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THE PROBABILITY OF A CYLINDRICAL DICE TO BE
LUCKY

Yas Meshkin, Farzanegan2 high school, Tehran, Iran, meshkinyas@gmail.com

ABSTRACT

coin is a circular disk so when its flipped it lands on either its heads or tails but
ARTICLE INFO technically it's really thin cylinder so there's a tiny chance for it to land on its
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1. Introduction

The problem states that to land a coin on its side is often
associated with the idea of a rare occurrence. What should
be the physical and geometrical characteristics of a
cylindrical dice so that it has the same probability to land
onits side and one of its faces? (Fig.1).

b) Side View of Coin

Fig.1:Paper spiral suspended above a candle

A coin is a circular disk so when its flipped it lands on
either its heads or tails but technically it's really thin
cylinder so there's a tiny chance for it to land on its edge but
that's such a small probability that it doesn't even matter
but there's also something like a pen which is the other
extreme a very long cylinder if we flip it, it would land on
its edge and if the pen was to be a coin the chance of the
landing on its faces would be so little. So somewhere
between the coin and the pen there's a cylindrical thick
enough which makes it as likely to land on its edge and one
of'its faces and can be used as a three sided dice.

Dice is generally used to generate a random outcome in
which the physical design and quantity of the dice thrown
determines the mathematical outcome used mostly for
different games all around the world. A cylinder on the
other hand doesn't have an abundance of symmetry for
various reasons least of it being the edge face doesn't have
the same shape as the other two faces.

2. Theories and Methods

we inscribe the circular in a sphere. A cylindrical dice is
made of two pieces; the smaller part is denser than the
bigger one and they have equal masses, this moves the
center of mass from the middle closer to the edge of the
cylinder. The important way and variables such as height
and angular velocity directly affect the throw's outcome.
The number of throws is 1500 which the probability of

getting an edge, P, is a third and 1-P is the probability of not
getting an edge (2/3). Using these values, we can get a
probability based on a normal approximation.

2.1. Center of Mass Theory
In this theory , considering that the center of mass is right in
the middle of the cylinder , we divide the cylinder into 3
parts from the inside , each of which represents one of the
faces . This theory states that all 3 parts should have the
same mass (Fig. 2).

Fig.2: The cylinder is divided into 3 parts from the inside

2.2. Sphere theory

In throwing a sphere shaped ball the probability of it
landing on any point on it is equal and this is where the idea
comes from. This thick coin is embedded in a sphere where
it fits the idea is that if we throw the sphere which has the
thick coin inside of it one third of the area of the surface of
the sphere is associated with one face one third a it is
associated with the other face and the third associated with
the band around the middle which is the edge (Fig.3) (Egs.
1-4).

sphere

Fig.3: Thick coin is embedded in a sphere

S= 2mtR (1)
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2.3. 2D Version

Now let's look at it from a 2d perspective. The coin is now
fitted in a circle so taking the rectangular cross section of
the disk and doing essentially the same technique but it 2d
which means dividing the perimeter of the circle into third
which means dividing the perimeter of the circle into thirds
(Egs. 5-7) (Fig. 4).

v3/2 1
1

v3 1/2
circle
Fig. 4: The coin is now fitted in a circle

D = 2Rsin60° = RV3 ®)
t=2Rcos60° =R E%
D =3t

So with the first 2 theories we found the shortest and the
tallest extremes then with the third theory we got ratio
diameter to thickness but they are both super theoretical
and non-might be right so the only way to prove that they
are right is an experiment repeated hundreds of times
keeping all the factors except the ratio diameter to
thickness constant in order to find the ideal ratio that gives
the third probability .

3. Experiment

First T did 3D Printed Cylinders with ratio diameter
thickness of route two and route 3 with the same mass and
material.

Material : PLA
With 100% density

Fig. 5: 3D Printed Cylinders

Random Throw :then I figured out a way to a random
throw . It's important the way the cylinders are thrown
cause it has a direct effect on the outcome . The throw has
to be random but not every single parameter has to be
random in the throw . Variables like height and angular
velocity directly affect on the throw's outcome . The angle
which the cylinders are thrown at , is the random parameter
in this method .

4. Statistical Analysis

Here we assume that the probability of a third landing on
each side is correct with the given ratios and then calculate
the likeliness of our data if that's true (specifically the
edge). What is the chance of seeing 395 edges if it's got
probability of third ?

we can calculate that using binomial distribution which
says from our 1500 throws we got 395 edges if the
probability of success ( an edge ) is a third what is the
chance of that happening ? The answer is a very tiny

probability but this isn't surprising considering that this is
the probability of exactly 395 edges so what we do instead
is saying what is the probability of getting less than or equal
to 395 edges ; we'd need to calculate the probability of 1 +
the probability of 2 + all the way to the probability of 395
which with the binomial distribution that would take lots of
time and is unnecessary so instead we approximate it using
the normal distribution . Our expectation is 500 if we're
right ( that's from our binomial distribution ) . We also get
our variance from binomial distribution ( the number is
1500 that's how many throws , P is a third ( probability of
getting an edge ) and 1-P is the probability of not getting an
edge (2/3) (Fig. 6). We can use these numbers to see how
wide this bell curve needs to be . Using these values we can
geta probability based on a normal approximation .

Normal distribution

5 50 ™

Fig. 6: Variance from binomial distribution

We got our average value here ( this is what we would
expect if it was a third ) and we are saying what is the
probability of 395 and how far away is it ? And it's still
really tiny ; and even if we took a 2 sided test to see if it's in
the extreme it would still be tiny . So we wouldn't have
gotten these numbers if the ratios were correct . The
probability of getting an edge is statistically different from
a third with the 2 ratios. Although both the ratios were
incorrect , they provided upper and lower bounds on the
answer ; so I made cylinders with ratio diameter to
thicknesses between 2V2 and \3 ( started with the 2V2 ratio
and made each cylinder 1 millimeter thicker to \ 3) (Fig.7a
&D).

(@ (b)
Fig. 7: a)Thinnest cylinder 2\2 b) Thickest cylinder

From the chart the closest ratio to the third probability is
2.4. As shown the probability is a big number , and the
difference from the third probability is less than 2% (Tables
1 &2).

Table 1: Ratio 2\2for total number of throws 1500

landing on s edge

Table 2: Ratio \/3 for total number of throws 1500

1000 273 48.47%

727

m 500 m 5153%
landing on its edge

3s1 500 -149 2341%

376 500 124 25.06%
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With an experiment like this it's about having the result
close enough and 2.4 can be considered close enough but
we can get even closer than that .

I made a cylindrical dice of two pieces ; the smaller part is
denser than the bigger one and they have equal masses , this
moves the center of mass from the middle closer to the edge
of the cylinder .This cylindrical dice is landed and the
percentage of landing on the edge ,the heavier side, is more
and this is where the idea of the mass theory comes from .

Then we experimented with 3D printed dice and the mass
theories cylinders with ratio diameter to thicknesses of 22
, V3 and 2.4 with following results (Eqs. 8-13).

n=1500 P=1.3
Probability of Edge for 2v2 :
1500 395 1105
P(X=395)=| 395 | (1.3)°%°(2.3) =1.78x(10) 7342 (8)
Probability of Edge for v3 :

1500
P(X=773)= ( 773 ) (1.3)773 (2.3)"7_7 42x(10-257)

©)
P(X<395)=P(X=1)+P(X=2)+...+P(X=395)
P(X2773)=P(X=773)+P(X=774)+..+P(X=1500)
395-ECO\ b0 o o
a( Ve ) E(x)=nP=500, V(x)=nP(1-P) o
P(X<395)=P(X=1)+P(X=2)+..+P(X=395)
11)
LEERLICI NPT o (
2 Mol ) E(x)=nP=500, V(x)=nP(1-P) !
P(X=773)=P(X=773)+P(X=774)+...+P(X=1500) (12)
(13)

Probability (%)
g
1
\
1
i
i
-

208 182 17 V3 pen
7 (ratio}

Fig.8: Probability of landing on the side

Table 3: Ratio 2.4 for total number of throws 600

- " - 7

67.83%

193 200 -7 32.16%
Ianding on its edge

QT - '
R - ' -

They brought the results closer to the ideal so not only the
geometric characteristics should be considered in this
cylindrical dice but the physical properties play important
role . There are lots of other physical properties that affects
on the outcome of throwing variables like material , initial
angular velocity , mass , the angle which the coin is thrown
at, friction of the pieces , bounciness and more and the best
way to study the effect of each of these variables and get
closer than 1.57% to the third probability is a simulation
(Fig.9).

Finding how it works we throw thousands of cylinders
while iterating over the cylinders thicknesses then find the

thickness at which the coin is equally likely to land on each
side then experiment is done a lot of times for different
values of different physical properties to find how they
affect on the outcome.

Fig.9: Simulation

5. Conclusions

The mass of the cylinder doesn't seem to make a big
difference ; it's pretty much steady at a thickness of 0.43 -
0.45 times the diameter . Initial angular velocity shows the
more the cylinder spins in the air initially the thicker it has
to be it increases between 0.42 and 0.46 (isn't a large
difference ) (Fig. 10).

___________

Thickness (em)
t

e

Initial angular velocity (?)
Fig.10: Thickness vs initial angular velocity of dice

The angle which the cylinder is thrown at the surface
makes a huge difference ; in this experiment it's the random
parameter but I calculated the ratios with different given
angles from 90 degrees to 270(Fig. 11).

90 100 110 120 130 140 150 160 170 180 150 200 210 220 230 240 250 280 270
Angle thrawn (7}

Fig.11: Angle of thrown effect on the results

Friction changes the results a lot and we need a much
thicker coin when the coefficient of friction is between 0.1
and 0.18 but after that it decreases (Fig. 12).

0.495 P
-
_ o048 S—
g
05175 -0.865
g
g
0.495 feoy £ oss
E 0.4725 e = pass
§ os el L 042
2 04275 TOke-e-t coefficient of friction 0.18
7 0408
0.3825
02 03 04 05 08 1

coefficient of friction

Fig.12: Friction changes on the results

After collecting data with the simulation the best ratio
diameter to thickness was found which resulted in exactly
third on each face lots of times and generally the
probability of it landing on the edge is 2.4655 only 1.23%

6
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further from 33.33%.

The 2.4655 ratio makes the closest to a perfect 3-sided
dice but since this is a cylindrical and considering it doesn't
have so many symmetry, with exaggerated changes on our
physical properties the best cylindrical dice wouldn't be
fair anymore so the best 3 sided fair dice would be a cube
thathas 2 obs 2 twos 2 thres on it.
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SYNTHESIS AND DETERMINATION OF DRUG
RELEASE BEHAVIORS OF SHAPE MEMORY
MAGNETIC NANOCOMPOSITE FILMS

Melek Ceyda Bozan, Balikesir Sehit ,Prof. Dr. ilhan Varank Bilim ve Sanat Merkezi, melekcebzn@gmail.com

ABSTRACT

eveloping efficient drug delivery systems ensure that the drug reaches the
ARTICLE INFO target tissue at the highest rate without damaging other tissues. Since magnetic

nanoparticles can be controlled externally by magnets, and shape memory
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polymers can be adapted to any tissue, they are both often used in drug delivery systems. In
this study, y-Fe203 nanoparticles and a PVA/regenerated cellulose-cotton solution were

combined to develop a more advantageous system that is aimed to be effective to use in

target-oriented release of cancer drugs.
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1. Introduction

1.1. Polymers

Polymers, also known as macromolecules, are large
molecules that are formed by the repetition of one or a
group of small chemical units called monomers. The word
polymer is formed by the combination of the Latin words
“poly” meaning numerous and “meros” meaning piece
[22,23].

Polymers are divided into three groups according to their
chain forms: thermoplastics, elastomers and
thermosettings (Fig. 1). Thermoplastics, by means of the
linear or branched chains in their structure, can be
softened, melted and reshaped by the application of heat.
They can be easily dissolved with the use of an appropriate
solvent.

Fig. 1: Classification of polymers depending on the chain
structure

The second type of polymers, elastomers which are also
known as rubbers, are highly flexible and elastic. Due to
the small number of crosslinks between the polymer
chains, they can temporarily elongate at a high rate with
the tensile effect. The tensile effect causes the polymer
chains to slide over each other, but the crosslinks prevent
permanent flow, so the molecules return to their original
positions when the force is removed.

