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ABSTRACT

This scientific research presents a study of Faation and De-Fluidization of different packing eals which
are classified according to the Geldart’s Classfion in a fluidized bed reactor in order to estit@ahe minimum
Fluidization and De-Fluidization velocities and pseire drop of different materials like sand, whéht,r and
milk powder. For this purpose experiment is carr@d in a fluidized bed reactor and on the diffarlaw rates
from minimum to maximum flow rates the height af Bed pressure drop is noted for Fluidization presend
from maximum to minimum flow rates height of bed gressure drop is noted for De-Fluidization forcha
packing materials. To analyze our experimental dagtaphical method is used and the results show that
minimum Fluidization and De-Fluidization for Milko®der is 25.2 and 25, for Sand 25.1 and 25, fouF20.3
and 20, and for Wheat 29 and 29.1 liter per minwmspectively. The results also show that the mimmu
fluidization velocity and de-fluidization velocii@re increases as the particle diameter and dgnisireases. The
trend of increase in velocities is given by Wheafli(k Powder > Sand > Flour. The pressure drop aleoreases
as the flow rate increases but after a certain fiofiflow rate it becomes constant for all four gps of particles.

Key words: Fluidization and De-Fluidization Fluidized Bed R&a¢ Pressure Drop in Fluidized Bed Reactor,
Minimum Fluidization Velocity, and Geldart Classtition.

INTRODUCTION

Fluidization is a process similar to liquefactionwhich solid gets the liquid properties when tlaeg converted
from static to dynamic state by means of a gasiquid depending upon the process [1-2] . The fization
principle is simple and that is based upon the ipgssf gas or liquid upwards using a gas or ligti@v rate
respectively from the bottom of the packed bectdillvith a solid material it will produce a pressdrep due to
drag force. When this drag forces become equahecheight of the bed the fluidization process Wwél start. At
this stage where the process of fluidization istdi@e velocity is called as minimum fluidizatiorelacity. By
increasing the velocity from the minimum fluidizai velocity the pressure drop increase but aftartain limit it
does not increase and usually it remains equatdoper unit area. When the gas or liquid velocégehding upon
the process is increase three to five times froenrttinimum fluidization velocity the fluid look lika violently
boiling liquid like water etc [3-4]. The behaviof gas-liquid-solid particle interaction in fluididan strongly
depends upon the solid particle size as well asagasliquid velocities. At high velocities the begpansion is
usually large and fluidization behavior dependsrugiee type of fluid in this case that either ifiuid or gas. In
case of liquids the fluidization process is knovenparticulate fluidization. In case of gases umfaand sooth
fluidization without any large bubbling is observadiow velocities while in case of liquids it che observed at
high velocities [5-7].

Fluidized Bed Reactors are very useful in the cleaimprocess industries. Due to uniform operatingddtions,
high surface area, high conversion, high selegtivéss dead zones formation, less clogging antbtmimixing
fluidized bed reactors are useful in process inikst like chemical & petrochemical industry,
combustion/pyrolysis operations, physical operatjadvanced materials industry, pharmaceuticalsmgufood
industry, waste water treatment and recovery oibuarsubstances [8-13]. In 1973 Geldart classifiedders into
four groups according to their fluidization propestat ambient conditions. The Geldart Classifaratif Powders
is now used widely in all fields of powder techngyd14-18].
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Group A: These particles are Aeratable having small partichmeter (30-10Q@m) and density. They have large
bed expansion before bubbling is start. There mimmfluidization velocity is smaller than minimum lling
velocity. There is a maximum bubble size. Examph3C, milk flour.

Group B: These particles are bubbling; their particle dismerange is (100-100@um). Their minimum
fluidization velocities are equal as minimum bubflivelocities. Their Solids recirculation rates smealler. There
is no observable maximum bubble size. Example: sand

Group C: They patrticles are cohesive; due to channelingipiiies they are difficult to fluidize. The raagf
particle diameter is (0-30m). Example: flour, cement.

Group D: They particles are Spoutable. They are very langg high density particle with a particle diameter
range is greater than (1000 mm). Bubbles rise nstwa/ly than the rest of the gas percolating throdigé
emulsion. Due to a dense phase it has low viodagemples: Coffee beans, wheat, lead shot.

