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Editorial (ED)
Autonomous Ships from the Editor's Perspective

The number of computer-aided systems on boards is gradually increasing and the
number of people on board is decreasing as a result of the technological development.
For example, a cargo ship with a crew of 20-25 people can now safely operate with fewer
people. While speaking about the technological development, it is appropriate to underline
two concepts: big data and the internet of things (IoT). Big data is briefly defined as the
emergence of reliable new information, depending on how much information having about
anything. The IoT is defined as a network where objects can connect to each other or to
larger systems. These two concepts take technological development to a different level and
play a major role especially in the development of autonomous systems. We can say that
autonomous and remotely controlled ship technology also emerged on the basis of these
two concepts.

The concept of autonomous ship includes fundamental technologies such as autonomous
navigation, automatic berthing / unberthing, remotely-monitored engine, equipment and
loading operations and automatic communication between ships. It covers a wide range
from ships which are fully unmanned or can be remotely-controlled from land-based virtual
bridges, and ships with systems that alert the operator to a possible pre-conflict or help
optimize operations.

Although the idea that ships could sail with computer support was originally based on
the 1970s, research has gained momentum especially since the beginning of 2010s. The
first unmanned surface vehicle project launched by South Korea in 2011 and the Maritime
Unmanned Navigation through Intelligence in Networks (MUNIN) project launched in 2012
and financed by the European Union emerged as the first concrete steps. New developments
about the topic are experienced day by day in the international arena with the lead of the
United States of America (USA), United Kingdom (UK), China, Denmark, Finland, South Korea,
Japan, Norway and Singapore. While the governmental institutions make efforts especially
on the establishment of legal regulations and standards, private institutions carry out studies
on technological development. For example, UK Maritime Autonomous Systems Regulatory
Working Group (MASRWG) has developed a code of conduct for autonomous ships. Norway
has established the Norwegian Forum for Autonomous Ships (NFAS) to support and develop
the concept of unmanned maritime transport with the participation of government agencies
and industrial organizations. On the other hand, the Chinese Classification Society (CSS),
ClassNK and DNV GL have initiated studies to set standards and to make recommendations
for the revision of international regulations. From the private organizations, especially Rolls-
Royce, Google, Intel, Norway-based Yara and Kongsberg, Finland-based FinFries and Mitsui
0.S.K. Lines (MOL) spends effort to develop the technology. In addition to the consortiums
established by governments and companies alone or together,
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There is an international group established to strengthen the relationship network
between organizations interested in the field of autonomous and unmanned ships research.
The group, called the International Network for Autonomous Ships (INAS) and whose
secretariat is run by Norway, consists of 16 countries including USA, UK, China, Denmark,
Finland, South Korea, Japan and Australia and European Space Agency (ESA) and the
European Maritime Safety Agency (EMSA). From the Turkey perspective, Dokuz Eylul
University, istanbul Technical University and Yildiz Technical University conducts research
on the subject and companies such as ASELSAN and SANMAR are working on the subject.

It is predicted that the autonomous or remotely controlled ships may commence
operations sooner than expected due to the rapid development of the technology. IMO has
taken the issue to its agenda taking this possibility into consideration. The 98th meeting
(MSC 98) held by the IMO Maritime Safety Committee (MSC) in June 2017 is the first
committee meeting in which the concept of unmanned and autonomous ships came to
the agenda. In the meeting, which was taking into consideration the rapid development
of unmanned vessels in the future, it was suggested that the requirements of Maritime
Autonomous Surface Ships (MASS) should be investigated under the headings of safety,
security, environment and efficiency and discussed on revision of existing regulations. As
a result of the MSC 98, it was decided that a work program should be initiated at the next
meeting to define an “autonomous ship” definition and a regulatory scope on existing IMO
regulations. At the 99th committee meeting (MSC 99) held in May 2018, the committee
initiated a study on how safe, secure and environmentally sensitive MASS operations can
be conducted. At this meeting, the Committee approved the methodology and work plan
for the regulatory scoping study, which includes details such as the MASS definition and
autonomous degrees. MASS was defined by the Committee as “a vessel capable of operating
independently of varying degrees of human interaction”. At the 100th meeting (MSC 100)
held in December 2018, the committee completed the first regulatory scoping activities
for autonomous ships. IMO instruments to be discussed within the scope of the scoping
exercise planned to be completed in 2020 include safety, watchkeeping standards, search
and rescue, security, traffic rules, loading and ship balance. The committee also initiated a
working group to establish guidelines for the testing of autonomous ships.

As aresult, the concept of autonomous and unmanned ships may be the hottest research
topic in the maritime industry, nowadays. International institutions and organizations
intensively carry out their initiatives and activities in order to gain competitive advantage
in this new field. Turkey needs to be active not to miss the rapid progress in autonomous
ship technology. Similar to the international activities mentioned above, launching some
initiatives in Turkey is extremely important in terms of having a significant pie-share of
the new technology in the future. Forming a research group consisting of universities,
government agencies and private organizations and taking an active role as a member
of international associations such as the INAS will contribute to be among the countries
producing technologies for autonomous ship concept. As an editorial board, we plan
to include more frequently the studies on autonomous ships and artificial intelligence
applications in JEMS.

Editor

Prof. Dr. Selcuk NAS
Associate Editor
Remzi Fiskin
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Editérden (ED)
Editor Perspektifinden Otonom Gemiler

Teknolojik gelisim ile birlikte gemilerde yer alan bilgisayar destekli sistem sayisi giderek
artmakta ve bu duruma bagh olarak gemide bulunan insan sayis1 kademeli olarak azalmaktadir.
Ornegin énceleri 20-25 kisi aras1 miirettebat bulunduran bir yiik gemisi artik cok daha az kisi ile
operasyonlarini emniyetli bir sekilde yiiriitebilmektedir. Teknolojik gelisim demisken burada iki
kavramin altini ¢izmek yerinde olacaktir: biiytik veri (big data) ve nesnelerin interneti (internet
of things - [oT). Biiyiik veri kisaca, herhangi bir sey hakkinda ne kadar ¢ok bilgi sahibi olunduguna
bagli olarak giivenilir yeni bilgilerin ortaya cikmasi olarak tanimlanmaktadir Nesnelerin
interneti ise, nesnelerin birbirleriyle veya daha biiyiik sistemlerle baglanti kurabildigi bir iletisim
ag1 olarak ifade edilmektedir. Bu iki kavram teknolojik gelisimi farkli bir boyuta tasimakta ve
ozellikle otonom sistemlerin gelismesinde biiytik rol oynamaktadir. Otonom ve uzaktan kontrol
edilebilen gemi teknolojisinin de bu iki kavram temelinde ortaya ciktigini sdyleyebiliriz.

Otonom ve uzaktan kontrol edilebilen gemi kavrami; otonom seyir, otomatik yanasma/
ayrilma, uzaktan takip edilebilen makine, techizat ve yiikleme operasyonlar1 ve gemiler arasi
otomatik haberlesme gibi bircok otomasyon uygulamayi iceren bir alandir. Tamamen insansiz
veya karatabanli sanal képriiiistiinden uzaktan kontrol edilebilen gemilerden, operatorii olasi bir
catisma dncesi uyaran veya operasyonlari optimize etmeye yardimci sistemlere sahip gemilere
kadar genis bir alani kapsamaktadir:

Gemilerin bilgisayar destegi ile seyir yapabilecegi fikri ilk olarak 1970’li yillara dayansa
da, o6zellikle 2010’lu yillarin basindan itibaren arastirmalar ivme kazanmistiz 2011 yilinda
Giliney Kore tarafindan baslatilan insansiz sutistii araci projesi ve 2012 yilinda bagslatilan ve
Avrupa Birligi tarafindan finanse edilen “Maritime Unmanned Navigation through Intelligence
in Networks (MUNIN)” projesi ilk somut adimlar olarak ortaya ¢ikmistir. Uluslararasi arenada
konu tzerine Amerika Birlesik Devletleri (ABD), Birlesik Krallik, Cin, Danimarka, Finlandiya,
Giliney Kore, Japonya, Norveg, Singapur gibi tllkelerin basi ¢cekmesi ile her gecen gilin yeni
gelismeler yasanmaktadir Devlet kurumlar1 6zellikle yasal diizenlemeler ve standartlarin
belirlenmesi {lizerine ¢aba harcarken, 6zel kuruluslar teknolojik olarak gelisimin saglanmasi
lizerine calismalar yiiriitmektedirler. Ornegin, Birlesik Krallk Deniz Otonom Sistemleri Yasal
Diizenleme Calisma Grubu otonom gemiler i¢in yiiriitme ve uygulama kodu gelistirmistir.
Norvec ise, devlet kurumlart ve sanayi kuruluslar istiraki ile insansiz deniz tasimacilig
kavramini desteklemek ve gelistirmek amaciyla Norve¢ Otonom Gemiler Forumu kurmustur.
Diger taraftan China Classification Society (CSS), ClassNK ve DNV GL gibi klas kuruluslari ise
standartlarin belirlenmesi ve uluslararasi regiilasyonlarin revizyonu icin 6nerilerde bulunmak
amaciyla calismalar baslatmistir. Ozel kuruluslara baktigimizda ise 6zellikle Rolls-Royce, Google,
Intel, Norveg¢ merkezli Yara ve Kongsberg, Finlandiya merkezli FinFerries ve Japonya merkezli
Mitsui 0.S.K. Lines (MOL) gibi firmalar 6ne ¢ikmaktadir. Devletlerin ve firmalarin tek basina veya
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bir araya gelerek olusturduklar birlikteliklere ek olarak, otonom ve insansiz gemiler arastirma
alanma ilgi duyan organizasyonlar arasindaki iliski agini gliclendirmek amaciyla kurulmus
uluslararasi bir yapi bulunmaktadir. Otonom Gemiler icin Uluslararasi iliski Ag1 (INAS) olarak
isimlendirilen ve sekretaryasi Norveg tarafindan yiirtitiilen bu grup icinde, ABD, Birlesik Krallik,
Cin, Danimarka, Finlandiya, Gliney Kore, Japonya ve Avustralya gibi tilkelerin de yer aldig1 toplam
16 iilke, Avrupa Uzay Ajansi ve Avrupa Deniz Emniyeti Ajansi yer almaktadir: Tiirkiye 6zelinde
ise Dokuz Eyliil Universitesi, Istanbul Teknik Universitesi ve Yildiz Teknik Universitesi’nin konu
lizerine arastirmalar ytiriitmektedir. Diger taraftan ASELSAN A.S. ve SANMAR gibi firmalar da
konu tlizerine ¢alismalar yapmaktadir.

Teknolojinin hizla ilerlemesi ile otonom veya uzaktan kontrol edilebilir gemilerin tahmin
edilenden daha yakin zamanda faaliyetlerine baslayabilecegi ongoriilmektedir. Bu ihtimali g6z
oniinde tutan IMO da konuyu giindemine almistir IMO Deniz Emniyeti Komitesi (MSC)nin
Haziran 2017’de gerceklestirdigi 98. toplanti (MSC 98), insansiz ve otonom gemi kavraminin
giindeme geldigi ilk komite toplantisi olma 6zelligini tasimaktadir: Ortaya ¢ikan hizl gelisimin
dikkate alindig1 toplantida, otonom gemiler (Maritime Autonomous Surface Ships - MASS) ile
ilgili emniyet, giivenlik, cevre ve verimlilik basliklar1 altinda gereklerin arastirilmasi ve mevcut
diizenlemelerin revizyonu iizerine tartisilmasi gerektigi ileri siirtilmistiic MSC 98 sonucunda,
“otonom gemi” tanimi ve mevcut IMO diizenlemeleri izerine diizenleyici bir kapsam belirlenmesi
icin bir sonraki toplantida bir ¢alisma programinin baslatilmasi gerektigine karar verilmistir.
Mayis 2018’de gerceklestirilen 99. toplantida (MSC 99) ise komite, MASS operasyonlarinin ne
kadar emniyetli, giivenli ve ¢evreye duyarli olarak gerceklestirilebilecegi lizerine bir ¢alisma
baslatmistiz. Komite bu toplantida, MASS tanimi ve otonom dereceleri gibi detaylar1 da
iceren diizenleyici kapsam belirleme calismasi i¢in olusturulan metodoloji ve ¢alisma planini
onaylamisti. Komite tarafindan MASS “degisken derecelerde insan etkilesiminden bagimsiz
olarak faaliyet gosterebilen bir gemi” olarak tanimlanmistiz Aralik 2018’de gerceklestirilen
100. toplantida (MSC 100) ise komite, otonom gemiler icin baslattigi diizenleyici kapsam
belirleme c¢alismalarinin ilkini tamamlamistir 2020’de tamamlamay1 planladigi kapsam
belirleme ¢alismalart dahilinde goriisiilmesi gereken IMO enstriimanlari arasinda emniyet,
vardiya standartlari, arama kurtarma, giivenlik, trafik kurallari, yiikleme ve gemi dengesi gibi
diizenlemeler bulunmaktadir. Komite bu oturumda ayni zamanda, otonom gemilerin testleri ve
denemeleri i¢in kilavuz olusturulmast i¢in bir ¢alisma grubu da baglatmistir:

Sonug olarak, otonom ve insansiz gemi konsepti giiniimiizde denizcilik endiistrisinin belki
de en sicak arastirma konusu durumundadir. Uluslararasi kurum ve kuruluslar bu yeni alanda
rekabet avantajini elde edebilmek amaciyla girisimlerini ve faaliyetlerini yogun bir sekilde
siirdiirmektedirler. Otonom gemi teknolojisiile ilgili hizli birilerlemenin kaydedildigi glintimiizde
Turkiye'nin de aktif olarak girisimlerde ve faaliyetlerde bulunmasi gerekmektedir. Tiirkiye'de de
yukarida 6rneklendirilen uluslararasi faaliyetlere benzer girisimleri hayata gecirmenin ileride
sahip olacagimiz pasta pay1 agisindan son derece 6nemlidir. Devlet kurumlari, 6zel kuruluslar ve
iniversitelerden olusan bir arastirma grubu olusturmak ve INAS gibi uluslararasi birliklere tiye
olarak aktif rol almak, Tiirkiye'nin otonom gemi konsepti icin teknoloji iireten iilkeler arasina
girmesi ve 6nemli bir konum elde etmesi agisindan katki saglayacaktir. JEMS yonetimi olarak
ozellikle otonom gemi ve uygulamalari ile yapay zeka uygulamalari iizerine hazirlanmis olan
calismalara dergimizde daha sik yer vermeyi planlyoruz.

Editor

Prof. Dr. Selcuk NAS
Yardima Editor
Remzi FISKIN
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Abstract

During the last 20 years, requlatory enforcements regarding with the protection of marine environment
have been significantly increased. Especially, starting from 1 January 2010 a new regulation, consisting of
waste water treatment plants in ships and new effluent limits, took effect. The new limits comprise a stricter
review of prior limits. The strict reduction in the effluent limits for the treated wastewater discharged from
ships intimates International Maritime Organization (IMO)’s intention to provide more severe control on
wastewater discharges and to demand on installation wastewater treatment system that meet international
requirements. Furthermore, the new limits constitute a further challenge for the manufacturing companies
specified in design and manufacturing of waste water treatment systems. To way out from these points,
this study focuses on development a knowledge-based expert system for selection of appropriate shipboard
wastewater treatment system. Within this scope, the study proposes a hybrid approach combining AHP and
TOPSIS under fuzzy environment. The three most commonly preferred shipboard wastewater treatment
system types are examined and evaluated in terms of various design, operation and environment criteria.

Keywords: Shipboard Wastewater Treatment System, AHE, TOPSIS, Fuzzy Logic, Knowledge-Based Expert System.

Gemi Uzeri Pis Su Aritma Sistemi Secimine Yénelik Bilgi Tabanli Uzman Sistemi

Oz

Son 20 yil icerisinde, deniz cevresinin korunmasi ile ilgili yasal diizenlemeler énemli derecede artis
gbstermistir. Ozellikle, 1 Ocak 2010 yilinda gemilerdeki pis su aritma sistemlerinin atik su limitlerini
diizenleyen yeni bir kural ytiriirliige girmistir. Gemilerden tahliye edilen aritilmis sular icerisindeki atik
limitlerinin énemli derecede azalmasi ile beraber Uluslararast Denizcilik Orgiitii (IMO) dikkatini atik su
tahliyesini ¢cok daha siki bir sekilde denetlemeye ve gemilere donatilan pis su aritma sistemlerinin uluslararast
gereksinimleri karsilamasina cevirmistir. Dahasi, yeni atik limitleri ile beraber tiretici firmalar pis su aritma
sistemlerinin tasarinu ve tiretimi ile ilgili pek cok ileri diizey zorluklar ile karst karstya kalmislardir. [lgili
gelismeler cercevesinde, bu ¢calisma ile gemiler icin en uygun pis su aritma linitesinin secimi tizerine bilgi
tabanli bir uzman sistemi gelistirilmesi lizerinde yogunlagilmistir. Bu dogrultuda, bu ¢calisma AHP ve TOPSIS
yéntemlerini bulanik tabanli olarak birlestirerek karma bir yaklasim énerisinde bulunmaktadir. Gemiler
lizerinde yaygin olarak kullanilan 3 pis su aritma sistemi belirlenerek, cesitli tasarim, operasyon ve cevresel
kriterlere gére degerlendirilmistir.
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1. Motivation on Study

Over the last forty years, the
international  concerns  have  been
tremendously increased about the possible
threats to the marine environment stem
from the shipping industry. The adoption
of the International Convention for the
Prevention of Marine Pollution from Ships
(MARPOL) can be accepted as a milestone
on the prevention of marine environment
caused by ship-based pollutants. The first
version of MARPOL was accepted in 1973.
Over the years, it has been significantly
revised and it still forms the basis for
the future on prevention of marine
environment. Nowadays, the International
Maritime Organization (IMO) works
toward the concept of environmentally
sound ships for the 21st Century through
adopting new and stricter regulations. In
the document published by North Atlantic
Treaty Organization (NATO) in 2010 [1], the
concept behind the environmentally sound
ship is defined as; “a ship that could operate
in any water body worldwide without
causing significant adverse environmental
impacts while complying with all applicable
environmental regulations”. Under the light
of this definition, minimization of waste
generation and appropriate treatment or
disposal method for the wastes generated
on board can be considered as crucial
environmental issues in today’s shipping
industry. Nowadays, considerable research
and development activities have been
made to develop on-board capabilities for
treating or disposing of ship-based solid
and liquid wastes. Additionally, tremendous
research efforts have been made to
provide satisfactory solutions for treating
blackwater and greywater generated on
board ships.

The strict reduction in the effluent
limits on treated ship wastewater intimates
IMO's intention to provide stricter
control on wastewater discharges and to
demand on more comprehensive selection

and installation progress of shipboard
wastewater systems on part of the engineers
and the ship-owners. To overcome the
challenges in the strict restrictions of
wastewater  discharge, manufacturers
concentrate on new researches in the
design and manufacturing stages of
wastewater  treatment  technologies.
These technological improvement
researches generate numerous type
shipboard wastewater treatment systems
(SWWTS); however, a various number of
limitations on board ship, such as confined
space available to install, operation and
maintenance cost, limited man power,
limited repair and maintenance time, and
harsh environmental conditions rarify
the selection of appropriate wastewater
technologies for responsible stakeholders
in shipping industry.

In order to support the decision-making
process of actors in the shipping industry,
it is necessary to use the advantages
of decision-making techniques in the
literature; however, there are only limited
number of studies have been proposed
in the literature to provide solution on
SWWTS selection. At this insight, this study
proposes a knowledge-based expert system
integrated into a fuzzy environment to
handle the vagueness and subjectivity in
the selection problem. A knowledge-based
expert system consists of a combination
of the Fuzzy Analytic Hierarchy Process
(F-AHP) and Fuzzy Technique for Order
Preference by Similarity to Ideal Solution
(F-TOPSIS) methods. F-AHP is used to
determine weights of the criteria, and
F-TOPSIS is used to systemic evaluation of
alternatives on multiple criteria.

Within this direction, the rest of the
paper is organized as follows; literature
review on the studies related to the scope of
this study is comprehensively executed in
section 2. The introduction of the proposed
methodology is followed out in section 3. An
application of the methodology is given in
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section 4. In the final section, the results and
the proceeds of the proposed knowledge-
based expert system are examined.

2. Literature Review

In the literature, it is possible to find
a large number of studies realized by
different methods to process selection,
design, and operation of the wastewater
treatment systems for the land-based
application and the need for such studies is
increasingly growing. For instance, Balmer
& Mattson [2] proposed a study to analyse
the wastewater treatment plant operation
cost. Additionally, in 2001, Sarkis and
Weinrach [3] used the advantages of Data
Envelopment Analysis (DEA) method to
evaluate alternative wastewater treatment
technologies. Operational cost savings and
capital cost savings were considered as
input factors, transuranic waste and low-
level waste were considered as output
factors in the study. Besides, Tsagarakis
et al. [4] proposed a study aiming to
help engineers to evaluate wastewater
projects. A cost-effectiveness criterion
was introduced to evaluate alternative
wastewater treatment systems in the study:.
As an important example of application
Multi- Criteria Decision Making (MCDM)
techniques in wastewater treatment
system selection, Biiyiikozkan et al. [5]
introduced an integrated MCDM model in a
fuzzy environment to evaluate wastewater
treatment investment from the aspects of
economic effectiveness, technical feasibility,
and environmental regulation. Also, Sato
et al. [6] made an evaluation on sewage
treatment systems respect to the total
annual cost. Additionally, Anagnostopoulos
et al. [7] used one of the important MCDM
techniques, Analytic Hierarchy Process,
combined with fuzzy logic to select
wastewater facilities at the prefecture
level. In 2007, Zeng et al. [8] proposed a
systematic approach structured on the
integration of Analytic Hierarchy Process

(AHP) and Grey Relational Analysis (GRA)
for wastewater treatment alternatives
selection. Also, Alsina et al. [9] developed
a model on the decision- making process
related to the multi-criteria evaluation
of Wastewater Treatment Plant (WWTP)
control strategies. De Foe et al. [10]
described a simple multi-criteria approach
for the selection of the best chemical for the
treatment of urban wastewater. Alsina et
al. [11] presented a study to integrate the
environmental assessment and life cycle
assessment for the correct assessment of
wastewater treatment plants. Bottero et
al. [12] compared the analytic hierarchy
process and the analytic network process
for the assessment of wastewater treatment
systems. Karimi etal [13] adopted analytical
hierarchy process and fuzzy analytical
hierarchy process methods for the selection
of most suitable wastewater treatment
process. Kalbar et al. [14] analysed the
four most commonly used wastewater
treatment technologies for the treatment
of municipal wastewater in India with the
help of TOPSIS methodology. [langkumaran
et al. [15] proposed a hybrid Multi-Criteria
Decision Making (MCDM) methodology
for the selection of wastewater treatment
(WWT) technology for treating wastewater.
Upadhyay [16] applied Analytical Hierarchy
Process to compare sewage treatment
plants in India.

On the other hand, there are only a
few studies in maritime side related to
the topics of process selection, design,
and operation of waste-water treatment
systems. One of these studies is introduced
by Demboski et al. [17] in 1997. In the
study, the authors made an evaluation
of US-Navy shipboard sewage and grey
water systems. Additionally, in 2003,
Eley & Morehouse [18] focused on the
evaluation of new technology for shipboard
wastewater treatment. Also, the guidelines
published by the International Council of
Marine Industry Association regarding the
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introduction of the alternative wastewater

treatment systems [19] can be given

another example document.

Respect to the literature review, the
following findings can be explained:

i) There is a big gap in the literature
related to the shipboard wastewater
treatment system selection problem.

ii) MCDM techniques are commonly used in
Wastewater Treatment System (WWTS)
selection problems.

iii) Lack of information, uncertainty, and
ambiguity in the selection problems
mostly solved with the adoption of fuzzy
logic.

Under the lights of these findings, this
study focuses on the development of a
knowledge-based expert system on SWWTS
selection. The proposed knowledge-based
expert system is explained in following
section.

3. Proposed Methodology

MCDM methods provide notable
solutions in a vast amount of problems
in almost all industrial fields with their
advantageous features [20]. Specifically,
AHP method was defined as one of the
most outstanding MCDM in the literature
proposed by Thomas Saaty in 1980 [21].
In compare to other MCDM methods, AHP
method has been successfully applied in
many practical decision-making problems
[22]. In addition to AHP Method, Technique
for Order Preference by Similarity to Ideal
Solution (TOPSIS) is another most popular
MCDM method developed by Hwang
and Yoon in 1981 [23] which is based on
choosing the best alternative. To eliminate
the uncertainty, ambiguity and lack of
information shortcomings in the selection
problem using the classical AHP and TOPSIS
methods with its ordinary (numerical)
comparison grades do not seem possible. At
that point adoption of fuzzy logic into the
classical MCDM methods helps researchers
to minimize  the aforementioned

shortcomings in the selection problems.
In this direction, the study proposes a
hybrid methodology with the combination
of AHP and TOPSIS methods under fuzzy
environment to constitute a knowledge-
based expert system on SWWTS selection
problem. Theoretical descriptions of the
methods are described in the following
subsections.

3.1. Fuzzy AHP (F-AHP)

In the literature, it is possible to
find various extended version of AHP
method under a fuzzy environment that
propose systematic approaches. This
study concentrates on a F-AHP approach
introduced by Chang in 1992 [24]. Chang’s
extent analysis method on F-AHP uses
triangular fuzzy numbers for pairwise
comparison scale and depends on the
degree of possibilities of each criterion.

Inthe proposed knowledge-based expert
system, a Triangular Fuzzy Number (TFN),
which can be represented as M = (I, m, u),
where 1 £ m < u, is used. The parameters
() and (u) represent the lower and upper
value of fuzzy number M respectively and
parameter (m) represents the modal value.
Triangular type membership function of M
fuzzy number can be described as in Eq. (1)
[25].

