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Abstract

The aims of the present research study the pressure drop and the
parameter that effect on it in the two type of multi-phase upward flow
system (fixed bed and fluidized bed ) and used the solids as dense phase
such as glass beads with diameter 6 mm and Rashing ring with 6 mm
equivalent diameter and distilled water as moving phase with change in
temperature of moving phase for four-level (20, 30, 40 and 50)°C.

Used design of experimental to give the all conditions of the experimental
runs and carried out in experimentally in the cylindrical column made
from Perspex with 5 cm ID and 6 cm OD and 1m length with two holders
one put in the basic of packed bed and another used to prevent the
particles from carried out with moving phase in the fluidized bed and used
to make the bed in stationary state in the fixed bed. Where fixed on the
wall of the column six pressure sensor transducer put the first at the basic
of the packed bed and each 10 cm put the other one for six sensors and
connected to the Arduino cart and used LabVIEW program to display and
save the data of pressure sensors readings.

And the experimental result of fluidized bed comparewith the fixed bed
and it was observed the pressure drop effect by the change in the shape of
dense phase and temperature of moving phase, where the pressure drop
decrease with increase in diameter of dense phase also decrease with
change in the shape from sphere to Rashing ring and increase with
increase in temperature.

To make sure the data taken from the experimental work makes validation
with many theoretical equations and empirical design model and gives a
good agreement.
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1 Introduction

used in other sectors such as heat exchanger,

The multi-phase flow system was
discovered in the early 1920s and used first
one in 1923 by Germany in gasification
industrial and after that used in different
fields of industrial such as used for catalytic
cracking and refinery process because it
gives high surface area for contact between
dense and moving phase and good heat
transfer to prevent the catalyst from coke by
effect of heat and used in this flied in 1926
[1][2],in 1937 also used to produce the
gasoline from petroleum refinery and from
other sources such as natural gases[3],and
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ion exchange, synthesis reactions[4][5].

The fluidized bed system has
special advantage not available in fixed bed
is moving bed to give more surface area and
good heat transfer coefficient and used this
advantage for more applications such as
separation of particles in the binary mixture
of packed bed and, the particles separate
when the bed start to moving and use for
mixing processes and also illustrate from the
moving of packed bed to use in the dray
process and remove the wet from bed
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[51[6]1[71[8].Fluidization is not limitedto use
for engineering industrial also using in the
Pharmaceutical Industries where used for
purifications and decontaminations [6][7][8].
Used in German, united states and
chainindustries [9].

because of the increase in the
industrial areas which used the fluidized bed
system push the researchers toward search
and developments of fluidized bed system
design, scale-up, control procedures, and
operating measurements. Fluidized bed
system has more advantage such as give
minimum energy consumption from another
type of two-phase packed bed systems such
as fixed bed, maximum product quality, easy
for operation condition and low impact
environment [10]. Sabbiergun, el at.
[11]studied the effect of porosity and
viscosity and superficial velocity if liquid on
pressure drop, shown the pressure drop
increase with increase in liquid superficial
velocity and decrease with increase in liquid
viscosity and porosity.Mogan, el
at.[12]studied the effect of wvelocity on
porosity and the effect of porosity on
pressure drop in a fluidized bed. It was
observed the increase in liquid velocity leads
to increase in porosity and increase in
porosity leads to decrease in the pressure
drop.Murch, el at.[13]studied the effect of
Reynolds number on the pressure drop in
spherical packed bed in fixed system with
used different correlation equations and show
the pressure drop increase with increase in
Reynolds number, and this increase linearly
experimentally and theoretically for some
correlations such as Ergun, Hanley, Heggs.
Foscolo, el at.[14]studied the tortuosity in
the randomly packed bed and show
experimentally the tortuosity for random
packed bed mono-size system it is a function
of porosity were increasing in porosity leads
to a decrease in tortuosity. observed the
pressure drop increase with increase in
tortuosity Ap a t.Mamoru Ozawa, el at.
[15]studied the effect of particles size on
drag force, showexperimentally the effect of
particle size on the drag force and proved the
drag force increases with an increase in the
particle size. Wugeng Liang, el at.[5]studied
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the circulating fluidized bed and proved this
system is cannot be assumed as a
homogenous bed because there is more
change in the radial flow.Dong Hyun Lee [7]
studied the effect of liquid superficial
velocity on pressure drop in fluidized bed
and it was observed the pressure drop
increase with increasing in liquid superficial
velocity until reach the maximum value of
pressure drop when the buoyancy force of
water equal to the weight of bed and the
superficial ~ velocity called  minimum
fluidization velocity and after this point the
pressure drop decrease with increase in liquid
superficial velocity and become nearly
constant.Guadalupe Ramos Caicedo, el at
[16]studied the minimum fluidization
velocity with a different experimental
condition such as a change in the height of
the bed and used different particles sizes.
Observed the minimum fluidization velocity
was found to be a function of bed weight and

particles diameter or (dﬂ) ratio.Makkawi, el
14

at. [17]studied the drag force in two
conventional  fluidized bed  systems
difference in diameter of packed bed by
using electrical capacitance technology and
show the drag forces depend on the particle
Reynolds number and special the drag force a
function of the weight of the particles.Bing
Du, el at. [18]studied the effect of
temperature on the multi-phase flow system
and show the system becomes more
homogenously ~ with an increase in
temperature from the ambient temperature
because the time hold up of particles in the
emulation decrease so that leads to more
mixing and improve the quality of
fluidization process with an increase in
temperature of the system. Also, the bubble
size decreases with increase in temperature
for the gases system.