The third and last type of polymers, thermosettings, are
defined as three-dimensional rigid polymers that contain a
lot of crosslinks in their structure (network polymers). At
high temperatures, they cannot be melted or reshaped, they
break down and decompose by breaking the chains and
bonds in their structure [19].

Polymeric composites, which are generally obtained
from petroleum-derived materials, are materials with a
high loading capacity per unit mass, corrosion resistant,

easy to process and shape, and suitable for long-term use.
There are two types of polymeric composites, the first
being thermoset and the second being thermoplastic
matrix composites. Thermoset matrix composites are
found in liquid form and are first gelled by adding a
solidifier and then solidified in order to be shaped. They are
frequently used in fibre-reinforced composite making, and
during this process, it is often required for them to have a
low viscosity. With the effect of heat, can be melted, cooled
and solidified, thereby obtaining the ability to be
remodeled[11, 12, 16].

1.2. Magnetic Nanoparticles

The word nano means “dwarf” in Greek and denotes one
billionth of a unit. Therefore, a nanometer corresponds to
one billionth of a meter. Nanostructures are systems
consisting of 10-100 atoms, and nanoparticles are
nanostructures that are generally between 1-100
nanometers in length [20]. It can be said that there are
many subgroups of nanostructures such as nanotubes,
nanocrystals, nanowires, nanorods, nanoparticles, and
nanofilms. Itis seen that nanoparticle production is of great
importance for new developments in the field of
nanotechnology, owing to its wide application area and
superior properties [5, 15].

Nanoparticles could contain materials with different
chemical structures such as metals, metal oxides, silicates,
organic and carbon materials and biomolecules [17]. The
fact that their movements can be easily controlled
externally using a magnetic field and their high surface
area/volume ratio make magnetic nanoparticles suitable
for use in biology, medicine and many more fields,
including diagnosis and treatment of numerous diseases,
drug delivery, bio-labelling, separation or purification of
biomolecules, and medical imaging [3, 24].

Essentially, two approaches are followed for the
production of nanoparticles, namely top-down and
bottom-up. The top-down approach is based on the
separation of the material into nano-sized pieces by
energising the volumetric material from the outside by
mechanical, chemical or different processes (Fig.2). The
bottom-up approach, on the other hand, is the opposite of
the top-down approach, aiming to create particles by
growing atomic or molecular structures through chemical

Young Scientist Research, Vol. 6, No. 1 (2022)
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The bottem-up approach

-~ O
207
Atomic or molecular

Encrgy

Nanoparticles

Volumetric structure

material

The top-down approsch

Fig. 2: Procedures used in the production of nanoparticles

One of the main contents of nanoparticles, iron oxides are
formed as a result of the chemical combination of iron and
oxygen, and approximately 16 types of iron oxide have
been identified to date [4]. Since iron oxides, which can be
found in many geological and biological processes, are not
very sensitive to oxidation, they can maintain the stability
of their magnetic effects [20]. Fe,O,, a-Fe,O, and y-Fe,0O,
are the most common forms of iron oxides in nature.
Among these three forms, Fe,O, and y-Fe,O, nanoparticles
have attracted more attention with their superparamagnetic
properties, low toxicity, and high surface area/volume
ratios. Iron oxide nanoparticles can be used in various
biomedical applications such as drug delivery, magnetic
resonance imaging (MRI), and protein immobilization, as
well as in coating, concrete and paint production [ 1, 13].

1.3. Smart Materials

Such as diodes and photovoltaics colour or phase-
changing, light-emitting piezo materials are defined as
smart materials. There are also smart materials that are
designed to respond to a stimulating source or that provide
optimum interaction by changing the geometry,
electromagnetic  characterand mechanical/physical
properties of the molecule [21]. With the current
technology, it is possible to produce polymer-based smart
materials with different properties that are sensitive to
various conditions such as humidity, pH, temperature,
light, magnetic field and solvent in the environment [6, 8].

Shape memory polymers, which have the ability to
change shape depending on various variables in the
environment and then return to their permanent shape, are
one of the most frequently used smart polymer types. In
recent years, thermosensitive shape memory polymers
have been given importance in studies on shape memory
polymers due to their wide application area, especially in
materials engineering, textile and biomedical devices. In
the structure of thermosensitive shape memory polymers,
there are often physical or chemical cross-linked points
such as various crystals, intertwined chains or amorphous
hard segments, which allow their permanent shape to be
retained in memory [9].

In addition to their shape memory properties, smart
polymers also have the ability to carry about a thousand
times their weight. This is due to the high energy released
during some property changes. The usability of these
polymers, which can easily return to their original shape at
body temperature, in the biomedical field is an important
research topic. Smart polymers are especially preferred in
different biomedical applications such as artificial skin,
surgical sutures and drug release. One of the areas where
smart biomaterials are frequently used is drug release
systems that enable the active substance to be delivered to
the target in the body. The sensitivity of smart polymers to
properties such as temperature and pH allows the desired

change to be made in the desired area of the body, even
when a slight difference occurs [21].

2. Method

2.1. Synthesis of Iron (I1I) Nanoparticles

For this method, after weighing 6.06 and 11.75 grams
of ferrous sulfate heptahydrate (FeSO,.7H,0) and non-
hydrated ferric chloride (FeCl,), they were first mixed in
100 mL of distilled water in an ultrasonic environment and
then in the ultrasonic water bath without applying heat.
25mL of 25% ammonium hydroxide solution was added
dropwise to the clear solution obtained, and then the
resulting precipitated solution was stirred and heated in an
ultrasonic environment for 60 minutes. After the resulting
brown precipitate was filtered, it was washed with distilled
water until pH=7. Afterwards, the precipitate was dried at
70°C for 12 hours and prepared for the analysis [10].

2.2. Preparation of Shape Memory Polymers

In order to prepare the RC-C (regenerated cellulose-
cotton) solution, necessary amounts of NaOH, urea and
distilled water with a weight ratio of 7:12:81 were used to
obtain an aqueous solution in a 250 mL beaker and the
resulting solution was cooled. After the cotton, which was
previously decomposed in H2SO4, was added to this
solution, the solution was mixed vigorously. Then, this
solution was centrifuged to remove bubbles and insoluble
substances and was taken to a 4°C environment [7, 14]

(Fig.3).

T_

PYA

whmcl RCA

b ) L Wadal T dred Tar pross
=¥ 0y A g

PYARCL PYARCL pecirisie
o

““““

Fig. 3: Preparation of PVA/RC-C composites

The solution consisting of 8 g PVA and 92 g distilled
water was heated to 98°C and mixed to obtain 8% by
weight PVA solution. Afterwards, the PVA and RC-C
solutions were mixed for 30 minutes, and the resulting
solution was co-precipitated by adding more ethanol. The
precipitate was washed with water, then soaked and dried
for several days at 60°C for 4 hours to remove any
remaining NaOH and urea. After drying, the PVA/RC-C
precipitates were hot pressed at 110°C for 3 minutes [7]. At
the end of these processes, y-Fe,O, nanoparticles were
placed into the shape memory polymer at 1%, 2.5% and 5%
ratios, and the preparation of shape memory
nanocomposite film samples was completed.

2.3. Characterisation of Nanocomposite Films

At this stage, the determination of morphological
characteristics of shape memory magnetic nanoparticles
were carried out by examining the samples containing 1%,
2.5% and 5% vy-Fe,O, nanoparticles and no nanoparticles
with a light microscope.

After that, a dynamic mechanical analyzer was used to
analyze the mechanical properties of shape memory
magnetic nanocomposites. The tensile strengths of each
sample under a force of N were calculated.

In order to examine the drug release behaviour of
nanocomposite films, a certain amount of samples were
transferred into 50 mL buffer solutions, then the solutions
were placed in a shaking water bath. Drug release tests
lasted for 120 hours in pH=1.2 HCl acid solution and pH=7

Young Scientist Research, Vol. 6, No. 1 (2022)
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phosphate buffer. To determine the amount of
clarithromycin released from the nanocomposites, 0.5 mL
samples were taken from the solutions per hour and to
calculate the concentrations of the samples, absorbance
values at 760 nm wavelength were determined and the
calibration chart was used [18].

3 Conclusion and Discussion

3.1. Determination of Morphological Characteristics
of Shape Memory Magnetic Nanocomposite Films

As a result of the investigations to determine the
morphological properties of the prepared nanocomposite
films, as shown above, it was seen that the magnetic y-
Fe,O, nanoparticles showed a homogeneous distribution in
the shape memory polymer (Fig. 4a-c).

Fig. 4: Microscopic image of
nanocomposite film samples containing a) 1 , b) 2 and ¢)5 %
magnetic nanoparticles, respectively

3.2. Determination of Mechanical Endurance of
Shape Memory Magnetic Nanocomposite Films

It is seen that the mechanical endurance of the samples
containing nanoparticles is prominently higher than the
mechanical endurance of the control sample without
magnetic nanoparticles (Table 1). Additionally, it was
determined that among the nanocomposite films
containing nanoparticles, the sample with the highest
mechanical endurance was the sample with 5%
nanoparticles, and the sample with the lowest mechanical
endurance was the sample with 1% nanoparticles. When
the table is examined, it can be seen that the mechanical
endurance of the sample with the least amount of
nanoparticles increased by 173%, and the sample with the
highest amount of nanoparticles increased by 227%
compared to the sample without nanoparticles. It was
observed that the mechanical endurance of the sample
containing 5% nanoparticles reached approximately 3.5
times that of the sample without nanoparticles. The high
mechanical endurance ensures that the drug delivery
system is not damaged until the drug is delivered to the
required tissue, therefore significantly increasing the
efficiency of the drug delivery system.

Table 1: The mechanical endurance increase percentage of the
samples containing nanoparticles compared to the control sample

control 18.38 -
1% 50.15 173%
2.5% 55.86 204%
5% 60.15 227%

3.3. Determination of Drug Release Behaviors of
Synthesized Shape Memory Magnetic Nanocomposite
Films

It can be easily seen that samples containing
nanoparticles have much higher drug loading capacities

than the control sample. It was determined that the drug
loading capacities of nanoparticle-containing samples are
twice the sample without nanoparticles (Table 2) (Fig. 5).

Table 2: Drug loading rates for nanocomposite films with 1%,
2.5% and 5% magnetic nanoparticles

control (0%) 48.75%
1% 97.15%
2.5% 99.8%
5% 95.6%
-D 0, 99 . . .
>
3 -
Elas
%-. -
»¥

Q.0 0,0 008 o1 o1z 014

Coacentration (mg/nad )

Fig. 5: The standard calibration chart prepared for clarithromycin

In figures (6-9), the drug release amounts of
nanocomposite films in the first 10 and 120 hours in
environments with pH levels of 1.5 and 7 are given. In both
graphs, it is seen that the drug release rates of the samples
containing nanoparticles are higher than the samples that
do not contain them. Considering that the drug release
amounts of the samples containing 5% nanoparticles
reached 100% at the end of the 120th hour, it was revealed
that the prepared drug release system was more efficient in
terms of drug release amount from the shape memory
polymer. The fact that the samples containing
nanoparticles released at high rates and close to each other
in both environments with different pH levels indicate that
the synthesised nanocomposite films are compatible with
different environments. When the samples containing
nanoparticles are compared with each other, it can be
concluded that the increase in the nanoparticle ratio will
positively affect the drug release, based on the fact that the
highest release rate is observed in the sample containing
5% nanoparticles in both samples.

