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RESEARCH ARTICLE / ARASTIRMA MAKALESI

Construction of CaTiOs/g-C3N4 Heterostructure for Boosting
Photodegradation of Indigo Carmine under Visible Light Illumination

Ozlem TUNA!
!Department of Chemical Engineering, Faculty of Engineering, Yalova University, 77100 Yalova, Tiirkiye

Abstract

Graphitic carbon nitride (CN) modified CaTiO3 (CTO) heterostructures were fabricated and utilized in photocatalytically indigo
carmine (IC) decomposition. The CTO/CN(III) heterostructure exhibited the best photocatalytic performance for IC
degradation under visible light irradiation. For the optimal sample, the apparent rate constants of the reaction were 1.69 and
10.50 times that of CN and CTO, respectively. This could be due to the satisfactory separation of photoinduced species in an
easy way. The photocatalyst dosage increased the removal efficiency, while the initial dye concentration negatively affected
the IC degradation rate. Under acidic condition, the catalyst showed superior degradation rate. Moreover, the superoxide
radicals (*O2 ) was the most effective carrier for IC photodegradation and depending on the results of the trapping agent
experiments, the possible photocatalytic reaction mechanism of CTO/CN(III) sample was proposed. In addition, the composite
achieved considerable performance in ions-included water bodies, namely tap water and drinking water. This study provides a
promising and stable photocatalyst as a graphitic carbon nitride modified with calcium-based perovskite for dye removal.

Keywords: CaTiOs, graphitic carbon nitride, indigo carmine, photocatalyst
LINTRODUCTION

Dye components have been detected in different water environments obtained from various industries especially
textile and paint industries. Indigo carmine (IC), one of the oldest dyes, has been applicated in foods, drugs, clothes.
The occurrence of IC in water body has potential negative effects on human and aquatic organisms [1]. The
removal of the organic dye in the industrial wastewater has become an important research subject in the field of
environmental management. In this case, various attempts have been applied as physicochemical and biological
methods, namely coagulation—flocculation, electrocoagulation, adsorption, ion exchange irradiation, ultrasound,
membrane filtration, ozonation, electrochemical destruction [2,3]. Apart from these attempts, degrading the
organic pollutant to CO, and H>O by photo-induced process is one of the most promising way due to its the high
efficiency and safety properties [1]. In this field, perovskites have been widely concerned as functional materials
due to their unique features, namely excellent strong oxidation ability, durable stability, high compositional and
structural flexibility [4]. Perovskites have been generally presented with the general formula ABOs. In this crystal
structure, the A site is occupied by the larger cation, while the B site is occupied by the smaller cation [5].

Calcium titanate (CaTiO3), n-type semiconductor, is one of the most important perovskite material that shows
satisfactory photoluminescent, and excellent dielectric polarization properties, resulting that it can be successfully
used in optical and electrical applications [6]. However, the titanate-based perovskite has drawbacks, such as lack
of active sites, wide band gap energy (3.4 ¢V), and weak charge carrier extraction, resulting in low photocatalytic
degradation performance [7]. To overcome the drawbacks, research efforts have been dedicated to modulating the
energy level of the perovskite that provides bandgap tuning toward the visible range and the efficient separation
of electron-hole pairs. For that, recent approach is to construct heterojunction photocatalysts by incorporate
CaTiOs perovskite with different structures.

Graphitic carbon nitride (g-C3N4) has been deemed as an efficient candidate to improve the activity of CaTiO; in
photocatalysis field due to its excellent thermal and chemical stability with unique optoelectronic properties [8].
The polymeric carbon nitride is constructed by the building blocks of triazine or tri-s-triazine (heptazine) rings
bridged with the conjugated N atoms to the 2D layer structure [9]. The free electrons of N atoms can provide
activating under visible light illumination. However, the abre graphitic graphitic carbon nitride depicts low
photocatalytic activity due to its high recombination rate of the photo-induced charge carriers [10]. In this point,
the couple g-C3N4 with perovskites has been important to decrease the recombination rate of the electron-holes of
the pristine g-C3Na4. The incorporation of g-C3N4 with perovskites enable the band structure of the heterojunction
to be well positioned, resulting in excellent visible light absorption and superior charge separation ability [11].
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In this case of perovskite, LaFeOs [12-15], LaMnOs
[16], LaNiO; [17,18] and SrTiO; [19-21] have been
widely used to design the heterojunction photocatalyst.
Besides these, CaTiO; has been utilized in the
improvement of the graphitic carbon nitride of
photocatalytic efficiency. Pan et al. [22] synthesized
CaTi03/g-C3Ny by performing hydrothermal followed
by deposition method. The interaction increased the Ha
production rate of the bare perovskite due to sufficient
the separation rate of the photogenerated charge
species. In other study, the photocatalytic activity of
CaTiOs/g-CsNs was examined in the degradation of
crystal violet (CV) and malachite green (MG) under
sunlight irradiation [23]. Kumar and co-workers [24]
depicted that graphitic carbon nitride nanosheets
(CTCN) provided good excitation dissociation at
interface for the photoinduced electrons-holes pairs in
CaTiO3/ CTCN photocatalyst. They also obtained
efficient organic molecule degradation rates by
performing it under sunlight irradiation. Although the
relevant studies showed that g-C3Ns-incorporated with
CaTiOs could be successively used in photocatalytic
process driven by sunlight irradiation, to our
knowledge, no study has examined the photocatalytic
efficiency of CaTiO3/g-C3Ny4 sample under visible light
illumination. Therefore, in this study CaTiO; was
interacted with g-C3N4 to obtain satisfactory IC
degradation under visible light irradiation.

Herein, we report the synthesis of CaTiOs/g-C3Ny
photocatalysts by hydrothermal method and their
utilization in photocatalytic degradation of indigo
carmine dye at first time. The effect of graphitic carbon
nitride amount on the catalytic reaction was examined
under visible as well as UV-A light irradiations, as well
as dark conditions. By using optimum photocatalyst,
the decomposition efficiency was evaluated under
different catalyst dosage and initial dye concentration.
The effects of different factors (pH, active substance,
water body, and reusability) on the removal efficiency
were examined, and subsequently, photocatalytic
mechanisms for IC degradation were proposed.

II. MATERIALS AND METHODS
2.1. Chemicals

CaCl,*2H,0, FeCl3*9H,0 (99%) and CH4N,O were
supplied from Merck. Melamine was obtained from Iso
Lab. The other chemicals as IPA (70%), EDTA-2Na (>
98.5%), BQ (=98%), NaOH and HCl (37%) were
obtained from Merck and Isolab. Indigo carmine (IC),
common synthetic dye, was performed as model
pharmaceutical pollutant. All chemicals were applied
without purification and distilled water was utilized for
all experiments.

2.2. Preparation of photocatalysts

Sole graphitic carbon nitride (g-C3N4) material was
synthesized by heating melamine to 550 °C in a semi-
closed crucible with a heating rate of 3 °C min "' under

air condition and the temperature was maintained at
stable for 3 h. After cooling to room temperature, the
yellowish g-C3N4 powder was obtained [12]. The final
sample was labeled as CN. On the other hand, pristine
CaTiO; particles (CTO) were fabricated by performing
hydrothermal method. Primarily, 1.109 g CaCl,. 2H,O
was dissolved in basic aqueous solution, and
simultaneously 3.404 g Ti(C4sHoO)4 was dissolved in 10
mL ethanol. Next step, the calcium salt solution was
added drop by drop into the titanium-included solution
under rigorous stirring for 2h. Thereafter, the solution
was placed in autoclave and treated at 180 °C for 18 h.
Finally, the precipitation was dried at 60 °C for
overnight followed by calcination at 600 °C for 3 h
[25]. The final photocatalyst was named as CTO.

CTO-incorporated with CN heterostructures were
produced by performing hydrothermal method. In this
method, the certain CTO amount was distributed in
distilled water (30 mL), then the specific amount of CN
was added into the dispersion. After that, the precursor
solution was homogenized in a ultrasonic bath and it
was further mixed under vigorously stirring for 3 h at
ambient temperature. Then, the mixture was treated at
200 °C in for 18 h in an autoclave. The resultant sample
was washed and dried. Finally, the as-fabricated
powder was obtained. According to the synthesis
method, three CTO/CN photocatalysts were fabricated
with various carbon nitride amount. The weight ratio of
CTO:CN was determined as 1:0.25, 1:0.50, and 1:1, as
well as the heterostructures were named as CTO/CN(I),
CTO/CN(II), and CTO/CN (III), respectively.

2.1. Characterization

The crystalline properties of the as-obtained
heterostructured photocatalysts were identified by
performing X-ray powder diffraction (XRD) analysis
(Panalytical X’Pert PRO Model). The morphology of
the samples was monitored using a field-emission scan
electron microscopy (SEM-EDAX: Bruker). In order to
examine the optical features of the samples, UV—vis
diffuse reflectance spectra (DRS) analysis was
performed.

2.4. Photocatalytic Experimental Studies

Photocatalytic degradation of indigo carmine was
studied in a glass reactor placed into a square cabinet
including two visible lamps (Osram 150 W, A: 400—800
nm). During the reaction, a fan-cooling system was
utilized to ensure the temperature of the reaction
solution at ambient level. The reaction solution was
stirred magnetically for 30 min to achieve adsorption-
desorption  equilibrium in dark. During the
photocatalytic experiment, aliquots (3 mL) were taken
at time intervals from 30 to 120 min and filtered using
a syringe filter. Then, the concentration of the residual
IC was evaluated by the absorbance at 552 nm [26].
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To observe the effect of catalyst dosage on the removal
efficiency, the photocatalytic experiments were
performed under various catalyst dosage (0.1, 02, and
0.3 g/L). Also, the role of the initial dye concentration
was evaluated by considering the performance in the
presence of 5, 10 and 15 mg/L IC. Furthermore, the
effect of solution pH was determined by performing the
photocatalytic test under alkaline and acidic
environments. Scavenger tests were also conducted to
identify the main radical oxidative species (ROS) in
visible-light-assisted IC degradation by using h*, *OH,
and *O, trapping agents (EDTA-2Na, IPA and BQ,
respectively). Moreover, the reaction was carried out in
case of drinking water and tap water media. Bu using
the water sources, IC solutions with the concentration
of 10 mg/L were prepared. In addition, the chemical
stability of CTO/CN sample was investigated by
reusing five times in the catalytic system. After each
cycle, the fresh dye with desired concentration was
spiked into the solution for further run. In this study, all
experiments were performed in triplicate and average
results were reported.

The degradation rate of IC was determined by
following Equation (1):

Removal Efficiency %= (Co-C)/Cox100% (1

where Cy and C are the initial and final concentrations
(mg/L) at 0 and t min of irradiation time, respectively.
Also, the reaction kinetic properties were illustrated by
pseudo-first-order kinetics based on the following
Equation (2).

In(Cin/Cou) = kt ©)

where Cin and Co. are the starting and final
concentrations of IC in the reaction process, and the
slope k (min") and t (min) are the apparent rate constant
and reaction time, respectively.

ITII. RESULTS AND DISCUSSION

3.1. Characterization

The phase structures of the pristine g-C3N4, CaTiO3 and
the as-fabricated heterostructure (CaTiOs/g-C3N4) were
thoroughly investigated using XRD. Figure 1 illustrates
the XRD patterns of the samples. The dominant
diffraction peaks (20) represented CaTiOs crystal plans
of (111), (121), (002), (220), (202), (212), (042) (004),
and (242), respectively (ICDS 06-2149) [27,28].
Furthermore, the diffraction peak appeared at 27.5° was
attributed to the presence of g-CsNj [23]. In case of
CTO/CN, besides the main peaks of CTO sample, the
peak corresponding to the crystal phase of CN was
observed in the composite. The results showed that
CTO/CN was successfully synthesized by performing
the hydrothermal method in this study.

CTOICF
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3 CF
=
=
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&
= T T T y T T T
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2 Theta (Degree)

Figure 1. XRD spectrums of CTO, CN and
CTO/CN(III) samples

SEM was employed to identify the micromorphology
and composition of the as-prepared materials. The SEM
photos of the samples are presented in Figure 2. The
formation of CTO particles in cubic morphology was
observed in this figure. Moreover, irregular rod shapes
were depicted on the material indicating the occurrence
of particle agglomeration during the preparation
section. In terms of CN, the image showed layer
structure with a relatively smooth and flat surface. In
addition, it could be obviously observed that the
dispersity of CTO particles formed on the surface of g-
CN sheets, which was assigned to the formation of
CTO/CN composite.

UV-vis and diffuse reflectance spectroscopy was
conducted to determine the light absorption properties
of the perovskite and the carbon-based material (Figure
3). CN showed wider the wavelength region of the
irradiated light than that of CTO. It was suggested that
the incorporation of graphitic carbon nitride into
CaTiO; could effectively extend the light absorption
capacity. The indication was supported with the
efficiency of CTO/CN in the photocatalytically IC degr
images of CTO, CN and CTO/CN(III) samples.

3.2.Primarily photocatalytic dye degradation

To investigate the photocatalytic efficiency of pristine
(CN), sole CaTiO3, and CaTiO3-incorparated with CN
samples (CTO/CN(I), CTO/CN(I), and CTO/CN
(I11)), the indigo carmine degradation was performed
under visible light and UV-A light illumination, as well
as dark conditions (Figure 4). Observing the dark
adsorption performances of the catalysts, the removal
efficiencies were calculated as 10.17%, and 39.39% for
bare CN and CaTiO3, respectively. The dye adsorption
ability enhanced with increasing carbon-based
constituent: CTO/CN(), CTO/CN(I) and
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CTO/CN(III) showed 47.01%, 48.18% and 49.56%
indigo carmine removal (Figure 4a).

aTiO;

Figure 2. SEM images of CTO, CN and CTO/CN(III)
samples

The results indicated that electrostatic attraction and
hydrogen bonding between the functional groups of the
dye components (C=0, N-H and SO;) and the active
species of the CN facilitated the indigo carmine
adsorption on the samples [29]. In terms of UV-A light-
driven removal, the incorporation CN into CTO
improved the reaction rate; the IC removal values of
CTO/CN(I), CTO/CN(II) and CTO/CN(III) were found
as 77.51%, 95.30% and 97.04%, respectively (Figure
4b). Similar behavior was observed under visible light
illumination; CTO/CN(III) depicted significant the
photodegradation efficiency (76.38%) (Figure 4c).

Furthermore, all removal rates were higher than that of
bare CN and CTO. This could be due to the synergetic
effect of the composite material that improved
adsorption ability. Thus, it could be concluded that the
photocatalytic IC decomposition property was boosted
the contributions of graphitic carbon nitride, which was
assigned to enhanced visible light absorption ability. In
addition, the degradation rate constants (k, min ') were
found to be 0.007, 0.0084 and 0. 0108 min ' for the
CTO/CN(I), CTO/CN(I) and  CTO/CN(II)
photocatalysts, respectively. The maximum rate
constant was obtained by utilizing CTO/CN(III) and
therefore, the photocatalyst were used in subsequent
experiments.

1.8 ——CTO
1 ——CN

1.6
1.4
1.2+
1.0

0.8

Absorption

0.6

0.4+
0.2+

0.0

T T T T
300 400 500 600 700

Wavelength (nm)

Figure 3. UV—Vis DRS spectra of CTO and CN

3.3.Effect of catalyst dosage

The experiment results of the effect of catalyst dosage
on the degradation efficiency are plotted in Figure Sa.
It was observed that with increasing catalyst dose from
0.10 to 0.30 g/L, the efficiency of dye degradation was
increased from 68.34% to 99.02%. This increment was
also reflected in the reaction coefficient values; the k
constant was calculated as 0.0088, 0.0108 and 0.0349
min! for 0.10, 0.20 and 0.30 g/L, respectively. The
increase trend can be due to the enhancement in the
surface area or active sites for reaction of the indigo
carmine molecules.
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Figure 4. (a) Photocatalytic indigo carmine
degradation studies in dark environment, (b) under
UV-A light irradiation and (¢) under visible light
irradiation (0.2 g/L of catalyst dosage and 10 mg/L of
IC concentration)

3.4. Effect of initical dye concentration

Figure 5b depicts the plot of degradation vs time with
respect to different initial dye concentrations (5-15
mg/L). It showed the highest efficiency (86.41%) at
mere low initial concentration of the dye (5 mg/L),
which was attributed to the adsorption of dye molecules
onto the catalyst surface and immediately dye
degradation. As the initial solution concentration

increased, the degradation efficiency reduced. In case
of high IC amount, more dye molecules were adsorbed
onto the surface of CTO/CN; however, the adsorbed
dye molecules were not able to immediately degrade.
Since, the light intensity on the photocatalyst surface
decreased, resulting that the path length of the photons
entering the solution was increased due to more colored
reaction mixture. Hence, the production of radicals
which were effective on the IC decomposition was
limited. In addition, the reaction rate constants were
calculated as 0.0139, 0.0108 and 0.0073 min™' in the
presence of 5, 10 and 15 mg/L dye concentration,
respectively.
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Figure 5. (a) The effect of catalyst dosage and (b) the
effect of initial dye concentration on dye removal in
the presence of CTO/CN(III)

3.5. Effect of pH

In terms of dye degradation in wastewater, pH value is
an essential factor, since the property significantly
affects the adsorption of the organic molecule on
catalyst surface, which is first step of the degradation.
Figure 6a depicts the photocatalytic performances at
different pH values. The maximum removal efficiency
(90.81%) was observed under acidic condition (pH 3).
When the solution pH value changed from 6 to 10, the
decomposition efficiency declined from 76.38% to
44.44%. On the other hand, the activity changes driven
by pH value of reaction environment could be due to
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the charge features of active species and pKa value of
IC dye at various pH values. IC molecule possesses
pKa value of 12.6, and therefore it predominantly exists
as anionic form, also it is negatively charged in a wide
pH range. Thus, it was stated that the sorption could be
improved by enhanced electrostatic attraction between
negatively charged dye component and positively
charged photocatalyst at pH 3. Furthermore, at pH
values around 10, the rate of dye removal limited due
to a gradual loss of the positive charges on the
adsorbent surface and partly due to the competition
between the medium OH-— and the anionic dye to
interact with the adsorbent surface. The results were
indicated that the performance of IC decomposition on
CTO/CN (III) was unfavorable under alkaline
condition. Similar phenomenon was observed by other
researchers [30,31].

3.6. Effect of scavengers

To determine the mechanism of the photocatalytic
indigo carmine degradation on
CTO/CN (I1I), free radical capture experimental studies
were carried out. IPA, EDTA-2Na and BQ, were
selected as scavengers for *OH, h* and <O,
respectively. As observed in Figure 6b, the catalytic
performance was significantly limited, when the
trapping agent for superoxide radical was added into
the reaction solution. That is, the activity decreased
from 76.38.% (no scavenger: control experiment) to
18.13%. The observation showed that «O, ~, could be
considered as the most effective reactive oxygen
species in the visible light driven-indigo carmine
removal process. In terms of EDTA-2Na and IPA, the
decomposition efficiency partly decreased to 72.14%
and 71.13%, respectively, indicating that h* and *OH
had minor contributions on the degradation.

The potential mechanism for the decomposition
reaction of indigo carmine over CTO/CN (III) was
presented in Figure 7. Firstly, light photons were
observed on the heterostructure. The photogenerated
electrons accumulated on the CB of CTO reduced O;
molecules adsorbed on the composite catalyst surface
to superoxide radicals. Then, indigo carmine was
mainly decomposed to smaller dye molecules by the
reactive groups. Besides, the photo-induced holes on
the VB of CN and *OH radicals was obtained via serial
reactions facilitated the oxidization of IC. Finally, the
organic molecule further degraded into CO and H,O

3.7. Effect of water bodies

To further examine the availability of CTO/CN (III) as
a photocatalyst for wastewater treatment, the dye
degradation was assessed in different water media
namely, distilled, drinking water and tap water. As
observed in Figure 6¢c, the removal performances were
found as 76.38%, 73.98% and 71.3% in case of distilled
water, tap water, and drinking water, respectively;
stating that the performance slightly affected from the
type of aqueous phase.
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Figure 6. (a) The effect of solution pH, (b)
scavengers, (¢) water medium and (d) reusability of
CTO/CN(II) on dye removal
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Figure 7. Schematically possible degradation
mechanism

The change could depend on the many parameters,
especially the pH of the reaction environment, charged
ions, and organic contaminants. The most effective
inhibition resulted from SO4>~ and CI-, which were
more dominant species in tap and drinking water
bodies. Since the competitive adsorption between
anions and IC molecules on the photocatalyst surface
occurred. Therefore, it could be indicated that the dye
removal rate was limited by the competitive adsorption
driven by anions.

3.8. Reusabiility
For practical and full-scale industrial application, the
most important consideration is to investigate

reusability of photocatalysts. In view of this, five
successive photocatalytic experiments were performed
under visible light irradiation to examine the stability
of CTO/CN (III) sample. As presented in Figure 6d,
only 4.29% reduction in IC degradation rate was
observed after fifth cycle. It could be concluded that
CTO/CN heterostructure provided excellent stable

photocatalytic  efficiency for indigo carmine
degradation.
IV. CONCLUSION

In summary, CaTiOs/g-CsN4 photocatalysts were
effectively produced by a simple hydrothermal method,
in which graphitic carbon nitride particles were
anchored with the perovskite. The as-prepared
CTO/CN composites exhibited good photocatalytic
activity for the degradation of IC under visible and UV-
A light irradiation. The weight ratio CTO:CN of 1:1
(CTO/CN(III)) performed highest photocatalytic
degradation efficiency of 97.09% and 76.38% in the
presence of 120 min under UV-A and visible light
irradiation, respectively. The characterization revealed
that the reason for improving photocatalytic
performance was to enhance the incident light trapping
ability and promote separation of photo-induced
charges. With increasing photocatalyst dosage, the
catalytic performance improved, resulting increase
active sites. However, the efficiency decreased, and this

might be attributed to overlapping or aggregation of
adsorption sites. The dye degradation was significantly
driven by super oxide radicals. Interestingly,
CTO/CN(III) showed good activity under tap water and
drinking water. In addition, the catalyst exhibited high
performance even if after five-cycle experiment, stating
stable photocatalyst for dye removal. This study
provides a new perspective for the application of
CaTiOs-based carbon nitride-based composites in
photocatalytic degradation of organic pollutants.
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Abstract

Meteorological factors have a significant impact on the formation and transport of tropospheric ozone. In addition to the
meteorological factors, solar radiation and associated chemical reactions, topography, and pollution sources also affect the
ozone concentration levels (O3). In this study, the influences of the meteorological factors (temperature, wind speed, relative
humidity, solar radiation) on O3 were investigated for Canakkale throughout the 2014-2018 period. It was found that O3
concentration levels in summer season are linked with the high humidity and, especially high temperature. The statistical
analysis indicated that O3 concentrations at Can district (SE Canakkale) were positively correlated with temperature during
summer and autumn seasons (r=0.53). Similarly, a statistically significant positive correlation was found at Lapseki station of
Canakkale during autumn (r=0.48), spring (r=0.41), and summer months (r=0.40), respectively. On the other hand, relative
humidity (RH) displayed negative correlations with Os at Can and Lapseki stations. In addition, negative correlation was
observed between nitrogen oxides (NOx) and O3 values measured at Lapseki station. The main important factors affecting
ozone concentration levels in Canakkale were found as local meteorological conditions and long-range transportation of
pollutants from anthropogenic sources (e.g. vehicle, industrial emissions, volatile organic compounds (VOCs) emitted from
solvents and industry).

Keywords: Tropospheric ozone, air quality, meteorological factors, correlation coefficient, Canakkale

I. INTRODUCTION

Ground-level ozone (O3) is one of the six criteria air pollutants (particulate matter (PM), sulfur dioxide (SO.),
nitrogen dioxide (NO,), carbon monoxide (CO), and lead (Pb)). It is a chemical generated from gases (many of
which come from anthropogenic causes) in the lower atmosphere by solar radiation-driven photochemistry [1].
Nowadays, ground-level ozone is constantly increasing especially in urban areas of developed countries.
Similarly, increases are observed in rural areas as well [2-3].

Ground-level ozone differs from the ozone layer in the upper atmosphere [4]. Ozone is produced from oxygen in
the stratosphere, the upper layer of the atmosphere, via processes triggered by solar radiation. Approximately
90% of ozone is created in the stratosphere, where it performs a critical function in absorbing UV radiation,
which is dangerous to life on Earth if it exceeds critical limits. However, tropospheric ozone damages vegetation,
ecosystems, agricultural products, materials, and human health because of its highly reactive chemical
characteristics [5].

Tropospheric ozone is formed from the emissions of NOy and volatile organic compounds (VOCs). Methane
(CH4) and CO also contribute but at a lesser degree [5]. The rate of photochemical processes forming ozone in
the atmosphere is influenced by solar radiation, temperature and geographical factors. Ozone gases are emitted
from a diverse range of anthropogenic (e.g. road transport, international maritime shipping, aircraft, thermal
power plant, industrial activities, solvent use, biomass burning) and natural sources (e.g. soils and lightning). In
addition to this, ozone concentrations may rise as a result of climate change [6-8].

Ozone is influenced by meteorological factors as well as anthropogenic emissions. Meteorological factors such
as strong solar radiation [9], cloudiness, high temperature [10-11], low relative humidity [10], atmospheric
stability and location of the pollutant source affect the ozone concentrations. Otero et al., (2016) investigated the
association between local and synoptic meteorological conditions and surface ozone concentrations over Europe
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in spring and summer seasons [12]. Li et al., (2017)
showed that high temperature, low relative humidity,
easterly wind and low wind speed (ws) conditions
influence urban ozone episodes in China [10]. Chen et
al., (2020) indicated that temperature was the most
influential factor for ground ozone concentrations in
China [9].

Many epidemiological studies have shown that
exposure to ozone leads to a wide range of health
problems such as increased asthma morbidity and
mortality, reduced lung function, bronchial symptoms
and lung diseases [13-15]. In European Union,
annually 14.000 respiratory hospital admission is
related with ozone concentrations [5]. Diaz et al,
(2018) analyzed the relationship between high ozone
concentrations and daily mortality and found a
positive relationship between them, especially among
susceptible children who play outdoors in polluted
environments [16]. In addition to children, the elderly
and cardiovascular patients are adversely affected by
ozone concentrations.

World Health Organization (WHO) sets a target value
of 100 pg/m® as a maximum daily 8 hours mean for
O3 to protect human health. As of January 1, 2022, the
target value for O; in Turkey is 120 pg/m’ as a
maximum daily  8-hour mean. However, even if the
legal limit values are achieved, health problems can
still arise.

Studies in Turkey mainly focused on the factors
causing the changes in PM;j, concentration levels,
such as long-range transport [17-19], local
meteorological factors [20], and their impact on health
problems [21-22]. For Ozone, Im et al., (2006)
analyzed hourly ozone, NOx and VOC concentrations
during summer and found that decrease in inversion
heights in the early hours of the day leads to increase
in ozone concentrations [23]. Can (2017) found that
the highest ozone value is observed in summer season
[24]. Unal et al., (2021) analyzed relationship between
air pollution and asthma, bronchitis and pneumonia
and found that pneumonia, asthma and bronchitis
cases were associated with increases in ozone
concentrations [25].

The existence of power plants, industrial facilities, and
growing sea traffic resulted in considerable increases
in pollutant concentrations in Canakkale. In this study,
ozone values measured in Can and Lapseki districts
between 2014-2018 are determined and their temporal
and spatial distributions are shown. In addition,
relationship between meteorological parameters
(temperature, wind speed, relative humidity, and solar
radiation) and ozone concentrations are examined. For
Lapseki station, relationship between NOx and ozone
was also studied. Also, pollutant sources are identified
and variation of pollutant concentrations depending on
meteorological factors are estimated. Seasonal and
regional ozone exposure levels are determined.
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II. DATA AND METHODOLOGY
2.1. Study Area and Air Quality Data

The study area and sampling sites in Canakkale,
Turkey are shown in Figure 1. Canakkale is a province
located in the Northwest of Turkey, within the
Marmara Region. This province lies on both Asian
and European sides of the Dardanelles. Due to its
geographical features, the climate of this province is
transitional between the Mediterranean climate and
the Black Sea climate and has the characteristics of the
Mediterranean climate. The average minimum
temperature is measured at the lowest in February
(-4.2°C) and the highest average temperature is
measured in August (+35.8 °C). The prevailing wind
direction is northerly winds. The most precipitation is
observed in December, January and February.

In this study, ozone concentration data measured in
Can and Lapseki stations from January 2014 to
December 2018 were provided by the National Air
Quality and Monitoring Network database [26].
Furthermore, wind speed (m/s), wind direction,
temperature, solar radiation, total precipitation,
relative humidity values of the meteorological stations
are obtained from the Turkish State Meteorological
Service. Meteorological data used in this study
represent characteristic meteorological properties of
the pollutant source area. These monitoring stations
are fully automated and provide hourly recordings.
Data validation is conducted regularly by the Air
Quality Monitoring Center of the Ministry of
Environment and Urban Planning (MoEUP). As
reported in Sahin (2020), incomplete recordings from
the dataset were deleted and used data validation and
measurement methodologies [27]. Figure 1 shows the
locations of air quality monitoring stations and
meteorological stations.

2.2. Statistical Analysis

Correlation matrix was used to analyze the strength of
the association between O3 concentrations, NOx levels
and meteorological factors (temperature, wind speed,
solar radiation and RH). All statistical calculations and
graphics were done using R version 3.1.2 [28].

The regions and seasons with the highest
concentrations of pollutants were found by utilizing
the inverse distance weighted (IDW) interpolation
technique. This method is widely used in the research
of air quality [29-30].
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Figure 1. Locations of air quality monitoring stations (green) and meteorological stations (blue) in Canakkale
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III. RESULTS AND DISCUSSION

3.1. Daily and Seasonal Variations of Air

Pollutants

Daily variation of Os concentrations from two air
quality stations were obtained by using the long-term
data for Canakkale. Figure 2 presents daily average
ozone concentrations of 2014-2018 for Can and
Lapseki stations. Ozone is present on almost all days
of the year. Particularly, during summer, ozone levels
are seen to exceed 100 pg/m®. Ozone values are
commonly higher in spring and summer than they are
in autumn and winter. Peak summertime levels are
higher in Can and Lapseki. Examining Lapseki Station
data with respect to WHO Oj limit value (100 pg/m?)
showed that 35% of summer data exceeded the limit
value. Canakkale province attracts a lot of tourists,
especially in the summer months.

As Lapseki District is located at the junction between
Istanbul and Izmir, there is an increase in traffic in the
summer months. This situation causes an increase in
ferry services and the number of vehicles which
eventually lead to an increase in ozone concentration.
As a result, the highest ozone concentrations occur
during periods of sunny weather.

Lapseki Station
140

0; (ug/m3)

1.01.2014 1.01.2015 1.01.2016 1.01.2017 1.01.2018
Date

O; is known as a reactive air pollutant. Traffic and
industrial activities together with meteorological
factors, topography and chemical reactions increase its
concentration levels [31-32]. Seasonal variation of Os
concentrations is more apparent in summer months
than in winter due to it is particularly dependent on
effective solar radiation, high humidity and high
temperature [33]. In Canakkale, average measurement
values are highest in summer with 61 pg/m’, and
lowest in winter with 29 pg/m® (Fig. 3). Similar
results have been reported in previous research by
Yuska et al., 2003; Gong et al., 2018 [34-35].

Ozone concentrations in the study area found to be
typically at their highest during summer and at their
lowest during winter (Fig. 3¢ and 3a). When the
measured ozone levels were examined spatially, high
ozone concentrations in the province were generally
found in Lapseki and Can districts. In the summer
season, the highest value for Os concentrations was
found as 93 pg/m? in Lapseki, and this was measured
as 77 pug/m? in Can. Can has lower elevation than its
surrondings. This geographical situation leads to
suspension of air pollutants and inversion. Low wind
speed, especially during summer season, causes
increase in air pollutant concentrations.

Can Station

P .,'. FiniE
Wk B

T Nite

1.01.2014 1.01.2015 1.01.2016 1.01.2017 1.01.2018
Date

Figure 2. Daily variations of and O3 concentrations for 2014-2018 (The limit values of O3 is shown by the black
dashed straight line).
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Figure 3. Interpolation results of O3 concentrations (pug/m?) in 2014-2018.

In this study, emission sources were examined during
cold (November to April) and warm (May to October)
periods of the district. In general, cold season in the
city begins in November and ends in April, similar to
Arslan et al.,, 2022 [22]. The relationship between
ozone and other pollutants varies depending on the
season and location. Particularly, higher ozone levels
are observed in the warm season than cold season in
Canakkale. Changing patterns of traffic emissions
have the greatest impact on urban ozone levels. As a
result of intensive ship crossing in Lapseki district,
higher O3 concentrations were observed in warm
season (Fig. 4). On the other side, it could still reach
high levels during colder months due to long-range
transport by wind. Higher Os concentrations recorded
in Can and Lapseki during southerly and
southwesterly winds, respectively in cold season.
Similarly, increases are observed by southerly winds
in warm season as well in Can district (Fig. 4).

In addition to the vehicle emissions, sea traffic,
domestic heating, and long-range transport, industrial
facilities are crucial for high amount of pollutant
values in Canakkale. Particularly, coal-fired power
plants pose threat to city. Can Lignite Plant, Can
Thermal Power Station, Canakkale Ceramic Factory,
Akcansa, ICDAS are examples of important industrial
factories in the mining and energy sectors.
Furthermore, low grade heating fuels and a great
amount of motor vehicles lead to low air quality.

13

The formation and transport of tropospheric ozone are
influenced by meteorological parameters. Especially,
high temperature and light wind are effective in the
formation and accumulation of ozone concentration.
In this study, in order to determine the effect of
meteorological factors and NOx on ozone
concentration, the relationship between temperature,
relative humidity, wind speed, solar radiation, NOy
and ozone concentration was investigated. The values
obtained as a result of the correlation between ozone
concentration and meteorological factors are shown in
Figure 5 and Figure 6. Wind speed is the most
important mechanism that determines the movement
of pollutants in the atmosphere. The horizontal and
vertical components of wind speed play a role in the
distribution of pollutants. A positive correlation was
found between wind speed and ozone in winter
months. A positive correlation (r=0.53) was found
between temperature and ozone concentration in
summer and autumn seasons. In the spring season, it
was calculated as 0.38. Similarly, at Lapseki station, a
positive correlation was calculated in autumn (r=0.48),
spring (r=0.41), and summer (r=0.40). Also, positive
correlation was found between solar radiation and
ozone in autumn (r=0.32) and spring (r=0.47) seasons.
However, it was determined that there was a negative
correlation between NOx concentration and ozone.
Decrease in NOx concentration would lead to increase
in O3 levels. In spring and winter season, they were
calculated as -0.52 and -0.46, respectively. In addition,
negative correlation was observed between ozone
concentration and relative humidity. There is a
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negative correlation between relative humidity and
temperature. As the temperature increases, the relative
humidity decreases. For this reason, ozone
concentration is observed at high temperatures and
low relative humidity values.
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Figure 4. Polar plot of Oz concentrations during the period of January 2014 to December 2018.
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IV. CONCLUSION

In this study, temporal and spatial variations of ozone
concentration measured between 2014-2018 in Can
and Lapseki districts were investigated. In addition,
the relationship between ozone concentrations and
meteorological parameters such as average daily
temperature, wind speed and relative humidity was
analyzed using regression analysis. Ozone levels reach
higher levels in summer months compared to winter
periods, as ozone levels are especially dependent on
solar radiation and high temperature. The results
indicated that Os has a positive correlation with
temperature and solar radiation and a negative
correlation with RH. As a result of anthropogenic
emissions (e.g. cars, industrial boilers, refineries,
chemical plants, thermal power plants and other
sources that photochemically reactant) in Canakkale,
tropospheric ozone has strong seasonal variations,
with higher concentrations in the summer. Ozone is
created locally in polluted areas and increases
concentration levels on a local scale by being carried
by long-range transportation. Urban  ozone
concentrations are greatly influenced by traffic
emissions. Decrease in traffic density causes a
decrease in nitrogen oxides and thus the ozone
concentration decreases. Ozone emissions are caused
by population growth, technology advancements,
economic development, changing land use, climate
and other environmental changes. In order to reduce
ozone emissions, energy production from fossil fuels
should be reduced, transportation methods that do not
use motor vehicles should be emphasized, and the
emissions of industrial facilities should be strictly
controlled. The measurement of ozone in the air
should be done regularly at all measurement stations,
and the results should be announced instantly. The
public should be informed about ozone pollution and
health problems caused by extreme temperatures, and
warnings should be made in cases of excessive
pollution. As a result of these actions other air
pollutants and greenhouse gases will also be reduced.
Less ozone in the troposphere means less damage to
vegetation.
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The Effect of Pressure on Anisotropic Elastic Properties of SbSel: DFT
Calculation
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Abstract

The mechanical and elastic properties of SbSel compound under hydrostatic pressure of 0-40 kBar were investigated
for the first time. Quantum Espresso software (QE) was used for all calculations. Elastic constants (Cy) were calculated using
the ElaStic package distributed with the QE software and using the energy calculation method in this package. According to
the elastic constants obtained, the SbSel compound was found to be mechanically stable. The results obtained at ambient
pressure were found to be in perfect agreement with the literature data. Mechanical properties (bulk modulus, shear modulus,
Young's modulus, and Poisson’s ratio), anisotropy, linear compressibility, Debye temperatures, Vickers hardness, and
minimum thermal conductivity of the SbSel compound were calculated using these constants. As a result of the calculations,
it was seen that the SbSel compound is a soft (Vickers hardness < 10 GPa) and anisotropic material.

Keyword: SbSel, Pressure effect, Mechanical properties, Quantum Espresso.

1. INTRODUCTION

Bulk V-VI-VII semiconductors are reported to be abundant on earth [1]. The Antimony selenoiodide (SbSel)
compound is a member of the family of semiconductor solids of the V-VI-VII type. Here V-VI-VII shows the
group numbers on the periodic table. It symbolizes the atoms V (As, Sb, Bi), VI (S, Se, Te) and VII (Cl, Br, I).
SbSel, which is a Chalcogen, has a stoichiometry of 1: 1: 1 and crystallizes in a crystal structure known as the
SbSI type [2]. Triple chalcohalide materials based on the group V-VI-VII elements form a class with useful and
interesting properties that exhibit a wide application potential [3]. It has a wide range of application such as
microelectronics, optoelectronics, thermoelectric. These facts caused intense investigation.

SbSel belongs to the chalcohalide materials group. SbSel is produced from mixtures of the elements antimony
(Sb), selenium (Se) and iodine (I) or from mixtures of SbaSe; and Sbls [3]. SbSel is a semiconductor material, it
has pyroelectric, thermoelectric, ferroelectric, piezoelectric, electromechanical, and electrocaloric properties. It is
also an excellent candidate for SbSel photovoltic devices and radiation detectors [4]. These compounds are
influenced by light causing other nonlinear optical effects such as photoferroelectrics, pyro-optic, and electro-
optical [5] and a good photoconductor [6]. A few chalcohalides such as SbSI and SbSel were considered
promising photoferroic materials due to their favorable band gap and ferroelectric properties [7].

It has been reported that the lattice parameters of SbSel are a = 8.698 (2) 4, b=4.127 (1) 4, c =10.412 (2) 4 [8].
SbSel crystal has two phases as antiferroelectric (7 < 410 K) and paraelectric phase (PE) (7> 410 K) [9], all
atoms are in the 4c Wyckoff position [10]. Structure of SbSel compound at ambient pressure [8], [11] electronic
structure [12]-[14] linear optical and electronic structure [15], mechanical, dynamic, thermodynamic properties
[2], [16], [17] and electrical conductivity [3] were investigated. As potential optoelectronic materials, Ran et al.
(2018) studied antimony-based oxyhalides and chalcohalides [18].

Theory and calculations have played a crucial role in improving our understanding of material properties and
have provided guidelines for searching and designing new materials [19]. Chalcohalide alloys have been an
important research topic due to their wide variety of properties. As materials mature and commercial
applications come closer, the mechanical properties of materials become an important factor for both their
processing and end use [20]. Due to this importance, the subject of investigating the mechanical properties of
SbSel was preferred.

2. MATERIAL METHOD

First principal calculations were performed to reveal the mechanical properties of SbSel under pressure up to 40
kBar. The calculations were carried out by adopting ab initio density functional theory (DFT) [21], [22] within
the Quantum Espresso (QE) software package [23]. Total energy calculations were done with QE software. 5s?
p’ for Sb atom, 4s> p* for Se atom and 5s> p°> electrons for I atom were taken as real
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valence electrons. In this study, PAW type
pseudopotential files and  Local  Density
Approximation (LDA) were preferred. The electronic
wave functions were enlarged in plane wave basis to
initiate a kinetic energy cut off (E..) 130 Ry, and
electronic charge density (Ecuo) Was taken as 520 Ry.
For k-space summation the 4x4x10 Monkhorst and
Pack [24] gamma centered grid of k-points have been
used for SbSel. Optimized values of Ecu, Ecutrho, k-
point were used in all operations. The input files used
in the energy calculation were produced with the
ElaStic software using the energy calculation method
and the results were analyzed with this software [25].

3. FINDINGS AND DISCUSSION

As the first step in the calculations, structural
optimization of SbSel compound at ambient pressure
(zero pressure) was performed. The molecular
structure of SbSel compound was visualized with
VESTA software [26] using the data obtained as a
result of structural optimization for ambient conditions
(Figure 1). As shown in Figure 1, the unit cell of the
SbSel compound contains four molecules and 12
atoms and is in the space group Pnma- D35 (no: 62) in
orthorhombic structure. Using these values, 4, 8, 12,
16 and 40 kBar hydrostatic pressure was applied to the
system. The analyzes showed that the structure did not
undergo a phase transition at the pressures studied.
Geometric optimization was made for each pressure
value. The results obtained were used in elastic
constant calculations.

Figure 1. Crystal structure of SbSel compound.

3.1 The Elastic Constants

Elastic constants can be calculated for many properties
of material such as the mechanical stability,
anisotropic behavior, ductility, brittleness, specific
heat, thermal expansion, Debye temperature and
Gruneisen parameters [27]. These properties are very
important in design of material. For example, it is
desirable that the material designed as piercing and
cutting tool is hard.

For an orthorhombic system, there are nine
independent elastic constants exist: Ci;, Czs, C33, Cuy,

Css, Css, Cr1z, C13, and C»; which are presented in
Table 1. As shown in Table 1, the values obtained in
this work are consistent with the literature data given
for 0 kBar.

Table 1. Elastic constants of SbSel compound
calculated at different hydrostatic pressure (P in kBar,
Cy in GPa).

P Ciy C»n C;3 Cuy Css Css Cr2 Ci3 Cos

0 * 38.20 61.10 34.70 8.30 21.0010.7016.3017.20 20.50
0 ** 39.23 62.45 33.53 9.11 21.26 10.73 16.03 16.59 19.44
4 * 43.30 63.50 39.1010.3023.00 11.70 18.20 19.20 21.70
8 * 48.40 66.90 43.9012.00 25.90 13.60 21.00 20.40 24.80
12 * 53.40 69.80 50.60 14.00 28.80 14.90 21.70 22.40 27.00
16 * 57.90 72.50 55.50 16.60 31.40 16.30 23.60 23.80 29.20
40 * 82.70 87.60 81.2026.90 44.10 24.30 35.00 30.20 41.00

* This work, ** [16]

Conventional mechanical stability conditions on
elastic constants in orthorhombic systems [28],

(Cay +C33—2C13)>0,

(C11+Cp +Cs33 +2C1; +2C15 + 2Cp3)>0
(CitCp=2C12) >0, (Cy+Cs3—-2Cp3)>0
Ci>0, C»n>0, C35>0, Cy>0, Cs5>0,

(0]

Css> 0

The elastic constants of orthorhombic SbSel shown in
Table 1 meet the Born stability criteria (mechanical
stability conditions) given in equation 1. In this
regard, it can be said that the SbSel compound is
mechanically stable. As known, from the elastic
constants C;;, C2; and Cjs; are responsible for linear
compression along the x-axis, y-axis and z-axis,
respectively. If these values are large, it means the
compressibility will be small. It can be said that the
SbSel compound can be compressed more along the x
and z axes than the y axis. As a result of the
calculations, it was seen that C,; among the elastic
constants had the largest value. Thus, it can be said
that C;; and Cs; are more sensitive to pressure. Also,
the value of all elastic constants increased with
pressure. Again, it can be said from Table 1 that
orthorhombic SbSel is elastically anisotropic.

The elastic constant Cy (In orthorhombic structures)
is an important parameter that governs the hardness of
the material [16]. As can be seen from Table 1, this
compound has small value of Cy indicating relatively
poor shear strength. Furthermore, Bulk modulus (B)
and shear module (G) are the most important
parameters determining the hardness of the materials.
Magnitude of the values indicates hardness of
material. As known, bulk modulus is the measure of
resistance against compression. The smaller size of the
bulk module indicates the higher compressibility of
the material, and the large size indicates the
incompressibility.  Usually, shear modulus is
characterized as the ratio of stress to strain under shear
deformation. A large shear modulus value indicates
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that there is a great resistance to shear deformation, a
small one indicates that this resistance is small. Bulk
and shear modulus can be calculated from elastic
constants with the following equations [27], [29],
which are widely used in the literature.

1
By = §[C11 + Cyp + C33+ 2C15 + 2C15 + 2C33] 2)
1
B_ =811+ 8+ S8+ 2[512 + S5+ 523] (3)
R
1
Gy = E(Cu + Cyp + C33 — Cip — Ci3— C33)
1 O]
+ 5(644 + Css + Ceg)
1 1
Gn =T [4(S;11 + S5 + S33) + 3(S4q + Ss5 + Ses) 5)

—4(S12 + S13 + Sp3)]

Hill approximation is the average of Reuss (the lower
limit) and Voight (the upper limit) and the result is

closer to the experimental result. Mathematical
expression of Hill approximation,

_ Gr+Gy _ Bgr+By
Gy =—— By =—— 6)

2

Calculating the Young's modulus, the size of which
indicates the hardness of the material, is another way
of estimating the hardness of the material. Large value
indicates that the material is hard. Young's modulus is
(E) [27], [29],

_ 9ByGy
X7 Gy + 3By ™
The subscales V, R and H in the equations correspond
to the Voight, Reuss and Hill approximation,
respectively. X shows the V -R -H approach.
Additionally, by looking at B / G ratio can be estimate

ductile or brittle nature of a material. If the B / G ratio
is less than 1.75, it can be classified as brittle, if it is
higher than 1.75, it can be classified as ductile
material [30]. The B, G and E values calculated from
the elastic constants using the above equations (2-7)
are given in Table 2 with available literature data. It
was calculated as the B (26.15), G (12.47), B /G
(2.097), and E (32.28) at ambient pressure. As can be
seen in Table 2, the values obtained are consistent
with the literature. By looking at the B / G ratio, it can
be said that the SbSel compound is in a ductile nature.
Therefore, the SbSel compound can be used in
portable devices.

By calculating the Poisson's ratio, the nature of the
bond forces can be studied. The Poisson's ratio is 0.1
for pure covalent crystals and 0.25 for pure ionic
crystals [31]. The lower and upper bounds of the
Poisson's ratio for central forces are 0.25 and 0.50,
respectively. Poisson’s ratio () can be calculated
from B and G values [32].

]

Poisson’s ratio calculated with Equation 8 were
compared with the data available from the literature
(Table 2). According to the Poisson’s ratio given in
Table 2, it can be said that ionic bonding is dominant
in SbSel compound. Also, as can be seen from the
Poisson’s ratio in Table 2, the SbSel compound is
under the influence of central forces. Again, while B,
G and E values increased with increasing pressure, ¥
and B / G were decreased.

1By — (2/3)Gyx
X7 21By + (1/3)Gy

@®

Table 2: Calculated elastic modules (in GPa) and Poisson's ratio.

(kBar) R By Br By Grv Gr Gy  Bu/Gu S Ey Er En
0 * 26.89 2542 26.15 13.33 11.61 12.47 2.097 0.294 3433 30.23 32.28
0 Hk 26.59 25.00 25.78 13.76 12.07 1292 2.00 0.29 - - 33.20
4 * 29.34 2822 28.78 14.79 13.26 14.02 2.052 0.290 37.98 34.40 36.20
8 * 3240 31.27 31.84 16.50 15.05 15.78 2.018 0.287 42.32 3892 40.62
12 * 35.11 3437 3474 1839 1695 17.67 1.966 0.283 46.96 43.67 45.32
16 * 37.68 37.05 37.36 20.15 18.77 1946 1.920 0.278 51.30 48.17 49.74
40 * 51.54 51.24 5139 28.75 27.06 2790 1.842 0.270 72.72 69.03 70.88
* This work, ** [16]

The hardness of the material is important in terms of
materials science and material engineering. So Vickers
hardness was defined to express the hardness of the
material. There are several models for describing
Vickers hardness. Chen’s model is (k= G/ B) [33],

20

H, = 2(k*G)°5% -3

®

Experimental correlation suggested by Yousef is [34],
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_(1-29)E

T 6(1+9)
Tian's model is [35]

H. =092 k1,137G0,708
v ’

Table 3: Linear compressibility (TPa -
(GPa) of the material.

1) and hardness

(10)

an

(ké’;z v B B B Tian Yousef Chen
0 15.67 639 1728 | 2.37 1.71 0.68
0* 1498 634 1874 | 2.57 1.85 0.98
4 13.54  6.67 1523 | 2.63 1.96 1.04
8 1229  6.03 13.67 | 2.92 2.24 1.42
12 1138  6.42 1131 | 3.26 2.56 1.87
16 10.52  6.252 10.22 | 3.58 2.88 2.29
40 7.34 5232 694 | 485 4.28 3.86

2 Calculated from elastic constants reported in
Reference 16.

The Vickers hardness calculated for different pressure
values with different models are given in Table 3.
Vickers hardness was calculated as 0.68 (Chen), 1.71
(Yousef) and 2.37 GPa (Tian) for SbSel compound
using the equations 9-11 given above. Li et al. (2020)
stated that materials with H,, values less than 10 GPa
can be classified as soft materials [36]. According to
this result, it can be said that the SbSel compound is
not hard. Therefore, it is not expected to be used in
drilling and cutting applications that require hardness.
Looking at the data obtained as a result of the
calculations (Table 3), it was observed that the

hardness was increased corresponding to the
increasing pressure value, as expected.

Linear compressibility,

LS+ S +Si3 =S+ 8 +Ss B=Si+ S +533 (12)

Considering the elastic compressibility coefficients
given in Table 3, calculated with Equation 12, can be
said that SbSel compound is least compressible along
the y-axis.

3.2 Anisotropy of the Material

Elastic anisotropy, unusual phonon modes, dislocation
dynamics, precipitation, anisotropic plastic
deformation, etc. It has an important function in
determining the technological use of the material,
which has effects on the mechanical / physical
properties of the material, such as in addition,
understanding the formation of microcracks caused by
anisotropy is important in terms of increasing the

21

mechanical stability of the material. Because of this
importance, anisotropy calculations are necessary[37].
Several equations are used in anisotropy calculations.
These are: Universal elastic anisotropic index AY,
percent compressible anisotropy Ag, percent shear
anisotropy A;, and shear anisotropic factors 4,, 4,
and A5, and these expressions are [27], [38], [39],

1 =gt~ Forthe {100} plane (13)
A, = ﬁ For the {010} plane (14)
Ay = —  Forthe {001} plane (15)

Bz%xmo Aa=%x 100 (16)
SR a7

If the material is elastically isotropic, the value of the
A4, A, Ag are 1, otherwise it different from 1. AY, Ap
and A; values are zero in isotropic materials. It
different from zero in anisotropies. The amount of
deviation from one or zero indicates the degree of
anisotropy. The elastic anisotropy values calculated by
Equation 13-17 are given in Table 4 together with the
available literature values. According to all anisotropy
expressions (From Table 4), SbSel compound exhibits
anisotropic behavior. Again, from Table 4, it is seen
that {010} plane is more anisotropic than the other
{100} and {001} plane.

Table 4: Anisotropy factors of the material.

P(kBar) AU>=0| A, A, As | Ag  Ag
0 079 | 0.86 153 064 | 2.81 691
0° 077 | 092 149 062 | 3.15 6.55
4 061 | 094 155 067 | 1.95 5.43
8 052 | 093 169 074 | 1.77 458
12 045 | 095 174 075 | 1.07 4.06
16 039 | 1.01 181 079 | 0.84 3.55
40 032 | 1.04 203 097 | 029 3.02

2 Calculated from elastic constants reported in
Reference 16.

Anisotropy was visualized in 3D and 2D with ELATE
software [40] and was given in Figure 2 so that the
anisotropy of the studied material can be seen more
easily. In three-dimensional (two-dimensional)
representation, the shape of an anisotropic material is
represented by the deviation from the spherical (circle)
shape. The amount of deviation from sphericity
(circularity) is a measure of anisotropy. Deviations
from the spherical (circle) shape are clearly visible
when the 3D (2D) plots of Young, shear modulus,
Poisson's ratio, and linear compressibility (Figure 2)
are examined. Anisotropy is clearly visible from these
3D (2D) graphics.
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Figure 2. Two and three dimensional representation of Young's modulus (a), Shear modulus (b), Poisson's ratio
(c), Linear compressibility (d) of SbSel compound at ambient pressure. In the figure, the blue lines represent the
maximum values, and the green lines represent the minimum values.

3.3 Thermal Properties

It is known that Debye temperature is an important
basic parameter that is closely related to many
physical properties such as melting temperature,
cohesion energy, specific heat, thermal conductivity,
thermal expansion, lattice vibration and hardness [31],
[41]-[44]. Vibration warning at low temperatures is
only caused by acoustic vibrations. Therefore, the
Debye temperature calculated from the elastic
constants at low temperatures is the same as that
determined from the specific heat measurements.
From the equations below, the Debye temperature can
be calculated in Kelvin units [29].

22

o =) o sy
-1/

wo=|(Zr i) )

v = (B, + 4G,/3)/p v, = \[Ge/P 20)

In the equations, Planck (h), Boltzmann constant (kj),
atomic volume (V,), average sound velocity (v,,) in
polycrystalline system. Debye temperature, v,,, v; and
v, calculated by Equation 18-20 are given in Table 5
together with the available literature values by
calculating information. It is seen that the Debye
temperature calculated from Table 5 is compatible
with the literature value. It is seen that 8y, vy, U, U
values increase with increasing pressure value.
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Table 5: Density p (kg / m?), Debye temperature 6, (K), longitudinal v, (m/s), transverse v, (m/s) and sound
velocity v,, (m/s) of the material.

P (kBar) Voigt Reuss Hill
Op 6p Uy U U, 6p
0 6191.7 158.1 147.8 1419.3 2628.7 1584.2 153.0
02 6161.6 160.6 150.6 1446.05 2641.9 1614.5 155.6
4 6333.8 165.8 157.2 1488.0 2738.0 1660.1 161.6
8 6497.3 174.3 166.7 1558.3 2852.6 1737.8 170.6
12 6632.0 183.3 176.2 1632.2 2964.8 1819.2 179.8
16 6761.6 191.1 184.7 1696.3 3059.8 1889.6 187.9
40 7451.1 224.4 218.0 1935.2 3448.2 2153.5 221.2

2 Calculated from elastic constants reported in Reference 16.

The Gruneisen parameter, y,, is an important quantity
in condensed matter physics and geophysics,
especially in investigating the thermodynamic
behavior of materials at high pressures and
temperatures [45]. The wvalue of the Griineisen
constant range is between one and two. The acoustic
Griineisen constant defined in Eq. (21) [46]-[48] is
calculated:

The estimated y, values are given in Table 6. Since
the Griineisen constant is close to two and is inversely
proportional to the thermal conductivity, its thermal
conductivity is expected to be small. As can be clearly
seen from Table 6, with the increase of hydrostatic
pressure, the y, constant decreased, and the thermal
conductivity increased.

3

Ya =75

3vf — 4v?
2

v + 202

The higher the Debye temperature, the stronger the
chemical bonds in the crystal, while the smaller
indicates the weaker the chemical bonds. Higher
Debye temperature always means higher hardness
[41], [42]. Higher Debye temperature corresponds to
better thermal conductivity of the compound [31].
The high heat dissipation capacity of the material
indicates that its thermal conductivity is high.
Therefore, thermal conductivity is very important for
high temperature materials [42]. The minimum
thermal conductivity determines the theoretical lower
limit of the intrinsic thermal conductivity of a material
[49]. The minimum thermal conductivity (k,,;,) can
be calculated from Equation 22-23 [31], [50].

Kmin = 0.87 kg Ma‘z/3 EV/2 pi/s

M, = [M/(m.N,)]

The calculated M, (mean atomic mass) and
Komin values are given in Table 6. The minimum
thermal conductivity at ambient pressure was
calculated as 0.289 [50], 0.320 [51], and 0.230 Wm™' K"
' [52]. The minimum thermal conductivity of the
SbSel compound was not found in the literature.

@1

(22)

(23)

23

However, in terms of giving an idea to the reader, it
has been compared with the results of the study of
Wang et al., (2020) and Long et al., (2015). The
minimum thermal conductivity of BiSel, which is a
member of the same family as SbSel, has been
reported as 0.27 WmK' [53]. Long et al. (2015)
reported that the value of k,; increased with
increasing pressure [52]. As can be clearly seen from
the data obtained with this study (Table 6), the K,y
value of the SbSel compound increased with
increasing pressure. It can be said that this situation is
compatible with the literature data. The thermal
conductivities calculated for the SbSel compound are
small. The small value of the calculated minimum
thermal conductivity is consistent with the Griineisen
constant.

Table 6: Calculated acoustic Griineisen constant (y,,),
thermal conductivity (W.m™' K1),

P M, kmin kmin kmin
(kBar) Ya (10%)  (Clarke) (Cahil) (Long)
0 1.738 1.87 0.289 0.320 0.230
02 1.685 1.81 0.293 0.339 0.245
4 1.715 1.81 0.307 0.340 0.245
8 1.697 1.81 0.326 0.361 0.261
12 1.670 1.81 0.346 0.382 0.277
16 1.645 1.81 0.364 0.401 0.291
40 1.602 1.81 0.441 0.485 0.354

2 Calculated from elastic constants reported in
Reference 16.

4. CONCLUSION

Elastic constants of SbSel compound under 0-40 kBar
hydro static pressure were calculated with QE and
ElaStic software. It was seen that the value found in
the ambient pressure was compatible with the
literature data. It can be said that it is mechanically
stable from the calculated elastic constants Anisotropy
was calculated with different approaches and
visualized with ELATE software. As a result of
detailed examination of the anisotropy of the
compound, it was shown that it was anisotropic.
Several properties such as Vickers hardness (2.37
GPa), Debye temperature (153 K) and minimum
thermal conductivity (0.289 W.m™. K'), which are
important for materials science and engineering, were
calculated. It is not a hard material as the calculated
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Vickers hardness is less than 10 GPa. Based on this
result, it can be categorized as soft material. Many
physical properties of the material are closely related
to the Debye temperature. Therefore, the pressure
dependence of the sound velocity, the Griineisen
constant, the thermal conductivity and the Debye
temperature were studied. Due to the low thermal
conductivity of the SbSel compound, it can be used as
a thermal insulator in applications.
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Oz

Web, hizla biiyiiyen ve her tiirden verilerin bulundugu devasa bir veri kaynagidir. Kullanicilar bu veri kaynagindan istedikleri
verileri almak i¢in arama motorlarint kullanirlar. Arama motorlari bu verileri web tarayicilari ile elde ederler. Web tarayicilart
web sayfalarindaki tek diizen kaynak buluculari (URL-Uniform Resource Locator) izleyerek ulastiklari tiim sayfalardaki
verileri alir, ayristirir ve indekslerler. Web tarama siirecindeki en 6nemli konular hangi URL’lerden baslanacag: ve taramanin
kapsamudir. Bu yazida kapsami tiim web olan genel bir tarayicinin tohum URL se¢im ve kapsam genisletme yontemleri
sunulmustur. Tohum URL se¢iminde 102 farkli iilkede ziyaretginin giinliik harcadig1 saat, ziyaretci basina giinlilk sayfa
goriintiileme sayisi, aramadan gelen trafigin yiizdesi ve toplam bagli site sayist temel alinarak olusturulmus {i¢ farkli tohum
URL seti olusturulup detayli bir sekilde performanslari analiz edilmistir. Ayrica kapsami hizli bir sekilde genisletmek igin link
skoruna dayali yeni bir tarama algoritmasi onerilmis, tohum URL setleri kullanilarak taramalar yapilmis, karsilastirilnug ve
detayli analizleri yapilmustir.

