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THE STUBBLE BURNING PROBLEM IN SUSTAINABLE AGRICULTURE

Aytiil Yildirim™

IFirat University, Baskil Vacational School, Department of Plant and Animal Production, Elazig, Turkey

Abstract

Review paper
Stubble is the short stalks that remain after harvesting a crop such as wheat. The stubble, which makes up soil organic matter and
provides nutrients for soil microorganisms, is important for agricultural production. But farmers are supposed that stubble burning
provides convenience in tillage results and reduce diseases and pests, which achieve obtaining higher crop yields, and reduce the
economic costs. As the result of burning stubble, soil organic matter is decreased, the soil structure is deteriorated, microbiological
activity in the soil is regressed, soil moisture is decreased, the biological balance is deteriorated and the risk of erosion is increased. It is
vital to use instruments that mix the stubble under the soil so that it does not interfere with the preparation of the seed bed after the
harvest. In regions where there is too much stubble, nitrogen fertilizer should be applied to around 1% of the remaining stalk to ensure
that the stubble breaks down and decomposes into organic matter.
In this review, the importance of stubble in agricultural production, stubble management, the reasons why farmers burn stubble, the

negative effects of stubble burning on the soil fertility and environment, and solution suggestions are covered.

Keywords: Environmental pollution, stubble, stubble burning, sustainable agriculture.

1  Introduction

Grains are the most important source of human
nutrition all over the world. Grains are mostly the main
products produced in Turkey. In Turkey, grains having a
wide range of uses for feed and industrial purposes
constitute approximately 55% of the total crop
production [1]. The stubble is the short stalks that remain
after harvesting a crop such as wheat, barley, rye, and
oats.

The stubbles of grains are the most important source
of organic matter in the soil. The amount of organic
matter in Turkey's soil is usually very small, ranging
from about 1 to 4% [2]. The soil organic matter can be
increased by mixing stubbles into the soil. The effect of
organic matter is great in improving the physical,
chemical and biological structure of the soil. The organic
matter that acts as a food and a stop for soil organisms is
involved in many processes such as bonding individual
soil particles, ventilating the soil, increasing the water
holding capacity of the soil, and the soil being resistant
to erosion and drought [3]. Therefore, for crop
production, stubble constituting soil organic matter is of
great importance [4, 5].

In this study, the effects of stubble on soil
productivity, stubble management, producer's reasons for
burning stubble, adverse effects of burning stubble on
soil, animals, and the environment were all investigated,
with an emphasis on the results of burning stubble and
solution proposals.

* Corresponding author.
E-mail address: aytulyildirim@firat.edu.tr (A. Yildinm)

1.1 Effect of Stubble on Soil Productivity

Soils are one of the few natural resources that can't
be created and are nearly impossible to replenish. The
stubble is a key source of organic matter that has a
significant impact on soil fertility.

Microorganisms play a vital part in soil formation by
separating and disintegrating plant and animal tissues
that fall to the ground. The major sources of soil
formation are the decomposition of organic matter and
the appearance of organic colloids, as well as the
production of new humus compounds [6]. According to
many studies, one gram of soil includes millions of
bacteria, one kilometer long fungal micelles, thousands
of protozoa, and algae cells [6].

With the protection of stubble in the soil, soil
organic matter and related microbe activity increase, soil
water holding capacity increases, resistance to wind and
water erosion increases, and in short, soil fertility
increases. Macro and microorganisms in the soil are
critical for the natural ecosystem's long-term viability in
terms of decomposing organic matter in the soil,
converting nutrients back into the soil, and transforming
nitrogen (N) in the air into plant-receivable forms [7].

Soil management practices such as increasing soil
organic carbon content, reducing soil handling,
fertilizing, mixing soil with plant residues, increasing
biological diversity of the soil, and covering the soil
surface with hays or dried leaves all help to keep carbon
(C) in the soil [8]. The carbon (C) content of soil stubble
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is roughly 45 percent by weight, making it a substantial
carbon (C) source for the soil. The number of
microorganisms in the soil increases and becomes more
active as organic carbon is added to the soil. The amount
of CO; in the soil increases as a result of increased
activities, and many organic acids are generated.
Increased acidity aids in the solubilization of plant
nutrients [9, 10, 5].

Simultaneously, soil organic matter ensures that soil
particles are held together and aggregate stability is
established. This is necessary for soil ventilation,
increased water holding capacity, and the ability to hold
nutrients. In dry seasons, stubble soils retain moisture
due to the abundant organic matter in their structure and
prevent yield loss by giving the necessary water to the
plants growing on them. [11, 12].

Plant residues shield the soil from the direct impact
of rain drops in stubble-covered agriculture, preventing
the soil from being slapped and drifted. The benefits of
stubble-covered agriculture include rainwater absorption,
the establishment of a cool and wet soil environment, the
reduction of evaporation, the increase of humus, and, as
a result, the protection and productivity of the soil [11].

1.2 Negative Effects of Burning Stubbles on Soil

In Turkey, grain agriculture (wheat, barley, oats) was
made in 15.723 hectares of land in 2015 [13]. So, huge
amounts of stubbles are produced. Depending on the
shape height of the wheat, it is reported that on average
3500 kg / ha is burned together with stubble and on
average 1000 kg / ha is burned on average, depending on
the shape height of the stubble. In general, it can be said
that on average 1500-2000 kg / ha stalk, straw, herb,
herbal material burned with wheat stubble and stalks
which are burnt. If it is assumed that 30% of the total
area allocated for grain farming is burned, it can be said
that about 5.5-7.4 million tons of stubble are burned
without organic matter [14, 4, 15]. When considering
the effect of soil organic matter on the physical structure
and especially the vitality of the soil, stubble burning is
regarded as a considerable loss for soil fertility. Incorrect
and unconscious use of agricultural land tends to tire and
reduce soil’s productivity. Stubble burning is considered
as a wrong land use [7].

As a result of burning down the stubble on the soil,
the soil loses its vitality for a certain period of time, the
soil structure deteriorates, the soil fertility decreases and
the biological equilibrium are affected negatively. Some
plant nutrients found in stubble are transformed into
oxides, which plants cannot use. These disrupt the
physical, chemical and biological properties of the soil.
The burning of stubble also promotes soil erosion and
affects soil moisture and temperature values. 63% of the
land in Turkey is exposed to very severe and powerful
erosion [16].

During stubble burning, high temperature (80 °C)
occurs at the top of the soil for a while. The occurring
high temperature leads to the disappearance of the
microorganisms in the soil and thus to the deterioration
of the harmful-beneficial balance [5]. Trissolcusspp.
species, which provide a natural biological struggle by
leaving their eggs in the eggs of the sunn pests that

significantly reduce the quality of the wheat product,
disappear with stubble burning. It is known that the bugs,
which are useful in many biological struggles that
survive on field borders, road edges, river edges, bushes
life, are killed during stubble fires [11, 17].

At the same time, it has been reported that stubble
burning causes decline in carbon dioxide release to the
ground, which is caused largely by the reduction in the
lives of microorganisms living at a depth of 0-3 cm [17].

In short, as a result of stubble burning, large changes
occur in the flora and fauna of the soil.

1.3 Use of Stubble Areas in Livestock

Coarse feed production is gained when grain
production is less than predicted, and the utilization of
agriculture leftovers in animal feed acts as a form of
herbal production insurance for animal husbandry [18].
Natural meadow and pasture lands, as well as feed plant
farms, provide high-quality coarse feeds. Damage is
unavoidable, however, because the grassland and pasture
regions are grazed with timeless, unconscious, and more
animals than the capacity allows. As a result, breeders
typically supplement coarse feed deficiencies with
stubble resides; concentrate feeds, and low-nutrient-
value stem and straw [19].

Stubble benefits 80.5 percent of small cow breeding
operations in the GAP region. Businesses benefiting
from stubble in the provinces of Diyarbakir, Sanliurfa,
Gaziantep, and Adiyaman accounted for 67.1 percent,
92.1 percent, 83.7 percent, and 75.5 percent,
respectively. In order to reap the benefits of stubble,
grain fields in the provinces of Sanhurfa and Gaziantep
are evaluated by spreading as much as possible at the
start of the winter. It has been claimed that stubble is
generally used for 6 months in these two provinces,
although it can be prolonged to 9 months if the weather
is favourable during the winter months. Stubble is an
extremely important feed source in the provinces where
the research is conducted, and it has been discovered that
Sanhurfa, particularly Gaziantep and Diyarbakir
provinces, is mostly utilized in places where there are no
or insufficient meadow areas [20].

Sheep can be economically cultivated throughout
pregnancy and lactation by grazing on wheat stubbles
during the summer (December-April) if the increased
protein and energy needs are satisfied by paying
attention to the optimum settlement density [21]. Stubble
and pasture grazing is one of the feeding patterns utilized
in turkey breeding in Turkey. The turkey fowl supplied
growth feed during the first 8-12 weeks are grown by
grazing in these places where the stubble and pasture
possibilities are sufficient [22, 23].

1.4 Negative Effects of Stubble Burning on Animals

Stubble fields are employed primarily to meet coarse
feed requirements in small cattle breeding, resulting in
economic gain. However, when the stubble is burned, the
economic gain that can be obtained is reduced to ashes.

One of the biggest problems that animals can
experience is the deterioration of their habitat. Many
wild animals (rabbits, birds, foxes, etc.) are losing their
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forests and living spaces, and even die with stubble
burning and forest fires [4, 5, 7, 24, 25, 26]. It has been
determined that the burning of stubble in the Kizilirmak
valley completely destroyed the nutrients of the birds
that feed on agricultural land in winter [27]. In the Kavak
Delta, in a locus of spotted tortoise (Emysorbicularis),
indicated to be in close threat under the IUCN criteria, 42
samples of them were reported to be killed due to spread
of stubble fire in a 12789 m? area [28].

1.5 Negative Effects of Burning Stubbles on the
Environment

The air is polluted by stubble fires. At the same time,
traffic accidents occur because of the smokes from
stubble fires block the view on land roads. Stubble fires
can cause burning of forests and residential areas.

During the burning of the herbal material, some
airborne particles, such as CO, NO;, N;O, Os;, CHy,
benzene and PAHs (Polycyclic aromatic hydrocarbons),
are mixed into the air as a result of the complete ignition
of the organic matter [16, 29, 30]. Contamination of the
air that people, plants and animals breathe brings with it
many health problems.

Stubble burning is a real environmental problem that
is considered to be one of the agricultural activities that
cause the release of greenhouse gases, which are seen as
the cause of global warming [5, 7, 31, 32]. Global
warming is triggered by stubble burning, which releases
more carbon dioxide into the atmosphere [33].

Stubble fires sometimes burn live or inanimate
fences, fruit gardens, not harvested crops in neighboring
fields, and telephone poles on the field boundaries.
Burned stubble causes the forests and residential areas to
burn with the effect of the wind, rising smoke
occasionally obstructing sight on the highways and
causing traffic accidents.

In the areas of the most sensitive vegetation cover of
the Salt Lake ecosystem, fires that are emerged by
stubble burning damage the natural habitat and especially
the areas formed by local endemics are severely
damaged [34].

2  Stubble Management

All procedures altering the quantity of plant growth
left on the soil surface are included in Stubble
management [35]. In studies on the management of the
residual stubble after grain harvesting, it has been
discovered that there are five most regularly utilized
ways. These are the following:

Spreading the stubble on the soil surface,
Making hays out of stubble,

Making bales out of stubble,

Burying stubble in the soil,

Burning stubble.

arwnE

Stubble dissolving and dispersing systems mounted
to the back of the harvester are required to disseminate
the stubble to the soil surface. To turn the stubbles into
hay, you'll need a hay producing machine. In recent
years, simultaneous working hay production systems

with harvesters attached to the harvester's back have also
been deployed. To make the stubble bales, you'll need a
lot of time and effort. If you're replanting just after
harvest, you'll need to gather the stubble using a bale
machine and then plant it with a machine that plants
directly on the stubble [36]. Plows are essential to allow
the top soil to be tilted and processed in order for the soil
to mingle under the ground and bury the stubble.
However, sufficient time and humidity are required to
break down the buried underground stubble and convert
it to a valuable organic matter for the soil. When
plantation happens under these conditions, plant residue
makes the use of a planting equipment problematic [37,
32]. The burning of stubble is another option for stubble
management. Burning stubble, on the other hand, has
detrimental consequences for both the environment and
agricultural production.

Alternative tillage methods for stubble management
can be listed as follows [7].

a) Use of chisels instead of plows, (amount of plants
residue in the soil: 50-70%) [35].

b) Use of disc harrow-cultivator (amount of plants
residue in the soil: 40-80% for disc harrow, 30-80
for cultivator) [35]

¢) Stripe tillage, (amount of plants residue in the soil:
60-75%) [35].

d) Back tillage, plantation to back (amount of plants
residue in the soil: 30-50%) [38].

e) Direct plantation to stubble (most of the stubble is on
the soil surface since no tillage is done)

When tillage is reduced, the soil tightness, workforce
and fuel consumption of the processing tools will also
decrease.

Despite its disadvantageous, the most appropriate
method for stubble management seems to be direct
plantation to stubble for the healthy future of the soil.

3 Causes of Stubble Burn by Producers

Stubble burning is promoted for a variety of reasons,
including easy and quick removal of stubble in the soil,
convenient tillage, time savings for second planting,
minimizing plantation problems with driller in zero-
tillage agriculture, permanent solution to wild grass and
seeds, and preventing herbal diseases by eliminating
harmful bugs' eggs and larva [4, 5, 15, 32, 39, 40].

However, in humid and cold climates, it is more
difficult to prepare fields for the next planting season
since the decomposition of plant leftovers in the soil is
slower and takes longer.

As a result, farmers in cold and humid climates
choose to burn stubble [4, 5, 15, 32, 39].

3.1 Awareness Levels of Producer on Stubble Burning

According to a study conducted by producers to
determine stubble burning and awareness levels, 51% of
producers stated that stubble should not be burned due to
the harm to the living and 11% stated that stubble should
not be burned due to the harm to the soil, and only 13%
of producers burn stubble. Almost all of the producers in
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this study who had their opinions and remarks on the
effects of stubble burning were of the opinion that
burning stubble was bad (97.67 %).

According to the producers, the most substantial
damage (75.58%) caused by the stubble fires was
discovered in nature, while the economic loss was
discovered to be loss of efficiency (71%). When asked
about the producers' thoughts on the stubble burning
penalty, 97.67% said they were aware of the penalty and
6.98% said they had been penalized [32]. The
Environment Law No. 2872, as well as the
corresponding provisions of Law No. 5491 and Forest
Law No. 6831 modifying this law [41, 42], imposes
penalties on individuals who violate the stubble burning
laws. Although most farmers observe this regulation,
there are still some farmers who burn stubbles. The
location of the burning stubble, however, remains
unknown [13].

According to a study done for environmental
engineer candidates to apply their environmental
knowledge to daily life, 89% of engineer candidates
knew about the dangers of burning stubble and cases of
burning stubble, and 100% of them showed positive
behaviors.

As a result, it is believed that the engineer candidates
are aware of environmental issues in the city where they
reside and in the country where they live, and that this
awareness is a result of their vocational education [43].
Another study in Tokat province found that 49.02% of
farmers had a moderate degree of environmental
consciousness, 27.45% of farmers had a low level of
environmental awareness, and 23.53% of farmers had a
high level of environmental awareness [44].

In another study, 71% of farmers said they prefer to
mix the stubble into the soil rather than burn it, and when
asked what method they prefer, 57.38% said they want to
mix the stubble into the soil. Some farmers have reported
that they manufacture hay and bales out of the stubble.
None of the producers also said that they did not obtain
alternative approach information from a consultant or
agency [32].

4 Results

Remaining plant wastes are burned unconsciously in
many parts of Turkey, especially after wheat harvest.
The stubble should not be burned for any reason in order
to boost the productivity of agricultural land, protect the
life of the soil, raise the amount of organic matter in the
soil, make the soil more resistant to erosion, and obtain
more Crops per unit area.

With stubble fires, animals' grazing areas are burned,
fires spread to unharvested agricultural land, macro and
micro living beings in the soil are killed, soil organic
matter is burned, nutrient substances for plants in the soil
are reduced, soil water capacity is reduced, water and
wind erosion are increased, ecologic balance is disrupted
with forest fires, and drinking water sources are
contaminated. All scientific research on the subject
concludes that burning stubble is an unintentional act
committed without regard for the future. As a result, it
has been determined that both farmers and all
professions working in agricultural areas should be

aware of the problem of stubble burning and provide
training to address it.

5 Suggestions

Instead of burning stubble, alternative stubble
management strategies should be organized for farmers,
with a focus on the importance of this matter, so that the
soil's biological, chemical, and physical structures, as
well as the environment’s natural equilibrium, are
conserved. It is anticipated that conducting practical
research that would enhance awareness and knowledge
levels by connected institutions would be advantageous
in disseminating alternative ways in trainings.

It is vital to use instruments that mix the stubble
under the soil so that it does not interfere with the
preparation of the seed bed after the harvest. Harvesting
should be done with a harvester close to the soil's
surface. Following the wheat harvest, the second crop,
corn, soybean, and sunflower cultivation, should be
encouraged to employ direct sowing methods.

In regions where there is too much stubble, nitrogen
fertilizer should be applied to around 1% of the
remaining stalk to ensure that the stubble breaks down
and decomposes into organic matter. This and other
technical advantages should be passed on to farmers in
the next training programs, and they should be led to
stubble management approaches that are more effective,
cost-efficient, simple, and helpful than stubble burning.
In order to attain these goals, producers must be provided
with technical assistance as well as training. Incentives
and grant programs should be provided to producers in
order to prevent a shortage of technical equipment,
equipment, and machinery that will be required to put all
of these recommendations into action. In the case of wild
plants and insects, pesticides are recommended instead
of stubble burning [11].

The Ministry of Environment and Forestry and the
Ministry of Food, Agriculture, and Livestock have
created recommendations and fines for stubble burning,
which have greatly aided the fight against stubble fires.
However, the number of trainings required to raise
producer awareness of the negative effects of stubble
burning on agricultural production should be increased
and maintained.
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Abstract

Original scientific paper
In this paper, permanent magnet direct current (PMDC) motor was designed and analyzed; The obtained speed, efficiency, torque and air
gap flux distributions were examined and the results were compared with literature for the motor type. In order to compare the designed
machine with literature, magnets made of the same materials and having the same geometric dimensions were used, as well as the basic
motor features. The rated current, voltage, speed, torque and efficiency of two surface magnet motors with different rotor structures,
including the eddy current effect, torque-speed characteristics and magnetic analysis, were investigated using the ANSYS-MAXWELL
program, which performs a solution based on the Finite Element Method (FEM). This study will be a useful study for the literature in terms
of examining the basic structure, electromagnetic properties, speed-torque values, efficiency of motor with surface permanent magnet (PM)
rotor and comparing with literature.

Keywords: Motor, permanent magnet (PM), FEM, maxwell.

SEY TABANLI ANSYS-MAXWELL ILE KALICI MAGNET DC MAKINALARIN TASARIMI VE
ANALIZ|

Ozet
Orijinal bilimsel makale

Bu ¢alismada, sabit miknatisli dogru akim (SMDA) motoru tasarlanmig ve analiz edilmistir. Elde edilen hiz, verim, tork ve hava araligi aki
dagilimlart incelenmis ve sonuglar motor tipi igin literatiir ile karsilagtirtlmigtir. Tasarlanan motoru literatiirle kargilagtirmak igin temel
motor Ozelliklerinin yani sira ayni malzemelerden yapilmis ve ayni geometrik boyutlara sahip miknatislar kullanilmistir. Farkli rotor
yapilarina sahip iki ylizey miknatisli motorun anma akimu, gerilim, hiz, tork ve verimleri, girdap akimi etkisi, tork-hiz karakteristikleri ve
manyetik analiz dahil olmak {izere, Sonlu Elemanlar Yontemine (SEY) dayali ¢6ziim gerceklestiren ANSYS-MAXWELL programi
kullanilarak gergeklestirilmistir. Bu ¢alisma, yiizey sabit miknatisli (PM) rotorlu motorun temel yapisi, elektromanyetik 6zellikleri, hiz-
tork degerleri, veriminin incelenmesi ve literatiirle karsilagtirilmasi agisindan literatiire faydali bir ¢caligma olacaktir.

Anahtar Kelimeler: Motor, sabit miknatis (SM), SEY, maxwell.

found. In addition, although there are disadvantages such
as the complexity of the control circuits and their high

1 Introduction

With the developing technology, the number of high-
performance products that make human life easier is
increasing day by day. Along with the increasing smart
technology, integrated products arising from the
machinery and electronics sector are also being
introduced. One of them is brushless direct current (DC)
motor. It provides many advantages such as high torque
density, absence of brush losses, low moments of inertia,
good speed control, low maintenance costs, quiet
operation and high efficiency compared to brushed DC
and stepper motors, which are other stakeholders in the
sector, and are used in many application areas in the sector

* Corresponding author.
E-mail address: yildirimozupak@gmail.com (Y. Ozlpak)

costs, studies to reduce the cost in this direction continue.

Some of the usage areas of brushless DC motors with
different power and dimensions can be counted as
industrial, household appliances, office vehicles,
automotive, transportation and transportation, defense
systems, health, aviation, construction-building vehicles
and renewable energy systems applications [1].

In the literature, it is seen that the studies on the
subject are generally in the direction of the use of motors
in engineering systems, control, design stages and
production process. In a study, studies were carried out on
the simulation of brushless DC motor using ANSYS
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Maxwell 3D program. In this paper, the temporary and
steady state behavior of four different types of motors that
can be used for high-performance electric bicycles are
examined and the performances of the motors are
evaluated [2]. In a study on the design and prototype
production of an outer rotor brushless synchronous
electric motor for electric bicycles, prototype tests were
carried out using the experimental setup and it was found
that it largely overlaps with the simulation results [3-5].
The importance of permanent magnet motors is increasing
day by day, as important developments in permanent
magnets and power electronics elements reduce the size
of these elements, become cheaper and more efficient. PM
motors are not the most common motors used today, but
they will become the most common motors over time as
their cost decreases due to their compactness, high power
density, high torque, high acceleration/torque ratio, easy
drive and high efficiency characteristics [6-8].

There are many different types of PM motor
structures according to the usage area (constant torque,
constant speed, constant power). Recent studies in the
open literature show that many researchers and engineers
have started working on this motor design. In a study by
Dajaku and Gerling [9], the parameters and
electromechanical moments of PM motors of different
structures used in hybrid vehicles were investigated using
the ANSY'S program. In another study, a new approach to
optimizing surface magnet PMDC (permanent magnet
direct current motor) design was investigated. Other
studies have been done on analytical calculation,
modeling and optimization of PM motors.

In general, these motors are tolerated at small and
medium powers. It has also been used for higher powers
in recent years. These motors, which have a simple
structure, have independent or integrated electronic
commutation, produce high torque per ampere and do not
change according to the operation, these motors have
attracted motors to wide areas of use, including domestic
and industrial applications. pushes to produce designs.
One of the configurations is a slotted and slotless BLDC
motor. A spotless BLDC is a motor that comes without a
stator core.

Depending on the position of permanent magnets,
motors with rotors mounted inside are called axial flux
motors, and radial flux motors are motors with rotors
mounted on the stator. The motor assembly is simplified
by the internal structure, eliminating the problem of
holding the magnets against centrifugal force. It is also
possible to use rectangular magnets instead of arc-shaped
magnets.

In general, rotational loss (friction + wind) in motor
design can be neglected because it is low compared to
other losses, but it should be avoided for best results. In
2016, Prathamesh Mukund Dusane used 3D ANSYS-
Maxwell for these motors with different number of
grooves and poles, their drawings and results were given
in detail and the results of these motors were compared
with each other [10].

Motor performance can be largely predicted even
before production is confirmed. This is because multiple
design iterations can be done faster at lower cost and new
designs are created by optimizing the original parameters.
Performance analysis can also be performed under faulty

conditions. Accurate calculation of motor parameters and
characteristics is foreseen in terms of field calculation and
result analysis [11-17].

Various design configurations exist in the literature
with their advantages and disadvantages. Single-phase
permanent magnet brushless DC motor with higher speed
is described in [12]. This motor also has the disadvantage
of high torque ripple and low torque/amperage. A two-
phase motor with 100% copper usage and 67% magnet
usage was investigated in [19]. In [17] it is stated that a
three-phase BLDC motor is at least 15% more efficient
than a two-phase BLDC motor with similar ratings.

The analysis of the machine using permanent
magnetic circuit dimensions was carried out using the
ANSYS-MAXWELL program. In order to make a
comparison, the design of the PMDC motor has been
compared with machines of different geometric structure
and similar dimensions. In this study, the analysis and
comparison of the magnet geometry were made together.

2 Material and Method

The benefits of using PMs in electrical machines can
be summarized as follows:

» No energy is consumed for the excitation system and
therefore there are no excitation losses that cause a
decrease in efficiency,

High torque and/or output power,

Better dynamic performance,

Simpler construction and easy maintenance,

Cost reduction of some machine types.

VVVY

There are conventional three-phase windings in the
stator of the PM motor, and there are permanent magnets
placed on the surface or embedded in the rotor in the rotor
[2]. These motors require extensive speed control; They
are widely used in devices such as computer disk drives,
copiers, laser printers, scanners, office tools such as fans,
industrial robots, robotic arms.

2.1 Permanent Magnets (PM)

Permanent magnets have the same effect as
electromagnets in terms of magnetism; Therefore, they are
widely used to provide excitation in electrical machines.
These magnets are useful because they store magnetic
energy and do not waste this energy during the operation
of the machine. Today, the most commonly used PMs in
electric motors are:

» Alnicolar: Al, Ni, Co, Fe;

» Ceramics (Ferites): Barium Feritte and Strontium;

» Rare earth magnets: Samarium-Cobalt (SmCo),
Neodymium-Iron-Boron (NdFeB).

Alnico magnets are more advantageous than ceramic
magnets in terms of high flux density and low temperature
change. However; Although alnico magnets have lower
resistance to demagnetization compared to ceramic
magnets, their costs are higher. Rare earth magnets show
very good magnetic properties but are generally more
expensive than alnico and ceramic magnets.
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2.2 Types of PM

Figure 1 shows the basic structures of three types of
surface magnet PM motors. Basically, magnets can be
embedded in the yoke and body of the rotor iron, as well
as placed on the surface of the rotor. In addition, the
magnet positions connected to the rotor can be changed as
inner rotor and outer rotor. Internal surface rotor PM
motor designs were made. Rotor structure and the position
of the magnets placed on the rotor have important effects
on the structure of the motor. In order to make the flux
density in the air gap homogeneous and to obtain more
uniform fluxes, the magnets to be placed on the rotor
surface should be in the form of an arc. This increases the
cost of manufacturing magnets. However, since
rectangular magnets will be used in embedded type
magnet rotors, the cost is cheaper.

ooao

Figure 1. Different rotor structures of the surface magnet PM motor;
a) surface magnets perpendicular to the rotor shaft, b) surface magnets
parallel to the rotor shaft, c) bread-shaped magnets.

2.3 Mathematical Model

Magnetic energy plays a very important role in
generating torque. Therefore, it is necessary to formulate
the magnetic energy. In order to formulate this energy, the
equation of the magnetic vector potential depending on
the magnetic field strength must be known. The moment
value can also be obtained from this equation. The
velocity-dependent  two-dimensional magnetic  field
equation can be expressed as follows [18]. The torque
developed by the BLDC motor is expressed by equation

).
T = 2NNy BeLR, ol = kil 1)

Where, N is the number of turns in the groove, N,,, is
the number of poles, By is the air gap flux density, L is the
active length of the motor, R,.,is the rotor outer diameter,
and | is the current through the conductor. The 2N factor
is that the three-phase inverter is operated in 120 0C
conduction mode, that is, 2 phases carry current at any
given time.

The opposite MMF expression for the BLDC motor
is given in equation (2) [18].

Ep = 2NNy BgLR ;o Wy, = kel )

Where W, is the angular velocity of the rotor. When
the torque and reverse MMF equations are compared, it is
seen that the torque and back emf constants are equal in
equation (3) [18].

ky = k, = 2NN,yByLR,, ©)

Results from the motor can be expressed in terms of
main dimensions, specific electric and magnetic charges,
and speed. The kVA value of the BLDC motor is given
below.

Q= CoRgoLWm (4)

Where, C, is a constant and is expressed as given in
equation (5).

C, = 11B,,ack,, * 1073 (5)
Where, B, is the magnetic charge, ac is the electrical

charge and k,, is the winding factor. Copper losses for two
phases, P.,

LN2N,
P, =212 ‘;(WTAQ (6)

It is expressed as Here, p is the density of the copper
wire, N, is the number of turns per phase, K,,,;, is the filling

factor of the bare wire, and A, is the air gap. Wind and
friction losses [17]:

3
szmpout (7)

The weight of the gears of the stator;
W, = piA¢NsL (8)
is defined as. In the equation, p; represents the density of
iron, A, represents the cross-sectional area of the teeth and
N,the number of grooves. The weight of the stator yoke is
given by equation (9).
Wsy = piAsyL 9)

A, is the cross-sectional area of the stator yoke. The
weight of the rotor yoke is expressed as follows [19].

Wy = piAryL (10)

Where 4,.,, is the cross-sectional area of the rotor yoke.
Total iron weight;

Wiotar = VVry + I/Vsy + W (11)

it has been defined as.
Total iron loss is calculated by equation (12).

Piron = Lkg * Weotar (12)

Where Ly, is the loss in Watts per kg of stator material.
Power input to the motor is given by:

Pin=Pout+Pcu+Piron+Pf (13)
Machine efficiency 1 (%)

n (%) = 2 (14)
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Maxwell program based on FEM was used to solve
the above equation. Thus, the torque value can be reached
directly.

2.4 FEM Analysis of PMDC

The detailed knowledge of the flux distribution in the
air gap of a PM motor plays a very important role in the
accurate estimation of the torque and efficiency
characteristics of the motor. For very simple geometries,
the magnetic flux distribution can be calculated
analytically. Magnetic flux distribution in most cases; It is
obtained by numerical methods such as Finite Element
Method (FEM). In this study, the magnetic analysis of the
designed PMDC motors was investigated using the
Maxwell 2D program. The simulation was completed
using the following steps;

Creating a geometric model,

The assignment of the materials that make up the
structure of the motor,

Determination of boundary conditions and
networking process,

Identification of sources of electromagnetic excitation
(assignment of currents to the windings),
Determination of other quantities to be calculated
(such as force, moment, and leakage flux),

The start of the analysis process,

Examining the results.

vV VYV VY V¥V VYV

After the completion of these steps, the general motor
structures given in Figure 2 are obtained and the path
followed by the magnetic fluxes, flux densities, intensities
and stored magnetic energies can be examined through the
same Figs. The geometric dimensions of the slot are given
in Table 1.

Ball | |- +

—

|<E:'.1

Hsl
Hsl

Figure 2. General view of the designed motor structure and slot type.

Table 1. The geometric dimensions of the slot.

Name Value Unit
HsO 2 mm
Hsl 1 mm
Hs2 30 mm
BsO 2 mm
Bsl 6 mm
Bs2 12 mm
Rs 0.6 mm

2.5 Parameters of Designed PM Machines

Rotor core is made of NdFeB magnets and stator core
is made of M19_24G material and copper coils are placed
in the stator slots. All analyzes were made according to
constant power value (1500 W). For this reason, the speed

changes of the motors are between 500 and 550 rpm.
Dimensions of the designed motors; It depends on the type
of current, the rated speed, the motor winding coefficients
and the power of the motor. The general geometry of the
designed motors is given in Figure 2. Rated values, stator
and rotor geometries of the designed motors are given in
Table 1-3. The materials used for different parts of the
motors are given in Table 4.

Table 2. Parameters of the designed motor.
Parameter Value
Rated output power (W) 1500
Rated voltage (V) 48
Number of pole 36
Windage loss (W) 20
Frictional loss (W) 10

The values of the stator and rotor geometries of the
designed machine are presented in Table 3 and Table 4,
respectively.

Table 3. Stator geometry parameter.
Parameter Value
Number of slots 30
Outer diameter 210 mm
Inner diameter 110 mm

Lenght 50 mm
Stacking factor  0.95
Material M19 24G

Conductor type  Copper

Table 4. Rotor geometry parameter.

Parameter Value
Outer diameter 108 mm
Inner diameter 40 mm
Stacking factor 0.95
Lenght 50 mm
Material M19 24G
Magnet thickness 4 mm
Magnet type NdFe35

2.6 Winding Topology

Working principle of electrical machines; It is based
on the magnetic field created by the current flowing
through the windings of the machine and the interaction
of the magnetic fields with each other. A wide variety of
winding types can be used, depending on the conductor
dimensions, weight, efficiency and power density of the
motor. In this study, a distributed two-layer winding type
was used for all motors. One of the most important factors
to be considered in the winding topology of the machine
is; The magneto motor force (MMF) produced in the stator
windings is as sinusoidal as possible.

For this paper the number of phases in the motors is
designed as three and the number of windings in each slot
is 40. Figure 3 clearly shows the stator coils and the
bilayer structure of the coils. The designed motors are
driven by a circuit consisting of six transistors. The
purpose of these transistors used in the circuit is to provide
commutation. During each commutation, only the first
coil of the motor stator is charged with positive voltage
and the second coil with negative voltage. With the square
wave obtained thanks to this circuit, the motor works
without interruption [11].
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Figure 3. Stator and coil structure of motors.
3 Result and Discussion
Machine parameters and electromagnetic torque

considerations are very important for the design and
analysis of electrical machines.

Figure 4. a) Magnetic flux lines of the designed machine, b) magnetic
field strength, c) flux lines.

In the designed motor, permanent magnets of the
same dimensions were placed according to the hair
package structure of the rotor and magnetic analysis was
performed accordingly (The flux lines of the designed
motor are as in Figure 4). The simulation results are given
with curves and graphs in order as in Figs. 4-8. And it has
been understood that the rated operating limits are within
acceptable values. The BH curves of the NdFeB magnet
used in the rotor and the M19_24G materials used in the
stator go into saturation at 2.46 T and 1.34 T points,
respectively.

The flux distribution completes the circuit smoothly
(without breaking in the air gap) over the rotor, air gap and
stator. This means that the air gap area of the designed
motors is at an appropriate value. In addition, it is
understood from the performance curves of the motors
and the tables that the air gap values left are in an
acceptable range.

Tablo 5. Analysis results of the machine.

Parameter Value
Rated speed (rpm) 920
Rated moment (N.m) 22.1
Output power (W) 1500.24
Input power (W) 1875.71
Total loss (W) 375.57
Efficiency (%) 79.2

The variation of the air gap flux density was obtained
as in Figure 5. The air gap flux densities of the designed
PM motor are trapezoidal and sinusoidal.

Ansys

100 Curve Info
Air-Gap Fiux Density

(Tesla)
e
8
L

. . . . ' . . . v , v . . .
0.00 125.00 250.00 375.00
Electric Degree

Figure 5. The air gap flux densities.

As seen in Figure 6 and Equation 2, while the motor
is starting, it draws excessive current from the network
since the speed is zero at the beginning.

Ansys

T Gurve Info
625.00 ] Inpul DC Curent

500.00 -
~ 375.00 7]
L

25000 ]

125.00 -

0.00

T T T T
0.00 200,00 400.00 600.00 800.00 1000.00

n (rpm)

Figure 6. Current and speed curve.

Ansys

—_—
3000.00 Curve info

—  Outpul Power
2500.00

2000.00 -

£ 150000
1000.00

500.00 -

T T T T
000 200 00 40000 600 00 800 00 100000
n (rpm)

Figure 7. The rapid variation of the output power.

The rapid variation of the output power is shown in
Figure 7. Where, the power-speed variation of type b
motor is wider than other motor. Therefore, this type of
motors are used in places that require power-speed
variation in wide ranges. The efficiency-speed curves of
the designed motor were obtained as in Figure 8.

Ansys

80.00 Curve Info
— Emciency

60.00 -

£ 000 -]

20.00

0.00 T T T
000 200.00 400.00 600.00 80000 1000.00
 (rpm)

Figure 8. The efficiency-speed curves of the designed machine.

As mentioned before, torque and speed are inversely
proportional to each other and the torque-speed curves of
the designed motor are obtained as in Figure 9.

Ansys
25000 Curve mlo
— ouput Toraue|

T T T
0.00 200.00 400.00 600.00 800.00 1000.00
n (rpm)

Figure 9. Torque-speed curves of the designed motor.
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Output current and voltage curves are given in Figure
10 and Figure 11.

Ansys
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Figure 10. Current and electric degree curve

Ansys
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Figure 11. Voltage and electric degree curve

It is desirable that the moment-speed curve of an
electrical machine is linear. It is seen that the torque-speed
curves of the designed motor are approximately linear. As
can be seen from the graphics obtained as a result of the
study, the more the magnets spread over the rotor surface,
the higher speeds they can reach with the same efficiency,
by coating the rotor surface of the magnets. Similarly,
higher output power can be obtained at the same speed if
magnets are placed so that they cover the rotor surface.

4 Conclusion

In this paper, general and magnetic analysis of surface
magnet PMDC motor was made using Maxwell program
and analysis results; Topology, size, magnetic field, air
gap flux, voltage, torque, velocity, losses, weight and
efficiency were compared. Fundamentals of magnetic
circuit and necessary basic equations used in
electromagnetic field have been obtained. In this paper,
Permanent magnet BLDC motor used in 1500 W and 550
rpm solar power vehicles is designed. In the study, it has
been observed that the efficiency of the motor at nominal
torgue and nominal speed is very good. The efficiency of
the motor was obtained as 79.2 %. When the analyzes are
compared with the literature, it is understood that the
efficiency of the machines in these structures and powers
is close to each other. It is possible to design smaller and
more economical machines by optimizing flux
distributions and magnetic field strengths.
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Abstract

Original scientific paper
Dental X-ray imaging helps dentists detect many problems such as caries, cysts, and jaw structure problems. Clinical
diagnosis and preventive examinations of dental structures play an important role by providing a comprehensive imaging
evaluation with panoramic x-rays for dentists. Therefore, researchers primarily use image processing methods to analyze and
improve a dental X-ray image and increase its contribution to the diagnostic time. Image segmentation, classification,
threshold-based analysis, artificial neural networks, and frequency-based methods are the most widely used image processing
techniques to analyze medical images and assist in the development of computer aided medical diagnosis systems. In this
study, images were analyzed in terms of noise removal by using convolutional neural networks and binary and wavelet filters
to improve the images that were distorted and lost their clarity as a result of noise caused by various reasons during shooting.
The performances of these methods were compared, and it was seen that successful results were obtained in different noise
types by using convolutional neural networks.

Keywords: Convolutional neural network, denoising, panoramic radiograph, wavelet.

PANORAMIK DiS X-RAY GORUNTULERININ GURULTU GIDERILMESI
UYGULAMASI

Ozet
Orijinal bilimsel makale

Dental rontgen goriintiilemesi, dis hekimlerinin ¢iiriik, kist ve ¢ene yapisi sorunlari gibi birgok sorunu tespit etmesine yardimci olur. Dis
hekimleri i¢in panoramik rontgenler ile kapsamli bir goriintiileme degerlendirmesi saglayarak dis yapilarmin klinik teshisi ve dnleyici
muayeneleri 6nemli bir rol oynamaktadirlar. Bu sebeple, arastirmacilar dncelikle bir dental rontgen goriintiisiinii analiz etmek, iyilestirmek
ve teshis siiresine katkisini artirmak igin goriintii isleme yontemlerini kullanirlar. Goriintii boliitleme, siniflandirma, esik tabanl analiz,
yapay sinir aglari, frekans tabanli yontemler, tibbi goriintiileri analiz etmek ve bilgisayar destekli tibbi teshis sistemlerinin gelistirilmesine
yardimei olmak igin en yaygin kullanilan goriintii isleme teknikleridir. Bu ¢aligmada, ¢ekim sirasinda gesitli nedenlerle olusan giiriiltiiniin
sonucunda bozulan ve netligini kaybeden goriintiilerin iyilestirilmesi i¢in evrisimsel sinir aglari, biliteral ve dalgacik filtreleri kullanilarak
goriintiiler giiriiltii giderme agisindan analiz edilmistir. Bu yontemlerin performanslari karsilagtirilmig olup evrisimsel sinir aglari
kullanilarak farkli giiriiltii tiirlerinde basarili sonuglar elde edildigi gériilmiistiir.

Anahtar Kelimeler: Evrisimsel sinir aglari, giiriiltii giderme, panoramik rontgen, dalgacik.

1 Introduction dentists and the satisfaction of the patients directly in the
follow-up of the treatment processes. In addition to these,

Medical images x-ray, computed tomography, X-ray imaging is generally preferred because it is a low-

magnetic resonance can be obtained by various methods X-
ray images are used in many medical areas. Dental x-rays
are one of them. Thanks to the x-ray and imaging
applications performed within the scope of dentistry
services, diagnosis and treatment processes can be carried
out effectively. Dental radiology and imaging play a role
in diagnosing oral and dental health problems and creating
a treatment plan. Thus, it increases the success of the
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cost method [1].

Panoramic x-ray is an important factor in the definitive
diagnosis of many dental applications that cannot be
detected during physical examination, such as determining
the position of the impacted tooth, diagnosis of jawbone
fractures, implant planning, root canal treatment. Taking
advantage of the developing technological opportunities
contributes to better results from the treatments. Panoramic
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x-ray application, which enables the visualization of
pathological formations in the teeth, jaw bones, and jaw
bones in a single film, is an important application that is
frequently used to obtain effective results in dental
treatments. The physician's imaging of all the details helps
to carry out the correct diagnosis and treatment processes.
Therefore, after the first examination of the patient, it is
drawn to determine the treatment way.

X-rays were used as the material of many studies to
increase the quality of images, classify or cluster certain
features, and identification applications. Denoising
operation for biomedical images is an important and
challenging task as it requires the elimination of non-image
components while preserving some details of diagnostic
information, which can be done in many different ways [2].
The body region where medical imaging takes place and
the image characteristics of this region affect the noise
generation and noise removal success[3].

In recent studies, two types of image noise removal
methods are used, these are traditional algorithms and
neural network-based deep learning methods. Methods
based on wavelet transform are among the traditional
methods. The main advantages of the wavelet
decomposition and reconstruction method are its simple
algorithm and short processing time due to fast
computation. However, in the removal of some types of
noise, such as white noise, these methods yield not very
good performances from this method [4].

In this study, noise removal processes were applied
using wavelet and bilateral filters, especially convolutional
neural networks (CNN), which can bring new approaches
to noise removal and has a good performance.

The most important criterion in determining the model
architecture is to determine the appropriate depth for better
performance. The depth of the model should be decided
depending on the effective patch size and noise level in the
image. Usually, high noise level image noise removal task
requires large effective patch size. The DeepCNN model
proposed here now learns to predict the image and this
process is aimed at distinguishing the main image and the
noise according to the information it has learned[5].

With the development of deep learning, some methods
have outperformed traditional image analysis and
computer aided diagnostic technologies. It is seen in the
studies that deep learning methods provide high
performance in removing ambiguous noise types thanks to
their higher level of feature representation capabilities than
traditional methods. Deep convolutional neural networks,
such as deep convolutional neural networks, have achieved
great success in the field of image noise removal. DnCNN
network is frequently used in the literature to remove
Gaussian noise [6].

Deep convolutional neural networks have been
popular in medical research in recent years due to their
impressive  results in detection, prediction, and
classification. Analysis of panoramic dental radiographs
helps professionals observe problems in areas where vision
cannot be clear or in hard-to-reach areas. at the same time,
poor image quality or fatigue can lead to deviations in the
accuracy of the diagnosis, which can ultimately hinder
treatment. For this reason, as in all other medical imaging
fields, the use of panoramic X-Ray images, which can help
medical personnel make decisions regarding the correct

diagnosis, is one of the most frequently applied methods in
the dental field [7].

Wang et al., 3 different methods based on deep
learning were wused for noise removal and their
performances were compared. It has been shown that deep
learning-based methods can be used for noise removal both
purely and hybridly [8].

Wavelet-based methods decompose the image into
many sub-bands as low and high frequency components to
form a filter bank using perpendicular wavelet coefficients
and perform a thresholding operation on the coefficients
[9], [10]. Many thresholds value estimation and
thresholding methods have been proposed in this field.
Thresholding is a method that accepts the noise component
of the simple nonlinear wavelet-based transform
coefficients and eliminates them as noise components. If
the coefficients are less than the estimated threshold value,
they take the value to zero, if they are larger, they are either
kept as they are or changed. This process is called hard or
soft thresholding, depending on how it is applied.

In spatial domain filtering from traditional methods,
the image is separated into frames and each frame is
filtered one by one. It is a kind of spatial domain filtering
method in bilateral filtering. Biliteral filters are used to
prevent image deterioration and they are non-linear edge-
protecting and noise-reducing, smoothing filters [11].

Therefore, the aim of the present study is to evaluate
the application of four noise reduction algorithms to 4
different noises for dental panoramic x-ray images and to
perform a comparative analysis of the algorithms'
performance.

Section Il describes the materials and methods in other
parts of this article. Section Il includes the experimental
procedure, the relevant results, and considerations of the
results. The final general analysis of the article was made
in section IV.

2 Material and Methods
2.1 Material

Images were taken from Dentanest Plus Dental Clinic
in Ankara. The images used in this study include images
taken for periodic controls of patients in the 0-12 age
group. Images are obtained from Morita brand 2D/3D
Imaging model device. All the methods are applied for 30
test images. Images size is 1536x2871x3.The dataset
hasn’t been used in an academic or scientific study before.

2.2 Methods
2.2.1 Convolution Neural Networks (CNN)

Convolutional neural networks entered the literature
for the first time with the work of LeCun et al. [12]. It is
frequently preferred for operations where feature
extraction cannot be done manually in signal image and
video based applications [13]. In literature, generally CNN
is used for removing for gaussian [14]-[16] and
salt&pepper [17]-[20] noise. In particular, it is seen that
the studies on the elimination of gaussian noise are in the
majority [11]. CNN is one of the deep learning methods
that stand out with their speed and accuracy. CNN have

International Journal of Innovative Engineering Applications 7, 1(2023), 13-20

14



The Effect of Using TiO2/Water Nanofluid in Plate Heat Exchangers on Thermal Performance

been used to solve problems encountered in many fields
such as image processing and signal processing in recent
years. Denoising convolutional neural network (DnCNN)
is a method prepared to reduce noise in images and provide
a high-performance solution. DNCNN has been preferred
in many applications because it is a method that increases
the processing performance by reducing the amount of
data. However, it should be noted that CNN networks can
also increase the amount of error as the depth of the
network increases. [11]. Although DnCNN is used in the
denoising processes of many different medical images,
there are limited studies for panoramic x-rays.

CNNs like traditional neural networks at each layer.
CNNs are used in many applications, but pattern
recognition is one of the prominent ones [21].

The convolution layer includes the stages of
convolution, activation function (relu) and pooling and
provides extraction of low-dimensional features from high-
dimensional data.

Input Layer

Convl
Relul
BNorm2
Conv2
Relu2
Conv3
BNorm3
Relu3
Conv4
BNorm4
Relud

{

Final Regression Layer

Convl7
BNorm17
Relul?7

Therefore, basic layers of CNN architecture consists of
three layer; these are convolutional layer, pooling layer and
fully-connected layer.

Multiple convolution and pooling layers can be
positioned in succession Next, several fully connected
layers are lined up. With a fully-connected layer, it receives
three-dimensional input by reducing it to one dimension
and a class label is obtained.The softmax layer at the end
of the solution architecture of multi-class classification
problems performs the calculation of the probability
distribution of the output classes. The sequential coupling
depth of the convolutional layer varies, specific to the
problem. The classification layer, on the other hand,
provides the matching of low-dimensional features and
categories and generally has a fully connected neural
network architecture. The convolution operation (Eg. (1))
in the first stage of the convolution layer allows the image
to be filtered with a mask. It aims to obtain images of the
same size as the original image, such as horizontal edges,
vertical edges, angular edges, softened image, sharpened
image as a result of convolution [22]

Convl8
BNorm18
Relul8
Convl19
BNorm19
Relul9
Conv20

Figure 1. Applied DnCnn architecture.

Xij = XaXh Wabyéi_+1a)(i+b) M)

In the convolution layer, there is the activation phase
after the convolution. Instead of activation functions such
as sigmoid and tangent hyperbolic used in classical neural
networks, the relu function in Eq. (2) is used in DnCNN.
This non-linear function ensures that negative values in
the image are eliminated.

y = max(0, x) 2

In the last step in the convolution layer, the pooling
process is performed. In this process, the low-dimensional
images obtained after removing the maximum, minimum,
sum or features on the local image matrix are transferred
to the classification layer. The error value calculated at the
output is used to update the convolution filter coefficients
and the weights of the layers of the fully connected
structure. This approach is typical feature of
backpropagation networks. Hyperparameters of CNN are
not learned directly, but define their properties. Selection
of parameter is the most critical factor determining the
performance of the method.

Table 1. DNCNN design parameters.

Network design feature Value

Network depth 20

Convolution filter size 3x3x64

Stride [11]

Padding [1111]

Error Mean square error

Krizhevsky et. al. and his associates revealed the
importance of convolution layers in design and the
performance of architecture on big data [23]. For these
reasons, it is observed that the correct determination of the
design parameters is the most important criterion affecting
the result.

2.2.2 Wavelet Denoising

The purpose of noise removal is to make the
components that form the basis of the image much more
distinguishable from the parts that do not belong to the
image. In this way, the most important features of the
image are preserved and the noise, which is not the main
component of the image, is removed [24]. Since wavelet
transform is a method that performs by separating the
image into components, it provides success in removing
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many noises. The noise removal operation with wavelet
transform consists of 3 main steps, namely separation into
components, thresholding and inverse transform. Firstly,
the wavelet and decomposition level are selected. The
wavelet transform is applied to the signal. And wavelet
coefficients are obtained. The details and approximations
of the signal are obtained from these wavelet coefficients.

In the second step, thresholding is selected for each
decomposition level and soft thresholding is applied to the
detail coefficients. Finally, the inverse wavelet transform
is obtained by using the approximation coefficients of the
signal at the last decomposition level and the thresholder
detail coefficients from 1 to the last level[25].

2.2.3 Bilateral Filtering

Bilateral filtering is used Gaussian kernels for image
filtering. Bilateral filter is a kind of anti-aliasing filter that
protects the edges and reduces noise as a result of its non-
linear application for images. The intensity of each pixel
in the image is based on varying the neighboring pixel
values by calculating the average intensity values. The
intensity of each modified pixel here is not just dependent
on the Euclidean distance between pixels. At the same
time, it also changes with different features such as depth
distance and color density in the image. Thus, it is ensured
that the significant points in the image are preserved [26].
The bilateral filter creates an intensity value combination
that takes into account both geometric proximity and
visual similarity, while favoring near pixels away.
Geometric proximity refers to spatial similarity, while
visual similarity refers to spectral similarity. Therefore, a
bilateral filter can be defined as a combination of two
Gaussian filters, spatial and spectral.

Y, = W—z Y ) £ (Y () = YD gs(llx; — x1) 4)

Y,.: Output image

x: Input image

Q: Window centered on the pixel to which the filter will
be applied x; € Q:

fr: Function used to smooth out the differences between
pixels

gs: Spatial function used to smooth out the differences
between coordinates

2.2.3 Types of Noises

One of the most well-known noise models is Gaussian
noise. this type of noise is sampling of the gauss
distribution and therefore proceeds additively. To
summarize, each pixel value in the noisy image in Gauss
noise consists of the sum of the actual pixel value and the
noise value generated as a random Gaussian distribution

[27] (Eq. (3)).

1
oV2T

P(x) = * e("“‘)z/Zcf2 3

O mean
u : standard deviation

Impulse response, which is widely used in image and
signal processing, models this type of noise. For this
reason, it is used in the literature as impulse noise or
salt&pepper noise. It is also called instantaneous noise,
random noise or independent noise. Salt and pepper noise
causes the image to deteriorate by changing the pixel
values in an image to 0 or 255 at the minimum and
maximum gray level. In salt and pepper noise, the value
of 255 means salt noise and the value 0 means pepper
noise[28]. This type of noise is observed as black and
white dots on the image. For this reason, it appears as
sharp and sudden changes on the image. Dust particles or
overheated faulty components can cause this type of noise.

Poisson or shot photon noise is the noise that can
occur when the number of photons detected by the sensor
is not enough. This noise mathematically has a root mean
square value proportional to the square root density of the
image. Therefore, different pixels are affected by their
individual noise values. It creates non-homogeneous
decay in signals at different rates. Best results are obtained
by using methods such as non-local averaging filter,
biliteral filter, block-matching and 3D filtering (BM3D)
algorithms [29] and wavelet applications to remove
Poisson noise.

It is a type of noise that is more common in medical
images. This noise is modeled by multiplying pixel values
with random values.

P=I1+nxl (5)

N speckle noise distribution image
I: input image
n: uniform noise image with mean and variance

In the case of ultrasound images, speckle noise arises
when a sound wave arbitrarily hits small particles or
wavelength that interferes with a scale equivalent to
sound. Speckle noise is a random type of noise. Many
different methods are used to fix it.

3 Results & Discussion

All images used in this study are images of pediatric
patients. The most common difficulties faced by
pedodontists are the movement of pediatric patients
during the panoramic x-ray and the inability to control
their breath during the extraction. For this reason, it causes
several problems especially noise in the images. Two
sample are shown in Fig. 1 and 2.

In this study, Gaussian, salt&pepper, speckle and
poisson noises are frequently used in the literature. Noisy
images are shown in Fig. 2.
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Figure 3. Original and different noisy images histograms for sample a) Original image b) Gaussian noisy image c) Salt&pepper noisy image d) Speckle
noisy image €) Poisson.

Histograms are graphs that show the values of pixels
containing images. The image histogram shows how
many pixels are detected by detecting pixels at each point
of the image. In this way, various information about the
image is extracted from the histogram. Adding noise
causes changes in the histograms of the images. Because
the pixel values corresponding to the mathematical
functions that make up the noise affect the distribution.
The effects of different noise types on the histogram are
shown in Fig. 3.

DnCNN, biliteral filtering and wavelet filtering were
used to remove the noise from noisy image. The results
obtained after applying all methods were compared by
calculating peak signal to noise ratio (PSNR) and
structural similarity index (SSIM ) values.

PSNR and SSIM, which are the performance criteria
commonly used in noise removal applications in the
literature, were used to compare the results obtained from
the methods used in this study. Firstly, we briefly explain
these approaches [30]-[35]

«10*

The PSNR scale calculates the ratio of the peak signal
to the power of noise between two images. The peak
signal represents the actual value, and the noise represents
the error. The higher the PSNR, the better the quality of
the image. PSNR is expressed as shown in equation (4).
In this equation, the max value represents the maximum
peak signal value in the original image and the MSE scale
value[30].

MSE = — S5t S123f (m,n) — fu(m, ) (6)
PSNR = 2010g;, () (7)

SSIM scale measures differences between original
and reference images. The difference of PSNR is that it is
based on visible structures. This scale can be computed
via different image windows[30].
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SSIM (x’ y) — (lexlly+C1)(20xy+L~2) (8)

(Ux?+uy?+c1)(ax?+0oy%+c3)

x,y: windows
0. covariance
o?: variance

€1, C5: constants

SSIM scale should be (-1,1) range. If the SSIM value
goes to 1, image quality increases. The SSIM scale

measures the perceptual difference between the original
image and the reference image. Unlike PSNR, it relies on
visible structures in the image. This scale is calculated in
various windows of the image

Performance evaluations of the results obtained from
all methods used were made by comparing PSNR and
SSIM values. Tables 2 shows the averages PSNR and
SSIM values of denoised images of 30 test images with
four different noise types and three different methods.

Poisson
Figure 3. DCNN sample 1&2 result images for different noise.
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The average of the values obtained after applying to
30 images was calculated. These samples used for
evaluation not training process. These values are shown in
Table 2.

When the values obtained because of the analyzes are
examined, it is seen that the noise removal performance of

the DCNN method for all noise types used within the
scope of the study surpasses other methods. Biliteral and
wavelet-based methods, on the other hand, seem to lag in
general, although they are more successful in eliminating
Poisson noise in other noise types.

Table 2. Performance comparison PSNR&SSIM values for different noise.

PSNR [ SssSIM PSNR  |SSIM PSNR |ssIm PSNR | ssim

Gauss Salt&Pepper Speckle Poisson
DCNN 30.1000 [ 0.7349 26.9511 [ 0.7331 30.1628 | 0.7740 47.4974 0.9907
Wavelet 29.5358 [0.7240 25.3221 [ 0.6856 26.7186 | 0.5554 39.6794 0.9361
Biliteral 23.6552 [0.3309 26.1371 [ 0.7075 25.6357 | 0.4502 38.0243 0.9100

4 Conclusion

Deep learning-based image enhancement methods
significantly reduce image noise. It has been observed that
its performance is more prominent than traditional noise
removal methods. It is thought that performance
improvement can be achieved by trying different neural
networks or newly created hybrid models in future studies.
In addition to the existing processes, the performance of
the method proposed in this study can be increased with
different pre-processing methods.

In denoising, the absence of residual images after
denoising and preserving the image's qualities such as
smooth features and edges are important issues. Since
traditional methods usually focus on a single noise type or
one or several features in noise removal, the desired
performances cannot be fully captured in the resulting
images. This situation has been partially avoided in noise
removal studies using deep learning. It has been observed
that more successful results are obtained by using
networks with a deeper architecture during noise removal.
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DETERMINATION OF IN-SITU UNIT WEIGHT AND SWELL FACTOR IN MINE SITES BY UAV
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Abstract

Original scientific paper
Finding a solution to accurately determine the in-situ volume and post excavation swell factor at mine sites is one of the challenges in the
industry. These values are necessary and important parameters in many engineering calculations, from choosing the loader bucket size to
determining the equipment capacities, sizing the waste dump and ore stock areas. In this study, the determination of in-situ volume, unit
weight and swell factor, which are used as variables in many calculations in the detailed planning and projecting of mining activities, by
UAV photogrammetry is presented as a new approach. For this application Kalburgayir1 and Hamal coal fields of Kangal Thermal Power
Plant Electricity Generation Co. were chosen. Using UAV photogrammetry, the volumes of 2 different coal stockpiles in the Kalburgayiri
field and the in-situ unit weights for 5 different locations of a coal stockpile were determined. In addition, by the same method in-situ unit
weights at 12 different locations of the overburden and coal benches and instantaneous swelling factors of the extracted materials were find
out in the Hamal field.

Keywords: In-situ unit weight, swell factor, UAV photogrammetry, mine sites.

MADEN SAHALARINDA YERINDE BiRiM HACIM AGIRLIK VE KABARMA FAKTORUNUN
IHA FOTOGRAMETRISI ILE BELIRLENMESI

Ozet
Orijinal bilimsel makale

Maden sahalarinda yerinde hacim ve kazi sonrasi kabarma faktoriinii dogru bir sekilde belirlemek igin bir ¢6ziim bulmak, sektordeki
zorluklardan biridir. Bu degerler yiikleyici kova biiyiikligii seciminden ekipman kapasitelerinin belirlenmesine, pasa dokiim ve cevher
stok alanlarinin boyutlandirilmasina kadar birgok miihendislik hesaplamalarinda gerekli ve onemli parametrelerdir. Bu calismada,
madencilik faaliyetlerinin detayli planlanmasi ve projelendirilmesinde birgok hesaplamada degisken olarak kullanilan yerinde hacim, birim
hacim agirlik ve kabarma faktoriiniin THA fotogrametrisiyle belirlenmesi yeni bir yaklasim olarak sunulmustur. Bunu uygulamak igin
Kangal Termik Santral Elektrik Uretim A.S.’nin Kalburcayir1 ve Hamal komiir sahalar1 secilmistir. Kalburcayir1 sahasinda 2 degisik komiir
stok y1gminin hacimleri ve bir komiir stok yigmmin 5 degisik lokasyonunda yerinde birim hacim agirliklar IHA fotogrametrisi kullanilarak
belirlenmistir. Ayrica Hamal sahasinda dekapaj ve komiir basamaklarmin 12 degisik lokasyonunda yerinde birim hacim agirliklar ve
¢ikarilan malzemelerin anlik kabarma faktorleri ayn1 yontemle bulunmustur.

Anahtar Kelimeler: Yerinde birim hacim agu-ik, kabarma faktérii, IHA fotogrametrisi, maden sahalar:.

1 Girig sekilde planlanip planlanmadigini dogru bir sekilde
belirtirler. Dogru hacim hesaplamalart ile maden
isletmelerinin dogru optimizasyonu yapilabilir ve yilsonu
finansal sonuglarini daha iyi yansitacak olan zararlar
azaltilabilir. Madencilikte kazilacak veya tasinacak
malzemenin yerinde ve/veya kabarmis hacmi, agirligi ve

Madencilik  faaliyetlerinde = karlilik,  genellikle
operasyonel ekibin maliyetlerini minimuma indirirken bu
gorevi optimize etme yetenegine baghidir. Bunu
yapabilmek i¢in, tasinacak malzemenin (kaya/zemin)

hacmini, agirligint ve kabarma miktarini dogru olarak
belirlemek bir Onkosuldur. Bununla birlikte stok
hacimlerini diizenli olarak bilmek, bir maden isletmesinin
gelecegini planlamak i¢in ¢ok dnemlidir. Hammaddenin
ne kadarmin iretildigini ve sonraki adimlarin etkili bir
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kabarma miktari, yiikleyici kova biiyiikliigii se¢iminden
ekipman kapasitelerinin belirlenmesine, pasa dokiim ve
cevher stok alanlarinin boyutlandirilmasina kadar birgok
miihendislik hesaplamalarinda degisken olarak kullanilan
gerekli ve dnemli parametrelerdir.
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Yerinde ve/veya gevsek birim hacim agirlik ile
kabarma faktorii kum konisi, siirme silindir, su doldurma,
balonlu hacim sisesi, niikleer ve elektromanyetik
yontemlerle belirlenebilmektedir [1-9]. Bu yontemlerle
genel olarak malzemelerin yerinde ve/veya gevsek hacmi
ile agirhig  tespit edilerek istenilen degerler
hesaplanabilmektedir. Laboratuvar deneyleri igin, soz
konusu zemin tabakasindan Orselenmemis numune
almmas1 gerekmektedir. Laboratuvar sonuglari, yapilan
deneyin yontemine ve Ozellikle numunenin kalitesine
baglidir. Her ne kadar Orselenmemis numune alindigi
sOylense de, birgok etkiden dolayr numune az ya da ¢ok
orselenmektedir. Yerinde yapilan deneylerde, malzeme
ozellikleri daha iyi temsil ve karakterize edilmektedir.
Yerinde yapilan bu deneylerle 6rnek almadaki 6rselenme
minimuma indirilmekte ve zemin, i¢inde bulundugu ¢evre
kosullarinda (gerilme durumu, bosluk basinci, doygunluk
derecesi) deneye tabi tutulmaktadir. Yerinde yapilan
deneyler ise 6zel amacli ekipman, yiiksek diizeyde teknik
denetim  ve kalite kontrol degerlendirmesi
gerektirmektedir [10-12]. Bu deney sonuglarinin temsil
oran1 deney sirasindaki hacmi ve agirligi belirlenen
malzeme miktarlariyla sinirlidir. Temsil oranini artirmak
igin ya genis alanli deneyler ya da deney cihazi ve
prosediirii geregi alan biiyiitiilemiyorsa ¢ok sayida deney
yapilmalidir. Temsil oranini artirmak igin bu c¢alismada,
genis boyutlu ¢ukurlar olusturulmus ve biiyiik hacimli
yigmlar dikkate alinms olup hacimleri Insansiz Hava
Arac1 (IHA) fotogrametrisiyle belirlenmistir.

IHA platformlar1 giiniimiizde inceleme, gdzetleme,
haritalama ve 3D modelleme konularinda degerli bir veri
kaynagidir. IHA sistemleri, bir veri toplama platformu ve
Olciim araci olarak maden mihendisligindeki bir¢ok
6lgme uygulamas: i¢in gekici hale gelmistir [13-34].
Madencilik sektoriinde THA ile zorlu arazi sartlarinda
kolay, hizli, yiiksek hassasiyetli ve ekonomik olgiimler
yapilabilmektedir. Ayn1 zamanda is giivenligi agisindan
da c¢ok Dbiyik avantajlar saglamaktadir. Gelisen
fotogrametrik sensor, platform ve uzaktan algilama
teknolojileri  sayesinde IHA, birgok alisilagelmis
yontemlere gore yilksek mekansal ve zamansal
¢oziinlirliik  olanaklarii  sagladigindan  gittikge
yayginlasan bir platformdur.

IHA ile elde edilen yiiksek ¢oziiniirliiklii goriintiiler,
haritalanmig alanlar hakkinda daha fazla ayrinti
vermektedir. Bir yigin ya da kazi hacmi 6l¢imii soz
konusu oldugunda, bu alanlar mitkemmel bir sekle uymaz.
Hassas bir yer 6rnekleme araligina (GSD: Ground Sample
Distance) sahip bir fotogrametrik arastirma, diizensiz
alanlar1 ayrintili olarak daha iyi tanimlayabilmektedir.
GSD, goriintii dosyasindaki pikselin temsil ettigi yerytizii
alan1 olarak tanimlanabilir. GSD degerinin kiigtilmesi,
nesnelerin daha ayrmtili gériintiilenmesini saglamaktadir.
Yiiksek ¢oziiniirliikklii fotogrametrik sonuglar, daha hassas
yigin ya da kazi alam modellerinin olusturulmasini
saglayabilmekte ve dolayistyla belirli 6l¢iilen noktalardan
enterpolasyon yapilanlardan daha iyi hacim 6l¢iim
dogrulugu vermektedir. Maden isletmeleri hacim
hesaplarinda THA fotogrametri yontemi oldukga yaygin
bir sekilde kullanilmaktadir [21,35-37]. IHA fotogrametri
yontemi kullanilarak hesaplanan hacim degerlerinin
dogruluguna iliskin gergeklestirilen ¢aligmalar sonucunda

yontemin basari ile kullanilabilecegi kanitlanmistir
[15,16,18,19,21,29,32,38-40].

Bu ¢alismanin amaci, maden sahalarinda bakir kazi
alanlarinda yer alan birimlerin (6rtii tabakalari, cevher),
dokiim ve stok alanlarinda bulunan yiginlarin yerinde
hacim, birim hacim agirlik ve kabarma faktoriiniin yeni bir
yaklasim olarak IHA fotogrametrisiyle belirlenmesidir.

2 Materyal ve Yontem

2.1 Caligma Sahasi

Calisma sahasi, Kangal Termik Santral Elektrik
Uretim A.S.’nin Kalburgayir1 ve Hamal kdmiir sahalaridir
(Sekil 1). Saha, Sivas ili Kangal ilgesinin simirlar
icerisinde olup ilge merkezinin giineyinde yaklasik 30 km
uzakliktadir.
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Sekil 1. Cahsma alani.

Kangal Termik Santrali’nin komiir ihtiyacinin
karsilandigi sahada ortalama kalinligi 7 metre olan iki adet
komiir damart mevcut olup 5-10 derece egimle Kuzeybati
— Giineydogu yoniinde uzanmaktadir. Tki kdmiir tabakas1
arasinda yaklagik 20 metre kalinlikta, bantlar halinde kil
ve marndan olusan ara kesme mevcuttur. Komiir
tabakalarmin iizerin de ise kiregtasi, marn ve kilden olusan
ortii tabakasi formasyonunun kalinligt 40-45 metre
arasinda degismektedir. Dokiim sahasi malzemeleri kil,
marn ve Kiregtasi birimlerinden olusmaktadir [41].

Bu calismada; Kalburgayir1 sahasi kdmiir stok
alaninda 2 farkli komiir yigminin hacimleri, 5 degisik
lokasyon belirlenerek yi1gin halindeki komiiriin yerinde
birim hacim agirligi, Hamal sahasinda ise komiir ve
dekapaj kazi basamaginda her iki birim i¢in ayr1 olmak
tizere 6’sar degisik lokasyonda toplamda 12 lokasyonda
yerinde birim hacim agirliklar ile kazilan malzemelerin
(komiir ve dekapaj malzemesi) anlik/gecici kabarma
faktorleri IHA fotogrametrisi yaklagimiyla belirlenmistir.

2.2 Yontem

Yerinde birim hacim agirlik belirlenirken 6ncelikle
dekapaj basamagi, komiir basamagi, dokiim sahasinda
dekapaj yigim1 ve stok sahasinda komiir yiginlarinda
belirli alanlar bir kazici/yiikleyici ile bosaltilmis ve
bosaltilan malzemeler daha Onceden bos agirlig:
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belirlenmis kamyonlara yiiklenmistir. Daha sonra
kamyonlarin yiikli agirligi 6l¢tilmiis ve dolu-bos kamyon
agirliklarinin farki alinarak her bir ¢ukurdan ¢ikarilan
malzemenin agirligi bulunmustur. Son agamada bosaltilan
alanlar THA fotogrametrisiyle haritalanmis ve malzeme
bosaltilan  cukurlarin  hacimleri IHA  haritalama
uygulamalari icin gelistirilmis Pix4D Mapper profesyonel
fotogrametri yazilimi [42] aracilifiyla tespit edilmistir.
Agirligin hacme oranlanmasiyla da yerinde birim hacim
agirliklar bulunmustur.

Bilindigi gibi kabarma faktori, gevsek duruma gelen
malzemedeki hacim artisidir. Yerinde birim hacim
agirligin gevsek birim hacim agirliga ya da malzeme
agirligr sabit oldugundan gevsek hacmin yerinde hacme
oranlamasiyla belirlenmektedir. Tlk kaz1 sonrasi yiiksek
olan kabarma faktorii mevsimsel etki ve zamana bagl
olarak azalmaktadir. Yukarida isaret edilen gukurlardan
bosaltilan malzemelerin kabarma faktorlerini
belirleyebilmek i¢in dolu agirligi alinmig kamyonlardaki
malzemeler bir diizen halinde s6z konusu gukurlarin
acildig1 bolgede yakin bir alana doktiiriilmiis ve bu
yigmlarin  gevsek hacimleri IHA  fotogrametrisi
haritalamast sonrasi yine Pix4D programi araciligiyla
tespit edilmistir. Gevsek hacmin yerinde hacme
oranlamasiyla  kabarma  faktdrleri  (anlik/gegici)
bulunmustur. Kalburgayirt komiir stok sahasindaki
sinirlart belirlenmis komiir yiginlarinin hacimleri de yine
yukarida isaret edilen hacimlerin tespitinde oldugu gibi
dogrudan IHA fotogrametrisi ile haritalanarak Pix4D
yazilimi araciligiyla belirlenmistir.

2.3 IHA Uguslan ve Fotogrametrik Degerlendirme

Uguslarda Geomine Arge Miihendislik Danigmanlik
Yazilim fhr. ith. Tic. Ltd. Sti.’ne ait DJI Matrice 600 pro
marka hexacopter, DJI Ronin MX Gimbal, Sony A7r
(36,4 MP) kamera ve Sony Zeiss Vario-Tessar FE 16-35
mm f/4 lensten olugan ekipman kullanilmigtir (Sekil 2).
Tablo 1’ de wugus konfigiirasyonlarma ait bilgiler
verilmektedir.

Sekil 2. Calismada kullamlan THA ve ekipmanlari.

Tablo 1°den de acikg¢a goriilecegi iizere Kalburcayiri
sahasi c¢alismalarinda GSD degeri 1,50, Hamal sahasi
caligmalarinda ise 0,97 olarak elde edilmistir. Bu degerler
sonu¢  hassasiyetinin  olduk¢a yiiksek oldugunu

gostermektedir. THA ile cekilen goriintiller lisans
Geomine Arge Miihendislik Damgmanlik Yazilim fhr. ith.
Tic. Ltd. Sti.’ne ait Pix4D yazilimi [42] kullanilarak
degerlendirilmistir. Pix4D programinda fotograflar
birlestirilerek bir ortofoto elde edilmis daha sonra yer
kontrol noktalar1 isaretlenerek nokta bulutu haline
doniigtlirilmiistiir.

Tablo 1. Ugus bilgileri.

Saha Kalburgayiri Hamal
Ucgus yiiksekligi (m) 100 60
Kamera 6zellikleri Sony A7TR Sony A7R
Goriintii bigimi 7360 x 4144 7360 x 4144
Odak uzakligi (mm) 35 35
GSD (cm) 1,50 0,97
Bindirme orani (%) 80/60 80/60
Goriintii sayist 453 884
Caligma alani (ha) 42,72 18,06

3 Bulgular ve Tartigmalar
3.1 Kalburcayirn Sahasi

Kalburgayir sahast komiir stok alani, alandaki kdmiir
yigin hacimlerinin ve komiir yigiminda yerinde birim
hacim agirliklarinin ~ belirlenmesi  amaciyla [HA
fotogrametrisiyle haritalanmigtir. Kémiir stok alanina ait
sayisal ylizey modeli goriinimii Sekil 3’de verilmistir.
K&miir y18in hacimleri ve kdmiir yi1gininda yerinde birim
hacim agirliklar asagida izah edildigi gibi belirlenmistir.

Stok alaninda iki ayr1 komiir yigini (Sekil 3: Yigin-1
(sar1) ve Y1gmn-2 (mavi)) bulunmakta olup yigin miktari
IHA fotogrametrisi calismalarindan elde  edilen
topografya (tavan) iizerinde yigm dig smurlar
isaretlenerek Pix4D Mapper fotogrametri yazilimi
araciligiyla belirlenmistir.  Program, dis smur ¢izgisi
iizerindeki nokta koordinat verilerini kullanarak hacim
hesaplamaya esas teskil edecek taban topografyasin
kendisi olusturmaktadir. Pix4D Mapper programi
araciligryla bulunan toplam komiir y1gin hacmi 414.821
m*’tiir (Tablo 2).

Stok alan1 komiir yigminin yerinde birim hacim
agirhgimm (BHA) belirlemek igin oncelikle 5 degisik
lokasyonda c¢ukur olusturulmus (Sekil 3) ve her bir
cukurdan ¢ikan komiir miktarlar1 (Dolu ve bos kamyon
agirliklarmin farki alinarak) tartim yapilarak ayri ayri
belirlenmistir. Daha sonra IHA  fotogrametrisi
caligmalarindan elde edilen topografya tizerinde her bir
cukurun dis s igaretlenerek  Pix4D  Mapper
fotogrametri yazilimi araciligiyla ¢ukurlarin hacimleri de
bulunarak yerinde birim hacim agirliklar (ton/m?)
hesaplanmistir. Bulunan bu birim hacim agirliklar 6l¢iim
zamant ve Ornekleme lokasyonlar1 ile iliskili olup
lokasyonlar (y18in eteklerinde ve/veya yigin ortasinda
daha alt kotlarda yapilacak 6l¢iimler) ve dlglim zamani
(sicaklik ve yagis gibi mevsimsel etki) degistiginde farkli
degerler bulunmasi ihtimal dahilindedir. Yerinde birim
hacim agirliklar asagida verilen parametrelere bagl olarak
degisiklik arz edebilecektir.

*  Yiginin zamana bagli oturmasi/sikigmasi
= s makinelerinin agirhigr nedeniyle yigmin
oturmasi/sikigmasi
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= Ustkotlara yapilan yeni dokiimler nedeniyle 6zellikle
yigm ortasinda olmak {izere alt kotlardaki komiiriin
daha fazla sikigmasi

= Sicaklik ve yagis gibi mevsimsel etki nedeniyle anlik
ve/veya uzun donemde komiiriin nemliliginin
degismesi

= Yigin eteklerinde sikismanin/oturmanm  yigin
ortasina gore daha az olmasi

= Komiire yantas karismasv/kirlenme

Stok alani komiir yigininda yapilan OSlgiimler
sonucunda yerinde birim hacim agirliklar; minimum
1,1389 ton/m?, maksimum 1,3926 ton/m*> ve hacim
agirlikli ortalamasi ise 1,2510 ton/m? olarak bulunmustur
(Tablo 3). Olgiimler arasindaki farkliliklar yukarida ifade
edilen parametrelerden kaynaklanmaktadir.

613000 613200 613400

4327300

4327200
4327200

4327100
4327100

4326900
4326900

4326800
4326800

Stok Yigin -

Bl stokvigin-2
613000 613200 51
Sekil 3. Kalburgayir1 sahasi komiir stok alani sayisal ylizey modeli
gOriiniimil.

Tablo 2. Kalburgayiri sahasi stok alani komiir yigin hacimleri.

Tarih Yigin ID Y1gin miktari
(Saat) (m?)

Stok Yigin-1

22.06.2021 (Sar1) 377639

(16:05 - 16:20) Stok '.Ylgln-Z 37182
(Mavi)

Toplam Koémiir yigim (m%) 414.821

Tablo 3. Kalburgayir1 sahast stok alam komiir yigininda yerinde BHA
6l¢iim sonuglari.

ik Son Net  Cukur BHA

ID Tartim  Tarttm  Miktar ~ Hacmi (t/m’)
(ton) (ton) (ton) (m?)