W conirol (0%) [ 1% 25% [l 5%

30 mins. 1 hours 2 hours 4 hours 6 hours Bhours 10 hours

Fig. 6: First 10-hour release graph for pH=1.5

W control (0%) [l 1% 25% [ 5%

24 hours 48 hours 72 hours 96 hours 120 hours

Fig. 7: First 120-hour release graph for pH=1.5
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W contol (0%) [ 1% 25% [ 5%

30 mins 1 hours 2 hours 4 hours 8 hours 8 hours 10 hours
Fig. 8: First 10-hour release graph for pH=7

W control (0%) W 1% 25% W 5%

24 hours 48 hours 72 hours. 96 hours 120 hours

Fig. 9: First 120-hour release graph for pH=7

4. Conclusions

In this study, shape memory magnetic nanocomposite
drug carrier polymeric systems, which have not been
encountered before in the literature, have been developed.
Since it is a fairly new field of study in the scientific world,
our study has been very promising in terms of developing
new generation drug delivery systems after its
biocompatibility has been proven by testing it in cells and
tissues in the next stages. Besides, it is known that
magnetic nanoparticles have the advantage of being able to
control with magnets. It is predicted that the
nanocomposite films that we have synthesized using this
advantage will be very successful, especially in the
controlled and target-oriented direction of cancer drugs.
Likewise, since these magnetic nanoparticles are excellent
heat conductors after they are delivered to the target tissue,
they can be brought to the desired temperature from the
outside and used to release the drug at the desired
temperature.
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1. Introduction

It is clear that the body of animals and humans is made of
different parts and organs. These parts and organs grow
during time gradually and everything about the biology of
an animal is influenced by its body size, including its
physiology (e.g., heartrate, respiratory rate, total
metabolic rate, mass specific metabolic rate, growth rate),
anatomy (e.g., organ mass, blood volume, surface area,
cross-sectional area of limbs), and ecology (e.g., diet,
home range size, reproductive strategy, life span,
population density) [1]. But the question is that “what
happens to these different parts when an animal grows?”
and to answer this question many tries have been done [2].
There are many researches which show when the body
becomes more massive, different parts become larger.
These studies are the subjects of allometry science. Hence,
Allometry is the study of how these processes scale with
size of the body. In its broadest sense, it describes how the
characteristics of living creatures change with size. The
term originally referred to the scaling relationship between
the size of a body part and the size of the body as a whole,
as both grow during development. However, more recently
the meaning of the term allometry has been modified and
expanded to refer to biological scaling relationships in
general. In this research, we searched to find the charts that
shows how much the different important parts of the
human body (such as bones, brain and heart) or body of
animals (such as legs, antennae or horns) relate to each
other [1]. One of the most general concepts that you are
likely to find in biology is that of the relationship between
body size and the rest of an organism's biology, a
relationship that is often referred to as allometry.
Therefore, an exploration of this topic is important if we
are to understand the relationship between form and
function in vertebrates. The purpose of learning allometry
study is to explore for ourselves the relationship between
two important biological traits: volume (a function of
mass) and surface area, and how this relationship
influences other aspects of an animal's biology. Allometry
literally means “of other or different measures” (allo =
other or different; metry =measure). The goal of its study
with respect to biology is to describe the differences in
magnitude in form or function that are correlated with
changes in form or function of another variable [3].

2. Experiment

Allometry does not have any direct experiment.
Therefore, the only thing that we should do is: search and
read the gathered data in the libraries, websites and
published papers. We've also investigated the documents
about the dinosaurs in museums and national parks and got
information about allometry equation. We've also
investigated allometric scaling in different parts of
different animals bodies. We realized that allometry is not
always additive for example Our heads are almost a quarter
of our body size when we are born, but when we grow to
become adults our heads are only 1/8 or so (or heads grow
slower than the rest of our body) and it is negative
allometry (Fig. 1).

We found it ourselves by investigating the table of height,
weight and height and weight of head growing during
gestational period.

Isometric
growth
a=1

a<i1
negative
allometry

In(X) = X'

Fig. 1: The chart which shows negative and positive allometry[5].
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Fig. 2 : Allometric scaling of butterfly wings [1]
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We also found many charts about allometric scaling of
different parts of the body of different animals (Figs. 2 to 5)
and Table (1).

Table. 1: Mass and length of a baby inside the mothers [3]

getational age length(us) weigt(us)
(crown to rump) (crown to rump)

length(cm) mass(g)

8weeks 0.63inch 0.04 ounce 1.6 1
9weeks 0.90inch 0.07 ounce 2.3 2
10weeks 1.22 inch 0.14 ounce 3.1 4
llweeks 1.61inch 0.25ounce 4.1 7
12weeks 2.13inches 0.49 ounce 5.4 14
13weeks 2.91inches 0.8lounce 7.4 23
l4weeks 3.42inches 1.52ounce 8.7 43
15weeks 3.98 inches 2.47 ounces 10.1 70
l6weeks 4.57 inches  3.53 ounces 11.6 100
17weeks 5.12inches 4.94 ounces 13 140
18weeks 5.59inches  6.70ounces 14.2 190
19weeks 6.02 inches 8.47ounces 15.3 240
20weeks 6.46 inches  10.58ounces 16.4 300
21weeks 10.08 inches 10.58ounces 25.6 300
22weeks 10.51 inches 12.70ounces 26.7 360
23weeks 10.94 inches 15.17ounces 27.8 430
24weeks 11.38 inches 1.10 pound 289 501
25weeks 11.81 inches 1.32 pound 30 600
26weeks 13.62 inches 1.46 pound 34.6 660
26weeks 14.02 inches 1.68 pound 35.6 760
27weeks 14.41 inches 1.93 pound 36.6 875
28weeks 14.80 inches 2.22pounds 37.6 1005
29weeks 15.2 inches  2.54pounds 38.6 1153
30weeks 15.71 inches 2.91pounds 39.9 1319
31weeks 16.18 inches 3.31pounds 41.1 1502
32weeks 16.69 inches 3.75pounds 42.4 1702
33weeks 17.20 inches 4.23pounds 43.7 1918
34weeks 17.72 inches 4.73pounds 45 2146
35weeks 18.19 inches 5.25pounds 46.2 2383
36weeks 18.66 inches 5.78pounds 47.4 2622
37weeks 19.13 inches 6.30 pounds 48.6 2859
38weeks 19.61 inches 6.80 pounds 49.8 3083
39weeks 19.96 inches 7.25 pounds 50.7 3288
40weeks 20.16inches 7. 63pounds 51.2 3462
41weeks 20.35inches 7.93pounds 51.7 3597
42weeks 20.28 inches 8. 12pounds 51.5 3685
100
10
a
3
5 1
H
3
0.1
0.01 v
0.01 [X} 1 10 100

Waight (kg)

Fig. 3 : Information of different animals and human [5]

log chela size (palm length) (mm)
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log body size (carapace breadth) (mm)

Fig. 4: Allometric scaling of chela and carapace of crab [1].
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Fig. 5: Allometric scaling of brain and heart of humans [1]

3. Results

More simply, it is the study of what happens to Variable Y
when you change Variable X. This is basically a qualitative
description and only allows us to speak of correlated
changes in qualitative ways; for example, Y gets bigger as
X gets bigger, Y slows down as X speeds up, Y gets wider as
X gets heavier, and so on. As biologists, however, we want
to be able to describe things in a more precise way.
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of Squares

Pearson's 0902684
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Fig. 6 :Chart of weight growing during time (OUR MODELING)

DoesY get bigger (or slow down or get wider) at the same
rate as X? At a faster rate? A slower rate? To satisfy our
need for quantification, we resort to mathematical
equations that precisely describe the relationship between
two variables. We investigated the table of humans head
growing during gestational period* and found out my own
equations. We've also drawn the charts of these information
ourselves (Figs. 6t09).
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Fig. 7 : chart of length growing relating to the weight (OUR
MODELING)
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4. Conclusion

Allometry scaling shows that when an animal or human
grows up, different parts of its body become larger and all
of these parts grow relating to the whole body size. We are
not always able to measure the size of different parts of the
body such as inner parts like brain or heart and we can
figure it out by the allometric equations that describe the
relationships between two variables(like weight of the
whole body and length of the crown in humans). Allometry
is not always positive and it's sometimes (like humans
head) negative when a particular part of the body grows
slower than the rest of the parts.
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1. Introduction

Are electrons excited by heat? Electrons can also be
excited by electrical excitation, where the original electron
absorbs the energy of another, energetic electron. The
simplest method is to heat the sample to a high
temperature. The thermal energy produces collisions
between the sample atoms causing the atom's electrons to
be excited.

When an electron in an atom has absorbed energy it is
said to be in an excited state. An excited atom is unstable
and tends to rearrange itself to return to its lowest energy
state. When this happens, the electrons lose some or all of
the excess energy by emitting light (Fig. 1).

http://ircamera.as.arizona.edu/Astr2016/lectures/s
pectroscopy.htm

Fig. 1:Radiation from excited atom

2. TheOrigin of Flame’s Colors
We should know that the color of each flame is
determined by the temperature of the material is used .
The temperature ranges from Red to White:
Red
Just visible: 525 °C (980 °F)
Dull: 700 °C (1,300 °F)
Cherry, dull: 800 °C (1,500 °F)
Cherry, full: 900 °C (1,700 °F)
Cherry, clear: 1,000 °C (1,800 °F
Orange
Deep: 1,100 °C (2,000 °F)
Clear: 1,200 °C (2,200 °F)
White
Whitish: 1,300 °C (2,400 °F)
Bright: 1,400 °C (2,600 °F)
Dazzling: 1,500 °C (2,700 °F)

As shown ,the lower the color temperature is and the
warmer more reddish the color of the light will be and the
higher the color temperature is the cooler more bluish the
color of the light will be.

The white light source with a high proportion of red and a
low color temperature will appear warmer.

The white light source with a high proportion of blue and
a higher color temperature will appear cooler.

/S (au.)

450 500 550 600 650 800

‘Wavelength (nm)

Fig. 2:The concepts of color temperature

3. Materials and Methods
All materials in this research are in Table (1).

Table 1: Chemical substances in our experiments
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4. Experiment

Video Camera

Bunsen B )
unsen Burner Beaker Pliers

Chemical Materials Aleohol Lamp

Fig. 3: Experimental Setup

All experiments have been done with different chemical
substances and the flame’s colors are observed in Bunsen
burner and Alcohol lamp.

Flame's Color of Magnasium sulfate, MgSo4 , is Blue and
KClis Purple, CuCl, is Green and boric acid flame's Color
is light green so CuSo, flame's Color is Green also CaCl,
flame's Color is Orange and SrCl, is Red.

Experiments are compared in different temperatures
(Fig. 4).

MgSo,
Flame’s Color : Blue

low Temperature high Temperature

Fig. 4: Flame’s color with different chemical substances

Experiment with combined substances reslted in new
color which depends on percentage of mixture of each
substances. Combining the 33% manuseim solfate + 66%
boric asid and making blue and green color is one of the
experiments but the green color is more than the blue color
because the percentage of boric acid is more than that of
magnesium sulfate. Measuring the temperature of
materials with a laser thermometer is recorded.

The results of all materials in my tests are in Table (2).

Table 2: The results

|
EENCTrT

5. Conclusion

Different types of substances were tested to find
temperatures and the excitation of materials on different

flames. The best visible spectrum was on the Banzen
Burner because it had a high flame temperature. But in the
alcohol lamp, because the flame temperature was very low,
the substances couldn’t excite well and the visible
spectrum was not produced as well as the Banzen-Burner.
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1. Introduction

In this study, a mobile application was developed to
minimize the mentioned problems and to enable poultry
producers to obtain fast and reliable information about
diseases that occur in their animals. To be used in this
mobile application, a deep learning model has been
developed that can distinguish pseudo-plague (Newcastle
strain), salmonella, and coccidiosis diseases in chicken
feces through the data collected by processing the
photographs taken from the feces of chickens with the help
of tools such as artificial intelligence, machine learning,
and image processing, which are widely used today. To
train the deep learning model used, a dataset of 6812
photos consisting of chicken droppings was prepared for
training deep learning models and models previously used
for various purposes were trained through transfer
learning. After the training, the models were evaluated
comparatively and the model with the highest accuracy
and efficiency ratio was selected for use in the mobile
application. In addition, a panel has been developed in
which users can get information about possible diseases
that may be found in their chickens as a result of answering
questions about the symptoms that can be observed in their
chickens.

Poultry farming, which has been shown as one of the
main economic activities of humanity for thousands of
years, gains importance every year due to the advantages it
provides for producers and consumers, and as a rapidly
growing economic sector on a global scale, it is closely
related to a large part of the world's population. Poultry
farming, which stands out as an economic activity with a
high-profit margin due to the competitive advantage that
can be achieved even at local scales due to the low
opportunity cost for the producers, is also frequently
preferred by consumers due to its high nutritional value
and relatively more economical conditions. Considering
these reasons, it is seen that the demand for poultry
farming is already increasing at exponential levels all over
the world, and it is predicted that this trend will gradually
accelerate in the future as well. So much so that since 1995,
the demand for chicken meat in the world has doubled
every 10 years; the egg and other poultry products market
has achieved a growth of around one hundred and fifty
percent on a global scale [2]. At the same time, the waste

and other by-products generated after production are rich
in elements such as nitrogen, phosphorus, calcium, and
potassium that are necessary for soil quality and will
increase product yield, a chicken produces 5 kilograms of
waste that can be used as fertilizer annually, chemical
agents rapidly pollute the currently limited resources. and
due to reasons such as commercial fertilizers do not
produce sustainable solutions for ecological balance, the
poultry farming sector; gains a position that directly or
indirectly affects the basic economic activities in many
countries. In particular, the use of chicken manure in
agricultural activities is expanding in Asia Minor and
many African countries such as Pakistan, and Iran, where
access to chemical fertilizers and reinforcing agents is
limited [3].

