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Abstract: The present day worldwide commercial activities for the treatment of industrial effluents and waste
water from many industries like wine, distillery, sugar industries use inverse fluidization technique for its
process simplicity, easy to handle, low process costs, low energy consumption and high efficiency as
compared to conventional fluidization technique. The advantages of this high rate of heat and mass transfer,
low attrition of solid particles, and easy re-fluidization in case of power failure have prompted further
advanced research interest in hydrodynamic behavior of inverse fluidization. In the present work, basic
experiments on fluidization were conducted using water as liquid phase and HDPE, LDPE and PP as Solid
Particles with a size ranging from 2mm to 4.27mm in 2-Phase inverse fluidized bed. The fluidization behavior
of the solid Particles, including the bed expansion, voidage profiles, height factor profiles and the fluidization
velocity profiles for the inverse fluidized bed are also investigated. The results showed that smoother
fluidization was observed with increasing the liquid velocity.

Keywords: Industrial effluent, inverse fluidization, chemical oxygen demand, hydrodynamic studies,
optimization, response surface methodology.

I. Introduction
When the density of the particles is smaller than that of the liquid, fluidization can be achieved with
downward flow of the liquid counter to the net upward buoyancy force on the particles. In this type of process
the gas flow is upward, counter to the liquid flow. This type of fluidization is termed inverse fluidization.
Inverse Fluidized Beds can be operated as two-(liquid-solid)or three- (gas-liquid-solid) phase systems. Under
the fluidized state, gravitational pull force on solid particles is offset by the fluid drag force. In fluidized
condition particles remain in a semi-suspended condition.

Liquid fluidization technologies have received large attention because of the development of newer
application fields, mainly biochemical processing and waste-water treatment. Liquid–solid fluidization
generally operates with an upward flow of liquid using particles of higher density than the liquid. Inverse
fluidization is a phenomenon where the particles, which have a density lower than that of the liquid, are
fluidized by a down-flow of the liquid. The inverse fluidization system has gained significant importance
during the last decade in the field of environmental, biochemical engineering, and oil–water separation. As the
solids can be fluidized at low liquid velocity, the energy expenditure is low and also the solids attrition is
minimum.The other advantages are the high mass transfer rates, minimum carryover of coated
microorganisms due to less solids attrition than normal fluidization and ease of re-fluidization in case of
power failure.

II. Experimental studies
A schematic diagram of the gas fluidization system is shown in the figure 1. The system consists of the
column is transparent and made up of glass material with a diameter of 50 mm and the height of the column is
70cm, with an inlet at the top and an outlet at the bottom. The flow of the fluid (water) through this opening
was controlled by use of valves. Water pumped through a pipe which connected with a U tube manometer
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which is filled with mercury by 0.5HP motor pump to the top of the column. The pressure tapings were
mounted on the top of the column and bottom of the column and were connected to U tube manometers which
are filled with carbon tetra chloride as a manometer liquid. Fine stainless steel mesh was used at both
openings of the column to stop the escape of particles with liquid and its acts as a distributor. A motor driven
reciprocating Pump is used to pump the water at the top of column.

Parts of Experimental set-up:

1. The fluidized bed consists of a glass column with a length of 700mm and diameter of 50mm.

2. To pump the water a Centrifugal Pump is used.

3. Three numbers of U tube manometers

4. Syntax water reservoir

5. Two stainless steel meshes

Fig 1: Schematic diagram of experimental setup
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Then the flow rate was gradually increased and variation of bed height was observed. The minimum flow rate
where the packed bed just starts moving is termed as initial - fluidization velocity. The flow rate
corresponding to the point where the bed height just starts changing was determined and referred as the
minimum fluidization velocity. In a typical experiment in two-phase liquid solid system, for chosen particle
and static bed height, liquid at very low velocity was admitted into the column. After steady state is reached,
the pressure drop across the bed and bed height (through conductivity probes) were measured. The liquid flow
rate was varied in small intervals noting down all the variables mentioned above till the bed expanded to the
entire section. This procedure was repeated for various liquid flow rates. A U-tube manometer was used for
the measurement of the pressure drop at the top and bottom of the column. Carbon tetrachloride with density 1
.59gm/cm3 was used as the manometric fluid. Though the entire bed is fluidized, the concentration of solids is
not uniform along axis of bed. High concentration of solids is observed near the liquid distributor for further
increase in velocity, the solid hold up becomes uniform throughout the bed. This velocity is termed as
‘uniform fluidization velocity’. For each measured flow rate the bed height and the corresponding manometer
readings were noted and pressure drop was calculated.