0, x<l
x—1
—7 I<x<m
() =4 1y (1)
; msx=<su
u-—m
0, xX>u

The membership functions of the
linguistic values of the weights of criteria
are shown in Figure 1, and the triangular
fuzzy numbers related to these variables
are presented in Table 1.
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1 e m i
Equally Maderately Strongly  Very Stongly  Extremely Mgi' Mg,-* ! Mﬂ; 1= 1’2' wn Dl (3)

Chang’s extent analysis [24] follows the
steps described below respectively [26, 27,
28]:

Step 1: The fuzzy synthetic extent value
with respect to the i, object is defined as

Figure 1. Linguistic Values of the Weights of
Criteria

Table 1. Linguistic Values and TFNs to Evaluate the Weights of Criteria

Linguistic variables Triangular fuzzy numbers gi;‘::s:_lsar reciprocal fuzzy
Just equal (JE) (1,1,1) (1,11

Equal importance (EI) (1,1,3) (1/3,1,1)

Weak importance (WI) (1,3,5) (1/5,1/3,1)

Strong importance (SI) 3,5,7) (1/7,1/5,1/3)

Very strong importance (VSI) (5,7,9) (1/9,1/7,1/5)

Extremely preferred (EP) (7,9,9) (1/9,1/9,1/7)

By using linguistic variables and related

TFNs in Table 1, the fuzzy judgement matrix - i 2 —m | i
/T(d,,j), obtained via pairwise comparisons, Si = z Mg, ® ZZH Mg, (4)
can be expressed as follows: j=1 I=1

gi; gi:; ;'"=1‘ Mg, s calculated by fuzzy addition
11 i : operation of m extent analysis values for a
ly2p,, ynp,, particular matrix as given below:
ﬁz:ll &Zril
52:12 11 ﬁz;,z m » m m m
T R ZM;( = (Z l; ,Z mi,Z u,-) (5
A=|"#Pn whn)| (2) = =1 =1 im

and to obtain [X1. 37, M) ], the Eq. (6)
and Eq. (7) are implemented respectively:

Qn1y ﬁ:'r21
(8P Gy 1,1,1) n - ) n il n
P T W) T 3 I
L Qnipy, Unzpy, ] =1 i=1 i=1 i=1

G={g, g, g} Iis agoal set. According to
Chang’s fuzzy extent analysis, each object,
x,, is taken and extent analysis is performed
for each goal, g . Therefore, m extent
analysis for each object can be obtained,
given as:

Let X ={x,x,,-*-, X } be an object set and [

Som ] 1 1 1
il = 7
ZZ;._IMQ‘] ( B, m B I‘) )

i=1 =17

Step 2: The degree of possibility of M, =
(12, m,, u2] 2M, = [11, m,, “1) is defined as:
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VM, > M,) = s;l.:f[min(,uul(x)-ﬂwz (Y)')] (8)

and Eq. (8) can be defined as follows:

V(M = M;) = hgt(M, N M) = pp, (d) (9)
1; if my 2 my
0, ifl, =

Hae (d) = { L —u, ! ."z (10)
—(mz pepee s e otherwise

where, as seen in Figure 2, d represents the
ordinate of the highest intersection point D
between u,, and p,,,. We need to calculate
the values of V(M, > M,) and V(M, > M,) to
make a comparison of M, and M, .

Figure 2. The Intersection Between M, and M,

Step 3: The possibility degree of a
convex fuzzy number to be greater than k
convex fuzzy numbers M, (i=1,23, .., k) can
be defined by

VIM=M M, M)
=VI[(M 2 M,) and(M =2 M,) and ...and (M 2 M)] (11)
=minV(M = M;)

Assuming thatd’(A)=min V(S > S,)
fork=1,2,... n; k # i Then, the weight vector
is given by as:

! I | 4 r T
W' = (d'(A,),d'(4,),,d'(Ay)) (12)
where A (1,2,-+-n) has n elements.

Step 4: With normalization, the

normalized weight vectors are given as:

W = (d(A,),d(A,), -, d(A))" (13)

where W is a non-fuzzy number.

3.2. Fuzzy TOPSIS (F-TOPSIS)

TOPSIS is a MCDM method which was
developed by Hwang and Yoon [23] in 1981.
It provides to select the best alternative
based on the ranking the alternatives under
multiple criteria. In the study, to handle the
ambiguities, uncertainties, and vagueness
in the selection problem, TOPSIS method
with fuzzy logic is used. It is possible to
find many applications of F-TOPSIS in
the literature. The extended version of
TOPSIS with fuzzy logic proposed by Chen
[29] is preferred to use in the study. The
corresponding steps of this method are
described as follows;

Step 1: The weights of the criteria
w;j=1 2 , number of criteria) and
performance ratings of alternatives under
each criterion (xl.].; i=1,2,...,m number of
alternatives, j = 1, 2, ....., number of criteria)
are accepted as inputs and placed in matrix
form. The performance ratings, X,.I. , of
alternatives are assigned by the expert with
the help of linguistic variables presented in
Table 2.

Table 2. Linguistic Variables for Ratings

Linguistic variable Triangular fuzzy
number

Very Low (1,1,3)

Low (1,3,5)

Medium (3,57)

High (5,7,9)

Very High (7,9,9)

With the assignments of the expert for
each alternative under each criterion, the
decision matrix is constructed as follows:
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C1 Cz C; Cn

1 X11 X1z i) Xin
A; X371 X32 X3 Xzn
Aw Xm1 Xz Xy Ko

Step 2: Following with the construction
of the decision matrix, the normalization of
the decision matrix is performed using Eq.
(14) and Eq. (15):

a‘.. b.. C..
by = (C—:JC—!!J-C[TJ) [ € Benefit (14)

B, = (a_,. a_'a—’) i € Cost (15)

Ci}" bU a,-}-

and ¢ and a; is calculated using Eq. (16)
and Eq. (17);

¢/ = maxcyj, if i € Benefit
J

(16)

a;

= min a;j, if i € Cost (17)
J
Step 3: The weighted normalized
decision matrix is found by multiplying
the weights of selection criteria with

normalized decision matrix elements.

V=[],  i=12-mj=12-.n (18)
where
Efj = .X-f;; X Wy (19)

Step 4: Fuzzy Positive Ideal Solution
(FPIS) and the Fuzzy Negative Ideal
Solution (FNIS) for each criterion are taken
v'=(1,1,1) ve v, = (0,0,0) respectively.

At = [f,l*" e, ﬁ:"_ ’ﬁ’:l}

; (20)

A = {ﬁ;, e, B, ...,ﬁ;'}

; (21)

Step 5: Then, the distance of each
alternative from (A*) and (A’) are calculated
as:

m

Dj+ — Zd(ﬁu'ﬁ:—)‘ J=12,,n (22)
i=1

D = Zd(ﬁu_ﬁ;), j=12,,n (23)
i=1

According to the vertex method, the
distance between the TFNs is calculated
with the help of Eq. (24).

d(d,b) = \I% [Ty = )2 + (my = ma)? + (uy —u, 2] (24)

Step 6: As a final step, closeness
coefficient (CC].) is calculated to rank all
possible alternatives.

CG;

- i
=TT (25)

J=12,n

The alternative with the maximum CC.
can be selected as a most preferred option.

4.An Application: Shipboard Wastewater
Treatment System Selection

The knowledge-based expert system
on SWWTS selection consists of three
basic stages: (1) determination the criteria
and appropriate SWWTS alternatives, (2)
calculation the weights of the criteria with
F-AHP, (3) evaluation of alternatives with
F-TOPSIS. The framework of the proposed
system is presented in Figure 3. The
selection criteria, alternative SWWTSs and
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numerical outcomes of the application are
presented in the subsections respectively.

4.1. Definition of Selection Criteria

The Selection Criteria (SC) are
determined with the help of literature
review and industrial feedbacks. With the
lack of the SWWTS selection studies in the
literature, the studies such as; Buyukozkan
et al. [6], Zeng et al. [8], Bottero et al.
[12], Karimi et al. [13], Kalbar et al. [14],
[langkumaran [15] and Upadhyay [16] were
comprehensively analysed to figure out the
general intensity on the identification the
selection criteria and determination the
weight of each one. Additionally, to adopt

ship specific constraints into determination
of the SC, the industrial feedbacks such as
international standard [30], IMO circular
[31], technical reports [32, 33] and news
releases [34] and the manufacturers’
publications [35, 36] were reviewed.
Within this direction, SC of the SWWTS
problem was determined as operability &
maintainability (SC,), space requirement
(SC,), energy consumption (SC,), capital
cost (SC,), operation and maintenance cost
(SC), and environmental compatibility
(sc).

The SC, criterion considerably affects
the useful life of the system. Hence it is
essential to take into consideration in the

Literature
review -
)

DATA-BASE

r

Evaluation of data

INITIAL: (BN

Step 1a.
Identification the criteria

Step 1b.
Establishment of the

Industrial
feedbacks |H alternative SWWTSs
\ __f ,,
[Step 2, Structuring decision hiel‘archy]

~
—

\
Step 3. Create pair-wise comparison matrix ]

L]

numbers

[Step 4. Pair-wise comparison by Fuzzy]

¥

\
'
'
]
]
|
'
]
]
'
]
)
'
]

¥

Step 6. Calculate the minimum degree of
possibility min V(S = §, (i = 1,...,k))

¥

~

’
'
1
1
|
1
1
1
)
i
' [ Step 5. Calculate the degree of possibility ] F-AHP
| [ I
1
|
|
1
|
|
1
I‘
\

. [ Step 7. Normalize the weight vectors ] i

Js

___________________________

Figure 3. Knowledge-Based Expert System on SWWTS Selection
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selection process. The SC, criterion focuses
on the volume and weight of the system.
With the limited engine room space on
board ship, the volume and weight of the
SWWTS turn into an important criterion
on the selection process. The international
enforcement related to the energy
efficiency on board ships, the energy
consumptions of the systems becomes
quite an essential issue nowadays. For this
reason, SC3 criterion is accepted as another
essential selection criterion in the study.
The capital cost of the system has always
a priority and substantially influences the
selection of the system. At this insight,
the SC, criterion is used in the selection
of the system. In addition to capital cost,
operation and maintenance cost plays a
significant role in the determination of
the most suitable system. To provide the
system in reliable condition, it is necessary
to endure the operation and maintenance
cost throughout the useful life of the
system. Hence SC, criterion is considered as
an important selection criterion. Another
important criterion in the selection of
SWWTS is environmental compatibility.
This criterion focuses on ensuring
environmental regulations, meeting tough
effluent discharge requirements, treating
both black and grey water, no dangerous
chemical additives and no microorganism
to maintain for SWWTS.

The selection of optimum SWWTS which
mostly fulfil the expectations is conducted
under the aforementioned selection
criteria. The alternatives SWWTSs, which
are mostly preferred types on board ships,
are presented in the following subsection.

4.3. Alternative SWWTSs

The proposed SWWTS selection
procedure is demonstrated with three
most commonly used alternatives on board
ship which are biological, chemical and
membrane wastewater treatment system.
The general treatment principles of selected

alternative SWWTSs are briefly explained
in the following paragraphs.

Biological SWWTS (A,) uses bacteria to
facilitate the process of breaking down of
solid constituents. The system consists of
three compartments namely; (i) aeration
compartment, (ii) settling compartment,
and (iii) chemical treatment compartment.
In the aeration compartment, an oxygen-
rich atmosphere is generated to disintegrate
the sewage waste. The disintegrated
waste is then transferred to the settling
compartment to settle down the solid
constituents with the effect of gravity. The
separated liquid from solid constituents
is passed to the chemical treatment
compartment. In this compartment, the
liquid water is treated with chemicals to
kill any surviving bacteria. After treatment,
the treated water is discharged into the sea
and the sludge of the wastewater is stored
in a tank.

Chemical SWWTS (A)) consists of a
big storage tank which collects, treats and
stores the wastewater on board ship. The
collected wastewater in the storage tank
is treated by chemicals to disintegrate
solid constituents in the water. Also, in the
chemical SWWTS, a mechanical instrument,
with the name of comminutor, is used to
break down the solid particles to smaller
particles. The disintegrated solid particles
settle down in the tank and the liquid
remains at the top. Then the liquid sewage
is treated with chemicals. The treated
liquid can be as a flushing purpose in the
toilet and can be discharged to the sea.

In the membrane SWWTS (A),
wastewater passes into Membrane
Bioreactor (MBR) which consists of a
combination of membrane and biological
reactor [37, 38]. In the MBR, biological
purification of the sewage water occurs
with the help of activated sludge which is
a mixture of a number of micro-organisms
[38]. Then, the treated water is separated
from the activated sludge by means of
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filtration. Finally, the treated water is
discharged into the sea and the sludge of
wastewater is transferred into the tank on
board.

4.4. Numerical Outcomes

With the determination of selection
criteria and SWWTS alternatives, decision
hierarchy is established accordingly and it
is provided in Figure 4.

Following the establishment of the
decision hierarchy, the weights of the
criteria to be used in the selection process
are calculated with the help of F-AHP
method. In this phase, the expert, from
one of the leading global manufacturers of
equipment for ships, with six years on board
and nine years onshore experiences in the
maritime industry joined the selection
process of the suitable SWWTS. Then, the

Goal: Selection of the \
optimal SWWTS

Figure 4. The Decision Hierarchy of WWTP Selection

Table 3. The Sample Part of the Questionnaire

SC, EP VSI SI wI EI JE EI wI SI VSI EP SC,
SC, EP Vs SI wI EI JE EI wI SI VSI EP SC,
SC, EP VSI SI wi EI JE EI wi SI VSI EP SC,
SC; EP VSI SI wi EI JE El wI SI VSI EP SC,
Table 4. The Pairwise Comparison Matrix for Criteria
sc, sc, sc, sC, SC, sC,
SC, | (1.00,1.00,1.00) | (0.20,0.33,1.00) [ (1.00,1.00,3.00) | (0.14,0.20,0.33) | (0.20,0.33,1.00) | (0.11,0.14,0.20)
SC, | (1.00,3.00,5.00) | (1.00,1.00,1.00) [ (1.00,3.00,5.00) | (0.33,1.00,1.00) | (1.00,3.00,5.00) | (0.14,0.20,0.33)
SC, | (0.33,1.00,1.00) [ (0.20,0.33,1.00) [ (1.00,1.00,1.00) | (0.20,0.33,1.00) | (0.20,0.33,1.00) | (0.14,0.20,0.33)
SC, | (3.00,5.00,7.00) | (1.00,1.00,3.00) | (1.00,3.00,5.00) | (1.00,1.00,1.00) | (1.00,3.00,5.00) | (0.33,1.00,1.00)
SC, | (1.00,3.00,5.00) [ (0.20,0.33,1.00) [ (1.00,3.00,5.00) | (0.20,0.33,1.00) | (1.00,1.00,1.00) | (0.20,0.33,1.00)
SC, | (5.00,7.00,9.00) | (3.00,5.00,7.00) [ (3.00,5.00,7.00) | (1.00,1.00,3.00) | (1.00,3.00,5.00) | (1.00,1.00, 1.00)
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expert is given the task to make pairwise
comparisons of the selection criteria by
using the scale given in Table 1 through
the structured questionnaire, sample part
illustrated in Table 3.

Then, linguistic pairwise comparisons of
the expertare converted into fuzzy numbers
and obtained pairwise comparison matrix
is illustrated in Table 4.

Being able to be understood more clearly
of the computation stages, the following
calculation of the pairwise judgments
in Table 4 are presented. The following
calculations are implemented with the help
of Eq. (4), Eq. (5), Eq. (6) and Eq. (7).

1 1

Ssc, = (265,3.01, &53)6(9? 20°61.41°34.14

257 = (0027,0049,0.191)

1 1
97.20'61.41'34.14

See, = (4.48,11.20,17. 33)@( J— (0.046,0,182,0,508)

1 1

= (208,3.20,533)@ (‘)? 20'61.41"34.14

) = (0.021,0.052,0.156)

1 1

Ssc, = (7.33.14.00, 2100)@(9720 61,41'34.14

i37) = (0075,0228,0.644)

1 1
Si77) = (0.037,0.130,0410)

Spee = {3.60,800,1400)@ (9? 20'6141'34.14

11
Sie, = (14.00,22.00,32, 00)@({37 T

The obtained fuzzy synthetic extent
value (Ssa- i = 1,2,..,6) of each selection
criterion is used to calculate the possibility
degrees with using Eq. (8), Eq. (9) and Eq.
(10) and illustrated below.

Table 5. Decision Matrix on SWWTS Selection

) (0.144,0.358,0.937)

V(Sse, = Ssc,s Ssear Sseyr Ssegr Sse, ) = 0.170
V(Ssc, = Ssc,r Sscyr Sse,r Ssesr Sse, ) = 0.673
V(Ssc, = Ssc, Ssc,» Ssc,» Sscer Ssc,) = 0.038
V(Ssc, = Ssc,» Ssc,» Ssc,» Sscg» Ss, ) = 0.793
V(Ssc, = Ssc,Ssc,s Sscyr Ssc,» Ssc, ) = 0.539

V(Ssc, = Ssc,»Sscyr Sseyr Sscyr Sses) = 1

Following with the calculation of
possibility degrees, the weight vector is
calculated as using Eq. (12) and Eq. (13):

W' = (0.170,0.673,0.038,0.793,0.539,1)"

With normalization, the weights of the
criteria are calculated as follows:

W = (d(SC,), d(SC,), d(SC3), d(SCy), d(SC5), d(SCq))"
W = (0.053,0.210,0.012,0.247,0.168, 0.311)"

The SC, is obtained as a most
important criterion respect to the pairwise
comparisons of the expert. Additionally, SC,
and SC, are determined as the second and
third most important criterion respectively
for the selection process of SWWTS.

After calculation of the weights, as the
first step of F-TOPSIS method, the decision
matrix based on the expert judgements by
comparing alternatives with the help of
linguistic variables presented in Table 2, is
established. The obtained decision matrix
is presented in Table 5.

Criterion sc, sc, s, sc, sC, sc,
Alternative (0. 053) (0.21 0) (0. 012) (0.247) (0.1 68) (0.31 1)

A Medium Low Medium High Medium High

! (3,5,7) (1,3,5) (3,5,7) (5,.7,9) (3,57) (5,.7,9)
A High Medium Low Medium High Low

2 (5,7,9) (3,5 7) (1,3,5) (3,57) (5,7,9) (1,3,5)
A Medium Low High Very High Medium Very High

3 3,57 (1,3,5) (5.7,9) (7,9,9) (3,5 7) (7,9,9)
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Following with the determination of the
decision matrix, the normalized decision
matrix with using the Eq. (14) for benefit
criterion and Eq. (15) for cost criterion is
derived. In the selection problem, SC,, SC,
and SC, are benefit criteria and SC,, SC,, and
SC, are cost criteria. Then, the weighted
normalized decision matrix is calculated

quite close to each other. For this reason,
A, can be considered as another preferable
solution.

4.5. Finding and Discussions

The study evaluates a number of
key criteria on SWWTS selection. As the
beginning of the analysis, the weights of

with the help of Eq. (19) using the weights  the criteria are obtained as W, ,=0.053,
of the criteria. The weighted normalized W,,=0.210, W,,=0.012, SC4—O 247,
decision matrix is shown in Table 6. W,..=0.168, W, =0.311. It is clearly seen
Table 6. Weighted Decision Matrix on SWWTS Selection

sc1 SC2 SC3 SC4 SC5 SC6

Al

(0.018, 0.029, 0.041)

(0.030, 0.090, 0.150)

(0.002, 0.002, 0.004)

(0.082,0.106, 0.148)

(0.072,0.101, 0.168)

(0.173,0.242,0.311)

A2 | (0.029,0.041,0.053) | (0.090,0.150,0.210) | (0.002,0.004,0.012) | (0.106,0.148,0.247) | (0.056,0.072,0.101) | (0.035,0.104,0.173)
A3 | (0.018,0.029,0.041) | (0.030,0.090,0.150) | (0.001,0.002,0.002) | (0.082,0.106,0.106) | (0.072,0.101,0.168) | (0.242,0.311,0.311)
A | o7 =(1.0,1.0,1.0) | v = (1.0,1.0,1.0) [ vi = (1.0,1.0,1.0)| v =(1.0,1.0,1.0) [ v} =(1.0,1.0,1.0) | 7 = (1.0, 1.0, 1.0)
A | o7 =(0.000, 0.0) | =(0.0,0.0,0.0) | 7; = (0.0,0.0,0.0) | &, = (0.0,0.0,0.0) | ;= (0.0,0.0,0.0) | 7, = (0.0, 0.0, 0.0)

After calculation of weighted normalized
decision matrix, FPIS (A*) and FNIS (A" are
defined as #* = (1.0,1.0,1.0) and #= (0.0,0.0,0.0)
for all criterion.

The distance from A* (F-PIS), D!, and A’
(F-NIS), D;, for each alternative is calculated
using Eq. (22) and Eq. (23). With the
calculated distances from F-PIS and F-NIS,
the CC}. of each alternative is calculated with
the help of Eq. (25). The results of F-TOPSIS
are summarized in Table 6.

Table 6. F-TOPSIS Results

from the results that SC, is found as the
most important criterion in the selection
of SWWTSs. Also, according to the results
obtained from F-AHP, SC, criterion is
the second, SC, criterion is the third, SC,
criterion is the fourth, SC, criterion is the
fifth and SC, criterion is the least important
criterion.

Subsequent to the calculation of the
weights, F-TOPSIS method is implemented
to evaluate the alternative SWWTSs. The

Alternatives D! CC, Rank
Al 5,416 0,620 0,735 2
A2 5,462 0,581 0,687 3
A3 5,406 0,621 0,736 1

Based on CC values, A, membrane
SWWTS, is found as a best alternatlve with
CC value of 0.736. On the other hand, as
seen from Table 6, CC values ofAl, Biological
SWWTS, and A, membrane SWWTS, are

results obtained from F-TOPSIS method
show that, although chemical SWWTS is
better than the other alternatives with
respect to the criteria of operability and
maintainability, energy consumption and
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capital cost shortcoming in environmental
compatibility made chemical SWWTS
the last preference. On the other hand,
membrane SWWTS is found as a best
(optimum) SWWTS with its advantages
in space requirement and environmental
compatibility. Additionally, with technical
advances, membrane SWWTS is now
capable of decontaminating wastewaters in
single step processes.

Avowable, the proposed knowledge-
based expert system with its outstanding
results helps decision makers to take the
right decision on selection of the optimum
ship wastewater treatment system.

5. Conclusion

SWWTS selection is an onerous process
of maritime environmental management.
The developing technology enables
various options and selection of SWWTSs
which are dependent on many factors.
This study explored the potential SWWTS
alternatives in the shipping industry and
proposed an integrated fuzzy MCDM
framework for effective SWWTS selection.
The proposed methodology integrates
the F-AHP and F-TOPSIS methods. The
methodology provides stakeholders, ship
owners, marine engineers, ship designers,
and manufacturers, with a flexible manner
to experience the present situation of
SWWTSs and to deal with the selection of
SWWTSs in the practical environmental
management application. The proposed
methodology enables flexibility and
increases the reliability and accuracy of
applications. For this reason, the proposed
methodology can be extended for various
environmental management applications
such as the selection of alternative
technologies for decreasing NO, emission
on board ship and selection of oily water
treatment technologies as further studies.
In addition, this study can also be extended
by implementing Analytic Network Process
(ANP) method whose network structure

caters to all possible dependencies and
interactions among selection criteria.
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Oz

Stiperkritik CO2 gti¢ cevrimlerine olan ilgi son yillarda hizla artmaktadir. Bu ilginin baglica nedenleri bu
sistemlerde yiiksek cevrim verimlerinin elde edilebilmesi, karbondioksit gazinin ucuz, isil olarak kararl,
kritik nokta civarinda yogunluk ve ézgiil isisinin yiiksek olmasi gibi ozellikleridir. Bu ¢calismada, sCO2 tekrar
stkistirmali Brayton gii¢ ¢evriminin termodinamik hesaplamalart gerceklestirilmis tasartm noktasindaki
calisma basing ve sicaklik degerleri, tiirbin glicti, kompresér giicleri, 1s1 degistirici 1sil yiik degerleri ve
cevrim verimi hesaplanmistir. Hesaplamalar sonucunda %44,6 ¢evrim verimi ve 189 gr/kWh 6zgiil yakit
tiiketimine sahip bir gii¢ ceviriminin miimkiin oldugu ve bu ¢cevrimin dizel motorlara alternatif olabilecegi
degerlendirilmistir.

Anahtar Kelimeler: CO2, Stiperkritik, Dizel, Gtic Cevrimi, Brayton.

Alternative to Ship Diesel Engine: sCO2 Power Cycle

Abstract

The interest in supercritical CO2 power cycles is increasing rapidly in recent years. The main reasons for this
interest are high cycle efficiency of these systems, carbon dioxide gas being cheap, thermally stable, and having
high density and specific heat capacity around the critical point. In this study, pressure and temperature
values of the cycle state points, turbine power, compressor powers, heat exchanger thermal loads and cycle
efficiency at the design point were calculated for the sCO2 re-compression Brayton power cycle. As a result of
the calculations, a power cycle with a cycle efficiency of 44.6% and a specific fuel consumption of 189 g/kWh
is seem to be feasible and this cycle can be considered as an alternative to diesel engines.

Keywords: CO2, Supercritical, Diesel, Power Cycle, Brayton.
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1. Giris

Siiperkritik ~ karbondioksit  (sC02)
cevrimlerinin ara ara kesintilere ugramis
uzun bir tarihgesi vardir. Kaynaklarda
belirtilen ilk uygulama Sulzer kardesler
tarafindan 1948 senesinde patenti alinmis
yari-yogusmali CO2 Brayton c¢evrimidir
[1]. Bu tarihten sonra konu iizerinde
arastirmalar devam etmesine ragmen
dikkatleri bu cevrimlere ¢eken asil
calismalar 1960’ yillarda Feher tarafindan
yapilan siiperkritik termodinamik giic
cevrimlerinin incelendigi calismalar
olmustur [2, 3]. Feher’'in “stiperkritik”
olarak adlandirdigi cevrimde o zamana
kadar wuygulananlarin aksine akiskan
¢evrim boyunca devamh kritik basing
degerinin lizerinde ¢alistirilmistir. Yapilan
termodinamik hesaplamalarda c¢alisma
swvis1 olarak CO2 secilmistir. Bu tercihin
baslica nedenleri olarak CO2’'nin (1) kritik
basincinin suyun iicte biri olmasi bdylece
diisik ¢evrim basinglarina izin vermesi
(2) 151l olarak kararli olmasi (3) literatiirde
termodinamik 6zelikleri ile ilgili yeterli bilgi
bulunmasi (4) toksik olmamasi, ucuz ve bol
olmasi gosterilmistir. Siiperkritik cevrimler
ile yiiksek 1s1l verimlilik degerlerinin elde
edilebileceginin  sdylendigi  calismada,
bunlarin uzay uygulamalar1 icin elektrik
tiretimi, deniz uygulamalar i¢in saft giicii
liretimi ve sabit/portatif karasal elektrik
tiretimi uygulamalar1 icin uygun olacagi
sonucu paylasilmistir.  Ayrica, CO2’nin
calisma sivisi ve niikleer reaktoriin 1si
kaynagi olacagi durumlarda kompakt ve
portatif gii¢ treteglerinin tasarlanabilecegi
ifade edilmistir Bu alandaki bir diger
onemli calisma da Angelino tarafindan 1969
senesinde gerceklestirilmistir [4]. Angelino
CO2 ile calisan farkli ¢evrim modellerini
incelemis ve bunlarin verimlilik degerlerini
kiyaslamistir.  Yapilan c¢alismada tekrar-
sikistirmali cevrim ytiksek 1s1l verim ile, 1s1-
geri kazanimli ¢evrim basit, diisiik maliyetli
ve az yer kaplamasi ile 6n plana ¢ikmistir.

