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Evaluation of particle settling in flow chamber

Abdulrahman Alenezi

Abstract — The investigation of fluids containing particles or filaments includes a category of complex fluids and is vital in
both theory and application. The forecast of particle behaviours plays a significant role in the existing technology as well as
future technology.

The present work focuses on the prediction of the particle behaviour through the investigation of the particle disentrainment
from a pipe on a horizontal air stream. This allows for examining the influence of the particle physical properties on its
behaviour when falling on horizontal air stream. This investigation was conducted on a device located at the University of
Greenwich's Medway Campus. Two materials were selected to carry out this study: Salt and Glass Beads Nano particles.
The shape of the Slat particles is cubic where the shape of the Glass Beads is almost spherical. The outcome from the
experimental work were presented in terms of distance travelled by the particles according to their diameters as After that,
the particles sizes were measured using Laser diffraction device and used to determine the drag coefficient and the settling
velocity.

For a verification and more deep insight, the experimental setup was modelled using Computational Fluid Dynamics (CFD)
technique and the results were compared with the experimental results in terms of distance travelled. A good agreement
was observed between the CFD and experimental results.

The experimental and numerical results showed that the size of the particle has a huge impact on the drag coefficient and
the settling velocity. Larger diameters lead to less drag and hence higher settling velocity. Also, the lighter particles tent to
travel horizontally further than the heavier ones.
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Nomenclature
A surface area (m?2)
Ca drag coefficient
C Sutherland constant
d, particle diameter (m)
E total energy (J)
F body force (N)
g gravity (m/s?)
Grs Archimedes number
m mass flow rate (kg/s)
P pressure (Pa)
R specific gas constant (J/kg.K)
Re, Reynold number
Sh volumetric energy source term (J/m?)
Sm volumetric mass source term (kg/m?)
t time (s)
T temperature (K)
u internal energy (J)
v velocity (m/s)
|4 volume (m?)
1% volume flow rate (m3/s)
W settling velocity (m/s)
Greek symbols
p density (kg/m?)
T the stress tensor
Subscripts
f fluid
p particle
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s surface
Acronyms
CFD Computational Fluid Dynamics

UTIAS

University of Toronto Institute for Aerospace Studies

1 Introduction

The investigation of fluids containing particles or
filaments includes a class of complex fluids and is vital in
both theory and application. Several studies have focused
on the particle behaviour in a fluid flow. The forecast of
particle behaviours plays a significant role in several
engineering processes and fields, for example, chemical
and metallurgical processes as well as mechanical and
environmental engineering. Modelling of the particle in
water process requires deep knowledge of predicting the
particle velocity. In the gas turbine, blades and nozzles
are exposed to erosion which is strongly rely on the
particles A further application is the
transmission of bulk material via pneumatic conveying,
the assumption made for the particle motion is based on
the terminal velocity of the particles. This emphasise the
significance of predicting such velocity for selecting the
right sizing and the appropriate design of the plant.

velocities.

Regardless of such significance, the existing investigation
do not offer a sufficient insight on such subject and
prediction of the particles
behaviours which in turns can lead to more accurate
mathematical models. Also, the greater part of the
existing studies is centred around the investigation of
particles having regular shapes such as sphere (the least
difficult shape),
cylindrical shapes. Furthermore, the used material in
these studies are fairly limited due to the irregular shape
of their particles.

enhancements of the

and most researched cubical or

The present work focuses on the prediction of the particle
behaviour through the investigation of the particle
disentrainment from a horizontal air
objective of the current study is to examine the effect of
the particle properties on disentrainment on an air
stream. The study was conducted using mechanical
assembly which is located at the University of
Greenwich's Medway Campus which is shown in Figure

stream. The

1. Two different materials were considered in the current
study, Salt, and Glass beads, were selected for their
almost perfect spherical shapes. These experiments were
repeat few times in order to verify the results and
performances. Later on, the results were compared with
the hand calculations and were further used to produce a
two-dimensional Computational Fluid Dynamics (CFD)
model.

2 Problem Statement

Today, the idea of particle granulomere has been liable to
different sorts of research and concentrates instead of
what it resembled 20 odd years prior. Researchers have
acknowledged that issue comes in 3 unique states; strong,
fluid and gas, frequently hidden the states in the middle.
This order was handled by powders, which very still are
solids, when circulated air through may carry on as fluids
and when suspended in gas in may go up against a
portion of the properties of gases. The expansion in
innovation has made it conceivable to examine molecule
conduct anyway there are insufficient gadgets to enable
scientific models to foresee such attributes. For molecule
measure investigation, granular materials are regularly
utilized, which is known to be made of individual strong
particles, paying little heed to its molecule estimate.
Therefore, granular material can go from coarse colliery
rubble to fine measured components.

