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ABSTRACT

The aim of present work is to expand and enhance the performance of the new plate design
that previously introduced by the author. The main notice for the first plate design introduced
in the first part of this study is the lake of swirling closed to the walls. Increasing the number
of ejectors from 5 to 14 ejectors by adding a new circumferential row with 9 new ejectors
could improve the rate of swirling process near the wall. Accordingly the diameter of the bed
has increased from 46.9 mm to 150 mm. A cold run study was conducted to test the new
distribution plate. The bed was tested on cold conditions with two sizes of sand grains, 300
um and 600 um at different flow rates of a mixture of gas and air.

The results showed that the new modification for the distribution plate that introduced
previously resulted in the same advantages of good mixing and swirl flow, fast ignition
response and no region for de-fluidization in the center of the plate beside avoiding the little
settling on the bed bottom previously obtained due to the lack of the number of ejectors close
to the walls.
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INTRODUCTION

Due to the advantages of fluidized bed reactors, a
large amount of research is devoted to this
technology. Most current research aims to quantify
and explain the behavior of the phase interactions in
the bed. Specific research topics include particle size
distributions, various transfer coefficients, phase
interactions, velocity, pressure effects, design of
distributors and computer modeling.

Quality of fluidization is an important criterion for
efficient heat and mass transfer in gas—solid fluidized
beds. Knowledge of void distribution in a fluidized
bed is essential when exothermic reactions are
carried out in fluidized beds. Quality of fluidization
is often expressed in terms of time average local
void-faction distribution.Gamma ray transmission
technique is one of the techniques used to study the
quality of fluidization. Fluidization index is defined
in many ways and there is no universally accepted
unique definition or correlation to estimate the same
as yet.Mandalet. al [1] proposed dimensionless
Froude number to explain the quality of fluidization.
Many parameters, such as pressure drop, bed
geometry, solid size and density, can affect the solid
flow structure in a fluidized bed [2-5].

The effects of distributor shape, solid particle size,
operational gas velocity and feed manner on the flow
behavior in the reactor were also investigated
numerically [6].

Hydrodynamics as well as combustion and emission
characteristics of a conical swirling fluidized-bed
combustor (SFBC) using an annular spiral air
distributor as the swirl generator were studied by
Kaewklumet. al [7].

An experimental investigationon mixing in turbulent
free air jets issuing from isosceles triangular orifices
with apex angles of 10°, 20° and 30°s offered in [8].
Jet shapes are affected by variety of Parameters
including particle type, fluidizing medium and
distributor characteristics making it a very complex
problem to study[9].Control of the jet length would
enable fluidized bed designers to enhance particle
mixing in the grid-zone and prevent gas bypass
through solids in shallow beds, while knowledge of
the jet diameter would help in predicting the initial
bubble size [10].

A specific wall effect determined as the pressure
drop per unit volume of particle bed in excess of the
predicted pressure drop from the Ergun equation was
proposed to quantitatively account for the influence
of bed wall friction in [11].The systematic effect of
the tube diameter on pressure drop and bed height
hysteresis could be rationalized in terms of a one-
dimensional model that accounted for the effect of
wall friction and path-dependent contact stresses in
the particle phase[12].

The aim of presentwork is to expand and enhancethe
performance of the new plate design that previously
introduced by the author in [13]. The main notice for
the first plate design introduced in the first part of the
study is the lake of swirling closed to the walls.
Increasing the number of ejectors from 5 to 14
ejectors by adding a new circumferential row with 9
new ejectors couldimprove the rate of swirling
process near the wall.A cold run study will be
conducted to test the new distribution plate under
these circumstances.

Experimental test facility

Figure (1) shows a schematic diagram for the test rig
used in the present study.In case of combustion,
natural gas is injected in the air stream to have a
homogenous mixture before the combustion region
while in cold run experiments the air is drawn to
similar rig made of Pyrex glass for visual inspection
as shown in figure (2).

The flow rate across the bed is measured using a
standard orifice meter connected to U-Tube
manometer.

11.1 Distributor Plate Description

The main item of the new design is the ejector part.
The ejector details are shown in figure (3). It
consistsof a non throughout hollow taper cylinder
with three levels of horizontal holes of 2.2 mm
diameter each. The number of holes for each row is
10 holes. This ejector is used as a swirl generator on
the distribution plate of the fluidized bed. The total
number of the ejectors fixed on the plate is 14
ejectors in the present case as shown in figures (4 and
5).
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Figure (1): Plan view for fluidized bed system main parts
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Figure (2) Layout of cold run test section for distributor plate

Figure (3) the ejector details. All dimensions in mm
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Figure (4) Plates arrangement in cold run test rigFigure (5) Distributor configuration

11.2 Measurements across the tubes volume

Two types of measurments have been done on the
cold run test. The first one is scanning the
aerodynamic beviour of the plate without sand

Level 6
Level 5
Level 4
Level 3
Level 2

Level 1

Figure (6) Layout of the measuring points for pitot tube at cold run test

particals, figure (6). The second oneisthe measuring
of the pressure drop across the bed while using two
sizes of sand particls 600 um and 300um.

a) Vertical positions of the scaned points
b) Horizontal position of the scaned points

Results and discussion

111.1 Aerodynamic results

Figure (7) represents the static pressure and total
pressure for the bed at about 3 cm above the base of
the distributing plate. The pressure plotted versus the
distance from the center of the disk plate up to 75
mm apart from the center with step of 18.75 mm. The
measurement performed in two lines with an angle of
45° between them to get a figure about the distributer
aerodynamic flow shape. It is well known that the
sand particle or any solid particle in the bed tried to
settle on the bottom of the bed. The flow of air or
mixture of gases is the motivator that moves it up and
down the bed region. With the increase of the upward
velocity the distance which the solid particle moves
increase. With swirl flow rate increase the more the
stirring for the bed solids increase. The result
indicated that the difference between the static
pressure indicated the value of upward velocity.
From the figures it could be noted that the upward
velocity varied from point to point at the level of
measurements. That means the particle will move in
wavy flow up ward and down ward. The flow is
upward in the middle of the plate and downward at

lateral side of the bed for most of air flow rates.
Some of them are

Downward in the middle distance from the center
especially with high flow rate. The curvature shape
of the pressure curve is an indication to the flow
wave when sand added to the bed. The small value of
flow variation between maximum and minimum
values means that the bed will have homogenous
distribution of the bed expansion head.