1990’larin  sonuna  kadar  sCO2

cevrimleri ile alakali kayda deger herhangi
bir calisma yapilmamistir Bu durumun
temel nedenleri olarak yetersiz turbo

makine bilgisi, bu c¢evrimlere uygun
kompakt 1s1 degistirici teknolojilerinin
olmamasi, yiiksek sicaklik ve basing

uygulamalari i¢in yetersiz malzeme bilgisi
gosterilebilir. Ancak giiniimiizde ozellikle
buhar c¢evrimleri ve gaz tiirbinleri
konularinda elde edilen bilgi birikimi bu
alandaki gelismelerin 6niinii agmistir. 1968
yilinda Feher tarafindan onerilen niikleer
enerji uygulamasi, Cek Cumhuriyeti'nde
yapilan c¢alismalar ile tekrar hiz
kazanmistir [5, 6]. Petr ve arkadaslar
yapmis olduklar1 ¢alismalarda 1si-geri
kazanimh ve tekrar-sikistirmali ¢evrimler
lizerine yogunlasmis ve bu cevrimlerin
yeni nesil niikleer enerji santrallerinde
kullanimini incelemistir. Calisma ile sCO2
cevrimlerinin ayni sartlardaki helyum
ve hava c¢evrimlerine gore daha verimli
oldugu ve malzeme Kkisitlar1 nedeniyle
tirbin giris sicakliginin 600° C ile sinirh
oldugu sonuglar1 paylasilmistir. Amerika
Birlesik Devletleri'ndeki arastirmalarin
canlanmast  ise  Dostal tarafindan
Massachusetts Institute of Technology
(MIT)'de yapilan calismalar ile olmustur
[7]. Dostal yaptig1 c¢alismada niikleer
enerji santrali uygulamalarina yonelik
cevrim optimizasyonu, bilesen tasarimlari,
ekonomik analiz, ¢evrim kontrol yontemleri
ve sistem yerlesim ¢alismalarini da iceren
detayl bir arastirma gergeklestirilmistir.
Niikleer enerji uygulamalarina yonelik
baslayan ¢ok sayida c¢alisma ile sCO2
glic c¢evrimlerinin Ustlnlikleri (kiiglik
turbomakine veisidegistirici boyutlari, hava
ile sogutmaya uygunluk, vs.) daha belirgin
hale gelmis ve bu ¢evrimlerin atik 1s1 geri
kazanimi, giines enerjisi, jeotermal enerji,
komiir santralleri ve gemi tahrik sistemleri
gibi farkli alanlara da uygulanmalari izerine
yogun calismalar baslatilmistir (Sekil 1). Bu
kapsamda basta Amerika Birlesik Devletleri
olmak iizere Kore, Cin, Cek Cumhuriyeti,
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ispanya, Hollanda, Hindistan, Norveg,
Avustralya, italya, [svicre, Fransa ve Kanada
gibi gelismis tllkelerde sCO2 gii¢c cevrimleri
lizerine devam eden ¢ok sayida calisma
bulunmaktadir [8].

Bu calismada, sCO2 tekrar sikistirmali
glic ¢evriminin jeneratér tahrikinde
kullanilan YANMAR 6EY18AL 4 stroklu, 6
silindirli dizel motora[10] alternatif olup
olamayacagina yonelik fizibilite ¢alismasi
gerceklestirilecektir. Termodinamik ¢evrim
hesaplar yapilarak gii¢ ve 1s1l yiik degerleri,
cevrim verimi ile yakit tiiketimi degerleri
hesaplanip dizel motor ile kiyaslamasi
yapilacaktir. Ayrica gii¢ cevrimi isil verimine
etki eden onemli parametrelerden ana
kompresor giris sicakligl ve basinci, ana
kompresor c¢ikis basinci ve tiirbin giris
sicakliginin belirlenmesine yonelik yapilan
calismalara da yer verilecektir.

Carnat efficiency
theoretical Bt

Thermal efficiency (%)

200 400 B00 BOO 1,000 1,200 1,400
Turbine inlet temperature ("C)

Sekil 1. Gii¢ Cevrim Sistemlerinin Isil Verimlilikleri
ve Uygulama Alanlari [9]

2. Tekrar Sikistirmal1 sCO2 Gii¢ Cevrimi
Hesaplamalari

Tekrar sikistirmali siiperkritik CO2
Brayton cevrimi (TSSBC), calisma sivi olarak
karbondioksit gazinin kullanildigi kapali
dongii bir gii¢ cevrimidir. Sekil 2’'deki T-s
diyagramindan gortilecegi iizere ¢evrimin
calistigr sicaklik ve basing degerlerinin
tamami ¢alisma sivisinin kritik noktasinin
tizerinde oldugundan, bu ¢evrim siiperkritik
Brayton c¢evrimi olarak adlandirilmaktadir.

Sekil 3'de akis semas1 gosterilen TSSBC
bes ana bilesenden olusmaktadir: tiirbin,
kompresorler, rekiiperatorler, sogutucu ve
yanma odasi. TSSBC’'de sogutucudan once
ikinci bir kompresor (tekrar sikistirma
kompresorii) daha kullanilarak ¢evrim
disina atilan 1s1 miktar1 azaltilip toplam
cevrim verimi arttirilmaktadir. Diisik
sicaklik rekiiperatoriinden (LTR) gecen akis
ikiye ayrilarak (durum 8) bir kismi tekrar
sikistirma kompresoriine gonderilmekte,
kalan kisim ise sogutucudan gecirildikten
(8-1) sonra ana kompresorde ylksek
basinca g¢ikartiip (1-2) LTR’de 1s1 ilave
edilmektedir (2-3). Tekrar sikistirmaya
gonderilen kisim kompresorde yiiksek
basinca g¢ikartildiktan (8-3) sonra ytiksek
sicaklik rekiiperatoriine (HTR) sokulmakta
ve burada tiirbinden ¢ikan sicak akiskanin
1s1sin1 alarak yanma odasina girmeden dnce
on 1sitmaya maruz kalmaktadir Yanma

Temperature (*C)

]

Entropy (kdikg-K)

Sekil 2. Tekrar Sikistirmall
Diyagrami

Cevrimin T-s

| (1-a).f

Sekil 3. Tekrar Stkistirmali Cevrim Akis Semasi
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odasinda sicakligi arttirilan akiskan (4-
5) tiirbinde genlestirilerek (5-6) saft giicii
elde edilmektedir. Bu saft giicii istenirse
jeneratdor vasitasiyla elektrik enerjisi
liretmek icin istenirse de disli kutusu
vasitasiyla pervanelere giic vermek icin
kullanilabilir.

TSSBC termodinamik analizleri
sirasinda asagidaki varsayimlar yapilmistir:
e Cevrimdeki her bir bilesende Kararl

Durum, Kararhi Akis vardir.

e Adyabatik fakat izentropik olmayan
genlesme ve sikistirma olmaktadir.

e Sogutucu hari¢ diger bilesenlerden
cevrim disina herhangi bir 1s1 kaybi
yoktur.

e Kinetik ve potansiyel enerjilerdeki
degisimler ihmal edilebilir seviyededir.
Cevrim hesabina oncelikle her bir

noktanin basing degerinin bulunmasi ile
baslanir. Eger akis boyunca (i-j) basing
diistimii API._], =P - P]. ile ifade edilirse, her
bir bilesen i¢in basing disimi asagidaki
sekilde hesaplanabilir:

P,=P,-AP,,;P,=P,-AP,,;P. =P, -AP,
P—P +AP67, —P +AP78, P+
AP o (1)
Tirbin ve Kompresér verimleri
asagidaki sekilde tanimlanir:
has—hy
= 2571 2
rl?n(.‘ hz_h] ( ]
o hgs—h’g
Nre = ha—hg (3)
h.s—hs
== 4
T]t h,s_h@s ( )

Burada hZS, P, ve Sl'deki entalpi degeri;
h3s, P, ve sg’deki entalpi degeri ve hés, P, ve
s;/deki entalpi degeridir.

Termodinamigin ilk kanunu kullanilarak
tlirbin ve kompresorler icin 6zgiil glcler ile
cevrime ait net 0zgll gii¢ cikis1 asagidaki
denklemler kullanilarak hesaplanir:

w,=h -h, (5)
w,.=(1-o)(h,-h) (6)
w,= () (h,-h,) (7)
Wnet = Wt h Wmc - WI‘C (8)

Diisiik sicaklik rekiiperatoriindeki enerji
dengesinden akis ayrim orani « hesaplanir:

(1-«) (h,-h,)=(h,-h) 9)

Cevrime giren 0Ozgil 1s1 miktar1 ile
cevrimden atilan 6zgiil 1s1 miktar1 asagidaki
sekilde hesaplanir:

h,-h,
(1-a) (h,-h,)

(10)

qin =
Aoy = (11)

Ozgiil net giic cikis1 ve 6zgiil 1s1 girisi

belirlendikten sonra ¢evrim  verimi
hesaplanir:
T]cycle = Wnet / qin (12)

kW cinsinden net gii¢ ihtiyact (W )
ve net oOzgil gii¢ cikist kullanilarak CO2
akiskanin kiitlesel debisi hesaplanir:

=W, /w

net

(13)

Daha dnce bulunan 6zgil glic ve 1s1
degerleri ile h, kullanilarak kW cinsinden
giic ve 1s1 degerleri asagidaki denklemler

kullanilarak bulunur:

W =m,,w, (14)
WmC =M, W, (15)
Wrc = FhCOZ Wrc (16)
Qin = mCOZ qin (17)
cht = l’i’}COZ qout (18)
QLTR = n:l(IOZ qLTR (19)
QHTR = mCOZ qHTR (20)

Etkenlik, 1s1 degistiricinin sagladig1 1s1
transferi degerinin (Q) saglayabilecegi
maksimum degere (Q__) bolimi ile elde
edilir ve asagidaki sekilde ifade edilir:
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€=Q/Q,, (21)

Denklem (21)’'deki Q ve Q
asagidaki gibi bulunabilir:

degerleri

‘max

Q = mhot (hhotln B hhotOut) = mcold (hcoldOUt -
(22)
(23)

coldIn

Qmax = Cmin (Thotln B Tcoldln)
T, ., Sicak akimin 1s1 degistiriciye giris
sicakhgy, T, soguk akimin isi degistiriciye
giris sicakhgidir. C . minimum sikapasitesi
oranidir ve sicak akim ya da soguk akim 1s1
kapasitesi degerlerinden en kii¢tik olanina
esittir ve asagidaki denklem kullanilarak
bulunur:
= Min [—%—; r—

iT}mUn ~Thetout : Teotdour=Teoldin

C

min

(24)

Ihtiya¢ duyulan yakit miktari, yanma
odasi verimi (n_ ) ve yakit alt 1s1l degeri
(Qlhv) kullanilarak asagidaki denklem ile
bulunur:

i, =Q, / (1, QhY) (25)

Ozgiil yakit tiiketimi ise yakit tiiketimi
ve yapilan net is kullanilarak asagidaki
sekilde hesaplanir:
SFC=m, /W_, (26)
3. Bulgular ve Degerlendirmeler

TSSBC termodinamik hesaplamalari
Mathematica programinda yazilan kod
ile gerceklestirilmis ve CO2 akigskanin
termodinamik  6zelikleri Span  ve
Wagner [11] tarafindan gelistirilen hal
denklemlerini kullanan REFPROP programi
kiitiiphanesinden elde edilmistir. Yazilan
kodile Tablo 1’de paylasilan tasarim girdileri
kullanilarak tiim durum noktalarina ait
sicaklik ve basing degerleri ile ¢evrim
bilesenlerine ait gii¢ veya 1s1l yiik bilgileri
hesaplanmistir. AKksi belirtilmedikce
tabloda verilen girdiler kullanilmis olup
performans analizi boyunca sadece etkisi

incelenen girdi degeri(leri) degistirilmistir.
Ana kompresor giris ve ¢ikis basinglari ile
tlrbin giris sicakligi ve ana kompresor giris
sicakliklarinin ¢evrim verimi ve net gii¢
cikisina etkileri incelenmistir.

Sekil 4de ana kompresor giris ve ¢ikis
basincinin ¢evrim verimi ve net ¢ikis gliciine
etkisi gdsterilmistir. Bu seklin olusturulmasi
sirasinda giris basici 70 bar ile 100 bar
arasinda degistirilmis ve bu hesaplamalar
150 bar, 200 bar, 250 bar ve 300 bar ¢ikis
basinglarinin her biri icin tekrar edilmistir.
Sekildeki diiz cizgiler cevrim veriminin,
kesik ¢izgiler net gii¢c cikisinin farkl cikis
basinglari i¢in degisimini ifade etmektedir.
Sekil 4 incelendiginde hem verimin hem
de net gilic cikisinin CO2 akiskaninin
kritik basinci (73,7 bar) civarinda keskin
degisiklikler —gosterdigi  goriilmektedir.
Bu durumun nedeni Sekil 5’de gorilecegi
gibi kritik nokta civarinda CO2'nin 6zgiil
1sisinda gorilen keskin degisikliklerdir.

Tablo 1. Tekrar Sikistirmali Cevrim Tasarim
Girdileri

Girdiler

Net gii¢ cikisi, Wnet 600 kW
Ana kompresor giris basinc, P, 76,3 bar
Ana kompresor ¢ikis basincy, P, 250 bar
Ana kompresor giris sicakhg, T, 32°C
Tirbin giris sicakhgs, T, 700 °C
Ana kompresor verimi, n__ %85
‘”l;gl:ir;; i]lj:lstlrma kompresor 085
Tirbin verimi, n, %90
Yanma odasi verimi, MNeomb %95
LTR etkenligi, €, %90
HTR etkenligi, €. %90
Basing diistimleri, AP 2 bar
Yakit alt 1s1l degeri, Qlhv 42.700 k] /kg
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Sekil 4. Isil Cevrim Verimi ve Net Gii¢ Cikisinin Ana Kompresor Giris-Cikis Basinglarina Gére Degisimi

Specific heat at constant pressure

Critical temperature 30,978 °C

Critical pressure 73,773 bar

—p= 75 bar
==P=80 bar
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===P= 100 bar
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Sekil 5. CO2 Akiskaninin Ozgiil Isistnin Degisimi [12]

Sekil 4’den sabit kompresor ¢ikis basinci
icin giris basinc arttikca verim ve gii¢
cikisinda 6nce bir artis ardindan hafif bir
diistis oldugu gozlemlenir. Giris basincinin
arttirilmasi, kompresér basing oraninin
azalmasina boylece kompresorler igin
ihtiya¢ duyulan gii¢ miktarinin azalmasina
neden olur. Kritik nokta civarinda
kompresor giiciindeki diistis  (ytksek
ozgul 1s1 degisikliklerinden dolay1) tiirbin
glciindeki diisiise gore ¢ok daha fazladir.
Bu nedenle net gii¢ ¢ikisinda bir artis
gorilir. Bununla birlikte, giris kosulu kritik
noktadan uzaklastikca bu fark Onemsiz
hale gelir ve degiskenler neredeyse sabit

Temperature [°C]

bir davranmis gosterir. Grafiklerden belirli
bir ¢ikis basincinda maksimum verim veya
maksimum gili¢ ¢ikisina sahip olmak i¢in
optimum bir giris basinci degeri oldugu
goriilmektedir. Bu giris basinct degeri
maksimum verim ve maksimum gii¢ ¢ikisi
icin farkhlik gosterir. Ornegin, 250 bar
¢ikis basinci i¢in maksimum ¢evrim verimi
(44,6%) 76,3 bar’da goruliirken maksimum
ozgil giic cikis1 (123,8 k] / kg) 76,6 bar'da
gozlenir.

Sekil 4’ten sabit bir kompresor giris
basinci durumuigin de gdzlemler yapilabilir.
Giris basincini sabit tutarken ¢ikis basincini
artirmak net giicii ve verimi arttiri. Cikis

122



Giimiis / JEMS, 2019; 7(2): 117-126

basinci arttikca hem kompresor giici
hem de tirbin giici artar, ancak tiirbin
giliclindeki artis kompresorlere kiyasla
daha fazla oldugundan ¢evrim verimi
artar. Ote yandan, verimdeki artis déngii
kritik noktadan uzaklastikca daha ytiksek
basinglaricin 6nemsiz hale gelir. Bunedenle,
1s1l verim baslangicta artar ve sonrasinda
neredeyse sabit kalir. Bu davranis 250 bar
ve 300 bar verim ¢izgilerinin birbirine
yakinhigr ile dogrulanabilir. Kritik nokta
civarindaki sabit kompresor giris basinci
icin, cikis basincinin 150 bar'dan 200
bar'a yiikseltilmesi verimlilikte biiyiik bir
fark yaratirken, 250 bar'dan 300 bar'a
ylikseltmenin 6nemli bir etkisi yoktur. Bu
nedenden 6tiirii nihai gii¢ ¢cevriminde ana
kompresor c¢ikis basinct olarak 250 bar
secilmis,250bar¢ikisbasinciiginmaksimum
verimi veren 76,3 bar’da giris basinci degeri
olarak belirlenmistir. ~ Cikis basincinin
250 bar olarak belirlenmesindeki diger
nedenler sistemde kullanilacak borulama
ekipmanlarinin, 1s1 degistiricilerin ve diger
devre elemanlarinin tedarik edilebilirligi
ve maliyetleridir. 700°C sicaklik ve 250
bar iistl basinglar i¢in deniz tasitlarina ait
standartlar1 karsilayan devre elemanlar:
bulmak hem zor hem de maliyetlidir.

Sekil 6, cevrim verimi ve net giic
cikisinin ana kompresor giris (minimum

0.5 ————e

0455

i
[
+

sl Verim

0356

03 et

cevrim) sicakligl ile degisimini farkl tiirbin
giris (maksimum ¢evrim) sicakliklar
icin gostermektedir. Sabit bir tiirbin giris
sicakliginda, kompresor giris sicakliginin
artmasi hem 1s1l verimi hem de net gii¢
cikisin1 azaltir Ana kompresoriin giris
sicakhigr  arttikca, yeniden sikistirma
kompresoriine giden akis miktar1 artar
ve ihtiya¢ duyulan basing orani icin daha
fazla kompresor giicii gerekir. Bu nedenle,
artan ana kompresor giris sicakligi, toplam
kompresor giliciinii arttiri, dolayisiyla
net giic cikisin1 azaltir. Sabit bir tiirbin
giris sicakligl i¢in, minimum ¢evrim (ana
kompresor giris) sicakligi arttikga, cevrime
giren 1s1 miktar1 azalir. Bununla birlikte,
net giic cikisindaki ytizdelik azalma, 1s1

girisindeki ytizdelik azalmadan daha
ylksek oldugundan net etki 1s1l verimde bir
diists seklinde olur.

Sekil 6’dan ana kompresor giris

sicakliginin sabit, tiirbin giris sicakhiginin
degisken oldugu durumu incelemek de
mimkiindtir.  Tarbin giris sicakhiginin
arttirilmasiy, turbin tarafindan uretilen
glici arttirmakta, dolayisiyla ¢evrimin
net glic ¢cikisim arttirarak cevrim verimini

025 ) 3%

arttirmaktadir.  Ana  kompresor  giris
sicakhigr ile cevrim verimi degisimi
incelendiginde giris sicakliginin CO2 kritik
noktasina (30,98°C) yakin olmasinin
~ 160,
140,
- Jz0, g — b5 Verim
= ---NetGug Gikigi
= ® T5=500C
= = T52600."C
9, = + T5=T00.°C
= « T5=800.°C
2 72.
. —
e
a0 5 F i

Ana Kompresor Girig Scakhin (C)

Sekil 6. Isil Cevrim Verimi ve Net Gli¢ Cikisinin Ana Kompresor Giris Sicakligi ve Tiirbin Giris Sicakligina

Gére Degisimi
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cevrim verimini arttirdigl gozlenmektedir.
Bu nedenle tasarimi diisiiniilen gii¢ cevrimi
icin ana kompresor giris sicakhig 32°C
olarak belirlenmistir. Gene grafiklerden
tirbin giris sicakligt ne kadar ytksek
olursa cevrim veriminin de bir o kadar
ylksek oldugu goriilmektedir. Ancak bu
noktada malzeme teknolojisinin sinirlari,
tasarimi yapilacak tiirbin icin kullanilacak
malzemelerin tedarik ve maliyetleri gibi
konular g6z o©niinde bulundurulmalidir.
Ayrica yiiksek sicakliklarda calisma diger
cevrim  elemanlarinin ~ maliyetlerinin
artmasma da neden olacaktir Tim bu
durumlar goz 6niinde bulunduruldugunda
disiiniilen giic c¢evrimi i¢cin maksimum
sicaklik degeri 700°C olarak belirlenmistir.

Performans hesaplamalar1 sonucunda
belirlenen ana kompresor giris ve cikis
basinglari, ana kompresor giris sicakligi,
tirbin giris sicakligi ve hesaplamalar
sirasinda ihtiya¢ duyulan diger girdiler

Tablo 2. Cevrim Noktalarina Ait Degerler

Tablo 1'de paylasilmis ve bu degerler
kullanilarak gii¢ liretim ¢evrimine ait enerji
hesaplamalar1 gerceklestirilmistir. Cevrim
noktalarina ait sicaklik, basing, entalpi ve
entropi degerleri Tablo 2’de paylasilmistir.
Tablo 3’de ¢evrim bilesenlerine ait
giic ve 1s1l yik degerleri, Tablo 4’de
cevrimdeki CO2 Kkiitlesel debileri ve Tablo
5’de diistiniilen gii¢ liretim sistemine ait
yakit tiiketim degerleri gosterilmektedir.
Hesaplamalarda %44,6 verime sahip 600
kW gii¢ iiretebilen bir tekrar sikistirmali
siiperkritik CO2 Brayton ¢evriminin
tasarlanabilecegi ve bu gilic sisteminin
189 gr/kWh'lik bir o6zgil yakit tiketimi
degerine sahip olabilecegi goriilmektedir.
Bu yakit tiiketimi degeri mukayesesi yapilan
YANMAR 6EY18AL dizel motorunun tam
yukteki tiiketim degeri olan 204 gr/kWh
[10] ile karsilastirildiginda %7,4'lik bir
kazanca isaret etmektedir.

Durum Noktasi P (bar) T (°C) h (kJ/kg) s (kJ/kg.K)
1 76,3 32 311,4 1,364
2 250 72 341,7 1,377
3 248 205 591,4 1,998
4 246 491 958,1 2,603
5 244 700 1221,8 2,910
6 82,3 556 1052,2 2,933
7 80,3 241 685,5 2,383
8 78,3 89 506,1 1,971
Tablo 3. Enerji Denge Tablosu

Enerji kw %

Cevrime giren 1s1 miktari 1346 100

Tiirbin tarafindan iiretilen gii¢ 822

Ana kompresor tarafindan harcanan gii¢ 106

Tekrar sikistirma kompresori tarafindan harcanan gii¢ 116

HTR 1s1l yiikii 1778

LTR 1s1l yiikii 870

Sogutucu 1s1l yiiki 678

Net enerji ¢ikis1 600 44,6
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Tablo 4. CO2 Kiitlesel Debiler
Debi kg/s %
Toplam kiitlesel debi 4,85 100
Ar.la kompresore giden akis 3,48
miktari
Tekrar.51k1$t1rmaya giden 137 28,2
akis miktar1
Tablo 5. Yakit Tiiketim Verileri
Debi
Yakit tiiketimi 31,5 gr/s
Ozgiil yakit tiiketimi 189 gr/kWh
4. Sonug¢
Bu calismada, sCO2 tekrar sikistirmali
glic ¢evriminin termodinamik
hesaplamalar1 gergeklestirilmis tasarim

noktasindaki ¢alisma basing ve sicaklik
degerleri, tiirbin giicii, kompresor giicleri,
151 degistirici 1s1l yiik degerleri ve cevrim
verimi  hesaplanmistir ~ Hesaplamalar
sonucunda %44,6 ¢evrim veriminin elde
edilebilecegi, tasarlanacak sCO2 giic
cevriminin 189 gr/kWh ile mukayesesi
yapilan YANMAR 6EY18AL dizel motordan
%7,4 daha az 6zgiil yakit tiikketim degerine
sahip oldugu tespit edilmistir. Bu ¢calismada
elde edilen bulgular sonucunda sCO2
glic ¢evriminin dizel motorlara alternatif
olabilecegi degerlendirilmektedir.

Kaynaklar

[1] Sulzer (1948), Verfahren zur
Erzeugung von Arbeit aus Warme.
Swiss Patent: 269 599.

[2] E. Feher (1962), Supercritical

Thermodynamic Cycles for External

and Internal Combustion Engines,

Astropower, Inc. Engineering Report,

1962.

E. Feher (1968), The Supercritical

Thermodynamic Power  Cycle,

Energy Conversion., no. VOL.8, pp.

85-90.

[4]

[5]

(6]

(7]

(8]

[9]

[10]

[11]

G. Angelino (1969), Real Gas Effects
in CarbonDioxide, ASME, 69-GT-102,
no. 102.

V. Petr ve M. Kolovratnik (1997), A
Study on Application of a Closed Cycle
CO2 Gas Turbine in Power Engineering
(in Czech), Czech Technical University
in Prague, Department of Fluid
Dynamics and Power Engineering,
Division of Power Engineering,
Departmental report Z-523/97.

V. Petr, M. Kolovratnik ve V. Hanzal
(1999), On the Use Of CO2 Gas Turbine
in Power Engineering (in Czech),
Czech Technical University in Prague,
Department of Fluid Dynamics and
Power Engineering, Division of Power
Engineering, Departmental report
Z-530/99.

V. Dostal (2004), A Supercritical
Carbon Dioxide Cycle for Next
Generation Nuclear Reactors, Doktora
Tezi, Massachusetts Institute of
Technology, Massachusetts, USA.

R. Dennis (2014), NETL, Erisim Tarihi:
17 Nisan 2016, http://www.netl.doe.
gov/File%20Library/Events/2014/
sco2workshop/1-3---US-DOE-SCO2-
Project-summaries.pdf.

Y. Ahn, S. J. Bae, M. Kim, S. K. Cho, S.
Baik, J. I. Lee ve ]J. E. Cha, (2015),
Review Of Supercritical CO2 Power
Cycle Technology And Current Status
Of Research And Development,
Nuclear Engineering and Technology,
no. 47, pp. 647-661.

A. Parlak ve G. Kokkiiliink (2016), Bir
Gemi Dizel Motorunun Performans
Ol¢iimii ve Degerlendirilmesi, JEMS,
cilt 4(2), pp. 165-173.

R. Span ve W. Wagner (1996), A new
Equation of State for Carbon Dioxide
Covering the Fluid Region from
Triple-Point Temperature to 1100 K
at Pressures up to 800 MPa, ]. Phys.
Chem. Ref. Data, cilt Vol.25, no. No.6,
pp- 1509-1596.

125



© UCTEA The Chamber of Marine Engineers  Journal of ETA Maritime Science

[12] Unilab Srl. (2017). What happens
to fluid properties near the critical
point?. Erisim Tarihi: 3 Ocak 2019,
http://www.unilab.eu/articles/
fluid-properties-near-critical-
point/.