Figure 1. Test apparatus.
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3 Aim and objectives

The main goal of the current study is to investigate the
particle interaction with air and the influence of particle
properties such as particle size on the settling in a
horizontal fluid flow. Another main goal of this study is
to determine the drag coefficient of the particle.

To meet the aims, the objectives were defined as follows:

e Conduct a particle segregation experiment.

e  Study various properties of particles and the effect of
the fluid stream on the particle settling.

e  Generate a CFD model to analyse the flow and to gain
insight on the particles behaviour.

4 Literature Review
4.1 Introduction

Particle technology has already been adopted in a many
formats and applications all over the globe throughout
the history. Many kinds of powders have been produced
to improve human life, such as food, detergents,
pigments, cements, fertilizers and industrial chemicals.

Particle technology account to a significant contribution
in many products, for instant, it contributes by almost
one-half to the products within the chemical industry and
over 75% of the granular raw materials [1].

In general, particle size can vary from sizes as small as
order of nanometres up to 1 mm [2]. There is no general
agreement on particle classification according its size is
not, however, particles with less than 30 pum mean
diameter are typically stated as fine particles which their
uses in industries are huge. Particle having a diameter
below 10 um are referred to as superfine particles that can
split down to: nanoparticles (1-100 nm) and molecular
cluster (<1 nm), sub-micron particles (0.1-1 pm), micron
particles (1-10 um) [3].

42 Fluid-solid mixture

In the recent years, study of the mixture of fluid and
fibres or particles gained an attention due to its
importance to wide range of modern applications. The
behaviour of particle in flow of fluid has been the focus of
a large number of researches. One of the important
behaviours of such particle is its velocities and trajectories
as it plays a vital role in several engineering fields such as
environmental and mechanical engineering besides
chemical and metallurgical processes.  The crucial
problem is correlating the mixture properties at global
level as well as local level. The existence of the solid
particles in the fluid causes very complicated
hydrodynamic phenomena [4-6].

There are two main forces acting on the settling particles
as shown in Figure 2. First is the primary force such as
gravity or forces due to centrifugal motion. Second force
is the generated drag as a result of the particles motion in
the fluid. The drag force is usually affected by the
velocity of the particle where the applied force is not
affected.

When the particle is not in motion, it will not experience
any drag force and the particle will start to accelerate by
means of the gravity force. After that, the drag force starts
to act on the particle in the direction opposite to the
motion. As the velocity of the particle build up, the drag
force increases until it equates the applied force and the
velocity of the particles will remain with no further
change. This velocity referred to as settling velocity or
terminal velocity of the particle.

There are many parameters that can alter the particle’s
terminal velocity. Any parameter affects the drag will
directly affect the terminal velocity of the particle. Hence,
the grain shape, size and density have the most effect on
the terminal velocity in addition to the fluid properties.

Figure 2. Flow over a settling sphere particle and forces acting
on it [7].

In order to understand the natural phenomena of the
mixture and various industrial processes, it is essential to
determine the flow behaviour at local level as well as the
potential interaction between the solid and liquid phases
[8-12]. However, reviewing the available in the literature
shows that studies been conducted to determine the
global behaviour such as average concentration and
velocity are relatively larger than the studies conducted
to determine the local behaviour of the mixture. This
shows that most of the studies are related to a specific
application [13].

Using mass diffusion equations approach for modelling
fluid flow provide approximation of the flow behaviour
and in most cases, ignores some characteristics of the
particles such as mechanical and physicochemical in
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addition to the rheological behaviour of the mixture [14,
15].

In such situations, the terminal velocity of solid particles
settling in fluid plays a significant role in the governing
equations of such complex fluid flow [16-20]. Varity of
relationships can be found to estimate the terminal
velocity which makes it difficult to be applied [15, 21-23].
In the experimental investigations, a special interest is
given to the effect of particle characteristics, such as
density and shape, on sedimentation process [17, 24-29].
Also, the attention is paid to examine the effect of specific
parameters of the fluid such as rheological characteristics
and density [30-35].

The solid particles’ terminal velocity is usually related to
spherical shape. The proposed correlations for settling
velocity are more likely to be implemented as a
foundation for more complex shapes, which can be
applied either directly or indirectly to evaluate the
particle’s setting velocity [36-39]. There are two methods
to calculate the settling velocity of spherical particles. The
direct approach treats the velocity as a function of
dimensionless numbers roughly equivalent to an
Archimedes number [40-45]. On the other hand, the
indirect approach employs iterative process by using
Reynold number and the drag coefficient [46-48] . By
performing Bibliographic study, it was shown that the
relationships are limited by small range of Reynold
number [49, 50]. The validity of both theoretical and semi-
theoretical treatments are limited to Reynold number less
than unity.

4.3  Calculation methods of spherical particles settling
velocity

When a particle settles in still fluid will accelerate for
short period by means of gravity force until it reaches its
terminal velocity, which occurs when the drag and
gravitational forces are balanced. Therefore, the following
relationship is obtained [51].