Anahtar Kelimeler: Web Tarayicilari, Tohum URL Seg¢imi, Kapsam Genisletme, Link Skoru Hesaplama

Abstract

The web is a huge data source which is rapidly growing and which keeps all kinds of data. Users use search engines to get the
data they want from this data source. Search engines obtain these data through web crawlers. Web crawlers retrieve, parse, and
index data on all pages they reach by tracking uniform resource locators (URL) on web pages. The most important issues in
the web crawling process are which URLSs to start from, and the scope of the crawl. In this study, seed URL selection and scope
expansion methods of a general web crawler were presented. In the selection of seed URLSs, three different seed URL sets were
created based on the daily hours spent by the visitors in 102 different countries, the number of daily page views per visitor, the
percentage of traffic from the search, and the total number of affiliate sites, and their performance was analyzed thoroughly.
Furthermore, a new search algorithm based on link score was proposed to expand the scope quickly, searches were made,
compared, and detailed analyzes were performed using seed URL sets.

Keywords: Web Crawler, Seed URL Selection, Scope extension, Link score calculation

I. GIiRiS

Gilintimiizde interneti kullanarak Web iizerindeki verilere erigmek hayatimizin énemli bir parcast haline gelmistir.
Suanda mevcut diinya niifusu 7.9 milyar olup 5.2 milyar (%66.2) internet kullanicist mevcuttur [1]. Bu say1
2012’de 2.4 milyar [2] iken 2022’de 5.2 milyara ylikselmis, yani yaklasik %116 artmustir.

Internet kullanict sayisinin artmas1 Web’ deki veri miktarinin artmasi anlamina gelmektedir. Web her gecen giin
hizla biiyiiyen ve her tiirden verilerin bulundugu devasa bir veri deposudur. Bu veri deposu iginde istenilen verilere
dogru bir sekilde ve zamaninda ulagmak, giinlimiiz kosullarinda hayati 6neme sahip olup her gegen giin
zorlagmaktadir [3]. Bu zorluklar1 asabilmek, Web’ deki verileri aramak ve istenilen veriye ulagmak i¢in arama
motorlar kullanilmaktadir. Arama motorlarimi kullanmadan web iizerindeki bilgileri elde etmek icin, milyarlarca
web sayfasini tek tek ziyaret etmek gerekir. Bu durumda veriye ulasmak neredeyse imkansiz hale gelmektedir.

Birgok tarayici tiirii olmasina ragmen temelde genel ve odakli olmak iizere iki ana tarayici tiirii vardir. Odakl
tarayicilar belirli bir konu ya da alan ile ilgili sayfalar1 tarama egilimindedirler. Onceden belirlenmis baz1 verileri
kullanarak erigim sayisint sinirlarlar [4]. Genel tarayicilarda ise bdyle bir sinirlama yoktur. Arasu ve arkadaslari
[5], yaptiklar ¢alismada, odakli taramanin degisen On bilgilere gore kullanicilar arasinda degisiklik gosterdigini
vurgulanmis ve gergek hayatta genel tarayicilarin kullaniminin daha 6nemli oldugunu 6zellikle belirtmislerdir.
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Arama motorlar1 temel olarak 3 boliimden olusurlar. Bu
bolimler siras1 ile web sayfalarii tarama, verileri
indeksleme ve bu veriler igerisinde aramadir[6]. Web
sayfalarini tarama iglemini web tarayicilar (6riimeek,
tarama botlar1 vb.) gergeklestirir. Web tarayicilar
tarama islemine tohum (baslangig) URL’ler ile baslar.
Ziyaret edilen web sayfasi igindeki veriler alinip
indekslenir ve sayfa i¢cindeki diger URL’ler ¢ikarilarak
oncelikli kuyruga eklenir. Siras1 gelen URL taranir ve
veriler indekslenir. Taranan URL’ler belirli politikalara
gore tekrar taranarak giincellik saglanir. Sekil 1 de
dongiisel yap1 kullanarak veri tabanin giincel tutan bir
tarayict mimarisi gosterilmistir [6].

Tarama

Y 3 o

] E]

= =

= By =

L 2R g
Bl =
H =
= Indeksleme T
= B2
< Y 3 om
oh =5 ] o
i = = sal
HE = = £

< = bz

e g

= L J

B Arama &

Sekil 1. Tarayict Mimarisi

Web’ in tamammin taranmasi devasa hacmi nedeniyle
uzun bir siiregtir ve neredeyse imkansizdir. Mevcut
arama motorlar1 (Google, Baidu, Yahoo vd.) tim Web
’in sadece yaklagik olarak %5 ini tarayabilmektedir [7].
Bu nedenle arama motorlarmin en  biyik
yetersizliklerinin basginda kapsam genisligi
gelmektedir. Kapsami genisletmek i¢in 6zellikle ticari
arama motorlar1 birgok algoritma ve 6zellik (cogu gizli)
kullanmaktadirlar. Kapsami genisletmenin ilk adimi
tohum URL secimi ve ikinci adimi da iyi bir tarama
algoritmasidir.

II. LITERATUR ARASTIRMASI

Literatiirde yapilan ¢alismalar1 tohum URL se¢imi ile
ilgili ¢aligmalar ve kapsam genisletme metotlar ile
ilgili galigmalar olmak iizere iki gruba ayiriyoruz.

1.1 Tohum URL Secimi

Bir web tarayicisinin en dnemli sorunlarindan biri en
uygun sayfalar1 elde etmek i¢in hangi URL’ lerden
baglamasi gerektigidir [8]. Bu baslangic URL seti,
tarayicillarin  arama  islemlerini  baglattig1  giris
noktasidir. Tohum URL’lerin kalitesi tarayicinin
performansin1 ve kapsamini etkileyen en temel
ozelliklerden biridir. Web’ in dinamik yapis1 geregince
en iyi tohum URL’ lerin de zaman ile degisim
gostermeleri kaginilmazdir.

Daneshpajouh ve arkadaslari [9], farkli topluluklardan
tohum URL’ leri tanimlayan ve ¢ikaran ilk tohum
¢ikarma algoritmasini 6nermislerdir. Algoritma, tohum
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URL’lerin farkli topluluklardan diigimler icermesini
garanti etmek i¢in se¢ilen tohum URL’ ler arasindaki
mesafeyi 6lgmektedir. Kleinberg [10], web sayfalarmi
merkez ve otorite adin1 verdigi iki ana grupta toplayan
HITS algoritmasint 6nermistir. HIST algoritmasi
yalnizca web sayfalar1 arasmdan kopriileri dikkate
almaktadir. Bundan dolayr en iyi merkez web
sayfalarinin en iyi tohum URL oldugu soylenebilir.
Zheng ve arkadaglari [11], tohum URL seg¢imi i¢in
rastgele, en yiiksek PageRank degeri ve en ¢ok alan dis1
baglantiya sahip k sayfaya dayali tohum sec¢im
stratejilerini  kullanan grafik tabanli bir yaklagim
onermislerdir. Onerilen yaklasimin performansini
degerlendirmek i¢in her biri en az 100 sayfa iceren ve
en az bir harici baglantiya sahip olan 2000 web
sitesinden rastgele drnekler segerek tohum URL setini
olusturmuslardir.

Nwala ve arkadaglar1 [12], web arsivi koleksiyonlari
i¢in sosyal medya gonderilerinden tohum URL elde
etmigslerdir. Bu URL’ lere 10 ana boyutta (popiilerlik,
cografik, konu uzmani, giivenilirlik, itibar vs. ) bir
kalite puami atamiglardir. Toplamda referans
koleksiyonlarindan 1552 ve  Twitter  Mikro
koleksiyonlarindan 4.209 tweet’ den 2.027 tohum URL
elde etmiglerdir.

Tohum URL se¢iminde, uzman tarafindan manuel
secim, yar1 otomatik secim ve otomatik se¢im olmak
iizere ii¢ temel se¢im metodu vardir. Tarayicilar icin
tohum URL c¢ikarma genellikle manuel yapilir. Manuel
secimde [13-15] bir veya birka¢ konu hakkinda yapilan
taramalarda konunun uzmanlar1 tarafindan tohum
URL’ ler se¢ilmekte, onceliklendirilmekte ve tarama
kuyruguna eklenmektedir. Yart otomatik se¢imde
DMOZ ve curlie.org gibi acgik kaynak dizinlerden,
belirli 6zelliklere gore tohum URL’ ler secilmektedir.
Chan ve Yamana [16], DMOZ iizerinde bulunan URL’
leri belirli alan adlar1 (.com, .net, cn, .tw, .jp, .kr) ve
dillere gore (Cince, Japonca ve Korece) ayiklandiktan
sonra tohum URL olarak almiglardir. Menczer ve
Monge [17], InfoSpider adini verdikleri bir tarayici
gelistirmislerdir. InfoSpider, kullanict sorgularini genel
bir arama motoruna gondermekte ve sonug olarak
donen URL’leri tohum URL olarak kullanmaktadir.
Son olarak otomatik se¢imde Twitter gibi sosyal
medyadaki kullanicilarin paylagtiklart URL’ ler tohum
URL olarak alinmaktadir. Priyatam ve arkadaslari [18],
Twitter’ da paylasilan URL’ lerin her biri kdse noktasi
olan bir grafik olusturmus ve benzer kdseleri birbirine
baglamiglardir. Onerilen tarayici taramaya kose
noktalarini olusturan ve benzersiz olan URL’ ler ile
baslamigtir. Sanagavarapu ve arkadaglari [19],
Wikipedia ve Twitter’ 1 kullanarak tohum URL’ lerin
otomatik olarak ¢ikarilmasi i¢in puanlama (SeedRel)
metrigi ve URL’ lerin alaka diizeyini belirlemek igin
¢esitlilik indeksi kullanan bir yaklasim onermislerdir.
Buna ek olarak Sanagavarapu ve ark. [20], tohum ve alt
URL’lerin tanimlanmasi ve puanlanmasi i¢in yapay ar1
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kolonisi (Artificial Bee Colony - ABC) algoritmasini
onermislerdir. Onerilen algoritmay1 giivenlik alanina
uygulamis ve Wikipedia iizerinden 34.007 tohum
URL’ i ¢ikarmiglardir.

1.2 Kapsam Genigletme

Bir arama motorunun performans 6lgiitlerinden biri de
taradig1 ve indeksledigi web sayfalarinin miktaridir.
Arama motorunun, web tarayicist ve tarayicinin
kullandig1 tarama tekniklerine bagl olarak kapsami ve
etkinligi artar [21]. Web’ in grafik yapis1 karmagiktir
ve igerik ile kopriilere erismek icin verimli bir
algoritma gerekir. Kapsam, oncelikle secilen tohum
URL’ lere ve ardindan taramanin genisleyebilmesi icin
URL’ lerin oncelik durumuna gore siralanmasina
baglidir. Web tarayicilart i¢in web sayfalarinin
o6nemleri farklidir ve hangi sayfalarm 6nce taranmasi
gerektigi ile ilgili cesitli algoritmalar gelistirilmistir
[22].

Page ve arkadaslar1 [23], Google arama motorunun
temel algoritmalarindan  biri olan PageRank
algoritmasini1 Onermislerdir. Hangi web sayfalarinin
oncelikli taranmasi gerektigini belirlemek i¢in farkli
metrikler miglardir. Bu metrikler genislik dncelikli, geri
baglant1 sayist ve PageRank olup tarayictyr 6nemli
sayfalara yonlendirme ag¢isindan bu ii¢ metrik
kargilagtirilmistir.  Sonu¢  olarak  PageRank’ in
digerlerine gore 6nemli sayfalar1 daha erken taradigi
goriilmistiir. Prakash ve Kumar [24], ¢aligmalarinda
PageRank ve kopekbaligi aramasinin (Shark-Search)
gelistirilmis bir versiyonu olan PageRank algoritmasini
kullanan kdpekbaligi algoritmasini  6nermislerdir.
Yapilan on deneylerde orijinal sayfa siralamasi
algoritmasina gore Onemli gelismelerin gosterildigi
belirtilmistir. Cao ve arkadaslar1 [25], caligmalarinda
ayn1 agda rastgele yiirliyiise izin veren RankCompede
adm verdikleri yeni bir model 6nermislerdir. Rastgele
yuriiyiis  ile rekabet kavramlarimi  birlestirerek
kiimeleme ve siralama islemlerini ayni anda yerine
getiren bir yontem gelistirmiglerdir. Geleneksel grafik
kiimeleme yaklasimlari ile karsilastirilmig ve yontemin
ag diigiimlerini gruplamada daha hizli ve sezgisel
oldugu belirtilmistir. Najork ve Wiener [26] 6nerdikleri
yontemde 328 milyon benzersiz sayfa igeren bir tarama
sirasinda, taranan sayfalarin  zaman igerisindeki
ortalama sayfa kalitesini incelemislerdir. Taramaya
baslandiginda yiiksek kalitedeki web sayfalarini se¢gme
egiliminde olan genislikte ilk arama yontemini
secmiglerdir. Sayfalarin kalitesini 6lgmek ve siralamak
icin PageRank algoritmasin1 kullanmiglardir.

Nisreen ve Elsheh c¢alismalarinda [22], web
sayfalarinda benzerligi ve dinamikligi kullanarak web
sayfalarina Oncelik veren bir yontem Onermislerdir.
Calismada dinamik ve statik URL’ler i¢in ayri iki
oncelikli kuyruk kullanilmistir. Dinamik sayfalar
yiiksek oncelige sahip oldugundan dolayr oncelikli
taranmaktadir. Elde edilen bulgulara goére web
sayfalarinin dinamikligini kullanmanin, URL’ lerin
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taranma sirasinin belirlenmesinde etkili bir yol oldugu
belirtilmistir.

Gupta ve Singh [27] yaptiklar1 ¢aligmada kullanict
tercihi tabanli sayfa siralamasi adini verdikleri yeni bir
sayfa siralama algoritmasi oOnermislerdir. Onerilen
algoritmanin sayfa igerik alaka diizeyini belirlemek i¢in
aracilar  kullandigit  ve  siralamada  kullanici
davraniglarinin da dikkate alindig1 vurgulanmistir. Yine
kullanic1 davranigi ile ilgili olarak Alhaidari ve
arkadagslar1 [28], kullanict1 davramisi ve tercihine
odaklanan sayfa siralama algoritmalari, PageRank,
Agirlikli PageRank ve koprii kaynakli konu arama
algoritmalarint tartigmiglardir. Bunlara ek olarak
algoritmalarin birlesiminden olusan kullanici tercihi
tabanli agirhikli sayfa siralama algoritmasimi (User
Preference Based Weighted Page Ranking Algorithm -
UPWPR) o6nermislerdir. UPWPR algoritmasi, web
icerik madenciligi ve web kullanim madenciligini
kullanarak kullanici tercihlerine gére arama sonuglarini
siralamaktadir.

Baker ve Akcayol [29], URL’leri alan i¢i ve alan dis1
olarak siniflandiran ve bir oncelik sirast kullanan
tarayict  algoritmasint  sunmuslardir. Onerilen
algoritma alan dis1 baglantilar icin 2/3 ve alan igi
baglantilar i¢in 1/3 degerini vererek alan disi
baglantilara oncelik vermektedir. Bunun sebebi
kapsami genisletmek ve ayni etki alani igindeki
baglant1 déngiilerinden kaginmaktir. Oncelikli kuyruga
eklenen URL’ ler i¢in bir zamanlama mekanizmast
kullanilmis ve belirli bir siire boyunca taranmayan
URL’ ler kuyruktan ¢ikartilmistir.

1. ONERILEN WEB TARAYICISI

Bu caligmada Onerdigimiz web tarayicisi genel bir
tarayici oldugu i¢in kapsami tiim webdir. Genel tarayici
sirast gelen URL’ leri ayristirarak web tizerindeki tiim
URL’ lere ulasmaya calisir. Belirli dil ve bolgelere
bagli kalmamak i¢in tiim diinya iilkelerinden en popiiler
ve en ¢ok ziyaret edilen web sayfalarindan tohum URL
seti olusturulmustur. Onerilen algoritmaya gére tohum
URL seti oncelikli kuyruga alinarak her bir URL
sirastyla taranmistir. Taranan URL’ e herhangi bir
sebepten dolayr ulasilamadiginda hata kodu, hata
mesaji ve hatali URL veri tabaninda ilgili tabloya
kaydedilerek URL’ lerden silinmistir. URL’ e baglant1
saglandiginda iki iglem gergeklestirilir. (1) URL’in ana
sayfast bulunarak ilgili tabloya kaydedilir ve link
skoruna (LS) en yiiksek deger olan 1 degeri verilir. (2)
Sayfa igerisinde ayrigtirllan URL’ ler alan igi
(IntraDomain) ve alan dis1 (InterDomain) olmak tizere
iki gruba ayrilir ve sayilari bulunur. Daha sonra veri
tabanindan kontrol edilerek daha dnce kaydedilmeyen
URL’ lerin denklem (3) ve (4) ° e gore link skoru
hesaplanir. Bu iglemin sonunda URL’ ler, link skorlari
ve tarama zaman damgasi veri tabanina kaydedilir. Bu
islemler kuyrukta URL oldugu siirece tekrarlanir.
Kuyruktaki son URL tarandiktan sonra veri tabanindaki
en yiiksek link skoruna sahip bin URL o&ncelikli
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kuyruga alinarak kesfedilen tiim URL’ ler bitene kadar
bu islemler tekrarlanir. Gelistirilen web tarayicisinin

akis semasi Sekil 2’ de verilmistir.
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Sekil 2. Gelistirilen Web Tarayic1 Algoritmasimin Akis Semasi

3.1. Tohum URL Secim Metodu

Gelistirilen tarayicida tohum URL’ ler Alexa [30]
lizerinden alinmistir. Alexa bir Amazon sirketidir ve
icerik aragtirmasi, rekabet analizi, anahtar kelime
arastirmasi igin basvuru kaynagt olarak
kullanilmaktadir. Alexa web sitelerini; ziyaretcinin

30

glinliik harcadig1 saat, ziyaretci basina giinliik sayfa
gorilintiileme say1si, aramadan gelen trafigin yiizdesi ve
toplam bagl site sayisi temel alarak siralamigtir. Bu
calismada 102 fakli iilkenin her birinde siralamaya
giren 50 web sayfasi alinmistir. Sayfa iizerinden veri
¢ekme islemi i¢in Python programlama dili
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kiitiiphanesi olan BeautifulSoup kullanilmistir. Alexa’
dan toplam 5079 web sitesi alinmig ve kayit edilmistir.
Google, Youtube, Facebook vb. gibi web siteleri
neredeyse tiim tilkelerde ilk siralarda yer almakta ve
veri tabaninda tekrar etmektedir. Bu web sayfalarindan
benzersiz olan 2502 web sayfasi tespit edilmistir.
Sadece 1 iilkede listeye giren 1920 web sayfasi tohum
URL olarak kullanilmistir.

3.2. Gelistirilen Kapsam Genisletme Modiilii

Tim webin taranmasi olasi olmadigindan, temel
amacimiz hem lokasyon olarak hem de taranmamig
web  sayfalarina  oOncelik  vererek  kapsami
genisletmektir. Kapsami genisletmek i¢in tohum URL
secimi ile birlikte tarama yoOntemi hayati derecede
6nemlidir. Bir web sitesinin ana omurgasinin ve zengin
URL igeriginin bulundugu sayfa ana sayfa (domain
adresleri) oldugu gorilmistir. Web sayfasi
icerisindeki URL aga¢ yapisinin en iistiinde ana sayfa
bulunmaktadir. Bunun i¢in ana sayfalarin oncelikli
olarak taranmasi gerekmektedir. Bir URL kuyruktan
alindiginda ve URL’ e baglanti saglandiginda sayfadaki
her bir InterDomain igin ayrigtrma islemi
gergeklestirerek URL’ in ana sayfasinin veri tabaninda
olup olmadigi sorgulanir. Eger ana sayfa veri tabaninda
kayitl degil ise oncelikli taranmasi i¢in link skoruna
(LS) en biiyiik deger olan 1 degeri verilir. Diger URL’
ler i¢in link skoru hesaplanacaktir. Baker ve Akcayol’
un [29] gelistirdikleri oncelikli kuyruk yapisinda
InterDomain linkin skoru (LSmax) ve IntraDomain

linkin skorunun (LSmin) hesaplanmasi sirasiyla
denklem (1) ve (2)’ deki gibidir.
LS _ Z(OCinter'i'ocintra) - Bintra (1)
max Z(ocinter'i'ocintra)
* 0.66
_ Z(Ocinter+°(intra) - ﬁintra (2)
LS‘min -
Z(O(inter+°(intra)
*0.33

Denklemlerde kullanilan oner InterDomain linklerin
toplamini, &inra IntraDomain linklerin toplamini ve
Bintra InterDomain ve IntraDomain arasindaki minimum
degeri gosteren degerdir. Bu hesaplama ile bir web
sayfasindaki tiim IntraDomainler ile InterDomainler
kendi igerisinde ayn1 degerleri alir. Bunun sonucunda
oncelikli taramada artarda tarandiklari i¢in iki temel
sorun ile karsilasilmaktadir. ilk sorun nezaket
politikasina aykir1 olarak bant genigligi sik kullanmig
olmasidir. ikinci sorun ise LS aymi oldugundan
kapsamin hizli bir sekilde genigslememesidir. Tohum
URL’ ler arasindan InterDomain ve IntraDomain
sayilar1 20 ile 80 arasinda olan rastgele se¢ilmis 20 web
sitesinin denklem (1) ve (2) ye gore dagilimi Sekil 3’
de gosterilmistir.

31

Link Skor Tablosu

U1l6) 2058) M) 473 N50) 6(58) T4 6iG) NE4) 10(38) L1(e6) 12061) 13(T7) L6153} 15(63) 16(38) 17(3) 18(63) 13(54) 20(62)
Ve Siteleri(Link Sayilan)

Sekil 3. Baker ve Akcayol 'a gore LS dagilimi

Bu sorunlar1 ¢ézmek icin hesaplanan degeri sabit bir
say1 ile ¢arpmak yerine her bir URL i¢in rastgele bir
say1 ile ¢arpmanin kapsami ve dallanmay1 arttirdigini
sOyleyebiliriz. Bunun i¢in gelistirilen denklemlerimiz
sirastyla denklem (3) ve (4) ‘ deki gibidir

LS. . = Z(ocinter +°<intra) - :Bintra (3)
i Z(ocinter +°<intra)
*rand (xmin' xmax)
LS _ Z (ocinter+°cintra) - ﬁintra (4)
max Z (ocinter+°cintra)

* rand (Vmin, Ymax)

Denklem (3) ve (4)’ de goriildiigii tizere her bir URL
icin LS hesaplanirken, denklem sabit bir say1 yerine
LSmin Xmin, Xmax araligindaki rastgele bir say1 ile LSmax’
da ymin Ve ymax araligindaki rastgele bir say1 ile
carpilmistir. En uygun Xmin, Xmax V€ Ymin, Ymax
degerlerini tespit etmek i¢in Tablo 1° deki 5 farkli deger
kullanilarak link skorlar1 ayr1 ayr1 hesaplanmustir.

Tablo 1. Kullanilan Xuin, Xmax V€ Vimin, Ymax degerleri

Aralik Xmin Xmax Ymin Ymax
Setleri

1 0 0.1 0.9 1

2 0 0.2 0.8 1

3 0 0.3 0.7 1

4 0 0.4 0.6 1

5 0 0.5 0.5 1

Sekil 3’ de kullanilan 20 web sitesi lizerinde Tablo 1’
deki 5 fakli deger aralik seti kullanilarak LSy, ve LSmax
dagilimi test edilmistir. Hesaplanan LS dagilimlar
Sekil 4,5,6,7 ve 8 de gosterilmistir.
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Web Sitelerindeki Linklerin Skorlan

“|I|||

1(106) 2(57) 396) 4(80) 5(51) 6(S) WTS) B(10) 8(59) L0(d1) 11(66) 12(76) LI(54) L4(6E) 15(39) 16(3) 17(60) 18(76) 19(62)

Sekil 4. 1 Numarali Aralik Seti i¢in LS Dagilim1

Web Siteleri(Link Sayilan)

°

Web Sitelerindeki Linklerin Skorlar
o

oo |

1105) 2(57) %0) MEO) H51) 60) 775) B(10) MBI LOH4LILLI66) 12(76) 13(34) 14(66) 15(39) 16(3) 17(60) 18(76) 19{62)

Sekil 5. 2 Numarali Aralik Seti i¢in LS Dagilim1

Web Sitelerindeki Linklerin Skorlari

02 |

w{ |

|

i
i

Web Siteleri(Link Saylari)

i
1]
E L 5 3
111}

1108) 2(57) 3(96) a(80) 5(31) s(3) 7(7s) 8(10) 9(59) 10(41) 11(66) 12(76N13(58Y La(66) 15(39) 16(3) 17(60)18(76) 19(62)

Sekil 6. 3 Numarali Aralik Seti i¢cin LS Dagilimi

Web Siteleri(Link Sayilar)
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Sekil 7. 4 Numarali Aralik Seti i¢in LS Dagilim1

£ g

Web Sitelerindeki Linklerin Skorlar

1(105) 2(57) A96) HEO) H51) 6(5) 7(75) BE10) 959) 10(41) L1(66) 12(76)13(34) 13(66) 15(39) 1613) 17(60) 18(76) 19(62)

Web Siteleri(Link Sayilar)

Sekil 8. 5 Numarali Aralik Seti i¢in LS Dagilimi

Sekil 4, 5, 6, 7 ve 8 de goriildiigii gibi LS degeri
IntraDomainler ile InterDomainler hesaplandiginda
sadece 2 farkli deger degil, O ile 1 arasinda dagilmis
degerlerden olusacaktir. Sistemin test edildigi 5 fakli
aralik incelendiginde aralik degeri arttirildik¢a link
skorlar1 da buna paralel olarak artmaktadir. 20 web
sayfasindan alman 1082 farkli URL’ in ayr ayr link
skorlar1 hesaplanmistir. Alinan 5 farkli aralikta URL’
lerin link skorlarinin benzersiz olanlariin sayist Sekil
9’ da gosterilmistir.

1200

1000

200

600

400

200

Benzersiz LS degerlerinin Sayilar

L8(0.0.1-09.1)

L5(0,02-081)

L5(0.03-0.7.1) 13(0.04-06.1)

LS Araliklar

980

993

L5(0.05-035.1)

Sekil 9. LS araliklarina gére URL' lerin benzersiz LS
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dagilimlari.

Grafikte goriildiigii lizere LS hesaplanirken aralik
degeri arttirildiginda URL’ lerin LS degerlerinin
dagilimi homojen olmaktadir. LSmin hesaplanirken
aralik 0 ile 0.5, LSmax hesaplanirken de araligin 0.5 ile
1 arasinda alinmasi en uygun sonucu vermektedir. LS’
ye gore oOncelikli kuyruk olusturuldugunda aym
domainde tarama olasilig1 azalirken farkli domain
tarama olasilif1 artmaktadir. Bunun sonucunda hem
farkli sayfalarda islem yapip bant genisligini ihlal
etmeyecek hem de hizli bir sekilde kesfedilmemis yeni
web sayfalarini kesfedecektir.

IV. DENEYSEL SONUCLAR

Deneysel c¢alismada 3 farkli tohum URL seti
kullanilmistir. Bunlar ; (1) farkl dilkeler ile kesisimi
olmayan tiim URL’ ler, (2) her bir iilkede toplam bagl
site sayisi en fazla olan URL’ ler ve (3) her bir iilkede
InterDomain sayisi en fazla olan 5 URL. Burada (1)
numaralt tohum URL seti olusturulurken neredeyse
biitiin {ilkelerde popiiler olan web sitelerine (Google,
Twetter, Instagram vs.) diger cogu URL’ lerden koprii
bulundugu i¢in, bu siteler tohum setine eklenmemistir.
Benzersiz olan 2502 URL’ den tiim tilkelerde popiiler
olan sayfalar ¢ikartildiginda 1920 tohum URL (1)

hem de her bir iilkede HITS [10] algoritmasina gore
merkez sayilan web siteleri alinmigtir. Bu 6zelliklere
sahip 102 fakl iilkeden 102 farkli URL alinarak (2)
numarali tohum URL seti olusturulmustur. Son olarak,
(3) numarali tohum URL setinde ise diger web
sayfalarina baglantt URL’ i sayisina goére siralama
yapilmis ve her bir iilkede esit say1 olacak sekilde en
¢ok baglantiya sahip olan 5 URL alinmistir. Diger web
sitelerine baglanti URL sayilar1 fazla olan URL’ leri
almadaki temel amag¢ kapsam genisligini arttirmak ve
miimkiin oldugu kadar az tohum URL kullanarak elde
edilebilecek en iyi kapsama ulagsmaktir. Bu nedenle 101
farkl: tilkeden bu ozelliklere sahip 5 URL alinarak 505
URL’ e sahip (3) numarali tohum URL seti
olusturulmustur.

Tablo 2° de 3 farkli tohum URL setinde 3 saatlik zaman
periyoduna goére yapilan taramalarda elde edilen
sonuglar listelenmistir. Burada (a) [29]” da ki ¢aligmada
Baker ve Akcayol’ un onerdigi yontem ile yapilan
tarama sonuglarini, (b) ise calismamizda onerdigimiz
yontem ile yapilan tarama sonuglarini gostermektedir.
Deneyler Intel Xeon CPU E5-2650 2.00 GHz iglemci,
8 GB RAM ve Windows Server 2019 isletim sistemine
sahip bilgisayar iizerinde yapilmistir. Gelistirilen
tarayict Python programlama dili ve kiitiiphaneleri

numarah tohum URL setine eklenmistir. (2) numaral; ~ Kullamlarak — MySQL  veri  tabami  iizerinde

tohum seti olusturulurken hem say1 fazla tutulmanug ~ Uygulanmustir.

Tablo 2. 3 farkli tohum URL setinde 3 saatlik zaman periyoduna gore yapilan tarama sonuglari

Tohum URL Tohum URL Taranan URL Taranan Ana Hatalh URL Hatalh URL
Seti Sayisi Sayisi Sayfa Sayisi Oram (%)
a b a b a b a b

1 1920 202588 289746 1579 2266 601 624 0,30 0,22
2 102 147380 168175 1956 936 452 653 0,31 0,39
3 505 221071 306057 2089 2746 589 611 027 0,20

Tablo 2’ de goriildiigii gibi 6nerilen yontemde, taranan
URL sayilar1 ve taranan ana sayfa sayilar1 daha basarili
sonu¢ vermektedir. Hatali URL orani, hatali URL
sayisinin taranan toplam URL sayisina oranini
gostermektedir. Hatali URL oranlar1 incelendiginde,
¢alismamizda 6nerilen yontem 1 ve 3 numarali tohum
URL setlerinde daha basarili sonug verirken 2 numarali
tohum URL setinde daha kotii sonu¢ vermistir. Tablo
2’ nin verilerinin gorsellestirilmis hali Sekil 10’ da
gosterilmistir  Onerilen ydntem ile yapilan taramalar
sonucunda elde edilen sayisal verilerden tohum URL
sayilar1, taranan ana sayfa sayilar1 ile hatali URL
sayilart sol eksende ve taranan URL sayilar1 sag
eksende olmak iizere Sekil 11° de gdsterilmistir.
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Sekil 10. 3 farkli tohum URL setinde 3 saatlik zaman
periyoduna gore yapilan tarama sonuglart
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Tohum URL Setleri Tarama Sonuglari

3000 350000
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= 2500 289746 300000
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v 2266 7 &
g \\ / 250000 2
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= 192\0.\ / &
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0 0

1 2

Sekil 11. 3 farkli tohum URL setinde 3 saatlik zaman periyoduna gore yapilan tarama sonuglari

Tarama sonucundan da goriildiigii gibi tohum URL
sayisinin taranan URL, ana sayfa ve hatali URL sayis1
iizerinde etkisi yoktur. Performansi etkileyen en 6nemli
gosterge kullanilan tohum URL setinin kalitesidir.
Tarama sonuglarina gore en ¢ok tohum URL kullanan
(1) ve en az tohum URL kullanan (2) numarali tohum
URL setlerine gore (3) numarali tohum URL setinin
tim sonuclarda daha iyi performans gdsterdigi
goriilmiistiir. Ozellikle (3) numarali tohum URL seti ile
tarama baslatildiginda diger setlere gore hem hatali
sayfa sayis1 ve oran1 daha diisiik, hem de taranan ana
sayfa ve toplam URL sayilar1 daha fazla ¢ikmistir.

Sekil 11’ de goriildiigii gibi en kotii performansi (2)
numaralt tohum URL setinin gosterdigi goriillmektedir.
Bunun nedenlerinden biri tohum URL setinin az sayida
URL den olugmasidir. Bir deger nedeni ise toplam
bagli site sayisinin fazla olmasi, o sitenin [10]’ da
tanimlanan otorite web sayfalar1 kategorisinde olup
bilgilendirici bir igerige sahip oldugunu ve

InterDomain sayisinin az olmasindan dolay1 kapsamin
hizli bir sekilde genislememesine sebep oldugunu
gostermektedir. Birbirine yakin performans gosteren
(1) ve (3) numarali tohum URL setlerinin
incelendiginde (1) numarali setin tohum URL sayisinin
(3) numarali setten yaklasik 4 kat daha fazla oldugu
goriilmektedir. Buna ragmen (1) numarali setin (3)
numarali setten daha koti performans gosterdigi
goriilmektedir. Bunun temel sebebinin (1) numarali
setin igerisindeki URL’lerin hem merkez hem otorite
sayfalarindan olusmasindan, (3) numarali setin ise
agirlikli olarak merkez sayfalardan olusmasindan
kaynaklandig1 sdylenebilir.

Kapsam genisligi bakimindan bir diger performans
olgiitii taranan URL’ lerin bulunduklar iilkeye gore
dagilimlaridir. Tablo 3¢ de 3 farkli tohum URL seti ile
yapilan taramada elde edilen ana sayfalarin sayisinin
iilkelere gore dagilimlar gosterilmektedir.

Tablo 3. 3 farkli tohum URL seti ile yapilan taramada elde edilen ana sayfalarin sayisinin iilkelere gore

dagilimlari
1. Tohum URL Seti 2. Tohum URL Seti 3. Tohum URL Seti
Web Sayfasi Ulke Web Sayfasi Ulke Web Sayfasi Ulke
Sayis1 Sayis1 Sayis1

776  United States 180  United States 651 United States
161 Canada 90  Germany 207  Canada
158 France 86 Canada 186 Germany
130 Germany 74  Romania 175 China
109  Romania 54 Turkey 159  Romania
100 Turkey 35 Bulgaria 142 Turkey

61 Czechia 35 Iran 137 France

54 U. Kingdom 31 Russia 79 U. Kingdom

46 Iran 27  Uzbekistan 64 Bulgaria

45 Georgia 24 Brazil 60 Czechia
626 Diger 300  Diger 886  Diger

34
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Taranan ana sayfalarin {ilkelere goére dagilimlar
incelendiginde 2 ve 3 numarali tohum URL setlerinin 1
numaralt tohum URL setine gore daha homojen
dagildig1 goriilmiistiir. Toplam taranan URL sayis1 goz
oniinde bulunduruldugunda 3 numarali tohum URL

setinin 2 numarali tohum URL setine gore yiizdesel
olarak daha basarili sonu¢ verdigi tespit edilmistir.
Sekil 12¢ de bu dagilimlarin yiizdesel olarak grafigi
gosterilmistir.

1. Tohum URL Seti 2. Tohum URL Seti 3. Tohum URL Seti

B United States MW Canada H United States B Germany B United States W Canada

M France B Germany M Canada B Romania m Germany H China

m Romania M Turkey H Turkey W Bulgaria m Romania M Turkey

MW Czechia B United Kingdom MW Iran B Russia M France B United Kingdom
HIran B Georgia B Uzbekistan M Brazil M Bulgaria M Czechia

Sekil 12. Taranan Ana Sayfalarin Sayisinin ilk 10 Ulkeye Gére Dagilimlari

Sekil 13¢ de 3 tohum URL seti ile yapilan taramalar
sonucunda ulagilan tilke sayilar1 gosterilmistir.

120

102 99

100

1 2 3

Sekil 11. 3 Tohum URL Seti ile Yapilan Taramalar
Sonucunda Ulagilan Ulke Sayilari

Sekil 13’°de 6zellikle 2 numarali tohum URL setinin
tarama sonucunda daha az iilkeye ulasma sebebi her
iilkeden en ¢ok ziyaret edilen sadece bir URL alinmasi
ve alman bu URL ‘in de baska bir iilkeye ait
anabilgisayarlarda barindirildigindan  kaynaklandig:
goriilmiigtiir. 1 ve 3 numarali tohum URL setleri ile
yapilan taramada ise yaklagik olarak iilkelerin tamami
taranmaktadir. Bolgesel olarak taramanm dagilimi,
kapsami ve performansi olumlu etkiledigi soylenebilir.

Tablo 2’de goriildiigii gibi her iilkede IntraDomain
sayisi en fazla olan 5 web sitesi (toplan 505) tohum
URL olarak alindiginda hem kesfedilen URL sayis1 ve
ana sayfa sayisi en fazla hem de oransal olarak hatali
sayfa sayist daha azdir. 3 tohum URL setinin taranmasi
sonucunda taranan hatali sayfa sayilar1 birbirine g¢ok
yakindir. Tablo 4’ de bu hatalar ve hatalarin tespit
edildigi URL sayilar1 gosterilmistir.

Tablo 4. 3 tohum URL seti ile yapilan taramada elde edilen hatalar ve sayilar1

Hatalh URL Sayisi
Hata Kodu Hata
1 2 3
403 Istemci Hatas1: Yasaklanmis URL 177 211 188
11001 Bilinmeyen isim ya da servis 84 74 44
10060 Baglanti zaman asimi 73 77 101
SSL: Basarisiz Sertifika Dogrulama 53 66 47
30 Saniyelik zaman agimi1 41 34 26
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406 Istemci Hatas1: Kabul Edilmeyen URL 34 27 26

Maksimum yeniden deneme 33 6 19
10054 Baglant1 sifirlama hatasi 24 16 26
404 Istmeci Hatas1: URL bulunamadi 19 22 11
503 Sunucu Hatasi: URL igin sunucu bulunamadi 17 34 28
500 Sunucu Hatast: URL i¢in Dahili Sunucu Hatast 10 18 24
405 Istemci Hatast: Izin verilmeyen URL 4 12 21

Digerleri 42 56 63

Tablo 4 incelendiginde, 403 hata kodlu yasaklanmig
baglanti sorununun en ¢ok karsilagilan hata oldugu
goriilmektedir. Bunun temel nedeninin Tablo 5° de
goriildiigii gibi sunucu bilgisayarm kullandig: internet
baglantisinin {iniversite i¢inde kurumsal bir baglanti
olmasi sdylenebilir. lkinci en yiiksek sayida

karsilagilan hatanin sebebi de web sitelerinin otomatik
tarama yapan tarayicilar1 engellemesi ve bu engelin
tarayict tarafindan asilamamasindan
kaynaklanmaktadir. Diger hatalarin oranlarinin ise
taranan toplam URL sayisina gore oransal olarak makul
seviyede oldugu gorilmiistiir.

Tablo 5. 3 numarali tohum URL seti ile iiniversite i¢i ve diginda yapilan taramada elde edilen hatalar ve sayilari

Hatal URL Sayisi

Hata Kodu Hata Universite Dis1 Universite ici
403 Istemci Hatas1: Yasaklanmis URL 151 188
11001 Bilinmeyen isim ya da servis 28 44
10060 Baglant1 zaman asim1 29 101

SSL: Basarisiz Sertifika Dogrulama 33 47
30 Saniyelik zaman agimi1 23 26
406 Istemci Hatas1: Kabul Edilmeyen URL 7 26
Maksimum yeniden deneme 7 19
10054 Baglanti sifirlama hatasi 8 26
404 Istemci Hatast: URL bulunamadi 4 11
503 Sunucu Hatasi: URL i¢in sunucu bulunamadi 10 28
500 Sunucu Hatasi: URL i¢in dahili Sunucu Hatas1 5 24
405 Istemci Hatasi: 1zin verilmeyen URL 4 21
Digerleri 40 63
Tarama isleminin  yapildigi sunucu bilgisayar ~ Onerilen algoritma kapsami hizli bir sekilde
iiniversite igerisinde barindirilmakta ve bazi web  genisletmek i¢in alan i¢i, alanlar arasi ve ilk rastlanan
sitelerine  (illegal,  bahis  vb.) giris izni ana sayfalara link skoru belirleyerek

bulunmamaktadir. Bundan dolay1 en basarili sonucu
veren (3) numarali tohum URL seti iiniversite diginda
6zel bir hat ile baglanti saglanarak tarama
gergeklestirilmigtir.  Baglantt  6zellikleri ve hizinin
farkliligindan dolay1 farkli siirelerde ayni sayida URL
elde edilene kadar tarama gergeklestirilmistir. Tablo 5’
de de gorildiigi gibi tiim hatalarin {iniversite diginda
daha az oldugu goriilmiistiir.

VI. SONUC VE TARTISMA

Bu ¢aligmada web sayfalarini taramak i¢in tohum URL
secim metodu ve tarama algoritmasi tanitilmistir.
Tohum URL’ ler, 102 farkli iilkede ziyaret¢inin giinliik
harcadig1 saat, =ziyaretgi basina giinlik sayfa
goriintiileme sayisi, aramadan gelen trafigin yiizdesi ve
toplam bagli site sayisi temel alarak siralamig toplam
5079 web site URL’lerinden se¢ilmistir. Bu URL’ ler
igerisinden bazi 6zelliklere gore segilmis ve sirasi ile
1920, 102, 505 URL’ den olusan 3 tohum URL seti
kullanilarak sistem performansi test edilmistir.
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onceliklendirmektedir. Ana sayfalarin énem derecesi
en yiliksek oldugu icin link skorlarina 1 degeri
atanmaktadir. Bunun disinda link skoru
hesaplanmasinda farkli deger araliklar1 ile testler
yapilmistir. En uygun deger araliginin alan i¢i URL’
lerde (LSmin) 0 - 0.5 ve alanlar arast URL’ lerde
(LSmax) 0.5 - 1 araliginda oldugu goriilmiistiir.
Algoritmanin 3 farkli tohum URL seti kullanilarak 3
saatlik taramalar sonucunda elde ettigi taranan URL
say1s1, taranan ana sayfa sayisi ve hatali URL sayilari
incelenmistir. Onerilen algoritma, daha 6nce Baker ve
Akcayol tarafindan yapilan ¢alismada kullanilan
algoritma ile karsilastirilmistir. Onerilen algoritma hem
yeni sayfalar1 ve bu sayfalardaki URL’ leri elde edip
link skorlar1 atayarak oncelikli kuyruga eklemekte,
hem de alan i¢ci dongiilerden etkili bir sekilde
kaginmaktadir. Yapilan deneysel caligmalara gore
onerilen algoritma kapsami genisletme, yinelenen
URL’ ler ve alan i¢i dongiilerden kaginma konusunda
daha iyi bir performans géstermektedir.
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Ayrica kapsamin diinya genelindeki bdlgesel
dagilimlar1 incelenmis ve taramalar sonucunda elde
edilen ana sayfalarin iilkelere gore dagilimlar
kargilagtirtlmistir. Elde edilen URL’ lerin iilkelere gore
dagilimlart  incelendiginde, genellikle  gelismis
iilkelerde yogunlagtig1 goriilmiistiir. Bunlara ek olarak
3 tohum URL seti i¢in, taramalar sirasinda meydana
gelen hatalar, hata sayilar1 ve hata igerikleri incelenmis
ve analiz edilmigtir.
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Makine Ogrenmesi Yontemleri ile Sehirlerin Hava Kalitesi Tahmini

Air Quality Prediction of Cities with Machine Learning Techniques
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Oz

Hava Kalite Indeksi (HKI), Avrupa standartlar1 cergevesinde yer alan bes temel kirletici unsur (CO, SO2, NO2, O3 ve PM10)
g6z Oniinde bulundurularak degerlendirilen bir endekstir. Bu endeks ile sehirlerdeki kirlilik miktarlari hakkinda bilgi elde
edilebilmekte ve sehirlerin daha temiz sehirlere doniismesi i¢in ¢aligmalar yapilabilmektedir. Giiniimiizde bu 6lgiimlere
gerekli 6nem verilmemekte, yeterli miktarda ve dogrulukta bu 6lgiimler yapilamamaktadir. Caligmamizda, sehirlerin kirlilik
oranma gore siniflandirilabilmesi ve boylece kirlilik durumu kritik seviyede olan sehirlerin kisa siirede belirlenebilmesi
amaglanmigtir. Bu amag¢ dogrultusunda City-Data platformundaki 6000 iizeri niifusa sahip Amerika Birlesik Devletleri
(ABD) sehirlerinin hava kalitesi belirleyicileri olarak degerlendirilebilecek, sehirlerin hava kalitesine etkisi olan farkl
parametreleri toplanarak bir araya getirilmis, HKI verileri ile birlikte veri seti olarak kullanilmistir. Sehrin niifusu, betonarme
yapi sayist, yesil alan ve kullanilan ulagim arag¢ oranlarinin da belirleyici olarak kullanildig: calismamizda hava kalitesi 3 ve 5
simfli simiflandirma problemi olarak ayri ayri ele alinmistir. Calismamizda, HKI degerinin insan saghgma etki oranlari
hesaplanarak simnif atamalar1 yapilmistir. Makine 6grenmesi yontemlerini kullanarak sundugumuz ¢dziimlerde hava kalitesi
tahmini 3 sinifli modellerde %87 oraninda, 5 sinifli modellerde ise %82 oraninda basarili sonuglar tiretmistir.

Anahtar Kelimeler: Hava Kalitesi, Hava Kalite Indeksi (HKT), Makine Ogrenmesi, Siniflandirma

Abstract

The Air Quality Index (AQI) is evaluated by considering the five main pollutants (CO, SO2, NO2, O3 and PM10) within the
framework of European standards. With this index, information about the amount of pollution in cities can be obtained and
studies can be carried out to transform cities into cleaner cities. Today, these measurements are not given the necessary
importance, and sufficient and accurate measurements cannot be made. Our study, it is aimed to classify the cities according
to the pollution rate, and thus to determine the cities with critical pollution status in a short time. For this purpose, different
parameters that can be considered as air quality determinants of the United States (USA) cities with a population of over
6000 from the City-Data platform, which have an impact on the air quality of the cities, were collected and used as a data set
together with the AQI data. In our study, in which the population of the city, the number of reinforced concrete structures, the
green area and the ratio of the transportation vehicles used are used as determinants, the air quality is handled as a
classification problem separately with 3 and 5 classes. In our study, class assignments were made by calculating the effects of
AQI value on human health. In the solutions we offer using machine learning methods, air quality prediction has produced
87% successful results in 3-class models and 82% in 5-class models.

Keywords: Air Quality, Air Quality Index (AQI), Machine Learning, Classification

I. GIRIS

Hava kirliligi, canlilarin sagligin1 ve yasam kalitesini bilyiik oranda tehdit eden bir unsurdur [1] ve birgok zararl
etkiye neden oldugu icin siirekli olarak izlenmelidir. izlemenin en etkili yolu kirliligin kaynagini, kdkenini iyi
bilmektir. Hava kirliliginin seviyesi oOlgiiliirken havay1 kirleten bazi hava kirletici gazlar gbz Oniinde
bulundurulur. Baglica hava kirleticileri; PM2.5, PM10, NO2, O3, CO, SO2’dir. Hava kalitesini etkileyen daha
bircok verinin bulundugu City-Data [2] platformu, HKI degerini takip etmek icin 6nemli kaynaklardan biridir.
18. yiizyilin sonlarindan itibaren, sanayi devriminin de yayginlasmasiyla beraber yakit ihtiyaci yiiksek oranda
artmigtir. Donemin sartlarindan dolay1 en ¢ok tercih edilen yakat tiirii fosil yakitlar olmustur. Yiiksek oranda fosil
yakitlarin (komdir, petrol ve dogal gaz) kullanimi sera gazlarinin artmasia [3] ve dolayisiyla: hava kirliligi,
buzullarin erimesi, kuraklik, asir1 hava olaylari, ekosistemde tahribat, vektorel hastaliklarda artis ve bazi
canlilarin neslinin tiikkenmesi gibi daha bircok soruna yol agmistir [4]. Sera gazlari diinyay: cevreleyerek
diinyadan disar1 gitmesi gereken kizilotesi radyasyonu tutup, bu radyasyonun digart ¢ikmasint engelleyerek,
diinyanin gitgide daha fazla isinmasina da yol agmaktadir [S]. Bu sorunlar gibi birgok unsur giiniimiize kadar
artis  gostermeye devam  etmistir. Bu durumun en biiyiikk sebepleri ise; fosil yakitlarin
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kontrolsiiz kullanimi, sanayilesmenin artmasi ve
betonarme yapilarin devamli olarak artmasidir [6].
Hava kirliligi sorunu kiiresel iklim sorununun
temelidir. Kiiresel iklim sorunu 20. yiizyilin son
¢eyreginden itibaren artarak ivmeli bir sekilde diinya
glindeminde yer almaya baglamistir [3]. Bu tehlikeyi
onlemek icin diinya c¢apinda bir araya gelinip acil
durum planlar1 gelistirilmeli ve uygulanmalidir. Aksi
takdirde kiiresel iklim krizi daha tehlikeli bir hal
almaya devam edecektir [5].

Yukarida belirtilen etmenler her ne kadar insanlarin
yasam standardini yiikselten etmenler olsa da gevreye
ve insanlara ¢ok biiyilk oranda zarar vermistir,
vermeye de devam etmektedir. Hava kirliligindeki
artis sonucunda insanlarda; karaciger, bdbrek ve
beyinde uzun siireli hasar, akciger kanseri ve dogum
kusurlar1 gibi yan etkiler yiiksek oranda meydana
gelmektedir [7]. Bu durum diinya, halk ve hiikiimetler
icin bilyiik bir problem olmaya devam etmektedir. Bu
ylizden hava kirliligi daha da tehlikeli bir hal almadan
etkisinin en aza indirilmesi acil bir ihtiyagtir [8].

Diinya Saghk Orgiitii (DSO) verilerine gére [9], hava
kirliligi sebebiyle yilda yaklasik 7 milyon prematiire
olimii gergceklesmektedir. Bu oran gegmis yillara gore
daha yiiksek olup her gegen yil daha da artmaktadir.
Hava kirliliginin azaltilmasi hayati onem tasimakla
birlikte toplumun tim kesiminin bu amag
dogrultusunda bilinglendirilmesi gerekmektedir. Hava
kirliligini en aza indirmek igin oOncelikle hava
kalitesinin belirlenebilmesi gerekir. Sekil 1’de hava
kalitesini en ¢ok olumsuz etkileyen kaynaklarin
dagilimi [9], [10] sunulmustur.

Hava Kirliliginin Kaynaklar
Evde Yemek Pigirme: 7.0%

Sanayilesme: 8.0%

Jeneratirler: 9.0%

_7Bernnlrmc: 45.0%

Ulagim: 14.0%

!
/

/

Atk Yakilmasi: 17.0%

I Betonarme B Atk Yakilmas:
Evde Yemcek Pigirme

Sanayilegme
Ulagim Jeneratorler

Sekil 1. Hava kalitesini etkileyen faktorler

Ozellikle biiyiik sehirlerdeki betonarme yapilarin,
sanayilesmenin, tagit  kullammmin  ve  atik
yakilmasinin = siirekli artist bu sehirlerin kontrol
edilemez bir kirlilik artigina ortam sagladigi anlamina
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gelmektedir. Bu siirece miidahale edebilmek ve
mevcut durum genelinde farkindalik olusturabilmek
adina bu calismada, sehirlerin hava kalitesinin tespit
edilebilecegi uygun belirleyicilerin se¢imi ve bu
belirleyicilerin yapay zekd modelleri ile kullanimi
onerilmigtir. Caligmamizda, hava kalitesinin hangi
oznitelikler ile belirlenebilecegi ve hangi makine
O0grenmesi yonteminin belirleyiciler iizerinde daha
basarili sonuglar verdigi deneysel uygulamalar ile
belirlenmistir.

Bu c¢alisma kapsaminda bir sehrin hava kalitesi
belirleyicileri olarak; sehrin niifusu, mil basina diigen
insan sayisi, mil basina diigen betonarme yapi (ev)
sayisi, evlerin kullanim orani, sehir yiiz dl¢imiinde
yer alan verimli (yesil) toprak alani, insanlarin ise
giderken tercih ettigi ulasim sekli (ylirimek, bisiklete
binmek, 6zel ara¢ kullanmak, toplu tasima kullanmak)
ve bahsi gecen kirletici unsurlarin (CO, SOz, NO», O3
ve  PMjy) Olgim  degerleri gbéz  Oniinde
bulundurulmustur. Calismamizda veri kiimesi olarak
niifusu 6000 iizeri olan bazi ABD sehirlerinin HKI

degerleri ve bu sehirlerin  hava kalitesini
etkileyebilecek, yukarida bahsedilen diger bazi
toplumsal verileri segilerek kullanilmistir.  Veri

kiimesinde bulunan HKI degerinin siirekli veri olmasi
sebebiyle Oncelikle bu degerin kategorilestirilmesi
gergeklestirilmistir.  Veri  kiimesindeki  degerlerin
dagilimi ve insan sagligina etkisi géz Oniine alinarak
gercgeklestirilen kategorilestirme islemi ile veriler 3
smifli (iyi, sagliksiz ve tehlikeli) ve 5 sinifli (iyi, orta,
sagliksiz, ¢ok sagliksiz ve tehlikeli) olmak iizere 2
farkli yapida ele alinmustir.

Bu c¢alismada, makine &grenmesi yoOntemleri
kullanilarak veri kiimelerine smiflandirma
uygulanmistir. K-En Yakin Komsuluk, Destek Vektor
Makineleri, Lojistik Regresyon, Naive Bayes, Karar
Agaclari, Torbalama, Rastgele Orman ve Yapay Sinir
Aglari algoritmalar siniflandirict modeller olugturmak
i¢in kullanilmustir.

Calismanin bir sonraki alt boliimiinde kiiresel iklim
krizi ve hava kirliligi {izerine yapilan Onemli
calismalarm bir kismi 6zetlenmistir. Ikinci bélimde
¢alismada kullanilan materyal ve metotlarin tanimi ve
aciklamasina yer verilmis, Ug¢lincii boliimde ise
deneysel uygulamalardan elde edilen sonuglar
sunulmustur. Son bdliimde ise ¢alismanin sonucu,
tartisma ve ileriki ¢aligmalar ele alinmustir.

1.1. flgili Cahsmalar

Kiiresel iklim krizi ve beraberinde karsilagilan
sorunlarin  ¢oziilmesine yonelik bircok bilimsel
caligma ylritilmistir. Yiritilen ¢aligmalarin biiyiik
bir kismi hava kirliligi ile alakalidir. Caligmamiz
kapsaminda ele aldigimiz, hava kirliligi kaynakli
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kiiresel iklim krizinin etkilerinin  azaltilmasin
hedefleyen, 6n plana ¢ikmis bazi ¢aligmalarin igerigi
ve ¢iktilart asagida 6zetlenmistir.

Janarthanan, R ve arkadaslar1 tarafindan yapilan
calismada [11], Hindistan’mn Chennai sehrinde
devreye alman Ulusal Hava Izleme Programi
kapsaminda 240 sehirde bulunan 342 6l¢iim noktasi
ile gerekli veriler toplanmis, toplanan veriler Destek
Vektor Makineleri ve LSTM (Uzun-Kisa Siireli
Bellek) modelleri ile egitilmistir. Caligmada elde
edilen degerler; giivenli, orta, hassas, sagliksiz, ¢ok
sagliksiz ve tehlikeli olarak derecelendirilmistir.
Yapilan ¢alismadan ¢ikan sonuglar neticesinde, sehrin
olumsuz hava kalitesine sahip olmast durumu;
insanlari toplu tasgima kullanmaya, agaglandirma
caligmalar1 yapmaya ve sanayi atik filtrelerini diizenli
olarak degistirmeye tesvik etmistir.

Hindistan’daki bir diger ¢aligma [8] ise Mahalingam,
U. ve arkadaslart tarafindan Delhi sehri baz alinarak
gergeklestirilmistir. Calismada kullanilmasi istenen
veriler Merkezi Kirlilik Kontroli Kurulu, Cevre
Bakanligi, Orman ve Iklim Degisikligi ve Hindistan
Hiikiimeti tarafindan saglanmistir. Veri setindeki
Oznitelikler kullanilarak optimize edilen Yapay Sinir

Aglart (YSA) ve Orta Gauss Destek Vektor
Makineleri (Medium Gaussian Support Vector
Machines) modelleri, diger sehirler icin de

kullanilmaya hazir hale getirilmis, modeller optimize
edildikten sonra elde edilen en yiiksek dogruluk
oranlar1 YSA i¢in %91,62, Orta Gauss Destek Vektor
Makineleri i¢in %97,3 olarak elde edilmistir.

Bir diger Hindistan konumlu proje ise Bhalgat, P. ve
arkadaglart tarafindan gelistirilen, ortamdaki SO»
konsantrasyonu, makine &grenmesi algoritmalar: ile
tahmin edilmeye yonelik ¢aligmadir [12]. Caligmada
ayrica zaman serisi algoritmalari ile yilik ve aylk
SO, degerleri de tahmin edilmeye c¢alistimistir.
Caligmada kullanilan AR (AutoRegressive) modelinin
MSE (Ortalama Hata Karesi) degeri 166,358 olarak
elde edilmistir.

Pasupuleti, V. R. ve arkadaslarinin gergeklestirdigi
calismada [7], sehirlerin HKI degeri tahmin edilmeye
calistlmistir. Bu calismada Dogrusal Regresyon, Karar
Agact ve Rastgele Orman gibi makine 6grenmesi
teknikleri kullanilarak hava kalite endeksi tahmin
edilmeye ¢aligilmigtir. Tahmin sonucunda en yiiksek
basar1 degerini Rastgele Orman algoritmasi vermistir.
Nandigala Venkat Anurag, Y. ve arkadaslart ABD ve
Mogolistan hiikiimeti tarafindan baslatilan proje
dahilinde HKI degerini tahmin etmeye yonelik bir
calisma [13] gerceklestirmistir. Bu c¢aligmada
XGBoost Regressor, Karar Agact ve Coklu Lineer
Regresyon algoritmalar1 kullanilmig en basarili sonucu
15,97 RMSE (Ortalama Hata Karesi Karekokii) degeri
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ile XGBoost algoritmast vermistir. Karar Agaci 16,84,
Coklu Lineer Regresyon algoritmast ise 18,72 RMSE
degerini liretmistir.

