < |

n =44 Re | < Re, = 500
n o= 2.4' 500 < Re, -

Case 1]

This type of expansion characteristic ts depicted in the figure.

—
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For this case it is possible to divide the experimental observatiens nta
two regions. - The first for lower voidages, a straight line with
extrapolation to voidage equal to | well below the predicted value of
single particle terminal settling velocity; in the second region the slope
increases with increasing void fraction, approaching this time, the correct
value for U,. The change of slope in expansion law is generally
accompanied by a change in fluidisation quality which can be detected
visually; from hands of high voidage travelling through the bed at low

expansions, to a more homogeneous distribution of the solid at elevated
bed expansions. |

Case 111

For this case the bed expansion characteristics do not differ
substantially from the two previous cases for low fluid superfaciab
velocities: a straight line fits the expenmental pomts well when
logarithmic scales are used.  The differeance arises at ligh bed
expansions where a change n the slope of the fitting curve. this time
decreasing as the voidage increases as shows in figure.

A.0
i ™~
\:\_" °1
[ M v —

o5 C'(; ;—1 c-§ ,;1 V.o
I

Here the initral regions of bed expansion charactenstic can
be well represented by Richardson-Zaki equation.

Dépt. of Chemical Engincering. TKRMCE. Kollam
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'Case' IV

The last type of expansion behaviour is depicted in the figure.

1.0

a0l

-5 oL ¢ o o4

The lower part of the curve ts represented by a straight line,
followed by a sharp change of direction, the rest of the curve being
concave, approaching the calculated value of unhindered settling velocity
- for voidages close to 1. -Of all the cases discussed, it ts this one {or which
the relation between bed expansion and fluidisation quality 1s strongest.

The point of change of curvature corresponds to the appearance of tiquid
bubbles in the bed.

General Remarks

The division of the expansion characteristics mto the four
above groups represents an attempt to rationahize the various lorins ol bed
expansion behaviour presented in literature. The most obvious question
at this stage is the possibility of predicting, for a given liquid fluidised
bed, the type of bed expansion that occur. Broadly speaking, when
water is fluidising mediwm high-density  solids (such as copper or lead)
belong- to Case 1V large diameter solid particles (I mm or more) of
moderate density behave as type il the distinction between type | and
type iil is least, clear, although small particle size (below 0.1 mm) and a
solid density close to that of water (say 1100 Kgm™) appears to favour
group 111 behaviour.

Eﬁuﬁ Chemical Engincering. TRMCE. Kollam
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1.2 STIRRED CONTACTORS

Many processing operations depend for their success on the
effective agitation. Agitation refers to the induced motion of a material in
a specified way, usually in a circulatory pattern inside some sort of
container. We deals with the agitation of liquids and liquid - solid
suspensions. :

PURPOSE OF STIRRING

Liquids are stirred for a number of purposes, depending on
the objectives of the processing step. These purpose include.

1. Suspending solid particle.

2. Blending mescible liquids, eg. CH;OH and H,0.

3. Dispersing a gas through the liquid in the form of
small bubbles.

4. Promoting heat transfer b/w the liquid and a coil or
jacket.

STIRRED CONTACTOR

Liquids are most commonly stirred in some kind of tank or
vessel, usually cylinderical in form and with a vertical axis. The top of
the vessel may be open to air or closed. The tank bottom is rounded. not
flat to eliminate sharpcomers or regions into which fluid currents would
not penetrate. The liquid depth is aproximately equal to dia of the tank.
An impeller 1s mounted on an overhung shaft, i.e. a shaft supported trom
above. The impeller creates a flow pattern in system, causing the liquid
to cireulate through the vessel and retumn eventually to the impeller.

Impellers :- _

Impeller agitators are divided into two classes : those that
generate currents parallel with the axis of the impeller shaft and those that
generate currents in a tangential or radial direction. The first are called
axiel - flow impellers, the second radial - flow impeller.

Dept. of Chemical Engincering. TKMCE. Kollam
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“The three main types of impellers are propellers, paddles and turbines.

Propellers :-

A propeller is an axial - flow, high speed impeller for liquds
of low viscosity. The flow currents leaving the impeller continue through
the liquid in a given direction until deflected by the floor or wall of the
vessel. Because of the persistance of the flow currents, propeller agitator
are effectively 1n very large vessels. h

A revolving propeller traces out a helix in the fluid, and 1f
there were no slip between liquud and propeller, one full revolution would
move theliquid longitudinally a fixed distance depending on the angle of
inclination of the propeller blades. The ratio of this distance to propeller
dia 1s known as the pitch of the propeller. A propeller with a pitch of 1.0
is said to have square pitch.

Paddles :-

For the simpler problems an effective agtator consists of a
flat paddle turming on a vertical shaft. Two - bladed and four - bladed
paddles are common. Sometimes the blades are pitched: more often they
are vertical. Paddles tumn at slow to moderate speeds in the centre of a
vessel; they push the liguid radially and tangentially with almost no
vertical motion at the impeller unless the blades are pitched. 1In deep
tanks several paddles are mounted one above the other on the same shaft.

The total length of the paddle impeller 1s tvpically 50 to 80%
of the mside dia of the vessel. The width of the :balde 1s one - sixth to
one - tenth its length.

TURBINES -

They resemble niultibladed paddle agtators with short
blades, tuming at high speeds on a shaft mounted centrally in the vessel.
The blades maybe straight or curved, pitched or vertical. The dia of the
impeller is ;smaller than with paddles, ranging from. 30 to 50 percent of
the diameter of the vessel.

Dept. of Chemical Engincering, TKRMCE. Kollam
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12.a THEORATICAL ASPECTS OF STIRRED CONTACTORS

The type of flow in an agitated vessel depends on the tvpe of
impeller; the characteristic of the fluid; and the size and proporticns of
the tank, baffles and agitator. The velocityof the fluid at any point in the
tank has three components, and the overall flow pattern in the tank
depends on the vanations in these three velocity components from point
to point. The first velocity component 1s radial and acts in a direction
perpendicular to the shaft of the impeller. The second component s
longitudinal and acts in a direction parallel with the shaft. The third
component is tangential, or rotational and acts in a direction tangent to a
circular path around the shaft. [n the usual case of a vertical shaft. the
radial and tangential components are in a honzontal plane, and the
longitudinal component is vertical.  The radial and longitudinal
components are useful and provide the flow necessary for the mixing
action. When the shaft is vertical and centrally located n the tank. the
tangential component is generally disadvantageous. The tangential flow
follow a circular path around the shaft and creates a vortex n the liquid .
For a flat - bladed turbme. Exactly the same flow patten would be
observed with a pitched blade turbine or a propeller.