(pp = pr)gv

Cd=
W2
Pf(TS)A

Where, V is the volume, A is the surface area, py is the
particle density, pr is the fluid density W;is the settling
velocity and Cu is the drag coefficient, which depend on
Reynold number, Rey, of the particle:

Where dy is the diameter of the particle.

Practically, experimental data for terminal velocity along
with Ws in Egs. (1) and (2) t are usually used to generate
the curve of Cs=f (Res). While the conventional approaches
use experimental data only to generate the curve Ci=f
(Res) and employ an iteration process to evaluate Ws. The
curve Ci~f(Res) have been described by several empirical
correlations [12, 49, 52-56].

Also, there is possibility to use by direct calculation to
calculate the value of settling velocity. In such instance,
the parameters of Archimedes number, Gr, should be
taken into account. Hence, by altering Eq. (1) the
following relationship can be obtained.

(ps —pr)gdy _3

= - CdReS?

G —
rs pfyg 4

The value W for spherical particle can be obtained via
Res=h (Grs) along with Eq. (2) [40].

Most of the wused relationships to determine the
coefficient of drag are derived from data for settling
velocity of particles in quiescent fluid. Other relationships
were obtained for turbulent flow by placing a sphere in
wind tunnel and measuring the drag coefficient [49]. It is
worth noting that the value of the drag coefficient of
sphere falling freely in static fluid is larger than when the
surrounding fluid is in motion by 15-30%. The reason of
this difference is that the when the particle falls in a
quiescent fluid, its trajectory is more likely to be altered.

Despite that the relationships seems to singular for the
Reynolds number and simple, other formulas have
diverse and occasionally complicated [38]. However, all
of these relationships share the same characteristic which
expresses the hydrodynamic behaviour of the particle
with its motion. There are three flow regimes that can
categorise the hydrodynamic behaviour [14]:

e Res< 1: laminar.
e 1 <Res< 10% transitional.
e 10%<Res< 10°: turbulent. (1)

All the relationships show Stokes linearity but they
don’t have the same slope. Also, for the turbulent
flow regime, the variation in the drag coefficient can
be expressed as dependent on Re only.

The available relationships were proposed and
adopted for both Newtonian and non-Newtonian
fluids. This means the generalised Reynolds number
was taken into account. Actually, the value of drag
coefficient differs in both Newtonian and non-
Newtonian fluids. In the ﬂovsz)regime having low
Reynolds number, the drag coefficient for non-
Newtonian fluid seems to be less than the value in
Newtonian fluid case [32].
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The literature review shows the models that adopt
the direct calculation approach are more used to
determine the drag coefficient than to determine the
settling velocity. Majority of the drag coefficient
models cover domains with wide range, which is
sufficiently adapted to real-world applications.

5 Test apparatus
5.1 Chamber

The thought behind this work began from the perusing of
the “Classification of solids particles in a horizontal air
stream” report prepared by S.N. Farley-Hills, a student of
Mechanical Engineering at the Thames Polytechnic of
Woolwich. His work was cantered around the assessment
and improvement of a current device at Thames
Polytechnic. The mechanical assembly was a horizontal
elutriator, i.e. equipment for the detachment of lighter
and heavier particles in a two stage framework (i.e. gas-
solids). Thusly, the Polytechnic had taken motivation
from crafted by the University of Toronto Institute for
Aerospace Studies (UTIAS). In the 1930's a few teachers
of this University, built up a vertical section elutriator,
called Infrasizer, which had some operational
confinements, regarding the time required to embrace a
trial and the level of accuracy for the mechanical
assembly. In the 1997, they outlined a flat breeze burrow
for the recreation of rain infiltration through an air
stream, acknowledging later that they had manufactured
an advancement of the Infrasizer, in view of an alternate
physical rule. This new device was called Infrasizer Mark
III and it allowed a superior part of the example in less
time.

The device worked at 'The Wolfson Centre for Bulk Solid
Handling Technology' depended on the plan found in the
report 'Arrangement of strong particles in a level air
stream'. Be that as it may, it was worked with another
reason. The breeze burrow was produced at the Thames
Polytechnic to get another instrument for molecule
isolation, endeavouring to acquaint likewise an option
with the utilization of strainers. Rather, The Wolfson
Centre chose to utilize a similar mechanical assembly to
examine the conduct of the particles in an airstream.
Surely, one of the issues for the utilization of the
contraption as an elutriator was the absence of learning of
the streamlined parameters of particles with
unpredictable shape. It was thusly chosen to switch the
first technique: the breeze burrow was utilized to
partition particles anticipating their arrival position by
the utilization of numerical and physical demonstrating
(a procedure influenced by the issue of a flawed
information of particles conduct); now it is utilized
precisely for a superior comprehension of this conduct,
beginning from the arrival position of the particles in
wind burrow floor. In this sense, the activity mode is the

same in the two procedures, however the updated one
required an exceptionally inside and out examination of
the plate content after each test. This instrument has
different sections. Table 1 shows the name of these
sections and their measurements. Inside the working
section there are 4 plates which will be explained later on
the use of them. However, the dimensions of these plates
will be shown in Table 2. Also, detailed drawing of the
plate is shown in Figure 3.