EXPERIMENTAL SETUP

The experiment is carried out in lab in a fluidizeet reactor by using four different powders matsraccording to
the Geldart's Classification of powders. The Milkwrder belongs to Group A, sand particles belongSrmup B,
flour belongs to the Group C, and wheat particlelomgs to the Group D according to the GeldartasSification
of powders in order to estimate the minimum fluidian and D-Fluidization velocities of these pdetic For this
purpose the experiment is performed in laboratory experimental data is collected for these foypeeixnents
which are given below.

For Milk Powder Particles (Group A)
Table-1 Fluidization

Sr. No. Inlet Flow Rate | Height of Bed | Pressure Drop Table -2 De-Fluidization

Units — Litre/min cm Cm of Hg Sr. No. Inlet Flow Rate | Height of Bed | Pressure Drop
1 0 10 0 Units — Liter/min cm Cm of Hg
2 4.5 10 2.7 1 30 25 1.65
3 5 13.5 2.85 2 27 23.5 1.65
4 55 15 2.90 3 25 20 1.65
5 8 16 2.4 4 23 17.5 1.65
6 11 17 2.35 5 19 17 1.75
7 15 175 2.35 6 15 155 25
8 19 20 2.3 7 11 13.3 2.9
9 23 235 23 8 8 11.1 2.6
10 25 25 2.2 9 55 10.5 2.3
11 27 26.3 2.2 10 5 10 2.1
12 30 27.5 2.2

For Sand Particles (Group B)
Table -3 Fluidization Table -4 De-Fluidization
Sr. No. Inlet Flow Rate | Height of Bed | Pressure Drop Sr. No. Inlet Flow Rate | Height of Bed | Pressure Drop

Units — Liter/min cm Cm of Hg Units — Liter/min cm Cm of Hg
1 0 12 0 1 35 23 16.2
2 0.9 12 13.3 2 30 20.5 16.2
3 2.4 13.5 14.8 3 25 18.3 16.2
4 4.7 14.7 15.15 4 20 17 16.2
5 7.5 16 15.5 5 12.5 16.5 14.35
6 125 16.5 15.9 6 75 14.7 13.7
7 20 17 16.2 7 4.7 13.2 13.3
8 25 18.3 16.2 8 2.2 12.4 12.8
9 30 20.5 16.2 9 0.9 12 125
10 35 23 16.2 10 0.8 12 11

For Flour Particles (Group C)
Table -5 Fluidization

Sr. No. | Inlet Flow Rate | Height of Bed | Pressure Drop Table -6 De-Fluidization

Sr. No. Inlet Flow Rate | Height of Bed | Pressure Drop

Units Liter/min cm Cm of Hg Units Liter/min om Cm of Hg

1 0 125 0

1 25 25.5 3.9
2 1 12.5 3.65

2 23 23.2 3.9
3 1.2 13.2 4.65

3 20 20.3 3.9
4 2.3 16.8 5.0

4 16.5 18 3.9
5 5 17.5 5.2

5 12 17.5 5.0
6 12 18 4.35

6 5 14 4.8
7 16.5 20.3 3.0

7 2.3 13 4.5
8 20 23.2 3.0

8 1.3 125 4.35
9 23 25.5 3.0 9 12 125 0
10 25 27 3.0
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For Wheat Particles (Group D)
Table -7 Fluidization Table -8 De-Fluidization
Sr. No. Inlet Flow Rate | Height of Bed | Pressure Drop Sr. No. Inlet Flow Rate | Height of Bed | Pressure Drop

Units — Liter/min cm Cm of Hg Units — Liter/min cm Cm of Hg
1 0 12.5 0 1 35 20 10.35
2 21 125 8.1 2 33 175 10.35
3 24 12.8 9.1 3 30.5 16 10.35
4 26 13 9.8 4 29.5 14 10.35
5 27 13.2 10 5 28 135 10.2
6 28 13.5 10.2 6 27 13 9.65
7 29.5 14 10.35 7 26 13 9.32
8 30.5 16 10.35 8 24 12.8 8.4
9 33 17.5 10.35 9 21 12.8 6.2
10 35 20 10.35 10 0 125 0

RESULTS AND DISCUSSIONS

The results are presented and discussed by usaphigal method in order to estimate the minimuridfiation and
de-fluidization velocities of these particles. Fbis purpose superficial velocity is plotted atxisawhile pressure
drop is plotted at y-axis.
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For Flour (Group C)
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CONCLUSIONS

The approximately minimum fluidization and de-flizigtion velocities are found out from the abovepfiawhich
are given in the Table -9.

