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ABSTRACT

A fluidized bed reactor with a perforated draft tube was employed to obtain hydrodynamic
data for different Geldart’s particle group A, B, C & D by using various operating condition.
The stability and hydrodynamics properties of a fluidized bed are determined primarily with
respect to minimum fluidization wvelocity, pressure drop, minimum bubbling velocity,
fluidization quality with a perforated draft tube by changing the total gas flow rate through
the column. The result of calculation showed that, the pressure drop through the column
increases with the increase in gas flow rate. At about 1.7 U, some bed instability was
observed which is characterized by fluctuation in pressure drop, with increase in gas flow
rate this phenomenon disappeared. The effects of perforated draft tube on fluidization can be
evaluated by comparing the experimental results by using the Geldart’s correlation with the
correlation derived. Moreover the various correlations are derived by using the multiple
regression analysis method (Polynomial method) for fluidized bed with perforated draft
tube.
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Introduction

Fluidized beds possess certain structural and flow
characteristics that are very desirable for fast, highly exothermic
and endothermic catalytic reactions. However, the use of
fluidized beds as chemical reactors may suffer from less catalyst
interfacial area due to relatively larger particles, especially for
fast catalytic reactions which are limited by mass transfer and
only the external catalyst surface is effective. It is known that
the fluidization behavior in gas-solid fluidized beds depends on
the particles diameter and density. Geldart’s@ classified
powders into four groups, ie. C, A, B & D, based on their
fluidization behavior.

Therefore, it may be more favorable to operate fluidized
beds with relatively finer particles when applying as catalytic
reactors. For fluidization of fine particles, stable fluidization and
regular circulation of solids can be obtained only for a low gas
velocity. Moreover, in order to fulfill the criteria for stable
fluidization, relatively smaller nozzle is required, which gives
rise to the formation of dead zone at the bed bottom and high
particle attrition. By introducing auxliary fluid through a
perforated or perforated distributor surrounding the central
orifice, this fluid bed technique increases the fluid-solid contact
in the annulus portions.

Fluidized bed is a column open at top and filled with
relatively different diameter particle of solid. The fluid is
injected through a centrally located small opening at the base of
the vessel. If the fluid injection rate is high enough, the resulting
high velocity jet causes a stream of particles to rise rapidly in to
a hollowed central core within the bed of solids. This system is
termed as fluidized bed and the principle annular reason is called
annulus®:- The fluidization and its stability, operating condition,
fluidization bed height along with the changing phenomenon
from fluidization to bubbling, slugging, turbulent fluidization &
fast fluidization etc®. depends on many factors like effect of
particle size, orifice size of fluidization fluid, flow rate of
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fluidizing fluid, bed height and the density of particle used. For
a given solid material contacted by a specific fluid in a vessel of
fixed geometry, there exists a maximum bed height (H.),
beyond which the fluidization action does not exist but is
replaced by a poor quality fluidization. The minimum
fluidization velocity at this bed depth can be 1.25 to 1.5 times
greater than the corresponding minimum fluidization velocity
(U

Fluidized bed technique is widely used for operations such
as blending of solids, gas cleaning ,thermal cracking of crude
oil, drying of heat sensitive solids ). combustion and gasification
of coal or waste material” ,granulation and coating. Drying of
suspension ®) solution and paste can be achieved in bed of inert
particle of fluidized bed reactor.

The criterion for slug formation (Yang, 1976), maximum
stable bubble size (Geldart 1986), under similar operating
conditions minimum bubbling velocity and the fluidization
index (the ratio of minimum bubbling velocity to minimum
fluidization velocity.
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When the particle of the fluidized bed starts fluidized the
ergun’s equation is not used. Therefore for the theoretical
pressure drop calculation in the perforated fluidized bed for the

Geldart’s particle Ergun’s equation is not used. The
experimental Pressure drop calculated as ¢12)

AP=(1-Np, —pg)g x AN )
Fluidization Quality (FQ)

The flow of gas in a gas-solid fluidized bed is characterized
by the predominance of bubbles which lead to considerable bed
fluctuation at fluid velocity higher than that at the minimum
fluidization. Consequently, an instability in the operation results
which affects the fluidization quality adversely. Fluidization
quality is defined as the dimensionless pressure drop through the
bed. Bed fluctuation and fluidization quality being inter-related,
previous investigations on the quality were aimed at the
development of correlations for fluctuation ratio in terms of
static and dynamic parameters. Fluidization quality is define by
the equation is given by the®3),

AP x5 (6)
F.Q=———
Mxg
Where
S =cross sectional area of the bed (m?). and
S=d?h

M = Mass of the particles (materials) in the packed bed heights.
d = diameter of the fluidized bed column.
h = Total height of the fluidized bed column.