Table 1. Main dimensions of the test apparatus.

Section name Measurements (mm)

200 x 300 x 265
212 x 300 x 1370

Pressure chamber
Working section

295 00

29500

| 170.00 | 40!00

5500 55,60

| -l )

| 1 71 00

Figure 3. Plate drawing showing main dimensions.

Table 2. Working sections plates.

Length Width Number Size of each
(mm) (mm) ofrows row (mm)

Plate 170 295 8 20
1

Plate 200 295 8 25
2

Plate 500 295 10

3

Plate 300 295 3

4
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5.2  Air delivering

The delivery of air is made by a blower CSD 102 of the
Rotary Screw as shown in Figure 4. The air leaves the
blower at a pressure of 6.8 bar and goes over a channel
and a pressure reducer that declines the pressure to 5.2
bar. Now the air lands at the purported 'spout bank'. It is
formed by an authority from which eight unique spouts
begin. These spouts are controlled by on/off switches and
have expanding opening areas. After the spouts, there is
another gatherer associated with a progression of funnels
that disseminate air in various parts of the research
facility. The correct blend of spouts licenses to
determinate a known conveying wind current rate.

Figure 4. CSD 102 air delivery unit.

5.3 Laser diffraction

The technique of laser diffraction depends on some
physical standards which they found by Joseph von
Fraunhofer. The diffraction is one of the impacts that
happens when a lights hits a strong reflecting surface. For
instance, if the light hits a molecule, its force diminishes
because of the wonder of termination, caused by
dispersing and ingestion. The main parts of the Laser
diffraction s shown in Figure 5. The part of the light that
isn't influenced by this, is called diffraction. The
Fraunhofer diffraction considers the piece of the light
being coordinated the forward way. The coming of the
laser innovation, light touchy semiconductors of a
sensible size joined with intense microcomputers have
allowed the advancement of a specialized application for
a quick and exact investigation of particles measure
appropriation, in light of Fraunhofer's work. The
Sympatec HELOS utilized for the examinations speaks to
a case of this. In it, a laser pillar hits the particles to be
examined. The range of the pillar diffracted is cantered by
a focal point around a multi-component photograph
detector The coming about picture 'read' by the identifier
relies upon the number and size of the particles
introduced in the estimating zone, and is changed over in
an advanced flag meaningful from the PC. The example is
perused as a conveyance of light forces and, through the

use of a calculation; it is prepared utilizing a straight
arrangement of conditions that closures with the
assurance of the particles measure dispersion.

Figure 5. Laser diffraction device.

6 Experimental methodology
6.1 Preparation

6.1.1  Safety

Safety of the people in the laboratory comes first. Then
safety of the equipment and other tools come later. So, the
investigator must read and follow the laboratory
instructions very carefully. The examiner must wear the
safety clothes all the times while he /she in the laboratory.
Which is in this case are (safety shoes, coat, and earplug
each equipment in the laboratory has it been own safety
procedure, so the investigator must be aware of it.

6.1.2 Setup

Firstly, the device full of dust not clean that will affect the
result therefor must use the vacuum to clean it. The
examiners hand is not long enough to reach the full
chamber, so the examiner needed the aid of a piece of
metal to accomplish the required job with aid of clippers.
Then setting up the device get all the pieces of the device
together and get it connected to the air control panel as it
can be seen in Figure 6. This process is important to
minimize the errors and to obtain an accurate result.
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Figure 8. Air velocity measurement

Taking the average of the velocity of the air must be by
repeating the experiment a few times. Figure 9 shows the
locations of the measured places. Table 3 shows number
of times that the experiment was repeated, the main
reason for repeating it that to make sure of the values.

Location Location
Figure 6. Chamber connected to the air control panel. 1 2
There is a hole in the top of the chamber. Using the pipe Location
to fill the hole with the required material as it is shown in 5
Figure 7. The material will be dropped freely. The air - -
control panel will be on before dropping the material. Location Location
3 4

Figure 9. Locations of the of air velocity measurements.

Table 3. Air velocity measurements.

Figure 7. Preparation for the feeding.