The swirling perpetuates stratification at the various levels
without accomplishing fongitudinal flow between levels. If solid particles
are present, circulatory currents tend to throw the particles to the outside
bycentrifugal force, from where they move downward and to the center of
the tank at the bottom. )

Instead of mixing, tts reverse, concentration, occurs. Since.
in circulatory flow, the hquid flows with the direction of motion ot the
impeller blades, the relative. velocity between the biades and the liquid 1s
reduced, and the power that can be absorbed by the liquid is limited.  In
an unbaffled vessel circulatory flow is induced by all types of impellers.
whether axial flow or radial flow. At high impeller speeds the vortex may

" be so deep that it reaches the impeller, and the gas from above the hiquid
is drawn down nto the charge. This is undesirable.

Dept. of Chemical Engineering. TKMCE. Kollam
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Prevention of Swirling

Circulatory flow and swirling can be prevented by any of
three methods. in small tanks, the impeller can be mounted off center.
The shaft is moved away from the center line of the tank, then titled in a
plane perpendicular to the direction of the move. In larger tanks, the
agitator may be mounted in the side of the tank, with the shaft in a
honzontal plane, but at an angle with a radius. :

[n large tanks with vertical agitators, the preferable method
of reducing swirling is to mstall baffles; for turbines, the width of the;
baffle need be no more than one - twelth of the vessel diameter; for
propellers, no more than one - eighteenth the tank diameter is needed.

FLOW NUMBER

The flow number Nq is defined as
No = _Q
ND,’
D, - impeller dia
Q - Volumetnc flow rate
N - mps.

This gives the discharge flow from the tips of the impeller
and not the total flow produced.

POWER NUMBER :
An mportant consideration i the design of an agitated
vessel is the power required todrive the impeller, 1s given by
Np = P
N'Dp

", Dept. of Chemical Enginecring. TKMCE. Kollam
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The power number Nyis analogous toa friction factor or a
degree co-efficient. It is proportional to the ratio of the drag force acting
on a unit area of the impeller and the inertial stress, ie the flow of
momentum associated with the bulk motion of the fluid. -

SUSPENSION _OF SOLID _PARTICLES IN _STIRRED
CONTACTORS '

Particles and solids are suspended in liquids for many
purposes, perhaps to produce a homogeneous mixture for feeding to a
processing unit, to dissolve the solids, to catalyse a chemical reaction, or
to promote growth of a crystalline product from a supersaturated solution.
Suspenston of solids in an agitated vessel 1s somewhat like fluidisation of
solids with hiquids. The fluid flow pattern created by the agitator has the
regions of horizontal flow as well as upward and downward flow, and to
keep the solids in suspension in a tank generally requires much higher
average fluid velocities than would be needed to fluidise the solids in a
vertical column.

The degree of suspension are given below in the order of
increasing uniformity of suspension and increasing power input.

Nearly complete suspension with filleting -

-~

Most of the solid i1s suspended in the hquid, with a few
percent in stationary fillets of solid at the outside periphery of the bottom
or other places i tank.

Complete particle motion -

All the particles are either suspended or are moving along
the tank bottom.

m. of Chemical Engineering. TKMCE. Koliam
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Complete suspension -

All the particles are suspended off the tank bottom or do not
stay on the bottom more than 1 or 2 sec. When this condition is reached,
there will be generally excess gradients in the suspension and there may -
be a region of clear liquid near the top of the tank.

Uniform suspension :-

At sturer speeds considerably above those needed for
complete suspension, there is no longer any clear liquid near the top of
the tank, and the suspension appears uniform. However there may be
vertical concentration gradients. |

Dept. of Chemical Engincering, TKMCE, Kollam
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STATEMENT OF THE PROJECT

Sohd suspension in a stirred reactor is a very important
parameter for design, scale up etc. Conventionally solid suspension has
been defined as the agitator rpm at which no solids remain at the bottom
of the vessel for more than 1 or 2 seconds. A number of correlations have
. been developed to predict the solid suspension rpm as a function of solid
characteristics, liquid characteristics and stirred contactor design factors
however, in actual practice, these correlations are difficult to
experimentally venfy. In this project a new approach is suggested based
on the analogy in the hydrodynamics of liquid fluidised bed and stirred
contactors in terms of change in voidage due to increased flow.

Experiments have been conducted with same solids
employing :a liquid fluidised bed and stired contactor of the same
diameter. Increase in voidage due to increased flow rate as well as stirrer
rpm have been measured. New relationship between solid suspension
rpm and the maxima and minima of flow number and power number are
verified.

The energy consumption pattern under similar condition
between liquid-solid fluidised bed and stirred contactors will also be
measured.

Also we are trying to develop a predictive relationship
between voidage in the stirred reactor and the solid suspension rpm. We
are also finding the power consumption of stirred contactor with different
impellers and with different clearances from the bottom of the vessel.

Dept. of Chemical Engincering. TKMCE. Kollam
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3.1 RAWMATERIALS -

The raw materials used in the experiments was 1lmenite and
sand. Using the sieves of size 105, 150, 180, 210, 355 w, ilmenite and
sand were sieved to the required weight. The weight of 1lmenite required
is 7.3 kg. and the weight of sand required is 4.4 kg. The size range of the
ilmenite used are 105-150 i, 150 - 180 p, 210 - 355 and that of the sand
are 300-355 ot

The density of ilmenite is 4.2 g/cm® and that of the sand is 2.5 g/cm”.

3.2 DESCRIPTION OF THE EXPERIMENTAL SET UP

32.a FLUIDISED BED

The experimental set up consist of 25¢cm diameter and 1.2 m
long column. A distributor is kept at the bottom of the column and a fine
stainless steel mesh of 0 2mm opening is placed above it to support the
solids. The height of the solid bed s fixed to 5 cmn from the support.
Water is admitted through the bottom using 1 HP centrifugal pump. The
pressure drops are found by means of manometer connections provided in
the column. Water is admitted from a storage tank into the column and is
continuously recycled. The column was transparent to note the bed
expansion behaviour. Four manometers are provided in the column. A
single limb Hg manometer is used below the distributor. The other three
manometers provided in the column are also single_limb but water 1tself is
used as the manometric liquid in them.

