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Abstract —One of the crucial activities of today's world electricity research groups is the investigation of the modeling
possibility of the international grids on the concepts of the Supergrids and the Globalgrid. The European Supergrid Concept is
one of the concepts in this respect. The solar power is one of the important renewable energy resource in the European
Supergrid Concept. The concentrated solar power technology is one of the solar power technologies amongst the solar power
technologies. The engineering, procuring, constructing and operating of the very large concentrated solar power plants in the
European Supergrid Concept shall be one of the ways to escape from the consumption of fossil fuels. This paper performs an
experimental one node Mamdani type fuzzy rule base evaluation approach or application for the go/no-go decisions to the
geospatial investigation studies of the regions of the very large concentrated solar power plants in the European Supergrid

Concept.

Keywords — Fuzzy Logic, Concentrated Solar Power, Concentrated Solar Thermal, Concentrating Solar Power, Electricity,
Energy, European Supergrid, Fuzzy Expert System, Fuzzy Inference System, Fuzzy Rule Base System, Geo-spatial
Investigation, Mamdani, Power, Solar, Solar Power, Sugeno, Supergrid, Very Large Concentrated Solar Power Plants.

. INTRODUCTION

Nowadays, Europe is one of the leading regions, that has
been working on the idea and ways to decrease the
percentage of the usage of the fossil fuel based electricity
generation systems and to increase the percentage of the
usage of the renewable energy resources based electricity
generation systems. One of the challenging FEurope’s
renewable energy target is to reach the usage of 20%
renewable energy sources over the whole energy resources by
2020 [1]. The European Supergrid Concept was modeled to
serve to the 21st century's electricity grid system of the
Europe [2]. The solar power is one of the important and
major renewable energy resource on the renewable energy
resources investigation pallet [3]. The concentrated solar
power/concentrated solar thermal/concentrating solar power
(CSP) technology is one of the solar power technologies, that
can be engineered, constructed and operated in this respect
[4]. Today, the CSP technology is generally divided into four
families and two systems [5, 6]. These two systems are line
focus and point focus systems and these four families are the
parabolic trough, the linear Fresnel, the power tower, and the
parabolic dish technologies (see [5, 6]) as shown in Figure 1.

Line Focus Systems Point Focus Systems

Parabolic Dish

Parabolic Trough Linear Fresnel

Fig. 1 The CSP technology families (Source: [5, 6]).
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The researchers and practitioners on this field have been
working on the design of CSPs, their resource availability,
their best fit locations, their location selection factors and
their location selection methods for a while [7, 8, 9]. The
foundations, organizations, researchers and practitioners have
been investigating the possibility of the European Supergrid
Concept [10]. Nonetheless, the very large concentrated solar
power plant concept is a new concept and its definition is not
clear and sharp yet. In this study, the very large concentrated
solar power plants (VLCSPPs) are considered as the CSP
stations to have the installed power of 1.000 MW or more. In
the current study, a one node Mamdani type fuzzy inference
system or Mamdani type fuzzy rule base evaluation approach
or fuzzy expert system based model was developed and an
application was performed to show how the decisions or
actions could be taken for a region to go into the detailed
geospatial investigation studies for the VLCSPPs in the
European Supergrid Concept.

This paper has four sections. The following section is for
the review of the literature. Section 3 presents the proposed
system and its experimental application. The concluding
remarks and further research studies are presented in Section
4.

Il. LITERATURE REVIEW

A detailed literature review on the academic publication
online database and journals was tried to be performed by
help of some generally used and well known key terms that
were very related with the subject of the current study. The
previous studies and work was tried to be presented in a very
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well organized and compact way in this study (see Table 1).
The key terms in the current study were preferred to be as
much possible as definitive, descriptive, distinctive, and
specific in the search space of the online database and
journals to get and obtain the most close, convenient and
relevant studies on the search results for the current study.

Table 1. Literature review summary of the current study (database and
journals: ACM Digital Library-ACMDL [11], ASCE Online Research
Library-ASCEOR [12], American Society of Mechanical Engineers-ASME
[13], Cambridge Journals Online-CJO [14], Directory of Open Access
Journals-DOAJ [15], Emerald Insight-EI [16], Google Scholar-GS [17],
Journal of Industrial Engineering and Management- JIEM [18], Science
Direct-SD [19], Springer-S [20], Taylor & Francis Online/Journals-TFJ [21],
Wiley-Blackwell/Wiley Online Library-WB [22], World Scientific
Publishing-WSP [23]) .

A B C D E F G H I J K L M N OtW X Y
ACMDL 0 0 0 0 0 0 0o 0 0 0 0 0 0 0 0 0 o
ASCEOR 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 o 0 0
ASME 0O 0 0 0 0 0 0 O 0 0 0 O 0 0 o (U}
CJo 0 0 * 0 0 0 0 0O 0600 0O 0 0 o0 0 0
DOAJ 0O 0 0 0 0 0 0 O 0 0 0 O 0 0 0 0 0
El 0O 0 0 0 0 0O 0 O 0 0 0 O 0 0 o 0 0
GS 0O 0 6* 0 0 0 0 0 0 0 0 0 0 0 o 0 3
JIEM 0O 0 0 0 0 0 0 0O 0 0 0 0O 0 0 0 0 0
SD 0O 1* 4 0 0 0 0 0 0 0 0 0 0 0 0 bt Dk
S 0O 0 0 0 0 0 0 0O 0 0 0 0O 0 0 o 0 o0
TFJ 0O 0 0 0 0 0 0 0 0 0 0 0O 0 0 o 0 0
WB 0O 0 0 0 0 0 0 0O 0 0 0 0O 0 0 o 0 0
WSP 0O 0 0 0 0 0O 0 O 0 0 0 O 0 0 o 00

* Irrelevant (not relevant) document. (final date of the review: 23th
September 2014)

Therefore, the key terms in the current study were queried
and searched as "European Supergrid" and "very large
concentrated solar power plant” (A), "European Supergrid"
and "concentrated solar power plant" (B), "European
Supergrid" and "CSP plant" (C), "European Supergrid” and
"FuzzME" (D), "European Supergrid" and "fuzzy multiple
criteria evaluation™ (E), "European Supergrid" and "fuzzy
weighted average" (F), "European Supergrid" and "fuzzy
OWA operator" (G), "European Supergrid® and "fuzzy
ordered weighted average" (H), "European Supergrid" and
"fuzzified WOWA operator" (1), "European Supergrid" and
"fuzzified weighted ordered weighted average” (J),
"European Supergrid" and "fuzzy Choquet integral" (K),
"European Supergrid® and "fuzzy expert system" (L),
"European Supergrid" and "Mamdani" (M), "European
Supergrid” and " Sugeno" (N), “concentrated solar power
plant" and "FuzzME" (O), "concentrated solar power plant"
and "fuzzy multiple criteria evaluation" (P), "concentrated
solar power plant' and "fuzzy weighted average" (Q),
“"concentrated solar power plant" and "fuzzy OWA operator"
(R), "concen-trated solar power plant" and "fuzzy ordered
weighted average" (S), "concentrated solar power plant" and
"fuzzified WOWA operator” (T), “concentrated solar power
plant* and “fuzzified weighted ordered weighted average"
(U), "concentrated solar power plant” and "fuzzy Choquet
integral™ (V), "concentrated solar power plant” and "fuzzy
expert system" (W), "concentrated solar power plant" and
"Mamdani™ (X), and finally "concentrated solar power plant™
and " Sugeno" (Y), to get a very narrowed search results' hit
set with very tight links between the documents (see Table 1).

There were only 17 documents found on this review,
however 14 of them were improper, inappropriate, and
unsuitable documents, because each key term had been
found, and seen in the different sections of the documents
without any relation and joint between them and they were

not used in any manner in the same context, so that these
studies could not be taken into account and accepted as the
previous works. The remaining 3 studies (1 in Spanish and 2
in English) were accessible on the Science Direct. These 3
studies were in the same subject and specifically focused on
the CSP plant's daily operations (focused on the design for
the operational stage) and control by help of the Takagi and
Sugeno fuzzy models. Morales et al. designed the supervisory
control strategy of a controller at a CSP plant equipped by
some cylindrical parabolic solar collectors with examining
the input parameters of so-called "set-point changes",
"variations in the solar radiation" and "modifications in the
parameters of the inner control loop" [24]. Chauvin et al.
presented a so-called "side by side Adaptive Network based
Fuzzy Inference Systems™ based on the Takagi-Sugeno fuzzy
inference system to be able to design efficient CSP plant
controller for the operational stage of these kinds of power
plants [25].

This detailed and broadened literature review showed that
the subject of the current study would be one of the
promising subjects in the mid to long term in the research
community of the VLCSPPs, the CSPPs, the European
Supergrid, the fuzzy expert systems and the fuzzy based
support and decision making systems. Moreover, the
literature review proved that this study would be one of the
first studies, that aimed to model the real world solar power
applications by the fuzzy based systems, which became and
added some very unique and own difficulties and challenges
(no antecedents and primitive studies) by itself, because of
being in the very early preparatory research view and
perspective situation. The “experimental® word was
specifically used in this study to describe the current study
very well in a sense, that this study was a sort of the
foundation of applying and investigating the instructions of
an applicable, usable and preferable fuzzy based soft
computing system for the CSP and the European Supergrid
communities [see 26, 27].

I1l. THE EXPERIMENTAL PROPOSED FUZzzY RULE BASE
SYSTEM AND APPLICATION

The main aim of this model is to cope with, describe and
deal with the ambiguous, anomalous, cloudiness, doubtful,
ignorant, imprecise, incomplete, incongruent, indistinctness,
nonspecific, unsharp, uncertain, unclear, unconfident and
unpredictable answers, approximations, believes, definitions,
data, information, reasoning, statements, and understandings
of the decision makers, experts and evaluators (humankind)
during the very early stages of the VLCSPPs' studies in the
European Supergrid Concept to decide whether to go or to
start to the detailed geospatial intelligence and investigation
studies of these VLCSPPs in this multi-national and multi-
continental grid or not [see for the descriptive terminology
28, 29, 30, 31, 32, 33]. The natural situations, circumstances
and conditions can be described with only one very suitable,
proper and useful word "fuzzy" and "fuzziness" [34]. The
definition of the fuzzy on some online dictionaries are given
as "difficult to perceive; indistinct or vague", "(of a person or
the mind) unable to think clearly; confused" [35]; "lacking in
clarity or def-inition", "being, relating to, or invoking
pleasant and usually sentimental emotions” [36]. The fuzzy
logic and the fuzzy set theory, that was proposed by Lotfi A.
Zadeh (Lotfali Askar Zadeh, Lotfi Aliaskerzadeh) (a
mathematician, electrical engineer and computer scientist,
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who was born in 1921 in Baku, Azerbaijan) in 1965, can
handle and deal with the fuzziness [37, 38]. Henceforth, the
fuzzy logic can be used to model and solve the current
problem. After a short while of the Zadeh's fuzzy logic and
set theory propagated, Ebrahim H. (Abe) Mamdani presented
the Mamdani fuzzy inference in 1974 based on Zadeh's fuzzy
theory to be able to use Zadeh's fuzzy logic and set theory
with ease on the control systems (“traditional control
systems"” to "fuzzy control") [39]. Afterwards, some other
researchers such as Kang, Larsen, Sugeno, Takagi,
Tsukamoto, proposed some other "fuzzy logic controller
models”, known by their names such as Sugeno, or Takagi-
Sugeno-Kang (TSK) fuzzy inference system (FIS) and fuzzy
logic controller (FLC) [28, 40, 41]. Henceforth, the FISs can
be used for easily solving the actual cases of the current
problem. In this study, the modeling is performed on the
Mamdani's FIS, because of its generally accepted main
advantages such as human input suitability and not having
output membership functions as either linear or constant,
unlike the Sugeno [42, 43, 44, 45].

When the academics, engineers, investors, and researchers
ask to themselves "where to construct and operate the
VLCSPPs in the European Supergrid concept”, they will find
out and come up with some factors, indicators, and criteria
for getting the most appropriate solution. One of the studies
about the measures is presented the factors in a very detailed
way (e.g. Direct Normal lIrradiance (DNI), High-Voltage
Alternating Current (HVDC) & High-Voltage Direct Current
(HVAQC) electrification grid infrastructure, and political, war,
terror & security conditions) [46].

The first criteria (F1) in this study is the Direct Normal
Irradiance (DNI). It is defined as "Direct Normal Irradiance-
synonym for beam radiation, the amount of solar radiation
from the direction of the sun." [47]. Some researchers took
into account this factor (effected by clouds, aerosols, water
vapor, air mass, etc.) for their fuzzy models in their studies in
the other subjects [48, 49, 50]. There are a lot of researches
going on to estimate the DNI as accurately as possible and to
visualize it as easy and understandable as possible (e.g. see
Figure 2). According to these kinds of data, information,
documents and models, the DNI factor was modeled in the
current study.

The second criteria (F2) is the HVDC & HVAC
electrification grid infrastructure. There are many issues
concerning this criteria, however in this study only the
distance to the grid (the distance between the investigation
location and the grid) is taken into account. The losses of the
generated electricity and the cost of the transmission lines are
two of the important issues in the operational period of the
VLCSPPs. Some researchers took into account this factor for
their fuzzy models in their studies in other subjects [52, 53,
54, 55]. According to these kinds of information, documents
and models, the HVDC & HVAC electrification grid
infrastructure was modeled in this study.

The third criteria (F3) is the political, war, terror &
security conditions. There are many issues concerning this
criteria such as the political conflicts status, the war
predictions, the terror risk estimations. There are some
research studies and reports on these topics (for instance:
reasons of wars - religion, revenge, ethnic cleansing) [56, 57,
58, 59]. Some researchers tried to forecast and model some
constituent parts of this factor for their fuzzy or other types
models in their studies in the other subjects [60, 61, 62].

Ghomshei et al.'s research study and paper is one of the very
inspiring ones with its fuzzy models for researchers [62].

GeoModel

Annualsum <400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800
Longrem - - Khviny
average of

Dallysum <10 15 20 25 30 35 4 55 60 65 70 75 80 85 90 95 100 10

Fig. 1 World map of Direct Normal Irradiation (DNI) (Source: [51])

The mental work (modeling) of this study was performed
as the paper work, the computational work was done by help
of the FuzzME Software, which was developed by Holecek,
Talasova, Pavlacka and Bebcakova (see [63, 64] for
FuzzME). The linguistic terms, hedges and verbal scales for
each factor of the model are based on the 5 Likert scales (by
Rensis Likert) [65], and Zadeh's studies on the linguistic
hedges [66] with considering the magical number 7, 742 rule
for the cognitive reasons [67, 68] (5 linguistic scales) (see
Table 2). All of the variables were normalized by the
maximum value in the data and information set, because of
performing an experimentally developed model. Totally 33
defined rules of this study were in the standard form of the
Mamdani's FIS. The FuzzME screenview in this application
was presented in Figure 3.

Table 2. The representative normalized membership functions on the
FuzzME Software (open presentation and FuzzME model files).

normalized membership functions
1 Very Low Low Moderate
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* Input: DNI F1: Increasing Scale higher values are better (1st up),
HVDC & HVAC F2: Decreasing Scale lower values are better (2nd up),
Political, War, Terror & Security F3: Increasing Scale higher values are
better (3rd up, linguistic terms based on [69])

* Output: Increasing Scale higher values are better (down)

* Note: Increasing Scale: values in the real life are normalized with the
maximum value, Decreasing Scale: first, values in the real life are
normalized with the maximum value; second, normalized values are
calculated and changed as x to (1-x) or directly decreasing scale selected on
the FuzzME

The experimental application study was conducted for a
few randomly selected regions (in the European Supergrid
Concept). The capability of the FuzzME Software was very
effectively used for the evaluations of the alternatives by
selecting the criterion value in either simple or extended scale
type (see Table 3).

Noncommercial versian registered o Dr. Burak Omer Saracagiu - SARACOGLU WSC18 POSITION PAPER PROPOSAL 04 fuzzyiaject | I
f MNode Took Help

Node
Go Or No-Ga For The

A
G [%] [#] [= oot ivaigiion | Ak rkn >| [ (@] Mamsan

varyrigh v | [MorFaena v | [Gumsar v

oryrigh v | [NeFarner +] | [LowRist ] | G0

verytigh = | [cose  +] | [Bevamani ] | c0

|| [cose <] | [cusrsedri =) | [0
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F:

Fig. 1 The Mamdani's fuzzy rule base on FuzzME (open presentation &
FuzzME files)

Table 3. The experimental alternatives on the FuzzME (open presentation
and FuzzME files)

Provinces & Districts*
Adrar
Tamanrasset
llizi
Oued Ed-Dahab-Lagouira
Ladyoune-Boujdour-Sakia EI Hamra
Guelmim-Es Semara

Country
Algeria

Morocco

Table 3. The experimental alternatives on the FuzzME (open presentation
and FuzzME files) (continued)

F1 F2 F3
Simple Extended Simple
Simple Extended Simple
Simple Extended Simple
Simple Extended Extended
Simple Extended Extended
Simple Extended Extended

The results of the experimental application were gathered
in the sorted form as GO (Alt4, Alt5, Alt6, Altl, Alt2 and
Alt3, Alt: alternative), surprisingly there were not any NO
GO classified alternatives in this experimental case.

1V. CONCLUSIONS AND FUTURE WORK

It is believed that this study shows the possibility of
adopting and using the Mamdani type fuzzy inference system
in this specific very important and crucial subject. It is hoped
that very effectively usable, and sophisticated multi mode
Mamdani type fuzzy rule base evaluation models on the
FuzzME will help the research and practical studies in this
subject. In the future studies, all the variables about this
subject should be found and identified, the fuzzification of
these variables should be more detailly done, and the real
world applications should be performed to help the
international organizations, the multinational foundations, the
governments and the investors.
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Bacillus pumilus NK14 izolatinin Proteaz Enzim
Aktivitesinin Belirlenmesi ve Enzimin Leke Cikarici
Etkisinin Tespiti
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Ozet - Proteaz enzimi deri, gida, tekstil, deterjan ve ilac sanayisi gibi pek cok alanda yaygin olarak
kullaniimaktadir. Ozellikle termofilik bakterilerden elde edilen alkalin proteaz enzimleri uzun raf
omurleri, yuksek katalitik aktiviteleri ve stabiliteleri nedeniyle oldukca ilgi gekmektedir. Bu baglamda
yapilan calismada Erzurum sicak su kaynaklarindan bakteriyel izolasyonlar yapilarak bu izolatlarin
proteaz enzim aktiviteleri analiz edildi. izolatlar; Gram boyama, endospor, katalaz, oksidaz, proteaz,
lipaz ve amilaz testlerine tabi tutuldu. Bu amacla izolatlar Oncelikle %10 Skim Milk iceren
besiyerlerinde inklUbasyona birakilarak proteaz enzim aktiviteleri tespit edildi. Besiyerlerinde
proteolitik zon olusturan izolatlar 165 rRNA dizi analiziyle tir seviyesinde tanilandi. En yuksek
proteolik zon olusturan Bacillus pumilus NK14 izolatinin kaltlir sipernatantindan elde edilen proteaz
enziminin aktivite testi yapildi (91,17 EU/mI) ve birtakim parametrelerin bu enzim aktivitesi Gzerine
etkileri tespit edildi. B. pumilus NK14 izolatinin optimum enzim aktivitesini 50°C'de pH 10'da
gosterdigi, sicaklik ve pH stabilite testleri sonucunda 40°C’'de ve pH 8'de kararli yapida oldugu
g6zlendi. Enzimin PMSF ile bUylk bir oranda inhibe oldugu (%17), EDTA, EGTA, SDS ve Ure ile de
aktivitesinin azaldigi (%75, %80, %65, %88) belirlendi. Tween 20 (%108) ve Tween 80 (%115) ile
muamele sonucunda enzim aktivitesinde artis oldugu, Ca*2, Mg*2 ve Mn+2 divalent metal iyonlariyla
enzim aktivitesinin sirasiyla %110, %112, %125 oraninda arttigi, buna karsin Zn+2 ve Cu+2ile de %86
ile %78 oraninda azaldi§i tespit edildi. izolata ait Lineweaver-Burk grafigi cizilerek Km ve Vmax
degerleri hesaplandi (0,673 mg/ml-99 EU/mI). B. pumilus NK14 izolatinin klltlr sUpernatantindan
elde edilen proteaz enziminin deterjan sanayi uygulamalarinda kullanilabilirligini test etmek amaciyla
kan lekesi bulastirilmis kumas parcalari Uzerinde leke cikarici etkisi test edilerek sonuclarin oldukca
etkili oldugu tespit edildi.

Anahtar Kelimeler - termofil, proteaz, Bacillus pumilus, 16S rRNA, deterjan sanayi

Biyoteknolojik uygulamalarda yodun olarak
cahisilan Bacillus cinsi bakterilerden elde edilen
proteaz enzimleri ylksek sicaklik degerlerinde
dahi enzim stabilitelerini koruyabilmekte ve
bakteri durgunluk fazindayken dahi enzim
Uretimi yapabilmektedir [21, 5]

Proteaz enziminin yaygin olarak kullanildig
alanlarin basinda deterjan sanayisi gelmektedir.

I. GIRIS
EndUstriyel islem ve uygulamalar igin
potansiyel olan termofilik enzimlerin buyutk bir
kismini  proteazlar olusturmaktadir. Proteaz
enzimlerinin deterjan, gida, deri, et, sut sanayi,
fotograf uygulamalar, evcil hayvan gidalari,
molekuler calismalar, tibbi uygulamalar gibi

cesitli alanlar ve sanayilerde kullanimi mevcuttur
[18, 3,12, 21,5,17].

Proteazlar; gen ifadesi, protein mobilasyonu ve
enzim modifikasyon calismalari gibi oldukca
Onemli biyolojik streclerde rol almaktadir. Ayrica
bu enzimler; bitki, hayvan ve mikroorganizma
kalintilarinin yok edilmesi ile besin déngusinin
devamliliginin saglanmasinda o6nemli gorevler
Ustlenmistir. Canlihlgin  devami igin batin
organizmalarca yogun olarak Uretilen bu
enzimlerin biyoteknoloji agisindan 6nemi oldukca
buyuktar [19, 71.

Endustriyel amach olarak en cok tercih edilen
enzimler,  bakteriyal proteaz  enzimleridir.

Bir deterjanin icerigindeki bilesenler, raf omri
uzunlugu, saghga zararl icereninin olmamasi,

mikrobiyal proteaz barindirmasi onun
kullanilabilirligini artirmaktadir. Bakteriyal
enzimlerce harmanlanmis deterjanlarin en
Oonemli avatajl enzimin raf omrU boyunca
kararliligini  korumasidir. Ozellikle termofilik
proteazlar yuUksek sicaklik ve pH’ya direncg

gostermeleri nedeniyle leke cikarici etken olarak
kullaniimaktadirlar. Bu sayede deterjan
sanayiinde cevre dostu uygulamalarin 6nu
acllmis, sagliga zararli maddelerle calismanin
zorunlulugu ortadan kalkmistir [18, 3]
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Erzurum ili  jeolojik konumu nedeniyle
mineralce zengin pek cok sicak su kaynagina
sahiptir. Bu nedenle calismada sehirdeki mevcut
termal sicak su kaynaklarindan (Pasinler, llica,

Nenehatun) termofilik bakterilerin izolasyonu,
tanilamasi ve proteaz enzim aktivitelerinin
incelenmesi adina arastirmalar yapilmistir.

izolatlardan elde edilecek proteaz enziminin
biyoteknolojik nitelikleri belirlenerek deterjan
sanayi uygulamalarinda kullanilabilirligi test
edilmistir.

II. MATERYAL VE METOD

A. Bakteri izolatlgrmm Morfolojik, Fizyolojik ve
Biyokimyasal Ozelliklerinin Belirlenmesi

izolasyon amaciyla, termal su kaynaklarindan
alinan su numuneleri Nutrient Agar (NA) besi
yerine yayma ekim yapilarak 45°C ve 55°C’de
inkibe edildi. Gelisen bakteri kolonilerinden
morfolojik olarak farkh olanlar secilerek saf
kalturleri olusturuldu. Bakteri izolatlarinin basit
boyamalar ile hicre morfolojileri belirlendikten
sonra Gram boyama ve spor boyama yontemleri
uygulandi [25, 4, 10]. izolatlar; amilaz, katalaz,
oksidaz, proteaz ve lipaz testlerine tabi tutularak
biyokimyasal 6zellikleri bakimindan incelendi [27,
13,10, 18, 22].

B. Proteaz Aktivitesi Tespit Edilen Bakteri
Izolatlarinin 16S rRNA Bodlgesinin PCR ile

Amplifikasyonu, Klonlanmasi ve Sekans
Analizi
Proteaz aktivitesi gosteren izolatlarin DNA

izolasyonunda Lazo et al. [15] (1987)'un
kullandigi yontem modifiye edilerek uygulandi.
izole edilen DNA’larin 16S rRNA bélgesi evrensel
primerler (forward; 27F=5'-AGA GTT TGA TCC
TGG CTC AG-3’ ve reverse; 1492R=5'-GGT TAC
CTT GTT ACG ACT T-3') kullanilarak cogaltildi. 3
il 10X PCR tamponu, 0,6 pl dNTP mix, 3'er pl
primerler, 1,2 pl DMSO, 1,8ul MgClz, 12,1 ul
sdH20, 0,3 pl 5 unit/ul Tag DNA polimeraz ve 5 ul
DNA karisimi ile 95°C'de 5 dk, 94°C’'de 1 dk,
48°C'de 1 dk, 72°C'de 1,5 dk ve 72°C’'de 8 dk
dongu sartlarinda reaksiyon gerceklestirildi [6].
16S rRNA gen bodlgesi CaCl; metoduyla
kompetent hale getirilen E. coli'ye, pGEM®-T
Easy vektor sistemi kullanilarak transfer edildi.
16S rRNA gen bdélgelerini ihtiva eden plazmitlerin
baz dizi analizleri yapildi. Sekans sonuclari
BioEdit programi ile yorumlanarak dizi anlamh
hale getirildi ve 16S rRNA dizileri Gen
Bankasinda
(http://blast.ncbi.nim.nih.gov/blast.cqgi)
olan bakteriyel dizilerle kiyaslandi [1].

kayitli

C. Proteaz Enzim Aktivitesi Tayini

izolatlarin  proteaz aktivitesi gdsterdikleri
besiyeri (g/l: kazein 5 g, pepton 5 g, yeast
extract 2 g, NaCl 5 g, MgS04.7H20 0,2 g, CaClz

0,1 g, KoHPO4 1 g. pH;9) ile inkibasyonundan
sonra ornekler, 20 dk +4°C’'de 5000 rpm’de
santrifuj edildi. 1 EU/ml (bir Unite) alkalen
proteaz aktivitesi, substratin parcalanmasi ile 1
dk’'da 1lug tirozinin olusmasi icin gerekli olan
enzim miktari olarak tespit edildi. Stok ¢dzeltiden
konsantrasyonlari; 5, 10, 15, 20, 25, 30, 50, 75,
100, 200 pg/ml olan tirozin c¢Ozeltileri
hazirlanarak tirozine ait ekstinksiyon katsayisinin
belirlendi ve konsantrasyon egrisi olusturuldu.
Grafigin  ediminden  ekstrinksiyon  katsayisi
belirlenerek  aktiviteler hesaplandi. Proteaz
enzimi aktivite tayini icin; 0,5 ml enzim c¢o6zeltisi
ve 2,5 ml kazein ¢ozeltisi (%0,6 kazein iceren pH
9, 50 mM Glisin-NaOH tamponunu) karistirildi,
37°C'de 20 dk inkdbasyona birakildi. Akabinde
2,5 ml 0,1 M TCA (trikloroasetik asit) cozeltisi ile

37°C'de 30 dakika bekletilerek reaksiyon
sonlandirildi. Karisimin filtre kagidindan
gecirilmesiyle elde edilen stzunta (0,5 ml)

Uzerine 2,5 ml 0,5 M Na2CO3 ¢ozeltisi ve 0,5 ml
1 N Folin-ciocalteu’s phenol reaktifi eklenerek 30
dakika inkibe edildi. 660 nm’'de cozeltilerin
absorbanslari saptandi [8, 29, 24].

D. Enzim Aktivitesi Uzerine Cesitli Parametrelerin
Etkisinin Arastiriimasi ve Enzimin Km ve Vmax
Degerlerinin Belirlenmesi

Enzim aktivitesi Uzerine sicakligin etkisini
belirlemek amaciyla kadltir stpernatantlarinin
35-75 °C arahgindaki sicaklik degerlerinde
aktivite olcimleri yapildi [8]. Sicaklik
stabilitesinin belirlenmesi amaciyla enzim; 1, 2
ve 3 gUn boyunca 40, 50, 55 ve 60°C
sicakliklarda inktbasyona birakildi [24]. Aktivite
Uzerine pH'nin etkisini gézlemlemek amaciyla ise
pH 6,0-13,0 araliginda kazein substrati iceren
tamponlar kullanildi. pH stabilitesinin tespiti
amaciyla enzim 1, 2 ve 3 gun boyunca pH: 8, 9,
10 ve 11'de hazirlanmis tampon c¢ozeltilerde
30°C’'de inkUbasyona birakildi [24].

Enzim aktivitesi Uzerine 5mM
konsantrasyonundaki EDTA, EGTA, DTT, PMSF,
ure ve %1 konsantrasyondaki SDS, Tween 20,
Tween 80, Triton X-100 ve H202'nin etkisinin
belirlenmesi amaciyla kultir sUpernatantlari bu
cozeltiler ile 2 saat boyunca 37°C'de inkUbe
edildi [30, 29]. Divalent metal iyonlarindan olan
MnClz, ZnS04.7H20, MgCl2, FeCls, CuSOs4 ve
CaS04'Un aktivite Uzerine etkisinin saptanmasi
amaciyla kdltlir sUpernatantlari bu iyonlardan 5
mM iceren tampon c¢ozeltilerde 2 saat bekletildi
[30, 291].

Aktivite Uzerine substrat konsantrasyonunun
etkisini belirlemek amaciyla kazeinin 0.5, 1, 2, 4,
6 ve 8 mg/ml’lik cozeltileri hazirlandi. Enzim
konsantrasyonu sabit tutularak kazeinin farkl
konsantrasyonlariyla aktivite tayini yapildi.
Sonuclar degerlendirilerek 1/S (substrat, kazein,
mg/ml) degerine karsihk 1/V (reaksiyon hizi,
E.U/ml) hesaplandi ve Lineweaver-Burk grafikleri
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cizildi. Bu grafikten Km ve Vmax dedgerleri
belirlendi [16].

E. Proteaz Enzimi ile Biyoteknolojik Uygulamalar
Proteaz aktivitesi gosteren bakteri izolatlarina
ait kadltdr sdpernatantlarinin  leke c¢ikarma
gucunl test etmek amaciyla, kan ve cimen
lekeleri bulastiriimis steril kumas parcalarn steril
su, besiyeri, deterjanli su, kaltlir sipernatanti ve
deterjan-kultlr sGpernatanti icerisinde bekletildi.
Uygulama Oncesi ve sonrasinda kumaslarin
fotograflari alinarak degerlendirme yapildi.

III.BULGULAR

A. 16S rRNA Bélgesinin Sekans Sonuclarina Gére
Tanilanan lzolatlarin Morfolojik ve Biyokimyasal
Ozelliklerinin Tespiti

inokiile edildikleri besiyerinde proteolitik zon
olusturan izolatlar 16S rRNA gen bdlgesi sekans
sonuclarina goére tlr seviyesinde tanilandi ve
izolatlara ait GenBank Numaralari alindi.
izolatlarin  morfolojik ve biyokimyasal test
sonuclari Tablol’'de gdsterildi.

B. Proteaz Enzim Aktivitesi

izolatlarin proteaz enzim aktiviteleri hesaplandi
ve en yuksek aktivite gosteren izolat Bacillus
pumilus NK14 (91,17 EU/ml) olarak tespit edildi.
B. pumilus NK14 izolatinin enzim aktivitesi icin
en uygun sicaklik araliginin 45-65°C (optimum
50°C) oldugu go6zlendi. Bu enzimin, birinci gln
sonunda 45 ve 50°C’lerde stabilitesinin yaklasik
%10 ve 16 azaldigr, 55°C’'de aktivitesinin
yaklasik %15’'ini 60°C’'de ise %28'ini kaybettigi
gozlendi. ikinci giin sonunda enzim stabilitesinin
40°C’'de %26’'sl, 50 ve 55°C'de %35 ve 40,
60°C’de ise %75'i kaybedildi. Uclinci giindeki
aktivitelerde ise stabilitede 40°C’'de %65, 50 ve
55°C’de yaklasik olarak %80 ve 82, 60°C’de %95
oranlarinda azalmalarin oldugu tespit edildi.

B. pumilus NK14 izolatinin proteaz aktivitesi icin
en uygun pH araligi 8-11 olarak tespit edildi
(optimum pH 10). Enzimin pH stabilitesi birinci
gun sonunda % 100 iken ikinci gundeki
inkUbasyonlardan sonra pH: 8 ve 9'da %100, pH:
10’'da %95 ve pH: 11'de %88 olarak kaldigi
belirlendi. Uclincl giinde ise aktivitenin pH: 8 ve
9'da % 85, pH: 10'da % 76, pH:11'de ise yaklasik
olarak %70 oraninda korundugu go6zlendi.
izolatin proteaz aktivitesinin EDTA ile %75, EGTA
ile %80, DTT ile %97, PMSF ile %17, Ure ile %88,
SDS ile %65, Tween 20 ile %108, Tween 80 ile
%115, Triton X-100 ile %105 ve H20: ile de %103
oldugu tespit edildi (Sekil 1a). Ca*2, Mg*2, Mn+*2
iyonlarinin aktiviteyi artirirken (% 110, %112,
%125), Zn*t2 ve Cu*? iyonlarinin ise aktivitenin

azalmasina neden (%86, %78)

gdézlemlendi (Sekil 1b).

oldugu

Tablo 1. izolatlarin Morfolojik&Biyokimyasal Ozellikleri ile
Tani Sonuclari

Morfolojik : 5 0 i
Srelliklar Biyokimyasal 6zellikler
Tani izolasyon
sonucu Kodlar
Eod —_
0 (e} N N )
[} o © © o N o
: & 5 3 £ & 8
g E ¢ 5 < -~ &
HK1, HK4,
HK5, HK®6,
HK7, HK9,
HK11, IK2,
) IK7, IK10,
B@clllUS 1IK12, IK13,
crculans |k16, NK1,  +  + oyt
3 NK3, NK5,
NK10,
HY2, HY6,
HY7, IY1,
Y11, IY15,
NY2
HK2, HK3,
HK8, IK3,
) IK5, IK6,
Bacillus IK8, NK7,
firmus — Ngg, NK9,  + @+ oyt
(MG01650 HY9
5) !
HY12, IY3,
Y4, 1Y6,
1Y8, 1Y9
Bacillus
siralis K15 + + + + ) * *
(MG01651
1)
Bacillus NK14,
pumilus — Hy1 Hys, + + + * i " "
(MG01651 Y14

3)

Substrat miktari degistirilerek sabit enzim
konsantrasyonuna karsl gosterilen aktiviteler
dikkate alinarak cizilen Lineweaver-Burk grafigi
sonucunda Km degeri 0,673 mg/ml, Vmax degeri
ise 99 EU/mI olarak belirlendi.

C. Biyoteknolojik Uygulamalar

B. pumilus NKl4'ten elde edilen proteaz
enzimi kan ve ¢cimen lekesi Uzerine uygulanarak

sonuclar Sekil 3."de verilmistir. Enzimlerin
deterjan ile beraber kullanildiginda diger
uygulamalara kiyasla daha etkili oldugu

gdézlemlendi.
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H202
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SDS

PMSF  jmmumm
EGTA

L

Control
0% 50% 100%

Relative Activity (%)

150%

140%
120%
100%
80%
60%
40%
20%
0%

i

Relative Activity (%)

Sekil 1. B. pumilus NK14'Un enzim aktivitesi Gzerine bazi
parametrelerin etkisi (a) 5mM EDTA, EGTA, DTT, PMSF, Ure
ve% 1 SDS, Tween 20, Tween 80, Triton X-100 ve H202'nin

etkileri. (b) Divalent metal iyonlarinin etkisi.

B = T - Er) T
8 ._' s ".’ kit
|

2. 3. 4, 5. 6.

Sekil 2. Proteaz Enziminin Kan ve Cimen Lekelerine Etkisi. (1)

Kontrol, (2) Besiyeri ile muamele, (3) Distile su ile muamele,

(4) Deterjanla muamele, (5) B. pumilus NK14 proteaz enzimi

ile muamele, (6) Deterjan ve B. pumilus NK14 proteaz enzimi
ile muamele
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IV. TARTISMA

Calisma kapsaminda bakteri izolasyonlarinin
yapildigr Pasinler ve llica sicak su kaynaklarindan
daha once de baska calismalarin
gerceklestirildigi ve benzer bazi tirlerinde izole
edildigi bilinmektedir [1, 33, 28]. S6z konusu
calismada enzim aktivitesi gosteren izolatlarin
16S rRNA gen bdlgelerinin dizi analizi yapilarak
Bacillus cinsi bakteriler tanilandi. Yapilan calisma
sonucunda Bacilus circulans, Bacillus firmus,
Bacillus pumilus ve Bacillus siralis olarak tanisi
yapilan izolatlarin morfolojik ve biyokimyasal
Ozelliklerinin literatlrdeki verilerle paralellik
gosterdigi goze carpmaktadir [20, 31, 26].

Yapilan calismada gulcli proteaz aktivitesi
sergileyen B. pumilus NK14 izolatinin enzim
aktivitesi icin en uygun sicakhdin 50°C, pH'nin
ise 10 oldugu belirlendi. Literatlrdeki verilerle
kiyaslandiginda, bu izolattan elde edilen
proteazin termofilik alkalen proteaz enzimi
oldugu tespit edildi [32, 33, 5, 11]. B. pumilus
NK14 izolati, 3 gunliuk inkUbasyon sonunda
40°C’de enzim aktivitesinin %65’ini ve pH 8'de
aktivitesinin ~ %15’ini  kaybetti. Uc ginlik
inkGUbasyon slresinin, daha o0Once vyapilan
calismalara kiyasla uzun bir slre¢ oldugu goz
ondnde bulundurulacak olursa, elde edilen
proteaz enziminin stabilitesinin oldukc¢ca yUksek
oldugu séylenebilmektedir. Ozellikle deterjan
sanayi uygulamalarinda proteaz enziminin pH
stabilitesi o6nemli bir yer tutmaktadir. Bu
calismada, izolatin enzim aktivitesinin pH 8'de
oldukca stabil oldugunun goérilmesi ve oOzellikle
de Uc¢ gun kadar uzun bir inkilbasyon suresine
ragmen aktivitenin %50'nin altina dismemesi
blyluk bir 6nem arz etmektedir. Tim bu
durumlar  degerlendirildiginde, elde edilen
proteaz enziminin deterjan sanayi
uygulamalarinda kullanilacak drunlerinin  raf
O0mri bakimindan dayanikli olabilecegi 6ngéraldd.

Proteaz enzim aktivitesi Uzerine yapilan pek
cok calismada, genel olarak PMSF, EDTA, EGTA,
SDS, DTT, H202 ve JUrenin enzim aktivitesi
Uzerinde olumsuz etkide bulunduguna, buna
karsin Tween 20, Tween 80 ve Triton X-100'Un
enzim stabilitesine ciddi bir etkide
bulunmadigina hatta bazi durumlarda aktiviteyi
artirdigina rastlandi [23, 32, 5, 9, 17]. Calismada
B. pumilus NKl14'ten elde edilen proteaz
enziminin 5 mM PMSEF ile blyUk bir oranda inhibe
oldugu gorildi ve bu durum elde edilen enzimin
serin proteaz grubundan olabilecegini
dastndardd. Yine 5 mM EDTA ile aktivite kaybina
ugramasli, enzimin ayni zamanda metal baglama
bolgesinin oldugunu, bu nedenle metalloproteaz
ailesine de dahil olabilecedini gosterdi. Diger
taraftan oksitleyici bir ajan olan H202'ye karsi
alkalen proteaz enzimleri gucli bir stabilite
gosteriyorsa bu enzimin beyazlatici etkide olan
deterjan formalleri acisindan uygunluk
gosterebilecegi sOylenmektedir. Calisma
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kapsaminda, B. pumilus NK14'ten elde edilen
proteaz  enziminin  %1’lik H202'ye  karsi
aktivitesini korudugu hatta aktivitesinin %3
oraninda arttigi gézlendi. Bu durum H202'nin
proteaz enzimlerinin aktivitelerini etkilemedigini
ve bu enzimin deterjan sanayinde
kullanilabilirligini gosterdi.