Number of locations Max Average
The averge air velocity must be conisdered therefore experiment velocity velocity
(m/s) (m/s)

must use a specific device which whill be in this case

VOLTCRAFT (BL-30AN). This device is used to calculate 1 1 0.90 0.15
the velocity of the air as it can be seen in Figure 8. 2 0.90 0.17
3 0.90 0.17

4 0.90 0.19

5 0.90 0.17

2 1 0.90 0.15

2 0.90 0.15

3 0.90 0.15

4 0.90 0.15

5 0.90 0.15

3 1 0.90 0.11
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2 0.92 0.11
3 0.92 0.11
4 0.92 0.11
5 0.92 0.11
4 1 0.92 0.11
2 0.92 0.11
3 0.92 0.11
4 0.92 0.11
5 0.92 0.11
5 1 0.92 0.11
2 0.92 0.11
3 0.92 0.11
4 0.92 0.11
5 0.92 0.11

After obtaining the numbers from the table must find the
size of the chamber by using meter as shown in Figure 10
in order to calculate the volume flow rate of the air using
Equations (4,5). The calculated value of the air flow rate
are summarised in Table 4.

Figure 10. Finding the size of the chamber.

Figure 11. Cleaning the plats of the chamber

Then later using a specific tool for putting the Nano
particle material into the pipe and the pipe must reach
between 40 and 41 as it can be seen below in Figure 12.

Figure 12. Filling the pipe with Nano particle material for

injection.
1 = pAv (4)
The chamber is ready for the test and everything else is in
the right position and ready to work.
where, m is the mass flow rate, p is the density, and v is the velocity. The volume flow rate (5)
can be calculated from the following equation: 6.2  Martials
V=vA 621  Salt

Table 4. Air flow rate calculation results.

v (m/s) V (md¥/s)

0.11 0.0069
0.15 0.00945
0.17 0.01071

Since everything went ok now making the clean of the
plates which they are 4 by using the brush as it can be
seen in Figure 11.

Salt is a substance compound with various fascinating
properties, precious stones or white crystalline powder,
straightforward and dreary in crystalline shape, takes
shape in the isometric framework, as a rule as blocks,
solvent in water (35.6g/100g at 0°C and 39.2g/100g at
100°), marginally dissolvable in liquor, however insoluble
in concentrated hydrochloric corrosive, melts at 801°C
and starts to vaporize at temperatures only marginally
over this breaking point 1,413°C, hardness of 2.5 on the
MOH size of hardness, particular gravity of 2.165, non-
flammable — low poisonous quality, hygroscopic — ingests

IJSER © 2020
http://www.ijser.or


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 11, Issue 3, March-2020 807

ISSN 2229-5518

dampness from moist airs over 75 for each penny relative
stickiness — beneath this, it will dry out. In its
characteristic frame, salt frequently incorporates hints of
magnesium chloride, magnesium sulfate, magnesium
bromide, and others. These pollutions can tint the
generally straightforward gems, yellow, red, blue or
purple.

6.2.2 Glass beads

Glass beads have been broadly used to enhance the
mechanical and warm properties of business polymers. In
the previous couple of decades there have been numerous
reports of examinations identified that is regarding of this
subject. It has diameter of 4.0 pm, it has elasticity of 10.0
psi, and density of 2500 kg/m?®.

6.2.3  Air properties

The conduct of a molecule in a liquid relies upon
numerous factors. Thus, is critical to have a decent
learning of the different performers of this
communication. The imperative qualities of the particles
are its thickness, volume and shape while for the liquid
are its physical properties of thickness and dynamic
consistency.

6.2.3.1 Density

The air properties are impacted by the warm normal for
temperature and weight. A simple method to portray the
connection between these properties is the utilization of
the state condition for perfect gas:

P
—=RT
p

where, T is the air temperature, R is the air specific gas
constant, P is the pressure, and p is the air density.

Regardless of whether air isn't a perfect gas, it can be
dealt with as it when the weight accepts low esteem (p —
0). For expanding weight esteem, a variety of gas conduct
happens. To express this hole is utilized a factor Z,
characterized as p/ (o RT), that accept 1 as incentive for
the perfect gas. This factor diminishes with expanding
weight, and bad habit versa increments with expanding
temperature. Be that as it may, it expects applicable
qualities just for high estimations of weight. Our work
lord conditions are: air weight (101325 Pa) and a
temperature of around 16 °C. In this condition, the hole of
the factor Z is under 0.5% and along these lines air can be
considered as a perfect gas furthermore, the condition can
be utilized without significant blunder.

6.2.3.2  Viscosity

In the past section, it was clarified that the working
condition allow to sell out the air as a perfect gas. In the
legitimacy field of the condition the dynamic consistency
depends just in the temperature and it is almost

autonomous of the weight. The reliance of consistency on
temperature is communicated by Sutherland's condition:

C

. T 1+_To
= Ho |7 -
o 1+T

where u is the dynamic viscosity, p, is the dynamic
viscosity at T, = 0 °C which has a value of 1.72 x 107
N.s/m 2 for air, and C is the Sutherland constant which is
considered to have a value of 113 K. the value of T is
assumed to be 289.13 K.