3.2 b Experimental set up of stirred system

The schematic diagram of the experimental set up 1s shown in figure 2.
() - Tank -

The system consist of a tank, cylindrical in form with a
vertical axis. The tank is transparent to light so that the suspension of

Dept. of Chemical Engineering. TKMCE, Kollam
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solids inside 1s easily visible. The tank bottom is rounded. not flat, to
eliminate sharp comners or regions into which fluid currents would not
penetrate. The liquid depth is equal to the tank dia. The dia of the tank
used 1s 25 ¢m and height is 75 cm.

() Impeller -

An 1mpelier is mounted on an overhung shaft. ie. a shaft
supported from above. The impellers used are pitch type and turbine
type. Diameter of pitch bladed turbine is 12.5 cm and that of turbine type
is 10 cm. A DC motor drives the shaft, in which the impeller is mounted.

(i)  Rectifier :-

The AC power input is converted to DC by a rectifier. A -
voltmeter and ammeter is used to measure the voltage and current and
thus power input can be calculated.

(iv) Baffles -

To reduce the swirling, baffles are installed, which impede
rotational flow without interfering with radial or longitudinal flow,
Effective baffling is attained by installing vertical strips perpendicular to
the wall of the tank. Four such bafftes are used.

A tachometer is used to find the rpm of the impeller.

3.3 METHODOLOGY

33.a FLUIDIZED BED

Measured quantity of ilmenite ie. 7.3 kg was taken in the
fluidization column. The initial bed height was noted. The centnfugal
pump was started after closing the inlet valve. Water was slowly
admitted into the fluidization column by opening the inlet valve
progressively. The pressure drop in the column, ie. total pressure drop
and Pressure drop across the bed, and the bed height was noted

Dept. of Chemical Engineering. TKMCE, Kollam
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corresponding to different water flow rate. The flow rate was also noted.
The flow rate was gradually increased till the bed experience expansion,
min fluidisation and complete expansion. The readings were tabulated.
The experiment was repeated for three different particle size ranges. The
result was tabulated in table 1 - 3.

The same experiment was repeated in fluidized bed for a
different density particle. ie. sand particle of size 300-355 pum was also
used. The weight of the sand for 5 cm height was calculated to be 4.4 kg.
The results are tabulated in table 1.

33.b STIRRED CONTACTOR

The clearance between impeller and bottom of tank is fixed
as 0.1 T.  For the first set of expenments, a turbine type impeller was
used. Weighed quantity of ilmenite te. 7.3 kg height exactly equal to
that used in fluidized bed was taken in stirred tank. The height of liquid
column is equal to the diameter of the tank.

The 1mitial bed height 1s noted. The DC motor was started.
The rpm of the impeller was noted using a tachometer. Corresponding
bed height, voltimeter reading, and ammeter reading were noted. Then the
rpm of the impeller was slowly increased and the bed height current and
voltage were noted for different rpm of the impeller. Results are shown in
Table 3.

The same experiinent was ~repeated for 02T, and 03T
clearances. Tlus experiment was done for three different size of ilmenite
ie. 1053 - 150 p, 150 - 180 p and 210 - 355 u, and for different density
particle 1e. sand of size range (310 - 355 p). The weight of the sand used
was 4.3 kg for the same bed height as in iimenite. The results are
tabulated in table (6 - 12).

The same experunent is repeated with pitch blade turbine of
12.5 cm dia for the same clearances ie. 01T, 0.2T, 0.3T, and the same
particle size range of ilmenite and sand. The results are tabulated in table
13-21.

Dept. of Chenical Engincering. TKMCE. Kollam
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(1)  Hydrodynamics of liquid fluidised beds

Figures (3) to (6) depict the voidage Vs superficial velocity
relationship for both ilimenite and sand particles of various sizes. The
relationship follows the classical Richardson - Zaki equation given by’

U/U, = €".  The slopes and intercepts of various sizes of particles are
given in Table 26. ¢ is calculated using the equation,
Volume of liquid = h-h,
Total volume h
h, = height occupied by solids if voidage is zero

= mass of solid
c/s area of column x density of solhid

h = height of bed for a particular flow rate

We can see from figure (3) to (6) that, irrespective of size
and density, there is a change in the slope of the curve around a voidage
of 0.6. This may be due to wall effects or change in the fluidisation

quality .

(2) Solid suspension in stirred contactors

Figures 18 to 23 show the relationship between solid
suspension in tenns of voidage with Reynolds number of the nnpeller for
various sizes of particles. Unlike in fluidised bed, the vanation of
voidage with flow rate is linear for low to moderate flow rates in stirred
contactors.

The above data were reanalysed in terms ot power number
N;, flow number N, by plotting against Reynolds number as depicted in
figures 7 to 17 for the same voidage. The flow number was calculated by
taking the flow rate for the same voidage from the fluidised bed of the
same diameter and using same size and amount of particles.

Dept. of Chemical Engincering, TRMCE, Kollam
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(a) Flow number is calculated using the equation

No= _Q_
ND’
Q Liquid flow rate, m’/sec
N = Impeller speed, sec’
D = Diameter of impeller, m

(b)  Power number is calculated using the equation

N,=_ P
N’D°p
P = Power, w
N = Impeller speed, sec™
D = Diameter of impeller, m
p = Density of slurry, kg/m’

(¢) Reynolds number is calculated using the equation

g = wiscosity of liquid, kg/msec

It 1s clearly seen that the mmimum in the power number N,
and maximum in the flow number Ng corresponds to the solid suspension

rpm.

(3) Comparison of Power Consumption of stirred contactor with

turbine type impeller for different clearances.

The power consumption is compared for the same voidage.

From table 22, we can see that the clearance 0.2T is most efficient.
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(¢)  Comparison of Power comparison of stirred contactor -with
pitched blade turbine for different clearances.

The power consumption 1s compared for the same voidage.
From Table 23 we can see that at a clearance of 0.2T the power
consumption 1s mintmuin.

(5) Comparison of Power consumption of stirred contactor with
pitched blade and turbine type impeller for a clearance of 0.2T

The power consumption of stirred contactor with pitched
blade and turbine type impelier for a clearance of 0.2T is shown in table
24. The power consumption is compared for the same voidage. We can
see that a stirred contactor with pitched blade turbine at a clearance of
0.2T consumes minimum power. This may be due to the more radial
flow created by the turbine type impeller which is not needed for solid
suspension. :

(6) Comparison of Power consumption of stirred contactor witl
fluidised bed.