126



Original Research (AR) Bal / JEMS, 2019; 7(2): 127-136

Received: 05 December 2018  Accepted: 07 February 2019 DOI ID: 10.5505/jems.2019.08860

EMS
Journal of ETA Maritime Science OURNAL

Corresponding Author: Sakir BAL
Numerical Investigation of Propeller Skew Effect on Cavitation

Sakir BAL

Istanbul Technical University, Naval Architecture & Ocean Eng. Faculty, Turkey
sbal@itu.edu.tr; ORCID ID: https://orcid.org/0000-0001-8688-8482

Abstract

This paper addresses the skew effects (a significant geometric property) of marine propellers on cavitation
phenomenon numerically. DTMB 4381, 4382, 4383 and 4384 model propellers with different skew values
have been chosen to investigate the cavity patterns on the blades under open water conditions. A lifting
surface method has been applied for both non-cavitating and cavitating propellers. Numerical results (non-
dimensional thrust and torque coefficients, efficiency values and cavity patterns on the blades) have been
validated with experimental results. It has been found that the present numerical method is accurate and
reliable for predicting the hydrodynamic performance of both non-cavitating and cavitating propeller under
open water conditions. It has also been found that under certain conditions the skewed blades of the propeller
can cause lesser cavity patterns and improve the propeller performance.

Keywords: Cavitation, Propeller, Skew, Lifting Surface Method.

Pervane Calikhginin Kavitasyon Uzerine Etkisinin Sayisal incelenmesi

Oz

Bu c¢alismada, gemi pervanelerinin énemli bir geometrik ézelligi olan c¢alikligin kavitasyon olusumu
tizerindeki etkileri sayisal olarak incelenmistir. Bunun igin farkl caliklik degerlerine sahip DTMB 4381,
4382, 4383 ve 4384 model pervaneleri secilmis ve agik su sartlart altinda kanatlar tizerindeki kavitasyon
olusumlart hesaplanmigtir. Bir kaldirici ytizey yéntemi hem kavitasyon yapan hem de yapmayan pervaneler
icin uygulanmugstir. Oncelikle, elde edilen sayisal sonuglar (boyutsuz itme ve tork, verim degerleri ve kanatlar
tizerindeki kavitasyon olusumlari) deneysel sonuglarla dogrulanmistir. Béylece mevcut yéntemin agik su
sartlart altinda hem kavitasyonlu durumda hem de kavitasyonsuz durumda gtivenilirligi ve dogrulugu
gosterilmistir. Calisma neticesinde belirli sartlar altinda artan ¢caliklik miktarinin pervane kanatlart lizerinde
daha az kavitasyon olusumuna sebep olacagi ve pervane hidrodinamik performansint iyilestirebilecegi
bulunmustur.

Anahtar Kelimeler: Kavitasyon, Pervane, Caliklik, Kaldirici Yiizey Yontemi.
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1. Introduction

It is difficult to avoid the cavitation on
propeller blades of modern surface marine
vehicles due to the increase of loading.
It is well-known that the cavitation can
cause vibration, noise, erosion on blades
and reduction in efficiency which will
eventually deteriorate the functionality
and performance of marine vehicles. The
skewed propeller can delay or reduce the
cavitation amount under certain conditions
and improve propeller performance.

In the past, the effects of skew have been
studied by various researchers. In [1], the
cavitation on a highly skewed propeller
DTMB 4384 has been investigated by a
RANS (Reynolds-Averaged Navier-Stokes)
simulation. The computational results
have been validated with experiments.
It has been reported that an increase in
skew angle is effective to avoid cavitation.
In another study [2], unsteady RANS and
Bubble Dynamics equations were coupled
to predict the cavitation on propeller blades.
It was noted that the proper increase in
blade skew angle may reduce the cavitation
pattern and improve the hydrodynamic
performance of the propeller. In [3], the
cavitating flows around a highly skewed
model propeller under both uniform
and non-uniform wake conditions were
modelled by applying a mass transfer
cavitation technique. This technique used
the Rayleigh-Plesset equation and k-®
turbulence model. It was noted in the
study that sheet cavitation as well as tip
vortex cavitation that was observed in
tests, were regenerated around the flows
of highly skewed cavitating propellers.
In addition, the relationship between the
skew angle and propeller trailing (vortex)
wake was numerically investigated in
[4] and several model propellers with
different skew angles were used in this
study. Numerical simulations were based
on RANS method. It was found that the
contraction of trailing (vortex) wake can

be limited with an increase in skew angle
and loading conditions. The interaction
between cavitating patterns and propeller
skew was also examined numerically by
using different skewed propellers in [5].
RANS solver was again applied to predict
cavitation pattern and pressure values in
propeller wake. It was found that under
certain operating conditions for high blade
loading, sheet cavitation becomes weak
with an increase in propeller skew angle.
A boundary element method was, on the
other hand, applied to examine the skew
effect on propeller performance in [6]. But
no cavitation analyses were included in the
calculations. Effects of advance ratio on
the wake evolutions for skewed propeller
were investigated numerically in [7]. The
skew effect was also analyzed numerically
for just one advance ratio in [8]. However,
in these studies, RANS simulations applied
generally and these studies have not
considered a systematic investigation of
skew on cavitation.

On the other hand, a lifting surface
method for the analysis of unsteady
flows around marine propellers working
under non-uniform inflow conditions was
introduced in [9]. An extended version
of this method later was developed for
cavitating propellers in [10]. A search
algorithm for cavity detachment for back
and mid-chord cavitation was also added
in the method [11]. Lifting surface method
was later improved by taking into account
of viscous effects and of a technique for
cavitation inception [12]. The viscous
effects were assumed to be dominant near
the leading edge of the blade sections. Later,
a numerical method based on [12] was
developed in [13]. This method improved
significantly the cavitation simulation on
the blades of the propeller [13]. A simpler
method based on a lifting line model to
compute the propeller hydrodynamic
performance was also later introduced in
[14]. This method was applied to investigate
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the podded propulsors, too in [15]. A
lifting surface method similar to the
present study was used to analyze both
non-cavitating and cavitating optimized
propellers under open water conditions
[16, 17]. It is well-known that a lifting
surface method is cost-effective, simpler
and faster than RANS solutions.

In the present study, a very fast
and reliable lifting surface method
similar to the one used in [16] has been
selected to analyze the cavitating and
non-cavitating propeller with skew. The
influence of skew angle on cavitation and
hydrodynamic performance of propeller
has been discussed under open water
conditions.

2. Numerical Method

A lifting surface method is applied to
calculate the hydrodynamic performance
of cavitating propellers as similar to
the one given in [17]. The method is
summarized here for the completeness
of the paper. The lifting surface method
models unsteady cavitating flow around
a marine propeller. The method assumes
an incompressible and irrotational flow
around a cavitating marine propeller.
There are finite numbers of vortices
and sources distributed on the blade
camber surface and its wake surface.
The strengths of source distribution
are calculated by using the thickness
distribution in the chord-wise direction.
They are independent of time as also
given in [18]. Moreover, the unknown
strengths of bound vortices on the blade
surface can be determined by applying
the kinematic boundary condition.

The dynamic boundary condition
that is based on Bernoulli’s equation
requires that the pressure must be equal
to the vapor pressure of water on the
cavity surface. A searching mechanism
is applied her for the unknown cavity
extent and length in the direction

of each spanwise strip. The cavity
thickness, area, and volume can then be
found by using the integration technique
of the cavity source distribution along
each strip. A time domain approach is
also used to solve the problem. Each time
increment represents an angular position
of rotation of the propeller. A uniform
frictional drag coefficient is also assumed
to calculate the viscous forces.

When the propeller is working under
steady flow conditions, the loading on
all blades is the same. Hence, the total
force and torque of the propeller are
calculated by multiplying each blade
force and torque by the number of blades.
Hub effects can also be included in the
calculations by the method of images. The
other details of the lifting surface method
applied here for propeller analysis are
given in [16] and [19].

3. Validation and Numerical Results

For a systematic analysis of skew
effect, DTMB 4381, 4382, 4383 and 4384
model propellers have been selected
since the cavitation and open water
results were presented for these series of
skewed propellers in [20, 21]. The main
dimensions of the propellers 4381, 4382,
4383 and 4384, which are taken from [20,
22] are given in Table 1, Table 2, Table 3
and Table 4, respectively. Each propeller
has a diameter of 30.48 cm, five blades,
BAR (Blade Area Ratio) = A /A, = 0.725,
and NACA a=0.8 camber lines with 66
modified thickness sections. They have
similar chord and thickness distributions.
The series has maximum projected skew
angles 0° (4381), 36° (4382), 72° (4383)
and 108° (4383) at the propeller tip. The
geometry and panels used in this study
are also shown in Figure 1.

First, the lifting surface method
is applied to non-cavitating DTMB
4381, 4382, 4383 and 4384 propellers
for validation. The number of vortex
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elements is (N=20) in the chord-wise
direction and (M=30) in the radius
direction of blades. These number of
panels have been found to get converged
results after some numerical tests. The
frictional drag coefficient was assumed
to be C=0.0035 in the calculations. The
thrust and torque coefficients (K, and
KQ) and efficiency value [n=(J/21)*(K,/
KQ)] of four propellers (4381, 4382, 4383
and 4384) versus advance coefficients (])

Table 1. Main Dimensions of DTMB 4381 Propeller

computed from the lifting surface analysis
are validated with experiments given in
[21] as shown in Figures 2, 3, 4 and 5,
respectively. The agreement between
the results of analysis and experiments
is satisfactorily good. For all propellers,
the maximum efficiency about J=1 has
the same value except DTMB 4382 model
propeller which has a slightly lower
efficiency under open water and non-
cavitating conditions.

Table 3. Main Dimensions of DTMB 4383 Propeller

t/R [¢/D [P/D [Skew |Rk/D |t /D | £ /c t/R [¢/D [P/D [Skew |Rk/D |t /D |f_/c
©) )
0.2 0.174 | 1.332 0 0 0.0434 0.0351 0.2 0.174 | 1.566 0.000 0 0.0434 0.0402
0.25 0.202 | 1.338 0 0 0.0396 0.0369 0.25 0.202 | 1.539 4.647 0 0.0396 0.0408
0.3 0.229 | 1.345 0 0 0.0358 0.0368 0.3 0.229 | 1.512 9.293 0 0.0358 0.0407
0.4 0.275 | 1.358 0 0 0.0294 0.0348 0.4 0.275 | 1.459 18816 | 0 0.0294 0.0385
0.5 0.312 | 1.336 0 0 0.0240 0.0307 0.5 0.312 | 1.386 27991 | O 0.0240 0.0342
0.6 0.337 | 1.280 0 0 0.0191 0.0245 0.6 0.337 | 1.296 36.770 | O 0.0191 0.0281
0.7 0.347 | 1.210 0 0 0.0146 0.0191 0.7 0.347 | 1.198 45453 | 0 0.0146 0.0230
0.8 0.334 | 1.137 0 0 0.0105 0.0148 0.8 0.334 | 1.096 54.245 | 0 0.0105 0.0189
0.9 0.280 | 1.066 0 0 0.0067 0.0123 0.9 0.280 | 0.996 63.102 | 0 0.0067 0.0159
0.95 0.210 | 1.031 0 0 0.0048 0.0128 0.95 0.210 | 0.945 67.531 | 0 0.0048 0.0168
1.0 0.000 | 0.995 0 0 0.0029 0.0000 1.0 0.000 | 0.895 72.000 | O 0.0029 0.0000

Table 2. Main Dimensions of DTMB 4382 Propeller

Table 4. Main Dimensions of DTMB 4384 Propeller

r/R | ¢/D P/D Skew |Rk/D |t /D |f /c r/R | c¢/D | P/D | Skew Rk/D |t /D | f /c
) ()
0.2 0.174 1.455 0.000 0.0000 | 0.0434 0.0430 0.2 0.174 | 1.675 | 0.000 0.0000 0.0434 0.0545
0.25 0.202 1.444 2.328 0.0093 | 0.0396 0.0395 0.25 0.202 | 1.629 | 6.961 0.0315 0.0396 0.0506
0.3 0.229 1.433 4.655 0.0185 | 0.0358 0.0370 0.3 0.229 | 1.584 | 13.921 0.0612 0.0358 0.0479
0.4 0.275 1412 9.363 0.0367 | 0.0294 0.0344 0.4 0.275 | 1.496 | 28.426 0.1181 0.0294 0.0453
0.5 0.312 1361 13.948 | 0.0527 | 0.0240 0.0305 0.5 0.312 | 1.406 | 42.152 0.1646 0.0240 0.0401
0.6 0.337 1.285 18.378 | 0.0656 | 0.0191 0.0247 0.6 0.337 | 1.305 | 55.199 0.2001 0.0191 0.0334
0.7 0.347 1.200 22.747 | 0.0758 | 0.0146 0.0199 0.7 0.347 | 1.199 | 68.098 0.2269 0.0146 0.0278
0.8 0.334 1112 27.145 | 0.0838 | 0.0105 0.0161 0.8 0.334 | 1.086 | 81.283 0.2453 0.0105 0.0232
0.9 0.280 1.027 31.575 | 0.0901 | 0.0067 0.0134 0.9 0.280 | 0.973 | 94.624 0.2557 0.0067 0.0193
0.95 0.210 0.985 33.788 | 0.0924 | 0.0048 0.0140 0.95 0.210 | 0.916 | 101.300 | 0.2578 0.0048 0.0201
1.0 0.000 0.942 36.000 | 0.0942 | 0.0029 0.0000 1.0 0.000 | 0.859 | 108.000 | 0.2578 0.0029 0.0000
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Figure 1. Front Views and Panels of Four Propellers
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Figure 2. Comparison of Open Water Results with Experiment (DTMB 4381)
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Later, the lifting surface method is
applied to cavitating DTMB 4381 and
4382 propellers for validation. The
advance coefficient is selected as J=0.7
and the cavitation number 0=1.715 for
validation under cavitating conditions

[21]. The non-dimensional cavitation
number is defined as:
_ P~bv
=1
2
>p(nD)

Here, p is the static pressure on the
shaft axis of propeller, pV is the vaporize
pressure of water. p is the density of water,
n is the revolution speed (revolution
per second) and D is the diameter of
propellers. The computed cavity patterns
(J=0.7 and 0=1.715) by present method
are compared with experiments [21]
for DTMB 4381 and 4382 propellers as
shown in Figures 6 and 7, respectively.
Note that the agreement between two
is satisfactory for practical engineering
applications except near very local
region around mid-radius of DTMB 4381
model propeller. The tip vortex cavity
has also been captured very well for both

propellers.

Then, the lifting surface method
is applied to all cavitating propellers
(DTMB 4381, 4382, 4383 and 4384).
The advance coefficient is first assumed
to be J=0.8 (low loading on propeller)
and the cavitation number is 0=1.9. The
computed cavity patterns by present
method are shown for four propellers as
shown in Figure 8. Note that the cavity
area is almost the same for all propellers.
It does not change with a skew angle.
The only difference for this case (low
loading condition on propeller) is that
tip vortex cavity is starting to develop
with an increase in skew angle. The
advance coefficient is later assumed to
be ]=0.4 (higher loading on propeller)
and the cavitation number is 6=2.9. The
computed cavity patterns by present
method are shown for four propellers as
shown in Figure 9. Note that the cavity
area is now reducing for propellers which
have increasing skew angles. Note also
for this case (higher loading condition
on propeller) that tip vortex cavity is
starting to develop much larger than the
previous case, with an increase in skew
angle.

Figure 6. Comparison of Cavity Pattern with Experiments, J=0.7, 6=1.715 (DTMB 4381) (Left: Present

Method, Right: Experiment taken from [21])
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02

Figure 7. Comparison of Cavity Pattern with Experiments, |=0.7, 6=1.715 (DTMB 4382) (Left: Present
Method, Right: Experiment taken from [21])

Figure 8. Cavity Patterns of Four Propellers for ]=0.8, 6=1.9
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Figure 9. Cavity Patterns of Four Propellers for ]=0.4, 6=2.9

4. Conclusions

In this study, the skew influence
on cavitation has been investigated by
a lifting surface method. It has been
found that all four propellers (DTMB
4381, 4382, 4383 and 4384) under non-
cavitating conditions have almost the
same maximum efficiency values between
the given range of advance coefficients
except DTMB 4382 propeller. This
propeller has a slightly lower maximum
efficiency value. On the other hand,
under cavitating conditions, the skew
has a positive effect for higher loading
conditions. Higher skew angle causes
lower cavity area and thus volume. For
lower loading conditions, skew does not
matter anymore.
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Abstract

The freezer system on ships involves provisions where meat, fish, vegetables etc. are cooled down. Provision
room is one of the essential features on ships for the preservation of food. The size of the cooling chamber
varies according to the length of the ship and the number of personnel. Under the scope of the study, a room
with volume of 15 m?® (Hx L x W, 2.5 x 3 x 2 m.) has been designed for the preservation of the meat. Boundary
conditions which are determined for numerical and theoretical analysis in provision room have been chosen
considering existing ship conditions. Refrigeration load, temperature distribution and flow streamline to
keep the meat at the desired temperature in the provision room have been analyzed for one hour working
period. Within this time interval, average meat domain and air temperature drop have been found as 4.33
K and 13 K, respectively. CFD analysis and theoretical calculation results have been compared. The results
have found to be in agreement with acceptable errors less than 10%. The outputs from analysis show that
refrigeration unit provides suitable temperature decrease within determined time interval

Keywords: Refrigeration Systems, Computational Fluid Dynamics, Ship Provision Room.

Gemi Kumanya Odasinin Sayisal ve Teorik Termal Analizi

Oz

Gemilerde et, balik ve meyve sebze gibi kumanyalarin bulundugu bélmelerin sogutularak muhafaza edildigi
sogutma sistemleri mevcuttur. Gemilerde bulunan sogutma sistemi yiyeceklerin bozulmadan muhafaza
edildigi temel ve gerekli yapilardan biridir. Bu sogutma odalart geminin boyuna ve bulunan miirettebat
sayisina gére farkl boyutlara sahip olabilir. Calismada, 15 m® (Yx Ux G, 2.5 x 3 x 2 m.) boyutlarinda karkas
etlerin korunmast amaciyla bir oda tasarlanmigtir. Teorik ve sayisal ¢alisma igin sinir kogullart uygun gemi
kogullar1 diistiniilerek belirlenmistir. Sogutma odasinda yer alan etin sicakligini istenilen degerde tutmak
icin sogutma yiikt, sicaklik dagilimi ve akis hatti bir saat siireyle zamana baglh olarak analiz edilmistir. Bu
zaman araligi i¢in et kontrol hacmi ve sogutma odast havasindaki sicaklik diistis degeri sirastyla 4.33 Kve 13
K olarak bulunmustur. Calismada, sayisal analiz ve teorik hesaplama sonuglari karsilastirilmistir. Sonuglar,
%10 degerinden daha az bir hata pay! ile dogrulanmistir. Analiz ¢iktilari, sogutma odast igin sogutma
tinitesinin belirlenen zaman araliginda uygun sicaklik diisiimiinii sagladigini gdstermistir.

Anahtar Kelimeler: Sogutma Sistemi, Hesaplamali Akiskanlar Dinamigi, Gemi Kumanya Odast.
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1. Introduction

Cooling rooms where food is kept
without degeneration on ships are generally
designed as three separate rooms. The first
one of these rooms is called dry provision
where dry foods such as potatoes are
preserved. Dry provisions should not be
cooled too much. Only, these rooms must be
dehumidified. The other two rooms in the
provision are the rooms where food such as
meat and fish are stored [1].

The lack of effective food cooling
systems causes changes in the structure
of food [2]. Many ship provision products
require refrigeration. Food should be
stored at low temperatures to ensure that
food on ships is protected from microscopic
organisms that can cause adverse effects,
such as bacteria. Frozen foods such as meat
must be frozen in order to protect their
initial properties while being carried inside
the freezer for a long-term [3]. The meat
storage temperature of the room should
be lower than -12 °C degrees. Reaching
such lower temperatures in these rooms
creates various problems inside the ship
environment [1, 4].

Refrigeration room is commonly
designed for keeping foods at a certain
temperature to convenient freshness,
quality, safety, and shelf life. For this reason,
the refrigeration system generally requires
excellent optimization in ships. There are
several factors that affect the cooling units
such as indoor and outdoor operating
conditions. Provision room has three main
components; room cavity, insulated walls
and refrigeration units. Airflow and heat
transfer calculation inside the provision
room is a very challenging task [5].

There are many approaches to solving
refrigeration problems. Nowadays,
experimental tests and computational
analyses are mostly preferred by
researchers. Experimental tests require
plenty of time, expensive equipment
and usually applied to simple problems

[5-10]. The promising approach from
computational analyses is computational
fluid dynamics (CFD). The CFD model is
the paramount option for the prediction
and analysis of refrigeration systems [11].
CFD employs finite volume and finite
element method. These methods convert
all governing equations into algebraic form
and allow them to be numerically solved
[12].

Zhijuan et al. [13] investigated the
relationship between food package
temperature and internal environment.
This study revealed that the temperature
of the cooling cabinet is affected by light,
outdoor airflow, and partial humidity. Ge et
al. [11] applied 2D steady-state CFD model
to investigate the airflow dynamics and heat
transfer for airflow from cooling coil air off-
to air-on and also numerical simulation
results were tested with experimental
results. Tsang and Yung [14] evaluated the
factors that emerge freezing capacity loss.
The researchers compared the regression
model taken by experimental data with
the theoretical formulation efficiency. Aste
et al. [15] presented a comprehensive
review of scientific and grey literature on
active refrigeration technologies for food
preservation. Glavan et al. [16] studied
hybrid model of a refrigeration system.
This system includes many different
refrigeration models such as refrigerated
display case dynamics, food dynamics,
evaporation model and ice formation
model. 3-D simulation model of full
refrigeration cabinet was designed by Wang
et al. [5]. CFD simulation of refrigeration
model showed temperature distribution
in refrigeration cabinet. Jolly et al. [17]
studied a shipping container refrigeration
system with a mathematical model and
investigated thermal performance for
full load simulation. Getahun et al. [18]
developed and validated a CFD model for
a refrigerated shipping container with
a porous medium approach. An open
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refrigerated display cabinet (ORDC) was
investigated by Carvalho et al. [19] with
airflow and heat transfer CFD modelling.

In the present study, fluid flow and
heat transfer modelling of refrigerated
provision room is performed by CFD with
commercial software ANSYS Fluent® [20].
The theoretical model is created by heat
transfer and refrigeration load calculation
equations. Comprehensive numerical model
findings are compared with theoretical
results. Besides that, temperature profiles
in room air and meat are obtained in 3D
space. Hence, the effect of location on
the temperature profile in meat is clearly
seen. Temperature results will help not
only for proper storage and management
of meat but also for optimum location of
refrigeration units in places with different
wall temperatures.

2. Description of Provision Room

3D model of the provision room which
is cooled down to -10 °C with refrigeration
unit and 3 x 3 array hanged meat carcass
are represented. Meat domain is designed
by closest geometric shape shown in Figure
1. The inner structure of meat solid domain
is assumed to be homogenous.

/ngeluﬂon Unit

Figure 1. Provision Room 3D Detail

Provision room geometry is designed
with 2.5 m height, 3 m length and 2 m
width considering the systems currently
used on ships. Total weight of meat
domains in simulation is determined to
be 665 kg. The distance between the meat

domains is 400 mm, placed in the middle
of the room depending on the location of
the evaporator. The position of the door to
the provision room is defined as far away
from the evaporator as possible in the
computational domain.

The refrigeration unit is selected as
single fan evaporator in the provision room
the technical specifications of which are
indicated in Table 1.

Table 1. Refrigeration Unit (Evaporator)
Technical Specifications

Technical Specification Values

Airflow rate [m3/h] 6000

Fan diameter [mm] 500

Surface [m?] 26.1

Average capacity [W] 4600

Defrost electrical heaters [W] | 10 x 500

Dimensions (Hx Lx W) [mm] | 670x980x 720

Generally, refrigerated room walls are
insulated by sandwich panels in which
polyurethane foam thicknesses can change
according to heat insulation capacity,
depending on the conditions of the region
and the intended use of the structure. The
sandwich panels are coated with metal
sheets in compliance with TS EN ISO 6946
standards. The thickness of the enclosing
plate is 0.5 mm and the thickness of the
insulation walls (polyurethane) is 50 mm.
The section of the walls is shown in Figure
2.

0,5 mmT 50 mm 0,5 mm
[

| ———Sheet Metal

“—Polyurethane

Figure 2. Provision Room Wall Section
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3. Theoretical Model
3.1. Heat Dissipation Over Walls

The heat exchange phenomenon takes
place in many places of the cooling system
when the cooling process is performed.
In provision room walls, heat transfer
calculation is made by thermal resistance
network approach. Although the provision
room is three-dimensional, approximate
solutions can be achieved by assuming
one-dimensional heat transfer [21]. In
refrigeration systems, one-dimensional
heat transfer is calculated by the following
formula [22]:

Ta::' 02
=Zels  (yy (1)
Q=122 (W)
R 0 Y
ERt_h1A+k1A+k2A+k3A+h2A (K/W) (2)
Provision room wall layers are made
from two different materials. Heat transfer
resistance network of walls is shown in
Figure 3.

Figure 3. Equivalent Thermal Circuit for A Series
of Composite Wall

Total heat transfer coefficient (U) is
defined for composite material walls with
this formula:

=_1 2,
sRa (W/m"K) (3)

3.2. Refrigeration Load Calculation

The purpose of the refrigeration
load calculation is to select proper
refrigeration system components in an
economical manner. The correct choice of

the refrigeration components will bring

seamless and maintenance-free operation

in provisionrefrigeration systems. The gains

that resulted from heat form refrigeration

loads. These loads can be categorized into

four groups as follows [4]:

e Heat dissipation over walls, ceiling, and
floor,

¢ Infiltration heatis caused by the external
warm environment,

¢ Foods inside the cooled provision room,

e Heat sources like working humans,
illumination, motors, etc.

It is desirable that the transmitted heat
is very small in order to prevent the heat
energy in the room from leaking out to the
outside as described in the above section. In
order to calculate the transmitted heat, the
cooling room insulation thickness and type,
the construction of the building, the physical
properties of the volume to be cooled, the
room volume and the volume effect outside
must be determined in advance. Decreasing
the coefficient of thermal conductivity
and the cooling load can be achieved by
increasing the insulation thickness but this
thickness increases the cost and reduces
the food storage volume [4].

Each time the cold room door is opened
and closed, some external hot air enters the
cold room creating an additional cooling
load. It is possible to detect this load
correctly, by knowing the actual operating
conditions. Experimental studies have
shown that the infiltration load depends
on room volume in cooling applications.
The influence of the infiltration load
was neglected because the door of the
ship provision room door was not used
frequently (once a week) during operation.

Heat emerges from various species of
foods that are stored in the ship provision
room. This heat is the most important and
largest part of the cooling load. Analytical
heat transfer analysis can be applied
with Fourier series for only very limited
positions due to the complexity of the
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three-dimensional transient heat transfer.
In short, the determination of the cooling
time depends on the type of the object to
be cooled, the shape, the speed of the cold
air given by the cooler, air temperature and
distribution in the cold room and also the
type of the cooling application.

