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ABSTRACT

Swirling Fluidized Bed (SFB) is a newer variant of fluidized bed. Although it’s been
investigated by many researchers, a good understanding of its hydrodynamics and
the effects of different design parameters on it is yet to be established. In fluidized
bed processes, bed pressure drop is crucial as it determines the power required. The
present work is an effort to investigate the effect of particle shape and distributor
blade overlap angle on bed pressure drop in a SFB. In this study, bed particles of
different shapes (cylindrical, spherical and oval) were used with different bed
weights (500g, 750g and 1000g). The experiments were conducted with various
distributor blade overlap angles (9°, 12°, 15° and 18°) at constant blade inclination of
10°. The experimental set up used in this research is shown in Figure 12 and Figure
18. Batch experiments were carried out with increasing the bed weight from 500g to
1000g in a step of 250g of bed particle for each shape and each distributor blade
overlap angle. The results obtained were tabulated. Graphs were plotted to show the
bed pressure drop variation with superficial velocity for each particle shape and
distributor overlap angle. Figure 22 until Figure 39 show the results of this
experiment. Result analysis confirmed that spherical particle has a higher bed
pressure drop among the three shapes. Besides that, distributor blade overlap angle of
9° gives higher bed pressure drop as well. Hence, particle with spherical shape and
blade overlap angle of 9° influenced the bed pressure drop the most. In the meantime,
- oval shape particles have lowest minimum fluidization velocity as compared to
cylindrical and spherical particle. As a conclusion, the research conducted proves the

superiority of SFB over conventional bed.
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CHAPTER 1
INTRODUCTION

1.1 Project Background

Fluidization is a process whereby a bed of solid particles is transformed into a state
where it behaves like a fluid when a gas or liquid is passed through this bed of
particles. When the gas or liquid flows through the gaps in between the solid
particles, it will exert a drag force on the particles. As the flow increases, the drag
force exerted on the particles is large enough to disturb the arrangement of the
particles. Then, the upward or vertical motion velocity is raised progressively, which
makes the drag force exerted on the particles sufficient to support the particles’ entire
weight. Hence, the solid particles are said to be fluidized and behave like a fluid. As
a result, the particles said to be having many properties and characteristics of a liquid

such as the ability to free-flow under gravity.

The advantages of fluidization which is solid-fluid contacting are rapid mixing of
solids, high rates of heat transfer as well as mass transfer and finally the containment
of well-mixed solid particles at a uniform temperature that resists sharp temperature
fluctuations and allows exothermic reactions to be carried out in controlled
temperature. Therefore, it is widely used in applications such as heat recovery,
treatment of metal surfaces, heat exchangers, gasification, and combustion of solid

fuels, waste treatment, endothermic and exothermic reactions.

Limitations in conventional fluidized bed have resulted in development of new beds
such as circulating fluidized bed, centrifugal fluidized bed, vibro-fluidized bed,
magneto-fluidized bed, tapered fluidized bed, spouted fluidized bed and swirling
fluidized bed. Swirling Fluidized Bed (SFB) is still very new in fluidization field.

The gaseous medium in SFB enters at an angle through the inclined opening of the



distributor where the vertical component causes fluidization and the horizontal
component caused swirling motion. These features distinguish SFB with

conventional fluidized bed.

1.2 Problem Statement

In industrial processes, which involve gas-solid contact, bed pressure drop is crucial
in determining the power required. The process can be either diffusion controlled or
kinetically controlled. Diffusion controlled process normally dependent on the
porosity of the bed material used. The best example of the diffusion controlled
process would be the drying of wheat. Meanwhile, kinetically controlled process is
dependent upon the velocity of the gas flow. Combustion process is one of the
kinetically controlled processes. Besides that, pressure drop also occurs due to the
rearrangement of particles during fluidization. Rearrangement of particles occurs
when the particle being lifted and fluidized inside the bed. Therefore, experimental
studies need to be done in order to indentify the parameters that influence the bed

pressure drop in SFB.

Hengce, this project is carried out to study the effect of particle shape and distributor
blade overlap angle on the bed pressure drop. Bed pressure drop is one of the
hydrodynamic characteristics of Swirling Fluidized Bed (SFB). Therefore,
experimental studies on the effect of the particle shape and distributor blade overlap
angle will describe about the bed behavior which will affect the hydrodynamic
behavior of SFB. Bed pressure drop also will have effect on the various reactions
taken place inside the SFB. Thus, by analyzing the influence of the particle shape
and distributor overlap angle on the bed pressure drop, one is able to control the
kinetics of the different reaction occurring inside the SFB and also able to produce

quality fluidization process.

There are numerous research are carried out in SFB field by many researchers from
various countries all around the world. However, only few had conducted research
on bed pressure drop. Moreover, this experiment is conducted with different particle

shapes as well as different distributor blade overlap angles. Besides that, the author
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studies the relation between these two parameters, particle shape and distributor
blade overlap angle, with bed pressure drop. Once, the author has studied the effect
of these two parameters, she is able to know and analyze the behavior of the bed.

Therefore, this project can be a good platform to study about the bed pressure drop.

In a nut shell, the results of this experiment not only will show superiority of SFB
over conventional bed but also will establish a relation between the aspects discussed

and the bed pressure drop.

1.3 Objectives and Scope of Study
1.3.1 Objectives

This project is regarding the Swirling Fluidized Bed (SFB). The author will study
about the fluidization process and the hydrodynamic behavior of the SFB particularly
on the effect of the particle shape and distributor blade overlap angle on the bed

pressure drop. Therefore, below are the objectives of this project:

a) to study the effect of the particle shape on the bed pressure drop

b) to study the effect of the distributor blade overlap angle on the bed pressure
drop

¢) to establish relation between particle shape and distributor blade overlap

angle with bed pressure drop
1.3.2 Scope of Study
At the end of this research, the author able to have the followings:

a) Better understanding of hydrodynamics of SFB
b) A new classification for particles in SFB, like Geldart classification 1n
conventional bed

¢) Effectiveness of the slugging regime in SFB



CHAPTER 2
LITERATURE REVIEW

2.1 Fluidization

In various technological operations it often requires to bring a granular material into
intimate contact with a flud The simplest way of doing it is trough fluidization
process. Fluidization is the fundamental concept that used to develop different types
of fluidization bed and currently used in industrial applications such as circulating
fluidized bed, centrifugal fluidized bed, vibro-fluidized bed, magneto-fluidized bed,
tapered fluidized bed, spouted fluidized bed, swirling fluidized bed and etc. Since the
conventional fluidized bed have certain limitations, therefore it leads to the further
development in fluidized bed and as a result these fluidized beds are developed. The
common feature shared among these fluidization beds is the fundamental concept,
which these beds are based on; although they are differ to each other in certain

aspects.

Vanécek C.Sc. et al (1966} says on increasing rate of flow, the pressure drop across
the bed will also be increasing until, at a certain rate of flow, the frictional drag on
the particles will become equal to the effective weight of the bed and in this state the
bed of particles attains properties similar to those of fluids; hence it is called a
fluidized bed. He also mentioned that this condition and the velocity corresponding
to it are termed incipient fluidization and incipient fluidizing velocity respectively.
Meanwhile, according to Kunit and Levenspiel (1990), at a point where all the
particles suspended by the upward-flowing gas or liquid, the frictional force between
particle and fluid just counterbalances the weight of the particles, the vertical
component of the compressive force between adjacent particles is appears, and the
pressure drop through any section of the bed about equals the weight of fluid and
particles in that section, thus the bed is said to be fluidized. In other words,
fluidization is a phenomenon of imparting the properties of a fluid to a bed of

particles by passing a fluid through it at a velocity which brings the fixed bed to its



loosest possible state just before transformed it into a fluidized bed. (Gupta and
Sathiamoorthy, 1999, pg 1).

- Interstices

Flowing
fruid

lcan be upwards
or downwards)

Porous
;)
¥~ base

Figure 1: Schematic diagram of fluidization

Minimum fluidization velocity, U5 is important in fludized bed. It is the velocity at
which fluidization start to begin. According to K.S.Lim et al (1995), minimum
fluidization velocity is based on the balance of pressure drops required to support the
weight minus buoyancy acting on the particles at the point of minimum fluidization.
Based on the Ergun’s equation, minimum fluidization velocity, 1/, is calculated

using the equation below:

Rer=\ /C12+C2Ar -Cy

Rems = (pc dp Ung) / UG
Ar=(pc Ap gd,”) / ug”

Where:
Ap = (pp- pa) Ar — Archimedes number
pp— Particle density Rens — Reynolds number

pc — Gas density

dp — Particle diameter

ng — Gas viscosity

Ups — Minimum fluidization velocity

C,, C;— Particle shape dependant and species dependant
5



Besides the equation mentioned earlier, [/, also can be found using Ergun’s
equation directly by substituting superficial fluid velocity with [/, and the pressure
drop across the bed is equal to the effective weight per unit area of the particles at the
point of incipient fluidization as per below:

AP = (pp — pe)(1 — enm)gL

150u0Uns (1-8n) |, 175 pg(Unt)® 1 _g(Pp—po)
Op)  (em)’ Dy (ew)

Rang r. Pattipati and C.Y. Wen (1981) said that the minimum fluidization velocity is
affected by temperature. It decreases with increasing temperature for small particles.
They also mention that for small particles and at high temperature, the viscous forces
are dominant. However, for larger particles, kinetic forces are dominant compared to

viscous forces.

Particles inside the fluidized bed are called bed particles. A fixed bed is a layer of
particles which rest on one another and do not move relative to one another or
relative to the walls of the container as said by Vanétek C.Sc. et al (1966). On the
other hand, moving bed is a layer of particles moving as a whole under the action of
gravity. After reach fluidization state, the volume of the bed is somewhat larger than
the volume of the fixed layer. Thus, the bed is said to be expanded. If we further
increase the velocity of the fluid, the bed continues to expand and the height of the
bed increases. However, the concentration of particles per unit volume of the bed

decreases.

Figure 2: Conventional Fluidized Bed Combustor Boiler
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The advantages and disadvantages of fluidized bed are illustrated in the table below
based on Gupta et al (1999):

Table 1: Advantages and disadvantages of fluidization

Advantages Disadvantages

e A high rate of heat and mass e Fine-sized particles cannot be
transfer under isothermal operating flmdized without adopting some
conditions is attainable due to good special techniques, and high
mixing. conversion of a gaseous reactant

in a single-stage reactor 1is
difficult.

¢ A fluid like behavior facilitates the e The hydrodynamic features of a
circulation between two adjacent fluidized bed are complex, and
reactors. hence modeling and scale up are

difficuit.

o No moving part and it is not e Generation of fines due to
mechanically  agitated reactor; turbulent mixing, gas or liquid jet
hence low maintenance cost. interaction at the distributor site,

and  segregation due to
agglomeration result in
undesirable products.

e It is mounted vertically and save o Elutriation of fines and power
space. consumption due to pumping are

mevitable.

* A continuous process coupled with e Sticky materials or reactions
high throughput is possible. involving intermediate products

of a sticky nature would
defluidize the bed.

¢ No skilled operator is required to e Highly skilled professionals in
operate the reactor. this area are needed for design

and scale up.

s It is suitable for accomplishing o Limits on the operating velocity
heat-sensitive or exothermic or regime and on the choice of
endothermic reaction. particle size range.

o It offers ease of control even for e FErosion of immersed surfaces
large-scale operation. such as heat-exchanger pipes may

be severe.

e Multistage operations are possible e Reactions that require a
hence the solids residence time as temperature gradient inside the
well as the fluid residence time can reactor cannot be accomplished in
be adjusted to desired level. a fluidized bed reactor.




2.2 Swirling Fluidized Bed (SFB)

Swirling Fluidized Bed (SFB) is the latest development and the new variant in
fluidized bed. Although SFB still a new variant, but the concept of SFB is
commercially available in industrial applications. However, the published
information on SFB behavior is insufficient. Therefore, there are plenty of
opportunities in this field to be explored in order to improve the SFB. However, from
the past research on SFB, it is known that SFB is more energy efficient compared to
other methods of fluidization since in SFB each particle get equal opportunity to
fluidize. Besides that, SFB has following advantages compared to conventional
fluidized bed. (Vinod et al, 2010).

a) Low distributor pressure drop
b) No bubbling, hence absence of slugging and channeling
¢) High quality fluidization with better mixing due to the toroidal motion of

particles
__.1 .........
g
" o~ |~ Cobwemmn
3 /\ /,.—— Bed wall
el ' i —
= | I
: Fy ? , /__ Windhox
T =
Air inlet —-‘/l i @310

Figure 3: Schematic diagram and basic configuration of Swirling Fluidized Bed

Sreenivasan and Raghavan (2002), pioneers who were involved in developing SFB,
said that gas enters the bed at an angle 0 to the horizontal. Hence, velocity of the
inclined injection of gas has two components; (i) a vertical component of, v sin 6,
which causes fluidization, and (ii) a horizontal component, v cos 0, which is
responsible for the swirl motion of the bed particle. As the gas penetrated deeper into

the bed, its horizontal momentum is attenuated, and finally dies out at a certain
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height above the distributor, if the bed is sufficiently deep. If the bed is shallow

enough, the velocity of the gas leaving the bed will still have two components.