Figure (8) shows the pressure measurements for the
bed at level which is above 4 cm from the bed
bottom. The pressure starts to be more flattening than
the lower level which means that the effect of swirl
starts to decay with distance upward increase. This is
means that the distributing plate ejectors strongly
affect at the base of the distributing plate only. This
region always suffers from stalling phenomena in
other distributing plate bed distributer types. At the
rejoin which the ejector found in the distributing
plate the ejection velocity is totally horizontal, which
means that the sand particles starts to be pushed
horizontally with total speed of flow. This means the
base of the sand will steer up to the top of the bed
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and vice versa. The top of the bed the flow speed will
be totally vertical which means sand particle will rise
up and down according to the flow wave.
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Figure (7): The measurements of the total and static pressure through the distribution plate without sand at two different
positions for different flow rate at the same level 3 cm from the base of the distributed plate.
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Figure (8): The measurements of the total and static pressure through the distribution plate without sand at two different
positions for different flow rate at the same level 4 cm from the base of the distributed plate.

111.2 Cold run results

A cold run test performed with test rig facility for the
distributor plate with new ejectors configuration. The
cold run test performed at 600um sand particle and
300um particle sizes. The movie was recorded for
the run and then using software for expanding it to
captures photos. The photo illustrated in figures (9)
and (10).

For figure (9) the test for sand size 600 pm is
illustrated. Thirteen shots are listed sequentially with
time step between shot and the next shot is about 1
sec. it is clear that the ejector with the suggested
configuration for the distribution plate achieved good
mixing for bed sand particles. No regions for bed
settling phenomena at the tested flow rate for this
sand size.

Air Distribution

in 600 um
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Another cold run performed with the same facility
and conditions for smaller sand size. The sand
particle size is 300 um. The captured shots are
illustrated at figure (10). It is clear that the more sand
sized getting fine the more bubble sized reduced and
more distribution for bubbles through the bed is
achieved. The swirling have low rate than the bigger
size which have low flow resistance due to great void
sizes that increased with biggest size of sand grains.

For both tests 600 um and 300 um it could be noted
that the homogenous of the bed expansion head
around the bed which means it matched with pressure
curved for aerodynamics results.

35
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12 13

Figure (9) The cold run test for 600 um sand particle sizes with 10 cm static bed high at time step between two shoots is 1
sec.

Air Distribution

in 300 pm
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111.3 Treatment of Experimental Data

111.3.1 The jet length
Control of the jet length would enable fluidized bed
designersto enhance particle mixing in the grid-zone
and prevent gas bypassthrough solids in shallow
beds, while knowledge of the jet diameterwould help
in predicting the initial bubble size [14]. Hence, jets
areused as a reacting medium to control processes
such as combustion,gasification, flame reactions,
granulation, coating and devolatization,in which the
quality of products depends largely on the
contactmechanism at the feed [15].

List of published correlations for jet penetration
length (Lj). [5]

13

Figure (10) The cold run test for 300 pm sand particle sizes with 10 cm static bed highat time step between two shoots is 1
sec.

Wen et al (1982)
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By visualization , it is found that Merry's equation
[16] correlation verifies the experimental values of
the tested distributor plate

Iv-Conclusion

The results showed that the new modification for the
distribution plate that introduced previously resulted
in the same advantages of good mixing and swirl
flow, fast ignition response and no region for de-
fluidization in the center of the plate beside avoiding
the little settling on the bed bottom previously
obtained due to the lack of the number of ejectors
close to the walls.

The snapshots of the cold run testes at two different
sand particle sizes 300 um and 600 um showed that
there are many swirls waves were generated which
means good impact of the new design on combustion
efficiency and distribution of the sand particles. Also
it was noticed that there is a good mixing near the
side wall which means a good heat transfer for the
bed wall.

Nomenclature:

h = Head of the manometer fluid (m)
0 = Angle of inclination (degree)

Q = Volume flow rate(m*/sec)

A=available area of distributor plate per orifice
=AdN (m?)

Ag=Area of distributor (m?)

d,=Diameter of orifice in distributor plate (m)

dp = Mean particle diameter (m)

dy = grid hole diameter, (m)

g =Acceleration due to gravity (m/s)

L;=Jet penetration length (m)

Lnor = jet penetration for horizontally directed jet,( m)
U+=Superficial gas velocity at minimum fluidization
(m/s)

U,=Mean orifice velocity (m/s); = (UsAq)/ (N
(nd02/4))

Us=Superficial gas velocity (m/s)

Uy, = velocity of gas through the grid hole, (m/s)

Pgb = density of gas at bed operating conditions,
(kg/m®)

pgh = density of gas entering the grid hole (plenum
conditions),( kg/m?)

pp = particle density, (kg/m?)

£ = voidage at minimum fluidizing conditions

N = Number of orifices within distributor plate,
dimensionless
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