Sr. No. Powder Type Minimum Fluidization Velocities Minimum De-Fluidization Velocities
Units — Liter/min Liter/min
1 Milk Powder 25.2 25
2 Sand 25.1 25.2
3 Flour 20.3 20
4 Wheat 29 29.1

It is concluded that the minimum fluidization velkycand de-fluidization velocities of all four typef particles are
approximately equal. The minimum fluidization vetgcand de-fluidization velocities are increasetss particle
diameter and density increases. The pressure thoprereases as the flow rate increases but aftertain limit of
flow rate it becomes constant for all four groupgarticles. The trend of increase in velocitiegiien by.

Wheat > Milk Powder > Sand > Flour
Acknowledgement
The authors would like to acknowledge the effoft®mf. Dr. Aamir ljaz, Prof. Dr. Tagi Zahid Buthd Prof. Dr.
Shahid Raza Malik, Prof. Dr. Waqar Ali Khan for ghg their pearls of wisdom during the course a$ tiesearch

56



Mukhtar et al Euro. J. Adv. Engg. Tech., 2016, 3(7):53-57

and also for establishing the research culturestitute of Chemical Engineering and Technologyiversity of the
Punjab, and Department of Chemical Engineering, NE€FR Faisalabad, Pakistan respectively. This BRadeis
self-funded.

Conflict of Interest
The author(s) declare(s) that there is no condliéhterest regarding the publication of this manmigs.

REFERENCES
[1] Paulo Douglas, S de Vasconcelos and L Andre, Amarfdesquita, Minimum and Full Fluidization Velocifyr
Alumina used in the Aluminum Smelténternational Journal of Engineering Business Maeagnt2011, 3(4), 7-
13.
[2] R Krishna, J Ellenberger and DE Hennephof, Analegbescription of the Hydrodynamics of Gas-Solids
Fluidized Beds and Bubble ColumnShemical Engineering Journal and the BiochemicabiBeering Journal
1993, 53(1), 89-101.
[3] TU Ganiron Jr,Fluid Mechanics Laboratory ManuaVictoneta Press, Far East Air Transport Incorfema
University, Manila, 1997
[4] JR Grace, CJ Lim and J Chaouki, Circulating FliediBed Reactor Design and OperatiSadhana 1987,
10(401), 35-48.
[5] XS Wang, F Rahman, MJ Rhodes, Nanoparticle Fluiidinaand Geldart's Classificatio@hemical Engineering
Science 2007, 62(13), 3455-3461.
[6] Middleman StanleyAn Introduction to Fluid Dynami¢ggdohn Wiley & Sons1998,411.
[7] CJ GeankoplisTransport Processes and Unit OperatipRsentice Hall1993 123.
[8] YG Park, SY Cho, SJ Kim and GB Lee, Mass TrangfeSémi-Fluidized and Fluidized lon-Exchange Beds,
Environmental Engineering Researd®99 4(2), 71-80.
[O1Y Fu and D Liu, Novel Experimental Phenomenon ofneHParticle Fluidized Bed, Experimental
ThermalandFluid Science2007, 32, 341-344.
[10]AH Sulaymon, AA Mohammed and TJ Al-Musami, Columis@ption of Lead, Cadmium, Copper, and

Arsenic lons into Algae, Journal of Bioprocessé@iotechniques2013 3, 128.

[11]1RB Bird, WE Stewart and EN Lightfoofransport Phenomenodohn Wiley & Sons, NY2002

[12]CY Wen, and YH Yu, Mechanics of FluidizatioBhemical Engineering Program Symposjuti9g 62, 100-
111.

[13]1D Gidapsow and B Ettehadieh, Fluidization in Twa¥i@nsional Beds with a Jet, Part Hydrodynamics
Modeling, | & EC Fundamental4983 22, 193-201.

[14] AK Didwania, A New Instability Mode in Fluidized Ble,Euro physics Letter2001, 53, 478-482.

[15]JM DallaValle, Micrometrics, the Technology of Fiparticles, Pitman Pub., NY948

[16]WL McCabe, JC Smith and P Harri@perations of Chemical EngineeringlcGraw-Hill, New York,1993
[17]M Rhodes]ntroduction to Particle TechnologWiley, Chichester1998

[18] JR GraceFluidized-Bed Hydrodynamics, in Handbook of Multipa Systemdd. G Hetsroni, Hemisphere,
Washington, 1982, 8, 5-64.

57