Tayvan‘in  Zhongli, Changhua ve Fengshan
bolgelerinden sirasi ile 91672, 94453, 94145 adet veri
temin edilen calismada [14] HKI degeri tahmin
edilmeye ¢aligilmistir. Temin edilen veriler ile 1, 8 ve
24 saat 6nceden akut hava kirliligi olaylarinda HKI
degerini tahmin etmek i¢in Rastgele Orman,
Adaboost, Destek Vektor Makineleri (DVM) ve YSA
modelleri egitilmistir. En yiiksek R? dogruluk skorunu
ve en diisik RMSE ve MAE (Mean Absolute Error)
hata skorlarm1 Adaboost algoritmasi vermistir.
Caligma sonucunda en disiik dogruluk oranlarini
¢ikartan algoritma ise DVM olmustur.

Kamal, M. M. ve arkadaglarinin gelistirdigi projede
[15], Malezya’nin bazi eyaletlerinde Kasim 2004’ten
beri toplanan veriler, YSA modellerinin egitiminde
kullanilmigtir. Bu c¢alismada 2~12 arasinda gizli
katman ve 1000~11000 arasinda iterasyon tercih
edilmis olup Jalan Tasek sehrinin Aralik ay1 verisinde
ylizde 64.23~99.99 aras1 bir bagar1 elde edilirken Nilai
sehrinin Aralik ay1 verisinden yiizde 97,19~99,99
arasi bir performans alinmistir.

ABD o0zelinde yapilan hava kalitesi tahmini ve
degerlendirmesi  ¢alismalart da c¢ogunlukla en
kalabalik sehirlerden biri olan Chicago sehrinin
verileri tizerinden yapilmustir [16], [17].

Caligmamiz kapsaminda yapmig oldugumuz literatiir
arastirmasi sonucunda, hava kalitesi tespitine yonelik
standart bir veri kiimesi ve ¢0ziim yOnteminin ele
alinmadigi, genellikle c¢aligmalarda yerel veriler
iizerinden farkli algoritmalar ile ¢éziimler sunuldugu
gbzlemlenmistir.

Caligmamizda, acik kaynak olarak elde
edebilecegimiz en bilyiik hava kirliligi verisinin ve
sehirlere 6zgli bagka hava kirliligi Dbelirleyici

unsurlarmin da erigilebilir oldugu veri tabanlarmdan
faydalanilmis, baska sehirlerde de kullanilabilecek
yapay zekd modelleri iizerine yogunlasilmistir.
Calismamizda kullanilan verinin  ozellikleri  ve
yontemler takip eden boliimlerde ayritili olarak
agiklanmustir.

II. MATERYAL VE METOD
2.1. Veri Seti

Calisma kapsaminda kullandigimiz veri seti City Data
[2] web sitesi {izerinden toplanmistir. Belirtilen
kaynak hiikiimet ve 6zel kaynaklardan cesitli verileri
toplaylp analiz ederek ABD’deki her sehir igin
ayrmtili ve bilgilendirici profiller olusturmaktadir.
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Sehirlerin sug¢ oranlarindan hava durumu akisina, i¢ ve
dis gd¢ oranlarindan ekonomi politikalarina kadar ¢ok
cesitli bilgiler barindiran kaynaktan, sehirlerdeki hava
kirliligini etkileyebilecek bazi parametrelerin [16] her
biri 6zellikle secilerek c¢alismamiz kapsaminda bir
araya getirilmistir. Toplanan veriler ABD’nin 6000 ve
iizeri niifusa sahip olan bazi gehirlerini kapsamaktadir.
Belirtilen kaynaktaki veriler, hava kalitesi endeksini
sehirlere gore degerlendirebilmek icin iki farkl
belirleyici kiimesi ile ele alinmistir; (1) hava kirliligine
neden olan gazlarin oranlarina gére ve (2) sehirdeki
niifusun yasam tercihleri ve ozelliklerine goére. Veri
kiimesinde bulunan sehirlerdeki hava kirliligine neden
olan gazlarin hava kalitesi endeksine karsin
degerlerinin 6rnek gosterimi Tablo 1°deki gibidir.

Tablo 1’de bulunan, hava kirletici gazlar olarak
degerlendirilen PM,s, PMiy, NO,, Oz, CO, SO
gazlarinin karsihk geldigi HKI degeri kullanilarak
calismada ele almmacak veri setinin bir kismi elde
edilmistir. Calismamizin 6zetinde de belirtildigi gibi
bu degerlerin sehirler tarafindan yeterli miktarda ve
dogrulukta ele alinmasi zordur, bu zorluk veri
kiimemizdeki eksik degerlerden de goriilebilmektedir.
Caligmamiz kapsaminda ele almak istedigimiz ikinci
veri kiimesi olan hava kalitesi belirleyici kiimesi,
sehirdeki niifusun yasam tercihleri ve bu tercihlerin
ozelliklerinin  bir Ornek gdsterimi Tablo 2’de
sunulmustur.

Tablo 2’de 6rnek gdsterimi bulunan, sehirlerdeki HKI
oranina karsin, niifusun miktari, niifusun yogunlugu,
evlesme yogunlugu, evlesme orani, toprak alan,
niifusun ulasim tercihleri ¢aligmamizda kullanilacak
veri setinin bir pargasi olarak ele alinmaktadir. Tablo 1
ve Tablo 2°de yer alan farkli &znitelikler
(belirleyiciler) c¢aligmanin veri seti olarak birlikte
kullanilacagindan tek bir tabloda birlestirilmistir.
Sekillerde goriilecegi iizere her bir satir bir sehir
degerlerini barindirmaktadir, dolayis: ile birlestirme
islemi her iki veri kiimesindeki sehirlerin dogru
eslestirilmesi ile yapilmistir. Sonug¢ olarak iki farkli
veri kiimesindeki sehir 6znitelikleri tek tabloda sehir
ve HKI degerlerinin eslesmeleri kontrol edilerek
birlestirilmistir. Elde edilen veri setinin Oznitelikleri
ve bu Ozniteliklerin  agiklamalar1  Tablo 3’te
sunulmustur.

Tablo 3’te yer alan Ozniteliklerden ilki sehir isim
bilgisi olup hesaplamalarda kullanilmamistir. Tabloda
yer alan HKI degeri ise, diger 6znitelikleri kullanarak
dogru bir sekilde tahmin etmeyi amagladigimiz hedef
Ozniteligimizdir. Veri setinin makine O6grenmesi
yontemleri iizerinde uygulanabilmesi i¢in bir takim 6n
islemlerden ge¢mesi gerekmektedir. Bu asamada
yapilan 6n iglemler ve gereklilikleri alt basliklarda ele
almmustir.

Tablo 1. Hava kirliligine sebep olan gazlarin hava kalitesine kars1 degerleri

City (Population) Air Pollution Air Pollution - Air Pollution - Air Air Pollution - Air Pollution - Air Pollution - Air Pollution -
- Carbon Lead (Pb) Nitrogen Pollution - Particulate Particulate Matter Sulfur Air Quality
(CO) [ppm] [ng/m3] level Dioxide (NO) Ozone [ppb] Matter (PMa.s) (PMio) Dioxide (SO2) Index (AQI)
level [ppb] level level [ng/m3] level [ng/m3]level [ppb] level level
Middle Island, 0,36 - 8,78 27,1 9,22 17 1,03 87,1
NY (10483)
Ridge, NY 0,36 - 8,78 27,1 9,22 17 1,03 87,1
(13336)
Prichard, AL 0,32 0 - 27,2 8,77 19,7 0,94 68,9
(22399)
Fairhope, AL 0,32 0,01 - 27,2 8,77 19,7 0,94 68,9
(17386)
Tanner- 0,32 0 - 27,2 8,77 19,7 0,94 68,9
Williams, AL
(60211)
Spanish Fort, 0,32 0 - 27,2 8,77 19,7 0,94 68,9
AL (7629)
Point Clear, AL 0,32 0,01 - 27,2 8,77 19,7 0,94 68,9
(2125)
Mobile, AL 0,32 0 - 27,2 8,77 19,7 0,94 68,9
(194889)
Daphne, AL 0,32 0 - 27,2 8,77 19,7 0,94 68,9
(23633)
Belle Fontaine, 0,32 0 - 27,2 8,77 19,7 0,94 68,9
AL (608)
Chickasaw, Al 0,32 0 - 27,2 8,77 19,7 0,94 68,9
(6010)
Loxley, AL 0,32 0,01 - 25,1 8,77 19,7 - 68,6
(1703)
Mount Pleasant, 0,31 - 8,67 28,1 9,22 15,5 0,28 87,3
NC (1740)
Enochville, NC 0,31 - 8,67 28,1 9,22 15,5 0,28 87,4
(2925)
Township 6, 0,31 - 8,67 28,1 9,22 15,5 0,28 87,3
Rimertown, NC
(2747)
Concord, NC 0,31 - 8,67 28,1 9,22 16,7 0,28 89,8
(83506)
Mooresville, 0,31 - 8,67 28,1 9,22 15,5 0,28 87,4
NC (34887)
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Tablo 2. Schirdeki niifusun yasam tercihleri ve dzelliklerinin hava kalitesine karst degerleri

City Population Population Housing Houses Land Means of Means of Means of Means of Air
Density Density Occupied Area Transportation | Transportation | Transportation | Transportation | pollution
(people per (houses/condos (%) (square to work - to work - to work - to work - - Air
square per square miles) Walked Bicycle Car Alone Bus Quality
mile) mile ) (%) (%) (%) (%) Index
(AQI)
level
Cornwall, NY 12646 471 181 95,3% 26,8 2,46% 0% 84,6% 0,75% 81
(12646)
West Lake 20049 2071 665 96,2% 9,68 0,8% 0,29% 80,4% 1,53% 81,3
Stevens, WA
(20049)
Arlington, WA 18664 2467 600 95% 7,57 0,88% 0,22% 85,8% 1,02% 81,3
(18664)
Fairview, GA 6769 902 380 93,3% 7,5 0,27% 0% 83,7% 0% 81,3
(6769)
Boynton Ridge, 13326 425 144 94,4% 31,3 0,74% 0% 87% 0,25% 81,3
GA
(13326)
Amberst, OH 12112 1690 643 96,9% 7,17 0,41% 0,11% 84,8% 0,69% 81,3
(12112)
Nolensville, TN 6213 655 107 100% 9,49 0,92% 0% 82,9% 0% 81,5
(6213)
Smyrna, TN 43060 1886 438 96,1% 22,8 0,21% 0,24% 86,6% 0,03% 81,5
(43060)
Brentwood, TN 40021 1155 229 98,2% 34,6 0,33% 0% 84,7% 0,09% 81,5
(40021)
La Vergne, TN 34077 1374 282 93,9% 24,8 0,33% 0% 87,8% 0,24% 81,5
(34077)
Almaville, TN 20899 282 74,3 96,5% 74 0,36% 0% 84% 0% 81,5
(20899)

2.2. On isleme

Kaynagindan topladigimiz ve uygun eslestirmeler ile

birlestirdigimiz
goriilebilecegi

veri
lzere

setinde,
bazi

Tablo
eksik

degerler

bulunmaktadir. Bu eksik degerlerin 6zniteligine gore
yonetilmesi asagidaki adimlar ile saglanmistir:

e Toplanan veri setinde AQI degeri eksik olan 494
ornek veri setinden ¢ikarilmistir. Boylece ilk
asamada 6875 olan 6rnek sayis1 6381 olmustur.

e Kullanilacak diger 6zniteliklerdeki eksik degerler
Calismanin  veri

gozlemlenmistir.

toplama

asamasinda, eksik deger sayisi toplam ornek

sayisinin yarisindan fazla olan 6znitelikler veri
seti olugturmada kullanilmamustir.

I’de de e Caligmada kullanilan veri setinde bulunan her

oznitelikte eksik deger sayist toplam Ornek
sayisinin yarisindan azdir. Bu asamada veri
setinde bulunan her 6zniteligin eksik degerleri s6z
konusu 0Ozniteligin mevcut oldugu orneklerdeki
degerlerinin ortalamas: ile doldurulmustur. Bu
Oznitelikler hava kirliligi belirleyicilerinden olan
gazlarin degerlerinin bulundugu 6zniteliklerdir.
Sehirdeki niifusun yasam tercihleri ve bu
tercihlerin ozelliklerinin degerlendirildigi ikinci
veri kiimesinde eksik veri bulunmamaktadir.

Tablo 3. Calismada kullanilan veri setinde bulunan 6znitelikler ve agiklamalari

Population Density
Housing Density
Houses Occupied(%)

Land Area(square miles)

Means of Transportation to Work
Means of Transportation to Work
Means of Transportation to Work
Means of Transportation to Work
Means of Transportation to Work

Oznitelik Aciklama
City Sehir ad1
Population Sehir niifusu

Sehirdeki mil kare bagina diisen birey sayisi
Sehirdeki mil kare basina diisen ev/ apartman sayist
Sehirde bulunan evlerin kullanim oran1

Sehirde islenmemis, ellenmemis topraklar

Sehirde ise giderken tercih edilen ulagim aract

Walked (%)
Bicycle (%)
Car alone (%)
Bus (%)

Air Pollution Hava kirliligine neden olan gazlar

Air Pollution Carbon Monoxide(CO) [ppm]

Air Pollution Lead(Pb) [png/m3]

Air Pollution Nitrogen Dioxide(NO,) [ppb]

Air Pollution Ozone [ppb]

Air Pollution Particulate Matter (PM,s) [pg/m3]

Air Pollution Particulate Matter (PM,) [pg/m3]

Air Pollution Sulfur Dioxide (SO>) [ppb] )
Air Quality Index(AQI) Hava kirliliginin diizeyini belirten 6l¢ii birimi (HKI)

Yiiriiyerek ise gidenlerin orani

Bisiklet siirerek ise gidenlerin orani

Ozel arac kullanarak ise gidenlerin orani
Toplu tasima kullanarak ise gidenlerin orani

43




Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 39-53

Hava Kalitesi Tahmini

Veri setimizde bulunan Ozniteliklerin makine
o0grenmesi yontemleri ile kullanilabilecek yapiya

getirilmesinin ~ ardindan ~ hedef  Ozniteligin
kategorilestirilmesi gerceklestirilmistir.
Kategorilestirme islemi sehirlerin hava Kkalite

smiflarini bilme ve karsilagtirma yapabilmesi icin
onemlidir. Boylece daha temiz bir sehir olmak ve
daha kalitesi yiiksek siniflara gecebilmek icin ayirt
edici bir unsur olarak kategoriler ele alinabilecektir.
Hedef 6zniteligimiz olan AQI degeri siirekli veridir.
Calismamizin amaci sehirlerin  hava Kkalitesini
smiflandirmak  ve hava  kalitesi  smiflarim
tahminlemek oldugundan, veri setindeki AQI degeri
hem veri setindeki dagilimi hem de canli sagligina
etkileri [19]-[21] g0z Oniine alinarak
kategorilestirilmistir. AQI degerlerini kategorilere
ayirma isleminde 3 sinifli ve 5 sinifli olmak {izere
iki farkli veri seti elde edilmistir. Siniflara ayirma
isleminde kullanilan AQI araligi, her araligin siif
etiketi ve her sinifta bulunan 6rnek sayilart 3 sinifli
ve 5 sinifl1 veri setleri igin Tablo 4’te sunulmustur.

Tablo 4. Veri setinin 3 smifli ve 5 smifli dagilim
ozellikleri

Simf Arahk Simf Ornek Sayist
Bilgisi Etiketi
AQI< 82 Iyi 2193
3 simifly 83<AQI<103  Saghk 2081
dagilim Q aghistz
104 < AQI Tehlikeli 2107
AQI< 69 Iyi 1232
70 <AQI< 86 Orta 1226
5 simiflt 87 <AQI< 100 Sagliksiz 1378
dagilim
101 <AQI<115 Cok 1320
Sagliksiz
116 < AQI Tehlikeli 1225
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Caligmanin amacma uygun segilen ve makine
O0grenmesi yontemleri ile veri kiimesinin siniflara
ayrilma isleminde kullanilabilecek en dengeli
araliklar Tablo 4’teki gibi tercih edilmistir. Mevcut
iki veri setinin smiflandirma islemine tabi
tutulmadan 6nce kontrol edilmesi gereken bir diger
ozelligi de kullanilan 6zniteliklerin birbirleri ile ne
kadar iliskili oldugudur. Veri setindeki 6znitelikler
hava kalitesi tahmininde etkili olabilecek
oOznitelikler olarak belirlendiginden beklenti, bu
Ozniteliklerin birbirleri arasinda ve hedef degisken
arasinda belli bir korelasyonun olmasi gerektigi
yoniindedir. Bu durumun analiz edilebilmesi igin

veri setinde bulunan oOzniteliklerin korelasyon
haritast  ¢ikarilmig, Sekil 2 ve Sekil 3’te
sunulmustur.

Sekil 2 ve Sekil 3’te goriilecegi iizere dznitelikler
arasi birtakim iliskiler bulunmaktadir. Korelasyon
haritasinda her bir 6zniteligin, veri setindeki diger
Ozniteliklerle arasindaki lineer iliski yer alir. Bu
iliski degeri 1’e ne kadar yakinsa, 6znitelikler arasi
o kadar yiiksek bir lineer iliski oldugu
anlagilmaktadir.  Benzer sekilde korelasyon
haritasindaki iki 6znitelik arasindaki iliski degeri -
1’e ne kadar yakinsa, o kadar lineer olmayan bir
iliskisi oldugu anlasilmis olur. Iki dznitelik
arasindaki iliski degerinin 0 olmast bu iki
Ozniteligin birbirlerinin degisimlerinden
etkilenmedigini  gdstermektedir. S6z  konusu
haritalarda ¢alismamiz kapsaminda en Onemli
nokta; belirleyici Oznitelikler ile hedef 6znitelik
arasindaki iliskinin varligidir. Hem 3 sinifli veri seti
icin hem de 5 smifli veri seti icin belirleyici
Oznitelikler ile hedef Oznitelik arasinda belirli
oranlarda korelasyon degeri mevcut olup, 0
degerinde Oznitelik iligkisi bulunmamaktadir. Sekil
2 ve Sekil 3’teki korelasyon tablolari incelendigi
zaman AQI degerinin; havada bulunan gazlar ve
niifus yerlesimi ile alakali parametreler ile yiiksek
korelasyona sahip oldugu, ulasim saglamak igin
kullanilan araglarmn orani ile disiik korelasyona
sahip oldugu goriilmektedir.
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Sekil 3. Veri seti dznitelikler arasi korelasyon haritasi (5 sinifli)

2.3. Makine Ogrenmesi Algoritmalari

Caligma kapsaminda belirlenen 7 adet geleneksel
makine O0grenmesi yontemi, Python programlama
dilinde kullanilan Scikit Learn kiitiiphanesindeki
varsayilan standart parametreleri ile uygulanmistir.
Fakat Yapay Sinir Aglar1 (YSA) mimari bir tasarim
gerektirdiginden diger modellerden ayri olarak ele
almmustir. Calismada kullanilacak YSA modelinin
katmanlarimi ve yogunluklarini belirlemek i¢in kaba
kuvvet (brute force) yaklagimi kullanilmistir.

45

2.3.1

Karar

Karar Agaci

Agaclart  (Decision

Trees),
olugturulmasinda kullanilan veri setini yinelemeli
olarak daha kii¢iikk alt boliimlere ayiran bir
smiflandirma prosediirii olarak tanimlanir. Agag;
kok digiim, dizi dahili diigim ve dizi ug diiglimden

agacin

(yaprak) olusur [22]. Veri setinde bulunan
Oznitelikleri kullanarak mantiksal siraya uygun
dallart olan bir aga¢ yapist olusturur. Agagtaki
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seviyeleri belirlemek i¢in 6zniteliklerin degerleri ve
smiflandirma basarisindaki agirliklart  kullanilir.
Karar Agaci’ni diger siniflandiricilardan ayiran en
onemli ozelligi, ele aldig1 problemi bdl ve yonet
teknigiyle ¢ozmeye caligmasidir. Olusturulan agag

yapisinda; veri setindeki Oznitelikler agacin
digiimlerini, tahmin edilecek olan  sonug
stitunundaki degerler ise agacin yapraklarin

olugturur. Veri setine dahil edilen her yeni 6rnek,
mevcut dzniteliklerin degerleri baz alinarak agacta
uygun olan siifa yerlestirilir. Bu yerlestirme
islemini yapmak i¢in, dahil edilecek olan &rnek,
agac lizerinde hareket ettirilerek sinifi tespit edilir.
Karar Agaglari siniflandirma algoritmasinin ¢alisma
prensibini agiklayict O6rnek bir gorsel Sekil 4’te
sunulmaktadir.

xp <l

2.3.2.

Topluluk (ensemble) 6grenme yontemini kullanan
Rastgele Orman (Random Forest) smiflandirict
algoritmasi, birden fazla modelin olusturulmasi ve
egitilmesini tizerinden siniflandirma gerceklestirir
[23]. Rastgele Orman smiflandirict modeli, egitim
verisini kullanarak rastgele karar agaci algoritmalari
olugturup siniflandirma iglemleri yapar. Parametrik
olmayan Rastgele Orman siniflandirict modeli, bir
model egitmek yerine birden ¢ok modelin sonucunu
g6z oniinde bulundurarak ortak bir sonug elde eder.
Oznitelikler arasindaki baglantilar1 hesaplayabilir.
Bu yiizden veri sayisinin diisiik oldugu durumlarda,
¢ok sayida Oznitelikli veri setleri igin, diger
algoritmalara gore daha ideal ve tercih edilebilirdir
[24]. Rastgele Orman siniflandirma algoritmasinin
calisma prensibini agiklayic1 6rnek bir gorsel Sekil
5’te sunulmaktadir.

Rastgele Orman
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i

Sekil 5. Rastgele Orman g¢alisma prensibi

2.3.3.

Torbalama (Bagging) smiflandirma algoritmasi,
egitim veri setinin N defa rastgele orneklenmesi
sonucunda orijinal egitim setiyle esit boyutta N adet
egitim verisi Uretilmesini saglar. Elde edilen veri
kiimelerini N adet siniflandirici iizerinde egitim ve
tahmin islemlerine tabi tutar [25], [26]. Egitilen tim
modellerin sonuglarini birlestirerek ana sonucu elde
eder [27]. Rastgele Orman’dan farkli olarak, veri
setini bolerek birden ¢ok Karar Agaci modeli
olusturur. Rastgele Orman ise tek bir veri seti
kullanarak birden ¢ok karar modeli olusturmaktadir
[27]. Sekil 6°da Torbalama algoritmasinin 6rnek bir
smiflandirma prensibi sunulmaktadir.

Torbalama

. VERISETI |

— T
VERI VERD e VERI

EEIN

Song -2

SONUCLARIN
ORTALAMASI

iz

Sekil 6. Torbalama galigma prensibi

2.3.4. K-En Yakin Komsu

K-En Yakin Komsuluk (K-Nearest Neighbor)
smiflandirma algoritmasi, Oriintii tanima alaninda
yaygin olarak kullanilan parametresiz 6grenme
algoritmasidir [28]. Smiflandirma kurallari, egitim
ornekleri tarafindan olusturulur. Yeni &rneklerin
smiflarma karar verirken egitim kiimesindeki
orneklerin konumunu g6z dniinde bulundurur. Yeni
gelen Ornegin sinifi tahmin edilirken, kendisine en
yakin K adet komsusunun siniflar1 dikkate almir.
Dikkate alinan smiflardan en fazla sayida bulunan
smif, yeni Ornegin smifi olarak tanimlanir. Bu
ylizden K degeri olarak tek (3, 5, 7...) sayilar tercih
edilir. Cilinkii komsular arasinda en fazla bulunan
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smif incelenirken, esit sayida ¢ikmasi durumu,
istenmeyen bir durumdur. Orneklerin birbirlerine
olan yakinlklar;; Oklid, Manhattan, Mamming ve
Minkowski  gibi  uzaklik  hesabi  yapan
fonksiyonlarla [29] hesaplanir. K-En Yakin Komsu
smiflandirma algoritmasinin ¢aligma prensibini

aciklayici, oOrnek  bir  gorsel Sekil 7’de
sunulmaktadir.
Y
® o oom
® 094
e B Smnufi
»X

Sekil 7. K-En Yakin Komgu ¢alisma prensibi

2.3.5.

En temel istatistiksel siniflandirma yontemlerinden
biri olan Lojistik Regresyon (Logistic Regression),
parametrik bir siniflandirma yontemidir. En cok
kullanilan smiflandirma yontemlerinden biri olan
Lojistik Regresyon, bir veya daha fazla degiskene
bagimli olan degiskenin modellenmesinde kullanilir
[30]. Hedef degiskenin kategorik olmadigi, siirekli
deger analizi i¢in benzer ¢aligma prensibine sahip
Lineer Regresyon kullanilabilir. Lojistik Regresyon
ile Lineer Regresyon’u birbirinden ayiran en temel
ozellik Lojistik Regresyon’un ¢iktisinin  siirekli
deger igermemesidir [31]. Lojistik Regresyon
smiflandirma algoritmasinin ¢alisma prensibini ve
Lineer Regresyondan farkini agiklayici, érnek bir
gorsel Sekil 8’de sunulmaktadir.

Loyjistik Regresyon

Lineer Regresyon Lojistik Regresyon

x-ekseni

x-ekseni 0]

Sekil 8. Lojistik Regresyon ¢aligsma prensibi ve
Lineer Regresyon’dan farki

2.3.6. Gaussian Naive Bayes

Naive Bayes, Bayes teoreminin uygulanmasina
bagli, olasilik tabanli istatistiksel bir siniflandirma

algoritmasidir [32]. Navie Bayes, denetimli
O0grenme  problemlerinde etkili bir  sekilde
egitilebilir ve gercek diinya durumlarinda

kullanilabilir [32]. Naive Bayes algoritmasimin
¢alisma prensibi Esitlik (1)’de sunulmustur.
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p(veri|sinif) x p(sinif)
p(veri)

p(sinuf|veri) =

0]

Naive Bayes algoritmasi, probleme yaklasirken
Oznitelikler arasinda sartli  bagimsiz, smiflar
arasinda da sarthh bagimli bir yaklasim izler [33].
Uretici  bir smiflama algoritmasi olup smifi
bilinmeyen bir verinin sorgulanan sinifta olma
olasiligin1 iiretir. Gaussian Naive Bayes, veri
kiimesinde bulunan her sinifin bir gauss dagilimini
takip ettigini varsayar. Bu yaklagimi
sergilemesindeki amag, hatali tahmin etme oranini
olabildigince diisiik tutmaktir [33].

2.3.7.  Destek Vektor Makineleri

Destek  Vektér Makineleri
Machines, DVM)

(Support  Vector
smiflandirmada  siklikla
kullanilan denetimli makine Ogrenmesi
algoritmalarindan  birisidir  [34], [35]. Destek
Vektér Makinelerinin amaci, siniflar arasindaki en
yiiksek mesafeli hiper diizlemi bulmaktir [34]. Veri
setindeki smiflara ait olan Orneklerin arasindaki
mesafelere gore smiflari ayirt etmeye ¢alisir. Bunu
yaparken hiper diizlem(ler) olusturur. DVM
algoritmasi, siniflandirmadaki hata oranmin en
diisiik oldugu senaryoyu elde edebilmek icin hiper
diizlemler arasindaki uzakligi olabildigince uzak
tutmaya caligir. DVM siniflandirma algoritmasinin
calisma prensibini agiklayici, 6rnek bir gorsel Sekil
9’da sunulmaktadir.

Y \ &
b= 3
[P}

w

A

9

>

Y

0 x-ekseni

Sekil 9. Destek Vektor Makineleri ¢aligma prensibi

2.3.8. Yapay Sinir Aglar

Son zamanlarda diinya genelinde, beynin ¢alisma
prensibinin  bilgisayar ortaminda da taklit
edilmesini saglayacak olan Yapay Sinir Aglar
(Artificial Neural Networks) {izerine yapilan
calismalar yiiksek bir hizla artis gostermistir. Yapay
Sinir Aglar1 insan beynindeki ndronlarmn isleyis
sekli ve baglantilar1 6rnek alinarak tasarlanan bir
algoritmadir [36]. Veri setindeki Ozniteliklere
agirliklar atanir ve sinir aglartyla baglanmis olan
katmanlar arasinda hesaplamalar gergeklestirilerek
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kategori veya deger tahminleme islemi yapilr.
Yapay sinir aglarinda ilk katman, veri setindeki
Oznitelikleri girdi olarak alan girdi katmani; son
katman ise ¢iktiyr siif veya siirekli deger tahmini
olarak veren ¢ikti katmanidir. N adet Oznitelikten
olugsan bir veri seti, yapay sinir ag1 kullanilarak
smiflandirma iglemine tabi tutulacak olursa; girdi
katmaninda N adet ndron, ¢ikt1 katmaninda ise sinif
sayist kadar noéron bulunan bir model
gelistirilmelidir. Noronlar; girdileri ve bu girdilerin
agirliklarmi, model tasarlanirken belirlenmis olan
bir f fonksiyonuna parametre olarak verir ve ¢ikti
degeri hesaplanir. Girig-¢ikis katmanlar1 arasina
uygun sayida ve yogunlukta gizli katman
eklenebilir. Gizli katmanlar, noronlarin arasinda
kalan sinir aglarinin alacagr agirlik degerinin
hesaplanmasi iglemini daha detayli hale getirir.
Sekil 10’da, yapay sinir aglari yaklagimiyla
gorsellestirilmis; N adet girige, tek ¢ikisa, opsiyonel
sayida ndrona ve tek gizli katmana sahip, ikili
smiflandirici 6rnegi yer almaktadir.

Gizli Katman

Giiris Katmant

Cikis Katmani

Sekil 10. Yapay Sinir Aglar ¢aligma prensibi

2.4. Degerlendirme Yontemleri

Calismamizda veri temini, ayrintili veri o6n isleme
adimlart  ve kullanilacak makine Ogrenmesi
algoritmalarinin belirlenmesinden sonra yapilacak
smiflandirma  igleminin  sonuglarinin ~ nasil
degerlendirilecegi de Onemli bir asamadir. Bu
asamada kullanilacak yontemler, bu ydntemlerin
tanimlar1 ve ¢aligmamizda kullanilma sebepleri alt
basliklarda ele alinmustir.

2.4.1.

Siniflandirma calismalarinda, siiflandirici
algoritma ile bir model egitilirken, veri seti egitim
ve test verisi olarak ikiye (genelde %70-30
oraninda) ayrilir. Ancak bu durumda dengesiz bir
dagilim gerceklesirse, modelin gercek
performansinin goriilmesi miimkiin olmayabilir. Bu
dogrultuda K-Kat Capraz Dogrulama (K-Fold
Cross Validation) yontemi kullanilarak daha
giivenilir  sonuglar elde edilebilir.  Capraz
dogrulama, veri setini K esit parcaya bdler ve
pargalardan birini test igin saklar. Verinin geri
kalanini ise modeli egitmek igin kullanir. Bu egitim
islemini, her K par¢a i¢in gergeklestirir. Boylece

Capraz Dogrulama
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veri setinin sunabilecegi maksimum performans
goriilmiis olur. Capraz Dogrulama isleminin 6rnek
bir goriintiisii Sekil 11°de sunulmustur.

5-Katmanli Dogrulama (K=5) |
Katman 1 Egitim verisi Test verisi |&l
Katman 2 Egitim verisi ‘ Test verisi | Egitim verisi | 2
Katman 3 Egitim verisi Test verisi ‘ Egitim verisi &3
Katman 4 Egitim verisi | Test verisi Egitim verisi 4
Katman 5 | Test verisi ‘ Egitim verisi &5
20% 40% | 60% | 80% | 100%
Sekil 11. K=5 i¢in K-Kath Capraz Dogrulama
Dagilimi
2.4.2.  Hata Matrisi
Siniflandirma  problemlerinde, egitilen modelin
performansini  dlgmek i¢in  modelin  tahmin

sonuglar1 Hata Matrisi (Confusion Matrix) sekline
getirilerek daha agiklamali bir inceleme yapilmasi
saglanir. Hata matrisinde, True adi altindaki
degerler dogru yapilan tahminleme sayisini, False
adi altindaki degerler ise yanlis yapilan tahminleme
sayisint belirtir. Her bir siitun tahminlenen degeri,
her bir satir ise gergek degeri igerir. Boylece sol
listten sag alta dogru capraz bir bi¢cimde devam
eden hiicreler, tahmin sonucunun dogrulugunu, geri
kalan hiicreler ise hata oranii verir. Calismamizda
kullandigimiz modellerin performansini  6lgmek
icin kullanilacak hata matrislerinin igerik tanimlari
3 sinifli siiflandirma modelleri igin Sekil 12°de, 5
sinifli  siiflandirma modelleri i¢in Sekil 13’te
sunulmustur.

Tahmin edilen | Tahmin edilen | Tahmin edilen
etiket (C1) etiket (C2) etiket (C3)

Gergek Tre Falze Falze
etiket (C1) (C1-C1) (C1-C2) (C1-C3)

Gergek False True False
etiket (C2) (C2-Cl) (C2-C2) (C2-C3)

Gergek Falze Falze Tme
etiket (C3) (C3-C1) (C3-C2) (C3-C3)

Sekil 12. 3 sinifli veri setlerinin hata matrisi

Tahmin edilen | Tahmin edilen | Tahmin edilen | Tahmin edilen | Tahmin edilen
etiket (C1) etiket (C2) etiket (C3) etiket (C4) etiket (C5)
Gergek True False False False False
etiket (C1) (C1-C1) €1-cn {C1-C3) (c1-ca (C1-C3)
Gergek Falze True Falze Falze Falze
etiket (C2) C2C1) (C2-CH {C2-C3) c2CchH (€2C5
Gergek Falze Falze True Falze Falze
etiket (C3) (C3-C1) (C3-CH (C3-C3) (C3-CH (C3CH)
Gergek Falze Falze Falze True Falze
etiket (C4) (C4C1) (C4-C (C4CH) (C4CH (C4CH
Gergek Falze Falze Falze Falze True
etiket (C3) (C3-C1) (C3-CH {C3-C3) (C3-CH (€3CH

Sekil 13. 5 sinifl1 veri setlerinin hata matrisi

Yukarida sunulan hata matrislerinde, C1, C2, C3,
C4 ve C5 ile belirtilen degerler smiflari temsil
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etmektedir. Matrislerde yer alan her bir satirda,
ilgili siif belirtilmis olup her siitunda ise kullanilan
smiflandirma modelinin ilgili sinifin ka¢ elemanim
hangi sinifta tahminlediginin bilgisi sunulur. Ornek
olarak; 1. satir 1. siitunda yer alan deger, Cl1
sinifina ait olan verilerin, C1 olarak tahmin edilme
sayisint icerir. Bu senaryo, dogru tahmin yapilmasi
durumunda gerceklesir. Ancak 1. satir 2. siitunda
yer alan deger, Cl smifina ait olan verilerin, C2
smif etiketine sahip olarak tahmin edilme sayisini
icerir. Bu senaryoda ise yanlis tahminleme yapilmis
demektir. Bu durumda dogru tahminleme islemi
yapilan senaryolar sari, yanlis tahminleme islemi
yapilan senaryolar ise kirmizi ile renklendirilmistir.
Hata matrisleri kullanilarak, egitilen modellerin
dogruluk degeri elde edilebilir.

2.4.3. Performans Degerlendirmesi

Hata matrisi ¢ikarilarak siniflandirma
algoritmalarinin 6rnekleri hangi siniflarda tahmin
ettigini ve bu Orneklerin gercekte hangi siniflarda
oldugunu gorebilmek bu algoritmalarin bagarisini
kiyaslayabilmek i¢in yeterli degildir. Smiflandirma
islemlerinde elde edilen basariy1
degerlendirebilmek i¢in  genellikle dengesiz
dagilima sahip veri igin f-skor hesaplanirken
dengeli veri setleri i¢in dogruluk (accuracy) dlgegi

kullanilmaktadir. Calismamizda kullanilan
dogruluk Olcegi Esitlik (2)’deki gibi
hesaplanmaktadir.
Dogru Siniflandirilmis
. Ornek Say:st
Dogruluk = (2)

Veri Setinde Bulunan
Tiim Orneklerin Say:st

Caligmamizda hazirlamis oldugumuz 3 sinifli ve 5
smifli  veri setleri dengeli dagilima sahip
oldugundan her iki veri seti i¢in de kullanilan
algoritmalarin basarist Esitlik (2)’deki dogruluk
Olcegi iizerinden karsilastirilmis ve yorumlanmaistir.

ITII. DENEYSEL SONUCLAR

Bir onceki bolimde ayrintilar1 verilen veri seti,
belirtilen ©6n isleme adimlarindan gegirilerek
smiflandirilmaya uygun hale getirilmistir. Yine ayn
bolimde tanimmlari  ve  Ozellikleri  verilen,
Torbalama, Karar Agaclari, K-En Yakin Komsuluk,
Lojistik Regresyon, Gaussian Naive Bayes,
Rastgele Orman, Destek Vektor Makineleri ve

Yapay Sinir Aglar1 olmak {izere 8 farkli
siniflandirma algoritmasi caligmamizda
uygulanmuistir. Uygulamada kullanilan

algoritmalarin hepsinde veri setleri 5-katli capraz
dogrulamayla isleme alinmistir. Smiflandirma
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algoritmalarinin egitimi sonucunda, siniflandirict
modellerden elde edilen test seti basar1 sonuglari 3
siifli veri seti i¢in Tablo 5°te, 5 sinifl1 veri seti igin
Tablo 6’da sunulmustur. Kaba kuvvet yontemi
sonucunda elde edilen en basarili YSA modelinin
ayrmtilart Tablo 7’de sunulmustur. Kullanilan YSA
modelinde son Dense katmanimnin ¢iktist 3 smifli
veri seti i¢gin 3, 5 sinifl1 veri seti igin 5 ¢ikt1 verecek
sekilde tasarlanmistir. Modelimizdeki ayarlanabilir
parametrelerde; optimizer=Adam, epoch
say1s1=200, batch size=16 olarak se¢ilmistir.

Tablo 5. Kullanilan siniflama algoritmalarindan
elde edilen 3 sinifli siniflandirma basarisi

Algoritma Capraz Capraz
Dogrulama Dogrulama
Ortalama Standart
Dogruluk Sapma
Rastgele Orman 86,69% 1,01%
Torbalama 84,86% 0,54%
Karar Agaglari 81,93% 0,83%
K-En Yakin Komsuluk 81,69% 0,97%
Destek Vektor Makineleri 76,58% 0,11%
Lojistik Regresyon 57,46% 0,65%
Gaussian Naive Bayes 50,39% 0,67%

Tablo 6. Kullanilan siniflama algoritmalarindan
elde edilen 5 sinifli siniflandirma basarisi

Algoritma Capraz Capraz
Dogrulama Dogrulama
Ortalama Standart
Dogruluk Sapma
Rastgele Orman 81,61% 0,62%
Torbalama 80,11% 1,22%
Karar Agaglari 74,98% 0,79%
K-En Yakin Komsuluk 72,96% 1,20%
Destek Vektor Makineleri 66,80% 1,13%
Lojistik Regresyon 42,90% 1,43%
Gaussian Naive Bayes 37,78% 2,04%

Tablo 7. Kullanilan YSA modelinin 6zellikleri

Katman Cikti Aktivasyon
Dense 64 Relu
Dense 32 Relu
Dense 16 Relu

Dropout 0.1
Dense (3 veya5) Softmax

Yapay Sinir Aglart egitimlerinin 200 epoch’ta
kesilmesinin sebebi, 200. epoch’tan sonra meydana
gelmeye baglayan asir1 6grenme (over-fitting)
durumudur. Sekil 14 ve Sekil 15°de YSA modelinin
egitim sonuglar1 (swrastyla 3 smifli ve 5 smnifli veri
seti i¢in) verilmistir. Bu egitimler sonucunda; 3
sinifli veri seti %80,34, 5 smifli veri seti ise %70,56
dogruluk oranina ulagmistir.
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Sekil 14. 3 sinifl1 veri setinin siniflandirilmasindan elde edilen YSA modeli sonug grafikleri

Egitim ve Test Basarisi
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Sekil 15. 5 simifli veri setinin siniflandirilmasindan elde edilen YSA modeli sonug grafikleri

Toplamda 2 veri seti i¢in 8 farkli simiflandirma
isleminin gerceklestirildigi caligmamizda, yukarida
bahsedildigi lizere drneklerin siniflara dagilimlarini
inceleyebilmek i¢in hata matrisi kullanilmistir.
Sekil 16’da 3 smifli siniflandirma  sonucu
smiflandirict  modellerden elde edilen hata
matrisleri, Sekil 17°de ise 5 sinifli siniflandirma
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sonucu siniflandirict modellerden elde edilen hata
matrisleri sunulmustur. Sekil 16 ve Sekil 17
incelendigi zaman 3 smifli smiflandiricilarin 5
smifli siniflandiricilara gére daha basarili sonuglar
sagladigi goriilmektedir. Bunun sebebi siif sayisi
azaldikc¢a dogru tahmin etme olasiliginin artmasidir.



Hava Kalitesi Tahmini

Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 39-53

K-En Yakin Komsuluk Hata Matrisi Destek Vekior Makinesi Hata Matrisi
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Sekil 16. 3 sinifl1 veri setinin siniflandirilmasindan elde edilen hata matrisleri

K-En Yakin Komsuluk Hata Matrisi Destek Vektor Makinesi Hata Matrisi
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Sekil 17. 5 smifl1 veri setinin siniflandirilmasindan elde edilen hata matrisleri
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Kullanilan smiflandirici  modellerden  {iretilen

sonuglar 5 Katli Capraz Dogrulama ile elde
edildiginden her kattan elde edilen sonuglarin her
model igin tutarli olmasi beklenir. Calismamizda
kullandigimiz modellerin tutarliligi, modellerin her
test seti i¢in drettigi siniflandirma sonuglarmin
karsilagtirmasi Sekil 18’de sunulmustur.

Sekil 18’de X-ekseninde algoritmalarin isimleri, Y-
ekseninde ise bu algoritmalarin ¢aligma sayilari
goriilmektedir. Eldeki X-Y seklindeki 2D ortama 3.
bir boyut (Z-ekseni) olarak, bu algoritmalarin
¢alisma sonuglari da eklenmistir. Calisma sonuglari
kiigiikten biiylige siralanarak bir rampa olugmasi
saglanmigtir. Bu sayede rampanin yiiksek kisminda
kalan algoritmalarin, yiliksek verimlilige sahip
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algoritmalar oldugu rahatlikla goriilebilmektedir.
Olusturulan 3D grafikler ve dogruluk sonuglari
incelendiginde, en yiiksek dogruluk ortalamasina,
yani en yiiksek bagartya sahip modelin Rastgele
Orman algoritmasi ile lretilen siniflandirict model
oldugu goriilebilmektedir. Caligmamizda hem 3
smifli veri setinde hem de 5 smifli veri setinde en
iyi performansin Rastgele Orman smiflandirma
algoritmasindan elde edilmesinin en belirgin
ozelligi, kullanilan belirleyicileri farkli dallanmalar
ile kullanabilmesi olarak goriilmektedir. Bu durum,
¢aligmamizda hava kirliligi tahmininde
kullanilmasinin ~ anlamli  oldugu  diisiiniilen
Ozniteliklerin belirlenmesinde bagarili bir agama
gerceklestirildiginin gostergesi olmaktadir.
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Lojistik Regresyon ve Naive Bayes
algoritmalarinin, kullanilan diger algoritmalara gore
daha basarisiz sonuglar sagladigi Sekil 18’de
goriilmektedir. Bu algoritmalarin sunulan problem

Capraz Dogrulama (Cross-Validation)

- 050

igin yetersiz olmas1 veya veri seti ile uyumsuz
olmasi, diisiik basarmin elde edilmesinin olasi
sebeplerindendir.

-08

Sekil 18. Makine 6grenmesi algoritmalarinin 5-katli ¢apraz dogrulama sonuglarinin 3 sinifli ve 5 smifli veri
setleri i¢in karsilagtirilmasi

IV. SONUCLAR ve TARTISMALAR

Giin gectikge daha da kirlenen havanin kiiresel
boyutlarda iklim krizine yol a¢mig olmasi, bilim
insanlarinin bu konuda ¢éziimler gelistirmesini gerekli
kilmustir. Tleride karsilasilacak olan kiiresel tehlike ve
tehditlerle bas edilebilmesi igin Oncelikle mevcut
durumun  bilincinde  olunmasi  gerekmektedir.
Gilinlimiizde ne yazik ki sehirlerde hava kalitesi
ol¢timii yeterli miktarda ve dogrulukta
yapilamamaktadir. Calismamizda, sehirlerdeki hava
kalitesinin hangi belirleyiciler gozlenerek
degerlendirilebilecegi ve bu degerlendirmenin yapay
zeka yontemleri kullanilarak nasil
sonug¢landirilabilecegi ele alinmigtir. Hava kalitesi
belirleyicilerinin makine 6grenmesi algoritmalar: ile
smiflandirildigi ¢alismamizda, hava kalite endeksi
degerinin sehirlerdeki dagilimi ve bu degerin insan
sagligmna etkisi goz Oniine alinarak, sehirler; iyi,
sagliksiz ve tehlikeli olmak iizere 3 smfly, iyi, orta,
sagliksiz, ¢ok sagliksiz ve tehlikeli olmak {izere 5
smifli  yapilarda ele alimmustir. Sekiz  farkli
smiflandirma algoritmasinin kullanildig:
calismamizda, en yiiksek smniflandirma basarisi; 3
sinifli  siniflandirmada  %86,69 oraninda, 5 sinifli
smiflandirmada %81,61 oraninda Rastgele Orman
algoritmasindan iretilen modelden elde edilmistir.
Caligmamizda ele aldigimiz  belirleyiciler ve
gelistirdigimiz yontemler ile sehirlerdeki hava kirliligi
seviyesi kisa silirede belirlenebilmektedir. Bu sayede
sehirlerdeki hava kirliligine gerekli farkindaligin
olusmasi, Onlem ve tedbirlerin erkenden alinmasi
saglanabilecektir. Sonraki caligmalarda, siirekli elde
edilecek hava kalitesi degeri ile sehirlerde kritik
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durumlar i¢in uyar1 verebilen modellerin gelistirilmesi
ongoriilmektedir.
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Abstract

Today's production paradigm is shaped by mass production, where production processes and tools are standardized, expertise
is not taken much into account, and the same products are produced either in batches or massively in small varieties. Production
is carried out in factories in certain centers, and the products produced are often distributed all over the world. There is a need
for a multi-agent supply chain network and supply chain management with the stages of delivering the products to the final
consumer, starting from the pre-production stage. It has become clear that the need for a complex supply chain network by
producing products from a single center is no longer economical and environmentally friendly. In recent years, consumers have
started to think about the harmful effects of the products they buy. Changing customer needs and demands have also made
companies consider the mass customization production model. Recently, three-dimensional printing technologies, also defined
as additive manufacturing technology, have emerged as a new production technology. With this disruptive technology,
production models and supply chain networks are subject to change and transformation. In this study, the environmental and
economic benefits of 3D printing technology are analyzed in the context of mass customization production model and supply
chains. The following comments were made as a result of the study. 3D printing technology enables production at distributed
points instead of a central production point. In this way, production costs are reduced as many intermediate production points
are eliminated. In addition, logistics costs and logistics-related carbon emissions are also reduced. With decreasing costs,
development is provided in local economies.

Key Words: 3D printing, Mass customization, Supply chain management, Environment, Ecology

Oz

Giintimiiz iiretim paradigmasi, iliretim siireglerinin ve araclarinin standart hale getirildigi, uzmanligin pek dikkate alinmadigi,
ayni {irlinlerin partiler halinde ya da kitlesel olarak az gesitler halinde iiretildigi seri iiretim ile sekillenmektedir. Belirli
merkezlerdeki fabrikalarda iiretim yapilmakta ve iiretilen iirlinler gogu zaman tiim diinyaya dagitilmaktadir. Uriinlerin iiretim
Oncesi asamadan baglayarak nihai tiiketiciye ulastirilmasi asamalari ile ¢ok etmenli bir tedarik zinciri agina ve tedarik zinciri
yonetimine ihtiyag vardir. Tek bir merkezden iiriin tireterek karmasik bir tedarik zinciri agina duyulan ihtiyacin artik ekonomik
ve ¢evre dostu olmadigi ortaya ¢cikmustir. Son yillarda tiiketiciler satin aldiklari tirinlerin zararli etkilerini diisiinmeye basladilar.
Degisen miisteri ihtiyag ve talepleri de firmalar1 kitlesel bireysellestirme iiretim modelini diisiinmeye sevk etmistir. Son
zamanlarda, eklemeli imalat teknolojisi olarak da adlandirilan {i¢ boyutlu baski1 teknolojileri, yeni bir tiretim teknolojisi olarak
ortaya ¢ikmustir. Bu yikici teknoloji ile tiretim modelleri ve tedarik zinciri aglar1 degisime ve doniisiime tabidir. Bu ¢alismada,
3D baski teknolojisinin ¢evresel ve ekonomik faydalari, kitlesel bireysellestirme {iretim modeli ve tedarik zincirleri baglaminda
analiz edilmektedir. Calisma sonucunda asagidaki yorumlar yapilmustir. 3D baski teknolojisi, merkezi bir iiretim noktasi yerine
dagitik noktalarda iiretim yapilmasini saglar. Bu sayede birgok ara iiretim noktasi ortadan kalktig1 i¢in liretim maliyetleri
diistiriiliir. Ayrica lojistik maliyetleri ve lojistik kaynakli karbon emisyonlar1 da azaltilmaktadir. Diisen maliyetler ile yerel
ekonomilerde gelisme saglanmaktadir.

Anahtar Kelimeler: 3D Baski, Kitlesel bireysellestirme, Tedarik zinciri yonetimi, Cevre, Ekoloji

1. INTRODUCTION

Recently, consumers have started to approach more consciously about climate change and environmental
problems. They frequently question whether the products they buy harm nature or their health as a result of mass
production processes. This situation led the producers to think about nature and environmental problems and to
review their production processes from an ecological point of view. While companies are working on cost, delivery
times and quality, they take green performance into account to reduce or eliminate the pollution and negative
environmental effects. Purchasing environmentally friendly raw materials used in production, improving fuel
efficiency, and reducing emissions from transportation vehicles are important problems encountered in supply
chain management. At this stage, it is clear that business models have started to change. The advantage of using
3D printing technologies in the production processes of the enterprises will reduce material-related waste,
logistics-related emissions, shortening of production time, energy consumed for production, energy-related
emissions, and will also reduce production costs.
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Mass production based on fossil fuels as common
energy source is getting replaced by mass
customization, where customer demand is the main
drive. In addition, customers pay special attention to the
design of the products they will buy with eco-design
thinking.

Once the production rate exceeds a certain threshold
value for producing goods and services through
especially mass production systems, then majority of
people become pure consumers according to analysis
made by Ivan Illich (1977). Since mass production
requires very costly systems, the population over the
threshold value becomes passive in economies. On the
other hand, mass production needs large amount of
sales to meet Return of Investment (ROI) over time, it
is also criticized for causing planned obsolescence
(Cetiner and Giindogan, 2014). The main output of
planned obsolescence is oversupply. As a result of this
mass consumerism and oversupply produced in the
current mass production paradigm, rapid resource
consumption, carbon emissions occur due to the
production being mostly based on fossil fuels as energy
source. While these are the environmental problems of
mass production, the production of low quality and low
value-added products are also economic problems. A
paradigm shift is required for ecological and economic
sustainability for supply chain management systems.
Existing problems and solutions should be addressed
with a holistic paradigm (Cetiner and Giindogan,
2014). Disruptive technologies, such as 3D printers and
other mass customization methods might help change
paradigm from a harmful production era into more
environment friendly one. Supply chain systems are
bound to change due to this paradigm shift.

As aresult of the sensitivities that have developed about
ecology and the protection of the natural environment
in recent years, companies have started to transform
themselves. In this transformation phase, they realized
that supply chain partners are also important and
effective for the management of the natural
environment.

The main question that drives this article is to what
extent additive manufacturing technology, 3D printing,
is transforming mass production to mass customization
and supply chain applications, and is linked to
environmental management. In order to understand the
transformative and destructive power of 3D printers,
binary analyzes were made on the topics of mass
customization and supply chain. These can be listed as
the connection between mass customization and 3D
printing technology and the connection between supply
chain and 3D printing technology. The benefits of 3D
printers to end users, manufacturers, supply chain
management, environment and economy have been
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compiled and interpreted in the context of 3D printers,
mass customization and supply chain. As a result of the
study, the benefits of 3D printing technologies to local
economies, the improvements to be made in supply
chain management and the ecological benefits provided
by both the use of recycled raw materials and the
reduction of logistics-based carbon footprint are
discussed.

2. LITERATURE REVIEW

The current manufacturing occurring worldwide today
is carried out through mass production paradigm. The
primary aim of manufacturing technology is to produce
the designed products at the lowest cost and with the
most accepted quality quickly. Factory type production
existing mainly as mass production requires very high
production volumes with very low varieties under
certain standards where operator skill levels do not
need to be as high as in other production models (Ryan
etal., 2017).

From a classical point of view, production can be
defined as one-to-one-based personalized production or
mass production. Although mass-produced products
are much cheaper than tailor-made production that
requires manual dexterity and low skilled labor, it gives
little importance to customer requests and expectations.
With the advent of additive manufacturing, the
definition of classical manufacturing started to change.
Additive manufacturing provides engineers with the
opportunity to produce computer-aided, personalized
and uniquely designed products by using a combination
of automated processes and standardized materials
(Melchels et al., 2014). Additive manufacturing or 3D
printing involves the production of a prototype or final
product in a very short time by accumulating layers.
This new technology leads to a radical change in the
production system based on mass production. With 3D
printing, production processes are undergoing radical
changes. With reduced production steps and work
processes, raw material and energy losses are
minimized. Time spent on production and logistics
activities is saved (Panwisawas et al., 2020).

Energy efficiency is one of the goals sought to be
improved in supply chain management. Manufacturers
are using digital technology applications or replacing
existing technologies with clean technology to improve
their energy efficiency. 3D printing, which is one of the
innovative applications, causes a change in existing
production models due to its advantage in reducing
energy use. Resource efficiency with 3D printing is
achieved by 3D printing technology reducing the need
for materials and wastes used in production, and the
same material can be used repeatedly (Feng et al.,
2022).
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Household products, toys, small parts, ornaments,
figurines are the first products produced with 3D
printers (Majumdar et al., 2018). With many studies, it
is seen that houses and boats are also produced with 3D
printers. In addition to these, acrospace industry
application can also be offered. Nickel-based
superalloy, developed for turbojet engines and suitable
for high temperature operations, is widely used in the
aerospace and energy industries. Approximately 10%
of the super alloy used in the gas turbine production of
turbojet engines is used, while the remaining material
is waste. 3D printing can replace traditional
manufacturing and be used to produce complex
geometries such as turbine engines without causing
waste (Panwisawas et al., 2020).

Nowadays, plastic packages, plastic boxes and
disposable products made of plastic are used quite
frequently. Tons of plastic waste is produced every day.
Plastic remains intact in nature for many years and
harms nature. However, microplastics also pose a
danger to the soil and aquatic ecosystem. In terms of
waste management, it is aimed to prevent waste
generation instead of collecting and disposing of
wastes. In order not to create plastic waste, the
production and consumption of plastic should be
reduced, but in today's conditions, it is not enough to
prevent the use of plastic. In cases where waste
generation cannot be prevented, waste reduction and
waste reuse gain importance (TMMOB, 2021). 3D
printers offer innovative solutions for the reuse of
plastics. At this stage, plastic wastes can be converted
into plastic filaments and reused.

3D printing technology, which gives users the right to
personalize through the opportunity to produce their
own original designs, also offers various material
alternatives. It is a desired feature that these materials,
also known as additives or filaments, do not harm
ecology during the production phase. At this stage,
studies are carried out on wood and sawdust materials
due to their renewable properties (Cengiz and Aktepe,
2022).

In this study, the discussion of the destructive and
transformative power of 3D printer technology was
made through mass customization and supply chain
networks. These two main points are analyzed in the
context of how mass production, which is the main
element of the current economic model and has a
centralized structure, can be transformed into
decentralized local economies. Compiling and
analyzing a limited number of studies on strengthening
local economies, ecology, creating a circular economy
at minimum waste level, and making policy and method
recommendations distinguish this study from other
studies in the literature.
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2.1. Additive Manufacturing and 3D
Printing Technology

(Berman, 2020) explained three main characteristics of
disruptive technologies: Innovation, creating new
markets and a more efficient production technology
with less costly materials. With a new production
model for consumers, it makes consumers as producers,
improves delivery speed, eliminates intermediate
producers and hence leads to transformations in the
existing supply chain by enabling customers to
customize the design of the product they want to have
and enabling local and small-scale manufacturers to
survive with new business models against large
companies. It epitomizes the destructive nature of 3D
printing technology. Additive manufacturing is one of
the best developing technologies for the standard of
living, localization and the ability of local businesses to
compete with global companies (Shree et al., 2019).

3D printing technology proverbially Rapid Prototype
Manufacturing (RPM), and in terms of production
technology, 3D printing technology is also known as
Additive Manufacturing (AM). 3D printing enables the
production of objects by stacking certain materials
layer by layer based on a 3D model file that is designed
and maintained in digital form. It is a technology that
uses different printing techniques and printing tools as
well as different materials. 3D printing websites
provide consumers to print personalized 3D models of
the products they want by changing design parameters
(Sun et al. 2022). 3D printing is a hard technology
which is used to manufacture three-dimensional objects
based on the digitally controlled deposition of
successive layers of material until a final object is
produced (Feng et al., 2022).

3D printing or additive manufacturing has developed in
recent years and has become low-cost and easily
accessible and usable as a desktop compared to when it
first appeared. The potential to create new forms,
enable mass customization, and support low-volume,
distributed production has made 3D printing or additive
manufacturing seen as a disruptive technology that will
revolutionize design and fabrication (Corsini et al,
2022).

The advantage of 3D printing in terms of energy
efficiency is that less energy is needed in the printing
process and also resource efficiency is the reduction of
waste as a result of production, the need for more
pleasant raw materials, high deficit prediction ability
(Feng et al., 2022). Apart from the electrical energy
produced from fossil fuels for printing, electrical
energy produced from renewable energy sources may
also be sufficient. The consumer is also the producer of
the product and can easily print with the electrical
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energy produced from renewable sources at home.
Contrary to machining, with 3D printing technology or
additive manufacturing, a clean production is ensured
because very little waste is generated. In addition to
these, making designs via computer minimizes the
margin of error arising from the design (Togay and
Sagiroglu, 2019).

In traditional production, spare parts are stored in
anticipation of need. On the other hand, spare parts are
produced as needed in additive manufacturing. The use
of 3D printing reduces or eliminates uncertainty in
demand. 3D printing allows companies to print parts for
devices that are no longer manufactured. Thus, devices
and machines that cannot be used due to lack of spare
parts are continued to be used instead of scrapped.
According to a research, a family using one 3D printer
to print only 20 domestic products per year (about
0.02% of the products available) can expect to save
between $300 and $2000. This means that a simple 3D
printer is an economically attracting enterprise for the
average US household already (Wittbrodt et al., 2013).

Currently, the costs of 3D printers for printing fully
functional products from materials such as steel,
ceramic, glass etc are not cost efficient for ordinary
families. The technology is expected to lower the costs
to be affordable by them.

2.2 Supply Chain

Supply chain is an integrated process in which raw
materials are converted into final products and
distributed to customers, as well as being very relevant
to supplier management, which deals with materials
and production management, facility planning,
customer service, transportation and physical
distribution, and information flow. Manufacturers,
distributors, wholesalers and retailers are also actively
involved in this process. Analyzes and designs are
made for recycling, remanufacturing and reuse, which
includes reverse logistics and aims at product recovery
in a multi-factor, multi-stop supply chain that starts
with the source of supply and ends at the point of
consumption (Shree et al., 2019).