KY-1 17,8 44,55 26,75 20,6 1,2985
KY-2 17,8 45,65 27,85 24,35 11,1437
KY-3 17,8 449 27,1 19,46 1,3926
KY-4 17,8 454 27,6 20,9 11,3206
KY-5 17,8 43,95 26,15 22,96 11,1389

Toplam 89,0 22445 13545 108,27

Ort. BHA (t/m®)  1,2589

Agirhikh Ort. BHA (t/m*) 1,2510

3.2 Hamal Sahasi

Hamal sahasinda belirlenen bir kazi alani, komiir (en
iist damar ylizeyi, ara kesmesiz) ve dekapaj (en iist damar
ortii tabakast, killi seviye) kazi basamaginda yerinde birim
hacim  agirliklarin  belirlenmesi  amaciyla {HA
fotogrametrisiyle haritalanmistir. Kazi basamaklarina ait
sayisal ylizey modeli goriinimii Sekil 4’de verilmistir.
Komiir ve dekapaj basamaginda yerinde birim hacim
agirliklar ve kazilan malzemelerin kabarma faktorleri
asagida izah edildigi gibi belirlenmistir.

Komiir ve dekapaj kazi basamaginda yerinde birim
hacim agirliklart belirlemek i¢in 6ncelikle 6 adet kdmiir
basamaginda 6 adet de dekapaj basamaginda olmak iizere
toplam 12 degisik lokasyonda ¢ukur olusturulmusg (Sekil
4) ve her bir ¢ukurdan ¢ikan komiir ve dekapaj miktarlari
(Dolu ve bos kamyon agirliklarinin fark: alinarak) tartim
yapilarak ayr1 ayri belirlenmistir. Daha sonra IHA
fotogrametrisi ¢alismalarindan elde edilen topografya
iizerinde her bir ¢ukurun dig smir isaretlenerek Pix4D
Mapper fotogrametri yazilimi araciligiyla cukurlarin
hacimleri de bulunarak yerinde birim hacim agirliklar
hesaplanmistir (Tablo 4, Tablo 5). Ayrica komiir ve
dekapajin kaz1 sonrasi ortalama gegici kabarma faktoriini
belirlemek i¢in ¢ukurlardan ¢ikarilan komiir ve dekapajlar
farkli lokasyonlarda tek bir yi1gin haline getirilerek Pix4D
Mapper fotogrametri yazilimi araciligiyla kabarmis
hacimleri belirlenmis ve Kabarmis hacim / Yerinde hacim
oranindan kabarma fakt6rii hem komiir (Tablo 4) hem de
dekapaj (Tablo 5) i¢in ayr1 ayr1 hesaplanmustir.

Komiir kazi basamaginda yapilan OSlglimler
sonucunda yerinde birim hacim agirliklar; minimum
1,3069 ton/m3, maksimum 1,4715 ton/m* ve hacim
agirlikli ortalamasi 1,3606 ton/m?, Kabarma faktorii ise
1,60 olarak bulunmustur (Tablo 4). Dekapaj kazi
basamaginda yapilan 6lgiimler sonucunda ise yerinde
birim hacim agirhiklar; minimum 1,6614 ton/m?,
maksimum 1,8001 ton/m* ve hacim agirlikli ortalamasi
1,7324 ton/m3, Kabarma faktérii ise 1,35 olarak
hesaplanmustir (Tablo 5). Olgiimler arasindaki farkliliklar
hem koémiir hem de dekapaj malzemesinin homojen bir
yapiya sahip olmamasindan kaynaklanmaktadir.

350900 350950 as1000 as1050 as1100

Sekil 4. Hamal sahasi kazi basamaklar sayisal yiizey modeli
gOriintimii.
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Tablo 4. Hamal sahasi komiir kazi basamaginda yerinde BHA 6l¢iim

sonuglari.

ik Son Net Cukur BHA

ID Tarttim  Tarttm  Miktar ~ Hacmi (t/m’)
(ton) (ton) (ton) (m?)

K-1 19,55 37,45 17,9 12,9 11,3876
K-2 19,7 38,3 18,6 13,62 1,3656
K-3 19,55 38,65 19,1 12,98 14715
K-4 19,7 39,15 19,45 14,75 11,3186
K-5 19,55 40,0 20,45 15,39 1,3288
K-6 19,55 37,65 18,1 13,85 11,3069

Toplam 117,60 231,20 113,60 83,49 -
Ort. BHA (/m®) 1,3632

Agirlikl Ort. BHA (t/m®) _ 1,3606

Gevsek Yigin Hacmi (m®) 133,69

Gevsek Yigin Miktart (ton)  113,6

Gevsek Yigin_ BHA (t/m?)  0,8497

Kabarma Faktorii 1,60

Tablo 5. Hamal sahasi dekapaj kazi basamaginda yerinde BHA 6l¢tim

sonuglari.

Ik Son Net — Cukur o,

ID Tartm  Tarttm  Miktar ~ Hacmi (t/m?)
(ton) (ton) (ton) (m?)

D-1 19,7 47,35 27,65 15,36 1,8001
D-2 19,55 46,5 26,95 1544 11,7455
D-3 19,55 46,55 27 15,73 1,7165
D-4 19,7 47,1 274 15,38 11,7815
D-5 19,55 46,05 26,5 15,66 1,6922
D-6 19,55 45,75 26,2 15,77 11,6614

Toplam 117,60 279,30 161,70 93,34 -
Ort. BHA (t/m*) 1,7329

Agirlikl Ort. BHA (t/m®) 1,734

Gevsek Yigin Hacmi (m3) 125,77

Gevsek Yigin Miktar: (ton)  161,7

Gevsek Yigin BHA (t/m?)  1,2857

Kabarma Faktorii 1,35

4  Sonuglar ve Oneriler

Madencilikte kazilacak ve tasinacak veya stoklanacak
malzemelerin yerinde ve/veya gevsek hacimleri, birim
hacim agirliklar1 ile kabarma faktorleri madencilik
alanindaki planlama ve hesaplamalarda kullanilan
degiskenlerdir. Bircok metot ve yaklagim ile sonuca
ulasmak miimkiindiir. Bu parametrelerin tam ve kesin
olarak bilinmesi 6nemli olup gerek makine ekipman
secimi gerekse maliyetlerin belirlenmesinde rolleri
biiyiiktiir.

Bu ¢alismada &nerilen THA tabanli yaklasim ile birim
hacim agirlik ve kabarma faktorii kolay ve hizli bir sekilde
elde edilebilecektir. Hacimlerin hesaplanmasi islemi
yiksek kalite ve hassasiyete sahip oldugu gibi tekrarl
ucus ile seri kontrol olanag: da saglamaktadir. Istenilen
biyiikliikte alan ve istenilen miktarda malzeme dikkate
alimabileceginden  temsil  oram1  artirilabilecektir.
Projelerde yapilan maliyet ve hakkedis hesaplar1 icin
biiyiik ©6neme sahip olan bu degerlerin, dogruluk
hassasiyetinin yiiksek olmasi hesaplamalarda hata oranini
minimize  edecektir.  Hacim  hesaplarinda  [HA
fotogrametri yonteminin kolay, hizli ve dogrulugu yiiksek
bir yontem olmasi ¢alismada oOnerilen yaklagimin en
biiylik avantaji olarak degerlendirilebilir.
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Abstract

Original scientific paper
In this study, remedial arrangements were made to increase the efficiency of the solar chimney and it was examined experimentally. The
solar chimney used in the experimental study is a prototype with a chimney length of 12 m and a collector area of 128 m?, which was
previously installed in the province of Batman. For measurements, temperature, velocity and radiation data were taken simultaneously in
four different geographical directions and compared with the initial state of the system. First of all, the floor of the collector area was
painted black in order to absorb solar radiation. Then, hot water pipes were added to the floor so that the system could work at night, and
the turbine was divided into four zones with steel plates to increase the inlet air velocity. According to the data obtained, it was observed
that the average temperature increase under the collector glass surface increased by 17.4%, the turbine inlet temperature increased by
11.2%, the turbine inlet speed by 9.94% and the system power output by 9.4%.

Keywords: Solar chimney, solar energy, efficiency, efficiency improvement.

GUNES BACASINDA VERIM ARTTIRILMASININ DENEYSEL OLARAK
INCELENMESI

Ozet
Orijinal bilimsel makale

Bu calisma, gilines bacasinin etkinliginin arttirilmasi igin iyilestirici diizenlemeler yapilarak deneysel olarak incelenmistir. Deneysel
¢alismada kullamlan giines bacasi daha 6nce Batman ilinde kurulan 12 m baca uzunluguna ve 128 m? toplayici alanina sahip bir prototiptir.
Olgiimler igin dért farkli cografi yonde es zamanli sicaklik, hiz ve radyasyon verileri almarak sistemin ilk hali ile karsilastirilmistir.
Oncelikle toplayicinin giines 1smimin1 absorbe etmesi igin zemini siyah renge boyanmustir. Daha sonra sistemin gece saatlerinde
calisabilmesi i¢in zemine sicak su borulari eklenmis ve tlirbin giris hava hizinin arttirilmasi igin gelik plakalar ile dort bolgeye ayrilmistir.
Elde edilen verilere gére toplayici cam yiizeyi altinda ortalama sicaklik artisinin 17.4 %, tiirbin giris sicakligiin % 11.2 tiirbiin giris hizinin
% 9.94 ve sistem gii¢ ¢ikisini % 9.4 oraninda arttig1 gozlemlenmistir.

Anahtar Kelimeler: Giines bacasi, giines enerjisi, etkinlik, verim iyilestirme.

1 Girig Glines bacalar1 ise glines enerjisi teknolojisi
kullanarak tiirbin vasitasiyla elektrik iireten yenilenebilir

Yenilenebilir enerji kaynaklarinin kolay bir enerji santralidir. Sistemin ana toplayict elemani

uygulanabilirligi ile fosil yakitlardan daha diisiik bir
etkiye sahip olmasi, son donemlerde iizerinde giderek
yogunlasan calismalarin yapilmasina tesvik etmistir. Bu
teknolojilerden biride radyasyonu farkli yontemlerle
elektrige doniistiiren giines enerjisi tiretim teknolojileridir.
Gilines 1s1nimint toplama ve yogunlagtirma durumlarina
gore adlandiran bu ticli sistemde, gilines ¢anak sistemleri,
parabolik oluk enerji santralleri ve giines kuleleridir.

* Corresponding author.
E-mail address: aliserkan.avci@batman.edu.tr (A. S. Avcl)

olarak ¢aligan kolektor; igindeki havayi 1sitmak igin giines
radyasyonu toplamaktir. Toplayicinin ortasina dikilen
bacanin yardimu ile siirekli bir hava akisi, sistem ve gevre
arasinda biiyilk bir basing farki olusturur. Boylece
toplayict gevresine daha fazla hava gekilir ve zorlanmis
konveksiyon baglatilir. Isinan hava daha sonra biiyiik bir
hizla bacaya yiikselir. Giines bacasinin merkezine veya
basing diisiisiiniin gerceklestigi toplayicinin ¢ikisina yakin
eksen tabanli bir tiirbin konumlandirilirsa, havanin 1s1 ve
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potansiyel enerjisi kinetik enerjiye daha sonrada elektrik
enerjisine doniistliriilebilir. Giines bacasi sistemleri
gelismekte olan ve enerji tiretimi agisindan ticarilesmeye
geemis bir glines enerjisi teknolojisidir [1].

Arastirmacilar giines bacasi prototiplerinde entegre
sistemlerin ve prototip elemanlarmin boyutsal ve yapisal
degisikliklerinin sistem performansina olan etkilerini
incelenmigtir. Sakonidou ve ark. [2] giines bacasi
icerisindeki hava yogunlugunu, sicakligmmi ve siyaha
boyanmig absorber yiizey tarafindan emilen isinin
sicakligimi belirlemek i¢in bir model gelistirmiglerdir.
Yabuz ve Delikanli [3] gilines bacast prototipinin
performansimin artirilmasi igin bir takim konstriiksiyon
diizenlemeleri yapmislardir. Bouhdjar ve ark. [4] farkli
geometrik Olciilerde giines bacast sistem tasariminin
verim analizi icin akis ve enerji hesaplamalar
tiretmislerdir. Haydan [5] gilines bacalarinin sistem
performansini arttirmak icin bir takim sayisal simiilasyon
ile teorik analiz yaparak sistemden elde edilen deneysel
verileri kiyaslamiglardir. Jemli ve ark. [6] giines bacasinin
farkli geometrik tasarimlarinda sicaklik degisimi ile elde
edilen elektrik enerjisini belirlemislerdir. Aurybi ve ark.
[7] glines baca santralini bir hibrit modele doniistiirerek,
giinesin olmadigi bulutlu giinler ve gece vakitleri i¢in
harici bir 1s1 kaynagint sisteme entegre ederek sistemin
genel verimini arttirmiglardir. Ahmed ve Hussein [8]
giines bacasi tesisi igin PV panelleri sisteme entegre etmis
ve yenilik¢i bir glines bacasi tasarlamislardir. Ayadi ve
ark. [9] baca uzunlugunun yiikselen hava akisi {izerine
etkisini arastirmak icin ¢esitli glines bacast geometrileri
belirlemislerdir. Hoseini ve Mehdipour [10] giines
isinimindan daha iyi yararlanabilmek i¢in farkli agilarda
toplayici tasarimlari sunmuglardir. Khashan ve ark. [11]
giines bacasi sisteminin performansini arttirmak igin su
depolarmi  entegre  ederek  sistemin  araliksiz
caligabilmesini saglamiglardir. Cottam [12] kolay
iretilebilir ve yiiksek verimlilikte ¢alisabilen yeni bir
toplayict tasarimi sunmustur. Bu c¢alismada giines
bacasinin 1s1 tutma kapasitesini arttirma maksadiyla
giinesin olmadig1 gece saatlerinde sistemin calisabilme
kabiliyetinin gelistirilmesi igin toplayict zemininin siyaha
boyanmast ve zeminden giines enerjili sicak su
dolastirilmasi gibi 6n iglemler yapilarak deneysel olarak
incelenmistir.

2 Materyal ve Yontem

Deneylerin yapildig1 giines bacast prototipi Batman
Universitesi’nin Bat: Raman kampiisiinde diiz ve genis bir
araziye 2017 yilinda kurulmustur. Bu yerleske Akdeniz
sicak yaz iklimi olarak smiflandirilmistir. Batman’in
ortalama 151mmim degeri ise 51640 W/m?/giin’diir.

Prototip radyosyon emilimini arttirmak igin beton
zemine kurulmustur. Baca, zeminden yukar1 yonli bir
hava akis1 i¢in merkez noktaya konumlandirilmistir ve
malzemesi 8 mm kalinliginda ¢eliktir. Baca girigsine 22
kanata sahip, 0.9 m c¢apinda bir adet tiirbin
konumlandirilmigtir.  Toplayict  giris agzi  0.65 m
yiiksekliginden baca merkezine dogru yukart 1 m
yikseklige ulagsmaktadir. Boylece havanin akis1 yukari
yonlii radyal olacaktir. Sistemin, uzun dmiirli olmasi ve
radyasyonu emilimini arttirmasi i¢in 2 mm kalinliginda
seffaf cam, Ortli malzemesi olarak kullanilmistir [13].

Sekil 1’de prototipin ilk hali Sekil 2’de ise prototipe ait
fiziksel biiytikliikler ile 6l¢iim noktalart verilmistir.

L

©100 cm
Ts

1035 cm

01260 em

R 65 cm

L 300 cm L

630 cm

Yan Gorlinily Ust Goriiniis

Sekil 2. Prototipe ait fiziksel biiyiikler ve 6l¢iim noktalari.

Gilines bacasi verimini arttirmak i¢in 2021 yilinin
agustos ayinda yapilan deneyler herhangi bir iyilestirme
islemi yapilmayan 2018 yilinin agustos ay1 verileri [13]
ile kiyaslanmistir. Deneyler sabah 06:30’da baslayip
21:00’a kadar 30 dk’lik araliklarla devam etmistir.
Sicaklik 6lgtimleri igin 6 farkli noktada Elimko 602 model
dataloger ile, baca girisindeki hava hizi dl¢iimleri i¢in
Unit UT362 marka anemometre ve giinliik global giines
radyasyonu i¢in SM602 cihazi kullanilmistir (Sekil 3).

Sekil 3. Olgiim cihazlari.

Bu deneysel ¢alismada ilk olarak kurutma alani olan
toplayict alaninin 1s1 tutma kapasitesinin arttirilmasi icin
zemin siyah boya ile boyanmustir. Sekil 4 (a)’da toplayict
alaninin zeminin siyaha boyanmadan 6nceki hali ve Sekil
4 (b)’de zemin mat siyaha boyandiktan sonraki hali
goriilmektedir [14].
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Sekif 4. (a) Zeminin Boyanmadan onceki hali (b) Zeminin boyali hali
[14].

Glines bacast toplayict  alaninin  1s1  tutma
kapasitesinin  arttirilmast ve geceleri azalan hava
sicakligima bagl olarak sicakligr diisen toplayici alaninin
sicakligint artirmak amacryla toplayict zemininden su
borular1 yardimiyla giines enerjili sicak su dolastirilmistir.
Sekil 5°te toplayici alanina dosenen giines enerjili sicak su
dosemesi gosterilmistir.

: - ‘ -~
Sekil 5. Gﬁnés enerjili sica su sistemi dosenmis toplay1c1 alam [14].

Toplayici alanindaki kurutma performansinin en iyi
hangi yonde olacagini belirlemek ve tiirbin girisindeki
havanin hizim arttirmak ve sabit duruma getirmek
amactyla toplayict alani cografi yone bagli 4 bolgeye
ayrilmistir. Sekil 6’da bolmelere ayrilmis toplayici alani
gosterilmektedir.

Sekil 6. Toplayici alaninin b(’)liimlendirils li [14].
2.1 Giines Bacasi Sisteminin Analitik Denklemleri

Enerji akisinin hesaplanabilmesi i¢in termodinamigin
I. yasast kullanilmistir. Gii¢ hesaplama denklemleri igin

toplayicidan bacaya dogru giden havada tek boyutlu
radyal akis olarak varsayilmustir.

IAy. = ey AT + 1Av? 1)

Burada toplayici i¢cinde havanin aktarilan 1sis1, I ve
toplayict alami Aj‘dir. Toplayic1 verimliligi ise 7, 'dir.
Prototip icindeki kiitle akis hizi m’dir. Sabit basincta
calisma havasinin 6zgiil 1s1 degeri cp’dir. Toplayict girisi
ve ¢ikigt arasindaki hava sicakhigr farki ise AT’dir;
Toplayiciya giren ¢aligma havasi ile ¢ikan arasindaki fark
ise v’dir.

M = PwApacaVbaca 2

Giines bacasi sisteminde tiirbinden elde edilebilecek
verim Onceki c¢aligmalarda [15] belirlendigi gibi %80
oranindadir. Sistemden elde edilebilecek en fazla gii¢ icin
ise tim basing farkinin 2/3’{inlin tlirbinden diigmesi
gerekmektedir. Boylece giig:

— ntﬂkXI”Rlzchbaca (3)
CpToot(1-x)gHpacal

3 Tartigma ve Bulgular

Gilines  bacasi  sisteminde  verim  arttirici
diizenlemelere ait sicaklik, hiz ve radyasyon olgiimleri
Avci [13]nin 2018 yilinda elde ettigi 6l¢lim verileri ile
kiyaslanmistir. Karsilastirmali Slgiimlerde hata payin
minimize etmek amaciyla 6ncelikle 2018 ve 2021 Agustos
ayma ait radyasyon, ortam sicakligi ve hava hizina ait
degerler incelenmistir. Sekil 7°de 2018-2021 dig ortam
verilerinin  birbirilerine  yakin  degerler  oldugu
goriilmektedir. Elde edilen parametreler igin istatiksel
olarak Olglim sayisi, ortalama, medyan, minimum ve
maksimum ele alinmstir (Tablo 1).

1200

1000 —

800

600

Radyasyon (W/m®)
Sicaklik (°C)

400

200 ~

—T T T T T T T
08:00 10:00 12:00 14:00 16:00 18:00 20:00

Zaman (Saat)

Sekil 7. 2018 ile 2021 Agustos ay1 radyasyon ve ortam sicakliklar

.. olgtimleri.
Cottam [12] tarafindan gelistirilen model uygulanmistir. oleumiert
Baca igerisindeki hava tek boyutlu eksenel akis,
Tablo 1. Radyasyon ve ortam sicakliklarina ait istatiksel veriler.

Parametreler R-2018 R-2021 T,-2018 To-2021 V,-2018 V,-2021
Olgiim Sayisi(N) 30 30 30 30 30 30
Ortalama 501.5 529.2 32.1 334 0.89 0.91
Medyan 501.5 562 33 34.3 0.8 0.8
Maksimum 1054 1096 40 389 1.15 1.21
Minimum 0 0 19 22.1 0.6 0.61
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Dért cografi (Giiney, Dogu, Kuzey, Bati) bolge icin
sicaklik verileri incelendiginde zeminin siyaha boyanmast
ile giiney bolgesinde (T2) ortalama sicaklik 4.3 °C, dogu
bolgesinde (Ts) 2.8 °C, kuzey bolgesinde (T4) 4.1 °C ve
batt bolgesinde (Ts) 4.1 °C arttigi tespit edilmistir.
Boyama iglemi sonrasi zeminde sicak su borular
gezdirilmistir. Bu iyilestirme ile sicaklik gliney ve dogu
bolgelerinde 3.2 °C artmustir (Sekil 8 ve Sekil 9). Kuzey
ve bat1 bolgelerinde ise 1.8 °C’lik bir artis goriilmektedir
(Sekil 10 ve Sekil 11). 2018 verileri ile kiyaslandiginda
ortalama toplam sicaklik artig orani giiney bdlgesinde
%20.2 dogu bolgesinde % 15.5 kuzey bolgesinde % 17.5
ve bat1 bolgesinde % 16.5 olarak bulunmustur. En yiiksek
sicaklik artiginin gliney, en diisiik sicaklik artigimnin ise
dogu bolgesinde oldugu gézlemlenmistir. Giiney bdlgesi
kolektor alt yiizeyi giines 1simnimina en ¢ok maruz kalan
bolge olmasi sebebiyle en yiiksek sicaklik farkliliklarinin
olustugu kisimdir. Ayrica kolektor alt yiizeyinin kuzey ve
bat1i bolgelerindeki sicaklik artig farkinin  dogu
bolgesinden yiiksek oldugu belirlenmistir. Halihazirda en
az 1si1m alan bu bolgelerin en diisiik sicaklik verilerine
de sahip olmalari, verim iyilestirmeleri ile sistemin genel

bir 1s1l dengeye ulasabilmesi yoniinden daha fazla bir
sicaklik farki yaratacaktir. Sistemin dogu tarafi yiiksek ve
dengeli bir sicaklikta islevini siirdiirdiigii i¢in en diigiik
sicaklik artisi da burada gozlemlenmigtir. Elde edilen
verilere ait tanimlayict istatiksel degerler Tablo 2’de
verilmistir. Son olarak sistem c¢elik plakalar ile cografi
bolgelere ayrilmistir. Ancak bu islem sonrast sicaklik
artislarinda kayda deger bir artis goriilmemistir. Plaka
islemi hava hizlarimi arttirmak ve sabit duruma getirmek
i¢in uygulanmustir.

Baca giris noktasinda 6l¢iilen hava sicakligr tiirbin
girigsinin 6l¢iim noktasidir. Bu alanin golgelik kisimda
bulunmasi sicaklik dlgiim ucunun radyasyon ile birebir
temasint engellemektedir. Bu nedenle sicaklik verileri
toplayic1 yiizey alanina gore daha diisiiktiir. Tablo 3’te
2021 yilina ait sicaklik artisinin %11,2, hiz artiginin ise
%9,94 oldugu tespit edilmistir (Sekil 12).

Sekil 13’te elde edilen gii¢c degerinin giin icerisindeki
degisimleri kiyaslanmistir. Elde edilen giic miktarlart
boyutsuzlastirilmistir. 2021 yili iyilestirme diizenlemeleri
sonucu ortalama sistem gii¢ performansinin %9,4 arttig1
gbzlemlenmistir.

Tablo 2. Dort cografi bolgede verim arttirict diizenlemelerin sicakliklarina ait istatiksel veriler.

Parametreler T2 Ts Ts Ts
T, Siyah T, Su Ts Siyah T3 Su Ty Siyah T4 Su Ts Siyah Ts Su
2018  Zemin Borulari 2018  Zemin Borulari 2018  Zemin Borulari 2018  Zemin Borulari
Oleiim 0 30 30 0 30 30 0 30 30 0 30 30
Sayisi(N)
Ortalama 37 41.3 445 38.6 414 44.6 33.7 37.8 39.6 35.6 39.7 415
Medyan 38 40.6 45.6 39.5 41.6 46.0 355 38.7 40 375 40.2 432
Maksimum 45 51.7 53.1 46 50.3 51.6 40 47.9 49 44 49.2 50
Minimum 25 27.8 27.9 23 28.7 28.8 22 24.2 26.8 23 24.6 24.7
60 80 T T T T
50 50 ‘
= 01 g 40
2 T,-2018 : =21 T4 2018
— T3 - Siyah Zemin 2021 3 - Siyah Zemin 2021
. — T - Steak Su ‘Ham 2021 — T3 - Sicak Su Hat1 2021
0800 1000 1200 1400 1600 1800 2000 2 0800 1000 1200 1400 1600 1800  20:00
Zaman (Saat) Zaman (Saat)
Sekil 8. Giiney bolgesi 2018 ile 2021 verim arttiric: Sekil 9. Dogu bélgesi 2018 ile 2021 verim arttirict
diizenlemelerin sicaklik verilerinin karsilastiriimas. diizenlemelerin sicaklik verilerinin karsilastirilmasi.
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Sekil 10. Kuzey bolgesi 2018 ile 2021 verim arttirict Sekil 11. Bat1 bolgesi 2018 ile 2021 verim arttirict
diizenlemelerin sicaklik verilerinin karsilastirilmasi. diizenlemelerin sicaklik verilerinin karsilastiriimasi.
Tablo 3. Tiirbin giriginde sicaklik ve hava hizlarina ait istatiksel veriler.
Parametreler T,-2018 T,-2021 V;1-2018 V;1-2021
Olgiim Say1si(N) 30 30 30 30
Ortalama 34.6 385 1.81 1.99
Medyan 36 38.8 1.85 1.93
Maksimum 41 47.7 2.3 2.6
Minimum 24 25 1 1.35
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Sekil 12. Tiirbin girisinde 2018 ile 2021 sicaklik ve hava

hiz1 6lgtimlerinin karsilastirilmasi.

4  Sonuglar

Bu calisma ile giines bacasi sisteminde yapilan
iyilegtirmelerin ~ verimi  Onemli  Ol¢lide  arttirdigt
gozlemlenmistir. 2018 yilina ait verilere gore toplayict
girisinden merkez noktada bulanan bacaya dogru sicaklik
artis1 ortalama 8 °C iken 2021 yili verilerine gore bu
sicaklik artig1 ortalama 14 °C olmustur. En yiiksek sicaklik
artis1 7.5 °C ve en yiiksek sicaklik degeri 53.1 °C ile giiney
bolgesinde olglilmiistiir. Ayrica 2018 yilina ait dis ortam
verilerinin (radyasyon, ortam sicakligi ve hava hizi) 2021
yilina ait dig ortam verileri ile neredeyse benzer olmasina
ragmen sisteme eklenen iyilestirici diizenlemeler ile gii¢
performansinin  %9.4 arttig1 tespit edilmistir. Sistem
verimini daha fazla arttirmak igin baca yiiksekligi ve
toplayict alani arttirilabilir ayrica giines 1siniminin gelis
acisia gore en uygun konum belirlenerek toplayicinin
egim agis1 farkli bolgelere gore degistirilebilir. Baca
geometrisi egimli veya kavisli olarak tasarlanabilir. Buna
ek olarak giines bacasi toplayict alaninda kullanilan seffaf
cam Yyerine, saydam fotovoltaik paneller kullanilabilir ve
buna benzer hibrit bircok yenilik¢i metot ile sistem gii¢
performansi arttirilabilir.

Aciklamalar
Bu ¢aligmada Etik Kurul Onay belgesine gerek yoktur.
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Abstract

Original scientific paper
The objective of this work was to compare the optical performance of hydrothermally and solvothermal synthesized unique fluorescent
carbon quantum dots (FCQDs) from organic material and use it as a fluorescent ink for one of the significant information encryption
applications. The goji berry and sucrose were used as carbon sources for the experiment. FCQDs are obtained by simple hydrothermal and
solvothermal methods using water, isopropanol and acetone as a solvent. The crystal structure and optical properties of the obtained carbon
dots are investigated. All obtained FCQDs are amorphous phases. The maximum emission of the obtained FCQDs was found at 465 nm
when excited at 386 nm. Among the carbon dot samples synthesized using three different solvents, the sample with the highest PL peak
value was found in the sample synthesized with acetone solvent. The morphology of the carbon dot sample produced with acetone solution
was examined by TEM and the average diameter of the carbon dots was calculated as 7.2 nm. The fluorescent ink potential of the
synthesized FCQDs was compared and the best result found at the carbon dot that was synthesized from solvothermal methods with an
acetone solution.

Keywords: Carbon dots; fluorescence ink; goji berry; information encryption; XRD.

SAHTECILIKLE MUCADELE VE SIFRELEME UYGULAMASI iGiN HIDROTERMAL VE
SOLVOTERMAL YONTEM iLE FLUORESAN KARBON KUANTUM NOKTALARININ SENTEZi

Ozet
Orijinal bilimsel makale

Bu ¢aligmanin amaci, organik bir malzemeden hidrotermal ve solvotermal yontemle sentezlenen floresan karbon kuantum noktalarinin
(FCQDs) optik performanslarini karsilagtirmak ve bunlar1 6nemli bilgi sifreleme uygulamalarindan biri igin bir floresan miirekkep olarak
kullanmaktir. Goji berry ve sakkaroz, calismada karbon kaynagi olarak kullanilmistir. FCQD'ler, ¢6ziicii olarak su, izopropanol ve aseton
kullanilarak hidrotermal ve solvotermal yontemlerle elde edildi. Elde edilen karbon noktalarinin kristal yapilar1 ve optiksel 6zellikleri
arastirilmistir. Elde edilen biitiin FCQD'ler amorf fazdadir. FQCD'ler 386 nm'de uyarildiginda maksimum emisyonu 465 nm'de elde
edilmistir. Ug farkli ¢oziicii kullanilarak sentezlenen karbon nokta 6rnekleri arasinda en yiiksek PL pik degeri aseton ¢oziicii ile sentezlenen
ornekte bulunmustur. Aseton soliisyonu ile iiretilen karbon nokta drneginin morfolojisi TEM ile incelenmis ve karbon noktalarin ortalama
¢ap1 7,2 nm olarak hesaplanmistir. Sentezlenmis FCQD'lerin floresan miirekkep olarak kullanilabilme potansiyeli karsilastirilmis ve en iyi
sonug aseton ¢oziiciisiinde solvotermal yontemle sentezlenen karbon noktalari igin bulunmustur.

Anahtar Kelimeler: Karbon noktas:; bilgi sifieleme; Floresans miirekkep, goji beri; XRD.

1 Introduction types of nanostructured materials, carbon based
nanostructured materials have attracted specific interest.

Today, with the growth in scientific studies, there has The newest members of carbon nanostructures are called

been a significant increase in the development of new
materials with superior properties. Among them,
nanostructured materials are known as one of the most
researched and studied groups. Although there are various

* Corresponding author.
E-mail address: mkavgaci@gmail.com (M. Kavgaci)

CDs (carbon dots) or CQDs (carbon quantum dots).
Carbon dots were found by chance in 2004 during the
purification of carbon nanotubes and were subsequently
obtained using laser ablation of graphite [1,2]. After this
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discovery, the attractive, impressive, superior and unique
properties of carbon dots were revealed and a new era
began in terms of engineering science [3].

The size of the carbon dots is 10 nm or less. They have
superior fluorescence properties in terms of their
characteristics [4]. Carbon dots have superior
fluorescence and optical properties as well as
biocompatibility. Moreover, they have easy synthesis
routes and pollution free precursors. Carbon dots, which
have been studied by many scientists in recent years, have
been found to have a number of exciting properties [5].
Carbon dots find a place in the theoretical and application
areas in many fields such as science, engineering and
health, thanks to their strength, optical, mechanical and
electrical properties [6-8]. The most important feature of
carbon dots is surface functionality that exhibits strong PL
(photoluminescence), according to their size and
excitation wavelength [6]. In addition to these properties,
it is very valuable for its excellent biocompatibility, water
solubility, low cost, low toxicity, easy synthesis,
photostability and chemical stability. Considering these
advantages, it has applications in many fields, such as
bioimaging, sensor, solar cells, photocatalysis and drug
delivery [9]. Carbon dots can be obtained from many
natural sources such as food, waste and nutrients with the
advantage of low cost [10].

Different organic sources have been used as carbon
precursors for CD synthesis. For example, tangerine
juice/onion Shell [11] turnip juice [12], rosemary leaves
[13], pigeon manure [14], cowberry [15], blueberry [16],
blackberry and raspberry [17]. The most known name of
the goji berry is “wolfberry”. This name is based on the
root "gou" meaning wolf [18]. The name goji is derived
from several local words and was first coined by TBRI
(Tanaduk Botanical Research Institute) researchers in
1973 [19]. Goji Berry, Latin name Lycium barbarum, is a
shrub of the Solanaceae family from Southeast Asia and
grows in China, Tibet and other parts of Asia. Its fruits are

1-2 cm long. It is bright red in color and elliptical in shape
[20,21]. Goji Berry fruit is highly nutritious. It has become
more popular in the last few years due to its recognition as
a "superfood" among people.

Due to its nutritional value, it has become more
preferred by people today. The fruit contains sugar [19].
Goji berry has several important biological functions,
such as boosting immunity, anti-aging, anti-tumor and
antioxidant [18]. Digital security is crucial in the
information era because counterfeiting not only results in
significant economic losses but also has negative effects
on people's physical and mental health. Luminescent inks
have drawn a lot of interest among the many anti-
counterfeiting substances due to their humerous uses in
information coding, information storage, and information
security. A significant barrier still exists in the production
of high anti-counterfeiting strategies and aqueous
luminous anti-counterfeiting nanomaterials [22-25].

Sucrose was also added to the goji berry to strengthen
the PL peaks of the synthesized carbon spots, based on a
related work in the literature [26,27]. Precursors, synthesis
procedures, particle size, fundamental PL characteristics,
applications, and findings from this work are summarized
in Table 1. In this study, goji berry (Lycium barbarum)
was used as a natural carbon source. CDs were
synthesized by hydrothermal and solvothermal methods.
While synthesizing carbon dots, acetone, ultrapure water
and isopropy! alcohol were used as solvents, and carbon
dot samples synthesized wusing this solvent were
compared. The structural properties of carbon dots were
researched by XRD analysis. In addition, the optical
properties of the synthesized materials were investigated
in  UV-Vis spectroscopy. The photoluminescence
properties of the obtained nanoparticles with carbon dots
were researched by photoluminescence spectrometry.
FTIR spectrometer was used to analyze its chemical
structure.

Table 1. Carbon source, size, PL properties and application examples used in preparing carbon dots.

Carbon precursors Synthesis methods  Size (nm) PL features Application Reference
. . . Ex: 330 nm -
Tea residue/ Choline chloride/ Urea Hydrothermal <10 Em- 410 nm Sensing [28]
. Ex: 310 nm - -
Chia seed Hydrothermal Em- 415 nm Cell imaging [29]
L Thermal Ex: 440 nm .
Aconitic acid/ PEI carbonization 11.12 Em: 485 nm Sensing [30]
o . 3.03to Ex: 320 nm Information encryption,
Citric Acid/ m-PD Hydrothermal Em: 466 nm Anti-Counterfaiting [31]
- Ex: 344 nm .
Laurus nobilis leaves Hydrothermal <10 Em: 425 nm Fluorescent ink [32]
Ex: 342 nm . .
Waste corn husk Hydrothermal Em- 428 nm Composite material [33]
Ex: 332 nm Food storage,
Rosemary leaves Hydrothermal 16.13 Em: 422 nm fmg_erprmt_ detec_tlgn, [13]
antibacterial activity
. . . . Ex: 354 nm L
Citric Acid/ PEI Microwave-assisted Em: 442 nm TNT determination [34]
Citric Acid Microwave-assisted Fish gelatin films [35]
Cowberr Hydrothermal Ex: 350 nm Composite material [15]
y y Em ~ 440 nm P
Facile liquid N2 Ex: 340 nm .
Blueberry treatment method Em: 450 nm Sensing [16]
. Hydrothermal Ex: 386 nm Information encryption, .
Goji berry Solvothermal Em: 465 nm Anti-Counterfeiting This work
International Journal of Innovative Engineering Applications 7, 1(2023), 32-38 33
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2 Materials and Methods
2.1 Material

Goji berry was obtained in the personal garden of the
author Hact Veli Kalmis. Solvents purchased from
standard manufacturers were used in the experiments. The
ultrapure water used in the experiments was supplied from
the KSU USKIM unit. All materials were used in their
current form without purification.

2.2 Preparation of CD Nanoparticles

Goji berry was chosen as a natural carbon source. Goji
beryy was cleaned by washing with tap water. It was then
washed with pure water. Then, the goji berry was kept in
an oven at 60°C for 96 hours to be dried. The dried goji
berry was sieved after grinding. 1.25 g of goji berry
powder and 1.25 g of sucrose were mixed in 150 ml of
solvent in an ultrasonic treatment. Ultrapure water,
acetone and isopropyl alcohol were used as solvents. The
carbon dots were synthesized using three different
solvents. The homogenized mixture was transferred to a
teflon box. The Teflon box was then placed in an
autoclave made of stainless steel. After being placed in the
autoclave oven, it was subjected to hydrothermal and
solvothermal treatment at 175°C for 8 hours. At the end
of the process, the autoclave was taken from the oven to
cool itself to room temperature. The resulting solution was
filtered. It was centrifuged and dried. It was stored at 4 °C
for experiments. The final concentration of the carbon
dots in solution for measurements was 0.25 mg mL*, The
schematic representation of the experimental setup is
given in Figure 1. While synthesizing carbon dots,
acetone, ultrapure water and isopropyl alcohol were used
as solvents, and carbon dot samples synthesized using this
solvent were named as GCDa, GCDw and GCDi,
respectively.

( )

Figure 1. Symbolic representation of obtaining carbon dots from Goji
berry.

2.3 Characterization

Structural characterization of the synthesized Carbon
dots samples was examined by XRD (X-ray diffraction).
Philips X'Pert PRO XRD device with Cu Ka radiation
(A=0,154056 nm, tuned at 40 kV and 30 mA) was used to
detect the XRD pattern. The optical properties of the

synthesized carbon dot samples were obtained by UV-
Visible Spectrophotometer (Shimadzu UV 1800) at room
temperature. FTIR Spectroscopy: Measured with a Perkin
Elmer Spectrum 400 instrument in the 4000-450 cm™?
range. The PL spectra of the CD samples were scanned
with the Varian Cary Eclipse spectrometer.

3 Results and Discussion

The XRD pattern showing the crystal structures of the
carbon dots synthesized from Goji berry is presented in
Figure 2. CDs synthesized in the XRD plot appear to have
flat amorphous peaks similar to the structure of 26=23"
graphene. Pure graphite has a significant peak at
20=26.42° that corresponds to the (002) plane in the X-ray
pattern, while GO has two distinctive peaks at 26=11° and
26=42° that correlate to the (001) and (100) planes [36].
For multi-walled carbon nanotubes, two diffraction peaks
with centers at 26° and 45° are often seen. These peaks are
designated as (002) and (001) planes [37]. Generally,
amorphous carbons with graphitic domains are indicative
of carbonaceous materials (sp2 domains). The two broad
Bragg peaks at 22.0 and 43.7 were indexed to the graphite
hexagonal structure's (002) and (100) planes, respectively
[38]. This broad and amorphous peak has also been
detected in XRD plots of CDs in many studies [32,39,40].

GCDa

GCDw

| GCDi
WWNMWWWW%
‘ [ I 0 6‘0 7‘0

10 20 30 40 5
20 (degree)

Figure 2 XRD pattern of CDs

Intensity

UV-Visible spectroscopy can be used to observe what
changes nanoparticles undergo as time passes. Carbon
nanoparticles can be characterized by UV-Visible
spectroscopy [41]. Carbon dots synthesized from Goji
berry were examined by UV-Visible spectroscopy. The
UV-Visible absorption graph is given in Figure 3. A sharp
absorption peak similar to a m-n* transition was seen in
the UV—Visible spectrum at 282 nm [42]. Figure 4a
illustrates PL spectra of the obtained carbon dots in
different solvents and when the samples are excited at 386
nm wavelength, they exhibit maximum emission at 465
nm (Figure 4b). The maximum PL intensity was found in
the carbon dots sample which is dissolved in acetone.
Photoluminescence spectra of carbon dot sample (GCDa)
dissolved in water were investigated using PL
spectrometry by varying the wavelength between 400-600
nm (Figure 5). It was observed that the synthesized CD
samples gave excitation-induced emission. When the

International Journal of Innovative Engineering Applications 7, 1(2023), 32-38
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excitation wavelength was changed from 386 nm to 456
nm with 5 nm intervals, the emission peak was redshifted
from 465 nm to 508 nm. The observed redshift in the
emission spectrum indicates the possibility of tunability of
the PL emission color. Depending on the increase in the
excitation wavelength, the intensity of the fluorescence
peak decreases and exhibits attenuation [33]. This result is
due to electron and hole recombination produced on the
surface of CDs. The redshift observed with the difference
in excitation wavelengths can be attributed to the
difference in the surface sizes of the CDs [42].

= GCDa
— GCDw
= GCDi

Absorbance

T T T T T T
250 300 350 400 450 500 550 600
Wavelength (nm)

Figure 3. UV-Vis spectrum of synthesized carbon dots from Goji

berry.
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Figure 4. a) PL spectra of CDs synthesized in different solvents b)
Excitation and emission spectrum of product GCDa.
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Figure 5. a) Excitation dependent PL spectra of GCDa,
b) after normalization.

FTIR measurements were taken in the 450-4000 cm!
range to examine the chemical structure of the synthesized
samples. FTIR results are presented in Figure 6. The broad
peak seen at 3324 cm™ is attributable to O-H or N-H
stretching vibrations [43]. The absorbance peak of the
samples at 2924 cm™ and 2846 cm'* coincides with the C—
H bonds [44-46]. The 1706-1605 cm™ double peak can
be attributed to the stretching vibrations of the C—N and
C-O bonds, respectively [44]. The C-N bonds observed in
the FTIR analysis may be due to the amino groups in the
proteins found in the structure of the goji berry [47]. The
peaks of stretching vibration of the C—C, C-N, and C-O
groups can be seen at 1372 cm?, 1200 cm™ and 1100
cmL, respectively [48].

GCDa
S
(4]
e
© GCDw
€
;]
c
o
. GCDi
C-H C=N QZQ
C=0 OO0

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)
Figure 6. FT-IR spectrum of the CDs.
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The morphological properties of synthesized CDs
were studied, and Figure 7 depicts the form and size
distribution of the carbon dots sample produced in acetone
solution. GCDa sampe have homogeneous size and
distribution, as observed in the TEM picture. The average
diameter of the studied carbon dots was calculated to be
7.2 nm.

U RS
Partical diameter (nm)

Figure 7. TEM image of GCDa sample.

Carbon dot samples were dissolved in distilled water.
Then the carbon dots were centrifuged to separate large
particles. The fluorescent abilities of the CDs obtained in
Figure 8 are observed at a distance of 10-15 cm under UV
light (365 nm). Under UV light, GCDa and GCDw carbon
dot samples glowed turquoise. When the synthesized
samples were compared, it was observed that the
fluorescence irradiation was ordered as PGDa > PGDw >
PGDi [14].

GCDw

Figure 8. Image of GCDa, GCDi and GCDw samples under UV light,
respectively.

CQDs are materials with serious potential as
fluorescent inks that can be used in various applications
due to their non-toxicity, fluorescent stability and similar
properties. Fluorescent inks obtained using CQDs are
environmentally friendly and permanent. Additionally,
such fluorescent inks can be used in anti-fraud and
encryption applications [14]. Interestingly, some
luminescent materials with exceptional invisible
transparency capabilities may be used spontaneously as
luminescent inks (Figure 8). A brush and commercial
papers without any background luminescence were used.
The similar pattern may be readily obtained, as shown in

Figure 9, by utilizing obtained GCDa, GCDw, and GCDi
labeled carbon dots as luminous inks. This pattern was
invisible in the daylight but was immediately visible under
UV light. The best outcome for the GCDa carbon dot
sample was produced, and it may be utilized as direct anti-
counterfeiting luminescent inks. Utilizing carbon dots
with a higher PL peak intensity can help luminescent inks'
anti-counterfeiting capabilities.

GCDa GCDw GCDi

Figure 9. Images drawn with fluorescent ink created from CQDs in
daylight and under UV light (365 nm).

4 Conclusion

Fluorescent carbon dots were synthesized from Goji
berry simply, non-toxic, environmentally friendly and
cost-effective. CDs were obtained by the hydrothermal
and solvothermal methods using Goji berry and sucrose as
a precursors and water, isopropanol and acetone as a
solvent. The crystal structures of carbon quantum dots
synthesized using different solvents were investigated by
XRD and the crystal structure of obtained carbon dots
consists of amorphous phases. The obtained peaks in the
UV spectrum of carbon dots are attributed to m—m*
electronic transitions. As a result of the excitation of the
samples at a wavelength of 386 nm, it was observed that
they exhibited maximum emission at a wavelength of 465
nm. By increasing the excitation wavelength, a redshift of
the emission peak was detected. The sample with the
highest PL peak value among the carbon dot samples
generated using three different solvents was discovered in
the sample synthesized using acetone solvent. TEM was
used to study the morphology of the carbon dot sample
synthesized with acetone solution, and the average
diameter of the carbon dots was determined to be 7.2 nm.
Obtained GCDa, GCDw, and GCDi carbon dots was
utilized as luminous inks. This pattern was invisible in the
daylight but was immediately visible under UV light. The
best outcome for the GCDa carbon dot sample was
produced, and it may be utilized as direct anti-
counterfeiting luminescent inks.
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Abstract

Original scientific paper
In this study, the machinability of the independent variables AISI 52100 bearing steel with ultrasonic and conventional turning was
investigated. In this study, the effects of machining method and cutting speed, which are independent variables, on tool life were examined
while examining machinability. Variables such as constant feed of 0.1 mm/rev, cutting speeds of 50, 100 and 150 m/min and a constant
depth of cut of 0.5 mm were used in the experimental studies. Cemented carbide and cubic boron nitride (CBN) cutting tools were used as
cutting tools. In ultrasonic turning, which is one of the machining methods, two different vibration frequencies (20 and 30 kHz) and constant
vibration amplitudes (10 um) were applied to the cutting tool. Machining operations were carried out under dry machining. As a result, the
increase in cutting speed in all machining methods caused a decrease in cutting tool life. Increasing vibration frequency values in ultrasonic
turning caused an increase in cutting tool life. CBN cutting tool exhibited longer tool life than carbide cutting tool in all machining methods
and cutting speed values. In addition, the highest tool life at all cutting speeds is seen in ultrasonic turning at 30 kHz, while the lowest tool
life is in conventional turning.

Keywords: AlISI 52100 bearing steel, machining, tool life, ultrasonic turning.

AIS| 52100 RULMAN CELIGININ ULTRASONIK TORNALAMA YONTEMI ILE KESICI TAKIM
OMRUNUN INCELENMESI

Ozet
Orijinal bilimsel makale

Yapilan bu ¢aligma ile ultrasonik ve geleneksel tornalama ile bagimsiz degiskenlerin AISI 52100 rulman ¢eliginin islenebilirligi arastirildi.
Bu ¢alismada islenebilirlik incelenirken bagimsiz degiskenler olan isleme yonteminin ve kesme hizinin takim émriine olan etkisi incelendi.
Deneysel ¢aligmalarda, 0.1 mm/devir sabit ilerleme, 50, 100 ve 150 m/dak kesme hizlar1 ve 0.5 mm sabit talas derinligi gibi degiskenler
kullanildi. Kesici takim olarak sementit karbiir ve kiibik bor nitriir (CBN) kesici takimlar kullanildi. isleme yéntemlerinden biri olan
ultrasonik tornalamada, iki farkl: titresim frekansi (20 ve 30 kHz) ve sabit titresim genligi (10 pm) kesici takima uygulandi. Talas kaldirma
islemleri kuru igleme altinda gergeklestirildi. Sonug olarak tiim igsleme yontemlerinde kesme hizinin artisi, kesici takim 6mriiniin azalmasina
neden olmustur. Ultrasonik tornalamada artan titresim frekans degerleri kesici takim omriiniin artigina neden olmustur. Tiim igleme
yontemlerinde ve kesme hizi degerlerinde CBN kesici takim karbiir kesici takima gore daha uzun takim 6mrii sergilemistir. Ayrica tiim
kesme hizlarinda en yiiksek takim omrii 30 kHz ile yapilan ultrasonik tornalamada goriiliirken, en diisiik takim omrii geleneksel
tornalamada olugmustur

Anahtar Kelimeler: AISI 52100 rulman ¢eligi, takim émrii, talash imalat, ultrasonik tornalama.

1 Girig sicakliklart takim  Omriinii  azaltarak, islenebilirligi

etkilemektedir [1]. Sert ve kirilgan malzemeler stiin

Geleneksel tornalama islemi, imalat endiistrisinde
yaygin olarak kullanilan talas kaldirma yontemlerinin
basinda gelmektedir. Talas kaldirma islemlerinde is parcasi
ve kesici takim arasindaki nispi hareketlerden dolayr bu
bolgede siirtiinme olusmakta ve yliksek kesme sicakliklar
meydana gelmektedir. Olusan bu yiiksek kesme

* Corresponding author.
E-mail address: salihagar@munzur.edu.tr (S. Agar)

mekanik &zelliklerinden dolay1 uzay, havacilik, otomotiv
vb. gibi sektorlerde yaygin bir sekilde kullanilmaktadir.
Ancak bu malzemelerin talash islenebilirligi {izerine artan
talepler karsisinda  geleneksel tornalama  yetersiz
kalmaktadir [2]. Bu malzemelerden biri de yiiksek karbon
iceren krom alagimli AISI 52100 geligi freze ¢akilarinda,
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disli takimlarda pimlerde, vidalarda, makaralarda, hidrolik
ekipman parcalarinda, kollu kilavuzlarda, millerde ve
yataklarda kullanilir [3].

Hizli takim aginmasi, kesici takim degistirme zamant,
on 1s1l iglem ve taglama operasyonunun da dahil edilmesi
nihai iiriin maliyetinde yiiksek artislara neden olmaktadir.
Dolayistyla en uzun takim omrii ve iyi yiizey kalitesi
saglayan isleme kosullarinin belirlenmesi amaciyla
yapilacak bir iyilestirmeyle isleme zamani ve iretim
maliyeti  diisecektir. Ultrasonik tornalama yiizey
puriizliliigiinii azaltirken takim aginmasi ve kesme
kuvvetlerini iyilestirdigi ve uygun talas formlarinin
olusmasimi  sagladigi i¢in, bu tir malzemelerin
igslenmesinde tercih edilmektedir [4]. Ultrasonik tornalama
yontemi, kesici takim-is pargasi ara yiizeyindeki siirtiinme
katsayisini onemli derecede azaltmaktadir [5]. Son yillarda
popiiler olan ultrasonik tornalama yontemi kesici takima
diisiik genlikte (4-10 um) ve yiiksek frekanslarda (17-40
kHz) titresim uygulanarak yapilan bir talas kaldirma
islemidir. Ancak ultrasonik tornalama yonteminin, isleme
esnasinda kesici takim-is pargasi ara yiizeyinde geleneksel
tornalama yontemine gore yiiksek sicaklik olusturmasi
ultrasonik  tornalama ydntemin dezavantaji  olarak
goriilmektedir [6].

Takim 6mrii, talas kaldirma esnasinda kesici takimin
kesme kriterlerine gore kullanilamayacak sekilde aginmasi
icin gereken zaman olarak tanimlanmaktadir. Kesici takim
omrii, talagli islemeye etki eden en 6nemli ekonomik
faktorlerden biridir [7]. Talas kaldirma siiresince gesitli
asinma mekanizmalar1 ile kesici takimda agmmalar
meydana gelmektedir. Takim asinmasi ile isleme siiresi
arasindaki zamana bagli asinma egrisi Sekil 1’de
gosterilmistir. Zamana bagimli aginma egrisinde ii¢ bolge
bulunmaktadir. Birinci bolge, kesici takim hizli baslangig
asinmast olarak tanimlanir ve islemenin ilk birkag
dakikalik siiresinde hizli bir asinma meydana gelir. Denge
ya da kararli bolge olarak adlandirilan ikinci bolgede ise
oldukga diizenli asinma goriiliir. Son olarak aginma hizinin
arttigt bolgede ise kesme sicakliginin ani yiikselis
gosterdigi, isleme verimliliginin azaldigi bolgede takim
Omrii sona ermistir[8]

Alistirma (baslangi¢)
? } periyodu | Kopma S
Denge durum asinma bélgesi —»r<-bolgesi o

\ | kopma

‘ +

\ Stirekli lvmelenen
| duzgin asinma

[ asinma oran

; bolgesi

Takim yan yuzey asinmasi (FW)

\ Hizli baglangig

asinmasl |

Kesme stiresi (dak)

Sekil 1. Kesici takimda meydana gelen zamana bagiml serbest yiizey
asinma egrisi [7].

Bu ¢alismanin amaci, yiiksek mekanik ozelliklere
sahip AISI 52100 c¢eliginin geleneksel tornalama ve
ultrasonik tornalama yontemi ile kuru isleme altinda,
isleme parametrelerinin takim omrii tizerindeki etkilerini
ve 6nem derecesini deneysel, sayisal ve istatistiksel olarak
aragtirmaktir.Calismada i pargasi olarak genis bir
kullanim alanina sahip olan ve genellikle rulman ve kalip
yapiminda kullanilan AISI 52100 ¢eliginin seg¢ilmesinin
amaci, bu tiir celikler yiiksek mukavemete sahip
olduklarindan, geleneksel talashi imalat yontemleriyle
islenmesinin zor ve kisitli olmasidir.

2 Materyal ve Metot

Calismada, is pargast olarak AISI 52100 (100Cr6)
celigi kullanilmigtir. AISI 52100 rulman geligi 1s1l iglemsiz
ve ©@60X600 mm boyutlarinda ticari olarak temin
edilmistir. Deneylerde kullanilan is pargalarinin ortalama
sertlik degeri 60 HRC olarak belirlenmistir. Isleme
sirasinda is parcasinda olusabilecek salinimlarin 6nlenmesi
amasiyla, deneylerden Once is pargalarina punta deligi
acildi ve is pargalart yiizeyindeki muhtemel korozyon
tabakasinin kaldirilmasi amaciyla tim is pargalarina
deneylerden 6nce 0.3 mm talas derinliginde isleme yapildu.
AISI 52100 ¢eliginin kimyasal bilesimi ile mekanik ve
fiziksel 6zellikleri Tablo 1°de verilmistir.

Tablo 1. AISI 52100 ¢eliginin kimyasal bilesimi, mekanik ve fiziksel 6zellikleri [9].

Kimyasal Bilesim (%)

Element C Cr Mn

Si Cu Ni

% igerigi 1 1.49 0.34

0.24 0.16 0.1

Mekanikve Fiziksel Ozellikleri

(gr/cm®) | (HRC) (MPa) (MPa)

Yogunluk | Sertlik | Cekme dayanimi | Akma dayanimi

Kopma uzamasi | Elastisitemodiilii | Isil iletkenlik
(%) (GPa) (W/m.°K)

7.80 60-66 520 415

2.7 80 42.4

Talas kaldirma deneylerinde CNGA 120404 (=12
mm, s= 4 mm, r=0.4 mm) ISO standardinda, S10 kalitede
degistirilebilir  karbiir ve CBN kesici takimlar
kullanilmistir. Kullanilan takimlarin geometrik 6zellikleri
Sekil 2°de verilmistir. Takim tutucu olarak ISO 5608
standardinda, degistirilebilir kesici takimlara uygun
DCLNR 2020 KI12 normunda kater kullanilmistir.
Deneyler 10 HP giiclinde, 9-1600 dev/dak hiz araligina ve
93 adet ilerleme sayisina sahip YUNNAN marka

CY6250B  model
gergeklestirilmistir.

iiniversal  torna  tezgdhinda

Sekil 2. Deneylerde kullanilan kesici takimin geometrisi.
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Calismada kullanilan parametreler ve degerleri,
yapilan literatiir aragtirmalar1 dogrultusunda, kullanilan
tezgah ve ekipmanlarin 6zellikleri de dikkate alinarak
belirlenmistir. Bu c¢alismada, Tablo 2’de belirtilen
degiskenler kullanilarak talas kaldirma deneyleri
gerceklestirilmigtir. Deneyler tam faktdriyel deney
tasarimi kullanilarak gerceklestirilmistir. Tam faktoriyel
deney tasariminda, tiim faktorlerin birbiriyle olan
etkilesimleri gbz oniine alinmaktadir. Tablo 2’de isleme
parametreleri ve seviyeleri verilmistir.

Tablo 2. isleme parametreleri ve seviyeleri.

Parametreler Seviyeler
Kesme Hizi (m/dak) 50-100-150
ilerleme (mm/dev) 0.1

Talas Derinligi (mm) 0.5

Titresim Frekansi1 (kHz) | 20-30

Titresim Genligi (um) 10

Takim 6mrii 6l¢iimlerinde NIKON marka ECLIPSE
MA100 model optik mikroskobu kullanilmustir. Ol¢iimler
5X biiyiitmede yapilmigtir. Takim 6mrii ¢aligmalar1 ISO
3685 standardina gore gergeklestirilerek, kesici takimda
meydana gelen serbest yiizey asinma (Vb) miktari 0.3 mm
ulagincaya kadar isleme devam edilmistir. Takimda
meydana gelen asinma optik mikroskobunda zamana
bagimli olarak olgiilmiistiir. Sekil 3’de kesici takimda
zamanla meydana gelen serbest yiizey asinma Olgiimii
goriilmektedir.

30 dk 38dk
Sekil 3. Kesici takimda meydana gelen asinma 6l¢iimi.

3 Arastirma Sonuglari ve Tartigsma

Takim Omiir ¢alismalari, farkli isleme yontemleri
altinda, CBN kesici ve sementit karbiir takimlar ile kuru
isleme altinda 3 farkli kesme hiz1 (50, 100, 150 m/dak),
sabit talag derinligi (0.5 mm) ve sabit ilerlemede (0.1
mm/dev) is parcasindan talag kaldirilarak yapilmistir.
Takim Omriiniin isleme yontemine gore belirlenmesinde
geleneksel tornalamaya ek olarak, 10 pm sabit titresim
genligi altinda 20 ve 30 kHz ultrasonik tornalama
deneyleri gergeklestirilmistir. Takim 6miir deneylerinde
kesici takimin serbest yiizey asinmasi (VB) 0.3 mm’ye
ulasincaya kadar talag kaldirilmistir. Kesici takimda birim

zamanda meydana gelen aginma miktar tespit edilmistir.
Birim zamanda olusan asinma miktarimin 6l¢iilmesi ile
zamana bagimli asinma  karakteristik  egrisinin
olusturulmasi1 amaglanmustir [10]. Sekil 4’de karbiir
kesici takimin 50 m/dak kesme hizinda olusan aginma-
zaman grafigi, Sekil 5’de ise kesme hizina bagli aginma
grafigi verilmistir. Sekil 6 ve Sekil 7°de sirastyla CBN
kesici takimin 50 m/dak kesme hizinda olusan asinma-
zaman grafigi ve kesme hizina bagli asinma grafigi
verilmigtir.

400

w
[$)]
o

300
250
200

O Geleneksel

Serbest Yiizey Asinmasi (um)

150
100 el 20 kHz (10
um)
50 #— 30 kHz (10
um)
O I
0 10 20 30

isleme Siiresi (dak)
Sekil 4. Karbiir kesici takimin zamana baglt aginmasi.

Sekil 4’de isleme yontemlerinin 50 m/dak kesme
hizinda ve kuru isleme altinda karbiir kesici takimin
omriine olan etkileri gorilmektedir. Sekil 4’¢ gore
geleneksel tornalamada kesici takim hizli bir sekilde
asinmistir. Ancak 20 kHz ve 30 kHz titresim frekans1 ve
10 um altinda gerceklestirilen ultrasonik tornalama
deneylerinde gergeklesen takim Omrii  geleneksel
tornalamaya goére daha yiiksek olusmustur. Ayrica CBN
kesici takimlarda olusan takim omrii karbiir kesici takim
omriine gore olduke¢a yiiksektir. Bunun nedeni sementit
karbiiriin, CBN kesici takima gore daha diisiik asinma
direnci sahip olmasindan kaynaklanmaktadir [11].

25,0 T
O Geleneksel

%20,0 =20 kHz (10 ]
] \ um)
13 15,0
£
0
€ 10,0
X
©
F 50

0,0

0 50 100 150 200

Kesme Hizi (m/dak)
Sekil 5. Karbiir kesici takim kesme hizi-6miir iligkisi.

Isleme yontemlerinin karbiir kesici takim omriine
olan etkisi Sekil 5’de kesme hizina bagli olarak
verilmistir. Sekil 5’e gore artan kesme hiz1 ile kesici takim
omriiniin ~ kisaldigi  goriilmektedir.  Yiiksek kesme
hizlarinin  diisiik kesme hizlarma gore serbest ylizey
aginmasini hizlandirdigi belirtilmistir [12]. Kesme hizinin
artis1 ile beraber artan kesme bolgesi sicakligi asinma
mekanizmalarinin etkisini artirarak kesici takimin 6mriinii
azalttig1 belirtilmistir [13]. Kesme hizindaki artis, isleme
bolgesi sicakligini artirmasi nedeniyle takimda olusan
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termal etki, takim asmmasiin hizlanmasina ve takim
Omriiniin kisalmasima neden olur [14]. Karbiir kesici takim
kullanilarak yapilan geleneksel tornalamada 50 m/dak
kesme hizinda kesici takim Omrii 16 dak olarak
gergeklesirken 100 m/dak ve 150 m/dak kesme hizlarinda
sirastyla 11 dakika ve 9 dakika olarak gergeklesmistir. 20
kHz titresim frekansinda yapilan ultrasonik tornalamada,
50 m/dak kesme hizinda kesici takim omrii 19 dakika
olarak gerceklesirken 100 m/dak ve 150 m/dak kesme
hizlarinda sirastyla 13 dakika ve 10 dakika olarak
gerceklesmistir.30 kHz titresim frekansinda yapilan
ultrasonik tornalamada ise, 50 m/dak kesme hizinda kesici
takim 6mrii 21 dakika olarak gerceklesen takim omrii 100
m/dak ve 150 m/dak kesme hizlarinda takim Omrii
sirastyla 14 dakika ve 12 dakikaya diigmistiir. 50 m/dak
kesme hizinda igleme yontemleri kiyaslandiginda, 30 kHz
ile yapilan ultrasonik tornalama deneylerinde 20 kHz
ultrasonik tornalamaya gore kesici takim 6mriinde %9.52
ve geleneksel tornalamaya goére ise %23.8 oraninda
iyilesme goriilmiistiir. 100 m/dak kesme hizinda bu
oranlar %7.14 ve %21.42 olarak gerceklesirken 150m/dak
kesme hizinda ise sirasiyla %16.66 ve %25 oraninda
takim dmriinde iyilesme gériillmiistiir.

400 ‘ ‘

g 350 [ e==C==Geleneksel
€300 [ <
< 250 %
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0 20 40 60 80 100
Isleme Siiresi (dak)
Sekil 6. CBN kesici takimin zamana bagli aginmast.

Sekil 6’da isleme ydontemlerinin 50 m/dak kesme
hizinda ve kuru isleme altinda CBN kesici takimin
omriine olan etkileri goriilmektedir. Sekil 6’ya gore
geleneksel tornalamada en diisiik takim 6mrii olusurken,
farkli frekanslarda gergeklestirilen ultrasonik tornalamada
ise takim Omriiniin arttig1 belirlenmistir. Karbiir kesici
takima benzer sekilde artan kesme hizlarinda kesici
takimin hizli bir sekilde asindig1 belirlenmistir.

100 \
o Geleneksel
80 e—f— 20 kHz (10 pm)i
< emtr==30 kHz (10 pm)
©
=
B=] 60
t.
S >\
€ 40
X
©
e
20
0
0 50 100 150 200

Kesme Hizi (m/dak)
Sekil 7. CBN kesici takim kesme hizi-6miir iligkisi.

Isleme yontemlerinin CBN kesici takim émriine olan
etkisi Sekil 7°de kesme hizina bagl olarak verilmistir.
CBN kesici takim kullanilarak yapilan deneylerde ise,
geleneksel tornalamada 50 m/dak kesme hizinda kesici
takim omrii 48 dakika olarak gergeklesirken 100 m/dak ve
150 m/dak kesme hizlarinda sirasiyla 31 dakika ve 24
dakika olarak gerceklesmistir. 20 kHz titresim
frekansinda yapilan ultrasonik tornalamada, 50 m/dak
kesme hizinda kesici takim omrii 75 dakika olarak
gerceklesirken 100 m/dak ve 150 m/dak kesme hizlarinda
sirastyla 38 dakika ve 27 dakika olarak gerceklesmistir.30
kHz titresim frekansinda yapilan ultrasonik tornalamada
ise, 50 m/dak kesme hizinda 81 dakika olarak ger¢eklesen
takim omrii, 100 m/dak ve 150 m/dak kesme hizlarinda
sirastyla 40 dakika ve 29 dakika olarak belirlenmistir. 50
m/dak kesme hizinda isleme yontemleri kiyaslandiginda,
30 kHz ile yapilan ultrasonik tornalama deneylerinde 20
kHz ultrasonik tornalamaya gore kesici takim omriinde
%7.4 ve geleneksel tornalamaya gore ise %38.3 oraninda
iyilesme goriilmistir. 100 m/dak kesme hizinda bu
oranlar %5 ve %22.5 olarak gerceklesirken 150m/dak
kesme hizinda ise sirasiyla %6.9 ve %17.2 oraninda kesici
takim dmriinde iyilegsme oldugu belirlenmistir.

4  Sonuglar

Bu ¢aligma sonucunda AISI 52100 rulman ¢eliginin
ultrasonik ve geleneksel tornalama sonucunda Kkesici
takim Omrii deneysel olarak incelenmistir. Caligmalar
sonucunda elde edilen sonuglar asagidaki gibidir.

e Tiimisleme yontemlerinde kesme hizinin artisi, kesici
takim Omriiniin azalmasina neden olmustur.

e Tiim kesme hizlarinda en yiiksek takim 6mrii 30 kHz
ile yapilan ultrasonik tornalamada goriiliirken, en
disik takim  Omri geleneksel tornalamada
olusmustur.

e Ultrasonik tornalamada artan titresim frekans
degerleri kesici takim Omriiniin artigina neden
olmustur.

e Tim isleme yoOntemlerinde ve kesme hiz
degerlerinde CBN kesici takim karbiir kesici takima
gore daha uzun takim 6mrii sergilemistir.

fleriye déniik olarak elde edilen sonuglar
degerlendirilerek, AISI 52100 rulman ¢eliginin ultrasonik
ve geleneksel tornalama sonucunda elde edilen sonuglar
gelecekte yapilacak olan farkli ¢aligmalara 151k tutacaktir.
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Abstract

Original scientific paper
International projects are inherently vulnerable to unforeseen and complex risk scenarios. This study aimed to assess and identify the most
significant risk factors in international construction projects using the analytic hierarchy process (AHP) methodology. Initially, by
employing Meta-analysis, the most significant threats to Afghanistan's construction industry were identified. Based on the findings of the
analysis, the AHP method is utilized to determine the relative severity and priority of the risks. According to the findings of the study,
security and financial concerns are high-risk, while operational and geographical concerns are low-risk. Afghanistan's lack of integration
into international law and the trade system is deemed to pose significant risks. This study contributes to the existing body of knowledge
concerning the potential dangers investors face in high-risk construction markets. The study's findings may also help contractors develop
"bid or no-bid" strategies for high-risk markets.

Keywords: International construction, project management, risk assessment, AHP.

ULUSLARARASI iINSAAT PROJELERI iGIN RiSK DEGERLENDIRMESI

Ozet
Orijinal bilimsel makale

Uluslararasi projeler dogasi geregi dngoriilemeyen ve karmasik risk senaryolarina maruz kalmaktadir. Bu ¢aligma, analitik hiyerarsi siireci
(AHP) yontemine dayanarak uluslararasi miiteahhitlik projelerindeki kritik risk faktorlerini degerlendirmeyi ve tanimlamayi amaglamustir.
Oncelikle 6rnek iilke olarak segilen Afganistan pazarindaki insaat firmalarinin karsi karstya kaldig1 zorlayici riskler meta-analiz yontemi
ile belirlenmistir. Analiz sonucu elde edilen verilere gore AHP yontemi kullanilarak risklerin oncelikleri ve birbirleri arasindaki 6nem
derecesi tespit edilmistir. Caligmanin sonuglari, giivenlik ve finansal kaygilarin yiiksek, operasyonel ve cografi kaygilarin ise diisiik riskli
oldugunu géstermektedir. Afganistan'in uluslararasi hukuka ve ticaret sistemine entegre olmamasi yiiksek risklerin temel nedeni olarak
degerlendirilmektedir. Caligmanin bulgulari, yiiksek riskli insaat pazarlarina yatirrm yapma karari verirken karsilagilan olasi tehditler
hakkinda mevcut literatiire ve yatirimcilara giincel bilgiler vermektedir. Arastirma sonuglar yiiklenicilerin yiiksek riskli piyasalar i¢in
"teklif verme veya teklif vermeme kararlar1" stratejileri gelistirmelerine de yardimci olabilir.

Anahtar Kelimeler: Uluslararasi insaat, proje yonetimi, risk degerlendirmesi, AHP.

1 Introduction implement international projects in countries with a high-

risk profile. International construction projects have more

The rapid growth of economic globalization, coupled
with volatile domestic markets and intensifying
competition, has created lucrative opportunities for
international contracting firms [1,2,3]. By capitalizing on
these opportunities, a growing number of international
contracting firms have expanded their operations on the
international market to ensure their financial security
through an increase in global revenue [4,5]. However, a
major issue with this strategy is that international projects
are inherently exposed to unpredictable and complex risk
scenarios [6,7]. Also, difficulties arise when attempting to

" Corresponding author.
E-mail address: m.ugural@iku.edu.tr (M. N. Ugural)

complex structures than domestic construction projects
[8]. Systematic, exhaustive, and applicable risk
management for international construction projects,
resulting from the dynamic interaction of country and
project-based factors; processes are required to reduce the
potential impacts of high-risk and unpredictable problems
[9]. When firms enter these countries, they are likely to
encounter a high level of uncertainty due to the political
and economic stability, the strength of the legal system,
and the strength of the host government's relations [10].
Political and economic instability likely prompt western
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contractors to withdraw from these markets in favor of the
relatively stable western markets [11]. However, Turkish
contracting firms tended to focus on high-risk markets,
which were deemed unattractive by western companies
[12]. Moreover, the fact that they operate in high-risk
international markets, which has contributed to their
enviable reputation, makes them especially susceptible to
encountering serious risk issues in international
construction projects. Therefore, the ability of Turkish
contracting firms to avoid and manage these risks is
crucial to their success when entering these markets.
Afghanistan has been one of the leading markets for
Turkish contractors operating in high-risk countries [13].
The Turkish Constructor Association estimated in August
2019 that the total value of projects undertaken by Turkish
companies in South Asia and the Far East between 2002
and the third quarter of 2019 exceeded 12.1 billion USD,
with Afghanistan accounting for 18.7% of the total [14].
This paper examines risk assessment for international
business in Afghanistan from the perspective of Turkish
international construction companies, as it is believed that
risky markets provide an opportunity to move into
emerging markets, and because Turkish companies rank
first among foreign companies operating in the
contracting business in Afghanistan. Based on the analytic
hierarchy process (AHP) method, the purpose of this study
is to assess and identify the critical risk factors in
international contracting in Afghanistan country.

2 Theoretical Background and Literature Review

Risk is viewed as a factor that causes deviance from
predetermined objectives [15]. The PMBOK Guide [16]
defines risk as "an uncertain event or condition that, if it
occurs, will have a positive or negative impact on the
project's objective." The major part of this concept is that
the impact of uncertainty on the planned initiative's
objectives can be either positive or negative. Due to the
fact that the success of international projects depends on
country-specific risk factors as well as common risk
factors, firms that wish to enter the international market
should emphasize risk [17,18].

Entrepreneurs who wish to invest internationally must

employ a proactive and comprehensive risk management
system and assess the impact of market conditions on their
projects. In addition, this system determines competition
and profit potential during the planning and bidding
phases [19]. Consequently, as a result of the alienation of
environmental factors, the excess of uncertainties and the
complexity of relations between the countries in which the
contractors will invest become more crucial for predicting
the risks in international projects.
Numerous studies on the risk assessment of international
construction projects [20, 21, 22, 23, 24, 25] have been
conducted in this field. Nonetheless, a very small number
of studies have been conducted in high-risk markets, as
observed. [26,27,28] Specifically for Afghanistan, only
one study has been conducted [29].

Risk identification is the first and possibly most
important step in the risk management process, as
subsequent steps can only be taken in response to
identified potential risks [30,31]. Identification and

analysis of risks are generally regarded as the most
important project management practices, meaning they
have the most influence on risk assessment. However,
most studies do not focus on risk identification, but rather
on risk assessment and mitigation strategies. Risk analysis
and response are predicated on predefined risk elements
[32]. Decomposition structures, risk registers, risk
breakdown structure, brainstorming, nominal group
technique, Delphi, historical records, influence diagram
checklists, and decision-based support systems are widely
used for risk identification [33,34]. Studies of risk
assessment have emphasized quantitative evaluation for
many years. Firstly, methods of evaluating probability
impact (PI) were the most commonly employed in project
risk assessment [35]. Cooper et al. [36] and Barnes [37]
pioneered the Pl method for project cost risks, which has
since been improved by adding more criteria to this phase.
by Han and Diekmann [38] and Sauli et.al [39], for
instance, have utilized a variety of new variables, such as
the value of the risk and vulnerability. Second, the Monte
Carlo simulation (MCS) method was widely employed in
risk assessment. Diekmann [40] and Cioffi and
Khamooshi [41] used MCS to assess construction project
cost risk estimation. Thirdly, the analytic hierarchy
process (AHP) and fuzzy sets were created to enhance the
objectivity of subjective decision making [42, 43, 44].
AHP has garnered considerable interest in the
construction industry over the past two decades.
International construction contracting issues have been
described as complex, poorly defined, and uncertain [45].
According to some scholars, there are numerous risk
factors associated with building contracts, and the
interrelationships between these risk factors are complex
and sometimes nonlinear [46]. In order to ensure the
success of international construction projects, it is crucial
to correctly identify and evaluate potential risks. AHP is
an effective method for prioritizing identified risks [47].
This enables decision-makers to use various quantitative
parameters to analyze potential options and then select the
best option. AHP was frequently favored in the
construction industry [48,49,50,51,52] as a result of its
inherent ability to deal with specific forms of decision-
making. Therefore, it was determined to employ AHP in
this study.

3 Research Methodology

This study's research methodology is composed of
three distinct phases. The initial step is identifying the
risks to be considered. Using a meta-analysis technique, a
literature review is conducted in order to identify the
country-based risk factors that influence the potential
market for international construction projects in
Afghanistan. The second step is the categorization of risks
through semi-structured interviews. Based on the opinions
of experts, they have attempted to eliminate less
significant risk factors at this point. As a result of semi-
structured interviews with experts, certain risks identified
in the literature review were eliminated and the remaining
risks were categorized. In the final phase, the evaluated
data from the semi-structured interviews are analyzed
using the Analytical Hierarchy Process (AHP) to rank and
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prioritize the potential challenges for the Afghanistan
market. As this study focuses primarily on the
international experience and performance of Turkish
contractors, these experts took the Turkish contractors'
perspectives into account when identifying risk factors.
Figure 1 illustrates the problem-structuring model that
was developed. The study's findings will then be
evaluated and compared to those of prior research.

Risk o Rt'?kt.
Risk Categorization rioritization
e . Analytic
Identification Semi N i h
Meta-Analysis |:> Structured ~ |—/] Fl’erarc Y
Method Interview rocess
Method (AHP)
Method

Figure 1. Proposed Research Model.

3.1 Risk Identification with Meta-Analysis

The earlier literature review on identifying risk
factors for construction projects is beyond the scope of
this paper; for a comprehensive treatment of the topic, the
reader is referred to Siraj and Fayek [53]. Because of that
in order to assess the risk factors that affect international
projects in developing countries, with an emphasis on
construction projects in Afghanistan, we opted to focus on
empirical literature reviews. With this scope, peer-
reviewed journals that have published in the construction
management literature within the last 15 years have been
analyzed, and research has been conducted using the
keywords  "international  construction risk" and
"construction contracting risk." Using a meta-analysis
technique, the databases of WoS, Scopus, ASCE, Science
Direct, Taylor & Francis, and Emerald publishers were
combed between 2005 and 2020 for 76 papers on country-
based construction contract risk factors. As a result of the
literature review, 36 of the most prominent “country-
based"” risk factors affecting international contracting in
developing nations were selected from the defined
publications.