Another author Paulose M.M (2006) mentioned in his thesis that SFB featuring an
annular bed, where the inclined injection of gas trough the distributor. Therefore, the
gas entering into the bed will have two components - horizontal and vertical
components. (p.13). Thus, SFB has two significant advantages compared to other
fluidized bed. This is because it can fluidize the particles at the same time causes

swirling motion of particles on confined circular path,

Raghavan et al. (2004) stated that the swirling in the bed is a result of the transfer of
angular momentum from the gas to the bed particles. However, this swirling motion
1s opposed by the frictional force introduced by the walls of the containing column.
Observation in real bed shows that different region in the bed swirl with different
velocities and thus the bed characteristics are functions of both radial and axial

distance.

Furthermore, uniform distribution of fluid inside the SFB is very crucial in order to
get uniform fluidization. SFB is capable of providing uniform fluidization which
makes 1t useful in industrial applications such as drying, coating and etc. Therefore,
distributors are very important components in a fluidized bed since it helps to
distribute the air or gas uniformly inside the fluidized bed. It also associates with the

pressure drop inside the fluidized bed.

In 2 conventional fluidized bed, air is admitted vertically upwards to the bed. On the
other hand, in a swirling fluidized bed, air enters the bed at an angle and this is
achieved by providing inclined holes or inclined slots in the distributor. It is a well
accepted fact that high distributor pressure drop is required for good fluidization in
conventional beds. On the other hand, quality fluidization can be achieved in a SFB

with a comparatively lower distributor pressure drop. (Paulose M.M, 2006).

Kaewklum et al. (2010), cited that the fluid velocity is represented by its axial, radial

and tangential components responsible for gas-solid transportation (mixing) in



respective directions. He proved it based on his experimental studies on swirling

fluidized bed combustor using an annular spiral air distributor.

The swirl motion in SFB is caused by the annular spiral distributors whereby there
are number of blades arranged in spiral motion. The openings between the blades
allow the air to flow from the plenum chamber into bed. The inclined motion of the
air causes the swirl of the particles inside the SFB. The concept of annular spiral
distributor is inspired from Ouyang and Levenspiel (1986) work where in they
proposed a spiral distributor for swirl motion. They found out from their experiment
that pressure drop across the spiral distributor is from 1 to 2 orders of magnitude
smaller than for the sintered plate tested, however, this pressure drop increases more
rapidly with an increase in gas velocity than for the sintered plate. Vinod et al. (2010)
in his paper “Study of the Fluid Dynamic Performance of Distributor Type in Torbed
Type Reactors™ said that the percentage useful area of the distributor was about 95 in
the inclined blade type distributors, while it was 64 in the perforated plate type
distributor.

Sreenivasan (1995) has conducted experiments in a SFB with a distributor capable of
giving swirl motion to the bed particles. In this experiment, the distributor was made

of a number of blades that are truncated sectors of a circle with each blade inclined at

an angle of 12" to the horizontal. Since hollow metallic cone was placed at the centre
of the bed to avoid particle accumulation, the area at the centre of the distributor
which was covered by the cone was not utilised. Hence the static bed height will be

more for a given weight of the material than in a conventional fluidized bed.

Certain drawbacks in conventional fluidized bed which lead to development of SFB
and other fluidization beds are limitation in gas flow rate to avoid elutriation in gas-
fluidized beds, and limitations on particles size, size distribution and particle shapes.
However, SFB provides an efficient contact between gas and particles compared to
conventional fluidized bed. Conventional bed requires high pressure drop for
fluidization as compared to SFB where it emphasize on quality fluidization. Besides
that, due to the cross flow of the particles, no stable jet formation occurs in the SFB.

The toroidal motion in the bed mixes the particles in the radial direction. The gas

10



velocity can be increased to high values with little elutriation. In addition, SFB have
distinct advantages in drying of agriculture produce. (Paulose MM, 2006, pg 2).

These are the advantages of SFB over conventional fluidized bed.

The table below illustrates the comparison between conventional fluidized bed and
SFB:

Table 2: Comparison between conventional fluidization bed and SFB

Conventional Fluidized Bed Aspect Swirling Fluidized Bed (SFB)
o Fluid enters into the bed | Direction of fluid e Fluid enter into the bed in
in direction only, which is flow two direction — vertical
vertical motion and horizontal motion
e  Only have fluidization Process e Have both swirling and
fluidization at the same
time
e Perforated or porous plate Types of e Annular spiral distributor
distributors distributor
¢ Good fluidization require Type of e Quality fluidization is
high distributor pressure fluidization achieved with a
drop comparatively lower
distributor pressure drop
¢ Limitations such as Limitations o Limitation due to the use
shugging, channeling, of annular area of the
elutriation of  sold distributor, which causes
particles, limitation in size restriction in its size
of particles

Therefore, SFB has more advantages and applications compared to conventional
fluidized bed. Since it has wider characteristics and applications, it is very much used

in the industries.

2.3 Distributor Pressure Drop

Distributors are a series of blades that has been arranged in spiral motion. These
distributors’ blades are arranged in an inclined angle to allow gas or air to pass
trough. As the name applies, it is used to distribute the air or gas uniformly inside the
SFB. Therefore, it is one of the crucial components in the fluidized bed and it also

influences the process undergoing inside the bed.
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Type of distributor used in this experiment is annular spiral distributor, where the
blades are arranged in the clockwise direction and hence the air flow is also in
clockwise direction. The figure below shows the example of an annular spiral
distributor; where the flow is in counter clockwise direction and the annular spiral

distributor used in this experiment respectively.

Figure 4: Annular spiral distributor

Paulose M.M (2006) says that a good gas distributor shall possess the following

qualities:

1. Have low distributor pressure drop at the operating velocity so as to minimize
the power consumption.

Be strong enough to withstand both thermal and mechanical stresses.

Ability to prevent particle flow back to the plenum chamber at low airflow.

Have minimum particle attrition.

b

Ability to prevent distributor attrition.

Distributor pressure drop is very important since it will determine the air flow inside
the fluidized bed. If the pressure drop is very low, the air will enter the bed in the
zone of lowest pressure drop and it will cause a non-uniform distribution of air flow

inside the bed. Therefore, distributor design is very important.

Paulose M.M (2006) says that ratio of the distributor pressure drop to the bed
pressure drop (R) is generally considered for the design of distributors in
conventional bed. Hiby (1967) mentioned that the minimum ratio of distributor to
bed pressure drop, depends not only on the distributor type but also on the fluidized
particles, the bed depth, the superficial gas velocity, bed aspect ratio and even the

12



percentage of uneven distribution which can be tolerated. Few researchers have come

out with values for R according to material used and different types of plates used.

Meanwhile, Sathyamurthy et al. (1977) observed that the number of orifices or
percentage open area is determined by the gas flow rate, bed height, bed material and
type of distributor. He also observed that a higher bed pressure drop is required to
operate all orifices in case of finer size particles. Whitchead (1971) stated that it is
dangerous to postulate universal rules for distributor pressure drop in terms of a fixed

value for the ratio and to attempt to apply them to all situations.

Thus, distributors are one of the important components in SFB since its pressure drop

very crucial in providing a uniform air flow inside the fluidized bed.

2.4 Bed Pressure Drop

In fluidized bed processes bed pressure drop is crucial as 1t determines the power
required. Bed pressure drop is the pressure difference between total pressure drop
and distributor pressure drop. Therefore, it is the pressure of the bed particle, which
shows the behavior of the bed particles. Ergun (1986) has established that the
pressure drop in a fluidized bed is due to the simultaneous kinetic and viscous energy
losses. Therefore, he had done experimental and analytical studies and came out with

an equation called Ergun’s equation. The equation is:

AP (1-¢)* nuU (1-6 GU,?
= 150 S Bm 4y 1
Viscous energy losses Kinetic energy losses

Where:
AP - Pressure loss G - Mass-flow rate of fluid
D, - Effective diameter of particles L - Height of bed
g - Gravitational Constant - Fractional void volume
M - Absolute viscosity of fluid
Um - Superficial fluid velocity assured at average pressure
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Above equation has been examined from the point of view of its dependence upon
flow rate, properties of the fluids, and fractional void volume, orientation, size, shape
and surface of the granular solids. However, Ergun considered the following factors

in his equation.

a) Rate of fluid flow
b) Viscosity and density of the fluid
c¢) Closeness and orientation of packing

d) Size, shape and surface of the particles

Sreenivasan and Raghavan (2002) said a striking feature that distinguishes the
swirling bed from a conventional fluidized bed 1s that, the bed pressure drop in the
swirling mode, (Ap), s increases with air velocity. This is because the bed pressure is
proportional to the centrifugal weight of the bed. They conducted experiment in
swirling bed for two different size of spherical PVC particle. The founding of the
experiment is that the pressure drop in the swirling regime is not constant, but
increases with gas flow rate and also proposed that the pressure drop increases with
centrifugal weight of the bed or the angular velocity of particle. During their

experiment, they came across the following regimes in their bed:

a) Bubbling

b) Wave motion with dune formation
c) Two-layer fluidization

d) Stable swirling

Both researchers model the pressure drop, (Apls, in the swirling regime of

operation. Their principle assumptions are:
a) The bed is a single swirling mass of uniform angular velocity

b) The angular velocity of the gas at the free surface of the bed is
approximately equal to the mean angular velocity of the bed
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Figure below shows the result of the experiment carried out by Sreenivasan and
Raghavan. Their experiment predicts the pressure drop in the packed regime using

Ergun equation to within 20% of the experimental values.
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Figure 5: Experimentally obtained bed pressure drop, in mm of water

From their experiment, the pressure drop of fluidization may be expressed as:

(Ap = th.’"am-

Meanwhile, the pressure drop in the swirling region can be predicted using the

following equation:

(Ap Yo, s = (AP )iy + e 97

In another research, Mohd Faizal et al (2010) found that the pressure drop of the bed
increased with superficial velocity after minimum fluidization, in contrast with a
conventional fluidized bed. They also found that the blade geometry has less effect
on bed performance, compared to fraction of open area and particle size. This
experiment was carried out to know the influence of the superficial velocity, bed
weight, blade overlapping angle and number of blades on the bed pressure drop. The

results of the research are shown in the figures followed.
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Figure 8: Bed pressure drop against superficial velocity for different bed weight
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blades
K.V.Vinod et al (2010) studied about the bed pressure drop as a function of
superficial velocity by using three types of distributor, which are inclined blades in a
single row, perforated plate with inclined holes and inclined blades on three rows.
Their experiment finding reveals that for each bed weight studied, the bed pressure
drop was almost constant after minimum fluidizing velocity of about 1.2m/s. The

results of the experiment are shown in the Figure 10.
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Figure 10: Variatior; of bed pressure drop with superficial velocity for the
inclined-blade three-row, inclined-blade single-row and perforated plate with
inclined hole type distributor respectively
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Raghavan and Vinod (2011) in their research on operation of a swirling fluidized bed
quoted that the bed pressure drop first show an upward trend and then reaching after
a particular peak value it start decreasing. This may be attributed to the fact that the
bed pressure drop will fall as the resistance from the bed decreases. Besides that,
they said that the peak in the bed pressure drop can also be explained as being due to

the additional energy required for rearrangement of the “locked’ particles.

In this research, the variation of bed pressure drop was shown against superficial
velocity. In order to find the superficial velocity, author measures the pressure drop
in orifice meter and used the following equations to calculate the flow rate in m’/s

and superficial velocity in m/s respectively.

Flow rate = Cy x V2 X g X Ap; x Orifice Area Visuperficial = Flow rate (m%/s)
vi1- (d/D)I Bed area (m?)

In case of SFB, the bed pressure also occurs due to the rearrangement of particles
during fluidization. When the gas enters the bed trough the distributor, the packed
bed slowly gets fluidized and the bed expands. The particles get lifted up and swirl in
the direction of the gas as illustrated in Figure 11. So some extra energy has to be

spent to unlock the particles from the packed state in order to get them fluidized.

Figure 11: Rearrangement process

Only few researchers had done research on bed pressure drop. However, their
research usually will be a part of another research. No one had dedicated a research
solely on bed pressure drop. Therefore, the author gets an advantage since her
research is fully on the bed pressure drop and the parameters that influence the bed

pressure drop.
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CHAPTER 3
METHODOLOGY

3.1 Experimental Set Up

The schematic diagram of the test set-up for this experiment is shown in the Figure
12. This test set-up consists of a Perspex cylinder, which forms the bed wall. The
cylinder is mounted on the distributor. The type of distributor used in this test is
flexible version of annular spiral distributor. It is a variant of the spiral distributor
developed by Ouyang and Levenspiel (1986). Unlike in case of Ouyang and
Levenspiel the blades are not welded at the centre for the sake of flexibility in
changing the blades with different overlapping angle during the experiment. The
trapezoidal shaped blades are made of 1mm Aluminium and there are sixty of them.
The blades are arranged on stepped rings, an outer and inner, with steps machined at
an angle of 107 to the horizontal. The blades are held intact by two other rings, an
outer and inner, on the top. The inclined overlapping blades direct the fluidizing air
as desired. A thin cylindrical shape metal of Smm thick is screwed at the centre of
the bed above the stepped rings in order to keep the blades in place tightly. The
stepped rings and the blades are arranged around the Bakelite. The blades and
annular spiral distributor used in this experiment is shown in the Figure 14 and

Figure 16 respectively.