6.3 Experiment
6.3.1  Assumption

6.3.1.1  Acceleration

In the model it was disregarded the increasing speed
length of particles while entering in the working segment.
Notwithstanding, the molecule section conditions are not
totally known. In the pipette last tract, particles started
their speeding up vertical way however the speed came
to before leaving the pipette was not contemplated and it
is not correct to accept that it was equivalent to the
maximum speed in a limitless liquid.

6.3.1.2 Interaction of the particles

The numerical model was made for a detached molecule
in an air stream. Be that as it may, regardless of whether
it was attempted to have a low molecule stream rate on
account of the presentation of the pipette as encouraging
gadget, the particles entered noticeable all around stream
in considerable numbers (givin§6)extent of between
molecule activities). Numerous marvels can occur that
may add to a randomisation of the settling conduct and
subsequently the last area on the floor of the particles.
Particle crash: the distinctions in estimate between
particles prompts a distinction in the falling speed. In this
manner it could happen, particularly toward the start of
their movement where particles of various size are still in
closeness to each other, that a quicker molecule could
crash into a slower moving one. The outcome is a trade of
energy that rates up the slower molecule while it
diminishes the speed of the quicker one. Particle
amassing: it could happen that some surface powers
between particles emerge, due for instance to erosion or
electrostatic impact. At the point when this marvel
happens, at least two particles will act like a one of a kind
greater molecule, achieving a max speed higher than
anticipated. = Aerodynamic connection: the wake left
noticeable all around stream by particles could meddle in
the falling of following particles. For instance, if a little
dot enters the wake of a bigger one, it will take after
another direction, expecting a higher falling velocity.
Gravitational power: it is likewise possible that, if the
distinction in estimate between two particles is
exceptionally significant, a major molecule will pull in
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gravitationally a minor molecule, which will act as a
satellite in regard of the biggest. Every one of these sorts
of association will likely adjust the molecule conduct
inside the passage, particularly the one of littlest particles.
Specifically, it was normal the nearness inside the plate of
a small amount of particles littler than gauge by the two
conditions.

6.3.1.3  Behaviour of the air

The wind current inside the passage was subject of broad
examination amid the improvement of the test technique.
The primer tests embraced, had shown that the stream
was straight and uniform in the region assigned for
particles falling. Be that as it may, the examination was
confined to a few territories of the passage where the
passage adaptation allowed it. Consequently, the air
conduct was not totally known and could (conceivably)
produce unforeseen wonders such, as turbulences or
bearing possibilities. Specifically, the inward state of the
plate expands the likelihood of the nearness of air
recirculation along the passage floor. This perspective, or
others not considered here, could randomize the particles
movement and thus their last arrival position.

6.3.2  Testing

After doing all these steps the chamber is ready for
establish the experiment. This experiment is separated
into two main parts. Each part has a specific goal. Then,
adding up these steps to end up with the results of this
experiment.

6321 Partl

The main target of this part is testing the flow of two
Nano particle materials (salt, and glass beads) by
dropping them separately from a hall in the chamber
while the air flow is going on. Then, collecting the
samples and the data from the chamber. This chamber
has many plates. Each plate has number of rows. So, the
examiner followed the instruction of the supervisor by
collecting data from every three rows as one tray by using
the brush as it can be seen in Figure 13. Lastly use the
bags to be filled of the samples. After that the vacuum
used again to clean the lab and get back every tool that
has been used to it is place.

Figure 13. Particle collection using fine brush.

6.3.22  Part2

This part is taking the samples that were obtain in part
one. First step in this part is taking the measurement of
the samples all by using the scale as it can be seen in the
Figure 14 below. This step is important because it will
help to pick out the efficient results and eliminate or
neglect inefficient results.

o
-

Figure 14. Using the scale for getting the measurement

Table 5 shows salt test results, the number of experiments
which it were three in this case. Each experiment has two
bags as a result of the experiment. The first bag was for
tray 1 (1-3) and the second bag was for tray 2 (4-6).
However, bag 2 is neglected for all of the Salt experiments
as it has very small quantity of particles.

Table 5. Salt test results.

Test Bag Weight Particle size
(mg) distance
measurement
1 1 16619 Measured
13SER © 2020
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2 861 Not
because it is not
enough (quantity)

Measured

2 1 17100 Measured
1247 Not Measured
because it is not
enough (quantity)

3 1 15886 Measured
743 Not Measured
because it is not
enough (quantity)

Table 6 shows Glass beads test results, the number of
experiments which it was 3 in this case. Each experiment
has three bags as a result of the experiment. The first bag
was for tray 1 (1-3), the second bag was for tray 2 (4-6),
and the third bag was for tray 3(7-9).

Table 6. Glass beads test results.