An FQ equal to unity characterizes a homogenous
fluidization of either individual particles or ephemeral
agglomerates. In contrast, channeling and slugging phenomena
lead to poorer fluidization qualities.

Experimental setup:

The experimental set-up as shown in Fig 2.Which consists
of an air compressor, an air accumulator for storing the
compressed air from compressor, rotameter, a fluidized bed
column of diameter 4cm, air distributor and U-tube water
manometer.

20 & control, 3:

4: Rota meter,
6: Water Head Manometer

p
5: i bed

Fig.1 Schematics of experimental setup

The experiment is carried out to study the hydrodynamic
characteristics of fluidization material with respect to static bed
height (H) during fluidization process. The experiments were
carried out in fluidized bed made up of acrylic column having
length of 80cm. The experimental set up comprises of the
fluidized bed column having the perforated draft tube and the
annular portion. The draft tube with 39.5cm length and having
the perforation at a gap of 5cm on the three sides of the draft
tube having the angle of 120 degree on the draft tube. The draft
tube was set up by providing the circular perforating plate to the
annulus portion of the fluidized bed column. The fluidized bed
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column is arranged such that the draft tube is acting as the multi-
circulating medium for fluidization material. The screen of very
fine size was placed just below the distributor to prevent the
backflow of bed materials. The rotameter was used for
measuring the air flow rate passing to the column. A U-tube
manometer was used for measuring the pressure drop across the
bed with the water as the manometric fluid.

Procedure:

The Bxperimental study consist of measuring pressure drop
and minimum fluidization height across the column with
different gas flow rate, different particle density, minimum
fluidization velocity and minimum bubbling velocity.

1) In the experimental study four different types of fluidization
materials of Geldart’s particles (Group A, B, C & D). Their
properties are shown in table.1.

2) The experiments were carried out by passing air through the
distributor plate by varying the different system parameters.
The expanded bed height and bed manometer reading were
noted down at different flow rates of air.

3) The data for different material were collected with perforated
draft tube and compared with Geldart’s correlation.

Table 1.Properties of different fluidization material

Group Name of Particles dp Density of Particles

C Cement particles 5pm 2120 kg/m®

C Fly ash particles 17 um 2890 kgm®

A Marble powder 75 um 3800 kg/m®

A M arble powder 90 um 4980 kg/m®

B Sand particles (MeshN0.60) 250 um 5200 kg/m®

B Sand particles (MeshNo.52) 300 um 5260 kg/m®

D Sand Particles (MeshN0.22) 710 um 5.22 kg/m’

D Sand Particles (MeshNo.14) 1204 pm 5.42 kg/m®
------- Air — 1.293 kg/m’

Results And Discussion
Pressure Drop

In ideal fluidization, when the superficial gas velocity (U,)
is increased from zero, the bed pressure drop (AP) increases, and
bed expansion occurs at U and the pressure drop levels off
beyond U, because it reaches the total weight of the particles
in the bed.

The operating bed pressure drop has been experimentally
determined in fluidized beds with a perforated draft tube with
change in static bed height at different operating conditions of
beds consisting of four Geldart’s particles with different particle
diameters, densities and shapes. Ergun equation is not applicable
for fluidized bed with perforated draft tube for calculating the
pressure drop, new corrections are derived which is used in the
calculation of the pressure drop is tabulated in table No.2. A
total bed pressure drop AP is important from a viewpoint of the

stable fluidization.
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Fig. 2 Pressure Drop for Geldart’s Group B particles.
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Fig. 2 shows the relationship for the Geldart’s group B
particles (Mesh No. 52, Initial bed height = 8cm) between the
typical total bed pressure drop AP (Experimental & Correlation)
and superficial gas velocity (Uy).