\ 4
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Figure 1. Events and participants in the supply chain (Source: Adapted from Yilmaz, 2003)

Figure 1 shows the events and participants in the supply
chain. The process starts with the acquisition of raw
materials and minerals and progresses to
manufacturers, wholesalers, retailers and end users.
Supply chain management also includes recycling or
reuse of products or materials. Supply chain
management involves procedures such as planning,
product design and development, resource planning,
fabrication, installation, transportation, storage,
delivery and finally distributed customer support. In an
integrated supply chain, instead of manufacturers
pushing the product towards end users, end customers
pull stock.
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The role of supply chain management and processes in
environmental pollution is undeniable (Fang and
Zhang, 2018). The use of fossil fuels from logistics
activities  causes greenhouse gas  emissions.
Warehouses are needed for raw material stocks.
Electrical energy is needed for lighting, heating and
cooling of these warehouses. The supply of electricity
from fossil fuels is one of the factors that pollute the
environment and deepen the climate crisis.
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design of the product. Many industries such as
automobile, computer, construction, machinery
industry have begun to transform their production and
management styles from mass production to mass
customized production in order to provide changes and
innovations in technology, product diversity and

2.3. Mass Customization

Today, the customer has realized the importance of his
own wishes and has started to oppose the impositions.
Customers no longer object to the color, they also
specify the features they do not want and inform the

manufacturer of their own needs and take part in the

flexibility.

Table.1: Comparison of mass production and mass customization

Properties Mass Production Mass Customization
Focal Point Efficient fabrication Diversity and customization
Purpose Easiness and control Resilince and quick response
Object Market share Customer share
As a result of the design, manufacturing | As a result of the design, manufacturing and
Aim and delivery stages of the products, | delivery stages of the products, customers
customers should be able to reach | should have access to individualized and
affordable products. affordable products.
Decision Maker Producer Customer and producer
Basis 0 .
. f Forecasting demand Demands created by customer orders
Manufacturing
P . .
roperty of Unfluctuating demand Fluctuating demand
Demand
Properties of .
Large, homogenous market Heterogeneous niche market
Market
Product
Development Long Short
Process
Product Lj
roduc ife Long Short
Cycle
Amount of | 1+ . .
. High amount of production per orders Low amount of production per orders
Production
Choices of | Consumers can choose from limited | Consumers can choose between a lot of
Product options options
Variety & .. . . . .
. Limited level of production Flexible production for product variety
Production
Stock Stock must be kept in every level of | There is no need to keep stock of finished
Management supply chain products as sales occur before production.
Limitati . .
e lo.n of Production to the stock Production to the order
Production
OQuotation Based on returned items, stocking cost | The purposes based on mass production are
and price reductions not taekn into account
Production Continuous manufacturing Grouped and clustered manufacturing
Advance A large community is targeted A small community is targeted
Agility Slow Fast
Investigated . .
. Mass production Mass customization
Properties
Reducing the Cost | Economies of scale Economies of scope
. . . Part or all of the payment has been taken
Inflexible due to intermediate stocks held payry
Cash Flow . . because the product is sold before the
in the supply chain process .
production process
. Group customized products based on
Logistic Group orders that are similar P P
customer order

Source: Adapted from Efendioglu et al., 2016.
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In Table 1, the comparison of mass production and
mass customization can be seen as main features of
production and supply chain management. The primary
goal of mass production is to produce standard products
at prices that anyone can buy. The main purpose of
mass customization is to produce a sufficient variety of
products and services so that customers can purchase
exactly the products and services they want at
affordable prices. Low costs in mass production are
primarily achieved through economies of scale. Cost
advantage in economies of scale is achieved by creating
capacities large enough to produce a single product or
service and minimizing the fixed costs per unit by
producing large masses with the effective use of these
capacities. Low costs in mass individualized
production are provided by economy of scope. In scope
economy, the aim is to produce a wide variety of
products and services cheaper and faster with a single
process.

3. 3D PRINTING TECHNOLOGY FOR
MASS CUSTOMIZATION

3D printing leads to a paradigm shift in production by
providing remarkable improvements in many
performance criteria related to mass production. These
criteria can be listed as fuel saving, energy saving,
product development time, reduction in costs, increased
durability, easier production of complex designs much
cheaper and production of impossible objects with
other manufacturing techniques and machines (Jordan,
2019). The fact that it can easily produce designs with
complex geometry by making mass customization and
distributed production possible, has led 3D printing
being accepted as a revolutionary technology (Corsini
et al, 2020). Mass customization is a new
manufacturing paradigm that stabilizes the efficiency
and customization capability of mass production.
Alongside of traditional production, 3D printing
decreases the need for tools and thus enables
unfluctuating production that can transform 3D data
directly into physical parts using digital production
processes, considerably reducing customization costs
and saving lead time. Complex geometry structures can
be designed and produced with the desired materials by
3D printing or additive manufacturing (Sun et al.
2022).

There are also significant differences in the
manufacturing processes enabled by the wide variety of
3D printing technologies available on the market. 3D
printing machines range from desktop printers that can
produce low-quality plastic components and cost a few
hundred dollars, to industrial machines that can
produce high-quality products from a variety of
materials such as metal, plastic, ceramics, and cost
hundreds of thousands of dollars (Ryan et al., 2017).
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3D printing, which is a production technology suitable
for mass customization versus mass production, has the
characteristics of producing small quantities
economically by pulling production from a global scale
to a local scale, producing according to the
individualized demands of customers and producing
less waste. Low-cost, highly customized products,
faster prototype development times, lower inventory
holding costs, and highly flexible manufacturing
facilities are the advantages of 3D printing versus the
economies of scale that mass production provides
(Berman, 2020).

3D printing provides various advantages to users.
These advantages can be listed as time efficiency,
keeping less inventory, reduction in production costs
according to the zero waste policy and waste reduction,
product personalization, feasibility of small production
batches, reduced delivery times, flexibility in design,
more effective use of creativity in the production phase,
use of more color options (Ukobitz & Faullant, 2021).
What is more, 3D printing provides many advantages
over the current production model. Local production
reduces the need for warehouses and lowers inventory
costs. The speed of delivery to the customer increases.
The need for large transport stocks is eliminated.
Thanks to low stock holding costs, high production
volumes are not required, where mass production
provides price advantage in order to balance high stock
costs. Complex parts such as gears can be produced
without molding and cutting operations. No assembly
is required as the number of component parts is also
reduced. The production process, which takes weeks
with the current production model, is replaced by days
and hours. In the model of production from a single
center and distribution to the local, the use of fuel from
logistics causes a carbon footprint. With local
production, a reduction in carbon footprint is achieved.
Because 3D printing provides manufacturing
flexibility, there is no need to stockpile large stocks or
make significant discounts due to uncertainty in
forecasting demand. In subtractive production,
production is made by subtraction from the main
material, while in additive manufacturing, production
is made without loss of material. This results in less
scrap and less assembly work is required. This provides
a positive reduction in the carbon footprint of
companies.

4. 3D PRINTING TECHNOLOGY FOR
SUPPLY CHAIN

3D printing technology reduces the complexity of the
supply chain. With this technology, production can be
made as soon as the need arises. Thus, besides reducing
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the sub-steps that make up the production process, the
amount of stock held also decreases (Mohr and Khan,

2015).
Table 2. Impact of 3D printing on supply chain network, governance, operation and output.

Sample 1. Centralised | 2. Fixed | 3. Mobile | 4. Distributed
manufacturing at a | manufacturing manufacturing manufacturing  at
local production site | plant at | plant at | local production

implementing implementing sites
company company

Network Reducing the number | Elimination of | Elimination of | Reducing
of upstream tiers by | international and | international and | international suppliers
eliminating the need | local suppliers, | local suppliers, | in the upstream layers
for storage resulting in a | resulting in a | and the creation of the

reduction in the | reduction in the | upstream layers with

number of upstream | number of upstream | local suppliers.

layers layers
Production takes | Direct distribution of | The mobile | Distributed
place in a single | final outputs to | production facility | production is done
center in the country | consumers with on- | goes to the | with more than one
and final outputs are | site production. production area. | producer in local
carried to multiple Direct distribution of | production centers in
distribution channels. final outputs to end | the country.

users is ensured.

It is produced locally. | It is  produced | It is  produced | Finished products are
Materials and tools | locally.  Materials | locally. Materials | sent to the end user.
are imported instead | and tools are | and tools are
of the final product. imported instead of | imported instead of

the final product. the final product.
Design is distributed | Design is distributed | Design is localised Manufacturing  with
(international). (international). 3D printers

Governance | There is cooperation | There is cooperation | Direct design and | Distributed  supply
between the design | between the design | manufacturing. chain.
and production team | and production team
In the supply chain | There is upstream | There is improved | There is cooperation
processes, information sharing | information sharing | between the design
information is shared | between downstream. and production team
through digital | manufacturers in the
communication. supply and

production of

materials such as 3D

printers and

filaments.

Information sharing | Reduced number of | Information sharing
between consumers | actors in  supply | across supply chain
and manufacturers chain. simplified by digital

communications.

Operation Team work Team work User-centered Participatory
Increased circularity | User-centered Enhanced circularity | Resilient

Output On demand Mass customisation | Customisation Low cost

Example Spare or repair parts Prosthetics Spare or repair parts | Prosthetics

Source: Adapted from Corsini et al., 2020.

In table 2, four supply chain archetypes transformed by
3D printing technology are examined through network,
governance, operation and output criteria. In the

network criterion, supply chain links have been created
according to the location and geographical feature of
the place where the production is made. In the
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governance criterion, supply chain analysis was made
in the context of information sharing, relations and
ownership in the design and production processes. In
the process criterion, supply chain connections were
examined through value-added and non-value-added
activities. In the product criterion, supply chain
relations have been emphasized through factors such as
diversity, complexity and cost of products.

What is more, in the machining method based on
extraction techniques, the final product is produced by
cutting and drilling the main material. A significant loss
of material and waste occur in this production process.
Since the material used for production with 3D printing
technology is added layer by layer, only the necessary
material is used to produce the final product and there
is almost no waste. Since the design of the product can
be kept digitally in the computer environment, the
design can be sent to the customer's location via the
internet. Thus, time is saved, energy and fuel costs
arising from transportation and carbon emissions
caused by the fuel used in transportation are eliminated
(Pirjan and Petrosanu, 2013). 3D printing has a
significant place in supply chain management due to its
advantages such as minimum production time, cost
reduction, less waste of raw materials, quality
improvements and product design according to
customer requests. With 3D printing, a consumer can
have the final product at home or workspace by
downloading and printing the design. In addition, a
supplier can easily have highly complex and
customized products using 3D printing (Shree et al.,
2019).

The effects of 3D printing technology on supply chains
include reductions in lead times and transportation
costs, less inventory holding, product quality and
reliability, production flexibility, productivity,
economies of scale, which is an important competitive
advantage of mass production. What is more this
technology makes them affordable for local and small
businesses, supply chains sustainability, new business
models and opportunities for new suppliers (Ryan et al.,
2017). 3D printing enables digitalization and
localization in supply chains, reducing energy use and
resource demands throughout the production phase of a
product (Shree et al., 2019).

5. THE CONNECTION BETWEEN
MASS CUSTOMIZATION, 3D
PRINTING TECHNOLOGY AND
SUPPLY CHAIN

Material development has an important role in the
spread of the use of 3D printing technology. 3D
printing machines, which will be used in production,
will need logistics once they are moved to their places,

61

and the designs will be communicated to the users over
the internet, and the users might start production at their
location and have the finished product. In this process,
there will be no logistics of finished products and thus
the need for transportation fuel will decrease
considerably. The most important item that will be
needed for logistics here is the raw materials and
materials to be used in production. Energy use and
greenhouse gas emissions will decrease due to use of
logistics style. There will be less logistics activities as
the consumer can produce the products locally.
However, since the production and distribution model
in a single center will change, the amount of stock held
will also decrease, and thus, a decrease in inventory
costs will be observed. Since the products will flow
directly from the producer to the customer and
sometimes will be produced directly by customers, the
retailers and intermediaries between the producer and
the end consumer will disappear, and thus inventory
and logistics activities will be reduced, and undesirable
situations such as deterioration and breakage due to
transportation will be eliminated (Silva and Rezende,
2013).

Localized and direct production formats are made
possible with 3D printing. Therefore, it is predicted that
it will have a notable effect on supply chains. These
effects can be listed as shortening the supply chain,
reducing complexity and increasing resource
efficiency. In addition to these effects, 3D printing will
enable rapid response to unforeseen events under
significant resource constraints (Corsini et al, 2022).

One of the main advantages of 3D printing is that it
supports product customization, which allows the
consumer to actively participate in the design of the
product according to their wishes and needs before
production. Customer involvement can occur at
different stages of the product manufacturing process
and is defined as the point of order penetration (OPP)
in supply chain management. OPPs, defined as the
freezing point of product specifications, can influence
the structure of customization in line with various
supply chain managements. Six different OPPs and
their associated supply chain structures are described
(Figure 2). Through these six different points, the
consumer can be included in the supply chain.
Accordingly, customization covers circumstances from
ship-to-stock (STS) where the finished product is
reserved to the final distribution point, and engineering-
to-order (ETO) where full customization takes place
from the beginning of design and production (Ryan et
al., 2017).

In mass production, manufacturers face transportation
and stock-keeping costs, and by balancing these costs
with the advantage of economies of scale and low labor
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costs that express high production volume, they provide
price competition against local and small producers.
With 3D printing, also known as additive
manufacturing, processes such as molding, turning and
cutting in subtractive manufacturing processes are not
required and the costs caused by these processes are
eliminated. There is no finished product production for
stock, production is made according to the customer's
order, thus reducing the risks and inventory holding
costs associated with the finished and unsold product.
Since design and production can be separated,
transportation and storage costs are reduced and local
production is also possible. Since products with
complex geometries can be produced in one go, there is
no assembly process and no labor cost arising from this
process (Berman, 2020).

According to the literature review, production
distribution of engineer-to-order penetration point is

Engineer-to-order Buy-to-order Make-to-order

personal and manufacturing type is craft. Production
distribution of buy-to-order penetration point is local
and manufacturing type is job shop. Production
distribution of make-to-order penetration point is
regional and manufacturing type is factory. According
to engineer-to-order penetration point, the design is
made specifically for each customer, outputs can be
produced at home easily and as craft manufacturing
type small-scale products can be generated on desktop
printers. According to make-to-order penetration point,
available designs of spare parts are produced when
required and printed near to the center of request. Low
volumes are produced by using specialized equipment.
The technology of 3DP provides craft operations at
much lower costs and at much lower volumes of
products since the 3DP is runned by the end user of the
output (Ryan et al., 2017).

Assemble-to-order Make-to-stock  Ship-to-stock

(ETO) (BTO) (MTO) (ATO) (MTS) (STS)

Designment Designment ] Designment ] Designment Designment ] [ Designment ]
' '4 s ' ' '

Sourcing ] Sourcing ] Sourcing ] Sourcing ] Sourcing ] Sourcing ]
|\ | | |\ |\ |\ B
' ' \ ' s N\ '

Manufacture ] Manufacture Manufacture ] Manufacture Manufacture ] Manufacture
\ \ J \ J \ S
[ Installation ] [ Installation ] Installation ] Installation Installation ] Installation ]

)

Distributing [ Distributing ] [ Distributing ] [ Distributing ] [ Distributing ] [ Distributing
High level of High level of
Customization standardization

Figure 2. Six different OPP possibilities and their associated supply chain structured (Source: Adapted from
Ryan et al. 2017)

Instead of overproducing for stock, 3D printing enables
customized products to be produced according to
customer requests and needs, thus reducing the unsold
product inventory waiting in stock. In addition, the
features of the design can be easily downloaded in the
computer environment, access to the design features is
both easy and fast. 3D printing also transforms the
supply chain by changing the way products are
designed, developed and distributed. Technological
development in 3D printers for higher speed and the
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ability to use different materials are two important
factors in the spread of 3D printing (Berman, 2020).

Thanks to individualized production, supply chains are
shortened, planning accuracy is ensured, and thus
inventory and scrap rates resulting from unsold final or
intermediate products are reduced, out-of-stocks are
eliminated because production is tailored to customer
demands. In addition to all these, the return on
investment in additive manufacturing equipment and
materials is very fast because production becomes
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flexible with the same equipment and materials, and
many different productions can be made with the same
equipment. For preparing equipment and materials for
production, additive manufacturing is more flexible
than subtractive manufacturing methods such as
machining, and thus production setup times are much
less (Jordan, 2019).

With this technology, which leads to disruptive
innovations, products can be customized in line with
the expectations and demands of the customers.
However, it has significant opportunities on the
transformation of logistics and supply chains by
reducing the inventory and transportation costs of
industries.

Complex geometry structures can be designed and
produced with the desired materials by 3D printing or
additive manufacturing. With this technology, which
leads to disruptive innovations, products can be
customized in line with the expectations and wishes of
the customers. However, it has significant opportunities
on the transformation of logistics and supply chains by
reducing the inventory and transportation costs of
industries (Shree et al., 2019).

6. IMPLEMENTATION
AND PRACTICE

FOR POLICY

Using existing plastics as filaments instead of creating
filaments for 3D printers from scratch will be an
ecological practice within the scope of waste
management. At this point, municipalities have
important responsibilities in collecting plastic waste
and recycling these wastes at the local level. Filament
suppliers and municipalities should work together.
Establishing distributed recycling centers instead of a
single recycling center will also reduce logistics costs.
Logistics costs should also be taken into account in
transporting locally collected waste to recycling centers
and transporting it to suppliers as an additive to be
reused.

Although the demand for 3D printers is increasing day
by day, many people are not aware of this technology.
Comments that 3D printers are difficult to use also have
negative effects on those who are curious about this
technology. 3D printer manufacturers and vendors can
develop joint projects with schools for the
dissemination and awareness of this technology. The
attention of children and young people can be attracted
by producing the product they design and want.

Inability to reach raw materials with quality is one of
the problems encountered in 3D printing technology.
3D printing technology is very suitable for local and
distributed production in line with the production
model. Access to local materials should also be possible
in this direction. All actors can come together and
interact, easily solve existing problems, and contribute
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to each other in product and process development, with
the online market that brings together local producers,
customers and material suppliers (Garmulewicz et al.
2018).

3D printing technology has a significant impact on
creating local entrepreneurial ecosystems and
supporting local economic development (Beltagui et al.
2020). It is a positive production technology for small
and domestic producers that it can be used easily in any
environment, is capable of meeting the needs of many
sectors, and produces according to the special needs
and designs of the person. At this stage, companies that
produce and sell 3D printing technology should
cooperate with local users and share information. In
order to create new entrepreneurship and innovation
models, local governments such as manufacturers,
users, as well as municipalities should be a part of
information sharing.

Bringing the factory to the living room of the consumer,
3D printing technology brings many legal and ethical
problems for policy makers, technology manufacturers
and consumers who use this technology individually.
The first of these is how to establish and ensure quality
standards. Whether the use of designs found in digital
environments constitutes an intellectual property
violation is another issue. There are also factors that can
threaten human health. Establishing standards in
sectors such as pharmaceuticals and food, and how to
ensure and follow-up that individual consumers comply
with ethical rules in production are among the most
important problems (Kietzmann et al. 2015).
Academics, technology manufacturers, lawyers, and
perhaps officials from the ministries of trade and
technology should work together on these ethical and
legal issues.

7. CONCLUSION

Today's production and consumption patterns are the
most important main causes of the climate crisis, one of
the world's problems. This problem facing humanity
leads to various environmental, political, social and
economic problems (Giindogan and Cetiner, 2014).
With the paradigm shift of mass manufacturing around
which production policies are shaped by continuous
growth, continuous employment discourses, it has
begun to leave its place to disruptive technologies.
Disruptive technologies, including 3D printers, will be
able to improve processes, performance and cost
efficiency by eliminating intermediaries, simplifying
existing supply chains and enabling on-demand
production (Ukobitz and Faullant, 2021).

When more environmentally friendly, that is, greener,
methods are applied in supply chain management,
environmental problems arising from production
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processes may decrease significantly. The use of
nature-friendly raw materials and materials in the
design and production of products can eliminate the
environmental problems that products will cause
throughout their life cycle. Instead of the production
model for stocking from a single center, it should be
aimed to distribute the production locally. Thus, the
stock levels of the companies will decrease, the product
quality will increase, the delivery times will decrease as
the finished product does not come out of a single
center and the products are not delayed and damaged
during visits to intermediaries (Fang and Zhang, 2018).

With 3D printing, which is a production technology
suitable for mass customization, the economic model
dominated by mass production is pulled from the global
scale to the local scale, leaving it to mass
individualization where production is made in smaller
quantities, which can respond to customer demands and
has the ability to produce less waste, instead of the
economy of scale where mass production is
advantageous.

The ability of 3D printing technology to produce
locally and directly without the need for intermediaries
is thought to change and transform supply chains. It is
foreseen to shorten supply chains, reduce complexity
from production and logistics, and increase resource
efficiency (Corsini et al., 2020). The destructive and
transformative power of 3D printing technology on the
global economy and business models is important to be
emphasized. The ability to produce the product at the
customer's home outside the factory environment or to
produce products at distributed production locations
without being tied to a single production location can
increase the competitiveness of local and small
businesses, reduce economic imbalances, and reduce
fuel use and carbon emissions from transportation
(Pirjan and Petrosanu, 2013).

The following suggestions can be mentioned for the use
of 3D printer technology by many people. Studies
should be carried out on the optimization of materials
such as wood and sawdust with renewable properties,
which are used as filament raw materials in 3D printers.
However, there is a need for studies on plant-based
filaments.

The inability to achieve the desired quality in the
products printed with 3D printers is a weak point of this
technology that needs to be developed. Durability is
also lacking in providing the desired condition in 3D
produced parts. Studies should be carried out to
improve quality and durability criteria. In response to
these two weak points, the customization of production
saves time and costs by eliminating unnecessary
production processes. As elements such as quality and
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durability are improved with studies, 3D printers will
become very attractive to users.
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Abstract

In this work, we study a homogeneous and isotropic cosmological model of the universe filled with the perfect fluid and
scalar field. Using the framework of Brans-Dicke (BD) and Gauss-Bonnet (GB) theories of gravity, we obtain the field
equations and find the expansion parameter and dynamical field functions. We suppose that an energy interaction occurs
between the BD and GB components, then adopting this argument, we speculate that the BD scalar field may arise from the
intrinsic properties of the GB medium. Also, we get the positive energy density and negative pressure for the baryonic part of
matter, so we confirm that this property coincides with the dark energy behavior of the late time universe. We conclude that
since some sort of interaction between the scalar field and GB sector provides the accelerating expansion of the universe, to
recover the dark energy effect, we may no longer need a cosmological constant.

Keywords: Brans-Dicke theory, Gauss-Bonnet theory, cosmology, scalar field theory

Oz

Bu ¢aligmada, miikemmel akiskan ve skaler alan ile dolu homojen ve izotropik kozmolojik evren modeli incenmistir. Brans-
Dicke (BD) ve Gauss-Bonnet (GB) kiitlegekim teorileri birlikte kullanilarak, alan denklemleri ¢6ziilmiis, evrenin genisleme
parametresi ve dinamik alan fonksiyonlari elde edilmistir. BD ve GB bilesenleri arasinda bir tiir enerji etkilesimi olabilecegi
varsayilarak, BD skaler alaninin, GB ortaminim igsel 6zelliklerinden kaynaklanabilecegi diistiniilmiistiir. Baryonik madde
yapisinin, pozitif enerji yogunlugu ve negatif basinca sahip oldugu elde edilmis ve bdylece bu sonucun geg evren donemi igin
karanlik enerji davranisiyla uyumlu oldugu vurgulanmisgtir. Skaler alan ve GB sektorii arasindaki bu enerji etkilesiminin
evrenin hizlanarak geniglemesini sagladigi ve bdylece karanlik enerji etkisi i¢in artik kozmolojik sabite ihtiyacimiz
olmayabilecegi sonucu elde edilmistir.

Anahtar Kelimeler: Brans-Dicke teorisi, Gauss-Bonnet teorisi, kozmoloji, skaler alan teorisi

I. INTRODUCTION

From the observations, we know that the universe is expanding with acceleration [1,2]. On the other hand, we
don't have a sufficient theoretical and observational explanation for the origin of this expansion yet. The
hypothetical reasoning for this acceleration is named dark energy and is considered as a new kind of dynamical
fluid or field and has the following characteristics: it spreads across all of space, emits the strong negative
pressure, and pushes opposite that of the matter and normal energy. We need to search the dark energy
candidates, understand the property of space, obtain a new dynamic fluid, or a new theory of gravity. Einstein's
theory of gravity says that all the forms of matter and energy affect the fabric of space-time and may govern how
it evolves in time. Although Einstein's general theory of relativity is highly successful, there are some
experimental and observational deviations of gravity from Einstein's theory in cosmology [3]. Searching for an
alternative model, especially to explain the late-time acceleration of the universe and dark energy, becomes a
fundamental problem for theoretical physicists. Brans-Dicke theory is one of the modified gravity model
alternatives to Einstein's General Relativity in which Newton's Gravitation constant is not a constant but is
characterized by a scalar field [4]. Moreover, the Gauss-Bonnet theory of gravity is a string motivated model
[5,6,7] and used to describe the universe during the primordial period and known to explain the inflationary era
[8,9,10,11]. The Gauss-Bonnet term includes the higher order derivative curvature corrections and is usually
used in higher dimensional string theories since the topologically invariant GB term has no contribution to the
Einstein field equations in four dimensions. In accordance with this information, the works
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[12,13,14,15,16,17,18] study the modified Brans-
Dicke scalar tensor theory in the presence of Gauss-
Bonnet curvature corrections and explore the present

Il. MATERIAL AND METHOD

In this work, we show that modified Brans-Dicke-
Gauss-Bonnet (BD-GB) gravity may play the role of a
gravitational alternative for dark energy (DE). We
think that, the unknown forms of matter and their
behaviors could be modeled both by BD scalar field
and GB stringy correction terms, hence, this
assumption may predict a late-time accelerated
expansion and may clarify the evolution of the
universe. Therefore, we consider a minimally coupled
BD-GB theory and the Brans-Dicke action with a
scalar field coupled Gauss-Bonnet term can be
described by the following gravitational action,

Swp = J dix=g[5 — 59"V 9V, — F(@)GB+Ln| (1)

where R is the Ricci scalar, ¢ is the Brans-Dicke
scalar field, w is the Brans-Dicke coupling constant,
GB is Gauss-Bonnet invariant term and f(¢) is the
Gauss-Bonnet coupling scalar function which may be
responsible for the of dark energy, L,, describes the
ordinary matter Lagrangian [19]. The Gauss-Bonnet
invariant is defined as,

GB = R* — 4R ,R®® + R .aR®“?, 2)

with Ry, and R4 represent the Ricci and Riemann
tensor.

Applying the variation principle with respect to the
metric tensor and the scalar field, we get the field
equations of gravity and the continuity equation of the
scalar field. The variation with respect to g%? gives,

¢Gab w 1 c
-t 26 (Va¢|7b¢ - Egabvc¢v ¢)

1
+E(Va|7b¢ —9ap B ¢) - Z(Vavbf)R
+2gab(D f)R + 4(chaf)Rbc + 4(chbf)Rac
_4(D f)Rab - 4gab(VCVdf)Rcd + 4(chdf)Racbd

+8rTY =0, 3)

where Ta(;n) is the energy-momentum tensor of
. 1 .
ordinary matter and Gg, = Ry, — 3 JapR 1s the

Einstein tensor. The wvariation with respect to ¢
becomes,

w

R
2 z¢2‘g

DY PV + SV VP~ LG =0, @)
where V, is the covariant derivative operator and O=

g*®Vv,V, is the d'Alembertian operator. The usual BD
scalar field equations together with GB correction can

cosmological features of a four dimensional

homogeneous and isotropic universe.

be obtained by taking trace of (3) and incorporating
into (4), but we prefer using (3) in this work.

Since equation (3) contains different contents of
matter and energy, we can express each ingredient
separately. Hence, the contributions from the BD
scalar field can be written as (the first line of the (3))

G, 1
6 =~ 20w, 25 (Vb7 ~ 30,07 57°0)

+3(VaVyd — Gap O ). Q)

Also, the contributions from the GB term which
contains the field f(¢) in (3) can be addressed as,

6% = ~2(VaVPR+ 29 (0 IR + 4(VV )Ry,
+4(VV,f)Rac — 4(0 )Rap — 49ap(VV R4
+4(VVf)Racpa- ()
Hence, the equation (3) can be expressed as,

Gay + Gay + BTGy =0 ()

We consider the flat, spatially homogeneous and
isotropic cosmological geometry which represented by
the Friedmann-Lemaitre-Robertson-Walker (FLRW)
line element as,

ds? = —dt* + a*(t)(dr? + r*d0%,), 8)

in comoving coordinates, where dﬂ%z) =do*+
sin? Od@? is the line element on the unit 2-sphere.

The Gauss-Bonnet invariant for the metric tensor (8)
becomes GB = 24%(H + H?) and Ricci tensor reads
the R =6H + 12H?> where H denotes Hubble's

parameter defined as H = % and the "dot" represent

the derivative with respect to the cosmic time t.

Our main purpose is to look for accelerating
cosmological solutions of the space-time filled with
the matter of perfect fluid with stress-energy tensor,

TS = (P™ + p™)u,u, + P™ g, )

where u,u® = —1 is the fluid 4-velocity. From the
field equations (3) and (4), the Friedmann,
acceleration, and scalar field equations for the
geometry (8) become,

- . .
3H% = “%+§%— 3H%+ 24H3£, (10)
_ofy = 16T om) | pam) P, _go
2H ¢(p +P )+w¢z+¢ HY
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_ ! 2(f _yf

16HH~ — 8H (¢ H¢), an
[ o _14%\ _R Y g2l + g2 =

w(¢+3H¢ 2¢2) z+24d¢H (H+H*» =0 12)

We consider a barotropic fluid which relates the
energy density p™ and pressure as P = (y —
1)p™ (for constant y). The energy conservation
equation VaT(‘:,ll’) = 0 is satisfied for the energy density
of p™ (@) = £,
integration constant which is obtained from the
nonzero component of energy conservation equation,
pm + 3H(P(m) + p(m)) = 0. Here, as we have said,
the matter part of the universe is modeled with perfect
fluid and assumed that there is no energy transfer with
the other BD scalar field and GB components.
Besides, it is clear that, scalar field will affect the
dynamics of the universe via the field equations.
Moreover, there could be the energy transfer between
the other ingredients of space-time, hence, we
suppose,

where p, is the non-negative

V.G = —0(0),

VaGGs = O(D), (13)
for the nonzero component of energy conservation
equation. Where ©(t) is the interaction term between
the BD scalar field and GB contents. The nature of
O(t) is not known, and it may arise from the
microscopic properties of space-time or it depends on
the interaction between the scalar and GB fields. Note

that if interaction term is @(t) > 0, the energy

transfers from medium g;‘{j) to the medium g‘ﬁB) or

vice versa [20]. It means that we can consider a
cosmological model containing a scalar field that
interacts with the stringy properties of space-time
which might originated from the GB term. In this case,
the exchange of energy between the scalar field part
and GB part may offer a reasonable explanation for
the observed late time acceleration of the universe.

In the next section of this paper, using the above
setup, we derive the power law expressions and in the
third section, we obtain the solutions for the
exponential dynamical functions of the field
equations. Finally, in the last section, we present a
brief conclusion.

1.1. Power Law Solutions
In this part, we begin by assuming that the scale factor
a(t), scalar field ¢(t) and the GB coupling function

f (@) are simply given by,

a(t) = aytf,
d(@) = Pot?,
f® = fod?, (14)
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where q, a,, ¢, and f, are constants to be determined
from the field equations (10) - (12). The measure of
cosmic acceleration of the expansion of the universe
in the power law is given by the deceleration
parameter q,. It satisfies,

(15)

and produces the accelerated expansion simply for
q > 1. Using (19), if we admit the values of f; and ¢,
are bigger than zero, the transfer of energy always
occurs from BD scalar field to GB sector.

Also, substituting the field functions (14) into the
Friedmann equation (10) and into the acceleration
equation (11), we obtain the constant y = 0. Then,
energy density and pressure for the baryonic matter
become as following,

$0[34%(q-3)+2w(5q+1)] _
e Constant, (16)

and the BD scalar field and GB coupling field satisfy
that,

p™ = —pm =

$0(2q-1-2w) 4
16q%(q-1) '

P(t) = pot* and (1) = an
(2q-1-2w)
16¢0q92(q-1)
value 2q — 1 — 2w > 0 should always satisfied for

the positive value of f(t).
Moreover, substituting the field functions (14) into

(13), the interaction term is obtained as,

(

where f, = Here, note that, we require the

9 _192 18\ _ _g 41
HY 6¢2+3¢)]_ 0,tt,

_3¢

2

0 %4 [
Vag?:p) [—HE + w;

V.Gi3s) = 12fH?(H + H?) = Oyt 7%, a8)
where the constant 0 satisfies
00 =3q¢(29 -1 -2w), 19)

here, the value of positive 2qg —1— 2w > 0 also
required for the appropriate direction of energy
transfer in (18), otherwise, the interaction will be in
the opposite direction and hence f; reads negative
value. It can easily seen that two equations in (18)
have the opposite sign, hence the total energy is
conserved in this theory. Also, the interaction term is
not a constant but changes in time by the factor t 1.
Here, the transfer of energy from the BD scalar field
to the GB stringy sector yields the universe a dark
energy dominated era, therefore, this scenario may
describe the late-time dynamics of the accelerated
expansion. If we consider the stress-energy tensor of
GB contribution as a perfect fluid type of matter,
using (6), energy density and pressure of this
component satisfy the following relations,
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39¢o(29 -1 -2w)

GB) — 3eie) —
p =12H°f(t) = = constant,
) -1

(20)

PE® = —aH[2f(H + H?) + Hf| = — 2L p(om),

here, it is worthwhile to express that the GB dark
sector also satisfies the positive energy condition since
the numerator has the positive value, and both energy
density and pressure remain constant while the
universe is expanding. In this type of interaction, we
choose the scalar field as ¢(t) = ¢ot? and the
equation of state (EoS) (16) for baryonic fluid
becomes P = —p(™ that implies the vacuum
energy dominance or so-called dark energy behavior
according to A Cold Dark Matter model (ACDM) [21].
On the other hand, EoS (20) for the GB content, gives

P©B) = —(ZZ—;D p©@B)  This rate corresponds to the

(2q+1) 1

value —1< — < —= and behaves as an

effective quintessence era since the value of q is
always bigger than one as we mentioned before [6].
Unknown properties of scalar field or its interaction
with the GB sector somehow provide this expansion.
Or we can simply speculate that, some intrinsic
features of the GB sector might be the source of the
scalar field. Nevertheless, understanding the origin
and true nature of the scalar field is undoubtedly
crucial for a valuable theory, however, lack of
knowledge both about the GB sector and its practical
applications constrains us to analyze the dynamics of
matter contents and to obtain a more precise theory.

1.2. Exponential Solutions
The solution of (11) and (12) for the exponential
expansion satisfies,

a(t) = age’,
o(t) = ¢oel¢'t.
f(@) = fod(t,

where A, and A4 are the expansion parameters and
_1223-24(62g+2g)w

fo= 482%

The matter part of ingredients behaves as perfect fluid

as we mentioned before and the energy density and

pressure for the baryonic matters have the following

form,

@1

Bo(622(A, — Ay) + 25(524, + Ag) @) et

(m) —
p® 327d,

32q+2
POY™ = _Tfp(t)(m)‘

where the positive energy density and negative
pressure is easily satisfied if the numerator of p(t) has

the positive values. However, since the value of 44
3ﬂ.a+/1¢

(22)

is never

should always be nonzero, the rate
a

become the unity, hence, this solution doesn't recover
the pure cosmological constant behavior. On the other
hand, depending the value of 14, the field may satisfy
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the so called quintessence or phantom-like dark

3q+A 1
2av’¢ < —= for
31q 3

the quintessence field [6] and —% < —1 for the

energy in which the value —1 < —

phantom field [22]. Nevertheless, our model always
satisfies the accelerated expansion for the values 4, >
1.

The interaction term (13) between the BD and GB
sectors becomes,

0(t) = 2201223 — 2,(61, + 1) w]e’". (23)
Here, if we require the condition f(t) > 0 on the GB
scalar field in (21), the interaction energy is therefore
transferred from the scalar field to the GB medium
and vice versa. In any case, however, we can speculate
that the scalar field is generated from intrinsic
properties of the geometry which is contributed from
the GB term.

For the perfect fluid type of GB content, we obtain the
energy density and pressure as following,

240
PO = T [122% — 24(6, + g )w]e™,

a

pen  — _Patly B (o)

31q
here, we see that, the GB dark sector also satisfies the
positive energy condition and negative pressure if the
numerator of (21) has the positive value.

Now, if we criticize the rates for equations of state in
(22) and (24), for example, for 4, = 4, the baryonic
matter satisfies the phantom-like dark energy while
the GB component becomes the pure cosmological
constant nature of dark energy [21]. Moreover, for
example, for 14 = —A,, both the baryonic matter and
the GB content may satisfy the quintessence type of
dark energy.

III. CONCLUSION

In this work, we have studied the late-time dynamics
of a four-dimensional homogeneous and isotropic
FLRW universe based on the Brans-Dicke scalar-
tensor theory in the presence of the Gauss-Bonnet
invariant. Our model contains the modification of
source term that includes the scalar field and the
modifications of curvature term as a scalar field non-
minimally couples to the curvature R and to the other
string inspired higher-order curvature squared
corrections. In the model, we have considered the
cosmological perfect fluid matter and assumed that the
energy of the perfect fluid content is conserved, but
there is an energy exchange between the scalar field
and the GB components. We proposed that this
interaction can conveniently explain the origin of dark
energy.

We have shown that the power law evolution of the
scale factor and scalar field yields the power law form
of the GB coupling function. We introduced the ¢t
type of the scalar field and derived the corresponding
analytic solution of the field equations. We obtained
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that if there is no energy transfer between perfect fluid
matter and the other (BD and GB) sectors, spacetime
expands with acceleration, negative pressure is exerted
on the barotropic content of matter, and hence all
visible objects move away from each other with
acceleration. We have also investigated the
exponential solution and find similar results. In each
scenario, we concluded that dark energy can arise both
from the energy density of the scalar field and from
the generalized nonminimal coupling to the GB
invariant. This result shows that considering GB and
BD theories in the same model provide us the
additional dynamical degrees of freedom and this
model might be the relevant explanation of the nature
of dark energy. Even ACDM model describes the
cosmology in the very simplest form, the flatness of
the universe at a large scale and also a highly fine-
tuned explanation for the accelerated expansion of the
universe (or so-called vacuum energy) leaves the
model further unsolved problems. On the other hand,
in our work, higher-order curvature terms provide a
relevant explanation of the late time acceleration then
we explain the dark energy without introducing a
vacuum energy or a cosmological constant. Moreover,
the scalar field offers a viable description of the
inflationary era and then solves the flatness problem.
In our work, a scalar field is naturally included in the
BD theory and also combined with the string-
motivated GB invariant. As a result, considering a
scalar field and the higher-order curvature terms in an
action might be a promising model to explain both the
early universe and late-time acceleration.

Our scenario seems to be consistent with the observed
late-time dynamics of the universe but, we need
further works to clarify how this scalar field is
generated from the GB interaction and hence leads the
dark energy behavior and also how these theoretical
results are compared and supported by recent
observational data.
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Abstract

The approved restrictive rules on the containment of Lead element in the chemical composition of the brass alloys which are
utilized in drinking water and pumping systems have resulted in developing of new material generations. Neglection or
limitation of this element has faced the industry with some serious problems such as lower machinability as compared to the
conventional ones. Furthermore, since the most application of the manufactured components from these alloys corresponds to
the fluids transfer, the permeability property between the parts and their surface becomes prominent. In other words, any
burrs or extra material which are left on the surfaces of manufactured components will make assembly troublesome, causing
seals to tear, and permeability problems in the user's hands. In this study, the quality of the machined blind holes with flat
bottom drills with various geometries including radial, axial rake angle as well as the cutting edge-radius have been
investigated for machining of low-lead brass alloy. Moreover, it has attempted to develop fuzzy logic and regression models
in order to predict the machined holes burr height and surface quality. The model predictions have been compared with the
experimental data. The obtained results have demonstrated that the developed models are able in predicting of the product
quality.

Keywords: Flat bottom drilling, Brass, Machinability, Fuzzy logic

I. INTRODUCTION

Brass materials with the main element of Zinc are categorized in the family of the copper-based alloys. Due to
the excellent properties such as strength, formability, recyclability and corrosion resistance, brass alloys are
widely used in the sterile, water and pumping components [1]. In order to intensify the forming and machining
process efficiency of these alloys several elements one of which is Lead are being added to the chemical
composition [2]. On the grounds of the toxic and harmful nature of this element, the use of Lead is
prohibited/limited in most European countries and USA by accepted and published rules [3-6]. This restriction
has led to the decrease in the brass formability and machinability. As a result, new challenges have emerged that
must be resolved in order to expand this material change globally. In this scope, few authors have researched the
machinability of these alloys. [7].

The friction behavior of leaded and lead-free brasses was studied by Gane et al. 8] with cutting and sliding tests.
According to his results, the friction stress for lead-free brass was measured two times of the leaded one. In a
performed investigation by Trent et al. [9, 10], it was concluded that the adding Lead element in the brass
composition results in the reduction in the cutting forces, shortens the chips and the tool wear. They explained
the reason behind this occurrence as adhering of Lead to the tool contact area and acting as an “internal
lubricant” [10]. Bushlya et al. [11] studied the wear mechanisms of uncoated and coated cemented carbide tools
for machining lead-free silicon brass. They found that the main reason for the tool failure is the crater formation
on the rake face. Schultheiss et al. [12] focused on the machinability of CuZn39Pb3 and CuZn21Si3P brasses.
Their work presented a profound level of differences in machinability in terms of tool coating types and their
wear during machining of these two materials according to the properties and behavior. Nobel et al. [13]
analysed the effect of microstructure on the chip formation, cutting forces, tool temperatures and tool wear is
during external turning. Toulfatzis et al. [14] studied the machinability of three lead-free brass alloys, CW510L,
CWS511L and C27450 in a comparison with leaded brass CW614N with turning experiments. Zoghipour et al.
[15] studied the effect of drilling process on surface integrity characteristics of lead-free brass alloy by focusing
on the dimensional accuracy and the surface quality of the holes, subsurface characteristics including
microhardness and microstructure. Hua et al. [16] studied the influences of the cutting-edge geometry, cutting
conditions, and workpiece hardness in micro drilling of lead-free brass alloy. According to their results,
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sharpen edge with chamfer cutting edge leads to
higher compressive residual stress, and hardness. In a
similar study Hua et al. [16], Kato et al. [17] studied
the effects of web thinning, the helix angle, and the
nick geometry on chip evacuation in micro drilling on
lead-free brass alloy. Timata et al. [18] carried out an
experimental study in drilling forging brass using a
special tungsten carbide drilling tool and measured the
exit burr height and workpiece diameter. They found
that the most influencing parameters on the exit burr
height and workpiece diameter are spindle speed and
feed rate. Zoghipour et al. [19] considered the effects
of the tools geometries, feed rates and rotational
speeds in drilling of hot forged lead-free brass alloys
with various copper content. They used artificial
neural networks modelling, and genetic algorithm-
based optimization methods to predict and minimize
the cutting forces, dimensional accuracy error, and
surface quality of the holes.

All the performed studies in the literature confirm the
existence of Lead benefits in the machining process,
and report lower and problematic machining
properties for the low-lead and lead-free brass alloys.
Furthermore, considering that most of the studies are
associated with standard machining operations, it is
seen that the industry requirements need high
performance and efficient processes, one of which
passes through the correct cutting tool design and its
application. Therefore, in this study different flat
bottom drills with various geometries including radial,
axial rake angle as well as the cutting edge-radius
have been utilized in order to form blind holes in low-
lead brass alloy. The quality of the generated holes has
been considered according to industrial component

requirements. For this purpose, fuzzy logic and
regression models have been developed in order to
predict the machined holes burr height and surface
quality. The model predictions have been compared
with the experimental data.

II. MATERIAL AND METHODS

2.1. Experimental Tests

The workpieces used in this study was hot extruded
round bars of 60 mm diameter and 28 mm length low-
lead type of brass alloys CuZn38As (CWS511L). The
mechanical properties and chemical composition of
the test materials is presented in Table 1. @8 mm
diameter carbide flat bottom drill with given
geometric specifications in Table 2 were utilized
during the experiments. The designed flat bottom drill
is demonstrated in Fig. 1. The cutting speed and the
feed rate were kept constant at 100 m/min and 0.125
mm/rev during through hole drilling using 25 Bar of
internal cooling flood. The machining experiments
were conducted on a four axis Fanuc Robodrill [1-
D21LiBS CNC milling center having maximum
spindle speed of 10000 rpm and 14.2 kW. In order to
study the formed burrs height at entry of the machined
holes Keyence digital optic microscope was used. The
measurements for every drilled hole were executed
from four different points. The surface quality of the
holes bottom was evaluated with Mitutoyo Contracer
CV-2100M4. All experiments have been carried out
three times and the average result is reported. Fig. 2
shows the experimental setup and the machined
product requirements in this study.

Table 1. The chemical composition of the studied brass alloys [20]

E, Machinab- Composition Cu Zn Pb Sn  Fe Ni Al As
GPa lity, % OMpOSIHO
CuZn38As 100 40 %Min. 61.5 Rem. - - - - - 0.02
(CWS511L) %Max. 635 Rem. 02 01 01 03 0.05 0.15
Table 2. The geometric specification of the utilized cutting tools
Parameter Diameter Helix angle Radial rake Axial rake Cutting edge-
(mm) (deg) angle (deg) angle (deg) radius (um)

6 -2 10

Flat Bottom 8 30 8 0 15

10 2 20

2.2. Fuzzy Logic Modeling

The ability of behaving similar to mankind’s
decisions, fuzzy logic has gained a broad application
with different purposes. A fuzzy logic system is
consisted of the following steps as illustrated in Fig. 3;
- Fuzzification, in which the crisp data converts into
fuzzy data or Membership Functions (MFs)
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- Fuzzy Inference, in which the control rules to derive
the fuzzy output combines with the membership
functions. By using these membership functions the
output of a fuzzy controller is derived from
fuzzifications of both inputs and outputs

- Defuzzification, in which the output converts to crisp
variable using different methods.



Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 72-80 Quality prediction during flat bottom drilling by fuzzy logic

REGIEIREE

\ Axial rake\

Permeability surfaces
‘ Seal will be assembled

=

ﬁzs.s

Cutting Tool

Spindle
Tool Holder

-Workpiece

SR Robodrill o D21LiB5

CNC milling center

Dyanamometer

Fig. 2. The test setup in this study and the machined product requirement

Fuzzification Intelligence Defuzzification
Interface > Interface
Fuzzy
Rules
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b = (xx) 'xy 3
2.3. Regression modeling
The regression analysis was introduced in order to  Furthermore, multiple regressions are a collection of
inspect the statistical relationship between one or more  numerical and factual strategies useful for modeling
independent variables and dependent variables by and analyzing issues in which the reaction of intrigued
Galton [21]. The parabolic regression is one the is influenced by a several variables [22,23].
widespread used models for the purpose of inspections

due to its simplicity and applicability. This model can  [[I. RESULTS AND DISCUSSIONS

be expressed as in below:
3.1. Fuzzy Logic Modeling

yi=bo+ byx;+ byx2 + -+ byx" + & (1) Mamdani FIS type was used and Gaussian
membership function (gauss2mf) was deployed to
e=y, -7, (2)  return the fuzzy membership computed values using a

combination of two Gaussian membership functions in
where y; is dependent variable, x; stands for the the model. Subsequently, the linguistic coding was
independent variable, bo, by, by, b, are the parameter ~ used as illustrated in Table 3. The generated inputs in
coefficients and € is the model error [22]. The the model are displayed in Fig. 4.
regression coefficients can be obtained by the Eq. 3:
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Table 3. The utilized linguistic coding for the developed model

Radial rake Axial rake Cutting edge  Burr height Rz (um)
angle (deg) angle (deg) radius (um) (um) K
_ _ _ L<350 L<5
86:_1\L4 02:_1& 112:1\%[ 350<M<425  5<M<5.8
10=H 2—H 20=H 425<H<500  5.8<H<6.3
VH>500 VH>6.3

where, L, M, H, VH represent low, medium, high and
very high, respectively. The model was performed by
27 rules in total. The schematic developed rules based
fuzzy logic model in this study is demonstrated in Fig.
5. Mean of Maximum (MoM) method was used for
defuzzification. Therefore, the fuzzy output is a result
of minimum and maximum compositional operations
tracking.

The variation of the average entry burr height and
surface roughness in a combined mode of the
influencing cutting tool geometries is demonstrated in
Fig. 6. The developed fuzzy model for the machining
responses is given in Fig. 7. The lowest predicted
average burr height and surface roughness values in
the fuzzy logic model were 294.320 and 5.74 pm,
respectively. It is seen that as compared with
experimental results; the developed model has
predicted the same cutting tool geometry for the
minimum burr height. Furthermore, it has recognized
two of three geometric parameters of the tool
correctly. Along with the fuzzy logic system, in order
to model the quality of the drilled hole, quadratic
polynomial functions were used to predict the
responses. The generated functions are illustrated in
Table 3. The confidence coefficients for the burr
height and surface roughness functions were %.80.04
and %96.31, respectively. The lowest predicted
average burr height and surface roughness values in

the fuzzy logic model were 331.946 and 5.03 pm,
respectively. The regression model has only
determined the same cutting tool geometry for burr
height in a comparison with experimental results. The
fuzzy logic average entry burr height and surface
quality prediction error are %11.01 and %2.98,
respectively. On the other hand, these percentages
were %12.26 and %7.15 in the regression model.
Table 5 illustrates the measured and predicted results
for the process with their calculated error. The
model’s average entry burr height and surface
roughness graphs are demonstrated in Fig. 8. Beyond
the predicted and measured result values, it is seen
that the model predictions have demonstrated a good
trend with the variation of the radial, axial rake angles
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and cutting-edge radius. Consequently, both models
can be wused in the industrial and academic
applications since they can give an acceptable range of

confidence in their prediction results.
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Table 4. The developed regression models

A B C AB AC BC A’ B? C* ABC A’B AC AB* AC* B*C BC?

Burr  479.03 6691  -19.28  96.04 8.59 -59.75 3.34 -50.2 -72.01 33.76 12.85 -28.98  -66.88  -87.98 5.32 -57.89 4.68

Rz 6.35 0.29 -0.11 -0.24  -0.04 0.05 0.006 0.09 -0.14 0.09 -0.11 0.01 -0.25 -0.23 -0.41 -0.11 0.05
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Table 5. The obtained results in this study

Experimental Regression Model Results Fuzzy Logic Model Results
Results
Radial  Axial Cuttin  Entry Rz Entry Rz % Entry Rz 9%
Run rake rake g e(.ige b}lI‘I‘ Botto b.urr Botto Burr % Rz b.urr Botto Burr % Rz
angle, angle, radius, height, m, height, m, Error Error height, m, Error Error
©) ©) (um)  (um)  (um)  (um)  (um) (m) — (pm)

1 6 -2 10 395.33 7.57 353.57 8.01 10.563 5.81 452.18 7.21 14.38 4.76
2 6 0 10 355.46 7.25 378.16 7.56 6.386 428 427.96 7.24 20.40 0.14
3 6 2 10 296.02 7.25 258.74 7.87 12.593 8.55 373.24 6.97 26.09 3.86
4 8 -2 10 428.68 6.9 466.73 6.32 8.876 8.41 472.59 6.86 10.24 0.58
5 8 0 10 404.88 6.68 499.92 6.99 23.475 4.64 413.98 6.94 225 3.89
6 8 2 10 398.87 6.47 389.09 6.76 2.451 448 384.03 6.94 3.72 7.26
7 10 -2 10 534.11 6.43 479.50 5.87 10.225 8.71 508.55 6.71 4.79 435
8 10 0 10 513.02 6.74 521.27 6.23 1.610 7.57 555.31 6.83 8.24 1.34
9 10 2 10 439.66 6.84 419.03 6.47 4.691 5.41 424.97 6.83 3.34 0.15
10 6 -2 15 407.59 6.37 389.08 5.97 4.541 6.28 465.94 6.66 14.32 4.55
11 6 0 15 409.77 6.27 417.02 6.69 1.769 6.70 403.94 6.59 1.42 5.10
12 6 2 15 310.77 6.05 300.95 6.32 3.160 4.46 389.29 6.32 25.27 4.46
13 8 -2 15 441.19 6.25 442.50 6.74 0.297 7.84 471.58 6.27 6.89 0.32
14 8 0 15 418.37 6.21 479.03 6.86 14500 1047  427.56 6.35 2.20 225
15 8 2 15 412.64 6.19 371.54 6.45 9.960 4.20 385.72 6.13 6.52 0.97
16 10 -2 15 377.44 6.38 395.51 6.95 4.788 8.93 376.76 6.17 0.18 3.29
17 10 0 15 529.00 6.97 440.63 6.37 16.705 8.61 583.23 6.3 10.25 9.61
18 10 2 15 271.23 6.14 341.73 6.55 25.995 6.68 328.89 6.13 21.26 0.16
19 6 -2 20 508.28 6.09 492.11 6.41 3.180 5.25 568.72 6.1 11.89 0.16
20 6 0 20 458.45 6.09 523.40 6.66 14.168 9.36 504.66 6.14 10.08 0.82
21 6 2 20 382.04 6.07 410.67 5.03 7.494 17.13 45899 5.84 20.14 3.79
22 8 -2 20 548.23 6.01 485.78 5.03 11.392 1631  585.01 5.88 6.71 2.16
23 8 0 20 519.24 6.11 525.65 6.30 1.235 3.11 522.72 5.95 0.67 2.62
24 8 2 20 509.65 6 421.51 5.50 17.295 8.33 549.75 5.87 7.87 2.17
25 10 -2 20 242.96 5.59 331.95 5.80 36.626 3.76 304.8 5.74 25.45 2.68
26 10 0 20 604.41 5.99 427.50 6.20 29.270 3.51 595.11 597 1.54 0.33
27 10 2 20 224.34 5.34 331.95 5.10 47.969 4.49 294.32 5.81 31.20 8.80
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Fig. 8. Comparison of the model predictions with the experimental results

IV. CONCLUSION

This paper discusses the development of fuzzy logic
and regression models to predict the average burr
height the hole entry, and surface quality of a drilled
specimens on low lead brass alloy. After several trial-
and-error attempts, the accurate and effective types of
fuzzification and defuzzification methods were
determined. Moreover, a regression model was also
developed to predict the responses as well. Afterall,
the predicted results were compared with the
experimental ones. The fuzzy logic average entry burr
height and surface quality prediction error are %11.01
and %2.98, respectively. On the other hand, these
percentages were %12.26 and %7.15 in the regression
model. Both models are in good agreement with the
achieved experimental results. Therefore, the
developed models can be effectively used in to
predicting the average entry burr height and surface
quality. Consequently, these models can be helpful to
neglect several costly experiments to predict the
drilling responses as well as optimized cutting
specially in industrial and academic applications.
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Plasmonic Resonator for Enhancing Light—Matter Interaction
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Abstract

In this paper, a 1D photonic crystal waveguide and a plasmonic compound nano-system are utilized to design a hybrid
photonic-plasmonic device for enhancement of light-matter interaction. Strongly localized light waves in a very small
volume intensify the optical field, via a plasmonic particle, which interacts with the resonator’s cavity mode while the
photonic crystal nanobeam ensures a high temporal confinement. The enhancement of light-matter interaction in the hybrid
resonator is investigated through the single-atom cooperativity parameters based on numerically obtained results, which is
calculated to be a factor of 14 as a consequence of the considerably reduced optical mode volume in the presence of the
plasmonic nanoparticle. Additionally, the theoretical models and calculation procedures, presented in this paper, are
demonstrated to be pioneering for the fabrication of efficient quantum devices based on hybrid photonic-plasmonic
resonators.

Keywords: Photonic crystal, Hybrid resonator, Optical mode, Plasmonic nanoparticle, Light-matter interaction

I. INTRODUCTION

Controlling of light-matter interaction has become more of an issue for the scientific and technological
developments in the area of photonics [1-3]. In this regard, numerous optoelectronic and photonic devices in
various research fields like quantum information, laser and sensor technologies [4-6] have been introduced and
efforts have been made to couple quantum sources such as dye molecules, quantum dots (QDs) into these
photonic devices to manipulate their spontancous emission [7]. Photonic resonators are basically designed based
on two parameters; the quality factor (Q-factor), which corresponds to the temporal confinement of the
electromagnetic waves and the mode volume (V), which accounts for the spatial localization of the photons [8].
The enhancement of the spontaneous emission rate is achieved provided that a resonator has either a high O-
factor or a small mode volume, yielding a high Purcell factor to improve the performance of the photonic devices

[9].

Photonic crystal cavities have been demonstrated to offer a remarkable platform to control and manipulate the
light emission with their ability to successively trap the photons at desired frequencies [10]. Even a slight change
in the design parameters, like the dimensions or the shape of the mirror holes, results in the resonance frequency
of the device to change, leading to a different design with a particular Q-factor and mode volume [11, 12].
Therefore, a wide variety of 1D or 2D photonic crystal designs, using diversified materials with varied Purcell
factors at specific resonant frequencies, have been achieved [13-17] and they have been utilized in various
applications; such as, optical trapping of nanoparticles [18], biological detection [19], light modulation [20] by
means of vertical component of the light, which strongly emerges in the photonic crystals [21]. Although these
dielectric photonic crystals are usually designed to have a high O-factor based on their design parameters and
materials, it is challenging to reduce the mode volume of these devices due to the number of the reflective
mirrors used to achieve a high temporal confinement of the optical power [22]. On the other hand, it is a well-
known fact that plasmonic nanoparticles act like nanoantennas with their capability of trapping light waves in a
very small volume [23, 24]. It is also known that the plasmonic structures are not generally efficient to fabricate
a resonator with a high O-factor because of the radiation loss caused by their high absorption coefficients [25].
However, if metallic nanoparticles are integrated into a photonic cavity, provided that the quality factor of the
resonator is essentially preserved, depending on the number and size of the plasmonic nanoparticles; the
radiation properties of the device can be improved through the strong light localization [26, 27]. For example, a
hybrid device, which comprised of a partially encapsulated photonic crystal waveguide and a single gold
nanosphere, was reported to achieve a considerably enhanced Purcell factor, compared to the previously reported
values for its counterparts due to the strong light concentration within a very small volume around the plasmonic
nanoparticle[28].
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Hybrid photonic-plasmonic devices have also been
demonstrated to offer unique opportunities for various
applications as they provide ideal platforms for
enhancing light-matter interaction [29, 30]. For
instance, an optical refractive index sensor based on a
photonic crystal structure integrated with metallic
nanorods was shown to outperform the pure plasmonic
or photonic crystal sensors as the localized surface
plasmons increase the interaction of the optical field
and the matter inside the cavity. This situation
enhances the sensitivity and figure of merit of the
device [31]. In another study, the synergetic coupling
between the plasmonic field and the photonic crystal
waveguide mode in a refractive index sensor was also
revealed to offer an excellent potential to be used in
sensing applications; the device was based on hybrid
topology of photonic crystal and nested circular
metallic split-ring resonator [32].