3.2 Risk Categorization with Semi-Structured Interview

Rather than using the current risk breakdown
framework for this study, a number of discussions were
held with experts in the field of international construction
in order to establish the most realistic risk analysis that
represents the most frequently encountered problems
faced by contractors operating on the global market. Four
professionals were consulted for this purpose. With the aid
of a semi-structured interview with these experts, the 36
risk factors that were believed to have a measurable
impact on the project's success were assessed. Some of the
identified sources of risk contained a source compound
that was assumed to be better described under one
category. The new model contained 24 sources of risk. At
the conclusion of this procedure, the primary risk
categories and risk occurrences are clarified. The
identified risk sources are grouped into six major risk
categories, including security, financial, market,
geographical, legal, and operational issues. The proposed
risk table for international construction projects is shown

in Table 1. In the final phase, the logic of the AHP method
is explained to the experts, who are then asked to rank the
market risk for Afghanistan.

Table 1. Prepared Risk Table on International Construction Projects.
Risk Uncertainty/Ambiguity

Categories

Security Risk | Security/absence of a security system

Mafia, etc., a multiplicity of power groups

Shortage of medical facilities

Financial Risk | Unpredictability of Economic

Circumstances

Variability of the Exchange Rate

Lack of financial resources of the client

Insufficient Banking System

Market Risk | Difficulties in Material Procurement

Deficit in Infrastructure

Variations in Quality Perception

Insufficient Skilled Subcontractors

Lack of Corporate Clientele

Administrative Corporate Weakness

Regarding Customers

Geographical | Vulnerability to Natural Disasters

Risk
Climate-Related Adverse Conditions
Adverse Physical Conditions
Legal Risk Corruption within the Political Hierarchy

(bribery, theft, ethnicdiscrimination)
Undevelopedness / Unreliability of the
Legal System
Risks Resulting from International
Relations Instability
Restriction on Foreign Corporations and
Additional Fees
Operating Technology-related risk

Risk

Human resource-related issues (capacity
risk)

Risks Arising from Contracts

Cultural differences

Interviews with experts regarding the country-based
risk factors of the construction industry in Afghanistan
were compiled based on the experts' personal ideas and
experiences, as well as the information obtained at the
conclusion of the AHP method. Rather than forming a
definitive opinion on the construction industry, the
purpose of this study is to provide Turkish contracting
firms that are considering working in Afghanistan with a
general understanding of the market.

3.3 Risk Prioritization with AHP Process

The method is shaped by three fundamental
principles: parsing, comparison, and prioritization
synthesis. After determining the objective with AHP, it
may be easier to comprehend the decision-making
problem by dividing it into sub-problems, creating a
hierarchy, and analyzing each sub-problem separately
[54]. The AHP factors can be concerned with any
viewpoint of the decision-making problems. If it is
necessary to compare the n alternative risk elements (A1,
A2,..., An) after the creation of the hierarchy, an expert
assigns a numerical value aij to each pair of alternatives
(Ai,A]) using the dual combination scale (Table 2).
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Table 2. AHP Binary combination Scale [52].
Numeric Values | Description
Items are equally important or remains

1 indifferent between them

3 1t item is important or slightly more
preferred than 2" item

5 1t item is more important or more
preferred than 2" item

7 1%t item is very important or too much
preferred to 2" item

9 1t item is extremely important or

excessively preferred to 2" item
2,4,6,8 Intermediate values

If the numeric value of the 1% item
compared to the 2™ item is x, then 2"
item in comparison to the 1% item,
opposite value to the x will be
attributed.

Opposing values
(1/x)

Using a binary comparison, numerical values
determine the effects of the items on the element (project
success) placed at a higher level. Aijk refers to the K
expert's preference (opinion) between Ai and Aj
alternatives (risks).

The geometrical mean (1) is determined by
calculating and compiling all of the experts' verdicts, and
then it is incorporated into the comparison matrix (2).

n ey
3 /aileaijZX - Ky,
&y A a,

D= a,, [= VPP a,, (2)
anl an2 b ann

D Matrix has a comparison matrix with potentially
inconsistent judgments and the following characteristics

(3):

a a where j=1,2.......... ,Nn 3)

ij=—Vi
&
D matrix is considered consistent if all the factors
satisfy (3) and (4) conditions:

ij>0;

a; a8 ; vV 1jkwhereijk=1,2,...... ,n 4)

Consequently, the alternatives are considered
herewith the approach of comparison matrix D by use of
the matrix P:

pll p12 """" pln
P=1p, Py D2 (5)
pﬂl an b pnn

Elements of Matrix P are consistent decisions
displayed as weight ratios between the alternatives.

Pij = Pi/Pj Where i,j=1,2,.....n (6)

For the vector p, pi is used to represent the alternative
weights.

P=(pL p2,..cceenen. ,pn)’ %

That after arithmetic normalization, the following is
the standard layout vector:

p= (p*p pkz’ ---------- J p*n )T ®)
Where:
p*i = P ©)

D =0pi

1
Saaty [53] approached the judicial matrix using the
maximum value (eigenvalue) technique:

DP=4

‘max P (10)

Amax is regarded as the greatest eigenvalue of the
matrix D. If a comparison is conducted with confidence,
the inconsistency of matrix D should be less than 10%. In
other words, it is crucial to ensure that the number of cases
in which condition (4) is not met is less than 10%.
According to Saaty [53], the consistency of the judgments
can also be calculated using the maximum eigenvalue,
which is derived from the eigenvalue and the eigenvector,
using the following equation: (11)

Consistency Ratio CR = % (11)
Consistency Index Cl = Zma =N (12)
n-1

RC (Random consistency index) is obtained from
Table 3.

Table 3. Random Consistency (RC) Index [n = size of opposing
matrix) [53].

n|1|2 |3 |4 |5|6]|7]8]|9]10

RC| O 0 (058|09|1.12(1.24{1.32|1.41|1.45|1.49

After explaining the fundamentals of the AHP
method, the risk table developed based on the results of
the semi-structured interviews was presented to the
experts in order to compare their risk elements and
determine their weight by conducting a double
comparison. Using 25 distinct binary comparisons, each
expert in the AHP process ranked the six distinct groups’
risks from important to less important, from one to nine,
respectively. Rank of the dimensions is displayed below
(see Table 4-7). To determine the reliability of the
comparisons, the consistency ratio (CR) of the matrices
was determined by calculating the maximum eigenvalue;
since all comparison matrices had an inconsistency rate of
less than 10%, the comparison is accepted based on the
lower inconsistency rate.
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Table 4. First Expert Comparison Matrix.

3
[+
2 X [+ [} o Q
o [} —_— E [} =
2 (74 8 o = g
S| S| |5 |8 ¢
S| S| |=|&|6
Security Risk 1,000( 2,000{ 3,000| 4,000| 5,000 6,000
Legal Risk 0,500/ 1,000| 0,800{ 3,000 2,000| 3,000
Financial Risk | 0,330 1,250/ 1,000 5,000{ 3,000| 4,000
Marketing Risk| 0,250 0,333| 0,200/ 1,000{ 3,000| 2,000
Operating Risk | 0,200/ 0,500 0,333| 0,333| 1,000| 3,000
Geographical
Risk 0,166| 0,333| 0,250 0,500{ 0,333| 1,000

Amax

6,43 Yields {:CI=0,096

CR=0,077<10%

Table 5. Second Expert Comparison Matrix.

3

% ¥ | &

2|4 |8 |35 |2 |8

2 = [ 2 s

= [&] o1} = =

|8 &8|2|8l38

— [3+]

| 3| | =618
Security Risk _|1,0000|7,0000|2,0000|3,0000|8,0000|5,0000
Legal Risk __|0,1420|1,0000|0,2500|0,1660|2,0000|1,0000
Financial Risk |0,5000|4,0000|1,0000/3,0000|5,0000|4,0000
Market Risk _|0,3330|6,0000/0,3330|1,0000|4,0000|5,0000
Operating Risk |0,1250|0,5000|0,2500|0,2000| 1,0000|0,3300
;’fs‘:(graph'ca' 0,2000|1,0000|0,2500(0,2000|3,0000|1,0000

R cc1e CI=0,1034
max = , i
% CR=0,083 < 10%
Table 6. Third Expert Comparison Matrix.
e
2
. x| .| 2| =
> %
e | 3| E 2|5 £
> 2| 2| 2| £ 8
= - Q <5 "55' ey
31 8| s/ =|3g| 8
[ (3~
1 3| | =|6| &
Security Risk | 1,000 6,000 0,500| 3,000| 5,000] 2,000
Legal Risk 0,166 1,000/ 0,250| 0,500| 2,000/ 2,000
Financial Risk | 2,000 4,000] 1,000| 2,000/ 5,000] 3,000
Market Risk | 0,333 2,000] 0,500| 0,500 4,000] 3,000
Operating Risk| 0,200 0,500] 0,200] 0,250] 1,000| 0,330
E;‘Lgraph'ca' 0,500 0,500/ 0,333| 0,333| 3,000 1,000
1=0,0812

Yields C
Amax = 6,406 >{C

R=0,06<10%

Table 7. Fourth Expert Comparison Matrix.

%

X 5 E

] - x =

2 | g = £ g

= — g o) = —

3 S S = s 2

|13 || =16 &

Security Risk| 1,000| 5,000{ 0,500 3,000 3,000/ 2,000

Legal Risk | 0,200] 1,000 0,200| 0,500| 0,800| 0,750

E'izznc'a' 1,000 4,000 1,000| 5,000/ 3,000 2,000

Market Risk | 0,333 2,000 0.200| 1,000| 2,000 1,500

giira“”g 0,333 1,250| 0,333| 0,500 1,000 3,000
Geographical

o 0,500 1,333| 0,500/ 0,666| 0,333| 1,000

_ 6369 Yields Cl1=0,074
Amax = —> CR=0,0059 < 10%

After constructing the comparison matrices and
computing the consistency ratios, the Eigenvector tool of
each matrix was used to determine the weights of the risk
elements. The weight of the risks was calculated using
Table 8 and the comparison matrices that were evaluated
by the experts. The average volume calculated to reach a
consensus among the experts is shown in the final column
of Table 8.

Table 8. Significance of Risk Element.

Severity of Risk Element

Risk Type Exlstert E)f;dert E)?p;irt E)fg;rt Average
Security Risk [0,39 (0,29 0,27 0,38 géfsl;ank
Legal Risk 0,06 |009 0,07 [017 El);:??ank
pnancial - logs Joz2 fo32 o2z (D5
Market Risk 0,19 [0,16 0,12 [0,10 g’rdl‘;ank
Operatind o04 |005 [012 |008 gf;ank
gfsokgraphica' 007 (009 |00 [005 gggiank
Total Risk ~ [1.00 [1.00 [1.00 [1.00 |100%

As aresult, the risk ranking is obtained on the basis of
the average weights of the risk items. The first two risks
are security and financial risks, and the last two are
operational and geographical risks.
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4 Results
4.1 Results of the Semi-Structured Interview

As stated previously, because construction projects
are sensitive to internal and external conditions and have
a high degree of uncertainty, identifying and ranking
potential risks at the beginning of the project is one of the
most important steps in international project management.
In the semi-structured interview, the experts emphasized
the first and most crucial point: Afghanistan has not yet
been fully integrated into international law and the
international trading system. Consequently, contracting
companies' rights are governed solely by local law, which
lacks international support. In addition, the country's
unstable government creates an important level of
unpredictability and danger. There is no established
banking or secure money transfer system in Afghanistan.
The lack of adequate safety facilities and a secure
environment poses significant obstacles to the domestic
and international supply of construction materials and
equipment.  Additionally, experts have identified
bureaucratic issues as a challenge. This circumstance
makes it difficult to obtain the required permits and
documents, authorizations, payments, and temporary and
final acceptance. Complexity of the state's organizational
structure and the existence of instances of bribery are a
further point of wvulnerability in the administrative
structure. There are very few experienced consultants,
architects, and civil engineers working on large modern
technology-based  projects. Implementing  project
management, project control, and project delivery
continues to present them with significant obstacles. The
disparity between the country's calendar and the
inefficiency of the labor force has also been raised as a
problem for the builders.

4.2 Results of the AHP Application

The risk factors are divided into two main groups
based on their relative importance during the AHP
evaluation of the study results. Security and financial
concerns have been deemed high-risk, whereas
operational and geographical concerns have been deemed
low risk. Due to the fact that the weights are calculated by
comparing the risks in the study, it is important to note
that the risks categorized as underestimated may have
significant effects on the project and should not be
neglected during the risk management process.

The number of participants in the semi-structured
interviews and the inconsistencies between the AHP
process and the issues raised in the semi-structured
interviews revealed that the results were not sufficiently
reliable. In the Afghan construction market, the first group
of risks (security and finance, which account for 61
percent of the total rate) is without a doubt the most
significant.

5 Discussion

When the research findings are discussed with
experts, it becomes clear that security and financial risks

are essential Afghan market risks, with Afghanistan's lack
of integration into international law and trade being the
root cause of both risks. These results are consistent with
finding of Ghulam and Painting [29]. They discovered
the same results in their analysis of significant factors
contributing to cost overruns in the Afghan construction
industry. When the research findings are analyzed, it
becomes evident that security is a significant contributor
to financial risk.

6 Conclusion

In conclusion, the safe transportation of construction
equipment and materials from the border to the
construction site is one of the most pressing concerns if
the security risk is examined from a variety of angles. Due
to vulnerabilities and difficulties with border entry and
exit (custom), the transfer of materials from the border to
the construction site may be delayed for two to three
weeks or more . Even when a time-cost analysis is
conducted, it is possible to conclude that air transport is
preferable for small equipment.

The construction site's safety is an additional
important cost factor to consider. The budget for
construction site security ranges between 10% and 15% of
the total project cost, depending on the region in which the
project is carried out. Contrary to widespread belief, the
majority of construction site attacks are carried out by
disgruntled workers or contractors whose contracts have
been terminated, and not by the Taliban or other terrorist
organizations. At this time, close relationships with local
authorities and residents may be more effective than a
large number of armed men. When construction workers
are selected from the local populace, the security
vulnerability will be reduced.

A lack of capacity in the local construction industry,
which leads to defects in quality and delays, also affects
project delivery and, by extension, financial costs. Local
subcontractors can easily find inexpensive labor, but they
have a difficult time finding qualified civil engineers and
architects. In addition to design flaws and technical
deficiencies, the most challenging aspects of working with
subcontractors are construction and project management
deficiencies.

Despite the fact that foreign companies provide
consulting and training assistance, there are numerous
debates in the country regarding the number and quality
of engineering and architecture schools.

The government bureaucracy is an additional
significant issue. Permits for construction are obtained
through bilateral relationships or direct communication
with local authorities. The key to the success of the project
is communication with local executives about the project's
SuCcess.

Local government engineers and architects have
limited knowledge and training in their respective fields.
This deficiency causes government officials to be
indecisive when it comes to approving and granting
permissions, resulting in a pointless extension of the
projects.
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Considering all of these factors, it was determined
that Afghanistan should be viewed as a high-risk
investment destination for construction companies.

This study has several limitations and flaws. The
research was evaluated solely in the context of Kabul, and
some of the findings are based on the opinions and
experiences of individual experts. It is not anticipated that
the study will produce conclusive findings regarding
Afghanistan's general construction market. However, it
can be said that this pioneering study will benefit
construction companies operating in Afghanistan, and that
it will serve as a foundation for future research.
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ANALYSIS OF WASTE HEAT RECOVERY WITH FINNED PIPE DESIGN IN CONDENSATE PAN
FOR RDCs: EFFECTS ON ENERGY EFFICIENCY
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Abstract

Original scientific paper
Plug-in refrigerated display cabinets are widely used in supermarkets. Since these cabinets do not have a drainage system connected to the
mains, the accumulated defrost water is removed with the help of PTC resistance. The energy consumption of the PTC resistor constitutes
nearly 20% of the total energy consumption. Considering that the final energy consumption is met from primary energy sources; With the
decrease in fossil fuels and the increase in energy costs, it is necessary to use the consumed energy more efficiently. In this study, the
refrigerant in superheated vapor state at the compressor outlet was passed through the compressor discharge line pipes and the stagnant
water in the condensation pan. By adding additional fins to the discharge pipes in the condensation pan, heat transfer is increased and
energy consumption is reduced. In this way, the energy consumption of the cabinet was reduced, and the energy class, which was "E" in
the current system, was upgraded to the "D" class with the new design. Thus, an environmentally friendly design has been introduced and
11.138 kg/day CO2 emissions for 1 refrigerator have been reduced by reducing primary energy consumption.

Keywords: Refrigerated display cabinet, finned pipe, energy efficiency, energy labelling, carbon tax.

TTS’LER iCIN YOGUSMA TAVASINDA KANATCIKLI BORU TASARIMI iLE ATIK ISl GERI

KAZANIMININ ANALIZi: ENERJI VERIMLILIGI UZERINDEKI ETKILERI

Ozet
Orijinal bilimsel makale

Siipermarketlerde teshir tipi plug-in sogutucular yaygin olarak kullanilmaktadir. Bu sogutucularda sebekeye bagli drenaj sistemi
bulunmadigindan, biriken yogusma suyu PTC rezistans yardimui ile uzaklagtirilmaktadir. PTC rezistansinin enerji tiiketimi toplam enerji
tiiketiminin yaklasik %20’sini olusturmaktadir. Nihai enerji tiikketiminin birincil enerji kaynaklarmdan karsilandig: diistiniildiigiinde; fosil
yakitlarin azalmasi ve enerji maliyetlerinin artmasi ile tiiketilen enerjinin daha verimli kullanilmasi gerekmektedir. Bu caligsmada,
kompresor ¢ikisinda kizgin buhar halindeki sogutucu akigkan kompresor basma hatti borulari ile yogusma tavasinda bulunan durgun su
igerisinden gegirilmistir. YoZgusma tavasi igerisinde bulunan basma borularina ilave kanatgiklar eklenerek 1s1 transferi artirilmis ve enerji
tiiketimi azaltilmigtir. Bu sayede sogutucunun enerji tiiketimi azaltilarak mevcut sistemde “E” olan enerji sinifi yeni tasarim ile “D” sinifina
yiikseltilmistir. Boylece ¢evre dostu bir tasarim ortaya koyulmus ve birincil enerji tiiketimi diisiiriilerek 1 adet sogutucu i¢in 11.138 kg/giin
CO2 emisyonu azaltilmistir.

Anahtar Kelimeler: Teshir tipi sogutucu, Kanatcikli boru, enerji verimliligi, enerji etiketi, karbon vergisi.

1 Girig faktorlerden biri olup, birgok sektdrde enerji verimli

sistemler  tasarlamip  kullanilmaktadir  [1].  Enerji

Enerji hayatimizda 6nemli yer tutmakta ve enerjiye
olan ihtiyacimiz her gegen giin artmaktadir. Giiniimiizde
Tiirkiye’de ve diinyadaki tiim sektdrlerde enerji kullanimi
ve enerji birim fiyatlar1 her gegen giin artis gdstermektedir.
Birim fiyatlardaki artiglar ve enerji kaynaklar kisith ve
disa bagimli iilkeler, yenilenebilir enerji kaynaklarina veya
mevcut enerjinin en verimli sekilde kullanilmasi yoluna
gitmektedirler.  Enerji  hayatimizdaki en  Onemli

* Corresponding author.
E-mail address: melisoder@nurdil.com.tr (M. Oder)

titketimindeki biiyiik paylardan bir tanesi de soguk zincire
aittir. Gidanin iretiminden baslaylp depolama (soguk
depo), tasima ve teshir edilme yani satis siireglerinde soguk
zincir halkalarina biiylik gorev diismektedir. Bu ¢alismada
soguk zincirin 6dnemli halkalarindan biri olan teshir tipi
sogutucular i¢in enerji verimli bir tasarim yapilmis ve bu
tasarimin etkileri incelenmistir.
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Giinlimiizde enerji fiyatlarindaki artis ve fosil
kaynaklarin kisith olmasindan dolay1 enerji verimliligi
caligmalar1 hiz kazanmus, tiikketilen enerjinin azaltilmasi ve
verimlilik ¢aligmalarinin artirilmasi  gereklilik haline
gelmistir. 1 Mart 2021 tarihinde Avrupa Birligi’nde
piyasaya siiriilen endiistriyel teshir tipi sogutucular igin
enerji etiketi uygulamasi zorunlu hale getirilmis ve enerji
etiketlemesinde A’dan  G’ye kadar smiflandirma
yapilmaya baglanmistir [2].

Teshir tipi sogutucular (TTS) siipermarket ve gida
sektoriinde bozulabilir tirtinlere erigimi kolaylagtirmak ve
iiriinlerin bozulmadan muhafazasini saglamak igin yaygin
olarak kullanilmaktadir. TTS’ler temel olarak remote
(kompresor ve kondenseri sogutucu kabin diginda bulunan)
ve plug-in (kompresér ve kondenseri sogutucu kabin
biinyesinde bulunan) olarak ikiye ayrilmaktadir [3]. Is
mekant siirekli degisen ticarethanelerde satis politikalarina
gbre yer degisimine olanak saglayan plug-in TTS’ler
stipermarketlerde siklikla tercih edilmektedir. Plug-in
TTS’lerin avantajlar1 oldugu gibi dezavantajlar1 da
mevcuttur.

TTS’lerde ortam havast igerisinde bulunan su
tanecikleri havanin ¢iy noktast sicakligimin altina
diismesiyle evaporator yiizeyinde yogusma
gerceklesmektedir. Bu yogusma ile evaporatdr yiizeyi kar
veya buz ile kaplanmaktadir. Evaporator yiizeyinde biriken
kar veya buzun eritilmesi islemine defrost adi
verilmektedir. Acik tip TTS’lerin bulundugu ortamin
sicaklik ve bagil nemin yiiksek olmast durumunda defrost
isleminin daha sik gerceklesmesi gerekmektedir. Defrost
islemi hem merkezi hem de plug-in sistemlerde
uygulanmaktadir. Plug-in sogutucular market icerisinde
sabit olmadig1 i¢in atik su sebekesine bagli drenaj sistemi
mevcut degildir. Bu yiizden plug-in sistemlerde defrost
sonrasi olusan suyun gesitli teknikler ile uzaklastirilmast
icin yogusma tavalari kullanilmaktadir. TTS’lerde defrost
islemi sonrast yogusma tavasinda biriken suyun
uzaklastirilmasi igin PTC rezistanslar kullanilmaktadir.
PTC rezistanslar su sicakligina gore giin igerisinde devreye
daha fazla girerek suyun uzaklastirilmasini saglamaktadir.
Ancak sogutucunun enerji tiiketimini ilave olarak
artirmaktadir. Ayrica bagil nemin yiiksek oldugu ortam
kosullarinda kullanilan TTS’lerde yogusma tavasinda
biriken suyun mevcut rezistans ile uzaklastirilmasi
giiclesmekte ve yogusma tavasindaki su tasabilmektedir.
Bu gibi problemlerin 6niine gegilebilmesi igin sistemde
verimlilik ¢aligmalarinin yapilmasi gereklidir.

Bu konuda yapilan ¢aligmalar aragtirilmigtir. Mon ve
ark. (2004) kanat araliginim, kademeli ve siral
diizenlemelerde dort sirali dairesel kanatli boru demetleri
iizerindeki etkilerini ii¢ boyutlu hesaplamali akigkanlar
dinamigi (HAD) ile sayisal olarak analiz etmislerdir. Akis
gorsellestirme sonuglari, dairesel kanatli boru demetlerinin
yerel 1s1 transferi ve akig dzelliklerinin nemli yonlerini
ortaya koymaktadir. At nali girdap etkisi, en biiyilik kanat
araliginda ve ytiksek hizda daha belirgindir. Kanat ve boru
yiizeylerindeki hiz ve sicaklik sinir tabakalari, kanatlar
arasindaki bosluga ve karsilik gelen hiza biiyiik olgilide
baglidir. Sabit kanat yiiksekligi 5 mm, boru ¢ap1 24 mm ve
her ikisinde ii¢ farkli kanat araligi 1.6, 2 ve 4 mm olarak
belirlemiglerdir. Is1 transferi ve basing diisiisii sonuglari,
parametre olarak Re (Reynolds sayisi) sayisi ve kanat
araligi-yiikseklik orani (s / hf) ile kargilagtirilmigtir. Isi

transfer katsayisinin s / hf = 0.32'ye kadar arttig1 ve daha
sonra, bir miktar azalma egilimi ile (yaklasik %1.4) sonraki
artiglar i¢in neredeyse sabit kaldigi bulunmustur [4].

Ouyang ve ark. (2022) dairesel kanatli borunun 1s1
transferi deneyini yapmuslardir. Modeli dogrulamak igin
aynt model ve sinir kosullarinda sayisal simiilasyon
yapmuslardir. Kademeli oluklu kanatli borularin ve esit
mesafeli oluklu kanatli borularin hava tarafindaki 1s1
transferi ve akig Ozelliklerini simiile etmislerdir. Oluk
sayisi, oluk yiiksekligi ve kabuk tarafindaki hava 1s1
transferi ve basing dislisii arasindaki iligkiler elde
edilmistir. Simiilasyonda kullanilan modelin kosulu
altinda, 1s1 transferi ve basing diisiisii dikkate alindiginda
esit mesafeli kanatli boru igin kapsamli 1s1 transferi
performansi oluk sayist 21 adet ve oluk yiiksekligi 1.504
mm oldugunda en iyisi, kademeli kanatli boru igin oluk
sayist 24 adet ve oluk yliksekligi 1.248 mm oldugunda
kapsamli 1s1 transfer performanst en iyisi oldugunu
bildirmislerdir. 69.14 mm boru ¢apina ve 0.38 mm kanat
kalinligina sahip simiile edilmis oluklu kanatli boru igin,
diiz kanatli boruya kiyasla, oluk sayisinin 627 arasinda ve
yiiksekligin  0.992-1.76 mm arasinda artmasiyla, 1s1
transferi yassi kanatli borudan daha gigliidiir ve 1s1
transferi yassi kanatli boru ile karsilastirildiginda %1 - %68
oraninda arttigini belirtmislerdir. Bununla birlikte, basing
disiisti de diiz kanatli borununkinden daha yiiksektir ve
basing dusiisii, diiz kanatli borununkinden %1 - %305 daha
yiiksek oldugunu bildirmislerdir [5].

Okbaz ve ark. (2020) caligmada, farkli boru sira
sayilarina, kanat araliklarina ve ¢alisma kosullarina sahip
panjurlu ve dalgali kanatli 1s1 esanjorlerinin basing diisiisii
ve 1s1 transferi Ozelliklerini belirlemek ve karsilastirmak
icin deneysel arastirmalar yapmuslardir. Uretilen 1s1
esanjorleri, sartlandirilmis bir odada riizgar tiinelinde test
edilmistir. Is1 transfer katsayisi, Stanton sayisi, Colburn (j)
faktorii, boyutsuz basing diisiisii katsayist (Cp), Fanning
stirtinme faktori (f) incelemiglerdir. Panjurlu kanatli ve
yuvarlak borulu 1s1 esanjorleri (LFRTHX) Colburn (j)
faktorleri, Fanning sirtiinme faktorleri (f) sirasiyla
Reynolds sayisina bagli olarak dalgali kanatcikli ve
yuvarlak borulu 1s1 esanjorlerine (WFRTHX) gore sirasiyla
%6.9-16.4, %8.2-19.9, %4.1-9.6 oraninda daha yiiksek
oldugunu bildirmislerdir [6].

Sadeghianjahromi ve ark. (2020) dalgali kanatli borulu
1s1 degistiricinin hava tarafinin biiyiitiilmesini sayisal
olarak incelemislerdir. Yiiksekligin ve ondiilasyon agisinin
15°'den az olacak sekilde kanat araligina esit veya daha az
olmali oldugunu belirtmislerdir. Dalgali kanatciklarin
lizerine yariklarin agilmasi ile %10'a kadar iyilestirme
saglayabildigini bildirmislerdir. Boyuna girdap olusturucu
kullanmak, termal direncte %7 azalma saglamakta ve
bilesik tasarimlar1 kullanmak, orijinal kasaya gore yaklasik
%16 iyilestirme sagladigini belirtmiglerdir [7].

Zhang ve ark. (2022) yaptiklar1 ¢caligmada depolama
ortamu olarak su ve 1s1 transfer ortamu olarak etilen glikol
ile katilasma karakteristiklerini ve 1s1 transfer oranlarini
arastirmak i¢in dairesel kanatli boruda buz depolama
iinitesinin iki boyutlu bir eksenel simetrik ge¢ici modelini
kullanmislardir. Modeli, deneysel verilerle
dogrulamislardir. Dairesel kanat yiiksekligi ve kanat
araliginin faz degisimi ve katilasma on hizi {izerindeki
etkilerini aragtirmislardir. Kanat yiliksekliginin arttirilmasi
ve kanat araliginin azaltilmasinin hem buzun depolanma ve

International Journal of Innovative Engineering Applications 7, 1(2023), 52-61

53



Analysis of Waste Heat Recovery with Finned Pipe Design in Condensate Pan for RDCs: Effects on Energy Efficiency

katilasma oranimi arttirdigin1 hem de soguk depolama
kapasitesini iyilestirdigini gdzlemlemislerdir. 50 mm'lik
bir kanat yiiksekliginde kati faz fraksiyonu kanatsiz
borudan 4.96 kat daha fazla oldugunu bildirmislerdir. 50
mm yiiksekligindeki kanatlarla buz depolama kapasitesi,
480 dakikada kanatsiz borudan 3.68 katindan fazla
oldugunu belirtmiglerdir. 4 mm kanat aralig1 12 mm kanat
araligma goére %26.3 daha fazla soguk depolama
kapasitesine sahip oldugunu bildirmislerdir [8].

Banu ve ark. (2022) kanat tarafi 1s1 transfer katsayilari
ve kanat verimi gibi 1s1 transfer parametrelerinin kiitle akis
hizlant ve geometrik parametreler ile degisimi
gozlemlemiglerdir. Elde edilen sonuglar HAD analizi ile
matematiksel simiilasyon dogrulanmistir.  Tiiplerin
uzunlugunun artmasiyla kanat veriminin artacagi ve daha
iyi 1s1 transfer katsayisi i¢in optimum kanat araliginin 5
mm'den az olmasi gerektigini belirtmislerdir [9].

Tahrour ve ark. (2022) deniz araclarinda ve
okyanuslardaki su alt1 elektrik santrallerinde 1s1 transferi
problemlerinin artmasiyla, verimli bir kanath borulu 1s1
esanjorii arayisinin 6énemli oldugunu belirtmislerdir. Bes
farkli kanat tasarimi arasindaki termal degisim ve akis
Ozelliklerini  analiz  etmis ve karsilagtirmislardir.
Esmerkezli dairesel kanatli boru, eksantrik dairesel kanatli
boru, delikli dairesel kanatli boru, tirtikli dairesel kanath
boru ve yildiz seklinde kanathh boru yapilarini
incelemiglerdir. Kanat¢ik araligt 2 mm’den 7 mm'ye
degistirildiginde incelenen tiim durumlar ig¢in Colburn
faktorinde bir artig, siirtinme faktorii ve kanat
performanslarinda bir azalma gozlemlenmistir. En verimli
kanat tasarimini segmek igin ii¢ kriteri kontrol etmislerdir:
performans degerlendirme kriteri, global performans
kriteri ve kiitle global performans kriteri. Reynolds
sayisinin degeri ne olursa olsun, geleneksel esmerkezli
dairesel kanatli boru en diisiik performans degerlendirme
kriterini saglarken, tirtikli dairesel kanatli boru en yiiksek
performans degerlendirme kriterini sagladigini
bildirmislerdir. Toplu kiiresel performans kriteri agisindan
yildiz seklinde kanatli boru en yiiksek performansi
saglamugtir [10].

Kiatpachai ve ark. (2022), kanat desenlerinin, yeni bir
tip 1s1 esanjoriiniin panjurlu spiral kanatli ve borulu 1s1
esanjorlerinin hava tarafindaki performans: {izerindeki
etkisini incelemislerdir. Radyal, kavisli ve karigik panjurlu
spiral kanatgiklar olmak ftizere ii¢ tip kanat deseni
arastirllmis  ve Ozelliklerini diiz  spiral kanatcikla
kargilagtirtlmigtir. Kivrimli aliminyum kanat tabanli, iki
sira g¢elik borulu ve kanat araligt 8.45 mm olan 1s1
esanjorleri iiretilmistir. Tim 151 esanjorleri hem ¢ok gecisli
paralel hem de kars1 ¢apraz akis diizenlemelerine sahiptir.
Ortalama 1s1 aktarim hizi, 1s1 aktarim katsayist ve basing
diistisi 6n hava hiz1 ile artmigtir. Panjur-spiral kanatgik,
diiz-spiral kanattan ortalama 1s1 aktarim hizi ve ortalama 1s1
aktarim katsayis1 bakimindan yaklasik %9.7-%15.6 ve
%13.4-%27.1 daha fazladir. Panjur-spiral kanatg¢iklarin
Colburn faktorleri (j), diiz kanatla karsilastirildiginda
yaklagik %10.4-%13.1, karisik panjurlu spiral kanatgiklar
icin %7.7-%8.8 ve %2.1-%5.1 kavisli spiral kanatgiklar
icin daha biiyiik oldugunu belirtmiglerdir [11].

Plug-in sogutucularda defrost isleminden sonra olusan
SuU yogusma tavasinda toplanmaktadir. Burada kompresor
basma hatt1 borularinin yogusma tavasindan gecirilmesi,
antibakteriyel kumaglar ve kondenser atik havasiin
kullanilmast veya PTC rezistans ile yogusma suyunun
uzaklastirilmast gibi ¢esitli teknikler kullanilmaktadir.
Ancak bu teknikler enerji tiiketimini olumsuz etkilemekte
ve baz1 kosullarda yetersiz kalmaktadir. Bu calismada,
yogusma tavasindaki yogusma suyunun
uzaklastirilmasinda yeni tasarimlar ile enerji verimliligi
saglanmasi, TTS’nin EVE (Enerji Verimlilik Endeks)
degerinin  azaltilarak etiket smifinin  yiikseltilmesi
hedeflenmistir.

2 Materyal ve Metod

Mevcut bir sogutucunun sogutma g¢evrimi Sekil 1°de
verilmistir. Bu sistem kompresér, kondenser, genlesme
eleman (kilcal boru) ve evaporator olmak iizere 4 temel
ekipmandan olusmaktadir.

Evaporator

Kilcal «
Boru

Kondenser

ERRRER

“Evaporator Fan—

,Kondcnscr F au

Kilcal
Boru

Kondenser

@@‘D@J

* ¥

l/ Sicak Hava

[C

o

| | Sicak Hava
V WV VW

Kompresor

Defrost Kabi

Kompresor

Antibakteriyel Kumas

PTC Rezistans

PTC Rezistans

Kompresor Basma
Hatti
Sekil 1. Mekanik buhar sikistirmali sogutma gevrimi ve deneysel verilerin alindig1 yogusma tavasi goriiniimii.
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Mevcut  sogutucularda  Sekil 1’de  verilen
kompresorden ¢ikan kizgin sogutucu akiskan, kompresor
basma hatt1 borular1 ile yogusma tavasi igerisinde durgun
haldeki suyun igerisinden gecirilmistir. Bu sayede
yogusma suyu 1sitilarak buharlagsma hizlandirilmistir.
Ayrica antibakteriyel kumaslar sayesinde yogusma
suyunun bir kismi kumaglar tarafindan emilmis ve
kondenserden ¢ikan atik sicak hava ile kurutulmustur. Bu
sayede antibakteriyel kumaslar daha hizli kurutulmus ayni
zamanda kondenserden atilan 1s1 da degerlendirilmistir.
Ancak bu teknikler yetersiz kalmakta ve PTC rezistans
devreye girerek kalan suyu uzaklastirmaktadir.

Acik TTS’lerde farkli iklim sartlari, {iriin ylikleme
durumuna ve kullanim sekline gore yukarida bahsedilen
teknikler yetersiz kalmaktadir. Elektrikli rezistans
devreye girmekte ve fazla miktarda gii¢ tiikketmektedir.
Ayrica havanin bagil neminin yiliksek oldugu iklim
bolgelerinde yogusma suyunun miktar1 daha fazla
olmaktadir. Bu yiizden kullanilan rezistansin giiciiniin
artirillmas1 gerekmektedir.

Bu c¢alismada, TTS’lerde enerji verimliliginin
arttirilmasi, toplam enerji tiiketiminin  azaltilmasi,
elektrikli 1siticinin devreye girme siiresinin diigiiriilmesi
ve suyun tasmasinin engellenmesi igin kompresor basma
hattinda yeni bir tasarim yapilmistir. Yogusma
tavasindaki kompresdr basma hatti borularina yiizey
alaninin artirilmasii saglamak i¢in boru dig yiizeyine
kanat tasarimi yapilmistir. Bu sayede kanatcikli bakir boru
ile 1s1 transferinin artirilabilmesi igin yiizey alani
genisletilmistir. Basma hatt1 borularinda yogusma suyuna
daha fazla 1s1 transferi gergeklesmis ve buharlagma
hizlandirilmistir. Bu sayede enerji verimliligi saglanmis
ve suyun tagma probleminin de Oniine gegilmistir. Ayni
zamanda kondenser Oncesindeki basma hatti sicakligi
diistiriilerek, kondenserin 1s1 atimi performansina da katki
saglanmasi amag¢lanmistir.

3 Matematiksel ve Deneysel Modelleme

Sistemde dolasan sogutucu akigkan R2901n kiitlesel
debisi esitlik 1 yardimu ile hesaplanir:

" &)
m (hz—hq)

Evaporatoriin sogutma giicii esitlik 2 ile bulunur [12].
QE = m(hy — hy) O]

Yogusma tavasinda bakir borudan suya aktarilan
maksimum 1s1 ise esitlik 3 yardimu ile bulunur.

Qmax = mcAT (3)

Yogusan su damlalarinin yogusma tavasina diigmesi
sonucu olusan hareketler ihmal edilerek kap igeresindeki
su, durgun ve hareketsiz kabul edilmistir. Bu kabul
dogrultusunda sogutucu akiskandan suya olan 1s1 transferi
taginim ile gergeklesmektedir.

Newton’un soguma kanuna gore denklem 4 bulunur.

Q=hAAT (4)

Boru igerisindeki sogutucu akigkan ve su arasindaki
1s1 transferi sonucunda yogusma suyu sicakliginda
degisim olacagr icin sicaklik farki yerine logaritmik
sicaklik degisimi esitlik 5 yardimui ile bulunur [13].

AT, — AT, (5)
AT,
i (z7%)
Silindir cisimlerde 1s1 iletimi Fourier’in 1s1 iletimi
denklem 6, 7 ve 8 kullanilarak hesaplanmaktadir [14].

ATlTL =

Qiletim =—kA Z_: (6)
. T, —T. 7
Qutetim = 21Lk % "
i (77)
6 @-T) ®)
iletim Res

Isil direnci esitlik 9 yardimu ile hesaplanabilmektedir.

= BT ©)

Silindirik yiizeylerin 1s1l direnci esitlik 10 yardimi ile
bulunur [15].

o () (7, -1 (10)

e 2nLk

Sogutucu akigkan ile yogusma suyu arasindaki
toplam 1s1 transferini belirlerken Sekil 2’deki termal
direng yontemi kullanilmaktadir. Sogutucu akigkan ile

durgun su arasindaki diren¢ denklem 11 yardimi ile
bulunabilmektedir [15].

R

Rtoplam = Rtas,l + Rijetim + Rtas,z (11)
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Sekil 2. Is1 transferinin hesaplanmasi i¢in elektrik direng yontemi boru
kesitinde gosterimi.

Denklem 10’da termal direngler yerine yazilip
diizenlendiginde denklem 12 elde edilir [16].

1 1 1 T 1 (12)
= bt (Z) 4 ——
UoAo  hraoo Arze0  27Lk 51 hsuAsy

Suyun 1s1 iletim katsayisi zorlanmis taginim i¢in 300-
1000 W/m?K ve suyun hareketsiz oldugu durumda dogal
tastmm 1s1 transferi katsayis1 30-300 W/m?K olarak
deneysel olarak Olgiilmistiir. Hesaplamalarda durgun
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suyun 1s1 taginim katsayist 195 W/m?K olarak
hesaplanmigtir.

Buhar halindeki sogutucu akiskan R290’dan durgun
suya olan 1s1 transferi denklem 13’ten hesaplanmaktadir.

Q = h,mr,L AT, (13)

Is1 tagiim katsayisit (h) degeri genellikle kanatgik
tabaninda kanat ucunda oldugundan ¢ok daha diistiktiir.
Ciinkii sivi, kanat tabanin yakininda kati yiizeylerle
gevrilidir. Bu durum sivi hareketini ciddi sekilde
etkilemektedir. Bir ylizeye ¢ok fazla kanat eklemek, yiizey
alanin1 artirmasina karsin akigkanin hareketini olumsuz
etkilediginden 1s1 transfer katsayisinda azalmaya sebep
olmaktadir [15].

Qitetimx = Qitetimx+ax + Qtasmlm (14)

Burada x noktasindaki 1sinin iletim ile transferi, x+Ax
mesafedeki iletim ve taginim ile 1s1 transfer miktarina esit
olacaktir. Denklem diizenlenirse kanatgiktan olusan 1s1
transferi esitlik 15 ile hesaplanabilir [17].

dz_z _ aZg — 0 (15)
dx
Burada
— (16)
kAc

ve 6=T-T, kanat tabaninda 6, =T, — T
seklinde yazilir. 15 numarali diferansiyel denklem
¢oziiliirse asagidaki ¢oziim elde edilir [17];

0(x) = C,e™ + C,e™** @an

Farkli durumlarda, farkli sinir sartlari kullanilarak
¢ozlimlenirse uzun kanat, kisa kanat ve yalitilmis kanat
ucuna sahip kanatlar i¢in sicaklik dagilimi ve 1s1 transferi
denklemleri elde edilir.

Uzun kanat i¢in esitlik 18 kullanilir.

T(x) =Ty — p-ax — p-xhp/kA, (18)
Tb - Too

Adyabatik kanat ucu i¢in esitlik 19°dan faydalanilir.

T(X) —Te _ COSh(X(L - X) — e—xm (19)
Ty — T coshal

Ty sicakligindaki bir ylizey T. sicakliinda yiizey
sicakligindaki bir akiskana maruz birakilirsa, h akiginin 1s1
transferi katsayis1 ve yiizey alam1 As=Ay kanat eklenecek
alan ise yiizeyden radyasyon ile 1s1 transferi ihmal

edildiginde, yiizeyden etrafina olan 1s1 transferi esitlik
20’deki gibi ifade edilir [15].

Q =hA, (Ts — Te) (20)

Ay alanma L uzunlugunda ve Ap ylizey alani kadar
kanat eklenirse ve kanatin tim noktalarinda taban
sicakligina esit ise Denklem 20’daki gibi ifade edilebilir.

Qkanat,max = h Aanat (Tp — Teo) (21)

Gergekte, kanatcik sicakligi kanat boyunca diisecek
bu nedenle, kanat ucuna dogru azalan sicaklik farki Ty -
T. nedeniyle kanattan 1s1 transferi daha az olacaktir.
Sicakliktaki bu diisiisiin 1s1 transferi lizerindeki etkisini
hesaplamak i¢in kanat verimliligi olarak asagida verilen
ifade kullanilir [18].

Q ana
Nkanat = m (22)
. . 23
Qranat = Mkanat Qkanat,max 23)
(24)

Qkanat = Nianat N Aranat (Tp — Teo)

Kanatciklarin performansi kanatgikli ve kanatgiksiz
durumun 1s1 transferindeki artis1 temelinde degerlendirilir.
Kanat etkinlik katsayis1 denklem 25 ile ifade edilir [19].

Qkanat (25)

Qkanatsiz

Ekanat =

Eranat=1 1se eklenen kanatin yiizeyden olan 1s1
transferine etkisi olmadigini, &q,,.>1 ise 1s1 transferine
kanatin katkisinin oldugunu ve artirdigint goéstermektedir.

Enerji etiket sinifi denklem 26, 27 ve 28 kullanilarak
hesaplanmaktadir [2].

EVE = AE/SAE (26)
AE =365 % Eggnin 7
SAE = 365x Px (M + (Nx TDA))x C (28)

3.1 Deneysel Verilerin Alindigi Agik Tip Sogutucu

Deneysel ¢alismalarda agik tip TTS kullanilmistir. Bu
TTS cift sisteme (kompresor, kondenser ve kilcal boru
2’ser adet ve 2 girig-¢ikisa sahip evaporatdr) sahip olup
sogutucu akigkan olarak R290 kullanilmaktadir. TTS
iizerinden kompresor ¢ikig sicakligi, sogutucu akiskan
R290’m yogusma tavasindaki durgun sudan gecirildikten
sonraki sogutucu akigkan ¢ikis sicakhigi  Olglimii
yapilmistir. Sekil 1’de kullanilan PTC rezistansin giicii
350 W tir.

Deney diizenegine ait oOzellikler Tablo 1°de
verilmigtir.
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Tablo 1. Acik TTS ve deneysel parametreler.

Parametreler

Degerler

Iklim sinifi (Test Odast)

Sogutucu akiskan
Kompresor
Kondenser

Kondenser Fan

Sogutucu akiskan kompresor giris /¢ikis Sicaklig

Yogusma tavasi ¢ikis sicakligi

Buharlagma sicakligi

Enerji Verimlilik Endeks Degeri (EVE)

Enerji smifi
Toplam enerji tiiketimi

Simnuf 3 (25°C sicaklik, % 60
bagil nem sartlarinda)

Propan (R290)

2 adet; 0.9 kW x 2= 1.8 kW
2 adet; 2.5 kW x 2=5 kW
4 adet; 13 W x 4=52 W
15°C/80°C
50 °C
-10°C
50.1
E
30 kWh/24h

Sistemde kanatgiksiz bakir boru kullanilmasi
durumunda aktarilan 1s1 ile yogusma suyunun tamaminin
buharlastirilmasinda yetersiz kaldigi goriilmiistir. Bu
ylizden PTC rezistans devreye girmektedir. Boru iizerine
dairesel kanat tasarimi yapilarak 1s1 transfer yiizeyinin
genigletilmesi  ile  1s1  transferi  daha  hizl
gergeklestirilecektir.  Bu  sayede elektrikli 1siticinin
devrede kalma siiresi ve kondenser fanlarinin galigma
periyodu azalacaktir.

3.2 Isi Transferinin lyilestiriimesi ve Kanatgikl Boru
Kullanimi

Endiistriyel uygulamalarin pek cogunda 1s1
transferinin  artirtlmasi1  gerekmektedir. Fakat 1s1
transferinin  artirtlmasi  i¢in  cismin  boyutunun
biiyiitiilmesi miimkiin olmayabilir. Bunun yerine cisim ile
akigkan arasindaki temas alaninin genigletilmesi igin
kanatciklar kullanilmaktadir. Bu sayede 1s1 transferinin
gergeklesecegi ylizey alaninin artirilmasi saglanir.

Kanatin bagindan sonuna kadar sicaklik degisimin az
olmast i¢in kanat malzemesi olarak 1s1 iletim katsayisi
yiiksek malzemeler tercih edilmelidir. Endiistriyel

uygulamalarda kanat geometrileri ¢ok farkli olabildigi
gibi kanatgik malzemesi ile yiizey malzemesi ayni
malzemeden veya farkli malzemeler de
kullanilabilmektedir. Kanat¢ik ile yiizey malzemeleri
birbirinden farkli olarak kullanildiginda kanatgigin
ylizeye siki gegmesi i¢in lehim ve kaynak ile
tutturulmalidir. Bu durumda da 1s1l temasin iyi olmasi
gereklidir. Aksi halde 1s1l direng yaratacaktir. Yapilan
analizler neticesinde boru iizerine Sekil 3a ve 3b’de
gorildiigiic  gibi 205 adet dairesel bakir kanat
yerlestirilmistir. Sekil 3c’de ise klasik ve 3d’de yeni
tasarimin  yogusma tavasi igerisindeki  yerlesimi
goriinmektedir.

Analitik ¢6ziim de kullanilan model Sekil 3d’de
goriilmektedir. Kompresdrden ¢ikan sogutucu akigkan
(Tg=80°C), igerisinde durgun su (Ts=5°C) bulunan
yogusma tavasina girmektedir. Sogutucu akigkan 1sisini
defrost kabindaki suya aktarmaktadir. Yogusma
tavasindan ¢ikan sogutucu akigkan, sicakligi (T=50°C),
diistirilmiis bir sekilde kondensere girmektedir. Yogusma
tavasinda bulunan durgun su igeresindeki 3/8” bakir
borunun uzunlugu L=1440 mm ve boru iizerinde toplam
205 adet bakir kanat bulunmaktadir.

Balkir Kanat

52

T TTTTTTT

Sekil 3a. Kanatgik yerlesim bakir boru kesiti.

Sekil 3b. Boru iizerine kanatgik yerlesim goriintiisii.
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Sogutucu akigkan ¢ikig hatti
‘ T
Ul ( o ) | |
( s )
Sogutucu akigkan ——————— 3 ————————— Sogutucu akigkan
giris hatti giris hatt

Sekil 3c. Diiz boru kullanilan yogusma tavasi.

Sogutucu akiskan ¢ikis hatti (T;= 30

© Bakir boru %"
L ; 1440 mm

|l

M HHHHHHH
(HMMHHHHHHHHFHFH—HH-H—)

CﬁﬂHﬁHHHMHHHHHHHH-H—V

- PTC rezistans
A,

ﬁwwwwwwm:w%— Sogutucu akigkan girig

Sogutucu akigkan girig —%mewwm]
2

hatt (T,= 80 °C)
Kanatgik
(n = 205 adet)

l

Yogusma tavast

hatt (T,= 80 °C)
Durgun su (Tsu = 5 °C)

Sekil 3d. Kanatgikli boru kullanilan yogusma tavast.

3.3 Enerji Etiket Sinifinin Tespiti

1 Mart 2021 tarihinde Avrupa Birligi’nde piyasaya
siiriilen TTS’ler i¢in enerji etiketi uygulamasi zorunlu hale
getirilmis ve A’dan G’ye kadar siniflandirma yapilmaya
baglanmugtir [2].

Dogrudan satis islevli sogutma cihazlarinin enerji
verimliligi sinifit Tablo 2°de goriildiigii gibi EVE degerine
gore belirlenmektedir.

Tablo 2. Dogrudan Satis Islevli Sogutma Cihazlarmin Enerji Verimliligi Smfi [2].

Enerji verimlilik sinifi

Enerji verimlilik endeks (EVE) degeri

A EVE <10

B 10<EVE <20

C 20 <EVE <35

D 35 <EVE <50

E 50 <EVE <65

F 65 <EVE <80

G EVE >80
4 Bulgular

Sekil 4°’te; 1- Kompresor girisi/Evaporator ¢ikisi 2- suyun miktarina bagli olarak Sekil 4’te 2 noktasinda yer

Kompresor ¢ikist /kondenser girisi 3- Kondenser alan sogutucu akiskan kondenser fanlar1 ¢alistirilmadan
cikisi/Genlesme  valfi  girisi  4- Genlesme valfi 1slak buhar bolgesine dogru ok yoniinde kayacaktir.

cikisi/Evaporator girisidir. Yogusma tavasinda bulunan

LogP a

e

Defrost kabinda kanatcikl
bakwr boru kullanildiginda

Defrost kabinda diiz
frost kabinda d
2'( 2 bakir boru kullanildigmda

» h

Sekil 4. Sogutma Cevrimi LogP - h diyagramu.
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Sogutma sisteminde sogutucu akiskan kiitlesel debisi
Esitlik 1°den 6,4 10 kg/s olarak hesaplanmistir. Mevcut
sistemde kompresér basma hattt bakir borusunun
yogusma tavasindan gecirilmesiyle; deneysel Olciimlere
dayanarak 357 W, teorik hesaplamalar sonucunda ise 348
W 1s1 transferinin gergeklestigi belirlenmistir. Teorik
olarak hesaplanan degerlerin, deneysel sonuglardan %2.5
oraninda hata payma sahip oldugu goriilmiistiir. Fakat
mevcut sistemde basma hatti borularmmin yogusma
tavasinda dolastirilmasi elektrikli 1siticinin  devreden
¢ikarilmasina yeterli olmamaktadir.

Kanatsiz durumda 348 W 1s1 transferi saglanirken
boru tizerine 205 adet dairesel kanat yerlestirilmesi

2%
2%

durumunda 1s1 transferi 1164 W olarak hesaplanmugtir.
Yeni tasarim igin kanat etkinligi 3.347 olarak
bulunmustur.

Mevcut acik TTS’nin gilinlilk enerji tiiketiminin
ekipmanlara gore dagilimi Sekil 5°te goriilmektedir. Sekil
5 incelendiginde toplam enerji tiiketiminin %70’lik
kisminin kompresor tarafindan harcandigi goriilmekte,
toplam tiiketimin 30 kWh oldugu TTS’de, kompresoriin
harcadig1 enerji 21.03 kWh/24h olmaktadir. Kompresor
sonrasinda ise %20 enerji tilketimi ile PTC rezistans takip
etmektedir. Diger sistemlerin enerji tiikketimleri ise %1 ile
%S5 arasinda degismektedir.

= Kompresor

= Evaporator Fanlar

= Kondenser Fanlari
Dahili Aydimlatma

mPTC

Rezistansi

m Diger (Dijital vb.)

Sekil 5. Kanatgiksiz borulu sistemin enerji tiiketimi dagilimi.

Kanatgikli boru kullanimu ile 1s1 transferi hizi 816 W
artirnlmis ve bir gilinlik g¢alisma periyodunda 19.584
Wh’lik enerji aktarimi saglanmigtir.  Girig giicii 350 W
olan PTC rezistansin giinliik 17 saat ¢aligtig1 ve bu ¢alisma
stiresinde 5950 Wh’lik enerji tiikettigi deneysel olarak
belirlenmistir. Kanatgikli bakir boru kullanimi ile suya
aktarilan enerjide %330 lik bir enerji artist

saglanabilecegi hesaplanmistir. Yeni tip kanatcikli boru
tasarimi uygulanarak test edilmistir. Yapilan testlerde
kanatcikli borulu sistemde PTC elektrikli 1siticinin daha
az ¢aligarak glinliik enerji tiiketiminde 5.355 kWh tasarruf
edilmistir. Enerji tasarrufuna bagli olarak giinliik 11.138
kg/1 adet sogutucu CO; salimi1 engellenmistir.

= Kompresor

m Evaporator Fanlart
Kondenser Fanlart
Dabhili Aydinlatma

EPTC
Rezistansi

u Diger (Dijital vb.)

® Enerji Geri Kazanim

Sekil 6. Kanatgikli borulu sistemin enerji tiikketimi dagilimi ve enerji tasarrufu.

Kanatgikli boru kullanildiginda sogutucunun enerji
tiiketiminin dagilim1 ve yapilan enerji tasarrufu Sekil 6°da
goriilmektedir. Kanat¢ik kullanilmadigi durum Sekil 5 ile
kiyaslandiginda  yaklagitk %18 tasarruf sagladigi
goriilmektedir. PTC 1siticinin tilketim yiizdesi %2’ye
diigtirilmiistiir.

Kiiresel 1sinma, ¢evre kirliligi ve sera gazlari gibi
cevresel etkenler tiim diinyay1 etkisi altina almaktadir.
Bunlar arasinda en fazla katki yapan sera gazi ise %80 gibi

yiiksek bir paya sahip olan karbondioksit gazidir. Bu
problemler iilkelerin alacaklar1 6nlemleri de etkilemistir.
Baz iilkeler tarafindan kullanilan karbon vergisi de bu
Onlemlerden birisidir [20].

Ureticiler ¢evreye saldiklar1 karbondioksit gazi igin
vergiye tabi tutulmaktadirlar. Boylelikle firmalar vergi
miikellefi konumuna ge¢mislerdir. Bu durum devlet
biitcesine ek gelir saglamakta ve firmalara sosyal
sorumluluk ytliklemektedir [20].
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Bu ¢alismada karbon vergisi uygulamasi yiirtirliikte
olan Ingiltere iizerinden hesaplama  yapilmistir.
Ingiltere’de karbon vergisi 2022-2023 yillar1 arasinda 24
ABDS$/tCO; olarak uygulanmaktadir [21]. PTC elektrikli
1sitict ¢alistirilmayarak bir sogutucu igin giinliik 11.138 kg
CO; saliminin 6niine gecildigi goriilmiistiir. Bu bilgilere
dayanilarak yillik karbon vergisi hesaplandiginda 97.57
ABDS$’a tekabiil etmektedir. Bdylece yapilan tasarim ile
karbon vergisi maliyetinden de tasarruf edilmistir.

Deneysel dl¢iimlerde kullanilan agik TTS nin enerji
verimlilik endeks (EVE) degeri 50.1 ve enerji simift E
olarak hesaplanmistir. PTC rezistans devreden ¢ikarilarak
EVE degeri 41.09 degerine disiiriilmiistiir. EVE degerine

gore agik TTS dolabi enerji simfi E’den D smifina
yiikselmistir.

Enerji verimlilik caligmalarinda yasam
standartlarindan taviz vermeden enerji tiiketiminin
azaltilmast hedeflemektir. Yapilan galisma sonrasinda
ayn1 kalite standartlarinda cihazin enerji tiikketiminde %18
tasarruf saglanmigtir. Yapilan ¢aligmalar ile cihaz enerji
smifi bir seviye yiikselerek D sinifina yiikseltilmistir.

Durgun suya aktarilan 1sinin deneysel verileri ile
teorik sonuglar1 kiyaslandiginda Tablo 3’te goriildiigii gibi
%?2.5 hata oldugu gorilmiistiir.

Tablo 3. Aktarilan isinin teorik ve deneysel verileri.

Durgun suya aktarilan 1s1
(Watt)

5 Sonuglar
Bu c¢alismada, agik tip TTS’lerde yogusma

tavasindaki kompresér basma hatti borulari iizerine

kanatlar yerlestirilerek 1s1 transferini artirabilmek igin
yapilan yeni kanat¢ikli boru tasarimu ile;

e Sogutucu akigkandan suya aktarilan toplam 1s1 357
Watt olarak hesaplanmistir. Aktarilan 1s1 ile suyun
sicakliginin  artmasi  saglanmig ve bu sayede
buharlagma hiz1 artirilmastir.

e Yapilan testler neticesinde yogusma tavasinda
kullanilan elektrikli 1siticinin calismadigi
gozlemlenmis ve cihazin toplam enerji tiiketiminin
%18 oraninda azaltilmistir. Bu sayede enerji
verimliligi saglanmustir.

e flave olarak suya aktarilan 1s1 ile yogusma tavasinda
biriken suyun buharlagtirma hizinin artirilmasi ve
bagil nemin yiiksek oldugu iklim bolgelerinde
yogusma tavasinda biriken suyun tagmasinin
onlenmesi saglanmistir.

e Kanatlarin kullanildigt durumun kullanilmadigt
mevcut duruma gore 1s1 transferi 3.347 kat
artirilmugtir.

e Sogutucunun enerji tiiketimi azaltilarak mevcut
sistemde “E” olan enerji sinifi yeni tasarim ile “D”
smifina yiikseltilmistir.

e Nihai enerji tilketimi ve buna bagh olarak birincil
enerji kaynaklarinin  tilketiminde de tasarruf
saglanmistir. Enerji tliketimi yaninda 1 adet
sogutucuda giinliik 11.138 kg CO, emisyonu
azaltilarak ¢evre dostu bir tasarim ortaya
konulmustur. Bu sayede bir sogutucu igin yillik 97.57
ABD$ karbon vergisi de azaltilmistir. Kanatgikli boru
kullanilarak ~ enerjinin  tliketimin  azaltilmasi
ekosistemin korunmasina da katki saglamig olacaktir.

Mekanik buhar sikistirmali sogutma sistemlerinde
hem kompresor basma hattinin hem de kondenser 1sisinin

Deneysel Hata Oram
357 % 2.5
Simgeler
A Alan (m?)
Aianat Kanat alani (m?)

Isil yaymim katsayis1 (m?/s)
Belirsiz integral sabiti

Ozgiil 1s1 (kJ/kg °C)

Entalpi (kJ/kg)

Is1 tasimm katsayis1 (W/m? °C)
Is1 iletim katsayis1 (W/m °C)
Uzunluk (m)

Kiitlesel debi (kg/s)

Kanat ¢evresi (m)

Boru ¢ap1 (m)

Esdeger 1s1l direng (°C/W)
Taginim 1s1l direnci (°C/W)
Sicaklik farki (°C)
Logaritmik sicaklik farki (°C)
Kanat taban sicaklig1 (°C)

H>>IUVI"TICXSTTOoO
S35 3
S

T, Yiizey sicakligi (°C)

To Akigkan sicakligi (°C)

] Toplam  1s1  transfer  katsayisi
(W/m?°C)

0 Is1 transfer hizi (W)

0. Evaporator sogutma giicii (W)

Qitetim Is1 iletim hiz1 (W)

0y etimx x noktasindaki 1s1 iletim hizi (W)

0y etimx+ax x + Ax noktasindaki 1s1 iletim hizi (W)

Oranat Kanatta gerceklesen 1s1 transferi (W)

) Kanatta gerceklesen maksimum 1s1

transferi (W)

Kanatsiz ylizeyde gerceklesen

maksimum 1s1 transferi (W)

Omax Sogutucu akigkandan suya aktarilan
toplam 1s1 (W)

Qkanat,max

Qkanatsw,max

' 10} Qrasinim Ist taginim hizi (W)
geri kazamlarak gerektiginde bu 1s1 depolanarak € Kanat etkinlik katsayist
kullanilmasi  enerji ~ verimliligine  olumlu  katki kanat Kanat verimi (%)
saglayacaktir. Bu noktada enerji depolama malzemeleri Mkanat Kanat ile ortam arasindaki sicaklik
ve bu malzemelerin hizli 1s1 sarji  ve desarj farki (°C)
Onerilmektedir.
Bu calisma, enerji verimliligi konusunda olumlu
katkilar saglamistir.
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Kisaltmalar

ABD$ ABD dolari

AE Yillik enerji tiiketimi (kWh/y1l)

C Sicaklik katsayist

EVE Enerji Verimlilik Endeks degeri

Egiintiik Giinliik toplam enerji tiiketimi kWh/24h

HAD Hesaplamali akigkanlar dinamigi

M Teshir alan1 veya hacmini dikkate alan
modelleme parametreleri

N Teshir alan1 veya hacmini dikkate alan
modelleme parametreleri

p Erigebilir veya biitiinlesik dolaplar igin
diizeltme katsayist

PTC Pozitif sicaklik katsayisi

SAE Teshir tipi sogutucu yillik enerji
tiketimi (kWh/y1l)

TDA Toplam teshir alan1 (m?)

TTS Teshir Tipi Sogutucu

indisler

b Taban

e Evaparator

es Esdeger

giinliik Giinliik deger

iletim fletim ile 1s1 transferi

iletim,x x mesafede iletim ile 1s1 transferi

iletim,x+Ax x+Ax mesafede iletim ile 1s1 transferi

kanat Kanat yer alan sistem

kanatsiz Kanat yer almayan sistem

max Maksimum

S Yiizey

tas, tasinim Tasinim ile 1s1 transferi

Bilgilendirme
Bu ¢aligmada Etik Kurul Onay belgesine gerek yoktur.
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Abstract

Original scientific paper
It is evident upon a comparison between the examples of contemporary and traditional buildings that climate-responsive building design
strategies of traditional buildings find increasingly lesser use in contemporary architectural designs and that traditional building culture has
begun to disappear. Due to the increasing building stock with the expansion of city centers over the years, a higher amount of energy is
required for heating, cooling, and ventilation, which leads to a higher amount of greenhouse gas emissions. The ever-increasing greenhouse
gas emission is inevitably involved in the emerging global climate crisis. The present study investigated the climate-responsive design
approaches adopted in traditional and current buildings in Tabriz, Iran. The study aimed to evaluate the effect of passive system strategies
used in the design of traditional buildings in Tabriz on energy efficiency and to analyze current buildings in terms of annual energy
consumption and greenhouse gas emissions with a view to the changing building stock both architectural and mechanical design terms.
The results of the study suggested that transferring the climate-responsive architectural design experiences of the past builders to new
generations was crucially important and that it was necessary to reduce the greenhouse gas emissions in newly constructed buildings
through energy efficiency regulations and building standards as promulgated by the government.

Keywords: Building energy efficiency, building envelope, building energy performance simulation, greenhouse gas emission, passive
design strategies, vernacular architecture.

GELENEKSEL VE GUNUMUZDEKI BINALARIN ENERJI VERIMLILIGI VE SERA GAZI
SALINIMI YONUNDEN KARSILASTIRILMASI: IRAN'IN TEBRIZ SEHRINDEN BiR VAKA
GALISMASI

Ozet
Orijinal bilimsel makale

Gliniimiizdeki binalarla geleneksel bina oOrneklerini kiyasladigimizda, geleneksel binalarda kullanilan iklime bagli bina tasarim
stratejilerinin gliniimiizdeki mimari tasarimlarda kullaniminin giderek azaldig1 ve geleneksel yap1 kiiltiiriiniin kaybolmaya bagladig1 agik¢a
goriilmektedir. Yillar i¢inde sehir merkezlerinin biiylimesiyle artan yapilagsma nedeniyle binalar1 1sitmak, sogutmak ve havalandirmak i¢in
daha yiliksek miktarda enerjiye gerek duyulmakta ve buna bagl olarak daha yiiksek miktarda sera gazi saliniminin ortaya ¢iktigi
gbzlemlenmektedir. Artan sera gazi saliniminin ise giiniimiize kiiresel iklim krizi olarak yansimasini kaginilmaz hale getirmistir. Bu ¢alisma
kapsaminda, fran’in Tebriz kentindeki geleneksel ve giiniimiiz mevcut binalari dikkate alinarak bu binalarm iklime bagli tasarim
yaklagimlar incelenmistir. Bu arastirmanin amaci, Tebriz’deki geleneksel binalarin tasariminda kullanilan pasif sistem stratejilerinin
binalarin enerji verimliligine etkisini degerlendirmek ve yillar icinde hem mimari hem de mekanik tasarim yoniinden degisen yapi1 stogunu
dikkate alarak giiniimiizdeki yapilari yillik enerji tiiketimleri ve sera gazi salinimlar1 yoniinden analiz etmektir. Bu aragtirmanin sonucunda,
geemisteki yapi ustalarinin iklimle uyumlu mimari tasarim tecriibelerinin kusaktan kusaga aktarilmasinin 6nemi ve yeni insa edilecek
binalarin devlet tarafindan yiiriirliige konulmasi gereken enerji verimliligi yonetmelikleriyle ve bina standartlariyla sera gazi saliniminin
azaltilmasi gerekliligi ortaya ¢ikmaktadir.

Anahtar Kelimeler: Bina enerji performans simiilasyonu, bina enerji verimliligi, bina kabugu, geleneksel mimari, pasif tasarim
stratejileri, sera gazi salinimi.
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1 Introduction

Today, the efficient use of energy resources has
become an important topic. Among those energy sources,
fossil fuels are the most prevalently used type of fuel in the
industrial, construction, transportation sectors, etc. today.
Greenhouse gas emission as a result of the combustion of
fossil fuels harms nature and all living organisms, causing
adverse and irreversible global effects. There is a
consensus among several scholars and scientists about the
adverse effects of greenhouse gas emissions on a global
scale.

Accordingly, the use of fossil fuels as an energy source
increases the emission output of greenhouse gases such as
CO; and leads to further warming of the atmosphere. It is
of great importance to reduce greenhouse gas emissions,
which are the main causes of global warming and climate
change [1]. The cities expanded at an accelerated pace
upon industrialization and rapid involvement of
technology in daily life, and accordingly, there emerged a
need for faster building construction due to the increased
demand for residences. As the volume of building stock
inflated the energy demand also increased to meet the
comfort needs of the users. The rapidly evolved technology
paved the way for the fact that the architectural features and
building strategies of traditional buildings, which were a
result of centuries of accumulation, lost their influence on
newly constructed buildings. Furthermore, it is remarkable
that new buildings are designed almost completely
independent of climatic considerations due to
modernization, technology, and several other reasons, and
that the use of active systems aimed to provide user
comfort is more popular in contemporary architecture [2].

Architects and engineers have a great responsibility in
reducing the use of fossil resources in buildings. Countries
that care about this responsibility adopt new standards and
regulations each year as regards the energy efficiency and

Coal Wind, solar, etc.

sustainability of buildings. Accordingly, energy savings of
up to 90% compared to existing buildings were achieved
based on the passive house concept developed in Germany
in 1991 and the ecological and energy-efficient building
design criteria [1]. The main design strategies that are
considered important for passive house design include site
selection, building orientation, the distances between
buildings, building form and interior layout, and optical
and thermo-physical properties of the building envelope.
The total amount of energy needed by the building for
heating, cooling, ventilation, lighting, etc. is optimized as
aresult of the development of strategies in balance with the
climate zone, where the building is located. In addition, in
case the energy needs can be met throughout the year
through natural and renewable energy resources (solar,
wind, geothermal, water, biomass energy, etc.) available in
the relevant climatic zone it might be possible to construct
zero-energy and even energy-plus buildings. A closer
review would indicate that the traditional building
examples feature most of those standards and design
principles and that the builders of the past prioritized
climatic considerations in their design and construction
techniques. As regards building design in balance with
climate, it is possible to use energy efficiently and
construct environmentally friendly buildings with due
consideration of certain parameters, including site
selection, building orientation, building form, building
materials, interior layout, etc., which are almost totally
independent from technology.

The use of fossil fuels, which is considered the main
cause of the climate crisis affecting the entire world, has a
significant increase in Iran in recent years, as seen in Figure
1 and Figure 2. The construction techniques and building
technologies offered by contemporary approaches as
adopted in architectural design are associated with
increased energy consumption and thus lead to a rapidly
increased energy demand for the building sector in Iran.
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Figure 1. A distribution of Iran's total energy needs by energy resources [3].
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Figure 2. Distribution of CO, emission in Iran by energy sources [3].

Furthermore, climatic conditions are less regarded, if
not entirely disregarded, in the design of new buildings
[4]. Haeri’s book titled: Architecture, Culture, and Nature,
published in 2009 is one of the best research on Iran's
traditional and contemporary residential buildings in the
recent literature. [5]. Nevertheless, although the city of
Tabriz, located in the northwest of Iran, has been one of
the most important cities of Iran throughout history, it was
excluded from the above book, and further, it has not been
a subject of research except for a few theses [6].
Moreover, there are only a limited number of studies on
the energy efficiency and environmental effects of
buildings in Iran today.

As regards the energy requirement of buildings, it is
very important to reduce greenhouse gas emissions by
increasing the energy efficiency of buildings in certain
climates, where fossil fuels are used extensively.
Accordingly, the construction of energy-efficient
buildings is of great importance in cold climate regions,
where the heating need is high throughout the year, and a
large amount of fossil fuel is used as a result. In this
context, the city of Tabriz, located in the northwest region
of Iran, is a good example for the present study. The
present study compared the traditional and contemporary
buildings in Tabriz by passive design strategies and
construction techniques. The study aimed to analyze the
climate-responsive design decisions in the construction of
traditional buildings in Tabriz and to make suggestions for
the efficient use of energy in new buildings. Therefore, the
main objective of this research is to develop measures
aimed to reduce the adverse effects on the environment
through decreased CO; emission.

2 Research Methodology

The present study compared the energy performances
of traditional and current buildings using the
DesignBuilder building simulation tool. In the context
thereof, the Gedeki house and the apartment building
shown in Figure 22 (b) were taken as cases. Taking into
consideration the fagade characteristics (external wall
materials, material thickness, glass, and transparency
ratios), the annual electricity and natural gas demand of

both buildings were compared. First, the climatic data of
Tabriz region was used to analyze the energy
performances of both buildings by using DesignBuilder
building simulation tool. Thereafter, a building energy
model of two sample buildings of 50 m? each, separately
representing the facade features of both buildings. Despite
long research in the scope of the present study, it was not
possible to reach the information that should be
incorporated to the energy model, including the floor and
roof layers of the Gedeki house, the thickness of those
layers, and the thermo-physical properties thereof. This
was due to the fact the old sources did not provide
sufficient technical information. As regards the new
sources, there was no new research findings with respect
to the technical features of the layers at the Gedeki house.
Therefore, both buildings were assessed only as to their
exterior walls, wall thicknesses, window properties and
window to wall ratios, and accordingly the respective
annual electricity and natural gas demands were compared
upon analysis of their energy performances based on the
aforementioned data. The annual electricity and natural
gas demands for both buildings were multiplied by the
Greenhouse gas emission conversion coefficients
specified for Turkey, and the annual CO; emissions of the
buildings were obtained. Consequently, considering the
thermo-physical properties and window to wall ratios of
the fagades of the traditional and current buildings in
Tabriz, the effects of those parameters on energy
efficiency and CO; emission were analyzed.

DesignBuilder is a UK based building simulation tool
that can be used to model all buildings with user friendly
interface, which performs all of the energy analyzes by
using the EnergyPlus infrastructure. Both of these
simulation tools were tested by a number of other research
studies, which confirmed their accuracy. Both of these
tools are based on a detailed-dynamic methodology stated
in EN 13790 - Energy performance of buildings -
Calculation of energy use for space heating and cooling
[27].

This International Standard gives calculation methods
for assessment of the annual energy use for space heating
and cooling of a residential or a non-residential building,
or a part of it, referred to as “the building”.
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This method includes the calculation of:

the heat transfer by transmission and ventilation of the
building zone when heated or cooled to constant
internal temperature;

the contribution of internal and solar heat gains to the
building heat balance;

the annual energy needs for heating and cooling, to
maintain the specified set-point temperatures in the
building — latent heat not included;

the annual energy use for heating and cooling of the
building, using input from the relevant system
standards referred to in this International Standard.

b)

c)

d)

In the dynamic methods, an instantaneous surplus of
heat during the heating period has the effect that the
internal temperature rises above the set-point, thus
removing the surplus heat by extra transmission,
ventilation and accumulation, if not mechanically cooled.
Also, a thermostat set-back or switch-off might not lead
directly to a drop in the internal temperature, due to the
inertia of the building (heat released from the building
mass). A similar situation applies to cooling. A dynamic
method models thermal transmission, heat flow by

ventilation, thermal storage and internal and solar heat
gains in the building zone.

Dynamic methods used for the calculation of energy
need of heating and cooling shall have passed the
validation tests in accordance with the relevant standards
containing validation tests for detailed simulation
methods as specified in Annex A of EN 13790.

In addition, for the aspects not covered by the
validation tests, in the case of comparison of the energy
performance level of buildings and/or for checking
compliance with national or regional building regulations,
the procedure shall be used as prescribed, or referred to,
in this International Standard.

Consequently, the calculation shall be performed
according to the following:

— partitioning into zones;

— transmission heat transfer characteristics;

— ventilation heat transfer characteristics;

— internal heat gains;

— solar heat gains;

— dynamic parameters;

— internal conditions [28].

In Figure 3, the main steps of methodology in this
study are illustrated clearly.

IDENTIFICATION OF PROBLEM

LITERATURE REVIEW

An Investigation of Passive Design Strategies, which Affected the Energy
Efficiency Level in the Traditional Buildings in Tabriz

An Investigation of the Climatic
Data of Tabriz

Selection of Residential Buildings

Obtaining Architectural Data of the
Selected Buildings

FIELD STUDY

An Assessment of the Architectural
Plans of the Selected Buildings

A COMPARISON OF ENERGY PERFORMANCES BETWEEN THE TRADITIONAL
AND MODERN BUILDINGS

An Investigation of Compatibility of Traditional and Modern Buildings with building Design Parameters in Balance

RESULTS

with Climate

AN INVESTIGATION OF THE CO, GAS EMISSION FROM PAST TO PRESENT

- N7
DISCUSSION AND CONCLUSION

An Analysis of the Study Results

Figure 3. Methodological flow chart.

3 Architectural Design Parameters Affecting Energy
Performance of Buildings

In building design, each design parameter has a
different effect on the energy performance of the building
[7]. The following parameters are of great importance in
the design of buildings in balance with climate: building

location, building scale and form, building orientation,
volume organization, building spacing, and optical and
thermo-physical properties of the building envelope. In
particular, the absorbency, reflectivity, and permeability
properties of the materials used in the design of the
building envelope are of great importance concerning the
heat loads lost and gained by the building throughout the
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year. Hereunder, brief information about the climatic
conditions of the city of Tabriz was provided before the
parameters in question are further scrutinized.

3.1 Climatic Data of Tabriz

Located in the northwest of Iran Tabriz city was
established in a mountainous region with dominant cold
climate characteristics. With a surface area of 2,167 km2,
the city is located at the coordinates of 38°1'15"N -
38°8"N and 46° 5'E - 46°22'E, and has an average altitude
of 1,345 m above sea level. The land slope is in the range
of 0-8 degrees towards the city center and to the western
direction [9]. Figure 4 shows the location of Tabriz on the
map of Iran.
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Figure 4. Location of East Azerbaijan state and Tabriz city on Iran
map [8].

As seen in Figure 5, the east, northeast, west, and
south-west directions are the most important wind
directions in Tabriz, where the dominant wind blows from
the east and northeast directions (Central Asia and
Siberia).

Winter Spring oy S

Yearly

Summer Autumn

Figure 5. The wind direction in Tabriz [9].