The cooling load which is brought by
the foods placed in the provision room is
divided into four phases:
¢ Cooling over freezing temperature
¢ Latent heat to be taken during freezing
¢ Taking maturation heat of foods
e Super cooling after freezing

In this study, the provision room is kept
ata certain temperature. The frozen meat is
brought from outside to the provision room.
Thus, super cooling after freezing is taken
into consideration on analytical analysis as
shown in the following equation:

er

- m(kg)-Cmeat (k] /kg-K)-AT
Cooling Time(s)

(kW) (4)

Lightingheatload is calculated according
to lighting fixture type and operation time:

_ Lighting Power (W) x Lighting Time(h)
Q"— Operation Time (h) [kW) (5)

Another aspect in the refrigeration
system during a long-time operation
is defrosting. Defrost is caused by
accumulated clogging of the outdoor
heat exchanger (condenser). Airflow rate
decrease of the evaporator fan trigger
heat transfer performance drop in the
cooling system [23, 24]. The electric defrost
heaters in the cooled volume are located on
the evaporator. Given the power of these
heaters in Watt and the number of working
hours per day, the heat which is emerged
during the defrost can be found by the
following equation [4]:

Q,., = n x heat power x Hx F (W) (6)

Where; n, number of defrost heater,

H, running time of cooling (h/day) and E
defrost factor which is identified as a part
of electrical energy entering the cooling
room as heat load. Refrigeration load can
be calculated with the following equation:

Q. =Q+Q+Q+Q, (7)

4. Numerical Model

Numerical solutions of the physical
process such as heat transfer, fluid flow, and
other related process have been expressed
in a mathematical form which is derived
by governing differential equations. A
computer program is often needed because
it is difficult to solve these equations
numerically [25]. A steady-state 3-D CFD
modelis solved using the commercial ANSYS
Fluent® software package. This software
is used to analyse the mathematical
description of physical phenomena [26].

4.1. Governing Equations

In this study, incompressible flows
are used for analysis and CFD solves
conservation equations for mass and
momentum. The conservation equations
are relevant to turbulence modelling and
heat transfer [20, 27]. The continuity
equation can be written as follows;

L4V (p¥)=0 8)

Where, p is the density and Vv is the
velocity. In addition to above equation,
gravity term is added in the body force.
Conservation of momentum differential
equation is given for a non-accelerating
reference frame as follows [20, 25, 28].

2 (VT (pW)=-Tp+V-@)+ pgsF 9)
5 (PH)+V(pVH)=V( - VH) (10)

e .
where, p, 7, pg, F, H, T, k, and ¢, static
pressure, stress tensor, gravitational body
force, external body forces, enthalpy,
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temperature, thermal conductivity and
specific heat of air, respectively.

The standard k-w turbulence model
which is based on transport equations for
the turbulence kinetic energy (k) and the
specific dissipation rate (w) has been used
in the present study.

4.2. Mesh and Boundary Conditions
Three-dimensional fluid domain and
computational mesh of the provision
room is shown in Figure 4. In this model,
boundaries of the refrigeration unit and
meat have been intensified to take the most
precise results. 5 boundary layers with
1.2 growth rate has been applied on meat
surfaces. Meat domain and room domain
has different element sizes on their bodies.

000 1000.00

200000 tmen)

0000 1504,00

Figure 4. Computational Mesh

Ansys Meshing commercial software
has been used in mesh generation. Mesh
dependence checks have been carried out
for three different mesh models with various
mesh densities. Temperature distribution
on each meat domain has been calculated
for 62243, 94356 and 456003 element
numbers at 3600s. These numerical results
show that the solution is independent of
the mesh size both in solid and fluid regions
as shown in Figure 5. According to effective
use of computer resources and time, the

grid that has 94356 elements is selected
for the analysis. Mesh domain also contains
structural and unstructured elements.

B R
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Figure 5. Grid Independency of Solid-Fluid
Regions for 3600 s

4 5 [
Meat Domains

8 9

Second-order implicit time stepping
method has been used with changeable
step sizes of 0.02 and 0.2 up to 3600 s. A
hundred iterations have been performed
for each time step to achieve normalized
residuals in the range of single precision
machine accuracy. Mesh specifications are
applied to the model are shown in Table 2.

Table 2. Mesh Specifications

Technical Specification | Values
Number of elements 94356
Element quality 0.76226

Mesh types Tetrahedral and
hexahedral mesh
The creation of the appropriate

numerical model in computational fluid
dynamics applications is a very important
factor. Itis necessary to define the boundary
conditions correctly on the created model
in order to obtain correct results. In this
study, the shape of three-dimensional CFD
model for the provision room is shown in
Figure 6.

To calculate the solutions, boundary
conditions and material properties
are applied in CFD software. Boundary
conditions which have been determined
considering provision room conditions are
indicated in Table 3.
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Front
wall

Door

Bottom Wall &«

Figure 6. Boundary Conditions

Table 3. Boundary Conditions

0730

Mass Flow
inlet

N

Meat

Right wall

3000 {m)

Types Values
Mass flow inlet [kg/s] 2.04
Inlet temperature (°K) 259

Outlet

Pressure - Outlet

Wall heat transfer coefficient (W/m”2°K)

0.412

Wall (left, right, front, back and door) outside temperature (°K) 313

Wall (bottom and top) outside temperature (°K) 303

Provision room initial temperature (°K) 273

Meat initial temperature (°K) 269
5. Results and Discussion parameter for thermal uniformity in
In ship provision refrigeration system, refrigeration analyses. In Figure 8§,
transport temperature of the food system temperature distribution  which is
must be at least -4 °C (~269 K) to prevent depending on determined operating

food from spoiling. While setting initial
conditions, provision room and blower
(evaporator) inlet air temperature have
been accepted to be 273 K and 259 K
respectively. Data set values are taken by
sample mid-planes. Locations of these
planes are shown in the domain by Figure 7.

Temperature profile is a very important

conditions is calculated numerically for one
hour working period. Plots are created with
time intervals of 600s,1200s,1800 s, 2400
s, 3000 s and 3600 s, respectively.

Initially, the provision room and meat
domain temperature are set to be 273
K and 269 K, respectively. According to
temperature data at mid-plane 1, meat
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Figure 7. Dataset Plane Locations

Figure 8. Temperature Distribution of Specified Time Intervals
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domain temperature decreases slowly over
time after one-hour period. Meantime,
average meat domain temperature drop is
433 K.

Similarly, meat domain temperature
change is shown at mid-plane 2 in Figure 9.
Temperature near the inlet is less than the
provision room bottom side and also the
temperature decreases because of the flow
around the evaporator unit. Over one-hour
period, average air temperature value has
decreased by 13 K compared to the initial
condition in the provision room, but the
thermal uniformity could not be achieved.

Below the meat array since the cold air
is blown over them. However, the velocity

at the evaporator outlet is remarkably
lower than the velocity at the evaporator
inlet due to frictional loss of air through
the circulation inside the room. After
evaporator fan starts, air

begins to flow over meat domain and
turns back to evaporator outlet. At t=1800
s, velocity profile of provision room is
shown in Figure 10.

According to the analysis results,
the highest velocity value occurs at the
circumference of evaporator. Labelling
for three dataset planes are shown with
letters a, b, and c¢ with the distance from
refrigeration unit in Figure 11.

Figure 9. Temperature Distribution of Specified Time Intervals for mid-plane 2
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Figure 10. Velocity Profile of Provision Room (at t=1800 s)

Figure 11. Labels for Dataset Plane Locations for Meat Domains

Average temperature distributions
in three dataset planes with their
corresponding labels are shown in Figure
12. Temperatures shown are averaged in
space at the time of 3600 s. It is observed
that average temperature values for each
plane are different from each other data
received from the numerical analysis due
to flow distribution in the provision room.
The temperature values calculated for three
different planes over one-hour working
period are demonstrated in Figure 12.

Inside the provision room for a, b, ¢
dataset planes at 3600 s., meat domain
average temperatures decrease from 269

K to 264.76 K, 264.83 K and 264.50 K,
respectively. According to these results,
velocity streamlines of inlet fan, evaporator
and meat positions have an influence on
average temperatures of meat domains
with respect to time.

Besides, CFD analysis and theoretical
calculation results are compared and
demonstrated in Table 4. According to
heat transfer results, it can clearly be seen
that analytical and numerical results are
in good agreement with acceptable errors
for each boundary condition. Theoretically
calculated values of lighting and defrost are
omitted in a numerical approach.

146



Bayramoglu et al. / JEMS, 2019; 7(2): 137-149

————— Plane a Planeb «s+ssses Planec
265.00
268.50
268.00
% 267.50
2 267.00
=
® 266.50
2. 266.00
=romne I I Y R =3
S 265.50 ey
b= T, TSR
265.00 ==
264.50
264.00
0 500 1000 1500 2000 2500 3000 3500
Time (s)
Figure 12. Meat Domain Temperature Profiles for a, b and c Planes
Table 4. Heat Transfer on Boundary Conditions
Boundary Conditions Analytical Results (W) Numerical Results (W) Error (%)
Meat (surface) 1355.17 1242.1 8.34
Wall (left and right) 334.33 320.27 4.20
Wall (back) 96.73 91.34 5.57
Wall (front) 111.44 108.45 2.69
Wall (top) 99.89 96.14 3.75
Wall (bottom) 108.97 103.38 5.13

6. Conclusion

In this study, a three-dimensional ship
provision system domain is analysed with
analytical and numerical methods over
transient operating conditions for one hour
working period. 3D CFD Model has been
generated with ANSYS® Fluent commercial
software including airflow and heat transfer
study in ship provision room.

Heat transfer on boundaries,
temperature and velocity profiles on mid-
planes are calculated over computational
domain. According to the numerical results,
average meat domain temperature and air
temperature drop have been found to be 4.33
Kand 13 K, respectively for one hour working
period. However, it is observed that all meat
domain average temperature changes are
not the same inside the provision room.

The computed heat transfer for the
present provision room geometry is
compared with the analytical results. It can
clearly be seen that CFD model heat transfer
results, which are validated with theoretical
findings, give less than 10% error.

This study shows that ship provision
room temperature decreases over one hour
working period depending on determined
cooling capacity. Temperature decrease
with respect to time is usable for choosing a
suitable refrigeration system. Besides that,
it leads to further improvements in the
performance of ship provision room system
designs. We suggest that further parametric
studies are needed to investigate on
refrigeration unit location inside the
provision room.
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Abstract

For all areas where operational activities exist, human error possibilities are of critical importance. In this
sense, maintenance, management and monitoring of all components in ships powered by gas turbine systems
is a condition that must be observed. At this point, the importance of human impact is great and plays a
critical role. In this study, the probabilities of human error on the 14 critical faults described in the literature
for gas turbine components are calculated by the CREAM method in the sense of expert opinions. The results
clearly indicate the importance of human impact on faults, and guide the technical personnel to be employed
on board ship during the operation. This study provides the basis for further studies in this area.

Keywords: Marine Engineering, Gas Turbine, Human Error Prediction, CREAM.

Deniz Miihendisliginde Olasi Gaz Tiirbini Arizalari i¢in insan Hatasi Olasihigimin Tahmini

Oz

Operasyonel faaliyetlerin oldugu tiim alanlar icin insan hatast olasiliklari kritik 6neme sahiptir. Bu anlamda
gaz tiirbin sistemleri ile seyir eden gemilerdeki biitiin bilesenlerin bakimi, yénetimi ve izlenmesi gerekli bir
durumdur. Bu noktada insan etkisinin 6nemi btiytik ve kritik bir rol oynamaktadir. Bu ¢calismada, gaz tiirbini
bilesenleri icin literatiirde ifade edilen 14 kritik arizadaki insan hatast olasiligi, uzman gériisleri alinarak,
CREAM yéntemi ile hesaplanmistir. Elde edilen sonuglar, arizalar tizerinde insan etkisinin ne kadar 6nemli
oldugunu net bir sekilde ifade etmektedir ve operasyon boyunca gemide calistirilacak teknik personele dikkat
etmesi gereken durumlar agisindan yol gdsterici niteliktedir. Bu ¢calisma bu alanda yapilacak daha sonraki
calismalar icin temel olusturmaktadir.

Anahtar Kelimeler: Deniz Miihendisligi, Gaz Tiirbini, Insan Hatast Tahmini, CREAM.
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1. Introduction

Human error analysis studies are
increasing rapidly and many field
applications are being made [1]. The
problems that arise in industrial facilities
due to human-induced faults make this
situation even more complicated [2].
Human factor plays an important role in
industrial reliability and safety analysis.
At this point, any accidental loss that may
occur in real life must be considered.

When a component of an industrial plant
or system is examined and risk assessed,
a structure that identifies all the points
of the system arises. This relationship is
clarified by determining the boundaries
of the accepted system and revealing its
functional properties. The operation and
maintenance of the system is an important
part of this analysis.

Gas turbine systems are preferred
internal combustion engines in marine
vehicles and power plants [3]. These
systems require manufacturing precision
and qualified workforce. There is a need
to build a specific point of view for gas
turbines. Thus, new situations that may
occur in malfunctioning or undamaged
engines are taken into consideration. In
most cases, it is known that faults cause
serious damage and a significant loss of
capital investment. In this case, it is very
clear that the gas turbine components
must be handled carefully. The types and
severity of faults in gas turbine components
are different from those due to operating
conditions.

Maintenance personnel has a critical
role in the safe operation of gas turbine
components. It is known that most
human errors occur in the course of the
maintenance of equipment. For this reason,
it is significant that focusing on the human
errors during the maintenance phase. By
analyzing the errors that people make on
the system, the new system structures
can be developed to reduce both error

occurrence and effects.

The aim of this study is to determine
the probabilities of human error on
possible faults in gas turbine systems. It is
emphasized by the opinions of experts in
the field and the Cream method that the
determined probabilities are important for
the technical personnel involved in the gas
turbine operations.

2. Literature Review

Gas turbine technology involves complex
technical systems that are managed by
human influence. This clearly indicates
the impact of people on the safe operation
of the system. Recently, analysis of large
accidents has revealed that human error
plays an important role. However, there
are some fundamental problems in the
analysis of accidents and in the definition of
human error. The human adaptability and
learning ability are the subjects that should
be examined in particular when it comes to
analyzing the concept of human error. All
these expressions show that errors cannot
be considered separately from the system
in modern working environments. This is
an undeniable effect on the faults in gas
turbine systems.

Doel. (1990) investigated the condition
monitoring of gas turbine engines and
developed software algorithms for the
interpretation of the limited available
sensors [4]. Bea (1994) summarized
the impacts of human errors in marine
and non-marine structures[5]. Dearden
and Harrison (1996, June) examined the
relationship between operator actions and
system hazards and presented a simple
case study about the human-machine
interface (HMI) [6]. DePold and Gass (1998,
June) presented maintenance strategies
for gas turbine engine generators and
used artificial neural network filters to
improve data quality[7]. Brotherton et al.
(2000) evaluated the critical component
faults in gas turbine engines and developed
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a new technique by the help of data
collected from operating engines[8].
Latorella and Prabhu (2000) mentioned
the productivity and efficiency of airline
operations and evaluated the human
error in aviation maintenance and
inspection [9]. Rothblum(2000) studied
the causes of human error in the maritime
industry [10]. Ganguli (2002) developed
a Fuzzy logic intelligent system for gas
turbine fault isolation [11]. Li (2002)
proposed the performance analysis based
method for gas turbine fault diagnosis
[12]. Mosleh and Chang (2004) evaluated
operator response in probabilistic safety
assessments (PSA) of nuclear power
plants and proposed the conventional
method for human reliability analysis
(HRA) [13]. Konstandinidou et al.
(2006) wused a fuzzy classification
system for human reliability analysis
and proposed cognitive reliability and
error analysis method (CREAM) for
maintenance tasks in control room
operations [14]. Dhillon and Liu (2006)
analyzed and reviewed the human error
in maintenance systematically [15].Kim
et al. (2011) examined the human error
probabilities related marine accidents
using an analysis method [16]. Yang et al.
(2013) determined the human reliability
performanceusingamodified CREAM[17].
Noroozi et al. (2014) analysed the human
factors in pre- and post-maintenance
operations. They used a pump as the
test example and calculated the human
error probability (HEP) [18]. Islam et
al. (2016) calculated the human error
probabilities for 43 different activities of
marine engines [19]. Islam et al. (2018)
evaluated the maintenance operations on
board ships and developed human error
probability model for seafarers[1].

In the view of mentioned studies,
although there has been a wide variety
of evaluations to assess human error,
human error probabilities on faults in

gas turbine systems using the Cream
method have not been evaluated. In order
to correct this gap, this article aims to
determine the possibility of human error
in certain faults in gas turbine operations
in the maritime industry.

3. CREAM Methodology

A robust methodology allowing the
prediction of human error probability
and the analysis of cognitive human
reliability, Hollnagel (1998) introduced
CREAM method, which is suited to
perform retrospective and prospective
examination [20]. This method identifies
parts of the work, tasks or actions
requiring or dependent upon human
recognition and therefore, open to the
effect of variations in cognitive reliability.
Some researchers (e.g. Akyuz, 2015)
attempted to draw fine distinctions
between basic and extended versions of
the CREAM in which a comprehensive
human error assessment is made [21].
The basic one focuses on initial screening
of human interactions, the extended
one a far-reaching analysis for human
interaction by adopting outputs of the
basic version.

For the determination of the
probability of human error in numerous
actions, the CREAM is comprised of four
different control modes. It is a derivation
of COCOM (Contextual Control Model)
addressing the practical and conceptual
basis for the improvement of human
performance[21-22]. The models are
scrambled, opportunistic, tactical and
strategic. Due to the strategic mode
introducing the lowest probability of
human error, the highest human error
probability is alluded by the scrambled
control mode. Table 1 below illustrates
control modes and relevant failure
probabilities. With the aim of quantifying
the probability of human error, the
CREAM embraces a few main steps.
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Table 1. Control Modes and HEP Intervals

Control Mode HEP Interval
Strategic 0.5E-5<P<1.0E-2
Tactical 1.0E-3<P<1.0E-1

1.0E-2<P<0.5E-0
1.0E-1<P<1.0E-0

Opportunistic

Scrambled

3.1. Introducing Control Modes

Based on COCOM, the theoretical
background of CREAM with four control
modes, as explained above, is scrambled,
opportunistic, tactical and strategic.
Experiences of personnel and knowledge
of dependency are influential in the control
modes. Control modes and effects are
shortly given: [23].

Scrambled control mode: The operator's
exerting minimum control over the system
is indicated by scrambled modes because of
the randomness or unpredictability of the
choice of next action.

Opportunistic control mode: Careless
characteristics of the situation stemming
from lack of time, inexperienced operator,
etc. determine the choice of next action.

Tactical control mode: Performance
of operator nearly follows planned
procedures; albeit, still the possibility of
some deviation.

Strategic control mode: In addition to
the time available, operator conceivably

thinks action at a higher level. This mode
enables more efficient action than the
others to be conducted by the operator.

For initial screening of human failure
events to be monitored, Figure 1 is usable
and defines the basic operator control
modes[23].

3.2. Assess Common Performance
Conditions (CPCs)

Definition and assessment of CPC
are required in this method to find out
cognition and human context. The CPC
state the conditions of the operator such as
a performance shaping factors which are
excessively influential on the human error.
CPCs level and relevant performance effect
are illustrated in Table 2 [20].

So as to predict the probability of human
error, the CPC score is required. In the
calculation of the CPC score, the number
of times, which gives rise to decrease
performance reliability or increase
performance reliability, is considered.
Subsequent to the accumulation of CPC
scores, the control modes are established to
determine human error probability interval.
The combined CPC scores, Y reduced and
Yiimproved signify the appropriate control
mode providing the probability of human
failure intervals. Conversely, CPC ) not
significant does not affect the HEP [21].

> improved
reliability Strategic
Tactical

7 Opportunistic
6 Scramble
5
4 —
3
2
1
! i o e N

0 1 2 3 4 5 o

Figure 1. Operator Control Modes

7 8 9

3 reduced reliability
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Table 2. CPC Level and Performance Effect

CPC CPC level/description

Effects

Adequacy of organisation Very efficient

Improved

Efficient Not significant
Inefficient Reduced
Deficient Reduced
Working conditions Advantageous Improved
Compatible Not significant
Incompatible Reduced
Adequacy of MMI and Supportive Improved
operational support Adequate Not significant
Tolerable Not significant
Inappropriate Reduced
Availability of procedures/plans Appropriate Improved
Acceptable Not significant

Inappropriate

Reduced

Number of simultaneous

Fewer than capacity

Not significant

goals Matching current capacity Not significant
More than capacity Reduced
Available time Adequate Improved

Temporarily inadequate

Not significant

Continuously inadequate

Reduced

Time of day Day-time (adjusted) Not significant
Night-time (unadjusted) Reduced
Adequacy of training and Adequate, high experience Improved

experience Adequate, limited experience Not significant
Inadequate Reduced
Crew collaboration quality Very efficient Improved

Efficient

Not significant

Inefficient

Not significant

Deficient

Reduced

3.3. Identifying context influence
index (CII)

By dint of CII in the CREAM,
quantification of human error is
ensured. Herein, the CPCs are likely to be
quantified. The deduction of the number
of reduced CPCs from improved CPCs
ascertains this value. An equation (1)
demonstrates the quantification process

of CII. In the equation, X provides the

number of reduced CPCs and Y indicates
the number of improved CPCs [21-24].

Cli=X-Y= Z reduced — Z improved (1)

He et al. (2008) describe a specific control
mode capable of converting CII into a crisp
value in line with the CPCs score [24].
Table 3 displays specific control modes and
CII values in which the control modes are
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classified [23-24]. In the control modes, as
Y'notsignificant combined CPCs scores have
no significant effect over the HEP value, the
CII value is considered 0.

Table 3. Specific Control Modes and CII Values

Control mode CII values
Strategic -7to-3
Tactical -3to1l
Opportunistic 2to5
Scrambled 6to9

3.4. Predicting Performance Influence
Index (PII)

Akyuz (2015) argues the PII values
were introduced with the aim of specifying
the actual weighting factors for cognitive
functions such as planning, executing,
observation and interpretation [21]. Each
CPC possesses a different PII value and
each one of them is a different weighting
factor from others. This calculation serves
to monitor screening stage. Equation
(2), within this scope, shows CII value in
relation to PIL In the equation, the PII value
basis of the weighting factor is introduced
in CREAM extended version and arranged
by expert judgement [21-24].

Table 4. Nominal Cognitive Failure Probability

9
cil = Zmpu 2)

3.5. Calculating Cognitive
Probability (CFP)

In this step, cognitive human failure
probability is decided, for human failure
probability for each cognitive failure type
is defined by CFP. The nominal cognitive
failure probability (CFPO) is designated for
each operational task. The CFPO acquires
a set of sources and provides the nominal
value given for failures of cognitive function
[20-21]. In CREAM, under four cognitive
functions are introduced thirteen generic
failure types. Table 4 [23-24] illustrates
nominal cognitive failure probability.

According to Akyuz (2015), He et
al. (2008), Apostolakis et al. (1988) the
following equation (3) identifies the
correlation between the CII and CFP
[21-24-25]. The logarithmic equation is
employed to depict changes in human error
interactions with the variance in external
conditions.

CFP
= k. 3
log(cppo) k.ClI 3)

In the equation, k explains a constant

Failure

Cognitive Function Generic Failure Type Basic Value
Observation 01. Wrong object observed 1.0E-3
02. Wrong identification 7.0E-2
03. Observation not made 7.0E-2
Interpretation I1. Failurey diagnosis 2.0E-1
12. Decision error 1.0E-2
13. Delayed interpretation 1.0E-2
Planning P1.Priority error 1.0E-2
P2.Inadequate plan 1.0E-2
Execution E1. Action of wrong type 3.0E-3
E2. Action at wrong time 3.0E-3
E3. Action on wrong object 5.0E-4
E4. Action out of sequence 3.0E-3
E5. Missed action 3.0E-2
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coefficient and determined by following
equations (4), (5), (6) and (7) [24].

log(CFPyax /CFPy) = k. Cll gy, (4)

log(CFPyin /CFPy) = k. Cllnin, (5)

k= lOg (CFpmaxfCFPmin)/{(c”max = c[[min) (6)
CFPy = CFPyypy/10%Clmax (7)

Akyuz (2015) points out, k is found 0.26 by
considering CFPmax as 1.0000 and CFPmin
as 0.00005 [21]. In the light of findings,
equation (8) is utilized to calculate adjusted
CFP which also specifies HEP.

CFP = CFP, x 109-26.C11 (8)

4. Application
4.1. Operation of
Components in Ship

Gas turbines have been used to propel
ships for many years, all nations have
evaluated this technology in war ships and
commercial fleets. A gas turbine engine
is referred to as an internal combustion
engine that utilizes gas as a working
fluid to rotate the turbine. This engine
comprises a compressor, a combustor, a
turbine, output shaft & gearbox, and an
exhaust. In gas turbine technology, the
air-fuel mixture is ignited after hot gas
turns turbine blades so that the turbine
drive shaft rotates. Generator power is
provided with the return of the turbine.
As a result, the generator magnet moves
electrons and electricity is generated at
this point [8-11].

Gas turbines are complex systems and
many faults can occur in different parts of
them. Hydraulic-Pneumatic Equipment,
Electronic Control Equipment and
Bearing Equipment are important parts
of gas turbines. There are many points
to be checked by the seafarers regarding
this equipment. Especially, fuel and
pressure regulator filter, oiling pressure,

Gas Turbine

valve pressure and temperature value
for related equipment must be checked
by seafarers considering the values
determined by the manufacturers for the
equipment.

The maintenance person plays an
important role in equipment reliability
and management. It is known that
human error often occurs during the
maintenance phase. So critical values of
the relevant equipment must be checked
in time so that no failure occurs in the gas
turbine components.

4.2. Problem Description

In the management of gas turbine
technology, it is known that serious
damage caused by human error occurs
and capital investment is lost in a
significant amount. Many faults occur
on the gas turbine components due to
human influence. The faults in the gas
turbine components are described as in
Table 5 [26-27].

These faults and possible effects in
the gas turbine components are shown
as in Table 5. When the causes of these
faults are examined, the importance of
human effect is great. Because all the
components are operated with the values
given by the manufacturer and these
controls are made with human influence.