In this paper, a hybrid photonic-plasmonic device,
which originates from a 1D photonic crystal
waveguide and a plasmonic nanostructure is proposed
to benefit from the advantages of both photonic and
plasmonic systems. First of all, the photonic resonator,
with gradually decreasing nanoholes towards the
center of the resonator, is designed. Then, a core/shell
nanoparticle, which consists of a gold nanoparticle,
coated by polystyrene (PMMA) layer and a dipole,
placed on the surface of the PMMA layer surrounding
the plasmonic nanoparticle is introduced to be
integrated on the surface of the photonic crystal
cavity. The polymer layer between the dipole and the
plasmonic nanoparticle provides a required distance to
prevent any radiation loss induced by the excessive
electron or energy transfers between the dipole and the
metal nanoparticle. In this regard, while the light
waves are demonstrated to be localized in a very small
volume due to the strong interaction between the
surface plasmons and the cavity mode, the Q-factor of
the system is mainly preserved. The enhancement
factor of the light-matter interaction in the hybrid
resonator is investigated by the single-atom
cooperativity parameters of the designed photonic
crystal nanobeam and photonic compound system,
which results in a value of about 14. The appropriate
theoretical models and calculation procedures
presented in this paper ensure fabrication of a highly
efficient quantum device based on a hybrid resonator.
Therefore, in our photonic design, strongly confined
electromagnetic field at nanoscale in a hybrid
photonic-plasmonic device, which consists of an
efficient photonic resonator and a well-defined

core/shell nanoparticle, is demonstrated to be
promising  for  remarkable  progresses  in
nanophotonics, nanoplasmonics, and quantum

information technologies.
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II. THE DESIGN OF THE PHOTONIC
DEVICE

In this work, photonic crystal nanobeam is designed to
be a 1D sequential layout of air holes with a lattice
constant (p) of 250 nm and a hole radius (») of 70 nm
aiming to have high Q-factor and a small mode
volume at the visible wavelength regime via Finite
Difference Time Domain (FDTD) Technique. The
reasons behind using 1D geometry and an air-bridged
design are that 1D photonic crystal beams usually
have larger band gaps than their 2D counterparts [33];
and air-bridged designs offer a high refractive index
contrast between the waveguide and the air cladding
to facilitate obtaining a high O-factor [34].

The schematic representation of the photonic crystal
nanobeam that includes eleven mirror holes as Bragg
reflectors and four taper holes on each side, is given in
Figure 1.

Lc=205nm
l(u=300 nm

p=250 nm

® €920000-

Mirror

Figure 1. A display of the designed photonic crystal

nanobeam.
A defect mode is introduced at the desired wavelength
of 628 nm to obtain a radiation with the optimized
simulation parameters. The substrate material is
chosen to be SiN with a refractive index of 2.05
because it has a low absorption coefficient at the
visible range. The layer thickness and width (@) of the
substrate material are determined to be 200 nm and
300 nm, respectively. There are four taper holes on
each side that have linearly decreasing radius from 66
nm to 55 nm towards the center of the beam. Cavity
length (Lc) is also determined to be the distance
between the innermost holes, which is equal to 205
nm.

The design parameters of the photonic crystal
nanobeam are optimized to have a high O-factor and
small mode volume through the optimization toolbox
of the FDTD solver module of the Lumerical Ltd. In
the simulations, after the design of the photonic crystal
cavity, a gold nanoparticle with a radius of 10 nm is
coated by a PMMA shell with a thickness of 15 nm
first; and then, an electric dipole is attached to the
surface of the layer to introduce a hybrid core/shell-
Au/PMMA-dipole nanoparticle. This nanoparticle is
integrated at the central region of the photonic crystal
nanobeam to produce a hybrid photonic-plasmonic
resonator, as shown in Figure 2.
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Figure 2. The schematic representation of the hybrid
device that includes 1D photonic crystal nanobeam
and a core/shell-Au/PMMA-dipole nanoparticle,
which is illustrated in detail in the zoomed image.

The coupling of the localized surface plasmons to the
optical mode significantly confines the
electromagnetic field in the photonic device.
However, plasmonic particles near the fluorescent
quantum light sources like quantum dots or molecules
induce a considerable optical loss because of the
quenching of the light intensity [35]. Nonetheless,
with a specified thickness of the polymer layer
surrounding the gold nanoparticle, a controllable
distance between the plasmonic nanoparticle and the
dipole is provided to prevent the excessive electron or
energy transfer mechanisms between the particles;
hence, an efficient dipole-hybrid mode interaction is
achieved simultaneously. The numerical calculations
have also been performed to optimize the radius of the
gold nanoparticle whose diameter is much smaller
than the interacting light wavelength after the
resonance wavelength of the photonic structure is
simulated. According to our results, the local electric
field near the plasmonic nanoparticle is observed to be
considerably boosted when the gold nanoparticle with
a radius of 10 nm is used.

ITII. RESULTS AND DISCUSSION

In the simulations, the electric field distribution is
calculated for each unit cell to obtain the field
distribution profiles of the resonators. The mesh grid
size in the hybrid structure is determined to be 0.1 nm.
The optical mode volume and the Q-factor of the
hybrid cavity are also determined by time-domain
calculations  using  perfectly-matched  layers
surrounding the resonator to calculate the Purcell
factor. The optical mode volume calculations are
performed over the entire space, including the
perfectly matched-layers. The main reason to use
perfectly-matched layers at the boundaries of the
hybrid resonator is to ensure taking account of the
field leakage from the system, induced by the
plasmonic nanoparticle. Thus, using perfectly-
matched layers facilitates to determine the exact field
distribution and the optical mode volume of the hybrid
photonic-plasmonic cavity. The top view and electric

83

field distribution profile of the photonic crystal
nanobeam are obtained by FDTD technique, which are
given in Figure 3a and 3b, respectively. In our
numerical calculations, a dipole is also attached to the
surface of the shell (PMMA) particle, and then the
shell (PMMA)-dipole particle is placed at the central
region of the photonic crystal nanobeam. The top view
of the photonic crystal beam, after the shell (PMMA)-
dipole particle is placed, is shown in Figure 3c along
with its electric field distribution profile, shown by
Figure 3d. Although the electric field distribution
profile is observed to change as a result of the effect of
the cavity mode on the polymer layer, a strong light
localization, which induces a substantially reduced
mode volume, is not observed. The top view and
electric field distribution profile of the photonic
crystal nanobeam after the core/shell-Au/PMMA-
dipole nanoparticle is integrated on the surface of the
structure, are also given in Figure 3e and 3f,
respectively. In Figure 3f, the inset figure shows the
zoomed electric field distribution around the
plasmonic nanoparticle. For visual purposes, the
central regions of the resonators are illustrated. After
the core/shell-Au/PMMA-dipole nanoparticle is
integrated on the surface of the resonator, the local
electric field near the plasmonic nanoparticle is shown
to be noticeably enhanced when the gold particle with
aradius of 10 nm is used, as shown in Figure 3f.

A1 09 07 050300 0.1 03 05 0.7 0.9 L1
A(microns)

-L1 =09 0.7 0.5 -0.3 0.1 0.1 0.3 05 0.7
s(microns)

09 11

“L1 0.9 0.7 0.5 0.3 0.1

0l 03 05 0.7 09 L1

x(microns)

Figure 3. (a) Top view and (b) field distribution of the
resonator. (c) Top view and (d) field distribution of
the resonator in which a shell-dipole nanoparticle is

placed. (e) Top view and (f) field distribution of
hybrid resonator.

The Purcell factor is basically determined by Equation
1 when the dipole is oriented with respect to the mode
field direction at the resonant frequency [36].

3

g, =300 ) (1)
iy

in which 7 is the refractive index of the cavity, V'is the
optical mode volume and A is the resonance
wavelength of the device, and Q is the quality factor.
When the plasmonic particle exists, the mode volume
of the hybrid mode is determined by Equation 2,
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which accounts for both the confined cavity mode and
photonic loss from the cavity due to the absorbtive
plasmonic nanoparticle [37]. The Drude model is
utilized for the complex dielectric function with the
total field (E,H) generated by a dipole, p=pu in
which u is a unit vector.
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In the numerical calculations, the mode volume of the
photonic crystal nanobeam is determined to be around
0.12(/n)*. The mode volume is also determined after
the shell (PMMA)-dipole particle is placed on the
surface of the photonic crystal beam, which is found
to be 0.09(A/n)*. The insignificantly decreased mode
volume of the structure is induced by the slight
confinement of the light waves in a very small volume

of the polymer region.
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Figure 4. Numerically obtained photoluminescence
spectra of (a) the photonic crystal nanobeam and (b)
the hybrid device, consisting of a 1D photonic crystal
nanobeam and core/shell-Au/PMMA-dipole
nanoparticle.

0

400 900

Finally, the core/shell-Au/PMMA-dipole nanoparticle
is integrated on the surface of the resonator and the
nanostructure with an optimized Au core radius of 10
nm is observed to ideally confine the optical mode
field of the photonic crystal cavity in a very small
volume through the localized surface plasmons. As a
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result, the mode volume of the hybrid structure is
observed to considerably decrease to a value of
0.007(4/n)’ with a negligible imaginary part.

The photoluminescence spectra of the photonic crystal
waveguide and hybrid device are also acquired by
FDTD technique, which are given in Figure 4a and 4b,
respectively. The lasing spectrum is observed not to be
changed noticably in the existence of the gold particle
because of the minimized dimensions of the plasmonic
nanoparticle used in the hybrid system.

The quality factors of the photonic systems presented
in Figure 3a, 3¢ and 3e are also obtained numerically.
The Q-factor of the photonic crystal nanobeam and the
shell (PMMA)-dipole particle integrated photonic
crystal nanobeam are calculated to be about 10448 and
10254, respectively. The Q-factor of the hybrid
resonator is also determined to be about 8434 in the
presence of the plasmonic nanostructure.

Table 1. The resonant wavelength ., Mode volume, Q-
Factor, and the Purcell factor (F)) values of the designed
photonic crystal (PC) nanobeam; photonic crystal nanobeam
in which a shell (PMMA)-dipole nanoparticle is placed; and
the hybrid resonator in which core/shell-Au/PMMA-dipole
nanoparticle is placed.

Mode 0-
Structure Ac(nm) Fp
volume factor
PC nanobeam  0.12(A/n)> 10448 628.68 6622
PC with the
. 0.09(A/n)®> 10254 628.68 8666
shell-dipole
PC with the
Au/PMMA-  0.007(W/n)> 8434  628.68 91651
dipole

The Purcell factors of the designed photonic crystal
nanobeam shown in Figure 3a, the photonic crystal
nanobeam after the shell (PMMA)-dipole nanoparticle
is placed, which is demonstrated in Figure 3c, and the
hybrid resonator after the core/shell-Au/PMMA-
dipole nanoparticle is placed, which is presented in
Figure 3e, are also calculated and given in Tablel
along with their mode volume, Q-factor values and
resonance wavelengths. The Purcell factor is observed
to be considerably enhanced to a value of F,=91651 in
the presence of the plasmonic nanoparticle.

The absorptive nature of the gold nanoparticle,
interacting with optical mode is expected to cause a
decrease of the Q-factor of the device. However, in
our photonic design, interrogating a plasmonic
nanoparticle with a radius of 10 nm, reduces the
effects of the optical losses and the Q-factor of the
structure remains still high. Therefore, it is obviously
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seen that the hybrid device proposed here is
demonstrated to be highly efficient for developments
of the low-threshold lasers since the designed photonic
structure with a high O-factor and small mode volume
enables to considerably enhance the Purcell factor and
reduce the amount of active material in the resonator if
a quantum source like a dye molecule or a QD is used
to be a dipole to be chemically attached to the surface
of the synthesized core/shell-Au/PMMA nanoparticle.

The light-matter interaction enhancement factor is
determined in terms of the single-atom cooperativity
parameters of the designed photonic resonators based
on Equation 3 [38]:

B 2G*

>

K7,

C A3)

in which y,is the decay rate of dipole, x is the decay
rate of the optical mode, and G represents the coupling
strength, calculated by [38]
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in which 7 is the reduced Planck’s constant, &y is the
vacuum permittivity, 4 and e. represents the photonic
medium permeability and permittivity, respectively,
and f«(R) corresponds to the normalized electric field
distribution in the cavity where the distance is
represented by R.

The light-matter interaction enhancement factor (Cerp
C.), is determined by the ratio of the single-atom
cooperativity parameters of the dipole coupled into the
photonic-plasmonic mode of the hybrid device,
consisting of a 1D photonic crystal waveguide and
core/shell-Au/PMMA-dipole nanoparticle (Ce+n) and
the cavity mode of the photonic crystal resonator (C.)
based on the numerically obtained results for both
systems. The light-matter interaction enhancement
factor is determined to be about 14 in the hybrid
resonator. Although our study has no direct analogy to
previously published works in the literature, the
enhancement factor we have obtained might be
compared to the system based on a hybrid structure,
which consists of a plasmonic nanoparticle and a
WGM cavity [39]. When the radius of the plasmonic
nanoparticle in this system is 10 nm and the distance
between the dipole and the plasmonic nanoparticle is
about 15 nm, the enhancement factor of the light-
matter interaction is determined to be about 5 [39],
which seems to be much lower than ours.

In the literature, plasmonic particles integrated to 2D
photonic crystal waveguides with low or moderate Q-
factors have been demonstrated to improve radiation
efficiency [40, 41]. For example, the enhanced mode
field has been revealed in a recent study in which
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plasmonic rods and nanospheres are excited to enable
surface plasmons to be coupled into the cavity field of
the resonator as the Q-factor of the device is
significantly reduced from 0=2500 to 0=720 because
of the absorptive nature of the plasmonic particle [41].
In another study, a plasmonic nanoparticle is located at
the center of an integrated photonic device with two
different photonic cavities; a Fabry Perot cavity and a
2D photonic crystal waveguide to interact with the
mode fields. In the hybrid device, as the electric field
is observed to be significantly enhanced around the
plasmonic nanoparticle, the Q-factor of the device is
also shown to decrease from Q=435 to O0=184 due to
plasmonic particle [42]. In addition to all these, the
boosted cavity mode field through plasmonic
interaction has also been achieved in a recently
published study in which a hybrid structure, consisting
of a partially encapsulated photonic crystal waveguide
and a gold nanoparticle is used [28]. The photonic
design is based on a partial encapsulation of a 1D
photonic crystal waveguide with a polymer layer of a
thickness of 40 nm. The mode volume of the device is
demonstrated to considerably decrease to a value of
about 0.8 (A/n)’ in the presence of the gold
nanoparticle [28]. In the photonic design proposed
here, together with appropriate theoretical models and
calculation procedures, the light—matter interaction
enhancement is accomplished by a hybrid photonic-
plasmonic design consisting of a 1D photonic crystal
waveguide and a  core/shell-Au/SiO,-dipole
nanoparticle, which offers both high O-factor and
small mode volume. As the polymer layer between the
electric dipole and the surface of the gold particle
provides an efficient distance for enhancement of
light—matter interaction, light waves are demonstrated
to be extremely confined through synergetic effect of
the cavity mode and the plasmonic fields. Thus, the
mode volume of the device is dramatically decreased
to a value of 0.007(4/n). It proves that the stronger
light concentration, and hence, the stronger light—
matter interaction is achieved compared to the similar
hybrid architecture published earlier as the high O-
factors of the photonic resonators are almost
maintained in the presence of the plasmonic
nanoparticles in both devices [28]. Therefore, the
photonic  platform introduced here offers a
significantly improved device characteristics through
plasmonic effect, which enables fabrication of a
nanostructure with a great potential to be used in
various applications such as optical trapping or
biosensing.

In a future work, the photonic crystal waveguide
proposed here will be produced by electron beam
lithography and the core/shell-Au/PMMA particle will
be synthesized chemically and decorated with a few
quantum dots to reduce the amount of active material
in the resonator and then, integrated on the surface of
the photonic cavity by Atomic Force Microscopy
technique. Time-resolved experiments based on single
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photon counting technique will also be performed to
obtain the experimental results to compare with the
theoretical model, calculations and the numerically
obtained results presented in this paper.  The
fabrication of such a hybrid photonic-plasmonic
resonator would facilitate to produce a nanodevice
operating in the quantum regime, which may have a

potential to be wused in quantum information
technologies.
IV. CONCLUSIONS

In this paper, a 1D photonic crystal resonator with
gradually decreasing nanoholes towards the center of
the structure, is designed. Then, a well-defined
nanoparticle, which comprises a  plasmonic
nanoparticle, coated by a silica layer and a dipole, is
integrated on the surface of the cavity to generate a
hybrid photonic-plasmonic resonator. The strongly
enhanced electromagnetic field at nanoscale is
generated as a result of the interaction between the
optical mode field and gold particle to enhance the
light—matter interaction by a factor of about 14. The
theoretical models and calculation procedures
introduced in this paper are demonstrated to be
leading for the fabrication of a highly efficient
quantum device based on a hybrid resonator.
Therefore, the photonic design presented in this paper
is considered to be promising for the advances in
fabrication of hybrid and efficient devices for photonic
and optoelectronic platforms, laser and sensor
technologies, and quantum information processing.
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Inconel grubu alagimlar tretildikleri 1950°li yillardan beri havacilik, uzay, niikleer, biyomedikal endiistrisi gibi ileri
mithendislik uygulamalarinda siklikla tercih edilmektedir. Bu alagimlarin daha maliyet etkenli bir yontem olan eklemeli imalat
yontemiyle iretilebilirligi son 20 yilda yogun olarak ¢alisilmaktadir. Ancak, siiper alagimlar islenebilirligi zor malzemeler
grubunda olup, iletkenlikleri zayif oldugundan bu alagimlarin delinmesinde kullanilan elektrotlarda ciddi hasarlar meydana
gelmektedir. Dahasi, eklemeli imalat yontemleriyle iiretilen bu alasimlarin delinebilirliginde kullanilan elektrotlardaki
asinmay1 inceleyen sinirli sayida ¢alisma vardir. Bu amagla bu ¢aligmada, dovme ve eklemeli imalat teknigi ile {iretilmis Inconel
625 alagimlarin, EDM ile hizli delik delme yontemi kullanilarak 3 mm capinda piring elektrotlarla delinmesi neticesinde aginan
elektrotlarda olusan aginma miktarlari incelenmistir. Elektrot asinmast; is pargast tizerinden 6lgiilen delik ¢aplar ve kerf agilari
dikkate alinarak analitik olarak ve deneylerde asinan elektrotlarin hassas terazilerle tartilmasi ile fiziksel olarak tespit edilmistir.
Daha tok ve kararli bir yapida olan ddvme Inconel malzemeyi isleyen elektrodun eklemeli imalat Inconel alagimi isleyen
elektroda gore % 108,33 daha fazla asindig: tespit edilmistir. Buna ilaveten, ddvme Inconel is malzemesinde elektrot
asinmasindan kaynakli kerf agisinin eklemeli imalat Inconel malzemeye gore % 80,06 daha fazla oldugu goriilmiistiir.
Anahtar Kelimeler: Inconel 625, Tel-ark eklemeli imalat, Hizli delik delme, EDM, Elektrot asinmasi, Kerf agisi

Abstract

Inconel group alloys have been frequently preferred in advanced engineering applications such as aviation, space, nuclear and
biomedical industries since the 1950s. The production of these alloys by the additive manufacturing method, which is a more
cost-effective method, has been studied intensively in the last 20 years. However, superalloys are in the group of materials that
are difficult to machine, and since their conductivity is weak serious damage occurs to the electrodes used in the drilling of
these alloys. Moreover, there are a limited number of studies examining the wear of the electrodes used in the drillability of
these alloys produced by additive manufacturing methods. For this purpose, the amount of wear on the electrodes as a result of
drilling of wrought and additively manufactured Inconel 625 alloys by EDM fast drilling method using 3 mm diameter brass
electrodes was investigated in this study. Electrode wear was determined analytically by considering the hole diameters and
kerf angles measured on the workpiece, and physically by weighing the electrodes worn in the experiments with precision
scales. It has been determined that the electrode that processed the wrought Inconel material, which has a tougher and more
stable structure, wore 108.33% more than the electrode that drilled the additive-manufactured Inconel alloy. In addition, it was
observed that the kerf angle due to electrode wear in the wrought Inconel material was 80.06% higher than that in the additive-
manufactured Inconel alloy.

Keywords: Inconel 625, WAAM, Ultra fast drilling, EDM, Electrode wear, Kerf angle
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I. GIRIS

Siiper alagimlar; 1000 °C’ye varan sicakliklara kadar
yiiksek yiizey kararlilig1, korozyon direnci ve mekanik
mukavemetlerini koruyan bir alagim tiriidiir. Bu
alagimlar geleneksel celikler ve paslanmaz celiklere
gore daha yiiksek oranda nikel, kobalt ve krom
igerikleri ile olusturulurlar. Ayrica igeriklerinde az
miktarda molibden, tungsten, niyobyum vb. refrakter
elementleri igerirler [1]. Siiper alasimlarin ¢ikis
seriiveni disiiniildiigiinde bu alagimlarin paslanmaz
geliklerin oda sicakligindaki korozyon, oksidasyon ve

mukavemet degerlerini yiiksek sicaklik
uygulamalarinda gosterememesinden ciktig1
gorlilmiigtiir. Siiper alasimlarin  gelistirilmesi  ve

literatiire kazandirtlmasi 1950-1970 yillar1 arasina

2010’1u yillara kadar siiper alagimlarin tiretimi dokiim,
doévme veya toz metalurjisi yontemlerinden biri ile
iiretilirdi. Bu yontemlerin birbirlerine gore iistiinliikleri
vard1. Soyle ki dokiim yontemi seri liretim igin avantajli
bir iiretim prosesi olmasina karsin dokiim islemindeki
katilagma ¢ogu zaman segregasyon ile sonuglanir [3,4].
Bu durum mekanik 6zellikleri ve korozyon direnglerini
olumsuz etkiler. Dévme siiper alagimlarin {retimi
genellikle eritme, dokiim, dovme, 1s1l islem, isleme ve
tahribatsiz muayene gerektirdiginden gibi ¢oklu iiretim
sire¢leri bu alasimlarin cost-effetive bir sekilde
tiretilememesine neden olmaktadir [4]. Geleneksel
dokim ve iglenmis Ni bazli siiper alagimlarla
karsilastirildiginda PM Ni bazli siliper alasimlar,
katilasma ayrismasint etkili bir gekilde ortadan
kaldirabilir ve bdylece genel mekanik 6zellikleri daha
da iyilestirmek icin alasim seviyelerinde artislara izin
verebilir ancak tozlarin mekanik alagimlandirilmasi,
preslenmesi, sinterlenmesi, malzeme muayenesi gibi
¢oklu {iretim siireglerinin yaninda boyut ve karmasik
geometri sinirlamalarini igermektedir [5].

Bu ii¢ yontemlerdeki sinirlamalar bilim insanlarini ve
endiistriyel gevreyi siiper alasimlarin eklemeli imalat
yontemiyle  iretilebilirlii ~ ilizerine  ¢aligmaya
yonlendirmistir.  2000°li yillara dogru Alman EOS
firmasinin direkt lazer sinterleme makinesini iiretmesi
metal ve alasimlarinin da eklemeli imalat yontemi ile
iiretilebilirliklerini baglatmistir [6]. Eklemeli imalat
yonteminde iiretilecek model, &zel yazilimlarla
katmanlara ayristirildiktan sonra ii¢ boyutlu yazici
yardimiyla katman katman bir parcaya
donistiirilmektedir. Eklemeli {iretim sayesinde,
tasarimda olduk¢a kolaylik saglanmakta ve {iretimi
oldukca zor olan pargalar kisa siirede rahatlikla
iretilmektedir [7,8]. Ancak, dokiim, dovme ve toz
metalurjisi yontemlerde oldugu gibi eklemeli imalat
yonteminde sinirlamalari vardir. Bunlarin en 6nemlileri

iretilen  pargalarda  gozlemlenen  mikroyapisal
heterojenlikler ve mekanik ozelliklerin
tekrarlanabilirliginin zorlugudur [7]. Eklemeli imalat
yontemleriyle glinlimiizde polimer malzemeler,

aliminyum alagimlari, celikler ve siiper alasimlarin
iiretildigi bircok calismada bildirilmistir. Havacilik,
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dayanmaktadir. Siiper alasimlar ilk olarak endiistride
gaz tiirbinlerinde kullanilmak amaciyla gelistirilmis
olsa da giiniimiizde bu alasimlar uzay ve havacilik
endiistrisinde, niikleer endiistri, kimya endiistrisi, firin
pargalarinda, korozif etkili kimyasallarin muhafaza ve
tasinmasinda kullanilan potalarda ve petrol rafineri
tesisleri gibi birgok endiistriyel uygulamada kullanim
alan1 bulunmaktadir [2]. Ozellikle siiper alasimlarin
havacilik endiistrisinde ugak ve endiistriyel gaz
tiirbinlerinde civatalar, saftlar, sabit kanatgiklar ve
yanma odalarinda kullanimi bulunmaktadir. Cevirimli
motorlarda turbo sarjlar, egzoz valfleri, sicak bujiler,
valf-yatag1 saplamalarinda kullanilmaktadir [2].

uzay, niikleer, medikal, 1s1l islem ekipmanlar1 gibi ileri
miihendislik  uygulamalarindaki  kullanimlarindan
dolay1 siiper alagimlarin eklemeli imalat yontemiyle
iiretilebilirlikleri 6zel bir yere sahiptir. Stiper alagimlar
icerigindeki ana alasim elementine bagli olarak demir
esasl siiper alagimlar, kobalt esasli siiper alagimlar ve
Ni-esaslt siiper alagimlar olarak 3’e ayrilir [8]. Demir
esasli siiper alagimlara goére daha yiiksek sicaklik
dayanimlarina sahip olmakla birlikte kobalt esasli siiper
alagimlara gore daha cost-effective olmasi dolayisiyla
Ni esasl siiper alasimlar diger iki alagima gore daha
yaygindir [9-16]. Ni esasli siiper alagimlarin kullanim
alanlarinin basinda havacilik endiistrisidir. Gelismis

ucaklarin  agirhiginn  %40’indan  fazlasmin  bu
alagimlardan  olustugu  bildirilmistir [17]. Bu
alagimlarin ucaklardaki kullanim yerleri

diisiiniildiigiinde havacilik motoru bilesenleri, gaz
tiirbini sicak ug¢ bilesenleri gibi ucaklarin baglica
yapisal pargalaridir [18,19]. Ni esasl siiper alasimlar
icerisinde ise Inconel 625 =zorlu yiiksek sicaklik
dayanimlar1 sebebiyle havacilik ve uzay endiistrisinde
kullanilan ve ticari olarak temin edilebilen Ni bazli
stiper alagimlarin en yaygin olanidir [20]. Bu alagimin
ucaklardaki kullanim yerleri diisiiniildiglinde bu
alagimlarin birlestirme iglemleri i¢in delinmesi, pergin

yuvalarmin  agilmast  vb. birgok ikincil islem
gerektirdigi anlagilmaktadir. Yapilan bu islemler
sonrast malzeme yiizey Kkalitesinin 1iyi olmasi

gerekmektedir [21] Karatag ve Gokkaya [22] kiigiik
ucaklarda yaklasik yiiz bin, biiyiilk ucaklarda ise
neredeyse bir milyondan fazla montaj deligi
bulundugunu bildirmiglerdir. Ancak, Ni esasli siiper
alagimlar  “delinmesi zor’” malzemeler (Siiper
alagimlar, Zr alagimlari ve WC alasimlar1) grubu

icerisinde yer alir [23-25].

Bu durum siiper alagimlarin sahip oldugu ¢ok zayif
termal iletkenlikleri dolayisiyla siirtinmeden kaynakli
1s1y1 tizerlerinden zor atmalarinin bir sonucudur. Bu
durum isleme takimlari tizerinde ciddi hasarlara neden
olur. Bu delinmesi zor malzeme gruplarinin delinmesi
icin tel erozyon dalma EDM (Electrical Discharge
Machining- elektrik desarjli isleme) prosesi gibi
geleneksel olmayan isleme yontemleri kullanilir, ¢iinki
bunlar, sertlik ve erime sicakligindan bagimsiz olarak
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sert alagimlar1 yiiksek dogruluk ve mitkemmel finisajla
delebilirler [26-28]. Literatiir incelendiginde dokiim ve
dovme yontemiyle iretilen siiper alagimlarin bu
yontemlerle delinebilirligi lizerinde ¢aligmalar olmakla

beraber eklemeli imalat ydntemiyle {retilen
numunelerin delinebilirligi {izerine literatiirde smnirl
sayida calismanin oldugu (ya da olmadigl)
gorlilmiigtiir.  Literatiirde  yapilan  caligmalardan
bazilar1:

Choudhary ve arkadaslari, Inconel 600 siiper

alasiminin  EDM  yonteminde islenmesinde isleme
parametrelerinin elektrot aginma orant (TWR - Tool
Wear Rate) i¢in optimizasyonunu Taguchi yaklagimi
ile ¢alismislardir. Analizlerde degisken parametreler
olarak ark siiresi (Ton - pulse-on-time), akim (I, - peak
current), and voltaj (V, - gap voltage) segerek elektrot
olarak tungsten karbiir (WC), dielektrik sivi olarak
EDM sivist kullanmiglardir. Akimim (Ip) artmasiyla
TWR’in dogrusal olarak arttigini, voltajin (Vg)
artmastyla Once azaldigini daha sonra tekrar artig
egilimine girdigini, ark siiresinin (Ton) artisiyla dnce
arttigini daha sonra azalig egilime girdigini rapor
etmiglerdir. Optimum TWR (0.551 mm?3/min) igin I,
(30 A), V¢ (94 V) ve Ton (150 s) galisma parametrelerini
onermislerdir [29]. Sahoo ve arkadaslar1 [30], Inconel
625 alagiminin dalma erozyon EDM yonteminde
islenmesinde  kullanilan igsleme parametrelerinin
Taguchi yaklasimi ile optimizasyonu iizerine
calismalar yapmistir. Giris parametreleri olarak ark
stiresi, dielektrik sivi piiskiirtme basinct ve akim
secilerek c¢ikti parametreleri olarak talas kaldirma orani
(MRR - material removal rate) ve elektrot aginma orani
(TWR) analiz edilmistir. Inconel 625’in EDM ile
islemede en ¢ok akim (etkisi %78 civarindadir) ve ark
stiresi (etkisi %18) parametrelerinden etkilendigini
vurgulayarak; maksimum MRR ve minimum TWR i¢in
ark stiresi 110 ps, akim 5 A ve dielektrik siv1 piiskiirtme
basinci 7.5 psi degerlerini 6nermislerdir [30]. Singh
and Singh, korozyona karsi olduk¢a direncli malzeme
tiirii olan Inconel 600 nikel - krom siiper alagiminin
olduk¢a kirilgan olmasindan dolay1 konvansiyonel
yontemlerle islenmesinin ~ uygun  olmadigimi
bildirmistir. Bu malzemeleri EDM yonteminde 14 mm
capinda bakir, piring ve bakir-tungsten elektrotlarla
isleyerek talas kaldirma orani (MRR), elektrot asinma
orani (EWR) ve ylizey piiriizliligi (SR) degerlerini
Anova ile analiz etmislerdir. EWR iizerine en ¢ok etki
eden parametrelerin elektrot cinsi ve akim oldugunu;
optimal EWR i¢in (bakir-tungsten), akim 9 A, ark
stiresi 120 ps ve voltaj 40V degerlerinin kullanilmasini
onermislerdir. Bakir-tungsten elektrodun bakir ve
piring elektroda gore daha diisiik EWR sergiledigini
vurgulamiglardir [31].

Urtekin ve arkadaglari, Ti6Al4V alagimimin elektro
erozyon ile islemesinde elektrolitik-bakir (E-Cu) ve
bakir-berilyum  (Cu-Be) takim  elektrotlarinin
performansinin  karsilastirilmast ~ {izerine ¢alisma
yapmistir. Cu-Be elektrotlarla islemede MRR'de bir
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artis, TWR'de ve relatif asinmada (RW = TWR / MRR)
bir azalma gozlemlemislerdir. CuBe alagiminin yiiksek
hammadde maliyeti, bu elektrotlarin endiistriyel
uygulamalarda yaygin olarak kullanilmasinda 6nemli
bir dezavantaj oldugunu bildirmisglerdir. Diisiik ve
yiksek akim ayarlarinda E-Cu'n  hammadde
maliyetinin diisiik oldugunu bu durumun onu daha
avantajli hale getirdigini rapor etmislerdir. Cu-Be
alasimi, daha yiiksek MRR ve daha digiik relatif
asinma (RW - relative wear) degerleri g6z Oniine
alindiginda, E-Cu'dan daha iyi performans gosteren bir
elektrot malzemesi olarak kabul edilmistir [32]. Opoz
ve arkadaglar1 [33], hidroksiapatit (HA) tozu katkili
elektro erozyon ile iglenen Ti6Al4V yiizeylerini
incelemistir. ~ Deiyonize  sudaki  farklh ~ HA
konsantrasyonlar1 EEI sirasinda deneysel bir degisken
olarak test etmisler. Hidroksiapatit toz katkili EEi’nin
ylizeylerinin diger yiizeylere kiyasla daha yiiksek
hidrofilik 6zellik sergiledigini bildirmislerdir. HA tozu
katkih  EE[l  ‘nin, titanyum alagimlar1  gibi
biyomalzemelerin yilizey modifikasyonu i¢in umut
verici bir yontem oldugunu vurgulamiglardir [33].
Yuvaraj ve arkadaglari ise, Inconel 625 malzemesinin
EDM yontemde islenmesinde dielektrik sivi igerisine
titanium karbiir nano tozlar ekleyerek kesim
verimliliginin arttigini bildirmislerdir [34].

Literatiir ¢aligmalar incelendiginde EDM yo6nteminde
Ni ve Ti gibi alasimlart igeren malzemelerin islendigi,
isleme parametrelerinin etkilerinin analiz edildigi,
farkl1 katki malzemelerin deiyonize sudaki katkilarmin
raporlandigi goriilmiistiir. Fakat dévme ve eklemeli
imalat yontemiyle iiretilmis Inconel 625 alagiminin
EDM ile delinmesi ve kullanilan elektrotlarin aginmasi
konusunda literatiirde biiyiik agik vardir. Bu sebeple bu
caligma akademik ve endiistriyel uygulamalar igin
onemli bir referans olma potansiyeli barindirmaktadir.

II. MATERYAL VE METOD

2.1. Dovme ve eklemeli imalat ile iiretilmis Inconel
625 test malzemeleri

Bu galismada, dovme ve eklemeli imalat yontemiyle

iretilen Inconel 625 malzemeler kullanilmistir.
Eklemeli imalat yontemi olarak diger ydntemlere
nispeten daha biiyilk boyutlarin daha diisiik

maliyetlerle {iretilmesine olanak saglayan tel-ark
eklemeli imalat (wire arc additive manufacturing -
WAAM) yontemi kullanilmistir. WAAM
numunelerinin tiretiminde 1,2 mm ¢apinda ER NiCrMo
dolu tel kullanilmigtir. Kullanilan telin kimyasal
bilesimi iiretici firma tarafindan % agirlik¢a 64,86 Ni,
21,15Cr, 8,67 Mo, 3,54ND, 1,15 Fe ve arta kalan diger
katigiklar olarak belirtilmistir. Biriktirme islemi Gedik
kaynak atolyesinde bulunan 6 eksenli OTC Daihen FD-
V8L robotuna entegre su sogutmali torglu GeKa-Tec
WB 500L makinesinde 150 A, 15.8 V, 50 cm/min hiz
ve 97,5% Ar + 2,5% CO2 koruyucu gazmn 15 L/dk akis
hiz1 parametreleri ile S304 ¢elik iizerine 350x75x12
mm olacak sekilde pargalar {iretilmigtir. Birgelik
A.S’den ¢ozeltiye alama tavi yapilmig halde temin
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edilen dovme Inconel 625 siiper alasimi ve WAAM
Inconel 625 alagimi malzemelerin kimyasal bilesimi
Tablo 1’de verilmistir.

Uretim sonrast yiiksek yiizey piiriizliiliiklerinin
giderilmesi amaciyla numuneler freze tezgahinda
WEDM tezgahi kullanilarak 30x10x5 mm olgiilerine
kesilmigtir. Daha sonra, Sekil 1’de gosterildigi gibi,
hassas mengene aparatlar1 kullanilarak EDM tezgahina
baglanmustir.

2.2. EDM ile hizh delik delme

Bu calismada her bir delik delme isleminde @ 3 mm dis
¢ap - @ 1,5 mm ic¢ ¢ap1 olan piring elektrot tiipler
kullanilmistir. Deneyler Oscarmax SD 400 ZNC PLUS
50 Amper giicinde hizli delik delme EDM (Electric
Discharge  Machining) makinasinda  gergekles-
tirilmistir. Erozyon islemi, Sekil 1°de gosterildigi gibi,
elektrot ve is pargast arasindaki talagin tahliyesi i¢in
elektrot icerisinden ve spiral hortumlar ile elektrot
disindan dielektrik siv1 (saf su) piiskiirtiilerek dielektrik
stvi altinda gergeklestirilmistir. Calisma parametre-
lerinin se¢iminde piring elektrot ve makina giivenli
caligma parametreleri dikkate alinarak 7A akim, 29us
ark siiresi, 3us bekleme siiresi (Toff) ve 3V voltaj
degerleri kullanilmistir.

2.3. Kerf acis1 ve EWR hesaplamalan

Termal yontemler kullanilarak delinen deliklerin giris

caplart ve c¢ikig caplart arasinda elektrot asinmasina
bagl olarak dlgiisel farkliliklar olur. Ciinkii elektrodun
islem baglangicindaki olgiileri ile islem sonundaki
olgiileri ayn1 degildir. EDM teknolojisinde elektrot
formu ig parcasi lizerinde bosaltilir. Elektrot uc
kisimlarinda kivilcimlanma yogun oldugu i¢in aginma
o bolgede olur. Is pargast iizerinde elektrot
asinmasina bagli olarak olusan kerf agisi,
Esitlik 1°de  verilen denklem  yardumi ile
hesaplanmaktadir. Bu esitlikte belirtilen Hen
elektrodun is parcasina giriste actig1 delik giris ¢api,
Hex ise elektrodun is par¢asindan ¢iktig1 anda
olusturdugu delik ¢ikis capidir. Is parcast kalinligi olan
t ise is parcasinin kalimligidir [35]. Delik giris ve ¢ikis
farkliliklarindan kaynaklanan kerf acis1 T ise Sekil 2°de
gosterilmistir.

Kerf Konik Agisi (T) = Arctan (Dg-Dg/2.t) (1)
EDM isleminde kullanilan elektrotlarin  isglem
baslangicindaki agirliklart  ile islem sonundaki

agirliklart ayni degildir, ¢linkii aginmalarindan dolay1
kiitle kayb1 yasarlar. Bu kiitle kaybiyla ortaya ¢ikan
elektrot asinma miktar1 (EWR), Esitlik 2 kullanilarak
hesaplanmaktadir.

EWR (%) = (ilk agirlik-Son agirlik/flk agirlik).100  (2)

Tablo 1. Calismada kullanilan ddvme ve WAAM Inconel 625 alagimlarinin agirlikea % kimyasal bilesimi

Diger
Malzeme | Ni Cr Fe Nb Mo Ta elementler
Dovme | 61,30 | 22091 1,92 3,35 9,94 0,11 0,47
WAAM | 6095 | 2345 1,87 3,78 9,62 0,10 0,22

(a)
Sekil 1. EDM hizli delik delme: (a) delme 6ncesi (b) delme an1 ve (¢) delme sonrasi

(b)

©
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ITII. SONUCLAR VE TARTISMA

Yapilan tiim deneyler sonrasi is pargasi iizerinde elde
edilen delik giris ¢ikis caplari ve bu c¢ap
farkliliklarindan kaynakli kerf olgiileri Tablo 2’da
verilmistir. Is parcasi iizerindeki delik gaplarinin
Ol¢timlerinde en az 3 farkli 6lgiim yapilarak ortalama
degerler yiiksek hassasiyete sahip Mitutoyo kumpas
kullanilarak tespit edilmistir. Tiim deneylerde delik
girig ¢aplarmin delik ¢ikis ¢aplarindan daha biiyiik
oldugu goriilmiistiir. Dovme malzemenin delinmesinde
elektrot asmmasi eklemeli imalat ile iretilmis
malzememin delinmesine gore daha fazla oldugu icin
kerf acis1t dovme alasimin delinmesinde daha yiiksek
¢ikmugtir.

Sekil 2. Kerf konik agis1 6lgtimii

Delinen is pargasinin giris ve ¢ikis bolgelerinin makro
goriintiileri Nikon SMZ 745T mikroskop kullanilarak
elde edilerek Sekil 3’te gosterilmistir. Tiim delik giris
ve ¢ikis bolgelerinde yiiksek 1s1 neticesinde ergimis ve
tekrar katilasmig malzeme kalintilar1 goriilmektedir.

Deneylerde kullanilan tiim elektrotlarin igleme 6ncesi
ve sonrast agirliklar1 0,001 g hassasiyete sahip Kern
DBS60-3 terazi ile tespit edilmistir. Sekil 4’te elde
edilen tartim verileri ve Esitlik 2’deki esitlik
kullanilarak hesaplanan EWR degerleri incelendiginde,
eklemeli imalat ile iiretilmis Inconel 625 numunenin
islenmesinde EWR 9% 1.23 iken dovme Inconel 625
alasimin islenmesinde EWR % 2,56 olarak tespit
edildigi goriilmektedir. EDM igleminde elektrotlardan
(anot) is pargasina (katot) dogru yogun kivileim
atlamalar1 olur. Bu siirecte is pargasi lizerinde yiiksek
ergime ve buharlagmadan 6tiirli pargalar kopar ortama
puskiirtiilen dielektrik sivi (saf su) yardimi ile bu
partikiiller aniden sogur ve katilasarak ortamdan tahliye
edilir. Bu siiregte elektrot u¢ kisimlarinda da aginma
meydana gelir. U¢ kisimlar1 aginan elektrodun formu is
pargasi iizerinde bosaltildig1 icin is pargasi lizerinde
meydana gelen boslukta da kerf koniklik agis1 olusur.
Bu degerler Sekil 5’te gosterilmistir. Eklemeli imalat
ile dretilmis ve dovme numunelerin kesimlerde
kullanilan elektrotlarin uc ve yan kenar aginmalarinin
makro analizleri Sekil.6’da gosterilmistir.

Tablo 2. Is parcalari iizerinde Olgiilen delik caplar1 ve kerf agilar

Delik Delik
Inconel Test giris cikis Kalinhk Kerf
625 Sayisi capi capi (mm) (derece)
(mm) (mm)
1 3,48 3,44 5 0,229
Eklemeli 2 3,50 3,44 5 0,343
Imalat 3 3,48 3,44 5 0,229
ortalama 3,49 3,44 5 0,286
1 3,40 3,38 5 0,114
Dovme 2 3,44 3,30 5 0,802
3 3,42 3,32 5 0,572
ortalama 3,42 3,33 5 0,515
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Eklemeli imalat ile iiretilmis Inconel 625 Doévme Inconel 625

Delik girisi

Delik girisi Delik_ ¢ikist Delik ¢ikist

= o, 1mm

lmm

Sekil 4. Elektrot tartim islemi (a) Piring elektrot (b) Eklemeli isleme ve (¢) Dovme igleme
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Inconel 625

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Hole entry diameter Hole exit diameter

(mm) (mm)

A dditive

4,00
3.50
3.00
2.50
2.00
1.50
1.00
0.50

0.00
Kerftaper angle Wearing electrode
(degree) (gram)

= Wrought

Sekil 5. Test sonuglarinin grafiksel gosterimi

Asimnan elektrotlarin SEM analizleri incelendiginde
islem gormiis bolgelerinde, Sekil 7 (a) ve (b)’den
goriilecegi iizere, catlaklar, bosluklar, baloncuklar,
kraterler ve kalintilarin varligi tespit edilmistir.

95

(b)

(d)
Sekil 6. Piring elektrotlarin makro analizi: (a), (b) eklemeli imalatla {iretilmis numunenin delinmesi ve (¢), (d) dovme
numunenin delinmesi

Yiiksek sicaklik ile ergiyen metalin katilagmasi
sirasinda  hapsolan gazlar baloncuklar1 olusturur.
Katilasma esnasinda bu baloncuklar (globules) patlar
ise bosluklar1 olusturur. Yiizeyde olusan bu baloncuk
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ve bosluklar yiizey morfolojisine direkt olarak etki
etmektedir [36]. Yiiksek sicakliklarla ergiyen is pargasi
ve elektrot kalintilarinin yiizeyde katilagmasi esnasinda
dielektrik sivinin daha diisiik sicakliklarda temas
etmesi neticesinde ¢atlaklar meydana gelir. Asinan is
pargasi ve elektrot kalintilarinin islenmis yiizeylerden
tamamen arindirilamamast neticesinde de kaltilar
gozlemlenir.

Deneylerde kullanilan iglem goérmiis elektrotlar ile
kullanilmamis elektrotlarin SEM goriintiileri Sekil 8’de
verilmistir. Sekil 8 (a) and (b)’de, elektrot
ylizeylerinden de 1s1 ve ergime neticesinde pargalar
koptugu (asindig1) bu sebeple ylizeylerinin piiriizli bir
yapiya sahip oldugu goriilmektedir. islem gormemis
elektrot ylizeyinin daha piiriizsiiz ve diizglin oldugu
goriilmiistiir (Sekil 8 (c)). EDM islemi esnasinda is
parg¢asindan kopan partikiillerinde elektrot iizerine
yapigma ihtimali vardir ve bu durum elektrot
asinmasina etki edebilir.

o
TD 15.00kV |10.0 13.1mm |1000x 11:54

(a)

EDM gibi termal yontemlerle delik delme esnasinda
ylksek sicakliklar altinda asinan ve buharlasan is
pargasi ve elektrot malzeme kalintilarinin ortamdan
tahliye edilmesi i¢in kullanilan su bazli dielektrik
stvilarin - kimyasal tepkimeler sonucu hidrojen ve
oksijene doniigmesiyle is pargasi ve elektrot {izerinde
oksit tabakasi olustugu bilinmektedir [37].

Sekil 9 (a) ve (b)’de goriildiigii tizere, her iki elektrot
iizerinde asinmis is parcasi kalintilarin1 gésteren C, O,
Mg, Si, S, Cl, K, Ca, Cr, Fe, Ni, Nb, Mo gibi is pargast
ve oksit kalintilar1 ile Cu ve Zn gibi piring elektrot
kalintilar1 tespit edilmistir. Dévme Inconel numuneyi
isleyen elektrot iizerinde tespit edilen Cu ve Zn element
kalintilarinin  agirlikga oraninmn, eklemeli imalatla
iretilmis numuneyi isleyen elektrota gore % 1,37 daha
fazla tespit edilmistir. Bu durum EWR degerlerini ve
hassas terazi Ol¢lim sonuglarint destekler nitelikte
olmustur.

[}
ETD 15.00kV 10.0 12.8mm 1000x

(b)

Sekil 7. Elektrot yiizeylerinin SEM analizi: (a) eklemeli imalatli numunede delme isleminde ve (b) ddvme numunede
delme isleminde kullanilan elektrot

(a)

(b)
Sekil 8. Elektrot yiizeylerinin SEM analizi: (a) eklemeli imalatli numunede, (b) dévme numunedeki delme ve (c) islem
gérmemis
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Sekil 9. Elektrot ylizeylerinde gerceklestirilen SEM ve EDS analizleri: (a) eklemeli imalatla iiretilmis numunedeki delme

islemi ve (b) ddovme numunedeki delme iglemi

IV. SONUC

Bu ¢alismada dovme ve eklemeli imalat yontemiyle
iiretilmis Inconel 625 alagimlarin termal yontemle hizli
delinmesinde karsilasilan elektrot aginmasi SEM ve
EDS kullanilarak analiz edilmistir. Ayrica 0,01 mm
hassasiyete sahip kumpaslarla yapilan analitik ve 0,001
gram hassasiyete sahip terazi kullanilarak elde edilen
Olciim  sonuglarina  gdére  asagidaki  bulgular
raporlanmistir;

e Deneylerde kullanilan elektrotlarin  hassas
tartimlar1 neticesinde dévme Inconel malzemenin
islenmesinde kullanilan elektrodun 0,025 gr,
eklemeli imalat ile liretilmis Inconel malzemenin
islenmesinde kullanilan elektrodun ise 0,012 gr
asindig1 Olgiilerek; elektrot agisindan ddvme
malzemeyi isleyen elektrodun eklemeli imalatla
iiretilmis Inconel numuneyi isleyen elektroda gore

97

% 108,33 daha fazla asindig1 tespit edilmistir.
Dovme Inconel 625'in delinmesinde elektrot
asinmast eklemeli imalatla iretilen Inconel
numunelere gore arttigindan dolay1 daha kiigiik
delik giris ve ¢ikis ¢aplari elde edilmistir. Dévme
Inconel numuneyi delen elektrodun islem goren
kisimlarmin ¢ap Ol¢iisiiniin  eklemeli imalatla
iretilmis Inconel numuneyi delen elektrota gore
daha diisiik oldugu yani yanal asinmanin arttig1
tespit edilmistir. D6vme Inconel is malzemesinde
elektrot aginmasindan kaynakl kerf agisi eklemeli
imalat Inconel malzemeye gore % 80,06 daha
fazla oldugu tespit edilmistir.

Yapilan tiim deneysel caligmalarda is pargast
delik giris ve ¢ikis bolgelerinde ergimis metal
kalintilar1 (debris) tespit edilmistir.

Eklemeli imalatla iretilmis Inconel 625
numunenin islenmesinde EWR % 1,23 iken,
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dévme Inconel 625 islemede % 2,56 olarak tespit
edilmistir.

SEM ve EDS analizlerine gore dovme Inconel
numuneyi isleyen elektrot {izerinde tespit edilen
Cu ve Zn element kalintilarmin agirlikca oram
eklemeli imalat ile iiretilmis Inconel numuneyi
isleyen elektrota gore % 1,37 daha fazla tespit
edilmisgtir.

TESEKKUR

Tel-ark eklemeli imalat (WAAM) ile Inconel 625 parga
iiretimi sirasinda teknik destekleri icin Istanbul-
Tirkiye'deki Gedik Kaynak Ar-Ge Merkezi'ne
tesekkiiri bor¢ biliriz. Ayrica, Oscarmax SD400
EDM'de gergeklestirilen delme iglemlerinde teknik
destekleri i¢in Haier Europe, Candy-Hoover, Eskisehir-
Tiirkiye Kalip Departmant personeline ve mikroskop
gorlintiilerinin ~ elde  edilmesindeki destegi igin
MEGEM (Mesleki Egitim ve Gelistirme Merkezi),
Eskisehir-Tiirkiye, Mekanik Test Laboratuvart Teknik
Miidiirii Yasin YIGIT’e ve Teknik Ogretmen Yasin
OZEN'e tesekkiir ederiz.
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Abstract

Traditional halocarbon — based refrigerants tend to considerably increase global warming and ozone depletion factors.
Therefore, CO: is fast becoming a key instrument as a natural refrigerant which was widely applied and attracted the
consideration of the research community. The gas cooler is a critical component in the COz transcritical refrigeration system
and plays a major role in the performance due to the determination of operating pressure consequently power consumption. In
this research, the performance characteristics of a CO2 gas cooler having wavy fin geometry, which is currently employed in
industries including air conditioning, automotive and aviation, was determined experimentally in a calorimetric test room. The
experimental results was used as benchmark data to validate the three — dimensional numerical model. Laminar model and
realizable k - € turbulent model were employed for analyses. Moreover, the second order upwind scheme was considered to
discretize momentum and energy equations. Accordingly, a multi-objective optimization process has been performed
employing Response Surface Method (RSM) to determine the optimum wavy fin geometry in CO transcritical refrigeration
system. Four geometrical parameters namely longitudinal pitch, half transverse pitch, tube outer diameter, and fin pitch of the
gas cooler were optimized. According to results, the new optimized CO2 gas cooler exhibited lesser pressure drop and higher
heat transfer capacity in comparison with the tested gas cooler geometry used in the industry. It was appeared that the overall
heat transfer coefficient enhancement is between 5.4 — 12.2 % while pressure drop decreases about 175.08 — 188.58 % for three
different inlet velocities.

Keywords: natural refrigerants, heat transfer coefficient, gas cooler, optimization, wavy fin

Oz

Geleneksel halokarbon bazli sogutucu akiskanlar, kiiresel 1sinmay1 ve ozon tabakasini inceltme faktorlerini énemli dlciide
artirma egilimindedir. Bu nedenle, arastirma toplulugunun dikkatini ¢geken ve hizla yaygin olarak uygulanan dogal bir sogutucu
olarak COz 6nemli bir ara¢ haline gelmektedir. Gaz sogutucu, CO; transkritik sogutma sisteminde 6nemli bir bilesendir ve
caligma basmcinin ve dolayisiyla giic tiikketiminin belirlenmesi nedeniyle performansta 6nemli bir rol oynar. Bu arasgtirmada,
giiniimiizde iklimlendirme, otomotiv ve havacilik gibi sektérlerde kullanilan dalgali kanatcik geometrisine sahip bir CO2 gaz
sogutucunun performans 6zellikleri kalorimetrik bir test odasinda deneysel olarak belirlenmistir. Deneysel sonuglar, ii¢ boyutlu
sayisal modeli dogrulamak igin 6lgiit olarak kullanilmistir. Analizler icin laminer model ve realizable k - ¢ tiirbiilansli model
kullanilmistir. Ayrica momentum ve enerji denklemlerini ayriklastirmak i¢in second order upwind semasi kullanilmistir. Buna
gore, COz transkritik sogutma sisteminde optimum dalgal1 kanatcik geometrisini belirlemek i¢in Yanit Yiizey Yontemi (RSM)
kullanilarak ¢ok amagl bir optimizasyon islemi gergeklestirilmistir. Gaz sogutucunun boyuna hatvesi, yarim enine hatvesi,
boru dis ¢ap1 ve kanatgik hatvesi olmak iizere dort geometrik parametre optimize edilmistir. Sonuglara goére, yeni optimize
edilmis CO2 gaz sogutucusunun, endiistride kullanilan test edilmis gaz sogutucu geometrisine kiyasla daha az basing diisiisii
ve daha yiiksek 1s1 transfer kapasitesi sergiledigi goriilmiistiir. Ug farkli giris hiz1 igin ortalama 1s1 transfer katsayisi
iyilesmesinin %5,4 — 12,2 arasinda oldugu, basing diisiisiiniin ise % 175,08 — 188,58 oraninda azaldig1 goriilmistiir.

Anahtar Kelimeler: dogal sogutucular, 1s1 transferi katsayisi, gaz sogutucu, optimizasyon, dalgali kanatgik
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I. INTRODUCTION

Development of the industry has considerably
increased environmental pollution and global
warming issues over the past decades. With the
Montreal and Kyoto protocols, industries and
developing countries have adopted a number of legal
regulations. Until these protocols, the selection of
refrigerants used in the refrigeration systems was
based on economic and efficiency factors while
concerns about environment were not seriously
considered. On the other hand, the ozone depletion
and global warming factors of halocarbon — based
refrigerants are very high. For instance, global
warming potential of Halocarbon based refrigerant
R23 is 11700 times higher than natural refrigerant
Carbon dioxide (CO,) [1]. When awareness over the
environmental damage of these halocarbon-based
refrigerants like Chlorofluorocarbon and
Hydrochlorofluorocarbon (CFCs, HCFCs) arose in
the 1990s, natural refrigerants such as CO, were
reintroduced to the industry. However, most of these
natural refrigerants cannot satisfy the performance
and safeness criteria [2]. For instance, ammonia is
flammable and toxic, thereby, not qualified for
certain operations [3]. Another natural refrigerant
example can be regarded as water. It is easily
available and non-toxic but it has low operating
pressure and density, henceforth water is not a good
nominee for vapour compression refrigeration
systems [4]. Also, water may not be considered cost-
effective because of its low heating coefficient of
performance (COP) [5]. CO; is one of the non —
flammable and non — toxic natural refrigerant [3].
Also, CO; can be discharged to the atmosphere and
it doesn’t need to be retrieved. Furthermore, CO, has
no ozone depletion potential and therefore the
governmental regulations don’t be applied to it.
Besides, CO, has higher density, thermal
conductivity, latent heat and specific heat, and
smaller viscosity as against Hydrofluorocarbons
(HFCs) which are widely used today. Moreover,
thanks to its negligible global warming potential and
environmentally friendly features, CO; is not tend to
be phased out unlike HFCs [6]. The use of CO; in
refrigeration systems is cost — effective since exists
aplenty in the atmosphere [2]. Moreover, CO; can be
considered as a safe refrigerant according to the
safety standards of ISO 5149 and ASHRAE 15 and
34 [3]. In consequence, the leakage into the
atmosphere of CO; is regarded as very minimum.

The CO, refrigerated cooling systems have been
used in various applications such as ice cream
freezers, cold beverage vending machines,
supermarket refrigeartion systems, heat pumping
units and food retailing [6,7]. For a more sustainable
life, this kind of environmentally friendly cooling
systems need to be developed and widely employed.
In refrigeration systems, CO; gas in the transcritical
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zone forces the system to operate in single phase.
Since two-phase condensation does not occur, the
system has gas cooler rather than the condenser.
Therefore the gas cooler is the responsible
equipment for the heat transfer to the ambient. The
COP of the system is augmented with the presence
of the additional internal heat exchanger in the cycle.
The temperature gradient in the gas cooler directly
affects the COP value [8]. In this context, the gas
cooler can be considered very important equipment
in the CO; transcritical cooling cycle. Therefore, the
relevant literature has been examined below to
present the knowledge about the impacts of gas
cooler fin geometry and fin arragement on heat
transfer and pressure drop behaviours.