The wind blowing from the northeast direction is
associated with heavy snowfalls during the winter season.
The wind blowing from the west and southwest, which is
under the influence of the humid air of the Atlantic Ocean,
the Mediterranean, and the Black Sea, is considered
moderate throughout the year and leads to precipitation in
the spring season [9-11].

The angle of the sun in Tabriz is almost vertical in
summer and 40 degrees from the horizon in the winter.
The sun angle is given in Figure 6 [9].
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Figure 6. Sun angle in Tabriz [9].

3.2 Passive Design Strategies for Cold Climate Zone
3.2.1 Site Selection

In a cold climate zone, the building should be built on
inclined land to leverage the high radiation of the sun and
to be protected from cold winds. Accordingly, it is
possible to benefit from the available solar radiation at a
higher level by ensuring that the sun rays are
perpendicular to the facade of the building, especially
during the winter season.

Figure 7. Positioning of the building in the cold climate zone [13].
3.2.2 Building Orientation

It is necessary to make due consideration of the
building orientation to benefit or be protected from
climatic conditions such as solar radiation and wind speed.
As can be seen in Figure 8, different climate zones have
particular effects on building orientation.

Mild-Humid Hot-Dry Hot-Humid Cold

Figure 8. Suitable building orientations by climatic zones [9].

In the city of Tabriz with a cold and snowy climate,
the most suitable building orientation was determined as
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10° from the south to west and 15° to the east. The ideal
building orientation was determined as 20° from the south
to west and 45° from the east [12]. This orientation ensures
that the buildings benefit from the sun and beneficial wind
and are protected from the cold wind.

Figure 9. Orientation angles for suitable and ideal insolation for the
city of Tabriz [12].

3.2.3 The Distances Between Buildings

Buildings should be constructed side by side or close
to each other to protect each other from the east-west
wind. Furthermore, the buildings should have distant
spaces in-between in the south direction to benefit from
the high solar radiation.

3.2.4 Building Form and Interior Layout

In the cold dry climate zone, buildings should be
designed on a smaller scale and in a compact structure so
they can be protected from the cold and the heat losses of
the building envelope can be reduced. The walls should be
thick, the windows should be small, and the interior spaces
should be designed with low ceilings and small volumes
across that region for heat protection.

It is possible to classify the interior layout criteria in
a certain way in buildings. Those criteria are as follows:

- Spaces that generate and radiate heat due to their
functional use should be positioned in line with the
general space requirement.

- The places, which are desired to be constantly warm,
should be surrounded by short-term heating spaces.

- The combinations of warm and less warm spaces
should be separated from the external environment
through buffer zones.

In addition, introverted architecture is used in
traditional houses in that climate zone. Except for the
windows facing the courtyard, there are no windows on
the exterior of the building. In addition, the courtyard
walls protect the building from the cold winds outside
similar to a filter.

3.2.5 Material Properties of the Building Envelope

It is required to use materials with high heat capacity
during the selection of materials that will be used in the
building envelope across the cold climate regions. A
review of traditional buildings in this climate zone,
suggests that certain materials, including stone, adobe,
and wood are mainly used on the facades of the buildings
as seen in Figure 10.

Figure 10. The materials of the envelope of a traditional building
located in Tabriz.

Moreover, it is necessary to pay due attention to the
facade and dimensions of the windows and doors to be
used. The traditional building examples of Tabriz are
characterized by few or no windows on the eastern and
western facades of the building to ensure the privacy of
the family. Whereas, the windows on the south fagade
positioned in the courtyard are larger to benefit from the
sun, and fewer windows are used on the north-facing
facade.

4 Passive System Characteristics of Traditional
Residential Buildings of Tabriz

4.1 Mojtahedi Residence

The Mojtahedi residence is an example of a traditional
residential building from the late Qajar period and the
early Pahlavi period. With a history that dates back to
more than 100 years, the building was built on 1,400 m2
land. The building was designed to include a basement,
high entrance, and first floor [10].

4.1.1 Building Orientation

The Mojtahedi residence was positioned on the north-
south axis on its plot as seen in Figure 11.

4.1.2 Building Form and Interior Layout

In this residential example, the volume was designed by
choosing a compact form that would ensure the least
contact with the outside atmosphere. As seen in Figure 12,
the entrance to the building was through the outer
courtyard on the north and south fagades.
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basement floor
ground floor
first floor

Figure 11. Floor plans of the Mojtahedi residence [10].
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Figure 12. Sectional views of the Mojtahedi residence [10].

The windows of the building face the inner and outer
courtyards. The largest room, which is called “Tenebi”,
which is most frequently used by the residents and where
the guests are received, is located on the south side of the
building to benefit from the sun, while the other rooms are
located on the north. As can be seen in Figure 13, the
courtyard of the building was built 1-1.5 meters below the
ground level. Therefore, heat loss from the ground-based
walls and floors of the building envelope during the cold
winter season was prevented. Furthermore, the courtyard
protects the building from the effects of cold wind in
winter, functioning as a buffer zone.

Figure 13. Plan view of the inner courtyards of the Mojtahedi
residence [10].

There is a living room with a pool in the basement of
the building as seen in Figure 14. During the summertime,
the pool is filled with cold water, ensuring that the space
is fresh and cool. Moreover, the pool is filled with hot
water in winter, and the upper floors are heated thanks to
the latent heat by evaporation.

K ‘ y

Fig;ure:14. Room with pool [10].
4.1.3 The Distances Between Buildings

Surrounded by neighboring buildings on the eastern
and western facades, the building is protected from the
cold winter wind coming from the east and west
directions.

Figure 15. A View of Mojtahedi residence [14].
4.1.4 Material Properties of the Building Envelope

As seen in Figure 16, the fagade of the building was
made of materials with high heat capacities such as adobe
and stones. North-facing windows were built in a narrow
and long form to make use of the most of solar radiation.
Stained glass windows called “Orosi” were used to protect
from the higher amount of solar radiation during summer.

Figure 16. A view of the courtyard of Mojtahedi residence [10].
4.2 Gadeki residence

Gadeki residence was built during the Qajar period
(160 years ago) as the personal residence of the Governor
of Tabriz. The building was also used as an armory in the
past, and it is now used as the Faculty of Architecture [10].

International Journal of Innovative Engineering Applications 7, 1(2023), 62-75

68



Z. Hemmatzadeh and A. Akgiig

4.2.1 Building Orientation

The residence was constructed on land with 1,340 m?
area throughout the north-south axis.

(b)
Figure 17. Floor plan and section of the Gedeki Residence [25].

4.2.2 Building Form and Interior Layout

This building was also built using an introverted
architectural design approach. Entrance to the building
was provided through passages called “Dalan” from the
northern and southern directions. The guest room and
bedrooms of the building were designed to face the iwan
and the courtyard to the south and north to ensure
maximum use of the sun. As can be seen in Figure 17, a
part of the building was built at a lower elevation from the
ground level.

4.2.3 The Distances Between Buildings
As seen in Figure 18, the heat losses were minimized

by constructing the building in a compact form and
adjacent to the surrounding buildings.

Figure 18. Three-dimensional view of the Gedeki Residence [15].

4.2.4 Material Properties of the Building Envelope

Generally, materials with high heat capacity were
used in the building envelope. As in the Mojtahedi
residence, stone, adobe, and wood materials were used in
this residence, and wider and higher windows were used
to benefit from the daylight in the guest room of the
building, called "Tenebi", while the windows of the other
rooms were narrower and longer.

The walls of the building are about 1 meter thick,
protecting the building against cold and wind throughout
the winter. A mortar material, namely “sarug”, was used
for moisture control on the floor of the building. This
mortar is a composition of certain materials, including
lime, earth, fertilizer, and straw.

Figure 19. A view of the courtyard of Gedeki Residence [26].

5 Passive System Characteristics of Contemporaneous
Residential Buildings in Tabriz

5.1 Building Orientation
The plans shown in Figure 20 belong to the examples of

contemporary in Tabriz, and both buildings are placed on
the north-south axis.

Figure 20. Floor plans of contemporary residences.

5.2 Building Form and Interior Layout

Both buildings are multi-floor reinforced concrete
apartment  buildings, unlike traditional residential
buildings. The guest rooms in the buildings built in the
rectangular form are placed on the south side, the
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bedrooms are on the north and the kitchens are on the east.
Both buildings are designed based on an open plan by
combining the living room and kitchen, and the windows
on the south side are long and high to provide a higher
level of light into the halls.

(b)

Figure 21. Interior views of contemporary residences.

5.3 The Distance Between Buildings

Figure 22 (a) is the building of the plan seen in Figure
20 (b), and its surroundings are relatively open with
windows facing north and south. Nevertheless, it is
designed adjacent to the next building and therefore, heat
loss from the west facade is reduced. Figure 22 (b) is the
building of the plan shown in Figure 20 (a) and is adjacent
to another building located on the western facade. The
northern, southern, and eastern fagades feature windows
and are built at a distance from the surrounding buildings.

IS -

(@) (b)
Figure 22. Building distances of contemporary residences.

5.4 Material Properties of the Building Envelope

The walls of these buildings are approximately 20 cm
thick and were built using perforated bricks and reinforced
concrete. It is well-established that insulation materials
are not usually used in buildings.

(b)

Figure 23. A view of contemporary reinforced concrete apartment
buildings.

6 Developments in Building Energy Efficiency in Iran
(Regulation 19)

Iran is an energy-rich country and 40% of those
resources are consumed by buildings in Iran [16]. Fossil
fuel accounts for a large part of this consumption, and
therefore, as the human population and the number of
buildings in Iran increase, the volume of greenhouse gas
emissions has increased over the years. As seen in Figure
24, greenhouse gas emissions from buildings in Iran have
increased remarkably over the years, and greenhouse gas
emissions of buildings increased by approximately 361%
between 1990 and 2019. However, the steps taken by the
Iranian government to improve building energy efficiency
are rather premature.

There are 22 different regulations enacted by the
Ministry of Roads and Urban Development Deputy for
Housing and Construction of Iran. In that context,
Regulation 19 includes provisions as regards energy
savings in buildings. Although those regulations were
executed by the ministry, it is well-established that new
buildings mostly fail to comply with the relevant
provisions, since they are not subject to inspection.

According to Regulation 19, the experience of
industrialized countries urges the necessity of developing
rules and regulations compatible with prevailing
conditions in each country. In this context, in 1991, the
first edition of Section 19 of the National Building
Regulation was inked under the title of energy savings,
and a large part of the said regulation included rules on
thermal insulation of the outer shell of buildings.
Unfortunately, the rules set out in that edition were
disregarded in most of the construction projects, both
public and private, due to the unpreparedness of the
construction industry in Iran.
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Figure 24: A distribution of the change in CO, emission in Iran by sectors (1990-2019) [3].

Subsequently, a guide containing the fundamentals of
thermal insulation in buildings was published in 1999
according to the said regulation. Upon the second edition
in 2002, it was anticipated that the construction sector and
especially the government projects in Iran would better
comply with energy-saving provisions than before, thanks
to the elimination of uncertainties in the previous edition
and the provision of necessary additional information. The
criteria as prescribed in the 2nd edition were still
premature compared to the relevant regulations in place in
the industrialized countries. It is hoped that necessary
steps would be taken to better meet international standards
in the field of energy consumption in the not-too-distant
future [16].

7 A Comparison of Energy Performances Between the
Traditional and Modern Buildings

When traditional and new houses in lran are
compared in terms of the building envelope, the materials
used in the facade, the size of the windows, the glass, and
the window to wall ratios show great variability.

Considering the architectural features of Tabriz
houses from past to present, it is noteworthy that some
construction methods, cultural values, and spaces have
disappeared [17].

When we compare the local materials used in the past
with the materials of today, we can see that the use of local
materials is superior in terms of environmental
sustainability, building energy efficiency, and greenhouse
gas emissions [18].

According to Jong Jin Kim, reducing the consumption
of energy resources and designing according to the life
cycle and humane design are considered the basic
principles of sustainable architecture [19].

In this context, when we consider the life cycle stages,
the use of local materials causes less energy consumption
and ultimately less carbon emission in the acquisition of
raw materials, production, transportation, and all stages of
the material [18].

The energy used for heating, cooling, and lighting in
buildings is directly related to the used building materials
[20].

The contribution of building materials with high
thermal mass to the reduction of energy consumption of
the building in hot-dry and cold climates is quite high [21].

Considering the annual thermal gains and losses of the
building, the heat transmission coefficients of the
materials as well as the wall thickness of the building
materials play an important role in the annual energy
consumption of the building [22].

Thick walls, which are no longer used in today's
architectural design, have provided acoustic and heat
insulation in traditional architecture, allowing people to
live a comfortable life indoors.

Architectural strategies used in traditional and local
buildings are designed to use less energy, and traditional
architecture aims to use the least energy for heating and
cooling by developing in a balanced way with the climate
[18].

Materials such as brick, plaster, lime, and mud brick
are generally used on the exterior walls of traditional
houses in Tabriz [23], and the wall thickness varies vis-a-
vis the facade orientation (north, south, east and west) and
floors of the building. For the purposes of the present
study, the external wall thicknesses on each facade of the
Gedeki house were calculated separately and the average
wall thickness was taken in the energy model, namely
"traditional”. Whereas, the wall layers and wall
thicknesses of the apartment building shown in Figure 22
(b) are the same on all facades. Accordingly, the layers on
all facades were taken the same for the said building in the
relevant energy model, namely “modern”. Figure 25
shows the energy model views of the samples with an area
of 50 m?, representing traditional and modern buildings by
fagade characteristics.
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=

=

(b)
Figure 25. The views of energy models of traditional (a) and
modern (b) buildings.

The exterior wall materials and material thicknesses
of the traditional building case are shown in Figure 26.
Table 1 shows the thermo-physical properties of the
materials used in the construction of the traditional
building.

=]
Brick (bumed) 1. :c-cm—-
Gypsum Plaster—2006m. -
=
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Figure 26. Exterior wall materials of the traditional building.

Table 1. Thermo-physical properties of the exterior wall materials
of the traditional building.

Material Thickness | Conduction Specific | Density
(m) Coefficient Heat | (kg/m®)

(W/m.K) (I/kg.K)
Brick (burned) 0.100 0.85 840.00 | 1500.00
Gypsum Plaster | 0.020 0.40 1000.00 | 1000.00
Mud Brick 0.500 0.75 880.00 | 1730.00
Gypsum Plaster 0.030 0.40 1000.00 | 1000.00

The materials of the exterior walls of current
buildings in Tabriz are generally designed using such
materials as brick, plaster, cement mortar, aerated BIMS
and the thickness of the external walls of those structures
generally does not exceed 20 cm. Figure 27 indicates the
exterior wall materials and material thicknesses of the
modern building case. Table 2 shows the thermo-physical
properties of the materials used in the construction of the
modern building.

Gypsum plaster

Acrated BIMS 15.00

Brick (bumed)

Figure 27. Exterior wall materials of the modern building.

Table 2. Thermo-physical properties of the exterior wall materials
of the modern building.

Material Thickness | Conduction | Specific Heat | Density
(m) Coefficient (J/kg.K) (kg/m?)
(W/m.K)
Brick (burned) 0.030 0.85 840 1500

Cement plaster &

0.025 0.81 840 1680
Sand aggregate
Aerated BIMS 0.150 0.30 840 1.000
Gypsum plaster 0.025 0.40 1.000 1.000

The form of the Gedeki house in question was
designed in a U shape. Some of the southern, eastern and
western facades face the inner courtyard, and there are no
windows on those facades since Tabriz is exposed to the
cold winds coming from the eastern and western
directions. In the present study, the window to wall ratio
of each facade of the Gedeki house was calculated and
those window to wall ratios were used in the energy model
of the traditional building representing the Gedeki house.
As regards the apartment building, there are windows on
the northern, southern, and eastern sides of the building,
and since the west side is adjacent to another building,
there are no windows on that facade. The window to wall
ratios of the apartment building in question were used in
the energy model of the modern building. Window to wall
ratios of traditional and modern buildings are provided in
the tables below.

Table 3. Window to wall ratios of the modern building.
Orientation | Window to Wall Ratio

(%)
North 31
South 12
West 0
East 12

Table 4. Window to wall ratios of the traditional building.
Orientation | Window to Wall Ratio

(%)
North 28
South 26
West 13
East 16

Large windows, known as 'Orosi', were used on the
south and north facades of the Gedeki house. Those
windows increased the window to wall ratios on the
facades where they were located. Nevertheless, the
windows on the east and west facades are much smaller
compared to those windows.

The building envelope is a design element that
separates the interiors from the exterior atmosphere and
maintains a great impact on the energy conservation of the
interiors. Thus, double fagade strategy is considered one
of the best choices in terms of managing the energy
transfer between the interiors and the exterior atmosphere.
Upon a review of the traditional houses in Tabriz, it was
evident that the double-glazing technology as in the
Gedeki house was used for centuries [24].
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j

Figure 28. Cross sectional view of the Orosi windows in the
Gedeki house [24].

The reviewed resources did not include any data with
respect to the technical properties of these windows,
except that the Orosi windows were double glazed and
their frames were made of wood. The windows of the
apartment building in the study were also double glazed
and their frames were made of polyvinyl chloride (PVC).
It was assumed for the purposes of the present study that
the glazing used in the energy model of the traditional and
modern buildings had the same properties, and their
thermo-physical properties are shown in Table 5.

Table 5. Thermo-physical properties of the windows of the traditional
and modern buildings.

Material Thickness | Conduction | Solar Heat Gain

(m) Coefficient Coefficient
(W/m.K) (SHGC)

Generic Clear Glass 0.004 1.00 0.74

Air 0.010 - -

Generic Clear Glass 0.004 1.00 0.74

Polyvinyl chloride

(Frame) 0.020 0.17 -

Wooden (Frame) 0.020 0.19 -

Using the aforementioned building data, the building
energy models of the traditional and modern buildings
were generated and the energy performances of the
buildings were simulated using the climatic data of Tabriz.
For the purposes of simulation, the heating and cooling
set-point temperatures of the indoors of both buildings
were assumed 21°C and 24°C, respectively. The annual
natural gas and electricity demands of the buildings are
shown in the figures below.
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Annual Natural Gas Demand
(KWh)

Traditional Modern

Figure 29. Annual natural gas demands of the traditional and
modern buildings.
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Figure 30. Annual electricity demands of the traditional and
modern buildings.

As indicated in Figure 29, the annual natural gas
demand of the modern building is higher compared to that
of the traditional building. The fact that insulation
materials are not used on the external walls of the current
buildings in Tabriz may account for the foregoing.
Therefore, the heat losses from the external walls during
the heating period are higher compared to the traditional
buildings. Accordingly, those buildings maintain a weaker
performance compared to the traditional buildings in
terms of heating energy performance. Figure 30 shows
that the annual electricity demand of the traditional
building is less compared to that of the modern building.
The windows are the weakest components, where thermal
changes associated with the building envelope are high.
They can lead to major changes in the thermal behavior of
the indoors by inducing high heat gains during the summer
period and high heat losses during the winter period. The
window to wall ratio should be less in order to reduce heat
transfer in cold and dry climates. It is also recommended
to use fewer or even no windows at all on facades that are
exposed to cold winds.

For each kilowatt hour of electricity and natural gas,
the respective emissions are 0.626 and 0.234 kg of COz in
Turkey. Figure 31 shows annual greenhouse gas
emissions in traditional and modern buildings. Therefore,
since the energy performance of the modern building is
lower compared to that of the traditional building, it uses
energy resources less efficiently and emits a higher
amount of CO> per year.
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Traditional Modern

CO, Emission

Figure 31. Annual CO, emission of traditional and modern
buildings.
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8 Conclusion

Upon a review of the traditional houses of Tabriz in
question, both residential buildings had common features,
which reflected the architectural design approaches
compatible with cold climatic conditions. The buildings
have a courtyard plan and adopt an introverted
architectural style. The windows open to the courtyard and
there are no windows on the exterior of the courtyard to
ensure the privacy of the family. The buildings prevented
heat losses substantially throughout the year through this
Islamic culture. The buildings were designed to be
approximately 1-1.5 meters below the ground level to take
advantage of the heat of the soil during the cold winter
season. In addition, the building fagade was constructed
with thick walls and with building materials featuring high
heat capacity, ensuring heat preservation of the interior
throughout the year. Buffer zones such as corridors and
Dalans, which are placed next to the entrance of the
building, protect the spaces such as the living room,
kitchen, and bedroom in the interior of the building
against dynamic changes in the external atmosphere.

Whereas, a review of the new building examples in
Tabriz is indicative of the fact that, similar to the
traditional buildings, the buildings were located on the
north-south axis. The scale and direction of the land used
do not change since the contemporary buildings in
question were built in place of the demolished old
buildings. Therefore, the building spacing did not change
either. The interior design of the newly built buildings is
generally based on an open plan and there are no buffer
zones such as corridors, Dalans, and courtyards to prevent
heat losses. The rate of transparency of the exterior
facades of contemporary buildings is higher compared to
the traditional buildings. Therefore, although the lighting
level of the interior spaces is increased, the fact that the
exterior walls are generally thinner compared to
traditional houses is associated with increased heat loss
throughout the year due to lack of due insulation. As a
result, a higher amount of energy is required to heat and
cool the building throughout the year.

In conclusion, the fact that the contemporary
buildings in Tabriz, Iran, are built without due
consideration for climatic conditions and the use of
passive building design principles, increases the amount
of energy required for heating, cooling, and ventilation in
such buildings. The fact that the said need for energy is
mainly met from fossil sources leads to higher volumes of
greenhouse gas emissions, contributing to environmental
pollution. The Iranian government should assume a
critical duty in terms of building energy saving. The laws
and regulations enacted by the government in the field of
energy efficiency should improve the implementation and
auditing mechanisms in both the private and public
sectors, raise the awareness of the citizens, and reduce the
use of fossil fuels upon increased investment in the field
of renewable energy.

The present study analyzed the energy performances
of building cases representing traditional and modern
buildings in Tabriz using the DesignBuilder building
simulation tool. As a result of the analysis, the annual
natural gas and electricity demands of the traditional
building was less compared to that of the modern building.

In a cold climate region, like where Tabriz is located, the
thickness of the external walls of the traditional building
and the thermo-physical properties of those walls,
considerably increase the annual energy performance of
the building and ensure more efficient use of energy
resources. The fact that the walls of the modern building
are much thinner and uninsulated compared to the
traditional building, significantly reduces the annual
energy performance. Furthermore, despite the fact that the
thermo-physical properties of the window glazing in both
buildings were the same, the heat transfer from the glasses
differed between the buildings due to different window to
wall ratios. Since Tabriz is located in the cold climate
region, the most effective way to reduce the heat transfer
from the building windows in the relevant region is to
reduce the window to wall ratios. Consequently, the
higher insulation of the external walls of the building and
the lower window to wall ratios would visibly reduce the
amount of greenhouse gas emissions in new constructions
to be built under the climatic conditions of Tabriz.
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Abstract

Original scientific paper
Since plastic and glass bottles are generally disposable materials, they are thrown away carelessly after use. One of the main reasons of
environmental pollution is plastic and glass bottle waste. Furthermore, glass bottles have a huge impact on forest fires. For these reasons,
it is necessary to detect plastic and glass bottles and collect them without harming the environment. The fact that no similar study was
found on the detection of pet and glass bottle waste in the literature review motivated us to carry out this study. In the study, due to the use
of Unmanned Aerial Vehicle (UAV), the images required for the test process were obtained more quickly and easily.
In this study, image processing techniques were used to detect plastic and glass bottles in images taken from UAVs. Principally, the images
with the objects to be detected for training were determined. Objects in these images were labeled, necessary arrangements were made,
then training and test data were obtained. Using these data, training was carried out with the YOLOv3 deep learning algorithm, and object
detection test was applied with the obtained data. As a result of the study, pet and glass bottles in natural environments were successfully
detected with an average accuracy rate (mAP) of 84.81%.

Keywords: Deep learning, ecosystem, image processing, object detection, UAV, YOLO.

YOLOV3 DERIN OGRENME ALGORITMASI iLE iHA GORUNTULERINDEN CEVRESEL ATIK
TESPITI

Ozet
Orijinal bilimsel makale

Pet ve cam siseler genellikle tek kullanimlik malzemeler olduklarmmdan kullanildiktan sonra uygun olmayan yerlere dzensiz bir sekilde
atilmaktadir. Pet ve cam sise atiklari, ¢cevre kirliliginin 6nemli sebeplerinden biridir. Ayrica cam siselerin orman yangimlarinin ¢ikmasinda
¢ok biiylik etkileri vardir. Bu nedenlerden dolay1 pet ve cam siselerin tespit edilmesi ve ¢evreye zarar vermeden toplanmast ¢ok biiytik
onem arz etmektedir. Yapilan literatiir taramasinda pet ve cam sise atiklarinin tespiti ile ilgili herhangi bir ¢alismaya rastlanmamasi bu
calismay1 yapmak icin bizi motive etmistir. Yapilan calismada, test islemi igin gerekli olan goriintiiler, insansiz Hava Araci (IHA)
kullanilarak daha hizli ve kolay bir sekilde elde edilmistir.

IHA’dan alman goriintiilerdeki pet ve cam siselerin tespit edilmesi icin goriintii isleme teknikleri kullanilmstir. Oncelikle, egitim icin,
tespit edilecek nesnelerin bulundugu goriintiiler belirlenmis, bu gorintiilerde tespit edilmesi istenen nesneler etiketlenmis, gerekli
diizenlemeler yapilarak egitim ve test verileri elde edilmistir. Bu veriler kullanilarak YOLOvV3 derin dgrenme algoritmasi ile egitim
gerceklestirilmis, elde edilen veriler ile pet ve cam sise atiklarinin bulundugu goriintiilerden nesne tespit test islemi yapilmistir. Yapilan
¢aligma sonucunda, dogal ortamlardaki pet ve cam siseler % 84.81 ortalama dogruluk oran1 (mAP) ile basaril bir gekilde tespit edilmistir.

Keywords: Cevre, derin 6grenme, gériintii isleme, IHA, nesne tespiti, YOLO.

1 Girig

Cevre ve iklim sorunlarinin siirekli artt1g1 giiniimiizde
en biiyiikk ¢evre sorunlarinin baginda ambalaj atiklarinin
¢evrede olusturduklart tahribat gelmektedir. Toplum
olarak siirekli tiiketmekte ve bu siirecte ambalaj atik
miktarlart siirekli artmaktadir. Tiiketilen {iriinlerin ¢ogu
pet ve cam ambalajlar igerisinde bulunmaktadir.

* Corresponding author.
E-mail address; aaltinors@firatedu.tr (A, Altindrs)

Giliniimiiz toplumu bu pet ve cam ambalaj atiklarini cogu
zaman atik toplama kutular1 yerine dogaya rastgele
atmaktadir. Pet ambalajlar gilinlimiizde ve gelecekte
iiretildikleri malzemelerin yapisindan dolay1 gevre kirligi
ve canli yasamlari i¢in ¢ok biiyiilk sorunlar tegkil
etmektedir. Cam ambalajlar ise bulunduklari yerlerde ¢cok
Biiyiik oranda yangin riski olusturduklarindan ve yine
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uzun siire ¢oziinmediklerinden ¢evre i¢in sorun teskil
etmektedir [1].

Hem yasadigimiz ¢evreyi, diinyamizi ve enerji
kaynaklarimizi korumak hem de fiistiin 6zelliklerinden
stirekli faydalanabilmek i¢in plastik ve cam malzemelerin
geri doniisimiinii saglamak gerekli ve 6nemlidir [2].

Insanlarin  gelir  seviyesi artttkga  kullamm
ahiskanlhklar1 da degismistir. Insanoglu daha fazla
tiiketmeye ve buna paralel olarak da daha fazla atiga sebep
olmustur.  Ozellikle  kullan-at  kiiltiiriinin ~ de
yayginlasmasiyla birlikte atik miktarinda oldukga hizli bir
artis meydana gelmistir.

METAL 3% KOMPOZIT3%

AHSAP14%

PLASTIK 24%

Sekil 1. Ambalaj atiklarinin cinslerine gore oranlart.

Sekil 1’de Cevre, Sehircilik ve Iklim Degisikligi
Bakanligi 2020 yili verilerine gore ambalaj atiklarinin
%46’sm1  plastik ve cam ambalajlarin olusturdugu
goriilmektedir. Bu ambalaj atiklarindan plastik ambalaj
atiklarinin %66°s1, cam ambalaj atiklarmin ise %30’u
ancak geri donistiiriilebilmektedir. Bu oranlara dikkat
edilirse geri donlisim  oranmmin  diisik  oldugu
goriilmektedir [3].

Kullanimi olduk¢a yaygin olan pet ve cam siselerin
dogada uzun siire kalmasi hem ekonomik olarak hem de
cevre kirliligi ve diger etkilerinden dolayi istenmeyen bir
durumdur. Bu atiklarin tespit edilerek geri doniigiime
kazandirilmasi, hem g¢evre kirliliginin ve orman
yanginlarinin dnlenmesi hem de ekonomik agidan biiyiik
Onem tagimaktadir.

Insansiz Hava Araci (IHA), giiniimiiz teknolojileri
kullanilarak siirekli gelistirilen ve birgok alanda kullanilan
hava aracidir. Neredeyse tiim sektdrlerde IHA’lar
kullanilmaktadir. Bunun en 6nemli nedeni ise yapilan
isleri daha hizli ve daha giivenilir olarak yerine
getirebilmeleridir. 1k iiretildikleri zaman daha ¢ok askeri
alanda kullanilan [HA’lar teknolojinin gelisimi ve
maliyetlerin diismesiyle ¢ok genis bir kullanim alani
bulmuglardir [4].

Bu calismamizda dogal ortamda ¢evreye atilmig pet
ve cam sise atiklarina ait resimlerin elde edilmesi i¢in DJI
firmasinin iiretmis oldugu Mavic Air 2 model IHA
kullanilmistir.

Kullanilan THA 570 gr agirliga sahip, maksimum 68
km/h hiz yapabilen, uzun siire havada kalabilen, uzak
mesafelerden goriintii iletebilen ve ¢ok kaliteli resimler
cekebilen gelismis bir THA dir. Sekil 2°de kullanilan DJI
Mavic Air 2 IHA’sina ait resimler gériilmektedir.

Sekil 2. DJI Mavic Air 2 [HA resimleri.

Caligmamizda nesne tespitini gerceklestirmek igin
derin 6grenme algoritmalar: ile goriintii isleme yontemi
kullanilmigtir. Derin 6grenme, bir makine 6grenmesi
teknigidir.  Insanlarin  beyninden ilham alinarak
gelistirilmistir. Insan beyninin yapabildigi baz1 islemlerin
makineler tarafindan yapilabilmesi igin gilinlimiizde
bir¢ok ¢aligsma yapilmaktadir. Nesne tanima islemi de bu
¢alismalardandir. Bu ¢alismalar ile belirlenen nesnelerin
tespiti yapilip hizli bir sekilde siniflandirilmasi
saglanmaktadir.  Gelecekte yapilacak c¢aligmalarla
insanlarin yaptiklar1 bircok is bu sayede makineler
tarafindan yapilacaktir [5].

Gergeklestirilen calismada c¢evre ic¢in ¢ok biiyiik
sorun olusturan pet ve cam siselerin IHA tarafindan
gekilen  goriintiller  kullanilarak  tespit  edilmesi
amaglanmistir. Bu iglem i¢in bir derin 6grenme
algoritmast olan YOLOv3 algoritmas: kullanilmistir.
Internet ortamindan elde edilen bir¢ok resim diizelenmis
ve derin 6grenmede egitim i¢in kullanilmistir. Uzun bir
egitim silireci sonunda makine tarafindan nesnelerin
algilanip algilanmadigi test edilmistir.

Yapilan test ile dogada cekilen goriintiilerden pet ve
cam siselerin tespitinin yapilabildigi goriilmiistiir. Bu
sonuglar bize nesne tanima islemini makinelerin insan
kadar hizli ve dogru olmasa da gergeklestirebildigini
gOstermistir. Bu tespit islemi ile ekosistem igerisindeki
sorunlarin ¢dziimiinde derin &grenme algoritmalarimin
basarili bir sekilde kullanilabilecegi de goriilmistiir.

2  Literatiir Aragtirmasi

Giiniimiizde [HA’lar bircok alanda etkin olarak
kullanilmaktadir. {HAlar ilk zamanlarda sadece askeri
alanlarda kullanilirken giinimiizde hem sivil hem de
askeri alanlarda siklikla kullanilmaktadir. THA ile
insanlarin ulagmakta zorluk gektigi bolgelere ulasip bu
bolgelerde amaca uygun goriintiiler ve resimler alinip
gorintii  isleme  algoritmalart ile bu  veriler
degerlendirilmekte ve sorunlara ¢éziimler tiretilmektedir.
Ozellikle gevrenin korunmast ile ilgili THA kullanilarak
yapilan birgok ¢alisma mevcuttur. Bu c¢aligmalar
incelendiginde genellikle tarim, hayvancilik ve gevrenin
korunmas: ile ilgili goriinti isleme c¢alismalarinin
yogunlukta oldugu goriilmektedir.

Kabaday1 ve Uysal tarafindan yapilan caligmada,
IHA’lar ile elde edilen verilerden binalarm tespiti
yapilmigtir. IHA ile havadan gériintiileme yapilarak
bindirmeli bir sekilde 15 kiigiik, 13 orta ve 4 biiyiik olmak
iizere 32 adet binanin bulundugu bir alanda toplanan
gorilintii verileri fotogrametrik yontem ile degerlendirilmis
ve ¢alisma alanina ait ortofoto ve sayisal yiizey modeli
olusturulmustur. Elde edilen veriler ile nesne tabanli
smiflandirma yontemi kullanilarak bina detaylari tespit
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edilmistir. Caligma sonucunda 32 adet binadan 30 tanesi
tespit edilerek %90 oraninda bina tespiti yapilmustir [6].

Yanik ve digerleri tarafindan yapilan caligmada,
orman yanginlarinda gorsel algilamaya yeni ve kesin bir
bakis acis1 getirilmesi amaglamistir. Bu amagla bir ITHA
sistemi geligtirilmis, sistemde bulunan mikrodenetleyici,
derin Ogrenme yontemleri ile egitim verilerek
programlanmis ve IHA’ya yangin algilamanin en erken
isareti olan dumani tanima 6zelligi kazandirilmistir. Bu
sayede yangin algilama sistemlerinin ortak sorunu olan
yanlis alarm ve gdzden kagma oranlarinin azaltilabilecegi
ve hizli bir sekilde yangina miidahale edilebilecegi
ongoriilmiistiir. IHA nin mobil goriis kabiliyeti sayesinde
goriintiilerin her agidan net ve siirekli olarak kontrol
edilmesi sonucu duman tespitinde %98 dogruluk oraninda
basari saglanmugtir [7].

Korez ve Bariget tarafindan yapilan ¢aligmada, Faster
R-CNN algoritmas1 kullanilarak yayalarin tespiti igin
otomatik bir nesne tanima yontemi ortaya koyulmustur.
Bu yontem ile 6 sinif kullanilarak (insan, kaykay kullanan
insan, bisiklet siiren insan, araba, otobiis ve golf arabasi)
IHA ile 8 farkhi sahneden cekilen 60 goriintii
kullanilmistir. 4 gilin siliren egitim ve yaklasik 7500
iterasyon sonucunda yayalar %58,02 dogruluk orani ile
tespit edilmistir. Yayalarin golgeleri, tepeden bakis agisi
ve veri setindeki resimlerin bulanik veya net olmasi gibi
durumlar basar1 oraninin diisiikk olmasindaki etken olarak
goriilmiistir. Bu olumsuz durumlara ragmen R-CNN
metodu kullanilarak diger yontemlerden %?2 daha basarili
bir yontem geligtirmistir [8].

Kim ve digerleri tarafindan yapilan c¢alismada,
binalardaki yiizey catlaklarinin izlenmesi i¢in yeni bir
yontem oOnerilmistir. Insansiz Hava Araci ile g¢ekilen
40000 catlak olan ve olmayan ylizey goriintiisi,
Evrisimsel Sinir Agi (CNN) tabanli bir mimari
kullanilarak analiz edilmis ve binalardaki ¢atlaklarin
tespiti ve smiflandirilmasi saglanmistir. Bu yontem
sonucunda bina ¢atlaklarmin %99,8 dogruluk orami ile
tespit edilebildigi gérillmistiir [9].

Dogan tarafindan bitkilerde goriilen hastaliklarin
derin 6grenme yontemleri ile tespiti ve siniflandirilmast
iizerine bir calisma yapilmistir. Yapilan ¢aligmada
domates ve elma yapraklarindaki hastaliklarin tespiti ve
smiflandirilmast  derin  dgrenme  yontemleri ile
gerceklestirilmigtir.  Konvoliisyonel Sinir Agt (KSA)
modeli ve Learning Vector Quantization (LVQ) derin
O0grenme algoritmalar1 kullanilarak deneysel ¢aligmalar
domates ve elma yapraklar i¢in ayr1 ayri yapilmistir.
Domates yapraklarindan olusan veri setinde 4 farkli
hastalikli yaprak ve 1 saglikli yaprak olmak tizere toplam
5 farkli sinif i¢in deneysel ¢aligmalar gergeklestirilmistir.
Elma yapraklari {izerinde gergeklestirilen ¢caligmalarda ise
Yalova ilinde bulunan elma bahgelerindeki yapraklarin
IHA kamerasi ile goriintiileri almmis ve deneysel
calismalar agag¢ lizerindeki yaprak goriintiileri tizerinde
gergeklestirilmigtir. Calisma sonucu konvoliisyonel sinir
ag1 tabanli yontemin yapraklardaki hastaliklarin tespitinde
basarili oldugunu, tarimsal alanlarda hastalik tespiti ve
smiflandirma  ¢alismalar1  i¢in  etkili bir sekilde
kullanilabilecegini gostermistir [10].

Oztiirk  tarafindan  yapilan ¢alismada makine
dgrenmesi ve goriintii isleme tekniklerini kullanarak THA
ile  ¢ekilen  resimler  kullanilarak  yapraklarin

smiflandirilmasi i¢in bir yontem gelistirilmistir. Yapilan
calismada, IHA ile otonom bir sekilde yaprak cesitleri
taninarak bitkisel hastaliklar ve boceklenme gibi ortaya
¢ikabilecek sorunlar 6nceden tespit edilip gerekli tedbirler
alinarak, kimyasal ve biyolojik iyilesme saglanmistir.
Oncelikle ¢ekilen resimlerden 6zellik ¢ikarimi yapilmus,
cikarillan Ozellikler ogretilerek SVM ile siniflandirma
yapilmistir. Yapilan ¢alisma sonucunda belirli bir bolgede
goriintii isleme teknikleri ve makine 6grenmesi ile %91,3
dogruluk orami ile yaprak siniflandirma iglemini
gergeklestiren bir sistem tasarlanmustir [11].

Burgaz tarafindan yapilan ¢alismada, Derin 6grenme
algoritmalar1 ve IHA kullamlarak silah tespiti icin bir
yontem gelistirilmistir. IHA ile cekilen resimlerden R-
CNN ve ResNet algoritmalari ile silah tespiti yapilmistir.
Insanoglunun ¢iplak gozle bile gormekte zorlandigi bu
nesneleri daha az zaman ve maliyetle tespit islemi
gerceklestirilmigtir.  Calismada 200 adet gorinti
kullanilarak ~ gergeklestirilen  egitim  sonucunda
resimlerdeki silah %99 dogruluk orani ile tespit edilmistir
[12].

Giizel tarafindan IHA ile ¢ekilen goriintiiler
kullilanarak yesil alanlar1 tespit etmek i¢in bir ¢aligma
yaptlmigtir. Caligmada 159 adet goriintii kullanilmustir.
Calisma sonucunda Yildiz Teknik Universitesi kampiis
alaninda golgede yer alan hem seyrek hem de sik yesil
alanlar 1217 adet goriintii ile yapilan 2,5 saatlik egitimler
sonucunda UNet-VGG19 derin 6grenme mimarisi ile %95
dogruluk orani ile tespit edilmistir [13].

Albayrak ve digerleri tarafindan yapilan ¢aligmada,
IHA ve derin 6grenme algoritmalar1 kullanilarak arag
tespiti tizerine bir yontem gelistirilmistir. Bu yontemde iki
derin 6grenme modeli (R-CNN ve YOLO sinir aglari)
kullamilmugtir.  IHA ile ¢ekilen goriintiilerden her iki
algoritmaya gore veri setleri olusturulmustur.

Bilecik ili Pazaryeri ilgesinde ¢ekilen 80 adet
goriintiiden iki farkli algoritma kullanilarak arag tespiti
yaptlmigtir.  Yapilan ¢aligma sonucunda YOLO
algoritmast R-CNN algoritmasina gore daha hizli sonug
vermis, R-CNN algoritmasi ise YOLO algoritmasina gore
daha dogru sonug tiretmistir [14].

Arvas tarafindan derin Ogrenme algoritmalari
kullanilarak IHA gériintiilerinden hashas, kenevir ve tiitiin
bitkilerinin tespiti i¢in bir ¢aligsma yapilmistir. Yapilan bu
calismada THA ile ¢ekilen 300 hashas, 100 kenevir ve 100
tiitiin bitkisi olmak iizere 500 goriinti kullanilmustir.
Egitim i¢in ise 28774 hashas, 4172 kenevir ve 2902 tiitiin
bitkisi olmak iizere 35848 goriinti etiketlenmistir.
Olugturulan veri seti YOLOV5 algoritma ag1 kullanilarak
egitilmis ve egitim sonucunda THA ile gekilen
goriintiilerden %77,1 dogruluk orani ile nesnelerin tespiti
yapilmstir [15].

Baydogan ve Alatas tarafindan sosyal medyada
siklikla kullanilan nefret sdyleminin otomatik tespiti igin
yapay sinir aglar1 ve makine 6grenmesi yontemlerinden
olusan yapay zeka temelli algoritmalarin kullanildig: bir
calisma yapilmigtir. Yapilan calismada Naive Bayes,
Destek Vektor Makinesi, iki farkli Karar Agac1 ve Cok
Katmanli Algilayic1 olmak iizere beg farkli yapay zeka
temelli algoritma kullanilmistir. Calismanin sonucunda
farkli egitim ve test teknikleri kullanilarak performans
degerlendirme metrikleri hesaplanmistir. Calismada en
yiiksek dogruluk degeri %80 olarak Karar Agaglar1 ve
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Cok Katmanli Algilayicilar tarafindan elde edilmistir
[16].

Yapilan literatiir taramasinda [HA’lar ile cekilen
goriintiiler kullanilarak goriintii isleme ve derin 6grenme
algoritmalar1 ile bircok farkli nesnenin tespiti ve
smiflandirilmasinin yapilabildigi goriilmiistiir. Fakat bu
calismada gerceklestirilen pet ve cam sise tespitine iligkin
bir ¢alismaya rastlanmamustir.

3 Derin Ogrenme ve YOLO Nesne Algilama Algoritmasi

Derin 6grenme, 2006 yilindan itibaren popiiler olarak
kullanilmaya baslanmig makine &grenmesi alaninin en
giincel alt dallarindan  biridir. Derin  0grenme
yontemlerinde insan beyninin yapisindan esinlenerek
olusturulan yapay sinir ag1 algoritmalar1 kullanilmistir.
Insan beyni bir néron agidir, derin §grenmede ise nronlar
digiimlere kargilik gelir. Lineer cebire dayanan bu
sistemde insan beynindeki néronlara benzeyen diigiim ad1
verilen yapilar bulunur. Diigiim yapilarinin birlestirilmesi
ile katmanlar, katmanlarin birlestirilmesi ile de sinir ag1
denilen yapilar olusturulur. Sekil 3’te yapisi verilen bu
aglara derin sinir ag1 da denir [5].

CIKIS

Katman1...... Katman N

Gizli Katmanlar

Sekil 3. Basit derin sinir ag1 yapisi [5].

Derin 6grenme, makine 6grenimi alaninda yapilan
calismalar ile yapay zekd kapsaminin genislemesine de
onciiliik etmistir. Yiizeysel O0grenme ile
karsilastirildiginda derin 6grenme kavrami daha soyut
bilgilere ulagmak i¢in derin (gizli) katmanlar insa etme
avantajina sahiptir. Bu sayede ¢ok katmanli mimarilerde
¢ok boyutlu veriler ile ¢aligma imkani saglamistir [17].

Derin 6grenme tabanli yontemler yiliz tanima, plaka
tanima, nesne algilama, pozisyon tanima, hareket
algilama, serit tespiti, yaya algilama, duygu algilama,
otomatik park etme, resim tanima ve goriintii isleme gibi
bircok alanda karmasik problemleri ¢ozmek igin
kullanilmis ve ciddi bir basar1 oram elde edilmistir [18].

Gorintlii  isleme algoritmalar1 igerisinde en sik
kullanilanlar Faster R-CNN algoritmasi, SSD algoritmasi
ve YOLO algoritmasidir. YOLO algoritmasi diger 2
algoritmadan daha hizli algilama islemi yapabilmektedir.
Bunun nedeni ise resme bir defa bakarak algilamay1
gerceklestirmesidir. Bu durum gergek zamanli nesne
tespitinde YOLO algoritmasinin kullaniminin en 6nemli
nedenidir [19].

YOLO (You Look Only Once) “Sadece bir kere bak”
kelimelerinin kisaltilmasindan elde edilmis, yiiksek

performansa sahip derin 6grenmeye dayali gelismis bir
nesne algilama algoritmasidir. Yakin zamanda gelistirilen
YOLO, nesne tespitinde kullanilan bir algoritma olup
ozellikle gergek zamanli goriintii isleme uygulamalarinda
kullanmilmaktadir [20].

Nesne tespiti i¢in kullanilacak olan bir algoritma hem
dogru hem de hizli olmali ayrica birgok nesneyi de
tantyabilmelidir. Mevcut nesne algilama veri kiimeleri,
siniflandirma ve etiketlendirme islemleri i¢cin kullanilan
veri kiimelerine gore yetersizdir. Gliniimiizde kullanilan
bliyik  boyutlardaki siniflandirma  verilerinden
yaralanmak ve nesne dedektorlerini sadece siniflandirma
i¢in degil ayn1 zamanda algilama konusunda da egitmek
icin ortak bir egitim algoritmasina ihtiya¢ duyulmus ve
boylece YOLO algoritmasi ortaya ¢ikmusgtir [21].

YOLOVI1 algoritmasi ilk olarak 2015 yilinda Joseph
Redmon tarafindan tasarlanmistir. Daha sonra 2016
yilinda Joseph Redmon ve Ali Farhadi YOLOv1
versiyonunda iyilestirmeler yaparak 9000 nesne
taniyabilen YOLOV2 versiyonunu, 2018 yilinda da en son
yontemleri deneyerek diger versiyonlardan daha
kapsamli, daha dogru sonuglar veren ve daha hizli bir
versiyon olan YOLOv3’i gelistirmislerdir [22].

Bir resim iizerinde yapilan smiflandirma islemi
sonucunda insan ya da giysiyi bulmak agilmasi gereken
bir problemdir. Ancak insan ve giysiyi ayni resimde
yerleriyle beraber algilamak daha zor bir problemdir.
Birinci problem simiflandirma ydntemiyle yapay sinir
aglanyla coziilebilirken, ikinci problemi ¢dzmek daha
farklidir ve farkli bir yaklagim gerektirmektedir. YOLO
giiclii bir evrisimsel sinir agidir ve bize resmin nerede
oldugunu sinirlayici bir kutu ¢izerek gostermektedir [19].

Simf olasilik haritast

Sekil 4. YOLO algoritmasmin genel ¢alisma prensibi [23].

Sekil 4’te YOLO algoritmasinin temel ¢alisma yapisi
gosterilmektedir. Sekilde gorildigi gibi YOLO giris
resmini Oncelikle SxS boyutunda 1zgaralara boler ve her
bir 1zgara hiicresi o 1zgara hiicresinde ortalanmig nesneyi
tahmin eder. Tahmin sonucunda tahmin degeri iiretilir.
Tahmin sonuglari toplanarak diisiik olasiliga sahip
siirlayict kutular silinir. En yiiksek tahmin olasilik
degerlerine sahip sinirlayict kutu ise nihai sonug olarak
belirlenir [23].

4 YOLOv3
YOLOV2 algoritmasinda 19 katman kullanilmasi,

kiiclik nesnelerin taninmasinda meydana gelen sorunlar
ayrica gercek zamanli uygulamalardaki hiz problemleri
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YOLOV3 algoritmasiin gelistirilmesini gerekli kilmigtir.
Gelistirilen YOLOV3  algoritmasinda 53  katmanli
DarkNet kiitiiphanesi kullanilarak daha kiigiik nesnelerin
tespit performansi ve dogrulugu artirilmistir [22].

YOLOV3 algoritmasi ¢oklu kutu yapist kullanarak
birden ¢ok nesneyi gergek zamanli olarak yiiksek frame
hizlarinda taniyabilmektedir [24].

YOLOvV3 algoritmasinda DarkNet-53 mimarisinin
kullanilabilmesi i¢in standart YOLO algoritmasinda
bulunan havuzlama, tam baglantili ve softmax katmanlari
kaldiridmigtir. ' YOLOvV3 farkli boyutlardaki nesneleri
algilamak i¢in goriintiiyii 3 farkli 6lgekte 1zgaralara boler.

Sekil 5°te bir goriintiiniin 3 farkli 6l¢ekte 1zgaralara
boliinmiis hali goriilmektedir.

13x13 26x26 52x52
Sekil 5. Goriintiiyi ti¢ farklt 6lgekte 1zgaralar ile bolme.

x1

x2

x8

x8

ikinci Tahmin Ugtinci Tahmin
x4
—_ _ = = —_— —_— —_ - —_—

L
L

Evrisimsel Set Artik Deger Evrisimsel 1x1

Ust Ornekleme

Birlestirici Katman @ Conv2d 1x1t

l Evrigimsel Set ‘

l Artik Deger ‘

Evrisimsel 1x1 H Evrisimsel 3x3 H Evrisimsel1x1 H Evrisimsel 3x3 H Evrisimsel 1x1 ‘

l Evrisimsel 1x1 H Evrisimsel 3x3 ‘

Sekil 6. DarkNet-53 kullanilmis 3 6lgekli tahmin yapabilen YOLOV3 evrigimsel sinir ag1 yapisi [25].

Sekil 6°da DarkNet-53 kullanilmig 3 6lgekli tahmin
yapabilen YOLOv3 evrisimsel sinir ag1 yapisi
goriilmektedir. Bu yapida YOLOvV3 algoritmasi ¢oklu
olcekler kullanildigindan tahmin dogrulugu da artmustir.
YOLOV3 evrigimsel sinir aginda kullanilan DarkNet-53
yapisi DarkNet-19 yapisindan daha giiglii, ResNet-101 ve
ResNet-152 yapilarindan daha verimlidir. YOLOV3 test
stirecinde ilk once giristeki goriintii standart boyutlara
doniistiiriilir. Daha sonra giris goriintiisii 3 farkli 6lgekte
(13x13, 26x26 ve 52x52) 1zgaralara boliniir. Nesne
siirlari belirlendikten sonra 6zellik ¢ikarimi igin goriinti
aga girilir. Agda oOncelikle 13x13 kiigiik 6l¢ekte 6zellik
haritas: ¢ikarilir. Ozellik haritas: ilk olarak evrisim setine
tabi tutulur, 2 kez 6rneklenir ve 1. tahmin sonucu ortaya
¢ikar. Daha sonra 26x26 orta dlgekte ozellik ¢ikarim
asamasina gecilir ve oOzellik haritas1 ¢ikarilir. Ozellik
haritasi evrigim setine tabi tutulur, 2 kez 6rneklenir ve 2.
tahmin sonucu ortaya ¢ikar. Son olarak 52x52 biiyiik
Olcekte oOzellik g¢ikarim asamasina gegilir ve 0Ozellik
haritast ¢ikarilir. 3. tahmin sonucu da ortaya ciktiktan
sonra 3 tahmin sonucu birlestirilir. Daha sonra tahmin
sonuclar1 kullanilarak kutu giiven puam elde edilir. Kutu
giiven puani (IoU), bir sinirlayici kutuda nesne bulunma
olasiligini ve sinirlayict kutunun dogrulugunu temsil eden
bir puandir [25]. Sekil 7°de en solda kesisim alani, ortada
birlesim alani ve en sagda ise kutu gérev puaninin nasil
hesaplandig1 goriilmektedir.

Kesigim Birlesim m
By N B, L/
IoU=—2"+H2=
- Bl U Bz
A, B, g B,

Sekil 7. Kutu giiven puaninin (IoU) hesaplanmasi [26].

Sekil 7°deki B; gergek nesne sinirlayici kutusunu, B,
ise tahmin edilen nesne sinirlayici  kutusunu
gostermektedir. Hiicre igerisinde higbir nesne yoksa kutu
given puant sifirdir. Kutu giiven puanmin nesne
tespitinde 1 veya 1’e yakin olmasi istenir. YOLOV3
algoritmasinda IoU (Intersection over Union) degeri
%50’nin iizerinde tutulmaktadir [26].

Elde edilen sinirlayict kutularin biiyiik bir kismu ¢ok
diisiik kutu gliven puanina sahip olacagindan Non
Maximum Suppression (NMS) yoéntemiyle kutu giiven
puant esik degerin altinda olanlar silinir. NMS
yonteminde nesne tanima igin belirlenen simnirlayici
kutular i¢in elde edilen kutu giiven puanlar1 en yiiksekten
en diisiige dogru siralanir ve kutu giiven puan en yiiksek
olan siirlayict kutu belirlenir. Bu islem sonucunda en
yiiksek kutu giiven puanina sahip smirlayic1 kutu nihai
sonug olarak elde edilir [25].

YOLOV3 algoritmast disindaki diger derin 6grenme
algoritmalar1 gercek zamanli nesne tespiti i¢in gerekli 20
saniye basina kare (FPS) gorinti isleme hizina
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ulagamamuslardir. YOLOV3 algoritmas1 ise goriintiileri
40-90 FPS araliginda isleyebilmektedir. Bu degerler,
videonun ger¢cek zamanli olarak birka¢ milisaniye
gecikme ile  YOLOv3  algoritmast  tarafindan
islenebilecegini ve YOLOv3 algortimasinin  diger
evrisimsel sinir ag1 algoritmalarina gore oldukca hizli
calistigint gostermektedir. Anlik algilamalarin 6nemli
oldugu durumlarda algilama zamaninin diisiik olmas1 ¢ok
biiyiik fayda saglamaktadir [27].

Bu calismada hizli islem yapabilmesi ve tekrar
egitildiginde  ylksek nesne tespit dogruluguna
ulagabilmesinden dolayr YOLOV3 evrisimsel sinir ag1
yapist kullanilmistir.

5 Materyal ve Metot

Yapilan literatlir arastirmasina gore, son yillarda
siklikla kullanilan goriintii igleme ve derin Ogrenme
algoritmalarinin nesne tespitinde hiz ve dogruluk
agisindan gosterdikleri iistiin basari, gergek zamanli nesne
tespitinde tercih edilmelerinin en biiylik sebeplerinden
biridir. Bu calismada hiz ve dogruluk agisindan diger
algoritmalardan daha {istiin performans gosteren
YOLOV3 nesne tanima algoritmasi kullanilarak pet ve
cam sige tespiti yapilmustir.

5.1 Gelistirilen Sistem

Gergeklestiren calismada Sekil 8’de gosterilen sistem
mimarisi kullanilmistir. Bu mimari genel olarak 3
boliimden olugmaktadir.

Birinci béliimde veri seti olusturulmaktadir. Internet
ortamindan elde edilen igerisinde pet ve cam sigelerin
bulundugu veri seti igin kullanilacak 2250 goriintii
belirlenmistir. Bir sonraki agamada her bir goriintiiye ait
nesne etiketleme dosyalar1 YOLOvV3 formatina uygun
olarak diizenlenmistir. Bu diizenleme isleminden sonra
veri setinin %70’ egitim, %30’u da test verisi olmak
iizere ikiye ayrilarak sisteme yiiklenmistir.

Ikinci boliimde DarkNet dizin kurulumu, Makefile
konfigrasyonu ve NVIDIA ekran kartt i¢in CUDA
kurulumu yapildiktan sonra Colab arayiizii ile Google
drive’in birbirine entegre islemi gerceklestirilmistir. Bu
bolimde ayrica egitim islemine gecilmeden Once
YOLOV3 standart agirliklart Colab ortamina yiiklenmis
ve tiim veriler egitim islemine hazir hale getirilmistir.

Uciincii  boliimde ise olusturulan veri seti,
YOLOV3 standart agirlik dosyasi ve diger gerekli veriler
kullanilarak evrisimsel sinir ag1 vasitastyla nesne tanima
icin gerekli egitim islemi gerceklestirilmistir. Uzun siiren
egitim islemi ile degerlendirme isleminde kullanilacak
agirliklar  belirlenmis ve degerlendirme islemine
gecilmistir.

Degerlendirme isleminin gergeklestirilmesi i¢in THA
tarafindan ¢ekilen goriintiiler kullanilmistir. Bu goriintiiler
Firat Universitesi Teknik Bilimler Meslek Yiiksekokulu
kampiis alaninda belirlenen cografi bolgede g¢ekilmistir.
DJI firmasinin iiretmis oldugu Mavic Air 2 THA ile farkli
yerlerde belirlenen yiikseklikten ¢ekilen igerisinde cam ve
pet siselerin bulundugu goriintiler kullanilmistir. Bu
goriintiiler incelenmis, belirlenen 50 goriintii ve egitim
sonucunda bulunan agirliklar kullanilarak degerlendirme
islemi gerceklestirilmistir. Yapilan degerlendirme islemi

sonucunda goriintiilerdeki pet ve cam sige nesnelerinin
tespit islemi yapilmistir. Tiim goriintii dosyalar1 tek tek
degerlendirme islemine tabi tutulmus ve degerlendirme
sonuglari elde edilmistir [28].

é{
Darknet'in Hazsrlanmass
.

v
Google Colab ve
Google Drive'mn

Birbirine Entegre Edilmesi |

.
.
Google Colab Uzerinde
Test Denemelerinin » Modelin Egitilmesi
Yapilmas: >
\ .

Insansiz Hava Aract ile
Cekilen Goruntiilerin
Dizenlenmesi

Sekil 8. Sistem mimarisi.
5.2 Kullanilan Veri Seti

Evrisimsel sinir aglar1 kullanilarak nesne tespiti
calismalar1 i¢in son yillarda farkli veri setleri
gelistirilmistir. Nesne tanima ve siniflandirma isleminin
basarili olabilmesinin 6n sart1 kullanilan veri setleridir.
Veri setlerindeki goriintii dosya sayist arttikga nesne
tanima dogrulugu da artmaktadir. Daha dogru sonuglar
elde etmek i¢in ¢alismamizda ¢ok fazla goriintii dosyast
kullanilarak veri seti olusturulmustur. Veri seti i¢in gok
fazla miktarda goriintli dosyasinin toplanmasi ve
etiketlenmesi uzun zaman alacagindan bu islem igin
kategori bazinda hazirlanmis hazir veri seti kullanilmistir.

Calismamizda, Google Open Image hazir veri
setinden, icerisinde pet ve cam sise bulunan 2250 goériintii
ve bu goriintiillere ait YOLOv3 formatina doniistiiriilmiis
etiketleme dosyalar1 kullanilarak veri seti
olusturulmustur.

Olusturulan veri setinde rastgele olarak verilerin
%70’1 egitim, %30 u ise test verisi olarak belirlenmistir.

5.3 Veri Etiketleme

Veri setinde kullanilan her bir goriintii dosyasi icin
olusturulan txt uzantili etiketleme dosyasinda, goriintii
dosyasinda etiketlenen bir veya birden fazla nesneye ait
koordinat ve sinif bilgileri bulunmaktadir. Sekil 9°da “txt”
uzantili etiketleme yapilmis 6rnek veri dosyasi igerigi
gosterilmistir.
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Sekil 9. Etiketlenmis 6rnek veri dosyast igerigi.

Sekil 9°da gosterilen dosya igeriginde tespit edilecek
nesneye ait bes bilgi rakamsal olarak goriilmektedir. Bu
bilgiler; c: ait oldugu sinif, X: etiketlenen bolgenin merkez
noktasinin x koordinati, y: etiketlenen boélgenin merkez
noktasinin y koordinati, w: etiketlenen bolgenin genisligi,
h: etiketlenen bolgenin yiiksekligidir.

5.4 Kullanilan Yontem

Veri seti hazirlandiktan sonra egitim islemine gegmek
icin Oncelikle egitim Onislemlerinin gerceklestirilmesi
gerekmektedir. Egitim Oniglemleri ile gerekli tiim
dosyalar yiiklenip egitim islemi i¢in gerekli ayarlar
yapildiktan sonra egitim islemi agamasina gegilir.

Bu ¢alismamizda egitim islemini gerceklestirmek i¢in
YOLOV3 derin 6grenme algoritmast kullanilmistir. Bu
algoritma ile egitimin gerceklesmesi igin Google
Research tarafindan saglanan Colobratory (Colab)
hizmeti  kullanilmistir.  Colab  vasitasiyla  egitim
islemlerinde gerekli olan yiiksek hizli ram ve islemci ile
islemlerin istenilen siirede ve saglikli gerceklestirilmesi
saglanmustir.

5.5 Egitim islemleri

Egitim islemi, evrisimsel sinir ag1 tarafindan veri seti
ve standart YOLOv3  agirliklari  kullanilarak
gergeklestirilmigtir. Bu islem sonunda son agirlik
degerleri hesaplanmis ve bu agirliklar degerlendirme
isleminde kullanilmistir. Egitimin siiresi, kullanilan grafik
islemci birimi (GPU) ve se¢ilen veri setinin biiyiikligiine
gore degisir. Hizhh ve Kkaliteli grafik islemci birimi
kullanilmasi egitim siiresini kisaltirken, ¢cok fazla goriintii
dosyasindan olusan biiyiik veri seti kullanilmasi ise egitim
stiresini uzatir. Egitim siiresini uzatan bir diger etken ise
agirliklarin istenilen degere diismemesi sonucunda egitim
isleminin siirekli tekrarlanmasidir.

Egitim isleminin sonucunda toplam hata ve
ortalama hata (avg loss) degerlerinin miimkiin oldugunca
sifira yakin olmasi istenmektedir. Eger toplam hata ve
ortalama hata degerleri sifira yakinsamiyorsa nesne
tespitinde istenilen basart elde edilemez. Bu galismada
egitim islemi i¢in 3000 iterasyon gerceklestirilmistir. Bu
islem ile agirhiklar 3000 defa giincellenmistir. Islem
sonucunda hesaplanan toplam hata ve ortalama hatanin
sifira yaklastig1 goriilmiistiir. Yapilan ¢alismalarda toplam
hata ve ortalama hata degerlerinin 2’nin altina diigmesi
durumunda yapilan egitimin basarili oldugu kabul
edilmektedir.

Sekil 10°da tiim egitim siireci boyunca hata
degerlerinin degisim grafigi goriilmektedir. Grafik
incelendiginde baslangigta yiiksek olan hata degerlerinin
egitimin sonuna dogru sifira yaklastigi goriilmektedir.

Egitim 3000 iterasyon sonucunda tamamlanmis ve nesne
tespitinde kullanilacak agirlik degerleri elde edilmistir.
Nesne tespiti igin elde edilen bu agirlik degerleri
yolov3_custom_final isimli weight uzantili bir dosya
halinde kaydedilmistir. Bu dosya gelecekte yapilacak test
islemlerinde uzun siiren egitim islemine gerek kalmadan
kullanilabilmektedir [28].

¥

e,

QTN

Sekil 10. Egitim siireci hata (loss) / iterasyon grafigi.
5.6 Nesne Tespit Test iglemleri

Nesne tespit test islemlerini gerceklestirmek icin
egitim islemi sonucunda olusturulan yolov3_custom_final
isimli weight uzantili dosya kullanilmigtir. Bulunan
agirlik degerleri dogal ortamlarda ¢ekilen igerisinde cam
ve pet siselerin bulundugu 50 adet goriintii dosyast ile test
edilmistir.

T ¢ \
&

N L ; BXh & )
R Wl LY ;
yapildig1 cografi bolge.

-

Sekil 11. Goriinti gekinﬁen

nin

Bu ¢aligmada, ekosistem igin sorun teskil eden pet ve
cam sise atiklarinin tespiti icin, Firat Universitesi Teknik
Bilimler MYO kampiis alaninda belirlenen cografi bolge
igerisinde ti¢ farkli ortamda 3 metre yiikseklikten ¢ekilen
goriintiiler kullanilmistir. Daha yiiksekten goriintii elde
edildiginde nesnenin boyutu da buna bagli olarak
kiigiilmekte bu da nesne tespit islemi sonucunda dogruluk
oranini diigiirmektedir. Sekil 11°de goriintii ¢ekimlerinin
yapildig1 cografi bolge gortilmektedir.

SV be

Sekil 12. Nesne tespit test goriintiilerinin gekildigi ortamlar.
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Sekil 12°de goriildigii gibi nesne tespit test islemleri
icin li¢ farkli ortam kullanilmustir. 1. ortam yesiliklerin
fazla oldugu, 2. ortam toprak yapisinin fazla oldugu, 3.
ortam ise gri toprak yapisimin oldugu ortamdir. Farkli
ortamlar  kullanilmas1  nesne tespit islemimizin
giivenilirligini ve dogrulugunu arttirmaktadir.

Ug farkli ortamda THA tarafindan gekilen goriintiiler
kullanilarak nesne tespit test iglemleri yapilmig ve test
iglemleri sonucunda goriintiilerdeki pet ve cam sise
nesnelerinin  tespiti  yiiksek  dogruluk oranlartyla
gerceklestirilmistir.

Nesne tespit islemi icin IHA ile dogal ortamda ¢ekilen

50 goriintii kullanilmigtir. Bu  goriintiiler igerisinden
secilen ornekler Sekil 13’te goriilmektedir.
Sekil 14°te farkli ortamlarda bulunan cam ve pet siselerin
nesne tespit test sonu¢ goriintiileri verilmistir. Cevreye
atilmis cam ve pet siselerin, Sekil 14(a)’da %90, Sekil
14(b)’de %80, Sekil 14(c)’de %90, Sekil 14(d)’de ise
%85, dogruluk orani ile tespiti gergeklestirilmistir.

Sekil 15. iki nesnenin bulundugu farkli ortamlarda pet ve cam sise tespiti.
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Sekil 15°te iki nesnenin bulundugu farkli ortamlarda
cam ve pet siselerin nesne tespit test sonug goriintiileri
verilmistir. Cevreye atilmig birden fazla cam ve pet
siselerin, Sekil 15(a)’da %64 ve %73, Sekil 15(b)’de %87
ve %51, Sekil 15(c)’de ise %84 ve %30 dogruluk orani ile
tespiti gerceklestirilmistir.

Tiim nesne tespit test sonuglar1 incelendiginde IHA
ile ¢ekilmis 50 adet goriintiide bulunan 143 nesnenin 84
tanesi tespit edilerek %358.74 oraninda tespit basarisi
saglanmistir. Igerisinde tek bir nesnenin bulundugu
goriintiilerde ise bu oran %100 dir. Ayrica g¢ekilen
goriintiilerin tamamina yakininda ¢ok yiiksek dogruluk
oraniyla gorlintiideki nesnenin sise oldugu tespit
edilmigtir. Bu sonuglar incelendiginde nesne tespitini
belirleyen en Onemli etkenlerin nesnenin yapisi,
goriintliiniin ¢ekildigi yerin yapisi, nesnenin boyutu ve
goriintiide bulunan nesne sayilari oldugu goriilmiistiir. Bu
etkenler degistirilerek daha basarili sonuglar elde
edilebilir [28].

6 Sonuglar ve Oneriler

Bu c¢alismada YOLOv3 algoritmasi kullanilarak
ekosistemin korunmasi i¢in ¢evreye bir¢ok agidan zarar
veren pet ve cam siselerin tespit iglemi gerceklestirilmis
ve basarili sonuglar elde edilmistir.

Yapilan ¢alisma sonucunda YOLOv3 algoritmasini
degerlendirmek  igin degerlendirme metrikleri
hesaplanmis ve ortalama dogruluk degeri (mAP) 0.84816,
kesinlik degeri 0.87, duyarlilik degeri 0.76 ve F-Score
degeri de 0.81 olarak bulunmustur. Tablo 1°de performans
degerlendirmesi i¢in hesaplanan karmagiklik metrikleri ve
matematiksel denklemleri birlikte sunulmustur [16].

Tablo 1. Karmagiklik metrikleri ve performans kriterleri [16]

Performans Denklem Karmagikhik
Kriterleri Metrikleri
TP+TN
Dogruluk +
TP+ FP+TN+FN
Kesinlik _Tre TP:Dogru Pozitif
TP +FP TN:Dogru Negatif
TP FP:Yanlis Pozitif
D hhk _— : i
uyarhl TPTFN FN:Yanlis Negatif
TP
F-Score 2X e ————
TP+ FP+ FN

Belirlenen cografi bolgede IHA ile gekilen goriintiiler
iizerinde yapilan tespitler YOLOV3 algoritmasinin pet ve
cam sise tespitinde kullanilabilirligini desteklemistir.
Yapilan degerlendirme sonuglarinda 50 adet goriintii
dosyasinda bulunan 143 pet ve cam sise nesnesinin
yaklasik %60°1 tespit edilmistir. Bu oranin yeni gelistiren
algoritmalar kullanilarak gelecekte yapilan ¢aligmalarda
daha yukarilara ¢ikarilabilecegi 6ngoriilmektedir. Ayrica
goriintiilerin tamaminda en az bir cam veya pet sise tespiti
yapilarak istenilen amaca uygun basarili sonuglar elde
edilmistir.

Giniimiiz  grafik islemci birimleri derin
Ogrenmede egitimin yapilabilmesi i¢in gerekli hiz ve

kaliteye sahiptirler. Bu sebeple nesne tespit basarisinin
artmasini saglamak icin egitim igin ¢ok fazla sayida
goriintii dosyast kullanilabilir. Ne kadar fazla goriintii
dosyasi1 kullanilabilirse nesne tespit basaris1 da o kadar
artacaktir. Sosyal medyanin oldukg¢a yaygin kullanildig:
giiniimiizde istenilen sayida goriintii dosyalasina ve nesne
tespiti icin hazirlanmis farkli kategorilerde hazir veri
setlerine internet lizerinden rahatlikla ulasilabilmektedir.

Bu calismada kullanilan goriintiiler Firat
Universitesi Teknik Bilimler Meslek Yiiksekokulu
kampiis alaninda belirlenen cografi bolgede oOnceden
belirlenen yiikseklikte IHA kullamlarak cekilmistir.
Literatiirde pet ve cam sige atiklarinin tespiti ile ilgili
benzer bir ¢aligmaya rastlanmamis olmasi bu calismay1
anlamh hale getirmistir. Gelecekte bu ¢alismadan elde
edilen sonuglar dikkate alinarak farkli cografi bolgelerde,
farkli zemin yapilarinda, nesne tespitinin yapilabilecegi
goriilmiistiir. Ayrica bu calisma ilerleyen zamanlarda
gelistirilip, IHA ile gercek zamanli nesne tespit
uygulamalar1 gerceklestirilerek ekosisteme zarar veren
nesneler daha hizli tespit edilip ¢evreye verdigi zararlar en
aza indirgenebilir.
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Abstract

Original scientific paper
Photovoltaic systems are one of the popular renewable energy sources as an alternative to fossil sources. Output power and efficiency of
photovoltaic systems vary depending on changing environmental conditions. Finding the maximum power point during these changes has
been an important problem. Because, operating the system at maximum power has a significant impact on overall system efficiency.
Therefore, photovoltaic systems should be operated around the maximum power point to increase both power drawn and their efficiency.
There are numerous methods for controlling the maximum power point. As input variables in these methods, factors such as open circuit
voltage, short circuit current, radiation intensity, wind speed, and module temperature can be used. Furthermore, the complexity, cost,
stability, convergence, and other characteristics of these maximum power point tracking methods vary. It has a variety of properties. As a
result, determining the best maximum power point tracking method to use during the system's design phase is critical. Maximum power
point tracking methods are classified into four categories in this study: traditional, smart, optimization, and hybrid. The benefits and
drawbacks of these methods are determined, and their basic equations are provided. When these methods are examined, it is seen that the
system efficiency approaches 100% when smart, optimization and hybrid methods are used.

Keywords: Photovoltaic, maximum power, maximum power point, renewable energy.

FOTOVOLTAIK SISTEMLERDE MAKSIMUM GUC NOKTASI iZLEME YONTEMLERININ
INCELENMESI

Ozet
Orijinal bilimsel makale

Fotovoltaik sistemler, fosil kaynaklara alternatif olan popiiler yenilenebilir enerji kaynaklarindan birisidir. Fotovoltaik sistemlerin ¢ikis
giicii ve verimlilikleri degisen ¢evre kosullarina bagh olarak degismektedir. Degisen ¢evre kosullarina bagh olarak fotovoltaik sistemin
¢ikig giiciinde de degisim meydana gelmektedir. Bu degisimler sirasinda maksimum gii¢ noktasini bulmak dnemli bir sorun olusturmugtur.
Ciinkii sistemin maksimum gii¢ noktasinda g¢alistirilmast verimi biiyiikk Olglide etkilemektedir. Bu yiizden fotovoltaik sistemler
verimliliklerinin artirilmast i¢in maksimum gii¢ noktasi etrafinda ¢alistirilmalidir. Maksimum gii¢ noktasinin kontrolii i¢in bir¢ok yontem
kullanilmaktadir. Bu yontemlerde giris degiskeni olarak agik devre gerilimi, kisa devre akimi, 1g1nim siddeti, riizgar hizi, modiiliin sicakligi
gibi faktorler kullanilabilmektedir. Ayrica bu maksimum gii¢ noktasi izleme yontemleri karmasiklik, maliyet, kararlilik durumu, yakinsama
vb. bir¢ok acidan farkli &zelliklere sahiptir. Bu nedenle sistemin tasarim asamasinda kullanilacak maksimum gii¢ noktasi izleme yontemi
6nem kazanmaktadir. Bu ¢aligmada maksimum gii¢ noktasi izleme yontemleri geleneksel, akilli, optimizasyon ve hibrit yontemler olarak
dort kategoride smiflandirilmigtir. Bu yontemlerin avantaj ve dezavantajlari belirlenmis ve temel denklemleri verilmistir. Bu yontemler
incelendiginde akilli, optimizasyon ve hibrit yontemler kullanildiginda sistem veriminin %100’e yaklastig1 goriilmiistiir.

Anahtar Kelimeler: Fotovoltaik, maksimum giig, maksimum gii¢ noktas: izleme, yenilenebilir enerji.

1 Girig Fotovoltaik kelimesi, Yunancada 1gik kelimesini ifade

eden ‘photo’ ve elektrik alanindaki 6ncili mucitlerden biri

Fotovoltaik (FV) sistemler, yiizeyine gelen giines olan ‘Alessandro Volta’ nin adindan ilham alinarak

isinlarini,  dogrudan  elektrik  enerjisine  ¢eviren olusturulmus, voltaj anlamina gelen ‘voltaic’ kelimesinin
sistemlerdir. Bu enerji doniisiimii igerisinde herhangi bir birlesmesinden meydana gelmistir [2].

hareketli par¢a bulunmamaktadir. FV sistemler diger Ilk defa 1839 yilinda Fransiz bir fizik¢i olan

adiyla giines pilleri olarak da adlandirilirlar [1]. Alexandre Edmond Becquerel tarafindan yapilan
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deneyde, elektrolit icerisine daldirilan elektrotlar arasi
gerilimin, elektrolit lizerine diisen 1518a bagimli oldugu
gozlemlenerek, FV etkisi kesfedilmistir [3].

Kare, dikdortgen ve daire seklinde bigimlendirilmis
yiizeylere sahiptirler. Yaygin olarak kullanilan silisyum
giines pillerinin alanlar1 yaklasik 100cm? dir ve
kalinliklar1 ise 0,2-0,4 mm arasinda degigmektedir. FV
sistemlerde verim giines pilinin yapisina bagli olarak %5-
70 arasinda degismektedir [4].

Sistem ¢ikisindaki giiciin arttirilmas1 amaciyla, giines
pilleri paralel ya da seri olarak baglanmaktadir.
Olusturulan  bu  yapilar FV  modill  olarak
adlandirilmaktadir. Sekil 1° de gosterildigi gibi FV
hiicreler birleserek FV modiilleri olustururlar. FV
modiller de seri veya paralel baglanarak panelleri,
paneller de birlestirilerek dizileri olusturmaktadir [4, 5].

& B o o e o o
B Em am om am am am mm am o s
S B B B S S mm am am o

& B B B S S Sh Sn am a2
B aw S S S Bh S A AR A A 2

Hiicre Modiil

Dizi Panel
Sekil 1. FV hiicre, modiil, panel ve dizisi.

1.1 Fotovoltaik Sistemlerin Yapisi

Bu sistemlerin en kii¢iik birimi giines hiicreleri olup,
sistem yar1 iletken malzemelerden meydana gelmektedir.
Genellikle hiicre yapiminda silisyum (Si), amorf silisyum
(a-Si) , kadmiyum telltir (CdTe), bakir indiyum selenoid
(CIS), bakir indiyum galyum selenoid (CIGS) yart iletken
malzemeler tercih edilmektedir [6, 7].