Test Bag Weight Particle size
(mg) distance
measurement
1 1 11767 Measured
2 7152 Measured
3 2438 Measured
2 1 11829 Measured
2 7255 Measured
3 2064 Measured
3 1 11375 Measured
2 7129 Measured
3 2460 Measured

Again, to start this experiment must clean the laboratory
before getting started by using the vacuum cleaner. Must
turn on the computer first because it is connected to it.
Otherwise doing the experiment is useless. Then turn on
the air flow key. Lastly turn the laser machine on as it can
be seen in Figure 5.

7 Result &Discussion
7.1 Experimental results
7.1.1 Salt results

As it can be seen in Figure 15 that the salt test result was
shown by trays. There were 3 experiments, and all these
experiments were attempted in the first tray (1-3) due to
the lack of quantity of the Nano particle material (Salt).
The experiments from 1-3 showed results 267, 266, and
265 um respectively. The average of this was calculated
266 pum. The distance travelled result for tray (1-3) is 65
mm.

268
.

B7
X
o
=
S5
6 < Experim
s entl
é-UGG 1 1

0 1 Trays 2

Figure 15. Salt test results by trays for experiment 1.

7.1.2 Glass beads results

As it can be seen in the figure 14 the glass beads test
result was shown by experiment. There were 3
experiments, and all these experiments were attempted in
the trays (1-3), (4-6), and (7-9). The experiment 1 showed
result 121, 121, and 122 um respectively. The experiment
2 showed result 118, 118, and 119 um respectively. The
experiment 3 showed result 124, 124, and 124 um
respectively. The average for tray (1-3), (4-6), and (7-9) is
121, 121, and 122 um respectively. The distance travelled
result for trays (1-3), (4-6), and (7-9) are 65, 125, and 195
mm respectively.

126

125 |
124 |
23
422
x

g21 | *
€20

319 || ® Experim

et

) entl

218 t .

117 ' ' '
0 1 2 3

Trays

Figure 16. Glass beads results by trays

Salt test has a bag for each experiment, and Glass beads
test has 3 bags for each experiment because of the
proprieties of the Nano particle material. Therefore, it will
absolutely affect the particle size distance measurement.
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7.2 Hand calculation results

Table 7 shows the hand calculations of drag coefficient
(C4) of the each tray of the Salt and Glass beads. Which
supports the experimental results. An important factor in
this calculation was the behaviour of this experiment was
laminar. It was found after calculating the Reynold
number (Re) for each tray must have calculated a few
things such as distance travelled of the particle size,
density of Nano particle materials (Salt, and Glass beads),
volume flow rate of particle (V), settling velocity (Ws),
area of Nano particle materials (Salt, and Glass beads),
diameter of Nano particle materials (Salt, and Glass
beads) (dp), and viscosity of Nano particle materials (Salt,
and Glass beads) (u). Itis clear that the drag coefficient in
tray 1 is bigger than tray 2, and the drag coefficient in
tray 2 is bigger than tray 3. And the main reason for that
is the diameter. The relationship will be explained further
in Figure 17 and Figure 18.
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Table 7. Hand Calculation.

Zr ?ézta ?lfg/ flfg/ v R z/r\f/ A s Re ‘(1;,1 ?N.S/ m C,

Y (mm) m?)  m) (m?) ) (m?) m 9
tSal 1 65 2160 122 ]13._8191381 ;1.6 %0276E _10316]3 §6 ]15._709595 310
1 65 2500 1.2 1.20115- ;.1 43.89]3- (1);5515- ;2 ]15.1)9595 856
Ssla » 195 2500 1.2 ?546113- 1.1 3.8713- (1)5413- ;2 ]15.-29595 276
3 195 2500 1.2 515.3823E— 1.0 384E— (1)53]5— ;1 ]15.3)9595 836
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0.70
0.68
0.66
0.64
0.62

0.60 4 '
0 100 200 300
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Figure 17. Drag coefficient of the particles against the travelled
distance.

Figure 17 shows the drag coefficient decreasing against
distance and that because of motion resistance. So in
overall the drag coefficient has an inverse relationship
with distance. This is the result of Glass beads. For tray 1
travelled distance is 65mm, tray 2 travelled distance is
125mm, and tray 3 travelled distance is 195mm.

126
— 124 + A
g
> 122 A
- 120
O L
= A
A 118 ' '
% 0 100 200 300
£ Travelled Distance (mm)
[a W

Figure 18. Particle diameter against distance travelled.

When the diameter increases the drag coefficient
decrease. So when the diameter increase the distance will
increase as well. For tray 1 diameter is 1.25E+02, tray 2
diameter is 1.22E+02, and tray 3 diameter is1.19E+02,
Therefore, there is a proportional relationship as it can be
seen in Figure 18.