As a sector that affects the entire food web in the
ecosystem, poultry farming, like all other livestock
sectors, is critically adversely affected by emerging animal
diseases. As in many countries of the world, these diseases
are viewed as the most important obstacle to sectoral
development and competitiveness for Turkey. Although
the breeders in Turkey do not have difficulty in reaching a
certain quality in the final products to be exported, they
lose their potential export opportunities due to widespread
zoonosis and animal diseases and there are economic
losses that will deeply affect the sector [1]. In addition,
poultry diseases transmitted to other foods and water
sources through agricultural processes in which the wastes
produced by chickens are used as fertilizer pose a high
danger to public health, especially to the people living in
rural areas. Considering that poultry farming is in a more
complex relationship with other economic activities,
especially in developing countries where access to health
services and protective measures is relatively inadequate,
itis seen that this situation constitutes a major deficiency in
terms of preventing epidemics that are currently on the
agenda of the whole world. So much so that typhoid fever,
which is a common chicken disease and a disease caused
by Salmonella bacteria, has lost its power in countries such
as the USA, Denmark, and Turkey, where the sanitary
infrastructure has developed since the 2000s, but only in
the border regions of Pakistan and Iran in 2017-2018. It has
caused the death of hundreds of people by developing new
mutations with a high mortality rate and antibiotic
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resistance even within the range [4].

In addition to diseases caused by bacteria, viral infections
transmitted from poultry to humans also cause major
problems both locally and globally. Avian Influenza, which
is known as "bird flu" among people, has deeply affected
many countries, including Turkey, in the 2000s. In addition
to new viruses such as H7N9, which are currently
circulating in countries such as China, Vietnam, and
Thailand and can be transmitted from person to person [5],
studies conducted in Western and Sub-Saharan Africa
regions draw attention to a new HS5NI1 danger [6].
Considering the incurable viruses such as HIV, which can
transmit from other vertebrates to humans through
mutations, and SARS-CoV-2, which has been affecting the
whole world for more than 2 years, biosecurity is of high
importance today, and solutions that can detect pathogenic
diseases of poultry origin at the earliest and the lowest cost
are considered. It is seen that the need is increasing day by
day. Considering the damage caused by many poultry
diseases to the intestinal and digestive tracts, it is thought
that chicken droppings may be a good indicator for the
most common poultry diseases such as coccidiosis
(coccidiosis), pseudo-plague (Newcastle strain) and
Salmonella-related diseases.

Coccidiosis, which is a deadly disease seen in many
vertebrates due to protozoa of the Eimeria genus, adversely
affects the intestinal tract of the infected creature and
causes problems such as tissue damage, diarrhea,
decreased resistance to other diseases, and in some cases
death [7]. Coccidiosis disease causes great harm to the
poultry industry, considering the negative effects on
animals that die due to the disease and producers who come
into contact with live, feces, and other wastes. So much so
that, according to 2016 data, coccidiosis caused a loss of
over £100 million in the UK alone; It has been found to
cause damage to the poultry farming industry in
developing countries such as Brazil, Egypt, Guatemala,
India, and Nigeria at a level of over £10 billion that could
be classified as devastating [8].

Although drugs and vaccines have been developed for the
prevention and early diagnosis of coccidiosis disease, due
to the high cost of drugs and the logistical barriers to
establishing the necessary infrastructure for widespread
vaccination in developing countries, they could not be
easily made available to poultry producers, prompting the
producers to seek more natural, economical and effective
solutions. [9].

Newecastle strain (false plague), another common poultry
disease in the world, is reported as a deadly and contagious
disease affecting many domestic and wild animal species.
The only known diagnostic method for the diagnosis of this
disease, which is seen in Asia, Africa, and parts of North
and South America, is high-cost and long-term laboratory
tests. Many producers do not seek medical help except in
very urgent cases due to the high cost, even though
symptoms are observed and the disease is suspected, and
this situation endangers public health as well as causes
financial damage. Another dangerous situation related to
pseudo-plague is that it is a disease with a high ability to
cross-transmission between species. For this reason,
vaccine makers and laboratory workers are the most
affected by the Newcastle strain, which can infect bird
species as well as spread among humans, and resistant
mutations that are more difficult to treat can be seen. [10]

Salmonella-based diseases have been followed as an
international public health threat since the 2000s, as a

disease with high mortality. According to 2015 data,
Salmonella bacteria, which causes 93.8 million food-borne
diseases and 155,000 annual deaths [11], continues to be
effective in many countries, especially in African
countries, East Asia, and Asia Minor, although it has lost its
effect in countries such as Turkey and European countries
[12]. Salmonella Enterica, one of more than 2000 different
serotypes, tends to cause systemic diseases in humans.
Although progress has been made in the fight against
Salmonella with today's technology, the immunity of
pathogens against the substances used and the fact that it is
a pathogen that can be transmitted to humans through food
makes a full-scale control in poultry difficult without
effective early diagnosis methods [13]. This situation
causes great economic damage to the chicken farming
sector.

As one of the biggest common points of poultry diseases,
which are pregnant with such great economic problems and
cause harm to the ecological balance, changes in the
appearance of chicken droppings can be shown due to the
effects of diseases on the digestive system [14]. In
particular, detecting the apparent differences in stools with
the help of computer vision algorithms, which have
recently played arole in the detection of many diseases and
problems, will be able to eliminate the logistical
impossibilities and cost problems, which are one of the
most fundamental problems in the diagnosis of diseases.
Today, computer vision technologies are used in quite
different fields such as health [15], agriculture [16], and
livestock [17]; It is used for purposes such as image
classification, image recognition, and image segmentation.
To perform the image classification process used in this
study, firstly, the images to be classified are named with
appropriate classes, and a data set is created. Then, a deep
learning model, which is thought to be suitable, is trained
with this data set and a model trained on that data set is
obtained. This model is tested by using the test set
separated from the data set before the training process and
the accuracy of the model is obtained. For example, the
working group led by Ranjbarzadeh [18] developed a deep
learning model that can segment brain tumor images with
an accuracy of 92%, and Konstantinos P. Ferentinos [19]
identified 58 different plant diseases with an accuracy of
99.53%. has developed a deep-learning model that can
diagnose.

As one of the biggest common points of poultry diseases,
which are pregnant with such great economic problems and
cause harm to the ecological balance, changes in the
appearance of chicken droppings can be shown due to the
effects of diseases on the digestive system [14]. In
particular, detecting the apparent differences in stools with
the help of computer vision algorithms, which have
recently played a role in the detection of many diseases and
problems, will be able to eliminate the logistical
impossibilities and cost problems, which are one of the
most fundamental problems in the diagnosis of diseases.
Today, computer vision technologies are used in quite
different fields such as health [15], agriculture [16], and
livestock [17]; It is used for purposes such as image
classification, image recognition, and image segmentation.
To perform the image classification process used in this
study, firstly, the images to be classified are named with
appropriate classes, and a data set is created. Then, a deep
learning model, which is thought to be suitable, is trained
with this dataset and a model trained on that dataset is
obtained. This model is tested by using the test set
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separated from the data set before the training process and

the accuracy of the model is obtained. For example, the
working group led by Ranjbarzadeh [18] developed a deep
learning model that can segment brain tumor images with
an accuracy of 92%, and Konstantinos P. Ferentinos [19]
identified 58 different plant diseases with an accuracy of
99.53%. has developed a deep-learning model .

2. Method

Deep learning algorithms, which are a sub-field of
machine learning algorithms, can reach very high accuracy
rates in areas of use such as classification, object detection,
and segmentation in computer vision. Deep learning
algorithms, which use artificial neural networks created by
imitating the cognitive process of humans, are widely used
in the construction of autonomous vehicles, the
development of chatbots, and image processing. Although
artificial intelligence networks used in deep learning have a
convolutional neural network (CNN), generative
contentious network (GAN), recursive neural network
(RNN), and similar network structures, each is used by
researchers in line with different requirements. In this
study, we have used the CNN structure, which enables deep
learning to transform images into digital matrices.
In line with the aforementioned purposes, (i) a suitable
development environment has been established in the
computer environment, (ii) operations have been made on
the dataset, (iii) appropriate deep learning models have
been trained, and (iv) a mobile application has been
developed to ensure that the work done is accessible to all
segments.

A. Creating the Development Environment

One of the issues that the researcher should decide before
starting any artificial intelligence study is to choose the
artificial intelligence software framework to be used.
Tensorflow and PyTorch are the most popular artificial
intelligence and deep learning frameworks used
worldwide today. The Keras API, which works on these
software frameworks and facilitates their use, is widely
used in today's deep learning research. In this research, it
was decided to work with the TensorFlow software
framework using the Python software language, due to a
large number of users in the world and the rapid application
development. After the software framework has been
determined, it has been deemed appropriate to work with
the Conda package manager to use different versions of the
libraries at the same time, to make experiments, and to
provide environmental management easily.

In the first stage, artificial neural networks were run on the
CPU to make the experiments, but with the growth of the
data set, the use of GPU, which is hardware that can run
more than one process in parallel, was needed. For this, the
first artificial intelligence models were created with the
NVIDIA GTX 1650Ti GPU, and GPU acceleration
processes were configured using the NVIDIA CUDA
Toolkit. Due to the growth of the network architectures
used in artificial intelligence models to reach higher
accuracy values and the limited video memory (VRAM) of
the GPU used accordingly, the Google Colaboratory,
which is offered to researchers free of charge, has been
switched to the Colab platform. The Colab notebook,
which is accessed through the browser, allows the codes
written using the Python programming language to run in
the cells it contains. Colab offers access to GPUs in servers
located in data centers for free with no extra configuration

required for use in machine learning. In this study, it has
been actively used and the power of the hardware in the
data centers has been used in training artificial intelligence
models.

B. Applied Operations on the Dataset

The dataset contains a total of 6812 photographs, of
which 2057 are healthy, 2103 are coccidiosis, 376 are
Newecastle strains, and 2276 are salmonella disease. Some
of these photos were collected by us using the ODK (Open
Data Kit) mobile application. ODK is a mobile application
that allows quick tagging of photos taken while taking a
photo. Data were collected and labeled under the
supervision of a veterinarian from a small poultry farm

(Fig.1).

Fig. 1: Data Collection and Labeling Using ODK Application

The photos in the dataset are of different resolutions
because they were taken by different mobile phone
cameras. However, the requirement that all photos fed to
the artificial intelligence model must be of the same
resolution (for example, 299 pixels x 299 pixels)
necessitated the application of intelligent cropping and
resizing to each photograph. While doing this, attention
was paid to the aspect-width ratio and the value of the data
was tried to be preserved as much as possible. Examples of
data are shown in Figure (2).

e
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Fig.2: Examples of Data (a) Coccidiosis (b) Newcastle Strain (c)
Healthy (d) Salmonella

The data duplication method, which is another of the
preprocessing methods applied to the data set, was used
both to increase the number of high-quality data to be fed to
the model and to avoid the problem of data imbalance
between classes, which is one of the factors affecting the
performance of the model.

Table 1: Duplication Operation on Dataset

Number of Data After
Duplication

Number of Data Before

Classes Duplication

5
Healthy 2057 4114

Coccidiosis 2103 4206

Newcastle

Strain 376 2256

Salmonella 2276 4552

6812 15128
Total

In the data duplication process, techniques such as
random enlargement, vertical or horizontal rotation of the
photo, random amount of zoom in/out, and a random
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amount of clockwise/counterclockwise rotation were
applied to each photo, and the number of photos in the
dataset increased to 15128. However, more replication was
performed in Newecastle Strain disease, which has fewer
data than other diseases and causes an imbalance between
classes, compared to other classes. Since it would cause
poor quality of data in the Newcastle strain class, which
reached almost half the number of other classes, no further
replication was performed and the imbalance problem
between classes, which was the first step towards a solution
after preprocessing, was solved during the training phase
of the model. The results of this duplication process are
shown in Table 1. At the same time, examples of
photographs formed after duplication are shown in Figure

3).