4.3. Analysis of Respondents

It is important to get the views
of experts in the field of inadequate
information access in the maritime
industry. Three expert opinions were
received in this study. One of them is a
professor in the department of marine
engineering operations and has been
working as a teaching member for more
than 10 years. The other one is the
third engineer on the ships and also
the manager of a maritime company
and has 6 years working experience.
Lastly, he is as a naval architecture and
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Table 5. Possible Operational Gas Turbine Faults

No Potential faults
1. Variations in rpm signal
F1. Electronic speed regulator failure
F2. Starter motor coupling failure
F3. Connecting shaft has been broken between turbine and gear box
2. Falling and fluctuations in pressure value
F4. Sufficient pressure fuel does not come for fuel pump
F5. The oil pressure switch failure
Fe. The fuel solenoid valve failure
3. Insufficient compressed air flow
F7. Blocked the outlet of air pressure regulator
F8. Load control valve failure
F9. Pressure regulator filter clogged
4. Excessive change in exhaust gas temperature
F10. Temperature control unit failure
F11. Problems in automatic control air supply lines
F12. Fuel atomiser filter clogged
5. Turbine Vibrations
F13. Eccentricity of shafts
F14. Low oiling pressure

marine engineer and has worked as a
maintenance engineer for shipyards for
6 years. The causes and defects of gas
turbine faults were evaluated by these 3
experts. The answers given by the experts
were evaluated using the CREAM method
and realistic results were obtained.

4.4, Extensive Human Error Prediction

for Operation Procedure of Gas
Turbine Components
Table 5 provides the significant

gas turbine faults (F) stemmed from
human error during operation. The
potential operational faults arising from
human errors are evaluated through
brainstorming of three experts.

Prior to determining the CPC, working
environment of the gas turbine, time of
day, engine crew collaboration, noise
level, engine crew ability, and fatigue

level are assessed by the marine experts.
Table 6 presents the descriptor of the
CPCs evaluation by the consensus of
marine experts.

Thus, the CPC effects through
engine crew performance reliability
are available related to Table 2. In this
regard, the equation (1) is utilized to
quantify. The CII value, here, can be found
as CII = -1 for No.1 (high heat level in all
exhaust cylinders of the engine) No.1, CII
= -2 for No.2, CII = 0 for No.3, CII= 2 for
no.4, CII=2 for No.5 and CII= -2 for No.6
in diesel engine operational faults owing
to human error. In consideration of the
findings, the PII values of the CPCs are
described in Table 7. The quantification
process of CII value in the extended
version of CREAM is presented applying
equation (2) and same provided in Table
8 as well [20].
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Table 6. CPCs Evaluation by the Consensus of Experts

CPCs and performance reliability
Falling and Variations in Insufficient Excessive Turbine
Fluctuations in rpm signal compressed air change in Vibrations
CPC Pressure Value flow exhaust gas
temperature
Adequacy of Very Efficient Efficient Very Efficient Efficient Efficient
organisation
Working Compatible Advantageous Advantageous Compatible Incompatible
conditions
Adequacy Tolerable Supportive Tolerable Supportive Supportive
of MMI and
operational
support
Availability of Appropriate Acceptable Acceptable Inappropriate Acceptable
procedures/
plans
Number of Matching More than Matching Fewer than More than
simultaneous current capacity capacity current capacity capacity capacity
goals
Available time Temporarily Adequate Temporarily Temporary Adequate
inadequate inadequate inadequate
Time of day Day-time Day-time Night-time Night-time Day-time
Adequacy of Adequate Adequate high Adequate Adequate high Adequate high
training and limited experience limited experince experience
experience experience experience
Crew Efficient Very Efficient Efficient Deficient Very Efficient
collaboration
quality
Table 7. PlI for CPCs (cont')
GRG CPC Level PII
Adequacy of organisation Very efficient -0.6
Efficient 0
Inefficient 0.6
Deficient 1.0
Working conditions Advantageous -0.6
Compatible 0
Incompatible 1.0
Adequacy of MMI and Supportive -1.2
operational support Adequate 04
Tolerable 0
Inappropriate 1.4
Availability of procedures/ Appropriate -1.2
plans Acceptable 0
Inappropriate 1.4
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Table 7. Pl for CPCs (cont’)

(GRG CPC Level PII

Number of simultaneous Fewer than capacity 0
goals Matching current capacity 0
More than capacity 1.2
Available time Adequate -14
Temporarily inadequate 1.0
Continuously inadequate 2.4

Time of day Day-time (adjusted) 0
Night-time (unadjusted) 0.6
Adequacy of training and Adequate, high experience -1.4

Following the calculation of CII values
for each main failure type, the CFP
values are established to analyse gas
turbine operational faults in conjunction
with human factor. The equation (7) is
implemented to calculate CFP. In Table 8 the
adjusted CFP values are illustrated along
with cognitive activity, cognitive function
and generic failure type.

4.5. Findings and Discussion
Gas turbine systems consist of a very
complex structure and are known to be

Table 8. Adjusted CFP Values

a maintenance and repair operation for
each equipment. As a consequence of this
situation, problems can arise in the gas
turbine components due to intense work,
inexperience or technical insufficiency.
For this reason, technical personnel have
critical tasks.

In this study, human error probabilities
in gas turbine faults were shaped by the
answers given by the experts mentioned
above and numerically expressed by the
Cream method. The operational faults
described in table 5 above and the hazards

No Failure Cognitive Cognitive Generic failure | Adjusted CFP
activity function type

1 F1. Observe Observation 03 4,3E-02
F2. Execute Execution E3 3,1E-04
F3. Diagnose Interpretation 12 6,2E-03

2 F4. Co-ordinate Planning P2 5,6E-04
F5. Observe Observation 01 5,6E-05
F6. Plan Planning P2 5,6E-04

3 F7. Monitor Observation 03 8,9E-02
F8. Evaluate Interpretation I1 2,5E-01
F9. Co-ordinate Planning P2 1,3E-02

4 F10. Monitor Observation 03 8,9E-02
F11. Record Execution E2 3,8E-03
F12. Compare Interpretation 11 2,5E-01

5 F13. Identify Interpretation 13 1,5E-03
F14. Compare Interpretation 13 1,5E-03
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that may occur due to these faults are
expressed. The CFP values determined
for the 14 critical faults for which human
error probabilities are expressed for these
operations are shown in Table 8. As a result
of the answers of the experts, the CFP values
range from 5,6E-05 to 2,5E-01. According
to this result, Load control valve failure
(F8; CFP Value: 2,5E-01), Fuel atomiser
filter clogged (F12; CFP Value: 2,5E-01)
calculated as the most effective criteria
based on the human error. Valves and
filters are known as the critical elements
in terms of gas turbines. The filters have to
be cleaned in time, and the maintenance of
the valves must be done periodically. At this
point, the importance of human impact is
greater.

According to the results obtained in
Table 8, Starter motor coupling failure (F2;
CFP Value: 3,1E-04 and the oil pressure
switch failure (F5; CFP Value: 5,6E-05) are
defined as faults where the human effect
is the fewest. This result is due to the fact
that these faults are caused by mechanical
problems rather than human influences.

These results, obtained through
expert opinions and the CREAM method,
represent the probability of human error
in gas turbine faults. To minimize all
these possibilities, the relevant personnel
must follow operational procedures, take
security precautions and control the flow of
information.

5. Conclusion

Gas turbine systems are used in
different areas of the industry. These
systems have a low weight / power ratio
compared to other engines. Because of this
feature, it is also preferred in maritime. It
is known that these systems consist of very
complex components. In order to provide
safe navigation in maritime, operational
activities must be done meticulously in
the ships where these systems are used.
These operations are carried out on human

control and minor negligence leads to major
problems. In this study, 14 faults in the
gas turbine components and the hazards
that may occur due to this are stated. The
human error probabilities that may cause
these faults are calculated using the Cream
method in the light of expert opinions.
According to the results obtained, the
technical personnel to be assigned by the
shipowners must be more equipped and
careful to prevent faults of high probability
of human error. For further studies, the
author aims to improve the methodology
for assessing human errors on faults in gas
turbine operations on board the ship.
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Abstract

Social media has been widely used by businesses nowadays. Although in B2B industry, social media marketing
isn’t grown up as fast as it was in B2C market, many businesses begun to develop social media strategies and
reach to new and existing corporate customers via social media recently. In this study, the main purpose is to
examine social media usage patterns of Turkish maritime transportation companies through Facebook. In
order to identify the social media usage habits of Turkish maritime transportation companies an exploratory
study was conducted. In the period between January-November 2018, the maritime companies existing in
Facebook are analyzed with a content analysis in terms of contents of the posts and stakeholder engagement
levels. The findings show that posts on corporate image and special days are highly re-shared and taken
positive reactions by followers. At the end of the study, suggestions for practitioners and direction for further
studies are presented.

Keywords: Maritime Business, Facebook, Social Media, Engagement, Stakeholder Approach.

Denizcilik Isletmelerinde Sosyal Medya Kullanom Modelleri: Facebook Uzerine Bir
Calisma

Oz

Glintimiizde isletmeler tarafindan sosyal medya yogun olarak kullanilmaktadir. Her ne kadar B2B pazarinda
sosyal medya pazarlamast B2C pazarina gdre daha hizli biiyiimese de, ¢ogu isletme son giinlerde sosyal
medya stratejilerini gelistirmeye ve yeni ve mevcut kurumsal miisterilerine sosyal medya ile ulasmaya
baslamistir. Bu ¢alisma Tiirkiye’de yer alan denizcilik isletmelerinin sosyal medya kullanim sekillerini
Facebook tizerinden incelemeyi amaglamigtir. Tiirk deniz tasimaciligi sirketlerinin sosyal medya kullanim
aliskanliklarini belirlemek amactyla kegifsel bir arastirma yapimistir. Ocak-Kasim 2018 dénemleri igerisinde
Facebook hesabi olan denizcilik isletmeleri, gonderilerinin icerikleri ve paydas katilimi seviyeleri agisindan
icerik analiziydontemiile analiz edilmistir. Bulgular, kurumsal imajve 6zel giinler gonderilerinin ytiksek oranda
yeniden paylasildigini ve takipgiler tarafindan bu gonderilere olumlu tepkiler verildigini gostermektedir.
Calismanin sonucunda, uzmanlara yénelik onerilere ve ileriki calismalar icin yonlendirmelere yer verilmistir.

Anahtar Kelimeler: Denizcilik Isletmeleri, Facebook, Sosyal Medya Etkilesimi, Paydas Yaklasimu.
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1. Introduction

In B2B marketing, the companies
are operating in a highly competitive
environment though marketing
communication  tools have critical
importance [1]. In order to create and
share rich, interactive, fast and customized
contents, the professionals in B2B market
have benefit social media with the rising
of Web 2.0. [2]. Today social media has
become one of the most important parts of
any digital marketing strategy [3]. Mangold
and Faulds [4] offered social media as a
hybrid component of the promotional mix
and as an integral part of the businesses’
integrated marketing communications
strategy. For a sustainable profit having a
web site is not adequate thus companies
are now focused to achieve relational
exchanges with their customers therefore
social media is the key for B2B companies
to be closer to their potential and existing
customers.

Shipping in a highly competitive
environment is an international industry
by nature. Nearly more than 85% of world’s
international trade is carried by maritime
transportation. Global seaborne trade in
2017 has been reached to 10,7 billion tons
with a %4 annual growth which can be
explained as the fastest growth in five years
[5]- Thus, shipping companies’ services are
produced to satisfy the derived demand
for the transport of cargoes. Maritime
transportation firms are serving to other
businesses and their main focus is to cut
their costs while satisfying their customers.
When doing this, they are neglecting
to allocate their financial resources for
marketing campaigns or advertisements in
order to improve their brand images and
brand values [6]. However, the benefits of
marketing efforts, in particular utilizing
social media is quite important for many
B2B companies to enhance their brand
awareness and brand image.

The aim of the study is enhancing our

understanding on social media usage
of maritime transportation companies
which are one of the biggest players of
B2B service industry. In B2C market social
media and its benefits for businesses has
taken too much attention by far, however
role of social media in B2B market is quite
new and fruitful research area. Recent
researches put attention to investigate the
social media usage in maritime industry
newly. However, this research will be the
first for identifying Turkish maritime
transportation companies’ Facebook usage
by adopting stakeholder engagement index
which will be a contribution for Turkish
maritime transportation practitioners to
improve their social media pages.

The rest of the paper is organized as
follows. A literature review on social media
usage habits in maritime shipping industry
was employed. Then an exploratory
research was conducted to understand
the social media usage patterns of Turkish
maritime transportation companies
through content analysis technique.
Stakeholders engagement matrix which
was developed by Bonson and Ratkai
(2013) was used to measure popularity,
commitment and virality of maritime
transportation  companies’  Facebook
accounts. Finally, suggestions to increase
the power and collaborative functions of
social media platforms, theoretical and
managerial implications were discussed in
conclusion part.

2. Social Media

Social media has enabled the
communication as many-to-many [7].
which means that audience in social media
interacts both with the companies and
customers [4]. Therefore, while planning
communication in social media, it is
important to reshape of communication
by identifying how messages are created,
composed, disseminated and consumed [8]
and producing contents which have high

166



Baruénii & Sanr1 / JEMS, 2019; 7(2): 165-177

potential to have been reed and shared by
the followers.

The general perception of B2B
marketers was that social media wouldn’t
serve potential to B2B companies, even it
is an irrelevant platform to connect their
customers [9]. Due to the nature of B2B
companies, marketers think that purchasing
process requires face-to-face interaction
[10]. One of the reason behind this thought
is the lack of understanding how to do so,
and perceived benefits [11]. Over time, this
opinion was left and B2B companies try to
have an existence in social platforms to be
more visible. Although these companies
don’t expect to take order through social
media, they remark that they can benefit
from the advantages of social platforms.
North Venture Partners [12] distinguish
the areas where B2B companies could use
social media effectively: public relations,
customer service, market research,
brand marketing, promotion, consumer
education, sales, product expansion, and
customer relationship management. The
main aim is to “get closer to the customers”,
while getting the attention of press,
gaining higher employee engagement and
developing more brand awareness. Users
and followers of B2B social media include
employees of companies, customers,
industry experts, and business partners or
suppliers. According to Forrester Research,
such people use social media platforms for
both consumption of information/ news
and interaction [13].

On the other hand, in the literature the
academicshasdirectedtheirresearchonB2C
companies’ social media marketing efforts
and strategies and has provided results
regarding positive and negative returns to
companies by far [14]. Researchers began
to put attention to understand social media
communication for B2B business only
for a couple of years. Walters [15] argued
that B2B organisations can also benefit
from social media they are able to follow

three strategies which are; information
rich strategy, relational exchange and
joint learning. Balmer and Low [16] and
Brennan and Croft [17] explored the issue
from branding side, Mehmet and Clarke
[18] analysed social media semantics for
B2B. Jarvinen et al [9] and Michaelidou et
al. [11] studied on social media metrics
for industrial firms. Siamagka et al. [19]
defined the factors affecting the adoption
of social media in B2B organisations.
Andersson and Wikstrom [20] investigated
why and how B2B companies use social
media. In their research they found out that
B2B companies increased their customer
relationship, strengthened the brand and
support sales by using social media.

Frequently-used social media platforms
can be listed as Facebook, LinkedIn,
Twitter, YouTube, and Instagram [21].
Companies and customers interact with
different B2B social media platforms in
different ways [20]. Facebook is the oldest
and most popular platform among the all
social media tools therefore it has the most
members compared with others. There are
successful marketing practices in terms of
usage of Facebook accounts.

3. Marketing and Stakeholder Approach

To wunderstand social media usage
in B2B context, stakeholder theory was
frequently benefitted from. Stakeholder
view defines organisations as a grouping of
stakeholders and stresses the importance
of managing different stakeholders’
interest [22]. For maritime transportation
companies in order to successfully manage
the relationships with the stakeholders it
is vital to know how to communicate with
them that includes customers, employees,
shareholders, regulators and investors [20].

Bruce and Shelly [23] define stakeholder
engagement as the interaction among the
individuals and groups who involve in a
corporation. From the external customer
perspective, social media provide product
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and process info, enhance brand image and
corporate image, deliver advertisements,
help to improve customer relationship
management and after sales services. From
the internal customer perspective, it can be
used for announcing the vacant positions,
honour the staff and strength the internal
relations. From the community perspective,
company can share special messages and
announce social responsibility campaigns.
There are different ways of measuring
social media efficiency. One of them has
three parts; volume - how many people
talk, influence - who talks, and sentiment
- what people talk. Number of friends on
company’s profile, number of likes, number
of comments and shares are the frequently
used scales to measure the success of asocial
media tool. Also, tone of users comments
(positive, neutral, negative) show the
reflections of the customers [24]. Maersk
Line’s managers measured engagement on
Facebook by a formula where they take a
sample of their latest 10 posts, added up
the likes, number of comments and shares.
This total value is compared to other values
that other multinational brands have. On
the other hand, measuring the direct effects
of social media on B2B companies is very
tough [11, 25].
Withtheaim of creatingbrand awareness
and positive attitude to their company
maritime transportation companies begin
to apply communication strategies through
social media. As Facebook is the oldest
social media platform and number of users
exceed millions, maritime transportation
companies first open a page with their
brand name. Maersk Line is a good example
that use the photos of its ships by combining
them with interesting stories. Even they
posted a photo with a giraffe on a container
ship and took the attention of their fans. In
this process the employees also help the
company by sharing these posts. Today
Maersk Line reach to over 2 million funs in
Facebook [13]. In general, Facebook gives

opportunities to users to connect with their
followers in a visual and conversational
structure.

Over time, companies spread to other
media like Twitter, Instagram and LinkedIn
and also they keep to postin Facebook at the
same time. Twitter posts are mostly a mix of
more serious news than the Facebook page
(retweets from employees, photos, and
announcement). Twitter audience include
the trade press, shipping professionals,
customers, and employees and the Twitter
user is 10 times more influential than an
average Facebook user [13]. LinkedIn is the
most corporate platform and the tone of
voice was “more corporate. The LinkedIn
page also had several tabs, and enable to
listen customers and discuss with them.
Instagram is known with the facility of
publishing high quality photos and filter
effects. Indeed, it is more than it. Hashtags
let the companies to create topics and
inspire the people taking photos about
their business process and share them with
their own network.

All these platforms not only increase the
brand awareness and provide visibility but
also they serve as customer service. Many
fans and followers voluntarily defence the
firm when they saw a negative comment
on the page before the official customer
services take action [25]. According to
Gorry and Westbrook [25] some companies
have already integrated feedback into their
organisational processes.

In terms of measuring the stakeholder
engagement, in the literature, stakeholder
engagement metrics were used to analyze
social media usage of several sectors
including university libraries, tourism,
municipilaties, sports organizations
(football and basketball teams), companies
which are listed in Carbon Disclosure
Project, third-party logistics companies,

women entrepreneurs, banks, public
transportation agencies, political parties,
fashion retailers, telecommunications
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sector and museums. The populations
searched in the previous studies were
generally belong to B2C arena which
shows the lack of researches in business to
business sectors.

Manetti et al. (2016) analyzed
stakeholder engagement in Canadian
and American public transportation
agencies. They applied stakeholder
engagement metrics to 33 transportation
agencies. Their results show that public
transportation agencies use social media
in order to present their activities to public.
Facebook is the most popular platform for
interaction with stakeholders, on the other
hand Twitter usage is mostly focused on
contents about public information [26].
In B2B sector Siiriici and Sakar (2018)
examined the relationship of Turkish
logistics service providers  with their
stakeholders by stakeholder engagement
metrics. The findings show that Turkish
logistics service providers utilize Facebook
as a communication and engagement
channel [27]. Metushi and Fradeani (2019)
analyzed 200 Albanian companies social
media reporting practices by focusing on
contents shared by the companies on their
Facebook, Twitter and Linkedin pages. The
findings reveal that Facebook is the most
preferred social media platform. The main
focus for using social media is marketing
activities [28]. As there is scant research
in adopting social media engagement in
maritime context it is aimed to understand
usage habits of Facebook by maritime
transportation companies.

4. Methodology

An exploratory study was conducted to
understand the social media usage habits
of maritime shipping firms in Turkey.
Therefore, a content analysis was employed
by investigating the social media accounts
of all maritime transportation companies
in Turkey. Content analysis is a widely
used qualitative research technique [29].

As methodology, stakeholder engagement
metric is applied which is developed by
Bonson and Ratkai (2013) to calculate the
index values [30]. This metrics which could
be obtained through the publicly available
data are shown in Table 1.

The following steps has been taken to
identify these companies; first a full list of
maritime transportation companies were
provided from UTIKAD (Association of
International Forwarding and Logistics
Service  Providers) (September,2018).
Although there are 458 members,
the list is limited only with maritime
transportation companies. Airway, railway,
road transportation companies are
eliminated. Thus, the population consists
of 160 companies. Sampling method of
the study is purposeful sampling because,
only the companies posted more than 5
posts in their page by far are included
to the sample. Therefore sample size is
defined as 15. Next, posts are classified in
4 categories depending on their subject
by authors. Main topics were determined
as, a) special days/events/occasions, b)
corporate image, c)sectoral news and d)
announcements. For each company, the
contents of all the Facebook posts are
examined by two researchers who made
their own judgements for classification
of the contents. To enable inter-coder
reliability, Cohen’s Kappa value was
calculated and found to be varied between
0,90-1,00 which is exceed the threshold
(0,75).

For each category engagement statistics
(number of followers, likes, comments
and shares) were reported. Number of
followers and number of likes are counted
for all times whereas likes and shares are
only accounted for the period of January-
September 2018. Comments of followers (if
available) are also analysed and categorised.
(1) popularity; (2) commitment; and (3)
virality were used to measure stakeholder
engagement [30]. Popularity is related to
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the number of likes whereas commitment
is involved to number of comments.
Virality is measured with the help of
number of shares. Items of each measure
is listed in Table 1. Both quantitatively
and qualitatively stakeholders’ mood were
analyzed. Negative conversations (also
understood as negative feedback) are the
main reasons for some companies to avoid
from social media [31].

Table 1. Metrics for Stakeholder Engagement

news about the company or employees,
success stories and social responsibility
projects supporting by them. This category
is labelled as “corporate image” 1 % of
the all posts are about sectoral news, new
regulations and information like launching
of a new port, changing export taxes etc.
and these posts are labelled as “sectoral
news”, finally 4% of the posts make the
announcements about fairs or events the

Sign Formula Measures
Popularity P1 Number of posts with likes/total posts | Percentage of the total posts that have
been liked
P2 Total likes/total number of posts Average number of likes per post
P3 (P2/number of fans)*1,000 Popularity of messages among fans
Commitment C1 Number of posts with comments/total | Percentage of the total posts that have
posts been commented on
C2 Total comments/total posts Average number of comments per post
C3 (C2/number of fans)*1,000 Commitment of fans
Virality V1 Number of posts with shares/total Percentage of the total posts that have
posts been shared
V2 Total shares /total posts Average number of shares per post
V3 (V2/number of fans)*1,000 Virality of messages among fans
Stakeholder Engagement Index (E) P3+C3+V3

Kaynak: [30]

5. Findings

Outof 160 maritime shipping companies
only 43 businesses have a local Facebook
page, but 16 of these companies are inactive
as they have never posted anything on their
page by far. 21% of the companies posts
only 1 to 5 posts, 21 % of them posts 6-29
posts, 16% have 30-100 posts and 5 % add
over 100 posts through the year.

19 % of the companies’ posts are
related to the special days, events and
occasions like Mothers Days, Cabotage Day,
Feast etc. These posts are classified under
the first category which is “special days”.
76 % of the posts involve in corporate
image of the company. These posts cover
previous experiences, works on progress,
in-firm promotions, advertisements or

companies are in and open positions in the
company, so these posts are collected under
the “announcements” category.

Although number of followers per
company is 5466, average number of
posts are only 59 and average number of
comments made by followers are 38 which
means every 66 posts take comments out
of 100 posts. As seen in Table 2 average
number of likes per company reaches to
5487 which is quite same with the number
of followers. Finally, average number of
the shared posts per company is 35 in the
same period. It also reveals that from the
statistics the order of top five companies
according to number of followers and
number of likes are quite similar. Number of
Posts and Number of Liked posts are almost
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Table 2. Social Media Statistics of Maritime Companies

Followers | Posts Liked Comments | Commented | Likes | Shares | Shared
(n) (n) Posts (n) Posts (n) (Total) (n) Posts

(n) (n) (n)

Altun Lojistik As. 504 29 29 10 5 501 12 8

Batu International 6.414 15 15 1 1 6.687 13 13

Lojistik

Borusan Lojistik 24.098 110 110 62 39 24.025 | 319 90

DSL Lojistik ve 266 6 6 0 1 283 0 0

Uluslararasi

Tasimacilik

Fevzi Gandir Lojistik 1.119 81 81 17 11 1102 71 52

Galata Tagimacilik 2.764 53 53 12 6 2.777 48 44

ve Tic.

Gezairi Transport 2.076 10 10 36 10 2.081 90 10

Nak. Ve Tic.

Globelink Unimar 1.738 61 61 7 4 1.734 22 19

Lojistik

Hilal Trans 28.262 19 19 9 6 28.441 15 9

Uluslararasi Nak.

ve Tic.

IMS Lojistik 1.177 20 20 6 3 1.185 6 5

Uluslararasi Tas.

Logitrans Lojistik 838 165 165 21 7 828 135 79

MTS Uluslararasi 354 9 9 4 2 356 10 6

Tas.ve Tic.

Sarp Intermodal 118 57 57 3 3 115 21 11

Hiz.I¢ ve D1s Tic.

DB Schenker Arkas 10.317 120 120 283 76 10.248 | 3.141 73

Nak.ve Tic.

Sertrans 1.958 121 121 100 85 1.956 90 100

Uluslararasi Nak.

Tic.

same. Number of liked posts are nearly 4
times more than number of commented
posts. Number of comments and number of
shared posts are almost equal.

How many times posts are re-shared by
followers are also examined under these
four categories; special days, corporate
image, sectoral news and announcements.
It has shown that special days posts were
re-shared 763 times, corporate image posts
3093 times, sectoral news posts 55 times
and announcements 183 times by followers
in total.

In Table 3 number of shares for each
category are reported. It's obviously seen
that posts about corporate image are shared
by followers in a large extent. Additionally,
in Borusan’s page 90 posts were published
and 280 people re-shared this post.
Similarly, Gezairi published 10 posts but the
posts related to corporate image were re-
shared by 48 people. DB Schenkler has 73
posts in total and posts regarding corporate
image were re-shared by 2499 individuals.

When the contents of the posts under
these four categories are examined
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Table 3. Number of Re-shared Posts Per Category

Number of Shares for Each Content of Posts

Category

Company Special Days | Corporate Sectoral Announcements Number of
Image News Shared Posts

Altun Lojistik As. 5 7 0 0 8

Batu International Lojistik 9 1 0 3 13

Borusan Lojistik 101 280 12 27 90

DSL Lojistik ve Uluslararasi 0 0 0 0 0

Tasimacilik

Fevzi Gandir Lojistik 20 43 0 8 52

Galata Tasimacilik ve Tic. 22 26 0 0 44

Gezairi Transport Nak. Ve 27 48 15 0 10

Tic.

Globelink Unimar Lojistik 3 14 2 3 19

Hilal Trans Uluslararasi 1 14 0 0 9

Nak.ve Tic.

IMS Lojistik Uluslararasi 4 2 0 0 5

Tas.

Logitrans Lojistik 19 108 0 8 79

MTS Uluslararasi Tas.ve 3 4 0 3 6

Tic.

Sarp Intermodal Hiz.I¢ ve 3 17 0 1 11

Dis Tic.