Alkalen proteaz enzimlerinin yuksek sicaklik
degerlerinde kararlliklarini  strdirebilmek ve
aktif formlarini koruyabilmek icin bir takim metal
iyonlarina gereksinim duyduklar belirlenmistir
[14]. Yapilan bir takim calisma sonucunda Ca*?,
Mg*2 ve Mn*2 iyonlarinin enzim aktivitesi
Uzerinde olumlu etkisi oldugu ortaya konmustur.
Diger taraftan Cu*2 ve Zn+2 iyonlarinin aktiviteyi
distrmekte oldugu goralmastar [2, 11]. Calisma
kapsaminda elde edilen proteaz enzimi Uzerine
Ca+2, Mg*2, Mn*2, Zn+2, Cu+*2 ve Fe+3 jyonlarinin
etkisi incelendi ve sonuc olarak Ca*2, Mg+*2, Mn+*2
iyonlarinin aktiviteyi artirdigi, Zn+*2 ve Cut+?
iyonlarinin ise aktivite Uzerinde olumsuz bir
etkisinin oldugu goézlendi. Bu baglamda Ca*Z,
Mg*2 ve Mn+*2 jyonlarinin proteaz enzimi icin
kofaktor olabilecegi disinildi.

B. pumilus NK14 izolatindan elde edilen
proteaz enziminin saflastirrlmamasina ragmen
ham enzim solUsyonunun deterjan sanayinde
kullanilabilirligini gozlemlemek amaciyla
biyoteknolojik  uygulamasi yapildi. Enzim
solUsyonlari kan ve c¢imen lekesi bulastiriimis
kumas parcalarina hem tek basina hem de hali
hazirda kullanimda olan bir deterjan ile
karistirllarak uygulandi. Sonuclar kontrollerle
kiyaslandiginda enzim solisyonunun tek basina
uygulamalarinin  lekeyi azaltici yonde etki
gosterdigi  goruldi. Deterjan ile beraber
kullaniminda ise lekelerin neredeyse tamaminin
kayboldugu go6zlemlendi. Yapilan bu uygulama
sonucunda bu enzimin daha ileri calismalarda
saflastiriimalariyla beraber deterjan sanayiinde
kullanilabilecedi 6ngo6rilda.

V. SONUC

Bu calisma ile Erzurum ili sicak su
kaynaklarinin termofilik bakteri florasi belirlendi,
izolatlarin konvensiyonel ve molekuler olarak
tanilamasi yapildi. Calisma kapsaminda izolatlar
proteaz enzim aktiviteleri acisindan tarandi ve
en iyi aktivite godsteren izolat Uzerinden
calismalara devam edildi. Yapilan enzim aktivite
tayinleri ve biyoteknolojik uygulamalar
neticesinde endustriyel acidan buyuk bir 6neme
sahip olabilecek bilgiler literatlre kazandirldi.
Ayni zamanda bu calisma ile daha pek cok
calismaya kaynak olabilecek veriler elde edildi.
Tanisi yapilan izolatlarin biyoteknolojik bakimdan
Onemli baska enzimlere sahip olmalari acisindan
incelenmeleri gerekmektedir.
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Ozet — Manyetik Rezonans Goériintiileme; ii¢ boyutlu gériintiiler elde etme yetenegi, yiiksek ¢oziiniirliige sahip olma, kesin
bilgiler verebilme gibi avantajlarindan dolayr birgok klinik ve bilimsel uygulamada kullanilmaktadir. Beyin MR
goriintiilerinden sayisal veriler alabilmek ve bilgisayar ortaminda 6nemli bilgileri otomatik olarak elde edebilmek igin goriintii
isleme yontemlerine bagvurulabilir. Bu yontemlerin basinda, goriintiideki bilgilerin biiyiik bir kismimnin yer aldigi kenar
bilgisini ortaya ¢ikaran yontemler gelir. Literatiirde, kenar algilama amaciyla kullanilan bir¢ok standart yontem bulunmaktadir.
Bu caligmada Sobel, Prewitt, Roberts, Gauss’un Laplasi, Canny ve Bulanik Mantik kenar algilama yontemleri beyin MR
goriintiileri lizerinde uygulanmig ve farkli esik degerleri kullanilarak sonuglar karsilastirilmistir. Ayrica Bulanik Mantik
yonteminde giris ve ¢ikis icin farkli iiyelik fonksiyonlari kullanilarak bu fonksiyonlarin performans karsilastirmas: yapilmstir.
Sonuglara bakildiginda beyin MR goriintiileri i¢in, 0.03 esik degerine sahip Robert, Prewitt ve Sobel yontemlerinin diger
yontemlere gore daha iyi sonug verdigi gézlenmistir.

Anahtar Kelimeler—Manyetik rezonans goriintiileme, kenar algilama yontemleri, beyin manyetik rezonans goriintiisii, bulantk
mantik.

Abstract —Magnetic Resonance Imaging is used in many clinical and scientific applications due to its advantages such as the
ability to obtain three-dimensional images, high resolution, and precise information. Image processing methods can be used to
obtain numerical data from brain MR images and automatically obtain important information in computer environment. At the
beginning of these methods, there are methods that reveal the edge information in which a large part of the information in the
image is located. There are many standard methods used for edge detection in the literature. In this study, Sobel, Prewitt,
Roberts, Gauss's Laplace Canny and Fuzzy Logic edge detection methods were applied on the brain MR images and the results
were compared using different threshold values. In addition, in Fuzzy Logic method, the performance comparison of these
functions was made by using different membership functions for input and output. When the results were examined, it was
observed that the Robert, Prewitt and Sobel methods with a threshold value of 0.03 gave better results than other methods for
brain MR images.

Keywords — Magnetic resonance imaging, edge detection methods, brain magnetic resonance image, fuzzy logic.

. Giris hakkinda bilgi sahibi olmalarina yardimci olur. MRG,
radyolojide viicudun i¢ yapisini ayrintili olarak gérmek icin
kullanilan bir tibbi goriintilleme teknigidir. Bilgisayarll
tomografi, ultrason ve MRG, doktorlarin viicudun igiincii
boyutunu gdrmelerine imkan vererek, geleneksel x-ray
gorilintillemenin Oniine ge¢mistir [2]. Bir MRG tarayicisi
tarafindan iretilen goriintiiler, kesit olarak adlandirilabilir.
MRG, hem yatay hem de dikey diizlemlerde beyin kesitleri
iiretebilme oOzelligine sahiptir. MRG gorintiileri tizerinde
daha kolay islem yapabilmek i¢in kenar algilama yontemleri
kullanilarak  goriintiiler kategorize edilmeli ve analiz
edilmelidir [3].

Goriintii isleme, girdi olarak goriinti alan, bunu isleyerek
kullanilan uygulamaya uygun ¢ikt1 goriintiisii elde eden bir
islemdir. Tim gorlinti isleme tekniklerinin temel amaci,
iizerinde iglem yapilan goriintii veya nesnenin daha kolay
anlasilmasim1  saglamaktir [1]. Giiniimiiz diinyasinda
kullanilan goriintiiler dijital formattadir. Tibbi goriintiiler,
fiziksel oOzelliklerin dagilimini  gdsteren goriintiilerden
olugsmaktadir. Manyetik Rezonans Goriintileme (MRG) gibi
medikal goriintileme yontemleri, cogunlukla viicudun i¢
organlarinin dijital goriintiilerini olusturan veya bu organlari
gorsellestirmek icin bilgisayar teknolojisinden yararlanan
teknolojilerdir. Bu yontemler, doktorlarin viicudun i¢ yapisi
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Goriintl boliitleme; dijital bir gérlintiiyii, piksel veya stiper
piksel kiimeleri olarak da bilinen birden ¢ok bdliime ayirma
girisimidir. Boliitlemenin amaci, goriintiiyli daha anlamli hale
getirmek ve analiz edilmesini kolaylastirmak i¢in yapilan
basitlestirme veya degistirme islemleridir [3]. GoOriintii
boliitleme, goriintli islemenin en zor islemlerinden biridir.
Spor, biyo-medikal, uzaktan algilama uydulari, giivenlik gibi
pek ¢ok uygulamada yaygin olarak kullanilmaktadir.
Boliitleme islemleri, bir goriintilyii kendi bilesenlerine veya
nesnelerine boler. MR goriintiisii  igerisindeki timoriin
ayrilmasi, goriintii boliitlemenin 6nemli uygulamalarindan
biridir. MRG'de tiimoérlerin manuel olarak saptanmasi, zaman
alici bir iglemdir. Ayni zamanda bu saptama islemi i¢in
hatalara karst hassas olan egitimli radyologlara ihtiyag
duyulmaktadir. Cok sayida hasta ve dolayisiyla ¢ok sayida
goriintliniin olmasimdan o&tiirli bu kadar bilyiikk bir verinin
manuel olarak tespit edilmesi ve boliimlere ayrilmasi oldukga
zahmetlidir. Bu nedenle, bu siireci otomatik hale getirme
ihtiyact duyulmakta ve boliitleme teknikleri bu hedefe
ulagmada 6nemli bir rol oynamaktadir [4]. Kenar algilama
ise temel boliitleme yontemlerinden biridir. Kenar algilama,
temel olarak goriinti yogunlugundaki siireksizliklerin,
ozellikle yogunlugun keskin bir bicimde degisme egiliminde
oldugu kenarlar boyunca tanimlanmasini amaglamaktadir [3].

Kenar tespiti, insan beyni {izerinde yapilan ¢aligmalarda
Ozellik tanima ve 6zellik ¢ikarma igin kullanilan énemli bir
aragtir. MR goriintiileri iizerinden hastalik teshisi yapmak
icin kullanilan kenar algilama ve boéliitleme iizerine birgok
aragtirma bulunmaktadir. [4] ¢alismasinda, MR goriintiisiiniin
beyin tiimori bolitlemesi igin gelistirildigi bir Sobel kenar
tespit yontemi &nerilmistir. Onerilen yontemle olusturulan
kenarlar, daha az yanhs kenarlara ve kapali konturlara
sahiptir. [5] c¢alismasinda beyin MR goriintiisiiniin K-
ortalama kiimeleme algoritmasi kullanilarak bdliitlenmesi
Onerilmis ve ayrica tiimdr konumunu tespit ederken -beyin
MR goriintiisiiniin boliitlenmesinden sonra kaginilmaz olarak
olusabilecek- yanlig boliitlenmeyi Onlemek i¢in morfolojik
filtreleme uygulanmistir. [3] ¢alismasinda orijinal MR
gorintiisti ilk olarak, Bulanik K-Ortalamalar Kiimeleme
teknigini  igeren Parcacik  Siirtiinme  optimizasyonu
kullanilarak yapilan goriintii boliitlenmesine tabi tutulmugtur.
Ikinci olarak ise, ince kenarlar1 tespit etmek icin canny kenar
algilama algoritmast kullamilmistir. [6] ¢alismasinda beyin
timor tespiti i¢in 6n islem olarak Canny, Prewitt, Robert
kenar algilama filtreleri kullanilmistir. [7] ¢aligmasinda ise
tiimor, Canny kenar algilama algoritmasina gore bdliitlere
ayrilmstir.

Yapilan c¢aligmalar dikkate alindiginda timor ve diger
hastaliklarin teshisi i¢in kenar algilama yontemlerinin siklikla
kullanildigi goriilmektedir. Bu ¢aligmada ise Sobel, Canny,
Prewitt, Roberts ve Gauss’un Laplasi (Laplacian of Gaussian,
LoG) kenar ¢ikarma yontemleri, farkli esik degerleri
kullanilarak MR goriintiilerine uygulanmis ve sonuglar
karsilastirilmistir.  Ayrica farkli giris ve ¢ikis lyelik
fonksiyonlar1 kullanilarak bulanik mantik yontemi ile kenar
algilama sonuglar1 verilmistir.

Il. MATERYAL VE METOT

Kenar algilama, goriintideki bilgileri ¢ikarmak igin
uygulanan ilk adimdir. Kenar algilama isleminin amaci,
goriintiideki bir alanin veya sinir nesnelerinin goriiniimiinii
iyilestirmektir [8]. Bu ¢alismada kullanilan goriintiiler beyin
MR goriintiileridir. Ornek goriintii Sekil 1a ile gosterilmistir.

14

MATLAB benzetim ortamimin Image Processing
Toolbox’t  kullanilarak  iglemler  gergeklestirilmistir.
Oncelikle, goriintii okunmus ve renkli ise gri seviye
goriintiiye doniistiiriilmistiir (Sekil 1b).

e~

@

(b)

Sekil 1 a) Ornek MR gériintiisii b) Gri seviye goriintii

Goriintiide var olan giiriiltiiyli gidermek i¢in medyan filtre
kullanilmigtir. Bunun i¢in oncelikle tuz-biber giiriiltiisii
eklenmis ve filtre uygulanmustir. Filtreleme sonucu Sekil
2b’deki gibidir.

(b)

@

Sekil 2 a) Tuz-biber giiriiltii eklenmis goriintii b) Giiriiltii sonras1 medyan
filtreleme

Bu calismanmn esas amact MR goriintiillerinde kenar
algilamay1 kullanmaktir. Bdylece beyin yapisindaki sekiller en
iyi sekilde goriilebilir ve hastalik veya lezyon arastirmalarinin
yapilmast kolaylasabilir. Bu c¢alismada kenar algilama
yontemleri  karsilagtirilmis  ve uygun esik  degerleri
aragtirilmistir.  Canny, Gauss’un Laplast (LoG), Prewitt,
Roberts, Sobel ve Bulanik Mantik kenar algilama yontemleri,
beyin MR  goriintiilerine  uygulanmig ve  sonuglar
karsilagtirilmustir.

I11. DENEYSEL CALISMA

A. Canny Yontemi

Esik degeri 0.01 ile 0.06 arasinda uygulanan Canny
yontemi i¢in sonuglar Sekil 3 ile verilmistir.

canny 0.05 canny 0.06

Sekil 3 Canny yontemi sonuglari
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Sonuclara bakildiginda Canny yonteminin bu goriintiiler o FobeiE 0102 BT 10103
icin ideal olmadig1 goriilmektedir. FElde edilen sonug, : '
gorintiiye  ait  degerlerin  yaninda  birgok  giiriiltii
barindirmaktadir.

=

B. Gauss’un Laplasi (LoG)

Esik degeri 0.001 ile 0.006 arasinda uygulanan Gauss’un
Laplasi (LoG) yontemi i¢in sonuglar Sekil 4 ile verilmistir.
roberts 0.04

LoG 0.001 LoG 0.002 LoG 0.003

Sekil 6 Roberts yontemi sonuglari

oG 0:004 LoG0.006 Sonuglara bakildiginda Roberts yontemi ile genel olarak

cok fazla giiriiltiiniin goriintiide kaldig1 goriilmektedir. Fakat
0.03 esik degeri icin kenarlarin daha iyi algilandig
sOylenebilir.

E. Sobel Yontemi

Esik degeri 0.01 ile 0.06 arasinda uygulanan Sobel
yontemi i¢in sonuglar Sekil 7 ile verilmistir.

kil4 Laplacian of ian (L ontemi 1
Seki aplacian of Gaussian (LoG) yontemi sonuglari — SO —

Bu yonteme gore ise kenar algilama yapilamamaktadir.
Sekil 4’¢ bakildiginda MR goriintiileri i¢in bu ydntemin
uygun olmadig goriilmektedir.

C. Prewitt Yontemi

Esik degeri 0.01 ile 0.06 arasinda uygulanan Prewitt

yontemi i¢in sonuglar Sekil 5 ile verilmistir.
sobel 0.04 sobel 0.05 sobel 0.06
prewitt 0.01

prewitt 0.02 prewitt 0.03

Sekil 7 Sobel yontemi sonuglari

Esik degeri 0.03 ile daha iyi sonuglar elde edilmistir. Diger
durumlarda  ise,  giiriiltiniin = daha  etkin  oldugu
goriilebilmektedir.

Esik degerine gore tiim ydntemlerin sonuglart da
karsilagtirilmgtir. Sekil 8 ile 0.03 esik degerine sahip, Sekil 9
ile ise 0.04 esik degerine sahip yoOntemlerin sonuglari
verilmistir.

prewitt 0.04

Sekil 5  Prewitt yontemi sonuglari sobel 0.03 prewitt 0.03 roberts 0.03 log 0.003 canny 0.03

Prewitt yontemi ile yapilan uygulama sonucu en iyi
sonuclar, 0.03 esik degeri ile elde edilmistir. Fakat esik degeri
artiginda kenar algilama yapilamamaktadir. Ornegin, 0.06
esik degeri i¢in sekillerde kaybolmalar gézlenmistir.

D. Roberts Yontemi Sekil 8 0.03 esik degeri tiim yontem sonuglari

Esik degeri 0.01 ile 0.06 arasinda uygulanan Roberts
yontemi i¢in sonuglar Sekil 6 ile verilmistir.

sobel 0.04 prewitt 0.04 roberts 0.04 log 0.004 canny 0.04
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Sekil 9 0.04 esik degeri tiim yontem sonuglart

F. Bulanik Mantik Yontemi

Gorlintiiye bulanik mantik uygulamak i¢in dncelikle gri
seviyedeki gorintii, [0,1] araligina indirgenerek normalize
edilmistir. X-Y eksenleri igin gériintii gradyam belirlenmistir.
Bulanik Cikarim Sistemi (BCS, Fuzzy Inference System -
FIS), giris olarak I, ve I, ile ve ¢ikis olarak I ile
tanimlanmustir. Tasarlanan BSC’de I, ve |y girisleri i¢in Gauss
tiyelik fonksiyonu, l.s cikis igin tiggen iyelik fonksiyonu
kullamlmigtir. BCS kurali, pikselin belirli bir bolgeye ait
olmasi durumunda beyaz, diger durumlarda siyah olacak
sekilde tanimlanmustir. Her bir satir i¢in dlgekleme verileri
yatay ve dikey girisler i¢in degerlendirilmistir. Bulanik ¢ikt1
ve orijinal gériintiilerin sonuglari ¢izdirilmistir [9].

Giris ve c¢ikis icin farkli bulanik iiyelik fonksiyonlart
kullanilmistir. Bu degiskenlere ait deger aralik durumlari
Tablo 1 ile verilmistir.

Tablo 1. Giris ve Cikis Degisken Araliklar

Degisken Tiirii isim Aralik
Giris | X Gradyan [-11]
Girig 2 Y Gradyan [-11]
Giris 1 ve Giris 2 Gauss Uyelik | [0.050]
Fonksiyonu (Durum A)

Giris 1 ve Giris 2 Gauss Uyelik | [0.10]
Fonksiyonu (Durum B)

Giris 1 ve Giris 2 Gauss Uyelik | [0.20]
Fonksiyonu (Durum C)

Cikig ( Durum 1) Beyaz [0.111]
Siyah [000.9]

Cikis ( Durum 2) Beyaz [011]
Siyah [001]

Girigler i¢in Gauss {iyelik fonksiyonlart kullanilmigtir.
Farkli deger araliklart i¢in kullanilan girig tiyelik fonksiyonlar1
Sekil 10 ile gosterilmistir.

Ix ly
w 1 5|f||r w 1 SHIr
@ | @ il
a I a
N [ 2 [
a
205 (1 Sos [
= I\ = |
© |l © |
= /o = /A
e T Y - e T Y S
-1 0 1 -1 0 1
Ix : v
(a)
Ix ly
7 1 s 7 1 SAr
@ I @ A
<] <] /\
2 [ g A
So0s [ So0s [
= | = [
@ \ @ !
= . = /
=0 =0
-1 0 1 -1 0 1
1% oo Iy
(b)
Ix Iy
— 1 s _ 1 sHr
W Y ] PN
@ / @
< os S os '
= \ = _
0 — § 0 — h
-1 0 1 -1 0 1
Ix o Iy
(©

Sekil 10 Giris tiyelik fonksiyonlar: (Gauss) a) Durum A: [0.05 0]
b) Durum B: [0.1 0] ¢) Durum C: [0.2 0]
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Cikis icin ise iiggen tiyelik fonksiyonlart kullanilmistir. 2
farkli ¢ikis tiyelik fonksiyonu Sekil 11 ile gosterilmistir.

Igikis
1 [siyan beyaz,
8 -
@ "
& o
- 05 =l
i B -
D "
] 02 0.4 0.6 08 1
Igikig
Igikis
1 (slyah beyaz,
= . i
g -
] o
305 ==ty
= -
) o
i o
ok
] 02 0.4 0.6 0.8 1
Izikis

Sekil 11 Cikis {iyelik fonksiyonlar (Uggen) a) beyaz: [0.1 1 1], siyah: [0
00.9] b) beyaz: [01 1], siyah: [00 1]
Giris ve ¢ikis iyelik  fonksiyonlarinin  farkh
kombinasyonlari i¢in elde edilen kenar algilama sonuglari
Sekil 12 ile verilmistir.

Sekil 12 Uyelik fonksiyon degerlerine gére kenar algilama sonuglari

a) Durum 1-A b) Durum 1-B ¢)Durum 1-C d) Durum2-A e) Durum 12-
B f)Durum 2-C

IV. SONUCLAR

MR goriintiileri tizerinden anlamli bilgiler elde edebilmek
icin kenar bilgisi kullanilabilmektedir. Bu c¢aligmada
uygulanan bulanik mantik yontemindeki giris ¢ikis
fonksiyonlarinin, beyin MR goriintiileri iizerinde kenar tespiti
i¢in uygun olmadigi goriilmektedir. Diger benzetim sonuglari
incelendiginde en iyi yontemlerin Robert, Prewitt ve Sobel
oldugu ve bunlar icin ideal esik degerinin 0.03 oldugu
goriilmektedir. Esik degeri 0.04’e ¢ikarildiginda goriintiideki
6zgiin ve degerli olan bilgilerin kayboldugu gézlemlenmistir.
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Cesitli Katki Ilavelerinin Zirkonya ile Toklastiriimis Mullitin
Sinterlenme Davramslaria EtKisi
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Ozet — Cok fazli seramik malzemeler uzun zamandir kullamldigi halde, giiniimiizde sahip oldugu {istiin 6zellikleri ve
davraniglar1 bakimindan fireticilerin tasarim yetenegini gelistirmesinden dolayr kompozit malzemeler 6nemli endiistriyel ve
teknolojik role sahiptir. Yapilan g¢aliymanin amaci farkhi katkilar iceren baglangic kompozisyonun mullit-zirkonya
kompozitlerin mikroyapi, yogunluk ve mineralojik &zelliklerine etkisini incelemektir. Zirkonya ile toklastirilmis mullit
kompozitler agirlikca %10 oraninda YSZ (Yitriya ile stabilize olmus Zirkonya) ve kolemanit igerikli karisimlarm 1450-1600
OC sicaklikta 5 saat sinterlenmesiyle hazirlanmistir. X-ray difraksiyon analizi ile sentezlenen kompozitlerin faz
kompozisyonlar1 mullitin ana faz; t-ZrO; ve m-ZrO; fazinin ise farkli katki igeriginin bir fonksiyonu olarak gelistigini
gbstermistir. Kompozitlerin y1gmsal yogunlugu artan sinterleme sicakligina bagh olarak 3.11-3.74 g/cm® araliginda artnustir.
Mullit tanenin morfolojisi homojen olarak dagilmis zirkonya taneleriyle birlikte uzamis es eksenli taneler olarak goriilmiistiir.

Anahtar Kelimeler — Zirkonya/mullit kompozit, ZrO, (Zirkonya), YSZ (Yitriya ile Kararli Hale Getirilmis Zirkonya),
Kolemanit.

Effect of Different Additives on the Sintering Behaviors of
Zirconia Toughened Mullite

Abstract — Although multi-phase ceramic materials were always used for ages, today composite materials have an important
industrial and technological role, because they enlarge the design capability of the manufacturer in properties and behaviors.
The objective of the present work is to study the influence of the starting composition with different additives in the
microstructure, density and mineralogical properties of mullite-zirconia composites. Zirconia toughening of mullite
composites were prepared by adding 10 wt. % YSZ (Yttria Stabilized Zirconia) and colemanite contents in the mullite and
sintering at 1450-1600 °C for 5h. The phase composition of mixtures examined by X-ray diffraction analysis showed that
mullite was the major phase combined with developed t-ZrO, and m-ZrO, phase as a function of different additive content.
Density of composites increase when sintering temperature were increased ranging from 3.11 to 3.74 g.cm. The morphology
of mullite grain was showed elongated grains with homogeneously distrubuted zirconia grains.

Keywords — Zirconia/mullite composite, Reaction Sintering, YSZ (Yttria Stabilized Zirconia), Colemanite.

I. GIRIS

Al,03-Si02-ZrO, sisteminden elde edilen seramik sinterlesme oranini arttirmaktadir ve ikinci faz olarak tane
malzemeler yiiksek refrakterlik, kimyasal direng ve iistiin bilyiimesini engelleyici ve toklastirma ajani olarak rol
termo mekaniksel dayanim 6zelliklerinden dolayi ¢elik ve oynamaktadrr [7]. Yapilan c¢alismada zirkonya ile
cam endiistrisi gibi yapisal uygulamalarda genis Slciide toklastirilmis mullit (ZTM) kompozit malzemesi reaksiyon
kullanilmaktadir [1]. Zirkonya ile toklastirilmis mullit sinterleme ydntemiyle 1450°C-1600°C sicakliklar arasinda
(ZTM) kompozitler istiin optik, mekanik ve termal aliimina (Al203), kaolinit (Al;03.2Si02.2H,0) ve zirkon
Ozellikleriyle teknolojik uygulamalar igin tercih edilen (ZrSiO4) esas karigimma kolemanit (CaBgO11 5H20),
malzemeler arasindadir. Zirkonya ile toklastirilmig mullit yitriya ile kararli hale getirilmis zirkonya (YSZ) gibi
kompozitler (ZTM) igin sol-jel, kat1 hal sinterleme, termal katkilar ilave edilerek elde edilmistir. Yapilan ¢aligmanin
plazma ergime gibi farkli yontemler kullanilmaktadir [2- amaci; ¢esitli sicaklik kosullar1 altinda siire¢ katkilariin
6]. Endiistriyel uygulamalar i¢in daha yiiksek yogunluklu kristalizasyon, yogunlasma ve mullit/zirkonya
tirtin elde etmek i¢in mikroyapi kontrolii ile ZTM firiinler kompozitinde zirkonya ve mullitin mikro yapisina
genellikle kimyasal reaksiyon ydntemi kullanilmaktadir. etkilerini incelemektir.

Ozellikle zirkonya, mullitin kat1 soliisyonlar icinde
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Il. MATERYAL VE METOT

Baslangic malzemeleri olarak zirkon (Johnsen Matthey,
Sereltas, Istanbul), aliimina (BDH Limited Poole, Almanya),
kaolinit (Kiitahya Porselen, Kiitahya), kolemanit (Eti Maden,
Tirkiye) ve 3 mol% YSZ [Y203/ZrO;], (Inframat Advanced
Materials) kullanilmigtir. Tablo 2, Spectro X-lab 2000 marka
XRF cihazi ile gerceklestirilen baglangic hammaddelerin

Tablo 1. Caligmada kullanilan kompozisyonlar (agirlikga %)

HAMMADDE ZTMo ZTMk ZTMz
Zirkon 30 20 20
Kaolinit 25 25 25
Aliimina 45 45 45
Kolemanit - 10 -
YSZ - - 10
Toplam 100 100 100

kimyasal kompozisyonunu gostermektedir. Asagida verilen
(esitlik 2.1) sentez reaksiyonu icin ii¢ ayr1 kompozisyon
iizerinde  caligmalar  yapilmigti,.  Bununla  beraber,
kompozisyonlarmm  hazirlanmasinda agirhikca  miktarlar
kullanilmistir. Hazirlanan karigimlarin  orani tablo 1°de
verilmisgtir.

Tablo 2. Baglangic hammaddelerin kimyasal kompozisyonu (agirlik¢a %)

BILESENLER ZiRKON KAOLINIT

ALUMINA KOLEMANIT YSZ

SiO2 29.96 53.01 0.02 5.54 <0.1
ZrO2 64.08 - - - 99.9
Al0s3 0.02 32.56 95.86 0.10 -
CaO 0.11 0.12 0.49 28.96 -
B203 - - - 35.69 -
MgO 0.03 0.04 0.02 1.80 -
Fe203 0.07 1.16 0.04 0.05 -
K20 0.04 0.13 0.01 0.02 -
Na2O 0.11 0.09 0.04 0.05 -
TiO2 0.22 0.30 0.01 - -
MnO - - - 0.01 -
SrO 0.07 - - 0.85 -
HfO> 1.10 - - - -
P20s 1.15 - - - -
SO3 0.03 0.94 - 0.25 -
AZ 0.35 11.63 2.90 24.52 -
Toplam 100 100 100 100 100

() Eti Madenden alinnmstir.

Hazirlanan ii¢ ayr1 karigimdan reaksiyon sinterleme yontemi
ile esitlik 2.1°de verilen son kompozisyon elde edilmistir.
Stokiometrik olarak hazirlanan karisimlar 300 rpm/dk. hizda
4 saat boyunca gezegensel degirmen ile 6giitiilmiistiir.

27rSi04 + Kaolen + 5Al03 + Katki — Mullit + ZrO;
(2.1)
Ogiitiilen karisimlar 100 °C’lik etiivde kurutulduktan sonra

125 pm’luk elekten gegirilmistir. Mineralojik analizler i¢in
hazirlanan karigimlardan 20 mm c¢aptaki ¢elik bir kalipta 3

ton basingta tek eksenli preste pelet seklinde numuneler elde
edilmistir. Numuneler 1450, 1500, 1550 ve 1600 °C’de 5
°C/dk. 1sitma hizinda belirtilen sicakliklarda 5 saat
sinterlenmistir. Sinterlenen pelet sekilli tiriinler 63 um altina
ogituldiikten sonra, (Ni filtre, Cu K, radyasyon) X-ray
difraktometre (Rigaku, MiniFlex) ile faz analizlerine tabii
tutulmustur. Faz analizlerinin yan1 sira, sinterlenen
numunelerin yogunluklar1 arsimet yontemi ile; mikroyap1
analizleri ise JEOL-JSM 5600LV marka taramali elektron
mikroskobu ile yapilmistir.
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Sekil 1. (a) 1450 °C, (b) 1500 °C, (c) 1550 °C ve (d) 1600 °C’de 5 saat sinterlenen katki igermeyen karigimlarin (ZTMg) X-ray
difraktomlari.

Katk: icermeyen (ZTMy), kolemanit igerikli (ZTMk) ve
yitriya ile kararli hale getirilmis zirkonya (YSZ) iceren
(ZTMz) orneklere ait XRD analizleri sirastyla sekil 1,
sekil 2 ve sekil 3’te goriilmektedir. Sekil 1a’da goriildiigi
gibi, 1450 °C’de 5 saat boyunca sinterlenen ZTM
karisimm X-ray difraksiyon paternleri zirkon (PDF #06-
0266), korundum (PDF #46-1212), monoklinik zirkonya
(PDF  #37-1484) ve mullitten (PDF #15-0776)
olugsmaktadir. Sekil 1b’de 1500°C’de korundum (PDF #46-
1212) tamamen kaybolmus ve zirkon bir miktar

parcalanmustir, yerine tetragonal zirkonya (PDF #50-1089)
ve monoklinik zirkonya olugmustur. 1550 ve 1600 °C’ye
kadar artan sicakliklarda, zirkon tamamen pargalanmistir.
Sinter trliniin fazlar1 monoklinik zirkonya, mullit ve
tetragonal zirkonya kristalin fazlaridir. Artan sicakliga
baglt olarak karisgtmin XRD paternlerinde mullit ve
zirkonyaya ait piklerin  giddetindeki artis  gbze
carpmaktadir.

A Mullit ¢ Zirkon © Badeleyit O Tetragonal Zirkonya

Sekil 2. (a) 1450 °C, (b) 1500 °C, (c) 1550 °C ve (d) 1600 °C’de 5 saat sinterlenen kolemanit i¢eren karigimlarin (ZTMk) X-ray
difraktomlar1.

Sekil 2°de goriildiigii gibi 1450-1600 °C sicaklik araliginda
5 saat boyunca sinterlenen ZTMk kodlu karigimm X-ray
difraksiyon paternleri incelendiginde kolemanit ilavesinin
zirkonun diisiik sicakliklarda pargalanmasmi sagladigi
goriilmektedir. ZTM kodlu karigimm 1450 ve 1500
°C’deki sinterlenmis oOrneklerinde zirkona ait piklere
rastlanmigken, ZTMk kodlu karigimin ayni sicakliktaki
sinterlenmis Orneklerinde zirkon pikleri kaybolmustur.
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1550 °C’de sinterlenen karisima ait X-ray difraksiyon
paternine bakildiginda kolemanitin etkisiyle olusan sivi
fazdan tekrar zirkonun olustugu gorillmektedir. Bu
sicaklikta ayni zamanda mullit, monoklinik zirkonya ve
tetragonal zirkonyaya ait piklerin siddetinde olan artig goze
carpmaktadir. 1600 °C’de ise tetragonal zirkonya bir
miktar ¢6ziiniirken, zirkon tamamen par¢alanmustir.
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A vunit O zirkon O Badeleyit o Tetragonal Zirkonya

Sekil 3. (a) 1450°C, (b) 1500 °C, (c) 1550 °C ve (d) 1600 °C’de 5 saat sinterlenen YSZ igeren karigimlarin (ZTMz) X-ray
difraktomlar1.

Sekil 3’te YSZ igeren karigimm 1500, 1550 ve 1600
°C’deki X-ray difraksiyon paternleri verilmistir. YSZ
ilaveli karigimda 1450°C’de ¢ok az miktarda da olsa
¢oziinmemis zirkon sicakligin yiikselmesiyle birlikte
tamamen ¢oOziinerek reaksiyona girmistir. YSZ ilaveli
karigima ait X-ray difraksiyon paterninde ZTMk kodlu
karisimin  1450-1550 °C  araliginda cekilmis X-ray
difraksiyon paternleriyle karsilagtirildiginda tetragonal
zirkonyaya ait piklerin siddeti daha yiiksektir. Bunun
sebebi olarak kolemanit igeren karigimdaki safsizliklarin

tetragonal fazda ¢oziinmiis miktar1 ¢ok diisiik olmasi ve bu
diisiik miktarin da kompozit biinyedeki zirkonyanin
tamamimi tetragonal fazda kararli kilmaya yetememesi
olarak diigtiniilmistiir [8]. Ancak 1600 °C’deki t-ZrO,’ya
ait pikin siddetindeki azalmanin sebebini yiiksek oranda
zirkonya igeren karigimlarda s6z konusu polimorfun
konsantrasyonunun 1400-1550 °C’de yiikksek oldugu
seklinde agiklayan yapilmis ¢aligmalar vardir. Tam aksine
daha yiiksek sicakliklarda m-ZrO; daha fazla gelismektedir

[9].

P =3,49 glem?

Sekil 4. ()1450, (b)1500, (c)1550 ve (d)1600 °C’de 5 saat sinterlenen
ZTMp kodlu karisima ait mikroyap1 goriintiileri

Sekil 4’te 1450-1600 °C sicaklik araliginda 5 saat
sinterlenen ZTM, kodlu kompozisyona ait kirilma
yiizeylerinden alman mikroyap1 goriintiileri verilmistir.
1450 ve 1500 °C’deki 6rnegin mikroyapisinda oldukga
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yogun bir porozite gézlemlenmekteyken, sicaklik artigina
bagli olarak daha yogun ancak malzemede arzu edilmeyen
camsi bir yap1 goriilmektedir.
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p=3,53 glem’

p=3,11 g'em’

O]
p=3,74 glem®

Sekil 5. (a)1450, (b)1500, (c)1550 ve (d)1600 °C’de 5 saat sinterlenen
ZTMk kodlu karisima ait mikroyap1 goriintiileri

ZTMp ve ZTMk kodlu kompozisyonlara ait mikroyapi
goriintiileri (Sekil 4 ve Sekil 5) ile karsilastirildiginda
mullit kristallerini tiim sicakliklarda belirgin bir sekilde
gozlemleyemezken kolemanit ilavesiyle birlikte taneler
aras1 etkilesim ve yogunluk artisina bagl olarak soz
konusu kristaller ZTMk kodlu kompozisyonda 1450 ve

(c) p=3.30 g/cm3

1500 °C sicaklikta homojen olarak dagilmis zirkonya
taneleriyle birlikte uzamis es eksenli taneler olarak
gozlemlenebilmektedir [10]. Ayn1 zamanda 6zellikle 1600
°C sicaklikta sinterlenmis ZTMk kodlu kompozisyonuna
ait mikroyap1 goriintiisiinde mullit taneleri siirekli bir ag
seklinde yer almaktadir.

(d) p=3.53 glem’

Sekil 6. ()1450, (b)1500, (c)1550 ve (d)1600 °C’de 5 saat sinterlenen
ZTMz kodlu karigima ait mikroyapi1 goriintiileri

Sekil 6’da da goriildiigii gibi tiim numuneler, daha diisiik
sinterleme  sicakliginda  (1450-1500 °C)  yiiksek
gozeneklilik gosterirken ve sinterleme sicakligmin
artmasiyla birlikte yogun mikro yapiya sahiptirler. Katki
icermeyen ve kolemanit katkili kompozitin mikroyap1
goriintiileriyle paralel olarak YSZ katkili kompozitin 1550
ve 1600 °C’de sinterlenen 6rneklerinde de mullit uzamis
ve matris fazi olarak hareket ederken, zirkonya mullit
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matris igerisinde dagilmis fazlar seklinde goriilmiistiir [10].
Genel olarak tiim mikroyap1 goriintiilerinde zirkonya ve
mullit taneleri sicaklik arttik¢a irilesmektedir. S6z konusu
en fazla tane kabalagmasi kolemanit igeren kompozisyonda
(Sekil 5), buna karsilik en diisiik tane kabalasmasi ise YSZ
(Sekil 6) katkii  kompozisyonlarda  gdriilmiistiir.
Gozeneklilik ise sicaklik artigiyla birlikte azalmakta, buna
bagli olarak yogunluk artmaktadwr. Hazirlanan i¢ ayri
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kompozisyonun 1450, 1500, 1550 ve 1600 °C sicakliklarda
5 saat sinterlenmis ornekleri igin bagil yogunluk degerleri

Tablo 3. Hazirlanan kompozitlerin sicakliga bagli Arsimet yogunluklar

ZTMo ZTMk ZTMz
1450 °C 2.17 3.02 3.26
1500 °C 2.26 3.11 321
1550 °C 3.11 3.53 3.30
1600 °C 3.49 3.74 3.53
Higbir katki icermeyen (ZTMo kodlu karigim)
kompozisyonun sinterlenmis Orneklerine ait teorik

yogunluk degerlerine bakildiginda 1450 °C ile 1500 °C
arasinda yaklasik % 3’lik bir artis s6z konusudur. So6z
konusu katkisiz numunenin 1600 °C’de ise en yiiksek sahip
olabilecegi yigmsal yogunluk degeri ise 3,49 g/cm®tiir.
Kolemanit ve yitriya ile kararli hale getirilmis zirkonya
(YSZ) iceren ZTMk ve ZTMz kodlu kompozisyonlarin
yogunluk degerleri benzer sekilde artan sicaklikla birlikte

IV. SONUCLAR

Yapilan ¢alismada, zirkon, kaolinit ve aliiminadan
olusan baglangic kompozisyonuna agirlikga % 10 oraninda
kolemanit (Ca;BsO11 5H20) ve vyitriya ile kararli hale
getirilmis zirkonya (YSZ) gibi katkilar ilave edilmis ve
reaksiyon sinterlemesi sonucu olusan iiriinlerin yogunluk,
faz ve mikroyapt analizleri yapilmistir. Caligmalar
sonunda, kullanilan katkilarla, diisiik sicaklikta ve
yiikksek yogunlukta zirkon fazi igermeyen, sadece
mullit ve zirkonya fazlardan olusan kompozit
malzeme sentezlenmistir. Ortaya ¢ikan sonuglar artan
sinterleme sicakligi ile birlikte c¢aligmada t-ZrOy’ya ait
piklerin siddetinde azalma gerceklesti§ini gostermistir.
Bunun sebebi olarak; dogal baglangic hammadde
kullanimmin beraberinde s6z konusu hammaddelerde
bulunan safsizliklarin yiiksek olasilikla ilk olusan mullit
fazda ¢ozlinmeleri ve bu yiizden, sinterlenmis iiriinlerde
kararli veya yar1 kararli zirkonya fazlarin miktart ¢ok
diisiik oldugunu sdylemek miimkiindiir. Yiginsal yogunluk
degerleri tablosundan da goriilecegi gibi (tablo 3),
calismamizda en yiiksek 2.17 ve en diisiik 3.74 g/cm3
yogunluk degerleri elde edilmistir. Genel olarak tiim
mikroyapt goriintiilerinde zirkonya ve mullit taneleri
sicaklik arttikca  irilesmektedir. S6z konusu tane
kabalagsmas1  katkili kompozisyonlarda  gdrilmiistiir.
Gozeneklilik ise kullanilan katkilar ve sicaklik artisiyla
birlikte azalmis, buna bagl olarak s6z konusu kompozit
malzemelerin y1gnsal yogunlugunda artis
gbzlemlenmistir.