@ ()
Fig.3: Salmonella Class Data Before (a) and (b) After Replication
Process

After duplication, the dataset was divided into 3 parts
(80%-10%-10%) for (i) training, (ii) testing, and (iii)
validation of the model. The results of this separation
process are shown in Table( 2).

Table 2: Segmentation of the Dataset into Training-Test-
Validation Parts

Classes Training Test Validation

Healthy 3291 411 411

Coccidiosis 1365 421 421

Newcastle
Strain 1804 226 226

Salmonella 3642 455 455

Total 10899 1363 1363

C. Training the Deep Learning Models

To feed the data set to the network, which is the first stage
of training deep learning models, a software pipeline
should be established. The tf.data module in TensorFlow
has been preferred to be used for importing the data set due
to its high speed and easy application. In other data input
generation modules, while the artificial neural networks
wait for the data to be processed first and then enter the
network, the tf.data data processing module divides the
data set into data stacks and queues them in the RAM
region, and feeds the incoming data stacks to the network.
This module, which is 38 times faster than other data entry
creation modules, benefits from the advantages of parallel
processing.

After the data set is transferred to the program, before the
data set is divided into training and test parts, the problem
of imbalance between classes still needs to be resolved in
the results obtained by preprocessing. To overcome this
problem, it was decided to use the class weights method.
The class weights method ensures that certain weights are
assigned to each class during the training of the model and
that classes with a small number of data in the back-
propagation process affect the model more, thus preventing
the accuracy rate decreases, which are caused by the
unequal distribution of the classes in the data set and

especially affecting the F1-score.

Research has been carried out on which network
architecture can be used by the artificial intelligence
models that will be created when the data set is ready to be
fed to artificial neural networks as a training and test set
after the preprocessing processes. The performance levels
of network architectures achieved in previous studies were
examined and studies were started to create models from
prominent architectures. While some of the most advanced
architectures are readily available within the Keras API,
the architectures used to make the first trials were built
manually from scratch using object-oriented programming
techniques, again over the Keras API. Some of the readily
available architectures can be seen in Table 4. The first 1
accuracy rate and top 5 accuracy rate columns are the
performance data obtained by testing the model trained
using the specified architecture on the ImageNet dataset.
Depth refers to how many layers the network has
topologically, such as the activation layer, the batch
normalization layer, the pooling layer, and similar layers.

Table 3: Data on Different Deep Learning Models

Model Size (MB)  Top 1 Accuracy Top 5 Numberof  Depth

Rate Accuracy  Parameters

Rate

Xeeption 88 0.790 0.945 22,910,480 126
VGG16 528 0713 0.901 138,357,544 23
VGG19 549 0713 0.900 143,667 240 26
ResNet152 232 0.766 0.931 60419944
InceptionV'3 92 0.779 0.937 23,851,784 159
MobileNet 16 0.704 0.895 4,253,804 88
MobileNetV2 14 0713 0.901 3,538,984 88
DenseNet201 80 0773 0.936 20,242 984 201

Our work in this research started with Mini VGGNet,
which uses fewer resources and has lower complexity than
advanced architectures. MiniVGGNet;It is an architectural
structure inspired by the VGGNet [23 ]architectural family,
with much less complexity than the architectures in the
VGGNet architecture family. As the studies progressed, it
was decided to increase the complexity of the architecture
to increase the accuracy of the model on the data set and to
reach a model structure that can generalize real-world
scenarios. At the end of the study, considering the mobile
application to be developed, Xception[24], which is very
popular today, VGG16 from the VGG architecture family,
MobileNetV2[25], and Resnet 50[26] optimized for
mobile, each model has been started to be trained to
compare each model.

The VGGNet architecture, which won the 2014
ImageNet competition, outperformed its predecessors by
using a 3x3 Convolution Filter consisting of 16 or 19
layers. Developed by Frangois Chollet, the designer of the
Keras deep learning library, Xception is inspired by the
Inception architecture. While standard convolutional
layers perform spatial computation in one step, depth-wise
separable convolution divides the computation into two
steps. Developed by Mark Sandler and his colleagues in
2019, MobileNetV2 outperformed many of its
predecessors produced for mobile use, taking the state of
the art one step further using existing popular datasets. The
Resnet architecture, developed by Kaiming He and his
colleagues, which won the ImageNet competition in 2015,
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has been designed to have much less complexity, although
it uses 8 times more layers than the VGGNet architecture
family.

Transfer learning, another method used with the
architectures mentioned above, is a method developed to
take the features learned in a problem and use them on a
new problem. In this study, previously learned features of
different classes were transferred to the models developed
by the transfer learning method by using the models
created on the ImageNet data set.

Hyperparameters are various parameters that are adjusted
according to certain rules and trial-and-error methods
when training deep learning models.

Table 4: Hyper Parameters Used in Training the Deep Learning
Model

Parameters Value

Learning Rate 0.0001
Epoch Number 20
Batch size 32

Optimization Algorithm SGD

The explanations of the parameters mentioned in Table 4
are given below:

(1) Learning Rate: This parameter determines how much
the weights of the model will change depending on the
margin of error.

(i) Epoch Number: This parameter determines how
many times a data batch (batch) will be learned by the
model.

(ii1) Batch size: This parameter determines how much data
will be learned by the model in each round.

(iv) Optimization Algorithm: This parameter determines
which optimization algorithm will be used during the
training of the model. Among the most used optimization
algorithms, SGD (Stochastic Gradient Descent)[27],
Adam[28],and Adagrad [29] can be given.

The sample hyperparameters used for this research took
their final form as shown in Table 4 after various attempts
were made to train the models. Finally, the training of the
models was carried out using the GPU in the Colab
notebook.

Table 5: Data on Training Different Deep Learning Models on the
Created Dataset

Models Training Accuracy Validation Accuracy F1 Score
Xception 0.93 0.88 0.91
VGG16 0.76 072 07
MobileNetV2 0.85 083 082

Resnet 50 0.74 0.66 0.69

The statistical evaluations (Table 5) obtained after the
models were trained were compared. Even if the Xception
network structure has reached the highest accuracy rate,
since the model will work on the mobile device, the
MobileNetV2 network structure, which is a more
optimized model for working on the mobile device, has
been preferred.

D. Mobile Application Development

Ithas been decided to develop a mobile application so that
everyone can benefit from the artificial intelligence models
obtained as a result of the studies. Necessary optimizations
have been made to enable the artificial intelligence model

to work on mobile so that every person with an Android
smartphone can analyze whether there is a disease in their
chicken.

Flutter is used for the development of the mobile
application of this project; It is an open-source Ul software
development kit created by Google. It uses the Dart
programming language created by Google for mobile and
web development purposes. Among the reasons for
deciding to use the Flutter mobile development kit in this
project are Flutter's open-source code, its speed compared
to its peers, its ability to easily design impressive
interfaces, and its detailed and explanatory documentation.
After the decision to use the Flutter mobile development
kit, the Flutter development environment was established
and the general design of the mobile application was made.
Using the TensorFlowLite library, which was developed to
use the trained deep learning models in the mobile
application, the deep learning model with the best results
was optimized and made ready for use in the mobile
application.

With the increase in information and data, different
methods were needed to store data. One of these methods is
databases. Databases work according to the principle of
putting the data that wants to be stored in the appropriate
row and column under a table. In this study, a database that
can only be used for reading (no data transfer from the
application to the database), does not need any network
connection, and can run on a local device is needed. The
necessary literature review was made and it was seen that
the SQLite database met the desired features so it was
decided to use the SQLite database in the mobile
application. Using SQL (Structured Query Language)
language, SQLite is an open-source SQL database engine
that can be used in many different languages and does not
need an external server, that is, can run on a local device. In
this study, the SQLite database was used to store
information about diagnosed diseases. In this way, diseases
added to the database in the future, and their explanations
will be able to be used without any changes in the code of
the mobile application.

Users who open the mobile application encounter the first
page called the "Home Page", where the diagnosis of
diseases can be made as "Diagnostics by Photo" or
"Diagnostics with Questions" (Figure 4(a)). When the user
clicks the "Diagnose with Photograph" button, on the page
titled "Diagnose with Photograph" (Figure 4(b)), the user is
expected to enter a photo via gallery or camera. The result
obtained by processing the input given to the system by the
deep learning model is “Click here for information about
the disease.” On the page titled “Information Page” (Figure
4(c)), which can be accessed with the help of the button, the
name of the disease, the symptoms of the disease, the
actions to be taken against the disease, and general
information about the disease are examined under 4
headings.

() ] (e

Fig. 4: Screenshots of Mobile Application While Working on
Android Virtual Device (a) Home Page, (b) Diagnosis by Photo, (c)
Part of Information Page
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Fig. 5: (a) Diagnosis with Questions, (b) Part of the Information
Sheet

When the user clicks on the "Diagnostic with Questions"
button on the page titled "Home Page", he will be greeted
with the questions directed to him on a page titled
"Diagnostic with Questions" (Fig. 5a). After giving the
necessary answers to the questions, they should record
their answers. After clicking on the Save button and
clicking on the button to go to the next page, the page titled
"Information Page" (Fig. 5b), you will see information
about possible diseases/diseases that can be seen in your
chickens.

3. Results

After obtaining the necessary data and performing
“duplication” and clipping operations on the data, a data set
that can be used for training the models was obtained
(Table 1). Then, the obtained dataset was divided into 3
parts training-test-verification (Table 2). The models were
trained with the parameters specified in Table 3 on the
created dataset. Although XceptionNet performed better
among the deep learning models that were trained, the
MobileNetV2 model, which can work more optimized in
the mobile application, was found suitable for the use of the
mobile application to be developed (Table 5) and it was
made ready to be integrated into the mobile application
with the help of the TensorflowLite library. Then, two
panels of the mobile application, “Diagnostic by Photo”
and “Diagnose with Questions” were developed. After the
integration of the database and deep learning model into
these panels, the user-friendly interface of the mobile
application was improved and the mobile application
became ready.

4. Conclusion and Discussion

When the accuracy rates obtained from the trained
models were examined, it was seen that the 82% accuracy
rate obtained for disease detection from the feces of
chickens was suitable for use in the mobile application, and
the MobileNetV2 model, which will work in the most
optimized way in the mobile application, was integrated
into the mobile application after the necessary
preparations. Then, the "Diagnostics with Questions"
panel of the mobile application was developed, and a
connection was established with the database of the mobile
application to display information to the user in line with
thereceived data.

5. Suggestions

While doing this study, it was considered that the dataset
and database could be expanded with different diseases in
the following stages, and the structures created were
established to serve this purpose. Therefore, by training
different deep learning model structures through the new

dataset obtained by expanding the dataset, a higher
accuracy rate than the models obtained in this study can be
obtained and the newly trained model can be used in the
developed mobile application. In addition, the number of
questions in the "Diagnosis with Questions" panel of the
mobile application can be increased and the database
containing data on diseases can be expanded by adding
new diseases.
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hen a metal disk is placed in a vessel of water it shall sink due to its higher
density but the water jet impinges on the center of the disk may cause it to

be floated . The hydraulic jump is formed in the edges of the disk by the

water jet that passes radially away from the center of the disk to the edges. This jump causes
adifference in the level of the height above and under the disk which will increases pressure

under the disk. Water above the disk is moving with higher velocity compared its velocity

to water under the disk so due to Bernoulli's principle, the pressure difference between
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them increases. pressure difference and then minimum velocity of the water jet.
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1. Introduction

In this research a metal disk in a vessel of water is studied.
A metal disk with a hole at its center sinks in a container
filled with water. when a vertical water jet hits the center of
the disk , it may float on the surface. It shall sink due to its
higher density but as an external force here the water jet
impinges on the center of the disk and it is observed that the
disk floats.To find relevant parameters several
experiments are designed with qualitative analysis.

2. Theories and Methods

In the beginning there are two possibilities:

1- The radius of the water jet is smaller than the radius of
the whole so the whole flow of the water jet passes through
the hole.

2- In the second scenario radius of the water jet is bigger
than the radius of the hole so that there is a flux of water
passing radially away from the center.

Since the first case will not keep every metal disk floated
we will observe the second scenario in more details (Figs.1
&2).