Jang and Chen [9] numerically examined the heat
transfer and pressure drop behaviours of a wavy
finned — tube heat exchanger for various geometrical
parameters including wavy heights, wavy angles and
tube row numbers for Reynolds number (Re) varying
from 400 to 1200. The findings revealed that wavy
fin arrangement has higher Colburn factor than plain
fin arrangement within a range of 63%-71% and also
wavy fin arrangement has 75% to 102% higher
friction factor values. When wavy height was kept
constant, the pressure and average Nusselt number
(Nu) raise with growing wavy angle. However, the
wavy height has an adverse impact on the pressure
drop and average Nu at the constant equal wavy
angle. They also observed that row effect is not
significant for wavy fin compared to the plain fin. In
another research, Kim and Bullard [10] carried out
sets of experiments in a flat tube and multi —
louvered fin heat exchangers to investigate the
airside pressure drop and heat transfer attributes.
Experiments were performed for different pitches,
flow rates and louver angles for Reynolds number
ranging between 100 and 600. The friction
coefficient and colburn j-factor were defined in
terms of Re number function in heat exchangers of
different geometric configurations. The correlation
created for the friction factor showed that the most
important parameter in the pressure loss is the flow
depth. Besides, results showed that the heat transfer
coefficient (HTC) augments substantially with air
velocity and decreases with flow depth. They
observed that pressure drop increases with raise in
louver angle and flow depth and decreases with rise
in fin pitch. Mon and Gross [11] numerically studied
the effect of fin spacing in annular finned four-row
tubes having in-line and staggered configurations.
Analyses were executed for Reynolds number
ranging between 8600 and 43000. It was reported
that the pressure loss diminished with the raise in the
ratio of fin spacing to height for both tube
arrangements. HTC enhanced with the ratio of fin
spacing to a height up to the certain value (0.32),
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afterwards it was nearly constant for staggered tube
arrangement. On the other hand, the HTC showed an
increasing trend in the entire range for the in-line
configuration. Tao et al. [12] examined the fin
efficiency, heat transfer characteristics and
temperature pattern on the surface of the fin in tube
and wavy-fin heat exchangers using a three-
dimensional numerical model for various wavy
angles changing from 0° to 20°. The three-
dimensional numerical analyses were carried out by
employing  body-fitted  coordinates  (BFC)
methodology which considers the fin efficiency
influence in the model. Findings showed that plain
plate has lower fin efficiency than the wavy plate at
the inlet region. They also reported that as the
Reynolds number increases the impact of wavy
angle on the fin efficiency and local Nusselt number
become more significant. Lu et al. [13] analysed the
effects of tube pitch, tube diameter, fin pitch and fin
thickness on the air-side characteristics of staggered
finned tube heat exchangers numerically. The results
explained in terms of heat transfer rate over pressure
drop. It was seen that COP of the heat exchanger
declines with increasing tube diameter and fin
thickness whereas it increases with increasing tube
pitch. Dong et al. [14] performed experiments to
analyse the thermal-hydraulic characteristics of the
airside in the flat tube and wavy fin aluminium heat
exchanger for different working conditions and
wavy fin geometry parameters. They conducted the
multiple regression method to develop pressure loss
and heat transfer correlations in the heat exchanger.
Furthermore, the parametric study by applying the
Taguchi method was managed to examine the
thermal-hydraulic performances of the wavy fins.
The study indicated that the amplitude and the length
of the wavy fin are very significant parameters
affecting the total thermal-hydraulic performance of
the heat exchanger. They reported that decrease in
fin pitch and fin length would enhance the heat
transfer performance. Santosa et al. [15] numerically
and experimentally studied the local HTC of
refrigerant and air sides of the CO; gas cooler with
the finned tube. Studies were performed on two gas
cooler designs, each with or without slit on the fins.
It was observed that adding a slit between rows
increases the heat transfer by preventing heat
transmission among the tubes. They reported that
adding slit enhances the heat rejection rate between
6% and 8%. As a consequence of this study, it was
seen that computational fluid dynamics (CFD)
modelling is an accurate and effective simulation
tool for air and refrigerant side calculations. In
another study, Zhang et al. [16] developed a three-
dimensional CFD model of a flat finned tube gas
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cooler. The airside model was designed with 2 fins
and 54 tubes, while the refrigerant-side model was
designed with 10 fins and 54 tubes. They observed
that as inlet velocity increases the temperature of the
refrigerant decreases. Javaherdeh et al. [17]
numerically and experimentally analysed the effects
of louver length, fin height and thickness of fin-tube
contact on the pressure loss and heat transfer
performance in a louvered fin and tube heat
exchanger. Results revealed the performance of heat
exchanger enhanced when the thickness of the fin-
tube contact was increased until the contact
thickness equals to fin thickness. However, a further
increment in the thickness of the fin-tube contact did
not affect the heat exchanger performance.
Moreover, when the louver length was increased at a
fixed fin height the performance of heat exchanger
enhanced. In the study carried out by Zhang et al.
[18], a three-dimensional CFD model was utilized to
examine the airside pressure drop and HTC, heating
capacity and inlet temperature in CO; finned tube
gas cooler for different inlet velocity ranges of
airflow. They observed that, the best performance
has been achieved with uniform airflow pattern by
having the largest heat capacity, the smallest
pressure drop, the lowest approach temperature and
the highest COP.

The aforementioned literature review shows that
there are many geometric factors such as tube
diameter, fin height, fin pitch, wavy angle and fin
thickness affect the performance of gas cooler in
CO, transcritical refrigeration systems. However,
the number of systematic studies considering all
these parameters is very scarce in the literature.
Thus, further researches are needed to elaborate on
the effect of geometrical parameters on the
performance of gas coolers in CO; transcritical
refrigeration systems. This particular study presents
a numerical CFD research on optimization of the gas
cooler geometry considering longitudinal pitch (PL),
half transverse pitch (Pr/2), fin collar outside
diameter (D.) of tube and fin pitch (Fp) and
investigates effects of these parameters on heat
transfer capacity of the gas cooler in CO;
transcritical refrigeration systems. The numerical
model has been analysed for airside of the gas cooler
and validated with the experimental tests using the
gas cooler geometry having wavy fin with circular
tube. Thereafter, an optimization study was
conducted along with the gas cooler geometry using
response surface method (RSM). The heat transfer
and pressure loss data of the optimized gas cooler
geometry results were compared with experimental
findings.



Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 100-115

Optimization of Gas Cooler

II. MATERIALS AND METHODS
2.1. Test Rig and Experimental Investigation

The test rig was employed to validate the numerical
model in the current study. The gas cooler was tested
in environment-balanced type calorimetric test room
according to the EN 327 [19] and EN 328 [20]
standards. The gas cooler was made of aluminium
fins with wavy fin type. Table 1 presents the
properties of the tested gas cooler. The calorimetric
test room was located in the conditioning chamber to
prevent any heat exchange from the environment.
The test room consists of a CO; refrigerant line, data
acquisition system and air control unit. The
temperature and humidity was adjusted with air
control unit in the test room.

Figure 1 depicts the details of the CO, refrigerant
line schematically. The CO; refrigerant line consists
of a separated tank, evaporator, two parallel
transcritic compressors with a controllable capacity
(Bitzer 4HTC-15K-40P), water line, subcooler,
precooler, data acquisition system (Agilent
34970A), coriolis flow meter (Krohne Optimass
1400), refrigerant control systems (Danfoss AK-PC
720, EKD 326) and ICMT high pressure valve which
is a motorized valve driven by an actuator. The tank
is used at medium pressure as a separator to separate
the gas and liquid phases of the CO; refrigerant in
the system. The liquid phase is collected in the lower
part of the tank and it is reduced to the evaporation
pressure in the expansion valve and enters the

evaporator at quality of 0.25-0.3. The liquid CO,
evaporates according to the superheating value set
by the electronic control system by withdrawing the
heat of the auxiliary line water at constant pressure.
The compressor suction is fed with the CO,, which
occurs at the gas phase after high-pressure throttling,
and the CO, gas supplied from the evaporator.
Thereafter, the CO» is compressed in the compressor
(8000-9500 kPa) and delivered to the prototype gas
cooler. The temperature of the CO, gas is reduced by
discharging heat to the environment at constant air
inlet temperature and constant fluid pressure.

The 18 kW heater and 36 kW chiller in the air
conditioning unit were used to adjust the humidity
and temperature of the inlet air using PID control
system with the incoming data from the sensors. It
was ensured that the system reached a steady-state
before collecting the data. In steady-state condition,
the test performance of the gas cooler was measured
until it reaches + 4% of the total cooling and heating
loads given to the test room. The temperature and
pressure data of the CO, were measured at the
upstream and downstream of the gas cooler. The
Reynolds number (Re) was determined using the
inlet velocity of air where the characteristic length is
the hydraulic diameter (Dy) of the tube. The Dy and
Re are defined in equation (1) and equation (2)
respectively.

Table 1. Gas cooler properties

Transverse pitch (Pt)
Longitudinal pitch (Pr)
Fin pitch (Fp)

Fin type/fin thickness (t)
Fin material
Tube material
Tube wall thickness

Inner diameter of the tube (Diy)
Fin collar outside diameter (D)

Row number
Total pipe number
Total fin number
Circuit number
Length
Air volumetric flow (i)

25.4 mm
22 mm
2.5 mm

Wavy/0.1 mm
Aluminium
Copper

0.55 mm

7.94 mm
9.04 mm

3
60
480
6
1200 mm
1.66 kg s
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Figure 1. Schematic of the CO; refrigerant line
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Where p signifies the fluid density, u denotes velocity and u represents the dynamic viscosity. The heat transfer
rate, O and consequently the airside HTC, /,;; in each part is computed using following equations.

)=, x(e ~e,) 3)
— 2 “4)
4,(1,-1,)

In Equation (3), ¢; and e, are inlet and outlet enthalpy of the air for the relevant temperature and pressure
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respectively and 7z is the mass flow rate of the air. +3.2 9.1 % for pressure drop. The inlet velocity of
the fan was considered constant during the

experiments (2.55 m s!). The experiment was
conducted several times to check the repeatability of
the experiment and it was found that the
experimental results are very well agree with each
other for all cases.

In equation (4), 4. denotes the total heat transfer
surface area including collars and fins whereas 7',
designates average wall temperature value which is
the average of collar temperature and fin
temperature. Also, Tp is the bulk air temperature
which can be described as average air upstream and

downstream temperature. Mean absolute error (MAE) was used to present the

prediction capability of the numerical model for the
experimental data. The MAE in percentage can be
defined with the following equation. In the below
equation, f; denotes the numerical result, y; stands for
the experimental result and # is the number of data.

The propagated uncertainty analysis was also
conducted during the experiments according to the
method explained ref. [21]. The uncertainty values
were 5.1 — 10.9 % for the total cooling capacity and

n

MAE:lZMxloo% (5)
n i Y.

2.2. Numerical Analysis

The tested gas cooler whose properties given in Table 1 was adopted for the numerical model. Three-dimensional
geometry of the tested gas cooler was sketched in computer aided design (CAD) environment. Then the CFD
model of the geometry was generated by the aid of the ANSYS® Fluent commercial software package. The
software is originated by finite volume principle. The laminar models with simple and coupled algorithms and
realizable k-€ turbulent flow using the standard wall model were applied to elaborate the heat transfer and fluid
flow features at various inlet velocities. The flow was considered to be steady and incompressible during the
analysis. The second-order upwind model was employed to discretize the energy and momentum equations.
Therefore, the pressure-based continuity and momentum equations were solved accurately by this coupled
algorithm. It should be noted that this pressure-based coupled algorithm provides some benefits compared to the
pressure-based segregated algorithm in terms of having more powerful and accurate solutions for steady-state
flows [22]. The CFD model solves the conversation of mass, energy and momentum equations to characterize heat
transfer and fluid flow in the gas cooler. Governing equations used in the simulations are shown below.

Conservation of mass (continuity):

0
—( ou, ) =0 (6)
Ox,
Conservation of momentum:
0 oP Ot
L (oup )= ™
ox Ou, 8xj_
0 ou . 2 oOu
l/:ﬂ _I_jr_ J __/Ll ké‘ll (8)
6xl/. Ox, 3 0x,
Conservation of energy:
0 0 oT
—(u,(pE+P))=—| 1— )
Ox, ( ( )) Ox, ( 6xl)
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Where 7 signifies the stress tensor, A denotes the

thermal conductivity, £ indicates the total energy, P
represents the pressure and 7 denotes the
temperature; 7, j and k signify subindexes of the
cartesian coordinate system.

The below assumptions were applied during analysis
since the complexness and computational CPU cost
become very large to model the entire gas cooler.

The each circuit were assumed to run as
individual gas cooler interrelated with each

a-

Circuit 1 Circuit 2

LAl ®© & & & o o o @
Row2 ——>»

Row 3 ———>

Circuit 3

()

other in parallel as shown in Figure 2.
Because the experiments indicate that the
temperature and performance data of each
circuit exhibited similar characteristics.
The temperature of tubes was considered
constant temperature of 318.15 K. This
temperature  value is the average
temperature  during experiments and
reasonable since it is above the critical point
of CO,. This assumption also enables us to
divide each circuit into several segments
along the pipe length to simplify CFD
model reasonably.

Circuit 4 Circuit 5 Circuit 6
® & & & & & & ¢ & O
e o e ¢ o

Figure 2. Top view of the CAD geometry of the gas cooler with rows and circuits and the grid structure of the

Accordinlgy, the CFD domain can be regarded as in
Figure 3. Moreover the domain was extended to
cover input and output regions of the model to have
uniform 1-D velocity profile at the entrance and to
prevent backflow at the outlet of the model. This
method is also very common in literature to avert
from the effect of reversed flow, as encountered by
the solver and widely stated in literature, see for
example refs. [23-25]. In this study, the extension
length was set equal to longitudinal pitch at the inlet
section and two times longitudinal pitch length at the
outlet section. These extension lengths were
considered while calculating cooling capacity which
are presented in results and discussion section.
Moreover, the fins and tubes were modelled as thin

model
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walls in the CFD model. The oulet pressure of the
model was assumed as gauge pressure during the
solution. In the computational solution, the fins were
treated as solid and no-slip boundary condition with
the periodic condition was implemented to the lower
and upper walls of fins. The inlet air temperature
between two fins was set to a constant temperature
0f 302.15 K considering the experimental conditions
of tested gas cooler. Moreover, the symmetry
boundary condition was assumed at the lateral
surfaces of the model. The convergence criterion has
been defined as 10 for momentum and energy
equations whereas it was set to 10" for continuity
equation. Flow chart of the numerical model was
illustrated in Figure 4.
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Figure 3. CFD domain of wavy fin and circular tubes

The mesh generation process is a crucial stage in 4 ™
CFD works since meshing could influence the Defining the geometry of the
reliableness, convergence and consistency of the model

results. The tetrahedral grid scheme was used to 4
obstruct any potential ill-shaped cell in the CFD +

domain as can be seen in Figure 2. The grid scheme (" )
consists of 46957 nodes and 228724 .tetrahed.ral Mesh generation g
elements. Moreover, the fully automatic meshing
procedure was used with small element size (0.5
mm) for the faster and more accurate solution. The *

CFD domain was divided into several subdomains [ R
considering mesh structure and number to save Setting boundary conditions
computational and convergence time in the solution.
The mesh quality of the computational domain is

dependent on the skewness and orthogonal qualities +
of meshes. It was found that the average orthogonal [
quality of the meshes is 0.77. On the other hand, the Running simulation
average skewness and maximum skewness values of
the meshes were 0.2 and 0.6 respectively. These

values are in agreement with the results of [26-28], *
which stated that the average skewness value is in [
the range of 0.1 and 0.5 whereas the maximum Post-processing
skewness value varies from 0.5 to 0.75 for good
quality meshes. Accordingly, different size and
number of meshes were employed to perform mesh
independency study and results of pressure drop and
HTC are demonstrated using five different grids in
Table 2 below. Table 2 presents that the difference
of the overall HTC which is denoted as A, and
pressure drop (AP) values for the five meshes is
insignificant. Accordingly, the medium mesh is
adopted for the analysis.

Mesh independence test

Validation

Figure 4. Flow chart of the numerical model
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Table 2. Mesh independency results

Grid number [-] hay [Wm 2K AP [Pa]
Coarse grid 12.6454 5.37741
Medium grid 12.6542 5.38201
Fine grid 12.6338 5.3824
Finer grid 12.6452 5.39427
Finest grid 12.6505 5.38792

2.3. Optimization Process

In this study, a multi-objective optimization process
was integrated with the response surface method
(RSM), design of experiments (DOE), multi-
objective genetic algorithm (MOGA) and CFD
model to design optimum gas cooler geometry in
CO, transcritical refrigeration systems. This
algorithm was concducted with regards to the
different geometrical parameters of gas cooler in
terms of the Non-dominated sorting genetic
algorithm II (NSGA-II) method [29]. This model
generates 4000 samples initially, 800 samples per
iteration and accordingly presents 3 candidate design
points in maximum of 20 iterations. It was found that
the solution converged after 12064 evaluations.

The RSM and genetic algorithm (GA) were used to
carry out the optimization study. The RSM was first
developed by Box and Daper [30] for designing
experiments and optimizing the effect of mix
parameters [31, 32]. Accordingly, the objective
function of RSM algorithm can be formulated in
Equation (10).

Maximize h,
local

Maximize ©

Minimize AP

= /(B /2,P,F,,D,)
=/,(F/12,F,F,.D)

= /(B /2,F.F,,D)

Y:ﬁ0+zn:ﬂiXi +Zn:zn:ﬂ@/Xin+'“ (10)

=1 j=1

Where f, fi and f; are tuning parameters, Y is the
response variable and # is the number of parameters.

In the current work, because of the non-uniformity
of the HTC at the fin surface, it was very complicated
to measure the local HTC on the fins, therefore the
local heat flux and local fin temperature are need to
be evaluated [33]. The objective functions were
defined as maximum HTC through the gas cooler
considering surface of the fins and surface of the
tubes together, minimum pressure drop and
maximum heat flux in the gas cooler which are
developed a correlation function with four design
variables namely longitudinal pitch, fin pitch, half of
the transverse pitch and tube diameter of the gas
cooler. The objective functions namely fi, /> and f
and constraints are defined as follows:

(11)
(12)

(13)

Constraints : 10 mm < P, /2 <15mm; 15mm < P, <25 mm;

(14)

2mm<F,<3mm; Smm<D <12 mm.

Where hioca is the local HTC and @ is the local heat

flux. The lower and upper limits of the constraints
were defined for design variables considering the
design limitation of the gas coolers in the industry.
The design constraints can be comprehended clearly
by analysing Figure 3.

After defining the objective functions and design
variables, the numerical optimization problem was
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solved using RSM and MOGA methods to reveal
optimum geometries and arrangement. The Central
Composite Design (CCD) which is an algorithm of
DOE method is used to obtain sample data points.
Consequently, a best combination of design
variables in the range described in equation (14)
leading to minimum pressure drop and maximum
heat transfer was determined. The best combination
was chosen as the optimum geometry and
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arrangement. The optimization procedure can be
summarized as follows:

1- Determination of objective functions and
design variables.

2- Application of DOE method to obtain
optimal arrangement of design points.

3-  Determination of the response surface from
DOE results for each output parameter.

4-  Solution of the objective function values
with CFD.

5- Obtaining the objective functions according
to the input parameters based on multi-
objective genetic algorithm method.

6- Obtaining the optimum geometry among
candidate points.

ANSYS

2020 R1

Figure 5. Temperature contour of the numerical model of the tested gas cooler at 1 m s™!

ITI. RESULT AND DISCUSSION

The numerical model of the gas cooler was validated
using current experimental data. As can be seen from
Table 3, the cooling capacity of the gas cooler (Qq)
predicted well by the numerical model. Although the
MAE is 9.97 % for the total heat capacity between
experimental test and numerical model, all data is in
experimental uncertainty range which were +5.1 —
10.9 %. Therefore, it can be stated that the numerical
model can be used to analyse the gas cooler
geometry in the current CO; transcritical
refrigeration system.

Table 3. Comparison of the numerical model with
experiment atu =2.55 m s

Qe [kW]
Experiment 16.446
Numerical model 14.765
MAE 9.97 %
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Accordingly, the optimization process was
performed for the validated numerical model. As
stated in the materials and method section, the
geometric parameters for the optimization process
were chosen as longitudinal pitch, fin pitch, half of
the transverse pitch and tube diameter of the gas
cooler. The reason for choosing these geometrical
parameters can be understood by analysing
temperature and pressure contours of the gas cooler
which was obtained via numerical model, please see
Figure 5. As can be figured out from Figure 5, the
temperature contours are not uniform and affected
by the number of tubes, the arrangement of tubes, the
spacing between tubes and diameter of tubes. These
trends confirm that the abovementioned design
parameters are effective in the total heat capacity and
pressure drop performance of the gas cooler in the
current system. Also, prior studies that have stated
the importance of number of tubes consequently
longitudinal pitch, fin pitch, half of the transverse
pitch and tube diameter of the gas cooler greatly
affect the thermal and pressure drop behaviour of the
gas cooler [34-37].

The impact of each design parameter on the
objective functions has been analysed separately in
Figure 6 (a-h). It is worth to mention that the other
design parameters were held constant to observe the
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single effect through Figure 6 (a-h). As can be
noticed from Figure 6 (a), the pressure loss through
the gas cooler increases exponentially (~%85) and
the HTC on the fin surface, hiocar increases slightly
(~% 6) with the tube diameter was increased from 5
mm to 12 mm. On the contrary, the HTC on the tube
surface, hiocar decreases (~% 15) with the raise in the
tube diameter, see Fig. 6 (b). These findings also
accord with our earlier studies, which indicated that
the pressure loss rises with the tube diameter [13, 37
— 39] for plate fin and tube heat exchangers. The
reason of this trend can be attributed to the
enhancement of the wake region behind the tube wall
as the tube diameter increases. Consequently, the air
— side pressure drop increases. Furthermore, the heat
transfer area and fin efficiency rises as the tube
diameter enlarges which leads to higher HTC values
at the fin surface. On the other hand, the HTC at the
tube surface has a decreasing trend when the tube
diameter was increased. This trend is expected since
the growth in the tube diameter would result in
shorter boundary layer development from the inlet of
the fin and that results in poor heat transfer
performance.

The effect of fin pitch on the pressure drop, fin
surface heat transfer and tube surface heat transfer
characteristics can be represented in Figure 6 (c-d).
As the fin pitch was increased, the surface HTC on
the tube and fin also augmented whereas the pressure
loss through the fin decreased. Previous studies have
also revealed that the fin pitch has significant impact
on the HTC on the tube and fin similar to this study
[11, 37, 40]. Because, the fin pitch distance largely
affects the boundary layer development in the
system. If the fin pitch becomes large, the boundary
layers between the fins would diverge from each
other consequently the heat transfer process becomes
more effective. For smaller fin pitch values, the fluid
can be utilized as trapped in the wake region so that
this region cannot contribute to heat transfer process
due to its small area. However, the region becomes
larger as the fin pitch was enlarged and the
circulation of the fluid becomes faster that results in
better heat transfer rate. Romero-Méndez et al. [37]
and Mon and Gross [11] stated that the heat transfer
rate is higher at the larger fin pitch values due to the
emergence of horseshoe type vortex. The decreasing
pressure drop trend with the raise in the fin pitch
distance can be attributed to the weak interactions of
boundary layers between the fins as expected.

110

Romero-Méndez et al. [37] showed that the flow
around the rear of the tube was separated with the
formation of a wake region with a recirculation zone.

Figure 6 (e-h) demonstrate the effect of tube spacing,
namely longitudinal and transverse pitches, on the
pressure drop and HTC on the fin surface and tube
surface. The pressure drop through the system
slightly decreased or wasn’t influenced by the
increase in longitudinal pitch whereas it decreased
almost linearly when the transverse pitch was
increased, see Figure 6 (e, g). As the transverse pitch
was decreased, the fin tip clearance becomes smaller
which results in higher velocity consequently larger
pressure drop. The tube arrangement has a strong
effect on the airflow characteristic and consequently
affects heat transfer through the tube banks. The
HTC decreased as the transverse pitch rises for both
tube and fin surfaces. The reason behind this trend
can be explained by the fact that the effect of tubes
exerted on each other is reduced by enlarging
transverse pitch. In this case, the tube banks would
behave like individual finned tubes that results in
lower HTC compared with the closer transverse
pitch case. These findings agree with those of earlier
studies [11, 13, 41, 42].

The abovementioned discussions reveal that the
performance of the gas cooler can be affected by
several geometric parameters. Consequently, the
mixed effect of these parameters should be studied
to find the optimum geometry of the gas cooler with
the highest thermal-hydraulic performance. As
mentioned before, the RSM and MOGA techniques
were used in optimization process to uncover the
mixed effect of design parameters on the objective
functions. Consequently, the optimum gas cooler
geometry dimensions can be presented in Table 4.

Table 4. Optimum Gas cooler dimensions

Transverse pitch(Pt)/ 1.26
Longitudinal pitch (Pr)
Fin type/fin thickness (t) Wavy/0.1 mm
Fin pitch (Fp) 3 mm
Fin collar outside diameter 5 mm
(De)
Tube wall thickness 0.55 mm
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Figure 7. Thermal-hydraulic performance comparison between the optimum geometry and tested geometry; a)
HTC, b) Pressure drop

The thermal-hydraulic performance comparison of
the tested gas cooler and optimum gas cooler is
shown in Figure 7 (a-b) below with regard to the
HTC and pressure drop for three different inlet
velocities. As can be noticed from Figure 7 (a-b), the
optimum geometry has better thermal-hydraulic
performance than the tested geometry. The overall
HTC improvement is between 5.4 — 12.2 % whereas
the pressure drop decreases about 175.08 — 188.58 %
for three different inlet velocities. Considering the
test condition inlet velocity of 2.55 m s, the
optimum geometry has almost 9.3 % greater HTC
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and 185 % fewer pressure drop in comparison with
tested geometry.

IV. CONCLUSIONS

In this study, the geometric optimization of the wavy
fin gas cooler in CO; transcritical refrigeration
system was performed using a multi-objective
genetic algorithm. The three dimensional numerical
model was validated with experiments. The
numerical model fairly agreed (MAE 9.97 %) with



Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 100-115

Optimization of Gas Cooler

the experimental results in terms of total cooling
capacity. Accordingly, four geometrical parameters
longitudinal pitch, tube outer diameter, half of
transverse pitch and fin pitch were optimized to have
maximum cooling capacity and minimum pressure
drop. The impact of each geometrical parameters on
the surface HTC on the tubes and fins and pressure
drop through the gas cooler was examined in details.
The results evinced that the pressure loss and surface
HTC on the fins and tubes are strictly related with
these geometrical parameters. In this way, the
geometry of the optimum gas cooler has obtained. It
was found that the optimum gas cooler geometry
exhibited greater HTC and lower pressure drop
compared to tested geometry.

In this particular study four geometrical parameters
are taken into account for optimization process since
introducing more parameters to the simulation
requires more powerful computers and causes excess
computation time. For further investigations it is
recommended that parameters such as wave
inclination angle, wave amplitude and tube wall
thickness should be taken into consideration in the
optimization process.
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Oz
Bu calismada, hava giris konumu ve hizinin, hesaplamali akigkanlar dinamigi (HAD) simiilasyonlar1 kullanilarak elektrikli
araclarda nikel-metal hidriir (Ni-MH) batarya paketinin sogutma performansi iizerindeki etkisi incelenmistir. Elektrikli
araclara olan talebin artmasi, araglarin giivenligini saglamak i¢in gelismis batarya sogutma performansina ihtiyag
duyulmasma neden olmustur. Ni-MH batarya takimmin sogutma performansi, batarya takimmm 0 ila 60 mm arasinda
degisen giris konumlar1 ve sabit ¢ikis konumu ile hem U hem de Z kanali geometrilerinde analiz edilmistir. Hava girig hizlari
2 ila 6 m/s arasinda degismektedir. Sonuglar, hava giris konumu arttik¢a sicaklik degerlerinin diistiigiinii, ancak 30 mm'lik
giris konumundan sonra diisiisiin Onemsiz hale geldigini gostermektedir. Bu, hava akigini batarya takimini tamamen
dolagtirmaya ve 1s1 transfer hizin1 artirmaya yonlendirmenin, hizi artirmaktan daha etkili oldugunu gostermektedir. En iyi
sogutma performansinin sirasiyla 316,86-327,75 K ve 316,27-317,46 K sicaklik degerleri ile hem U hem de Z tipi kanallar
icin, 30 ve 60 mm giris konumunda ve 6 m/s hizinda oldugu bulunmustur. Ek olarak, Z-tipi kanalin U-tipi kanaldan yaklagik
%6 daha fazla 1s1y1 dagittigi goriilmiistiir. Calismanin sonuglari, elektrikli araglarda batarya 1s1l yonetim sistemlerinin (BIYS)
enerji verimliligini artirmak igin kullanilabilir. Havay1 daha diisiik hizlarda yonlendirerek, sogutma sisteminin enerji tiiketimi
azaltilabilir ve gerekli sogutma performans: korunabilir. Bu durum, elektrikli araglarin menzilinin artmasina ve
performansinin gelismesine yol agacaktir. Bdylelikle, ¢alisma ayni zamanda elektrikli araglarda sogutma performansini
optimize etmek ve araclarin genel enerji verimliligini artirmak igin kullanilabilecek batarya paketi diizeninin tasarimi
hakkinda da fikir vermektedir.
Anahtar Kelimeler: Batarya 1s1l yonetim, elektrikli arag, HAD, sogutma performansi

Abstract

This study examines the effect of air inlet location and velocity on the cooling performance of a nickel-metal hydride (Ni-
MH) battery pack in electric vehicles (EVs) using computational fluid dynamics (CFD) simulations. The increasing demand
for EVs has led to a need for improved battery cooling performance in order to ensure the safety of the vehicles. The cooling
performance of the Ni-MH battery pack was analyzed in both U- and Z-channel geometries, with varying input positions of
the battery pack from 0 to 60 mm and constant output positions. The air intake velocities were also varied between 2 and 6
m/s. The results show that as the air intake position increases, the temperature values decrease, but the decrease becomes
insignificant after the 30 mm position. This suggests that directing the air flow to fully circulate the battery pack and increase
the heat transfer rate is more effective than increasing the velocity. The best cooling performance was found to be at 30- and
60-mm inlet position and 6 m/s velocity for both U- and Z-type channels, with temperature values of 316.86-327.75 K and
316.27-317.46 K respectively. Additionally, the Z-type channel was found to dissipate approximately 6% more heat than the
U-type channel. The study's results can be used to improve the energy efficiency of battery thermal management systems
(BTMS) in EVs. By directing the air at lower velocities, the energy consumption of the cooling system can be reduced while
still maintaining the required cooling performance. This will ultimately lead to the extended range and improved performance
of EVs. Additionally, the study also provides insight into the design of the battery pack layout in EVs, which can be used to
optimize the cooling performance and improve the overall energy efficiency of the vehicles.

Keywords: Battery thermal management, Electric vehicles, CFD, Cooling performance

I. GIRIS

Ulasimda fosil yakit kullanimina bagli olarak, giderek artan g¢evre kirliligi, sera gazi emisyonlar1 gibi
sebeplerden dolay1 elektrikli ve hibrit elektrikli ara¢ kullanimi yayginlagsmaya baslamistir [1,2]. Elektrikli
araglarda Lityum-iyon, Nikel-Kadmiyum ve Nikel-Metal Hidriir (Ni-MH) gibi batarya gruplar1 gili¢ kaynag:
olarak kullanilmaktadir [3-5]. Batarya hiicreleri birbirlerine kiiciik bosluklarda modiiler formatta
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baglanarak batarya paketi olusturulmakta ve arag
icerisinde kullanilmaktadir [6]. Bataryalarin sarj ve
desarji esnasinda kimyasal reaksiyonlardan dolay1
ortaya 1s1 liretimi ¢ikmakta ve bu 1st elektrikli aracin
calismas1  esnasinda  dagitilmazsa,  bataryanin
performansimni ve Omriinii etkilemektedir [7-9]. Bu
nedenle batarya paketinin etkin olarak sogutulmasi
gerekmektedir.

Batarya sogutma yontemleri genel olarak hava
sogutma ve sivi sogutma olarak ikiye ayrilmaktadir
[6]. Hava sogutmasi diisiik maliyeti ve giivenirliligi
agisindan yaygin olarak kullanilmaktadir [10]. Dogal
ve basingl hava ile sogutma olarak ikiye ayrilmakta
ve basingli hava ile sogutma ydntemi yaygin olarak
bataryalarin sogutulmasinda kullanilmaktadir [11-13].
Li ve ark. [14], deneysel ve Hesaplamali Akiskanlar
Dinamigi (HAD) yontemi ile lityum-iyon pillerin
sogutma performanslarini ¢esitli hizlarda inceleyerek,
bataryalarin  yerlestirilme durumuna goére c¢oklu
optimizasyonun batarya paketinin sicaklik farkini
diigiirecegini belirtmistir. Jiagiang ve ark. [15], 60
hiicreden olusan Li-iyon batarya grubunun hava giris
ve c¢ikislarma baglh olarak en iyi sogutma
performansint HAD yontemi ile tek yigin hiicre
modeli kullanarak aragtirmis ve hava akis hizlarinda
giris ve c¢ikis konumlarina baghi olarak bdlme
kullanilmasinin  sogutma performansimi artirdigini
belirmistir. Sefidan ve ark. [16], gelistirdikleri
nanoakiskan temelli sogutma ile silindirik lityum-iyon
bataryanin hava ile sogutulmasi ile hiicrelerin etkili bir
sekilde maksimum sicakligini diistiigiinii deneysel ve
HAD yontemi ile belirtmistir. Behi ve ark. [17],
olusturdugu hibrid sistemle, piller aras1 mesafe, ortam
sicakligi ve hava giris hizinin etkilerini silindirik
lityum-iyon pilleri icin deneysel ve HAD yontemi ile
belirlemistir. Xu ve ark. [10], U-bi¢imli bir kanal
icerisinde bulunan batarya grubunun cesitli giris
konumlarina ve hizlarina goére sogutma performansini
HAD yontemi ile incelemiglerdir. Hong ve ark. [18],
Z- tipi kanal igerisine yerlestirilen pil grubunun
sogutma  performansimi HAD  yontemi  ile
incelediginde, ikinci hava ¢ikisinin sicakligr 6nemli
Olciide distiigiinii bildirmiglerdir. Chen ve ark. [3], Z
bicimli kanal igerisine yerlestirilmis batarya grubunda
piller arasin mesafenin dagilimmin  sogutma
performansina olan etkisini arastirmiglardir. Shen ve
ark. [19], Z- bi¢cimli kanal igerisine yerlestirilen
prizmatik pil gruplarmin c¢esitli agilarda sogutma
performansini HAD yontemiyle arastirmiglar ve pil
acist degistikce, hava hizinin arttigi ve sicakligin
iniform olarak dagildigini belirtmislerdir. Park [20],
calismasinda hava sogutmali Li-iyon Dbatarya
grubunun U ve Z tipi kanallar igin ¢esitli hava
dagilimlarinda hava sogutma performansini HAD
yontemi ile arastirarak, 1sil verimliligini basing ve
giris konumunu degistirerek karsilastirmistir. Xun ve
ark. [21], Li-iyon batarya paketinin diiz tabaka ve
silindirik y1gmlarinin 1s1l performansint HAD yéntemi
ile incelemis ve kars1 akis veya ortak akis diizenlemesi

ile akis yoniiniin periyodik olarak degistirilmesinin
termal yonetimi iyilestirebilecegini Onermektedir.
Yang ve ark. [22], silindirik pillerin, gesitli
konfigiirasyonlarinda sogutma performansini HAD
yontemi ile incelemigtir. Li ve ark. [23], U- tipi kanal
geometrisine sahip batarya grubunda, pillerin
konumunun sogutma performansina olan etkisini
HAD yontemi ile arastirmis ve kanal akis hizi
optimizasyonunu gergeklestirmigtir. Liu ve Zhang
[24], Z ve U- tipi kanal tipinden elde ettigi J-bicimli
kanali tasarlamislardir. Sonuglar, U-, Z- ve J-tipi i¢in
sicaklik artiginda sirasiyla %35,3, %46,6 ve %31,18
azalma oldugunu gostermistir. Sabit konstriiksiyonlu
U-tipi ve Z-tipi sogutma yonteminin, kiigiik batarya
paketlerinin  ihtiyaclarini  kargilayabildigi, U-tipi
sogutma yonteminin sicaklia duyarli durumlar i¢in
daha uygunken, Z tipinin enerji verimliligine duyarli
durumlar i¢in daha uygundur. J-tipi BTMS, sogutma
gereksinimlerine gore ayarlanabilen biiyiik pil takimi
icin daha esnek ve daha uygun oldugu ancak yiiksek
enerji tilketimine sahip oldugu bildirilmistir.

Elektrikli araglarda batarya 1si1l yonetim sistemleri
(BIYS), aracin performansmi ve siiris menzilini
etkilemesinin yani sira bataryanin omriini etkileyen
en Onemli parametredir. Batarya sogutma veriminin
iyilestirilmesi, yiiksek sicakliktan dolayr patlama
riskini azaltmak ve batarya Omriinii artirmak icin
hayati Onem tasimaktadir. Bu nedenle BIYS
konusunda cesitli aragtiralar ve ¢aligmalar mevcuttur.
flgili literatiir incelendiginde yapilan ¢aligmalar, farkl
sekiller iizerinde cesitli hava girig ve ¢ikig konumuna
bagli olarak c¢esitli geometriler {izerinde yapilmistir.
Giris  konumunun degistirilerek, c¢esitli hizlarda
sogutma performansia olan etkisi ile ilgili ¢ok az
sayida c¢alisma bulunmaktadir. Cesitli giris konumu
yiksekliginde, hava  giris hizinin  sogutma
performansini arastirmak i¢in ¢aligmamizda; U- ve Z-
biciminde kanal icerisine yerlestirilmis 24 adet Ni-MH
pil grubundan olusan batarya takiminin sogutma
performansit niimerik olarak incelenmistir. U- ve Z-
bicimli kanal igerisinde bulunan batarya grubunun
cesitli hava giris konumu ve hizina goére sogutma

performanst incelenmis ve sicaklik dagilimlari
belirlenmistir.  Yapilan ¢alisma  sonucu  giris
konumunun yerden yiksekligi arttikca sicaklik

degerlerini degistirdigi gdzlemlenmistir.
II. SAYISAL YONTEM

2.1 Kanal Geometrisi

U- ve Z- tipi kanallarm olgiileri Tablo 1 ve 2’de
verilmektedir. Sekil 1’de hava giris ve ¢ikislar
gosterilmektedir. Giris ve ¢ikig olgiileri 20 mmx210
mmx60 mm, hava giris konumu yiiksekligi 0-60 mm
arasinda degismekte, ¢ikig kismi ise sabit kalmaktadir.
Batarya ve duvarlar arast bosluklar x, y ve z
yonlerinde sirasiyla 20 mm, 40 mm ve 60 mm’dir.
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Tablo 1. U- ve Z- tipi kanal dlgiileri

Olgiiler Deger (mm)
Uzunluk 360
Geniglik 210
Yiikseklik 250
Girig uzunlugu 20
Giris yiiksekligi 60
Girig genisligi 210
Cikis uzunlugu 20
Cikis yiiksekligi 60
Cikis genisligi 210
— Cils

a) ¢ Giris

1 NN, | OO
UONUND . | ONNNDH . | EONADE

: _ m )Z\‘
y
b) < Girig X

| || -

20

DN, | AR | OOORD

40

Sekil 1. a) U- tipi b) Z- tipi kanal geometrisi olgiileri
Tablo 2. Batarya dlgiileri

Olgiiler Deger (mm)
Pil ¢ap1 35
Yiikseklik 130
Batarya arasi1 bosluk 10

2.2 Hesaplamah Akiskanlar Dinamigi

HAD analizi, 1s1 ve akigkanlar alaninda 6nemli bir
arastirma alanidir. Analiz ve deney yoluyla dogrulama
yontemi olarak [25], zaman ve paranin yani sira gok
fazla deneme yanilma ile optimum ¢alisma sartlarinin
belirlenmesinde 6nemli rol oynamaktadir. Sogutma
veriminin hesaplanabilmesi i¢in Oncelikle hiz ve
sicaklik dagilimlart belirlenmelidir. Bu ¢alismada
ANSYS Fluent yazilmli HAD analizi icin
kullanilmigtir. HAD uygulamalarinda, hava, belirli bir
hiz degerine kadar sikigtirilamaz olarak kabul
edilebilmektedir. Tirbillans akigt hesaplamak igin
Navier-Stokes denklemleri ile k-¢ tiirbiilans modeli
kullanilmistir ve benzer problemler igin k-¢ tiirbiilans

modeli yaygin olarak kullanilmaktadir [26,27].
Batarya 1s1 iiretim orani, pillerin sarj/desarj orani,
hiicre sicakligi, sarj durumu ve siiresine bagli olarak
degismektedir. Siireklilik denklemi [18,28];

o 1
5 (pu) =0 1)

Momentum denklemi [18,28];

o, 0, (0u oy
dax; Ox; ax;  ax;
26 du; + a ( ﬁ)

3 ijax]- ax; Pty ()

i}
a_x (puu; == —

Tirbiilans k-¢ modeli [18,28];

o(pku;) @ [( ﬂ) 6k]+&<au,- au,.>Z

ax;  ox; W oxd 2 \ax; T ax; 3)
— pe
d(pew;) 0 Hy\ 0 uy (0u;  Ou; Ze
ax;  ox; [( +a_£)a_x,- 12 dx;  Ox; k
& (O]
- CZPI
k2
H1=pCu— )

Burada k ve ¢ tiirblilans kinetik enerjisi ve enerji
dagitim orani olarak gecmektedir. p ve pu, molekiiler
dinamik viskozite ve tiirbiilans dinamik viskozite
katsayilandir. oy,0.,0r ve C, k- ¢ tiirbiilans modeli
parametreleridir. Yaygin olarak kullanilan degerler;
€, =009 C =14, C,=192 6, =10,0, = 1,3, op = 0,85
olarak kullanilmaktadir [3]. Hava ve batarya bolgesi
i¢in enerji denklemleri;

aT _ a (A +y1) aT 6
Potigx, = ax;|\"* " o7/ 0x; (©)
Ll YL D 7
ax;\"Pox; ) TP T Q)

olarak verilebilir [18]. Burada p, ¢, ve T degerleri
havanin yogunluk, 6zgiil 1s1 ve sicaklik degerlerini
temsil etmektedir. Ay, Tb, @b degerleri ise bataryanin 1s1
iletkenlik katsayis1 sicaklik ve toplam 1s1 iiretim
oranint gostermektedir. Pillerde asir1  gerilimden
dolay1 meydana gelen 1s1 tiretimi Qi, elektrokimyasal
reaksiyonlardan dolay1 entropi degisimi Q, ve Ni-MH
bataryada sarj ve desarj islemi boyunca meydana
gelen H»-O; reaksiyonu boyunca agiga ¢ikan entalpi

degisimi Qs asagidaki denklemleri ile ifade
edilmektedir [29,30];
1=I’R t))
- 4s: ®
%—angi
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AH
Q3 = W;Ik (10)
k
_ 4(Q;+Q2+Q3) an
b= nwd?h

Burada I sarj veya desarj akimi, Ty, batarya sicakligi,
AS; entropi degisimi, AHj entalpi degisimi, [; ve Ii, i ve
j yonlerinde meydana gelen reaksiyon akimlarini, @y
bataryada meydana gelen 1s1 liretimini belirtmektedir.

2.3 Coziim Ag1 ve Coziim Metodu

Coziim ag1 (mesh) islemi icin baskin hesaplama
tetrahedral metodu segilmigtir. U- ve Z- tipi kanal i¢in
¢Oziim ag1 Sekil 2°de goriilmektedir. Hiz girisi, basing
¢ikisi ve adyabatik duvar kosullari, hava-batarya
araylizii i¢in ise birlestirilmis duvar kosullari
belirlenmisgtir. HAD (ANSYS Fluent) ile giris konumu
ve giris havasit hizinin sogutma performansina olan
etkisini aragtirmak i¢in kararli durum sayisal
simiilasyonu kullanilmistir. Basing-hiz baglanti semasi
SIMPLE, yonetim denklemlerinin difiizyon ve
konveksiyon terimleri second-order upwind olarak
secilmistir. Ilgili degerler giris hizlar1 ¢ikis ve duvar
degerleri Tablo 3’te verilmistir.

Tablo 3. Smir Kosullari

Tipi Degerler
Giris Hiz: 2-6 m/s
Sicaklik:298 K
Tiirbiilans yogunlugu: %5
Tiirbiilans viskozitesi orani: %10
Cikis Cikis basinct: 1 atm
Duvar Is1 akist: sifir
Batarya 1s1 iiretimi 551 W/m®
Batarya 1s1 akisi 280 W/m?

a) U- tipi kanal

b) 7- tipi kanal

Sekil 2. a) - ve b Z- tipi alda gozm gl as1

2.4 Coziim Ag Dogrulama Islemi

Coziim ag1 olusturma asamasinda baskin hesaplama
metodu tetrahedral metodu segildikten sonra, hiicre
boyutu ¢esitli dlgiilerde alinarak, elde edilen Slgiimler
degerlendirilmis ve gergek degerlere en yakin degerler
secilmigtir. Mesh isleminde hiicre boyutu degeri 3, 5,
15 ve 25 mm degerleri alinarak U- tipi kanal icerisinde
2 ila 6 m/s hizlarda sicaklik degerleri elde edilmistir.
Sekil 3’te belirtilen degerlere gore 3 m/s hizinda 3 mm
ve 5 mm hiicre boyutu degerleri arasindaki sicaklik
farki 1,43 K ve 6 m/s hizindaki hata pay1 %]1,11 olarak
belirlenmistir. Bu nedenle HAD iglemleri 5 mm hiicre

boyutu  degeri baz  alinarak  simiilasyonlar
gergeklestirilmistir.
370
—&—3mm
360 ——5mm
350 —8— 15mm
— —8—25mm
9]
5 340 4
=
2 330
@ ]
]
320 b
310
300

2 3 3 s 6
Giris hizt (m/s)
Sekil 3. Hiicre boyutuna gore sicaklik degerleri

U- tipi kanal i¢in 3 m/s hizinda Tablo 3 ve 4’te verilen
siir kosullar1 ve 1s1l fiziksel 6zelliklere gore yapilan
calisma sonucu deneysel sonuglar ile karsilastirilmis
ve gercege yakin sonuglar elde edilmistir [10].
Deneysel olarak elde edilen veriler ile maksimum
sicaklik degisimi 307-314,76 K arasinda iken,
simiilasyon  sonuglarimiza goére farkli  Olglim
noktalarindan alman sicaklik degerleri 303,74-311 K
arasinda degismektedir (Sekil 4). Deneysel sonucglara
gore bagil hata %I1-1,17 arasinda degismekte ve
simiilasyon sonuglarinin deneysel sonuglarla uyumlu
oldugu tespit edilmistir. Deneysel uygulamalarda sarj
ve desarj esnasinda batarya paketinin 1s1 Uretimi
artmaktadir. Simiilasyonda ise 1s1 {iretim miktar1 sabit
bir deger olarak alindig1 igin, simiilasyon sicakligi,

deneysel sonuglara gdore biraz daha diisik
¢ikabilmektedir [10].
350 = &= Deneysel [10]
@+ Simiilasyon
335
2320
e *
H . A, P el
g 305 L e R rQ: A i S
a
g 200 —
k| [ 1 :
<! i i ‘; |
S 215 ﬁ‘ H
oo Irl i |J
]
245
0 3 6 9 12 15
Olgiim Noktast

Sekil 4. Cesitli noktalardan alinan deneysel ve simiilasyon

sicaklik degerleri
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Tablo 4. Termofiziksel 6zellikler

Hava D2tar Batarya mm'den  yiiksek
ya Kutusu
< 3 1958,
Yogunluk (kg/m?) 1,225 7 7930
Ozgiil 151 (J/kg-K) 1026’4 733 500
Is1 iletkenlik katsayist
(W/m-K) 0,0242 1,5 16,3
Dinamik viskozite 1’7594 ) )
(kg/m-s) 10

ITII. BULGULAR VE TARTISMA

sicakligin arttigi belirtilmistir. Giris konumu 30
oldugunda, giris konumunun
artmasiyla maksimum sicaklik, maksimum sicaklik
farki ve sicaklik artisi hizla artmaktadir. 60 mm giris
konumu i¢in maksimum sicaklik, maksimum sicaklik
farki ve sicaklik artis1 degerleri sirasiyla 346,16 K,
23,36 K ve 48,16 K'dir. Bunun sebebi, havanin pillerin
altindan yukar1 dogru akmasi ve termal doygunluga
ulagmasi i¢in 1siy1 sogurmasidir. Termal doygunluk,
giris konumunun artmasi ile artmakta ve bu da hava ve
pil arasindaki 1s1 transferini bozarak sicaklik farkini
azaltmaktadir [10,31].

360

—&— Maksimum sicaklk

3.1 Giris konumunun batarya sogutmasina olan

0 —a— Sicaklik artist
o . )2 —&— Maksimum sicaklik farki
P 340
e tkl si M

U- ve Z- tipi hava sogutma kanalmin giris kism1 0-60
mm giris kismindan sogutma performansina olan
etkisi Sekil 5’te verilmektedir. Maksimum sicaklik
giris konumuna gore cesitli hizlarda (2-6 m/s) elde
edilen en yiiksek sicaklik degerini, sicaklik artist ilk

330

Sicaklik (K)

320

310

300

290

»—-,_"\/\/_“-

a) U- tipi kanal geometrisi

sicaklik degerine gore farki ve maksimum sicaklik
farki ise en yiiksek ve en diisiik sicaklik farki

0 10 20

350

Giris konumu (mm)

30 40 50 60

ifadelerini temsil etmektedir. Sekil 6’da giris
konumlarina gore, batarya paketinde pillerin sicaklik
dagilimlar1 verilmektedir. Sicaklik degerleri U- tipi
kanal akisinda genel olarak once artig, azalig ve daha
sonra tekrar artig seklinde meydana gelmektedir. Sekil
5 ve 6-a’da goriildiigii gibi, dairesel silindirlerin
etrafindaki akisin neden oldugu hava akis hizi, batarya 00 ]
takiminin ikinci yarisinda kiigiilmekte ve maksimum

320

Sicaklik (K)

310

aksinum sica
340 4 Sueallle arti
—— Maksimum sicaklik farki
330 1
L

b) Z- tipi kanal geometrisi

sicaklikta bir artisa ve sicaklik homojenliginde bir o o P
azalmaya neden olmaktadir. Xu ve ark. [10] tarafindan
bildirilen referansta batarya takiminin ikinci yarisinda

Temperature
3249
H 3227
' 320.5
13183
3161
3138
e
309.4
307.2
305.0

20mm

;m;
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b) Z- tipi kanal geometrisi
Sekil 6. 3 m/s hizinda hava sicaklik dagilimlar
120
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Giris konumu (mm)

Sekil 5. Giris Konumlarina gore sicaklik farki degerleri
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Sekil 5 ve 6-b’de Z- tipi kanal i¢in sicaklik farklar1 ve
sicaklik  dagilimlar1  giriy  konumlarma  gore
verilmektedir. Sicaklik degerleri hava giris konumu
degistikce belirgin sekilde diisiis gostermekte ve 50
mm giris konumundan sonra artis gdstermeye
baslamigtir. 60 mm giris konumu i¢in maksimum
sicaklik, maksimum sicaklik farki ve sicaklik artisi
degerleri sirastyla 323,69 K, 6,23 K ve 25,69 K'dir.
Sicaklik dagilimi incelendiginde, batarya takiminin
ikinci  yanisindan  itibaren  sicaklik  degerleri
artmaktadir. Sicaklik artisinin belirli bir konumdan
sonra artmasmin temel nedeni, havanin giris
konumunda bulunan akis kanalina girmesinin zor
olmasi ve ¢ikisa en yakin noktadan kanali terk etmeye
calismas1 olarak belirtilebilir [19]. 30 mm giris
konumunda U- ve Z- tipi sekiller i¢in maksimum
sicaklik, maksimum sicaklik farki ve sicaklik artisi
degerleri sirastyla; 336,25 K, 19,71 K, 38,25 K ve
321,26 K, 4,99 K, 23,26 K olarak ol¢lilmiistiir.
Sicaklik farki diisiisii U- tipi kanaldan Z- tipi kanala
gore maksimum sicaklik degeri igin %4 olarak
gergeklesmistir.

3.2 Giris hizinin batarya sogutmasina olan etkisi

U- ve Z- tipi kanallar i¢in sicakligin giris hizina gore
degisimi Sekil 7°de verilmektedir. Giris hizlar1 2
m/s’den 6 m/s ‘ye dogru artik¢a batarya sicakliginin
distighi agikga goriilmektedir. U- tipi kanal i¢in 0 ve
60 mm giris konumunda sicaklik degerleri 337-322,37
K ve 346,16-327,75 K arasinda degisirken, 30 mm
giris konumunda bu deger 336,57-316,86 K olarak
Ol¢tilmistiir. Literatiir incelendiginde benzer egilimler
goriilmektedir [3,10,23]. Giris hizinin artmasina bagh
olarak, hava ile piller arasindaki etkin 1s1 transferinin
artmasi, sicaklik diislisiine yol agabilmektedir [10].
Sekil 7-a incelendiginde U- tipi kanal i¢in 30 mm giris
konumunda en diisiik sicaklik farki olusmustur. Bu
durum havanin ideal davranisi ile uygun giris hizi ve
konumunun eslesmesi dolayist ile 1s1 transfer
mekanizmasina olumlu katki saglamasi olabilir. Giris
hiz1t 3 m/s ‘den sonraki artan hiz araliginda, sicaklik
degerleri diismeye baslamaktadir. Bu durum, hava
giris hizinin artmasi ve uygun konum eslesmesi ile
bataryanin sogutulmasi siirecinde, 1s1 transferinin
gelistirilmesinde olumlu katki sagladigim
gostermektedir. Z- tipi kanal i¢in giris konumuna gore
sicaklik degisimi Sekil 7-b’de gosterilmektedir. 0 ve
60 mm giris konumunda sicaklik degerleri 327,6-
319,97 K ve 323,69-317,46 arasinda degismektedir.
30 mm giris konumunda en diigiik sicaklik farkina

ulasmistir.  U- tipi kanala goére 30 mm giris
konunumda  %4,5 sicaklik  disisi.  meydana
gelmektedir. Sicaklik degerleri giris konumunun

degismesine paralel olarak belirgin sekilde diismiis,
belirli bir hizdan sonra benzer sicakliklarda seretmeye
baslamistir. Hava giris hizi 4 m/s’den sonraki hava
hizlarinda, sicaklik degerleri degisim miktari ¢ok fazla
degismemistir. Bunun nedeni havanin batarya
grubunun ikinci yarisinda termal doygunluk bodlgesine
ulasmasi ve 1s1 transfer siirecinin stabil kalmasina

baglanabilir. Buda Z- tipi bataryalarin havanin
yonlendirilmesinde, daha diisiik hizlarda ve uygun
giris konumunda daha az enerji harcanarak sogutma
gercgeklesebilecegini gostermektedir [24].

350

—&—0mm

Steaklik (K)

a) U- tipi kanal geometrisi

2 3 4 5
Giri uz1 (w/s)

——(mm

3124 b) Z- tipi kanal geometrisi

2 3 4 5
Girls nz1 (m/s)

Sekil 7. Giris hizlarina gore sicaklik degisimleri

Sekil 8’de U- ve Z- tipi kanallara ait ¢esitli
konumlarda hiz dagilimlar1 verilmektedir. Sekil 8-a
incelendiginde U- tipi kanal icin, giris konumunun
artmastyla, diisik hizlarda hava ile pil gurubu
arasindaki sogutma performansi diismekte ve pillerin
sicakligi artmaktadir. Disiik giris konumu ve
hizlarinda hava akisinin  batarya grubunu tam
dolagmasiyla piller arasindaki akig etkisi ve yiiksek 1s1
transfer mekazinmasi olugmakta ve batarya sicakligi
diismektedir. 30 mm giris konumunda, ideal eslesme
gercekleserek hava akig hizinin, 1s1 transferini artirarak
sicaklik degerini azalttig1 goriilmektedir. Sekil 8-b’de
Z- tipi kanal ¢ikisinda basinli hava, batarya takiminin
tamamnida dolasimi saglamakta ve U- tipi kanala gore
yliksek 1s1 transfer mekanizmasi gerceklesmektedir.
Giris konumu 40 mm’den sonraki kosullarda, basinglt
havanin  girisi  zorlanmasiyla, uygun eslesme
gerceklesmemekte ve batarya takiminin sicakliginda
artisa neden olmaktadir.
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IV. SONUC VE ONERILER sicaklik degerlerinin diistiigii soylenebilir. Daha diistik

Bu caligmada U- ve Z- tipi kanallara ait batarya
grubunun ¢esitli hava giris hizlarinda ve konumlarinda
batarya sogutma performansi incelenmistir. Bunun
icin 24 adet Ni-MH pil grubundan olusan batarya
grubu se¢ilmis ve hesaplama icin HAD yontemi
kullanilmigtir.  Kanal giris kisimlarmin  yerden
yiikseklikleri sirasi ile 0-60 mm arasinda ve hava girig
hizlar1 2-6 m/s olarak incelenmistir. Hava giris hizinin
artmastyla, sicaklik degerleri azalmistir. Giris konumu
degerleri artmasiyla sicaklik degerleri 30 mm giris
konumuna kadar azalmig, sonrasinda artmaya
baslamistir. Hava giris hiz1 2-5 m/s arasinda, 30 mm
giris konumunda U- ve Z- tipi kanal sicaklik artis
degerleri, 39,13-22,1 K ve 22,3-20 K olarak
gergeklesmistir. 40 mm giris konumunda U- ve Z- tipi
kanal i¢in maksimum sicaklik degerleri 342,44 ve
320,35 K olarak gergeklesmistir. Buda Z- tipi kanal
¢esidinin %6 daha fazla sogutma performansina sahip
oldugunu gostermektedir. Z- tipi kanal sogutma
sisteminde, uygun eslesme ve ideal hava akist

enerji akist istenilen durumlarda, Z- tipi akis
mekanizmas1 kullanilmasinin daha uygun olacag:
diigiinilmektedir.

Elektrikli araglarda, batarya Omriinii belirleyen en
onemli etken batarya verimidir. Etkili verim igin
sogutma performansmnin en ideal sartlara gore
ayarlanmasi gerekmektedir. Bu c¢alismada batarya
giris konumlar1 ve hizlarinin sicaklik dagilimina etkisi
incelenmis ve elde edilen bulgular yorumlanmistir.
Gelecekteki arastirmalar i¢in, hava ¢ikis konumunun
soguma performansima olan etkisinin incelenmesi ve
cok amacgli bir optimizasyonun yapilmasma katki
saglayabilir.
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Abstract

Sentiment analysis is a challenging problem in Natural Language Processing since every language has its own character within
several difficulties such as ambiguity, synonymy, negative suffixes...etc. Since words with ambiguity can have different
sentiment scores depending on the meaning they have in their corresponding context, we accomplished a study on Turkish
language to determine whether the polarity scores of these polysemous words may differ according to their meaning. For a
word with ambiguity, we first made a polarity calculation module to calculate its polarity score. This way, we calculated the
polarity scores of 100 Turkish polysemous words. Then, since negation directly affects the correct meaning of the word in the
sentiment analysis, a negation handler module is also implemented. After that, we prepared a sentiment polarity corpus which
consists of 159,876 Turkish words including 100 Turkish polysemous words. Actually, the main purpose of this study is to
detect sentiment polarity of Turkish texts by considering and building a specialized module for polysemous words. In short,
we built a system for Turkish sentiment polarity detection task including these modules: Pre-processing, Polarity Calculation
Module, Negation Handling Module, Feature Generation Module, and Classification Module. According to our knowledge,
this is the first study which includes all of these modules in one Turkish sentiment analysis task. Finally, we conducted this
corpus using an ensemble hybrid regularized learning algorithm on two self-collected Twitter-datasets. Experimental results
show that the suggested approach improves the classification performance on Turkish sentiment analysis task.

Keywords: Sentiment analysis, word ambiguity, machine learning, hybrid learning algorithm, LSTM

I. INTRODUCTION

A natural language may contain semantic confusion in words due to its nature. Polysemous words can
have different meanings depending on their intentional usage in the context. The purpose of the Word
Sense Disambiguation (WSD) [1,2] problem is to determine the sense of a word with ambiguity in a
sentence. The problem of ambiguity, which people solve with the help of their cognitive processes while
communicating, is one of the important and current issues discussed in the field of NLP so that machines
can solve it with algorithms.

While the studies on WSD problem were mostly done in English, we conducted this study for Turkish
language, which is harder to study due to the complexity of Turkish morphology, syntactic structure, and
being an agglutinative language. In the literature, there are some studies on WSD for Turkish language,
for example: A¢ikgdz et al. [3] studied on semantic ambiguity for Turkish language and measured the
performance of the given features for different classification algorithms. Orhan and Altan [4], conducted
experiments to find effective features to eliminate the ambiguity of meaning in Turkish verbs and
summarized the results.

Sentiment analysis (SA) goals to determine the sentiment polarity of a word as positive or negative with
the help of some outer resources such as corpus, dictionary and by using algorithms. It is known that
words with multiple meanings, for instance, polysemous words, may have different sentiments (i.e.,
positive, negative) depending on the meaning they have. According to the studies in the literature, it is
seen that polysemous words are often not taken into account or the average of the sentiment values of all
meanings of ambiguous words is calculated as the sentiment value of that word [5].