KAYNAKCA

[1] N.M., Rendtorff, G. Suarez, Y. Sakka and E.F. Aglietti,
“Dense mullite zirconia composites obtained from the
reaction sintering of milled stoichiometric alumina zircon
mixtures by SPS,” Ceramic International, Vol. 40, pp.

23

tablo 3’te verilmistir.

lineer olarak artmaktadir. S6z konusu yogunluk
farkliliklar1  higbir katki icermeyen Ornegin 1550°C
sicakliga kadar sinterlenen 6rneklerinde zirkon fazina ait
piklerin varhigindan (Sekil 1) ve katkili 6rneklerde ise
sinterleme sirasinda olugan gegici svi fazlarm mullit ve
zirkon fazlarini birbirine daha da yaklastirmis olmasmdan
kaynaklanmaktadir (Sekil 5-6).

4461-4470, Avpril 2014,

DOI:10.1016/j.ceramint.2013.08.119

[2] NM., Rendtorff, L., Garrido, E., Aglietti, “Mullite—
zirconia—zircon composites: properties and thermal shock
resistance,” Ceram. Int. Vol. 35. pp. 779-786, March
2009. DOI: 10.1016/j.ceramint.2008.02.015

[3] NM., Rendtorff, L.B., Garrido, E.F., Agiletti, “Zirconia
toughening of  mullite-zirconia-zircon  composites
obtained by direct sintering,” Ceram. Int. Vol. 36. pp. 781-
788, March 2010. DOI:10.1016/j.ceramint.2009.11.010

[4] P.M., Suoto, R.R., Menezes, “Effect of Y,03 additive
on conventional and microwave sintering of mullite”,
Ceram. Int. Vol. 37. pp. 241-247, January 2011. DOI:
10.1016/j.ceramint.2010.08.043

[5] S., Bhattacharjee, S.K., Singh, R.K., Galgali,
“Preparation of zirconia toughened mullite by thermal

plasma”, Mater. Lett. Vol. 43. pp. 77-80, March 2000.
DOI: 10.1016/S0167-577X(99)00234-7

[6] S., Maitra, A., Rahaman, A., Sarkar, A., Tarafdar.
2006. “Zirconia-mullite materials prepared from semi-
colloidal route derived precursors”, Ceram. Int. Vol. 32,

pp. 201-206, December 2006. DOI:
10.1016/j.ceramint.2005.02.007

[7]1 S., Prusty, D.K., Mishra, B.K., Mohapatra, S.K., Singh,
“Correlation between properties of zirconia mullite and
Y03 stabilised zirconia mullite derived by various
processing techniques”, Advances in Applied Ceramics.


https://doi.org/10.1016/j.ceramint.2008.02.015
https://doi.org/10.1016/j.ceramint.2009.11.010
https://doi.org/10.1016/j.ceramint.2005.02.007
http://www.maneyonline.com/action/doSearch?ContribStored=Mishra%2C+D+K
https://doi.org/10.1016/j.ceramint.2013.08.119
http://www.maneyonline.com/action/doSearch?ContribStored=Prusty%2C+S
http://www.maneyonline.com/action/doSearch?ContribStored=Singh%2C+S+K
https://doi.org/10.1016/j.ceramint.2010.08.043
https://doi.org/10.1016/S0167-577X(99)00234-7
http://www.maneyonline.com/action/doSearch?ContribStored=Mohapatra%2C+B+K

International Journal of Multidisciplinary Studies and Innovative Technologies,2018, 2(2): 18-24

Vol. 110. pp. 360-366, November 2013. DOI:
10.1179/1743676111Y.0000000022

[8] H., Aydin, “Bor mineralleri katkili mullit/zirkonya
kompozit  {iretimi,” Doktora Tezi, Dumlupmar
Universitesi,  Fen  Bilimleri  Enstitiisii, Seramik
Miihendisligi Anabilim Dali, 112s, Subat 2013.

[9] K., Hemra and P., Aungkavattana. “Effect of zirconia
content on mechanical and thermal properties of mullite—
zirconia composite,” Advances in Applied Ceramics. Vol.
113  (6). pp. 323-327, April 2014, DOL:
10.1179/1743676114Y.0000000164

[10] Kumar P, Nath M.A, et al., (2015) Synthesis and
characterization of mullite—zirconia composites by reaction
sintering of zircon flour and sillimanite beach sand, Bull.
Mater. Sci., 38 [6]: 1539-1544.

24


http://dx.doi.org/10.1179/1743676114Y.0000000164
http://dx.doi.org/10.1179/1743676111Y.0000000022

. Vol 12
International Journal of olme
’ e ye e . . Number: 2
Q Multidisciplinary Studies and Vear: 2018
IJMSIT Innovative Technologies Pages: 25 - 20

Kanatcik Geometrisinin Is1 Gecisine Etkisinin Parametrik Incelenmesi
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Ozet- Giiniimiizde, sogutmaya ihtiya¢ duyan elektronik cihazlarm minyatiirlesmesi mikrokanallarda akis ve 1s1 karakteristigi
iizerine yapilan caligmalar1 artrmistir. Bu ¢aligmada, dikdortgen kesite sahip tek bir mikrokanal igerisine, farkli yerlesim
diizenlerinde dikdortgen kanatgiklar yerlestirilmistir. Temel akiskan su segilerek, mikrokanalda akis ve 1s1 gegisi 6zellikleri
incelenmistir. Hesaplamali akigkanlar dinamigi (HAD) analizi, Ansys Fluent 18.1 ticari yazilimi ile gergeklestirilmistir.
Calismadan elde edilen sonuglar, basing diisiimiiniin ve Nusselt sayisinin, artan Re sayisi ve kanal igine yerlestirilen kanatgik lar
ile arttigin1 gostermistir.

Anahtar Kelimeler: Mikrokanal, Kanatcik, HAD Analizi, Parametrik Optimizasyon.

Abstract — Nowadays, technological developments on miniaturization of electronic devices that need cooling increased the
studies of flow and heat characteristics in microchannels. In this study, a rectangular prism-shaped fins were placed in a single
microchannel having rectangular cross-section. The basic fluid was selected as a water and the flow and heat transfer in the
microchannel were analyzed numerically. Computational Fluid Dynamics (CFD) analysis was performed with commercial
software, ANSYS Fluent 18.1. The results showed that the pressure drop and the Nusselt number increased with increasing
Reynolds numbers and also fins.

Keywords —Microchannel, Fin, CFD Analysis, Parametric Optimization

I. GIRIS konumda yerlestirilen farkli gaplardaki dairesel olmayan
Ist transferi pasif teknikler olarak bilinen smir tabaka engellerin 1s1 transferi lizerindeki etkilerini incelemislerdir.
kalmliginim azaltilmas, 1s1 gegisi yiizey alaninm artirilmasi ve ~ Galisma li¢ boyutlu olarak gergeklestirilmis, analiz i¢in Ansys
tiirbiilans artirma metotlar1 ile iyilestirilebilmektedir. Makro ~ CFX yazilimi kullanilmustir. Kanal i¢indeki hava akismi, k-g
Olgekli bir kanal igerisindeki 1s1 gegisi artirmak i¢in kanalin tiirbiilans modeli kullanarak ti¢ boyutlu modellemislerdir.
icerisine  iiggen, kare ve daire kesitli engeller Kanal icerisinde alt1 farkli engel (dikey ¢ubuk, yatay gubuk,
yerlestirilmektedir. Bu engeller yiizey alanmi artirarak 11 Kare, tggen ve altigen) icin ortalama Nusselt sayilari
akismmn daha hizli dagitilmasini saglarken hem de akis arastirilmis, Nusselt sayisindaki en bilyiik artig, kanalm igine
icerisinde girdap iireteci olarak gdrev yapmaktadr. Bu dikey cubuk yerlestirildigi zaman gerceklestigini rapor
engeller veya kanatgiklar kanaldaki siiriikleme katsayismi etmistir. Ugurlubilek [2] iki yar1 dairesel engeli olan makro
arttirarak basing diisiimiinde olumsuz etki yapmaktadir. Mikro Olgekli bir kanaldaki tasinimli 1s1 transferi ve akigmi tiniform
dlcekli kanallarda tek fazhi akis ve 1s1 gegisi, sinir tabaka duvar sicakligt smir kosullar1 altinda sayisal olarak
kalinhiginin kiigiikk olmasi sebebiyle elektronik ve benzeri incelemistir. Is1 gegisinde en biiyiik artigmn engelli kanalda
cihazlarm sogutulmasi i¢in ilgi gdrmekte, fakat basing Re=10000 sayismda %33 civarinda oldugunu rapor etmistir.
diisiimiiniin fazla olmasi verimli bir sogutma yéntemi olarak ~ EPrahimi vd. [3] girdap fiiretecine sahip ~dikddrtgen
kullanilmasinin éniinde bir engel teskil etmektedir. Bu sebeple ~ Mikrokanallarda tek fazlh laminer akis ve 1s1 gegigini sayisal
mikro 8lgekte yapilan cahsmalar belli bir calisma basmer ~ ©Olarak incelenmistir. Yine Chen vd. [4] dikdértgen
arahgmda optimum geometrinin bulunmasma yonelmistir. ~ Mikrokanallarda akis ve 11 gegisini incelemek igin akiskan
Can [1] dikdbrtgen kesitli geleneksel bir kanalda, akisa dik bir olarak su kullanarak, 350 ila 1500 araliginda degisen Reynolds
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sayilarinda deneysel c¢aligma gerceklestirmiglerdir. Basing
kayiplarmin kanatgikl kanallarda sirasiyla % 40 oraninda, 1s1
transfer  performansmmin = %  12.3  oraninda  arttig1
gostermiglerdir. Abdollahi ve Shams [5] kanat tipi girdap
ireteci sekli ve acismin, akigkanin akig ve 1s1 gegisi
ozelliklerine olan etkisi sayisal olarak aragtirmiglardir. Kiitle,
momentum ve enerji denklemleri, kararli, laminer ve
sikigtirilamaz akigkan akigini dikkate alarak sonlu hacim
yontemi kullanilarak ¢dziimlenmistir. Ortalama Nusselt sayist
ve basmg¢ diigimii, girdap ireticilerin degisik sekil ve
acilardaki  durumunu incelemislerdir. Yine literatiire
bakildiginda benzer ¢aligmalarin Ma ve ark. [6] ve Liu ve ark.
[7] tarafindan yapildig1 goriilmiig, fakat optimum basing
diisimii ve 1s1 gegisini saglayacak geometrik ¢alismalarin
yetersiz oldugu goze carpmistir. Bu sebeple mikro olgekte
geometrik bir optimizasyon ¢aligmasi yapilarak, tek fazli akis
ve 151 gegisi karakteristiginin ortaya konulmasi bilyiikk 6nem
arz etmektedir. Bu caligmada igerisine 6 tane kanatgik
yerlestirilmis dikdortgen kesitli bir mikrokanalda tek fazli
laminer su akig1 ve 1s1 gegigi sayisal olarak incelenmistir.
Kanal icerisine yerlestirilen kanatciklarin, boyu, genisligi ve
yatayla yaptig1 ac¢i parametre olarak belirlenmis, optimum
degerler, Hesaplamali Akiskanlar Dinamigi (HAD) yazilim1
Ansys 18.1 ile yapilmustir. Optimum geometri icin HAD
analizleri Reynolds sayismin 70 ila 210 oldugu aralikta
gergeklestirilmis, sonuglar kargilagtirmali olarak sunulmustur.

Il. HAD ANALIzi
A. Mikrokanal Geometrisi ve Parametreler

Bu c¢aligmada igerisine 6 tane kanatgik yerlestirilmig
dikdortgen kesitli bir mikrokanallarda tek fazli laminer su akis1
ve 1s1 gecisi sayisal olarak incelenmistir. Kanallar simetrik
kabul edilmistir. Mikrokanal genisligi, kanat¢ik genisligi,
kanatcik uzunlugu ve kanatgigin yatay eksen ile olusturdugu
kanat agis1 parametre olarak alinmistir. Sekil 1 ve Tablo 1 ‘de
tasarimi yapilmis mikrokanallarin fiziksel model ve ilgili
temel parametrelerini gostermektedir. Dikdortgen kesitli
mikrokanalin yiiksekligi H, genigligi W ile gosterilmistir. L ise
mikrokanalin boyunu géstermektedir.

Mikrokanal Parametreler 1 2 3
geometrisi [mm]

Mikrokanal 0,35 Kanatgik 0,03 0,04 0,05
genisligi, W Kalmligi [mm]

Mikrokanal 0,1 Kanatgik 0,05 0,1 0,15
yiiksekligi, H Uzunlugu [mm]

Mikrokanal 10 Kanat Agist (°) 30 45 60
uzunlugu, L

Tablo 1. Mikrokanal Ve Kanatgiklarin Geometrik Parametreleri

a)
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©)

Sekil 1. Fiziksel model ve ilgili geometrik parametreler: a) kanat¢ikis
mikrokanal, b) mikrokanal, ¢) kanat¢ik yerlesimi.

B. Swtnir Sartlart Ve Coziimleme

Hesaplamalarda akigkan olarak saf su kullanilmis ve Newton
tipi akigkan olarak modellenmistir. Akis sikistirilamaz; diisiik
giris hizindan dolay1 akigmn laminer oldugu varsayilmistir.
Ayrica bu g¢aligmada, 1simnim ve yergekimi etkileri goz ardi
edilmistir. Mikrokanal malzemesi i¢in aliiminyum sec¢ilmis ve
yiizey pirizliligi etkileri ihmal edilmistir. Mikrokanalda
akigkanin giris sicaklig1 sabit ve 298 K olarak alinmistir. Is1
gecisi mikrokanalin alt duvarindan akigkana dogru st akisi
degeri verilerek gergeklesmektedir. Alt duvar 1s1 akis1 2x10°
olarak belirlenmistir. Mikrokanal simetrik oldugundan analiz
kanalin yarist i¢in gergeklestirilmis, mikrokanalin iist ve yan
duvarlar1 adyabatik duvar olarak alinmustir. Suyun kanala giris
hizi optimizasyon c¢aligmasinda sabit ve 1 m/s olarak
belirlenmistir. Saf su ve malzeme Ozellikleri sabit olup,
termofiziksel Ozellikleri T=298 K i¢in asagidaki degerler
alimmigtir. Burada u dinamik viskozite, p yogunluk, ¢, 6zgiil
1s1 ve k 1s1l iletkenligidir.

1 (Pas) 8,8325.10°
K (WimK) 0,601
& G/kgk) 4175,78

p (kg/m3) 998,2

Tablo 2. Saf Su I¢in Ozellikler

Modelleme ve ¢oziim ag1 Ansys workbench arayiiziinde
olusturulmus; smir sartlari, korunum denklemlerinin ¢oziimii
Fluent arayiiziinde gergeklestirilmistir. Dikdortgen kesitli
mikrokanal modelin, dort yiizeyli ve alt1 yiizeyli ag yapist ile
¢oziim ag1 olusturulmustur. Olusturulan ¢éziim aginda toplam
diigiim noktasi sayisi kanatgik sayisina gore degismektedir ve
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kanat¢ik cidarina daha sik diigiim noktalari uygulanmustir. 250000
Sekil 2.2°de mikrokanala ait ¢oziim agi goriilmektedir ve g 200000
¢Oziim ag1 35896 diiglim ve 168461 eleman sayisina sahiptir. =
‘% 150000
% 100000
— vpﬂﬂl‘""b‘"’xqgg*f; Q
s g 50000
2
VAT 5o <
TR M 0
NN AT 0.03 0.04 0.05
Kanat kalinlig1
Sekil 2. Coziim Ag1 345.8

Mikrokanal genisligi, yiiksekligi ve uzunlugu sabit kabul Q 345.6
edilmis, icerisine yerlestirilen kanatgik genisligi, uzunlugu ve v ziig
acist parametre olarak almmistir. Bu parametrelerin 3 farkli 3 45

=
=
degerleri icin giris basinct 50000 Pa degerini gecmeyecek % 344.8
bi¢imde en uygun geometrik degerler Ansys yaziliminin 344.6
parametrik optimizasyon araci ile hesaplanmistir. Sekil 2.2°de 0.03 0.04 0.05
parametrelerin  giris basinct ve ¢ikis sicakligma etkisi Kanat Kalinlig1
goriilmektedir. Yapilan c¢aliymada kanatgik yiiksekligi
mikrokanal yiiksekligine esit, H=0.1 mm’dir. Kanat agis1 30°,
45° 60° degerleri arasmnda ¢ farkli parametre olarak - 250000
alinmustir. Sekil 3.2.a ve b’de ii¢ farkli kanat agis1 igin & 200000
hesaplanan ortalama giris basinci ve ¢ikis sicakligi ile degisimi 2
verilmistir. Sekilde de goriildiigii gibi kanat agisinin artmasi zZ» 120000
giris  basincint  arttirrken  ¢ikis  sicakligini - azaltmistir. A 100000
Hesaplamalarda kanatgik kalmligi 0,03 ila 0,05 mm arasinda 2 50000
degistirilmistir. Sekil 3.2 ¢ ve d’ de {ig farkli kanat¢ik kalinligi é 0
icin ortalama giris basinci ve ¢ikis sicakligi ile degisimi 0.05 01 015
goriilmektedir. Kanat¢ik uzunlugunun artmasi giris basincini "7 Kanat uzﬁnlugu '
arttirrken ¢ikis sicakligini azaltmustir. Bir diger parametre
kanat¢ik uzunlugu 0,05, 0,1 ve 0,15 mm degerlerinde
degistirilmistir. Sekil 3.2 e ve f* de goriildiigii iizere kanatgik
uzunlugunun artmasi giris basincini arttirirken ¢ikis sicakligini 345.8
azaltmugtir. 3456 \
M 3454
__ 250000 —
© % 3452
S 200000 =
s S 345
£ 150000 “ 344.8
3 100000 344.6
€ 50000 0.05 0.1 0.15
Cr:t} 0 Kanat uzunlugu
45 60 Sekil 3. Parametrelerin giris basinci ve ¢ikis sicakligina etkisi
Kanat Agist Analizde yakinsama kriteri tiim biiyiiklikler igin 1075
alinmugtir. Sekil 2.3’de parametrik optimizasyon sonucunda
345.8 giris basmci kriteri i¢in hesaplanan en uygun degerler
o 3456 gdriilmektedir.
— 345.4
é 345.2 Candidate Point 1 | Candidate Point 2 | Candidate Point 3
§ 345 P1 - P3@Ds_30.00derece 30,705 34,305 56,733
»n 344.8 P2 - P3@Ds_0.03mm 0,048135 0,048838 0,03
344.6 P3 - P3@Ds_0.15mm 0,13524 0,14182 015
30 45 €0 P4 - giisbasinciop (Pa) | %, 41035 *k 45727 X 32241
Kanat Agist 8L S
PS5 - cikissicakigi-op (K) % 34554 - 345,58 - 34573

Sekil 4. Ilgili Parametrelerin Optimizasyon HAD Analiz Sonuglart
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Parametrik optimizasyon sonucunda kanat agist i¢in 30,7°,
kanat genisligi 0,048 mm ve kanat uzunlugu 0,135 mm olarak
belirlenmistir. Belirlenen optimum geometri i¢in 0,4 ila 1,2
m/s giris hizlarinda HAD analizi ger¢eklestirilmis, 1s1 gecisi ve
basing diisiimiiniin Re sayisi ile degisimi gdsterilmistir.

C. HAD Analizi Sonuglarimin Degerlendirilmesi

HAD analizi sonucunda akiskanin kanaldan ¢ikis sicakligi ve
giris basinci degerleri elde edilmistir. Akisin Reynolds sayisi;

_ PVDp
u

Re

seklinde hesaplanmis, burada dikdortgen kesitli mikrokanal
icin hidrolik ¢ap;

_ 4Acph
Py

_ 2wH

D =
h W+H

yardimiyla bulunmustur. Farkli Reynolds sayilarinda ayni
geometriyi analiz edip kanat¢ikli kanallarda sicaklik
degisimini ve enerji korunumu yardimiyla 1s1 gecisini
hesaplamak miimkiindiir. Is1 gecisi;

Q = Thcp(Tout —Tw)
seklinde hesaplanir. Buradan 1s1 tagimim katsayisi;

Q

- ApAT

ve Nusselt sayisi;

hesaplanabilir.

D. Had Analizi Sonuglart

Bu c¢aligmada en wuygun mikrokanal geometrisi igin
optimizasyon c¢aligmast Ansys 18.1 HAD yazilimi ile
yaptlmigtir. Hesaplama sonucunda farkli parametreler igin
girilen degerlerin optimizasyonu yapilarak optimum geometri
belirlenmis ve farkli akis hizlarinda analizleri yapilmistir.
Sekil 3.1°de mikrokanal icerisindeki hiz vektorleri ile sicaklik
degisimleri goriilmektedir. Kanat acis130 ila 60 derece arsinda
degistirilmis, en uygun sonu¢ en diigikk ac¢1 30° degerinde
bulunmustur. Kanat acisinin 30°’den daha yiiksek olmasi akis
alanmin iyice daralmasma ve dolayisi ile basing diiglimiiniin
artmasina neden olacaktir. Kanat uzunlugu ve genisligi de ac1
benzer etki gdsterecektir.

Sekil 5. HAD Analizi; Hiz Bolgeleri
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Yiiksek Reynolds sayilarinda, akigin Oniine bir engel
konuldugunda akiskan daha uzun mesafeler kat ederek, daha
siddetli karigir. Akis alaninda girdap olusumlar1 ve ozellikle
akisa dik konulmus engel arkasinda girdap kopmalari
meydana gelmektedir. Bu ¢aligmada da mikrokanal igerisine
yerlestirilmis kanatgiklar kesit alanin1 daralttigi ve anlik hiz
artislarina sebep oldugu gozlenmistir. Kanatgiklarm arkasinda
art iz bolgelerinin olustugu bulunmustur. Kanatgiklarin
arasindaki mesafede girdap olusumu ve kanatcik dniinde veya
arkasinda girdap kopmast gozlenmemistir. Burada akis
hizinin diisiik olmasinin etkisi vardir.

Art arda konulmus kanatgiklar akiskanin mikrokanal

icerisinde karigmasmi saglarken ayni zamanda sicak iist
duvardan iletimle 1s1 gegisine de sebep olur. Bu sekilde
akigkan sadece {iist duvar yerine akigkandan daha sicak
kanatcik ile temas eder. Boylece akigkan akisi ile iist duvar
daha etkin bir bigimde sogutulmasi saglanir. Sekil 3.2°de
akigkanin Mikrokanal igerisinde ilerlerken olusan sicaklik
bolgeleri gorilmektedir.

Sekil 6. HAD Analizi; Sicaklik Bolgeleri

Farkli akig hizlar1 i¢in yapilan analizlerde mikrokanal giris
basinglar1 elde edilmis, ¢ikis basinci 0 Pa alinarak, basing
diigiimleri elde edilmistir. Sekil 3.4 basing diisiimlerinin Re
sayist ile degisimi goriilmektedir. 70<Re<210 araliginda
basing degerlerinin 12956 Pa ile 61297 Pa arasinda artarak
degistigi gozlenmistir. Yukarida da bahsedildigi analizde
akigskanin giris hiz1 0,4 ila 1,2 m/s hizlarinda degistirilmis,
optimizasyon kriteri olarak giris basinci degeri 50.000 Pa
degeri alinmistir. Elde edilen basing diisiimlerine bakildiginda
optimum mikrokanal geometrisi i¢in akis hizinin 1 m/s’den
diistik caligilmasi gerektigi sonucuna varimistir.

70000
60000
50000
40000

—@— Basing...
30000

Basing diistimii [Pa]

20000
10000

0

0 50 100 150

Re [-]

200 250

Sekil 7. Basing Diisiimiiniin Reynolds Ile Degisimi
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Sekil 3.4’de elde edilen ortalama Nusselt sayilarinin Reynolds
ile degisimi verilmistir. Nusselt sayilarinin 70<Re<210
araliginda 3,56 ila 6,63 degerleri arasinda artarak degistigi
gbzlenmistir. Geleneksel teoriye bakildiginda laminer akis ve
sabit 1s1 akisi sartlarinda Nu sayisi sabit ve 4,36 degerini
almaktadir. Elde edilen sonuglar mikrokanal boyunca
yerlestirilmis kanatgiklarin 1s1 gegisini arttirdigini gdstermistir.

6
5
- 4
>
z 3 = NU
2
1
0
70 105 140 175 210
Re [-]

Sekil 8. Nu sayisinin Reynolds ile degisimi

I1l. SONUC VE ONERILER

Bu caligmada igerisine alt1 kanatgik yerlestirilen mikrokanalin
en uygun kanat geometrisini bulmak tizere Ansys 18.1 ticari
HAD yazilim kullanilarak  parametrik bir caligma
gercgeklestirilmistir. Kanatgik acisi, uzunlugu ve genisligi belli
aralikta degistirilmis, basmg kriterini saglayan en uygun
geometri elde edilmigtir. Nusselt sayilarinn 70<Re<210
araliginda 3,56 ila 6,63 degerleri arasinda artarak degistigi ve
mikrokanal boyunca yerlestirilmis kanatciklarm 1s1 gegisini
arttirdigimni gostermistir. Yine basing degerlerinin 12956 Pa ile
61297 Pa arasinda artarak degistigi gdzlenmis, en uygun
akigkan giris hiz1 1,0 m/s olarak bulunmustur.
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Mikro Tornalama Isleminin Sonlu Elemanlar Yontemiyle Modellenmesi
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Ozet

Imalat sanayinde gelisen teknoloji ve yiiksek hassasiyette parca gereksinimi, mikro islemeyi ortaya ¢ikarmistir. Mikro mekanik
isleme yontemi ile hem yiiksek hizda hem de yiiksek hassasiyette is parcalari iiretmek miimkiindiir. Bir niimerik modelleme
teknigi olan sonlu elemanlar metodu, deneysel olarak tespit etmenin zor oldugu verilerin (gerilme, sekil degistirme ve sicaklik)
elde edilmesinde 6nemli bir avantaj saglar. Mikro islemenin niimerik olarak modellenmesinde en 6nemli unsur, kullanilan
malzeme modelinin dogrulugudur. Bu ¢alismada mikro tornalama iglemi 2 boyutlu sartlarda niimerik olarak modellenmistir.
Modellemede Deform-2D ticari yazilimi kullanilmistir. Calismada farkli malzeme modelleri kullanilarak, deneysel ve niimerik
modelleme sonucunda elde edilen kesme kuvvetleri kiyaslanmustir. Is parcasi malzemesi olarak, biyomedikal sektdriinde ¢okga
kullanilan Ti6Al4v alasimi secilmistir. Caligmada sabit kesme hizi (100m/dk) ve farkli ilerleme degerleri kullanilmustir.
Calisma sonunda Kay (2002) tarafindan 6nerilen, Johnson-Cook (J-C) malzeme modelinin deneysel sonuglarla daha uyumlu
oldugu gozlemlenmistir. Niimerik modelleme ile deneysel sonuclar arasindaki farkin % 5-15 arasinda oldugu tespit edilmistir.

Anahtar Kelimeler: Mikro Tornalama, Sonlu Elemanlar Analizi, Kesme Kuvvetleri

Modeling of Micro Turning Process with Finite Elements Method and
Selection of Suitable Material Model

Abstract

Developing technology in the manufacturing industry and the requirement of high precision parts reveals micro machining. It
is possible to produce workpieces both at high speed and with high precision by means of micro-mechanical machining.The
finite element method, a numerical modelling technique, provides a significant advantage in obtaining data (stress, strain and
temperature) that are difficult to experimentally detect. The most important element in the numerical modeling of the micro
machining is; the correctness of the material model used. In this study, micro turning process is modeled numerically in 2D
conditions. Deform-2D commercial software was used in the modeling. In the study, cutting forces obtained by experimental
and numerical modeling are compared using different material models. As workpiece material, Ti6AI4V alloy, which is widely
used in the biomedical applications, has been selected. Constant cutting speed (100m / min.) and different feed rate values are
used. At the end of the study, it was observed that the Johnson-Cook (J-C) material model recommended by Kay (2002) is
more compatible with the experimental results. It has been determined that the difference between the numerical model and
experimental results is between 5-15%.

Keywords: Micro Turning, Finite Element Analysis, Cutting Forces
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I. GIRIS
Gilinlimiiz imalat teknolojilerinde, parcalarin
minyatiirlesmesi, kiigiilen cihaz boyutlari ve yiiksek

hassasiyette parga gereksinimi yeni arayiglara neden
olmustur. Biitlin bu gereksinimler, gelisen teknoloji ile
birlestiginde mikro islemeyi ortaya ¢ikarmugtir. Iginde
bulundugumuz bu minyatiirlesme caginda mikro iiretim en
popiiler aragtirma konularindan biri haline gelmistir. Son
yillarda makro boyutlarda yapilan calismalar kadar mikro
boyutlarda da birgok ¢alisma yapilmaktadir[1].

Mikro mekanik isleme yontemi, is parcalarini yiiksek
hizda ve yiiksek hassasiyette tiretmeyi miimkiin kilmaktadir.
minyatiir sistemler, kolay tasinabilme ve kullanilabilme,
disik malzeme ve gilic tiketimi, kiigik numune
gereksinimleri, yliksek 1s1 transferi ve daha iyi siireg
entegrasyonu ve otomasyonu saglayabilmektedir. mikro
mekanik igleme yaklagitk 60 milyar dolar islem hacmine
sahip, diinya genelinde hizla biiyliyen bir endiistridir. Bu
biiyliyen endiistride mikro silindirik parcalar iretilirken
kaynak ve zaman  kullaniminda  yiiksek  verim
edilebilmektedir[2].

Karmagik miithendislik problemlerinin basite indirgenerek
kontrol edilebilir parcalarla ¢oziimiinii saglayan sonlu
elemanlar metodu pek c¢ok miihendislik uygulamasinda
kullanilan yaygin ve kullanish bir ¢6ziim metodudur.

Karmagik mithendislik problemleri,beraberinde karmagik
¢oziimler igerir. Bu karmasa, ¢0ziim asamasini da
hassasiyetten uzaklastirir. Karmasik problemlerin en kisa
yoldan dogru sonuca en yakin ¢oziimle ulastirilmast igin
sonlu elemanlar metodu kullanilabilir[3].

Matematiksel altyapist Sonlu Elemanlar Metoduna
dayanan DEFORM yazilimi, tasarimcilarin 1sil islemler,
metal sekillendirme, kesme ve kaynaklama gibi birgok
prosesi analiz edebilmek icin laboratuvarda gercek is
pargalari iizerinde yapilan deneyleri sanal ortama tagimalarini
saglayan bir mihendislik yazilimidir. DEFORM aym
zamanda inanilmaz esnekligi sayesinde analizcilere birgok
uygulama, gelistirme ve aragtirma dallarinda ¢alisma olanagi
saglayan bir sistemdir. 2 ve 3 boyutlu modellemeye imkan
tantyan bu ticari yazilim sayesinde laboratuvar ortaminda
oldukca maliyetli ve zaman kaybettiren deney c¢aligmalarini
minimuma indirgeyip tasarruf saglayarak verimi artirmamiz
miimkiindiir dolayisiyla bu yazilim oldukca kullanishi ve
pratiktir[4].

Il. MATERYAL VE METOT

A. Deney Diizenegi

Yapilan c¢alismada sabit 100m/dk kesme hizinin
ayarlandigt bir deney diizenegi kullanmilmistir. Yatay bir
isleme merkezine benzemekte olan deney diizeneginde
korozyona kars1 yiiksek diren¢li Ti6Al4v is parcasi spindle’a
baglanmistir. Kullanilan spindle max 60000 dev/dk‘ya kadar
c¢ikabilen IMT markadir ve devir ayar1 kendine ait bilgisayar
yazilimi ile hassas olarak elde edilebilmektedir. Eksen
hareketleri i¢in mikro step motorlarla desteklenmis lineer
kizaklar (Thorlabs) kullanilmistir. Kizaklarin maksimum
hareket mesafesi 150mm olup hassasiyeti ise 0,1um dur.
Spindle X ekseni hareketini saglayan kizak {izerine montaj
edilmistir. Kesici takim mini dinamometre {izerine,
dinamometre Y cksenini ifade eden kizak iizerine
sabitlenmigtir. Talag derinligi Z ekseni vasitasiyla
verilmektedir. Kesici takimda 2um TiAIN kaplama
kullanilmig olup takima ait geometrik o6zellikler sekilde
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verilmektedir.  Yanasma acisinin = 90°  olmasi  ve
dinamometreye baglanabilmesi adina takim tutucu o6zel
olarak tasarlanmig ve firetilmistir. Deneylerde kesme
bolgesinin dana net olarak gozlemlenebilmesi adina 50-800
arasinda  biiylitme yapabilen bir USB  mikroskop

kullanilmistir. Tiim sistem titresimsiz optik bir tabla iizerine
montaj edilmistir[5].

i(ullamlan

: Mikro tornalama deneylerinde
genel goriinimii.

islenmis yiizey

Dinamometre |_|

A/D Dénusturici
1 |

Amplifier |

f
60"

L10 (mm) 6,95
R, (um) ~40
Re (um) 7,25
D (mm) 3,42
S (mm) 1,18
D1 (mm) 2.39
Sekil 2: Deneylerde kullanilan kesici takim ve koordinat

sistemi.

Kesici takimin burun radyusu (R;) yaklagik 40pum ve
kenar radyusu (Re) de yaklagik 7,25 pm olarak Slgiilmiistiir.
Calismada talas derinligi (a;) 40pm almmistir. Deneyler
100m/dk sabit kesme hizinda 2 farkli ilerleme degeri icin
(10um, 20pum) yapilmustir. Deneyler kuru kesme sartlarinda
gergeklestirilmis olup ¢ikt1 olarak kesme degerleri dikkate
almmistir. Deneylerde kesme mesafesi kisa tutulmak
suretiyle takimdaki aginma g6z ardi edilmistir.

B. Modelleme

Bir miihendislik sisteminin ¢éziimlenmesi esnasinda bu
sistemin matematiksel modelinin hazirlanmast ve bu modelin
¢Oziimiiniin  gergeklesmesi tasarimciya birgok avantaj
saglayacaktir. Sonlu elemanlar yontemiyle ¢oziim yapan
Deform programi ile miihendislik sistemlerini modelleyip
simule ederek sicaklik, kesme kuvvetleri, gerilme vb gibi
bir¢ok veriyi elde edebilmek miimkiindiir.
Talas olusumu prosesinde remeshing teknigi kullanilarak, her
bir ¢oziim aralifi i¢in yeniden sonlu eleman ag1
olusturulmustur. Her bir ¢6ziim araliginda kesme esnasinda
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meydana gelen kesme kuvvetleri ve kesme sicakligi veri
olarak program tarafindan kaydedilmistir. Cozlimlerde
kullanilan sonlu eleman modeli Sekil 2 de verilmistir[6].

s

: i pargasi ve kesici u¢ mesh yapisi.

Literatiirde bir ¢ok malzeme modeli olmakla beraber,
modelleme esnasinda kullanilan malzeme modeli ¢ok 6nemli
olup, sonuglar1 biiyiik 6l¢iide degistirebilmektedir.

Temel Johnson-Cook (J-C) ;

T—Tp

o=[a+Bem 1+ ¢t [1- (Z2)7] )
Temel Johnson-Cook (J-C) malzeme modeli 3

fonksiyonun kombinasyonu olarak temsil edilir [7];

0 = fee). 9 -har) )
f(s) = (A + BSn) (3)
g = (1 +C lné) (4)

T— T \™
hry = [1_ (Tm— Tr) ] ®)

Bu gosterimde fi), g Ve h(ry swasiyla, sekil
degistirme sertlesmesi, sekil degistirme hassasiyet orani ve
termal yumusama davranigini temsil eder[8].

Bu ¢alismadaki modellemelerde temel Johnson-Cook
(J-C) malzeme modelinin yaninda modifiye edilmis 2 farkli
model daha kullanilmigtir[9].

Bunlar;
Model 1) Sekil degistirme yumusamasi ve sicakliga bagl,
modifiye edilmis malzeme modeli[10]

T—Tp

o= laemer (el cm o (2o
(1 - D) [tanh (E:p)r] ]

o=1-(7)"  p=(z)’

Model 2) Sicakliga bagli olmayan modifiye edilmis malzeme
modeli asagida verilmistir. Modele dahil edilen 4.fonksiyon
(9ge)) temel modiildeki 2.fonksiyon (g() ile benzerlik
gostermektedir. Her iki fonksiyonda sekil degistirmeye

(6)

baghdir.

9 = [M +(1-M) [tanh (S:p)r]s] (7
o =[A+ Be"] [1 +C lni] [1— (%)m] [M +

a-m [tanh @]s] 8

Calismada kullanilan veriler tabloda gosterilmistir;

Tablo 1: Kay(2002) nin dnerdigi Johnson-Cook malzeme
modeli sabitleri[11] ve karakteristikleri[12]

Karakte | Degerleri | Tamimlar:

ristikler

€ degisken Plastik sekil degistirme

é degisken Sekil degistirme hiz1

& 1 Referans sekil degistirme hizi

A(MPa) | 1098 Malzeme akma gerilmesi sabiti

B(MPa) | 1092 Malzemenin sertlegsme modiilii

n 0,93 Sertlesme katsayisi

C 0,014 Sekil degistirme hiz1 hassasiyeti

m 1 Malzemenin termal yumusama
katsayis1

M 0.48

Tr (°C) 20 Oda sicaklig

Tm (°C) | 1660 [s pargasi ergime sicaklig

r 1 Malzemeye ait katsay1

S 5 Malzemedeki yumusama egilimi

a 2,5 Malzemenin sekil degistirme
sertlesmesi

b 2 Sicakliga bagli akma yumusama
etkisi

d 0,5 D’nin sicakliga bagli olma
derecesi
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Deneysel ¢alismalar sonucu elde edilen veriler referans
alinarak, deneme yanilma yoluyla bu malzeme modellerinde
farkli sabitler denenmis ve daha saglikli karsilagtirma
yapabilmek adina 3 malzeme modelinde de Kay (2002)
tarafindan Onerilen sabitlerin kullanilmasina karar verilmistir.

I

|
Sekil 4: temel J-C i¢in is parcasi talag formu ve mesh yapist.

[
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Sekil 5: model 1 igin is pargasi talag formu ve mesh yapisi.
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T
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Sekil 6: model 2 igin is pargasi talas formu ve mesh yapisi.




International Journal of Multidisciplinary Studies and Innovative Technologies,2018, 2(2): 30-33

Talas formunun temel J-C malzeme modeli ve model 2
icin diiz formda, model 1 iginse testere formunda olustugu
g6zlemlenmistir. Bu farkin sebebinin malzeme modelindeki
yumusama etkisi oldugu diistiniilmektedir.