Fig. 1: The whole flow of water passes through the hole

Fig. 2: Part of water flows radially away from the center to edges
on the disk

To illustrate forces acting on our disk there is a free body

diagram. Gravity force is pulling our disk downward then
as the water jet impinges to the center there is an extra force
acting downward but still we see our disk stays floated so
there must be an upward force acting against our
downward forces that prevent our disk from sinking now
we want to find the origin and minimum amount of this

upward force (Fig. 3).
Fupwnrﬂ
F upward ?
weight of the disk =F,, FWGW’"J'EI
Faterjer= water jet collision F,

t i 1

Fig. 3: Forces are applied on the disk

Before moving on to the theoretical framework there are
some concepts that we need to understand. First hydraulic
jump which as our jet impinges to the center of the disk it
flows radially away from the center to the edges with
higher velocity and makes the super critical flow then at the
edges of our disk there is a jump formed with this super
critical flow which collides with the subcritical flow with
less velocity. To observe characteristics of this jump we
defined two Froude number one refers to outer film depth
being outer Froude number and one refers to inner film
depth as inner Froude number (Figs. 4 &5) (Egs. 1-3).

Radius of jump

L
Qip
k==
viyd
l h v= velocity of super critical flow
Q= volumetric flow rate

p=density of water
y=water’s surface tension

Fig. 4: Hvdraulic jump and its radius

Froude number :

P 9
" 2nR;[gH? (1
F.= L
" 2R [gh? )
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Fr,= outer Froude number based on outer film depth
Fr=Froude number based on inner film depth

-1+ |1+ 8Fr?
R e J’"h 3)

= 2

Since the velocity of the thin layer of water above the
disk is not uniform and constant we have a correction factor
to be calculated also the height of the jump can be measured
by using inner Froude number and depth of water inside the
jump. There is a circular hydraulic jump in this
phenomenon, radius of the jump can also be calculated
proportional to velocity of super critical flow, volumetric
flow rate, density of water and surface tension (Eq. 4) .

Since system is in equilibrium = XF = 0

Faownward = Fing +F;

Fap = B

F, =F, +F,

F; = pQv 4)
E, =mg

By Newton's second law and equation of momentum the
water jet force is calculated but we have to note that the
volumetric flow rate is not the whole water coming out of
water jet. To have a better approach, there is an
approximate illustration of the water jet . Two fluxes in the
edges represented by red collide with the disk and the flux
of' water in the middle represented by green passes from the
center of the hole (Fig. 5) (Egs. 5&6).

Flux that passes through the hole

Flux of water that collides with the disk

Fe d_p _d(mv) (5)
TdtTdt
F; = pQu (cosf + 1) (6)

Fig. 5: Flux passes through or collide the disk

The other concept is Bernoulli's principle, when the
water jet impinges to the center there is a part of water
moving above the disk with higher velocity compared to
the velocity of water under the disk leads to a difference in
pressure above and under it and by higher pressure under
the disk there is an upward force (Eq. 7).

[—+ Dynamic Pressure

1, 1,
P+ pv +pgh = p,+—pv,” + pghtlp
L2 2
Static Pressure

(7

Higher pressure

under the disk - ‘Fupward — l—

v >V
Py <Py

Since our system is in equilibrium sum of all forces
should equal to zero , downward forces of weight of the
disk and water jet force. Upward force is caused by the
difference in pressure which minimum amount of this force
can be measured . On the other hand, there is another way to
calculate this upward force which is multiplying the
difference in pressure to the area of the disk in order to do
that we have to find the difference in pressure above and
under our disk (Fig.6) (Eq.8).

Using Bernoulli's principle that p, stands for pressure
under the disk and p, stands for pressure above it and since
the velocity of water under the disk is almost zero that
component will be omitted also the height of water above
the disk is negligible so that component would also be
omitted lastly we can find the difference in pressure as this
equation.

Pressure under the disk

- 1
Fy —mg"‘PQU} 7 +/(+pgh1:pl+5,:w;+ 0 (8)

Pressure above the
disk

on the other hand F, = APA Fa
1
Therefore: 4% =z#v* ~pok

Fig. 6: Forces applied on the disk

Thickness of the thin layer of water above the disk should
be measured to find characteristics of hydraulic jump and
due to Watson's determination we defined Reynold's
number and proportion of radius of the disk to the radius of
the water jet and found this equation to calculate the
thickness of thin layer but we still have to find the velocity
ofnon-uniform film of water above the disk (Eq.9) (Fig. 7).

2

Re=22

Rd mwav 1 h
i = 0.366Re3

Ry = radius of the disk
a= radius of the jet
v = velocity of jet

 2n? w(RI+0.2860°Re) O]
T3 QR

)

Now how to calculate non-uniform
welocity of this thin layer?

Fig. 7: Non-uniform velocity of the thin layer

Going back to the inner Froude number that we defined
here we need to find the correction factor which by
integrating from the velocity of the thin layer of water the
equation above and by applying the boundary conditions
final we can define the Froude number and due to Watson's
solution we defined a delta here which represent the
proportion of vertical location relative to the surface which
Watson gave a solution to find the correction factor
(Egs.10-13).
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= — A is the correction factor
i 2mR [ gh® { ) (10)
Inner Froude number can be written as :
1 ch
o il (an
LT Jg_h
h
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s ) (12)
T Jo fas 2mR;y gh’
u= velocity of thin film
Z= vertical location
relative to surface
8= % =1 (free-surface of inner film)
Watson also suggested a solution = ¢d = fu‘f(l —x3)" 054y
=c=14
IfR; > Rq; f(1) = 1,f(0) = 0 (boundary condition)
The correction factor :
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3. Experiment

A supply tank with an adjustable nozzle was used and
water jet impinged to the center of various disks which for
experimental data we varied radius of the water jet, radius
of'the hole, mass of the disk, radius of the disk and also the
existence of hole in the center and for all experiments
distance between nozzle and disk were constant .

Fig. 8: Experimental Setup

4. Results
By analyzing the data it is observed as the radius of the
disk increases the minimum velocity that was necessary for
the disk to stay floated would also increase similarly. As
the disk gets heavier minimum velocity of the water jet
would also increase (Figs. 9&10).
The Minimum Velocity of Water Jet (that keeps the Disk
floated Vs Radius of the disk
2mM7 .
2433
215 -

1.867 b

Velocity of water jet (ms)

1.583

Radius of the disk{cm)

Fig. 9: The velocity of water jet versus radius of the disk

The Minimum Velocity of Water Jet (that keeps the
Disk) floated Vs mass of the disk

3
w B
E 28 27
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5 22 2k
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S 18
¥
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a s T 9 1
Mass of the disk (gr)

Fig. 10: The velocity of water jet versus mass of the disk

A color-coded chart is used to find how the proportion of
radius of the disk and radius of the hole affect on the
phenomenon qualitatively which the best floating was
possible when the radius of water jet was bigger than the
radius of the hole (Fig.11).

Radius of the Hole

015 025

Fig. 11: Color-coded chart in analyzing data

Another color-coded chart is used to show how
increasing each parameter changes the floating of the disk
which green represents stable floating, yellow stands for
floating with oscillation and red stands for sinking (Fig.
12).

. sinking

D T .

Radius of the | Velocity of the | Mass of the | Radius of the | Radius of the
Jet jet Disk Disk hole

Increase

Fig. 12: Another color-coded chart in analyzing data

The next thing in our experiment was simulating the disk
and impingement of water jet on the disk with and without
the hole. In both cases hydraulic jump was observed but
what is the reason that we don't see floating of a disk
without the hole in the center (Fig. 13)?

et
enat
et
e
o
oo

il

Disk with the Hole Disk without the Hole

Fig. 13: Simulation results

we even tried to investigate this experimental that the disk
with a dent in the center is floated in stable position but for
the disk without the hole floating was possible in the
beginning but within less than a second it started sinking.
Because when the water jet is applied to a disk without any
dent on the surface the reaction force is vertically upward
and since the disk is placed in water it can move
horizontally away but for the second case that has a dent in
the center , the reaction force from the edges of that dent
can be divided to its x and y components which x
components cancel each other and that is the reason that
our water jet stays in the center and floating is stable.

By comparing the theory with experimental data we
found the force caused by the difference in pressure in two
ways and by putting them as equals, also the minimum
velocity of the water jet that each disk needs in order to be
floated .

5. Conclusions

The relation between minimum velocity and radius/mass
of the disk also the radius of the hole in the center of the
disk are found by the experiments.

The fact that upward force which is keeping our disk
floated is mainly due to Bernoulli and hydraulic jump. The
hole in the center of the disk works as a system stabilizer.

In order to see this phenomenon, radius of the water jet
must be bigger than the radius of the hole in the center. The
first scenario that we suggested only works for very light
disks. By equations minimum velocity of the water jet that
keeps our disk floated was calculated too.
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1. Introduction

Water is one of the essential elements for life to exist,
being present in 70% of the human body's composition and
also covering 70% of planet Earth. However, the
distribution of this resource is quite uneven among the
different regions of the planet. In this sense, and
considering only fresh water in liquid form, the most
adequate and most used for human consumption, about
13% is found in Brazilian territory. Therefore, we are well
served by this vital element (OECD, 2015; UN, 2021).

Despite all the amount of water in the country, it is not
available to all due to geographical and economic factors,
and even in places where water exists abundantly, it is not
suitable for human consumption, which occurs more
evidently in urban centers, as in the case of Recife, which
despite having about 99 urban channels and five major
river has a system of water rotation for its inhabitants.
(GALINDO, 2009; SOUZA, etal,2018).

According to the World Water Resources Development
Report, 2021, conducted in cooperation, by different UN
Agencies, water consumption on the planet has increased 6
times in the last century and continues to increase about
1% per year, resulting from population growth, economic
development and changes in consumption patterns among
different societies. At the same time that the demand for the
resource increases, the quality of the water drastically
increases the reality of water scarcity, which already
affects more than 2 billion people around the world and
Brazil is one of the countries that stand out in this regard.
Still according to the UN (2021), it is estimated that water
consumption will increase by 25% by 2030.

In addition to the physical or economic scarcity of water,
the lack of this resource also occurs due to the increasing
degradation of water sources and bodies of water, mainly
as a result of human actions. Among the forms of water
degradation, the discharge of different types of oils causes
great concern, because they produce adverse effects on
fauna, flora, and human life, and when it occurs on a large
scale, it also affects the economy, tourism, and even daily
activities. It is important to highlight that oil is one of the
wastes that has a high power of contamination when
thrown directly into river courses through disposal in the
trash or in the drains of sinks. (BRASIL, 2010; SOUZA, et
al,2018; SILVAetal,2021)

Given the above, this research seeks, from laboratory
experiments, to evaluate the use of the taboa fiber (Typha
domingensis), to create a mechanism for filtering oils
dumped in household sinks.

In the history of evolution of human society, oils
represent an extremely relevant resource and considering
vegetable oils, their importance is not only for their use in
gastronomy, but also for economic, political and biological
reasons. From the Mesopotamian and Ancient Greek
peoples to the present day, the use of oil plays a relevant
role, since it has the most diverse applications, whether for
heating, illumination, food, cosmetics production or even
energy production (SANTOS, 2020).

Considering only the edible oils, according to data from
the German consulting company, Oil World, the world per
capita consumption of domestic oil is, on average, fifty
milliliters per day. As far as Brazil is concerned, oil also
plays an important role, since about three billion liters are
consumed per year, according to the Brazilian Association
of Vegetable Oil Industries (ABIOVE, 2022).

However, it is important to highlight that oils are highly
polluting substances and with great capacity to degrade
ecosystems, especially aquatic ones, because due to its
chemical composition, oil is immiscible with water, i.e.,
they do not mix, and oil is lighter (less dense) than water
and when they mix, oil stays on top of water.

On a scale of environmental impact, edible vegetable oil
is less polluting than oil of fossil origin such as petroleum,
however, the contamination of water by edible oil causes
damage to the functioning of the 9 water and sewage
treatment plants and makes waste treatment more
expensive by up to 45% and the part that remains in rivers
may cause soil sealing, this still contributes to the
occurrence of floods. (SOUZA,2018).