Here also power consumption is compared for the same
voidage. The fluidised bed is compared with stirred contactor with
pitched blade turbine at a clearance of 0.2T. We can see from Table 25
that liquid fluidised bed is more efficient for solid suspension than a
stirred contactor. In stirred contactor the impeller creates radial fiow n
addition to the axtal flow. The axial flow ts needed for solid suspenston.
Hence in stirred contactors, energy ts wasted for creating the radial flow.
In fluidised bed, there is considerable pressure drop m the distrnibutor.
Hence a fluidised bed with an efficient distributor 1s most  suitable for
solid suspension.
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CONCLUSION :

This investigation on solid suspension and hydrodynamics of
liquid fluidised bed and stirred contactor brings out the following
conclustons: :

(1) Sold suspension rpm could be predicted by the maxima and

mmima of Ng Vs Ng, plotand N, Vs Nz, plot.
- (2) A stirred contactor with pitched blade turbine at a clearance of

0.2T consumes minimum power for solid suspension.

(3) A fluidised bed with an efficient liquid distributor 1s most suitable
for solid suspension.

(4) The expansion behaviour of liguid fluidised bed is not
homogeneous over the entire voidage range.
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NOMENCLATURE

= Impeller diameter, m
= Height of liquid, m
Impeller speed, sec’
Slope

Reynolds number, (-)
Power number,  (

Q = Flow number, (
Power, w

= Vessel diameter, m
= Superificial velocity, ms™

U, = Terminal settling velocity, ms™

-)
-)

Il

CHvZZ22Z2=22ZTC
[n

Greek Symbols

m =  dynamic viscosity, PaS
P = density of liquid, kgm™
£ = voidage
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Material - ILMENITE
Particle size = 105- 150 u
Initial height of the bed = 5.5cm
Hcight Power Toltal
U bAdP AP“ ol bed Voidage | In g | givento | Power
e overa nu solids supplicd
cm/scc T
(em/sce) (N/m?) | (Nfm?) (Cm) (8) wats) | (walts)
0.04026 4998 2069 7 6.0 04167 =3.2120 | 08753 | 0.00996 | 0.0414
009058 o07.6 23069 6.5 0.4440 240103 | 08110 ) 0.02734 ] 01038
0.21130 636.0 29341 7.0 (. 3000 1533400 | -0.6930 | 0.06894 | 05081
0.30190 6606.4 38576 1.2 05138 | -1.1976 | 1.6639 | 6.09960 | 0.37506
0.46290 0688.2 46079 7.5 0.5350 S0.7702 | -0.6286 | D.13820 | 1.O3Y8
0.30320 735.0 5551 7.8 0.3512 -1.6867 | 03966 | (LI83BO | 13827
0.60380 734.0 6977.6 8.3 (} 5882 05043 | -003306 | 0.220640 | 2.0932
0.78503 802.6 100450 1.4 (.6929 -0.2420 | 03668 | 31290 | 39168
0.96620 §23.2 [21334 12,5 0.7200 | -0.0343 | 03283 | 037040 | 3.4701
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TABLE - 2

Material . ILMENITE
Particle size = 150 - 180 p

Height ofbed = 55c¢m

Suplcrt‘i.ci:ﬂ AP AP Helgh[ PO\\'er Total
ve "U‘-‘ of bed | Voidage given | enargy
y bed | overall Inu Ing | ~ to (watts)
fenvsech | (Nfm?) (cm) | (&) solids
2 >
(N/m®) {(watts)

0.1710 362.6 2963.52 538 0.3960 [ -1.7600 | 0.9263 0Oxg | 02319

10.3019 421.4 4019.906 6.1 0.4262 -E 1680 | 08528 | L0632 | 00030
0.4026 5292 4884.52 . 74 0.3270 H.9008 | -0.6405 0 HE | 02770
0.6039 338.6 763330 7.6 0.3395 -r3043 | o171 D163 | 22960
(1.6642 3782 9319.72 8.3 0.5783 04091 | 03476 | U190 ] 21410
0.7043 388.0 12831.72 9.1 0.6153 20.3502 | 0.4856 | 0.2000 | 44980
0.8355 397.8 14984 2 93 0.6236 | -0.1799 | -0.4722 0.243] 62180
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TABLE - 3

Material : ILMENITE
Particle size = 210-355p

Initial height of the bed = 5.5 cm

AP AP nght . Power Tota]
U | bed overll ofbed | Voidage |\ In u | [n g | tosolid | power

(c/see) | (N/m’) (N/m") (Cm) (€) .' (watts) | (watts)

0.0744 6664 218344 7.0 030000 | -2.3980 | -0.6931 (.025 0.081
01912 686.0 2363.6% 7.2 051380 | -1.6340 | 06639 | 0.066 (.234
0.2516 7546 3171.28 7.3 0.52050 | -1.3790 | 0.6321 (1094 0.397
0.3623 793 8 4370.80 8.2 055290 | 10150 | -0.3925 | 0.143 0.787
04428 §23.2 367420 8.6 039300 | 08148 | 03275 | (181 1.248
01,3334 §52.6 | GRG3.Y2 9.0 061110 | -0.6284 | 04975 | 0225 1.819
0.7043 §72.2 Y500, 12 9.2 061936 | -0.3302 | -0.4787 | 0305 3.325
.8253 y21.2 | 1082392 9.4 062105 | 01920 | 04763 | 0.37% 4437
1.8454 930.0 Ha30438 9.8 064280 | 01674 | 04418 0.399 1.641
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Contactor -
Material SAND
Particle size 300 - 355 u
Initial height ofbed = 54 cm
U AP AP | Height l Energy | Total
of bed | Voidage | ] 1 to solid | energ
(cm/sec) | bed | overall € nu ineg mesy
-, tt.. (Sl as 1 1ea Th
(N/m?) | (N/m?) | (cm) () (watts) || Cte)
0.11070 205.8 2326.52 6.1 04196 | -2.2000 | 08684 | 0.0120 128
0.13097 23532 2716.36 6.3 . 0.4381 -1.8v00 | H.8233 | 0.0180 0204
0.30194 284.2 122028 6.6 0.4636 | -1.1970 | -0.7687 | 0.0430 483
048310 2940 6379.80 6.7 0.4776 {.7275 | 0.7389 0.0710 1531
00.35400 3234 9025 80 6.8 0.4794 053915 | 07352 0.0890 2482
(0. 7435010 3528 133377 7.2 (.5083 12997 | 46766 U131 00y
0.92600 362.6 221713 7.5 0.5280 | 0.0769 | 0.6386 | 0.1670) I 199
1.00600 363.6 262856 8.3 0.5735 00039 | L5360 | 01823 13142
1.34900 3687 361169 V.6 0.6354 42991 | 04533 0.2970) 2419y
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TABLE - §
TURBINE TYPE IMPELLER