I1. SONUCLAR VE TARTISMA

Onlarca deney ve modelleme sonucu deneme yanima
yoluyla literatiirdeki bir¢ok malzeme model sabiti ve 3 farkli
Johnson-Cook(J-C) malzeme modeli denenmistir. Elde edilen
sonuglar incelendiginde Kay (2002) tarafindan Onerilen
sabitlerin kullanilmasina karar verilmis ve basta temel J-C
malzeme modeli olmak tizere literatirde mevcut 2 tane de
modifiye edilmis malzeme modelinden(model 1 ve model 2)
modelleme yapildiktan sonra kuvvet verileri (f;, f) almip,
bunlar birbiriyle ve deneysel sonuglarla kryaslanmistir.

2 farkli ilerleme degeri (10um, 20um) ve 3 farkli
malzeme modeli igin yapilan modelleme sonucu elde edilen
kesme kuvvet verileri (f;, fr) ve deneysel sonuglardan elde
edilen kesme kuvvetleri asagidaki tabloda verilmistir.

Tablo 2: Malzeme modellerine gore kesme kuvvetleri tablosu

f=10um f=20um
Kuvvetler(N) fe fr fe fr
Temel J-C 2,726 | 1,040 | 3,684 | 0,959
Model 1 0,97 0,9 1,714 | 1,062
Model 2 1,743 | 1,526 | 2,721 | 2,061
Deneysel 1,842 | 1,482 | 3,104 | 1,94

IV.KARSILASTIRMA

Deneysel sonuglar ile modelleme sonucu elde edilen
niimerik sonuglar karsilagtirildiginda;

e Temel J-C modeli sonucu elde edilen kesme
kuvvetlerinin deneysel verilere %15-%50 hatayla
yakinsadigi goriilmektedir.

e Model 1’nin kullanilmas1 sonucu elde edilen kesme
kuvvetlerinin deneysel verilere %35-%50 hatayla
yakinsadigi goriilmektedir.

e Model 2’in kullanilmas: sonucu elde edilen kesme

kuvvetlerinin deneysel verilere %5-%15 hatayla
yakinsadig1 goriilmektedir.

Asagidaki grafikte modelleme ve deney sonucu elden edilen
kuvvet verilerinin karsilastirilmasi gorsel olarak sunulmustur.

Temel J-C ®m Model1 = Model 2 = Deneysel

O r N W b

Fc Ff Fc Ff

Kesme Kuvvetleri (N)

f=10um

f=20pum

Sekil 6: Farkli malzeme modelleri i¢in kesme kuvvetlerinin
degisimi.
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V. SONUC

Bu ¢alismada 2 farkli ilerleme degeri (10pm, 20um)
icin 3 farkli malzeme modeli ile modelleme yapilmus,
modelleme sonucu elde edilen kesme kuvvet verileri (f;, f¢)
ile deneysel sonuglardan elde edilen kesme kuvvet verileri
(for f7) kiyaslanmustir. Talas formlari dikkate alinmamuistir.

Sonu¢ olarak yumusama etkisinin olmadigi, bu
calismadaki model 2’nin deneysel sonuclara en az hata
payiyla yakinsayarak, en yakin sonucu verdigi tespit
edilmistir.

Malzeme modeli se¢imi birgok farkli kritere bagl
olmakla beraber gergege en yakin modellemeyi yapabilmek
icin dogru malzeme modelinin se¢imi olduk¢a 6nemlidir.

Dogru malzeme modelinin secimi ile rahatlikla
yapilabilecek modellemeler sayesinde, bilimsel
caligmalardaki deney sayisim1 minimuma indirgeyerek
maliyet ve zamandan tasarruf saglamak miimkiindiir.
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Mini-Channel Cooling of a Photovoltaic Cell

Onur Erkan ", Musa Ozkan * and Oguz Arslan !

Mechanical Engineering, Bilecik Seyh Edebali University, Bilecik-Turkey
*(onur.erkan@bilecik.edu.tr)

Abstract — : In this article, cooling of a mono-crystalline photovoltaic cell (PV) having 0,00128 m? top surface area was studied
using Computational Fluid Dynamics (CFD) method. The PV cell was exposed to different solar radiation values in both no-
cooling and cooling conditions. Mini-channel cooling was performed by means of 12 aluminum rectangular channels having
0,0018 m hydraulic diameter and 40 mm length. Water flow rate in channels was calculated corresponding to the Reynolds
numbers ranging from 500 to 2300 and its effect on the cooling was examined. Results show that the temperature of the top
surface of PV panel increases up to 57 °C under no-cooling condition and our analysis revealed that it can be decreased to 25 °C
when the mini-channel cooling is in progress.

Keywords — photovoltaic cell, solar energy, mini-channel flow, cooling, renewable energy.

Mini Kanal ile Fotovoltaik Hiicre Sogutma

Onur Erkan ", Musa Ozkan ! ve Oguz Arslan *

"Makine Miihendisligi, Bilecik Seyh Edebali Universitesi, Bilecik-Tiirkiye
*(onur.erkan@bilecik.edu.tr)

Ozet — Bu makalede, iist yiizey alan1 0,00128 m? olan bir mono kristalin fotovoltaik (photovoltaic - PV) hiicresinin sogutulmasi
Hesaplamali Akiskanlar Dinamigi (HAD) yontemiyle arastirilmistir. PV hiicresi hem sogutmasiz hem de sogutmali durumlarda
farkl glines 1smim1 degerleri i¢in analiz edilmistir. Sogutma sisteminin, 0,0018 m hidrolik ¢apa sahip, 40 mm uzunlugunda 12
adet aliiminyum dikdértgen mini kanallardan olustugu ve sogutucu akiskan olarak su kullanildig1 dikkate alinmistir. Suyun
kiitlesel debisi 500 < Re < 2300 araliginda hesaplanmistir ve debinin sogutma {izerindeki etkisi incelenmistir. Caligmanin
sonuglarma gore sogutmasiz analizlerde 57 ‘C’ye kadar 1sman PV hiicresi yilizey sicakligi, mini-kanal sogutma ydntemi
kullanilarak 25 °C’ye kadar sogutulmustur.

Anahtar Kelimeler — fotovoltaik hiicre, giines enerjisi, mini kanal akisi, sogutma, yenilenebilir enerji.

l. GIRIS PV modiil sogutmas: aktif veya pasif olarak yapilabilir.
Aktif sistemler pompa, fan gibi enerji harcayan ekipmanlar
gerektirirken, pasif sistemlerde bunlara gerek yoktur [1]. PV
hiicrelerinin  sogutulmasmi Grubisi¢-Cabo vd. [2] pasif
sogutma teknikleri, 1s1 boru sogutmasi, aktif sogutma
teknikleri, nano akiskan sogutmasi, termoelektrik sogutma
olarak bes ana baslik altinda toplamislardir.

Giiniimiiz diinyasmin en 6nemli konularindan birisi enerji ve
onun verimli bir sekilde kullanim1 olmustur. Kayiplar1 en aza
indirmek, maliyetleri diisiirmek, atik enerjiyi geri kazanmak
gibi konularmn iistesinden gelerek eldeki kaynaklar1 en etkin
bi¢cimde kullanmak baglica aragtirma konularindandir. Enerji
iretimindeki yiiksek maliyetler, fosil yakitlarin giderek
tiikkendigi bu giinlerde ortaya ¢ikan en onemli sorundur. Bu
soruna karsilik getirilen ¢6ziim ise kaynagina para 6denmeyen
ve tiikenmeyen yenilenebilir enerji kaynaklarinin kullanimidir.
Yenilenebilir enerji kaynaklarma olan yonelim bu alan iizerine
yapilan arastirmalarin  ¢ogalmasmma ve verim arttirma
¢aligmalarinin 6niiniin agilmasina sebep olmustur.

Giines, yiiksek giic yogunluguna sahip, ulagilmasi kolay,
karmagik teknoloji gerektirmeyen, ¢cevreye herhangi bir zarar1
olmayan Onemli bir yenilenebilir enerji kaynagidir. Bu
avantajlarina ek olarak daha bircok avantaji olan Giines
enerjisi yogun talep gormektedir. Ttiim bu sebeplerden dolay1
yenilenebilir enerji kaynaklar1 icerisinde ozellikle giines
enerjisi ile ¢alisan sistemlerde birgok iyilestirme c¢aligmalari
yapilmistir. Arastirmacilarin siklikla {izerinde durduklar1 bu
iyilestirme ¢aligmalarindan birisi de fotovoltaik (photovoltaic-
PV) hiicrelerinin sogutularak verimlerinin arttirilmasidir.

A. Pasif Sogutma Teknikleri

Pasif sogutma tekniklerinde enerji harcayan pompa, fan gibi
elemanlar bulunmaz. Bu yontem ile yapilan sogutmada etkili
olan mekanizma iletim ve dogal tagmimdir. Pasif sogutma
yontemleri {izerine birgok aragtirma yapilmistir. Yapilan
aragtirmalara gore pasif sistemler daha az verim artisi
saglamalarma ragmen kurulum maliyetlerini diigiirdiiklerinden
dolay1 bir¢ok durumda aktif sogutma sistemlerine tercih
edilirler. Ornegin, Giines 1511 yogunlugunun az oldugu
durumlarda pasif sistemlerin kullanilmasi uygun olabilir.
Ayrica, 6zellikle PV panelin arkasindan yapilan aktif sogutma
sistemlerinde pompalama maliyetleri hesaba katildiginda,
pasif sogutma yontemleri bazen aktif sogutma yontemlerine
gore daha avantajli olmaktadir [2].
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Pasif sogutma sistemlerinde hava pasif sogutma oldukga
yaygin kullanilir. Cuce vd. [3] polikristalin PV hiicre tizerinde
deneysel bir calisma yapmislardir. PV hiicrelerinden birine
1s1ty1  yaymak i¢in aliiminyum kanat¢ik eklemiglerdir.
Olgiimleri kiyaslayabilmek i¢in kanat¢ik eklenmemis baska
bir PV hiicresi kullanmislardir. Calismada 200 W/m?’den 800
W/m?*ye kadar ¢esitli 15m1m degerlerini kullanmuslar ve farkli
ortam sicakliklarinda deneyleri yapmuslardir. Kanatcik ile
sogutma yapilan PV hiicresinin elektrik verimliliginde %9
artis oldugunu goézlemlemislerdir.

Pasif sogutma sistemlerinde 06zel bir versiyon olarak
kullanilan faz degistiren malzeme PCM (Phase Change
Materials) sogutmas: da birgok arastrmaci tarafindan
calisilmigtir. Hassan [4] daha verimli olabilecek bir PCM
malzemesini arastirdig1 doktora tez ¢calismasinda hem i¢c hem
de dis mekanda 500 W/m?, 750 W/m?, 1000 W/m? 1sinim
siddeti altinda kiiciik ve biiyiik boyutlardaki sogutma sistemini
kullanmistir. Uygun PCM malzemesi ile 1000 W/m? giines
isiimi altinda 5 saatlik bir periyotta panelin 6n ylizey
sicakliginda 15 °C’lik bir azalma oldugunu gdstermistir. Giig
kazanmmu ise referans PV hiicresinden %9,7 daha fazla olarak
kaydedilmistir.

Pasif sogutma sistemlerinde akiskan olarak suyun
kullanildig1 aragtirmalar da mevcuttur. Bu kapsamda suya
batirma, termosifon etkisi, kilcallik etkisi gibi yontemler
kullanilarak ¢aligmalar yapilmistir. Rosa-Clot vd. [5] mono-
kristalin PV paneli sogutmak igin bir batirma teknigi
kullanmiglardir. Bu ¢alismada sicaklik 30 °C’de tutulmus ve 4
cm derinlikte verim %11’e kadar arttirilmustir ancak su igine
batrmanin derinligi arttikca giines 1sminin yogunlugunun
azaldig1 gozlemlenmistir. El-Seesy vd. [6] Kahire’nin ¢evre
sartlarinda termosifon etkisi ile PV modiill sogutmasi
yapmiglardir. Bunun i¢in 46 cm x 56,5 cm oOlgiilerinde
polikristalin PV hiicresinin altina sogurucu bakir borular
yerlestirmislerdir. Borular1 PV modiile sabitlemek i¢in silikon
dolgu macunu kullanmiglardir. Calismanin sonucunda PV
veriminde yaklagik olarak %2 artig elde etmislerdir. PV/T
(photovoltaic/thermal) sisteminin toplam verimi ise %42,45
olarak  kaydedilmistir.  Ayrica bu  pasif sogutma
yontemlerinden biraz daha farkhi olarak Zhu vd. [7] Giines
isinimindaki fotonlara miidahale etmeden sadece 1s1y1 toplayip
ortama atan silikon saydam bir tabaka ile PV modiil sogutmasi
caligmasi yapmuglardir.

B. Aktif Sogutma Teknikleri

Aktif sogutma teknikleri pasif sogutma tekniklerine oranla
daha fazla verim artisi saglamaktadir. Aktif sogutma
yontemleri PV/T gibi atik 1sinin ise yarayacagi sistemler ve
ana amacin elektriksel verimi arttirmak oldugu durumlar igin
olduk¢a uygundur [2]. Arastirmacilar tarafindan PV modiili
aktif olarak sogutmak i¢in ¢ok gesitli yollar denenmistir. PV
modiilii Oniinden, arkasindan veya hem Oniinden hem
arkasindan zorlanmis tasinim ile sogutma yaparken su, hava,
nano akigkan gibi farkli akigkanlar kullanilarak birgok
sogutma sistemi gelistirilmistir.

Teo vd. [8] bir PV/T tasarlayip tiretmisler ve deneysel olarak
incelemiglerdir. PV modiiliin arkasma hava kanallari
yerlestirerek sogutma yapmiglardir. Kanallarin sekillerini
optimize etmek i¢in Hesaplamali Akiskanlar Dinamigi (HAD)
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analizi kullanmiglardir. Bu analizlerde, sogutma olmadig:
durumda PV modiiliin sicakligmin 68 °C’ye kadar ¢iktigmi ve
elektriksel verimin %8,6’ya kadar distiigiinii
gozlemlemislerdir. Hava sogutmasini kullanarak PV modiil
sicakliginin 38 °C, elektriksel verimin ise %12,5 civarinda
kalmasini saglamiglardir. Havanmn kiitlesel debisinin 0,055
kg/s oldugu durumda PV modiilden ¢ekilen 1smin en fazla
oldugunu bulmuslardir. Bunlar gibi pek ¢ok farkli arastirmaci
tarafindan hava aktif sogutma yOnteminin kullanildig:
caligmalar yapilmistir.

Sogutucu akigkan olarak su kullanilan aktif sogutma
teknikleri, suyun 1s1l kapasitesinin yiiksek olmasindan dolay1
daha iyi sogutma saglayabilirler. Ayrica sivilar hemen hemen
sikistirilamaz olarak kabul edildiginden dolay1r pompanin
tiikkettigi enerjinin kompresor veya fanin tiikettigi enerjiden az
olmasi da su sogutmasmm tercih sebebi olabilir. Du vd. [9]
konsantre  fotovoltaik sisteminin (CPV) sogutmasini
yapmiglardir. Deneyde 1,08 m uzunlugunda ve 0,14 m
genisliginde mono kristalin PV modiil kullanmiglardir.
Sogutma i¢in modiiliin arkasinda aliiminyum plaka iizerine
yerlestirilmis i¢ ¢apt 10 mm olan iki boru kullanmislardir.
Deneylerin sonucunda sicakligmm 60 °C’ye kadar diistiigiinii
gozlemlemislerdir. Elektriksel verimin 0,03 kg/s su debisine
kadar hizla arttigni bu noktadan sonra yaklasik olarak %38,3
civarinda sabit kaldigmi gozlemlemislerdir. Bahaidarah vd.
[10] benzer bir sekilde mono kristalin PV modiilii iginden su
akan kapali bir kasa ile sogutmuslardir. Onlar da sogutulmayan
modiile kiyasla maksimum verimde %2,8 artis gézlemlerken,
modiil sicakliginda 10 °C azalis gdzlemlemislerdir. Moharram
vd. [11] farkh olarak PV modiilii 6n yiiziinden sogutmuslardir.
Sogutmanin sonucu olarak toplam verim artis1 yaklasik %1,5
olmustur. Ayrica bu ydontemin, tozun énemli bir faktdr oldugu
Sahra ve Orta Dogu gibi bolgelerde PV panelinin 6n yiizeyini
temiz  tutacagmi  belirtmiglerdir. ~ Smith  vd.  [12]
yogunlastirilmis Giines 1smimi altinda PV hiicrelerini 6n
taraftan sprey su sogutmasi ile sogutmuslardir. Onlar da mono
kristalin PV panel kullanmislardir. Siirekli su sogutmasi
sonucunda pompanin gii¢ tiiketimi de gz oniine alindiginda
net gii¢ kazancinin %4,6 oldugunu gostermislerdir.

Bu caligmada aktif sogutma yontemi ele almmistir. Bu
baglamda bir mono kristalin PV hiicresinin hem sogutmasiz
hem de sogutma olmasi durumunda yiizey sicakligmmm ne
olacagt HAD analizi ile arastirilmistir. PV hiicresinin 230
W/m? ile 980 W/m? degerleri arasmda degisen Giines
1smimlari altinda oldugu varsayilmistir. Her bir 1s1mim degeri
icin bes farkl kiitlesel debide analizler gergeklestirilmistir.

1. MATERYAL VE METOT

HAD analizleri i¢in Sekil 1°de ki model ele alinmistir. Eni
32 mm, boyu 40 mm ve yiiksekligi 1,82 mm olan, 0,00128
m?’lik yiizey alanma sahip bir PV hiicresinin altina, 12 adet
aliminyum mini kanal yerlestirilerek sogutma yapilacagi
kabul edilmistir. PV hiicresi ve kanallar arasindaki birlesimin
ise 9 W/mK 1s1 iletim katsayisina sahip aliiminyum bazli
yapistirict ile yapildigi varsayilmustir.
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Sekil 1. PV Hiicresi Ve Kanallarin Birlesimi

Sekil 2’de gosterilen aliiminyum mini kanallarin hidrolik
capt 0,0018 m ve kanal uzunlugu 40 mm’dir. Kanallar
yiiksekligi 1,4 mm genisligi 2,5 mm olan dikddrtgen kesite
sahiptir.

32

s I e o o [

0,4
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2,5

Sekil 2. Aliiminyum Kanallarin On Gériiniisii

Caligma akigkani olarak su kullanilmistir. Ortam sicakligi ve
suyun kanallara giris sicakligi 25 °C olarak ele alinmistir. PV
hiicresinin iist ylizeyinden sisteme sabit 1s1 akis1 verilmistir. Bu
sabit 1s1 akisini belirlemek i¢in Bahaidarah vd. nin [10] yaptig1
caligma Ornek alinmustir. Yazarlar caligmalarinda saat 9 ile 16
arasinda her saat basi 6lglim alarak Giines 1sinim degerlerini
kaydetmiglerdir. En fazla Gilines 1sinim1 degerini saat 11°de
979 W/m? olarak o&lgmiislerdir. Bahaidarah vd.’nin [10]
calismasinda kullandiklar1 veriler, bu calismada da 230 W/m?
ile 980 W/m? arahiginda degisecek sekilde 8 adet 1s1 akisi
olarak kullanilmstur.

Baviere vd. [13] piiriizsiiz mikro kanallarda laminerden
tiirbiilansa gegisin kanal boyutlarindan etkilenmedigini ve
geleneksel kanal i¢i akista kritik kabul edilen 2300 civarinda
gerceklestigini bulmuslardir. Benzer sonuglar Bucci vd. [14],
Schmitt ve Kandlikar [15] tarafindan da raporlanmistir.
Bundan dolay1 yapilan analizlerde laminerden tiirbiilanshi
akisa gegisin oldugu kritik Reynolds sayisi 2300 olarak
almmistir. Caligmada kullanilan parametrelerden birisi olan
sogutucu suyun kanallara giris hizi akigm laminer rejimde
kalacagi 500 < Re < 2300 araligmmda hesaplanmistir. Bu
Reynolds sayilarma karsilik gelen kanala giris hizi ve kiitlesel
debiler Tablo 1°de verilmistir.

Tablo 1. Re sayilarina karsilik gelen giris hiz1 ve kiitlesel debiler

Re Girig Hizi Kiitlesel Debi
(m/s) (kg/s)
500 0,19 0,0079
1000 0,38 0,0158
1500 0,57 0,0238
2000 0,762 0,0317
2300 0,876 0,0365
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HAD analizlerinde asagidaki kabuller yapilmistir:

Suyun girig sicakligi 25 °C almmuistir.
Ust yiizey hari¢ diger tiim yiizeyler ile 25 °C’deki
ortam havasi arasinda dogal taginim ile 1s1 transferi

oldugu kabul edilmistir.
e Kanallarin ¢ikigmnin atmosferik basinca agildigi kabul
edilmistir.
HAD analizleri yapilmasi igin Sekil 1°deki model

olusturulduktan sonra kati ve sivi hacimler tanimlanarak
ayriklastirma (meshleme) islemi yapilmistir. Belirtilen
Reynolds say1 araliginda tiirbiilansli akis bolgesi olmadigi igin
programda laminer model seg¢ilmistir. Daha sonra PV
hiicresinin ve yapistiricinin yogunluk, 1s1 iletim katsayisi,
0zgiil 181 gibi malzeme 6zellikleri programa girilmistir. Smir
kosullar1 kanal giriglerinde hiz parametresi kullanilacak
sekilde tanimlanmistir. Giris hizt Tablo 1’°deki gibi toplamda
bes farkli hiz olarak alinmis ve analizler buna gdre yapilmustir.
Ayrica bu asamada suyun kanala giris sicakligi da 25 °C olarak
tanimlanmistir. Kanal ¢ikiglarin atmosferik basinca agildigi
kabul edilmistir. Ust yiizey duvar olarak tammlanip,
analizlerde bu yiizeye sabit 1s1 akis1 uygulanmustir. Sabit 1s1
akis1 olarak 230,450, 620, 770, 850, 880, 930, 980 W/m?
degerleri kullanilmistir. Geriye kalan tiim yiizeyler de duvar
olarak tanimlanip, 25 °C sicakliktaki ortam ile aralarinda dogal
taginim ile 1s1 transferi analiz edilmistir. Daha sonra ilgili
denklemlerin iteratif ¢oziimlerinin yapilabilmesi adma tiim
hiicrelere baslangic deger atamasi yapilmistir. Tim bu
islemlerin ardindan program galistirilarak iteratif ¢éziimlerin
102 hassasiyette yakisamasi saglanmistir. Calismada 5 adet
Reynolds sayis1 ve 8 adet sabit 1s1 akist degeri kullanilarak
toplam 40 adet analiz yapilmustir.

Il BULGULAR VE TARTISMA

Bir mono kristalin PV hiicresinin belli Giines 1smimi1
degerlerinde sogutma olmadan sicakligmin ne oldugunu ve bu
sicakligin aliiminyum kanallar ile aktif su sogutmas1 yaparak
ne kadar disiiriilebilecegini gormek i¢in HAD analizleri
yapilmustir. Her bir 1511m degeri i¢in bes farkli kiitlesel debide
analizler gerceklestirilmistir.

60
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Sekil 3. Sogutmasiz Durumda PV Ust Yiizey Sicakliginin Isimim Degerlerine
Gore Degisimi
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Yapilan analizler sonucunda, Sekil 3’te verilen grafikte de
goriildiigii gibi 1s1 akisi arttikca ylizey sicakliginin da arttigi
hesaplanmistir. Sogutmasiz durumda PV hiicresinin iist yilizey
sicakliginin 230 W/m? ile 980 W/m? arasinda degisen 1s1 akis1
degerlerine gore en az 33 °C en fazla 57,87 °C oldugu sonucu
elde edilmistir.

PV hiicresi su ile farkli kiitlesel debiler kullanilarak
sogutuldugunda Sekil 4°teki grafikte de goriilecegi iizere tiim
kiitlesel debiler igin PV hiicresinin iist yiizey sicakligmin 25
°C’ye kadar azaldig1 goriilmiistiir. Sogutma durumunda yiizey
sicakliklart Reynolds sayisi, yani kiitlesel debi arttikca
azalmistir. Ancak kullanilan tiim kiitlesel debiler ile yilizey
sicaklig1 yaklasik 25 °C’ye kadar azaltilabildigi goriilmistiir.

25.28 T
-8-Re=500
—*-Re=1000
L “-Re=1500 |
25.24 - Re=2000

“©-Re=2300

200 360 460 500 600 700 860 960 1000
I[W/m?|
Sekil 4. Farkli Reynolds Sayilarinda PV Ust Yiizey Sicakliginin Ismnim
Degerlerine Gore Degisimi

Sekil 5’te su ile farkli i51n1m degerleri i¢in yapilan sogutma
miktarlarina bakildiginda Reynolds sayis1 yani kiitlesel debi
arttikga suyun sistemden cekebildigi 1s1 miktarinin arttigi
goriilmiistiir. Reynolds sayist ve 1s1 akisi en yiiksek degerlere
sahip oldugunda sistemden disariya atilan isinin maksimum
oldugu aym sekil iizerinde goriilmektedir.

:
$-980 W/m®
<930 W/m®
-*-880 W/m”
-B-850 W/m®
“©-770 Wim®
“9-620 Wim®
450 Wim®
4230 Wim?

n

1500 2000 2500
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0 500 1000 3000

Sekil 5. Her Isimim Degeri Igin Reynolds Sayilarma Bagli Olarak Su ile
Sistemden Disariya Atilan Is1 Enerjisi Orant

Sisteme PV hiicresinin 0,00128 m?’lik iist yiizeyinden
verildigi kabul edilen her bir sabit 1s1 akis1 i¢in giren enerji
miktar1 hesaplanmistir.  Yapilan hesaplama ve
sonuglarma gore Sekil 6’da gorildigi gibi sisteme st
yiizeyden giren 1s1 enerjisi oraninin farkli Reynolds sayilarinda
yapilan sogutma ile sistemden atilan 1s1 enerjisi oranindan az

analiz

oldugu gorilmiistiir.
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Sekil 6. Sisteme Giren Ve Sistemden Atilan Is1 Enerjisi Oraninin Isinim
Degerlerine Gore Degisimi

V. SONUC

Bu calismada bir mono kristalin PV hiicresinin, hidrolik
¢ap1 0,0018 m olan aliiminyum mini kanallar ile sogutulmasi
analiz edilmistir. Yapilan analizlerden sogutmasiz durumda
PV hiicresinin iist ylizey sicakliginin 57,87 °C’ye kadar
1sindig1 sonucu elde edilmistir. PV hiicresinin st yiizey
sicakliginm sogutma yapilmasi halinde yaklasik 25 “C’ye
kadar sogutulabilecegi goriilmiistiir. Sogutucu suyun kiitlesel
debisi arttikca sogutma etkisinin de artti1 sonucuna
varilmistir. Ancak farkli kiitlesel debiler kullanildiginda elde
edilen ylizey sicakliklar1 arasindaki farklar ihmal edilebilir
diizeylerde oldugundan, diisiik kiitlesel debilerin yani diisiik
pompalama maliyetlerinin de bu yontemle sogutmada yeterli
olabilecegi sonucu elde edilmistir.

Tleriki ¢alismalarda daha diisiik kiitlesel debiler kullanilarak
analizler tekrar edilebilir ve dolayisiyla daha az enerji
harcayarak yani daha diisiik debiler ile aymi verimlilikte
sogutma yapilip yapilamayacag1 incelenebilir. Ayrica, mevcut
calismada kullanilan mini kanallar ile pasif sogutma iglemi
yapilarak elde edilecek sonuclar burada sunulan sonuglar ile
kiyaslanabilir.
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Morfolojik Islemler ve Kenar Algilama Yéntemler Vasitasiyla Beyin
Tiumor Yeri Tespiti ve Tiimor Alan Hesabinin Yapilmasi

Brain Tumor Detection and Tumor Area Calculation by Means of
Morphological Processes and Edge Detection Methods
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Ozet — Giiniimiizde Manyetik Rezonans Gériintiileme (MRG), tibbi gériintii isleme alaninda sik¢a kullanilan gériintiileme
araglarindan biridir. Birgok hastalik teshisi i¢in bu goriintiilerden faydalanilabilmektedir. Beyin MR goriintiilerinde 6zellikle
timor teshisi i¢cin bu gorlintiilere bagvurulmaktadir. Bu ¢aligmada, beyin tiimorlerinin yerini tespit etmek ve biiyiikliigiinii
dlgmek icin MR goriintiilerine bazi gériintii isleme teknikleri uygulanmistir. Oncelikle, goriintii kalitesini artirmak icin
keskinlestirme ve filtreleme islemleri gerceklestirilmistir. Tiimdr yerini belirlemek i¢in kenar algilama ydntemlerine yer
verilmistir. Bu ¢aligma igerisindeki kenar algilama iglemi, timdr tespiti i¢in dnemli bir adimi olusturmaktadir. Daha sonra
morfolojik iglemler ile tiimor alani elde edilmistir. Boylece tiimoriin yeri bulunmus ve alani hesaplanmistir.

Anahtar Kelimeler — Alan Hesabi, Beyin Tiimér Tespiti, Kenar Algilama Yontemleri, Manyetik Rezonans Goriintiileme,
Morfolojik Islemler.

Abstract — Nowadays, magnetic resonance imaging is one of the imaging tools commonly used in the field of medical image
processing. These images can be used to diagnose many diseases. These images are used for the diagnosis of tumors especially
in brain MR images. In this study, some image processing techniques were applied to MR images in order to locate and
measure the size of brain tumors. First, sharpening and filtering were performed to improve image quality. Edge detection
methods are used to determine the location of the tumor. Edge detection in this study is an important step for tumor detection.
Then, the tumor area was obtained by morphological procedures. Thus, the location of the tumor was found and the area was
calculated.

Keywords — Area Calculation, Brain Tumor Detection, Edge Detection Methods, Magnetic Resonance Imaging,
Morphological Processes.

. GRIS Padmakant [5] ¢aligmasinda, watershed algoritmasi
kullanarak beyin tiimorii boliitlemesi tizerinde ¢alismistir.
Watershed algoritmasi, normal dokulari, tipik ve diizensiz
dokulardan ayit etme konusunda etkin  bigimde
kullanilabilmektedir.

Ayrica yapay sinir aglar1 kullanilarak da beyin timor
bolitlemesi yapilan ¢alismalar mevcuttur. Pereira vd. [6]
calismasinda 3x3 Evrisimsel Sinir Ag1 (Convolutional Neural
Network, CNN) kullanarak boliitleme yapmusglardir. Rezaei
vd tarafindan yapilan [7] calismasinda beyin MR gériintiileri

Bilgisayarli Tomografi (BT) ve MRG, beyin timoriinii
tespit etmek i¢in yaygin olarak kullanilir. MRG, viicudun
ayrint1 igeren goriintiilerini iiretmek i¢in x-iginlar1 yerine
manyetik alanlar1 kullanir. MRG, yumusak doku gortntiileme
acisindan daha iyi sonuglar verdigi i¢in BT yerine daha ¢ok
tercih edilir [1]. Beyin tiimérii igin dogru bir tespit yapmak
oldukca oOnemlidir. Bilgisayar destekli sistem kullanilarak
dogruluk orant artirilabilir. Bu sistem radyologun beyin
timoriinii daha uygun sekilde tespit etmesine yardimei

olabilir [2]. kullanilarak beyin anormalliginin saptanmasi i¢in Derin
Literatiir incelendiginde, beyin tiimor tespiti ile ilgili birgok Evrisimsel Sinir Agt (Deep Convolutional Neural Network,
DNN) kullanilmugtr.

calismanin yapildig1 goriilmektedir. Aslan vd. [3] yaptiklar
caligmada, Sobel kenar algilama yontemi gelistirerek beyin
timor boliitlemesi gergeklestirmiglerdir. Selkar ve Thakare
[4] calismasinda, watershed ve esikleme algoritmasi
kullanarak beyin tiimér tespiti ve boliitlemesi yapmuslardr.

Beyin tiimor boliitlemesi yapabilmek ig¢in morfolojik
islemlerden yararlanan ¢alismalar da mevcuttur. [8]
calismasinda, esikleme ve morfolojik  operasyonlar
kullanilarak etkili beyin timori boliitlemesi
gerceklestirilmistir. [9] ¢alismasinin performans parametre
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degerleri, morfolojik iglemler ile yapilan boliitlemenin segilen
goriintii veri seti i¢in hizli ve etkili oldugunu gostermistir.
[10] ¢aligmasinda, histogram esitleme ve morfolojik goriintii
isleme tekniklerine dayanan bilgisayar destekli tani sistemi
aciklanmugtir.

MRG ve BT goriintiileme teknikleri, tiimor dokularindaki
veya hiicrelerindeki anormal degisikliklerin erken tespitinde
kullanilmaktadir. Erken evrede dogru tespit ve tanimlama
tedavi igin tek yoldur. Beyin tiimérii dokular1 doktorlar
tarafindan dogru zamanda teshis edilmezse tedavisi oldukga
zorlagabilmektedir [11].

Son zamanlarda bilgisayar destekli taninin dogru ve verimli
bir sekilde kullanilabilmesi igin c¢esitli goriintii igleme
algoritmalar1 Onerilmistir. Bu ¢aligmada, timor tespiti,
konum ve alaninin hesaplamas: i¢in goriinti isleme
yontemlerine  bagvurulmustur. Bir norologun ameliyat
yapmaya karar vermesi durumunda, timoriin genisligi,
yiiksekligi veya alani hakkinda bilgi sahibi olmasi énemlidir.
Bu calisma ile timoriin yiizey alan1 ve konumunun
hesaplanabilecegi bir yontem sunulmaktadir. Cerrahi islem
oncesi bu bilgileri elde etmenin hayati bir faktér oldugu
goriilmektedir.

Il. MATERYAL VE METOT

Bu caligmada beyin MR goriintiileri kullanilarak timor
tespiti yapilmistir. Kullanilan goriinti 6rnegi Sekil 1 ile
verilmigtir.

Sekil 1 Orek beyin MR gériintiisii

Onerilen yoéntem 4 asamadan olusmaktadir. Yontem
adimlar Sekil 2 ile gosterilmektedir.

o —
Alan ve Konum -
Hesaplama Ll Oznitelik Cikarma

Sekil 2 Yontem asamalari

A. On Isleme

On isleme, goriintii isleme icin 6nemli bir islemdir. Bu
asamada, gorintii Oznitekilerini  verimli sekilde elde
edebilmek icin, Oncelikle giiriiltli gibi goérintiide olumsuz
bilgiler igeren etmenler uzaklastirmis ve daha iyi sonuglar
elde edebilmek ig¢in goriintii kalitesinin  artirilmasi
gerceklestirilmistir. Kisacast 6n islemenin amaci, istenmeyen
bozukluklarin giderilmesi veya sonraki islem igin bazi
goriintii  Ozelliklerini  gelistiren  gorlintii  verilerinin
iyilestirilmesidir [1]. Bu calismada, goriintii gri seviyeye
doniistiirtilerek, keskinlestirme ve giiriiltii giderme iglemleri
yapilarak 6n isleme adimi gergeklestirilmistir.

B. Bdliitleme

Boliitleme islemi tiimor tespiti i¢in en dnemli asamalardan
biridir. Kenar algilama, yogunluktaki ani degisikliklere
dayanarak goriintiilerde boliitlemeyi gergeklestiren ve en sik
kullanilan yaklagimdir. Bu c¢alismada boliitleme i¢in Canny
algoritmas1 kullanilmigtir. Canny algoritmas:1 ¢ok asamali
islemleri icerir. Canny yaklagiminin ii¢ hedefi vardir: Diisiik
hata orani, iyi yerlestirilmig kenar noktalari ve tek noktali
kenar elde etmedir [1].

Esikleme islemi, en basit bolitleme yoOntemlerinden
birisidir. Gri seviyedeki goriintiileri ikili seviye goriintiilere
doniistiirecek  bir esik degerine dayanir. Histogram
kullanilarak bu esik degeri secilir [4]. Arka plan ve 6n plan
olacak sekilde goriintii, ikili (siyah-beyaz) seviyeye
indirgenir.

C. Oznitelik Cikarma

Oznitelik ¢ikarma asamasi, goriintiideki ilgili alana
odaklanmay1 ve istenen bilgilerin elde edilmesini
saglamaktadir. Bu ¢aligmada morfolojik islemler yapilarak
timor bilgisi elde edilmistir.

Matematiksel morfoloji olarak da adlandirilan morfolojik
islemler beyin MR goriintiilleri iizerinde kullanilabilir.
Morfoloji, kiime teorisi kavramlarinin goriintii igleme ve
analizine uygulanmasiyla ilgilidir. Genel olarak morfoloji,
yapilar ve sekilleri incelemekle ilgilenir. Morfolojik islemler
normalde 0 veya 1 piksel degerlerini temsil eden ikili
goriintiiler lizerinde gergeklestirilir. Morfolojik filtreler temel
olarak gorlintiilerin geometrik  Gzelliklerini  degistiren
dogrusal olmayan doniisiimlerdir. Morfolojik operator veya
filtre, orijinal gérintiiyii, uygun bir boyut ve uygun sekildeki
maske elemani ile iterasyon islemi yaparak baska bir
goriintliiye doniistiiriir [12].

D. Alan ve Konum Hesaplama

Bu asamada, hesaplama iglemleri gerceklestirilmistir.
Goriintiiden ¢ikarilan beyin tiimoriiniin konumu bulunur ve
alani hesaplanir.

I11. DENEYSEL CALISMALAR

MR goriintiileri {izerinde timor tespiti, konum ve alan
hesab1 i¢in yapilan iglem adimlar1 Sekil 3 ile gosterilmistir.



International Journal of Multidisciplinary Studies and Innovative Technologies, 2018, 2(2): 39-42

Sekil 3 Goriintii isleme adimlari

Oncelikle renkli olan MR goriintiisii gri seviye goriintiiye
doniistirilmustir. Kenar bilgisini daha iyi alabilmek ve
goriintiideki  bulanikligi gidermek icin ise keskinlestirme
islemi uygulanmistir (Sekil 4).

(b)

Sekil 4 a) Gri seviye goriintii b) Keskinlestirme

Giriiltityi gidermek igin tuz-biber giiriiltiisii eklenmis ve
medyan filtre uygulanmistir (Sekil 5).

() (b)
Sekil 5 a) tuz-biber giiriiltiilii goriintii b)Medyan filtre

On isleme adimlar1 ile gorinti  kullamilabilir hale
getirildikten sonra kenar algilama islemi gergeklestirilmistir.
Ozgiin MR gériintiisiine ait bilgilerle kenar bilgisi elde edilen
gorilintli birlestirilerek renk bazli degisime bakilmistir. Buna
gore esikleme islemi uygulanarak tiimore ait kenarlar elde
edilmistir (Sekil 6).

(b)

Sekil 6 a) Canny algoritmasi b)Kenar bilgili 6zgiin goriintii ¢) Esikleme
sonrast

Esikleme sonrasi tiimore ait bilgiler iceren goriintiiye,
timoriin  tam alaninin ve konumunun belirlenmesi igin
morfolojik islemler uygulanmustir (Sekil 7). Oncelikle tiimor
etrafindaki giiriiltiilleri gidermek i¢in kapama ve ardindan
tiimor alani igerisindeki bosluklardan kurtulmak i¢in ise agma
islemi gergeklestirilmistir.

(b)

Sekil 7 a) Morfolojik iglemler sonrasi b) Timér gériintiisii

Elde edilen tiimor goriintiisiiniin merkezi tespit edilmis ve
alan1 hesaplanmistir. Piksel cinsinden hesaplanan alan
bilgisini igeren goriintii ve satir siitun bilgisi ile verilen
merkez konumunu goésteren goriintii sirasiyla Sekil 8a ve 8b
ile gosterilmistir. Sekil 8a ile 6zgiin beyin MR goriintiisii
iizerinde, gosterilen alan igerisinde tiimoriin yer tespiti
yapilmustir.