Table.2.The various correlations had derived by using the
Multiple Regression Analysis Method (polynomial Method)

Geldart Mesh Bed dp Linear Relation
Particles No Height
8 5 P =4031 U + 348.2
C 5 12 P =3835U + 283.6
16 HM = 1602 + 1245
8 18 P =3995U +435.1
C 18 12 P =2884 U + 1273
16 HM b 1364 U + 1232
8 P =3306 U + 933.6
A 75 12 75 P =3909 U + 5185
16 pm P =5470U +561.5
8 90 P =2284U + 747.2
A 90 12 P=2729U + 792.9
16 HM b - 5989 U + 339.8
8 P = 43968 X +
B 60 250 707.54
12 pm P =4408 U + 795.9
16 P =4455U + 1223
8 300 P =4397 U + 707.5
B 52 12 P =4435U + 4275
16 HM b= 5400 U + 7335
8 P =6048 U - 181.2
710 P = 63883 U -
D 22 12 um 77519
16 P =7267 U -622.2
8 P = 54685 U +
120 21719
D 14 12 4 P = 62883 U +
pm 1437.9
16 P =6516 U + 931.9
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Fig. 3 Pressure Drop for Geldart’s Group A particles.
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Fig. 4 Pressure Drop for Geldart’s Group C particles
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Fig.5 Pressure Drop for Geldart’s Group D particles
Similarly fig 2, 3, 4 & 5 shows the linear correlation
between in pressure drop and superficial gas velocity.

As shown in Fig. 2, AP for fluidization with a perforated
draft tube the experimental pressure & the correlation pressure
drop is found to equal, from that it is clear that the derived
correlation is correct. From fig. 34 & 5 it is prove that the
Geldart’s A, C & D show the same correlation, for the pressure
drop and superficial gas velocity. The graph of experimental and
correlation pressure drop graph plotted against superficial gas
velocity, from that it is clear that the experimental and
correlation is found to be same. Various correlations for the
pressure drop derived by using Multiple Regression Analysis
Method (polynomial Method).

Minimum Fluidization Velocity (U,)

At flow rate close to minimum fluidization velocity, the
packing of particle is loosened in the central zone and then
fluidization takes place. At about 1.7 U_ some bed instability
was observed which is characterized by %Iuctuation in pressure
drop. With increase in gas flow rate this phenomenon
disappeared. Fig.6 shows the linear relationship between
superficial gas velocity (BExperimental & Predicted superficial
gas velocity) and minimum fluidization Height (H) for Group B
particles. Various correlations for minimum fluidization velocity
derived by using Multiple Regression Analysis Method
(polynomial Method) (tabulated in table No.3). It is observed
that the minimum fluidization velocity increases as stagnant bed
height increases. Similarly, fig.7 shows the linear relationship
between superficial gas velocity (Ums) and minimum
fluidization height (H) for Group D particles respectively.

Nevertheless, this increase is less pronounced for beds in
contactors with draft tube, so the stability range increases by
inserting a draft tube in the contactor.

0.7

—l—U Exp
0.6
0.5 U
Predicted

0.4

0.3

Minimum Fluidization Height (m)

Superficial Gas Velocity {m/s)

Fig.6. Minimum fluidization height for Group B particle
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Fig.7. Minimum flxuidization height forGroup D particles 120
Fluidization Quality:
The fluidization quality has been experimentally determined ~.100
in fluidized beds with a perforated draft tube with change in =
static bed height at different operating conditions of beds with S 8o
different diameter of particles, densities and shapes. g
Fig. 8 shows the linear relationship for the geldart’s group B .g 60
particles (Mesh No. 52, Initial bed height = 8cm) between the [
fluidization quality and superficial gas velocity (U_). The result S 40
reveals the fluidization quality with perforated dra?t tube gives E
the significant results. Similarly fig. 9, 10 &11 shows the linear 20
correlation between in fluidization quality and superficial gas 0
velocity for Geldart’s group A, C & D particles. Superficial gas velocity
120 Fig.11. Fluidization Qualityfor Group D particles
Minimum Bubbling Velocity:
- 100 Geldart’s proposed correlation for the minimum bubbling
% velocity®(U, ;) for the different diameter of the particles, which
3 80 gives the linear relationship for minimum bubbling velocity with
cg respect to diameter of the particles. The result reveals that
.g 60 Geldart’s correlation for the minimum bubbling velocity is
[ applicable to the fluidized bed with perforated draft tube.
2 40 100
B E 80 /.
3 o
0 a -'?60
Superficial gas velocity e 3 /
Fig.8. Fluidization Quality for Group B particles. 2 S0
120 £
= 20
100
= 0 : :
T 80 Diameter of particles
8’ Fig.12. Minimum bubbling velocity for Geldart’s particles.
S 60 Minimum Fluidization velocity:
= From Geldart’s proposed equation for minimum fluidization
N ag velocity@ for different diameter of particles, gives the parabolic
% relationship between minimum fluidization velocities with
[T 1) respect to diameter of the particles. The results reveal that
Geldart’s correlation for the minimum fluidization velocity is
0 applicable to the fluidized bed with perforated draft tube.
Superficial gas velocity The characteristic fluidization behavior of Group A