Material . ILMENITE
Particle size = 105 - 150 p
Initial heightofbed = 6 c¢m

Impeller clearance
from bottom = 0.IT = 25 ¢cm

RPM Total Power

Power | given to
tnput slurry
(watts) | (watts)

[Zxpansion

(€) x 10™

(cm) Voidage Np(') Nrc(') NQ(')

145 30.0 16.25 00 | 0416740120 6 93
160 18.0 923 0.3 | 04440 | 1.7156 7 40
200 270 | 16.10 30 06110 | 19480 750
260 471 33.10 7.3 | 0.7370 | 2.2010 2 00
330 S80 | 35.10 10.0 | 0.7820  1.2160 9 40
380 96.0 | 67.10 (3.0 | 08160 1.6160 | 10.00
425 154.0 1092 t50 | 0.8330 2.147Q| 10.80
465 190.0 150.0 16.5 | 0.8440 | 2.1530 | 11.60
560 3500 | 2822 17.5 | 0.8510 23150 | 13.80

0.010
0.015
0.098
0.114
0.116
0.091
0.087
0.082
0.073
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TABLE - 6
TURBINE TYPE IMPELLER
Material ILMENITE
Particle Size = 105-150 p
impeller clearance = 02T = 5cm
[nitial height of the bed 6 cm
Total | Power _ _
RPM | Power | givento | E¥pamsion | Voidage N N N
{watts) slurry ‘ £ p (" Re {-) Q ()
(watts) (cm) ®) x 107
65 7.0 1.00 1.6 0.5339 | 3.1790 270 | 0.227
115 8.0 1.10 2.1 0.568 | 0.6560 450 | 0.140
160 10.0 1.25 37 0.639 | 0.3060 570 | 0.144
210 20.0 9.20 4.5 0.667 | 1.0380 7.20 | 0.112
278 324 15.20 7.5 0.741 | 0.8740 850 | 0.107
305 524 | 3340 9.7 0.777 | 14920 8.80 | 0.104
350 620 | 37.25 11.6 0.811 | 1.1497 9.50 | 0.102
405 924 | 60.10 | 155 0.837 | 1.2830 | 10.26 | 0.099
460 1520 | 110.10 17.0 0.848 | 1.6730 | 11.40 | 0.093
311 209.1 | 161.90 17.5 0851 | 1.7740 | 12.60 | 0.080
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TABLE - 7
TURBINE TYPE IMPELLER

Material : ILMENITE

Particle size = 105-150 p
Initial height of bed = 6 cm
Impeller clearance = 03T = 7.5 cm
RPM : Total Power |
| Power | inputto tEp“"m" Voidage N Nge () N
Lansumption cm - _ -
g | Qo (em) @ Ne Oyt Nol)
‘ .
62 85 3.5 1.0 0.500 | 2200 268 | 0.116
103+ 45 25| 48 0.676 | 2.426 3.35 | 0.237
140 ¢« 10.0 2.2 91 | 0.768 | 0.994 406 | 0.235
190. @ 20.0 92| 101 | 0783 | 1.708 | 540 | 0.177
272 1 378 | 233 | 105 | 0788 | 1418 | 7.60 | 0.126
300 ¢+ 522 34.2 10.8 0.792 | 1.642 830 | 0.117
350 600 36.0 12.0 0.806 | I.1i8 940 | 0.104
401 96.0 63.6 5.7 0.839 | 1.405 | 10.13 | 0.097
439 ¢ 147.0 110.9 170 | 0.848 | 1905 | 1090 | 0.091
0.083

485 | 1900 | 1470 17.4 0851 | 1.882 | 11.95
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TABLE - 8

TURBINE TYPE IMPELLER

Material HMENITE

Particle Size = 150 - 180 u

Initial height of bed = 6 cm

Impeller clearance = 01T = 25 ¢m

RPM Total Power

Powe_r given tO | Expansion | Voidage - - -
consumplion S|UI‘I‘y (Cm) (8) Np( ) NRC (-4) NQ( )
(watts) x 10

70 180 | 125 | 04 | 0417 | 25060 | 3.34 | 0.008
142 31.0 | . 232 06 | 0417 | 6.106| 6.78 | 0.010
193 15.0 8.5 1.5 | 0.533 1.024 | 8.02 | 0.015
245 19.2 10.8 3.0 0.611 0.706 916 | 0.113
263 34.0 19.0 44 | 0664 | 108 | 930 | 0117
305 450 264 6.4 0718 1.055 9.60 | 0.090
330 60.0 37.0 7.3 0.737 1.114 | 1040 | 0.086
390 93.0 61.5 1 10.1 | 0783 | 1.3201 11.00 | 0.082
440 i1.2 76.0 14.0 0.825 | . 1.235| 11.40 | 0.072
525 232 | 1800 | 170 | 0848 | 1.811| 13.00 | 0.070
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TABLE - 9

TURBINE TYPE IMPELLER

Material ILMENITE

Particle Size = 150 - 180 pn

Impeller Clearance = 0.2T

Initial height of bed = 6 cm.

RPM Total Power

| Power given to Expansion : NRC (")
(watts) slurry ) Voidage | N (-) -3 NQ(-)
(watts) (cm) (€) P x 10

95 4.00 0.68 0.0 0.42 0.588 450 ] 0.100
125 7.12 0.86 35 0.63 0.438 515 1 0.130
152 9.11 o 1.13 4.2 0.65 0.330 6.07 | 0.140
172 11.12 2.45 4 8 0.67 0.506 820 | 0.145
240 1620 |  3.60 572 0.69 0.522 970 10.112
302 4480 | 2620 7.0 0.73 0.818 1026 | 0.107
342 60.00 | 3530 10.1 0.78 1.10] 1068 | 0.104
367 6510 37.10 10.3 0.80 1.060 1133 10102
440 102.00 64.40 14.2 083 [.160 1248 | 0.099
506 175.00 | 126.00 17.0 0.85 1412 1351 | 0.093
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TABLE - A0
TURBINE TYPE IMPELLER
Material SAND
Particle Size = 300 - 335
Impeller Clearance = 01T = 25 em
Initial Bed Height = 6 cm.
RPM Total Power
Power | given to Fupansion | Yoidage Nge ()
consumption | - ' N (-) a N -
(watts) (ivt;rtZ) (cm) | (&) ‘p X 10 ol*)
75 6.0 1.0 0.0 0410 3.20 2.0 0.033
140 8.8 1.8 02 0.420 0.90 37 0.026
202 10.8 22 20 .| 0558 0.37 . 53 0.147
260 16.0 2.8 6.0 0.705 0.22 6.8 0.191
290 24.0 7.5 7.4 0.736 0.43 7.6 0.187
330 50.4_ 28.0 11.3 0.795 1.07 8.6 0,200
4350 58.0 333 121 0.805 1.05 | 92 0.193
432 102.0 670 152 0.833 1.14 11.3 0.170
510 [ 711 121.0 17.0 0.846 1.25 134 0.162
562 | 2460 192.0 17.1 0.847 1.50 147 0.150
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TABLE - 11
TURBINE TYPE IMPELLER