Sekil 8 a) Alan bilgisi b) Merkez konum bilgisi

IV.SONUCLAR

Beyin, diger viicut pargalarmin performans: {iizerinde
yiikksek etkiye sahip olan insan viicudunun en Onemli
organlarindan biridir. Beyin timoriiniin saptanmasi ve tanisi
icin bilgisayar destekli algoritmalar, dogru tani koymak ve
beyin hastaliklarinin teshisinde alinan yanlis karar sayisim
azaltmak icin radyologlar1 desteklemek iizere gelistirilmistir.
Bu calismada beyin tiimoriiniin konum tespiti yapilmis ve
alan1 hesaplanmistir. On isleme asamalar1 olarak gri seviye
gorilintiiye doniistiirme, keskinlestirme ve giriiltii giderme
islemleri yapilmistir. Boliitleme i¢in canny algoritmasi
kullanilmistir. Bu ¢alismada 6znitelik eldesi ve tiimoriin
belirlenmesi igin esikleme ve morfoloji islemlerine
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bagvurulmustur. Tespit edilen timdriin piksel cinsinden alan
hesabi yapilmis ve koordinat bilgisi ile de konumu
bulunmustur.  Bilgisayar  destekli tespit ve teshis
algoritmalarinda optimal performans ortaya g¢ikarmak igin
iyilestirme gerceklestirilmistir.
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Abstract — Multiphysics numerical analysis , which are the magnetic field and time-dependent CFD analysis, validated by
experimental results have been performed to obtain the magnetic flux density and relationship of damping force-displacement.
The most effective levels of the design parameters have been determined regarding of the damping force and dynamic range.
Also, the expected performances of the optimal MR damper designs and effect each design parameter on performance have been
calculated statistically corresponding to different velocity values. Results showed that, from 0.05 m/s to 0.15 m/s of piston
velocity, the effect of the gap width was increased by 2.56% while the active length was decreased by 4.12% under constant

current.

Keywords — Magnetorheological damper; Design of experimental; Time-dependent CFD analysis; non-Newtonian flow;

Coupled analysis; Moving boundaries

I. INTRODUCTION

An MR damper basically consists of a cylinder, a piston
head wrapped around a coil, a piston shaft, and sealing
elements. Manufacturing an MR damper that best suits the
operating conditions, requires numerical modeling and testing.

Optimization studies of MR damper design parameters
have received many interests and many authors have studied
numerically and experimentally. Hitchcock (2002) carried out
the 3D FEM analysis with ANSOFT software to find optimum
values for magnetic field direction and intensity. Rosenfeld
and Wereley (2004) compared the performance of the
optimized MR valve with similar ER valve using both
analytical and numerical techniques. Nguyen et al. (2007)
provided a convergence on design variables such as magnetic
flux density, pressure drop and dynamic range, taking into
account the constant values of diameter and length of the MR
valve cylinder, fluid viscosity, flow rate and channel width, so
that they obtained optimal values such as valve housing
thickness, coil width. Karakoc et al. (2008) obtained optimum
values of the design parameters of an automotive MR brake
with the optimization algorithm. At the same time, an FEM
analysis was presented to analyze magnetic field and heating
within the MR brake. Erol and Gurocak (2011) obtained the
optimal configuration of the MR brake including parameters
such as current, coil winding number and coil wire diameter.
Azraai et al. (2015) used Particle Swarm Optimization (PSO)
method to optimize parameters of the MR dampers. Hu et al.
(2016) an FEM was built to work the performance of the
double coil MR damper by investigating seven different piston

configurations, and they obtained the optimal damping
performance of the damper by using the APDL. In our
previous study (Parlak et al., 2013) the optimal MR damper
configurations were obtained by using Taguchi experimental
design method without taking into account temperature rise
and applied current is one of four design parameters. Scientists
(Rosenfeld and Wereley, 2004; Nguyen et al., 2007; Karakoc
et al., 2008; Ozan and Gurocak, 2011; Azraai et al., 2015; Hu
et al., 2016; Parlak et al., 2013) have emphasized on the
importance of optimizing the MR device and their numerical
and experimental findings have been presented comparatively.
Although these results provide a significant contribution to the
literature, they have not developed models which consider
temperature rise in the damper operation and they have not
considered different current excitation conditions in the
optimization works.

Some studies have been presented by several researchers
for MR fluid and MR damper modeling using numerical
analysis (Kemerli et al., 2019, Parlak and Engin, 2012,
Sternberg et al., 2014, Zheng et al., 2015). In the numerical
models, Navier—Stokes and/or Maxwell equations are solved
numerically for MR fluid flow and magnetic field.

By making appropriate design that meet the expected
working conditions or to provide controlling model of the MR
damper, an appropriate numerical model closest to the test data
can be developed. A few studies have been examined the
effects of heating during operation on the damper. Yu et al.
(2015) established a theoretical model of temperature change
on a kind of self-decoupling magnetorheological (SDMR)
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damper based on conservation of energy. Zhu et al. (2015)
proposed a MR damper which can provide both damping effect
and recycling energy from mechanical vibration. Thirupathi et
al. (2015) have conducted tests with a simple MR damper for
a new MR fluid produced.

The current study aims; (1) to determine the most effective
MR damper design by performing experiments under constant
temperature by method of the design of experimental , (2) to
reveal the adverse effect of temperature rise on the MR fluid,
(3) to show most effective levels and impact of design
parameters on performance corresponding to different velocity
values (4) to obtain the magnetic flux density and relationship
of damping force-displacement by multiphysics numerical
analysis, which are the magnetic field and time-dependent
CFD analysis and (5) to visualize of the magnetic field and
fluid flow in MR damper by numerical analysis.

Il. EXPERIMENTAL DESIGN OF MR DAMPER

An MR damper basically consists of a cylinder, a piston
head wrapped around a coil, a piston shaft, and sealing
elements. MR fluid can pass to the other side of the cylinder
through the narrow channel (gap) on the piston head (Fig 1).
When high pressured MR fluid is forced along a gap, frictional
losses caused by the resistance to flow occur and cause
pressure drop in the MR damper. The force along the narrow
channel is activated by a magnetic field due to current carrying
circular coil. Also, in the MR dampers, an accumulator, which
is filled with the pressurized gas such as nitrogen, is used for
compensating the volume changes induced by the movement
of the piston rod in the cylinder. On the other hand,
temperature rise is caused by the mechanical friction and the
heating of the coil and it significantly reduces the viscosity of
the MR fluid and thus, the damper cannot provide the expected
damping force. In this case, either MR dampers must be cooled
or the effect of temperature rise on fluid viscosity in the
calculations must be considered by making appropriate design
that meet the expected working conditions or to provide
controlling model of the MR damper. In the current study, MR
damper temperature is kept constant by experimentally
(detailed in section 3) and damper design is done by following
optimization procedure similar to in our previous studies
(Parlak et al., 2013).

Fig. 1 Cross-Section of MR damper

The dimensions of the magnetic circuit of the MR damper,
which characterize by the annular gap width, g, the gap length,
L, thickness of the piston head housing, gy, ti, the piston head
radius, R, the piston core radius, R, and the coil width, W, can
be seen in Fig. 2. The flux lines are perpendicular to the flow
direction on the active length, causing a field-dependent
resistance.

—»

g gh
Fig. 2 Magnetic circuit of the MR damper

Since the magnetic field is applied, a few microns size
particles dispersed in a carrying liquid form chains and the
fluid becomes like a semi-solid material in a few milliseconds.
This forming chain-like structure creates a resistance against
the flow of the fluid, so that a rise in the fluid apparent
viscosity occurs thanks to rising yield stress. MR fluid exhibits
non-Newtonian behavior under the magnetic field.

Assuming that the pressure drop across the annular gap is
equal to the pressure drop across the channel between the two
parallel plates the pressure drop is calculated as follows.

6QuL 2t
&+c—kty (1)

AP = AP, + AP, =
" T mR,gd g

where AP, and AP, are the viscous (uncontrollable) and yield
(controllable) pressure drop of MR damper. In the Eq.1, T, is
yield stress, Q the flow rate, R, the average radius defining by
R; = R- (g, + 0.5g) and c is the coefficient that depends
on the flow velocity profile.

The total force generated by the damper, which consists of
force due to the viscous effects F,, friction force F¢, and field-
dependent force F, is

F=F +F, +F )

The dynamic range,D, is defined as the ratio of the total
damping force to the uncontrollable force, which are the sum
of the last two of Eq. 2.

T

D=1+ 3
T 3)

In the experimental design, four of the geometric
dimensions of the MR damper shown in Fig. 2 were
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determined as design parameters. The parameters were
considered to have a significant effect on the damping force
and the dynamic range in our previous works. damping force
and dynamic range. 3 levels were determined for each
parameter. These parameters and levels are shown in Table 1
below.

Table 1. The parameters and levels determined for MR damper

Parameters Level 1 Level 2 | Level3
Gap (g) 0.4mm 0.6mm 0.8mm
Active length (t;) 3mm 4mm 5mm
Radius of the piston core 7mm 7.5mm 8mm
(Re)
Gap length (L) 20mm 21mm 22mm

The levels of the parameter are distributed according to L9
orthogonal array of Taguchi experimental design method, can
be seen in Table 2. The piston head radius and the piston head
housing thickness were constant at 14.5 mm and 2 mm
respectively. The values of coil width were determined with
the equation W = R — g — g, — R. In addition, since only
geometric parameters would be examined in the study, 120
windings were made in the same coil thickness for all the
dampers to neutralize the effect of all remaining parameters.
Thus, 9 MR dampers were manufactured and tested (Fig. 3).

Table 2. The levels of the parameters assigned to L9 orthogonal array

8 tk L Rc
Damper 1 0.4 3 20 7
Damper 2 0.4 4 21 7.5
Damper 3 0.4 5 22 8
Damper 4 0.6 3 22 7.5
Damper 5 0.6 4 20 8
Damper 6 0.6 5 21 7
Damper 7 0.8 3 21 8
Damper 8 0.8 4 22 7
Damper 9 0.8 5 20 7.5
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Fig. 3 One of manufactured dampers

To measure a quality characteristic and to determining
optimum conditions was used type “bigger is better” of signal-
to-noise ratio (S/N) to capture the variability of data in the

1)

1
S/N = —10log (HZ

Assume that y; is the i test value. If the S/N is increased
it means of variation around the target value decreases,
therefore, the desirability of S/N is always retained as bigger
is better regardless of the original results. In the study each the
damper was tested three times and the sum of the S/N
calculations in Equation 4 was made for these three
measurements.

(4)

I1l. TEST RESULTS

The manufactured dampers were tested on the machine of
Roehrig MK-2150. The software of SHOCK 6.3 was used to
to control the test machine and to collect data. A
programmable “GWinstek PPE 3223 power supply was used
to feed current to the MR damper. The temperature on the
damper surface during the tests was measured by an IR
temperature sensor on the machine. A load cell having a
maximum capacity of 22 kN and a linear variable displacement
transducer (LVDT) were used to measure the damping force
and displacement of the piston rod of the MR damper,
respectively. The relative velocity between the two ends of the
shock absorber could also measured by LVDT. A heat sink as
shown in Figure 4 was used to keep the damper temperature
constant. Experimental set-up is shown in Fig. 4 with its main
components.
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Fig. 4 Test set-up for the dampers

The dynamic tests of the dampers was performed under the
current varying at 1 A, while maintaining the piston maximum
velocity and stoke at constant levels of 0.1 m/s and 20 mm,
respectively. Force vs. time, force vs. displacement, and force
vs. velocity curves were obtained in addition temperature, gas
force, friction force for each test. All tests were performed at
30 °C of damper temperature. Temperatures of the MR
dampers were measured by taking measurements made with a
K-type thermocouple placed on the top of the active length on
the inner side of the piston head. After each test, if the
temperature was rising due to viscous, friction and current
excitation, the damper was cooled by immersing in a
temperature controlled box and 30 (#0.5)°C value was
provided again. The maximum force values for each test were
taken into account for the evaluations fallowing.

V. MULTIPHYSICS NUMERICAL ANALYSIS OF FLUID FLOW AND
MAGNETIC FIELD
The results at different velocities were obtained by
numerical calculations in order to be able to evaluate the
parameters of the MR damper at different velocities due to no
available test data at different velocities.

Numerical analyzes of the MR dampers were carried out
using the Magnetostatic and CFX tools of ANSYS 17.2. The
coupled analyzes could be performed using a common grid for
the whole flow area of the damper together with the solid
volume of the piston affected by the magnetic field. Thus, both
magnetic field analysis and computational fluid dynamics
(CFD) solutions have been realized on the same solution grid.
Values of the magnetic flux density obtained by magnetic field
analysis were used to calculate apparent viscosity of MR fluid
by Herchel-Bulkley model (Eg. 5) in CFD.

e

; ®)

where p is apperent viscosity of MR fluid, T, is yield stress
depending on magnetic field, y is shear rate, k and n are
consistensy and flow index, respectively. A 20° part of the MR
damper was analyzed to ensure the simulations faster and the
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lower cost. Steps for carrying out the coupled analysis are
schematically shown in Figure 5.

Design
Parameters
Flow
parameters

Force of
MR
Damper

Magnetic
Flux
Density

Magnetic
Analysis

of
materials

Fig. 5 Steps of the coupled analysis

The 3D CFD analyzes were carried out by CFX for an
incompressible and non-Newtonian MR fluid,the momentum
equation can be written as follows (ANSYS Documentation,
2016);

Navier—Stokes equations (momentum equations):

a(pl)
at

+ V(U xU)=-Vp+Vr (6)

where the stress tensor, t, is related to the strain rate by

2
v =u(v0 + @) -5 6v0) @
The magnetic flux density vs. magnetic field intensity (B-
H) curves of the materials of the dampers, which are St37 steel
and LORD MRF132-DG (Lord Technical Data, 2011), used in
the tests were added in ANSYS 17.2 (Fig. 6).

2
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Magnetic Flux Density
(7]
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0 500
Magnetic Field Intensity [kA/m]
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Fig. 6 B-H curves of a. MRF132-DG b. St37 Steel

The solution grid with approximately 498000 elements
depending on the design was used for each damper in the
analyzed (Fig 7). The skewness of the mesh is 0.9, aspect
ratio is 6.8775 and orthogonal quality is 0.994.

Fig. 7 The grid of coupled computational domain.

Compression and rebound movement of piston of the
dampers could be modelled as in real work through the CFD
analysis performed with deformed mesh and transient model.
Therefore, flow magnitudes such as flow velocity, pressure,
dynamic viscosity, force, shear rate, etc. could be obtained
easily at any position of the piston. The deformed mesh, which
can be defined as the self-realignment of the mesh according
to the position of the last state by the time-dependent
movement of surfaces defined as walls was provided that
relationships of force-velocity and force-displacement could
be compared with experimental results. While the piston was
defined as stationary, the sinusoidal equation (Eg. 8) on
appropriate to the experimental data was used for movement
of the top and bottom surfaces of the cylinder. Movement of
the bottom surface (the accumulator) was in accordance with
the volume equal to the volume of covering or removing of
piston rod.

x (t) = Sy (cos(wt))

, (@)
v (t) = Vp(sin(wt))

where x(t) and v (t) are displacement and velocity,
recpectively, w = V,, /S, is angular velocity, S is stroke. The
analyzes were performed at 0.05m/s and 0.15m/s of maximum
velocity (S,,) and at 0.02 m of maksimum stroke.

The values of the magnetic flux density from the magnetic
field analysis at x, y and z coordinates of each node on the

mesh were transferred to CFX as initials profile data, which
can be seen in Figure 8.

Total Magnetic Flux Density
User Function: MAY

I 0.5000

0.3750

!» 0.2500

0.1250

I' 0.0000

m

Fig. 8 Values of the magnetic flux density transferred from magnetic analysis
on the flow domain

Behaviors of the MR fluid under applied current from 0 A
to 5 A at from 20°C to 70°C were investigated by Anton Paar
MCR 302 rheometer (Fig 9). The relationships of between
yield stress and temperature are given in Fig 10. It is evident
here that the yield stress, which significantly influences the
viscosity of the fluid according to Eq. 5, varies considerably
with temperature. In addition, this rate of change increases
with increasing current. In this case, the CFD analyzes were
carried out at a constant 30 °C temperature. The functions of
the k, n and T, depending on magnetic flux density (Fig 11)
were found by fitting relationship of Shear stress-Shear rate
obtained the rheometer tests to the Herchel-Bulkley model
given in Eg. 5 at constant 30°C. These values of k, n and T,
for each node were also transferred to the CFX with the same
initial profile data file.

Computer to control

and collect data
- Constant

Temperature Bath
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Magnetic Flux... Magnetic.Fqu... velocities of 0.05 _m/s and 0.15 m/s. The results of maximum
force can be seen in Table 3.
0.9 Table 3. The coupled analysis results
0.8
07 0.05m/s 0.15 m/s
0.6
— 05
T 04 F [N] D F [N] D
0.3 Damper 1 675.72 2.29 1272.10 2.41
0.2 Damper 2 | 978.30 2.64 1822.10 2.79
% Damper3 | 126564 | 306 | 234810 | 3.7
0 0.2 0.4 0.6 0.8 Damper 4 541.18 2.27 816.05 2.39
Magnetic Flux Density[T] Damper5 | 517.18 2.45 694.58 2.54
Damper 6 640.73 2.62 847.26 2.72
Fig. 11 The relationships of between magnetic flux density and ty,k and n for Damper 7 31594 2.09 45152 2.25
30°C Damper 8 322.24 2.01 461.35 2.15
Damper 9 381.85 2.60 525.44 2.78

The all the data was transferred to CFX as a variable called
MAY, which could be used as an “Additional Variable” in
CFX. Thus k, n, tyand B were utilized to calculate viscosity
of MR fluid by Eq. 5 for each node in flow domain. The
viscosity varying with the applied magnetic field in the gap
volume were handled especially to predict the damping force
correctly. That some expressions such as various equations,
numerical values and boundary conditions were defined in
CFX made easy working on different velocity and stroke. The
comparisons between The CFD analysis and the experimental
results of the dampers for the maximum piston velocity of 0.1
m/s over the force —displacement graph are shown in Figure
12. In this way, CFD results were verified by
experimental data when taking into consideration the
maximum force values to be operated.

S/N ratios calculations (Table 4) made with these values in
Table 8 and experimental results made for 0.1 m/s in above
were realized to obtain the optimal levels of parameters and
expected force and dynamic range.
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Table 4. Optimal damper designs according to maximum force and dynamic
range in terms of velocity

Optimal Levels Expected Values

Velocity

[mis] for g t R. L SIN  F[N] D
Fonax 1 3 3 3 |6205 126564
0.05
Do 1 3 3 1 |984 311
Finax 1 3 2 2 |3754 78536 4.07
and D,,qx
Frnax 1 3 3 3 |6453 1684.80
0.1
Donax 1 3 2 2 |1011 3.20
Fmax
andp 1 3 2 3 |3755 78551 407
o1 Frnax 1 3 2 3 |6759 239487
' Dopar 1 3 3 2 |1035 3.29
Finax 1 3 2 3 |3790 79837 414
and D,,qx

According to these results, only level of the radius of piston
core value at the velocity of 0.15 m/s was different compared
to levels of the others in order to obtain the maximum damping
force. The levels of the gap width and the active length
remained the same as 1 and 3 respectively for each velocity
and evaluation criterion. As a result, the optimal selections of
levels of these two parameters is insensitive to velocity.
According to the maximum force evaluation criteria, the gap
length remained at level 3 which is largest value of the gap
length. The expected force values could be obtained according
to the maximum force criterion, but when two criterions are
considered, this force showed a great decrease compared to the
limited increase in the dynamic range. ANOVA results in
terms of velocity can be seen in Table 5-7.

Table 5. ANOVA results for maximum force in terms of velocity

Py [%0] Pi[%0] PRre[%0] PL[%]
0.05 m/s 86.44 9.19 1.79 2.57
0.1 m/s 89.13 4.78 1.71 4.38
0.15m/s 92.00 4.06 1.43 2.51

As the speed increases, the effect of the gap width
increased while the effect of the active length decreases in
order to obtain the maximum force. Effect of the radius of
piston core and the gap length remained almost constant.

Table 6. ANOVA results for maximum dynamic range in terms of velocity

Py [%] P{%] Pr[%] | PL[%]
0.05 mis 33.60 55.43 10.76 0.21
0.1 m/s 2243 61.25 16.15 0.17
0.15 mis 30.44 56.60 12.90 0.06

In order to obtain the maximum dynamic range, the most
dominant parameter was the active length for all velocities, but
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the effects of all parameters remained almost constant with
varying velocities.

Table 7. ANOVA results for maximum force and dynamic range in terms of
velocity

Pq [%] P{%] Pre[%] PL[%]
0.05 mis 74.54 20.74 450 0.22
0.1 mis 75.56 17.91 5.54 0.99
0.15 mis 78.10 16.62 4.95 0.34

The gap width was the dominant parameter when looking
at the maximum dynamic range and force, but the effects of all
parameters remained almost constant with varying velocities.

V. CONCLUSION

In this study, an experimental design was performed for the
MR damper with specified parameters, which are the gap
width, the active length, the gap length and the radius of piston
core. The tests of manufactured the nine dampers were made
under constant damping velocity at constant 30°C with
checking by the thermocouples placed in the piston head
because varying temperatures affect the performance of the
damper significantly and the damper reacts different
responses. The optimal levels of the design parameters were
obtained for the objective of the maximum damping force
and/or maximum dynamic range. Also, effects of each
parameter on the maximum damping force and/or maximum
dynamic range were calculated by the variance analysis. The
coupled numerical model confirmed by experimental data was
developed and the magnetic field and time-dependent CFD
analyzes were performed on the same geometry to obtain the
damping force values under different velocities. The analysis
showed that;

e The effect of the gap width, which is most dominant,
increased with the increasing velocity by just 5.56 %,
while the effect of the active length decreases by
5.13% to achieve the maximum damping force.

e The effects of all of the parameters were almost
unchanged with velocity for maximum dynamic
range. The result pointed that the effect of the all
parameters did not also change with the velocity to
achieving maximum force and dynamic range
together.
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Abstract —The aim of this study was to investigate the media usage levels of preschool children. In the study, 636 children who
are studying in the 2017-2018 academic year have been studied in the independent kindergartens of Cankir1 Provincial
Directorate of National Education. It is determined to be of the children included in the study, 67,9% were male, 32,1% were
female, 47,6% were five years old, 53,8% of the parents were 31-35 years old and 53,8% were university graduates. In the
study “General Information Form” and “Media Usage Level Child Interview Form” which were formed by taking the opinions
of the experts in the field were used. As a result of the research, it was determined that 64,3% of the children played games
with mobile phones and 87,4% of them watched cartoon with mobile phones. 62,9% of children preferred to play games on
their mobile phones and 37,1% of them preferred to watch cartoons. 34,6% of children whose parents have a tablet/computer
stated that they like want to use these tools stated that they like to draw in these vehicles. 48,7% of the children watched
television while eating 34,1% of children watching television while eating television until they finish their meals have stated
that they watch television. Based on the findings of the research, it is seen that children are very fond of media tools. In the
lights of this finding, it can be suggested that the interest of children towards media tools should be evaluated by means of
activities where they can get real life experiences.

Ozet: Arastirmada okul oncesi donem g¢ocuklarimin medya kullanim diizeylerinin incelenmesi amaglanmistir. Arastirmada,
Cankir1 11 Milli Egitim Miidiirliigii’ne bagl olan bagimsiz anaokullarinda 2017-2018 egitim- dgretim yilinda 6grenim
gormekte olan 636 ¢ocukla calisilmigtir. Arastirmaya dahil edilen ¢ocuklarin %67,9’unun erkek, %32,1’inin kiz, %47,6’sinin
bes yasinda oldugu, ebeveynlerin %53,8’inin 31-35 yas aralifinda, %47,8’inin liniversite mezunu oldugu belirlenmistir.
Arastirmada “Genel Bilgi Formu” ve alaninda uzman kisilerin goriisleri alinarak olusturulan “Medya Kullanim Diizeyi Cocuk
Goriisme Formu” kullanilmistir. Arastirma sonucunda gocuklarin %64,3’iiniin cep telefonuyla oyun oynadiklari, %87,4 liniin
cep telefonuyla ¢izgi film izledikleri belirlenmistir. Cocuklarin %62,9’u cep telefonunda oyun oynamay1, %37,1°1 ¢izgi film
izlemeyi tercih etmislerdir. Anne-babasinin tablet/bilgisayar1 olan ¢ocuklarin %34,6’s1 her giin bu araglar1 kullanmak
istediklerini belirtmigler, bu araglart kullanmak isteyen ¢ocuklarin %43,9’u bu araglarda resim g¢izmeyi sevdiklerini ifade
etmiglerdir. Cocuklarin %48,7’si yemek yerken televizyon seyrettigini, yemek yerken televizyon seyreden gocuklarin %31,4’
yemeklerini bitirene kadar televizyon seyrettiklerini belirtmiglerdir.. Aragtirma sonucunda elde edilen bulgulara dayanarak
¢ocuklarin medya araglarina olduk¢a diiskiin olduklart goriilmektedir. Bu bulgu 1s18inda ¢ocuklarin medya araglarina yonelik
ilgilerinin gercek hayat deneyimlerini edinebilecekleri aktivitelerle degerlendirilmesinin saglanmasi onerilebilir.

Keywords — Medya, Medya araglari, Okul 6ncesi dénem, Teknoloji araglari, Teknoloji

I. GIRIS tagmabilir  %27,1), tablet (%36,4), cep telefonu/akill
telefonun da (%96,9) evlerde bulundugu belirlenmistir (5).
Medya araglarinda yasanan bu hizli ilerlemeler sadece
yetigkinleri  etkilememis, c¢ocuklarda bu  durumdan
etkilenmistir  (6,7,8).  Nitekim  Amerika  Birlesik
Devletleri’'nde yapilan bir arastirmada ¢ocuklarin bir giinde
alt1 saatten fazla teknoloji kullandiklar1 ve bu siirenin iki
buguk saatinin televizyon karsisinda gegirdikleri bulunurken,
Ingiltere’de cocuklarm %60’ ve Isveg’te ¢ocuklarin
kolaylasmasi medya araglarinin ayni hizla insan hayatina %Zp’s1nlg . yatak  odalarmda televizyonun  oldugu
girmesini de kolaylagtirmis ve medya araglar1 en iicra Bellrler}mlstlr (.9)' RTUKthrafm.dan 2006 y111,1’1da yapilan
koselere kadar gidebilmistir (4). TUIK (2016) verilerine gore  Leievizyon  Izleme — Egilimleri -~ Aragtirmasi”  nda  da
Tiirkiye’de genel niifusun %97,7’sinin televizyona sahip te“le\jlzyon izleme siirelerinin ¢ocuklar arasinda her giin arttigi
oldugu, baz1 evlerde televizyonun bir ile sinirli kalmadigi ve yoniinde sonuglara ulasilmustir (10).

televizyonlara ek olarak bilgisayar (masa isti %22,9,

Medya, toplumdaki insanlar1  bilgilendirmek,
eglendirmek ve kamuoyu yaratabilmek amaciyla kitle iletisim
araglarmm kullamlmasi1 seklinde tanmimlanmaktadir (1).
Gecgmiste kitle iletisim araci sadece radyo ve televizyon iken,
giiniimiizde teknolojik araclar olarak ifade edilen birgok arag
bulunmaktadir. Gilinlimiizde teknolojide yasanan hizlh
gelisme ve ilerlemeler bu araglara ulagimi kolaylagtirmigtir
(2,3). Teknolojideki bu hizli ilerlemeler ve ulagimin
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Cocuklar genel olarak medya araglarindan etkilense
de ozellikle okul dncesi donemde bulunan ¢ocuklar birtakim
etmenlerden dolayr daha fazla etkilenebilmektedir. Okul
oncesi donem, insan kisiliginde olduk¢a 6nemli etkilere sahip
olmasmin yaninda, bu dénemde ¢ocugun kazanacagi tiim
aligkanliklar, onun tiim hayatinda ilerleyen yillarda da
etkisini gosterebilmektedir (11,12). Bu aligkanliklardan biri
de medya kullanim aligkanliklaridir. Okul Oncesi dénem
cocuklarinin medya araglarindan daha fazla etkilenmesinin
altinda, etrafinda gordiigii seyleri gercekle bir tutma ozelligi
yatmaktadir  (9,13). Cocuk  biligsel  yeteneklerinin
yetersizligine ek olarak rol-model olarak  aldig1
ebeveynlerinin ya da yetigkinlerin medya araglari ile olan
iletisim ve etkilesimlerini goézlemekte, bu gozlemler
sonucunda onlar1 taklit ederek bu araglart kullanmaya
baglamaktadir (14, 15, 16, 17). Bazen ebeveynler ¢ocuklari
izerinde etkili olabilmek, yemek yedirmek amaciyla bu
araglardan yararlanmakta c¢ocuklar bu araglar olmadan
herhangi bir ¢aba sarf etmemektedir (17). Tiim bu nedenlerin
yaninda ¢ocuklarin  medya araglarimi  kullanmalarini
belirleyen bir diger faktérde bu araglardaki oyun, ¢izgi film
ve reklamlardaki olaganiistii ses ve goriintii efektleridir (18,
19). Cocuklar1 ¢ekebilmek icin kullanilan ses ve goriintiiler
sonucunda ¢ocuk ayni deneyimleri yasamak istemekte ve bu
istetk de onun medya araclarmi kullanmasina neden
olabilmektedir. Bir diger faktdr ise okul Oncesi doénem
cocuklarinin gelisimleri geregi oyuna olan ilgileri (20, 21)
olup ozellikle ebeveynlerin ¢evrenin giivenli olmamasi
yoniindeki endiseleri nedeniyle ¢cocuklar eve hapsolabilmekte
(22, 23) ve bu sirede medya araglariyla oyun
oynayabilmektedir. Cocuklarin medya araglarini kullanmak
isteklerinin nedeni ne olursa olsun bunun asgari bir sinirda
tutulmast  ve  c¢ocugun  daha  aktif faaliyetlere
yonlendirilmesinin gerekliligi ise ortadadir. Bu diigiinceden
hareketle arastirmada, okul dncesi donem ¢ocuklarinin medya
kullanim diizeylerini belirlemek amaglanmustir.

Il. YONTEM

Arastirma Modeli

Aragtirmada okul 6ncesi donem g¢ocuklariin medya
kullanim diizeylerini belirlemek {izere nicel arastirma
yontemlerinden tarama modeli kullanilmistir. Tarama modeli,
genis bir grup lizerinde kisa siirede bilgi toplamaya olanak
saglayan veri toplama yontemidir (24).
Calisma Grubu

Arastirmada Cankir1 {1 Milli Egitim Miidiirliigii’ne
bagli olan bagimsiz anaokullarinda 2017-2018 egitim-
ogretim yilinda 6grenim goéren okul dncesi donem ¢ocuklari
ve bu ¢ocuklarin aileleriyle ¢alisilmistir. Arastirma 636 ¢cocuk
ve ebeveyniyle gerceklestirilmistir. Arastirmaya dahil olan
cocuklarin %67,9’unun erkek, %32,1’inin kiz, %47,6’sinin
bes, %32.4’lniin alti, %15,9’unun dort ve %4,1’inin ¢
yasinda oldugu belirlenmistir. Cocuklarin ebeveynlerinin
%53,8’1 31-35, %16,4’1i 36-40, %16°s1 26-30, %13,8’1 41 ve
iistli yas grubunda olup, %47,8’1 {iniversite, %24,2’si lise,
%13,7’s1 ortaokul, %10,2’si ilkokul, %4,1°1 lisansiistii egitim
mezunudur.
Veri Toplama Aracglar

Aragtirmada  ¢ocuklarin  ve ebeveynlerinin
sosyodemografik 6zelliklerini belirlemek tizere “Genel Bilgi
Formu” ve ¢ocuklarin medya kullanim diizeylerini belirlemek

iizere hazirlanan “Medya Kullanim Diizeyi Cocuk Goriisme
Formu” kullanilmustir.
Genel Bilgi Formu: Arastirmada cocuklarin yas,

cinsiyet, ebeveynlerin ise vyas, ogrenim durumlarini
belirlemek i{izere aragtirmacilar tarafindan gelistirilen
formdur.

Medya Kullamim Diizeyi Cocuk Gériisme Formu:
Cocuklarin hangi medya araglarini ne siklikta kullandiklarin
belirlemek amaciyla arastirmacilar tarafindan gelistirilen ve
alaninda uzman 6gretim tiyelerinin (¢ocuk gelisimi alaninda 2
profesor, 1 dogent, dlgme ve degerlendirme alaninda 1
profesdr, 1 dogent) goriisleri ile son sekli verilen formdur.
Veri Toplama Yontemi

Arastirma i¢in gerekli olan etik kurul izni ve kurum
izni alindiktan sonra okullara gidilmis, okul yOnetici ve
Ogretmenlerine ¢aligmanin amaci anlatilmig, okul araciligiyla
ebeveynlere ulasilmig, arastirmanin amaci ebeveynlere de
anlatilarak gerekli olan sozlii izinler de alinmustir. izinlerin ve
onam belgelerinin toplanmasimin ardindan siniflara gidilmis,
cocuklarla bir giin birlikte vakit gegirilmis ve g¢ocuklarin
giiveni kazanilmistir. Cocuklarin giiveni kazanildiktan sonra
aragtirmaci tarafindan ¢ocuklarla birebir ve yiiz yiize goriisme
ile arastirma verileri toplanmuigtir.

Verilerin Analizi

Verilerin analizinde SPSS 21 paket programiyla
betimsel istatistikler dogrultusunda veriler frekans ve yiizde
degerleri seklinde degerlendirilmistir.

I1l. BULGULAR
Okul o6ncesi donem c¢ocuklarinin medya kullanim
diizeyini belirlemek amaciyla yapilan arastirmanin bulgulari
asagida tablolar halinde sunulmustur.

Tablo 1: Okul Oncesi Dénem Cocuklarmin Medya Kullanmim

Diizeylerinin Dagilimi

Ozellikler F %

Evde anne-babanin cep telefonu var mi?
Evet
Hayir 632 99,4

Cep telefonuyla oyun oynuyor musun?
Evet

Bazen 409 64,3

Hayir 41 6,4
186 29,2

Cep telefonuyla oyunu her gin mi

oynuyorsun?

Evet 126 19,8

Hayir 189 29,7

Annem verince 321 50,5

Cep telefonuyla ¢izgi film izliyor musun?

Evet

Hayir 556 87,4
80 12,6

Cep telefonuyla ¢izgi filmi her giin mii

izliyorsun?

Evet 187 29,4

Bazen 131 20,6

Annem verince 318 50

Cep telefonuyla en ¢ok film mi izliyorsun?
Oyun mu oynuyorsun?

Oyun

Cizgi film 400 62,9
236 37,1
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Anne-babanin tableti/bilgisayar1 var m?

Evet

Hayir 394 61,9
242 38,1

Senin bilgisayar/tabletin var m?

Evet

Hayir 120 18,9
516 81,1

Anne-babandan tablet/bilgisayarmni istiyor

musun?

Evet

Hayir 220 3 4 , 6
416 65 , 4

Anne-baban tablet/bilgisayar1 verince en

¢ok ne yapiyorsun?

Oyun 187 29 , 4

Resim ¢izme 279 43,9

Cizgi film 169 26,6

Yemek yerken televizyon izliyor musun?

Evet

Hayir 310 48’7
326 5 1 ’ 3

Yemegini bitirene kadar televizyon izliyor

musun?

Evet 200 31 , 4

Bazen 87 13,7

Hayir 349 5 4,9

Okuldan gelince aksam yemegine kadar

televizyon izliyor musun?

Evet

Bazen 340 53’ 5

Hayir 52 8, 2
244 38 ’ 4

Sabah kalkinca okula gidene kadar

televizyon izliyor musun?

Evet 239 37’6

Bazen 150 23,6

Hayir 247 38, 8

Tablo 1’de goriildiigii gibi ¢ocuklarin %99,4’iiniin
ebeveyninin cep telefonu varken, %0,6’sinin ebeveyninin cep
telefonu  bulunmamaktadir. Cocuklarmm  %64,3’i  cep
telefonuyla ~oyun  oynamaktayken, %29,2’si  oyun
oynamamakta, %6,4’li ise bazen oyun oynamakta oldugunu
belirtmektedir. Cep telefonuyla oyun oynayan c¢ocuklarin
%350,5’1 ebeveyni verdiginde, %19,8’1 ise her zaman oyun
oynadiklarin1  belirtmektedir. Cocuklarin  %87,4’0 cep
telefonuyla ¢izgi film izlediklerini, %12,6’s1 izlemediklerini
ifade etmislerdir. Cep telefonuyla ¢izgi film izleyen
cocuklarin %50’si ebeveyni verdiginde, %29,4’ti her giin,
%?20,6’s1 bazen izlediklerini ifade etmislerdir. Cocuklarin
%62,9’u cep telefonuyla oyun oynadiklari, %37,1’inin ise
cizgi film izledikleri saptanmistir. Cocuklarin %61,9’unun

anne-babasinin tablet/bilgisayar1 bulunmaktayken,
%38,1’inin anne-babasinin tablet/bilgisayar1 bulunmamakta,
cocuklarin  %18,9’unun  kendine ait tablet/bilgisayari

bulunmaktayken, %81,1’inin kendine ait tablet/bilgisayari
bulunmamaktadir. Cocuklarin %34,6’s1 anne-babasindan
tablet/bilgisayar isterken, %65,4’1 istememekte, anne-babasi
tablet/bilgisayar veren ¢ocuklarin %43,9’u resim yapmakta,
%29,4’i.  oyun oynamakta, 9%26,6’s1 ¢izgi film
seyretmektedir.  Cocuklarm  %51,3’ii  yemek yerken
televizyon seyretmezken, %48,7’si yemek yerken televizyon
seyretmekte, yemek yerken televizyon seyreden gocuklarin

53

%31,4’ti yemegini bitirene kadar televizyon seyrettigini
belirtmektedir. Cocuklarmm %53,5’1 okuldan gelince aksam
yemegine kadar televizyon seyrettiklerini, %38,4’u
seyretmediklerini, %8,2’si bazen seyrettiklerini ifade
etmiglerdir. Sabah kalkip okula gidene kadar g¢ocuklarin
%37,6’s1  televizyon seyrettigini, %38,8’i televizyon
seyretmedigini, %23,6’s1 bazen televizyon seyrettigini
belirtmislerdir.

IV.TARTISMA

Okul o6ncesi donem c¢ocuklarinin medya kullanim
diizeylerini belirlemek amacryla gerceklestirilen arastirma
sonucunda cocuklarin ¢ogunlugunun anne-babalarinin cep
telefonlarinin oldugu, c¢ocuklarin cep telefonlartyla oyun
oynadiklart ve ¢izgi film izledikleri, ebeveynleri izin
verdiginde cep telefonunu kullandiklari, c¢ocuklarin
ebeveynlerinin ¢ogunun tablet/bilgisayarlarinin oldugu, bazi
cocuklarin kendilerine ait tablet/bilgisayarimin oldugu,
ebeveynlerinin tablet/bilgisayar1 olan ¢ocuklarin ebeveynleri
verdiginde kullandiklari ve bu araglarla en ¢ok resim
yapmay1 sevdikleri, ¢ocuklarin ¢ogunlugunun yemek yerken
televizyon seyrettigi, okuldan gelince aksam yemegine kadar
televizyon seyrettikleri belirlenmistir.

Arastirma sonucunda ¢ocuklarin teknolojik araclari
oldukca fazla kullandiklar1 goriilmiigtiir. Teknolojik aletlerin
yayginlasmasi ve kullaniminin kolay olmast bu durumun
nedeni olarak diisliniilebilir. Nitekim yapilan arastirmalar,
teknolojik araglarin kolay ulagilabilir olmasindan dolay1
kullanim sikligimin  okul Oncesi donemde de arttigini
gostermektedir (25, 26, 27, 28, 29, 30, 31, 32, 33).

Arasgtirma sonucunda ¢ocuklarin gerek cep telefonu,
gerekse tablet/bilgisayarda oyun oynadiklari ve ¢izgi film
izledikleri belirlenmistir. Ozellikle oyun oynamayi tercih
eden c¢ocuklarin sayist olduk¢a yiiksek bulunmustur. Bu
durumu teknolojik araglarda sunulan oyunlarin eglenceli ve
cocuklar1 cezbedici tarzda verilmesine, ¢ocuklarin donemsel
ozellikleri nedeniyle goriinti ve ses efektlerinden oldukga
etkilenmesine baglamak miimkiindiir (34). Nitekim yapilan
aragtirmalarda da ¢ocuklarin teknolojik araclarla oyun
oynamayi ve ¢izgi film izlemeyi sevdigi yoniinde sonuglara
ulasilmigtir (7, 34, 35, 36, 37, 38).