Both the Perspex cylinder and distributor are mounted on the plenum chamber by
using bolts and nuts. The author did not prefer using permanent joint because it will
be easier to use bolts and nuts whenever the author needs to change the distributor
blades. The plenum chamber is a hollow cylinder with a hole at one of its side for the -
air entry. A flange is welded to the plenum chamber at the hole in order to connect
the chamber to the pipes. The chamber is connected to the blower with PVC pipes.
There are two paths for the air to flow, which are larger flow and lower flow. This

flow is controlled by two butterfly valves. If the air flows from the blower through
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the first butterfly valve, the second butterfly valve will be closed and vice versa. Two
orifice plates are mounted at middle of the pipe connecting the blower and plenum

chamber to measure the air flow rate.

A hollow metal cone is centrally located at the base of the bed. This cone causes the
superficial velocity of the air decreases continuously from the distributor to the free
surface of the bed. Besides that, it also eliminates the ‘dead zone’ at the centre of the
bed (Sreenivasan and Raghavan, 2002). Then, three pressure tappings, P; P, and P;
are provided on the set up to measure the pressure drops using digital manometer. P;,
and P,, are on the Perspex bed wall while P; is on the plenum chamber wall below

the distributor plane. The complete and overall experimental set up is shown in the

Figure 18.
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Figure 12: Experimental Test bed
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this experiment ” Figure 15: Blade overlap angle
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Figure 18: Overall Experimental Set up
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3.2 Procedures of the Experiment

3.2.1 Flow chart

o conducted

—

The experiment was conducted with
three different particles with three
different weights and four distributor
blade overlapping angles. The detailed
experiment procedures are explained
in the following section.

/

The tabulated and

analyzed using graphs. Detailed results

results were

description is shown in result section.

L—%

22

Research and literature review were

to have better
understanding of SFB concept. Author
read journals published about SFB to

know about the development in SFB.

The effect of particle size and
distributor blade overlap angle on bed
pressure drop in SFB has not been
explored so far. Thus, author chooses

parameters her

these two in

experiment.

~»With the help of a PhD student, author

design the experiment set up.

“—»Author procure material needed for

her experiment set up such as

aluminium sheet, PVC pipes and etc
and get endorsed by her supervisor.

Equipment parts such as plenum

7 chamber were fabricated by fabricator

and assembly of the set up was done
by the author with the help of a PhD
student.

Trial runs were conducted in order to

test the experiment set up.



3.2.2 Procedures

Blades of overlap angle 9° are arranged on the inner stepped ring at Bakelite
and the outer stepped ring is placed on the blades to keep the blades in place.
The thin cylindrical shape metal of Smm thick is screwed at the centre of the
bed above the stepped rings in order to keep the blades in place tightly.

3. Then, the central cone is screwed at the center of the bed.

4. Next, the Perspex cylinder is screwed with bolts and nuts to the plenum
chamber.

5. The experiment set up is tested with the blower switched on to confirm the
experiment set up works well without any failure or leakage.

6. Blower is switched on again.

7. Then, the distributor pressure drop, (P; - ;) is measured at different air flow
rates.

8. The air flow rate is varied progressively using a butterfly valve.

9. The air flow rate is measured using an orifice flow meter.

10. The bed is loaded with 500g cylindrical particle.

11. The total pressure drop, P;, is measured for different air flow rate.

12. Then, the experiment is continued with 750g and 1000g of cylindrical
particle.

13. The experiment is repeated for blade overlap angles of 12°, 15° and 18° with

spherical and oval shape particles.

Basically, the experiment was conducted in batch with the following condition:

» Particle shape: Spherical (1mm), Cylindrical (L/D =3.5), Oval (2mm minima dia.)

> Particle weight (g): 500, 750, 1000

» Blade overlap angle: 9°, 12°, 15° & 18°

Figure 19: Cylindrical, Oval and
Spherical particle respectively
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All the readings were inserted in a Microsoft Excel sheet. Finally, the bed pressure
drop is the pressure difference between the total pressure drop and distributor
pressure drop i.e. (P; - P;). Graphs were generated to analyze the effect of particle
shape and blade overlap angle on bed pressure drop. It will be discussed in results

section.

3.3 Project Planning (Gantt chart)

Milestone for Final Year
Project 1
1 | Selection of project topic
2 Confirmation of project
topic
3 | Literature review studies
4 Submission of preliminary °
report
5 Fabrication &
Experimental set up
6 | Trial tests
7 Submission of progress ]
report
8 | Seminar ®
9 Initial Experiments on the
setup
1 Submission of interim P
report
12 | Oral presentation During Study Week

® Suggested
milestone
B Process

Figure 20: Gantt chart of FYP |
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Milestone for Final Year

Project IT

1 Cylindrical Shape
experiment

» Spherical Shape
experiment

3 | Oval Shape experiment

4 | Result Analysis
Progress report

> | Submission °

6 | Repeat the experiment

7 | Result Analysis

8 | Poster exhibition d

9 Submission of dissertation ®
(soft)

10 | Oral presentation ®

" Submission of
dissertation(hard) 7 Days after Oral Presentation

Figure 21: Gantt chart of FYP 1]

® Suggested
milestone

B Process
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CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 Results

Although there are many feasible permutations of results are possible from the data

acquired from the experiment, only a few are presented here.

4.1.1. Effect of Particle Shape on Bed Pressure Drop

4.1.1.1. Distributor Blade Overlap Angle of 9°

Bed Pressure Drop Variation for bed weight of 500g

—t—Cy_500g
- 5p_500g
- Ov_500g

000 001 002 003 004 005 006 007 008 009
Superficial velocity, u (m/s)

Figure 22: Variation of bed pressure drop with Vsypericia With blade overlap
angle of 9° for different shape of particle with bed weight of 500g
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i Bed Pressure Drop Variation for bed weight of 750g
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Figure 23: Variation of bed pressure drop with Vsuperficia With blade overlap
angle of 9° for different shape of particle with bed weight of 750g

- Bed Pressure Drop Variation for bed weight of 1000g
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Figure 24: Variation of bed pressure drop with Vsypersiciat with blade overlap
angle of 9° for different shape of particle with bed weight of 1000g

4.1.1.2. 12° Distributor Blade Overlap Angle

Bed Pressure Drop Variation for bed weight of 500g

2

— 14.00 -

S K
8 8

6.00 —e—Cy_500g
4.00 ~&-5p_500g
2.00 —dr—0v_500g

Bed Pressure Drop (mmH20
o
3

0.08 0.10 0.12 0.14 0.16

0.00 0.02 0.04 0.06
superficial Velocity, u{m/s)

Figure 25: Variation of bed pressure drop with Vsypericia With blade overlap
angle of 12° for different shape of particle with bed weight of 500g
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— Bed Pressure Drop Variation for bed weight of 750g
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Figure 26: Variation of bed pressure drop with Vsupersicia with blade overlap

angle of 12° for different shape of particle with bed weight of 750g
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Figure 27: Variation of bed pressure drop with Vsypericia With blade overlap

angle of 12° for different shape of particle with bed weight of 1000g

4.1.1.3. 15° Distributor Blade Overlap Angle

Bed Pressure Drop Variation for bed weight of 500g
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Figure 28: Variation of bed pressure drop with Vs,perficiat with blade overlap

angle of 12° for different shape of particle with bed weight of 500g
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Bed Pressure Drop Variation for bed weight of 750g
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Figure 29: Variation of bed pressure drop with Vsypesicia with blade
overlap angle of 15° for different shape of particle with bed weight of 750g
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Figure 30: Variation of bed pressure drop with Vsypersicia with blade
overlap angle of 15° for different shape of particle with bed weight of

4.1.1.4. 18° Distributor Blade Overlap Angle

Bed Pressure Drop Variation for bed weight of 500g

888

S 5
8 8

6.00 —o—Cy_500g
- 5p_500g
—4— Ov_500g

Bed Pressure Drop (mmH20)

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Superficial Velocity, u (m/s)

Figure 31: Variation of bed pressure drop with Vspeyicia with blade
overlap angle of 18" for different shape of particle with bed weight of 500g
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Bed Pressure Drop Variation for bed weight of 750g

6.00 —4—Cy_750g
4.00 —&8-5p_7508
2.00 ~#—Q0v_750g

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Superficial Velocity, u (m/s)

Figure 32: Variation of bed pressure drop with Vsupericiat With blade overlap
angle of 18" for different shape of particle with bed weight of 750g
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Figure 33: Variation of bed pressure drop with Vsuperficias with blade overlap angle
of 18" for different shape of particle with bed weight of 1000g

4.1.2 Effect of Distributor Blade Angle on Bed Pressure Drop
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Figure 34: Variation of bed pressure drop with Vsyerficia for cylindrical shape
particle for bed weight of 750g with different distributor overlap angles
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Spherical Particle with 750g of Weight
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Figure 35: Variation of bed pressure drop with Vsupercia for spherical shape
particle for bed weight of 750g with different distributor overlap angles
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Figure 36: Variation of bed pressure drop with Vsyperficiar for Oval shape
particle for bed weight of 750g with different distributor overlap angles

4.1.3 Effect of Bed Weights on Bed Pressure Drop
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Figure 37: Variation of bed pressure drop with Vsupericiai for different bed
weights with spherical shape particle and blade overlap angle of 9°
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Cylindrical Shape Particle with 9° Overlap Angle
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Figure 38: Variation of bed pressure drop with Vupeficia for different bed
weights with cylindrical shape particle and blade overlap angle of 9"
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Figure 39: Variation of bed pressure drop with Vsupersficia for different bed
weights with oval shape particle and blade overlap angle of 9°

32



4.2 Discussions
4.2.1. Effect of Particle Shape on Bed Pressure Drop

Tﬁere were three different geometry of particle used in this study, which are
cylindrical, spherical and oval shape. Four distributor blade overlap angles (9°, 12°,
157 and 18°) were utilized with three different bed loadings (500g, 750g and 1000g)
to analyze the influence of particle shape. The effects of these three shapes on bed
pressure drop were shown in Figure 22 until Figure 33. For each distributor blade
overlap angle, three graphs are provided, where one graph for each bed load. From
the analysis, spherical shape has the highest bed pressure drop followed by
cylindrical and oval shape particles for blade overlap angle of 9°. Besides that, oval
shape particle has the lowest minimum fluidization velocity as compared to
cylindrical and spherical particle. The bed pressure drop also increases as the bed

weight increases.

On the other hand, for blade overlap angle of 12°, the plots show a mix variation of
effect. At first, cylindrical particle has the highest bed pressure drop for bed weight
of 500g (Figure 25). Then, oval particle was the highest for 750g bed weight in
Figure 26. Lastly, for 1000g bed weight was spherical shape particle (Figure 27).
However, spherical particle has the lowest minimum fluidization velocity in all three

bed weights.

For 15° overlap angle, cylindrical shape particle has the highest bed pressure drop for
500g and 700g bed weights. Meanwhile, spherical particle was the highest for 1000g.
Other than that, oval and spherical particle has the lowest minimum fluidization
velocity and the values are closer to each others. But, cylindrical particle fluidized

late compared to oval and spherical particle.

Lastly, spherical has the highest bed pressure drop followed by cylindrical and oval
particle for the largest blade overlap angle, which is 18°. Again, minimum
fluidization velocity is almost same for both oval and spherical particle but highest
for cylindrical. Bed pressure drop also increases as the bed weight increases. Same

goes for minimum fluidization velocity.
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On the whole, spherical particle has the highest bed pressure drop among the three
shapes of particle. The higher pressure drop in case of spherical particle is due to a
higher energy required to fluidize them. The reason for this may be the uninterrupted
or smoother flow across the spherical particle which only generates a lower drag. On
the other hand, cylindrical particle has lower bed pressure drop throughout, for all the
four blade overlap angles. This may be due to the fact that larger particles are
capable of withstanding higher superficial velocity. (Faizal et al, 2010). Besides that,
the bed pressure drop is also seen to be consistent in cylindrical particle as compared
to spherical and oval. The plots also suggest that cylindrical particle requires a higher

velocity for fluidization and hence fluidizes late.

4.2.2 Effect of Distributor Blade Overlap Angle on Bed Pressure Drop

Four different distributor blade overlap angles were utilized to study its influence on
bed pressure drop. The four angles were 9°, 12°, 15° and 18°. Three different shapes
of particle (cylindrical, oval and spherical) were used in this experiment in order to
know which blade overlap angle affect bed pressure drop the most in different shape
of particle. Therefore, the author chooses bed weight of 750g for all three shapes of
particle to be presented (Figure 34 until Figure 36).

From the analysis of the plots drawn, the bed pressure drop is the highest for 9° blade
overlap angle in spherical and cylindrical particle. But for oval shape particle, 12°
blade overlap angle shows the highest bed pressure drop. In case of minimum
fluidization velocity, oval particle has the lowest value followed by spherical particle
in all four blade overlap angles. Again, cylindrical particle fluidized late in all four

blade overlap angles as shown in Figure 34.