Material SAND
Particle Size = 300 - 355
Impeller clearance = 02T = 5.0cm
Initial bed height = 6 cm
RPM Total I?ower Exoasion .
uf:.\(l)l:\];irm gl\].fen 1o | AT Voidage ND (-) NRc (-4) N (-)
{watts) (iv:;g) (Cm) (8) X 10 Q
75 4.0 0.86 0.4 | 04530 | 2.800 2.1 | 0.104
130 60 | 156| 06 [04700| 0980 | 3.4 | 0084
120 77 | 356 34 |06276] 0840 | 47 | 0210
515 | 104 | 423 ] 39 |06464 | 0580 | 5.6 | 0.19]
560 | 160 | 530| 64 |07177| 0414 | 6.8 | 0200
500 | 240 | 650] 9.0 | 0801|0370 | 76 |0.206
335 | 504 | 28.00| 116 |08284 | 1.120 | 85 | 0203
360 | 725 | 4350 144 |08330| 1280 | 94 |0.199
430 | 1209 | 8580 | 150 | 08471 | 1.480 | 11.2 | 0.170
160 | 1280 | 8800 | 170 |08484 | 1240 | 121 |0.162
500 | 1596 | 11000 | 17.1 | 08853 | 1270 | 13.1 | 0.150
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TABLE - 12
TURBINE TYPE IMPELLER

Material SAND

Particle Size = 300 - 355

Impeller clearance = 03T = 7.5 cm
Initial Bed height = 6écm
RPM | Total Power Expansion _
emrvin | Sary” | (om) | | No() | Nie() | Nt
(watts) - (watts) X 10-4
88 6.00 0751 04 | 0447 1.520| 2.30 | 0.075
122 7.77 0.87 [.O | 0494 | 0660 | 320 | 0.164
158 9.10 096 20 | 0558 | 0330 | 4.14 | 0.188
192 10.40 142 353 | 0687 | 0276| 5.03 | 0245
228 12.60 2021 66 | 0719 | 0255| 598 | 0.223
282 20.00 350 86 | 0757 | 0214 | 7.40 | 0.203
512 4200} 2300| 11.2 | 0.794 | 1.040| 820 | 0.208
548 55.10 | 3300 IS0 | 0832 | 0990 | 9.12 [ 0.210
380 60.00 | 4380 | 16.1 | 0840 | 1.090| 990 | 0.177
4350 | 11800 | 8140| 17.0 | 0846 | 1220 11.80 | 0.168
495 | 15200 [ 108.00| 17.1 | 0.847 | 1230 12.90 | 0.141
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TABLE - 13

PITCHED BLADE TURBINE (ANTICLOCKWISE
ROTATION - OUTWARD PUMPING)

Material : SAND

Particle size = 300 - 355 p
Impeller Clearance = 0.1T = 2.5 cm
Initial Bed height = 6 cm

RPM : Total Power

. Power | givento
amsunHion Slu”_y
: (WattS) (WattS)

Expansion

| Voidage | Np(-) | Nee (| No()

| (€) x 10 |
100 666| 088 | 050 | 0455 | 0400 | 4.10 | 0.050
145 911 1.10 .10 | 0502 | 0.162 | 590 | 0.083
200 - 2200| 940 | 410 | 0650 | 0.530 | 8.10 | 0.096
250 5040 | 3590 | 7.30 | 0.734 | 1.036 | 1020 | 0.112
300 6000 | 41.40 | 1090 | 0.791 | 0.700 | 1226 | 0.109
350 7040 | 4565 | 13.10 | 0.815 | 0.480 | 1430 | 0.100
370 9860 | 69.10 | 1430 | 0.826 | 0.613 | 15.13 | 0.097
430 1521 | 117.00 | 1630 | 0.842 | 0.662 | 17.63 | 0.089
520 3000 | 24800 | 17.50 | 0.849 | 0.705 | 2124 | 0.075
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TABLE - 14

PITCH BLADED TURBINE - (ANTICLOCKWISE
ROTATION - OUTWARD PUMPING)

Material : SAND

Particle size = 300 - 335 u
Impeller clearance = 0.2T = 5.0 ¢m
Initial Bed Height = 6 cm

Toral Power
RPM. [T, S [ |00 TN [N x| Mol
(Watts) | (yarts) (cm) 10'4(_)
100 50 | 6560 | 05 | 0455 | 0295 | 4.06 | 0.040
130 67 | 0832 | 1.9 | 0552|0180 | 530 | 0112
| 160 8.4 1.200 2.6 | 0588 | 0.130 654 | 0.105
190 160 1 22001 33 1 0619 ) 01441 776 | 0100

2200 191 27001 64 0715 '| 0.114 901 0.120
283 301114500 | 1010780 | 0.282 . 11.64 i 0.10]
323 1520 129500 | 132 | 0816 | 0387 | 1328 | 0100

390 041 132500 | 139 | 0838 | 0246 | 1594 | 0.097

4421 1524 1985500 | 175 | 0.849 | 0.513 |8.0(1'0‘088
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- TABLE - 15

PITCHED BLADE TURBINE (ANTICLOCKWISE
ROTATION - OUTWARD PUMPING)

Material SAND

Particle Size = 300-355 pu

Impeller clearance = 0.3T = 7.5 cm

Initial height of bed = 6 ¢cm

Total Power
RPM | SO0, ento o Yot |, ) [ N x| Noto)
(watts) | - atrs) 107

110 6.0 1.05 2.2 | 0.5683 | 0.355 440 | 0.138
142 | 84 | 215 | 41 |06495| 0338 | 5.80 | 0.149
| 80 13.5 3.50 63 107122 0270 7.40 | 0.145
220 24 .0 11.40 83 07524 0482 899 | 0.134
230 40.5 26.00 10.1 | 07811 | 0.962 940 | 0.139
20 | 522 | 3560 | 119 | 08022 | 0912 | 10.62 | 0.130
300 36.0 38.05 143 | 0.8256 | 0.635 [2.26 | 0.122
400 84.0 49 80 |.7.5 0.8494 | 0.350 16.34 | 0.097
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TABLE - 16