Bu malzemelerin tercihinde, verimlilik degeri 6nem
arz etmektedir. Laboratuvar sartlarinda, hiicrelerin verim
degerleri, kristal silikon %25, ince film teknolojisi %22 ve
gelismekte olan diger hiicreler %22 seklindedir [8].

Bu vyari-iletken maddeler "n"™ ya da "p" tipi
katkilandiktan sonra giines pili olarak
kullanilabilmektedir. Sekil 2’ de gosterilen giines
pillerinde, tercih edilen katki maddeleri, saf yar1 iletken
eriyik igine ayarl bir sekilde ilave edilerek katkilama
islemi gerceklestirilir.

Katki maddesi ile elde edilecek olan yari-iletken
maddenin "n" ya da "p" tipi olmasi belirlenmektedir.
Gilines pillerinde yaygin olarak kullanilan silisyum
maddesinden n tipi silisyumu olusturmak igin periyodik
cetvelin 5. grubundaki bir element (fosfor, vs.) silisyum
erigine eklenmektedir. Silisyum ve fosfor elementleri, dis
yoriingelerinde  swrasiyla 4 ve 5 elektron
bulundurmaktadir. Fosfor elementi fazla olan bir

‘‘‘‘‘‘

Sekil 2. FV hiicrenin yapisi [9]

Silisyum  erigine 3. grup elementlerinden
(aliiminyum, indiyum, bor vs.) biri ilave edildiginde p tipi
silisyum olusmaktadir. 3. grup elementlerinin dis
yoriingelerinde 3 elektron oldugu igin kristalde bir
elektron eksik olarak bulunur. Bu durumdaki elektron
eksikligi hol ya da bosluk olarak adlandirilmaktadir ve
pozitif yiik tasidig1 varsayilmaktadir. Bu sebeple 3. grup
elementlerine "alic1" veya "p tipi" katki maddesi
denilmektedir.

"p" veya "n" tipi ana malzemeye, ihtiya¢ duyulan
katki maddesinin eklenmesiyle yari iletken eklemler
olugmaktadir. Cogunluk tastyicilari, "n" tipi yar1 iletkende
elektronlar, "p" tipi yar1 iletkende hollerdir. Baslangigta p
ve n tipi yar iletken maddeler elektriksel bakimdan
notrdiir.

Pn eklemi olustugunda, n tipi ¢ogunluk tastyicilari, p
tipi ¢cogunluk tasiyicilarina dogru akim olusturmaktadir.
Yiik dengesinin olugmasina kadar, her iki alanda da bu
olay devam etmektedir. Pn tipi maddenin eklem
bolgesinde, yani ara yiizeyinde p bolgesinde negatif yiik
birikirken, n bélgesinde pozitif yiik birikmektedir. Bu
eklem bolgesine "yiikten arindirilmis bolge" veya "gecis
bolgesi" denilmektedir. Bu gecis bolgesindeki elektrik
alana ise "yapisal elektrik alan™ denilmektedir. Eklem
bolgesinde FV doniisiim saglanarak yari iletken eklem,
giines pili olarak ¢alistirilmaktadir [10, 11].

FV doniisiim iki asamada gerceklesmektedir. Ilk
olarak eklem bolgesi iizerine diigen 151k, elektron-hol
giftlerinin olugmasimi saglamaktadir. Daha sonra ise bu
elektron-hol c¢iftleri, bolgedeki elektrik alan sayesinde
birbirinden ayrilmaktadir [12].

1.2 Baglanti Sekline Gore Fotovoltaik Enerji Uretim
Sistemleri

Sebekeye baglanma durumlarina goére fotovoltaik
elektrik enerjisi liretim sistemleri, sebeke baglantili ve
sebekeden bagimsiz olmak iizere iki  sekilde
gergeklestirilmektedir.

Sebeke baglantili  fotovoltaik sistemler, sebeke
hatlarina yakin olan alanlarda kullanilmakta olup, giines
enerjisinden elde edilen elektrik enerjisi, mevcut elektrik
sebekesine aktarilarak, sisteme katki saglanir.

Sebekeden bagimsiz fotovoltaik —sistemler ise,
sebekeye erisgim saglanamayan bolgelerde, elektrik

elektronunu kristal yapiya vermektedir. Bu sebeple 5.grup enerjisi ihtiyacinin karsilanmasi amactyla
elementlerine "verici" ya da "n tipi" katki maddesi kullanilmaktadir.

denilmektedir.
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Her iki fotovoltaik sistemde de, giinesten gelen
fotonlarin, fotovoltaik panellere ulasmasi ile DA enerji
iretilir.

Sebeke baglantili sistemlerde, tretilen bu enerji
inverterler yardimi ile AA giice ¢evrilip, sebekeye
aktarilmaktadir.

Sebekeden bagimsiz sistemlerde ise, iiretilen enerji,
sarj kontrol cihaz1 {izerinden akiillerde DA olarak
depolanmakta ve ihtiya¢ duyuldugunda, inverter yardimi
ile AA’ ya doniistiiriilerek kullanilmaktadir.

1.3 Fotovoltaik
Faktorler

Panellerin  Performansin  Etkileyen

FV sistemler, giines enerjisinden elektrik enerjisinin
iretilmesinde  kullanilmaktadirlar.  Bu  sistemlerin
performansi ¢evresel kosullara bagimli olarak degiskenlik
gostermektedir. FV sistemlerin verimleri sicaklik, konum,
temizlik, bakim, yilizey parametresi, golgelenme gibi
faktorlere bagli olarak degismektedir.

Yari iletken malzemenin giines isinlariyla temast
neticesinde, atom igerisindeki elektronlar serbest kalip,
elektrik akimina sebep olurlar. Fakat giines 1smlarinin
elektrik enerjisine doniistiiriilmesi, 151k fotolarmin yari
iletken gecis bolgesine disiirilmesi ile saglanir. Bu
sebeplerden 6tiirli, panel yilizeyine ulasan 1ginlarin
yansitma orani, diger bir deyisle yiizey parametresi
O6nemli bir faktordir [1].

FV panel sicaklig1 artinca, giines pilinin kisa devre
akimui artar. Sicaklik artigi panel performansini etkileyip,
yar1 iletken enerji bant araliklarinin diistisiine sebep olur
ve devrenin gerilimi de diiger. Gerilim degerindeki diisiis
akim degerindeki artistan daha fazla oldugu igin ¢ikis
giiciide azalir [1, 13].

Diinyanin kendine has seklinden dolayr giines
1sinlarinin yiizeye gelis agisi, konuma bagli olarak degisir.
Giines kendi etrafinda donerken, diinyaya gelen giines
isinlarimin, kuzey ve giliney yarimkiirelere bakan yonleri
farkli olur. Kuzey yarimkiirede yon giineye tarafken,
giiney yarimkiirede yon kuzey taraftir.

FV panel yiizeyine giines 1sinlarinin diigmesi ile enerji
doniisimii  gergeklesmektedir. Bu nedenle sistem
performansi, FV panellerin giines 1sinlarina maruz kaldigi
stire ile paralel bir sekilde olumlu etkilenecektir [14, 15].

FV sistemlerde, paneller giines 1smlarimi dik ve
homojen alacak sekilde yerlestirildiginde en 1iyi
performans elde edilmektedir. Bu sebeple, panellerin
yerlesim yeri 6nemli olmaktadir. Ayrica gdlgelenmeyi
onlemek ve panellerin giines 1sinlarindan daha fazla
yararlanmasini saglayabilmek i¢in paneller arka arkaya ya
da yan yana yerlestirilebilmektedir [16].

On yiizeyleri cam olan FV sistemler riizgar, yagmur,
kar gibi kotii hava kosullarindan etkilenirler. FV sistem
yiizeyinde farkli gevresel kosullara bagli olarak olusan toz
ve kirler, FV panelin giines 1sinlarindan yararlanma
alanin1 azaltmaktadirlar. Bu nedenle sistemde golgelenme
etkisi goriilmektedir ve bu gblgelenmenin sisteme negatif
etkisi bulunmaktadir [17, 18].

FV sistem performansmin, hem FV panel yiizeyine
diisen giines 1sinlarmin miktarina, hem de bu ismnlarin
gelis agisma bagli olarak degistigi yapilan galigmalarda
gozlemlenmistir. Yapilan ¢aligmalarda, giines iginlarinin
FV panel yiizeyine dik a¢1 ile distigii durumlarda,

sistemden en yiiksek {iretim saglanmaktadir. Bu yiizden,
sistem performansini artirmak amaciyla FV panel
ylizeyine diisen giines 1smlarmin dik olacak sekilde
yonlendirilmesi gerekir. Fakat devamli bir hareket halinde
olan glines 1gmlarmm, panel yiizeyine  dik
konumlandirilmas1 miimkiin olmamaktadir. Bu yiizden
giines takip sistemleri gelistirilmistir.

Gtines takip sistemleri, giinesin konumunu takip eden
ve FV panel yiizeyine diisen giines 1sinlarmnin, siirekli dik
aciyla tutulmasini saglayan sistemlerdir.

Bu calismada, panel performansini etkileyen
parametreler gdz Oniine alinarak, giines 1ginindan yiiksek
seviyede fayda elde edebilmek igin kullanilan c¢esitli
maksimum gli¢ noktasi izleme y&ntemleri (MGNI)
incelenerek, bu yontemlerin avantaj ve dezavantajlari
ortaya konulmustur. Bdylece, tasarlanacak sisteme uygun
MGNI  tekniginin belirlenmesine katki  saglanmis
olacaktir.

2 Maksimum Gii¢ Noktasi

Boliim 1.1” de bahsedildigi gibi, giines isimiminda FV
sistem uglarinda pozitif bir potansiyel fark olusmaktadir
ve sistem pozitif bir akim verebilmektedir. FV panel
uglarina bir degisken direng yiikii baglanirsa, bu yiikiin
calisma noktasi, karakteristik egrinin tizerinde olur. Sekil
3’ de gosterilen FV panel karakteristik egrisinin egimi
I/V=1/R olmaktadir ve yiike aktarilan giicin miktari
yalnizca yiik direncine bagl olarak degismektedir [19].

Maksimum Ciig
Noktasy

L Tl

ED‘__

L LY

Ak [A)
&0
-

- Vv
Gerilim(v) o Vao
Sekil 3. FV modiil akim-gerilim karakteristigi.

FV  panelin akim-gerilim karakteristiginde, R
direncinin kiig¢iik oldugu degerlerde, FV sistem B-C
noktalar1 arasinda sabit bir akim kaynaginin davranigini
gostererek ¢aligmaktadir. R direncinin ¢ok biiyiik oldugu
degerlerde ise, FV sistem E-F noktalar1 arasinda sabit bir
gerilim kaynaginin davranisini gostererek caligmaktadir
[20].

FV sistemlerde modiil i¢in en verimli ¢alisma noktasi
A noktasidir. A noktast MGN olarak adlandiriimaktadir.
MGN’ da ¢alisma durumunda, panelden elde edilen verim
de maksimum olmaktadir. Denklem 1’ de sistemden
¢ekilen MG degerinin akim ve gerileme bagli denklemi
gosterilmistir.

Bnax = Imax * Vinax 1)
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3 Maksimum Giig Noktas izleme Yontemleri

Bir FV sistemin ¢ikis karakteristigi dogrusal degildir.
FV panellerin maksimum gii¢ noktasi, Bolim 1.2° de
bahsedildigi gibi, FV gii¢ dretim sistemlerinin
verimliliklerini distirmektedir. Yiikiin ¢alisma noktasi,
cevresel kosullara bagli olarak degistigi i¢in, daima FV
sistemin maksimum giic noktasini gostermemektedir.
Yiikiin talep ettigi giicii saglamak i¢in, FV sistemlerde
gerekenden fazla modiil iceren sistem tasarlanmaktadir.
Bu ise FV sistemin maliyetini artirmaktadir ve onemli
miktarda enerji kayiplarina neden olmaktadir.

Hem bu olumsuzlugu gidermek hem de sistem
¢ikisinda yiiksek verim almak i¢in, FV panel maksimum
giic noktasinda ¢alistirilmalidir. Belirli sartlar altinda FV
sistemden maksimum gii¢ elde etmeyi saglayan ve sarj
kontrol cihazlarma dahil edilen algoritmalar ile sistem
maksimum giic noktasinda calistirilabilmektedir. Bu
amagla MGNI yontemleri kullamlmaktadir. MGNI
yontemi, FV sistemin gerilim ve akimimi izleyerek cikis
giiciinii kontrol etmek amaciyla kullanilmaktadir [20, 21].

FV c¢ikig giiclini maksimum yapmak ve iiretim
verimliligini iyilestirmek igin Sekil 4’ de gosterildigi gibi
birgok farklt MGNI y&ntemi bulunmaktadir.

MGN lzleme Yintemleri

Geleneksel Alall Optimizasyon Hibrit
Yintemler Yéntemler Yontemleri Yontemler
Parametre Orneklenmis e e Sinirsel
Secimine Verilere Dayal . h];’g’him" o Parcacik Siiri Bulanik Aglar
Dayal Yontemler Bulandk Mantk Optimizasyona » GKO-D&G
Yintemler S KapmEiph (2S0) » PSO-D&G
* D ¢ GriKurt

Denetim
Optimizasyonu

(GKO)

Sekil 4. Bazi MGNI yoéntemlerinin basitlestirilmis siniflandirilmast.
3.1 Geleneksel MGNi Yéntemleri

Yaygin olarak kullanilan, geleneksel MGNI
yontemleri parametre se¢imine dayali kontrol yontemleri
ve orneklenmis verilere dayali kontrol yontemleri olmak
iizere iki smifta incelenmektedir.

3.1.1 Parametre Se¢imine Dayali Yontemler

Bir FV panelin kendine 6zgii fiziksel parametreleri,
1sinlama  ve c¢aligma sicakligi Olgimleriyle birlikte,
optimize edilmis bir matematiksel modelin kurulmasina
izin vermektedir. Bu tiir modeller, belirli ¢alisma
kosullarinda, panelin P-V ve |-V karakteristik egrilerinin
tahminini saglamaktadir. Bdylece maksimum giig
noktasin1 da belirlemektedir. Bu kategorideki kontrol
yontemlerinden bazilari, sabit gerilim algoritmasi, agik
devre gerilim algoritmasi, kisa devre akim algoritmasi vb.
dir [22].

3.1.1.1 Sabit Gerilim Algoritmasi
Bu algoritma, MGN” yi izlemede kullanilan en basit

kontrol yontemlerinden biridir. Panel gerilimine ait geri
besleme ile sabit bir referans gerilim  (Vier)

karsilagtirilmast  sonucu olugan sinyal, FV modiiliin
calisma noktasint MGN yakininda tutabilmek i¢in DA-
DA doniistiiriciiniin - gérev oranin1  ayarlamaktadir.
Burada kullanilan referans gerilim degeri, modiiliin
maksimum gerilim degerine ya da hesaplanmis en iyi sabit
gerilim degerine esit olabilecek sekilde ayarlanmaktadir.
Bu yontemlerde, maksimum gii¢ noktasinin, agik devre
geriliminin %72-78 araliginda olmasi saglanmaktadir
[23]. Sekil 5° de sabit gerilim algoritmasinin akis
diyagrami gosterilmistir.

Modill
gerilimini
slg

Evet

Hayir

VaVref 1

Sekil 5. Sabit gerilim algoritmasinin akis diyagrami [23].

Denklem 2’ de referans gerilim degerinin K¢ ve Vo
degerleri ile olan baglantis1 gosterilmistir. Burada Kc
degeri 0.72-0.78 arasinda degisen, panelin 6zelliklerine
bagl bir katsayidir, Vo ise acik devre gerilimini ifade
etmektedir.

Vref = Kc X Voc 2

V=Vy¢ oranmi ayarlayabilmek icin K¢ Ve Vi
degerleri  bir ornekleme  periyodu boyunca
hesaplanmaktadir ve sabit tutulmaktadir. Daha sonraki
orneklemede tekrar Vo 6lgiilmekte ve her l¢limde ayni
islem tekrarlanmaktadir. Bu ydntemin avantaji basit
olmasidir. Ayrica yalnizca bir geri besleme kontroli
gerekmektedir [24].

Sabit gerilim algoritmasi, 6zellikle biiyiikk sicaklik
degisimlerinde, etkili bir sekilde MGN” ye ulagamaz [22].

3.1.1.2 Agik Devre Gerilim Algoritmasi

FV panel geriliminin, sistemin MG gerilimine (Vmg)
karsihk  gelen  referans  gerilim  degeri ile
kargilagtirilmasiyla  agtk  devre  gerilim  takibi
gerceklesmektedir. Burada gerilimin hatasi,
doniistiiriiciide gdrev oranini kontrol etmek amaciyla
kullanilmaktadir.

Denklem 3’de Vg degerinin FV panelin agik devre
gerilimi Vo ile olan baglantist verilmektedir [8].

Vmg = Kv X Voc ?3)

Burada Ky panelin 6zelliklerine bagli degisen bir katsay1
olup, degeri 0.71 ve 0.78 araliginda degismektedir. Hizh
takip etme Ozelligine sahip bu yontemin farkli hava
sartlarindaki performansi zayif kalmaktadir [22]. Sekil 6’
da agik devre gerilimi algoritmasimin akis diyagrami
verilmistir.

International Journal of Innovative Engineering Applications 7, 1(2023), 86-95

89



Investigation of Maximum Power Point Tracking Methods in Photovoltaic Systems

Referansi
yenile

Kisa devre FV gerilimi
durumu dlc

FV gcalisma
durumu

Sekil 6. Acik devre geriliminin akis diyagrami [22].

3.1.1.3 Kisa Devre Akim Algoritmasi

FV panelin kisa devre akimi ls, ¢evresel kosullara
bagli olarak degistiginde, panelin MGN akimi I, yaklasik
olarak ls ile dogrusal olarak degismektedir. Denklem 4’
te In akimi ve Isc’e akimi arasindaki dogrusal iligki

gosterilmigtir.
Im = Ki X Isc 4

Burada K, sabiti 1’den kiigiik bir deger olup, sicaklik
degerinden ¢ok az etkilenmektedir. Literatiirdeki K,
degerleri 0.92 ile 0.94 arasinda degismektedir ve farkli FV
paneller i¢in bu deger farkli olmaktadir [25].

3.1.2 Orneklenmis Verilere Dayali Kontrol Yontemleri

Bu kategorideki yontemler, maksimum gii¢ noktasini,
FV panelden aldig1 gerilim, akim ve gii¢ gibi 6rneklenmis
verileri kullanarak izlemektedir. Bu yontemler, herhangi
bir FV modele dayanmaz ve pratikte uygulanmast basittir.
Bu yiizden yaygin olarak kullanilmaktadir.

Orneklenmis verilere dayali kontrol yonteminde en
yaygin kullanilan algoritmalar, degistir gozle ile artan
iletkenlik algoritmasidir [22, 26]. Genellikle bu yontemler
izleme dogrulugunu ve hizim1 daha da iyilestirmek icin
gesitli akilli algoritmalarla birlestirilmektedir.

3.1.2.1 Degistir Gozle Algoritmasi

Degistir Gozle (D&G) yonteminde ilk olarak giines
panelinin gerilimi ve akimi Slgiilmekte ve buna bagh
olarak panel giicii (P1) hesaplanmaktadir. Daha sonraki
asamada, gerilim degerindeki ya da gorev oranindaki (D)
kiigiik degisimler g6z 6niinde bulundurularak yeniden gii¢
(P2) hesab1 yapilip, hesaplanan P; ve P, giic degerleri
birbiriyle karsilagtirilmaktadir.

Eger P, giicii, P:1 giiciinden daha biiyiikse, gii¢
egrisinin {izerinde hareket P, giicii tarafinda devam
edecektir. Fakat P, giicli, P1 giiciinden kiiciikse, bu
durumda hareket ters yonde olacaktir.

Bu sekilde panele ait MGN (Pmgn) ve MGN’ ye
karsilik gelen gerilim (Vimgn) hesaplanmaktadir [26]. Sekil
7’ de D&G algoritmasinin akis diyagrami verilmistir.

Sekil 7. D&G algoritmasinin akis diyagrami [26]

D&G yontemi, hizli degisen atmosferik sartlar altinda
(6rnegin  pargali  bulutlu  bir havada), sapma
gosterebilmektedir. Bu sapmanin nedeni, gii¢ egrisinin ani
degisimlerinde yontemin hareket yoniiniin bir Onceki
durum ig¢in se¢ilmis olmasidir. Bu nedenle egri degisim
gosterdikee secilen yon gegerliligini yitirmektedir [26,
27].

D&G yonteminin diger dezavantaji ise, MGN’ nin
gercek yerinin  belirlenememesidir. Ayrica ¢aligma
noktas;, MGN’ ye yakin bir yerde salinim yapmaktadir
[26].

3.1.2.2 Artan iletkenlik Algoritmasi

Bu yontemin c¢alisma prensibi FV panel ¢ikis
giicliniin, ¢ikis gerilimine gore tiirevinin sifir oldugu
noktanin MGN oldugu prensibine dayanmaktadir [8].
Sekil 8 de artan iletkenlik algoritmasina ait egri
gosterilmektedir. Sekil 8 de goriildigii gibi tlirevin
sonucu sifirdan biiyiik ise (dP/dV>0), sistemin o anda
calisma noktast MGN’ nin sol tarafinda bulunmaktadir.
Tiirevin sonucu sifirdan kiigiik oldugunda ise (dP/dV<0),
sistemin ¢alisma noktasi, MGN’ nin sag tarafinda
bulunmaktadir [28].

Artan iletkenlik algoritmasi, I/V degisimi ilkesine
gore calismaktadir. Bu yontemde, 6l¢iilen anlik gerilim ve
akim degerleri Onceki gerilim ve akim degerleri ile
karsilastiritlmaktadir. Anlik iletkenlik (I/V) ile elde edilen
artan iletkenlik (AI/AV) degeri karsilagtirilir ve MGN
yakalanmaya c¢alisilir. Anlik iletkenligin (I/V), artan
iletkenlige (AI/AV) esit oldugu durumda MGN’ ye
ulasilmis olur.

300
dP/dY=(

MPP

2000 1

1500

Giig (W)

¢ dP

[0 F "
|

dFidV=0 Y=

L] 5 10 5 20 25 30 35 U]
Gerilim (V)
Sekil 8. Artan iletkenlik algoritmasmin temel ¢aligma prensibi [28].
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Algoritma, AI/AV< -I/VV durumunda MGN’ nin
saginda ¢aligmaktadir. Calisma noktasint MGN’ ye dogru
hareket ettirebilmek amaciyla, c¢alisma geriliminde
azaltma yapilmaktadir. AlI/AV> -1/V durumunda ise,
algoritma MGN’ nin solunda ¢alismaktadir. Calisma
gerilimi arttirilarak, MGN” ye dogru hareket amaclanir.
Panel ¢alisma gerilimi, yalnizca MGN’ ye ulagildiginda
herhangi bir degisiklige gerek duymaz.

Artan iletkenlik yoOntemi, hizli degisen c¢evre
kosullarinda, D&G yonteminden daha yiiksek hassasiyete
sahiptir. Bu yontemin dezavantaji ise, kontrol devresinin
diger algoritmalara gore daha karmasik yapida olmasidir
[22-24]. Artan iletkenlik algoritmasinin akig diyagrami
Sekil 9” da gosterilmektedir.

FV gerilimini
ve akimini Blg

Ak=1ft)(t-1)
AV=V{t)-V(t-1)
Hesapla

Sekil 9. Artan iletkenlik algoritmasinin akis diyagrami [23].

3.2 Akill MGNi Yéntemleri

Bir FV panelin P-V karakteristik egrisi dogrusal
olmayip, sicaklilk ve 1sinlama ile degismektedir.
Dolayisiyla ¢evresel degisimler nedeniyle karakteristik
egrisi goklu tepe noktalari sergileyebilir.

Bolim 3.1° de bahsedilen Geleneksel MGNI
yontemleri, diisiik yakinsama hizina sahiptir ve ¢evresel
kosullarin ani degisiminde dinamik cevabi yavastir [8].
Bu nedenle, Geleneksel MGNI ydnteminin bu dezavantaji
ile basa ¢cikmak icin, MGNI yéntemleri akilli algoritmalar
ile birlikte Onerilerek, uygulanmistir. Bu yontemler
arasinda bulanik mantik, yapay sinir aglari, kayan kipli
denetim vb. yer almaktadir [22].

3.2.1 Bulanik Mantik Yontemi

Bulanik mantik yontemi, bir dizi bulamik kurala
dayanan, yapay zeka algoritmasinin yaygin bir tiirtidiir.
Karmagik olan problemlerin matematiksel olarak ifade
edilmesi  zordur. Bulantk  mantik  yonteminde
matematiksel modelin kesinlige ihtiyact yoktur. Sisteme
uzman kararlar1 dahil edildigi i¢in avantaja sahiptir. Bu
yiizden, bulanik mantik yontemi, sistem modellerinin
karmagik ve kolayca elde edilemedigi uygulamalarda
kullanilmaktadir [29].

Sekil 10’ da bulanik mantik kontrolor blok diyagrami
gosterilmigstir. Sekil 10 da goriildiigi gibi bir bulanik
sistem bulandirici, kural tabani, ¢ikarim mekanizmasi ve
durultucu boélimlerinden olugmaktadir.

Bilgi Tabam
Kural Veri
Tabam  Tabam
Gergek giris E ( T Bulamk p(u) Gereek ks U
al Bubmkye) o Klu
— Bivimi Bemi

Sekil 10. Bulanik sistem blok diyagramiu.

Bulanik mantik kontroloriin temel 6zelligi, uzman
deneyimi ve sistem kontrolii i¢in dilsel kurallart igeren
bilgiyi bir araya getirmektir. Ayrica bulanik mantik
kontrolér, MGN’ yi hizli izleyebilir ve sabit kosullarda
MGN” ye ulagtiktan sonra dalgalanma olmaz, yani daha
iyi dinamik ve kararli durum performansina sahiptir.
Fakat 1smnim degistiginde sapmaya neden olmasi ve
uygulamasindaki karigiklik bulanik mantik kontroldriin
baslica dezavantajlaridir. Bunun yaninda, Bulanik kiime
tanimlamalari, iyelik fonksiyonunun seklinin
belirlenmesi ve kural tablolarinin gelistirilmesi (dogruluk
ve izleme hizim1 dogrudan etkileyen ) i¢in deneyim ve
Onsezi gerektirmektedir [22].

3.2.2 Kayan Kipli Denetim

Maksimum glic noktasi takibinde kullanilan
tekniklerden biridir. Bu teknikte sistem durum yoriingesi
kayma veya anahtarlama yiizeyi olarak adlandirilan bir
ylizeye dogru yonlendirilir. Uygun anahtarlama ile bu
yiizey etrafinda tutulur [30].

3.2.3 Yapay Sinir Aglan

Yapay sinir aglart (YSA), insan beyninin isleyis
seklinden ilham alinarak olusturulmus bir bilgisayar
programuidir. Beynin c¢alisma seklinin yapay olarak
modellenmesi sonucunda ortaya ¢ikmis ve gelistirilmistir.
Bir FV sisteme uygulandiginda agin agirliklar1 ve
sapmalart gibi degiskenleri egitmek i¢in birgok girdi ve
¢ikt1 verisi 6rnegi kullanilmaktadir [31].

Genellikle YSA model secimi, islev tahmini, veri
smiflandirma ve en uygun degeri bulma gibi islerde
basarili olmaktadir. Model segiminde verimsiz olan
geleneksel bilgisayarlar ise yalnizca algoritma ile ilgili
hesaplamalarda ve kesin aritmetik islemlerde hizli
olmaktadir [32]. Bilgi yorumlama ve bilgi siiflamanin
bulundugu farkli problemlerin ¢dziimlerinde YSA
kullanilabilmektedir. YSA sistem kontrolii ve modelleme,
ses, el yazisi, parmak izi ve elektrik isareti tanima,
meteorolojik yorumlamalar, otomatik ara¢ denetimi ve
fizyolojik isaretleri izleme gibi bazi alanlarda
kullanilmaktadir [33].

YSA’ nin yapisi, biyolojik sinir aglarinin yapisiyla
dogrudan benzerlik gostermektedir. YSA temel olarak
girisler, agirliklar, toplama islevi, etkinlik (aktivasyon)
islevi ve ¢ikis islevinden olusmaktadir [34].

Yapay sinir hiicresinde giris sinyalleri, siirekli
degisken veya ayrik darbe bigiminde olabilmektedir. Sekil
11°de goriildiigii gibi her bir giris sinyali bir kazang veya
agirlik ile carpildiktan sonra toplayict digiimde giris
sinyallerinin ve biyas sinyalinin toplami almmmaktadir ve
bir aktivasyon fonksiyonu boyunca ¢ikisa aktariimaktadir
[35].
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Agirhiklar

X1

X2
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Aktivasyon
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Xn

Biyas Xo=1
girisi

Sekil 11. Yapay sinir hiicresinin temel bilesenleri.

Denklem 5° de goriildigi gibi bir j’nci sinir
hiicresinin ¢ikigi matematiksel olarak su sekilde ifade
edilmektedir;

N
Sp= 2 Wixi + b (5)

Burada N, toplam giris sayisini, wj; ¢ikis sinir hiicresi
j ile dnceki katmandaki x; ¢ikis sinyaline sahip olan i’nci
sinir hiicresi arasindaki agirlik degerini, b; ise biyas
terimini  gostermektedir. Aktivasyon fonksiyonunun
uygulanmasi ile j* nci sinir hiicresinin ¢ikisi, Denklem 6’
da ifade edilmektedir;

oj = fi(s;) = f(s;) (6)

YSA’ nin giris degigkenleri, FV panelin kisa devre
akimi ve acik devre gerilimi gibi degerler olabildigi gibi
1siim ve sicaklik degerleri de kullanilabilir. Sistemin
maksimum gii¢ noktasinda c¢aligmasi i¢in c¢ikis ise,
yiikseltici ~ doniistiiriiciiniin -~ yar1  iletken anahtarin
sinyalinin gorev orani ya da bir veya daha fazla referans
sinyal olabilmektedir.

YSA’ nin egitimi ve gizli katman algoritmalari,
MGN’ yi yakalamada etkilidir [26].

3.3 Optimizasyon Yontemleri

Optimizasyon  yontemleri, dinamik  ¢evresel
kosullarda dogru MGN’ yi arama i¢in uygundurlar. Bu
yontemlerin uygulanmasi distik maliyetli
mikrodenetleyiciler yardimiyla daha da kolaylagmaktadir.

3.3.1 Pargacik Siirii Optimizasyon (PSO) Algoritmasi

Pargacik Siirii Optimizasyon (PSO) algoritmas: 1995
yilinda Eberhart ve Kennedy tarafindan kus ve balik
stiriilerinin davraniglarindan ilham alinarak gelistirilmis
olan bir optimizasyon algoritmasidir. PSO algoritmasi,
stirti zekasinin kullanildig: bir siirii tabanli algoritmadir.
Bireyler arasinda sosyal bilgi paylasiminin gergeklestigi
bu algoritmada, her bir bireye pargacitk ve bu
parcaciklardan meydana gelen popiilasyona da siirii
denilmektedir. Bir pargacigin hiz ve konumu bulunarak
algoritma icerisindeki en uygun ¢6ziim elde edilmektedir
[36]. Sekil 12° de PSO algoritmasinin pargacik hareketi
gosterilmistir.

t Ghest®
| Pad
-
Vk | V‘_Gbssr -
o - -
| ~
/—- —_—— Pbestf‘

VPbssr
4

Sekil 12. PSO algoritmasinin pargacik hareketi.

Burada i bireyi (parcacigy), k iterasyonu, x konumu,
V hizi, Guest siiriideki en iyi konuma sahip parcacigi ve
Puest kisisel en iyi konumunu ifade etmektedir.

Parcaciklar ilk olarak rastgele hiz ve pozisyon
degerleri ile aramaya baglamaktadir. Daha sonra bu
pargaciklar giincellenerek en uygun deger bulunmaya
calisilmaktadir. Her bir iterasyonda farkli hizlarda en iyi
¢Oziimii bulabilmek ic¢in parcaciklar arama alaninda
hareket etmektedir ve uygunluk fonksiyonuna gore
degerlendirilmektedir [37].

3.3.2 Gri Kurt Optimizasyon Algoritmasi

Gri kurt optimizasyon (GKO) algoritmasi, Mirjalili
ve arkadaglari tarafindan Onerilmis bir siirii tabanlt
optimizasyon algoritmasidir. Bu algoritma, gri kurtlarin
avlanma davranislar taklit edilerek gelistirilmistir.

Iterasyon sayis1 ve popiilasyon biiyiikliigiiniin kontrol
parametresi olarak kullanildig1 bu algoritmada, dort cesit
kurt bulunmaktadir. Bunlar alfa, beta, delta ve omega
olarak adlandirilmaktadir.  Sekil 13’te gri  kurt
algoritmasinin hiyerarsisi gosterilmektedir.

Sekil 13. GKO algoritmasinin hiyerarsisi.

Alfalar, en iyi ¢6ziim olarak bilinen gruptur [38, 39].
Alfa grubundakiler genellikle avlanma, uyuma ve uyanma
zamanlart gibi olaylar1 belirlemekle sorumludurlar.
Siiriiyli organize etmek ve disiplinini saglamak, siiriiniin
giiciinden daha 6nemlidir. Bu nedenle alfalarin siiriideki
en giiclii tiye olmas1 degil, siiriiyii en iyi sekilde yonetmesi
gerekmektedir.

Betalar ise siiri faaliyetleri icerisinde alfalara
yardimci olmaktadir. Betalar, alfalarin komutlarini
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uygularken geri bildirim yaparlar. Betalar, alfalardan
birinin 8lmesi veya yaslanmasi halinde en iyi alfa adayidir
[40].

Bu algoritmada en iyi ¢oziim alfa, ikinci beta, Giglincii
delta ve dordiincli omega olarak kabul edilmektedir.

3.4 Hibrit Yontemler

MGNI icin hibrit yontemlerin olusturulmasi, iki
adimda gerceklesir. Ik asamada MGN degeri icin tahmin
yapilirken, ikinci adimda deyim yerindeyse ince ayar
yapilarak MGN gelistirilir. Yani, ilk olarak geleneksel
yontemler, P-V egrisinde MGN’ nin yerini belirlemek igin
kullanilir. Bu agamada ayar noktast MGN’ ye yakin
yapilir. Tkinci asamada ise, gelismis teknikler kullanilarak
gercek MGN’ ye ulasilmaktadir.

3.4.1 Sinirsel Bulanik Aglar Yontemi

Sinirsel bulanik aglar, hem YSA hem de bulanik
mantiktan yararlanilarak olusturulmus hibrit sistemdir.

Bu sistemler, bulamik mantik uzman bilgisi
kullanilarak sonug ¢gikarma yetenegi ile YSA’ nin paralel
hesaplama ve Ogrenme kabiliyetinin birlesmesinden
olusmustur.

Sinirsel bulanik aglar yontemi tarafindan problem
icin olusturulmus yapida, biitiin kurallar atanabilmekte
veya bu kurallarin veriler araciligiyla uzman tarafindan
belirlenmesi saglanmaktadir. Bu ise sistemin uzman
goriislerinden faydalandigini gostermektedir. Bu sayede
sinirsel bulanik aglar yontemi, problemin tahmin
asamasinda kullanilan YSA’ ya uzman goriislerinden
yararlanma imkan1 saglayarak, ortalama kare hata
kriterine gore daha iyi sonu¢ elde edilmesini
saglamaktadir [41].

Sinirsel bulanik aglar yontemi en kiiciik kare
yonteminin geri yayilmali Ogrenme algoritmasiyla
beraber kullanilmasiyla olugmus hibrit bir yontemdir.

FV sistemin MGN takibinde, sinirsel bulanik aglar
yontemi, bulanik mantik yontemine gére daha az salinim
yapmaktadir ve daha hizli sonuca ulagmaktadir [42].

L Katman 2 Katman 3.Katman 4 Katman 5Katman §.Katman

Sekil 14. Sinirsel bulanik aglar yonteminin mimari yapisi

Bu sistemin sahip oldugu daha az matematiksel
hesaplama, belirgin verimlilik ile tasarimda daha basit
hale getirilmektedir. Bu yontem 6zellikle FV sistem
kararliligim koruyarak sebekeye entegre edildiginden, iyi
dinamik yanitlara sahiptir [43].

3.4.2 GKO-D&G

Bu hibrit yontem kismi gdlgelenme kosullarinda iyi
sonu¢ vermektedir. Bu algoritmada, bir kurdun konumu
DA-DA déniistiiriiciiniin gérev oranmimi ifade etmektedir
ve bu durumda da PI kontrolére gerek kalmamaktadir.
Dolayisiyla algoritmadaki hesaplama islemi
sadelesmektedir [43, 44].

Kurt sayisimin artirilmasi, daha yiksek MGN
dogrulugu saglamakta, fakat hesaplama yiikiinii de
artirmaktadir. Bu nedenle, kurt sayis1 hesaplama zamanini
azaltmak i¢in, genellikle ii¢ olarak kabul edilmektedir.

Bu algoritma, MGN’ yi salinim yapmadan takip
etmektedir ve hizla degisen giines 1simmlarinda iyi
performans gostererek yiiksek verimlilige ulasmaktadir
[44].

3.4.3 PSO-D&G

Klasik yontemler kismi golgeleme kosullarinda
MGN’ yi takip etmekte yetersiz kalmaktadir. PSO’ nun
D&G ile kombinasyonu, daha hizli izleme algoritmasi ve
daha basit bir mekanizma saglamaktadir. Bu yontem ayn1
zamanda kismi golgeleme kosullarinda maksimum ¢ikis
verimini  saglamaktadir.  Geleneksel — yontemlerle
kiyaslandiginda daha iyi gegici performansa ulagmaktadir
[44, 45].

Bu yontem PSO ile karsilagtirildiginda daha yiiksek
bir yakinsama hizina sahiptir ve izleme periyodundaki
salinim siiresini %70 oraninda azaltmaktadir. Diger hibrit
algoritmalar ile karsilastirildiginda ise bu yontemin
dezavantaji izleme siiresidir [46].

4 Sonug

Bu calismada dort farkli kategoriye ayrilan MGNI
yontemleri incelenmistir. Ayrica farkli MGNI teknikleri
farkli parametreler dikkate alinarak literatlir arastirmasi
yapilarak sunulmustur.

MGNI algoritmalarinin kullanilmasi sistem verimini
etkileyen en Onemli unsurdur. Bu nedenle sistemin
tasarim asamasinda kullanilacak MGNI algoritmas1 énem
kazanmaktadur.

Esit dagilimhi 1s1ma  kosullarinda  geleneksel
yontemlerin verimleri ylksektir. Ancak farkli 1smmim
kosullarinda bu yontemler disik yakinsama hizina
sahiptir ve dinamik cevaplar1 yavastir.

Akilli  yontemler, matematiksel hesaplamalara
bagimli olmadan sistemi daha basit yapmaktadir. Ayrica
verilerin depolanabilip, algilanabilmesiyle izleme hizlar
artmaktadir. Bu yontemler kismi gdlgelenme kosullarinda
MGN” yi izlemek i¢in uygun tekniklerdendir.

Optimizasyon ydntemleri, degisen ¢evresel
kosullarda MGN’ yi izlemede FV sistemler ile uyumlu
yontemlerdir.

Hibrit teknikler, hesaplama yiikiinii 6nemli dlgiide
azaltmaktadir ve bu tekniklerin izleme verimliligi
yiiksektir.

Sonug olarak literatiir verilerine gore, geleneksel
yontemler ile diger (akilli, optimizasyonlu ve hibrit)
yontemler kiyaslandiginda; diger yontemlerin kullanildig:
MGNI tekniklerinin veriminin %100’ yakin oldugu
goriilmektedir.

International Journal of Innovative Engineering Applications 7, 1(2023), 86-95

93



Investigation of Maximum Power Point Tracking Methods in Photovoltaic Systems

Bilgilendirme

Bu makale, Leyla Karagézoglu’ nun yiiksek lisans tez
¢aligmasindan tretilmistir.

Gergeklestirilen bu ¢aligmada Etik Kurul Onay belgesine
gerek yoktur.

Referanslar

[1] Karamanav, M. (2007). Giines Enerjisi ve Giines Pilleri.
(Master’s dissertation, Sakarya University).

[2] Turhan, S. & Cetiner, I. (2012) Fotovoltaik Sistemlerde
Performans Degerlendirilmesi. 6. Ulusal Cati ve Cephe
Sempozyumu 12-13 Nisan 2012, Uludag Universitesi
Miihendislik ve Mimarhk Fakiiltesi. Goriikle Kampiisii-
Bursa

[3] An, M., Bilgin, G., & Ozcan, O. (2017). Alternatif Enerji
Kaynaklarindan Giines Enerjisinin  Giinlik Hayatta
Kullanilabilirligi ve Giines Enerjisi ile Caligan Piknik
Sepeti Tasarimu. Mehmet Akif Ersoy Universitesi Fen
Bilimleri Dergisi Ozel Say: 1,163-171

[4] Esen, H. (2017). Fotovoltaik Paneller Kullanilarak Sisleme
Sistemi ile Dig Ortamlarin Sogutulmasinin Arastirilmasi.
Politeknik Dergisi, 20 (2), 341-346

[5] Polman A., and Atwater A., (2012). Photonic design
principles for ultrahigh-efficiency photovoltaics. Nature
Materials, 11, 174-177

[6] Akman, E., & Karapinar, H. S. (2022). Electrochemically
stable, cost-effective and facile produced selenium@
activated carbon composite counter electrodes for dye-
sensitized solar cells. Solar Energy, 234, 368-376.

[7] Giirgeng, E., Dikici, A., & Aslan, F. (2022). Investigation
of structural, electrical and photoresponse properties of
composite based AI/NiO: CdO/p-Si/Al photodiodes.
Physica B: Condensed Matter, 639, 413981.

[8] Yasko, M. A. (2018). Fotovoltaik Sistemlerde Diistiriicii Tip
DA-DA  Doniistiiriiciilii - Maksimum — Gii¢ ~ Noktast
Lleyicisinin  Analizi, Tasarimi ve Gergeklestirilmesi.
(Master’s dissertation, Koceli University).

[9]1 Oztirk, H. H. (2019). Giines Enerjisinden Fotovoltaik
Yontemle Elektrik Uretiminde Gii¢ Déniisiim Verimi ve
Etkili Etmenler. Retrieved May 21, 2021 from
WWW.emo.org.tr

[10] Kayri, 1. (2017). Giines Panelleri ile Uretilen Enerjinin
Ortam Bilgileri Kullanilarak Yapay Sinir Aglaryla
Tahmini. (Doctoral dissertation, Firat University).

[11] Bilii, A. C. (2018). Fotovoltaik Sistemlerin Fizibilitesi i¢in
Yeni Bir Arayiiziin Geligtirilmesi. (Master’s dissertation,
Yildiz Technical University).

[12] Turmus, A. (2018). Diizlemsel Yansitma Destekli Giines
Paneli Tasarimi-Elektrik Uretimi ve Veri Analizi. (Master’s
dissertation, Firat University).

[13] Atmaca, M., & Pektemir, I. Z. (2020). Pv panel sicakligi
iizerinde  etkili olan  atmosferik  parametrelerin
arastirilmasi. International Journal of Advances in
Engineering and Pure Sciences, 32 (4), 458-466.

[14] Duranay, M., Turmus, A., & Tanyildizi, V. (2021).
Experimental efficiency analysis of a solar panel electricity
generation system using planar reflection. IET Renewable
Power Generation, 15 (3), 521-531.

[15] Gelis, K., Akyiirek, E.F., & Yoladi, M. (2020). Panel
konumu ve agisinin fotovoltaik panel karakteristigi iizerine
etkisi. Igdr  Universitesi Fen  Bilimleri  Enstitiisii
Dergisi, 10 (3), 1899-1908.

[16] Karagozoglu, L., & Duranay, Z.B., (2021-April).
Fotovoltaik Panel Performansini Etkileyen Faktorlerin
Incelenmesi. 2nd International Baku Conference On
Scientific Research (pp. 218-228)

[17] Jaszczur, M., Koshti, A., Nawrot, W., & Sedor, P. (2020).
An investigation of the dust accumulation on photovoltaic
panels. Environmental Science and Pollution Research, 27
(2), 2001-2014.

[18] Rao, A., Pillai, R., Mani, M., & Ramamurthy, P. (2014).
Influence of dust deposition on photovoltaic panel
performance. Energy Procedia, 54, 690-700.

[19] Onat, N., & Ersoz, S., (2009). Fotovoltaik Sistemlerde
Maksimum Giig Noktas1 Izleyici ~Algoritmalarmin
Karsilagtirilmasi. V. Yenilenebilir  Enerji Kaynaklar:
Sempozyumu,50-56

[20] Kose, E. (2018). Fotovoltaik Sistemlerin Maksimum Giig
Noktasinda ~ Calistirilmasi.  Diinya  Multidisipliner
Aragtirmalar Dergisi 1 (2018), 8-27

[21] Kurak, E., Erdemir, V., & Dursun, B. (2016). PV Sistemin
Icin Maksimum Giic Noktas1 Izleyicisi Tasarim ve
Uygulanmasi. Diizce Universitesi Bilim ve Teknoloji
Dergisi, 4 (2016), 581-592

[22] Mao, M., Cui, L., Zhang, Q., Guo, K., Zhou, L., & Huang,
H. (2020). Classification and summarization of solar
photovoltaic MPPT techniques: A review based on
traditional and intelligent control strategies. Energy
Reports, 6, 1312-1327

[23] Verma D., Nema S., Shandilya A. M., & Dash S.K. (2016).
Maximum Power Point Tracking (MPPT) Techniques:
Recapitulation in Solar Photovoltaic Systems. Renewable
and Sustainable Energy Reviews, 54 (16), 1018-1034.

[24] Faranda R., & Leva S. (2008). Energy Comparison of
MPPT Techniques for PV Systems. WSEAS Transactions
on Power Systems, 3(6), 446-455

[25] Giingdr, O., & Ozdemir, A. (2018). Giines panellerinde IC
ve ANFIS tabanli mppt algoritmalarinin karsilagtirmali
performans analizi. Journal of Institue of Science and
Technology, 34 (2), 50-59.

[26] Keskin, Y. E. (2014). Fotovoltaik Sistemlerde Maksimum
Giic Noktasi Izleme Yontemlerinin  Karsilastirilmas:.
(Master’s dissertation, Koceli University).

[27] Attalah M., Abdelaziz Y. & Jumah S. (2014).
Implementation of Perturb and Observe MPPT of PV
System with Direct Control Method using Buck and Buck-
Boost Converters. Emerging Trends in Electrical,
Electronics & Instrumentation Engineering, 1(1), 31-44

[28] Duranay, Z.B., & Guldemir, H., (2021). Fuzzy Logic Based
Maximum Point Tracking for Photovoltaic Systems. ETAI
2021 Conference Proceedings, (pp. 2445-4889)

[29] Duranay, Z. B., & Guldemir, H. (2019 - June ). Modelling
and Simulation of a Single Phase Standalone PV System.
International Conference-11th  Edition, Electronics,
Computers and Artificial Intelligence , Pitesti, ROMANIA

[30] Ozbay, H. (2020). Comparasion of Sliding Mode and Fuzzy
Logic MPPT Techniques for PV Systems. Electronic
Letters on Science & Engineering 16 (1), 26-35

[31] Oztemel, E. (2003). Yapay Sinir Aglar:. Papatya Yayncilik,

[32] Jain, A.K., Mao, J., & Mohiuddin, K. M. (1996) Artificial
neural networks : a tutorial. IEEE Comput., March 31-44.

[33] Ensari, T., (2003). Hiicresel Yapay Sinir Aglan
Uygulamalari. (Master’s dissertation, Istanbul Technical
University).

[34] Elmas, C. (2018). Yapay Zeka Uygulamalari. Segkin
Yayncilik, Ankara

[35] Kulaksiz, A. A. (2007). Maksimum Gii¢ Noktas: Izleyicili ve
UVM Inverterli Fotovoltaik Sistemin Yapay Sinir Aglari
Tabanli  Kontroli. (Doctoral dissertation, Selcuk
University).

[36] Kapukaya, O., & Giines, M. (2019). Adaptif Pargacik Siirii
Optimizasyon (APSO) ve Karinca Kolonisi Algoritmasi
(KKA) Kullanarak Oz Ayarlamalh PID Kontroldr Tasarimi.
KSU Miihendislik Bilimleri Dergisi, 22 (4), 257-270

International Journal of Innovative Engineering Applications 7, 1(2023), 86-95

94



L. Karagdzoglu and Z. B. Duranay

[37] Aydogan, D. (2019). PSO Tabanli Maksimum Gii¢ Noktas:
Takip Algoritmasimin  Gelistirilmesi ve Uygulanmasi.
(Master’s  dissertation, Nevsehir Hac1i Bektas Veli
University).

[38] Colak, M., (2020). Fotovoltaik Giic Tahmini icin
Metasezgisel Optimizasyon Tabanli Hibrit Model Tasarimi
ve Analizi. (Doctoral dissertation, Gazi University).

[39] Uzlu, E. (2019). Estimates of Energy Consumption Using
Neural Networks with the Grey Wolf Optimizer Algorithm
for Turkey. Gazi Universitesi, Part C: Tasarim ve
Teknoloji, 7 (2), 245-262

[40] Mirjalili, S., Mirjalili, S. M., & Lewis, A. (2014). Grey wolf
optimizer. Advances in Engineering Software, 69, 46-61.

[41] Hocaoglu, F.O., & Kurban, M. (2018). Adaptif ag tabanl
bulanik mantik ¢ikarim sistemi ile Eskisehir bolgesi igin
giineglenme siireleri tahmini. Journal of Engineering
Sciences and Design, 6 (3), 396-405

[42] Hussaini, M., & Giingor, O. (2017). Uyarmali Ag Tabanh
Bulanik Cikarim Sistemi ve Bulanik Mantik Tabanli MPPT
Tasarimi ve Kiyaslanmasi. EMO Bilimsel Dergi, 7 (14), 21-
27

[43] Bollipo, R. B., Mikkili, S., & Bonthagorla, P. K. (2021).
Hybrid, Optimal, Intelligent and Classical PV MPPT
Techniques: A Review. CSEE Journal of Power and Energy
Systems, 7 (1), 9-33

[44] Mohanty, S., Subudhi, B., & Ray K. P. (2017). A Grey
Wolf —Assisted Perturb&Observe MPPT Algorithm for a
PV System. IEEE Transactions on Energy Conversion, 32
(1), 340-347

[45] Shetty, D., Jayalakshmi, N. S., Arjun, M., & P. Hebbar, P.
(2022). Evaluation of MPPT Algorithms for PV System
under Partial Shading Conditions. 2022 International
Conference on Intelligent Controller and Computing for
Smart Power (ICICCSP), (pp. 1-6)

[46] Figueiredo, S. N., & Aquino, R. N. A. L. S. (2021). Hybrid
MPPT Technique PSO-P&O Applied to Photovoltaic
Sytems Under Uniform and Partial Shading Conditions.
IEEE Latin America Transactions 19 (10), 1610-1617

International Journal of Innovative Engineering Applications 7, 1(2023), 86-95

95



International Journal of Innovative Engineering Applications vol. 7, issue 1 (2023)

International Journal of Innovative Engineering Applications

13J1IEA

.

Journal homepage: https.//dergipark.org.tr/ijiea
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Abstract

Unmanned Aerial Vehicles (UAV), which is one of the most important gains of the developing technology, was firstly used for military
purposes, but soon became an important issue of our daily life. In addition to the ability to produce three-dimensional spatial information
with the UAV, it provides less labor, time and cost advantage compared to conventional measurement methods, playing an important role
in the spread of UAV usage. UAV systems, whose usage are becoming widespread and diverse day by day, are in a continuous development
to meet the high accuracy requirements, especially for surveying activities. For this reason, UAV hardware and software features are also
constantly developing. In this study, firstly, the accuracy comparisons of the data sets based on the UAV with GNSS-RTK and the UAV
without this feature were studied. Later, the accuracy comparisons of the data sets processed by Pix4D Mapper and Agisoft FotoScan
photogrammetry software. As a result of the comparisons, it was seen that the horizontal and vertical accuracy values obtained for the
UAV data with GNSS-RTK were better than the horizontal and vertical accuracy values obtained for other UAV data. When the software
were evaluated among themselves, it was seen that the horizontal and vertical accuracy of the data sets obtained with Pix4D Mapper
software was better. On the other hand, while Agisoft FotoScan software gives better results in horizontal position accuracy of data sets
based on UAV without GNSS-RTK, Pix4D Mapper software gives better results in vertical position accuracy of those.

Keywords: Agisoft fotoScan, unmanned aerial vehicle (UAV), Pix4D mapper.

IHA SISTEMLERI iLE ELDE EDILEN ORTOFOTO HARITALARIN DOGRULUK
DEGERLENDIRMESI

Ozet

Gelisen teknolojinin en énemli kazanglarindan biri olan insansiz Hava Araglar1 (IHA) ilk 6nceleri askeri amagla kullanilmaya baslanmakla
birlikte kisa zamanda giinliik hayatimizin nemli bir parcas1 haline gelmistir. IHA ile ii¢ boyutlu konumsal bilgi iiretilebilmesinin yan1
sira klasik dl¢iim yontemlerine gore daha az is giicii, zaman ve maliyet avantaji saglamasi, IHA kullanininin yayginlasmasinda snemli rol
oynamaktadir. Kullanimlar1 her gegen giin gesitlenerek yaygimlasan IHA sistemleri, dzellikle haritacilik faaliyetlerinin gereksinimi olan
yiiksek dogruluk ihtiyacinin karsilanmast igin siirekli bir gelisim icerisindedir. Bu ¢alismada, GNSS —RTK &zellikli THA ve bu 6zellige
sahip olmayan IHA kullanilarak ayni kosullarda elde edilen resimler, Pix4D Mapper ve Agisoft FotoScan fotogrametri yazilimlari
kullanilarak iiretilen ortofotolarin dogruluk karsilastirmalari yapilmistir. Yapilan karsilastirmalar sonucunda, GNSS-RTK &zellikli IHA
verileri igin elde edilen yatay ve diisey dogruluk degerlerinin, diger IHA verileri icin elde edilen yatay ve diisey dogruluk degerlerinden
daha iyi oldugu goriilmiistiir. Yazilimlar kendi aralarinda degerlendirildiginde ise Pix4D Mapper yazilimi ile elde edilen veri setlerinin
yatay ve diisey dogruluklarmin daha iyi oldugu goriilmiistiir. Diger taraftan Agisoft FotoScan yazilimi, GNSS-RTK 6zellikli olmayan IHA
odakl1 veri setlerinin yatay konum dogruluklar1 konusunda daha iyi sonug verirken, diisey konum dogrulugunda ise Pix4D Mapper
yaziliminin daha iyi sonug verdigi gorilmiistiir.

Anahtar Kelimeler: Agisoft fotoScan, insansiz hava aract (IHA), Pix4D mapper.

1 Girig sivil ve askeri amacla kullamlmak iizere insansiz Hava
Araglarmin (IHA) gelismesini saglamistir [1].

Son yillarda teknoloji alaninda meydana gelen [HAlarin tarihi, hava araglarinin tarihi ile aym yillarda

gelismeler, havacilik, elektronik, haberlesme, navigasyon
teknolojilerinde kendini gostermis, hayatimizin 6nemli bir
parcast haline gelmistir. Diger yandan s6z konusu bu
alanlarda meydana gelen gelismelerin entegrasyonu ile

* Corresponding author.
E-mail address: samed_inyurt@hotmail.com (S. inyurt)

baslamustir. Guniimiizde [HA olarak tanimlanan hava
araglarinin ilk 6rnegi 19. yiizyil sonlarinda ABD’1i Charles
gelistirmistir. Tarihsel gelisimine gore Insansiz hava
araglar1 baglangicta askeri amaglar i¢in kullanilmigtir [2].
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Askeri alanda ABD tarafindan Afganistan’da, kesif,
gdzetleme ve istihbarat faaliyetlerinde kullanilan IHAlar,
daha sonra silahli olarak ve saldir1 amactyla kullanilmaya
baglanmistir [3]. Geligsen teknolojiye paralel olarak, son
yillarda Global Navigation Satellite System (GNSS), ve
coziniirliigli  yiksek  kameralar entegre  edilerek
kullanilmaya baslanan IHA’lar, uzaktan algilama (UA),
sayisal harita iiretimi ve fotogrametri amacli bilimsel
calismalarda da kullanilmaya baglanmustir [4-6]. Uydu ve
insanli hava araglar1 ile 20-50 cm/pixel bandinda yiiksek
¢Oziiniirliikte konumsal veriler elde edilebilmesine kargin
IHA’lar daha diisiik irtifalardan ucabildikleri icin 1
cm/pixel yiiksek ¢oziiniirliikkte veri elde edebilmek
miimkiindiir.

Akdeniz H. [7],“Kriz yonetiminde sayisal ortofoto
haritalarin saglayabilecegi olanaklar” konulu ¢alismasinda
sayisal ortofotolarin acil durumlarda saglayabilecegi
olanaklar1 aragtirmis ve bu kapsamda 1999 Golciik
depremi sonrasi bdlgenin harita genel komutanligi
tarafindan yapilan sayisal ortofotolarini incelemistir.
Bunun i¢in ortofoto iiretim asamalar1 olan, caligsma
bolgesine nirengi noktasi tesisi, hava gorlintiilerinin
¢ekilmesi, sayisal arazi modeli olusturulmasi islem
adimlarin1 gergeklestirmistir. Sonrasinda bu ortofotolari
birlestirilerek ortofoto mozaik goriintii olusturulmustur.
Olusturulan bu goriintiiler hizli bir sekilde ilgili kurumlara
dagitilmigtir. Bu ¢aligmada afetin hemen ardindan ilk 30
saat icinde sayisal ortofotolarin liretilerek ¢aligmalarin kisa
stirede etkin bir sekilde yapilacagi vurgulanmistir.

Spreckels ve ark. [8] ¢alismasinda Vexcel UltraCamD
dijital hava kamerasi ile Almanya’ da bir kdmiir madeninin
hava goriintiilerini ¢ekmislerdir. Uygulamada 45 adet yer
kontrol noktast kullanilmis ve koordinatlar1 GPS ile
Olciilmiistiir. Dogu-batt uguslar1 10 cm yer Srnekleme
araliginda capraz ucguslar ise, 8 cm yer Ornekleme
araliginda gergeklestirilmistir. 10 cm GSD igin 130 adet
hava goriintiisli, 8 cm GSD igin ise 77 adet hava goriintiisii
elde edilmistir. Daha sonra “Leica LPS” yaziliminda blok
dengeleme yapilmis ve yer kontrol noktalar i¢in karesel
ortalama hatalar x yoniinde 2.15 cm, y yoniinde ise 3.31 cm
bulunmustur. Daha sonra c¢alisma bolgesinin dijital
yiikseklik modeli ve ortofoto mozaik goriintiisii
iretilmistir.

Remondino [9], calismasinda IHA ile yapilan
haritacilik faaliyetlerinde yiiksek ¢oziintirlikli
goriintiilere, az maliyetle hizli ulagilabilmesi ve elde edilen
bu goriintiilerin gesitli programlarda islenmesi sonucu kisa
sirede sonug¢ TUriinlerin elde edilmesi ve daha birgok
avantajmnin olduguna deginmistir. insansiz hava araglarmin
meskun alanlarda kullanilabilirligini artirmak icin
yonetmeliklerin bu sistemlere gore yenilenmesi ve yeni
sistemlere uygun teknik sartnameler olusturulmasi
gerektigi gorligiinii savunmustur.

Aguera-Vega ve ark. [10] sayisal yiizey modelinde
koordinatlandirma igin kullanilan YKN’nin sayisinin ve
[HA fotogrametrisi ile elde edilen ortofoto dogruluklarinin
etkisini incelemistir. Zemin seviyesinden 120 m
yliikseklikte, yaklagik 17 hektarlik alanda gerceklestirilen
calismada, bolge ylizeyinin 160 adet fotografi ¢ekilmis ve
farklt YKN noktalarim dikkate alan fotogrametrik proje
yapilmigtir. Calismada dogruluk O6l¢lim ydntemi olarak
RMS kullanilmistir. Sonuglar, kullanilan YKN sayisi
arttikga hem yatay hem de dikey dogrulugun arttigin

gOstermistir.

Tercan [11], THA ile bir karayolu iizerinde yaptigi
calismada, %85 enine, %65 boyuna bindirmeli 140 metre
ucus gerceklestirmistir. Bu ugus sonrasinda sayisal yilizey
modeli ve ortofoto harita iiretmeyi amaglamistir. Calisma
alanina Cors-RTK yontemi ile 7 adet yer kontrol noktasi
tesis edilmigtir. Karayolu {izerinde yapilan jeodezik
calismalar sonuncunda yersel dl¢iimler ile karsilastirmasi
yapilmigtir. Sonugta mekansal alanlarda 4.9 cm, toprak
zeminde 7.32 cm ve sert zeminde 3.96 cm yatay dogruluk
elde edilmistir. Ortofoto, sayisal yiizey modeli iiretimi diiz
arazi yapilarinda ve bitki Ortiisiiniin yogun olmadigi
yerlerde kullanilabilecegi belirtmistir.

Bu caligmada Pix4D Mapper ve Agisoft FotoScan
yazilimlar1 kullanilarak RTK 6zelligine sahip olan ve
olmayan THA kullamlarak iiretilen ortofotolarin dogruluk
arastirmasi yapilmistir. Bunun igin ¢aligma alaninda 100
metre yiikseklikten ve %80-%60 boyuna-enine bindirmeli
goriintiiler IHA ile elde edilmistir. Calisma alan icerisinde
yer alan 19 adet Yer Kontrol Noktas1 (YKN) ve 50 adet
detay noktasina ait koordinatlarin GNSS ol¢limleri
yapilmigtir.

2 Yontem

IHA ile fotogrametrik ¢aligmalar, arazi calismalari,
ucus planlarinin hazirlanmasi, yer kontrol noktalarinin
tesisi, verilerin islenmesi olarak 4 temel asamada
olugsmaktadir. Bu asamalar Sekil 1’de gosterilmektedir.

Arazi Cahsmalan

. 4

Yer Kontrol Noktalarmm Tesisi ve Olciilmesi

2

Verilerin islenmesi
Fotogrametrik Uriinler

Sekil 1. IHA ile gériintii elde edilmesi ve fotogrametrik olarak
iglenmesi.

Insansiz Hava Araci ile fotogrametrik yapmadan énce
arazinin durumu tespit edilmelidir. Calisma alanina
homojen olarak dagilmis yer kontrol noktalar
yonetmeliklerde belirtildigi dlciide tesis edilmelidir. Ugus
oncesi IHA igin uygun inis ve kalkis sahasi ayarlanmali ve
[HA’nin  gdrev yapacagi yiikseklik gdz Oniinde
bulundurularak olas1 kazalara sebep olabilecek engellere
(GSM istasyonu, enerji nakil hatti, yliksek binalar vb.)
dikkat edilmelidir. Ucus planlamasi yapilan alanda
planlanan haritanin nitelikleri géz 6niine alinarak ve varsa
ilgili mevzuata uygun ugus yiiksekligine bagli olarak
fotograflarda goriilebilecek boyutta yer noktalari tesis
edilmelidir. Tesis edilen bu noktalar yine ilgili
yonetmelikler ve hassasiyet dogrultusunda istenilen
koordinat sisteminde 3 boyutlu koordinatlar1 6lgiilmelidir.
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Ugus sonrasi elde edilen fotograflardan ortofoto harita ve
sayisal arazi modeli olusturmak i¢in farkli fotogrametrik
yazilimlar mevcuttur. Bu yazilimlarin en ¢ok kullanilanlar
Pix4dD Mapper, Agisoft FotoScan, 3D Survey,
DroneDeploy 3D Mapping, AutoDesk ReCap vb.
yazilimlardir. Bu tez caligmasinda Pix4D Mapper ve
Agisoft FotoScan yazilimlari kullanilmustir.

Pix4D Mapper yazilimi, nokta bulutu, sayisal yiizey
modeli, ortofoto haritalar, doku modelleri, 3 boyutlu model
iiretmek igin THA ile gekilen fotograflar1 kullamirlar. Bu
yazilim {irettigi tiim verileri istenilen koordinat sisteminde
¢ikt1 verisi olarak kullaniciya sunar. Nokta bulutu verilerini
“las, .laz, .ply, .xyz” formatlarinda, ortomozaik ve DSM
goriintiileri “.tif, .jpg” formatlarinda, 3 B modeli ise “.ply,
fbx, .obj” formatlarinda ¢ikt1 verisi olarak {iretebilir.

Agisoft FotoScan yazilimi, IHA ile bindirmeli ¢ekilen
fotograflardan profesyonel 3 B modeller, nokta bulutu,
sayisal yiizey modeli ve ortofoto haritalar iiretmede
kullanilan fotogrametrik yazilimlardandir. Bu yazilim
fotogrametrik tiggenleme, yogun nokta bulutu diizenleme
ve smiflandirma, sayisal arazi modeli ve sayisal yilizey
modeli iiretimi, mesafe 6lgme, hacim ve alan hesaplama,
stereoskopik  degerlendirme  gibi  bircok  6zelligi
kullanicilara sunar.

3 Uygulama

Bu caligmada amag insansiz hava araglarindan elde
edilen goriintiiler koordinath (RTK ¢o6ziimli) ve
koordinatsiz (YKN koordinatlar1 kullanilarak ¢6ziim)
olarak PIX4D ve Agisoft PhotoScan yazilimlarinda
degerlendirilmesi sonucu hassasiyetin irdelenmesidir.
Yapilan degerlendirme sonrasinda elde edilen sonuglar
iizerinde bir karsilastirma yaparak sonu¢ {riinlerin
hangisinin daha hassas oldugu tespiti yapilmustir.

Calisma bolgesi olarak Tokat Gaziosmanpasa
Universitesi Tashgiftlik Kampiisii yerleskesi
belirlenmistir. Caligma bdlgesinin alan1 68,58 hektar olup,
ucus yliksekligi 100 metre, %80 boyuna ve %60 enine
bindirmeli ucus kolonlar1 olacak sekilde otonom bir plan
hazirlanmigtir. Toplamda 588 adet fotograf elde edilmistir
ve bu fotograflar iki farkli yazilimda ayni veriler
kullanilarak RTK ¢6ziim ve YKN ¢6ziim olarak
degerlendirilmistir. Calismada DJI Phantom 4 RTK drone
seti ve yer istasyonu kullanilmistir.

Sekil 2. Projede Kullanilan Multicopter, GNSS Alicisi, Kontrol birimi
ve Kamera sistemi 6rnegi.

Calisma alanin1 kapsayan 19 adet yer kontrol
noktasmnin konumsal bilgileri dort adet ¢ift frekansh
Jeodezik GNSS alicilart1  (Trimble, Topcon) ile
Ol¢lilmistlir. 2 saatlik statik GNSS olgiileri TUSAGA
Aktif sistemine bagli olarak Leica LGO V.8.3 yazilimu ile
ic boyutlu (3D) olarak degerlendirilmistir. Uygulama
alaninin haritasi, Sekil 3’de gosterilmistir.

4466400

4466000

4465600

0.3 0.4

I o
540000 540400

Sekil 3. GOP Universitesi Calisma alani.

T
540800

\

¢ Yer Kont;bl Noktast

anth
Sekil 4. Yer Kontrol Noktas1 drnegi.

Caligma alam1  olarak Tokat Gaziosmanpasa
Universitesi Tashgiftlik Kampiisii yerleskesi secilmistir.
Caligma alan1 68,58 hektar olup, ucgus yiiksekligi 100
metre, ucgus kolonlar1 %80 boyuna ve %60 enine
bindirmeli olarak planlanmistir. Toplamda 588 adet
fotograf elde edilmistir. Proje kapsaminda ve bu fotograflar
iki farkli yazilimda ayni veriler kullanilarak RTK ¢6ziim
ve YKN ¢oztim olarak degerlendirilmistir. DJI Phantom 4
RTK drone seti ve yer istasyonu kullanilmistir. Caligsma
alanina homojen olarak dagilmis 19 adet Yer Kontrol
Noktasinin TUREF/TM36 koordinatlart GNSS alicist ile
elde edilmistir.

Uygulama alanina homojen olarak dagilmis 50 adet
nokta GNSS alicist ile CORS-TR ag1 kullanilarak 12 epok
Ol¢li ile her detay noktasina ait kullanilacak referans
koordinatlar elde edilmistir. Olgiilen noktalara ait 6rnek
gorintii Sekil 5°de gosterilmistir.
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Sekil 5. Ortomosaik goriintiisii (YKN ¢oziim).

Olgiilen noktalarm uygulama alanma dagilimi Sekil
5’de gosterilmistir. Bu noktalar arazi iizerinde ve
Ortomosaik goriintiillerde net bir sekilde belirlenebilen
noktalardir.

Sekil 6. Arazi koordinatlarinin uygulama alanina dagilima.

Calisgma YKN noktalarindan faydalanarak ve RTK
ozelligi olan THA kullanilarak elde edilen koordinatlarin
dogruluk degerlendirmesi Pix4D ve Agisoft FotoScan
yazilimlar1 kullamilarak yapilmustir. S6z konusu bu
calismanin  gerceklestirilebilmesi i¢in ¢aligma alani
icerisine 19 adet YKN atilmig ve 50 adet detay noktasinin
nihai koordinatlar1 bu YKN noktalar1 yardimiyla ve RTK
ozelligine sahip IHA kullanilarak ayr1 ayr farkli iki
yazilim iizerinden tretilmistir. Calismada referans deger
olarak kullanilmas1 distiniilen detay noktalara ait
koordinatlarin 6lgtimleri GNSS olgiileri yardimiyla elde
edilmistir.

Caligmanin ilk boliimiinde Pix4D yazilimi kullanilarak
RTK o&zelligine sahip IHA kullanilarak 50 adet detay
noktasina ait koordinatlar iiretilmis ve her bir koordinat
bilesenine karesel ortalama hata degerleri elde edilmistir.

my = + /M = fﬁzi&zecm
n-1 49

mX = + LIAIX —348=12.66 cm
\l n-1 \/ 49

mh = + LA 3056 _ 4+7.89 cm
\I n—-1 \’ 49

Caligmanin  ikinci bolimiinde Pix4D  yazilimi
kullanilarak ¢aligma alani igerisinde yer alan 19 adet YKN
noktasindan faydalanarak 50 adet detay noktasina
koordinatlar iiretilmistir. Yapilan ¢aligma sonucunda elde
edilen karesel ortalama degerleri asagida gosterilmistir.

my = + | 24Y - / 521 - 13926 cm
n—-1 49

mX =+ LIAIX 1—58=ﬂ:1.80 cm
n-1 49

mh=+ [ B2 2 30 490) m
n-1 49

Caligmanin ticlincii bolimiinde Agisoft FotoScan
yazihmi  kullanilarak RTK  6zelligine sahip IHA
kullanilarak 50 adet detay noktasina ait koordinatlar
iiretilmis ve her bir koordinat bilesenine karesel ortalama
hata degerleri elde edilmistir.

= % =+2.28cm

mX =+ ZIAIX / £=i2.07 cm
n-1 49

mh= + LIAIR [ 3506 +8.45 cm
n-1 \’ 49

Calismanin son boliimiinde ise Agisoft FotoScan
yazilimi kullanilarak ¢aligma alani igerisinde yer alan 19
adet YKN noktasindan faydalanarak 50 adet detay
noktasina koordinatlar iretilmistir.  Yapilan ¢alisma
sonucunda elde edilen karesel ortalama degerleri agagida
gosterilmistir.

mY = +

SN
NE
==
o]

my =+ |[E = [22_ ) j6em
n-1 49

mX =+ ZIAIX / ﬂ=:t1.33 cm
n-1 49

mh = i MIATh — 2769.01 —4751 cm
n-1 \' 49

4  Sonuglar

RTK sistemine sahip IHA ve RTK sistemine sahip
olamayan iki farkli ITHA aymi ugus yiiksekligi ve &rtme
oranlart kullanilarak stereo fotograflar g¢ekilmistir. Bu
fotograflarin degerlendirilmesinde Pix4 D Mapper ve
Agisoft FotoScan fotogrametrik yazilimlart kullanilmistir.

ilk degerlendirme her iki yazilimda, sadece IHA
sistemi tarafindan fotograflara atanan RTK koordinatlar
kullanilarak yapilmis ve Pix4D Mapper yazilimi
degerlendirmesi sonucunda 3.03 cm/pix GSD degeri ile
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¢aligma alaninin ortofoto haritasi tretilmistir. Bu verilerin
yatay konum dogrulugu X=+0.39 cm, Y=+0.34 cm ve
yiikseklikte dogrulugu h=+1.74 cm olarak bulunmustur.
Agisoft FotoScan yazilimi ile yapilan degerlendirme
sonucunda ise GSD degeri 2.64 cm/pix olarak elde
edilmistir. Bu verilerin yatay konum dogrulugu X=+7.19
cm, Y=7.13 cm olarak, yiikseklikte dogruluk da h=10.12
cm olarak bulunmustur.

Ikinci degerlendirme ise RTK sistemi olmayan IHA ile
elde edilen resimler ve ugus Oncesi ¢alisma alanina tesis
edilen 19 adet YKN kullanilarak uygulanmistir.
Degerlendirme sonrasinda olusan veriler Pix4D Mapper
yaziliminda 3.02 cm/pix GSD degeri ile iretilmistir. Bu
degerlendirme sonucu olusan verilerde yatayda konum
dogrulugu X=+3.31lcm, Y=+2.62 cm ve yikseklikte
dogrulugu h=+2.92 cm olarak bulunmustur. Agisoft
FotoScan yaziliminda ise GSD degeri 2.63 cm/pix olarak
elde edilmistir. Bu verilerin yatay konum dogrulugu X=
+1.67 cm, Y=1.51 cm olarak, yikseklikte dogrulugu
h=0.41 cm olarak bulunmustur.

Her iki yontemle elde edilen veri setlerinin
dogruluklarinin kiyaslanmasi amaciyla arazide tespit
edilen elli adet beligin detay noktalarinin GNSS dlgme
yontemlerinden CORS teknigi kullanilarak belirlenen
koordinatlar1 kullanilmigtir. Bu kiyaslama neticesinde
Pix4D Mapper ile RTK koordinatlar1 kullanilarak elde
edilen verilerin yatayda konum dogruluklart X=+1.40 cm,
Y=+1.2 cm olarak, diiseyde konum dogrulugu ise h==1.6
cm olarak bulunmustur. Agisoft FotoScan ’da ise yatayda
konum dogruluklar1 X=4+2.07 cm, Y=+2.28 cm olarak,
diiseyde konum dogrulugu ise h=+8.45 cm olarak
bulunmustur. YKN kullanilarak elde edilen verilerin
dogruluklari ise Pix4D Mapper ’da yatayda konum
dogruluklart X=+3.26 cm, Y=+1.80 cm olarak, yiikseklik
ise h=£7.01 cm olarak bulunulmustur. Agisoft FotoScan
’da ise yatayda konum dogruluklar1 X=+1.33 cm, Y=%1.16
cm olarak, yiikseklikte ise h=t7.51 cm olarak
bulunmustur. Yapilan analiz sonuglari genel olarak
degerlendirildiginde, RTK ozelligine sahip IHA
kullanilarak daha yiiksek dogruluklu konumsal bilgi elde
edildigi tespit edilmistir. Diger yandan kullanilan
yazilimlarin performans irdelemesi yapildiginda, Pix4D
Mapper yaziliminin ¢éziim islem basamaklarinin hizli ve
yiiksek dogruluklu konum bilgisi irettigi gorilmiistiir.
Buna ek olarak uygulanan tiim yontemlerde Biiyiik Olcekli
Harita Bilgileri Uretim Y®6netmeliginde belirtilmis olan “0-
10 cm/pix GSD degerinde ve detay noktalarin yatay konum
dogrulugu +7 cm ve yiikseklik dogrulugu (cH) £7 cm”
gerekliligini sagladig: tespit edilmistir.

Gegmisten giinlimiize konum bilgisi hayatimizin
onemli bir pargast olmus ve olmaya devam edecektir. Bu
bilginin elde edilmesinde kullanilan araglardan biri olan
IHA teknolojisi beraberinde kullanilabilecek teknolojiler
ile dnemli bir ara¢ haline gelmistir. Diger tiim alanlarda
oldugu gibi, haritacilik alaninda da ihtiyag¢ duyulan zaman,
maliyet, insan gilici gibi etkenlerin minimuma
indirgenmesi ihtiyaci, kullanilmasi planlanan IHA’nm
secilmesinde 6nemli rol oynamaktadir. Dolayisiyla satin
alinmas1 planlanan THA’nin sahip oldugu donanimsal
ozelliklerin, konumsal dogruluga etki edebilecegi goz
oniinde bulundurularak fayda-maliyet iliskisi gozetilerek
secilmesi gerektigi diisiiniilmektedir.

Bilgilendirme

Bu ¢aligma, ikinci yazarin danigmanligy, liglincii yazarin es
damsmanlig tarafindan yiiriitillen, birinci yazarm “iha
Sistemleri ile Elde Edilen Ortofoto Haritalarin Dogruluk
Degerlendirmesi”  isimli  yiiksek lisans tezinden
iretilmistir".

Herhangi bir ¢ikar ¢atigmasi bulunmamaktadir.