In general, the bed pressure drop is more for distributor blade overlap angle of 9° as
compared to other angles. This is due to more swirling in case of 9° blade overlap
angle will attenuate the flow more and consume more energy thereby creating more

pressure drop. (Vinod et al., 2011).
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4.2.3 Observations

There were few observations monitored while conducting the experiment as well as
from the graphs drawn. First of all is the bed behavior. Following regimes were
observed as the flow rate is increased progressively as stated by Sreenivasan and
Raghavan (2002).

e

Bubbling

Wave motion with dune formation

=

Two-layer fluidization

e

Stable swirling

At wave motion with dune formation regime, a localize swirl motion is initiated at
any random location in the bed. Then, the swirl extends over certain arc of the bed,
while the remaining arc is static. Meanwhile, on the other periphery of static zone,
the particle gets lessen due to the same swirling zone. Hence, the bed height is
reduced at the periphery which triggers a second swirl motion. Eventually, this
behavior of the bed causes the static region grows at one end of swirling arc and

decays at the other end. (Sreenivasan and Raghavan, 2002).

For two-layer fluidization regime, there was a thin continuously swirling lower layer
and a vigorously bubbling top later were monitored. When the air velocity further
increased the dune formation is attenuated, the swirling region gets wider and
eventually a fully swirling bed can be observed. These regimes can be clearly
observed for cylindrical and oval particles. But, it was hard to observe in spherical

particle due to vigorous swirling,

Secondly, the experiment results showed that, the bed pressure drop increases
progressively with superficial velocity attaining a maximum or peak and then drops
till it becomes stable. Other than that, the bed pressure drop is seen to increase when
the bed weight is increased in all the cases, which is attributed to an increase in
centrifugal bed weight. (Raghavan et al., 2004). The reason for fall in bed pressure
drop after reaching peak is due to the fact that the bed pressure drop will fali as the

resistance from the bed decreases. The resistance from the bed decreases as the bed
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starts fluidized and once fully fluidized the resistance falls greatly since the particles

no longer resist the flow. However, it gets mixed with fluid and starts moving and
flowing like a fluid. (Vinod et al., 2011).

The peak in bed pressure drop is caused by the additional energy needed to rearrange
the ‘locked’ particles in the bed. Hence, the packed bed slowly fluidized and

expands. The particies are lifted up and cause the bed pressure to drop.
Lastly, the minimum fluidization velocity is lower for oval shape particle in all the

cases. This is because oval particles have larger exposed surface area compared to

the other two shapes hence more drag exerted so gets fluidized quickly.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Both particle shape and distributor blade overlap angle have influence on bed
pressure drop. The bed pressure drop increases as the superficial velocity increases.
Since, bed pressure drop is proportional to the centrifugal weight of the bed; it
increases with air velocity in the swirling mode. The trend shown in the results
agrees with the expectations based on the theories. Meanwhile, the peak in bed

pressure drop is due to the extra energy needed to unlock the particles in the bed.

As a conclusion, spherical particle has the highest bed pressure drop as compared to
cylindrical and oval particle. Distributor blade overlap angle of 9° affected the bed
pressure drop the most compared to blade overlap angle of 12°, 15° and 18",
Meanwhile, oval particle has the lowest minimum fluidization velocity due to its
larger exposed surface area compared to spherical and cylindrical particle. The
results obtained not only show superiority of Swirling Fluidized Bed (SFB) over
conventional bed but also helped the author to draw conclusion on the effect of the
aspects discussed on the bed pressure drop. This research has successfully met its

objectives.
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5,2 Recommendation

The recommendation is to further investigate the effect of particle shape and
distributor blade overlap angle on bed pressure drop. The shapes used in this
experiment were uniform in shape. The author would like to recommend using non
uniform particle to study the effect of it on the bed pressure drop. In real industrial

processes, the particles used normally are non uniform.

Hysteresis effect of bed pressure drop also can be studied in this research. This can
be done by taking velocity in reverse direction. Various shapes or particle also can be
utilized in this study together with different distributor blade overlap angles.
Therefore, there are plenty of research opportunities in bed pressure drop yet to be

explored.
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APPENDICES

Sample Excel Sheet Calculations for Blade Overlap Angle of 9°
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Spherical Particle
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Oval Particle
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3 2844  3476] 20067 20633  0:608| 000018 0.520] 0.093647] 0.043932  0.628] 0.0695 0.0700] 2904
7 2545 2524 21008 21033 o.ea| o.0edois]  9.620) 0044590 00443560  0.628] 0078 00706 3609
F] 3550 25.0)  21.638| 21417  0.668| 0.003018]  0.520! 0.095010] D,0R45E!  0.628| 0.0717] 00713 3%.19)
9 2618 26340 21425 21950,  .665| 9.003018]  0:620) 0.045183] 0.0453i2] n.az:sr 00718 eorzz| 3%
10 zossl ssuel 2pssl wanl istal cosousl ol oozl aoustsy aanl oomsl - bomsl dssd
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Sample Excel Sheet Caleculations for Blade Overlap Angle of 12°

Cylindrical Particle

size 02 Bead -
|Bed Weiht 3005
Bed Ovartip: 12
[Biade tactcaion: 10*
opiorifoe GRHZ0) | sp Ak (ahZO) Onfce e, Fow {adeec) | Bedweain o asec) Distrberee
EI¥o c, 4 Ap (abiZ0)
[ R ¥ R 2o P [ = 2 F | ® F
T 000 [T n 158 o000 060 000000} 0.00000 ezt Goew]  owen o100
2 020, [ Fra] 0.167] 0308 &43) 3.003013) .65 .00380] 104243; o.623) D.0061 0.0063] 513
3 13.10] 4.6 [ .917] 6.6‘3‘ £.643] 4.P01015} 0.620 0.030739; 0.024067. 0523} 00450, 0383 153
+ 23501 1 EEI 21,083 ! .5'3‘ Lokl 2.003014 D.62¢) 0.042747) 0.835552] 0.628} 0.0681 £.0565] £.17
5 A2.40| 34501 35.33] 000 613} 0.631014] 0.620) 0055338 0.052663) 1.675) 0.1 0.0039] §.75
L] 2 % 73.50{ 60,000 .‘Sﬁ{ ).83) 0.0030) 0,626 ¢972112) 0072432 9.623} 0.1148 £.115 13.1%,
7 %530 [z A 8133 DT 00| 00096 008395 b6 ousa|  o.%f 356
3 10430} 108.49] §7.333, B1.E75) i3] 2.00013) 0,620/ C.087001 0.08722| .629] 0.1385] £.139] 2835 X .
9 108.30] 108 $.230) 90233 .843] a.%3018} 0.620 0088442 0.088434, 262 01408, 0.1408] 3888 13 37440} 3230 3.5 B.47
10 10540} 10830} 90,333/ 90333 0.643] 0.003012] 0620/ O0.085483 1.082483, 0.622} 0.1409] 11405 29.15] 79.15] 37.70} 3771 553 £.56]
Shape: Cylndrical
Sire of Bed : B
Bed Weigte 750g
Bed Oveelap: 177
Blade nchuation: 10" )
S . y . . Tistilarer Tiseitvacr 3p + Bad Ap
sira | Mmoo (0] | dp Ak (nE20) g, [B=wml Fliow (m¥sec)  |Bed s A fo20) pralrly Bed ap (mmH20)
F X F | = e F | ® ) R E ® F
1 [l [ vos] o000 0.0 0.005018]  0.620] 0.000000) of oan om0l 9 o [
1 0.8 031 caso]  ooase| oees] o.00sbiE]  beoo| oooava] ooeawis] e [ ) M E 034
3 4.54) 4.20 3.867] 350 {668 0.003018 0.890] R2GHE| 00150935 0.628 BZEs) 3.9 4.2% 5,24
F 1015 078 867 fes3] ooes] Ooosus] 0400 Deasisa] oacedss|  oedi [ YT 1378
5 17.50 72| 1ise|  tscoo| 0.668] 0.003018] 0620 0.0369%4] 0.00M1om] 0.6 00608 150 s 2436
4 2659 B30 22105 zas0]  066a]  0.003018] 0620 0.045475] D.04BIEST] 528 [ I FIRE
7 3145 33.64 . 0047513 0051723 0.628 2.081¢| 3445 34721 4577
] 3278 2.4} 21.300} 1,628 3| C.0200| 37.40| 31.57) 1864
3 31@] T25 a0 e 00wl ooetz]  siga|  sim| sobd
1o EXT D S . 0628 008l noves] 3198 319 50,34 FEXT) MOEER X |
IR - I
Shape Cyckndnical
Siza of Bed ©
Bed Weight 1Ky
Bied Overlap: 12°
Btae Enctinaron: 10°
—— . N N ; Tistribeor Diiceribartor g+ Bed Ap
SINe Ap bt orifice QunHZO) [ Ap Ax H20) c, Orifice area,| Py Flow (m3/sec) Bﬁ:z? a (m'sec) ap ) o) Hed Ap (manH20)
F R F R i F R ¥ R ¥ R F [ =» F | R
I 0.00] 0.00] 0000 0000 oess| o.o0sbre]  o.620] 0.000000 000 o000 00| oo0| oo 000
2 033 039 0275 0325  0.668) oM o 042 050 oos] 036
3 555 529) 46250 4408 0668 302 42 599 671 303 _ 2.4
1 1 Y306 11758 10.867 844 BN 1737 1628] 8w 780
5 2234 2206] 18.533] 18383 157 150 FTEn 2745 1257 1166
4 32.3?{ 347 27.3%3] 218932 2833 2857 4454 912 1639 1453
7 36.08] 3647 30.067] 30392 0.620] 0.053032 ; 3443 3412 5138 50.76] 1653  16.04
3 39.93 3768 33275 314000 0668 0.620] 0.055790[ 0. ; 9863 3700 3257 5137 5103 1597 1546
9 4013 977 3a42| 32775 0668 0.620) 0055930 0.055323] 0. 91| oose1]  3293] 379 54.33) 25 le4] 1564
10 35 33 EX M T T w20l oossosal gossesal ezl dosT7 0077 3299 599 5454/ I M |
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Spherical Particle

Shape: Sphesical
Size of Bed : Imm
Bed Weight 5005
Bed Qverlap: 127 -
Blade Facfnation: 10°
st | PESE GIO)| oAk (i) | i | P @0 dnetenb]  wimeo By 1 g 8 Beday i)
R ) ¥ K ¥ R ¥ R
1 Y X 0:000000) 0628 000K ©0oooD) o000, o009  apo|  o.og Y 1
2 ogss__ onz 2003640 o6a| 00037 ooos]| 034) o33 036 066 nl
3 7.350] 8533 02459409, 04678 10.0429, 0.0397| 132 4.2} 1211 102 R.19| 3
[ TS0 iB2s 01377 oS0l  Baal__gab| 1913 119 !
3 L 13.408, 003541 5] 0.0564} 15.73; 15.79) 24,25 2}
5 0.039385 FoE I
7 4.7 mj 4256
[ 351 __asm] 458
s EA T «s.ﬁ
10 37.95] 46,33 46.33,
[ sa] 4570 45.1_a|
Shape: Spherizal
SizzofBed: lmm
Bes Weight 250g
Bes Overbp 12'
Btade Incliution: 10° .
A . Orifice " . Distributr {Distriteztor Ap + Bed
. Ap in orifice (mmFZ0)} | 3p Ak (mH20) ¢, a2t 4D Flowv  (m3sec) Bul:‘zm sec) Ap fuiH20) ap G20} Bed Ap (onE20)
¥ | R 3 R (m2) ¥ R |1 "™ [ F [ = F | & G R ¥ | K
1 .0t 0.00] 0000] 0000 Gess| G0us08|  0.26) 0.00000O| 000D D628 00000  0000) 00|  oog  © o T
3 a5 036l 0033 @233 0668] 0.003018]  g62e] 000i706] 0.003532  0.628| D.0028]  oooe, o34 03| o072 esi| oz o
3 1ol 1136 12402 oa00] oces) coosons] oeo| ooneiss| oeosam]  oens| vess|  omrl s w2 mm| 1331 1ge| e
i 1943 1137 1358|9475 0663l oowsols]  0.20] 0036%2] 002077)  o628| ooses| Oy 8.M|  Ba4f|  mms| 1373 1441 524
s 1295] 1807 1e625] 15192  Uees| 0005018 06| o00wd3s| oomiena]  oeza|  ooes|  oeen 157 w8 mw|  nm| 1BA] 78
5 2467 zo.%_ 20558 17042|  0o68] 0.003018]  0.6%0] 0043852 0040160  0628] 00698 006l 2835 2es7|  #o3|  87e| 1297 o
7 2866] 3303 2317 21.608) 0668 0003018 0620 00e5583) 0044SSE| 06| oina| 0078 45| 3a7|  #77|  weep|  isms| 7o)
[ 2133|366 20708 23H|  0.668 005751 o628| oomd| 007 70| 375 sozn| 4| 1230 ou7]
) i izl z3aN| zers  o.068 0046035 0.628] oowMs] 007 3793  sres| w5081 1zmd|  zm
1 2824 28.15] 23533 23458 0.0468431 0.628] £.0747 0.075] 371.99] 7.5} 5054 50.35] 12,58 12.39|
il Bal el aisnl s 00412 0628 00770 0077 3804|380 snE1 spa3] 1199 lissf
Shape: Spherical
Sizx; of Btk - Irnm
Bed Weight 1Kg
Bed Ovedap: 12'
Blade hctnaton: 10°
sty | PROce @) | 3p Ak @H0) | ;’:’a‘ﬁ‘; ap | Tov e [Bedmeal u i) Aff"‘”““:]) m‘*’?" 2 Gf"‘ Bed A (miI0)
¥ X ¥ R (o) P s ¥ R ¥ R ¥ R
Y 0.00) a00] ooo0] oopd|  o6ss| 0.003DIR] 00| 0.00K00] 000000  0.628] 0.0860; Dobosa| 000 000 oo  oeol 000  o.00)
2 004 003 0033 0025  0.668] 0.003615]  0620] 0.001766] 0.001529) 0.628] 00038 ooor| 034 03| 067 04 033 028
3 1946 12.60] 16217] Josp|  o668| 0oo3oig|  0620| 0.odesdE| 003134,  0.626) 006a0| oouwe|  399|  435| 306  1ass|  toaa 1oz
4 2183 T2a5] 19500, 18742  0.668] D.00301E]  0.620| 0.0i3144| 0.04iS7,  0.628] 00aks| 0ooer] 844  €4|  3030]  cod|  2iea 1334
5 2537 2664 2107 22.300] 0668 0.0D3018]  O.670] 0044338 004357  0.628| 007060 00726) 1503 1579|3440  34&|  1B67] 1882
& 39.50 sisg] 9y, 6050 oess] oodan| 00| goumrry) ovivess]  osos| ogreel ocoms|  geas]  omsi| asse]  asms|  im) 1831
3 31.07 3237 25.892]  26.975|  0.608] 0.003018]  0.620) 0.049213] 0.050232 MZ—EI 00784 00800 3445  w2|  s2as| 52|  teo0| 1731
[ 3317 3258 27683, 27483 0008 0.003018)  0.620] 0.050887) 0.050703|  0.628| 00810 0.0807|  3740] 37.57| s47m| 5488|1738 1731
3 3165 3.t| 2604zl 0759 0648| 0.003018]  0.670] 0051215 0.050803) 68| 00816 COBM9|  3133) 37en|  ssad|  ss20  dnst)  17al
10 34377 40| 28.358] 28667  0.08] 0.00301B  0620] 0.051885] 0.05373|  0.028| 0.08230 o0sas|  37.99]  %786| 5515  ssoe| (706  17.0)
13 34,66 34.50) zgenl ool ocusosl o sosiorel aostel ool oomel eomal _deal setel siacl _sidel ieal 3647
_____ _
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Oval Particle