III. Results and Discussion
It was observed experimentally that the bed of inverse fluidization was expanded largely. Previous studies on
inverse fluidization Vijaya Lajsbmi, A.C. et al (2000) [23] studied the hydrodynamic characteristics (bed
expansion and pressure drop) of low-density polyethylene (LDPE) and polypropylene (PP) are studied in a
liquid-solid inverse fluidized bed reactor as a function of particle diameter, liquid viscosity and density.
Sivasubramanian. V. Velan. M, (2006) [2] investigated minimum fluidization velocity, Umf, in a two-phase
inverse fluidized bed reactor is determined using low-density polyethylene and polypropylene particles of
different diameters (4,6 and 8mm) by measuring pressure drop.  Cho. Y. J. et al (2002) [51] studied
characteristics of heat transfer and hydrodynamics have been investigated in two- and three phase inverse
fluidized beds whose diameters are 0.152 and 2.5 m in height. Effects of gas and liquid velocities and particle
density (polyethylene and polypropylene) on the immersed heater to bed heat- transfer coefficient, individual
phase holdup, and minimum liquid fluidization velocity have been determined.

Mathematical model for bed expansion for different materials, different diameters at different bed
heights:
The different models for correlation of bed expansion with superficial fluid velocity can be classified into

three main groups. The first group is based on correlations giving the dependence between Ui

U

and ε. The
Richardson and Zaki model is most popular in this group . Among all the correlations the Richardson and Zaki
model is probably the most popular one due to its simplicity and its good agreement with experimental data. It
is based on the following equations.
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Where the exponent n can be determined from the correlations:

n= (4.4+18
D

d
)

1.0Re 
t

for < tRe < 200

n=4.4
1.0Re t

for 200< tRe < 500 and



242 H.Upender, K. Anand Kishore, V.V. Basavarao

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 10

October 2017

n=2.4

for tRe > 500

Ui the superficial fluid velocity at  ε=1,can be calculated from the following equation
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Where tU is the particle terminal velocity as given by the following equation
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The solid particles used in the up flow fluidized beds are usually of nonporous materials such as glass, metals,
and sand Each of these materials have a certain constant density. The  high density poly ethylene, ,low density
poly ethylene, poly propylene  spheres are used  in the inverse fluidized bed  are usually  not expanded
absolutely  uniformly  and hence  there exists a certain distribution  of particle density, for more precise study
of the bed expansion  charactrictis, this distribution  should be confined to more narrow  limits .This was
achived  by expanding  the bed in such a way that its lower boundary  reached  the output of  the column and
heaviest  particles  were washed out with the liquid.Therefore, the particles with higher density were removed
from the bed before the experiment.

The experimental results of bed expansion are given below .It can be seen that the experimental data of each
fluidized bed plotted as a function lnε-lnU can be interplotted by a staright line .When we did the comparison
between the HDPE,LDPE,PP for the Richardson zaki constant(n) by the experimental and calculated values.

Fig: 2. The experimental data of each fluidized bed plotted as a function lnε-lnU
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Table 1: Comparison of mathematical model for bed expansion of HDPE,LDPE,PP by the Richardson
zaki model

Bed Height
H0(cm)

intial

Particle
Diameter
dp (cm)

Material

HDPE LDPE PP

nExp n Cal nExp nCal nExp nCal

3

0.28

3.3 3.37 3.1 3 3.41 3.06

5 3.28 3.38 3.05 3.02 3.33 3.05

7 3.2 3.39 2.95 3.0 3.28 3.25

9 3.14 3.39 2.80 3.07 3.05 3.49

3

0.33

3.33 3.44 3.52 2.80 3.29 2.69

5 3.13 3.45 3.43 2.82 3.11 2.71

7 3.07 3.455 3.34 3.03 2.95 2.89

9 3.05 3.46 3.21 3.07 2.88 2.99

3

0.42

3.28 3.18 3.65 2.66 3.14 2.63

5 3.22 3.22 3.39 2.67 3.02 2.65

7 3.18 3.27 3.25 2.69 2.90 2.67

9 3.11 3.32 3.25 2.7 2.86 2.68

From the above comparison we will say that at most all the materials were obeyed the Richardson zaki
model,but littile bit of HDPE material were more bed expansion than remaining LDPE,PP because the density
of the HDPE materials were larger than remaning materials.Therefore the high denser materials movement in
the fluidized bed was faster than low denser materials so the bed expansion was more. On analyzing the
results of HDPE,LDPE,PP Summarized in above table .It can be seen that the exponent n obtained from the
experimental data and that calculated from the correlation of Richardson and Zaki are good
agreement.Therefore the experimental and the calculated  from Richardson and Zaki model are almost parlle.