Bu ¢aligmada Etik Kurul Onay belgesine gerek yoktur.
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Abstract

Original scientific paper
Composite materials used in engineering fields such as the automotive and defense industries are produced by many methods due to their
superior mechanical and physical properties. In addition to the advantages of forming powder-based composites produced by the powder
metallurgy method, the problems that are less in number during production make this method more attractive. AA2024 aluminum alloy,
chosen as the matrix, is preferred in the aerospace and automotive industries due to its high strength/weight ratio as it is alloyed with
copper. In this study, Silicon Carbide (SiC) was preferred due to its high wear resistance and high heat resistance, and in addition,
Aluminum Oxide (Al203) was preferred due to its suitable interface bonding ability with aluminum alloy (AA2024). The samples were
produced by hot pressing method at 560 °C for 120 minutes and under 500 MPa pressure by preparing AA2024/A1203 and AA2024/SiC
powder mixtures with different additive ratios. In order to examine the microstructure and mechanical properties of AA2024 matrix Al2Os3
and SiC reinforced composites obtained by powder metallurgy method, in addition to SEM images, EDS and XRD analyzes,
microhardness, density, tensile, corrosion and impact tests were performed. According to the test results, the best tensile and impact test
results of AA2024/Al203 and AA2024/SiC composite materials were determined in 2% Al20s and SiC reinforced composite materials; At
higher reinforcement ratios, there was a decrease in the impact test values. It has been determined that the increase in the Al2O3 and SiC
reinforcement ratio causes an increase in the corrosion resistance and positively affects both the hardness and mechanical properties of the
AA2024 matrix.

Keywords: AA2024, Al203, SiC, composites, mechanical properties.

Al,0; ve SiC TAKVIYELI AA2024 ESASLI KOMPOZITLERIN MIKROYAPI VE MEKANIK
OZELLIKLERININ INCELENMESI

Ozet
Orijinal bilimsel makale

Ustiin mekanik ve fiziksel dzelliklere sahip olmasi nedeniyle, otomotiv ve savunma sanayii gibi miihendislik alanlarinda kullamlan
kompozit malzemeler bir ¢ok yontemle iiretilmektedirler. Toz metalurjisi yontemi ile iiretilen toz esasli kompozitlerin sekil verme
ustiinliikleri yaninda, iiretim sirasindaki sayica daha az olan problemler bu yontemi daha ¢ekici kilmaktadir. Matris olarak segilen AA2024
aliiminyum alagimi, bakir ile alasimlandirildig: igin yiiksek dayanim/agirlik oranma sahip olmasi nedeniyle havacilik ve otomotiv
endiistrisinde tercih edilmektedir. Bu ¢aligmada, bir ¢ok kullanim alani olan, yiiksek asinma direncine ve yiiksek 1s1 dayanimina sahip
olmasindan dolay: Silisyum Karbiir (SiC) ve ilave olarak, aliminyum alasimi (AA2024) ile uygun ara yiizey baglanma yetenegine sahip
olmasindan dolayr Aliiminyum Oksit (Al203) tercih edilmigtir. Numuneler, farkli katki oranlarinda AA2024/A1203 ve AA2024/SiC toz
karigimlari hazirlanarak, 560 °C sicaklikta, 120 dakika ve 500 MPa basing altinda sicak presleme yontemi ile iiretilmistir. Toz metalurjisi
yontemiyle elde edilen AA2024 matrisli Al2Os ve SiC takviyeli kompozitlerin mikroyapilarini ve mekanik o6zelliklerini incelemek
amactyla, SEM goriintiilerine ilave olarak, EDS ve XRD analizleri, mikrosertlik, yogunluk, ¢cekme, korozyon ve darbe testleri yapilmistir.
Yapilan test sonuglarina gore, AA2024/A1203 ve AA2024/SiC kompozit malzemelerin en iyi cekme ve darbe testi sonuglart, % 2 Al203 ve
SiC takviyeli kompozit malzemelerde tespit edilmistir; daha yiiksek takviye oranlarinda ise darbe testi degerlerinde diisiisler meydana
gelmistir. Al203 ve SiC takviye oranindaki artisin korozyon direncinin artmasina sebep oldugu ve AA2024 matrisinin hem sertlik ve hem
de mekanik 6zelliklerini olumlu yonde etkiledigi tespit edilmistir.

Anahtar Kelimeler: AA2024, Al>0s, SiC, kompozitler, mekanik ézellikler.
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1  Girig

Giinlimiizde savunma, uzay, havacilik ve otomotiv
gibi 6nemli alanlarda hizla gelisen teknoloji dolayisiyla
geleneksel malzemeler yetersiz kalmis ve bu malzemelerin
gelistirilmesi zorunlu hale gelmistir. Hizla gelisen
teknolojinin dogurdugu bu malzeme ihtiyaci yeni ve istiin
Ozelliklere  sahip olan  kompozit  malzemelerin
iiretilmesinin temel nedeni olusturmaktadir [1].

Toz metaliirjisi, karmagsik sekilli pargalarin yani sira
metal matrisli kompozit ve metal alagimlar iiretimine
olanak sagladigindan dolay1 tungsten lamba teli, zirh delici
mermiler, dis dolgular1 ve otomotiv gii¢ aktarma dislileri
gibi birgok alanda kullanilan 6nemli bir {iretim yontemidir.
Toz metaliirjisi Uretim yontemi kisaca; ¢ok kiiciik
parcaciklarin birbirine baglanmasiyla bir parca haline
getirilmesi islemi olarak tanimlanmaktadir. Bu yontem
iistiin mikro yapisal 6zelliklere sahip parga tiretimi, belirli
derecede gozeneklilik ve gecirgenlik saglamasi gibi
avantajlarindan dolayr kompozit malzeme iiretimi icin
siklikla tercih edilmektedir [2].

Kompozit malzeme, birbiri i¢erisinde ¢oziinmeyen ve
birbirinden farkl: iki ya da daha fazla malzemenin bir araya
gelmesiyle olusan yeni bir malzemedir. Bu malzemeler
kendisini olusturan malzemelerin tek basimna sahip
olamayacag1 bir¢ok 6zelligi diger malzemelerle bir araya
gelerek tek bir malzemede toplama olanagi saglarlar.
Kompozit malzemeler matris ve takviye elemanlar1 olmak
iizere iki ayri kisimdan olusmaktadir. Ayrica bu
malzemeler kendi iclerinde birbirlerinden ayrilmay1
saglayan ara yiizeylere sahip oldugundan dolay:
kendilerine has 6zellikleri muhafaza etmektedirler [3].

Metal matrisli kompozitler, yiiksek siineklik ve tokluk
ozelliklere sahip olan metaller ile yiiksek mukavemetli
seramik malzemelerin bir araya getirilmesiyle olusur. Bu
¢aligmada, matris malzemesi olarak hafif ve siinek oldugu
icin  AA2024  kullamlmustir.  AA2024  matrisli
kompozitlerde takviye elemani olarak genellikle TiC, B4C,
ZrOz, Al;O3 ve SiC kullanilmaktadir [4]. SiC, kompozit
imalatinda Siklikla kullanilan takviye elemani olup yiiksek
asinma direncine ve yiiksek 1s1 dayanimina sahiptir ve
benzer ozellikleri tasiyan Al,Os3’iin diger bir avantaji ise
AA2024 ile uygun ara ylizey baglanma yetenegine sahip
olmasidir [5].

Farkl1 SiC ve Al,Os katki oranlarina sahip aliiminyum
matrisli kompozit malzemeler iizerinde birgok ¢alisma
yapilmustir. Yiiksek dayanima sahip zirh ¢eligi ve Al-7017
alagiminin farkli 1s1l islem parametreleri ve kalinliklarda
7.62 mm’lik mermiler karsindaki balistik performanslarin
incelenmigdir. Sonug¢ olarak merminin sekline bakarak
hedefin  balistik  performanst  hakkinda  yorum
yapilabilecegi, 200 °C ‘de menevisleme islemi gdérmiis
celigin en yiiksek balistik performans gosterdigi ve iyi
dayamima sahip oldugu tespit edilmistir [6]. Yiiksek
mukavemete sahip aliiminyum alagimlaria SiC ilavesi
sonucu, asinma direncinin SiC parcaciklar1 etkisi ile
yitkselmistir [7]. Aliminyum matrisli B4C, SiC ve Al;O3
parcacik takviyeli kompozit kopiik malzemeleri ramor 500
zirh geligi ile bir araya getirerek 7,62x51 mm g¢elik zirh
delici mermiler karsisindaki balistik perforsi incelenmis ve
sonug olarak SiC parcaciklar1 matris ile uyumlu ara yiizey
olugturmus, AlbOs pargaciklari ise kismen iyi ara yiizey
olusturmustur [8]._SiC ve B4C takviyeli aliiminyum esaslt

kompozit malzemeler iiretilmis ve kompozit yap1 igerisinde
takviye miktarinin artmasiyla sertlik degerinin artmigtir [9].
Al-Mg/SiC kompozit malzemelerin korozyon davranislart
testi sonucuna gore Al-Mg alagiminin SiC takviye
malzemeleri arasinda olusan bilesiklerin  korozyon
dayanmimini arttirmigtir [10]. ZA27 matris alagiminin grafen
nano levha ile takviyelendirilen nanokompozit malzemeleri
toz metaliirjisi yontemi kullanarak iretilmis ve artan grafen
nanolevha miktar1 nanokompozitin korozyon direncini
arttrrmustir [11]. AA2024 matris malzemesinde B4C ve TiC
takviye malzemesi oranlar arttikca kompozit malzemelerin
sertlik, nihai mukavemet ve akma mukavemeti artis
gosterirken stineklilik degerinde azalmalar olmustur [12].
Aliiminyum tozlarinin igerisine farkli oranlarda SiC takviye
ederek gerceklestirilen kompozit malzeme iiretimi sonucu
takviye malzemesinin boyutu ve oraninin artmasiyla
iretilmis olan numunelerin yogunluklarinin arttigint ve
sertlik degerlerinde artis oldugunu tespit edilmistir [13].
Toz metaliirjisi yontemiyle BsC partikiil takviyesi ile Al
matrisli kompozit malzemede sertlik degerlerinin B4C
parcaciklar ile artis gosterdigi goriilmiistiir [14]. Mekanik
alagimlama yontemiyle iretilen Al+%10 Al>Oz kompozit
malzemelerin sertlik ve egme degerlerinde katkisiz olan
numunelere gore artis meydana geldigi sonucuna varilmistir
[15]. SiC parcaciklarinin dagilimi incelenmis ve bu
inceleme sonucuna gore SiC pargaciklarinin diizgiin bir
sekilde dagildig1 gorillmistir [16].

Literatiirde yer alan kompozit malzemelerle alakali
calismalar incelendiginde birgok ¢aligsma yapilmis olmasina
ragmen AlO3 ve SiC katkisi ile ilgili biyiik eksiklikler
oldugu goriilmektedir. Ayrica bu g¢alismadan elde edilen
veriler 1s181nda degisik parametreler kullanilarak gelecekte
yapilacak olan caligmalarin ontinii acacagi
disiiniilmektedir.

Bu ¢alismada, Al,O3 ve SiC katkilandirilmis AA2024
esasli kompozitlerin toz metaliirjisi yontemiyle iiretilmesi
ve Tdretilen malzemelerin  mikroyapt ve mekanik
Ozelliklerinin incelenmesi amaglanmaktadir. Bu ¢aligmanin
bir diger amaci1 ise otomotiv, savunma, havacilik ve makine
imalati gibi Onemli alanlarda kompozitlere alternatif
olusturabilecek yeni bir seramik matrisli kompozit
gelistirmektir.

2 Materyal ve Metot

Bu caligmada, istiin mikro yapisal 6zelliklere sahip
parga tiretimine olanak saglamasi, metal alagimlar1 ve metal
matrisli kompozit iiretimi i¢in uygun olmasi gibi bir¢cok
avantajindan dolay1 toz metaliirjisi yontemi kullanilmistir.
Matris malzemesi olarak toz boyutlar1 63 pm olan AA2024
(2.78 g/lcm?®) tozlar kullamlmustir. Seramik takviye elemant
olarak, yiiksek asinma direncine ve yiiksek 1s1 dayanimina
sahip olmasindan dolay1 malzemelerinin partikiil boyutlar
2-3 um olan SiC tercih edilmistir. Diger bir takviye
malzemesi olarak ise, AA2024 ile uygun ara yiizey
baglanma  yetenegine  sahip  olmasindan  dolay:
malzemelerinin partikiil boyutlart 2-3 um Al,O3 tercih
edilmistir [5]. AA2024, Al;O3; ve SiC tozlarimin teknik
Ozellikleri Tablo 1’de verilmistir. Toz karigimlart igin
gezegen tip bilyeli 6giitiicii (Retsch PM100)’de 400 dv/dk
devir hizinda ve 4 saat boyunca mekanik alasimlama
yapilmustir. Ogiitme islemi tungsten karbiir degirmen ve
bilyeler kullanilarak yapilmistir. Mekanik 6gilitme cihazinin
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hacmi 125 ml, bilye ebati ise 10 mm 6lgiilerine sahiptir.
Tozlar Tablo 2’de belirlenen oranlarda tartilmig ve
homojen bir karisim elde etmek amaciyla mekanik
alagimlama cihazinda karigtirtlmigtir. Daha sonra 250 MPa
basingta 6n sikistirma islemine tabi tutulmustur. On
sikistirma isleminden sonra belirli bir yogunluga ulasmis
toz partikiillerinin ergime sicakliginin altinaki bir sicaklik
olan 560 °C’ye kadar 1sitilip tozlar arasindaki bag
yapilarinin olusturulmasi i¢in sinterleme iglemine tabi
tutulmustur. Sinterlemenin asil amaci malzemede olusan
gozeneklilik oranini azaltmak ve presleme isleminden
sonra mekanik olarak birbirine baglanan toz taneleri,
sinterleme isleminden sonra ise kimyasal olarak birbirine
baglanmasint saglamaktir. Bu bag ile tozlar iyi bir
mekanik dayamm kazanirlar. Daha sonra ise 500 MPa
basingta sicak presleme islemi gergeklestirilmistir.
Calismada kullanilan toz metaliirjisi yontemi islem akis
semas1 Sekil 1’de verilmistir.

Tablo 1. AA2024, Al,Os ve SiC tozlarinin teknik ozellikleri.

AA2024
%Cu 3.8-4.9 Erime 637
%Mg 1.2-1.8 noktasi °C
%Mn 0.3-0.9 Sertlik 120
%Fe 0.5 (Brinell)
%Si 0.5 Yogunluk 2.78
%Zn 0.25 (g/cm?)
%Cr 0.1
%Ti 0.15 Cekme(MPa) 185
Al Kalan
Al203
Erime noktas1 °C 2072
Sertlik (Brinell) 1440
Yogunluk (g/cm®) 3.95
Cekme(MPa) 240
SiC
Erime noktas1 °C 2730
Sertlik (Brinell) 1800
Yogunluk (g/cm®) 3.21
Cekme(MPa) 250

Toz metaliirjisi yOntemiyle {retilen kompozit
malzemeler, i¢yap1 incelemelerinin yapilmasi amaciyla bir
dizi isleme tabi tutulmustur. ilk olarak otomatik kesme
makinasi ile numuneler ylizeyi piiriizsiiz olacak sekilde
kesilmistir. Kesim iglemi yapilan numuneler piiriizsiiz bir
yizey elde etmek amaciyla bakalite alma islemi
uygulanmistir. Bakalite alinan numuneler otomatik yiizey
zimparalama ve parlatma iglemleri  yapilmistir.
Zimparalama isleminde 400, 600, 800, 1000, 1200, 1500,
2000 numaraya sahip zimpara kagitlar1 kullanilmstir.

Yiizey zimparalama iglemi biten numuneler 0,5 pm ve
3 um boyutlar igeren parlatma sivilari ile parlatilmistir.
Parlatma isleminde ise Eposil F parlatma sivis1 kullanarak
yiizey parlatma islemi yapilmistir. Son olarak daglama
¢ozeltisi i¢in Keller ayiraci (2ml HF + 3ml HCI + 5ml

HNOs3 + 190ml saf su) ¢ozeltisi kullanarak yiizey daglama
islemi gergeklestirilmistir.

Tablo 2. AA2024/Al,03 ve AA2024/SiC kompozit numune karigim
oranlari ve sinterlenme siireleri.

Kompozit Sinterleme
Numune Takviye Oranlar1 Siiresi (min)
Kodu (%)
Aos 0.5 Al203+ 99.50 120
AA2024
Aio 1 Al.03 + 99 AA2024 120
Azo 2 Al203+ 98 AA2024 120
Aso 3 Al203+ 97 AA2024 120
Aso 5 Al203 + 95 AA2024 120
Sos 0.5 SiC +99.50 120
AA2024
S10 1 SiC+ 99 AA2024 120
S20 2 SiC + 98 AA2024 120
S30 3 SiC+ 97 AA2024 120
Ss.0 5 SiC + 95 AA2024 120
ALO; Tozlan Al2024 Tozlan SiC Tozlan

Mekanik
Alagimlama
On Sikistirma
(250 MPa)
Sinterleme
(560°C)

Sicak Presleme Korozyon
(500MPa) | ’ Testi

T sy

= Mikroyap Mekanik Testler
Karaktenzasyonu

[SEM[EDS H XRD | [ Yoguntuk || Gekme |[ Sertik |[ Darbe |

Sekil 1. Toz metaliijisi yontemi islem akis semast.

AA2024/Al,03 ve AA2024/SiC kompozit
malzemelerin mikroyap1 incelemeleri ZEISS marka LS 10
model taramali elektron mikroskobu (SEM) ile yapilmistir.

Ayrica takviye malzemelerin, matris malzemesi
icerisindeki dagilimlari ve gézenek boyutu SEM yardimiyla
detayli sekilde yapilmistir. Ayni cihaz yardimiyla EDS
analizleri yapilarak haritalama metodu ile matris malzemesi
ve takviye malzemelerinin dagilimlart incelenmistir.
Bunlarin yani sira korozyon testi sonrast SEM ile alinan
yiizey  goriintiilerine  bakilarak  korozyonun  tiirii
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arastirllmistir. AA2024/A1,03 ve AA2024/SiC kompozit
malzemelerin XRD isinlari ile analizi yapilarak sinterleme
islemi sonrasinda numunelerde olusan faz yapilarinin
tanimi yapilmistir. Bu aragtirmalar ise PANalytical marka
XRD cihaziyla ger¢eklesmistir.

Toz metaliirjisi yontemiyle iiretilen AA2024/Al,03 ve
AA2024/SiC kompozit malzemelerin yogunluk hesaplari
karigim kuralina gére hesaplanmistir. Cekme mukavemet
testleri MTS 45 model ¢ekme test cihazinda ile 0.3 mm/sn
¢ekme hizinda yapilmistir. Test sonuglar1 degerlerinin
ortalamasi sonu¢ olarak yazilmistir. Cekme testi igin
tretilen numunelerin boyutlart 5*¥10*80 mm'dir (ASTM
E-8 standardina gore yapilmustir). Sertlik testleri
Innovatest Nemesis 9000 sertlik 6l¢lim test cihazinda,
Brinell sertlik 6lgiim metodu ile yapilmistir. Bu dlgiim
2.5mm ¢apina sahip batici u¢ yardimiyla, 31.25 kgf yiik ile
10 saniye boyunca otomatik olarak yapilmustir.

AA2024/A1,05  ve  AA2024/SiC kompozit
malzemelerin korozyon davranislarini incelemek amaciyla
potansiyodinamik polarizasyon testi uygulanmustir.
Elektrolitik  ¢ozeltisi igin  %3.5 NaCl ¢ozeltisi
kullanilmistir. Numuneler korozyon testi 6ncesi metanol
ile yikandiktan sonra kurutma iglemine tabi tutulmustur.

Potansiyodinamik polarizasyon o6l¢iimleri -500 mV
potansiyel ile baslayarak dlgiimlere 1 mV/s tarama hizinda
+500 mV anodik potansiyele kadar devam edilerek islem
sonlandirilmigtir. Korozyon davranigi akimin yogunluguna
ve korozyonun potansiyeline gore degerlendirilmistir.

Diisen agirlik darbe testi yonteminde, numune {izerine
6,5 kg yiik bindirilmis 9 mm ¢apinda bir ¢arpma aleti 30 cm
yiikseklikten serbest diisme ile kompozit malzemelerin
ylizeyine ¢arptirilmistir. Carpma aninda 18 joule enerjiye
sahiptir. Carpma sonucu kompozit malzemelerde olusan
hasarlar kontrol edilmistir. Bu deney i¢in kullanilan
numunelerin boyutlart ise 10 mm ¢apinda ortalama 5 mm
kalinliginda numunelerdir.

3 Bulgular ve Tartisma

3.1 Optik Mikroskop Gériintiileri

AA2024/A1,03 ve AA2024/SiC kompozitlerinin mikro
yapilarini degerlendirmek amaciyla, farkli takviye oranlari
ve ortalama deger olan 120 dakika sinterleme siirelerine ait
optik mikroskop goriintiileri Sekil 2°de ve Sekil 3’de
verilmistir.

Sekil 2. AA2024/Al,0; kompozit malzemelerin optik mikroskop goriintiileri.
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Sekil 2 ve 3°deki gorintiiler incelendiginde, Al>O3 ve
SiC takviye oraninin artmasma bagli olarak pargacik
dagilimindaki homojenligin artis gosterdigi sdylenebilir.
Ancak takviye oraninin artmasi ile bir miktar takviye
topaklanmasinin meydana geldigi goriilmektedir. Yine
ayni1 sekilde kompozit yapi igerisindeki bosluk miktari da
takviye oranindaki artigina bagh olarak artmigtir. [13]

Mikroyapt  goriintiileri incelendiginde, faz
parcaciklarin biiylik bir ¢ogunlugunun tane sinirlarinda
dagihm  olusturdugu  goriilmektedir.  Ozellikle toz
metalalurjisi ydntemiyle kompozit iiretim teknolojilerinde,
tane ve tane sinirlarina yakin bolgelerde dagilim gosteren
takviye elamanlari, gozeneklerin kiiclilmesine karsi

. — Aoz
p— P

] +
B
=

[
bt
& N M

-
- - *a H l j '
— " i A
10 20 30 40 50 60 70 80 90

26(°)

Sekil 4. AA2024 ve AA2024/A1,03 kompozit numunenin XRD analizi.

3.3 EDS Analizleri

AA2024/A1,03 ve AA2024/SiC kompozit
malzemelerinin goriintiileri ve elementel dagilimlart Sekil
6 ve 7’de verilmistir. Sekil 6 ve 7 incelendiginde takviye
elemanlarimin ana matris igerisinde homojen bir sekilde

Sekil 3. AA2024/SiC kompozit malzemelerin optik mikroskop goriintiileri.

koyabilmektedir. Bu 6zellik dolayisiyla malzeme mekanik
ozellikleri ve malzeme performansi iizerinde ¢ok etkili
olabilmektedir. Al,O3 ve SiC takviyeli kompozitlerin
mikroyapilarm1  degerlendirilirken bu konuyla alakali
benzer bir¢ok ¢alisma incelenmis ve bulunan sonuglarin bu
caligma ile paralel oldugu goriilmiistiir [18-21].

3.2 XRD Analizleri
Toz metaliirjisi yontemiyle tiretilen AA2024/Al,03 ve
AA2024/SiC kompozit malzemelerinin XRD analizleri

Sekil 4 ve 5’te verilmistir. Sekil 4 ve 5 incelendiginde
yapida Al, Al;O3, SiC, AlCu fazlarina rastlanmustir. [22].

—_— AN/
S AA2024

3
&
g M ‘
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Sekil 5. AA2024 ve AA2024/SiC kompozit numunenin XRD analizi

dagildig1 gorilmektedir. Al,O3 ve SiC takviyeli AA2024
kompozitinin barindirdigi tiim elementlerin pikleri de Sekil
6 ve 7°de net bir gekilde goriilmektedir. Farkli herhangi bir
yapiya rastlanmamig ve {iretilen kompozitlerin atomik
olarak literatiir ile uyumlu oldugu gériilmiistiir [23].
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Sekil 6. AA2024/Al,0; kompozit malzemelerin EDS
analizleri.

3.4 Yogunluk ve Porozite incelemesi

Toz metaliirjisi  yontemiyle {iretilen kompozit
malzemelerin yogunluk hesaplar1 karisim kuralina gore
hesaplanmistir. Yapilan hesaplamalar sonucunda deneysel
yogunluklarinin teorik yogunluklara béliinmesi sonucu
bagil yogunluk degerleri elde edilmistir. Hesaplamalarda
kullanilan formiiller agagida verilmistir.

8t = [(%W)1 * 81] + [(%W)2 * 82] + -+ [(%W)n*6n] (1)

ot: Kompozit malzemelerin teorik yogunlugu

(%W): Her bir takviye malzemesinin karigim i¢inde agirlik
olarak yiizdesi

o: Her bir takviye malzemesinin yogunlugu

Sekil 7. AA2024/SiC kompozit malzemelerin EDS
analizleri.

Bagil yogunluk = [(6t- &d) / 8t]x100 (2)

ot: Teorik yogunluk
dd: Deneysel yogunluk

Deneysel Yogunluk

%Porozite = (1 — )X 100 (3)

Teorik Yogunluk

Toz metaliirjisi yontemiyle iiretilen AA2024/A1,03 ve
AA2024/SiC kompozit malzemelerinin % poroziteyi,
deneysel yogunlugu, teorik yogunlugu ve % bagil
yogunlugu verilen formiiller kullanilarak hesaplanmistir.
Hesaplanan degerler Tablo 3’de verilmistir. Elde edilen
verilerden yaralanarak Sekil 8’de verilen bagil yogunluk-
takviye orami grafigi ve porozite-takviye orani grafigi
¢cizilmigtir [22].
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Tablo 3. AA2024/Al,0;-SiC kompozit malzemelerinin porozite,
deneysel yogunluk, teorik yogunluk, bagil yogunluk degerleri.
Deneysel Teorik Bagil

Yogunluk Yogunluk Yogunluk

Sira Alasim Porozite
No  Tiirii %

(gricm®)  (gr/icm®) %
1 Aos 541 2,635 2,7858 94,59
2 Ao 6,51 2,61 2,7917 93,49
3 Azo 7,4 2,596 2,8034 92,6
4 Aso 8 2,59 2,8151 92
5 Aso 8,05 2,61 2,8385 91,95
6 Sos 3,45 2,686 2,782 96,55
7 S10 4,82 2,65 2,7843 95,18
8 S20 5,95 2,6228 2,7886 94,05
9 S3.0 7,01 2,597 2,7929 92,99
10 Ss.0 7,8 2,583 2,8015 92,2

Toz metaliirjisi yontemiyle tiretilen AA2024/A1,03 ve
AA2024/SiC kompozit malzemelerine ait % porozite,
deneysel yogunluk, teorik yogunluk ve % bagil yogunluk
degerleri Tablo 3’de verilmistir. Verilen % porozite
degerleri incelendiginde katki oranindaki artigla orantilt
olarak % porozite degerinin giderek arttig1 goriilmektedir.
Sekil 8’de verilen porozite-takviye orami grafigi de bunu
destekler niteliktedir.

97
96
95

94
93
92

91 AA2024/SIC

—4—AA2024/A1203

BAGIL YOGUNLUK

90
89

88
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(LI SR

PORPZITE ORANI %
L]

o = N oW B

0.5 1.0 2.0 3.0 5.0
TAKVIYE ORANI (AG.)

Sekil 8. AA2024/Al,03 ve AA2024/SiC kompozit malzemelerin bagil
yogunluk-takviye oran1 grafigi ve porozite-takviye orani grafigi.

Tablo 3°de verilen deneysel yogunluk degerleri
incelendiginde, katki oraminin artmasiyla deneysel
yogunluk degerinin ¢ok kiigiik miktarlarda distiigi
goriilmektedir. Tablo 3’de wverilen teorik yogunluk
degerleri incelendiginde, katki oranindaki artisa baglh
olarak teorik yogunluk degerinin de giderek arttif
goriilmektedir. Tablo 3’de verilen % bagil yogunluk
degerleri incelendiginde ise takviye oranindaki artigla
orantili olarak % bagil yogunluk degerinin giderek azaldig:
goriilmektedir. Toz metaliirjisi yOntemiyle {iretilen
AA2024/A1,05 ve AA2024/SiC kompozit malzemelerin %
bagil yogunluk degerlerinde ortaya ¢ikan azalma iizerinde
etkili olan durumun, AA2024 matris malzemesi ile Al;O3
ve SiC takviye elemanlar1 arasindaki baglanma ara
yizeylerinde  olusan  bosluklardan  kaynaklandigt
sOylenebilir. Katki oranindaki artisa bagli olarak ara
ylizeyde olusan bosluk miktarinin artti§i ve buna bagh

olarak yogunlukta bir azalma meydana geldigi sdylenebilir.
Bunun yani sira AA2024 matris yapisi igerisinde yer alan
bakirin, sinterleme sirasinda meydana gelen sisme
etkisinden dolay1, gézeneklerin kii¢lilmesine karsi koyarak,
yogunluk artis1 6niine gegmesi, bir diger dnemli etkilesim
olarak gosterilebilir. Toz metaliirjisi yontemiyle iiretilen
AA2024/Al,03 ve AA2024/SiC kompozit malzemelerine
ait % porozite, deneysel yogunluk, teorik yogunluk ve %
bagil yogunluk degerleri literatiirde yapilan diger benzer
bir c¢aligmayla karsilastirilmis ve sonuglarin birbirine
paralel oldugu tespit edilmistir [21].

3.5 Cekme Mukavemeti

Toz metaliirjisi yontemiyle iiretilen AA2024/A1,03 ve
AA2024/SiC kompozit malzemelerine ait ¢ekme testi
sonuglar1 Tablo 4’te verilmistir. Kompozit malzemelere ait
¢ekme testi sonucglarindan elde edilen mukavemet
degerlerinin takviye orani ile degisim grafigi ise Sekil 9’ da
verilmigtir.

Tablo 4. AA2024/Al,03 ve AA2024/SiC kompozit malzemelerinin
mukavemet degerleri.

Numune Kodu Cekme Mukavemet Degeri (MPa)

Aos 255,4
Avo 278,1
Azo 310,6
Aszo 175,9
Aso 163,8
Sos 285,7
S10 304,8
So0 352,3
S30 180,6
Ss.0 171,9

Tablo 4’de verilen AA2024/A1,03 ve AA2024/SiC
kompozit malzemelerine ait ¢ekme mukavemet degerleri
incelendiginde %2’lik takviye oranina kadar ¢ekme
mukavemet degerleri artis gosterirken %2°den sonra ¢ekme
mukavemet degerlerinde azalma meydana geldigi
goriilmiistiir.

390
360
330 1
300

270
—+—AAJO24(AI203

CEKME MUK, [MPA)

0 4 AR2024/5iC
210

180

150

0.5 1.0 .0 3.0 5.0
TAKVIYE ORANI [%A05.)

Sekil 9. AA2024/Al,05; ve AA2024/SiC kompozit malzemelerin
mukavemet degerlerinin takviye orani ile degisim grafigi.

Sekil 9’da verilen AA2024/A1,0; ve AA2024/SiC
kompozit malzemelerine ait ¢gekme mukavemet degerleri
incelendiginde %2’lik takviye oranina kadar ¢ekme
mukavemet degerleri artig gosterirken %?2’den sonra gekme
mukavemet degerlerinde azalma meydana geldigi
goriilmistiir. Buradan AlO3 ve SiC takviyesinin %2’ye
kadar malzemenin mekanik 6zelliklerini iyi etkiledigini
ancak %2’den sonra malzemeyi gevreklestirdigi sonucu
cikartilabilir. Tim degerler arasinda en iyi c¢ekme
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mukavemeti degerini Aoo Ve Syo numuneleri vermistir.
Tablo 4 ve Sekil 9’a gore, takviye oraninin %2 nin iistiine
¢tkmasi ve buna bagli olarak ¢ekme dayaniminda bir
azalma meydana gelmesinin sebebinin artan takviye
miktariyla topaklanma miktarimin artmasindan
kaynaklandig1 disiiniilmektedir. Topaklanma miktart
arttikca matris ile takviye malzemesinin arasindaki bag
kuvvetleri zayiflamaktadir. Baglarin zayiflamasindan
dolay1 ¢cekme mukavemetlerinde siirekli olarak diigmeler
meydana gelebilmektedir. Yapilan ¢ekme mukavemeti
testlerinden ¢ikarilan sonuglar literatiirdeki sonuglarla
karsilagtirilmis ve bu sonuglarin literatiirdeki sonuglara
paralel oldugu tespit edilmistir [23-24].

3.6 Sertlik Degerleri

AA2024/Al1,03 ve AA2024/SiC kompozit
malzemelerinin Brinell Sertlik Degerleri (BSD) Tablo
5’de, takviye oram ile sertlik degerlerindeki degisim ise
Sekil 10°da verilmistir.

Tablo 5. AA2024/Al,03 ve AA2024/SiC kompozit malzemelerine ait
Brinell Sertlik Degerleri (BSD).

Numune Kodu Brinell Sertlik Degeri (BSD)

Aos 130
Ao 136
Az 144
Aszo 149
Aso 153
Sos 136
S10 141
S20 147
Ss0 155
Ss.0 159

Tablo 5°de verilen AA2024/A1,0; ve AA2024/SiC
kompozit malzemelerine ait Brinell Sertlik Degerleri ve
Sekil 10’da wverilen sertlik-takviye orant grafigi
incelendiginde, kompozit malzemelerin takviye oranlarinin
artmasiyla sertlik degerlerinin de arttigi gorilmiistiir.
Bunun  sebebi  takviye = malzemelerinin  matris
malzemesinden daha sert bir yapiya sahip olmasidir.
AA2024/A1,0; ve AA2024/SiC kompozit malzemeler
icerisinde en yiiksek BSD’ye sahip numuneler Aso Ve Ssg
kompozitleridir. Aso ve Sso kompozit numunelerin takviye
miktarinin yiiksek olmasi sebebiyle AA2024 matrisinin toz
partikiilleri daha fazla plastik deformasyona maruz
kalmigtir. Bu durum sonucunda matris malzemesi ile
takviye malzemeleri arasinda gerilmeler meydana
gelmistir.  Meydana gelen gerilmeler dislokasyon
mekanizmas1  olarak  bilinen = peklesme  olarak
adlandirilmaktadir. Yapilan sertlik Olciimleri
degerlendirildiginde, Al,O3 ve SiC takviyesinin AA2024
matrisinin mekanik 6zelliklerini olumlu yonde etkiledigi
sOylenebilir. Bulunan BSD sonuclar1 literatiirdeki
sonuglarla karsilastirilmis ve bu sonuclarin literatiirdeki
sonuglara paralel oldugu tespit edilmistir [18-19-22].

3.7 Korozyon Direnci

Toz metaliirjisi yontemiyle iiretilen AA2024/A1,03 ve
AA2024/SiC kompozit malzemelerine ait korozyon
deneyleri test sonuglar1 Tablo 6’da verilmisgtir.

Tablo 6’da verilen AA2024/A1,03 ve AA2024/SiC

kompozit malzemelerine ait korozyon testi sonucu Ekor,
Ikor ve korozyon hizi degerleri incelendiginde, Al>O3-SiC
takviyeli numuneler icerisinde en yiiksek Ikor ve korozyon
hiz1 degerleri %0.5 takviyeye sahip kompozit numunelerde
goriilmistir. Korozyon hizinin yiiksek olmasi o
numunenin  korozyon direncinin  diisiik oldugunu
gostermektedir. Buna bagli olarak en diisiik korozyon
direncine sahip olan numunelerin Ags ve Sos adh
numuneler oldugu sdylenebilir. En diisiikk korozyon hizi
degerine sahip numuneler ise As o Ve Ssonumuneleridir. Bu
da Aso ve Ssonumunelerin en yiiksek korozyon direncine
sahip numuneler oldugunu géstermektedir.

Tablo 6. AA2024/Al,03 ve AA2024/SiC kompozit malzemelerinin
korozyon testi sonucu.

Numune Korozyon
Kodu Ekor (MV) lor (MA) Hizi (mpy)
Aos -765 10,71 7,92
Aio -720 6,32 4,63
A2o -804 2,07 1,61
Aso -918 1,14 0,83
Aso -617 0,97 0,69
Sos -1180 26,61 17,12
S10 -693 10,11 7,32
S20 -955 5,25 3,56
Sz0 -642 2,54 1,87
Ss.0 -657 1,88 141
180 -
170 4
160 o _,_._--"'_'-‘
= 150 | /
7 140 —
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% 130 —m— AA2023/5iC
120 4
110 A
100

0.5 1.0 2.0 3.0 5.0
TAKVIYE ORANI (AG)

Sekil 10. AA2024/Al,03 ve AA2024/SiC kompozit malzemelerine ait
sertlik-takviye orani grafigi.

Yapilan degerlendirmeler sonucu Al,Os ve SiC takviye
oranindaki artisin korozyon direncinin artmasina sebep
oldugu ve AA2024 matrisinin mekanik 6zelliklerini olumlu
yonde etkiledigi tespit edilmistir. Karacif K. ve arkadasi
yaptiklar1 ¢alismada, takviyeli aliiminyum kompozit
malzemelerin korozyon davramisimi incelemis ve benzer
sonuglar bulmustur [24].

Toz metaliirjisi yontemiyle iiretilen AA2024/A1,03 ve
AA2024/SiC kompozit malzemelerin potansiyodinamik
polarizasyon egrileri Sekil 11 ve 12°de verilmistir.

AA2024/Al,03 ve AA2024/SiC kompozit
malzemelerin Sekil 11 ve 12°de verilen potansiyodinamik
polarizasyon egrileri incelendiginde, anodik ¢oziinmeler
sonucu anodik polarizasyon egrisi olusurken, katodik
¢cozlinmeler sonucu katodik polarizasyon egrilerinin
olustugu goriilmektedir. Anodik ¢6ziinme olugsmasi bu
kompozit malzemelerin pasif olmasmin sonucu olarak
potansiyel araliklar igerisinde oldugunu ifade etmektedir.
Bu durum pasif akima gore daha biiyiikk bir anodik
¢oziinmenin meydana gelmesiyle ¢ukurcuk korozyonunun
bagladigini ifade etmektedir [26].
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Sekil 14. AA2024/SiC kompozit malzemelerin korozyon testi sonrasi korozyona ugrayan yiizeyleri.
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Toz metaliirjisi yontemiyle iiretilen AA2024/A1,03 ve
AA2024/SiIC  kompozit malzemelerin korozyon testi
sonrasi korozyona ugrayan yiizeyleri Sekil 13 ve 14’de
verilmistir. Sekil 13 ve 14 incelendiginde korozyonun
etkisiyle yiizeyin deformasyona ugradigi ve bir takim
oyuklarin olustugu goriilmektedir. Bu oyuklar dolayistyla
numunelerde bir takim kiitle kayiplar1 meydana gelmistir.
Ayrica SEM goriintiilerinde farkli sekil ve boyutlarda
cukurcuk korozyonunun olustugu goriilmektedir. Fakat bu
cukurcuklarin  yiizeyde rastgele bdlgelerde oldugu
goriilmektedir. Bunun sebebinin toz metaliirjisi tiriinii olan
malzemenin  gézenekli  yapisindan  kaynaklandigi
diisiiniilmektedir. Toz metaliirjisi yontemiyle iretilen
AA2024/A1,0; ve AA2024/SiC kompozit numunelerin
korozyon testi ve porozite orani arasindaki iliskiyi
inceleyecek olursak katki oranindaki artiga bagli olarak ara
yiizeyde olugsan bosluk miktarinin arttigi ve Kkorozyon
direncinin de arttig1 gozlemlenmistir. Bogluk miktarindaki
artisla malzemenin korozyon direncinde bir azalma
beklerken artis meydana gelmesinin sebebinin takviye
elemanlari oldugu diigiiniilmektedir. Yapilan
degerlendirmeler sonucu Al,O3 ve SiC takviye oranindaki
artisin kompozitler icerisinde matris kanallarini kesintiye
ugratarak korozyon direncini olumlu yonde etkiledigi tespit
edilmisdir [25].

3.8 Diisen Agirlik Darbe Testi

Toz metaliirjisi yontemiyle tiretilen AA2024/A1,03 ve
AA2024/SiC kompozit numunelerin diisen agirlik darbe
testi sonucu elde edilen darbe dayanim degerleri Tablo 7°de
ve numunelere ait darbe dayanim degerlerinin grafiksel
kiyaslamasi ise Sekil 15°de verilmistir. Diisen agirlik darbe
testi sonrast numunelerde meydana gelen deformasyon
sonucu makro yapr goriintilleri Sekil 16 ve 17°de
verilmistir.

Tablo 7. AA2024/Al,0; ve AA2024/SiC kompozitlerin darbe dayanim

degerleri.
. . Darbe Dayanim
Numune Kodu Takviye Malzemesi (k3/m)
Aos 6,815
Avo 8,314
Azo Al,O, 9,727
Aso 8,852
Aso 7,081
Sos 12,511
Sio 15,577
S20 SiC 22,23
Sz0 10,608
Sso 5,399

Tablo 7 ve incelendiginde, Al,O3 takviyesinin %2’ye
kadar darbe dayanimini arttirdig, takviye oraninin %2 ’nin
iizerine ¢iktiginda ise darbe dayanimi degerlerini
diistirdiigli goriilmektedir. Yine SiC takviyesinin %2’ye
kadar darbe dayanimini arttirdig, takviye oraninin %2’nin
iizerine ¢iktiginda ise darbe dayanimi degerlerini giderek
diistirdiigi goriilmektedir.

Toz metaliirjisi yontemiyle tiretilen AA2024/A1,03 ve
AA2024/SiC kompozit malzemelerin diisen agirlik darbe
testi sonuglarina ait Sekil 15°de verilen grafikdeki pik
yapan tepe noktalar, ¢arpma aninda elde edilen en yiiksek
darbe dayanim degerlerini vermektedir. Tablo 7 ve Sekil 15

incelendiginde, Al,Oz ve SiC takviyesinin %2’ye kadar
sertlik, ¢ekme mukavemeti gibi mekanik 6zelliklerini
iyilestirdigi, bunun sonucu olarak %2 takviye oranlarinda
darbe dayaniminin arttig1, takviye oraninin %2 nin iizerine
ciktiginda ise darbe dayanimi degerlerinin diistiigli tespit
edilmistir. Bu duruma artan takviye oranina bagli olarak
meydana gelmesi muhtemel kirilgan intermetalik fazlarin
neden oldugu diistiniilmektedir. Yapilan degerlendirmeler
sonucu %?2 takviye oranina sahip kompozit malzemelerin
balistik basar1 i¢in zirh malzemesi olarak kullanilabilecegi
sonucuna varilmistir [27].

DARBE DAYANIMI (kIfm

Sekil 15. AA2024/Al,05 ve AA2024/SiC kompozitlerin Darbe
Dayanimi (kj/m)-Takviye Orani (%AG.) grafigi.

il
Sekil 16. AA2024/Al,0; kompozit malzemelerin diisen agirlik darbe
testi sonras1 makro yapi1 goriintiileri.
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A S20

Sekil 17. AA2024/SiC kompozit malzemelerin balistik test sonrasi
makro yap1 goriintiileri.

Toz metaliirjisi yontemiyle iiretilen AA2024/A1,03 ve
AA2024/SiC kompozitlerin Sekil 16 ve Sekil 17’deKi
diisen agirlik darbe testi sonrast makro yapi goriintiileri
incelendiginde, numuneler igerisinde %2 takviyeli
kompozitler hari¢ diger kompozitlerin bilyiik olgiide
dagilmis ve pargalanmigtir oldugu gériilmektedir. Bu
dagilmalar ve pargalanmalar Tablo 7°de verilen degerleri
ve Sekil 15°de ¢izilen grafigi destekler niteliktedir. Hem
Tablo 7°den hem sekil 15,16 ve 17°den en iyi sonucu veren
numunelerin Az ve Sz oldugu tespit edilmistir.

4  Sonuglar

Bu c¢alismada, AA2024/A1,03 ve AA2024/SiC
kompozitler toz metaliirjisi yontemiyle {iretilmistir. Farklt
katki oranlart kullanilarak mikroyapt ve mekanik
ozelliklerin  nasil  degistigi  incelenmistir. ~ Yapilan
degerlendirmeler sonucu Al,O3 ve SiC takviyesinin
AA2024 matrisi ilizerinde olumlu etkileri oldugu tespit
edilmigtir. Bu ¢alisma sonucunda otomotiv, savunma,
havacilik ve makine gibi 6nemli alanlarda kompozit
malzemelere alternatif olusturabilecek AlO3 ve SiC
takviyeli bir malzeme gelistirmistir. Ayrica bu ¢alismadan
elde edilen veriler 15183inda farkli katki oram1 ve farkl
takviye malzemeleri gibi degisik parametreler kullanilarak
gelecekte yapilacak olan c¢aligmalarin Oniinii agacagi
diistiniilmektedir.

Toz metaliirjisiyle tUretilen Al,O3 ve SiC takviyeli
AA2024 matrisli kompozitlerle ilgili elde edilen sonuglar
asagida siralanmistir.

* Optik mikroskop goriintiileri incelendiginde; Al,O3
ve SiC takviye oraninin artmasina bagl olarak parcacik
dagilimindaki homojenligin artis  gosterdigi  tespit
edilmistir.

* % Porozite, deneysel yogunluk, teorik yogunluk ve
% bagil yogunluk sonuglari incelendiginde; katki
oranindaki artigla orantili olarak % porozite degerinin
giderek arttig1, deneysel yogunluk degerinin ¢ok kiigiik
miktarlarda diistiigli, teorik yogunluk degerinin giderek
artti1, % bagil yogunluk degerinin de giderek azaldig
tespit edilmistir.

* Cekme mukavemet degerleri incelendiginde; %2’lik
takviye oranina kadar ¢ekme mukavemet degerleri artis
gosterirken %2’den sonra ¢gekme mukavemet degerlerinde
azalma meydana geldigi gorillmiistiir.

« Sertlik degerleri incelendiginde; takviye oranlarimin
artmasiyla sertlik degerlerinin de arttigi goriilmiistiir.
Bunun  sebebi  takviye = malzemelerinin  matris
malzemesinden daha sert bir yapiya sahip olmasidir.

» Korozyon testi sonuglari incelendiginde; Al,Oz ve
SiC takviye oranindaki artisgin korozyon direncinin
artmasina sebep oldugu ve AA2024 matrisinin mekanik
ozelliklerini olumlu yonde etkiledigi tespit edilmistir.

* Diisen agirlik darbe testi sonuglart incelendiginde;
AlbO3 ve SiC takviyesinin %2’ye kadar sertlik, ¢ekme
mukavemeti gibi mekanik 6zelliklerini iyilestirdigi, bunun
sonucu olarak %2 takviye oranlarinda darbe dayaniminin
arttigl, takviye oramt %2’nin lizerine ¢iktiginda ise darbe
dayanimi degerlerinin diistiigii tespit edilmistir. Yapilan
degerlendirmeler sonucu %2 takviye oranina sahip
kompozit malzemelerin balistik basari i¢in zirh malzemesi
olarak kullanilabilecegi sonucuna varilmustir.
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Abstract

Original scientific paper
This study investigated the physical properties of plaster or decorative materials made of waste expanded polystyrene (EPS) and pine tree
resin (as a binder). Thirty-two samples were produced by adding waste EPS in 0-3mm and 0-6mm grain diameters in two groups and at
20-80% addition rates and resin at 0, 0.5, 1, and 2% of the dry mix weight. Density, thermal conductivity coefficient, and compressive
reduced by 50.64%, 82.68%, and 84.91% in samples with a diameter of 0-3 mm. Density, thermal conductivity coefficient, and compressive
reduced by 51.03%, 86.55%, and 84.13% in samples with a diameter of 0-6 mm. Density and thermal conductivity decreased by 13.32-
10.42% and 25.37-22.41%, respectively, while compressive strength increased by 29.50-19.56% in samples with a diameter of 0-3 mm
and 2% resin. Density and thermal conductivity decreased by 19.60-13.68% and 17.24-10.25%, respectively, while compressive strength
increased by 16.27-8.85% in samples with a diameter of 0-6 mm and 2% resin. The results show that the samples can be used as interior
plaster, insulation plaster, and decoration material due to their grooving and paint adherence properties. This plaster and decoration material
can help us i) reduce heating and cooling energy, ii) reuse waste EPS and prevent environmental pollution, and iii) reduce building load in
tall buildings.

Keywords: Expanded polystyrene, pine tree resin, insulation plaster, decoration material.

ATIK GENLESTIRILMiS POLISTIREN VE REGINELI ALCI SIVALARIN ISIL ANALIZi

Ozet
Orijinal bilimsel makale

Bu ¢aligsma, atik genlesmis polistiren (EPS) ve ¢am agaci reginesinden (baglayici olarak) yapilmis siva veya dekoratif malzemelerin fiziksel
ozelliklerini arastrmustir. Iki grup halinde 0-3 mm ve 0-6 mm tane caplarinda atik EPS ve kuru karisim agirhiginm %20-80' oraminda
regine ve %0, 0.5, 1 ve 2 oraninda regine ilave edilerek 32 adet numune iiretilmistir. 0-3 mm ¢apli numunelerde yogunluk, termal iletkenlik
katsayist ve basing %50.64, %82.68 ve %84.91 oraninda azaltilmistir. 0-6 mm ¢apindaki numunelerde yogunluk, 1s1l iletkenlik katsayisi
ve basing %51.03, %86.55 ve %84.13 oraninda azalmistir. 0-3 mm ¢apinda ve %2 recineli numunelerde yogunluk ve 1s1l iletkenlik sirasiyla
%13.32-10.42 ve %25.37-22.41 azalirken basing dayanimi %29.50-19.56 artmustir. 0-6 mm ¢apinda ve %2 regineli numunelerde yogunluk
ve 1s1l iletkenlik sirasiyla %19.60-13.68 ve %17.24-10.25 azalirken, basing dayanimi %16.27-8.85 artmustir. Sonuglar, numunelerin kanal
agma ve boya tutma Ozelliklerinden dolayr i¢ cephe sivasi, yalitim sivast ve dekorasyon malzemesi olarak kullanilabilecegini
gostermektedir. Bu siva ve dekorasyon malzemesi kullanilarak i) 1sitma ve sogutma enerjisinin azaltilmasi, ii) attk EPS'yi yeniden
kullanmasina ve ¢evre kirliliginin 6nlemesine iii) yiiksek binalarda bina yiikiinii azaltmasina yardimci olacaktir.

Anahtar Kelimeler: Genlestirilmis polistiren, cam agact reginesi, yalitim stvasi, dekorasyon malzemesi.

1 Introduction mechanically, thermally, or chemically. If we reuse waste

EPS as aggregate in concrete and plaster, we both

Expanded polystyrene (EPS) foam is a white
thermoplastic material with closed pores. It is widely used
in different industries and disposed of after only one use. It
causes environmental pollution as it takes 500 to 1,000
years to biodegrade. Every year, a larger quantity of EPS is
generated and ends up as waste. Therefore, it is important
to recycle waste EPS in an efficient and clean manner for
environmental concerns. Expanded polystyrene is recycled

* Corresponding author.
E-mail address: ayse.bicer@ozal.edu.tr (A. Bicer)

contribute to the economy and solve an environmental
problem.

Porous materials (EPS, fly ash, pumice, expanded
clay, etc.) can be used as aggregates to increase the
insulating property of gypsum plasters. If we use resin
together with porous aggregates, we can further increase
the insulation properties of gypsum plasters. In the present
study, we used pine tree resin. The resin absorbs water and
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swells a little. It loses that water as the sample dries and
causes artificial pores in the plaster. These artificial pores
increase the total porosity of the material and decrease its
density.

There is a large body of research on how to recycle
EPS. Most researchers use it as an aggregate in concrete
[1-10]. This study focused on using it as a filling material
to increase the insulation properties of gypsum plasters.
Similar studies on porous gypsum plasters are summarized
below.

Bicer [11] added 10-90% of fly ash (from Afsin-
Elbistan and Soma thermal power plants) to gypsum
plasters and produced building interior plasters with
thermal conductivity of 0.220-0.230 W/mK. Bicer [12]
also investigated the thermal and mechanical properties of
pine tree resin (PR) reinforced pumice aggregate gypsum
plasters. She added pumice aggregate (2-5 mm, 5-8 mm,
and 8-12 mm grain sizes) to the plaster and produced
plasters with 10.76%. 12.06%, and 17.27% less thermal
conductivity.

However, this study aimed to use waste EPS aggregate
and PR-reinforced gypsum plasters as insulation plaster
and decoration material. To that end, waste EPS was
crushed into granules and divided into two groups with
grain diameters of 0-3 mm and 0-6 mm. Samples were
prepared using gypsum with and without PR. The samples
were subjected to thermal and mechanical tests and
compared with similar materials.

2 Materials and Methods
2.1 Materials
2.1.1 Expanded Polystyrene

Expanded polystyrene is made of small, plastic beads
that are heated and then blown into a foam-like substance.
It consists of cells with small closed pores filled with
stagnant air (Fig 1-a). Of the three to six billion small
closed-pore cells, 98% are inert air and 2% are polystyrene.
Expanded polystyrene is used for both insulation and
packaging thanks to its flexible structure, shock absorption,
and mechanical durability. Expanded polystyrene is not
toxic and is not a food source for bacteria and fungi. It is
disposed of as waste after only one use.

2.1.2 Pine Tree Resin

The resin seeps from an opening in the bark of a tree
and hardens when it interacts with oxygen. After a while,
it sticks to where it flows (Fig. 2-a). We ground the resin
into powder and then kept it in powder form or in water for
48 hours. Afterward, we mixed it with gypsum in the
extract form and used it in plaster samples for two reasons
(Fig 2-b and c). First, it forms artificial micropores in the
plaster structure, resulting in high insulation. Second, the
dried resin hardens, resulting in improved binding
properties.

2.1.3 Gypsum

Satin plaster used in interior plasters and decorative
materials was used to prepare samples.

2.2 Preparation of Samples

The mixing ratio of the samples was determined using
a measuring cylinder (Table 1). The resin must be prepared
to produce test samples. Eighty grams of resin was
dissolved in five liters of water and passed through a filter
(Fig 2-c). Resin amounts were determined (Table 1). The
mixtures were mixed with sufficient water. They were
poured into molds of 20x60x150 mm (for thermal tests)
and 100x100x100 mm (for mechanical tests) and left to dry

(Fig 1).

Table 1. Mixing ratio of samples (g).

Mixing ratio
Materials 20 40 60 80
(%) (%) (%) (%)
EPS (0-3 mm) 5.2 104 15.6 20.4
EPS (0-6 mm) 2.26 452 6.76 9.04
Gypsum 350 700 1050 1400

b) c)
Figure 2. View of resin. a) natural. b) powder resin c) extract resin

2.3 Methods

Thermal conductivity was measured using the hot wire
method in a Shotherm-QTM Thermal Conductivity Meter
Unit, according to DIN 51046 standards [14, 15]. Tables 2
and 3 show the results. Compressive strength tests were
performed using an Ele International according to TS 699
[16, 17]. Compressive strength was converted into tensile
strength according to TS 500 using the following Eqg. (1)
[18]:

fu =0.35/f, O

Water absorption and drying tests were conducted
according to TSE 4045 [19] and BS 812-109 [20]. Water
absorption and drying ratio values were calculated using
Eqg. 2 and Eq. 3, respectively

Water absorption percent= [(Wd-Wk)/Wk].100 2
Drying ratio= [(Wd-Wk)/Wd].100 ?3)
Porosity is defined by Eq (4), [21].

PEPS-Z+Pgypsum-(1-Z) (4)
PEPSmatrix-Z+Pgypsummatrix.(1-Z)

p=1-
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Table 2. Thermal and mechanical properties of samples (EPS particle diameter 0-3 mm).

Porosity Thermal conductivity Compressive Tensile

Water absorption Drying ratio

Code EPS ratio (%) Density (%) (W/mK) strength strength (%) (%)
(g/cm?) (MPa) (MPa)
Pine tree resin 0 %

1 20 1.088 12.92 0.335 3.05 0.73 44.32 24.41
2 40 0.948 28.30 0.190 1.4 0.51 42.86 19.26
3 60 0.741 46.93 0.115 0.56 0.32 35.44 15.73
4 80 0.537 69.93 0.058 0.46 0.28 30.19 13.53

Pine tree resin 0.5 %
5 20 1.048 13.94 0.314 3.68 0.67 46.61 26.63
6 40 0.914 30.12 0.180 1.78 0.47 45.14 23.17
7 60 0.698 49.11 0.110 0.64 0.28 40.08 17.68
8 80 0.522 71.71 0.055 0.51 0.25 32.79 14.07

Pine tree resin 1%
9 20 0.985 18.42 0.285 4.29 0.61 48.17 27.25
10 40 0.881 31.07 0.170 21 0.41 45.27 25.39
11 60 0.658 50.22 0.098 0.8 0.26 41.05 20.42
12 80 0.502 72.58 0.050 0.62 0.23 34.16 16.23

Pine tree resin 2%
13 20 0.943 19.72 0.250 3.95 0.52 49.00 28.22
14 40 0.808 32.90 0.146 1.92 0.37 47.41 26.39
15 60 0.633 52.31 0.088 0.7 0.24 44.28 22.18
16 80 0.481 74.19 0.045 0.55 0.21 35.47 18.73

Table 3. Thermal and mechanical properties of samples (EPS particle diameter 0-6 mm).

Porosity Thermal conductivity Compressive

Tensile Water absorption Drying ratio

Code EPS ratio (%) Density (%) (W/mK) strength strength (%) (%)
(g/cm?) (MPa) (MPa)
Pine tree resin 0 %

17 20 1.015 12.98 0.290 2.71 0.62 36.48 25.06
18 40 0.885 28.44 0.168 1.38 0.39 34.55 20.52
19 60 0.512 47.15 0.090 0.51 0.27 31.95 16.11
20 80 0.497 70.26 0.039 0.43 0.25 28.41 14.16

Pine tree resin 0.5 %
21 20 0.939 14.12 0.275 2.88 0.57 38.42 26.44
22 40 0.814 30.27 0.147 1.46 0.34 36.51 24.08
23 60 0.627 49.34 0.081 0.63 0.25 34.46 19.86
24 80 0.483 72.05 0.037 0.45 0.23 30.58 16.04

Pine tree resin 1%
25 20 0.890 14.56 0.260 3.22 0.51 42.45 28.64
26 40 0.764 24.55 0.131 1.75 0.29 39.54 25.58
27 60 0.605 42.22 0.073 0.75 0.23 37.82 21.51
28 80 0.457 65.95 0.036 0.55 0.22 32.73 17.67

Pine tree resin 2 %
29 20 0.816 15.64 0.240 2.95 0.48 45.58 29.37
30 40 0.696 33.06 0.115 151 0.29 43.54 27.31
31 60 0.548 52.56 0.065 0.65 021 42.58 22.88
32 80 0.429 74.55 0.035 0.50 0.19 34.71 20.80

3 Results and Discussion

The samples with high EPS (Tables 2 and 3) had
smaller thermal conductivity coefficients than similar
construction materials (Table 4) due to the porous
structure of EPS and resin addition.

Table 4. Measured thermal conductivities of different materials [24].

Thermal

Material Density Conductivity

(g/cm?) (W.mtK?
Outher plaster 1.600 0.930
Inner plaster 1.800 1.163
Gypsum thin plaster (Perlite) 0.40-0.50 0.139-0.162
Gypsum rough plaster (Perlite) 0.40-0.50 0.139-0.162
Plaster with cement (Perlite) 0.700 0.244
Gypsum block 0.900 0.221

(Perlite)

The samples with a particle diameter of 0-6 mm had
smaller thermal conductivity coefficients than those with
a particle diameter of 0-3 mm (Fig. 3) because the smaller
the particle size during fragmentation, the lower the

porosity and the higher the density and thermal
conductivity coefficient in EPS. The higher the resin
content, the lower the thermal conductivity coefficients
and higher the total porosity because the samples lose
water during the 28-day drying, resulting in artificial
micropores in addition to the EPS pores.

The density and thermal conductivity decreased by
50.64% and 82.68%, respectively, in the samples with a
particle diameter of 0-3 mm when the EPS content
increased from 20% to 80%. Sample 4 had the lowest
density (0.537 g/cm®) and thermal conductivity (0.058
W/mK) (80% EPS and 2% PR). The density and thermal
conductivity decreased by 51.03% and 86.55%,
respectively, in the samples with a particle diameter of 0-
6 mm when the EPS content increased from 20% to 80%.
Sample 20 had the lowest density (0.497 g/cm?®) and
thermal conductivity (0.039 W/mK).

The samples with EPS and PR had small thermal
conductivity coefficients than Ref [11, 12, 22, 23, and 24]
and close to Ref [25] (Table 5).
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The samples with high particle diameter and EPS
content had small compressive strength values (Figures 4
and 5). In the nonresinous samples, the compressive
strength decreased by 84.91% in the samples with a grain
diameter of 0-3 mm and by 84.13% in the samples with a
grain diameter of 0-6 mm when the EPS content increased
from 20% to 80%. The samples with PR had slightly
higher compressive strength values. In the resinous
samples, the compressive strength increased by 19.56%-
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29.50% and 8.85%-16.27% in the samples with a grain
diameter of 0-3 mm and 0-6 mm, respectively. The
increase in the compressive strength was higher in the
samples with 1% resin, while it slightly decreased in the
samples with 2% resin. The samples had compressive
strength values similar to Ref [12, 22, and 25]. The 1%
resin-reinforced samples with a grain diameter of 0-3 mm
had higher compressive strength values than Ref [12, 22,
and 25] (Table 5).
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Figure 3. Thermal conductivity and porosity-EPS and PR percentage relation in the specimens.
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Figure 5. Compressive strength and thermal conductivity-EPS and PR percentage relation in the specimens.

We can use large-grain EPS in rough interior plasters,
while we can use small-grain EPS in fine interior plasters
and decorative materials. Our results show that EPS and
PR-reinforced gypsum plasters can help us reduce
building loads, allowing us to save heating and cooling
energy and reduce earthquake damage.

All samples had water absorption ratios above 30%,
which is the critical value (Fig. 6). Therefore, these
materials should not be used in exterior plasters because
they are in danger of frost in case they come into contact
with water below 0 oC temperature.
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Figure 6. Water absorption ratio of samples versus EPS and resin percentages.
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The higher the EPS content, the lower the drying rates
(Tables 2 and 3) because EPS does not absorb water. The
water loss through the capillary channels towards the
material surface shows that the samples have a little
breathing ability.

@

The tests showed that the samples could be sawn,

screwed, drilled, and channeled. The tests also showed
that the samples had high paint adherence (Fig. 7).

(b)

Figure 7. Samples can be different types of dyes can be applied a) silicone rubber coating, b) oil painting.

Table 5. Physical properties of similar studies.

Thermal conductivity Compressive strength

i 3
Materials Density (g/c) (W/mK) (MPa) Literature
Fly ash (10%) + gypsum 1.253 0.335 -

Fly ash (30%) + gypsum 1.213 0.295 - [11]
Fly ash (50%) + gypsum 1.197 0.274 -

Fly ash (90%) + gypsum 1.165 0.248 -

Pumice (20%) + gypsum + pine tree resin (0%) 1.252 0.325 3.08

Pumice (80%) + gypsum + pine tree resin (0%) 0.806 0.198 1.66 [12]
Pumice (20%) + gypsum + pine tree resin (2%) 1.204 0.290 0.93

Pumice (80%) + gypsum + pine tree resin (2%) 0.793 0.165 0.61

EPS (20%) + cement (20%) + tragacanth resin (0%) 1.567 0.390 16.87

EPS (80%) + cement (20%) + tragacanth resin (0%) 0.648 0.061 1.82 [21]
EPS (20%) + cement (80%) + tragacanth resin (1%) 1.232 0.320 10.85

EPS (80%) + cement (20%) + tragacanth resin (1%) 0.536 0.050 0.89

Cement + pumice + EPS 0.562 0.330 2.99 [22]
Cement and rubber particle (30%) 1.473 0.625 23.30

Cement and rubber particle (40%) 1.300 0.516 16.00 [23]
Cement and rubber particle (50%) 1.150 0.470 10.50

Pumice (20%) + cement + PT resin (0%) 1.645 0.446 24.34

Pumice (80%) + cement + PT resin (0%) 1.355 0.309 6.67 [24]
Pumice (20%) + cement + PT resin (1%) 1.608 0.407 21.05

Pumice (80%) + cement + PT resin (1%) 1.338 0.262

EPS (20) + gypsum + tragacanth resin (0%) 1.088 0.260 3.29

EPS (80) + gypsum + tragacanth resin (0%) 0.527 0.055 0.82 [25]
EPS (20) + gypsum + tragacanth resin (1.5%) 0.903 0.190 1.20

EPS (80) + gypsum + tragacanth resin (1.5%) 0.451 0.147 0.35

EPS (20) + gypsum + PT resin (0%) diameter:0-3 mm 1.088 0.335 3.05

EPS (80) + gypsum + PT resin (0%) “ 0.537 0.058 0.46

EPS (20) + gypsum + PT resin (2%) “ 0.985 0.285 3.95

EPS (80) + gypsum + PT resin (2%) « 0.502 0.050 0.55 Present
EPS (20) + gypsum + PT resin (0%) diameter:0-6 mm 1.015 0.285 271

EPS (80) + gypsum + PT resin (0%) “ 0.492 0.050 0.43

EPS (20) + gypsum + PT resin (2%) «“ 0.890 0.240 2.95

EPS (80) + gypsum + PT resin (2%) “ 0.457 0.035 0.50

4 Conclusions

This study was conducted to recycle waste EPS. The
results showed that waste EPS could be used as aggregate
in thin plasters, thick plasters, and decorative materials.
In conclusion;

e If we take advantage of the insulation properties of
EPS and use it in plasters, we will solve an
environmental problem.

e EPS-related pores and PR-related micropores reduce
density and thermal conductivity, resulting in a larger
total porosity. Therefore, EPS and PR improve the
insulating properties of plasters. These plasters can be
used for both heat and sound insulation.

If we use EPS aggregate, we can produce plasters with
thermal conductivity coefficients of 0.058-0.335
W/mK (nonresinous with a grain diameter of 0-3
mm), 0.045-0.250 W/mK (resinous; 2%), 0.039-0.290
W/mK (nonresinous with a grain diameter of 0-6
mm), and 0.035-0.240 W/mK (resinous).
EPS-reinforced plasters have the same nailing,
drilling, cutting, sticking, smooth surface, and
painting properties as conventional plasters.

This study recommends that plasters reinforced with

expanded polystyrene, pine tree resin, and gypsum be
used as a potential building material for interior plastering
and decoration for insulation purposes.
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Nomenclature

F [%] Porosity

r [o/cm®] Density

w [a] Weight of sample

z [%6] EPS ratio

1-z [%6] Gypsum ratio

WAR [%] Water absorption ratio
EPS Expanded polystyrene

PR Pine tree resin

fck [MPa] Compressive strength

fetk: [MPa] Tensile strength

EPS matrix EPS with 0 % porosity ratio
gypsUm matrix i}[/i%sum with 0 % porosity
d Wet

k Dry
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Abstract

Original scientific paper
Today, essential oils are considered safe substances and can be used as antibacterial additives. Pimpinella anisum L. (Aniseed) and
Foeniculum vulgare Mill. var. dulce (fennel) species are of great economic importance. In this study, Pimpinella anisum L (Aniseed) and
Foeniculum vulgare Mill. var. dulce (fennel) species, which are an important part of our country's biological wealth and collected from
their natural habitats, were used. It is among the medicinal and aromatic plants cultivated in wide areas in our country. In this study, it
was aimed to determine the antimicrobial properties of essential oils obtained from Foeniculum vulgare Mill. and Pimpinella anisum L
plants. The essential oils of the species were obtained by using the distillation method. The antimicrobial activities of essential oils by hand
were studied using the hollow agar method. Known to be medically important in food, cosmetics and pharmaceutical products Enterobacter
aerogenes (ATCC 13048), Enterococcus faecalis (ATCC 29212), Salmonella enteritidis (ATCC 13075), Staphylococcus
aureus subsp. aureus (ATCC 25923), Escherichia coli (ATCC 25922) and Serratia marcescens (ATCC 13880) evaluated against pathogen
and microbial contaminants. While Foeniculum vulgare showed results parallel to the antibiotic used as standard, no antibacterial activity
was observed in Pimpinella anisum L.

Keywords: Essential oil, antimicrobial, Pimpinella anisum, Foeniculum vulgare Mill. var. dulce.

FOENICULUM VULGARE MILL. VE PIMPINELLA ANISUM L. (APIACEAE) TURLERININ
UGUCU YAGLARININ ANTIMIKROBIYAL AKTIVITESI

Ozet
Orijinal bilimsel makale

Glinlimiizde ugucu yaglar giivenli maddeler olarak kabul edilmekte ve antibakteriyel katki maddeleri olarak kullanilabilmektedir. Bu
¢aligmada tlilkemizin biyolojik zenginliklerinin dnemli bir pargasi olan ve dogal habitatlarindan toplanan Pimpinella anisum L. (Anason)
ve Foeniculum vulgare Mill. var. dulce (rezene) tiirleri kullanilmigtir. Pimpinella anisum L. (Anason) ve Foeniculum vulgare Mill. var.
dulce (rezene) tiirleri ekonomik olarak biiyiik éneme sahiptir. Ulkemizde oldukga genis alanlarda tarimi yapilan tibbi bitkiler arasmda yer
almaktadir. Bu arastirmada Foeniculum vulgare Mill. ve Pimpinella anisum L. bitkilerinden elde edilen ugucu yaglarin antimikrobiyal
ozelliklerinin belirlenmesi amaglanmustir. Tiirlerinin ugucu yaglari hidro distilasyon yontemi kullanilarak elde edilmistir. Elde elden ugucu
yaglarn antimikrobiyal aktiviteleri, oyuk agar yontemi kullanilarak ¢alisilmistir. Gida, kozmetik ve eczacilikta 6nemli oldugu bilinen
Enterobacter aerogenes (ATCC 13048), Enterococcus faecalis (ATCC 29212), Salmonella enteritidis (ATCC 13075), Staphylococcus
aureus subsp. aureus (ATCC 25923), Escherichia coli (ATCC 25922) ve Serratia marcescens (ATCC 13880) patojen ve mikrobiyal
kirleticisine karsi degerlendirilmigtir. Foeniculum vulgare standart olarak kullanilan antibiyotiklere paralel sonuglar sergilerken,
Pimpinella anisum L.’de herhangi bir antibakteriyel aktivite gozlemlenmemistir.

Anahtar Kelimeler: Ugucu yag, antimikrobiyal, Pimpinella anisum, Foeniculum vulgare Mill. var. dulce.

1 Introduction Tarihten bu yana hastaliklarin tedavisinde kullanilan bitki

sayist giin gectikge artmakta olup giliniimiizde tedavi

Insanlik tarihinin baslangicindan bugiine cesitli
amaglarla kullanilan tibbi ve aromatik bitkiler tedavi
amactyla saglikta, kozmetikte ve gida destegi gibi
hayatimizin farkli alanlarinda 6nemli yer tutmaktadir.

*Corresponding author.
E-mail address: ntasar@munzur.edu.tr (N. Tasar)

amactyla kullanilan tibbi ve aromatik bitkilerin sayisi
tahminen 20 ile 72 bin arasinda oldugu belirtilmektedir.
[1]. Tirkiye biyolojik gesitlilik agisindan zengin iilkeler
arasindadir. Tirkiye florasinin en son verilere gore
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3649“u endemik olmak lizere 9996 tiir, alt tiirleri ile
birlikte 11.707 bitki taksonuna sahip oldugu belirtilmistir
[2]. Sentetik ve kimyasal ilaglarin asir1 kullanilmasindan
dolay1 glinliimiiz insanlar1 dogal iirlinlere yonelmis ve tibbi
bitkilere olan ilgi artmistir. Tiirkiye matematiksel
konumundan kaynakli iklim cesitliligi ve zengin bitki
ortiistiyle endemik tiirlerin gen merkezi konumuna
gelmigtir. Tibbi ve aromatik bitkiler konusunda da
diinyadaki en 6nemli yerlerden biri olmustur [3].

Apiaceae familyasi ¢igekli bitkiler igindeki en genis
familyalardan bir tanesidir [4]. Apiaceae familyasinin 455
cins ve 3600-3751 tiir ile temsil edildigi bilinmektedir.
Diinya genelinde ticareti yapilan birgok bitki tiirii bu
familyada bulunur. Cok eski tarihlerden beri tedavi amaglt
olarak kullanildig1 bilinen bu tiirler ayrica gida kaynagi,
hayvan yemi ve baharat seklinde de kullanilirlar. Bu
familya {ilkemizde 101 cins ve 485 tir ile temsil
edilmektedir. Ayrica Endemizm oraninin % 37,3 oldugu
bilinmektedir.

Apiaceae familyasina ait olan Pimpinella anisum L.
(Anason) ve Foeniculum vulgare Mill. var. dulce (tath
rezene) tiirleri 6zel aromatik yapisi ve ucucu yaglari ile
bilinmektedir [5]. Bu tiirlerin ilkemizde c¢ok genis
alanlarda tarimu yapilmaktadir. Yine bu bitkiler,
ekonomik olarak biiyiikk Oneme sahip olan tibbi ve
aromatik bitkiler arasinda yer almaktadir. Pimpinella
anisum habitat olarak Tiirkiye, iran, Hindistan, Misir ve
diinyanin pek ¢ok sicak bolgesinde yetisir. Tek yillik bitki
olan bu tir beyaz g¢icekli, kiigiik yesil ya da sari
tohumludur [6]. Ulkemizde Burdur ili ve ¢evresinde bu
tirlerin dretiminin biiyiik bir bolimii yapilmaktadir.
Foeniculum vulgare Akdeniz Bolgesi’'ne 6zgii olan bir
tirdiir. Diinya genelinde biiyiikk dl¢lide ticareti yapilan
rezenenin aci rezene Foeniculum vulgare subsp. vulgare
var. vulgare ( ac1 rezene) ve Foeniculum vulgare subsp.
vulgare var. dulce (tatli rezene) olarak kiiltiirii yapilan iki
farkli varyetesi bulunmaktadir [7]. Foeniculum vulgare
tirinden elde edilen ugucu yaglar solunum yollar
hastaliklarinin tedavisinde kullanilmaktadir. Bu tiiriin
esansiyel yagi ekspektoran etkisinden dolay1 ozellikle
ABD ve Almanya’ da Oksiiriik suruplarinin bilesimine
katilmaktadir [8]. Yine bu bitkinin meyvesi, mukus
sekresyonunu arttirict 6zelliginden dolay1 solunum yolu
hastaliklarinda ve bogazi ferahlatici 6zelliginden dolay1
da cay olarak kullanilmaktadir [9]. Rezene ve anason
bitkileri  besinlerin  sindirimini  arttirarak  hazmu
kolaylastirmaktadir. Sindirim sistemindeki rahatlatict
etkisinden  dolayr  bebeklerin gaz  sancilarmin
giderilmesinde kullanilmaktadir [10-11]. Bu tiirlerin genel
olarak kaynatilarak ve demlenerek c¢ayi yapilmaktadir.
Ayrica, meyvelerinden elde edilen ugucu yaglarin
antimikrobiyal ve antioksidan aktiviteleri ile birlikte tibbi
olarak bir¢ok alanda kullanmildiklar1 belirlenmistir [12].
Anason ve rezene bitkilerinin meyvelerinden hidro-
distilasyon yontemi ile ugucu yag elde edilmektedir [5].
Bu bitkilerin ugucu yaglar1 ana bilesen olarak trans-
anethol bulundururlar. Trans-anethol, rezenede %35-82
ve anasonda %75-95 oranminda bulunmaktadir [13]. Bu
bilesen kotii kokularin giderilmesinde sabun yapiminda,
dis macunu {iretiminde yaygin olarak kullanilir. Bu
bitkilerin sabit yaglar1 solvent ekstraksiyonu yontemi ile
elde edilir ve bu yaglarda genis alanlarda kullanilir[14].
Ayrica gida sanayinde; sekerleme yapiminda, unlu mamiil

iretiminde, sakiz yapiminda, iceceklerde ve sigara
iiretiminde aroma verici olarak kullanilmaktadir [15].

Ugucu yaglar, aromatik bitkilerde biyolojik olarak
aktif olan ve ikincil metabolizma ile iiretilen dogal olarak
olusan kokulu, ugucu, yaglt sivilardir [16]. Farkli ugucu
bilesiklerin karmasik kombinasyonlarint igerirler, gida,
parfim ve ilac gibi endiistrilerde yaygin olarak
kullanilirlar birgogu genellikle giivenli olarak kabul edilir
[17]. Bu bilesiklerin, kullanimlarin giivenli oldugu, diistik
toksisiteye, ¢evre tizerinde daha az olumsuz etkiye ve en
onemlisi antimikrobiyal 6zelliklere sahip olduklari icin
kimyasallarin veya antibiyotiklerin yerine
kullanilabilirler[18]. Tarimsal friinlerdeki bakteriyel
hastaliklarin  tedavisi esas olarak iki antibiyotik
kullanilmaktadir. Bunlar streptomisin ve
oksitetrasiklin’dir Bununla birlikte, olumsuz ¢evresel ve
saglik etkileri ile birlikte bakteri direncinin ortaya ¢ikmast
nedeniyle antibiyotik kullanimlar1 sinirlandirilmaktadir.
Bu nedenle ugucu yaglar, alternatif ajanlar olarak 6n plana
¢ikmaktadir.