Shape: Oval
Size of Bead : 2rom
Bed Weight: 5005
Bed Overlay 12°
Blade Incknation 10
in ot Crifice . (m3 Distritutor | Distribmtor Ap + Hed|
— hp in onifice {i Ap Alr {m120) < wea 2| dp Flow (m3sec) Bed{::ze}a u {m'sec) Ap lrnFT20) ap foa20) Bed Ap (mmH20)
F 3 ¥ (m) ¥ R_|" [ = ¥ R ¥ R F | R
1 000 apa[ 0.0 0.663] 0.003018]  0.620] 0.000000| 000000( 062 00060 00000 000; 000 o000 000 000 000
2 035 01 0125 o.668] 0.003018] 02| o.0035] 0002028  peds] noosy]  ooodd 034 0.3 0.37 0.41 0.03 [ET |
3 6.56 6.90] 5467 0.668] 0.003018]  o.620] oozze13 0.02m92]  ps2e|  o.oden|  0.0369 352 1.23] 829 8,65 LT |
) 1430 1368 11917 0.668} 0.003018]  0.620] 0.033387] 0.052655]  0.628] 00532 oosa0]  gae]  masl 177 1e73] 1033 MI
3 1728 18.05] 14400 6g6%] 0.003018] 0620} 003s70l] o03istl  o.628] oo0saa| oosey]  15m  is9)  zise[  avor|  1ies] 10
[ 2138 a7l 17 6.668] 0.003018]  6.620{ 0.040824] 0.041147]  0.628] 00650 o0.0ssS| 2835  2m57] 47| 4| 0] 12678
T 23560 2327 19,633 0.668] 0.005018]  0.620] 0.042854] 0.04255] 0.628] 0.0687| 00678 34.45] 372 4776 4753 1531 12814
[] 2365 298] 19.708] ©.668] 0.003018 gz_a' 0.042936] 0.043235] _ 0.628]  v.o6ed] oo688]  3v4]  3is7 svas]  so.zy] 1.0 mal
] 28] 24700 20017 0.668] 0.003018]  ©.620] 0.043486] 0.043875]  0.628] o092 opese]  3vs3] 3vse]  sos?]  stof] 12 131
10 pol Zsul el 0.663] 0.003018]  0.620{ 0.044153] 0.04153] 0.6 oo7oa| oovoal  37se[ T 3vsel  soast 058 1254 12.56'
Shape: Oval
Size of Bed : Zmm
Rad Weight: 750
Bied Overlap: 12°
Blade Enctingtion. 107
. Distributor " .
o | A Biice (mmF20) o :{":‘:1 P O a;a(::; o fwser) p (wm20) Dmofﬁ Bed 3p (oa20)
F R (m2) F | ® F R F R F R F R
1 0.09 0.09) 0000]  D.o08| 0.003018] _ 0.620 mmq 000000 o.628| noooo] oocoos] GO0 006|000 oo 000  0.00
2 007 10 0.083{ _0.608| 0.003018| 0620 S00z3%| 0.002792] 0628 00037 ooow| ed|  o03¢f  o0s5]  os] e oaef
3 10.45, 7.61 63420 o.608| 0.003018]  0.620] o.ozesar| 002356 0.678] oo4sa| vosms| s  azs] 1788 994] 898 521
4 1374 1787 14800 ode8| 0.003018] 06| 0.038220] 0.0913]  Gave[ ooeos| oosod|  Bad]  sasl  ese| 2] 1588 4373
3 2036 22.60] 103 oseslotostns|  osaol oounzd ooitonl  0.428] oeoa oosss] 157 50 5209 3L 1636 1531
[ 2398 2433 202751 0.668| 0.0n3o1s]  0.620] 0.043235] 0.003549]  0.628] doees| p.oew3|  ze2s|  2ms7l  ssoi|  sdad| 1682 1545
7 #5H 2545 21208 (668 0.620] 0094793] D.04434| 062R] DonI3| n0vos]  s4ds| 3472 s3] sion] 1697 1628
[ 25.98 2616 1.360]  0.608 o.o4s157] o628} oom7| ovoms]  sr4e[  3nsil  ssei|  ssss| 1651 6ol
9 26.43 26.97) 2475 8568 0045851 0.628] cows| 00730] 3793 3780  medo|  sase] 1656] 1667
10 2731 2781 231950 0.688 004656 0.625] oot ooral| 3799 31| samo|  sae0[ tsm|  isot
R d
Shape: Oval
Stzr of Bed : 2mm
Bed Weight 1Kg
Bed Overap: 12
Blade Inclination: 10°
e | A0 ifee (rz0) o || ap | e e Beian| g Afm“;, ety | Bt 2p (ame20)
F & m2) F O il R ¥
1 0.00) 0.00 ése| 0.003ME]  w.620] D.otboop] 0.00002)  o.s26) o.0000] ooooo[  0.09
E) . 007 0.11 0.668] 0.003038 0.002336] 0.002928] _ 0.628] 00037} owoar] 034
3 1183 8.9 0.620] 0.030495| 0.026¢72 8| 00d4Es] o.i2z] 392
3 2163, 1984 D.568] 0.003018]  0-620] 0.0410¢2] 0.039326 8| 00654 00626] 344 :
5 24,56 25.06] 668] 0003018 0.670] DA4109] 0034198 0628] 070z, 0ema|  15.73] 1579 3628 3587  20.55 2008
[3 25 80) 25.24] 0.665] 0.003018]  0:620] 0.044845] 0.044356 "'“—j 00714 Go706| 2835 2857 4pe)  anm| 2036 1z
7 28.80] 2700 0.608] 0.003018] 0620 0.047430] 0.0a5676]  0.628] o0.0758] o0my| 3445 4  see0] saavl 2045 1955
[ 294 78.89 34067 O668] 0.00I01A]  0620] 0047496 0047447 0.628] 0.0756] 0.0756|  37.40] 3757 5748 369y 1978 1849
[l .61 %68 74733 0.668] 0.00IDIB| _ 0.620] D.04804)] 0.04B095] _ 0.628] 00765 Do7s6|  3793] 3789|5266 5758 1903 Lvg@
10 293 5.7 31758 sl oamnia el abiEnDomns oen| ool ooned sl 37l srsl sisal 19l 1940
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Sample Excel Sheet Calculations for Blade Overlap Angle of 15°

Cylindrical Particle

Shape: Cyckndrical
Site: of Bed ;
Bed Weight 500g
Bod Overtap: 15"
Blade Inclinatios: 10° ;
L . Orifice ) Distibitor | Diswibutor Ap + Bed
o Ap i orifice (mmB20) | ap A (mH2G) ¢, |weam| ¢ Flow (m3'sec} Ei:: ;‘e)a u (misec) Ap (k70 3p (10} Bed Ap (mmH20)
¥ R F R = ¥ 3 F | ® F R E R F R
1 [ o 0000 0000  0.668] 0.0030:8]  0.620] 0.000000] 0.000000]  0.678] 0.0000] oovoo] o [ [ [ 0.00] 0.0
2 0.64] 029] 0033 o2 oese| o.o03msl  o0.620] oo0r7es| 0.004755]  0.628] 00028  cooe] 03] 037 067 04| 033 a.ﬁl
3 12.55] 363 0458] 3007  ocos| 0.003m8)  0.620( 0.001377] v.0t679E]  0.628] oodesl omer| 253 7sel 1466  ses|  ax1a]  2as)
1 18,66 370] 15550 7250]  06a8| 0.0030i8}  0.620] 0.038139] 002664 n.d 00607 oad1s| 28| tas 338 e isel|  d0nf
5 103 1598] 16597 13317 0063} 0.003018]  0.620] 0.059366] 005354l 0.628  0.0627] coSoo|  1364)  laoe| 2638 202 2wl 735
5 223 7908 18625] 20067,  0.668] 0.003018]  D.620| 0.031739] 0.043325]  0.628] 0DesS| 00690 638 2590 3454  ss7K|  7eaL 988
7 2477 2441 20643] p3ez]  ooes| oomioel  e70| 0.043%1] 0.043621|  0.628] 00700 00695 3223 3232 4058 4215 835 983
[ 3033 2542 25052 21.183]  0.658] D.003018|  U.620] 0.043543| 0.04a514]  0.628| 00773 00105 3498 3508 #4598 2438 t0.00, 983
) 3124 25.55] 26033 21292] o.oesf 0.003018]  0.620] 0.049347] 0.0da628] oo2s] oovse] uont| sssa| 3ses]  4soo| asag]  waa 9.k
10 234 2938]  293G7| 2a492]  0.668] 0.003018]  C.620] 0.047742] .04THGA]  0.678] 00760 0076 3534 3331  4498] as31 564 980
11 25.47] 3547 31208 2335 0.668] 0.003018]  0.620] 0.0M55R| 0.044556] 06| 0070 0070 3490 350 4igd] 448 5 9.92'
- e -
Shape: Cyclndical
Size of Bed:
Bed Weight. 7503
Ried Overlag: 15°
Hlade Helatior 10°
o N Orifice . Distibuwrer  {Diswriburor Ap + Bed|
_— Ap in crifice (momtZ0}| ap AR (mH20} € Y Flow (mi'sec) B:i (t:zre; n (m'sec) p— Ap (mentEIC) Bed ap (mmH20)
F R E R 2 F R F | = F R ¥ R F R
1 ] ] 0000]  0.000]  o.eo8] ceosors]  0.620] 0.000000] 0.000000] 0.625] 0.0000] 0.0000[ o© 0 [ [ o.0al _ 0.09)
2 026 025| 0217  0.242] oeos| c003018]  os20] D0ods0z| n.oodso2]  oea] oo072| 00072l 03] 037 043 044 609 oﬁl
[ 9.9 432 8300] 3.600] o.ese c.003018]  e.s20] 0.027864] 0.027864] 0.628] o.ad] ooa] 254 259  inesl 5.7 2.12 FRE |
4 38352 993 15433 B275]  0.668] 0.003018} 1@| 0.057993] 0.037995] _ 0.628] 0.0005 0.0605|  755| 7048 2205 1289 I4.50 i-gl
5 2085 1314 0708 15317]  oe6es| o.003018)  6.620] 0.044p12] 0.044012]  o0.628] 0.0701] o0.0008] 1364 1402  3ea7 2448 1843 10.14]
6 2626]  2426] 21883 20217]  oess o.003018]  e.630] 0.045243] 0.045243|  o0.628] Do7m0] 0.0720] 2638  3580]  3nes| w6 1230 127
fl 2867 7733 23392 22.775] 0668 0.003018)  0.620) 0.09727] 0.047271| _ o0.e28] 00753] 00753 3223  3232] 4346 aams] 123 i2.isf
[ 1941 29.49] 2a308] 24575 o68| ooosors|  0e20| o.0d7sRo| o.d7ee0| 0628 o072 0072|3498  asos] aenl  aees]  11m[ 1164
] 29.50] 2982 24533 24850  G66s| 0.0030tR| D620 0047553 0.047953  0628] DOISY| 0064|3583 3566] 4925 474l 143 1173
10 6] 3198 24675 26567  o.e68] 0.0030i8]  0.620] 0.098043] 0.048043] 0.628] 0.0763] 0.0765] 354 3551 4664l 4730 1330 1794
11 31.92] ~ 31920 26.000( 26.000]  0.668] o.0030i8]  os70[ 0.04%882 ooawme2] o8l oovoa| oovma|  zama| deoa  aesml eess] (e 11668
_
Shape: Cyclndsical
Size of Bed :
Bed Weight 1Kg
Bed Overla: 157
Blade Inclination 10
L, . Orifice , Distritntor ristributor Ap +~ Bed
st [opivocifice (0N dp Ak (ERO} | N | g [ Pl (mied B.“dﬁ:;’ o fsec) 3p@at20) | spoumoy | POAR PRIEO
F R F [ ® G F R} ¥ R F R F R F R
1 [ ° 0000{  0.000]  0.668) 0.003013]  0.420] D000D0O] 0.0D0DDO] 0628 00000 00000 0 [ o [] 000 0.00
2 0.24 o2s] o000l 0233 0668f 000308 0.620] 0.004325] 0.004672] 0.628] 00069 000m| 034 037 o] ow[ oor[ 007
3 595 469 assel  veor  ooee] oomionsl  ogw0l ooaisig goisetsi  omasl oens| oeson] 2l zsel  vasl | s assl 340
] 1356 1132{ 13000 9433] o.668 0.003018]  0.620) 0.032512] 0.039705 o.% Go5i8] ouamy| 785 4B 1728 1489 B[ ni
5 2299 1937 19.156] 16475 0.668| 0.003018]  0.620] 0.042333 0.030257]  0.628] 0.0674] 0.0625|  13.64| 1407 2018 2609  15.34]  12.07]
6 2945  zm99| 24543 24058  066s| 0003018 0620 004713 0047537 0.628|  047a3| 00757 2638  35e0)  4370|  aaon  1732] 1810
7 3166  3072] 253m] 25.600]  o.6e8] 0003018  0.6200 D.04v6Te] 0.0489350 o6 owmn| oerms] 2| 3 e s 1ne] 166
[} 3180 3087 26575 25725  0.668] 0.002018]  0.620} 0.049858] 0.04905¢]  0.628| 0.0793| o078 2408 3505 sier  s136] 1669 1631
[l 3733 3338]  31.198]  26.983)  0.668| B.0U30L8| _ 9.620F 0.053943] 0.050240) 0628 0.0859| o.useol ~ 3582 3566  sies|  sam| 1633 1656
10 3738 1307 31.658] 27517 0.668| 0.003018]  0.620] D.054418] 0.050734  0.62B) 09867 00808 3534]  35.51) 5187  S1E 1633 183l
11 3532] 35120 29267 29267  0.608] 0.003018]  0.020] 0.052322; 0.052322] o628 o.0m33[ 00833 4o 3e02] S030]  sid0] 1638 1638
s ————— . i