Negation is an essential concept in NLP. In SA, finding the correct meaning of the word is crucial and
since negation directly affects the sentiment, it should be detected prior to the analysis. In Turkish,
negation usually appears in two forms. It can appear either in a word form or can appear in a suffix form.
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The prepossessing phase of the NLP process
includes a stemming step. When stemming is
applied to the word that includes negation, the
meaning of the word is lost. To prevent these types
of situations, negation must be handled before the
stemming is applied to preserve the negated
meaning of the word that includes negation.
Although the studies for Turkish are few, it is seen
that in most of the studies, the words are stemmed
directly from the root and the sentiment polarity
values of these roots are found. It is observed that
there are very few studies which handle negation
in the sentiment polarity classification task [5-6].

By considering that there is a lack of studies in
literature, the purpose of this study is to make a
preliminary study on whether the polarity values of
Turkish words with ambiguity differ according to
their meanings and to prepare a negation handler
module, so that we have taken into account both
forms of negation of Turkish language in the
polarity classification.

Actually, the main purpose of this study is
sentiment analysis of Turkish texts by considering
and building a specialized module for polysemous
words. Since words with ambiguity can have
different sentiment scores depending on the
meaning they have in their corresponding context,
we accomplished a sub-module in our sentiment
analysis system on Turkish language to determine
whether the polarity scores of these polysemous
words may differ according to their meaning. We
think that this is very important since the polarity
scores of polysemous words could change from
their con-text to context meanwhile they can have
different meanings in different contexts; which
directly have the capability of changing the
polarity score of the text.

Our contributions in this work are as follows:

e One of the most important purposes of this
study is to show that polysemous words, which
have the -capability of having different
meanings based on their context, could have
different sentiment polarity scores according
to their context. As far as we know, this is the
first effort for Turkish language. By making
statistical calculations and morphological
analysis, we calculated different scores for the
corresponding different meanings of about 100
Turkish polysemous words. This study
contributes to the literature due to its unique
property to be the first in kind.

e We prepared Turkish sentiment polarity
corpus based on some statistical calculations
instead of using translated dictionaries. This
extended dictionary consists of 159,876 words
including 100 polysemous words and publicly
available for other researchers upon their

request. As far as we know, this study again is
the first attempt on building such a dictionary
for Turkish which has sentiment scores of
polysemous words. As we see from the
literature, there is no such dictionary including
different scores for ambiguous words.

e We extracted features {F;-Fy} extracted from
the extended GDELT based dictionary, which
clearly seems to have an improvement on the
classification task in comparing to using
features extracted from conventional TF. As
far as we know, there is very little effort for
such a comprehensive feature extraction
module for Turkish sentiment analysis task.

e We built a system for Turkish sentiment
polarity detection task including these
modules: 1) Pre-processing, 2) Polarity
Calculation Module, 3) Negation Handling
Module, 4) Feature Generation Module, and 5)
Classification Module. According to our
knowledge, this is the first study which
includes all of these modules in one Turkish
sentiment analysis task.

e The suggested algorithm in this study also
includes an ensemble-based architecture,
which is very valuable since there is very little
effort on wusing ensemble-based learning
algorithms for Turkish SA problem.

e By conducting several experiments in our
experimental environment, we tried to show
the effectiveness of the proposed algorithm
over the state-of -the-arts algorithms on the
sentiment polarity detection task. By using the
proposed algorithm, we observed a very
promising performance on Turkish sentiment
analysis, which is very appreciated since there
are rare significant results on Turkish
sentiment analysis.

e All materials in this study (i.e., the extended
dictionary, datasets and implementation) are
publicly available for other researchers upon
their request. This is a great advance for
Turkish, since there is very little publicly
available source for Turkish language.

The remainder of the paper is organized as
follows: Section 2 presents related work on WSD
and sentiment analysis for Turkish language. The
proposed methodology, including polarity
calculation, feature generation module, and
negation handler module are explained in Section
3. The experimental setup, dataset, polarity
calculation analysis results for polysemous words,
and the corresponding experimental results of the
sentiment polarity detection task are presented in
Section 4. Finally, Section 5 gives the conclusion
and future directions.
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I1. RELATED WORK
2.1 Related Work About
Disambiguation

Acikgoz et al. [3] studied on semantic ambiguity
for Turkish language and aimed to measure the
effect of the performance of the given features for
different classification algorithms. A randomly
obtained dataset from Penn Treebag Corpus was
translated into Turkish, and there were 1400
sentences in the translated dataset. C4.5, k-nearest
neighbors (KNN), Random Forests(RF), Naive
Bayes(NB), multilayer Perceptron, Rocchio, and
Linear classification algorithms were used. In
addition, SkipGram and Continuous Bag of Words
(CBOW) models were used. According to their
experimental results, there were some important
observations: 1) SkipGram generally
outperformed CBOW. 2) Increasing the window
size does not increase the model performance. 3),
increasing or decreasing the vector size, or
increasing the corpus size did not have a
remarkable effect on the success of the model.

Word Sense

Orhan and Altan [4], implemented some
algorithms and conducted experiments to find
effective features to eliminate the ambiguity of
meaning in Turkish verbs. METU-Sabanci
Turkish Tree Bank was used in this study. The
verb "gelmek (English translation: come)" was
used in the experiments and its meanings were
examined gradually. By using WEKA tool,
AODE, IBk, and J48 algorithms were run on the
dataset. Experimental results reported in this study
show that there was only a slight difference
between the classification performance of the used
algorithms. Moreover, it has been deduced that
feature selection has a significant effect on the
experiment results.

Cetiner, Yildirim, Onay and Oksiiz [7] studied on
resolving the ambiguities of multiple-sense words
that have the same morphological structure.
Turkish KeNet word network was used to capture
the meaning of the words. Segmentation of
sentences was provided by Turkish BERT
segmentation model. First of all, word
representation vectors of BERT were created for
each term in the corpus. After that, the vectors
obtained from KeNet are selected according to
their cosine similarity scores, and then the related
term is associated with the relevant meaning in
KeNet and indexed. The study was conducted on
a corpus of 130 thousand news, the results of 4
queries were given as an example. The queries
were performed without using the WSD module
and according to the experimental results, there
was no difference observed in direct indexing. A
noticeable increase was detected in the queries
made using the WSD module.

Mert and Dalkilig [8] adapted Lesk and Simplified
Lesk algorithms to Turkish in order to solve
Turkish WSD problem. While Lesk method
compares the definitions of the indefinite word
and the definitions of other words in the sentence
in order to remove ambiguity of the words; on the
other hand, Simplified Lesk method compares the
stems or roots of the words in the sentence with
the definitions of the indefinite word, instead of
comparing the definitions of all words. These
methods were tested with 10 sample sentences and
the average of those 10 runs were reported as the
success rate of the model. As a result, it was seen
that Lesk-like methods produced better
classification results in comparing to the
simplified lesk-like methods.

Aslan, Arican, Bayrak, Ozbek, and Yildiz [9]
aimed to prepare the most accurate corpus of
manual tagging for tourism domain by using a
large amount of Turkish data. The data set was
created by selecting 14,000 comments had written
by the customers on the internet, and a total of
20,000 sentences were processed with an unsigned
data set. While marking the words and word
groups, they were first processed according to the
tourism dictionary, and the words that did not have
a meaning were marked with their meanings in the
general Turkish word network (KeNet).
Experimental results in this study show that;
93,653 words out of 20,000 sentences were
marked semantically, 1737 of the meanings came
from the general Turkish word network, while the
remaining 111 meanings came from the tourism
word network. The authors stated this study to be
a resource for future studies.

Tiysliz and Gilivenoglu [10] applied machine
learning algorithms to the dataset of Semeval-
2007 workshop for Turkish, and they compared
their experimental results with the experimental
results shared in the workshop. Within the scope
of the research, test and evaluation data consisting
of six words including the types classified as ten
in the noun type, ten in the verb type, and other
types were prepared. The prepared dataset has
been tested with Semeval, NB Algorithm and
Decision Tree Algorithm methods by using
WEKA Tool. Due to the small number of samples
in Semeval-2007, it resulted in low performance.
In machine learning algorithms, more successful
results were obtained compared to Semeval-2007
workshop.

Arslan, Orhan and Tahiroglu [11] proposed a
solution for Turkish WSD task. The semantic
graph of Turkish lemmas was created by using the
co-occurrence relation at the sentence level. First,
lemmas were added to the graph database. Then,
the lemmatization process was applied to the

127



Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 125-141

Sentiment Analysis

sentences and connections were established
between the lemmas. By ignoring inflected words
with more than one lemma alternative, a graph
without ambiguity is obtained. All lemmas
collected in this graph are linked by the
'COOCCUR' relationship. NB classifier was used
for pattern classification. For each lemma
sequence, NB calculations were made using
lemma relationship statistics. When the test results
were evaluated in a controlled manner, the success
rate was 68.42%, and it has been observed that this
success rate increases when trained with more data
sets.

Aydm and Kiligaslan [12] improved a corpus
based WSD application by using Inductive Logic
Programming (ILP). WSD application was
implemented with a ILP system, ALEPH (A
Learning Engine for Proposing Hypotheses).
Three data files were required to build the theories
in ALEPH. In practice, the background
information of each word's training set sentences
was given to the ALEPH system by taking positive
examples and negative examples, and a model was
created. In the evaluation phase of this model, files
containing the background information of the test
set, positive samples, and negative samples were
created. Finally, these files were given to the
system and the test process was carried out. They
concluded that most WSD techniques fail to detect
the relationship between information from
different lexical sources for clarification.
However, ILP was successful in displaying
relational information and can create a different
structure with data from various sources.

Selamet and Eryigit [13] proposed a
semisupervised context based WSD approach for
data augmentation for low-resource languages
(LRLs). The proposed model was tested on the
English dataset in order to demonstrate the
accuracy of this study. The suggested semi-
supervised method used context embedding and
seed set. The study was tested in 9 different
context-based language models (BERT, ELMo,
RoBERTa, etc.) and their effects were examined.
As a result, a performance increase of 28% has
been achieved, thus it was conducted that the
initial findings are promising. In addition to the
original study, the maximum and average
similarity models of the seed set were expanded
according to a certain threshold value and tested in
the highest performing language model.

2.2 Related Work About Sentiment Analysis

A recent study in [14] aims to guide both public
and private enterprises. AutoTrain technology and
bert model were used in this study. Thanks to
AutoTrain, analysis can be made without knowing
any statistics or mathematics. The Bert model,

unlike other models, evaluates the input from both
the right and left. Thus, the margin of error of the
output is minimized. According to the
experimental results, the methodology presented
in this study achieved 90% success.

Cilgin et al. [15] attempted to learn the public's
emotional perspective on the vaccines developed
during the Covid-19 epidemic. In this study, a
majority learning architecture was developed
using Support Vector Machines, Naive Bayes, K-
nearest neighbor, Logistic regression, Random
Forest and XGBoost algorithms. In order to form
a dataset in this study, Turkish tweets with Covid-
19 and vaccine tags between April and August
2021 were collected. According to the
experimental results of the study, the percentage
of people who are not antivaccine was very low.

Another study [16] aims to perform sentiment
analysis on Turkish language datasets gathered
from Twitter. In this study, first of all, tweets were
collected using the Twitter API. After that, two
different libraries were used for morphological
analysis. These libraries are Zemberek Library
and Snowball Library. TF-IDF technique was
used as the text representation for both the texts
preprocessed after Zemberek library and snowball
Library. SVM, Logistic Regression, Random
Forest, NB, LSTM, and SGD algorithms were
applied on both datasets for classification. The
analysis reported in this study states; these
machine learning algorithms on these two datasets
give up to 87% classification performance which
is very significant and promising for Turkish
sentiment analysis task.

Kirelli and Arslankaya [17] worked on sentiment
analysis of tweets about global warming. Data was
collected from Twitter with hashtags such as
#kureselisinma, #iklimdegisikligi, and
#iklimetkisi using the Twitter APIL. In the
preprocessing step; numbers, special characters,
punctuation marks, and stop words have been
filtered. Then, the stemming process was applied
on this cleared dataset with Zemberek library [18].
After that, the data set was classified with K-NN,
SVM, and NB(Bayes) algorithms. According to
their reported results, using N-gram with K-NN
increased the classification success rate.

The purpose of another very recent study [19] is to
make a sentiment analysis of the criticisms in the
social media towards teachers and health workers
during Covid-19 epidemic, especially from the
perspective of children and parents. Turkish
tweets containing the hashtags of health workers
and teachers were collected by the Twitter API for
the period of 11 March 2020 and 2 July 2021. In
this dataset, for the “healthcare professionals”
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hashtag there are tweets from 10324 different
users and totally 15368 tweets, and for the
“teachers” hashtag there are tweets from 1685
different users and totally 2956 tweets. After pre-
processing of the data, dictionary-based sentiment
analysis was performed at the sentence level. As a
result of the analysis, 70% of the tweets shared by
Twitter users to their teachers were detected as
sentiment positive, and 61% of the tweets shared
on their health lives were detected as sentiment
positive. Moreover, a very similar recent study
was accomplished by Kandiran et al. [20]. The
authors attempt to understand what the society
thinks about online education during the Covid-19
epidemic by doing sentiment analysis on their
social media posts. The data set contains 8545
Turkish tweets. In order to get tweets from
Twitter, 28 different hashtags related to online
education have been used.

A new SA system implemented by Yiiksel and
Tan in [21], a sentiment model was proposed to
analyze and classify restaurant reviews as
positive, negative or neutral. The dataset used in
this study was collected from the Foursquare
application. From Foursquare a total of 7086
Turkish reviews from 128 different restaurants
were extracted to form the dataset which was later
used both in training and testing of the proposed
system. As the first process, the typos of all the
data in the dataset were corrected along with
rooting all the words in the data to access the base
form of words. For these preprocessing steps, [TU
Turkish NLP Web Service and Zemberek tool
were used. Then to perform classification on the
reviews, first, the sentiment values were
determined. As the second step, the same reviews
were translated from Turkish to English using the
Google Translate API. Then the sentiment values
of these translated reviews were found as well
using the Text Analysis API. The reason for
translating all the reviews to English and finding
the sentiment values of these reviews is to
compare the classification results of the same
reviews both in Turkish and English. For
classification, three different techniques were used
which are Naive Bayes (NB), the Social
Information  Discovery  Algorithm (SIDA)
proposed in this study, and Text Analysis API. In
the classification approach of SIDA algorithm, the
positive reviews were tagged as +1 while the
negative reviews were tagged as -1 and the neutral
reviews were tagged as 0, these neutral reviews
were determined due to not including any words
related to the concepts of restaurants, foods, etc.
The classification was performed using all these
three classifiers. Then the proposed approach, NB
and Text Analysis API was evaluated for both
Turkish and English reviews. According to the
results, the SIDA algorithm performed the best in

English reviews with an 84,49% of accuracy rate.
Following that, again the SIDA algorithm
achieved 81,97% accuracy rate in Turkish
reviews. The NB algorithm achieved 78%
accuracy rate in English reviews and 73%
accuracy rate in Turkish reviews. The Text
Analysis API can only be evaluated for English
reviews because it only works in English input.
And according to that evaluation, the Text analysis
API received a 59.38% accuracy rate.

Koksal and Ozgiir in [22] offered a transformer-
based architecture that uses the by hand labelled
BounTi dataset which contains Turkish tweets
about particular universities in Turkey. This
dataset has characteristic features of social media
texts such as emojis, slang, and typo. Multilingual
and Turkish transformer models such as MBERT,
XLM-Roberta, and BERTurk are evaluated.
According to experimental results, the proposed
model reaches a macro-averaged recall score of
72,9%.

In another recent study proposed by Giiran et al. in
[23], sentiment analysis was performed on the
social media data. Mostly the effects of optimizing
the Support Vector Machine on sentiment analysis
were analyzed. It has been seen that SVM
techniques give the most successful results when
compared with other machine learning methods in
the literature such as Naive Bayes (NB), and
Random Forest (RF). The selection of the
appropriate kernel function and the determination
of the appropriate parameters of the kernel
function are of great importance in SVM success
rates. The grid search method is used to find the
most suitable states of the parameters that affect
the mentioned performance rate. In a basic sense,
unlike other machine learning methods, SVM
separates 2 classes by drawing 2 optimum lines
and creates a maximume-sized corridor space in the
middle of the separation, instead of fitting and
separating a linear line in the classification graph.
For the dataset, three different data sets named
VS1(3 classes, 3000 data), VS2(4 classes, 157
data), VS3(3 classes, 105 data) were used. The
proposed model was tested on these sets based on
the number of state separations in the datasets. The
effect of revealing the most appropriate
parameters for modeling on the results is also
shown numerically, by observing a large
difference between the highest and lowest
performance in the VS1, VS2, and VS3 datasets
tested. As a result, the proposed model received an
average of 75.2% accuracy rate. In future studies,
the authors plan to determine parameters using
heuristic methods.
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1. METHODOLOGY

The main purpose of our study is to attempt to
develop a dictionary-based ensemble learning
design for Turkish sentiment analysis task by
handling both WSD and negation. The general
architecture of the proposed system is given in
Figure 1. Our study has four main modules: 1) Pre-
processing, 2) Polarity Calculation Module, 3)
Negation Handling Module, 4) Feature Generation
Module and 5) Classification Module. The details
of these modules are given in the below sections.

Sentiment The List of

Polarity Polysemous
P

-~ et
FERN Calculation Words ]:> Feature
! Y Module Extraction

N
DD
Of) v .
Pre-Processing. Negation

Handler
Module

\\ Morphological |4
H Analysis

Classification:

Ensemble
Learning

Figure 1. The general architecture of the
proposed system

3.1 Pre-processing module

The first step in our system is the preprocessing
phase. This step comprises of a cleaning phase
which filters unwanted links, symbols, hashtags,
emoji, and numbers from the tweets. Moreover,
the roots of the words are found in the Zemberek
library [18] as shown in Figure 2.

Tweet before preprocess : "edinilen bilgiye gére, konya'da oturan 30 yagindaki imit akyil esi ve 3

yagindaki cocugu sebahat ile tanidiklan olan 2 aile ile birlikte sabah saatlerinde piknik yapmak tizere
beysehir'in iistiinler mahallesi'ndeki karaburun plajina geldi.

Tweet after preprocess : "edin bilgi gdre, konya otur 30 yas timit akil eg ve 3 yas cocug seyahat ile

tami ol 2 aile ile birlikte sabah saat piknik yap tizere beysehir tistiin mahalle karaburun plaj gel .

Figure 2. Example text in the preprocessing
module using the Zemberek library [18].

3.2 Polarity calculation module

In order to calculate the sentiment polarity values
of words, the methodology presented in [24] was
taken into consideration. This study uses GDELT!
(Global Data on Events, Languages, and Tone)
Project to get Turkish documents. GDELT
actually is a wvery large, on-going, and
comprehensive open database of the real world. It
captures and analyses the world’s news media in
many formats in over 100 languages including
Turkish. The sentiment polarity calculation has
been done by Equation 1 in [24]:

ZP=1(fixdy)

Sy =x=
w E;Izlfi

a

where n shows the total number of documents the
word is in, d represents polarity score of the
document, f; is the number of occurrences of the
word in the document and Sj, represents the
calculated polarity score of the word.

Since the news in GDELT Project they have been
annotated as positive or negative for their
sentiment polarities, Equation 1 takes advantage
of these annotated documents in order to discover
the sentiment polarity scores of the words
occurring in these documents. The logic behind
Equation 1 is that positive sentiment polarity
words commonly occur in positive sentiment
polarity documents, while negative sentiment
polarity words commonly occur in negative
sentiment polarity documents [24].

In our previous study in [25], in order to achieve
sentiment polarity values of Turkish words, we
were inspired by the methodology in [24]. We
prepared our sentiment polarity dictionary which
contains about 84,744 Turkish words [25]. There
are two stages during the building of this
dictionary. 1)In the first stage, we downloaded
Turkish documents from GDELT Project using
the BeautifulSoup library implemented in Python.
Then a preprocessing step has been performed as
mentioned in Pre-processing module. 2) In the
second stage, the sentiment polarity values of
words occurring in these documents have been
calculated according to Equation 1.

In this study, we extended our existing dictionary
in [25] by downloading more documents from
GDELT Project. Finally, the dictionary has about
120,000 Turkish words. A sample output of the
polarity calculation module is shown in Table 1.

Table 1. Sample output of polarity calculation

module

Word Polarity (Tone) Sentiment

Value Polarity
tan1 (diagnosis)  0.051187981 positive
kili¢ (sword) -0.391961507 negative
olii (dead) -0.104723823 negative
tatil (holiday) 0.677150085 positive
risk (risk) -0.92443375 negative
misafir (guest)  0.115154259 positive
pahalt -2.307692308 negative
(expensive)
biyii (magic) -0.993990332 negative
gliclii (strong) 0.538346933 positive
oyun (play) 0.333479786 positive

1 https://www.gdeltproject.org
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3.3 Negation handler module

In Turkish, negation usually appears in two forms.
It can appear either in a word form or can appear
in a suffix form. The words that cause negation are
words like “giizel” (nice), “degil” (not), “hi¢”
(any). The suffixes that cause negation are the
ones that cause negative meaning to the adjectives
and verbs such as “-me”, “-ma”, “-s1z”, “-siz”,
“suz” and “-siiz”.

To give an example for the first form of negation,
which are the word form negations in the sentence
“Buras1 giizel degil” (this place is not nice), the
word “gilizel” (nice) alone contains a positive
sentiment but when the “degil”’(not) word is used,
the meaning of the sentence is changed. Using the
“degil” (not) word combined with the word
“giizel” (nice) together causes negation in the
given sentence. To generalize, words like “yok”
(none), “degil” (not), “hi¢” (any) came after the
words. It negates the previous word in the sentence
and together it causes negation. To give an
example for the second form of negation which are
suffix form negations, for instance, the verb
“yapmamak” (not to do) has negative sentiment
and includes negation due to including the suffix
“-ma”. The stem of the word “yapmamak” (not to
do) is “yap” (do) has a neutral sentiment, but when
the “-ma” suffix is added to the word the word
becomes negated. To generalize, when the
suffixes “-me”, “-ma”, “-s1z”, “-siz”, “suz” and “-
siiz” are added to the verbs and adjectives, they
become negated.

Negation is an important concept in NLP. In
sentiment analysis, finding the correct meaning of
the polysemous word is very crucial and since
negation directly affects the sentiment and it
should be detected prior to the analysis. Generally,
in most NLP tasks, the preprocessing is an
important step. Usually preprocessing includes
steps like stemming and stop, word filtering, etc.
In the second form of negation, when stemming is
applied to the word that includes negation, the
meaning of the word is lost. To prevent these types
of situations, negation must be handled before the
stemming is applied to preserve the negated
meaning of the polysemous word that include
negation.

A negation module in our study is implemented
which handles both forms of negation. For the
negation module, a rule-based approach was used.
To handle negation, first the morphological
analysis of sentences is found using a context
based morphological analyzer tool. The output of
a morphological analysis of a sample sentence
using the ITU NLP tool and sentiment polarity
scores of the words are given below in Table 2.

Table 2. Sample Output from Nlp Morphological
Analyzer Tool and Sentiment Polarity Scores of
the Words

Sentence: “Sinemaya gitmemiz ne kadar giizel oldu"
(How nice it was that we went to the cinema)

Word Polarity (Tone) Sentiment
Value Polarity
“sinemaya” 0.051187981 positive
(to the cinema) -0.391961507 negative
g%‘)tmemlz (We (104723823 negative
“ne” (how) 0.677150085 positive
“kadar” (much) -0.92443375 negative
“giizel” (nice) 0.115154259 positive
“oldu”(it was) -2.307692308 negative

From the morphological analysis, the stems and
tags of the words can be found separately. In this
study, the negation handler module deals with
both forms of negation by using rule-based
approaches. Different rules were applied to solve
each form of negation since the handling process
for each form of negation differs Word-based
negation, which is the first form of negation, is
caused by words such as “yok” (none), “degil”
(not), and “hi¢” (any) in Turkish. In the negation
model, a negation list containing these words is
created, which is called negation listl, and this
list is used to detect the word-based negations. To
detect all negations in a given sentence, the first
and the roots of each word are checked from the
negation_listl. If the word in the sentence is in
negation_listl, the module finds the word that
comes before the negation word and combines it
with the negation word. After the combination
process, the combined word is tagged with the
“neg_” keyword. To give an example; in the
“Oras1 glizel degil” (it's not nice ) sentence, the
word “degil” (not) together with the “giizel” (nice)
word causes negation. In the negation handler
module, the root of each word in the given
sentence is checked from the negation listl, and
since the “degil” (not) word is in the
negation_listl, the word comes before the “degil”
(not) word which is “gilizel” (nice) word is
combined with the “degil” (not) word and tagged
with the “neg_” keyword to handle the negation.
After this process, the sentence became “Ora
neg_giizel-degil degil”. The structure of the
sentence was not corrupted; only the negated word
is tagged with this process.

To handle the second form of negation which is
caused by suffixes, different rules are applied for
different word tags. When “-me”, “-ma”, “-s1z”, “-
siz”, “suz” and “-sliz” suffixes are used in verbs,
nouns and adjectives they cause negation. For

example, for “gel” (come) word which is a verb,
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when “-me” suffix is used on this verb, the verb
becomes “‘gelme” (not come). and the verbs
become negated. In the negation handler module,
a negation list is created, which is called
“negation_list2”. This list includes the suffixes
that cause negation in verbs, nouns, adjectives,
which this list will be used for detecting these
forms of negation. In the negation module, when
the second form of negation is detected, the word
that contains the negation is tagged with “neg_”
keyword to represent the negation. To detect the
second form of negation, the suffixes given above
are checked inside the words, if any word includes
these suffixes, the word will be tagged as negation.
In the negation module, different rules are applied
to detect negation for different word types such as
verbs, adjectives, and nouns. First, the
morphological analysis of each word is derived by
applying the morphological analysis to the given
sentence. From the morphological analysis, the tag
of words is detected. The negation module is
executed for each word in the sentence given to
the negation module.

The module checks the type of the word.
According to the type of the word, the negations
are handled. If the type of the word is detected as
a noun, the suffixes of the word are checked. If the
word contains any suffix specified in
negation_list2, the noun is tagged as negation. To
give an example, the “Sevingsiz kaldim” (I'm
without joy) sentence is considered as shown in
Table 3:

Table 3. Morphological Analysis of the Sample
Sentence for Noun Type Negations

Sentence: “Sevingsiz kaldim” (I'm without joy)
Word

Morphological Analysis

“sevingsi  sinema+Noun+A3sg+Pnon+Dat

o

(without

joy)

kaldim” gittVerb+Pos"DB+Noun+Inf2+A3sg+
(I'm) Plpl+ Nom

As it can be seen from Table 3, the word
“Sevingsiz” (without joy) is a noun and it contains
the suffix “-siz” which is one of the suffixes that
causes negation found in the negation_list2. As a
result, the word “Sevingsiz” (without joy) is
detected as a negation word and tagged using the
“neg_” keyword. The output is “neg_seving kal”.
As it can be seen from the example, besides
detecting the negation, the roots of the words in
the sentence are also found in this process, that is,
why in the output the stems of the words appear
instead of the word itself.

A similar rule is applied for adjective word types
to detect negation. According to the

morphological analysis of the word, if the tag of
the word is an adjective, the suffixes that cause
negation found in the negation_list2 are searched
within the word. If the word contains any of the
suffixes from the negation_list2, it is tagged with
the “neg ” keyword. For example, when the
“Inangsiz olmak™ (to be unbeliever) sentence is
given to the negation module, from the
morphological analysis of each word in the
sentence the tag of words are checked.

The morphological analysis of the word
“inangsiz” (unbeliever) is shown in Table 4.
According to the morphological analysis of the
words, the word “inangsiz” (unbeliever) has an
adjective tag and the word also includes the “-s1z”
suffix which is one of the suffixes that cause
negation in adjective type words. In the negation
module, the word “inangsiz” (unbeliever) is
tagged as a negation. As an output, when the
negations are handled, the sentence becomes
“neg_inang or”.

Table 4. Morphological Analysis of the Sample
Sentence for Adjective Type Negations

Sentence: “Inangsiz olmak” (to be unbeliever)

Word Morphological Analysis

“inangsiz  inangsiz+Adj

(unbeliev  ol+Verb+Pos"DB+Noun+Infl+A3sg+P
er) non+Nom

The last type of word negation is verb type
negation; a different approach was used to detect
verb type negation. To detect the negation of the
words in verb form, the properties of the ITU NLP
morphological analyzer were used. With the
morphological analyzer, the negativity of words
can be detected. For example, when the
“Gelmemek senin tercihin” (It's your choice not to
come) sentence is morphologically analyzed,
according to Table 5, the word “gelmemek” (not
to come) has the verb as a tag. And if the verb is
negative, it includes the “Neg”” tag.
Table 5. Morphological Analysis of the Sample
Sentence For Verb Type Negations

Sentence: “Gelmemek senin tercihin” (It's your
choice not to come)

Word Morphological Analysis

“gelmeme  gel+Verb+Neg"DB+Noun+Infl+A3sg
k” (not to +Pnon+ Nom

come)

“senin” sent+Pron+Pers+A2sg+Pnon+Gen
(your)

“tercihin”  tercih+Noun+A3sg+Pnon+Gen

(your

choice)
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Therefore, verb-type words can be classified as
negation if they contain the tag “Neg”” in their
morphological analysis. So to handle verb type
negation. The “Neg"” tag is searched if the word
has the verb tag. If the verb includes the specified
tag, it is tagged as a negation. For example, we can
consider the sample word given in Table 5.
According to the sample sentence, the word
“gelmemek” (not to come) has the tag and
includes the “Neg”” tag, therefore it will be tagged
as negation using the “neg ” keyword. As an
output after the negation handling process, the
output when the sample sentence in Table 5 is
given, which is “neg_gel sen tercih”.

To conclude, the negation handler module detects
two forms of negation. After the negations are
detected, each word is also stemmed. Different
rule-based approaches were used to detect

different forms of negation. The negation module
takes sentences as input and according to the
morphological analysis of sentences, each word in
the sentence is checked and tagged if the word has
negation, it is tagged accordingly. Each word is
checked if it includes any form of negation. If the
word does not have the first form of negation, the
word is checked if it includes the second form of
negation. In the second form of negation, there are
different negation types for different types of
words such as verbs, nouns, adjectives. Each word
is checked if it includes any type of the second
form of negation. To understand how the negation
module performs, 10 sample sentences were given
to the negation module as an input. The results can
be seen from Table 6.

Table 6. Testing of the Negation Module with 10 Sample Sentences

Input Sentence

Output

“Bu insanlari akilsiz olmasi hig¢ giizel degil” (It's not nice that these

people are mindless)

“Geliyor degilim” (I'm not coming)

“Degilim seninle iyi” (I'm not fine with you)

“Calismaman bizi ¢ok tiziiyor” (It makes us very sad that you don't

work)

“Gelmemek ya da gitmemek senin tercihin” (It's your choice to not to

come or not to go)

“Bu isleri yapmaman senin sugun” (It's your fault for not doing these

works)
“Beni sevmiyorsun”( You do not love me)

“Boyle inangsiz olarak nasil yasiyorsun” (How do you live without

faith like this)

bu insan neg_akilsiz neg ol-hi¢ hig
neg_giizel-degil degil

neg_gel-degil degil

neg_degil sen iyi

neg_calis biz ¢ok iiz

neg_gel ya da neg_git sen tercih

bu is neg_yap sen sug

ben neg_sev

béyle neg_inang
olarak nasil yasa

3.4 Feature Generation Module

We prepare our tweet vectors by using the
sentiment polarity scores of the words in the
tweets. In other words, the feature vectors in our
classification system comprises of sentiment
polarity scores of the words gathered from our
extended sentiment polarity score dictionary,
which includes about 120 words.

We represent tweets in our test dataset using 10
features. These features are given in Equations 2-
12:

F; shows the number of words which have
positive sentiment polarity in a given text as
specified in Equation 2:

F;: Y, PositiveSentiment_word,; ?)
F> represents the number of words which have
negative sentiment polarity in a given tweet as

specified in Equation 3:

F» Y. NegativeSentiment_word; A3

F3 shows the number of total occurrences of
positive sentiment polarity words in the text as
specified in Equation 4:

F3:)7 TF * PositiveSentiment_word; “)

F4 demonstrates the number of total occurrences
of negative sentiment polarity words in the text as
specified in Equation 5:

Fy: Y11 TF » NegativeSentiment,,o,q; A)

F5 indicates the average positive sentiment

polarity score in a given text as specified in
Equation 6:

Fs: % Yi=1 PositiveSentimentg.,ye; 6)

Fs represents the average negative sentiment
polarity score in a given text as specified in
Equation 7:

Fs: % Yt PositiveSentiment_score; @)
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F7; demonstrates the number of positive seed
words in a given text as specified in Equation 8:

F;: ¥ PositiveSeed_word,; 8)

Fs shows the number of negative seed words in a
given text as specified in Equation 9:

Fs: Y- NegativeSeed_word; ()]

F9 indicates the number of total positive seed word
occurrences in a given text as specified in
Equation 10:

Fo: Y TF * PositiveSeed_word; 10)
F';p demonstrates the number of total negative seed
word occurrences in a given text as specified in
Equation 11:

Fi0: XL, TF x NegativeSeed_word; an
In our text representation methodology, we

attempt to represent text instances using Equation
12.

text;: {F]y F> F3 Fy Fs Fos F7 Fg Fo, F]()}
12)

where fext; is a tweet instance in our test dataset
and F.j9 are the features explained above with

Equations 2-11.

The list of seed words and their corresponding
seed scores are represented in Table 7.

Table 7. The list of seed words

Seed Word English Seed Score
Translation

Acayip Strange 2
Az Little -1
Azicik Few -1
asir1 Extreme 2
Bayagi Pretty 1
Biiytik Large 1
Cidden Really 1
Devamli Continuous 1
En Most 2
Fazla More 2
Gayet Plenty 1
gercekten Truly 1
Hakkaten Really 1
Hep Always 1
Kesinlikle Definitely 1
Kuskusuz No doubt 1
Muhtesem Wonderful 2
Nadiren Rarely -1

Stirekli Continually 1
Tam Full 1
Tamamen Completely 1
Yeterince Enough 1
Cok A lot 2
ozellikle Especially 1

3.5 Classification module

In this module; textual datasets which include
polysemous words, are classified according to
their sentiment polarity. The purpose of this
classification step is to decide the sentiment
polarity of the test samples, whether they are
positive or negative. This classification task is
performed on two self-collected datasets. The
information about these datasets is given in
Section 4.2.

The classification module in this study includes an
ensemble form of the SVM, NB, RF, and LSTM
classifiers. First of all, we implemented SVM, NB,
RF, and LSTM classifiers in Python using Python
Data Analysis Library (pandas v1.3.5), Machine
Learning  Libraries  (scikit learn  1.0.2,
sklearn.ensemble and Pytorch 1.13.0).

Then we implemented a majority voting scheme
in the classification phase to determine the output
of the ensemble algorithm, which combines the
decisions of SVM, NB, RF, and LSTM classifiers.
A brief description of classifiers is given below:

Support Vector Machine (SVM):

SVM is a very popular supervised machine
learning algorithm. The main purpose of this
commonly used algorithm is to decide the labels
of the data using support vectors [26]. It figures
out some support vectors in order to use a certain
maximum margin which then used as a decision
boundary when an unlabeled data instance enters
into the classification system as it is represented in
Figure 3. SVM can be used as both binary
categorization systems and multiclass
categorization systems with “one-against-one”
and “one-against-the-rest” techniques.

Figure 3. Representation of maximum margin in
SVM
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Naive Bayes Classifier (NB):

NB is again a very popular machine learning
algorithm which can be easily implemented [27].
Its origin is the Bayes Theorem and uses
statistical-based calculations to assign appropriate
class labels for the classification tasks as it is given
in Equation (13).

p(Data|Class) -p(class)
P(Data)

P(Class|Data) = (13)

where P(Data|Class) shows the likelihood
probability of the predictor given the class,
P(Class) represents the prior probability of
the class (y output), P(Data) signifies the prior
probability of the predictor (X features) and
P(Class|Data) denotes the posterior probability of
the class given the predictor [28].

Random Forest (RF):

Random Forest is a machine learning model based
on decision trees. It makes output predictions by
combining the results of a set of regression
decision trees. Each tree is independent of each
other. All trees in the forest have the same
distribution and all trees in the forest depend on
the random vector sampled from the input data
[29].

Long Short-Term Memory (LSTM):

LSTM is a branch of the Recurrent Neural
Network (RNN) architecture [30]. LSTM was
developed as a result of the search for a solution to
the disappearing gradient problem encountered in
RNN networks [31]. The general structure of
LSTM consists of cell, forget, input, and output
sections. Cell is the memory of the system. Input
and output are the sections where the inputs and
outputs to the cell are determined. The Forget
section is the critical part that determines which
information will be kept or deleted using the
sigmoid function. A general LSTM architecture is
shown in Figure 4.

h,

C

h,

Figure 4. Representation of LSTM algorithm
[35]

In order to improve the implemented LSTM
model, we also apply a few regularization
techniques to the output of LSTM before the
softmax layer. We implemented L2 regularization
[32], Manifold regularization [33] and Discrete

Regularization [34] to the weight of the softmax
layer.

IV. EXPERIMENTS

4.1 Experimental setting and computer specs

We apply 10-fold Cross-Validation (CV) on our dataset
and report the average of those 10 runs. All experiments
presented in this paper are carried out on a computer
with Intel(R) CPU at 4.70 GHz with 64 GB of memory.
BeautifulSoup library is used for python during the data
collection from GDELT project. SVM, NB, RF, and
LSTM classifiers have been implemented in Python
using Python Data Analysis Library (pandas v1.3.5),
Machine Learning Libraries (scikit learn 1.0.2,
sklearn.ensemble and Pytorch 1.13.0). We run SVM
with ‘scikit learn’ library with LinearSVC classifier
with ‘C’=1, ‘dual’="false’, ‘penalty’ = ‘12’ parameters.
Besides, LSTM’s hyperparameters used in this
implementation are shown in Figure 5.

Build the model
print('Build model...")
model = Sequential()
model.add(L.STM(hidden_nodes. return_sequences—False, input_shape=(word_vec_length,
char_vec_length)))
model.add(Dropout(0.6))
model.add(Dense(2))
model.add(Activation('softmax'))
model.compile(loss—'categorical_crossentropy', optimizer—'adam')
batch_size=1000
model.fit(train_x, train_y. batch_size=batch_size, epochs=10. validation_data=(validate_x,
validate_y))

Figure 5. Hyperparameters of LSTM

4.2 Dataset

Two different datasets were used for Sentiment Polarity
detection task. These datasets are collected by using
100 Turkish polysemous words as the keywords from
Twitter. These polysemous words are selected from
Turkish Language Institute (TDK'). Twelve of the
selected keywords are listed in Table 8:

Table 8. Twelve of Turkish polysemous words which
were used as keywords when gathering data from

Twitter.
Turkish Word English Translation
Yiiz Face
Ag Hungry
Bin Thousand
Dogru True
Giil Rose
Kara Black
Kiz Girl
Sag Right
Yas Age
Yaz Summer
Dil Tongue
Yag Oil

The steps of this process are as follows: 1) We collected
tweets for each keyword (i.e., polysemous words in our
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list), 2) We labelled these tweets according to the
meaning of that polysemous word. 3) Then we labelled
the same tweets according to their sentiment polarity as
they are positive or negative.

In other words, two different labelling process (i.e.,
labelling according to the appropriate meaning of the
polysemous word in the tweet and labelling according
to the sentiment polarity of the tweet) has been
performed on both datasets by human experts.

For the first dataset, we collected 30 tweets for each
polysemous word in our polysemous-words list, and the
first dataset finally includes 3000 tweets. For the
second dataset, we collected 100 tweets for each
polysemous word in our polysemous-words list, and the
second dataset finally includes 10000 tweets.

Twitter-3k dataset: This dataset includes 3000 tweets,
and of these, 47% are sentimentally positive and the
remaining 53% are sentimentally negative.

Twitter -10k dataset: This dataset includes 10,000
tweets, and of these, 42% are sentimentally positive and

the remaining 58% are sentimentally negative.
1 https://sozluk.gov.tr/

Details of these datasets are given in Figure 6.

80%
60%
40%
20%
0%
Twitter-3k dataset Twitter-10k
dataset

M Positive Tweets B Negative Tweets

Figure 6. Properties of datasets

4.3 Sentiment-polarity corpus: GDELT Dictionary
In order to achieve sentiment polarity values of Turkish
words, we took into account the dictionary which has
been prepared for the study in [25]. This dictionary
contains about 84,744 Turkish words. There are two
stages during the building of this dictionary. 1)In the
first stage, we downloaded Turkish documents from
GDELT! (Global Data on Events, Languages, and
Tone) Project using the BeautifulSoup library
implemented in python. Then a cleaning process has
been performed by filtering unwanted links, symbols,
etc., in the text. After that, morphological analysis has
been done with Zemberek library [18]. 2) In the second
stage, the sentiment polarity values of words occurring
in these documents have been calculated according to
the Eq. (1).

In this study, we extended the dictionary in the study in
[25] by downloading more documents from GDELT
Project. Finally, the dictionary has about 120,000
Turkish words. The visualization of these steps are
shown in Figure 7.

Input Preprocessi; 2

&

Turkish News (HTLM)

Extended GDELT based dictionary
(120K)

Figure 7. The visualization of building GDELT based
dictionary
4.4 The list of polysemous words

We prepared a list of polysemous words which contains
100 Turkish polysemous words. Ten of them are as:
“Yiiz” (face), “Kiz” (Girl), “Bin” (thousand), “Yas”
(Age), “Gil” (Rose), “Kara” (Black), “Sag” (Right),
“A¢” (Hungry), “Dogru” (True) and “Yaz” (Summer)
are examined. The details of these polysemous words
are given in Table 9. It shows the number of different
meanings for each word. For instance, for the word
“Yiiz” (face), we examined 5000 different sentences,
which were collected from GDELT Project and
contained “Yiiz” (face) and labeled sentences
according to the meanings of the word. We detected 4
main meanings for “Yiiz” (face): Hundreds (Numbers),
Faces (parts of body), Surface (the top of any item), and
Swimming (activity in the sea). The details about these
different meanings of “Y1iiz” (face) are shown in Table
10.

Table 9. Number of different meanings of polysemous

words
Word # Sentences #Different
Examined Meanings
“Yiiz” (Face) 5000 4
“A¢” (Hungry) 5000 2
“Bin” (Thousand) 5000 2
“Dogru” (True) 5000 2
“Giil” (Rose) 5000 2
“Kara” (Black) 5000 2
“Kiz” (Girl) 5000 2
“Sag” (Right) 5000 2
“Yas” (Age) 5000 2
“Yaz” (Summer) 5000 2
“Dil” (Tongue) 5000 5
“Yag” (Oil) 5000 6

136



Sentiment Analysis

Int. J. Adv. Eng. Pure Sci. 2023, 35(1): 125-141

4.5 Sentiment analysis of polysemous words

We found the meaning of Turkish polysemous words in
their corresponding context and calculated the polarity
value according to the related meaning. And the results
obtained for each word are shown in Tables 10-19. For
all meanings of the word “Yiiz” (Face), we expect
positive polarity values or polarity values that are close
to 0 because neither of them has a negative meaning.
According to the obtained results which can be seen in
Table. 10, all four meanings of “Y{iiz” (Face) get both
positive sentiment values.

Table 10. Details about the different meanings of
“Yiiz” (Face).

Class Meaning #Different
Meanings
1 Hundred 4
2 Face 2
Surface
4 Swimming 2

As a result of the classification study, for the word
“A¢” (Hungry), for the first meaning, we expect a
negative sentiment polarity value because it has a
negative meaning, and for the second meaning, we
expect a positive polarity value because it has not a
negative meaning. According to the calculated results
which can be seen in Table 11, the first class gets
negative polarity value and the second class gets
positive polarity value as expected.

Table 11. Details about the different meanings of
“A¢” (Hungry).

Class Meaning Average Polarity
Score

1 Hungry -0.6157

2 Opening 1.4096

“Bin” (Thousand) has 2 meanings: Thousands and Get
on. For all meanings of the word “Bin” (Thousand), we
expect positive polarity values or polarity values that
are close to 0 because neither of them has a negative
meaning. According to the obtained results which can
be seen in Table 12, both meanings have positive
polarity score.

Table 12. Details about the different meanings of
“Bin” (Thousand).

Class Meaning Average Polarity
Score

1 Thousand 0.2103

2 Get on 0.3050

As a result of the classification study for the word
“Dogru” (True), for both meanings, we expect positive
polarity values or polarity values that are close to 0,

because neither of them has a negative meaning. Still,
we human beings expect the positive sentiment polarity
score of the first meaning will be higher than the
positive sentiment polarity score of the second
meaning, such as consciousness. According to the
calculated scores which are reported in Table 13, the
first meaning of the word “Dogru” (True) has 3.2103
positive polarity score, while the second meaning of the
word “Dogru” (True) has 0.1700 positive polarity
score.

Table 13. Details about the different meanings of
“Dogru” (True).

Class Meaning Average Polarity
Score
1 True (not lie) 3.2103
2 a Line in 0.1700
Mathematics

As a result of the classification study, for the word
“Gil” (Rose), for the first meaning, we expect a
positive polarity value or polarity value that is close to
0, and for the second meaning, we expect a positive
polarity value, because neither of them has a negative
meaning. According to the obtained results which are
listed in Table 14, both meanings get positive sentiment
polarity score. However, the first meaning of the word
“Giil” (Rose) has 1.2103 positive polarity score while
the second meaning of the word “Giil” (Rose) has
3.1700 positive polarity score.

Table 14. Details about the different meanings of
“@Gil” (Rose).

Class Meaning Average Polarity
Score

1 Rose 1.2103

2 Laughing 3.1700

As a result of the classification study for the word
“Kara” (Black), we human beings expect a neutral
sentiment polarity score which is very close to zero
since the first meaning reflects neither negative or
positive feeling to the readers. According to the
experimental results listed in Table 15, the second
meaning of “Kara” (Black) has a negative sentiment
score, while the first meaning of “Kara” (Black) has a
positive sentiment score.

Table 15. Details about the different meanings of

“Kara” (Black).
Class Meaning Average
Polarity
Score
1 The part of the earth not 0.2103
covered by the sea, soil
Black -2.1700

As aresult of the classification study for the word “Kiz”
(Girl), we human beings expect a neutral sentiment
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polarity score which is very close to zero since the first
meaning reflects neither negative or positive feeling to
the readers. Besides, we human beings expect a
negative sentiment polarity score since the second
meaning reflects a negative feeling to the reader.
According to the experimental results listed in Table
16, the second meaning of “Kiz” (Girl) has a negative
sentiment score, while the first meaning of “Kiz” (Girl)
has a positive sentiment score.
Table 16. Details about the different meanings of
“Kiz” (Girl).

Class Meaning Average Polarity
Score

1 Girl 0.2103

2 Being angry -4.1700

“Sag” (Right) has 2 meanings and we expect positive
polarity values or polarity values that are close to 0
because neither of them has a negative meaning.
According to the obtained results which can be seen in
Table 17, both meanings have positive polarity score.

Table 17. Details about the different meanings of
“Sag” (Right).

Class  Meaning Average
Polarity
Score
1 Right -indicating 0.2103
direction, side
2 Alive 1.1700

As a result of the classification study for the word
“Yas” (Age), we human beings expect a neutral
sentiment polarity score which is very close to zero
since the first meaning reflects neither negative or
positive feeling to the readers. Besides, we human
beings expect a negative sentiment polarity score since
the second meaning reflects a negative feeling to the
readers. According to the experimental results listed in
Table 18, the second meaning of “Yas” (Age) has a
negative sentiment score, while the first meaning of
“Yas” (Age) has a positive sentiment score.

Table 18. Details about the different meanings of

“Yas” (Age).
Class Meaning Average Polarity
Score
1 Age 0.2103
2 Wet -2.1700

As a result of the classification study for the word
“Yaz” (Summer), we human beings expect a neutral
sentiment polarity score which is very close to zero
since the second meaning reflects neither negative or
positive feeling to the readers. Besides, we human
beings expect a positive sentiment polarity score since
the first meaning reflects a positive feeling to the

readers. According to the experimental results listed in
Table 19, the second meaning of “Yaz” (Summer) has
a negative sentiment score, while the first meaning of
“Yaz” (Summer) has a positive score.

Table 19. Details about the different meanings of
“Yaz” (Summer).

Class Meaning Average Polarity
Score

1 Summer 2.2103

2 Writing 0.1700

4.6 Experimental results and discussion

In order to show the effectiveness of the presented
approach, we conducted some experiments on Twitter-
3k and Twitter-10k datasets. As it is reported in Section
4.2, all datasets used in the experiments are not
balanced and we list the experimental results with F1
score as it is given in Equation 14:

F1 Score = (2 * Precision * Recall)/(Precision +
Recall) (14)

where Precision shows the Precision value, Recall
represents the Recall value and basically F'/ score is the
harmonic mean of precision and recall.

Table 20 presents the experimental results of the
extended GDELT dictionary-based ensemble classifier
with extracted features {F;-Fio}, SVM, NB, RF, and
LSTM classifiers on Twitter-3k and Twitter-10k
datasets. According to Table 20, the F1 scores of the
proposed ensemble classifier, SVM with TF, SVM with
extracted features {F;-Fo}, NB with TF, NB with
extracted features {F;-Fo}, RF with TF, RF with
extracted features {F;-Fp}, LSTM with TF and LSTM
with extracted features {F;-Fjo} are 91.56%, 87.12%,
89.24%, 86.34%, 87.93%, 89.67%, 90.78%, 90.18%
and 91.45% on Twitter-3k dataset; respectively.
Additionally, the F1 scores of the proposed ensemble
classifier, SVM with TF, SVM with extracted features
{F-F10}, NB with TF, NB with extracted features {F';-
Fi0}, RF with TF, RF with extracted features {F;-Fo},
LSTM with TF and LSTM with extracted features {F-
Fo} are 92.63%, 88.22%, 89.71%, 87.40%, 88.56%,
90.75%,91.80%,91.84% and 92.11% on Twitter-10k
dataset; respectively. The superiority of the proposed
ensemble algorithm over other algorithms could be
explained as with several reasons: 1) Using features
{Fi-F1p} extracted from the extended GDELT based
dictionary, which clearly seems to have an
improvement on the classification task in compared to
using features extracted from conventional TF, 2) The
extended capacity of GDELT dictionary with
approximately 159,876 Turkish words, 3) Majority-
voting scheme based ensemble classifier, 4) WSD
module in which different meaning of Turkish
ambiguous words are taken into consideration, 5)
Negation handling module.
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Table 20. F1 Scores of GDELT dictionary-based
ensemble classifier with extracted features {F;-Fo},
SVM, NB, RF, and LSTM classifiers on Twitter-3k

and Twitter-10k dataset

Dataset Classifier F1%
score

Extended GDELT Dictionary 91.56
based ensemble classifier with

Twitter-  extracted features {Fi-Fio} and MV

3k SVM with TF 87.12
SVM with extracted features {F;- 89.24
Fio}
NB with TF 86.34
NB with extracted features {F;-Fo}  87.93
RF with TF 89.67
RF with extracted features {F;-Fo}  90.78
LSTM with TF 90.18
LSTM with extracted features {F;- 91.45
Fio}
Extended GDELT Dictionary 92.63
based ensemble classifier with
extracted features {Fi-F19} and MV

Twitter- SVM with TF 88.22

10k
SVM with extracted features {F;- 89.71
Fio}
NB with TF 87.40
NB with extracted features {F;-F0}  88.56
RF with TF 90.75
RF with extracted features {F;-Fo}  91.80
LSTM with TF 91.84
LSTM with extracted features {F;- 92.11
Fio}

There are two important outcomes of these

experimental results: 1) It is possible to improve the
classification performance by using multiple learning
algorithms in a majority-voting scheme-based
ensemble format instead of using these learning
algorithms in a conventional way (i.e. using those
algorithms independently from each other in a singular
way). 2) Text representations with the features {F;-F'o}
which are extracted from the extended GDELT based
dictionary to compare to text representation with
traditional TF, seem to have a positive effect on the
sentiment analysis task.

In WSD module, different sentiment polarity scores for
each different meaning of polysemous words are
calculated. Consequently, this process discriminates
classes successfully and results in high classification
performance.

V. CONCLUSION
DIRECTIONS

AND FUTURE

By considering that there is a lack of studies on Turkish
sentiment analysis for polysemous words, we prepared
a polarity calculation module to calculate the polarity
values of the polysemous words so that we examined
whether the polarity values of this words differ

according to the meaning they have. Then, since
negation directly affects the correct meaning of the
word in the sentiment, we prepared the negation
handler module to take into account both forms of
negation of Turkish language in the polarity
classification.

We also prepared the sentiment polarity corpus which
consists of 159,876 including 100 polysemous words.
Negation in Turkish usually appears in two forms. It
may appear in a word form or may appear in a suffix
form. A negation module is implemented to handle both
forms of negation. A rule-based approach was used for
the negation module.

In other words, we built a system for Turkish sentiment
polarity detection task including the following
modules: 1) Pre-processing, 2) Polarity Calculation
Module, 3) Negation Handling Module, 4) Feature
Generation Module and 5) Classification Module.
According to our knowledge, this is the first study
which includes all of these modules in one Turkish
sentiment analysis task. Actually, the basic goal of this
study was to show that the polarity scores of
polysemous words could change from their context to
context since they can have different meanings in
different contexts. As far as we know, this is the first
effort for Turkish language. By making statistical
calculations and morphological analysis, we calculated
different scores for the corresponding different
meanings of about 100 Turkish polysemous words.
This study contributes to the literature due to its unique
property to be the first in kind.

We conducted several experiments: In the first set of
experiments, we tried to show the different meanings of
polysemous words could have different sentiment
polarity scores. This way, we attempted to observe the
efficiency of the extended sentiment polarity dictionary
for polysemous words over the traditional sentiment
polarity dictionary on the classification task. In the
second set of experiments, we attempted to show the
effectiveness of the generated features from GDELT
dictionary are superior to traditional TF features for text
representation on the sentiment analysis task. We also
aimed to analyse the MV technique-based ensemble
algorithm advancing the system performance.

The F1 scores gathered from the experiments, shown in
Table 20, motivated us that the extended sentiment
polarity dictionary with polysemous words has the
ability to increase the classification performance. This
encouraged us to extend the sentiment polarity
dictionary from polysemous words to increasingly
polysemous words. According to the experimental
results in Table 20; it seems possible to improve the
classification performance by using multiple learning
algorithms in a majority-voting scheme-based
ensemble format instead of using these learning
algorithms in a conventional way (i.e. using those
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algorithms independently from each other in a singular
way). Besides, it could be deduced from the
experimental results in Table 20 that the text
representation with the features {F;-F;o} which are
extracted from the extended GDELT based dictionary
to compare to text representation with traditional TF
seems to have a positive effect on the sentiment
analysis task.

In the future, to make further analysis of Turkish
sentiment analysis for polysemous words, we will
examine more polysemous words, increase the size of
the dataset, and use more different morphological
analyzer tools. Furthermore, rule-based methods will
be studied for both classification and negation handler
modules.
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Yerel Elektrik Santral Biyiikliigiiniin ve Konumunun Dagitim Sebekesine
Etkisinin Incelenmesi

Examining The Impact of Distributed Generation Size and Location on The Distribution
Network

Tuba GOZEL
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Oz

Yenilenebilir enerji kaynaklar ile ilgili alinan kararlar ve tesvikler dagitim sistemindeki yerel elektrik santralleri (YES)
arttirmaktadir. Artan YES’lerden daha ¢ok faydalanmak igin enerji depolama sistemlerinin kullanilmasi kaginilmaz hale
gelmektedir. Ancak enerji depolama sistemlerinin kurulumu yatirnm maliyetlerinin yiiksek olmasi nedeniyle gecikmektedir.
Dagitim sistemi planlayicilari, dagitim sisteminin olumsuz etkilerinin olmamast i¢in dagitim sistemine sinirli oranda YES
yerlestirirler. Bu da dagitim sisteminde YES barindirma oranini kisitlamaktadir.

Bu ¢alismada; enerji depolama sistemi olmadan, dagitim sisteminin mevcut durumunu koruyarak veya iyilestirerek ne kadar
YES yerlestirilebilecegi arastirilmaktadir. Dagitim sistemin mevcut aktif giic kaybini koruyan ve aktif gii¢ kaybin1 en aza
indiren iki farkli amag i¢in YES biiyiikliigii elde edilir. Bunlarla birlikte dagitim sisteminin mevcut gerilim profilini koruyan
ve gerilim profilini iyilestiren iki farkli amag i¢in daha YES biiyiikliigi elde edilir. Bulunan YES biiyiikliiklerin dagitim
sistemindeki gii¢ kayiplarini ve bara gerilimlerini nasil etkiledigi incelenmektedir. Bu amaglarin hangisinin dagitim sistemini
iyilestirdigi, hangisinin kétiilestirdigi, hangisinin YES barindirma kapasitesinin arttirdig: tartigilmaktadir.

Bu ¢alisma ile YES’in dagitim sistemi iizerindeki olumlu etkisinin; YES biiyiikliigiine, konumuna ve dagitim sistemi yapisina
gore degistigini gosterilmektedir. Dagitim sistemi planlayicilarina, dagitim sistemine gore maksimum YES kapasitesi
belirlenebilecegi fikri sunulmaktadir.

Anahtar Kelimeler: Dagitim sistemi, Yerel elektrik santrali, Giig kayiplari, Gerilim profili, Uygun biiytikliik, Azami biiytikliik,
Barindirma kapasitesi

Abstract

Decisions and incentives regarding renewable energy resources increase the number of distributed generation (DG) in the
distribution system. It is inevitable to use energy storage systems in order to benefit more from them. However, the installation
of energy storage systems is delayed due to high invesment costs. Distribution system planners replace a certain DG capacity
in the distribution system to avoid negative effects on the distribution system. This prevents having enough DG in the
distribution system.

In this study, it is investigated how much DG can be located by maintaining or improving the current state of the distribution
system without any energy storage system. For two different purposes which preserves the existing active power loss of the
distribution system and reduces the active power loss, DG sizes are obtained. In addition to these, for two different purposes
which preserves the existing voltage profile of the distribution system and improves the voltage profile, other DG sizes are
obtained, It is examined how the obtained DG sizes affect power losses and busbar voltages of the distribution system. Then
which of these objectives improves the distribution system, which negatively affects it, and which increases the YES hosting
capacity is discussed.

This study shows that the positive effect of DG on the distribution system changes according to its size, its location and the
distribution system structure. It offers distribution system planners the notion that the maximum DG capacity for any
distribution system may be established in accordance with the distribution system advantages.