Arastrma sonucunda ulagilan bir diger bulgu
cocuklarin tablet/bilgisayarda resim ¢izmeyi sevdikleridir.
Resim ¢izme ¢ocuklarin duygu ve disiincelerini en rahat
ifade edebildikleri ve 6zgiir olduklart bir ortamdir (39). Ayni
zamanda bu donemde ¢ocuk gelismekte olan motor
becerilerinin etkisiyle maddelere dokunmaktan, onlara
elleriyle sekil vermekten de hoslanmaktadir (40).
Tablet/bilgisayarin 6zelligi geregi ¢ocuk ekrana dokunarak
hem duygularini ifade etme olanagina kavusmakta, hem de
dokunmanin verdigi hazzi yasamaktadir (34, 41). Tim bu
ozelliklerin ise c¢ocugun aktif olarak katildig1 resim
faaliyetlerini  tablet/bilgisayarda da  tercih  ettigini
disiindiirmektedir. Sapsaglam (2018b) yaptig1 arastirmada
cocuklarin tablet/bilgisayarda resim yapmaktan hoslandig:
yoniinde bulgulara ulasmistir (37).

Arastirmada ulagilan son bulgu ise, g¢ocuklarin
teknolojik araglarinin  yaninda televizyonu da siklikla
seyrettigi sonucudur. Cocuklarin ¢ogunlugunun yemeklerini
yerken televizyon seyretmekte ve yemeklerini bitirene kadar
televizyon seyretmekte oldugu goriilmiistiir. Cocuklarin
cogunlugu ise okuldan gelince aksam yemegine kadar
televizyon seyretmektedir. Televizyondaki gorsel ve isitsel
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Ogelerin c¢ocuklarin dikkatini ¢ekecek sekilde sunulmasinin
yaninda (42), bazi ebeveynlerin gocuklarin uslu durmalari,
yemek yemelerinin daha kolay olmasi ya da kendi islerini
yapabilmek amacryla televizyonu elektronik bir bakici olarak
kullanmalarimin (15, 43) ¢ocuklarin televizyonu uzun siireler
seyretmesine neden olabilecegi diisiiniilmektedir. Nitekim
Dogan ve Gokler (2012) yaptiklarn arastirmada g¢ocuklarin
genel olarak televizyonu fazla seyrettikleri, 6zellikle de sabah
ve aksam saatlerinde bu siirenin daha da arttigi yoniinde
sonuca ulagmuglardir (44).
Sonuc ve Oneriler

Okul Oncesi donem cocuklarinin medya kullanim
diizeylerini belirlemek amaciyla yapilan arastirma sonucunda
cocuklarin ¢ogunlugunun anne-babasmin cep telefonu,
tablet/bilgisayarinin oldugu, bir kisim c¢ocugun kendine ait
bilgisayar/tabletinin  oldugu  saptanmistir.  Cocuklarin
cogunlugunun ebeveynleri izin verdiginde cep telefonuyla
oyun oynadiklart ve ¢izgi film izlediklerini, ¢ocuklarin
cogunlugunun oyun oynamayi ¢izgi film izlemeye tercih
ettikleri ~ bulunmustur.  Cocuklardan  tablet/bilgisayari
kullanmak isteyenlerin, her giin bu araglarla bir arada olmak
istedikleri ve en fazla resim yapmayi sevdikleri saptanmistir.
Cocuklarin ¢ogunlugu yemek yerken televizyon seyretmekte,
yemek yerken televizyon seyreden ¢ocuklarin bir kisminin
yemegini bitirene kadar televizyon seyrettikleri belirlenirken,
cocuklarin g¢ogunlugunun okuldan gelince aksama kadar
televizyon seyrettikleri belirlenmistir. Arastirmadan elde
edilen sonuglara dayanarak;

e Cocuklarin ¢ok erken yaslardan itibaren oldukca
yogun olarak kullandiklar1 medya araglarinin ¢ocuk
lizerinde olumsuz etkiler yaratabilecegi gz oniinde
bulundurularak medya araglarini etkili kullanmalari
konusunda ailelerin bilinglendirilmesine yonelik
egitimlerin yapilmasi

e Cocuklarin  daha  aktif olarak  aragtirma
yapabilecekleri giinliik aktivitelere yonlendirilmesi

e Cocuklarin oynamis olduklari oyunlarin ve izlemis
olduklar1 ¢izgi filmlerin neler oldugunun tespit
edilerek ¢ocuk gelisimi agisindan ¢ok yonlii analiz
edilmesi Onerilebilir.
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Ozet — Rekabet, aym isi yapan kimseler ya da kuruluglar arasindaki daha iyiye ulagsma, daha iyi sonug alma yarismasidir.
Isletmeler bu yarism icinde olabilmeleri i¢in isletme siireclerinde siirekli iyilestirme ve gelistirme yapmaktadirlar. Bu siireclerden
birisi de bakim yonetimidir. Bakim yonetimi {iriin maliyeti iizerine direkt etkisi olmaktadir. Bu maliyetlerin bir kismi; yedek
malzeme maliyeti, tiretim durus (ariza veya planli bakim) maliyeti, is¢ilik maliyeti, ekipmanin istenilen hizlarda veya kalitede
iretim yapamamasi (bakimsizlik veya yanlis bakim nedeni)... vb. Bakim yonetim siireci ne kadar verimli kullanilirsa iiriin
maliyetine yansimasi olumlu olmaktadir ve bu durum miisteriye zamaninda kaliteli {iriin gonderilmesini saglar. Bakim siirecini
verimli kullanilabilmesi i¢in yedek malzeme yonetimi ve secilecek dogru bakim aktivitesi biiyiik etken olusturmaktadir. Bu
bildiride, isletmelerdeki bakim maliyetini etkileyen unsurlar ve bu maliyetlerin azaltilmasi i¢in ne tiir bir bakim yonetimi
uygulanabilecege arastirilmistir. Bu alanda 6zellikle yedek malzeme yonetiminde yapilacak iyilestirmeler ve isletmelerdeki
ekipmana uygun bakim stratejisi (ariza ve planli bakim) ile uygulanan bakim stratejisinde dikkat edilmesi gereken unsurlar
irdelenmistir.

Anahtar Kelimeler — Bakim Yonetimi, Bakim Maliyetleri, Yedek Malzeme Yonetimi, Ariza Bakim Yonetimi, Planli Bakim

Abstract — Competition, it’s a race between individuals or organizations that do the same job to get better results. Companies are
continually improving and developing their processes so they can be in this race. One of these processes is maintenance
management and has a direct impact on the product cost. Some of these costs; the cost of spare parts, the cost of production
stoppage (breakdown or scheduled maintenance), the cost of labor, the inability to produce products at the desired speed or
quality (the lack of care or incorrect maintenance) ... etc. The more efficient of the maintenance management process, the better
the cost of the product will be reflected and the good quality product will be achieved at the time to the customer. In this paper,
factors affecting maintenance costs in companies and the type of maintenance management that could be applied to reduce these
costs were studied. In this area, in particular the management of spare parts and the maintenance strategy (planned and corrective
maintenance) adapted to the equipment were examined.

Keywords — Maintenance Management, Costs of Maintenance, Spare Parts Management, Corrective Maintenance Management,
Scheduled Maintenance

. Giris tiriinlerini iiretmekten sorumlu isletme grubu kadar ¢ok fazla
para kazanabilir. Ancak bakimini belli bir diizen ve sekilde
yapilmasi gereklidir [2]. Literatiirde bakim maliyeti
digtiriilmesi  ve yonetimi konusunda bir¢ok ¢alisma
bulunmaktadir [3 - 8]

Gliniimiizde miisteri taleplerinin hizla degistigi bir ortamda
firmalar ulusal ve/veya uluslararas1 arenadaki rekabet
yarismasinda geride kalmamak i¢in siireglerini verimli
kullanmak i¢in yogun caligmalar yapmaktadirlar. Bu yogun
¢aligmalarin bir kolu ise iirliniin maliyetidir. Degisken piyasa
sartlar1 altinda igletmelerin piyasadaki rekabet¢i ortamdan en
az kayipla ¢ikmasi veya kar elde edebilmesi ancak maliyet
yonetimine 6nem vermek yoluyla saglanabilir [1]. Uriin
maliyeti birgok unsurdan olusmaktadir, bu unsurlardan bir
tanesi ise bakim maliyeti.

Bu c¢alismada tirlin maliyetini etkileyen unsurlardan bakim
maliyeti ele alinmistir ve bakim ydnetiminde yapilabilecek
caligmalar ile bakim maliyetini olumlu etkileyecek ¢alismalar
aktarilmistir. Yapilacak bu ¢ahismalar ile sirketlerin rekabet
giiciinlin ve {irlin satisindaki karliligmimn artmasmi ve katma
deger katan iiriinlerin belirlenmesini saglamaktur.

_— . . T I1. METOT: URUN MALIYETINi ETKILEYEN PARAMETRELER
Uretim siirecinde miisteriye zamaninda ve kaliteli iiriin

gonderilmesi i¢in en uygun diizeyde ekipmanlarin ¢aligmasi
istenmektedir. Bu sartlarin saglanabilmesi i¢in mutlaka dogru
bakim yonetimi se¢ilmelidir ve bakim siirecinde ekipmanlarin
yedek malzemeleri bulundurulmalidir. Uygulanacak yanlis
bakim yonetimi nedeniyle isletmelerin dogrudan iiriin atth el
maliyetine olumsuz etkileyecektir. Dogru yapildiginda bakim ~ faktorlerin bir kismu:
biiyiikk bir kar merkezidir. Bir sanayi kurulusu i¢in, sirketin

Maliyet, iiretim amaci ile tiiketilen mal veya hizmetlerin
parasal tutarlarmin toplamidir. Baska bir deyisle gelir
saglamak amac1 ile yapilan giderleri tasiyan ilgili unsurlarin
toplam1 maliyeti gosterir [9]. Uriin maliyetlerini etkileyen
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Personel giderleri,
Enerji maliyeti,
Lojistik maliyeti,
Bakim maliyeti,
Hammadde maliyeti.

YVVYY

Yukaridaki etkenlerden yapilacak iyilestirme calismalari
irlin - maliyetini azaltarak isletmelerin rekabet giiciinii
arttiracaktir. Bu baglamda, bu c¢alismada bakim maliyeti
irdelenmistir.

1. TARTISMA: BAKIM MALIYETI

Uriin maliyetini direk etkileyen unsurlardan bakimi
tanimlarsak; bakim, beklenen fonksiyonlarin korunmasi ve
stirdiiriilebilmesi i¢in yasam dongiisiic boyunca yiiriitiilen
teknik, idari ve yonetsel faaliyetlerin kombinasyonuna olarak
tammlanir  [10]. Isletmelerde siirdiiriilebilir  {iretimin
saglanmast ve rekabetin siirdiiriilebilmesi icin bakim
faaliyetleri yapilmak zorundadir. Bakim faaliyetlerini artiran
baslica etmenler;

Mekanizasyonun artmasi,

Daha yiiksek iiretim kalitesi,

Diger isletmeler ile rekabet,

Ucretlerin artmast,

Yedek parga ve malzeme ¢esidinin artmast,

Daha ¢ok otomasyon ve makine ¢esitliligi,

Teslim tarihinin daha diizenli ve zamaninda
yapilmasi zorunlugudur.

VVVVYYVYVYY

Bakim yOnetimi, yeralti ve yeriistii yapilar, binalar ve
tesisleri ile iiretim yapan fabrika, atdlye ve diger iiretim
birimlerinde hizmet ve iiretimin devami, verimliligin artmasi
icin yapilan bakimm etkinliginin koordinasyonu, kontroli,
planlanmasi, uygulanmasi ve izlenmesidir. Bir bakim yonetimi

yapilirken g6z  Oniine alinacak  hususlar  asagida
belirtilmektedir;
> Is kapsami: Normal is/emir/talimat, kiigiik
is/emir/talimat, toplu is/emir/talimat.
Is ¢esidi: tamirat, bakim, ydnetmeliklerin
Ongordiigii denetim ve yeni tiretim.
» Periyodiklik: Tek talimat, benzer talimat, periyodik
talimat.
»  Oncelik: acil ivedilik, normal ivedilik.
» Planlanabilme: planlanabilir ve planlanamaz
talimatlar.
» Giderler: giderlerin  zorunlulugu, giderlerin
gosterilmeme zorunlulugu.
» Nedenler: Is durmasi, sistemlerde, iste bozukluk,
normalden sapmalar.
> On kosullar: durdurma gereklidir, ¢aligma

gereklidir [11].

Bakim maliyetini etkileyen ana unsurlar; ariza bakim, planl
bakim ve yedek malzeme yOnetimi olup bu siireclerde
yapilacak iyilestirme ¢alismalar1 triin maliyetini olumlu
etkileyecektir.
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3.1. ARIZA BAKIM YONETIMI

Endiistriyel bakim faaliyetinin yiiriitilmesinin ana nedeni
iiretim sistemindeki arizalardir. Ariza durumunda donanim ve
elemanlarin yeniden eski c¢aligma kosullarma dénmesini
saglayan bakim tiirtdiir [12]

Ariza bakim siirecinde bakim maliyetini olumsuz etkileyen
unsurlar:

a) Durus siirelerinin uzun olmasi:

» Operator veya calisgan personel tarafindan ariza
bildirimin geg verilmesi,

» Tecriibesizlik veya yedek malzeme sorunu
nedeniyle arizaya miidahale siiresinin uzun olmasi.

» Yetersiz bakim personel sayist.

b) Durus adetlerinin sik olmasi:

> Ogzellikle ekipmanlarda geceklesen  kiiciik
duruslarin  kiimiilatifte biiyiik duruslardan fazla
olmasi.

Bakim maliyetini olumsuz etkileyen faktorlerin dniine
geemek igin yapilmasi gereken ¢aligmalar:

Isletmedeki ekipmanlar1 VYS (Varlik Yonetim
Sistemine) entegre edilmeli ve ekipmanlara kritik
seviyeler tanimlanmali; harf veya numara verilebilir.
VYS entegre edilen ekipmanlari sahadan aninda ariza
bildiriminin ~ gonderilmesi  saglanmalidir  (cep
telefonlarma veya mobil sisteme kisa mesaj, ¢agri,
elektronik posta vb.) ve bu kosullar1 saglayacak
donanimlar (tablet, akilli telefon...vs) isletmenin
belirli yerlere konulmalidir.. Uygulanacak bu yontem
ile ariza bildirimi ile hangi ekipmanm nerede ve ne
tiir (elektriksel, mekanik veya daha detayli ariza
aciklamasi) bir ariza oldugunu bakim ekibine hizli bir
sekilde iletmesi saglanmis olur ve bu yontem ile
bakim personelinin hizli / dogru miidahale yapilmas1
saglanir.

Varlik Yonetim Sisteminde biriken ariza kayit
verilerini kullanarak analizi yapilmahdir. Yapilacak
analizde, durus siiresi uzun veya sik olan arizalara
iyilestirme caligmalar1 yapilarak kalict ¢dziimler
bulunmalidir. Bdylece ariza duruslari nedeniyle
isletmeyi olumsuz etkileyen biiyikk faktorler
giderilerek maliyetleri olumlu etkileyecektir.

Kritik arizalarda koordinasyon toplantist yapilmali.
Ariza miidahalesi 6ncesi yapilacak bu kisa toplantilar
ile miidahale 6ncelikleri, kullanilmas1 gereken yedek
malzemeler, personel planlamasi gibi nemli konular
onceden planlayarak dogru ve kisa siirede miidahale
saglanmis olacaktur.

Uretim  hatlarindaki  kritik ~ekipmanlara ariza
miidahale dokiimantasyonu hazirlanmali ve RCM
(Giivenilirlik ~ Merkezli Bakim)  uygulanarak
ekipmanin hangi noktasinda ne tiir bir hata ile
karsilagilabilecegi ve bunlar1 6nceden 6nlem alinmasi
saglatacaktir.

Onemli ve ilk defa karsilasilan arizalar igin TND
(Tek Nokta Ders) olusturulmali. Bu dokiimanlar ile

a)

b)

c)

d)

€)
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ariza miidahale tecriibeleri biitiin bakim personeline
aktarilmasi saglanmig olacaktir.
Ariza durus maliyeti yiiksek ekipmanlari i¢in uygun
bir planli bakim tiirii (Periyodik, Otonom Bakim,
Kestirimci Bakim) secilmelidir.

9)

3.2. PLANLI BAKIM YONETIMI

Gliniimiizde maliyetleri minimize etmek i¢in isletmeler
gesitli  yonetim ve {iretim sistemleri gelistirmiglerdir.
Gelistirilen bu sistemlerinden biri de sifir stok politikasini
benimseyen Tam Zamanl Uretim (TZU) sistemidir [13]. Bu
sistem, igletmelerdeki ekipmanlarin siparise gore planlanan
slirede iiretim yapmasini hedefler, burada olusacak bir ariza
biiyiik maddi kayiplarin yaninda isletmenin marka degerini de
diistirecektir. Bu duruma gelmemek icin isletmelerdeki
ekipmanlara belirli bir periyotlarda veya ekipman durumuna
gore planli durus alinarak ekipmanlara bakim uygulanir.
Uygulanan bakim ile ekipmanlarm gilivenilirlik seviyeleri
yukar1 cekilir. Bu uygulamaya planli bakim denir. Planlh
bakim; zaman bazli ve durum bazli olmak iizere iki tiir bakim
metodundan olugsmaktadir.

Ekipmana uygulanacak bakimin zamanlamasi ¢ok
onemlidir ve bu konu hakkinda arastirmalar yapilmaktadir [14
- 16]. 1. Bolge’deki ariza durumlart genellikle ariza bakim
siireci olarak yiiriitiilmektedir. Ozellikle I11. Bolgede yapilacak
nokta bakim faaliyeti ekipmanimizin c¢alisma Omriini ve
giivenilirlik seviyesini olumlu olarak etkileyecektir. Bu nokta
atisa Optimal Bakim olarak tanimlamaktayiz. Sekil 1’de
gosterildigi gibi optimal zamanda bakim yapilmaz ise zaman
ve maliyet yoniinden igletme olumsuz etkilenecektir [17].

Anza

Normal calisma aralig

Optimal bakim aksiyonu

Zaman

Sekil 1 Bakimin etkisi [17].

Planli bakim siirecinde bakim maliyetini olumsuz etkileyen
unsurlar:

a) Verimsiz planli bakim tiriiniin  segilmesi ve
uygulamasi.
b) Bakim planlamanin yanlis hesaplanarak uzun

duruslarin ve yiliksek maliyetlerin olugmast:

» Yanlis ekipmanlara / noktalara planli bakim
uygulanmasiyla durus siirelerinin uzun tutulmasi.

» Planli  bakim siirecinde kullanilan  yedek
malzemelerin maliyeti.

» Bakim periyodunun yanlis belirlenmesi.
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Bakim maliyetini olumsuz etkileyen faktorlerin 6niine
geemek i¢in yapilmasi gereken ¢aligmalar:

a) Isletmedeki ekipmanlart VYS (Varlik Y&netim
Sistemine) sistemine entegre edilmeli ve ekipmanlara
kritik seviyeler tanimlanmali;; harf veya numara
verilebilir. Belirlenen kritik seviyelere gore ve kritik
noktalara bakim tiirii belirlenmeli ve bakim planlar1
olusturulmasi gerekir.

Periyodik bakim uygulanacak ekipmanlar i¢in dogru
zamanda bakim yapilmasi gerekir. Bu periyodunun
belirlenmesi i¢in asagidaki yontemler uygulanabilir:

b)

> Uretici firmanm tavsiye ettigi bakim periyodunun
kullanilmasi.

VYS sisteminde kayitli ariza verilerini analiz
ederek bakim periyodunun belirlenmesi.

MTBF (iki ariza arasindaki ortalama siire) baz

alinarak periyodun belirlenmesi.

>

Bakim zamanlarinin kagirilmamasi icin @ VYS
sistemine planli bakim maddeleri eklenerek bakim
zamani gelmeden otomatik bildirim gonderilmesi
saglanir. Bu ¢aligma ile isletmeler iiretimde olusacak
planli bakim durusunu 6nceden rezerve edebilir, yine
ayn1 sekilde bakim siirecinde kullanilacak yedek
malzemeler de Onceden siparis verilerek hazirlik
yapilmis olunur.
Bakim maddelerindeki iglere adam*saat bazinda giris
yapilmali, bdylece planli bakim siirecinde hangi
personelin ne is yapacagi Onceden belirlenerek
personelin verimli ve bilingli ¢alismasi saglanmis
olur.
Onleyici bakim tiirlerinden otonom  bakim
uygulanmali ve operatorlerin bilgi seviyeleri stirekli
gelistirilmesi gerekir. Bu ydntem ile ekipmanlarin
caligma Omiirlerinde olumlu etki olusturacaktir.
Kritik seviyesi yiiksek olan veya tehlikeli bolgede
calisan ekipmanlar i¢in durum bazli izleme yontemi
uygulanmast:

» Online / manuel

»  Sicaklik, vibrasyon, ses

g) Bakim personellerin vardiyalarinda giinliik belirlenen

yerlerde rutin kontroller yapilmali ve buradan

gelecek geri bildirimler ile ariza olugsmadan planlt

bakim yapilmalidir. Bu siiregte mutlaka etkin bir

kontrol formu (Djjital / Kagit form) olusturulmalidir.

d)

3.3.YEDEK MALZEME Y ONETIMi

Malzeme yonetimi, bir orgiitiin malzeme hizmetlerinin en
uygun zaman, yer, yontem ve olanaklarla planlanmasi,
uygulanmasi ve denetimi siirecidir [18]. Yedek malzeme
envanterlerinin daha iyi yonetilmesi gizli bir kar kaynaginin
kilidini agabilir [19].

Yedek malzeme siirecinde bakim maliyetini olumsuz
etkileyen unsurlar:

a) Yedek malzeme ambarinda fazladan veya artik
ihtiyagc olmayan malzemelerin stoklanmasi. Bu
durum hem fiziki alan kaplamasi hem de maliyet
acisindan olumsuz etkilemektedir.
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b) Yedek malzeme ambarinin diizensiz yapisindan bakim siirecinde malzemelerin kolay ulasilmasi
dolayi fiziki alanin ihtiyagtan fazla biiyiik tutulmasi. saglanmalidir.  Sekil-2’de raflarm  ve iriinlerin
¢) Uygun kosulda stoklanmayan malzemelerin ¢alisma tanimlandigi 6rnek bir yedek malzeme ambart
Omiirlerine olumsuz etki etmektedir. Bu durum gosterilmistir.
nedeniyle bakim yapilan isletme ekipmanin ¢aligma
Omrii kisa olacaktir.
d) Diizensiz ve tanimsiz stoklama nedeniyle ariza bakim

stirecinde yedek malzemeye ulagim zaman alacaktir,
iiretim durusunun artmasina neden olacaktir.

Bakim maliyetini olumsuz etkileyen faktérlerin oniine
geemek igin yapilmasi gereken ¢aligmalar:

a) Ekipmanlarmn kritik yedek malzemeleri belirlenmeli:

»  Uretici firmanin tavsiye ettigi yedekler,
» Ariza potansiyeli olan bolgelerin incelenerek
belirlenmesi.

b) Yedek malzemeleri minimum ve maksimum
seviyeleri belirlenmeli: bu siirecte mutlaka VYS
sistemi kullanilarak ariza ve planli bakim siirecinde
kullanilan yedek malzemeler kayit altma alinmalidir.

Sekil 2 Ornek bir yedek malzeme ambari.

SeViye belirlemede asagldakidummlar irdelenmeli: h) Stok bllgllerl VYS sistemine entegre edilerek
L minimum seviyeye goére otomatik siparis siireci

» Tedarik siiresi, yiiriitilmeli.
> Fa}rkh tretim ekipmanlari veya aynt tiir E:kipmaqlar i) Yedek  malzemelerin  kullanim  Omiirlerini
E;Ir}rlgrﬁtrilésikuuanﬂan malzemelere gore seviye kisaltmamak i¢in dogru kosullarda stoklanmasi

gerekir. Ticari irlinlerde iiretici firmalarin Onerileri
dogrultusunda stoklama yapilabilir. Agikta olan
malzemeler icin uygun olmayan dis ortamdan
etkilenmeyecek sekilde stoklanmalidir. Sekil 3’de
acikta stoklanmis malzemelerin stre¢ filmi ile
korunmas: drnegi gosterilmistir.

» Yedek malzeme kullanim dongiisi:  VYS
sisteminden elde edilecek bilgiler dahilinde yilda
ka¢ kere kullanildig1 veriler ile seviyelerin
belirlenmesi.

€) Standartlastirma ve muadil calismasi yiiritiilerek
cesitliligin azaltilarak stok miktarmi diistiriilmesi:

» Standart ticari malzemeler igin marka ya gore
stoklamanin yerine modele gore stoklama
yapilmalidir.

» Standartlagma caligmasi kapsaminda yeni alinacak
ekipmanlara  uygulanmasi:  Yeni  alinacak
ekipmanlarin iiretim asamasinda kullanilacak
malzemeleri siparis Oncesinde iiretici firmaya
marka, model belirtilerek {iretimi yaptirilmasi
gerekir. g

> P

Sekil 3 Acikta stoklanmis malzemelerin streg filmi ile

korunmasi.

d) Ticari tirtinlerin belli bir tretim y1li vardir, bu iiretim

yil1 bitmis veya yakin zamanda bitecek malzemeler

icin caligmalar yapilarak alternatif malzemeler
bulunmahidir. Yedek malzemelerin {iretim bitis
tarihlerini kay1t altina tutulmasinda fayda vardur.

e) Dogru iiriine maliyet yansimasi i¢in VYS
sisteminden hat ve ekipman bazinda malzeme ¢ikis1
yapilmalidir. Bu c¢aligma ile dogru firiine dogru
maliyet yansitilmis olacaktir.

f) Planli bakim siirecinde malzemelerin birkag ay

onceden rezervasyon yaptirilarak yedek malzeme

ambarinda fazladan stok tutulmasi Onlenmelidir.

Burada yedek malzeme ile planlt bakim malzemeleri

sanal olarak ayrilmalidir.

Malzeme ambarmda raf tamimlanmasi ve

malzemelerin raflara tanitilmasi yapilarak ariza

V. SONUCLAR VE ONERILER

Isletmelerde  iiriin  maliyeti  etkileyen  onemli
parametrelerinden birisi bakim maliyetidir. Bu c¢aligmada
endiistriyel firmalar i¢in bir bakim yOnetim yaklagimi
aktarilmistir. Bu bakim yonetimi ariza bakim, planli bakim ve
yedek malzeme yonetimi konusunda yapilabilecek galismalar
ile bakim maliyetini olumlu etkileyecek bilgiler aktarilmistir.
Bu iyilestirmeler isletmelerin dnem verdigi kriterlere gore
degisiklik gosterebilir, bizim dnerimiz:

» Her ekipman farkh karakteristik ve farkli maliyet
yapist  bulunmaktadir. Bu nedenle bakim

9)
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Bir

yonetiminde yapilacak ¢aligmalarda mutlaka kritik
seviyeler belirlenerek yapilmali.
Her igletme veri analiz uygulamasi ile dogru bakim
tlirti segmeli.
Malzeme stok seviyelerin azaltilmasi ve stok
alanlarin optimize ¢alismalar1 yiiriitiilmeli. Isletme
alanlarindaki fiziki alanlar degerlidir bu nedenle bu
alanlar1 yedek malzemelerin stoklanmasi igin
ayrilmamali
Iyilestirme icin yapilan calismalarm dogru
hedeflere ulastigimi gérmek igin dogru anahtar
performans gostergelerin secilmeli ve takibi (KPI)
yapilmalidir.

sonraki c¢alismalarda, Onemli

glinlimiiziin  en

konularindan Endiistri 4 ile bakim yonetimini yeni yontemler
arastirilmasi yapilabilir, 6rnek olarak:

» Makinelerin ariza tespit etmesi ve operatorleri
yonlendirerek zaman kazanilmasi.

» Makinelerin kendi kendini onarabilmesi
¢Ozlim iiretmesi.

veya

Yukarida uygulanacak yontemler ile bakim duruslarin
azaltilmasi ve optimal yedek malzeme kullanilmasi konusunda
hedef belirlenmelidir.
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Mikro Olcekte Cift Fazh Akis ve Is1 Gegisi Icin Gozenekli Yiizey Uretimi
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Ozet- Son yillarda mini ve mikrokanallarda kaynamali akis {izerine yapilan ¢alismalar, 11 gegisi iyilestirme tekniklerinden biri
olan yiizey porozitesi (gozeneklilik) etkisine dikkat ¢gekmektedir. Poroziteli ylizeydeki 1s1 gegisinin diiz bir ylizeye gore ii¢ kat
daha fazla oldugunu gosteren ¢alismalara rastlanmistir. Minyatiirlesen elektronik cihazlarda olusan yiiksek 1s1 akilarmin
bertaraf edilebilmesi i¢in, kiiglik alanlara yerlestirilebilen genisletilmis yiizeylere ihtiyag vardir. Bu noktada poroziteli yiizeyler
bu probleme cevap verip vermeyecegi gliniimiizlin arastirma konularindan biridir. Bu ¢alismada, 1s1 gegisi uygulamalarinda
kullanilmak tizere 1s1 iletimi yiiksek olan bakir tozundan sinterleme yOntemiyle poroziteli yiizeyler elde edilmesi
amaglanmistir. Farkli firmalardan almman degisik boyuta sahip bakir tozlarinin karakterizasyonlarmi belirlemek igin cesitli
analiz yontemleri uygulanmigtir. Bu yontemler; tane boyutu igin, taramali elektron mikroskobunda goriintii analizi (SEM),
saflik testi icin EDS ve bakir tozunun ergime sicakligini belirlemek igin ise termal analiz olarak belirlenmistir. Yapilan
deneysel ¢alismada toz metaliirjisi prensipleri takip edilmis, sinterleme sicakligi ile kullanilan bakir toz boyutu ayni tutulmus
presleme basinglar1 degistirilerek basincin ylizey porozitesine etkisi incelenmistir. Numunelerin porozite bilyiikligi icin
taramali elektron mikroskop gériintiileri incelenmis basing degerinin farkli oldugu numunelerde basing diistiikge porozitenin
arttig1 gézlenmistir.

Anahtar Kelimeler: Toz metaliirjisi, Sinterleme, Porozite, Akis kaynamasi, Mikrokanal

Abstract — In recent years, studies on boiling flow in mini and microchannels point to the surface porosity effect, which is one
of the heat transfer improvement techniques. Studies have shown that the heat transfer at the porous surface is three times
higher than a smooth surface. In order to dispose heat flux from miniaturized electronic devices, there is a need for extended
surfaces which can be placed in small areas. At this point, surface porosity which is one of the research subjects today can be
the solution to this problem. This study aims to obtain porous medium by sintering method from copper powder with high
thermal conduction coefficient for heat transfer applications. Various analysis methods were applied to determine the
characterization of copper powders of different sizes taken from different companies. These methods; image analysis (SEM)
for determination grain size in scanning electron microscope, EDS for purity test and thermal analysis to determine the melting
point of copper powder. In the experimental study, powder metallurgy principles were followed, sintering temperature and
copper powder size were kept constant but compacting pressures were changed to investigate effect of pressure on surface
porosity. For the porosity of the samples, scanning electron microscope images were examined and it was observed that the
porosity increased when the compacting pressure values decreased.

Keywords — Powder metallurgy, Sintering, Porosity, Flow boiling, Microchannel

I. GIRIS malzemeler kullanilarak piiskiirtme, sinterleme, presleme ve

Giiniimiizde ¢ift fazli akis ve 1s1 gegisi, kazan, reaktor gibi asindirma yoluyla poroziteli yiizeyler elde edilebilmektedir.
makro Olgekli gii¢ sistemlerinde yiiksek 1s1 akisi nedeniyle Kayna}ma.h "akls. ve It gegist .uygulamalarlnda en uygun
tercih sebebidir. Diger taraftan teknolojinin ilerlemesine bagli ~ Poroziteli yiizeyin belirlenmesi bir arastirma konusudur.

0{arak lgeyserilh\'le mlildyavtiirlesin c1hazlard.':11( yent Sogu,tma Kandlikar ve Jaikumar [1] yaptiklar1 ¢alisgmada sinterlenmis
yontemlerine ihtiya¢ oldugu agikea ortaya gikmustir. Mini ve bakir mikrokanallarm havuz kaynamasmdaki etkisini

hmll;ro 61?611(11 lg'fllnallakrds.la.lklslka}(/inat?lalsgllyi.iksik 1s11( akt;rlim incelemiglerdir.  Dikdortgen kesitli kanallarmin genisligi
1zlarina ulagabiime kabrltyetl nedentyle 1igt gekmekte, fakat 762um, duvar genisligi ise 200pm’ dir. Kanallar talas

elektronik ve benzeri cihazlar iin verimli bir sogutma kaldirma islemi ile agildiktan sonra yiizeyleri ii¢ farkh sekilde

%/?Slr.lteml kolzr.akMﬂl;u lLamlllIl) dkullamla.m.a?faca.gl her;ijz bakir tozlar1 ile sinterlenmistir. Ilk 1s1 alicis1 modelinde
tlinmemektedir. oxanatiarda 11 ge¢isl uzerine yapran akigkanin temasta oldugu tiim duvarlar, ikinci modelde

gall'sr‘na'lar 1ncelendwlg1nc.1.e,“yiizey P orozrcesmlr} e'lrtrr'las'lyla 'S sadece kanalin i¢ duvarlari, tiglincli modelde ise sadece {ist
gegisinin de arttfn yoniinde sonuglar belirtilmistir. Toz duvarlar1 sinterlenmistir. Sinterleme isleminde 10-20 um
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boyutlarinda bakir tozlart kullanilmig ve sinterleme 800 °C’de
2 saat siire ile gerceklestirilmistir. Bu ii¢ farkli mikrokanalll
yiizeyde en yiiksek 1s1 transfer performansinin tiim duvarlarin
sinterlendigi modelde oldugu rapor edilmistir. Sinterledikleri
bakir toz pargaciklarin birbirine baglandigr ve ideal 1s1
gecisinin 5-20 um arasindaki por boyutu ile saglandigini
aciklamiglardir. Kog¢ vd. [2] yaptiklart ¢aligmada, yakit
hiicresi ve diger 1s1 ve kiitle transfer uygulamalar1 icin
gozenekli genisletilmis yiizeyli mikro-6zellikli yapilar imal
etmek igin deneysel c¢alismalar gergeklestirmiglerdir.
Yaklagik 200-400 pm yiikseklik ve geniglikte mikro kanallar
i¢in, ince bir alt tabakaya sicak presleme yontemiyle % 30-
50 gozeneklilik elde edilebilecegini ©One siirmiislerdir.
Sikigtirma basmcmin, sicakligin, bekleme siiresinin, toz
biiyiikliigiiniin, porozite ve kanal biyilikligli {izerindeki
etkilerini aragtrmiglardir. Calismalarinda, hem basing hem de
sicakligin gozeneklilik seviyesi iizerinde dnemli etkiye sahip
oldugunu o6ne siirmiislerdir. Zhang vd. [3] mikrokanal
genislikleri 0,25 0,4 ve 0,55 mm olan plakalarda akis
kaynamasini incelemislerdir. Mikrokanallar tel erozyon
yontemi ile agilmig, bakir tozlari ile sinterlenerek piiriizlii
hale getirilmistir. Gevsek toz sinterleme ve bunu takiben tel
erezyon isleme ile plakalar imal edilmistir. Oncelikle, 75-100
um c¢apli kiiresel bakir tozlar1 grafit bir kalip igine gevsek bir
sekilde paketlenip daha sonra bir atmosfer kontrollii firinda
sinterleme gerceklestirmiglerdir. Sinterleme islemi 900 © C'de
0,3 MPa'da 30 dakika siirdiiriilmiistiir. Gozenekli yapinin
yalnizca birka¢ saniye iginde su damlaciklarini emen
mitkemmel 1slanabilirlige sahip oldugu gozlenmistir. Weibel
vd. [4] yaptiklar1 galigmalarinda, 1s1 borularinin buharlastirict
boliimiindeki termal direncin 1s1 transfer performanslarini
yonetmede baskin bir rol oynadigmi ve bu nedenle direncin
Olctilmesinin 6nemli oldugunu belirmislerdir. Calismalarinin
amacini, sinterleme yoluyla yiizeyde kanatgiklar olusturmak
ve termal direncin bu yiizeylerin kalinhigma ve parcacik
boyutuna olan bagliligin1 gostermek oldugunu belirtmislerdir.
Deneylerde, biiyiikliikleri 45 ila 355 um arasinda degisen
partikiiller kullanilarak, 600 ila 1200 um arasinda degisen
kanat¢ik kalinliklarma sahip genisletilmis yiizeyler elde
edilmistir. Kanat¢ik uzunlugunun artmasiyla daha fazla 1si
geciginde iyilestirme saglandigi gézlemlenmistir. Deng vd.
[5] geleneksel sinterleme yontemini kullanarak gozenekli
bakir mikrokanal 1s1 alicist gelistirmiglerdir. Sinterleme
yontemi ile gelistirilen gdzenekli mikrokanal 1s1 alicist ile
gozeneksiz olan 1s1 alicisini test ederek karsilastirmiglardir.
Her iki 1s1 alicist 786 um hidrolik ¢apa sahip 14 paralel Q-
sekilli girintili mikrokanal igermektedir. Kaynama deneyleri
saf su ile gergeklestirilmistir. Deneysel sonuglar, gézenekli
yiizeyin kabarciklagsmay1 tesvik ettigini ve duvarda asiri
isinmay1 Onemli Olglide diistirdiigiinii gostermistir. Cora
vd.[6] calismada, bakir tozlarm ince bakir yiizeyler {izerine
sicak preslenmesiyle elde edilen numunelerin, gézeneklilik
ve baglanma dayanimimi élgmiislerdir. Mikro dlgekli 1s1 kiitle
transfer uygulamalarinda fizibilitesini karakterize etmek igin
farkli sikistirma basinci (15-50 MPa), sicaklik (350-500 °C)
ve ylizey geometrileri (diiz, biiyiikk ve kiigiik kanal) test
edilmistir. Sonuglar, gozenekli ve mikro kanalli ylizey
tabakalar1 elde etmek i¢in minimum 350 °C sicaklik ve 15
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MPa basing seviyesinin gerekli oldugunu gostermistir.
Ayrica, daha yiiksek basing seviyelerinde (50 MPa), mikro
Olcekli ylizey yapilarmin imalatinin, gelismis baglanma
mukavemeti Ozellikleriyle yiiksek oranda tekrarlanabilir
oldugu bulunmustur. Singh vd.[7] c¢alismasinda yiiksek
enerjili  mikroislemcinin  sogutulmasinda  kullanilan
sinterlenmis  gbzenekli 1s1 alicisimi  deneysel olarak
arastirmiglardir. Sogutucu plaka, % 40 goézeneklilige sahip
sinterlenmis  bakirdan  ve  dikdortgen  kanallardan
olusturulmustur. Calismalarinda gdzenekli, bakir plakadan
sogutucu akigkan olarak 34 kpa basing diiglimiine sahip saf su
kullanmiglardir ve sinterlenmis gozenekli bakirin yiiksek
verimlilikte 1s1 iletim katsayist nedeniyle (= 32 W/mK) 2,9
MW/m? 1s1 akis1 uzaklastirdiklarmi belirtmislerdir. Florez
vd.[8] caligmalarinda, sinterlenmis gozenekli ylizeylerin 1s1
borulart i¢in etkin 1s1 iletkenligini tahmin eden bir model
onermislerdir. Pargacik ¢aplar1 20 ila 50 pm arasinda degisen,
atomize bakir tozu ile iiretilen gdzenekli malzemeler icin
etkili termal iletkenlik deneysel veriler ile elde edilmistir.
Ortalama pargacik boyutlarint belirlemek igin pargacik
biiyiikliigii dagilim istatistikleri kullanilmislardir. Test edilen
malzemenin gozenekliligini ve gegirgenligini, laboratuvar
ortaminda karakterize etmislerdir. Etkin termal iletkenlik test
kosullari, vakum, damitilmis su ve metanol olmak iizere ti¢
farkli sartta test etmislerdir. Termal iletkenlik i¢in olusturulan
mevcut model ile literatiirdeki veriler ¢ok iyi bir uyum
gosterdigini belirtmiglerdir.