47




Spherical Particle

Shape: Spherical
Size of Bed
Bed Weight 5005 :
Bed Overtag: 15°
Blade Incination: 10"
" . Orifice § ] Distribator Tistritattor A + Bed
— Ap in orifice enH20) | Ap Air ¢mHIQ) ¢ laeaz| e Flow {mdisec) .5;:;; 1 {m'ser) g eHI0) i (aH20) Bed Ap {punH?0)
F R 3 R - F | R F R E R £ R ¥ | R
1 0 0 0000 _ 0000 0.668] 0.002018 _ 0.620] 0000000 0.000000]  0.678] 0.0000, L4000 9 % B [ 300 0.0
2 B2 026] 0233 0317 0.658) 0.003018] 0626 D.00%6T2| D.onstz|  0:628]  0.0074) 04072 037 osi 04 820 a0s
3 59 57s|  sso| 412 o.ml Goosois|  0.620) 0.053292] 000N 028 d03n) o337 23| sog| 741 638 48
1 10.93 11.87]  9108] _9.052] 0.6s8) 0.00301] 0.620] 0.00515) Dosous| 0eoa] 00465 Q.08 748 14M| 1576|795 8.9
5 0295 15.02| _10752] 12600 _ 0.663] 000308 0.620] DO3LFIS} 6.0M33]] 0628 0.0506] 00347 1502 22a6] 2285|832
s 16.45 1640 13.708]  13.667 _ 0.663] 0.003018 .60 0035009 0.035754) _ D.a2s|  0.0570]  6.568 P I T
7 36 1645 teser] 15367 0,663 6.003015|  0.620] 0035838, 0037913  0.628] 0.0634] 00604 w3t wri|  wess| 1
] 2003 0ss| y7sps] 17.975]  0.608( 0.00301]  0.620] 0.040488] G:OM0EIS|  0e2a] 00645 00642 3505] 4251 4238 354
» 3161 T05I018]__ 06 343 0810035] 0628 0.0654 _0.0658 senl  as02] w920
10 7175 GOWDIS]__0.620] DILT5] OOHZI| - 0628|  0.0656] _0.0657 Wi e eam 92
1 3277 5.003013 Y 0.628 00663 ol 4223 4233 I3
AR
Shape: Spherical .
Size of Bed :
Bed Weigt 750z
Bed Overlap: 157 :
Blade Inclination 10 :
T ) ‘Orifice ) Distriowtor . |Distwibuor Ap + Bed
sT¥o Apin orifice {mmi?0}| Ap Aw (miRO)} ¢ |mens| e Fhw (m3‘sech Bﬁ“ area 1 (mset) Jupm— p (201 Bed Ap (mmni20)
¥ ® F R o N i I ¥ R ¥ X ¥ K
1 3 [ 0000 0000 0.668| 0.003015|  0.628] 0.000000) 0 623 0.0002)  0.0000 G [ 0 [ 0.0 090
2 [T 625 o0dd|  0.208]  0.668| 0.005018]  0.620] 0.003828 062 00097 o6o%| _ o] 037 045 045 013 u.u"u'l
3 10.05] 795  Bdos| 6650 D.668) O.0OSONE]  0.670] 0.028045 0628 oo oy 254 2se] 1205 osa| 951  eash
3 123 153)] fads0] 12767 0.668 D.065018) u.azo[ 0.033637] 0.034557 0436 Bose3| 0.0850] 755 743 2173, 1925|1218 1L77f
5 s rsaE] o3| 16567 0.668 D.0GSIE}  D.620] 0099326 odmne|  uaze| 0ows| oooz|  1364|  eme|  ziom] el 1564] 1y
[ 2336] _ 2386] (5463  19.483] 0668 D.003038) 0630 n.oazer2] 0043126 06K  D.0ade| 0.04k7] 2038 2590] 384D 381|130
7 2566] 247 21383 20642 _ 0.668] 0003018 0.620] 0.04724] 0041 038 0071] 00j00] 3223|3233  saz  aaz0]  IEES
3 2645|2548 22043 31233 0.658] 0.003018 0.620} 0.045407] 0.004566] 038 0.0723] 0010|3498 3sbs|  ar00l  47a3|  1207
§ 2655 2625 72138 21008  0.608| 0.0030i8]  0.670] 0.045527] 0.045269)  0.608| oo7s| oovm| 3582 ssee| arsi anss|  ares  1i.6s)
10 el 66| 21183 22237 D.668] D.0030IE u.@P_msos ouiser| e ooz oois|  35M|  3ss|  anad azos| s 1)
il 2535 2825 23543 73542 0.668] 0.003008,  0.620] 0.045920] 0.046e26 0428 0077 0077 3asal  sawa| a8, 4678 1igel  11sal
—— _ R _ __
Shzpe: Spherical
Size of Bed - )
Bed Welght iKg
Bed Overbay: 15°
Blade Inclnation: 10°
sig | 2P oo amiz0)] spie w20y | ::‘; | T @ qmgjn u (m'sec) D mm"’]’" Z) D"“’“m‘;"zof“i Bed Ap fmmH20}
F R F R o P o il I ¥ R ¥ ® ¥ | R
i 0 [ Tooo]  0.000] _ 0.668) 0.00dols] 0620 0.000000] 0.000000] 0628 nowoo| vaooo] O o 3 0 e
2 263 025|004 G208  0.668] D.00ANIE]  0.620] 0.001974] 000414 0.625, 00031 000w}  034] 037 036  odAel 02l 0.7
3 1234] 1127 0783 9352 0.668| 0003018  0.520] 0031700 0020639 0428 0.0506] 0.7 254 2590 1472  1383| | 1218] 1034
1 2186 20771520 11305 0.668] D.o030NE]  0.620| 0.041205 0.04037  0.63K, 00657 00ee1,  735] 748 72.09]  24d0] 1954 1553
5 2522 27.00] 71017 22553 D668| O.003CIE]  0620] 0.041338] 0045961 0.628 00706 0073z 1364 407 3332]  aieel 1968 i%ee
A 338 380 23567 23.750]  0.668 0.003016) _ 0.620] 0.046951] 0047134 0618 0.0748] 00751 2638 2500, 4209] 4347 4371 1587
7 208 o3 aevnl pial oestl opewols] oenl oosweds| ooemied] oes oome] 00i6 _sen|  mnl b wab lesa] v
8 TITH 2986|6808, 74883 0.606| 0.00018]  0.430, 0.050076) D.48245] D628 00757, 00768, 3498 3505 8137  s1.07 1634, 1597
5 283)  3043]  27.408] 25775 GOGOE| 00K018]  0.630 0050634 e.umen)| D678 080G 0.077] 3587 35.% 510 sie] 1608 1556
10 291]  3536] 27435 21500 0G68| D0PA018|  0:20] 0.050045 0.050%| 0678 D087, bphi2]  35M 3551 5124 st 16.08)
il g sayzus sl oess] oomois| .0 aosiszr ousus el ooni —oosnl _sesh _sis sieal iz T |
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Oval Particle