Bu galismanin amaci, cesitli bakteriyel patojenlere
kars1 Foeniculum vulgare Mill. ve Pimpinella anisum L.
tiirlerine ait ugucu yaglarin antimikrobiyal aktivitesini ve
bakteriyel tiire 6zgiilliigiini belirlemektir.

2 Materyal ve Metod
2.1 Bitki Materyali

Caligmaya konu olan ugucu yaglarin temini igin
kullanilan bitki 6rnekleri Kahramanmaras Siitcii Imam
Universitesi Tarla Bitkileri Boliimiinden temin edilmistir.

2.2 Ucucu Yag Ekstraksiyonu

Bitkilerden ugucu yag elde etme islemi
Kahramanmaras Siitcii Imam Universitesinde bulunan
T1ibbi ve Aromatik Bitkiler Laboratuvarinda yapilmistir.
Caligmada kullanilan ardi¢ tiirlerine ait yapraklar
ogiitiilmiis ve su distilasyonu yontemi kullanilarak ii¢ saat
stiresince Neo-Clevenger cihazinda ekstrakte edilmistir.
Bu islem i¢in 50 gram 6giitiilmiis bitki materyali iizerine
500 ml saf su eklenerek hidrodistilasyon islemine tabi
tutulmustur. Elde edilen ugucu yaglar ¢alisma diizenegi
kurulana kadar buzdolabinda -18 °C de depolanmustir.

2.3 Agar Kuyusu Difiizyon Test Yontemi

Ugucu yag ekstraksiyonlart iiriinlerinin antibakteriyel
aktivitesinin belirlenmesinde agar kuyucuk difiizyon test
yontemi kullanilmugtir [19]. Antibakteriyel aktivite ATCC
(American Type Culture Collection) suglart olan
Enterobacter aerogenes (ATCC 13048), Enterococcus
faecalis (ATCC 29212), Salmonella enteritidis (ATCC
13075), Staphylococcus aureus subsp. aureus (ATCC
25923), Escherichia coli (ATCC 25922) ve Serratia
marcescens (ATCC 13880) kullanilarak
degerlendirilmistir. Bakteri suslar1 i¢cin Muller Hinton
agar (MHA) kullanilmistir. Kisaca, 100 ul log fazindaki
patojen Ornekleri 20 ml MHA besiyerine eklenerek petri
kaplarina dokiilmistiir. Daha sonrasinda MHA petrilerine
oyuk agmak icin steril mantar delici (6 mm g¢ap)
kullanilmig ve her kuyuya 10 pL ugucu yag asidi ilave
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edilmistir. Test edilen organizmalarin duyarliligin
kontrol etmek i¢in pozitif kontrol olarak Streptomycin -10
ng kullanilmustir. Petriler gece boyunca 37 °C'de inkiibe
edilmistir. Antimikrobiyal aktivite, her bir kuyunun
etrafindaki ~ temiz  bodlgenin  boyutu  Olgiilerek
degerlendirilmistir [20]. Tim testler ti¢ kopya halinde
yapilmig; sonuclar ortalama + ortalamanin standart
hatalar1 olarak ifade edilmistir.

3 Bulgular ve Tartigma

Antimikrobiyal o6zelliklere sahip birgok bitkisel
kaynakli ugucu yag bilinmektedir, ancak hepsi ayni
aktiviteye sahip degildir [21]. Ugucu yaglarin etkinligi
bakteriyostatik (bakteri {iremesini engeller, ardindan
mikrobiyal hiicreler lireme yeteneklerini geri kazanabilir)
veya bakterisit etkisi (bakteri hiicrelerini oldiiriir) ile
ilgilidir [22]. Genel olarak, ugucu yaglarin mikrobiyal

aktivitesi, Gram pozitif bakterilere kargt Gram negatif
bakterilerle ayn1 degildir [23]. Bu 6zelligin, Gram-negatif
bakterilerin dis zarmnin bakteri hiicresine hidrofobik
bilesenlerin girisiyle sinirlandirtlmasiyla iligkili oldugu
diistiniilebilir. Ancak tar¢in, karanfil ve kekik gibi
bitkilerden elde edilen ugucu yaglar her iki bakteri tiiriine
karsi aym etkinlige sahiptir. Bu bitkilerden elde edilen
ugucu yaglarin Bacillus cereus, Pseudomonas aeruginosa
ve Staphylococcus aureus fizerinde aym etkiyi
goOstermistir [24]. Bu bilgiler 1s181nda Foeniculum vulgare
tirliniin esansiyel yaginin, Streptomycin antibiyotigi ile
kiyaslandiginda tiim denenen patojenlere  Kkarsi
antibakteriyel ozelliklere sahip oldugunu agik¢a
gostermigtir. Dikkat edilmesi gerek nokta Pimpinella
anisum tliriinin ise patojenlere karst herhangi bir
antimikrobiyal aktivite sergilememis olmasidir (Tablo 2.)

Tablo 2. Foeniculum vulgare ve Pimpinella anisum bitkileri ve patojen mikroorganizmalar arasindaki inhibisyon bdlgesi
(mm=+SD: Standart sapma; ® En yiiksek inhibisyon zonu).

Ucucu yag asitleri Standart Antibiyotikler

Microorganizmalar Foeniculum vulgare Pimpinella anisum Streptomycin (S10)
E. aerogenes (ATCC 13048) 18,60+0,46 2 Inhibisyon zonu tespit edilmemistir. 13,60+0,44
E. faecalis (ATCC 29212) 19,30+0,802 Inhibisyon zonu tespit edilmemistir. 18,5340,21
S. enteritidis (ATCC 13075) 17,93+0,49 Inhibisyon zonu tespit edilmemistir. 20,170,962
S. aureus subsp. aureus (ATCC 25923) 17,6340,70 Inhibisyon zonu tespit edilmemistir. 18,9740,742
E. coli (ATCC 25922) 19,67+1,012 6,03+0,42 18,03+0,59
S. marcescens (ATCC 13880) 15,4740,70 Inhibisyon zonu tespit edilmemistir. 17,0740,252

4  Sonuglar caligmada ise baz1 Anason (Pimpinella anisum L.) ve tatli

Esansiyel yaglar, eski zamanlardan beri aromaterapi
ve hastalik kontroliinde, gdzlemsel ¢alismalara dayanarak
substrati, mikroorganizma veya makroorganizma ile
etkilesimi bilinmeden kullanilmaktadir. Giinlimiizde pek
¢ok ugucu yag mevcuttur ve bulunabilirliklerine ve yerel
geleneklere gore yaygin olarak kullanilmaktadir [25].
Uzmanlarin goriislerine gore antibiyotik donemi yakinda
sona erecek. Dogal 6zler olarak diisiik yan etkileri olan
ucucu yaglar, antimikrobiyal miicadelede giivenilir
alternatifler haline gelebilir. Birgok hasta, ugucu yaglarla
yapilan lokal tedavilerden fayda saglayabilir. Farkli
enfeksiyonlarin kontroliinde kullanilabilirler.
Ayrica, ¢oklu ilaca direngli suslara karsi miicadele de
antibiyotiklerden baska yollarla kazanilmalidir ve dogal
Ozler de bunun bir pargast olabilir. Aktif antimikrobiyal
bilesikleri vermenin uygun yollarini bulmak i¢in daha
fazla ¢aligmaya ihtiyac¢ vardir.

Yapilan bir calisgmada Foeniculum vulgare tiiriiniin ugucu
yaginin ana bileseninin %70,1 oraninda trans-anetol
oldugu bildirilmis ve bu ugucu yagin %100 antifungal
aktivite gosterdigi belirtilmistir [23]. Bagka bir ¢alismada
ise yine Foeniculum vulgare (rezene) ugucu yagmin
%69.87 oraninda trans-anetol igerdigi belirtilmis ve
ugucu yagin E. coli, B. subtilis, A.niger, F. solani ve R.
solani mikroorganizmalarina karsi sirasiyla 14, 29, 28, 26
ve 19 mm inhibisyon zon ¢aplariyla antimikrobiyal etkiye
sahip oldugu bildirilmistir [26]. Yapilan baska bir

Rezene (Foeniculum wvulgare Mill. var. dulce)
populasyonlarinin ugucu yag bilesenleri belirlenmistir.
Sonug olarak her iki tiiriin ugucu yag bilesenlerinde trans-
anethol en yiiksek oranda tespit edilmistir. Trans-anethol
orammnin,  Pimpinella  anisum  populasyonlarinda
(%85.2243.98-97.23+0.18), Foeniculum vulgare
(%81.6343.79-92.64+1.90) populasyonlarina gére daha
yiiksek oranda oldugu bildirilmistir [27].

Bu ¢aligmada Foeniculum vulgare ve Pimpinella
anisum tiirlerinin ekstraktlar1 oldukga yaygin bir sekilde
goriilen patojenlere karst denenmistir. Elde edilen
sonuglar Streptomycin ile karsilastirilarak
degerlendirilmistir. Foeniculum vulgare ve Pimpinella
anisum tiirlerinin ugucu yaglarmin antimikrobiyal
aktiviteleri oyuk agar diflizyon yontemi ile alt1 patojen
(Enterobacter  aerogenes, Enterococcus faecalis,
Salmonella  enteritidis,  Staphylococcus  aureus,
Escherichia coli ve Serratia marcescens) bakteriye karsi
taranmistir.  Sonug¢ olarak Foeniculum vulgare tiirti
standart olarak kullanilan antibiyotige kars1 paralel sonug
sergilemig, Pimpinella anisum L.’de ise herhangi bir
antibakteriyel aktiviteye rastlanmamistir. Elde edilen
sonuglar, bu tiirlerin antimikrobiyal aktiviteleri ile ilgili
daha sonra yapilacak ¢aligmalara katki saglayacaktir.

Bilgilendirme

Bu ¢alismada etik kurul onay belgesine gerek yoktur.
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Abstract

Original scientific paper
The aim of the study is to investigate how the choice of airfoil affects the aerodynamic characteristics of a flying wing UAV. For this
purpose, comparative analyzes were performed for four different airfoils: MH60, TL54, Eppler 339, and TSAGI 12%. Given the maximum
range performance (maximum lift /drag ratio), the best aerodynamic efficiency is given by the flying wing UAV with MH60 and TL54
airfoil. Based on their maximum lift-to-drag ratio, the flying wing UAVs made with MH60 and TL54 airfoils exhibited the best
aerodynamic efficiency. Specifically, the maximum lift-to-drag ratio for the flying wing with the MHG60 airfoil was 33.1, while that for the
flying wing with the TL54 airfoil was 32.7. Considering the pitching moment coefficient, the flying wing made with the MH60 airfoil and
TsAGI 12% exhibited a more stable characteristic than the TL54 and Eppler 339 airfoils. Based on the results of the study, it was found
that the flying wing UAVs made with the TL54 and MH60 airfoils outperformed those made with the Eppler 339 and TsAGI 12% airfoils
in terms of maximum range, minimum descent rate, and maximum endurance performance.

Keywords: Flying wing, MH60, tailless aircraft, TL54, XFLR5.

UGAN KANAT TiPi iHA'LARDA KULLANILAN KANAT PROFILLERININ AERODINAMIK
PERFORMANSLARININ KARSILASTIRILMASI

Ozet
Orijinal bilimsel makale

Calismanin amaci, kanat profili se¢iminin ucan kanat IHA'larin aerodinamik 6zelliklerini nasil etkiledigini ortaya koymaktir. Bu amagla
MH60, TL54, Eppler 339 ve TsAGI %12 kanat profilleri i¢in karsilagtirmali analizler yapilmistir. Maksimum menzil performansi
(maksimum kaldirma / siiriikleme orani) goz oniine alindiginda, en iyi aerodinamik verimi MHG60 ve TL54 kanat profilinden yapilmis ugan
kanatli ITHA vermektedir. MH60 kanat profili ile ugan kanatta maksimum L/D oran1 33,1'dir, bu deger TL54 kanat profili ile 32.7 ucan
kanattir. Eppler 339 ile ugan kanat, TSAGI %12 ile ucan kanada kiyasla negatif hiicum agilarinda daha avantajlidir. Egim momenti katsayis1
dikkate alindiginda TsAGI %12 ile MH60 kanat profilinden yapilan ugan kanat TL54 ve Eppler 339'a gore daha stabil bir 6zellik
gostermektedir. Calisma sonucunda TL54 e MHG60 airfoile sahip ugan kanat IHA, maksimum menzil, minimum inis hiz1 ve maksimum
dayaniklilik performansi agisindan Eppler 339 ve TsAGI %12'den daha iyi performans gostermistir.

Anahtar Kelimeler: Kuyruksuz ugak, MH60, TL54, U¢an kanat, XFLR5.

pitching moment coefficient [1]. Hepplerle [2] proposed
several airfoils (MH45, MH60, etc.) for tailless aircraft,

1 Introduction

A flying wing is a type of tailless aircraft whose useful
load is located in the main wing without definite fuselage.
Although the flying wing has the lowest drag design
configuration, it is a disadvantageous design because the
wing is laterally and directionally unstable. The airfoils
used in the design of flying wings are reflexed airfoils,
which are also used in tailless aircraft. Reflexed airfoils
are created by adding a reflex camber to an airfoil,
resulting in a very small decrease in the lift coefficient
and a small increase in the drag coefficient. However, this
modification leads to a significant reduction in the

*Corresponding author.
E-mail address: drmsyhn@gmail.com (S. Durmus)

while Eppler [3] proposed an airfoil series (E 325-E 340)
for the same purpose. Alsahlani [4] claimed that the
several new airfoils of varying thicknesses (ZMR-19,
ZMR-26) designed for an aft-swept flying-wing UAV
operating at low Reynolds number provide better
aerodynamic performance. Shams et al. [5] performed
wind tunnel tests to study the aerodynamic efficiency and
flight stability of a flying wing micro aerial vehicle with
an Eppler 387 airfoil. Mokhtar [6] conducted a parametric
study of high-lift airfoils including the Eppler E423,
Douglas/Liebeck LNV109A, NACA 9315 and Selig
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S1223, and proposed a new WMO0O4 airfoil section.
Prisacariu [7] used Easy CFD software to analyze the
Phoenix, Clark YH, and MH91 airfoils for flying wings.
Dinh et al. [8] concluded that the TL54 airfoil provides
superior aerodynamic performance based on a collection
of low-speed FW UAV airfoil series (Eppler, MH, HS
series etc.). Pate ang German [9] optimized a flying wing
using NACA five-series reflexed airfoils with five
different reflex parameters. Reid and Kozak [1] studied
the development of the reflexed airfoil for micro-UAV
with Reynolds numbers ranging from 60,000 and 150,000
using Bezier curve method. Wong et al. [10] investigated
the use of reflex airfoils such as MH60, MH 78, MH 82,
MH 92, E186, HS 522, S 5020, and Sipkill 1,7/10B in the
fabrication of VTOL UAV. Ahn and Lee [11] analyzed
aerodynamic characteristics of a FW UAV with S5010
airfoils and modifications of S5010 airfoil, as well as
modifications to the S5010 airfoil using Xfoil and Fluent.

Martinez et. al [12] studied the conceptual design of a
300-seat class transport flying wing with C- and U-shaped
layouts. Bronz et al. [13] developed a long endurance
Mini-UAV both conventional and flying wing (FW)
configurations. The FW configuration tends to have better
range and endurance performance due to increased wing
area. Several flying wing UAVS, including the SenseFly
eBee X Orbiter I, Conyca Geodrone, Eleron 10SW,
Castral Atlas, and Feiyu Tech X8, are launched by
catapult [14]. Pan et al. [15] investigated the effects of the
airfoil selection on the lateral and directional flight quality
of aircraft with a double-swept wing arrangement.

Through computational fluid dynamics simulations, it was
found that an increase in twist angle improved
aerodynamic efficiency over a wide range of angles of
attack [16]. Song et al. [17] studied the effect of dihedral
angle on the lateral dynamic stability of a large aspect
ratio tailless wing aircraft in three sections along spanwise
sections. Xu and Zhou [18] used numerical simulations to
explore the use of synthetic jet flow control for
longitudinal stability improvement. Gatto et al. [19]
studied the effects of articulated winglet on flying wing
and suggested that articulated winglets could provide
relief of gust load. Gang et al. [20] suggested that
propeller thrust could stabilize the pitching moment of
flying wing UAVs.

In this study, four different flying wing UAVs, each
made with a different airfoil (Eppler 339, MH60, TL54,
and TSAGI 12%), were analyzed using XFLR5 software.
The goal was to comparatively examine which airfoil
provides superior flight performance and stability.

2 Material and Method

XFLR5 is a tool based on the XFoil program that can
calculate the aerodynamic properties of airfoils. In this
study, four different flying wing UAVs were designed
using XFLRS5 software. The Eppler 339, MH60, TL54 and
TsSAGI 12% airfoils were used as wing profiles for the
flying wing UAVs. Fig. 1 shows a schematic
representation of the airfoils.

Eppler 339 MH60
0.2 01
0.1 ‘&m
M 0 C
0 00 [ 0.4 0.6 0.8 1.0
0 0.2 0.4 0.6 0.8 1 0.1
01 . unit chord length
unit chord length
o4 TsAGI 12%
0.1 0.1
i M 0 M
0 02 04 06 08 1 9 I il r 08 }
-0.1
0.1
unit chord length unit chord length

Figure 1. Schematics of airfoils used in the flying wing UAV.

Panel method is a numerical technique used in
aerodynamics to calculate the flow field around a given
airfoil. The method divides the surface into several flat
segments. Each panel is treated as a source or sink of fluid,
and the flow field is represented by a set of equations that
describe the velocity potential and the stream function.
Aerodynamic analysis was performed using a total of
1300 panels. The wingspan of all flying wing designs is
2.36 meters, which includes the winglet. The root chord is
0.7 meters, and the taper ratio is 0.129. The mean
aerodynamic chord (MAC) is often used in aerodynamics
to describe a characteristic length of a wing. MAC is a

reference point that represents the average location of the
aerodynamic forces acting on the wing. Fig. 2 shows the
mass and size characteristics of the flying wing, including
the surface panels. The vortex lattice method (VLM) is a
numerical technique used to calculate the aerodynamic
forces. The VLM method models the airflow around the
object as a grid of interconnected vortex filaments, which
represent the circulation of air around the object. Analysis
results were obtained for the ranges of changes in angles
of attack from -2 to 10 degrees. The results of the analysis
were obtained using the vortex lattice method for a fixed
cruise speed (108 km/h) under viscous flow conditions.
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Wingspan (m)  2.360
Wing Area (m?)  0.733
Aircraft Mass (kg) 5.0
Wing Load (kg/m?)  6.96
Root Chord (m) 0.7

MAC (m) 0.371

Aspect Ratio  7.603

Taper Ratio  0.129

Figure 2. Aerodynamic, mass, and size properties of flying wing UAV with panels.

3 Results

The lift and drag characteristics of flying wing UAV
with Eppler 339, MH60, TL54 and TsAGI 12% airfoils
are presented comparatively. To compare the
aerodynamic characteristics of four different flying wing
UAVs, the change of lift coefficient (CL), drag coefficient
(Cp), lift to drag ratio (C. /Cp ratio), the endurance curve

( /CL3/CD2), and pitching moment coefficient (Cw) while

varying the angle of attack was shown. Cp vs angle of
attack curve is shown in Fig. 3.

0.05
0.045

0.04

0.035

0.03

0.025

Cp

0.02
0.015

FW with E339
FW with MH60

0.005 T FW with TL54
=== FW with TsAGI 12%

-5 0 5 10 15

Angle of Attack
Figure 3. Change of the drag coefficient (CD) with varying the angle
of attack

An airfoil with high aerodynamic efficiency can
generate the desired amount of lift with minimal drag. The
flying wing UAV designed with the TL54 and MH60 for

low angles of attack gives the lowest drag coefficients,
while the flying wing UAV designed with the MH60
airfoil for high angles of attack exhibits higher
aerodynamic efficiency. The flying wing UAV with
Eppler 339 has a significantly higher drag coefficient
compared to other designs.

The curve showing the relationship between C. and
angle of attack for the four different flying wing UAVS is
given in Fig. 4. The flying wing UAV with Eppler 339
airfoil exhibits the highest lift coefficient, followed by
flying wing UAV with TL54 airfoil. The flying wing
UAV with MH60 and TsAGI 12% airfoil exhibits a
similar trend and lower lift coefficient.

0.8
0.6
%) 0.4
FW with E339
02 FW with MH&0
= FW with TL54
—— FW with TsAGI 12%
-5 0 5 10 15
-02 Angle of Aftack
Figure 4. Change of the lift coefficient (C.) with varying the angle of
attack

The CU/Cp ratio is a measurement of aerodynamic
efficiency, maximum range, and best glide ratio
performance. The curve showing the relationship between
C.L/Cp ratio and angle of attack is shown in Fig. 5.
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Figure 5. Change of the lift to drag ratio with varying the angle
of attack.

Considering the C./Cp ratio, the highest aerodynamic
efficiency is provided by the flying wing UAV with
MHG60 and TL54 airfoil at angle of attack 3-5 degrees.
The maximum lift to drag ratio in flying wing UAV with
MHG60 airfoil is 32.7 at the 5-degree angle of attack, while
itis 33.1 flying wing UAV with TL54 airfoil. Flying wing
UAV with the Eppler 339 airfoil, which gives the highest
lift/drag ratio at negative attack angles, loses this
advantage at high attack angles. The flying wing UAV
with the TL54 and TsAGI 12% airfoils shows a similar
drag curve trend, while the flying wing with UAV TL54
has a higher lift coefficient compared to TsAGI 12%,
which resulting in a more aerodynamically efficient
design. Beyond 3-degree angle of attack, the MH60 and
TL54 airfoil exhibits better performance than the FW with
MHG60 airfoil, after which the MH60 and TL54 exhibit
similar trends, and the MH60 performed better, although
the difference was small.

The parameter of endurance (_[C,®/Cp?) indicates the
maximum endurance and minimum descent rate. Fig. 6

shows the endurance curve ( ’CL3/CD2 ) vs angle of attack

of four different flying wing UAVS. In terms of maximum
endurance and minimum descent rate, flying wing UAV
with MH60 and TL54 is more aerodynamically efficient.
The flying wing UAV with Eppler 339 exhibits better
aerodynamic performance than TSAGI 12%. The flying
wing UAV with TsAGI 12% exhibits the lowest
aerodynamic efficiency at positive angle of attack.

¥Cp*)

FW with E339

FW with MHEO
—+= FW with TL54

—— FW with TsAGI 12%

SQRT (Cy

Angle of Attack

5 10 15

Figure 6. Change of the minimum descent rate factor (/C,>/Cp?) with

varying the angle of attack.

The pitching moment coefficient vs angle of attack of
four different flying wing UAVSs, which provides an
indication of the flying wing's stability are given in Fig. 7.
As can be seen from the chart, the FW with the MH60
airfoil with TSAGI 12% exhibits a more stable behavior
than TL54 and Eppler 339.

0.1

Angle of Attack

5 10 15

FW with E339
FW with MH60
*= FW with TL54
== FW with TsAGI 12%

-0.3
-04
-0.5

-0.6

Figure 7. Change of the pitching moment coefficient (C\) with varying
the angle of attack

Fig. 8 shows the pressure coefficient contours and
airflow of FW with TL54 airfoil. With the exception of
the nose of the flying wing UAV, positive pressure
coefficient (+Cp) values occurred at leading edge and
negative pressure coefficient (-Cp) values occurred at
trailing edge of flying wing UAV.

cp
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-0.91
-1.08
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Figure 8. Display of pressure coefficient (Cp) with airflow at 3-degree angle of attack of FW design with TL54.
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As a result of the study, it was revealed that the use of
flying wing UAV with the TL54 airfoil and the MH60
airfoil exhibited better performance than flying wing
UAV with Eppler 339 and TsAGI 12% in terms of
aerodynamic efficiency, maximum range, minimum
descent rate, and maximum endurance performance.

4 Conclusion

The study focused on airfoil selection in flying wing
UAVs, and thus, the lift, drag, and pitching moment
characteristics of flying wing UAVs with MH60, TL54,
Eppler 339, and TsAGI 12% airfoils are presented
comparatively. Considering the lift to drag ratio, the best
aerodynamic efficiency was exhibited by the flying wing
UAYV with MH60 and TL54 airfoil at angle of attack 3-5
degrees. While the maximum lift-drag ratio in flying wing
UAYV with MH60 airfoil is 32.7 at the 5-degree angle of
attack, while the flying wing UAV with TL54 airfoil
exhibits 33.1. Up to a 3-degree angle of attack, flying wing
UAYV with TL54 airfoil exhibited better performance than
the FW with MH60 airfoil, after which the MH60 and
TL54 exhibited similar trends, and the MH60 exhibited
slightly better performance. The flying wing UAV with
the Eppler 339 airfoil exhibited better performance than
the flying wing UAV with the TSAGI 12% airfoil.
Considering the pitching moment coefficient, the flying
wing UAV with the MH60 airfoil with TsAGI 12%
exhibited a more stable characteristic than TL54 and
Eppler 339. As a result of the study, it was revealed that
the use of flying wing UAV with TL54 airfoil and MH60
airfoils exhibited better performance than Eppler 339 and
TsAGI 12% in terms of highest range, maximum glide
performance, as minimum descent rate, and maximum
endurance performance.
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Abstract

Original scientific paper
Material types with different chemical and physical properties are joined and employed in industrial applications. The main purpose is to
obtain high performance products by combining the superior properties of materials. Many traditional methods such as casting, bonding,
rivets and bolts and especially the welding method are used in joining processes. Among the joining methods, mechanical locking method,
a novel and ecologically friendly method, stands out as a successful method, particularly when joining dissimilar metal types. Within the
scope of this study, the optimization of the channel geometry was performed on the AZ91 mold part among AA7075/AZ91 material pairs
joined by using the mechanical locking method. We paid attention that the channel design did not adversely affect the stress values and
facilitated the material flow. In the analysis, fixed joint angle and fixed channel depth determined in accordance with the data obtained
from the results of the previous studies were used. The analyses were completed by the Static Structural Module of the Workbench 18.2
version of the ANSY'S software using the finite element method. The study was carried out on 3D geometric models. As a result, it was
determined that the mechanical properties of the samples joined by mechanical locking method significantly changed depending on the
channel design. The mechanical properties of the joint improved by approximately 3% with the optimal joint design, while the joint design
that will facilitate material flow was achieved.

Keywords: AA7075, AZ91, finite element method (FEM), mechanical locking method (MLM), mechanical properties.

MEKANIK KILITLEME YONTEMi iLE BIRLESTIRILEN AA7075/AZ91 MALZEMELERIN KONiK
KANAL TASARIMI

Ozet
Orijinal bilimsel makale

Endiistriyel uygulamalarda, farkli kimyasal ve fiziksel Gzelliklere sahip malzeme tiirleri birlestirilerek kullanilmaktadir. Temel amag
malzemelerin istlin 6zelliklerini bir araya getirerek, yiiksek performansli tiriinler elde edilmesidir. Birlestirme iglemlerinde kaynak yontemi
basta olmak iizere dokiim, yapistirma, pergin ve civata ile birlestirme gibi geleneksel birgok metod kullanilmaktadir. Birlestirme yontemleri
arasinda yeni ve ¢evreci bir yontem olan mekanik kilitleme yontemi de 6zellikle farkli metal tiirlerinin birlestirilmesinde basarili bir yontem
olarak one ¢ikmaktadir. Bu ¢alisma kapsaminda, mekanik kilitleme yontemi ile birlestirilen AA7075/AZ91 malzeme c¢iftlerinden kalip
pargast AZ91 iizerindeki, kanal geometrisinin optimizasyonu yapilmistir. Kanal tasariminin gerilme degerlerini olumsuz etkilemeden, ve
malzeme akisini kolaylagiracak bigimde olmasina dikkat edilmistir. Analizlerde daha 6nce yapilan arastirma sonuglarindan elde edilen
verilere uygun olarak belirlenen sabit baglant1 agisi, sabit kanal derinligi kullanilmigtir. Analizler sonlu elemanlar yontemini kullanan
ANSYS paket programinin Workbench 18.2 siirlimii, Static Structural Modiilii kullanilarak tamamlanmstir. Tiim ¢alisma 3 boyutlu
geometrik modeler iizerinden gergeklestirilmistir. Sonugta mekanik kilitleme yontemi ile birlestirilen numunelerde kanal tasarimina bagl
olarak mekanik 6zelliklerin 6nemli oranda degistigi tespit edilmistir. Optimum baglanti tasarimu ile baglanti mekanik 6zellikleri yaklagik
%3 oraninda artarken, malzeme akisini kolaylastiracak baglant1 tasarimi elde edilmistir.

Anahtar Kelimeler: AA7075, AZ91, sonlu elemanlar yéntemi (FEM), Mekanik kilitleme yontemi (MLM), mekanik ozellikler.

1 Introduction desired mechanical properties. Among these methods,
Mechanical Locking Method (MLM) is an alternative

There are several methods in which dissimilar novel and ecologically friendly method for joining material
materials are joined using different methods according to types with different chemical and physical properties. The
their application areas. They are applied due to the needs method allows ferrous materials to be easily joined with
associated with the place of use or in order to attain the nonferrous metals, composite materials, and ceramic
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materials. Also, some problems that occur in traditional
joining methods due to thermal cycles may be avoided.

Given that new production processes and the use of
advanced design and construction technologies are critical
in terms of the environment, quality of life and the
development level of countries [1], the need for innovative
and eco- friendly methods such as MLM will increase even
more. In MLM, the joining process is realized by using the
plastic deformation property of one of the joined materials
[2]. The mold geometry examined in this study is known to
be the most important factor affecting the material flow and
distribution of end-product thickness in studies on plastic
deformation methods [3]. MLM is similar to friction
welding and forging methods based on the plastic
deformation method in terms of the forming principle. As
in the forging method, plastic deformation processes are
carried out using heat and pressure. Direction of metal
flow, degree of deformation, friction, and temperature all
have a significant impact on the properties of the
workpieces throughout the forging process, in order for the
metal to deform without breaking or cracking [4]. In MLM,
friction, heat and proper material flow are among the main
factors in achieving the desired properties in the joint. The
most important points of the process are material flow
control and mold design [5] as in other plastic deformation
methods. Stress concentrations and cracks caused by faulty
mold design have a direct impact on the life of the joint and
adversely affect the mechanical properties. Therefore, it is
required to investigate the zones of stress concentrations at
the joint and to determine the proper joint profile with all
of the details. Thus, the effect of the profile on the post-
production mechanical values may be determined in the
joint as a consequence of plastic deformation, and
necessary modifications can be made in the design [1]. As
a result of these modifications, the joint strength will be
increased to the desired values and the industrial
application of the method will be ensured. Among the
studies on plastic deformation methods, Bagdemir et al.,
examined the effects of plastic deformation on the
mechanical and physical properties of materials joined
using forging technique together with analysis examples.
They found that there were stress concentrations in cross-
sectional deformation zones and force requirement
increase. Their data were matched with the simulation data
[5]. Kodippili et al., in their study on magnesium alloy
beam, reported that an appropriate mold design was
required to promote metal flow in closed mold forging
processes [6]. On the other hand, studies have reported
problems such as expensive and complex processes
required by the forging method in joining of materials, the
significance of surface preparation, determination of
thermal cycle values that will not cause structural changes
in both metals, and formation of intermetallic compounds
[7].

In the analyses made in this study, the mechanical
properties of Al and Mg alloy materials were utilized. Al
and Mg alloys have excellent formability capabilities as
well as high recycling potential, and their mechanical
properties vary considerably [8]. The differences in their
physical and chemical properties make it difficult to join
these materials by traditional methods. The formation of
Al1,Mg17 and AlsMg; brittle and hard intermetallic phases,
particularly in welded joints requiring high temperatures

[9,10], results in impaired mechanical properties as a
consequence of joining materials. Furthermore, it causes
dynamic recrystallization of the material in the seam zone,
formation of pores in heat-affected zones, and changes in
hardness value [11,12]. This makes the widespread use of
these materials in the industry impossible by joining them
[13,14]. Mg alloys, the lightest metal, are commonly
produced by using the casting method; however, since they
have no desired full dense structure and contain
segregation, further processes are required for Mg alloys
produced by casting method. Additional normalizing,
sintering, and pressure are necessary during the production
process to improve density. Therefore, it is believed that if
MLM, which uses heat and pressure together, is preferred
for joining Mg alloys, the requirement for these additional
processes would reduce and its industrial utilization would
increase. In industrial applications, finite element
techniques allowing realistic simulation in a computer
environment are used instead of direct production of a
selected process in the application region. Cost benefit and
an enhanced quality are provided in industrial applications
through the studies using finite elements analysis. The
ANSYS software is one of the simulation programs that
use the finite element method and analyze the problems
encountered in the field of engineering. In the literature, it
has been stated that the numerical method results to be used
in the analyses are compatible with even the most complex
experimental results [15]. Hou et al., used experimental
and numerical analysis to examine the mechanical
properties and residual stresses of AA2024 and AZ31
alloys by using the friction stir welding method. They
reported a good correlation between experimental and
numerical results [16]. Mercan used the ANSYS program
to carry out the stress analysis of the materials joined using
the MLM. Consequently, he reported that the maximum
stress distribution caused damage in the experimental
studies, the cross-section narrowed on the RP (reshaped
part) and occurred in areas with sudden cross-sectional
changes [17]. Nalawade et al., used FEM-based packaged
programs to simulate the thermo-mechanical rolling of
steel blooms. They investigated how rolling parameters
affected deformation behavior [18].

In the present study, an optimal conical channel design
was performed in  joining dissimilar  alloys
(AA7075/AZ91) by MLM.

2 Material Method
2.1 Mechanical Locking Method (MLM)

The patent studies (numbered TR201503256B) on the
method were completed in 2017, and methodological
studies for its use in various industrial sectors have been
continuing [2]. In the method, one of the materials to be
joined is designed as a mold part (MP) and the other
material is designed as a reshaped part (RP). The design of
RP varies based on the MP channel space. A conical, T or
spherical channel is opened into the MP by using
machining or casting methods. As shown in Figure 1, the
friction of RP on MP cavity interface, as well as applied
additional axial pressure enable the channel section to be
shaped. Friction welding machines and milling machines
may be used for this purpose. The friction of the pieces

International Journal of Innovative Engineering Applications 7, 1(2023), 128-134

129



Design of Conical Channel in Joining of AA7075/AZ91 Materials by Mechanical Locking Method

generates the heat necessary for RP to take the mold form.
Thus, the heat generated by transforming the mechanical
energy produced in the system into thermal energy is used.
The friction continues until the plastic deformation
temperature is obtained. With the impact of additional axial
pressure, RP begins to agglomerate. The joining is
achieved by allowing the agglomerated material to flow in
the mold and take the mold form. The joint forming by the
heat generated at the interface and the applied pressure is
not a welded joint, but rather a mechanical joint method

[19].

Figure 1. Schematic View of MLM.

The part with low mechanical properties and a low
melting temperature is determined as the reshaped part
(RP). The other is designed as the mold part (MP). In this
study, AA7075 was designed as MP and AZ91 as RP.
Figure 2 shows a sectional view of the physical parts of MP
and RP in MLM.

=] <
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The environmentalist aspect of the method includes no
waste generation and no need for further process, the
accomplishment of joining processes in a very short time,
controllable parameters, no need for additional joint and
filler metal, as well as its compliance with automation.

2.2 Joining Parameters

MLM parameters are friction time, revolutions per
minute, and friction pressure. The channel depth, joint
angle, and channel corner radii of the mold part, which
have a significant effect on joint quality, must be
determined separately for each material type [20]. The
physical properties of the channel were optimized in this
study in order to increase the mechanical properties of the
joint, facilitate material flow, and avoid buckling. Figure 3
shows the model dimensions of the samples to be joined
using MLM. Table 1 shows values of the joint profile. the
depth of the conical channel and the joint angle were
determined based on previous studies. It was found that the
joint angle was 10° and the channel depth 13 mm [17].

In the joint, first of all, the end radius values of the
channel (r1) were examined. Then, the compatibility of the
corner radius (r2) values of the channel with the r; values
was investigated in order to facilitate the material flow. The
r; values were the region where stress concentrations were
the highest, depending on changes in cross-section.
Therefore, r; values were investigated independently.

Figure 3. Joint profile values.

Table 1. Joining profile values (mm).

S1 S2 S3 S4 S5 S6 S7 S8
Joining angle (°) 10
Channel depth (mm) 13
Channel end radius (r1) (mm) 1 2 3 4
Optimum channel end radius according to analysis results (Opri) Opr1
Channel corner radius (r2) (mm) 1 2 3 4
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2.3 Materials

In the study, the joined material pair was AA7075
aluminum alloy and AZ91 magnesium alloy. Since
AAT7075 has greater hardness and mechanical properties
than AZ91, it was designed as MP; whereas AZ91 was
designed as RP. Table 2 shows the mechanical properties
of the materials used in the analyses.

Table 2. Mechanical properties of AA7075 and AZ91.
AA7075 AZ91

Intensity (gr/cm?®) 2,81 1,7
Modulus of elasticity (MPa) 71000 45000
Poisson rate 0.33 0.35
0,2% Yield strength (MPa) 503 168
Ultimate tensile strength (MPa) 572 311
Hardness (HV) 175 90

2.4 ANSYS Packaged Program Analysis

The Static Structural Module of the ANSY'S package
software Workbench 18.2 version was used to do stress
analyses. The Von Mises maximum stress values and
maximum deformation zones were determined in the
stress analyses under static load, and the assessments were
completed.

There is no joining at atomic level between the joined
material pairs in MLM, as in welding and casting
methods. Therefore, the joint type was defined as “No
Separation,” and the parts were not separated in the
normal direction, but they were allowed to execute a
limited sliding motion over each other [17,21]. The
contact points of the parts are indicated by the red and blue
areas in Figure 4.

¥
0,00 30,00 ‘}‘
[ S
- 0,00 30,00 P
15,00
Figure 4. Contact points.

To form a precise mesh structure, the Relevance
Center value was set to 100 for the mesh size in all parts.
The mesh size was set at 0.75 mm using the Adaptive
mesh structure setting. Also, the slow selection was used
in mesh transitions to provide a unique mesh distribution.
Figure 5 shows the RP mesh structure. Mesh processes
were completed using 680838 nodes and 482279 elements
in sample no. S1.

The definition of fix support was made by AA7075
for parts in all of the analyses. The analyses were done by
using the AZ91 magnesium alloy to exert force in the axial
direction (in the direction of the +X axis). The stress-
deformation behaviors derived from the uniaxial tensile
test were taken into account. The tensile strengths were
taken into account while determining the damage load in
the analysis, and the damage load was determined in such
a way that it would be the maximum tensile stress of the
base material AZ91 magnesium alloy and the stress values
may be noticed clearly on the color scale. A force of 75000
N was applied, and the stress distributions were
determined

0,00 20,00 (mr

D00
Figure 5. Mesh of RP.

3 Analysis Results

As stated in the literature, the materials in this study
were recognized as having non-heat conduction and being
rigid in static analysis studies [22], and analysis was done
on the assumption that there was no error in the material
flow and no residual stress throughout the process. MP
depth and angle values were determined based on
previous studies [17]. The analyses were done in two
phases. First and foremost, it was intended to reduce the
stress distribution by creating the channel end radius (r1)
on the MP. Then, based on the results, the optimum r;
value (Opry1) was taken as a fixed value and the necessary
examinations were completed with the changing corner
radius (r2) values of the channel. While the optimum ry
value was examined in order to reduce the stress values,
the r2 values were investigated in order to facilitate the
material flow. In MLM, the material flow is of special
importance in obtaining the RP with the desired properties
[20]. Therefore, the r, value should be determined at
values that will not impair mechanical properties while
facilitating material flow.

The maximum stress values came out in the zone
where the cross-section was the narrowest on the joint
metal in the absence of radius [17]. On the other hand, the
maximum stress values appeared at the radius start and
end points in the samples with radius. Figure 6 shows the
maximum stress zones on sample no. S1. The analysis
findings were displayed on RP since it had weaker
mechanical properties than the other two materials and
was reported to be damaged in the experimental studies
[17,19]. It has been reported in the literature that
significant stress concentrations and force requirements
arise in the sectional deformation zones if the plastic
deformation method is used [5].

Nt | n;%;e:?&ew

10.06.2022 16:46

322,73 Max
291,79

== 44257 Min

Figure 6. Maximum stress distribution zones.
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Figure 7 graphically shows the stress distributions
generated with different end radius values of the channel.
This graph also shows the stress value (REF) that
appeared when there was no radius on the joined samples.
The stress distribution according to the determined
damage load in the absence of radius was reported to be
321.05 MPa [17].

~ 325
&

S 320
3 315
L

& 310
é 305
% 300
= 295

S1 S2 S3 S4 REF
Sample No

Figure 7. Maximum stress values of S1, S2, S3, S4 and REF.

The maximum stress distribution in the radius
samples was determined to be 322.73 MPa in sample no.
S1. The given value was very close to the stress value in
the non-radius REF sample. This happened due to an
increase in stress concentrations at the radius start and end
points, as well as the narrow-area (Figure 6). The end
radius of the channel reduced stress values in all of the
other samples. The lowest stress value was 307.29 MPa in
sample no. S4. In the analyses, the increase in the radius
values of ry increased the cross-section that will bear the
stresses and made the stress distribution more regular.
Depending on the increased cross-section and proper force
flow, the stress values reduced.

Figure 8 shows the stress distributions on the
sectioned sample no. S4. It was observed that the stress
concentration increased at the radius start and end points,
but the stress was regularly distributed over the entire
section. The mechanical properties of the joined materials
could be improved with the proper designs to be used in
the MLM. This is confirmed by the fact that the stress
value in sample no. S4 was 4% lower than the non-radius
sample. The r; value (4mm) of sample no. S4 was used as
a constant value in the samples S5, S6, S7, and S8.

307,29 Max
2769

246,52
21613
185,74
155,36
124,97
04,587
64,201
33,815 Min

Figure 8. Stress values of S4.

The r, value in samples S5, S6, S7, and S8 was
determined to be 4 mm based on the results of the analysis.
Figure 9 graphically shows the stress values of these
samples with the channel corner radius (r2). The stress
values for sample no. S4 with the optimum r; value and
the model from which REF was taken were displayed
together. The primary goal in the analysis of these samples
is to determine the optimum design that will facilitate the
material flow without impairing the mechanical properties
in the joining process. Because it is well-known that
during the plastic deformation process of RP, the flow
becomes difficult due to the rapid cooling and
solidification of the flowing material [20]. The presence
of radii in the channel instead of sharp corners will
facilitate the flow of the material solidified by rapidly
cooling as it passes away from the friction interface.

= 350
S 340
2 330
& 320
g 310
300
2 290 '
% 280
= S5 S6 S7 S8 Oprl REF

(84)
Sample No

Figure 9. Maximum stress values of S5, S6, S7, S8, Opr; and REF.

Except for sample no S5, the stress value of the other
samples was lower than that of the non-radius sample
(REF). It was determined that radius values less than 2
mm affected the stress distribution negatively due to stress
concentrations that occurred at the radius start and end
points, and it would be more appropriate to have no radius.

The stress values in all samples were higher than
sample No. Opri. While sample no. S5 had the highest
stress value (343.24 MPa), sample no. S6 had the lowest
stress value of 313.19 MPa. This is thought to be
associated with the small radius value in sample no. S5, as
well as the insufficient force flow and stress concentration
in sample no. S1. The r, values, on the other hand, reduced
the material cross-section. Decreased cross-section caused
a slight increase in stress values. Nonetheless, the r» value
of 2 mm (sample no. S6) was appropriate for facilitating
material flow, producing a joint metal with no porosity,
and avoiding buckling as the stress values were very close
in samples S6, S7 and S8. However, as a result of the
metallurgical analyses of the experimental studies,
increasing the radius value based on the quantity of
porosity generated should be assessed.

Table 3 shows the stress distributions of samples S5,
S6, S7, and S8 on sectioned samples. It is noticed that the
stress distribution decreased in the flange region at the
friction interface and became more regular with increased
radius values. It was thought that this would allow the
flanges, which have been formed with increased radius
values, to flow faster.

The overall deformation values in all samples were
very close to each other in the examinations. Figure 10
shows the deformation values on sample no. S8.
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Table 3. Stress distributions of S5, S6, S7, and S8.
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Figure 10. Deformation values of S8.
4  Conclusions

In this study, the material pairs AA7075 Aluminum
alloy and AZ91 Magnesium alloy were joined utilizing the
MLM. It was tried to determine the optimum channel
design using different channel geometries. The
examinations yielded the following conclusions.

e Mechanical properties lowered by 3% in MLM
depending on the joint design, and a joint design that
facilitates material flow was obtained.

e It was determined that the appropriate channel end
radius decreased the stress values in all the samples.

e The highest stress value was obtained as 343.24 MPa
in sample S5. The main reason for high stress is that
radius values are not compatible with each other.

e The lowest Von-Mises stress value among the
samples with channel end radius (r1) was 307.29 MPa
in sample no. S4. This value was 4% lower than the
reference model without radius.

e The lowest Von-Mises stress value among the
samples with channel end radius (r2) was 313.19 MPa
in sample no. S6. The corner radius values of the
channel slightly increased the stress values; however,
the raised stress values were at an acceptable level
since they facilitated flange formation.
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Abstract

Original scientific paper
In this paper, a two-dimensional computational fluid dynamics (CFD) study of turbofan engine is presented using (ANSYS) Fluent
Program, the Navier—Stokes equations is used for analysis, including a two-dimensional and symmetrical drawing of both the combustion
chamber and in a 1.5 stage axial flow turbine. A General Electric (GE)-90 turbofan engine nacelle was used with National Advisory
Committee Of Aeronautics (NACA) 63-412 type blades were used for the analysis of the flow on the turbine blades. Combustion chamber
simulations were carried out using a previous study. The computational results were compared with other studies on the exergetic analysis
of a GE-21 turbojet engine. The GE-21 engine had a combustion chamber temperature of 2900 K, while the GE-90 engine had a temperature
of around 2706 K. The previous study considered the velocity of fluid flow to be 200 m/s, whereas the velocity of flow in this study was
209 m/s as determined in the part of analysis and result.

Keywords: Turbine blade, CFD, combustion chamber, ANSYS.

BIR UGAK TURBOFAN MOTORUNUN YANMA SURECI VE TURBIN UZERINE ETKISININ
HAD ANALIZ

Ozet

Orijinal bilimsel makale
Bu makalede, ANSYS Fluent Progranmu kullanilarak, hem yanma odasinin hem de 1.5 kademeli eksenel akis tiirbininin iki boyutlu ve
simetrik ¢izimini igeren turbofan motorunun iki boyutlu hesaplamali akiskanlar dinamigi (HAD) c¢alismasi sunulmaktadir. Tiirbin
kanatlarindaki akigin analizi igin NACA 63-412 tipi kanatli GE-90 turbofan motor nasel kullanilmistir. Yanma odasi simiilasyonlari, 6nceki
bir ¢alisma kullanilarak gergeklestirilmistir. Hesaplama sonuglari, bir GE-21 turbojet motorunun ekserjetik analizine iliskin diger
calismalarla karsilastirildi. GE-21 motorunun yanma odasi sicakligr 2900 K, GE-90 motorunun sicakligi ise 2706 K civarindaydi. Onceki
galigmada, sivi akis hiz1 200 m/s olarak diisiiniilmiis, oysaki son ¢alismada sivi akig hizt 209 m/s olarak tespit edilmistir.

Anahtar Kelimeler: Tirbin kanadi, HAD, yanma odasi, ANSYS.

1 Introduction The turbine inlet temperature can be increased to
achieve peak cycle efficiency, and lower specific fuel

In recent years many computational and experimental consumption [1]. Thus, to achieve the highest possible

studies have been conducted in order to obtain the best
efficiency for turbine engines with comparing its size and
lightness, as well as the high percentage of energy that it
produces.

The compressor, combustion chamber and turbine
blades are the most important components of a turbojet
engine and therefore most research focuses on the flow
structures of the compressor exit, the outlet temperature
field of the combustion chamber and the flow and thermal
field around the turbine blades.

“Corresponding author.
E-mail address: eng.sipahi@gmail.com (M. Sipahi)

turbine inlet temperature, accurate knowledge of turbine
blade temperatures is required, as frequent excursions
beyond the design limits of the blades can significantly
reduce service life [2,3].

Gao et al. adopted a variety of methods to reduce the
effects of reflected radiation during radiation temperature
measurement, determining the value of reflection using
the angular radiation factor depending on the position of
the turbine blade and the temperature of the adjacent blade
by simplifying the blade shapes in two dimensions [4].
Because of the interaction of the blade rows, However,
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these analyses are limited by the lack of flow physics as
these analyses take place in a very complex rotating
machine. The emphasis is placed on the interaction of
vortices from the upstream rotor passage with the
downstream stator because it causes the nozzle wake
velocity defect at the suction surface of the rotor blade [5].
The thermal behavior of the rotor and the flow field are
affected when the secondary flow changes downstream of
low aspect ratio turbine stages. Based on previous
research, a new study published by a group of Indian
researchers showed the ideal distances and angles between
stator and rotor. Therefore, the distances in this research
were relied on this study in order to obtain the best results
the ideal angle of burners was 80 degrees, resulting in
significant benefits such as lower NOx and CO emissions
and overall high combustion efficiency, so this result were
relied on this study to obtain better result.

2 Material Method

In this paper ANSYS Fluent Program were used based
on the finite element method. The Navier—Stokes
equations is used for its ability to solve CFD analysis
explicitly which includes a k-e¢ solver [6-7]. The
simulation uses the hybrid solver, which employs an
implicit pressure-correction scheme. The SIMPLE
algorithm was used to couple the pressure and velocity
field [8]. The pressure and temperature data of the
combustion chamber obtained from the previous study
were used as the initial simulation conditions. The
absolute criteria were 1e-6 in the monitors residual [9].
The grids of the computation domain (flow and structure)

were created using Solidworks Program. The geometries
for conjugated analysis of internal and external heat
transfer are shown in Figure. 1-2-3 [10]. The number of
meshes needed to calculate the Combustion chamber,
Turbine blade is approximately 0.82 million and 0.41
million, respectively as shown in Figure. 4-5. The latter
was used to simulate:

1 Kerosene fuel combustion process at combustion
chamber.
2  fluid flow and loads on 1.5 stage of turbine blade [11].

The simulations were interdependent on the basis the
previous results of combustion process provided data of
pressure and temperature distribution, in order to attain
physically justified results using CFD analysis.

For the non-premixed burner, a 2D turbulent flow
model is used. The non-premixed model solves the
transport equation for one or two conserved scalars and
the mixture fractions using a modeling approach. There
are a variety of chemical species, including radicals and
intermediates [12].

The main equations of the gaseous phase model are
continuity, the momentum conservation equation, the
energy conservation equation, and the chemical
component conservation equation.

The computational domain is composed of the
combustion chamber and turbine, starting from the
compressor's stator exit and ending at the turbine exit [13].

The temperature, pressure and the mass flow rate of
fuel and combustion chamber inlet (which is same as in
the experiment) is as tabulated below.

Table 1. Properties of initial data.

Flow Temperature [K] Pressure [kPa] Mass flow rate [kgs—1]
Combustion chamber inlet 625.7 1118.2 145
Combustion chamber fuel input 353 2757 0.4
Turbine inlet 1700 2138.8 14.9

In the analysis process meshing of the gas turbine
blade is done using finite element analysis. The meshing
information of Combustion chamber and turbine blade are
shown in Table 2.

In this study, a tetrahedral mesh was chosen, which
has the benefit of being able to well approximate the
surface contour, to get good results [14]

Table 2. Mesh modeling data.

Parameter / Domain Combustion chamber Turbine
Meshing method Triangles Triangles
Total elements 414083
Total nodes 245334

The distance between stator and rotor is given Xs
Axial spacing =25% depending on previous research as
viewed at Figure 3 [11]. The front, side, elevation and
isometric projections of the GE90 engine are shown in
Figure 1.

The side projection of the combustion chamber
section and nacelle without turbine section are shown in
Figure 2.

The side projection of the turbine blade section for 1.5
stage of (rotor-stator-rotor) and nacelle are shown in
Figure 3 [11].

The combustion chamber section and nacelle after
mesh process are shown in Figure 4. The mesh process
was concentrated at the fuel outlet and nozzle in order to
obtain better results in the CFD process. [15].

The Turbine blade section for 1.5 stage of (rotor-
stator-rotor) after mesh process are shown in Figure 5. The
mesh process was applied equally to all parts of the
turbine in order to obtain better result in the CFD process.
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Figure 1. Design of engine nacelle model.
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Figure 3. Information about simulation conditions for 1.5
stage turbine blade.

300,00

400,00 (mm)

a0 20000 000,00 (rrw
r— — >
200 a0

Figure 2. Information about simulation conditions for combustion chamber.

1000100 (ww)

SESEAAS

TAVAVAVLY,

ASAY,
VYA,

)

VAYAY
AVAY,

SISO FNT
AR
T L vt
-A =
VAVAYAYAY o AVATAY A
SERAIAAS v
VAV AYE AV Ve T8
AU O a ATAAT AT,
AR VAT G S ATATAY S
A e AT
RS 4

AV
7
A

RS,
s AVATSYY
\J & SrTe
RS RRRI T
YAV VAN S it aaTATATATAY -
77 VAT ATAYAATAYS

Vava
YAYS
NS

VATATATAA

TATAVA

TAVAYAVA!
rATATe
TATAYAY
A
S ATATATATAYATAYS

AYAY)
CAAZS
<]

VATA

o

AT e,
AT
A B AT e AV,

VAV,

YA

Figure 5. Mesh for turbine blade.

3 Analysis and Result

It's clear that the continuity equation, the energy
preservation equation and the momentum conservation
equation are the basic equations of the phase of gaseous
models. Figure 6 shows the temperature contours of
kerosene and oxygen mixture inside a combustion
chamber. The high temperature zones are completed faster
because kerosene fuel provides the processes of fuel
combustion. Because of the progressive evaporation and
burning of the used fuel within the combustion chamber
in predetermined streams in causes the flame
concentration to rise as the fuel amount rises. Moreover,
it is known that the peak temperatures of the burning fuel
inside the combustion chamber are in the range of 2200-
2700 K, and for our model it can be seen that the peak
temperatures in the cross-section's length of the
combustion chamber are in the range of 1200-2000 K.

It is important to remember that the formula
determines the coefficient of the average temperature filed
non-uniformity.

5 — Tmax—Tmin [16] (1)

Tav

Figure 6. The temperature contour distribution after burning.

Figure 7 shows the distribution of the masses of
oxygen and carbon dioxide in the cross-section of the
combustion chamber along specific paths. The high
amount of oxygen can be observed in local areas located
behind the outer swirler, and the proportion of carbon
dioxide in the outer swirler has increased in because of the
burning fuel.
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Figure 7. The mass fraction of CO2 and O2.

The pressure distribution in the blade pitch diameter
portion at different flow rates is shown in Figure 8. The
outcomes of the numerical simulation demonstrate that,
regardless of the flow rate, the pressure gradient variation
trend in the calculation domain is practically the same.
High temperature working fluid arrives from the inlet
section and flows through the stator blade, as seen by the
image of the pressure distribution cloud. As a result of
leaving the rotor blade runner, the working fluid's pressure
becomes lowers. The rotor blade's working face is under
intense pressure, while the non-working face is under
minimal strain. The pressure gradient increases as a result
of the uneven flow of the working fluid when it enters the
rotor blade runner. As soon as the high temperature
working fluid exits the stator blade, it rapidly expands.
Because the energy loss is lower in accelerated gases flow,
the numerical simulation results demonstrate that the
working fluid accelerates as it leaves the rotor blade
runner. [17].

? o ?'—' o P

S G E S S S S
[ |
[Pa]

Figure 8. The Pressure for turbine blade.

The flowing fluid flows between the stator blades
(stational blades) and the rotor blades (rotation blades).
The stator and rotor pitch diameters of the gas turbine are
depicted in Figure 9 together with the velocity distribution
of the flow field. As seen in the model given in Figure 9,
the working fluid enters the stator blade at high
temperatures and low velocity. Meanwhile, the carbon
particles collide with the fins together with the work fluid.
The high velocity working fluid coming out of the stator
blade hits the rotor blade, and then some of the working
fluids entering the rotor blade runner hit the rotor blades
at low speeds. The first blades from the left are stator
blades, this stage is called the impulse stage and all the
pressure drop in stational blades takes place at this stage,
the pressure remains constant in the flow through the

blades. The middle fins are rotor blades, when there is a
pressure drop across the stator and rotor blades in the
reaction stage, leakage occurs at the tips of the blades, but
it is observed in the model that the leaks at the blade tips
are controlled.

Figure 9. The Velocity for turbine blade.

The distribution of carbon particles in the rotor blade
under various flow rate conditions is shown in Figure 10.
The carbon particles collide with the rotor blades due to
the separate or combined effects of working fluid the
turbulence of the high temperature, the inertia forces, the
thermophoresis forces, and other factors and the carbon
particles flow over the stator blades together with the high
temperature working fluid. As highlighted also by G.Liu
et al. [18]. the working fluid accelerates with the
movement of the stator blade and hits the rotor blade at
high velocity but some of the carbon particles by enter the
rotor blades runner hit the rotor blades at low speeds and
move away from the rotor blades at high velocity with
together the high temperature working fluid. It can be
observed that the working fluid velocity gradually
increases and moves towards higher radius depending on
the increase in tangential velocity between turbine stages.

Figure 10. The Streamline for turbine blade.

4 Conclusion

Combustion occurs mostly before the gas reaches the
stator's leading edge. Along the stator channel, the hot
gases mix with the main flow. The flow variables for
steady cases are noted, such as velocity and pressure
profiles. Under steady flow conditions, the pressure
distribution along the blade passage shows a high pressure
over the first blade surface and decreases towards the
outlet. At the inlet of each rotor stage, a highly uniform
temperature distribution is achieved.
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The pressure and velocity behaviors of the working
fluids flowing between the stator and rotor blades of the
gas turbine were investigated with the numerical analysis.
The results obtained here will lead to. After the working
fluid enters the stator blades, the pressure of the fluid turns
into kinetic energy and does work by striking the rotor
blades. At the same time, the carbon particles in the
working fluid will increase the wear due to impact. The
greatest pressure occurred on the inner surface of the
stator blade. In the numerical analysis results, it is seen
that there is a significant acceleration when the work fluid
flows from the rotor blades and the work fluid at high
temperature starts at low velocity. The high temperature
working fluid entering the stator expands by converting its
heat and pressure energy into kinetic energy.
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OPTIMIZATION OF CUTTING PARAMETERS IN MILLING OF FLAX FIBER REINFORCED
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Abstract

Original scientific paper
In this study, in the milling of flax fiber reinforced polymer composites using high speed steel (HSS) and tungsten carbide (WC) cutting
tools, with a rotational speed of 2500 and 7500 rpm and feed rates of 0.01 and 0.02 mm/rev, the effects of rotational speed, feed rate and
cutting tool type on cutting force, deformation factor and surface roughness were analyzed with full factorial experimental design, and
technique for order preference by similarity to ideal solution (TOPSIS). As a result of the experiments, the optimum cutting parameter was
obtained from the high rotational speed and low feed rate value of the WC cutting tool. It was observed that the most important factor
among the cutting parameters is the rotation speed, then the cutting tool type and feed rate, respectively.

Keywords: Delamination factor, cutting force, surface roughness.

KETEN FIBER TAKVIYELI KOMPOZITIN FREZELENMESINDE KESME PARAMETRELERININ
TAM FAKTORIYEL TASARIM VE TOPSiS YONTEMIYLE OPTIMIZASYONU

Ozet
Orjinal bilimsel makale

Bu ¢alismada, keten fiber takviyeli polimer kompozitlerin yiiksek hiz geligi (HSS) ve tungsten karbiir (WC) kesici takimlar kullanilarak
2500 ve 7500 dev/dak devir sayisi ile 0,01 ve 0,02 mm/dev ilerleme degerlerinde frezelenmesinde; devir sayisi, ilerleme ve kesici takim
cinsinin kesme kuvveti, deformasyon faktorii ve yiizey piiriizliiliigii tizerine etkileri tam faktoriyel deney tasarimu ve ideal ¢oziime benzerlik
bakimindan siralama performansi teknigi (TOPSIS) ile analizleri gerceklestirilmistir. Yapilan deneyler sonucunda; optimum kesme
parametresi WC kesici takimin yiiksek devir sayisi ve diisiik ilerleme degerinden elde edilmistir. Kesme parametrelerinden en 6nemli
faktoriin devir sayisi daha sonra sirasiyla kesici takim cinsi ve ilerleme oldugu gézlemlenmistir.

Anahtar Kelimeler: Deformasyon faktorii, kesme kuvveti, yiizey piiriizliliigii.

1 Girig kargilamas1 i¢in talasli olarak islenmesine ihtiyag
duyulmaktadir. Celik ve Alp (2020), jiit ve keten fiber
takviyeli  kompozitlerin ~ farkli  kesici  takimlarla

frezelenmesinde, kesme derinligi, ilerleme ve devir

Bitki esasli dogal fiberlerin kompozit malzemelerde
takviye elemant olarak kullanimi, c¢evresel etkileri

azalttigindan ve dongilisel ekonomi ile siirdiiriilebilir
kalkinmaya katkida bulundugundan dolayr 6n plana
¢ikmaktadir [1].

Dogal fiberlerin karakteristik 0Ozellikleri ozellikle
sentetik cam fiberlere yakin oldugundan dolayr dogal fiber
takviyeli kompozitler, cam fiber takviyeli kompozitlere
alternatif olmus ve endiistriyel uygulamalarda yerini
almustir [2].

Dogal fiber takviyeli kompozitler, el yatirmasi, basing
altinda kaliplama ve vakum altinda kaliplama gibi
yontemler kullanilarak nihai forma yakin iiretilmelerine
[3,4] ragmen, montaj hattinda fonksiyonel 6zelliklerini

*Corresponding author.
E-mail address: msuat.alp@batman.edu.tr (M. S. Alp)

sayisinin kesme kuvveti, titresim, yiizey piirtizliligi ve
deformasyon faktdrii {izerine etkilerini deneysel olarak
incelemislerdir. Kesici takim sertliginin ve rijitliginin
titresim {lizerinde 6nemli bir etkiye sahip oldugunu, artan
ilerlemenin kesme kuvvetini, ylizey pirizliliglini ve
deformasyon faktoriinii arttirdigini, artan devir sayisinin
kesme kuvveti ve yiizey piirtizliiliik degerini diisiirdiigiint,
ancak deformasyon faktoriini arttirdigimi ve jiit fiber
takviyeli kompozitlere kiyasla keten fiber takviyeli
kompozitlerin daha diisiik ylizey kalitesine ve daha yiiksek
deformasyon faktoriine sahip oldugunu belirtmislerdir [5].
John ve ark. (2021), jiit, kenaf ve piring kabugu takviyeli

Received 23 May 2022; Received in revised form 06 October 2023; Accepted 27 March 2023

2587-1943 | © 2023 IJIEA. All rights reserved.

Doi: https://doi.org/10.46460/ijiea 1120136


https://doi.org/10.46460/ijiea.1120136
https://dergipark.org.tr/ijiea
https://orcid.org/0000-0002-9970-5881
https://orcid.org/0000-0003-1753-7712
https://orcid.org/0000-0001-5519-2917
https://orcid.org/0000-0003-2776-1195

M. S. Alp

kompozitlerin frezelenmesinde, yiizey kalitesi {izerine
isleme parametrelerinin etkisini incelemislerdir. Kenaf
fiber takviyeli kompozitlerde daha diisik deformasyon
faktorii ve daha iyi yiizey kalitesi elde edildigini ifade
etmislerdir [6]. Celik ve ark. (2019), farkli oryantasyon
acilarina sahip jut takviyeli kompozitlerin
frezelenmesinde; freze cakisi agiz sayisinin artmasiyla
kesme kuvvetinin ve yiizey piiriizliiliik degerinin azaldigini
ancak deformasyon faktoriiniin arttigini belirtmislerdir. En
disik kesme kuvvetini +45° oryantasyon agili
kompozitten ve en diisiik ylizey piiriizlilik degerini ve
deformasyon faktdriinii ise 0/90° oryantasyon agili
kompozitten elde edildigini, oryantasyon agisina bagh
olusan farkliligin kompozitlerin gekme dayanimu ile iliskili
oldugunu vurgulamiglardir [7]. Benzer olarak Chegdani ve
ark. (2017) fiber malzemesinin karakteristik 6zelligi ve
ilerlemenin islenmis yiizey piiriizliiliigiine katki oraninin,
kompozit i¢cindeki dogal lif yapisinin mekanik 6zellikleri
ile dogrudan iliskili oldugunu ifade etmislerdir [8]. Ancak
Chegdani ve ark. (2020), fiber oryantasyon agisinin 45°
oldugu kompozitlerde, verimli bir fiber kesmenin meydana
geldigini ve dolayistyla daha diisiik yiizey piiriizliilik
degerinin ve iyi bir iglenebilirligin saglandigini belirtmistir
[1].

Dogal fiber takviyeli kompozitlerin isleme
performansi, dogal liflerin karmagik seliilozik yapisindan
[9], matris, takviye elemani, fiber/matrisin olusturdugu
bag, {iretim yontemi, tezgdhin rijitligi ve kesme
parametrelerinden etkilenmektedir [10]. Bu yiizden
optimizasyon yontemleri kullanilarak analizlerin yapilmasi
on plana ¢ikmaktadir. Tran ve ark. (2020), yeni bir hibrit
biyokompozitin delinmesinde, kesme parametrelerinin ve
matkap ucu c¢apmin itme kuvveti, ylizey piriizliligi,
spesifik kesme enerjisi ve toz emisyonu tizerindeki etkisini
optimize etmek i¢in tam faktoriyel bir tasarim kullanmigtir
[11]. Azmi ve ark. (2021), kenaf elyaf takviyeli kompozitin
islenmesi sirasinda kesme parametrelerinin  yiizey
pliriizliligi ve deformasyon faktorii {izerindeki etkisini
optimize etmek i¢in yanit yiizey yontemini kullanmistir
[12]. Shagwira ve ark. (2021), kesme hizinin, ilerleme
hizinin ve kesme derinliginin yilizey piriizliligi
iizerindeki etkisini Taguchi yontemi ile optimize
etmislerdir [13]. Rajendran ve ark (2021), jiit fiber
takviyeli ~ kompozitlerin ~ frezelenmesinde,  kesme
parametrelerinin yiizey piiriizliligi, talag kaldirma orani
ve takim asinmasi lizerindeki performansi gri iligkiler
analizini ile gergeklestirilmistir [14]. Farkli dogal fiber
takviyeli kompozitlerin islenmesinde kesme
parametrelerinin optimizasyonu Taguchi yontemi [15],
merkezi kompozit tasarim [16,17], genetik algoritma [18]
ve ideal ¢6ziime benzerlik bakimindan siralama
performanst teknigi (TOPSIS) [19] gibi yOntemlerle

yapilarak optimum kesme kuvveti, yiizey piriizliligi,
deformasyon faktoriiniin hangi parametrelerden elde
edildigi analiz edilmistir.

Yapilan caligmalar incelendiginde; keten fiber
takviyeli polimer kompozitlerin frezelenmesinde, kesici
takim cinsi, devir sayist ve ilerlemenin kesme kuvveti,
deformasyon faktdrii ve ylizey purizliligi {izerine
etkilerini iceren ¢aligmalarin oldugu goriilmiistiir, ancak
tam faktdriyel deney tasartmi ve TOPSIS ydntemini
formiilize edip deneysel olarak ele alan makalelerin
eksikligi gozlemlendiginden bu c¢aligmada, keten fiber
takviyeli polimer kompozitin frezelenmesinde, kesici
takim cinsi, devir sayisit ve ilerlemenin kesme kuvveti,
deformasyon faktorii ve ylizey piiriizliiligii tizerine etkileri
tam faktoriyel deney tasarimi ve TOPSIS yontemi ile
analiz edilmistir. Bu baglamda kesme parametrelerinin
Oonem sirasina gore tespit edilmesi ve optimum kesme
parametrelerinin belirlenmesi amaglanmustir.

2 Materyal ve Yontem

Bu ¢aligmada dogal fiber takviyeli kompozitler vakum
infiizyon yontemi ile iretilmistir. Uretim igin takviye
elemani olarak keten fiber, matris malzemesi olarak
Propox marka RIMR300 epoksi ve RIMH300 sertlestirici
tercih edilmistir. Epoksi regine ve sertlestirici i¢in iretici
tarafindan 6nerilen 2/1 karigimi saglanmustir. Tercih edilen
keten fiberin yogunlugu 1,4-1,5 g/cm?®, cekme dayanimi
320-800 MPa gerilim modiilii 27,6-103 GPa ve uzama
oran %1,2-4,6'dir. Uretilen kompozit malzeme 12 tabaka
olup, 0/90° oryantasyon acisina sahip ve kalinligi 10
mm'dir. Deney malzemesinin ¢ekme dayanimi 49 MPa ve
egilme dayanimi1 60 MPa’dir.

Frezeleme deneyleri, ¢apt 4 mm olan yiiksek hiz ¢eligi
(HSS) ve sert karbiir (WC) parmak freze kesici takimlarla
yapilmigtir. Kullanilan parmak freze takimlarinin sematik
goriintiisii Sekil 1°de, boyutlari ise Tablo 1’de verilmistir.

Sekil 1. Parmak freze takimlarinin sematik gosterimi
A)WC, B) HSS.

Tablo 1. Parmak freze takimlarinin boyutlari.

Parmak Freze Tip OD(mm) @d(mm) li(mm) l2(mm) L (mm)
wC A 4 4 9 12 50
HSS B 4 6 9 12 50

Devir sayist ve ilerleme parametreleri literatiir
caligmasi, CNC tezgdhi ve takim uglarinin mekanik
yapilart ve On deney gozlemleri gbz Oniine alinarak
belirlenmistir. Her bir deney parametresi (faktdr) icin

disik ve yiiksek olmak iizere 2 seviye belirlenmistir.
Deneylerde kullanilan faktdrler ve seviyeleri Tablo 2’de
verilmistir.
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Tablo 2. Faktorler ve seviyeleri.

Faktorler (k) Biim  Sembol Dﬁsﬁks(?)" 'ye'f{ri'iksek “
Devir sayist dev/dak n 2500 7500
flerleme mm/dak u 0,01 0,02
Kesici takim cinsi T HSS wC

Deneyler, 2k tam faktoriyel deney tasarimina gore
Tablo 2’de wverilen parametrelerin kombinasyonu
dogrultusunda 3 tekrarli yapilmustir.

Frezeleme deneyleri igin 20 mm genisliginde ve 200
mm uzunlugunda kesilen keten fiber takviyeli polimer
kompozit, Sekil 2’de verilen ve merkez uzakligi 120 mm
olacak sekilde delinen yiizeylerden Kistler marka 9257B
model kuvvet olciim cihazina (Dinamometreye)
sabitlenmigtir. Kistler 9257B dinamometreden gelen
sinyaller, ¢cok kanalli amplifier olan Kistler 5070-A ile
bilgisayara aktarilmistir. Verilerin degerlendirilmesi ve
gerekli grafiklere donistiiriilmesi i¢in Kistler DynoWare
2825A yazilmi kullamilmigtir. Bu yazilim programi
frezeleme esnasinda olusan Fx, Fy ve Fz dogrultusundaki
ilerleme, eksenel ve radyal kuvveti vermistir. Denklem
1’deki formil kullanilarak kesme kuvveti (Fk)
hesaplanmistir.

Fy = \JF§ + F? + F} (1)

Sekil 2. Kompozitlerin cihaza sabitlenmesi i¢in delinen delikler.

Frezlenen kanal civarinda olusan deformasyonu
6lgmek icin Nikon Epiphot 200 model optik bir
mikroskop kullanilmigtir. Denklem 2 kullanilarak
deformasyon faktorii (Fg) hesaplandi.

Fg = Wiars /W 2)

Burada; Wmaks: frezelenen kanalda hasara ugramis
maksimum kesit, W: frezelenen kanalin nominal
genisligidir.

Frezelenen kompozitlerin yiizey piiriizliligiini
6lgmek icin Time marka TR200 model dijital gostergeli
ve mekanik igneli yilizey piriizliliik 6l¢iim cihazi
kullanilmistir. Time TR200 ylizey piiriizlilik cihazinin
ortalama yiizey priizlilik (Ra) 6l¢iim araligi 0,01-40
um’dir. Ortalama ylizey piurizliliigii (Ra), frezelenen
yiizeylere paralel olarak olgiilmiistiir. Olgiimler ii¢ kez
tekrarlanmig olup iiglinlin ortalamasi alinarak ortalama
yiizey piiriizliiligii hesaplanmistr.

Sekil 3. Frezelenen kompozitte olusan deformasyon.

3 Faktoriyel Deney Tasarimi

Deney kombinasyonundan elde edilen degerler
Minitab programinda tam faktoriyel deney tasarimi ile
analiz edilmistir. Tasarimda 3 faktor ve her bir faktore ait
diistik ve yiiksek olmak iizere 2 seviye kullanilmistir. Tam
faktoriyel deney tasarimi ile kesici takim cinsinin (T),
devir sayisimin (n) ve ilerlemenin (u) kesme kuvveti (Fk),
deformasyon faktorii (Fq) ve yiizey piriizliligi (Ra)
iizerine etkileri arastinlmig ve ANOVA ile sonuglar
irdelenmistir.

Analizler, Sekil 4’te kiip ¢izim {izerinde gosterilen

sembollerin ~ denklemlerde  yerine  yazilmasiyla
gerceklesmektedir.
bc abc
u
b ab
- / .
®
n -

- +

Sekil 4. 3 faktor ve 2 seviyeli tasarimin kiip ¢izimi.

Faktoér Etkisi = Kontrast/(r2k1) 3

Bagintist ile hesaplanir [20]. Burada r, deney tekrar
sayisi ve k ise faktor sayisidir. Faktor sayist 3 oldugundan;

Faktor Etkisi = Kontrast/4r (4)

olur. Dolayisiyla her bir faktoriin etkisi hesaplanabilir.
Ornegin n faktoriiniin (devir sayisiin) etkisi;

n = Kontrast, /4r 5)
seklinde hesaplanir. Diger faktorlerin etkisi de ayni
formiil kullanilarak hesaplanir. Burada degisen kontrast
degerleridir. n, T, u, nT, nu, Tu ve nTu faktorlerinin
kontrast1 denklem 6-12’deki gibi olur.

Kontrast, = a+ab + ac + abc —b — ¢ — bc — (1) (6)
Kontrasty = b+ ab + bc + abc —a —c —ac — (1) )
Kontrast, = c+ac+bc+abc—a—b—ab— (1) (8)
Kontrastyr =ab+ (1)+abc+c—b—a—bc—ac (9)
Kontrasty, = ac+ (1) +abc+b—a—c—ab—bc (10)

Kontrastr, =bc+ (1) +abc+a—b—c—ab—ac (11)

Kontrastyr, = abc —bc —ac+c—ab+b+a— (1) (12)
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Burada; (1): n, u ve T’nin diisiik, a: n’nin yiiksek, u
ve T’nin disiik, b: T’nin yiiksek, n ve u'nun disik, c:
u’nun yiiksek, n ve T’nin diisiik, ab: u'nun disiik, n ve
T’nin yiiksek, ac: T’nin disiik, n ve u’nun yiiksek, bc:
n’nin diisiik, T ve u’nun yiiksek, abc: n, u ve T’nin yiiksek
deney seviyelerinden elde edilen toplam tekrarlanmis
deney sonuglaridir.

Her bir etki icin kareler toplaminin (SS)
hesaplanmasi;

SS = Kontrast? /r2* (13)

dir. Faktor sayist 3 oldugundan denklem 13, denklem 14
seklinde yazilir.

SS = Kontrast? /123 (14)
n faktoriiniin kareler toplamu;

SS, = (Kontrast,)?/8r (15)
seklinde hesaplanir ve diger faktorlerin kareler toplami da
ayn1 formiil kullanilarak hesaplanir. Toplam kareler
toplamu1 (SSt), denklem 16’daki gibi olur.

§Sp =SS, + SSy + 8S, + SSpr + SSpu + SSpy + SSuru + SSe (16)
SSe: Toplam kareler toplamindaki hatadir. Serbestlik

Derecesi (DF), Model (DFw), hata (DFg) ve toplam (DFr)
i¢in denklem 17-19°daki gibi olur.

DF, = Ds — 1 17

Burada Ds, deney sayisidir. Her bir faktoriin ortalama
karesi (MS), o faktoriin kareler toplamimin serbestlik
derecesine boliimiiyle elde edilir (Denklem 20).
ss
MS =— (20)
F degeri, katki oran1 ve determinasyon katsayisi ise
sirastyla denklem 21-23’teki gibi hesaplanir.

MS

= sp (21)
Katki = % (22)
T
ss
R? =S (23)

Burada, MSg: ortalama kare hatasi, SSu: modelin
toplam kareler toplamidir. Diizeltilmis regresyon
denklemi;

Dg*r—1
Dg*r—DFp—1

RAzdj =1-(1-R? (24)

dir. Varyans analizi sonucu elde edilen tahmin model
denklem 25°teki gibi yazilir.