Zenbilci [9] ¢alismasinda, 1s1 degistiricilerinde kullanilmak
tizere bakir tozlarindan iiretilmis yiizeylerdeki gozeneklilige,
iiretim parametrelerinin etkisini arastirmistir. Yapmis oldugu
deneysel c¢alismalarda, mikron degerlerde farkli boyutlara
sahip dendritik bakir tozlarmin 250-550 oC arasindaki
sicaklik degerleri ve 5, 15 ve 50MPa basing degerleri
kullanilarak sicak presleme islemiyle 0,1 mm kalinligindaki
bakir levhalara tutunmasi amaclanmistir.  Deneysel
caligmalarinda diiz yiizeyli ve kanalli olmak iizere iki farkli
kalip kullanmigtir. Sicak presleme deneylerinde elde edilen
ham numunelere 8600C' de 30 dakika siireyle sinterleme
islemi uygulanarak mukavemet kazandirilmasini
amaglamistir. Presleme ve sinterleme iglemine tabi tutulan
numuneler 10x20 mm' lik pargalara ayrilarak, optik
mikroskopta kesit ylizeylerine bakilmis ve gozeneklilik
yiizdesini  belirlemistir. ~ Ardindan  taramali  elektron
mikroskopta numunelerin yiizey incelemesini Yyapmustir.
Kesit incelemesi sonucunda numunelerin gdzeneklilik
durumuna gore parametrelerin karsilastirilmas: yapmis, 1s1
degistiricilerinde  kullanilmak iizere bakir yiizeylerin
optimum iiretim parametre degerlerini 6nermistir.

Bu calismanm amaci, gdézenekliligin akis kaynamasindaki
181 gecigine etkisini incelemek iizere bakir tozlarindan farkl
gozenekli bakir yiizeyler olusturulmasidir. Geleneksel toz
metaliirjisi prensipleri takip edilerek poroziteli ylizeylere
sahip plakalar elde edilmistir. Bu islemlerde toz boyutu ve

sinterleme sicakligi sabit tutularak, presleme basinci
degistirilmis, basmncin gozeneklilik tizerine olan etkisi
incelenmistir.
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Il. MATERYAL VE YONTEM
A. Sinterleme Yontemiyle Uretim Prosesi

Sinterleme, birbirleri ile temas halinde bulunan taneciklerin,
yiiksek sicakliklarda birbirine kaynayarak yapismasi ile bir
biitlin olusturmasi iglemidir. Geleneksel sinterleme isleminde
preslenmis numuneler atmosfer kontrolli firinlarda yiiksek
sicaklikta istenilen nihai 6zelliklerin elde edilmesi amaciyla
is1l igleme tabii tutulur. Baslangicta % 25 ila 60 oraninda
gozenek iceren malzeme sinterleme islemine tabi
tutuldugunda,  goézeneklerin  sekil ve  boyutlarinda
degisiklikler, tane biiyiimesi, yeni fazlarin olusumu ve
polimorfik olaylar gozlenmektedir. Sinterleme sicakligy,
malzeme boyutu ve tirii ile islem siiresi numunelerin
karakterizasyonunu  degistirmektedir. Caligmada, bakir
tozundan sinterleme ydntemiyle poroziteli bir bakir blok
iretim agamasi agagida sematik olarak 6zetlenmistir. [7]

=

Bakir blok

Presleme

Bakir tozu

Sinterleme islemi

Sekill.Sinterleme Prosesi

B. Taramali Elektron Mikroskobu Calismalari

Taramali elektron mikroskobu (SEM), kati numunelerin
yiizeyinde cesitli sinyaller ireterek, dig morfoloji (doku),
kimyasal bilesim ve numuneyi olusturan kristal yapi1 ve
oryantasyon da dahil olmak iizere detayl bilgi verir. Tki farkl1
firmadan alman bakir tozlarinin pargacik boyutlarinin
belirlenmesi igin Sakarya Universitesi Metaliirji ve Malzeme
Miihendisligi bolimii laboratuvarinda bulunan “Jeol JSM
6060 LV” marka taramali elektron mikroskobu cihaziyla
yapilmigtir (Sekil 2.)

Sekil 2. Jeol JISM 6060 LV marka SEM cihazinin fotografi

Numune yiizeyleri goriintiilerde 500 ila 5000 kat biiyiitiilerek
elde edilmistir. Sekil 3 ve 4’ de farkli firmalardan satin
alimmig, farkli boyutlara sahip bakir tozlarmin SEM
goriintiileri yer almaktadir.
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Sekil3. Yurt disindan tedarik edilen bakir tozunun SEM goriintiisii

Sekil 3’de 5000 kat biyitme ile SEM gorintiisi
incelendiginde bakir tozunun tane boyutunun Spm’den daha
kiigiik oldugu ve homejen bir dagilim oldugu gézlenmektedir.

Sekil4. Yurtiginden tedarik edilen bakir tozunun SEM goriintiisii

Sekild’ de 500 kat biiyiitme ile SEM goriintiisii alinmis bakir
tozu incelendiginde, 5S0um’ lik tanelere yapigmis halde birkag
um’lik boyutta bakir tozlar1 ve yer yer de korozyonlar
gozlenmektedir. Korozyon ve tane boyutlarinin homojen
olmamasi nedeniyle yurt i¢inden tedarik edilen bakir tozlari
sinterleme isleminde kullanilmamustir.

C. EDS Analizi

Taramali elektron mikroskobundaki elementel analizler,
elektron demetinin numune iizerindeki bombardimani
sirasinda  numuneyi olusturan elementlerden yayilan
karakteristik X-iginlarinin elektron mikroskobuna bagli EDS
(enerji saginim spektrometresi) ile algilanip analiz edilmeleri
yoluyla gerceklestirilir. Bu sayede, morfolojik goriinti
analizleri sirasinda incelenen Ornek iizerindeki bir hattin
elementel mikro analizi yapilabilmekte, o6rnek iizerinde
istenen bir alandaki elementlerin dagilim haritalar1
cikarilabilmektedir. EDS analizi herhangi bir numune veya
numune lizerinde elementel kompozisyonu tanimlamak i¢in
kullanilan bir yontemdir. Numune iizerine taramali elektron
demeti  gonderilerek  analiz  iglemi  gergeklestirilir.
Calismamizda yurtdis1 iretici firmadan temin ettigimiz
bakirin safligini arastirmak icin EDS analizi gerceklestirildi
ve sonug asagidaki sekil 5°de sunulmustur.
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Sekil5’de yatay eksen elektron volt (eV) cinsinden x 1sm1
enerjisini, diisey eksen ise siddetini vermektedir. Numune
icindeki elementlerin yiizdeleri, elementlerin piklerinin
altindaki alanlarla orantilidir Sekil 5 incelendiginde
kullanilan bakir tozunun biyiik bir ¢ogunlugunun Cu
elementinden olustugu fakat oksitlenme nedeniyle eser
miktarda O; elementini bulundurdugu anlagilmaktadir.

Spectnmm]
T
Sekil6. Termal Analiz Cihazi
Termal analiz cihazi yiiksek sicakliktaki firm initesi, firin
atmosferini saglayan gaz flnitesi Ve analiz programl
bilgisayar olmak {izere ii¢ ana kisimdan olugmaktadir.
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Sekil 5. Bakur partikiillerinin EDS analizi ‘:\ 1
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Elt. Line | Intensity| Error Atomolc Conc| Units 0 200 400 600 200 1000 1200
(cls)| 2-sig % Sicaklik [°C]
O Ka 1.78| 0.843 2.509 0.644] wt.%
Cu Ka 273.78| 10.461| 97.491| 99.356| wt.% Sekil 7. Bakir tozunun termal analiz grafigi
100.000| 100.000| wt.%| Total ) ) o )
Bakir tozunun ergime noktasi belirlenmesi igin termal analiz
uygulamasi yapilmugtir. Sekil 7° de yatay eksen termal Analiz
Tablodan da  goriildiigii gibi, EDS analizi toz sicakligim gostermektedir. Grafikte de goriildiigi iizere

numunenin %99.356’smn1n saf bakir oldugunu gostermistir.
D. Termal Analiz

Termal analiz, test edilen malzemeye kontrollii 1s1l enerji
akisiin  saglanarak  fiziksel ~&zelliklerinin  sicakligin
fonksiyonu olarak saptandigi bir yontemdir. Analiz esnasinda
1sitma, sogutma ya da sabit bir sicaklikta tutma veya
bunlardan bazilarmin birlikteligi olabilmektedir. Bu yontem
ile malzemelerin  ergime noktast sicakliklari  da
belirlenebilmektedir. Literatiirdeki kaynaklar geleneksel
sinterleme sicakligmin malzemenin ergime noktasmm %80’
oldugunu isaret etmektedir. En uygun sinterleme sicakligmimn
belirlenebilmesi icin tedarik edilen bakir tozunun ergime
sicakhigim belirlenmesi gerekmektedir. Termal analiz sekil
6> da gosterilen, Sakarya Universitesi Metalurji ve Malzeme
Miihendisligi boliimii laboratuvarinda bulunan TA marka
SDT Q600 model cihaz ile ger¢eklestirilmistir.

analiz siiresince maksimum 1200°C sicakliga ¢ikilmistir.
Diisey eksen ise DTA grafigini vermektedir. Analiz
sonucunda 1050°C” de bir endotermik pik goriilmiistiir. DTA
grafiginde bu endotermik pik ergime sicakligim
belirtmektedir. Sonug olarak bakir tozun ergime noktast 1050
°C olarak belirlenmistir.

E. Bakir Tozlarini Sinterleme Islemi

Bakir tozlarmna istenilen geometriyi vermek igin sekilde
verilen 10 mm ¢apinda dairesel kalip ile 20mmx20mm kare
kalip kullanilmigtir. Bakir malzemenin kaliba yapismamasi
icin kalibin kenarlarina ¢inko stearat siiriilmiistiir. Cinko
stearatin kurumasi beklendikten bakir tozu kalibmn igine
yerlestirilmistir. Bakir tozu belirlenen miktarda kalibin igine
konulmus ve ardindan sekilde goriilen mekanik presle farkli
kuvvetlerde preslenmistir. Sekil 8 ve 9°da kullanilan dairesel
kalibin ve mekanik presin fotograflar: goriillmektedir.
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Sekil9. Mekanik Pres

125MPa, 212,5 MPa, 3125 MPa ve 375MPa basingta
preslenmis 10 mm c¢apmda dairesel bakirlar sekilde

gosterilmektedir. Dairesel sekilli bakir malzemeler yiiksek
sicaklikta firin igerisine yapismamast igin sekil 10’ da
goriildiigii lizere aliimina altliklara yerlestirilmistir.

Sekil10. Alumina altliga yerlestirilmis bakir numuneler

Alumina altliga yerlestirilen preslenmis bakir numuneler
sinterleme islemi igin Sakarya Universitesi Arastirma ve
Gelistirme Merkezinde bulunan sekilde gosterilen atmosfer
kontrollii tiip firma yerlestirilmistir. Sinterleme islemi
kontrollii atmosfer saglayan tiip firmda 450 ml N ve 50ml
NHz gaz kosullarinda dakikada 5 °C  hizla 800°C ye
¢ikildiktan sonra bu sicaklikta 1 saat beklenerek sinterleme
islemi tamamlanmistir.

65

Sekill1l. Kontrollii Atmosfer Saglayan Tiip Firin

I11. SONUCLAR

Sinterleme igleminin ardindan elde edilen bakir numunelerin
porozitelerini belirlenmesi igin SEM cihazinda gorintiiler
alinmustir. Sekil 12, 13, 14 ve 15°de, ortalama 5 pm boyutuna
sahip bakir tozlarinin, farkli basinglarda preslendikten sonra
800°C’ de sinterlenerek elde edilen numunelerin SEM

goriintiileri bulunmaktadir.

Sekil 12. 125 MPa basingla preslenmis bakir numunenin SEM goriintiisii

Sekil 12” de 10mm ¢apinda dairesel kalipla, mekanik preste 1
tonda preslenmis ve 800°C’ de sinterlenmis numunenin
taramali elektron mikroskobunda 1000 kat biiyiitiilmesiyle
alinan goriintiisii verilmistir. Yiizeyin gbzenek boyutlar1 6 ila
20 pum arasinda degistigi gozlenmistir.

Sekil 13° de bakir tozlarmm 212,5MPa basingta
preslendikten sonra ayni sartlarda sinterlenmis halinin SEM
goriintlisii yer almaktadir. Goriintiiden gézlemlendigi gibi
maksimum goézenek ¢apinin 15um oldugu anlasilmaktadir.
Asagidaki sekil 14’de 312,5 MPa basmgta preslenmis ve
diger numunelerle ayni sartlarda sinterlenmis numunenin
SEM  goriintiisii  incelendiginde ~maksimum  gdzenek
boyutunun 9,54 um oldugu gézlenmistir.
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Sekil 13. 212,5MPa basingta preslenmis bakir numunenin SEM goriintiisi

Sekil 15’de ise ayni sartlarda sinterlenmis fakat 375Mpa
basingla preslenmis bakirin SEM goriintiisii incelendiginde
maksimum goézenek boyutunun 7,42pum oldugu gozlenmistir.
Bu caligma sonucunda; sinterleme iglemi dncesinde a) farkl
firmalardan tedarik edilen numunelerin boyutlarmm kesin
olarak belirlenmesi, b) saf olup olmadigmin incelenmesi, c)
sinterleme iglemi i¢in ergime sicakliginin tespiti i¢in termal
analizinin muhakkak yapilmasi gerektigi ortaya ¢ikmistir.
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Sekil 14. 312.5 MPa basingta preslenmis bakir numunenin SEM goriintiisi

Bununla birlikte, 5 um biiyiikliige sahip bakir tozlarinin farkl
presleme basinct altinda islemi sonucunda yiizey
gozenekliliginin 6 ila 20 um arasinda degistigi gbzlenmistir.
Hangi por yapinin kaynamali 1s1 gecisine daha uygun
oldugunun tespiti ancak, akis ve 1s1 gegisi deneylerinden elde
edilecek sonuglarla yapilabilecektir.

IV. DEGERLENDIRME:

Bu calisma 1s1 gegisi iyilestirme tekniklerinden biri olan
yiizey gozenekliliginin kaynamali akisa etkisinin arastirildigi
bir bilimsel arasgtrma projesinin 6n  ¢aligmalarini
kapsamaktadir.
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Sekil 15. 375 MPa basingla preslenmis bakir numunenin SEM goriintiisii

Yapilan ¢alismalar geleneksel toz metaliirjisi yontemi
icerisinde yer almakta olup, sinterleme sicakligi, basinct ve
siresi ile toz boyutunun poroziteye etkisinin ortaya
cikarilmasmi hedeflemektedir. Bu 6n ¢aligmalar kapsaminda
tedarik edilen bakrr tozlarinin  farkli  basinglarda
preslenmesinin ardindan elde edilen numuneler bir dizi
incelemeye tabi tutulmustur. Sonu¢ olarak taramali elektron
mikroskop goriintiileri iizerinde yapilan incelemelerde
presleme basmcinin diistiikge gozeneklilik degerinin arttigi
sonucuna ulagilmistir.
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Abstract — Finding shortest routes for commercial vessels has ever been an important issue on marine science. Shortest route
means less sailing time, less sailing time means faster delivery of cargo, less consumption of fuel, less human power. In this
study, we present a particle swarm optimization approach to navigational decision support system. The study is applied on the
Aegean Sea. The proposed system is a dynamic decision support system that calculates the shortest path from any starting node
to any finishing node. The network model consists of 604 nodes. Any ship using this system can find the shortest route to

finishing node dynamically.

Keywords — particle swarm optimization, decision support system, shortest path, Aegean Sea

I. INTRODUCTION

Shortest path problem (SP) has always been the focus on
many studies. Finding the shortest path or route for vessels
reduces fuel consumption and ensures efficient use of time.
Particle swarm optimization (16) is an optimization method
which is inspired by the behaviour of a swarm to find food. To
solve a problem particles are created, at first every particle has
their own coordinate and speed values. Every particle tries a
function to find the best solution, this is called fitness function.
After evaluating this function every particle has new fitness
value, in every iteration this fitness function value is examined
and particles obtain the best fitness value as local best. In this
study, we propose a navigational decision support system
which is based on particle swarm optimization. The network
model has been prepared in the light of the experience gained
in the time the author worked on commercial ships. To
simulate the voyages, a map of the Aegean sea is created using
two different shape files (2, 3). Total 61 ports on the Aegean
sea are recorded by the means of latitude, longitude and names.
For the realization of cruises, 604 nodes have been created and
coordinates are recorded. The connections between the nodes
and angles between them are calculated and recorded. The map
showing the nodes on the prepared map can be seen in Fig. 1.

Fig. 1 The map, ports and the nodes

Il. RELATED WORKS

To solve the shortest path problem, common and
wellknown algorithms exist. For example Dijkstra(19) ve
BellmanFord(20) algorithms are most popular algorithms for
this purpose. Besides these algorithms, some optimization
algorithms like genetic algorithm (18), ant colony algorithm
(14), particle swarm optimization algorithm (17) and neural
networks (15) are used for solving the shortest path problem.
In marine science, SP problem exists for various subjects like
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collision avoidance(13), weather routing(12), decision support
system calculation(11). For the Aegean sea, some works have
been carried out for some purposes like ship routing, fleet
routing, weather routing, risk assessment. The related works
are all includes only Greece side of the Aegean sea. This study
includes both side of Aegean sea (Turkish and Greek side), all
the port names and coordinates are same as the real world data.
(10) proposed a system that uses ant colony algorithm for fleet
routing. The study includes 13 ports and 39 sea links, the links
between the ports are accepted as a direct line. In the real
world, there are no direct connection between all ports. (9)
proposed a weather routing system for fleet routing using
genetic algorithm. The study again includes a few ports of the
Aegean sea and uses Google Maps for mapping. (8) developed
a weather routing system that uses an exact algorithm. This
study like the previous works, only examines the Greek side
of the Aegean sea and uses Google Maps for mapping. (7)
proposed an optimal ship routing system that uses the Aegean
sea as the application area. The system uses simulated
annealing algorithm. In the study, the proposed algorithm only
tested on a sample voyage from the port of Thessaloniki to the
port of Agios Nikolaos. For prediction of environmental risk
of a possible accident on the Aegean sea, (6) proposed a
system using Bayesian network. The study uses all of the
Aegean sea, but it examines the risk prediction not routing. We
have previously used the ant colony algorithm(4) and genetic
algorithm(5) for the system we have introduced. Our study
differs from the related works. First; we use a unique map of
the Aegean sea that is never been used in any other articles.
Second; we examine all the ports of the Aegean sea. Third; the
ports and nodes are same as the real world data, coordinates,
distances and angles between nodes extracted using the unique
map. Fourth; related works use Google Maps for mapping, this
mapping style needs internet connection but our map doesn’t.
Fifth; for ship movement we use Fossen mathematical model
(1) of ship which is never used in a study that examines the
Aegean sea. Sixth; the links between nodes are not considered
as a direct line, the connections are calculated over the created
map.

I1l. MATERIALS AND METHODS

A. Mathematical Model Used

The mathematical model of ship was taken from the website
of marine simulator system which is created by Fossen and
Perez (21). There are several m files to use for MATLAB. We
use tanker.m file for ship mathematical model.

B. Calculation of Distances Between the Nodes

For calculation of the distances, angles and connections
between the nodes, calculations are made using i and j
operators. As can be seen in equation (1).

i=[1,2,3,---,604],j=[1,2,3, -, 604] (1).

For calculation of distances between the nodes, “’distdim”
and “distance” functions of MATLAB program was
used. ”distdim” function normally gives the distance result as
kilometer, the distance result was converted into degree to use
on map. Let’s suppose D is a matrix that contains distance
datas. D matrix was filled with the data using the equation (2).

i # j,distdim(distance(lat; , lon; ,latj ,lonj),
Ikml 'I deg! )))
else 0

D/ @)

68

C. Calculation of Angles Between the Nodes

For calculation of angles between the nodes, “distance”
and “rad2deg” functions of MATLAB program is
used. “distance” function normally gives both distance and
angle data but for calculation of angle the distance value is
omitted. “distance” function gives angle result in radians. To
convert the angle from radians to degree “rad2deg” function
was used. Let’s suppose O is the matrix that contains angle
datas. ® matrix was filled with the data using the equation (3).

0] = )3)

4

{i # j,rad2deg(distance(lat; , lon;, lat; , lon;
else 0

D. Calculation of Connections Between the Links

After saving all the coordinates of the ports and nodes, the
connection between each node must be calculated and saved.
The connection between the nodes are calculated using Fossen
ship mathematical model which can be seen in equation (4).

[x, U] = tanker([ship. suv, ship. swv, ship. yw,
ship. x, ship. y, ship. psi, ship. delta, ship. n]
, [ship. deltac, ship.nc, 40]);  (4)

Where,

suv=surge velocity (m/s),

swv=sway velocity (m/s),

yw= yaw velocity (rad/s),

X= position in x-direction (m),

y= position in y-direction (m),

psi=yaw angle (rad),

delta=actual rudder angle (rad),

n=actual shaft velocity (rpm) - nominal propeller 80 rpm,

deltac=commanded rudder angle (rad),

nc=commanded shaft velocity (rpm),

h=water depth, must be larger than draft (m) - draft is 18.46

m,

x=derivative of suv, swv, yw, X, y, psi, delta and n,

U=velocity of the ship.

Ship begins the voyage from the starting node, the voyage
continues to the finishing node. If the ship ends the voyage
without any collision to land, connection value is 1, else
connection value is 0. To obtain if the ship is on land or on
sea, ”ltln2val” function of MATLAB program was used. This
function gives 3 different results. 0 for land, 1 for shore, 2 for
sea. A matrix called C was created and filled with the
connections results using the Algorithm 1.

Algorithm 1 Calculation of connection
1: for i=1 to 604 do
2: for j=1 to 604 do

3: ifinotequal to j then

4:  result=1,;

5:  while true do

6:  move the own vessel using ship mathematical model;
7: a=ltin2val(Z, R, pt.lat, pt.lon);

8: if a==1 or a==0 then

9: result=0;

10: break;

11: end if

12: if ship reaches to the finishing node then
13: break;

14: end if

15:  end while

16: C;= result;
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17: else
18: ¢/=0;
19: endif
20: end for
21: end for

p: means point at tth step of the ship during the voyage. p:.
lat and pi. lon means latitude of tth point’s latitude and tth
point’s longitude. To obtain if the point is on land or not, the
map converted into data grid and a referencing vector. Z is
regular data grid converted from the map vector data, R is the
referencing vector for the computed grid. For this
purpose, “vect2mtx” function of MATLAB program was used.

E. Particle Swarm Optimization

Particle swarm optimization is an optimization method
which is inspired from the behaviour of a swarm. To solve a
problem all the particles of the swarm are created. All particles
try a fitness function and get a score after trying the fitness
function. If the score is better than the best score of the particle.
The best score of the particle (pBest) is updated. After all the
particles try the fitness function, the best score of the swarm is
chosen, it is called local best. After choosing the local best
value, it is compared with another value which is called global
best. Global best is the score of all particles throughout all
iterations. Global best value is updated at the end of every
iteration by comparing it with the local best value. If local best
value is better than global best value then global best value is
exchanged with the local best value which is better than the
global best value. At the end of every iteration particle with
the best fitness value commands the other articles to change
their speeds according to its coordinates and speed. Every
particle changes their speed value according to leader
particle’s coordinates. The formulation of speed and position
values can be seen in Equation (5,6).

Vin =Vip+ ¢ * 17 * (pBest, — pActual,)) +c¢, * 1,
* (gBest; — pActual,)(5)

Xin = Xin + Vin (6)

Where v;, denotes speed of nth particle in ith iteration, ¢,
denotes the effect coefficient of particle’s best position to new
speed of the particle. r; is the weight value that determines the
final effect of the best position of the particle and is a random
number between 0 and 1. ¢, denotes the effect coefficient of
swarm’s best position to new speed. , is the weight value that
determines the final effect of the best position of the swarm
and is a random number between 0 and 1.pBest, represents
the nth particle’s best position, pActual,, presents the nth
particle’s actual position. gBest; represents the swarm’s best
position at ith iteration. At the end of the next iteration
particles with new speed values may find a better value while
evaluating fitness function by doing this every particle tries
their chances to find a better global best value. Ending criteria
can be several different criterias, that’s up to the programmer.
If programmer wants to end the loop in a certain step, ending
criteria can be iteration size or if programmer wants to end the
loop the ending criteria can be finding a certain value for the
optimization. In this study to solve container loading problem,
we are going to use particles, their speed and coordinate values
to find the best solution for the problem. The biggest problem
in applying the pso algorithm to the shortest path problem is
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encoding the nodes to the functioning of the particles forming
the swarm. For doing this, an encoding technique must be
used.

F. Encoding Technique

To adopt the shortest path problem to particle swarm
optimization, every particle has a priority array. The priority
array contains priority values of the nodes to be used for
finding the shortest path. The values of the priority array is
chosen randomly at first. When a particle tries a randomly
created path, according to the score of the particle, the priority
array is updated. The priorities of the nodes representing the
shortest path solution are increased. Increment value is done
using particle’s speed value. The best path of the particle is
represented by the particle’s coordinate value. To find the
shortest path, every particle tries the next possible node which
has the highest priority. The priority values of priority array,
speed value are randomly created. At the beginning,
coordinate value (array representing the path) has only the
starting node.

G. PSO Algorithm Parameters

The values of the parameters of the proposed algorithm are
shown in Table I.

Table . Parameters of the proposed algorithm

PSO Algorithm Parameters

Number of birds Obtained by the user
21 Random number between 0 and 1
& Random number between 0 and 1
[ Random number between 0 and 1

c c1 x2

Number of iterations Obtained by the user

Speed Random number between-0.5 and
0.5
Position Vector presenting nodes

H. The Proposed Algorithms
Creation of particles can be seen in Algorithm 2.

Algorithm 2 Creation of particles

1: create a priority array same length as the node number;
2: fill the priority array with random values between
determined minimum and maximum values;

3: set starting node and finishing node’s priority to
maximum;

4: create an array for the followed paths;

: set speed of every particle for every node’s priority;

:set rl to a value between 0.0 and 1;

: set r2 to a value between 0.0 and 1;

: set ¢l to a value between 0.0 and 1;

:set c2 to c1*2;

O© 00 ~NO W

Shortest path calculations using particle swarm optimization
is used from the work (17), which examines the solution of
shortest problem using particle swarm optimization. Because
the problem network is unique, some changes made while
using this algorithm, the detailed flow of the proposed
algorithm can be seen in Algorithm 3.
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Algorithm 3 Algorithm for PSO collision avoidance

1: for i = 1 to numberofparticles do

2: for j=1to numberofnodes do

3:  particle(i).speedarray(j)=Random number between —1
and +1;

4: end for

5: particle(i) c;=Random number between 0 and 1;

6: particle(i). c,=particle(i).cl * 2;

7:  particle(i). ;=Random number between 0 and 1;

8: particle(i). r,=Random number between 0 and 1;

9: for j=1tonumberofnodes do

10: particle(i).priorityarray(j)=Random number between
—100 and +100;

11: end for

12: end for

13: define mostsuccesfullparticle with a high score to save
best solutions;
14: for i = 1 to iterationnumber do

15:  for j = 1 to numberofparticles do

16: particle(j).path=startingpoint;

17: while particle(j).path(end)! = finishingpoint do

18: find the node that is not in path array and has the

maximum priority and add it to path array;

19: end while

20: if particle(j).score

21: particle(j).bestscore=particle(j).score;
22: particle(j).pBest=particle(j).priorityarray;
23: end if

24: end for

25: calculate the best particle;

26: if bestparticle.score

27: mostsuccesfullparticle=bestparticle;

28: endif

29: update all particles’ speeds and priority arrays

according to equations (5)and(6);
30: end for

IVV.RESULTS

A graphical user interface was developed to visualize the
results of the proposed algorithm. By the interface the starting
node, finishing node, particle number and iteration number can
be selected. The graphical user interface can be seen in Fig. 2.

4 psoul X

d

Fig. 2 Graphical User Interface for Calculation

For obtaining the success of the proposed algorithm, some
example voyages carried out. In the first scenario, the shortest
path from Achladi port to Alexandraoupoli port is calculated.
Swarm size is set to 20 and the number of iterations set to
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10.The result is shown on the map created, it can be seen of
Fig. 3.

415

41

40.5

40

39.5

Fig. 3 The shortest path from Achladi to Alexandroupoli

The shortest path is found to be 539-228-191-541 nodes.
539 is the number of Achladi port which is the departure port.
541 is the number of Alexandraupoli port which is the
destination port. The shortest path to the destination port found
269.6279 kilometers which is equal to 203.8618 nautical
miles. In the second scenario, the shortest path from Gulluk
port to Akra Andros port is calculated. 553 is the number of
Gulluk port and 543 is the number of Andros port. Swarm size
is set to 10 and iteration number is set to 40. The result can be
seen in Fig. 4.

L |
26 26.5

|
25

Fig. 4 The shortest path from Gulluk to Andros

255

The shortest path is found to be 553-165-169-543. The total
distance to the destination port is found 244.9884 kilometers
which is equal to 132.2832 nautical miles. In the third scenario,
the shortest path from port of Kavala to port of Izmir is
calculated. The swarm size is set to 10 and the iteration size is
set to 70. The path is found to be 557-195-185-39-555 .th
nodes. The result can be seen in Fig. 5.
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Fig. 5 : The shortest path from Kavala to Izmir

The shortest path was found to be 557-195-185-39-555. The
total distance is found 377.5520 kilometers, it is equal to
203.8618 nautical miles.

V. DISCUSSION

The proposed system is prepared using MATLAB program
using object oriented programming. The particles used for the
calculation are objects which are member of the Particle class.
The Particle class has speed, priority array, coordinate vector
(array presenting the path), r1,cq,r2,c2 and pBest values. The
calculations are made on a x64 computer which runs Windows
operating system, the computer has an Intel Pentium 7
processor, 8 GB ram, running at 3,6 Ghz. In order to obtain the
success of the proposed algorithm. The same scenarios
examined using Dijkstra’s and Bellman-Ford algorithm, the
results are compared according to their distance values. The
comparison can be seen in Fig. 6.

Scenario2

Fig. 6 Comparison of the proposed algorithm with two common algorithms
by means of shortest distance.

As can be seen from Fig. 6. The three algorithms
successfully found the shortest path result and the same nodes.

VI.CONCLUSION

In this study, a navigational shortest path problem was solved
using particle swarm optimization. The network model is
created using experiences of the author.The map is a shapefile
that contains both side of the Aegean sea. When the solutions
made with the algorithm are examined, it was observed that
the solution was successful. Although the algorithm was slow
compared to Dijkstra’s and Bellman-Ford algorithms in terms
of solution time, the system was considered highly usable,
because the planning time doesn’t have to be very fast. This
study is a part of an intelligent system that includes route

71

planning, collision avoidance and weather routing. In the
previous works some other parameters (weather information,
voyage changes, navigational warnings etc.) will be included.
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Abstract — Interest in Data Envelopment Analysis (DEA) has grown in recent years. This is not surprising since DEA can be
used to explore efficiency in organizations whose outputs and inputs cannot be reduce to monetary terms. In a relatively short
period of time Data Envelopment Analysis (DEA) has grown into a powerful quantitative, analytical tool for measuring and
evaluating performance. DEA has been successfully applied to a host of different types of entities engaged in a wide variety
of activities in many contexts worldwide.

For this reason, the textile and garment sector should operate efficiently and increase its productivity. DEA also has different
applications in the textile sector. In this study, DEA usage examples and details are given in textile and garment sector. DEA
was introduced first, and then the commonly used models and steps of applying these models were explained. Finally, the
scope of applications in textile and apparel sector will be examined in detail.

Keywords — data envelopment analysis, decision-making unit, textile, ready-wear, efficiency

I. INTRODUCTION inefficient DMUs are improved using information on certain
variables (input/output) [1].

Competition in today's business life continues to be very
contentious. The ability of businesses to keep place with the
changing world depends on achieving the highest gain with
the most appropriate input component. The proximity to the
business market, cheaper business confidence, raw materials, > e )
and energy technology has undoubtedly had the advantage. ~@nd the first application of DEA technique was performed
But having all these do not mean that the appropriate input ~ ©OVer the public sector. It is currently a method applicable in
component is provided. Another business with the same  Many fields (such as schools, public agencies, banks, etc) [2].

resources can use these resources more effectively and ) o )
efficiently, making it more competitive and profitable. Basic DEA models can be divided into CCR and BCC

varieties. While the CCR model assumes “constant returns to

Data Envelopment Analyses (DEA) is a non-parametric ~ scale”, the BCC model assumes “variable returns to scale”.
mathematical programming method based on principies of The efficiency value calculated through the CCR model is the
linear programming that can compare relative efficiency “overall technical efficiency” value, whereas the efﬁciency
levels between organizations in cases of multiple inputs and ~ value calculated through the BCC model is the “pure

outputs. In each case, efficiency is measured in terms of a technical efficiency” value. “Overall technical efficiency”
proportionai change in inputs or outputs. divided by “pure technical efficiency” produces “scale

efficiency”. Hence, if the CCR model deems a DMU
In related literature, several studies have evaluated the  efficient, it will also be deemed efficient through the BCC
efficiency of firms in various respects and using several model. However, DMUs deemed efficient via the BCC model
methodologies. The DEA method was been widely used to ~ are not necessarily deemed efficient via the CCR model.
measure the efficiency of textile and apparel firms. In this Hence, the CCR model, which generates overall firm
study a summary of DEA applications is given related about  technical efficiency scores, was used in this study [1].
textile sector.

The mathematical structure of the DEA model was first
introduced as a fractional programming model by Charnes,
Cooper and Rhoders (1978). DEA is a widely practiced
method used for performance benchmarking and comparison,

Both models (CCR and BCC) can be either input- or
Il. DATAENVELOPEMENT ANALYSES output oriented. In input-oriented models, inputs are
minimized and outputs are maintained at current levels. In

The DEA technique aims to determine the efficiency of ~ output-oriented models, outputs are maximized based on a
decision-making units (DMUs) using similar inputs and ~ 9iven number of inputs. As this study measures firm export
outputs based on a frontier. Accordingly, DEA identifies a performance_and thus identifies maximum export revenues,
frontier by determining the best input/output combination  the output oriented model was employed [1].
that produces maximum outputs using minimum inputs for
the observation set evaluated. In turn, DMUs in an efficient
frontier are determined. Using a relevant frontier as a
reference, DMU efficiency is deemed “relative” based on the
radial distance to this frontier. In the results of analyze,

111 EXAMPLES OF DEA APPLICATIONS IN TEXTILE
SECTOR

72



International Journal of Multidisciplinary Studies and Innovative Technologies, 2018, 2(2): 72 -75

There are many studies in which the DEA method is used
in the textile sector. In this study, a short summary will be
given.

Nearly the first article in the literature is the study of Zhu
and Chen (1993). They used the ratio model of DEA to assess
the industrial performance of these 35 factories in the
consecutive years 1988 and 1989 in order to analyze the
technical efficiency, scale efficiency and input congestion

[3].

Continuation of this study Zhu in 1996 evaluated the
efficiency of the 35 textile factories of the Nanjing Textiles
Corporation (NTC) by using both data envelopment
analysis/assurance region (DEA/AR) was performed. NTC
has been using the Analytic Hierarchy Process (AHP) for
some time as an important procedure to systematically
evaluate the overall industrial performance of its 35 factories
in each year. The results from the AHP to set bounds on the
weights, later, in our use of Assurance Region (AR) concepts
from DEA. Also, this study measures the returns to scale
(RTS) on each of the textile factories [4].

In another research, DEA was used to evaluate the
performance of 29 Canadian textile companies in 1994. CCR
model was used in DEA. First the efficiency scores were
obtain and the results of scale of 29 companies. The
efficiency scores were provided the efficiency frontier and
the returns to scale by DEA results. Chandra and his friends
collected various data from the companies.

The initial input data collected for each DMU is the
number of employees, the hourly wage rates (in dollars), the
percentage of time of machine breakdown, the average
annual investment (in dollars) in the last 10 years, the plant
size per worker, the percentage of absentees, the product
diversity, the number of process stages, the job classification,
and the raw material inventory (in dollars). The data of the 29
Canadian textile companies in 1994 show that most Canadian
textile companies did not perform well, with a few being
DEA efficient and the rest very poor performers [5].

At the same time period of these articles Cooper and his
friends published an article about Chinese Economic Reforms
obtained by DEA and Stochastic Frontier Analyses in 1978.
Using data obtained from Chinese sources for the period
1966-88, this paper reports results from a study of the impact
of the 1978 economic reforms for the period 1966-88 on the
Textiles, Chemicals and Metallurgical Industries [6].

When we look at the latest published studies, we recognize
that DEA method is used together with other methods or it
differs within itself. One of the latest manuscripts in the
literature is the study of Jatuphatwarodom et. al. (2018). In
this paper a methodology for combined usage of data
envelopment analysis (DEA), analytical hierarchy process
(AHP) and extended goal programming (EGP) was used in
order to provide managerial decision support. The
methodology allows the three techniques to be used in a
coordinated manner to give an enhanced level of holistic
decision support. DEA is first used in a descriptive sense in
order to provide information regarding the efficiency of a set
of units. The AHP is then used in order to determine the

73

importance of criteria arising from decision problem(s)
related to the improvement of unit efficiency. Finally, EGP is
used in a prescriptive sense in order to select a set of specific
actions for improving unit efficiency. Two specific multi-
objective situations arising from the Thai Silk industry are
used as case studies for the proposed methodology. [7].

The other latest study of Zhao et al. (2018) analyzed the
status of China’s textile industry and constructed the
evaluation model based on the economical, ecologic, and
social benefits. Analytic Hierarchy Process (AHP) and Data
Envelopment Analysis (DEA) were used for an empirical
study of textile industry. The result of evaluation model
suggested that the status of the textile industry has become
the major problems in the sustainable development of
China’s textile industry [8].

Textile supply chains consist of multinational garment
retailers (customers), garment manufacturers (suppliers), and
ancillary suppliers (suppliers to manufacturers). few studies
have used a combination of AHP and DEA methods for
tackling the many complex situations within the supplier
evalua tion problem (Tone, 1989; Sinuany-Stern et al., 2000;
Sueyoshi, 2001; Escobar and Jimnez, 2002; Yang and
Chunwei, 2003). For example, the combination of AHP and
DEA methodology has been applied for selecting suppliers in
the well-known Turkish consumer electronics company,
BEKO (Sevkli et al. 2007) [9].

The latest work on this subject carried out in this year,
Novairi et al. studied proposes an approach based on data
envelopment analysis (DEA) to evaluate the relative
efficiency of supply chains with reverse flows in the presence
of undesirable factors. The weak disposability assumption is
used to handle undesirable factors. To illustrate, a radial DEA
model is introduced to determine the efficiency of reverse
supply chains while undesirable outputs are present as
external factors and reverse flows. The applicability of the
proposed approach has been illustrated by a real application
in textile industry consisting of seventeen supply chains in
this sector. It has been developed to evaluate the technical
efficiency within the textile industry in Iran [10].

Cooper et al. (2001) focused on the management
performance of the textile industry and automotive
industry in mainland China. They took a sample of textile
and automotive industry manufacturers from 1981 to
1997, employed the BCC model and Congestion model to
assess the management performance of sample vendors,
and found that due to the inefficiency of improving
management, enterprises could still increase output [11].