Minimum Fluidization Velocity:
The minimum fluidization velocity, Umf is an important parameter involved in the design of the fluidized bed
reactors. For liquid-solid fluidization it is determined from the bed expansion studies. Determination of Umf

helps in finding the minimum superficial liquid velocity needed for keeping the particles as fluidized bed. The
condition for minimum fluidization velocity in two-phase inverse fluidization is that the pressure drop across
the bed is equal to the net buoyant force per unit area. When the net buoyant force per unit area is equated to
the pressure drop across the bed using Ergun equation and solved after rearrangement, one obtains for inverse
fluidized bed.

Where
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Wen and Yu (1966) found for a wide variety of particles, k1 ≈14 and k2 ≈11 and proposed the equation for
minimum fluidization velocity as

Correlation
The minimum fluidization velocity, Umf is an important parameter in determining the operating range of a
reactor. It is estimated from the correlation obtained from the experimental data relating to the minimum
fluidization velocity, Umf, Archimedes number, Ar and density difference.

From experimental data

Ar = 3dp 2
)(


gl

ppp l

Comparison of experimental minimum fluidization velocity and predicted minimum fluidization velocity by
the proposed correlation:

Some data are outside the error band shown. This may be due to the error in measurement of particle
properties and uncertainty of experimental data particularly for small density difference. In case of particles
having density closer to that of water, the densities of both the phases have to be measured very accurately.

The comparison of experimental and predicted minimum fluidization velocities in the form of Wen and Yu
correlation, the parameters k1 and k2 which depend on sphericity and void space at minimum fluidization were
floated.
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Fig 3: Graph of comparison of experimental and calculated minimum fluidization velocity
Effect of Initial Bed Height on Minimum Fluidization Velocity
The variation of the minimum fluidization velocity, Umf with the initial bed height, H0 for different diameters
of High density polyethylene (HDPE), Low density polyethylene (LDPE) and Polypropylene (PP) .And it is
shown in Fig .It was observed from the figure that the Umf is independent of initial bed height for the range of
particles studied (0.28, 0.33 and 0.42 cm).
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Fig 4 :  Effect of intial bed height on mimimum fluidization velocity Umf Effect of Particle Diameter
on Minimum Fluidization Velocity:
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The variation of experimental, predicted and Wen & Yu’s minimum fluidization velocities with the diameter of
the particle for High density polyethylene (HDPE), Low density polyethylene (LDPE) and Polypropylene
(PP). It is found that the Umf increases with an increase in diameter of the particle for High density
polyethylene (HDPE), Low density polyethylene (LDPE) and Polypropylene (PP) particles. The observed
increase is due to the increase in the Archimedes number as the particle diameter increases.

Fig 5: Effect of particle diameter on experimental, predicted and Wen & Yu’s minimum fluidization
velocities, Umf.

Effect of Particle Density on Minimum Fluidization Velocity:
The variation of experimental, predicted and Wen & Yu’s minimum fluidization velocities with the density of
the particle for High density polyethylene (HDPE), Low density polyethylene (LDPE) and Polypropylene
(PP) data is tabulated in Table 4.42 and it is shown in Fig. 4.44, 4.45, 4.46 and 4.47. It is found that the Umf

decreases with an increase in density of the particle for High density polyethylene (HDPE), Low density
polyethylene (LDPE) and Polypropylene (PP) particles. The observed decrease is due to the fact that, as the
particle density decreases, the upward buoyancy force increases and a higher downward force (higher liquid
velocity) is required to reach fluidization.

The comparison of experimental, predicted and Wen & Yu’s minimum fluidization velocities with the
density of the particles
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Fig 6: Effect of Particle density on Experimental, predicted, wen&yu minimum fluidization velocity

CONCLUSIONS
The bed however was expanded only within narrow range range of voidage, particle size, corresponding to
ratio of diameter of  particles to diameter of  the column  respectively .The bed remains fixed until the
minimum fluidization velocity is reached. At the minimum fluidization velocity the lower particles just starts
to move, the movement is like waves, particles goes up and comes down, net movement is zero. The minimum
fluidization velocity, Umf increases with an increase in diameter of the particle for High density polyethylene
(HDPE), Low density polyethylene (LDPE) and Polypropylene (PP) particles. The observed increase is due to
the increase in the Archimedes number as the particle diameter increases. The minimum fluidization velocity,
Umf decreases with an increase in density of the particle for High density polyethylene (HDPE), Low density
polyethylene (LDPE) and Polypropylene (PP) particles. The observed decrease is due to the fact that, as the
particle density decreases, the upward buoyancy forces increases and a higher downward force (higher liquid
velocity) is required to reach fluidization. The minimum fluidization velocity doesn’t depend on the bed
height. As the further increase in flow rate the movements of particles increases, the lower particles moves
downward the vacant space is filled by upper particles and so on, in doing so particles leaves their position
and they interact with neighbour particles, this phenomena leads to mass transfer and also heat transfer.On
further increasing in flow rates, particles start rotational motion with wavy motion.This phenomena leads to
turbulence and the better mixing.
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