Shape: Spherical
Sire of Bed +
Ted Weight 1Kg
Bed Overlap 15°
Blade IncHnation: 10°
o [Fose@mino)| pak@noy || W) e s v I it 49 2% i 3 Gomi20)
3 ® F R = F | R il F R F R
1 0.00 000 o0000] 0.000 o668l 0003018  o.620[ 0.000060] 0.000000] 0628 0.0000] 000 b6 ooof 0,008
2 0.05 021 0015] 0175] o608 noosois|  aezof agoaees] voososs] 628 0.0042 635 038 oo o0l
3 4.76 552  3957] 4600  oesei noosns|  ven| omeoez| vomersa]  oezs[  o.0307 64 738 e[ 479
4 12.77 1038 10642] 0900 48| 0.003018]  e.ez0| ce3isse] o.oaedst]  e.es] 0.0502 1757 1646] io02f  B38
5 14.68 13.75] 122330 s1.458] 048] 0.003018]  0.620] 0.033828] 0.032738] 0.6z  .0539) 2357 133 em 03]
[] 17.81 1598 12342 13317 oseal 0009018]  0.620) 0.037266 0.035294]  0.628] o.0593 3488 3548 50l 95§
7 19.60 16.08] 16.500] 33.900]  o.0s8f 0.0030:8]  9.620] 0.039285| 0.036058]  o0.628]  o.0624] B96 47w 90 9,4E|
3 20.50) 18.75] 17487] 15.625]  0.668] 0.003018]  0.620) 0.040363] 0.038230] 0.628] 0.0643) N ETE 92_\5_'
[] 2277 7039 18,517 36.992]  0.668] 0.0080i8]  0.620) 0.041615] 0.055867|  0.628 00863 4483 4ast]  o.01]  9is
10 23.47 2381 19.517] 1989 668 0003018 ﬁ' 0.042727) 0.043135] 0628 D.0ss0| 467 453 933 9@'
1) 24.53] 24.55] "20458] 204580 o.668] 0.003018]  0.620] 0.043746] D.043746]  0.628] 0.0697) 4338 4433] 947 947
B —— imamen —r ___
Shape: Qval
Size of Bed:
Bed Weight 750g
Bed Overtap: 157
Blads Inchnasen: 10°
St | M hem GunI0) | 2p AR HOO) | :f‘; gp | o e Belwm| u (e D‘:’mof“ Beé ap (mmHI0)
F R F R n F [ = ™[5 ¥ R F | =
[ o o b.ooo|  oo0t| 0.4¢s] 0.003018]  0.620] 0.000000} 0.000000] o0.628] 0.0000) 0 [ om0 000
2 012 026 o00] 0217]  o.6e8] 0.003013]  o0.626] 0-003058] G.004502]  0.628]  0.0049) o] od0|  Gai " o0d
3 1092 708 saoo]  sars| o] 0.003018]  o0.620] 0.029176( 0.023442]  0.628]  0.0465 1344 908  tosa] 6.4
4 16,61 1540] _i3we2| 12833  b.o68| 0.003018] 0620 0034647 _ 0628 00574 nr|_ 030 1521 tier
5 13.32 18.98) 15.267] 15817]  0.668] 0.003013) 0.037789] 0.038464] 0624 0.0802 B w3 155 343
] 2055 97| 17025 17475 0.040023] 0.040430] _ 0.628 o.@ 3978 3957 1340 13&7
7 2354 21.88] 18783 18,075 0.041917] 0043119 0628 7 4565 45.60] 1542 1328
3 3.3 2208 19467] 18.408] 0.668] 0.003013) 0.042672] 0.0434%6] _ 0.628 825 aver| a3z
) XY 39| 20017 1999 0.043379 0.043244]  0.628] 0.0891 4857 4837 1235 1271
1¢ 2514/ 24.52] 20967 20.433]  0.668] 0.003018 0.044288] 0.043715]  0.028] " 0.0703 4805 415  12.m) 1.8y
1 2531 2537 25342  21.142] o668l 0.003018] " 0.630] 0.04a470] 0.044470]  o0.62¢] 06708 50 4750l 1258 aise
_____
Shape: Oval |
Sire of Bed:
Bed Welght 1Kg
Bed Overlap: 15"
|Blade Inclinatior 10"
Yy “ -
s1xe [P O Gind spar o) | :’:‘; an | P et Bed:;a u {misec) '%of‘d Bed 4p (mmIC)
F R F | ® wa ¥ [ & |7 F R T R
1 [ o 0gos]  oooo]  oeo8] o.oa30te]  o.620] 0000000 o.ce0on0]  0.6280  0.0000 ] [ o.00] .00}
2 014 017 0117 0a42]  o.eee| oo03o18]  0.620 0.003303) 0.003640] 0628 0.0053] 042 oM|  0.08 mﬁl
3 1055 B11]  e72| 6758 o.c68] o.oo3ois] o620 0.008677] 0.025143] 0628 0.0457 13220 1008]  10.68 i |
4 15.77] 1834 16475] 15.283] 0.668] 0.003018] __0.620| 0.039257] 0.037810]  0.628] 0.0625 2646] 2334|1891  15.86
5 2083 2788 18.192] 19067  0.668] 0.003018]  0.620] 0041251 0.043231|  0.628]  0.0657 3307] 3207 1953 1803
) 7733 2314 18.500]  19.283]  0.608] 0.063015 o] 0.011711] 0.042471]  0.628] 00664 4403] _a278] 1765|1688
7 2330] 2361 19.417] 39675  0.668] 0.003018]  0.620] 0.042617 0.042000]  0.628  0.0679 4905  as.7| 1882 1640
8 2908]  25.83| 20567 29858 0.668] 0.003018] 0.620{ 0.043863] 0.043099] 0.628] 0.0698 5105 s18] 1607 1633
9 54 250 21200 0850 0668 000301E] 0. 11| osetea]|  oaesl o070y 5170]  sis4|  isks| 15 sxl
10 2652] 2582 221000 21517]  0.6es| 000301  0.620] 0.045467) 0.044363  0.628) 0.0724 5138 s1os| e sssal
11 2162 el 2307 B 0.668] 0.003018]  0.620] 0.046400] 0.046900]  0.628] 0.0739 s0.72l T s0.72] 1580 15.80'
—— S S
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Sample Excel Sheet Calculations for Blade Overlap Angle of 18°

Cylindrical Particle

Skape: Cyclndrical
|Siza of Bed:
Bed Weight 500z
Foed Qverlap: 8"
Blade Tncination: 107
o | R e (an0)| 0p ko) | :‘:‘; o | P o) e I, A:.)?M“m:) mo;ﬂ Bed ip (menFi20)
¥ R F R o F 3 i R F R | F R F R
3 000 | oo | oo | boo 0.563] 0.003018] _ 0.620| G.000000{ 0.000000{ 0,626} 69000 | 00000 | 000 | 005 | 600 | 0 | 600 | aee
2 o007, vz 006 | 047 0668 0.003018] _ 0.620] 0.002336 | D.003ME| 0,628 0.0087 | 0.0063 ve] o9 09| us2] 60 | 003
3 338 E IR oot 0.003008] 06200017391 | 0.01052|  0.6280 Gie27l | omeiz a0l 28] s2a a3 1520 | 1e3
4 915 v2s| 766 | 711 uggi WO003D18] _ 0.620] 0.026765 | 0.076852 | 0.628] 0:0478 | 0.A2% 763 762 2403 053] 1638 | 291
5 Tams] 103 1233 | W19 | D568 000S01Z] 06200073954 | 0.036435]  0.628] 0.0 | 00sED | H45 TA37 3037 1933 1585 | 454
s 2154 2050] 1795 | 1708 |  0.068) 0.0G301F) _ 0.620]0.040676| 0039975 | 0.0 00652 | 00637 | 2679 2697 3577 34.80] 898 | 1.8
7 B3| 3246 2153 | 1872 | 0666 DOGIIE] 06200044050 0041042 | _ 0.625) 0:6715 | 00856 | . 3198 3334|438 4183 800 | 849
3 72 B a2 | 154 | 066 0.003018]  0.620 0.046088 [ 0042645 ] 0.628] 0.4734 | 00679 | 3628 3608 430 47| B2 | 869
9 213 T 3veel 234+ 1 1972 | 0.665] 0.003018]  0.620| 0:046827| 0022345 0.028] 00746 | 00684 | 3658, 3668 4537 4559 878 | 893
10 235 2a24] 2363 | 2020 | 0.668) 0.003018] 0,620 0.047005] 0.04H468]  0.628; 0074y | 0.08%2 | 3632 36.% 4550 25.04] ©36 | 344
11 w .3 wga 0.047586 ] 0.628} 0.0758 [ 0075 35960 3586 4461 46| 065 3 45
I _ M
Shape: Cychindrical
Size of Bed :
Bed Weight 750g
Bed Overtap36”
Rinds Tnchination: 10°
sy | PR qninoy| s o) | :':: e | P @0 [Beimml o G@so APDC""""I“H"O) mofd Bed ap (zt20)
F | R ¥ X s [ sl X F R ¥ & ¥ X
1 o000 _ ©ebl  ood| 000 O.ce8| 0.0030t8] _0.620] 0000000 | 0.000000]  oe2s| 0009 | 06000 | 006 | 000 | 006 | 00d | oo | 0w
2 0.0 012|007 00|  &.668] 0.003018]  0.620|0.002497 |0.003056 | 0.628) D.0040 | 0.0345 025] o025 035 036 006 | 007
3 5.99) 583 £33 486 0.668| 0000iR]  0.6%0] 0.027906 | G.omiE o.a% 03 | 0.033% 50| 275 1034 655 750 | 3.80
1 99| 41| 1ss3] 1176 cses| o0070is|  0.620] 005474 | G.ossled | D8] 00813 | 00528 765 767 1988 1545 1233 | T8
5 3648 2485l 2207 2054 D.668| 0003018 0.620] 0045433 | 0.083835] _ 0.628] 0.073 | 09698 | 1445 1437 2055 2755 150 | 1518
6 358] 3358 2763] 2798  0.663] 0.003016| 04670 0.050856 | 6.051162|  0.678] 0.0810 | 0.0815 | 26.79] 2657 3956|3988, 1277 | 1298
7 3a7] 3845 msl| 3208  Goos| 0003018 0.620] 0.054547 | 0054735 0.6%8 0.086% | 04872 | 1308 3334 4556  4sgs 1218 | U
§ 39.36] 397 33.a3]  33.i4]  D.66a| 000308  0.670] 0.055671 | 6.055078 | 0.628) 00886 | 00887 | 36.28] 3604 4737 4290 1149 | 1166
5 40.24 4&45[ 3153 3303 _0.608] 0.003018 aﬁ'oﬁm 0.056113)  0408] 00892 | G059 | 3659] 3666 408 4R8I 1250 | 1205
1 awss|_ dodd 3382  3403|  v.oos| 000018  0.620] 0.056242 | 0056455 | 0.628 00396 | 06K98 | 3632 3600 4787 43.0] 1155 | 1130
11 aasl s senl Sl osesl aoooul beolonséihd [ 66580 -0 e ooons T ossor | sl s8] dre| dies | s
T R L _____________
Shape: Cyclndrical )
Sizzof Bed:
Bed Weight 1Kz
Bed Overlap18°
DBlade Incliatior: 16" )
stxo |2 Rotee (o)l g ax o) | :':‘; en | T @) |[Bedamal o Guser) A:(“mmom"“)' n“";"'“(m‘;’ﬁo?“‘ Bed ap (mai20)
F R F R ™ F e R B ¥ R E E F R
i [ U0 000|800 0.66A] 0.0030i8]  0.670] 0.000000 | G.600000|  0.626] 0.0000 | 00000 | 900 { 007 | 000 | 000 | oae | opo
2 0.3 0.44] 011  @12] _ D.668| 0.003018] _ 0.620{ 0.003183]0.003303|  0.628] 0.0051 | 00053 63 T To® e o3| ool | om
3 03 597 69 493 D.663| 0003018 0.620] 0.035H9 | 0001482 | 0.628] 0.0398 | 831 3ol a7 71| 64| s67 | 30
3 1875|1382 1563] 1152 0.668] 0.003018] _ 0620 0.008230 0092822 0.626] 0.0609 | 0.0523 765 Tm|  d0d3 1539 1247 | 3.0
s 3054 2358 2548] 1565  0.66B| 0.003013]  0.620] D.O48T91 |0.042873]  0.628] 0.0777 | 0.0683 14.4_5’ 1437 a278] 7626 1834 | 1189
s ] sose  as]  3323) 060k noeInis|  0.6o0| n0siws|0ussiatl  o6es] oems | oosss | o6 2697 aasel 453 s |
7 i276]  $33]  3563] 3586 _ 0663] 6.003DIS| _ 0.020] 0.057133 | C.OSTILS|  0.628] 0.0919 | D.0waz | 9338 35| 4983 4928 loas | 153
3 W s 3691 313 8| 0.003013|  0.620, 0.058757 | 0.656525 | .28 0.M36 | 0.0938 | 3628 3604 52.09] 5243 1541 | 1635
5 4488 487 9740 3739  0.068] 0.003018]  0.620] 0.059147 | 0:050141 |  0.628) 0.4z | D.0542 | 3655 3660 5282 5354 1633 | 1688
10 3505 4507 3754 3753 O.66%| 0003018|  0.620] 0.059255 | 0@se23|  0.a78] 0.0944 | 00843 | 3637 3660 s23s|  S247 1643 | 1627
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Spherical Particle