Years after this journal Flegg and Allen prepared another
study about these two sectors. Congestion refers to a situation
where the use of a particular input has increased by so much
that output has actually fallen. In this sense, it can be viewed
as an extreme form of technical inefficiency. Cooper et al.
focus on the problems caused by the employment of
excessive amounts of labour in these two industries and they
discuss ways in which congestion could be managed without
engaging in massive layoffs of workers. Here they
demonstrate how output could be enhanced by improving
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managerial efficiency, while maintaining the size of the
labour force. The aim of Flegg and Allen in this paper was
rather different. Instead of focusing on policy issues, they
examined the magnitude of the problem of congestion in
these two industries and whether it makes much difference
how we measure congestion. Although the theoretical issues
surrounding the measurement of congestion have been
discussed in several recent papers, no consensus has emerged
on the most appropriate way to identify and measure
congestion [12].

Some of other papers were as follows; Aras (2006) studied
find the efficiency and risk analysis of the Turkish Textile
and Clothing Industry (TTCI) has been performed for a
period of 12 years. Efficiency has been measured with DEA,
using 2 different data sets. The research findings indicate that
the TTCI has not attained full efficiency for the period under
examination, though efficiency improvements in the recent
period have been observed [13].

Yenilmez & Girginer (2012) made a study to examine the
efficiencies of textile firms' exports in Eskisehir Organized
Industrial Zone during the period 2008-2009 by using Data
Envelopment Analysis (DEA). The study analyzes 5 firms as
a decision making units by applying two DEA models (3
inputs-1 output CCR (Chames, Cooper and Rhoders) models.
The results show the scale of the companies for each year’s
(2008/2009). The study also finds that inefficient companies
should decrease their production quantities whereas they have
to increase the amounts of the export values [2].

In another study (Saricam & Erdimli, 2012) the
efficiencies of textile and apparel companies were analyzed
by input-oriented DEA model under variable return to scale
assumption. The textile and apparel companies quoted in
Istanbul Stock Exchange for the period 2003 and 2008 were
evaluated in terms of efficiency level providing a framework
for the calculation of input excesses and output shortages.

The analysis revealed that the average efficiency scores of
the apparel industry were higher than the textile industry and
two industries together. The companies in the apparel
industry should overcome the lack of insufficient level of
exports whereas the textile industry needs to increase gross
value added in order to be more efficient [14].

Saeidi et. al. prepared a paper dealed with the problem of
ranking woven fabric defects (WFDs) observed in textile
manufacturing with using a data envelopment analysis (DEA)
method. The paper showed that the optimal solutions of DEA
models for decision making units (DMUs) with multiple
inputs can be found without the need of solving the
corresponding models. The paper performed a mean-variance
analysis for determining the most important statistical factors
of WFDs in terms of multiple inputs. The paper introduced a
new application for DEA method in textile manufacturing for
ranking fabric defects. This is significant in defining rich
project in reducing defects through prioritizing of quality
specification of fabric defects by Six Sigma experts [15].

The Indian textile industry is one the largest and oldest
sectors in the country and among the most important in the
economy in terms of output, investment and employment. For
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inclusive growth and sustainable development most of the
Textile Manufacturers has adopted the Cluster Development
Approach. The objective is to study the physical and financial
performance, correlation, regression and DEA by measuring
technical efficiency, peer weights, input slacks, output slacks
and return to scale of four textile clusters in India. The
methodology adopted is using DEA of Output Oriented BCC
model by taking number of units and number of E as inputs
and sales and Ex in crores as an outputs [16].

In order to measure the calculated efficiency of industrial
sectors more accurately, Three-stage DEA model is presented
in the empirical analysis using data from 2007 to 2010
covering 29 manufacturing industries in China. The
advantage of using this method is enabling us to separate the
managerial factor from external environmental factors and
random errors factors on the technical efficiency. This study
provides a useful efficiency measurement tool (Three-stage
DEA model) to calculate technical efficiency among different
industrial sectors. Technical efficiency plays a key role in
building the competitiveness of manufacturing industry [17].

In Turkey, there have been three different production
systems in the garment industry.

1. Lean manufacturing system (a small production
group that produce low number of orders)

2. Mass manufacturing system (a crowded production
group with high number of order)

3. Mixed manufacturing system (crowded production

group but low number of order)

Illeez worked out the efficiency difference of these systems
in her PhD thesis. In this thesis the three types of production
methods mentioned above were compared in terms of their
performances. Six businesses were selected from each group.
4 inputs (total working period, number of sewing machines,
area for used production, and electricity used in sewing band)
and 1 output (production number) variable data were
collected for 7 months from 18 companies (3 x 6 = 18).

As a result of the investigation with DEA, according to
the technical efficiency scores some successful examples of
mass production system can been seen but, according to scale
efficiency modular production system is seen to be more
successful. According to over input costs, modular
production system is in the best condition [18].

IV.CONCLUSION

DEA is an effective method for comparing companies
with each other. The different models developed and the
different inputs and outputs used make it possible to compare
companies correctly. Nevertheless, DEA, as a ranking tool,
can still be investigated under more favorable conditions.
Further research could be conducted, for instance, through
redefining a defect as a production system with proper inputs
and outputs.
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Abstract: Urban areas have less vegetation than their surrounding natural environments. Differences between these
types of areas affects climate, energy use, and habitats in the cities. In urban areas, dark surfaces and reduced vegetation affects
the warmth of air over urban areas, and as a result leading to the creation of urban heat islands. Urban vegetation can have a
substantial effect on urban air temperature and as a result can reduce the energy consumption arising from cooling and smog.
To estimate the impact of light-colored surfaces and urban vegetation (trees, grass, shrubs and groundcover) on meteorology
and air quality of a city, it is essential to accurately characterize various urban surfaces. The characterization of the areas with
various vegetation cover has significant importance in understanding the temperature of urban areas. Plants are essential in a
dense urban environment not only because of their aesthetic value, but also for their cooling effect during hot time periods,
which has a direct effect to the local microclimate of an area. The benefits obtained from plants to the urban environment can
either be direct or indirect. For example, trees have an ability to trap sunlight before it warms the ground, they also have an
ability to cool their surroundings through evapotranspiration. Not only that but trees can also act as wind barriers by reducing
the wind speed of their neighboring surroundings, they can protect buildings from cold winter breezes and they can offer
reasonable benefits through reducing the costs of air-conditioning through lowering air temperature and improving the urban
air quality by reducing air pollution.

Some trees cope better with high urban temperatures than others. The resolution of the presented urban surface
temperature data for the first time allows to determine mean canopy temperatures of individual vegetation belonging to
different species.

Leaf temperature is the outcome of the energy balance at leaf level, which depends on a series of anatomical, physical
and biological phenomena. The resulting leaf temperature, foliage temperature has important consequences for the plant itself,
but also for the environment surrounding the plant. Landscape planners have recognized the link between greenspace provision
in the urban environment and environmental quality for a long time.

There is a growing need of analytical work on the beneficial impacts of urban greenspace on micro-climates and as well
as biodiversity. Previous studies have shown that land uses have their own distinctive surface cover.

This study contributes a method and tools for analyzing, understanding, planning, and managing urban environments. It
is important especially when considering the ever increasing interest of having green infrastructural planning. The study has
been conducted in Erzurum though the application of a thermal camera.

Keywords: Temperature, Surface cover, Vegetation, Thermal camera, Erzurum
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1- INTRODUCTION

A report released by The United Nations,
Department of Economic and Social Affairs in 2012
indicated that 52% (3.6 billion) of the world’s population
inhabit in urban areas. This number is expected to increase
to 6.3 billion by 2050. With the rapid population growth,
urbanization causes changes in the natural land coverage
and as a result causing an ecological imbalance.
Understanding and predicting the population changes is a
major challenge that will impact the interactions between
nature and society (Bettencourt et al. 2007). From the
beginning of 20" century, urbanization has become an
important contributor for global warming (Lv 2011). Heat
stress in the urban areas is expected to worsen due to
increasing urbanization (Kovats and Hajat 2008) not only
that but climate change is also the biggest global health
threat of the 21st century (Goklany, 2009).

Surface Temperature Index (STI) is of prime
importance to the study of urban climatology (Vooght and
Oke, 2003, Becker and Li, 1995). Increased air
temperatures can be expected to be particularly
problematic in urban areas, where temperatures already
tend to be a few degrees warmer than the surrounding
countrysides. This difference in temperature between
urban and rural areas has been called the ‘Urban Heat
Island effect’(UHI) (Jaafar et al., 2011). Numerous studies
found that urbanization increases the surrounding air and
surface temperatures, which consequently intensify the
UHI effect (Yilmaz et al. 2009; Chen et al.2016; Voogt
and Oke, 2003, Tam et al 2015; Kaloustian and Diab
2015). The thermal environment in urban areas is
characterized by the heat island phenomenon affected
energy demand, human health, and environmental
conditions (Van, 2005). A decrease in the intensity of UHI
may be achieved by increasing the albedo of urban surface
materials (Santamouris et al., 2011,Chang et al. 2007;
Taha, 1997; Jongtanom et al., 2011) and increasing urban
vegetation cover (Akbari et al.,, 2001, Chen et al.,
2012,Shashua-Bar and Hoffman, 2003). While other
factors affect UHIs, surface change is the predominant
influence (Memon et al., 2008). Surface temperature is
also significantly affected by the configuration of green
space, especially its patch density. Composition and
configuration of green space could largely explain the
variance of Land Surface Temperature (LST) (Li et al.
2012; 2013).

Urban greening has been proposed as one approach
to mitigate the human health consequences of increased
temperatures resulting from climate change (Georgi and
Zafiriadis, 2006; Oliveira et al., 2011; Susca et al, 2011.)
Trees, shrubs and groundcovers are essential components
of urban green infrastructure. An adaptation strategy that
has been proposed is to ‘green’ urban areas, essentially by
increasing the abundance and cover of vegetation (Givoni,
1991).

Most studies investigated the air temperature within
parks and beneath trees and are broadly supportive that
green sites can be cooler than non-green sites (Bowler et
al. 2010; Taha et al., 1988; Avissar, 1996). Foristance, in a
study which was done in Beijing, China found out that the
percentage cover of green spaces determined the land
surface temperature of an area. LST decreased
approximately by 0.86°C with an increase of 10% green
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space (Li et al., 2012). In other studies, it was found out
that “urban parks cooling effects” average 0.94°C during
the day and 1.15°C in the night (Bowler et al. 2010) with
large variations ranging from 1 to 7°C (Chang et al. 2007).
Analysis of temperature trends for the last 100 years in
several large U.S. cities indicate that, since 1940,
temperatures in urban areas have increased by about 0.5 —
3.08 °C (Akbari et al.,2001)

Complex processes are involved in determining the
cooling effect of vegetation on daytime air and surface
temperature. The vegetation cools the environment
through evaporative cooling, shading effects, and its
thermal and optical properties (Dimoudi and
Nikolopoulou, 2003). Compared to impervious surfaces,
which generally have high thermal storage capacity and
thermal conductivity, vegetation has low thermal storage
and admittance (Oke, 1988; Spronken-Smith and Oke,
1999) and is therefore likely to emit less thermal radiation
to the environment. However, the cooling impact of plants
on air and surface temperature may vary with
environmental factors and plant specific thermal and
optical characteristics. Schwarz et al., (2012) and Chen et
al. (2012) showed that there is an existence of a positive
correlation between the air temperature measurements
based on the ground and the surface temperatures which
are measured from thermal sensors. Urban heat island
studies which are based on temperatures derived from the
sensors mounted on satellites such as Landsat are
commonly used for assessing the intensity of the surface
heat island i.e. Surface Urban Heat Island (SUHI)
(Quattrochi & Luvall, 1999; Soer, 1980). The analysis of
thermal infrared data from satellite sensors provides with
the necessary information on the thermal differences
between vegetated areas, built up areas and the non-
vegetated areas through the provision of simultaneous
observations and a dense grid of the data throughout a city.

It is possible to do surveying of vegetation cover
with infrared satellites, however, satellite imagery do not
have a resolution that is high enough to be used to
differentiate the plant species. According to an
experimental study which was done by Lin and Lin (2010),
it was found out that the cooling efficiency of urban parks
is highly influenced by the color of the leaves and the
density of the vegetation.

Differences in foliage temperature between plant
species can be significant in a mixed deciduous forest
(Leuzinger and Karner, 2007). In a study which was done
in Switzerland through the use of a construction crane and
a high resolution thermal camera, at an air temperature of
25 C, coniferous trees (Picea abies, Pinus sylverstris and
Larix decidua) and deciduous broad-leaved trees with
exceptionally high transpiration (Quercus petraea) or vey
open, low density canopies (Prunus avium) revealed
average canopy temperatures of close to air temperature
(0.3 — 2.7 K above ambient) and the maximum amplitude
with a given crown got up to 6 — 9K. in comparison, broad
leaved deciduous species with dense canopies (Fagus
sylvatica, Carpinus betulus and Tilia platyphyllos) were
found to be 4.5 — 5K warmer than air temperature and
showed within canopy temperature amplitudes of 10-12K
(Leuzinger and Korner, 2007).

Researchers have also found out that coniferous
forests have a lower albedo as compared to deciduous
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forests. This is due to the reason that conifers trap more
radiation due to the rough leaf and canopy structure (Oke,
1988).

In a study done in Athens (Greece), air temperature
measurements under vegetation canopy trees in suburban
streets and reference points were done under light wind
conditions in five different streets in the city of Athens
during a short hot weather period in the year 2007. The
study found out that the average cooling effect at 14:00
hours ranged between 0.5 to 1.6 C and at 17:00 hours it
ranged between 0.4 to 2.2 C. with the highest cooling
effect being found to be 2.2 C (Pauleit, 2003).

Increasing urban vegetation, particularly street
trees, may help alleviate higher temperatures as street trees
play an important role in providing shade Aguial et al.,
(2014). The potentials for exotic and native street trees
have been compared to help to reduce surface temperatures
in urban climates. The surface temperature of asphalt
surrounding (or adjacent to) 6 species of street trees (3
exotic and 3 native) at 8 sites each have been recorded
using a FLIR Infrared camera on hot and normal
temperature days. Surfaces under native trees have
exhibited lower temperatures as compared to exotic trees
(lower by 2 C). However, very little data exists on urban
tree temperatures despite its current and potential
economic value in both aesthetical and microclimatic
terms.

According to a study done by Leuzinger et al.
(2010) by scanning the crown temperatures of 10 common
species of trees which are regularly planted in parts of the
Central European city of Basel — Switzerland through the
use of a helicopter and a high resolution thermal camera,
the histogram of the composite image revealed a peak of
18 C for water, 26 C for vegetation, 37 C for streets and a
less noticeable one of 45 C for roofs. According to the
study, at an ambient temperature of 25 C, the tree crown
temperatures lied between 24 C (Aesculus hippocastanum
trees found in a park) and 29 C (Acer platanoides) trees
which were located in the street. The study also found out
that the trees in the parks were cooler (26 C) as compared
to the trees which were surrounded by sealed grounds (27
C). In the study, the only coniferous trees whose
temperatures didn’t vary according to the location that they
were found was Pinus sylvestris. They also had a foliage
temperature which was close to the air temperature.
However, it was generally found that the trees which had
small leaves had lower temperatures than the ones with
broader ones.

The presence of shades of trees in urban areas plays
a great role towards the reduction of the cost of air
conditioning buildings and lowering the air temperature of
an area. In turn, this improves the air quality of urban areas
by reducing pollution. The cost-saving-related benefits
realized from trees vary from one climate to another and
they can be up to $200 per tree while the cost of planting
and maintaining them may range from $10 to $500 per tree
(Akbari et al., 2001). It has been estimated that, about 20%
of the national cooling demand can be eluded through the
carrying out of heat island measures which would make up
to 40 TWh/year saving worth of over $4B per year through
cooling electricity savings alone (Akbari et al., 2001).
When the benefits of smog reduction have been
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considered, the total savings could increase to more than
$10B per annum.

According to a study done by Feyisa et al. (2004),
air temperatures of 60 plots found in 9 parks for 15 days
were measured through the use of Landsat EYM+ thermal
infrared. During the study, the data was used to examine
the cooling effect of vegetation of 21 parks on a larger
spatial scale. In order to examine the relationship between
the characteristics of the vegetation and observed
temperatures, linear mixed-effects models were used. The
study found out that the Eucalyptus sp. had a reasonable
higher cooling effect as compared to other groups of
species (P < 0.05) and species with the least effect on
temperature were Grevillea and Cupressus. The study
revealed a positive relationship between the NDVI and
area of parks (P < 0.01) and the cooling effect of parks on
their surroundings (Park Cooling Intensity, PCI) on a
larger spatial scale.

In relation to the location, size, density and trees,
the green areas in urban areas play a great role in
influencing the temperature of the urban areas. They
reduce the temperatures in summer periods and increase
the winter temperatures through trapping solar energy and
as a result creating a balance.

Green areas are also very important in terms of
organic integrity and in improving human comfort for the
ecosystem. In order to determine the effects of the green
areas in the environment areas, a case study of in Erzurum,
has been chosen. Images from thermal cameras have been
used in the study. The purpose of this study is to provide a
basic data set on species-specific tree crown temperatures
of urban trees. Additionally, some surface temperatures of
non-plant surfaces are shown. Tree crown temperatures
have been compared to trees growing in parks and the ones
surrounded by sealed grounds.

2- MATERIALS AND METHOD

This study has been done in the city of Erzurum
(Figure 1). Turkey where there are approximately 100
different tree species and subspecies planted in the city
(Yilmaz and Irmak, 2004). The species which could be
adequately be replicated have been chosen for the study
Cerastium tomentosum L., Thuja occidentalis L., Petunia
x hybrida, Pinus sylvestris L. Tagates erecta).

Optris® PI-450 (Optris, Berlin, Germany)
longwave infrared camera with manual focus used for this
study. The spectral range is 7.5 — 13 um and a resolution
of 382 x 288 pixels, with a temperature range of -20 — 900
°C (accuracy: +2 °C, resolution of 0.1 °C, thermal
sensitivity: 40 mK) (Table 1). The whole kit weights 380 g
(Smigaj 2015)
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Table 1 Specifications of Optris® PI-450 thermal
sensor (Smigaj 2015).

Detector FPA, uncooled (25 pm x 25 pm)
Lens (FOV) 38°x29° FOV / f= 15 mm
Optical resolution 382 x 288 pixels

Spectral range 7.5—-13 um

Thermal sensitivity 40 mK

Temperature range -20—900 °C

Accuracy +2 °C

Resolution 0.1 °C

Total weight 320 g

The northwestern part of the city covering a number
of parks has been systematically overflown in a helicopter
with the thermal camera pointing directly downwards.

Figure 1. Study area
Cerastium tomentosum L. (Snow-in-Summer) is a

herbaceous flowering plant and a member of the
Caryophyllaceae family. It is a low, spreading perennial
native to South and East of Europe. The leaves are silvery-
grey, whilst the flowers are star-like, white about 15 mm
across. C. tomentosum flowers in summer, but may also
bloom at other times of the year. It has proven popular as a
cultivated ornamental and can be found in gardens the
world over (Yiicel, 2004).

Petunia x hybrida (Petunia) is ornamental plant in
the family Solanaceae, subfamily Petunioideae. Petunias
are also gaining popularity in the landscape design. An
annual, most of the varieties seen in gardens are hybrids
(Yiicel, 2004).

Thuja occidentalis L., (Northern white-cedar) is an
evergreen coniferous tree, in the cypress family
Cupressaceae, which is native to eastern Canada and much
of the north, central and upper Northeastern United States,
but widely cultivated as an ornamental plant. Thuja
occidentalis 'Smaragd’, Thuja occidentalis ‘Pyramidalis’
and Thuja occidentalis ‘Aurea’ species often used in
landscape design in cold climate regions (Gilingér et al.,
2002; Yiicel, 2012).

Pinus sylvestris L. (Scots pine) is a Eurasia specie
of pine with short blue/green leaves and orange/red bark,
which can be found in in a ranging area including Europe,
Siberia, Anatolia, and other places. It can grow at the sea

79

level on the northern parts of its range, while it can be also
found at the mountains at 1,200-2,600 metres altitude.
This plant is the most durable and widely used conifers in
Erzurum (Giingor et al., 2002; Yilmaz and Irmak, 2012;
Yiicel, 2012).

Tagetes erecta L. (Aztec marigold) is specie of the
genus Tagetes native to Mexico and Central America. It is
grown annually and it has a height between 30 and 100
cm. It is used for medicinal, ceremonial and decorative
purposes. The Aztec plant is cultivated and also found in
the wild. The plant is widely cultivated for commercial
purposes with many cultivators using it as an ornamental
plant and for the cut-flower trade (Yiicel, 2004).

Lawn surfaces: The measured area of the surfaces
of the lawn were found to be containing a mixture of grass
species of cool climates. The ratios of the grass species
which were found to be occupying the lawn were as
follows; Lolium perenne ‘Ovation’ (25%), Lolium perenne
‘Paltinum’ (20%), Poa protensis (10%), Festuca rubra
‘Rubra’ (30%), Festuca rubra ‘Commutata’ (15%).

Pavement: Putting into mortar pieces of broken
marble paving results that have been created are in
contrasting green space around it with white color.

3- FINDINGS
The study area has been divided into three areas.
The area on the left has Thuja occidentalis L., Petunia x
hybrida, Tagates erecta. The measurements have been
done on the surface of the grass as it has been shown on
Figure 2.

Figure 2. The image on the right shows the thermal
image of the study area

The measurements which were made on the points
which belonged to the Thuja occidentalis L. Plant showed
that the highest surface temperature was 8.85 °C while the
lowest temperature was found to be 8.56°C. The mean
temperature was found to be 8.69 °C as it has been shown
in Figure 3.
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Figure 3: The temperature data of the Thuja
occidentalis L. plant is shown on the right hand side of the
study area
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According to the measurements which were done,
the grass of the study area, the highest temperature as
found to be 8.09°C while the lowest temperature was
found to be 7.57°C. The mean temperature of the grass was
found to be 7.75°C as shown by Figure 4.

B Rhe ik
v

- T

I ol S

Figure 4. Points used in the measurement of the
temperature of the grass

The Petunia x hybrida and Tagates erecta, plants
have been organized in a disordered manner. According to
the temperatures which have been obtained from different
points belonging to the plants the highest temperature was
found to be 8.96 °C while the lowest temperature was
found to be 8.56°C. The average temperature was found to
be 8.76°C as shown in Figure 5.

Figure 5. Temperature values belonging to Petunia
x hybrida, Tagates erecta,. Plant species

During the measurement of the study area, covered
by Thuja occidentalis L. (Area 1,2,3,4), Petunia X
hybrida, Tagates erecta, (Area 5,6,7), grass surface (Area
8,9), pavement (Area 10, 11), the highest temperature was
found to be 11.83 °C while the pavement was found to be
having 6.94°C in average. The lowest temperature was
measured on the surface of the grass. The Thuja plant was
found to have a minimum temperature of 8.23°C, a
maximum temperature of 9.13°C and a mean of 8.67°C as
shown in Figure 6, Table 1 and Figure 7.
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Figure 6. Spatial data of the study area

Table 1. The measurements obtained from left of
the study area

Min Max Mean
() () @)
Thuja 1.Area |8,2 9,15 8,67
occidentalis L. 5 Area 831 918 8.68
3.Area |g1g 9,15 8,68
4.Area | g o7 9,04 8,68
Petunia x S.Area |7 65 10,12 8,82
hybrida, Tagate |§ Area
s erecta. 8,31 9,65 8.88
7.Area | 764 10,26 8,95
Grass Surface |8.Area | g gq 8,38 7,51
9.Area |7 97 8,53 7,85
Pavement 10.Area 10,3 11,68 10,96
11.Area 10,26 11,83 11,12
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2 4 B Max(0C)
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Grass Pavement

surface

Petunia x
hybrida, tagates
erecta

Thuja occidentalis L.

Figure 7. The measurements obtained from left of
the study area

Pinus sylvestris L., measurements have been taken
from the middle of the field (Figure 8)
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Figure 8. The part which belongs to the middle of

the study area
According to different measurements obtained from
points belonging to the Pinus sylvestris plant, the highest
temperature was found to be 9.29 °C while the lowest
temperature was 8.89°C and the mean temperature was

T St 430 e
936°C

| jaaze
928

9.30°C

9‘_7;‘ c

“Figure 11.w'yly'ér‘n“pﬁe;ra"twtljlrles measured in front of the
study area

Table 2. Measurements of the left side of the study

- area
found to be 9.09°C as shown in Figure 9. -

s — w— - e Min (°C) | Max(°C) | Mean(°C)

= Pinusslyvestris | Area1 | 893 | 1005 | 936

= Area2 | 864 9,9 9,12

e, Area3 | 8,53 10,05 9,28

il Aread | g7g 10,48 9,55

sorc Petunia x Area 5 8.64 958 9.07

- - X hybrida, Tagates [Area 6 : : '
e L erecta 8,56 9,72 9,3
Figure 9. Temperatures measurements of the Pinus Area’ | 9o7 10,19 9,73
slyvestris plant Pavement Area 8 10,16 12,25 11,04
Area 9
During the measurement of the points on the 9,00 10,73 9,85

pavement of the study area, the high temperature was
found to be 10.73°C while the lowest temperature was
found to be 8.51°C and the mean temperature was 10.34°C
as it has been shown in Figure 10.

14
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Figure 10. Measurements belonging to the
pavement in front of the study area

During the measurement of the values of the study
area (Pinus slyvestris (Area 1,2,3,4), Petunia x hybrida,
Tagates erecta, (Area 5,6,7) and the pavement (Area 8,9))
the highest temperature value was found to be 11.04°C
while for the pavement was found to be 9.07°C. The
Petunia x hybrida and Tagates erecta. Plant species were
found to be having the lowest average temperature. The
average temperature of the Pinus slyvestris was found to
have a minimum of 8.72°C, a maximum temperature of
10.12°C and a mean of 9.32°C as shown in Table 11, Table
2 and Figure 11.
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Area 1|Area 2|Area 3 |Area 4|Area 5|Area 6|Area 7|Area 8|Area 9

Petunia x hybrida,
tagates erecta

Pinus slyvestris Pavement

Figure 12. Measurements of the left side of the
study area

The measurements of the Petunia x hybrida,
Tagates erecta, Thuja occidentalis L. and Cerastium
tomentosum L plants have been measured from the right
hand side of the study area as shown in Figure 13.
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Figure 13: The measured area is on the right hand
side of the study area

According to the measurements which have been
made on the points selected from the area covered by the
Thuja occidentalis L. plants, the highest temperature
obtained was found to be 9.51°C while the lowest
temperature was found to be 8.96°C and the mean
temperature was found to be 9.28°C as it has been shown
in Figure 14.

5.07°C

"~ Figure 14: The temperature measurements
obtained from measuring the Thuja occidentalis L. plants
are on the right hand side of the study area

According to the different measurements obtained
from the different points located on the Petunia x hybrida,
Tagates erecta, plants, the highest surface temperature was
found to be 9.58°C while the lowest was found to be
9.07°C and the mean was found to be 9.33°C as it has been
shown on Figure 15.

Figure 15: The temperature measurements
obtained from measuring the Petunia x hybrid, Tagates
erecta plants are on the right hand side of the study area.

According to the different measurements obtained
from the different points located on the Cerastium
tomentosum L, plants, the highest surface temperature was
found to be 8,23°C while the lowest was found to be
7.46°C and the mean was found to be 7.77°C as it has been
shown on Figure 16.
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Figure 16: The temperature measurements
obtained from measuring the Cerastium tomentosum
plants are on the right hand side of the study area.

During the measurement of the area of study
(Thuja occidentalis L (Area 1,2,3,4), Petunia x hybrida,
Tagates erecta, (Area 5,6,7), Pinus slyvestris (Area 8.9)
plants, Cerastium tomentosum (Area 10,11,12) and the
pavement (Area 13)), the highest temperature has been
found to be 11.83°C with the lowest while 7.16°C was the
mean. The lowest temperature was measured on the
Cerastium tomentosum plants. The Thuja occidentalis L
plants were found to have an average low temperature of
8,750C, an average maximum temperature of 9,91 °C and
an average temperature of 9,16 °C as it has been shown in
Figure 17, Table 3 and Figure 18.

983°C _[882'C
864°C [5,04°C

oo

Figure 17. The t'é;‘r‘ipé}a'ture measurements from are
on the right hand side of the study area.

Table 3: The temperature data obtained from the
right hand side of the study area.

Min | Max(® | Mean(°
(°C) 9 C)
Areal | 8,53 9,4 8,95
Area 2 | 8,97 9,65 8,97
Thuja occidentalis |Ar€a318.93 110,05 19,32
L. Aread | 8,6 10,55 |9,42
Area5 | 7,57 9,65 9,12
Petunia X hybrida, Area 6 | 9,07 10,01 9,53
Tagates erecta Area 7 | 8,49 9,69 9,22
Area 8 | 8,71 10,48 |9,4
Pinus slyvestris Area9 | 8,67 9,83 9,23
Area
10 7,16 8,82 7,61
Area
11 7,27 8,67 7,87
Cerastium Area
tomentosum 12 7,09 9,04 79
Area
Pavement 13 9,54 11,83 10,98
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Figure 18. Measurements of the left side of the
study area

4- RESULTS

After a complete measurement of the study area, it
was found out that the temperature of thuja was 8,91 °C,
petunya is 9,17°C, grass surface is 7,68°C, pavement is
10,95°C, pinus is 9,31°C and cerastium is 7,79°C as it has
been shown in Figure 19.

Modern urban areas have typically darker surfaces
and less vegetation than their surroundings. These
differences affect climate, energy use, and habitability of
cities. This is consistent with the hypothesis that green
cover may be effective in reducing temperature. However,
the surrounding natural and semi natural landscape types
facilitate the green cooling effect. These findings are
valuable for landscape and urban planning.

The areas which were covered by grass surfaced
and the Cerastium tomentosum plant were found to have
low temperature values. This can be explained by the
presence of more leaf surface area in these areas. Leaf
Area Index (LAI) is used to express the number of leaves
per unit area of the ground (m?). LAI affects processes
such as photosynthesis, interception, evapotranspiration
and many others (Waring, 1983; Bonan, 1993; Jose ve
Gillespie, 1997; Kara et al., 2011).

12

10

8
6
4
2
0

Thuja ‘Petunya Grass Pavement\ Pinus \Cerastlum

[mseris] 891 9,17 7,68

Figure 19. Measurements of the study area

[ 1095\ 9,31 \ 779 |

The increase of the number of leaves per surface
increases the amount of photosynthesis, transpiration and
other related biological processes. The required
temperature for vegetation transpiration is obtained from
the vegetation’s surroundings and a result of the
occurrence of transpiration, the surfaces which are close to
the vegetation are cooled.

In the study, the temperature of areas with less leaf
area, areas where the ground is visible, the areas made up
of Petunia x hybrida and Tagates erecta flower beds were
found to be having higher temperatures than the surfaces
covered by grams and Cerastrium tomentosum as a result
of the differences in the leaf surface. In the same way, for
the Thuja occidentalis plant, when compared to the Pinus
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sylvestris plant, it appeared to be cooler; this can be
explained by the variability of the leaf surface areas.

The pavements which are made up of marble
particles, attracted attention as being the hottest surfaces as
a result of being quite light in color and having the ability
of reflecting sun rays. Open areas which are directly hit by
run rays and the surfaces of lively materials have different
abilities of holding and radiating heat.
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Abstract — In this research, the decolourization process of Diamozol Red ED-3 textile dye by using activated sludge collected
from wastewater treatment facility in Bilecik First Organized Industry Zone was examined in membrane bioreactor (MBR)
system. The Lab/Pilot Scale MBR system had a working volume of 170 L and was equipped with a coarse and fine air bubble
creation mechanism for membrane and biological aeration, respectively. The temperature of the aeration tank was controlled at
25+1°C, the pH value and the concentration of DO was kept, respectively, in the range of 6.5-7.0 and 2.0-2.5 mg/L in the aeration
tank. The initial dye concentration and COD concentration of the synthetic wastewater prepared for decolourisation process were
50 and 952 mg/L, respectively. The dye concentration, COD concentration value were measured daily in effluent to assess the
removal efficiency. Most of the analytical techniques used in this study were mentioned in the standard methods. At the end of
the study treatment percentage colour removal was approximately 76% and COD removal was 79% in 7 days. The results
obtained from this study showed that textile dyes can be effectively decolorized by the activated sludge in MBR system.

Keywords: Biodegradation, COD, Decolourisation, MBR, Textile wastewater.

I. INTRODUCTION wastewater treatment facility in Bilecik First Organized
The reuse of wastewater reduces both the consumption of ~ Ndustry Zone was examined in membrane bioreactor (MBR)

freshwater resources and minimizes the environmental impact ~ SYStém.

of discharged wastewater. Biological treatment technologies I. MATERIALS AND METHOD
have been utilized in wastewater reclamation for over a Dye and Chemicals

century. Membrane Bioreactors (MBRs) can be broadly
defined as systems integrating biological degradation of waste
products with membrane filtration. Membrane bioreactors are
composed of two primary parts, the biological unit responsible Lab/pilot scale MBR system

for the biodegradation of the waste compounds and the The volume of MBR system was 170 L. The detailed
membrane mgdule_for the physical separation_of the tr.eate:d information about the MBR system used in fhis study was
water from mixed liquor. They have proven quite effective in previously presented by Ozan and Acikeoz [5], and also the

o ernc s ot conamiss vl 3¢S S of te b e MR S v
g ' given at Ozan and Acikgoz et al. [6]. The activated sludge

technology has great potential in a wide range of applications collected from wastewater treatment facility in Bilecik First

including textile wastewater treatment. The textile industry is Oraanized Ind b ferred b bi
characterized not only by the vast quantity of process water rganized Industry Zone transferred to membrane bioreactor
system. Each experimental run, 100 L of synthetic dye

used, but also by the variety of chemicals used. - . : -
e - containing water was fed into the aeration tank by the pump in
e ooy oy e MER sl The MER syt 1 8 ifser i
wastewater c?urin pthe ast decade. Schoeberl et%)I/ [1] found supplied continuous air with an intensity of 9 L/min for
g P : . ' complete mixed in order to supply dissolved oxygen to the
that COD and colour removal from textile wastewater was fu Th £ lled at 25 + 19C
89-94% and 65-91%, respectively. Similar observation was ngus. the temperature of system was contro ted at S+ .
' ' Also the pH and the dissolved oxygen (DO) concentration
made by [2] who found that MBR reduced 60-95% of COD . . -
were in the range of 6.5-7.0 and 2.0-2.5 mg/L in the aeration
and 46-98.5% of colour at 525 nm. [3] found that the average tank. A schematic view of the MBR svstem is shown in
COD and dye removal efficiency was 94.8% and 72.9%, fi urlel Y
respectively by aerobic MBR treatment. Deowan et al. [4] g '
investigated the MBR treatment for textile wastewater and
found that COD removal efficiency was around 90% by MBR
and they also found that red and blue colour removal
efficiencies were 25-70% and 20-50 % respectively.
In this study, removal of Diamozol Red ED-3 from simulated
textile wastewater by using activated sludge collected from

All chemicals were obtained from Merck. Diamozol Red
ED-3 dye were supplied from the local textile factory.

86


mailto:kadir.ozan@bilecik.edu.tr
https://www.sciencedirect.com/science/article/pii/S0960852416000092#b0040
https://www.sciencedirect.com/science/article/pii/S0960852416000092#b0355
https://www.sciencedirect.com/science/article/pii/S0960852416000092#b0080

International Journal of Multidisciplinary Studies and Innovative Technologies, 2018, 2(2):86 - 88

[4][4]
e 068 @
— ==
6. :
21
2'5 23 24
I—L ®.>Q5 Zé —"14 ) —’|14 H
Fao: amliBIE -
o ® " ; 10
27 E =
E s v ,
& 18 — 18
| | |

17(»

- MBR control panel

- Pressure display

- Digital flowmeter display
- Digital thermostats

1

2

3

4

5- Level control switch
6- Switch

7- s5c200 Controller
8- PLC

9- Aeration tank/Bioreactor
1

0- Wastewater tank

11-
12-
13-
14-
15-
16-
17-
18-
19-
20-

Membrane module

Water flow meter

Valve

Resistance heater

Water level control electrode
Discharge valve

Blower

Pump

Coarse filter

Fine bubble diffuser

21-
22-
23-
24-
25-
26-
27-
28-
29-

Acid-Base pump
Pressure transmitter
LDO sensor

pH sensor

Turbine flowmeter
Actuator valve
Permeate tank

Air flow meter

Air regulator

Fig. 1 Schematic view of lab/pilot scale MBR system.

Synthetic wastewater

The medium, included 1.5 g/L starch, 1 g/L glucose, 0.4
g/L urea, 0.099 g/L CaC1,, 0.255 g/L NaCl, 0.17 g/L Na2COs,
0.17 g/L NaHCOs, 1 ml/L trace elements and (5 g/L) dyestuff,
was used for biodegradation process.

The trace element stock solution was prepared as 0.125 g
CuS0y4, 5H,0, 0,05 g H2M00O4, 0.061 g MnSO4, 5H,0, 0.043 g
ZnS0., 7H,0, and 0.082 g Fex(SO4)3, 14 H,O in 1 L of
Milli-Q water.

Analytical methods

The analytical measurements of dye containing wastewater
were done by using a spectrophotometer (JENWAY 7315
spectrophotometer). The absorbance peak was measured at
540 nm for Diamozol Red ED-3. Scanning was performed
between 300 and 800 nm.

The calibration curve of “absorbance vs. concentration”
was used for calculation of dye concentration and the reduction
of dye concentration was used to calculate the rate of
depolarization efficiency.

Rate of decolorization (%) = (Co— Cy) /Co x 100 Eq.(1)

In this equation, Coand Csrepresent the initial and final dye
concentrations (mg/L), respectively.

COD analyses were performed by means of a
spectrophotometric test (Spectroquant Merck) and later
determined spectrophotometrically (Nova 60Aspectroquant),
at 528 nm. Samples (influent, effluent) were centrifuged (Nuve
NF 400) for 5 min. at 10,000xg and diluted appropriately
before each COD determination.

I1. RESULTS

The removal efficiency of dye and COD results obtained in
the MBR system were given in Tablel.
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Table 1. The removal efficiency of COD and dye results in 7 days.
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Initial 67 | 25 | 21 | 952 | - 50 -
value

TDay | 68 | 25 | 23 | 725 | 24 2356 | 53

2. Day | 67 | 24 | 21 | 524 | 45 2060 | 59

3 Day | 7 2% | 24 | 316 | 67 1897 | 62

4 Day | 66 | 26 | 25 | 285 | 70 1839 | 63

5. Day | 68 | 25 | 23 | 255 | 73 1724 | 66

6. Day | 69 | 24 | 23 | 218 | 77 1379 | 72

7. Day | 67 | 26 | 25 | 197 | 79 1207 | 76

The dye concentration and COD concentration of the synthetic
wastewater prepared for experimental study were 50 mg/L and
952 mg/L, respectively. The removal efficiency of COD and dye
obtained from experimental study were given in Fig.2 and Fig.3.
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Fig. 2 The removal efficiency of COD.
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Fig. 3 The removal efficiency of dye.
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IV.DISCUSSION

It was observed that after 3 days of treatment, the
decolorization percentage reached to a 62%. It is observed for
the Diamozol Red ED-3 dye that after 7 days of treatment the
decolorization percentage was over 76 %, respectively.

The influent COD concentration was 952 mg/L, during the
decolorization process in the MBR system. The aerobic
treatment resulted in a COD abatement of 79%. The results
obtained from this study are consistent with the results in the
literature. In the literature, it was given that red colour removal
and COD removal efficiency by MBR system were 25-70%
and 90%, respectively [4].

Some other researchers have also worked in continuous or
semi-continuous modes, achieving effective decolorization
percentages. However, their experimental systems have
smaller capacity than our MBR system.

The results indicated that the organic removal efficiency
achieved was up to 79% by means of biological treatment, with
the assistance of membrane filtration. This suggested that
membrane filtration played a significant role in maintaining
high and stable organic removal efficiency.

V. CONCLUSION

Textile industry is one of the most significant manufacturing
sectors that produce large volumes of highly polluted and toxic
wastewater. As result of experimental studies, the removal
efficiency of color and COD was determined as 76% and 79%,
respectively. It can be concluded that textile dyes can be
effectively decolorize by in the MBR system.
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