Despite causing great negative impact on one of the vital
elements for life, the disposal of oils in household sinks is
still a silent problem that deserves more attention, debate
and environmental awareness, with a view to finding
solutions that add up to the protection of water resources

2. Aimand Problem Question

Lately, news about oil spills in aquatic environments has
become more and more frequent and society as a whole has
turned its attention to this environmental problem. In this
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sense, it is important to include in this debate the problem
of'edible oils being thrown into the sewage system through
domestic sinks.

Research data from SABESP 2022 indicate that only 1
liter of oil can contaminate 25 thousand liters of water. The
oil substances are not dissolved in water and, if discharged
into river courses, they cause oxygen depletion and the
death of aquatic species. In contact with the soil, the oil also
causes contamination, not to mention the enormous
damage caused by the accumulation of oil residues in the
pipes of domestic sinks, which can cause serious problems
for the maintenance of the networks and higher costs to
make repairs and repairs (SABESP, 2022). (Fig.1).
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Fig. 1: Release of edible oils in sinks Source: Alves & Aratijo
(2016)

In this sense, among the residues discharged into the
collecting networks, lipids occupy the place of greatest
pollutant of the sewage among the other materials, with
about 60% of the contamination. In this context, the oil that
has as final destination streams, rivers, and seas, promotes
processes of environmental imbalance such as the
eutrophication of water bodies and aquatic contamination
in coastal areas. The discharge of oil into water bodies can
also impede gas exchange and the passage of sunlight,
impair breathing and photosynthesis of life submerged in a
river, leading to the reduction of aquatic life or even the
extinction of some of them.

In addition, oil pollution makes water treatment up to
45% more expensive, and aggravates the greenhouse
effect, since the contact of water polluted by oil when
flowing into the sea generates a chemical reaction that
releases methane gas, a much more aggressive component
than carbon dioxide. This is extremely serious when we
analyze that the Brazilian federal government spends more
than 600 million dollars on water treatment
(ARCOVERDE,2022).

Despite being a long-debated topic, the solutions
presented are still palliative or not very efficient, as in the
case of storing oil in containers for later disposal and
recycling, a solution that is still not very common among
most Brazilians (SABESP,2022).

Data from the report of the Brazilian Association of
Vegetable Oil Industries (ABIOVE) indicate that only 10%
of the oil consumed in Brazil is recycled. One of the
possible reasons for the low household oil recycling
numbers may be the need to always have a pet bottle handy
and also that the consumer has to store and deliver the
product later to collection environments. Thus, the disposal
process for possible reuse does not correspond to the
population's perspectives and ends up being an inefficient
measure since it is neglected by most users of cooking oils
(ABIOVE, 2022).

Also, according to Abiove, the consumption of edible
vegetable oils in Brazil is around three billion liters per year
and for every four liters consumed, one is discarded
incorrectly, which represents more than 700 million liters
per year thrown into the environment without proper care
and control (ABIOVE, 2022).

Regarding legislation, the National Policy on Water
Resources (PNRS) defines cooking oil as solid waste. For,
although the oil has a liquid consistency, in contact with
water it solidifies. Also, because it is a discarded waste
from human activities, which is contained in a container
and because it is not feasible to dispose of it in the public
sewage system or in water bodies (BRASIL, 2010) (Fig.2).
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Fig. 2: Flow of incorrectly discarded oil Source: Siqueira & Plese
(2021)

Aiming to solve the environmental problem exposed, it is
believed that the creation of a portable mechanism, capable
of retaining the oil dumped in household sinks may present
itself as an efficient solution. Thus, the hypothesis of this
project is that the taboa fiber may be the ideal product for
production in a biofilter for adsorption of cooking oil.

The objectives of the work are to produce and evaluate the
use of a biofilter based on Typha domingensis (Typha
domingensis) fiber for the adsorption of cooking oil thrown
into household sinks and, consequently, into rivers.
Analyze the viability of the taboa as oleophilic material for
adsorption of lipids; Create prototypes of biofilter based on
the taboa fiber with low-cost material for absorption of
edible oil. Comparing the efficiency of the taboa fiber as an
adsorbent of edible oil in comparison with the Paina fiber
(Ceiba Pentandra), are part of the research needs.

As a theoretical basis, we took as reference the work
developed by Oliveira (2010), in which the author
conducted experiments to evaluate the solvent capacity of
plant fibers from different species, including the aquatic
macrophyte taboa (Typha domingensis).

The cattail (Typha domingensis) is a macrophyte that
occurs naturally in freshwater environments. It is a
perennial, herbaceous plant native to South America, with a
cylindrical stem, averaging 1.5 m in height. It is quite
abundant and produces about 7,000 kg of fruits (rhizomes)
per hectare. Despite reproducing in a degraded
environment, its rhizomes are edible, possessing protein
value equal to that of corn and carbohydrates equal to that
ofpotatoes (MOGROVEJO, 2019) (Fig. 3).

Fig. 3: Taboa plants in a construction site cavity Source: Authors
(2022).
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Aquatic macrophytes plants, such as Taboa, are widely
used for the purpose of reducing contaminant loads and
improving the quality of wastewater, because they act as
biofilters in the removal of pathogenic microorganisms
from the water and in the treatment of water with high load
of pollutants, presenting high absorption of organic matter.
The aquatic macrophytes also play the role of primary
producers, providing habitat and refuge for several species
of animals and also act as a substrate for algae, supporting
the chain of detritus and herbivory and serving as a nutrient
storage compartment (KREBS etal, 2021).

In addition to acting in water purification, Taboa is also
considered an excellent adsorbent of oils, mainly from its
fruit. This functionality of the plant is due to its high degree
of hydrophobicity, buoyancy and high content of lipids
2.41% in its structure, providing significant surface
adsorption of different types of oils, considering that the
fruit has few empty spaces in its structure (OLIVEIRA,
2010).

The taboa fiber contains about 33.95% cellulose, 33.24%
hemicelluloses, between 1.62% lignin, 2.06% ash and a
moisture content of 9.33%. Taboa fruit has about 46.6%
carbon, 5.96% hydrogen and 1.11% nitrogen and these
properties contribute to lipid adsorption. (KHAN et al,
2004; Oliveira, 2010; MOGROVEJO,2019). Research
attests the efficiency of the taboa fiber as an adsorbent of
oils, however, tests and application of this fiber as a biofilter
for sorption of edible oil were not found in the literature,
which increased the interest in developing the present
work. Thus, and considering that the main alternatives used
to reduce the impacts resulting from the degradation of
aquatic environments by edible oil spills still do not present
significant results, it is expected, with this research, to
contribute to the debate about the importance of developing
alternative and low-cost methods that can reduce the
damage caused by the release of oils in river courses using
the taboa fiber.

3. Materials and Methods

Three stages were defined for the execution of the project,
specified below.

Stage I: Data survey and creation of biofilter models.

The data was researched on sites of agencies and entities
that work in the search for solutions to the problem of
degradation of water sources and its causes, especially
from the release of oils.

Based on the theoretical research, an oil sorption biofilter
model was developed, considering the dimensions of
different types of domestic sink drains used in Brazil. Two
types of drains were chosen to create the biofilter
prototype.

Stage II: Selection of the oleophilic filter material.

The choice of the Taboa tree fiber was based on the results
obtained by other researches regarding biodiesel sorption
and also because it is abundant and easy to find in nature. In
order to carry out comparative tests, besides the Taboa tree,
it was also selected Paina fiber (Ceiba Pentandra), a
material already tested for the sorption of different types of
oil, including vegetable oil (Fig. 4).

Fig. 4: Test material. Source: Authors (2022)

Stage III: Prototyping and testing with the use of taboa
and kapok fibers and tulle fabric.

The biofilters were tested in reused coffee capsule
containers, pet bottles, and disused sink drains.

For each filter half of a Taboa fruit was used. The fruit was
loosened, crushed, and the fiber was placed inside each
prototype. In the filter with the kapok fiber, half a fruit fiber
was used. The fibers received lemon drops, were placed for
drying and in perforated containers simulating sink drains

(Fig. 5).

Fig. 5: Containers used to support the biofilter. Source: Authors
(2022)

To analyze the functionality of the biofilters, five types of
tests were performed, as described below (Table 1).

Table 1: test objectives performed, Recife. Source: Authors (2022)

experiments performed in the laboratory

analyze water circulation

comparison of efficiency between diferent fibers
comparison of efficiency between different layers
comparison with the use of lemon additive
evaluation of biofilter reuse

testl
test2
test3
test4
test5

In experiment 1, the circulation of water through Taboa
and Paina biofilters prototypes was verified (Fig. 6).

Fig. 6: Prototypes of the biofilter. Source: Authors (2022)

In experiment 2, preliminary tests showed the adsorption
of oil - pouring 200 ml of water and 50 ml of oil over each
biofilter, the one with the Paina and the one with the Taboa
fibers (Fig. 6), simulating the discharge of oil into sinks.

In experiment 3 the biofilter with a double layer of Taboa,
without inserting lemon juice, was tested, seeking to verify
the real capacity of oil adsorption by Taboa, the substance
chosen for the biofilter.

In experiment 4, tests were performed at the Federal
University of Pernambuco to compare the Taboa biofilters
with and without the use of lemon (Fig. 7).

-n-*-*:{f SR

Fig. 7: Comparative test between double taboa filters with and
without lemon at UFPE, Recife. Source: Authors (2022)
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In experiment 5 the reuse of the Taboa biofilter was
evaluated, after the oil adsorbed by the fiber was removed
and the material was dried (Fig. 8).

Fig. 8: Water and oil solution after filtration. Source: the authors,
(2022)

4. Results and Discussion

The tests indicate that the use of two layers of taboa fiber,
forming a double filter, was more effective than the use of a
single layer, being also more efficient than the biofilter of
kapok fiber. The results obtained matched the results
achieved by Oliveira (2010), when using the taboa fiber to
absorb diesel oil. It is worth noting that the experimentation
process cost only the value of one kilogram of lemon and
1m? of tulle to produce the biofilter prototypes.

After the experiments it was observed that the double
Taboa fiber filter adsorbed about 49 ml of the 50ml poured
and the water flowed without difficulty. Thus, the biofilter
showed an average efficiency of 99% absorption,
confirming the oleophilic property and hydrophobicity of
Taboa, while the millet biofilter obtained an oil adsorption
of about 60%. The part of oil (10 ml) that managed to pass
through the Taboa filter presented a different coloration and
the water had a clearer appearance (Table 2).

Table 2: corroborative results performed at UFPE, Recife.Source:
Authors (2022)
Percentual Retention

Tests Liquid Volume (ml)  Oil Retention Volume {ml)

80% of retention
98% of retention

1: biofilter with lemon
2: biofilter without lemon

Qil(50 ml) Water{200 45 ml
Oil(50 ml) Water{200 49 ml

These results indicate that the double biofilter made of
woven wattle without the use of lemon has a higher
efficiency than the others. It is important to emphasize that
tests were also performed with the taboa fiber after the first
use, attesting to the possibility of reusing the material, after
cleaning and removing the absorbed oil.

The corroborating results attest to the effectiveness of the
biofilter produced, being a viable and sustainable solution
to the serious problems arising from the discharge of oil
into river courses from households. After being used in the
biofilters, the fibers of the Taboa and Kapok were stored ina
container for later removal of the adsorbed oil. The plant
material will be sent to Sempre Viva, a non-governmental
organization that performs the separation of oil for soap
production and the introduction of plant compounds in a
biodigester system in order to synthesize fertilizer and
biogas.

5. Conclusion
In view of the tests performed and the corroborating

results achieved, it can be concluded that the taboa is a
viable alternative as a material for making the oil filter for
adsorption of household oils. For being an ecologically
sustainable material, of low cost and easy to obtain, the
taboa has its viability confirmed. So far, the
experimentation has shown results within the authors'
expectations and, as a further step, it is planned to introduce
the use of the biofilter in 10 homes in order to monitor the
performance of the biofilter in a real situation.

It is believed that an accessible, practical and innovative
solution to the issue of domestic oil disposal is possible
with the use of the Taboa biofilter. Thus, it is also expected
that the research can contribute to the development of a
sustainable alternative of easy development and
application and low cost, aiming to considerably reduce
serious socio-environmental problems such as the
improper disposal of oil into the sewage system.