1.1  Hydrodynamic Properties
1.1.1 Pressure Drop

The source of pressure drop in this
system isan interaction that occurs between
the working fluid and packed bed and
particle with a particle inside the packed bed
as well as the interaction of particles with the
wall of the column.
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Pressure drop in two-phase packed the Ergun equation(1)[9]and Levenspiel
bed systems calculated in the fixed state by [2]equation(3) as shown below consecutively
A 1—€,)? u 1—¢ ug?
B0 _gsp Uz Eml s g 5 (= ) prtts (1)
lm Em (Q)p dp) €m wpdp
Apfr — 150 (1 - Em)z HUug +1.75 (1 - Em) pfu52 (2)
lm Em3 (Q)p dp)z €m3 Q)pdp
prl @)
APcalculated = Apfr t fm
Cc
And there are many research used another form for Ergun equation such as Akhil Rao el
at.[22]used the formula
A
—l—p = bug + aug? 4)
m
Where
_ (-em) (_Ps _ (-em)® (__#r
a =175 ( @,,d,,>(5) b =150 ( %zdpz) (6)

And Robert K. Niven[23]used the Ergun equation un another term by the sum of two terms: a
vicious energy loss term, proportional to the fluid velocity, and an inertial loss (kinetic energy)
term, proportional to the velocity squared,

A
P aus + b%u? (7)
b
Where for monosized spheres the viscous and inertial regime coefficients become
— 1504 (zem)® _ Pf (1=€m
a=1505920@), b= (1757 ( - ) 9)
for fluidization state by the fluidization equation as shown below[2]
Ap
= (1= emp)[(op — py) 9] (10)
g

1.1.2  Average Porosity
calculated the porosity experimental by using the method of the two measuring cylinders
and in theoreticalmethodcalculate the porosity by using the equation below [24].
volume of the voidge

m = Dolume of the inter bed (11)
And this equation become
2 weight of all particales
€ = T R — particle density (12)
m m R2L,
2 Experimental Work flow meter, test section, and second called
The date of pressure drop and of electrical part where consist from pressure
the velocities taken experimentally by using a Sensors transducer,Arduino
system made from two-part first called ring cart,andLabVIEW programs. as shown in the
part where consist from tank, heater, pump description below.
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Figure 2 Schematic diagram of the experimental rig
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Table 1 Definition of the parts of the experimental ring

NO name NO name
1 Recycle tank 10 Flow rate
controller controller valve
2 Heater controller 11 Drain valve
3 pump 12 Drain valve
4 Flowmeter 13 baffle
5 Test section 14  Pressure sensor
transducer
6 Main recycle 15  Wire connection
7 Secondary 16 Arduino cart
recycle
8 Feed valve 17 computer
9 Recycle 18  Electrical source

controller valve

2.1  The Experimental Procedure
Fill the Recycle tank controller
with water and a just the working

temperature by heater controller and after
reach the study state pumped the water from
recycle tank controller to flow meter by
pump and a just the working flow rate by the
Flowmeter and inter the water to the test
section and running the Lab View to display
the data of pressure drop that take form
pressure sensors and began to save this data
in computer and the recycle controller valve
using to control on the water excess that
pumped by pump and return to the tank and
the two drain valves using to empty the
system at end of experimental work.

3 Result and Conclusion
3.1  Average Porosity
3.1.1 Effect of Different particles Shape

on Average Porosity

In order to study the effect of

particles shape on average porosity, chose
two different packed bed sphere and Rashing
ring and equal in the otherparameters such as
material, diameter, and height of bed, it is has
been observed the Rashing ring packed bed
has more porosity from sphere packed bed,
that due to the shape of Rashing ring give
more voidages and spaces at packing than the
sphere packing.

Packed bed Fixed state Fluidization state
6 mm sphere 04 0.433
6 mm Rashing ring 0.5 0.63

3.2
321

pressure Drop
Effect of Water Flow Rate on
Pressure Drop
Two packed bed were selected (6mm
Rashing ring and 6 mm sphere) for study the

Published by: The Mattingley Publishing Co., Inc.

effect of water flow rate on the pressure drop
as shown below.
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Figur e 1Effect of flow rate on pressure drop for Figure 2 Effect of flow rate on pressure drop

6 mm sphere

Figure 2 and 3 show the effect of
water flow rate on pressure drop, it has been
observed the pressure drop increase with
increase in water flow rate in fixed bed and
that due to the sources of pressure drop
increase with increasing in water flow rate
such as the interaction between the water
flow rate and particles of bed, particles with
particle and makes more eddy, and all this
leads to increase in pressure drop

And in fluidized bed the behavior
of pressure drop differs from than fixed bed,
the pressure drop increase with increase in
water flow rate in the two states fixed and

for 6 mum Rashing ring

water less or equal to the weight of bed and
the reason of increase in pressure drop as
mentions above. When the buoyancy force
become more than the weight of bed and
inter in the fluidization state the pressure
drop decreasing and increase in the
decreasing with increase in the water flow
rate until become nearly constant and that
due to the porosity of fluidized bed increase
in the fluidization state and increase in
porosity leads to reduce the main source of
pressure drop (friction factor) and that mean
the water passes through more voidage and
spaces between the particles and leads to

expansion state when the buoyancy force of

3.2.2

decrease in pressure drop.