particles is the existence of the non-bubbling regime in the

Fig.9. Fluidization Quality for Group A particles. . L . .
g Quality P AP region between the minimum fluidization velocity Ugysand the
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minimum  bubbling  velocity Upp(ie. for Group A
particleUpp/Une> 1&for Group B particles, Upnp/Umi=1)
1400
21200 f
o
A 000
EQ /
S =800
: p
£ S0 /
= 3400
5 i
5 200
S
0
Diameter of particles

Fig.13.Minimum Fluidization velocity for Geldart’s particles
Ratio of Minimum Bubbling velocity to minimum Fluidization
velocity (U, /U

Geldart’s proposed correlation for the ratio of minimum
bubbling velocity to Minimum fluidization velocity (U /U »
for the different diameter of the particles, it gives the parabolic
relationship with ratio of minimum bubbling velocity to
minimum  fluidization velocity (U /U.) with respect to
diameter of the particles as shown in the below figure. 14. The
results reveal that Geldart’s correlation for the ratio of minimum
bubbling velocity to minimum fluidization velocity (U /U is
applicable to the fluidized bed with perforated draft tube.
1400

=
N
Q
Q

1000
800 /
600 ﬂ
400 /
200 ’-’J
0 H/“"'/

Diameter of Geldart particles

Fig.14. Ration of Minimum Bubbling welocity to Minimum
fluidisation welocity (Umb/Umf), bed height=8cm.

A correlation between minimum fluidization velocity (Ums)
and Static bed height (H) for perforated draft tube for different
material is proposed as:

Table.3.The various correlations had derived by using the
Multiple Regression Analysis Method (polynomial Method):

Minimum Bubbling Velocity

Geldart Mesh Bed . .
Particles No Height Dp Linear Relation
8 ,5o U=06006H+007771
B 60 12 U=0.6006H+0.07771
16 HM U =0.5527 H +0.0136
s U = 045506 H +
B 5 300 0.042681
12 um  U=0.4683 H +0.07
16 U=0.6108H +0.06421
8 710 U=0.4276H+0.01149
D 22 12 U=0.4344H +0.03595
16 MM y=0.7327H+0.06001
8 120 U=0.2724H+0.03196
D 14 12 4 U=0.2313H+0.07683
16 pm  U=0.2171 H +0.1151
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Discussion and Conclusion:

In this research the experimental studied, it is observed that
by means of an appropriate design of the concentric perforated
draft tube, the range of stable operating conditions in cylindrical
fluidized beds with a perforation gives better results. The
cohesive force in Geldart’s C particles is very strong and it is
very difficult to fluidized, but due to perforated fluidized bed it
is very easy. The perforated draft tube helps in minimizing the
cohesive &adhesive forces between the particles. Draft tube
inserted into fluidized bed provides a means for controlling the
magnitude and spread of Particle residence time. At the same
time, the draft tubes reduce the air flow through annuals.
However perforated draft tube the percentage annular air flow is
increased as the separation distance increases. The perforated
draft tubes havea characteristics maximum in annular flow
which can be attributed to variation in overall pressure gradient.
The predicted pressure drop and the operating gas velocity are
found to from the above table no 2 & 3 is corrected. Geldart’s
correlation for the minimum bubbling velocity & the minimum
fluidization is also applicable for the fluidized bed with
perforated draft tube. Fluidization quality for the various
Geldart’s particles is also applicable for the fluidized bed with
perforated draft tube.