Finally, it is noteworthy that this research is innovative,
considering that no literature has been found about the
possible production of a biofilter made of Taboa bean. It is
hoped that the product created will contribute to reduce the
damage caused by the discharge of oil into rivers and
contribute to a healthier environment for all, in close
accordance with the Sustainable Development Goals
proposed by the UN.
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ABSTRACT

he motion of the washer on a vertical steel rod is investigated which may start
ARTICLE INFO spinning instead of simply sliding down. Terminal velocity of this movement

and other affective parameters are considered by different experiments. It is
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possible to observe the washer will start to rotate on the rod by an initial velocity and rotate
till it reaches a maximum angle and a steady state for the washer's rotation and finally

reaching to the point that we can perceive a free fall motion for the washer's movements .
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1. Introduction

The problem states that a washer on a vertical steel rod
may start spinning instead of simply sliding down. To
study the motion of the washer and what determines the
terminal velocity with the most parameters that would
affect on it, several experiments are designed .

To find the optimum conditions different rods and
washers are studied.

2. Theories and Methods

Starting with initial observation and introduction of the
phenomenon, the main purpose of the statement is to
investigate the terminal velocity and the parameters that
would affect the terminal velocity of the washer, it is
possible to observe that the washer will start to rotate on
the rod by an initial velocity and it will rotate till it reaches
a maximum angle and a steady state for the washer's
rotation and finally reaching to the point that we can
perceive a free fall motion for the washer's movements.

To start the basic theory and to have a better intuitive
view of the phenomenon, amplitude of the sound that is
possible to hear by the washer's movements on the rod is
recorded (Fig. 1).

Outer Radius : 3, Inner radius : 2

sliding spinning Free fall
":
Multiple Terminal velocity
collisions is reached

Fig. 1: Recorded sound of washer movement on the rod

The basic transition between the motion of the washer
will be sliding motion which involves acceleration and
tilting of the washer around the rod. It is expected to be a
free fall motion but will turn into a spinning motion which
is possible to observe different types of angular velocity in
different conditions.

Terminal velocity of the system leads us to a maximum

tilt angle . By tracker the change of the angle per time and
the maximum tilt angle are measured. Having a schematic
observation of the contact points, 3D printed washer
designed to see that there are two contact points.

"]

Fig. 2: Washer’s dimensions and its contact points on the rod

The main motion of the washer will be rotating around
the rod that we can divide this motion to two different
motions one in z direction and the other one in "x,y" which
makes the phenomenon more clear.

A theory based on energy determines the velocity of the
system but this theory will be in the steady state condition
that the angular velocity of the system is stable . Each term
ofthe equation is investigated and we will start with the air
resistance which by estimation is negligible.

Now to divide each kinetic energy that affects on the
washer's movements, there are two kinetic energies. One
of them is based on the angular velocity in different
directions z and x, y. The other kinetic energy is based on
terminal velocity of the washer, but because the rotational
energy , this formula represents the equation for inertia in z
and x, y components (Egs.1-5).

by + ko, + %mvzz —mg(v,t) + uN(ray,t) +%T= cte (1)
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Fig. 3: The angular velocity of the washer in different directions

The equation for energy of the system involves the
terminal velocity in z component due to the change of
velocity based on change of washer's, and we obtain the
terminal velocity in z component by this equation. By
observing the motion in steady state from the experiment
we can get a better intuitive view of the condition that the
energy stays constant and why the equation from the
qualitative theory is based on the fact that the motion is
stable in the steady state (Egs. 6-8).

_ Dyoa

Vz= (wyy+w;) (6)
Dyoq=lem
Dyod
24 (Wxyz T Wryz) = UNTWyy =0 7
1 0.8
E=k +k,+ Emvzz —mg(v,t) +}N(wayt) ®)
mgcosa

rotation time in
g CONAition
3. Experiment

In our experimental setup 64 different sizes for washers
are used.

Plexiglass

Fig. 4: Plexiglass washers in 3 mm thickness

The energy and terminal velocity in steady state for
different washers and the time range of movement are
calculated according to the theory for 25 different
plexiglass washers that the longest time for the washer
rotation belongs to washer number 9 (Diameter 6 cm and
hole diameter 3 cm) (Figs. 5-7).

washer 12

(b)
Fig. 5: Terminal velocity of washers in two samples a) washer No
4, b) washer Nol2

Rotation time during the entire movement of washer on the rod

Time (s)

washers

Fig. 6: Rotation time of different washers

Rotation Time in Steady State

5 (s)

washers

Fig. 7: Rotation time of different washers in steady state

The same experiment goes for the velocity of each washer
in z component, and by the result of the experiment, the
most displacement in z direction belongs to washer No17,
but as the main investigation in steady state, as much as the
terminal velocity in z axis decreases for instance the
washer No3, the time that the washer stays in steady state
increases (Fig. 8).

Velocity on z Axis

)

cm
s

vy

Fig. 8: Velocity of different washers on Axis Z

4. Conclusions

In this research we found several parameters regarding
different washers movement on the rod including time
range in steady state, which clarifies the time of start of the
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state till the end of'it.

To start the basic of the theory and to have a better
intuitive view of the phenomenon, we used amplitude of
the sound that is possible to hear by the washer's
movements on the rod and a basic transition between the
motion of the washer will be sliding motion which involves
acceleration, tilting of the washer around the rod and it will
turn into a spinning motion and after that we expect a free
fall motion and it is possible to observe different types of
angular velocity in different conditions. Tracker and 3D
printed washer is used to measure the change of the angle
per time and the maximum tilt angle. To determine the
velocity of the system theory based on energy is used . But
this theory is in the steady state condition that the angular
velocity of the system is stable for different washers. The
comparison between theory and the experiment shows a
good agreement.
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ABSTRACT

s demonstrated in this research, to make a turbine by a candle under a spiral it
ARTICLE INFO starts to rotate above the needle that is attached to the tip of the rod so, we can

say the spiral above the candle rotates by the air flow that comes from the heat
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that is given to it by the candle. But to investigate this phenomenon , different experiments

have been done and the most important parameters related to the characteristic of

spiral,candle and heat transfer are studied.
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1. Introduction

The problem states that a paper spiral suspended above a
candle starts to rotate optimize the setup for maximum
torque (Fig.1).

Fig.1:Paper spiral suspended above a candle

The candle under the spiral lit up, spiral starts to rotate
above the needle that is attached to the tip of the rod so, we
can say the spiral above the candle rotates by the air flow
that comes from the heat that is given to it by the candle.
The candle heats the surrounding air heated air causes the
air particles to go farther apart. Thereby, making the air less
dense and less dense air always rise above the dense air.
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Fig.2:Heat transfer around the spiral

2. Materials and Methods

To analyze this setup in a theoretical way initially we're
going to start with the spiral itselfthat is divided into 3 parts
we can name:

1. Number of the spiral cycles
2. Radius of'the spiral circle
3. The paper width

As the second part of the theory analyzing, we will

discuss about the convection mechanism and the effects on
the phenomenon, then the candle that is divided into three

parts:
1. candle wax combustion
2. candle flame
3. the causes effect from the distance between

candle and spiral

Moving to the division between our theories we can
distribute them to two different viewpoints which are the
macroscopic view and the microscopic view. First we start
with the microscopic view to discuss the partial forces
applied to the spiral and the transition between energies.

The heat conduction makes the burning fuel releases CO,
and Water and the steam as well as the heat radiation causes
the air molecules to run parallel to the spiral (Fig. 3).

Heat conduction

Fig.3:Burning fuel and heat radiation

Wax combustion makes turning thermal energy into
kinetic energy of the air particles.

C25H52+3802 —25C02+26 H20+ Heat

So to divide each applied force to the system the
definition of the drag force is needed. The applied force by
the particle is an action force and a reaction force is from
the opposite direction. The air particles begin to rotate in
the direction of motion (Fig. 4).

Fig.4:Rotation of spiral
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To name each force that is applied to the strip part of the
spiral, we can see as the laminar flow runs throw the strip it
goes up with a turbulent form, and the force from air flow is
divided into one in the direction of motion and one
perpendicular to the strip which makes a total force which
applies into the torque according to the changes of spiral
radius (Egs. 1-3).

T=Frsin@ 1)

At = rAFsinf )

T:ZAT:ZTAFSinB 3)

Fig. 5:Applied forces on spiral

Also there is a maximum torque by air transfer and friction
which works on the opposite direction of motion (Eqs.4-6).

T=Fr— t=1Ia )
F~v

' = Fr~rw )
T'=1 (6)

The macroscopic view which is the definition of air
transfer and starts with convection is the circular motion
that happens when warmer part of fluid rises while the
cooler part of fluid drops down.

Cold side

X |

&Ho[ side

Fig. 6: Microscopic view of convection

— Solid walls —

As the warm air rises upward the paper begins to spin, the
process keeps working because the cooler surrounding air
keeps coming towards the candle and warms up. But of
course, there is a difference between two parts of the spiral
from down to upside part and that is where the area of air
flow starts to increase and the velocity of the movements
decreases (Eq. 7) (Fig.7).

AV,=AV, (3
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Fig. 7: Modeling of air flow around the spiral

Having an intuitive view of the Continuity equation a
simulation of velocity for each air particle is done. If we
have an imaginary closed area around the spiral to avoid
other effective parameters such as wasted air flow that gets
out of the spiral area, as the solution for air particles
velocity , we can observe the movements of the particles
are not the same in every part of the spiral and the velocity
streamline divided these speeds into different colors is
possible to see in the model itself (Fig. 8).

Fig. 8: Simulation of velocity for each air particle

3. Experiments

The microscopic view of the theory in our experiment
proves the reason for the spiral to rotate regularly with
almost constant speed which helps to find a version of
transition between airflow.

The schlieren photography shows there are two different
types of air flow, laminar and turbulent . As the experiment
shows as the spiral appears the laminar flow transforms
into turbulent flow including the air currents or we can say
turbulent flow moves around the spiral (Fig. 9).

Fig. 9: The schlieren photography

In our Experiment the spiral is divided into a 4 different
number of cycles and 4 different densities for each number
of cycles with a needle is attached to the rod to keep the
friction as less as possible .The candle is in three different
distances from the rod to see the result .Further, we used
tracker to measure the radiation of the spiral and it is
analyzed by the Fourier transformation (Fig. 10) .

Fig. 10: Tracker to analyze data
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For the next part of the experiment, density and angular
velocity of the strip from 1 cmto 2.5 cm are investigated. In
each experiment by the change of number of rounds, when
the density\width of the strip for paper spiral increases,
there is a decreasing trend in the graphs which occurs for
each number of rounds from 4 to 7 (Fig. 11).
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Fig. 11: Changing density and angular velocity

4. Results

It can be reported that by increasing the density of the
strip, rotating per second for that specific spiral is
decreasing. The same thing happens for the number of
rounds, five, and the change of the density in the same way
and there is almost an decreasing trend by increasing the
density. Best change and almost close to the theory is given
in the diagram for number of rounds six with the least error
of the experiment which is possible to observe a more
logical decrease of angular velocity of the system, the same
experiment goes for number of rounds 7 but to mention that
density, 2.5 cm couldn't be investigated for this spiral
because of the weight of the strip which I couldn’t measure.
Each experiment for each density of the spirals is done four
times to make sure that the variation of angular velocity for
the same spiral has a little error.

As the result of the experiment, the color-coded version is
used to show 9 different number of rounds by the different
density and divergent number of cycles. The velocity will
decrease by increasing the number of rounds or density for
each number of rounds.

A color-coded approach from the experiment represents
the state of the rotational speed for each spiral. The green
stands for the best and the fastest ones as it is possible to see
in the intuitive view of the experiment, the light green
section is consider as the well rotation and between the
time range of 1.5 to 1.7 for each rotation in this
phenomenon, and the yellow section is representation of
the 1.7 to 2.5 seconds for each rotation of the spiral
(Fig.12).

Fig. 12: Color coded approach

An optimization for the best setup in this experiment I

reached to two best setups that the speed of the rotation had
the best result, and it is possible to observe by the
experiment in the video of each spiral for maximum torque.
(Fig13).
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Fig. 13: The best spiral for maximum torque

5. Conclusions

This research by the theory in energy transition and the
division between forces applied to the system and
obtaining each force. Total torque equation and the factors
to have a maximum torque and the study of airflow that
causes the force were studied. For the experiment to
measure the maximum torque four number of rounds with
different densities of the strip for each spiral have been
used. The result of the experiment by a color-coded version
for the diagrams and optimized the setup for maximum
torque between the best experiment and angular velocities
have been presented that was gotten from the green code
experiments.
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