Effect of Water Temperature on Pressure Drop

Four levels of water temperature were selected(20, 30, 40, 50°C )to known the effect of

temperature on pressure drop.
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Figur e leffect of temperature on pressure drop

for 6 mm sphere at fluidized bed

Published by: The Mattingley Publishing Co., Inc.

i PP at 20C sl PPt 300

12000 PP at 40C PP &t 500
18000
14000
2000
o

B 000 //’
 snnn
£ annn
E 2000
Fog
' superfitial velocity T/s) oL

Figure 2 effect of temperature on pressure drop
for 6 mm sphere at a fixed bed
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Figure 4 and 5display, in general,
the pressure drop increase with increase in
level of water temperature for fixed and
fluidized bed, the physical properties of
water viscosity and density affected by
change in temperature and decrease with
increase in temperature and the reduce in this
physical properties leads to reduce in the
buoyancy force of water . so need to increase
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in water flow rate to compensate for the loss
in buoyancy force and that leads to increase
in sources of pressure drop. As shown in
figures above the change in pressure drop
low with change in temperature because the
change in temperature has low effect on the
physical properties of water.

3.2.3  Effect of Particles Shape on the Pressure Drop
In order to study the effect of shape on pressure drop, it has been chosen 6 mm glass
Rashing ring and 6 mm glass sphere at 20°C water temperature

—@— AP at 20C sphere AP at 20C rashing ring
10000

9000

pressure drop (pascal)
Y (€] [e2} ~ (0]
g 8 8 8 8

003 005 007 009 011 013
velocity (m/s)

—@— AP at 20C sphere
16000

AP at 20C rashing ring

14000
12000
10000

8000

6000

pressure drop (pascal)

2000

0
0.03 005 007 009 011 013
superficial velocity (m/s)

Figure 3 effect of different shape on pressure Figure 4 effect of different shape on pressure

drop at fluidized bed at 20°C

Figure 6 and 7 show the pressure
drop increase with change in shape from
Rashing ring to sphere that due to the
Rashing ring has more voidage and spaces
and has more tortuosity and packing from
sphere packing and that allows for water to
passes through more porosity and that means
the Rashing ring has less friction factor and
interaction and eddy and that leads to
decrease in pressure drop. In fluidized bed
the maximum pressure drop in Rashing ring
shape packed bed was (4979.597 Pascal) will
in spherical shape packed bed was (9418.012
Pascal). In fixed bed, the maximum pressure

Published by: The Mattingley Publishing Co., Inc.

drop at a fixed bed at 20°C

drop for Rashing ring (7408.443 Pascal) and
for spherical packed bed at the same flow
rate is(12551.03 Pascal).

4  Validation

To determine the accurse of the
data which take off from the experimental
work make validation with the other source
can be given the data such as theoretical
equations, analysis programs or by
simulation programs, and make the error
percentage must be in the acceptable range
where below 25%[2].
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Figure 5 Validation of pressure drop for 6mm Figure
Rashing ring at 40°C Rashing

5 Conclusions

1. Pressure drop in general in the fixed bed
system larger than in the fluidized bed 3.
system.

2. Pressure drop increases with the increase
in flow rate at the fixed bed and also
increase in a fluidized bed at the fixed 4,
state and reach the maximum value at the

6 Validation of pressure drop for 6mm
ring at 50°C

expansion state and after that decrease
with increase in flow rate.

Pressure drop decrease with the change
in the shape of packed bed at on case of
the second shape has more spacing from
the first shape at packing in the column.
Pressure drop has low increase with the
change in temperature of the water.

Notation
Symbols notations units
Ap = Pressure drop [Pascal]
Apgy = Frictional pressure drop [Pascal]
I = Fixed bed initial height [m]
lmf = Expansion bed height [m]
€m = Average Fixed bed porosity
Emf = Average Fluidized bed porosity
dp = particle diameter [m]
dp.equ. = Equivalent particle diameter [m]
uy = Working fluid viscosity %9/, o]
. : . kg
pr = Working fluid density [*7/ 3]
: : kg
Py = Particle density [*9/ 3]
Us = Working fluid superficial velocity [M/s]
U f = Minimum fluidization velocity [™/s]
Q = Working fluid Volumetric flow rate [mg/s]
A, = Test section Cross sectional area [m?]
D = Diameter of test section [m]
Vp = Volume of particle [m3]
Re = Reynolds number

Published by: The Mattingley Publishing Co., Inc.
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