PITCHED BLADE TURBINE
ROTATION - OUTWARD PUMPING)

(ANTI-CLOCKWISE

Material ILMENITE
Particle Size = 150 - 180 p
Initial height of the bed = 6 cm
Impeller clearance = 01T = 25cm
Total Power
Power gIven to | Expansion | \
KM oo | sy oy’ 0T | Ne () Ne X [Nol0)
(watts) (watts) € 10 (-)
102 60| 087 0.4 | 0453 | 0.330 460 | 0.045
130 71 1.80 0.6 | 0465 | 0.320 5.90 | 0.047
140 10.5 2.70 1.4 | 0527 | 0398 6.40 | 0.055
185 136 3.85 3.0 | 0.611 | 0.246 840 | 0.063
210 20.0 7.40 46 | 0650 | 0.322 9.60 | 0.064
280 348 18.30 84 | 0757 | 0.336 | 12.78 | 0.065
332 64.0 41.60 11.3 | 0.798 | 0460 | 15.14 | 0.060
402 136.5 | 102.30 158 1 0839 | 0.636 | 1834 | 0.054
480 1 2695 | 21030 166 | 0.845 | 0.768 | 21.90 | 0.046
572 | 482.0 | 403.80 175 0852 | 0.831 | 26.09 | 0.039
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TABLE - 17

PITCHED BLADE TURBINE
Material HLMENITE
Particle size = 150 - 180 p
Initial height of bed = 6 cm
Impeller clearance = 02T = 5.0cm

Total Power ; ‘

p S t LNpinsion ] ,

amg::p?{m ;Tj:]ry-o (cm) Voidage Np(-) Nge X NQ(-)

RPM | vais) | (gae) ) 107)

62 5.0 0.63 0.6 0.469 | 0.0720 2.80 | 0.066
132 | 66| 085| 28 | 0.613 | 01504 602 | 0.068
152 9.1 .10 3.1 0616 | 0.1286 6.93 | 0.070
198 i7.1 6.30 4.6 0.669 | 0.3280 9.03 | 0.071
233 J 33.6 19.10 7.3 0.737 | 0.5940 | 10.72 | 0.071
270 | 493 | 3280 | 86 | 0.760 | 0.6730 | 12.32 | 0.066
305 1 600 | 4140 107 | 0.791 | 0.5900 | 13.92 | 0.063
362 [44.3 | 11430 [3.6 0.82'1 0.6304 | 16.52 | 0.059
430 160.0 | 124.30 16.6 0.843 | 08430 | 19.62 | 0.052
500 [77.0 | 12800 | 17.5 0.851 | 04140 | 22.81 | 0.045

Dept. of Chemical Engincering, TRMCE. Kollam
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Contactor

TABLE - 18

PITCHED BLADE TURBINE

Material :

Particle size

ILMENITE

=150 - 180

Initial height of bed = 6 cm

Impeller clearance = 03T =7.5cm
Total Power
RPM J:"Lei giT:?r;o Ezpé:;ojl Voidage = N (-) Nge X No(-)
(watts) | (yatts) (€) 1074
102 60 | 09| 05 | 0462 | 0343 | 4.65 | 0.049
150 | 96| 18| 63 | 0708|0216 | 684 | 0063
(90 | 150 | 42| 94 | 0773 | 0250 | 8.67 | 0.073
205 | 240 | 114 | 99 | 0780 | 0463 | 9.81 | 0076
255 | 420 | 275 | 10.1 | 0.783 | 0.670 | 11.63 | 0.071
282 | 510 | 345 | 116 | 0.801 | 0.622 | 12.86 | 0.067
320 | 640 | 416 | 137 | 0822 | 0513 | 14.60 | 0.063
352 | 816 | 568 | 160 | 0.841 | 0.526 | 16.06 | 0.0
410 | 156.0 | 1218 | 16.8 | 0.847 | 0.714 | 18.70 | 0.030
450 | 215.0 | 177.0 | 175 | 0.851 | 0.785 | 20.53 | 0.049

Dept. of Chemical Engincering. TKMCE. Kollam



[nvestigation on Solid Suspension and Hydrodynamics of Liquid Fluidized bed and Stirred
Contactor

40

TABLE

PITCHED BLADE TURBINE (OUTWARD
PUMPING)

Material ILMENITE
Particle size = 105 - 150 p
Impeller clearance = 0.1T = 2.5 cm
Initial height of bed = 6 c¢m
Total Power _
RPN | Pover | ghvenio | B | Vodase | Ny(-) | N x | No(-)
ki slurry (Cm) (8) 10-4(_)
(watts) (watts)
50 203 153 04 0.453 | 4940 228 | 0.032
102 8.8 I-.7 0.8 0.485 | 0.723 465 | 0.035
130 11.7 39 1.2 0.514 | 0.717 593 | 0.037
140 133 45 .4 0.527 | 0.670 638 | 0.040
| 80 |6.0 51 39 0.647 | 0.353 821 | 0.063
243 540 395 8.4 0.757 | 1.08 | 11.18 | 0.065
280 66.0 490 10.7 0.791 [ 0702 | 12.77 | 0.058
340 95 | 710 13.4 0.820 | 0.730 | 1551 | 0.057
372 148.7 119.0 153 0.836 .| 0940 | 16.97 | 0.046
435 | 2250 | 1880 17.2 0.849 | 0.920 | 19.81 | 0.044
473 300.0 | 260.0 17.5 0.837 | 0.980 | 21.67 | 0.043

Dept. of Chemical Engincering. TRMCE. Kollam



Investigation-on Solid Suspension and Hyvdredynamics of Liquid Fluidized bed and Stirred +1

Conltactor

TABLE - 20

PITCHED BLADE TURBINE (OUTWARD

PUMPING)

Material HMENITE

Particle size = 105-150u

Impeller clearance = 02T = Scm

Initial height of bed = 6 cm

Total Power _
RPM | Power | givento | Fxpassion | Voidage Np(-) | Nge X N
consktmption ] - -4 -