Keywords: Distribution system, Distributed generation, Power losses, Voltage profile, Optimal size, Maximum size, Hosting
capacity

I. GIRIS

Karbon emisyonunun azaltilmas1 amaciyla alinan kararlar ve tesvikler neticesinde yenilenebilir enerji kaynaklari
her gegen giin yerel elektrik santralleri (YES) dahilinde elektrik enerji sistemine artarak yerine almaktadir [1].
1990’11 yillardan bu yana YES’lerin dagitim sistemine etkisi, yerlesimi, dagitim sistemi ile planlanmasi, isletilmesi
ile ilgili cok sayida ¢aligma yapilmistir. [2]-[6]. Bu caligmalardan YES’in isletimi incelendiginde; YES’leri
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isletenlerin ihtiyaglarina gore, YES isletiminde farklilik
bulunmaktadir: Ornegin YES dagitim sebekesi ile
paralel calisir ve YES’den saglanan enerjinin bir
kismini kullanip bir kismin1 satabilir. Pik donemlerde
elektrik enerjisi ihtiyacini karsilamak igin isletilir ve
maliyetin yiiksek oldugu zamanlarda tiiketicilerin
enerji talebinin bir kismint kargilar. YES’in bir diger
isletim sekli de dagitim sistemine veya elektrik enerji
miigterisine destek saglamasidir; ara sira veya
periyodik olarak yiiksek talepleri karsilar veya
arizalardan dolay1 sikintilar1 giderir. YES’in isletim
amacit ne olursa olsun dagitim sistemini etkilemektedir

[6].

YES’in olumlu etkileri genellikle teknik, ekonomik ve
cevresel olarak siniflandiriimaktadir. Baslica teknik
faydasi; hat kayiplarin azaltilmasi, gerilim profilinin
iyilestirilmesi, sistem giivenilirligin arttirilmasi, iletim
ve dagitim sistemlerinin yiiklenebilirliginin artirtlmasi
gibi sayilabilir. Ekonomik avantajlart ise sebeke
yatirnmlarinin ~ ertelenmesi, yakit maliyetlerinin
azalmasi, rezerv miktarin azalmasi ile ilgili maliyetin
diismesi seklinde ifade edilebilir. Cevresel etkisi de
diisiik karbon emisyonu, yesil enerji olarak sayilabilir.
YES’in olumsuz etkileri de bulunmaktadir; ters giic
akisi, gerilim profilindeki degisimler, ani gii¢
degisimleri, arz talep dengesizlikleri. Ayrica koruma
cihazlarin koordinasyon problemi gibi teknik sorunlar
dagitim sebekesinde meydana gelebilmektedir [2].

Planlayicilarin ve arastirmacilarin en ¢ok zorlandiklar
konu uygun boyuttaki YES’in dagitim sisteminde
uygun yere yerlestirilmesidir [2]-[7]. Tk calismalarda
YES’in olumlu etkilerinden yararlanacak ve dagitim
sisteminin igleyisini bozmayacak arastirmalar yapildi.
Cogunlukla gii¢ kayiplarini azaltacak YES’in boyutunu
ve/veya konumunu belirleyen analitik ydntemler
gelistirildi [8], [9]. Daha sonra aktif gii¢ kayiplarini
azaltmak i¢in olusturulan optimizasyon problemine;
gerilim  profilinin  iyilestirilmesi,  giivenilirligin
arttirtlmasi gibi amaglar eklendi [10], [11]. Tek YES
icin optimizasyon problemi ¢oziiliirken, birden fazla
YES’in yerlesimi ve boyutu arastirtldi [12], [13]. Sabit
yiik ve iiretim i¢in analizler yapilirken; zamanla
degisen ve stokastik analizler de eklendi [14], [15].
Hemen hemen her optimizasyon metodu, analitik,
sezgisel ve meta sezgisel, bu hesaplamalarda kullanildi

(2]-[7].

YES ile ilgili baz1 ¢aligmalar1 incelenecek olursak;
[16]°da analitik ifade ile aktif giic kaybmi en aza
indirecek birden fazla YES’lerin yerini belirlerken,
iteratif yontem ile de YES biiyiikliigiinii elde ettigi
goriilmistiir. [17]’de “hibrit karga arama pargacik
stirli” optimizasyon algoritmast kullanilmistir. Bu
algoritma ile maliyet ve aktif gii¢ kaybin1 azaltmak
amaciyla tekno-ekonomik analizi gerceklestirilmistir.
Ayrica YES’lerin yeri, biiylikligli ve en uygun riizgar
tirbin modeli belirlenmistir. [18]’de “su, enerji ve
yiyecek” algoritmasi ile aktif, reaktif gii¢ kayiplarini ve

karbon emisyonunu en aza indirecek YES’lerin yerini
belirleyen bir ¢alisma yapilmigtir. [19]°da ise aktif gii¢
kaybmi en aza indirecek YES’lerin dagitim
sistemindeki konumu; pargacik siirii optimizasyonu ile
elde edilmis, gerilim kararliligi degerlendirilmis ve
tekno-ekonomik uygunlugu arastirilmistir.

Yenilenebilir enerji kaynagi iceren YES lerin teknik ve
ekonomik etkilerini ve stokastik dogasin1 dikkate alan
calismalardan biri olan [20]’de optimizasyon problemi;
glic kaybinin azaltilmasi, gerilimin iyilestirilmesi,
sistem kararliligt ve yillik ekonomik tasarrufun
saglanmasi amaclar1 ile tanimlanmistir. [21]’de gii¢
kayb1 ve yillik ekonomik kaybi azaltmak amaci ile gok
amach “balina” optimizasyon teknigi kullanilarak
YES’lerin uygun biyiikliikleri ve uygun konumlari
elde edilmistir. [22]’de YES ve elektrikli araglari igeren
dagitim sistemlerinde gii¢ kaybini ve gerilim sapmasini
kontrol etmek i¢in; “bulanik sans kisith stokastik”
optimizasyon metodu kullanilmistir.  Caligmada
transformatdrlerin  kademe konumunun ayarlamasi,
sont kapasitor gruplari, esnek yiik giicli, enerji
depolama sistemlerinin sarj ve desarj giici ve
YES’lerin reaktif gii¢ ¢ikist arastirilmigtir.

Dagitim sistemlerinde gittike artan YES’leri daha
verimli kullanabilmek, maliyeti azaltmak ve kar elde
edebilmek icin enerji depolama sistemleri ile birlikte
enerji yonetimi ve talep tarafi yOnetimi iizerine de
calistlmaktadir [23]. Enerji yonetimi ile ilgili
caligmalardan biri olan [24]’teki ¢alismada, sanal
elektrik santralin dagitim sistemindeki enerji yonetimi
“lokal arama” optimizasyon algoritmasi ile yapilmistir.
Enerji yonetimi probleminde YES’lerin uygun
biiyiikliikleri ve konumlari; gerilim profilini ve giig akis
yoniini diizeltmek, sebekeden daha az enerji satin
alarak YES’lerden daha fazla yararlanmak amaci ile
belirlenmigtir. Bu calismada yapilan uygun YES
yerlesimi ile sebekeden ¢ekilen enerjinin %81
azaltildig1 saptanmistir.

[25]’te gilines panelleri, riizgar tiirbinleri ve diger
YES’ler ile elektrik fiyatlart g6z  Oniinde
bulundurularak  toplam  isletim  maliyetlerinin
azaltilmas: ile ilgili bir “enerji kaynak isletimi”
planlamasi1 yapilmistir. [26]’nin ¢aligmasinda PV
barindirma  kapasitesinin  arttirilmasinin,  dagitim
sebekesini nasil etkiledigi arastirilmistir. AG trafo
sayisi ile PV kapasitesi arasindaki iliski incelenmistir.
Trafo sayisinin artmasiyla AG’den gelen gerilim
OG’ye kaydigi icin, PV kapasitesinin artmasi teknik
olarak tercih edilmekle birlikte ekonomik olarak
yiiksek maliyet olusturdugu tespit edilmistir. Dagitim
sistemlerinde sayilart artan YES’lerin enerji depolama
sistemleri ile birlikte isletilmesi dagitim sistemlerinde
olumsuz etkileri azaltmaktadir [27]. Ancak enerji
depolama sistemlerinin  yatirrm maliyeti heniiz
yliksektir [23].
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Literatiirde artan YES lerin yerlesimi, olumsuz etkileri,
verimli  kullanim: ile ilgili birgok c¢alisma
bulunmaktadir. Ancak mevcut durumu koruyarak YES
kapasitelerin artirilmasi incelenmemistir. Optimal ve
azami YES biiytlikliikleri ile dagitim sisteminin gii¢
kayiplar ve gerilim profilinin degisimi
incelenmemigtir. Bu caligmada dagitim sistemlerinde
herhangi bir diizenlemeye gerek duymadan, enerji
depolama sistemleri olmadan, mevcut durumu koruyan
YES kapasitesi aragtirtlmaktadir. Dagitim sisteminin
mevcut aktif giic kaybini arttirmayan maksimum YES
biiylikliigiinii elde etmek i¢in optimizasyon problemi
tanimlanmigtir. Ayrica sistemin giic kaybini en aza
indirecek en uygun YES biyiikliigi belirlenmektedir.
Tiim dagitim sistemi igin belirlenen maksimum ve en
uygun YES biyiikligiiniin sistem kayiplarimi ve
gerilim profilini nasil etkiledigi incelenmistir. Gerilim
profili i¢in de maksimum ve en uygun YES biiyiikligi
benzer sekilde elde edilerek dagitim sistemini nasil
etkiledigi incelenmistir. Bu ¢aligma ile dagitim sistemi
planlayicilarma YES kapasitesi artisinin, dagitim
sisteminin gii¢ kayiplarma ve gerilim profiline etkisi
hakkinda bilgi verilmektedir.

Bu makalede ikinci boliimde, aktif gii¢ kayb1 ve gerilim
profiline gére YES biiytikliigiinii belirleyen dort farkli
optimizasyon problemi ve 1zgara arama ydOntemi
anlatilmaktadir. Ucgiincii boliimde &nerilen ydntem
gergek dagitim sistemine uygulanmigs ve YES
biiyiikliikkleri elde edilmistir. Elde edilen YES
biiyiikliiklerin dagitim sistemine etkisi tek tek ve
kargilagtirilarak incelenmistir. Bulgu ve tartigmalar
dordiincli bolimde ele alimmistir. Besinci bolimde
sonuglar degerlendirilmistir.

II. YONTEM

Bu boliimde aktif gii¢ kaybina ve gerilim profiline gore
YES biiyiikligiini belirleyecek dort optimizasyon
problemi anlatilmistir. lk olarak dagitim sisteminin
mevcut aktif giic kaybin1 koruyacak bir baska deyisle
aktif giic kaybim arttirmayan YES biiyiikligiinii elde
eden optimizasyon problemi tanimlanmaistir. Problemin
amact; aktif giic kaybini, YES olmadigi durumdaki
aktif gii¢c kayip degerine esitleyecek maksimum YES
biiyiikliigiinii elde etmektir. ikinci olarak dagitim
sisteminin  aktif gii¢ kaybin1 azaltacak YES
biiyiikliigiinii elde eden bir minimizasyon problemi
verilmistir.

Ukgiincii optimizasyon problemi ise dagitim sisteminin
mevcut gerilim profilini koruyacak bir baska deyisle
gerilim sapmasmi arttirmayacak YES biiytikligiini
elde etmektir. Problemin amact; dagitim sisteminin
gerilim sapmasini, YES olmadigt durumdaki gerilim
sapma degerine esitleyecek maksimum YES
bliylikligiinii aramaktir. Son olarak da gerilim
sapmasini azaltacak YES biyikligiinii bulacak bir
minimizasyon problemi tanimlanmistir.

IIk kisimda aktif giic kaybn ile ilgili ikinci kisimda
gerilim profili ile ilgili optimizasyon problemlerinin
amag fonksiyonlar1 ve kisitlart verilmistir. Son kisimda
da optimizasyon problemlerinin ¢6zildiigii 1zgara
arama algoritmasi anlatilmistir.

2.1. Aktif Gii¢ Kaybmma Gore YES Biiyiikliigii
Belirleme

Aktif giic kaybimi azaltan ve aktif gii¢ kaybim
arttirmayan olmak iizere iki farkli amag i¢in, YES
biyiikliikleri belirlenmektedir. Amag 1°de aktif gii¢
kaybmi arttirmayan YES biiytikligiini belirleyen
optimizasyon  problemi  tamimlanmistir.  YES
barindiracak dagitim sisteminin aktif giic kaybini,
dagitim sisteminin mevcut durumundaki toplam aktif
glic kaybina kadar arttiracak; kisaca gilic kaybini
maksimum deger olarak tanimlanan mevcut degere
getirecek YES’in  biiyiikliigiini elde eden bir
maksimizasyon problemidir. Amag 2’de ise aktif gii¢
kaybmi azaltan YES biyiikliklerini elde eden
optimizasyon problemi verilmistir.

Amac 1: Aktif giic kaybini arttirmayan YES biiytikligi
olarak tanimlanan birinci amag¢ fonksiyonu Esitlik
(1)’de kisitlar1 da Esitlik (2)’de verilmigtir. Problem,
dagitim sisteminin aktif giic kaybini maksimum
yapacak YES’in biyiikliigini elde eden bir
maksimizasyon problemidir. ik kisit YES’in aktif giic
degeri, Pygs, toplam yiikiin iic kat1 veya daha kiigiik
olmasidir. Ikinci kisit ise Py ile dagitim sisteminin
toplam aktif giic kayb1 mevcut durumdaki aktif gii¢
kayb1 kadar veya daha kiiciik degerde olmasidir. Diger
kisit ise bara gerilimlerin alt ve iist limitler icinde
olmasidir. Algoritmada aktif giic kaybini arttirmayan
YES biiyiikliiklerini elde etmek i¢in Esitlik (1) ve
Esitlik (2) kullanilmaktadir.

nb
max  f(Pypg) = Z Ploss; (1)
i=1
sartialtinda 0 < Pygg
n
< 3 Pyiik
4 yury )
k=1

Ploss < basePloss
Vmin < VL < Vmax

Esitlik (1)’de gegen Py YES’in aktif giicii, Ploss; i.
hattin aktif gii¢c kaybi, nb dal sayisidir. Esitlik (2)’de
bulunan n bara sayisi, Pylik, k. baradaki yiikiin aktif
giicli, Ploss Pygs igin toplam aktif giic kaybi,
basePloss ise mevcut dagitim sisteminin toplam aktif
glic kaybi, V., bara gerilimin st limiti, V,,;, bara
gerilimin alt limiti, V; i. baranin gerilimidir.

Amag 2: Dagitim sisteminin aktif giic kaybmi azaltan
YES biyiikliigiinii bulan ikinci amag¢ fonksiyonu
sistemin toplam aktif gli¢ kayip ifadesidir ve Esitlik
(3)’te verilmistir. Amag fonksiyonun kisitlar1 Esitlik
(4)’te verilmistir. Kisitlardan birincisi YES’in aktif gii¢
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bliytikliigii toplam yiikiin {i¢ kati kadar veya ondan
kiiciik olmasidir. Diger kisit ise bara gerilimlerin alt ve
iist limitler i¢inde olmasidir. Algoritmada aktif gii¢
kaybini azaltan YES biiyiikliiklerini elde etmek i¢in bu
esitlikler kullanilir.

nb
min  f(Pygs) = Z Ploss; (3)
i=1
sartialtinda 0 < Pygg
n
< 3 Pyiik, @)
k=1
Vinin = Vi < Viax

2.2. Gerilim Profiline Goére YES
Belirleme

YES yerlestirirken dagitim sisteminin gerilim profiline
gore YES biiyiikliigiinii belirleme de iki farkli amag
fonksiyonu kullanilmistir. Amag 3’te gerilim sapmasini
arttirmayan YES biiyiikliigiinii belirleyen optimizasyon
problemi tanimlanmistir. YES barindiracak dagitim
sisteminin  ortalama gerilim sapmasmi, dagitim
sisteminin mevcut durumdaki ortalama gerilim
sapmasina kadar arttiracak; kisaca gerilim sapmasini
maksimum deger olarak tanimlanan mevcut degere
getirecek YES’in  bilyiikligiinii elde eden bir
maksimizasyon problemi verilmigtir. Amag¢ 4’te ise
gerilim sapmasint azaltan YES biiyiikliiklerini elde
eden optimizasyon problemi verilmistir. Optimizasyon
problemi ile bara gerilimleri 1 pu degerine yaklasir. Her
iki amagta da ortalama gerilim sapmasi formiilasyonu
kullanilmistir.  Ortalama gerilim sapmast (VDA)
formiilasyonu, bara gerilimlerin referans bara
gerilimine gore farkinin karelerinin ortalamasindan
olusmaktadir.

Biiyiikliigii

Amag 3: Dagitim sisteminin gerilim profilini koruyan
bir baska deyisle gerilim sapmasim arttirmayan YES
biiyiikliiklerini elde eden {iglincii amag¢ fonksiyonu
Esitlik (5)’te amag fonksiyonun kisitlart ise Esitlik
(6)’da verilmistir. Amag fonksiyonu dagitim sisteminin
ortalama gerilim sapmasin1 maksimum yapacak YES
biiyiikliigiinii elde edecek bir maksimizasyon problemi
olarak tanimlanmustir. Birinci kisit YES’in aktif gii¢
degeri toplam yikiin lic kat1 veya daha kiigiik
olmasidir. Tkinci kisit mevcut dagitim sisteminin
ortalama gerilim sapmasma (VDA) esit veya kiigiik
olmasidir. Digeri ise bara gerilimlerin alt ve {ist limitler
icinde olmasidir. Algoritmada gerilim sapmasini
azaltan YES biytikliklerini elde etmek igin bu
esitlikler kullanilir.

n
1
max  f(Pygs) = VDA = szmz 5)
i=2

sartialtinda 0 < Pygg
n

<3 Z Pyiik;,
] 6)

VDA < baseVDA
Vmin < VL < Vmax

Esitlik (5)’te bulunan VDA dagitim sisteminin ortalama
gerilim sapmasimi, n bara sayisini, AV; ise i. bara
gerilim degerinin referans gerilimine olan farkini

gostermektedir. Esitlik (6)’da verilen baseVDA
mevcut dagitim  sisteminin  ortalama  gerilim
sapmasidir.

Amag 4: Dagitim sisteminin gerilim profilini iyilestiren
bir baska deyisle gerilim sapmasini azaltan YES
biiytikliiklerini bulan dordiincii amag¢ fonksiyonu
Esitlik (7)’de amag¢ fonksiyonun kisitlar1 ise Esitlik
(8)’de verilmigtir. Amag¢ fonksiyonu minimizasyon
problemi olarak tanimlanmistir. Kisitlarindan biri
YES’in aktif gii¢c degeri toplam yiikiin ii¢ kat1 veya daha
kiiglik olmasidir. Digeri ise bara gerilimlerin alt ve st
limitler iginde olmasidir. Algoritmada gerilim
sapmasini azaltan YES biiyiikliiklerini elde etmek igin
bu esitlikler kullanilir.

1
min f(Pyes) = VDA =—— Y AV ()

sartt altinda

<3 Z Pyiik, ®)

2.3. Izgara Arama Algoritmasi ile YES Biiyiikliigii
Belirleme

Yukarida anlatilan  dort amaca gore YES
biiyiikliiklerini elde etmede 1zgara arama algoritmasi
kullanilmistir. Izgara arama algoritmasi ile YES’i her
bir baraya sirayla yerlestirerek ve YES biiytikliigiini
adim adim toplam yiikiin ii¢ katina kadar arttirarak yiik
akis1 yapilmaktadir. Yiik akist Thukaram’mn siiplirme
temelli radyal yiik akisi [28] ile yapilmaktadir. Yiik
akisindan elde edilen degerler ile her bir amaca ve
kisitlarina uyan YES biiyiikliiklerinden en uygun degeri
belirlenerek yiik akisi analizinden ilgili veriler
alinmaktadir. Izgara arama algoritmasi ile YES
blyilikligii belirleme yoOntemin akis1  asagida
verilmistir.

Adim 1 Dagitim sisteminin bara ve dal verilerini oku,

Adim 2 YES’in yerlesecegi bara numarasini belirle,
=2

Adim 3 1’ye baslangic degerini ata, i=1

Adim 4 YES’in irettigi aktif giic degerini ata, Pygs =

Ve Piiky

Adim 5 Yiik akist algoritmasma verileri hazirla ve
calistir,

Adim 6 Yiik akisindan elde edilen Ploss, Qloss, VDA,
min(Vy), mak(Vy), ort(Vy) ve Pygs degerlerini
kaydet,

Adm?7 i=i+l

Adim 8 Eger Pygs< 3) -, Pylk; ise Adim 4’e git,

Adim 9 Kaydedilen degerler arasinda

Amag 1 icin Esitlik (1) ve Esitlik (2)’yi
saglayan maksimum YES biiyiikliigii Pygs: belirle,
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Adim 10 Amac¢ 2 i¢in Esitlik (3) ve Esitlik (4)’yi
saglayan minimum YES biiyiikliigii Pygs, belirle,

Adim 11 Amag 3 i¢in Esitlik (5) ve Esitlik (6)’yi
saglayan maksimum YES biiyiikligii Pyes; belirle,

Adim 12 Amag 4 i¢in Esitlik (7) ve Esitlik (8)’yi
saglayan minimum YES biiyiikliigii Pyess belirle,

Adim 13 Her bir amag¢ i¢in belirlenen j. baranin
Pyesi,.4 degerlerine ait Ploss, Qloss, VDA, Vmin,
Vmax, Vort degerlerini kisitlara gore kontrol et.
Kisit1 saglayan degerleri kaydet,

Adm 14 j=j+1

Adim 15 Eger j <toplam bara sayisi ise Adim 3’e git,

Adim 16 Sonlandir.

III. YES’in DAGITIM SIiSTEMINE

ETKISI

YES kapasitesinin ve yerlesiminin dagitim sistemini
nasil etkiledigi bu béliimde arastirildi. Bunun igin 558
barali ger¢ek dagitim sistemi {izerinde aktif giic kayb1
ve gerilim sapmasini koruyacak ve iyilestirecek YES
biiyiikliikleri elde edildi ve dagitim sistemine
YES’lerin etkisi aktif ve reaktif gii¢ kayb1 ve gerilim
profili ile incelendi. Dagitim sistemin toplam aktif yiiki
66.64 MW ve toplam reaktif gilicii 5.53 MVAr’dir.
Yiiklerin dagitim sistemindeki dagilimi Sekil 1’de
verilmistir. Analizlerde YES sadece aktif gii¢ Urettigi
varsayildi ve dagitim sistemine en fazla toplam aktif
yikiin ii¢ kat1 kadar YES yerlesebilmesine izin verildi.
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2 2
W Pylik-MW B Qylik-MVAr
15 15
= I
= s
o 1 1 o
= =
= >
=]
0.5 | ‘ 0.5
0 I| || | || ||I ||||| l q” || I"I”l 0
“iYEREYERENYEEENYEHENTEEEY
L I B T T N o R o T o T o A o A o T o T o o T ' T o 0 O~ L L~ L o~ o T ¥ R

Bara No

Sekil 1. 558 barali gergek dagitim sistemin aktif ve reaktif yiikleri

YES’in dagitim sistemine etkisi arastirilirken dncelikle
birinci amag i¢in mevcut dagitim sisteminin gii¢ kayb1
ayni kalacak sekilde ne kadar YES
yerlestirilebilecegine bakildi ve dagitim sisteminin
aktif gii¢ kaybi, reaktif gii¢ kayb1 ve gerilim profili nasil
degistigi tespit edildi. Sonrasinda ikinci amag olan
dagitim sisteminin gii¢ kaybmi azaltacak YES
kapasiteleri belirlenerek dagitim sistemi incelendi ve
iki durum karsilagtirildi. Bu analizler gerilim profili
igin iglincli ve dordiincii amaglar tekrarlandi. Son
olarak da gii¢ kaybi ile gerilim profilini birlikte dikkate
almarak YES’in dagitim sistemini nasil etkiledigi
arastirtldi.

Tiim analiz sonuglarinda YES biiyiikliikleri dagitim
sisteminin toplam yiik oranina gdre hesaplanmistir.
Elde edilen YES biiyiikliklerine gore dagitim
sisteminin aktif gii¢ kay1p, reaktif gii¢ kayip ve gerilim
sapma degisimi mevcut dagitim sisteminin degerlerine
oranlayarak hesaplanmistir. Sekillerde bu degerler

ylizde cinsinden gosterilmistir. Sekillerde x ekseninde
bara numarasi ve y ekseninde ise o baraya yerlestirilen
YES’in kapasite degeri gosterilmektedir.

3.1. Aktif Gii¢ Kaybmma Goére YES’in Dagitim
Sistemine Etkisi

YES vyerlesim amaci, mevcut dagitim sisteminin
toplam aktif giic kaybii arttirmadan yerlestirmek
oldugunda hangi baraya ne kadar biiyiikliikte YES
yerlestirilebildigi arastirilmistir. Her bara i¢in YES
buytikligii elde edilmis ve elde edilen YES
biytikliikleri i¢in dagitim sisteminin aktif gii¢c kaybi,
reaktif giic kaybi, gerilim sapmasi, en diisiik ve en
yiiksek bara gerilimleri belirlenerek analiz edilmistir.
Elde edilen her bir baraya yerlesebilecek YES
biyiikliikleri Sekil 2°de gosterilmistir. YES biyikliga

dagitim  sistemin toplam  yiikiine oranlanarak
verilmistir. Sekilde bazi baralarda uygun YES
buytkligi elde edilemedigi icin deger
bulunmamaktadir.
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Sekilde x eksenindeki bara numarasina karsilik gelen y
eksenindeki deger YES biiyiikligiidiir ve ilgili bara i¢in
hesaplanan aktif gii¢ kayblm arttirmayan YES
biiyiikliigiinii gostermektedir. Ornegin ikinci baraya
toplam yiikiin 2.25 kat1 biiyiikligiinde YES yerlesirse
dagitim sistemin aktif gii¢ kaybi, YES yerlesmeden
onceki aktif giic kaybt (mevcut aktif gii¢ kayb1) kadar
olmaktadir. 128. baraya toplam yiikiin %81 katinda
YES vyerlesirse sistemin aktif gii¢ kayb1 mevcut deger
kadar olmaktadir ve 53. baraya %158’si kadar YES
yerlesirse de mevcut aktif gli¢ kayb1 ile ayn1 degerdedir.
Dolayistyla mevcut dagitim sistemin aktif giic kaybini
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252
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Sekil 2. Mevcut aktif giic kaybin1 arttirmayan YES biiytikliikleri

302 352 402 452 502 552

degistirmeden yerlesebilecek YES biiyiikliigii baralara
gore degistigi goriilmektedir. YES biiyiikligi en fazla
toplam yiikiin %225°1 olarak, en az %80°ni ve ortalama

YES biiyiikligi ise %140°1 olarak hesaplanmaistir.

Sekil 3’te hesaplanan YES biiyiiklikleri dagitim
sistemine yerlestirildigi takdirde dagitim sisteminin
aktif giic kaybi, reaktif giic kaybi, gerilim sapmasi
mevcut degerlerine oranlanarak yiizde olarak
verilmigtir ve ilaveten bara gerilimlerin aldig1
maksimum, ortalama ve minimum degerleri birim
deger cinsinden verilmistir.
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120

100
80
60 ‘
40

20

2 52 102 152 202 252 302 352 402 452 502 552
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(d)
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Sekil 3. Aktif gii¢ kaybin1 arttirmayan YES biiyiikliigii durumunda dagitim sisteminin
(a) aktif gii¢ kaybi, (b) reaktif gii¢c kayb1 (c) gerilim sapmast ve (d) bara gerilimleri
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YES biiyiikliikleri dagitim sisteminin mevcut aktif gii¢
kaybi esas alinarak belirlenmistir. Buna goére Sekil
3.a’da her bir bara igin belirlenen biyiikliikte YES
yerlestiginde dagitim sisteminin aktif giic kayb,
yerlesmeden Onceki aktif gili¢ kaybiyla esit oldugu
goriilmektedir. Sekil 3.b’de reaktif gii¢ kaybmin
durumunu inceledigimizde reaktif gii¢ kayiplart YES
blytkligli ile orantili degismektedir. Reaktif giic
kayiplarin mevcut degere gore maksimum degeri
%105, minimum degeri %28 ve ortalama degeri
%62’dir. Mevcut aktif glic kaybim1 koruyarak YES
biiytikligl yerlestirildiginde ¢cok az barada mevcut
reaktif gii¢ kaybi kadar degerler alirken ¢ogu barada ise
reaktif gii¢ kayiplar1 diismektedir.

Sekil 3.c’de dagitim sisteminin gerilim profili
incelendiginde  mevcut  durumundaki  gerilim
sapmasinin onemli oranda kiigiildiigii goriilmektedir.
En biiyiik gerilim sapmalar1 ilk 150 barada oldugu
maksimum degerin %40 oldugu, 160. baradan sonra
gerilim sapmasimin %10’un asagisinda oldugu tespit
edilmistir. Sekil 3.d’de her bir YES biiyiikligi i¢in
dagitim sisteminin bara gerilimlerinin maksimum,
minimum ve ortalama degerleri gdsterilmistir. Ornegin,
53. baraya toplam yiikiin %158’i kadar biyiikliikte
YES yerlestigi durumda dagitim sisteminin ortalama

bara gerilim degeri 0.94 pu, maksimum gerilim degeri
1.00 pu, minimum gerilim degeri 0.90 pu olmaktadir.
Belirlenen tiim YES biiyiikliigiinde bara gerilimleri
gerilim limitlerinin i¢inde kaldig1 ve 160. baradan sonra
yerlestirecek YES’lerin ortalama bara gerilimlerini
1.00 pu’ya yaklastirdig1 goriilmektedir.

Aktif giic kaybmi arttirmayan YES biiytiklikleri ile
aktif gli¢ kaybini azaltacak YES biiyiikliikleri Sekil 4’te
karsilagtirilmistir.  Aktif giic kaybimi azaltan YES
biiyiikliiklerin ortalama degeri toplam yiikiin %70’
iken en az degeri %39°u ve en fazla %135°1 olarak elde
edilmistir. Gli¢ kaybini arttirmayan ve azaltan YES
biiyiikliiklerinde ortalama fark %70 oldugu, en fazla
fark %113 ve ilk baralarda oldugu, farkin ¢ok az oldugu
baralar da ¢6ziim bulunamayan baralara yakim oldugu
goriilmektedir.

Her iki durum i¢in dagitim sisteminin aktif gii¢ kayip,
reaktif gii¢ kayip ve gerilim sapmasi degisimleri Sekil
5’te verilmistir. Sekilde mavi renk ile aktif gii¢ kaybini
arttirmayan YES biiyiikliikleri i¢in, kirmizi renk ile
aktif gii¢ kaybini azaltan YES biiytikliikleri i¢in elde
edilen degerler gosterilmistir.

YES Bityiikligii
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Sekil 4. Aktif gii¢ kaybin1 azaltan ve arttirmayan YES biiyiikliikleri
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Sekil 3. Aktif gii¢ kaybini azaltan ve arttirmayan YES biiyiikligii durumunda
(a) aktif gii¢ kaybu, (b) reaktif gii¢ kaybi (c) gerilim sapmasi ve (d) bara gerilimleri

Sekil 5.a’da aktif gii¢ kaybini azaltan YES biiyiikliikleri
ile ozellikle 160. baradan sonra aktif gii¢ kayiplarin
cogunlukla %40’n altina diistiigii, aktif giic kaybin
%100 oldugu baralar ¢6ziim olmayan baralara yakin
oldugu goriilmektedir. Elde edilen YES biiyiikliikleri
sistemin aktif gili¢ kaybin1 ortalama %33 diisiirdiigii ve
192. baradaki YES ile aktif giic kayb1 %9’lara kadar
azaldig1 tespit edilmigtir. Sekil 5.b’den reaktif gii¢
kayiplarin ortalama %21’lere diistiigii, en az azalma
%056 ile hat baglarinda en fazla azalma ise %6 ile 192.
barada oldugu goriilmektedir. Aktif giicii arttirmayan
YES biyiikliiklerindeki reaktif gili¢ kayiplar1 %80’ler
civarinda olan baralarda aktif giicii azaltan YES
biiyiikliiklerindeki reaktif giic kayip degisim oranlar1
daha fazladir. Bunun aksine reaktif gii¢ kayb1 az olan
baralarda ise degisim orani azdir.

Sekil 5.c’de aktif giici azaltan YES biiyiikliiklerin
gerilim sapma degisimine etkisini inceledigimizde ilk
baralarda gerilim sapmasi1 %40 seviyelerinde iken 160.
baradan itibaren ¢ogunlukla %20’lerin altina diistigi
goriilmektedir. Tim YES biiyiikliiklerine gére ortalama
gerilim sapma yiizdesi %17 iken en fazla gerilim sapma
ylizdesi %40 ve en az1 %6’dwr. Aktif giic kaybini
arttirmayan YES biiyiikliiklerinde ortalama gerilim
sapma yiizdesi ise %9’dur ve aktif giicii azaltan YES
biiyiikliiklerinde gerilim sapmasi arttirmayanlara gore
daha fazladir. YES biiytikliiklerine gére minimum ve
maksimum bara gerilim degerleri de Sekil 5.d’de
verilerek bara gerilimlerinin hangi aralikta degistigi
goriilmektedir. Aktif gilic kaybini arttirmayan YES
biiyiikliiklerin bara gerilimleri mavi tonlarda ve azaltan
YES biiyiikliiklerin bara gerilimleri ise kirmizi tonlarda
gosterilmigtir. Her iki durumda ilk baralara yerlesen
YES biiyiikliiklerinde bara gerilimleri 1.00 pu ile 0.9 pu
arasinda degisir iken 160. baradan itibaren gerilim
degerleri yiikselmistir. Azaltan durumda gerilim
degerleri arttirmayan durumun minimum degerlerinin
civarinda ve asagisinda kalmistir.

Aktif giic kaybini artirmayan YES biiyiiklik analizi
Ozetlenirse:

e  Giic kaybr arttirmayan YES biiyiiliikleri en fazla
toplam yiikiin %225°1 ve ortalama YES biiyiikliigii
ise %140°1 olarak elde edilmistir.

e Hat bagindaki YES biiylikliigli maksimum degerde
olurken aktif ve reaktif giic kaybi mevcut
durumdaki  degerlerde oldugu ve gerilim
sapmasinin da mevcut durumdan %70 azalttig:
tespit edilmistir.

e Tium baralara yerlesecek YES’ler i¢in aktif gii¢
kayb1 %100 civarinda iken reaktif gii¢ kaybinin
¢ogunlukla %100 degerinden daha diisiik oldugu,
ortalama reaktif gii¢ kaybmin da %62 degerinde
oldugu tespit edilmistir.

e Tiim baralara yerlesecek YES’ler i¢in maksimum
gerilim sapmasi %40 ve ortalama degeri %9’dur.
160. baradan sonra yerlesecek YES’ler i¢in gerilim
sapmas1 %10’dan daha kiigiik degerlerdedir ve
ortalamasi %5’e diigmiistiir.

Aktif giic kaybmi azaltan YES biiyiikliik analizi

Ozetlenirse:

e Giig kaybim azaltan YES biyiikliiklerinden
maksimum YES biiyiikligii toplam yiikiin %1351
iken ortalama YES biiylikligii ise %70 olarak
tespit edilmistir.

e Hat bagma toplam yiikiin %1144 kadar YES
yerlestirilmesi uygun bulunurken aktif gii¢ kaybini
yarisina indirmis, reaktif gili¢ kaybini %40, gerilim
sapmasint ise %40 seviyelerine diislirmiistiir.

e Tim baralara yerlesecek YES’ler icin ortalama
aktif giic kayip degeri mevcut degerden %33
seviyelerine diiserken iken ortalama reaktif gii¢

kaybinin  ise %21  seviyelerine  diistigii
gorlilmistiir.  Ortalama gerilim sapmast ise
%17°dir ve aktif giic kaybini arttirmayan

durumdan yaklagik iki kat daha biiyiiktiir.

3.2. Gerilim Profiline Gore Yerlestirme Analizi

Bu kisimda gerilim profili analizi bara gerilimlerin ilk
bara gerilimine gore farklarinin ortalamasini veren
gerilim sapmasina gore yapilmistir. Mevcut dagitim
sistemin gerilim sapmasini1 arttirmayan ve azaltan YES
biyiikliikleri ve bu biiyiikliiklere gore sistemin aktif
gii¢ kayiplari, reaktif gii¢ kayiplar1 ve bara gerilimleri
hangi degerlerde oldugu arastirilmistir. Mevcut dagitim
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sistemin gerilim sapmasini arttirmayan ve azaltan iki
amag i¢in her bir bara i¢in iki farkli YES biiyiiklikleri
elde edilmis ve Sekil 6’da gosterilmistir.

Mevcut dagitim sistemin gerilim sapmasini arttirmayan
YES biiyiikliikleri ilk baralarda azami kapasite sinir1
olan toplam yiikiin 3 katinda veya yakin degerlerde
oldugu goriilmektedir. En kiiciik degeri %151 ile 155.
bara i¢in hesaplanirken 350. baradan sonra ¢ogunlukla
%200 ile %150 arasinda degerler aldig1 tespit
edilmistir. Sekil 6’da gerilim sapmasini azaltan YES
biiytikliiklerini  inceledigimizde arttirmayan YES
biliytiklikleri ile aym forma sahip oldugu
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0 L
2 5

% YES Biiyuklugi

8

g

% YES Biiyiikliigii

%]
o

2 102 152 202

252
Bara No

goriilmektedir.  Arttirmayanda  ortalama  YES
blylkligi %228 iken azaltanda ise %142°dir.
Aralarinda en az fark %40 iken ortalama fark ise %92
civarlarindadir.

Sekil 7°de gerilim sapmasini arttirmayan ve azaltan
YES biiyiiklikleri i¢in dagitim sisteminin aktif gii¢
kayip, reaktif gii¢ kayip ve gerilim sapmasi verilmistir.
Sekilde mavi renk ile gerilim sapmasini arttirmayan
YES biiytikliikleri i¢in, yesil renk ile gerilim sapmasini
azaltan YES biiyiiklikleri i¢in elde edilen degerleri
gosterilmistir.
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M Gerilim Sapmasini Azaltan
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Sekil 6. Gerilim sapmasini azaltan ve arttirmayan YES biyiikliikleri

% Aktif Gug Kaybi
600
500
400
300 [\
200 /
100
0
2 52 102 152 202 252 302 352 402 452 502 552
Bara No
(a)
% Gerilim Sapmasi
60
50
40
30 r
20
10
0
2 52 102 152 202 252 302 352 402 452 502 552
Bara No
(©

% Reaktif Gug Kaybi

500

400

300

200 %

100 .J

0
2 52 102 152 202 252 302 352 402 452 502 552

Bara No
(b)

Bara Gerilimleri [pu]

/713 (Max VDA) /N (Max VDA)
s \/max (min VDA) s—/min (min VDA)

1.1
1 /
05 M N |
2 52 102 152 202 252 302 352 402 452 502 552
Bara No
(@

Sekil 7. Gerilim sapmasini azaltan ve arttirmayan YES biiyiikligii durumunda
(a) aktif gii¢ kaybu, (b) reaktif gii¢ kaybi (c) gerilim sapmasi ve (d) bara gerilimleri
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Sekil 7.a’da toplam yiikiin ii¢ kat1 civarlarinda
hesaplanan gerilim sapmasin1 arttirmayan YES
biiyiikliiklerinin aktif gii¢ kayiplarmi dnemli dlciide
arttirdig1 goriilmektedir. Aktif gii¢ kaybi en fazla %575
artarken ortalama olarak %370’lerde en az kayip bile
%180 degerindedir. Gerilim sapmasint azaltan YES
biiyiikliikleri ise aktif giic kayiplari ortalama %107
civarindadir. Ilk baralarda aktif gii¢ kayb1 %300’lere
cikarken 160. baradan sonra c¢ogunlukla %100’{in
asagisindadir.

Sekil 7.b’de her iki durum igin reaktif giic kayiplari
goriilmektedir. Gerilim sapmasini arttirmayan YES
biiyiikliikleri reaktif gii¢c kaybini aktif gii¢ kayb1 kadar
arttirmamustir. En fazla %413 olurken ortalama deger
%240°tur. Reaktif giic kaybi1 aktif giic kaybi ilk
baralarda %200 ile %100 aralarinda degisirken 160.
baradan sonra gibi hizlica yiikselmistir ve %400 ile
%200 araligindadir. Gerilim sapmasini azaltan YES
biiyiikliiklerine gore reaktif gii¢ kayiplart ise ortalama
degeri %55 tir. I1k baralarda reaktif gii¢ kayip degerleri
%100 civarinda iken 160. baradan sonra %55
seviyelerine diigmiistiir.

Sekil 7.c’de ilk baralarda gerilim sapmasini arttirmayan
ve azaltan YES biiyiikliiklerin gerilim sapma degerleri
birbirine yakin goriiliirken 160. baradan sonra énemli
Olclide aralarinda fark agilmistir. Gerilim sapmasini
arttirmayan YES biyiikliiklerinde ortalama gerilim
sapmast %40 civarinda iken gerilim sapmasin1 azaltan
YES biiyiikliiklerinde ise ortalama gerilim sapmasi
%12’lerdedir. Sekil 7.d’de ilk baralara yerlestirilen
YES biiytikliikleri i¢in bara gerilim degerlerinin aralig1
biiyiik iken daha sonraki baralarda gerilim araliklarin
kiigiildiigi goriilmektedir. Gerilim sapmasini azaltan
YES biiyiikliklerinde bu aralik ¢ok daha azdir.

Gerilim sapmasin arttirmayan YES biiytikliik analizi

Ozetlenirse:

e Dagitim sisteminin mevcut gerilim sapmasini
arttirmayan YES biiytiklikleri toplam yiikiin {i¢
kati ile 1.5 kat1 araliginda elde edilmistir.

e Kisitlardan YES biyiikliigi veya gerilim limiti
nedeniyle mevcut gerilim sapma degerine
ulasamayip en fazla %55 seviyesinde kalmistir.

e Hat basindaki YES biyikligi kisittan dolayi
toplam yiikiin {i¢ kat1 olarak elde edilirken iken
aktif ve reaktif gii¢ kayb1 da mevcut durumdaki
aktif ve reaktif gilic kaybinin iki kati civarinda
oldugu gerilim sapmasinin ise mevecut durumdaki
gerilim sapma degerinin %25’ine indigi tespit
edilmistir.

e  Aktif gii¢ kayiplart mevcut kaybin maksimum alt1
katina ¢ikmuis, ortalama kayip ise yaklagik mevecut
durumun dort katidir. Reaktif gii¢ kaybr aktif giic
kaybi1 kadar artmasa da ortalama reaktif gii¢c kaybi
mevcut durumun 2.5 kati kadardir. Gerilim sapma
degisimi ortalama mevcut durumun %40°dir ve

bara gerilimleri ¢ogunlukla alt smir olan 0.9pu
degerinde minimum degeri almistir ve bara
gerilimlerin ortalamas1 0.94pu’dur.

e  Gerilim sapmasini arttirmayan YES biiytikligiiniin
dagitim sisteminin gii¢ kayiplarmi 6nemli 6lgiide
attirdig1 igin Amag 3 dagitim sistemini olumsuz
yonde etkilemistir.

Gerilim sapmasmi azaltan YES biiyiikliik analizi

Ozetlenirse:

e Dagitim sisteminin mevcut gerilim sapmasini
azaltan bir baska deyisle gerilim profilini
iyilestiren YES biiyiikliikleri toplam yiikiin
yaklagik 2.5 kat1 ile bir kat1 araliginda elde edilmis
ve ortalama YES biyiikliikleri toplam yiikiin
%1401 bulunmustur.

e Hat bagsi icin YES biiyiikliigli toplam yiikiin iki
buguk katindan daha fazla oldugu, mevcut aktif
gii¢ kaybin bir kat1, mevcut reaktif gli¢ kaybinin bir
buguk katt ve mevcut gerilim sapmasmin %25
oldugu elde edilmistir.

e  Aktif gii¢ kayiplart birkag barada mevcut kaybin
iic katna c¢ikmis, tim YES biyiikliikleri icin
ortalama kay1p ise yaklagik mevcut aktif gii¢ kayb1
kadardir. Reaktif gii¢ kayiplarinda ise maksimum
mevcut reaktif giic kaybin 1.5 katina ¢iksa da
ortalama mevcut kaybin yarisi kadardir. Gerilim
sapmasinda ise maksimum sapma mevcut
durumun %40°’1 iken ortalamasi %12’dir. Bara
gerilim degeri 1pu’ya yaklastigi ve maksimum ve
minimum deger araliklarmn 1.02pu ile 0.95pu
araligindadir.

3.3. Aktif Gii¢ Kayip ve Gerilim Profil Analizlerin
Karsilastirilmasi

Bu bdliimde aktif gii¢ kayb1 ve gerilim sapmasi ile ilgili
YES biiyiikliikleri karsilastirilmistir. ilk analiz gerilim
sapmasini azaltan ve aktif gii¢ kaybmi azaltan YES
biiyiikliikleri incelenmistir ve elde edilen YES
biiyiikliikleri Sekil 8’de verilmistir. Sekilde gerilim
sapmasini azaltan YES biiytikliikleri aktif giic kayb1
azaltan YES biiyiikliiklerinden daha biiyiik degerlerde
oldugu goriilmektedir. Aktif gii¢ kaybini azaltan amag
probleminde uygun ¢dziim bulunamayan bara sayisi
daha coktur. iki amac¢ icin elde edilen YES
biiyiikliiklerindeki fark ortalama %80’dir. 160. baradan
sonra her iki amag¢ i¢in de YES biiyiikliikleri ayni
paterne sahiptir, aralarindaki fark ise ortalama %60
civarmdadir.

Gerilim sapmasini azaltan ve aktif giic kaybin1 azaltan
YES biytiklikleri ile dagitim sistemindeki aktif ve
reaktif gii¢ kayiplarindaki, gerilim degisimlerini Sekil
9’da verilmistir. Sekillerde turuncu rengi gerilim
sapmasini azaltan YES biiyiikliikleri i¢in ve turkuaz
rengi ise gii¢ kaybini azaltan YES biiyiikliikleri i¢in
elde edilen degerleri gostermektedir.
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Sekil 8. Aktif gii¢ kaybini ve gerilim sapmasini azaltan YES biiyiikliikleri
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Sekil 9. Aktif gii¢ kaybini ve gerilim sapmasini azaltan YES biiyiikligi durumunda
(a) aktif gii¢ kayb1 (b) reaktif gii¢ kayb1 (c) gerilim sapmasit (d) bara gerilimleri

Dagitim sisteminin ilk baralarinda gerilim sapmasini
azaltan YES biiyiikliikleri aktif gii¢ kaybi ii¢ katina
kadar arttirdig, aktif gii¢ kaybini azaltan da ise %100
seviyelerine yakin oldugu Sekil 9.a’da goriilmektedir.
160. baradan sonra her iki amagta kayip diismiis ve
ortalama fark %50°dir. Reaktif gii¢ kaybinda ise benzer
degisim oldugu Sekil 9.b’de goriilmektedir. Tiim
sistem icin ortalama fark %36 civarinda iken 160.
baradan sonra ortalama fark %25’e diismektedir.

Sekil 9.c’de verilen gerilim sapmalar1 incelendiginde
aktif gili¢ kaybin1 azaltan YES biiyiikliikleri igin gerilim
sapma degerleri daha fazla iken ilk baralarda
maksimum gerilim sapmast %40 seviyelerinde

goriilmektedir. Gerilim sapmasimi azaltan YES
biiyiikliikleri ile gerilim sapmasi ortalama %12 iken
aktif gli¢ kaybini azaltan YES biiytikliikleri ile gerilim
sapmasi ortalama %18 seviyesindedir. Her iki durumda
da 160. baradan sonra 6nemli bir azalma goriilmektedir
ve gerilim sapmasini azaltan i¢in %4.5’lere diiserken
aktif giic kayip azaltan i¢in %13’lerde kalmaktadir.
Sekil 9.d’deki bara gerilimlerinden de gerilim sapmasi
azaltan YES biiyiikliikleri maksimum bara gerilimlerini
Ipu’ya c¢ekerken minimum bara gerilimleri ile
arasindaki fark da Ozellikle 160. baradan sonra
kiiclilmiigtir. Aktif gii¢ kaybim1 azaltan YES
biiyiikliiklerinde uygun ¢6ziim bulunmayan baralardaki
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gerilim seviyelerin 1.1pu seviyesine dogru yiikseldigi
goriilmektedir.

Bu boliimdeki ikinci analizde gerilim sapmasini azaltan
ve aktif giic kaybini arttirmayan YES biyiikliikleri
kargilagtirtlmistir.  Gerilim sapmasini  azaltan YES
biiyiikliikleri, aktif glic kaybi arttirmayan YES
biiytikliiklerinden bazi baralarda biiyliik iken bazi
baralar da kiigliik degerde oldugu ve birbirlerine ¢ok
yakin degerler aldiklar1 i¢in YES biiytikliikleri Sekil
10°da ¢izgi olarak gosterilmistir. Her iki durumun
yaklasik YES biiyiikliik ortalamast %140 civarindadir
ve birbirleri arasindaki ortalama farki %19’dur. 160.

baradan sonra aktif gilic kaybi arttirmayan YES
biiyiikliikleri ortalama %140 iken gerilim sapmasini
azaltan YES biyiikliiklerin ortalamasi %125 ve aktif
gii¢ kayip arttirmayandan %15 daha kiigiiktiir.

Gerilim sapmasimi azaltan ve aktif giic kaybini
arttirmayan  YES  biyikliklerin ~ sistemi  nasil
etkiledigini Sekil 11°de aktif gii¢ kaybi, reaktif gii¢
kaybi, gerilim sapmast ve gerilim degerleri ile
gosterilmistir. Sekilde kirmizi renk gerilim sapmasini
azaltan YES biiyiikliiklerine ve mavi renk ise aktif gii¢
kaybmi arttrmayan YES biiyiikliiklerine karsilik
gelmektedir.
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Sekil 10. Gerilim sapmasini azaltan ve aktif gii¢ kaybin1 arttirmayan YES biiyikliikleri
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Sekil 11. Gerilim sapmasint azaltan ve aktif gii¢ kaybin1 arttirmayan YES biiylikliigli durumunda
(a) aktif gii¢ kayb1 (b) reaktif gii¢ kayb1 (c) gerilim sapmasit (d) bara gerilimleri
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Sekil 1l.a’da aktif giic kaybini azaltmayan YES
biiyiikliikleri igin aktif gii¢ kayiplarinin tiim baralarda
%100 civarindadir ve uygun YES biyikligi
bulunmayan baralardaki gerilim sapmasini azaltan
YES biiyiikliikleri i¢in aktif gii¢ kayiplarin %300’lere
ciktigr gorilmektedir. 160. baradan sonra gerilim
sapmasin1 azaltan durum i¢in aktif giic kaybi
cogunlukla %100’lin altindadir ve ortalamasi %71 dir.
Her iki durum arasindaki fark ise %30 ile gerilim
sapmasini azaltan durumunda daha diistiktir. Reaktif
giic kaybin1 Sekil 11.b’de inceledigimizde aktif gii¢
kayb1 kadar artmamis ve en fazla %150 seviyesinde
kaldig1 goriilmektedir. Aktif gii¢ kaybinda oldugu gibi
ilk baralarda gerilim sapmasint azaltan YES
biiyiikliikleri daha biiyiik degerlere sahip iken 160.
baradan sonra tam ters olmaktadir ve ortalama
degerlerinde %20 fark bulunmustur.

Sekil 11.c’de her iki durum i¢in gerilim sapmasi degeri
yaklasik degerler aldig1 goriilmektedir. Ilk baralardaki
degerlerin farkliliklar1 uygun ¢6zim bulunmayan
baralara yakin yerlerde fazla oldugu ve 160. baradan
sonraki farkin %1’in altinda oldugu tespit edilmistir.
Bara gerilim degerlerini Sekil 11.d’de baktigimizda
160. baradan sonra bara gerilim araliklarin hemen
hemen ayni1 oldugu ve ilk baralarda maksimum gerilim
degerlerinde farkin biiyiik oldugu goriilmektedir.

Aktif glic kaybimi ve gerilim sapmasi azaltan YES

biiytikliiklerin kargilagtirmasi

e  Gerilim sapmasini azaltan ile gii¢ kaybini azaltan
YES biiyiikliikleri arasinda ortalama fark %60
olup gerilim sapmasini azaltan YES biiyiikliikleri
daha yiiksek degerdedir.

e ki durumun aktif giic kayiplari arasindaki
ortalama fark %80 civarlarindadir. Reaktif giic
kayiplarinda ortalama fark ise %40’1n altindadir.
Gerilim sapmasinda ise ortalama fark %12°dur.

Aktif glic kaybi arttirmayan ve gerilim sapmasini

azaltan YES biiyiikliiklerin kargilastirmast

e Gerilim sapmasini azaltan ile giic kaybim
arttirmayan YES biyiikliikleri arasinda ortalama
fark sadece %19 olup her iki durum igin de
ortalama biiytikliikleri %140°dur.

e ki durumun aktif giic kayiplari arasindaki
ortalama fark %?20’dir. Reaktif gii¢ kayiplarinda
ortalama fark ise %32’dir. Gerilim sapmasinda ise
ortalama fark sadece %3.5’tir.

IV. BULGU VE TARTISMA

558 barali gergek dagitim sistemi i¢in aktif gii¢ kaybi

ve gerilim profili ile ilgili dort optimizasyon

probleminden elde edilen YES biiyiikliikleri ve dagitim
sistemine etkileri genel olarak asagida
degerlendirilmistir. Buna gore;

o Aktif giic kaybimi azaltan YES bilyiikliiklerinin
ortalamas1 toplam yiikiin %70’i iken aktif giic
kaybin1 arttirmayan YES biiyiikliiklerin de bunun
iki kat1 oldugu belirlenmistir. Aktif giic kaybmi

arttirmayan YES biiylikliklerinde azaltan YES
biiyiikliiklerindeki aktif ve reaktif gii¢ kaybinin ii¢
kat1 iken gerilim sapmasinda bu oran iki katidir.
Aktif glic kaybim1 gore YES biyiikliiklerini
arttirdigimiz zaman aktif ve reaktif gii¢ kaybi
gerilim sapmasmna gore daha c¢ok arttifi ve
hepsinin mevcut duruma esit veya altinda kaldigt
tespit edilmistir.

e Gerilim sapmasint azaltan YES biiyiikliiklerin
ortalamas1 toplam yiikiin %140’1 iken gerilim
sapmasini arttirmayan YES Dbiyiiklikleri de
%150’sidir. Arttirmayan YES biiyiiklik degerlerin
elde edilmesinde kisit  limitlerine  gore
belirlenmistir. Cogunlukla bara gerilim limitleri
belirlerken hat baslarinda ise YES kapasite limiti
belirlemistir. Ayrica gerilim sapmasini arttirmayan
YES biiyiikliigiinde aktif ve reaktif giic kayiplar
cok artmistir. Aktif gilic kayiplari mevcut
durumdaki degerin dort katina yaklasirken ve
reaktif giic kayiplar1 ise iki buguk katina
yaklagmuistir.

o Aktif gii¢ kaybimi ve gerilim sapmasini azaltan
YES biytklikleri  karsilastirildiginda  YES
bliytikliikkleri arasinda toplam yiikiin ortalama
%80°1 kadar farklilik oldugu ve gerilim sapmasini
azaltan YES biiyiiklik degerleri daha yiiksek
oldugu goriilmiistiir. Bu karsilastirma icin  aktif
giic kayplari, reaktif gili¢ kayiplar1 ve gerilim
sapmalar1 arasindaki ortalama fark sirasiyla %80,
%40 ve %12’dir. Gerilim sapmasin1 azaltan YES
biiylikligiinde aktif giic kayiplari hat basinda
mevcut durumun ii¢ katina ¢ikarken 160. baradan
sonra mevcut duruma veya daha asagisinda
olmaktadir. Benzer sekilde reaktif gii¢ kayiplar1 ve
gerilim sapmalar1 hat sonuna dogru daha da
iyilesmistir.

e  Aktif gii¢ kaybin1 arttirmayan ve gerilim sapmasini
azaltan YES biiytkliikleri karsilastirildiginda YES
biiyiikliikleri arasinda toplam yiikiin ortalama
%43’1 kadar farklilik oldugu goriilmiistiir. Aktif
giic kayiplari, reaktif giic kayiplar1 ve gerilim
sapmalarindaki ortalama fark sirasiyla %62, %32
ve %5.5 civarlarindadir. baz1 baralarda aktif giig
kaybini arttirmayan YES biiyiikliiklerinde degerler
daha biiyiik iken bazi baralarda gerilim sapmasini
azaltan YES biyikliiklerinde degerler daha
biiyiiktiir. 160. baradan sonra YES biiyiiklikleri
arasindaki ortalama fark %17’lere gerilemis ve
birbirine yaklagmistir. Aktif ve reaktif gii¢
kayiplart yariya inerken gerilim sapmalar1 da
%1’in altina inmistir.

V.SONUC
Bu ¢alismada dagitim sistemini YES’in biiyiikligi ve
konumu nasil etkiledigi incelenmistir.  YES

yerlesiminde dagitim sisteminin mevcut aktif gii¢
kaybini ve gerilim profilini korumak veya iyilestirmek
amaclar1 dikkate alinmistir ve her bir bara i¢in YES
biiytikliikleri elde edecek dort optimizasyon problemi
tanimlanmistir. Bu dort amag ile 558 barali gercek
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dagitim sistemi i¢in problem ¢6ziilmiis ve elde edilen
YES biyiikliikleri ile dagitim sisteminin aktif gii¢
kaybi, reaktif gii¢ kaybi, ortalama gerilim sapmasi ve
bara gerilimlerin degisimi mevcut dagitim sistemine
gore arastirilmistir.
Bu c¢aligmada elde edilen
Ozetlenmistir:

* YES biiyiikliik degerleri amaca ve yerlestigi baraya
gore farkli degerler almaktadir.

o Aktif gii¢ kaybimi azaltan YES biyiiklikleri diger
amaglarda elde edilen YES biiyiiklikklerinden daha
kiiglik degerler almaktadir.

* Gerilim sapmasmi arttirmayan YES biyiikliikleri
toplam yiikiin {i¢ kat1 olan en biiyilik degerleri almakta
dolayisiyla aktif ve reaktif gli¢ kayiplarmi ¢ok
arttirmaktadir.

*  Aktif gii¢ kaybini arttirmayan ve gerilim sapmasini
azaltan YES biiytikliikleri yakin degerler almaktadir.
Cogunlukla dagitim sisteminin mevcut durumunu ya
korumakta ya da iyilestirmektedir.

sonuglar asagida

Bu c¢aligma ile amaca ve YES’in yerlesecegi baraya
gore YES biiytikliikklerin farkli degerler aldig: tespit
edilmistir. Aktif glic kaybmi iyilestirmek amacinda
YES barmmdirma kapasitesinin daha kiiciik oldugu
belirlenmistir. Gerilim profilinin mevcut durumunu
korumak amaci ile YES biiytikliiklerin belirlenmesinin
dagitim sisteminin gii¢ kayiplarini olumsuz etkiledigi
ve amacin YES biiyiikliik belirlemede uygun olmadig:
goriilmistiir. Aktif giic kaybinin mevcut durumunu
korumak ve gerilim profilini iyilestirmek amaciyla
dagitim sisteminin faydalanabilecegi YES barindirma
kapasitesinin daha biiyiik oldugu goriilmiistiir. Dagitim
sistemi planlayicilarina; YES barindirma kapasitesi
kadar yerlestigi baranin da 6nemli oldugu, YES’in
olumlu ve olumsuz etkisinin yerlestigi baraya ve
kapasitesine gore degistigi ve YES barindirma
kapasitesinin arttirabilecegi gosterilmistir.

Bundan sonraki ¢alismalarda dagitim sisteminin yapisi,
yiliklerin yogunlugu ve yerlesimine ek olarak yiik
profilini ve YES’in {iretim profilini de dikkate alarak
farkli amaglar i¢in YES biyiikliiklerin ve yerlesimin
incelenmesi planlanmaktadir.
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isimli arastirma projesi kapsaminda desteklenmistir. Bu
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