Y =Po+ Bin+ BT + Psu+ fionT + Brznu + Bz Tu + PrznTu (25)

Bo regresyon katsayisidir, deneyler ile elde edilen tiim
gozlem degerlerinin ortalamasidir. Diger 1, 2 ve 3
gibi regresyon katsayilari, faktor etkileri ve faktorler arasi
etkilesimin etkisi kullanilarak hesaplanmaktadir [20].

4 TOPSIS Yontemi

Deneysel sonuglardan elde edilen veriler 1s1ginda
optimum kesme parametreleri, ¢ok kriterli karar verme
yontemlerinden olan ideal ¢oziime benzerlik bakimindan
siralama  performanst teknigi (TOPSIS) ile analiz
edilmistir. 1995 yilinda formiilize edilen TOPSIS
yaklagimi [21], secilen segenegin pozitif ideal ¢dziime
minimum mesafenin yan:t sira negatif ideal ¢oziime
maksimum mesafeye sahip olmasi gerektigi plani iizerine
kurulmustur. Bu baglamda, deneysel sonuglardan elde
edilen ortalama degerlere gore islemler yapilmis olup,
TOPSIS yontemi igin kullanilan esitlikler denklem 26-
32’da verilmistir [22,23].

Ry =Xij/ |Z2 X5 (26)

Burada i=1...m ve j=l...... n’e kadar olan X
faktoriine ait j. deneyin i. gercek degerlerini temsil eder
(Xij). R;; ise normalize edilmis degerdir.

Agirhiklar  (Wi), normalize edilmis degerlerle
carpilarak agirlikli normalize veriler (Vij) hesaplanir.
Ancak her bir ¢ikis i¢in verilen agirliklarin toplami 1
degerini gegmemelidir.

Vij = Riiji (27)
Elde edilen verilere bagh iyiye en yakin (V+) ve

kotliye en uzak (V-) degerler belirlenerek En iyiden ve en
kotiiden 6klid uzakliklart hesaplanir.

VY=V e, VD) (28)
Vo= (V0 Vi, VD) (29)
St = Sy =2 (30)
S = |Xjm(Vij —V7)? (31)

Elde edilen degerlerden performans puanina gore
biiyiikten kiiglige gore siralama yapilir. Elde edilen en
biiyiik deger optimumu verir.

CC; =57 /(S +5) (32)
5 Sonuglar ve Tartigma
Talasli imalat yontemlerinde, iiretim esnasinda kesici

takim ile is parcasi temas halinde olduklari igin is pargasi
ve takim arasinda siirtinme meydana gelmektedir.
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Siirtiinme; kesici takim geometrisi, kesme hizi, ilerleme, deformasyon faktorii ve ylizey piriizliligi iizerine
i parcast ve kesici takim malzemeleri gibi etkileri arastirilmis. Kesme parametrelerinin
parametrelerden etkilenmektedir. Bu parametrelerin kombinasyonuna bagli olarak deney sayis1 sekizdir.
yanlig se¢imi, kesici takima gelen kuvvetlerin artmasina Ancak her bir deney ii¢ tekrarlt yapilmistir. Tekrarlanmis
sebebiyet  vererek  islenmis  yiizeyin  kalitesini deneysel sonuglardan elde edilen veriler Tablo 3’te
kotiilestirmektedir. Keten fiber takviyeli kompozitlerin verilmistir.

farkli parametrelerde frezelenmesinin kesme kuvveti,

Tablo 3. Farkli parametrelerde frezelenen kompozitlerden elde edilen sonuglar.

DeneyNo T n u  Sembol Fi Fa Ra
r2 I3 r 2 I3 I 2 I3
1 2500 0,01 1) 51,68 52,14 5284 1,045 1,053 1,061 6,25 6,34 6,37
2 HSS 2500 0,02 c 55,42 55,64 57,60 1,065 1,066 1,070 6,34 6,39 6,62
3 7500 0,01 a 36,02 37,84 39,15 1,075 1,083 1,100 5,76 5779 5,97
4 7500 0,02 ac 4195 4240 4285 1,089 1095 1110 596 6,10 6,18
5 2500 0,01 b 3596 36,11 36,50 1,023 1,024 1,025 5,74 589 595
6 we 2500 002 bc 4962 5055 5142 1040 1042 1047 599 621 631
7 7500 0,01 ab 2855 29,05 31,71 1,047 1,055 1,054 489 506 511
8 7500 0,02 abc 31,58 32,01 3205 1069 1072 1075 521 535 5,73
Deney sonuglar1 Minitab programinda tam faktoriyel iligkili oldugunu ifade etmislerdir [25]. Ellenberger ve ark.
deney tasimi ile modellendigi zaman kesme kuvveti, (2021) da benzer sonuglar1 elde etmislerdir. Ancak onlar,
deformasyon faktorii ve yiizey piiriizliligi igin elde deneysel calismalarda kesme hizlarini oldukga yiiksek
edilen ortalama ana etki grafikleri sirasiyla Sekil 5-7°deki tutmuslardir [26].
gibi olugsmustur. Sekil 6’daki deformasyon faktorii grafiginden
goriildiigii gibi ferezeleme isleminde artan ilerleme ile
Kesme Kuvveti (N) Ana Etld Grafigi deformasyon faktorii artmistir. Bu artig, kesici takimin
Devic Saver (dovidae | Tirieme T (mvaer) | esici Takom Cinsl fiberi kesecek zaman bulamamasindan ve ayrica Sekil 5°te

00 goriildiigii gibi artan ilerleme ile olusan yiiksek kesme

kuvvetinin, kesilemeyen fiberleri kanalin dis yiizeyine
dogru  iterek  koparmasindan  kaynaklanmaktadir.
45.0 Deformasyon  faktoriindeki artis yiiksek donme
devirlerinde de gozlemlenmistir. Buradaki artis ise
sirtinmeden  kaynakli  olugan  1sinin  matrisi

Orlalama
IS
D

20,0 yumusatmasindan ve matris ile fiber arasindaki bagin
zayiflamasindandir. Kesici takim agisindan deformasyon

375 faktorii degerlendirildiginde ise daha disiik kesme
o kuvvetinin elde edildigi WC takimlarda deformasyon
T s 7500 001 0.02 Hes we faktorii de diisiik elde edilmistir. Babu ve ark. (2013),

dogal fiber takviyeli kompozitlerin frezelenmesinde, fiber
cinsinin, ilerlemenin ve kesme hizinin deformasyon
faktorii iizerine etkilerini analiz etmislerdir. Fiber cinsine
baglt olarak deformasyon faktoriiniin  degisiklik
gosterdigini, kesme hizi arttikga deformasyon faktoriiniin
azaldigin1 ve ilerleme arttikga deformasyon faktdriiniin
arttigini belirtmiglerdir. Diisiik bir deformasyon faktori
ve ylizey purizlilik degeri i¢in yiiksek kesme hizi ve
diisiik ilerleme degerlerin kullanilmast gerektigini
vurgulamislardir [27].

Sekil 5. Kesme parametrelerinin kesme kuvveti tizerine etkiler.

Sekil 5’te, kesme kuvvetinin artan devir sayisi ile
azaldig, artan ilerleme ile arttigi goriilmektedir. Ayrica
WC kesici takimlardan elde edilen kesme kuvvetleri, HSS
kesici takimlarindan daha diisiik elde edilmistir. Devir
sayisindaki artig, siirtinmeden dolayr daha yiiksek 1s1
olusumuna neden olmaktadir. Yiksek 1s1, kesme
bolgesinde matris malzemesinin yumusamasina neden
oldugu icin kesme kuvvetinin diismesine yol agnustir. Ote
yandan artan ilerleme, birim zamanda kaldirilan talag
hacmini arttirir. Bu artis kesme kuvveti {izerinde dinamik
bir etki olusturarak kesme kuvvetini yiikseltmistir [24]. 1,080
WC takimlarla frezelenen kompozitlerde diisiik siirtiinme
katsayisinin olugmasi, kesme kuvvetlerinin diisiik olarak
elde edilmesini saglarken; HSS takimlarla frezelenen 1070
kompozitlerde daha yiiksek siirtlinme katsayisinin
olugmasi, takimin ilerlemesini zorlastirarak kesme
kuvvetini arttirmistir. Chegdani ve Mansori (2019), keten
fiber takviyeli kompozitlerin frezelenmesinde ilerleme 1055
kuvvetinin elde ettigimiz sonuglara paralel olarak artan 1050
ilerleme ile arttigini, ancak yaptigimiz ¢aligmanin aksine
artan kesme hiziyla da arttifin1 belirtmiglerdir. Bu LB 7500 001 002 HSs we
durumun isleme esnasinda olusan siirtiinme katsayisi ile

Deformasyon Faktori Ana Etki Grafigi

Devir Savis: (devidak) Tlerleme Hiz (mm/dev) Kesici Talam Cinsi

1,075

1,065

Orlalama

1,060

Sekil 6. Kesme parametrelerinin deformasyon faktorii lizerine etkileri.
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Sekil  7°de, kesme parametrelerinin  yiizey
pliriizliiligii tizerine etki grafigi Sekil 5°te verilen kesme
kuvveti gibi benzer egilim sergilemistir. Diisiik devir
sayist ve yiiksek ilerleme yiizey piriizlilik degerini
arttirmistir. Kesme kuvveti ve deformasyon faktoriinde
oldugu gibi WC kesici takimda daha iyi yiizey piiriizlilik
sonuglari elde edilmistir. Geleneksel malzemelere gore
fiber takviyeli polimer kompozitlerde, yiizey piiriizliilik
degerlerinin yliksek c¢ikmasi, kesici takimm kesme
isleminin  her aminda farkli elyaf acilart ile
kargilasmasindan ve buna baghi olarak frezelenen
yilizeylerde elyaf kopmasi, uzamasi ve biikiilmesinden
kaynaklanmaktadir. Ancak Chegdani ve ark. (2020),
farklt oryantasyon agcilar1 ile {irettikleri keten fiber
takviyeli kompozitlerin ortogonal kesme isleminde,
oryantasyon agisinin yiizey piiriizliiliigii tizerinde 6nemli
etkiye sahip oldugunu, kesme hizinin ve dolayisiyla devir
sayisinin artmasiyla oryantasyon agisma bagli olarak
ylizey pirizliliiglinin artip veya azalabilecegini
belirtmistir [1]. Yiizey piiriizliligi ile ilgili yapilan diger
caligmalarda ise Davim ve ark. (2009), ilerleme arttik¢a
ylizey piirtizliillik degerinin arttigini, devir sayisi arttikca
azaldigint belirtmislerdir [28]. Azmi ve ark. (2016) ise
ylizey piriizliliik tizerine en etkili kesme parametresinin

Q 3 10 15 20 25 30
Standartlagtinimig Edd
a) Fx: Kesme Kuvveti

33

ilerleme oldugunu, kesme hizinin ve talas derinliginin
yiizey piiriizliiliik izerinde dnemli bir etki sergilemedigini
ve iyi bir yiizey kalitesi i¢in diigiik ilerleme degerinin
secilmesi gerektigini belirtmislerdir [29].

Devir sayist (n), ilerleme (u) ve kesici takim (T)
faktorlerinin ve bu faktorlerin etkilesim sonuglarinin
kesme kuvveti (Fk), deformasyon faktorii (Fq) ve yilizey
ptriizliliigii (Ra) tizerindeki standartlastirilmig etkilerinin
Pareto grafigi Sekil 8’de verilmistir.

Yiizey Piiriizliliigi (um) Ana Etki Grafigi
Devir Sayisi (devidak) Tlerleme Hiz1 (mm/dev) Kesici Talim Cinsi

Orlakama

2500 7500 0,01 0,02 HSS wC

Sekil 7. Kesme parametrelerinin yiizey piiriizliiligii iizerine etkileri.

To

aT

aTu

0 2 £ & 3 10 12
Srandardaznnimag Edd
b) F4: Deformasyon Faktorii

4
Srandamlaztinlmag Edkd

] B 10

c) Ra: Yiizey Piriizliligi
n: Devir sayisi (dev/dak), T: Kesici takim cinsi, u: flerleme (mm/dev)
Sekil 8. Kesme parametrelerinin sonuglar tizerindeki standartlastirilmis Pareto grafikleri (¢=0,05).

Sekil 8’de verilen Pareto grafiginde, kesme kuvveti
icin hem faktorler hem de faktorler arasi etkilesim kesme
kuvveti i¢in 6nem arz etmektedir. Devir sayist ve kesici
takim etkilesimi (nT) Pareto ¢izgisinin altinda kalarak
kesme kuvveti iizerinde 6nemsiz bir etki sergilemistir.
Deformasyon faktorii i¢in faktorler Pareto ¢izgisi izerinde
ve faktorler arasi etkilesim 2,12 ¢izgisi altinda kalmustir.
Sadece devir sayisi, ilerleme ve kesici takim cinsi

deformasyon faktorii lizerinde 6nem tasimistir. Yiizey
piiriizliligiinde ise faktorler ve kesme kuvvetinde g6z
ard1 edilebilen devir sayisi ve kesici takim etkilesimi (nT)
Pareto ¢izgisinin iizerine ¢ikmigtir. Her ne kadar kesme
kuvveti ve yiizey piiriizliiliigiinde faktorler arasi etkilesim
Pareto ¢izgisinin iizerine ¢iksa da % katkilar1 oldukca
diisiik goriilmektedir. Bunlarin % olarak degerleri Tablo
4-6’da verilmistir.
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Tablo 4. Kesme kuvveti (Fk) i¢in faktorlerin ve etkilesimlerinin ANOVA sonuglari.

Kaynak DF Adj SS Adj MS F-Degeri P-Degeri % Katki
Model 7 2051,92 293,13 282,67 0,000 99,20
Dogrusal 3 1912,91 637,64 614,88 0,000 92,48
n 1 1070,94 1070,94 1032,71 0,000 51,77
u 1 237,76 237,76 229,28 0,000 11,49
T 1 604,21 604,21 582,64 0,000 29,21
2 Yonlii Etkilesimler 3 76,03 25,34 24,44 0,000 3,68
n*u (nu) 1 49,59 49,59 47,82 0,000 2,40
n*T (nT) 1 4,08 4,08 3,94 0,065 0,20
T*u (Tu) 1 22,35 22,35 21,55 0,000 1,08
3 Yonli Etkilesimler 1 62,99 62,99 60,74 0,000 3,04
n*T*u (nTu) 1 62,99 62,99 60,74 0,000 3,04
Hata 16 16,59 1,04 0,80
Toplam 23 2068,51 100,00
S 1,01834; R-Sq %99,20; R-sq(Adj) %98,85; R-Sq(Prep) %98,20
Tablo 5. Deformasyon faktérii (Fg) igin faktorlerin ve etkilesimlerinin ANOVA sonuglari.
Kaynak DF Adj SS Adj MS F-Degeri P-Degeri % Katki
Model 7 0,011949 0,001707 34,75 0,000 93,83
Dogrusal 3 0,011863 0,003954 80,50 0,000 93,16
n 1 0,005490 0,005490 111,76 0,000 43,11
u 1 0,001584 0,001584 32,25 0,000 12,44
T 1 0,004788 0,004788 97,47 0,000 37,60
2 Yonlii Etkilesimler 3 0,000082 0,000027 0,56 0,651 0,64
n*u (nu) 1 0,000000 0,000000 0,01 0,931 0,00
n*T (nT) 1 0,000018 0,000018 0,37 0,549 0,14
T*u (Tu) 1 0,000063 0,000063 1,29 0,273 0,50
3 Yonlii Etkilesimler 1 0,000003 0,000003 0,07 0,797 0,03
n*T*u (nTu) 1 0,000003 0,000003 0,07 0,797 0,03
Hata 16 0,000786 0,000049 6,17
Toplam 23 0,012735 100,00
S 0,0070089; R-Sq %93,83; R-sq(Adj) %91,13; R-Sq(Prep) %86,11
Tablo 6. Yiizey piiriizliliigii (Ra) i¢in faktorlerin ve etkilesimlerinin ANOVA sonuglari.
Kaynak DF Adj SS Adj MS F-Degeri P-Degeri % Katki
Model 7 4,75376 0,67911 30,92 0,000 93,12
Dogrusal 3 4,49141 1,49714 68,17 0,000 87,98
n 1 2,21434 2,21434 100,82 0,000 43,37
u 1 0,44554 0,44554 20,29 0,000 8,73
T 1 1,83154 1,83154 83,39 0,000 35,88
2 Yonlii Etkilesimler 3 0,26231 0,08744 3,98 0,027 5,14
n*u (nu) 1 0,01654 0,01654 0,75 0,398 0,32
n*T (nT) 1 0,19984 0,19984 9,10 0,008 3,91
T*u (Tu) 1 0,04594 0,04594 2,09 0,167 0,90
3 Yonli Etkilesimler 1 0,00004 0,00004 0,00 0,968 0,00
n*T*u (nTu) 1 0,00004 0,00004 0,00 0,968 0,00
Hata 16 0,35140 0,02196 6,88
Toplam 23 5,10516 100,00
S 0,148198; R-Sq %93,12; R-sq(Adj) %90,11; R-Sq(Prep) %84,51
Tablo 4-6’daki ANOVA sonuglari, denklem 1-24’te degerlerinin oldukc¢a diistik

verilen esitliklerle

hesaplanmaktadir. Elde

edilen

tutulmasindan
kaynaklanmaktadir. Fk, Fg ve Ra igin regresyon katsay1

sonuglara bagli olarak Pareto grafiginin aciklamasinda da
deginildigi gibi faktorlerin % katkisi, faktorler arasi
etkilesimden oldukga yiiksek meydana gelmistir. Kesme
kuvveti (Fk), deformasyon faktorii (Fq) ve yiizey
piiriizliligii (Ra) i¢in en biiylik katkiya sahip faktor devir
sayist olmustur. Bunu sirasiyla kesici takim cinsi ve
ilerleme takip etmistir. Ilerleme katki degerinin diisiik
elde edilmesinin muhtemel nedeni, deneysel ¢alismada

degerleri R? sirasiyla 0.9920, 0.9383 ve 0.9312 olarak elde
edilmistir. Bu faktorlerin diizeltilmis regresyon katsayilari
0.9885, 0.9113 wve 0.9011 iken tahmini regresyon
katsayilart  0.9820, 0.8611 ve 0.8451 olarak
hesaplanmistir. Regresyon Kkatsayis1 degerlerinin 1’e
yakin  olmasi, modellemenin basarili  oldugunu
gostermektedir. Fk, Fq ve Ra i¢in elde edilen regresyon
esitlikleri sirasiyla denklem 33-35°te verilmistir.
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Fyx = 37,40 — 0,000947 *n + 1204,5 *u — 18,46 * T — 0,1150 * nu + 0,002109 *nT + 841,0 * Tu — 0,1296 * nTu
Fy; =1,0065 + 0,000006 *n + 1,675 *u — 0,0150 * T — 0,000010 * nu — 0,000001 * nT + 0,175 * Tu + 0,000030 * nTu

Ra = 6,252 —0,000153 *n + 16,7 *u — 0,232+« T + 0,00210 * nu — 0,000035 * nT + 9,2 * Tu — 0,00010 * nTu

T: HSS
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Sekil 9. Kesme parametrelerinin Fx, Fq ve Ra tizerindeki etkileri.

Faktoriyel deney tasarimi ile elde edilen sonuglar
Sekil 9°da verilen grafiklerle analiz edildiginde; en diisiik
kesme kuvveti, yiizey pirizliligi ve deformasyon
faktori WC kesici takimlarla 0,01mm/dev ilerleme ile
frezelenen kompozitlerde elde edilirken, en yiiksek ise
HSS kesici takimlarla 0,02mm/dev ilerleme ile frezelenen
kompozitlerden elde edilmistir. Ancak devir sayisina

deformasyon faktorii yiiksek, diisiik devir sayisinda ise
tam tersi elde edilmistir. Optimum kesme parametresinin
belirlenmesi ve deney parametrelerinin siralanmasi igin
ideal ¢dziime benzerlik bakimindan siralama performanst
teknigi (TOPSIS) onem tagimaktadir. TOPSIS ig¢in
deneysel sonuglardan elde edilen ortalama degerlere
(Tablo 7) bagli olarak denklem 25-31°deki esitlikler

bagli olarak kesme kuvveti, yiizey piriizliligii ve kullanilarak hesaplamalar yapilmigtir. Tablo 8’de
deformasyon faktorii analiz edildiginde, yliksek devir normalize edilmis deney sonuglar1 verilmistir.
sayisinda kesme kuvveti ve yiizey piriizliiligi disik,
Tablo 7. Frezeleme sonucu elde edilen ortalama degerler.
DeneyNo T n u Fi Fd Ra
lort lort lort
1 2500 0,01 52,22 1,053 6,32
2 HSS 2500 0,02 56,22 1,067 6,45
3 7500 0,01 3767 1,086 584
4 7500 0,02 4240 1,098 6,08
5 2500 0,01 36,19 1,024 5,86
6 we 2500 0,02 50,53 1,043 6,17
7 7500 0,01 29,77 1,052 5,02
8 7500 0,02 31,91 1,072 5,43
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Tablo 8. Normalize edilmis deney sonuglari.

Deney No T n u Fk Fd Ra
1 2500 0,01 0,428206825 0,350521068 0,37788751
2 HSS 2500 0,02 0,461007042 0,355181367 0,385660513
3 7500 0,01 0,308896038 0,361506058 0,349187193
4 7500 0,02 0,347682294 0,3655006 0,363537352
5 2500 0,01 0,296759958 0,340867591 0,35038304
6 we 2500 0,02 0,414348734 0,347192282 0,368918661
7 7500 0,01 0,244115611 0,350188189 0,300157485
8 7500 0,02 0,261663726 0,356845759 0,324672339

Fk, Fa ve Ra’nin agirliklar toplami 1 olacak sekilde
strastyla 0,3; 0,4 ve 0,3 secilmistir. Fo’ni agirlik degerinin
digerlerinden daha yiiksek belirlenmesinin nedeni montaj
hattinda daha O©nemli olmasindandir. Tablo 8’deki
normalize edilmis degerler bu agirliklarla ¢arpilarak iyiye
en yakin (V+) ve kotiiye en uzak (V-) degerler hesaplanir
(Tablo 9).

En iyiden ve en kotiiden 6klid uzakliklar1 belirlenen
verilerin performans puanina gore biiyiikten kiiciige gore
siralama sonuglar1 yapilarak TOPSIS analizi tamamlanir.
Tablo 10’da wverilerin oklid uzakliklar1 ve siralama
performansi verilmistir.

Tablo 10’da verilen siralamaya bagli olarak en iyi
sonuglar 7 numarali deneyden, en kotii sonuglar ise 2
numaralt deneyden elde edilmistir.

Tablo 9. lyiye en yakin (V*) ve kétiiye en uzak (V) degerler.

Deney No T n u Fx Fd Ra
1 2500 0,01 0,128462048 0,140208427 0,113366253
2 HSS 2500 0,02 0,138302112 0,142072547 0,115698154
3 7500 0,01 0,092668811 0,144602423 0,104756158
4 7500 0,02 0,104304688 0,14620024 0,109061206
5 2500 0,01 0,089027987 0,136347036 0,105114912
6 WG 2500 0,02 0,12430462 0,138876913 0,110675598
7 7500 0,01 0,073234683 0,140075276 0,090047245
8 7500 0,02 0,078499118 0,142738304 0,097401702
V+ 0,073234683 0,136347036 0,090047245
V- 0,138302112 0,14620024 0,115698154

Tablo 10. Performans puanina gore siralama sonuglari
Deney No T n u Si+ Si- CCi Siralama
1 HSS 2500 0,01 0,060072858 0,011754423 0,163648449 7
2 HSS 2500 0,02 0,070174931 0,004127693 0,055552459 8
3 HSS 7500 0,01 0,025733031 0,046954004 0,645974955 4
4 HSS 7500 0,02 0,037735415 0,034639197 0,478609778 5
5 wWC 2500 0,01 0,021828033 0,051352021 0,701721548 3
6 wcC 2500 0,02 0,055136809 0,0165767 0,231151705 6
7 wWC 7500 0,01 0,003728239 0,070208651 0,949575384 1
8 WC 7500 0,02 0,011074773 0,062635001 0,849751634 2
6 Sonuglar hizi, kesici takim cinsi ve ilerleme seklinde
gerceklesmistir.

Bu ¢alismada, keten fiber takviyeli kompozitlerin
HSS ve WC kesici takimlarla frezelenmesinde, kesici
takim cinsinin, devir sayisinin ve ilerlemenin kesme
kuvveti, deformasyon faktorii ve ylizey pirizliligi
iizerine etkileri tam faktoriyel deney tasarimi ve TOPSIS
yontemi ile analiz edilmistir ve elde edilen sonuglar
asagida sunulmustur.

Keten fiber takviyeli kompozitlerin frezelenmesinde
olusan kesme kuvveti, deformasyon faktorii ve yiizey
ptiriizliiliik degerleri, devir sayisi, ilerleme ve kesici takim
cinsinden etkilenmistir.

Tam faktoriyel deney tasarimiyla yapilan analizlerde,
kesme kuvveti ve ylizey plriizliliigi, devir sayisinin
artmastyla azalmig, ilerlemenin artmasiyla artmistir.
Deformasyon faktorii ise hem artan kesme hizt hem de
artan ilerleme ile artmistir. WC kesici takimlarin sonuglart
HSS kesici takimlardan daha iyi elde edilmistir. Kesme
kuvveti, deformasyon faktorii ve yiizey piirtizliligi
iizerine kesme parametrelerinin % katkis1 sirasiyla kesme

TOPSIS analiziyle optimum deneysel sonug, WC
kesici takimin 7500 dev/dak devir sayis1 ve 0,01 mm/dev
ilerleme ile dogal kompoziti frezeledigi deneylerden elde
edilmistir. En kotii sonug ise HSS kesici takimin 2500
dev/dak devir sayist ve 0,02 mm/dev ilerleme ile dogal
kompoziti frezeledigi deneylerden elde edilmistir.
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Abstract

Original scientific paper
This study was carried out in order to determine the level of awareness of cherry producers in plant protection practices in Omerli district
of Mardin province, where cherry production was intense in 2021. Sampling was done randomly. The information obtained through the
face-to-face survey method consisting of 20 questions with 87 producers in a total of 10 randomly selected villages in one districts and the
evaluation of the results were calculated over the percentage rate. It has been determined that the education level of cherry farmers is high
and the majority of them have other income together with agriculture. It receives information from drug dealers and Agriculture and
Forestry Provincial/District Directorates in the selection and dosage of pesticides for cherry producers. In the selection of the drug, the
brand and the active substance are important, they do not apply the same pesticides in the fight against harmful and disease factors that
they constantly encounter, they start spraying before pests and diseases are seen as a precautionary measure, they use the recommended
dose in the application of the drugs, that the pesticides leave residues on the products, with the last spraying. They comply with the waiting
periods between harvest time, they use protective clothing and masks during the application of the drugs, they do not throw the empty drug
boxes around haphazardly, they wash the spraying equipment but use the spraying machines without calibration, they apply by mixing
pesticides, they apply cultural measures as well as chemical warfare in the fight against harmful and disease factors. but it was determined
that they did not have knowledge about biopesticide.
In order to solve the problems of the producers in the fight against plant pests and diseases in agricultural production, they usually turn to
chemical control, so that unconscious chemical applications affect human health and the ecological environment negatively.

Keywords: Plant protection problems, survey, cherry, Mardin.

MARDIN iLi KIRAZ URETICILERININ BITKI KORUMA UYGULAMALARINDA BILING
DUZEYLERININ BELIRLENMESI

Ozet
Orijinal bilimsel makale

Bu caligma, 2021 yilinda kiraz iiretiminin yogun olarak yapildig1 Mardin ili Omerli ilgesi kiraz iireticilerinin bitki koruma uygulamalarinda
biling diizeylerini belirlemek amaciyla ele alinmistir. Ornekleme tesadiifi olarak yapilmustir. Bir ilgede tesadiifi olarak segilen toplam 10
koyde, 87 adet iireticiyle yiiz yiize yapilan 20 soruluk anket metoduyla alinan bilgiler ve sonuglarin degerlendirilmesi yiizde oran {izerinde
hesaplanmustir. Kiraz ¢iftcilerin, egitim diizeylerinin yiiksek ve cogunlugunun tarimla birlikte baska gelirinin oldugu belirlenmistir. Kiraz
iireticilerinin zirai ila¢ segiminde ve dozunu karar vermede ilag bayiliklerinden ve Tarim ve Orman il/ilge Miidiirliiklerinden bilgi
almaktadir. Ilacin se¢iminde marka ve etkili maddenin 6nemli oldugu, siirekli karsilastiklar1 zararli ve hastalik etmenlerle miicadelede
devamli ayni zirai ilaci uygulamadiklari, kendilerince onceden tedbir amaglh olarak zararli ve hastaliklar goériilmeden ilaglamaya
basladiklari, ilaglarin uygulamasinda tavsiye edilen dozda kullandiklari, zirai ilaglarin iiriinlerde kalint1 biraktigini, son ilaglama ile hasat
zamani arasindaki bekleme siirelerine uyduklarini, ilaglarin uygulamalar1 zamaninda koruyucu kiyafet ve maske kullandiklarini, bos ilag
kutularini gelisigiizel etrafa atmadiklari, ilaglama aletlerini yikadiklar: fakat ilaglama makinalarini kalibrasyon yapmadan kullandiklari,
zirai ilaglar1 karigtirarak uyguladiklarini, zararli ve hastalik etmenleriyle miicadelede kimyasal savas yaninda kiiltirel onlemleri de
uyguladiklarini fakat Biyopestisit hakkinda bilgiye sahip olmadiklar1 saptanmustir.

Ureticilerin tarimsal iiretimde bitki zararli ve hastaliklarla miicadelede sorunlarinin ¢dziimiinde genellikle kimyasal miicadeleye
yonelmekte, boylece bilingsizce yapilan kimyasal uygulamalari insan sagligi ve ekolojik ¢evre olumsuz etkilenmektedir.

Anahtar Kelimeler: Bitki koruma sorunlari, anket, kiraz, Mardin.
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1 Girig

Insan beslenmesinde besin degeri yiiksek ve lezzetli
bir meyve olan kiraz iiretiminde ve pazarlamasinda yogun
is glicli nedeniyle genis is istihdami saglamaktadir. Ayrica
diinyada 6nemli bir kiraz iiretimine sahip ve Ihracatinda
onemli doviz getirisinden otiirii {ilke ekonomisine biiyiik
katkilarda bulunmaktadir (Kaplan, 2019).

Tirkiye kiraz iretiminde ve ihracatinda diinyada
onemli yere sahip olup, 2020 yilinda 664.224 ton kiraz
iretimiyle diinya birincisidir. Tirkiye, 2020 yilinda
miktar olarak yaklasik 87 bin ton, deger olarak ise
yaklasik 224 milyon dolarlik ihracat gergeklestirmistir.
Kiraz ihracatinda Avrupa Birligi iilkeleri onemli yer
tutmakta olup, 15’ten fazla iilkeye kiraz ihrag
edilmektedir (Anonim, 2020). Mardin ilinde 2021 yilinda
2.556 ton kiraz iiretimi yapilmistir (Anonim, 2022). il’de
kiraz tiretim miktar1 az gibi goriinse de kirazin erkenci
cesit olup ve piyasaya erken girdiginden dolay: {ireticiler
icin ekonomik getirisinin yiiksek olmasindan dolay iiriinii
onemli hale getirmektedir.

Uretim asamasinda {iriiniin kalitesini ve verimliligini
azaltan en Onemli faktorlerden birisi de bitki koruma
sorunlaridir. Onceki yillarda iilkemizde kiraz alanlarinda
zararlilar ve dogal diismanlari {izerinde arastirmacilar
tarafindan bir¢ok caligma yapilmis ve bu alanlarda 70’in
tizerindede zararli tiirii belirlemiglerdir (Aysu,1955;
Nizamoglu, 1957; Gokmen, 1965; Yildirim, 1957;
Ulu,1983; Doganlar, 1987; Ulu ve Onugar, 1989,
Uzun,1990; Ozbek ve ark.,1996; Erol ve Yasar, 1996.
Vatansever ve ark., 1999; Ozder, 1999; Cmar ve ark.,
2004, Ertop ve Ozplnar, 2011; Ozdem ve ark., 2017;
Kaplan ve Alaserhat, 2018, Kaplan, 2019; Kagar ve Koca,
2020). S6z konusu zararlilarin bir kismu ¢igek ve
tomurcuklart yiyerek, bir kismi da yapraklari biikmesi
veya yemesi yaninda bazilart da agaglarin kok ve
govdelerinde beslenerek agaglarin kurumasma neden
olmaktadir. Zamanla ve iklim kosullarina bagli olarak
iretimde kalite ve verimde Onemli kayiplara neden
olurlar. Tarimsal iiretim sahalarinda iklim kosullarinda
kaynakli bazi yillarda bitkilerde zarar yapan etmenlerin
popiilasyonlarinda artis oldugunu bildirmislerdir (Artun
ve Saltuk, 2018; Saltuk 2019).

Tarimsal iiretim alanlarinda zararli etmenlerden
kaynakli iretim kayiplarimi azaltmada bitki koruma
driinleri ve uygulamalart biliylik 6nem arz etmektedir.
Dolaysiyla bu alanlarda gelisigiizel ve bilingsizce yapilan
zirai ilag kullanimi nedeniyle insan ve gevre sagligi i¢in
tehdit olusturmaktadir. Bu yilizden 6nemli bir kiraz {iretim
potansiyeline sahip Mardin ili kiraz {iretim alanlarinda
iireticilerin bitki koruma sorunlarinin belirlenmesi yam
sira bitki koruma {irlinlerinin uygulanmasindaki biling
diizeylerini ortaya c¢ikarilmasina ydnelik bir anket
caligmasi yapilmistir. Bu ¢aligma sonucunda elde edilen
veriler bu alanlardaki ileride yapilacak benzer ¢aligmalara
onemli veriler tegkil edecektir.

2 Meteryal ve Yontem
2.1 Materyal

Calismanin ana materyalini Mardin ili Omerli ilgesine
Kiraz iiretimiyle ugrasan {ireticiler ile bire bir yapilan

goriismelerde 20 soruluk anket uygulanmis ve alinan
cevaplar elde edilen cevaplar adet yiizde {iizerinde
degerlendirilmistir. Caligmada elde edilen verilerde 2020
yilinda Omerli ilgesinde Ciftci Kayit Sistemine (CKS)
kayith Kiraz iiretimi yapan toplam 874 adet isletme
oldugu ve bu isletmelerin %95 giiven araliginda oldugu
belirlenmistir (Anonumous, 2019). Bu {ireteciler Mardin
ilinde faaliyet gosteren 21548 isletmenin %4,05’ini
olusturmaktadir. Omerli ilgesinde faaliyet gosteren
isletmelerin tamamu ile anket yapmak miimkiin olmadig1
icin, calisma da goriisiilecek ciftei sayisi “Basit Tesadiifi
Ornekleme Yontemi” ile asagida belirtilen formiille
degerlendirilmistir (Cigek ve Erkan, 1996).

n=N (pqg)/ (N-1) D2+ (pq)

n=NxS2xt2 /(N-1)d2 + (S2 x t2) (1)
Esitlikte;

n : Ornek sayisi

S : Populasyon varyansi

N : Populasyonu olusturan isletme sayisi
t : Standart normal dagilim degeri

d : Populasyona ait hata terimi

Anket c¢alismasinda ele alinacak 6rnek hacminin
saptanmasinda %35 hata ve %95 giiven araliginda anket
yapilmis ve formiiliin kullanimiyla goriisiilmesi gereken
cift¢i sayis1 87 olarak belirlenmistir.

3 Bulgular ve Tartisma
3.1 Kiraz Ureticilerinin Sosyo-Ekonomik Ozellikleri

Mardin  Omerli ilcesinde ankete katilanlarin
demografik yapis1 incelendiginde kiraz {reticilerinin
tamaminin erkek olup, bunlarin %3’{iniin okur-yazar
olmadigi, %]17’sinin okur-yazar, %67’sinin ilkokul,
%7’sinin  ortaokul, %3’tUniin lise ve %3 tUnin de
Yiiksekokul/Universite mezunu oldugu saptanmistir
(Tablo 1). Buna paralel olarak Antalya ilinde elma
ciftgilerinin %63,3’i ilkokul ve %14,41 yiiksekokul
mezunu; Nevsehir ilinde patates ¢iftcilerinin %64,6’sinin
ilkokul, %1,1’inin  yiiksekokul/iiniversite = mezunu,
Adiyaman’da badem ciftgilerinin %91,4inli erkek ve
%38,6’s1n1 kadin olustururken, %141 ilkokul, %24,7’si
ortaokul, %40,9’u lise ve %20,4’1i yiiksekokul/iiniversite
mezunudur. Mardin’de bagcilik ugrasan ireticilerinin
tiimil erkek olup, bunlardan %20’sinin okur-yazar degil,
%64°1 ilkokul, %12’side ortaokul ve % 4’u ise lise
mezunu oldugu bildirilmistir (Celik ve Direk, 2008;
Kizilay ve Akg¢adz, 2009; Erdogan ve Gokdogan, 2017;
Erdogan ve ark., 2017; Kaplan ve Baran, 2021).

Mardin ilindeki kiraz iireticilerinin %83l sosyal
giivenlige sahipken ve %17’sinin ise tarim digindan bir
gelire sahip oldugu saptanmustir (Tablo 1). Manisa ilinde
ciftcilerin %64 liniin sosyal giivenligi oldugu, %66’simin
ise tarimdan baska bir gelire sahip oldugu; Nevsehir ilinde
ciftilerin  %73,5’inin sosyal gilivenlige ve %31,2’sinin
tartm dis1 gelire sahip oldugu; Adana ili Seyhan ve
Yiiregir ilgelerinde ¢iftgilerin - %53,6’sinin  sosyal
giivenlige sahip, %70,5’inin ise tarim dis1 geliri oldugu;
Adiyaman ilinde badem ¢it¢ilerinin %83,9’unun sosyal
giivenlige ve %65,6’sinin tarim dist bir gelire sahipken
Mardin ilindeki bag iireticilerinin %73,9’unun sosyal
giivenlige ve %55,6’sinin ise tarim digt bir gelire sahip
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oldugunu bildirmislerdir (Tiicer ve ark., 2004; Emeli,
2006; Karatag ve Alaoglu, 2011; Erdogan ve Gokdogan,
2017; Kaplan ve Baran, 2021).

Tablo 1. Mardin flinde ankete yapilan kiraz iireticilerinin demografik
verileri.

(%) Ozellik Oran (%)

Cinsiyeti

Erkek 100

Kadin 0

Ogrenim Durumu

Okuryazar degil

Okur-yazar

Tlkokul

Ortaokul

Lise

Yiiksekokul/Universite

Meslek durumu

Ciftei 9

Esnaf

Isci

Memur

Emekli

Sosyal Giivenligi

Var 83

Yok 17

Tarim Dis1 Gelir

Var 55,85

Yok 44,15

WW~ND W
NN

[l ORI 2 B\

3.2 Ureticilerin Bitki Koruma Uriinleri Konusundaki Bilgi
Tutum ve Davraniglar

Pestisit tavsiye ve se¢iminde kiraz ireticilerinin
%55’inin Tartm ve Orman il ve ilge Miidiirliigiine,
%?25’inin ilag bayilerine, %20’sinin ise kendi deneyimi ve
komsusuna gore zirai ilag Onerisi tercih etmektedir (Tablo
2). Calismadan alinan verilerle benzerlik gosteren bazi
caligmalardan; Manisa ili bag ¢iftcilerinin %65’inin Tarim
ve Orman Miidirliikleri teknik elemanlarindan, %16’ lik
kesimin tecriibelerine goére, %]11’inin Bitki Koruma
Bayiliklerinden ve %@8’lik boliimiin ise komsularina
bakarak zirai ilag tercih ettiklerini ( Tiicer ve ark., 2004);
Antalya elma giftcilerinin pestisit tercihinde %54’ iiniin
bitki koruma bayiliklerinden, %10’ unun kendi danigman
Ziraat Miihendislerinden onerilerine gore hareket ettikleri
(Ay ve ark., 2006); Diyarbakir, Sanlurfa ve Mardin
pamuk dreticilerinin = %52’si ilag tavsiyesini ilag
bayilerinden aldiklar1 (Bayhan ve ark., 2015);
Mardin’deki {ireticilerin %70’inin teknik teskilatlarin
vermis oldugu hizmetlerden memnun oldugunu, ilaglama
ve giibreleme ambalajni kullandiktan sonra {ireticilerin
%60’ min imha ettiklerini belirtmislerdir (Kaplan ve
Bayhan, 2017); Nevsehir ilinde patates c¢iftgilerinin
%88,9’u  bitki koruma bayiliklerinden, %7,9’u
tecriibelerinden, %2,1°i tarim kuruluslarindan, %0,5’1
komgularindan ve %0,5°1 kendilerine danismanlik yapan
mithendisinin  Onerilerini  dinledikleri (Erdogan ve
Gokdogan, 2017); Adiyaman badem c¢iftcilerinin
%44,1’inin Tarim ve Orman Miidiirliiklerine, %32,3 liniin
Bitki Koruma Uriinleri saticilarina, %19,4’iiniin
kendilerine danigmanlik mihendislerine, %3,2’sinin
komsularina ve %1,1’inin tecriibelerine (Erdogan ve ark.,
2017); Mardin ili bag freticilerinin pestisit tavsiye ve
seciminde %34’iiniin Tarirm ve Orman il ve Ilge

Midiirligine, %52,50’inin ila¢ bayilerine, % 2’liniin
danigman Ziraat Miihendisine, %12,5’inin ise kendi
deneyimi ve komsusuna goére pestisit se¢imine karar
verdiklerini belirtmislerdir (Kaplan ve Baran,2021). Diger
taraftan bu arastirmalarin aksine Antalya ilinde turunggil
ciftgilerinin %49,7’sinin tecriibelerine gore, %42,8’inin
bitki koruma bayiliklerine, %4’iiniin Tarim ve Orman
Midiirliiklerine ve %3,4’liik kismin komsularina bakarak
bitki koruma iiriinii tavsiyesini aldiklarini bildirmislerdir
(Ozkan ve ark.,2003). Siirt ilinde fistik iireticilerinin bitki
koruma ile ilgili konularda; %33’ bitki koruma
bayilikleri, %22’si Tarim ve Orman il / ilge miidiirliikleri,
%17’si deneyimlerine gore, %10’u ailedeki tecriibeli
akrabalarina, %9’u ziraat miithendisleri, %3’{i oraninda da
Ziraat odalarindan tavsiyeleri aldiklarmi ve %6’i ise
tavsiye almadiklarini bildirmislerdir (Dilmen ve ark.,
2019).

Tablo 2. Ureticilerin pestisit tavsiyesini kimden aldiklar ile ilgili biling

diizeyi.
Pestisit (Fungusit, herbisit ve insektisit) tavsiyesini Oran
kimden aliyorsunuz? (%)
Ilag bayi 25
Tarim ve Orman ilge Midiirligii 55
Kendi deneyimine ve komsusuna 20

Danigman Ziraat Miihendisinden -

Kiraz ireticilerinin hastalik ve =zararlilara Kkarsi
kullanilan pestisit (fungisit, herbisit ve insektisit)
seciminde (satin alirken) %10’u daha 6nce kullanilmig
olmasina, %341 tavsiye edilmis etkili maddesine, %30’u
markasia ve %26’s1 ucuz olmasina gore belirledikleri
saptanmustir (Tablo 3). Inan ve Boyraz (2002), Konya’da
ciftgilerin  %62,8’lik  boliimiiniin  etmenin  yogunluk
durumunu, %21,5’lik  boliimiinin  bitki  koruma
iriinlerinin maliyetlerini ve %15,7°lik kismimnin ise bitki
koruma iriiniinin fiyatina bakarak tercih ettiklerini
bildirmislerdir. Erdogan ve Gokdogan (2017), badem
ciftcilerinin bitki koruma iriin tercihlerini %43,9’unun
taninmis markaya gore, %36,5’1 fiyatlarina gore,
%]19’unun etken maddelerine ve %0,6’sinin ise son
tiketim  tarihlerini  dikkate alarak  yaptiklarim
belirtmislerdir. Mardin’deki bag iireticilerinin hastalik ve
zararlilara karsi kullanilan pestisit seciminde %10’u daha
once kullanilmis olmasina, %20,6’s1 tavsiye edilmis etkili
maddesine, %28’1 markasina ve %41,4’{i ucuz olmasina
gore yaptiklari belirlenmistir (Kaplan ve Baran, 2021).

Tablo 3. Pestisit (Fungusit, herbisit ve insektisit) satin alirken dikkat
ettikleri hususlar.

Pestisit (Fungusit, herbisit ve insektisit) satin Oran
alirken nelere dikkat edersiniz? (%)
Daha dnce kullanilmis olmasina gére 10
Tavsiye edilen etkili maddesine gore 34
Markasina gore 30
Ucuz olmasina gore 26

Onemli kiraz iiretim potansiyeline sahip Mardin’de
iireticilerinin %60°1n1in ayn1 zararl ya da hastaliklara kars1
daima aym pestisiti tercih etmedigini, %40’ min ise
devamli olarak ayni pestisiti tercih ettigi belirlenmistir
(Tablo 5). Erdogan ve Gokdogan (2017), badem
ciftcilerinin %93,1’ininayn1 etmene karsi daima ayni
pestisiti uygulamadigini, %6,9’u ise daima ayni pestisiti
uyguladigini bildirmislerdir. Kaplan ve Baran (2021), Bag
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iireticilerin %63,5’inin ayn1 zararl ya da hastaliklara kars1
daima aymi zirai ilaci uygulamadigini, %26,5’inin ise
daima ayni zirai ilac1 uyguladigini bildirmislerdir.

Tablo 4. Kiraz gitgilerinin ayn1 hastalik ve zararlilara kargi daima ayni
pestisit kullanimu ile ilgili bilgi diizeyleri.

Aym hastalik ve zararh i¢in siirekli Oran
ayni pestisit mi kullaniyorsunuz? (%)
Evet 40
Hayir 60

3.3 Ureticilerin ilaglama Zamanini Belirleme ile ilgili
Gorisleri

Ureticilerin Kiraz bahgelerindeki hastalik ve zararli
kars1 ilaglama zamanini neye gore karar verdigi sorusuna
karsilik; Treticilerin %7’si ilk hastalik ve zararlilari
goriince, %44’ tarim ve orman ilce midirliigiiniin
tavsiyelerine gore, %33’l ilag bayilerine sorarak ,%3’l
hastalik ve zararlilarn gérmeden ve %I13’0 ise
gevrelerindeki  g¢iftgilere  gore  ilaglamaya  karar
verdiklerini ifade etmistir (Tablo 5). Kimyasal
miicadelede etkili bir sonug almak i¢in 6ncellikle ilaglama
donemini dogru saptamakla saglanabilir Bu sekilde
yapilan ilaglamalarda hem en etkin sonu¢ alinir hem de
savagim maliyetinin ekonomik olmasi saglanir. Bu
calismada giftcilerin ankete vermis olduklari yanitlar
dikkat ¢ekmektedir. Clinkii %39’luk kesimi zararli ve
hastaliklari ilk goriince ya da yogunlugunu dikkate alarak
ilaglamaya gectiklerini sdylemektedirler. Bu yiizden
giftgilerin, hastalik ve zararlilari tanidiklart ve yeterli
olmasa bile gerekli teknik bilgiye sahip olduklar
diisiiniilebilir.

Bitkinin fenolojik donemleri ile birlikte hastalik ve
zararliin biyolojisi goz 6niine alinarak ilaglama zamanini
belirlemek genellikle kabul goren bir goriistiir. Ancak
iireticilerin bu konularda yeterince teknik bilgi ve
deneyim sahip olmadigindan dolay: ilaglama zamanini
dogru olarak belirlenmesi miimkiin degildir. Dolaysiyla
bunlarin dncesinde tarim kuruluslarinin teknik elemanlari
tarafindan iireticilere verilecek egitimlerle tarimsal
iretimde zararli ve hastaliklara karsi basarili miicadele
yapilabilir.

Onceki yillarda yapilan benzer calisma sonuglardan
bazilarindan 6rnek verecek olursak; Yiicel ve ark. (1995),
Sanliurfa ili Harran ilgesinde treticilerin %42,15’1 kendi
deneyimlerine gore, %9,80’i komsu ve akrabalarinin
goriislerine  gore, %34,31’1 tarim  teskilatlarina
basvurarak, %13.72’sinin de =zira ila¢ bayiliklerine
damigarak ilag atma zamanina karar verdiklerini
bildirmislerdir. Zeren ve Kumbur (1998), igel ilinde
yaptiklart bir ¢alismada giftcilerin ilag dozu ve kullanim
zamanini belirlemede % 40,18’1 zirai ila¢ bayilerinin
tavsiyesine gore, %29,92’i deneyimlerine gore, %16,23’i
de zirai ilacin {stiindeki kullanim talimatina gore
yaptiklarmi bildirmiglerdir. Inan ve Boyraz ( 2002),
Konya ilinde c¢iftcilerin %44,20° sinin deneyimlerine
gore, %?24,20’sinin zirai ilag bayiliklerinin tavsiyesine
gore, %?20’sinin etrafindaki c¢iftgilere danisarak,
%11.60°sinin  tarim il/ilge midirliklerine basvurarak
ilaglama zamanim tespit ettiklerini belirtmislerdir.
Kadioglu (2003), Tokat ilindeki yaptiklar: bir ¢aligmada,
iireticilerin ilaglama zamanin tespitinde %58,74’1 tarim
kuruluglarmi teknik elemanlardan tavsiye aldiklari,

%29,14’14 kendi deneyimlerine gore, %06,20’si ilag
bayilerinin tavsiyesine gore, %5,81°1 ise ¢evresindeki
tireticilerden destek aldiklarini belirtmislerdir. Kaplan ve
Baran (2021), Mardin’de bag iireticilerinin %171 ilk
hastalik ve zararlilar1 goriince, %25’i tarim ve orman ilge
miidiirligiiniin tavsiyelerine gore, %36 ilag bayilerine
sorarak ,%12°1 hastalik ve zararlilar1 gérmeden ve %10’u
da diger iireticilere bakarak ilaglama zamanma karar
verdiklerini ifade etmistir. Bu ¢alismalarin aksine
Karagayir (2010), Konya ili Karaman il¢esinde elma
ciftcilerinin %43,2’si zararlilar1 tespit etmeden ilaclamaya
basladiklari, %56,8’inin ise zararlilarla karsilastiktan gibi
ilaglamaya karar verdiklerini belirtmistir.

Tablo 5. Kiraz lireticilerinin bahgelerindeki hastalik ve zararli karsi
ilaglama zamanini belirleme ilgili bilgi diizeyleri.

Kiraz bahcelerinde hastalik ve zararhlara karsi Oran

ilaclama zamanina nasil karar veriyorsunuz? (%)
Ilag bayisine gore 33
Tarim ve Orman ilge Miidiirligii gore 44
Hastaliklar1 ve zararlilar1 goriir gérmez 7
Hastaliklar1 ve zararlilar1 gormeden 3
Diger iireticilere bakarak 13

Ureticilerin kiraz alanlarinda zararlilarla kimyasal
savasta pestisit dozunun ayarlamasinda %30’u zirai ilag
bayiliklerine, %31’inin Tarim [I/llge miidiirliiklerine,
%331 kendi tecriibesine, %13’ ise ¢evresine gore karar
verdikleri belirlenmistir (Tablo 6).

Ozkan ve ark. (2003), Antalya ilinde turuncgil
ciftgilerinin ila¢ dozlarin1 ayarlamada %41,71’inin ilacin
kullanim talimatina gore, %?27,81’inin tecriibelerine
dayanarak uyguladiklari; Kalipcr ve ark. (2011), Konya
ilinde ¢iftcilerin zirai ilag doz ayarlamasi kararini
%8,3’liikk kismin kullanim talimatina gore, %26,6’lik
kesimin deneyimlerine gore, %11,6’ik  bdlimiin
gevresine, %33,3’lilk bolimiin bitki koruma {irtinleri
saticisinin tavsiyesine gore, %10,8’lik kismin Tarim ve
Orman Midiirliiklerine, %3,3’linlin Ziraat odalarina
bagvurarak ve %5,8’lik kismin danigmanlarina gore
belirlediklerini; Gedikli (2012), treticilerin ilag dozunu
ayarlamada %33,33’tintin ilag bayisi ve Ziraat
Miihendisine danistiklarini; Goézener ve ark. (2017),
giftgilerin ilag dozunu segiminde; %90,28’i ilag-giibre
bayiliklerinin tavsiyelerine, %59,72’1 ilacin kullanim
talimatina, %40,28’i kendi deneyimlerine, %1,39 Gida,
Tarim ve Hayvancihik 1Vilge Miidiirliigiiniin konu
uzmanlarinin tavsiyesine gore; Kaplan ve Baran (2021),
Mardin bag alanlarinda zararlilarla miicadelede ilag
dozunun ayarlamasinda cift¢ilerin %68’inin ilag¢ bayisinin
tavsiyesi, %20,8’inin Tarmm 1l/ilge miidiirliiklerine,
%7,2’si kendi tecriibesine ve %5’inin ise ¢evresindeki
ciftcilere bakarak davrandiklarini bildirmistir.

Tablo 6. Ureticilerin pestisitlerin doz ayarlamas ile ilgili bilgi

seviyeleri.
Pestisit (Fungusit, herbisit ve insektisit) doz Oran
ayarlamasini neye gore yapiyorsunuz? (%)
Tlag bayi 30
Tarim ve Orman ilge Midiirligii 31
Kendi deneyimine 33
Komgusuna gore 13

International Journal of Innovative Engineering Applications 7, 1(2023), 150-157

153



Determination of Knowledge Levels in Plant Protection Applications of Cherry Producers in Mardin

Pestitin onerilen dozla ilgili bilgi diizeylerinde kiraz
iireticilerinin %96,6’s1 Onerilere gore dozu, %3,4’0 ise
onerilen dozun istiinde bir doz uygulamasini yaptig
belirlenmistir (Tablo 7). ildeki kiraz ¢iftcilerinin bircogu
tavsiye edilen dozu kullanmasi kimyasal savasta basariyi
artirmas1 muhtemeldir. Bu ¢aligmaya benzer olan Tiicer
ve ark. (2004), bagcilik yapan giftgilerin %72’lik
boliimiiniin tavsiye dozuna uydugunu, %26’sinin tavsiye
dozunun yiikseltigini bununla birlikte %2’lik kisminin
g0z karartyla dozu ayarladigini; Peker (2012), Konya
ilindeki ¢iftgilerinin %88’lik bdliimiiniin tavsiye dozuna
uydugu, %8’inin tavsiye disinda dozu yiikselttigini ve
%4 tiniin ise doz oranm diisiirdiigiini; Erdogan ve
Gokdogan (2017), ciftgilerin %50,7’si tavsiye dozunu
kullandigini, %50,3’1 ise 6nerilen dozdan daha yiiksek bir
dozda kullandigint bildirmistir; Mardin bag iireticilerinin
%87,8’1 tavsiye edilen doza uydugunu, %12,2si ise
tavsiye edilen dozun iistiinde bir doz yaptigini bildirmistir.
Bu verilen ¢aligma sonuglarinin aksine Boz ve ark. (1998),
Aydm ilinde c¢iftgilerin tavsiye edilen dozu iizerinde
%64,47°1ik bir doz uyguladiklarini bildirmislerdir.

Tablo 7. Pestisitin 6nerilen dozla ilgili bilgi diizeyleri.

Pestisitin (Fungusit, herbisit ve insektisit) Oran
onerilen doza gore mi uygulamyor? (%)
Onerilen doz 96,6
Onerilen dozun iistiinde 3,4

Mardin ili Omerli ilgesi kiraz iireticilerinin %27’si
zirai ilaglarin riinlerde kalinti biraktigim, %13’lik
kisminin bu oranin az oldugunu ve %60°1 ise hig
birakmadigin1  sOylediklerini bildirmistir (Tablo 8).
Antalya ilinde ciftcilerin %70,4’lik kisminin Dbitki
koruma fiiriinlerinin iiriinlerde kalintiya sebep oldugunu,
%10,4°lik boliimiin  Griinlerin  yikanmasiyla pestisit
kalintisinin kayboldugunu, %19,2’si ise bu konu ile ilgili
bir diisiincelerinin olmadigini bildirmektedir (Ozkan ve
ark., 2003); Konya ilinde ki cgiiftgilerin %28,3’liikk
kesiminin zirai ilaglarin kalintiya sebep olabilecegini,
%18,3’liik  kismin herhangi bir kalintiya sebep
olmayacaklarini, %7,5’inin kalinti ile ilgili bilgileri
olmadigimi ve %45,8’inin zirai ilaglarin yagmurla
yikanacagini (Kalipci ve ark., 2011); Adiyaman’da badem
giftgilerinin %38,7’sinin ilaglarin trtinlerde
kalamayacagini, %32,3’linlinaz miktarda
bulunabilecegini ve %?29’unun ise iriinde kalint1
birakamadigini ifade etmislerdir (Erdogan ve ark., 2017).
Tokat ili Kazova ilgesindek domates giftgilerinin
%44,44’iniin pestisitlerin iriinlerde kalmt1 biraktigini,
%15,63’1 pestisitin onerilen dozdan daha yiiksek bir doz
kullanildig1 zamanlarda {irlinde kalinti kalacagini,
%15,63’1 tiim pestisitlerde kalint1 biraktigin1 ve %9,38’1
tavsiye  edilen = dozda  kullanildiginda  kalinti
birakmayacagini bildirmiglerdir (Gozener ve ark., 2017).
Diger taraftan Peker (2012), domates giftgilerin %80’ lik
boliimiiniinbitki koruma iirtinlerinin kalint1
olusturmadigimi,  %20’lik  kismmin  ise  kalint1
olusturdugunu; Erdogan ve Gdokdogan (2017), Nevsehir
ili patates ¢iftcilerinin %74,1°lik boliimiiniin zirai ilaglarin
kalintt  olusturmadigmi  %23,8’lik  kismimindiisiik
miktarda kalint1 olusturdugunu ve %2,1’inin ise iiriinde
yiiksek kalint1 olusturdugunu bildirmektedirler.

Tablo 8. Pestisitlerin tiriinlerde kalinti biraktigi hakkinda tireticilerin

bilgi seviyeleri.
Pestistlerin iiriinlerde kahnt1 biraktig: Oran
biliyor musunuz? (%)
Kalint1 birakiyor 27
Kalint1 az birakiyor 13
Kalint1 birakmiyor 60

Mardin Omerli’de pestisit kullanan fiireticilerin
%53,58’1 pestisitlerin uygulamas1 ve hasat arasindaki
stireye uyduklarini, %32,14’i ise uymadiklarini ve
%14,28’1 ise bazen uyduklarini beyan etmistir (Tablo 9).
Kiraz ciftgilerinin biiyiik ¢ogunlugunun ilaglama zamant
ile hasat zaman1 ge¢gmesi gereken siireye uymalari iyimser
bir davranistir. Boyraz ve ark. (2005), Konya ili Egridir
ilgesi elma  ¢ift¢ilerinin =~ %71’inin  pestisitlerin
uygulanmasi ile hasat zamani arasindaki beklemesi
gereken zamana dikkat ettikleri, %29’luk kismininbu
stireye dikkat etmediklerini; Erdogan ve Gokdogan
(2017), patates ciftgilerinin %80’k kismin son ilag
uygulamasi ile hasadin ger¢eklesme zamani arasindaki
slireye dikkat ettikleri, %20’lik kismimnin bu siireye dikkat
etmediklerini ifade etmislerdir. Diger taraftan Emeli
(2006), Adana ili Seyhan ve Yiregir ilgelerindeki
ciftgilerin  %76,6’sinin ilaglama ile hasat arasindaki
stireye dikkat etmedikleri, %23,4’liik boliimiin bu siireye
dikkat ettiklerini; Karagayir (2010), elma tretimi
yapanlarin %43,2’lik kismin bu stireye dikkat ettikleri,
%32,8’lik kismin ise bu siirenin O6neminin farkinda
olmalarina ragmen dikkat etmediklerini ve %24’liik
kisminin ise bu siireden bilgileri olmadigini ifade etmistir.
Gozener ve ark. (2017), domates fiiretimi yapanlarin
%91,67°lik boliimiiniin yine bu siire ile ilgili bilgi sahibi
olmadiklarini, %6,94’liikk kisminin ise {iniin bu siireden
bilgileri oldugu halde dikkat etmediklerini, %1,39’unun
ise beklenmesi gereken siireye dikkat ettiklerini ifade
etmislerdir. Kaplan ve Baran, (2021) Mardin’de pestisit
kullanan bag iireticilerinin %88,6’s1 son ilaglama zamani1
ile hasat zamani ge¢cmesi gereken siireye uyduklari ve
%11,4’1 ise gegmesi gereken siireye uymadiklarini ifade
etmiglerdir.

Tablo 9. Kiraz iireticilerinin son ilaglama ile hasat zamani arasindaki
beklemesi gereken siire ile ilgili bilgi diizeyleri.

Oran
Pestisitlerde bekleme siiresine dikkat ediyor musunuz? (%)
Evet 80
Hayir 10
Bazen 10

Mardin  Omerli’de  ilaglama sirasinda  kiraz
iireticilerinin %60°1 koruyucu elbise giydikleri ve maske
taktiklarini, %231 bazen kullandiklarini ve %17’sinin ise
hic  kullanmadiklarin1  ifade  etmislerdir.  Kiraz
direticilerinin yarisindan fazlasinin ilaglama zamaninda
koruyucu tedbirleri aldiklar1 ve yeterince dnem verdikleri
saptanmustir (Tablo 10). Bu ¢alismadan alinan verilerle
paralellik arz eden Ozkan ve ark. (2003), turunggilleri
ireten c¢iftcilerin ilag kullanma zamaninda %68,8’lik
kismimin koruyucu kiyafet giydigi ve maske taktigini,
%31,2’lik kisminin ise koruyucu kiyafet ve maske
kullanmadigini; Bayhan ve ark. (2015), pamuk
ireticilerinin ilaglar1 uygulama zamaninda %76’lik
boliimiiniin korunmak {izere tedbirler aldigini, %24’°lik
kismin isekorunma tedbirlere basgvurmadigini
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bildirmislerdir. Diger taraftan bu arastirma verilerinin
tersine Tiicer ve ark. (2004), Manisa ili bagcilik yapan
giftcilerin ilaglama zamaninda %57,82’lk boliimiiniin
korunmak igin ozel kiyafet ve maske kullandigini,
%42,18’lik  kismin buna uymadigini, Erdogan ve
Gokdogan (2017), Nevsehir ilinde patates alanlarinda
ilaclama zamaninda c¢ift¢ilerin %=84,7’sinin koruyucu
tedbirler  aldigini,  %15,3%linlin  ise  almadigini
bildirmislerdir. Kaplan ve Baran (2021), Mardin’de
ilaclama sirasinda bag iireticilerinin ilaclama esnasinda
%48’1 koruyucu donanim kullandiklarini, %16’sinin
bazen kullandiklarini  ve  %36’smmin  ise  hig
kullanmadiklarini belirtmistir.

Tablo 10. Ureticilerin ilaglama sirasinda alinacak koruyucu dnlemlerle
ilgili biling diizeyleri.

ilaclama sirasinda saghgmiza nasil dikkat Oran

edersiniz? (Uygulama sirasinda koruyucu elbise,

maske, gozliik ve eldiven kullanma) (%)
Her zaman kullanirim 60
Bazen kullanirim 23
Hig kullanmam 17

Kiraz {ireticilerinin ilaglama sonrasinda bos pestisit
kutularini ne yaptiklar ile ilgili soruda katilimcilarin
%35 inin topraga gomdiigii, %4 1’inin ¢ope attigi, %15’inin
yaktigi ve %34°1 ise ¢evreye rastgele attigini bildirmigtir
(Tablo 11). Kiraz iireticilerinin konuyla ilgili yapilan
calisma sonucunda bos zirai ilag ambalajlart ve
kutularinin imhas1 ve degerlendirmesinde farkli tutumlar
icinde oldugu saptanmugstir. Ozkan ve ark. (2003),
turunggil dreticilerinin %7,45’lik kisminin kullanilmig
bos pestisit kaplarini yakarak imha ettigini, %21,81 inin
¢Op alanlarma rastgele biraktigini, %14,36’lik kisminin
toprak altina gomdiiklerini ve %7,45’inin etrafa gelisi
giizel firlattigini; Tiicer ve ark. (2004), bagcilik yapan
iireticilerin %60,54’liniin bog pestisit ambalajlarint gelisi
giizel attiklarini, %4,98’inin pestisit kutularimi farkl
amaglar i¢in degerlendirdigini, %19’unun topraga
gomdiiklerin ve %15,48’inin yakarak imha ettigini,
Ertiirk ve ark. (2012), Igdir ilinde tarim isletmelerinin
%35,6’sinin  bos pestisit kaplarmi  topragin altina
gomdiiklerini, %34,6’smin tarimsal {iretim alanlarinda
biraktiklar1 ve %29,8’lik kesiminin  ¢6p alanlarina
biraktigini;;  Akbaba  (2010), Adana  Cukurova
bolgesindeki ciftgilerin  %61,1°lik kisminin bos pestisit
kutu ve ambalajlarim1 herhangi bir yerde toplayip ve
sonrasinda yakarak imha ettigini; Karatas ve Alaoglu
(2011), Dbag ciftgilerinin  %65,3’lik  bdliimiiniin
kullanilmis ilag ambalaj ve kaplarini yakarak yok ettigini,
%24’liik kesiminin plansiz bir sekilde ¢evreye attiklarini
ve %10,7’lik kesimin toprak altina goémdiigiini; Erdogan
ve Gokdogan (2017), ciftcilerin %68,3’likk kesiminin
kullanilmig ilag ambalajlarim1 yakarak yok ettikleri,
%16,4’liik  kesiminin toprak altina gdmdiiklerini,
%13,8’lik kismmin gelisigiizel ¢evreye biraktiklarini ve
%1,5’lik kesimin ise temizleyip farkli amaglar igin
kullanildigin;;  Gozener ve ark. (2017), domates
treticilerinin  %59,72°lik kisminin kullamlmig pestisit
kutularim1 yakarak yok ettigini, %29,17’boliimiiniin
toprak altina gdmdiiklerini, %5,56’kisminin sinin evsel
atiklarla  birlikte ¢0p alanlarma koydugunu ve
%5,56’kisminin ise gelisi giizel ¢evrelerine biraktiklarini
belirlemiglerdir. Mardin’de bag {ireticilerinin ilaglama

sonrasinda bos pestisit kutularini katilimeilarin %2’sinin
yikarak kullandigini, %15,6’sinin topraga gomdiigi,
%20’u ¢ope attigini, %24,3linlin yaktig1 ve %38,1’inin
cevreye rastgele attigini bildirmistir.

Tablo 11. Ureticilerin pestisit kutularinin degerlendirme konusundaki

bilgi diizeyleri.

Pestisit (Fungusit, herbisit ve insektisit) kutularim ne Oran
yaptiklar1? (%)
Yikarak kullandigini -
Topraga gomdiigiini 5
Cope attigini 46
Yaktigin 15
Cevreye rastgele attigini 34

flaglama sonrasinda kiraz {ireticilerinin %100’iiniin
ilaglama aletini temizledigini, bildirmistir (Tablo 12).
Ticer ve ark. (2004), Manisa ilinde bagcilik yapan
ciftilerin  %85,42’sinin ilaclamadan sonra ilaglama
aletini temizledigi, %14,58’inin ise ilaclama aletini
temizlemedigini; Ertiirk ve ark. (2012) Igdir’da tarimsal
isletmelerin = %69,2°lik  boliimiiniin ilag attig1 aleti
yikadiklarini,  %27,9’luk  bolimiiniin  ara  sira
yikadiklarini, %2,9’luk kismimin ise yikamadiklarini;
Erdogan ve Gokdogan, (2017) patates iireten ¢iftcilerinin
%95,8’inin  ilaglamadan sonra ilaglama makinesini
yikadiklarini, %4,2’sinin ise yikamadiklarini; Erdogan ve
ark., (2017) badem alanlarinda ilaglamadan sonra
ciftcilerin  %90,3’liik bolimiiniin ilag atma aletini
yikadiklarini, %6,5’lik  kismimin yikamadiklarini ve
%3,2’lik boliimiiniin ise ara sira yikadiklarini; . Kaplan ve
Baran, (2021) Mardin ilinde bagcilik yapan ¢iftcilerinin
%78,3 linilin ilaglama aletini temizledigi, %14 {iniin bazen
temizledigi ve %7,7’sinin  ise  temizlemedigini
bildirmislerdir.

Tablo 12. flaglama sonrasi ilaglama aletinin temizlemesi hakkindaki
iireticilerin bilgi diizeyleri.

ilaclama sonrasi ilaclama aletinin Oran
temizlenmesi? (%)
Temizledigini 100
Bazen temizledigini -
Temizlemedigi -

Kiraz {retimi ile ugrasanlarin %60’ farkh
pestisitleri birbirleri karigtirarak ~ uyguladigini,
%26,4’lnlin ara swra karigim yaparak kullandigini ve
%13,6’sinin  ise hi¢ birbirlerine karisim yapmadan
uyguladigim bildirmistir (Tablo 13). Bu ¢aligmanin
sonuglariyla paralellik gosteren Boyraz ve ark. (2005),
elma cift¢ilerinin %83’linlin zirai ilaglar1 birbirlerine
karistirarak kullandigini, %17’sinin ise zirai ilaglar
karigim halinde kullanmadigini; Peker (2012), domates
cgiftcilerinin ~ %56’sinin  pestisitleri karigim  halinde
kullandigini,  %24’tinlin  pestisitleri  karistirmadan
uyguladiklarini ve 9%20’sinin ise ara sira pestisitleri
karisim yaptiklarini;; Erdogan ve ark. (2017), badem
ireticilerini  %78,5’inin  zirai ilaglart  karigtirarak
uyguladigini, %19,4’linlin ara sira karisim yaparak
kullandiklarint ve %2,1’sinin ise hi¢ karisim yapamadan
ayr ayri1 ilaglart uyguladiklarini; Kaplan ve Baran (2021),
bag tretimi ile ugrasanlarin  %56,5’inin pestisitleri
karistirarak uyguladiklar1 halde, %16,5’nin ara sira
karigim yaparak uyguladigini ve %28’inin ise higbirinin
karistirilmadan kullandigini bildirmislerdir.
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Tablo 13.Pestisitlerin karigtirilarak kullanilmasi hakkindaki tireticilerin

bilgi diizeyleri.
Pestisitleri karistirarak mi kullamyorsunuz?  Oran (%)
Karistirarak kullaniyorum 60
Bazen karistirryorum 26,4
Hig karistirmadan kullaniyorum 13,6

Ureticilerin  %39’su  kimyasal miicadele, %41’i
kiiltiirel 6nlemler, %12’sinin mekanik miicadele, %8’inin
ise biyoteknik miicadele yontemleri ilgili bilgi
diizeylerine sahip olduklarini bildirmistir (Tablo14). Buna
benzer yapilan bazi ¢alismalarda; Erdogan ve Gokdogan,
(2017) badem iireticilerinin kimyasal savas haricinde
%388,4’liik kisminin kiiltiirel 6nlemler, %10,5’1lik kisminin
mekanik savas ve %]1,1’lik kisminin fiziksel savas
metotlarini uyguladigini bildirmiglerdir. Kaplan ve Baran,
(2021) Bag fiireticilerinin %71’inin kimyasal savas,
%12,9’unun kiiltiirel 6nlemler, %8’nin mekanik savas,
%5 nin fiziksel savas ve %3,1’inin ise biyoteknik savas
yontemleri uyguladigint bildirmistir. Bu c¢alismalarin
aksine Tokat ilinde g¢iftcilerin kimyasal savas haricinde
%43,58’lik kismu kiiltiirel tedbirleri, %33,33’liik bolimii
mekanik savast ve %23,07’lik kismu ise fiziksel savasi
kullandiklarini bildirmistir (Kadioglu, 2003).

Tablo 14. Kiraz giftgilerinin bitki koruma sorunlari ile miicadele
metotlar1 hakkinda bilgi seviyeleri.

Bitki koruma sorunlari ile miicadele yontemleri (?(:/Zl )n
Kimyasal miicadele 39
Kiiltiirel 6nlemler 41
Mekanik miicadele 12
Fiziksel miicadele -
Biyoteknik miicadele 8
Biyolojik Miicadele -
Higbiri -

Kiraz tireticilerinin %100’{iniin biyopestisit terimini
bildiklerini ifade etmislerdir (Tablo 15). Calismamizin
bulgulariyla paralel olarak Erdogan ve ark. (2017), badem
reticilerinin  %78,5’inin biyopestisit terimi hakkinda
bilgileri olmadigi, %21,5’inin ise biyopestisit terimini
bildigini belirtmislerdir. Bunun yani sira baska bir
calismada Erdogan ve Gokdogan (2017), giftcilerin
%97,4’lik  bolumiiniin ~ biyopestisit ~ kelimesini
bilmedikleri, %2,6’s1 ise biyopestisit kelimesini
bildiklerini; Kaplan ve Baran (2021), Bag iireticilerinin
%96,5’inin biyopestisit terimini bilemedikleri, %3,5’inin
ise biyopestisit kelimesini hakkinda bilgileri olduklarim
belirtmislerdir. Diger taraftan Giineydogu Anadolu
bolgesindeki pamuk ciftcilerinin  %52’si  biyopestisit
kelimesini 6nceden bildiklerini, %48’1 ise bilmediklerini
bildirmislerdir (Bayhan ve ark., 2015).

Tablo 15. Biyopestisit terimi hakkindaki bilgi diizeyleri.

Biyopestisit nedir biliyor musunuz? Oran (%)
Bilmiyorum 100
Biliyorum 0

4  Sonuglar

Mardin ili kiraz alanlarinda iretimi kisitlayan baslica
faktorlerden birisi de bitki koruma problemleridir. Verim
ve kaliteyi azaltan tarimsal zararli etmenlerle miicadele
yiiriitiilen hatali bitki koruma uygulamalarindan dolay1

insan ve ¢evre sagligi tehdit altina girmektedir. Dolaysiyla
bu sorunlarin tespitinde ve ¢oziimiine yonelik kiraz
iireticileriyle bir anket c¢aligsmasi yapilmistir. Calisma
sonucunda ¢iftgilerin iiretim alanlarinda bitki koruma
sorunlariyla  karsilagtiklarinda nasil  bir  davranig
sergilediklerini, kime bagvurduklari, zirai ilag se¢iminde
ve uygulamasinda dikkat ettikleri hususlar belirlenmistir.
Boylece calisma sonucunda elde edilen veriler
dogrultusunda bu alanlarda ileri ki zamanlarda bu
sorunlarin ¢ozlimiine yonelik ¢aligmalarin yapilmasina
Onemini belirtilmistir.

Onemli kiraz iiretim potansiyeline sahip Mardin
Omerli’de kiraz iireticilerin kaliteli ve verimli iiriin
alabilmek i¢in mevcut hastalik ve zararlilara kars1 savasta
kimyasal miicadeleyi on planda tuttuklar belirlenmistir.
Zamansiz ve bilingsizce zirai ila¢ kullanimi neticesinde
hem insan hem de g¢evre sagligi yanmi sira hastalik ve
zararlilarinda zaman i¢inde pestisitlere diren¢ olugturmast
kacinilmazdir. Bu nedenlerden dolayr istenmeyen
olumsuz sartlara maruz kalmamak i¢in uygun olan
pestisitleri kullanarak etkili, ¢evre dostu ve ekonomik bir
miicadele yapilabilecektir. Bu yiizden Mardin’de kiraz
iretimi yapan ¢iftgilerinin birgogunun pestisit tercihinde
Tarim il/ilge Miidiirliikleri ve ilag bayiliklerinin
tavsiyelerine gore yaptiklarindan dolayr tarimsal
zararlilarla basarili ve gevreci bir miicadele i¢in tarim
kuruluslarina ve ilag bayiliklerine 6nemli vazife ve
sorumluluklar diigmektedir.

Sonug olarak kiraz bahgelerinde canlilar arasinda var
olan dogal dengenin korunmasi agisindan zararli ve
hastalik  etmenlerine karst  Entegre miicadeleye
uygulamalarina 6nem verilmelidir. Kimyasal miicadele
kaginilmaz oldugu durumlarda ise insan ve gevre sagligi
dikkate alinarak giivenli ¢evre dostu secici pestisitlerin
kullanilmasi yararl olacaktir. Boylece kimyasal ilaglarin
kullanimin1  diigiirecek uygulamalarin tercih edildigi
takdirde {irlinlerde pestisit kalintist ve zararlilarin
pestisitlere diren¢ kazanmasi Onlenmesi yaninda {iriin
iretim maliyetlerinde de belirli diizeyde diisiisler olacagi
tahmin  edilmektedir.  Boylece  zirai  miicadele
faaliyetlerinde agroekosistem ve biyolojik denge
korunacak sekilde siirdiiriilebilir tarimsal iiretim
yapilabilecektir.

Bilgilendirme

Gergeklestirilen bu ¢aligmada Etik Kurul Onay Belgesine
gerek yoktur.
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