Nomenclature

di Air inlet nozzle diameter (m).

H StaticBed height(m).

dc Bed diameter (m)

dp Particle diameter(m)

(1- &)  hold-up of solid particles within draft tube.
H Liquid head in the manometer (m)

Ai,)v Overall bed Pressure drop (N/m?).
AP/L Pressure drop unit length of static bed height (N/m).
U  superficial gas velocity based on cross-sectional area

of column (m/s)
U, Minimum bubbling velocity (m/s)
U, Minimum superficial gas velocity for fluidization (m/s)
Us  Fluidization gas velocity (m/sec)
W, Weight fraction of solid at having the diameter less

than 45um

g  Gas viscosity (N-S/n¥)
Po Density of particle (kg/m3).
Py Density of gas (kg/m3).
Reference
[1] “The effect of particles and gas properties on the fluidization
of Geldart’s A particles” Chemical engineering sciences 60
(2005) pp. 4567-4580.
[2] “Studies of gas velocity and particles size effects on fluidized
bed hydrodynamics with CFD modeling and experimental
investigation ‘Journal of Mechanics, Vol. 26, No. 3. Pp. 267-
278. September. 2010.
[81“A Numerical model of gas-fluidized beds’’ Chemical
engineering sciences, Vol, 47, No. 8, pp. 1913-1924,1992.
[4]Perry, R.H. and W .Green, D., “Perry's Chemical Engineers
Handbook”, 5th Ed., McGrow-Hill Book Company, New York
(1997).
[5] “Fluidized  bed models” Department
engineering, chapter 38, pp. 1161-1180. 2011.
[6]“DEM Analysis on flow patterns of Geldart’s Group
particles in fluidized bed” Department of mechanical
engineering, pp. 1-9, 2008.

of chemical



17058

[7] “Gas-particle interactions in dense gas-fluidized beds”, Jie
Li®, J.A. M. Kuipers, Chemical Engineering Science 58 (2003)
pp. 711-718.

[8] “Fluidization Principles for Three-Phase Fluidized Bed Bio-
Reactor”, K.S.K RaoPatnaik, International Journal of Chemical
Engineering and Application, Vol. 1, No. 3, October 2010.

[9] “Fluidization of powder showing degrees of cohesiveness —
Il. Experiments on rates of De-Aeration’’. Chemical engineering
sciences, Vol. No, 40, No. 4. Pp. 653-661, 1985.

[10]“An experimental study on the fluidization behavior of
Geldart C glass powders” Chemical engineering department,
No.24, pp. 134-144, 2006.

[11]“Effect of sand sizes on the fluidization behavior in
circulating and rectangular columns” Journals of chemical and
Natural resources engineering, 2:14-21.2010.

[12]  “Physical insight into the Ergun and Wen & Yu equation
Jor fluid flow in packed and fluidized beds”, Robert K. Niven,
Chemical Engineering Science 57 (2002) 527-534.
[13]“Computational study of Heat Transfer in Bubbling
Fluidized beds with Geldart A powder”, Q.F. Hou, Z.Y. ZHOU
and A. B. YU, 7" International conference on CFD in the
Minerals and Process Industries CSIRO, 9-11, December 2009.
[14] “Fluidization of Group B particles with a rotating
distributor”, C. Sobrino, J.A. Almendros-lbanez, D. Santana, M.
de vega. Powder Technology 181 (2008) 273-280.

Nikhil K. Gajbhiye et al./ Elixir Chem. Engg. 61 (2013) 17053-17058

Authors’ information

| W—— L —

Mr. Nikhil Gajbhiye did hisM. Tech in Chemical Engineeringin
2012 from Nagpur University. He has published two researches
Paper in international journals. Currently he is working in
IFFCO, Sharjah, as Associate Manager. He had completed his
project under the guidance of Dr. S.D. Dawande Ph. D in
Chemical Engineering working as a Director of Laxminaray
Institute of Technology, Nagpur, Nagpur University. His
research interest areas are the following: Advancing the
fluidization engineering methodology, Hydrodynamics & Heat
Transfer of Three phase inverted bubble column reactors,
Energy / Bio-Energy conversion, Process Intensifications, Plant
design & Economics and scale-up, Nano science and Nano
Technology, Cloud computing.