Shape: Spherical
Sire of Bed :
Ded Weight 5005
Bed Ovestap 18"
Blade Inctnanion: 10°
i ori ; Orifice . : Distribotor | Distributer ap + Bed]
SINe Ap in orifice (om0} | Ap A (mH20) < aenz| ap Flow (m3/3ec) Bcda'-,ﬂ U (misec) S0 {00 miI0) Bed Ap (mmH20)
F ] R F R s A s R F R F R F | &
1 0.9 000l o] —ooo|  0.668] 0003018 0.620] G.Contal coveoon| o.628] c0000 oomoel ool oo ooo| oo ooo] ocof
2 0.0 042] 0067 0350]  0.668 0.003018]  0620] 0.002497( 0005720 0.628]  0.0040] GOO9L 025 039 037 102 6oy 073
3 634 788 3203 6367 0663 0003018 0.620] 0022331] 0.0247B4]  0.628| 0054 D095 304 275 &3] 1095 568 7.0
5 1026 tias| 4530] 9542 Goes 0.omon] s 00zgie| oomaTs| 0623 00430 00416 165 162  1469] 1643 704 84
5 137 1322] 1108 11017  0568) 0.003008] G420l 0.032162) DUA2101|  0.628] 00512) 00sIY| 1448|1233 2392 2482 347 1035
§ 16.19 T3¢ 13567 11967] uo6s) 0003018 0.420] 0.036143| G:033457)  0.678| 0.0576] 0.0533| 2699|2647 3543] 3549 834 652
7 17.33 1439 144 11997 n,csai 0.009018] _ 0.620 0.036754] 0.033492]  D.673] U05ks| 0033|3338 1334 4825  4124)  7e7 790
3 3771 1395 14808 1297 0620, 0.037218] 0034183 08| 00593 00s|  Ja3g| 3604 43520  4nks| 724 7.:11
5 1319, 15,00 1556 1258 0670} 0.0376%| 0.034318]__ 0.628 DO 00548 3659 3666 4402 27| 743 76
1t 18.74 wes| 15617 G.420] 0.038220] 0.038345 0.0608;_ 0.0614]  do.a2] 3660 4381 4373 748 713
11 16.000 9.620] 0,038686] 0.038586 0.0616] 3596, 3596 4343 4345|749 7.49I
D
Steape: Spherical
Size of Bed - i
Bed Weight 750g
Bed Ovettap 18"
Blade inclnation: 10" T
L : Orifice . , Ditribretor Tstsitnster Ap — Bed)|
p— Apin orifice (mmHE20) | Ap Ak (H20) ¢ |wemz| oo Flow {mdiser) ]?ed(:;a u {msec) Ap (FE20) P Bed Ap (mmH20)
F R F R en ¥ F B S R F | R F R ¥ R
i 200 000] 000 000] 0668 00030i8] 020 0.000000 | 0.000000 | 0.628] 0000 | 0.0000 o] oo oo oo 0t | oo
2 037 003 031 041  0.668 0.003018]  0.620] C.005370 | 0.003163 ]  0.68) O.0086 | 0.0051 929 0| o8 048 039 | 019
3 il 107 D81 Bes|  0.668 0.00I0IS|  0.420] 0.033235|0.028934 | 0.628] G529 | 0.0461 304] 2735 1785 1309] 145t | 104
4 1504 1690 1328 1408  0.665; 0.003008] 0,620 0.035249| 0036295 | 0.628| @.0561 | 0.0578 165 762 2100l 2125] 1335 | 15.63
s 1845 1928 15.38] 1607]  0.608] 0.003013)  0.420] 0032923 |0.036767 | 0.638] C.06od | 0.0617 | 1445 1437  gose] 2953 1487 | 1548
6 1227]  2084]  1B36]_ 1737  0.665] 0.003018]  0.620[0.081665 | 0.040305|  0.625| ©.0663 | 00842 | 2679 2697 3837 5033 Li5B | 1330
7 32ad]  M135] B0 1783) 0668 0.003013]  G:620) 0.051823 | 0040833 UQ{ 00665 | 00650 | 3333 mw|  assi| 4587 1233 | 1293
3 7282|2165 1902 1208|  @60E| GOGI0IE|  0620[ 0052176 0641115 0638 DOGT2 | 00655 |  367s| | SA44] 4762 4806 1134 | 1202
3 41| 3205 1952]  [hak|  0s68| 0-003018]  0620[0.047727 |G041458|  O628] 00686 | 0.0660 | 3659 3666 447 4836 Li#E | 110
10 2535|249l  z140] 2041]  0.608| G:0B30LE|__ 0.620] 0.044802 | 0.043657 o.ﬁ' 00713 | 00696 | 3633 3660 4807  AxA 1315 | 1152
il 2600 zarol zi7s| au7|  o.ees| Gowsord] 6420/ 0.045105 | eosios| o.eas] o.07 [To071a | 3504 3576' 47.56] 4156 1160 | 11.60
N — N
Iswsﬂmﬂ
Size of Bed
Bed Weight 1Xg
Bed Overlap:18™
Blade Incinarion: 10°
i |H0schec @20 dp A% @EO) | ::‘: an | T o) [Bedae| ot @mﬂfn D’sﬁ‘“’”" D;’“’ Bed 2p (nemi20)
¥ 7 ¥ ¥ . ¥ o il ® ¥ R F [ & F R
1 000 | o000 | ow | o G688 DR0301E] 0620 0.000000[0.000000|  U.67¢] 0.0000 | 00000 | 600 | 000 | 060 | oo | 006 | 000
7 005 005 044 | 0.0s G.668] 0003018 0620]0091974]0.002689| _ 0.678] 0.003E | eoe: 03] o029  ess 034 039 | 025
3 1619 992 B4s | 837 0.668] 0.003018] _ 0.620{0.935525 | 0.027508 | 0.628) D.0366 | 0.0343 3oa| 25| 2099] 1223 1795 | 548
3 2126  im6 1770 | 1555 0668| D.00304E|__ 0620 0.040690 [0.038139 | 0.628] 0.0548 | 0.0607 7165 162 2930  25.19] 2165 | 1737
5 14| 2| 1m0 | 1k .68] 0.003018]_ 0.620{0.040915 | 0.042056| _ 0.678] 0.0652 | 0.067¢ | 1445 1437 3112 34| 1867 | 1985
& o2zl 3395 1903 | 1986 | 0.608] 0003018 oﬁ‘umms D.043208]_ 0628| 0.0672 | 00688 |  zeas| 2697  eso0| 4424 1wz | 1727
7 734z] 372 1952 | 2060 | _ 0.668] 0.003018]  0.620| 0042727 | 0.049897 | 0.628] 0.0680 | 00685 | 3338 3334  s004] 5036 1666 | 16
B 2407]  2547) 2006 | 2135 | 0.665] 0003018]  0.620(9.043396| 0.044514 ]  0.628] 0.0890 | 0.0769 | 3628 3604 Sze6] 5262 1638 | 1658
3 3743]  7r62] 2296 | 1307 | 0.668] DOVIDIE|  0.620| 0096740 0046300 D628 00736 | 0.07Y | 3650 3606 5327 s:.ﬁi 1668 | 1652
i0 36| 569 2303 | 247 0.668] 0.003018] _ 0.620| 0.096318 | 0.048108 | 0.628 0.0341 | 00766 | 3632,  36.60 5293  53.04| 1660 | 164
11 sias] 3180 2604 | 2630 | veos| nowsons| .o oot lore | oesloore | oo 1 szl ssae szl sisdl dess | et
____ E— I ___

51



Oval Particle

ISha',pr.' Spherical
Size of Bed :
Bed Welght: 300g
Bed Overlap:18*
Blade Inciration: 10°
.o . Orifice Distcibutor  [Distributor Ap + Bed
P Ap in etifice {mnHI0} ap Air (mH20) c weas| oD Flow (m3‘sec) B.dm u {m'sec) N o) anH20) Bed Ap umI20)
F | K F R o ¥ x| 2@ [T R F & 3 R F [
1 6.00] £.00 0.00 0.00 0.668] 0.003018 0.620{ 5.000000 | 0.000000 0.628] 00000 | 0.0000 0.00/ 0.00 0.0 0.00] 000 0.00
2 0.08 0.15 0.07 013 0668) 0.003018]  0.620] 6:002457 0003419 |  0.628] G000 | 00054 0.29 0.29) 0.29) 0.32] 000 203
3 2.88 5.96] 6.55 4571 0.668] 0.003018]  0.620| boo4753 [0.021554|  o.628) oo3m4 | o 3.04 275 1024 7.7'5'| 7.20 5.00
1 12.12] 1235 1waef  1w9]  oses| oooivia[  os|oowsrloonoz|  oers| odake | o 765 62 s 1668 1030 | 506
5 144 15585]  12.03] 1296  0.668] 0.003018)  0.620[0.003550] 0.034816|  0.678] 00534 | 0.0554 s445] 1437 men| 2363 1055 925
s 1744 1598] 14331 13.320  0.668) 0.003018  0.620| 0.006871 [0.035294 |  0.628] 0.6587 | 0.0562 675 269 en|  wsa wm B.87
7 20.04| 1425 16.72 13.54 0.665[ 0.003013] 0.62010.039543 | 0.035591 4.628) 0.0630 | 0.0547 33.38] 3334 42.08 42{!] 870 8.89
5 2213 1740 18] 1423]  ooes| noovers|  oe2e]eodise [oosesio| oz v.os6l | 00581 36280 3604]  440] 4| s12 572
3 2241 020]  18.68) 1683 o.o68) n.0oo3mz]  0.620]0.041795 | 0.03968] 0.628) t0o60 | 00632 36.59] 3666  45.59  45.65) 900 .59
10 .10 2350 15.25) 15932 0.668! D.M.Wlﬂ 0.620] 6.042434 | 0.043163 4.628) 0.0676 | 0.0687 3632 36.60 4501 45.15| B.69 8.5
11 7458 2438 20480 2048 0.620] 0.043722 [ 0.043772 | 0.628] 0.0697 | 0.0697 3&96 3396 4495 4455 899 3.59
Shzpe: ovad =
Size of Bed
Bed Weight 750g
Bed Overlap:i8”
Blade incknation: 10"
. . Oxifice . N Distribter Distrimior Ap + Bad
St | AP orice (omH20) | Ap Adr (cF20) & | amn| o Flow (md'sec) Bed (:2.;. u {wisec) Ap (mmFD0) 2p (anB020T) Bed ap (mmH20)
3 R r | & - F k" F R F R ¥ ] R F R
i 0.00 0.00 oo oo o.668) poodoisl  0.620] 0.000000 | 0.000000 |  0.628] 00000 | 00000 0.00 £.00 .04 000]  0.00 0.00
2 0.09 0.12 0.08 010! 0.6631 9003018 0.620 0.002649 | 0003058 0628 0.0042 | 06049 029 .29, 0.33; 044 004 0.15
3 9.85) 105 331 588 0.668! 0.003038]  0.620{ 0027709 |0.023442|  0.628) 0.1 | 0.03T8 3.04 275 1 5571 5.41 6.22
4 1535 16.15] 1266]  1346]  0.668] 0.003036]  0.620| 0.034816 | 0.035481 | 0.6 0.0554 | 0.0565 765 762 22270 20.50[ 1442 | 1288
5 19.38 1980 1615]  1650]  06GE| 0O0BHE 60| 0038887 | 0050306 0.628] 0.061% | 0.96%6 1445 1437 IB.56| 2827 1401 | 1390
[] 2135 270] 1363 1875] 0.6 o.0050i8]  0.620( 0043739 [ v.odze82|  o628] D065 | 00084 6.79) 2697 319870 38800 1308 | 1183
7 23.75) 2483 13.99) .71 0.668] £.003018] D.620] 0.043027 | 0.044012 0.628| 00685 | 9.8701 33.38 334 4575 4528 1237 11.94
3 24.94 2535 30.78 2112 n.msal 0.003018; 0.620( 0.044092 | 0.044453 0.628) 0.0702 | 0.4708 28 3804 48.37 45.10; 12.09 12.06
9 35,61 2] 2] ;o7 oeesf pomaote]  oezo{oossszo[omsist | osas] oo {Toers 36359  3666|  dR79f 4R 1220 | 1212
50 2155 24| wesl 22620 n.ocs] 0.0030IET  0.62000.046341 [ 0.045995|  0.628] 0.0738 | ge732 16.32] 3660 5420 1584 | 18
11 78B.87| 28.87 24060 24.06 0.668] 0.003018] 0.620] 0.047439 | 0.047439 0.628) 0.675% | (0755 35.56 35.06)  48.02, 48.021 12.06 12.06
i s —
Jshape: Oval
Size of Bed :
Bed Weight 1Kg
Hed Overlap 15"
Blade Inclinagor: 107
L o AL Crifice . ! Distringor | Distributor 3p = Bed|
SINo hp tn ofifice (mmH20  Ap Al (i) cs sesn | @D Flow (m3'sec) B;d(:;e)a u (m'sec) Ap (mmH2G) Ap (muH20} Bed Ap (mmi20)
F R H R e H .3 F R F R F R E R
1 (40, 0.80 .60 300 658! 0.003618 0,620} 0.000000 | 0.000000 0.628] 0.0000 | 0.0008 0.00 0.00 0.00 000 0.0 00y
2 0.95 0.19 0.4 0.26]  0.665{ 0.001008]  0.620] 0.001974] 0.003848]  0.628] 0.0031 | 0.0061 0.29 029 046 o042 paz7 0.13
3 9.9% 897 8§27 143/ 0.668; 0.0030iB 0.620, 0.027808 | 0.026365 0.628 0.0:43 | 00970 3.04 2.75 11135 11 en §.36
4 19.76]  18.24] 1647 1520} 0648} 0.00300E]  0.620[0.035247]0.037707 |  0.628} 0.0625 | 0.0600 T.65 762  2636]  23.70] 1851 | 1608
5 22,26 2238 18.55] 18.65] 0.668] 0.003018 0.620] 0.041655 1 0.041767 0.628) 0.0663 | 0.0665 14.45] i43? 3343 3225 1898 12.88
s 2331 2404 1943} 20.22f  0.668 00030180  0.620[0.042626] 0.04337%] 0628 0.067% | 6.069 2679 2697 4322 4109 1643 | 16132
7 2494 2458 20.78] 20.57 0.688] 0003018 0.620] 0.044092 § 0.043861 0.628) 0.0702 | .Do88 33.38 33.34 48.90 48.09] 15.52 15.35
[ 2535 2555 2113} 2129  0.658; 0.0030i8]  0.620}0.04445370.044628]  0.628] 00708 | 0.6711 3628) 3604 5123 5118|1495 | 1504
] 2643)  2697) 2070  1AE]  0.658) 0.003018[  0.620} 00476331 0.045850 | 0623 0078 | 00736 3659  3066] 5178 5177 1519 | 1501
18 2681 2713 234 2281 0.658] 0.03018) 06201 0.04571500.045983 |  0.628] 00728 | 00732 3632) 3660|5138 51.25] 3526 | 14.65
11 2350 28.50] 23150 23.35|  D.668] 0.003018)  0.620)0.047134 F0.047134 |  0.628] 90751 [ 0.8751 3595 3596]  s192]  s113) 1508 | 1516
oot T - AR L SR - RS W R R
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