DB Schenker Arkas Nak. 501 2.499 26 115 73

ve Tic.

Sertrans Uluslararasi Nak. 45 30 0 15 100

Tic.

Average 55 220 14 20 35

following issues are noted;

Most shared posts by followers under
the category of “corporate image” are;

work processes, new equipment, ships -

or new ports and new routes.
Second most shared posts by followers

under the category of “corporate image” -

are the posts related to staff and their
success or promotions, in particular the
posts tagged with specific names.

Most shared posts by followers under
the category of “special days” are the
posts related to celebrations (national
holidays, religious holidays and
memorial days and cabotage day etc.)

These posts are shared by followers to a
large extent if the posts have no or very
small logo on them.

According to the media of the posts it
is obviously seen that videos are much
more shared by followers than photos.
In special days category it is remarkably
seen that the posts on celebrations are
shared by followers to a large extent if
the posts have no logo on them.
Additionally, metrics for stakeholder

engagement levels are calculated and listed
in Table 4. Top three companies according
to their engagements level are Borusan,
Logitrans and Galata respectively.
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Table 4. Customer Engagement Levels

Company P1 P2 P3 C1 €2 (8 V1 V2 V3 E}
Altun Lojistik A.S. 1 | 445.80 69.50 | 0.87 | 0.07 | 0.01 087 087 | 014 | 70
Batu International Lojistik 1 | 21841 9.06 |0.82]056]0.02]082] 290 | 012 9
Borusan Lojistik 1 47.17 177.32 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 177
DSL Lojistik ve Uluslararasi 1 13.60 12.16 | 0.64| 0.21 | 0.19 | 0.64| 0.88 | 0.78 | 13
Tasimacilik

Fevzi Gandur Lojistik 1 52.40 1896 |[0.83]0.23 1 0.08 083 091 | 033 | 19
Galata Tasimacilik ve Ticaret 1 208.10 | 100.24 | 1.00 | 3.60 | 1.73 | 1.00 | 9.00 | 4.34 | 106
Gezairi Transport Nakliyat ve 1 28.43 1636 |[0.31|0.11 | 0.07 |031| 036 | 0.21 | 17
Ticaret

Globelink Unimar Lojistik 1 | 1496.89 | 5296 |0.47 | 0.47 | 0.02 | 047 | 0.79 | 0.03 | 53
Hilal Trans Uluslararasi Nakliyat | 1 59.25 50.34 |0.25]0.30 | 0.25 | 0.25| 0.30 | 0.25 | 51
ve Tic.

IMS Lojistik Uluslararasi 1 5.02 599 048] 0.13|0.15|0.48| 0.82 | 0.98 7
Tasimacilik

Logitrans Lojistik 1 39.56 111.74 | 0.67 | 0.44 | 1.26 | 0.67 | 1.11 | 3.14 | 116
MTS Uluslararasi Tasimacilik 1 2.02 17.10 [0.19| 0.05| 045 | 0.19| 0.37 | 3.12 | 21
ve Tic.

Sarp Intermodal Hizmetleri igve | 1 85.40 828 |0.61| 236 | 0.23]0.61|26.18| 254 | 11
Dis Tic.

DB Schenker Arkas Nakliyat ve 1 16.17 826 ]0.83|083|042]083| 074 | 038 | 9
Ticaret

Sertrans Uluslararasi Nakliyat 1 194.00 46.00 | 055065037 |055] 3.04 | 1.14 | 48
Ticaret

Top three companies according to their
engagements level are Borusan, Logitrans
and Galata respectively.

6. Conclusion and Implications

B2C companies are using social
media broadly when compared with B2B
(business-to-business) companies. B2C
companies use social media effectively
to promote their brands and increase the
number of fans. For that reason, customers
can easily interact with other followers
and with brand by using social media. On
the other hand, B2B online communities
are quite new. Such communities can
professionally upload content and achieve
collaboration with the stakeholders. It is
known that B2B social media spending
increased 46 percent yearly [32]. However,
this amount might vary sector by sector.

In this study, exploratory research
design was conducted to gain some insights
on Facebook usage patterns of maritime
businesses. Through content analysis,
all the maritime businesses existing in
Facebook were investigated in terms of the
frequency and content of posts, comments
and shares. Bonson and Ratkai ‘s (2013)
social engagement metrics were used in
order to calculate social media engagement.
These metrics provide an insight to
understand and measure social media
usage of companies on Facebook [30]. In
this research this metrics were applied for
the first time to maritime transportation
companies existing on Facebook.

According to the results of the analysis
some essential issues are determined.
First, this study confirms that Turkish
maritime industry is not active on social
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media yet. Posts shared by companies
are related to corporate image in a large
extent. These posts consist of previous
experiences, works on progress, in-firm
promotions, advertisements or news about
the company or employees, success stories
and social responsibility projects. Posts on
special days and celebrations follow the first
category in a considerable extent. These
findings show similarity with the findings
of Caliskan and Esmer [1]. They found that
the main difference between Turkish and
World port samples is the given importance
on the celebration of special days (e.g., the
celebration of festivals, special days such as
Victory Day and Republic Day).

Secondly, from the engagement
perspective it reveals that number of posts
and number of liked posts are almost
same. Number of liked posts are nearly 4
times more than number of commented
posts. Number of comments and number of
shared posts are almost equal. In line with
the frequencies of posts according to their
contents, corporate image posts are shared
substantially, posts on special days and
celebrations follow it, considerably.

Thirdly, posts with highest engagement
average are the posts under the category of
“corporate image” are on work processes,
new equipment, ships or new ports and new
routes, staff and their success or promotion.
It seems that if the posts are tagged with
specific names they are most likely shared
by staff.

In special days category it is remarkably
seen that the posts on celebrations are
shared by followers to a large extent if the
posts have no logo or have a small logo on
them. Additionally, according to the media
of the posts it is obviously seen that videos
are much more shared by followers than
photos.

Finally, for logistic companies average
stakeholder engagement index was found
52 by Siriicii and Sakar in 2017 [27].
However, in the present study this index

is found 18 for maritime transportation
companies. It shows that maritime industry
has a very small share in logistic sector in
terms of social media usage efficiency.

For practical implication, maritime
companies are suggested to be taken the
advantage of Facebook accounts in the
following issues; firstly, Facebook is the
social network platform with more than 2
billion active users [33] interact with each
other and organizations. Facebook is able to
be used efficiently for updating schedules in
real time, sharing the conditions that may
negatively affect the delivery and sharing the
resources (equipment, technology, software,
staff etc.) of the company to emphasize
corporate image as well. According to
Andzulis etal. (2012) B2B companies should
focus on developing long-term relationships
rather than building short-term exchanges.
Thus, maritime practitioners may utilize
Facebook to build long-term relationship
with their stakeholders. This will facilitate
the process of communicating versatile
messages to them. Being responsive,
building trust, increased positive reputation
and credibility [34, 35, 36] can be gained
by sharing contents, photos and videos
through Facebook.

This study should be considered
under some limitations. As the number of
the sample is only fifteen, a quantitative
analysis couldn’t be conducted to analyse
the relationship between content type
and engagement statistics. Forming the
sample with posts instead of companies
would provide a broader sample and future
studies might investigate whether there
is a relationship between and content
type and stakeholder engagement level by
quantitative research design. Commitment
measure was calculated as the sum of
all comments, yet it can be improved by
separating positive and negative comments.
Furthermore, content analysis can be
repeated for other social media tools such
as Twitter, Instagram and Linkedin.
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Oz

Artan enerji talebi, akaryakit fiyatlar: ve fosil yakitlardan kaynaklanan olumsuz cevresel etkiler,
yenilenebilir ve stirdiirtilebilir enerjiye olan talebi artirmaktadir. Bu nedenle, riizgdr ve giines enerjileri
glinliik hayatta kullanilabilir hale gelmis ve bu tiir sistemlerin verimliligi konusunda ¢alismalar
hizlanmigtir. Denizcilik sektériinde de benzer bir durum yasanmis ve yakin zamanda yenilenebilir enerji
gemiler icin popliler hale gelmistir. Bu ¢alismada, yakit tiiketimini ve cevre kirliligini azaltmak amaciyla
calisma zamaninin ¢cogunu demirde ya da iskelede geciren bir barca riizgdr ve giines enerjisini kaynak
olarak kullanan yenilenebilir hibrit bir enerji sistemi kurulmustur. Kurulan sistem HOMER yazilimi
ile optimize edilen konfigiirasyonlarla mukayese edilmistir. Sonuglara gére, hibrit sistemin gemide
kullanilmasiyla hesaplarda dikkate alinan stirecte yakit tiiketiminde ve emisyonlarda yaklastk %39
oraninda azalma saglanmigtir. Sistemin geri deme stiresi ise yaklasik iki yil olarak hesaplanmistir.

Anahtar Kelimeler: Yenilenebilir Enerji Kaynaklari, Emisyon, Enerji Tasarrufu, Gemi Isletmeciligi, HOMER.

Utilization of Renewable Energy in Ships: Optimization of Hybrid System Installed in
an Oil Barge with Economical and Environmental Analysis

Abstract

Increasing energy demand, fuel prices and adverse environmental impacts from fossil fuels increase
demand for renewable and sustainable energy. For this reason, wind and solar energies have become
available in daily life and work on the efficiency of such systems has accelerated. A similar situation
has occurred in the maritime sector and recently renewable energy has become popular for ships. In
this study, a hybrid renewable energy system that uses wind and solar energy as a source was installed
to reduce fuel consumption and environmental pollution for a barge, which spends its time mostly at
anchorage or at port. The installed system was compared to the optimized configurations with HOMER
software. According to results, by using the hybrid system onboard, it is possible to achieve a 39%
reduction in fuel consumption and emissions at given period and conditions. The return of investment
period of the system was calculated as about two years.

Keywords: Renewable Energy Sources, Emission, Energy Saving, Ship Management, HOMER.
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1. Giris

Diinya ticaret hacmindeki artisa bagh
olarak denizcilik sektorii de gelismektedir.
Deniz  yoluyla yapilan tasimaciliktaki
hacimsel bliyime 1950°li yillara kiyasla
100 kat daha fazladir [1]. Yakit fiyatlarinin
ise 1980’1 yillara oranla ii¢ kat arttigl ve
yakit maliyetinin gemi tipine gore toplam
isletme giderlerinin % 43’1 ile % 67’si
arasinda oldugu bilinmektedir [2]. Biiyiik
¢ogunlugunun dizel makinalarla tahrik
edildigi gemilerde, kullanilan yakita
bagh olarak yanma isleminin sonunda
ortaya ¢ikan azot oksit (NO,), kikiirt
oksit (S0,), karbon monoksit (CO),
karbondioksit  (CO,), partikil madde
(PM) ve hidrokarbon (HC) gibi kirleticiler
ulusal ve uluslararasi ortamda cevre icin
bir tehdit olusturmaktadir. Emisyonlar;
asit yagmurlarina, ozon tabakasinda
incelmeye, cevreye verdikleri zararlara ve
canli yasamina tehdide sebep olmalarindan
dolayi, emisyonlarin kontrolii ve en aza
indirilmesi 6nemlidir. 2007 yilinda insan
aktiviteleri kaynakl kiiresel karbondioksit
(CO,) dagihmi; elektrik ve 1sitma igcin %
35, ulasim icin % 27, sanayi icin % 22,8
ve % 15,2 diger kullanimlar olarak verilen
calismada, gemi kaynakli tasimaciligin pay1
% 3,3’tiir [3]. Denizcilikteki enerji talebine
bagh olarak artan gemi tasimaciligl icin
2050 yilina gelindiginde ton-mil bazinda
biiyimenin % 147 ile % 302 arasinda
olacagi tahmin edilmektedir ve bu biiylime,
herhangi bir dnlem alinmadig1 takdirde
2007 yihna kiyasla, karbon dioksit (CO,)
salinimini1 %400 artiracaktir[3].Bunedenle,
gemi emisyonlarin1 azaltmak ve enerji
verimliligini artirmak maksadiyla cesitli
diizenlemeler yirirliige sokulmustur. Bu
diizenlemeler kapsaminda emisyon kontrol
bolgeleri olusturulmus, bu bolgelerde ilk
limitlere gore azot oksit (NO,) emisyon
degerinin % 80, kiikiirt oksit (SO,) emisyon
degerinin % 90 azaltilmasi amaglanmistir
[4]. Gemi emisyonlarinin azaltilmasi igin
gerekli diizenlemeler, Denizlerin Gemiler

Tarafindan Kirletilmesinin Onlenmesine
Ait  Uluslararas1 Sozlesme (MARPOL
73/78)'nin “Gemilerden Kaynaklanan Hava
Kirliliginin Onlenmesi Kurallar1’n1 iceren
VI numarali ekinde belirtilmistir. Ayrica,
ayni diizenlemeye gore 400 gros tondan
biiyiik tim gemiler icin “Gemi Enerji
Verimliligi Yonetim Plani”nin hazirlanmasi
zorunlu hale getirilmistir. Bu sebeple, fosil
yakitlarin ekonomik ve ekolojik olumsuz
etkileri yenilenebilir enerji sistemlerine
olan talebi artirmistir. Foto-voltaik (PV)
sistemler, riizgar tirbinleri, mikro-
hidro (MH) sistemler ve yakit hiicreleri
(FC) gibi yenilenebilir enerji sistemlersi,
yakit tasarrufu ve emisyonlarda azalma
sagladiklarindan tercih edilmekte ve bu
sistemler lizerine arastirma ve gelistirme
faaliyetleri hiz kazanmaktadir.

Bu konuda daha dnce yapilmis
calismalar incelendiginde miiteakip
sonuglara ulasilmaktadir. Adaramola ve dig.
Gana ic¢in bir PV-riizgar ttrbini-dizel-akii
sistemini modellemis, ayn1 zamanda riizgar
hiz, giines kiiresel radyasyon ve dizel fiyat
parametrelerini degistirerek bir duyarlilik
analizi yapmistir [5]. Bernal ve Lopez, en
yaygin sistemlerin, kursun asitli bataryalar
ilePVjeneratdrlerive/veyariizgartiirbinleri
ve/veya dizel jeneratorleri oldugunu
bildirmistir [6]. PV-batarya-riizgar tiirbini
ve batarya bagimsiz yenilenebilir enerji
sistemleri Askari ve Ameri tarafindan
analiz edilmistir [7]. HOMER optimizasyon
analizinden sonra, Kerman-iran'da PV-
batarya sisteminin yenilenebilir enerji
sistemi gereksinimleri icin en uygun ¢6ziim
oldugu tespit edilmistir Khan ve dig,
Tioman Adasi-Malezya'daki sebekeye baglh
yenilenebilir enerji sistemini incelemis ve
en uygun sistemin PV-hidro- dizel-batarya
sistemi oldugunu tespit etmislerdir [8].
Ayni calismada, HOMER yazilimi ile bir
hassasiyet analizi yaparak ve degisen dizel
yakit fiyati, yillik ytk profili, yillik ortalama
su akisi ve yillik faiz oraninin etkisini
analiz etmislerdir. Bagimsiz bir PV-rizgar
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hibrid sistemi boyutlandirmasi Belmili
ve dig. tarafindan analiz edilmistir [9].
Bu kapsamda hedef odaklh programlama
yoluyla tekno-ekonomik analizini
yapmislardir. Bhattacharjee ve Acharya,
Tripura-Hindistan'da  bulunan  kiiciik
6lcekli bir PV-riizgar-batarya yenilenebilir
enerji sistemi icin tekno-ekonomik fizibilite
analizini yapmislardir [10]. 3-5 kW
araliginda olan bu kiiciik 6l¢ekli sistem, bu
yazida sundugumuz gemi sistemimize ¢ok
benzer bir sistemdir. Givler ve Lilienthal,
Sri  Lanka'daki dizel jeneratorlerinin
kiiciik foto-voltaik sistemlerindeki roliinii
arastirmak icin HOMER yaziliminin
uygulamasin1 ~ gosteren  bir  rapor
sunmustur [11]. Ismail ve dig. HOMER
yazilimini kullanarak Malezya'da PV-dizel-
batarya hibrid sistemini modellemistir
[12]. Calismalarinda tg¢ farkli senaryo
inceleyerek, PV panellerden, bir batarya
bankindan ve dizel jeneratérden olusan
hibrid sistem senaryosunun, ekonomik
acidan en uygun oldugunu bulmuslardir.
Kaabeche ve Ibtiouen, Ghardaia-Cezayir'de
bulunan PV-riizgar tiirbini-dizel-batarya
sistemi icin bir tekno-ekonomik analiz
yapmustir [13]. Yazarlar PV-riizgar tiirbini-
dizel-batarya sistemini, PV-riizgar-batarya
ve sadece dizel sistemlerinden daha
ekonomik olarak bulmuslardir. Kalinci
ve dig. Tirkiye'de Bozcaada’da hidrojen
tiretimi ve depolanmasi ile yenilenebilir
enerji sistemi icin HOMER yazilimi ile
tekno-ekonomik analizi gerceklestirmistir
[14]. Yazarlar simiilasyonun hibrid
yenilenebilir enerji sisteminin yakit pili
ile kullanilmasinin teknik agidan uygun
oldugunu gosterdigini, ancak bunun Tiirkiye
icin pahali bir yontem oldugu sonucuna
varmislardir. Kavala-Yunanistan'da
bagimsiz PV-dizel-batarya-FC sisteminin
tekno-ekonomik analizi Karakoulidis ve dig.
tarafindan analiz edilmistir [15]. Calismada,
net mevcut maliyet yontemine dayanarak
sistemlerin  optimal = kombinasyonunu
belirlemek i¢in PV, dizel jeneratorler

ve bataryalarin farkli kombinasyonlar
secilmistir. Optimizasyon, HOMER
yazilimi ile gerceklestirilmistir. Lau ve dig.
Malezya'da bulunan PV-dizel yenilenebilir
enerji sisteminin performans analizini
HOMER yazilimi ile gergeklestirmistir
[16]. Calismada hassasiyet analizi, degisen
dizel fiyati ve 1simim parametreleri ile
yapilmistir. Mohamed ve dig. Brest-Fransa
sehrine enerji saglamak icin kurulan PV-
FC yenilenebilir enerji sisteminin analizini
yapmislar ve  HOMER yazilimi ve Brest
sehrinin yiik talep profilini ve gercek hava
durumu verilerini kullanmislardir [17].
Ramli ve dig., calismalarinda tamamen farkl
bir enerji depolama sistemini denemistir
[18]. Suudi Arabistan'daki Mekke sehri ile
ilgili yapmis olduklar1 ¢alismada, mekanik
enerjiyi PV/dizel/volan sistemlerinde 5-30
saniye saklamak icin volan kullanmislardir.
Rehman ve dig., Raftha-Suudi Arabistan'da
bulunan bir PV-dizel-akii  sistemini
incelemistir [19]. Artan yakit fiyati ile
birlikte dizelin hibrit gilic sistemiyle
karsilastirildiginda  dizelin en pahal
sistem oldugunu belirtmislerdir. Rohani
ve Nour, Birlesik Arap Emirliklerindeki
Ras Musherib ig¢in bir bagimsiz hibrid
yenilenebilir enerji sisteminin tekno-
ekonomik analizini yapmistir  [20].
Calismalarindaki optimizasyon sonuglari,
son birka¢ yilda yakit fiyatinin artmasi
nedeniyle, calismada incelenen yerlerin
cogunda, hibrid yenilenebilir enerji
sisteminin geleneksel sistemden daha
uygun oldugunu gostermistir Kumar ve
Manoharan, Tamil Nadu-Hindistan'daki
PV/dizel sistemini arastirmak icin HOMER
yazilimint kullanmiglardir [21]. Yazarlar,
hibrid sistemlerin uygulanmasinin
baslangi¢ maliyetlerinin yliksek olmasindan
dolayi, Tamil Nadu'da yenilenebilir enerji
sektoriindeki yatirimlar1 tesvik etmek
icin hiikiimet siibvansiyonlar1 ve tarife
imtiyazinin, kirsal alandaki elektrifikasyon
problemlerini ve atmosferdeki
karbondioksit  seviyelerini  azaltmaya
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yardimcit olmak igin yapilmasi gerektigi
sonucuna varmiglardir. Tirkay ve dig.
Istanbul-Tiirkiye'de bulunan PV-riizgar-FC
sistemini incelemistir [22]. Hem sebekeye
baghh hem de bagimsiz kombinasyonu
analiz etmislerdir. Yenilenebilir enerji
sistemlerinin yliksek baslangi¢c yatirim
maliyeti ve kaynak bagimliliginin, bu
teknolojilerin tanitimini  biiyiikk olciide
engelleyen ana engel oldugu tespitini
yapmislardir. Teknolojinin gelismesi ve
maliyetlerdeki diisiis ile birlikte ortaya
cikacak olan bilimsel ve teknolojik ilerleme,
bu sistemlerin potansiyelini siirekli olarak
artiracaktir.  Ote yandan, disik bakim
maliyetleri, talep artis1 durumunda talebi
karsilama potansiyeli ve cazip geri ddeme
streleri bu sistemlerin avantaji olarak
tespit edilmistir.

Yenilenebilir  enerji  sistemlerinin
gemi iizerindeki uygulamalar1 konusunda
literatlir arastirmasit yapildiginda su
orneklere rastlanmistir: Wen ve dig., bir
gemi icin foto-voltaik bir enerji iiretim

sistemi modeli ortaya koymuslardir
[23]. Bir yelkenli teknede icten yanmali
makine yerine c¢esitli  yenilenebilir
enerji  kaynaklarinin  kullanildigi  ve

modellendigi bir c¢alismay1 Alfonsin ve
dig. gerceklestirmistir [24]. Evrin ve
Dinger gemiler i¢in hidrojen yakit hiicresi
sisteminin termodinamik analizini ve
degerlendirmesini yapmisti, bu c¢alisma
kat1 oksitli yakit hiicresinin enerji ve ekserji

performansini da icermektedir [25]. Hibrid
gemi enerji sisteminin (gilines enerjisi ve
dizel jenerator) deneysel incelemesi Yuan
ve dig. tarafindan gerceklestirilmistir.
Giines enerjili hibrid sistem sayesinde y1llik
olarak, yakit tiiketiminde % 4.02 ve karbon
saliniminda ise % 8.55 diislis saglanmistir
[26]. Diab ve dig. foto-voltaik sistem/dizel
jenerator/batarya  hibrid yenilenebilir
sistemin gemi ve karada uygulamalari i¢cin
bir calisma yapmislardir. Optimum sistemin
sadece % 5.7 yenilenebilir kisim icermesi
gerektigi, ayni zamanda 25 senelik omri
boyunca sismetin 9.735.000 kg daha az sera
gazl salinimi yaptil sonucuna varilmistir
[27].

Bu calismada, Bahri Ege isimli yag
barcina kurulmus hibrid PV-rizgar-aki
yenilenebilir enerji sistemi simiile edilmis
ve sistem HOMER yazilimi ile optimize
edilen  konfiglirasyonlarla =~ mukayese
edilmistir. Optimizasyon i¢in geminin yiik
profili kullanilmis ve Istanbul'un gercek
hava durumu verileri HOMER yazilimina
veri olarak girilmistir  Arastirmanin
sonunda dizel yakit fiyatinin, glines enerjisi
ve riizgar hiz1 verileri ile bir hassasiyet
analizi yapilmistir.

2. Geminin Operasyon Boélgesinin
Yenilenebilir Enerji Acisindan
incelenmesi

Gemi, 41°00'15" K-028°56'50" D, 40°
58'15" K-028°56'50" D, 40°56' 82" K -

Sekil 1. Geminin Bekleme Bélgesinin Uydu Gériintiisti [28]
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028°53'50"Dve40°58'92""K-028°53'50"
D koordinatlar1 arasinda, Marmara Denizi-
Zeytinburnu aciklarinda ¢alismaktadir.
Olgiimlerin yapildigi bekleme bolgesinin
yaklasik koordinati ise 40° 58' 26,41" K -
28° 56' 24,64" D'dir. Koordinatlar:1 verilen
bolgenin uydu gorintiisii Sekil 1’dedir.

Sistemin modellenmesi ve {retecegi
enerjinin tahmin edilmesi icin bir yil icin
ortalama giinliik glines 1s1n1my, bulutsuzluk
indeksi ve rlzgar hizi degerlerinin
degerlendirilmesi gerekmektedir.
Bu amagla Zeytinburnu bdlgesine ait
HOMER yazilimindan elde edilen veriler
incelenmistir (Sekil 2). Giines 1sinim1
degeri, calisma bolgesinde giinliikk bazda
metrekare basina diisen 1simmim gilciiniin
kWh cinsinden ifadesidir. Bulutsuzluk
indeksi aylik bazda giineslenme oranini,
riizgar hizi ise aylik bazda ortalama riizgar
hizini ifade eder.

= Ortalama Giinlilk Isinm (kWh/m?/giin)

s Ortalama Rizgdr Hizi (m/s)

gerekli oldugunu gostermektedir. Bolgedeki
ortalama riizgar hizinin 5,5 m/s oldugu ve
hizin yaz aylarinda azaldig1 gorilmektedir.
Subat ve Ekim aylarinda bdlgenin riizgar
hiz1 azami degerine ulagsmaktadir.

3. Bar¢ Uzerinde Yenilebilir Enerji
Sisteminin Modellenmesi ve Analizi

Yenilenebilir enerji sistemi, Tablo 1’de
ozellikleri verilen Bahri Ege isimli barca
kurulmus ve sistem 14.11.2013 tarihinde
calistirlmistir. 28.02.2014 - 23.04.2014
tarihleri arasinda akiilerin yetersizligi
sebebi ile sistem ariza yapmis ve yeni
akiilerin getirilmesi i¢in sistem devre disi
birakilarak tekrar jenerator kullanilmistir.
Sistemin onarilmas1 ve akilerin ilave
edilmesi ile 23.04.2014 tarihinden sonra
sistem tekrar kullanilmaya baslanmistir.
Elde edilen gercek veriler HOMER yazilimi
ile optimize edilen konfigiirasyonlarla
mukayese edilmistir.

Bulutsuzluk Indeksi

Deger (kWh/mZ-giin, m/s)

Bulutsuzluk indeksi

Sekil 2. Zeytinburnu Bélgesi Ortalama Giinliik Istnim, Bulutsuzluk Indeksi (B.I.) ve Ortalama Riizgar

Hizi Degerleri

llgili bolgenin giines enerjisi profiline
bakildiginda, yaz aylarinda giines 1sinmim
siddetinin artis gosterdigi goriilmektedir.
Tim yilin glnlik ortalama 151Mm1M
siddetinin ise 4,27 kWh/m?/giin oldugu
goriilmektedir.  Kis aylarindaki 1s1mim
siddeti diislsii, glines enerjisi yaninda
rizgar enerjisi kullanominin ne kadar

Tablo 1. Bahri Ege Barcinin Ozellikleri

Ozellik Deger

IMO No 8741624

Tipi Yag Barci

Yapim Yili 1983

Gros Ton / DWT 197 gt. / 324 ton
Boy / Genislik 42,07m/6m
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Gemide bulunan cihazlarin elektrik

yikleri  Tablo-2'de  verilmisti.  Bu
yikler, gemi aborda/demirli oldugu
durumda, igerisinde bulunan liman

jeneratori tarafindan karsilanmaktadir.
Toplam elektrik yiikii tiim ekipmanlar
devrede oldugunda 29,874 kW olarak
hesaplanmistir HOMER yazilimiile alinan
Olciim verilerine gore, barcta kullanilan
giinliik elektrik enerjisi tiiketim miktar:

ise yaklasik olarak 17,57 kW’tir.
Liman jeneratoriine ait bilgiler Tablo-

3’'te verilmistir.
tam yilikte yakit tiiketimi
ortalama yakit tiiketimi

iken,

Liman
10,4

jeneratorunin
It/h
Olciim

sonuclarina gore 5 1t/h elde edilmistir.