102 6.0 0.87 04 0453 | 0.330 4.6 0.031
130 7.1 1.80 0.6 0.469 | 0.320 59 0.040
40 | 101 | 2700 14 | 0527 |0398| 64 | 0057
185 13.6 3851 30 | 0611 | 0246 84 | 0.063
210 50.0 740 46 | 0650 | 0322 96 | 0.064
280 | 648 | 3830 84 | 0757 |0336] 127 | 0.065
332 780 | 4160 | 113 | 0798 | 0460 | 151 | 0.060
402 136.5 | 102.30 15.8 6.839 0.636 183 0.064
480 | 2695 21030 166 | 0.845 0768 | 219 | 0.060

t 572 | 482.0 | 40380 | 175 | 0852 | 0.870 | 26.1 | 0.052

Dept. of Chemical Engincering. TKMCE., Kollam
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Contactor
TABLE - 21
PITCHED BLADE TURBINE (OUTWARD
PUMPING)
Material HMENITE
Particle size = 105 - 150
[mpeller clearance = 0.3T = 7.5cm
Initial height of bed = 6 cm
Total Po_wer ’ ‘
P i LXpansion i
RPM um?u.\:p?:m b;\;s:.;o (Cm) Voidage Np(-) NRc X NQ(-)
(watts) | (uaus) | (€) 1 0-4(_)
100 6.0 0.72 46 | 0669 | 0.324 456 | 0.172
145 84 | 096| 66 | 0722 | 0.143 | 6.61 | 0.101
180 1.2 1.45 7.8 0.746 | 0.112 821 | 0.086
212 13.0 4.40 9.1 0.768 | 0.208 967 | 0.079
290 392 2250 129 0.814 | 0.415 | 13.23 | 0.065
322 62.0 3960 | 155 0837 | 0.534 | 14.69 | 0.063
353 91.0 6625 164 |.0844 | 0.667 | 16.14 | 0.058
420 | 1600 | 12580 | 175 | 0.851 | 0.765 | 19.16 | 0.050

Dupt, of Chemical Engincering, TKRMCE, Kollum .



Investigation on-Selid Suspension and Hydrodvnainics of Liquid Fluidized bed and Stirred
Centactor :

TABLE - 22

STIRRED CONTACTOR WITH TURBINE TYPE
IMPELLER |

POWER CONSUMPTION FOR DIFFERENT CLEARANCES

o 0.1T 0.2T 03T
Particle size | Voidage | Power (watts) | Power Power
(g) . (watts) (watts)

ILMENITE | 0.53 19.0 6.0 9.1
150-180p | 073 | 27.0 18.2 26.5
0.83 61.5 56.5 60.3

| ILMENITE | 0.50 18.0 5.0 9.0
105-150 0.60 27.0 9.0 15.5
0.81 72.0 52.0 68.0

SAND 0.55 12.0 6.0 8.0
300-355 p 0.70 28.0 16.0- 19.0
- 0.63 58.0 38.0 55.1

Dept. of Chemical Engineering. TKMCE, Kollam
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Contactor

TABLE - 23

STIRRED CONTACTOR WITH PITCHED BLADE
TURBINE
POWER CONSUMPTION FOR DIFFERENT CLEARANCES

Particle size | Voidage | 0.1T 02T | 0.3T

() Power Power | Power
(watts) (watts) | (watts)

ILMENITE 0.61 19.0 5.0 8.0
150 - 180 0.72 | 24.0 | 168 | 22.0
0.83 51.0 | 45.0 | 49.0
ILEMNITE | (.61 17.0 40 | 15.0
105-150p | 72 23.0 7.0 | 21.0
0.83 62.0 | 49.0 | 59.0

SAND 0.61 10.0 3.0 7.0
300 - 355 0.72 24.0 14.0 | 22.0
0.83 540 | 34.0 | 50.0

Dept. of Chemical Engineering, TKMCE. Kollam



Investigation on Solid Suspcns:on and H\drod\ namics of Liquid Fluidized bed and Stirred

Contactor

COMPARISON OF POWER CONSUMPTION OF STIRRED

TABLE - 24

CONTACTOR WITH TURBINE TYPE IMPELLER
AND PITCHED BLADE TURBINE FOR 0.2T

CLEARANCE
Particle size = Voidace | TURBINE TYPE PITCHED BLADE
- IMPELLER TURBINE
(€) Power (watts) Power (watts)

ILMENITE | 0.61 12.0 5.0
150- 180w 0.72 21.0 16.8
0.83 78.0 45.0
ILMENITE | 0.61 10.0 4.0
105-150p | 0.72 20.0 7.0
0.83 75.0 49.0
SAND 0.61 11.0 3.0
300-355p 1 0.72 21.0 14.0
0.83 77.0 34.0

Dept. of Chicnuical Engincering. TKMCE. Kollam




Investigation on Solid Suspension und Hvdrodynamics of Liquid Fluidized bed and Stirred 46
Conlacior '

TABLE - 25

COMPARISON OF POWER CONSUMPTION OF
FLUIDISED BED AND STIRRED CONTACTOR
WITH PITCHED BLADE TURBINE (0.2T
CLEARANCE) |

Particle size Voidage STIRRED FLUIDIZED BED
CONTACTOR Power (watts)
(8) Power (watts)
ILMENITE 0.42 422 0.651
150 - 180 u 0.53 - 5.82 2.311
0.67 17.10 8.218
[LMENITE 0.42 3.12 0.3012
105 -150 p 0.53 4.82 0.8791
0.67 14.82 6.3120
SAND 0.42 3.88 0.4918
300-355 1 0.53 5.02 1.3120
0.67 15.65 R 7.6120

Dept. of Chemical Enginccring. TRMCE. Kollam
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Contactor ' .

TABLE - 26

THE SLOPES AND INTERCEPTS OF Inu Vs
Inc: PLOT FOR VARIOUS PARTICLE SIZES

‘ ~ [ntercept, T Single particle terminal
Material Slope, n muU | settling velocity, U, cm/sec
: t
ILMENITE 224 0.66 1.94
105 - 150 w
ILMENITE | 1.844 0.71 2.04
150 - 180 u
ILMENITE | 4.12 1.2 332
210 -355
SAND 2.245 0.66 1.94
300-355

" Dept. of Chemical Engineering. TKMCE. Kollam
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FIGURE- 3
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FIGURE- IV
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FIGURE - VI
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FREGURE - VII
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FIGURE - VIII
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FIGURE - 1IX
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FIGURE - X
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FIGURE - XII
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FIGURE - XIV
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FIGURE - XVI
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FIGURE - XVII
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FIGURE - XVIII
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FIGURE XX

TURBINE TYPE IMPELLER

150 - 180 microns

Material - ILMENITE Particle size =
| ———0
o T 7
/’. -
hk_#*,/’ dlearanca = 0.1
—_  —
0 2 4 6 8 10 12 14
-4
NRé x 10 {-)
- -1
.
’_e.’e""].
S —
~—_—,,f”2r,///, Clparance ¥ 0.2T
0 2 4 6 8 10 12 14
Noox 107Y ()



FIGURE - XXI
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FIGURE - XXIII
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