7.3 CFD modelling

7.3.1 Methodology

Two - dimensional calculations were conducted using the
CFD software of ANSYS FLUENT. The general
methodology is well established and can found in many
text books such as Versteeg et al. [57]. This technique
based on solving Navier-Stokes equations beside
continuity and energy equations within the
computational grid.

In the CFD code ANSYS Fluent, the governing
differential equations is formulated using the finite
volume approach. Three conservation laws of physics are
representing the governing equations of the fluid flow as
follow:

e Mass conservation

By applying the mass conservation principle on a control
volume, the continuity equation can be written as [58]:

ap
— +V.(p7) = 8
at+V(pv) Sm (8)

where v'is the velocity, p is the fluid density, and S,, is
the mass source term. This equation is is valid for both
incompressible and compressible flows while the first

a . .
term becomes zero, a—‘; = 0 for incompressible flow

o Momentum conservation

By applying Newton’s second law on an infinitesimal
control volume, the momentum equation can be written as
[58]:

) _ ~
ST+ V(T T) = ~Vp+ V. +pg +F ()

where F_ and pg’ are the external body force and the
gravitational body force and e, T is the stress tensor
and p is the static pressure.

e Energy conservation
the energy equation can be derived by applying the

first law of thermodynamics on a control volume to
and can be expressed as [58]:

d
57 (PE) + V. (U(oE +p))

J

+ (Tegp- 1) | + Sn

where E is the total energy, k. is the effective
thermal conductivity, and S, the heat source term
and J; is diffusion flux of species j.

The Reynold numbers at the chamber inlet and around
the particle are small enough to consider the flow regime
to be laminar. Gravity is activated to take into account the
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buoyancy forces acting on the particles. After trying
several meshes, the grid was selected with about t 25,000
cells as shown in Figure 20.

The boundary conditions at the chamber inlet is
considered as velocity inlet with magnitude of 0.11 m/s
where at the exit side pressure outlet condition is applied.
In addition, no slip wall boundary conditions is imposed
at all of the other outer surfaces and at the trays with its
spacers. The particles are injected from a location on the
top of the chamber as show in Figure 20. In order to
model the interaction between the air stream and the
injected particles, Discrete Phase Model (DPM) is
implemented. The Rosin-rammler model is chosen to take
into account the variations in the particles sizes, which
varies from 10° to 10* according to the experimental
results. In the current model, the used particle material is
Glass beads with constant density of 2500 kg/m?. Also, the
air density is assumed to be constant throughout the
calculations with value of 1.22 kg/m?.

1370 mm

Iy

212 mm

Figure 19. 2-D sketch of the geometry used in CFD model.

Particle injection

Velocity inlet

Figure 20. Computational grid and boundary conditions

7.3.2  CFD modelling results

Figure 21. shows the air velocity distribution within the
chamber. The air boundary layer near to the wall is very
obvious form this figure, where the velocity at the wall is
zero and increases toward the centre of the chamber.

JOINO 2INSSAIg

Velocity (m/s)

- 1.32e-01

1.050-01

7 02e-02

!
I 351002
0.00e+00

Figure 21. Air velocity contour.

Figure 22 shows the particle distribution within the
chamber section. It can be clearly seen that the particles
with large diameter falls first where the particles with
smaller diameters falls later. This also agrees with the
experimental results.

Tray | Tray 2 Tray 3
65 mm

125 mm

195 mm

Figure 22. Particle tracking coloured by the particle diameters.

A comparison between the experimental results and the
CFD results is shown in Figure 23 in terms of the distance
travelled by the particle according to their diameters. A
general agreement can be seen between the experimental
and CFD results. However, the diameter size of the
particles descended in the first tray are relatively over
estimated by the CFD, while the diameter size dropped in
the other trays are slightly underestimated. This is may
be due to neglecting the 3D nature of the process and
reducing it to 2D.
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Figure 23. Comparison between experimental results and CFD
results.

8 Conclusion

The experiment was successfully performed to examine
the particles behaviours. The effect of the particles
physical properties on its behaviours within a flow of air
stream was examined. A CFD model was generated to
verify the experimental results and to provide deep
insight of the behaviours of such particles. A good
agreement was found between the CFD model results
and the experimental results.

It was found from both experimental and numerical
results that the size and shape of the particle has a huge
impact on the drag coefficient and the settling velocity.
Particles with larger diameters tent to experience less
drag force and hence this lead to higher settling velocity.
Also, the lighter particles tent to travel horizontally
further than the heavier ones.

9 Future work& Recommendations

There are few things can be done in the future to improve
the understanding of the particle behaviours such as:

e  Consider a different shapes of particles.

o Replicate the experiment at different air velocities to allow
the heavy Salt particles to spread further.

o In this work the flow regime was laminar, in the future the
experiment can be conducted for turbulent flow regime to
provide more understanding of the particles behaviour in
such flow.
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