Gemide
duyulmakta,

sturekli
saatlerinde

enerjiye
gece

ihtiyac

ise

Tablo 2. Bargta Kullanilan Ekipmanlar ve Gligleri

aydinlatma ihtiyacitna baghh olarak
elektrik enerjisi talebi artmaktadir.
Gemide bulunan elektrik yiiklerini

karsilamak amaciyla gemiye kurulan
yenilenebilir enerji sisteminin sematik
gosterimi ve HOMER modeli Sekil 3’de
verilmistir.

Barca monte edilen yenilenebilir
enerji sistemi; 2 adet riizgar tirbini
(2x1000 W), 2 adet giines paneli (2x230
W), 4 adedi sonradan ilave edilen
12 adet jel aki (200 AH, 12 V, 2400
W) ve 1 adet inverter (5000 W)’'den
olusmaktadir (Sekil 4). Akiiler, geminin
seyri esnasinda FORD 170 model 127
kW’lik servis jeneratorii tarafindan da
doldurulmaktadir. Servis jeneratoriiniin
yakit tiiketimi ortalama 18 It/h’tir.

Adet | Ekipman Gii¢ (W) | Adet | Ekipman Gii¢ (W)
1 TV 55 Ekran 150 1 Kahve Makinasi 2200
1 Gliglendirici 1500 - Kopruisti Aletleri 3500
3 Mini Sogutucu (750 W/adet) 2250 1 Diziistii bilgisayari 74
1 Dondurucu 500 3 Projektor (1000 W/adet) 3000
4 Elektrikli Isitic1 (800 W/adet) 3200 3 Projektor (500 W/adet) 1500
2 Elektrikli Ocak (1500 W/adet) 3000 1 Sag¢ Kurutma Makinesi 400
30 Ampul (60 W/adet) 1800 1 Su Isiticis1 6000
20 Fliioresan (40 W/adet) 800 TOPLAM 29874

Tablo 3. Bargta Kullanilan Liman Jeneratériiniin Ozellikleri ve Kabuller

Ozellik Deger Ozellik Deger
Modeli Ford DG 4-stroke Yakit alt 1s1l degeri 43979 kj/kg.
Giig faktori 0,8 Yakit yogunlugu 0,779 kg/1t
Elektrik frekansi 50 Hz. Mekanik verimi % 75

RPM 1500 Jenerator verimi % 97
Bekleme giictii 50 kVA Toplam verim % 72,8
Maksimum gii¢ 40 kW Yakitin 1s1l giicii 54,98 kW
Dizel yakit tiri Marine Diesel Oil Ozgiil yakit tiiketimi (%100 yiik) 203 g/kWh
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Riizgar Tiirbinleri  Giineg Panelleri Akiiler FORD35kW Elektrik Yiikit Gl |a
= = b

TT L] ] &) H4

|
—1
| (e oo g |
12V, 200AH

—
AC DC *.Igl’l
OEE BdeE

Sekil 3. Yenilenebilir Enerji Sistemin Sematik Gésterimi (a) ve HOMER Modeli (b)

Jenerator

[nverter 220VAC

Sekil 4. Giines Panelleri (a), Riizgdr Tiirbinleri (a), Akiiler (c) ve Inverter (d)

Tablo 4. Sistemde Kullanilan Yenilenebilir Enerji Sisteminin Elemanlarinin Teknik Ozellikleri

Sistem elemam Teknik o6zellikleri

Giicti: 1000 W, voltaji: 24 /48 VDC (sebekeden bagimsiz), 48/110 VDC (sebeke
Riizgar tiirbini lizerinde), pervane kanat sayisi: 5, calisma riizgdr siirati: 12 m/s, calisabilecegi azami
riizgar stirati: 50 m/s, agirhgi: 28 kg, boyutlart: 1460 x 530 x 260 mm.

Gilicii: 230 W, azami voltaj: 29,5V, azami akim: 7,8 A, azami sistem voltaji: 1000 V,

Gunes paneli agirhigi:20 kg, boyutlari: 1640 x 990 x 50 mm.

200 AH, 12 volt, i¢ rezistansi: 2,7 mili ohm, agirhigi: 66 kg, boyutlari: 522 x 240 x 224

Jel akii
mm.

Giris voltaj1 (DC): 9,5-17V, 19-33V, 38- 66V, cikis voltaji (AC): 230V + % 2,

Inverter frekansi: 45 - 65 Hz, agirligr: 30 kg, boyutlari: 444x328x240 mm.

185



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

Sistemde kullanilan yenilenebilir enerji
sisteminin elemanlarinin teknik 6zellikleri
Tablo 4’te oldugu gibidir.

Calismada kullanilan HOMER
yazilimi sebekeye bagli ya da bagimsiz
calisacak bir ¢ok gii¢ sisteminin dizayn
edilmesinde kullanilan bir simiilasyon ve
optimizasyon yazilimidir. Yazilim, enerji
dengesi hesaplamalarini yaparak sistemin
calismasini her bir zaman adimi i¢in simiile
etmekte, her zaman adiminda, elektrik
ve 1s1l talebi, sistemin o zaman adiminda
saglayabilecegi enerjiyle karsilastirmakta
ve sistemin her bir bileseninden enerji
akisini hesaplamaktadir. Tim olas1 sistem
yapilandirmalarini simiile ettikten sonra
yazilim, sistem tasarim seceneklerini
karsilastirmak icin kullanabilecek net
mevcut maliyete gore siralanmis bir
yapilandirma listesi goriintiilemektedir.
Simiilasyon icin  kullanilan modelde
ekonomik analiz i¢cin HOMER yazilimi,
yatirim maliyeti, sistem bileseni degisim
maliyeti, operasyon ve bakim maliyeti,

yakit maliyeti ve kurtarma degeri
parametrelerine  bagli olarak  hesap
yapmaktadir.

HOMER yazilimi ekonomik analizi
yaparken mevcut net maliyete (NPC) gore
siralar. Yazilim, tiim fiyatlarin sistem omri
boyunca ayni oranda artacagini varsayar.
Bu varsayimla enflasyon, gelecekteki nakit
akislarim1  bugiine indirgerken, nominal
faiz oranindan ziyade reel (enflasyona
gore diizeltilmis) faiz oranim kullanarak
analizden ¢ikarilabilir NPC asagidaki
denklem ile hesaplanabilir;

NPC = Cmm,t/CRFi.Rsi, (1)

burada €, , yilik toplam maliyeti, CRF
anaparanin geri kazanim oranive R __sistem
omrint ifade eder. Hesaplarda 6miir degeri
25 yil alinmistir [10]. CRF asagidaki ifadeyle
hesaplanabilir;

CRF(,N) = A+ HV/HA+)) - 1] (2)

burada j yillik yillik faiz oramini, N ise
yil sayisini ifade eder. Bir baska onemli
ekonomik parametre de sistemde iiretilen
elektrik enerjisinin kWh basina maliyetidir
(COE). Analizlerde proje 6mrii 25 yil ve
yullik reel faiz % 6 olarak alinmistir [10].
Enerji maliyeti ise;

COE = Cﬁnn,t/(Eprim s Etl'ef) (3)

burada E _  ana elektrik yikini, E def
ertelenebilir elektrik yiikiinii ifade eder.
Paydadaki kisim sistemin sagladig elektrik

yukidir.
Yenilenebilir enerjinin gemide
kullanilmasi, jeneratorin elektrik

yukiinii azaltacagindan yakit tasarrufu
saglanacaktir. Sistemden saglanan yakit
tasarrufu (FS) kiitle cinsinden [29];

_ We- (topr,t' - tapr,f)
Vi

FS§

.SFOC 4)

ifadesiyle bulunabilir. Burada We saglanan
elektrik  giicini  (kW), n_ mekanik
verimi, 1, jenerator verimini ve SFOC kg/
kW-h cinsinden yakit tiiketimini, topni ilk
durumdaki calisma siiresini, t, is€e son
durumdaki calisma stiresini ifade eder. Bu
calismada mekanik verim 0.75, jenerator
verimi 0.97 alinmistir.

Yakit tasarrufunun emisyonlar
cinsinden degeri (ES) emisyon faktorlerinin
kullanilmasi ile hesaplanabilir.

— We. topr- Xi
Nm-Nyg

(5)

Burada X, emisyon faktorini ve o
saat cinsinden ¢alisma siiresini ifade eder.
Kullanilan dizel yakit i¢in CO, emisyon
faktori 645 g/kWh, NO, i¢cin 12 g/kWh,
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SO, igin 4.1 g/kWh ve HC i¢in 0.2 g/kWh
alinmistir [30].

4. Sonuglar ve Optimizasyon
Yenilenebilir hibrit enerji sisteminin
gemiye entegre edilmesiyle jeneratdriin
elektrik yiikii azaltilarak yakit tasarrufu
saglanmis, dolayisiyla emisyon salinimi
da azalulmistir Liman jeneratdriiniin
calisma siiresi azaltilmis ve buna bagh
olarak denklem 4 yardimiyla saglanan yakit
tasarrufu hesaplanmistir (Sekil 5).

Sistemin 14.11.2013 tarihinde
calistirilmas1 ile liman jeneratdriiniin
calisma  saatleri diismeye baslamis,
28.02.2014 -  23.04.2014 tarihleri

arasinda sistemin ariza yapmasi sebebiyle
kullanilmadigt  zamanlarda  jenerator
kullaniminin tekrar arttig1 gézlemlenmistir.
Sistemin kuruldugu tarihe kadar giinlik
jeneratdor calisma saati ortalamasi 21,6
saattir.  Sistemin onarilmasi ve aki
ilavesi ile jeneratoriin giinlik ortalama
calisma saatinin yaklasik 5 saate indigi
goriilmektedir. Sistemin kurulmasindan
sonra calistigl siireye bagl olarak yakit
tasarrufunun arttign ve Agustos 2014
ayinda yaklasik 2.25 ton yakitin tasarruf
edildigi gorilmektedir.

mmmm Aylik ortalama galisma siiresi
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Yenilenebilir sistemin montaji ile liman
jeneratoriiniin ¢alisma saati azaltilarak
saglanan yakit tasarrufu, emisyonlarin
azalmasini  da  saglamistir  Calisma
kapsaminda yapilan cevresel etki analizi
hesaby, giinliik ¢alisma stireleri lizerinden
saatte 5 litre yakit tiiketimi degeri temel
alinarak yapilmistir  Sekil 6’da dizel
jeneratdoriin  normal sartlarda yaydig
yaklasik emisyon miktarlari ve yenilenebilir
enerji sisteminin entegrasyonuyla
denklem 5 yardimi ile hesaplanan, aylara
gore saglanan yakit tasarrufu degerleri
goriilmektedir. Grafiklerde emisyon
tiriindeki “R” harfi, sistemin kurulmasiyla
salinan emisyon tiiriinii ifade etmektedir.
Buna gore, 04.2013 - 12.2014 tarihleri
arasinda yenilenebilir enerji  sistemi
olmadan liman jeneratoriniin kullanimina
devam edildigi durumda giinde 21,6 saat
calisma kosuluyla; yaklagik 3.94 ton NO,
(azot oksit), 1.35 ton SO, (kiikiirt oksit),
211.98 ton CO, (karbon dioksit) ve 0.066
ton HC (hidrokarbon) emisyonunun
salinacagi hesaplanmistir.

Yenilenebilir enerji sisteminin devreye

alinmas1 ile sistemin arizali oldugu
donemin de hesaba katildig1 siirecte
liman jeneratoriiniin ¢alisma siireleri

e Aylik ortalama yakat tasarrufu
0.09

0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0

Yakit tasarrufu (ton)

052014 m—
062014 —

07.2014 m——
08.2014 ==
09.2014 ==

11.2014 —
12,2014 —

10,2014 —

03.2014
042014

Sekil 5. Liman Jeneratériintin Aylik Ortalama Calisma Siireleri ve Yakit Tasarruf Miktarlari
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Sekil 6. Aylara Gére Yayilan Ortalama Emisyon Miktarlari

baz alindiginda yaklasik 1.56 ton NO,
0.53 ton S0, 83.79 ton CO, ve 0.026 ton
HC emlsyonunun atmosfere saliniminin
engellendigi hesaplanmistir.

Sistemi olusturan bilesenlerin giincel
fiyatlar1 géz 6ntne alindiginda: inverterin
2.150 USD, riizgar tirbininin 2.150 USD/
adet, giines panelinin 172 USD /adet, akiiniin
430 USD/adet, elektrik malzemeleri 1.075
USD, nakliye ve isciligin ise yaklasik 2.150
USD oldugu temelalinarak, kurulum maliyeti
15.179 USD olarak hesaplanmistir HOMER
programi yardimiyla 64.992 farklh ¢6ziim
simiile edilmistir. Bunlarin 46.875’inin
uygulanabilir oldugu ve 18.117’sinin ise
kapasite yetersizligi sebebi ile uygun
olmadigl sonucuna varilmistir 11.238
¢oziim ihmal edilmistir. Bunlarin 9.870’i
konvertor eksikligi, 180’i gereksiz konvertor
ve 1.188'i ise gii¢ liretimi kaynag sebebiyle
ihmal edilmistir Tablo 5'te sistemin
farkl konfigiirasyonlarda ekonomik
analizinin sonuglar1 gortilmektedir. Tablo
yukaridan asagiya, giines paneli, riizgar
tirbini, jenerator ve pillerden olusan
konfigiirasyonlarin hesaplanan degerlerini
icermektedir. Optimizasyon sonuglarina
gore, bolgede yikid  besleyebilecek
optimum sistem Kkonfiglirasyonunun, 5
glines paneli, 4 riizgar tirbini, 15 kW'lik bir

jenerator, 32 adet akii (200 AH, 12V, 2400
W) ve 10 kW’lik bir inverterden olusan
bir sistem oldugu gorilmustir. Optimum
konfiglirasyona kiyasla kurulan mevcut
sistemdeki glines paneli ve riizgar tlrbini
sayllar1 artirilmalidir. Fakat gemide bu
sistemlerin kurulumu i¢in yeterli alanin
olmayisi, optimum konfigiirasyonun
kullanilmasini sinirlamaktadir. Ayrica, 15
kW'lik bir jeneratériin, mevcut 35 kW'lik
jenerator ile degistirilmesi s6z konusu
degildir ve c¢alisma saati ciddi oranda
azalmakla birlikte mevcut jenerator
calistirimak durumundadir. 25 yilhik
kullanim 6mrii dikkate alindiginda; barca
yenilenebilir enerji sistemi kurulmadan
onceki durumda, konvansiyel enerji tiretim
sisteminin net bugiinkii maliyeti 726.457
USD olarak hesaplanmistir.  Kurulan
yenilenebilir enerji sisteminin net bugiinku
maliyeti ise 642.892 USD’dir. Optimizasyon
sonuglarina goére net buglnki maliyet
ise 570.289 USD olmaktadir. Optimum
sisteme kiyasla, kurulan sistemin birim
enerji maliyeti, isletme maliyeti ve kurulum
maliyeti daha fazla olurken, konvansiyonel
sisteme kiyasla kurulan sistemin bu
maliyetleri daha azdir. Ayrica kurulan
sistemin ortalama geri 6deme siiresi 2.04
y1l olarak hesaplanmistir.
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Tablo 5. Karsilastirmali Ekonomik Analiz Sonugclart

Konvansiyonel Sistem 0,714 726.457 55.754 5.700 - 0
Kurulan Sistem 0.632 642.892 46.912 36.434 2.04 0
Optimum Sistem 0,561 570.289 41.432 34.670 1.81 6,24
(HOMER)

COE: Birim Enerji Maliyeti, NPC: Mevcut Net Maliyet, OC: Isletme Maliyeti, IC: Kurulum Maliyeti,
PBP: Ortalama Geri Odeme Siiresi, RF: Yenilenebilir Enerji Faktorii

5. Degerlendirme

Bu c¢alismada, rilizgar tiirbinleri,
glines paneli ve bataryalardan olusan
yenilenebilir ~ bir  enerji  sisteminin

bir yag barcina uygulanmasi sonucu

yakit tiiketim ve emisyon miktarlar

hesaplanmis ve sistemin ekonomik analizi

ile optimizasyonu HOMER yazilim1 ile

yapilmistir. Elde edilen sonuglara gore;

¢ HOMER programindan alinan veriler
dogrultusunda boélgede yaz aylarinda
glines yogunlugunun, bahar ve kis
aylarinda ise riizgar yogunlugunun
arttigl goriilmistiir. Dolayisiyla enerji
stirekliliginin saglandig1 gorilmis, bu
iki enerji kaynaginin ikame sekilde
kullanilmasiyla da boélgede sistemin
verimli calismasi saglanmistir.

¢ Yenilenebilir enerji sisteminin gemiye
entegre edilmesi ile devreye alinmasi
siirecinde ve liman jeneratoriiniin
calisma kosullar1 dikkate alindiginda
yakit ve emisyonlarda yaklasik %39
oraninda tasarruf saglanmistir.

¢ Ekonomik analiz sonuglarina gore,
kurulan entegre hibrit sistemin geri
o0deme siiresi 2 y1l gibi kisa bir siireye

sahiptir.

e Operasyon streleri kisith bu tip
gemilerde  yenilenebilir  enerjinin
kullanimi, yakit tasarrufunun

saglanmasi ve emisyonlarin azaltilmasi
adina 6nemli kazanimlar saglayacaktir.
Gelecek calismalar kapsaminda,
sistemin kurulmasindan bu yana, gercek
isletim maliyeti ile cevre etkileri analiz

edilecek ve sonuglar  sunulacaktir.
Ekonomik analize, sebekeden elektrigin
alindig1 senaryo da dahil edilecek ve analiz
genisletilecektir.
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Table 1. Sample Table

Turkish Male Seafarers BMI < 25,0 BMI 25 - 30 BMI > 30 Number of
(n=131.152) Participants
16-24 Ages Group 74,1% 22,5% 3,4% 34.421
25-44 Ages Group 44,1% 43,3% 12,6% 68.038
45-66 Ages Group 25,6% 51,1% 23,4% 28.693
All Turkish Male Seafarers 47,9 % 39,6 % 12,5% 131.152
Turkish Male Population*1 47,3 % 39,0 % 13,7 % -

1. In the article, decimal fractions should

be separated with comma and numbers
should be separated with dots.

Average age: 28,624
Number of participants: 1.044 people

Page numbers, headers and footers
should not be added to the study. These
adjustments will be made by the journal
administration.

Authors are deemed to have accepted
that they have transferred the copyright
of their studies to the journal by
submitting their studies to our journal.
Submitting a study to two different
journals simultaneously is not suitable
within the frame of academic ethics.

Itis required that the studies are original
and have not been published elsewhere
before. If conference and symposium
papers were published in a booklet,
in this case they shall be published by
JEMS on the condition that the copyright
has not been transferred to the first
publishing place. Information must be
given to the journal editorship about the
place where these kinds of papers were
published before.

Citations in the study should be
designed in brackets by numbering [1].
References also should be numbered in
brackets as well. References should be
prepared according to the APA format.
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Hazirlanan  metinler; iki  yana
yaslanmis, paragraf baslarinda girinti
yapmadan, “cambria” formatinda,
10 punto biiyiikliigiinde ve 1,0 satir
aralikli yazilmalidir. Yeni baslanan
paragraflar ile bir o6nceki paragraf
arasinda once 6nk sonra 3nk satir
araligl olmalidir Tam metin toplam
sayfa sayis1 12 sayfay1 gecmemelidir.

Calisma sayfalar1 A4 kagit boyutunda
ve Ust 4 cm, alt 4 cm, sol 4 cm, sag 3,5
cm olacak sekilde kenar bosluklari
birakilmahdir.

‘ 4,0 cm
| T | 13,5 cm
h —_— |
40cm| !
i - h
4,0 cm 1

Oz béliimiinde ¢alisma ile ilgili kisa
bilgilere ve temel bulgulara yer
verilmelidir. Bu boliim iki tarafa dayals,
italik ve 10 pt ile yazilmali ve ayrica
150 Kkelimeyi geg¢memelidir. Bunun
yaninda anahtar kelimelerin sayisi ise
3-5 arasinda olmalidir.

Cahsmalar derginin web adresinden
(http://wwwjemsjournal.org)  online
olarak gonderilmelidir. Basili ya da CD
icerisinde veya posta, faks vb. yollarla
gonderilen yazilar kabul edilmemektedir:

6.

Makalenin ana  bashg, Tirkce
¢alismalarda sirasiyla Tiirkce
ve Ingilizce, Ingilizce yazilmis
makalelerde ise Ingilizce olarak

yazilmali ve 12 punto biytkliginde
ortalanmis olarak ayarlanmalidir. Ana
basliktan 6nce 6nk sonra 6nk bosluk
birakilmalidir.

Makalede yer alan birincil basliklarin
ilk harfleri biiyiik olacak sekilde sola
dayali ve numara verilerek 10 punto ile
kalin yazilmalidir. Alt basliklar ise ayni
sekilde 10 punto ile kalin yazilmahdir.
Biitiin basliklarda ve alt basliklarda
lacivert renk kullanilmalhdir.

1. OrcaFlex Program
1.1. Axis Team

Tablo bashigi tablonun istiinde sekil
bashgl seklin altinda yer almalidir
Tablo basligi ve sekil bashigindan dnce 2
nk sonra 3 nk bosluk birakilmali ve sola
dayali olarak sadece “tablo” ve “sekil”
yazisi kalin olacak sekilde yazilmalidir.
Tablo, sekil ve denklem basliklarindaki
kelimelerin  ilk  harfleri  biyiik
yazilmalidir. Baslik ve igerik “cambria”
formatinda, 9 punto buyikliginde
yazilmalidir. Calisma i¢inde yer alan
tablo, sekil ve denklemler alinti
yapilmis ise kaynaklar1 belirtilmelidir.
Kaynaklardan once 2 nk sonra 3 nk
bosluk birakilmahdir. Tablo ve sekiller
tek siituna (burada ki siitun ifadesi
makale yazimindakiniifade etmektedir)
sigmayacak biiyiiklikte ise iki siitunu
da kapsayacak sekilde verilmelidir. iki
siitunu da kapsayan sekil ve tablolara
sayfanin en iistiinde veya en altinda
verilmelidir. Toplam sekil ve tablo sayisi
10 adeti gegmemelidir
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Tablo 1. Ornek Tablo

Turkish Male Seafarers BMI < 25,0 BMI 25 - 30 BMI > 30 Number of
(n=131.152) Participants
16-24 Ages Group 74,1% 22,5% 3,4% 34.421
25-44 Ages Group 44,1% 43,3% 12,6% 68.038
45-66 Ages Group 25,6% 51,1% 23,4% 28.693
All Turkish Male Seafarers 47,9 % 39,6 % 12,5% 131.152
Turkish Male Population*1 47,3 % 39,0 % 13,7 % -

10.

11.

12.

13.

Makaleigerisinde ondalik kesirler virgtl
ile sayilar ise nokta ile ayrilmahidir.

Ornek:
Ortalama yas: 28,624
Katilimci sayisi: 1.044 kisi

Calismaya sayfa numaralar;, alt
bilgi ve iist bilgi eklenmemelidir. Bu
diizenlemeler dergi yonetimi tarafindan
yapilacaktir.

Yazarlar calismalarini dergimize
gondererek calismalarina ait  telif
hakkin1 dergiye devrettiklerini kabul
etmis sayilirlar Bir c¢alismanin ayni
anda iki yere birden degerlendirme
amagh gonderilmesi akademik etik
cercevesinde uygun degildir.

Calismalarin orijinal olmasi, daha énce
bagka bir yerde yayimlanmamis olmasi
gerekmektedir. Kongre ve sempozyum
bildirileri bir kitap¢ikta yayinlanmis ise,
bu durumda, telif hakk ilk yayinlanan
yere devredilmemis olmasi kayd ile,
JEMS tarafindan yaymnlanir Bu tip
bildirilerin daha 6nce yayinlandigi yer ile
ilgili dergi editorliigiine bilgi verilmelidir

Calisma icinde yer alan atiflar parantez
icinde numara verilerek yapilmalidir
[1]. Atiflarda oldugu gibi kaynaklar da
parantez i¢cinde numaralandirimaldir:
Kaynaklar APA formatinda
gosterilmelidir.
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6zgln olmasini saglamalidir ve literatiirden
elde edilen kelimeler ile ciimleler uygun
bir sekilde alintilanmalidir.

Birden Fazla Yerde Yayin
Yazarlar, ayni calismay1 herhangi bir
baska dergide yayinlanmak iizere

gondermemelidirler. Ayni  ¢alismanin
birden fazla dergiye es zamanl
gonderilmesi etik olmayan bir davranis
teskil etmektedir ve kabul edilemez.

Kaynaklarin Referansi

Baskalarinin ¢alismalariyla ilgili olarak
uygun referanslar verilmelidir. Yazarlar,
calismalarinin  belirlenmesinde  etkili
olmus yayinlara referans vermelidirler.
Calisma stirecinde kullanilan kaynaklarin
tlmi belirtilmelidir.

Makale Yazarlig1

Makale yazarligl, c¢alismaya kayda
deger katkida bulunan kisilerle smirh
olmalidir. Arastirma slrecine Kkatilan
baskalar1 var ise, bu Kisiler katkida
bulunanlar olanlar listelenmelidir. Yazarlik
ayrica, derginin editord ile iletisim halinde
olan yazismadan sorumlu olan bir yazar
icermelidir. Yazismadan sorumlu yazar,
tim yardimci yazarlarin makaleye dabhil
olmasini saglamalidir.

ifsa Etme ve Cikar Catismasi

Finansal destek ile ilgili tim
kaynaklar agiklanmalidir. Tim yazarlar,
calismalarinin olusturulmasi siirecinde yer
alan ¢ikar ¢atismasini ortaya koymalidirlar.

Yayinlanmis Calismalardaki Temel Hatalar
Yazarlar gondermis olduklari
calismalarinda dikkat cekici bir
hata bulduklarinda, bu hata ile ilgili
olarak derhal dergiyi bilgilendirmek
zorundadirlar. Yazarlarin, hatalarin
diizeltilmesini saglamak tizere editor ile
birlikte ¢alisma ytikiimliiliikleri vardir.
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